
Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱦɭɲɚɧ Ɍɨɩɚɥɨɜɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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9  $UVRVNL  Ɇ  Ɍɚɞɢʄ  ([RWLF TXDQWXP VWDWHV LQ PXOWLOD\HU SKRVSKRUHQH QDQRULEERQV LQ HOHFWULF DQG 
PDJQHWLF ILHOGV  3+<6,&$ 6&5,37$  9RO      1R     SS        $XJ        GRL              
Ⱦ  Ɍɨɩɚɥɨɜɢʄ  ȼ  Ⱥɪɫɨɫɤɢ  Ɇ  Ɍɚɞɢʄ  )  3HHWHUV  $V\PPHWULF YHUVXV V\PPHWULF +J7H   &G[ +J   
í [ 7H GRXEOH TXDQWXP ZHOOV  %DQGJDS WXQLQJ ZLWKRXW HOHFWULF ILHOG  -2851$/ 2) $33/,(' 

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

9  $UVRVNL  0XOWL FRQWUROOHG VLQJOH TXELW XQLWDU\ JDWHV EDVHG RQ WKH TXDQWXP )RXULHU WUDQVIRUP DQG 
GHHS GHFRPSRVLWLRQ  -2851$/ 2) 683(5&20387,1*  9RO      1R        SS        -XO       
9  $UVRVNL  ,PSOHPHQWLQJ PXOWL FRQWUROOHG ; JDWHV XVLQJ WKH TXDQWXP )RXULHU WUDQVIRUP  48$1780 
,1)250$7,21 352&(66,1*  9RO      SS            $XJ        GRL         V                

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ⱥɧɚɥɢɡɚ ɢ ɦɨɞɟɥɨɜɚʃɟ ɟɥɟɤɬɪɨɧɫɤɢɯ ɫɬɚʃɚ ɭ +J7H 
ɧɚɧɨɫɬɪɭɤɬɭɪɚɦɚ

Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱥɪɫɨɫɤɢ ȼɥɚɞɢɦɢɪ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

9  $UVRVNL  1  ýXNDULü  0  7DGLü  )  3HHWHUV  $Q HIILFLHQW ILQLWH GLIIHUHQFH VFKHPH IRU FRPSXWDWLRQ RI 
HOHFWURQ VWDWHV LQ IUHH VWDQGLQJ DQG FRUH±VKHOO TXDQWXP ZLUHV  &20387(5 3+<6,&6 

Ⱦ  Ɍɨɩɚɥɨɜɢʄ  9  $UVRVNL  Ɇ  Ɍɚɞɢʄ  )  3HHWHUV  &RQILQHG HOHFWURQ VWDWHV LQ WZR GLPHQVLRQDO +J7H 
LQ PDJQHWLF ILHOG  4XDQWXP GRW YHUVXV TXDQWXP ULQJ EHKDYLRU  3+<6,&$/ 5(9,(:  %  9RO       
9  $UVRVNL  Ɇ  Ƚɪɭʁɢʄ  ɇ  ɑɭɤɚɪɢʄ  Ɇ  Ɍɚɞɢʄ  )  3HHWHUV  1RUPDO DQG VNHZHG SKRVSKRUHQH 
QDQRULEERQV LQ FRPELQHG PDJQHWLF DQG HOHFWULF ILHOGV  3+<6,&$/ 5(9,(:  %  9RO      1R      SS  
1  ýXNDULü  %  3DUWRHQV  0  7DGLü  9  $UVRVNL  DQG )  3HHWHUV  7KH    EDQG N   S WKHRU\ RI YDOOH\ 
VSOLWWLQJ LQ VLOLFRQ WKLQ OD\HUV  -RXUQDO RI 3K\VLFV  &RQGHQVHG 0DWWHU  9RO     1R     SS          ±   
'  7RSDORYLü  9  $UVRVNL  6  3DYORYLü  1  ýXNDULü  0  7DGLü  DQG )  3HHWHUV  2Q ,PSURYLQJ $FFXUDF\ 
RI )LQLWH (OHPHQW 6ROXWLRQV RI WKH (IIHFWLYH 0DVV 6FKU|GLQJHU (TXDWLRQ IRU ,QWHUGLIIXVHG 4XDQWXP 

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  D

 
0  

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  %DQRYLü  3  $WDQDVLMHYLü  $  3UDSDV  &  3DSSDV  -  &UQMDQVNL  $  7VDN\ULGLV  0  0RUDOLV 3HJLRV  
.  9\UVRNLQRV  0  /RYLü  1  =GUDYNRYLü  0  0LüLü  0  .UVWLü  6  3HWULþHYLü  1  3OHURV  '  *YR]GLü  $OO 
RSWLFDO KLJK VSHHG SURJUDPPDEOH QRQOLQHDU DFWLYDWLRQ IXQFWLRQV XVLQJ D )DEU\±3pURW ODVHU  $3/ 
3+2721,&6  9RO      1R      2FW      
3  $WDQDVLMHYLü  '  *UXMLü  )  .UDMLQLü  3  0LKDLORYLü  '  3DQWHOLü  &KDUDFWHUL]DWLRQ RI D ELRGHULYHG 
LPDJLQJ VHQVRU EDVHG RQ D 0RUSKR EXWWHUIO\¶V ZLQJ  237,&6 $1' /$6(5 7(&+12/2*<  9RO  
     SS         $SU      

Ⱦɢɩɥɨɦɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱥɬɚɧɚɫɢʁɟɜɢʄ ɉɟɬɚɪ
Ⱦɨɰɟɧɬ
Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

0  %DQRYLü  3  $WDQDVLMHYLü  0  .UVWLü  3  0LKDLORYLü  -  &UQMDQVNL  6  3HWULþHYLü  '  *YR]GLü  
5HFRQILJXUDEOH DOO RSWLFDO ELVWDELOLW\ WULVWDELOLW\ LQ GXDO LQMHFWLRQ ORFNHG )DEU\±3HURW ODVHU GLRGHV  
237,&6 /(77(56  9RO      1R      SS               $XJ       GRL         2/       

3  $WDQDVLMHYLü  ɉ  Ɇɢɯɚɢɥɨɜɢʄ  7HPSHUDWXUH FRPSHQVDWLRQ RI 17& WKHUPLVWRUV EDVHG 
DQHPRPHWHU  6(16256 $1' $&78$7256 $  3+<6,&$/  9RO       SS             -DQ       
$  -HURWLü  '  ĈRNLü  3  $WDQDVLMHYLü  3  0LKDLORYLü  1RQ EULGJH 17& WKHUPLVWRU DQHPRPHWHU ZLWK 
SURJUDPPDEOH VHQVLWLYLW\  )/2: 0($685(0(17 $1' ,167580(17$7,21  9RO      $SU      
)  .UDMLQLü  3  $WDQDVLMHYLü  3  0LKDLORYLü  2EMHFW DOLJQPHQW LQ VSDWLDOO\ PXOWLSOH[HG KRORJUDPV 
DSSOLHG WR SRODUL]DWLRQ VHQVLQJ  5(9,(: 2) 6&,(17,),& ,167580(176  9RO      1R     -XO  
0  0LüLü  3  $WDQDVLMHYLü  3  0LKDLORYLü  /DVHU GLRGH GULYHU RQ D SURJUDPPDEOH V\VWHP RQ D FKLS  
5(9,(: 2) 6&,(17,),& ,167580(176  9RO      1R     0DU       

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
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ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
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ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

ɋ  ɒɬɚɬɤɢʄ  ,  -HIWHQLü  0  %HELü  ɀ  Ɇɢɥɢɤɢʄ  ɋ  ȳɨɜɢʄ  5HOLDELOLW\ DVVHVVPHQW RI WKH VLQJOH PRWRU 
GULYH RI WKH EHOW FRQYH\RU RQ 'UPQR RSHQ SLW PLQH  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   
(QHUJ\ 6\VWHPV  9RO       SS             'HF       GRL         M LMHSHV            

Ⱦɢɩɥɨɦɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɋɟɞɭɤɰɢʁɚ ɬɚɥɚɫɧɨɫɬɢ ɤɨɞ ɞɢɪɟɤɬɧɟ ɤɨɧɬɪɨɥɟ ɦɨɦɟɧɬɚ 
ɚɫɢɧɯɪɨɧɨɝ ɦɨɬɨɪɚ ɩɪɢɦɟɧɨɦ ɤɨɦɩɚɪɚɬɨɪɚ ɫɚ ɜɢɲɟ ɧɢɜɨɚ

ɉɪɨɰɟɧɚ ɩɪɟɨɫɬɚɥɨɝ ɠɢɜɨɬɧɨɝ ɜɟɤɚ ɢɡɨɥɚɰɢɨɧɨɝ ɫɢɫɬɟɦɚ 
ɨɛɪɬɧɟ ɟɥɟɤɬɪɢɱɧɟ ɦɚɲɢɧɟ ɭ ɭɫɥɨɜɢɦɚ ɤɨɦɛɢɧɨɜɚɧɨɝ 
ɧɚɩɪɟɡɚʃɚ ɭɬɜɪɻɢɜɚʃɟɦ ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ ɜɟɤɚ ɬɪɚʁɚʃɚ

ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ȼɟɛɢʄ Ɇɢɥɚɧ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ȿɧɟɪɝɟɬɫɤɢ ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ƚɟɧɟɪɚɥɢɡɨɜɚɧɚ ɦɟɬɨɞɚ ɦɨɞɭɥɚɰɢʁɟ ɩɪɨɫɬɨɪɧɨ ɪɨɬɢɪɚʁɭʄɢɯ 
ɜɟɤɬɨɪɚ ɤɨɞ ɞɢɪɟɤɬɧɨɝ ɦɚɬɪɢɱɧɨɝ ɩɪɟɬɜɚɪɚɱɚ 
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

'  %UDMRYLü  %  -RNDQRYLü  0  %HELü  1  .DUWDORYLü  '  1LNH]Lü  /LIHWLPH H[WHQVLRQ RI WKH KLJK YROWDJH 
DV\QFKURQRXV PDFKLQH LQ UHODWLRQ WR WKH YROWDJH HQGXUDQFH WHVW  (/(&75,&$/ (1*,1((5,1* 
 $5&+,9 )85 (/(.7527(&+1,.   )HE       GRL         V                Z

ɆLORUDG 3DQWHOLü  3UHGUDJ -RYDQþLü  /HSRVDYD 5LVWLü  0LODQ %HELü  &RQFUHWH EDVH LQIOXHQFH RQ WKH 
LQFUHDVHG YLEUDWLRQV OHYHO RI WKH PLOO GULYH V\VWHP HOHPHQWV   $ FDVH VWXG\  (1*,1((5,1* 
)$,/85( $1$/<6,6  9RO       SS          'HF       GRL         M HQJIDLODQDO            

/XND 6WDQLü  /HSRVDYD 5LVWLü  0LODQ %HELü  0DUFR 5LYHUD  ,PSURYHPHQW RI WZR JULG SRZHU IDFWRU 
FRQWURO PHWKRGV IRU PDWUL[ FRQYHUWHU RSHQ HQG ZLQGLQJ GULYH ZLWK FRPPRQ PRGH YROWDJH 
HOLPLQDWLRQ VXSSOLHG E\ XQEDODQFHG JULG  ,(7 32:(5 (/(&7521,&6  SS          2FW      

Ȼ  ȳɨɤɚɧɨɜɢʄ  0  %HELü  ɇ  Ʉɚɪɬɚɥɨɜɢʄ  7KH LQIOXHQFH RI FRPELQHG VWUDLQ DQG FRQVWUXFWLYH 
VROXWLRQV IRU VWDWRU LQVXODWLRQ RI URWDWLQJ HOHFWULFDO PDFKLQHV RQ GXUDWLRQ RI WKHLU UHOLDEOH H[SORLWDWLRQ  
,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       SS           6HS       
GRL         M LMHSHV            

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
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0LORã %MHOLü  7DWMDQD 0LOMNRYLü  0LRPLU 0LMLü  'UDJDQD âXPDUDF 3DYORYLü  $Q (VWLPDWLRQ RI 6SHHFK 
3ULYDF\ &ODVV %DVHG RQ ,62 3DUDPHWHU  $SSOLHG VFLHQFHV  9RO          SS        -DQ         '2,  
0LORã %MHOLü  0LRPLU 0LMLü  7DWMDQD 0LOMNRYLü  'UDJDQD âXPDUDF 3DYORYLü  (IIHFW RI &XUYDWXUH 6KDSH 
RI 7UDQVSDUHQW &29,'    3URWHFWLYH )DFH 6KLHOGV RQ WKH 6SHHFK 6LJQDO  $UFKLYHV RI $FRXVWLFV  

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

7DWMDQD 0LOMNRYLü  0LORã %MHOLü  -HOHQD ûHUWLü  'UDJDQD âXPDUDF 3DYORYLü  (VWLPDWLRQ RI KDUS VWULQJ 
LQKDUPRQLFLW\ LQIOXHQFHG E\ SKDQWRP SDUWLDOV  7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD  9RO 
7DWMDQD 0LOMNRYLü  -HOHQD ûHUWLü  0LORã %MHOLü  'UDJDQD âXPDUDF 3DYORYLü  'LJLWDO 6LJQDO 3URFHVVLQJ 
RI WKH ,QKDUPRQLF &RPSOH[ 7RQH  $SSOLHG 6FLHQFHV  9RO     SS        -XO         '2,  

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɍɟɯɧɢɱɤɚ ɚɤɭɫɬɢɤɚ

Ɍɟɯɧɢɱɤɚ ɚɤɭɫɬɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ȼʁɟɥɢʄ Ɇɢɥɨɲ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
Ɍɟɯɧɢɱɤɚ ɚɤɭɫɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

0LORã %MHOLü  0LRGUDJ 6WDQRMHYLü  'UDJDQD âXPDUDF 3DYORYLü  0LRPLU 0LMLü  0LFURSKRQH DUUD\ 
JHRPHWU\ RSWLPL]DWLRQ IRU WUDIILF QRLVH DQDO\VLV  7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD  
0LORã %MHOLü  0LRGUDJ 6WDQRMHYLü  -HOHQD ûHUWLü  0LODQ 0HUNOH  6WDWLVWLFDO SURSHUWLHV RI TXDQWLVDWLRQ 
QRLVH LQ DQDORJXH WR GLJLWDO FRQYHUWHU ZLWK RYHUVDPSOLQJ DQG GHFLPDWLRQ  ,(7 &,5&8,76 '(9,&(6 

0  %MHOLü  %  %UNRYLü  0  äDUNRYLü  7  0LOMNRYLü  )DXOW GHWHFWLRQ LQ D SRZHU WUDQVIRUPHU EDVHG RQ 
UHYHUEHUDWLRQ WLPH  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       SS         
0  %MHOLü  %  %UNRYLü  0  äDUNRYLü  7  0LOMNRYLü  0DFKLQH OHDUQLQJ IRU SRZHU WUDQVIRUPHU 6)5$ EDVHG 
IDXOW GHWHFWLRQ  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       -DQ      
6WHYDQ 6DYLü  0LORã %MHOLü  'UDJDQD âXPDUDF 3DYORYLü  'UDJDQ 0LORãHYLü  -HOHQD 'XQMLü  /D]DU 
/D]Lü  0LOHWD äDUNRYLü  7DWMDQD 0LOMNRYLü  8UEDQL]DWLRQ 7UHQGV LQ WKH   VW &HQWXU\   D 'ULYHU IRU 
0LRGUDJ 6WDQRMHYLü  0LORã %MHOLü  'UDJDQD âXPDUDF 3DYORYLü  0LRPLU 0LMLü  0HDVXUHPHQWV RI QRLVH 
HQHUJ\ DQJXODU GLVWULEXWLRQ DW WKH EXLOGLQJ HQYHORSH XVLQJ PLFURSKRQH DUUD\V  $SSOLHG $FRXVWLFV  

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɚɪɤɨ Ʉɪɫɬɢʄ          

 
ɇɢɤɨɥɚ ɋɥɚɜɤɨɜɢʄ          

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D

 
0  

 
0  

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ȼʁɟɥɢɰɚ Ɇɢɥɚɧ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ
Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ

ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ⱦɨɤɬɨɪɚɬ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɉɟɪɫɨɧɚɥɢɡɨɜɚɧɢ ɩɪɨɝɪɚɦɫɤɢ ɜɨɞɢɱɢ ɡɚ ɞɢɝɢɬɚɥɧɭ 
ɬɟɥɟɜɢɡɢʁɭ

Ⱦɟɬɟɤɰɢʁɚ ɩɪɨɦɟɧɟ ɫɚɫɬɚɜɚ ɢ ɝɟɨɦɟɬɪɢʁɟ ɩɭɬɚ ɨɛɪɚɞɨɦ 
ɢɡɦɟɪɟɧɢɯ ɩɚɪɚɦɟɬɚɪɚ ɡɚ ɩɨɬɪɟɛɟ ɤɚɬɟɝɨɪɢɡɚɰɢʁɟ ɩɭɬɧɟ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  0D]DM  0  %MHOLFD  (  äDJDU  1  =DEXNRYHF /RJDU  6  .RYDþLþ =HROLWH 1DQRFU\VWDOV (PEHGGHG LQ 
0LFURFHOOXODU &DUERQ )RDP DV D +LJK 3HUIRUPDQFH &2  &DSWXUH $GVRUEHQW ZLWK (QHUJ\ 6DYLQJ 
5HJHQHUDWLRQ 3URSHUWLHV &+(0686&+(0  9RO      1R     SS             $SU        

0  %MHOLFD  0  6LPLü 3HMRYLü ([SHULHQFHV ZLWK UHPRWH ODERUDWRU\ ,17(51$7,21$/ -2851$/ 2) 
(/(&75,&$/ (1*,1((5,1* ('8&$7,21  9RO      1R     SS         -DQ        
1  6ODYNRYLü  0  %MHOLFD 5LVN SUHGLFWLRQ DOJRULWKP EDVHG RQ LPDJH WH[WXUH H[WUDFWLRQ XVLQJ PRELOH 
YHKLFOH URDG VFDQQLQJ V\VWHP DV VXSSRUW IRU DXWRQRPRXV GULYLQJ -2851$/ 2) (/(&7521,& 
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0  .UVWLü  0  %MHOLFD 3HUVRQDOL]HG SURJUDP JXLGH EDVHG RQ RQH FODVV FODVVLILHU ,((( 
75$16$&7,216 21 &21680(5 (/(&7521,&6  9RO      1R     SS           0D\        
+  5HGåRYLü  0  9HVRYLü  $  6PLOMDQLü  0  %MHOLFD (QHUJ\ HIILFLHQW QHWZRUN SURFHVVLQJ EDVHG RQ 
QHWPDS IUDPHZRUN (/(&7521,&6 /(77(56  9RO      1R     SS           0DU        
1  0DNVLü  0  %MHOLFD 0 0   PRGHO RI (QHUJ\ (IILFLHQW (WKHUQHW ZLWK E\WH EDVHG FRDOHVFLQJ 
$11$/(6 '(6 7(/(&20081,&$7,216 $11$/6 2) 7(/(&20081,&$7,216  9RO      1R    
0  %MHOLFD  1  6ODYNRYLü $FWLYLW\ UHODWHG PXOWLIUDFWDO SURSHUWLHV RI :L )L VLJQDOV (/(&7521,&6 
/(77(56  9RO      1R     0D\        GRL         HOO       
0  .UVWLü  0  %MHOLFD ,PSDFW RI FODVV LPEDODQFH RQ SHUVRQDOL]HG SURJUDP JXLGH SHUIRUPDQFH ,((( 
75$16$&7,216 21 &21680(5 (/(&7521,&6  9RO      1R     SS         )HE        
0  %MHOLFD  $  3HULü $OORFDWLRQ RI RSWLPDO GLVFRYHU\ VORWV LQ ,(((      DY QHWZRUNV $(8 
,17(51$7,21$/ -2851$/ 2) (/(&7521,&6 $1' &20081,&$7,216  9RO      1R     SS  
0  $NVLü  0  %MHOLFD 3DFNHW FRDOHVFLQJ VWUDWHJLHV IRU HQHUJ\ HIILFLHQW (WKHUQHW (/(&7521,&6 
/(77(56  9RO      1R     SS           0DU        GRL         HO          
3  -RYDQRYLü  0  %MHOLFD (VWLPDWLRQ RI *60 EDVH VWDWLRQ RXWSXW SRZHU FXPXODWLYH GHQVLW\ IXQFWLRQ 
$(8 ,17(51$7,21$/ -2851$/ 2) (/(&7521,&6 $1' &20081,&$7,216  9RO      1R     
0  %MHOLFD ([SHULPHQW ZLWK 8VHU 0RGHOLQJ IRU &RPPXQLFDWLRQ 6HUYLFH 5HWULHYDO ,((( 
&20081,&$7,216 /(77(56  9RO      1R      SS           $XJ        
0  %MHOLFD  $  3HULü $GDSWLYH )HHGEDFN 6FKHPHV IRU 3HUVRQDOL]HG &RQWHQW 5HWULHYDO ,((( 
75$16$&7,216 21 &21680(5 (/(&7521,&6  9RO      1R     SS             $XJ        
0  %MHOLFD  =  3HWURYLü $ 1RYHO 6HUYLFH 5HWULHYDO 6FKHPH ,((( &20081,&$7,216 /(77(56  
9RO      1R     SS           -XO        GRL         /&200            
0  %MHOLFD 8QREWUXVLYH 5HOHYDQFH )HHGEDFN IRU 3HUVRQDOL]HG 79 3URJUDP *XLGHV ,((( 
75$16$&7,216 21 &21680(5 (/(&7521,&6  9RO      1R     SS           0D\        
0  %MHOLFD 7RZDUGV 79 5HFRPPHQGHU 6\VWHP  ([SHULPHQWV ZLWK 8VHU 0RGHOLQJ ,((( 
75$16$&7,216 21 &21680(5 (/(&7521,&6  9RO      1R     SS             $XJ        
0  .UVWLü  0  %MHOLFD &RQWH[W $ZDUH 3HUVRQDOL]HG 3URJUDP *XLGH %DVHG RQ 1HXUDO 1HWZRUN ,((( 
75$16$&7,216 21 &21680(5 (/(&7521,&6  9RO      1R     SS             1RY        

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ
ɉɨɥɢɬɢɱɤɚ ɲɤɨɥɚ ɋɚɜɟɬɚ ȿɜɪɨɩɟ             
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 
ɤɚɧɞɢɞɚɬɚ

Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

ɇɚɞɢɰɚ Ʉɨɡɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ ɡɚ 
ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

9HVQD %ODJRMHYLü  1DGLFD .R]Lü  $OHNVDQGUD &YHWNRYLü  3UHGUDJ ,YDQLã  Ä6HFUHF\ RXWDJH SHUIRUPDQFH DQDO\VLV RI ZLUHOHVVO\ 
SRZHUHG ,R7 V\VWHP ZLWK UDQGRPO\ PRYLQJ UHFHLYLQJ QRGHV³  6HQVRUV  YRO      QR    DUW QR        )HEUXDU\       ,661       
      '2,          V         

3UHGUDJ ,YDQLã  -RYDQ 0LORMNRYLü  9HVQD %ODJRMHYLü  6UÿDQ %UNLü  Ä&DSDFLW\ $QDO\VLV RI +\EULG 6DWHOOLWH±7HUUHVWULDO 6\VWHPV 
ZLWK 6HOHFWLRQ 5HOD\LQJ³  (QWURS\  YRO      QR     DUW  QR       0D\       ,661             '2,          H          

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ  
ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ ɢ 

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ʉɨɨɩɟɪɚɬɢɜɧɢ ɤɨɝɧɢɬɢɜɧɢ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢɨɧɢ ɫɢɫɬɟɦɢ ɫɚ 
ɛɟɠɢɱɧɢɦ ɩɪɟɧɨɫɨɦ ɟɧɟɪɝɢʁɟ ɢ ɫɬɚɬɢɫɬɢɱɤɨɦ ɢɧɮɨɪɦɚɰɢʁɨɦ ɨ 
ɫɬɚʃɭ ɭ ɤɚɧɚɥɭ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ⱦɨɤɬɨɪɚɬ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ȼɥɚɝɨʁɟɜɢʄ ȼɟɫɧɚ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

3UHGUDJ ,YDQLV  9HVQD %ODJRMHYLF  'XVDQ 'UDMLF  %UDQND 9XFHWLF  ³&ORVHG )RUP /HYHO &URVVLQJ 5DWHV ([SUHVVLRQV RI 
2UWKRJRQDOL]HG &RUUHODWHG 0,02 &KDQQHOV ´ ,((( 7UDQVDFWLRQV RQ 9HKLFXODU 7HFKQRORJ\  YRO      QR     SS             0D\ 
      ,661             '2,         797              

-LDQD -DUURXM  9HVQD %ODJRMHYLF  3UHGUDJ ,YDQLã  ³2XWDJH 3UREDELOLW\ DQG (UJRGLF &DSDFLW\ RI 6SHFWUXP 6KDULQJ 6\VWHPV ZLWK 
05& 'LYHUVLW\´  )UHTXHQ]  YRO      LVV       SS           0DUFK       ,661            SULQWHG   H,661            RQOLQH   
'2,          IUHT           

-HOHQD $QDVWDVRY  9HVQD %ODJRMHYLü  3UHGUDJ ,YDQLã  *RUDQ 'MRUGMHYLF  ³3HUIRUPDQFH RI 6SHFWUXP 6KDULQJ 6\VWHP LQ *DPPD 
6KDGRZHG 1DNDJDPL P )DGLQJ (QYLURQPHQW´  :LUHOHVV 3HUVRQDO &RPPXQLFDWLRQV  YRO      LVV     SS            )HEUXDU\ 
      ,661             '2,          V                 

-LDQD -DUURXM  9HVQD %ODJRMHYLF  3UHGUDJ ,YDQLã  ³2XWDJH 3UREDELOLW\ RI 6,15 IRU 8QGHUOD\ &RJQLWLYH 5DGLR 6\VWHPV LQ 
1DNDJDPL )DGLQJ´  )UHTXHQ]  YRO      QR         SS           1RYHPEHU       'H*UX\WHU  ,661             '2,  
        IUHT           

9HVQD %ODJRMHYLü  3UHGUDJ ,YDQLV  ³(UJRGLF &DSDFLW\ RI 6SHFWUXP 6KDULQJ 6\VWHPV ZLWK 267%& LQ 1DNDJDPL )DGLQJ ´ ,((( 
&RPPXQLFDWLRQV /HWWHUV  YRO      QR     SS             6HSWHPEHU       ,661             '2,  
        /&200                    

9HVQD %ODJRMHYLü  3UHGUDJ ,YDQLV  ³(UJRGLF &DSDFLW\ IRU 7$6 05& 6SHFWUXP 6KDULQJ &RJQLWLYH 5DGLR ´ ,((( 
&RPPXQLFDWLRQV /HWWHUV  YRO      QR     SS           0DUFK       ,661             '2, 
        /&200                    

3UHGUDJ ,YDQLV  9HVQD %ODJRMHYLF  'XVDQ 'UDMLF  %UDQND 9XFHWLF  ³6HFRQG 2UGHU 6WDWLVWLFV RI D 0D[LPXP 5DWLR &RPELQHU ZLWK 
8QEDODQFHG DQG 8QHTXDOO\ 'LVWULEXWHG 1DNDJDPL %UDQFKHV ´ ,(7 &RPPXQLFDWLRQV  YRO     LVV      SS             6HSWHPEHU 
      ,661             '2,         LHW FRP            

$OHNVDQGUD &YHWNRYLü  9HVQD %ODJRMHYLü  -HOHQD $QDVWDVRY  1HQDG 7  3DYORYLü  0LODQ 0LORãHYLü  ³2XWDJH $QDO\VLV RI 
8QPDQQHG $HULDO 9HKLFOH $VVLVWHG 6LPXOWDQHRXV :LUHOHVV ,QIRUPDWLRQ DQG 3RZHU 7UDQVIHU 6\VWHP IRU ,QGXVWULDO (PHUJHQF\ 
$SSOLFDWLRQV´  6HQVRUV  YRO      QR      DUW  QR        6HSWHPEHU       ,661             '2,          V         

1DGLFD .R]Lü  9HVQD %ODJRMHYLü  $OHNVDQGUD &YHWNRYLü  3UHGUDJ ,YDQLã  ³3HUIRUPDQFH $QDO\VLV RI :LUHOHVVO\ 3RZHUHG 
&RJQLWLYH 5DGLR 1HWZRUN ZLWK 6WDWLVWLFDO &6, DQG 5DQGRP 0RELOLW\´  6HQVRUV  YRO      QR     DUW  QR        0D\       ,661  
           '2,          V         

$OHNVDQGUD &YHWNRYLü  9HVQD %ODJRMHYLü  -HOHQD 0DQRMORYLü  Ä&DSDFLW\ $QDO\VLV RI 3RZHU %HDFRQ $VVLVWHG ,QGXVWULDO ,R7 
6\VWHP ZLWK 8$9 'DWD &ROOHFWRU³  'URQHV  YRO     QR     DUW  QR       )HEUXDU\       ,661          ;  
'2,          GURQHV        

1DGLFD .R]Lü  9HVQD %ODJRMHYLü  3UHGUDJ ,YDQLã  3HUIRUPDQFH $QDO\VLV RI 8QGHUOD\ &RJQLWLYH 5DGLR 6\VWHP ZLWK 6HOI 
6XVWDLQDEOH 5HOD\ DQG 6WDWLVWLFDO &6,  6HQVRUV  YRO      QR     DUW QR        0D\       ,661             '2,  
        V         

9HVQD %ODJRMHYLü  $OHNVDQGUD 0  &YHWNRYLF  3UHGUDJ ,YDQLã  ³3HUIRUPDQFH DQDO\VLV RI HQHUJ\ KDUYHVWLQJ ') UHOD\ V\VWHP LQ 
JHQHUDOL]HG  . IDGLQJ HQYLURQPHQW ´ 3K\VLFDO &RPPXQLFDWLRQ  YRO      SS           -XQH       ,661            '2,  
        M SK\FRP             

$OHNVDQGUD 0  &YHWNRYLF  9HVQD %ODJRMHYLü  3UHGUDJ ,YDQLã  ³3HUIRUPDQFH DQDO\VLV RI QRQOLQHDU HQHUJ\ KDUYHVWLQJ ') UHOD\ 
V\VWHP LQ LQWHUIHUHQFH OLPLWHG 1DNDJDPL P IDGLQJ HQYLURQPHQW ´ (75, -RXUQDO  YRO      QR     SS     ±     'HFHPEHU       
,661  SULQWHG              ,661  RQOLQH             '2,          HWULM           



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɚʁɚ ȼɭɤɚɫɨɜɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  D 

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

'  %RMLü  '  'UDãNRYLü  0RGHUQL]LQJ   V (UD 6RIWZDUH WR D 1HZ /DQJXDJH DQG (QYLURQPHQW 8VLQJ 
//0V   $Q (PSLULFDO ,QYHVWLJDWLRQ  ,17(51$7,21$/ -2851$/ 2) 62)7:$5( (1*,1((5,1* 
$1' .12:/('*( (1*,1((5,1*  9RO      1R     SS             0D\        

0  2JUL]RYLü  '  'UDãNRYLü  '  %RMLü  4XDOLW\ DVVXUDQFH VWUDWHJLHV IRU PDFKLQH OHDUQLQJ DSSOLFDWLRQV 
LQ ELJ GDWD DQDO\WLFV  DQ RYHUYLHZ  -RXUQDO RI %LJ 'DWD  9RO      1R       2FW       
GRL         V                \

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɉɨɛɨʂɲɚʃɟ ɩɟɪɮɨɪɦɚɧɫɢ ɩɪɨɝɪɚɦɚ ɭɩɨɬɪɟɛɨɦ ɞɟɥɢɦɢɱɧɨ 
ɤɨɧɬɟɤɫɬɧɨ ɨɫɟɬʂɢɜɢɯ ɩɪɨɮɢɥɚ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ȼɨʁɢʄ Ⱦɪɚɝɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

1  .RUROLMD  '  %RMLü  $  +XUVRQ  9  0LOXWLQRYLü  $ UXQWLPH MRE VFKHGXOLQJ DOJRULWKP IRU FOXVWHU 
DUFKLWHFWXUHV ZLWK GDWDIORZ DFFHOHUDWRUV  $'9$1&(6 ,1 &20387(56  9RO       SS          $SU  
    

0  ,JQMDWRYLü  '  %RMLü  ,  7DUWDOMD  $ 6XUYH\ RQ 3UREOHP )RUPXODWLRQV DQG  0HWD +HXULVWLF %DVHG 
6ROXWLRQV LQ $XWRPDWHG $VVHPEO\ RI 3DUDOOHO 7HVW )RUPV  ,17(51$7,21$/ -2851$/ 2) 
62)7:$5( (1*,1((5,1* $1' .12:/('*( (1*,1((5,1*  9RO      1R     SS             
     

0  .RWODU  '  %RMLü  0 3XQW  9  0LOXWLQRYLü  6XUYH\ RI GHSOR\PHQW ORFDWLRQV DQG XQGHUO\LQJ KDUGZDUH 
DUFKLWHFWXUHV IRU FRQWHPSRUDU\ GHHS QHXUDO QHWZRUNV  ,17(51$7,21$/ -2851$/ 2) 
',675,%87(' 6(1625 1(7:25.6  9RO      1R     SS              
GRL                         

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ȼɪɤɨɜɢʄ Ȼɨɝɞɚɧ
Ⱦɨɰɟɧɬ
ȿɧɟɪɝɟɬɫɤɢ ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

'  0LKLü  %  %UNRYLü  0  7HU]Lü  $V\PPHWULFDO IRXU SKDVH     VZLWFKHG UHOXFWDQFH PRWRU IRU D ZLGH 
FRQVWDQW SRZHU UHJLRQ  0DFKLQHV  9RO      1R     -XO      

0  %MHOLü  %  %UNRYLü  0  äDUNRYLü  7  0LOMNRYLü  0DFKLQH OHDUQLQJ IRU SRZHU WUDQVIRUPHU 6)5$ EDVHG 
IDXOW GHWHFWLRQ  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       -DQ      

%  %UNRYLF  0  -HFPHQLFD  &DOFXODWLRQ RI 5RWRU +DUPRQLF /RVVHV LQ 0XOWLSKDVH ,QGXFWLRQ 0DFKLQHV  
0DFKLQHV  9RO      1R     SS          0D\      
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

0  %MHOLü  %  %UNRYLü  0  äDUNRYLü  7  0LOMNRYLü  )DXOW GHWHFWLRQ LQ D SRZHU WUDQVIRUPHU EDVHG RQ 
UHYHUEHUDWLRQ WLPH  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       SS         
'HF      
%  %UNRYLü  0  -HþPHQLFD  (  /HYL  =  /D]DUHYLü  6DWXUDWHG 96' PRGHO RI D VL[ SKDVH LQGXFWLRQ 
PDFKLQH  ,(7 (/(&75,& 32:(5 $33/,&$7,216  9RO      1R      SS               'HF      

'  0LKLü  0  7HU]Lü  %  %UNRYLü  6  9XNRVDYLü  $ QRYHO PRGXODU SRZHU FRQYHUWHU IRU 650 GULYH  
(/(&75,&$/ (1*,1((5,1*  $5&+,9 )85 (/(.7527(&+1,.   9RO       SS             -XQ  
    
0  -HþPHQLFD  %  %UNRYLü  (  /HYL  =  /D]DUHYLü  ,QWHUSODQH FURVV VDWXUDWLRQ LQ PXOWLSKDVH 
PDFKLQHV  ,(7 (/(&75,& 32:(5 $33/,&$7,216  SS          -DQ      

%RJGDQ 0LKDLOR %UNRYLF  /HSRVDYD %UDWLPLU 5LVWLF  0ODGHQ 9ODMNR 7HU]LF  $QD 9 6WDQNRYLF  =RUDQ 
0LOHWD /D]DUHYLF  0DJQHWL]LQJ ,QGXFWDQFH 'HWHUPLQDWLRQ LQ D 6L[ SKDVH ,QGXFWLRQ 0DFKLQH  ,((( 
75$16$&7,216 21 (1(5*< &219(56,21  SS          1RY      

$  $OEOD  %  %UNRYLü  0  -HþPHQLFD  =  /D]DUHYLü  2QOLQH WHPSHUDWXUH PRQLWRULQJ RI D JULG FRQQHFWHG 
LQGXFWLRQ PRWRU  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO      SS             
'HF      

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ȼɨɝɞɚɧ Ɇɚɪɤɨɜɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ȶɟɪɬɢʄ ȳɟɥɟɧɚ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɨɜ ɚɥɝɨɪɢɬɚɦ ɡɚ ɨɛɪɚɞɭ ɢ ɟɫɬɢɦɚɰɢʁɭ ɩɨɡɢɰɢʁɟ ɪɟɮɥɟɤɫɢʁɟ 
ɥɚɫɟɪɫɤɟ ɥɢɧɢʁɟ ɤɨɞ ɩɪɨɮɢɥɧɢɯ ɫɤɟɧɟɪɚ ɧɚ ɧɚɦɟɧɫɤɨʁ 
ɩɥɚɬɮɨɪɦɢ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

'  6  9XMLü  -  '  ûHUWLü  0RGHOOLQJ RI XOWUD KLJK IUHTXHQF\ WHOHYLVLRQ EDQG UDGLR VLJQDO SURSDJDWLRQ LQ 
XQGHUJURXQG PLQH HQYLURQPHQW  :,5(/(66 1(7:25.6  9RO      1R     SS               0D\  
Ɍ  Ɇɢʂɤɨɜɢʄ  ȳ  ȶɟɪɬɢʄ  0  %MHOLü  Ⱦ  ɒɭɦɚɪɚɰ ɉɚɜɥɨɜɢʄ  'LJLWDO 6LJQDO 3URFHVVLQJ RI WKH 
,QKDUPRQLF &RPSOH[ 7RQH  $SSOLHG 6FLHQFHV  9RO      SS          -XO       
7  0LOMNRYLü  0  %MHOLü  -  ûHUWLü  '  âXPDUDF 3DYORYLü  (VWLPDWLRQ RI KDUS VWULQJ LQKDUPRQLFLW\ 
LQIOXHQFHG E\ SKDQWRP SDUWLDOV  -2851$/ 2) 7+( $&2867,&$/ 62&,(7< 2) $0(5,&$  9RO  
%  0DUNRYLü  -  ûHUWLü  ,PSURYLQJ 6XE SL[HO (VWLPDWLRQ RI /DVHU 6WULSH 5HIOHFWLRQ &HQWHU E\ 
$XWRFRQYROXWLRQ RQ )3*$  -2851$/ 2) &,5&8,76  6<67(06  $1' &20387(56  9RO      1R  
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

0  %MHOLü  0  6WDQRMHYLü  -  '  ûHUWLü  0  0HUNOH  6WDWLVWLFDO SURSHUWLHV RI TXDQWLVDWLRQ QRLVH LQ 
DQDORJXH WR GLJLWDO FRQYHUWHU ZLWK RYHUVDPSOLQJ DQG GHFLPDWLRQ  ,(7 &LUFXLWV  'HYLFHV DQG 
0DULMD %RåLü  -HOHQD '  ûHUWLü  0LOLFD 9XNHOLü  6YHWODQD ýL]PLü  1HZ ,QVWUXFWLRQDO $SSURDFK IRU 
)RVWHULQJ *HQHULF DQG 3URIHVVLRQDO &RPSHWHQFHV  &DVH 6WXG\ RI WKH 3URMHFW DQG 3UREOHP %DVHG 

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɋɪɻɚɧ Ⱦɭɪɤɨɜɢʄ          

 
Ɇɢɥɚɧ ɋɢɦɚɤɨɜɢʄ          

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɑɢɱɚ Ɂɨɪɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ⱥɪɯɢɬɟɤɬɭɪɚ ɩɚɤɟɬɫɤɨɝ ɫɜɢɱɚ ɡɚ ɟɮɢɤɚɫɧɨ ɤɨɦɭɬɢɪɚʃɟ 
ɭɧɢɤɚɫɬ ɢ ɦɭɥɬɢɤɚɫɬ ɫɚɨɛɪɚʄɚʁɚ

ɋɢɫɬɟɦ ɡɚ ɧɚɞɝɥɟɞɚʃɟ ɩɟɪɮɨɪɦɚɧɫɢ ɦɪɟɠɟ ɤɚɛɥɨɜɫɤɨɝ 
ɨɩɟɪɚɬɨɪɚ ɡɚɫɧɨɜɚɧ ɧɚ ɬɟɯɧɨɥɨɝɢʁɢ ɜɟɥɢɤɢɯ ɩɨɞɚɬɚɤɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

5  3HWURYLF  '  6LPLF  '  'UDMLü  =  ýLþD  '  1LNROLü  0  3HULF  'HVLJQLQJ /DERUDWRU\ IRU ,R7 
&RPPXQLFDWLRQ ,QIUDVWUXFWXUH (QYLURQPHQW IRU 5HPRWH 0DULWLPH 6XUYHLOODQFH LQ (TXDWRULDO $UHDV 
,  9DMV  '  'UDMLü  =  ýLþD  'DWD 'ULYHQ 0DFKLQH /HDUQLQJ &DOLEUDWLRQ 3URSDJDWLRQ LQ $ +\EULG 
6HQVRU 1HWZRUN IRU $LU 4XDOLW\ 0RQLWRULQJ  6(16256  9RO      1R     SS          0DU       
6  'XUNRYLF  =  ýLþD  0XOWLFDVW /RDG %DODQFHG %LUNKRII 9RQ 1HXPDQQ 6ZLWFK :LWK *UHHG\ 
6FKHGXOLQJ  ,((( $&&(66  9RO     SS                   -XO       
0  6LPDNRYLF  =  ýLþD  '  'UDMLü  %LJ 'DWD 3ODWIRUP IRU 3HUIRUPDQFH 0RQLWRULQJ RI 7HOHFRP 6HUYLFH 
3URYLGHU 1HWZRUNV  (OHFWURQLFV   9RO      1R            SS          -XO      
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

,  9DMV  '  'UDMLü  =  ýLþD  &29,'    /RFNGRZQ LQ %HOJUDGH  $LU 3ROOXWLRQ ,PSDFW DQG (YDOXDWLRQ RI 
WKH 1HXUDO 1HWZRUN 0RGHO IRU WKH &RUUHFWLRQ RI /RZ &RVW 6HQVRUV  $SSOLHG 6FLHQFHV  9RO      1R  
+  7XUNPDQRYLü  ,  9DMV  =  ýLþD  '  (O 0H]HQL  3  ,YDQLã  /  6DUDQRYDF  Ä'LVWULEXWHG $, 'ULYHQ 
6LPXODWLRQ )UDPHZRUN IRU 3HUIRUPDQFH (YDOXDWLRQ RI +\EULG 6DWHOOLWH 7HUUHVWULDO 1HWZRUN $FFHVV ³ 
0  6LPDNRYLF  =  ýLþD  Ä'HWHFWLRQ DQG /RFDOL]DWLRQ RI )DLOXUHV LQ +\EULG )LEHU &RD[LDO 1HWZRUN 
8VLQJ %LJ 'DWD 3ODWIRUP ³ (OHFWURQLFV  YRO         SS        1RYHPEHU       ,661            '2,  

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ  
Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ  
Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ  
Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɇɚɬɟɦɚɬɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D 

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ȶɢɪɨɜɢʄ ɇɚɬɚɲɚ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ɉɪɢɦɟʃɟɧɚ 
ɦɚɬɟɦɚɬɢɤɚ

Ɇɚɬɟɦɚɬɢɱɤɚ ɚɧɚɥɢɡɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɇɚɬɟɦɚɬɢɱɤɟ ɦɟɬɨɞɟ 
ɭ ɟɥɟɤɬɪɨɬɟɯɧɢɰɢ ɢ 

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
ɇɭɦɟɪɢɱɤɚ 
ɦɚɬɟɦɚɬɢɤɚ ɢ 
ɨɩɬɢɦɢɡɚɰɢʁɟ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

6  -HãLü  1  ûLURYLü  5  1LNROLü  %  5DQÿHORYLü  $ IL[HG SRLQW WKHRUHP LQ VWULFWO\ FRQYH[ E IX]]\ PHWULF 
VSDFHV  $,06 0DWKHPDWLFV  9RO     1R     SS               -XQ        
GRL         PDWK         
1  ûLURYLü  $  .KDOI  -  *RMDQRYLü  6  äLYDQRYLü  &RPSDULQJ WKUHH QXPHULFDO PHWKRGV IRU FXUUHQW 
YROWDJH FKDUDFWHULVWLFV VLPXODWLRQV RI RUJDQLF VRODU FHOOV FRQVLGHULQJ VXUIDFH UHFRPELQDWLRQ HIIHFWV  
237,&$/ $1' 48$1780 (/(&7521,&6  9RO      1R     SS  0D\       
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

%  5DQÿHORYLü  1  ûLURYLü  6  -HãLü  $ FKDUDFWHULVDWLRQ RI FRPSOHWHQHVV RI E IX]]\ PHWULF VSDFHV 
DQG QRQOLQHDU FRQWUDFWLRQV  $33/,&$%/( $1$/<6,6 $1' ',6&5(7( 0$7+(0$7,&6  9RO      
1R     SS                

5  1LNROLü  6  -HãLü  1  ûLURYLü  )L[HG SRLQWV WKHRUHPV IRU QRQ VHOI PDSSLQJV ZLWK QRQOLQHDU 
FRQWUDFWLYH FRQGLWLRQV LQ VWULFWO\ FRQYH[ 0HQJHU 30 VSDFHV  ),;(' 32,17 7+(25<  9RO      1R  
   SS           0DU       

6  -HãLü  1  ûLURYLü  '  2 5HJDQ  $OWHULQJ 'LVWDQFHV DQG D &RPPRQ )L[HG 3RLQW 7KHRUHP LQ 0HQJHU 
3UREDELOLVWLF 0HWULF 6SDFHV  ),/20$7  9RO      1R     SS           )HE       

&  =DKDULD  1  ûLURYLü  $ 3UREDELOLVWLF )L[HG 3RLQW 5HVXOW 8VLQJ $OWHULQJ 'LVWDQFH )XQFWLRQV  
-2851$/ 2) )81&7,21 63$&(6  9RO        1R  $UWLFOH ,'        SS       $XJ       

6  -HãLü  5  1LNROLü  1  %DEDþHY  $ &RPPRQ )L[HG 3RLQW 7KHRUHP LQ 6WULFWO\ &RQYH[ 0HQJHU 30 
VSDFHV  ),/20$7  9RO      1R     SS           -XO       

6  -HãLü  1  %DEDþHY  5  1LNROLü  $ &RPPRQ )L[HG 3RLQW 7KHRUHP LQ )X]]\ 0HWULF 6SDFHV ZLWK 
1RQOLQHDU &RQWUDFWLYH 7\SH &RQGLWLRQ 'HILQHG 8VLQJ ĭ )XQFWLRQ  $%675$&7 $1' $33/,(' 
$1$/<6,6  9RO        1R  ,'          SS       )HE       

1  %DEDþHY  1RQOLQHDU *HQHUDOL]HG &RQWUDFWLRQV RQ 0HQJHU 30 6SDFHV  $33/,&$%/( $1$/<6,6 
$1' ',6&5(7( 0$7+(0$7,&6  9RO     1R     SS           2FW       

6  -HãLü  1  %DEDþHY  '  2 5HJDQ  5  1LNROLü  &RPPRQ )L[HG 3RLQW 7KHRUHPV )RU )RXU 0DSSLQJV 
'HILQHG 2Q / IX]]\ 0HWULF 6SDFHV :LWK 1RQOLQHDU &RQWUDFWLYH 7\SH &RQGLWLRQ  ),;(' 32,17 
7+(25<  9RO      1R     SS             6HS      

6  -HãLü  1  %DEDþHY  &RPPRQ IL[HG SRLQW WKHRUHPV LQ LQWXLWLRQLVWLF IX]]\ PHWULF VSDFHV DQG / IX]]\ 
PHWULF VSDFHV ZLWK QRQOLQHDU FRQWUDFWLYH FRQGLWLRQ  &+$26 62/,7216   )5$&7$/6  9RO      1R  
   SS           $XJ       

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɇɟɦɚʃɚ Ʌɭɱɢʄ          

 
ȳɨɜɚɧɚ Ȼɚɛɢʄ          

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
Ɇ  

 
Ɇ  

 
Ɇ  ɚ

 
Ɇ  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɐɪʃɚɧɫɤɢ ȳɚɫɧɚ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɉɪɨɩɚɝɚɰɢʁɚ ɫɜɟɬɥɨɫɬɢ ɭ ɞɟɬɟɪɦɢɧɢɫɬɢɱɤɢɦ ɚɩɟɪɢɨɞɢɱɧɢɦ 
ɧɢɡɨɜɢɦɚ ɬɚɥɚɫɨɜɨɞɚ

Ɇɨɞɭɥɚɰɢɨɧɢ ɨɞɡɢɜ ɥɚɫɟɪɚ ɡɚɫɧɨɜɚɧɨɝ ɧɚ ɫɩɪɟɡɢ 
ɪɟɮɥɟɤɫɢɨɧɨɝ ɨɩɬɢɱɤɨɝ ɩɨʁɚɱɚɜɚɱɚ ɢ ɨɩɬɢɱɤɨɝ ɜɥɚɤɧɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

-  &UQMDQVNL  0  .UVWLü  $  7RWRYLü  1  3OHURV  '  *YR]GLü  $GDSWLYH VLJPRLG OLNH DQG 35H/8 
DFWLYDWLRQ IXQFWLRQV IRU DOO RSWLFDO SHUFHSWURQ  2SWLFV /HWWHUV  YRO      SS                    
-  &UQMDQVNL  ,  7HRILORYLü  0  .UVWLü  '  *YR]GLü  $SSOLFDWLRQ RI D UHFRQILJXUDEOH DOO RSWLFDO DFWLYDWLRQ 
XQLW EDVHG RQ RSWLFDO LQMHFWLRQ LQWR D ELVWDEOH )DEU\±3HURW ODVHU LQ PXOWLOD\HU SHUFHSWURQ QHXUDO 
0  %DQRYLü  3  $WDQDVLMHYLü  $  3UDSDV  &  3DSSDV  -  &UQMDQVNL  $  7VDN\ULGLV  0  0RUDOLV 3HJLRV  
.  9\UVRNLQRV  0  /RYLü  1  =GUDYNRYLü  0  0LüLü  0  .UVWLü  6  3HWULþHYLü  1  3OHURV  '  *YR]GLü  $OO 
0  %DQRYLü  -  &UQMDQVNL  0  .UVWLü  '  *YR]GLü  3HUIRUPDQFH (QKDQFHPHQW RI 5HVHUYRLU 
&RPSXWLQJ %DVHG RQ )DEU\ 3pURW /DVHU DV $OO 2SWLFDO 5HFRQILJXUDEOH 1RQOLQHDU 1RGH  -2851$/ 
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
Ⱦɢɪɟɤɬɨɪ Ɂɚɜɨɞɚ ɡɚ ɮɢɡɢɤɭ ɬɟɯɧɢɱɤɢɯ ɮɚɤɭɥɬɟɬɚ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ȼɟɨɝɪɚɞɭ ɨɞ       ɝɨɞ 

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

0  %DQRYLü  3  $WDQDVLMHYLü  0  .UVWLü  3  0LKDLORYLü  -  &UQMDQVNL  6  3HWULþHYLü  '  *YR]GLü  
5HFRQILJXUDEOH DOO RSWLFDO ELVWDELOLW\ WULVWDELOLW\ LQ GXDO LQMHFWLRQ ORFNHG )DEU\±3HURW ODVHU GLRGHV  
-  %DELü  $  7RWRYLü  -  &UQMDQVNL  0  .UVWLü  0  0DãDQRYLü  '  *YR]GLü  ([SORLWLQJ ,QGXFWLYH 3HDNLQJ 
IRU (QKDQFLQJ WKH 562$ V /DUJH 6LJQDO 0RGXODWLRQ 3HUIRUPDQFH  -2851$/ 2) /,*+7:$9( 
'  0  *YR]GLü  $  5  7RWRYLü  -  9  &UQMDQVNL  0  0  .UVWLü  6  $  *HEUHZROG  -  /HXWKROG  0  /  
0DãDQRYLü  6HOI 6HHGHG 562$ )LEHU &DYLW\ /DVHU DQG WKH 5ROH RI 5D\OHLJK %DFNVFDWWHULQJ   $Q 
 $  7RWRYLü  -  &UQMDQVNL  0  .UVWLü  '  *YR]GLü  1XPHULFDO 6WXG\ RI WKH 6PDOO 6LJQDO 0RGXODWLRQ 
%DQGZLGWK RI 5HIOHFWLYH DQG 7UDYHOLQJ :DYH 62$V  -2851$/ 2) /,*+7:$9( 7(&+12/2*<  
-  %DELü  $  7RWRYLü  -  &UQMDQVNL  0  .UVWLü  0  0DãDQRYLü  '  *YR]GLü  (QKDQFHPHQW RI WKH 04: 
562$ V 6PDOO 6LJQDO 0RGXODWLRQ %DQGZLGWK E\ ,QGXFWLYH 3HDNLQJ  -2851$/ 2) /,*+7:$9( 
0  .UVWLü  $  'HOPDGH  -  &UQMDQVNL  /  %DUU\  '  *YR]GLü  6LQJOH ODVHU GXDO RSWLFDO IUHTXHQF\ FRPE 
JHQHUDWLRQ  237,&6 (;35(66  9RO      1R      SS                    
$PRO 'HOPDGH  0DUNR .UVWLü  &ROP %URZQLQJ  -DVQD &UQMDQVNL  'HMDQ *YR]GLü  /LDP %DUU\  3RZHU 
HIILFLHQW RSWLFDO IUHTXHQF\ FRPE JHQHUDWLRQ XVLQJ ODVHU JDLQ VZLWFKLQJ DQG GXDO GULYH 0DFK =HKQGHU 
7  3LQWR  8  &  GH 0RXUD  )  'D 5RV  0  .UVWLü  -  &UQMDQVNL  $  1DSROL  '  *YR]GLü  '  =LEDU  
2SWLPL]DWLRQ RI IUHTXHQF\ FRPEV VSHFWUDO IODWQHVV XVLQJ HYROXWLRQDU\ DOJRULWKP  237,&6 
0  .UVWLü  -  &UQMDQVNL  $  7RWRYLü  '  *YR]GLü  6ZLWFKLQJ RI %LVWDEOH ,QMHFWLRQ /RFNHG )DEU\±3pURW 
/DVHU E\ )UHTXHQF\ 'HWXQLQJ 9DULDWLRQ  ,((( -2851$/ 2) 6(/(&7(' 723,&6 ,1 48$1780 
9  7RSLü  -  &UQMDQVNL  0  .UVWLü  $  7RWRYLü  '  *YR]GLü  $QDO\WLFDO 0HWKRG IRU &DOFXODWLRQ RI WKH 
3KRWRQ /LIHWLPH DQG ([WHUQDO &RXSOLQJ &RHIILFLHQW LQ ,QGH[ &RXSOHG 3KDVH 6KLIWHG ')% /DVHUV  

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȳɟɥɢɰɚ ɐɢɧɰɨɜɢʄ          

 
ɋɬɟɮɚɧ Ɍɭɛɢʄ          

 

ȼɭɤ Ȼɚɬɚɧɨɜɢʄ          

 
Ⱦɪɚɠɟɧ Ⱦɪɚɲɤɨɜɢʄ           

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɇɟɬɨɞɨɥɨɝɢʁɚ ɪɟɲɚɜɚʃɚ ɫɟɦɚɧɬɢɱɤɢɯ ɩɪɨɛɥɟɦɚ ɭ ɨɛɪɚɞɢ 
ɤɪɚɬɤɢɯ ɬɟɤɫɬɨɜɚ ɧɚɩɢɫɚɧɢɯ ɧɚ ɩɪɢɪɨɞɧɢɦ ʁɟɡɢɰɢɦɚ ɫɚ 
ɨɝɪɚɧɢɱɟɧɢɦ ɪɟɫɭɪɫɢɦɚ

ɋɨɮɬɜɟɪɫɤɢ ɫɢɫɬɟɦ ɡɚ ɭɱɟʃɟ ɢ ɩɪɢɦɟɧɭ ɚɥɝɨɪɢɬɚɦɚ 
ɜɟɲɬɚɱɤɟ ɢɧɬɟɥɢɝɟɧɰɢʁɟ

ɐɜɟɬɚɧɨɜɢʄ Ɇɢɥɨɲ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ⱦɟɬɟɤɬɨɜɚʃɟ ɧɟɭɪɨɞɟɝɟɧɟɪɚɬɢɜɧɢɯ ɩɨɪɟɦɟʄɚʁɚ 
ɤɨɪɢɲʄɟʃɟɦ
ɦɨɞɢɮɢɤɨɜɚɧɟ ɦɟɬɚɯɟɭɪɢɫɬɢɤɟ ɡɚ ɨɩɬɢɦɢɡɨɜɚʃɟ 
ȳɟɡɢɤ ɡɚ ɨɩɢɫ ɚɪɯɢɬɟɤɬɭɪɟ ɫɨɮɬɜɟɪɫɤɢɯ ɫɢɫɬɟɦɚ ɡɚɫɧɨɜɚɧ
ɧɚ ɮɭɧɤɰɢɨɧɚɥɧɨʁ ɞɟɤɨɦɩɨɡɢɰɢʁɢ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

1  3HMLü  =  5DGLYRMHYLü  0  &YHWDQRYLü  $QDO\]LQJ WKH ,PSDFW RI &29,'    RQ *LW+XE (YHQW 
7UHQGV  6XVWDLQDELOLW\  9RO      1R      SS          2FW       GRL         VX         

ȼ  Ⱥɧɞɪɢʄ  *  .YDãþHY  Ɇ  ɐɜɟɬɚɧɨɜɢʄ  ɋ  ɋɬɨʁɚɧɨɜɢʄ  ɇ  Ȼɚɱɚɧɢɧ  Ɇ  Ƚɚʁɢʄ  Ʉɜɚɲɱɟɜ  'HHS 
OHDUQLQJ DVVLVWHG ;5) VSHFWUD FODVVLILFDWLRQ  6FLHQWLILF 5HSRUWV  9RO      1R          
GRL         V                ]
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

6  7XELF  =  5DGLYRMHYLF  6  6WRMDQRYLF  0  &YHWDQRYLF  $)' $Q $UFKLWHFWXUDO /DQJXDJH IRU ,QWHJUDO 
0RGHOLQJ  ,((( $&&(66  9RO      SS                   6HS       
GRL         $&&(66             
0  .RWODU  0  3XQW  =  5DGLYRMHYLü  0  &YHWDQRYLü  9  0LOXWLQRYLü  1RYHO 0HWD )HDWXUHV IRU 
$XWRPDWHG 0DFKLQH /HDUQLQJ 0RGHO 6HOHFWLRQ LQ $QRPDO\ 'HWHFWLRQ  ,((( $&&(66  9RO     SS  
               -XQ       GRL         $&&(66             

1  3HMLü  =  5DGLYRMHYLü  0  &YHWDQRYLü  +HOSLQJ 3XOO 5HTXHVW 5HYLHZHU 5HFRPPHQGDWLRQ 6\VWHPV 
WR )RFXV  ,((( $&&(66  9RO      SS                 -XO       
GRL         $&&(66             
9  $QGULü  *  .YDãþHY  0  &YHWDQRYLü  6  6WRMDQRYLü  1  %DþDQLQ   0  *DMLü .YDãþHY  'HHS OHDUQLQJ 
DVVLVWHG ;5) VSHFWUD FODVVLILFDWLRQ  6FLHQWLILF 5HSRUWV  9RO      1R     SS              GRL  
        V                ] 

9  %DWDQRYLü  0  &YHWDQRYLü  %  1LNROLü  $ YHUVDWLOH IUDPHZRUN IRU UHVRXUFH OLPLWHG VHQWLPHQW 
DUWLFXODWLRQ  DQQRWDWLRQ  DQG DQDO\VLV RI VKRUW WH[WV  3/26 21(  9RO      1R      SS          1RY  
      GRL          MRXUQDO SRQH        

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

ɉɟɬɚɪ Ɇɢɲʂɟɧ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ 
ɦɢɧɢɫɬɚɪɫɬɜɚ ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ 

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

Ⱦɢɩɥɨɦɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ɩɨɝɨɧɢ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɍɩɪɚɜʂɚɱɤɟ ɫɬɪɭɤɬɭɪɟ ɜɢɛɪɚɰɢɨɧɨɝ ɬɪɚɧɫɩɨɪɬɚ ɪɚɫɭɬɢɯ 
ɦɚɬɟɪɢʁɚɥɚ ɛɚɡɢɪɚɧɨɝ ɧɚ ɟɥɟɤɬɪɨɦɚɝɧɟɬɧɢɦ ɚɤɬɭɚɬɨɪɢɦɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ɩɨɝɨɧɢ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

ȿɧɟɪɝɟɬɢɤɚ  
ɪɭɞɚɪɫɬɜɨ ɢ 
ɟɧɟɪɝɟɬɫɤɚ 
ɟɮɢɤɚɫɧɨɫɬ

Ⱦɨɤɬɨɪɚɬ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ɩɨɝɨɧɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ⱦɟɫɩɨɬɨɜɢʄ ɀɟʂɤɨ
Ɂɜɚʃɟ ɇɚɭɱɧɢ ɫɚɜɟɬɧɢɤ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɧɟɪɝɟɬɢɤɚ  ɪɭɞɚɪɫɬɜɨ ɢ ɟɧɟɪɝɟɬɫɤɚ ɟɮɢɤɚɫɧɨɫɬ



 

Ɇ  ɚ
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,((( 6HQLRU 0HPEHU ɩɨɱɟɜ ɨɞ        Ɋɟɰɟɧɡɟɧɬ ʁɟ ɜɢɲɟ ,((( ɱɚɫɨɩɢɫɚ  ɭɪɚɞɢɨ ɜɢɲɟ ɨɞ     ɪɟɰɟɧɡɢʁɚ 

ɑɥɚɧ ɦɚɬɢɱɧɨɝ ɧɚɭɱɧɨɝ ɨɞɛɨɪɚ ɡɚ ȿɧɟɪɝɟɬɢɤɭ ɪɭɞɚɪɫɬɜɨ ɢ ɟɧɟɪɝɟɬɫɤɭ ɟɮɢɤɚɫɧɨɫɬ ɩɪɢ Ɇɢɧɢɫɬɚɪɫɬɜɭ ɧɚɭɤɟ  
ɬɟɯɧɨɥɨɲɤɨɝ ɪɚɡɜɨʁɚ ɢ ɢɧɨɜɚɰɢʁɚ  Ɋɟɩɭɛɥɢɤɟ ɋɪɛɢʁɟ ɩɨɱɟɜ ɨɞ       
ɑɥɚɧ ȼɟʄɚ ɩɪɢɪɨɞɧɨ ɦɚɬɟɦɚɬɢɱɤɢɯ ɧɚɭɤɚ ɩɪɢ ɍɧɢɜɟɪɡɢɬɟɬɭ ɭ Ȼɟɨɝɪɚɞɭ  ɩɨɱɟɜ ɨɞ        
ɉɪɟɞɫɟɞɧɢɤ ɇɚɭɱɧɨɝ ȼɟʄɚ ɂɧɫɬɢɬɭɬɚ ɇ ɉɭɩɢɧ  ɍɧɢɜɟɪɡɢɬɟɬɚ ɍ Ȼɟɨɝɪɚɞɭ  ɩɨɱɟɜ ɨɞ       ɇɨɫɢɥɚɰ 
ɩɪɨʁɟɤɬɚɧɬɫɤɢɯ ɥɢɰɟɧɰɢ     ɢ     ɢɡ ɨɛɥɚɫɬɢ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɢɤɟ ɢ ɧɨɫɢɥɚɰ ɢɡɜɨɻɚɱɤɟ ɥɢɰɟɧɰɟ      ɢɡ ɨɛɥɚɫɬɢ 
ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɢɤɟ ɂɧɠɟʃɟɪɫɤɚ ɤɨɦɨɪɚ ɋɪɛɢʁɟ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ   

-  9XMDVLQRYLü  *  6DYLü  ,  %DWDV %LMHOLü  ä  'HVSRWRYLü  $UFKLWHFWXUH DQG 6L]LQJ RI 6\VWHPV IRU 
WKH 5HPRWH &RQWURO RI 6XVWDLQDEOH (QHUJ\ ,QGHSHQGHQW 6WDWLRQV IRU (OHFWULF 9HKLFOH &KDUJLQJ 
3RZHUHG E\ 5HQHZDEOH (QHUJ\ 6RXUFHV  6XVWDLQDELOLW\         
KWWSV   GRL RUJ         VX        
$  5DGRMNRYLü  '  /XNRYLü *ROLü  1  -RYLü 2UVLQL  1  1LNROLü  -  ûLUNRYLü  6  /D]DUHYLü  ä  
'HVSRWRYLü  (YROXWLRQ RI IHUURHOHFWULF DQG SLH]RHOHFWULF SURSHUWLHV RI %L)H2  FHUDPLFV GRSHG 
ZLWK ODQWKDQXP DQG ]LUFRQLXP  -2851$/ 2) $//2<6 $1' &203281'6  2FW         
KWWSV   GRL RUJ         M MDOOFRP            

0 9LMDWRYLü 3HWURYLü  )  &UDFLXQ  )  &RUGHUR  (  0HUFDGHOOL  1 ,OLü  ä  'HVSRWRYLü  ȳ  %RELü  Ⱥ  
'åXQX]RYLü  &  *DODVVL  3  6WDJQDUR  *  &DQX  0  %XVFDJOLD  (  %UXQHQJR  $GYDQWDJHV DQG 
OLPLWDWLRQV RI DFWLYH SKDVH VLODQL]DWLRQ LQ 39') FRPSRVLWHV  )RFXV RQ HOHFWULFDO SURSHUWLHV DQG 
HQHUJ\ KDUYHVWLQJ SRWHQWLDO  32/<0(5 &20326,7(6  SS        'HF        
GRL         SF      

-  %RELü  1  ,OLü  ä  'HVSRWRYLü  $  ']XQX]RYLF  5  *ULJDODLWLV  ,  6WLMHSRYLF  %  6WRMDQRYLü  0  
3HWURYLü  3URSHUWLHV DQG 3RWHQWLDO $SSOLFDWLRQ RI /HDG )UHH  %D=U    7L    2   DQG /HDG %DVHG 
 3E=U     7L     2   )OH[LEOH 7KLFN )LOPV  &5<67$/6  -XO         
KWWSV   GRL RUJ         FU\VW        
Ɇ  9LMDWRYLü 3HWURYLü  )  &RUGHUR  (  0HUFDGHOOL  (  %UXQHQJR  1  ,OLü  &  *DODVVL  ä  'HVSRWRYLü  
ȳ  %RELü  Ⱥ  'åXQX]RYLü  3  6WDJQDUR  *  &DQX  )  &UDFLXQ  )OH[LEOH OHDG IUHH 1%7 %7 39') 
FRPSRVLWH ILOPV E\ KRW SUHVVLQJ IRU ORZ HQHUJ\ KDUYHVWLQJ DQG VWRUDJH  -2851$/ 2) $//2<6 
$1' &203281'6  SS        -XO         KWWSV   GRL RUJ         M MDOOFRP            

9  )LOLSRYLü  Ɇ  ɆDWLMHYLü  3 0LãOMHQ   ä  'HVSRWRYLü  2XWOLHU 5REXVW ,GHQWLILFDWLRQ RI WKH 7KHUPDO 
3RZHU 3ODQW  &RPEXVWLRQ &RQWURO DQG 9LEUDWRU\ 7UDQVSRUW  (19,5210(17$/ (1*,1((5,1* 
$1' 0$1$*(0(17 -2851$/  9RO      1R     SS           0DU       

$  'åXQX]RYLü  0  9LMDWRYLü 3HWURYLü  -  %RELü  1  ,OLü  ä  'HVSRWRYLü  )  &UDFLXQ  %  6WRMDQRYLü  
(QHUJ\ KDUYHVWLQJ DQG HOHFWULFDO SURSHUWLHV RI [     1D%L7     6U7      [ 39') IOH[LEOH 
FRPSRVLWHV  &(5$0,&6 ,17(51$7,21$/         
KWWSV   GRL RUJ         M FHUDPLQW            
0  9LMDWRYLü 3HWURYLü  (  0HUFDGHOOL  )  &RUGHUR  ä  'HVSRWRYLü  -  %RELü  $  'äXQX]RYLü  1  ,OLü  
3  6WDJQDUR  *  &DQX  0  %XVFDJOLD  3  *DOL]LD  &  *DODVVL  )  &UDFLXQ  (QKDQFHG 
PXOWLIXQFWLRQDOLW\ WKURXJK WKH FRPELQHG HIIHFW RI OHDG IUHH SLH]RHOHFWULF DQG PDJQHWRVWULFWLYH 
SKDVHV LQ WKH SRO\PHU PDWUL[ FRPSRVLWH  (8523($1 32/<0(5 -2851$/         
KWWSV   GRL RUJ         M HXUSRO\PM            



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɋȺɇɍ Ȼɟɨɝɪɚɞ
      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  

ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ  
ȿɥɟɤɬɪɨɧɢɤɚ ɢ 
ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȳɟɥɟɧɚ Ⱦɢɧɤɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  D

 
0  D

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ȭɨɪɻɟɜɢʄ Ⱥɧɬɨɧɢʁɟ
ɑɥɚɧ ɋȺɇɍ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  ɚɧɬɟɧɟ ɢ ɦɢɤɪɨɬɚɥɚɫɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɟ ɢ 

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɟ ɢ 

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɟɭɧɢɮɨɪɦɧɟ ɯɟɥɢɤɨɢɞɚɥɧɟ ɚɧɬɟɧɟ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  1LNROLF 6WHYDQRYLü  Ⱥ  Ʉɨɜɚɱɟɜɢʄ  Ⱥ  ȭɨɪɻɟɜɢʄ  ,QFUHPHQWV RI $GPLWWDQFH 3DUDPHWHUV LQ 
0LFURZDYH ,PDJLQJ  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  2FW       
0  6WHYDQRYLü  $  ĈRUÿHYLü  6LPSOH 'HULYDWLRQ RI 7UDQVIHU )XQFWLRQV LQ %LVWDWLF 6FDWWHULQJ 0RGHO  
,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO      SS         2FW       
6  )LOLSRYLü  1  2EUDGRYLü  :  *  )DUHQKROW]  6  6PLWK  0  0LUNRYLü  $  3HOHã 7DGLü  -  3HWURYLü  $  
ĈRUÿHYLü  6SDUN SODVPD VLQWHULQJ RI PDJQHVLXP WLWDQDWH FHUDPLFV  &(5$0,&6 ,17(51$7,21$/  
-  'LQNLü  0  6WHYDQRYLü  $  ĈRUÿHYLü  3K\VLFDO 0RGHOV IRU ,QIOXHQFH RI 6XEVWUDWH 3HUPLWWLYLW\ RQ WKH 
*DLQ RI 0LFURVWULS $QWHQQDV  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO  
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
Ɋɟɞɨɜɧɢ ɱɥɚɧ ɋȺɇɍ ɨɞ      

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

1  9RMQRYLü  0  6WHYDQRYLü  /  &URFFR  $  ĈRUÿHYLü  +LJK 2UGHU 6SDUVH 6KDSH ,PDJLQJ RI 3(& DQG 
'LHOHFWULF 7DUJHWV 8VLQJ 7( 3RODUL]HG )LHOGV  ,((( 75$16$&7,216 21 $17(11$6 $1' 

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ  

ɂɧɫɬɢɬɭɬ Ɇɢɯɚʁɥɨ ɉɭɩɢɧ
Ɍɟɯɧɢɱɤɨ ɬɟɯɧɨɥɨɲɤɟ 
ɧɚɭɤɟ   ɂɧɮɨɪɦɚɰɢɨɧɟ 
ɬɟɯɨɥɨɝɢʁɟ

    
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɨɬɟɯɧɢɤɚ

    
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɨɬɟɯɧɢɤɚ

    
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱦɭɲɚɧ Ɇɚɪɤɨɜɢʄ 

         

 
ɋɥɚɻɚɧɚ ȭɭɪɚɲɟɜɢʄ 

         

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ȭɨɪɻɟɜɢʄ Ȼɨɪɢɫɥɚɜ
ȼɢɲɢ ɧɚɭɱɧɢ ɫɚɪɚɞɧɢɤ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɏɚɞɜɟɪɫɤɨ ɋɨɮɬɜɟɪɫɤɚ ɩɨɞɪɲɤɚ ɩɪɨɰɟɫɢɪɚʃɭ ɧɢɡɨɜɚ 
ɩɨɞɚɬɚɤɚ ɭ ɨɤɜɢɪɭ ɤɨɧɰɟɩɬɚ &ORXG )RJ ɪɚɱɭɧɚɪɫɬɜɚ

Ɇɨɞɟɥ ɩɪɟɞɢɤɰɢʁɟ ɨɬɤɚɡɚ ɦɚɝɧɟɬɧɢɯ ɞɢɫɤɨɜɚ ɡɚɫɧɨɜɚɧ ɧɚ 
ɞɟɬɟɤɰɢʁɢ ɚɧɨɦɚɥɢʁɟ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

'  0DUNRYLü  '  9XMLþLü  6  7DQDVNRYLü  %  ĈRUÿHYLü  6  5DQÿLü  =  6WDPHQNRYLü  3UHGLFWLRQ RI 3HVW 
,QVHFW $SSHDUDQFH 8VLQJ 6HQVRUV DQG 0DFKLQH /HDUQLQJ  6(16256  9RO      SS          -XO       
GRL         V        

'  0DUNRYLü  =  6WDPHQNRYLü  %  ĈRUÿHYLü  6  5DQÿLü  ,PDJH 3URFHVVLQJ IRU 6PDUW $JULFXOWXUH 
$SSOLFDWLRQV 8VLQJ &ORXG )RJ &RPSXWLQJ  6(16256  9RO      1R      SS          6HS       
GRL         V        
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

6  ĈXUDãHYLü  8  3HãRYLü  %  ĈRUÿHYLü  $QRPDO\ 'HWHFWLRQ 0RGHO IRU 3UHGLFWLQJ +DUG 'LVN 'ULYH  
)DLOXUHV  $SSOLHG $UWLILFLDO ,QWHOOLJHQFH  $33/,(' $57,),&,$/ ,17(//,*(1&(  $$,   9RO      1R     
SS             -XO       GRL                              
9  /XNRYLü  ä  -RYDQRYLü  6  ĈXUDãHYLü 3HãRYLü  8  3HãRYLü  %  ĈRUÿHYLü  6ROLG 6WDWH 'ULYH )DLOXUH 
3UHGLFWLRQ 8VLQJ $QRPDO\ 'HWHFWLRQ  (OHFWURQLFV   9RO      1R     SS          $SU       
GRL         HOHFWURQLFV        

%  ĈRUÿHYLü  .  -DQLü  1  .UDOMHYLü  0DWKHPDWLFDO 0RGHOOLQJ DQG &DVH 6WXG\ ZLWK )LOH 6\VWHP 
3HUIRUPDQFH &RPSDULVRQ IRU /LQX[ EDVHG +\SHUYLVRUV  $&7$ 32/<7(&+1,&$ +81*$5,&$  9RO  
    1R     SS             -DQ       GRL          $3+              

%  'MRUGMHYLF  9  7LPFHQNR  1  .UDOMHYLF  1  0DFHN  )LOH 6\VWHP 3HUIRUPDQFH &RPSDULVRQ LQ )XOO 
+DUGZDUH 9LUWXDOL]DWLRQ ZLWK (6;L  .90  +\SHU 9 DQG ;HQ  $GYDQFHV LQ (OHFWULFDO DQG &RPSXWHU 
(QJLQHHULQJ  $(&(   9ROXPH     1XPEHU    SS               GRL          $(&(           

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ȼɚɛɢʄ ɂɜɚ          

 
-DQQDW 0RKDPHG 
%DVKLU 0RKDPHG

         

 
Ʉɨɬɭɪ Ⱦɢɦɢɬɪɢʁɟ          

 
Ɇɢɥɨɲɟɜɢʄ Ⱦɟʁɚɧ          

 
Ⱦɭɪɤɨɜɢʄ ȼɥɚɞɚɧ          

 
ɉɟɬɪɨɜɢʄ Ⱥɧɚ          

 
ɒɤɪɛɢʄ Ȼɨʁɚɧɚ          

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D

 
0  

 
0  D$  3HWURYLü  ä  ĈXULãLü  *HQHWLF DOJRULWKP EDVHG RSWLPL]HG PRGHO IRU WKH VHOHFWLRQ RI ZLQG WXUELQH IRU 

DQ\ VLWH VSHFLILF ZLQG FRQGLWLRQV  (1(5*<  9RO       SS          'HF      

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

.  /D]RYLü  ä  ĈXULãLü  0LQLPL]LQJ ZLQG SRZHU SODQW LPEDODQFHV XVLQJ IUHLJKW WUDLQ JUDYLW\ HQHUJ\ 
VWRUDJH DQG LQWUDGD\ IRUHFDVW XSGDWHV  -RXUQDO RI (QHUJ\ 6WRUDJH  9RO       1R          $XJ      

ä  ĈXULãLü  0  ĈXULü  9  3DSLü  $Q DOJRULWKP IRU WKUHH SKDVH SRZHU V\VWHP IUHTXHQF\ PHDVXUHPHQW  
(/(&75,&$/ (1*,1((5,1*  $5&+,9 )85 (/(.7527(&+1,.   )HE      

Ɋɚɡɜɨʁ ɧɨɜɢɯ ɬɟɯɧɢɱɤɢɯ ɪʁɟɲɟʃɚ ɢ ɦɚɬɟɦɚɬɢɱɤɢɯ ɦɨɞɟɥɚ ɡɚ 
ɚɧɚɥɢɡɭ ɩɪɨɢɡɜɨɞʃɟ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɟɥɟɤɬɪɚɧɚ ɜɟɥɢɤɟ 
ɫɧɚɝɟ
Ɉɩɬɢɦɚɥɧɨ ɩɥɚɧɢɪɚʃɟ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɟ ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ 
ɜɟɬɪɨɟɥɟɤɬɪɚɧɚ ɜɟɥɢɤɢɯ ɫɧɚɝɚ

Ɉɩɬɢɦɚɥɧɚ ɫɬɪɭɤɬɭɪɚ ɢ ɩɪɨɫɬɨɪɧɚ ɚɥɨɤɚɰɢʁɚ ɨɛɧɨɜʂɢɜɢɯ 
ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ ɭ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɨɦ ɫɢɫɬɟɦɭ ɫɚ 
ɪɟɞɭɤɨɜɚɧɨɦ ɩɪɨɢɡɜɨɞʃɨɦ ɢɡ ɬɟɪɦɨɟɥɟɤɬɪɚɧɚ

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɇɨɞɟɥɨɜɚʃɟ ɭɬɢɰɚʁɚ ɜɪɟɦɟɧɫɤɨɝ ɩɪɨɮɢɥɚ ɫɨɥɚɪɧɨɝ 
ɡɪɚɱɟʃɚ ɧɚ ɟɮɟɤɬɟ ɪɚɞɚ ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ ɭ 
ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɨɦ ɫɢɫɬɟɦɭ
Ⱥɧɚɥɢɡɚ ɨɩɬɢɦɚɥɧɟ ɫɧɚɝɟ ɢ ɥɨɤɚɰɢʁɟ ɨɬɨɱɧɢɯ ɛɚɬɟɪɢʁɚ 
ɤɨɧɞɟɧɡɚɬɨɪɚ ɭ ɚɤɬɢɜɧɢɦ ɞɢɫɬɪɢɛɭɬɢɜɧɢɦ ɦɪɟɠɚɦɚ

ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ȭɭɪɢɲɢʄ ɀɟʂɤɨ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɉɩɬɢɦɚɥɧɨ ɩɪɨɫɬɨɪɧɨ ɢ ɜɪɟɦɟɧɫɤɨ ɭɩɪɚɜʂɚʃɟ ɩɨɬɪɨɲʃɨɦ 
ɭ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɨɦ ɫɢɫɬɟɦɭ ɫɚ ɜɢɫɨɤɢɦ ɫɬɟɩɟɧɨɦ 
ɩɟɧɟɬɪɚɰɢʁɟ ɨɛɧɨɜʂɢɜɢɯ ɢɡɜɨɪɚ ɟɧɟɪɝɢʁɟ
ɇɨɜɟ ɬɟɯɧɢɤɟ ɡɚ ɭɧɚɩɪɟɻɟʃɟ ɬɪɚɧɡɢʁɟɧɬɧɟ ɫɬɚɛɢɥɧɨɫɬɢ 
ɚɤɬɢɜɧɢɯ ɞɢɫɬɪɢɛɭɬɢɜɧɢɯ ɦɪɟɠɚ
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

Ⱥ  ɋɚɜɢʄ  ä  ĈXULãLü  2SWLPDO VL]LQJ DQG ORFDWLRQ RI 69& GHYLFHV IRU LPSURYHPHQW RI YROWDJH SURILOH 
LQ GLVWULEXWLRQ QHWZRUN ZLWK GLVSHUVHG SKRWRYROWDLF DQG ZLQG SRZHU SODQWV  $33/,(' (1(5*<  SS  
               

ä  ĈXULãLü  -  0LNXORYLü  ,  %DELü  ,PSDFW RI ZLQG VSHHG YDULDWLRQV RQ ZLQG IDUP HFRQRP\ LQ WKH RSHQ 
PDUNHW FRQGLWLRQV  5(1(:$%/( (1(5*<  9RO      SS             2FW      
0  ĈXULü  ä  ĈXULãLü  )UHTXHQF\ PHDVXUHPHQW RI GLVWRUWHG VLJQDOV XVLQJ )RXULHU DQG ]HUR FURVVLQJ 
WHFKQLTXHV  (/(&75,& 32:(5 6<67(06 5(6($5&+  9RO      1R     SS               $XJ  
    
7  âHNDUD  -  0LNXORYLü  ä  ĈXULãLü  2SWLPDO UHDFWLYH FRPSHQVDWRUV LQ SRZHU V\VWHPV XQGHU 
DV\PPHWULFDO DQG QRQVLQXVRLGDO FRQGLWLRQV   ,((( 75$16$&7,216 21 32:(5 '(/,9(5<  9RO  
    1R     SS             $SU      

.  'äRGLü  ä  ĈXULãLü  7KH SHUPDQHQWO\ URWDWLQJ ZLQG WXUELQHV  D QHZ VWUDWHJ\ IRU UHOLDEOH SRZHU 
V\VWHP IUHTXHQF\ VXSSRUW XQGHU ORZ DQG QR ZLQG FRQGLWLRQV  )URQWLHUV LQ (QHUJ\ 5HVHDUFK  9RO     
      0D\      

'  .RWXU  ä  ĈXULãLü  $  6DYLü  6SDWLDO DQG WHPSRUDO GHPDQG VLGH PDQDJHPHQW IRU RSWLPDO SRZHU 
WUDQVPLVVLRQ WKURXJK SRZHU V\VWHP ZLWK GLVSHUVHG 39 DQG ZLQG SRZHU SODQWV  (/(&75,& 32:(5 
6<67(06 5(6($5&+  9RO       SS          2FW      

ä  ĈXULãLü  -  0LNXORYLü  $VVHVVPHQW RI WKH :LQG (QHUJ\ 5HVRXUFH LQ WKH 6RXWK %DQDW 5HJLRQ  
6HUELD  5(1(:$%/(   6867$,1$%/( (1(5*< 5(9,(:6  9RO      1R     SS               -XQ  
    
ä  ĈXULãLü  -  0LNXORYLü  $ PRGHO IRU YHUWLFDO ZLQG VSHHG GDWD H[WUDSRODWLRQ IRU LPSURYLQJ ZLQG 
UHVRXUFH DVVHVVPHQW XVLQJ :$V3  5(1(:$%/( (1(5*<  SS                 

9  'XUNRYLü  ä  ĈXULãLü  ([WHQGHG PRGHO IRU LUUDGLDWLRQ VXLWDEOH IRU ODUJH ELIDFLDO 39 SRZHU SODQWV  
62/$5 (1(5*<  9RO       SS             2FW      
Ⱥ  ĈRUÿHYLü  ä  ĈXULãLü  *HQHUDO PDWKHPDWLFDO PRGHO IRU WKH FDOFXODWLRQ RI HFRQRPLF FURVV VHFWLRQV 
RI FDEOHV IRU ZLQG IDUPV FROOHFWRU V\VWHPV  ,(7 5(1(:$%/( 32:(5 *(1(5$7,21  SS        
         

ä  ĈXULãLü  9  3DSLü  3RZHU V\VWHP IUHTXHQF\ WUDFNLQJ EDVHG RQ /(6 WHFKQLTXH ZLWK FRQVWDQW 
PDWUL[  0($685(0(17  SS                 

9  'XUNRYLü  ä  ĈXULãLü  ,PSDFW RI D KRUL]RQWDO UHIOHFWRU RQ WKH WHFKQR HFRQRPLF FKDUDFWHULVWLFV RI 
ODUJH 939 SRZHU SODQWV  62/$5 (1(5*<  9RO       SS                 

'  0LORãHYLü  ä  ĈXULãLü  $ QHZ WHFKQLTXH IRU LPSURYLQJ VWDELOLW\ RI GLVWULEXWHG V\QFKURQRXV 
JHQHUDWRUV GXULQJ WHPSRUDU\ IDXOWV LQ D GLVWULEXWLRQ QHWZRUN  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 
3RZHU   (QHUJ\ 6\VWHPV  SS                 

'  .RWXU  ä  ĈXULãLü  2SWLPDO VSDWLDO DQG WHPSRUDO GHPDQG VLGH PDQDJHPHQW LQ D SRZHU V\VWHP 
FRPSULVLQJ UHQHZDEOH HQHUJ\ VRXUFHV  5(1(:$%/( (1(5*<  9RO       SS             $XJ      

0  )RUFDQ  ä  ĈXULãLü  ȳ  Ɇɢɤɭɥɨɜɢʄ  $Q DOJRULWKP IRU HOLPLQDWLRQ RI SDUWLDO VKDGLQJ HIIHFW EDVHG RQ 
D 7KHRU\ RI 5HIHUHQFH 39 6WULQJ  62/$5 (1(5*<  SS               

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

'  0LORãHYLü  ä  ĈXULãLü  7HFKQLTXH IRU VWDELOLW\ HQKDQFHPHQW RI PLFURJULGV GXULQJ XQV\PPHWULFDO 
GLVWXUEDQFHV XVLQJ EDWWHU\ FRQQHFWHG E\ VLQJOH SKDVH FRQYHUWHUV  ,(7 5(1(:$%/( 32:(5 
*(1(5$7,21  SS          0DU      

$  ĈRUÿHYLü  ä  ĈXULãLü  0DWKHPDWLFDO PRGHO IRU WKH RSWLPDO GHWHUPLQDWLRQ RI YROWDJH OHYHO DQG 3&& 
IRU ODUJH ZLQG IDUPV FRQQHFWLRQ WR WUDQVPLVVLRQ QHWZRUN  ,(7 5(1(:$%/( 32:(5 
*(1(5$7,21  9RO      1R      SS                   



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȿɦɢɥɢʁɚ Ʉɢɫɢʄ           

 
Ⱥɥɟɤɫɚɧɞɪɚ 
Ɇɚɪʁɚɧɨɜɢʄ 

         

 
ɋɨɮɢʁɚ ɋɩɚɫɨʁɟɜɢʄ           

 
ɋɚʃɚ ȼɭʁɧɨɜɢʄ          

 
Ⱦɟʁɚɧ Ɇɢɫɨɜɢʄ          

 
$VHP $O +DVDHUL           

 
Ɇɢɥɚɧɚ Ɇɢɥɨɲɟɜɢʄ          

 
ɀɟʂɤɨ ɇɟɞɟʂɤɨɜɢʄ          

 
ɇɚɬɚɲɚ ȼɥɚɯɨɜɢʄ          

  

ɇɚɬɚɥɢʁɚ Ʉɚɬɢʄ          

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  ȼ  ɉɚɩɢʄ  ä  ĈXURYLü  $ 1HZ $SSURDFK WR 6LJQDO WR 1RLVH 5DWLR (VWLPDWLRQ LQ $GDSWLYH 'RSSOHU 

.DOPDQ )LOWHU IRU 5DGDU 6\VWHPV  -2851$/ 2) &,5&8,76  6<67(06  $1' &20387(56  9RO  

Ɋɨɛɭɫɧɨ ɩɪɚʄɟʃɟ ɩɨɤɪɟɬɧɢɯ ɨɛʁɟɤɚɬɚ ɧɚ ɬɟɪɦɚɥɧɨʁ ɫɥɢɰɢ

Ⱦɟɤɨɞɢɪɚʃɟ ɧɟɭɪɚɥɧɢɯ ɦɟɯɚɧɢɡɚɦɚ ɩɨɦɨʄɭ ÄLQ VLOLFR´
ɦɨɞɟɥɚ ɢ ɟɤɫɩɟɪɢɦɟɧɚɬɚ ɧɚ ɠɢɜɨɬɢʃɚɦɚ ɫɚ ɰɢʂɟɦ
ɨɛɧɚɜʂɚʃɚ ɫɨɦɚɬɨɫɟɧɡɨɪɧɨɝ ɨɫɟʄɚʁɚ ɩɪɢɦɟɧɨɦ
ɧɟɭɪɨɩɪɨɬɟɡɚ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

$  6WRMLü  *  .YDãþHY  ä  ĈXURYLü  $Q $VVLVWLYH 6\VWHP IRU 7KHUPDO 3RZHU 3ODQW 0DQDJHPHQW  
(1(5*,(6  9RO      1R        SS        -XQ        GRL         HQ        
ɋ  ȼɭʁɧɨɜɢʄ  '  &YHWLQRYLü  9  %DNLü  ä  ĈXURYLü  )HDWXUH VHOHFWLRQ IRU FRDO KHDWLQJ OHYHO HVWLPDWLRQ 
LQ WKHUPDO SRZHU SODQWV  7+(50$/ 6&,(1&(  9RO      1R   D  SS             -XQ       

Ʉɜɚɧɬɢɬɚɬɢɜɧɚ ɚɧɚɥɢɡɚ ɩɨɤɪɟɬɚ ɭ ɪɟɯɚɛɢɥɢɬɚɰɢʁɢ
ɧɟɭɪɨɥɨɲɤɢɯ ɩɨɪɟɦɟʄɚʁɚ ɤɨɪɢɲʄɟʃɟɦ ɜɢɡɭɟɥɧɢɯ ɢ
ɧɨɫɢɜɢɯ ɫɟɧɡɨɪɚ
Ⱦɟɬɟɤɰɢʁɚ ɫɬɚʃɚ ɪɨɬɚɰɢɨɧɢɯ ɚɤɬɭɚɬɨɪɚ ɡɚɫɧɨɜɚɧɚ ɧɚ
ɚɧɚɥɢɡɢ ɚɤɭɫɬɢɱɤɢɯ ɫɢɝɧɚɥɚ

ɂɧɬɟɥɢɝɟɧɬɧɢ ɫɢɫɬɟɦ ɡɚ ɭɩɪɚɜʂɚʃɟ ɫɚɨɛɪɚʄɚʁɟɦ
ɛɚɡɢɪɚɧ ɧɚ ɩɪɢɦɟɧɢ ɮɚɡɢ ɥɨɝɢɤɟ

$ɞɚɩɬɢɜɧɟ ɬɟɯɧɢɤɟ ɭ ɫɢɫɬɟɦɢɦɚ ɡɚ ɩɪɚʄɟʃɟ ɩɨɤɪɟɬɧɢɯ 
ɰɢʂɟɜɚ

ɂɞɟɧɬɢɮɢɤɚɰɢʁɚ ɝɨɜɨɪɧɢɤɚ ɭ ɭɫɥɨɜɢɦɚ ɟɦɨɬɢɜɧɨɝ ɝɨɜɨɪɚ

Ɉɩɬɢɦɢɡɚɰɢʁɚ ɫɢɫɬɟɦɚ ɡɚ ɚɭɬɨɦɚɬɫɤɨ ɩɪɟɩɨɡɧɚɜɚʃɟ
ɝɨɜɨɪɧɢɯ ɟɦɨɰɢʁɚ

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɉɪɢɦɟɧɚ Ɍð ɤɨɧɬɪɨɥɧɢɯ ɞɢʁɚɝɪɚɦɚ ɢ ɫɤɪɢɜɟɧɢɯ 
Ɇɚɪɤɨɜʂɟɜɢɯ ɦɨɞɟɥɚ ɧɚ ɩɪɟɞɢɤɬɢɜɧɨ ɨɞɪɠɚɜɚʃɟ 
ɬɟɯɧɢɱɤɢɯ ɫɢɫɬɟɦɚ
ɍɩɪɚɜʂɚʃɟ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɚɫɩɨɞɟɥɨɦ ɭ ɤɨɬɥɨɜɢɦɚ
ɬɟɪɦɨɟɧɟɪɝɟɬɫɤɢɯ ɫɢɫɬɟɦɚ ɧɚ ɛɚɡɢ H[WUHPXP VHHNLQJ
ɫɬɪɚɬɟɝɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ȭɭɪɨɜɢʄ ɀɟʂɤɨ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ⱥɭɬɨɦɚɬɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ
3HULRG RG IHEUXDUD GR RNWREUD       JRGLQH  SUHYHGHQR QD 7HKQLþNRP XQLYHU]LWHWX X /LVDERQX  QD SR]LFLML SRVW GRNWRUVNLK 
VWXGLMD 
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

