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)�-f¯Y�e d:W �f&Y-] ÃZ´f�{ Ê]Z2*�Y Á dyZ  MÊuY��)568(
Ê/2Y$1< Y$Z�1

 Z�» �*Xm ,2

Ã|Ì°" 
LB �Y É.ZË� $Z5� ,+ ,-T�U h$1" gZ? ^Ì<Z°» ,3Ì»� $. É.�]$Z+ = Ã.�-�U hZ:Ì:v4 �jZ@ L�' $. $1H� �ÌYZ4 ,3Ì»� $. Z#

)�Y Ã.1] gZ? É=$ �] ,Ì¸:< CËZ�= $=�» =..ZÌ3] = 7/» ÉZ#�-»Y$Z_ ¾ÌÌX4 hZ:Ì:v4 ¾ËY &Z6<Y $. Ê¸"Y C°D»)�Y gZ? É.
ÊUƒË= �Y Ê#ZUB = )?Z3� $1l3» ,] Z#�-»Y$Z_ ¾ËY ¾ÌÌX4 )T$ �]Y�] $. gZ? C5X2Y u°� ¾ÌÌX4 ÉY�] ,ªÌ'. É�$=ZD+ $. gZ? ÉZ#

)�Y É$=�j gZ? ÊD-¸c )»=Z:» ¾ÌÌX4 ¾Ì3Q 7# = ,Ì¸:< CËZ�= $�°» ÉZ#|»B =.,2.ZX» �Y Ê°Ë �°Ì] ,2.ZX» $. É.�]$Z+ ÉZ#
Z? ÉZ#�-»Y$Z_ ¾ÌÌX4)�Y g.�°Ì] ,2.ZX» $.kc,kZ=nÃ�Y|<Y �-»Y1] ÃZ´-�. ^5+ ,] ,+ |3-�# )�D< ,$ZDT ÉZ#�-»Y$Z_ É�ÌU

Ê»|<1� .Ê�Z� C»Z� ,+ |� ,-?Z� = Ê@Y�A É$1-+Y�4 )D_ �-»Y1] ÃZ´-�. gZ? ÉZ#�-»Y$Z_ ¾ÌÌX4 $1l3» ,] ªÌ:v4 ¾ËY $.
$|Ì#=�-°2Y 7-�Ì� = C»Z@ Ê�Z� ,É$Y%U$Z] hZv*" ,Ê¸"YÊ» Ê°Ì2=|�Z] .Ã�Y|<Y =. $. CÌS-�» C°� ,] É$Y%U$Z] hZv*"
|<|� ,-T�U �l< $. LZ�°Ë p�� ,] V1A )H�< Z] d¸-z» .�ËZ»�B .$1» ,v*" �# ÉY�] $Y�°4 ,� Z] Ê»12 gZ? É=$ �] ÃZ´-�.

)T�U $Y�' .�ËZ B &Z6<Y Z])D_ �-»Y1] ÃZ´-�. ,+ |� fzD» ,ÃZ´-�. $Z+ Ê]ZË�$Y ÉY�] &�( ÉZ# ÉY$Y. Ã|� ,-?Z� É$1-+Y�4 
)'. Z] =�Ì< �63� 7-�Ì�02/0)'. Z] ÊËZ6]Zm �63� 7-�Ì� = &�U1¸Ì+ 01/0Ê¸Ì» )�Y �-» .ÊË <Y14 ÃZ´-�. ¾ËY ¾ËY�]Z3]

$ZDT ÉZ#$Y.15< 7Ì��4 -Ê» Y$Y. (Z] )'. Z] Y$ )�D< |�Z] .

1-^Ì<=�-°2Y )�_ ,LY�/4 ÃZ´D<Y. LZvË$1]Y uË.�_ ,É�$=ZD+ ÉZ# ¾Ì�Z» ^Ì<Z°» |�$Y Ê�Z3�$Z+ É16D<Y. :saranoorolahi@gmail.com 
2-LY�/4 ÃZ´D<Y. LZvË$1]Y uË.�_ ,É�$=ZD+ ÉZ# ¾Ì�Z» ^Ì<Z°» Ã=�U $ZË.Z-�Y 
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 Ä&|'& 
ÊUƒË= dÌ"14 �Y Ê#ZUB = RÌv" )Ë�Ë|» ÉY�] gZ? ÉZ# ,Ì¸:< CËZ�= ÊËY$Z+ L.Y. LZD< ,ªÌ'. É�$=ZD+ $. h(1�v» |�$

Ã.Zm �ÌcÉY

1
gZ? C°� �ÌÌr4 ,)gZ? É=$ �] v�Q �YY �ËY|Ì_ = ÊU.�DT ()Ì¸]Z' ¾ÌÌX4 = )�Y ,Ì¸:< CËZ�= |»B )T$ �Y Ê�Z< ,+
,Ì¸:< CËZ�= )+�@ ÉY�] gZ?

