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u}= |m}t=v}OwQO}y p}rLD w C=@U=Lt x@ |RQt u=tr= VwQ ltm =@ w 's=Ok= =QPo \}=QW
VwQx@ pL QO syt |RQt \}=QW u=wvax@ |@ QHD G}=Dv u}= "CU= xOW xDN=OQB xv=wQB ẁv

pw= ẁv jwQetxt}v |xv=wQB ẁv wO Q[=L VwQ QO "CU= xOW p=ta= |RQt u=tr=
xOW xDiQo Q_v QO C=@U=Lt |=Q@ �SPP102� swO ẁv jwQetxt}v |xv=wQB w �SPP101�

=@ xU}=kt QO � u=tOv=Q w Qw=DWo 'CU=QD ?}=Q[ pt=W � xrY=L G}=Dv u}vJty &CU=
xOWh} QaD |RQt \}=QW =@ |RQt u=tr= VwQ xm OyO|t u=Wv u=Qo}O |@ QHD G}=Dv

"OW=@ |@U=vt `HQt =yxv=wQB ẁv u}= p}rLD |=Q@ Ov=wD|t w CU= VN@C}=[Q w ?wr]t

gasemi@aut.ac.ir
a nazari1400@yahoo.com
ghassabzadeh@aut.ac.ir "|m}t=v}OwQO}y OQmrta '|RQt u=tr= VwQ 'jwQetxt}v |=yxv=wQB %|O}rm u=oS=w

xtOkt
'xQB p}iwQB sQi 'xv=wQB s=o Q}_v� hrDNt |=yQDt=Q=B C=QF= C=W}=tR; u}= QO "CU=
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OQmrta Q@ |O=} R |=yQDt=Q=B xm OyO|t u=Wv =yV}=tR; u}= G}=Dv [2]"CiQo Q=Qk
u=}@ ut[ QwmPt |D=k}kLD s}D "CU= Q=PoQ}F-=D jwQetxt}v |xv=wQB |m}t=v}OwQO}y
|@U=vt |x]@=Q xDUv=wD 'jwQetxt}v |xv=wQB QO syt |=yQDt=Q=B u}= R= l} Qy C=QF=
|=yVwQ QO |@ wN |mtm Vkv Ov=wD|t xm OQw; CUO x@ =QPo |x]kv u}}aD |=Q@

[5w4]"OW=@ xDW=O |OOa
|D}Y=N l} Qy xm =wy w ?; p=}U wO QO jwQetxt}v |=yxv=wQB uOQmQ=m Crax@
QO |oO}J}B =@ '|L=Q] w p}rLD Qw_vtx@ |OOa |=yVwQ |Q}oQ=mx@ 'OvQ=O Cw=iDt
swUQt |=yxv=wQB |=yxQB xm CU= |r=L QO u}= "CU= x=Qty |[=} Q pOt CN=U
=yv; uOQmpOt w OvQ=O Q=Qk uoty |=y|oS} w =@ p=}U l} QO w xOw@ jwQet |oty
u=L=Q] '=yxv=wQB ẁv u}= XwYNQO O=} R CqmWt OwHw seQ|ra "CU= QDxO=U
XwYN u}= QO w xOw@ O=R; ?; Cr=L QO uw}U=D} w=mQB wU |=yxv=wQB |L=Q] sQoQU

\}=QW QO xm OvDUy uw}U=D} w=mQB wU |=yxv=wQB R= |}xS} w ẁv jwQetxt}v |=yxv=wQB
CQOk 'q=@ |yOR=@ u=wD|t =yxv=wQB u}= |=}=Rt R= "Ovvm|t pta �=wy w ?;� |R=iwO
s=v =Q CNwU hQYt QO |} wHxiQY xH}DvQO w Qw=vW nQO Vy=m w ?U=vt Qwv=t
w CU= ?; pN=O QO xv=wQB R= |t}v ,=@} QkD xm CU= CQwYu}O@ xv=wQB OQmrta "OQ@
O=H}= VW=B w Ovm|t OQwNQ@ ?; K]U x@ Q=@l} xQB Qy '|v=QwO pm}U l} QO
R= O}=@ xm OwW|t xQB K]U |wQ x@ x@ Q[ w Q=Wi Ea=@ ?; x@ xQB OQwNQ@ "OwW|t
u}= |xOQDUo OQ@ Q=m x@ xHwD =@ xRwQt= "OQ}o Q=Qk |UQQ@ OQwt |}xR=U s=mLDU= Q_v
sQoQU u=OvtWv=O '|t=_v w |L} QiD |=yQw=vW R= |a}Uw |xOwOLt QO =yxv=wQB ẁv
"OvDUy =yxv=wQB ẁv u}= XwYNQO |OOa w |@ QHD C=ar=]t w C=k}kLD s=Hv=
|m}t=v}OwQO}y OQmrta C=QF= XwYNQO |O=} R C=ar=]t 'Q}N= |=yp=U |]
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(1)