 9  6WHYDQRYLü  0  ,OLü  ä  ĈXURYLü  7  :DOD  6  0XV]\QVNL  ,  *DMLü  3ULPDU\ &RQWURO 5HVHUYH RI 
(OHFWULF 3RZHU E\ )HHGZDWHU )ORZ 5DWH &KDQJH 7KURXJK DQ $GGLWLRQDO (FRQRPL]HU   $ &DVH 6WXG\ 
$  0DUMDQRYLü  Ɇ  Ʉɪɫɬɢʄ  ɀ  ȭɭɪɨɜɢʄ  Ȼ  Ʉɨɜɚɱɟɜɢʄ  &RQWURO RI 7KHUPDO 3RZHU 3ODQW &RPEXVWLRQ 
'LVWULEXWLRQ 8VLQJ ([WUHPXP 6HHNLQJ  ,((( 75$16$&7,216 21 &21752/ 6<67(06 
6  $QWLü  *  .YDãþHY  ä  ĈXURYLü  $SSOLFDWLRQ RI 6WUXFWXUHG DQG 'LUHFWLRQDO 5HVLGXDOV IRU )DXOW 
'HWHFWLRQ DQG ,VRODWLRQ RQ 3HUPDQHQW 0DJQHW '& 0RWRU ZLWK $PSOLILHU  48$/,7< $1' 
'  0LVRYLü  6  0LOLü  ä  ĈXURYLü  9HVVHO 'HWHFWLRQ $OJRULWKP 8VHG LQ D /DVHU 0RQLWRULQJ 6\VWHP RI 
WKH /RFN *DWH =RQH  ,((( 75$16$&7,216 21 ,17(//(,*(17 75$163257$7,21 6<67(06   
6  9XMQRYLü  ä  ĈXURYLü  *  .YDãþHY  )DQ PLOO VWDWH HVWLPDWLRQ EDVHG RQ DFRXVWLF VLJQDWXUH DQDO\VLV  
&21752/ (1*,1((5,1* 35$&7,&(  9RO      SS               
(  .LVLü  ä  ĈXURYLü  Ȼ  Ʉɨɜɚɱɟɜɢʄ  9  3HWURYLü  $SSOLFDWLRQ RI 7  &RQWURO &KDUWV DQG +LGGHQ 
0DUNRY 0RGHOV LQ &RQGLWLRQ %DVHG 0DLQWHQDQFH DW 7KHUPRHOHFWULF 3RZHU 3ODQWV  6+2&. $1' 

1  9ODKRYLü  ä  ĈXURYLü  5REXVW WUDFNLQJ RI PRYLQJ REMHFWV XVLQJ WKHUPDO FDPHUD DQG VSHHGHG XS 
UREXVW IHDWXUHV GHVFULSWRU  ,17(51$7,21$/ -2851$/ 2) $'$37,9( &21752/ $1' 6,*1$/ 
ä  1HGHOMNRYLü  0  0LORãHYLü  ä  ĈXURYLü  $QDO\VLV RI )HDWXUHV DQG &ODVVLILHUV LQ (PRWLRQ 
5HFRJQLWLRQ 6\VWHPV  &DVH 6WXG\ RI 6ODYLF /DQJXDJHV  $5&+,9(6 2) $&2867,&6  9RO      1R  
 $  0DUMDQRYLü  ɋ  ȼɭʁɧɨɜɢʄ  ɀ  ȭɭɪɨɜɢʄ  2QH DSSURDFK WR WHPSHUDWXUH GLVWULEXWLRQ FRQWURO LQ 
WKHUPDO SRZHU SODQW ERLOHUV  $8720$7,.$  9RO      1R     SS                 
$  $O +DVDHUL  Ⱥ  Ɇɚɪʁɚɧɨɜɢʄ  ɉ  Ɍɚɞɢʄ  ɋ  ȼɭʁɧɨɜɢʄ  ä  ĈXURYLü  3UREDELOLW\ RI GHWHFWLRQ DQG 
FOXWWHU UDWH HVWLPDWLRQ LQ WDUJHW WUDFNLQJ V\VWHPV  JHQHUDOLVHG PD[LPXP OLNHOLKRRG DSSURDFK  ,(7 
 0  0LORãHYLü  ä  1HGHOMNRYLü  8  *ODYLWVFK  ä  ĈXURYLü  6SHDNHU 0RGHOLQJ 8VLQJ (PRWLRQDO 6SHHFK 
IRU 0RUH 5REXVW 6SHDNHU ,GHQWLILFDWLRQ  -2851$/ 2) &20081,&$7,216 7(&+12/2*< $1' 
 6  9XMQRYLü  $  0DUMDQRYLü  ä  ĈXURYLü  $FRXVWLF FRQWDPLQDWLRQ GHWHFWLRQ XVLQJ 44 SORW EDVHG 
GHFLVLRQ VFKHPH  0(&+$1,&$/ 6<67(06 $1' 6,*1$/ 352&(66,1*  9RO       SS        )HE  

 6  $QWLü  0  5RVLü  ä  ĈXURYLü  0  %RåLü  &RPSDULVRQ RI VWUXFWXUHG UHVLGXDOV GHVLJQ WHFKQLTXHV IRU 
DFWXDWRU DQG VHQVRU IDXOW GHWHFWLRQ DQG LVRODWLRQ LQ D SHUPDQHQW PDJQHW '& PRWRU  (/(&75,&$/ 
-  .OMDMLü  *  .YDãþHY  ä  ĈXURYLü  5HFRQVWUXFWLQJ 1HUYH 6WUXFWXUHV IURP 8QRUJDQL]HG 3RLQWV  
$SSOLHG 6FLHQFHV  9RO      1R      SS        2FW        GRL         DSS         
6  0LOLü  ä  ĈXURYLü  0  6WRMDQRYLü  'DWD VFLHQFH DQG PDFKLQH OHDUQLQJ LQ WKH ,,R7 FRQFHSWV RI SRZHU 
SODQWV  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       1R     SS       )HE  
*  .YDãþHY  ä  ĈXURYLü  :DWHU /HYHO &RQWURO LQ WKH 7KHUPDO 3RZHU 3ODQW 6WHDP 6HSDUDWRU %DVHG 
RQ 1HZ 3,' 7XQLQJ 0HWKRG IRU ,QWHJUDWLQJ 3URFHVVHV  (1(5*,(6  9RO      1R      SS             
ɋ  Ⱦɪɚɲɤɨɜɢʄ  ä  ĈXURYLü  ȼ  ɉɟɬɪɨɜɢʄ  $EVROXWH ILQLWH GLIIHUHQFHV EDVHG YDULDEOH IRUJHWWLQJ IDFWRU 
5/6 DOJRULWKP  ,(7 6,*1$/ 352&(66,1*  SS        6HS       



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ⱦɨɛɪɢʄ Ƚɨɪɚɧ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

È  5RGUtJXH] GHO 1R]DO  0  %DUUDJiQ 9LOODUHMR  )  GH 3DXOD *DUFtD /ySH]  *  'REULü  -  0DXULFLR  -  
0D]D 2UWHJD  3  6WHIDQRY  $ PRGHO OHVV DSSURDFK IRU WKH RSWLPDO FRRUGLQDWLRQ RI UHQHZDEOH HQHUJ\ 
VRXUFHV DQG '& OLQNV LQ ORZ YROWDJH GLVWULEXWLRQ QHWZRUNV  (/(&75,& 32:(5 6<67(06 
5(6($5&+  9RO           

0  äDUNRYLü  Ƚ  Ⱦɨɛɪɢʄ  $UWLILFLDO ,QWHOOLJHQFH IRU (QHUJ\ 7KHIW 'HWHFWLRQ LQ 'LVWULEXWLRQ 1HWZRUNV  
(1(5*,(6  9RO      1R        0DU      
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ƚ  Ⱦɨɛɪɢʄ  0  äDUNRYLü  7RZDUGV 6XVWDLQDEOH (QHUJ\ &RPPXQLWLHV  ,QWHJUDWLQJ 7LPH RI 8VH 3ULFLQJ 
DQG 7HFKQR (FRQRPLF $QDO\VLV IRU 2SWLPDO 'HVLJQ²$ &DVH 6WXG\ RI 9DORQJR  3RUWXJDO  
(1(5*,(6  9RO      1R      -XO      
Ƚ  Ⱦɨɛɪɢʄ  =  6WRMNRYLü  Ɂ  ɋɬɨʁɚɧɨɜɢʄ  ([SHULPHQWDO YHULILFDWLRQ RI PRQLWRULQJ WHFKQLTXHV IRU PHWDO 
R[LGH VXUJH DUUHVWHU  ,(7 *(1(5$7,21  75$160,66,21 $1' ',675,%87,21  9RO      SS         
      -XQ      

$  $EHG  *  'REULü  5HDO 7LPH 2SWLPL]DWLRQ RI $QFLOODU\ 6HUYLFH $OORFDWLRQ LQ 5HQHZDEOH (QHUJ\ 
0LFURJULGV 8VLQJ 9LUWXDO /RDG  $SSOLHG 6FLHQFHV      

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɢɥɚɧ ɋɢɦɚɤɨɜɢʄ          

 
ɂɝɨɪ Ɍɨɦɢʄ     

 
ȭɨɪɻɟ Ʌɭɤɢʄ     

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

 

0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ȿɮɢɤɚɫɧɟ ɦɟɬɨɞɟ ɝɪɭɩɢɫɚʃɚ ɤɨɪɢɫɧɢɤɚ ɡɚ ɜɢɲɟɚɧɬɟɧɫɤɢ 
ɩɪɟɧɨɫ ɭ ɦɨɛɢɥɧɢɦ ɦɪɟɠɚɦɚ ɛɭɞɭʄɟ ɝɟɧɟɪɚɰɢʁɟ

Ⱦɪɚʁɢʄ Ⱦɟʁɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɋɢɫɬɟɦ ɡɚ ɧɚɞɝɥɟɞɚʃɟ ɩɟɪɮɨɪɦɚɧɫɢ ɦɪɟɠɟ ɤɚɛɥɨɜɫɤɨɝ 
ɨɩɟɪɚɬɨɪɚ ɡɚɫɧɨɜɚɧ ɧɚ ɬɟɯɧɨɥɨɝɢʁɢ ɜɟɥɢɤɢɯ ɩɨɞɚɬɚɤɚ

Ɉɩɬɢɦɢɡɚɰɢʁɚ ɤɚɩɚɰɢɬɟɬɚ ɦɨɛɢɥɧɢɯ ɦɪɟɠɚ ɩɪɢɦɟɧɨɦ 
ɫɬɚɬɢɫɬɢɱɤɟ ɚɧɚɥɢɡɟ ɢ ɬɟɯɧɢɤɚ ɦɚɲɢɧɫɤɨɝ ɭɱɟʃɚ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

,  3RSRYLü  ,  5DGRYDQRYLü  ,  9DMV  '  'UDMLü  1  *OLJRULü  %XLOGLQJ /RZ &RVW 6HQVLQJ ,QIUDVWUXFWXUH 
IRU $LU 4XDOLW\ 0RQLWRULQJ LQ 8UEDQ $UHDV %DVHG RQ )RJ &RPSXWLQJ  6(16256  9RO      1R     SS  
             -DQ      

,  9DMV  '  'UDMLü  1  *OLJRULü  ,  5DGRYDQRYLü  ɂ  ɉɨɩɨɜɢʄ  'HYHORSLQJ 5HODWLYH +XPLGLW\ DQG 
7HPSHUDWXUH &RUUHFWLRQV IRU /RZ &RVW 6HQVRUV 8VLQJ 0DFKLQH /HDUQLQJ  6(16256  9RO      1R  
    SS               0D\      
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

1  7RãLü  $  6DPþRYLü  '  1LNROLü  '  'UDMLü  1  /HNLü  $Q $OJRULWKP IRU 'HWHFWLRQ RI (OHFWURPDJQHWLF 
,QWHUIHUHQFH LQ +LJK )UHTXHQF\ 5DGDU 5DQJH  'RSSOHU ,PDJHV &DXVHG E\ /('V  ,((( $&&(66  
SS                 -XQ      

,  .DSHWDQLGRX  $  1L]DPLV  (  .DUDQDVWDVLV  *  'DQFLX  &  /ySH]  7  .RWVLRSRXORV  -  *DVFyQ  -  
)ORU  5  &DPSEHOO  $  /LDWLILV  1  .KDQ  '  'UDMLü  6  -DUFDX  9  0RFDQX  0  /RSDWDUX  +  $O NDVVLU  '  
3OLDWVLRV  (  &KRQGURJLDQQLV  $  /LWNH  6  .UFR  6  1HFKLIRU  8  :DMLG  3  6DULJLDQQLGLV  3  7UDNDGDV  
.  9RWLV  &RJQLWLYH &RPSXWLQJ &RQWLQXXP  6WDWH RI WKH $UW 5HYLHZ DQG (1$&7 9LVLRQ   $SSURDFK  
-2851$/ 2) *5,' &20387,1*  9RO      SS          $XJ      
5  3HWURYLF  '  6LPLF  '  'UDMLü  Ɂ  ɑɢɱɚ  '  1LNROLü  0  3HULF  'HVLJQLQJ /DERUDWRU\ IRU ,R7 
&RPPXQLFDWLRQ ,QIUDVWUXFWXUH (QYLURQPHQW IRU 5HPRWH 0DULWLPH 6XUYHLOODQFH LQ (TXDWRULDO $UHDV 
%DVHG RQ *XOI RI *XLQHD )LHOG ([SHULHQFHV  6(16256  9RO      1R            SS          )HE  
     GRL         V        

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ

     
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

  Ɍɚɦɚɪɚ ɀɢɜɤɨɜɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

  Ɇ  Ⱥ 

  Ɇ  Ⱥ 

  Ɇ  Ⱥ 

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ⱦɪɚɲɤɨɜɢʄ Ⱦɪɚɠɟɧ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ
ɋɨɮɬɜɟɪɫɤɨ 
ɢɧɠɟʃɟɪɫɬɜɨ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ɋɨɮɬɜɟɪɫɤɨ 
ɢɧɠɟʃɟɪɫɬɜɨ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
ɋɨɮɬɜɟɪɫɤɨ 
ɢɧɠɟʃɟɪɫɬɜɨ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɉɪɟɞɜɢɻɚʃɟ ɞɟɮɟɤɚɬɚ ɭ ɫɨɮɬɜɟɪɭ ɩɪɢɦɟɧɨɦ ɦɨɞɟɥɚ 
ɦɚɲɢɧɫɤɨɝ ɭɱɟʃɚ ɨɩɬɢɦɢɡɨɜɚɧɢɯ ɦɟɬɚɯɟɭɪɢɫɬɢɤɚɦɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

'  'UDãNRYLü  6  0LODQRYLü  $VSHFW EDVHG VHQWLPHQW DQDO\VLV RI XVHU JHQHUDWHG FRQWHQW IURP D 
PLFUREORJJLQJ SODWIRUP  -RXUQDO RI %LJ 'DWD  9RO      1R       -XO        GRL         V          
       
0  2JUL]RYLü  '  'UDãNRYLü  '  %RMLü  4XDOLW\ DVVXUDQFH VWUDWHJLHV IRU PDFKLQH OHDUQLQJ DSSOLFDWLRQV 
LQ ELJ GDWD DQDO\WLFV  DQ RYHUYLHZ  -RXUQDO RI %LJ 'DWD  9RO      1R       2FW        
GRL         V                \

'  'UDãNRYLü  '  =HþHYLü  %  1LNROLü  'HYHORSPHQW RI D 0XOWLOLQJXDO 0RGHO IRU 0DFKLQH 6HQWLPHQW 
$QDO\VLV LQ WKH 6HUELDQ /DQJXDJH  0DWKHPDWLFV  9RO      1R      SS        6HS       



  Ɇ  

  Ɇ  

  Ɇ  

  Ɇ  

  Ɇ  

 

  

  

  

  

  

  

  

  

  

  

  

   

  

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɍɫɚɜɪɲɚɜɚɨ ɫɟ ɭ ɪɚɡɜɨʁɧɢɦ ɰɟɧɬɪɢɦɚ ɤɨɦɩɚɧɢʁɚ ,%0        ɢ *RRJOH        

$VVRFLDWH (GLWRU IRU WKH MRXUQDO   6XVWDLQDEOH &RPSXWLQJ  ,QIRUPDWLFV DQG 6\VWHPV    (OVHYLHU  ɨɞ ɞɟɰɟɦɛɪɚ       

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

7  äLYNRYLü  '  'UDãNRYLü  %  1LNROLü  /HDUQLQJ HQYLURQPHQWV LQ VRIWZDUH WHVWLQJ HGXFDWLRQ  $Q 
RYHUYLHZ  &20387(5 $33/,&$7,216 ,1 (1*,1((5,1* ('8&$7,21  9RO      1R     SS       
      1RY        GRL         FDH      
$  0LODNRYLü  '  'UDãNRYLü  %  1LNROLü  9LVXDO 6LPXODWRU IRU 0DVWHULQJ )XQGDPHQWDO &RQFHSWV RI 
0DFKLQH /HDUQLQJ  $SSOLHG 6FLHQFHV  9RO      1R      SS        'HF       
'  'UDãNRYLü  0  &YHWDQRYLü  %  1LNROLü  6$,/   6RIWZDUH V\VWHP IRU OHDUQLQJ $, DOJRULWKPV  
&20387(5 $33/,&$7,216 ,1 (1*,1((5,1* ('8&$7,21  9RO      1R     SS             -XQ  
      GRL         FDH      

'  'UDVNRYLF  0  0LVLF  =  6WDQLVDYOMHYLF  7UDQVLWLRQ IURP WUDGLWLRQDO WR /06 VXSSRUWHG H[DPLQLQJ  $ 
FDVH VWXG\ LQ FRPSXWHU HQJLQHHULQJ  &20387(5 $33/,&$7,216 ,1 (1*,1((5,1* 
('8&$7,21  9RO      1R     SS           6HS        GRL         FDH      

'  %RMLü  '  'UDãNRYLü  0RGHUQL]LQJ   V (UD 6RIWZDUH WR D 1HZ /DQJXDJH DQG (QYLURQPHQW 8VLQJ 
//0V   $Q (PSLULFDO ,QYHVWLJDWLRQ  ,17(51$7,21$/ -2851$/ 2) 62)7:$5( (1*,1((5,1* 
$1' .12:/('*( (1*,1((5,1*  9RO      1R     SS             0D\        

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɨɛɢɬɧɢɤ ɋɜɟɬɨɫɚɜɫɤɟ ɩɨɜɟʂɟ ɝɪɚɞɚ ɋɦɟɞɟɪɟɜɚ ɡɚ ɢɡɭɡɟɬɧɟ ɞɨɩɪɢɧɨɫɟ ɭ ɧɚɭɰɢ ɢ ɨɛɪɚɡɨɜɚʃɭ        
ɇɨɫɢɥɚɰ ɜɟʄɟɝ ɛɪɨʁɚ ɫɬɪɭɱɧɢɯ ɫɟɪɬɢɮɢɤɚɬɚ  
19,',$ '/, &HUWLILFDWH ± )XQGDPHQWDOV RI 'HHS /HDUQLQJ   
19,',$ '/, &HUWLILFDWH ± )XQGDPHQWDOV RI 'HHS /HDUQLQJ IRU 0XOWL *38V

ɉɪɟɞɫɟɞɧɢɤ ɉɪɨɝɪɚɦɫɤɨɝ ɨɞɛɨɪɚ ɧɚɰɢɨɧɚɥɧɟ ɤɨɧɮɟɪɟɧɰɢʁɟ <8 ,1)2  ɭ ɨɪɝɚɧɢɡɚɰɢʁɢ ɂɧɮɨɪɦɚɬɢɱɤɨɝ ɞɪɭɲɬɜɚ 
Ʉɨɨɩɪɟɞɫɟɞɧɢɤ ɉɪɨɝɪɚɦɫɤɨɝ ɨɞɛɨɪɚ ɢɧɬɟɪɧɚɰɢɨɧɚɥɧɟ ɤɨɧɮɟɪɟɧɰɢʁɟ ,&,67  ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QIRUPDWLRQ 
6RFLHW\ DQG 7HFKQRORJ\  
ɑɥɚɧ ɉɪɨɝɪɚɦɫɤɨɝ ɨɞɛɨɪɚ ɤɨɧɮɟɪɟɧɰɢʁɟ ɌȿɅɎɈɊ  ɡɚ ɫɟɤɰɢʁɭ  'DWD 6FLHQFH   
ɑɥɚɧ ɦɟɻɭɧɚɪɨɞɧɨɝ ɭɞɪɭɠɟʃɚ ɢɧɠɟʃɟɪɚ ,((( ɢ ɫɜɟɬɫɤɨɝ ɭɞɪɭɠɟʃɚ $&0 



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ʉɪɚɝɭʁɟɜɰɭ    Ɏɢɡɢɤɚ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ʉɪɚɝɭʁɟɜɰɭ   
ɉɪɢɪɨɞɧɨ ɦɚɬɟɦɚɬɢɱɤɢ 
ɮɚɤɭɥɬɟɬ

Ɏɢɡɢɤɚ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
Ɏɢɡɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɏɢɡɢɤɚ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ʉɪɚɝɭʁɟɜɰɭ   
ɉɪɢɪɨɞɧɨ ɦɚɬɟɦɚɬɢɱɤɢ 
ɮɚɤɭɥɬɟɬ

Ɏɢɡɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɨɦɢɪ Ⱥɪɫɟɧɢʁɟɜɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  D

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ⱦɭɝɢʄ Ɇɢɪɨʂɭɛ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ʉɜɚɧɬɧɚ ɮɢɡɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ʉɜɚɧɬɧɚ ɮɢɡɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ⱦɢɧɚɦɢɤɚ ɤɜɚɧɬɧɢɯ ɩɨɞɫɢɫɬɟɦɚ ɢ ɤɨɪɟɥɚɰɢʁɚ ɭ ɞɜɨɞɟɥɧɢɦ 
ɤɚɧɨɧɫɤɢɦ ɫɬɪɭɤɬɭɪɚɦɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

-  -HNQLF 'XJLF  0  $UVHQLMHYLF  0  'XJLF  ,QW  -  7KHRUHW  3K\V               

-  -HNQLF 'XJLF  0  $UVHQLMHYLF  0  'XJLF  %UD] -  3K\V               

,  3HWURYLF  -  -HNQLF 'XJLF  0  $UVHQLMHYLF  0  'XJLF 3K\V  5HY  (                   
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

-  -HNQLF 'XJLF  ,  3HWURYLF  0  $UVHQLMHYLF  0  'XJLF -  3K\V   &RQG 0DWWHU                  

+  .LWDGD  -  -HNQLF 'XJXF  0  $UVHQLMHYLF  0  'XJLF  3K\V  /HWW  $                  

-  -HNQLF 'XJLF  0  $UVHQLMHYLF  0  'XJLF  3URF  5  6RF  $                    

-  -HNQLF 'XJLF  0  $UVHQLMHYLF  0  'XJLF  3URF  5  6RF  $                      

%  'UDJRYLFK  0  'XJLF  -  3K\V  $  0DWK  *HQ                 

0  'XJLF  0  0  &LUNRYLF  3K\V  /HWW  $                

0  'XJLF  (XURSK\V  /HWW   (3/               

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

 
0  

 
0  9  /  3HWURYLü  '  0  (O 0H]HQL  $  5DGRãHYLü  )OH[LEOH  * 1HZ 5DGLR /'3& (QFRGHU 2SWLPL]HG IRU 

+LJK +DUGZDUH 8VDJH (IILFLHQF\  (OHFWURQLFV   9RO      1R     SS                    0D\       

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

9  /  3HWURYLü  0  0  0DUNRYLü  '  0  (O 0H]HQL  /  9  6DUDQRYDF  $  5DGRãHYLü  )OH[LEOH +LJK 
7KURXJKSXW 4& /'3& 'HFRGHU ZLWK 3HUIHFW 3LSHOLQH &RQIOLFWV 5HVROXWLRQ DQG (IILFLHQW +DUGZDUH 
8WLOL]DWLRQ  ,((( 75$16$&7,216 21 &,5&8,76 $1' 6<67(06 , 5(*8/$5 3$3(56  9RO      
1                     '       G L         7&6,             1  )LOLSRYLü  '  (O 0H]HQL  9  /  3HWURYLü  6FDODEOH  * 15 5DWH 0DWFKHU DQG 5DWH 'HPDWFKHU IRU 
(IILFLHQW 8VH LQ )3*$ $FFHOHUDWRUV  ,((( $&&(66  9RO      SS                 )HE       

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ȿɥɟɤɬɪɨɧɢɤɚ

ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ȿɥɟɤɬɪɨɧɢɤɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ȿɥ Ɇɟɡɟɧɢ Ⱦɪɚɝɨɦɢɪ
Ⱦɨɰɟɧɬ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

'  (O 0H]HQL  /  6DUDQRYDF  )DVW JXLGHG ILOWHU IRU SRZHU HIILFLHQW UHDO WLPH     S VWUHDPLQJ YLGHR 
SURFHVVLQJ  -2851$/ 2) 5($/ 7,0( ,0$*( 352&(66,1*  SS          -XO       
'  (O 0H]HQL  /  6DUDQRYDF  (QKDQFHG ORFDO WRQH PDSSLQJ IRU GHWDLO SUHVHUYLQJ UHSURGXFWLRQ RI KLJK 
G\QDPLF UDQJH LPDJHV  -2851$/ 2) 9,68$/ &20081,&$7,21 $1' ,0$*( 
'  (O 0H]HQL  /  6DUDQRYDF  7HPSRUDO DGDSWDWLRQ FRQWURO IRU ORFDO WRQH PDSSLQJ RSHUDWRU  
-2851$/ 2) (/(&75,&$/ (1*,1((5,1* (/(.7527(&+1,&.< &$623,6  9RO      1R     SS  
+  7XUNPDQRYLü  ,  9DMV  =  &LFD  '  (O 0H]HQL  3  ,YDQLã  /   6DUDQRYDF  'LVWULEXWHG $, 'ULYHQ 
6LPXODWLRQ )UDPHZRUN IRU 3HUIRUPDQFH (YDOXDWLRQ RI +\EULG 6DWHOOLWH±7HUUHVWULDO 1HWZRUN $FFHVV  

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

ɡɚɜɪɲɟɧɟ ɩɟɬɨɝɨɞɢɲʃɟ ɫɬɭɞɢʁɟ   ɢɡʁɟɞɧɚɱɟɧ ɫɚ ɦɚɫɬɟɪ 

      
 ɩɟɬɨɝɨɞɢɲʃɟ 
ɫɬɭɞɢʁɟ 

ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  $  *DYURYVND  ³(IIHFWV RQ /RQJ 5DQJH 'HSHQGHQFH DQG 0XOWLIUDFWDOLW\ LQ 7HPSRUDO 5HVROXWLRQ 

5HFRYHU\ RI +LJK )UDPH 5DWH +(9& &RPSUHVVHG &RQWHQW ´ $SSOLHG 6FLHQFHV  &U\SWRJUDSK\ DQG 

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

Ɇ  0LOLYRMHYLü  $  *DYURYVND  ³&RJQLWLYH &DUGLDF $VVHVVPHQW 8VLQJ /RZ &RVW (OHFWURFDUGLRJUDP 
$FTXLVLWLRQ 6\VWHP ´ (OHFWURQLFV   9RO      1R      SS                -XQH       ,661             
$  *DYURYVND  $  6DPþRYLü  '  'XMNRYLü  ³1R 5HIHUHQFH ,PDJH 4XDOLW\ $VVHVVPHQW %DVHG RQ 
0DFKLQH /HDUQLQJ DQG 2XWOLHU (QWURS\ 6DPSOHV ´ 3DWWHUQ 5HFRJQLWLRQ DQG ,PDJH $QDO\VLV  6SULQJHU 

Ⱦɢɩɥɨɦɚ

ȿɥɟɤɬɪɨɧɢɤɚ  
ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ ɢ 
ɚɭɬɨɦɚɬɢɤɚ   
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ⱦɨɤɬɨɪɚɬ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ƚɚɜɪɨɜɫɤɚ Ⱥɧɚ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ
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Ⱦɨɛɢɬɧɢɤ ɜɢɲɟ ɢɫɬɚɤɧɭɬɢɯ ɧɚɝɪɚɞɚ ɢ ɩɪɢɡɧɚʃɚ  ɧɚɝɪɚɞɚ ³ɂɥɢʁɚ ɋɬɨʁɚɧɨɜɢʄ´ ɧɚ ɤɨɧɮɟɪɟɧɰɢʁɢ 7(/)25  ɧɚɝɪɚɞɚ ɡɚ 
ɧɚʁɛɨʂɢ ɪɚɞ ɧɚ ɤɨɧɮɟɪɟɧɰɢʁɢ 1(85(/  ɧɚɝɪɚɞɚ ɡɚ ɧɚʁɛɨʂɢ ɪɚɞ ɧɚ ɤɨɧɮɟɪɟɧɰɢʁɢ 7(/6,.6 ɨɞ ɫɬɪɚɧɟ ɮɨɧɞɚ 
³Ɇɢɪɤɨ Ɇɢɥɢʄ´  ɩɨɫɟɛɧɨ ɩɪɢɡɧɚʃɟ ɡɚ ɤɜɚɥɢɬɟɬ ɪɚɞɚ ɧɚ Ɏɟɫɬɢɜɚɥɭ ɢɧɮɨɪɦɚɬɢɱɤɢɯ ɞɨɫɬɢɝɧɭʄɚ ,1)2)(67 ɭ Ȼɭɞɜɢ  
ɭ ɐɪɧɨʁ Ƚɨɪɢ  ɧɚɝɪɚɞɚ ɧɚ ,F(75$1 ɤɨɧɮɟɪɟɧɰɢʁɢ       ɝɨɞɢɧɟ  *5$1' 35,; ɧɚɝɪɚɞɚ ɧɚ ɦɟɻɭɧɚɪɨɞɧɨʁ ɢɡɥɨɠɛɢ 
ɩɪɨɧɚɥɚɡɚɤɚ  ɧɨɜɢɯ ɬɟɯɧɨɥɨɝɢʁɚ ɢ ɢɧɞɭɫɬɪɢʁɫɤɨɝ ɞɢɡɚʁɧɚ       ɧɚɝɪɚɞɚ ɧɚ ;,; ɦɟɻɭɧɚɪɨɞɧɨʁ ɢɡɥɨɠɛɢ ɩɪɨɧɚɥɚɡɚɤɚ 
ɢ ɧɨɜɢɯ ɬɟɯɧɨɥɨɝɢʁɚ  1(: 7,0(  ɭ ɋɟɜɚɫɬɨɩɨʂɭ       ɝɨɞɢɧɟ  ɧɚɝɪɚɞɚ $5&$      ɭ Ɂɚɝɪɟɛɭ  ɧɚɝɪɚɞɚ ,19(17 
$5(1$       ɑɟɲɤɚ  ɢɬɞ    ɍ ɩɨɫɥɟɞʃɢɯ ɩɟɬ ɝɨɞɢɧɚ ɛɢɥɚ ɪɭɤɨɜɨɞɢɥɚɰ ɞɜɚ ɦɟɻɭɧɚɪɨɞɧɚ ɩɪɨʁɟɤɬɚ  ʁɟɞɧɨɝ 
ɧɚɰɢɨɧɚɥɧɨɝ ɩɪɨʁɚɤɬɟ ɧɚɞɥɟɠɧɨɝ Ɇɢɧɢɫɬɚɪɫɬɜɚ  ɤɚɨ ɢ ɭɱɟɫɧɢɤ ɞɪɭɝɢɯ ɩɪɨʁɟɤɚɬɚ 

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ
ɉɪɨɲɥɚ ʁɟ ɨɛɭɤɭ ɢ ɩɨɥɨɠɢɥɚ ɡɚɜɪɲɧɢ ɢɫɩɢɬ ɡɚ ɞɨɛɢʁɚʃɟ ,((( ɫɟɪɬɢɮɢɤɚɬɚ ɡɚ ɢɧɫɬɪɭɦɟɧɬɚɰɢʁɭ ɢ ɦɟɪɟʃɟ   ,((( 
,QWHUQDWLRQDO 0HDVXUHPHQW 8QLYHUVLW\  Ɍɪɟɧɬɨ  ɉɨɫɟɞɭʁɟ &$( ɫɟɪɬɢɮɢɤɚɬ ɢɡ ɩɨɡɧɚɜɚʃɚ ɟɧɝɥɟɫɤɨɝ ʁɟɡɢɤɚ  &DPEULGJH 
&HUWLILFDWH LQ $GYDQFHG (QJOLVK   Ɋɚɡɥɢɱɢɬɢ ɤɭɪɫɟɜɢ ɢ ɲɤɨɥɟ ɪɚɞɢɨɧɢɰɟ  ɤɚɨ ɲɬɨ ɫɭ  ɦɟɻɭɧɚɪɨɞɧɚ ɥɟɬʃɚ ɲɤɨɥɚ 
080,$ 7UDLQLQJ 6FKRRO  Ɉɥɢɦɩɢʁɚɞɚ  ɏɚɥɤɢɞɢɤɢ  Ƚɪɱɤɚ  ɭ ɨɛɥɚɫɬɢ ɩɪɟɬɪɚɠɢɜɚʃɚ ɢ ɢɧɞɟɤɫɢɪɚʃɚ ɬɟɤɫɬɭɚɥɧɢɯ  
ɚɭɞɢɨ ɢ ɜɢɞɟɨ ɢɧɮɨɪɦɚɰɢʁɚ   &267 $FWLRQ ³0XOWLOLQJXDO DQG PXOWLIDFHWHG LQWHUDFWLYH LQIRUPDWLRQ DFFHVV  080,$ ³  
ɪɭɤɨɜɨɞɢɥɚɰ  ɩɪɨɮ  ɞɪ 0LFKDLO 6DODPSDVLV  Ʌɚɛɨɪɚɬɨɪɢʁɚ ɡɚ ɢɧɬɟɥɢɝɟɧɬɧɟ ɫɢɫɬɟɦɟ  $7(, ± $OH[DQGHU 7HFKQRORJLFDO 
(GXFDWLRQDO ,QVWLWXWH RI 7KHVVDORQLNL  Ƚɪɱɤɚ   ,QWHUQDWLRQDO +'5L 7UDLQLQJ 6FKRRO  Ɋɟɧ  Ȼɪɟɬɚʃɚ  Ɏɪɚɧɰɭɫɤɚ  ɭ ɨɛɥɚɫɬɢ 
ɩɨɛɨʂɲɚʃɚ ɞɢɧɚɦɢɱɤɨɝ ɨɩɫɟɝɚ ɭ ɨɛɪɚɞɢ ɫɥɢɤɟ   &267 $FWLRQ ³+'5L  +LJK '\QDPLF 5DQJH ,PDJLQJ  'LJLWDO FDSWXUH  
VWRUDJH  WUDQVPLVVLRQ DQG GLVSOD\ RI UHDO ZRUOG OLJKWLQJ  ´  ɪɭɤɨɜɨɞɢɥɚɰ  ɩɪɨɮ  ɞɪ $ODQ &KDOPHUV  8QLYHUVLW\ RI :DUZLFN  
ȼɟɥɢɤɚ Ȼɪɢɬɚɧɢʁɚ   ,((( ,QWHUQDWLRQDO 0HDVXUHPHQW 8QLYHUVLW\  7UDLQLQJ 6FKRRO   Ɍɪɟɧɬɨ  ɂɬɚɥɢʁɚ   ,((( 
,QVWUXPHQWDWLRQ   0HDVXUHPHQW 6RFLHW\  ɪɭɤɨɜɨɞɢɨɰɢ  ɩɪɨɮ  ɞɪ $OHVVDQGUR )HUUHUR  ɪɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ 
ɉɨɥɢɬɟɯɧɢɱɤɨɝ ɮɚɤɭɥɬɟɬɚ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ɇɢɥɚɧɭ  ɩɪɨɮ  ɞɪ 'DULR 3HWUL  ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ɍɪɟɧɬɭ  ɂɬɚɥɢʁɚ   ɥɟɬʃɚ 
ɲɤɨɥɚ ɤɨɦɩɚɧɢʁɟ +XDZHL  ɨɛɢɥɚɡɚɤ +XDZHL ɢɡɥɨɠɛɟɧɢɯ ɩɪɨɫɬɨɪɚ ɢ ɭɩɨɡɧɚɜɚʃɟ ɫɚ ɪɚɞɨɦ ɥɨɝɢɫɬɢɱɤɢɯ ɰɟɧɬɚɪɚ 
+XDZHL ɤɨɦɩɚɧɢʁɟ   6KHQ]KHQ  6KDQJKDL  +DQJ]KRX  +RQJ .RQJ   ɭ ɨɛɥɚɫɬɢ ɤɜɚɥɢɬɟɬɚ ɫɢɝɧɚɥɚ  ɫɥɢɤɟ ɢ ɮɨɪɟɧɡɢɤɟ ɭ 
ɫɚɪɚɞʃɢ ɫɚ ɇDɰɢRɧDɥɧɨɦ DɤDɞHɦɢMɨɦ ɧDɭɤD ȻHɥRɪɭɫɢMɟ  ɩɪɨɮ  ɞɪ 9DOHU\ 6WDURYRLWRY   ɢɬɞ  

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

$  *DYURYVND  ³$QDO\VLV RI ODUJH GHYLDWLRQ PXOWLIUDFWDO VSHFWUDO SURSHUWLHV WKURXJK VXFFHVVLYH 
FRPSUHVVLRQ IRU GRXEOH -3(* GHWHFWLRQ ´ 0XOWLPHGLD 7RROV DQG $SSOLFDWLRQV    07$3      SS  
*  =DMLü  $  *DYURYVND  ,  5HOMLQ DQG %  5HOMLQ   $ YLGHR KDUG FXW GHWHFWLRQ XVLQJ PXOWLIUDFWDO 
IHDWXUHV   0XOWLPHGLD 7RROV DQG $SSOLFDWLRQV    07$3  SS        -XO\       6SULQJHU 86  3ULQW 
$  *DYURYVND  *  =DMLF  9  %RJGDQRYLF  ,  5HOMLQ DQG %  5HOMLQ  ³,GHQWLILFDWLRQ RI 6  DQG 6  +HDUW 
6RXQG 3DWWHUQV EDVHG RQ )UDFWDO 7KHRU\ DQG 6KDSH &RQWH[W ´ &RPSOH[LW\  7KH :LOH\ +LQGDZL 
$  *DYURYVND  *  =DMLF  9  %RJGDQRYLF  ,  5HOMLQ  %  5HOMLQ   3DHGLDWULF KHDUW VRXQG VLJQDO DQDO\VLV 
WRZDUGV FODVVLILFDWLRQ XVLQJ PXOWLIUDFWDO VSHFWUXP   3K\VLRORJLFDO 0HDVXUHPHQW  ,23 3XEOLVKLQJ     



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
$OL .KDOI

         

 
Ɇɢɥɚɧ ɋɬɚɧɨʁɟɜɢʄ          

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

 
0  

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɍɬɢɰɚʁ ɩɨɜɪɲɢɧɫɤɢɯ ɩɪɨɰɟɫɚ ɧɚ ɫɬɪɭʁɧɨ ɧɚɩɨɧɫɤɭ 
ɤɚɪɚɤɬɟɪɢɫɬɢɤɭ ɨɪɝɚɧɫɤɢɯ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

$  .KDOI  - *RMDQRYLü  1  ûLURYLü  6  äLYDQRYLü  3  0DWDYXOM  7KH ,PSDFW RI 6XUIDFH 3URFHVVHV RQ WKH 
- 9 &KDUDFWHULVWLFV RI 2UJDQLF 6RODU &HOOV  ,((( -RXUQDO RI 3KRWRYROWDLFV  SS         -DQ       
ȳ  9ODKRYLü  Ɇ  6WDQRMHYLü  -  *RMDQRYLü  -  0HODQFRQ  $  6KDUPD  6  äLYDQRYLü  7KLFNQHVV 
GHSHQGHQW SKRWRFXUUHQW VSHFWUD DQG FXUUHQW YROWDJH FKDUDFWHULVWLFV RI WKH 3 +7 3&%0 

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

0  6WDQRMHYLü  -  *RMDQRYLü  6  äLYDQRYLü  $ FOXVWHU RI ELOD\HU GLRGHV PRGHO IRU EXON KHWHURMXQFWLRQ 
RUJDQLF VRODU FHOOV  237,&$/ $1' 48$1780 (/(&7521,&6  9RO      1R     $SU       
$  .DOI  -  *RMDQRYLü  -  0HODQFRQ  $  6KDUPD  6  äLYDQRYLü  6XUIDFH UHFRPELQDWLRQ LQIOXHQFH RQ 
SKRWRFXUUHQW VSHFWUD RI RUJDQLF SKRWRYROWDLF GHYLFHV  237,&$/ $1' 48$1780 (/(&7521,&6  

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ

Ⱥɧɚɥɢɡɚ ɢ ɦɨɞɟɥɨɜɚʃɟ ɫɬɪɭʁɧɨ ɧɚɩɨɧɫɤɟ
ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ ɨɪɝɚɧɫɤɢɯ ɫɨɥɚɪɧɢɯ ʄɟɥɢʁɚ

Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ƚɨʁɚɧɨɜɢʄ ȳɨɜɚɧɚ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

1  ûLURYLü  $  .KDOI  -  *RMDQRYLü  6  äLYDQRYLü  &RPSDULQJ WKUHH QXPHULFDO PHWKRGV IRU FXUUHQW 
YROWDJH FKDUDFWHULVWLFV VLPXODWLRQV RI RUJDQLF VRODU FHOOV FRQVLGHULQJ VXUIDFH UHFRPELQDWLRQ HIIHFWV  

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

$  .KDOI  -  *RMDQRYLü  1  ûLURYLü  6  äLYDQRYLü  7ZR GLIIHUHQW W\SHV RI 6 VKDSHG - 9 FKDUDFWHULVWLFV 
LQ RUJDQLF VRODU FHOOV  237,&$/ $1' 48$1780 (/(&7521,&6  9RO      1R     SS            
0  6WDQRMHYLü  - *RMDQRYLü  3  0DWDYXOM  6  äLYDQRYLü  2UJDQLF VRODU FHOO SK\VLFV DQDO\]HG E\ 
6KRFNOH\ GLRGH HTXDWLRQ  237,&$/ $1' 48$1780 (/(&7521,&6  9RO      1R     SS      



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɢɥɟɧɤɨ Ɇɢɥɢʄɟɜɢʄ          

 
ɂɜɚɧ Ɇɢɥɨɫɚɜʂɟɜɢʄ          

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
Ɇ  

 
Ɇ  

 
Ɇ  

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ƚɪɭʁɢʄ Ⱦɭɲɚɧ
Ɂɜɚʃɟ Ⱦɨɰɟɧɬ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɥɟɤɬɪɨɧɢɤɚ
Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ

ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɥɟɤɬɪɨɧɢɤɚ

Ⱦɨɤɬɨɪɚɬ
ȿɥɟɤɬɪɨɧɢɤɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɇɚɫɬɟɪ

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɉɨʁɚɱɚɜɚɱɢ ɫɧɚɝɟ ɭ ɤɥɚɫɢ Ⱥ ɫɚ ɢɫɬɨɜɪɟɦɟɧɢɦ ɤɨɧʁɭɝɨɜɚɧɢɦ 
ɩɪɢɥɚɝɨɻɟʃɟɦ ɢ ɩɪɢɥɚɝɨɻɟʃɟɦ ɩɨ ɫɧɚɡɢ ɩɪɢ ɜɟɥɢɤɢɦ 
ɫɢɝɧɚɥɢɦɚ ɧɚ ɢɡɥɚɡɧɨɦ ɩɪɢɫɬɭɩɭ
ɋɢɧɬɟɬɢɡɚɬɨɪ ɭɱɟɫɬɚɧɨɫɬɢ ɡɚ ɢɧɬɟɝɪɢɫɚɧɟ )0&: ɪɚɞɚɪɫɤɟ 
ɫɟɧɡɨɪɟ ɭ ɦɢɥɢɦɟɬɚɪɫɤɨɦ ɬɚɥɚɫɧɨɦ ɨɩɫɟɝɭ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

*UXMLü '  1   6LPSOH DQG $FFXUDWH $SSUR[LPDWLRQ RI 5RXJK &RQGXFWRU 6XUIDFH ,PSHGDQFH  ,((( 
7UDQVDFWLRQV RQ 0LFURZDYH 7KHRU\ DQG 7HFKQLTXHV  9RO      1R     SS               $SU        
*UXMLü '  1   &RPPHQWV RQ  *HQHUDOL]HG $GDSWLYH 3RO\QRPLDO :LQGRZ )XQFWLRQ   ,((( $FFHVV  
9RO      SS             'HF        '2,          $&&(66                0    ,)            
*UXMLü '  1   1XPHULFDO +LOEHUW 7UDQVIRUP $OJRULWKP IRU &DXVDO ,QWHUSRODWLRQ RI )XQFWLRQV 
5HSUHVHQWHG E\ &XELF DQG ([SRQHQWLDO 6SOLQHV  ,((( $FFHVV  9RO     SS                   2FW  
      '2,          $&&(66                0    ,)            
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*UXMLü '  1   6DUDQRYDF /   0XOWL DQJOH &RQVWDQW 0XOWLSOLHU *LYHQV 5RWDWLRQ $OJRULWKP  &LUFXLWV  
6\VWHPV  DQG 6LJQDO 3URFHVVLQJ  9RO      1R     SS               6HS        ,661          ;  
'2,          V                [   0    ,)            

*UXMLü '  1   &ORVHG )RUP 6ROXWLRQ RI 5RXJK &RQGXFWRU 6XUIDFH ,PSHGDQFH  ,((( 7UDQVDFWLRQV RQ 
0LFURZDYH 7KHRU\ DQG 7HFKQLTXHV  9RO      1R      SS               $XJ        ,661             
'2,          7077                0    ,)            

0LOLüHYLü 0   0LOLQNRYLü %   *UXMLü '   6DUDQRYDF /   3RZHU DQG &RQMXJDWHO\ 0DWFKHG +LJK %DQG 
8:% 3RZHU $PSOLILHU  ,((( 7UDQVDFWLRQV RQ &LUFXLWV DQG 6\VWHPV , 5HJXODU 3DSHUV  9RO      1R  
    SS               0DU        ,661             '2,          7&6,                0    ,) 
           

*UXMLü '  1   1XPHULFDO +LOEHUW 7UDQVIRUP $OJRULWKP IRU &DXVDO ,QWHUSRODWLRQ RI 3LHFHZLVH 
3RO\QRPLDO (YHQ DQG 2GG )XQFWLRQV  ,((( 7UDQVDFWLRQV RQ 0LFURZDYH 7KHRU\ DQG 7HFKQLTXHV  
9RO      1R     SS               -XQ        ,661             '2,          7077               
 0    ,)            

0LOLüHYLü 0   0LOLQNRYLü %   6LPLü Ĉ   *UXMLü '   6DUDQRYDF /   7HPSHUDWXUH DQG SURFHVV 
FRPSHQVDWHG 5) SRZHU GHWHFWRU  ,QIRUPDFLMH 0,'(0   -RXUQDO RI PLFURHOHFWURQLFV HOHFWURQLF 
FRPSRQHQWV DQG PDWHULDOV  YRO      1R     SS           0DU        ,661               0    ,)      
      
*UXMLü '   %RåRYLü 0   6DYLü 0   %6,0  WR 363 0RGHO &RQYHUVLRQ  $ &DVH 6WXG\  -RUXQDO RI 
&LUFXLWV  6\VWHPV  DQG &RPSXWHUV  9RO      1R     SS                          0DU        ,661  
           '2,          6                   0    ,)            

0LORVDYOMHYLü ,   *UXMLü '   6LPLü Ĉ   3RSRYLü %RåRYLü -   (VWLPDWLRQ DQG FRPSHQVDWLRQ RI SURFHVV 
LQGXFHG YDULDWLRQV LQ FDSDFLWRUV IRU LPSURYHG UHOLDELOLW\ LQ LQWHJUDWHG FLUFXLWV  $QDORJ ,QWHJUDWHG 
&LUFXLWV DQG 6LJQDO 3URFHVVLQJ  6SULQJHU 86  YRO      QR     SS           2FW        ,661       
      '2,          V                   0    ,)            
*UXMLü '   6DYLü 0   %LQJ|O &   6DUDQRYDF /      *+] 6L*H & +%7 3RZHU $PSOLILHU ZLWK      G%P 
2XWSXW 3RZHU DQG       3$(  0LFURZDYH DQG :LUHOHVV &RPSRQHQWV /HWWHUV  ,(((  YRO      QR     
SS           $SU        ,661             '2,          /0:&                0    ,)      
      
*UXMLü '   6DYLü 0   3RSRYLü %RåRYLü -   $ 3RZHU (IILFLHQW )UHTXHQF\ 'LYLGHU IRU    *+] %DQG  
0LFURZDYH DQG :LUHOHVV &RPSRQHQWV /HWWHUV  ,(((   YRO      QR     SS           0DU        ,661  
           '2,          /0:&                0    ,)            

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱥɧɝɟɥɢɧɚ Ɍɨɬɨɜɢʄ          

 
Ɇɚɪɤɨ Ʉɪɫɬɢʄ          

 
ɇɟɦɚʃɚ Ʌɭɱɢʄ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
Ɇ  

 
Ɇ  

 
Ɇ  ɚ

 
Ɇ  

0  %DQRYLü  3  $WDQDVLMHYLü  $  3UDSDV  &  3DSSDV  -  &UQMDQVNL  $  7VDN\ULGLV  0  0RUDOLV 3HJLRV  
.  9\UVRNLQRV  0  /RYLü  1  =GUDYNRYLü  0  0LüLü  0  .UVWLü  6  3HWULþHYLü  1  3OHURV  '  *YR]GLü  $OO 
0  .UVWLü  $  'HOPDGH  -  &UQMDQVNL  /  %DUU\  '  *YR]GLü  6LQJOH ODVHU GXDO RSWLFDO IUHTXHQF\ FRPE 
JHQHUDWLRQ  237,&6 (;35(66  9RO      1R      SS                    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

-  &UQMDQVNL  0  .UVWLü  $  7RWRYLü  1  3OHURV  '  *YR]GLü  $GDSWLYH VLJPRLG OLNH DQG 35H/8 
DFWLYDWLRQ IXQFWLRQV IRU DOO RSWLFDO SHUFHSWURQ  2SWLFV /HWWHUV  YRO      SS                    
'  0  *YR]GLü  $  5  7RWRYLü  -  9  &UQMDQVNL  0  0  .UVWLü  6  $  *HEUHZROG  -  /HXWKROG  0  /  
0DãDQRYLü  6HOI 6HHGHG 562$ )LEHU &DYLW\ /DVHU DQG WKH 5ROH RI 5D\OHLJK %DFNVFDWWHULQJ   $Q 

Ⱦɢɩɥɨɦɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɇɨɞɟɥɨɜɚʃɟ ɩɨɥɭɩɪɨɜɨɞɧɢɱɤɢɯ ɨɩɬɢɱɤɢɯ ɩɨʁɚɱɚɜɚɱɚ ɡɚ 
ɩɪɢɦɟɧɟ ɭ ɨɩɬɢɱɤɢɦ ɩɪɢɫɬɭɩɧɢɦ ɦɪɟɠɚɦɚ

ɋɬɚɬɢɱɤɟ ɢ ɞɢɧɚɦɢɱɤɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɟ ɢɧʁɟɤɰɢɨɧɨ 
ɫɢɧɯɪɨɧɢɡɨɜɚɧɢɯ Ɏɚɛɪɢ ɉɟɪɨ ɥɚɫɟɪɫɤɢɯ ɞɢɨɞɚ

Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ƚɜɨɡɞɢʄ Ⱦɟʁɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɉɪɨɩɚɝɚɰɢʁɚ ɫɜɟɬɥɨɫɬɢ ɭ ɞɟɬɟɪɦɢɧɢɫɬɢɱɤɢɦ ɚɩɟɪɢɨɞɢɱɧɢɦ 
ɧɢɡɨɜɢɦɚ ɬɚɥɚɫɨɜɨɞɚ



 
Ɇ  ɚ

 
Ɇ  

 
Ɇ  

 
Ɇ  

 
Ɇ  

  
Ɇ  

  
Ɇ  

  
Ɇ  

  
Ɇ  

  
Ɇ  

  
Ɇ  

  
Ɇ  

  

  

  

  

   

  

ɑɥɚɧ ȺɤDɞɟɦɢʁɟ ɢɧɠɟʃɟɪɫɤɢɯ ɧɚɭɤɚ ɋɪɛɢʁɟ ɨɞ       ɝɨɞɢɧɟ 

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

-  %DELü  $  7RWRYLü  -  &UQMDQVNL  0  .UVWLü  0  0DãDQRYLü  '  *YR]GLü  ([SORLWLQJ ,QGXFWLYH 3HDNLQJ 
IRU (QKDQFLQJ WKH 562$ V /DUJH 6LJQDO 0RGXODWLRQ 3HUIRUPDQFH  -2851$/ 2) /,*+7:$9( 
0  %DQRYLü  -  &UQMDQVNL  0  .UVWLü  '  *YR]GLü  3HUIRUPDQFH (QKDQFHPHQW RI 5HVHUYRLU 
&RPSXWLQJ %DVHG RQ )DEU\ 3pURW /DVHU DV $OO 2SWLFDO 5HFRQILJXUDEOH 1RQOLQHDU 1RGH  -2851$/ 
-  &UQMDQVNL  ,  7HRILORYLü  0  .UVWLü  '  *YR]GLü  $SSOLFDWLRQ RI D UHFRQILJXUDEOH DOO RSWLFDO DFWLYDWLRQ 
XQLW EDVHG RQ RSWLFDO LQMHFWLRQ LQWR D ELVWDEOH )DEU\±3HURW ODVHU LQ PXOWLOD\HU SHUFHSWURQ QHXUDO 
0  %DQRYLü  3  $WDQDVLMHYLü  0  .UVWLü  3  0LKDLORYLü  -  &UQMDQVNL  6  3HWULþHYLü  '  *YR]GLü  
5HFRQILJXUDEOH DOO RSWLFDO ELVWDELOLW\ WULVWDELOLW\ LQ GXDO LQMHFWLRQ ORFNHG )DEU\±3HURW ODVHU GLRGHV  
0  .UVWLü  -  &UQMDQVNL  0  %DQRYLü  ,  9DVLOMHYLü  '  *YR]GLü  *HQHUDWLRQ RI D GXDO RSWLFDO IUHTXHQF\ 
FRPE E\ ODUJH VLJQDO PRGXODWLRQ RI D VHPLFRQGXFWRU ODVHU  237,&6 /(77(56  9RO      1R      SS  
0  .UVWLü  -  &UQMDQVNL  $  7RWRYLü  '  *YR]GLü  6ZLWFKLQJ RI %LVWDEOH ,QMHFWLRQ /RFNHG )DEU\±3pURW 
/DVHU E\ )UHTXHQF\ 'HWXQLQJ 9DULDWLRQ  ,((( -2851$/ 2) 6(/(&7(' 723,&6 ,1 48$1780 

 $  7RWRYLü  -  &UQMDQVNL  0  .UVWLü  '  *YR]GLü  1XPHULFDO 6WXG\ RI WKH 6PDOO 6LJQDO 0RGXODWLRQ 
%DQGZLGWK RI 5HIOHFWLYH DQG 7UDYHOLQJ :DYH 62$V  -2851$/ 2) /,*+7:$9( 7(&+12/2*<  
$PRO 'HOPDGH  0DUNR .UVWLü  &ROP %URZQLQJ  -DVQD &UQMDQVNL  'HMDQ *YR]GLü  /LDP %DUU\  3RZHU 
HIILFLHQW RSWLFDO IUHTXHQF\ FRPE JHQHUDWLRQ XVLQJ ODVHU JDLQ VZLWFKLQJ DQG GXDO GULYH 0DFK =HKQGHU 
7  3LQWR  8  &  GH 0RXUD  )  'D 5RV  0  .UVWLü  -  &UQMDQVNL  $  1DSROL  '  *YR]GLü  '  =LEDU  
2SWLPL]DWLRQ RI IUHTXHQF\ FRPEV VSHFWUDO IODWQHVV XVLQJ HYROXWLRQDU\ DOJRULWKP  237,&6 
-  %DELü  $  7RWRYLü  -  &UQMDQVNL  0  .UVWLü  0  0DãDQRYLü  '  *YR]GLü  (QKDQFHPHQW RI WKH 04: 
562$ V 6PDOO 6LJQDO 0RGXODWLRQ %DQGZLGWK E\ ,QGXFWLYH 3HDNLQJ  -2851$/ 2) /,*+7:$9( 

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
Ⱦɟɤɚɧ ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɨɝ ɮɚɤɭɥɬɟɬɚ   ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ ɨɞ ʁɚɧɭɚɪɚ      ɞɨ ɨɤɬɨɛɪɚ       ɝɨɞɢɧɟ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

9  7RSLü  -  &UQMDQVNL  0  .UVWLü  $  7RWRYLü  '  *YR]GLü  $QDO\WLFDO 0HWKRG IRU &DOFXODWLRQ RI WKH 
3KRWRQ /LIHWLPH DQG ([WHUQDO &RXSOLQJ &RHIILFLHQW LQ ,QGH[ &RXSOHG 3KDVH 6KLIWHG ')% /DVHUV  
1  .DPDUDMX  :  3DQ  8  (NHQEHUJ  '  *YR]GLü  6  %RXEDQJD 7RPEHW  3  8SDGK\D  -  5HQR  $  
7D\ORU  5  3UDVDQNXPDU  7HUDKHUW] PDJQHWR RSWLFDO VSHFWURVFRS\ RI D WZR GLPHQVLRQDO KROH JDV  



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      0DVVDFKXVHWWV 8QLYHUVLW\ 
'RUWPRXWK 86$

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ȼɪɚɧɤɨ Ȼɭɤɜɢʄ          

 
Ɇɢɥɨɲ Ⱦɚɜɢɞɨɜɢʄ          

 

ɋɥɨɛɨɞɚɧ ɋɚɜɢʄ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɂɚɤɪɢɜʂɟɧɢ ɤɨɧɬɢɧɭɚɥɧɨ ɧɟɯɨɦɨɝɟɧɢ ɢ ɧɟɢɡɨɬɪɨɩɧɢ 
ɤɨɧɚɱɧɢ ɟɥɟɦɟɧɬɢ ɜɢɲɟɝ ɪɟɞɚ ɡɚ ɜɟɥɢɤɨɞɨɦɟɧɫɤɨ 
ɟɥɟɤɬɪɨɦɚɝɧɟɬɫɤɨ ɦɨɞɟɥɨɜɚʃɟ

ɂɥɢʄ Ɇɢɥɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  ɚɧɬɟɧɟ ɢ ɦɢɤɪɨɬɚɥɚɫɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɟ ɢ 

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɂɚɤɪɢɜʂɟɧɢ ɤɨɧɬɢɧɭɚɥɧɨ ɧɟɯɨɦɨɝɟɧɢ ɢ ɧɟɢɡɨɬɪɨɩɧɢ 
ɤɨɧɚɱɧɢ ɟɥɟɦɟɧɬɢ ɜɢɲɟɝ ɪɟɞɚ ɡɚ ɜɟɥɢɤɨɞɨɦɟɧɫɤɨ 
ɟɥɟɤɬɪɨɦɚɝɧɟɬɫɤɨ ɦɨɞɟɥɨɜɚʃɟ
Ȼ ɫɩɥɚʁɧ ɯɟɤɫɚɟɞɚɪɫɤɢ ɟɥɟɦɟɧɬɢ ɡɚ  Ⱦ ɟɥɟɤɬɪɨɦɚɝɧɟɬɫɤɨ 
ɦɨɞɟɥɨɜɚʃɟ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

-  =  7UDMNRYLü  6  9  6DYLü  0  0  ,OLü  $  ä  ,OLü  ³7UDQVPLVVLRQ DQG DWWHQXDWLRQ RI WKH PLOOLPHWUH 
ZDYH 2$0 EHDPV WKURXJK WKH WLVVXH OD\HU ´ (XURSHDQ 3K\VLFDO -RXUQDO 6SHFLDO 7RSLFV  6HSWHPEHU 
$  ,OLü  -  7UDMNRYLü  6  6DYLü  DQG 0  ,OLü  ³,QYHVWLJDWLRQ RI WKH 2$0 (0 ZDYH WLVVXH LUUDGLDWLRQ DW 
PLOOLPHWHU ZDYH IUHTXHQFLHV ´ $SSOLHG 5DGLDWLRQ DQG ,VRWRSHV  YRO       QR          SS       
.  0  /DEXV  -  :RO\QVNL  -  (DVHO\  +  /  6WHZDUW  0  0  ,OLF  %  0  1RWDURV  7  =DJURFNL  &  0  
3XWWOLW]  .  &  0F*LOYUD\  ³(PSOR\LQJ 'LUHFW (OHFWURPDJQHWLF &RXSOLQJ WR $VVHVV $FXWH )UDFWXUH 



 
0  

 
0  

 
0  

 
0  

 
0  

 
0  

  
0  

  
0  

  
0  

  
0  

  
0  

  
0  

  
0  

  
0  

  
0  

  
0  

  
0  

   

  

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
8QLYHUVLW\ RI 0DVVDFKXVHWWV   'DUWPRXWK  &RORUDGR 6WDWH 8QLYHUVLW\

%  0  1RWDURã DQG 0  0  ,OLü  ³6ORWWHG ZDYHJXLGH DUUD\ 5) FRLO IRU PDJQHWLF UHVRQDQFH V\VWHPV ´ 8QLWHG 6WDWHV 3DWHQW  
3DWHQW QR  86          %   $SULO            86 3DWHQW 'RFXPHQW  86          0    86 3DWHQW 2IILFH /LQN  
86          

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

.  0  /DEXV  &  6XWKHUODQG  %  0  1RWDURV  0  0  ,OLF  *  &KDXV  '  .HLVHU  DQG &  0  3XWWOLW]  ³'LUHFW 
(OHFWURPDJQHWLF &RXSOLQJ IRU 1RQ ,QYDVLYH 0HDVXUHPHQWV RI 6WDELOLW\ LQ 6LPXODWHG )UDFWXUH 
%  7URNVD  &  .H\  )  .XQNHO  6  6DYLü  0  ,OLü  %  1RWDURã  ³5D\ 7UDFLQJ 8VLQJ 6KRRWLQJ %RXQFLQJ 
7HFKQLTXH WR 0RGHO 0LQH 7XQQHOV  7KHRU\ DQG 9HULILFDWLRQ IRU D 3(& :DYHJXLGH ´$SSOLHG 

$  ä  ,OLü  1  0  9RMQRYLü  6  9  6DYLü  (  *UDVV  DQG 0  0  ,OLü  ³2SWLPL]HG SODQDU SULQWHG 8&$ 
FRQILJXUDWLRQV IRU 2$0 ZDYHV DQG WKH DVVRFLDWHG 2$0 PRGH FRQWHQW DW WKH UHFHLYHU ´ ,QWHUQDWLRQDO 
$  ä  ,OLü  -  =  7UDMNRYLü  6  9  6DYLü  DQG 0  0  ,OLü  ³1HDU ILHOG IRUPDWLRQ RI WKH 8&$ EDVHG 2$0 
(0 ILHOGV DQG VKRUW UDQJH (0 SRZHU IOX[ SURILOHV ´ -RXUQDO RI 3K\VLFV $  0DWKHPDWLFDO DQG 
$  =  *ROXERYLü  6  9  6DYLü  $  ä  ,OLü  DQG 0  0  ,OLü  ³6KRUW 5DQJH 7UDQVPLVVLRQ XVLQJ 2$0 
&DUU\LQJ :DYHV *HQHUDWHG E\ 8QLIRUP &LUFXODU $UUD\V ´ $(8   ,QWHUQDWLRQDO -RXUQDO RI (OHFWURQLFV 
%  %XNYLü DQG 0  0  ,OLü   $Q 2FWDYH %DQGZLGWK &ODVV - 3RZHU $PSOLILHU ZLWK 6HFRQG +DUPRQLF 
7HUPLQDWLRQ &RQWURO ´ $(8   ,QWHUQDWLRQDO -RXUQDO RI (OHFWURQLFV DQG &RPPXQLFDWLRQV          
-  *  :RO\QVNL  0  0  ,OLü  .  0  /DEXV  %  0  1RWDURã  &  0  3XWWOLW]  DQG .  &  0FJLOYUD\   'LUHFW 
HOHFWURPDJQHWLF FRXSOLQJ WR GHWHUPLQH GLDJQRVWLF ERQH IUDFWXUH VWLIIQHVV   $QQDOV RI 7UDQVODWLRQDO 

0  0  ,OLü DQG %  0  1RWDURã  ³6ORWWHG :DYHJXLGH $UUD\ 5) &RLO IRU 8OWUD +LJK )LHOG 05, ´ &RQFHSWV 
LQ 0DJQHWLF 5HVRQDQFH 3DUW %  0DJQHWLF 5HVRQDQFH (QJLQHHULQJ  SS  H       -XQH       
6  9  6DYLü  0  0  ,OLü  DQG $  5  'MRUGMHYLü  ³'HVLJQ RI ,QWHUQDO :LUH %DVHG ,PSHGDQFH 0DWFKLQJ RI 
+HOLFDO $QWHQQDV 8VLQJ DQ (TXLYDOHQW 7KLQ :LUH 0RGHO ´ ,QWHUQDWLRQDO -RXUQDO RI $QWHQQDV DQG 

-  *  :RO\QVNL  0  0  ,OLü  %  0  1RWDURã  .  0  /DEXV  &  0  3XWWOLW]  DQG .  &  0FJLOYUD\   9LYDOGL 
$QWHQQDV IRU &RQWDFWOHVV 6HQVLQJ RI ,PSODQW 'HIOHFWLRQV DQG 6WLIIQHVV IRU 2UWKRSDHGLF 
$  ä  ,OLü  %  0  %XNYLü  0  6WRMLOMNRYLü  $  6NDNLü  6  3DYORYLü  6  3  -RYDQRYLü  DQG 0  0  ,OLü  ³3ODQDU 
3ULQWHG (OHFWURGHV IRU (OHFWURSRUDWLRQ ZLWK +LJK (0 )LHOG +RPRJHQHLW\ ´ -RXUQDO RI 3K\VLFV '  
-  *  :RO\QVNL  .  0  /DEXV  -  7  (DVOH\  %  0  1RWDURã  0  0  ,OLü  &  0  3XWWOLW]  DQG .  &  
0F*LOYUD\  ³'LDJQRVWLF SUHGLFWLRQ RI RYLQH IUDFWXUH KHDOLQJ RXWFRPHV YLD D QRYHO PXOWL ORFDWLRQ 
6  9  6DYLü  0  0  ,OLü DQG %  0  .ROXQG]LMD  ³0D[LPDOO\ 2UWKRJRQDOL]HG +LJKHU 2UGHU %DVLV 
)XQFWLRQV LQ /DUJH 'RPDLQ )LQLWH (OHPHQW 0RGHOLQJ LQ (OHFWURPDJQHWLFV ´ ,((( 7UDQVDFWLRQV RQ 
0  5DGRYDQRYLü  %  %XNYLü  6  7DVLü  DQG 0  ,OLü  ³&LUFXLW 0RGHOLQJ RI &RD[LDO &DEOH %DOXQV LQ 
0LFURVWULS 0RXQWHG +LJK 3RZHU 9+) $PSOLILHUV >$SSOLFDWLRQ 1RWHV@ ´ ,((( 0LFURZDYH 0DJD]LQH  
$  ä  ,OLü  %  0  %XNYLü  '  %XGLPLU  DQG 0  0  ,OLü  ³'HVLJQ PHWKRGRORJ\ IRU JUDSKHQH WXQDEOH ILOWHUV 
DW WKH VXE±PLOOLPHWHU±ZDYH IUHTXHQFLHV ´ 6ROLG 6WDWH (OHFWURQLFV  YRO       SS         6     

  6  $WKDO\H  0  0  ,OLü  DQG %  0  1RWDURã  ³)XOO :DYH 0RGHOLQJ RI 5) ([FLWHUV 8VLQJ :,3/ '  5RDG 
WR 5HDO 7LPH 6LPXODWLRQ DQG 2SWLPL]DWLRQ ´ $FHV -RXUQDO  YRO      QR      SS             2FWREHU 

.  0  /DEXV  %  0  1RWDURã  0  0  ,OLü  &  -  6XWKHUODQG  $  +ROFRPE  DQG &  0  3XWWOLW]  ³$ &RD[LDO 
'LSROH $QWHQQD IRU 3DVVLYHO\ 6HQVLQJ 2EMHFW 'LVSODFHPHQW DQG 'HIOHFWLRQ IRU 2UWKRSDHGLF 

%  0  1RWDURã  0  0  ,OLü  $  $  7RQ\XVKNLQ  1  -  6HNHOMLF  DQG 3  6  $WKDO\H  ³6XEMHFW ORDGHG KHOLFDO DQWHQQD UDGLR 
IUHTXHQF\ FRLO IRU PDJQHWLF UHVRQDQFH LPDJLQJ ´ 8QLWHG 6WDWHV 3DWHQW  3DWHQW QR  86         %   1RYHPEHU           
 86 3DWHQW 'RFXPHQW  86          0    *RRJOH 3DWHQW /LQN  86                                M M            
³3ODQDU SULQWHG ELRPHGLFDO HOHFWURGH ZLWK KLJK HOHFWULF ILHOG KRPRJHQHLW\ IRU HOHFWURSRUDWLRQ´  LQ 6HUELDQ ODQJXDJH 
5HJLVHWUHG SDWHQW QR       8   DIWHU DSSOLFDWLRQ 03           IURP              %HOJUDGH            
 5HJLVWHUHG 3DWHQW      8   0   
,((( 0LFURZDYH 3UL]H $ZDUG       

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ ɇɨɜɨɦ ɋɚɞɭ   
ɉɪɢɪɨɞɧɨ ɦɚɬɟɦɚɬɢɱɤɢ 
ɮɚɤɭɥɬɟɬ

Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ɉɪɢɦɟʃɟɧɚ 
ɦɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D 

 
0  D

 
0  D 

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɂɪɢɱɚɧɢɧ Ȼɪɚɬɢɫɥɚɜ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ɉɪɢɦɟʃɟɧɚ 
ɦɚɬɟɦɚɬɢɤɚ
Ⱥɧɚɥɢɡɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ⱥɧɚɥɢɡɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɍɟɯɧɢɱɤɚ ɮɢɡɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

6  6WHYLü  %  ,ULþDQLQ  :  .RVPDOD  =  âPDUGD  1RWH RQ D VROXWLRQ IRUP WR WKH F\FOLF ELOLQHDU V\VWHP 
RI GLIIHUHQFH HTXDWLRQV  $33/,(' 0$7+(0$7,&6 /(77(56  9RO       1R     SS         -DQ       
6  6WHYLü  %  ,ULþDQLQ  =  âPDUGD  2Q D V\PPHWULF ELOLQHDU V\VWHP RI GLIIHUHQFH HTXDWLRQV  $33/,(' 
0$7+(0$7,&6 /(77(56  9RO      SS           0DU       GRL         M DPO            
$  $KPHG  %  ,ULþDQLQ  :  .RVPDOD  6  6WHYLü  =  âPDUGD  1RWH RQ FRQVWUXFWLQJ D IDPLO\ RI VROYDEOH 
VLQH W\SH GLIIHUHQFH HTXDWLRQV  $'9$1&(6 ,1 ',))(5(1&( (48$7,216  9RO        1R       
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ⱦɟɩɚɪɬɦɚɧ ɡɚ ɦɚɬɟɦɚɬɢɤɭ  Ɏɚɤɭɥɬɟɬ ɡɚ ɟɥɟɤɬɪɨɬɟɯɧɢɤɭ ɢ ɤɨɦɭɧɢɤɚɰɢɨɧɟ ɬɟɯɧɨɥɨɝɢʁɟ  Ɍɟɯɧɢɱɤɢ ɭɧɢɜɟɪɡɢɬɟɬ ɭ 
Ȼɪɧɭ  ɑɟɲɤɚ 

K ɮɚɤɬɨɪ   

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

6  6WHYLü  %  ,ULþDQLQ  :  .RVPDOD  =  âPDUGD  1RWH RQ VRPH UHSUHVHQWDWLRQV RI JHQHUDO VROXWLRQV 
WR KRPRJHQHRXV OLQHDU GLIIHUHQFH HTXDWLRQV  $'9$1&(6 ,1 ',))(5(1&( (48$7,216  9RO  
6  6WHYLü  %  ,ULþDQLQ  :  .RVPDOD  =  âPDUGD  6ROYDELOLW\ RI D FODVV RI K\SHUEROLF FRVLQH W\SH 
GLIIHUHQFH HTXDWLRQV  $'9$1&(6 ,1 ',))(5(1&( (48$7,216  9RO        1R       SS          
)X]]\ JUDSK DQG QRQOLQHDU PRGHOV IRU PHGLFDO LPDJH VHJPHQWDWLRQ  , ,EULãLPRYLü  10 5DOHYLü  %' 
,ULþDQLQ  $ %OHVLü  $SSOLFDEOH $QDO\VLV DQG 'LVFUHWH 0DWKHPDWLFV                       
62/9$%,/,7< 2) $ 121/,1($5 ',))(5(1&( (48$7,21 2) 7+( ),)7((17+ 25'(5  6 
6WHYLü  % ,ULþDQLQ  : .RVPDOD  -RXUQDO RI 0DWKHPDWLFDO ,QHTXDOLWLHV                   ±     
2Q D IDPLO\ RI QRQOLQHDU GLIIHUHQFH HTXDWLRQV RI WKH ILIWK RUGHU VROYDEOH LQ FORVHG IRUP  6 6WHYLF  % 
,ULFDQLQ  : .RVPDOD  $,06 0DWKHPDWLFV                    ±      
 6ROYDELOLW\ RI D QRQOLQHDU ILIWK RUGHU GLIIHUHQFH HTXDWLRQ  6 6WHYLü  % ,ULþDQLQ  : .RVPDOD  = 
âPDUGD  0$7+(0$7,&$/ 0(7+2'6 ,1 7+(  $33/,(' 6&,(1&(6  9RO        SS          -DQ  
3VHXGR OLQHDU FRPELQDWLRQ RI IX]]\ PHWULFV  10 5DOHYLü  %' ,ULþDQLQ  ' ûHELü  3XEOLFDWLRQV GH 
O ,QVWLWXW 0DWKHPDWLTXH                        

Ⱦɜɨɫɬɪɭɤɢ ɧɨɫɢɥɚɰ Ɉɤɬɨɛɚɪɫɤɟ ɧɚɝɪɚɞɟ ɝɪɚɞɚ Ȼɟɨɝɪɚɞɚ       ɢ      

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȼɟɫɧɚ Ȼɥɚɝɨʁɟɜɢʄ          

 
2PUDQ $O 5DVKHHG          

 
-LDQD -DUURXM          

 
ɋɪɻɚɧ Ɍɚɞɢʄ          

 
ɋɪɻɚɧ Ȼɪɤɢʄ          

Ɋ ɛ  Ʉɚɬ 

 
0  

 

0  

 

0  

 

0  

 

0  

 

Ɇ  

3  ,YDQLã  %  9DVLü  (UURU (UURUH (LFLWXU  $ 6WRFKDVWLF 5HVRQDQFH 3DUDGLJP IRU 5HOLDEOH 6WRUDJH RI 
,QIRUPDWLRQ RQ 8QUHOLDEOH 0HGLD  ,((( 75$16$&7,216 21 &20081,&$7,216  9RO      1R     
SS               6HS       GRL         7&200             

6  %UNLü  3  ,YDQLã  %  9DVLü  $GDSWLYH *UDGLHQW 'HVFHQW %LW )OLSSLQJ 'LYHUVLW\ 'HFRGLQJ  ,((( 
&20081,&$7,216 /(77(56  9RO      1R      SS               2FW       
GRL         /&200             

*  'MRUGMHYLF  0  3HWNRYLF  -  $QDVWDVRY  3  ,YDQLã  =  0DUMDQRYLF  2Q WKH HIIHFWV RI FRUUHODWLRQ RQ 
RXWDJH SHUIRUPDQFH RI )62 XQEDODQFHG PXOWLEUDQFK 6& UHFHLYHU  ,((( 3+2721,&6 
7(&+12/2*< /(77(56  9RO      1R      SS               -XQ       

6  7DGLü  5  6WDQþLü  /  6DUDQRYDF  3  ,YDQLã  9HKLFOH &ROOLVLRQ 5HFRQVWUXFWLRQ :LWK   ' ,QHUWLDO 
1DYLJDWLRQ DQG *166  ,((( 75$16$&7,216 21 ,167580(17$7,21 $1' 0($685(0(17  
9RO      1R     SS           -DQ       

6  %UNLF  3  ,YDQLV  %  9DVLF  5HOLDELOLW\ RI 0HPRULHV %XLOW IURP 8QUHOLDEOH &RPSRQHQWV XQGHU 'DWD 
'HSHQGHQW *DWH )DLOXUHV  ,((( &20081,&$7,216 /(77(56  9RO      1R      SS               
'HF       

Ⱥɧɚɥɢɡɚ ɩɟɪɮɨɪɦɚɧɫɢ ɤɨɝɧɢɬɢɜɧɢɯ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢɨɧɢɯ 
ɫɢɫɬɟɦɚ ɫɚ ɤɨɧɬɪɨɥɢɫɚɧɢɦ ɧɢɜɨɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢʁɟ ɢ 
ɧɟɫɚɜɪɲɟɧɨɦ ɩɪɨɰɟɧɨɦ ɫɬɚʃɚ ɭ ɤɚɧɚɥɭ
Ɉɞɪɟɻɢɜɚʃɟ ɬɪɚʁɟɤɬɨɪɢʁɟ ɜɨɡɢɥɚ ɩɪɢ ɫɭɞɚɪɭ ɭɩɨɬɪɟɛɨɦ 
ɢɧɬɟɝɪɢɫɚɧɨɝ ɫɢɫɬɟɦɚ ɫɚɬɟɥɢɬɫɤɟ ɢ ɢɧɟɪɰɢʁɚɥɧɟ ɧɚɜɢɝɚɰɢʁɟ

Ⱦɟɤɨɞɨɜɚʃɟ ɤɨɞɨɜɚ ɫɚ ɦɚɥɨɦ ɝɭɫɬɢɧɨɦ ɩɪɨɜɟɪɚ ɩɚɪɧɨɫɬɢ ɭ 
ɩɪɢɫɭɫɬɜɭ ɝɪɟɲɚɤɚ ɭ ɥɨɝɢɱɤɢɦ ɤɨɥɢɦɚ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

6  %UNLü  3  ,YDQLã  %  9DVLü  0DMRULW\ /RJLF 'HFRGLQJ 8QGHU 'DWD 'HSHQGHQW /RJLF *DWH )DLOXUHV  
,((( 75$16$&7,216 21 ,1)250$7,21 7+(25<  9RO      1R      SS               2FW       

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ  
ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ ɢ 
ɚɭɬɨɦɚɬɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɉɩɬɢɦɢɡɚɰɢʁɚ ɤɨɝɧɢɬɢɜɧɢɯ ɫɢɫɬɟɦɚ ɫɚ ɤɨɧɬɪɨɥɢɫɚɧɢɦ 
ɧɢɜɨɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢʁɟ ɩɪɢɦɟɧɨɦ ɜɢɲɟɚɧɬɟɧɫɤɢɯ ɬɟɯɧɢɤɚ 
ɫɚ ɚɞɚɩɬɢɜɧɨɦ ɤɨɧɬɪɨɥɨɦ ɫɧɚɝɟ 
Ⱥɥɝɨɪɢɬɦɢ ɞɟɤɨɞɨɜɚʃɚ ɦɚɥɟ ɤɨɦɩɥɟɤɫɧɨɫɬɢ ɩɨɝɨɞɧɢ ɡɚ 
ɩɪɢɦɟɧɭ ɭ ɚɫɢɦɟɬɪɢɱɧɢɦ ɤɪɢɩɬɨɫɢɫɬɟɦɢɦɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ⱦɢɝɢɬɚɥɧɢ ɩɪɟɧɨɫ 
ɢɧɮɨɪɦɚɰɢʁɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ⱦɨɤɬɨɪɚɬ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɂɜɚɧɢɲ ɉɪɟɞɪɚɝ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ



 

Ɇ  

 

Ɇ  
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0  

  

0  

  

0  

  

0  

  

0  

   

  
ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɉɪɨɞɟɤɚɧ ɡɚ ɧɚɫɬɚɜɭ ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɨɝ ɮɚɤɭɥɬɟɬɚ Ȼɟɨɝɪɚɞɭ ɨɞ       ɞɨ       ɝɨɞɢɧɟ

9  %ODJRMHYLü  1  .R]Lü  $  &YHWNRYLü  3  ,YDQLã  6HFUHF\ RXWDJH SHUIRUPDQFH DQDO\VLV RI ZLUHOHVVO\ 
SRZHUHG ,R7 V\VWHP ZLWK UDQGRPO\ PRYLQJ UHFHLYLQJ QRGHV  6(16256  9RO      1R     SS         
      )HE       

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

,  7RPLü  '  'UDMLü  3  ,YDQLã  8  6DYNRYLü  '  7HãLü  $  /RULF  2SWLPL]HG '0 56 &RQILJXUDWLRQ IRU 
,PSURYHG  * 1HZ 5DGLR 1HWZRUN &DSDFLW\ DQG 3HUIRUPDQFH  (/(&7521,&6   9RO      1R      
      SS          0D\      

,  9DMV  6  %UNLü  3  ,YDQLã  '  'UDMLü  1HXUDO QHWZRUN 615 SUHGLFWLRQ IRU LPSURYHG VSHFWUDO HIILFLHQF\ 
LQ ODQG PRELOH VDWHOOLWH QHWZRUNV  (/(&7521,&6   9RO      1R            SS          6HS      

,  5DGRMNRYLü  -  $QDVWDVRY  '  0LOLü  3  ,YDQLã  *  ĈRUÿHYLü  6HFUHF\ $QDO\VLV RI /(2 6DWHOOLWH WR 
*URXQG 6WDWLRQ &RPPXQLFDWLRQ 6\VWHP ,QIOXHQFHG E\ *DPPD 6KDGRZHG 5LFHDQ )DGLQJ  
(/(&7521,&6   9RO      1R     -DQ      

+  7XUNPDQRYLü  ,  9DMV  =  ýLþD  '  (O 0H]HQL  3  ,YDQLã  /  6DUDQRYDF  'LVWULEXWHG $, 'ULYHQ 
6LPXODWLRQ )UDPHZRUN IRU 3HUIRUPDQFH (YDOXDWLRQ RI +\EULG 6DWHOOLWH±7HUUHVWULDO 1HWZRUN $FFHVV  
(/(&7521,&6   9RO      1R     0DU      

1  .R]Lü  9  %ODJRMHYLü  3  ,YDQLã  3HUIRUPDQFH $QDO\VLV RI 8QGHUOD\ &RJQLWLYH 5DGLR 6\VWHP ZLWK 
6HOI 6XVWDLQDEOH 5HOD\ DQG 6WDWLVWLFDO &6,  6(16256  9RO      1R      SS               0D\      

1  .R]Lü  9  %ODJRMHYLü  $  &YHWNRYLü  3  ,YDQLã  3HUIRUPDQFH $QDO\VLV RI :LUHOHVVO\ 3RZHUHG 
&RJQLWLYH 5DGLR 1HWZRUN ZLWK 6WDWLVWLFDO &6, DQG 5DQGRP 0RELOLW\  6(16256  9RO      1R     0D\  
     

3  ,YDQLã  9  %ODJRMHYL  -  $QDVWDVRY  *  'MRUGMHYLF  3HUIRUPDQFH RI 6SHFWUXP 6KDULQJ 6\VWHP LQ 
*DPPD 6KDGRZHG 1DNDJDPL P )DGLQJ (QYLURQPHQW  :,5(/(66 3(5621$/ 
&20081,&$7,216  9RO      1R     SS               )HE       

6  %UNLü  3  ,YDQLã  $  5DGRãHYLü  )DVWHU WKDQ 1\TXLVW VLJQDOLQJ ZLWK OLPLWHG FRPSXWDWLRQDO 
UHVRXUFHV  3+<6,&$/ &20081,&$7,21  9RO      SS          $XJ       

3  ,YDQLã  6  %UNLü  %  9DVLü  6XVSLFLRQ 'LVWLOODWLRQ *UDGLHQW 'HVFHQW %LW )OLSSLQJ $OJRULWKP  
(17523<  9RO      1R     SS             $SU      

3  ,YDQLã  -  0LORMNRYLü  9  %ODJRMHYLü  6  %UNLü  &DSDFLW\ $QDO\VLV RI +\EULG 6DWHOOLWH±7HUUHVWULDO 
6\VWHPV ZLWK 6HOHFWLRQ 5HOD\LQJ  (17523<  9RO      1R     SS             0D\      

-  0LORMNRYLü  6  %UNLü  3  ,YDQLã  %  9DVLü  *HQHUDOL]HG $GDSWLYH 'LYHUVLW\ *UDGLHQW 'HVFHQW %LW 
)OLSSLQJ ZLWK D )LQLWH 6WDWH 0DFKLQH  (17523<  9RO      1R     -DQ      

,  7RPLü  (  %OHDNOH\  3  ,YDQLã  3UHGLFWLYH &DSDFLW\ 3ODQQLQJ IRU 0RELOH 1HWZRUNV²0/ 6XSSRUWHG 
3UHGLFWLRQ RI 1HWZRUN 3HUIRUPDQFH DQG 8VHU ([SHULHQFH (YROXWLRQ  (/(&7521,&6   9RO      1R  
   SS             )HE      

9  %ODJRMHYLü  $  &YHWNRYLü  3  ,YDQLã  3HUIRUPDQFH DQDO\VLV RI HQHUJ\ KDUYHVWLQJ ') UHOD\ V\VWHP 
LQ JHQHUDOL]HG . IDGLQJ HQYLURQPHQW  3+<6,&$/ &20081,&$7,21  9RO      SS             -XQ  
     



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɟ ɧɚɭɤɟ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɟ ɧɚɭɤɟ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

(ɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 
ɤɚɧɞɢɞɚɬɚ

Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɇɢɤɨɥɚ ɂɜɚɧɱɟɜɢʄ          

 
ɋɭɡɚɧɚ Ⱦɟɞɢʁɟɪ 
Ⱦɭʁɨɜɢʄ

         

 
0Dɪɤɨ ȼɨɪɤɚɩɢʄ          

 
$ɧɬɨɧɢɧɚ Ⱥɥɟɤɫɢʄ          

 
Ɇɚɪɢʁɚ Ƚɚɜɪɢɥɨɜɢʄ          

 

ɇɚɬɚɥɢʁɚ Ʉɚɬɢʄ          

 
ȳɟɥɟɧɚ Ʉʂɚʁɢʄ          

 
ɂɜɚɧ ȼɚʁɫ          

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

7  -DNRYOMHYLü  0  -DQNRYLü  Ⱥ  6DYLü  ,  6ROGDWRYLü  3  7RGRURYLü  7  -HUH -DNXOLQ  *  3DSD  9  .RYLü  
7KH 6HQVRU +XE IRU 'HWHFWLQJ WKH 'HYHORSPHQWDO &KDUDFWHULVWLFV LQ 5HDGLQJ LQ &KLOGUHQ RQ D :KLWH 
YV  &RORUHG %DFNJURXQG &RORUHG 2YHUOD\V  6HQVRUV  YRO      QR     SS                        
,)            ,661            GRL          V         

Ɉɛʁɟɤɬɢɜɢɡɚɰɢʁɚ ʂɭɞɫɤɨɝ ɯɨɞɚ ɩɪɢɦɟɧɨɦ ɦɟɬɨɞɟ ɝɥɚɜɧɢɯ 
ɤɨɦɩɨɧɟɧɬɢ ɞɨɛɢʁɟɧɢɯ ɫɚ ɫɢɝɧɚɥɚ ɞɢɧɚɦɢɤɟ ɫɬɨɩɚɥD

Ⱦɟɤɨɞɢɪɚʃɟ ɧɟɭɪɚɥɧɢɯ ɦɟɯɚɧɢɡɚɦɚ ɩɨɦɨʄɭ ÄLQ VLOLFR´ 
ɦɨɞɟɥɚ ɢ ɟɤɫɩɟɪɢɦɟɧɚɬɚ ɧɚ ɠɢɜɨɬɢʃɚɦɚ ɫɚ ɰɢʂɟɦ 
ɨɛɧɚɜʂɚʃɚ ɫɨɦɚɬɨɫɟɧɡɨɪɧɨɝ ɨɫɟʄɚʁɚ ɩɪɢɦɟɧɨɦ 
ɧɟɭɪɨɩɪɨɬɟɡɚ

,Q VLOLFR  ɦɨɞɟɥ ɩɟɪɢɮɟɪɧɨɝ ɧɟɪɜɚ ɭ ɰɢʂɭ ɩɥɚɧɢɪɚʃɚ 
ɢɧɬɪɚɧɟɭɪɚɥɧɟ ɫɬɢɦɭɥɚɰɢʁɟ

ɂɧɬɟɥɢɝɟɧɬɧɢ ɫɢɫɬɟɦɢ ɡɚ ɞɟɬɟɤɰɢʁɭ ɞɢɫɥɟɤɫɢɱɧɢɯ ɨɛɪɚɡɚɰɚ 
ɨɱɧɢɯ ɩɨɤɪɟɬɚ ɬɨɤɨɦ ɱɢɬɚʃɚ ɧɚ ɫɪɩɫɤɨɦ ʁɟɡɢɤɭ

Ⱦɢɩɥɨɦɚ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

.ɢɧɟɦɚɬɢɱɤɚ ɚɧɚɥɢɡɚ ɪɭɤɨɩɢɫɚ ɭ ɧɟɭɪɨɥɨɲɤɢɦ ɢ 
ɩɫɢɯɢʁɚɬɪɢʁɫɤɢɦ ɨɛɨʂɟʃɢɦɚ ɢ ɧɟɭɪɨɪɚɡɜɨʁɧɢɦ 
ɩɨɪɟɦɟʄɚʁɢɦɚ ɞɟɱʁɟɝ ɢ ɚɞɨɥɟɫɰɟɧɬɧɨɝ ɞɨɛɚ
ɉɪɨɰɟɧɚ ɯɨɞɚ ɧɚɤɨɧ ɩɪɢɦɟɧɟ ɫɟɥɟɤɬɢɜɧɟ ɮɭɧɤɰɢɨɧɚɥɧɟ 
ɟɥɟɤɬɪɢɱɧɟ ɫɬɢɦɭɥɚɰɢʁɟ ɭ ɪɟɯɚɛɢɥɢɬɚɰɢʁɢ ɩɚɰɢʁɟɧɚɬɚ ɧɚɤɨɧ 
ɦɨɠɞɚɧɨɝ ɭɞɚɪɚ