2
Ê» É$=�j |�Z]]4[.Z_ ¾Ì] $. Ê��] �34 = gZ? ÉP1*< )»=Z:» É�-»Y$Z_ =. gZ? ÉZ#�-»Y$

,�$E» CÌ�<Z-_ L.�+ .=|v» Z] ÊT�A �Y ,,+ |3-�# �] ÊDD+ CÌ�<Z-_ L.�+ .=|v» Z] �´Ë. k�A �Y = V1�v» |�$ �] ,ÉY
Ê» �YY ,Ì¸:< ,¸Ì�= )+�@ )Ì¸]Z' |<$Y%U]2[.Ã|� ,-?Z3� �Y Ê°Ëm=$ ¾Ë�4 )Ì ]̧Z' �63� = gZ? ÉZ#�-»Y$Z_ ¾ÌÌX4 ÉY�] Z#

CËZ�= Ê-+�@�°Ì] O�14 ,Ì¸:< 3
)�Y Ã|� ,ËY$Y ]5[.)�Y �Ë�  �� ,] �°Ì] O�14 Ã|� ,ËY$Y ,2.ZX» :

nc zk
b
kp )( M

( )1
(Z] ,2.ZX» $. ,+pÊ-<Z� �] &�U1¸Ì+ W�@ �] $ZDT $Y|:» „G]�»�-»zÊ-<Z� W�@ �] É$Y%U$Z] ,v*" )�D< $Y|:» „�-»b

^Q1+ W�@ �] É$Y%U$Z] ,v*" |X] ¾Ë�4Ê-<Z� „�-»kc,kZ=n$ZDT ÉZ#�-»Y$Z_ -,+ |3-�# )�D< kcgZ? ÊU|3H�Q V=|» 
W�@�] ,-TZË C°� �ÌÌr4(kg/cm(n+1))„kZ4 gZ? Ê+Z°S"Y V=|» W�@ �] ,-TZË C°� �ÌÌr(kg/cm(n+2))=nWË�j

 )�Y |X] L=|]]5[.Ê» Ã.Z*-�Y �°Ì] O�14 Ã|� ,ËY$Y m=$ �Y �°Ì] ,2.ZX» WËY�j ,H�Zv» ÉY�].1� .C@ ÉY�] m=$ ¾ËY NZ�Y �]
 ,2.ZX»)1(p�� Z] É$Y%U$Z] ,v*" =. �Y |ËZ].�+ Ã.Z*-�Y h=Z*-» ÉZ# .]Y ,+ )�Y WÌ4�4 ¾ËY ,] $Z+ m=$ =. ÉY�] �°Ì] ,2.ZX» Y|-

p�� Z] ,v*"Ê» ,-�1< h=Z*-» ÉZ# .1�),2.ZX»2(,-T�U 7-Ë$Z´2 ,2.ZX» =. ¾ÌT�A �Y u~� ,Ã|�),2.ZX»3(7-Ë$Z´2 $Y.15< =
z7-Ë$Z´2 �]Y�] $.pÊ» 7�$ ,v*" =. �# ÉY�] .1� .$Y|:» �´<ZÌ] $Y.15< WÌ�n)�Y .1] É�Y1» ¾´5# gZ? $. $Y.15< =. ¾ËY Ã.

|3�ZH< É�Y1» 7# Z] )�Y ¾°5» ¾´5# �Ìc gZ? $. Ê2= .¾Ì´<ZÌ» $Y|:» )2Z@ ¾ËY $.n,-T�U �l< $. $Y.15< =. �Y Ã|»B )�. ,] 
Ê».1� .
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�Ë.Z:» L.1] &1¸X» ,] ,m14 Z]n,b1=b2Ã�Y|<Y �Ë.Z:» ,] ,m14 Z] ¾Ì3Q 7# =ÉY�] Ã|� É�ÌUp=zÊ» ,�-»Y1] ^5+ ,] LY14

 V1/6» �Ë.Z:»kc=kZ.�+ ,H�Zv» Y$ ]5[.Ã.Zm �Ìc ,Ì¸:< CËZ�= k�A �Y .$Y= $ZDT ,+ ÊËZm LB �Y �Y gZ? RS� �] ÉY03/1
Ê-<Z� �] &�U1¸Ì+G]�» �-» �Ì] ª5� Z4 �w+Y|@ $ZDT ¾ËY = ,.1� Ê5< �450Ê-<Z� Ã� <Y CËZ�= ,)�Y $Y%U�ÌYZ4 ¾Ì»� RS� �Y �-»
$ZDT O]Y=$ É�ÌU -$ZDT ÉY�] )�D< 03/1Ê-<Z� �] &�U1¸Ì+ G]�» �-» )�D< =50Ê-<Z� |<1� Ê» ,-T�U �l< $. �-».LZD< �°Ì]
gZ? $. ,+ .Y. v*" p�� ,] V1A )H�< �UY ¾´5# ÉZ#,e$E] É$Y%U$Z] ÉZ# �Y �45Z47É=$ �] ,v*" p�� $Y|:» ,|�Z] 

�Ë.Z:»kc=kZ)�Ì< $Y%U �ÌYZ4 .,v*" p�� ,+ .�+ ,Ì"14 ,gZ? $. ¾´5# �Ìc Ê@Y1< .1m= LZ°»Y ,] ,m14 Z] Ê2= ÉZ#

