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=Q =yu}@ QwD u}= OQmrta u=wD|t u; pQDvm =@ xm CU= |m}t=v}O |oOv=t=w |xO}OB xOW

Tw} Q=O |Owta QwLt O=@ u}@ QwD OQmrta Q@ =tUqB Qorta QF= 'VywSB u}= QO "O=O Ow@y@
j}kO CN=vW R= TB "CU= xOW |UQQ@ =v@t Q=Wi OwOLt sHL VwQ =@ |OOa CQwYx@

Qorta pt=W =tUqB Qorta u=tO}J xU 'pQDvm uwO@ Cr=L QO u}@ QwD xQB pwL u=} QH
u=Wv G}=Dv "CU= xOW xU}=kt Qorta uwO@ Cr=L =@ xiQ]wO w |vwQ}@ K]U '|rN=O K]U

25 =D Ov=wD|t |rLt CQwYx@ u; xOvQ=Oyov x@ xQB p=YD= pLt pwL Qw=DWo OyO|t
"OW=@ Q=PoQ}F-=D xQB CUOu}}=B |x}L=v QO OYQO 50 =D w CUOq=@ |x}L=v QO OYQO

x@ wQ CmQL |] QO Vmt K]U x@=OQo uOQm QDlJwm w |oOv=t=w pQDvm =@ =tUqB Qorta
pwL C@Ft Qw=DWo Q=Okt w xOW =UB Vy=m w ;Q@ |wQ}v ?} Q[ V}=Ri= Ea=@ xQB u}}=B

u=wD Ow@y@ Ea=@ xiQ]wO w |rN=O K]U Qorta 'C}=yv QO "OyO|t V}=Ri= =Q p=YD= pLt
"CU= xOW OYQO 10 =D u}@ QwD |HwQN
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'p=ai u=} QH pQDvm '|m}t=v}O |oOv=t=w '|OwtaQwLt O=@ u}@ QwD %|O}rm u=oS=w
"=tUqB Qorta

xtOkt "1
p=ai |=yVwQ x@ C@Uv =yu; |}=Q=m =t= 'OvQ=Ov |SQv= hQY x@ |R=}v w xOw@
w =}=B=v COW x@ |m}t=v}O |oOv=t=w Ovv=t xm |}=yxO}OB QO xS} wx@ &CU= QDsm
|m}t=v}O |oOv=t=w pQDvm |=Q@ uwvm =D xm |r=aiQ}e |=yVwQ xrtH R= [7]"Ov=xO}J}B
xrY=i =@ s}U 'xQiL [8]'x@=OQo Orwt x@ u=wD|t xOW |UQQ@ u=QoVywSB \UwD
xJQo = p=ai u=} QH pQDvm |=yVwQ "OQm xQ=W= [10]1|vQ=o Ari w [9]K]U R=
OvDUy |SQv= hQY OvtR=}v =t= OvQ=O p=aiQ}e |=yVwQ x@ C@Uv |QDq=@ |}=Q=m
"OW=@ xDW=O OwHw Q_v OQwt |xO}OB x@ C@Uv |rt=m CN=vW CU= sRq w
%R= Ov=CQ=@a xOW xO=iDU= u=QoVywSB \UwD uwvm =D xm |r=ai pQDvm |=yVwQ
w [14]|awvYt CH [13]'xrtL |x@r 2u=Uwv [12]'VtO [11]'xrtL |x@r Vmt

[15]"=tUqB Qorta
|awvYt CH VwQ wO \ki uwvm =D 'p=ai u=} QH pQDvm |=yVwQ u}@ QO
Q=}U@ CQwYx@ sy u; w Tw} Q=O |Owta QwLt O=@ u}@ QwD QO =tUqB Qorta w
QO [16]u=Q=mty w wmUqw \UwD =OD@= |awvYt CH "CU= xOW xO=iDU= OwOLt
xQB |rN=O CtUk QO |awvYt CH uO=O Q=Qk =@ '|Oa@ wO |OOa |UQQ@ l}
|awvYt CH xm O=O u=Wv G}=Dv "OW xO=iDU= Tw} Q=O |OwtaQwLt O=@ u}@ QwD
u}= xm OwW |QDq=@ |xrtL |x} w=R QO |m}t=v}O |oOv=t=w Q}N-=D Ea=@ Ov=wD|t
l} QO [17]u=Q=mty w wS "CU= xOW u}@ QwD |HwQN u=wD V}=Ri= x@ QHvt pt=a
hrDNt |=yw} Q=vU |Q}oQ=mx@ w |awvYt CH |=yQDt=Q=B Ow@y@ =@ |OOa |UQQ@

