
˼F7

 

r�J& 3Z&|0Y� A2YS9Y �-hÀ& Ä] sZ� H¯ E/8ÁZ= ÄÀÌV] t�� Ê]Z2*�Y Á dyZ� MÊuY��
)#�0Y )75(

É�*Xm ¾Ì»Y$ 1
¾Ì6D# Ê¸+14 $15Ì4 ,2

)T1†$ ¾Ì�@ |5v» ,3

Ã|Ì°" 
ÊT��» É0�<Y �#Z+ $1l3» ,] €Z� Z+ ¾#B=ZU ,3Ì/] = |Ë|m  �A Ê]ZË�$Y = )?Z� ,Ê@Y�A �jZ@ ªÌ:v4 �Y k|# $.

|�Z] Ê» ¾#B=ZU �D+ .Z+ ¾#B=ZU ,3Ì/] = &1��»  �A ¾Ì] Ê¸"Y h=Z*4 ,'Z� �] .15� O? = ,rÌ4 Ã|<�] ,H2 ,Ë=Y� $. ,€Z�
|�Z] Ê» ¾#B=ZU .LYEÌ» ,] ,rÌ4 = ,'Z� gY�-�Y O? �] .15� $1v» V1@ ,rÌ4 �?�Q Z] |Ë|m  �A $.180Ã|<�] ,H2 ,Ë=Y� ,,m$. 

Ã|� Ê*3» ,'Z� �] .15� $1v» =g�4 m�-�U WH� ,+ Ê» ¾#B=ZU ÊDD+ )»=Z:» É=�Ì< �#Z+ = gZ? $. ÊDD+ ÉZ# ..�U .
h=Z*-» ,¸5@ ,Ë=Y� ,� $. €Z� Z+ ¾#B=ZU d¸-z»  �A =. ,�ËZ:» $1l3» ,] gZ? Ã$ZH<Y $. Ã|� &Z6<Y hZDËZ»�B)°5/7=°15=

°5/22()T�U h$1" .hY�ÌÌr4 ,É.15� É=�Ì< = ÊDD+ )»=Z:» É=�Ì< �] Ã=!� >1�z» &�m |3<Z» gZ? Ê°ËEÌT >Y1? 
4 gZ? GS:» RS� = Ã.$1? 7z� gZ? É�#Zo|Ë.�U É�ÌU Ã�Y|<Y EÌ< Ã|� WË�z .,3Ì/]  �A ,+ .Y. LZD< hZDËZ»�B ZËZ-<

|�Z] Ê» &1��»  �A ,] )H�< É�-5+ �D+ É=�Ì< |3»�ZÌ< €Z� Z+ ¾#B=ZU .)v4 É$Y. Ê3X» $1S] ÊDD+ )»=Z:» É=�Ì<
¾#B=ZU  �A �ÌYZ4 ,¸5@ ,Ë=Y� $. €Z� Z+ ¾#B=ZU ,3Ì/]  �A ,] ª¸X-» ÊDD+ )»=Z:» ,3Ì5+ ,+ É$1S] ,-T�U $Y�' €Z� Z+ 

°5/7|�Z] Ê» .ÉY ,<1´] )�Y �Y1» ¾#B=ZU �] Ã|� VZ5�Y É.15� É=�Ì< �] É$Y. Ê3X» $1S] ¾#B=ZU  �A �ÌÌr4 EÌ< = ,¸5@ ,Ë=Y�
@ ,Ë=Y� = ,3Ì/]  �A $. EÌ< É.15� É=�Ì< C'Y|@ ,+ ,¸5°5/7.1� Ê» Ã|Ë. .,3Ì/]  �A $. É0�<Y k��» LZ»|<Y$ LYEÌ» ¾Ë�-DÌ] 

,¸5@ ,Ë=Y� $. =°15|Ë.�U Ã|#ZD» .|� Ã #ZD» $Z5Ì4 ¾Ì5# $. gZ? É�#Zo >1�z» &�m LYEÌ» ¾Ë�-5+ ¾Ì3n5#.k��»

 Ê3ËE´ËZm LY13� ,] Y$ €Z� Z+ ¾#B=ZU ,3Ì/]  �A ,gZ? �] ¾#B=ZU 81¸S» �ÌYZ4 = �D+ É=�Ì< ,] &1��»  �A ÉY�] ¾‰5S»
.$Y%U Ê» =$ �Ì_ Ã.�DT ÉZ/+Z? ÉY$Y. ÊjY$Y $. >1�?.

Ã#YÁ|Ì$¯:gZ? Ê°ËEÌT >Y1? ,ªÌ5� É�$= gZ? ,gZ? Ã$ZH<Y ,,3Ì/] €Z� Z+ ¾#B=ZU 

1-¾Ì�Z  ^Ì<Z°» �z] $ZË.Z-�Y É�$=ZD+ ÉZ#,Z´D<Y. �Y�  Ã
2-¾Ì�Z» ^Ì<Z°» Ã=�U .Z-�Y É�$=ZD+ ÉZ#,N$|» )Ì]�4 ÃZ´D<Y. 
3-D<Y.Ì$Z<Z°» �z] Ì^�Z» Ì¾Z#É�$=ZD+ É,� ÃZ D<Y. Ì�Y� 



˼F8

 Ä&|'& 
.1� Ê» 81�v» É�$=ZD+ ÊjY$Y ÉY�] É|m Ê-TB LY13� ,] Ê�Y$� ÉZ/+Z? ÊU.�DT ,ªAZ3» �Y É$ZÌ�] $..dË$1U 

)1994 (Ã|� |Ì214 )z� ÉZ# ,Ë( ,+ .15< LZ�PY ,3�Z_ $ZDT )¸� ,] �-DÌ] Ê�Y$� ÉZ/+Z? $. LY.�U�] ¾#B=ZU ÉZ# $ZDT = $Y.
|�Z] Ê» 81A�» ÊjY$Y $. ‹Z"1�? $1-+Y�4 ÉZ/?�Q .ÉY�] W�Z3» É$YE]Y LY13� ,] Z# ¾°� �Ë� �Y ,-�%U $. LY�$=ZD+ �-DÌ]

$1l3» ,] gZ? )z� ÉZ# ,Ë( ¾-�°�|<.�+ Ê» Ã.Z*-�Y gZ? $. LZ#ZÌU ,DË$ �-/] P1*< .hZÌ¸5� ‹(15X» ¾ÌDÌ_ LY�$=ZD+
 |<.Y. Ê» &Z6<Y 1¸_Y$Z_ ¾#B=ZU O�14 h$|< ,] = &1��» ÉZ# ¾°� �Ë� O�14 Y$ ªÌ5� É�$1+Z?)2.(