 
1.Off road  
2. Trafficability 
3. Bekker 
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 �Y |ËZH< É$Y%U$Z]5Ê-<Z� 7+ �-» �Y ,+ )�Y �-/] Ê-@ = |�Z] �410Ê-<Z� 7+ EÌ< �-»ZH< �4|�.�ËZ»�B �´Ë. 7/» OËY�� �Y
¾Ì] |ËZ] ,+ )�Y gZ? ,] É$Y%U$Z] ,v*" P1*< )���5/2Z45Ê-<Z� |�Z] ,Ì<ZY �] �-»]5[.Ã�Y|<Y CËZ�= ,¸5m �Y = )»=Z:» É�ÌU

�-»Y1] gZ? ÉZ#�-»Y$Z_ ¾ÌÌX41
|� ;Y|]Y �°Ì] O�14 $Z] ¾Ì2=Y ,+ )�Y ]5[..1] )]ZY ;1< �Y �-»Y1] ¾ËY .LZÌ2Z� $. É�´Ë. ;Y1<Y |X] 

|<.1] ,�$E» ,] VZ:-<Y C]Z' ,,Ì¸:< CËZ�= ,] VZ�4Y ,S�Y= ,] ,+ |� ,-?Z� gZ? )»=Z:» É�ÌU Ã�Y|<Y CËZ�= �Y)ÉZ#�-»Y1]

g�v-» .(|32�-�Y= ,+ )�Y Ê#Z´-�. ,Z#�-»Y1] ¾ËY ,¸5m �Y2
gZ? )»=Z:» ¾ÌÌX4 ÉY�] .�+ ;Y|]Y Ê¸´3m ÉZ# .ÃZ -�. ¾ËY $.

" ÉZ3v<Y LYEÌ».1] Ã|� Ê@Y�A v�Q C°� ,] ¾Ì»� É=$ �] LB )+�@ = É$Y%U$Z] ,v* .^Ì2=$|Ì# ^m =. ÉY$Y. ÃZ´-�. ¾ËY
Ê» C5� .$Y= LZ»� 7# $1A ,] ,+ .1] É.15� = Ê:TYÊ» ¾Ì»Z4 Y$ $Y.Z3v<Y ,v*" )+�@ = |<|� |<.�+]4[.e�H»1# = LZm3

Ã|� )TZË$. hZ�!AY .1] $.Z' ,+ |<.�+ ;Y|]Y Y$ É�-»Y1]|3+ )HY LZ»� 7# $1A ,] Y$ ÊA=�z» Z3�P1*< ¾Ë|3Q �Y.�-»Y1] ¾ËY
,v*" P1*< ÉY�] &�( $Z] ,+ .1] ÃZ´-�. E+�» $. ^Ì2=$|Ì# ^m ,] E/6»Ê» ¾Ì»Z4 Y$ gZ? $. É$Y%U$Z] .�+.É$Y%U$Z] ,v*"

LB O�14 Ã|� ,-T�U $Z+ ,]Ã�ËY. Z# �S' ,] = C°� ÉY3/20Ê-<Z� .1] �-»]3[.1Ë

4
<�] Ã=!� ,+ .�+ ;Y|]Y Y$ Ê+�v-» �-»Y1] EÌ

 LYEÌ» .1] $.Z' = )�Y. EÌ< Y$ ÊA=�z» Z3� P1*< W�< )Ì¸]Z' ,gZ? m�] �ËZ»�B = É$Y%U$Z] ,v*" )�D< �ËZ»�B &Z6<Y
Ã�Y|<Y Y$ ÊA=�z» f?Z� |3+ É�ÌU ..1] É.15� = Ê:TY ^Ì2=$|Ì# ^m =. ÉY$Y. �-»Y1] ¾ËY .ÉY�] É.15� ^Ì2=$|Ì# ^m

5�YÊ» $Z+ ,] Ê��] ,v*" Ê:TY )+�@ ¾Ì»Z4 ÉY�] Ê:TY ^Ì2=$|Ì# ^m = É$Y%U$Z] ,v*" É=$ �] $Z] VZ )T$]6[.
Ê�$�] NZ�Y �] ,WÌ4�4 ¾ËY ,] �Y gZ? ÊËZ6]Zm ,] �ZÌ< g�v-» �-»Y1] �Y Ã.Z*-�Y h$1" $. ,+ ¾ËY ,] ,m14 Z] = Ã|� &Z6<Y ÉZ#

 )�. gZ? $Z-?Z� = )�Ì< ÃZ´DËZ»�B ,] ,�$E»Ê» Ê'Z] Ã.$1z<ªÌ'. gZ? ÉZ#�-»Y$Z_ = |<Z»Ê» ,H�Zv» �4g�v-» �-»Y1] ,|<1�
|� ,-?Z� = Ê@Y�A É$1-+Y�4 )D_ .