Ȼɢɨɦɟɞɢɰɢɧɫɤɚ 
ɬɟɯɧɢɤɚ
ȻɢɨɦɟɞɢɰɢɧɫɤR 
ɢɧɠɟʃɟɪɫɬɜɨ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ɍɩɪɚɜʂɚʃɟ 
ɫɢɫɬɟɦɢɦɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ȳɚɧɤɨɜɢʄ Ɇɢɥɢɰɚ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ȼɢɨɦɟɞɢɰɢɧɫɤɚ ɬɟɯɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɋɩɟɤɬɪɚɥɧɚ  ɛɢɨɬɢɱɤɚ ɢ ɮɪɚɤɬɚɥɧɚ ɚɧɚɥɢɡɚ ȿȿȽ ɢ ȿɄȽ 
ɫɢɝɧɚɥɚ ɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɧɢɦ ɦɨɞɟɥɢɦɚ ɢɧɮɚɪɤɬɚ ɦɢɨɤɚɪɞɚ 
ɢ ɟɩɢɥɟɩɫɢʁɟ
Ɋɚɡɜɨʁ ɢ ɬɟɫɬɢɪɚʃɟ ɦɟɬɨɞɟ ɡɚ ɤɜɚɧɬɢɮɢɤɨɜɚɧɭ ɩɪɨɰɟɧɭ 
ɫɩɚɫɬɢɱɧɨɫɬɢ
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9  3HWURYLü  0 0  -DQNRYLü  $  /XSãLü  9  0LKDMORYLü  -  3RSRYLü %RåRYLü  +LJK $FFXUDF\ 5HDO 7LPH 
0RQLWRULQJ RI +HDUW 5DWH 9DULDELOLW\ 8VLQJ    *+] &RQWLQXRXV :DYH 'RSSOHU 5DGDU  ,((( 
$&&(66  9RO     SS               -XQ        ,)            ,661            GRL  
        $&&(66             
1  0DOHãHYLü  9  3HWURYLü  0  %HOLü  &  $QWIRON  9  0LKDMORYLü  Ɇ  ȳDQNRYLü  &RQWDFWOHVV 5HDO 7LPH 
+HDUWEHDW 'HWHFWLRQ YLD    *+] &RQWLQXRXV :DYH 'RSSOHU 5DGDU 8VLQJ $UWLILFLDO 1HXUDO 1HWZRUNV  
6HQVRUV  9RO      1R     SS                    $SU        ,)            ,661            GRL  
        V         

0  9RUNDSLü  Ⱥ  6DYLü  0  -DQNRYLü  1  8VHLQRYLü  Ɇ  ,VDNRYLü  1  3XãNDã  2  6WDQRMORYLü  '  +UQþLü  
$OWHUDWLRQV RI PHGLDO SUHIURQWDO FRUWH[ ELRHOHFWULFDO DFWLYLW\ LQ H[SHULPHQWDO PRGHO RI LVRSUHQDOLQH 
LQGXFHG P\RFDUGLDO LQIDUFWLRQ  3/R6 2QH  9RO      1R     SS        0D\        ,)            ,661 
           GRL          MRXUQDO SRQH        
,  $  9DMV  *  6  .YDãþHY  7  0  3DSLü  0  0  -DQNRYLü  ³(\H 7UDFNLQJ ,PDJH (QFRGLQJ  
$XWRHQFRGHUV IRU WKH &URVVLQJ RI /DQJXDJH %RXQGDULHV LQ 'HYHORSPHQWDO '\VOH[LD 'HWHFWLRQ ´ 
,((( $FFHVV  YRO      SS      ±            ,661            ,)          GRL  
        $&&(66             

,  9DMV  7  3DSLü  9  .RYLü  $  0  6DYLü  0  0  -DQNRYLü  ³$FFHVVLEOH '\VOH[LD 'HWHFWLRQ ZLWK 5HDO 
7LPH 5HDGLQJ )HHGEDFN WKURXJK 5REXVW ,QWHUSUHWDEOH (\H 7UDFNLQJ )HDWXUHV ´ %UDLQ 6FLHQFHV  YRO  
    QR     S             ,661            ,)          GRL          EUDLQVFL        

7  -DNRYOMHYLü  0  -DQNRYLü  Ⱥ  6DYLü  ,  6ROGDWRYLü  ,  0DþXåLü  7  -HUH -DNXOLQ  *  3DSD  9  .RYLü  
7KH HIIHFW RI FRORXU RQ UHDGLQJ SHUIRUPDQFH LQ FKLOGUHQ  PHDVXUHG E\ D VHQVRU KXE  )URP WKH 
SHUVSHFWLYH RI JHQGHU  3/R6 2QH  YRO      QR     SS                ,)            ,661            
GRL          MRXUQDO SRQH        

5DGXORYLü  0   %HDWRYLü  6   -DQNRYLü  0   âRELü âDUDQRYLü  '   $UWLNR  9   $MGLQRYLü  %  'LXUHVLV 
UHQRJUDSK\ DQG XOWUDVRQRJUDSK\ LQ FKLOGUHQ ZLWK DQWHQDWDOO\ GHWHFWHG K\GURQHSKURVLV FDQ VXSSRUW 
GLDJQRVHV DQG VXJJHVW UHODWHG VXUJHU\ WUHDWPHQW  +HOOHQLF -RXUQDO RI 1XFOHDU 0HGLFLQH 
6XSSOHPHQW  YRO      SS               ,)            ,661            30,'           

7  5DGRYLü  0  -DQNRYLü  5  6WHYLü  %  6SDVRMHYLü  0  &YHWNRYLü  3  3DYLüHYLü  ,  *RMNRYLü  0  .RVWLü  
'HWHFWLRQ RI LPSDLUHG UHQDO DOORJUDIW IXQFWLRQ LQ SDHGLDWULF DQG \RXQJ DGXOW SDWLHQWV XVLQJ DUWHULDO 
VSLQ ODEHOOLQJ 05,  $6/ 05,   6FLHQWLILF 5HSRUWV  YRO      SS                   ,)            ,661 
           GRL          V                \ 

7  5DGRYLü  %  6SDVRMHYLü  0  &YHWNRYLü  *  0LORãHYVNL /RPLü  0  -DQNRYLü  ,  *RMNRYLü  3  
3DYLüHYLü  /RQJLWXGLQDO DVVHVVPHQW RI UHQDO DOORJUDIW IXQFWLRQ LQ GRQRUV DQG SHGLDWULF UHFLSLHQWV E\ 
DUWHULDO VSLQ ODEHOLQJ 05, SHUIXVLRQ TXDQWLILFDWLRQ  6FLHQWLILF 5HSRUWV  9RO      1R         SS          
      ,)          ,661            GRL          V                  

9  'åHSLQD  1  ,YDQþHYLü  6  5RVLü  %  1LNROLü  '  6WHYDQRYLü  -  -DQþLü  0LOLFD 0  -DQNRYLü  
'HWHFWLRQ RI 3V\FKRPRWRU 5HWDUGDWLRQ LQ <RXWK 'HSUHVVLRQ  $ 0DFKLQH /HDUQLQJ $SSURDFK WR 
.LQHPDWLF $QDO\VLV RI +DQGZULWLQJ  $SSOLHG 6FLHQFHV  9RO      1R      SS          -XO        
,)          ,661            GRL          DSS         
0  *DYULORYLü  0  0  -DQNRYLü  7HPSRUDO 6\QHUJLHV 'HWHFWLRQ LQ *DLW &\FORJUDPV 8VLQJ :HDUDEOH 
7HFKQRORJ\  6HQVRUV  YRO      QR     SS                    $SU        ,)            ,661      
      GRL          V        

,  9DMV  9  .RYLü  7  3DSLü  $  0  6DYLü  0  0  -DQNRYLü  ³6SDWLRWHPSRUDO (\H 7UDFNLQJ )HDWXUH 6HW 
IRU ,PSURYHG 5HFRJQLWLRQ RI '\VOH[LF 5HDGLQJ 3DWWHUQV LQ &KLOGUHQ ´ 6HQVRUV  YRO      QR            
,)            ,661            GRL          V        

0  5DGPLORYLü  '  8UXNDOR  0  0  -DQNRYLü  6  'HGLMHU 'XMRYLü  7  -  'LPNLü 7RPLü  Ɇ  ɌUXPLü  Ʉ  
ȳɨYDQRYLü  (OERZ -RLQW 6WLIIQHVV )XQFWLRQDO 6FDOHV %DVHG RQ +LOO¶V 0XVFOH 0RGHO DQG *HQHWLF 
2SWLPL]DWLRQ  6HQVRUV  YRO      QR     SS                ,)            ,661            GRL  
        V        

5  .XPDUL  0  0  -DQNRYLü  $  &RVWD  Ⱥ  6DYLü  2  'MRUGMHYLü  /  .RQVWDQWLQRYLü  $  9XþNRYLü  6KRUW 
WHUP SULPLQJ HIIHFW RI EUDLQ DFWXDWHG PXVFOH VWLPXODWLRQ XVLQJ ELPDQXDO PRYHPHQWV LQ VWURNH  
&OLQLFDO 1HXURSK\VLRORJ\  YRO       SS                   ,)           ,661            GRL  
        M FOLQSK             

7  -DNRYOMHYLü  0  -DQNRYLü  Ⱥ  6DYLü  ,  6ROGDWRYLü  *  ýROLü  7  -HUH -DNXOLQ  *  3DSD  9  .RYLü  7KH 
5HODWLRQ EHWZHHQ 3K\VLRORJLFDO 3DUDPHWHUV DQG &RORXU 0RGLILFDWLRQV LQ 7H[W %DFNJURXQG DQG 
2YHUOD\ GXULQJ 5HDGLQJ LQ &KLOGUHQ ZLWK DQG ZLWKRXW '\VOH[LD  %UDLQ 6FLHQFHV  YRO      QR     SS  
                 ,)            ,661            GRL          EUDLQVFL        
2  'XUXWRYLü  $  )LOLSRYLü  .  0LOLüHYLü  %  6RPDQL  (  (PLOLDQL  $  6NRODULNRV  0  0  -DQNRYLü   ' 
,PDJLQJ 6HJPHQWDWLRQ DQG  ' 5HQGHULQJ 3URFHVV IRU D 3UHFLVH 3XQFWXUH 6WUDWHJ\ 'XULQJ 3&1/ ± 
D 3LORW 6WXG\  )URQWLHUV LQ 6XUJHU\  YRO     QR          SS               ,)            ,661      
   ;  GRL          IVXUJ            



  

0  

  

0  

  

0  

     6FRSXV 

  

Ʌɨɤɚɥɧɚ ɤɨɧɬɚɤɬ ɨɫɨɛɚ ɡɚ &((386 ɦɪɟɠɭ  ³,PDJH 3URFHVVLQJ  ,QIRUPDWLRQ (QJLQHHULQJ   ,QWHUGLVFLSOLQDU\ .QRZOHGJH 
Ɋɭɤɨɜɨɞɢɥɚɰ ɩɪɨʁɟɤɬɚ Ɏɨɧɞɚ ɡɚ ɧɚɭɤɭ           

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

1  ,YDQþHYLü  Ɇ  1RYLþLü  ȼ  ɆLOHU -HUNRYLü  Ɇ  ȳɚQNRYLü  '  6WHYDQRYLü  %  1LNROLü  0  %  3RSRYLü  -  
-DQþLü  'RHV KDQGHGQHVV PDWWHU" :ULWLQJ DQG WUDFLQJ NLQHPDWLF DQDO\VLV LQ KHDOWK\ DGXOWV  
3VLKRORJLMD  9RO      1R     SS             2FW        ,)            ,661            GRL  
        36,         ,

0  5DGXORYLü  0  -DQNRYLü  2  'XUXWRYLü  '  âRELü âDUDQRYLü  %  $MGLQRYLü  9  $UWLNR  5  äHUDYLFD  6  
%HDWRYLü  ,QWHUREVHUYHU UHSURGXFLELOLW\ RI PHUFDSWRDFHW\OWULJOLFLQH UHQRJUDSK\ LQ FKLOGUHQ DQG DGXOWV 
ZLWK VXVSHFWHG REVWUXFWLRQ  SDUDPHWHUV RI GUDLQDJH DQG IXQFWLRQ FDOFXODWHG E\ ,QWHUQDWLRQDO $WRPLF 
(QHUJ\ $JHQF\ VRIWZDUH  1XFOHDU 0HGLFLQH &RPPXQLFDWLRQV  9RO      1R     SS            )HE  
      ,)            ,661            GRL          010                  

6  %HDWRYLü  0  5DGXORYLü  0  -DQNRYLü  9  $UWLNR  %  $MGLQRYLü  '  âRELü âDUDQRYLü  5HQDO RXWSXW 
HIILFLHQF\ DQG QRUPDOL]HG UHVLGXDO DFWLYLW\ H[DPLQHG E\ WHFKQHWLXP   P '73$ UHQRJUDSK\ KDYH E\ 
IDU JUHDWHU VSHFLILFLW\ WR GLDJQRVH REVWUXFWLYH GLVHDVH DV FRPSDUHG WR RWKHU FRQYHQWLRQDO 
SDUDPHWHUV RI WKH UHQRJUDP  +HOOHQLF -RXUQDO RI 1XFOHDU 0HGLFLQH  9RO      1R     SS           
      ,)            ,661            GRL          V             

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɉɪɟɞɫɟɞɧɢɤ ɉɪɨɝɪɚɦɫɤɨɝ ɨɞɛɨɪɚ ɛɢɨɦɟɞɢɰɢɧɫɤɟ ɫɟɤɰɢʁɟ ȿɌɊȺɇ ɚ  

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɋȺɇɍ Ȼɟɨɝɪɚɞ Ɏɢɡɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
Ɏɢɡɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɏɢɡɢɤɚ

          -,/$ 8QLYHUVLW\ RI &RORUDGR Ɏɢɡɢɤɚ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

Ɏɢɡɢɱɤɢ ɮɚɤɭɥɬɟɬ
Ɏɢɡɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
Ɏɢɡɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɏɢɡɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱥɧɚ ȳɚɤɨɜʂɟɜɢʄ          

 
Ɇɚɪɢʁɚ ȶɭɪɱɢʄ          

 
Ȼɨʁɚɧɚ Ȼɨɤɢʄ          

 
$QJHOR 0DJJLWWL          

 

 

 

 

 

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

 
0  

 
0  

 
0  D

2SWLFDOO\ GHWHFWHG VSLQ HFKR PHWKRG IRU UHOD[DWLRQ WLPHV PHDVXUHPHQWV LQ D 5E DWRPLF YDSRU  1HZ 
-  3K\V                     0  *KDUDYLSRXU  &  $IIROGHUEDFK  )  *UXHW  , 6  5DGRMLþLü  $  -  .UPSRW  
6ORZLQJ SUREH DQG FRQMXJDWH SXOVHV LQ SRWDVVLXP YDSRU XVLQJ IRXU ZDYH PL[LQJ  2SW  ([SUHVV       
              %  =ODWNRYLü  0 0  ûXUþLü  , 6  5DGRMLFLü  '  $UVHQRYLü  $ -  .UPSRW  % 0  -HOHQNRYLü 
,Q YLYR IHPWRVHFRQG ODVHU QDQRVXUJHU\ RI WKH FHOO ZDOO HQDEOLQJ SDWFK FODPS PHDVXUHPHQWV RQ 
ILODPHQWRXV IXQJL  0LFURV\VW 1DQRHQJ                KWWSV   GRL RUJ         V                 
5HSXOVLYH SKRWRQV LQ D TXDQWXP QRQOLQHDU PHGLXP   1DWXUH 3K\VLFV                 6  +  &DQWX  $  
9  9HQNDWUDPDQL  :  ;X  /  =KRX  %  -HOHQNRYLü  0  '  /XNLQ௘ DQG 9  9XOHWLü  

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

2Q WKH HIILFLHQF\ RI  ' DWRP ORFDOLVDWLRQ YLD (,7 LQ D GHJHQHUDWH WZR OHYHO DWRPLF V\VWHP  /DVHU 
3K\VLFV /HWWHUV                    -  'LPLWULMHYLü  '  $UVHQRYLü  %  -HOHQNRYLü
6ORZLQJ    QV OLJKW SXOVHV E\ IRXU ZDYH PL[LQJ LQ SRWDVVLXP YDSRU  3K\VLFDO 5HYLHZ $          
        '  $UVHQRYLF  0 0  &XUFLF  7  .KDOLID  %  =ODWNRYLF  =  1LNLWRYLF  ,  6  5DGRMLFLF  $ -  .UPSRW  

Ⱦɢɩɥɨɦɚ
Ɇɟɬɪɨɥɨɝɢʁɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɍɥɨɝɚ ɦɨɥɟɤɭɥɚ ɬɟɧɚɫɰɢɧɚ ɐ ɭ ɫɬɪɭɤɬɭɪɧɨʁ ɩɥɚɫɬɢɱɧɨɫɬɢ 
ɯɢɩɨɤɚɦɩɭɫɚ

$SSOLFDWLRQ RI TXDQWXP DQG QRQOLQHDU SKHQRPHQRQ LQ KRW 
SRWDVVLXP YDSRXU IRU FRQWUROLQJ SURHUWLHV RI ODVHU UDGLDWLRQ

Ʉɜɚɧɬɧɚ ɨɩɬɢɤɚ
Ⱥɬɨɦɫɤɚ ɮɢɡɢɤɚ

ɉɥɚɡɦɚ ɮɢɡɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɇɟɬɪɨɥɨɝɢʁɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ȳɟɥɟɧɤɨɜɢʄ Ȼɪɚɧɢɫɥɚɜ
ɑɥɚɧ ɋȺɇɍ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ⱦɢɧɚɦɢɤɚ ɩɪɨɫɬɢɪɚʃɚ ȿɪɢʁɟɜɢɯ ɫɧɨɩɨɜɚ ɭ 
ɮɨɬɨɪɟɮɪɚɤɬɢɜɧɢɦ ɫɪɟɞɢɧɚɦɚ

)RUPDWLRQ RI GDUN VWDWH SRODULWRQV DQG WZR SRODULWRQ ERXQG 
VWDWHV LQ DUUD\V RI DWWRPV DQG RSWLFDO FDYLWLHV



 
0  

 
0  

 
0  

  
0  

  

  

  

  

  

  

  

  

  

  

    

   

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

(QFKDQFHG LQWHQVLW\ GLIIHUHQFH VTXHH]LQJ ZLWK D ORZ JDLQ     RI  UHVRQDQW )RXU :DYH 0L[LQJ LQ 
SRWDVVLXP YDSRU  2SWLFV &RPPXQLFDWLRQV                      0  ûXUþLü DQG %  -HOHQNRYLü 
2II D[LV KRORJUDSKLF LPDJLQJ ZLWK XQGHWHFWHG OLJKW  2SWLFV ([SUHVV                   -  5  /HyQ 
7RUUHV  )  .UDMLQLü  0  .XPDU  0  *  %DVVHW  )  6HW]SIDQGW  9 )  *LOL  %  -HOHQNRYLü  0  *UlIH

)RXU ZDYH PL[LQJ LQ SRWDVVLXP YDSRU ZLWK DQ RII UHVRQDQW GRXEOH $ V\VWHP  3K\V  5HY  $          
             0 0  ûXUþLü  7  .KDOLID  %  =ODWNRYLü  , 6  5DGRMLFLü  $ -  .UPSRW  '  $UVHQRYLü  % 0  
1RLVH UHGXFWLRQ LQ WZR SKRWRQ ODVHU VFDQQHG PLFURVFRSLF LPDJHV E\ VLQJXODU YDOXH HFRPSRVLWLRQ 
ZLWK FRSXOD WKUHVKROG  6LJQDO 3URFHVVLQJ                     7  6NRULF  '  3DQWHOLF  %  -HOHQNRYLF  

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
Ɇɚɬɟɦɚɬɢɤɚ

      Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ ɭ 
Ȼɟɨɝɪɚɞɭ

Ɇɚɬɟɦɚɬɢɤɚ

      Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ ɭ 
Ȼɟɨɝɪɚɞɭ

Ɇɚɬɟɦɚɬɢɤɚ

      Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ ɭ 
Ȼɟɨɝɪɚɞɭ

Ɇɚɬɟɦɚɬɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɋɚɥɟ ɇɢɤɨɥɢʄ            

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  $ 

 
0  

 
0  $

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ȳɟɲɢʄ ɋɢɧɢɲɚ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ɉɪɢɦɟʃɟɧɚ 
ɦɚɬɟɦɚɬɢɤɚ

Ɇɚɬɟɦɚɬɢɱɤɚ ɚɧɚɥɢɡɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɇɚɬɟɦɚɬɢɱɤɚ ɚɧɚɥɢɡɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɍɟɨɪɢʁɫɤɚ 
ɦɚɬɟɦɚɬɢɤɚ ɢ 

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɋɬɚɜɨɜɢ ɨ ɧɟɩɨɤɪɟɬɧɨʁ ɬɚɱɤɢ ɧɚ ɩɪɨɫɬɨɪɢɦɚ ɫɚ 
ɧɟɞɟɬɟɪɦɢɧɢɫɬɢɱɤɨɦ ɦɟɬɪɢɤɨɦ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

6  -HãLü  1  ûLURYLü  5  1LNROLü  %  5DQÿHORYLü  $ IL[HG SRLQW WKHRUHP LQ VWULFWO\ FRQYH[ E IX]]\ PHWULF 
VSDFHV  $,06 0DWKHPDWLFV  9RO     1R     SS               -XQ        
%  5DQÿHORYLü  1  ûLURYLü  6  -HãLü  $ FKDUDFWHULVDWLRQ RI FRPSOHWHQHVV RI E IX]]\ PHWULF VSDFHV 
DQG QRQOLQHDU FRQWUDFWLRQV  $33/,&$%/( $1$/<6,6 $1' ',6&5(7( 0$7+(0$7,&6  9RO      
5  5DMHQGUD 3   3  $EKLMLW  5  1LNROLü  6  -HãLü  $ FKDUDFWHUL]DWLRQ RI FRPSOHWHQHVV RI 0HQJHU 30 
VSDFHV  -2851$/ 2) ),;(' 32,17 7+(25< $1' $33/,&$7,216  9RO      1R     SS         
-HãLü 6LQLãD 1  1LNROLü 5DOH 0  3DQW 5DMHQGUD 3  &RPPRQ IL[HG SRLQW WKHRUHPV IRU VHOI PDSSLQJV LQ 
0HQJHU 30 VSDFHV ZLWK QRQOLQHDU FRQWUDFWLYH FRQGLWLRQ  -RXUQDO RI IL[HG SRLQW DQG DSSOLFDWLRQV     
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

/  %  ûLULü  6  1  -HãLü  -  6  8PH  7KH H[LVWHQFH WKHRUHPV IRU IL[HG DQG SHULRGLF SRLQWV RI 
QRQH[SDQVLYH PDSSLQJV LQ LQWXLWLRQLVWLF IX]]\ PHWULF VSDFHV  &KDRV  6ROLWRQV DQG )UDFWDOV         
'  'MXUþLü  $  7RUJDãHY  DQG 6  -HãLü  7KH VWURQJ DV\PSWRWLF HTXLYDOHQFH DQG WKH JHQHUDOL]HG 
LQYHUVH  6LEHULDQ 0DWKHPDWLFDO -RXUQDO  9RO      1R                     ,661           

6LQLãD 1  -HãLü  1DWDãD $  ûLURYLü  'RQDO 2¶5HJDQ  $OWHULQJ GLVWDQFHV DQG D FRPPRQ IL[HG SRLQW 
WKHRUHP LQ 0HQJHU SUREDELOLVWLF PHWULF VSDFHV  )LORPDW               SS     ±   
5DOH 0  1LNROLü  6LQLãD 1  -HãLü  1DWDãD $  %DEDþHY  )L[HG SRLQWV WKHRUHPV IRU QRQ VHOI PDSSLQJV 
ZLWK QRQOLQHDU FRQWUDFWLYH FRQGLWLRQV LQ VWULFWO\ FRQYH[ 0HQJHU 30 VSDFHV  )L[HG SRLQW WKHRU\  
6LQLãD 1  -HãLü  5DOH 0  1LNROLü  1DWDãD $  %DEDþHY  $ &RPPRQ )L[HG 3RLQW 7KHRUHP LQ 6WULFWO\ 
&RQYH[ 0HQJHU 30 VSDFHV  )LORPDW 9RO             1R    SS         
;  /LX  6  -HãLü  &RPPRQ IL[HG SRLQWV RI D JHQHUDOL]HG RUGHUHG J TXDVLFRQWUDFWLRQ LQ SDUWLDOO\ 
RUGHUHG PHWULF VSDFHV  )L[HG 3RLQW 7KHRU\ $QG $SSOLFDWLRQV  9RO        1R           SS          
6LQLãD 1  -HãLü  1DWDãD $  %DEDþHY  5DOH 0  1LNROLü  $ &RPPRQ )L[HG 3RLQW 7KHRUHP LQ )X]]\ 
0HWULF 6SDFHV ZLWK 1RQOLQHDU &RQWUDFWLYH 7\SH &RQGLWLRQ 'HILQHG 8VLQJ ĭ )XQFWLRQ  $EVWUDFW $QG 
6LQLãD 1  -HãLü  &RQYH[ VWUXFWXUH  QRUPDO VWUXFWXUH DQG D IL[HG SRLQW WKHRUHP LQ LQWXLWLRQLVWLF IX]]\ 
PHWULF VSDFHV  &+$26 62/,7216   )5$&7$/6  9RO      1R     SS             -XO      
6LQLãD 1  -HãLü  1DWDãD $  %DEDþHY  'RQDO 2¶5HJDQ  5DOH 0  1LNROLü &RPPRQ IL[HG SRLQW WKHRUHPV 
IRU IRXU PDSSLQJV GHILQHG RQ / IX]]\ PHWULF VSDFHV ZLWK QRQOLQHDU FRQWUDFWLYH W\SH FRQGLWLRQ  )L[HG 
6LQLãD 1  -HãLü  1DWDãD $  %DEDþHY  &RPPRQ IL[HG SRLQW WKHRUHPV LQ LQWXLWLRQLVWLF IX]]\ PHWULF 
VSDFHV DQG / IX]]\ PHWULF VSDFHV ZLWK QRQOLQHDU FRQWUDFWLYH FRQGLWLRQ  &+$26 62/,7216   
6  1  -HãLü  '  2¶5HJDQ  1 $ %DEDþHY  $ &RPPRQ )L[HG 3RLQW 7KHRUHP IRU 5 ZHDNO\ FRPPXWLQJ 
PDSSLQJV LQ 3UREDELOLVWLF 6SDFHV ZLWK 1RQOLQHDU &RQWUDFWLYH &RQGLWLRQV  $SSO  0DWK  &RPSXW       
/  %  ûLULü  6  1  -HãLü  0  0  0LORYDQRYLü  -  6  8PH  2Q WKH VWHHSHVW GHVFHQW DSSUR[LPDWLRQ 
PHWKRG IRU WKH ]HURV RI JHQHUDOL]HG DFFUHWLYH RSHUDWRUV  1RQOLQHDU $QDO\VLV  7KHRU\  0HWKRGV DQG 

ûLULü /MXERPLU %  8PH -HRQJ 6KHRN  -HãLü 6LQLãD 1  $UDQGMHORYLü 0LORYDQRYLü 0DULQD 0  0RGLILHG 
,VKLNDZD LWHUDWLRQ SURFHVV IRU QRQOLQHDU /LSVFKLW] JHQHUDOL]HG VWURQJO\ SVHXGR FRQWUDFWLYH RSHUDWRUV 

/  %  ûLULü  -  6  8PH  6  1  -HãLü  2Q UDQGRP FRLQFLGHQFH DQG IL[HG SRLQWV IRU D SDLU RI PXOWL YDOXHG 
DQG VLQJOH YDOXHG PDSSLQJV  -RXU  ,QHT  $SSO          GRL        -,$                SDJHV  ,661  

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɇɢɤɨɥɚ Ʉɧɟɠɟɜɢʄ          

 
Ɏɢɥɢɩ Ȼɟɱɚɧɨɜɢʄ          

 
Ɂɚɜɢɲɚ Ƚɨɪɞɢʄ          

 
ɇɨɜɚɤ Ɂɚɝɪɚɻɚɧɢɧ           

 
ȼɥɚɞɢɦɢɪ ɉɟɬɪɨɜɢʄ           

 
Ȼɪɚɧɤɨ Ʌɭɤɢʄ          

 
Ɇɚʁɚ Ɍɪɭɦɢʄ          

 
Ɇɚɪɢʁɚ Ɍɨɦɢʄ          

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  ɚ 

 
0  D

 
0  D

 
0  

0  7UXPLü  Ʉ  ȳɨɜɚɧɨɜɢʄ  $  )DJLROLQL  'HFRXSOHG QRQOLQHDU DGDSWLYH FRQWURO RI SRVLWLRQ DQG 
VWLIIQHVV IRU SQHXPDWLF VRIW URERWV  ,17(51$7,21$/ -2851$/ 2) 52%27,&6 5(6($5&+  9RO  
.  -RYDQRYLü  HW DO   'LJLWDO ,QQRYDWLRQ +XEV LQ +HDOWKFDUH 5RERWLFV )LJKWLQJ &29,'    DFURVV 
(XURSH  ,((( 52%27,&6   $8720$7,21 0$*$=,1(  9RO      1R     SS                

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

$  9XNLüHYLü  Ɇ  ɉɟɬɪɨɜɢʄ  3  0LORãHYLü  $  3HXOLF  .  -RYDQRYLü  $  1RYDNRYLF  $ V\VWHPDWLF 
UHYLHZ RI FRPSXWHU YLVLRQ EDVHG SHUVRQDO SURWHFWLYH HTXLSPHQW FRPSOLDQFH LQ LQGXVWU\ SUDFWLFH  
ɇ  Ʉɧɟɠɟɜɢʄ  Ⱥ  ɋɚɜɢʄ  Ɂ  Ƚɨɪɞɢʄ  $  $MRXGDQL  .  -RYDQRYLü  7RZDUG ,QGXVWU\      $ 
1HXURHUJRQRPLF :RUNVWDWLRQ IRU D +XPDQ &HQWHUHG  &ROODERUDWLYH 5RERW 6XSSRUWHG 0DQXDO 

Ⱦɟɬɟɤɰɢʁɚ ɫɢɥɚ ɢɧɬɟɪɚɤɰɢʁɟ ɭ ɢɧɞɭɫɬɪɢʁɫɤɨʁ ɪɨɛɨɬɢɰɢ

ɉɥɚɧɢɪɚʃɟ ɩɭɬɚʃɟ ɪɨɛɨɬɚ ɛɚɡɢɪɚɧɨ ɧɚ '  /LWH ɚɥɝɨɪɢɬɦɭ ɢ 
ɚɭɬɨɧɨɦɧɨʁ ɩɪɟɬɪɚɡɢ ɨɤɪɭɠɟʃɚ

ɉɪɢɦɟɧɚ ɜɢɪɬɭɟɥɧɢɯ ɫɜɟɬɨɜɚ ɭ ɢɫɬɪɚɠɢɜɚʃɭ ɬɟɨɪɢʁɟ 
ɚɝɟɧɚɬɚ ɢ ɢɧɠɟʃɟɪɫɤɨɦ ɨɛɪɚɡɨɜɚʃɭ

ɋɢɦɭɥɬɚɧɨ ɭɩɪɚɜʂɚʃɟ ɩɨɡɢɰɢʁɨɦ ɢ ɤɪɭɬɨɲʄɭ ɪɨɛɨɬɚ 
ɩɨɝɨʃɟɧɨɝ ɚɤɬɭɚɬɨɪɢɦɚ ɩɪɨɦɟɧʂɢɜɟ ɤɪɭɬɨɫɬɢ

ȿɫɬɢɦɚɰɢʁɚ ɤɪɭɬɨɫɬɢ ɢ ɚɞɚɩɬɢɜɧɨ ɭɩɪɚɜʂɚʃɟ ɤɨɞ
ɩɨɩɭɫɬʂɢɜɢɯ ɪɨɛɨɬɚ

Ⱦɜɨɪɭɱɧɚ ɪɨɛɨɬɫɤɚ ɦɚɧɢɩɭɥɚɰɢʁɚ ɢɧɫɩɢɪɢɫɚɧɚ ʂɭɞɫɤɢɦ 
ɜɟɲɬɢɧɚɦɚ

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɍɩɪɚɜʂɚʃɟ ɪɨɛɨɬɚ ɭ ɮɢɡɢɱɤɨʁ ɢɧɬɟɪɚɤɰɢʁɢ ɫɚ ɨɤɨɥɢɧɨɦ ɢ 
ɫɚɪɚɞʃɢ ɫɚ ɱɨɜɟɤɨɦ ɡɚɫɧɨɜɚɧɨ ɧɚ ɬɟɯɧɢɤɚɦɚ ɭɱɟʃɚ ɢ 
ɨɩɬɢɦɢɡɚɰɢʁɟ
Ɉɬɤɪɢɜɚʃɟ ɨɩɬɢɦɚɥɧɢɯ ɫɬɪɚɬɟɝɢʁɚ ɭ ʂɭɞɫɤɨɦ ɤɪɟɬɚʃɭ 
ɩɭɬɟɦ ɢɧɜɟɪɡɧɨɝ ɨɩɬɢɦɚɥɧɨɝ ɭɩɪɚɜʂɚʃɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ȳɨɜɚɧɨɜɢʄ Ʉɨɫɬɚ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ⱥɭɬɨɦɚɬɢɤɚ
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      6FRSXV 

  
ɍɫɚɜɪɲɚɜɚʃɚ

ɂɫɬɪɚɠɢɜɚɱɤɢ ɛɨɪɚɜɚɤ ɭ ȾɅɊ ɂɧɫɬɢɬɭɬɭ ɡɚ ɪɨɛɨɬɢɤɭ ɢ ɦɟɯɚɬɪɨɧɢɤɭ  Ɉɛɟɪɮɚɮɟɧɯɨɮɟɧ  ɇɟɦɚɱɤɚ          ɦɟɫɟɰɢ 
ɂɫɬɪɚɠɢɜɚɱɤɢ ɛɨɪɚɜɚɤ ɧɚ Ɍɟɯɧɢɱɤɨɦ ɭɧɢɜɟɪɡɢɬɟɬɭ ɭ Ɇɢɧɯɟɧɭ   Ɉɞɫɟɤ ɡɚ ɟɦɛɟɞɟɞ ɫɢɫɬɟɦɟ ɢ ɪɨɛɨɬɢɤɭ  Ɇɢɧɯɟɧ  
ɇɟɦɚɱɤɚ          ɦɟɫɟɰɚ 
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

 

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

1  .QH]HYLF  %  /XNLF  7  3HWULF  .  -RYDQRYLF  ³$ *HRPHWULF $SSURDFK WR 7DVN 6SHFLILF &DUWHVLDQ 
6WLIIQHVV 6KDSLQJ´  -RXUQDO RI ,QWHOOLJHQW   5RERWLF 6\VWHPV  6SULQJHU        
$  9XNLFHYLF  0  3HWURYLF  1  .QH]HYLF DQG .  -RYDQRYLF   'HHS OHDUQLQJ EDVHG UHFRJQLWLRQ RI 
XQVDIH DFWV LQ PDQXIDFWXULQJ LQGXVWU\   ,((( $FFHVV       

$  9XNLFHYLF  0  3HWURYLF  1  -XULVHYLF  0  'MDSDQ  1  .QH]HYLF  $  1RYDNRYLF  .  -RYDQRYLF    
³9HUVDWLOH ZDVWH VRUWLQJ LQ VPDOO EDWFK DQG IOH[LEOH PDQXIDFWXULQJ LQGXVWULHV XVLQJ GHHS OHDUQLQJ 
6  3HGRQH  Ɇ  Ɍɪɭɦɢʄ  .  -RYDQRYLü  $  )DJLROLQL  5REXVW DQG 'HFRXSOHG 3RVLWLRQ DQG 6WLIIQHVV 
&RQWURO IRU (OHFWULFDOO\ 'ULYHQ $UWLFXODWHG 6RIW 5RERWV  ,((( 5RERWLFV DQG $XWRPDWLRQ /HWWHUV  9RO  
)  %HþDQRYLü  9  %RQQHW  5  'XPDV  .  -RYDQRYLF DQG 6  0RKDPPHG   )RUFH 6KDULQJ 3UREOHP 
'XULQJ *DLW 8VLQJ ,QYHUVH 2SWLPDO &RQWURO   ,((( 5RERWLFV DQG $XWRPDWLRQ /HWWHUV   5$ /        
0  7UXPLF  &  'HOOD 6DQWLQD  .  -RYDQRYLF  $  )DJLROLQL  ³2Q WKH VWDELOLW\ RI WKH VRIW SHQGXOXP ZLWK 
DIILQH FXUYDWXUH  RSHQ ORRS  FROORFDWHG FORVHG ORRS  DQG VZLWFKLQJ FRQWURO´  ,((( &RQWURO 6\VWHPV 
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Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ
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ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

/HNLü  $   +HUPDQV  %   -RYLþLü  1  DQG 3DWULQRV  3         0LFURVHFRQG QRQOLQHDU PRGHO SUHGLFWLYH 
FRQWURO IRU '& '& FRQYHUWHUV  ,QWHUQDWLRQDO -RXUQDO RI &LUFXLW 7KHRU\ DQG $SSOLFDWLRQV         
SS        

-  .RFLü  1  -RYLþLü  ȼ  Ⱦɪɧɞɚɪɟɜɢʄ  $Q (QG WR (QG 'HHS 1HXUDO 1HWZRUN IRU $XWRQRPRXV 'ULYLQJ 
'HVLJQHG IRU (PEHGGHG $XWRPRWLYH 3ODWIRUPV  6(16256  9RO      1R     SS                    
GRL         V        

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ⱥɭɬɨɧɨɦɧɨ ɨɞɪɠɚʃɟ ɜɨɡɢɥɚ ɭ ɤɨɥɨɜɨɡɧɨʁ ɬɪɚɰɢ ɚɧɚɥɢɡɨɦ 
ɢɧɮɨɪɦɚɰɢʁɚ ɫɚ ɜɢɡɭɟɥɧɢɯ ɫɟɧɡɨɪɚ ɤɨɪɢɲʄɟʃɟɦ ɧɟɭɪɚɥɧɟ 
ɦɪɟɠɟ

ȿɥɟɤɬɪɨɧɢɤɚ

ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ȳɨɜɢɱɢʄ ɇɟɧɚɞ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

1  -RYLþLü  9  5DMRYLü  $ IORDWLQJ OLQHDU YROWDJH UHJXODWRU IRU SRZHULQJ ODUJH VFDOH GLIIHUHQWLDO 
FRPPXQLFDWLRQ QHWZRUNV  ,((( $FFHVV     SS                    GRL  
        $&&(66               

0  'MXULü -RYLþLü  1  -RYLþLü  6  5DGRYDQRYLü  0  -HþPHQLFD /XNLü  0  %HOLü  0  3RSRYLü  9  .RVWLü  
)LQJHU DQG IRRW WDSSLQJ VHQVRU V\VWHP IRU REMHFWLYH PRWRU DVVHVVPHQW  9RMQRVDQLWHWVNL SUHJOHG  
                    GRL          963         ' 
'MXULü -RYLþLü  0   -RYLþLü  1 6   5RE\ %UDPL  $   3RSRYLü  0 %   .RVWLü  9 6  DQG 'MRUGMHYLü  $ 5   
      4XDQWLILFDWLRQ RI )LQJHU 7DSSLQJ $QJOH %DVHG RQ :HDUDEOH 6HQVRUV  6HQVRUV         S      
      GRL          V          

0DQHVNL  /  3   7RSDORYLü  ,   -RYLþLü  1   'HGLMHU  6   .RQVWDQWLQRYLü  /     3RSRYLü  '  %   
6WLPXODWLRQ PDS IRU FRQWURO RI IXQFWLRQDO JUDVS EDVHG RQ PXOWL FKDQQHO (0* UHFRUGLQJV  0HGLFDO 
(QJLQHHULQJ   3K\VLFV                           GRL          M PHGHQJSK\              

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
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Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

$  9XNLüHYLü  Ɇ  ɉɟɬɪɨɜɢʄ  1  -XULãHYLü  0  ĈDSDQ  ɇ  Ʉɧɟɠɟɜɢʄ  $  1RYDNRYLü  .  -RYDQRYLü  
9HUVDWLOH ZDVWH VRUWLQJ LQ VPDOO EDWFK DQG IOH[LEOH PDQXIDFWXULQJ LQGXVWULHV XVLQJ GHHS OHDUQLQJ 
WHFKQLTXHV  6FLHQWLILF 5HSRUWV  9RO          

ɇ  Ʉɧɟɠɟɜɢʄ  Ⱥ  ɋɚɜɢʄ  Ɂ  Ƚɨɪɞɢʄ  $  $MRXGDQL  .  -RYDQRYLü  7RZDUG ,QGXVWU\      $ 
1HXURHUJRQRPLF :RUNVWDWLRQ IRU D +XPDQ &HQWHUHG  &ROODERUDWLYH 5RERW 6XSSRUWHG 0DQXDO 
$VVHPEO\ 3URFHVV  ,((( 52%27,&6   $8720$7,21 0$*$=,1(  1RY       

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ʉɧɟɠɟɜɢʄ ɇɢɤɨɥɚ
Ɂɜɚʃɟ Ⱦɨɰɟɧɬ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ⱥɭɬɨɦɚɬɢɤɚ
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

$  9XNLüHYLü  Ɇ  ɉɟɬɪɨɜɢʄ  1  -XULãHYLü  0  ĈDSDQ  ɇ  Ʉɧɟɠɟɜɢʄ  $  1RYDNRYLü  .  -RYDQRYLü  
9HUVDWLOH ZDVWH VRUWLQJ LQ VPDOO EDWFK DQG IOH[LEOH PDQXIDFWXULQJ LQGXVWULHV XVLQJ GHHS OHDUQLQJ 
WHFKQLTXHV  6FLHQWLILF 5HSRUWV  9RO          
$  9XNLüHYLü  Ɇ  ɉɟɬɪɨɜɢʄ  1  .QHåHYLü  Ʉ  ȳɨɜɚɧɨɜɢʄ  'HHS /HDUQLQJ %DVHG 5HFRJQLWLRQ RI 
8QVDIH $FWV LQ 0DQXIDFWXULQJ ,QGXVWU\  ,((( $&&(66  9RO      SS                   6HS       
GRL         $&&(66             

1  .QHåHYLü  Ȼ  Ʌɭɤɢʄ  7  3HWULþ  Ʉ  ȳɨɜɚɧɨɜɢʄ  $ *HRPHWULF $SSURDFK WR 7DVN 6SHFLILF &DUWHVLDQ 
6WLIIQHVV 6KDSLQJ  -2851$/ 2) ,17(//,*(17   52%27,& 6<67(06  9RO       -DQ      

1  .QHåHYLü  Ɇ  ɉɟɬɪɨɜɢʄ  Ʉ  ȳɨɜɚɧɨɜɢʄ  &DUWHVLDQ 6WLIIQHVV 6KDSLQJ RI &RPSOLDQW 
5RERWV²,QFUHPHQWDO /HDUQLQJ DQG 2SWLPL]DWLRQ %DVHG RQ 6HTXHQWLDO 4XDGUDWLF 3URJUDPPLQJ  
$FWXDWRUV  9RO      1R     -DQ      



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ 
0ɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ 
0ɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɇɚɬɟɦɚɬɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  D$  $OD]HPL  0  $QÿHOLü  7  .ROHGLQ  =  6WDQLü  &KDLQ JUDSKV ZLWK VLPSOH  /DSODFLDQ HLJHQYDOXHV DQG 

WKHLU /DSODFLDQ G\QDPLFV  &RPSXWDWLRQDO DQG $SSOLHG 0DWKHPDWLFV  9RO      1R         

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  $QÿHOLü  7  .ROHGLQ  =  6WDQLü  ,QHTXDOLWLHV IRU /DSODFLDQ HLJHQYDOXHV RI VLJQHG  JUDSKV ZLWK JLYHQ 
IUXVWUDWLRQ QXPEHU  6\PPHWU\  9RO      1R          
0  $QÿHOLü  7  .ROHGLQ  =  6WDQLü  1RWHV RQ +DPLOWRQLDQ WKUHVKROG DQG FKDLQ  JUDSKV  $,06 
0DWKHPDWLFV  9RO     1R     SS                   

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɉɪɢɦɟʃɟɧɚ 
ɦɚɬɟɦɚɬɢɤɚ
Ɍɟɨɪɢʁɚ ɝɪɚɮɨɜɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɍɟɨɪɢʁɚ ɝɪɚɮɨɜɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ʉɨɥɟɞɢɧ Ɍɚɦɚɪɚ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

0  $QÿHOLü  &  GD )RQVHFD  7  .ROHGLQ  =  6WDQLü  $Q H[WHQGHG HLJHQYDOXH IUHH  LQWHUYDO IRU WKH 
HFFHQWULFLW\ PDWUL[ RI WKUHVKROG JUDSKV  -RXUQDO RI $SSOLHG 0DWKHPDWLFV DQG &RPSXWLQJ  9RO      
1R     SS                 
$  $OD]HPL  0  $QÿHOLü  7  .ROHGLQ  =  6WDQLü  (LJHQYDOXH IUHH LQWHUYDOV RI  GLVWDQFH PDWULFHV RI 
WKUHVKROG DQG FKDLQ JUDSKV  /,1($5   08/7,/,1($5 $/*(%5$  9RO      1R      SS               
    

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱥɥɟɤɫɚɧɞɪɚ Ʉɪɧɟɬɚ          

 
ɇɢɤɨɥɚ Ȼɚɫɬɚ          

 
Ȼɪɚɧɤɨ Ɇɪɞɚɤɨɜɢʄ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  D

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

=  6WDQNRYLü  '  2OüDQ  1  'RQþRY  Ȼ  Ʉɨɥɭɧʇɢʁɚ  0XOWL (SRFK 0LQL %DWFK /HYHQEHUJ 0DUTXDUGW 
0HWKRG IRU (IIHFWLYH $QWHQQD 'HVLJQ EDVHG RQ &RQVHQVXV '11  ,((( $17(11$6 $1' 
:,5(/(66 3523$*$7,21 /(77(56  6HS       GRL         /$:3             

=  6WDQNRYLü  '  2OüDQ  1  'RQþRY  %  .ROXQGåLMD  &RQVHQVXV 'HHS 1HXUDO 1HWZRUNV IRU $QWHQQD 
'HVLJQ DQG 2SWLPL]DWLRQ  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO      
1R     SS               -XO       GRL         7$3             

Ⱥɥɝɨɪɢɬɦɢ ɡɚ ɩɨɜɪɲɢɧɫɤɭ ɫɟɝɦɟɧɬɚɰɢʁɭ ɨɩɬɢɦɢɡɨɜɚɧɢ ɡɚ 
ɟɮɢɤɚɫɧɭ ɟɥɟɤɬɪɨɦɚɝɧɟɬɫɤɭ ɚɧɚɥɢɡɭ

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɏɭɧɤɰɢʁɟ ɛɚɡɢɫɚ ɭɥɬɪɚ ɜɢɫɨɤɨɝ ɪɟɞɚ ɢ ɫɢɧɝɭɥɚɪɧɟ ɮɭɧɤɰɢʁɟ 
ɛɚɡɢɫɚ ɭ ɚɧɚɥɢɡɢ ɚɤɫɢʁɚɥɧɨ ɫɢɦɟɬɪɢɱɧɢɯ ɦɟɬɚɥɧɢɯ 
ɫɬɪɭɤɬɭɪɚ
ȿɮɢɤɚɫɧɨ ɪɚɱɭɧɚʃɟ Ɂɨɦɟɪɮɟɥɞɨɜɢɯ ɢɧɬɟɝɪɚɥɚ ɭ ɫɥɭɱɚʁɭ 
ɟɥɟɤɬɪɢɱɤɢ ɜɟɥɢɤɢɯ ɫɬɪɭɤɬɭɪɚ ɭ ɛɥɢɡɢɧɢ ɪɚɡɞɜɨʁɧɟ ɩɨɜɪɲɢ 
ɞɜɟ ɫɪɟɞɢɧɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɟ ɢ 
ɦɢɤɪɨɬɚɥɚɫɢ

Ⱦɨɤɬɨɪɚɬ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ʉɨɥɭɧʇɢʁɚ Ȼɪɚɧɤɨ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  ɚɧɬɟɧɟ ɢ ɦɢɤɪɨɬɚɥɚɫɢ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
/LIH )HOORZ ,(((

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

$  -  .UQHWD  %  0  .ROXQG]LMD  8VLQJ 8OWUD +LJK ([SDQVLRQ 2UGHUV RI 0D[ 2UWKR %DVLV )XQFWLRQV IRU 
$QDO\VLV RI $[LDOO\ 6\PPHWULF 0HWDOOLF $QWHQQDV  ,((( 75$16$&7,216 21 $17(11$6 $1' 
3523$*$7,21  9RO      1R     SS               0D\       GRL         7$3             

0  7DVLü  Ȼ  Ʉɨɥɭɧʇɢʁɚ  0HWKRG RI 0RPHQW :HLJKWHG 'RPDLQ 'HFRPSRVLWLRQ 0HWKRG IRU 6FDWWHULQJ 
)URP /DUJH 3ODWIRUPV  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO      1R  
   SS                    GRL         7$3             

7  6LQJK  %  1LQNRYLF  0  7DVLF  0  1LNROLF 6WHYDQRYLF  %  .ROXQG]LMD  ³ ' (0 0RGHOLQJ RI 0HGLFDO 
0LFURZDYH ,PDJLQJ 6FHQDULRV ZLWK &RQWUROODEOH $FFXUDF\´  ,((( 7UDQVDFWLRQV RQ $QWHQQDV DQG 
3URSDJDWLRQ  SS       6HS        ,)             
7  6LQJK  '  1LQNRYLF  %  .ROXQG]LMD  0  1LNROLF 6WHYDQRYLF  ³6PRRWK 3RO\QRPLDO $SSURDFK IRU 
0LFURZDYH ,PDJLQJ LQ 6SDUVH 3URFHVVLQJ )UDPHZRUN´  ,((( $FFHVV  SS       2FW        ,)        
     

+  ;  =KDQJ  /  +XDQJ  :  -  :DQJ  =  *  =KDR  /  =KRX  :  &KHQ  +  =KRX  4  =KDQ  %  
.ROXQG]LMD  : <  <LQ ³0DVVLYHO\ SDUDOOHO HOHFWURPDJQHWLF±WKHUPDO FRVLPXODWLRQ RI ODUJH DQWHQQD 
DUUD\V´  ,((( $QWHQQDV DQG :LUHOHVV 3URSDJDWLRQ /HWWHUV  9RO      1R     SS             -XO\ 
      ,)             

6  9  6DYLü  0  0  ,OLü  %  0  .ROXQG]LMD  ³0D[LPDOO\ RUWKRJRQDOL]HG KLJKHU RUGHU EDVLV IXQFWLRQV LQ 
ODUJH GRPDLQ ILQLWH HOHPHQW PRGHOLQJ LQ HOHFWURPDJQHWLFV  ,((( 7UDQVDFWLRQV RQ $QWHQQDV DQG 
3URSDJDWLRQ  9RO      1R     SS               )HE        ,)             

1  %DVWD  %  .ROXQG]LMD  ³(IILFLHQW HYDOXDWLRQ RI WKH ILQLWH SDUW RI SROH IUHH 6RPPHUIHOG LQWHJUDOV LQ 
KDOI VSDFH SUREOHPV ZLWK SUHGHILQHG DFFXUDF\´  ,((( 7UDQVDFWLRQV RQ $QWHQQDV DQG 3URSDJDWLRQ  
9RO      1R     SS             0D\       ,)             

- *  3HURYLü  ' ,  2OüDQ  % 0  .ROXQGåLMD  $ 5  'MRUGMHYLü   $ 6LQJXODULW\ &DQFHOODWLRQ 
7UDQVIRUPDWLRQ IRU (QWLUH 'RPDLQ $QDO\VLV RI   ' 6WUXFWXUHV ZLWK +LJK 3UHFLVLRQ ,QWHJUDWLRQ   ,((( 
7UDQVDFWLRQV RQ $QWHQQDV DQG 3URSDJDWLRQ  SS             -DQ        ,)             



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɢɥɢɰɚ ɉɨɩɨɜɢʄ 
ɋɚɤɨɜɢʄ

         

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

 

0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ʉɨɩɪɢɜɢɰɚ Ɇɥɚɞɟɧ
Ⱦɨɰɟɧɬ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɉɞɪɟɻɢɜɚʃɟ ɭɬɢɰɚʁɚ ɚɪɯɢɬɟɤɬɭɪɟ ɦɨɛɢɥɧɟ ɦɪɟɠɟ ɧɚ ɭɤɭɩɧɭ 
ɢɡɥɨɠɟɧɨɫɬ ɫɬɚɧɨɜɧɢɲɬɜɚ ɟɥɟɤɬɪɨɦɚɝɧɟɬɫɤɨɦ ɩɨʂɭ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  3RSRYLü 6DNRYLü  0  .RSULYLFD  -  0LOLQNRYLü  Ⱥ  ɇɟɲɤɨɜɢʄ  &RPSDULVRQ RI $YHUDJH 7RWDO (0) 
([SRVXUH IRU 0LFURFHOO 0DFURFHOO 7RSRORJLHV 8VLQJ 1RYHO 0HWKRGRORJ\ %DVHG RQ 2SHUDWLRQDO 
1HWZRUN 0HDVXUHPHQWV  ,((( $&&(66  9RO     SS                   $XJ       
GRL         $&&(66             

0  .RSULYLFD  0  3HWULü  1  1HãNRYLü  $  1HãNRYLü  6WDWLVWLFDO $QDO\VLV RI (OHFWURPDJQHWLF 5DGLDWLRQ 
0HDVXUHPHQWV LQ WKH 9LFLQLW\ RI ,QGRRU 0LFURFHOO *60 8076 %DVH 6WDWLRQV LQ 6HUELD  
%,2(/(&7520$*1(7,&6  9RO      1R     SS           -DQ       GRL         EHP      
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɉɨɫɟɞɭʁɟ ɫɥɟɞɟʄɟ ɢɧɞɭɫɬɪɢʁɫɤɟ ɫɟɪɬɢɮɢɤɚɬɟ 

6HQLRU PHPEHU ,((( ɭɞɪɭɠɟʃɚ ɢ ɩɪɟɞɫɟɞɧɢɤ ,((( ɫɟɤɰɢʁɟ ɋɪɛɢʁɚ ɢ ɐɪɧɚ Ƚɨɪɚ 

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

<  +XDQJ  1  9DUVLHU  6  1LNãLü  (  .RFDQ  0  3HMDQRYLF 'MXULVLF  0  3RSRYLü  0  .RSULYLFD  $  
1HãNRYLü  -  0LOLQNRYLü  $  *DWL  &  3HUVRQ  -  :LDUW  &RPSDULVRQ RI DYHUDJH JOREDO H[SRVXUH RI 
SRSXODWLRQ LQGXFHG E\ D PDFUR  * QHWZRUN LQ GLIIHUHQW JHRJUDSKLFDO DUHDV LQ )UDQFH DQG 6HUELD  
%,2(/(&7520$*1(7,&6  9RO      1R     SS             6HS       GRL         EHP      

0  3RSRYLü  0  .RSULYLFD  -  0LOLQNRYLü  Ⱥ  ɇɟɲɤɨɜɢʄ  ([SHULPHQWDO DQDO\VLV RI LQGLYLGXDO (0) 
H[SRVXUH IRU *60 8076 :/$1 XVHU GHYLFHV  $11$/(6 '(6 7(/(&20081,&$7,216 
$11$/6 2) 7(/(&20081,&$7,216  9RO      1R       SS           )HE       
GRL         V                

0  .RSULYLFD  9  6ODYNRYLü  1  1HãNRYLü  $  1HãNRYLü  67$7,67,&$/ $1$/<6,6 2) 
(/(&7520$*1(7,& 5$',$7,21 0($685(0(176 ,1 7+( 9,&,1,7< 2) *60 8076 %$6( 
67$7,21 ,167$//(' 21 %8,/',1*6 ,1 6(5%,$  5$',$7,21 3527(&7,21 '26,0(75<  9RO  
     1R     SS             0DU       GRL         USG QFY   

ɑɥɚɧ Ⱦɪɭɲɬɜɚ ɡɚ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ  ɧɚɞɡɨɪɧɨɝ ɨɞɛɨɪɚ Ⱦɪɭɲɬɜɚ ɡɚ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ  ɉɪɟɞɫɟɞɧɢɤ ɨɪɝɚɧɢɡɚɰɢɨɧɨɝ 
ɇɨɫɢɥɚɰ ɥɢɰɟɧɰɟ ɨɞɝɨɜɨɪɧɨɝ ɩɪɨʁɟɤɬɚɧɬɚ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢɨɧɢɯ ɦɪɟɠɚ ɢ ɫɢɫɬɟɦɚ     '       
ɑɥɚɧ ɂɧɠɟʃɟɪɫɤɟ ɤɨɦɨɪɟ ɋɪɛɢʁɟ ɢ ɉɪɟɞɫɟɞɧɢɤ Ʉɨɦɢɫɢʁɟ ɡɚ ɩɨɥɚɝɚʃɟ ɫɬɪɭɱɧɨɝ ɢɫɩɢɬɚ ɢ ɢɡɞɚɜɚʃɟ ɥɢɰɟɧɰɢ ɡɚ ɭɠɭ 

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɟ ɧɚɭɤɟ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɟ ɧɚɭɤɟ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

(ɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɂɜɨɧɤɨ Ɋɚɞɨɫɚɜʂɟɜɢʄ          

 
Ɂɨɪɚɧ ȭɨɪɻɟɜɢʄ          

 
Ƚɨɪɚɧȭɭɤɢʄ          

 
ɂɜɚɧ ɋɬɨʁɤɨɜɢʄ          

 
ȼɥɚɞɢɦɢɪ ɉɟɬɪɨɜɢʄ          

 

$EGDOJDOLO $OVDJLU 
0RKDPHG $EGXOOD

         

 
Ɇɢɥɨɲ ɉɚɜɥɨɜɢʄ          

 
ɋɚɪɚ ɑɭɛɪɢɥɨɜɢʄ     

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

.X]PDQRYLü  =   ýXEULORYLü  6   3XQW  0   9XþLü  '   .RYDþHYLü  %   &KDUDFWHUL]DWLRQ RI 2)'0 
%DVHG 6HFXUH 'DWD 7UDQVPLVVLRQ 2YHU 9RLFH &KDQQHOV         ,((( 6LJQDO 3URFHVVLQJ /HWWHUV  
    SS               '2,          /63             

Ɋɨɛɭɫɧɚ ɨɛɪɚɞɚ ɫɢɝɧɚɥɚ ɭ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢɦ ɫɢɫɬɟɦɢɦɚ

ɉɪɢɦɟɧɚ ɮɭɧɤɰɢɨɧɚɥɧɢɯ ɧɨɪɦɢ ɡɚ ɪɟɝɭɥɚɪɢɡɚɰɢʁɭ 
ɪɚɧɝɢɪɚʃɚ ɧɚɞ ɬɟɦɩɨɪɚɥɧɢɦ ɩɨɞɚɰɢɦɚ

ɉɪɢɦɟɧɚ ɜɢɪɬɭɟɥɧɢɯ ɫɜɟɬɨɜɚ ɭ ɢɫɬɪɚɠɢɜɚʃɭ ɬɟɨɪɢʁɟ 
ɚɝɟɧɚɬɚ ɢ ɢɧɠɟʃɟɪɫɤɨɦ ɨɛɪɚɡɨɜɚʃɭ

Ⱥɥɝɨɪɢɬɚɦ ɩɪɚʄɟʃɚ ɩɨɤɪɟɬɧɢɯ ɨɛʁɟɤɚɬɚ ɭ ɫɟɤɜɟɧɰɢ ɫɥɢɤɚ 
ɩɪɢɦɟɧɨɦ ɱɟɫɬɢɱɧɨɝ ɮɢɥɬɪɚ

ɉɪɚʄɟʃɟ ɩɨɤɪɟɬɧɢɯ ɨɛʁɟɤɚɬɚ ɭ ɫɟɤɜɟɧɰɢ ɤɪɚɬɤɨɬɚɥɚɫɧɢɯ 
ɢɧɮɪɚɰɪɜɟɧɢɯ ɫɥɢɤɚ ɤɨɪɟɥɚɰɢɨɧɢɦ ɦɟɬɨɞɚɦɚ ɢ ɬɟɯɧɢɤɚɦɚ 
ɪɨɛɭɫɧɟ Ʉɚɥɦɚɧɨɜɟ ɮɢɥɬɪɚɰɢʁɟ
ɍɧɚɩɪɟɻɟʃɟ ɦɟɬɨɞɟ ɫɢɝɭɪɧɨɝ ɩɪɟɧɨɫɚ ɩɨɞɚɬɚɤɚ ɭ ɪɟɚɥɧɨɦ 
ɜɪɟɦɟɧɭ ɩɪɟɤɨ ɝɨɜɨɪɧɢɯ ɤɚɧɚɥɚ ɫɚ ɝɭɛɢɰɢɦɚ

Ⱦɢɩɥɨɦɚ
Ⱥɭɬɨɦɚɬɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɉɪɢɞɪɭɠɢɜɚʃɟ ɩɨɞɚɬɚɤɚ ɋɢɧɝɟɪɨɜɢɦ ɦɟɦɨɪɢʁɫɤɢɦ 
ɮɢɥɬɪɨɦ ɡɚ ɩɪɚʄɟʃɟ ɩɨɤɪɟɬɧɢɯ ɰɢʂɟɜɚ ɭ ɝɭɫɬɨɦ ɤɥɚɬɟɪɭ

Ɇɟɬɨɞ ɞɟɬɟɤɰɢʁɟ ɨɛʁɟɤɚɬɚ ɫɚ ɦɚɥɨɦ ɪɟɮɥɟɤɫɢʁɨɦ ɢ ɜɟɥɢɤɨɦ 
ɮɥɭɤɬɭɚɰɢʁɨɦ ɧɚ ɪɚɞɚɪɫɤɨʁ ɫɥɢɰɢ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ⱥɭɬɨɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ .Rɜɚɱɟɜɢʄ Ȼɪɚɧɤɨ

Ɂɜɚʃɟ ɉɪɨɮɟɫɨɪ ɟɦɟɪɢɬɭɫ

ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ⱥɭɬɨɦɚɬɢɤɚ
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     6FRSXV 

  
ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɉɪɨɮɟɫɨɪ ɟɦɟɪɢɬɭɫ
Ɋɟɤɬɨɪ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ȼɟɨɝɪɚɞɭ           

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

%DQMDF  =   .RYDþHYLü  %   5REXVWLILHG .DOPDQ )LOWHULQJ 8VLQJ %RWK '\QDPLF 6WRFKDVWLF 
$SSUR[LPDWLRQ DQG 0 5REXVW 3HUIRUPDQFH ,QGH[         7HKQLFNL 9MHVQLN          SS      ±      
'2,           79               

0LODQRYLü  3 '   3RSDGLü  , 9   .RYDþHYLü  %   *\URVFRSH EDVHG YLGHR VWDELOL]DWLRQ IRU HOHFWUR 
RSWLFDO ORQJ UDQJH VXUYHLOODQFH V\VWHPV         6HQVRUV           DUW  QR        '2,  
        V         

$EGXOOD  $ $   *UDRYDF  6   3DSLFҒ   9   .RYDþHYLü  %   7ULSOH IHDWXUH EDVHG 3DUWLFOH )LOWHU $OJRULWKP 
8VHG LQ 9HKLFOH 7UDFNLQJ $SSOLFDWLRQV         $GYDQFHV LQ (OHFWULFDO DQG &RPSXWHU (QJLQHHULQJ  
        SS    ±     '2,          $(&(           

0DUMDQRYLü  $   .UVWLF  0   'MXURYLF  =   .RYDþHYLü  %   &RQWURO RI 7KHUPDO 3RZHU 3ODQW &RPEXVWLRQ 
'LVWULEXWLRQ 8VLQJ ([WUHPXP 6HHNLQJ         ,((( 7UDQVDFWLRQV RQ &RQWURO 6\VWHPV 7HFKQRORJ\  
        DUW  QR           SS       ±       '2,          7&67             

.RYDþHYLü  %   %DQMDF  =   .RYDþHYLü  , .   5REXVW DGDSWLYH ILOWHULQJ XVLQJ UHFXUVLYH ZHLJKWHG OHDVW 
VTXDUHV ZLWK FRPELQHG VFDOH DQG YDULDEOH IRUJHWWLQJ IDFWRUV         (XUDVLS -RXUQDO RQ $GYDQFHV 
LQ 6LJQDO 3URFHVVLQJ            DUW  QR      '2,          V                

ýXEULORYLü  6   .X]PDQRYLü  =   3XQW  0   9XþLü  '   .RYDþHYLü  %   )%0& 24$0 %DVHG 6HFXUH 
9RLFH &RPPXQLFDWLRQV 2YHU 9RLFH &KDQQHOV         ,((( $FFHVV      SS        ±        '2,  
        $&&(66             

3DYORYLü  0   %DQMDF  =   .RYDþHYLü  %   $SSUR[LPDWH .DOPDQ ILOWHULQJ E\ ERWK 0 UREXVWLILHG 
G\QDPLF VWRFKDVWLF DSSUR[LPDWLRQ DQG VWDWLVWLFDO OLQHDUL]DWLRQ PHWKRGV         (XUDVLS -RXUQDO RQ 
$GYDQFHV LQ 6LJQDO 3URFHVVLQJ            DUW  QR      '2,          V                 

3DYORYLü  0   %DQMDF  =   .RYDþHYLü  %   2EMHFW 7UDFNLQJ LQ 6:,5 ,PDJLQJ %DVHG RQ %RWK 
&RUUHODWLRQ DQG 5REXVW .DOPDQ )LOWHUV         ,((( $FFHVV      SS        ±        '2,  
        $&&(66             

5DGRPLURYLü  -   0LORVDYOMHYLü  0   .RYDþHYLü  %   -RYDQRYLF  0   3ULYDF\ $PSOLILFDWLRQ 6WUDWHJLHV LQ 
6HTXHQWLDO 6HFUHW .H\ 'LVWLOODWLRQ 3URWRFROV %DVHG RQ 0DFKLQH /HDUQLQJ         6\PPHWU\     
      DUW  QR        '2,          V\P        

3HWURYLü  9 0   .RYDþHYLü  %   $9L/DE²*DPLILHG 9LUWXDO (GXFDWLRQDO 7RRO IRU ,QWURGXFWLRQ WR $JHQW 
7KHRU\ )XQGDPHQWDOV         (OHFWURQLFV  6ZLW]HUODQG           DUW  QR       '2,  
        HOHFWURQLFV        

3DYORYLü  0   %DQMDF  =   .RYDþHYLü  %   'LJLWDO 9LGHR 6WDELOL]DWLRQ 9HULILFDWLRQ %DVHG RQ *HQHWLF 
$OJRULWKP 7HPSODWH 0DWFKLQJ         $GYDQFHV LQ (OHFWULFDO DQG &RPSXWHU (QJLQHHULQJ          SS  
   ±     '2,          $(&(           

5DGRVDYOMHYLü  =   ,YNRYLü  '   .RYDþHYLü  %   ,76 (IILFLHQF\ $QDO\VLV IRU 0XOWL 7DUJHW 7UDFNLQJ LQ D 
&OXWWHU (QYLURQPHQW        5HPRWH 6HQVLQJ          DUW  QR        '2,          UV        



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɚɪɤɨ ȳɟɥɢʄ     

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  -HOLü  0  %DWLü  $  .UVWLü  0  %RWWDUHOOL  (  0DLQDUGL  &RPSDUDWLYH DQDO\VLV RI PHWDKHXULVWLF 
RSWLPL]DWLRQ DSSURDFKHV IRU PXOWLVRXUFH KHDW SXPS RSHUDWLRQ  5(1(:$%/(   6867$,1$%/( 
(1(5*< 5(9,(:6  9RO       'HF      

.  6WDQNRYLF  '  -HOLü  1  7RPDãHYLü  $  .UVWLü  0DQXIDFWXULQJ SURFHVV RSWLPL]DWLRQ IRU UHDO WLPH 
TXDOLW\ FRQWURO LQ PXOWL UHJLPH FRQGLWLRQV  7LUH WUHDG SURGXFWLRQ XVH FDVH  -2851$/ 2) 
0$18)$&785,1* 6<67(06  9RO      SS                 

Ⱦɢɩɥɨɦɚ
Ⱥɭɬɨɦɚɬɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɏɟɭɪɢɫɬɢɱɤɚ ɨɩɬɢɦɢɡɚɰɢʁɚ ɯɢɛɪɢɞɧɨɝ ɫɢɫɬɟɦɚ ɬɨɩɥɨɬɧɟ 
ɩɭɦɩɟ ɫɚ ɜɢɲɟɫɬɪɭɤɢɦ ɢɡɜɨɪɢɦɚ ɟɧɟɪɝɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ʉɪɫɬɢʄ Ⱥɥɟɤɫɚɧɞɪɚ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ⱥɭɬɨɦɚɬɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

       ,QVWLWXW ,+3 *PE+  ,QQRYDWLRQV IRU +LJK 3HUIRUPDQFH 0LFURHOHFWURQLFV  6\VWHP 'HSDUWPHQW   )UDQNIUXW  2GHU   
1HPDþND  
       8&6' &\PHU &HQWHU IRU &RQWURO 6\VWHPV DQG '\QDPLFV  6DQ 'LHJR  86$  
             ((&,  (XURSHDQ (PEHGGHG &RQWURO ,QVWLWXWH  ɤɭɪɫɟɜɢ
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
          ɉɪɨɞɟɤɚɧ ɡɚ ɧɚɫɬɚɜɭ  ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

6  9XMQRYLü  $  0DUMDQRYLü  ä  ĈXURYLü  $FRXVWLF FRQWDPLQDWLRQ GHWHFWLRQ XVLQJ 44 SORW EDVHG 
GHFLVLRQ VFKHPH  0(&+$1,&$/ 6<67(06 $1' 6,*1$/ 352&(66,1*  9RO       SS          
)HE       GRL         M \PVVS            

$  0DUMDQRYLü  Ɇ  Ʉɪɫɬɢʄ  ɀ  ȭɭɪɨɜɢʄ  Ȼ  Ʉɨɜɚɱɟɜɢʄ  &RQWURO RI 7KHUPDO 3RZHU 3ODQW &RPEXVWLRQ 
'LVWULEXWLRQ 8VLQJ ([WUHPXP 6HHNLQJ  ,((( 75$16$&7,216 21 &21752/ 6<67(06 
7(&+12/2*<  9RO      1R     SS                    GRL         7&67             

Ɇ  Ɋɚɞɨʃɢʄ  ɋ  ȼɭʁɧɨɜɢʄ  $  .UVWLü  ɀ  Ɂɟɱɟɜɢʄ  ,R7 6\VWHP IRU 'HWHFWLQJ WKH &RQGLWLRQ RI 
5RWDWLQJ 0DFKLQHV %DVHG RQ $FRXVWLF 6LJQDOV  $SSOLHG 6FLHQFHV  SS                    $SU       
GRL         DSS        



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  %DQRYLü  -  &UQMDQVNL  0  .UVWLü  '  *YR]GLü  3HUIRUPDQFH (QKDQFHPHQW RI 5HVHUYRLU &RPSXWLQJ 
%DVHG RQ )DEU\ 3pURW /DVHU DV $OO 2SWLFDO 5HFRQILJXUDEOH 1RQOLQHDU 1RGH  -2851$/ 2) 
/,*+7:$9( 7(&+12/2*<  9RO      1R      SS               1RY       
GRL         -/7            
-  %DELü  $  7RWRYLü  -  &UQMDQVNL  0  .UVWLü  0  0DãDQRYLü  '  *YR]GLü  ([SORLWLQJ ,QGXFWLYH 3HDNLQJ 
IRU (QKDQFLQJ WKH 562$ V /DUJH 6LJQDO 0RGXODWLRQ 3HUIRUPDQFH  -2851$/ 2) /,*+7:$9( 
7(&+12/2*<  9RO      1R      SS               0DU       GRL         -/7             

Ⱦɢɩɥɨɦɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ʉɪɫɬɢʄ Ɇɚɪɤɨ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

0  0  .UVWLü  -  9  &UQMDQVNL  0  /  0DãDQRYLü  /  $  -RKDQVVRQ  /  $  &ROGUHQ DQG '  0  *YR]GLü  
 0XOWLYDOXHG 6WDELOLW\ 0DS RI DQ ,QMHFWLRQ /RFNHG 6HPLFRQGXFWRU /DVHU   LQ ,((( -RXUQDO RI 
6HOHFWHG 7RSLFV LQ 4XDQWXP (OHFWURQLFV  YRO      QR     SS                   -XO\ $XJ        $UW 
QR           GRL          -674(                  
0  .UVWLü  -  &UQMDQVNL  '  *YR]GLü  6ZLWFKLQJ WLPH DQG HQHUJ\ LQ ELVWDEOH LQMHFWLRQ ORFNHG 
VHPLFRQGXFWRU PXOWL TXDQWXP ZHOO )DEU\ 3HURW ODVHUV  3K\VLFDO 5HYLHZ $                    
KWWSV   GRL RUJ         3K\V5HY$               
0  %DQRYLü  3  $WDQDVLMHYLü  $  3UDSDV  &  3DSSDV  -  &UQMDQVNL  $  7VDN\ULGLV  0  0RUDOLV 3HJLRV  
.  9\UVRNLQRV  0  /RYLü  1  =GUDYNRYLü  0  0LüLü  0  .UVWLü  6  3HWULþHYLü  1  3OHURV  '  *YR]GLü  $OO 
RSWLFDO KLJK VSHHG SURJUDPPDEOH QRQOLQHDU DFWLYDWLRQ IXQFWLRQV XVLQJ D )DEU\±3pURW ODVHU  $3/ 
3+2721,&6  9RO      1R      2FW        KWWSV   GRL RUJ                  
0  .UVWLü  6  %RJRMHYLü  -  &UQMDQVNL  '  *YR]GLü  'HVLJQ DQG VSHFWUDO VKDSLQJ RI RSWLFDO IUHTXHQF\ 
FRPEV XVLQJ JDLQ VZLWFKHG FDVFDGH RI D VHPLFRQGXFWRU ODVHU DQG RSWLFDO DPSOLILHU  237,&6 
&20081,&$7,216  9R             KWWSV   GRL RUJ         M RSWFRP            
0DUNR 0  .UVWLü  $PRO 'HOPDGH  -DVQD 9  &UQMDQVNL  /LDP %DUU\  'HMDQ 0  *YR]GLü 
6LQJOH ODVHU GXDO RSWLFDO IUHTXHQF\ FRPE JHQHUDWLRQ  2SWLFV ([SUHVV  9RO            
KWWSV   GRL RUJ         2(            

-  %DELü  $  7RWRYLü  -  &UQMDQVNL  0  .UVWLü  0  0DãDQRYLü  '  *YR]GLü  (QKDQFHPHQW RI WKH 04: 
562$ V 6PDOO 6LJQDO 0RGXODWLRQ %DQGZLGWK E\ ,QGXFWLYH 3HDNLQJ  -2851$/ 2) /,*+7:$9( 
7(&+12/2*<  9RO      1R     SS               0D\       GRL         -/7             
0  0  .UVWLü  -  9  &UQMDQVNL  '  0  *YR]GLü  ,QMHFWLRQ 3RZHU DQG 'HWXQLQJ 'HSHQGHQW %LVWDELOLW\ LQ 
)DEU\±3HURW /DVHU 'LRGHV  ,((( -2851$/ 2) 6(/(&7(' 723,&6 ,1 48$1780 
(/(&7521,&6  9RO      1R     SS             0DU       GRL         -674(             
7  3LQWR  8  &  GH 0RXUD  )  'D 5RV  0  .UVWLü  -  &UQMDQVNL  $  1DSROL  '  *YR]GLü  '  =LEDU  
2SWLPL]DWLRQ RI IUHTXHQF\ FRPEV VSHFWUDO IODWQHVV XVLQJ HYROXWLRQDU\ DOJRULWKP  237,&6 
(;35(66  9RO      1R      SS                      GRL         2(       
0ODGHQ ä  %DQRYLü  3HWDU $  $WDQDVLMHYLü  0DUNR 0  .UVWLü  3HÿD 0  0LKDLORYLü  -DVQD 9  &UQMDQVNL  
6ORERGDQ -  3HWULþHYLü  DQG 'HMDQ 0  *YR]GLü   5HFRQILJXUDEOH DOO RSWLFDO ELVWDELOLW\ WULVWDELOLW\ LQ 
GXDO LQMHFWLRQ ORFNHG )DEU\±3HURW ODVHU GLRGHV   2SW  /HWW                           

-DVQD &UQMDQVNL  0DUNR .UVWLü  $QJHOLQD 7RWRYLü  1LNRV 3OHURV  DQG 'HMDQ *YR]GLü   $GDSWLYH 
VLJPRLG OLNH DQG 35H/8 DFWLYDWLRQ IXQFWLRQV IRU DOO RSWLFDO SHUFHSWURQ   2SW  /HWW                
           
0DUNR 0  .UVWLü  -DVQD 9  &UQMDQVNL  0ODGHQ ä  %DQRYLü  ,YDQD 6  9DVLOMHYLü  DQG 'HMDQ 0  *YR]GLü  
 *HQHUDWLRQ RI D GXDO RSWLFDO IUHTXHQF\ FRPE E\ ODUJH VLJQDO PRGXODWLRQ RI D VHPLFRQGXFWRU ODVHU   
2SW  /HWW                           



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ɇɟɩɨɡɧɚɬɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
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ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ
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Ɇɚɪɢʁɚ ɇɨɜɢɱɢʄ          
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$  6WRMLü  *  .YDãþHY  ä  ĈXURYLü  $Q $VVLVWLYH 6\VWHP IRU 7KHUPDO 3RZHU 3ODQW 0DQDJHPHQW  
(1(5*,(6  9RO      1R        SS          -XQ       GRL         HQ        

9  %RELü  0  'MXULü -RYLþLü  1  'UDJDãHYLü  0  %  3RSRYLü  9  6  .RVWLü  *  .YDãþHY  $Q ([SHUW 
6\VWHP IRU 4XDQWLILFDWLRQ RI %UDG\NLQHVLD %DVHG RQ :HDUDEOH ,QHUWLDO 6HQVRUV  6(16256  9RO      
1R      SS          -XQ       GRL         V        

$  'RGLJ  (  5LFFL  *  .YDãþHY  0  6WRMNRYLF  $ QRYHO PDFKLQH OHDUQLQJ EDVHG IUDPHZRUN IRU WKH 
ZDWHU TXDOLW\ SDUDPHWHUV SUHGLFWLRQ XVLQJ K\EULG ORQJ VKRUW WHUP PHPRU\ DQG ORFDOO\ ZHLJKWHG 
VFDWWHUSORW VPRRWKLQJ PHWKRGV  -2851$/ 2) +<'52,1)250$7,&6  SS          $SU       
GRL         K\GUR         
6  $QWLü  *  .YDãþHY  ä  ĈXURYLü  $SSOLFDWLRQ RI 6WUXFWXUHG DQG 'LUHFWLRQDO 5HVLGXDOV IRU )DXOW 
'HWHFWLRQ DQG ,VRODWLRQ RQ 3HUPDQHQW 0DJQHW '& 0RWRU ZLWK $PSOLILHU  48$/,7< $1' 5(/,$%,/,7< 
(1*,1((5,1* ,17(51$7,21$/  SS               )HE       GRL         TUH     

6  ,þDJLü  *  .YDãþHY  $ 6PDUW $OFRKROPHWHU 6HQVRU %DVHG RQ 'HHS /HDUQLQJ 9LVXDO 3HUFHSWLRQ  
6(16256  9RO      1R      SS          6HS       GRL         V        

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ ɡɚ 
ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɢɫɬɟɦ ɡɚ ɩɨɞɪɲɤɭ ɨɞɥɭɱɢɜɚʃɭ  ɟɜɚɥɭɚɰɢʁɭ ɢ ɩɪɚʄɟʃɟ 
ɫɬɚʃɚ ɩɚɰɢʁɟɧɚɬɚ ɨɛɨɥɟɥɢɯ ɨɞ 
ɧɟɭɪɨɞɟɝɟɧɟɪɚɬɢɜɧɢɯ ɛɨɥɟɫɬɢ 
ɉɪɟɩɨɡɧɚɜɚʃɟ ɤɨɝɧɢɬɢɜɧɢɯ ɤɨɦɩɨɧɟɧɬɢ ɭ 
ɟɥɟɤɬɪɨɟɧɰɟɮɚɥɨɝɪɚɮɫɤɢɦ ɨɞɡɢɜɢɦɚ ɧɚ ɫɨɦɚɬɨɫɟɧɡɨɪɧɟ 
ɟɥɟɤɬɪɢɱɧɟ ɫɬɢɦɭɥɭɫɟ ɦɟɬɨɞɚɦɚ ɦɚɲɢɧɫɤɨɝ ɭɱɟʃɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ʉɜɚɲɱɟɜ Ƚɨɪɚɧ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ⱥɭɬɨɦɚɬɢɤɚ
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ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

-  .OMDMLü  *  .YDãþHY  ä  ĈXURYLü  5HFRQVWUXFWLQJ 1HUYH 6WUXFWXUHV IURP 8QRUJDQL]HG 3RLQWV  $SSOLHG 
6FLHQFHV  9RO      1R      SS          2FW       GRL         DSS         
0  *DMLü .YDãþHY  0  0DULü 6WRMDQRYLü  5  -DQþLü +HLQHPDQQ  *  .YDãþHY  9  $QGULü  1RQ 
GHVWUXFWLYH FKDUDFWHULVDWLRQ DQG FODVVLILFDWLRQ RI FHUDPLF DUWHIDFWV XVLQJ S(';5) DQG VWDWLVWLFDO 
SDWWHUQ UHFRJQLWLRQ  &+(0,675< &(175$/ -2851$/  9RO     1R       SS          6HS       
GRL                 ;      
*  .YDãþHY  ä  ĈXURYLü  %  .RYDþHYLü  $GDSWLYH 5HFXUVLYH 0 5REXVW 6\VWHP 3DUDPHWHU 
,GHQWLILFDWLRQ 8VLQJ WKH 44 3ORW $SSURDFK  ,(7 &21752/ 7+(25< $1' $33/,&$7,216  9RO     
1R     SS             0D\       GRL         LHW FWD          
0  0DWDXãHN  *  .YDãþHY  $ XQLILHG VWHS UHVSRQVH SURFHGXUH IRU DXWRWXQLQJ RI 3, FRQWUROOHU  DQG 
6PLWK SUHGLFWRU IRU VWDEOH SURFHVVHV  -2851$/ 2) 352&(66 &21752/  9RO      1R     SS        
     'HF       GRL         6                    
<  $EXDGOOD  *  .YDãþHY  6  *DMLQ  =  -RYDQRYLü  )ORZ %DVHG $QRPDO\ ,QWUXVLRQ 'HWHFWLRQ 6\VWHP 
8VLQJ 7ZR 6WDJHV 1HXUDO 1HWZRUN  &20387(5 6&,(1&( $1' ,1)250$7,21 6<67(06   
&206,6  9RO      1R     SS             -XQ       GRL         &6,6         $
1  $OGLDQ $PEDUN 6KDVKRD  *  .YDãþHY  $  0DUMDQRYLü  ä  ĈXURYLü  6HQVRU )DXOW 'HWHFWLRQ DQG 
,VRODWLRQ LQ D 7KHUPDO 3RZHU 3ODQW 6WHDP 6HSDUDWRU  &21752/ (1*,1((5,1* 35$&7,&(  9RO  
    1R     SS             $SU       GRL         M FRQHQJSUDF            

ȼ  Ⱥɧɞɪɢʄ  *  .YDãþHY  Ɇ  ɐɜɟɬɚɧɨɜɢʄ  ɋ  ɋɬɨʁɚɧɨɜɢʄ  ɇ  Ȼɚɱɚɧɢɧ  Ɇ  Ƚɚʁɢʄ  Ʉɜɚɲɱɟɜ  'HHS 
OHDUQLQJ DVVLVWHG ;5) VSHFWUD FODVVLILFDWLRQ  6FLHQWLILF 5HSRUWV  9RO      1R          
GRL         V                ]

,  9DMV  *  .YDãþHY  7  3DSLü  Ɇ  ȳɚɧɤɨɜɢʄ  (\H WUDFNLQJ ,PDJH (QFRGLQJ  $XWRHQFRGHUV IRU WKH 
&URVVLQJ RI /DQJXDJH %RXQGDULHV LQ 'HYHORSPHQWDO '\VOH[LD 'HWHFWLRQ  ,((( $&&(66  9RO      SS  
             -DQ       GRL         $&&(66             
6  9XMQRYLü  ä  ĈXURYLü  *  .YDãþHY  )DQ PLOO VWDWH HVWLPDWLRQ EDVHG RQ DFRXVWLF VLJQDWXUH DQDO\VLV  
&21752/ (1*,1((5,1* 35$&7,&(  9RO      SS                
GRL         M FRQHQJSUDF            
0  =LYNRYLF  1  %DFDQLQ  0  $QWRQLMHYLF  %  1LNROLü  *  .YDãþHY  0  0DUMDQRYLF  1  6DYDQRYLF  +\EULG 
&11 DQG ;*%RRVW 0RGHO 7XQHG E\ 0RGLILHG $ULWKPHWLF 2SWLPL]DWLRQ $OJRULWKP IRU &29,'    (DUO\ 
'LDJQRVWLFV IURP ; UD\ ,PDJHV  (OHFWURQLFV   9RO      1R        SS          1RY       GRL          
HOHFWURQLFV        
1  6DYDQRYLF  $  %R]RYLF  0  $QWRQLMHYLF  *  .YDãþHY  %  1LNROLü  .  9HQNDWDFKDODP  1  %DFDQLQ  0  
=LYNRYLF  +\EULG &11 ;*%RRVW LQWUXVLRQ GHWHFWLRQ DSSURDFK WXQHG E\ PRGLILHG VLQH FRVLQH DOJRULWKP 
WRZDUGV EHWWHU FORXG VHFXULW\  &211(&7,21 6&,(1&(  9RO      1R     SS          6HS      

6  9XNRMLþLü  /  5LVWLü  *  .YDãþHY  ,QGXVWULDO $SSOLFDWLRQ RI 1HXUDO 1HWZRUN 2SWLPL]HG 0RGHO 
3UHGLFWLYH &RQWURO IRU D 7ZR 0DVV 5HVRQDQW 0HFKDQLFDO 6\VWHP  (/(&75,&$/ (1*,1((5,1* 
 $5&+,9 )85 (/(.7527(&+1,.        GRL         V                [

'  3DYORYLF  0  &]HUNDZVNL  &  'DYLVRQ  2  0DUNR  &  0LFKLH  5  $WNLQVRQ  9  &UQRMHYLF  ,  $QGRQRYLF  
ȼ  Ɋɚʁɨɜɢʄ  *  .YDãþHY  &  7DFKWDW]LV  %HKDYLRXUDO &ODVVLILFDWLRQ RI &DWWOH 8VLQJ 1HFN 0RXQWHG 
$FFHOHURPHWHU (TXLSSHG &ROODUV  6(16256  9RO      1R     SS          0DU       
GRL         V        



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
Ɇɚɬɟɦɚɬɢɤɚ

      6FKRRO RI &RPSXWHU 6FLHQFH 
DQG ,QIRUPDWLRQ 5HFKQRORJ\ 
6FLHQFH 50,7 8QLYHUVLW\ 
0HOEXUQ  $XVWUDOLMD

Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ 

Ɇɚɬɟɦɚɬɢɤɚ

      ɉɪɢɪɨɞɧɨ ɦɚɬɟɦɚɬɢɱɤɢ 
ɮɚɤɭɥɬɟɬ ɍɧɢɜɟɪɡɢɬɟɬ ɭ 
Ȼɟɨɝɪɚɞɭ

Ɇɚɬɟɦɚɬɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɢɥɨɲ Ɇɢʄɨɜɢʄ     

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  5DãDMVNL  7  /XWRYDF  %  0DOHãHYLü  6KDUSHQLQJ DQG JHQHUDOL]DWLRQV RI 6KDIHU )LQN DQG :LONHU 
W\SH LQHTXDOLWLHV  D QHZ DSSURDFK  -RXUQDO RI 1RQOLQHDU 6FLHQFHV DQG $SSOLFDWLRQV  9RO      1R     
SS                  GRL          MQVD          

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɋɚɫɥɨʁɟɧɟ ɮɚɦɢɥɢʁɟ ɮɭɧɤɰɢʁɚ ɢ ɫɬɪɚɬɟɝɢʁɟ ɡɚ ɚɭɬɨɦɚɬɫɤɨ 
ɞɨɤɚɡɢɜɚʃɟ ɧɟɤɢɯ ɚɧɚɥɢɬɢɱɤɢɯ ɧɟʁɟɞɧɚɤɨɫɬɢ

ɉɪɢɦɟʃɟɧɚ 
ɦɚɬɟɦɚɬɢɤɚ

Ɇɚɬɟɦɚɬɢɱɤɚ ɥɨɝɢɤɚ ɭ 
ɪɚɱɭɧɚɪɫɬɜɭ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ʌɭɬɨɜɚɰ Ɍɚɬʁɚɧɚ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

%  0DOHãHYLü  0  5DãDMVNL  7  /XWRYDF  $ 5HILQHG HVWLPDWHV DQG JHQHUDOL]DWLRQV RI LQHTXDOLWLHV 
UHODWHG WR WKH DUFWDQJHQW IXQFWLRQ DQG 6KDIHU V LQHTXDOLW\  0$7+(0$7,&$/ 352%/(06 ,1 
(1*,1((5,1*  9RO        SS              GRL                     
%  0DOHãHYLü  7  /XWRYDF  %  %DQMDF  $ SURRI RI DQ RSHQ SUREOHP RI <XVXNH 1LVKL]DZD IRU D SRZHU 
H[SRQHQWLDO IXQFWLRQ  -RXUQDO RI 0DWKHPDWLFDO ,QHTXDOLWLHV  9RO      1R     SS                  
GRL         MPL           

0  5DãDMVNL  7  /XWRYDF  %  0DOHãHYLü  $ERXW VRPH H[SRQHQWLDO LQHTXDOLWLHV UHODWHG WR WKH VLQF 
IXQFWLRQ  -2851$/ 2) ,1(48$/,7,(6 $1' $33/,&$7,216  9RO        1R       SS               
GRL         V                

%  0DOHãHYLü  0  0LüRYLü  %  0LKDLORYLü  7  /XWRYDF  $ QHZ DSSURDFK WR VHOHFWLQJ FRQVWDQWV IRU VRPH 
DQDO\WLF LQHTXDOLWLHV  -RXUQDO RI 0DWKHPDWLFDO ,QHTXDOLWLHV  9RO      1R     SS                  
GRL         MPL           

%  0DOHãHYLü  0  0LüRYLü  %  0LKDLORYLü  7  /XWRYDF  9  âHãXP ýDYLü  7KH EHVW FRQVWDQWV LQ VRPH 
QHZ VKDUS ERXQGV IRU VLQF IXQFWLRQ  $IULND 0DWHPDWLND  9RO      1R      SS               

%  0DOHãHYLü  Ɍ  /XWRYDF  Ɇ  5DVDMVNL  %  %DQMDF  (UURU )XQFWLRQV LQ 'RXEOH 6LGHG 7D\ORU¶V 
$SSUR[LPDWLRQV  $33/,&$%/( $1$/<6,6 $1' ',6&5(7( 0$7+(0$7,&6  9RO      1R     SS  
                GRL         $$'0         0

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
Ɇɚɬɟɦɚɬɢɤɚ

      Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ɉɪɢɪɨɞɧɨ ɦɚɬɟɦɚɬɢɱɤɢ 
ɮɚɤɭɥɬɟɬ 

Ɇɚɬɟɦɚɬɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɢɥɢɰɚ ɋɚɜɚɬɨɜɢʄ          

 
ȼɟɪɚ Ɇɢɥɟɪ ȳɟɪɤɨɜɢʄ          

 
Ȼɨʁɚɧ Ȼɚʃɚɰ          

 
Ɇɚɪɢʁɚ ɇɟɧɟɡɢʄ ȳɨɜɢʄ          

 
Ɇɢɥɨɲ Ɇɢʄɨɜɢʄ     

 

 

 

 