%u; QO xm
&xQB O=OaD %Z

&Q]k x@ s=o C@Uv %P=D
&xDi=} VQDUo K]U C@Uv %EAR

&xQB Q@tm %f
&xQB Ct=N[ %t

&w}mU= |x} w=R %�s
&l} Q x} w=R %


&|Qwx]we ?} Q[ %IT
&Ci=W |QwLt ?}W % 

&2|wQW}B CaQU C@Uv%J
&OwQi OOa%Fn

&ROrwv} Q OOa%Rn
&uw}U=D} w=m OOa %�

"Q@ w OOa%Wn

(Kt;Kq; �) xv=wQB Qw=DWo w CU=QD ?} Q[ C=Q}}eD xm u=vJ '1 pmW QO
n 'Q]k D� OvyO|t u=Wv (J = VA=nD) |wQW}B CaQU C@Uv ?ULQ@
Q=m x@ ẁQW xv=wQB |Dkw �CU= xv=wQB x@ p=}U |OwQw CaQU VA w |v=QwO CaQU
'CmQL ẁQW |x_Lr QO "OwW|t Qw=vW CmQL Ea=@ w Ovm|t O}rwD CU=QD Ovm|t
OwW|t OQ=w =yxQB |wQ |O=} R Q=@ w CU= u}ovU |]}=QW xv=wQB |OQmrta \}=QW
K]U |m}ORv QO xv=wQB uwJ "OwW|t |}x}q uw}U=D} w=m |xO}OB RwQ@ ?Hwt xm
R= Oa@ "Ow@ s}y=wN xH=wt 3|yO=wy |xO}OB =@ uw}U=D} w=m |=Hx@ 'OQ=O Q=Qk O=R; ?;
OwW|t O=} R Qw=vW CaQU OUQ@ 4|mU= |xrLQt x@ Ov=wD@ Qw=vW Qo = 'xrLQt u}=
xv=wQB w O=} R J Q=Okt Qw=vW CaQU V}=Ri= =@ "Ovm|t Qw@a =QPo \}=QW R= xv=wQB w
|=wy Q=Okt xH}DvQO "OwW|t OQ=w =yxQB x@ |QDsm Q=@ w Ovm|t Q=m l@U \}=QW QO
pt=m Qw]x@ ,=@} QkD xQB K]U hQ] wO xm |Qw]x@ 'O@=}|t Vy=m xQB K]U QO OwHwt

xk]vt xU QO jwQet xt}v xv=wQB Qw=DWo =} CU=QD ?} Q[ C=Q}}eD OvwQ "1 pmW
[1]"�|} RH |yO=wy w =QPo 'pt=m |yO=wy�

'u=Um} |=yQDt=Q=B u}vJty "Ovvm|t xU}=kt swUQt |=yxv=wQB =@ =Q C=W}=tR; G}=Dv
'u}= Q@ xwqa "OvyO|t Q=Qk xU}=kt OQwt =Q 'xv=wQB ẁv wO u}= s=o C@Uv Q}_v
u}= "OvwW|t Qw=vW C=kLrt Ctw=kt xHwD p@=k Vy=m ?@U jwQetxt}v |=yxv=wQB
u}= |=Q@ w CU= xHwD p@=k wQOvD |=yQw=vWQO �C=kLrt� s�=t[ Ctw=kt Vy=m
CQOk u}=Q@=v@ "CU= Qw=vW s�=t[ Ctw=kt pm R= QDW}@ =} �10 ,=OwOL =yQw=vW ẁv
|=yxv=wQB |=Q=O |=yQw=vW x@ C@Uv xv=wQB ẁv u}= =@ |}=yQw=vW Vv=Q |=Q@ R=}v OQwt