Z/ �Á� Á {Y-& 
WÌ4�4 ,] LB ;Z*4$Y = p�� ,V1A ,+ )�Y É$1-+Y�4 )D_ g�v-» �-»Y1] ^Ë ªÌ:v4 ¾ËY $. Ã|� ,-?Z� ÃZ´-�.37,30,115

Ê-<Z� )�Y �-» .C°�1. ÉYEmY C°� = É$1-+Y�4 )D_ �-»Y1] ÃZ´-�2)�Y Ã|� $Y1� $1-+Y�4 É=$ �] ,+ ÃZ´-�. C»Z+ $Z-?Z� 
|#. Ê» LZD< Y$.)�Y Ã|� CÌ°D4 �Ë� Ê¸"Y ÉYEmY �Y É$1-+Y�4 )D_ �-»Y1] ÃZ´-�.:

C°� $. ,+ Ê¸"Y Ê�Z�1Ã$Z5� Z] 1,´< = $1-+Y�4 )D_ Ê�Z� ,] VZ�4Y ÉY�] ,Ã|� fzD» ^Ì2=$|Ì# ^m É$Y.O? =�+

)�Y Ã|� Ê@Y�A .1? É(Z] )5�' $. Ê°Ë�-°2Y É1¸]Z4 = ¾ÌËZ_ )5�' $. VZ-Ì6Ë. .C°� CÌS-�» ,v*" $Z/Q �Y Ê¸"Y Ê�Z�
 .(1T u3m �YSt 37 •Ì_ $Z/Q O�14 = Ã|� ,-?Z� M20×2.5Ê» C�-» $1-+Y�4 W:� Ê�Z� ,] .1� .Ê¸"Y Ê�Z� É=$ �]

,] $Z] L|»B .$Y= �Y LZ3Ì5AY V1�@ ÉY�])�Y Ã|� Ã.Z*-�Y Êj�� = Ê21A �Y�4 7-�Ì� �Y ,gZ? É=$ �] É.15� h$1" .¾ËY

 C°� $. ,+ 7-�Ì�1Ã$Z5� Z] 2)�Y )]ZY •Ì_ .|� $Z/Q = Ã|<$Y. ,´< ,v*" ^Ë C»Z� ,Ã|� fzD» .Ã�/» =. $. ,+ ÊËZ#
•Ì_ ,] Y$ LB ,v*" k�AÊ» C�-» )]ZY ÉZ#Ê» ,v*" ,] Y$ )Ì¸]Z' ¾ËY |33+. ,+ |3#..1� �Y�4 Êj�� = Ê21A )/m =. $.

C°� $. ,+ É$Y%U$Z] hZv*"1Ã$Z5� Z] 3.(1T u3m �Y EÌ< Ã|� fzD» St 37)»Zzj ,] = CÌS-�» C°� ,] 2Ê-<Z� -
EËZ� =. $. �-»30×10Ê-<Z� = �-»21×7Ê-<Z� p�� ,] V1A )H�< = �-»3Ã|� Ê@Y�A |<Y .É$Y%U$Z] hZv*" VZ�4Y $1l3» ,]

Z/-<Y ,] Ê¸?Y. Ã=�$ Z] ¾�1] ^Ë C�.12 ÉM12�YY $. hZv*" d+ ÊU|Ì+=�Q GT$ ÉY�] = |� Ã.Y. m1m hZv*" E+�» ,] 
m1m hZÌ¸5� LB NZ54 RS� ,É$Z+¾Ì�Z» Y.|6» ,gZ? Z] Z#|<|� É$Z+.

1. Bevameter 
2. Wasterland 
3.  Jahn an Humburg 
4. Yu 
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6°71.)�-f¯Y�e d:W �f&Y-] )�ZUN0Y Ä:'0.
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6°72.�-f¯Y�e )Á� �] Ã|7 DJ0 )�-f¯Y�e d:W �f&Y-] ÃZ´f�{.
C°� $. ,+ C»Z@ Ê�Z�1Ã$Z5� Z] 4,´< Cv» Z4 ÃZ´DËZ»�B �Y ÃZ´-�. C:< = C5@ )21/� $1l3» ,] Ã|� fzD» ,$1-+Y�4 É$Y.

,´< LZ°»Y G'Y1» $. LB 7ËZ5j = ÃZ´-�. W�Z3» É$Y.)�Y Ã|� ,-?Z� = Ê@Y�A É$Z+ �Ìc.
Ê°Ì2=$|Ì#=�-°2Y 7-�Ì� :.$Y. Ã|/� ,] Y$ gZ? ,] =�Ì< VZ5�Y 7-�Ì� L1Ì�Z»14Y = V�-3+ ,*Ìo= Ê°Ì2=$|Ì#=�-°2Y 7-�Ì� .ÉYEmY

C»Z� 7-�Ì� ¾ËY :O? ,C�.12|Ì# h$|' $Y|» = Ê°Ë�-°2Y V�-3+ $Y|» ,$=. ÃY$ �Y V�-3+ 7-�Ì� ,uÌT�-3ËY ,VZ-Ì6Ë. �+ Ê°Ì2=$
)�Y.