|O=} R |=}=Rt R= |QyW j]=vt QO xO=iDU= |=Q@ |Owta QwLt O=@ |=yu}@ QwD
|}=Q=m [1]'QDtm |DwY |oOwr; 'O=@ CyH x@ C}U=UL sOa xrtH R= &OvQ=OQwNQ@
O=@ |=yu}@ QwD [3]"|Q=Oyov w Q}taD QO |DL=Q w [2]q=@ |oDiW; =@ O=@ QO QDW}@
"OvwW|t |Ov@s}UkD =v@t � =UB w =v@t � ;Q@ |=yu}@ QwD xDUO wO x@ |Owta QwLt
|rw OQ=O |}q=@ u=tOv=Q xm CU= Tw} Q=O u}@ QwD '=v@t � ;Q@ |=yu}@ QwD R= |m}
|m}t=v}OwQ}; OQmrtaVy=mEa=@ 'u; xQB |wQ|m}t=v}O|oOv=t=w w u=} QHV}=OH
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|wQ}v |a[wt V}=Ri= Ea=@ =yx@=OQo u}= p}mWD [5]"CU= x=Qty Q=Qi x@r w xrtL
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|Ov@pwtQi w u}@ QwD OQmrta |v=@t "2
pkDvt QwD=QvS x@ |v=}t QwLt j} Q] R= u}@ QwD |=yxQB \UwD (T ) xOW O=H}= Qw=DWo
w 1 \@=wQ R= xO=iDU= =@ QDt=Q=B wO u}= "Ovm|t O}rwD =Q (P ) |HwQN u=wD w OwW|t

%OvwW|t Oa@|@ 1 |x]@=Q CQwYx@ 2
Cp = P

0 5�V 3RH (1)

CT = T
0 5�V 2R2H (2)

(m) u}@ QwD `=aW R '(m=s) O=@ CaQU V '(kg=m3) =wy |r=oJ � u; QO xm
u=wD w Qw=DWo w xOw@ �|Oa@ wO |R=Ux}@W QO QDt 1� u}@ QwD |=yxQB `=iDQ= H w
|Q=Po}=H (W ) C=w w (N:m) QDtuDw}v ?ULQ@ ?}DQD x@ \@=wQ u}= QO |HwQN
u}@ QwD Oa@|@ |v=QwO CaQU x@ |O}OW |oDU@=w u}@ QwD |HwQN u=wD "OwW|t
[23]"OwW|t u=}@ 3 |x]@=Q =@ w xOW |Q=Pos=v xQB |v=QwO CaQU C@Uv xm OQ=O
u}@ QwD xQB |U=tt CaQU Vb w (rad=s) u}@ QwD |v=QwO CaQU ! x]@=Q u}= QO

"CU=
� = Vb

V
= !R

V
(3)

u}= "CU= u}@ QwD |QB ?} Q[ 'u}@ QwD OQmrta Q@ QF-wt |=yQDt=Q=B R= Qo}O |m}
%OwW|t x@U=Lt 4 |x]@=Q j@=]t QDt=Q=B

� = Nc
2R (4)

"CU= xQB Qy (m) QDw pw] c w u}@ QwD |=yxQB O=OaD N u; QO xm
(W ) |@Uv CaQU QO |O=} R Q}}eD =yxQB Tw} Q=O |Owta QwLt O=@ u}@ QwD QO
|x} w=R QO |Q}oQ=Qk w u}@ QwD xQB VNQJ =@ "Ovvm|t x@ QHD (�) QF-wt xrtL |x} w=R w
Q=Okt xm Ovm|t Q}}eD R}v QF-wt |xrtL |x} w=R w |@Uv CaQU (�) hrDNt |=yxQB
|x}L=v CmQL QO xQB xm u}= ZQi =@ "CU= xDU@=w R}v |v=QwO CaQU C@Uv x@ u;
|@Uv CaQU Q}O=kt u=wD|t OW=@ xDW=Ov CUOu}}=B |x}L=v |wQ Q@ |QF= CUOq=@
CaQU C@Uv w xQB |x} w=R ?ULQ@ 6 w 5 \@=wQ j@=]t =Q QF-wt |xrtL |x} w=R w

