
 \=�xZ r9qL@&;K,��+ ;= 7A_;hH�� ,O95 *Ow=�+� �� TFtR ,�+;tg

7qAR� 7nbMqIp1*?gx:� r9SHMqIp +2

1- );pO3 7c9>] a=;tp + ,��+;V3 �;k9kI@ P3Op �,��+;V3 7RMtwp + 7tg �;k9kI@ TL= 7qnb �;9v x[b

=1B?CD1=I@I18??.3?=

2-r9U;p 29s;4p TL= �;AR� *;6Vs�� �,��+;V3 ,;v��O9U

�1$��

�&;K �MU + 7v;95 ,;8;k= TUx- MX�� r9qL@ ,�O= (xROp ,;v  + G^R �� + *�x= O95 ?j+ + *Mtt3 uASK ,��+

MtAS9s *�;hAR� l=;j a9R+ . �MU + ;8;k= ?8O8Mp T8;- ,�O= a8OR + i9j�  +� 28 rAg;8 + 7R�O= �x`tp u= i9kI@ r8�

&;KMU (;Fs� ,��+ . rg ucm;^p r8� �� TUx- MX�� r9qL@ ,�O= );R� + a8OR �;4v�� 28 )�xtb u= ,� *��xv;p O8+;Y@ ,�+�

&;K O6V8;- + &;K G^R �� ;8;k=&;K �MU + 7A_;hH ,��+?gO5 ��Oj *�;hAR� ��xp ,��+ . O8xY@ ,;v *��� 78;s�x@ +� r8� ��

*MtFtR 7h9] Mt/-?B<4,95G-2� + 7h9] WK;U *��;8 ��Mc@ �� *�;hAR� ;=?gO5 ��Oj 7=;8��� ��xp 7^K 7h9] ,�;R�ME P9m;s .

 �� �x`tp r8M=90MU ?>C + ,O95 *��Ms� O8xY@  ���O-  +� ;= &;K G^R ,;8;k= TUx- MX�� 7V8;p�� $��Pp �� ?9cjxp .

*MtFtR O8xY@ �� ,� *��xv;p O9`s ,;v *���-?B<4,95G-2= �r9p� �� ;8;k= TUx- MX�� 76AS>qv + *MU ��OLAR�*��� ; ,;v

*��xv;p O8+;Y@MU 7R�O= ,� .,;v WK;U ;= &;K G^R �� ;8;k= TUx- MX�� u3 ��� );Vs D8;AsIP,I �(,I1 �(,I2+

GND,IMs��� 7>R;tp 76AS>qv((2 = 0.73-0.83) . 7^K 7h9] ,�;R�ME P9m;s� ;= u3 &;K G^R �� ;8;k= TUx- MX��

� ?R� u= ,;v *��� ;= ��x= *MU *�� r9qL@?U�� 7>R;tp 76AS>qv 7t9p� ,;v Q4b �� *Mp((2 = 0.77).7h9] WK;U +�

IP,I+(,I1&;K �MU 7t9= T9- ,�O= Ms�x= &;K G^R �� ;8;k= TUx- MX�� ;= 76AS>qv r8O@y;= ,���� u3 �� ,��+

MsMU �;LAs� ucm;^p ��xp $��Pp .&;K �MU ,Mt= uk>] ?j� u3 ��� );Vs D8;Asr8� 2q3 u= ,��+ fnALp \8�OU �� WK;U +�

100L78�x= MX��.

�%K �����1$D�: �7h9] Mt/ O8+;Y@ �7^K 7h9] ,�;R�ME P9m;s� �,� *��xv;p O8+;Y@&;K,��+WK;U �7A_;hH7h9] ,;v.

JE1AE

�� rAU�� ?R�u= #x=Op �;bz]� �MU TUx- + ,��+ &;K ,;8;k= 7v;95 &;K G^R �� �� ';qb� ,;v ,��N5 ?R;9R

 u= #x=Op M9mx@+ 7H�O] �,��+;V3 D8+O@,��+ &;K ��P=�+7A8O8Mp ,;v  +� ,;k@��9@�;`s +?R� Mtp�xS . TUx- r9qL@

 ;8;k=r9t0qv 7p &;K ?8O8Mp ,;v  +� �x>w= i8O] �� �&;K \Rx@ r=O3 �NE r9qL@ �� owp lp;b 28MU;=)L?22��
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��., 2007(. �� ;v )� �;C� 7=;8��� + ,P8� up;sO= �*Mt8� �� \8�OU 7t9>V9- + 78�OE� + 7qnb ,;v up;sO= i9j� ,�OE� ,�O=

 �MU + ;8;k= ?8O8Mp T8;- ,�O= a8OR + OCxp �i9j�  +� 28 7A_;hH ,��+;V3&;K,��+?R� (�y 7b��� ,;v r9p� �� .

;95 ,;8;k= TUx- )�P9p 7R�O= ,�O= (xROp ,;v  +� �MU + &;K G^R �� 7v&;K,��+ Mts;p 7b��� ,;v r9p� ��

;8;k= r8�xAU+��O8+;Y@ uS8;kp+��xp \KMs��Ms 78��;3 a9R+ G^R �� + *�x= �+� ?kVp + O= ut8Pv �O95 ?j+ �;9S= .

