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ẁ[wt u}= =@ xr@=kt |=Q@ u=oOvvmO}rwD w Ovvm Q_v hQY pwYLt O} QN

w OvyO Vy=m =Q u=WrwYLt |SQv= hQYt u=R}t xmu}= |m} &OvQ=O x=Q wO
V}=Ri= =Q pwYLt C}@=PH =D Ovvm QDtm =Q pwYLt Ct}k xm u}= |Qo}O

"OvyO
|xv} Ry hQY =@ xOvvmO}rwD xm CU= u}= xr�Ut u}= C=}[Qi u} QDsyt R= |m} "4
s=Hv= |QDy@ |L=Q] 'OW=@ xDW=O O}rwD Ov}=Qi |wQ Q@ |QDy@ pQDvm Ov=wD|t QDW}@
|SQv= hQYt |}=Q=m xH}Dv QO =D Ovm ?=NDv= |QD?U=vt O}rwD |Qw=:vi w OyO

"OyO V}=Ri= =Q OwN pwYLt
QDCNU u; QDW}@ Ow@y@ 'OwW QDy@ |SQv= hQYt u=R}t xJQy xm OwW|t ZQi "5

"OwW|t
|]N |x]@=Q u=} QDWt C}U=UL w |SQv= hQYt |xv} Ry 'Ct}k =@ =[=kD `@=D "6

"OQ=O
"OQ=Ov |oDU@ O}rwD u=R}t w CqwYLt |=[=kD x@ |}=Q=m Ow@y@ |xv} Ry "7

TBU w OwW|t pOt =OD@= xr�Ut |R=@ |x} Q_v Q=R@= R= xO=iDU= =@ xt=O= QO
hQYt |ov}y@ u=R}t w Ct}k |=Q@ u=oOvvmO}rwD R= l} Qy xv}y@ C=t}tYD

"OwW|t u}}aD |SQv=

|R=UpOt "3
pw= |xOvvmO}rwD pwYLt |=[=kD `@=D '2 VN@ QO xOW h} QaD |xr�Ut x@ xHwD =@

"CU= 1 |x]@=Q j@]
D1 = �1 � �1p1 + �2p2 � 
1k1p3 + 
2 (k2 � k1) p3

�
3k1 + 
4 (k2 � k1) (1)

32



2 2
|xQ

=tW
'35

�1|
xQwO

'�1
39

8u
=DUt

R�h
}QW

C}
Q}Ot

w`}
=vY

|U
Ovyt �2 = (p3
2 + 
4)

g = 16c1c2�21 � 4 (c1 + c2)�1�21 + �41 � (2c1�2 � �1�2)

(2c2�2 � �1�2)

|=yQ}eDt x@ C@Uv xOvvmO}rwD OwU `@=D u}Uy T} QD=t O}=@ uOw@ Qakt C=@F= |=Q@
k1 x@ C@Uv pw= xOvvmO}rwD OwU `@=D u}Uy T} QD=t "OW=@ u}at |ivt Vt}tYD

"CU= 10 |x]@=Q j@] p1 w �2�1 ��1
��1 �2c1

!
(10)

u=v}tQDO xm |DQwY QO �2�1 CQ=@a uOw@ |ivt w 1 pwOH \@=wQ x@ xHwD =@
QO u}=Q@=v@ "CU= u}at |ivt u}Uy T} QD=t 'OW=@ C@Ft 10 |x]@=Q T} QD=t

"CU= u}at |ivt u}Uy T} QD=t 'OW=@ Q=QkQ@ 11 |x]@=Q xm |DQwY

c1 >
�21
4�1

(11)

\QW swO |xOvvmO}rwD x@ \w@ Qt u}Uy T} QD=t uOw@ u}at|ivt |=Q@ x@=Wt Qw] x@
"O};|t CUO x@

c2 >
�21
4�1

(12)