VZ� $. 1981Z+ ¾#B=ZU |� ÊT�X» E»ZÌ¸Ë= = Ê¸�+1+ O�14 Ê�Y�-?Y LY13� ,] €Z� .,Ì2=Y hZ�$YEU LZ»|<Y$ �Y Ê+Z@ ,+ 
|� LB h�/� WH� ,.1] ¾#B=ZU ¾ËY É0�<Y k��» É(Z])11.(&1��» ÉZ# ¾°� �Ë� |@ $. ‹ZHË�:4 EÌ< ¾#B=ZU ¾ËY �ZÌ< .$1» LY14

|Ë.�U ÊT�X» É0�<Y k��» $. LB É(Z] LZ»|<Y$ ¾°��Ë� ,] )H�< $YE]Y ¾ËY É�4�] C»Z� Z»Y |� m$YEU)12.(LZU|3#=ƒ_

�] ,] É.|X-»Z+ ¾#B=ZU Ê�|3# C°� �ÌY“4 Ê�$ �Y |X] gZ? �] LB �ÌY“4 = =�Ì< k��» ŠZv2 �Y gZ? )�°� |3ËY�T �] €Z�
 |3-?Y.�_ 7z� )7=8=5=9=4=10.(ZË = ,¸5@ ,Ë=Y� �Ìl< ,rÌ4 Ê�|3# ÉZ#�-»Y$Z_ Ê�$�] ,] Ã|� �+P hZ:Ì:v4 ,Ì¸+ $.

,rÌ4 É.�°¸5� ÉZ#�-»Y$Z_ $1S3Ì5# = m�] ,Ë=Y� k��» &EÌ<Z°» �] gZ? $. ,rÌ4 É=�DÌ_ )��� EÌ< = $Z+ ª5� = p�� |3<Z»
|� ,-?Y.�_ =�Ì< .,Ë=Y� Z] ,rÌ4 É.15�= Ê:TY C5X2Y u°� ÉZ# ,*21» 7Ì:-�» ,S]Y$ .1m= �Y Ê+Z@ CH' ¾Ì::v» hZ:Ì:v4 ZËZ-<
|�Z] Ê» ,¸5@.

,*21» ¾Ë�-5/» �Y Ê°Ë gZ? ÉZ#$YE]Y $. É0�<Y k��» ÉZ# ‹Z"1�? �$=$Z]�� É=�Ì< ,gZ? Z] .ZË� NZ54 RS� Z] ÉZ#$YE]Y 
|�Z] Ê» $YE]Y �] .$Y= É.15� .gZ? Ê¸?Y. gZ°S"Y = ÊU|3H�Q L1Q Ê¸»Y1� �YY �Y �-DÌ] W4Y�» ,] $Z]�� $ZDT �YY Z#$YE]Y ¾ËY $.

|�Z] Ê» É=�DÌ_ )��� EÌ< =.¾#B=ZU )+�@ ÉY�] �ZÌ< .$1» É=�Ì< �] $Z]�� $ZDT �ÌYZ4 ,] ,m14 Z] |Ë|m  �A ,),3Ì/] (¾#B=ZU

Z+ )T�U $Y$ Ê]ZË�$Y = Ê@Y�A .$1» €Z� .Z+ ¾#B=ZU É0�<Y k��» L.�+ É.Z�-'Y $1l3» ,] $YE]Y ¾ËY �Y É|Ë|m  �A €Z�
gZ? |�Z] &1��» ;1< �Y �-5+ LB ÊDD+ )»=Z:» É=�Ì< k��» .=$ Ê» $Zl-<Y ,+ Ã|� Ê@Y�A �$= .�jZ@ ªÌ:v4 Ê�Z�Y k|#

$Y = )?Z� ,Ê@Y�AZ+ ¾#B=ZU ,3Ì/]  �A .�°¸5� Ê]ZË� |�Z] Ê» &1��» ;1< Z] LB ,�ËZ:»= €Z� ..�°¸5� �] ,¸5@ ,Ë=Y� �ÌY“4
.1] �jZ@ ªÌ:v4 �´Ë. kY|#Y �Y  �A =. �# $. EÌ< ¾#B=ZU.

2-ZV7Á� Á { -& 
2-1ÄBÌe Ä�|À/ 

gZ? hZÌ¸5� LZ»|<Y$ �ËYETY = ¾#B=ZU ÊDD+ )»=Z:» �#Z+ $1l3» ,] ]  �A É�$=Z+ ¾#B=ZU ,3Ì/ |Ë.�U Ê@Y�A €Z� .
|�Z] Ê» ,'Z� �] .15� O? = ¾#B=ZU ,rÌ4 ¾Ì] ,Ë=Y� $. &1��»  �A = ,3Ì/]  �A ¾Ì] Ê¸"Y h=Z*4)C°�1,Ë=Y� ,G.(¾Ì] ,Ë=Y�

 ,'Z� �] .15� O? = ¾#B=ZU ,rÌ4)C°�1$1v» ,ZZ#(Ã�Y|<Y ,] &1��»  �A $.°25 VZ@ Ã.1] CËZ5-» ,'Z� 1¸m )5� ,] ,°<B

 Ã�Y|<Y ,] ,3Ì/]  �A $. ,Ë=Y� ¾ËY°32-|�Z] Ê» CËZ5-» ,'Z� W:� )5� ,] .Z+ ¾#B=ZU &1��»  �A $. p$(Y )v4 gZ? €Z�
|]ZË Ê» m�-�U RS� Z4 LB �Y Ê�Z< ÉZ/+�4 = Ã|� Ã|Ë�] ¾#B=ZU ,rÌ4 $ZDT )v4 Y|-]Y .)�� = Ã.$1z< )�. gZ? ¾ËY�]Z3]

5�Y É.15� $ZDT ,rÌ4 É=$ �] Ã|D<.1� Ê» ¾#B=ZU ÊDD+ )»=Z:» É=�Ì< �ËYETY Wm1» �»Y ¾Ì5# ,+ Ã.�+ VZ .&1��»  �A $.
Z+ ¾#B=ZU |�Z] Ê» ,rÌ4 É=$ Ã|D< )�� = Ã.$1z< )�. gZ? L�= �Y Ê�Z< ¾#B=ZU $Z]�� $ZDT ,€Z� .gZ? $. $ZDT ¾ËY $Y|:»

