
l>c �� +�AnGW� *A9v� <W�TC<LzWNIR+��Ry� ��AP xCT8 -T>:'

<z}v *Aw=�1*�<9tv A`�RwOv2

1--~L[y��<WAzZ�A8RZ���uGX>W~>C 7>yA9v+,T:<WRz}v�uGX>W~>C+A;[y��EmT>K �?7:@;;?3@1364@9?3;>.5A?

2-+,T:�A=�AGW�<WRz}v�uGX>W~>C+A;[y��EmT>K

�����

'AP xCT8+A>: <=�Sj ��~v <t]� gCAzv �� <9= *�~zh {C�� <w}v Yqy<v An=�EW� 'AP �AGPAW �AL=� �� u}v rvAh 7= , Rz8 .

xCT8 ��Rqv \>Q[F -�TC'AP�~wiv"{y~wy AC , <=A>w>Z Y=Av�� AC *� x>>iF {C )�Rp� {h�Uv MdW �� �,ROv �A>XC -���TC

<vRzz8. Eth {C {8 �T4{z=U|�� *A9v�EZ�� R|�~Qy �~K, {h�Uv #Aqy {w| xCT8 -T>: +��Ry . {isAdv ��T`AN+���-A| ��~v

{y~wy �� +�AnGW� AC 7=6tC *Av�m {qdzv �� �A>y{y~wy , <GW� -���TCl>c  ,� AC -���TC<LzWgwKRyRZ -�,� . xCT8 ��Rqv

{y~wygwK -A|C 'AP +RZ -�,�{+��Ry� <|A;[=Av��  ,� {t>W,-T>:R=�T:<sAN �� �l>c {8 (Rv �� +�AnGW� AC 'AP -A|

C{ -�TC +Rv� EW�EmT: ��Tp +�AnGW� ��~v 'AP xCT8 x>wQF .C T=�Aqv{ +Rv� EW�  ,� ,� T| ��C {z}1 �AL=� -�TC{ RZ +�TC �A8

, ,� {X=Aqv {z}1 MdWl>c  ,� {8 ��� *A[y<v <LzW Ry�~F��E>qm~v 'AP xCT8 x>wQFZAC U>v�<v , R*� *�~F x=U;=AK ��

 ,��~wy (,�RGv -A|.

����
��"� 
�'�l>c<LzWNIR, 'AP xCT8 �{y~wy'AP -���TC

&#� #

<yA8, <=A>w>Z $AOs �� 'AP+R>5>1 �A>XC <WAzZ-�UK� �� TF{t9[GvEW�  � .��, EPAzZ -��,A[8 )~th 'AP Y=Av��

x>>iF -�TC�� ��,T` *� T]Azh �~dW�� . Btj� ,�{y~wy <GW� -A|Ep, T]Azh x>>iF -�TC 'AP -���TCT1 , T>: {z=U|

 ,� <z=U;=AK +��~w| B>FTF x=RC �RzGX|-A| ,� AC (,�RGvEW� +�~C *�Rzw[y�� {K~F ��~v x=~y -A|. ,� {C {K~F AC -A|

l>c  ,� {twK �� {GmT[>1'AP <LzWzh x>>iF E>tCAp -TG[>C EhTW AC {8 {z>v� x=� �� &T;Z <s~OF ����� �� 'AP T]A

{CRv� �~K,EW� + .F[P 'AP T]Azh x>>iRZ <mTiv UvTp *,�Av {iZ� �� +�AnGW� AC 7(D3>3> 3@6 H7@CJ, 1986).  ,� x=�

�RiC " ,� AC{GmT[>1 -A| R=�T: r>w9F -�Av� TF(B7@-DAC, 1995).7>z9F A|RiC x>z5w|l>c �� -�Av� R=RK -A| <LzW