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

 
0  

%  0DOHãHYLü  Ⱦ  ȳɨɜɚɧɨɜɢʄ  )UDPH¶V 7\SHV RI ,QHTXDOLWLHV DQG 6WUDWLILFDWLRQ  &XER  9RO      1R     
SS          $SU      

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

%  0DOHãHYLü  0  0LüRYLü  %  0LKDLORYLü  7  /XWRYDF  9  âHãXP ýDYLü  7KH EHVW FRQVWDQWV LQ VRPH 
QHZ VKDUS ERXQGV IRU VLQF IXQFWLRQ  $IULND 0DWHPDWLND  9RO      1R      SS          $SU      
%  0DOHãHYLü  0  0LüRYLü  %  0LKDLORYLü  7  /XWRYDF  $ QHZ DSSURDFK WR VHOHFWLQJ FRQVWDQWV IRU VRPH 
DQDO\WLF LQHTXDOLWLHV  -RXUQDO RI 0DWKHPDWLFDO ,QHTXDOLWLHV  9RO      1R     SS             0DU      

%  0DOHãHYLü  %  0LKDLORYLü  0  1HQH]Lü -RYLü  0  0LüRYLü  /  0LOLQNRYLü  6RPH JHQHUDOLVDWLRQV DQG 
PLQLPD[ DSSUR[LPDQWV RI '¶$XUL]LR WULJRQRPHWULF LQHTXDOLWLHV  $FWD 8QLYHUVLWDWLV 6DSLHQWLDH  
0DWKHPDWLFD  9RO      1R     SS             'HF      

ɋɢɫɬɟɦ ɡɚ ɚɭɬɨɦɚɬɫɤɨ ɞɨɤɚɡɢɜɚʃɟ ɧɟɤɢɯ ɤɥɚɫɚ ɚɧɚɥɢɬɢɱɤɢɯ 
ɧɟʁɟɞɧɚɤɨɫɬɢ  ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ Ȼɟɨɝɪɚɞ

Ɋɚɫɥɨʁɟɧɟ ɮɚɦɢɥɢʁɟ ɮɭɧɤɰɢʁɚ ɭ Ɍɟɨɪɢʁɢ ɚɧɚɥɢɬɢɱɤɢɯ 
ɧɟʁɟɞɧɚɤɨɫɬɢ ɫɚ ɩɪɢɦɟɧɚɦɚ  ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ 
Ȼɟɨɝɪɚɞ
Ɋɚɫɥɨʁɟɧɟ ɮɚɦɢɥɢʁɟ ɮɭɧɤɰɢʁɚ ɢ ɫɬɪɚɬɟɝɢʁɟ ɡɚ ɚɭɬɨɦɚɬɫɤɨ 
ɞɨɤɚɡɢɜɚʃɟ ɧɟɤɢɯ ɚɧɚɥɢɬɢɱɤɢɯ ɧɟʁɟɞɧɚɤɨɫɬɢ  
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ Ȼɟɨɝɪɚɞ

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɉ ɩɪɫɬɟɧɭ ɬɪɢɝɨɧɨɦɟɬɪɢʁɫɤɢɯ ɩɨɥɢɧɨɦɚ ɫɚ ɩɪɢɦɟɧɚɦɚ ɭ 
ɬɟɨɪɢʁɢ ɚɧɚɥɢɬɢɱɤɢɯ ɧɟʁɟɞɧɚɤɨɫɬɢ  Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ 
Ȼɟɨɝɪɚɞ
ɉɪɢɦɟɧɚ ɭɨɩɲɬɟɧɢɯ ɢɧɜɟɪɡɚ ɭ ɪɟɲɚɜɚʃɭ ɮɚɡɢ ɥɢɧɟɚɪɧɢɯ 
ɫɢɫɬɟɦɚ  Ɏɚɤɭɥɬɟɬ ɬɟɯɧɢɱɤɢɯ ɧɚɭɤɚ ɇɨɜɢ ɋɚɞ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ⱥɥɝɟɛɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ɉɪɢɦɟʃɟɧɚ 
ɦɚɬɟɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ Ⱥɥɝɟɛɪɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɇɚɥɟɲɟɜɢʄ Ȼɪɚɧɤɨ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
Ƚɥɚɜɧɢ ɢ ɨɞɝɨɜɨɪɧɢ ɭɪɟɞɧɢɤ ɱɚɫɨɩɢɫɚ $SSOLFDEOH $QDO\VLV DQG 'LVFUHWH 0DWKHPDWLFV
Ɋɭɤɨɜɨɞɢɥɚɰ ɐɟɧɬɪɚ ɡɚ ɩɪɢɦɟʃɟɧɭ ɦɚɬɟɦɚɬɢɤɭ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

0  3HWURYLü  %  0DOHãHYLü  +XJHOVFKDIIHU HJJ FXUYH DQG VXUIDFH  $33/,&$%/( $1$/<6,6 $1' 
',6&5(7( 0$7+(0$7,&6  9RO      1R     SS                 
/  =KX  %  0DOHãHYLü  1HZ LQHTXDOLWLHV RI +X\JHQV W\SH LQYROYLQJ WDQJHQW DQG VLQH IXQFWLRQV  
+DFHWWHSH -RXUQDO RI 0DWKHPDWLFV DQG 6WDWLVWLFV  9RO      1R     SS               
&  &KHQ  %  0DOHãHYLü  $ PHWKRG WR SURYH LQHTXDOLWLHV DQG LWV DSSOLFDWLRQV  -RXUQDO RI 0DWKHPDWLFDO 
,QHTXDOLWLHV  9RO      1R     SS                 
&  4LDQ  ;  &KHQ  %  0DOHãHYLü  7LJKWHU ERXQGV IRU WKH LQHTXDOLWLHV RI 6LQF IXQFWLRQ EDVHG RQ 
UHSDUDPHWHUL]DWLRQ  5(9,67$ '( /$ 5($/ $&$'(0,$ '( &,(1&,$6 (;$&7$6 ),6,&$6 < 
1$785$/(6 6(5,( $ 0$7(0$7,&$6  9RO       1R      SS              
<  %DJXO  %  %DQMDF  &  &KHVQHDX  0  .RVWLü  %  0DOHãHYLü  1HZ 5HILQHPHQWV RI &XVD +X\JHQV 
,QHTXDOLW\  5(68/76 ,1 0$7+(0$7,&6  9RO      1R       SS              

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ

/  =KX  %  0DOHãHYLü  2SWLPDO ERXQGV IRU WZR 6HLIIHUW OLNH PHDQV E\ DULWKPHWLF PHDQ DQG KDUPRQLF 
PHDQ  5(9,67$ '( /$ 5($/ $&$'(0,$ '( &,(1&,$6 (;$&7$6 ),6,&$6 < 1$785$/(6 
6(5,( $ 0$7(0$7,&$6  9RO       1R      SS              
&  &KHQ  %  0DOHãHYLü  6KDUS LQHTXDOLWLHV UHODWHG WR WKH $GDPRYLF 0LWULQRYLF  &XVD  :LONHU DQG 
+X\JHQV UHVXOWV  ),/20$7  9RO      1R      SS                   
ȼ  Ɇɢɥɟɪ ȳɟɪɤɨɜɢʄ  Ȼ  Ɇɢɯɚɢɥɨɜɢʄ  %  0DOHãHYLü  7KH JHQHUDO DOJHEUDLF VROXWLRQ RI IX]]\ OLQHDU 
V\VWHPV EDVHG RQ D EORFN UHSUHVHQWDWLRQ RI ^ ` LQYHUVHV  ,5$1,$1 -2851$/ 2) )8==< 
6<67(06  9RO      1R     SS                 
<  %DJXO  &  &KHVQHDX  0  .RVWLü  7  /XWRYDF  %  0DOHãHYLü  0  5DãDMVNL  &RQYH[LW\ DQG GRXEOH 
VLGHG 7D\ORU¶V DSSUR[LPDWLRQV  +DFHWWHSH -RXUQDO RI 0DWKHPDWLFV DQG 6WDWLVWLFV  9RO      1R     SS  
               
%  0DOHãHYLü  0  0LüRYLü  ([SRQHQWLDO 3RO\QRPLDOV DQG 6WUDWLILFDWLRQ LQ WKH 7KHRU\ RI $QDO\WLF 
,QHTXDOLWLHV  -RXUQDO RI 6FLHQFH DQG $UWV  9RO      1R     SS             6HS      
0  3HWURYLü  5  âWXOLü  0  -RYDQRYLü  0  9XþLü  %  0DOHãHYLü  &DVVLQLDQ 'LUHFWRULDO 6XUIDFHV 
0RGHOOLQJ DV *HRPHWULF 3DWWHUQ LQ 'HVLJQLQJ $UFKLWHFWXUDO 6WUXFWXUHV  7(&12/2*,$ < &,(1&,$6 
'(/ $*8$           7(+1,&., 9-(61,. 7(&+1,&$/ *$=(77(  9RO      1R     SS               
    

0  3HWURYLü  %  0DOHãHYLü  7KH DUHD RI +�JHOVFKlIIHU FXUYHV YLD 7D\ORU VHULHV  ),/20$7  9RO      
SS                   

0  3HWURYLü  5  âWXOLü  %  0DOHãHYLü  &DVVLQLDQ )RFDO 'LUHFWRULDO &XUYHV *HRPHWULF *HQHVLV DQG 
)RUP 9DULDWLRQ  1H[XV 1HWZRUN -RXUQDO $UFKLWHFWXUH DQG 0DWKHPDWLFV  9RO      SS                 
%  0DOHãHYLü  0  0LüRYLü  %  0LKDLORYLü  $ 3DUDPHWULF 0HWKRG IRU 3URYLQJ 6RPH $QDO\WLF 
,QHTXDOLWLHV  $[LRPV  9RO      1R     SS          $XJ      
0  0LüRYLü  %  0DOHãHYLü  -RUGDQ 7\SH ,QHTXDOLWLHV DQG 6WUDWLILFDWLRQ  $[LRPV  9RO      1R     SS      
    $SU      
%  %DQMDF  %  0DOHãHYLü  0  0LüRYLü  %  0LKDLORYLü  0  6DYDWRYLü  7KH EHVW SRVVLEOH FRQVWDQWV 
DSSURDFK IRU :LONHU &XVD +X\JHQV LQHTXDOLWLHV YLD VWUDWLILFDWLRQ  $33/,&$%/( $1$/<6,6 $1' 
',6&5(7( 0$7+(0$7,&6  9RO      1R     SS             $SU      



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɂɧɫɬɢɬɭɬ ɡɚ ɧɭɤɟɥɚɪɧɟ ɧɚɭɤɟ  

ȼɢɧɱɚ  ɂɧɫɬɢɬɭɬ ɨɞ 
ɧɚɰɢɨɧɚɥɧɨɝ ɡɧɚɱɚʁɚ ɡɚ 
Ɋɟɩɭɛɥɢɤɭ ɋɪɛɢʁɭ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

Ɏɢɡɢɤɚ

           62.(1'$,  *UDGXDWH 8QLYHUVLW        Ɏɢɡɢɤɚ

           ɉɪɢɪɨɞɧɨ ɦɚɬɟɦɚɬɢɱɤɢ 
ɮɚɤɭɥɬɟɬ  ɭɧɢɜɟɪɡɢɬɟɬ ɭ 
Ȼɟɨɝɪɚɞɭ

Ʉɜɚɧɬɧɚ  ɤɥɚɫɢɱɧɚ ɢ 
ɦɚɬɟɦɚɬɢɱɤɚ ɮɢɡɢɤɚ

            ɉɪɢɪɨɞɧɨ ɦɚɬɟɦɚɬɢɱɤɢ 
ɮɚɤɭɥɬɟɬ  Ɉɞɫɟɤ ɡɚ ɮɢɡɢɤɭ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ ɇɢɲɭ

Ɏɢɡɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ʉɨʂɚ Ȼɭɝɚɪɫɤɢ     

 
Ɇɢɥɢɰɚ ɇɟɞɢʄ     

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D 

 
0  D

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

0Dɥɭɰɤɨɜ Ⱥɥɟɤɫɚɧɞɪɚ
ɇɚɭɱɧɢ ɫɚɜɟɬɧɢɤ
ɬɟɨɪɢʁɫɤɚ ɮɢɡɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɍɟɨɪɢʁɫɤɚ ɮɢɡɢɤɚ

Ɍɟɨɪɢʁɫɤɚ ɮɢɡɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɍɟɨɪɢʁɫɤɚ ɮɢɡɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɍɟɨɪɢʁɫɤɚ ɮɢɡɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ⱦɢɡɚʁɧ ɢ ɢɦɩɥɟɦɟɧɬɚɰɢʁɚ ɢɧɬɟɝɪɢɫɚɧɢɯ ɮɨɬɨɧɫɤɢɯ 
ɤɨɦɩɨɧɟɧɬɢɡɚɫɧɨɜɚɧɢɯ ɧɚ ɨɩɬɢɱɤɢɦ ɪɟɲɟɬɤɚɦɚ

ɇɚɫɬɚɧɚɤ ɢ ɞɢɧɚɦɢɤɚ ɬɨɩɨɥɨɲɤɢ ɡɚɲɬɢʄɟɧɢɯ ɦɨɞɚ ɭ 
ɮɨɬɨɧɫɤɢɦ ɪɟɲɟɬɤɚɦɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

%XJDUVNL .   0DOXFNRY $   9LFHQFLR 5  $   -RKDQVVRQ 0    (GJH PRGHV LQ VWURQJO\ QRQOLQHDU 
VDWXUDEOH 66+ SKRWRQLF ODWWLFHV  7UDFLQJ D EXON HGJH FRUUHVSRQGHQFH WKURXJK LQVWDELOLWLHV DQG 
& DFHUDV $UDYHQD *     1HGLF 0    9LOGRVR 3    *OLJRULF *    3HWURYLF -   0DOXFNRY $   9LFHQFLR 5  $   
&RPSDFW 7RSRORJLFDO (GJH 6WDWHV LQ )OX[ 'UHVVHG *UDSKHQHOLNH 3KRWRQLF /DWWLFHV  3K\V  5HY  
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RNR     

  

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

          9LVLWLQJ UHVHDUFKHU  VDEEDWLFDO   7KHRUHWLFDO 3K\VLFV RI &RPSOH[ 6\VWHPV  ,QVWLWXWH RI %DVLF 6FLHQFHV  
'DHMHRQ  6RXWK .RUHD 
             9LVLWLQJ UHVHDUFKHU  $VWRQ 8QLYHUVLW\  %LUPLQJKDP  8.
      9LVLWLQJ UHVHDUFKHU  8QLYHUVLW\ RI %UHVFLD  ,WDO\
      9LVLWLQJ UHVHDUFKHU  'HSDUWPHQW RI 3K\VLFV  8QLYHUVLGDG GH &KLOH  6DQWLDJR GH &KLOH

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

0LWKXQ 7  0DOXFNRY $  0DQFLF $  .KDUH $  .HYUHNLGLV 3 *   +RZ FORVH DUH LQWHJUDEOH DQG 
QRQLQWHJUDEOH PRGHOV  $ SDUDPHWULF FDVH VWXG\ EDVHG RQ WKH 6DOHUQR PRGHO  3+<6,&$/ 5(9,(: 
0DOXFNRY $   6PROLQD (   /H\NDP ' _  *XQGRJGX 6  $QJHODNLV '  *   6PLUQRYD '  $  1RQOLQHDU 
VLJQDWXUHV RI )ORTXHW EDQG WRSRORJ\  3+<6,&$/ 5(9,(: %  YRO                    
/H\NDP '  6PROLQD (   0DOXFNRY $   )ODFK 6  6PLUQRYD '  $  3URELQJ %DQG 7RSRORJ\ 8VLQJ 
0RGXODWLRQDO ,QVWDELOLW\  3+<6,&$/ 5(9,(: /(77(56  YRO                     
6WRMDQRYLF 0  9LOGRVR 3  %XJDUVNL . 3DUUD 30  0DOXFNRY $ 9LFHQFLR 5 $  3HWURYLF -        
:DYHOHQJWK GHPXOWLSOH[HUV EDVHG RQ ILQLWH SKRWRQLF ODWWLFHV  -2851$/ 2) 237,&6  YRO      1R     
%XJDUVNL .   0DOXFNRY $  3HWURYLF -    : VWDWH JHQHUDWLRQ DQG YHULILFDWLRQ LQ OLQHDUO\ FRXSOHG 
ZDYHJXLGH DUUD\V  -2851$/ 2) 3+<6,&6 % $720,& 02/(&8/$5 $1' 237,&$/ 3+<6,&6  
%HOLFHY 3 3   *OLJRULF *   0DOXFNRY $   +DG]LHYVNL /M   7XULWV\Q 6    7RSRORJLFDO &KDUJH 6ZLWFK LQ 
$FWLYH 0XOWL &RUH )LEHUV  $11$/(1 '(5 3+<6,.  YRO                     
&KDQJ 1 *XQGRJGX 6 /H\NDP ' $QJHODNLV ' * .RX 6 )ODFK 6 0DOXFNRY $  1RQOLQHDU %ORFK ZDYH 
G\QDPLFV LQ SKRWRQLF $KDURQRY %RKP FDJHV  $3/ 3+2721,&6  YRO              5        
*  *OLJRULF  '  /H\NDP  $  0DOXFNRY  ³,QIOXHQFH RI GLIIHUHQW GLVRUGHU W\SHV RQ $KDURQRY %RKP 
FDJLQJ LQ WKH GLDPRQG FKDLQ ³  3K\V  5HY  $                      

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 
ɤɚɧɞɢɞɚɬɚ

Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

 

0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

,  1RYNRYLF  *  %  0DUNRYLF  '  /XNLF  6  'UDJLFHYLF  0  0LORVHYLF  6  'MXUGMLF  ,  6DPDUG]LF  7  
/H]DLF  0  7DGLF  *,6 %DVHG )RUHVW )LUH 6XVFHSWLELOLW\ =RQDWLRQ ZLWK ,R7 6HQVRU  1HWZRUN 6XSSRUW  
&DVH 6WXG\ ± 1DWXUH 3DUN *ROLMD  6HUELD  6HQVRUV  9RO      1R           SS          0'3,  
6HSWHPEHU        ,661             GRL          V          ,)             

*  %  0DUNRYLF  9  6  6RNRORYLF  0  /  'XNLF 'LVWULEXWHG +\EULG 7ZR 6WDJH 0XOWL 6HQVRU )XVLRQ IRU 
&RRSHUDWLYH 0RGXODWLRQ &ODVVLILFDWLRQ LQ /DUJH 6FDOH :LUHOHVV 6HQVRU 1HWZRUNV  6HQVRUV  9RO      
1R            SS        0'3,  2FWREHU        ,661             GRL          V          ,)       
      

Ⱦɢɩɥɨɦɚ Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ⱦɨɤɬɨɪɚɬ Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɇɚɪɤɨɜɢʄ Ƚɨɪɚɧ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ
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ɑɥɚɧ ɤɨɦɢɫɢʁɟ ɂɧɠɟʃɟɪɫɤɟ ɤɨɦɨɪɟ ɋɪɛɢʁɟ ɡɚ ɩɨɥɚɝɚʃɟ ɫɬɪɭɱɧɨɝ ɢɫɩɢɬɚ ɢ ɢɡɞɚɜɚʃɟ ɥɢɰɟɧɰɢ ɡɚ ɫɬɪɭɱɧɭ ɨɛɥɚɫɬ 
ɟɥɟɤɬɪɨɬɟɯɧɢɱɤɨ ɢɧɠɟʃɟɪɫɬɜɨ  ɭɠɚ ɫɬɪɭɱɧɚ ɨɛɥɚɫɬ ɟɥɟɤɬɪɨɧɢɤɚ ɢ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ ɨɞ       ɝɨɞɢɧɟ  
ɑɥɚɧ ɨɪɝɚɧɢɡɚɰɢɨɧɨɝ ɨɞɛɨɪɚ ɦɟɻɭɧɚɪɨɞɧɨɝ ɝɨɞɢɲʃɟɝ ɫɤɭɩɚ  ɤɨɧɮɟɪɟɧɰɢʁɟ  Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢɨɧɢ ɮɨɪɭɦ  ɌȿɅɎɈɊ  
ɭ ɨɛɥɚɫɬɢ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɚ ɢ ɢɧɮɨɪɦɚɰɢɨɧɢɯ ɬɟɯɧɨɥɨɝɢʁɚ 

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɑɥɚɧ ɭɞɪɭɠɟʃɚ ,(((  ,((( 0HPEHU   ɑɥɚɧ ɢ ɱɥɚɧ ɍɩɪɚɜɧɨɝ ɨɞɛɨɪɚ Ⱦɪɭɲɬɜɚ ɡɚ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ ɢɡ Ȼɟɨɝɪɚɞɚ 
ɑɥɚɧ ɢɥɢ ɂɡɜɟɫɬɢɨɰ Ɋɟɩɭɛɥɢɱɤɟ ɪɟɜɢɡɢɨɧɟ ɤɨɦɢɫɢʁɟ ɡɚ ɫɬɪɭɱɧɭ ɤɨɧɬɪɨɥɭ ɬɟɯɧɢɱɤɟ ɞɨɤɭɦɟɧɬɚɰɢʁɟ ɡɚ ɨɛʁɟɤɬɟ ɨɞ 
ɡɧɚɱɚʁɚ ɡɚ Ɋɟɩɭɛɥɢɤɭ Ɇɢɧɢɫɬɚɪɫɬɜɚ ɝɪɚɻɟɜɢɧɚɪɫɬɜɚ  ɫɚɨɛɪɚʄɚʁɚ ɢ ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɨɞ       ɝɨɞɢɧɟ 
ɑɥɚɧ ɂɧɠɟʃɟɪɫɤɟ ɤɨɦɨɪɟ ɋɪɛɢʁɟ  ɇɨɫɢɥɚɰ ɥɢɰɟɧɰɟ ɨɞɝɨɜɨɪɧɨɝ ɩɪɨʁɟɤɬɚɧɬɚ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢɨɧɢɯ ɦɪɟɠɚ ɢ ɫɢɫɬɟɦɚ 
 ɛɪɨʁ ɥɢɰɟɧɰɟ ɂɄɋ      ɇ        

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

 

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

Ĉ  /XNLF  *  %  0DUNRYLF  '  '  'UDMLü  7ZR 6WDJH 3UHFRGLQJ %DVHG RQ 2YHUODSSLQJ 8VHU *URXSLQJ 
$SSURDFK LQ ,R7 2ULHQWHG  * 08 0,02 6\VWHPV  :LUHOHVV &RPPXQLFDWLRQV DQG 0RELOH 
&RPSXWLQJ  9RO        $UWLFOH ,'          SS        +LQGDZL  -DQXDU\        ,661             GRL  
                      ,)             

5  3  'DEHWLü  *  %  0DUNRYLü  $ ORZ FRPSOH[LW\ WUDQVPLW FRPELQLQJ PHWKRG IRU GRZQOLQN RI PDVVLYH 
PXOWLXVHU PXOWLSOH LQSXW PXOWLSOH RXWSXW V\VWHPV  (OHFWURQLFV /HWWHUV  9RO      1R      SS  H        
SDJHV  0D\        ,661             GRL         HOO         ,)             
*  0DUNRYLü  9  6RNRORYLü  $ 5REXVW &RRSHUDWLYH 0RGXODWLRQ &ODVVLILFDWLRQ 6FKHPH ZLWK ,QWUD 
VHQVRU )XVLRQ IRU WKH 7LPH FRUUHODWHG )ODW )DGLQJ &KDQQHOV  'HIHQFH 6FLHQFH -RXUQDO  9RO      1R  
   SS         )HEUXDU\       ,661          ;  GRL           GVM           ,)             

*  %  0DUNRYLF  0  /  'XNLF  &RRSHUDWLYH PRGXODWLRQ FODVVLILFDWLRQ ZLWK GDWD IXVLRQ IRU PXOWLSDWK 
IDGLQJ FKDQQHOV  (OHFWURQLFV /HWWHUV  9RO      1R      SS             ,(7  1RYHPEHU        ,661  
           GRL          HO            ,)             

*  %  0DUNRYLF  0  /  'XNLF  -RLQW FXPXODQW HVWLPDWH FRUUHFWLRQ DQG GHFLVLRQ IRU FRRSHUDWLYH 
PRGXODWLRQ FODVVLILFDWLRQ E\ XVLQJ PXOWLSOH VHQVRUV  $QQDOHV GHV WpOpFRPPXQLFDWLRQV   $QQDOV RI 
WHOHFRPPXQLFDWLRQV  9RO      1R         SS           -XQH        ,661             GRL  
        V                  ,)             
9  6  6RNRORYLü  *  '  'LNLü  *  %  0DUNRYLü  5  6WDQþLü  1  /XNLü  ,16 *36 1DYLJDWLRQ 6\VWHP 
%DVHG RQ 0(06 7HFKQRORJLHV  6WURMQLVNL YHVWQLN   -RXUQDO RI 0HFKDQLFDO (QJLQHHULQJ  9RO      1R  
       SS           $XJXVW        ,661             GRL          VY MPH            ,)       
      



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɍɚɬʁɚɧɚ Ʉɟɱɚ            

 
ȳɨɜɚɧ ɐɢɝɚɧɨɜɢʄ            

 
Ȼɨʁɚɧ ɉɚʁɱɢɧ            

 
Ⱦɪɚɝɚɧ Ʉɧɟɠɟɜɢʄ            

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ȿɧɟɪɝɟɬɫɤɢ ɟɮɢɤɚɫɧɟ ȿɬɟɪɧɟɬ ɩɚɫɢɜɧɟ ɨɩɬɢɱɤɟ ɦɪɟɠɟ
ɛɚɡɢɪɚɧɟ ɧɚ ɦɭɥɬɢɩɥɟɤɫɢɪɚʃɭ ɩɨ ɬɚɥɚɫɧɢɦ ɞɭɠɢɧɚɦɚ

Ʉɚɪɚɤɬɟɪɢɡɚɰɢʁɚ ɬɟɪɦɨɜɢɡɢʁɫɤɢɯ ɫɢɫɬɟɦɚ ɫɚ ɩɚɧɨɪɚɦɫɤɢɦ 
ɩɪɢɤɚɡɨɦ ɡɚ ɧɚɞɡɨɪ ɩɨɤɪɟɬɧɢɯ ɨɛʁɟɤɚɬɚ

Ɇɚɬɚɜɭʂ ɉɟɬɚɪ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɇɨɞɟɥɨɜɚʃɟ ɢ ɞɢɡɚʁɧ ɨɩɬɢɱɤɢɯ ɪɟɡɨɧɚɬɨɪɚ ɭ ɢɧɬɟɝɪɢɫɚɧɨʁ 
ɫɢɥɢɰɢʁɭɦɫɤɨʁ ɬɟɯɧɨɥɨɝɢʁɢ

Ⱦɟʁɫɬɜɨ ɢɦɩɭɥɫɧɨɝ ɥɚɫɟɪɚ ɧɚ ɬɢɬɚɧɢʁɭɦɫɤɭ ɦɟɬɭ  
ɩɨɜɪɲɢɧɫɤɢ ɟɮɟɤɬɢ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0LUMDQD 5DGLYRMHYLü  3HWDU 0DWDYXOM  7KH ZD\ WRZDUG WUXO\ 4R6 DZDUH (321  3KRWRQLF 1HWZRUN 
&RPPXQLFDWLRQV  SS          YRO             ,661         ; 
'UDJDQ 0  .QHåHYLü  3HWDU 6  0DWDYXOM  =RUDQ 0  1LNROLü  0RGHOLQJ RI DLUFUDIW LQIUDUHG VLJQDWXUH 
EDVHG RQ FRPSDUDWLYH WUDFNLQJ  2SWLN          S   YRO       QR           ,661           
0LODQ 6WDQRMHYLü  -RYDQD *RMDQRYLü  3HWDU 0DWDYXOM  DQG 6DQGUD äLYDQRYLü  2UJDQLF VRODU FHOO 
SK\VLFV DQDO\]HG E\ 6KRFNOH\ GLRGH HTXDWLRQ  2SWLFDO DQG  4XDQWXP (OHFWURQLFV         S   YRO      
$OL 5  .KDOI  -RYDQD 3  *RMDQRYLü  1DWDãD $  ûLURYLü  6DQGUD äLYDQRYLü  DQG 3HWDU 6  0DWDYXOM  7KH 
,PSDFW RI 6XUIDFH 3URFHVVHV RQ WKH - 9 &KDUDFWHULVWLFV RI 2UJDQLF 6RODU &HOOV  ,((( -RXUQDO RI 
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

0LUMDQD 5DGLYRMHYLü  3HWDU 0DWDYXOM  7HFKQR HFRQRPLF DQDO\VLV RI PXOWLVHUYLFH (321 GHSOR\PHQW  
7UDQVDFWLRQV RQ (PHUJLQJ 7HOHFRPPXQLFDWLRQV 7HFKQRORJLHV  H      YRO      QR            ,661 
%RMDQ 3DMþLQ  3HWDU 0DWDYXOM DQG 0LUMDQD 5DGLYRMHYLü  ,PSURYLQJ TXDOLW\ RI VHUYLFH LQ IRXU FKDQQHO 
:'0 (WKHUQHW SDVVLYH RSWLFDO QHWZRUN  2SWLFDO DQG 4XDQWXP (OHFWURQLFV        S   YRO      QR      
%RMDQ 3DMþLQ  3HWDU 0DWDYXOM DQG 0LUMDQD 5DGLYRMHYLü  $QDO\VLV RI 2QOLQH '%$ $OJRULWKP ZLWK 
$GDSWLYH 6OHHS &\FOH LQ :'0 (321  )LEHU DQG ,QWHJUDWHG 2SWLFV  SS           YRO      QR     
-  &LJDQRYLü  3  0DWDYXOM  0  7UWLFD  -  6WDãLü  -  6DYRYLü  6  äLYNRYLü DQG 0  0RPþLORYLü  3XOVHG 
7($ &2  /DVHU ,UUDGLDWLRQ RI 7LWDQLXP LQ 1LWURJHQ DQG &DUERQ 'LR[LGH *DVHV  5XVVLDQ -RXUQDO RI 
7DWMDQD 3  .HþD  :LOOLDP 5  +HDGOH\  *RUDQ =  0DVKDQRYLFK DQG 3HWDU 6  0DWDYXOM  5HSHDWHG 
SDVVLQJ SULQFLSOH IRU SURSDJDWLRQ LQ RSWLFDO UHVRQDWRUV  2SWLFDO 5HYLHZ  SS           YRO      QR     
%RMDQ 3DMþLQ  3HWDU 0DWDYXOM DQG 0LUMDQD 5DGLYRMHYLü  6LPXODWLRQ DQDO\VLV RI HQHUJ\ HIILFLHQW :'0 
HWKHUQHW SDVVLYH RSWLFDO QHWZRUN  2SWLFDO DQG 4XDQWXP (OHFWURQLFV       S   YRO      QR           
$OHNVDQGDU '  6WRMDQRYLü  5XEHQV 9LDQD 5DPRV DQG 3HWDU 6  0DWDYXOM $XWKHQWLFDWHG %   4.' 
SURWRFRO HPSOR\LQJ V\QFKURQL]HG RSWLFDO FKDRWLF V\VWHPV  2SWLFDO DQG 4XDQWXP (OHFWURQLFV  

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ

    
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɇɚɬɟɦɚɬɢɤɚ

    
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ

Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ɉɪɢɪɨɞɧɨɦɚɬɟɦɚɬɢɱɤɢ 
ɮɚɤɭɥɬɟɬ

Ɇɚɬɟɦɚɬɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɇɢɯɚɢɥɨɜɢʄ Ȼɨʁɚɧɚ
Ⱦɨɰɟɧɬ
ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ɉɪɢɦɟʃɟɧɚ 
ɦɚɬɟɦɚɬɢɤɚ
Ɍɟɨɪɢʁɚ ɝɪɚɮɨɜɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɍɟɨɪɢʁɚ ɝɪɚɮɨɜɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

%  0DOHãHYLü  0  0LüRYLü  %  0LKDLORYLü  7  /XWRYDF  9  âHãXP ýDYLü  7KH EHVW FRQVWDQWV LQ VRPH 
QHZ VKDUS ERXQGV IRU VLQF IXQFWLRQ  $IULND 0DWHPDWLND  9RO      1R      SS        $SU         
GRL         V                 
%  0DOHãHYLü  0  0LüRYLü  %  0LKDLORYLü  7  /XWRYDF  $ QHZ DSSURDFK WR VHOHFWLQJ FRQVWDQWV IRU VRPH 
DQDO\WLF LQHTXDOLWLHV  -RXUQDO RI 0DWKHPDWLFDO ,QHTXDOLWLHV  9RO      1R     SS           0DU        
GRL         MPL            
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

% 0DOHãHYLü  % 0LKDLORYLü  0  1HQH]Lü -RYLü  0  0LüRYLü  /  0LOLQNRYLü  6RPH JHQHUDOLVDWLRQV DQG 
PLQLPD[ DSSUR[LPDQWV RI '¶$XUL]LR WULJRQRPHWULF LQHTXDOLWLHV  $FWD 8QLYHUVLWDWLV 6DSLHQWLDH  
0DWKHPDWLFD  9RO      1R     SS           'HF        GRL          DXVP           

%  0DOHãHYLü  0  0LüRYLü  %  0LKDLORYLü  $ 3DUDPHWULF 0HWKRG IRU 3URYLQJ 6RPH $QDO\WLF 
,QHTXDOLWLHV  $[LRPV  9RO      1R     SS        $XJ        GRL         D[LRPV        

%  %DQMDF  %  0DOHãHYLü  0  0LüRYLü  %  0LKDLORYLü  0  6DYDWRYLü  7KH EHVW SRVVLEOH FRQVWDQWV 
DSSURDFK IRU :LONHU &XVD +X\JHQV LQHTXDOLWLHV YLD VWUDWLILFDWLRQ  $SSO  $QDO   'LVFUHWH 0DWK   9RO  
    1R     SS           $SU          ,)       0  D   ,661           
GRL         $$'0         %

%  0DOHãHYLü  Ȼ  Ɇɢɯɚɢɥɨɜɢʄ  $ PLQLPD[ DSSUR[LPDQW LQ WKH WKHRU\ RI DQDO\WLF LQHTXDOLWLHV  
$33/,&$%/( $1$/<6,6 $1' ',6&5(7( 0$7+(0$7,&6  9RO      1R     SS                   
%  0LKDLORYLü  0  5DãDMVNL  6RPH JUDSK PDSSLQJV WKDW SUHVHUYH WKH VLJQ RI Ȝ  U  $33/,&$%/( 
$1$/<6,6 $1' ',6&5(7( 0$7+(0$7,&6  9RO      1R           
%  0LKDLORYLü  0  5DãDMVNL  =  6WDQLü  5HIOH[LYH FDFWL ± D VXUYH\  $33/,&$%/( $1$/<6,6 $1' 
',6&5(7( 0$7+(0$7,&6  9RO      1R         

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɉɟɬɚɪ Ⱥɬɚɧɚɫɢʁɟɜɢʄ          

 
Ɇɢɥɚɧɚ Ʌɚɥɨɜɢʄ          

 
Ɇɢɥɨɲ ɉɟɬɪɨɜɢʄ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
 0  

 

Ɇ  Ⱥ/  %UDMRYLF   '  6WRMDQRYLF  3  0LKDLORYLF  6  0DUNRYLF  0  5RPFHYLF  0  0LWULF  9  /D]RYLF  '  
'UDPOLF  6  3HWULFHYLF  1  5RPFHYLF  ³3UHSDUDWLRQ DQG FKDUDFWHUL]DWLRQ RI ELVPXWK JHUPDQLXP R[LGH 
 %*2  SRO\PHU FRPSRVLWHV´  -RXUQDO RI $OOR\V DQG &RPSRXQGV  9RO      1R          SS         

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

3  0LKDLORYLF  6  3HWULFHYLF  ³)LEHU 2SWLF 6HQVRUV %DVHG RQ WKH )DUDGD\ (IIHFW´  6HQVRUV  9RO     1R 
    6HSWHPEHU     
3 $WDQDVLMHYLF  3 0LKDLORYLF  ³7HPSHUDWXUH FRPSHQVDWLRQ RI 17& WKHUPLVWRUV EDVHG DQHPRPHWHU´  
6HQVRUV DQG $FWXDWRUV $  3K\VLFDO  9RO      -DQXDU\       SS         

ɂɫɩɢɬɢɜɚʃɟ ɤɨɦɩɨɡɢɬɧɢɯ ɦɚɬɟɪɢʁɚɥɚ ɩɨɦɨʄɭ ɭɝɪɚɻɟɧɢɯ 
ɮɢɛɟɪɨɩɬɢɱɤɢɯ ɫɟɧɡɨɪɚ ɩɪɢɥɢɤɨɦ ɭɞɚɪɚ ɤɨɧɬɪɨɥɢɫɚɧɨɦ 
ɟɧɟɪɝɢʁɨɦ

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ʉɚɪɚɤɬɟɪɢɡɚɰɢʁɚ ɨɞɡɢɜɚ ɤɪɢɥɚ Ɇɨɪɮɨ ɥɟɩɬɢɪɚ ɤɚɨ 
ɯɨɥɨɝɪɚɮɫɤɢ ɢɫɩɢɬɢɜɚɧɨɝ ɫɟɧɡɨɪɚ ɫɥɢɤɟ

ɍɬɢɰɚʁ ɡɪɚɱɟʃɚ ɧɚ ɨɩɬɢɱɤɟ ɥɢɧɤɨɜɟ ɪɟɚɥɢɡɨɜɚɧɟ ɭ 
ɫɢɥɢɰɢʁɭɦɫɤɨʁ ɮɨɬɨɧɢɰɢ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɇɢɯɚɢɥɨɜɢʄ ɉɟɻɚ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

3  0LKDLORYLF  6  3HWULFHYLF  6  6WDQNRYLF  -  5DGXQRYLF  Ä7HPSHUDWXUH GHSHQGHQFH RI WKH 
%L  *H2   RSWLFDO DFWLYLW\³  2SWLFDO 0DWHULDOV  9RO                SS           
3  0LKDLORYLF  6  3HWULFHYLF  =  6WRMNRYLF  -  %  5DGXQRYLF  Ä'HYHORSPHQW RI D SRUWDEOH ILEHU RSWLF 
FXUUHQW VHQVRU IRU SRZHU V\VWHPV PRQLWRULQJ³  ,((( 7UDQVDFWLRQV RQ ,QVWUXPHQWDWLRQ DQG 
0HDVXUHPHQW  9RO                 SS       

6  3HWULFHYLF  3  0LKDLORYLF  ³&RPSHQVDWLRQ RI 9HUGHW &RQVWDQW 7HPSHUDWXUH 'HSHQGHQFH E\ 
&U\VWDO &RUH 7HPSHUDWXUH 0HDVXUHPHQW´  6HQVRUV  9RO     1R           SS            
0  3HWURYLF  3  0LKDLORYLü  /  %UDMRYLF  6  3HWULþHYLü  ,  =LYNRYLF  $  .RMRYLF  9  5DGRMHYLF  ³,QWHQVLW\ 
)LEHU 2SWLF 6HQVRU IRU 6WUXFWXUDO +HDOWK 0RQLWRULQJ &DOLEUDWHG E\ ,PSDFW 7HVWHU´  ,((( 6HQVRUV 
-RXUQDO  9RO     1R          SS           
3  0LKDLORYLF  6  3HWULFHYLF  -  5DGXQRYLF  Ä&RPSHQVDWLRQ IRU WHPSHUDWXUH GHSHQGHQFH RI WKH 
)DUDGD\ HIIHFW E\ RSWLFDO DFWLYLW\ WHPSHUDWXUH VKLIW³  ,((( 6HQVRUV -RXUQDO  9RO                SS  
       
=  /D]DUHYLü  3  0LKDLORYLü  6  .RVWLü  0  -  5RPþHYLü  0  0LWULü  6  3HWULþHYLü  -  5DGXQRYLü  0  
3HWURYLü 'DPMDQRYLü  0  *LOLü  1  5RPþHYLü  Ä'HWHUPLQDWLRQ RI PDJQHWR RSWLFDO TXDOLW\ DQG 
UHIUDFWLYH LQGH[ RI ELVPXWK JHUPDQLXP R[LGH VLQJOH FU\VWDOV JURZQ E\ &]RFKUDOVNL WHFKQLTXH³  
2SWLFDO 0DWHULDOV  9RO                SS      ±    
6  -  3HWULFHYLF  3  0LKDLORYLF  -  5DGXQRYLF  Ä$ PLQLDWXUH 3RFNHOV FHOO ZLWK QRYHO HOHFWURGH 
JHRPHWU\³  6HQVRUV  9RO               SS           



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɇɢɯɢʄ Ⱦɪɚɝɚɧ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ȿɧɟɪɝɟɬɫɤɢ ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

'  0LKLü  0  7HU]Lü  6  9XNRVDYLü  $ 1HZ 1RQOLQHDU $QDO\WLFDO 0RGHO RI WKH 650 :LWK ,QFOXGHG 
0XOWLSKDVH &RXSOLQJ  ,((( 75$16$&7,216 21 (1(5*< &219(56,21  9RO      1R     SS  
             'HF        GRL          7(&              

'UDJDQ 6  0LKLF  0ODGHQ 9  7HU]LF  =DUNR 9  .RSULYLFD  1RQ OLQHDU PRGHO RI WKH VZLWFKHG UHOXFWDQFH 
PRWRU ZLWK LQFOXGHG FRUH ORVVHV¶ HIIHFWV  ,(7 (/(&75,& 32:(5 $33/,&$7,216  9RO      1R      
SS             1RY        KWWSV   GRL RUJ         HOS        
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

0  7HU]Lü  '  0LKLü  6  9XNRVDYLü  ,PSDFW RI 5RWRU 0DWHULDO RQ WKH 2SWLPDO *HRPHWU\ RI +LJK 6SHHG 
'UDJ &XS ,QGXFWLRQ 0RWRU  ,((( 75$16$&7,216 21 (1(5*< &219(56,21  9RO     1R     SS  
           -XQ        GRL          7(&              

'  0LKLü  0  7HU]Lü  %  %UNRYLü  6  9XNRVDYLü  $ QRYHO PRGXODU SRZHU FRQYHUWHU IRU 650 GULYH  
(/(&75,&$/ (1*,1((5,1*  $5&+,9 )85 (/(.7527(&+1,.   SS        -DQ         
KWWSV   GRL RUJ         V                Z

0  7HU]Lü  '  0LKLü  6  9XNRVDYLü  'HVLJQ RI +LJK 6SHHG  /RZ ,QHUWLD ,QGXFWLRQ 0DFKLQHV :LWK 'UDJ 
&XS 5RWRU  ,((( 75$16$&7,216 21 (1(5*< &219(56,21  9RO      1R     SS             
0DU        GRL          7(&              

0LKLü  ' 6   %UNRYLF  % 0   7HU]LF  0 9  $V\PPHWULFDO )RXU 3KDVH     6ZLWFKHG 5HOXFWDQFH 0RWRU 
IRU D :LGH &RQVWDQW 3RZHU 5HJLRQ  0DFKLQHV                
KWWSV   GRL RUJ         PDFKLQHV        
0  7HU]LF  '  0LKLF  6ZLWFKHG 5HOXFWDQFH 0RWRU 'HVLJQ IRU D 0LG 'ULYH ( %LNH $SSOLFDWLRQ  
0DFKLQHV                KWWSV   GRL RUJ         PDFKLQHV        

0  7HU]Lü  '  0LKLü  6  9XNRVDYLü  6WDWRU 'HVLJQ DQG $LU *DS 2SWLPL]DWLRQ RI +LJK 6SHHG 'UDJ &XS 
,QGXFWLRQ 0RWRU XVLQJ )(0  $'9$1&(6 ,1 (/(&75,&$/ $1' &20387(5 (1*,1((5,1*  9RO  
    1R     SS            $XJ        GRL         $(&(            

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ʌɟɧɚ Ɂɟɰ          

 
Ɏɢɥɢɩ Ɂɟɰ          

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
Ɇ  

 
Ɇ  -  0LNXORYLü  7  âHNDUD  0  )RUFDQ  3RZHU GHILQLWLRQV IRU WKUHH SKDVH V\VWHPV LQ WHUPV RI 

LQVWDQWDQHRXV V\PPHWULFDO FRPSRQHQWV  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 
6\VWHPV  9RO       SS          0D\      

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  )RUFDQ  ä  ĈXULãLü  ȳ  Ɇɢɤɭɥɨɜɢʄ  $Q DOJRULWKP IRU HOLPLQDWLRQ RI SDUWLDO VKDGLQJ HIIHFW EDVHG RQ 
D 7KHRU\ RI 5HIHUHQFH 39 6WULQJ  62/$5 (1(5*<  SS               
/  =HF  -  0LNXORYLü  0  äDUNRYLü  $SSOLFDWLRQ RI DUWLILFLDO QHXUDO QHWZRUN WR SRZHU FRQVXPSWLRQ 
IRUHFDVWLQJ IRU WKH 6DUDMHYR UHJLRQ  (/(&75,&$/ (1*,1((5,1*  $5&+,9 )85 
(/(.7527(&+1,.   6HS      

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɉɥɚɧɢɪɚʃɟ ɩɨɬɪɨɲʃɟ ɭ ɦɢɤɪɨɦɪɟɠɚɦɚ ɢ 
ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢɦ ɫɢɫɬɟɦɢɦɚ ɫɚ ɨɛɧɨɜʂɢɜɢɦ ɢɡɜɨɪɢɦɚ 
ɟɧɟɪɝɢʁɟ ɩɪɢɦɟɧɨɦ ɜɟɲɬɚɱɤɟ ɢɧɬɟɥɢɝɟɧɰɢʁɟ
ɉɪɟɞɢɤɰɢʁɚ ɫɬɚʃɚ ɢɡɨɥɚɰɢɨɧɨɝ ɫɢɫɬɟɦɚ ɜɢɫɨɤɨɧɚɩɨɧɫɤɟ 
ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɟ ɨɩɪɟɦɟ ɩɪɢɦɟɧɨɦ ɡɚɤɨɧɚ ɩɨɪɚɫɬɚ 
ɜɟɪɨɜɚɬɧɨʄɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ⱦɨɤɬɨɪɚɬ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ȳɨɜɚɧ Ɇɢɤɭɥɨɜɢʄ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ä  ĈXULãLü  -  0LNXORYLü  $VVHVVPHQW RI WKH :LQG (QHUJ\ 5HVRXUFH LQ WKH 6RXWK %DQDW 5HJLRQ  
6HUELD  5(1(:$%/(   6867$,1$%/( (1(5*< 5(9,(:6  9RO      1R     SS               -XQ  
    
ä  ĈXULãLü  -  0LNXORYLü  $ PRGHO IRU YHUWLFDO ZLQG VSHHG GDWD H[WUDSRODWLRQ IRU LPSURYLQJ ZLQG 
UHVRXUFH DVVHVVPHQW XVLQJ :$V3  5(1(:$%/( (1(5*<  SS                 

0DUNR ,NLü  -RYDQ 0LNXORYLü  ([SHULPHQWDO (YDOXDWLRQ RI 'LVWURUWLRQ (IIHFW IRU *ULG &RQQHFWHG 39 
6\VWHPV ZLWK 5HIHUHQFH WR 'LIIHUHQW 7\SHV RI (OHFWULF 3RZHU 4XDQWLWLHV  (1(5*,(6  9RO      1R     
SS             -DQ      
/HQD =HF  -RYDQ 0LNXORYLü  'LIIHUHQW &RQFHSWV RI *ULG &RQQHFWHG 0LFURJULGV ZLWK D 39 6\VWHP  
%DWWHU\ (QHUJ\ 6WRUDJH  )HHG LQ 7DULII  DQG /RDG 0DQDJHPHQW 8VLQJ )X]]\ /RJLF  $'9$1&(6 ,1 
(/(&75,&$/ $1' &20387(5 (1*,1((5,1*  9RO      1R     SS               
/HQD =HF  -RYDQ 0LNXORYLü  /RDG PDQDJHPHQW LQ DQ RII JULG K\EULG 39±ZLQG±EDWWHU\ V\VWHP XVLQJ 
WKH SRZHU IORZ FRQWURO DOJRULWKP DQG IX]]\ ORJLF FRQWUROOHU  (/(&75,&$/ (1*,1((5,1*  $5&+,9 
)85 (/(.7527(&+1,.   9RO       1R      SS              
7  âHNDUD  -  0LNXORYLü  ä  ĈXULãLü  2SWLPDO UHDFWLYH FRPSHQVDWRUV LQ SRZHU V\VWHPV XQGHU 
DV\PPHWULFDO DQG QRQVLQXVRLGDO FRQGLWLRQV   ,((( 75$16$&7,216 21 32:(5 '(/,9(5<  9RO  
    1R     SS             $SU      
ä  ĈXULãLü  -  0LNXORYLü  ,  %DELü  ,PSDFW RI ZLQG VSHHG YDULDWLRQV RQ ZLQG IDUP HFRQRP\ LQ WKH RSHQ 
PDUNHW FRQGLWLRQV  5(1(:$%/( (1(5*<  9RO      SS             2FW      



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

Ɋɚɞɨɦɢɪ ȳɚɤɨɜʂɟɜɢʄ          

 
ɇɟɦɚʃɚ Ʉɨʁɢʄ          

 
ȳɭɥɢʁɚɧɚ Ʌɟɤɢʄ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D 

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

'  0LOLüHY  ä  âXãWUDQ  5HZULWLQJ 4XHULHV IRU +\SHU 5HODWLRQV  ,((( 75$16$&7,216 
.12:/('*( $1' '$7$ (1*,1((5,1*  9RO      1R     SS             6HS        
GRL         7.'(             

5$=92- ,1250$&,21,+ 6,67(0$ =$ 835$9/-$1-( 
326/291,0 352&(6,0$ '(021675$&,-20

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ⱥɪɯɢɬɟɤɬɭɪɚ ɩɚɪɚɥɟɥɧɨɝ ɦɟɦɨɪɢʁɫɤɨɝ ɩɨɞɫɢɫɬɟɦɚ ɡɚ ɨɛɪɚɞɭ 
ɫɥɢɤɟ ɢ ɜɢɞɟɚ ɭ ɦɨɛɢɥɧɢɦ ɭɪɟɻɚʁɢɦɚ

ɈɉɌɂɆɂɁȺɐɂȳȺ ɉɊɂɋɌɍɉȺ ɉɈȾȺɐɂɆȺ ɍ ɈȻȳȿɄɌɇɈ 
ɊȿɅȺɐɂɈɇɈɆ ɆȺɉɂɊȺȵɍ ɁȺɋɇɈȼȺɇȺ ɇȺ 
ȺɍɌɈɆȺɌɋɄɈȳ ȾȿɇɈɊɆȺɅɂɁȺɐɂȳɂ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɇɢɥɢʄɟɜ Ⱦɪɚɝɚɧ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

'  0LOLüHY  =  -RYDQRYLü  &RQWURO )ORZ 5HJHQHUDWLRQ IRU 6RIWZDUH 3LSHOLQHG /RRSV ZLWK &RQGLWLRQV  
,17(51$7,21$/ -2851$/ 2) 3$5$//(/ 352*5$00,1*  9RO      1R     SS           -XQ  
      GRL         $              
'  0LOLüHY  $XWRPDWLF 0RGHO 7UDQVIRUPDWLRQV 8VLQJ ([WHQGHG 80/ 2EMHFW 'LDJUDPV LQ 0RGHOLQJ 
(QYLURQPHQWV  ,((( 75$16$&7,216 62)7:$5( (1*,1((5,1*  9RO      1R     SS           
$SU        GRL         76(            
'  0LOLüHY  'RPDLQ 0DSSLQJ 8VLQJ ([WHQGHG 80/ 2EMHFW 'LDJUDPV  ,((( 62)7:$5(  9RO      
1R     SS         0DU        GRL                  
'  0LOLüHY  =  -RYDQRYLü  6RXUFHV RI 3DUDOOHOLVP LQ 6RIWZDUH 3LSHOLQLQJ /RRSV ZLWK &RQGLWLRQDO 
%UDQFKHV  $&0 6,*3/$1 127,&(6  9RO      1R     SS         )HE        
GRL                      

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ

9  0LORYDQRYLü  '  0LOLüHY  $Q LQWHUDFWLYH WRRO IRU 80/ FODVV PRGHO HYROXWLRQ LQ GDWDEDVH 
DSSOLFDWLRQV  62)7:$5( $1' 6<67(06 02'(/,1*  9RO      1R     SS                   
GRL         V                
ä  0LMDLORYLü  '  0LOLüHY  (PSLULFDO $QDO\VLV RI *8, 3URJUDPPLQJ &RQFHUQV  ,17(51$7,21$/ 
-2851$/ 2) +80$1 &20387(5 678',(6  9RO      1R         SS           2FW        
GRL         M LMKFV            
ä  0LMDLORYLü  '  0LOLüHY  $ 5HWURVSHFWLYH RQ 8VHU ,QWHUIDFH 'HYHORSPHQW 7HFKQRORJ\  ,((( 
62)7:$5(  9RO      1R     SS         1RY        GRL         06        
'  0LOLüHY  ä  0LMDLORYLü  &DSVXOH %DVHG 8VHU ,QWHUIDFH 0RGHOLQJ IRU /DUJH 6FDOH $SSOLFDWLRQV  ,((( 
75$16$&7,216 62)7:$5( (1*,1((5,1*  9RO      1R     SS             6HS        
GRL         76(       
'  0LOLüHY  7RZDUGV 8QGHUVWDQGLQJ RI &ODVVHV YHUVXV 'DWD 7\SHV LQ &RQFHSWXDO 0RGHOLQJ DQG 
80/  &20387(5 6&,(1&( $1' ,1)250$7,21 6<67(06   &206,6  9RO     1R     SS      
     -XQ        GRL         &6,6         0
'  0LOLüHY  2Q WKH 6HPDQWLFV RI $VVRFLDWLRQV DQG $VVRFLDWLRQ (QGV LQ 80/  ,((( 75$16$&7,216 
62)7:$5( (1*,1((5,1*  9RO      1R     SS           $SU        GRL         76(        

-  /HNLü  '  0LOLüHY  :HDNO\ &RPSOHWH (YHQW /RJV LQ 3URFHVV 0LQLQJ  &20387,1* $1' 
,1)250$7,&6  9RO      1R     SS           2FW        GRL          FDL           
-  /HNLü  '  0LOLüHY  '  6WDQNRYLü  *HQHUDWLQJ %ORFN 6WUXFWXUHG 3DUDOOHO 3URFHVV 0RGHOV E\ 
'HPRQVWUDWLRQ  $SSOLHG 6FLHQFHV  9RO      1R          SS        )HE        
GRL         DSS        
1  .RMLü  '  0LOLüHY  (TXLOLEULXP RI 5HGXQGDQF\ LQ 5HODWLRQDO 0RGHO IRU 2SWLPL]HG 'DWD 5HWULHYDO  
,((( 75$16$&7,216 .12:/('*( $1' '$7$ (1*,1((5,1*  9RO      1R     SS             
6HS        GRL         7.'(             
5  -DNRYOMHYLü  $  %HULü  (  YDQ 'DOHQ  '  0LOLüHY  1HZ DFFHVV PRGHV RI SDUDOOHO PHPRU\ VXEV\VWHP 
IRU VXE SL[HO PRWLRQ HVWLPDWLRQ  -2851$/ 2) 5($/ 7,0( ,0$*( 352&(66,1*  9RO      1R     
SS           $XJ        GRL         V                
9  %ODJRMHYLü  '  %RMLü  0  %RMRYLü  0  &YHWDQRYLü  -  ĈRUÿHYLü  Ĉ  ĈXUÿHYLü  %  )XUODQ  6  *DMLQ  =  
-RYDQRYLü  '  0LOLüHY  9  0LOXWLQRYLü  %  1LNROLü  -  3URWLü  0  3XQW  =  5DGLYRMHYLü  ä  6WDQLVDYOMHYLü  
6  6WRMDQRYLü  ,  7DUWDOMD  0  7RPDãHYLü  3  9XOHWLü  $ 6\VWHPDWLF $SSURDFK WR *HQHUDWLRQ RI 1HZ 
,GHDV IRU 3K' 5HVHDUFK LQ &RPSXWLQJ  $'9$1&(6 ,1 &20387(56  9RO       SS        )HE  
      GRL         EV DGFRP            
-  /HNLü  '  0LOLüHY  'LVFRYHULQJ %ORFN 6WUXFWXUHG 3DUDOOHO 3URFHVV 0RGHOV IURP &DXVDOO\ &RPSOHWH 
(YHQW /RJV  -2851$/ 2) (/(&75,&$/ (1*,1((5,1* (/(.7527(&+1,&.< &$623,6  9RO  
    1R     SS           $SU        GRL         MHH          

'  0LOLüHY  +\SHU UHODWLRQV  $ 0RGHO IRU 'HQRUPDOL]DWLRQ RI 7UDQVDFWLRQDO 5HODWLRQDO 'DWDEDVHV  
,((( 75$16$&7,216 .12:/('*( $1' '$7$ (1*,1((5,1*  9RO      1R     SS             
$SU        GRL         7.'(             



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɇɟɧɚɞ Ȼ  ɉɨɩɨɜɢʄ          

 
ɂɥɢʁɚ Ɍɚɧɚɫɤɨɜɢʄ     
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1  0LOMNRYLü  -  6RGQLN  (IIHFWLYHQHVV RI D WLPH WR IL[DWH IRU ILWQHVV WR GULYH HYDOXDWLRQ LQ 
QHXURORJLFDO SDWLHQWV  %HKDYLRU 5HVHDUFK 0HWKRGV  9RO      SS               -XO        
KWWSV   GRL RUJ         V                  

Ĉ  '  1HãNRYLü  .  6WRMPHQRYD 3HþHþQLN  -  6RGQLN  1  0LOMNRYLü  &RQWDFWOHVV 3XOVH 5DWH 
$VVHVVPHQW  5HVXOWV DQG ,QVLJKWV IRU $SSOLFDWLRQ LQ 'ULYLQJ 6LPXODWRUV  $SSOLHG 6FLHQFHV  9RO  
    1R      SS          $XJ        KWWSV   GRL RUJ         DSS         
-  0HGDUHYLü  1  0LOMNRYLü  .  6WRMPHQRYD 3HþHþQLN  -  6RGQLN  'LVWUHVV GHWHFWLRQ LQ 95 
HQYLURQPHQW XVLQJ (PSDWLFD (  ZULVWEDQG DQG %LWWLXP )DURV      )URQWLHUV LQ 3K\VLRORJ\  9RO  
    SS          0DU        KWWSV   GRL RUJ         ISK\V              
&  +X  =  ;X  $  /D]Lü  3  %KDWWDFKDU\D  /  6HGD  6  +RVVDLQ  $  -HIWLü  $  $OL g]GR÷UX  2  %  
$PDUDO  1  0LOMNRYLü       )  $]HYHGR  2SHQ 6FLHQFH LQ WKH 'HYHORSLQJ :RUOG  $ &ROOHFWLRQ RI 
3UDFWLFDO *XLGHV IRU 5HVHDUFKHUV LQ 'HYHORSLQJ &RXQWULHV  $GYDQFHV LQ 0HWKRGV DQG 3UDFWLFHV 
LQ 3V\FKRORJLFDO 6FLHQFH  9RO     1R     SS          -XO        
KWWSV   GRL RUJ                           
,  7DQDVNRYLü  /M  %  /D]DUHYLü  *  .QHåHYLü  1  0LORVDYOMHYLü  2  'XEOMHYLü  %  %MHJRMHYLü  1  
0LOMNRYLü  &DUGLR35,17  %LRPHWULF LGHQWLILFDWLRQ EDVHG RQ WKH LQGLYLGXDO FKDUDFWHULVWLFV GHULYHG 
IURP WKH FDUGLRJUDP  ([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV  9RO       SS          'HF        
KWWSV   GRL RUJ         M HVZD             
0  ûRVLü  1  0LOMNRYLü  7KH JOREDO PRUSKRORJLFDO DQDO\VLV RI D WLPH GHOD\ HPEHGGLQJ RI WKH VFDODU 
WLPH VHULHV  1RQOLQHDU '\QDPLFV  9RO       SS                 -XQ        
KWWSV   GRL RUJ         V                  
1  0LOMNRYLü  1  0LOHQLü  1  %  3RSRYLü  -  6RGQLN  'DWD DXJPHQWDWLRQ IRU JHQHUDWLQJ V\QWKHWLF 
HOHFWURJDVWURJUDP WLPH VHULHV  0HGLFDO DQG %LRORJLFDO (QJLQHHULQJ DQG &RPSXWLQJ  9RO      SS  
             0D\        KWWSV   GRL RUJ         V                  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ 
ɦɢɧɢɫɬɚɪɫɬɜɚ ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ 

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

1  1  5DGRYDQRYLü  0  0  3ODWLãD  1  0LOMNRYLü  0DOLJQDQW YHQWULFXODU DUUK\WKPLDV SUHGLFWLRQ 
EDVHG RQ FDUGLRUHVSLUDWRU\ VLJQDOV DQDO\VLV DQG PDFKLQH OHDUQLQJ DSSURDFK  %LRPHGLFDO 6LJQDO 
3URFHVVLQJ DQG &RQWURO  9RO       1R  '  SS          )HE        
KWWSV   GRL RUJ         M EVSF             

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɇɟɬɨɞɟ ɡɚ ɨɰɟɧɭ ɟɥɟɤɬɪɢɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɝɥɚɬɤɢɯ ɦɢɲɢʄɚ

Ʉɚɪɚɤɬɟɪɢɡɚɰɢʁɚ ɤɚɪɞɢɨɝɪɚɮɫɤɢɯ ɫɢɝɧɚɥɚ ɦɟɬɨɞɚɦɚ 
ɫɬɚɬɢɫɬɢɱɤɟ ɚɧɚɥɢɡɟ ɢ ɦɚɲɢɧɫɤɨɝ ɭɱɟʃɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ȼɢɨɦɟɞɢɰɢɧɫɤɚ 
ɬɟɯɧɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ȼɢɨɦɟɞɢɰɢɧɫɤɨ 
ɢɧɠɟʃɟɪɫɬɜɨ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɇɢʂɤɨɜɢʄ ɇɚɞɢɰɚ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ȼɢɨɦɟɞɢɰɢɧɫɤɚ ɬɟɯɧɢɤɚ
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ȼɨɞɢɥɚ ʁɟ ʁɟɞɚɧ ɟɜɪɨɩɫɤɢ ɢ ʁɟɞɚɧ ɦɟɻɭɧɚɪɨɞɧɢ ɤɨɦɟɪɰɢʁɚɥɧɢ ɩɪɨʁɟɤɚɬ 
Ⱥɧɝɚɠɨɜɚɧɚ ɭ ɢɫɬɪɚɠɢɜɚʃɭ ɧɚ ɍɧɢɜɟɪɡɢɬɟɬɭ ɭ ȴɭɛʂɚɧɢ ɢ ɛɢɥɚ ʁɟ ɚɧɝɚɠɨɜɚɧɚ ɭ ɧɚɫɬɚɜɢ ɧɚ ȼɨʁɧɨʁ ɚɤɚɞɟɦɢʁɢ ɭ 
Ȼɟɨɝɪɚɞɭ 

ɍɫɚɜɪɲɚɜɚʃɚ
ɂɡ ɛɢɨɦɟɞɢɰɢɧɫɤɨɝ ɢɧɠɟʃɟɪɫɬɜɚ  ɟɥɟɤɬɪɨɬɟɯɧɢɤɟ  ɟɬɢɤɟ ɢ ɨɬɜɨɪɟɧɟ ɧɚɭɤɟ 
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɇɚɩɢɫɚɧɚ ɞɜɚ ɨɬɜɨɪɟɧɚ ɟɥɟɤɬɪɨɧɫɤɚ ɭʇɛɟɧɢɤɚ ɢ ʁɟɞɚɧ ɩɨɦɨʄɧɢ ɟɥɟɤɬɪɨɧɫɤɢ ɭʇɛɟɧɢɤ 
Ⱥɤɬɢɜɧɚ ɭ ɩɪɨɦɨɰɢʁɢ ɩɪɢɧɰɢɩɚ ɨɬɜɨɪɟɧɟ ɧɚɭɤɟ  ɩɨɫɟɛɧɨ ɭ ɨɛɥɚɫɬɢ ɨɬɜɨɪɟɧɨɝ ɯɚɪɞɜɟɪɚ ɢ ɪɚɱɭɧɚɪɫɤɟ 
ɪɟɩɪɨɞɭɰɢɛɢɥɧɨɫɬɢ 
ɇɚɝɪɚɻɟɧɚ ɡɚ ɢɫɬɪɚɠɢɜɚʃɟ ɢ ɞɪɭɝɚ ɞɨɫɬɢɝɧɭʄɚ  ɧɚ ɩɪɢɦɟɪ  ɚɧɝɚɠɦɚɧ ɡɚ ɪɨɞɧɭ ɪɚɜɧɨɩɪɚɜɧɨɫɬ  

1  0LOMNRYLü  ,  0LORYDQRYLü  $  'UDJLQ  /  .RQVWDQWLQRYLü  '  3RSRYLü  0XVFOH V\QHUJLHV ZLWK 
:DONDURXQG� SRVWXUDO VXSSRUW YV  ³FDQH WKHUDSLVW´ DVVLVWDQFH  1HXURUHKDELOLWDWLRQ  9RO      SS  
           'HF        KWWS   GRL RUJ         15(        

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

2  'MRUGMHYLF  /  .RQVWDQWLQRYLü  1  0LOMNRYLü  'LIIHUHQFH EHWZHHQ VXEMHFWV LQ HDUO\ FKURQLF SKDVH 
RI ORZ EDFN SDLQ ZLWK DQG ZLWKRXW QHXURSDWKLF FRPSRQHQW  REVHUYDWLRQDO FURVV VHFWLRQDO VWXG\  
(XURSHDQ -RXUQDO RI 3K\VLFDO DQG 5HKDELOLWDWLRQ 0HGLFLQH  9RO      1R     SS             $SU  
      KWWS   GRL RUJ          6                     
1  %  3RSRYLü  1  0LOMNRYLü  .  6WRMPHQRYD  *  -DNXV  0  3URGDQRY  -  6RGQLN  /HVVRQV OHDUQHG  
*DVWULF PRWLOLW\ DVVHVVPHQW GXULQJ GULYLQJ VLPXODWLRQ  6HQVRUV  9RO      1R      SS               
-XO        KWWS   GRL RUJ         V         
1  %  3RSRYLü  1  0LOMNRYLü  0  %  3RSRYLü  6LPSOH JDVWULF PRWLOLW\ DVVHVVPHQW PHWKRG ZLWK D 
VLQJOH FKDQQHO HOHFWURJDVWURJUDP  %LRPHGLFDO (QJLQHHULQJ   %LRPHGL]LQLVFKH 7HFKQLN  9RO      
1R     SS             $SU        KWWS   GRL RUJ         EPW           
1  0LOMNRYLü  1  3RSRYLü  2  'MRUGMHYLF  /  .RQVWDQWLQRYLü  7  âHNDUD  (&* DUWLIDFW FDQFHOODWLRQ LQ 
VXUIDFH (0* VLJQDOV E\ IUDFWLRQDO RUGHU FDOFXOXV DSSOLFDWLRQ  &RPSXWHU 0HWKRGV DQG 3URJUDPV 
1  0LOMNRYLü  1  0DOHãHYLü  9  .RMLü  *  %LMHOLü  7  .HOOHU  ' %  3RSRYLü  5HFRUGLQJ DQG 
DVVHVVPHQW RI HYRNHG SRWHQWLDOV ZLWK HOHFWURGH DUUD\V  0HGLFDO DQG %LRORJLFDO (QJLQHHULQJ DQG 
&RPSXWLQJ  9RO      1R     SS             6HS        KWWS   GRL RUJ         V                 

2  'MRUGMHYLF  /  .RQVWDQWLQRYLü  1  0LOMNRYLü  *  %LMHOLü  5HODWLRQVKLS EHWZHHQ HOHFWURP\RJUDSKLF 
VLJQDO DPSOLWXGH DQG WKLFNQHVV FKDQJH RI WKH WUXQN PXVFOHV LQ VXEMHFWV ZLWK DQG ZLWKRXW ORZ 
EDFN SDLQ  &OLQLFDO -RXUQDO RI 3DLQ  9RO      1R      SS             2FW        
KWWS   GRL RUJ         $-3                  

,  7DQDVNRYLü  1  0LOMNRYLü  $ QHZ DOJRULWKP IRU IHWDO KHDUW UDWH GHWHFWLRQ  )UDFWLRQDO RUGHU 
FDOFXOXV DSSURDFK  0HGLFDO (QJLQHHULQJ   3K\VLFV  9RO       -XQ        
KWWSV   GRL RUJ         M PHGHQJSK\             
*  -DNXV  -  6RGQLN  1  0LOMNRYLü  (OHFWURJDVWURJUDP 'HULYHG )HDWXUHV IRU $XWRPDWHG 6LFNQHVV 
'HWHFWLRQ LQ 'ULYLQJ 6LPXODWRU  6HQVRUV  9RO      1R      SS          1RY        
KWWS   GRL RUJ         V         
7  %ROMDQLü  1  0LOMNRYLü  /  /D]DUHYLü  *  .QHåHYLü  *  0LODãLQRYLü  5HODWLRQVKLS EHWZHHQ 
HOHFWURFDUGLRJUDP EDVHG IHDWXUHV DQG SHUVRQDOLW\ WUDLWV  0DFKLQH OHDUQLQJ DSSURDFK  $QQDOV RI 
1RQLQYDVLYH (OHFWURFDUGLRORJ\  1R  H       SS          1RY        
KWWS   GRL RUJ         DQHF       
1  0LOMNRYLü  0  ,VDNRYLü  (IIHFW RI WKH V(0* HOHFWURGH  UH SODFHPHQW DQG IHDWXUH VHW VL]H RQ WKH 
KDQG PRYHPHQW UHFRJQLWLRQ  %LRPHGLFDO 6LJQDO 3URFHVVLQJ DQG &RQWURO  9RO      1R          SS  
        )HE        KWWS   GRL RUJ         M EVSF             
7  *UXGHQ  1  %  3RSRYLü  .  6WRMPHQRYD  *  -DNXV  1  0LOMNRYLü  6  7RPDåLþ  -  6RGQLN  
(OHFWURJDVWURJUDSK\ LQ $XWRQRPRXV 9HKLFOHV²$Q 2EMHFWLYH 0HWKRG IRU $VVHVVPHQW RI 0RWLRQ 
6LFNQHVV LQ 6LPXODWHG 'ULYLQJ (QYLURQPHQWV  6HQVRUV  9RO      1R     SS              -DQ        
KWWS   GRL RUJ         V         



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ ɇɢɲɭ   

ȿɥɟɤɬɪɨɧɫɤɢ ɮɚɤɭɥɬɟɬ
Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ ɇɢɲɭ Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ ɇɢɲɭ Ɇɚɬɟɦɚɬɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ ɇɢɲɭ   
ȿɥɟɤɬɪɨɧɫɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɚɪʁɚɧ Ɇɚɬɟʁɢʄ          

 
ɇɟɜɟɧɚ ȼɚɫɨɜɢʄ          

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  D 

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɇɢɥɨɜɚɧɨɜɢʄ Ƚɪɚɞɢɦɢɪ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ  ɚɤɚɞɟɦɢɤ ɋȺɇɍ
ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ɉɪɢɦɟʃɟɧɚ 
ɦɚɬɟɦɚɬɢɤɚ
Ɇɚɬɟɦɚɬɢɱɤɚ 
ɚɧɚɥɢɡɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ɇɭɦɟɪɢɱɤɚ ɚɧɚɥɢɡɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɬɜɨ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɋɚɡɜɨʁ ɪɚɰɢɨɧɚɥɧɢɯ ɚɥɝɨɪɢɬɚɦɚ ɡɚ ɤɨɧɫɬɪɭɤɰɢʁɭ 
ɨɪɬɨɝɨɧɚɥɧɢɯ ɩɨɥɢɧɨɦɚ ʁɟɞɧɟ ɩɪɨɦɟɧʂɢɜɟ

ɇɟɤɟ ɦɨɞɢɮɢɤɚɰɢʁɟ ɤɥɚɫɢɱɧɢɯ ɦɟɪɚ  ɨɞɝɨɜɚɪɚʁɭɱɢ 
ɨɪɬɨɝɨɧɚɥɧɢ ɩɨɥɢɧɨɦɢ ɢ ɤɜɚɞɪɚɬɭɪɟ Ƚɚɭɫɨɜɨɝ ɬɢɩɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

)  'HOO $FFLR  $  *XHVVDE  * 9  0LORYDQRYLü  )  1XGR  7UXQFDWHG *HJHQEDXHU +HUPLWH ZHLJKWHG 
DSSURDFK IRU WKH HQULFKPHQW RI WKH &URX]HL[ 5DYLDUW ILQLWH HOHPHQW  %,7                  SS   
KWWSV   GRL RUJ         V                  
* 9  0LORYDQRYLü  $  0LU  2Q DQQXOL FRQWDLQLQJ DOO WKH ]HURV RI D SRO\QRPLDO ZLWK TXDWHUQLRQLF 
FRHIILFLHQWV  $SSO  &RPSXW  0DWK                     ±      '2,                
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɑɥɚɧ ɋȺɇɍ  ɢɡɚɛɪɚɧ ɡɚ ɪɟɞɨɜɧɨɝ ɱɥɚɧɚ             

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

* 9  0LORYDQRYLü  2UWKRJRQDOLW\ RQ WKH VHPLFLUFOH  ROG DQG QHZ UHVXOWV  (OHFWURQ  7UDQV  1XPHU  
$QDO                ±     
* 9  0LORYDQRYLü  $  0LU  $  $KPDG  2Q WKH ]HURV RI D TXDWHUQLRQLF SRO\QRPLDO ZLWK UHVWULFWHG 
FRHIILFLHQWV  /LQHDU $OJHEUD $SSO                  ±     

(  +DFLR÷OX  0  (UW�UN  )  *�UVR\  * 9  0LORYDQRYLü  )OH[LEOH DQG HIILFLHQW LWHUDWLYH VROXWLRQV IRU 
JHQHUDO YDULDWLRQDO LQHTXDOLWLHV LQ UHDO +LOEHUW VSDFHV  $[LRPV                      SS   
KWWSV   GRL RUJ         D[LRPV         

)  'HOO $FFLR  $  *XHVVDE  * 9  0LORYDQRYLü  )  1XGR  5HFRQVWUXFWLQJ DOJHEUDLF IXQFWLRQV IURP D 
QRQFRQIRUPLQJ H[SRQHQWLDO ZHLJKWHG HQULFKHG ILQLWH HOHPHQW  -  &RPSXW  $SSO  0DWK              
3DSHU 1R             SS   KWWSV   GRL RUJ         M FDP             

* 9  0LORYDQRYLü  2UWKRJRQDO SRO\QRPLDOV RQ UDGLDO UD\V LQ WKH FRPSOH[ SODQH  FRQVWUXFWLRQ  
SURSHUWLHV DQG DSSOLFDWLRQV  $[LRPV                     SS   
KWWSV   GRL RUJ         D[LRPV         

&  $OORXFK  * 9  0LORYDQRYLü  *DXVV TXDGUDWXUH UXOHV IRU LQWHJUDOV LQYROYLQJ ZHLJKW IXQFWLRQV ZLWK 
YDULDEOH H[SRQHQWV DQG DQ DSSOLFDWLRQ WR ZHDNO\ VLQJXODU 9ROWHUUD LQWHJUDO HTXDWLRQV  ,0$ -  1XPHU  
$QDO            ±     KWWSV   GRL RUJ         LPDQXP GUDH    
* 9  0LORYDQRYLü  )  4L  &ORVHG IRUP IRUPXODV RI WZR *DXVV K\SHUJHRPHWULF IXQFWLRQV RI VSHFLILF 
SDUDPHWHUV  -  0DWK  $QDO  $SSO                     KWWSV   GRL RUJ         M MPDD            

<  $WDODQ  (  +DFLR÷OX  0  (UW�UN  )  *�UVR\  * 9  0LORYDQRYLü  1RYHO DOJRULWKPV EDVHG RQ IRUZDUG 
EDFNZDUG VSOLWWLQJ WHFKQLTXH  (IIHFWLYH PHWKRGV IRU UHJUHVVLRQ DQG FODVVLILFDWLRQ  -  *OREDO 2SWLP  
               ±      KWWSV   GRL RUJ         V                Z 

* 9  0LORYDQRYLü  *HQHUDOL]HG ZHLJKWHG %LUNKRII <RXQJ TXDGUDWXUHV ZLWK WKH PD[LPDO GHJUHH RI 
H[DFWQHVV  $SSO  1XPHU  0DWK                  ±     
* 9  0LORYDQRYLü  6\PEROLF QXPHULF FRPSXWDWLRQ RI RUWKRJRQDO SRO\QRPLDOV DQG *DXVVLDQ 
TXDGUDWXUHV ZLWK UHVSHFW WR WKH FDUGLQDO % VSOLQH  1XPHU  $OJRULWKPV                ±     

:  *DXWVFKL  * 9  0LORYDQRYLü  $ 5DPDQXMDQ LQWHJUDO DQG LWV GHULYDWLYHV  &RPSXWDWLRQ DQG 
DQDO\VLV  0DWK  &RPS             QR            ±       '2,  KWWSV   GRL RUJ         PFRP      

3  /D[PL  6  -DLQ  3  $JDUZDO  * 9  0LORYDQRYLü  1XPHULFDO FDOFXODWLRQ RI WKH H[WHQVLRQ RI N EHWD 
IXQFWLRQ DQG VRPH QHZ H[WHQVLRQV E\ XVLQJ WZR SDUDPHWHU N 0LWWDJ /HIIOHU IXQFWLRQ  $SSO  0DWK  
&RPSXW                      SS    ±     KWWSV   GRL RUJ         M DPF             

5 5  $NRS\DQ  3  .XPDU  * 9  0LORYDQRYLü  2Q WKH LQHTXDOLWLHV RI =\JPXQG DQG GH %UXLMQ  $QDO  
0DWK                     ±      KWWSV   GRL RUJ         V                  

* 9  0LORYDQRYLü  $  0LU  2Q ]HURV RI WKH UHJXODU SRZHU VHULHV RI D TXDWHUQLRQLF YDULDEOH  5HY  5  
$FDG  &LHQF  ([DFWDV )tV  1DW  6HU  $ 0DWK  5$&60                   SS   
* 9  0LORYDQRYLü  0 3  6WDQLü  7 9  7RPRYLü 0ODGHQRYLü  *DXVVLDQ W\SH TXDGUDWXUH UXOHV UHODWHG WR 
WKH RVFLOODWRU\ PRGLILFDWLRQ RI JHQHUDOL]HG /DJXHUUH ZHLJKW IXQFWLRQV  -  &RPSXW  $SSO  0DWK      
%  ,YDQRY  * 9  0LORYDQRYLü  3 6  6WDQLPLURYLü  $FFHOHUDWHG 'DL /LDR SURMHFWLRQ PHWKRG IRU VROYLQJ 
V\VWHPV RI PRQRWRQH QRQOLQHDU HTXDWLRQV ZLWK DSSOLFDWLRQ WR LPDJH GHEOXUULQJ  -  *OREDO 2SWLP     

* 9  0LORYDQRYLü  5  2ULYH  0 0  6SDOHYLü  4XDGUDWXUHV ZLWK PXOWLSOH QRGHV IRU )RXULHU &KHE\VKHY 
FRHIILFLHQWV  ,0$ -  1XPHU  $QDO                 ±     

* 9  0LORYDQRYLü  6RPH RUWKRJRQDO SRO\QRPLDOV RQ WKH ILQLWH LQWHUYDO DQG *DXVVLDQ TXDGUDWXUH 
UXOHV IRU IUDFWLRQDO 5LHPDQQ /LRXYLOOH LQWHJUDOV   0DWK  0HWKRGV $SSO  6FL             QR        ± 

ɑɥɚɧ ɋȺɇɍ  ɢɡɚɛɪɚɧ ɡɚ ɞɨɩɢɫɧɨɝ ɱɥɚɧɚ             

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɉɪɟɞɪɚɝ Ɉɛɪɚɞɨɜɢʄ      

 
Ʌɚɡɚɪ ɋɦɢʂɤɨɜɢʄ      

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D

 
0  D 

 
0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɇɢɲɢʄ Ɇɚɪɤɨ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɋɚɡɜɨʁ ɦɟɬɨɞɚ ɡɚ ɩɪɟɱɢɲʄɚɜɚʃɟ ɨɡɧɚɱɟɧɨɝ ɫɤɭɩɚ ɱɜɨɪɨɜɚ 
ɝɪɚɮɚ ɡɚɫɧɨɜɚɧɢɯ ɧɚ ɬɟɨɪɢʁɢ ɢɧɮɨɪɦɚɰɢʁɚ

Ɋɚɡɜɨʁ ɢ ɟɜɚɥɭɚɰɢʁɚ ɦɟɬɨɞɚ ɡɚ ɚɧɚɥɢɡɭ ɢ ɭɧɚɩɪɟɻɟʃɟ 
ɤɜɚɥɢɬɟɬɚ ɩɨɞɚɬɚɤɚ ɩɪɨɫɬɨɪɧɟ ɬɪɚɧɫɤɪɢɩɬɨɦɢɤɟ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

,  0LWURYLü  0  0LãLü  -  3URWLü  ([SORULQJ KLJK VFLHQWLILF SURGXFWLYLW\ LQ LQWHUQDWLRQDO FR DXWKRUVKLS RI D 
VPDOO GHYHORSLQJ FRXQWU\ EDVHG RQ FROODERUDWLRQ SDWWHUQV  -RXUQDO RI %LJ 'DWD  9RO      1R      0D\  
0  0LãLü  0  'RGRYLü  $Q DVVHVVPHQW RI ODUJH ODQJXDJH PRGHOV IRU 2SHQ03 EDVHG FRGH 
SDUDOOHOL]DWLRQ  D XVHU SHUVSHFWLYH  -RXUQDO RI %LJ 'DWD  9RO      1R       1RY       
0  0LãLü  3  .RYDþHY  0  7RPDãHYLü  ,PSURYLQJ SHUIRUPDQFH RI EDFNJURXQG VXEWUDFWLRQ RQ PRELOH 
GHYLFHV  D SDUDOOHO DSSURDFK  -2851$/ 2) 5($/ 7,0( ,0$*( 352&(66,1*  9RO      SS        
-  çXNLü  0  0LãLü  $Q (YDOXDWLRQ RI 'LUHFWLYH %DVHG 3DUDOOHOL]DWLRQ RQ WKH *38 8VLQJ D 3DUERLO 
%HQFKPDUN  (OHFWURQLFV   9RO      1R      SS          1RY      
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
19,',$ ɩɪɚɤɫɚ         35$&( 6XPPHU RI +3& ɩɪɚɤɫɚ  (3&&       

ɋɟɤɪɟɬɚɪ Ʉɚɬɟɞɪɟ ɡɚ ɊɌɂ              

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

0  0LãLü  0  7RPDãHYLü  &RPSDULVRQ RI SDUDOOHO FHQWUDO SURFHVVLQJ XQLW  DQG JUDSKLFV SURFHVVLQJ 
XQLW EDVHG LPSOHPHQWDWLRQV RI JUHHG\ VWULQJ WLOLQJ DOJRULWKP IRU VRXUFH FRGH SODJLDULVP GHWHFWLRQ  
0LãLü 0   âXãWUDQ ä   3URWLü -   ³$ &RPSDULVRQ RI 6RIWZDUH 7RROV IRU 3ODJLDULVP 'HWHFWLRQ LQ 
3URJUDPPLQJ $VVLJQPHQWV³  ,QWHUQDWLRQDO -RXUQDO RI (QJLQHHULQJ (GXFDWLRQ  9RO      1R     SS      
            ,661          ;  ,)              0        

'UDãNRYLü '   0LãLü 0   6WDQLVDYOMHYLü ä   ³7UDQVLWLRQ IURP WUDGLWLRQDO WR /06 VXSSRUWHG H[DPLQLQJ  $ 
FDVH VWXG\ LQ FRPSXWHU HQJLQHHULQJ´  &RPSXWHU $SSOLFDWLRQV LQ (QJLQHHULQJ (GXFDWLRQ  9RO      1R  
   SS           6HSWHPEHU        ,661             ,)              '2,          FDH       
 0   0LOXWLQRYLü 9   9XMLþLü 6WDQNRYLü 6   -RYLü $   'UDãNRYLü '   0LãLü 0   )XUXQGåLü '   ³$ 1HZ &RXUVH 
RQ 5 ' 3URMHFW 0DQDJHPHQW LQ &RPSXWHU 6FLHQFH DQG (QJLQHHULQJ  6XEMHFWV 7DXJKW  5DWLRQDOHV 
%HKLQG  DQG /HVVRQV /HDUQHG´  $GYDQFHV LQ &RPSXWHUV  (OVHYLHU  9RO       SS        -XO\        
,661            ,6%1                ,)              '2,          EV DGFRP             
 0   

âWDND =   0LãLü 0   ³/HDI FRXQWLQJ LQ WKH SUHVHQFH RI RFFOXVLRQ LQ $UDELGRSVLV WKDOLDQD SODQW XVLQJ 
FRQYROXWLRQDO QHXUDO QHWZRUNV´  -RXUQDO RI (OHFWURQLF ,PDJLQJ  9RO      1R     SS                  
%UDQNRYLü 6   6PLOMNRYLü /   2EUDGRYLü 3   5DGRQMLü 0   0LãLü 0   ³)DVW 3DUDOOHO &38 *38
$SSUR[LPDWH 6SHFWUDO &OXVWHULQJ IRU 7UDQVFULSWRPLFV 'DWD´  ,QWHUQDWLRQDO -RXUQDO RI 3DUDOOHO
3HãLü Ĉ   9XMRãHYLü -DQLþLü 0   0LãLü 0   3URWLü -   ³$ 1RYHO $SSURDFK WR 6RXUFH &RGH
$VVHPEOLQJ LQ WKH )LHOG RI $OJRULWKPLF &RPSOH[LW\´  &RPSXWHU 6FLHQFH DQG ,QIRUPDWLRQ

ɑɥɚɧ ɨɪɝɚɧɢɡɚɰɢʁɟ ,(((  ɨɞ       
ɑɥɚɧ               ɢ ɩɪɟɞɫɟɞɧɢɤ               Ⱦɢɫɰɢɩɥɢɧɫɤɟ ɤɨɦɢɫɢʁɟ ȿɌɎ
ɑɥɚɧ        ɞɚɧɚɫ  Ʉɨɦɢɫɢʁɟ ɡɚ ɫɬɭɞɢʁɟ ɞɪɭɝɨɝ ɫɬɟɩɟɧɚ ȿɌɎ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɇɟɧɚɞ Ʉɪɚʁɧɨɜɢʄ           

 
Ɇɥɚɞɟɧ Ʉɨɩɪɢɜɢɰɚ          

 
Ȼɪɚɧɤɚ ɋɬɨʁɚɧɨɜɢʄ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D

 
0  D

 
0  D

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɉɪɨɰɟɧɚ ɦɚɤɫɢɦɚɥɧɟ ɪɚɫɩɨɥɨɠɢɜɨɫɬɢ ɫɥɨɠɟɧɢɯ 
ɬɟɥɟɤɨɦɭɧɢɤɚɰɢɨɧɢɯ ɦɪɟɠɚ ɦɟɬɨɞɨɦ ɥɢɧɟɚɪɧɟ ɫɟɝɦɟɧɬɧɟ 
ɚɩɪɨɤɫɢɦɚɰɢʁɟ
ɉɨɜɟʄɚʃɟ ɟɮɢɤɚɫɧɨɫɬɢ ɦɟɬɨɞɚ ɡɚ ɦɟɪɟʃɟ ɢɧɬɟɧɡɢɬɟɬɚ 
ɟɥɟɤɬɪɢɱɧɨɝ ɩɨʂɚ ɭ ɨɤɨɥɢɧɢ ɛɚɡɧɢɯ ɫɬɚɧɢɰɚ ʁɚɜɧɢɯ 
ɦɨɛɢɥɧɢɯ ɫɢɫɬɟɦɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɇɟɲɤɨɜɢʄ Ⱥɥɟɤɫɚɧɞɚɪ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ⱦɢɩɥɨɦɚ
(ɥɟɤɬɪɨɧɢɤɚ ɢ 
ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɇɚɫɬɟɪ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

=  %DERYLü  %  %DMDW  9  ĈRNLü  )  ĈRUÿHYLü  '  'UDãNRYLü  1  )LOLSRYLü  %  )XUKW  1  *DþLü  ,  
,NRGLQRYLü  0  ,OLü  $  ,UIDQRJOX  %  -HOHQNRYLü  $  .DUWHOM  *  .OLPHFN  1  .RUROLMD  0  .RWODU  0  
=  %DERYLü  %  %DMDW  '  %DUDF  9  %HQJLQ  9  ĈRNLü  )  ĈRUÿHYLü  '  'UDãNRYLü  1  )LOLSRYLü  6  
)UHQFK  %  )XUKW  0  ,OLü  $  ,UIDQRJOX  $  .DUWHOM  0  .LOLEDUGD  *  .OLPHFN  1  .RUROLMD  0  .RWODU  0  

Ɋɚɡɞɜɚʁɚʃɟ ɩɪɟɤɥɨɩʂɟɧɢɯ ɨɬɢɫɚɤɚ ɩɪɫɬɢʁɭ ɛɚɡɢɪɚɧɨ ɧɚ 
ɬɟɯɧɨɥɨɝɢʁɢ ɦɚɲɢɧɫɤɨɝ ɭɱɟʃɚ

1  7RPDãHYLü  Ⱥ  ɇɟɲɤɨɜɢʄ  1  1HãNRYLü  &RUUHODWHG ((* 6LJQDOV 6LPXODWLRQ %DVHG RQ $UWLILFLDO 
1HXUDO 1HWZRUNV  ,17(51$7,21$/ -2851$/ 2) 1(85$/ 6<67(06  SS          1RY       
0  3RSRYLü 6DNRYLü  0  .RSULYLFD  -  0LOLQNRYLü  Ⱥ  ɇɟɲɤɨɜɢʄ  &RPSDULVRQ RI $YHUDJH 7RWDO (0) 
([SRVXUH IRU 0LFURFHOO 0DFURFHOO 7RSRORJLHV 8VLQJ 1RYHO 0HWKRGRORJ\ %DVHG RQ 2SHUDWLRQDO 
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɋɟɞɨɜɧɢ ʁɟ ɱɥɚɧ ɚɤɚɞɟɦɢʁɟ ɢɧɠɟʃɟɪɫɤɢɯ ɧɚɭɤɚ ɋɪɛɢʁɟ  Ɍɨɤɨɦ ɩɨɫɥɟɞʃɢɯ    ɝɨɞɢɧɚ  ɛɢɨ ʁɟ ɚɤɬɢɜɧɨ ɭɤʂɭɱɟɧ 
 ɧɚʁɱɟɲʄɟ ɤɚɨ ɨɞɝɨɜɨɪɧɢ ɩɪɨʁɟɤɬɚɧɬ  ɭ ɜɢɲɟ ɫɬɨɬɢɧɚ ɩɪɨʁɟɤɚɬɚ ɩɪɟɬɟɠɧɨ ɢɡ ɨɛɥɚɫɬɢ ɩɪɨʁɟɤɬɨɜɚʃɟ ʁɚɜɧɢɯ  *60  
8076  &'0$      /7(   *  ɢ ɩɪɢɜɚɬɧɢɯ  7(75$  ɦɨɛɢɥɧɢɯ ɪɚɞɢɨ ɦɪɟɠɚ  ɤɚɨ ɢ ɭ 
ɞɨɦɟɧɭ ɩɪɨʁɟɤɬɨɜɚʃD )0 ɪɚɞɢɨ ɢ Ɍȼ ɦɪɟɠɚ  Ɉɜɟ ɩɪɨʁɟɤɬɟ ɫɭ ɭɝɥɚɜɧɨɦ ɪɟɚɥɢɡɨɜɚɥɟ ɜɟɥɢɤɟ ɧɚɰɢɨɧɚɥɧɟ 
ɬɟɥɟɤɨɦɭɧɢɤɚɰɢɨɧɟ ɢ ɟɧɟɪɝɟɬɫɤɟ ɤɨɦɩɚɧɢʁɟ ɭ ɪɟɝɢɨɧɭ  ɉɪɟɞɫɟɞɧɢɤ ʁɟ ,((( 6HUELD DQG 0RQWHQHJUR &20 &KDSWHU ɚ ɢ 
ɩɪɟɞɫɟɞɧɢɤ ɍɩɪɚɜɧɨɝ ɨɞɛɨɪɚ  Ⱦɪɭɲɬɜɚ ɡɚ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ 