�Z] Ê» Ã|� )�� ÉZ# gZ? �Y �-DÌ] W4Y�» ,] ,.ZË� ,-Ì�<Y. Z] Ã.�DT ÉZ#|.
7mZ/4 )v4 ,+ gZ? �Y ÊAZ:< ¾Ì2=Y Z4 ..�U Ê» WH� ,3Ì/]  �A $. ¾#B=ZU ,'Z� �] .15� O? = ,rÌ4 ¾Ì] ,Ë=Y� �ÌÌr4 

|�Z] ÊvS� gZ? .�ÌU Ê» $Y�' ,rÌ4 .RS� �Y gZ? )�°� |3ËY�T Z4 ..�U Ê» |�Z] ,'Z� ,] )H�< ,rÌ4 W:� ,] =$ �?�Q

Y%2 = ,-TZË m�-�U €Z5�Y )5� ,] = Ã|� ;=�� |#Y1? Ã|� )�� = Ã|� .�? gZ? k�A �Y ¾#B=ZU ,] Ã|� VZ5�Y $Z]�� $ZDT 
.1] ...�U Ê» ,3Ì/]  �A ÊDD+ )»=Z:» �#Z+ WH� ¾#B=ZU ,] Ã|� VZ5�Y $Z]�� $ZDT �#Z+ .ÉZ# g�4 $ZD-<Y ¾Ì3n5#

Z+ ¾#B=ZU ,3Ì/]  �A $1H� �YY $. gZ? $. ÊDD+ Ê» gZ? )�°� ÉY�] &�( É=�Ì< �#Z+ Wm1» €Z�.1� .;1< $. Z/+�4 ¾ËY
É$ZDT ÉZ/+�4 h$1" ,] ¾#B=ZU &1��»-|�Z] Ê» �ZÌ< LB .Z6ËY ÉY�] É�-DÌ] É=�Ì< ,] ,+ Ã.1] Ê��] .



˼F?

C°�1-€Z� Z+ ¾#B=ZU ,3Ì/] = &1��»  �A ,�|3# ,�ËZ:» 
C°�2Z+ ¾#B=ZU Ê�|3# .ZX]Y Ã|3#. LZD< |�Z] Ê» �jZ@ ªÌ:v4 $. ,-T$ $Z°] €Z� .“4 $1l3» ,] ,¸5@ ,Ë=Y� $Z/Q ¾Ì»

|3+ Ê» LY$=. Ê:TY $1v» V1@ ¾#B=ZU ,h=Z*-» .C°� $. ¾#B=ZU ,'Z� $. Ã|� Ã.Y. LZD< ÉZ# vY$1�3ÉZËY=� ¾Ì»“4 $1l3» ,] 
h=Z*-» ,¸5@ ), �*"

°5/7=°15 =°5/22(|�Z] Ê» .)»Zzj ,] É.(1T €$= �Y Ã|� ,-?Z� Ê#Z´DËZ»�B ÉZ# ,rÌ410Ê¸Ì» 
,+ Ã.1] �-»,Ë=Y� )v4 ,rÌ4 Ã|<�] ,H2 gZ? $. LB �-/] P1*< $1l3» ,]°45)�Y Ã|� EÌ4 .

C°�2-,'Z� ,�-» Ê¸Ì» W�@ �] Ã.Z*-�Y .$1» €Z� Z+ ¾#B=ZU ,rÌ4 = ,'Z� .ZX]Y )d2Y (,rÌ4 =)8(



˼FF

C°�3-,3Ì/] €Z� Z+ ¾#B=ZU $. 7# ,] )H�< ,rÌ4 = ,'Z� )ÌXj= )d2Y (&1��» =)8(
2-2-E/8ÁZ= t�� Á{ �/ �{ ^Zy dQ°7 [2SÌ0Z°& 

gZ? ,rÌ4 ^Ë )+�@ &Z´3# ,] .1� Ê» Ã|#ZD» gZ? )�°� |3ËY�T $. Ê¸+ ,¸@�» ,� gZ? $. Ã.Z� �$=)3.(¾Ì-�z< $.
|]ZË Ê» LZËZ_ ,¸@�» ¾ËY gZ? $. ,rÌ4 7+ $ZÌ�] É=�DÌ_ Z] ,+ .1] ÊS? ^Ì-�(Y $Z-T$ gZ? $Z-T$ ,�ZT .Z-T$ ,&=. ,¸@�» $. $

..�U Ê» $Y|Ë|_ gZ? Ê°Ì-�!_ .Ã|� ^Ì-�!_ ,Ì@Z< Ã�Y|<Y ,gZ? $. ,rÌ4 �-DÌ] P1*< Z] ),-TZË 7†Y. C°� �ÌÌr4 (Ê» m�-�U

|]ZË .|�Z] Ê» Z# g�4 $ZD-<Y = |Ì214 ,¸@�» LZ5# ,�ZT ¾Ë�?B .gZ? $YE]Y �-DÌ] )+�@ Z] Ã|� �#Zo gZ? )�°� Ã1U ,gZ? $. �$=
WH� ,rÌ4 �-DÌ] )+�@ =..�U Ê» )�°� Ã1U C]Z:» $. Ã|� ^Ì-�!_ ,Ì@Z< ,X�14 = )+�@.

�#1» V|» �Y LY14 Ê» C@Y�» ¾ËY Ê5+ dÌ"14 $1l3» ,]–.15< Ã.Z*-�Y W521+ .,X�14 Z6<B Z4 �#1» �34 Ã�ËY. V|» ¾ËY $.
.1� NZ5» W521+ Ê��] �34 O? �] ,+ |]ZË Ê» .ÉZ# �<�+ = Ã|Ì�$ 7Ì¸�4 �34 ,] gZ? ,¸@�» ¾ËY $. Ê» $Y|Ë|_ ^Ì-�!_ 

|<1� ..1� Ê» �D-3» Z/+�4 = Ã|� ,-�°� 7Ì¸�4 ,S:< $. gZ? ,+ .15< LZ�PY LY14 Ê» V|» ¾ËY $..,Ì¸+ ,°<B p�T ¾ËY�]Z3]
|�Z] Ê» Ê�ZT. C]Z' p�T |<$Y. $Y�' Ê<Y�v] �34 )v4 = Ã.$1? g�4 ,lv2 ^Ë $. Ã|� ^Ì-�!_ ,Ì@Z< �] G'Y= {Z:<.

