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CQwYx@ Qo}Om} |wQ l =N |=yxU}m Vv}J |xwLv w x}q O=OaD QF= 'Q[=L VN@
XwYN QO �O � 5 w G � 5 |=ypmW� CU= xOW |UQQ@ |v=mrB w |vwDU
25 jta QO l =N |xU}m l} 'sy R= xrY=i =@ |vwDU l =N |xU}m x}q wO
|QDt|r}t 160 jta QO Qo}O l =N |xU}m w �u = 25 QDt|r}t� |QDt|r}t
p@=kt QO K]U CUWv C=Q}}eD '14 pmW QO "OvDiQo Q=Qk �u = 160 QDt|r}t�
KrUtQ}e |=yxWv=QD QO `k=w 2D jta QO uwiOt |xrwr |=Q@ K]U Q@ OQ=w Q=Wi
uwO@ w xrY=i =@ |vwDU Vv}J =@ l =N |xU}m x}q wO w x}q l} =@ KrUt w
wO R= xO=iDU= 'u; j@=]t xm &OwW|t xOy=Wt |v=mrB Vv}J w s�=k |xrY=i
Vv}J =@ xU}=kt QO sy R= xrY=i uwO@ w |vwDU Vv}J =@ l =N |xU}m x}q
QO |QDy@ OQmrta 'l =N |xU}m x}q l} u}vJty w sy R= xrY=i =@ |vwDU
QO x}q wO |v=mrB Vv}J R= xO=iDU= 'u}vJty "CU= xDW=O K]U CUWv Vy=m
QO |QD?U=vt OQmrta 'xrY=i uwO@ w xrY=i =@ |vwDU |x}q wO Vv}J =@ xU}=kt
400 Q=Wi QO Q}N= Cr=L xU QO CUWv xm|Qw] x@ "CU= xDW=O CUWv Vy=m
xOw@ �Vy=m OYQO 29 w 19� QDt|r}t 5 7 w 5 6 '4 6 ?}DQD x@ p=mU=B wr}m

"CU=
|=Q@ K]U Q@ OQ=w Q=Wi p@=kt QO xrwr s�=k Q]k VvQm C=Q}}eD '15 pmW QO
|xU}m x}q wO w l} =@ KrUt w KrUtQ}e |=yxWv=QD QO 2D jta QO `k=w |xrwr
|=yx}q O=OaD V}=Ri= =@ 'u; j@=]t xm &OwW|t xOy=Wt �|vwDU w |v=mrB� l =N
"CU= xDi=} |Q}otWJ Vy=m xrwr s�=k Q]k VvQm Q}O=kt 'x}q wO x@ l =N |xU}m
xrwr pmWQ}}eD Vy=m ?@U l =N |xU}m R= |v=mrB |x}q wO R= xO=iDU= u}vJty
|xU}m R= |v=mrB |x}q wO |=Q@ 'p=Ft u=wvax@ "CU= xOW |}x_Lqt p@=k u=R}t x@
=@ xm 'CU= xOw@ �0 OwOL QO xrwr s�=k VvQm 'p=mU=B wr}m 400 Q=Wi QO l =N
xO}UQ �0 7 OwOL x@ xrwr s�=k VvQm 'p=mU=B wr}m 550 x@ |DL Q=Wi V}=Ri=