"OQ=O |yHwD p@=k Vy=m '|rwtat
Q=m jwQetxt}v |xv=wQB |wQ Q@ |OOa VwQ R= xO=iDU= =@ xm |v=kkLt u=}t R=
|vw}U=D} w=mQB wU |=yxv=wQB |OOa p}rLD V} wN |QDmO RD QO |NQ@ [12w11]Ov=xOQm
w Q=Wi `} RwD R= |@U=vt G}=Dv w xO=O Q=Qk |UQQ@ w p}rLD OQwt =Q jwQetxt}v w
|}xOQDUo C=k}kLD R}v x}UwQ QO [11]"Ov=xOQw; CUO x@ |m}t=v}OwQO}y ?}=Q[
|=Q@ 2007 p=U QO 'xrtH u; R= &CU= xOW s=Hv= jwQetxt}v |=yxv=wQB OQwtQO
p=U wO |] [12]"Ov=xOQm x�=Q= |@ QHD w |OOa G}=Dv xQB 5 jwQetxt}v |xv=wQB l}
w p}rLD OQwtQO |}xOQDUo C=k}kLD '|RQt u=tr= VwQ R= xO=iDU= =@ R}v xDWPo
xDiQo s=Hv= |rN=O u}kkLt \UwD jwQetxt}v |xv=wQB |m}t=v}OwQO}y C=@U=Lt

[15�13]"CU=
"CU= xHwD OQwt jwQetxt}v |=yxv=wQB QO |O=} R |=yQDt=Q=B 'OW u=}@ xm u=vJ
'QwLt ?}W =} x} w=R 'xQB pmW w `]kt 's=o C@Uv 'Q]k %R= Ov=CQ=@a =yQDt=Q=B u}=
"ROrwv} Q OOa w OwQi OOa 'jwQetxt}v VWm w O=R; K]U QF= '|Qwx]we `=iDQ=
w xv=wQB |=yxQB |wQ R= =wy Qw@a '=yxv=wQB ẁv u}= XwYNQO xHwD p@=k |xDmv
uOw@ jwQet C@Uv w QwLt |x} w=R xm =Hv; R= "CU= uw}U=D} w=m |xO}OB R= |Q}owrH
C}ty= R= =yxv=wQB u}= ?Yv 'OQ=O =yv; OQmrta QO |tyt Q}F-=D Qw=vW ?ka QO xv=wQB
xv=wQB Q]k OYQO 40 OwOL xv}y@ Cr=L QO "CU= Q=OQwNQ@ |Y=N C}U=UL w

"OQ=O Q=Qk ?; QO
|OOa VwQ R= xO=iDU= =@ xOWs=Hv= |=yp}rLD w C=@U=Lt 'Q=DWwv u}= QO
|=yQw=vW *jwQetxt}v |=yxv=wQB |=Q@ X=N |RQt\}=QW |Q}oQ=mx@ R}v w |RQt u=tr=
uOQmXNWt |=Q@ |@ QHD VwQ R= X=N |RQt \}=QW "CU= xDiQo CQwY wQOvD
|mtm Vkv |RQt u=tr= |OOa VwQ QO Ov=wD|t xm xOt; CUO x@ =QPo |xk]vt
QO "OW=@ xDW=O |m}t=v}O w |m}D=tv}U |RQt \}=QW p=ta= |=Q@ |}xOvvmu}}aD w
|r=QoDv= |xrO=at w 'OwW|t s}UkD VwoQ=yJ |=yu=tr= x@ xv=wQB |Oa@xU pOt
CqO=at x=oDUO sQi x@ w x@U=Lt |U} QD=t QF-wt ?}=Q[ w 'p=ta= u=tr= Qy QO u} Qo
Qy QO 'p}Uv=DB |va} 'Q_v OQwt C}tm CqO=at x=oDUO pL R= Oa@ "OwW|t xOQw;QO
Q=Wi w CaQU |=yQDt=Q=B 'p}Uv=DB R= |Q}ojDWt =@ TBU "OwW|t x@U=Lt u=tr=
wO Q=DWwv u}= QO "OwW|t x@U=Lt xv=wQB |m}t=v}OwQO}y Qw=DWo w =ywQ}v xH}DvQO w
|UQQ@ OQwt xOW xO=O C=YNWt =@ SPP102 w SPP101 jwQetxt}v |xv=wQB