TF 'AP T]Azh x>>iF)+R[y 7[P 'AP(  ��U: UvTp *,�Av {iZ� �� +�AnGW� AC �� RZ +���)M3>7=; �������2006; MAF3K7@ ��

���� 2007.(
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{C �� <w}v Yqy 'AP xCT8<v An=� <|A>: -Skv ��~v <t]� gCAzv �� <9= *�~zh�� (Aim rvAh 7= , Rz8 'AP �AGPAW �AL=�

EW�.{[qyA| RzGX|  u}v o>p� -��,A[8 �� !AP E=AW E=T=Rv ocAzv *�T8 \Q[v -�TC 'AP <t8 xCT8 <y�R>v o>p� -

(/3>E7C �����., 2003; C:7@ �����., 2005). RzGX| u}v U>y 'AP E>n>8 <CA=��� -�TC ,)HA?3@@ �����., 1998; BC7<63

�����.,  2001.(yAG1 *Az>wc� E>tCAp <CA=��� -�TC x>z5w|, x>v� �� 'AP xCT8 -�AW�RK r>X+�~N �A>qv �� u}v U>QC� -A|

RzGX|(1AF@9, 2003)� (~^Ov R>s~F o>p� -��,A[8 �� ����� �A>y 'AP !�~P ��~v �� <q>p� <yA9v �Ah�c� o>p� -��,A[8

{h�Uv �~W Y=�Um� ACEW� +�Tw| <d>Ov EX=� ��TH� Y|A8 , -� .{[qy xCT8 -A|<@UK �Ah�c� 'AP -�TC -�,T`

u>w^F<v {@��� !AP E=AW <F~] E=T=Rv �Av�Rp� �AQGy� �� -T>:Rzz8� -�TC <OdW 'AP �� <s� xCT8 Eftj �(AIv -�TC

�A}y �� <PTC �TC�A8 *�U>v x>>iF+AP E=AW (~^Ov R>s~F -A|{twK �� �!*.,TG>y -A|�~8lth ,Y8�A>y ��~v A|EW�

�B>35=?7C 3@6 /:;E7, 1998.(

�T>P�"+T>P� Y=�Um� {8 EW� +��� *A[y *A}K �� <=�~| , �� ��T>>kF �AisAdv � -�TC <twh  ,� 7= 'AP xCT8 -�AW

{yAQt: -A|�A: �A[Gy� Y|A8EW� -�)RA47CEDA@ ��� ��., 2000(� -�TC +Rzz8��,R>v�  ,� 7= �U>s �� <ZAy EX9Z l>c

EW� 'AP xCT8 <t8 ��,�TC�A;[=Av�� �AisAdv ��l>c  ,� �� -�A=� <|UvTp *,�Av {C 7=�Uy <LzW(NIRS) , {=ULF -�TC

<v +�AnGW� 'AP xCT8 g=TW r>tOF�~Z(C:3@9 �����., 2001; M5C3CEJ �����., 2002).

 ���A=� <|A;[=Av�� �AisAdv�� -l>c UvTp *,�Av {C 7=�Uy <LzW(NIRS)U>y 'AP *.,TG>y g=TW r>tOF , {=ULF -�TC

<v +�AnGW��~Z.(D3>3> 3@6 H7@CJ, 1986; FJDECA, 2002)=� <|A;[=Av�� �AisAdv x>z5w|<v *A[y -�AR|� {8

l>cUvTp *,�Av {C 7=�Uy <LzW(NIRS)<v�~Z +�AnGW� 'AP <y~>FA8 (�ADF E>mTe g=TW r>tOF , {=ULF -�TC Ry�~F)DF@@

�����., 2002(. �� T;=� <9= �,� +�� �� YLzW ,� AC 'AP xCT8 ��,�TC �~fzv {C �TQv T>j , {mT] {C *,Tqv <t>tOF -A|

<v <s~Dp rCAp Ep�RZAC(B7@-DAC, 2002; Q;3@9 �����., 2002).