R= QDnQR@ Q=}U@ (c1) |SQv= hQYt Ow@y@ |xv} Ry QDt=Q=B Q=Okt xm u}= x@ xHwD =@
|UQQ@ x@ R=}v w CU= Q=QkQ@ OQ=wt QFm = QO 12 w 11 \}=QW 'CU= �1 QDt=Q=B Q=Okt
CQwY QO "OvDUy xr�Ut Vv pO=aD 9 =D 6 \@=wQ u}=Q@=v@ &CU}v |RQt \}=QW
OwW|t ZQi xr=kt u}= QO =t= "OwW |UQQ@ |RQt \}=QW O}=@ \}=QW u}= uOw@v Q=QkQ@

"OW=@ Q=QkQ@ \}=QW u}= =D CUy nQR@ |i=m |xR=Ov= x@ c1

|OOa p=Ft "5
|xQ}HvRl} |=Q@ "OwW|t x�=Q= |OOa p=Ftl} 'xr�Ut QDy@ syi |=Q@VN@ u}= QO
3 pwOH j@] p=Ft |=yQDt=Q=B w 2 pwOH j@=]t u=oOvvmO}rwD C=aq]= wQOwN u}t-=D

"CU=
"u=oOvvmO}rwD C=aq]= "2 pwOH

|xOvvmO}rwD
swO pw=

11000 11000 O}rwD Q}eDt |xv} Ry
�|rwB OL=w Q=Ry�

1000000 1000000 �xv=}r=U� x}=B |=[=kD

6 8 |SQv= hQYt u=R}t
|rwtat Cr=L QO

8000000 7000000 |SQv= hQYt |}=Q=m Ow@y@ |xv} Ry
�|rwB OL=w Q=Ry�

"xr�Ut |=yQDt=Q=B u}@ \@=wQ "1 pwOH
K}[wD x]@=Q

"OW=@ C@Ft xQ=wty O}=@ u; |=yQDt=Q=B w =[=kD `@=D �i; 
i > 0
Di; �i > 0

V}=[=kD |wQ Q@ q=m l} Ct}k V}=Ri= Q}F-=D
�1 > �2"CU= Vv}Wv=H pwYLt Ct}k V}=Ri= Q}F-=D R= QDW}@

xv}y@ Cr=L QO |SQv= hQYt u=R}t k01 � k1
"OW=@ |O=a Cr=L R= QDtm O}=@ k02 � k2

|Q}os}tYD pkDUt w u=tRsy CQwY x@ w pt=m |y=o ; =@ �u=oOvvmO}rwD =Hu}= QO�
"Ovvm|t

x@ C@Uv �5 w 4 \@=wQ� u=oOvvmO}rwD OwU `@=D R= =OD@= 'pOt pL |=Q@ %1 x}[k
w xrO=at Q=yJ x=oDUO l} TBU "OwW|t xDiQo jDWt xOvvmO}rwD Qy s}tYD Q}eDt
9 =D 6 \@=wQ CQwY x@ Vv pO=aD 'x=oDUO pL =@ xm O};|t CUO x@ |rwyHt Q=yJ

"O};|t CUO x@ u=vm} R=@ s}tYD |=yQ}eDt |=Q@
CUO x@ \=kv xmu}= |=Q@ "OvQ=O s}tYD Q}eDt wO u=oOvvmO}rwD R= s=Om Qy %1 C=@F=
R= l} Qy x@ C@Uv xOvvmO}rwD OwU `@=D O}=@ 'OW=@ xv}y@ xOvvmO}rwD Qy |=Q@ xOt;

OW=@ Qakt s}tYD |=yQ}eDt
p1 = f�1

�
8c1c2�1 � 2c1�21

�
+ 2c1[�2c2 (2k01�1 + k02�2)