"Ov=xDiQo Q=Qk x@U=Lt w
O}}-=D R= TB w OW xU}=kt |@ QHD G}=Dv =@ SPP-1 |rw= |xv=wQB p}rLD G}=Dv
\}=QW QO SPP-2 |twO |xv=wQB |m}t=v}OwQO}y OQmrta 'VwQ |HvU|DU=Q w

"CiQo Q=Qk p}rLD w |UQQ@ OQwt R}v hrDNt

=QPo \}=QW u}}aD
|=yxv=wQB Kq w Kt |m}t=v}OwQO}y ?}=Q[ QO QF-wt |=yQDt=Q=B '|rm Qw]x@
|xDUO w |UOvy |=yQDt=Q=B pw= |xDUO "OvwW|t s}UkD xDUO wO x@ jwQetxt}v
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UL xQB K]U |wQ x]kv C=YDNt "Ovm|t pt=m =Q O� xyz CU=Q CUO C=YDNt

%OwW|t u=}@ u}vJ wrH w ?ka hQ] QO s=k
xB;F = r tan 
 + (S(r) + L(r)) sin �r � YB;F cos�r

yB;F = r cos(�B;F + �k)

zB;F = r sin(�B;F + �k) (4)

%u; QO xm
�B;F = [(S(r) + L(r)) cos�r + YB;F sin�r] =r

�k = 2�(k � 1)=Z k = 1; 2; :::; Z
�r = tan�1( PG2� r ) (5)

&xQB XN=W |x} w=R %�k
&xv=wQB |a=aW C=YDNt %r

&|UOvy s=o |x} w=R %�r
&xv=wQB |UOvy s=o %PG

&xQB |} wrH |x@r =D Orwt \N |xrY=i %S(r)

&OQwm C=YDNt =D |} wrH |x@r |xrY=i %L(r)

"|rY= \N R= wrH w ?ka C=YDNt %YB ; YF
|=yQDt=Q=B R= |m} xv=wQB QwLt |x} w=R ?ULQ@ (J ) |wQW}B ?} Q[ C@Uv
|x} w=R Q}}eD ?ULQ@ u; Q=Okt xm CU= jwQetxt}v |=yxv=wQB |L=Q] QO syt Q=}U@

%OwW|t x@U=Lt 6 pwtQi R= u; Q=Okt w O@=}|t Q}}eD  QwLt
J = VA cos 

nD
(6)

sm =L |xrO=at w |RQt u=tr= VwQ "2
|�RH p}Uv=Qi}O |xrO=at l} |=Q@ u} Qo `@=D &CU= u} Qo `@=D Q@ |vD@t VwQ u}=
=@ �(r) =DrO `@=D "CU= G = 1=(4�~r(p; q)) Q@=Q@ |Oa@xU QO r2G = �(r)

"(~r = ~q � ~p)CU= p|x]kv QO u=} QH|r=oJ w q |x]kv QO xtWJ OwHw ZQi
?=wH R= xO=iDU= =@ S(t) K]U |wQ x]kv Qy |=Q@ �(P ) u=} QH p}Uv=DB `@=D

%OwW|t u=}@ u} Qo `@=D T=U=Q@ TqBq |xrO=at |twta
2��P (t) =Z
S(t)

�
�q(t)

@
@nq(t)

� 1
R(p; q)

�
@�q(t)
@nq(t)

� 1
R(p; q)

��
dS (7)

|xOWT}N K]U SB(t) "CU= S(t) = SB(t)[SC(t)[SF (t) u; QO xm
QO �4 pmW� CU= ?; O=R; K]U SF (t) w xv=wQB |yO=wy K]U SC(t) w xv=wQB
u=O}t s}y=wN|t xm CU= |}x]kv u}@ |xrY=i R(p; q) |=yQDt=Q=B '7 |x]@=Q
"OQ=O Q=Qk u; QO xtWJ xm |}x]kv =D s} Qw; CUO x@ =Q �Q_v OQwt C}tm � u=} QH
p=}U pN=O x@ C@Ft CyH =@ xm CU= p=QoDv= K]U |wQ Q@ OL=w p=tQv Q=OQ@ ~nq