TFtR�+� ��onb ;v *M8M- ��xp�� �;bz]� <S3 Otv + rg �;v )� ;= �;q@ )+M=+ *�x= O@�Og 7v;68;E �� 7=xK u= �� ;p

Mv� 7p ��Oj );Ss� 78;s�x@ ,;v ?8�+MIp�� .,�+;tg r8�tp �� �;bz]� ,�+� aqEn9m� u= u3 Mt3 7p ov�Og �� 7k];�;8� ut8Pw�

 ?g;Sp Mc= +)�x= &;sO^K� );Ss�Mt3 78;R;tU �� ;v )� o9kASp �x] u= Ms�x@ 7qs . �;bz]� ,O8N- ��O4@ ?9X;K �� ,� *��xv;p

7p;v )� 'OAt3 + 7t9p� ,;v *M8M- ��O99e@ 7R�O= ,�O= �;bz]� r8� owp ,;v 7518+MU;=)D1BF9C8C561D�����., 2005( .

7h9] ,;v WK;U �� *�;hAR� �;t3 ���7h9] ,Mt= uk>] ,;v ,�+� rg Mts;p7^K 7h9] ,�;R�ME P9m;s�1 ,�O= �;4v�� 28

 MX�� r9qL@fnALp "��xb 7I^R?R� ,� *��xv;p O8xY@ 28 �� �xExp .P9m;s� r8� �� *�;hAR� ;= 7n3 �x] u=� 'Mp 28 u3

?R� 748P9g� �� 28 Ov u3 7I^R )�P9p )�x@ 7p ,;v uZ�;b u= O8xY@ �� lS49- 28 �� �xExp �� Ms� *��� !;YAK� �xK

�� r9qL@ .;v WK;U %zKO=LAR� O8xY@ Ms;= +� 7h9] �;bz]� �� yxqcp u3MsxU 7p ��O 7h9] �;bz]� �� ,�;R�ME P9m;s� �

 r99c@ ,�O=O8xY@ ,;v Ms;= uqv ��Mkp48 uZ�;c O8;R u= ?>Ss ,;v uZ�;b r9p� G^R �� �xExp)5 ,;8;k= �&;KP>R *;95+ 7v;9  (

Mt3 7p *�;hAR�)A41=C �����., 1995(.

 ,�O= *MU (;Fs� ,;v Tv+1- D8;As 7R�O= ,;v *��� �+� �� TFtR7h9] Mt/ O8+;Y@� *MtFtR + ;q9-�xv 2q3 u= u3

'E93;29B4Ms;= lp;U u3 78;v WK;U + &;K G^R �� 7v;95 ,;8;k= MX�� r9= 7^K u^=�� 28 u3��� );Vs �x= *MU ?U��O=

28�Ps PpOj )+�;p)NI((���� �xE+ Ms�x=))E<<9F1> �����., 2007(.

 Tv+1- 28 ��;k= TUx- MX�� ,O95 *��Ms� ,�O=O8+;Y@  ���O-  +� �;R� O= &;K G^R ,;8MU 7gOcq8M8ME �;9cp � .

 Ms�x@ 7p �x= 7h9] ,;v WK;U �� *�;hAR� aj�+ �� u3 �;9cp r8� r9p� G^R ,;8;k= MX�� r9qL@ ,�O= 7s;Ss� ,;v;^K �� �+� u=

�xU *�;hAR� . �MA=�  +� r8� �� $;h@�� ��5/2 ,OAp r9=�+� 28 un9R+ u= 7R;4b';A9F8�� u9w@ ;8;k= + r9p� G^R �� 78;v Q4b

MU . ��Pg� (Os �� *MU 7H�O] ,;wqA8�x6m� ;= ;v Q4bMA*LAB  ���O-MUMs . u3 ��� );Vs D8;As �Pn3 + ��� ,;8;k= ��xp ��

 *MU �;LAs� �;9cp WK;U +� 7tc8((-G)/((+G) +2G-(-Bs�x@ 7ptU;= ;8;k= 7s�+ r9qL@ ?wE 7>R;tp WK;U Mt M

)J161B9�����., 2010.(

 T8;- ,�O= �+� �� TFtR �� *�;hAR� O= 7tA>p ,;v  +� ;p �xV3 �� u4t8� u= uEx@ ;=&;K,��+ �?R� *MVs u:��� 7A_;hH

 i9kI@ r8� �� %Mv ,�O= 7^=�+� r99c@ T8;-&;K,��+ 2q3 u= 7A_;hH r99c@ + &;K G^R �� ;8;k= TUx-MX�� r9qL@

 �MU&;K,��+ *MtFtR O8+;Y@ �� *�;hAR� ;= (Mt5 $��Pp-?B<4,95G-2�x= .