[24]"OQw; CUO x@ |v=QwO
W = V �p�2 + 2�cos� + 1 (5)

� = tan�1 sin�
�+ cos�

(6)

|U=tt CyH wO QO u}@ QwD xQB Q@ OQ=w |=ywQ}v '|Owta QwLt O=@ |=yu}@ QwD QO
u=ty w xOw@ xQB QDw |=DU=Q QO |U=tt |wQ}v "CU= C}ty= R�=L xQB Q@ Owta w
R= "OwW|t |HwQN u=wD O}rwD w QwLt pwL Qw=DWo O=H}= Ea=@ xm CU= |} wQ}v
xQB |=yxOvQ=Oyov w QwLt x@ CU= |U=tt |wQ}v Q@ Owta xm |Owta |wQ}v |iQ]
|=y=DU=Q x@ Ovv=wD|t wQ}v |xir-wt wO u}= "OQ=O C}ty= |}xR=U ^=Lr R= w xOW OQ=w
CaQU |=DU=Q w (x; y) u} RDQ=m C=YDNt |=yQwLt |=DU=Q xrtH R= hrDNt
|=yQwLt |=DU=Q QO =ywQ}v Q}O=kt =OD@= pta QO "OvwW x} RHD u; Q@ Owta w O=@ |@Uv
R= xO=iDU= =@ w xOW G=QNDU= |OOa |R=Ux}@W R= (Fx; Fy) u} RDQ=m C=YDNt
Qou=}@ 8 w 7 |x]@=Q "OwW|t x@U=Lt =y=DU=Q Q}=U QO =ywQ}v Q}O=kt |D=FrFt \@=wQ
C=YDNt |=yQwLt |=DU=Q QO |=ywQ}v =@ |Owta w |U=tt |=ywQ}v u}@ \=@DQ=
CyH w xrtL |x@r CtU x@ |U=tt |wQ}v C@Ft CyH \@=wQ u}= QO "OvDUy

15 =D |O}rwD u=wD xm |wLv x@ OvO=O V}=Ri= =Q |awvYt CH |}=Q=m 'u=} QH pQDvm
"Ci=} V}=Ri= OYQO

