
�µ¦�¦³�»¤�µ�ª·�µ�µ¦�°�¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r �¦´Ê��¸É 6;

4; ­µ�µª·«ª�¦¦¤«µ­�¦r

�·�Á®�¸¥ª�¦³�·¬�rÁ¡ºÉ°Ä�oÄ��µ¦�Îµ¨°��·�Á®�¸¥ª°n°��¦»�Á�¡²
$Q $UWLILFLDO &OD\ )RU 6LPXODWLQJ 6RIW %DQJNRN &OD\V

­µ¥�¨ �°��¦³�·� �¦·�§��·Í ®¥·�Á�¦·�¡¦ Â¨³ �n°Ã�� �´��ª¦µ��¼¦
6DLFKRQ &KRSSUDGLW/ .ULWULW <LEFKDOHDUQSURQ DQG .RUFKRNH &KDQWDZDUDQJXO

£µ�ª·�µª·«ª�¦¦¤Ã¥�µ ¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r
'HSDUWPHQW RI &LYLO (QJLQHHULQJ/ .DVHUWVDUW 8QLYHUVLW\

���´�¥n°
�·�Á®�¸¥ª�¦³�·¬�r �¸ÉÄ�oÄ�Â���Îµ¨°��µ�ª·«ª�¦¦¤Å�o¡´��µ�¹Ê� Ã�¥��¨°�®µ°´�¦µ­nª��­¤

¦³®ªnµ� �·��µª Â¨³Á��Ã�Å��r Ä®o¤¸­¤�´�·�µ��µ¥£µ¡ Ä�¨oÁ�¸¥��·�Á®�¸¥ª°n°��¦»�Á�¡² ®¨´��µ�
�´Ê��Îµ�µ¦��¨°��­¤�´��¼��¸Á¤��r Á¡ºÉ°�¦´�­¤�´�·�µ��oµ�ª·«ª�¦¦¤ �µ��µ¦��¨°�¡�ªnµ�¸É°´�¦µ­nª�
�­¤ �¸ÉÁ®¤µ³­¤�º° Ä�o�·��µª ;;( Á��Ã�Å��r 44( �¼��¸Á¤��r�°¦r�Â¨��r��·��¸É ,,, 4( Â¨³�ÎÊµ
:3( Ã�¥ �ÎÊµ®�´� �ÎµÄ®o�·�Á®�¸¥ª�¦³�·¬�r�¸ÉÅ�o¤¸�»�­¤�´�·�µ��oµ��µ¥£µ¡ Â¨³�µ��oµ�ª·«ª�¦¦¤Ä�¨o
Á�¸¥��´��·�Á®�¸¥ª°n°��¦»�Á�¡²

$%675$&7
$Q DUWLILFLDO FOD\ IRU HQJLQHHULQJ PRGHO ZDV GHYHORSHG E\ WULDO PL[ RI FKLQD FOD\ DQG

EHQWRQLWH WR VLPXODWH WKH SK\VLFDO SURSHUWLHV RI VRIW %DQJNRN FOD\1 $ VPDOO DPRXQW RI 3RUWODQG
FHPHQW ZDV DGGHG WR PRGLI\ WKH HQJLQHHULQJ SURSHUWLHV1 7KH H[SHULPHQWDO UHVXOWV LQGLFDWHG WKDW
WKH SURSRUWLRQ RI &KLQD FOD\ ;;(/ EHQWRQLWH 44(/ 3RUWODQG FHPHQW W\SH ,,, 4( DQG
ZDWHU FRQWHQW :3( E\ ZHLJKW LV VXLWDEOH WR JLYH DQ DUWLILFLDO FOD\ ZKLFK KDV VLPLODU SK\VLFDO DQG
HQJLQHHULQJ SURSHUWLHV WR VRIW %DQJNRN FOD\V

���Îµ
�µ¦��­°�Ã�¥Â���Îµ¨°��µ�ª·«ª�¦¦¤ Á�}�ª·�¸�µ¦�¸ÉÄ�oÄ��µ¦«¹�¬µ�»�­¤�´�· �§¬�¸ Â¨³