1- L9>51B )@53DB1< +>=9H9>7 A>1<IC9C (L)+A)
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%K ��� � ��LE

r8� T8;- �x`tp u= Tv+1-&;K,��+ 7A_;hH)&;K G^R �� 7v;95 ,;8;k= TUx- MX�� r9qL@ i8O] ��( r99c@ +

 �MU&;K,��+ �� *�;hAR� ;= *MtFtR ,� *��xv;p O8+;Y@-?B<4,95G-2MU (;Fs� . �� �x`tp r8M=90 $��Pp �� ?9cjxp

 ub�Pp G^R �� 7mxqcp 7m;A9F8� 7R;4b r9=�+� 28 \Rx@ Q4b Mt/ �z- Ov �� + *MU uAgO5 O`s �� 78;v �z- 7V8;p��

MU ?U��O= . \RxAp + ,O95 *��Ms� O8xY@  ���O-  +� ;= Q4b Ov �� &;K G^R ,;8;k= TUx- MX�� MX�� TUx- �� ;8;k=

 O8+;Y@ uqv= )�xtb u ;8;k= TUx- MX��MU ?>C �z- )� ��. l4U1Mv� 7p );Vs ��  +� r8� fnALp lH�Op . Q.R

 76AS>qv7V8;p�� ,;v �z- �� ;8;k= TUx- MX�� P9m;s� ,;v *��� + 7h9] ,;v WK;U lp;U ,� *��xv;p O8+;Y@ ,;v *��� ;=

MU 7R�O= 7^K 7h9] ,�;R�ME . �� 7c=;@ ��xX u= ub�Pp G^R �� 7v;95 ,;8;k= MX�� <R;tp 76AS>qv �xE+ ��xX��

 *MU �;8 ,;v WK;U8MU );9= 7^K 7h9] ,�;R�ME P9m;s� ,;v *��� ; .

 l4U1- ;8;k= ,�;R �MEO8xY@  ���O-  +� ;= &;K +

 �MU r99c@ ,�O=&;K,��+ *�;hAR� MtAU�� &;K G^R �� ;8;k= TUx- MX�� ;= �� 76AS>qv r8O@y;= u3 78;v WK;U ��

MU .7h9] ,;v WK;U u>R;Ip ;= ;wt@ + ub�Pp u= ucE�Op )+M= �)� �� *�;hAR� ;= u3 M8�O5 o9RO@ ,���xqs �;3 r8� ,�O= ��

�xv;p O8+;Y@,� *� �MU )�x@ 7p �&;K,��+�xqs r99c@ $��Pp �� �� . (;Fs� O8�  +� u= �;3 r8�8�O5M:

6#%E�� B/E �%$:L;0

 ?H;Sp u= (Mt5 $��Pp �� ;v T8;p��25MU (;Fs� ��O9U ';qU �� aj�+ ?U�+Op );AROwU �� a=Op OApxn93 . l4U2

Mv� 7p );Vs �� 7@;cm;^p uk^tp ?9cjxp. ?U��O= �� Q- �;v )� �� u3 MsMU �;LAs� ,� usx5 u= 7V8;p�� $��Pp OZ;H i9kI@ ��
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 + 'xYIp ,;8;k= �+;hAp ?8O8Mp �(Mt5 'xYIp&;K,��+ ;8;k= TUx- MX�� *MU �;LAs� $��Pp �� ��xX r8M= ��x= *MU �OE�

 fnALp ,;v  +� +&;K,��+?U�� �xE+.

 B�72-?U�+Op ���O9U �7@;cm;^p uk^tp ?9cjxp

 �2$  ���1H�"8#%E�� �%K �M� �� %#%A& 67L� 1:��

 �� 7V8;p�� $��Pp G^R �� 7v;95 ,;8;k= TUx- MX�� ,O95 *��Ms�90MU (;Fs� ?9cjxp . �� u^ks Mt/ �� 78;v Q4b �MA=�

 ?=;C $;h@�� �� �z- Ov2 OAp $xs �� 7m;A9F8� r9=�+� 28 \Rx@C1>?> I.+) 960I) ?pOg ;= + *MU uAU��O=JPEG *O9K�

MsMU r9=�+� r8� O8+;Y@ ?9h931/12nS49-;6p�x>) '+ME1(. 78;9g�OeE �;YALp 7V8;p�� �z- *;6AR� 28 \Rx@GP) ?j� ;=

2 OApM8�O5 ?>C . Ov ;>8Ok@ Q4b �;j 285/1�5/1 �� ,OAp ,�O= �;j r8� u3 Mv� 7p TUx- �� r9p�MU �;LAs�  ���O- .

 ��1-1-7m;A9F8� r9=�+� �;YLVp)C1>?> I.+) 960I)(

$xs lS49- 7sxs;3 unX;g 78;qt5�P= ?bOR uARx9- ,���O>S4b O8xY@ *��Ms�

1/1.7M

CCD

12.1M 7.7-28.5 == O@D931< (3.7H)

D979D1<  (4H)

1/60-1/1600

C53

A@@B?H. 1.5

C8?DC/C53

M1H (4000K3000)