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

%  6WRMDQRYLü  2  0DTXHV  $  1HãNRYLü  /DWHQW RYHUODSSHG ILQJHUSULQW PDWFKLQJ  D UHYLHZ  
08/7,0(',$ 722/6 $1' $33/,&$7,216  SS        $XJ        GRL         V               \
%  6WRMDQRYLü  $  1HãNRYLü  2  0DUTXHV  $ 129(/ 1(85$/ 1(7:25. %$6(' $3352$&+ 72 
/$7(17 29(5/$33(' ),1*(535,176 6(3$5$7,21  08/7,0(',$ 722/6 $1' 
%  6WRMDQRYLü  2  0DUTXHV  $  1HãNRYLü  'HHS OHDUQLQJ EDVHG DSSURDFK WR ODWHQW RYHUODSSHG 
ILQJHUSULQWV PDVN VHJPHQWDWLRQ  ,(7 ,0$*( 352&(66,1*  9RO      1R      SS             2FW  
<  +XDQJ  1  9DUVLHU  6  1LNãLü  (  .RFDQ  0  3HMDQRYLF 'MXULVLF  0  3RSRYLü  0  .RSULYLFD  $  
1HãNRYLü  -  0LOLQNRYLü  $  *DWL  &  3HUVRQ  -  :LDUW  &RPSDULVRQ RI DYHUDJH JOREDO H[SRVXUH RI 

ɍɫɚɜɪɲɚɜɚʃɚ

0  .RSULYLFD  0  3HWULü  1  1HãNRYLü  $  1HãNRYLü  6WDWLVWLFDO $QDO\VLV RI (OHFWURPDJQHWLF 5DGLDWLRQ 
0HDVXUHPHQWV LQ WKH 9LFLQLW\ RI ,QGRRU 0LFURFHOO *60 8076 %DVH 6WDWLRQV LQ 6HUELD  
0  .RSULYLFD  9  6ODYNRYLü  1  1HãNRYLü  $  1HãNRYLü  67$7,67,&$/ $1$/<6,6 2) 
(/(&7520$*1(7,& 5$',$7,21 0($685(0(176 ,1 7+( 9,&,1,7< 2) *60 8076 %$6( 
0  3HWULü  $  1HãNRYLü  1  1HãNRYLü  0  %RUHQRYLü  ,QGRRU /RFDOL]DWLRQ 8VLQJ 0XOWL RSHUDWRU 3XEOLF 
/DQG 0RELOH 1HWZRUNV DQG 6XSSRUW 9HFWRU 0DFKLQH /HDUQLQJ $OJRULWKPV  :,5(/(66 3(5621$/ 
0  3RSRYLü  0  .RSULYLFD  -  0LOLQNRYLü  Ⱥ  1HãNRYLü  ([SHULPHQWDO DQDO\VLV RI LQGLYLGXDO (0) 
H[SRVXUH IRU *60 8076 :/$1 XVHU GHYLFHV  $11$/(6 '(6 7(/(&20081,&$7,216 

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

Ɇɢɥɚɧ ɑɚɛɚɪɤɚɩD          

 
Ɇɚɪɢʁɚ Ɇɚɥɧɚɪ          

 
Ɍɚɦɚɪɚ 
Ɇɭɲɤɚɬɢɪɨɜɢʄ Ɂɟɤɢʄ

         

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D

 
0  D

 
0  D1  7RPDãHYLü  Ⱥ  ɇɟɲɤɨɜɢʄ  1  1HãNRYLü  &RUUHODWHG ((* 6LJQDOV 6LPXODWLRQ %DVHG RQ $UWLILFLDO 

1HXUDO 1HWZRUNV  ,17(51$7,21$/ -2851$/ 2) 1(85$/ 6<67(06  SS          1RY       

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

=  %DERYLü  %  %DMDW  9  ĈRNLü  )  ĈRUÿHYLü  '  'UDãNRYLü  1  )LOLSRYLü  %  )XUKW  1  *DþLü  ,  
,NRGLQRYLü  0  ,OLü  $  ,UIDQRJOX  %  -HOHQNRYLü  $  .DUWHOM  *  .OLPHFN  1  .RUROLMD  0  .RWODU  0  
=  %DERYLü  %  %DMDW  '  %DUDF  9  %HQJLQ  9  ĈRNLü  )  ĈRUÿHYLü  '  'UDãNRYLü  1  )LOLSRYLü  6  
)UHQFK  %  )XUKW  0  ,OLü  $  ,UIDQRJOX  $  .DUWHOM  0  .LOLEDUGD  *  .OLPHFN  1  .RUROLMD  0  .RWODU  0  

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ ɢ 
ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

'LJLWDO 3UHGLVWRUWLRQ RI 5) $PSOLILHUV 8VLQJ %DVHEDQG ,QMHFWLRQ 
IRU 0RELOH %URDGEDQG &RPPXQLFDWLRQV³  ɞɢɫɟɪɬɚɰɢʁɚ 
ɨɞɛɪɚʃɟɧɚ QD 8QLYHUVLW\ RI :HVWPLQVWHU  /RQGRQ  8.  
ɇɚɬɚɲɚ ɇɟɲɤɨɜɢʄ ɛɢɥɚ ɤɨɦɟɧɬɨɪ 

237,0,=$&,-$ 35272.2/$ , 0(75,.$ 587,5$1-$ =$ 
9,â(.$1$/1( 9,â(,17(5)(-61( %(ä,ý1( 0(6+
05(ä(

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɇɟɲɤɨɜɢʄ ɇɚɬɚɲɚ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

0RGHOL GLJLWDOQH SUHGLVWRU]LMH ]D KLEULGQH PDVLYQH YLãHDQWHQVNH 
SUHGDMQLNH VD IRUPLUDQMHP VQRSD SULPHQRP QHXUDOQLK PUHåD
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

0  .RSULYLFD  0  3HWULü  1  1HãNRYLü  $  1HãNRYLü  6WDWLVWLFDO $QDO\VLV RI (OHFWURPDJQHWLF 5DGLDWLRQ 
0HDVXUHPHQWV LQ WKH 9LFLQLW\ RI ,QGRRU 0LFURFHOO *60 8076 %DVH 6WDWLRQV LQ 6HUELD  
0  .RSULYLFD  $  1HãNRYLü  1  1HãNRYLü  &RQYHUVLRQ IURP PRQR D[LDO WR LVRWURSLF PHDVXUHPHQWV IRU 
DVVHVVLQJ KXPDQ H[SRVXUH WR HOHFWURPDJQHWLF ILHOGV RI *60 '&6 8076 EDVH VWDWLRQV  $11$/(6 
$QD $QDVWDVLMHYLF  'XVND &RMD  1DWDVD 1HVNRYLF  $OHNVDQGDU 1HVNRYLF  'MXUDGM %XGLPLU  -RLQW 
SRZHU DPSOLILHU DQG , 4 PRGXODWRU LPSDLUPHQWV PRGHOOLQJ DQGFRPSHQVDWLRQ IRU /7( WUDQVPLWWHUV 

7  0XãNDWLURYLü =HNLü  1  1HãNRYLü  Ĉ  %XGLPLU  (IILFLHQW 1HXUDO 1HWZRUN '3' $UFKLWHFWXUH IRU 
+\EULG %HDPIRUPLQJ P0,02  (OHFWURQLFV   SS           -DQ        
0  3HWULü  $  1HãNRYLü  1  1HãNRYLü  0  %RUHQRYLü  ,QGRRU /RFDOL]DWLRQ 8VLQJ 0XOWL RSHUDWRU 3XEOLF 
/DQG 0RELOH 1HWZRUNV DQG 6XSSRUW 9HFWRU 0DFKLQH /HDUQLQJ $OJRULWKPV  :,5(/(66 3(5621$/ 
ɇ  Ɇɚɥɟɬɢʄ  Ɇ  ɑɚɛɚɪɤɚɩɚ  1  1HãNRYLü  3HUIRUPDQFH RI IL[HG JDLQ DPSOLI\ DQG IRUZDUG QRQOLQHDU 
UHOD\LQJ ZLWK KDUGZDUH LPSDLUPHQWV  ,17(51$7,21$/ -2851$/ 2) &20081,&$7,21 
0  .RSULYLFD  9  6ODYNRYLü  1  1HãNRYLü  $  1HãNRYLü  67$7,67,&$/ $1$/<6,6 2) 
(/(&7520$*1(7,& 5$',$7,21 0($685(0(176 ,1 7+( 9,&,1,7< 2) *60 8076 %$6( 
1  0DOHWLF  Ɇ  &DEDUNDSD  1  1HVNRYLF  '  %XGLPLU  +DUGZDUH LPSDLUPHQWV LPSDFW RQ IL[HG JDLQ $) 
UHOD\LQJ SHUIRUPDQFH LQ 1DNDJDPL P IDGLQJ  (/(&7521,&6 /(77(56  9RO      1R     SS      

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɍɨɤɨɦ ɩɨɫɥɟɞʃɢɯ    ɝɨɞɢɧɚ  ɇ  ɇɟɲɤɨɜɢʄ ʁɟ ɛɢɥɚ ɚɤɬɢɜɧɨ ɭɤʂɭɱɟɧɚ  ɱɟɫɬɨ ɤɚɨ ɨɞɝɨɜɨɪɧɢ ɩɪɨʁɟɤɬɚɧɬ  ɭ ɜɢɲɟ 
ɫɬɨɬɢɧɚ ɩɪɨʁɟɤɚɬɚ ɩɪɟɬɟɠɧɨ ɢɡ ɨɛɥɚɫɬɢ ɩɪɨʁɟɤɬɨɜɚʃɟ ʁɚɜɧɢɯ  *60  8076  &'0$      /7(   *  ɢ ɩɪɢɜɚɬɧɢɯ 
 7(75$  ɦɨɛɢɥɧɢɯ ɪɚɞɢɨ ɦɪɟɠɚ  ɤɚɨ ɢ ɭ ɞɨɦɟɧɭ ɩɪɨʁɟɤɬɨɜɚʃD )0 ɪɚɞɢɨ ɢ Ɍȼ ɦɪɟɠɚ  Ɉɜɟ ɩɪɨʁɟɤɬɟ ɫɭ ɭɝɥɚɜɧɨɦ 
ɪɟɚɥɢɡɨɜɚɥɟ ɜɟɥɢɤɟ ɧɚɰɢɨɧɚɥɧɟ ɬɟɥɟɤɨɦɭɧɢɤɚɰɢɨɧɟ ɢ ɟɧɟɪɝɟɬɫɤɟ ɤɨɦɩɚɧɢʁɟ ɭ ɪɟɝɢɨɧɭ  Ȼɢɥɚ ʁɟ ɩɪɟɞɫɟɞɧɢɤ ,((( 
6HUELD DQG 0RQWHQHJUR ɫɟɤɰɢʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȼɥɚɞɢɦɢɪ ȳɨɰɨɜɢʄ          

 
ȼɥɚɞɢɦɢɪ ɉɨɥɭɠɚɧɫɤɢ          

 
ȼɭɤ Ȼɚɬɚɧɨɜɢʄ          

 
Ⱦɪɚɠɟɧ Ⱦɪɚɲɤɨɜɢʄ          

 
Ɇɚʁɟ Ʌɭɬɨɜɚɰ Ȼɚɧɞɭɤɚ          

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɇɟɬɨɞɨɥɨɝɢʁɚ ɪɟɲɚɜɚʃɚ ɫɟɦɚɧɬɢɱɤɢɯ ɩɪɨɛɥɟɦɚ ɭ ɨɛɪɚɞɢ 
ɤɪɚɬɤɢɯ ɬɟɤɫɬɨɜɚ ɧɚɩɢɫɚɧɢɯ ɧɚ ɩɪɢɪɨɞɧɢɦ ʁɟɡɢɰɢɦɚ ɫɚ 
ɨɝɪɚɧɢɱɟɧɢɦ ɪɟɫɭɪɫɢɦɚ
ɋɨɮɬɜɟɪɫɤɢ ɫɢɫɬɟɦ ɡɚ ɭɱɟʃɟ ɢ ɩɪɢɦɟɧɭ ɚɥɝɨɪɢɬɚɦɚ 
ɜɟɲɬɚɱɤɟ ɢɧɬɟɥɢɝɟɧɰɢʁɟ

ɇɢɤɨɥɢʄ Ȼɨɲɤɨ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ⱥɭɬɨɦɚɬɢɡɨɜɚɧɨ ɨɰɟʃɢɜɚʃɟ ɩɚɩɢɪɧɢɯ ɬɟɫɬɨɜɚ 
ɤɨɪɢɲʄɟʃɟɦ ɬɟɯɧɢɤɚ ɜɟɲɬɚɱɤɟ ɢɧɬɟɥɢɝɟɧɰɢʁɟ

ɉɪɢɦɟɧɚ ɜɟɲɬɚɱɤɟ ɢɧɬɟɥɢɝɟɧɰɢʁɟ ɭ ɢɡɪɚɠɚɜɚʃɭ ɦɟɪɧɟ 
ɧɟɫɢɝɭɪɧɨɫɬɢ ɧɟɢɬɟɪɚɬɢɜɧɨɝ ɚɥɝɨɪɢɬɦɚ ɡɚ ɚɤɭɫɬɢɱɤɨ 
ɥɨɰɢɪɚʃɟ ɩɚɪɰɢʁɚɥɧɨɝ ɩɪɚɠʃɟʃɚ ɭ ɦɢɧɟɪɚɥɧɨɦ ɭʂɭ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  .RVWLü  9  %DWDQRYLü  %  1LNROLü  0RQROLQJXDO  PXOWLOLQJXDO DQG FURVV OLQJXDO FRGH FRPPHQW 
FODVVLILFDWLRQ  (1*,1((5,1* $33/,&$7,216 2) $57,),&,$/ ,17(//,*(1&(  9RO       SS    
7  =LYNRYLF  %  1LNROLü  9  6LPLF  '  3DPXFDU  1  %DFDQLQ  6RIWZDUH GHIHFWV SUHGLFWLRQ E\ 
PHWDKHXULVWLFV WXQHG H[WUHPH JUDGLHQW ERRVWLQJ DQG DQDO\VLV EDVHG RQ 6KDSOH\ $GGLWLYH 

ɋɨɮɬɜɟɪɫɤɢ ɫɢɫɬɟɦ ɡɚ ɞɚʂɢɧɫɤɨ ɭɩɪɚɜʂɚʃɟ ɢ ɧɚɞɡɨɪ 
ɪɨɛɨɬɚ ɛɚɡɢɪɚɧ ɧɚ Ⱥɧɞɪɨɢɞ ɨɩɟɪɚɬɢɜɧɨɦ ɫɢɫɬɟɦɭ ɢ 
ɛɟɠɢɱɧɨʁ ɤɨɦɭɧɢɤɚɰɢʁɢ

0  =LYNRYLF  /  -RYDQRYLF  9  -RFRYLF  %  1LNROLF  9  =HOMNRYLF  0  $EGHO 6DODP  0  0UDYLN  6  
0XWKXVDP\  1  %DFDQLQ  $GGUHVVLQJ VPDUW FLW\ VHFXULW\  PDFKLQH DQG GHHS OHDUQLQJ PHWKRGRORJ\ 
=  %DERYLü  %  %DMDW  9  ĈRNLü  )  ĈRUÿHYLü  '  'UDãNRYLü  1  )LOLSRYLü  %  )XUKW  1  *DþLü  ,  
,NRGLQRYLü  0  ,OLü  $  ,UIDQRJOX  %  -HOHQNRYLü  $  .DUWHOM  *  .OLPHFN  1  .RUROLMD  0  .RWODU  0  
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

%  )XUODQ  %  1LNROLü  9  0LOXWLQRYLü  $ 6XUYH\ DQG (YDOXDWLRQ RI 6WDWH RI WKH $UW ,QWHOOLJHQW 4XHVWLRQ 
5RXWLQJ 6\VWHPV  ,17(51$7,21$/ -2851$/ 2) ,17(//,*(17 6<67(06  9RO      1R     SS  
         -XO       

%RãNR 1LNROLF  =DKDULMH 5DGLYRMHYLF  -RYDQ 'MRUGMHYLF  9HOMNR 0LOXWLQRYLF  $ 6XUYH\ DQG (YDOXDWLRQ 
RI 6LPXODWRUV 6XLWDEOH IRU 7HDFKLQJ &RXUVHV LQ &RPSXWHU $UFKLWHFWXUH DQG 2UJDQL]DWLRQ  ,((( 
75$16$&7,216 21 ('8&$7,21  9RO      1R     SS           1RY       

-  &LQFRYLü  /  -RYDQRYLü  %  1LNROLü  1  %DþDQLQ  1HXURGHJHQHUDWLYH &RQGLWLRQ 'HWHFWLRQ 8VLQJ 
0RGLILHG 0HWDKHXULVWLF IRU $WWHQWLRQ %DVHG 5HFXUUHQW 1HXUDO 1HWZRUNV DQG ([WUHPH *UDGLHQW 
9  -RFRYLF  0  0DULQNRYLF  6  6WRMDQRYLF  %  1LNROLF  $XWRPDWHG DVVHVVPHQW RI SHQ DQG SDSHU WHVWV 
XVLQJ FRPSXWHU YLVLRQ  08/7,0(',$ 722/6 $1' $33/,&$7,216  9RO      SS             0D\  
9  %DWDQRYLü  0  &YHWDQRYLü  %  1LNROLü  $ YHUVDWLOH IUDPHZRUN IRU UHVRXUFH OLPLWHG VHQWLPHQW 
DUWLFXODWLRQ  DQQRWDWLRQ  DQG DQDO\VLV RI VKRUW WH[WV  3/26 21(  9RO      1R      SS        1RY  
7  äLYNRYLü  '  'UDãNRYLü  %  1LNROLü  /HDUQLQJ HQYLURQPHQWV LQ VRIWZDUH WHVWLQJ HGXFDWLRQ  $Q 
RYHUYLHZ  &20387(5 $33/,&$7,216 ,1 (1*,1((5,1* ('8&$7,21  9RO      1R     SS       

=DUNR 6WDQLVDYOMHYLF  %RVNR 1LNROLF  ,JRU 7DUWDOMD  9HOMNR 0LOXWLQRYLF  $ FODVVLILFDWLRQ RI H/HDUQLQJ 
WRROV EDVHG RQ WKH DSSOLHG PXOWLPHGLD  08/7,0(',$ 722/6 $1' $33/,&$7,216  9RO      1R  
    SS             -XQ      

0  6WDQRMHYLü  '  'UDãNRYLü  %  1LNROLü  5HWLQDO GLVHDVH FODVVLILFDWLRQ EDVHG RQ RSWLFDO FRKHUHQFH 
WRPRJUDSK\ LPDJHV XVLQJ FRQYROXWLRQDO QHXUDO QHWZRUNV  -2851$/ 2) (/(&7521,& ,0$*,1*  
9RO      1R     SS                      0D\       

$  0LODNRYLü  '  'UDãNRYLü  %  1LNROLü  9LVXDO 6LPXODWRU IRU 0DVWHULQJ )XQGDPHQWDO &RQFHSWV RI 
0DFKLQH /HDUQLQJ  $SSOLHG 6FLHQFHV  9RO      1R      SS        'HF       
9  3ROXåDQVNL  8  .RYDþHYLü  1  %DFDQLQ  7  5DVKLG  6  6WRMDQRYLü  %  1LNROLü  $SSOLFDWLRQ RI 
0DFKLQH /HDUQLQJ WR ([SUHVV 0HDVXUHPHQW 8QFHUWDLQW\  $SSOLHG 6FLHQFHV  9RO      1R      SS    
    $XJ       

'  'UDãNRYLü  '  =HþHYLü  %  1LNROLü  'HYHORSPHQW RI D 0XOWLOLQJXDO 0RGHO IRU 0DFKLQH 6HQWLPHQW 
$QDO\VLV LQ WKH 6HUELDQ /DQJXDJH  0DWKHPDWLFV  9RO      1R      SS        6HS       
%  )XUODQ  9  %DWDQRYLü  %  1LNROLü  6HPDQWLF 6LPLODULW\ RI 6KRUW 7H[WV LQ /DQJXDJHV ZLWK D 'HILFLHQW 
1DWXUDO /DQJXDJH 3URFHVVLQJ 6XSSRUW  '(&,6,21 6833257 6<67(06  9RO      1R     SS      
     -XQ       
0  =LYNRYLF  1  %DFDQLQ  0  $QWRQLMHYLF  %  1LNROLü  *  .YDãþHY  0  0DUMDQRYLF  1  6DYDQRYLF  
+\EULG &11 DQG ;*%RRVW 0RGHO 7XQHG E\ 0RGLILHG $ULWKPHWLF 2SWLPL]DWLRQ $OJRULWKP IRU &29,' 
   (DUO\ 'LDJQRVWLFV IURP ; UD\ ,PDJHV  (OHFWURQLFV   9RO      1R        SS        1RY      

9  -RFRYLF  %  1LNROLF  1  %DFDQLQ  $  %R]RYLF  6XUYH\LQJ DQG (YDOXDWLQJ $UWLILFLDO ,QWHOOLJHQFH LQ 
$XWRPDWHG $VVHVVPHQW 6\VWHPV IRU 3HQ DQG 3DSHU 7HVWV  ,1)250$7,21 7(&+12/2*< $1' 
&21752/  9RO      1R     SS             6HS       

ĈRUÿHYLü  %  1LNROLü  $  0LOHQNRYLü  )OH[LEOH :HE EDVHG HGXFDWLRQDO V\VWHP IRU WHDFKLQJ FRPSXWHU 
DUFKLWHFWXUH DQG RUJDQL]DWLRQ  ,((( 75$16$&7,216 21 ('8&$7,21  9RO      1R     SS      
     0D\        

=  6WDQLVDYOMHYLF  9  3DYORYLF  %  1LNROLF  -  'MRUGMHYLF  6'/'6²6\VWHP IRU 'LJLWDO /RJLF 'HVLJQ 
DQG 6LPXODWLRQ  ,((( 75$16$&7,216 21 ('8&$7,21  9RO      1R     SS           0D\      

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

  

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȳɟɥɟɧɚ Ⱦɢɧɤɢʄ          

 
ȳɨɜɚɧɚ ɉɟɬɪɨɜɢʄ          

 
Ɇɢɥɢɜɨʁɟ Ɇɢɥɟɬɢʄ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D

 
0  D

 
0  

 
0  

'  1LQNRYLü  6  6KDK  $  $OWXQDLML  1  $OL  '  2OüDQ  &RPSDULVRQ RI (QVHPEOHV RI 'HHS 1HXUDO 
1HWZRUNV DQG 0L[WXUH RI ([SHUWV IRU $QWHQQD 0RGHOLQJ  ,((( $17(11$6 $1' :,5(/(66 
=  6WDQNRYLü  '  2OüDQ  1  'RQþRY  Ȼ  Ʉɨɥɭɧʇɢʁɚ  0XOWL (SRFK 0LQL %DWFK /HYHQEHUJ 0DUTXDUGW 
0HWKRG IRU (IIHFWLYH $QWHQQD 'HVLJQ EDVHG RQ &RQVHQVXV '11  ,((( $17(11$6 $1' 

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  0LOHWLü  '  2OüDQ  ,PSXOVH 5DGLDWLQJ $QWHQQD :LWK 6L[ )HHGLQJ $UPV DQG D 7DSHUHG %DOXQ  ,((( 
75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO      1R     SS               $XJ  
=  6WDQNRYLü  '  2OüDQ  1  'RQþRY  %  .ROXQGåLMD  &RQVHQVXV 'HHS 1HXUDO 1HWZRUNV IRU $QWHQQD 
'HVLJQ DQG 2SWLPL]DWLRQ  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO      

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɟɭɧɢɮɨɪɦɧɟ ɯɟɥɢɤɨɢɞɚɥɧɟ ɚɧɬɟɧɟ

ɇɭɦɟɪɢɱɤɚ ɟɥɟɤɬɪɨɦɚɝɧɟɬɫɤɚ ɚɧɚɥɢɡɚ ɤɨɪɢɲʄɟʃɟɦ ɦɟɬɨɞɚ 
ɦɨɦɟɧɚɬɚ ɫɚ ɢɧɬɟɝɪɚɰɢʁɨɦ ɜɢɫɨɤɟ ɬɚɱɧɨɫɬɢ

ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɟ ɢ 

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ɉɥʄɚɧ Ⱦɪɚɝɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  ɚɧɬɟɧɟ ɢ ɦɢɤɪɨɬɚɥɚɫɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɒɢɪɨɤɨɩɨʁɚɫɧɚ ɪɟɮɥɟɤɬɨɪɫɤɚ ɚɧɬɟɧɚ
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

)  7  :HUQHU  -  'LQNLü  '  2OüDQ  $  'MRUGMHYLü  0  3UYXORYLü DQG $  =DMLü   $Q (IILFLHQW 0HWKRG IRU 
/RFDOL]DWLRQ RI 0DJQHWLF )LHOG 6RXUFHV 7KDW 3URGXFH +LJK )UHTXHQF\ 6LGH &KDQQHO (PDQDWLRQV   
-  'LQNLü  '  2OüDQ  $  'MRUGMHYLü  $  =DMLü  +LJK JDLQ TXDG DUUD\ RI QRQXQLIRUP KHOLFDO DQWHQQDV  
,17(51$7,21$/ -2851$/ 2) $17(11$6 $1' 3523$*$7,21  9RO        SS          0DU  
-  'LQNLü  '  2OüDQ  $  'MRUGMHYLü DQG $  =DMLü   'HVLJQ DQG 2SWLPL]DWLRQ RI 1RQXQLIRUP +HOLFDO 
$QWHQQDV :LWK /LQHDUO\ 9DU\LQJ *HRPHWULFDO 3DUDPHWHUV   LQ ,((( $FFHVV  YRO     SS         
1  %DVWD  '  ,  2OüDQ  6FDWWHULQJ IURP DQLVRWURSLF VXUIDFHV DQDO\]HG ZLWK PHWKRG RI PRPHQWV  
0,&52:$9( $1' 237,&$/ 7(&+12/2*< /(77(56  9RO      1R     SS               0D\  
)  :HUQHU  '  $  &KX  $  5  'MRUGMHYLü  '  ,  2OüDQ  0  3UYXORYLF DQG $  =DMLü   $ 0HWKRG IRU (IILFLHQW 
/RFDOL]DWLRQ RI 0DJQHWLF )LHOG 6RXUFHV ([FLWHG E\ ([HFXWLRQ RI ,QVWUXFWLRQV LQ D 3URFHVVRU   LQ ,((( 
$  7HU]Lü  1  2EUDGRYLü  -  6WRMDQYLü  9  3DYORYLü  /  $QGULü  '  2OüDQ  Ⱥ  'MRUGMHYLü  ,QIOXHQFH RI 
GLIIHUHQW ERQGLQJ DQG IOX[LQJ DJHQWV RQ WKH VLQWHULQJ EHKDYLRU DQG GLHOHFWULF SURSHUWLHV RI VWHDWLWH 

6ORERGDQ 6DYLü  $OHNVDQGUD .UQHWD  0DULMD 6WHYDQRYLü  'UDJDQ ,  2OüDQ  0LRGUDJ 7DVLü  0LODQ 0  
,OLü  '  7RãLü  %  .ROXQGåLMD  $QWRQLMH 5 'MRUGMHYLü  $QDO\WLF VROXWLRQV RI HOHFWURPDJQHWLF ILHOGV LQ 

-  3HURYLü  '  2OüDQ  %  .ROXQGåLMD  $  'MRUGMHYLü  $ 6LQJXODULW\ &DQFHODWLRQ 7UDQVIRUPDWLRQ IRU 
(QWLUH 'RPDLQ $QDO\VLV RI   ' 6WUXFWXUHV :LWK +LJK 3UHFLVLRQ ,QWHJUDWLRQ  ,((( 75$16$&7,216 
'  1LQNRYLü  6  %  6KDK  $  $OWXQDLML  1  $OL DQG '  2OüDQ   &RPSDULVRQ RI (QVHPEOHV RI 'HHS 
1HXUDO 1HWZRUNV DQG 0L[WXUH RI ([SHUWV IRU $QWHQQD 0RGHOLQJ   LQ ,((( $QWHQQDV DQG :LUHOHVV 
'  0  1LQNRYLü DQG '  ,  2OüDQ   $, $VVLVWHG ,GHQWLILFDWLRQ RI 6WDWH DQG 7\SH RI )ODW 3DQHO 0RQLWRUV 
LQ WKH 3UHVHQFH RI (0 1RLVH   LQ ,((( 7UDQVDFWLRQV RQ (OHFWURPDJQHWLF &RPSDWLELOLW\  YRO      QR  
-  *  3HWURYLü  '  ,  2OüDQ  1  1  2EUDGRYLü DQG $  5  'MRUGMHYLü   +LJK 3UHFLVLRQ 0HWKRG RI 
0RPHQWV $SSOLHG WR 0HDVXUHPHQW RI 'LHOHFWULF 3DUDPHWHUV DW 0LFURZDYH )UHTXHQFLHV   LQ ,((( 

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
          (3)/ /DXVVDQH  6ZLW]HUODQG       &RORUDGR 6WDWH 8QLYHUVLW\  )RUW &ROOLQV  &2  86$       *HRUJLD 7HFK  

,((( (OHFWURPDJQHWLF &RPSDWLELOLW\ 6RFLHW\ ±      7KH -RKQ +RZDUG 0HPRULDO (0& (GXFDWLRQ *UDQW

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

(  &KREDQ\DQ  '  ,  2OüDQ  0  0  ,OLü DQG %  0  1RWDURã   9ROXPH ,QWHJUDO (TXDWLRQ %DVHG 'LDNRSWLF 
0HWKRG IRU (OHFWURPDJQHWLF 0RGHOLQJ   LQ ,((( 7UDQVDFWLRQV RQ 0LFURZDYH 7KHRU\ DQG 
1  2EUDGRYLü  6  )LOLSRYLü  1  ĈRUÿHYLü  '  .RVDQRYLü  6  0DUNRYLü  9  3DYORYLü  '  2OüDQ  $  
ĈRUÿHYLü  0  .DFKOLN  .  0DFD  (IIHFWV RI PHFKDQLFDO DFWLYDWLRQ DQG WZR VWHS VLQWHULQJ RQ WKH 



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱦɢɦɢɬɪɢʁɟ ɒɚɪɚɰ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 

0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

ä  ĈXULãLü  9  3DSLü  3RZHU V\VWHP IUHTXHQF\ WUDFNLQJ EDVHG RQ /(6 WHFKQLTXH ZLWK FRQVWDQW 
PDWUL[  0($685(0(17  SS                 

ɀ  ȭɭɪɢɲɢʄ  Ɇ  ȭɭɪɢʄ  9  3DSLü  $Q DOJRULWKP IRU WKUHH SKDVH SRZHU V\VWHP IUHTXHQF\ 
PHDVXUHPHQW  (/(&75,&$/ (1*,1((5,1*  $5&+,9 )85 (/(.7527(&+1,.   )HE       
GRL         V                 

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɉɨɭɡɞɚɧɨɫɬ ɪɚɞɢɨɦɢɤɟ ɭ ɚɭɬɨɦɚɬɫɤɨʁ ɞɢɮɟɪɟɧɰɢʁɚɰɢʁɢ 
ɚɞɟɧɨɤɚɪɰɢɧɨɦɚ ɩɚɧɤɪɟɚɫɚ ɨɞ ɡɞɪɚɜɨɝ ɬɤɢɜɚ ɩɚɧɤɪɟɚɫɚ 
ɦɚɝɧɟɬɧɨɦ ɪɟɡɨɧɚɧɰɨɦ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ⱥɭɬɨɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɉɚɩɢʄ ȼɟʂɤɨ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ⱥɭɬɨɦɚɬɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

9  3DSLü  -  .UPDU  7H[WXUH (QWURS\ %DVHG &ODVVLILFDWLRQ IRU ,ULV 5HFRJQLWLRQ 6\VWHPV  -2851$/ 
2) &,5&8,76  6<67(06  $1' &20387(56  9RO      1R      SS                               
GRL         6                

ȼ  ɉɚɩɢʄ  ä  ĈXURYLü  $ 1HZ $SSURDFK WR 6LJQDO WR 1RLVH 5DWLR (VWLPDWLRQ LQ $GDSWLYH 'RSSOHU 
.DOPDQ )LOWHU IRU 5DGDU 6\VWHPV  -2851$/ 2) &,5&8,76  6<67(06  $1' &20387(56  9RO  
    1R      -DQ       GRL         6                

$  $  $EGXOOD  6  *UDRYDF  9  3DSLü  %  .RYDþHYLü          ³7ULSOH IHDWXUH EDVHG 3DUWLFOH )LOWHU 
$OJRULWKP 8VHG LQ 9HKLFOH 7UDFNLQJ $SSOLFDWLRQV´  $GYDQFHV LQ (OHFWULFDO DQG &RPSXWHU 
(QJLQHHULQJ  9ROXPH     1R     SS              GRL          $(&(             ,661             
H ,661           

,  5HOMLQ  %  5HOMLQ  9  3DSLü  ([WUHPHO\ IODW WRS ZLQGRZV IRU KDUPRQLF DQDO\VLV  ,((( 
75$16$&7,216 21 ,167580(17$7,21 $1' 0($685(0(17  9RO      1R     SS         
      -XQ       GRL         7,0            

9 '  3DSLü  ä 0  ĈXURYLü  % '  .RYDþHYLü          ³$GDSWLYH 'RSSOHU .DOPDQ ILOWHU IRU UDGDU 
V\VWHPV´  ,(( 3URFHHGLQJV ± 9LVLRQ  ,PDJH DQG 6LJQDO 3URFHVVLQJ  9ROXPH      ,VVXH    SS      
     -XQH       GRL         LS YLV           ,661          ;  H ,661           



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      8QLYHU]LWHW .RORUDGR X %ROGHUX  
86$

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɢɥɚɧ ɉɚʁɧɢʄ     

 
ɋɩɚɫɨʁɟ Ɇɢɪɢʄ     

 
ɉɟɬɚɪ Ʌɚɭɲɟɜɢʄ     

 
ɋɨɜʁɟɬɤɚ Ʉɪɫɬɨɧɢʁɟɜɢʄ 
ɒɢɩɤɚ

    

 

Ɋ ɛ  Ʉɚɬ 

 
0  D

 

0  D

 
0  D

 

0  D

 
0  

 
0  

 
0  

6  =KDR  8  %RURYLü  0  6LOYD  2  *DUFLD  -  2OLYHU  3  $ORX  -  &RERV  3  3HMRYLü  0RGLILHG 9,(11$ 
5HFWLILHU ,,, WR $FKLHYH =96 LQ $OO 7UDQVLWLRQV  $QDO\VLV  'HVLJQ DQG 9DOLGDWLRQ  ,((( 
75$16$&7,216 21 32:(5 (/(&7521,&6  9RO      1R      SS                 'HF       
GRL         73(/             
0  3DMQLü  3  3HMRYLü  =HUR 9ROWDJH 6ZLWFKLQJ &RQWURO RI DQ ,QWHUOHDYHG %L GLUHFWLRQDO %XFN %RRVW 
&RQYHUWHU ZLWK 9DULDEOH &RXSOHG ,QGXFWRU  ,((( 75$16$&7,216 21 32:(5 (/(&7521,&6  
SS               GRL         73(/             
8  %RURYLF  6  =KDR  -  2OLYHU  3  $ORX  -  &RERV  3  3HMRYLü  'HVLJQ 0HWKRGRORJ\ IRU 7KUHH SKDVH 
%XFN 7\SH DQG %RRVW 7\SH 5HFWLILHUV WR &RPSO\ :LWK WKH '2    * &XUUHQW 'LVWRUWLRQ 7HVW  ,((( 
75$16$&7,216 21 32:(5 (/(&7521,&6  9RO      1R     SS           -DQ       
GRL         73(/             
3  3HMRYLü  7  2KQR  8  %RURYLF  6  0LULü  3XOVH ZLGWK PRGXODWLRQ IRU FXUUHQW VRXUFH LQYHUWHUV ZLWK 
DUELWUDU\ QXPEHU RI SKDVHV  6FLHQWLILF 5HSRUWV  9RO           GRL         V                 

0  5RVLü  0  6HGDN  0  6LPLü  3  3HMRYLü  &KDRV (QKDQFHG $GDSWLYH +\EULG %XWWHUIO\ 3DUWLFOH 
6ZDUP 2SWLPL]DWLRQ $OJRULWKP IRU 3DVVLYH 7DUJHW /RFDOL]DWLRQ  6(16256  9RO      1R      SS    
    -XO       
'  9UDþDU  3  3HMRYLü  $FWLYH &ODPS )O\EDFN &RQYHUWHU DV $X[LOLDU\ 3RZHU 6XSSO\ RI DQ     9 
,QGXFWLYH &KDUJLQJ 6\VWHP IRU (OHFWULF 9HKLFOHV  ,((( $&&(66  9RO      SS               $SU  
      GRL         $&&(66             

ɋɢɧɬɟɡɚ  ɤɚɪɚɤɬɟɪɢɡɚɰɢʁɚ ɢ ɦɨɞɟɥɨɜɚʃɟ ɮɥɟɤɫɢɛɢɥɧɢɯ 
ɫɭɩɟɪɤɨɧɞɟɧɡɚɬɨɪɚ

Ɉɤɜɢɪ ɡɚ ɩɪɨɝɧɨɡɭ ɩɨɬɪɨɲʃɟ ɟɥɟɤɬɪɢɱɧɟ ɟɧɟɪɝɢʁɟ ɭ 
ɢɧɬɟɥɢɝɟɧɬɧɢɦ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢɦ ɦɪɟɠɚɦɚ ɡɚɫɧɨɜɚɧ ɧɚ 
ɝɟɧɟɪɚɥɢɡɨɜɚɧɨɦ ɚɞɢɬɢɜɧɨɦ ɦɨɞɟɥɭ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

6  0LULü  3  3HMRYLü  $ 0HWKRG IRU &RPSXWHU $LGHG $QDO\VLV RI 'LIIHUHQWLDO 0RGH ,QSXW )LOWHUV  ,((( 
75$16$&7,216 21 ,1'8675,$/ (/(&7521,&6  9RO      1R     SS               -XQ       
GRL         7,(             

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɍɩɪɚɜʂɚʃɟ ɦɟɤɢɦ ɩɪɟɤɢɞɚʃɟɦ ɤɨɞ ɞɜɨɫɦɟɪɧɨɝ EXFN ERRVW 
ɩɪɟɬɜɚɪɚɱɚ ɡɚɫɧɨɜɚɧɨ ɧɚ ɟɥɟɦɟɧɬɭ ɫɚ ɫɬɪɭʁɧɨ ɪɟɝɭɥɢɫɚɧɢɦ 
ɤɨɟɮɢɰɢʁɟɧɬɨɦ ɦɚɝɧɟɬɧɟ ɫɩɪɟɝɟ
Ɇɟɬɨɞ ɡɚ ɪɚɱɭɧɚɪɫɤɢ ɟɮɢɤɚɫɧɭ ɫɢɦɭɥɚɰɢʁɭ ɟɧɟɪɝɟɬɫɤɢɯ 
ɩɪɟɬɜɚɪɚɱɚ ɡɚɫɧɨɜɚɧ ɧɚ ɦɨɞɟɥɭ ɫɬɚʃɚ ɢ ɫɭɩɟɪɩɨɡɢɰɢʁɢ 
ɩɪɟɤɢɞɚɱɤɢɯ ɟɮɟɤɚɬɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɥɟɤɬɪɨɧɢɤɚ

Ⱦɨɤɬɨɪɚɬ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɉɟʁɨɜɢʄ ɉɪɟɞɪɚɝ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɥɟɤɬɪɨɧɢɤɚ



 
0  

 
0  

  
0  

  
0  

  
0  

  

0  

  

0  

  
0  

  
0  

  

0  

  
0  

  
0  

  
0  

    

  
ɍɫɚɜɪɲɚɜɚʃɚ
8QLYHUVLW\ RI &RORUDGR  %RXOGHU             (7+ =XULFK        (7+ =XULFK     
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

0  3RWUHELü  '  7RãLü  3  3HMRYLü  8QGHUVWDQGLQJ &RPSXWDWLRQ RI ,PSXOVH 5HVSRQVH LQ 0LFURZDYH 
6RIWZDUH 7RROV  ,((( 75$16$&7,216 21 ('8&$7,21  9RO      1R     SS           1RY       

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

3  /DXãHYLü  3  3HMRYLü  '  äXJLü  <  .RFKQHY  3  $SHO  =  /DXãHYLü  ,PSURYLQJ WKLQ ILOP IOH[LEOH 
VXSHUFDSDFLWRU HOHFWURGH SURSHUWLHV XVLQJ LRQ WUDFN WHFKQRORJ\  -2851$/ 2) 0$7(5,$/6 
6&,(1&( 0$7(5,$/6 ,1 (/(&7521,&6  9RO      1R     SS             0D\        
GRL         V               [
0  5RVLü  0  6LPLü  3  3HMRYLü  3DVVLYH 7DUJHW /RFDOL]DWLRQ 3UREOHP %DVHG RQ ,PSURYHG +\EULG 
$GDSWLYH 'LIIHUHQWLDO (YROXWLRQ DQG 1HOGHU 0HDG $OJRULWKP  -RXUQDO RI 6HQVRUV  9RO        SS        
)HE        GRL                     
0  'DULMHYLü  0  -DQNRYLü  3  3HMRYLü  -  .RODU  <  1LVKLGD  7KUHH 3KDVH 5HFWLILHUV ZLWK 6XERSWLPDO 
&XUUHQW ,QMHFWLRQ DQG ,PSURYHG (IILFLHQF\  ,(7 32:(5 (/(&7521,&6  9RO     1R     SS           
      GRL         LHW SHO          
*  %HWWD  '  &DSULJOLRQH  *  &HUUR  *  0LHOH  0  6DORQH ' $PDWD  '  âXND  3  3HMRYLü  0  6LPLü 
3HMRYLü  2Q WKH 0HDVXUHPHQW RI +XPDQ ([SRVXUH WR &HOOXODU 1HWZRUNV  ,((( 
,167580(17$7,21   0($685(0(17 0$*$=,1(  9RO      1R     SS        'HF        
GRL         0,0             
3  3HMRYLü  -  .RODU  ([DFW $QDO\VLV RI 7KUHH 3KDVH 5HFWLILHUV :LWK &RQVWDQW 9ROWDJH /RDGV  ,((( 
75$16$&7,216 21 &,5&8,76 $1' 6<67(06  ,,  (;35(66 %5,()6  9RO      1R     SS      
     $XJ        GRL         7&6,,            
0  6LPLü  3  3HMRYLü  $Q $OJRULWKP IRU 'HWHUPLQLQJ 0RELOH 6WDWLRQ /RFDWLRQ %DVHG RQ 6SDFH 
6HJPHQWDWLRQ  ,((( &20081,&$7,216 /(77(56  9RO      1R     SS           -XO        
GRL         /&200            

0  5RVLü  0  6LPLü  3  3HMRYLü  $Q LPSURYHG DGDSWLYH K\EULG ILUHIO\ GLIIHUHQWLDO HYROXWLRQ DOJRULWKP IRU 
SDVVLYH WDUJHW ORFDOL]DWLRQ 62)7 &20387,1*   $ )86,21 2) )281'$7,216  
0(7+2'2/2*,(6 $1' $33/,&$7,216  SS        -DQ       
ɋ  Ɇɢɪɢʄ  ɍ  Ȼɨɪɨɜɢʄ  3  3HMRYLü  0RGXODWLRQ LQ 9ROWDJH 6RXUFH ,QYHUWHUV  $Q $OJHEUDLF $SSURDFK  
,((( $&&(66  9RO      SS                 6HS        GRL         $&&(66             

1  %XUDQ\  /  +XEHU  3  3HMRYLü  &RURQD 'LVFKDUJH 6XUIDFH 7UHDWHU :LWKRXW +LJK 9ROWDJH 
7UDQVIRUPHU ,((( 75$16$&7,216 21 32:(5 (/(&7521,&6  9RO      1R     SS            
0DU       
0  3DMQLü  3  3HMRYLü  2  $OHNVLü  'HVLJQ DQG $QDO\VLV RI D 1RYHO &RXSOHG ,QGXFWRU 6WUXFWXUH ZLWK 
9DULDEOH &RXSOLQJ &RHIILFLHQWV  ,(7 32:(5 (/(&7521,&6  9RO      1R     SS                 
GRL         LHW SHO          
0  5RVLü  0  6HGDN  0  6LPLü  3  3HMRYLü  $Q ,PSURYHG &KDRV 'ULYHQ +\EULG 'LIIHUHQWLDO 
(YROXWLRQDQG %XWWHUIO\ 2SWLPL]DWLRQ $OJRULWKP IRU 3DVVLYH 7DUJHW /RFDOL]DWLRQ 8VLQJ 7'2$ 
0HDVXUHPHQWV  $SSOLHG 6FLHQFHV  9RO      1R     SS        -DQ       
0  *OLãLü  3  3HMRYLü  $QDO\VLV DQG 0RGHOLQJ RI 1RQOLQHDU (IIHFWV LQ &RQVWDQW )UHTXHQF\ 3HDN 
&XUUHQW &RQWURO  ,17(51$7,21$/ -2851$/ 2) %,)85&$7,21 $1' &+$26 ,1 $33/,(' 
6&,(1&(6 $1' (1*,1((5,1*  9RO      1R      SS                        'HF        
GRL         6                
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Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  %DQRYLü  3  $WDQDVLMHYLü  $  3UDSDV  &  3DSSDV  -  &UQMDQVNL  $  7VDN\ULGLV  0  0RUDOLV 3HJLRV  
.  9\UVRNLQRV  0  /RYLü  1  =GUDYNRYLü  0  0LüLü  0  .UVWLü  6  3HWULþHYLü  1  3OHURV  '  *YR]GLü  $OO 
RSWLFDO KLJK VSHHG SURJUDPPDEOH QRQOLQHDU DFWLYDWLRQ IXQFWLRQV XVLQJ D )DEU\±3pURW ODVHU  $3/ 
3+2721,&6  9RO      1R      2FW       KWWSV   GRL RUJ                  

Ɉɞɪɟɻɢɜɚʃɟ ɫɩɟɰɢɮɢɱɧɟ ɬɨɩɥɨɬɟ ɢ ɫɩɟɰɢɮɢɱɧɟ 
ɟɥɟɤɬɪɢɱɧɟ ɨɬɩɨɪɧɨɫɬɢ ɱɜɪɫɬɢɯ ɟɥɟɤɬɪɨɩɪɨɜɨɞɧɢɯ 
ɦɚɬɟɪɢʁɚɥɚ ɫɬɪɭʁɧɨ ɢɦɩɭɥɫɧɨɦ ɦɟɬɨɞɨɦ ɭ ɲɢɪɨɤɨɦ ɨɩɫɟɝɭ 
ɬɟɦɩɟɪɚɬɭɪɚ

Ⱦɢɩɥɨɦɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ȿɤɫɩɟɪɢɦɟɧɬɚɥɧɚ ɤɚɪɚɤɬɟɪɢɡɚɰɢʁɚ ɦɚɝɧɟɬɨ ɨɩɬɢɱɤɢɯ 
ɨɫɨɛɢɧɚ Ɏɚɪɚɞɟʁɟɜɨɝ ɤɪɢɫɬɚɥɚ ɧɚɦɟʃɟɧɨɝ ɡɚ ɤɨɧɫɬɪɭɤɰɢʁɭ 
ɫɟɧɡɨɪɚ ɦɚɝɧɟɬɫɤɨɝ ɩɨʂɚ
Ɉɞɪɟɻɢɜɚʃɟ ɬɨɩɥɨɬɧɟ ɩɪɨɜɨɞɧɨɫɬɢ ɫɥɚɛɨ ɩɪɨɜɨɞɧɢɯ 
ɱɜɪɫɬɢɯ ɦɚɬɟɪɢʁɚɥɚ ɦɟɬɨɞɨɦ ʁɟɞɧɨɫɬɪɚɧɟ ɡɚɲɬɢʄɟɧɟ ɬɨɩɥɟ 
ɩɥɨɱɟ
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Ɇɚɫɬɟɪ
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Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɉɟɬɪɢɱɟɜɢʄ ɋɥɨɛɨɞɚɧ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

 

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

6  -  3HWULþHYLü  0  &  7RPLF  =  9  ĈLQRYLü  'HPRGXODWLRQ RI TXDVL TXDGUDWXUH LQWHUIHURPHWULF 
VLJQDOV IRU XVH LQ WKH WRWDOO\ LPSODQWDEOH KHDULQJ DLGV  %,20(',&$/ 237,&6 (;35(66  9RO     1R  
   SS               -XO      
0  7RPLü  =  ĈLQRYLü  0  6FKHHUHU  6  3HWULþHYLü  0HDVXUHPHQW RI 0RUSKLQJ :LQJ 'HIOHFWLRQ E\ D
&URVV &RKHUHQFH )LEHU 2SWLF ,QWHUIHURPHWULF 7HFKQLTXH  60$57 0$7(5,$/6 $1'
6758&785(6  9RO      1R     SS          'HF      
0  7HU]Lþ  1  0LORVHYLF  1  6WHSDQLF  6  3HWULþHYLü  '(9(/230(17 2) $ 6,1*/( 6,'(' 
*8$5'(' +27 3/$7( $33$5$786 )25 7+(50$/ &21'8&7,9,7< 0($685(0(176  
7+(50$/ 6&,(1&(  SS              
0  3HWURYLF  3  0LKDLORYLü  /  %UDMRYLF  6  3HWULþHYLü  ,  =LYNRYLF  $  .RMRYLF  9  5DGRMHYLF  ,QWHQVLW\
)LEHU 2SWLF 6HQVRU IRU 6WUXFWXUDO +HDOWK 0RQLWRULQJ &DOLEUDWHG E\ ,PSDFW 7HVWHU  ,((( 6(16256
-2851$/  9RO      1R     SS               0D\      
$  .RYDþHYLþ  -  /  5LVWLF 'MXURYLF  0  /HNLü  %  +DGåLü  *  *LXPD 6DOHK ,VD $EXGDJHO  6  3HWULþHYLü  
3  0LKDLORYLF  %  0DWRYLü  '  'UDPOLü  /  %UDMRYLü  1  5RPþHYLü  ,QIOXHQFH RI IHPWRVHFRQG SXOVHG 
ODVHU LUUDGLDWLRQ RQ ELVPXWK JHUPDQLXP R[LGH VLQJOH FU\VWDO SURSHUWLHV  0$7(5,$/6 5(6($5&+ 
%8//(7,1  9RO      SS                 
6  3HWULþHYLü  3  0LKDLORYLF  &RPSHQVDWLRQ RI 9HUGHW &RQVWDQW 7HPSHUDWXUH 'HSHQGHQFH E\ &U\VWDO
&RUH 7HPSHUDWXUH 0HDVXUHPHQW  6(16256  9RO      1R      SS         6HS      

,  1LNROLü  1  0LORãHYLü  6  3HWULþHYLü  7HPSHUDWXUH QRQ XQLIRUPLW\ GXH WR KHDW FRQGXFWLRQ DQG 
UDGLDWLRQ LQ WKH SXOVH FDORULPHWU\ WHFKQLTXH  7+(50$/ 6&,(1&(  9RO      1R     SS               
     KWWSV   GRL RUJ         76&,         1

3  0LKDLORYLF  6  3HWULþHYLü  Ä)LEHU 2SWLF 6HQVRUV %DVHG RQ WKH )DUDGD\ (IIHFW³  6HQVRUV 0'3,  9RO
    1R           SS            ,661            KWWSV   GRL RUJ         V        
3  0LKDLORYLF  0  %DUMDNWDURYLF  6  3HWULFHYLF  +'5 LPDJH IRUPDWLRQ IURP &026 FRXSOHG ZLWK 0&3 
LPDJH LQWHQVLILHU  2372(/(&7521,&6 $1' $'9$1&(' 0$7(5,$/6 5$3,' 
&20081,&$7,216  9RO      1R        SS             2FW      
0  &  %DUMDNWDURYLü  6  -  3HWULþHYLü  ,QVSHFWLRQ RI HPSW\ EHHU ERWWOHV LQ EHHU¶V FUDWHV 
2372(/(&7521,&6 $1' $'9$1&(' 0$7(5,$/6 5$3,' &20081,&$7,216  9RO      1R    
   SS           )HE      
$  .RYDþHYLþ  -  5LVWLF 'MXURYLF  0  /HNLü  %  %  +DGåLü  *  6DOHK ,VD $EXGDJHO  6  3HWULFHYLF  3  
0LKDLORYLü  %  0DWRYLü  '  'UDPOLü  /  %UDMRYLü  1  5RPFHYLF  ,PSURYHPHQW RI PDJQHWR RSWLFDO 
TXDOLW\ RI KLJK SXULW\ %L  *H2   VLQJOH FU\VWDO LQGXFHG E\ IHPWRVHFRQG SXOVHG ODVHU LUUDGLDWLRQ  
2372(/(&7521,&6 $1' $'9$1&(' 0$7(5,$/6 5$3,' &20081,&$7,216  9RO      1R    
   SS             $XJ      

/  %UDMRYLü  '  6WRMDQRYLü  3  0LKDLORYLü  6  0DUNRYLü  0  5RPþHYLü  0  0LWULü  9  /D]RYLü  ' 
'UDPOLü  6  3HWULFHYLF  1  5RPFHYLF  3UHSDUDWLRQ DQG FKDUDFWHUL]DWLRQ RI ELVPXWK JHUPDQLXP R[LGH
 %*2  SRO\PHU FRPSRVLWHV  -2851$/ 2) $//2<6 $1' &203281'6  9RO       SS            
)HE      

0  %DQRYLü  3  $WDQDVLMHYLü  0  .UVWLü  3  0LKDLORYLü  -  &UQMDQVNL  6  3HWULþHYLü  '  *YR]GLü  
 5HFRQILJXUDEOH DOO RSWLFDO ELVWDELOLW\ WULVWDELOLW\ LQ GXDO LQMHFWLRQ ORFNHG )DEU\±3HURW ODVHU GLRGHV   
2SWLFV /HWWHUV  9RO     1R     SS                   ,661            
KWWSV   GRL RUJ         2/       
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Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

6  )LOLSRYLü  1  2EUDGRYLü  :  *  )DUHQKROW]  6  6PLWK  0  0LUNRYLü  $  3HOHã 7DGLü  -  3HWURYLü  $  
ĈRUÿHYLü  6SDUN SODVPD VLQWHULQJ RI PDJQHVLXP WLWDQDWH FHUDPLFV  &(5$0,&6 ,17(51$7,21$/  
    
-  3HURYLü  '  2OüDQ  %  .ROXQGåLMD  $  'MRUGMHYLü  $ 6LQJXODULW\ &DQFHODWLRQ 7UDQVIRUPDWLRQ IRU 
(QWLUH 'RPDLQ $QDO\VLV RI   ' 6WUXFWXUHV :LWK +LJK 3UHFLVLRQ ,QWHJUDWLRQ  ,((( 75$16$&7,216 
21 $17(11$6 $1' 3523$*$7,21  9RO      1R     SS               $SU       
GRL         7$3             

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɟ ɢ 

Ⱦɨɤɬɨɪɚɬ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɟ ɢ 

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɉɟɬɪɨɜɢʄ ȳɨɜɚɧɚ
Ɂɜɚʃɟ Ⱦɨɰɟɧɬ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  ɚɧɬɟɧɟ ɢ ɦɢɤɪɨɬɚɥɚɫɢ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

-  3HWURYLü  '  2OüDQ  1  2EUDGRYLF  $  ĈRUÿHYLü  +LJK 3UHFLVLRQ 0HWKRG RI 0RPHQWV $SSOLHG WR 
0HDVXUHPHQW RI 'LHOHFWULF 3DUDPHWHUV DW 0LFURZDYH )UHTXHQFLHV  ,((( 75$16$&7,216 21 
0,&52:$9( 7+(25< $1' 7(&+1,48(6  9RO      1R     SS             )HE       
GRL         7077             
6  )LOLSRYLü  1  2EUDGRYLF  &  &RUOHWW  :  )DUHQKROW]  0  5RVHQVFKRQ  )  )XJOHLQ  5  'RMþLORYLü  '  
7RãLü  -  3HWURYLü  $  ĈRUÿHYLü  %  9ODKRYLü  9  3DYORYLü  (IIHFW RI WKH ILOOHU PRUSKRORJ\ RQ WKH 
FU\VWDOOL]DWLRQ EHKDYLRU DQG GLHOHFWULF SURSHUWLHV RI WKH 39') EDVHG FRPSRVLWH  -2851$/ 2) 
$33/,(' 32/<0(5 6&,(1&(  9RO       1R      SS          0DU      
6  )LOLSRYLü  1  2EUDGRYLü  /  $QÿHONRYLü  '  2OüDQ  -  3HWURYLü  0  0LUNRYLü  9  3DYORYLü  '  -HUHPLü  
%  9ODKRYLü  $  ĈRUÿHYLü  0XOWLIHUURLF +HWHURVWUXFWXUH %D7L2  İ )H 2  &RPSRVLWH 2EWDLQHG E\ LQ 
VLWX 5HDFWLRQ  6&,(1&( 2) 6,17(5,1*  9RO      1R     SS         )HE       
GRL         626       )



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

9  /  3HWURYLü  0  0  -DQNRYLü  $  9  /XSãLü  9  5  0LKDMORYLü  -  6  3RSRYLü %RåRYLü  +LJK $FFXUDF\ 
5HDO 7LPH 0RQLWRULQJ RI +HDUW 5DWH 9DULDELOLW\ 8VLQJ    *+] &RQWLQXRXV :DYH 'RSSOHU 5DGDU  
,((( $&&(66  9RO     SS                 -XQ       GRL         $&&(66             

9  /  3HWURYLü  0  0  0DUNRYLü  '  0  (O 0H]HQL  /  9  6DUDQRYDF  $  5DGRãHYLü  )OH[LEOH +LJK 
7KURXJKSXW 4& /'3& 'HFRGHU ZLWK 3HUIHFW 3LSHOLQH &RQIOLFWV 5HVROXWLRQ DQG (IILFLHQW +DUGZDUH 
8WLOL]DWLRQ  ,((( 75$16$&7,216 21 &,5&8,76 $1' 6<67(06 , 5(*8/$5 3$3(56  9RO      
1R      SS               'HF       GRL         7&6,             

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ȿɥɟɤɬɪɨɧɢɤɚ

ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ȿɥɟɤɬɪɨɧɢɤɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɉɟɬɪɨɜɢʄ ȼɥɚɞɢɦɢɪ
Ⱦɨɰɟɧɬ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 

ɍɫɚɜɪɲɚɜɚʃɚ

1  )LOLSRYLü  '  (O 0H]HQL  9  /  3HWURYLü  6FDODEOH  * 15 5DWH 0DWFKHU DQG 5DWH 'HPDWFKHU IRU 
(IILFLHQW 8VH LQ )3*$ $FFHOHUDWRUV  ,((( $&&(66  9RO      SS                 )HE       
GRL         $&&(66             

1  0DOHãHYLü  9  3HWURYLü  0  %HOLü  &  $QWIRON  9  0LKDMORYLü  Ɇ  ȳDQNRYLü  &RQWDFWOHVV 5HDO 7LPH 
+HDUWEHDW 'HWHFWLRQ YLD    *+] &RQWLQXRXV :DYH 'RSSOHU 5DGDU 8VLQJ $UWLILFLDO 1HXUDO 1HWZRUNV  
6(16256  9RO      1R     SS                    $SU       GRL         V        

9  /  3HWURYLü  '  0  (O 0H]HQL  $  5DGRãHYLü  )OH[LEOH  * 1HZ 5DGLR /'3& (QFRGHU 2SWLPL]HG IRU 
+LJK +DUGZDUH 8VDJH (IILFLHQF\  (OHFWURQLFV   9RO      1R     SS                    0D\       
GRL         HOHFWURQLFV        

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
             
          

ɋɪɩɫɤɚ ɚɤɚɞɟɦɢʁɚ ɧɚɭɤɚ ɢ 
ɭɦɟɬɧɨɫɬɢ

ɩɪɢɦɟʃɟɧɚ ɮɢɡɢɤɚ

           Ⱥɭɫɬɪɚɥɢʁɫɤɢ ɧɚɰɢɨɧɚɥɧɢ 
ɭɧɢɜɟɪɡɢɬɟɬ

Ⱥɬɨɦɫɤɚ ɢ ɦɨɥɟɤɭɥɚɪɚ 
ɮɢɡɢɤɚ ɩɥɚɡɦɟ 

           ɍɧɢɜɟɪɡɢɬɟɬ Ʉɨɥɨɪɚɞɚ 
Ȼɨɥɞɟɪ ɋȺȾ

ɧɢɫɤɨɬɟɦɩɟɪɚɬɭɪɫɤɚ 
ɩɥɚɡɦɚ

         ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ 
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

          ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ 
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱦɚɧɤɨ Ȼɨɲʃɚɤɨɜɢʄ          

 
ɋɪɻɚɧ Ɇɚɪʁɚɧɨɜɢʄ          

 
Ɇɚɪɢʁɚ ɉɭɚɱ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

3ODVPD (OHFWURQLFV  $SSOLFDWLRQV LQ 0LFURHOHFWURQLF 'HYLFH )DEULFDWLRQ  7 0DNDEH = 3HWURYLü   QG HGLWLRQ 7D\ORU 
DQG )UDQFLV     

(OHFWURQ WUDQVSRUW LQ ELRPROHFXODU JDVHRXV DQG QRQSRODU OLTXLG V\VWHPV  7KHRU\  H[SHULPHQW DQG VHOI FRQVLVWHQW 
FURVV VHFWLRQV 5  '  :KLWH  '  &RFNV  *  %R\OH  0  &DVH\  1  *DUODQG  '  .RQRYDORY  %  3KLOLSSD  3  6WRNHV  -  
GH 8UTXLMR  2  *RQ]iOH] 0DJDxD  5  3  0F(DFKUDQ  6  -  %XFNPDQ  0  -  %UXQJHU  *  *DUFLD  6  'XMNR DQG =  
/M   3HWURYLü 3ODVPD 6RXUFHV 6FL  7HFKQRO                      SS        

0RGHORYDQMH SURERMD X JDVRYLPD 0RQWH .DUOR WHKQLNRP

Ⱦɢɩɥɨɦɚ
Ɍɟɯɧɢɱɤɚ ɮɢɡɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

02'(/29$1-( *$61,+ '(7(.725$ ý(67,&$ 9,62.,+
(1(5*,-$ 35,0(120 7(+1,.( (/(.75216.,+ 52-(9$

0RQWH .DUOR VLPXODFLMD WUDQVSRUWD SR]LWURQD X UHDOQLP 
VLVWHPLPD
LVSXQMHQLP JDVRP

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ƚɚɫɧɚ ɩɪɚɠʃɟʃɚ  
ɩɪɨɛɨʁ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɍɟɯɧɢɱɤɚ ɮɢɡɢɤɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ɮɢɡɢɤɚ ɩɥɚɡɦɟ

Ⱦɨɤɬɨɪɚɬ
ɮɢɡɢɤɚ ɪɨʁɟɜɚ 
ɟɥɟɤɬɪɨɧɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɉɟɬɪɨɜɢʄ Ɂɨɪɚɧ
Ɂɜɚʃɟ ɑɥɚɧ ɋȺɇɍ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ
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ɍɫɚɜɪɲɚɜɚʃɚ

SRVW GRFWRUDO VSHFLDOL]DWLRQ  6DQG 'LHJR VWDWH XQLYHUVLW\   PRQWKV  8QLYHUVLW\ RI &RORUDGR DW %RXOGHU DQG -,/$   \HDUV  
.HLR 8QLYHUVLW\ -DSDQ
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
)HOORZ $PHULFDQ 3K\VLFDO VRFLHW\        OLIHWLPH 
ɧɚɝɪɚɞɚ Ɇɚɪɤɨ ȳɚɪɢʄ     
ɢɡɭɡɟɬɚɧ ɪɟɰɟɧɡɟɧɬ $PHULFDQ 3K\VLFDO 6RFLHW\   OLIHWLPH

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

*DV EUHDNGRZQ DQG VHFRQGDU\ HOHFWURQ \LHOGV  'UDJDQD 0DULü   0DULMD 6DYLü  -HOHQD 6LYRã  1LNROD âNRUR  0DULMD 
5DGPLORYLü 5DGMHQRYLü     *RUGDQD 0DORYLü  =RUDQ /M  3HWURYLü  (XU  3K\V  -  '               

0HDVXUHPHQW DQG LQWHUSUHWDWLRQ RI VZDUP SDUDPHWHUV DQG WKHLU DSSOLFDWLRQ LQ SODVPD PRGHOOLQJ   = /M 3HWURYLü  
6 'XMNR  ' 0DULü  * 0DORYLü  ä 1LNLWRYLü  2 âDãLü  - -RYDQRYLü  9 6WRMDQRYLü DQG 0 5DGPLORYLü 5DGHQRYLü   -  
3K\V  '  $SSO  3K\V                      SS     

3ODVPD $FWLYDWHG 0HGLXP 3RWHQWLDWHV WKH ,PPXQRJHQLFLW\ RI 7XPRU &HOO /\VDWHV IRU 'HQGULWLF &HOO %DVHG 
&DQFHU 9DFFLQHV  6 7RPLü  $ 3HWURYLü  1 3XDþ  1 âNRUR  0 %HNLü  = /M  3HWURYLü DQG 0 ýROLü  &DQFHUV       
              
/RZ SUHVVXUH '& EUHDNGRZQ LQ DOFRKRO YDSRXUV  -HOHQD 6LYRã  'UDJDQD 0DULü  *RUGDQD 0DORYLü  DQG =RUDQ /M  
3HWURYLü  (XU  3K\V  -  '               

'& GLVFKDUJH LQ ORZ SUHVVXUH HWKDQRO YDSRXU  - 6LYRã  ' 0DULü  1 âNRUR  * 0DORYLü DQG = /M 3HWURYLü
3ODVPD 6RXUFHV 6FL  7HFKQRO                     SS      

3ODVPD QHHGOH LQGXFHG FHOO F\FOH DUUHVW RI KXPDQ OXQJ FDUFLQRPD FHOOV $    YLD S   GHSHQGHQW SDWKZD\  1 
6HODNRYLü  1 *OLJRULMHYLü  0 ýDYLü  1 3XDþ  * 0DORYLü 6LQLãD 5DGXORYLü  =RUDQ /M  3HWURYLü  (XU  3K\V  -  3OXV 
                      

&RPSDULVRQ RI ODVHU LQGXFHG EUHDNGRZQ VSHFWURVFRS\ DQG IDVW ,&&' LPDJLQJ IRU VSDWLDO DQG WLPH UHVROYHG 
PHDVXUHPHQWV RI DWPRVSKHULF SUHVVXUH KHOLXP SODVPD MHW   ' 0DOHWLü  ' 3RSRYLü  1 3XDþ  = /M 3HWURYLü DQG 6 
0LORãHYLü  3ODVPD 6RXUFHV 6FL  7HFKQRO                      SS  
7KLUG RUGHU WUDQVSRUW FRHIILFLHQWV IRU HOHFWURQV LQ 1  DQG &)   HIIHFWV RI QRQ FRQVHUYDWLYH FROOLVLRQV  
FRQFXUUHQFH ZLWK GLIIXVLRQ FRHIILFLHQWV DQG FRQWULEXWLRQ WR WKH VSDWLDO SURILOH RI WKH VZDUP  , 6LPRQRYLü  ' 
%RãQMDNRYLü  = /M 3HWURYLü  5 ' :KLWH DQG 6 'XMNR       3ODVPD 6RXUFHV 6FL  7HFKQRO           
(IIHFWLYH LRQL]DWLRQ FRHIILFLHQWV IRU ORZ FXUUHQW GFGLVFKDUJHV LQ DOFRKRO YDSRXUV DW ORZ SUHVVXUH  -HOHQD 
0DUMDQRYLü  'UDJDQD 0DULü  *RUGDQD 0DORYLü  DQG =RUDQ /M  3HWURYLü (XU  3K\V  -  '               

0RQWH &DUOR VLPXODWLRQ RI 5) EUHDNGRZQ LQ R[\JHQ ± WKH UROHRI DWWDFKPHQW  0DULMD 3XDþ  $QWRQLMH ĈRUÿHYLü  DQG 
=RUDQ /M 3HWURYLü  (XU  3K\V  -  '                

)RXQGDWLRQV DQG LQWHUSUHWDWLRQV RI WKH SXOVHG 7RZQVHQG H[SHULPHQW  0 - ( &DVH\  3 : 6WRNHV  ' * &RFNV  ' 
%RãQMDNRYLü  , 6LPRQRYLü  0 - %UXQJHU  6 'XMNR  = /M 3HWURYLü  5 ( 5REVRQ DQG 5 ' :KLWH  3ODVPD 6RXUFHV 
6FL  7HFKQRO                      SS  
/RZ SUHVVXUH '& EUHDNGRZQ LQ DOFRKRO YDSRXUV  -HOHQD 6LYRã  'UDJDQD 0DULü  *RUGDQD 0DORYLü  DQG =RUDQ /M  
3HWURYLü  (XU  3K\V  -  '               

7KH      3ODVPD 5RDGPDS  /RZ WHPSHUDWXUH SODVPD VFLHQFH DQG WHFKQRORJ\
, $GDPRYLFK      = /M 3HWURYLF      DQG $ 9DUGHOOH  -  3K\V  '  $SSO  3K\V                       SS  

8VLQJ 6ZDUP 0RGHOV DV DQ ([DFW 5HSUHVHQWDWLRQ RI ,RQL]HG *DVHV  =RUDQ /M  3HWURYLü  'UDJDQD 0DULü  0DULMD 
6DYLü  6UÿDQ 0DUMDQRYLü  6DãD 'XMNR  *RUGDQD 0DORYLü  3ODVPD 3URFHVV 3RO\P                  

3ODVPD±OLTXLG LQWHUDFWLRQV  D UHYLHZ  DQG URDGPDS   3 - %UXJJHPDQ  0 - .XVKQHU      = /M 3HWURYLF       DQG * 
=YHUHYD  3ODVPD 6RXUFHV 6FL  7HFKQRO                      SS 

5HGXFHG LRQL]DWLRQ FRHIILFLHQWV LQ ORZ FXUUHQW GF GLVFKDUJH LQ IUHRQV RI D QHZ JHQHUDWLRQ  -HOHQD 0DUMDQRYLü  
'UDJDQD 0DULü  DQG =RUDQ /M  3HWURYLü  (XU  3K\V  -  '                   

+HOLXP DWPRVSKHULF SUHVVXUH SODVPD MHW SDUDPHWHUV DQG WKHLU LQIOXHQFH RQ EDFWHULD GHDFWLYDWLRQ LQ D PHGLXP  $ 
-XURY  1 âNRUR  . 6SDVLü  0 0RGLü  1 +RMQLN  ' 9XMRãHYLü  0 ĈXURYLü  = /M  3HWURYLü  DQG 8&YHOEDU  (XU  3K\V  
-  '                         

&URVV VHFWLRQV DQG WUDQVSRUW FRHIILFLHQWV IRU HOHFWURQV LQ & + 2 DQG LWV PL[WXUHV ZLWK $U DQG 1H  =RUDQ /M 
3HWURYLü  2OLYHUD âDãLü  6QMHåDQD 'XSOMDQLQ  DQG 3DXO 0DJXLUH  (XU  3K\V  -  '                  



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɏɚɪɢɫ Ɍɭɪɤɦɚɧɨɜɢʄ     

 
ɇɢɤɨɥɚ Ȼɟɠɚɧɢʄ          

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

+  7XUNPDQRYLü  ,  3RSRYLü  9  5DMRYLü  7RZDUG (QHUJ\ (IILFLHQW %DWWHU\ 6WDWH RI &KDUJH (VWLPDWLRQ 
RQ (PEHGGHG 3ODWIRUPV  (OHFWURQLFV       9RO      1R            
KWWSV   GRL RUJ         HOHFWURQLFV        
+  7XUNPDQRYLü  0  .DUOLþLü  9  5DMRYLü  ,  3RSRYLü  +LJK 3HUIRUPDQFH 6RIWZDUH $UFKLWHFWXUHV IRU 
5HPRWH +LJK 6SHHG 'DWD $FTXLVLWLRQ  (OHFWURQLFV       9RO      1R            
KWWSV   GRL RUJ         HOHFWURQLFV        
3RSRYLü  ,   -DQNRYLü  6  0HWKRGRORJ\ IRU 3RZHU 3HUIRUPDQFH 7UDGH 2II 0DQDJHPHQW LQ 5HDO 7LPH 
(PEHGGHG $SSOLFDWLRQV  (OHFWURQLFV                 KWWSV   GRL RUJ         HOHFWURQLFV        

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɉɩɬɢɦɢɡɚɰɢʁɚ ɩɪɨɰɟɧɟ ɫɬɚʃɚ ɧɚɩɭʃɟɧɨɫɬɢ ɛɚɬɟɪɢʁɟ ɭ 
ɧɚɦɟɧɫɤɢɦ ɪɚɱɭɧɚɪɫɤɢɦ ɫɢɫɬɟɦɢɦɚ

Ɇɨɞɟɥ ɢɦɩɥɟɦɟɧɬɚɰɢʁɟ ɫɟɪɜɢɫɧɨ ɨɪɢʁɟɧɬɢɫɚɧɢɯ ɦɪɟɠɚ 
ɩɚɦɟɬɧɢɯ ɩɪɟɬɜɚɪɚɱɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ȿɥɟɤɬɪɨɧɢɤɚ

ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɉɨɩɨɜɢʄ ɂɜɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

+  7XUNPDQRYLü  ,  3RSRYLü  '  'UDMLü  DQG =  ýLþD  *UHHQ FRPSXWLQJ IRU ,R7 ± 6RIWZDUH DSSURDFK  
)DFWD XQLYHUVLWDWLV ± 6HULHV (OHFWURQLFV DQG HQHUJHWLFV 9RO      1R     SS           'HF     

3RSRYLü  ,   5DNLü  $   3HWUXãHYVNL  ,  0XOWL $JHQW 5HDO 7LPH $GYDQFHG 0HWHULQJ ,QIUDVWUXFWXUH 
%DVHG RQ )RJ &RPSXWLQJ  (QHUJLHV       YRO      1R     SS        -DQXDU       
,  9DMV  '  'UDMLü  1  *OLJRULü  ,  5DGRYDQRYLü  ,  3RSRYLü  'HYHORSLQJ 5HODWLYH +XPLGLW\ DQG 
7HPSHUDWXUH &RUUHFWLRQV IRU /RZ &RVW 6HQVRUV 8VLQJ 0DFKLQH /HDUQLQJ  6HQVRUV  9RO      1R  
5DGRYDQRYLF  ,   3RSRYLF  ,  ,GHQWLILFDWLRQ RI 'HJUDGLQJ (IIHFWV LQ WKH 2SHUDWLRQ RI 1HLJKERULQJ 
3KRWRYROWDLF 6\VWHPV LQ 8UEDQ (QYLURQPHQWV  (OHFWURQLFV                

3RSRYLü  ,   5DGRYDQRYLF  ,   9DMV  ,   'UDMLF  '   *OLJRULü  1  %XLOGLQJ /RZ &RVW 6HQVLQJ 
,QIUDVWUXFWXUH IRU $LU 4XDOLW\ 0RQLWRULQJ LQ 8UEDQ $UHDV %DVHG RQ )RJ &RPSXWLQJ  6HQVRUV       

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɋɪɩɫɤɚ ɚɤɚɞɟɦɢʁɚ ɧɚɭɤɚ ɢ 

ɭɦɟɬɧɨɫɬɢ
       ɍɧɢɜɟɪɡɢɬɟɬ ɭ ȴɭɛʂɚɧɢ  

ɋɥɨɜɟɧɢʁɚ
ɇɚɭɤɚ ɨ ɦɚɬɟɪɢʁɚɥɢɦɚ

      ɐɟɧɬɚɪ ɡɚ 
ɦɭɥɬɢɞɢɰɢɩɥɢɧɚɪɧɟ ɫɬɭɞɢʁɟ 
ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ȼɟɨɝɪɚɞɭ

ɇɚɭɤɚ ɨ ɦɚɬɟɪɢʁɚɥɢɦɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

  Ɇɚɪɤɨ Ɉɩɚɱɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

  0  

 
0  

 
0  

$  %DXP  $  5  0LORVDYOMHYLü  1  /D]DUHYLü  0  0  5DGRQMLü  %  1LNROLü  0  0LWVFKHN  =  0DUDQORR  =  ,QDQORR  0  
-  âüHSDQRYLü  0  8  *UXMLü %URMþLQ  1  6WRMLORYLü  0  2SHO  $  :DQJ  &  3HWURYLF  =  9  3RSRYLü  5  +DFNO  
³3KRQRQ DQRPDOLHV LQ )H6´  3K\V  5HY  %               

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

6  ĈXUÿLü 0LMLQ  $  âRODMLü  -  5  3HãLü  0  -  âüHSDQRYLü  <  /LX  $  %DXP  &  3HWURYLF  1  1  /D]DUHYLü  =  9  
3RSRYLü  ³/DWWLFH G\QDPLFV DQG SKDVH WUDQVLWLRQ LQ &U,

Ύ

 VLQJOH FU\VWDOV´  3K\V  5HY  %                

$  0LORVDYOMHYLü  $  âRODMLü  -  5  3HãLü  <  /LX  &  3HWURYLF  1  1  /D]DUHYLü  =  9  3RSRYLü  ³(YLGHQFH RI VSLQ 
SKRQRQ FRXSOLQJ LQ &U6L7H

Ύ

´  3K\V  5HY  %                

Ⱦɢɩɥɨɦɚ
Ɍɟɯɧɢɱɤɚ ɮɢɡɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɋɚɡɞɜɚʁɚʃɟ ɮɚɡɚ ɧɚ ɧɚɧɨɫɤɚɥɢ ɢ ɫɭɩɟɪɩɪɨɜɨɞɧɢɰɢɦɚ ɧɚ 
ɛɚɡɢ ɝɜɨɠɻɚ ɤɨɪɢɲʄɟʃɟɦ Ɋɚɦɚɧɨɜɟ ɫɩɟɤɬɪɨɫɤɨɩɢʁɟ

Ɏɢɡɢɤɚ ɱɜɪɫɬɨɝ 
ɫɬɚʃɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɏɢɡɢɤɚ ɱɜɪɫɬɨɝ 
ɫɬɚʃɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɉɨɩɨɜɢʄ Ɂɨɪɚɧ
ɑɥɚɧ ɋȺɇɍ
ɇɚɭɤɚ ɨ ɦɚɬɟɪɢʁɚɥɢɦɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 

ɍɫɚɜɪɲɚɜɚʃɚ

$  %DXP  +  1  5XL]  1  /D]DUHYLü  <  :DQJ  7  %|KP  5  +  $KDQJKDUQHMKDG  3  $GHOPDQQ  7  :ROI  =  9  
3RSRYLü  %  0RULW] DQG 7  3  'HYHUHDX[  5  +DFNO ³)UXVWUDWHG VSLQ RUGHU DQG VWULSH IOXFWXDWLRQV LQ )H6H´  
&RPPXQ  3K\V                

6  ĈXUÿLü 0LMLQ  $  %DXP  -  %HNDHUW  $  âRODMLü  -  3HãLü  <  /LX  *  +H  0  9  0LORãHYLü  &  3HWURYLF  =  9  
3RSRYLü  5  +DFNO DQG 1  /D]DUHYLü  ³3URELQJ FKDUJH GHQVLW\ ZDYH SKDVHV DQG 0RWW WUDQVLWLRQ LQ  7 7D6

΍

 E\ 
LQHODVWLF OLJKW VFDWWHULQJ´  3K\V  5HY  %                     

1  /D]DUHYLü  $  %DXP  $  0LORVDYOMHYLü  /  3HLV  5  6WXPEHUJHU  -  %HNDHUW  $  âRODMLü  -  3HãLü  $  :DQJ  0  
âüHSDQRYLü  $  0  0  $EH\NRRQ  0  9  0LORãHYLü  &  3HWURYLF  =  9  3RSRYLü DQG 5  +DFNO  ³(YROXWLRQ RI ODWWLFH  
VSLQ  DQG FKDUJH SURSHUWLHV DFURVV WKH SKDVH GLDJUDP RI )H6H

ΌΖ

ೌ6ೌ´  3K\V  5HY  %                     

6  ĈXUÿLü 0LMLQ  $  âRODMLü  -  3HãLü  <  /LX  &  3HWURYLF  0  %RFNVWHGWH  $  %RQDQQL  =  9  3RSRYLü DQG 1  
/D]DUHYLü  ³6SLQ SKRQRQ LQWHUDFWLRQ DQG VKRUW UDQJH RUGHU LQ 0Q

Ύ

6L

΍

7H

Α

´  3K\V  5HY  %                     

-  %ODJRMHYLü  6  ĈXUÿLü 0LMLQ  -  %HNDHUW  0  2SDþLü  <  /LX  0  9  0LORãHYLü  &  3HWURYLF  =  9  3RSRYLü DQG 1  
/D]DUHYLü  ³&RPSHWLWLRQ RI GLVRUGHU DQG HOHFWURQ SKRQRQ FRXSOLQJ LQ  +±7D6H

΍Ζ

ೌ6ೌ   �[�   DV HYLGHQFHG E\ 
5DPDQ VSHFWURVFRS\´  3K\V  5HY  0DWHU                    

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɂɜɨ Ɇɚɪɤɨɜɢʄ          

 
Ɇɚɪɢʁɚ Ɇɪɜɢʄ          

 
ɋɧɟɠɚɧɚ 
ɋɬɟɮɚɧɨɜɫɤɢ

         

 
Ⱦɟʁɚɧ Ɇɢʂɚɧɨɜɢʄ          

 
Ⱥɧɚ ɉɥɚɡɢɧɢʄ          

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
Ɇ  

 
Ɇ  

 
Ɇ  6  5DGRYDQRYLü  0  3RWUHELü ,YDQLã  '  7RãLü  $  7DWRYLü   &RPSDFW PXOWLOD\HU UHFRQILJXUDEOH GXDO 

EDQG ILOWHUV XVLQJ PL[HG UHVRQDWRUV   -2851$/ 2) &,5&8,76  6<67(06  $1' &20387(56  
YRO      QR              SS             

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

'  0LOMDQRYLü  0  3RWUHELü ,YDQLã  ,  0DUNRYLü   5HFRQILJXUDEOH 0HPULVWLYH 4XDVL /XPSHG 'XDO 
%DQG %DQGSDVV )LOWHUV   0LFURPDFKLQHV  YRO     QR         SS               
0 1LQLü  % -RNDQRYLü  0 3RWUHELü ,YDQLã   $ YHU\ FRPSDFW HOHYHQ VWDWH EDQGSDVV ILOWHU ZLWK VSOLW 
ULQJ UHVRQDWRUV   (OHFWURQLFV  YRO      QR            SS             

Ɇɢɤɪɨɬɚɥɚɫɧɢ ɮɢɥɬɪɢ ɭ ɬɚɥɚɫɨɜɨɞɧɨʁ ɬɟɯɧɢɰɢ ɫɚ 
ɲɬɚɦɩɚɧɢɦ ɞɢɫɤɨɧɬɢɧɭɢɬɟɬɢɦɚ

ɆɂɄɊɈɌȺɅȺɋɇɂ ɎɂɅɌɊɂ ɋȺ ɄȼȺɁɂ ɈɇɐȿɇɌɊɂɋȺɇɂɆ 
ȿɅȿɆȿɇɌɂɆȺ

ɆɂɄɊɈɌȺɅȺɋɇɂ ɉɅȺɇȺɊɇɂ ɎɂɅɌɊɂ ɊȿȺɅɂɁɈȼȺɇɂ 
ɉɈɆɈȶɍ ɊȿɁɈɇȺɌɈɊȺ ɋȺ ȼɂɒȿ ɊȿɁɈɇȺɇɌɇɂɏ 
ɍɑȿɋɌȺɇɈɋɌɂ

Ⱦɢɩɥɨɦɚ
Ɍɟɨɪɢʁɚ ɤɨɥɚ ɢ 
ɫɢɫɬɟɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɉɪɢɦʁɟɧɚ ɦɟɦɪɢɫɬɨɪɚ ɭ ɪɟɚɥɢɡɚɰɢʁɢ ɦɢɤɪɨɬɚɥɚɫɧɢɯ 
ɩɚɫɢɜɧɢɯ ɤɨɥɚ

Ɇɢɤɪɨɬɚɥɚɫɧɢ ɮɢɥɬɪɢ ɧɟɩɪɨɩɭɫɧɢɰɢ ɨɩɫɟɝɚ ɭɱɟɫɬɚɧɨɫɬɢ ɫɚ 
ɪɟɡɨɧɚɧɬɧɢɦ ɩɪɟɝɪɚɞɚɦɚ ɭ ( ɢ + ɪɚɜɧɢ ɬɚɥɚɫɨɜɨɞ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɍɟɨɪɢʁɚ ɤɨɥɚ ɢ 
ɫɢɫɬɟɦɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɍɟɨɪɢʁɚ ɤɨɥɚ ɢ 
ɫɢɫɬɟɦɚ

Ⱦɨɤɬɨɪɚɬ
Ɍɟɨɪɢʁɚ ɤɨɥɚ ɢ 
ɫɢɫɬɟɦɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɉɨɬɪɟɛɢʄ ɂɜɚɧɢɲ Ɇɢɥɤɚ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɍɟɨɪɢʁɚ ɤɨɥɚ ɢ ɫɢɫɬɟɦɚ
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5XNRYRGLODF SURMHNWD  5) L PLNURWDODVQD LQIUDVWUXNWXUD X LQIRUPDFLRQR NRPXQLNDFLRQLP VLVWHPLPD  5)0,.6   3URMHNWL 
5D]YRM YLVRNRJ REUD]RYDQMD  0,1,67$56792 35269(7( 5(38%/,.$ 65%,-$            
3RWSUHGVHGQLN ,((( 077 6 2JUDQND 6UELMH L &UQH *RUH  þODQ 3UHGVHGQLãWYD 'UXãWYD ]D (WUDQ ]D (OHNWULþQD NROD  
HOHNULþQH VLVWHPH L REUDGX VLJQDOD

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
3ULGUXåHQL XUHGQLN  $(h   ,QWHUQDWLRQDO -RXUQDO RI (OHFWURQLFV DQG &RPPXQLFDWLRQV  ,661            
8UHGQLN VSHFLDOQRJ L]GDQMD   0LFURPDFKLQHV           VSHF  L]GDQMD         (OHFWURQLFV       
ýODQ 8SUDYQRJ RGERUD 6UELMH &267 DNFLMH &$       6\0DW      ±     

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

0  3RWUHELü  '  7RãLü  $  3OD]LQLü   5HFRQILJXUDEOH PXOWLOD\HU GXDO PRGH EDQGSDVV ILOWHU EDVHG RQ 
PHPULVWLYH VZLWFK   $(8 ,17(51$7,21$/ -2851$/ 2) (/(&7521,&6 $1' 
&20081,&$7,216  9RO      SS             'HF       
$  3OD]LQLü  0  3RWUHELü  '  7RãLü   &RPSDFW PLFURZDYH PXOWLOD\HU GXDO EDQG EDQGSDVV ILOWHU ZLWK 
IROGHG GXDO PRGH UHVRQDWRUV   -2851$/ 2) 2372(/(&7521,&6 $1' $'9$1&(' 
0$7(5,$/6  9RO      1R       SS                  
0  0UYLü  0  3RWUHELü  '  7RãLü   &RPSDFW + SODQH GXDO EDQG EDQGVWRS ZDYHJXLGH ILOWHU   -RXUQDO 
RI &RPSXWDWLRQDO (OHFWURQLFV  9RO      1R     SS                  
0  0UYLü  0  3RWUHELü  '  7RãLü   &RPSDFW ( SODQH ZDYHJXLGH ILOWHU ZLWK PXOWLSOH VWRSEDQGV   
5$',2 6&,(1&(  9RO      1R      SS               'HF       
6  6WHIDQRYVNL  0  3RWUHELü  '  7RãLü  =  6WDPHQNRYLü   &RPSDFW 'XDO %DQG %DQGSDVV 
:DYHJXLGH )LOWHU ZLWK + 3ODQH ,QVHUWV   -2851$/ 2) &,5&8,76  6<67(06  $1' 
&20387(56  9RO      1R     SS                    0DU       
6  6WHIDQRYVNL 3DMRYLü  0  3RWUHELü  '  7RãLü  =  &YHWNRYLü   )DEULFDWLRQ SDUDPHWHUV DIIHFWLQJ 
LPSOHPHQWDWLRQ RI ZDYHJXLGH EDQGSDVV ILOWHU ZLWK FRPSOHPHQWDU\ VSOLW ULQJ UHVRQDWRUV   -RXUQDO 
RI &RPSXWDWLRQDO (OHFWURQLFV  9RO      1R     SS               'HF       

,  0DUNRYLü  0  3RWUHELü  '  7RãLü   0HPULVWRUV DV FDQGLGDWHV IRU UHSODFLQJ GLJLWDO SRWHQWLRPHWHUV 
LQ HOHFWULF FLUFXLWV   (OHFWURQLFV   9RO      1R     SS               
0  0LOHWLü  0  3RWUHELü  '  7RãLü  1  %DVWD   :DYHJXLGH GLJLWDO VWHS DWWHQXDWRU XVLQJ TXDUWHU ZDYH 
UHVRQDWRUV DQG PHPULVWRUV   $(8 ,17(51$7,21$/ -2851$/ 2) (/(&7521,&6 $1' 
&20081,&$7,216  9RO       SS                'HF       
=  &YHWNRYLü  ä  0DQLü  0  3RWUHELü  6  ,OLü   ())(&76 2) (;7(51$/ %2',(6 0$'( 2) 
',))(5(17 0$7(5,$/6 21 3/$1 3$5$//(/ 6<67(0 ),(/' +202*(1(,7<   5(98( 
5280$,1( '(6 6&,(1&(6 7(&+1,48(6 6(5,( (/(&7527(&+1,48( (7 
(1(5*(7,48(  9RO      1R     SS              
,  0DUNRYLü  0  3RWUHELü  '  7RãLü   0DLQ OLQH PHPULVWRU PRXQWHG W\SH ORDGHG OLQH SKDVH VKLIWHU 
UHDOL]DWLRQ   0,&52(/(&7521,& (1*,1((5,1*  9RO           SS           -DQ       
0  3RWUHELü  '  7RãLü  '  %LROHN   5HFRQILJXUDEOH PLFURZDYH ILOWHUV XVLQJ PHPULVWRUV   
,17(51$7,21$/ -2851$/ 2) &,5&8,7 7+(25< $1' $33/,&$7,216  9RO      1R     SS  
                
'  %LROHN  =  .ROND  9  %LRONRYi  =  %LROHN  0  3RWUHELü  '  7RãLü   0RGHOLQJ DQG VLPXODWLRQ RI 
ODUJH PHPULVWLYH QHWZRUNV   ,17(51$7,21$/ -2851$/ 2) &,5&8,7 7+(25< $1' 
$33/,&$7,216  9RO      1R     SS                

3  5DQMDQ  1  0LVKUD  -  5DGRYDQRYLü  0  3RWUHELü ,YDQLã  /  0XUPX  -  .XPDU 5DL   5HIUDFWLYH 
LQGH[ VHQVLQJ  VWXG\ DQG DQDO\VLV IRU 6$56 &R9   GHWHFWLRQ   2SWLFDO DQG 4XDQWXP (OHFWURQLFV  
YRO      QR          SS             
,  0DUNRYLü  0  3RWUHELü ,YDQLã  '  7RãLü   7KH '\QDPLF 7XQDELOLW\ RI 0HPULVWRU %DVHG $FWLYH 
)LOWHUV   0LFURPDFKLQHV   9RO      1R      SS               
$  .RYDþHYLü  0  3RWUHELü  '  7RãLü   7KH LPSDFW RI ILQLWH GLPHQVLRQV RQ WKH VHQVLQJ SHUIRUPDQFH 
RI WHUDKHUW] PHWDPDWHULDO DEVRUEHU   )$&7$ 81,9(56,7$7,6   6(5,(6  (/(&7521,&6 $1' 
(1(5*(7,&6  9RO      1R     SS           0DU       
0  5DGRYDQRYLü  6  6WHIDQRYVNL 3DMRYLü  0  7DVLü  0  3RWUHELü ,YDQLã  '  7RãLü   %DQGSDVV ILOWHUV 
ZLWK FRQGXFWLYHO\ FRXSOHG HLJKWK PRGH 6,: UHVRQDWRUV   2372(/(&7521,&6 $1' 
$'9$1&(' 0$7(5,$/6 5$3,' &20081,&$7,216  9RO      1R        SS                  
$  .RYDþHYLü  '  7RãLü  0  3RWUHELü   6HQVLWLYLW\ &KDUDFWHUL]DWLRQ RI 0XOWL %DQG 7+] 0HWDPDWHULDO 
6HQVRU IRU 3RVVLEOH 9LUXV 'HWHFWLRQ   (OHFWURQLFV   9RO      1R     SS          )HE       



