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LZË.ZH' hY�] ,4

Ã|Ì°" 
ÊUƒË= = Z#�-»Y$Z_ Ê<Y=Y�T = ;134 Ã.1] 8�z» �Ìc ÉZ/�=$ ;Y1<Y ,X�14 CÌ2. ¾Ë�-5/» ,É�$=ZD+ h(1�v» Ê*Ì+ ÉZ#

)�Y .�-°~�Y L1Q Ê°Ì-_Y ÉZ/�=$ ,¾Ì�Z» |Ë. �Ì?Y ÉZ/2Z� $. ,LZ»Y$ Ê_1°�=NMR=NIR,= h1"Y�T m=$ ,h1" $ZD-<Y
Ê» ,X�14 = m�-�U VZ@ $. ,Ã�Ìc Ã�Y|<Y ÉY�] &Y|+ �# ,+ |�Z] |<$Y. .�]$Z+ Ê"Z? Ê*Ì+ �-»Y$Z_ É�ÌU .Ã1Ì» É|3] ,m$. ÉY�] Z#

m=$ ] Ê*¸-z» ÉZ# ,Ê» Ã.�] $Z+ LB W¸cY ,+ .1� Ê» |3+ ZË = 8�z» Z# Ã�Y|<Y Ê2= |3�Z] � É�ÌU,GË� C»Z� ªÌ'. = 8�z» �Ìc 
Ã1Ì» Ê*Ì+ ÉZ# Ã1Ì» ,¸5m �Y Z#,V1¸v» |»Zm .Y1» LYEÌ» �Ìl< Ê´<�T ,m1U pHÊ» $Y.$1?�] ÊË(Z] )Ì5#Y �Y q<$ =|�Z] .ÉY�]

m=$ �Y $1l3» ¾Ì5# .15< Ã.Z*-�Y LY14 Ê» Ê*¸-z» ÉZ# .m=$ ¾Ë�-<$|» �Y dÌA ,] LY14 Ê» $1+%» ÉZ# LZ»Y$ É$EÌ2 Ê63�
�Y.�+ Ã$Z .¾ËY] ,] ,m14 Z] m=$}1» V1A .Z6ËY ÉY�] ÊS?�Ìc ÉZ#$1¸] ,Z#$EÌ2 ;Y1<Y É�ÌU$Z° $Z°�B $YE]Y ,�ZÌ< .$1» d¸-z» ÉZ#

,3Ì»� $. ÊXÌ�= $1A ,] L$|» ÉZ#$YETY &�< �Y Ã.Z*-�Y = É�Z� Ã.�+ Y|Ì_ .�]$Z+ É�$=ZD+ = Ê°�E_ ,Ê�|3/» ,&1¸� d¸-z» ÉZ#
ÉZËYE» ,] ,m14 Z] = )�Y .�]$Z+�_ m=$ Z] NZÌ' $. LB �Ì´5DQ NIR ,3Ì»� $. �jZ@ hZ:Ì:v4 $. Ê"Z? ÃZ´ËZm )�Y ,-�<Y14 

|ËZ5< Y|Ì_ É�$=ZD+ .dÌA m=$ �Y Ã.Z*-�Y Z] �jZ@ ªÌ:v4 $.Ã�Y|<Y LZ»Y$ Ê63� Ã1Ì» Ê*Ì+ ÉZ#�-»Y$Z_ 8�z» �Ìc É�ÌU
,m1U )�Y Ã|� &Z6<Y Ê´<�T .$Z+ .1m= ,+ |<.Y. LZD< C"Z@ ZËZ-<7/» LY13� ,] ¾4=$Z+ = ¾_1°Ì2 ÉZ#|Ì†134 ,<Y|´<$ ¾Ë�4 ÉZ#

dÌA O�14 Ê]1? ,] Ê´<�T ,m1U $. .1m1» ] ÉZ# ,)�. É$1A ,] |� hZHYY Ã|»B $. Z#|Ì†134$Z+ ,�zD» ,:S3» ,� �# ,+
dÌA Ê»Z54 Z#.1] EÌÌ54 C]Z' .dÌA ¾Ì3n5# hY$|Ì#1]�+ .1m= ªÌ:v4 ¾ËY $. Ã|� &Z6<Y Ê63� EÌ< Y$ Z# mZX4$Y Z]C-H �=�] 

.Y. .Ê» LZ3Ì5AY Z] WÌ4�4 ¾Ë|] ,m$. )/m $1+%» m=$ �Y LY14 Êm$Z? ÉZ#�-»Y$Z_ 8�z» �Ìc É|3])LY13� ,] Ã1Ì» q<$ |3<Z»
Ê´<�T ,m1U ÊU|Ì�$ f?Z� ¾Ë�-5/» (Ê¸?Y. =)V1¸v» |»Zm .Y1» LYEÌ» |3<Z» ()�m Ã�/].

Ã#YÁ|Ì$¯ :dÌA ,m1U Ã1Ì» ,LZ»Y$ Ê63� ,Ê´<�TÊ*Ì+ ÉZ#�-»Y$Z_ ,8�z» �Ìc Ê]ZË�$Y 

1-3Ì�Z» ^Ì<Z°» Ê��z4 É�-+. É16D<Y.Z/^Ì<=�-°2Y )�_ ,N$|» )Ì]�4 ÃZ´D<Y. ,É�$=ZD+ É:com.yahoo@87alinikbakht
2-N$|» )Ì]�4 ÃZ´D<Y. É�$=ZD+ ÉZ/3Ì�Z» ^Ì<Z°» Ê�|3/» Ã=�U .Z-�Y 
3-Ê54Y ^ËEÌT Ã=�U $ZÌD<Y.-N$|» )Ì]�4 ÃZ´D<Y. Ê21°¸» 
4-Ã=�U $ZÌD<Y.É�$=ZD+ ÉZ/3Ì�Z» ^Ì<Z°» Ê�|3/» N$|» )Ì]�4 ÃZ´D<Y. 
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İĪâŤěř įŚƸƃƹŹ źâŚſ ƹ śźŴƯźâƛ įŚƸƃƹŹ źŝ įŹƹźƯ 