M9>(320K240)
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,�O= ��Pg� (Os �� O8+;Y@  ���O-MA*LAB uLSs7 uLSs O8xY@  ���O- ��P=� ��xs +6+ �� &;K �� ;8;k= ,�;R�ME ,�O=

O8+;Y@��WK;U;9h9] ,;v MU *�;hAR)J161B9 �����., 2010.(O8+;Y@ �WK;U ';qb� �� Q-8 7A9= �� *�;hAR� ;= +�xS@+�1 u=

O8+;Y@ ,Ot8;= l8M>@MsMU . ;wAs� �� 7v;95 ,;8;k= TUx- MX�� ��90 *MU �;8 ?9cjxp o9Sk@ �� G^R �� *MU �ME ,;8;k= &;K

MU u>R;Ip Q4b l3 ?H;Sp O= *) l4U1 ( \RxAp + ,;8;k= TUx- MX�� )�xtb u= �z- Ov �� *MU uAU��O= O8+;Y@ u9n3

M8�O5 ?>C �z- )� �� ;8;k= TUx- MX�� .� ,O95xnE ,�O= �*��xv;p \Rx@ ,���O= O8xY@ (;6tv �� 7V8;p�� $��Pp \8�OU O99e@ �

 ;v �z- G^R �� 7m;A9F8� 7R;4b r9=�+� ;= ,���O= Q4b8���O= O8xY@ );p� u= 28�Ps 7s;p� �� \RxA*��xv;ps�(;FMU .

�� ���LK%E �%K ���� J'4%/E

,�O= r8� (;Fs� Tv+1- �� *MtFtR ,� *��xv;p O8xY@-?B<4,95G-2 MU *�;hAR�) '+ME2( . ��xp ,� *��xv;p O8xY@

 *;pO9@ oAS9= J8�;@ �� Tv+1- r8� �� *�;hAR�1391)10 ,yxE2012 (MU ?U��O= uk^tp �� . O8xY@ r8� �;c=� ;=5�5 OApxn93

 7t9p� 294h@ ��Mj ;= 7h9] 2@ ?pOg +� �� + uAgO5 O= �� �� 7V8;p�� $��Pp u9n35/0 + OAp 294h@ ��Mj ;= 7h9] Mt/2OAp �

 ?3OU \Rx@ u3D979D1<G<?25�x= *MU (;Fs� )� 7RMtv + ,OApx8��� �;I9IY@ � ?3OU r8� ��M8�O5 ,��M8OK .

 ��1-2 - + *MtFtR �;9XxYK4 ���Ms;AR� Ms;= O8+;Y@-?B<4,95G-2)D979D1<G<?25I>3, 2012(

*MtFtR ,;vMs;=  �xp 'x])OApxs;s(  �;9XxYK*MtFtR

P1>38B?=1D93 450 - 800 >= L1E>38 D1D5 O3D?25B 8, 2009

B<E5 450 - 510   >= OB29D  A<D9DE45 770 ;=

GB55> 510 - 580   >= M9CC9?> L965 10-12 I51BC

(54 630 - 690   >= P5B9?4 100 =9>

N51B I>6B1B54 770 - 895   >= DI>1=93 (1>75 11-29DC @5B @9H5<

,�O=,� *��xv;p O8+;Y@ �� O9`s ,;v *��� ��OLAR�� �� Q- 'OAt3,�;R aEOp r9p�2O8xY@ ';A9F8� ?3OU \Rx@ u3

�x= *MU (;Fs� �xn5� lIp,;v ,O95 *��Ms�t9p�7 *;6AR� 28 \Rx@ ;v )� �;YALp u3GP) �x= *MU ?>C *��xv;p O8xY@ ��

 WLVp ,�M8�O5 . ,;v *��� �;@�;=;v lS49-87 Ms�x= 7V8;p�� ,;v �z- *MsO95 O= �� u3 O8xY@ ��MU ��OLAR�Ms� r8�O=;t=

�x= O68M48 O= i>^tp 7s;4p O`s �� r9p� + O8xY@ �� ,���O= *��� . 7h9] ,;v WK;U ucm;^p ��xp ,�;R �ME P9m;s� ,;v *��� +

7^K 7h9] ��Pg� (Os �� *�;hAR� ;=EN,I O8xY@ ��-?B<4,95G-2MU u>R;Ip ;8 ��OLAR�Ms . *�;hAR� ��xp 7h9] ,;v WK;U

 '+ME �� ucm;^p r8� ��3Ms� *MU 7gOcp .