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȼɥɚɞɢɦɢɪ ɑɟɩɟɪɤɨɜɢʄ          

 
ȳɨɜɚɧ ȼɭʁɚɫɢɧɨɜɢʄ          

 
Ƚɨɪɚɧ ɋɚɜɢʄ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

 

0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɏɚɪɞɜɟɪɫɤɚ ɪɟɚɥɢɡɚɰɢʁɚ ɛɪɡɨɝ ɞɟɤɨɞɟɪɚ ɤɨɦɩɪɢɦɨɜɚɧɟ 
ɫɥɢɤɟ ɫɚ ɦɢɧɢɦɚɥɧɢɦ ɡɚɯɬɟɜɚɧɢɦ ɪɟɫɭɪɫɢɦɚ

ɉɪɨɤɢɧ Ɇɢɥɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ȿɥɟɤɬɪɨɧɢɤɚ

ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ⱦɢɫɬɪɢɛɭɢɪɚɧɚ ɦɟɬɨɞɚ ɡɚ ɫɚɦɨɤɚɥɢɛɪɚɰɢʁɭ 
ɦɚɝɧɟɬɨɪɟɡɢɫɬɢɜɧɨɝ ɫɟɧɡɨɪɚ ɭɝɚɨɧɟ ɩɨɡɢɰɢʁɟ ɭ ɫɟɪɜɨ 
ɫɢɫɬɟɦɭ
Ɍɟɪɦɢɧɚɥ ɡɚ ɞɚʂɢɧɫɤɭ ɤɨɧɬɪɨɥɭ ɯɢɛɪɢɞɧɟ ɫɬɚɧɢɰɟ ɡɚ 
ɩɭʃɟʃɟ ɟɥɟɤɬɪɢɱɧɢɯ ɜɨɡɢɥɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

-RYDQ 9XMDVLQRYLü  *RUDQ 6DYLü  0LODQ 3URNLQ  0RGHO 'ULYHQ 'HYHORSHG 7HUPLQDO IRU 5HPRWH 
&RQWURO RI &KDUJLQJ 6WDWLRQ IRU (OHFWULF 9HKLFOHV 3RZHUHG E\ 5HQHZDEOH (QHUJ\  (OHFWURQLFV  9RO  
    1R     SS          $SU      

9  ýHSHUNRYLü  9  5DMRYLü  0  3URNLQ  $ 'LVWULEXWHG 0HWKRG IRU 6HOI &DOLEUDWLRQ RI 0DJQHWRUHVLVWLYH 
$QJXODU 3RVLWLRQ 6HQVRU ZLWKLQ D 6HUYR 6\VWHP  6(16256  9RO      1R      SS               $XJ  
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

0  3URNLQ  '0$ WUDQVIHU PHWKRG IRU ZLGH UDQJH VSHHG DQG IUHTXHQF\ PHDVXUHPHQW  ,((( 
75$16$&7,216 21 ,167580(17$7,21 $1' 0($685(0(17  9RO      1R     SS             
$XJ      

0  3URNLQ  '\QDPLF UHVSRQVH RI D IUHTXHQF\ PHDVXULQJ V\VWHP  ,((( 75$16$&7,216 21 
,167580(17$7,21 $1' 0($685(0(17  9RO      1R     SS             -XQ      

*RUDQ 6DYLü  0LODQ 3URNLQ  9ODGLPLU 5DMRYLü  'UDJDQD 3URNLQ  'LJLWDO ,PDJH 'HFRGHU IRU (IILFLHQW 
+DUGZDUH ,PSOHPHQWDWLRQ  6(16256  9RO      1R      SS          'HF      

*RUDQ 6DYLü  0LODQ 3URNLQ  9ODGLPLU 5DMRYLü  'UDJDQD 3URNLQ  0HPRU\ (IILFLHQW +DUGZDUH 
$UFKLWHFWXUH IRU     /LIWLQJ %DVHG   ' )RUZDUG 'LVFUHWH :DYHOHW 7UDQVIRUP  0,&52352&(66256 
$1' 0,&526<67(06  9RO      1R          SS          1RY      

*RUDQ 6DYLü  0LODQ 3URNLQ  9ODGLPLU 5DMRYLü  'UDJDQD 3URNLQ  1RYHO RQH GLPHQVLRQDO DQG WZR 
GLPHQVLRQDO IRUZDUG GLVFUHWH ZDYHOHW WUDQVIRUP     ILOWHU DUFKLWHFWXUHV IRU HIILFLHQW KDUGZDUH 
LPSOHPHQWDWLRQ  -2851$/ 2) 5($/ 7,0( ,0$*( 352&(66,1*  9RO      1R     SS               
2FW      

*RUDQ 6DYLü  0LODQ 3URNLQ  9ODGLPLU 5DMRYLü  'UDJDQD 3URNLQ  (IILFLHQW RQH GLPHQVLRQDO IRUZDUG DQG 
LQYHUVH GLVFUHWH ZDYHOHW WUDQVIRUPHUV  0,&52352&(66256 $1' 0,&526<67(06  9RO      SS  
         1RY      

*RUDQ 6DYLü  0LODQ 3URNLQ  9ODGLPLU 5DMRYLü  'UDJDQD 3URNLQ  +LJK SHUIRUPDQFH   ' DQG   ' 
LQYHUVH ':7     ILOWHU DUFKLWHFWXUHV IRU HIILFLHQW KDUGZDUH LPSOHPHQWDWLRQ  &,5&8,76  6<67(06  
$1' 6,*1$/ 352&(66,1*  9RO      1R     SS               6HS      

9ODGLPLU 5DMRYLü  *RUDQ 6DYLü  9ODGLPLU ýHSHUNRYLü  0LODQ 3URNLQ  &RPELQHG RQH GLPHQVLRQDO 
ORZSDVV DQG KLJKSDVV ILOWHUV IRU VXEEDQG WUDQVIRUPHU  (/(&7521,&6 /(77(56  9RO      1R      
SS               $XJ      

0  3URNLQ  'RXEOH EXIIHUHG ZLGH UDQJH IUHTXHQF\ PHDVXUHPHQW PHWKRG IRU GLJLWDO WDFKRPHWHUV  
,((( 75$16$&7,216 21 ,167580(17$7,21 $1' 0($685(0(17  9RO      1R     SS        
     -XQ      

'  3URNLQ  0  3URNLQ  /RZ +DUGZDUH &RPSOH[LW\ 3LSHOLQHG 5DQN )LOWHU  ,((( 75$16$&7,216 21 
&,5&8,76 $1' 6<67(06  ,,  (;35(66 %5,()6  9RO      1R     SS             -XQ      
-  (OD]DU  6  6HOPLü  0  7RPLü  0  3URNLQ  $ ILEUH RSWLF GLVSODFHPHQW VHQVRU IRU D F\FORWURQ 
HQYLURQPHQW EDVHG RQ D PRGLILHG WULDQJXODWLRQ PHWKRG  -2851$/ 2) 237,&6 $  385( $1' 
$33/,(' 237,&6  9RO     1R     SS             1RY      

0  3URNLQ  3RZHU %RRVWHU $XGLR $PSOLILHU  ,((( 75$16$&7,216 21 &21680(5 
(/(&7521,&6  9RO      1R     SS           )HE      
0  3URNLQ  ([WUHPHO\ ZLGH VSHHG UDQJH PHDVXUHPHQW V\VWHP  5(9,(: 2) 6&,(17,),& 
,167580(176  9RO      1R     SS               $SU      
0  3URNLQ  %RRVW %ULGJH $PSOLILHU  (/(&7521,&6 /(77(56  9RO      1R      SS             0D\  
    

0  3URNLQ  %RRVW %ULGJH $XGLR $PSOLILHU  ,((( 75$16$&7,216 21 &21680(5 (/(&7521,&6  
9RO      1R     SS             0D\      

0  3URNLQ  6SHHG PHDVXUHPHQW XVLQJ WKH LPSURYHG '0$ WUDQVIHU PHWKRG  ,((( 75$16$&7,216 
21 ,1'8675,$/ (/(&7521,&6  9RO      1R     SS             'HF      

0  3URNLQ  ([WUHPHO\ ZLGH UDQJH VSHHG PHDVXUHPHQW XVLQJ D GRXEOH EXIIHUHG PHWKRG  ,((( 
75$16$&7,216 21 ,1'8675,$/ (/(&7521,&6  9RO      1R     SS             2FW      

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 

ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɚɪɤɨ Ɇɢɲɢʄ          

 
Ɇɢɥɨɲ ɉɚɜɤɨɜɢʄ          

 
ɀɢɜɨʁɢɧ ɒɭɲɬɪɚɧ          

 

 

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 

0  

 

0  D

 
0  

 

0  

=  6XVWUDQ  -  3URWLF  0LJUDWLRQ LQ +DUGZDUH 7UDQVDFWLRQDO 0HPRU\ RQ $V\PPHWULF 0XOWLSURFHVVRU  
,((( $&&(66  9RO     SS                 0D\      
0  6DYLü  0  ,YDQRYLü  ,  /XNRYLü  %  'HOLEDãLü  -  3URWLü  '  -DQNRYLü  6WXGHQWV  3UHIHUHQFHV LQ 
6HOHFWLRQ RI &RPSXWHU 6FLHQFH DQG ,QIRUPDWLFV 6WXGLHV   $ &RPSUHKHQVLYH (PSLULFDO &DVH 6WXG\  
&20387(5 6&,(1&( $1' ,1)250$7,21 6<67(06   &206,6  9RO      1R     SS             
-DQ      

,  0LWURYLü  0  0LãLü  -  3URWLü  ([SORULQJ KLJK VFLHQWLILF SURGXFWLYLW\ LQ LQWHUQDWLRQDO FR DXWKRUVKLS RI D 
VPDOO GHYHORSLQJ FRXQWU\ EDVHG RQ FROODERUDWLRQ SDWWHUQV  -RXUQDO RI %LJ 'DWD  9RO      1R      0D\  
    

Ĉ  3HãLü  0  9XMRãHYLü -DQLþLü  0  0LãLü  -  3URWLü  $ 1RYHO $SSURDFK WR 6RXUFH &RGH $VVHPEOLQJ LQ 
WKH )LHOG RI $OJRULWKPLF &RPSOH[LW\  &20387(5 6&,(1&( $1' ,1)250$7,21 6<67(06   
&206,6  9RO      1R     SS             -XQ      
=  %DERYLü  -  3URWLü  9  0LOXWLQRYLü  :HE 3HUIRUPDQFH (YDOXDWLRQ IRU ,QWHUQHW RI 7KLQJV 
$SSOLFDWLRQV  ,((( $&&(66  9RO     SS               2FW      

ɉɨɛɨʂɲɚʃɟ ɩɟɪɮɨɪɦɚɧɫɢ ɚɫɢɦɟɬɪɢɱɧɢɯ ɜɢɲɟʁɟɡɝɚɪɧɢɯ 
ɩɪɨɰɟɫɨɪɚ ɤɪɨɡ ɦɢɝɪɚɰɢʁɭ ɬɪɚɧɫɚɤɰɢʁɚ ɢ ɩɪɢɥɚɝɨɻɟʃɟ 
ɩɨɞɫɢɫɬɟɦɚ ɤɟɲ ɦɟɦɨɪɢʁɚ 

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

-  3URWLü  0  3DYNRYLü  6,Q)R ± 6WUXFWXUH 'ULYHQ ,QFUHPHQWDO )RUXP &UDZOHU 7KDW 2SWLPL]HV 8VHU 
*HQHUDWHG &RQWHQW 5HWULHYDO  ,((( $&&(66  9RO     SS                   6HS      

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɍɧɚɩɪɟɻɟʃɚ ɫɢɫɬɟɦɚ ɡɚ ɞɟɬɟɤɰɢʁɭ ɩɥɚɝɢʁɚɪɢɡɦɚ ɭ ɢɡɜɨɪɧɨɦ 
ɩɪɨɝɪɚɦɫɤɨɦ ɤɨɞɭ 

ɉɨɛɨʂɲɚʃɟ ɩɟɪɮɨɪɦɚɧɫɢ ɩɪɢɤɭɩʂɚʃɚ ɤɨɪɢɫɧɢɱɤɢ 
ɝɟɧɟɪɢɫɚɧɢɯ ɫɚɞɪɠɚʁɚ ɧɚ ȼɟɛɭ ɩɪɢɦɟɧɨɦ ɚɞɚɩɬɢɜɧɢɯ 
ɢɧɬɟɥɢɝɟɧɬɧɢɯ ɦɟɬɨɞɚ 

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɉɪɨɬɢʄ ȳɟɥɢɰɚ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ
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ɒɟɮ  Ʉɚɬɟɞɪɟ ɡɚ ɪɚɱɭɧɚɪɫɤɭ ɬɟɯɧɢɤɭ ɢ ɢɧɮɨɪɦɚɬɢɤɭ ɨɞ     
ɉɪɟɞɫɟɞɧɢɤ ȼɟʄɚ ɝɪɭɩɚɰɢʁɟ ɬɟɯɧɢɱɤɨ ɬɟɯɧɨɥɨɲɤɢɯ ɧɚɭɤɚ ɨɞ     

ɍɫɚɜɪɲɚɜɚʃɚ
ɋɬɭɞɢʁɫɤɟ ɩɨɫɟɬɟ ɭɧɢɜɟɪɡɢɬɟɬɢɦɚ 6WDQIRUG  8& %HUNHOH\  8& 6DQWD &ODUD  &DOLIRUQLD
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɉɪɨɞɟɤɚɧ ɡɚ ɧɚɫɬɚɜɭ          
ɋɚɜɟɬɧɢɤ ɞɟɤɚɧɚ ɡɚ ɨɛɟɡɛɟɻɟʃɟ  ɤɨɧɬɪɨɥɭ ɢ ɭɧɚɩɪɟɻɟʃɟ ɤɜɚɥɢɬɟɬɚ ɨɞ     
ɒɟɮ Ɉɞɫɟɤɚ ɡɚ ɪɚɱɭɧɚɪɫɤɭ ɬɟɯɧɢɤɭ ɢ ɢɧɮɨɪɦɚɬɢɤɭ          

0  0LãLü  -  3URWLü  0  7RPDãHYLü  ,PSURYLQJ 6RXUFH &RGH 3ODJLDULVP 'HWHFWLRQ  /HVVRQV /HDUQHG  
  WK 7HOHFRPPXQLFDWLRQV IRUXP 7(/)25       SS           %HOJUDGH  1RY       

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

$  %RãQMDNRYLü  -  3URWLü  '  %RMLü  ,  7DUWDOMD  $XWRPDWLQJ WKH .QRZOHGJH $VVHVVPHQW :RUNIORZ IRU 
/DUJH 6WXGHQW *URXSV  $ 'HYHORSPHQW ([SHULHQFH  ,17(51$7,21$/ -2851$/ 2) 
'HMDQ 5LVWDQRYLF  -HOLFD 3URWLF  7KH %RRN &LSKHU $OJRULWKP  '5  '2%%C6 -2851$/  62)7:$5( 
722/6 )25 7+( 352)(66,21$/ 352*5$00(5  SS         2FW       
-  3URWLü  0  7RPDãHYLü  9  0LOXWLQRYLü  'LVWULEXWHG 6KDUHG 0HPRU\  &RQFHSWV DQG 6\VWHPV  ,((( 
3$5$//(/ $1' ',675,%87(' 7(&+12/2*< 6<67(06  9RO     1R     SS         $XJ       

0  $OHNVLü  0  1RYDNRYLü  $  &DU  -  3URWLü  &,6& YHUVXV 5,6& SURFHVVRUV IRU JUDSKLFV  D VLPXODWLRQ 
VWXG\  0,&52352&(66,1* $1' 0,&52352*5$00,1*  9RO      1R       SS         -DQ       

-  3URWLü  0  $OHNVLü  $Q H[DPSOH RI WKH HIILFLHQW PHVVDJH SURWRFRO IRU LQGXVWULDO /$1  
0,&52352&(66,1* $1' 0,&52352*5$00,1*  9RO      1R       SS           -DQ       

-  3URWLü  0  7RPDãHYLü  9  0LOXWLQRYLü  'LVWULEXWHG 6KDUHG 0HPRU\  &RQFHSWV DQG 6\VWHPV  
&RPSXWHU 6RFLHW\ 3UHVV       

3DYOH 9  9XOHWLü  -HOLFD ä  3URWLü  6HOI VLPLODU FURVV WUDIILF DQDO\VLV DV D IRXQGDWLRQ IRU FKRRVLQJ 
DPRQJ DFWLYH DYDLODEOH EDQGZLGWK PHDVXUHPHQW VWUDWHJLHV  &20387(5 &20081,&$7,216  
9RO      1R      SS               -XO      

-  3URWLü  '  5LVWDQRYLü  %XLOGLQJ &RPSXWHUV LQ 6HUELD  7KH )LUVW +DOI RI WKH 'LJLWDO &HQWXU\  
&20387(5 6&,(1&( $1' ,1)250$7,21 6<67(06   &206,6  9RO     1R     SS             
-XQ      

0  0LãLü  ä  âXãWUDQ  -  3URWLü  $ &RPSDULVRQ RI 6RIWZDUH 7RROV IRU 3ODJLDULVP 'HWHFWLRQ LQ 
3URJUDPPLQJ $VVLJQPHQWV  ,17(51$7,21$/ -2851$/ 2) (1*,1((5,1* ('8&$7,21  9RO  
    1R     SS             $SU      
'  5LVWDQRYLü  -  3URWLü  2QFH 8SRQ D 3RFNHW  3URJUDPPDEOH &DOFXODWRUV IURP WKH /DWH     V DQG 
(DUO\     V DQG WKH 6RFLDO 1HWZRUNV DURXQG WKHP  ,((( $11$/6 2) 7+( +,6725< 2) 
&20387,1*  9RO      1R     SS         -XO       

0  äLYNRYLü  %  1LNROLü  -  3URWLü  5  3RSRYLü  $ 6XUYH\ DQG &ODVVLILFDWLRQ RI :LUHOHVV 6HQVRU 
1HWZRUNV 6LPXODWRUV %DVHG RQ WKH 'RPDLQ RI 8VH  $' +2&   6(1625 :,5(/(66 1(7:25.6  
9RO      1R       SS                

'  %RMLü  $  %RãQMDNRYLü  -  3URWLü  ,  7DUWDOMD  $ 0RGLILHG +LOO &OLPELQJ $OJRULWKP IRU .QRZOHGJH 7HVW 
$VVHPEO\ %DVHG RQ &ODVVLILHG &ULWHULD  ,17(51$7,21$/ -2851$/ 2) 62)7:$5( 

9  %ODJRMHYLü  '  %RMLü  0  %RMRYLü  0  &YHWDQRYLü  -  ĈRUÿHYLü  Ĉ  ĈXUÿHYLü  %  )XUODQ  6  *DMLQ  =  
-RYDQRYLü  '  0LOLüHY  9  0LOXWLQRYLü  %  1LNROLü  -  3URWLü  0  3XQW  =  5DGLYRMHYLü  ä  6WDQLVDYOMHYLü  
6  6WRMDQRYLü  ,  7DUWDOMD  0  7RPDãHYLü  3  9XOHWLü  $ 6\VWHPDWLF $SSURDFK WR *HQHUDWLRQ RI 1HZ 
,GHDV IRU 3K' 5HVHDUFK LQ &RPSXWLQJ  $'9$1&(6 ,1 &20387(56  9RO       SS          )HE  
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Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ ɡɚ 
ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

1  ,OLü  0  9XþHWLü  $  0DNDURY  5  3HWURYLü  0  3XQW  $GDSWLYH $V\QFKURQRXV *RVVLS $OJRULWKPV IRU 
&RQVHQVXV LQ +HWHURJHQHRXV 6HQVRU 1HWZRUNV  ,((( ,QWHUQHW RI 7KLQJV -RXUQDO  9RO      1R      
$SU       GRL         -,27             

=  .X]PDQRYLü  6  ýXEULORYLü  0  3XQW   '  9XþLü  %  .RYDþHYLü  &KDUDFWHUL]DWLRQ RI 2)'0 %DVHG 
6HFXUH 'DWD 7UDQVPLVVLRQ 2YHU 9RLFH &KDQQHOV  ,((( 6,*1$/ 352&(66,1* /(77(56  9RO      
SS               -XQ       GRL         /63             

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ⱦɟɬɟɤɰɢʁɚ ɚɧɨɦɚɥɢʁɚ ɤɨɪɢɲʄɟʃɟɦ ɦɟɬɚ ɩɨɞɚɬɚɤɚ ɭ 
ɚɭɬɨɦɚɬɢɡɨɜɚɧɢɦ ɫɢɫɬɟɦɢɦɚ ɡɚ ɦɚɲɢɧɫɤɨ ɭɱɟʃɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɉɭɧɬ Ɇɚɪɢʁɚ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ
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ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

0  .RWODU  '  %RMLü  0 3XQW  9  0LOXWLQRYLü  6XUYH\ RI GHSOR\PHQW ORFDWLRQV DQG XQGHUO\LQJ KDUGZDUH 
DUFKLWHFWXUHV IRU FRQWHPSRUDU\ GHHS QHXUDO QHWZRUNV  ,17(51$7,21$/ -2851$/ 2) 
',675,%87(' 6(1625 1(7:25.6  9RO      1R     SS              
GRL                         
=  5DGLYRMHYLF  =  6WDQLVDYOMHYLF  0  3XQW  &RQILJXUDEOH VLPXODWRU IRU FRPSXWHU DUFKLWHFWXUH DQG 
RUJDQL]DWLRQ  &20387(5 $33/,&$7,216 ,1 (1*,1((5,1* ('8&$7,21  9RO      1R     SS  
           6HS        GRL         FDH      

9  %ODJRMHYLü  '  %RMLü  0  %RMRYLü  0  &YHWDQRYLü  -  ĈRUÿHYLü  Ĉ  ĈXUÿHYLü  %  )XUODQ  6  *DMLQ  =  
-RYDQRYLü  '  0LOLüHY  9  0LOXWLQRYLü  %  1LNROLü  -  3URWLü  0  3XQW  =  5DGLYRMHYLü  ä  6WDQLVDYOMHYLü  
6  6WRMDQRYLü  ,  7DUWDOMD  0  7RPDãHYLü  3  9XOHWLü  $ 6\VWHPDWLF $SSURDFK WR *HQHUDWLRQ RI 1HZ 
,GHDV IRU 3K' 5HVHDUFK LQ &RPSXWLQJ  $'9$1&(6 ,1 &20387(56  9RO       SS        )HE  
      GRL         EV DGFRP            
0  3XQW  0  %MHOLFD  9  =GUDYNRYLF  1  7HVOLF  $Q LQWHJUDWHG HQYLURQPHQW DQG GHYHORSPHQW 
IUDPHZRUN IRU VRFLDO JDPLQJ XVLQJ PRELOH GHYLFHV  GLJLWDO 79 DQG ,QWHUQHW  08/7,0(',$ 722/6 
$1' $33/,&$7,216  9RO      1R      SS             6HS        GRL         V                

0  3XQW  0  7RPDãHYLü  -  ĈRUÿHYLü  (YDOXDWLRQ DQG DQDO\VLV RI DQ RQ OLQH HUURU GHWHFWLRQ 
PRQLWRULQJ WHFKQLTXH  &20387(56   (/(&75,&$/ (1*,1((5,1*  9RO      1R     SS           
)HE        GRL         M FRPSHOHFHQJ            

0  3XQW  '  9XþLü  6RIWZDUH ,PSOHPHQWDWLRQ DQG &\FOLF )HDWXUH &KDUDFWHUL]DWLRQ RI 1X 
)%0& 24$0 6LJQDOV  ,((( $&&(66  9RO      SS                 )HE       
GRL         $&&(66             

6  ýXEULORYLü  =  .X]PDQRYLü  0 3XQW  '  9XþLü  %  .RYDþHYLü  )%0& 24$0 %DVHG 6HFXUH 9RLFH 
&RPPXQLFDWLRQV 2YHU 9RLFH &KDQQHOV  ,((( $&&(66  9RO      SS                 -XO       
GRL         $&&(66             

 5  9HãRYLü  0  0LORVDYOMHYLü  0  3XQW  -  5DGRPLURYLü  $ 0DFKLQH /HDUQLQJ 0XOWLOD\HU 0HWD 0RGHO 
IRU 3UHGLFWLRQ RI 3RVWRSHUDWLYH /XQJ )XQFWLRQ LQ /XQJ &DQFHU 3DWLHQWV  $SSOLHG 6FLHQFHV  9RO      
1R     )HE       

0  .RWODU  0  3XQW  =  5DGLYRMHYLü  0  &YHWDQRYLü  9  0LOXWLQRYLü  1RYHO 0HWD )HDWXUHV IRU 
$XWRPDWHG 0DFKLQH /HDUQLQJ 0RGHO 6HOHFWLRQ LQ $QRPDO\ 'HWHFWLRQ  ,((( $&&(66  9RO     SS  
               -XQ       GRL         $&&(66             

1  ,OLü  0  3XQW  'LVWULEXWHG (QVHPEOH &OXVWHULQJ LQ 1HWZRUNHG 0XOWL $JHQW 6\VWHPV  (OHFWURQLFV   
9RO      1R      SS        1RY       

 0  .RWODU  0  3XQW 9  0LOXWLQRYLü  (QHUJ\ HIILFLHQW LPSOHPHQWDWLRQ RI WHQVRU RSHUDWLRQV XVLQJ 
GDWDIORZ SDUDGLJP IRU PDFKLQH OHDUQLQJ  $'9$1&(6 ,1 &20387(56  9RO       SS           0DU  
      GRL         EV DGFRP            
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5DGDNRYLF  =   3LFKHU  3   1RYNRYLF  0   7RUULDQR  )          '\QDPLF 7KHUPDO 'LJLWDO 7ZLQ RI /LTXLG 
,PPHUVHG 3RZHU 7UDQVIRUPHU  ,((( $FFHVV  9RO      SS                    '2,  
        $&&(66               

1RYNRYLF  0   7RUULDQR  )   3LFKHU  3   5DGDNRYLF  =          $SSOLFDWLRQ RI '\QDPLF 'HWDLOHG 
7KHUPDO +\GUDXOLF 0RGHO RQ D 7UDQVIRUPHU ZLWK ]LJ ]DJ ZLQGLQJ VFDOH PRGHO  ,((( 7UDQV  RQ 
3RZHU 'HOLYHU\  9RO      1R     SS                '2,          73:5'               

Ⱦɢɩɥɨɦɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɍɧɚɩɪɟɻɟʃɟ ɞɟɬɚʂɧɨɝ ɬɟɪɦɨ ɯɢɞɪɚɭɥɢɱɤɨɝ ɦɨɞɟɥɚ 
ɟɧɟɪɝɟɬɫɤɢɯ ɭʂɧɢɯ
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɢ ɩɪɨɲɢɪɟʃɟ ɫɩɟɤɬɪɚ ʃɟɝɨɜɢɯ ɩɪɢɦɟɧɚ

Ɉɬɤɪɢɜɚʃɟ ɪɟɞɧɨɝ ɟɥɟɤɬɪɢɱɧɨɝ ɥɭɤɚ ɭ ʁɟɞɧɨɫɦɟɪɧɨɦ ɤɨɥɭ 
ɮɨɬɨɧɚɩɨɧɫɤɢɯ ɫɢɫɬɟɦɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

Ⱦɨɤɬɨɪɚɬ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɋɚɞɚɤɨɜɢʄ Ɂɨɪɚɧ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɧɟɪɝɟɬɫɤɢ ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ
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5HVHDUFK )HOORZ RI WKH $OH[DQGHU YRQ +XPEROGW )RXQGDWLRQ  7KH 8QLYHUVLW\ RI 6WXWWJDUW  *HUPDQ\

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

9DVRYLF  9   /XNLF  -   0LKDMORYLF  '   3HMRYLF  %   0LORYDQRYLF  0   5DGRPDQ  8    5DGDNRYLF  =   
$JLQJ RI WUDQVIRUPHU LQVXODWLRQ RI H[SHULPHQWDO WUDQVIRUPHUV DQG ODERUDWRU\ PRGHOV ZLWK GLIIHUHQW 
PRLVWXUH FRQWHQWV  3DUW ,, ² PRLVWXUH GLVWULEXWLRQ DQG DJLQJ NLQHWLFV  ,((( 7UDQV  RQ 'LHOHFWULFV DQG 
(OHFWULFDO ,QVXODWLRQ  9RO      1R            SS             '2,          7'(,            

'DV  %   5DGDNRYLF  =          ,V 7UDQVIRUPHU N9$ 'HUDWLQJ $OZD\V 5HTXLUHG 8QGHU +DUPRQLFV" $ 
0DQXIDFWXUHU V 3HUVSHFWLYH  ,((( 7UDQV  RQ 3RZHU 'HOLYHU\  9RO      1R     SS              '2,  
        73:5'              

6WDQLVLF  6   5DGDNRYLF  =          0HWKRG IRU FKDUDFWHUL]DWLRQ RI VRLO HOHFWULFDO UHVLVWLYLW\ EDVHG RQ 
:HQQHU PHDVXUHPHQWV E\ PHDQV RI 1HOGHU±0HDG DOJRULWKP DQG )(0 FDOFXODWLRQV  (OHFWULFDO 
(QJLQHHULQJ  3XEOLVKHG RQOLQH    $XJXVW        '2,         V                ] 

1RYNRYLF  Ɇ   3RSRYLF  Ⱥ   %ULRVVR  (   0DUWLQH] ,JOHVLDV  5   5DGDNRYLF  =          '\QDPLF 
WKHUPDO PRGHO RI OLTXLG LPPHUVHG VKHOO W\SH WUDQVIRUPHUV  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU 
  (QHUJ\ 6\VWHPV  1RY       9ROXPH      3DUW %  '2,          M LMHSHV             

'DYLGRYLF  0   ĈRUÿHYLü  1   0LNXORYLü -   .RVWLF  0   5DGDNRYLF  =          9ROWDJH GLVWRUWLRQ LQ /(' 
VWUHHW OLJKWLQJ LQVWDOODWLRQV  (OHFWULFDO (QJLQHHULQJ  9RO       1R     SS               '2,  
        V                  

*HRUJLMHYLF  1   6WRMLF  'M   5DGDNRYLF  =          $UF )DXOW 'HWHFWLRQ LQ 3KRWRYROWDLF 6\VWHP E\ 
6PDOO 6LJQDO ,PSHGDQFH  ,QWHUQDWLRQDO 7UDQVDFWLRQV RQ (OHFWULFDO (QHUJ\ 6\VWHPV  $UWLFOH ,'  
(7(3       9ROXPH     ,VVXH    )HEUXDU\        '2,                         

5RJRUD  '   1D]]DUL  6    5DGRPDQ  8   5DGDNRYLF  =          ([SHULPHQWDO UHVHDUFK RQ WKH 
FKDUDFWHULVWLFV RI UDGLDWRU EDWWHULHV RI RLO LPPHUVHG SRZHU WUDQVIRUPHUV  ,((( 7UDQV  RQ 3RZHU 
'HOLYHU\  9RO      1R     SS              '2,          73:5'               

9DVRYLF  9   /XNLF  -   0LKDMORYLF  '   3HMRYLF  %   5DGDNRYLF  =   5DGRPDQ  8   2UORYLF  $   $JLQJ RI 
WUDQVIRUPHU LQVXODWLRQ ² H[SHULPHQWDO WUDQVIRUPHUV DQG ODERUDWRU\ PRGHOV ZLWK GLIIHUHQW PRLVWXUH 
FRQWHQWV  3DUW , ² '3 DQG IXUDQV DJLQJ SURILOHV  ,((( 7UDQV  RQ 'LHOHFWULFV DQG (OHFWULFDO 
,QVXODWLRQ  9RO      1R            SS             '2,          7'(,            



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɍɪɨɲ Ɋɚɞɟɧɤɨɜɢʄ          

 
Ɇɢʃɚ Ȼɟɥɢʄ          

 
Ɇɢɥɨɲ Ʉɨɬɥɚɪ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

 
0  

1  3HMLü  =  5DGLYRMHYLü  0  &YHWDQRYLü  $QDO\]LQJ WKH ,PSDFW RI &29,'    RQ *LW+XE (YHQW 
7UHQGV  6XVWDLQDELOLW\  9RO      1R      SS        2FW        GRL         VX         
8  5DGHQNRYLü  0  0LüRYLü  =  5DGLYRMHYLü  (YDOXDWLRQ DQG %HQHILW RI ,PSUHFLVH 9DOXH 3UHGLFWLRQ IRU 
&HUWDLQ 7\SHV RI ,QVWUXFWLRQV  (OHFWURQLFV   9RO      1R      SS        $XJ        

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

6  7XELF  =  5DGLYRMHYLF  6  6WRMDQRYLF  0  &YHWDQRYLF  $)' $Q $UFKLWHFWXUDO /DQJXDJH IRU ,QWHJUDO 
0RGHOLQJ  ,((( $&&(66  9RO      SS                 6HS        
%  &YLMHWLü  =  5DGLYRMHYLü  5HVWRUDWLRQ RI 'DWD 6WUXFWXUHV 8VLQJ 0DFKLQH /HDUQLQJ 7HFKQLTXHV  
,((( $&&(66  9RO      SS                 2FW        GRL         $&&(66             

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɋɩɟɤɭɥɚɬɢɜɧɨ ɢɡɜɪɲɚɜɚʃɟ ɢɧɫɬɪɭɤɰɢʁɚ
ɫɚ ɧɟɩɪɟɰɢɡɧɨ ɩɪɟɞɜɢɻɟɧɢɦ ɨɩɟɪɚɧɞɢɦɚ

ɉɪɢɦɟɧɚ ɚɥɝɨɪɢɬɚɦɚ ɜɟɲɬɚɱɤɟ ɢɧɬɟɥɢɝɟɧɰɢʁɟ ɡɚ ɨɛɪɚɞɭ 
ɤɢɧɟɦɚɬɢɱɤɢɯ ɫɢɝɧɚɥɚ ɭ ɞɢʁɚɝɧɨɫɬɢɰɢ ɉɚɪɤɢɧɫɨɧɨɜɟ 
ɛɨɥɟɫɬɢ ɢ ɚɬɢɩɢɱɧɢɯ ɩɚɪɤɢɧɫɨɧɢɡɚɦɚ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ɋɚɞɢɜɨʁɟɜɢʄ Ɂɚɯɚɪɢʁɟ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ⱦɟɬɟɤɰɢʁɚ ɚɧɨɦɚɥɢʁɚ ɤɨɪɢɲʄɟʃɟɦ ɦɟɬɚ ɩɨɞɚɬɚɤɚ ɭ 
ɚɭɬɨɦɚɬɢɡɨɜɚɧɢɦ ɫɢɫɬɟɦɢɦɚ ɡɚ ɦɚɲɢɧɫɤɨ ɭɱɟʃɟ
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

=  5DGLYRMHYLF  =  6WDQLVDYOMHYLF  0  3XQW  &RQILJXUDEOH VLPXODWRU IRU FRPSXWHU DUFKLWHFWXUH DQG 
RUJDQL]DWLRQ  &20387(5 $33/,&$7,216 ,1 (1*,1((5,1* ('8&$7,21  9RO      1R     SS  
0  &YHWDQRYLü  =  5DGLYRMHYLü  9  0LOXWLQRYLü  5HVWDUW RSWLPL]DWLRQ IRU WUDQVDFWLRQDO PHPRU\ ZLWK 
OD]\ FRQIOLFW GHWHFWLRQ  ,17(51$7,21$/ -2851$/ 2) 3$5$//(/ 352*5$00,1*  9RO      1R  
9  %ODJRMHYLü  '  %RMLü  0  %RMRYLü  0  &YHWDQRYLü  -  ĈRUÿHYLü  Ĉ  ĈXUÿHYLü  %  )XUODQ  6  *DMLQ  =  
-RYDQRYLü  '  0LOLüHY  9  0LOXWLQRYLü  %  1LNROLü  -  3URWLü  0  3XQW  =  5DGLYRMHYLü  ä  6WDQLVDYOMHYLü  
=  5DGLYRMHYLü  0  &YHWDQRYLü  6  6WRMDQRYLü  &RPSDULVRQ RI %LQDU\ 3URFHGXUHV  $ 6HW RI 
7HFKQLTXHV IRU (YDGLQJ &RPSLOHU 7UDQVIRUPDWLRQV  &20387(5 -2851$/  9RO      1R     SS      
6  6WRMDQRYLü  =  5DGLYRMHYLü  0  &YHWDQRYLü  $SSURDFK IRU (VWLPDWLQJ 6LPLODULW\ EHWZHHQ 
3URFHGXUHV LQ 'LIIHUHQWO\ &RPSLOHG %LQDULHV  ,1)250$7,21 $1' 62)7:$5( 7(&+12/2*<  
=  5DGLYRMHYLü  0  &YHWDQRYLü  =  -RYDQRYLü  5HHQJLQHHULQJ WKH 6/((3 VLPXODWRU LQ D FRQFXUUHQW 
DQG GLVWULEXWHG SURJUDPPLQJ FRXUVH  &20387(5 $33/,&$7,216 ,1 (1*,1((5,1* 

1  3HMLü  =  5DGLYRMHYLü  0  &YHWDQRYLü  +HOSLQJ 3XOO 5HTXHVW 5HYLHZHU 5HFRPPHQGDWLRQ 6\VWHPV 
WR )RFXV  ,((( $&&(66  9RO      SS               -XO        
0  %HOLü  =  5DGLYRMHYLü  9  .UVPDQRYLü  9  .RVWLü  0  'MXULF -RYLFLF  4XLFN FRPSXWHU DLGHG 
GLIIHUHQWLDO GLDJQRVWLFV EDVHG RQ UHSHWLWLYH ILQJHU WDSSLQJ LQ 3DUNLQVRQ¶V GLVHDVH DQG DW\SLFDO 
0  .RWODU  0  3XQW  =  5DGLYRMHYLü  0  &YHWDQRYLü  9  0LOXWLQRYLü  1RYHO 0HWD )HDWXUHV IRU 
$XWRPDWHG 0DFKLQH /HDUQLQJ 0RGHO 6HOHFWLRQ LQ $QRPDO\ 'HWHFWLRQ  ,((( $&&(66  9RO     SS  
6  7XELü  0  &YHWDQRYLü  =  5DGLYRMHYLü  6  6WRMDQRYLü  $QQRWDWHG IXQFWLRQDO GHFRPSRVLWLRQ  
&20387(5 $33/,&$7,216 ,1 (1*,1((5,1* ('8&$7,21  9RO      1R     SS             -DQ  
      GRL         FDH      

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

0  &YHWDQRYLü  =  5DGLYRMHYLü  9  %ODJRMHYLü  0  %RMRYLü  $'9,&(²(GXFDWLRQDO 6\VWHP IRU 
7HDFKLQJ 'DWDEDVH &RXUVHV  ,((( 75$16$&7,216 21 ('8&$7,21  9RO      1R     SS      
%  1LNROLF  =  5DGLYRMHYLF  -  'MRUGMHYLF  9  0LOXWLQRYLF  $ 6XUYH\ DQG (YDOXDWLRQ RI 6LPXODWRUV 
6XLWDEOH IRU 7HDFKLQJ &RXUVHV LQ &RPSXWHU $UFKLWHFWXUH DQG 2UJDQL]DWLRQ  ,((( 75$16$&7,216 



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
Ɋɚɱɭɧɚɪɫɬɜɨ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱥɥɟɤɫɚɧɞɚɪ Ⱥɬɢʄ          

 
ɇɢɤɨɥɚ ȼɭɤɨɜɢʄ          

 
Ɇɢɥɚɧ ɀɟɠɟʂ          

 
ɍɪɨɲ Ɋɚɥɟɜɢʄ          

 
ȳɟɥɟɧɚ ɋɦɢʂɚɧɢʄ          

 
Ɇɚɪɤɨ Ɇɥɚɞɟɧɨɜɢʄ          

 
Ɂɨɪɚɧ Ʌɚɬɢɧɨɜɢʄ          

 
ɇɟɜɟɧɚ Ɋɚɢɱɟɜɢʄ          

Ɋ ɛ  Ʉɚɬ 

 
0  D 

 
0  

 
0  

Ɋɢɫɤɟɧ ɇɭɦɟɞɚɥ Ƚɪɚɯɚɦ ɏɚɤɟɧ ɧɟɫɬɚɛɢɥɧɨɫɬɢ ɢ ɫɚɦɨ 
ɩɭɥɫɢɪɚʃɟ ɭ ɤɜɚɧɬɧɢɦ ɤɚɫɤɚɞɧɢɦ ɥɚɫɟɪɢɦɚ

Ɇɨɞɟɥɨɜɚʃɟ ɤɜɚɧɬɧɢɯ ɧɚɧɨɫɬɪɭɤɬɭɪɚ ɡɚɫɧɨɜɚɧɢɯ ɧɚ 
ɨɤɫɢɞɧɢɦ ɩɨɥɭɩɪɨɜɨɞɧɢɰɢɦɚ
ɫɚ ɜɟɥɢɤɢɦ ɟɧɟɪɝɟɬɫɤɢɦ ɩɪɨɰɟɩɨɦ

Ɇɨɞɟɥɨɜɚʃɟ ɢ ɨɩɬɢɦɢɡɚɰɢʁɚ ɬɪɚɧɫɩɨɪɬɧɢɯ ɩɪɨɰɟɫɚ ɭ 
ɫɚɜɪɟɦɟɧɢɦ ɧɚɧɨɟɥɟɤɬɪɨɧɫɤɢɦ ɭɪɟɻɚʁɢɦɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

1  6WDQRMHYLü  $  'HPLü  1  9XNRYLü  3  'HDQ  =  ,NRQLü  '  ,QGMLQ  -  5DGRYDQRYLü  'HULYDWLYH 
WUDQVIHU PDWUL[ PHWKRG  0DFKLQH SUHFLVLRQ FDOFXODWLRQ RI HOHFWURQ VWUXFWXUH DQG LQWHUIDFH SKRQRQ 
GLVSHUVLRQ LQ VHPLFRQGXFWRU KHWHURVWUXFWXUHV  &RPSXWHU 3K\VLFV &RPPXQLFDWLRQV  9RO             
1 6WDQRMHYLü  $ 'HPLü  1 9XNRYLü  3 'HDQ  =RUDQ ,NRQLü  'UDJDQ ,QGMLQ  -HOHQD 5DGRYDQRYLü  
³(IIHFWV RI EDFNJURXQG GRSLQJ  LQWHUGLIIXVLRQ DQG OD\HU WKLFNQHVV IOXFWXDWLRQ RQ WKH WUDQVSRUW 
FKDUDFWHULVWLFV RI 7+] TXDQWXP FDVFDGH ODVHUV³  6FLHQWLILF 5HSRUWV                     

ɇɚɧɨɫɤɨɩɢʁɚ ɢ ɩɪɢɦɟɧɟ ɞɜɨɞɢɦɟɧɡɢɨɧɚɥɧɢɯ ɢ ɤɜɚɡɢ 
ɞɜɨɞɢɦɟɧɡɢɨɧɚɥɧɢɯ ɫɢɫɬɟɦɚ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ȿɥɟɤɬɪɨɧɫɤɚ ɫɜɨʁɫɬɜɚ ɨɪɝɚɧɫɤɢɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ ɧɚ 
ɝɪɚɧɢɰɚɦɚ ɞɨɦɟɧɚ

ɂɫɩɢɬɢɜɚʃɟ ɫɜɨʁɫɬɚɜɚ ɤɨɦɩɥɟɤɫɧɢɯ ɦɪɟɠɚ ɫɚ ɞɢɫɤɪɟɬɧɨɦ 
ɞɢɧɚɦɢɤɨɦ

Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

3  5DQMDQ  1  0LVKUD  ȳ  Ɋɚɞɨɜɚɧɨɜɢʄ  0  3RWUHELü ,YDQLã  /  0XUPX  -  .XPDU 5DL  5HIUDFWLYH 
LQGH[ VHQVLQJ  VWXG\ DQG DQDO\VLV IRU 6$56 &R9   GHWHFWLRQ  2SWLFDO DQG 4XDQWXP (OHFWURQLFV  
9RO      1R     SS               

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɉɩɬɢɱɤɢ ɫɟɧɡɨɪɢ ɤɨɧɰɟɧɬɪɚɰɢʁɟ ɮɥɭɢɞɚ ɧɚ ɛɚɡɢ 
ɟɜɚɧɟɫɰɟɧɬɧɨɝ ɩɨʂɚ

Ɋɚɞɨɜɚɧɨɜɢʄ ȳɟɥɟɧɚ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ

Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɉɩɬɢɦɢɡɚɰɢʁɚ ɥɚɫɟɪɫɤɢɯ ɩɚɪɚɦɟɬɚɪɚ ɡɚ ɩɪɢɦɟɧɟ ɭ 
ɢɧɬɟɪɚɤɰɢʁɢ ɫɚ ɦɚɬɟɪɢʁɚɥɢɦɚ ɛɢɨɥɨɲɤɨɝ ɩɨɪɟɤɥɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
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1  9XNRYLü  -  5DGRYDQRYLü  9  0LODQRYLü  '  /  %RLNR  ³1XPHULFDO VWXG\ RI 
5LVNHQ±1XPPHGDO±*UDKDP±+DNHQ LQVWDELOLW\ LQ PLG LQIUDUHG )DEU\±3pURW TXDQWXP FDVFDGH 
'  %  6WRMDQRYLF  3 3  %HOLFHY  -  5DGRYDQRYLF  9  0LODQRYLF   ³1XPHULFDO SDUDPHWULF VWXG\ RI FKLUDO 
HIIHFWV DQG JURXS GHOD\V LQ 2PHJD HOHPHQW EDVHG WHUDKHUW] PHWDPDWHULDO 3K\VLFV /HWWHUV $     

Ƚɨɫɬɭʁɭʄɢ ɩɪɨɮɟɫɨɪ ɧɚ ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɨɦ ɮɚɤɭɥɬɟɬɭ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ʌɢɞɫɭ  ȼɟɥɢɤɚ Ȼɪɢɬɚɧɢʁɚ  6FKRRO RI (OHFWURQLF 
DQG (OHFWULFDO (QJLQHHULQJ 
)DFXOW\ RI (QJLQHHULQJ DQG 3K\VLFDO 6FLHQFHV  8QLYHUVLW\ RI /HHGV  8. 

0  'XEDMLü  $  'DQLþLü  1  9XNRYLü  9  0LODQRYLü  DQG -  5DGRYDQRYLü  ³2SWLPL]DWLRQ RI FXELF 
*D1 $O*D1 TXDQWXP FDVFDGH VWUXFWXUHV IRU QHJDWLYH UHIUDFWLRQ LQ WKH 7+] VSHFWUDO UDQJH ´ 2SWLFDO 
1  2SDþDN  9  0LODQRYLü  -  5DGRYDQRYLü  Ä7UDQVPLVVLRQ DQG WXQQHOLQJ WLPH FKDUDFWHULVWLFV LQ OLJKW 
SURSDJDWLRQ WKURXJK DQLVRWURSLF GRXEOH VHPLFRQGXFWRU OD\HUHG VWUXFWXUH´  2SWLFDO DQG 4XDQWXP 

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

1  2SDþDN  9  0LODQRYLü  -  5DGRYDQRYLü  Ä,QILQLWH GZHOO WLPH DQG JURXS GHOD\ LQ UHVRQDQW HOHFWURQ 
WXQQHOLQJ WKURXJK GRXEOH FRPSOH[ SRWHQWLDO EDUULHU´  6XSHUODWWLFHV DQG 0LFURVWUXFWXUHV  9RO       SS  
6  5DGRVDYOMHYLü  -  5DGRYDQRYLü  9  0LODQRYLü  Ä7XQQHOLQJ WLPHV LQ ELDQLVRWURSLF  GLVSHUVLYH DQG 
DEVRUSWLYH PHWDPDWHULDOV³   3K\VLFV /HWWHUV $  9RO       SS                  

1  9XNRYLü  -  5DGRYDQRYLü  9  0LODQRYLü  '  /  %RLNR Ä$QDO\WLFDO H[SUHVVLRQ IRU 5LVNHQ 1XPPHGDO 
*UDKDP +DNHQ LQVWDELOLW\ WKUHVKROG LQ TXDQWXP FDVFDGH ODVHUV³  2SWLFV ([SUHVV  9RO       SS  

$  'DQLþLü  -  5DGRYDQRYLü  9  0LODQRYLü  '  ,QGMLQ  =  ,NRQLü    0DJQHWLF±ILHOG HIIHFWV RQ 7K] 
TXDQWXP FDVFDGH ODVHU  $ FRPSDUDWLYH DQDO\VLV RI WKUHH DQG IRXU TXDQWXP ZHOO EDVHG DFWLYH UHJLRQ 

$  $WLü  1  9XNRYLü   -  5DGRYDQRYLü  ³&DOFXODWLRQ RI LQWHUVXEEDQG DEVRUSWLRQ LQ =Q2 =Q0J2 
DV\PPHWULF GRXEOH TXDQWXP ZHOOV´   2SWLFDO DQG 4XDQWXP (OHFWURQLFV                
$  *DMLF  -  5DGRYDQRYLü  1  9XNRYLü  9  0LODQRYLü  '  %RLNR  ³7KHRUHWLFDO DSSURDFK WR TXDQWXP 
FDVFDGH PLFUR ODVHU EURDGEDQG PXOWLPRGH HPLVVLRQ LQ VWURQJ PDJQHWLF ILHOGV´  3K\VLFV /HWWHUV $  

1  2SDþDN  9  0LODQRYLü  -  5DGRYDQRYLü  Ä7UDQVPLVVLRQ VLQJXODULWLHV LQ UHVRQDQW HOHFWURQ WXQQHOLQJ 
WKURXJK GRXEOH FRPSOH[ SRWHQWLDO EDUULHU´  3K\VLFV  /HWHUV $  YRO        SS                 
1  9XNRYLü  -  5DGRYDQRYLü  9  0LODQRYLü  '  /  %RLNR Ä/RZ WKUHVKROG 51*+ ,QVWDELOLWLHV LQ 
4XDQWXP &DVFDGH /DVHUV³  ,((( -RXUQDO RI 6HOHFWHG 7RSLFV LQ 4XDQWXP (OHFWURQLFV  9RO      SS  

'  %  6WRMDQRYLü  -  5DGRYDQRYLü  9  0LODQRYLü  Ä7LPH GHOD\ LQ D WHUDKHUW] FKLUDO PHWDPDWHULDO VODE³  
3K\VLFDO 5HYLHZ $  9RO                         
$  'DQLþLü  -  5DGRYDQRYLü  6  5DPRYLü  9  0LODQRYLü   ([SRULQJ QHJDWLYH UHIUDFWLRQ FRQGLWLRQV IRU 
TXDQWXP FDVFDGH VHPLFRQGXFWRU PHWDPDWHULDOV LQ WKH WHUDKHUW] VSHFWUDO UDQJH   -RXUQDO RI 3K\VLFV 
'  $SSOLHG 3K\VLFV  9RO                        

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ
Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

$  $WLü  ;  :DQJ  1  9XNRYLü  1  6WDQRMHYLü  $  'HPLü  '  ,QGMLQ DQG -  5DGRYDQRYLü  Ä5HVRQDQW 
7XQQHOOLQJ DQG ,QWHUVXEEDQG 2SWLFDO 3URSHUWLHV RI =Q2 =Q0J2 6HPLFRQGXFWRU +HWHURVWUXFWXUHV  
,PSDFW RI 'RSLQJ DQG /D\HU 6WUXFWXUH 9DULDWLRQ  0DWHULDOV                    

1  6WDQRMHYLü  1  9XNRYLü   -  5DGRYDQRYLü  ³ &DOFXODWLRQ RI LQWHUVXEEDQG DEVRUSWLRQ LQ Q GRSHG 
%D6Q2  TXDQWXP ZHOOV´  2SWLFDO DQG 4XDQWXP (OHFWURQLFV               
1  9XNRYLü   -  5DGRYDQRYLü  9  0LODQRYLü  ³5HILQHG PRGHOOLQJ RI DQLVRWURS\ LQIOXHQFH RQ WKH RSWLFDO 
JDLQ LQ 0LG ,5 TXDQWXP FDVFDGH ODVHUV´   2SWLFDO DQG 4XDQWXP (OHFWURQLFV                



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ȼɪɚɧɤɨ ɋɬɨʁɚɧɨɜɢʄ            

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D 

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɋɚʁɢʄ Ɍɨɦɢɫɥɚɜ
Ⱦɨɰɟɧɬ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɋɟɤɨɧɮɢɝɭɪɚɰɢʁɚ ɞɢɫɬɪɢɛɭɬɢɜɧɟ ɦɪɟɠɟ ɢ ɤɨɦɩɟɧɡɚɰɢʁɚ 
ɪɟɚɤɬɢɜɧɟ ɫɧɚɝɟ ɤɨɪɢɲʄɟʃɟɦ ɤɨɦɛɢɧɚɰɢʁɟ ɫɢɦɭɥɢɪɚɧɨɝ 
ɤɚʂɟʃɚ ɢ Ʉɪɭɫɤɚɥɨɜɨɝ ɚɥɝɨɪɢɬɦɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

ɇ  Ɋɚʁɚɤɨɜɢʄ  %  ,YDQRYLü  ɂ  Ȼɚɬɚɫ Ȼʁɟɥɢʄ  7  5DMLü  &RXSOLQJ RI WKH SODQQLQJ DQG SRZHU V\VWHP 
DQDO\VLV VRIWZDUH IRU KLJK OHYHO SHQHWUDWLRQ RI UHQHZDEOH HQHUJ\ VRXUFHV  (QHUJ\ &RQYHUVLRQ DQG 
0DQDJHPHQW ;  9RO      2FW      
%  6WRMDQRYLü  7  5DMLü  '  âRãLü  'LVWULEXWLRQ QHWZRUN UHFRQILJXUDWLRQ DQG UHDFWLYH SRZHU 
FRPSHQVDWLRQ XVLQJ D K\EULG 6LPXODWHG $QQHDOLQJ±0LQLPXP VSDQQLQJ WUHH DOJRULWKP  ,QWHUQDWLRQDO 
-RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       SS          0D\      
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ɍ  Ɋɚʁɢʄ  =  6WRMDQRYLü  $Q DOJRULWKP IRU ORQJLWXGLQDO GLIIHUHQWLDO SURWHFWLRQ RI WUDQVPLVVLRQ OLQHV  
,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO      SS             -DQ      

7  5DMLü  %  6WRMDQRYLü  $OJRULWKP IRU GLVWULEXWLRQ QHWZRUN UHFRQILJXUDWLRQ DQG UHDFWLYH SRZHU 
FRPSHQVDWLRQ ZLWK EDWWHU\ HQHUJ\ VWRUDJH V\VWHPV  (/(&75,& 32:(5 6<67(06 5(6($5&+  
9RO     &  -XO       GRL         M HSVU            
Ɍ  Ɋɚʁɢʄ  =  6WRMDQRYLü  =HUR VHTXHQFH ORQJLWXGLQDO GLIIHUHQWLDO SURWHFWLRQ RI WUDQVPLVVLRQ OLQHV  
(/(&75,&$/ (1*,1((5,1*  $5&+,9 )85 (/(.7527(&+1,.   SS             -DQ      

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɏɚɪɢɫ Ɍɭɪɤɦɚɧɨɜɢʄ     

 

 

 

 

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

 
0  

 

0  
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+  7XUNPDQRYLü  0  .DUOLþLü  9  5DMRYLü  ,  3RSRYLü  +LJK 3HUIRUPDQFH 6RIWZDUH $UFKLWHFWXUHV IRU 
5HPRWH +LJK 6SHHG 'DWD $FTXLVLWLRQ  (OHFWURQLFV   9RO      1R      2FW        
GRL         HOHFWURQLFV        
*  6DYLü  0  3URNLQ  9  5DMRYLü  '  3URNLQ  'LJLWDO ,PDJH 'HFRGHU IRU (IILFLHQW +DUGZDUH 
,PSOHPHQWDWLRQ  6(16256  9RO      1R      SS        'HF       
9  ýHSHUNRYLü  9  5DMRYLü  0  3URNLQ  $ 'LVWULEXWHG 0HWKRG IRU 6HOI &DOLEUDWLRQ RI 0DJQHWRUHVLVWLYH 
$QJXODU 3RVLWLRQ 6HQVRU ZLWKLQ D 6HUYR 6\VWHP  6(16256  9RO      1R      SS             $XJ  
     
'  3DYORYLF  0  &]HUNDZVNL  &  'DYLVRQ  2  0DUNR  &  0LFKLH  5  $WNLQVRQ  9  &UQRMHYLF  ,  
$QGRQRYLF  9  5DMRYLü  *  .YDãþHY  &  7DFKWDW]LV  %HKDYLRXUDO &ODVVLILFDWLRQ RI &DWWOH 8VLQJ 1HFN 
0RXQWHG $FFHOHURPHWHU (TXLSSHG &ROODUV  6(16256  9RO      1R     SS        0DU        
GRL         V         
*  6DYLü  0  3URNLQ  9  5DMRYLü  'UDJDQD 3URNLQ  0HPRU\ (IILFLHQW +DUGZDUH $UFKLWHFWXUH IRU     
/LIWLQJ %DVHG   ' )RUZDUG 'LVFUHWH :DYHOHW 7UDQVIRUP  0,&52352&(66256 $1' 
0,&526<67(06  9RO      1R          SS        1RY        

*  6DYLü  0  3URNLQ  9  5DMRYLü  '  3URNLQ  1RYHO RQH GLPHQVLRQDO DQG WZR GLPHQVLRQDO IRUZDUG 
GLVFUHWH ZDYHOHW WUDQVIRUP     ILOWHU DUFKLWHFWXUHV IRU HIILFLHQW KDUGZDUH LPSOHPHQWDWLRQ  -2851$/ 
2) 5($/ 7,0( ,0$*( 352&(66,1*  9RO      1R     SS             2FW        
GRL         V                

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

+  7XUNPDQRYLü  ,  3RSRYLü  9  5DMRYLü  7RZDUG (QHUJ\ (IILFLHQW %DWWHU\ 6WDWH RI &KDUJH (VWLPDWLRQ 
RQ (PEHGGHG 3ODWIRUPV  (OHFWURQLFV   9RO      1R      2FW        GRL         HOHFWURQLFV        

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɉɩɬɢɦɢɡɚɰɢʁɚ ɩɪɨɰɟɧɟ ɫɬɚʃɚ ɧɚɩɭʃɟɧɨɫɬɢ ɛɚɬɟɪɢʁɟ ɭ 
ɧɚɦɟɧɫɤɢɦ ɪɚɱɭɧɚɪɫɤɢɦ ɫɢɫɬɟɦɢɦɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɥɟɤɬɪɨɧɢɤɚ

Ⱦɨɤɬɨɪɚɬ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɋɚʁɨɜɢʄ ȼɥɚɞɢɦɢɪ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɥɟɤɬɪɨɧɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

7  3ULFH  1  :DWVRQ  -  :LOVRQ  9  5DMRYLü  '  &XVVDQV  -  *ROGVWHLQ  5  +HDG  6  1DVK  5  3DJH  -  
9HOWKXLV  -  6WUXEH  0  6WDQLW]NL  3  'DXQFH\  5  *DR  $  1RPHURWVNL  5  &RDWK  -  &URRNV  5  
7XUFKHWWD  0  7\QGHO  6  :RUP  =  =KDQJ  )LUVW UDGLDWLRQ KDUGQHVV UHVXOWV RI WKH 7HUD3L[HO $FWLYH 
&DORULPHWHU  73$&  VHQVRU  -2851$/ 2) ,167580(17$7,21  9RO     1R     SS       -DQ        
GRL                        3     
-  -  9HOWKXLV  '  &XVVDQV  9  5DMRYLü  -  *ROGVWHLQ  -  $  :LOVRQ  6  '  :RUP  5  (  &RDWK  -  3  
&URRNV  5  3DJH  3  '  'DXQFH\  5  *DR  5  +HDG  2  '  0LOOHU  6  1DVK  $  1RPHURWVNL  7  3ULFH  
0  6WDQLW]NL  -  6WUXEH  5  7XUFKHWWD  0  7\QGHO  1  .  :DWVRQ  =  =KDQJ  %HDP WHVW UHVXOWV RI 
)257,6  D  7 0$36 VHQVRU ZLWK D VLJQDO WR QRLVH UDWLR H[FHHGLQJ      -2851$/ 2) 
,167580(17$7,21  9RO     1R      SS             GRL                        3      

-  $  %DOOLQ  5  &RDWK  -  3  &URRNV  3  '  'DXQFH\  $ 0  0DJQDQ  <  0LNDPL  2  '  0LOOHU  0  1R\  
9  5DMRYLü  0  6WDQLW]NL  .  '  6WHIDQRY  5  7XUFKHWWD  0  7\QGHO  (  *  9LOODQL  1  .  :DWVRQ  -  $  
:LOVRQ  =  =KDQJ  'HVLJQ DQG SHUIRUPDQFH RI D &026 VWXG\ VHQVRU IRU D ELQDU\ UHDGRXW 
HOHFWURPDJQHWLF FDORULPHWHU  -2851$/ 2) ,167580(17$7,21  9RO     1R     SS              
GRL                        3      
-  $  %DOOLQ  -  3  &URRNV  3  '  'DXQFH\  $  0  0DJQDQ  <  0LNDPL  2  '  0LOOHU  0  1R\  9  5DMRYLF  
0  6WDQLW]NL  .  6WHIDQRY  5  7XUFKHWWD  0  7\QGHO  (  *  9LOODQL  1  .  :DWVRQ  -  $  :LOVRQ  
0RQROLWKLF $FWLYH 3L[HO 6HQVRUV  0$36  LQ D 4XDGUXSOH :HOO 7HFKQRORJ\ IRU 1HDUO\      )LOO 
)DFWRU DQG )XOO &026 3L[HOV  6(16256  9RO     1R     SS                   
GRL         V        
,  3RSRYLü  9  5DMRYLü  0  =ODWDQRYLü  '\QDPLF 9ROWDJH &XUUHQW &KDUDFWHULVWLFV RI 8QLSRODU 3XOVH 
*ORZ 'LVFKDUJH  0$7(5,$/6 6&,(1&( )2580  9RO       SS           $XJ        
GRL         ZZZ VFLHQWLILF QHW 06)        

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ

*  6DYLü  9  5DMRYLü  1RYHO 0HPRU\ (IILFLHQW +DUGZDUH $UFKLWHFWXUH IRU     /LIWLQJ %DVHG  ' 
,QYHUVH ':7  -2851$/ 2) &,5&8,76  6<67(06  $1' &20387(56  9RO      1R     SS  
                      -XQ        GRL         6                

*  6DYLü  0  3URNLQ  9  5DMRYLü  '  3URNLQ  (IILFLHQW RQH GLPHQVLRQDO IRUZDUG DQG LQYHUVH GLVFUHWH 
ZDYHOHW WUDQVIRUPHUV  0,&52352&(66256 $1' 0,&526<67(06  9RO      SS         1RY  
      GRL         M PLFSUR            

1  -RYLþLü  9  5DMRYLü  $ )ORDWLQJ /LQHDU 9ROWDJH 5HJXODWRU IRU 3RZHULQJ /DUJH 6FDOH 'LIIHUHQWLDO 
&RPPXQLFDWLRQ 1HWZRUNV  ,((( $&&(66  9RO     SS                     
GRL         $&&(66             

*  6DYLü  0  3URNLQ  9  5DMRYLü  '  3URNLQ  +LJK SHUIRUPDQFH   ' DQG   ' LQYHUVH ':7     ILOWHU 
DUFKLWHFWXUHV IRU HIILFLHQW KDUGZDUH LPSOHPHQWDWLRQ  &,5&8,76  6<67(06  $1' 6,*1$/ 
352&(66,1*  9RO      1R     SS             6HS        GRL         V                
9  'UQGDUHYLü  1  -HYWLü  9  5DMRYLü  6  6WDQNRYLü  6PDUW ,RQL]DWLRQ &KDPEHU IRU *DPPD 5D\ 
0RQLWRULQJ  18&/($5 7(&+12/2*< $1' 5$',$7,21 3527(&7,21  9RO      1R     SS      
           GRL         1753       '
9  5DMRYLü  *  6DYLü  9  ýHSHUNRYLü  0  3URNLQ  &RPELQHG RQH GLPHQVLRQDO ORZSDVV DQG KLJKSDVV 
ILOWHUV IRU VXEEDQG WUDQVIRUPHU  (/(&7521,&6 /(77(56  9RO      1R      SS             $XJ  
      GRL         HO          



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȴɭɛɢɧɤɨ Ʉɟɜɚɰ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  ,  3RSRYLü  $  5DNLü  ,  3HWUXãHYVNL  0XOWL $JHQW 5HDO 7LPH $GYDQFHG 0HWHULQJ ,QIUDVWUXFWXUH %DVHG 

RQ )RJ &RPSXWLQJ  (1(5*,(6  9RO      1R     SS             -DQ       GRL         HQ        

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

<  =KDQJ  0  )HL  4  6XQ  '  'X  $  5DNLü  .  /L  $ PXOWL REMHFWLYH DQG PXOWL FRQVWUDLQW RSWLPL]DWLRQ 
PRGHO IRU F\EHU SK\VLFDO SRZHU V\VWHPV FRQVLGHULQJ UHQHZDEOH HQHUJ\ DQG HOHFWULF YHKLFOHV  
,((( &$$ -RXUQDO RI $XWRPDWLFD 6LQLFD  9RO      1R     SS               -XQ       

6  0LOLü  1  0LODGLQRYLü  $  5DNLü  $ ZD\VLGH KRWER[ V\VWHP ZLWK IX]]\ DQG IDXOW GHWHFWLRQ DOJRULWKPV 
LQ ,,R7 HQYLURQPHQW  &21752/ (1*,1((5,1* 35$&7,&(  9RO       SS           [  1RY       
GRL         M FRQHQJSUDF            

Ⱦɢɩɥɨɦɚ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɇɨɞɟɥɨɜɚʃɟ ɢ ɭɩɪɚɜʂɚʃɟ ɤɚɛɥɨɜɫɤɢ ɜɨɻɟɧɢɦ ɪɨɛɨɬɫɤɢɦ 
ɫɢɫɬɟɦɢɦɚ

Ⱥɭɬɨɦɚɬɢɤɚ

Ⱥɭɬɨɦɚɬɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ⱥɭɬɨɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ɋɚɤɢʄ Ⱥɥɟɤɫɚɧɞɚɪ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

&  =KDQJ  '  'X  4  6XQ  ;  /L  $  5DNLü  0  )HL  6HFXULW\ ZHDNQHVV RI G\QDPLF ZDWHUPDUNLQJ 
EDVHG GHWHFWLRQ IRU JHQHUDOLVHG UHSOD\ DWWDFNV  ,17(51$7,21$/ -2851$/ 2) 6<67(06 
/ʁ  .HYDF  0  )LOLSRYLü  $  5DNLü  7KH WUDMHFWRU\ JHQHUDWLRQ DOJRULWKP IRU WKH FDEOH VXVSHQGHG 
SDUDOOHO URERW   7KH &35 7UDMHFWRU\ 6ROYHU  52%27,&6 $1' $872120286 6<67(06  9RO      

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
0ɚɬɟɦɚɬɢɤɚ

      Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ  Ɇɚɬɟɦɚɬɢɤɚ

      Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ  Ɇɚɬɟɦɚɬɢɤɚ

      Ɇɚɬɟɦɚɬɢɱɤɢ ɮɚɤɭɥɬɟɬ  Ɇɚɬɟɦɚɬɢɤɚ
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ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
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ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɋɚɲɚʁɫɤɢ Ɇɚɪɢʁɚ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ɉɪɢɦɟʃɟɧɚ ɦɚɬɟɦɚɬɢɤɚ
Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ

ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ɉɪɢɦɟʃɟɧɚ 
ɦɚɬɟɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ Ɍɟɨɪɢʁɚ ɝɪɚɮɨɜɚ
ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ Ⱦɢɮɟɪɟɧɰɢʁɚɥɧɟ 
Ɇɚɫɬɟɪ
Ⱦɢɩɥɨɦɚ
ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

'  +LJKDP  0  5DãDMVNL  1  3UåXOM  )LWWLQJ D *HRPHWULF *UDSK WR D 3URWHLQ 3URWHLQ ,QWHUDFWLRQ 
1HWZRUN  %,2,1)250$7,&6  9RO      1R     SS                   

9  6WHYLü  0  5DãDMVNL  0  0LWURYLü 'DQNXORY  (YROXWLRQ RI &RKHVLRQ EHWZHHQ 86$ )LQDQFLDO 6HFWRU 
&RPSDQLHV EHIRUH  GXULQJ  DQG 3RVW (FRQRPLF &ULVLV  &RPSOH[ 1HWZRUNV $SSURDFK  (17523<  
9RO      1R         
0DULMD 5DãDMVNL  7DWMDQD /XWRYDF  %UDQNR 0DOHãHYLü  $ERXW VRPH H[SRQHQWLDO LQHTXDOLWLHV UHODWHG WR 
WKH VLQF IXQFWLRQ  -RXUQDO RI ,QHTXDOLWLHV DQG $SSOLFDWLRQV                   
%  0DOHãHYLü  Ɍ  Ʌɭɬɨɜɚɰ  Ɇ  Ɋɚɲɚʁɫɤɢ  %  %DQMDF  (UURU )XQFWLRQV LQ 'RXEOH 6LGHG 7D\ORU¶V 
$SSUR[LPDWLRQV  $33/,&$%/( $1$/<6,6 $1' ',6&5(7( 0$7+(0$7,&6  9RO      1R     SS  
                GRL         $$'0         0
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%  0DOHãHYLü  0  5DãDMVNL  7  /XWRYDF  $ 5HILQHG HVWLPDWHV DQG JHQHUDOL]DWLRQV RI LQHTXDOLWLHV 
UHODWHG WR WKH DUFWDQJHQW IXQFWLRQ DQG 6KDIHU V LQHTXDOLW\  0$7+(0$7,&$/ 352%/(06 ,1 
(1*,1((5,1*  9RO        SS              GRL                     
%UDQNR 0DOHãHYLü  7DWMDQD /XWRYDF  0DULMD 5DãDMVNL  0RUWLFL &ULVWLQHO  ([WHQVLRQV RI WKH QDWXUDO 
DSSURDFK WR UHILQHPHQWV DQG JHQHUDOL]DWLRQV RI VRPH WULJRQRPHWULF LQHTXDOLWLHV  $GYDQFHV LQ 
'LIIHUHQFH (TXDWLRQV                       

<  -  %DJXO  &  &KHVQHDX  0  .RVWLü  7  /XWRYDF  %  0DOHãHYLü  0  5DãDMVNL  &RQYH[LW\ DQG GRXEOH 
VLGHG 7D\ORU V DSSUR[LPDWLRQV  +DFHWWHSH -RXUQDO RI 0DWKHPDWLFV DQG 6WDWLVWLFV                 
       '2,           KXMPV        

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɍɚɭɮɢɤ Ɍɚɥɭɨ          

 
Ɇɢɥɨɜɚɧ Ɇɚʁɫɬɨɪɨɜɢʄ     

 

 

 

Ɋ ɛ  Ʉɚɬ 

 
0  D

 

0  

 
0  

 

0  

 

0  D

7  7DOXR  /  5LVWLü  0  $JKD .DVKNRROL  0  -RYDQRYLü  +DUGZDUH LQ WKH ORRS WHVWLQJ RI EUXVKOHVV 
GRXEO\ IHG UHOXFWDQFH JHQHUDWRU XQGHU XQEDODQFHG JULG YROWDJH FRQGLWLRQV  ,QWHUQDWLRQDO -RXUQDO RI 
(OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       1R          SS          -XO      

0  0DMVWRURYLü  9  1RXJDLQ  /  5LVWLü  $  /HNLü  'HDGEHDW EDVHG FRQWURO IRU 00& +9'& SRZHU 
V\VWHPV  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       -XQ      

%RJGDQ 0LKDLOR %UNRYLF  /HSRVDYD %UDWLPLU 5LVWLF  0ODGHQ 9ODMNR 7HU]LF  $QD 9 6WDQNRYLF  =RUDQ 
0LOHWD /D]DUHYLF  0DJQHWL]LQJ ,QGXFWDQFH 'HWHUPLQDWLRQ LQ D 6L[ SKDVH ,QGXFWLRQ 0DFKLQH  ,((( 
75$16$&7,216 21 (1(5*< &219(56,21  SS          1RY       
GRL         7(&             
/  5LVWLü  %  -HIWHQLü  ,PSOHPHQWDWLRQ RI )X]]\ &RQWURO WR ,PSURYH (QHUJ\ (IILFLHQF\ RI 9DULDEOH 
6SHHG %XON 0DWHULDO 7UDQVSRUWDWLRQ  ,((( 75$16$&7,216 21 ,1'8675,$/ (/(&7521,&6  
9RO      1R     SS               -XO       GRL         7,(             

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

/  6WDQLü  0  %HELü  /  5LVWLü DQG 0  5LYHUD   'XDO 'LUHFW 0DWUL[ &RQYHUWHU %DVHG 'ULYHV :LWK 
(QKDQFHG ,QSXW 3RZHU )DFWRU &RQWURO DQG &RPPRQ 0RGH 9ROWDJH (OLPLQDWLRQ   LQ ,((( 
7UDQVDFWLRQV RQ ,QGXVWULDO (OHFWURQLFV  1RYHPEHU        GRL          7,(              

Ⱦɢɩɥɨɦɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ɩɨɝɨɧɢ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ⱥɥɝɨɪɢɬɚɦ ɭɩɪɚɜʂɚʃɚ ɞɜɨɫɬɪɚɧɨ ɧɚɩɚʁɚɧɢɦ ɪɟɥɭɤɬɚɧɬɧɢɦ 
ɝɟɧɟɪɚɬɨɪɨɦ ɭ ɭɫɥɨɜɢɦɚ ɧɟɫɢɦɟɬɪɢɱɧɨɝ ɦɪɟɠɧɨɝ ɧɚɩɨɧɚ

ɉɪɟɞɢɤɬɢɜɧɨ ɭɩɪɚɜʂɚʃɟ ɦɨɞɭɥɚɪɧɢɦ ɩɪɟɬɜɚɪɚɱɢɦɚ ɫɚ 
ɜɢɲɟ ɧɚɩɨɧɫɤɢɯ ɧɢɜɨɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ɩɨɝɨɧɢ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ɩɨɝɨɧɢ

Ⱦɨɤɬɨɪɚɬ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ɩɨɝɨɧɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɋɢɫɬɢʄ Ʌɟɩɨɫɚɜɚ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɧɟɪɝɟɬɫɤɢ ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ
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Ɇ  

 

Ɇ  

 

Ɇ  

  

Ɇ  

  

Ɇ  

  
Ɇ  

  

Ɇ  

  

  

  

  

  

  

  

   

  
ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɑɥɚɧ ɭɪɟɻɢɜɚɱɤɨɝ ɨɞɛɨɪɚ ɱɚɫɨɩɢɫɚ  (OHFWULFDO (QJLQHHULQJ   $UFKLY I�U (OHNWURWHFKQLN 

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

6  9XNRMLþLü  /  5LVWLü  *  .YDãþHY   ,QGXVWULDO $SSOLFDWLRQ RI 1HXUDO 1HWZRUN 2SWLPL]HG 0RGHO 
3UHGLFWLYH &RQWURO IRU D 7ZR 0DVV 5HVRQDQW 0HFKDQLFDO 6\VWHP   (/(&75,&$/ (1*,1((5,1* 
 $5&+,9 )85 (/(.7527(&+1,.         GRL RUJ         V                [

/XND 6WDQLü  /HSRVDYD 5LVWLü  0LODQ %HELü  0DUFR 5LYHUD   ,PSURYHPHQW RI WZR JULG SRZHU IDFWRU 
FRQWURO PHWKRGV IRU PDWUL[ FRQYHUWHU RSHQ HQG ZLQGLQJ GULYH ZLWK FRPPRQ PRGH YROWDJH 
HOLPLQDWLRQ VXSSOLHG E\ XQEDODQFHG JULG   ,(7 32:(5 (/(&7521,&6  SS          2FW        
GRL RUJ         SHO       

0  0DMVWRURYLF  0  5LYHUD  /  5LVWLü  3  :KHHOHU   &RPSDUDWLYH 6WXG\ RI &ODVVLFDO DQG 03& &RQWURO 
IRU 6LQJOH 3KDVH 00& %DVHG RQ 9 +,/ 6LPXODWLRQV   (1(5*,(6  9RO      1R      SS          0D\  
      GRL RUJ         HQ        

  /RQþDUVNL  9  0RQRSROL  5  /HX]]L  /  5LVWLü  )  &XSHUWWLQR   $QDO\WLFDO DQG 6LPXODWLRQ )DLU 
&RPSDULVRQ RI 7KUHH /HYHO 6L ,*%7 %DVHG 13& 7RSRORJLHV DQG 7ZR /HYHO 6L& 026)(7 %DVHG 
7RSRORJ\ IRU +LJK 6SHHG 'ULYHV   (1(5*,(6  9RO      1R      SS          1RY        
GRL RUJ         HQ        
7  7DOXR  /  5LVWLü  0  -RYDQRYLF   '\QDPLF 0RGHOLQJ DQG &RQWURO RI %')5* XQGHU 8QEDODQFHG 
*ULG &RQGLWLRQV   (1(5*,(6  9RO      1R      SS          -XO        GRL RUJ          HQ        

0  %HELü  /  5LVWLü   6SHHG &RQWUROOHG %HOW &RQYH\RUV  'ULYHV DQG 0HFKDQLFDO &RQVLGHUDWLRQV   
$'9$1&(6 ,1 (/(&75,&$/ $1' &20387(5 (1*,1((5,1*  9RO      1R     SS           )HE  
      GRL RUJ         $(&(           

+  +XVVDLQ  -  /RQþDUVNL  /  5LVWLü  $  %HOOLQL  '),* EDVHG :(&6 ZLWK 3DUWLDO 6FDOH &RQYHUWHU  
(IILFLHQF\  &RVW DQG 9ROXPH &RPSDULVRQ RI 6L& EDVHG DQG ,*%7 EDVHG &RQYHUWHU 6ROXWLRQ  ,((( 
$&&(66  9RO  9ROXPH     SS                 -XQ       GRL         $&&(66             

ɆLORUDG 3DQWHOLü  3UHGUDJ -RYDQþLü  /HSRVDYD 5LVWLü  0LODQ %HELü   &RQFUHWH EDVH LQIOXHQFH RQ WKH 
LQFUHDVHG YLEUDWLRQV OHYHO RI WKH PLOO GULYH V\VWHP HOHPHQWV   ɚ FDVH VWXG\   (1*,1((5,1* 
)$,/85( $1$/<6,6  9RO       SS          'HF        GRL RUJ         M HQJIDLODQDO            



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
6UÿDQ 7DGLü          

 
0RKDPHG 0DURXI          

 
'UDJRPLU (O 0H]HQL          

 
0LOHQNR 0LOLüHYLü          

 
,YDQ 0LORVDYOMHYLü          

 
6WUDKLQMD -DQNRYLü          

 
9ODGLPLU 3HWURYLü          

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  0  0DURXI  /  6DUDQRYDF  *  9XNRPDQRYLü  $OJRULWKP IRU (0* QRLVH OHYHO DSSUR[LPDWLRQ LQ (&* 

VLJQDOV  %,20(',&$/ 6,*1$/ 352&(66,1* $1' &21752/  9RO      SS             $SU      

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  0LOLüHYLü  %  0LOLQNRYLü  '  *UXMLü  /  6DUDQRYDF  3RZHU DQG &RQMXJDWHO\ 0DWFKHG +LJK %DQG 
8:% 3RZHU $PSOLILHU  ,((( 75$16$&7,216 21 &,5&8,76 $1' 6<67(06 , 5(*8/$5 
3$3(56  9RO      1R      SS               0DU      
6  7DGLü  5  6WDQþLü  /  6DUDQRYDF  3  ,YDQLã  9HKLFOH &ROOLVLRQ 5HFRQVWUXFWLRQ :LWK   ' ,QHUWLDO 
1DYLJDWLRQ DQG *166  ,((( 75$16$&7,216 21 ,167580(17$7,21 $1' 0($685(0(17  
9RO      1R     SS           -DQ      

/RNDOQL RSHUDWRU ]D UHSURGXNFLMX VOLND ãLURNRJ GLQDPLþNRJ 
RSVHJD X] RþXYDQMH GHWDOMD

3RMDþDYDþL VQDJH X NODVL $ VD LVWRYUHPHQLP NRQMXJRYDQLP 
SULODJRÿHQMHP L SULODJRÿHQMHP SR VQD]L SUL YHOLNLP VLJQDOLPD QD 
L\OD\QRP SULVWXSX
6LQWHWL]DWRU XþHVWDQRVWL ]D LQWHJULVVDQH )0&: UDGDUVNH 
VHQ]RUH X PLOLPHWDUVNRP RVSHJX XþHVWDQRVWL

(QHUJHWVNL QHXWUDOQR QDSDMDQL EHåLþQL VHQ]RUVNL þYRURYL

)OHNVLELOQL NRGHU L GHNRGHU NRGRYD VD SURYHUDPD SDUQRVWL PDOH 
JXVWLQH

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

2GUHÿLYDQMH WUDMHNWRULMH YR]LOD SUL VXGDUX XSRWUHERP 
LQWHJULVDQRJ VLVWHPD VDWHOLWVNH L LQHUFLMDOQH QDYLJDFLMH

$SURNVLPDFLMD L DGDSWLYQR VPDQMHQMH YLVRNRIUHNYHQWQRJ ãXPD X 
(.* VLJQDOLPD

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɥɟɤɬɪɨɧɢɤɚ

Ⱦɨɤɬɨɪɚɬ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɋɚɪɚɧɨɜɚɰ Ʌɚɡɚɪ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɥɟɤɬɪɨɧɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

0  0LOLüHYLü  %  0LOLQNRYLü  Ĉ  6LPLü  '  *UXMLü   /  6DUDQRYDF   7HPSHUDWXUH DQG SURFHVV 
FRPSHQVDWHG 5) SRZHU GHWHFWRU   ,QIRUPDFLMH 0,'(0  -RXUQDO RI 0LFURHOHFWURQLFV  (OHFWURQLF 
&RPSRQHQWV DQG 0DWHULDOV  ,661              9ROXPH     ,VVXH          SS       

'XãDQ 3  .UþXP  ĈRUÿH 3  *ODYRQMLü  9HOMNR 5  0LKDMORYLü  /D]DU 9  6DUDQRYDF  9ODGLPLU 0  
0LORYDQRYLü   ,YDQ 0  0LORVDYOMHYLü   $ IXOO\ LQWHJUDWHG  7;± 5;    *+] )0&: UDGDU WUDQVFHLYHU 
IRU VKRUW UDQJH DSSOLFDWLRQV   ,QWHUQDWLRQDO -RXUQDO RI (OHFWURQLFV  ,661              9ROXPH      
1R    SS           )HEUXDU\       '2,                                 ,)        

    6  -DQNRYLü  /  6DUDQRYDF   3UHGLFWLRQ RI +DUYHVWHG (QHUJ\ IRU :LUHOHVV 6HQVRU 1RGH   
(OHNWURQLND LU HOHNWURWHFKQLND  ,661              9ROXPH     1R     SS         )HEUXDU\       '2,  
        M   HLH           
'  (O 0H]HQL  /  6DUDQRYDF   7HPSRUDO DGDSWDWLRQ FRQWURO IRU ORFDO WRQH PDSSLQJ RSHUDWRU   -RXUQDO 
RI (OHFWULFDO (QJLQHHULQJ  ,661              9ROXPH     ,VVXH    SS     ±     '2,          MHH 
    ±    
0  0DURXI  *  9XNRPDQRYLü  /  6DUDQRYDF  0  %RåLü   0XOWL SXUSRVH (&* WHOHPHWU\ V\VWHP   
%LRPHGLFDO (QJLQHHULQJ 2QOLQH  ,661          ;   9ROXPH     ,VVXH       -XQH       $UWLFOH 
QXPEHU     '2,          V                
, 0LORVDYOMHYLü  Ĉ  *ODYRQMLü  '  .UþXP  / 6DUDQRYDF  9 0LORYDQRYLü   $ KLJKO\ OLQHDU DQG IXOO\ 
LQWHJUDWHG )0&: V\QWKHVL]HU IRU    *+] UDGDU DSSOLFDWLRQV ZLWK   *+] EDQGZLGWK   $QDORJ 
,QWHJUDWHG &LUFXLWV DQG 6LJQDO 3URFHVVLQJ  ,661              9ROXPH     ,VVXH      0DUFK       
SS           '2,          V                 
,  0LORVDYOMHYLü  '  .UþXP  /  6DUDQRYDF   'HVLJQ DQG DQDO\VLV RI GLIIHUHQWLDO SDVVLYH FLUFXLWV IRU , 4 
JHQHUDWLRQ LQ    *+] LQWHJUDWHG FLUFXLWV   ,QIRUPDFLMH 0,'(0  -RXUQDO RI 0LFURHOHFWURQLFV  
(OHFWURQLF &RPSRQHQWV DQG 0DWHULDOV  ,661              9ROXPH     ,VVXH          SS          

9 3HWURYLF  0  0DUNRYLF  '  (/ 0H]HQL  /  6DUDQRYDF  $  5DGRVHYLF ³)OH[LEOH +LJK 7KURXJKSXW 4& 
/'3& 'HFRGHU ZLWK 3HUIHFW 3LSHOLQH &RQIOLFWV 5HVROXWLRQ DQG (IILFLHQW +DUGZDUH 8WLOL]DWLRQ´ ,((( 
7UDQVDFWLRQV RQ &LUFXLWV DQG 6\VWHPV²,  5HJXODU SDSHUV   ,661             9ROXPH     1R     
'HFHPEHU       SS             '2,          7&6,             
'  (O 0H]HQL  /  6DUDQRYDF  (QKDQFHG ORFDO WRQH PDSSLQJ IRU GHWDLO SUHVHUYLQJ UHSURGXFWLRQ RI KLJK 
G\QDPLF UDQJH LPDJHV  -2851$/ 2) 9,68$/ &20081,&$7,21 $1' ,0$*( 
5(35(6(17$7,21  9RO      SS             0D\      
'  1  *UXMLü  /  6DUDQRYDF   0XOWL DQJOH &RQVWDQW 0XOWLSOLHU *LYHQV 5RWDWLRQ $OJRULWKP   &LUFXLWV  
6\VWHPV  DQG 6LJQDO 3URFHVVLQJ  ,661          ;   9RO      1R     SS             6HSWHPEHU 
      KWWSV   GRL RUJ         V                [   ,)        
'  (O 0H]HQL  /  6DUDQRYDF   )DVW JXLGHG ILOWHU IRU SRZHU HIILFLHQW UHDO WLPH     S VWUHDPLQJ YLGHR 
SURFHVVLQJ   -RXUQDO RI 5HDO 7LPH ,PDJH 3URFHVVLQJ  ,661                    
KWWSV   GRL RUJ         V               ] 
/  6DUDQRYDF  1  9XþLMDN   (YDOXDWLRQ RI XQFHUWDLQW\ RI SKDVH GLIIHUHQFH GHWHUPLQDWLRQ LQ SUHVHQFH 
RI ELDV   0HWURORJ\ DQG PHDVXUHPHQW V\VWHPV  ,661              9ROXPH     ,VVXH          SS  
         '2,          PPV          



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  D

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

$  6DYLü  %  7ULYLü  2SWLPDO $OORFDWLRQ DQG 6L]LQJ RI %(66 LQ D 'LVWULEXWLRQ 1HWZRUN ZLWK +LJK 39 
3URGXFWLRQ 8VLQJ 16*$ ,, DQG /3 2SWLPL]DWLRQ 0HWKRGV  (1(5*,(6  9RO            
GRL         HQ        

9  'XUNRYLü  $  6DYLü  $7& HQKDQFHPHQW XVLQJ 7&6& GHYLFH UHJDUGLQJ XQFHUWDLQW\ RI UHDOL]DWLRQ 
RQH RI WZR VLPXOWDQHRXV WUDQVDFWLRQV  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  
9RO       SS       )HE        GRL         M LMHSHV            

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɋɚɜɢʄ Ⱥɥɟɤɫɚɧɞɚɪ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

'  .RWXU  ä  ĈXULãLü  $  6DYLü  6SDWLDO DQG WHPSRUDO GHPDQG VLGH PDQDJHPHQW IRU RSWLPDO SRZHU 
WUDQVPLVVLRQ WKURXJK SRZHU V\VWHP ZLWK GLVSHUVHG 39 DQG ZLQG SRZHU SODQWV  (/(&75,& 32:(5 
6<67(06 5(6($5&+  9RO       SS        2FW        GRL         M HSVU            

0  -DQQDW  $  6DYLü  2SWLPDO FDSDFLWRU SODFHPHQW LQ GLVWULEXWLRQ QHWZRUNV UHJDUGLQJ XQFHUWDLQW\ LQ 
DFWLYH SRZHU ORDG DQG GLVWULEXWHG JHQHUDWLRQ XQLWV SURGXFWLRQ  ,(7 *(1(5$7,21  75$160,66,21 
$1' ',675,%87,21  9RO      1R      SS             $XJ        GRL         LHW JWG          

3  6WHIDQRY  $  6DYLü  *  'REULü  'HYHORSPHQW DQG 2SHUDWLRQDO 3ODQQLQJ RI 3RZHU 6\VWHPV E\ 
&RPSDULQJ 6FHQDULRV GXULQJ 0XOWL 2EMHFWLYH 2SWLPL]DWLRQ  $&7$ 3+<6,&$ 32/21,&$ $  SS      
     $XJ        GRL          $3K\V3RO$     %    
 $  6DYLü  ä  ĈXULãLü  2SWLPDO VL]LQJ DQG ORFDWLRQ RI 69& GHYLFHV IRU LPSURYHPHQW RI YROWDJH SURILOH 
LQ GLVWULEXWLRQ QHWZRUN ZLWK GLVSHUVHG SKRWRYROWDLF DQG ZLQG SRZHU SODQWV  $33/,(' (1(5*<  SS  
              

$  6DYLü  3  6WHIDQRY  1HZ 0HWKRG IRU 2SWLPDO /RFDWLRQ DQG 3DUDPHWHUV 6HWWLQJ RI 83)& 'HYLFHV 
8VLQJ 0XOWL &ULWHULD 2SWLPL]DWLRQ  ,17(51$7,21$/ 5(9,(: 2) (/(&75,&$/ (1*,1((5,1*   
,5((  9RO     1R     SS             $XJ       

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȳɨɜɚɧ ȼɭʁɚɫɢɧɨɜɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

 

0  

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

-  9XMDVLQRYLü  *  6DYLü  ,  %DWDV %LMHOLü  ä  'HVSRWRYLü  $UFKLWHFWXUH DQG 6L]LQJ RI 6\VWHPV IRU WKH 
5HPRWH &RQWURO RI 6XVWDLQDEOH (QHUJ\ ,QGHSHQGHQW 6WDWLRQV IRU (OHFWULF 9HKLFOH &KDUJLQJ 3RZHUHG 
E\ 5HQHZDEOH (QHUJ\ 6RXUFHV  6XVWDLQDELOLW\      

-RYDQ 9XMDVLQRYLü  *RUDQ 6DYLü  0LODQ 3URNLQ  0RGHO 'ULYHQ 'HYHORSHG 7HUPLQDO IRU 5HPRWH 
&RQWURO RI &KDUJLQJ 6WDWLRQ IRU (OHFWULF 9HKLFOHV 3RZHUHG E\ 5HQHZDEOH (QHUJ\  (OHFWURQLFV   9RO  
    1R     SS          $SU      