�1 + k01�31 + 2c2 (2k02�1 + k01�2)�2 � k01�1�22

+�2 (2c2�2 � �1�2) + v2
�
�2
�
2c2�1 � �21

�
+ �1�1�2

�
] + v1�

8c1c2�21 � 2 (c1 + 2c2)�1�21 + �1
�
�31 + 2c2�2�2 � �1�22

��g=g
(6)

p2 = f�2
�
8c1c2�1 � 2c2�21

�
+ 2c2[�2c1 (2k02�1 + k01�2)

�1 + k02�31 + 2c1 (2k01�1 + k02�2)�2 � k02�1�22

+�1 (2c1�2 � �1�2) + v1
�
�2
�
2c1�1 � �21

�
+ �1�1�2

�
] + v2�

8c1c2�21 � 2 (2c1 + c2)�1�21 + �1
�
�31 + 2c1�2�2 � �1�22

��g=g
(7)

k1 = f�2c2�22 (2c1k01 + v1�1) + 4c2�21 (4c1k01 + v1�1) + �21

(�1�1 + �2�2)� �1�1[4c2�1 + 2c2v2�2 + 4c1k01�1

+v1�21 + (4c2k02 + v2�1)�2] + �2�1

(�2c2�2 + 2c1k01�2 + �1 (2c2k02 + v2�1 + v1�2))g=g (8)

k2 = f�2c1�22 (2c2k02 + v2�1) + 4c1�21 (4c2k02 + v2�1) + �21

(�2�1 + �1�2)� �1�1[4c1�2 + 2c1v1�2 + 4c2k02�1

+v2�21 + (4c1k01 + v1�1)�2] + �2�1

(�2c1�1 + 2c2k02�2 + �1 (2c1k01 + v1�1 + v2�2))g=g (9)

%u; QO xm
�1 = p3 (
1 + 
2) + 
3 + 
4

33



"""w
|Q=

PoC
t}k

|=Q@
|R=

@|
x}Q_

vOQ
m}wQ"p=Ft |=yQDt=Q=B "3 pwOH

p3 
4 
3 
2 
1 �2 �1 QDt=Q=B
|rwB OL=w Q=Ry 10 500 500 600 100 40 80 Q=Okt

"u=oOvvmO}rwD OwU w |rO=aD \=kv "4 pwOH
OwU s}tYD |=yQ}eDt

�2 �1 k2 k1 p2 p1
1=703� 109 1=607� 109 3 663 5 401 15673 15547

"
1 QDt=Q=B x@ C@Uv CqwYLt Ct}k C=Q}}eD "3 pmW

"
1 QDt=Q=B x@ C@Uv u=oOvvmO}rwD OwU C=Q}}eD "4 pmW

xm CU= u}= OwW|t CW=OQ@ 3 pmW R= xm |@r=H C=mv R= |m} %3 xH}Dv
|xOvvmO}rwD 'OvyO@ |QDW}@C}ty= |]}LtCU} R p�=Ut x@C@Uv u=} QDWt xJQy
R= QDtm VwQi u=Q@H |=Q@ � Ovm|t O}rwD QDtm |SQv= hQYt =@ |rwYLt xm �swO
R= sy =Q |QDtm OwU x@ 4 pmW xHwD =@ w OyO@ Vy=m =Q VDt}k O}=@ OwN ?}kQ

"OyO|t CUO
|QDW}@ p}=tD u=} QDWt �2 QDt=Q=B V}=Ri= =@ xm OyO|t u=Wv 5 pmW %4 xH}Dv
xO=iDU= 'CU= swO |xOvvmO}rwD pwYLt =Hu}= QO xm QDhQYtsm pwYLt R= xm OvQ=O
w OwW|t QDW}@ pwYLt wO |=[=kD hqDN= OW=@ QDW}@ p}=tD u}= xJQy "Ovvm
=Q OwN CqwYLt Ct}k C@Uv u}ty x@ Ov=wD|t QDhQYtsm pwYLt |xOvvmO}rwD
pwYLt O} QN x@ u=} QDWt p}=tD V}=Ri= =@ OwW|t Ea=@ Qt= u}ty xm OyO V}=Ri=