C�.12

1
C°� $. ,+ 1Ã$Z5� Z] 5,Ã|� fzD» SÉ$Z+ )ÌT�o Z] C°� 500)'. = &�U1¸Ì+ 2/0^Ë �  ,+ )�Y &�U1¸Ì+ 

Ê» C�-» É$Y%U$Z] hZv*" ,] �´Ë. )5� �Y = ^Ì2=$|Ì# ^m L1-�Ì_ ,] )5�.1� .�Ì  ,+ ¾ËY ,] ,m14 Z] �] .$Y= É=�Ì< ¾Ë�4
 É$Y%U$Z] ,v*"309)�Y &�U1¸Ì+ =�Ì< $Y|:» ¾ËY �63� ,] $.Z' |ËZ] C�.12 ,)ÌT�o Z] C�.12 ¾ËY�]Z3] ,|�Z]500&�U1¸Ì+ 

|� 8Zz-<Y .Ã�Y|<Y ÉY�] É.15� !»Z+ |ËZ] gZ? ,] LB VZH<. ,] = C�.12 ,] ^Ì2=$|Ì# ^m k�A �Y Ã|� .$Y= $Z] ,ªÌ'. É�ÌU
|�Z] .�ËETY = É.15� h$1" ,] $Z] VZ5�Y �Y LZ3Ì5AY V1�@ ÉY�]Ã�Y|<Y )'. .15� .Y|-»Y =. $. Z5< 8B .|� =. �Y ,C�.12 É�ÌU

 |ËZ5< V�-3+ Êj�� = Ê21A )/m =. $. Y$ É$Y%U$Z] hZv*" �Y�4 Ê-@Y$ ,] |<Y1-] �]$Z+ ,+ Ã|� Ã.Z*-�Y 7# �])C°�3.(

6°73.*Y�e Ä@N. )Á� �] Ã|7 DJ0 )Z/Z50 Z8.
O?VZ-Ì6Ë. �+

2
�-°2Y )»=Z:» Z] Ê5#Y ;1< �YÊ°Ë4N$1+ V1A = 7#Y 1¸Ì+ 4/38Ê-<Z� Ã�Y|<Y ÉY�] ,�-» ÊËZ6]Zm LYEÌ» É�ÌU

)�Y ,-T�U $Y�' Ã.Z*-�Y .$1» É$Y%U$Z] ,v*" É.15� .O? Ã|<Er2 $1v» C�-» ^m L1-�Ì_ ÉZ/-<Y ,] Ê°Ì<Z°» h$1" ,] �+

O? Ã|<Er2 $1v» ¾ÌËZ_ )5� ,] ^m )+�@ Z] ,+ Ã|� Z6]Zm EÌ< �+.1� .

1. (Korea, 2003, Bongshin) 
2. Position transducer,  KTC Series  
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uÌT�-3ËY

1
�Ê» ÊËZ6]Zm $Y|:» = Ê2Z5�Y $Z] ,] {1]�» hZ�!AY L.Y. LZD< ÉY�] �´DËZ5< ,v*" =. C»Z|�Z] .ÉY$Y. uÌT�-3ËY

 )'. Z] ¾Ë�14 )Ì�Z�@10000/1)�Y �ËZ5< )/m �-¸ÌT ^Ë = V�-3+ �-¸ÌT =. ÉY$Y. ¾Ì3Q 7# = C�.12 $Y|:» .uÌT�-3ËY

 Êm=�? W�< ÊËZ<Y14RS232&�< ,»Z<�] Z] ÃY�5# ETYÊ» Y$Y. Y$ �=|3Ë= OÌv» $. kY�U 7�$ É$Y|�Z].
Ê» $Z+ �´Ë|°Ë Z] {ZH4$Y $. ÃZ´-�. ¾ËY Ê°Ì2=$|Ì# = Ê°Ë�-°2Y $Y|» ,+ ¾ËY ,] ,m14 Z] $Y|» =. ¾ËY O�14 =�Ì< = ÉZ6]Zm = |33+

Ê» Ã|Ì63� = VZ5�YÊ» Ã.Y.  �� ,D:< ^Ë $. $Y|» =. ¾ËY ,.1� .1�)C°�4.(
Z´-�. ^Ì2=$|Ì# $Y|»C»Z� Ã:LZË�m = )/m ,$ZDT V�-3+ ÉZ#�Ì� ,^Ì2=$|Ì# ^m

2
Z3�$ZDT ,160Ê-<Z� �] &�U1¸Ì+ �-»

Ê» Ê°Ì2=$|Ì# h(Z�4Y = Z# q3¸Ì� ,ÊX]�»|�Z] .^Ì2=$|Ì# ^m

3
L1-�Ì_ �S' Z] ,T�A =. ;1< �Y 4Ê-<Z� N$1+ V1A ,�-»24

Ê-<Z� É$Z+ $ZDT �w+Y|@ = �-»140Ê-<Z� �] &�U1¸Ì+ ]�» �-»Ê» É$Y%U$Z] hZv*" É=$ �] $Z] VZ5�Y ÉY�] G|�Z] .VZ5�Y ÉY�]
 $ZDT03/1Ê-<Z� �] &�U1¸Ì+ Ê» ^m L1-�Ì_ É=$ �] Ã|� VZ5�Y $ZDT LYEÌ» ,gZ? ,] G]�» �-» �w+Y|@ )�ËZ]70�] &�U1¸Ì+ 
Ê-<Z�|�Z  G]�» �-» .Ì� ,] É.=$= ¾c=$ $ZDT ,$ZDT V�-3+ 7-�Ì� �Y Ã.Z*-�Y Z] $1l3» ¾Ë|] É=$ �] V�-3+ ÉZ#�75�] &�U1¸Ì+ 
Ê-<Z�)�Y Ã|� 7Ìl34 G]�» �-».
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6°74.1Ì·Á�|Ì/Á�f°·Y �Y|&.
,2.ZX»4)�Y ¾Ì»� ,] É$Y%U$Z] hZv*" O�14 Ã|� VZ5�Y $ZDT �´<ZÌ] .