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɍɟɪɦɢɧɚɥ ɡɚ ɞɚʂɢɧɫɤɭ ɤɨɧɬɪɨɥɭ ɯɢɛɪɢɞɧɟ ɫɬɚɧɢɰɟ ɡɚ 
ɩɭʃɟʃɟ ɟɥɟɤɬɪɢɱɧɢɯ ɜɨɡɢɥɚ

ȿɥɟɤɬɪɨɧɢɤɚ

ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɋɚɜɢʄ Ƚɨɪɚɧ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

9ODGLPLU 5DMRYLü  *RUDQ 6DYLü  9ODGLPLU ýHSHUNRYLü  0LODQ 3URNLQ  &RPELQHG RQH GLPHQVLRQDO 
ORZSDVV DQG KLJKSDVV ILOWHUV IRU VXEEDQG WUDQVIRUPHU  (/(&7521,&6 /(77(56  9RO      1R      
SS               $XJ      

*RUDQ 6DYLü  0LODQ 3URNLQ  9ODGLPLU 5DMRYLü  'UDJDQD 3URNLQ  'LJLWDO ,PDJH 'HFRGHU IRU (IILFLHQW 
+DUGZDUH ,PSOHPHQWDWLRQ  6(16256  9RO      1R      SS          'HF      

*RUDQ 6DYLü  0LODQ 3URNLQ  9ODGLPLU 5DMRYLü  'UDJDQD 3URNLQ  0HPRU\ (IILFLHQW +DUGZDUH 
$UFKLWHFWXUH IRU     /LIWLQJ %DVHG   ' )RUZDUG 'LVFUHWH :DYHOHW 7UDQVIRUP  0,&52352&(66256 
$1' 0,&526<67(06  9RO      1R          SS          1RY      

*RUDQ 6DYLü  0LODQ 3URNLQ  9ODGLPLU 5DMRYLü  'UDJDQD 3URNLQ  1RYHO RQH GLPHQVLRQDO DQG WZR 
GLPHQVLRQDO IRUZDUG GLVFUHWH ZDYHOHW WUDQVIRUP     ILOWHU DUFKLWHFWXUHV IRU HIILFLHQW KDUGZDUH 
LPSOHPHQWDWLRQ  -2851$/ 2) 5($/ 7,0( ,0$*( 352&(66,1*  9RO      1R     SS               
2FW      

*RUDQ 6DYLü  9ODGLPLU 5DMRYLü  1RYHO 0HPRU\ (IILFLHQW +DUGZDUH $UFKLWHFWXUH IRU     /LIWLQJ %DVHG 
 ' ,QYHUVH ':7  -2851$/ 2) &,5&8,76  6<67(06  $1' &20387(56  9RO      1R     SS  
                        -XQ      

*RUDQ 6DYLü  0LODQ 3URNLQ  9ODGLPLU 5DMRYLü  'UDJDQD 3URNLQ  (IILFLHQW RQH GLPHQVLRQDO IRUZDUG DQG 
LQYHUVH GLVFUHWH ZDYHOHW WUDQVIRUPHUV  0,&52352&(66256 $1' 0,&526<67(06  9RO      SS  
         1RY      

*RUDQ 6DYLü  0LODQ 3URNLQ  9ODGLPLU 5DMRYLü  'UDJDQD 3URNLQ  +LJK SHUIRUPDQFH   ' DQG   ' 
LQYHUVH ':7     ILOWHU DUFKLWHFWXUHV IRU HIILFLHQW KDUGZDUH LPSOHPHQWDWLRQ  &,5&8,76  6<67(06  
$1' 6,*1$/ 352&(66,1*  9RO      1R     SS               6HS      

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɉɚɜɥɟ ɉɟɬɪɨɜɢʄ       

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

1  2EUDGRYLü HW DO   µ)RUPDWLRQ NLQHWLFV DQG FDWLRQ LQYHUVLRQ LQ PHFKDQLFDOO\ DFWLYDWHG 0J$O 2  
VSLQHO FHUDPLFV¶  -RXUQDO RI 7KHUPDO $QDO\VLV DQG &DORULPHWU\  YRO       QR     SS    ±     6HSW  
      GRL          V                Z 
$  ä  ,OLü  -  =  7UDMNRYLü  6  9  6DYLü  DQG 0  0  ,OLü  µ,QYHVWLJDWLRQ RI WKH 2$0 (0 ZDYH WLVVXH 
LUUDGLDWLRQ DW PLOOLPHWHU ZDYH IUHTXHQFLHV¶  $SSOLHG 5DGLDWLRQ DQG ,VRWRSHV  YRO       QR          
SS   ±   0D\       GRL          M DSUDGLVR             

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɋɟɲɚɜɚʃɟ ʁɟɞɧɨɞɢɦɟɧɡɢɨɧɢɯ ɟɥɟɤɬɪɨɦɚɝɧɟɬɫɤɢɯ ɩɪɨɛɥɟɦɚ 
ɫɩɟɰɢʁɚɥɧɟ ɪɟɥɚɬɢɜɧɨɫɬɢ ɦɟɬɨɞɨɦ ɤɨɧɚɱɧɢɯ ɟɥɟɦɟɧɚɬɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɟ ɢ 
ɦɢɤɪɨɬɚɥɚɫɢ

Ⱦɨɤɬɨɪɚɬ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɋɚɜɢʄ ɋɥɨɛɨɞɚɧ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  ɚɧɬɟɧɟ ɢ ɦɢɤɪɨɬɚɥɚɫɢ
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ɍɫɚɜɪɲɚɜɚʃɚ
     &RORUDGR 6WDWH 8QLYHUVLW\  )RUW &ROOLQV  &2  86$
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

%  $  7URNVD  &  /  .H\  )  %  .XQNHO  6  9  6DYLü  0  0  ,OLü  DQG %  0  1RWDURã  µ5D\ 7UDFLQJ 8VLQJ 
6KRRWLQJ %RXQFLQJ 7HFKQLTXH WR 0RGHO 0LQH 7XQQHOV  7KHRU\ DQG 9HULILFDWLRQ IRU D 3(& 
:DYHJXLGH¶  $SSOLHG &RPSXWDWLRQDO (OHFWURPDJQHWLFV 6RFLHW\ -RXUQDO  YRO      QR     SS     ±     
)HE       
6  9  6DYLü HW DO   µ$QDO\WLF VROXWLRQV RI HOHFWURPDJQHWLF ILHOGV LQ LQKRPRJHQHRXV PHGLD¶  
,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO (QJLQHHULQJ (GXFDWLRQ  YRO      QR     SS     ±     0DU        
GRL                           

$  ä  ,OLü  -  =  7UDMNRYLü  6  9  6DYLü  DQG 0  0  ,OLü  µ1HDU ILHOG IRUPDWLRQ RI WKH 8&$ EDVHG 2$0 
(0 ILHOGV DQG VKRUW UDQJH (0 SRZHU IOX[ SURILOHV¶  -RXUQDO RI 3K\VLFV $  0DWKHPDWLFDO DQG 
7KHRUHWLFDO  YRO      QR      SS   ±    0D\       GRL                    DFG EI 
$  =  *ROXERYLü  6  9  6DYLü  $  ä  ,OLü  DQG 0  0  ,OLü  µ6KRUW UDQJH WUDQVPLVVLRQ XVLQJ 2$0 FDUU\LQJ 
ZDYHV JHQHUDWHG E\ XQLIRUP FLUFXODU DUUD\V¶  ,QWHUQDWLRQDO -RXUQDO RI (OHFWURQLFV DQG 
&RPPXQLFDWLRQV  YRO       QR          SS   ±   $SU        GRL          M DHXH             
6  9  6DYLü  0  0  ,OLü  DQG %  0  .ROXQG]LMD  µ0D[LPDOO\ 2UWKRJRQDOL]HG +LJKHU 2UGHU %DVLV 
)XQFWLRQV LQ /DUJH 'RPDLQ )LQLWH (OHPHQW 0RGHOLQJ LQ (OHFWURPDJQHWLFV¶  ,((( 7UDQVDFWLRQV RQ 
$QWHQQDV DQG 3URSDJDWLRQ  YRO      QR     SS      ±      $XJ        GRL  
        7$3              
$  ä  ,OLü  1  0  9RMQRYLü  6  9  6DYLü  (  *UDVV  DQG 0  0  ,OLü  µ2SWLPL]HG SODQDU SULQWHG 8&$ 
FRQILJXUDWLRQV IRU 2$0 ZDYHV DQG WKH DVVRFLDWHG 2$0 PRGH FRQWHQW DW WKH UHFHLYHU¶  ,QWHUQDWLRQDO 
-RXUQDO RI &RPPXQLFDWLRQ 6\VWHPV  YRO  H      SS   ±    6HSW        GRL          GDF      

6  9  6DYLü  0  0  ,OLü  DQG $  5  'MRUGMHYLü  µ'HVLJQ RI ,QWHUQDO :LUH %DVHG ,PSHGDQFH 0DWFKLQJ RI 
+HOLFDO $QWHQQDV 8VLQJ DQ (TXLYDOHQW 7KLQ :LUH 0RGHO¶  ,QWHUQDWLRQDO -RXUQDO RI $QWHQQDV DQG 
3URSDJDWLRQ  YRO        SS   ±   'HF        GRL                       
1  0  9RMQRYLü  6  9  6DYLü  0  0  ,OLü  DQG $  ä  ,OLü  µ3HUIRUPDQFH $QDO\VLV RI /RZ &RVW 3ULQWHG 
$QWHQQD $UUD\ (OHPHQWV IRU  * /26 0,02 $UUD\V DW    *+]¶  :LUHOHVV 3HUVRQDO &RPPXQLFDWLRQV  
SS   ±    'HF        GRL          V                  



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ ɋɚɪɚʁɟɜɭ ± 
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɢɨɞɪɚɝ Ɇɚɥɨɜɢʄ          

 
Ɇɚɪɤɨ Ȼɨɲɤɨɜɢʄ          

 
ɋɥɚɜɤɨ ȼɟɢɧɨɜɢʄ          

 

 

Ɋ ɛ  Ʉɚɬ 

 
0  D 

 
0  D 

 
0  D 

 
0  D

 
0  D

 
0  D

 

0  D0  ý  %RãNRYLü  7  %  âHNDUD  DQG 0  5  5DSDLü  ³1RYHO WXQLQJ UXOHV IRU 3,'& DQG 3,' ORDG 
IUHTXHQF\ FRQWUROOHUV FRQVLGHULQJ UREXVWQHVV DQG VHQVLWLYLW\ WR PHDVXUHPHQW QRLVH ´ 
,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  YRO       S          -DQ        
GRL          M LMHSHV             

Ĉ  0  6WRMLü DQG 7  %  âHNDUD  ³$ QHZ GLJLWDO UHVRQDQW FXUUHQW FRQWUROOHU IRU $& SRZHU 
FRQYHUWHUV EDVHG RQ WKH DGYDQFHG = WUDQVIRUP ´ ,6$ 7UDQVDFWLRQV  YRO       SS     ±     
)HE        GRL          M LVDWUD             
0  5  5DSDLü  =  '  -HOLþLü  7  %  âHNDUD  5  0DOWL  9  7XUNXORY  DQG 0  1  5DGRYLü  ³5HYLVLWLQJ 
GLVWULEXWHG RUGHU 3,' FRQWUROOHU ´ )UDFWLRQDO &DOFXOXV DQG $SSOLHG $QDO\VLV  YRO      QR     SS  
   ±     )HE        GRL          V                Z 
7  %  âHNDUD DQG 0  5  5DSDLü  ³$ UHYLVLRQ RI URRW ORFXV PHWKRG ZLWK DSSOLFDWLRQV ´ -RXUQDO RI 
3URFHVV &RQWURO  YRO      SS    ±    2FW        GRL          M MSURFRQW             
3  '  0DQGLü  7  %  âHNDUD  0  3  /D]DUHYLü  DQG 0  %RãNRYLü  ³'RPLQDQW SROH SODFHPHQW ZLWK 
IUDFWLRQDO RUGHU 3,' FRQWUROOHUV  ' GHFRPSRVLWLRQ DSSURDFK ´ ,6$ 7UDQVDFWLRQV  YRO      SS  
  ±    0DU        GRL          M LVDWUD             
0  0  3RQMDYLü DQG 7  %  âHNDUD   6LQJXODULW\ ([FLWDWLRQV DQG ,QLWLDO 9DOXH 3UREOHP LQ 
&RQWLQXRXV /7, 6\VWHPV   LQ ,((( $FFHVV  YRO     SS                       GRL  
        $&&(66              

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ 
ɦɢɧɢɫɬɚɪɫɬɜɚ ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ 
ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  5  5DSDLü  7  %  âHNDUD  DQG 0  ý  %RãNRYLü  ³)UHTXHQF\ 'LVWULEXWHG 5HSUHVHQWDWLRQ RI 
,UUDWLRQDO /LQHDU 6\VWHPV ´ )UDFWLRQDO &DOFXOXV DQG $SSOLHG $QDO\VLV  YRO      QR     SS  
    ±      2FW        GRL          IFD           

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɋɚɡɜɨʁ ɢ ɚɧɚɥɢɡɚ ɫɟɧɡɨɪɫɤɨɝ ɫɢɫɬɟɦɚ ɡɚ ɦɟɪɟʃɟ ɜɢɛɪɚɰɢʁɚ 
ɝɪɚɻɟɜɢɧɫɤɢɯ ɨɛʁɟɤɚɬɚ

ɋɚɜɪɟɦɟɧɟ ɦɟɬɨɞɟ ɩɪɨʁɟɤɬɨɜɚʃɚ ɤɨɧɜɟɧɰɢɨɧɚɥɧɢɯ 
ɢɧɞɭɫɬɪɢʁɫɤɢɯ ɪɟɝɭɥɚɬɨɪɚ ɩɨɞ ɨɝɪɚɧɢɱɟʃɢɦɚ ɧɚ ɪɨɛɭɫɧɨɫɬ

ɉɪɨʁɟɤɬɨɜɚʃɟ ɢ ɪɟɚɥɢɡɚɰɢʁɚ ɭɩɪɚɜʂɚɱɤɟ ɟɥɟɤɬɪɨɧɢɤɟ ɢ 
ɧɚɩɨɧɫɤɢɯ ɪɟɝɭɥɚɬɨɪɚ ɭ ɩɨɛɭɞɧɢɦ ɫɢɫɬɟɦɢɦɚ ɫɢɧɯɪɨɧɢɯ 
ɝɟɧɟɪɚɬɨɪɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

Ⱦɢɩɥɨɦɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ⱥɭɬɨɦɚɬɢɤɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ⱥɭɬɨɦɚɬɢɤɚ
Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ

ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɒɟɤɚɪɚ Ɍɨɦɢɫɥɚɜ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ



 

0  D

 
0  D

  

0  D

  

0  D
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0  

  
0  

  

0  

  
0  

  

0  

  
0  

  
0  

   

  
ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

%  %  -DNRYOMHYLü  7  %  âHNDUD  0  5  5DSDLü  DQG =  '  -HOLþLü  ³2Q WKH GLVWULEXWHG RUGHU 3,' 
FRQWUROOHU ´ $(8   ,QWHUQDWLRQDO -RXUQDO RI (OHFWURQLFV DQG &RPPXQLFDWLRQV  YRO      SS  
  ±     6HS        GRL          M DHXH             
3  '  0DQGLü  0  ý  %RãNRYLü  7  %  âHNDUD  DQG 0  3  /D]DUHYLü  ³$ QHZ RSWLPLVDWLRQ PHWKRG 
RI 3,'& FRQWUROOHU XQGHU FRQVWUDLQWV RQ UREXVWQHVV DQG VHQVLWLYLW\ WR PHDVXUHPHQW QRLVH 
XVLQJ DPSOLWXGH RSWLPXP SULQFLSOH ´ ,QWHUQDWLRQDO -RXUQDO RI &RQWURO  YRO      QR     SS    ±    
$SU        GRL                               
'  0  6WRMLü DQG 7  %  âHNDUD  ³1HZ UREXVW UHVRQDQW FXUUHQW FRQWUROOHU GHVLJQ IRU JULG WLHG 
LQYHUWHUV ZLWK //&/ ILOWHUV ´ -RXUQDO RI 3RZHU (OHFWURQLFV  )HE        GRL          V          
        
'  0  6WRMLü DQG 7  %  âHNDUD  ³0XOWL UHVRQDQW FXUUHQW FRQWUROOHU IRU JULG WLHG LQYHUWHUV ZLWK /&/ 
ILOWHUV EDVHG RQ SROH SODFHPHQW XQGHU UREXVWQHVV FRQVWUDLQWV ´ -RXUQDO RI 3RZHU (OHFWURQLFV  
)HE        GRL          V                  

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ

1  0LOMNRYLü  1  3RSRYLü  2  'MRUGMHYLü  /  .RQVWDQWLQRYLü  DQG 7  %  âHNDUD  ³(&* DUWLIDFW 
FDQFHOODWLRQ LQ VXUIDFH (0* VLJQDOV E\ IUDFWLRQDO RUGHU FDOFXOXV DSSOLFDWLRQ ´ &RPSXWHU 
0HWKRGV DQG 3URJUDPV LQ %LRPHGLFLQH  YRO       SS     ±     0DU        GRL  
        M FPSE             
%  âNUELü  -  0LNXORYLü  DQG 7  âHNDUD  ³([WHQVLRQ RI WKH &3& SRZHU WKHRU\ WR IRXU ZLUH SRZHU 
V\VWHPV ZLWK QRQ VLQXVRLGDO DQG XQEDODQFHG YROWDJHV ´ ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 
0  9HNLü  0  5  5DSDLü  7  %  âHNDUD  6  *UDELü  DQG (  $GåLü  ³0XOWL ± 5HVRQDQW REVHUYHU 
3// ZLWK UHDO WLPH HVWLPDWLRQ RI JULG XQEDODQFHV ´ ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   
(QHUJ\ 6\VWHPV  YRO       SS    ±    -XQ        GRL          M LMHSHV             
%UDQNR /XNLü  .RVWD -RYDQRYLü  DQG 7  %  âHNDUD  ³&DVFDGH &RQWURO RI $QWDJRQLVWLF 96$²$Q 
(QJLQHHULQJ &RQWURO $SSURDFK WR D %LRLQVSLUHG 5RERW $FWXDWRU ´ )URQWLHUV LQ QHXURURERWLFV  
YRO      6HS        GRL          IQERW            
Ĉ  0  6WRMLü  7  %  âHNDUD  7RPDV] 7DUF]HZVNL  DQG /XNDV] -DQ 1LHZLDUD  ³6LQJOH SKDVH 
3:0 UHFWLILHU EDVHG RQ QRYHO DSSOLFDWLRQV RI //&/ ILOWHU DQG PXOWL UDWH FDVFDGHG FRQWUROOHU IRU 
GHFRXSOHG SDUDPHWHU WXQLQJ ´ (OHFWULF 3RZHU 6\VWHPV 5HVHDUFK  YRO       SS  
      ±        -XO        GRL          M HSVU             

Ĉ  0  6WRMLü DQG 7  %  âHNDUD   'LJLWDO 5HVRQDQW &XUUHQW &RQWUROOHU IRU /&/ )LOWHUHG ,QYHUWHU 
%DVHG RQ 0RGLILHG &XUUHQW 6DPSOLQJ DQG 'HOD\ 0RGHOLQJ   LQ ,((( -RXUQDO RI (PHUJLQJ DQG 
6HOHFWHG 7RSLFV LQ 3RZHU (OHFWURQLFV  YRO      QR     SS             'HF        GRL  
        -(673(              
-  0LNXORYLü  7  âHNDUD  DQG 0  )RUFDQ  ³3RZHU GHILQLWLRQV IRU WKUHH SKDVH V\VWHPV LQ WHUPV RI 
LQVWDQWDQHRXV V\PPHWULFDO FRPSRQHQWV ´ ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 
6\VWHPV  YRO       S          'HF        GRL          M LMHSHV             
0LWDU 6LPLü  7  -  )UHHERUQ  7  %  âHNDUD  $  .  6WDYUDNLV  9DUXQ -HRWL  DQG *  0  6WRMDQRYLü  
³$ QRYHO PHWKRG IRU LQ VLWX H[WUDFWLQJ ELR LPSHGDQFH PRGHO SDUDPHWHUV RSWLPL]HG IRU 
HPEHGGHG KDUGZDUH ´ 6FLHQWLILF UHSRUWV  YRO      QR     0DU        GRL          V          
      Z 
0  ý  %RãNRYLü  7  %  âHNDUD  '  0  6WRMLü  DQG 0  5  5DSDLü  ³1RYHO WXQLQJ UXOHV IRU 3,'& 
FRQWUROOHUV LQ DXWRPDWLF YROWDJH UHJXODWLRQ V\VWHPV XQGHU FRQVWUDLQWV RQ UREXVWQHVV DQG 
VHQVLWLYLW\ WR PHDVXUHPHQW QRLVH ´ ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  
YRO       SS        ±        -DQ        GRL          M LMHSHV             



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɋɚɞɟ Ȼɨɠɨɜɢʄ           

 
Ɇɚʁɚ Ɋɨɫɢʄ          

 
ɋɬɟɮɚɧ Ʉɨɫɬɢʄ          

 
Ⱦɪɚɝɚɧ Ƚɨɥɭɛɨɜɢʄ          

 
ɋɬɟɜɨ Ʌɭɤɢʄ          

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  6  /XNLü  0  6LPLü  &HOOXODU 3RVLWLRQLQJ LQ DQ 1/26 (QYLURQPHQW $SSO\LQJ WKH &2362 79$& 

$OJRULWKP  (OHFWURQLFV   9RO      1R      SS          -XO      

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  5RVLü  0  6HGDN  0  6LPLü  3  3HMRYLü  $Q ,PSURYHG &KDRV 'ULYHQ +\EULG 'LIIHUHQWLDO 
(YROXWLRQDQG %XWWHUIO\ 2SWLPL]DWLRQ $OJRULWKP IRU 3DVVLYH 7DUJHW /RFDOL]DWLRQ 8VLQJ 7'2$ 
0HDVXUHPHQWV  $SSOLHG 6FLHQFHV  9RO      1R     SS          -DQ      
'  âXND  0  6LPLü 3HMRYLü  3  3HMRYLü  2Q WKH $VVHVVPHQW RI ([SRVXUH IURP /7(     0+] 
'RZQOLQN )UHTXHQF\ %DQG 7KURXJK WKH 7LPH $YHUDJHG DQG ,QWHJUDO %DVHG 0HDVXUH  5$',$7,21 
3527(&7,21 '26,0(75<  9RO       1R     SS             0D\      

ɉɪɟɞɢɤɰɢʁɚ ɝɭɛɢɬɤɚ ɤɨɪɢɫɧɢɤɚ ɭ ɦɨɛɢɥɧɢɦ 
ɬɟɥɟɤɨɦɭɧɢɤɚɰɢɨɧɢɦ ɦɪɟɠɚɦɚ ɩɪɢɦɟɧɨɦ ɧɟɧɚɞɝɥɟɞɚɧɨɝ 
ɦɚɲɢɧɫɤɨɝ ɭɱɟʃɚ
ȼɢɫɨɤɨɪɟɡɨɥɭɰɢɨɧɚ ɩɪɢɦɚɪɧɚ ɨɛɪɚɞɚ ɫɢɝɧɚɥɚ ɤɨɞ 
ɢɡɚɯɨɪɢɡɨɧɬɧɢɯ ɪɚɞɚɪɚ ɭ ɜɢɫɨɤɨɮɪɟɤɜɟɧɬɧɨɦ ɨɩɫɟɝɭ

ȶɟɥɢʁɫɤɨ ɩɨɡɢɰɢɨɧɢɪɚʃɟ ɭ ɫɥɨɠɟɧɢɦ ɩɪɨɩɚɝɚɰɢɨɧɢɦ 
ɭɫɥɨɜɢɦɚ ɩɪɢɦʁɟɧɨɦ ɭɧɚɩɪɢʁɟɻɟɧɟ ɦɟɬɨɞɟ ɨɩɬɢɦɢɡɚɰɢʁɟ 
ɪɨʁɟɦ ɱɟɫɬɢɰɚ

Ⱦɢɩɥɨɦɚ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɉɩɬɢɦɢɡɨɜɚɧ ɩɨɫɬɭɩɚɤ ɡɚ ɚɧɚɥɢɡɭ ɫɩɟɤɬɪɚ ɭ ɤɨɝɧɢɬɢɜɧɨɦ 
ɪɚɞɢʁɭ ɩɪɢɦɟɧɨɦ ɞɟɬɟɤɬɨɪɚ ɟɧɟɪɝɢʁɟ

ɉɚɫɢɜɧɢ ɦɨɞɟɥ ɩɨɡɢɰɢɨɧɢɪɚʃɚ ɭ ɛɟɠɢɱɧɢɦ ɫɟɧɡɨɪɫɤɢɦ 
ɦɪɟɠɚɦɚ ɡɚɫɧɨɜɚɧ ɧɚ ɚɞɚɩɬɢɜɧɢɦ ɯɢɛɪɢɞɧɢɦ ɯɟɭɪɢɫɬɢɱɤɢɦ 
ɚɥɝɨɪɢɬɦɢɦɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ⱦɨɤɬɨɪɚɬ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɋɢɦɢʄ ɉɟʁɨɜɢʄ Ɇɢɪʁɚɧɚ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

*  %HWWD  '  &DSULJOLRQH  *  &HUUR  *  0LHOH  0  6DORQH ' $PDWD  '  âXND  3  3HMRYLü  0  6LPLü 
3HMRYLü  2Q WKH 0HDVXUHPHQW RI +XPDQ ([SRVXUH WR &HOOXODU 1HWZRUNV  ,((( 
,167580(17$7,21   0($685(0(17 0$*$=,1(  9RO      1R     SS          'HF      
'  âXND  3  3HMRYLü  0  6LPLü 3HMRYLü  $SSOLFDWLRQ RI WLPH DYHUDJHG DQG LQWHJUDO EDVHG PHDVXUH IRU 
PHDVXUHPHQW UHVXOWV YDULDELOLW\ UHGXFWLRQ LQ *60 '&6 8076 V\VWHPV  5$',$7,21 3527(&7,21 
'26,0(75<  9RO       1R     SS             -XO      

0  5RVLü  0  6HGDN  0  6LPLü  3  3HMRYLü  &KDRV (QKDQFHG $GDSWLYH +\EULG %XWWHUIO\ 3DUWLFOH 
6ZDUP 2SWLPL]DWLRQ $OJRULWKP IRU 3DVVLYH 7DUJHW /RFDOL]DWLRQ  6(16256  9RO      1R      SS      
    -XO      
0  5RVLü  0  6LPLü  3  3HMRYLü  $Q LPSURYHG DGDSWLYH K\EULG ILUHIO\ GLIIHUHQWLDO HYROXWLRQ DOJRULWKP IRU 
SDVVLYH WDUJHW ORFDOL]DWLRQ  62)7 &20387,1*   $ )86,21 2) )281'$7,216  
0(7+2'2/2*,(6 $1' $33/,&$7,216  SS          -DQ      
6  .RVWLü  0  6LPLü  0  .RVWLü  6RFLDO 1HWZRUN $QDO\VLV DQG &KXUQ 3UHGLFWLRQ LQ 
7HOHFRPPXQLFDWLRQV 8VLQJ *UDSK 7KHRU\  (17523<  9RO      1R     SS          -XO      
0  5RVLü  0  6LPLü  3  3HMRYLü  3DVVLYH 7DUJHW /RFDOL]DWLRQ 3UREOHP %DVHG RQ ,PSURYHG +\EULG 
$GDSWLYH 'LIIHUHQWLDO (YROXWLRQ DQG 1HOGHU 0HDG $OJRULWKP  -RXUQDO RI 6HQVRUV  9RO        SS      
    )HE      
'  âXND  3  3HMRYLü  0  6LPLü 3HMRYLü  &KDUDFWHUL]DWLRQ RI ([SRVXUH WR (OHFWURPDJQHWLF (PLVVLRQV 
IURP 3XEOLF 0RELOH 6\VWHPV 8VLQJ WKH 7LPH $YHUDJHG DQG ,QWHJUDO %DVHG 0HDVXUH  5$',$7,21 
3527(&7,21 '26,0(75<  9RO       1R     SS             -XQ      



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɉɪɢɧɫɬɨɧ  ɋȺȾ ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
0DULMD $QWLü          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  D

 

0  

 

0  D6  -DQNRYLü  $  6PLOMDQLü  0  9HVRYLü  +  5HGåRYLü  0  %HåXOM  $  5DGRãHYLü  6  0RUR  +LJK FDSDFLW\ 
)3*$ 5RXWHU IRU 6DWHOOLWH %DFNERQH 1HWZRUN  ,((( 75$16$&7,216 21 $(5263$&( $1' 
(/(&7521,& 6<67(06  9RO      1R     SS               $XJ       
GRL         7$(6             

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

Ɇ  ȼɟɫɨɜɢʄ  $  6PLOMDQLü  Ⱦ  Ʉɨɫɬɢʄ  )DVW DQG VFDODEOH URXWLQJ SURWRFROV IRU GDWD FHQWHU QHWZRUNV  
'LJLWDO &RPPXQLFDWLRQV DQG 1HWZRUNV  SS          -XQ      
ɏ  Ɋɟʇɨɜɢʄ  $  6PLOMDQLü  Ɇ  ȼɟɫɨɜɢʄ  ,PSOHPHQWDWLRQ DQG 3HUIRUPDQFH &RPSDULVRQ RI +LJK 
&DSDFLW\ 6RIWZDUH 5RXWHUV  &20387(5 1(7:25.6 7+( ,17(51$7,21$/ -2851$/ 2) 
&20387(5 $1' 7(/(&20081,&$7,  SS           'HF      

Ⱦɢɩɥɨɦɚ
(ɥɟɤɬɪɨɧɢɤɚ ɢ 
ɬɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

237,0,=$&,-$ 1(%/2.,5$-8û,+ 3$.(76.,+ 05(ä$ 
83275(%20 35$.7,ý12* 35272.2/$ =$ 587,5$1-( 
6$ %$/$16,5$1-(0 6$2%5$û$-$

Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɋɦɢʂɚɧɢʄ Ⱥɥɟɤɫɚɧɞɪɚ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

1  0DNVLü  Ⱥ  ɋɦɢʂɚɧɢʄ  ,PSURYLQJ 8WLOL]DWLRQ RI 'DWD &HQWHU 1HWZRUNV  ,((( 
&20081,&$7,216 0$*$=,1(  SS           1RY       GRL         0&20             

0  $QWLü  1  0DNVLü  3  .QHåHYLü  $  6PLOMDQLü  7ZR 3KDVH /RDG %DODQFHG 5RXWLQJ XVLQJ 263)  
,((( -2851$/ 21 6(/(&7(' $5($6 ,1 &20081,&$7,216  SS             -DQ      

$  6PLOMDQLü  /  ĈXNDQRYLü  ³$UWLILFLDO ,QWHOOLJHQFH DQG 0HGLFLQH´ ± MRLQW V\PSRVLXP RI WKH $FDGHP\ 
RI (QJLQHHULQJ 6FLHQFHV RI 6HUELD DQG WKH $FDGHP\ RI 0HGLFDO 6FLHQFHV RI WKH 6HUELDQ 0HGLFDO 
6RFLHW\  6536., $5+,9 =$ &(/2.8312 /(.$56792       

+  5HGåRYLü  0  9HVRYLü  $  6PLOMDQLü  0  %MHOLFD  (QHUJ\ HIILFLHQW QHWZRUN SURFHVVLQJ EDVHG RQ 
QHWPDS IUDPHZRUN  (/(&7521,&6 /(77(56  9RO      1R     SS           0DU        
GRL         HO          

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȼɥɚɞɚɧ Ɋɢɫɬɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɒɨɲɢʄ Ⱦɚɪɤɨ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɇɟɬɨɞɟ ɨɩɬɢɦɚɥɧɨɝ ɩɥɚɧɢɪɚʃɚ ɪɚɡɜɨʁɚ ɩɪɟɧɨɫɧɟ ɦɪɟɠɟ ɭɡ 
ɭɩɨɬɪɟɛɭ ɝɟɨɪɟɮɟɪɟɧɰɢɪɚʃɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

9  5LVWLü  '  âRãLü  0XOWLFULWHULD WUDQVPLVVLRQ H[SDQVLRQ SODQQLQJ EDVHG RQ GLIIHUHQWLDO HYROXWLRQ DQG 
JHRUHIHUHQFLQJ ± &DVH VWXG\ 6HUELD  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  
9RO       SS                   )HE       GRL         M LMHSHV            

%  6WRMDQRYLü  7  5DMLü  '  âRãLü  'LVWULEXWLRQ QHWZRUN UHFRQILJXUDWLRQ DQG UHDFWLYH SRZHU 
FRPSHQVDWLRQ XVLQJ D K\EULG 6LPXODWHG $QQHDOLQJ±0LQLPXP VSDQQLQJ WUHH DOJRULWKP  ,QWHUQDWLRQDO 
-RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       SS          0D\      
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

6RQMD .QHåHYLü  '  âRãLü  ,VRODWHG :RUN RI D 0XOWL (QHUJ\ &DUULHU 0LFURJULG  (1(5*,(6  9RO      
1R      -XQ       GRL         HQ        

'  âRãLü  0  äDUNRYLü  *  'REULü  )X]]\ EDVHG 0RQWH &DUOR VLPXODWLRQ IRU KDUPRQLF ORDG IORZ LQ 
GLVWULEXWLRQ QHWZRUNV  ,(7 *(1(5$7,21  75$160,66,21 $1' ',675,%87,21  9RO     1R     SS  
           )HE       GRL         LHW JWG          

0  äDUNRYLü  '  âRãLü  *  'REULü  )X]]\ EDVHG SUHGLFWLRQ RI ZLQG GLVWULEXWHG JHQHUDWLRQ LPSDFW RQ 
GLVWULEXWLRQ QHWZRUN  &DVH VWXG\²%DQDW UHJLRQ  6HUELD  -2851$/ 2) 5(1(:$%/( $1' 
6867$,1$%/( (1(5*<  9RO     1R     SS                   -DQ       GRL                  

5LVWLü 9   âRãLü '   ³1RYHO '( EDVHG 2SWLPL]DWLRQ 7HFKQLTXH IRU WKH 5HQHZDEOH 6RXUFHV  
,QWHJUDWLRQ´  &RPSWHV UHQGXV GH O DFDGHPLH %XOJDUH GHV VFLHQFHV  9RO      1R      SS      ±      
1RY        ,661     ±    

âRãLü '   6WHIDQRY 3   ³5HFRQILJXUDWLRQ RI GLVWULEXWLRQ V\VWHP ZLWK GLVWULEXWHG JHQHUDWLRQ XVLQJ DQ 
DGDSWLYH ORRS DSSURDFK´  -RXUQDO RI (OHFWULFDO (QJLQHHULQJ (OHNWURWHFKQLFN\ &DVRSLV  9RO      1R     
SS     ±           ,661      ±       GRL          MHH            

âRãLü '   6WHIDQRY 3   ³0XOWL REMHFWLYH RSWLPDO UHFRQILJXUDWLRQ RI GLVWULEXWLRQ QHWZRUN´  -RXUQDO RI 
(OHFWULFDO (QJLQHHULQJ (OHNWURWHFKQLFN\ &DVRSLV  9RO      1R     SS     ±     0D\       ,661 
     ±       GRL          MHH            

âRãLü '   âNRNOMHY ,   ³(YROXWLRQDU\ DOJRULWKP IRU FDOFXODWLQJ DYDLODEOH WUDQVIHU FDSDELOLW\´  -RXUQDO RI 
(OHFWULFDO (QJLQHHULQJ (OHNWURWHKQLFN\ &DVRSLV  9RO      1R     SS     ±     6HSWHPEHU       
,661            GRL          MHH            

âRãLü '   âNRNOMHY ,   ³$ VRIWZDUH WRRO IRU DYDLODEOH WUDQVIHU FDSDELOLW\ WHDFKLQJ SXUSRVHV´  
,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO (QJLQHHULQJ (GXFDWLRQ  9RO      1R     SS   ±     -DQXDU\       
,661          

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
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ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ
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Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

2JUL]RYLü 0   9XOHWLü 3   6WDQLVDYOMHYLü ä   ³$GYDQFHG 1HWZRUN DQG 6\VWHP 6HFXULW\ 7HDFKLQJ´  
(OHFWURQLFV  ,661            9RO      1R     SS        -DQ        ,)             0     GRL  
        HOHFWURQLFV        

0LODGLQRYLü '   0LODNRYLü $   9XNDVRYLü 0   6WDQLVDYOMHYLü ä   9XOHWLü 3   ³6HFXUH 0XOWLSDUW\ 
&RPSXWDWLRQ 8VLQJ 6HFXUH 9LUWXDO 0DFKLQHV´  (OHFWURQLFV  ,661            9RO      1R     SS    
    0DU        ,)             0     GRL          HOHFWURQLFV        

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɋɬɚɧɢɫɚɜʂɟɜɢʄ ɀɚɪɤɨ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

=DUNR 6WDQLVDYOMHYLF  %RVNR 1LNROLF  ,JRU 7DUWDOMD  9HOMNR 0LOXWLQRYLF  $ FODVVLILFDWLRQ RI H/HDUQLQJ 
WRROV EDVHG RQ WKH DSSOLHG PXOWLPHGLD  08/7,0(',$ 722/6 $1' $33/,&$7,216  9RO      1R  
    SS             -XQ       
=  6WDQLVDYOMHYLF  -  6WDQLVDYOMHYLF  3  9XOHWLF  =  -RYDQRYLF  &2$/$   6\VWHP IRU 9LVXDO 
5HSUHVHQWDWLRQ RI &U\SWRJUDSK\ $OJRULWKPV  ,((( 75$16$&7,216 21 /($51,1* 
7(&+12/2*,(6  9RO     1R     SS           -XQ       
=  6WDQLVDYOMHYLF  9  3DYORYLF  %  1LNROLF  -  'MRUGMHYLF  6'/'6²6\VWHP IRU 'LJLWDO /RJLF 'HVLJQ 
DQG 6LPXODWLRQ  ,((( 75$16$&7,216 21 ('8&$7,21  9RO      1R     SS           0D\       

5DMLü %   6WDQLVDYOMHYLü ä   9XOHWLü 3   ³(DUO\ :HE $SSOLFDWLRQ $WWDFN 'HWHFWLRQ 8VLQJ 1HWZRUN 7UDIILF 
$QDO\VLV´  ,QWHUQDWLRQDO -RXUQDO RI ,QIRUPDWLRQ 6HFXULW\  ,661            9RO      1R     SS         
)HE        ,)             0     GRL          V                 

1LNROLF 6   6XHVVH 7   -RYDQRYLü .   6WDQLVDYOMHYLü ä   ³/DERUDWRU\ /HDUQLQJ 2EMHFWLYHV 
0HDVXUHPHQW 5HODWLRQVKLSV %HWZHHQ 6WXGHQW (YDOXDWLRQ 6FRUHV DQG 3HUFHLYHG /HDUQLQJ ´ ,((( 
7UDQVDFWLRQV RQ (GXFDWLRQ  ,661           
9RO      1R    SS           0D\        ,)              0     GRL          7(            
=  5DGLYRMHYLF  =  6WDQLVDYOMHYLF  0  3XQW  &RQILJXUDEOH VLPXODWRU IRU FRPSXWHU DUFKLWHFWXUH DQG 
RUJDQL]DWLRQ  &20387(5 $33/,&$7,216 ,1 (1*,1((5,1* ('8&$7,21  9RO      1R     SS  
           6HS       

=  6WDQLVDYOMHYLF  3  9XOHWLF  $GGLQJ SUDFWLFDO H[SHULHQFH WR FRPSXWHU VHFXULW\ FRXUVH  &20387(5 
$33/,&$7,216 ,1 (1*,1((5,1* ('8&$7,21  9RO      1R     SS           0DU       

9  %ODJRMHYLü  '  %RMLü  0  %RMRYLü  0  &YHWDQRYLü  -  ĈRUÿHYLü  Ĉ  ĈXUÿHYLü  %  )XUODQ  6  *DMLQ  =  
-RYDQRYLü  '  0LOLüHY  9  0LOXWLQRYLü  %  1LNROLü  -  3URWLü  0  3XQW  =  5DGLYRMHYLü  ä  6WDQLVDYOMHYLü  
6  6WRMDQRYLü  ,  7DUWDOMD  0  7RPDãHYLü  3  9XOHWLü  $ 6\VWHPDWLF $SSURDFK WR *HQHUDWLRQ RI 1HZ 
,GHDV IRU 3K' 5HVHDUFK LQ &RPSXWLQJ  $'9$1&(6 ,1 &20387(56  9RO       SS        )HE  
    
'  'UDVNRYLF  0  0LVLF  =  6WDQLVDYOMHYLF  7UDQVLWLRQ IURP WUDGLWLRQDO WR /06 VXSSRUWHG H[DPLQLQJ  $ 
FDVH VWXG\ LQ FRPSXWHU HQJLQHHULQJ  &20387(5 $33/,&$7,216 ,1 (1*,1((5,1* 
('8&$7,21  9RO      1R     SS           6HS       
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Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

6  *MRUJLHYVND  +  .RFKDQNRYVNL  .  6WDQNRYLF  /  %DUDQGRYVNL  5HYLVLRQ RI WKH VHPL HPSLULFDO 
PDVV IRUPXOD FRHIILFLHQWV E\ XVLQJ WKH DPH     GDWDEDVH  1XFOHDU (QJLQHHULQJ DQG 'HVLJQ  9RO  
     DUW  QR                 
)  +  $SRVWRODNRSRXORV  1  .UåDQRYLü  3  %RåRYLü  .  6WDQNRYLü  /  3HUD]Lü  &RPSDULVRQ RI 
H[SHULPHQWDO DQG VLPXODWHG UHVSRQVHV RI 7/ DQG 26/ GRVLPHWHUV LQ SRO\ HQHUJHWLF DQG PXOWL 
GLUHFWLRQDO SKRWRQ UDGLDWLRQ ILHOGV  1XFOHDU 7HFKQRORJ\   5DGLDWLRQ 3URWHFWLRQ  ,661            ,)  
       0     9RO      1R     SS               

Ɉɞɡɢɜ ɬɟɪɦɨɥɭɦɢɧɢɫɰɟɧɬɧɢɯ ɢ ɨɩɬɢɱɤɢ ɫɬɢɦɭɥɢɫɚɧɢɯ 
ɥɭɦɢɧɢɫɰɟɧɬɧɢɯ ɩɚɫɢɜɧɢɯ ɩɟɪɫɨɧɚɥɧɢɯ ɞɨɡɢɦɟɬɪɢʁɫɤɢɯ 
ɫɢɫɬɟɦɚ ɭ ɪɟɚɥɧɢɦ ɩɨɥɢɟɧɟɪɝɟɬɫɤɢɦ ɢ ɦɭɥɬɢɞɢɪɟɤɰɢɨɧɢɦ 

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɂɫɩɢɬɢɜɚʃɟ ɚɤɬɢɜɧɢɯ ɟɥɟɤɬɪɨɧɫɤɢɯ ɞɨɡɢɦɟɬɚɪɚ ɭ ɰɢʂɭ 
ɯɚɪɦɨɧɢɡɚɰɢʁɟ ɦɟɪɟʃɚ ɨɩɟɪɚɬɢɜɧɢɯ ɞɨɡɢɦɟɬɪɢʁɫɤɢɯ 
ɜɟɥɢɱɢɧɚ ɭ ɨɛɥɚɫɬɢ ɡɚɲɬɢɬɟ ɨɞ ɡɪɚɱɟʃɚ
Ɏɢɡɢɱɤɢ ɢ ɮɭɧɤɰɢɨɧɚɥɧɢ ɟɮɟɤɬɢ ɟɥɟɤɬɪɨɧɟɝɚɬɢɜɧɨɝ ɝɚɫɚ ɭ 
ɬɪɨɤɨɦɩɨɧɟɧɬɧɨʁ ɫɦɟɲɢ ɪɚɞɧɨɝ ɝɚɫɚ ɡɚ ɞɟɬɟɤɰɢʁɭ ʁɨɧɢɡɭʁɭʄɟɝ 
ɡɪɚɱɟʃɚ ɩɨɦɨʄɭ Ƚɚʁɝɟɪ 0ɢɥɟɪɨɜɨɝ ɛɪɨʁɚɱɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ɇɭɤɥɟɚɪɧɚ ɬɟɯɧɢɤɚ

Ⱦɨɤɬɨɪɚɬ
ɇɭɤɥɟɚɪɧɚ ɬɟɯɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɋɬɚɧɤɨɜɢʄ Ʉɨɜɢʂɤɚ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ɇɭɤɥɟɚɪɧɚ ɬɟɯɧɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

1  .UåDQRYLü  .  6WDQNRYLü  0  äLYDQRYLü  0  ĈDOHWLü  2  &LUDM %MHODF  'HYHORSPHQW DQG WHVWLQJ RI D 
ORZ FRVW UDGLDWLRQ SURWHFWLRQ LQVWUXPHQW EDVHG RQ DQ HQHUJ\ FRPSHQVDWHG *HLJHU 0�OOHU WXEH  
5DGLDWLRQ 3K\VLFV DQG &KHPLVWU\  ,661         ;  ,)         0     9RO       DUW  QR          
    
)  +  $SRVWRODNRSRXORV  1  .UåDQRYLü  .  6WDQNRYLü  /  3HUD]Lü  5HVSRQVH RI 7/ DQG 26/ SDVVLYH 
SHUVRQDO GRVLPHWU\ V\VWHPV LQ SRO\ HQHUJHWLF DQG PXOWL GLUHFWLRQDO SKRWRQ UDGLDWLRQ ILHOGV  $SSOLHG 
5DGLDWLRQ DQG ,VRWRSHV  ,661            ,)         0     9RO       SS     ±         

-  3UDVNDOR  $  %HJDQRYLü  -  0LODQRYLü  .  6WDQNRYLü  ,QWUDRUDO GHQWDO ; UD\ UDGLRJUDSK\ LQ %RVQLD 
DQG +HU]HJRYLQD  VWXG\ IRU UHYLVLQJ GLDJQRVWLF UHIHUHQFH OHYHO YDOXH  5DGLDWLRQ 3URWHFWLRQ 
'RVLPHWU\  ,661            ,)         0     9RO       1R     SS    ±        
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ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱦɟʁɚɧ ɂɜɢʄ          

 
ȳɟɥɟɧɚ ɋɬɨʁɤɨɜɢʄ          

 
ȼɥɚɞɢɦɢɪ Ȼɟɱɟʁɚɰ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

 

Ɇ  

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

'  ,YLü  3  6WHIDQRY  &RQWURO VWUDWHJ\ IRU '& VRIW RSHQ SRLQW LQ ODUJH VFDOH GLVWULEXWLRQ QHWZRUNV ZLWK 
GLVWULEXWHG JHQHUDWRUV  &6(( -RXUQDO RI 3RZHU DQG (QHUJ\ 6\VWHPV   9RO     1R     SS             
0D\       GRL          &6((-3(6           

-  6WRMNRYLü 7HU]Lü  $  6KHWJDRQNDU  3  6WHIDQRY  $  /HNLü  7ZR OD\HU FRQWURO VWUXFWXUH IRU HQKDQFLQJ 
IUHTXHQF\ VWDELOLW\ RI WKH 07'& V\VWHP  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 
6\VWHPV  9RO       SS          )HE      

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɋɚɡɜɨʁ ɭɩɪɚɜʂɚɱɤɢɯ ɚɥɝɨɪɢɬɚɦɚ ɡɚ ɭɩɪɚɜʂɚʃɟ 
ʁɟɞɧɨɫɦɟɪɧɢɦ ɩɨɪɬɨɜɢɦɚ ɭ
ɞɢɫɬɪɢɛɭɬɢɜɧɢɦ ɦɪɟɠɚɦɚ ɫɚ ɞɢɫɬɪɢɛɭɢɪɚɧɢɦ 
ɇɨɜɢ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɢ ɩɪɢɫɬɭɩ ɡɚ ɩɪɢɦɟɧɭ ɛɪɡɟ 
ɪɟɝɭɥɚɰɢʁɟ ɮɪɟɤɜɟɧɰɢʁɟ ɭ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢɦ ɫɢɫɬɟɦɢɦɚ 
ɫɚ ɦɚɥɨɦ ɢɧɟɪɰɢʁɨɦ

ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɋɬɟɮɚɧɨɜ ɉɪɟɞɪɚɝ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɉɩɬɢɦɚɥɧɚ ɩɨɫɬɚɜɤɚ ɫɢɧɯɪɨɮɚɡɨɪɫɤɢɯ ɭɪɟɻɚʁɚ ɡɚ 
ɨɛɟɡɛɟɻɟʃɟ ɩɨɬɩɭɧɟ ɬɨɩɨɥɨɲɤɟ
ɨɩɫɟɪɜɚɛɢɥɧɨɫɬɢ ɩɪɢɦɟɧɨɦ ɦɟɬɨɞɟ Ƚɪɟɛɧɟɪɨɜɟ ɛɚɡɟ
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

9  %HþHMDF  3  6WHIDQRY  *URHEQHU EDVHV DOJRULWKP IRU RSWLPDO 308 SODFHPHQW  ,QWHUQDWLRQDO 
-RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       SS          )HE       
GRL         M LMHSHV            
È  5RGUtJXH] GHO 1R]DO  0  %DUUDJiQ 9LOODUHMR  )  GH 3DXOD *DUFtD /ySH]  *  'REULü  -  0DXULFLR  -  
0D]D 2UWHJD  3  6WHIDQRY  $ PRGHO OHVV DSSURDFK IRU WKH RSWLPDO FRRUGLQDWLRQ RI UHQHZDEOH HQHUJ\ 
VRXUFHV DQG '& OLQNV LQ ORZ YROWDJH GLVWULEXWLRQ QHWZRUNV  (/(&75,& 32:(5 6<67(06 
5(6($5&+  9RO           

Ⱦ  Ʉɨɬɭɪ  3  6WHIDQRY  2SWLPDO SRZHU IORZ FRQWURO LQ WKH V\VWHP ZLWK RIIVKRUH ZLQG SRZHU SODQWV 
FRQQHFWHG WR WKH 07'& QHWZRUN  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO  
     SS             )HE       GRL         M LMHSHV            

'  ,YLü  3  6WHIDQRY  $Q ([WHQGHG &RQWURO 6WUDWHJ\ IRU :HDNO\ 0HVKHG 'LVWULEXWLRQ 1HWZRUNV ZLWK 
6RIW 2SHQ 3RLQWV DQG 'LVWULEXWHG *HQHUDWLRQ  ,((( $&&(66  9RO     SS                  2FW  
    

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɇɟɧɚɞ Ɇɭɧɢʄ          

 
ɇɟɛɨʁɲɚ ȼɨʁɧɨɜɢʄ          

Ɋ ɛ  Ʉɚɬ 

 
0  D

 
0  D

 
0  D

 
0  

 
0  D

 
0  

 
0  

 
0  

 
0  

  
0  

0  6WHYDQRYLü  $  ĈRUÿHYLü  6LPSOH 'HULYDWLRQ RI 7UDQVIHU )XQFWLRQV LQ %LVWDWLF 6FDWWHULQJ 0RGHO  
,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO      SS         2FW      
1  9RMQRYLF  /  &URFFR  0  1LNROLF 6WHYDQRYLF  $ WKUHH GLPHQVLRQDO PLFURZDYH VSDUVH LPDJLQJ 
DSSURDFK XVLQJ KLJKHU RUGHU EDVLV IXQFWLRQV  ,17(51$7,21$/ -2851$/ 2) $17(11$6 $1' 
3523$*$7,21  SS          0DU      
Ɇ  ɋɬɟɜɚɧɨɜɢʄ  ȳ  Ⱦɢɧɤɢʄ  $  ĈRUÿHYLü  (VWLPDWLQJ HOHFWULFDOO\ VPDOO WDUJHWV XVLQJ HTXLYDOHQW 
GLSROHV DQG VSDUVH SURFHVVLQJ  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  SS  
        'HF      
1  9RMQRYLü  0  6WHYDQRYLü  /  &URFFR  $  ĈRUÿHYLü  +LJK 2UGHU 6SDUVH 6KDSH ,PDJLQJ RI 3(& DQG 
'LHOHFWULF 7DUJHWV 8VLQJ 7( 3RODUL]HG )LHOGV  ,((( 75$16$&7,216 21 $17(11$6 $1' 
3523$*$7,21  9RO      1R     SS               $SU      
0 $ %  $EEDVL  6  1LNRODRX  0  $  $QWRQLDGHV  0  1LNROLF 6WHYDQRYLF  3  9U\RQLGHV  &RPSDFW (%* 
%DFNHG 3ODQDU 0RQRSROH IRU %$1 :HDUDEOH $SSOLFDWLRQV  ,((( 75$16$&7,216 21 $17(11$6 
$1' 3523$*$7,21  9RO      SS             )HE      
1  0XQLF  0  1LNROLF 6WHYDQRYLF  $  'MRUGMHYLF  $  .RYDþHYLF  (YDOXDWLRQ RI UDGLDWLQJ VRXUFH 
SDUDPHWHUV E\ PHDVXUHPHQWV LQ IDUDGD\ FDJHV DQG VSDUVH SURFHVVLQJ  0($685(0(17  9RO       
SS                 

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0  1LNROLF 6WHYDQRYLü  Ⱥ  Ʉɨɜɚɱɟɜɢʄ  Ⱥ  ȭɨɪɻɟɜɢʄ  ,QFUHPHQWV RI $GPLWWDQFH 3DUDPHWHUV LQ 
0LFURZDYH ,PDJLQJ  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  2FW      
-  'LQNLü  0  6WHYDQRYLü  $  ĈRUÿHYLü  3K\VLFDO 0RGHOV IRU ,QIOXHQFH RI 6XEVWUDWH 3HUPLWWLYLW\ RQ WKH 
*DLQ RI 0LFURVWULS $QWHQQDV  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO  
    1R      SS               1RY      
0  7DVLü  Ɇ  ɋɬɟɜɚɧɨɜɢʄ  Ȼ  Ʉɨɥɭɧʇɢʁɚ   ' (0 0RGHOLQJ RI 0HGLFDO 0LFURZDYH ,PDJLQJ 6FHQDULRV 
ZLWK &RQWUROODEOH $FFXUDF\  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO      
1R     SS               )HE      
7  6LQJK  '  1LQNRYLü  %  .ROXQGåLMD  0  6WHYDQRYLü  6PRRWK 3RO\QRPLDO $SSURDFK IRU 0LFURZDYH 
,PDJLQJ LQ 6SDUVH 3URFHVVLQJ )UDPHZRUN  ,((( $&&(66  9RO      SS                       

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɚ ɢ 
ɦɢɤɪɨɬɚɥɚɫɢ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɉɞɪɟɻɢɜɚʃɟ ɤɚɪɚɤɬɟɪɢɫɬɢɤɚ ɟɥɟɤɬɪɨɦɚɝɧɟɬɫɤɟ ɟɦɢɫɢʁɟ 
ɭɪɟɻɚʁɚ ɦɟɪɟɧɢɯ ɭ Ɏɚɪɚɞɟʁɟɜɨɦ ɤɚɜɟɡɭ ɩɨɦɨʄɭ ɬɟɯɧɢɤɟ 
ɨɛɪɚɞɟ ɪɟɬɤɢɯ ɫɢɝɧɚɥɚ
ɉɪɢɦɟɧɚ ɛɚɡɢɫɧɢɯ ɮɭɧɤɰɢʁɚ ɜɢɲɟɝ ɪɟɞɚ ɩɪɢ ɩɪɨɰɟɧɢ 
ɨɛɥɢɤɚ ɦɟɬɚɥɧɢɯ ɢ ɞɢɟɥɟɤɬɪɢɱɧɢɯ ɨɛʁɟɤɚɬɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɚ ɢ 
ɦɢɤɪɨɬɚɥɚɫɢ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɚ ɢ 
ɦɢɤɪɨɬɚɥɚɫɢ

Ⱦɨɤɬɨɪɚɬ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɚ ɢ 
ɦɢɤɪɨɬɚɥɚɫɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɋɬɟɜɚɧɨɜɢʄ Ɇɚɪɢʁɚ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɉɩɲɬɚ ɟɥɟɤɬɪɨɬɟɯɧɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ
Ɂɚɜɪɲɢɥɚ ɞɪɭɝɢ ɞɨɤɬɨɪɚɬ ɧɚ :DVKLQJWRQ 8QLYHUVLW\ LQ 6W  /RXLV  6W  /RXLV  86$
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

0  1LNROLü  $  ĈRUÿHYLü  $  1HKRUDL  0LFURVWULS DQWHQQDV ZLWK VXSSUHVVHG UDGLDWLRQ LQ KRUL]RQWDO 
GLUHFWLRQV DQG UHGXFHG FRXSOLQJ  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  
9RO      1R      SS               1RY      

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

Ɇ  1LNROLü 6WHYDQRYLü  /  &URFFR  $  ĈRUÿHYLü  $  1HKRUDL  +LJKHU 2UGHU 6SDUVH 0LFURZDYH ,PDJLQJ 
RI 3(& 6FDWWHUHUV  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO      1R     
SS             0DU      
0  6WHYDQRYLü  $  1HKRUDL  $  ĈRUÿHYLü  (OHFWURPDJQHWLF ,PDJLQJ RI +LGGHQ   ' 3(& 7DUJHWV 8VLQJ 
6SDUVH 6LJQDO 0RGHOLQJ  ,((( 75$16$&7,216 21 *(26&,(1&( $1' 5(027( 6(16,1*  9RO  
    1R     SS               0D\      
$  ĈRUÿHYLü  '  7RãLü  $  =DMLü  0  6WHYDQRYLü  '  2OüDQ  ,  -RYDQRYLü  7HPSRUDO /HDNDJH LQ 
$QDO\VLV RI (OHFWURPDJQHWLF 6\VWHPV  ,((( $17(11$6 $1' 3523$*$7,21 0$*$=,1(  9RO  
    1R     SS            'HF      
0  6WHYDQRYLü  $  1HKRUDL  $  ĈRUÿHYLü  (VWLPDWLRQ RI 'LUHFWLRQ RI $UULYDO 8VLQJ 0XOWLSDWK RQ $UUD\ 
3ODWIRUPV  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO      1R     SS         
      -XO      
0  1LNROLü  $  1HKRUUDL  $ 'MRUGMHYLü  (VWLPDWLQJ 0RYLQJ 7DUJHWV EHKLQG 5HLQIRUFHG :DOOV 8VLQJ 
5DGDU  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  9RO      1R      SS         
      1RY      
0  1LNROLü  0  2UWQHU  $  1HKRUUDL  $  'MRUGMHYLü  $Q $SSURDFK WR (VWLPDWLQJ %XLOGLQJ /D\RXWV 8VLQJ 
5DGDU DQG -XPS 'LIIXVLRQ $OJRULWKP  ,((( 75$16$&7,216 21 $17(11$6 $1' 
3523$*$7,21  9RO      1R     SS             0DU      



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȼɥɚɞɢɦɢɪ ȳɨɰɨɜɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 

0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɋɬɨʁɚɧɨɜɢʄ ɋɚɲɚ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ȺɍɌɈɆȺɌɂɁɈȼȺɇɈ ɈɐȿȵɂȼȺȵȿ ɉȺɉɂɊɇɂɏ ɌȿɋɌɈȼȺ 
ɄɈɊɂɒȶȿȵȿɆ ɌȿɏɇɂɄȺ ȼȿɒɌȺɑɄȿ ɂɇɌȿɅɂȽȿɇɐɂȳȿ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

ȼ  Ⱥɧɞɪɢʄ  *  .YDãþHY  Ɇ  ɐɜɟɬɚɧɨɜɢʄ  ɋ  ɋɬɨʁɚɧɨɜɢʄ  ɇ  Ȼɚɱɚɧɢɧ  Ɇ  Ƚɚʁɢʄ  Ʉɜɚɲɱɟɜ  'HHS 
OHDUQLQJ DVVLVWHG ;5) VSHFWUD FODVVLILFDWLRQ  6FLHQWLILF 5HSRUWV  9RO      1R          
GRL         V                ]

6  7XELF  =  5DGLYRMHYLF  6  6WRMDQRYLF  0  &YHWDQRYLF  $)' $Q $UFKLWHFWXUDO /DQJXDJH IRU ,QWHJUDO 
0RGHOLQJ  ,((( $&&(66  9RO      SS                   6HS       
GRL         $&&(66             
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

9HOMNR 0LOXWLQRYLü  0LORã .RWODU  -DNRE 6DORP  6DãD 6WRMDQRYLü  äLYRMLQ âXãWUDQ  $OHNVDQGDU 
9HOMNRYLü  -HOHQD 0DUNRYLü  $OL 5 +XUVRQ  9/6, IRU 6XSHU&RPSXWLQJ  &UHDWLYLW\ LQ 5 ' IURP 
DSSOLFDWLRQV DQG DOJRULWKPV WR PDVNV DQG FKLSV  $'9$1&(6 ,1 &20387(56  9RO       SS      
    $SU      
9  -RFRYLF  0  0DULQNRYLF  6  6WRMDQRYLF  %  1LNROLF  $XWRPDWHG DVVHVVPHQW RI SHQ DQG SDSHU WHVWV 
XVLQJ FRPSXWHU YLVLRQ  08/7,0(',$ 722/6 $1' $33/,&$7,216  9RO      SS               0D\  
    

9  3ROXåDQVNL  8  .RYDþHYLü  1  %DFDQLQ  7  5DVKLG  6  6WRMDQRYLü  %  1LNROLü  $SSOLFDWLRQ RI 
0DFKLQH /HDUQLQJ WR ([SUHVV 0HDVXUHPHQW 8QFHUWDLQW\  $SSOLHG 6FLHQFHV  9RO      1R      SS      
    $XJ      

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɢɨɞɪɚɝ Ɏɨɪɰɚɧ          

 
Ɍɨɦɢɫɥɚɜ Ɋɚʁɢʄ          

 
ɇɟɧɚɞ Ȼɟɥɱɟɜɢʄ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

1HQDG %HOþHYLü  =RUDQ 6WRMDQRYLü   8VLQJ YROWDJH VLJQDOV IRU WUDQVLHQW IDXOW GHWHFWLRQ RQ RYHUKHDG 
OLQHV   ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU DQG (QHUJ\ 6\VWHPV  YROXPH      0D\      
0ODGHQ 2VWRMLü  =RUDQ 6WRMDQRYLü   $Q DOJRULWKP ZLWK YROWDJH LQSXWV IRU GHWHFWLQJ FRQGXFWRU EUHDNV 
LQ UDGLDO GLVWULEXWLRQ QHWZRUNV   ,QWHUQDWLRQDO 7UDQVDFWLRQV RQ (OHFWULFDO (QHUJ\ 6\VWHPV  YROXPH     
LVVXH     'HFHPEHU       

0ODGHQ 2VWRMLü  =RUDQ 6WRMDQRYLü   $Q DOJRULWKP IRU GLVWDQFH SURWHFWLRQ EDVHG RQ WKH FKDQJH RI WKH 
YROWDJH SKDVH DQJOH   (OHFWULF 3RZHU 6\VWHPV 5HVHDUFK  9ROXPH      -XO\      

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɉɨɩɪɟɱɧɚ ɞɢɮɟɪɟɧɰɢʁɚɥɧɚ ɡɚɲɬɢɬɚ ɞɜɨɫɬɪɭɤɢɯ ɧɚɞɡɟɦɧɢɯ 
ɜɨɞɨɜɚ

ɇɨɜɢ ɩɪɢɫɬɭɩ ɭ ɪɟɚɥɢɡɚɰɢʁɢ ɩɨɞɭɠɧɟ ɞɢɮɟɪɟɧɰɢʁɚɥɧɟ 
ɡɚɲɬɢɬɟ ɜɨɞɨɜɚ

ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɋɬɨʁɚɧɨɜɢʄ Ɂɨɪɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ⱦɟɬɟɤɰɢʁɚ ɩɪɨɥɚɡɧɢɯ ɤɜɚɪɨɜɚ ɧɚ ɧɚɞɡɟɦɧɢɦ ɜɨɞɨɜɢɦɚ ɭ 
ɭɫɥɨɜɢɦɚ ɡɚɫɢʄɟʃɚ ɫɬɪɭʁɧɨɝ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

0LRGUDJ )RUFDQ  =RUDQ 6WRMDQRYLü   $ VWDQGE\ SURWHFWLRQ VFKHPH WR FRPSOHPHQW WUDQVYHUVH 
GLIIHUHQWLDO SURWHFWLRQ RI GRXEOH FLUFXLW OLQHV LQ WKH FDVH RI RQH SDUDOOHO OLQH WULSSHG   (OHFWULF 3RZHU 
6\VWHPV 5HVHDUFK  9ROXPH      6HSWHPEHU      

=RUDQ 6WRMDQRYLü  0LOHWD äDUNRYLü   :LGH UDQJH DOJRULWKP IRU GLUHFWLRQDO HDUWK IDXOW SURWHFWLRQ 
ZLWKRXW YROWDJH LQSXWV   ,(7 *HQHUDWLRQ  7UDQVPLVVLRQ   'LVWULEXWLRQ  9ROXPH     ,VVXH     S       
±       -XO\      

1HQDG %HOþHYLü  =RUDQ 6WRMDQRYLF   $OJRULWKP IRU SKDVRU HVWLPDWLRQ GXULQJ FXUUHQW WUDQVIRUPHU 
VDWXUDWLRQ DQG RU '& FRPSRQHQW SUHVHQFH  GHILQLWLRQ DQG DSSOLFDWLRQ LQ DUF GHWHFWLRQ RQ RYHUKHDG 
OLQHV   ,(7 *HQHUDWLRQ  7UDQVPLVVLRQ   'LVWULEXWLRQ  9ROXPH     ,VVXH    S       ±      $SULO       
*RUDQ 'REULü  =ODWDQ 6WRMNRYLü  =RUDQ 6WRMDQRYLü   ([SHULPHQWDO YHULILFDWLRQ RI PRQLWRULQJ 
WHFKQLTXHV IRU PHWDO R[LGH VXUJH DUUHVWHU   ,(7 *HQHUDWLRQ  7UDQVPLVVLRQ   'LVWULEXWLRQ  9ROXPH 
    ,VVXH    S             0DUFK      

*  'REULü  =  6WRMDQRYLü  =  6WRMNRYLü  7KH DSSOLFDWLRQ RI JHQHWLF DOJRULWKP LQ GLDJQRVWLFV RI PHWDO 
R[LGH VXUJH DUUHVWHU  (/(&75,& 32:(5 6<67(06 5(6($5&+  9RO       SS           )HE      

=  6WRMDQRYLü  0  ĈXULü  $Q DOJRULWKP IRU GLUHFWLRQDO HDUWK IDXOW UHOD\ ZLWK QR YROWDJH LQSXWV  
(/(&75,& 32:(5 6<67(06 5(6($5&+  9RO      SS             0DU      

=  6WRMDQRYLü  Ɇ  ȭɭɪɢʄ  7DEOH EDVHG DOJRULWKP IRU LQYHUVH±WLPH RYHUFXUUHQW UHOD\  -2851$/ 2) 
(/(&75,&$/ (1*,1((5,1* (/(.7527(&+1,&.< &$623,6  9RO      1R     SS           -XO  
     

=RUDQ 1  6WRMDQRYLü  0LOHQNR %  ĈXULü  7KH DOJRULWKP IRU GLUHFWLRQDO HOHPHQW ZLWKRXW GHDG WULSSLQJ 
]RQH EDVHG RQ GLJLWDO SKDVH FRPSDUDWRU  (/(&75,& 32:(5 6<67(06 5(6($5&+  9RO      1R  
   SS           )HE       

Ɍ  Ɋɚʁɢʄ  =  6WRMDQRYLü  $Q DOJRULWKP IRU ORQJLWXGLQDO GLIIHUHQWLDO SURWHFWLRQ RI WUDQVPLVVLRQ OLQHV  
,17(51$7,21$/ -2851$/ 2) (/(&75,&$/ 32:(5 $1' (1(5*< 6<67(06  9RO      SS  
           -DQ      

=  6WRMDQRYLü  =  6WRMNRYLü  (YDOXDWLRQ RI 026$ FRQGLWLRQ XVLQJ OHDNDJH FXUUHQW PHWKRG  
,17(51$7,21$/ -2851$/ 2) (/(&75,&$/ 32:(5 $1' (1(5*< 6<67(06  9RO      SS     
      1RY      

0  )RUFDQ  =  6WRMDQRYLü  $Q DOJRULWKP IRU VHQVLWLYH GLUHFWLRQDO WUDQVYHUVH GLIIHUHQWLDOSURWHFWLRQ ZLWK 
QR YROWDJH LQSXWV  (/(&75,& 32:(5 6<67(06 5(6($5&+  9RO       SS           $XJ      

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɋɟɪɬɢɮɢɤɚɬɢ ɡɚ ɪɚɞ ɧɚ $%% ɢ 6LHPHQV ɡɚɲɬɢɬɧɢɦ ɪɟɥɟʁɢɦɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

7  5DMLü  =  6WRMDQRYLü   =HUR VHTXHQFH ORQJLWXGLQDO GLIIHUHQWLDO SURWHFWLRQ RI WUDQVPLVVLRQ OLQHV    
(OHFWULFDO (QJLQHHULQJ  9ROXPH      S                
0  )RUFDQ  =  6WRMDQRYLü   7UDQVYHUVH GLIIHUHQWLDO SURWHFWLRQ VFKHPH IRU GRXEOH FLUFXLW OLQHV ZLWK 
VLQJOH SROH WULSSLQJ DQG UHFORVLQJ  ,QWHUQDWLRQDO 7UDQVDFWLRQV RQ (OHFWULFDO (QHUJ\ 6\VWHPV  9ROXPH 
    ,VVXH    -DQXDU\       



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  D

 

0  D

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

7  :X  +  =KXDQJ  4  +XDQJ  6  ;LD  <  =KRX  :  *DQ  -  6WRMNRYLü 7HU]Lü  5RXWLQJ DQG VFKHGXOLQJ 
RI PRELOH HQHUJ\ VWRUDJH V\VWHPV LQ DFWLYH GLVWULEXWLRQ QHWZRUN EDVHG RQ SUREDELOLVWLF YROWDJH 
VHQVLWLYLW\ DQDO\VLV DQG +DOO V WKHRUHP  $33/,(' (1(5*<  9RO       0D\       
G L         M            6  ;LD  +  :X  <  0DR  7  :X  *  6RQJ  -  6WRMNRYLF 7HU]LF  0  6KDKLGHKSRXU  3KRWRYROWDLF 3RZHU 
*HQHUDWLRQ DQG (QHUJ\ 6WRUDJH &DSDFLW\ &RRSHUDWLYH 3ODQQLQJ 0HWKRG IRU 5DLO 7UDQVLW 6HOI 
FRQVLVWHQW (QHUJ\ 6\VWHPV &RQVLGHULQJ WKH ,PSDFW RI 'R'  ,((( 75$16$&7,216 21 60$57 
*5,'  -XQ       GRL         76*             

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɋɬɨʁɤɨɜɢʄ Ɍɟɪɡɢʄ ȳɟɥɟɧɚ
Ⱦɨɰɟɧɬ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

-  6WRMNRYLü 7HU]Lü  $  6KHWJDRQNDU  3  6WHIDQRY  $  /HNLü  7ZR OD\HU FRQWURO VWUXFWXUH IRU HQKDQFLQJ 
IUHTXHQF\ VWDELOLW\ RI WKH 07'& V\VWHP  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 
6\VWHPV  9RO       SS          )HE      

/  0RUHQR 'tD]  -  0DQXHO 0DXULFLR  È  5RGUtJXH] GHO 1R]DO  -  6WRMNRYLü 7HU]Lü  2Q WKH GDPSLQJ 
GHWHULRUDWLRQ RI SRZHU V\VWHPV ZLWK &,* EDVHG SRZHU SODQWV SHUIRUPLQJ 3)5 XQGHU FRPPXQLFDWLRQ 
GHOD\V  (/(&75,& 32:(5 6<67(06 5(6($5&+  9RO       -DQ       
-  6WRMNRYLü  $  /HNLü  3  6WHIDQRY  $GDSWLYH &RQWURO RI +9'& /LQNV IRU )UHTXHQF\ 6WDELOLW\ 
(QKDQFHPHQW LQ /RZ ,QHUWLD 6\VWHPV  (1(5*,(6  9RO      SS               
GRL         HQ        

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 
ɤɚɧɞɢɞɚɬɚ

Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱦɪɚɲɤɨ Ɇɚɲɨɜɢʄ          

 
ȭɨɪɻɟ Ƚɪɨɡɞɢʄ          

 
ȳɟɥɟɧɚ Ɍɨɦɢʄ          

 
ȳɨɜɚɧ Ƚɚɥɢʄ          

 
Ɇɢɥɨɲ Ȼʁɟɥɢʄ          

 
ɋɬɚɧɨʁɟɜɢʄ Ɇɢɨɞɪɚɝ          

 
Ⱦɪɚɝɚɧ Ɋɢɫɬɢʄ          

 
Ɋɭɠɢɰɚ Ȼɢɥɢɛɚʁɤɢʄ          

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0   0  %MHOLü  0  0LMLü  7  0LOMNRYLü  '  âXPDUDF 3DYORYLü  (IIHFW RI &XUYDWXUH 6KDSH RI 7UDQVSDUHQW 

&29,'    3URWHFWLYH )DFH 6KLHOGV RQ WKH 6SHHFK 6LJQDO  $5&+,9(6 2) $&2867,&6  9RO      
1R     SS         -DQ        GRL          DRD            

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

7  0LOMNRYLü  0  %MHOLü  -  ûHUWLü  '  âXPDUDF 3DYORYLü  (VWLPDWLRQ RI KDUS VWULQJ LQKDUPRQLFLW\ 
LQIOXHQFHG E\ SKDQWRP SDUWLDOV  -2851$/ 2) 7+( $&2867,&$/ 62&,(7< 2) $0(5,&$  9RO  
     1R     SS             2FW        GRL                   
Ɍ  Ɇɢʂɤɨɜɢʄ  ȳ  ȶɟɪɬɢʄ  0  %MHOLü  Ⱦ  ɒɭɦɚɪɚɰ ɉɚɜɥɨɜɢʄ  'LJLWDO 6LJQDO 3URFHVVLQJ RI WKH 
,QKDUPRQLF &RPSOH[ 7RQH  $SSOLHG 6FLHQFHV  9RO      SS        -XO        
GRL         DSS        

ɉɪɢɦɟɧɚ VRIW FRPSXWLQJ ɬɟɯɧɢɤɚ ɡɚ ɩɪɟɞɜɢɻɚʃɟ ɧɢɜɨɚ ɛɭɤɟ 
ɞɪɭɦɫɤɨɝ ɫɚɨɛɪɚʄɚʁɚ

ɉɪɟɩɨɡɧɚɜɚʃɟ ɦɭɥɬɢɦɨɞɚɥɧɨɝ ɝɨɜɨɪɚ ɡɚɫɧɨɜɚɧɨ ɧɚ 
ɫɬɚɬɢɫɬɢɱɤɨɦ ɩɪɢɫɬɭɩɭ

Ⱥɧɚɥɢɡɚ ɭɝɚɨɧɟ ɪɚɫɩɨɞɟɥɟ ɢɧɰɢɞɟɧɬɧɟ ɟɧɟɪɝɢʁɟ ɫɩɨʂɚɲʃɟ 
ɛɭɤɟ ɩɪɢɦɟɧɨɦ ɦɢɤɪɨɮɨɧɫɤɨɝ ɧɢɡɚ

ɉɪɨɰɟɧɚ ɢɧɞɟɤɫɚ ɩɪɢɜɚɬɧɨɫɬɢ ɭ ɡɝɪɚɞɚɦɚ ɧɚ ɨɫɧɨɜɭ ɭɝɚɨɧɟ
ɪɚɫɩɨɞɟɥɟ ɢɧɰɢɞɟɧɬɧɟ ɟɧɟɪɝɢʁɟ

Ʉɚɪɚɤɬɟɪɢɡɚɰɢʁɚ ɬɟɤɫɬɭɪɟ ɢɦɩɭɥɫɧɨɝ ɨɞɡɢɜɚ ɩɪɨɫɬɨɪɢʁɚ
ɩɪɢɦɟɧɨɦ ɦɭɥɬɢɮɪɚɤɬɚɥɧɟ ɚɧɚɥɢɡɟ

ɉɪɟɩɨɡɧɚɜɚʃɟ ɚɪɬɢɤɭɥɚɰɢɨɧɨ ɚɤɭɫɬɢɱɤɢɯɨɞɫɬɭɩɚʃɚ 
ɝɥɚɫɨɜɚ ɭ ɩɚɬɨɥɨɲɤɨɦ ɝɨɜɨɪɭ

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɍɧɚɩɪɟɻɟʃɟ ɦɟɬɨɞɚ ɡɚ ɩɪɨɪɚɱɭɧ ɡɜɭɱɧɟ ɢɡɨɥɚɰɢʁɟ ɭ 
ɡɝɪɚɞɚɦɚ

ɉɪɢɦɟɧɚ ɧɟɭɪɚɥɧɢɯ ɦɪɟɠɚ ɭ ɩɪɟɩɨɡɧɚɜɚʃɭ ɲɚɩɚɬɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɍɟɯɧɢɱɤɚ ɚɤɭɫɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɍɟɯɧɢɱɤɚ ɚɤɭɫɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɒɭɦɚɪɚɰ ɉɚɜɥɨɜɢʄ Ⱦɪɚɝɚɧɚ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɍɟɯɧɢɱɤɚ ɚɤɭɫɬɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

 -  7RPLü  1  %RJRMHYLü  0  3OMDNLü  '  âXPDUDF 3DYORYLü  $VVHVVPHQW RI WUDIILF QRLVH OHYHOV LQ 
XUEDQ DUHDV XVLQJ GLIIHUHQW VRIW FRPSXWLQJ WHFKQLTXHV  -2851$/ 2) 7+( $&2867,&$/ 
62&,(7< 2) $0(5,&$  9RO       1R     SS  (/    (/     2FW        GRL                  
 Ĉ  *UR]GLü  ɋ  ȳɨɜɢɱɢʄ  '  âXPDUDF 3DYORYLü  -  *DOLü  %  0DUNRYLü  &RPSDULVRQ RI &HSVWUDO 
1RUPDOL]DWLRQ 7HFKQLTXHV LQ :KLVSHUHG 6SHHFK 5HFRJQLWLRQ  $'9$1&(6 ,1 (/(&75,&$/ $1' 
&20387(5 (1*,1((5,1*  9RO      1R     SS         $SU        GRL         $(&(           

 Ⱦ  ɒɭɦɚɪɚɰ ɉɚɜɥɨɜɢʄ  0  0LMLü  $Q DSSURDFK WR QXPHULFDO TXDQWLILFDWLRQ RI URRP VKDSH DQG LWV 
IXQFWLRQ LQ GLIIXVH VRXQG ILHOG PRGHO  -2851$/ 2) 7+( $&2867,&$/ 62&,(7< 2) $0(5,&$  
9RO       1R     SS             2FW        GRL                  
 '  âXPDUDF 3DYORYLü  0  0LMLü  '  0DãRYLü  7KH LQIOXHQFH RI SURVFHQLXP ER[HV RQ DFRXVWLF 
UHVSRQVH LQ KLVWRULFDO RSHUD KDOOV  -2851$/ 2) 7+( $&2867,&$/ 62&,(7< 2) $0(5,&$  9RO  
     1R     SS             6HS        GRL                  
 '  âXPDUDF 3DYORYLü  0  0LMLü  +  .XUWRYLü  $ VLPSOH LPSXOVH VRXQG VRXUFH IRU PHDVXUHPHQWV LQ 
URRP DFRXVWLFV  $33/,(' $&2867,&6  9RO      1R     SS           $SU       

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ

0LRGUDJ 6WDQRMHYLü  0LORã %MHOLü  'UDJDQD âXPDUDF 3DYORYLü  0LRPLU 0LMLü  0HDVXUHPHQWV RI QRLVH 
HQHUJ\ DQJXODU GLVWULEXWLRQ DW WKH EXLOGLQJ HQYHORSH XVLQJ PLFURSKRQH DUUD\V  $SSOLHG $FRXVWLFV  
9RO                      '2,          M DSDFRXVW              ,661          ;  ,)       
0LORã %MHOLü  0LRGUDJ 6WDQRMHYLü  'UDJDQD âXPDUDF 3DYORYLü  0LRPLU 0LMLü  0LFURSKRQH DUUD\ 
JHRPHWU\ RSWLPL]DWLRQ IRU WUDIILF QRLVH DQDO\VLV  7KH -RXUQDO RI WKH $FRXVWLFDO 6RFLHW\ RI $PHULFD  
9RO                           '2,                     ,)         
 )  3DQWHOLü  '  âXPDUDF 3DYORYLü  Ɇ  Ɇɢʁɢʄ  '  5LGOH\ (OOLV  &RUUHFWLRQ RI (YDQHVFHQW :DYH 
,QIOXHQFH RQ WKH )OH[XUDO :DYH 9HORFLW\ DQG :DYHOHQJWK (VWLPDWLRQ %DVHG RQ D 0RGH 6KDSH 
)XQFWLRQ  $UWLFOH   $5&+,9(6 2) $&2867,&6  9RO  YRO      1R     SS                
 6  'LPLWULMHYLü  0  0LMLü  '  âXPDUDF 3DYORYLü  ,QGRRU VRXQG OHYHO VSHFWUD RI SXEOLF HQWHUWDLQPHQW 
SUHPLVHV IRU UDWLQJ DLUERUQH VRXQG LQVXODWLRQ  -2851$/ 2) 7+( $&2867,&$/ 62&,(7< 2) 
$0(5,&$  9RO       1R     SS  (O    (O     0DU        GRL                   
 6  %RMLþLü  Ⱦ  ɒɭɦɚɪɚɰ ɉɚɜɥɨɜɢʄ  0  0LMLü  )RUPDWLRQ RI 6FDWWHULQJ &KDUDFWHULVWLFV IRU $FRXVWLFDO 
5D\ 7UDFLQJ 6LPXODWLRQ  $5&+,9(6 2) $&2867,&6  9RO      1R     SS        'HF       

0  9RMQRYLü  0  0LMLü  Ⱦ  ɒɭɦɚɪɚɰ ɉɚɜɥɨɜɢʄ  $ VLPSOLILHG PRGHO RI PRXWK UDGLDWLRQ LPSHGDQFH 
FORVHG E\ PDVN FDYLW\  $33/,(' $&2867,&6  9RO       1R     SS       -DQ        
GRL         M DSDFRXVW            

0  6WDQRMHYLü  0  %MHOLü  Ⱦ  ɒɭɦɚɪɚɰ ɉɚɜɥɨɜɢʄ  Ɇ  Ɇɢʁɢʄ  0HDVXUHPHQWV RI QRLVH HQHUJ\ DQJXODU 
GLVWULEXWLRQ DW WKH EXLOGLQJ HQYHORSH XVLQJ PLFURSKRQH DUUD\V  $33/,(' $&2867,&6  9RO       SS  
           -XQ       GRL         M DSDFRXVW            
)  3DQWHOLü  Ɇ  Ɇɢʁɢʄ  '  âXPDUDF 3DYORYLü  '  5LGOH\ (OOLV  '  'XGHã  $QDO\VLV RI D ZRRGHQ 
VSHFLPHQ¶V PHFKDQLFDO SURSHUWLHV WKURXJK DFRXVWLF PHDVXUHPHQWV LQ WKH YHU\ QHDU ILHOG  
-2851$/ 2) 7+( $&2867,&$/ 62&,(7< 2) $0(5,&$  9RO       1R     SS  (/      (/     
$SU       GRL                   
0LORã %MHOLü  7DWMDQD 0LOMNRYLü  0LRPLU 0LMLü  'UDJDQD âXPDUDF 3DYORYLü  $Q (VWLPDWLRQ RI 6SHHFK 
3ULYDF\ &ODVV %DVHG RQ ,62 3DUDPHWHU  $SSOLHG VFLHQFHV  9RO          SS        -DQ         '2,  
        DSS          ,661             ,)       
0  9RMQRYLü  Ɇ  Ɇɢʁɢʄ  '  âXPDUDF 3DYORYLü  1  9RMQRYLü  ,QIOXHQFH RI 2YHUSUHVVXUH %UHDWKLQJ RQ 
9RZHO )RUPDQW )UHTXHQFLHV  $5&+,9(6 2) $&2867,&6  9RO      1R     SS           -DQ       

6WHYDQ 6DYLü  0LORã %MHOLü  'UDJDQD âXPDUDF 3DYORYLü  'UDJDQ 0LORãHYLü  -HOHQD 'XQMLü  /D]DU 
/D]Lü  0LOHWD äDUNRYLü  7DWMDQD 0LOMNRYLü  8UEDQL]DWLRQ 7UHQGV LQ WKH   VW &HQWXU\   D 'ULYHU IRU 
1HJDWLYH &OLPDWH  1RLVH DQG $LU 4XDOLW\ ,PSDFWV RQ 8UEDQ 3RSXODWLRQ  *HRJUDSKLFD 3DQQRQLFD  
9RO      SS           'HF         '2,  KWWSV   GRL RUJ         JS        



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɋɪɛɨʂɭɛ ɋɬɚɧɤɨɜɢʄ          

 
ɇɟɧɚɞ ɋɬɚɧɤɨɜɢʄ          

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ɍɚɞɢʄ Ɇɢɥɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ
Ɍɟɯɧɢɱɤɚ ɮɢɡɢɤɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ȿɤɫɩɟɪɢɦɟɧɬɚɥɧɚ ɤɚɪɚɤɬɟɪɢɡɚɰɢʁɚ ɢ Ɇɨɧɬɟ Ʉɚɪɥɨ 
ɫɢɦɭɥɚɰɢʁɚ ɞɨɡɢɦɟɬɪɢʁɫɤɢɯ ɩɚɪɚɦɟɬɚɪɚ ɆɈɋɎȿɌ ɫɬɪɭɤɬɭɪɟ 
ɭ ɩɨʂɢɦɚ ʁɨɧɢɡɭʁɭʄɟɝ ɡɪɚɱɟʃɚ
Ɇɢɤɪɨɫɤɨɩɫɤɚ  ɫɩɟɤɬɪɨɫɤɨɩɫɤɚ ɢ ɛɢɨɦɟɞɢɰɢɧɫɤɚ 
ɤɚɪɚɤɬɟɪɢɡɚɰɢʁɚ ɭɝʂɟɧɢɱɧɢɯ ɧɚɧɨɫɬɪɭɤɬɭɪɚ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

9  $UVRVNL  Ɇ  7DGLü  ([RWLF TXDQWXP VWDWHV LQ PXOWLOD\HU SKRVSKRUHQH QDQRULEERQV LQ HOHFWULF DQG 
PDJQHWLF ILHOGV  3+<6,&$ 6&5,37$  9RO      1R     SS        $XJ        GRL              
     DFH   
'  7RSDORYLü  9  $UVRVNL  0  7DGLü  )  3HHWHUV  $V\PPHWULF YHUVXV V\PPHWULF +J7H   &G [ +J   í [ 
7H GRXEOH TXDQWXP ZHOOV  %DQGJDS WXQLQJ ZLWKRXW HOHFWULF ILHOG  -2851$/ 2) $33/,(' 3+<6,&6  
9RO       1R     SS                     $XJ        GRL                  
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Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
   1RUWKZHVWHUQ 8QLYHUVLW\           8QLYHUVLW\ RI $QWZHUS            

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

'  7RSDORYLü   9  $UVRVNL  0  7DGLü  )  3HHWHUV  &RQILQHG HOHFWURQ VWDWHV LQ WZR GLPHQVLRQDO +J7H LQ 
PDJQHWLF ILHOG  4XDQWXP GRW YHUVXV TXDQWXP ULQJ EHKDYLRU  3+<6,&$/ 5(9,(:  %  9RO       1R  
    SS                     6HS        GRL         3K\V5HY%           
'  =  -DNRYOMHYLü  0  0  *UXMLü  0  ä  7DGLü  )  0  3HHWHUV  +HOLFDO HGJH VWDWHV LQ VLOLFHQH DQG 
JHUPDQHQH QDQRULQJV LQ SHUSHQGLFXODU PDJQHWLF ILHOG  -2851$/ 2) 3+<6,&6  &21'(16(' 
0$77(5  9RO      1R     SS                 -DQ        GRL                 ; DD H  

9  $UVRVNL  0  *UXMLü  1  ýXNDULü  0  7DGLü  )  3HHWHUV  1RUPDO DQG VNHZHG SKRVSKRUHQH 
QDQRULEERQV LQ FRPELQHG PDJQHWLF DQG HOHFWULF ILHOGV  3+<6,&$/ 5(9,(:  %  9RO      1R      SS  
                    6HS        GRL         3K\V5HY%          

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  D

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

9  $WDQDVRVNL  $  /D]RYLü  3  7DGLü  1  ĈRUÿHYLü  Ɇ  Ɍɢɨɫɚɜʂɟɜɢʄ  0  ,YDQRYLü  /-  +DGåLHYVNL  $  
5LVWLü  9  9XNþHYLü  -  3HWURYLü  6\QFKURQRXV SRVW H[HUFLVH HOHFWURFDUGLRJUDP  SKRQRFDUGLRJUDP  
SKRWRSOHWK\VPRJUDPV DQG VHLVPRFDUGLRJUDP  6FLHQWLILF 'DWD  9RO      1R     $XJ      

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɍɚɞɢʄ ɉɪɟɞɪɚɝ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ⱥɭɬɨɦɚɬɢɤɚ
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ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

8  'XUOHYLü  3  7DGLü  0  +XVVDLQ  6QRZ $YDODQFKH 6XVFHSWLELOLW\ 0DSSLQJ 8VLQJ 'HHS /HDUQLQJ  
0DFKLQH /HDUQLQJ  DQG )X]]\ /RJLF  $ &DVH 6WXG\ RI WKH âDU 0RXQWDLQV  6HUELD  (DUWK 6\VWHPV 
DQG (QYLURQPHQW  $XJ      

'UDJDQD )LOLSRYLü  %RåLGDU 1RYDN  -LQTLX ;LDR  3UHGUDJ 7DGLü  &KULVWRSK :  7XUFN  3UHIURQWDO 
&RUWH[ &\WRVROLF 3URWHRPH DQG 0DFKLQH /HDUQLQJ %DVHG 3UHGLFWRUV RI 5HVLOLHQFH WRZDUG &KURQLF 
6RFLDO ,VRODWLRQ LQ 5DWV  ,QWHUQDWLRQDO -RXUQDO RI 0ROHFXODU 6FLHQFHV  9RO      1R     0DU       
GRL         LMPV        

'  )LOLSRYLü  -  ,QGHUKHHV  $  .RUGD  3  7DGLü  0  6FKZDQLQJHU  '  ,QWD  6  %RUJZDUGW  6HUXP 
0HWDEROLWHV DV 3RWHQWLDO 0DUNHUV DQG 3UHGLFWRUV RI 'HSUHVVLRQ OLNH %HKDYLRU DQG (IIHFWLYH 
)OXR[HWLQH 7UHDWPHQW LQ &KURQLFDOO\ 6RFLDOO\ ,VRODWHG 5DWV  0HWDEROLWHV  9RO      1R     -XO      

.  äLåD  3  7DGLü  3  9XOHWLü  '16 H[ILOWUDWLRQ GHWHFWLRQ LQ WKH SUHVHQFH RI DGYHUVDULDO DWWDFNV DQG 
PRGLILHG H[ILOWUDWRU EHKDYLRXU  ,17(51$7,21$/ -2851$/ 2) ,1)250$7,21 6(&85,7<  9RO  
    SS                  

0  $GåHPRYLü  3  7DGLü  $  3HWURYLü  0  1LNROLü  %H\RQG .DOPDQ ILOWHUV  GHHS OHDUQLQJ EDVHG ILOWHUV 
IRU LPSURYHG REMHFW WUDFNLQJ  0$&+,1( 9,6,21 $1' $33/,&$7,216  9RO      'HF       