|Owta QwLt O=@ u}@ QwD |y=oW}=tR; |xvwtv l} QO [18]u=Q=mty w Cr@v} Qo
=D =Q |HwQN u=wD 'u}@ QwD |xQB |rN=O CtUk QO =tUqB Qorta ?Yv =@ 'Tw} Q=O
|xwLv w u=} QH l} R}i x@ C@Uv |DN=vW 'C}r=ai u}= QO "OvO=O Ow@y@ OYQO 38
u=} QH u=O}t OvOQm |aU =yu; [19]|Oa@ Q=m QO |rw OWv pY=L Qorta OQmrta
xm O=O u=Wv C=Oy=Wt "Ovvm G=QNDU= 3C=QP |HvUCaQU VwQ =@ =Q xQB pwL
QDlJwm 'xQB |wQ xDiQo pmW |m}t=v}O |oOv=t=w |x@=OQo xOWEa=@ =tUqB Qorta
|oOv=t=w uO=Di= Q}N-=D x@ w pQDvm Ea=@ pt=a u}ty "OwW QDl}ORv K]U x@ w
|=yC}OwOLt p}rO x@ VywSB u}= G}=Dv "OW |HwQN u=wD V}=Ri= w |m}t=v}O
w=Q=y u@ 'Qo}O |}xr=kt QO "OW s=Hv= xHQO 120 xQB |x} w=R |=Q@ \ki |y=oW}=tR;
OvOQm ?Yv |Owta QwLt O=@ u}@ QwD |wQ 4wQV}B QopQDvm l} [20]Cr@v} Qo w
|SQv= QO j} Q] u}= R= w OwW uWwQ X=N xQB |=}=wR QO \ki =tUqB Qorta =D
10 Ow@y@ Ea=@ C}=yv QO s=Ok= u}= "OwW |} wHxiQY =tUqB \UwD xOW hQYt
=tUqB Qorta ?Yv [21]utDwr w Cr@v} Qo "OW |O}rwD Xr=N u=wD QO |OYQO
O=O u=Wv =yu; G}=Dv "OvOQm |@=} RQ= =Q |Owta QwLt O=@ u}@ QwD xQB hQ] wO |wQ
x@ C@Uv |QDW}@ Ow@y@ OYQO 50 =D xQB |rN=O CtUk |wQ Qorta ?Yv xm
|wLv x@ 'VwQ wO Qy j}irD =@ u}vJty =yu; "OQ=O xQB |HQ=N CtUk |wQ ?Yv
QO |HQ=N CtUk Qorta w CUOq=@ |x}L=v QO xQB |rN=O CtUk Qorta xm
"OvOW |HwQN u=wD QO |�RH Q=}U@ Ow@y@ x@ jiwt 'OW=@ p=ai CUO u}}=B |x}L=v
QO |m}t=v}O |oOv=t=w pQDvm Q@ =tUqB Qorta QF= [22]Qo}O |OOa |UQQ@ l} QO
Qw_vt u}= |=Q@ "OW |R=Ux}@W 5|=W pOt R= xO=iDU= =@ |Owta |QwLt O=@ u}@ QwD
Ow@y@ w xOQm |UQQ@ =Q |HwQN u=wD Q@ Qorta |Q}oQ=Qk |rw] C}akwt QF= u}kkLt

"OvOQm VQ=Ro =Q xv}y@ Cr=L QO |OYQO 36
Ow@y@ Qw_vtx@ =tUqB Qorta R= xO=iDU= xm OyO|t u=Wv xDWPo C=k}kLD QwQt
QF-wt pQDvm xm =Hu; R= "CU= Q}PBu=mt= Tw} Q=O |Owta |QwLt O=@ u}@ QwD |}=Q=m
|xwLv w xO}OB x@ C@Uv pt=m CN=vW sRrDUt 'p=ai pQDvm |=yVwQ \UwD u=} QH
|}=U=vW =tUqB Qw[L uwO@ w =tUqB Qw[L =@ u=} QHl} R}i O}=@ 'CU= u; |Q=PoQF=
QO \ki |m}t=v}O |oOv=t=w |xO}OB Q@ =tUqB Qorta |Q=PoQF= |xwLv uwvm =D "OwW
l} R}i OQwt QO |D=aq]= u}vJty "CU= xOW s=Hv= OwOLt CQwYx@ [19]`HQt
=yvD w xOw@ Qorta |rw]C}akwt QF= Q@ RmQtDt R}v |UQQ@ u}= =t= [22]'xOW x�=Q= u=} QH
l} R}i CN=vW uwvm =D u}=Q@=v@ "CU= xOQm VQ=Ro =Q |O}rwD |}x_Lr Qw=DWo Q=Okt
xOw@ |}x_Lr Qw=DWo =} xQB h=Q]= CaQU u=O}t x@ OwOLt =tUqB Qorta |Q=PoQF=
pwL Qw=DWo QF= R= xDiQo CQwY |=yVywSB |t=tD uwvm =D 'u}= Q@ xwqa "CU=
|=yxQB |=Q@ QF= u}= xm |DQwY QO &Ov=xOQm Q_vhQY xOvQ=Oyov x@ xQB p=YD= |x]kv
=O}B C}ty= 'OvW=@ xOWv pYDt xOvQ=Oyov x@ QDw sQ=yJ l} pLt R= xm s}N[