1- ODCE 1<7?B9D8=

2- G5?B565B5>39>7
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 ��1-3 -ucm;^p r8� �� *�;hAR� ��xp fnALp 7h9] ,;v WK;U �;bz]�

WK;U f8Oc@ aEOp

MP(I (M?496954 @8?D?385=931< B56<53D1>35 9>45H)

BND,I (B<E5 >?B=1<9J54 49665B5>35 F575D1D9?> 9>45H)

GND,I (GB55> >?B=1<9J54 49665B5>35 F575D1D9?> 9>45H)

(,I1 ((1D9? F575D1D9?> 9>45H 1)

(,I2 ((1D9? F575D1D9?> 9>45H 2)

(,I3 ((1D9? F575D1D9?> 9>45H 3)

IP,I (I>6B1B54 @5B35>D175 F575D1D9?> 9>45H)

D,I (D9665B5>35 F575D1D9?> 9>45H)

,A(I (,9C92<5 1D=?C@85B931<<I B5C9CD1>D 9>45H)

G(CI (GB55> B5C94E5 3?F5B 9>45H)

B(CI (B<E5 B5C94E5 3?F5B 9>45H)

(G-()/(G+() /1>7 �����. (2008)

(NI(-B)/(NI(+B) /1>7 �����. (2006)

(NI(-G)/(NI(+G) G9D5<C?>�����. (1996)

NI(/( J?B41> (1969)

G/( J?B41> (1969)

G/B J?B41> (1969)

NI(/(NI(+() CB9@@5> (1990)

NI(-(54 (?E:51> 1>4 BB5?> (1995)

(G-()/(G+(-B) K1E6=1> 1>4 *1>B5 (1992)

(G-B)/(G+B) *89C CDE4I

((-B)/((+B) *89C CDE4I

 up��� �� �� *MU ,O95 *��Ms� ,;8;k= MX��,;v �z- ,�;R�ME P9m;s� ,;v *��� + ;v WK;U �� 7c=;@ ��xX u= 7V8;p��

MU );9= 7^K 7h9] .76AS>qv x^=�+� r8� ?j�+ 7V8;p�� ,;v �z- �� ;8;k= TUx- MX�� �� *�;hAR� ;= ,� *��xv;p ,;v *���

)xRO9- ,�+;AV5 76AS>qv <8OZ1)(
2 ( );9=8�O5M.

 �17 �1I& JA'<�%0����

 �;bz]� P3Op7A_;hH ,�+� rg2 �&;K,��+�� T9= )� �� u3 ?R� *�xqs f8Oc@ 7U+� �� 7A_;hH30 &;K G^R MX��

?R� *MU *M9Ux- ;8;k= �� . o3 �� )�P9p r8�&;K,��+30L15 �� +&;K,��+ �� OAq3 (xROp ;8 M8MU15 *MU );9= MX��

 ?R�)C*IC, 2004( . )�P9p u= ;8;k= TUx- i9kI@ r8� ��60 -30 MX��&;K,��+ �� T9= + 7A_;hH60 7= MX��&;K,��+

MU f8Oc@)D1E78DBI 5D 1<., 2006( . �MU ,Mt= uk>] ,�O=&;K,��+ ;= �� 76AS>qv r8O@y;= u3 WK;U +� �� *�;hAR� ;=

= u3 M8�O5  ��O= ,���xqs MtAU�� &;K G^R �� ;8;k= TUx- MX��2q3 us� �MU )�x@ 7q&;K,��+�� �� G^R �;w/

&;K,��+ o3 �M8MU&;K,��+ �&;K,��+ 7= + 7A_;hH&;K,��+���xqs r99c@ $��Pp . �MU 7t9= T9- ?j�&;K,��+

 �� ���xqs r8� \Rx@36M8�O5 7R�O= unX;H D8;As + *MU T8;p�� �z-.

1- P51BC?> @B?4E3D =?=5>D 3?BB5<1D9?> 3?5669395>D ((
2
)

2- C?>C5BF1D9?> *538>?<?7I I>6?B=1D9?> C5>D5B
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+/& � ,#%*H

 7m;A9F8� ,;v Q4b \Rx@ 7V8;p�� ,;v �z- �� ;8;k= TUx- MX�� r99c@ �� Q- u3O8xY@  ���O-  +� �� *�;hAR� ;=

 MU (;Fs�) l4U3( � ,;v *��� 76AS>qv ;v Q4b r8� �� *Mp� ?R� u=) ,;v *���7t9p�( + ,;v *��� *��xv;p ,� MX�� + 7R�O=

M8�O5 u:��� ,� *��xv;p O8+;Y@ ,;v *��� �� 7c=;@ ��xX u= ub�Pp G^R �� ;8;k= TUx- . 7=;8��� lH�Op i9kI@  +� u= uEx@ ;=

MU (;Fs� O8� ��xX u= ;v *���.

 B�73-&;K + ;8;k= ,�;R�ME)O8xY@  ���O-  +�(

 "!*5'FK "4�2&�%K ���� "=0 "?$< ��%4 �1- 3$C%H� %&%#%A& 67L� 1:���G$E� �) ����2� ���

2#L;)(

Pp G^R �� MU (;Fs� 'xYIp ?U��O= �� Mc= 7@Mp (Mt5 $��Pp �� u3 i9kI@ r8� \8�OU ,�O=7V8;p�� $�� uZ�;b +�

?U�� �xE+ ;8;k= + &;K 7tc8 fnALp. r8� M8;= uZ�;b +� ,� *��xv;p O8xY@ ���� �ME O68M48 r99c@ 28Ov 7I^R ?>Ss + 7p