ª·Á�¦µ³®r¡§�·�¦¦¤ Ä�ª·�µ�¨«µ­�¦r�·� �¸ÉÅ�o¤¸�µ¦¡·­¼��r Â¨³¥°¤¦´��´�Â¨oªªnµÁ�}�ª·�¸�¸É¤¸�¦³­·��·£µ¡
Â�n�n°¥�¦´Ê��µ¦��­°�Ã�¥Ä�oÂ���Îµ¨°�¤´�¤¸�o°�Îµ�´� �µ�ª·�¸�µ¦Á�È��´ª°¥nµ��·��¸É��­£µ¡
+8QGLVWXUEHG VRLO VDPSOH, �µ¦Á�¦¸¥¤�´ª°¥nµ��·� ¦ª¤�¹�ª·�¸�µ¦�¸ÉÄ�oÄ��µ¦��­°��´��´ª°¥nµ��·�
Á®�¸¥ª°n°��¸É¤¸°¥¼n¤µ�Ä�£µ��¨µ��°��¦³Á�«Å�¥ Ã�¥Á�¡µ³�¦·Áª�Â¤n�ÎÊµÁ�oµ¡¦³¥µ�°�¨nµ�

Á¡ºÉ°Á�}��µ¦¨��{�®µ�¸ÉÁ�·��µ��µ¦Á�¦¸¥¤�´ª°¥nµ��·��¸É��­£µ¡ �¸ÉÁ�·��µ��·�Á®�¸¥ª°n°�®¦º°
�·��¸É¤¸�ªµ¤Åª�´ª­¼� +6HQVLWLYH FOD\, �¸É�Îµ¤µ��­°�Â���Îµ¨°��·��µ�ª·«ª�¦¦¤Ä�®o°���·�´�·�µ¦ �µ�
ª·�´¥�¸Ê�¹�Å�o¤¸�µ¦��¨°� «¹�¬µ®µ­´�­nª�ª´­�»�¸ÉÁ®¤µ³­¤Ä��µ¦�¦³�·¬�r�·�Á®�¸¥ª°n°��¹Ê�¤µ �¸É¤¸�»�
­¤�´�·�µ��oµ��µ¥£µ¡ Â¨³�µ��oµ�ª·«ª�¦¦¤�¸É¤¸­¤�´�·Ä�¨oÁ�¸¥��·�Á®�¸¥ª°n°��¦»�Á�¡²
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�µ¦�¦³�»¤�µ�ª·�µ�µ¦�°�¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r �¦´Ê��¸É 6;

­µ�µª·«ª�¦¦¤«µ­�¦r 4<

ª·ª´��µ�µ¦�°��·�Á®�¸¥ª�¦³�·¬�r
�ªµ¤�o°��µ¦«¹�¬µª·�´¥�´Ê�¡ºÊ��µ��¹�­¤�´�·Â¨³¡§�·�¦¦¤�µ�ª·«ª�¦¦¤ �ªµ¤Á�}�¤µ�°��·�

Á®�¸¥ª Ã�¥°µ«´¥�·�Á®�¸¥ª�Îµ¨°� Â���µ¦«¹�¬µ�µ��·�Á®�¸¥ª�¦¦¤�µ�·�¦·�Ç �¹�Å�o¤¸�µ¦Á�¦¸¥¤�·�
Á®�¸¥ª�¦³�·¬�rÁ¡ºÉ°�µ¦��­°�Ä�®o°���·�´�·�µ¦�¹Ê�¤µ �¹É�Â�n�°°�Å�oÁ�}� 5 Â�ª�µ� �º°

41 �·�Á®�¸¥ª�¦³�·¬�r�µ��µ¦���³�°� +$UWLILFLDOO\ VHGLPHQWHG FOD\,
Á�}��µ¦�Îµ¨°��¦³�ª��µ¦���³�°��°��·��¸ÉÁ�·��¹Ê�Ä��¦¦¤�µ�· Ã�¥�µ¦�Îµ�´ª°¥nµ��·�¤µ