"OQm Oy=wN
|Owta QwLt O=@ u}@ QwD xQB |m}t=v}O |oOv=t=w xO}OB Q=DN=U =OD@= xr=kt u}= QO
pY=L CN=vW x@ xHwD =@ "CU= xOW |}=U=vW CmQL pm}U pm QO Tw} Q=O
|WN@ QF= u=R}t w xOW u}}aD u=} QH pQDvm |=Q@ Qorta ?U=vt ?Yv pLt 'xOW
Q[=L |UQQ@ QO "CU= xOW |@=} RQ= |m}t=v}O |oOv=t=w pQDvm Q@ =tUqB Qorta
Qorta QF= 'xQB h=Q]= u=} QH u=O}t w |}x_Lr Qw=DWo 'u}@ QwD |HwQN u=wD Q@ xwqa
u}rw= |=Q@ u}vJty "CU= xOW xar=]t R}v xQB |}x_Lr |=UB w ;Q@ ?}=Q[ Q@ =tUqB
Qw=DWo O}rwD QO u; C}ty= w xOW xDiQo Q_v QO xQB p=YD= pLt pwL Qw=DWo Q=@

"CU= xOW xO=O u=Wv xQB |}x_Lr
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Ovyt '|@Uv O=@ CaQU R= xO=iDU= =@ VywSB u}= QO 'OQ=O OQ@ Q=m |m}t=v}O |oOv=t=w
QO C=k}kLD Q}=U G}=Dv =@ =D Ov=xOW Oa@|@ 17 =D 15 \@=wQ j@=]t `=iDQ= w QDw pw]
?} Q[ Cn \@=wQ u}= QO "OW=@ xU}=kt p@=k p} wiQ}= QO |m}t=v}O |oOv=t=w |xv}tR
|wQ}v ?} Q[ Cd ';Q@ |wQ}v ?} Q[ Cl '|U=tt |wQ}v ?} Q[ Ct '|Owta |wQ}v

"Ovm|t |iQat =Q p=YD= |x]kv pwL Qw=DWo ?} Q[ Cm;c;p: w =UB

Cn = Fn
0 5�V 2RH (13)

Ct = Ft
0 5�V 2RH (14)

Cl = Fl
0 5�W 2cH (15)

Cd = Fd
0 5�W 2cH (16)

Cm;c:p: = Mc:p:

0 5�W 2c2H (17)

=tUqB Qorta pOt "3
V}=OH R= |Q}owrH x@ Ov=wD|t |RQt |x}q QO|}=kr=CHl} O=H}= =@ =tUqB Qorta
CtUk uDW=Ov '`} QU |v=tR MU=B xrtH R= |}=}=Rt Qorta u}= [25]"Ovm ltm u=} QH
|m} QDmr= u=O}t O=H}= =@ =tUqB Qorta 2 pmW j@=]t "OQ=O sm uRw w lQLDt
u=O}t '=yOwQDmr= u}@ O=} R S=Drw hqDN= p=ta= =@ "Ovm|t pta OwQDmr= wO u}@
K]U |m}ORv QO |vw} =} |m} QDmr= O=@ |=kr= Ea=@ w OQ}o|t pmW |m} QDmr=
OwQDmr= |xOwOLt QO |FvN C=QP w =yuw} OQwNQ@ p}rO x@ u=} QH u}= "OwW|t
l}ORv p=}U w Ovm|t pta |tHL |wQ}v Ovv=t |}=kr= u=} QH "O};|t OwHw x@
|RQt |x}q QO CaQU p}iwQB '|O}rwD CH u}= "OQw;|tQO CmQL x@ =Q =yOwQDmr=
|=ypOt xDWPo |=yp=U |] "OR=Ov=|t j} waD x@ =Q V}=OH w xO}WN@ Ow@y@ =Q
R= xm xOW x�=Q= u=} QH Q=DN=U |wQ Q@ =tUqB Qorta QF= |R=UpOt |=Q@ |irDNt
u}= QO ?U=vt CkO p}rO x@ [26]nv=wy w uRwU l}D=DU=wQDmr= pOt =yu; u=}t
l} QDmr=|O |wQ Q@ SQ=W C_re `} RwD 'pOt u}= QO "CU= xOW xO=iDU= VywSB
x}L=v wO x@ pm |m} QDmr= u=O}t w xOW xDiQo Q_v QO |Uwo `} RwD l} CQwYx@
|x}L=v w Q=OQ=@ C=QP R=|W=v|m} QDmr= u=O}t pt=W pw= |x}L=v "CU= xOW s}UkD
u=O}t l}miD =@ "CU=yOwQDmr= x@ |r=ta= S=Drw R= |W=v |m} QDmr= u=O}t 'swO
p}Uv=DB u=O}t |=Q@ |w[}@ |xrO=at wO 'pwUm =t CqO=at Q@ u; p=ta= w |m} QDmr=
x@ 19 w 18 \@=wQ j@=]t (C=m3) �c SQ=W C_re `} RwD w �Crw� � |m} QDmr=