Ê» 81�v» 8�z»�Ìc Ê4ZDËZ»�B |3�Z] ,-�Y|< ÊËZÌ5Ì�1-T = Ê°Ì<Z°» ,ÊËZÌ5Ì� ,Ê4$Y�@ ,Ê°ËEÌT1-T 8�z» hY�YY ,+ |<1� 
]21.[1�v» 8�z» �Ìc Ê63� )Ì*Ì+ ÉY�] L13+Z4 É.|X-» ÉZ/�=$ Ã|  ;Y|]Y É�$=ZD+ h( ,-�<Y14 Z/<B �Y Ê?�] Z/34 ,+ |<Y

|3�Z] ,-�Y. ,Ìm14 Ê-X3" = Ê3T ŠZv2 �Y = ,-?Z� Ã.$=B�] Y$ €1T OËY�� .}Y1»Y = ÊËZÌ5Ì� ,Ê°Ì<Z°» ,Ê°Ì-_Y ÉZ/�=$
,-�Y. NZ�Y �:< 8�z»�Ìc ÉZ/<1»�B ,X�14 $. Ê41" = Ê�ÌAZ3r»=�-°2Y |<Y .$.Z' ,-T$ $Z°] ÉZ/�=$ Z»Y É.=|v» ÉZ#�-»Y$Z_ |<

Ã1Ì» �Y|33+ m=Z+ Y$ Z# .�ËZ»�B ZËZ-< )HY ZË m$YEU $. = Ã|� Ê�$�] )'. ,] Z/�=$ ¾ËY $. 7+Z@ OËY�� )�Y &�( ¾ËY�]Z3]
|<1� ŠZv2 .Ã�Y|<Y VZw» ÉY�] ,m1U $. q<$ É�ÌU �Y.�] LZ»� = ÊU|Ì�$ ¾Ì5z4 ÉY�] Ê´<�T )�Y ÊTZ+ )]4[Ê» u_ ,Z] LY14

Ã�Y|<Y U�-»Y$Z_ ^Ë É�Ì)q<$ (,m1U Ê°Ë0121Ì] )ÌXj= �Y ÊH�Z3» ¾Ì5z4 ,�Ë1�4 m�Y.�_ ZË Ê†�» dÌA O�14 .15< C"Z@ Ê´<�T .
Ã�Y|<Y ,+ .$Y%´] �ÌY“4 Ã|»B )�|] Ã.Y. �] $1-+ZT ^Ë �Y �Ì] )�Y ¾°5» 8�z» �Ìc ÉZ/�=$ $. ¾Ì3n5# ,mY1» ZS? Z] Y$ É�ÌU

7-�Ì� ¾ËY CÌ2. ¾Ì5# ,] = )?Z� |#Y1? L1Ì�Y�HÌ2Z+ ,] �ZÌ< Z#)Ê63�Y=()�Y. |3#Y1? É1' .,<Z»Z� ,CËP $.8�z» �Ìc ÉZ#
Ê» Ã.Y.  �� $Z�-?Y ,] É�$=ZD+ $. ZËY$ |<1�.

VZ� �Y1980 8�z» �Ìc m=$ ,NIRSÃ1Ì» hZÌ"1�? Ê?�] ¾ÌÌX4 $. ,q<$ ,V1¸v» |»Zm .Y1» LYEÌ» ,Ê-*� |3<Z» Z#
Y ,-T$ $Z°] ,-Ë|Ì�Y = ,-�ZD<)�.dÌANIRS ¾Ì] ÉZ/m1» V1A 750 Z4 2500�-»1<Z< )1-cm 4000 ,12500 (Ê» ��1_ Y$ |#. .

ÉZ/#=�U C»Z� ÊËZÌ5Ì� hZHÌ+�4 ¾ÌÌX4 ÉY�] m=$ ¾ËYOH-
,CH-

,NH-
)�Y W�Z3» .¾T ¾ËY �Y Ã.Z*-�Y Ã�=�»Y $. É$=B

Ã1Ì» Ê¸?Y. hZÌ"1�? Ê�$�] LY13� ,] = )�Y Ã|Ì�$ EÌ< Ê-X3" )2Z@ ,] Z#,<Z»Z� ,<Y=|3# = hZH+�» ,1¸# ÉY�] VZw» ÉZ#

É�Z�Y|m

1
,m$. ÉZ3H» ,+ )�Y Ã|� Ê@Y�A Ê]Z4�Z] ZË = É$1H� Ê63� dÌA ,Z/<B É�Z�Y|m ZË = É|3]NIR)�Y .W¸cY $1< GH3»

 ÉZ/63� dÌANIR‡»( ,Ê» L012Z# ÉZ# |�Z] .)�Y Ã|� LY13� Ã1Ì» C?Y. $. $1< ¾ËY 7+ P1*< ,Ê¸"Y C°D» .Y$ ^Ë ¾ËY C@ Ã
‡»( �Y Ã.Z*-�Y C°D» .1] |#Y1? LB Ê¸"Y C°D» Ã1Ì» É=$ �] Ê°ËEÌT1-T = ÊËZÌ5Ì�1-T hY�ÌY“4 .Z6ËY ,+ )�(Z] LY14 Z] ÊËZ# .

ÃY$ É$EÌ2 ÉZ#.1Ë. �Y Ã.Z*-�Y Z»Y )�Y ,X2ZS» )�. $. ,+ )�Y É�´Ë. C@ .Z3� dÌA �Y Ã.Z*-�Y ÊT�A �YC5@ C]Z' ÉZ#2
EÌ< 

,] Ê-@ = Ã|� ZËY$ Ê63�Y= ,+ )�Y Ã|� ,j�� É$Z64 h$1" )L1Ì�Y�HÌ2Z+ (ÉZ/2Z� ,X2ZS» .$1» ;1j1» Z/<B L.�+ .$Y|<Z-�Y =
)�Y Ã.1] �Ì?Y]11.[:».�]$Z+ ,3Ì»� $. É.|X-» h(ZNIRSÃ1Ì» $. )�Y Ã|� ˆZQ Z# .