�~dW �� 'AP <OdW xCT8 �,� +�� �� T=,A^F YCAF�AC <i>Dc %~zF {8 EW� -�A=� <yA9v T>kGv -���� Btj� &A] , 7[P

 'AP <m�T:~1~F ,<v ��Tp �~P T>H?F EOF ��R|� .+~>Z �� <9= <h��� 'AP �� {z>}C +�AnGW�<v {8 EW� E=T=Rv -A| TLzv Ry�~F

 �~Z 'AP xCT8 Y=�Um� {C)IPCC,2000.('AP _=~iF �(AIv -�TC'AP AC )~WTv -��, 'AP xCT8 *~>W�R>X8� <GeAnN -��,

<v Y|A8 ��� {yAQt: -A|�A: R>s~F {L>Gy �� , R|�-CO2<v Y|A8 ��R|�(R7;5AD=J, 1997)�<n>c �AF�AC1 �� 'AP

<v+��Ry� <=Aam A= <=�~| , <y�R>v � <|A;[=Av�� ��R|A[v  ,� {W {C *�~F�T8 -T>: .+��Ry��AF�AC -T>: �� 'AP <n>c -A|

(TGz8 b=�TZ EOF +A;[=Av��<v )ALy� +RZ�~Z .+��Ry�-T>:�AF�AC {C #~CTv -A||An>c -{C < '�� {C +A;[=Av�� �� +Rv� EW�

1SB75EC3> C78>75E3@57
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'AP <=A>w>Z , <9=U>m �A>]~^P<v -�A=� 7w8 �Rz8{C r>s� x>w|<v +�AnGW� TG[>C 'AP �AisAdv ���~Z. T>P� �AisAdv

*A[y<vAF�AC R|�� <@Tv l>c �� 'AP <n>c -A|1.IS*,�Av 7=�Uy ,UvTp)NIR(��4/0AF1/1*,�Av , *,T9>v UvTp

<yA>v)S/IR(2 ��1/1 AF5/2*,�Av x>z5w| , *,T9>v <F��TN UvTp3 AF5*,T9>v ,8 AF12 ��~v �� -�A=� �Ah�c� *,T9>v

v {@��� 'AP<R|� . ,� o=Tc �� 'AP xCT8 �Ah�c� �T`AN (AN ��{y~wy ���RyAGW� -A| r>tOF , {=ULF , 'AP -���TC

{C <|A;[=Av��*�T:  ,� x=� {8 EW� +Rv� EW�Ep, , Ew>p EW� T>:) �+Az1 -~th1385(�<v *A[y o>qOF x=� *A9v� {8 R|�

�Rqv x>wQF  ,� �� +�AnGW� AC 'AP �� xCT8 �l>c{z}1 -�TC <LzW<v -RzC<v , �~wy +�AnGW� *�~F x=U;=AK �� *� *�~F

 ,�{y~wy (,�RGv -A|�T8 <GW� -���TC.

 � ��(#
�	�'

+���=� �� )�� -A| (AW �� o>qOF x2008 TGv~Gm,TG92W� �� +�AnGW� AC 7=6tC *Av�m {qdzv ��OP5ACA@3)V=�� E8TZ(

EW� +RZ EZ��TC) r9Z1( . �~v (~c +�,ROv �� 'AP <n>c -T>: +��Ry� -�TC305 AF1710TGv~yAyRZ +�AnGW� . ��UC� x=�

EW� -~p , o>p� �g=TW .3>| *� �Aidp �Ry��Ry <G8TN {y~:, 7DWEW� rwN rCAp)?AF3K7@ 7E 3>., 2008 .( rvAZ +A;GW�

�~C YCAF�AC -�TC -T;=� , YCAF -�TC <9= -�~y TD>m ,� .Ah~wLv"{C , +RZ -�AWAK -Utm '~tC 7= *,�� A|TD>m 7= {t>W,

x9ZT=�RZ +��� E8TN 'AP T=� ��(?3>7=; �����., 2008). r9Z �� -Utm '~tC AC +�Tw| x9Z T=�2yEW� +RZ +��� *A[.