121



Q=mt
yw

u=}O
tL=

nv
yQiQ

}t=/
l=N

|xU
}mR

=xO
=iDU

==@
uwi

Ot|
xrwr

R=C
_=iL|ak=w pOt QO |L=Q] |=yQDt=Q=B x@ T=}ktlJwm pOt R= |L=Q] |=yQDt=Q=B p}O@D

[41w40'9]"Ov=xOQm |UQQ@
%|=yQDt=Q=B pt=W 'pOt Q=DiQ QO Q=PoQ}F-=D |rY= |=yQDt=Q=B 'Q[=L |xar=]t QO
x@ d w b xm 'OvDUy � w q 'Kp 'Kg 'G '� ' 'S 'u 'h 'd 'b 'Z 'D 'B
|Q=PoQ=@ |xLiYCUWv?}DQD x@ � w S 'l =N |xU}mCt=N[ w ZQa?}DQD
|DNU ?}DQD x@ Kp w Kg 'l =N |WQ@ pwOt G 'xrwr s�=k Q]k pmWQ}}eD w
� 'l =N XwYNt uRw  xrwr |DNU w �xU}m O}rwD QO xOW xO=iDU=� l}DDvUw�S
=yQDt=Q=B Q}=U� OvDUy |Q=PoQ=@ |xLiY Q@ OQ=w Q=Wi q w l =N l =m]Y= |x} w=R
|=yQ}eDt sDU}U Q@ sm =L f `@=D 'wQ u}= R= "�Ov=xOW h} QaD u}W}B |=yVN@ QO

%OwW|t u}}aD 1 |x]@=Q j@=]t QwmPt
f(B;D;Z;b; d;h; u;S;�;;G;Kg;Kp; q;�) = 0 (1)

R= x}rw= Oa)@ wO pt=W \ki pOt 'Q}N= |x]@=Q QO Q}eDt 15 O=OaD OwHw seQ|ra
13 \UwD Ov=wD|t Q[=L sDU}U '2 |x]@=Q j@=]t "CU= (L) pw] w (F ) wQ}v
13 |=Q@ s=yov}m =@ C@Uv �13 =D �1 'u; QO xm 'OwW u=}@ Oa)@|@ pkDUt QDt=Q=B

"OvDUy pkDUt QDt=Q=B
g (�1; �2; �3; :::; �13) =

g(D
B
; Z
B
; b
B
; d
B
; h
B
; u
B
; S
B
; �
B
; G
B

;Kg
G2 ; Kp

G2 ; q
B

; �) = 0
(2)

pOt QO |Q=PoQ=@ |xLiY Oa)@ C@Uv Qo = "CU= sDU}U Q@ sm =L `@=D g 'u; QO xm
?} Q[ �� � =@ Q@=Q@ 3 |x]@=Q j@=]t (Bm) |y=oW}=tR; pOt x@ (Bp) |ak=w
"�OvDUy |y=oW}=tR; w |ak=w pOt x@ \w@ Qt ?}DQD x@m w p |=yT}Ov= w T=}kt

%OwW ZQi
Bp
Bm

= � (3)

|y=oW}=tR; pOt QO 2 |x]@=Q QO (�) s=yov}m =@ |=yC@Uv O}=@ 'x@=WD u}t[D |=Q@
u=wD|t i = 1 =D 8 |=Q@ u}=Q@=v@ ((�i)p = (�i)m) OvW=@ u=Um} |ak=w w

%CWwv =Q 4 |x]@=Q
Dp
Dm

= Zp
Zm

= bp
bm

= dp
bm

= hp
hm

= up
um

= Sp
Sm

= �p

�m
= � (4)

uDiQo Q_v QO w pOt wO Qy QO l =N |r=oJ uOw@ u=Um} ZQi =@ 1 = 9 |=Q@
|ak=w |=ypOt QO (G) l =N |WQ@ pwOt C@Uv '3 |x]@=Q w (�9)p = (�9)m

%OW Oy=wN 5 x]@=Q j@=]t |y=oW}=tR; w
(G)p
(G)m

= � (5)

XwYN QO u=wD|t (�11)p = (�11)m w (�10)p = (�10)m |=Q@ x@=WtQw]x@
%CWwv (Kg) l}DDvUw�S |DNU w (Kp) xrwr |DNU

(Kp)p
(Kp)m

= �2 (6)

(Kg)p
(Kg)m

= �2 (7)

Q}O=kt Q@=Q@ �2 O}=@ |ak=w pOt QO l}DDvUw�S Kr=Yt |DNU w xrwr |DNU |va}
"OvW=@ |y=oW}=tR; pOt QO Q_=vDt

KrUtQ}e |=yxWv=QD K]U Q@ OQ=w Q=Wi =@ xrwr G=D |wQ Q=Wi C=Q}}eD "16 pmW
QO uwiOt |xrwr |=Q@ �|vwDU w |v=mrB� l =N |xU}m x}q wO w l} =@ KrUt w