^Ì3°4 �Y É.ZË� ÉZ#.�]$Z+ L13+Z4 NMR =MRI)�Y Ã|� m$YEU É�$=ZD+ $..¾Ë  ÊËB$Z+ $Y|]B h(1�v» $. ^Ì3°4

Ê» �-DÌ] |�Z .,-�# Y�Ë� Ê» LZD< Ê�ÌAZ3r» ÉZ/<Y|Ì» ,] Ê]1? x�Z_ L0=$|Ì# ÉZ# |3#.]8[.,8B GË�14 $. .1m1» h(!-?Y
Ê» Y$ Ã�Ìc = hY�D@ $1i@ ,.Z�T ,ÊU|Ì/2 ,L|� .�� �Y Ê�Z< hZ»|" LY14Z]NMR .15< m=Z+ .ÉZ/�=$ Ê¸+ $1A ,]MRI =

NMRCÌ2. ,] )�Y ,-�Y|< Ê-X3" ,Ìm14 É�$=ZD+ $. = ,-�Y|< ÊXÌ�= Ã.Z*-�Y ÊU|ÌnÌ_ = L.1] LY�U .,] Ê°�E_ 7¸� $. Z»Y
Ã|� ,j�� EÌ< Ã.Z� = )5Ì' LY�$Y hYEÌ/64 ,Z#$1»14 m=Z+ $. >1�? �Ë1�4 ,+ |<Y É$Y.�]NMR =MRI Ê4$Z64 ÉZ#.�]$Z+ 

,-�Y. Ê<Y=Y�T DU CË|H4 ZËY$ m=$ ,] ,6Ì-< $. = |<Y,-|<Y]10[.
m=$ ,8�z» �Ìc ÉZ/�=$ ¾Ì] $. MRI )��� .ZË� 7/» �ÌY“4 LB 7/» WËZX» �Y Ê°Ë Ê2= ,)�Y )'. ¾Ë�-DÌ] ÉY$Y. 

Ã�Y|<Y )�Y ÃZ´-�. )'. �] É�ÌU .Ã�Y|<Y )��� ¾ËY�]Z3] .1] |#Y1? ¾ÌËZ_ ,É�ÌU .Ã1Ì» ÉY�] ¾Ì3n5# ¾ÌËZ_ )]1A$ |"$. Z] ÉZ#
)�Y Ã|D< ,Ì"14 ÊH�Z3» m=$ .m=$ ,VZ@ ¾ËY Z]MRI =NMRÃ1Ì» Ê<=$. )Ì*Ì+ Ê]ZË�$Y $. É.ZË� ÊËZ<Y14 hZ6ËEH� = hZm

Ã�Y|<Y >1�? ,] $ É�ÌU |<$Y. ¾c=$ = )]1A]4.[
¾Ì�Z» |Ë. ^Ì3°4 )Machine Vision ( .�]$Z+ Ã|5� = )�Y Ã.1] É�$=ZD+ h(1�v» Ê]ZË�$Y ÉZ/�=$ ¾Ì-�z< �Y Ê°Ë

14 = )T�DÌ_ Z] LB Ç.�-�U,<Z»Z� ,X� )z� ÉZ# )�Y Ã|� &Y14 �Ë1�4 m�Y.�_ É$YETY .ÊXÌ�= $1A ,] ¾Ì�Z» |Ë. ,�jZ@ VZ@ $.
Ê» Ã.Z*-�Y h(1�v» Ê]ZË�$Y = É�$=ZD+ $..1� .Ê» ;156» $. 7-�Ì� $. ^Ì3°4 ¾ËY .�]$Z+ ¾Ë�-DÌ] )*U LY14 ,m$. ÉZ# É|3]

�Y Ã.1] )TZ] = É�#Zo 81Ì� ,q<$ fÌzD4 ,É�$=ZD+ h(1�v»).

1 - sorting systems 
2 - Portable Spectrometers 
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15.Ã1Ì» �] Ã=!� ,�( = YE-Ì_ ,)�1U ;Y1<Y ,Z# )�Y Ã.1] ,X2ZS» .$1» EÌ< hZ<Y1Ì@ ÉZ#]12[.¾ËY ÉZËYE» ¾Ë�-5/» �Y
Ê» m=$ = 8�z» �Ìc ,Ê<Z�B = L.1] É.Z�-'Y ,�]$Z+ O�14 É$Z+ 76@ �#Z+ ,V1�v» �Y Ê*Ì"14 ÉZ#.Y. |Ì214 )��� LY14

Ê] |ËZ_ Ê2�-3+ 7-�Ì� ÉY$Y. ,L.1] LZË�.�] &Z< Y$ $Y..$Y. EÌ< ÊHËZX» C]Z:» $. Z»Y .m=$ ¾ËY $. É�Y.�_$1< 7-�Ì� ,VZw» ÉY�]
OÌv» $. GHS2YZ] = Ã.1] ªÌ'. $ZÌ�] Ê-�ËZ] .1] |#Y1? h=Z*-» ,d¸-z» ÉZ# .fÌzD4 ,É$Z-?Z��Ìc É�Y.�_$1< $. ¾Ì35n5#

Ê» ,mY1» Ê4!°D» Z] Ê� |�Z] .7+ OËY�� $. $Z+ ,¾ËY�] Ã=!� = $1<|� |#Y1? $Y1�. $ZÌ�] ^Ë$Z4]7.[
Ê» ,°3ËY .1m= Z] LZ°»Y 7Ì:-�»�Ìc h$1" ,] Y$ ¾Ì�Z» |Ë. �Y Ã.Z*-�Y Z] h(1�v» Ê<=$. Ê*Ì+ dÌ"14 LY14 ¾ËY ,)?Z� �Ë%_
Ã�Y|<Y ,] $.Z' m=$ Ê5< h(1�v» Ê¸?Y. hZÌ"1�? É�ÌU Ê» Ã.Z*-�Y Ê� �Y Ã|»B )�|] �Ë1�4 �Y Z/34 ,+ Y�Q ,|�Z] |3+]10.[

�]Z4 ,X�Y |3<Z» ÃZ41+ }1» V1A Z] ÉZ#x|33+ P1*< É�$=ZD+ h(1�v» W¸cY ,] |<$.Z' Z»ZU =.,] Ê -�] P1*< LYEÌ»
.$Y. V1�v» 8%m WË�j = Ê2Z´Q .Ã�Y|<Y ÉY�] $1+%» 14�_ =. �# ¾ËY�]Z3] ,+ )�Y W�Z3» Ê*Ì+ ÉZ#�-»Y$Z_ �Y ,-�. LB É�ÌU

|3-�# &�m hY�ÌÌr4 ,] ,-�]Y=Ê» �-2Z´Q ,ÊU|Ì�$ �ËYETY Z] 1#Z+ �� )5�' VZw» ÉY�] ,.1� .,X�Y �Y Ã.Z*-�YxÉ=$ Ê�$�Z] $.
hZHÌ+�4 ,< )�Y NZ�@ Ã.Z» Ê»�m Ê2Z´Q ,] m=$ ¾ËY Y�Ë� ,)�Y Ã|� m$YEU .=|v» .ZX]Y $. É�=$ZD+ h(1�v» O?