�Îµ¨µ¥Ã�¦�­¦oµ��·� ®¨´��µ��´Ê��ÎµÅ��Îµ�µ¦°´��´ª�µ¥�ÎÊµÄ�­µ¦³¨³¨µ¥��·��nµ� Á�n� 6RGLXP &KORULGH
&DOFLXP &KORULGH Â¨³ �ÎÊµ�º� Á�}��o� �´�ª·�´¥�¸É«¹�¬µÁ¦ºÉ°��¸ÊÁ�}���Â¦��º° %MHUUXP Â¨³ 5RVHQTYLVW
+4<89, �n°¤µÅ�o¤¸�´�ª·�´¥®¨µ¥�nµ�Å�o�Îµ�µ¦«¹�¬µÁ¦ºÉ°��¸Ê°¸�®¨µ¥�nµ� �¹É�ª·�¸�¸Ê¤¸�o°�¸�º° �·�Á®�¸¥ª
�¦³�·¬�r�¸É¤¸°��r�¦³�°�Â¨³­¤�´�·Á®¤º°��´��·��¦·� Â�n�¦³�ª��µ¦Ä��µ¦�´�Á�¦¸¥¤ �n°��oµ�¥»n�¥µ�Â¨³
Ä�oÁª¨µ�µ�

51 �·�Á®�¸¥ª�¦³�·¬�r�µ��µ¦�­¤�¼��¸Á¤��r +$UWLILFLDOO\ FHPHQWHG FOD\,
Â¦�Á¦·É¤Å�o¤¸�ªµ¤¡¥µ¥µ¤�³Á�¦¸¥¤�·�Á®�¸¥ª�¦³�·¬�r�µ�ª´­�»°ºÉ� Á�n��µ�­nª��­¤�°�

*HODWLQH �´� 3DUDILQ Â�n­nª��­¤�´��¨nµª�È�¼�¥�Á¨·�Å� Á�ºÉ°��µ�Å¤n­µ¤µ¦�¡´��µ�Îµ¨´��¸É�»�­¼�­»�
+3HDN 6WUHQJWK, Â¨oª¨�¨�Á¤ºÉ°�ªµ¤Á�¦¸¥�¤µ��¹Ê� +6WUDLQ VRIWHQLQJ,Å�o Â¨³¥´�Á�}�ª´­�»�¸ÉÁ�¦µ³ �¹É��n°
¤µÅ�o¤¸�ªµ¤¡¥µ¥µ¤Ä�o�·��­¤�´��¼��¸Á¤��r Á¡ºÉ°Á�}��µ¦�Îµ¨°��Îµ¨´��¸ÉÁ�·��¹Ê��µ��¦³�ª��µ¦°´��´ª
�µ¥�ÎÊµ �¸É¤¸Áª¨µ�µ��´�®¤ºÉ��e Á�n� ­nª��­¤¦³®ªnµ� Á��Ã�Å��r �´� �¼��¸Á¤��r ­nª��­¤�´��¨nµª ¤¸
�µ¦¥º�®��´ª�¸É¤µ�Á�·�Å�

�¼o�¸É¡´��µ�·�Á®�¸¥ª�¦³�·¬�r�µ��µ¦�­¤�¼��¸Á¤��rÁ�}��¨­ÎµÁ¦È�Å�oÂ�n 7HYHQDV Â¨³ &KDSHDX
+4<:5, Â¨³ 7HYHQDV Â¨³��³ +4<:6, Å�oÁ�¦¸¥¤�·�Á®�¸¥ª�¦³�·¬�r Ä®o�¨oµ¥�¨¹��´��·�Á®�¸¥ª
&KDPSODLQ Ã�¥Ä�o �·��µª 733 �¦́¤ Á��Ã�Å��r 83 �¦´¤ �¼��¸Á¤��r�°¦r�Â¨��r��·��¸É ,,, 483 �¦´¤
Â¨³�ÎÊµ 4333 �¦´¤ Â¨³Å�o¤¸�µ¦�Îµ�´ª°¥nµ��·�Á®�¸¥ª�¦³�·¬�r Å�Ä�oÁ�}��´ª°¥nµ��·�Ä�Â���Îµ¨°�Á¡ºÉ°
��­°��µ¦Â���³¨»�°��¦ª¥Ä®o�¨Á�}��¸É�nµ¡°Ä� Â�nÁ�}��¸É�nµ­´�Á��ªnµ�·�Á®�¸¥ª�¦³�·¬�r�´��¨nµª ¤¸
­¤�´�·�µ��µ¥£µ¡Â¨³�¦·¤µ��ÎÊµÂ���nµ��µ�­£µ¡�¦·�¤µ�

�{��´¥�¸É¤¸°·��·¡¨�n°�Îµ¨´��°��·��­¤�¼��¸Á¤��r
.H]GL +4<:<, Å�o­¦»��¹��{��´¥�nµ�Ç �¸É¤¸°·��·¡¨�n°�µ¦¡´��µ�Îµ¨´�¦³®ªnµ��·��´��¼��¸Á¤��r �´�

Â­��Ä�£µ¡�¸É 4 �¹É��¦³�°��oª¥°��r�¦³�°�®¨´� �º° �·� �¼��¸Á¤��r Â¨³�ÎÊµ �¹É�Ä�°��r�¦³�°�®¨´��¸Ê
¥´�¤¸°��r�¦³�°�¥n°¥°¥¼n°¸�®¨µ¥�¦³�µ¦ Á�n� ª·�¸�µ¦�­¤ �µ¦Á�¦¸¥¤�´ª°¥nµ� �µ¦�n¤ Á�}��o�

�µ¦�­¤�¼��¸Á¤��rÁ�oµ�´��·��³¤¸�¨Ä®oÁ�·��µ¦Á�ºÉ°¤�¦³­µ� ¦³®ªnµ�Á¤È��·� �ÎµÄ®o�·�¤¸�Îµ¨´�¤µ�
�¹Ê��µ¤�¦·¤µ��¼��¸Á¤��r�¸É�­¤Á�oµÅ� ­Îµ®¦´��·��µ¤�¦¦¤�µ�·�µ¦Á�ºÉ°¤�¦³­µ��³Á�·��¹Ê��µ��µ¦�´��¤
�´�Á�}�Áª¨µ�µ�Â¨³Á�·��µ¦°´��´ª�µ¥�ÎÊµ Ä��µ�ª·�´¥�¸Ê�¹�Ä�o�¦·¤µ��¼��¸Á¤��r�­¤Á�oµÅ�Á¨È��o°¥ Á¡¸¥�
Á¡ºÉ°�¦´�­¤�´�·�°��·��¦³�·¬�r Ä®o¤¸�µ¦Á�ºÉ°¤�¦³­µ�Á¨¸¥�Â��­£µ¡�¦¦¤�µ�·
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�µ¦�¦³�»¤�µ�ª·�µ�µ¦�°�¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r �¦´Ê��¸É 6;

53 ­µ�µª·«ª�¦¦¤«µ­�¦r

£µ¡�¸É 4 Â­���¹��{��´¥�¸É¤¸°·��·¡¨�n°�µ¦¡´��µ�Îµ¨´�¦³®ªnµ��·��´��¼��¸Á¤��r
�¸É¤µ = .H]GL +4<:<,

ª´­�»Â¨³ª·�¸�µ¦¡´��µ�·�Á®�¸¥ª�¦³�·¬�r
ª´­�»�¸ÉÄ�o¡´��µ�·��¦³�·¬�r�¦³�°��oª¥
41 �·��µª +&KLQD FOD\, �¹É�Ä�oÄ�°»�­µ®�¦¦¤Á�¦ºÉ°��{���·�Á�µ �µ�Â®¨n�Á�µ�µ��nµ �1�oµ�­µ °1

Â�o®n¤ �1¨Îµ�µ� Ã�¥¤¸°��r�¦³�°�­nª�Ä®�nÁ�}�Â¦n�·�Á®�¸¥ª .DROLQLWH �¦³¤µ� ;8 (
51Á��Ã�Å��r +%HQWRQLWH, ¤¸°��r�¦³�°�­nª�Ä®�nÁ�}�ÁÁ¦n�·�Á®�¸¥ª 0RQWPRULORQLWH �¦³¤µ� <3 (
61�¼��¸Á¤��r�°¦r�Â¨��r �¦³Á£� ,,, �¹É�Á�}��¼��¸Á¤��r��·�Â�È��´ªÁ¦Èª

�´Ê��°��µ¦��¨°�®µ°´�¦µ­nª��­¤�¸ÉÁ®¤µ³­¤ �µ¤¨Îµ�´�Â­��Ä�£µ¡�¸É 5 �¦³�°��oª¥ ª·�¸�µ¦
�́��n°Å��¸Ê