2

11
2 A

APp  )4(

(Z] ,2.ZX» $. ,+p2$ZDT „¾Ì»� ,] É$Y%U$Z] hZv*"p1Z] �]Y�] ¾c=$ k�A �Y ^m ,] Ã|� VZ5�Y $ZDT 75Ê-<Z� �] &�U1¸Ì+ �-»
G]�» „A1Z] �]Y�] L1-�Ì_ RS� 56/12Ê-<Z� = G]�» �-»A2)�Y É$Y%U$Z] hZv*" RS� .$Y|:»p2$Y|:» ,] ,m14 Z] A2�Ìr-»

)�Y.
V|» ªÌ:v4 ¾ËY $. Ã.Z*-�Y .$1» $1-+Y�4M651UL�= Z] 2210h$|' = &�U1¸Ì+ 65.1] $Zz] W�Y .^Ì2=$|Ì# 7-�Ì� Ê].

 �Y1» $ZDT $. $1-+Y�4120Ê-<Z� �] &�U1¸Ì+ $Z] G]�» �-»40:Ì'. $. �-Ì2 $1-+Y�4 ^Ì2=$|Ì# 7-�Ì� $ZDT = ,150�] &�U1¸Ì+ 
Ê-<Z� Ê5�Y $=. $. G]�» �-»1800.1] ,:Ì'. $. $=. .Ã|<. v�Q ;1< �Y EÌ< $1-+Y�4 ^Ì2=$|Ì# ‡5_ V|» = $Y=. ÉYPH8 �w+Y|@ =
$ZDT150Ê-<Z� �] &�U1¸Ì+G]�» �-».1] .

1. Interface 
2. (Taiwan, 2002, Hystar)  
3. (Japan, 1990, Taiyo) 
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)��� 7Ìl34 ÉY�] LZË�m V�-3+ �Ì� ^Ì2=$|Ì# $Y|» $. )�Y Ã|� Ã.Z*-�Y gZ? $. É$Y%U$Z] hZv*" P1*< .)��� V�-3+ ÉY�]
.1� V�-3+ |ËZ] 7-�Ì� ,] É.=$= ¾c=$ Ê]. ,P1*< .Ê]. ¾ÌÌX4 m=$(Q) ,2.ZX» Z] �ZÌ< .$1» 5Ê» LZÌ] .1�]1[.

AVQ c
)5(

(Z] ,2.ZX» $. ,+A]�]Y�] L1-�Ì_ GS:» RS� 56/12Ê-<Z� = G]�» �-»VL1-�Ì_ )+�@ )��� Ã.=|v» $. |ËZ] ,+5/2Z45
Ê-<Z� |�Z] ,Ì<ZY �] �-» .Ã.=|v» $. 7-�Ì� �ZÌ< .$1» Ê]. ¾ËY�]Z3]9/1Z48/3Ê» ,:Ì'. $. �-Ì2|�Z].

Z3�$ZDT Z] ÃY�5# $ZDT V�-3+ �Ì� ,ÃZ´-�. ^Ì2=$|Ì# 7-�Ì� ,] $1-+Y�4 ^Ì2=$|Ì# ‡5_ �Y É.=$= ¾c=$ $ZDT V�-3+ ÉY�]160 
Ê-<Z� �] &�U1¸Ì+)�Y Ã|� Ã.�] $Z+ ,] ÊX]�» �-» .Ê'�] ^Ë�v4 Z] LZË�m )/m V�-3+ �Ì� ^Ë O�14 ^m ,] Ê°Ì2=$|Ì# LZ»�T

Ê» &Z6<Y ,�Z] E+�» ;1< �Y Ê-ÌXj= ,� ,#Y$ $Z/Q .1� .Ê» k�A =. �# �Y É|Ì†1<121� ^Ë�v4 ÉY$Y. �Ì� ¾ËY|�Z .q3¸Ì� ÉZ#

É$ZDT VZ�4Y O�14 ÃZ´-�.-ÊQ�_ ;1< Ê°Ì<Z°» 1
Ê» C�-» $1-+Y�4 ^Ì2=$|Ì# 7-�Ì� ,] |<1� .7-�Ì� �ZÌ< .$1» ¾c=$

¾Ì»Z4 $1-+Y�4 ^Ì2=$|Ì# ‡5_ �Y ^Ì2=$|Ì#)�Y Ã|� .C»Z�EÌ< Ê°Ë�-°2Y $Y|» :‡-�Y ÉZ#|Ì¸+-,)ÌXj= 8Zz-<Y |Ì¸+ ,h$Z-�Y 
)�Y •ÌË1�=�°Ì» = $1-+Z-3+ .Ê-�. ZË ^Ì4Z»14Y )2Z@ =. �Y Ê°Ë $. Y$ ÃZ´-�. ,)ÌXj= 8Zz-<Y |Ì¸+ O�14 $Z+ ,] ;=�� �Y CH'