(.ZX» �Y Ã.Z*-�Y Z] .15< &1¸X» Y$ Z/+�4 )ÌX'1» LY14 Ê» 7Ì¸�4 ,S:< $. V.ZX4 h.Z] gZ? �Y É��3� ÉY�] VZw» LY13� ,]

 Ê¸?Y. gZ°S"Y ,Ë=Y�Z,Ë=Y� Z] Y$ gZ? RS� Z# g�4 )�Y ,-T�U $Y�' Ã$1v» ^4 �34 �ÌY“4 )v4 ,+ 
2
M


4
S

GS'

Ê» |33+)1.(Ê3v3» Z/+�4 |3�Z] Ê» &1�1» �34 ,�zD»  1S� ,] ,+ Ã.1] É|X] ,� RS� ÉZ# .,] Ã.$1? g�4 Ê@Y1< C°�
Ê3v3» h$1" |<1� Ê» ¾ÌÌX4 7Ì¸�4 {Z:< ÉY�] É0�<Y V.ZX4 m=$ ,] V.ZX4 h(.ZX» C@ �Y ,+ |3�Z] Ê» Ê5-Ë$Z´2 ÉZ#)3.(
C°� 4�34 ,�zD» ÉZ# Ê3v3» Ã|3#. LZD< Z+ ¾#B=ZU ,3Ì/] = &1��»  �A =. �# ÉY�] |�Z] Ê» €Z� .)+�@ Z]

 ,S:< ,gZ? $. &1��» ¾#B=ZUBÊ3v3» Ê3XË ,�zD» Ê5-Ë$Z´2 Ê3v3» ¾Ì2=Y = Ã.Y. $ZDT Y$ gZ? ,+ Ã.1] ÉY ,S:< ¾Ì-�z< 

BB c.1� Ê» |Ì214 .,Ë=Y� $. Y$ gZ? RS� Z# Ê3v3» ¾ËY L1Q 
24
MS

e$E] Ê3v3» ÊXT. Ê#. C°� , |33+ Ê» GS' 

BB c.1� Ê» �D+ É=�Ì< .ZË� Ê<B k��» WH� .,-T�U C°� Ê3v3» ¾Ì2=Y ,3Ì/]  �A $.AA c|Ì214 Ê3v3» ¾ËY ,+ Ã.1] 
|3+ Ê» É�-°Q1+ Ã1U .�Y Ê-5�' 1¸m )5� ,] ¾#B=ZU )+�@ ,»Y.Y Z] Ê3v3»BB cÊ3v3» Z] Ê¸H' &ZU $. Ã|� |Ì214 AA c

.1� Ê» g�-D» |X] &ZU $. Ã|� |Ì214 .É�ÌU C°� )/m �ZÌ< .$1» É=�Ì< �#Z+ Wm1» 7# Z] ,�zD» ÉZ# Ê3v3» gY�-�Y

/]  �A $. ÊDD+ )»=Z:» É=�Ì< �#Z+ |�Z] )ËZ/< $. ,+ Ã|� Ã.$1? g�4 Ê@Y1<Z+ ¾#B=ZU ,3Ì ..�U Ê» €Z� .C°�5Ã1v< 
Z+ ¾#B=ZU ,3Ì/]  �A ÉY�] )+�@ Ê2Y1-» ÉZ/»ZU $. ,�zD» ÉZ# Ê3v3» .$1?�] |#. Ê» LZD< Y$ €Z� .Ê/Ë|] ,-°< ¾ËY �+P

 |�Z] Ê» LZ�°Ë  �A =. �# $. Ã.$1? g�4 ,Ì@Z< ÊËZ/< Ã�Y|<Y ,+ |�$ Ê» �l< ,] )] Ã|  ,-�°� ,Ì@Z< ¾ËY ÊËZ/< Ã�Y|<Y p�� ,
.$Y. Ê´-�] ¾#B=ZU ª5� =.(C°�6�YY $. gZ? $. Ã|� |Ì214 �34 ,�zD»  1S� ZË ,�zD» ÉZ# Ê3v3» �Y É|X] ,� ÊËZ5< ,

Z+ ¾#B=ZU $1H� |#. Ê» LZD< Y$ ,3Ì/] €Z�.



˼FL

C°�4-&1��» €Z� Z+ ¾#B=ZU $. �34 ,�zD» ÉZ# Ê3v3» É|X] =. C°� )d2Y (,3Ì/] =)8(

C°�5-Ê3v3» gY�-�Y €Z� Z+ ¾#B=ZU ,3Ì/]  �A ÉY�] )+�@ Ê2Y1-» ÉZ/»ZU $. �34 ,�zD» ÉZ# )1=2WÌ4�-] 
)+�@ ¾Ì�_ = ¾ÌDÌ_ ÉZ/»ZU(



˼FO

C°�6-€Z� Z+ ¾#B=ZU ,3Ì/]  �A O�14 Ã|� |Ì214 �34 ,�zD»  1S� É|X] ,� C°� 
2-3-E/8ÁZ= Ê/Z´:2Z&*8 Ê]Z2*�Y 

^Ì<Z°» Ã=�U gZ? Ã$ZH<Y ÃZ´DËZ»�B $. hZDËZ»�B )T�U h$1" N$|» )Ì]�4 ÃZ´D<Y. É�$=ZD+ ÉZ# ¾Ì�Z» .Ê¸+ .ZX]Y
 Ã.Z*-�Y .$1» gZ? Ã$ZH<Y6/0×5/1×8�-» );Z*4$Y ×p��×V1A ($141» =�-°2Y ^Ë O�14 LB ,+�v» É=�Ì< ,+ Ã.1]201¸Ì+ 

|� Ê» ¾Ì»“4 �Ìr-» $=. Ê<=E¸@ Ã|<. ,HXm ÃY�5# ,] hY= .�Y hY=.Y C5v» |@Y= ÊS? )��� m/s1/0Z4m/s 3.1] �ÌÌr4 C]Z' .
|Ë.�U Ã.Z*-�Y ÊS? )��� ,3»Y. C'Y|@ �Y )T�U Ê» $Y�' Ê�$�] .$1» gZ? )�°� Ê°Ì4Z-�Y $ZYB �jZ@ ªÌ:v4 $. ,+ Z6<B �Y.