41 ª·�¸�µ¦�µ��oµ��µ¥£µ¡ Á�}�ª·�¸�µ¦�¸ÉÄ�o®µ­¤�´�·¡ºÊ��µ��°��·��µªÂ¨³Á��Ã�Å��r Á¨º°�®µ
­nª��­¤�¸É¤¸­¤�´�·�µ��oµ��µ¥£µ¡�¨oµ¥�´��·�Á®�¸¥ª°n°��¦»�Á�¡² Å�oÂ�n

41 ª·Á�¦µ³®r®µ­¤�´�·Á�ºÊ°��o��µ��oµ��µ¥£µ¡ Å�oÂ�n ��µ��¨³ �ªµ¤�nª��ÎµÁ¡µ³
Â¨³�nµ¡¨µ­�·��·�¸Ê

51 �Îµ�µ¦��¨°�®µ°´�¦µ­nª��­¤�µ�ª·�¸�µ¦�Îµ�ª���µ�­´�­nª��¸ÉÁ®¤µ³­¤ �¹É�Å�o
°´�¦µ­nª�¦³®ªnµ�Á��Ã�Å��r �n°�·��µª�¦³¤µ� 4=4 Â¨³Á¤ºÉ°�Îµ¤µ��¨°��­¤�¦·� Ã�¥�µ¦Ä�o
°´�¦µ­nª��­¤�´��¨nµª�¸É 4=4/ 4=5/ 4=7/ 4=9/ Â¨³ 4=;

61 ª·Á�¦µ³®r®µ­¤�´�·�µ��oµ��µ¥£µ¡�°�Â�n¨³°´�¦µ­nª� Â¨oªÁ¨º°�­nª��­¤�¸ÉÄ�¨o
Á�¸¥��·�Á®�¸¥ª°n°��¦»�Á�¡² �¨�µ��µ¦��­°�­¤�´�·�µ��oµ��µ¥£µ¡�°�°´�¦µ­nª��­¤
�nµ�Ç ­¦»�ÅªoÄ��µ¦µ��̧É 4 �¹É��³Á®È�Å�oªnµ�¸É°´�¦µ­nª��­¤ 4=4 Â¤oªnµ��µ��¨³°¥¼nÄ�Á���r�°�
�·�Á®�¸¥ª°n°��¦»�Á�¡² Â�n¤¸�nµ¡¨µ­�·��¸Ê�¸Ê ­¼�Á�·�Å�¤µ� �¹�Á®È�­¤�ª¦Á¨º°�Ä�o°´�¦µ­nª�
¦³®ªnµ�Á��Ã�Å��r�n°�·��µª�¸É 4=; Á�}�Á¡¦µ³�nµ¡¨µ­�·��¸Ê�¸Ê�°�°´�¦µ­nª��´Ê� °¥¼nÄ��nª��·�
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�µ¦�¦³�»¤�µ�ª·�µ�µ¦�°�¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r �¦´Ê��¸É 6;

­µ�µª·«ª�¦¦¤«µ­�¦r 54

Á®�¸¥ª°n°��¦»�Á�¡² �¹�Â¤oªnµ�µ¦�¦³�µ¥�°���µ�Á¤È��·��³Å¤n°¥¼nÄ��nª��·�Á®�¸¥ª�¦»�Á�¡²
Â�n�nµ¡¨µ­�·��¸Ê�¸Ê �°��·��³Á�}��´ª�ª��»¤�»�­¤�´�·�°��·�Å�o¤µ��ªnµ��µ��¨³