"2D jta
QO "CU= xOW pkDvt |mOv= u=R}t x@ xrwr |wQ w jta QO Q=Wi 'l =N |xU}m
Q=Wi p=mU=B wr}m 400 Q=Wi QO 'l =N |xU}m R= |v=mrB |x}q wO R= xO=iDU= Cr=L
l =N |=yxU}m OQmrta Ow@y@ ?@U Cr=L u}= "CU= xOWv pkDvt xrwr |wQ x@
|=yxU}m uDiQo Q=Qk Cr=L x@ C@Uv xrwr pmWQ}}eD w K]U CUWv Vy=m QO
|v=mrB Vv}J "CU= xOW sy R= xrY=i =@ w xrY=i uwO@ |vwDU CQwYx@ l =N
O=H}= ?@U |v=DLD |=yxU}m QO |v=kwi |xU}m 16uDiQwQi p}rOx@ l =N |=yxU}m
Vy=m w sDU}U |Q@ Q=@ V}=Ri= xH}Dv QO w K}rUD |=yx}q u}@ |m =m]Y= Ctw=kt
QO [21]'�2020� u=Q=mty w w}r C=ar=]t QO OQmrta u}= "OwW|t u; pmWQ}}eD
"CU= xOW VQ=Ro R}v x=Q QDU@ K}rUD CyH l =N |xU}m R= xO=iDU= XwYN
R= xrY=i =@ |vwDU CQwYx@ x}q wO R= xO=iDU= 'QwmPt pmW x@ xHwD =@ u}vJty
|vwDU |x}q wO |Q}oQ=Qk Cr=L x@ C@Uv xrwr G=D Q@ OQ=w Q=Wi Vy=m ?@U sy
R= |v=mrB Vv}J xJQo = 'CU= |QwQ[ xDmv u}= QmP "OwW|t sy R= xrY=i uwO@
QO =yxU}m O=OaD =t= 'OQ=O |QDy@ OQmrta sy R= xrY=i uwO@ =} =@ |vwDU Vv}J
u}@ xHwD p@=k Cw=iD sOa x@ xHwD =@ =Pr "CU= OOa 2 w 3 ?}DQDx@ Vv}J wO
uwO@ =} =@ |vwDU Vv}J R= xO=iDU= 'xrwr ?U=vt |vt}= u}t-=D w Vv}J wO |HwQN
QDtm �33 'l =N |xU}m hQYt xm|r=L QO 'OW=@ ?U=vt Ov=wD|t R}v xrY=i

"CU=

T=}kt QF= "6
pOt Q=DiQ Q@ j@]vt ,qt=m |y=oW}=tR; pOt Q=DiQ 'T=}kt QF= OwHw Crax@ ,qwtat
'XwYN u}= QO "OQ=O OwHw QF= u}= OwHwCrax@ |}=yCw=iD xQ=wty wCU}v |ak=w
QO '|@=}uwQ@ R= xO=iDU= =@ Ov=wD|t T=}ktlJwm |=yV}=tR; R= pY=L G}=Dv
pOt l} |wQ V}=tR; |Dkw [39w38]"OwW xO=iDU= |ak=w |=ypOt Q=DiQ u}tND
xHwD =@ T=}kt Q}F-=D CU= sRq 'OwW|t s=Hv= �xDi=} Vy=m � lJwm T=}kt QO
|xar=]t QO� Kr=Yt |=yQDt=Q=B |wQ |DUQO x@ '(�) pOt T=}kt ?} Q[ x@
QO� |UOvy O=a@= w �l}DDv}Uw�S |DNU w xrwr |DNU 'l =N |WQ@ pwOt Q[=L
w |UQQ@ �""" w l =N |xU}m 'xrwr Q]k '|Q=PoQ=@ |xLiY O=a@= Q[=L |xar=]t
CyH =Q |y=oW}=tR; |=ypOt |wQ T=}kt QF= hrDNt u=QoWywSB "OwW p=ta=

122



2|
xQ=t

W'
40

|xQ
wO'

�14
03

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt uOW QwO p}rOx@ xm &Ov=xDi=} Vy=m OYQO 75 w 61 ?}DQD x@ xrwr s�=k Q]k