Ã�Y|<Y $1l3» ,] Ã�Y|<Y 8Z' ^Ë ¾#B=ZU �] .$Y= É.15� = Ê:TY ÉZ#=�Ì< LZ»E5# É�ÌU C°/� ª]Z/S» =�Ì< �ÌU7= Ê/@Y�A 
,-?Z�|�.)/�Y Ã|/� CÌ°D/4 É.15� = Ê:TY ÉZ#=�Ì< LZ»E5# É�ÌU Ã�Y|<Y $1l3» ,] C�.12 .|� =. �Y $1]E» 7-�Ì� .ª]Z/S»

 Z+ ¾#B=ZU ,C°� Ê<ZÌ» É.(1T g1¸] Ê<Z-v4 )5�' ,] €Z�)C°�7Ã$Z5� ,4(C/�.12 ,/] LB Ê<Z/'1T ÉZ//-<Y = Ã.1/] C�/-»
Ã�Y|<Y |�Z] Ê» C�-» É.15� É=�Ì< É�ÌU .m Ã1m= $.Ê<ZÌ» hZv*" Ê¸?Y. Ã1m= $1S3Ì5# = ,XS' ¾ËY ÊH<Z)C°/�7Ã$Z5/� ,2(

$1/A ,/] Y$ Ê<Z/Ì» ,/XS' )+�@ LZ°»Y É.(1T ÉZ# ,5QZ� Z#$ZÌ� ¾ËY C?Y. $. ,+ Ã|� ,ÌHX4 É=�+ GS:» Z] É.15� ÉZ#$ZÌ�
 |3+ Ê» 7#Y�T É.15� .Ã|� ,ÌHX4 $ZÌ� V1Amm100 $ZÌ� �# $. ,+ Ã.1] 5É.(1T ,5QZ� .|� �/S' ,/]mm16Ã.Y. $Y�/' 

)�Y Ã|� .ÊH<Zm hZv*" Ê¸?Y.  1S� EÌ< = Ê<ZÌ» hZv*" Êm$Z? Ã1m= $.)C°�7Ã$Z5� ,3(,/ÌHX4 Ê/]ZD/» Ê/:TY ÉZ#$ZÌ�
 |3+ Ê» 7#Y�T Y$ ÊH<Zm ,v*" =. ¾Ì] 7-�Ì� C+ Ê:TY )+�@ .Z6ËY LZ°»Y ,+ Ã|� .,/*21» ¾#B=ZU ,] CËZ» É=�Ì< ^Ë VZ5�Y Z]

 WH� =�Ì< Ê:TY .1/� Ê/» ¾#B=Z/U ,] C�-» Ê<ZÌ» ,XS' É.15� )+�@ WH� LB É.15� ,*21» = Ê:TY )+�@ .= Ê/:TY )/+�@
ÊDD+ C�.12 =. O�14 ,XS' ¾ËY É.15�-É$ZD/T )BONGSHING 500K DBBP (;1/< �/# VZ/5�Y = Ã|/� $Z//»

 .1� Ê» ,ËE64 É.15� = Ê:TY ,*21» =. ,] C�.12 =. ¾ËY O�14 ¾#B=ZU ,] ÊË=�Ì< .Ã.Y. �] .$Y= É.15� = Ê:TY ÉZ#=�Ì< É$Y.�]
 u<Z+�T Z] ¾#B=ZUHZ1LB Ê'Z/v2Y hYE/Ì/64 = hZHY ÃZ´-�. O�14 Ê63�Y= WË�j VZ5�Y �Y u_ =�Ì< �Ë.Z:» = Ã|� )�Y.�] 

)Co., LTD Tc-31 k Digital strainmeter (..�U Ê» C:-3» ,<ZËY$ ,] ÊËZ/< É$=Y�T $1l3» ,].
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C°�7-<Y 8Z' ^Ì4Z5� ÉZ5< C]Z:» ÉZ5< ,=�Ì< É�ÌU Ã�Y|)d2Y ()D_ ÉZ5< =)8(
,H/�Zv» �/Ë� ,/S]Y$ ª/HA É.15� = ÊDD+ )»=Z:» ÉZ#=�Ì< |3ËY�] ,É0�<Y k��» ŠZv2 �Y ,3Ì/] $Z5Ì4 8Zz-<Y $1l3» ,]

|Ë.�U.

)1(22
yFxFF 

€1T ,S]Y$ $.F,|3ËY�] É=�Ì< Fx=Fy|�Z] Ê» ¾#B=ZU É.15� É=�Ì< = ÊDD+ )»=Z:» É=�Ì< WÌ4�-] .
Ê/:TY $1v» = Ê3v3» ¾ËY ,] .=|v» RS� = Ã|� 7�$ ,rÌ4 )+�@ V1A $. |3ËY�] É=�Ì< hY�ÌÌr4 $Y.15<)ÊËZ/6]Zm $1/v» (

|Ë.�U ,H�Zv» .�<Y k�X» Ã|� ,H�Zv» )@Z�» LYEÌ»|�Z] Ê» ¾#B=ZU �# O�14 Ã|� k��» É0.
;1< �Y �ËZ»�B .$1» gZ? )TZ]Sandy loam  É�#Zo >1�z» &�m Z] Mgm-3 8/1^D/? ,ËZ_ �] )]1A$ =%18

|Ë.�U 7#Y�T ÊDËZ»�B ÉZ#$Z5Ì4 ,Ì¸+ ÉY�] .ª/5� $. gZ? Ã$ZH<Y d¸-z» {Z:< �Y É�ÌU ,<15< O�14 gZ? É�#Zo >1�z» &�m
cm 40-0É�ÌU Ã�Y|<Y |�.�Y C/H' gZ? É=$ Ê°Ì-�!_ ��1_ �Y Ã$ZH<Y C+ $. gZ? )]1A$ L|� )?Y13°Ë $1l3» ,] $1S3Ì5#

|Ë�U Ã.Z*-�Y �ËZ»�B.
RS/� ,/� $. Ã.$1/? 7# �] gZ? GS:» RS� = Ã.$1? 7z� gZ? ,-Ì�<Y. ,¾#B=ZU �] .$Y= É.15� = Ê:TY É=�Ì< �Ë.Z:»