"=tUqB Qorta hrDNt |=RH= l}D=tW "2 pmW

QO |O=OQ=Qk C@Ft C=yH "CU= xQB |HQ=N K]U CtU x@ |Owta |wQ}v C@Ft
"CU= xOW xO=O u=Wv R}v 1 pmW

Ft = �Fx cos � � Fy sin � (7)

Fn = �Fx sin � + Fy cos � (8)

syt Q=}U@ R}v |m}t=v}O |oOv=t=w EL@ QO xm wQ}v |=yxir-wt R= Qo}O |m}
CaQU |=DU=Q QO w Owta ?}DQD x@ wQ}v wO u}= "OvDUy =UB w ;Q@ |=ywQ}v CU=
=UB |wQ}v C@Ft CyH w xQB pN=O CtU x@ ;Q@ |wQ}v C@Ft CyH "OvDUy |@Uv
Q}O=kt \=@DQ= Qou=}@ 10 w 9 |=yx]@=Q "�1 pmW� CU= xQB Q=Qi |x@r CtU x@
xm CU= C=YDNt |=yQwLt |=DU=Q QO |=ywQ}v =@ (Fl; Fd) =UB w ;Q@ |=ywQ}v

"OwW|t x@U=Lt 6 |x]@=Q R= w xOw@ QF-wt |xrtL |x} w=R � u; QO
Fl = Fx sin(� � �)� Fy cos(� � �) (9)

Fd = Fx cos(� � �) + Fy sin(� � �) (10)

|Owta QwLt O=@ |=yu}@ QwD QO xQB Qw=DWo O}rwD QO pt=a u} QDQF-wt |U=tt |wQ}v
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|=yx@ Qka hqN pm Qw=DWo Ovv=t u; |O=OQ=Qk C@Ft CyH w CU= xQB p=YD=

"CU= xOW xDiQo Q_v QO Ca=U
M = FtR+Mc:p: (11)

Q=Okt |Q=Po}=H =@ =t= "OwW|t x@U=Lt 7 |x]@=Q R= Ft Q=Okt 11 |x]@=Q QO
QO xm OwW|t p}O@D 12 |x]@=Q x@ 11 |x]@=Q =UB w ;Q@ |=ywQ}v ?ULQ@ u; pO=at
Vkv swU |xrtH w =UB |wQ}v Vkv swO |xrtH ';Q@ |wQ}v Vkv pw= |xrtH u;

"CU= xQB |O}rwD Qw=DWo QO p=YD= |x]kv pwL Qw=DWo
M = FlR sin(�)� FdR cos(�) +Mc:p: (12)

xOw@ (N:m) QDtuDw}v w (N) uDw}v?}DQD x@|m}t=v}OwQ}; |=yQw=DWo w =ywQ}v |=m}
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"|O=OQ=Qk C@Ft C=yH w u}@ QwD xQB Q@ OQ=w |=ywQ}v l}D=tW "1 pmW
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u=wvax@ =Q Ovm|t |] |v=tR s=o l} QO QwDwQ |xQB xm |}x} w=R CU= QDy@ xv}y@
w OQm u}}aD =Q ?U=vt |x} w=R =OD@= u=wD|t ?}DQD u}= x@ "OQm ?=NDv= xU}=kt Q=}at
xU Qw_vt u}= |=Q@ "OQw; CUO x@ =Q u; pO=at |v=tR s=o 'CaQU C@Uv Qy QO Oa@
xOW ?=NDv= xHQO 0 25 w 1 '4 |xR=Ov=x@ xQB CmQL pO=at ?}DQD x@ |v=tR s=o
|xrY=i QO O=@ CaQU x@ |QwLt CaQU |xir-wt C@Uv p}iwQB 5 pmW QO "CU=
"CU= xOW xU}=kt hrDNt |v=tR |=ys=o |=Q@ QwDwQ CUOu}}=B QO `=aW Q@=Q@ wO
^=Lr R= xHQO 1 xR=Ov= x@ xQB CmQL pO=at |v=tR s=o OwW|t xOy=Wt xm u=vJ