MU . �x`tp r8M=7h9] �;@�;= 7tItp *MU �;8 uZ�;b +� �� 28Ov ,�O=1 O8xY@ ��-?B<4,95G-2 M8�O5 ��OLAR�)l4U4 .( ��

 l4U4Oj ,;vMs;= �� ;p� �Ms��� ov;= 7q3 �;9S= unX;g  O8xY@ P>R + 7=� Ms;= �� ;8;k= + &;K �� uAg;8 �;@�;= f9] )+�;p + Pp

MU;= 7p �;8� ;8;k= + &;K �� uAg;8 �;@�;= f9] r9= r8;>@ 28�Ps PpOj .\Rx@ 7w=;Vp ,;v uAg;8P13853? 1>4 M3N19B>

(2011) +B1>>1B9�����. (2006) ;v *��xv;p O8;R O8+;Y@ ,�O=?R� *MU  ��P5.

 l4U D8;As4 �;@�;= &;K u= ?>Ss 28�Ps PpOj )+�;p Ms;= *18+ u= + PpOj ,;v Ms;= �� 7v;95 ,;8;k= u3 ?R� )� O6s;Vs

Ms��� ,OAV9= . ;8 �;LAs� + 7^K 7h9] ,�;R �ME P9m;s� �� G9IX *�;hAR� ��xX �� u3 ?g;8�� )�x@ 7p uAg;8 r8� u= uEx@;=

 ,;vMs;= �� <R;tp 7h9] ,;v WK;U f8Oc@PpOj + Ms;= *18+ u=28�Ps PpOj )+�;p 7v;95 ,;8;k= + &;K r9= )�x@ 7p O8xY@

MU l8;j P8;q@ &;K G^R �� �xExp.

1- )@53DB1< B56<53D1>35 3EBF5
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 B�74- &;K + ;8;k= 7h9] JR;- 7tItp) *MtFtR O8xY@-?B<4,95G-2(

,�;R�ME P9m;s� 2q3 u=7^K 7h9]� u9n3 �� ;8;k= TUx- MX�� 7V8;p�� ,;v �z-),� *��xv;p O8xY@ �� ( + u>R;Ip

 76AS>qv �x= *MU u>R;Ip 7m;A9F8� ,;v Q4b \Rx@ u3 ;8;k= TUx- MX�� ;v *��� r8� ;=M8�O5 7R�O= . �� ;8;k= TUx- MX��

 r9p� �x= *MU u>R;Ip O8xY@  ���O-  +� ;= u3 7^K )x9RO5� 7tItp 28 ;= O8xY@ �� ;8;k= TUx- MX�� �� 7c=;@ ��xX u=

MU );9=  ,� *��xv;p )(2 = 0.77() l4U5.(

 B�75-;8;k= TUx- MX�� r9= u^=�� r9p� ��)7m;A9F8� O8xY@  ���O-  +� (*��xv;p O8+;Y@ +,�

 "?$< �%K 90%7 "!*5'FK "4�2& �� ���LK%EG$E� �� %#%A& 67L� 1:�� %&)2#L;) ����2� ���(
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 �� ;8;k= TUx- MX�� ;= 7h9] ,;v WK;U 76AS>qv )�P9p 7V8;p�� $��Pp 7m;A9F8� O8+;Y@  ���O- un9R+ u= u3

 MsMU u>R;IpMU 7R�O=) '+ME4 l4U �6 +7( . r9p� �� ;8;k= TUx- MX�� u3 ��� );Vs D8;As ;= WK;U +�IP,I +(,I1 ;=

(
2 <9@O@ u=83/0 +82/0 76AS>qv r8O@y;= ,����7pMU;=. '+ME D8;As4 78;v WK;U (;q@ Mv� 7p );Vs ;v )� 'xpOg �� u3

 Ms;= ,;v *������� �xEx9=�) '+ME3(Ms� uAU�Ms ;8;k= TUx- MX�� ;= 7>R;tp 76AS>qv �O8� � Ms;= �� 7v;95 ,;8;k= + &;K7=�

 ,O=�O= ;>8Ok@ �;@�;= ,����MtASv)l4U4(. Ms;= lp;U u3 78;v WK;U 2q3 u= uZ�;b +� r8� ,�;R�ME r8�O=;t=7=� MtASv *��

�O= 7qt98;E u= .

 ��1-4 -WK;U r9= u^=��7m;A9F8� O8+;Y@  ���O-  +� u= *MU *�� r9qL@ r9p� �� ;8;k= TUx- MX�� + 7h9] ,;v

(27^K )x9RO5� um�;cpWK;U

0.31DP(CP = 209.7 K (,I3 - 303.9(,I3

0.31DP(CP = 790.3 K G(CI - 152.0G(CI

0.57DP(CP = 583.0 K B(CI - 239.8B(CI

0.69DP(CP = 0.065 K D,I - 19.11D,I

0.70DP(CP = 479.4 K BND,I - 241.3BND,I

0.73DP(CP = 864.4 K MP(I - 188.2MP(I

0.73DP(CP = -864.4 K ,A(I - 188.2,A(I

0.73DP(CP = -713.4 K (,I2 + 455.4(,I2

0.79DP(CP = 495.4 K GND,I - 156.2GND,I

0.82DP(CP = 282.8 K (,I1 - 340.6(,I1

0.83DP(CP = 1632 KIP,I - 896.4IP,I

DP(CP = D979D1< P8?D? (5C94E5 C?F5B P5B35>D
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 B�76-7h9] ,;v WK;U r9= u^=��,A(I +GND,I;=r9p� �� ;8;k= TUx- MX��

D8;As l4U6sV Mv� 7p );U ,;v WK;,A(I +GND,I MU;= 7pPpOj + P>R ,;vMs;= lp;U ;v )� 'xpOg u3) '+ME

3 ( 7v;95 ,;8;k= TUx- MX�� ;= \RxAp 76AS>qv ,����MtASv .];K u= uF9As r8�O Ms;= �� ;8;k= + &;L=;@�;= )�x= 28�PsP>R

MU;= 7p . Ms;= lp;U ,;v WK;U ;= ;8;k= TUx- MX�� r9qL@ *MU �;8 uZ�;b +� �;@�;= r9= o3 r8;>@ ?nb u=P>R D8;As

����O= �� 7^RxAp . Q- + 28�Ps PpOj )+�;pMs;= �� ;8;k= + &;K �;@�;= r9= r8;>@ r8O@y;= Ms;= )� �� MU;= 7p PpOj)l4U4( �

 ,;v WK;U r8�O=;t=IP,I +(,I1 u3;= MsxU 7p u>R;Ip Ms;= +� r8� ,;v *���) '+ME3 ( P8;q@ ;8;k= + &;K r9= 7=xK u=

 Ms� uAU�� 7v;95 ,;8;k= TUx- MX�� �� �� r9qL@ r8OAw= + *MU l8;j)l4U7.(
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 B�77- 7h9] ,;v WK;U r9= u^=��IP,I +(,I1 ;=r9p� �� ;8;k= TUx- MX��

usx6s;qv l4U �� u37 ,;v WK;U��Mkp M=;8 7p T8�Pg� ;8;k= TUx- MX�� 7Aj+�xU 7p *Mv;VpIP,I +(,I1 P9s

M=;8 7p T8�Pg� . l4U �� uF9As r8�8@�xX u= ,��M8M?R� *Mv;Vp l=;j . ,�O= WK;U +� r8� ��Mkp l4U1 -8)-x o3 TU

;8;k=( <9@O@ u=552/0 +235/1 ,�O= � l4U2-8) TUx-;8;k= \RxAp(567/0+312/1 ,�O= +l4U3-8);8;k= lp;3 TUx-(

579/0 +378/1?R� *�x=.

 B�78- o3 TUx- ;= 7V8;p�� $��Pp G^R �� ,O8+;Y@)1( \RxAp �)2 ( lp;3 +)3(
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 �17 �1I& JA'<�%0����

D8;As Mv� 7p );Vs i9kI@ *MsO95 O= �� u3 ,� *��xv;p O8xY@ ,;v lS49- 7V8;p�� $��Pp ;=&;K,��+ 7A_;hH )+M= ;8

&;K,��+ MtASv ;= $��Pp u= ?>Ss ,O@y;= �;@�;= \RxAp ,����&;K,��+ Ms� *�x= M8MU + o3) '+ME5 .( )�x= O@y;= �� �;@�;=

 u= #x=Op O8+;Y@ ,;v lS49- O68�  +� +� ;= uS8;kp �� &;K G^R �� OAV9= ,;8;k= �xE+ ?nb u= $��Pp r8�&;K,��+ 7p

MU;= l4U D8;As �� u3 usx6s;qv �O8� �4 �;@�;= �xU 7p *Mv;Vp MtASv 7v;95 ,;8;k= lp;U u3 O8xY@ �� 78;v lS49- �� T9=

 �;@�;= lp;U ,;v lS49-MU;= 7p &;K . ,;v Tv+1- D8;As ;= uAg;8 r8�,1> D5F5>D5B ����. (1997)+)D?>5B �����.

(1980)MU;= 7p ;AR�Oqv .

 ��1-5 - \RxAp&;K �MU �� *+O5 Ov ,�O= 7I^R �;@�;= MX��,��+

28�Ps PpOj )+�;p Ms;= PpOj Ms;= P>R Ms;= 7=� Ms;= &;K �MU,��+

435/0 298/0 161/0 092/0 &;K 7=,��+

365/0 266/0 152/0 090/0 &;K7A_;hH ,��+

298/0 229/0 137/0 082/0 &;Ko3 ,��+

284/0 219/0 130/0 077/0 &;KM8MU ,��+

 '+ME��6 WK;U +� ,;v r96s;9p uS8;kpIP,I +(,I1 G^R �� ;8;k= TUx- MX�� ;= 76AS>qv r8O@y;= ,���� u3

 �;w/ ,�O= MtASv &;K *+O5 �MU&;K,��+?R� *MU *��+�  . utp�� Mt/ )xp�� �� *�;hAR� ;= ;v WK;U r96s;9p uS8;kp D8;As

 ';qAH� G^R �� r4s�� ,�5 % Mv� 7p );Vs u3 �MU �� *+O5�;w/ �� ;v WK;U r8� r96s;9p r9=&;K,��+ ��� 7tcp %zAK�

���� �xE+ . �MU ;= $��Pp �� ;v WK;U ,;v *��� r9= ��� 7tcp %zAK� r9qv �xE+&;K,��+fnALp )�xA= u3 ��O5 7p Bb;=

 �MU&;K,��+ O8xY@ �� �� ub�Pp Ov-?B<4,95G-2 ,;v WK;U �� *�;hAR� ;=IP,I +(,I1�O3 r99c@.