 ,¸5@ ,Ë=Y� d¸-z»)°5/7=°15 =°5/22(�A =. =Z+ ¾#B=ZU d¸-z»  €Z� ),3Ì/]  �A = &1��»  �A (Ã�Y <Y $Y�/°4 ,/� $. =
|� É�ÌU .¾Ì/ÌX4 $Z/5Ì4 �/# $. gZ? ÊU.$1? 7# �] LZ»|<Y$ ,�D+ É=�Ì< �] Ã.$1? 7# �] gZ? GS:» RS� 7Ì�:4 �Y ¾Ì3n5#

|� .&1��» ,rÌ4 C»Z� �ËZ»�B ÉZ#$Z5Ì4)1B(,3Ì/] ,rÌ4 =)2B(,/Ë=Y� ,� $. ,+ Ã.1] ,/¸5@)°5/7=1R,°15 =2R=°5/22
=3R(|3-T�U $Y�' �ËZ»�B .$1» d¸-z» $Y�°4 ,� $. =.,�/ËZ:» = u<Z/Ë$Y= ,ËE64 $1l3» ,] Ã|»B )�|] ÉZ# Ã.Y. É$Z»B CÌ¸v4

 ¾°<Y. m=$ ,] Z# ¾Ì´<ZÌ» )DMRT ($YETY &�< O�14SPSS)T�U &Z6<Y .
3-G@] Á H2Zf0 

3-1-A:¯ )Á�Ì0 
C°� 8Y.15< |#. Ê» LZD< Y$ gZ? $. ,rÌ4 )+�@ V1A $. �D+ É=�Ì< hY�ÌÌr4 $.$Y|:» gZ? $. ,rÌ4 )+�@ ;=�� Z]

|]ZË Ê» �ËYETY ÊXË�� |<=$ Z] ,rÌ4 �] .$Y= Ê:TY É=�Ì< .)+�@ ŠZv2 ,] gZ? $. ^Ì-�!_ ÉZ# �<�+ �ËYETY �»Y ¾ËY )¸�
|�Z] Ê» ¾#B=ZU .=�Ì< hY�ÌÌr4 ,gZ? $. ,rÌ4 )+�@ ,»Y.Y Z]..�U Ê» $Y|ËZ_ = N1�v» �Ìc �D+ É.C°�8,+ |#. Ê» LZD< 

,¸5@ ,Ë=Y� $. ,3Ì/]  �A ,] ª¸X-» WÌ4�4 ,] �D+ É=�Ì< �w+Y|@ = C'Y|@°5/7,¸5@ ,Ë=Y� $. &1��»  �A =°5/22|�Z] Ê» .



˼L˺

Z+ ¾#B=ZU Ã|� $Y|ËZ_ �D+ É=�Ì< É$Y. Ê3X» $1A ,] €Z� )1%<P(,rÌ4 ;1< �ÌY“4 )v4)B(=Y� ,,¸5@ ,Ë)R(�YY =
.$Y. $Y�' Z/<B C]Z:-»)V=|m1.(¾°<Y. L1»�B Z] �D+ É=�Ì< �Ë.Z:» ¾Ì´<ZÌ» ,�ËZ:» $1S3Ì5#)V=|m2(,+ )�Y LB �´<ZÌ]

..�U Ê» �ZÌ< .$1» �D+ É=�Ì< �ËYETY Wm1» &1��»  �A ,] ,3Ì/]  �A �Y ¾#B=ZU ,rÌ4  �A �ÌÌr4 EÌ< = ,¸5@ ,Ë=Y� �ËYETY .
] WÌ4�4 ¾Ë|]Z+ ¾#B=ZU �Y )�ËZ] Ê» �D+ É=�Ì< C'Y|@ V1�@ $1l3» ,,Ë=Y� $. |Ë|m  �A €Z�°5/7=1R.15< Ã.Z*-�Y .

0

10

20

30

40

50

60

70

80

90

100

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5

(m) ÊËZn]Zm

(K
g)

Ê�
�
¯d

»Á
Z¬» B1R1

B1R2
B1R3
B2R3
B2R1
B2R2

 
C°�8-gZ? $. ,rÌ4 )+�@ V1A $. �D+ É=�Ì< hY�ÌÌr4 $Y.15< 

V=|m1-ÊDD+ )»=Z:» u<ZË$Y= ÈËE64 

IY�ÌÌBe X]ZÀ& df SS MS Fs

�Y�°e2080/4040/2ns 8966/1
,rÌ4 ;1< (B) 1850/901850/901**5385/838

,¸5@ ,Ë=Y�(R) 2525/111673/55**8480/51
C]Z:-» �YY (BR) 2515/178258/89**9916/82

ZS?10 755/10076/1
** .Ê3X» k!-?Y .1m= VZ5-@Y ,] $Y.99%

ns .Ê3X» k!-?Y .1m= &|� $Y. 

V=|m2Ë=Y� �ËYETY ,+ |#. Ê» LZD< Ê» �D+ É=�Ì< �ËYETY Wm1»  �A =. �# $. ,¸5@ ,.1� .€1T V=|m ¾Ì3n5#
 )ÌXj= �Y ,rÌ4 Ã|<�] ,H2 ¾Ì] ,Ë=Y� �ÌÌr4 Z] ,+ |#. Ê» LZD<°25 +,] &1��»  �A $.°32 -ÊDD+ )»=Z:» É=�Ì< ,3Ì/]  �A $. 

Z+ ¾#B=ZU |ËZ5< Ê» )TY €Z� .�#Z+ ,] LY14 Ê» �D+ É=�Ì< �#Z+ ;1'= C¸� ,¸5m �Y$ZD-<Y EÌ< = 1�°Ë �Y $Z]�� $ZDT 
.15< Ã$Z�Y �´Ë. É1� �Y ÊDD+ ÉZ/+�4 .Z+ ¾#B=ZU &1��»  �A $. gZ? )�°� |3ËY�T ÉZ/+�4 = Ã|� ;=�� €Z5�Y �Y €Z�

É$ZDT -|]ZË Ê» m�-�U gZ? RS� ,] Ê��] .Wm1» €Z5�Y ,] RS� �Y u°� )/m $. gZ? )�°� |3ËY�T ,3Ì/]  �A $.
ÊDD+ ÉZ/+�4 $ZD-<Y.1� Ê» .¾ËY $. �ZÌ< .$1» Ê:TY É=�Ì< ,+ Ã|� gZ? .�4 )�°� .Z6ËY WH� ÊDD+ ÉZ/+�4 .1m=

 É$ZDT ÉZ# )�°� �Y �-5+ W4Y�» ,] )�°�–|�Z] Ê» gZ? Ê��] )1.(
V=|m2-�3°5#�] �YY ,rÌ4 ;1<=P1*< ,Ë=Y�),¸5@(�]ÊDD+ )»=Z:» )¾°<Y. L1»�B(



˼L-

,rÌ4 ;1< 

,Ë=Y�,¸5@ 
&1��»  �A |Ë|m  �A ¾Ì´<ZÌ»X

5/7,m$. c86/69d73/63A79/66
15,m$. b93/75e10/61A51/68
5/22,m$. a48/83de 97/61B72/72

¾Ì´<ZÌ»XA42/76B26/62

*.¾Ì´<ZÌ» ÉZ#)X(E] k=�@ Z],L1-� $. g�-D» e$ RS� $. É$Z»B �l< �Y5%Ê3X» k!-?Y �´Ë|°Ë Z] |<$Y|< É$Y..
.**¾Ì´<ZÌ» ÉZ#)X(,dË.$ $. g�-D» e$E] k=�@ Z] RS� $. É$Z»B �l< �Y1%Ê3X» k!-?Y �´Ë|°Ë Z] |<$Y|< É$Y..