£µ¡�¸É 5 Â���´��µ¦¡´��µ�·�Á®�¸¥ª�¦³�·¬�r�µ��µ¦�­¤�¼��¸Á¤��r

51 ª·�¸�µ¦�µ��oµ�ª·«ª�¦¦¤ �Îµ�µ¦�­¤�¦·¤µ��¼��¸Á¤��r�´�°´�¦µ­nª��°�Á��Ã�Å��r�n°�·�
�µª�¸ÉÅ�o�µ��¦³�ª��µ¦Ä�®´ª�o° 714 Ã�¥Ä��µ¦�¸ÊÁ¨º°���¨°��­¤�¸É�¦·¤µ��¼��¸Á¤��r 4(/ 5(/ 6(
Â¨³ 8(Â¨³�¦·¤µ��ÎÊµ :3( Ã�¥�ÎÊµ®�´��µ¤�¦·¤µ��ÎÊµÄ�¤ª¨�·��µ¤�¦¦¤�µ�· �¦¦�»Ä�Â��®¨n°��µ�
Á­o��nµ«¼�¥r�¨µ� 813 �¤1 ­¼� 4313 �¤1 Â¨oª�ÎµÅ��Îµ�µ¦��­°�®µ�Îµ¨´�°´��´ªÂ��Á�¸¥ª �¸É¦³¥³Áª¨µ�µ¦
�n¤�nµ� Ç Á�}��µ¦��­°�Ä��´Ê��o� �¨�µ¦��¨°��´��¨nµª ­¦»��´�£µ¡�¸É 6 �¹É��³Á®È�Å�oªnµ�¸É�¦·¤µ�­nª�
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�µ¦�¦³�»¤�µ�ª·�µ�µ¦�°�¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r �¦´Ê��¸É 6;

55 ­µ�µª·«ª�¦¦¤«µ­�¦r

�­¤�¼��¸Á¤��r 4 ( �³Ä®o�nµ�Îµ¨´�°´��´ªÂ��Á�¸¥ªÄ�¨oÁ�¸¥��´��·�Á®�¸¥ª°n°��¦»�Á�¡² �¹�Á¨º°�Ä�oÁ�}�
­nª��­¤Á¡ºÉ°��­°�­¤�´�·�µ��oµ�ª·«ª�¦¦¤�n°Å� Ã�¥�Îµ®���µ¦�n¤�¸ÉÁª¨µ : ª́�

�µ¦µ��¸É 4 Â­���»�­¤�´�·�µ��oµ��µ¥£µ¡�¸É°´�¦µ­nª��­¤¦³®ªnµ��·��µª +., Â¨³Á��Ã�Å��r+%, �nµ� Ç

�µ¦��¨°� °´�¦µ­nª� ��µ��¨³ �nµ¡¨µ­�·� �ªµ¤�nª�
�¸É �­¤ %=. ( 6DQG (6LOW ( &OD\ // 3/ 3, �ÎµÁ¡µ³

�·��µª +., ;133 97133 5;133 73183 65194 :1;< 51978
Á��Ã�Å��r +%, 3183 67183 98133 659133 7:166 5:;19: 518;7

4 4=4 9148 85143 741:8 48;1:8 5:147 464195 518;
5 4=5 :156 8;1:8 67135 433163 591;: :6176 5193
6 4=7 91<7 93195 65177 <3133 57186 9817: 5195
7 4=9 81;: 96143 64136 96173 58194 6:1:< 5196
8 4=; 91<9 97138 5;1<< 95173 571:6 6:19: 5196

�·�Á®�¸¥ª°n°��¦»�Á�¡² 4043 73093 73083 830:3 58083 63073 5199051:5

£µ¡�¸É 6 Â­���ªµ¤­´¤¡´��r¦³®ªnµ��Îµ¨´�Â¨³°µ¥»�°��n¤�¸É�¦·¤µ��¼��¸Á¤��r�nµ�Ç

�¨�µ¦��­°�­¤�´�·�µ��oµ�ª·«ª�¦¦¤
41 �¨�µ¦��­°��Îµ¨´�°´��´ªÂ��Á�¸¥ª Â­���¦µ¢�ªµ¤­´¤¡´��r¦³®ªnµ��ªµ¤Á�o�0�ªµ¤Á�¦¸¥�

�´�£µ¡�¸É 7 �µ��¨�µ¦��­°��´��¨nµª Å�o�nµ�Îµ¨´�°´��´ªÂ��Á�¸¥ªÁ�¨¸É¥Á�nµ�´� 3156 ��12�¦1�¤1 �¸É
�ªµ¤Á�¦¸¥��¦³¤µ� 518 ( �¹É�Á¤ºÉ°Á�¦¸¥�Á�¸¥��´��´ª°¥nµ��·��¦·� �¸É¤¸�nµ�¦·¤µ��ªµ¤�ºÊ��ÎµÁ¡µ³Ä�¨o
Á�¸¥��´� +$NUDSRQJSLVDL/ 4<:3, �³Ä®o�nµ�Îµ¨´�°´��´ªÂ��Á�¸¥ª�¸ÉÄ�¨oÁ�¸¥��´� Â¨³¤¸¡§�·�¦¦¤�ªµ¤Á�o�0
�ªµ¤Á�¦¸¥��¨oµ¥�¨¹��´�

3

8

43

48

6 : 47 54 5;

°µ¥» +ª́�,

�Îµ
¨´�
°´�
Â�
�Á
�¸¥
ª+
NV
F1,

&08 (
&06 (
&05 (
&04 (

คล
ังคว

ามร
ู้ดิจ

ิทัล ม
หาวิท

ยาล
ัยเก

ษตรศ
าสต

ร์



�µ¦�¦³�»¤�µ�ª·�µ�µ¦�°�¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r �¦´Ê��¸É 6;

­µ�µª·«ª�¦¦¤«µ­�¦r 56

£µ¡�¸É 7 �ªµ¤­´¤¡´��r¦³®ªnµ��ªµ¤Á�o�0�ªµ¤Á�¦¸¥��°��·�Á®�¸¥ª�¦³�·¬�r �¸É°µ¥»�µ¦�n¤ : ª´� Á�¦¸¥�
Á�¸¥��´��·�Á®�¸¥ª�¦·�

51 �¨�µ¦��­°��µ¦°´��´ª�µ¥�ÎÊµ Â­���¦µ¢�ªµ¤­´¤¡´��r¦³®ªnµ�°´�¦µ­nª��n°�ªnµ��´��ÎÊµ®�´�
�¦¦�»��´�£µ¡�¸É 8 �µ��µ¦��­°�¡�ªnµ¤¸�nµ°´�¦µ­nª��n°�ªnµ�Á¦·É¤�o�/ HR Á�nµ�´� 41;7 ¤¸�nµ�ÎÊµ®�´���
�´�­¼�­»�Ä�°�¸� +0D[LPXP SDVW SUHVVXUH,/ 3F Á�nµ�́� 3198 ��12�¦1�¤1 ¤¸�nµ�´��¸�µ¦°´��´ª
+&RPSUHVVLRQ ,QGH[,/ &F Á�nµ�´� 31:5 Â¨³¤¸�nµ�´��¸�ª¤�´ª +6ZHOOLQJ ,QGH[,/ &V Á�nµ�´� 313:
�¹É�Á¤ºÉ°Á�¦¸¥�Á�¸¥��´�¡§�·�¦¦¤�´��·�Á®�¸¥ª°n°��¦»�Á�¡² �¦·��È¤¸¨´�¬�³Ä�¨oÁ�¸¥��´�

3133
3183
4133
4183
5133

3134 3143 4133 43133

�ªµ¤�´��¦³­·���¨ +��2�¦1�¤1,

°´�
¦µ­
nª�
�n°
�ªµ
�/
H

H+8QGLV,

£µ¡�¸É 8 ¡§�·�¦¦¤�µ¦°´��´ª�µ¥�ÎÊµ�°��·�Á®�¸¥ª�¦³�·¬�r �¸É°µ¥»�µ¦�n¤ : ª́�
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�µ¦�¦³�»¤�µ�ª·�µ�µ¦�°�¤®µª·�¥µ¨´¥Á�¬�¦«µ­�¦r �¦´Ê��¸É 6;

57 ­µ�µª·«ª�¦¦¤«µ­�¦r

­¦»�Â¨³ª·�µ¦�r�¨
�µ��´Ê��°�Ä��µ¦¡´��µ�·�Á®�¸¥ª�¦³�·¬�r Ã�¥�µ¦�­¤�¼��¸Á¤��r ­¦»�Å�oªnµ¤¸°´�¦µ­nª��­¤�¸É