'UDJDQD )LOLSRYLü  %RåLGDU 1RYDN  -LQTLX ;LDR  3UHGUDJ 7DGLü  &KULVWRSK :  7XUFN  3UHIURQWDO 
FRUWLFDO V\QDSWRSURWHRPH SURILOH FRPELQHG ZLWK PDFKLQH OHDUQLQJ SUHGLFWV UHVLOLHQFH WRZDUGV 
FKURQLF VRFLDO LVRODWLRQ LQ UDWV  -2851$/ 2) 36<&+,$75,& 5(6($5&+  9RO       SS           
)HE       

'  )LOLSRYLü  -  ,QGHUKHHV  $  .RUGD  3  7DGLü  0  6FKZDQLQJHU  '  ,QWD  6  %RUJZDUGW  0HWDEROLF 
)LQJHUSULQWV RI (IIHFWLYH )OXR[HWLQH 7UHDWPHQW LQ WKH 3UHIURQWDO &RUWH[ RI &KURQLFDOO\ 6RFLDOO\ 
,VRODWHG 5DWV  0DUNHU &DQGLGDWHV DQG 3UHGLFWLYH 0HWDEROLWHV  ,QWHUQDWLRQDO -RXUQDO RI 0ROHFXODU 
6FLHQFHV  9RO      1R      -XQ       GRL         LMPV         



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 
ɤɚɧɞɢɞɚɬɚ

Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
0LURVODYD ,JQMDWRYLü          

 

 

 

 

Ɋ ɛ  Ʉɚɬ 
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Ɇ  

,JQMDWRYLü  0   %RMLü  '   DQG 7DUWDOMD  ,  ³$ 6XUYH\ RQ 3UREOHP )RUPXODWLRQV DQG  0HWD +HXULVWLF 
%DVHG 6ROXWLRQV LQ $XWRPDWHG $VVHPEO\ RI 3DUDOOHO 7HVW )RUPV ´ ,QWHUQDWLRQDO -RXUQDO 2I 6RIWZDUH 
(QJLQHHULQJ $QG .QRZOHGJH (QJLQHHULQJ  YRO      QR     SS             $XJXVW       ,661       
      GRL          6                  ,)              
KWWSV   ZZZ ZRUOGVFLHQWLILF FRP GRL DEV         6                
7RPDå ýHJRYQLN  .ULVWLQD 6WRMPHQRYD  ,JRU 7DUWDOMD  -DND 6RGQLN  (YDOXDWLRQ RI GLIIHUHQW LQWHUIDFH 
GHVLJQV IRU KXPDQ PDFKLQH LQWHUDFWLRQ LQ YHKLFOHV  08/7,0(',$ 722/6 $1' $33/,&$7,216  
9RO      SS                 $XJ       GRL         V                 

ĈRUÿH 0  ĈXUÿHYLü  ,JRU ,  7DUWDOMD   ' 5%8& IRU HIILFLHQW SDUDOOHO FRPSUHVVLRQ RI UHVLGXDOV  
&20387(56 $1' *(26&,(1&(6  9RO       SS             )HE       
GRL         - &$*(2            
9  %ODJRMHYLü  '  %RMLü  0  %RMRYLü  0  &YHWDQRYLü  -  ĈRUÿHYLü  Ĉ  ĈXUÿHYLü  %  )XUODQ  6  *DMLQ  =  
-RYDQRYLü  '  0LOLüHY  9  0LOXWLQRYLü  %  1LNROLü  -  3URWLü  0  3XQW  =  5DGLYRMHYLü  ä  6WDQLVDYOMHYLü  
6  6WRMDQRYLü  ,  7DUWDOMD  0  7RPDãHYLü  3  9XOHWLü  ³$ 6\VWHPDWLF $SSURDFK WR *HQHUDWLRQ RI 1HZ 
,GHDV IRU 3K' 5HVHDUFK LQ &RPSXWLQJ ´ $GYDQFHV LQ &RPSXWHUV  9RO       SS        )HE        
,661             GRL          EV DGFRP              ,)             
KWWSV   ZZZ VFLHQFHGLUHFW FRP VFLHQFH DUWLFOH DEV SLL 6                

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

,JQMDWRYLü  0  DQG 7DUWDOMD  ,  ³$ &RQVWUXFWLYH +HXULVWLF IRU $XWRPDWHG 3DUDOOHO 7HVWV $VVHPEO\ ´ 
,QWHUQDWLRQDO -RXUQDO 2I 6RIWZDUH (QJLQHHULQJ $QG .QRZOHGJH (QJLQHHULQJ  YRO      QR    SS  
   ±     0DUFK       ,661             GRL          6                  ,)             
KWWSV   ZZZ ZRUOGVFLHQWLILF FRP GRL         6                  

Ⱦɢɩɥɨɦɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

+(85,67,.$ =$ $8720$76.2 6$67$9/-$1-( 
3$5$/(/1,+ 7(6729$ =1$1-$

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɍɚɪɬɚʂɚ ɂɝɨɪ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ
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Ⱦɢɩɥɨɦɚ ɱɚɫɨɩɢɫɚ Ɍɟɯɧɢɤɚ ɡɚ ɢɡɭɡɟɬɧɨ ɨɫɬɜɚɪɟʃɟ ɭ ɪɚɞɭ  Ɍɚɪɬɚʂɚ  ɂ   ɉɨɥɚʁɧɚɪ  ȳ    Ɋɚɡɜɨʁ ɫɩɟɰɢʁɚɥɢɡɨɜɚɧɟ 
ɤɨɦɩɨɧɟɧɬɟ ɨɩɟɪɚɬɢɜɧɨɝ ɫɢɫɬɟɦɚ ɡɚ ɥɚɛɨɪɚɬɨɪɢʁɫɤɢ ɪɚɱɭɧɚɪ /DUV     Ɍɟɯɧɢɤɚ ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ  ɝɨɞ            ɛɪ    
ɫɬɪ         

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
ɒɟɮ Ʉɚɬɟɞɪɟ ɡɚ ɪɚɱɭɧɚɪɫɤɭ ɬɟɯɧɢɤɭ ɢ ɢɧɮɨɪɦɚɬɢɤɭ ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɨɝ ɮɚɤɭɥɬɟɬɚ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ Ȼɟɨɝɪɚɞɭ       
     
ɒɟɮ Ɉɞɫɟɤɚ ɡɚ ɫɨɮɬɜɟɪɫɤɨ ɢɧɠɟʃɟɪɫɬɜɨ  ɨɫɧɨɜɚɧɨɝ       ɝɨɞɢɧɟ ɧɚ ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɨɦ ɮɚɤɭɥɬɟɬɭ ɍɧɢɜɟɪɡɢɬɟɬɚ ɭ 
Ȼɟɨɝɪɚɞɭ             
ɉɥɚɤɟɬɚ Ⱦɪɭɲɬɜɚ ɡɚ ɢɧɮɨɪɦɚɬɢɤɭ ɋɪɛɢʁɟ ɡɚ ɢɡɜɚɧɪɟɞɚɧ ɞɨɩɪɢɧɨɫ ɭ ɪɚɡɜɨʁɭ ɢɧɮɨɪɦɚɬɢɤɟ ɭ       ɝɨɞɢɧɢ  ɭ 
ɤɚɬɟɝɨɪɢʁɢ  Ɋɚɡɜɢʁɟɧ ɢ ɩɪɢɦɟʃɟɧ ɢɧɮɨɪɦɚɬɢɱɤɢ ɩɪɨɢɡɜɨɞ   ɩɪɨʁɟɤɚɬ 3DUDJUDI 1HW  ɢɡɞɚɜɚɱ ɇɨɜɢ 
ɩɪɢɜɪɟɞɧɢɤ 3DUDJUDI &R  Ȼɟɨɝɪɚɞ  

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

,  (NPHþLü  ,  7DUWDOMD  9  0LOXWLQRYLü  $ VXUYH\ RI KHWHURJHQHRXV FRPSXWLQJ  FRQFHSWV DQG V\VWHPV  
352&((',1*6 2) 7+( ,(((  9RO      1R     SS               $XJ       GRL                 

=DUNR 6WDQLVDYOMHYLF  %RVNR 1LNROLF  ,JRU 7DUWDOMD  9HOMNR 0LOXWLQRYLF  $ FODVVLILFDWLRQ RI H/HDUQLQJ 
WRROV EDVHG RQ WKH DSSOLHG PXOWLPHGLD  08/7,0(',$ 722/6 $1' $33/,&$7,216  9RO      1R  
    SS               -XQ       GRL         V                
7DUWDOMD  ,  DQG 0LOXWLQRYLü  9   ³&ODVVLI\LQJ 6RIWZDUH %DVHG &DFKH &RKHUHQFH 6ROXWLRQV ´ ,((( 
62)7:$5(  YRO      QR     SS         0D\ -XQH       ,661             GRL                   



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

0  

 

0  D

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0LOLMLF  %  -RNDQRYLF  0  7DVLF  6  -RYDQRYLF  2  %RULF /XEHFNH  DQG 9  /XEHFNH   'XDO 3RUW 
%XWWHUIO\ 6ORW $QWHQQD IRU %LRVHQVLQJ $SSOLFDWLRQV    6HQVRUV  YRO      QR      $UW  QR        $XJ  
      GRL          V         

0  7DVLü  Ɇ  ɋɬɟɜɚɧɨɜɢʄ  Ȼ  Ʉɨɥɭɧʇɢʁɚ   ' (0 0RGHOLQJ RI 0HGLFDO 0LFURZDYH ,PDJLQJ 
6FHQDULRV ZLWK &RQWUROODEOH $FFXUDF\  ,((( 75$16$&7,216 21 $17(11$6 $1' 
3523$*$7,21  9RO      1R     SS               )HE       GRL         7$3             

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  
ɚɧɬɟɧɟ ɢ ɦɢɤɪɨɬɚɥɚɫɢ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ɍɚɫɢʄ Ɇɢɨɞɪɚɝ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ȿɥɟɤɬɪɨɦɚɝɧɟɬɢɤɚ  ɚɧɬɟɧɟ ɢ ɦɢɤɪɨɬɚɥɚɫɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

0  5DGRYDQRYLF  6 6WHIDQRYVNL 3DMRYLF  0  7DVLF  0  3RWUHELF DQG '  7RVLF   %DQGSDVV ILOWHUV ZLWK 
FRQGXFWLYHO\ FRXSOHG HLJKWK PRGH 6,: UHVRQDWRUV   LQ 2SWRHOHFWURQLFV DQG $GYDQFHG 0DWHULDOV   
5DSLG &RPPXQLFDWLRQV  YRO      QR        SS           2FWREHU      

0  7DVLF  %  .ROXQG]LMD  7  0LORVHYLF   'RPDLQ GHFRPSRVLWLRQ PHWKRG IRU VFDWWHULQJ IURP DQ DLUFUDIW 
ZLWK MHW HQJLQH LQOHW FDYLW\   $SSOLHG &RPSXWDWLRQDO (OHFWURPDJQHWLFV 6RFLHW\ -RXUQDO  9RO      1R  
   )HE         SS          

0  7DVLü  Ȼ  Ʉɨɥɭɧʇɢʁɚ  0HWKRG RI 0RPHQW :HLJKWHG 'RPDLQ 'HFRPSRVLWLRQ 0HWKRG IRU 
6FDWWHULQJ )URP /DUJH 3ODWIRUPV  ,((( 75$16$&7,216 21 $17(11$6 $1' 3523$*$7,21  
9RO      1R     SS                    GRL         7$3             

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

  Ɇ  

  Ɇ  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

0LKLü  ' 6   %UNRYLF  % 0   7HU]LF  0 9  $V\PPHWULFDO )RXU 3KDVH     6ZLWFKHG 5HOXFWDQFH 0RWRU 
IRU D :LGH &RQVWDQW 3RZHU 5HJLRQ  0DFKLQHV                
KWWSV   GRL RUJ         PDFKLQHV        
0  7HU]LF  '  0LKLF  6ZLWFKHG 5HOXFWDQFH 0RWRU 'HVLJQ IRU D 0LG 'ULYH ( %LNH $SSOLFDWLRQ  
0DFKLQHV                KWWSV   GRL RUJ         PDFKLQHV        

Ⱦɢɩɥɨɦɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

Ⱦɨɤɬɨɪɚɬ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɍɟɪɡɢʄ Ɇɥɚɞɟɧ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɧɟɪɝɟɬɫɤɢ ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ
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ɍɫɚɜɪɲɚɜɚʃɚ
ɉɨɫɬɞɨɤɬɨɪɫɤɟ ɫɬɭɞɢʁɟ ɧɚ 0F0DVWHU $XWRPRWLYH 5HVHDUFK &HQWHU  0F0DVWHU 8QLYHUVLW\  +DPLOWRQ  21  &DQDGD
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ⱦɜɨɝɨɞɢɲʃɢ ɪɚɞ ɭ ɚɭɬɨɦɨɛɢɥɫɤɨʁ ɢɧɞɭɫɬɪɢʁɢ  5KHLQPHWDOO $XWRPRWLYH  1HXVV  *HUPDQ\  ɧɚ ɩɪɨʁɟɤɬɨɜɚʃɭ 
ɟɥɟɤɬɪɢɱɧɢɯ ɦɚɲɢɧɚ ɭ ɜɨɡɢɥɢɦɚ
Ɇɟɧɬɨɪ ɟɥɟɤɬɪɨ ɞɟɥɚ ɫɬɭɞɟɧɬɫɤɨɝ )RUPXOD   ɬɢɦɚ  Ⱦɪɭɦɫɤɚ ɫɬɪɟɥɚ 

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

0  7HU]Lü  '  0LKLü  6  9XNRVDYLü  'HVLJQ RI +LJK 6SHHG  /RZ ,QHUWLD ,QGXFWLRQ 0DFKLQHV :LWK 
'UDJ &XS 5RWRU  ,((( 75$16$&7,216 21 (1(5*< &219(56,21  9RO      1R     SS           
0DU       
0  7HU]Lü  '  0LKLü  6  9XNRVDYLü  6WDWRU 'HVLJQ DQG $LU *DS 2SWLPL]DWLRQ RI +LJK 6SHHG 'UDJ &XS 
,QGXFWLRQ 0RWRU XVLQJ )(0  $'9$1&(6 ,1 (/(&75,&$/ $1' &20387(5 (1*,1((5,1*  9RO  
    1R     SS          $XJ       

'UDJDQ 6  0LKLF  0ODGHQ 9  7HU]LF  =DUNR 9  .RSULYLFD  1RQ OLQHDU PRGHO RI WKH VZLWFKHG 
UHOXFWDQFH PRWRU ZLWK LQFOXGHG FRUH ORVVHV¶ HIIHFWV  ,(7 (/(&75,& 32:(5 $33/,&$7,216  9RO  
    1R      SS             1RY       
'  0LKLü  0  7HU]Lü  %  %UNRYLü  6  9XNRVDYLü  $ QRYHO PRGXODU SRZHU FRQYHUWHU IRU 650 GULYH  
(/(&75,&$/ (1*,1((5,1*  $5&+,9 )85 (/(.7527(&+1,.   SS        -DQ         
KWWSV   GRL RUJ         V                Z
%  %LOJLQ  -  /LDQJ  0  7HU]Lü  -  'RQJ  5  5RGULJXH]  (  7ULFNHWW  $  (PDGL  0RGHOLQJ DQG $QDO\VLV 
RI (OHFWULF 0RWRUV  6WDWH RI WKH $UW 5HYLHZ  ,((( 7UDQVDFWLRQV RQ 7UDQVSRUWDWLRQ (OHFWULILFDWLRQ  9RO  
   1R     SS             6HS        GRL          77(              
%RJGDQ 0LKDLOR %UNRYLF  /HSRVDYD %UDWLPLU 5LVWLF  0ODGHQ 9ODMNR 7HU]LF  $QD 9 6WDQNRYLF  =RUDQ 
0LOHWD /D]DUHYLF  0DJQHWL]LQJ ,QGXFWDQFH 'HWHUPLQDWLRQ LQ D 6L[ SKDVH ,QGXFWLRQ 0DFKLQH  ,((( 
75$16$&7,216 21 (1(5*< &219(56,21  SS        1RY       
'  0LKLü  0  7HU]Lü  6  9XNRVDYLü  $ 1HZ 1RQOLQHDU $QDO\WLFDO 0RGHO RI WKH 650 :LWK ,QFOXGHG 
0XOWLSKDVH &RXSOLQJ  ,((( 75$16$&7,216 21 (1(5*< &219(56,21  9RO      1R     SS  
           'HF       
0  7HU]Lü  '  0LKLü  6  9XNRVDYLü  ,PSDFW RI 5RWRU 0DWHULDO RQ WKH 2SWLPDO *HRPHWU\ RI +LJK 6SHHG 
'UDJ &XS ,QGXFWLRQ 0RWRU  ,((( 75$16$&7,216 21 (1(5*< &219(56,21  9RO     1R     SS  
         -XQ       



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɢɲɢʄ Ɇɚɪɤɨ          

 
Ɋɚɞɭɥɨɜɢʄ Ɇɢɥɚɧ          

 

ɒɭɲɬɪɚɧ ɀɢɜɨʁɢɧ          

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 

0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

7RPDãHYLü 9   7RPDãHYLü 0   ³'RXEOH 7LPH 0HPRU\ 7UDGH 2II LQ 26. 5),' 3URWRFRO³  :LUHOHVV 
3HUVRQDO &RPPXQLFDWLRQ    RQOLQH ILUVW   $SULO         SS       
%ODJRMHYLü 9   %RMLü '   %RMRYLü 0   &YHWDQRYLü 0   ĈRUÿHYLü -   ĈXUÿHYLü Ĉ   )XUODQ %   *DMLQ 6   
-RYDQRYLü =   0LOLüHY '   0LOXWLQRYLü 9   1LNROLü %   3URWLü -   3XQW 0   5DGLYRMHYLü =   6WDQLVDYOMHYLü 
ä   6WRMDQRYLü 6   7DUWDOMD ,   7RPDãHYLü 0   9XOHWLü 3    $ 6\VWHPDWLF $SSURDFK WR *HQHUDWLRQ RI 
1HZ ,GHDV IRU 3K' 5HVHDUFK LQ &RPSXWLQJ   $GYDQFHV LQ &RPSXWHUV  9RO       SS        -DQ   
    

ɉɨɛɨʂɲɚʃɟ ɩɟɪɮɨɪɦɚɧɫɢ ɚɫɢɦɟɬɪɢɱɧɢɯ ɜɢɲɟʁɟɡɝɚɪɧɢɯ
ɩɪɨɰɟɫɨɪɚ ɤɪɨɡ ɦɢɝɪɚɰɢʁɭ ɬɪɚɧɫɚɤɰɢʁɚ ɢ ɩɪɢɥɚɝɨɻɟʃɟ 
ɩɨɞɫɢɫɬɟɦɚ ɤɟɲ ɦɟɦɨɪɢʁɚ

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɍɧɚɩɪɟɻɟʃɚ ɫɢɫɬɟɦɚ ɡɚ ɞɟɬɟɤɰɢʁɭ ɩɥɚɝɢʁɚɪɢɡɦɚ ɭ
ɢɡɜɨɪɧɨɦ ɩɪɨɝɪɚɦɫɤɨɦ ɤɨɞɭ

ɉɪɟɞɥɨɝ ɩɨɞɪɲɤɟ ɡɚ ɫɩɟɤɭɥɚɬɢɜɧɨ ɢɡɜɪɲɚɜɚʃɟ ɧɢɬɢ ɭ &03 
ɩɪɨɰɟɫɨɪɢɦɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ 
ɢ ɢɧɮɨɪɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɍɨɦɚɲɟɜɢʄ Ɇɢɥɨ
Ɂɜɚʃɟ ɉɪɨɮɟɫɨɪ ɟɦɟɪɢɬɭɫ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ
3XUGXH 8QLYHUVLW\  :HVW /DID\HWWH  ,1  6$'             
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
Ȼɢɨ ɞɟɤɚɧ ɢ ɩɪɨɞɟɤɚɧ ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɨɝ ɮɚɤɭɥɬɟɬɚ
Ⱦɨɩɢɫɧɢ ɱɥɚɧ Ⱥɤɚɞɟɦɢʁɟ ɢɧɠɟʃɟɪɫɤɢɯ ɧɚɭɤɚ ɋɪɛɢʁɟ
Ⱦɪɠɚɨ ɧɚɫɬɚɜɭ ɧɚ ɜɢɲɟ ɫɪɨɞɧɢɯ ɮɚɤɭɥɬɟɬɚ ɭ ɪɟɝɢɨɧɭ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

3URWLü -   7RPDãHYLü 0   0LOXWLQRYLü 9    'LVWULEXWHG 6KDUHG 0HPRU\  &RQFHSWV DQG 6\VWHPV ´ ,((( 
3DUDOOHO   'LVWULEXWHG 7HFKQRORJ\  9RO     1R     6XPPHU       SS        
6DYLü  6   7RPDãHYLü 0   0LOXWLQRYLü 9  ³,PSURYHG 506 IRU WKH 3& (QYLURQPHQW   0LFURSURFHVVRUV 
DQG 0LFURV\VWHPV  9RO      1R      'HFHPEHU       SS          
7RPDãHYLü 0   0LOXWLQRYLü 9    +DUGZDUH $SSURDFKHV WR &DFKH &RKHUHQFH LQ 6KDUHG 0HPRU\ 
0XOWLSURFHVVRUV  3DUW     ,((( 0LFUR  9RO      1R    2FWREHU        SS        
7RPDãHYLü 0   0LOXWLQRYLü 9    +DUGZDUH $SSURDFKHV WR &DFKH &RKHUHQFH LQ 6KDUHG 0HPRU\ 
0XOWLSURFHVVRUV  3DUW     ,((( 0LFUR  9RO      1R    'HFHPEHU        SS       
-  3URWLü  0  7RPDãHYLü  9  0LOXWLQRYLü  'LVWULEXWHG 6KDUHG 0HPRU\  &RQFHSWV DQG 6\VWHPV  
&RPSXWHU 6RFLHW\ 3UHVV       
0  7RPDãHYLü  9  0LOXWLQRYLü  &DFKH &RKHUHQFH 3UREOHP LQ 6KDUHG 0HPRU\ 0XOWLSURFHVVRUV  
+DUGZDUH 6ROXWLRQV  ,((( &RPSXWHU 6RFLHW\ 3UHVV       

7RPDãHYLü 9   7RPDãHYLü 0   ³$Q $QDO\VLV RI &KDLQ &KDUDFWHULVWLFV LQ WKH &U\SWDQDO\WLF 7072 
0HWKRG³  7KHRUHWLFDO &RPSXWHU 6FLHQFH  9RO       $XJXVW        SS        
%RMRYLü 0   7RPDãHYLü 0   ĈRUÿHYLü -    7KH ,QWHUDFWLYH 'HYHORSPHQW DQG 7HVWLQJ 6\VWHP IRU D 
5,6& 6W\OH 3URFHVVRU   7KH &RPSXWHU -RXUQDO  9RO      1R          
7RPDãHYLü 0   %RMRYLü 0   ĈRUÿHYLü -    $ +DUGZDUH ,PSOHPHQDWLRQ RI WKH 0HFKDQLVP RI 
0XOWLSURFHVVLQJ   0LFURSURFHVVRUV DQG 0LFURV\VWHPV  9RO      'HFHPEHU       SS          
,661              ýDVRSLV VD 6&, OLVWH  ,PSDFW )DFWRU                0  
ĈRUÿHYLü -   7RPDãHYLü 0   %RMRYLü 0   3RWLü 9   5DQÿLü 6    $Q 2SHUDWLQJ 6\VWHP $FFHOHUDWRU   
-RXUQDO RI 6\VWHPV $UFKLWHFWXUH  9RO      1R        -XQH       SS          
7RPDãHYLü 0   0LOXWLQRYLü 9  ³7KH :RUG LQYDOLGDWH &DFKH &RKHUHQFH 3URWRFRO ´ 0LFURSURFHVVRUV 
DQG 0LFURV\VWHPV  9RO      1R     0DUFK       SS       
*UXMLü $   7RPDãHYLü 0   0LOXWLQRYLü 9    $ 6LPXODWLRQ 6WXG\ RI  +DUGZDUH 2ULHQWHG '60 
$SSURDFKHV   ,((( 3DUDOOHO   'LVWULEXWHG 7HFKQRORJ\  9RO     1R     6SULQJ       SS         
1DSRPHQD  'DQDãQML QD]LY   ,((( &RQFXUUHQF\

5DGXORYLü 0   *LUEDO 6   7RPDãHYLü 0    /RZ OHYHO ,PSOHPHQWDWLRQ RI WKH 6,6& 3URWRFRO IRU 7KUHDG 
OHYHO 6SHFXODWLRQ RQ D 0XOWL FRUH $UFKLWHFWXUH   3DUDOOHO &RPSXWLQJ  YRO      6HSWHPEHU       SS    
   
7UREHF 5   9DVLOMHYLü 5   0  7RPDãHYLü  0LOXWLQRYLü 9   %HLYLGH 5   9DOHUR 0    ,QWHUFRQQHFWLRQ 
1HWZRUNV LQ 3HWDVFDOH &RPSXWHU 6\VWHPV  $ 6XUYH\   $&0 &RPSXWLQJ 6XUYH\V  9RO      1R     
6HS         SS       
'XQGMHUVNL '   7RPDãHYLü 0    *38 %DVHG 3DUDOOHOL]DWLRQ RI WKH 263) DQG %*3 URXWLQJ SURWRFROV   
&RQFXUUHQF\ DQG &RPSXWDWLRQ  3UDFWLFH DQG ([SHULHQFH  9RO      ,VV     -DQXDU\       SS      
    
9LWRURYLü $   7RPDãHYLü 0   0LOXWLQRYLü 9    0DQXDO 3DUDOOHOL]DWLRQ YHUVXV
6WDWH RI WKH DUW 3DUDOOHOL]DWLRQ 7HFKQLTXHV  WKH 63(& &38     DV D &DVH 6WXG\   $GYDQFHV LQ 
&RPSXWHUV  YRO      -DQXDU\       SS          
5DGXORYLü 0   7RPDãHYLü 0   0LOXWLQRYLü 9    5HJLVWHU /HYHO &RPPXQLFDWLRQ LQ 6SHFXODWLYH &KLS 
0XOWLSURFHVVRUV   $GYDQFHV LQ &RPSXWHUV  YRO      -DQXDU\       SS       
3XQW 0   7RPDãHYLü 0   ĈRUÿHYLü -   ³(YDOXDWLRQ DQG $QDO\VLV RI DQ 2Q OLQH (UURU 'HWHFWLRQ 
0RQLWRULQJ 7HFKQLTXH³  &RPSXWHUV DQG (OHFWULFDO (QJLQHHULQJ  9RO      ,VV     )HEUXDU\       SS  
        



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

     ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ 

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  

 

0  

 
0  

 

0  

 
0  

$  .RYDþHYLü  0  3RWUHELü   '  7RãLü   6HQVLWLYLW\ &KDUDFWHUL]DWLRQ RI 0XOWL %DQG 7+] 0HWDPDWHULDO 
6HQVRU IRU 3RVVLEOH 9LUXV 'HWHFWLRQ   (OHFWURQLFV  YRO      QR          SS              
KWWSV   GRL RUJ         HOHFWURQLFV          0  
,  0DUNRYLü  0  3RWUHELü ,YDQLã  '  7RãLü   0HPULVWRUV DV &DQGLGDWHV IRU 5HSODFLQJ 'LJLWDO 
3RWHQWLRPHWHUV LQ (OHFWULF &LUFXLWV   (OHFWURQLFV  YRO      QR         SS              
KWWSV   GRL RUJ         HOHFWURQLFV          0  
0  0LOHWLü  0  3RWUHELü  '  7RãLü  1  %DVWD   :DYHJXLGH GLJLWDO VWHS DWWHQXDWRU XVLQJ TXDUWHU ZDYH 
UHVRQDWRUV DQG PHPULVWRUV   $(8 ,17(51$7,21$/ -2851$/ 2) (/(&7521,&6 $1' 
&20081,&$7,216  YRO               SS             KWWSV   GRL RUJ         M DHXH              
0    
0  3RWUHELü  '  7RãLü  '  %LROHN   5HFRQILJXUDEOH PLFURZDYH ILOWHUV XVLQJ PHPULVWRUV   
,17(51$7,21$/ -2851$/ 2) &,5&8,7 7+(25< $1' $33/,&$7,216  YRO      QR     SS        
           KWWSV   GRL RUJ         FWD       0  
'  %LROHN  =  .ROND  9  %LRONRYi  =  %LROHN  0  3RWUHELü  '  7RãLü  ³0RGHOLQJ DQG VLPXODWLRQ RI ODUJH 
PHPULVWLYH QHWZRUNV´  ,QWHUQDWLRQDO -RXUQDO RI &LUFXLW 7KHRU\ DQG $SSOLFDWLRQ  YRO      QR     SS     
          '2,          FWD       3ULQW ,661             2QOLQH ,661          ;  ,)              
0    ,)              0                0    
,  /M  0DUNRYLü  0  0  3RWUHELü  '  9  7RãLü  ³0DLQ OLQH PHPULVWRU PRXQWHG W\SH ORDGHG OLQH SKDVH 
VKLIWHU UHDOL]DWLRQ´  0LFURHOHFWURQLF (QJLQHHULQJ  YROXPHV    ±     SS               '2,  
        M PHH              ,661             ,)                0   

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

,  0DUNRYLü  0  3RWUHELü ,YDQLã  '  7RãLü   7KH '\QDPLF 7XQDELOLW\ RI 0HPULVWRU %DVHG $FWLYH 
)LOWHUV   0LFURPDFKLQHV  YRO      QR            SS              KWWSV   GRL RUJ         PL          
0   

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɍɟɨɪɢʁɚ ɤɨɥɚ ɢ 
ɫɢɫɬɟɦɚ

Ⱦɨɤɬɨɪɚɬ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ Ɍɨɲɢʄ Ⱦɟʁɚɧ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ  ɭ ɩɟɧɡɢʁɢ 
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɍɟɨɪɢʁɚ ɤɨɥɚ ɢ ɫɢɫɬɟɦɚ
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0  3RWUHELü  '  7RãLü DQG '  %LROHN  5) PLFURZDYH DSSOLFDWLRQV RI PHPULVWRUV  LQ $GYDQFHV LQ 0HPULVWRUV  0HPULVWLYH 
'HYLFHV DQG 6\VWHPV  HGV  6  9DLG\DQDWKDQ DQG &  9RORV  &KDS     6SULQJHU  &KDP  6ZLW]HUODQG        SS      
    KWWSV   GRL RUJ                          B   0  
0  3RWUHELü  Ⱦ  Ɍɨɲɢʄ  ɉɪɨʁɟɤɬɨɜɚʃɟ ɦɢɤɪɨɬɚɥɚɫɧɢɯ ɮɢɥɬɚɪɚ  Ⱥɤɚɞɟɦɫɤɚ ɦɢɫɚɨ        ,6%1                    
ɭʇɛɟɧɢɤ  ɛɪ  ɫɬɪɚɧɚ    

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
0  '  /XWRYDF  '  9  7RãLü  %  /  (YDQV  )LOWHU 'HVLJQ IRU 6LJQDO 3URFHVVLQJ XVLQJ 0$7/$% DQG 0DWKHPDWLFD  3UHQWLFH 
+DOO  8SSHU 6DGGOH 5LYHU  1-        ,6%1                    SDJHV  (QJOLVK  5HSULQW E\ 3XEOLVKLQJ +RXVH RI (OHFWURQLFV 
,QGXVWU\  3+(,   %HLMLQJ  &KLQD        ,6%1              
7UDQVODWHG LQ &KLQHVH  3XEOLVKLQJ +RXVH RI (OHFWURQLFV ,QGXVWU\  3+(,   %HLMLQJ  &KLQD        ,6%1              
6FKHPDWLF6ROYHU  ɬɟɯɧɢɱɤɨ ɪɟɲɟʃɟ Ɇ    6FKHPDWLF6ROYHU      Ⱥ 0DWKHPDWLFD SDFNDJH IRU PL[HG V\PEROLF QXPHULF 
DQDO\VLV  SURFHVVLQJ  DQG GHVLJQ RI DQDORJ DQG GLJLWDO V\VWHPV  GLVWULEXWHG E\ :ROIUDP 5HVHDUFK  ,QF        
KWWS   ZZZ ZROIUDP FRP SURGXFWV DSSOLFDWLRQV VFKHPDWLFVROYHU 
0  0  3RWUHELü  '  9  7RãLü  0LFURZDYH 0HPULVWLYH &RPSRQHQWV IRU 6PDUW 5) )URQW HQG 0RGXOHV  LQ 0HP HOHPHQWV IRU 
1HXURPRUSKLF &LUFXLWV ZLWK $UWLILFLDO ,QWHOOLJHQFH $SSOLFDWLRQV  HGV  &  9RORV DQG 9  7  3KDP  &KDS     $FDGHPLF 3UHVV  
(OVHYLHU  /RQGRQ        SS         KWWSV   GRL RUJ         %                           0  

'  0  0LOMDQRYLü  0  0  3RWUHELü  '  9  7RãLü  =  6WDPHQNRYLü   'HVLJQ RI PLQLDWXUL]HG EDQGSDVV 
ILOWHUV XVLQJ TXDVL OXPSHG PXOWLOD\HU UHVRQDWRUV   -RXUQDO RI &LUFXLWV  6\VWHPV  DQG &RPSXWHUV  YRO  
    QR     SS              SDJHV   -XO\       0  

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

0  $QGMHOLü  (  $QGUDGH  '  0  &DUGRVR  &  0  GD )RQVHFD  6  .  6LPLü  '  9  7RãLü   6RPH QHZ 
FRQVLGHUDWLRQV DERXW GRXEOH QHVWHG JUDSKV   /LQHDU $OJHEUD DQG LWV $SSOLFDWLRQV  YRO       SS  
   ±     2FW        0  
0  3RWUHELü  '  7RãLü   $SSOLFDWLRQ RI PHPULVWRUV LQ PLFURZDYH SDVVLYH FLUFXLWV   5DGLRHQJLQHHULQJ  
YRO      QR     SS     ±     -XQH       >RQOLQH@ KWWS   ZZZ UDGLRHQJ F] SDSHUV        KWP 0  
'  $  1HãLü  %  0  .ROXQGåLMD  '  9  7RãLü  '  6  -HUHPLü   /RZ SDVV ILOWHU ZLWK GHHS DQG ZLGH VWRS 
EDQG DQG FRQWUROODEOH UHMHFWLRQ EDQGZLGWK   ,QWHUQDWLRQDO -RXUQDO RI 0LFURZDYH DQG :LUHOHVV 
7HFKQRORJLHV  YRO     QR     SS     ±     $SULO       0  
'  0LOMDQRYLü  0  3RWUHELü  '  9  7RãLü   'HVLJQ RI PLFURZDYH PXOWLEDQGSDVV ILOWHUV ZLWK 
TXDVLOXPSHG UHVRQDWRUV   0DWKHPDWLFDO 3UREOHPV LQ (QJLQHHULQJ  YRO        $UWLFOH ,'            
SDJHV        GRL                     0  
6  /M  6WHIDQRYVNL  0  0  3RWUHELü  '  9  7RãLü   $ QRYHO GHVLJQ RI ( SODQH EDQGVWRS ZDYHJXLGH ILOWHU 
XVLQJ TXDUWHU ZDYH UHVRQDWRUV   2SWRHOHFWURQLFV DQG $GYDQFHG 0DWHULDOV ± 5DSLG 
&RPPXQLFDWLRQV  YRO     QR       SS    ±    -DQ  )HE        0  
6  /M  6WHIDQRYVNL  0  0  3RWUHELü  '  9  7RãLü   $ QRYHO GHVLJQ RI GXDO EDQG EDQGVWRS ZDYHJXLGH 
ILOWHU XVLQJ VSOLW ULQJ UHVRQDWRUV   -RXUQDO RI 2SWRHOHFWURQLFV DQG $GYDQFHG 0DWHULDOV  YRO      QR    
   SS     ±     0DUFK $SULO       0  

0  3RWUHELü  '  7RãLü  $  3OD]LQLü  ³5HFRQILJXUDEOH PXOWLOD\HU GXDO PRGH EDQGSDVV ILOWHU EDVHG RQ 
PHPULVWLYH VZLWFK´  $(8 ,QWHUQDWLRQDO -RXUQDO RI (OHFWURQLFV DQG &RPPXQLFDWLRQV  YRO      SS      
           '2,          M DHXH              ,661             ,)                0   
0  9  0UYLü  0  0  3RWUHELü  '  9  7RãLü  ³&RPSDFW + SODQH GXDO EDQG EDQGVWRS ZDYHJXLGH ILOWHU´  
-RXUQDO RI &RPSXWDWLRQDO (OHFWURQLFV  YRO      QR     SS    ±           '2,          V          
        3ULQW ,661             2QOLQH ,661             ,)              0               0    
$  0  3OD]LQLü  0  0  3RWUHELü  '  9  7RãLü  ³&RPSDFW PLFURZDYH PXOWLOD\HU GXDO EDQG EDQGSDVV 
ILOWHU ZLWK IROGHG GXDO PRGH UHVRQDWRUV´  -RXUQDO RI 2SWRHOHFWURQLFV DQG $GYDQFHG 0DWHULDOV  YRO  
    QR   ±   SS     ±     0D\±-XQH       3ULQW ,661             2QOLQH ,661             ,) 
               0   
0  0UYLü  0  3RWUHELü  '  7RãLü   &RPSDFW ( SODQH ZDYHJXLGH ILOWHU ZLWK PXOWLSOH VWRSEDQGV   5DGLR 
6FLHQFH  YRO      QR      SS      ±      'HF        GRL              56       0  
6  /M  6WHIDQRYVNL 3DMRYLü  0  0  3RWUHELü  '  9  7RãLü  =  ä  &YHWNRYLü   )DEULFDWLRQ SDUDPHWHUV 
DIIHFWLQJ LPSOHPHQWDWLRQ RI ZDYHJXLGH EDQGSDVV ILOWHU ZLWK FRPSOHPHQWDU\ VSOLW ULQJ UHVRQDWRUV   
-RXUQDO RI &RPSXWDWLRQDO (OHFWURQLFV  YRO      QR     SS      ±      'HF        GRL  
        V               ] 0  
6  6WHIDQRYVNL  0  3RWUHELü  '  7RãLü  =  6WDPHQNRYLü   &RPSDFW GXDO EDQG EDQGSDVV ZDYHJXLGH 
ILOWHU ZLWK + SODQH LQVHUWV   -RXUQDO RI &LUFXLWV  6\VWHPV  DQG &RPSXWHUV  YRO      QR     SS          
    SDJHV         GRL          6                 0  



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 
ɤɚɧɞɢɞɚɬɚ

Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ɇɢɥɢɰɚ ɋɩɚɫɢʄ 
 ȳɟɜɬɢʄ 

      

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 

Ɇ  

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

1  +DG]LHIHQGLF  1  .RVWLF  -  7ULIXQRYLF  0  .RVWLF  'HWHFWLRQ RI SRRU FRQWDFWV LQ ORZ YROWDJH 
HOHFWULFDO LQVWDOODWLRQV  ,((( 7UDQVDFWLRQV RQ &RPSRQHQWV  3DFNDJLQJ DQG 0DQXIDFWXULQJ 
7HFKQRORJ\  9RO           SS     ±     ,661            ,)                 0    '2,  
        7&307              
KWWSV   LHHH[SORUH LHHH RUJ GRFXPHQW          

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɍɬɢɰɚʁ ɩɪɢɞɪɭɠɟɧɟ ɬɟɦɩɟɪɚɬɭɪɟ ɛɨʁɟ ɅȿȾ ɢɡɜɨɪɚ ɫɜɟɬɥɨɫɬɢ 
ɢɡ ɨɩɫɟɝɚ          Ʉ ɧɚ ɟɮɢɤɚɫɧɨɫɬ ɢ ɩɪɢʁɚɬɧɨɫɬ ɪɚɞɚ ɭ 
ɤɚɧɰɟɥɚɪɢʁɢ

ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ⱥɥɬɟɪɧɚɬɢɜɧɢ 
ɢɡɜɨɪɢ ɟɧɟɪɝɢʁɟ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ɍɪɢɮɭɧɨɜɢʄ ȳɨɜɚɧ
ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ȿɧɟɪɝɟɬɫɤɢ ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    
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Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 
ɍɫɚɜɪɲɚɜɚʃɚ

-  7ULIXQRYLü  $ PDWKHPDWLFDO PHWKRG IRU GHWHUPLQLQJ RSWLPDO TXDQWLW\ RI EDFNILOO PDWHULDOV XVHG IRU 
JURXQGLQJ UHVLVWDQFH UHGXFWLRQ  0DWKHPDWLFDO 3UREOHPV LQ (QJLQHHULQJ  9RO              $UWLFOH ,' 
           SDJHV  ,661         [  ,)                 0    '2,                       
KWWSV   ZZZ KLQGDZL FRP MRXUQDOV PSH                

-  7ULIXQRYLF  0  .RVWLF  4XLFN FDOFXODWLRQ RI WKH JURXQGLQJ UHVLVWDQFH RI D W\SLFDO     N9 
WUDQVPLVVLRQ OLQH WRZHU JURXQGLQJ V\VWHP  (OHFWULF 3RZHU 6\VWHPV 5HVHDUFK  9RO             SS  
   ±     ,661            ,)                 0    '2,          M HSVU             
KWWS   ZZZ VFLHQFHGLUHFW FRP VFLHQFH DUWLFOH SLL 6                  

-  7ULIXQRYLF  0  .RVWLF  $Q DOJRULWKP IRU HVWLPDWLQJ WKH JURXQGLQJ UHVLVWDQFH RI FRPSOH[ JURXQGLQJ 
V\VWHPV LQFOXGLQJ FRQWDFW UHVLVWDQFH  ,((( 7UDQVDFWLRQV RQ ,QGXVWU\ $SSOLFDWLRQV  9RO            
SS      ±      ,661            ,)                 0    '2,          7,$              
KWWS   LHHH[SORUH LHHH RUJ [SO DUWLFOH'HWDLOV MVS"DUQXPEHU          

1  +DG]LHIHQGLF  -  7ULIXQRYLF  0  .RVWLF  (IIHFWV RI D UHGXFHG WRUTXH RQ KHDWLQJ RI HOHFWULFDO 
FRQWDFWV LQ SOXJV DQG UHFHSWDFOHV  ,((( 7UDQVDFWLRQV RQ &RPSRQHQWV  3DFNDJLQJ DQG 
0DQXIDFWXULQJ 7HFKQRORJ\  9RO           SS      ±      ,661            ,)                 0   
'2,          7&307               KWWSV   LHHH[SORUH LHHH RUJ GRFXPHQW          

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
            ɂɧɫɬɢɬɭɬ ɡɚ ɮɢɡɢɤɭ ɭ 

Ȼɟɨɝɪɚɞɭ
ɮɢɡɢɤɚ ɦɚɬɟɪɢʁɚɥɚ ɢ 
ɩɨɜɪɲɢɧɚ  ɮɨɬɨɧɢɤɚ

            ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ  
Ȼɟɨɝɪɚɞ

ɧɚɧɨɟɥɟɤɬɪɨɧɢɤɚ ɢ 
ɮɨɬɨɧɢɤɚ

           Ɏɚɤɭɥɬɟɬ ɬɟɯɧɢɱɤɢɯ ɧɚɭɤɚ  
ɇɨɜɢ ɋɚɞ

ɦɢɤɪɨɪɚɱɭɧɚɪɫɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

 
0  

 
0  

 
0  %RULVODY 9DVLü  6RQMD $ãNUDELü   7KLFNQHVV PHDVXUHPHQW RI WKLQ ILOPV XVLQJ DWRPLF IRUFH 

PLFURVFRS\ EDVHG VFUDWFKLQJ   6XUI  7RSRJU  0HWURO  3URS                   

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

%  9DVLü  ,  0LORãHYLü  =  .RQVWDQWLQRYLü  0  2JQMDQRYLü  $  3RPDU   1DQRVFDOH VWUXFWXUDO 
VXSHUOXEULFLW\ LQ VROXWLRQ SURFHVVHG JUDSKHQH ILOPV YLD WULER LQGXFHG WUDQVIHU OD\HUV   &DUERQ      
             
%  6WRMDGLQRYLü  ,  3RSRY  %  9DVLü  '  3MHYLü  0  5RVLü  1  7DGLü  =  'RKþHYLü 0LWURYLü   8QUDYHOLQJ 
WKH HIIHFWV RI WHUELXP GRSLQJ RQ WKH HOHFWURQLF VWUXFWXUH DQG FRQGXFWLYLW\ RI %L)H2  WKLQ ILOPV   
$SSO  6XUI  6FL                    

Ⱦɢɩɥɨɦɚ
ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ȼɚɫɢʄ Ȼɨɪɢɫɥɚɜ
Ɂɜɚʃɟ ɇɚɭɱɧɢ ɫɚɜɟɬɧɢɤ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ɮɢɡɢɤɚ ɦɚɬɟɪɢʁɚɥɚ ɢ ɩɨɜɪɲɢɧɚ  ɮɨɬɨɧɢɤɚ
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0  

  

  

  

    

  
ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

%  9DVLü  $  0DWNRYLü  8  5DOHYLü  0  %HOLü  5  *DMLü   1DQRVFDOH ZHDU RI JUDSKHQH DQG ZHDU 
SURWHFWLRQ E\ JUDSKHQH   &DUERQ                
%  9DVLü  $  =XUXWX]D  5  *DMLü   6SDWLDO YDULDWLRQ RI ZHDU DQG HOHFWULFDO SURSHUWLHV DFURVV ZULQNOHV 
LQ FKHPLFDO YDSRXU GHSRVLWLRQ JUDSKHQH   &DUERQ                 
%  9DVLü  $  0DWNRYLü  5  *DMLü  ,  6WDQNRYLü   :HDU SURSHUWLHV RI JUDSKHQH HGJHV SUREHG E\ DWRPLF 
IRUFH PLFURVFRS\ EDVHG ODWHUDO PDQLSXODWLRQ   &DUERQ                 

,  5  0LORãHYLü  %  9DVLü  $  0DWNRYLü  -  9XMLQ  6  $ãNUDELü  0  .UDW]HU  7  *ULHVVHU  &  7HLFKHUW  5  
*DMLü   6LQJOH VWHS IDEULFDWLRQ DQG ZRUN IXQFWLRQ HQJLQHHULQJ RI /DQJPXLU %ORGJHWW DVVHPEOHG IHZ 
OD\HU JUDSKHQH ILOPV ZLWK /L DQG $X VDOWV   6FL  5HS                 
%  9DVLü  8  5DOHYLü  .  &YHWDQRYLü =REHQLFD  0  0  6PLOMDQLü  5  *DMLü  0  6SDVHQRYLü  6  
9ROOHEUHJW   /RZ IULFWLRQ  ZHDU UHVLVWDQW  DQG HOHFWULFDOO\ KRPRJHQHRXV PXOWLOD\HU JUDSKHQH JURZQ 
E\ FKHPLFDO YDSRU GHSRVLWLRQ RQ PRO\EGHQXP   $SSO  6XUI  6FL                    
0  0LOHWLü  6  $ãNUDELü  -  5�JHU  %  9DVLü  /  .RULüDQDF  $  6DLI 0RQGRO  -  'HOOLWK  -  3RSS  ,  :  
6FKLH  =  'RKþHYLü 0LWURYLü   &RPELQHG 5DPDQ DQG $)0 GHWHFWLRQ RI FKDQJHV LQ +H/D FHUYLFDO 
FDQFHU FHOOV LQGXFHG E\ &H2  QDQRSDUWLFOHV±PROHFXODU DQG PRUSKRORJLFDO SHUVSHFWLYHV   $QDO\VW 
                     
9  )XHQWHV  %  9DVLü  =  .RQVWDQWLQRYLü  %  0DUWtQH]  /O  %DOFHOOV  $  3RPDU   5HVLVWLYH 6ZLWFKLQJ LQ 
6HPLPHWDOOLF 6U,U2  7KLQ )LOPV   $&6 $SSO  (OHFWURQ  0DWHU                     
%  9DVLü  =  .RQVWDQWLQRYLü  (  3DQQXQ]LR 0LQHU  6  9DOHQFLD  5  $EUXGDQ  5  *DMLü  $  3RPDU  
 1DQRVFDOH PHFKDQLFDO FRQWURO RI VXUIDFH HOHFWULFDO SURSHUWLHV RI PDQJDQLWH ILOPV ZLWK PDJQHWLF 
QDQRSDUWLFOHV   1DQRVFDOH $GY                     
%  9DVLü  ,  6WDQNRYLü  $  0DWNRYLü  0  .UDW]HU  &  *DQVHU  5  *DMLü  &  7HLFKHUW  ³0ROHFXOHV RQ 
UDLOV  IULFWLRQ DQLVRWURS\ DQG SUHIHUHQWLDO VOLGLQJ GLUHFWLRQV RI RUJDQLF QDQRFU\VWDOOLWHV RQ WZR 
GLPHQVLRQDO PDWHULDOV´  1DQRVFDOH                        

%  9DVLü  5  *DMLü  ,  0LORãHYLü  ä  0HGLü  0  %ODJRMHY  0  2SDþLü  $  .UHPHQRYLü  '  /D]Lü  ³1DWXUDO 
WZR GLPHQVLRQDO S\URSK\OOLWH  1DQRVFDOH OXEULFDQW  HOHFWULFDO LQVXODWRU DQG HDVLO\ PDFKLQDEOH 
PDWHULDO´  $SSO  6XUI  6FL                    
'  .DUDþLü  6  -  *XWLü  %  9DVLü  9  0  0LUVN\  1  9  6NRURGXPRYD  6  9  0HQWXV  ,  $  3DãWL  
 (OHFWURFKHPLFDO UHGXFWLRQ RI WKLQ JUDSKHQH R[LGH ILOPV LQ DTXHRXV VROXWLRQV±5HVWRUDWLRQ RI 
FRQGXFWLYLW\   (OHFWURFKLP  $FWD                   
%  9DVLü  8  5DOHYLü  6  $ãNUDELü  '  ýDSHWD  0  .UDOM   &RUUHODWLRQ EHWZHHQ PRUSKRORJ\ DQG ORFDO 
PHFKDQLFDO DQG HOHFWULFDO SURSHUWLHV RI YDQ GHU :DDOV KHWHURVWUXFWXUHV   1DQRWHFKQRORJ\     
             
%  9DVLü  &  &]LEXOD  0  .UDW]HU  %  5  $  1HYHV  $  0DWNRYLü  &  7HLFKHUW  ³7ZR GLPHQVLRQDO WDOF DV 
D YDQ GHU :DDOV PDWHULDO IRU VROLG OXEULFDWLRQ DW WKH QDQRVFDOH´  1DQRWHFKQRORJ\                   

%  9DVLü  6  $ãNUDELü  0  0  -DNRYOMHYLü  0  $UWHP\HY   /RFDO HOHFWULFDO SURSHUWLHV DQG 
FKDUJLQJ GLVFKDUJLQJ RI &G6H &G6 FRUH VKHOO QDQRSODWHOHWV   $SSO  6XUI  6FL                    



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɇɟɜɟɧɚ Ɂɞʁɟɥɚɪɟɜɢʄ          

 
Ɇɢɥɢɰɚ Ȼɭɞɢɦɢɪ          

 
ɀɟʂɤɨ ȳɚɧɢʄɢʁɟɜɢʄ          

 
Ɇɢɥɚɧ ȼɭʁɨɜɢʄ          

 
ɋɥɨɛɨɞɚɧ 
Ɇɢɥɭɬɢɧɨɜɢʄ

         

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 

  0  

  0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

Ʉɨɦɩɨɡɢɬɧɢ ɪɟɡɟɪɜɨɚɪɢ ɫɚ ɭɦɪɟɠɟɧɢɦ ɯɢɞɪɨɝɟɥɨɦ 
ɩɨɥɢ ɚɤɪɢɥɧɟ ɤɢɫɟɥɢɧɟ  ɡɚ ɤɨɧɬɪɨɥɢɫɚɧɭ ɞɨɫɬɚɜɭ ɥɟɤɨɜɚ 
ɩɭɬɟɦ ɧɟɫɩɟɰɢɮɢɱɧɢɯ ɟɥɟɤɬɪɢɱɧɢɯ ɢɧɬɟɪɚɤɰɢʁɚ
Ɋɚɞɢʁɚɰɢɨɧɚ ɫɬɚɛɢɥɧɨɫɬ ɩɨɥɢɦɟɪɧɢɯ  ɝɟɨɩɨɥɢɦɟɪɧɢɯ ɢ 
ɤɨɦɩɨɡɢɬɧɢɯ ɦɚɬɟɪɢʁɚɥɚ ɡɚ ɩɪɢɦɟɧɟ ɭ ɭɩɪɚɜʂɚʃɭ 
ɪɚɞɢɨɚɤɬɢɜɧɢɦ ɨɬɩɚɞɨɦ

6ORERGDQ 0LOXWLQRYLü  0LOD 3DQGXURYLü  0LORã 9XMLVLü  ,QIOXHQFH RI *ROG 1DQRSDUWLFOH 6KDSH DQG 
6LQJOH &HOO /RFDOL]DWLRQ RQ (QHUJ\ 'HSRVLWLRQ (IILFLHQF\ DQG ,UUDGLDWLRQ 6SHFLILFLW\ LQ 3KRWRQ 
5DGLRWKHUDS\  1DQRPDWHULDOV DQG 1DQRWHFKQRORJ\  9RO        1R  $UWLFOH ,'             
GRL                     
0LODQ 9XMRYLü  0LORã 9XMLVLü  5DGLDWLRQ &RPSDWLELOLW\ RI *HRSRO\PHU  3RO\PHU  DQG &RPSRVLWH 
0DWHULDOV IRU 8VH DV ,QQHU 6KLHOGLQJ LQ 5DGLRDFWLYH :DVWH &RQWDLQHUV   $ 6LPXODWLRQ %DVHG 6WXG\  
18&/($5 7(&+12/2*<  9RO       1R      SS                    
GRL                              

ȼɭʁɢɫɢʄ Ɇɢɥɨɲ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɇɭɤɥɟɚɪɧɚ ɬɟɯɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ
Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

ɇɭɤɥɟɚɪɧɚ ɬɟɯɧɢɤɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

Ⱦɢɩɥɨɦɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ȿɮɟɤɬɢ ʁɨɧɢɡɭʁɭʄɟɝ ɡɪɚɱɟʃɚ ɭ ɮɚɡɧɨ ɩɪɨɦɟɧʂɢɜɢɦ 
ɦɟɦɨɪɢʁɚɦɚ

Ɇɨɞɢɮɢɤɚɰɢʁɚ ɭɝʂɟɧɢɱɧɢɯ ɧɚɧɨɤɨɦɩɨɡɢɬɚ 
ɟɥɟɤɬɪɨɦɚɝɧɟɬɧɢɦ ɡɪɚɱɟʃɟɦ ɡɚ ɛɢɨɦɟɞɢɰɢɧɫɤɭ ɩɪɢɦɟɧɭ

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

Ɇɭɥɬɢɜɟɥɢɱɢɧɫɤɟ Ɇɨɧɬɟ Ʉɚɪɥɨ ɫɢɦɭɥɚɰɢʁɟ ɭ ɮɨɬɨɧɫɤɨʁ 
ɪɚɞɢɨɬɟɪɚɩɢʁɢ ɩɨɫɩɟɲɟɧɨʁ ɦɟɬɚɥɧɢɦ ɧɚɧɨɱɟɫɬɢɰɚɦɚ
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6ORERGDQ 0LOXWLQRYLü  0LORã 9XMLVLü  6LPXODWLRQ EDVHG FRUUHFWLRQ RI GRVH HQKDQFHPHQW IDFWRU 
YDOXHV LQ SKRWRQ EUDFK\WKHUDS\ ZLWK PHWDO QDQRSDUWLFOH WDUJHWLQJ  18&/($5 6&,(1&( $1' 
7(&+1,48(6  9RO      1R       SS               GRL         V                 

0  %XGLPLU  =  0DUNRYLF  '  -RYDQRYLF  0  9XMLVLF  0  0LFXVLN  0  'DQNR  $  .OHLQRYD  +  
6YDMGOHQNRYD  =  6SLWDOVN\  %  7RGRURYLF 0DUNRYLF  *DPPD UD\ DVVLVWHG PRGLILFDWLRQ RI FDUERQ 
TXDQWXP GRW SRO\XUHWKDQH QDQRFRPSRVLWHV  VWUXFWXUDO  PHFKDQLFDO DQG SKRWRFDWDO\WLF VWXG\  56& 
$'9$1&(6  9RO     1R      SS                   

1  =GMHODUHYLü  0  9XMLVLü  7,' DQG 1,(/ $VVHVVPHQW LQ $OSKD ,UUDGLDWHG 3KDVH &KDQJH 0HPRU\ 
&HOOV %DVHG RQ 6LPXODWLRQV  -2851$/ 2) 2921,& 5(6($5&+  9RO      1R     SS             
    

9  $QWLü  .  6WDQNRYLü  0  9XMLVLü  3  2VPRNURYLü  &RPSDULVRQ RI YDULRXV PHWKRGV IRU GHVLJQLQJ WKH 
VKLHOGLQJ IURP LRQL]LQJ UDGLDWLRQ DW 3(7 &7 ,QVWDOODWLRQV  5$',$7,21 3527(&7,21 '26,0(75<  
9RO       1R     SS                 

0  9XMLVLü  .  6WDQNRYLü  3  2VPRNURYLü  $ VWDWLVWLFDO DQDO\VLV RI PHDVXUHPHQW UHVXOWV REWDLQHG 
IURP QRQOLQHDU SK\VLFDO ODZV  $33/,(' 0$7+(0$7,&$/ 02'(//,1*  9RO      SS               
    

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ
ɍɫɚɜɪɲɚɜɚʃɚ

0  9XMLVLü  .  6WDQNRYLü  1  0DUMDQRYLü  3  2VPRNURYLü  6LPXODWHG (IIHFWV RI 3URWRQ DQG ,RQ %HDP 
,UUDGLDWLRQ RQ 7LWDQLXP 'LR[LGH 0HPULVWRUV  ,((( 75$16$&7,216 21 18&/($5 6&,(1&(  9RO  
    1R     SS                   

0DUNR .UDMLQRYLü  0LORã 9XMLVLü  2OLYHUD &LUDM %MHODF  8QFHUWDLQW\ DVVRFLDWHG ZLWK WKH XVH RI 
VRIWZDUH VROXWLRQV XWLOL]LQJ ',&20 5'65 IRU VNLQ GRVH DVVHVVPHQW LQ LQWHUYHQWLRQDO UDGLRORJ\ DQG 
FDUGLRORJ\  5$',$7,21 3527(&7,21 '26,0(75<  9RO       1R       SS             1RY       
GRL         USG QFDE   

0LODQ 9XMRYLü  0LORã 9XMLVLü  $SSOLFDELOLW\ RI SRO\PHU DQG FRPSRVLWH LQQHU OLQLQJV LQ FRQWDLQHUV IRU 
ERUHKROH GLVSRVDO RI VHDOHG UDGLRDFWLYH VRXUFHV   $ VLPXODWLRQ EDVHG VWXG\ RI UDGLDWLRQ HIIHFWV  
352*5(66 ,1 18&/($5 (1(5*<  9RO       1R          SS          -XO       
GRL         M SQXFHQH            

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ,PSHULDO  FROOHJH /RQGRQ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

6  9XMQRYLü  $  0DUMDQRYLü  ä  ĈXURYLü  $FRXVWLF FRQWDPLQDWLRQ GHWHFWLRQ XVLQJ 44 SORW EDVHG 
GHFLVLRQ VFKHPH  0(&+$1,&$/ 6<67(06 $1' 6,*1$/ 352&(66,1*  9RO       SS          
)HE       GRL         M \PVVS            

-  /D]Lü  6  9XMQRYLü  ,QIOXHQFH RI WKH VXUSULVDO SRZHU DGMXVWPHQW RQ VSRNHQ ZRUG GXUDWLRQ LQ 
HPRWLRQDO VSHHFK LQ 6HUELDQ  &20387(5 63((&+   /$1*8$*(  9RO          

Ⱦɢɩɥɨɦɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ Ⱥɭɬɨɦɚɬɢɤɚ
Ɇɚɫɬɟɪ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ⱥɭɬɨɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ⱥɭɬɨɦɚɬɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ȼɭʁɧɨɜɢʄ ɋɚʃɚ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ⱥɭɬɨɦɚɬɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

Ɇ  Ɋɚɞɨʃɢʄ  ɋ  ȼɭʁɧɨɜɢʄ  $  .UVWLü  ɀ  Ɂɟɱɟɜɢʄ  ,R7 6\VWHP IRU 'HWHFWLQJ WKH &RQGLWLRQ RI 
5RWDWLQJ 0DFKLQHV %DVHG RQ $FRXVWLF 6LJQDOV  $SSOLHG 6FLHQFHV  SS                    $SU       
GRL         DSS        
6  9XMQRYLü  ä  ĈXURYLü  *  .YDãþHY  )DQ PLOO VWDWH HVWLPDWLRQ EDVHG RQ DFRXVWLF VLJQDWXUH DQDO\VLV  
&21752/ (1*,1((5,1* 35$&7,&(  9RO      SS                
GRL         M FRQHQJSUDF            
$  $O +DVDHUL  Ⱥ  Ɇɚɪʁɚɧɨɜɢʄ  ɉ  Ɍɚɞɢʄ  ɋ  ȼɭʁɧɨɜɢʄ  ä  ĈXURYLü  3UREDELOLW\ RI GHWHFWLRQ DQG 
FOXWWHU UDWH HVWLPDWLRQ LQ WDUJHW WUDFNLQJ V\VWHPV  JHQHUDOLVHG PD[LPXP OLNHOLKRRG DSSURDFK  ,(7 
5$'$5 621$5 $1' 1$9,*$7,21  9RO      1R      SS               1RY       GRL         LHW 
UVQ          



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
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ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ɇɢɤɨɥɚ ɉɨɩɨɜ          

 
Ɇɥɚɞɟɧ Ɍɟɪɡɢʄ          

 
Ⱦɪɚɝɚɧ Ɇɢɯɢʄ           

 
Ⱥɰɨ Ɇɚɪɤɨɜɢʄ          

 
ȭɨɪɻɟ Ʌɟɤɢʄ     

 
ɉɟɬɚɪ ȳɟɪɤɚɧ     

 
ɇɢɤɨɥɚ Ʌɟɩɨʁɟɜɢʄ      

 
Ⱥɥɟɤɫɚɧɞɚɪ Ɇɢɥɢʄ           

 
ɉɟɬɚɪ Ɇɚɪɤɨɜɢʄ      

  

Ɋ ɛ  Ʉɚɬ 
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Ɂɜɚʃɟ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɉɪɟɤɢɞɚɱɤɢ ɪɟɥɭɤɬɚɧɬɧɢ ɦɨɬɨɪɢ ɫɚ ɛɢɩɨɥɚɪɧɢɦ ɫɬɪɭʁɚɦɚ

Ɇɚɬɟɦɚɬɢɱɤɨ ɦɨɞɟɥɨɜɚʃɟ ɢ ɫɭɡɛɢʁɚʃɟ ɟɥɟɤɬɪɨɦɟɯɚɧɢɱɤɢɯ 
ɬɚɥɚɫɚ ɭ ɜɟɥɢɤɢɦ ɟɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢɦ ɫɢɫɬɟɦɢɦɚ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ

Ⱦɨɤɬɨɪɚɬ

ȼɭɤɨɫɚɜɢʄ ɋɥɨɛɨɞɚɧ
Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ȿɧɟɪɝɟɬɫɤɢ ɩɪɟɬɜɚɪɚɱɢ ɢ ɩɨɝɨɧɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ

Ɋɚɱɭɧɚɪɫɤɢ ɩɨɞɪɠɚɧɨ ɨɩɬɢɦɚɥɧɨ ɩɪɨʁɟɤɬɨɜɚʃɟ ɫɢɧɯɪɨɧɢɯ 
ɦɨɬɨɪɚ ɫɚ ɫɬɚɥɧɢɦ ɦɚɝɧɟɬɢɦɚ 

Ɋɚɡɜɨʁ ɢ ɩɪɢɦɟɧɚ ɧɨɜɨɝ ɩɪɢɫɬɭɩɚ ɩɪɨʁɟɤɬɨɜɚʃɭ ɚɫɢɧɯɪɨɧɢɯ 
ɦɚɲɢɧɚ ɫɚ ɭɜɟʄɚɧɢɦ ɫɬɟɩɟɧɨɦ ɤɨɪɢɫɧɨɝ ɞɟʁɫɬɜɚ ɢ ɜɟʄɨɦ  

ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

Ɇɚɝɢɫɬɪɚɬɭɪɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

Ɇɚɫɬɟɪ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ⱦɢɩɥɨɦɚ
ȿɧɟɪɝɟɬɫɤɢ 
ɩɪɟɬɜɚɪɚɱɢ ɢ 

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

Ɉɞɪɟɻɢɜɚʃɟ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɨɬɩɨɪɧɨɫɬɢ ɧɚɦɨɬɚʁɚ ɪɨɬɨɪɚ 
ɚɫɢɧɯɪɨɧɟ ɦɚɲɢɧɟ ɧɚ ɨɫɧɨɜɭ ɚɧɚɥɢɡɟ ɫɬɚɬɨɪɫɤɢɯ ɧɚɩɨɧɚ ɢ 
ɉɪɨʁɟɤɬɨɜɚʃɟ ɚɫɢɧɯɪɨɧɢɯ ɦɚɲɢɧɚ ɫɚ ɦɚɥɨɦ ɢɧɟɪɰɢʁɨɦ ɢ 

ɜɟɥɢɤɨɦ ɛɪɡɢɧɨɦ ɨɛɪɬɚʃɚ

ȼɢɫɨɤɨɧɚɩɨɧɫɤɢ ɪɟɡɨɧɚɧɬɧɢ ɟɧɟɪɝɟɬɫɤɢ ɩɪɟɬɜɚɪɚɱɢ 
ʁɟɞɧɨɫɦɟɪɧɨɝ ɧɚɩɨɧɚ ɫɚ ɫɭɛɪɟɡɨɧɚɧɬɧɨɦ ɩɪɟɤɢɞɚɱɤɨɦ 

ɍɩɪɚɜʂɚʃɟ ɚɫɢɧɯɪɨɧɢɦ ɦɚɲɢɧɚɦɚ ɧɚ ɨɫɧɨɜɭ ɪɨɬɨɪɫɤɢɯ 
ɠɥɟɛɧɢɯ ɯɚɪɦɨɧɢɤɚ

ȿɧɟɪɝɟɬɫɤɢ ɩɪɟɬɜɚɪɚɱɢ ʁɟɞɧɨɫɦɟɪɧɨɝ ɧɚɩɨɧɚ ɫɚ 
ɪɟɡɨɧɚɧɬɧɢɦ ɤɨɥɢɦɚ ɢ ɫɭɛɪɟɡɨɧɚɧɬɧɨɦ ɩɪɟɤɢɞɚɱɤɨɦ 

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

9XNRVDYLü  6ORERGDQ 1    0LQHUDOV IRU WKH JUHHQ DJHQGD  LPSOLFDWLRQV  VWDOHPDWHV  DQG DOWHUQDWLYHV  
2SHQ *HRVFLHQFHV  YRO      QR           SS            KWWSV   GRL RUJ         JHR          

$  5  0LOLü DQG 6  1  9XNRVDYLü   6HQVRUOHVV &RQWURO RI ,QGXFWLRQ 0RWRU %DVHG RQ 5RWRUV 6ORW 
+DUPRQLFV DQG 'LJLWDO $GDSWLYH )LOWHUV   LQ ,((( 7UDQVDFWLRQV RQ ,QGXVWU\ $SSOLFDWLRQV  YRO      QR  
   SS             0D\ -XQH       GRL          7,$              

/  6  3HULü  (  /HYL DQG 6  1  9XNRVDYLü   &RPSRXQG )HHGEDFN IRU &XUUHQW &RQWUROOHG *ULG 6LGH 
,QYHUWHUV :LWK /&/ )LOWHUV   LQ ,((( 7UDQVDFWLRQV RQ 3RZHU (OHFWURQLFV  YRO      QR     SS       
      )HE        GRL          73(/              

0  *  -RNVLPRYLü  /  6  3HULü DQG 6  1  9XNRVDYLü   &ORVHG /RRS +DUPRQLF 6XSSUHVVLRQ IRU *ULG 
&RQQHFWHG   3KDVH 3:0 ,QYHUWHUV   LQ ,((( 7UDQVDFWLRQV RQ 3RZHU (OHFWURQLFV  YRO      QR     SS  
           )HE        GRL          73(/              
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ɇɟ

ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ

 

 

ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ
Ⱦɚ

6ORERGDQ 1  9XNRVDYLF DQG $OHNVDQGDU 0  6WDQNRYLF   1RQ ,QWUXVLYH (VWLPDWLRQ RI 6LQJOH 3RUW 
7KHYHQLQ (TXLYDOHQWV LQ $& *ULGV   LQ ,((( 7UDQVDFWLRQV RQ 3RZHU 'HOLYHU\  YRO      QR     SS  
           2FW        



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
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1 6WDQRMHYLü  $ 'HPLü  1 9XNRYLü  3 'HDQ  =RUDQ ,NRQLü  'UDJDQ ,QGMLQ  -HOHQD 5DGRYDQRYLü  
³(IIHFWV RI EDFNJURXQG GRSLQJ  LQWHUGLIIXVLRQ DQG OD\HU WKLFNQHVV IOXFWXDWLRQ RQ WKH WUDQVSRUW 
FKDUDFWHULVWLFV RI 7+] TXDQWXP FDVFDGH ODVHUV³  6FLHQWLILF 5HSRUWV                     

$  $WLü  ;  :DQJ  1  9XNRYLü  1  6WDQRMHYLü  $  'HPLü  '  ,QGMLQ DQG -  5DGRYDQRYLü  Ä5HVRQDQW 
7XQQHOOLQJ DQG ,QWHUVXEEDQG 2SWLFDO 3URSHUWLHV RI =Q2 =Q0J2 6HPLFRQGXFWRU +HWHURVWUXFWXUHV  
,PSDFW RI 'RSLQJ DQG /D\HU 6WUXFWXUH 9DULDWLRQ  0DWHULDOV                    

1  6WDQRMHYLü  1  9XNRYLü   -  5DGRYDQRYLü  ³ &DOFXODWLRQ RI LQWHUVXEEDQG DEVRUSWLRQ LQ Q GRSHG 
%D6Q2  TXDQWXP ZHOOV´  2SWLFDO DQG 4XDQWXP (OHFWURQLFV               

1  9XNRYLü   -  5DGRYDQRYLü  9  0LODQRYLü  ³5HILQHG PRGHOOLQJ RI DQLVRWURS\ LQIOXHQFH RQ WKH RSWLFDO 
JDLQ LQ 0LG ,5 TXDQWXP FDVFDGH ODVHUV´   2SWLFDO DQG 4XDQWXP (OHFWURQLFV                

$  $WLü  1  9XNRYLü   -  5DGRYDQRYLü  ³&DOFXODWLRQ RI LQWHUVXEEDQG DEVRUSWLRQ LQ =Q2 =Q0J2 
DV\PPHWULF GRXEOH TXDQWXP ZHOOV´   2SWLFDO DQG 4XDQWXP (OHFWURQLFV                

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

1  6WDQRMHYLü  $  'HPLü  1  9XNRYLü  3  'HDQ  =  ,NRQLü  '  ,QGMLQ  -  5DGRYDQRYLü  'HULYDWLYH 
WUDQVIHU PDWUL[ PHWKRG  0DFKLQH SUHFLVLRQ FDOFXODWLRQ RI HOHFWURQ VWUXFWXUH DQG LQWHUIDFH SKRQRQ 
GLVSHUVLRQ LQ VHPLFRQGXFWRU KHWHURVWUXFWXUHV  &RPSXWHU 3K\VLFV &RPPXQLFDWLRQV  9RO             

Ⱦɢɩɥɨɦɚ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɇɨɞɟɥɨɜɚʃɟ ɤɜɚɧɬɧɢɯ ɧɚɧɨɫɬɪɭɤɬɭɪɚ ɡɚɫɧɨɜɚɧɢɯ ɧɚ 
ɨɤɫɢɞɧɢɦ ɩɨɥɭɩɪɨɜɨɞɧɢɰɢɦɚ ɫɚ ɜɟɥɢɤɢɦ ɟɧɟɪɝɟɬɫɤɢɦ 
ɩɪɨɰɟɩɨɦ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɏɢɡɢɱɤɚ 
ɟɥɟɤɬɪɨɧɢɤɚ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ȼɭɤɨɜɢʄ ɇɢɤɨɥɚ
Ɂɜɚʃɟ Ⱦɨɰɟɧɬ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɏɢɡɢɱɤɚ ɟɥɟɤɬɪɨɧɢɤɚ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ƚɨɫɬɭʁɭʄɢ ɢɫɬɪɚɠɢɜɚɱ  9LVLWLQJ 5HVHDUFK )HOORZ  ɧɚ  8QLYHUVLW\ RI /HHGV  6FKRRO RI (OHFWURQLF DQG (OHFWULFDO 
(QJLQHHULQJ      ɨɤɬɨɛɚɪ            ɨɤɬɨɛɚɪ       

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

1  9XNRYLü  -  5DGRYDQRYLü  9  0LODQRYLü  (QKDQFHG PRGHOLQJ RI EDQG QRQSDUDEROLFLW\ ZLWK 
DSSOLFDWLRQ WR D PLG ,5 TXDQWXP FDVFDGH VWUXFWXUH  3+<6,&$ 6&5,37$  9RO  7     SS           
          6HS       

1  9XNRYLü  9  0LODQRYLü  -  5DGRYDQRYLü  ,QIOXHQFH RI QRQSDUDEROLFLW\ RQ HOHFWURQLF VWUXFWXUH RI 
TXDQWXP FDVFDGH ODVHU  3+<6,&6 /(77(56 $  9RO       SS                   
GRL         M SK\VOHWD            

1  9XNRYLü  -  5DGRYDQRYLü  9  0LODQRYLü  '  /  %RLNR  ³1XPHULFDO VWXG\ RI 
5LVNHQ±1XPPHGDO±*UDKDP±+DNHQ LQVWDELOLW\ LQ PLG LQIUDUHG )DEU\±3pURW TXDQWXP FDVFDGH 
ODVHUV ´ 2SWLFDO DQG 4XDQWXP (OHFWURQLFV              

1  9XNRYLü  -  5DGRYDQRYLü  9  0LODQRYLü  '  /  %RLNR Ä/RZ WKUHVKROG 51*+ ,QVWDELOLWLHV LQ 
4XDQWXP &DVFDGH /DVHUV³  ,((( -RXUQDO RI 6HOHFWHG 7RSLFV LQ 4XDQWXP (OHFWURQLFV  9RO      SS  
                      

1  9XNRYLü  -  5DGRYDQRYLü  9  0LODQRYLü  '  /  %RLNR Ä$QDO\WLFDO H[SUHVVLRQ IRU 5LVNHQ 1XPPHGDO 
*UDKDP +DNHQ LQVWDELOLW\ WKUHVKROG LQ TXDQWXP FDVFDGH ODVHUV³  2SWLFV ([SUHVV  9RO       SS  
                  

0  'XEDMLü  $  'DQLþLü  1  9XNRYLü  9  0LODQRYLü  DQG -  5DGRYDQRYLü  ³2SWLPL]DWLRQ RI FXELF 
*D1 $O*D1 TXDQWXP FDVFDGH VWUXFWXUHV IRU QHJDWLYH UHIUDFWLRQ LQ WKH 7+] VSHFWUDO UDQJH ´ 2SWLFDO 
DQG 4XDQWXP (OHFWURQLFV          S              

1  9XNRYLü  9  0LODQRYLü  ȳ  5DGRYDQRYLü  '  %RLNR  0XOWLPRGH 51*+ LQVWDELOLWLHV RI )DEU\   3HURW 
FDYLW\ 4&/V  LPSDFW RI GLIIXVLRQ  237,&$/ $1' 48$1780 (/(&7521,&6  9RO      SS        
             

1  9XNRYLü  $  'DQLþLü  -  5DGRYDQRYLü  9  0LODQRYLü  '  ,QGMLQ  3RVVLELOLWLHV RI DFKLHYLQJ QHJDWLYH 
UHIUDFWLRQ LQ 4&/ EDVHG VHPLFRQGXFWRU PHWDPDWHULDOV LQ WKH 7+] VSHFWUDO UDQJH  237,&$/ $1' 
48$1780 (/(&7521,&6  9RO      SS                 GRL         V                

$  *DMLF  -  5DGRYDQRYLü  1  9XNRYLü  9  0LODQRYLü  '  %RLNR  ³7KHRUHWLFDO DSSURDFK WR TXDQWXP 
FDVFDGH PLFUR ODVHU EURDGEDQG PXOWLPRGH HPLVVLRQ LQ VWURQJ PDJQHWLF ILHOGV´  3K\VLFV /HWWHUV $  
9RO       1R          SS             



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
ȭɨɪɻɟ ȳɨɜɚɧɨɜɢʄ          
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ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ȼɭɥɟɬɢʄ ɉɚɜɥɟ
Ɂɜɚʃɟ Ɋɟɞɨɜɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ ɢɧɮɨɪɦɚɬɢɤɚ
Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ

ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ⱦɨɤɬɨɪɚɬ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ

Ɇɚɝɢɫɬɪɚɬɭɪɚ
Ɋɚɱɭɧɚɪɫɤɚ ɬɟɯɧɢɤɚ ɢ 
ɢɧɮɨɪɦɚɬɢɤɚ

Ɇɚɫɬɟɪ

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɧɢɤɚ 
Ɍɟɥɟɤɨɦɭɧɢɤɚɰɢʁɟ  
Ⱥɭɬɨɦɚɬɢɤɚ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ɋɚɧɨ ɨɬɤɪɢɜɚʃɟ ɭɪɟɻɚʁɚ ɡɚɪɚɠɟɧɢɯ ɛɨɬɧɟɬ ɦɚɥɜɟɪɨɦ 
ɤɨɪɢɲʄɟʃɟɦ ɦɟɬɨɞɚ ɞɟɬɟɤɰɢʁɟ ɚɧɨɦɚɥɢʁɚ ɦɪɟɠɧɢɯ ɬɨɤɨɜɚ

ɋɩɪɟɱɚɜɚʃɟ ɟɤɫɮɢɥɬɪɚɰɢʁɚ ɩɨɞɚɬɚɤɚ ɤɨɪɢɲʄɟʃɟɦ '16 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ

Ɇɟɯɚɧɢɡɦɢ ɡɚɲɬɢɬɟ ɩɪɢɜɚɬɧɨɫɬɢ ɧɚ ɦɪɟɠɧɨɦ ɫɥɨʁɭ

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

ȭ  ȳɨɜɚɧɨɜɢʄ  3  9XOHWLü  0DFKLQH OHDUQLQJ SLSHOLQHV IRU ,R7 ERWQHW GHWHFWLRQ DQG EHKDYLRU 
FKDUDFWHUL]DWLRQ LQ KHDYLO\ LPEDODQFHG VHWWLQJV  6,*1$/ ,0$*( $1' 9,'(2 352&(66,1*  9RO  
    -DQ      

'  0LODGLQRYLü  $  0LODNRYLü  0  9XNDVRYLü  ä  6WDQLVDYOMHYLü  3  9XOHWLü  6HFXUH 0XOWLSDUW\ 
&RPSXWDWLRQ 8VLQJ 6HFXUH 9LUWXDO 0DFKLQHV  (OHFWURQLFV   9RO      1R     SS          0DU      
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0  2JUL]RYLü  3  9XOHWLü  ä  6WDQLVDYOMHYLü  $GYDQFHG 1HWZRUN DQG 6\VWHP 6HFXULW\ 7HDFKLQJ  
(OHFWURQLFV   9RO      1R         

3  9XOHWLü  ȭ  ȳɨɜɚɧɨɜɢʄ  3, %2'(  3URJUDPPDEOH ,QWUDIORZ EDVHG ,R7 %RWQHW 'HWHFWLRQ V\VWHP  
&20387(5 6&,(1&( $1' ,1)250$7,21 6<67(06   &206,6      

%  5DMLü  ä  6WDQLVDYOMHYLü  3  9XOHWLü  (DUO\ ZHE DSSOLFDWLRQ DWWDFN GHWHFWLRQ XVLQJ QHWZRUN WUDIILF 
DQDO\VLV  ,17(51$7,21$/ -2851$/ 2) ,1)250$7,21 6(&85,7<  9RO      1R     SS           
)HE      
Ʉ  ɀɢɠɚ  ɉ  Ɍɚɞɢʄ  3  9XOHWLü  '16 H[ILOWUDWLRQ GHWHFWLRQ LQ WKH SUHVHQFH RI DGYHUVDULDO DWWDFNV DQG 
PRGLILHG H[ILOWUDWRU EHKDYLRXU  ,17(51$7,21$/ -2851$/ 2) ,1)250$7,21 6(&85,7<  9RO  
0  0LüRYLü  8  5DGHQNRYLü  3  9XOHWLü  1HWZRUN /D\HU 3ULYDF\ 3URWHFWLRQ 8VLQJ )RUPDW 3UHVHUYLQJ 
(QFU\SWLRQ  (OHFWURQLFV   9RO      1R      SS          1RY      
3  9XOHWLü  %  %RVDN  0  'LPROLDQLV  3  0HULQGRO  '  6FKPLW]  +  :HVVLQJ  /RFDOL]DWLRQ RI QHWZRUN 
VHUYLFH SHUIRUPDQFH GHJUDGDWLRQ LQ PXOWL WHQDQW QHWZRUNV  &20387(5 1(7:25.6 7+( 
=  6WDQLVDYOMHYLF  3  9XOHWLF  $GGLQJ SUDFWLFDO H[SHULHQFH WR FRPSXWHU VHFXULW\ FRXUVH  &20387(5 
$33/,&$7,216 ,1 (1*,1((5,1* ('8&$7,21  9RO      1R     SS             0DU      
9  %ODJRMHYLü  '  %RMLü  0  %RMRYLü  0  &YHWDQRYLü  -  ĈRUÿHYLü  Ĉ  ĈXUÿHYLü  %  )XUODQ  6  *DMLQ  =  
-RYDQRYLü  '  0LOLüHY  9  0LOXWLQRYLü  %  1LNROLü  -  3URWLü  0  3XQW  =  5DGLYRMHYLü  ä  6WDQLVDYOMHYLü  
Ɉ  ȳɨɥʇɢʄ  Ɂ  ȭɭɪɢʄ  3  9XOHWLü  $ WUDQVSDUHQW DQG VFDODEOH DQRPDO\ EDVHG 'R6 GHWHFWLRQ PHWKRG  
&20387(5 1(7:25.6 7+( ,17(51$7,21$/ -2851$/ 2) &20387(5 $1' 
3  9XOHWLü  -  9XOHWD 5DGRLþLü  '  .DORJHUDV  )HGHUDWHG WURXEOH WLFNHW V\VWHP IRU VHUYLFH 
PDQDJHPHQW VXSSRUW LQ ORRVHO\ FRXSOHG PXOWL GRPDLQ HQYLURQPHQWV  ,17(51$7,21$/ -2851$/ 
=  6WDQLVDYOMHYLF  -  6WDQLVDYOMHYLF  3  9XOHWLF  =  -RYDQRYLF  &2$/$   6\VWHP IRU 9LVXDO 
5HSUHVHQWDWLRQ RI &U\SWRJUDSK\ $OJRULWKPV  ,((( 75$16$&7,216 21 /($51,1* 
3DYOH 9  9XOHWLü  -HOLFD ä  3URWLü  6HOI VLPLODU FURVV WUDIILF DQDO\VLV DV D IRXQGDWLRQ IRU FKRRVLQJ 
DPRQJ DFWLYH DYDLODEOH EDQGZLGWK PHDVXUHPHQW VWUDWHJLHV  &20387(5 &20081,&$7,216  

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

ɍɫɚɜɪɲɚɜɚʃɚ
,7,/Y  0DQDJLQJ 3URIHVVLRQDO
Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ



Ƚɨɞɢɧɚ ɂɧɫɬɢɬɭɰɢʁɚ ɇɚɭɱɧɚ ɨɛɥɚɫɬ
      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   

ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ
ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

      ɍɧɢɜɟɪɡɢɬɟɬ ɭ Ȼɟɨɝɪɚɞɭ   
ȿɥɟɤɬɪɨɬɟɯɧɢɱɤɢ ɮɚɤɭɥɬɟɬ

ȿɥɟɤɬɪɨɬɟɯɧɢɤɚ ɢ 
ɪɚɱɭɧɚɪɫɬɜɨ

Ɋ ɛ 
ɂɦɟ ɢ ɩɪɟɡɢɦɟ 

ɤɚɧɞɢɞɚɬɚ
Ƚɨɞɢɧɚ 
ɩɪɢʁɚɜɟ

Ƚɨɞɢɧɚ 
ɨɞɛɪɚɧɟ

 
Ⱦɟɧɢɫ ɂɥɢʄ          

 

 

 

 

 

 

 

 

  

Ɋ ɛ  Ʉɚɬ 
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0  

Ɋɚɞɨɜɢ ɭ ɧɚɭɱɧɢɦ ɱɚɫɨɩɢɫɢɦɚ ɢɡ ɨɛɥɚɫɬɢ ɫɬɭɞɢʁɫɤɨɝ ɩɪɨɝɪɚɦɚ ɫɚ ɡɜɚɧɢɱɧɟ ɥɢɫɬɟ ɪɟɫɨɪɧɨɝ ɦɢɧɢɫɬɚɪɫɬɜɚ 
ɡɚ ɧɚɭɤɭ ɭ ɫɤɥɚɞɭ ɫɚ ɡɚɯɬɟɜɢɦɚ ɞɨɩɭɧɫɤɢɯ ɫɬɚɧɞɚɪɞɚ ɡɚ ɞɚɬɨ ɩɨʂɟ  ɦɢɧɢɦɚɥɧɨ    ɚ ɧɟ ɜɢɲɟ ɨɞ    

ɇɚɡɢɜ ɪɟɮɟɪɟɧɰɟ ɢ ɚɭɬɨɪɢ

Ⱥ  Ɇɢɥɢʄɟɜɢʄ  6  %HORãHYLü  0  äDUNRYLü  ,  7RPDQRYLü  1  &UQRPDUNRYLü  $  6WRMDQRYLü  *  6WXSDU  
/  'HQJ  '  &KH  (IIHFWV RI ELRPDVV SDUWLFOHV VL]H DQG VKDSH RQ FRPEXVWLRQ SURFHVV LQ WKH VZLUO 
VWDELOL]HG EXUQHU UHDFWRU  &)' DQG PDFKLQH OHDUQLQJ DSSURDFK  %,20$66   %,2(1(5*<  9RO  
     -XO      
0  %MHOLü  %  %UNRYLü  0  äDUNRYLü  7  0LOMNRYLü  )DXOW GHWHFWLRQ LQ D SRZHU WUDQVIRUPHU EDVHG RQ 
UHYHUEHUDWLRQ WLPH  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       SS         
'HF       GRL         M LMHSHV            

Ⱦɢɩɥɨɦɚ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɋɩɢɫɚɤ ɞɨɤɬɨɪɫɤɢɯ ɞɢɫɟɪɬɚɰɢʁɚ ɭ ɤɨʁɢɦɚ ʁɟ ɧɚɫɬɚɜɧɢɤ ɦɟɧɬɨɪ ɢɥɢ ʁɟ ɛɢɨ ɦɟɧɬɨɪ ɭ ɩɪɟɬɯɨɞɧɢɯ    ɝɨɞɢɧɚ

ɇɚɫɥɨɜ ɞɢɫɟɪɬɚɰɢʁɟ

Ⱦɢʁɚɝɧɨɫɬɢɤɚ ɫɬɚʃɚ ɟɥɟɤɬɪɨɢɡɨɥɚɰɢɨɧɢɯ
ɫɢɫɬɟɦɚ ɫɢɧɯɪɨɧɢɯ ɝɟɧɟɪɚɬɨɪɚ ɡɚɫɧɨɜɚɧɚ
ɧɚ ɜɟɲɬɚɱɤɨʁ ɢɧɬɟɥɢɝɟɧɰɢʁɢ

ɋɩɟɰɢʁɚɥɢɡɚɰɢʁɚ
Ɇɚɝɢɫɬɪɚɬɭɪɚ

Ɇɚɫɬɟɪ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ⱥɤɚɞɟɦɫɤɚ ɤɚɪɢʁɟɪɚ
ɍɠɚ ɧɚɭɱɧɚ ɨɛɥɚɫɬ

ɂɡɛɨɪ ɭ ɡɜɚʃɟ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

Ⱦɨɤɬɨɪɚɬ
ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ 
ɫɢɫɬɟɦɢ

ɇɚɭɱɧɟ ɤɜɚɥɢɮɢɤɚɰɢʁɟ ɦɟɧɬɨɪɚ ɧɚ ɞɨɤɬɨɪɫɤɢɦ ɫɬɭɞɢʁɚɦɚ ɢ ɡɚɞɭɠɟʃɚ ɭ ɧɚɫɬɚɜɢ

ɉɪɟɡɢɦɟ ɢ ɢɦɟ ɀɚɪɤɨɜɢʄ Ɇɢɥɟɬɚ
Ɂɜɚʃɟ ȼɚɧɪɟɞɧɢ ɩɪɨɮɟɫɨɪ
ɍɠɚ ɧɚɭɱɧɚ  ɭɦɟɬɧɢɱɤɚ  ɨɛɥɚɫɬ ȿɥɟɤɬɪɨɟɧɟɪɝɟɬɫɤɢ ɫɢɫɬɟɦɢ
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ɍɫɚɜɪɲɚɜɚʃɚ

Ⱦɪɭɝɢ ɩɨɞɚɰɢ ɤɨʁɟ ɫɦɚɬɪɚɬɟ ɪɟɥɟɜɚɧɬɧɢɦ

Ɂɛɢɪɧɢ ɩɨɞɚɰɢ ɧɚɭɱɧɟ ɚɤɬɢɜɧɨɫɬɢ ɧɚɫɬɚɜɧɢɤɚ
ɍɤɭɩɚɧ ɛɪɨʁ ɰɢɬɚɬɚ  ɛɟɡ 
ɚɭɬɨɰɢɬɚɬɚ

Ȼɪɨʁ ɞɨɦɚʄɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ ɬɪɟɧɭɬɧɨ 
ɭɱɟɫɬɜɭʁɟ  

ɍɤɭɩɚɧ ɛɪɨʁ ɪɚɞɨɜɚ ɫɚ 
6&,  66&,  ɥɢɫɬɟ

Ȼɪɨʁ ɦɟɻɭɧɚɪɨɞɧɢɯ ɩɪɨʁɟɤɚɬɚ ɧɚ ɤɨʁɢɦɚ ɧɚɫɬɚɜɧɢɤ 
ɬɪɟɧɭɬɧɨ ɭɱɟɫɬɜɭʁɟ  

Ⱥ  Ɇɢɥɢʄɟɜɢʄ  ɡ  Ɇɚɪɤɨɜɢʄ  ɋ  Ȼɟɥɨɲɟɜɢʄ  Ɇ  ȿɪɢʄ  0  äDUNRYLü  Ⱥ  Ɇɚɪɢɧɤɨɜɢʄ  ,QIOXHQFH RI 
IXHO DQG RSHUDWLRQ PRGH RQ DLU SROOXWDQWV HPLVVLRQ IURP SXOYHUL]HG FRDO ILUHG SRZHU SODQW  )LHOG 
H[SHULPHQWV DQG 0/ SUHGLFWLRQV  7KHUPDO 6FLHQFH DQG (QJLQHHULQJ 3URJUHVV  'HF      

0  %MHOLü  %  %UNRYLü  0  äDUNRYLü  7  0LOMNRYLü  0DFKLQH OHDUQLQJ IRU SRZHU WUDQVIRUPHU 6)5$ EDVHG 
IDXOW GHWHFWLRQ  ,QWHUQDWLRQDO -RXUQDO RI (OHFWULFDO 3RZHU   (QHUJ\ 6\VWHPV  9RO       -DQ      

ɀ  ɋɨɤɨɥɨɜɢʄ  0  äDUNRYLü  )DXOW GHWHFWLRQ  FODVVLILFDWLRQ DQG ORFDOL]DWLRQ LQ +9 SRZHU 
WUDQVPLVVLRQ OLQHV XVLQJ $11  (/(&75,& 32:(5 6<67(06 5(6($5&+  9RO       1RY      