*** .¾Ì´<ZÌ» ,g�-D» ^Q1+ k=�@ Z] ÉZ# Z»B �l< �Y RS� $. É$1%Ê3X» k!-?Y �´Ë|°Ë Z] |<$Y|< É$Y..

3-2){-5] )Á�Ì0 
$. ^Ì-�!_ �<�+ �ËYETY Z] ,+ )�Y LB �´<ZÌ] ,rÌ4 )+�@ V1A $. €Z� Z+ ¾#B=ZU �] .$Y= É.15� É=�Ì< hY�ÌÌr4

]ZY = $Y|ËZ_ =�Ì< ¾ËY $Y|:» )�°� �Y u_ = Ã|� .ZË� EÌ< É.15� É=�Ì< ,,rÌ4 )+�@ ŠZv2 ,] gZ? ..�U Ê» ))C°�9.(,�ËZ:»

 &1��»  �A $. .1? ,]ZD» $Z5Ì4 �Y ,3Ì/]  �A $Z5Ì4 �# É.15� É=�Ì< $Y|:» ,+ |#. Ê» LZD< É.15� É=�Ì< Ã|� )ÌHw4 �Ë.Z:»
)�Y �-5+ .,¸5@ ,Ë=Y� = ,3Ì/]  �A $. ¾#B=ZU �] .$Y= É.15� É=�Ì< C'Y|@ ,+ )�Y ÉY ,<1U ,] hY�ÌÌr4 |<=$°5/7¾Ë�-DÌ] =

LB ,¸5@ ,Ë=Y� = &1��»  �A $.°5/22.1� Ê» Ã|#ZD» .gZ? )�°� &EÌ<Z°» �ÌÌr4 ,] LY14 Ê» |3ËY�T ¾ËY ;1'= Ã|5� C¸� �Y
.15< Ã$Z�Y ,3Ì/]  �A $. .|�Z] Ê» |3ËY�T ¾ËY 7/» C¸� ,¸5m �Y ÊDD+ ÉZ/+�4 $ZD-<Y = $Z]�� $ZDT �#Z+.
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C°�10-)+�@ V1A $. É.15� É=�Ì< hY�ÌÌr4 $Y.15< gZ? $. ,rÌ4 .

VZ5-@Y ,] ,rÌ4 ;1< = ,¸5@ ,Ë=Y� ,+ .Y. LZD< €Z� Z+ ¾#B=ZU Ã|� $Y|ËZ_ É.15� É=�Ì< u<ZË$Y= ,ËE6499%É=�Ì< �]
 )�Y �Y1» É.15�)V=|m3.()�Y LB �´<ZÌ] ¾°<Y. L1»�B O�14 É.15� É=�Ì< �] ,¸5@ ,Ë=Y� = ,rÌ4 ;1< �3°5#�] �YY $1S3Ì5#

 = ,¸5@ ,Ë=Y� �#Z+ ,+ ,+ ÉY ,<1U ,] .1� Ê» É.15� É=�Ì< �#Z+ Wm1» ,3Ì/] ,] &1��»  �A �Y ¾#B=ZU  �A �ÌÌr4 EÌ<
u°� ¾Ë�-5+ $Z5Ì4 $. É.15� C5X2Y3R2B|Ë.�U Ã|#ZD» .
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V=|m3-u<ZË$Y= ÈËE64 É.15� C5X2Y u°� É=�Ì< 

IY�ÌÌBe X]ZÀ& df SS MS Fs

�Y�°e2120/4060/2ns 618/1
,rÌ4 ;1< (B) 120/437 20/437**44/343 

,¸5@ ,Ë=Y�(R) 267/89835/44**22/35
C]Z:-» �YY (BR) 220/123 60/61**390/48

ZS?10 735/122735/1
** .Ê3X» k!-?Y .1m= VZ5-@Y ,] $Y.99%

ns .Ê3X» k!-?Y .1m= &|� $Y. 
$Z5Ì4 =. ¾Ì] W�Z3» $Z5Ì4 8Zz-<Y $1l3» ,]1R2B=2R2B,+ ÊËZ6]Zm C]Z:» $. |3ËY�] É=�Ì< Ê3v3» �Ë� RS� ,

|� ,H�Zv» $Z5Ì4 =. ¾ËY ÉY�] |�Z] Ê» ¾#B=ZU O�14 Ã|� k��» É0�<Y k�X» .,¸5@ ,Ë=Y� $. ,3Ì/]  �A $Z5Ì4 ÊT��» É0�<Y
°15 Ã�Y|<Y ,] 7/14%,¸5@ ,Ë=Y� $. ,3Ì/]  �A $Z5Ì4 �Y �-DÌ]°5/7|�Z] Ê» .» ÃZU|Ë. �Y ¾ËY�]Z3] ,¸5@ ,Ë=Y� ,É0�<Y k��5/7$.

.1� Ê» ÊT�X» $Z5Ì4 ¾Ë�4 W�Z3» ,3Ì/]  �A.
3-3^Zy D2�Ke 3Z&|0Y� Á Ã{�-y [/ �] ^Zy X`'& q`� 

,H�Zv» ,:<�=P É.=|v» É.Y|X4 ,] )@Z�» 7Ì�:4 Z] = �-» CÌT=�_ ÃZ´-�. ^Ë O�14 Ã|� ,-�°� gZ? GS:» RS� 
|Ë.�U .�] Ã.$1? 7#�] gZ? GS:» RS� $Y|:»|� ,H�Zv» Z#$Z5Ì4 ,Ì¸+ ÉY .,rÌ4 ;1< EÌ< = ,¸5@ ,Ë=Y� ,+ .Y. LZD< u<ZË$Y= EÌ2Z<B

Z+ ¾#B=ZU Ê3X» �YY €Z� .$Y|< Ã.$1? 7# �] gZ? GS:» RS� �] É$Y. .EÌ< ¾°<Y. L1»�B m=$ ,] Z# ¾Ì´<ZÌ» ,�ËZ:» $1A ¾Ì5#
.Y|< LZD< Z#$Z5Ì4 ¾Ì] É$Y. Ê3X» k!-?Y.