Á®¤µ³­¤¦³®ªnµ��·��µª ;; ( Á��Ã�Å��r 44 ( �¼��¸Á¤��r�°¦r�Â¨��r��·��¸É ,,, 4 ( Â¨³�ÎÊµ :3 (
Ã�¥�ÎÊµ®�´� �µ��µ¦��­°��Îµ¨´�°´��´ªÂ��Á�¸¥ª Å�o�nµ�¦³¤µ� 3156 ��12�¦1�¤1 �¸É°µ¥»�µ¦�n¤ : ª́�
�¨�µ��µ¦��­°��µ¦°´��´ª�µ¥�ÎÊµ¡�ªnµ¤¸°´�¦µ­nª��n°�ªnµ�Á¦·É¤�o�Á�nµ�´� 41;7 �´��¸�µ¦°´��´ª/ &F
Á�nµ�´� 31:5 Â¨³¤¸�nµ�ÎÊµ®�´����´�Ä�°�¸�/ 3F Á�nµ�́� 3198 ��2�¦1�¤1 �¹É�Á¤ºÉ°Á�¦¸¥�Á�¸¥��´��´ª
°¥nµ��·�Á®�¸¥ª°n°��¦»�Á�¡²�¦·Áª�¨»n¤Â¤n�ÎÊµÁ�oµ¡¦³¥µ�°�¨nµ�Â¨oªÄ®o�nµ°¥¼nÄ��nª��·�Á®�¸¥ª�´��¨nµª

�¨�µ¦ª·�´¥�¸Ê ¡�ªnµ�·�Á®�¸¥ª�¦³�·¬�r�¸É¤¸°´�¦µ­nª��­¤�°�ª´­�»�´��¨nµª ¤¸�¦µ¢�ªµ¤­´¤¡´��r
¦³®ªnµ��ªµ¤Á�o�0�ªµ¤Á�¦¸¥��¸ÉÂ­���nµ�Îµ¨´�­¼�­»� +3HDN 6WUHQJWK, Â¨³�¦µ¢�ªµ¤­´¤¡´��r¦³®ªnµ�
°´�¦µ­nª��n°�ªnµ��´�Â¦��¦³�Îµ �¸É¤¸¨´�¬�³Ä�¨oÁ�¸¥��·�Á®�¸¥ª°n°��¦»�Á�¡ ² �nµ�¸É�³�Îµ¤µÄ�oÁ�}�ª´­�»
Â���·�Á®�¸¥ª°n°��¦»�Á�¡² Ä��µ¦��¨°�Â���Îµ¨°��µ�ª·«ª�¦¦¤ Á¡ºÉ°Á�}��µ¦¨��{�®µ�¸ÉÁ�·��¹Ê��µ�
�µ¦Á�È��´ª°¥nµ��¸É��­£µ¡�¸É¤¸�ªµ¤Á�}�Á�ºÊ°Á�¸¥ª�´�­¤ÎÉµÁ­¤° Â¨³¨��nµÄ�o�nµ¥Ä��µ¦Á�È��´ª°¥nµ��¸É¤¸
��µ�Ä®�n �n°Å�

Á°�­µ¦°oµ�°·�
41 %MHUUXP/ /1 DQG ,1 7K1 5RVHQTYLVW1 4<891 6RPH H[SHULPHQWV ZLWK DUWLILFLDOO\ VHGLPHQWHG RI

FOD\V1 *HRWHFKQLTXH/9RO19/ 1R16/ SS14570469
51 )DKP\/ <1 01 +1 4<<61 7KH LPSDFW RI YDU\LQJ WKH DSH[ DQJOH RQ VWDWLF FRQH SHQHWUDWLRQ

PHDVXUHPHQWV LQ VLPXODWHG &KDPSODLQ FOD\V1 01 (QJ1 7KHVLV1 (FROH 3RO\WHFKQLTXH/
0RQWUHDO/ &DQDGD1

61 .H]GL/ $1 4<:<1 6WDELOL]HG (DUWK 5RDGV1 (OVHYLHU 6FLHQWLILF 3XEOLVKLQJ &RPSDQ\1 $PVWHUGDP
y 2[IRUG y 1HZ <RUN1

71 $NUDSRQJSLVDL/ 61 4<:31 &RPSUHVVLRQ RI VWUHQJWKV PHDVXUHG E\ YDQH VKHDU /XQFRQILQHG
FRPSUHVVLRQ DQG WULD[LDO VKHDU WHVWV LQ %DQJNRN FOD\1 01 (QJ1 7KHVLV1 1$,71/%DQJNRN1

81 7DYHQDV/ )1$1/ 01 5R\1 DQG 31 /DURFKHOOH1 4<:61 $Q DUWLILFLDO PDWHULDO IRU VLPXODWLQJ &KDPSODLQ
FOD\V1 &DQDGLDQ *HRWHFKQLFDO -RXUQDO/ 9RO1 43= 7;<0836
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