ÊËZÌ5Ì�]4[.ÊU|Ì�$ d¸-z» C@Y�» $. Ê2Z´Q hY�ÌÌr4,WÌ� )]1A$ ¾ÌÌX4,m1U ,+ |3-�# É.$Y1» hY�D@ ,] ÊU.12B = Ê´<�T
 ,X�Y Z]xÃ�Y|<Y Ã|� �ËZ»�B ZË = É�ÌU |<Y]8[.,X�Y ¾ËY |Ì214 h!°D» = )Ë.=|v» ,Z/�=$ ¾ËY WËZX» ¾Ë�-5/» hY�YY = Z#

Y|/]�)�Y LB Ê- .,5DQ LB CË|H4 GH3» ,+ )�Y Ê�ÌAZ3r»=�-°2Y }Y1»Y ŽEm Z»ZU ,X�Y ,-�# ÉZ# )�Y ÉY .3]|Ì214 ¾ËY�]Z
,-�1Ì_ .$Y. ÉY .,X�Y Z»YxÊ» |Ì214 ÃZ´-�. O�14 .1� .)�Y Ê/m14 C]Z' WÌ� ,,-T$ $Z°] hYEÌ/64 ÊU|ÌnÌ_ = L.1] LY�U .

)Ë.=|v» |�Z] (Z] ÉZ#�=. �Y Ã.Z*-�Y Ê» Ê-�Y|/] = Ê°Ë0121ËEÌT ÉZ# .1� .Ê?�] L|� ÃEÌ<1Ë |�Z] ,,X�Y ¾ËY �´Ë. h$ZH� ,]
(1�v» ÉZ/21°21»Ê» É�$=ZD+ h)�Y. |#Y1? VZH<. ,] LZU|33+ k��» É$Z5Ì] ,VZ5-@Y ,] ,+ .1�.

m=$ �Y Ê°Ë EÌ< h1"Y�T }Y1»Y �Y Ã.Z*-�Y Ã�Y|<Y ÉY�] 8�z» �Ìc Ê°Ì<Z°» ÉZ# ,X�14 ,+ )�Y h(1�v» )Ì*Ì+ É�ÌU LB É

�2ZQ Z] Ê41"Y�T }Y1»Y É�ÌU$Z°] ,+Y�Q )�Y =$ ,] =$ É|m ÉZ#1
)Ì*Ì+ ÉY�] Ã�Y|<Y ZË = ¾-�<Y. |3»�ZÌ< ,Ê63� >Y1? É�ÌU

)�Y É�$=ZD+ h(1�v» Ê41"Y�T .
ÉEH� �ËZ»�B ,h1"Y�T ÉZ#.�]$Z+ �Y Ê°Ë Ã1Ì» = Z# ÊËY�Ì  .ZË� ÉZ#|»Z�] $. ,Z/<B )TZ] L.1] ¾´5#�Ìc CÌ2. ,] ,+ )�Y Z#

|<$Y. É.ZË� .WÌ�B É�Z�$Z°�B )�Y C°D» 7+ |»Z�] $. Ê¸?Y. ÉZ# .�] Ã=!� 7+ ^Ë�v4 |»Z�] �Y Ã.Z*-�Y ,LB)�Y �-5+

kHz100 (WÌ�B É�Z�$Z°�B ÉY�] 8Z4�Z] ‡4 m=$ $. ªÌ5� ÉZ#2
)�Y ¾°5» �Ìc ›ZHË�:4 .Ê5< Y$ }Y1»Y $Y1< Y�Ë� h$1" ,] LY14

-»5.$=B$. EÌ4 = E+� .Ê» ,"!? $1A ,] V=|m $. Y$ €1T ÉZ/�=$ ÉZ#|]$Z+ LY141.15< Ã|#ZD» ,.

1 - Ultrasonic waves 
2 - pulse echo 
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 ,Á|m1:V7Á�Ã*Y|0Y L$fK& )Z )*�ÁZ:¯ I{-J@& ÊNÌ¯ )Z/�f&Y�ZW Z�K& �Ìy )�Ì= 
Ê5¸� ÉZ3H» m=$ Ã�Y|<Y C]Z' hZÌ"1�? É�ÌU 

Ê°Ì-_Y �Ë1�4 CÌ¸v4 = m�Y.�_ É�#Zo 81Ì� ,q<$ ,C°� ,EËZ� 
dÌA Ê]%m = Ê]Z4�Z] ,É$1H� Ê63� 

2 Ê63� dÌAÉ$EÌ ,,-Ë|Ì�Y ,|3' ,Ê¸?Y. 81Ì� ,q<$SSCÊ-*� ,É�#Zo 81Ì� ,

,X�YX,X�YXÃ�*@ ÊU|Ì�$ ,m$. = $Z-?Z� ,Ê¸?Y. ÉZ# 

Ê�ZX4$Y ,-Ì�Ì-�(Y1°�Ë= ,ÊU|Ì�$ ,Ê-*� 
Ê°Ì<Z°» 

Ê41"Y�T = Ê41" Ã�*@ ,,-Ì�Ì-�(Y1°�Ë= ,ÊU|Ì�$ ,Ê-*� Ê2Z´Q = |3' ,Ê¸?Y. ÉZ# 
uÌAZ3r»=�-°2Y MRI =NMR Ã�*@ ,|3' ,)]1A$ Ê¸?Y. ÉZ# 

3Y-À] Ä] 3Z&Y� �Á�|2|m �Á� 
Ã�Y|<Y $1l3» ,] Ã|� Ã|3+Y�_ = É$1H� ,Ê]Z4�Z] $1< �Y Ã.Z*-�Y ,|� Ã|Ë. ,+ $1S<Z5# UÃ1Ì» Êm$Z? = Ê¸?Y. >Y1? É�Ì �Ë. �Y hZm

 Ã.1]  �S» �Z] Y)�.,:HA ÊU�Z4 ,] Ã1Ì» É|3] Ã.�+ Y|Ì_ }Y=$ Z/<B q<$ W�@ �] hZ6ËEH� Ê@�] = Z# Yq<$ �ÌÌr4 Z] L1Q = )�
�Z] )Ì¸]Z'Ê» � r4 V1�v» ^Ë �Y $1< Ê#.$1H� = �]Z4 +Ê» , 3 4dÌA �Y LY1 �Ê63 Ã�Y|<Y ÉY�] d¸-z» ÉZ# >Y1? Ê?�] É�ÌU
d¸-z» .15< Ã.Z*-�Y Z/<B q<$ ,¸5m �Y ]2[.)/m 8�z»�Ìc ÉZ/DËZ»�B ÉZ3H» ,�Ì?Y ,#. =. $. �´Ë. ÉZ/�=$ ÃY�5# ,] m=$ ¾ËY