�+P ‹!H' ,+ $1A LZ5# WË�z4 LZ»|<Y$ |Ë.�U )7#�] ÊU.$1? (É=�Ì< ,] Ã.$1? 7#�] gZ? GS:» RS� 7Ì�:4 �Y gZ?

|Ë.�U ,H�Zv» �ZÌ< .$1» �D+ . �A �ÌÌr4 EÌ< = ,¸5@ ,Ë=Y� ,+ |#. Ê» LZD< gZ? ÊU.$1? 7# �] LZ»|<Y$ u<ZË$Y= EÌ2Z<B
Z+ ¾#B=ZU )�Y �Y1» gZ? WË�z4 LZ»|<Y$ �] É$Y. Ê3X» $1A ,] €Z� )mV=|4.(C°�10ÊU.$1? 7# �] LZ»|<Y$ hY�ÌÌr4 

|#. Ê» LZD< Y$ d¸-z» ÉZ#$Z5Ì4 $. gZ? .,3Ì/]  �A $Z5Ì4 $. gZ? WË�z4 Ã.�Z] ¾Ë�-DÌ] ,+ |#. Ê» LZD< $1]E» C°�
Z+ ¾#B=ZU ,¸5@ ,Ë=Y� $. = €Z�°15|�Z] Ê» .$Z5Ì4 $. �´Ë. h$ZH� ,]2R2B�D+ É=�Ì< &�U1¸Ì+ �# k��» ÉY�Y ,] cm2

2/8Ê» .�? = Ã|� ,-�°� gZ? GS:» �Y &1��»  �A $. ,]ZD» $Z5Ì4 ÉY�] ,°<B VZ@ ,.1�)2R1B(,] $Y|:» ¾ËY cm27/6
Ê» �#Z+ |]Z .$Z5Ì4 É0�<Y k��» ÃZU|Ë. �Y ,Q�UY Ã|� �+P W2ZS» ,] ,m14 Z]1R2BhZÌ¸5� Ã.�Z] Z»Y .$Y. Y$ k��» ¾Ë�-5+ 

$Z5Ì4 $. É�$= gZ?2R2B.�] &Z< ,3Ì/] $Z5Ì4 LY13� ,] $Z5Ì4 ¾ËY �Y ,+ .1� Ê» ,Ì"14 Y%2 = Ã.1] �-DÌ].
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V=|m4-u<ZË$Y= ÈËE64 gZ? ÊU.$1? 7#�] Ã.�Z] 

IY�ÌÌBe X]ZÀ& df SS MS Fs

�Y�°e2044/0022/0ns 7884/1
,rÌ4 ;1< (B) 1158/10158/10** 446/828 

,¸5@ ,Ë=Y�(R) 2779/0389/0** 7601/31
C]Z:-» �YY (BR) 2607/1803/0** 5105/65

ÃZH-�Y10 123/0012/0
**    .Ê3X» k!-?Y .1m= VZ5-@Y ,] $Y.99%
ns       .Ê3X» k!-?Y .1m= &|� $Y. 
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 ZÅ�Z¼Ìe

B1: ϡϮγήϣ Ρήσ
B2:  ϪϨϴϬΑ Ρήσ
R1: ϪΟέΩ ̀/̋ ϪϠϤΣ Ϫیϭ΍ί
R2: ϪΟέΩ ˺  ̋ϪϠϤΣ Ϫیϭ΍ί
R3: ϪΟέΩ ˻ /˻̋ ϪϠϤΣ Ϫیϭ΍ί

 
C°�10-€Z� Z+ ¾#B=ZU d¸-z» ÉZ#$Z5Ì4 $. gZ? ÊU.$1? 7#�] Ã.�Z] hY�ÌÌr4 

3-4-)�/Zu p-JK& O�m )Y{ÄfÌQ0 (^Zy 
,¸Ì�1] gZ? Ã$ZH<Y d¸-z» {Z:< �Y ª5� Ã.=|v» $Z/Q $. gZ? É�#Zo >1�z» &�m ,|� �+P ‹!H' ,+ $1S<Z5# 

,<15< |Ë.�U ,H�Zv» 7z� hZÌ¸5� �Y |X] = CH' É�ÌU .|#. Ê» LZD< gZ? É�#Zo >1�z» &�m �#Z+ O�1-» u<ZË$Y= EÌ2Z<B
Ê3X» �ÌY“4 ,rÌ4  �A ŒË1X4 ,+ <Y. �] É$Y.Ê3X» �ÌY“4 |'ZT ,¸5@ ,Ë=Y� Z»Y ,-�Y. ,-Ì� |�Z] Ê» €1T C»Z� �] $Y. )V=|m4.(,Q �UY
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Design, development and evaluation of a modified bentleg plow to increase energy 
usage efficiency 

ABSTRACT: The present study was conducted to design and develop a new shape 
of bentleg plow (BL) to economize energy usage. The main difference between modified 
and conventional BL plow is the direction of angle between cutting blade and the line 
perpendicular to the plow shank. Soil-bin tests were conducted to study the performance 
of the modified plow as compared to conventional one. The draft and vertical force 
requirement was measured for both designs at three rake angles (7.5°, 15° and 22.5°). 
Changes in draft force requirement, vertical force and soil physical properties 
including plowed soil bulk density and cross- sectional area of soil disturbed were 
measured and compared for both designs. Soil disturbance efficiency was also 
calculated for all treatments. Also the energy usage of each treatment was calculated. 
Draft force was significantly affected by blade type and rake angle and was minimum in 
modified BL plow at rake angle of 7.5°. Vertical force was significantly affected by 
blade type and rake angle, so the least energy consumer treatment was modified BL 
plow at minimum rake angle. Other results show that the modified bentleg plow is the 
most energy efficient treatment when operating at rake angle of 15°. Minimum Plowed 
soil bulk density was observed in the energy efficient treatment. The lower draft 
requirement, lower energy usage and considerable improvement in soil physical 
conditions would suggest adoption of modified bentleg plow as a replacement for 
conventional model; it is especially true where the soil suffers from excessive 
compaction. 
Keywords: Modified bentleg plow; Soil bin; Deep tillage; Soil physical property 