7Ì#. Ê» $Y�' .|Ì¸+ ÃZ´-�. $. €�] LZË�m É$Y�'�] = h$Z-�Y |Ì¸+ L.� Z] Ê-ÌX'1» $. Y$ ^Ì4Z»14Y )2Z@ ,] {1]�» Ê-ÌXj= ,� 
Ê» $Y�'.1� 7#Y�T ^m L|»B ¾ÌËZ_ LZ°»Y ,+ 7Ì#. .Êm=�? ªË�A �Y $1-+Y�4 ^Ì2=$|Ì# ‡5_ �Y ¾c=$ )2Z@ ¾ËY $.ÉZ#

q3¸Ì� = ^Ì2=$|Ì#Ê» $1H� )/m = LZË�m ,$ZDT V�-3+ ÉZ#�Ì� �Y LB ,] C�-» ÉZ#|3+ .DT WÌ4�4 ,] �Ì�» ¾ËY $.= )��� ,$Z
Ê» V�-3+ ^Ì2=$|Ì# ^m ,] Ê2Z�$Y ^Ì2=$|Ì# ¾c=$ )+�@ )/m )5� ,] LB ,] C�-» É$Y%U$Z] ,v*" ÃY�5# ,] ^m = .1�

Ê» )+�@ ¾ÌËZ_ Ê» Ã.�DT ^m $ZDT �YY $. É$Y%U$Z] ,v*" �Ë� gZ? = |3+.1� .,»Y.Y Ê<Z»� Z4 gZ? ,] ,v*" )�D< LYEÌ»
Ê» �Y Ã.$Y= É=�Ì< $Y|:» ,+ |]ZË|��] uÌT�-3ËY $. Ã|� dË�X4 |@ ,] ^m k�A .LZ»�T .1? ,2$ O�14 uÌT�-3ËY ,lv2 ¾ËY $.

Ê» ^Ì2=$|Ì# )/m V�-3+ �Ì� ,] Y$ LZË�m GS'Ê» d'1-» ^m ¾ÌËZ_ ,] =$ )+�@ ,6Ì-< $. |#..1� .$1v» ,^m L|»B ¾ÌËZ_ Z]
O? Ã|<Er2gZ? )�D< $Y|:» = Ã|»B ¾ÌËZ_ EÌ< LB ,] C�-» VZ-Ì6Ë. �+Ã�Y|<Y Y$ Ê» É�ÌU|3+ .O? �Y Ã|� VZ�$Y hZ�!AY �+

Ã|3-��T 7-�Ì� O�14 Zm LB �Y = Ã|� uÌT�-3ËY .$Y= C�.12 = VZ-Ì6Ë.-Ã|<�ÌU)$=. ÃY$ �Y V�-3+ (ˆZ4 ‡2 .$Y=2
Zm LB $. = Ã|� 

=�Ì< $Y.15<-Ê» 7Ì��4 $YETY &�< O�14 ÊËZ6]Zm.1� .ZT ^Ë $. Ã|� É$=B G5m hZ�!AY ¾Ì3Q 7#&�< CËC�+Y $YETY3
Ê» Ã�Ì?P -

LB LY1-] ,+ .1�.�+ CÌ¸v4= ,ËE64 Y$ Z# .Ê» $=. ÃY$ �Y V�-3+ 7-�Ì� �] Ã=!� C�-» ˆZ4 ‡2 ,] 7Ì:-�» $1A ,] Y$ ÃZ´-�. LY14
.�+ .Ê» $Y�' Ê-�. )ÌX'1» $. Y$ Ê-ÌXj= ,� |Ì¸+ ,,�156» L|»B (Z] )/m LZ»�T VZ�$Y ÉY�] L|»B (Z] LZ°»Y ,+ 7Ì#. ,v*"

.1� 7#Y�T É$Y%U$Z] .
Á�Ì0 Á Ê2ZU]Zm AUÀ� [fQÌ� d\{ Ê]Z2*�Y 

�ËZ»�B &Z6<Y �Y CH' ÃZ´-�. É$Z+ )'.|� Ê�$�] )ÌXj= =. $.:L.�+ Ã�HÌ2Z+ �Y |X] ,=�Ì< �63� 7-�Ì� )'. Ê�$�] )/m
 .$Y|<Z-�Y ,<�= ,)�Y É$ZDT C�.12 �] .$Y= $Z] ,+ ,-°< ¾ËY ,] ,m14 Z] C�.1201/0±10|� Ã.Y. $Y�' C�.12 É=$ �] Ê»�U1¸Ì+ .

Ã�Y|<Y .|� uÌT�-3ËY Y$ C�.12 O�14 Ã|� É�ÌU )'. Z]2/0.Y. LZD< &�U1¸Ì+ .�Y ,ÊËZ6]Zm �63� 7-�Ì� )'. Ê�$�] $1l3» ,]
|� Ã.Z*-�Y �¸ÌT .|� Ã.Z*-�Y �*" Y|H» LY13� ,] kZ" RS� ^Ë �Y ,+ .1] WÌ4�4 ¾ËY ,] $Z+ m=$ .O? ÊËZ6]Zm LYEÌ» �] �+

 �¸ÌT u~� ,|� 7Ìl34 �*" É=$ �] RS� ¾ËY É=$05/0Ê¸Ì» O? ÉZ/-<Y É�ÌU$Y�' Cv» $. RS� É=$ �] �-»|� Ã.Y. $Y�' �+ .
ÊËZ6]Zm �63� 7-�Ì� )'. ,+ |� fzD» uÌT�-3ËY �ËZ5< ,v*" $. Ã|� Ã.Y. LZD< .|� )†Y�' Z]01/0±Ê¸Ì» )�Y �-» .