 ��1-6 -WK;U O8�;kp \RxAp uS8;kp ,;vIP,I +(,I1&;K �MU *+O5 �;w/ ��,��+

 \RxApIP,I  \RxAp(,I1 &;K �MU,��+

5593406/0 1*460089/1  7=&;K,��+

577878/0 6 2369623/1 &;K7A_;hH ,��+

566406/0 7 3306423/1 &;K o3,��+

564375/0 8 4295552/1 &;KM8MU ,��+

 * ';qAH� G^R �� ��� 7tcp �+;h@ *Mtv� );Vs u=;Vp )xAR �� �+;hAp %+OH5 %7pMU;=
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�;3 r8� ,�O= l4U9 �MU 7t9= T9- �x`tp u=&;K,��+ $��PpMU  ��O= *MU �;8 WK;U +� ,;v *��� �� *�;hAR� ;= .

 <9@O@ r8M=;v WK;U rAU�� ?R� �� ;= � O8xY@ �� u3-?B<4,95G-2xU 7p ��OLAR�s )�x@ 7p ub�Pp u= ucE�Op )+M= M

 �MU&;K,��+�O3 r99c@ �� ub�Pp �� .

 B�79- �MU ,Mt= uk>]&;K,��+ ,;v WK;U�� *�;hAR� ;=IP,I +(,I1

 (@� "&%#��� �17 �1I& JA'<�%0����

 7=;8��� ,�O= ?j� �MU 7t9= T9-&;K,��+ l4U �� *�;hAR� ;=9��� 7v;95 ,;8;k= TUx- MX��36 $��Pp �� u^ks

� �� *�;hAR� ;= 7V8;p�,;v Q4b u3 ;v )� O9`s ,;v *��� ;= unX;H D8;As + ,O95 *��Ms� O8+;Y@  ���O- + 7mxqcp 7m;A9F8�

 l4U \Rx@9 M8�O5 uS8;kp ?R� *MU 7t9>V9-) '+ME7 .(s '+ME D8;A7 �MU 7t9= T9- ?j� u3 Mv� 7p );Vs&;K,��+ u=

 l4U 2q39� u= 28�Ps �;9S= �,� *��xv;p ,;v WK;U �� *�;hAR� 7tc8 �MU;= 7p ub�Pp G^R �� ;v ,O95 *��Ms .

 ��1-7 -uk>] ?j� 7=;8���&;K �MU ,Mt=,��+

&;K �MU,��+&;K 7=,��+&;K7A_;hH ,��+&;Ko3 ,��+&;KM8MU ,��+

*MU 7=;8��� lIp ��Mc@9999

*��Ms� D8;As O>k>^tp uF9As ��Mc@r9p� �M8O959978

O>k>^tp O9d uF9As ��Mc@*��Ms� D8;Asr9p� �M8O95 ---- ----1 ----

uk>],�Op ,Mt= ---- ----11

T9- ?j� 7cj�+ 7t9=)(%),�Op D8;As )+M=(1001007889

T9- ?j� 7n3 7t9=)(%),�Op D8;As ;=(10010089100

1.2
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1.3


1.	

1.	
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�� �� �� ��
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�2$  J.$*H

 u3 Mv� 7p );Vs D8;As P9m;s� \Rx@ u3 7I^R ,;8;k= TUx- MX�� 76AS>qv ?R� *MU *�� r9qL@ 7^K ,�;R�ME

 ���� ?R� *MU ,O95 *��Ms� 7m;A9F8� Q4b  +� ;= &;K G^R �� u3 ;8;k= TUx- MX�� ;= 78y;=)(2=0.77 .( TUx- MX��

 ,� *��xv;p 7h9] WK;U +� ;= r9t0qv �x= *MU u>R;Ip 7m;A9F8� Q4b ;= u3 &;K G^R �� ;8;k=(,I1 +IP,I 76AS>qv

� 78y;= ?U�)(2= 0.82 1>4 0.83 .( �MU 7t9>V9- ,�O= *MU �;8 WK;U +� unX;H D8;As u= uEx@ ;=&;K,��+ $��Pp ��

 �MU 7t9>V9- ,�O= 7tItp 28 + *MU �;LAs�&;K,��+M8�O5 ��OLAR� . �MU 7t9= T9- 7n3 ?j�&;K,��+ ,;v �z- ��

 7V8;p��100-78�x= MX��.
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