"CU= xrwr G=D x@ xOW pkDvt VvD u=R}t Vy=m w Q=@ Q}F-=D |xOwOLt R= xrwr
Q=Okt l} x@ xWv=QD K]U Q@ OQ=w Q=Wi u=R}t uO}UQ =D xrwr pmWQ}}eD u}vJty
xv}tm Q=Okt u}= "OyO|tv MQ �xv}tm Q=Okt l} x@ xrwr |wQ VvD uO}UQ� xv}tm

&CU= xrwr w l =N |DNU w xrwr uwiOt jta x@ xDU@=w
?Hwt '2D jta QO uwiOt |xrwr |w=L |xWv=QD QO l =N |xU}m R= xO=iDU= �
xOW p=mU=B wr}m 400 Q=Wi QO �47 u=R}t x@ |Q=PoQ=@ K]U CUWvo Vy=m
Crax@ QDU@ CUWv w xrwr OwHw Q}F-=D R= l =N |xU}m |q=@ |DNU "CU=
QDU@ QO xrwr uwiOt jta V}=Ri= u}vJty "CU= xDi=} Vy=m xrwr pmWQ}}eD
|Q=PoQ=@ K]U CUWv Vy=m QO |}x_Lqt p@=k Q}F-=D 'l =N |xU}m =@ KrUt

&CU= xDW=Ov
QO w xrwr |wQ Q=Wi Vy=m ?Hwt 'QDxOQDUo K]U QO Q=@ `} RwD =@ l =N |xU}m �
jta QO uwiOt |xrwr s�=k Q]kVvQm xm |Qw]x@ &CU= xOW u; pmWQ}}eD xH}Dv
�0 7 'p=mU=B wr}m 400 Q=Wi QO l =N |xU}m x}ql} =@KrUt |xWv=QD QO 2D
[36]'PVC |=yxrwr xt=vu}}; QO Q_vOQwt VvQm �2 R= Q=Okt u}= "CU= xOw@
V}=Ri= =@ 'u}=Q@=v@ "CU= xOw@ QDtm xrwr |xvO@ QO ?}U; xvwoQy RwQ@ sOa |=Q@
R= u=wD|t l =N |xU}m =@ xrwr |w=L |xWv=QD K}rUD w xrwr uwiOt jta s-=wD

&OQm pY=L u=v}t]= |Q=OQ@xQy@ s=ovy QO xrwr ?U=vt OQmrta
Crax@ QDU@ K]U CUWv V}=Ri= ?@U l =N |xU}m |Q}oQ=Qk jta V}=Ri= �
pQDvm CyH u}=Q@=v@ "CU= xOW |Q=PoQ=@ K]U Q} R |x}L=v |DNU Vy=m
|Q=PoQ=@ K]U Q} R u=mt= OL =D l =N |xU}m CU= sRq 'QDU@ K]U CUWv
|xU}m |wQ QDt|r}t 25 Ct=N[ x@ l =N lR=v |x}q R= xO=iDU= "OQ}o Q=Qk

&Ovm =i}= =Q xU}m ^i=Lt Vkv Ov=wD|t l =N
x@ QDt|r}t 25 R= l =N |xU}m uwiOt jta V}=Ri= 'p=mU=B wr}m 400 VvD QO �
u=R}t x@ ?}DQD x@ xrwr G=D Q@ OQ=w Q=Wi w pmWQ}}eD Vy=m ?@U QDt|r}t 160
QDu}}=B j=ta= QO Q=@ `} RwD Crax@ Ov=wD|t Qt= u}= "CU= xOW OYQO 53 w 47
uDiQoQ=Qk u}=Q@=v@ "OW=@ xrwr |wQ Q=Wi Vy=m xH}Dv QO w l =N |xU}m \UwD
?@U Ov=wD|t uwiOt |xrwr x@ l}ORv w QDW}@ uwiOt j=ta= QO l =N |xU}m
|Q}oQ=Qk um}r "OwW u; x@?}U; w xtOYVy=m xH}Dv QO w xrwr pmWQ}}eD pQDvm
pmWQ}}eD V}=Ri= xH}Dv QO w xU}m \UwD xrwr x@ Q=Wi p=ta= ?@U xrwr |wQ u;