Ã�Y|<Y = ¾ÌÌX4 h(1�v» Ê*Ì+ ÉZ/¸»Z� É�ÌU,3Ì»� �l< �Y Y$ ÊË(Z] )Ì5#Y = Ã.1] É�$=ZD+ Ã.�+ W�+ Ê:Ì:v4 ÉZ# |<Y .L1»�B

.$Y%´< ÉZm ,] Ã1Ì» É=$ �Ë Ê°ËEÌT1-T = ÊËZ»�U ,ÊËZÌ5Ì�1-T ,ÊËZÌ5Ì� Ž1� hY�YY ,+ )�Y Ê<1»�B ,É�$=ZD+ $. 8�z»�Ìc 
]20[.Ã|� ÊT�X» L13+Z4 ,+ Ê¸Ì¸v4 ÉZ/�=$ �Y Ê5+ .Y|X4 ,|<Y j$Y ,] $.Z' ÉY�  &�( )Ì�Z�@ �Y = Ã.1] €1T OËY�� ŽZ

Ã1Ì» É$Z-?Z� hZÌ†Em = hZHÌ+�4 É�Z�$Z°�B Ê» $Y.$1?�] Z# dÌA |3<Z» |3�Z] Ê63�NMRdÌA ,Ê63�IRdÌA =LZ»Y$ Ê63� 
]21[.,Ã|� .ZË ÉZ/�=$ ¾Ì] $. Z»Y dÌA €1T )Ì]Y%m LZ»Y$ ÊU|3+Y�_ Ê63� Ã.ZX2Y ,Ê°�E_ &1¸� LZ::v» LZÌ» $. ÉY = ÊË=$Y. 

Ê» .Y|5¸' €1T ÉZ/�=$ ¾Ì] �Y m=$ ¾Ë�-Ë1' ,°Ë$1S] ,)�Y Ã.15< Y|Ì_ Ê-�Ë� &1¸� .1�]13=21.[
V1°¸» $. Z/54Y hZ�ZX4$Y ,°3ËY CÌ2. ,] Ê» Ê�ZX4$Y dÌA ,)�Y NZ�@ Ã.Z» ÊËZÌ5Ì� hZHÌ+�4 = hY�ÌÌr4 ,] Z# hZ�!AY |<Y14

hZHÌ+�4 = ÊËZÌ5Ì� >Y1? ,] GmY$ É|Ì*» $ZÌ�]CÌ°D4 ,†Y$Y .Y1» Ã|3#. |#.]3[.
dÌA dÌA ,] )H�< LZ»Y$ ÊU|3+Y�_ Ê63� ZËY$ Ê63�IR))�Y Ã.�+ Y|Ì_ É�$=ZD+ $. ÊXÌ�= ÉZ#.�]$Z+ ,+ (ÉZËYE»

,-�m�] LB �Y .$Y. ÉY ,¸5m:
-Ã|ËY Ê°Ì3°4 LZ»Y$ Ã|Ë|_ �z_ ^Ë 8B ,+Y�Q ,)�Y Ê°Ë0121Ì] hZX2ZS» ÉY�] VB 5� ,] dÌXj LZ»Y$ Ã|33+Ê» $Z= .=$

)�Y g|<Y $ZÌ�] ZS? .Z6ËY $. LB �ÌY“4 ,6Ì-< $..�z] ,+ É�$=ZD+ h(1�v» .$1» $. >1�? ,] ,2“�» ¾ËY
ÃƒË= )Ì5#Y ,|#. Ê» CÌ°D4 8B Y$ Z/<B .Y1» �Y Ê5l�Y |3+ Ê» Y|Ì_ ÉY)�Y �Ì] VZw» ÉY�]90%�Y Ê´<�T ,m1U &�m �Y

)�Y Ã|� CÌ°D4 8B .( 
-.=|v» |<Y14 Ê» LZ»Y$ Y$ Ê*ÌA Ê@Y1< �Y ÊXÌ�= Ã)cm-1 10Z4cm-1 4000 (|#. ��1_ Ê*ÌA )HY $Z] ^Ë $..$. ¾ËY

Ã.=|v» ¾Ì3Q ��1_ ÉY�] ,+ )�Ì2Z@ ÉY^Ì3°4 Z]IR,°H� ,] Ê�13-» ÉZ#�Z�$Z°�B = Z#�-¸ÌT ,Ã|33+ �z_ ÉZ#
.Y. �ÌÌr4 Y$ hYEÌ/64 ¾ËY Ã.=|v» �# ÉY�] Ê-�ËZ] = )�# �ZÌ<]3.[

-2 ,X�Y �S'dÌA ÃZ´-�. $. Ê#.$1< GH3» LY13� ,] ,+ É$EÌ ,.1� Ê» Ã.Z*-�Y LZ»Y$ Z3� .=|@ $.2/0Z42Ê¸Ì» �-»

)�Y .Ê» �´Ë. h$ZH� ,] 7# Y$ Ã1Ì» É=$ ^Q1+ ªAZ3» ZË = .�+ $Z+ 7# 7+ 76@ Z] = EË$ $ZÌ�] ÉZ# ,<15< Z] LY14
 .15< m=Z+]25.[

»�B ÃZ41+ LZ»� ,(Z] )Ì�Z�@ ,LB �] Ã=!�,�ËZ Ã.Z»B ,] �ZÌ< &|� É�´Ë. ÉZËYE» ,^Ì3°4 ¾ËY L.1] 8�z» �Ìc = ,<15< É�Z�
dÌA �Y Ã.Z*-�Y )Ì]Y%m �] ,+ |3-�# Ã.=ETY LZ»Y$ ÊU|3+Y�_ Ê63� |<Y]25[.,LZ»Y$ ^Ì3°4 dÌ"14 ¾ËY Z] = )�Y |�$ ,] =$ Ê�=$ 

Ê» ¾�=$ LZ::v» ÉY�] LB ÉZ#.�]$Z+ �Y É|Ë|m .ZX]Y �=$ �#.1�]18.[



7?˺

dÌA .�]$Z+ ,SÌ@ $. ^Ì3°4 Z] ÃƒË1] Ê<Y=Y�T hZ:Ì:v4 É�$=ZD+ .Y1» Ê]ZË�$Y $. Ê63�IR m=$ .�]$Z+ Z»Y ,)�Y ,-T�U &Z6<Y 
,É�$=ZD+ h(1�v» 8�z» �Ìc Ê]ZË�$Y $. LZ»Y$ Ê» |�$ ,] =$ LZ3n5# ,+ )�Y Ê3Ë1< ,3Ì»� |�Z] .= GË�� ¾ÌÌX4 Ê:Ì:v4 $.