"�1 QDt=Q=B x@ C@Uv CqwYLt |SQv= hQYt u=R}t C=Q}}eD Q=Owtv "2 pmW

CQwY x@ u=oOvvmO}rwD OwU w |rO=aD \=kv 'p=Ft xr�Ut C=aq]= x@ xHwD =@
"OyO|t u=Wv =Q u=oOvvmO}rwD |xv}y@ C=t}tYD pwOH u}= "O};|tCUO x@ 4 pwOH
=@ swO |xOvvmO}rwD OyO|t u=Wv p=Ft pL R= xOt; CUO x@ |rO=aD \=kv
|SQv= hQYt u=R}t xmu}= p}rO x@ 'CU= xOQm u}}aD =Q |QDq=@ VwQi Ct}k xmu}=
xDUv=wD 'CU= ?}kQ pwYLt R= QDtm XNWt Q=m l} s=Hv= |=Q@ VrwYLt

"Ovm ?Um |QDW}@ OwU xH}Dv QO w Ovm ?PH |QDW}@ |=[=kD

C}U=UL p}rLD "6
QDt=Q=B x@ C@Uv CqwYLt |SQv= hQYt u=R}t C=Q}}eD Q=Owtv Qo = %1 xH}Dv
u}= xm OwW|t xOy=Wt 2 pmW OwW sUQ �1 = p3 (
1 + 
2) + 
3 + 
4
w p3 |=yQDt=Q=B R= l} Qy V}=Ri= =@ xm CU= |vat u}O@ u}= "CU= |rwRv C=Q}}eD
|SQv= hQYt u=R}t QDW}@ |xv} Ry hQY =@ Ovvm|t |aU u=oOvvmO}rwD �4 =D �1
u=} QDWt swta |y=o ; V}=Ri= =@ xJQy xH}Dv QO "OvyO Vy=m =Q u=WDqwYLt
?rH |=Q@ u=oOvvmO}rwD 'O@=} V}=Ri= |]}LtCU} R p�=Ut x@ C@Uv =yv; C}U=UL
u; Q@ xwqa "OvyO@ V}=Ri= =Q u=WDqwYLt |SQv= hQYt |}=Q=m O}=@ =yu; C}=[Q
CqwYLt u=oOvvmO}rwD xmu}= |=Q@ OyO|t u=Wv w OQ=O =Q Q}F-=D u}ty R}v |SQv=Ct}k

"OQm O=H}= |SQv= Ct}k V}=Ri= |=Q@ |Q=mwR=U u=wD|t 'OvyO Ow@y@ =Q OwN
u=Wv �1 x@ C@Uv =Q CqwYLt Ct}k C=Q}}eD xm 3 pmW x@ xHwD =@ %2 xH}Dv
uDW=Oxov |[=Q |=Q@ xOvvmO}rwD u=} QDWt |]}LtCU} R |y=o ;V}=Ri= =@ 'OyO|t
pmW QO xm Qw] u=ty Ct}k Vy=m u}= xD@r= "OyO Vy=m =Q OwN Ct}k O}=@ =yv;

"OyO|t Vy=m R}v =Q u=WOwU 'CU= XNWt 4
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QDtm |SQv= hQYt =@ |rwYLt xm OvQ=O p}=tD 'OvQ=O |]}LtCU} R p�=Ut x@

"Ovvm |Q=O} QN

"
2 QDt=Q=B x@ C@Uv CqwYLt |=[=kD C=Q}}eD "5 pmW

"
2 QDt=Q=B x@ C@Uv u=oOvvmO}rwD OwU C=Q}}eD "6 pmW

"�1 QDt=Q=B x@ C@Uv |SQv= hQYt u=R}t C=Q}}eD "7 pmW
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�1 QDt=Q=B Q=Okt xJQy xm OwW|t xOy=Wt 8 pmW QO "CU= XNWt 8 pmW

"O@=}|t Vy=m |SQv= hQYt u=R}t |wQ Q@ 
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