&OwW|t xrwr
Q=DiQ Ow@y@ QO |QDy@ OQmrta 'xrY=i =@ l =N |xU}m x}q wO |vwDU Vv}J �
|OYQO 80 Vy=m � xrY=i uwO@ |vwDU |x}q wO Vv}J =@ xU}=kt QO xrwr

&OQ=O �p=mU=B wr}m 400 Q=Wi QO xrwr pmWQ}}eD
'K]U CUWv Vy=m ?@U |v=mrB Vv}J =@ l =N |xU}m x}q wO R= xO=iDU= �
l =N |xU}m x}q wO Vv}J =@ xU}=kt QO u; pmWQ}}eD w xrwr Q@ OQ=w Q=Wi
Q=Wi 'p=mU=B wr}m 400 Q=Wi QO Cr=L u}= QO xm |Qw]x@ "CU= xOW |vwDU
Cw=iD sOa x@ xHwD =@ =t= "CU= xOw@ QiY ,=@} QkD u; pmWQ}}eD w xrwr G=D Q@ OQ=w
R= xO=iDU= '�xrY=i uwO@ =} =@� |vwDU w |v=mrB Vv}J wO Q=DiQ u}@ TwULt

"OwW|t x}YwD l =N |xU}m QO |} wHxiQY �33 =@ |vwDU sDU}U
R= pY=L G}=Dv 'T=}kt QF= p=ta= =@ u=wD|t xJQo = xm CU= sRq QmPD u}=
l}i=QD Q=@� |ak=w T=}kt QO |UOvyt Cw=[k w \=}DL= =@ =Q Q[=L |xar=]t
x@ xrwr w QDt|r}t 300 Q]k x@ |Q=PoQ=@ |xLiY Oa)@ 'u}ovU |x}rkv \�=Uw

OQ=w VvD Q=Okt (�12)p = (�12)m uDiQo Q_v QO w i = 12 |=Q@ C}=yvQO
%OW Oy=wN |ak=w pOt QO �x}rkv \�=Uw MQJ Q=@ R= |W=v VvD� |Q=PoQ=@ K]U Q@
(q)p
(q)m

= � (8)

OQ@ Q=m =@ QDt|r}t 160 Q]k x@ uwiOt |xrwr Q=DiQ 'Q[=L |y=oW}=tR; pOt QO
|UQQ@ l =N |xU}m =@ KrUt w KrUtQ}e |=yxWv=QD QO ?q[=i `iO w |WmyR
R= ?q[=i w |WmyR OQ@ Q=m |=Q@ pw=ODt |=yxrwr Q]k xm =Hv; R= "CU= xOW
QO OQ@ Q=mOQwt |xrwr Q]k |xv}W}@ =Pr 'CU= Q}eDt QDt|r}t 300 =D 150 OwOL
300 Ov=wD|t �Q[=L VywSB QO xOW |UQQ@ |x]}L QO� Dp |ak=w T=}kt
Q[=L C=ar=]t QO 'OW u=}@ ,q@k xm Qw]u=ty u}vJty "OwW ?=NDv= QDt|r}t
Q=@ xm =Hv; R= =Pr 'CU= Q_vOt x}rkv \�=Uw MQJ Q=@ CLD sDU}U Q=DiQ |UQQ@
p=mU=B wr}m � p=mU=B wr}m 800 'xWv=QD K]U Q@ OQ=w u}ovU |x}rkv \�=Uw l}i=QD
=@ MQJ T=tD K]U |xOv}=tv u=wvax@ Q_vOQwt |xLiY Q]k w �qp = 800
Q]k '|Q=PoQ=@ |xLiY Oa)@ x@ xHwD =@ =Pr [32]'CU= QDt|r}t 300 xWv=QD K]U
Bp
Bm

= Dp
Dm

= qp
qm

= 2 |y=oW}=tR; |xar=]t QO Q_vOQwt VvD w xrwr
|xLiY O=a@= 'xrwr Q]k x@ xHwD =@ w Q_vOQwt C=ar=]t |xOwOLt QO '=Pr "CU=
u=wD|t |ak=w pOt XwYNQO '|y=oW}=tR; pOt QO u; Q@ OQ=w VvD w |Q=PoQ=@