d¸-z» ÉZ#|Ì†134$Z+ 8�z» �Ìc,m1U $.)�Y Ã|� &Z6<Y LZ»Y$ ÊU|3+Y�_ Ê63� dÌA �Y Ã.Z*-�Y Z] Ê´<�T .LZD< ªÌ:v4 ¾ËY $.
ÊDD+ hZ�ZX4$Y ,+ |� Ã.Y.C-C =C=C $.cm-1 1510 =cm-1 1156 ,�?Z� LY13� ,] )�Y Ã1Ì» $. ¾Ì_1°Ì2 .1m= �Y ÉY

]22.[
= E»�' C*¸T ,ZË1# ,Ê´<�T ,m1U $. Z#|Ì†134$Z+ .1m= ¾Ì3n5#)�Y Ã|� &Z6<Y LZ»Y$ Ê63� dÌA O�14 LY�*�� .}1» V1A

 ZÌÌ/4nm 5/512¾Ì]$=. �Y = .1] CCD|� Ã.Z*-�Y LZ»Y$ É�Z�$Z°�B ÉY�] .�# ,] {1]�» ÉZ/m1» .|� EÌ< ªÌ:v4 ¾ËY $.
|� m$YEU WÌ+�4 .|3+ m=Z+ Y$ Z#|Ì†134$Z+ .1] ,-�<Y14 Ê]1? ,] LZ»Y$ ÊU|3+Y�_ Ã|Ë|_]24[.Ã1Ì» ÊU|Ì/2dÌA Z] WÌ� Ê63�

Ã�Y|<Y 8�z» �Ìc h$1" ,] Ê:Ì:v4 $. ,LZ»Y$ ÊU|3+Y�_ )�Y Ã|� É�ÌU .WÌ� ªÌ:v4 ¾ËY $. |<|� Ã.Y. {1:� Ê3ÌX» ;Z*4$Y �Y Z#
 LZ»Y$ ÃZ´-�. �Y Ã.Z*-�Y Z] u~� ,.1� �#Zo ÊU|Ì/2 Z4Thermo NicoletdÌA ,|3-T�U $Y�' Ê�$�] .$1» Ã|»B )�|] ÉZ# .ZËZ-<

¸S» Ê�$�] )�Y Ã|� m$YEU 81]14[.dÌA �Y )TB LYEÌ» fÌzD4 ÉY�] LZ»Y$ ÉZ# �+Ã1Ì» É�#Zo RS� É=$ �] Z# Ã.Z*-�Y Z#
)�Y Ã|� .}1» V1A $. $EÌ2 ;1< =. $Z+ ¾ËY $. Ê�$�] Ã1Ì» ÊvS� ÊU.12B LYEÌ» m=Z+ $. Z/<B �ÌY“4 = |� Ã.�] $Z°] d¸-z» ÉZ#

|� .}1» V1A Z] $EÌ2nm 1064' C]Z' ,6Ì-< .�+ ,†Y$Y Ê21H]25[.GÌ�= É�$=ZD+ �Y W4Y�» ,] Ê°�E_ $. LZ»Y$ �Y Ã.Z*-�Y Ã.1] �4
ÃZ´DËZ»�B = Ê5¸� hZ��1» ,°Ë$1S] )�Y fÌzD4 $. LZ»Y$ Ã|Ë|_ É$=B ¾T �Y Ã.Z*-�Y VZ@ $. É$ZÌ�] ÊË=$Y. fÌzD4 ÉZ#

Ê» Ê-�Y|/] = ÊË=$Y. &�Y12 |3�Z] .¾T ¾ËY ] EÌ< Z�Z< LZ»�Z� $. Ê-@ É$=BÊ» Ã.Z*-�Y ÃZ» = xË�» $. .Y1» fÌzD4 ÉY� .1�]5.[
dÌA Ê-@ Z3� Ã|Ì�$ Ê-X3" |Ì214 ,¸@�» ,] LZ»Y$ Ê-�. ÉZ# Ê» Ã.Z*-�Y = |<Y |<1�]5[.hZ:Ì:v4 �Y .$1» ^Ë ,] O:T Z63ËY $.

Ê» �+P Ê°�E_ fÌzD4 $. ,-T�U &Z6<Y |� &Z6<Y )�1_ LZA�� fÌzD4 = LZ�<Y )�1_ )TZ] É=$ �] ,+ .1�)�Y Ã.¾Ë

 |#. fÌzD4 |Ì~Ì2 = ¾Ì‰4=�_ $Z-?Z� hY�ÌÌr4 �Y Ã.Z*-�Y Z] 72Z� �Y Y$ Ê<ZA�� )TZ] )�Y ,-�<Y14 Ê]1z] ªÌ:v4]16[.¾Ì3n5#

MelanomadÌA O�14 �´Ë. Ê:Ì:v4 $. )�1_ LZA�� ¾Ë�-+Z<�S? LY13� ,] )T�U $Y�' fÌzD4 .$1» LZ»Y$ Ê63� .¾Ë

 Z4 )�<Y14 m=$99%.$1» .$Y1»Ã�Y|<Y |#. fÌzD4 )�$. Y$ É�ÌU]15.[Ê63� dÌA O�14 Ã|� &Z6<Y hZ:Ì:v4 �] É$=�» 
MIR )�Y Ã|� �D-3» Ê°�E_ ÉZ#.�]$Z+ $. LZ»Y$ =]19.[

,m1U Ã1Ì» Ê´<�T)Lycopersicon esculentum L.(Ê-<B �Y Ê3c GH3» ¾Ì»Z-Ë= ,LY|Ì�+Y Ê» ÊËY%c hZHÌ+�4 = Z# |�Z]]6[=
$�] = fÌzD4Ã|5� �:< $Y�Z] ,] Ã|� ,j�� V1�v» Ê*Ì+ Ê]ZË�$Y $. hZHÌ+�4 ¾ËY LYEÌ» ªÌ'. Ê� .$Y. ÉY]17[.ÊT�A �Y

Ê» ¾Ì] �Y �ËZ»�B .$1» Ã1Ì» = Ã.1] 8�z» ÃZ´DËZ»�B $. hZÌ"1�? ¾ËY V15X» Ê]ZË�$Y .=$ .Ê#Z´DËZ»�B ÉZ/�=$ ¾Ì3n5#
)'= $ZÌ�] &1��» �Y�HÌ2Z+ ,] ,LB �] Ã=!� = Ã.1] �ÌUÃ�Y|<Y = L1Ì É�ÌU )�Y |3»�ZÌ< .|X-» ÉZ# .dÌA ,] LZ»Y$ ÊU|3+Y�_ Ê63�

Ê» |354$|' = |�$ ,] =$ ^Ì3°4 ^Ë LY13� LYEÌ» ,¸5m �Y V1�v» Ê*Ì+ hZÌ"1�? 8�z» �Ìc L1»�B ÉY�] ÊH�Z3» ,3ËEU |<Y14
 ,|3'pH|�Z] q<$ =.,�zD» ,-Ë|Ì�Y = V1¸v» |3' LYEÌ» Ì�$ Ê]ZË�$Y ÉY�] Ê5/» ÉZ#Ã1Ì» )Ì*Ì+ = ÊU| Ê» $Z5� ,] Z# |<=$ .