"s} R=OQB|t xr�Ut |RQt \}=QW x@ =Hv}= QO "CU=
Owta pm CaQU xm Ovm|t u=}@ |RQt \QW u}= %|m}D=tv}U |RQt \QW �hr=

%s} Q=O |va} OW=@ QiY O}=@ SB(t) sUH K]U Q@
@�
@n

= @(�+ ~Vin: ~X)
@n

= 0) @�
@n

= �~Vin � ~n (8)

CaQU C@Uv Q@ xQB O=OaD w (P=D)s=o C@Uv w (Wn) Q@ w OOa QF= "2 pmW
"JCR |v=QL@ |wQW}B

Ovv=ty xk]vt u}= =Pr &CW=O s}y=wN |} RH |yO=wy xk]vt u}= QO "CU= T}N
[1]"CU= jwQet |xv=wQB \}=QW

(Wn) Q@ w OOa V}=Ri= =@ "CU= s=o C@Uv w Q@ w OOa Q}F-=D CLD =QPo \}=QW
Ci=} |Q@ w OOa u=wD|t "O@=}|t Vy=m (JCR) |v=QL@ |wQW}B CaQU Q@ u; Q}F-=D
Q=Okt "OQ=O s=o C@Uv x@ |oDU@ Q=Okt u}= &OwW wLt Q}F-=D u}= u; R= QDq=@ QO xm
C@Uv w Q@ w OOa QF= 2 pmW QO "OQ=O s=o C@Uv x@ |oDU@ R}v (JCR) ?v=Ht
|D=k}kLD Q=m QO "CU= xOW xO=O u=Wv |wQW}B CaQU C@Uv Q@ =yxQB O=OaD w s=o
w jwQetxt}v |=yxv=wQB |=Q@ 2 |x]@=Q 'OwHwt |@ QHD G}=Dv R= xO=iDU= =@ 'Q[=L

%CU= xOt; CUOx@ |v=QL@ CaQU C@Uv u}}aD Qw_vtx@
JCR = P

D
(K1 +K2 eK3Wn +K4Z); (2)

%O};|t CUOx@ 3 |x]@=Q R= Q@ w OOa u; QO xm

Wn =
r
n2D2hT

�
(3)

"CU= ?; p=}U |m}D=tv}U 5|ov}} wt k u; QO xm

|[=} Q |=ypwtQi
xv=wQB |xUOvy "1

QO xv=wQB "CU= xOW xO=O u=Wv jwQetxt}v |xv=wQB C=YDNt sDU}U 3 pmW QO
p@=kQ}e 'RwmU} wQ}e u=} QH QO �!�C@=F|}x} w=RCaQU =@ wCa=U |x@ QkaCyH
O -=O@t =@ O� xyz |DQ=mO C=YDNt sDU}U "Ovm|t pta |WNQJQ}e w sm =QD
u}}=B CtU x@ u; CyH w xv=wQB QwLt Q@ j@]vt x QwLt 'OwW|t C@=F xQB RmQt QO
sDU}U y QwLt w CU= C@Ft q=@ CyH QO z QwLt "OwW|t xDiQo Q_v QO CUO

"xv=wQB w Ci=W C=YDNt sDU}U "3 pmW
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=v}Ow

QO}y
OQm

rta"jwQetxt}v |xv=wQB |rY= O=a@= "1 pwOH
xv=wQB ẁv

SSP-101 SPP-102QDt=Q=B
�QDt� Q]k 0 20 0 62

(rh/R) xv=wQB `=aW x@ |B wD `=aW C@Uv 0 2 0 2
(Z) =yxQB O=OaD 3 5

(AE/A0) xDi=}VQDUo K]U C@Uv 0 50 0 7
(P/D) s=o C@Uv 1 6 Various

�xHQO� w}mU= x} w=R 0 30 0
�xHQO� l} Q x} w=R 10 0 10 0
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