1. Flare Fitting 
2. Laptop  
3. Excel  
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]Y�* ^Zy _-0 12 �{ ÃZ´f�{ Ê]Z2*�YÊ

.ZX]Y ,] LY�/4 ÃZ´D<Y. ,LZvË$1]Y uË.�_ Ê4Z:Ì:v4 ,�$E» $. Ê�Y$� gZ? ,�ËZ»�B &Z6<Y ÉY�]3$.12�-» ¾#B =ZU O�14 Y|-]Y
LY.�U�] $Z+ p�� Z] �Ì? ,� $Y.125Ê-<Z� 7z� ª5� = �-»30Ê-<Z� |� Ã.� 7z� �-» .^�Ë. O�14 gZ? |X] ,¸@�» $.
&=|<Z428Ã�_$Z+ p�� Z] ÉY250Ê-<Z� ^�Ë. �S' ,�-»51Ê-<Z� ^�Ë. =. ¾Ì] ,¸"ZT = �-»8Ê-<Z� ^�Ë. ,¸@�» =. $. �-»
|� Ã.� .,2Z» O�14 gZ? RS� u~�

1
|� RS�» .C»Z� = Ê»12 ,�$E» gZ?6/24,N$ |"$. 8/40= )¸Ì� |"$. 6/34|"$. 

Ê:Ì:@ >1�z» L�= = ¾�63/2Ê-<Z� �] &�U .1] WX°» �-».É�Z� Ã.Z»B �Y u_ C�-» $1-+Y�4 W:� Ê�Z� ,] ÃZ´-�. ,¾Ì»�
 Ã.Y. VZ:-<Y �ËZ»�B &Z6<Y Cv» ,] = Ã|�|�.�ËZ»�B|� &Z6<Y $Y�°4 ,� Z] É$Y%U$Z] hZv*" ÉY�] Z# ., �ËZ» B �# &Z6<Y �Y |X]

Ê» Ã.Y. )+�@ 1¸m )5� ,] $1-+Y�4Y .$1» É|X] �ËZ»�B $. Ã.�+ Y|Ì_ C°� �ÌÌr4 = É$Y%U$Z] )v4 gZ? ,+ |� $Y�' Ã.Z*-�
.�Ì´< .gZ? $. hZv*" P1*< )���3Ê-<Z� |� ,-T�U �l< $. ,Ì<ZY �] �-».

Ä]�S& �{ ÃZ´f�{ A2Z&*8 H2Zf0 
Ã.Y. ,,�$E» $. �ËZ»�B &Z6<Y �Y |X]Ê�$�] $YETY &�< O�14 Ã|� )HY ÉZ# $ZDT ÉZ#$Y.15< = |<|�-=. �Y &Y|+ �# ÉY�] )�D< 

|� 7Ì��4 É$Y%U$Z] ,v*" .Z*-�Y Z] h(.ZX» �Y Ã.)3=2(�°Ì] ,2.ZX» WËY�j),2.ZX»1(|<|� ,H�Zv» .C°� $.5�Y ,<15< ^Ë 
,v*" ÉY�] Ã|»B )�. ,] ÉZ#$Y.15<)�Y Ã|� Ã.Y. LZD< É$Y%U$Z] ÉZ# .
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6°75.�Z:9 )Z/�Y{-50-)�Y~=�Z] IZ@N. )Y�] dQ:0 .a.Ê$Ì`fQ& Ä@N.21×7Êf0Z� )�f&b.
Ê$Ì`fQ& Ä@N.30×10Êf0Z� )�f& 

ÄUÌf0)�Ì= 
O? Ê5#Y ÊËZ6]Zm �63� 7-�Ì� ÊËZ6]Zm )��� Z] VZ-Ì6Ë. �+5Ê-<Z� Ã�Y|<Y )Ì¸]Z' ,Ì<ZY �] �-» )'. Z] ÊËZ6]Zm É�ÌU01/0

Ê¸Ì».1] Y$Y. Y$ �-» .Ì» ,] )��� 7ÌS34 �Y |X] ,+ É$1A ,] .1] Ê]1¸S» |@ $. 7-�Ì� É$Y|ËZ_ LYE3Ê-<Z� Z] ,Ì<ZY �] �-»10$Z] 
Ã�Y|<Y ,] ÊËZS? ÉY$Y. $ZDT V�-3+ 7-�Ì� ^m )+�@ .Y|X4 ¾Ì5# $. = .�°< Y|Ì_ �ÌÌr4 )��� $Y|:» ^m )+�@2/0�] &�U1¸Ì+ 

Ê-<Z�.1] G]�» �-» .-»Y$Z_ ,H�Zv» = gZ? É=$ �] �ËZ»�B &Z6<Y ÉY�] ÊTZ+ )Ì¸]Z' ÃZ´-�. Ã|� �+P W2ZS» ,] ,m14 Z] gZ? ÉZ#�
Ê» Y$Y. Y$|�Z] .

1. Leveller 
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