,m1U ÊU|Ì�$ É�#Zo ÊUƒË= ¾Ë�-5/» )�Y LB |Ë�? ÉY�] É�-D» É�ÌU 7Ì5�4 $. Ê5/» $1-+ZT ,+ |�Z] Ê» q<$ Ê´<�T .
h$ZQ �Y Ã.Z*-�Y Z] (15X» EÌ< ÊU|Ì�$ ,m$. Ê» ¾ÌÌX4 Ê´<$ ÉZ# .1�]9.[

ZV7Á� Á {Y-& 
v» É�$=ZD+ $. ,-T�U &Z6<Y hZ:Ì:v4Ê» ,°Ì2Z@ $. ,)�Y Ã.1] Ê"Z? ÉZ/¸»Z� ,] .=| )Ì¸]Z' �Y LY14 Ê�$�] $. ^Ì3°4 ¾ËY ÉZ#

Ã1Ì» �´Ë. >Y1? )�m Ã�/] EÌ< Ê°Ì<Z°» = ÊËZÌ5Ì� ÉZ#$1-+ZT ,¸5m �Y Z# .GË�� = 8�z» �Ìc ¾ÌÌX4 �] Ê3-H» Ê:Ì:v4 ¾ËY�]Z3]
Ã1Ì» Ê*Ì+ ÉZ/¸»Z� Z#,Ê´<�T ,m1U Ã1Ì» ÃƒË= $1A ,] =Z*-�Y Z]dÌA �Y Ã. Ê3ËE´ËZm LY13� ,] ^Ì3°4 ¾ËY ÊT�X» = LZ»Y$ Ê63�

)DU ¾Ë=|4 &1��» = 8�z» ÉZ/�=$ ÉY�] .Ê» �+P ,] &�( Ã�Y|<Y VZv] Z4 ,+ |�Z] �Y Ã.Z*-�Y Z] Ê*Ì+ C»Z� ^Ë �Y �Ì] É�ÌU
dÌA ÉZ/�=$ Ã|D< &Z6<Y Z#�Ìr-» .ZË� 76@ = �Ì�*4 ÊU|ÌnÌ_ CÌ2. ,] Ê63� )�Y ..Z*-�Y ¾Ì3n5# $. LZ»Y$ ÊU|3+Y�_ �Y Ã

Ã�Y|<Y ,m1U Ê*Ì+ hZÌ"1�? É�ÌU Ã|D< m$YEU G]Z3» $. |3' = q<$ >1�z] = Ê´<�T )�Y ..1? ;1< $. �jZ@ ªÌ:v4 ¾ËY�]Z3]
Ê» |Ë|m LZ/m = LY�ËY $. |�Z].

dÌA ÃZ´-�. Z3�Thermo Nicolet ÊU|3�Z_ ;1< �Y )dispersive ()�|] ÉY�] dÌA L.$=B .$1» LZ»Y$ ÉZ#)T�U $Y�' Ã.Z*-�Y .
$EÌ2532 �w+Y|@ LY14 Z] �-»1<Z< 100Ê¸Ì» = ÊËZÌ5Ì�1-T hY�YY �Y É�ÌU1¸m CÌ2. ,] Z»Y |� ,-T�U$Z°] É$1< GH3» LY13� ,] hY=
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 LY14 �Y hZDËZ»�B &Z54 $. = |� ,-�Z+ É$1< GH3» LY14 �Y É$YETY &�< h$1" ,] ,$EÌ2 &ZT ^4 $1< Ê°ËEÌT1-T30.Z*-�Y hY= Ê¸Ì» Ã

|� .Ã|� ,-T�U ÉZ# dÌA  1j=cm-12dÌA $. ,+ Ã.1] Ã|ËY  1j= ^Ë Ê63� Ê» $Z5� ,] VB ÉZ# VZ3´Ì� |<Z] ÉZ3/_ = ,.=$
 ÉZ/m1» .|� ¾Ì] Ã|� ,-T�Ucm-1 400 =cm-1 4000 )/m Z<$ ¾Ë�-/] = ,-T�U$Y�' E»�' L=.Z» Ã.=|v» $. ,+ |� 8Zz-<Y 

|�Z] Ê» Ê21°¸» hZHÌ+�4 �ËZ5< .Ã1Ì» 8B,<15< ÊËY%c GËZ3" ÃZ´DËZ»�B ,] Ê°Ì-_Y ÉZ# �ËZ»�B &Z6<Y �Y u_ �ËZ»�B .$1» ÉZ#
)�4 = Ã|� C:-3» ÉZ#pH|� &Z6<Y Z/<B É=$ �] q<$ = V1¸v» |3' ,.&�< $. Y|-]Y Ã|»B )�|] ÉZ/*ÌA CÌ¸v4 = ,ËE64 $YETY

OMNIC NICOLET&�< ,-�] h$1" ,] ,+ |� &Z6<Y A ÃZ´-�. $Z3+ $. É$YETYdÌdÌA u~� = .$Y. $Y�' Z3� )»�T Z] Z#
^Ë VZ3´Ì� OÌv» .$Y= É|X]Excel =Matlab|3-T�U $Y�' m�Y.�_ .$1» = Ã|� .�Ì_ WÌ4�4 ¾Ë|] LY13� ,] ,+ Ê�<Z�$1¸T ,3Ì»�

|� k%@ ,|�Z] Ê»  �S» Ê��Y.�_ C°D» ¾Ë�-5/» .dÌA É�ÌU ª-D» Ã|33+ ¾ÌÌX4 = 7/» ÉZ#|<Z] ¾-TZË )/m ¾Ì3n5# Z#
Y|� &Z6< .�=�] Y$ Ã1Ì» Ê¸?Y. hZÌ"1�? Ã|33+ ¾ÌÌX4 7/» = �Y1» ÉZ#|<Z] |3-�<Y14 RjY= h$1" ,] ZËZ-< �z] VZ°�Y )ËZ/< $.

|3#..