"CU= ?U=vt 'CkO u}vJty w |D=@U=Lt |xv} Ry

"CU= QDt ?ULQ@ |=@O pw] �d w |@Uv Pwiv ?} Q[ "r u; QO xm O};|t CUO
r � ("rr�) = 0 (18)

r � ("rr�c) = �c
�2
d

(19)

Q=OQ=@ C=QP x@ wQ}v p=ta= Ea=@ |HQ=N |m} QDmr= u=O}t \ki xm u}= ZQi =@
u=}O=Qo =@ Q@=Q@ �QDtCrw�|m} QDmr= u=O}t '|U}]=vet |=ywQ}v R= Q_vhQY w OwW|t
xR=Ov= CqO=at QO xOW Qy=_ |tHL |wQ}v ( ~E = �r�) xOw@ |m} QDmr= p}Uv=DB

%OwW|t x@U=Lt RDvQwr |xrO=at \UwD �19 |x]@=Q� p=}U CmQL
~fb = �c(�r�) (20)

|=tUqB Qorta 'xQB p} wiQ}= pN=O |=[i w O=a@= C=t=Rr= x@ xHwD =@ VywSB u}= QO
w QDtwQm}t 70 Ct=N[ =@ Tt TvH R= =yOwQDmr= u; QO xm xOW ?=NDv= [27]`HQt
l} QDmr=|O "CU= QDt|r}t 20 O=R; OwQDmr= pw] w QDt|r}t 5 OwOLt OwQDmr= pw]
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|xrtL |=}=wR OwN |OQmrta Cr=L QO O=@ u}@ QwD xm u}= x@ xHwD =@ "OQ=O Ct=N[
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[18]"OW=@ xOW ?Yv xrtL

|OOa pL VwQ "4
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|RQt \}=QW w |D=@U=Lt |xm@W "5
[29]`HQt H ẁv |xQBxU Tw} Q=O u}@ QwD 'VywSB u}= QO xOW xO=iDU= u}@ QwD
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76



1x
Q=tW

'38
�3

|xQ
wO'

�14
01

Q=y@
�h

}QW
l}

v=mt
|U

Ovyt

"2 4 |v=QwO CaQU C@Uv |=Q@ xr=@vO u}ov=}t CaQU p}iwQB |xU}=kt "6 pmW

"3 3 |v=QwO CaQU C@Uv |=Q@ xr=@vO u}ov=}t CaQU p}iwQB |xU}=kt "7 pmW

xH}Dv QO w QDW}@ |SQv= Ci= w xr=@vO O=H}= Ea=@ xQB |=yxOvQ=Oyov "CU= xOWv
Ea=@ |Oa@xU pOt QO xQB lwv C=irD C=QF= u}vJty [32]"OvwW|t CaQU Vy=m
CaQU C@Uv QO xS} wx@ 'u}@ QwD |xr=@vO QO CaQU Vy=m w |SQv= QDW}@ hqD=

[33]"OwW|t q=@ |v=QwO

=tUqB Qorta pOt |HvUQ=@Da= "2"6
|wQ Qorta |R=Ux}@W '=tUqB Qorta |R=UpOt |DUQO R= u=v}t]= Qw_vtx@
|OOa |=yC}r=ai =@ pY=L G}=Dv w xDiQo CQwY um =U |=wy QO w CND |xLiY
wO pt=W |UQQ@ u}= |=Q@ xOW ?=NDv= |xUOvy "CU= xOW xU}=kt [34w26]x@=Wt
|xrY=i w QDt|r}t 0 102 Ct=N[ =@ w QDt|r}t 10 pw] x@ |r}]DUt OwQDmr=
TvH R= QDt|r}t 0 127 Ct=N[ x@ l} QDmr=|O "CU= sy R= QDt|r}t 0 5
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