l>c{C V2W , RZ -�,� gwK 'AP -�~y -A|{C (Rv {t>W,+��Ry� 'AP xCT8 ��Rqv +Rv� EW�R=�T: -T>:.(?AF3K7@ �����.,

2005)

!����(Rv 'AP xCT8 x>>iF -�TC +�AnGW� ��~v JzW l>c +A;GW�455ACA@3)V=�� E8TZ(

1 .;D;4>7 DB75ECF?

2M;6-;@8C3C76
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!��� .-Utm '~tC {C U}Lv x9ZT=�

��RiF{y~wy �� -{C {h�Uv �� 'AP -A|{y~wy {t>W,gwK <GW� -���TC*� U>sAy� �� V1 , -�,�{C �~K~v xCT8 -�TC A| {t>W,C-N-

.3C;?3I��RLv , U>sAy�"{Cl>c {t>W,qv , �,RN AF RZ +�� x>wQF A}y� xCT8 ��Rqv U>y <LzW rDp {tNTv �� 'AP xCT8 ��R

 x>>iF�~Z .{C xCT8��Rqv x>wQF{C xCT8 (Rv {t>W,EmT: ��~] +Rv� EW�(?AF3K7@ �����., 2008) . -���� (RvRO/L=R2

B>Z ,RR/L�RDv �� "Th �NSM/L ,OS/L=RMSEPEW� .{z}1,� �� +�AnGW� AC A|{z}1   ��� -RzC�~9iv {t]Am -��S:

)ID/(RyRZ �AL=� . ,� x=� ��7=�Uy #Aqy �� x>wQF ��~v #Aqy>HAF TG[>C TF<v T {8 EW� x=� TC "Tm , TF�,� #Aqy AF RyT>:

7=�Uy #Aqy AC {dqy T|TG[>C *�, AC {dqy T| x>wQF x=�TCAzC �Ry��� TG[>C E}CA[v TF ��~] �,� #Aqy TGw8 *�, , 7=�Uy #Aqy

<v, �T>:+���*A>v U8Tv �� {t]Am AC A|EZ�� Rz|�~P -TGw8 <[QC TH� <CA=�?3>7=;�����., 2008).{z}1  ,� ,� T| �� A|

l>c��RiF {C {9DZ 7= �� +�AnGW� AC <GW� , <LzWNQS{9DZ gCTv RN�, MdW T| �AiCTv ��RiF *�T8 \Q[v AC , +RZ -RzC

{z}1 xCT8 R]��{C A|EW� +Rv� EW�.

 ��� � ����$

+���<v *A[y A|��� �� R]�� BXN TC xCT8 MdW ��Rqv TI8�RN , rp�RN {8 R|�+l>c  ,� AC +Rv� EW� {C -A|<LzW

59/0AF95/1)94/0=D6(x>;yA>v AC67/1<sAN�� ��~C{y~wy �� xCT8 ��Rqv TI8�RN , rp�RN {8gwK 'AP -A| +RZ -�,�68/0 AF

91/1R]��)91/0=D6(x>;yA>v AC64/1 �~Cl>c  ,� E>tCAp �� *A[y {8<v xCT8 *�U>v x>wQF �� <LzWRZAC . ��RqvR2C{ EW�

+��� x>C +Rv�{C x>wQF  ,� AC , <=A>w>Z  ,�AC +RZ U>sAy� -A|l>c {t>W,<LzW73/0 -�TC )�� *Az>wc� , EO] {8 �~C

<v ���� �� xCT8 x>wQFRZAC .+���{C -A|l>c  ,� AC {X=Aqv -�TC <GW�  ,� AC +Rv� EW� {z}1 ,� �� <LzW r9Z ��3 u>WTF

EW� +RZ .{z}1<v *A[y A|+�,ROv �� bW~Gv xCT8 MdW -���� {isAdv ��~v {h�Uv �� <i>W, �~dW {8R|�95/0 AF15/1

l>c  ,� ,� T| {t>W, {C {8 EW� R]��{y~wy , <LzWY>1 {h�Uv �� <GW� -���TCEW� �A>XC {CA[F -���� , +RZ <z>C .