H2Zf0 
dÌA Ê»Z54 $. Ê:TY $1v» dÌA .$Y|<Z-�Y �ËZ5< m=$ |3<Z» Z# Ê» }1» .|� LZ»Y$ ÉZ# }1» V1A N1°X» ):Ì:@ $. ,+ |�Z]

 |@Y= $. = Ã.1]cm-1 ]Ê» LZÌ ..�U ..1] |#Y1? }1» u<Z+�T �Y É�-/] ¾ÌH» ,+ )�Y )/m ¾Ë|] $ZÌX» ¾ËY 8Zz-<Y .É.15� $1v»
Ê» �ËZ5< Y$ LZ»Y$ ÊU|3+Y�_ h|� EÌ< L141T m$Z5� ªË�A �Y = |#. �´�=Z+ $. V1�v» �Y Ã|� Ã|3+Y�_ ÉZ#CCD )�|]

Ê» |ËB .dÌA O�14 ,+ Ê¸H' hZ:Ì:v4 ª]ZS» LZ»Y$ Ê�<Z<=�$ Ê63�)RRS ( É�$=ZD+ h(1�v» Ê?�] ÉZ#|Ì†134$Z+ É=$ �]
Ê» Y$ Z#|<Z] ¾ËY ,)�Y Ã|� &Z6<Y hZ�ZX4$Y ,] LY14Q1,Q2=Q3ÉZ#|Ì†134$Z+D-carotene =E-carotene CÌ2. ,] ,+ .Y. )H�<

 ¾]�+ ÊDD+ hZ�ZX4$Y–¾]�+ )C=C =C-C (Ê» .1m1] Ê¸"Y Ã�Ì6<� $.|3ËB]24[.dÌA Ê¸+ $1A ,] Z#Z#|Ì†134$Z+ Ê�ZX4$Y É
ÊDD+ hZ�ZX4$Y ,�zD» ,:S3» ,�C-C|3-�# Y$Y. Y$ .C°� $. ,+ $1S<Z5#1Ê» Ã|Ë. $. ,:S3» ,� �# Ê¸"Y ÉZ#|<Z] ,.1�

 ÉZ/m1» .|� Ã.=|v»1030 ,1180 =1540dÌA Ê»Z54 $. )�Y Ã.�+ $1/o Z# .É=Z@ Ê215X» E»�' Ê´<�T ,m1U Ã1Ì» ÊT�A �Y
lycopene ,E-carotene =J-carotene Ê» |�Z]]22[.ªÌ'. Ê�$�] |<Z] �4Q1$. cm-1 1540 $1i@ ,¾ÌDÌ_ hZX2ZS» NZ�Y�] 

¾4=$Z+ Ê» ,Ìm14 �-DÌ] Y$ Z# ,°Ì2Z@ $. ,¾_1°Ì2 Z4 |3+Q2$.cm-1 1180)C-C (Ê» ¾_1°Ì2 $1i@ �´<ZÌ] |�Z].,+ EÌ< &1� |<Z]
Ê» C5� ,Ì:] �Y �-*ÌXj ÊDD+ hZ�ZX4$Y ,] |3+C-CH3)�Y Ã|� Ã.Y. )H�< ]23[.dÌA .$1» $. �´Ë. ,-°< C]Z' k!-?Y Z#

,<Y|´<$ Ê5+ $Y|:» ,6Ì-< $. = Ã1Ì» ÊU|Ì�$ LYEÌ» ,] {1]�» Z4|5� ,+ )�Z#|<Z] h|� $. ,m14 )�Z# .)l¸c ,+ )�Y Ê/Ë|]
Ê» Z#|Ì†134$Z+ |�Z] $Y%U�YY LZ»Y$ ÊU|3+Y�_ h|� $. )�ËZ] .G5m Z] ÌA ,€1T CË(. É|3]dÉY�] )�Y ÊH�Z3» m=$ LZ»Y$ Ê63�

Ã�Y|<Y ,<Y|´<$ É=Z@ ,+ É.Y1» q<$ Ê*Ì+ = Ê5+ É�ÌU Ê» Z#|Ì†134$Z+ u3m �Y ÉZ# |3�Z] .Ê» GS' $1A ,] ¾ËY�]Z3] ¾ËY �Y LY14
Ã�1@ $. |Ë|m m=$ .�] Ã�/] 8�z» �Ìc h$1" ,] .Y1» q<$ fÌzD4 .dÌA m=$ ,+ )�Y )/m ¾Ì5# ,] Z�Z�Y LZ»Y$ Ê63�

$.,<Y|´<$ ,] {1]�» hZ:Ì:v4 �Y É$ZÌ�] Ê� :< |3<Z» É�$=ZD+ �Ìc |@ZH» $. Ê-@ Z# )�Y Ã|� m$YEU Ê°�E_ = É�3# ÉZ# 
]19[.dÌA ,+ )�Y ¾ËY �´Ë. ,m14 C]Z' ,-°< ,+ Z#|Ì†134$Z+ ,] {1]�» ÉZ#|<Z] ZH'ZX-» = Ê´<�T ,m1U É=$ Ã|� ,-T�U ÉZ#

Ê» V1�v» $. q<$ �´<ZËZ5< 14 $. ,|3�Z]LY$EÌ2 LY14 ¾Ë�4 ¾ÌÌËZ_ 8Zz-<Y ¾ËY�]Z3] = Ã.�°< Ê/m14 C]Z' �ÌÌr4 $EÌ2 É(Z] ÉZ#
Ê» �l< ,] 81¸S» |Ì�$ .
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6°71:LÌ� Äm-= Ã-Ì& �{ 3Z&Y� )Z/ MÊ´0�9)a(3|7 S&�\ Ê=|Ì�� Ä$u�& �{ Ã-Ì&)Êe�-.) (b(_ZNe�Y MÃ|Ì�� k&Z¯ Ã-Ì&
1ÌW 6]Z\ Z/|Ìj-Àe�Z¯ Ä] w-]�& )Z/d�Y Äm-e 

|<Z]cm-1 891 C°� $. ,+ 2Ê» Y$ ,)�Y Ã|� �#Zo mZX4$Y ,] LY14CHhY$|Ì#1]�+ ¾ÌH» ,+ .Y. )H�< Ã1Ì» $. .1m1» ÉZ#
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