%Cio
pOt QO xrwr Q]k '?q[=i `iO w VmyR |=yxrwr |=Q@ OQ@ Q=m |xOwOLt QO �

&OwW ?=NDv= QDt|r}t 300 |va} |y=oW}=tR; pOt Q@=Q@ 2 OwOL |ak=w
u}ovU |x}rkv \�=Uw MQJ T=tD K]U |xOv}=tv u=wvax@ |Q=PoQ=@ |xLiY �

&CU= QDt|r}t 300 QDU@ K]U =@
'QDt|r}t 300 Q]k x@ |Q=PoQ=@ |xLiY |=Q@ l =N |xU}m Ct=N[ w ZQa �
Cw=[k =@ u=wD|t swRr CQwY QO "OvDUy QDt|r}t 160 w 600 ?}DQD x@
wO R= 'QDt|r}t 600 ZQa x@ l =N |xU}m l} R= xO=iDU= |=H x@ |UOvyt
xO=iDU= xrY=i uwO@ w Qo}Om} Q=vm QO QDt|r}t 300 ZQa x@ l =N |xU}m

&OQm
|ak=w pOt QO �u; |WWm Ctw=kt =}� l}DDvDUw�S Kr=Yt |DNU w xrwr |DNU �

&OvwW ?=NDv= |y=oW}=tR; pOt Q@=Q@ 4 R}v
|Q=PoQ=@ K]U CUWv Q}O=kt uOW Q@=Q@ � = 2 seQ|ra xm CU= QmP x@ sRq �
'|y=oW}=tR; pOt x@ C@Uv |ak=w pOt QO (�) xrwr s�=k Q]k Q}}eD w (S)

"Ov=t Ovy=wN C@=F w C@Uv (�)p
(D)p

; (S)p
(B)p

|Q}oxH}Dv "7
|=yxWv=QD QO uwiOt |xrwr Q=DiQ '|m} R}i pOt l} R= xO=iDU= =@ 'Q[=L VywSB QO
|=yV}=tR; s=Hv= =@ |m}D=DU= |Q=PoQ=@ CLD l =N |xU}m =@ KrUt w KrUtQ}e
u=wvax@ l =N |xU}m QF= 'xrwr uwiOt jta Q}F-=D '=yv; QO w xOW |UQQ@ hrDNt
|w=L |xWv=QD QO K}rUD |x}q Vv}J w O=OaD QF= w u; uwiOt jta 'K}rUD |x}q
XwYNQO "CU= xOw@ Q_vOt xrwr Q=DiQ w |Q=PoQ=@ K]U CUWv QO uwiOt |xrwr

%Cio u=wD|t xYqN Qw]x@ G}=Dv
=@ 'xWv=QD K]U Q@ OQ=w p=mU=B wr}m 400 Q=Wi CLD KrUtQ}e |xWv=QD QO �
VvQm u=R}t w |Q=PoQ=@ K]U CUWv '2D x@ D R= xrwr uwiOt jta V}=Ri=

123



Q=mt
yw

u=}O
tL=

nv
yQiQ

}t=/
l=N

|xU
}mR

=xO
=iDU

==@
uwi

Ot|
xrwr

R=C
_=iL&l =N |xU}m uwiOt jta %u

&l =N |xU}m x}q wO |xrY=i %h
&l =N |xU}m ZQa %b

&l =N |xU}m Ct=N[ %d
&|Q=PoQ=@ K]U CUWv %S

&xrwr pmWQ}}eD %�
&l =N XwYNt uRw %

&l =N |WQ@ pwOt %G
&l}DDvUw�S |DNU %Kg

&xrwr |DNU %KP

&l =N l =m]Y= |x} w=R %�
&|Q=PoQ=@ |xLiY Q@ OQ=w Q=Wi %q

"T=}kt ?} Q[ %�

Qy x@=Wt =t= 'OQm xO=iDU= ?q[=i w |WmyR OQ@ Q=m =@ QDt|r}t 300 Q]k
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