Ah~wLv"42{C {z}1 MdW �� R]��8 -���� <GW�  ,� {t>W, {C +Rv� EW�xCT95/0AF15/1{9>sAN ��43MdW �� R]�� {z}1
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{C{C +Rv� EW�l>c  ,� {t>W, <LzWxCT8 -����95/0 AF15/1Ah~wLv �EW�"18{C {z}1 MdW �� R]�� {t>W, {C +Rv� EW�

 xCT8 -���� <GW�  ,�75/0 AF95/0Ah~wLv ,"18{C {z}1 MdW �� R]��l>c  ,� {t>W, {C +Rv� EW� <LzW� xCT8 -���

75/0 AF95/0Ah~wLv �EW�"15{C {z}1 MdW �� R]�� xCT8 -���� <GW�  ,� {t>W, {C +Rv� EW�15/1 AF35/1Ah~wLv ,/15

{C {z}1 MdW �� R]��{C +Rv� EW�l>c  ,� {t>W, <LzW x>C xCT8 -����15/1 AF35/1 xCT8 �EW�35/1AF55/1 ,� T| ��

 �,RN {z}16|A[v MdW R]��<v *A[y T=�Aqv x=� �RZ +Rx>C 'AP xCT8 x>wQF �� )�� <=Ay�~F (Rv {8 R|�75/0 AF55/1 ��

{CEW� ���� <C~P . xCT8 MdW75/1 AF95/1{y~wy  ,� �� <GW� -���TC5/6 R]�� (Rv {t>W, {C x>wQF  ,� �� ,

l>c �,RN <LzW5/7�~C R]�� .{z}1 MdWT8 ��Rqv -�TC  ,� ,� T| �� A| �� TGw8 xC75/0{C  ,� , <GW�  ,� -�TC B>FTF

 (Rv {t>W, {C x>wQF6 ,5RZ {DWAOv R]�� .Ah~wLv"5/6{C +Rv� EW� {C {z}1 MdW �� R]�� -���� <GW�  ,� {t>W,

 xCT855/1 AF75/1Ah~wLv ,"5/5{C {z}1 MdW �� R]��l>c  ,� {t>W, {C +Rv� EW� x>C xCT8 -���� <LzW55/1F A

75/1EW� . +�,ROv �� xCT8 *�U>v x>>iF �� (Rv Ep�55/1 AF95/1<v Y|A8 <8Ry�RCA= .{C x=�TCAzCl>c  ,� -T>:�A8 <LzW

F �� )�� <=Ay�~F 'AP T]Azh x>>iF��<v u|�Tm �� 'AP xCT8 *�U>v x>>i��,�.

!����{z}1l>c  ,� {C 'AP xCT8 �~dW -RzC<LzW)04 EwW ({z}1 ,W -RzC<GW�  ,� {C 'AP xCT8 �~d) EwW

EW��.(

 r9Z4 T>HAF{C (Rv B=�T` T=�Aqv �� +Rv� EW�+��Ry� -,�<v *A[y 'AP xCT8 ��Rqv -T>:R|� .<v {fN�v {8 �~dyAw| �~Z

<wy+��Ry� -�TC �� \Q[v <t]�~m *�~F{h~wLv Eq>qN �� , �~Z  ��U: xCT8 -T>:�~v (~c �� -�+��Ry� �� A|8 -T>: xCT

RzGX| TH~v . r9Z {C {K~F AC4�~v (~c -A|435�647 �1106 �1223 �1412 ,1518+��Ry� �� TGv~yAyRy��� T>HAF xCT8 -T>:.
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!�����~v (~c rCAqv �� xCT8 (Rv B=�T`

�$&��
���

Y>1  ,�l>c (Rv �� +�AnGW� AC 'AP xCT8 *�T8 <z>C{z}1 E}K <LzWAdv ��~v 'AP -RzC {C {K~F AC , EmT: ��Tp {is

{C J=AGyl>c , <GW� -���TC {y~wy  ,� ,� T| �� xCT8 MdW {CA[F , +Rv� EW� xCT8 x>>iF �'AP xCT8 x>wQF -�TC <LzW

{C 'APl>c  ,� {t>W,<v <LzWE>qm~v Ry�~F<v , RZAC U>v� ,� x=U;=AK �� *� *�~FEp, �A>XC {8 (,�RGv -A| , T>:

T1y� {z=U|�~wy �R.

���%#

1-� �+Az1 -~th .'.1385 .x>v� )~th �� �,� �� YLzW �TC�A8�*�T}F +A;[y�� ���A[Gy�.
2- B7@-DAC, E., 3@6 A. B3@;@. 1995. N73C ;@8C3C76 3@3>JD;D 3D 3 C3B;6 ?7E:A6 EA D;?F>E3@7AFD>J

7G3>F3E7 D7G7C3> DA;> BCAB7CE;7D. SA;> S5;7@57 A8 A?7C;53@ JAFC@3>59: 364T367.
3- B>35=?7C, A.M., 3@6 S.E. /:;E7. 1998. -D;@9 BC75;D;A@ 83C?;@9 E75:@A>A9J EA ;?BCAG7

?3@397?7@E A8 DA;> 3@6 87CE;>;K7C @;ECA97@. AFDEC3>;3@ JAFC@3> A8 A9C;5F>EFC3> R7D73C5: 49:555-
564.

4- BC7<63, J.J., M.J. M3FD435:, 3@6 J.J. GA747>. 2001. EDE;?3E;@9 DFC8357 DA;> AC93@;5 53C4A@
5A@E7@E 3E 3 C79;A@3> D53>7 FD;@9 E:7 N3E;A@3> R7DAFC57 I@G7@EACJ. SA;> S5;7@57 SA5;7EJ A8
A?7C;53 JAFC@3> 65: 842-849.

5- C:3@9, C./., D. A. L3;C6, M.J. M3FD435:, 3@6 C.R. HFC4FC9:. 2001. N73C-;@8C3C76 C78>75E3@57
DB75ECAD5ABJ BC;@5;B3> 5A?BA@7@ED C79C7DD;A@ 3@3>JD7D A8 DA;> BCAB7CE;7D. SA;> S5;7@57 SA5;7EJ A8
A?7C;53 JAFC@3> 65: 480-490.

6- C:3@9, C./., D. A. L3;C6, 3@6 C.R. HFC4FC9:. 2005. I@8>F7@57 A8 DA;> ?A;DEFC7 A@ @73C-;@8C3C76
C78>75E3@57 7DB75ECAD5AB;5 ?73DFC7?7@E A8 DA;> BCAB7CE;7D. SA;> S5;7@57 170, 244-255.
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7- C:7@, F., D. E. K;DD7>, L.T. /7DE, D. R;5=?3@, J.C. LFG3>>, 3@6 /. A6=;@D. 2005. M3BB;@9
DFC8357 DA;> AC93@;5 53C4A@ 8AC 5CAB 8;7>6D H;E: C7?AE7 D7@D;@9. JAFC@3> A8 SA;> 3@6 /3E7C
CA@D7CG3E;A@ 60: 51-57.

8- DF@@, B./., H.G. B775:7C, G.D. B3EE7@, 3@6 S. C;3G3C7>>3. 2002. T:7 BAE7@E;3> A8 @73C-;@8C3C76
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