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Ĝyy = 2
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"|[Qa Owt 'pw= |xrLQt QO Cr@=O |OwQw =@ |HvUQ=@Da= "7 pmW

"xQB Q=yJ QO OwHwt |=yxvRw |Q}oQ=Qk pLt R= |}=tv "8 pmW

|QDt|Dv=U 3 5 `=iDQ= QO |tQo 500 |}xvRw xrLQt u}= QO %swO |xrLQt
QwLt |=DU=Q QO sQH RmQt u=mt =Pr w 'CU= xOW xO=O Q=Qk |RmQt |xLiY |q=@

"CU= xOW xO=O u=Wv 17 |xrO=at QO |Owta
Zm = (0 8��8 4) + (0 5� 3 5)

1 3 = �3 82cm (17)

xOvQB x@ xvRw u}= p=ta= "CU= xOW x�=Q= 8 pmW QO sDU}U QO =yxvRw |Q}oQ=Qk |=tv
QwLt |=DU=Q QO sQH RmQt u=mt uOt; q=@ Ea=@ 'xQB Q=yJ |wQ u; ?Yv pLt w
w |rw] p}O@D `@=wD "OwW|t QDQ=O}=B=v pw= Cr=L x@ C@Uv xv=t=U w xOW |Owta
`@=wD |UQQ@ |=Q@ "CU= xOt; CUO x@ Qi}=U |xt=vQ@ R= xO=iDU= =@ xQB Q=yJ |[Qa

xDiQo Q=Qk xO=iDU= OQwt 'xOW s=Hv= xt=vQ@ u}=\UwD |R=wQB |xSwQB 30 R=V}@ uwvm =D
[22]"CU= xOW x@U=Lt xrY=L |Uv=mQi MU=B =@ ?U=vt p}O@D `@=wD ,=D}=yv "CU=

|R=wQB |=yV}=tR; "5
|=yV}=tR; xQ=tW "CU= xOW s=Hv= |R=wQB V}=tR; 83 O=OaD j}kLD |=QH= |=Q@
1 pwOH QO =yV}=tR; u}= |=QH= u=tRCOt x=Qty x@ xrLQt Qy |=Q@ xO=iDU= OQwt
C=}�RH xm xDiQo CQwY |rm |xrLQt Q=yJ QO =yV}=tR; u}= "CU= xOW C@F

"OwW|t K} QWD xt=O= QO l} Qy
"CU= xOW|}=U=vW|i=[= |xvRw p=YD= uwO@ xQB Q=yJ 'xrLQt u}= QO %pw= |xrLQt
|=yQwLt QO xv=t=U |m}t=v}O |=y?]k s=tD uOQw; CUO x@ |}=U=vW u}= R= hOy
w CU}v pYDt xv=t=U x@ |}xvRw xrLQt u}= QO "CU= xQB Q=yJ |[Qa w |rw]
OL u} QDu}}=B QO |QD=@ pLt xmu}= x@ xHwD =@ "CU= xOW ?Yv xOvQB Q} R QO |QD=@
w OQ}o|t Q=Qk u}}=B Q=}U@ |Owta QwLt |=DU=Q QO sQH RmQt u=mt 'xDiQo Q=Qk OwN
RmQt u=mt pLt 'xvRw w |QD=@ |Q}oQ=Qk pLt x@ xHwD =@ "OwW|t Q=O}=B Q=}U@ xOvQB
sQH w 'sQowr}m 0 8 |QD=@ sQH "OwW|t XNWt |Owta QwLt |=DU=Q QO sQH
QDt|Dv=U ?ULQ@ |RmQt |xLiY R= s=OmQy |xrY=i w CU= sQowr}m 0 5 xvRw
"CU= xOW xO=O Q=Qk QDt|Dv=U �8 4 `=iDQ= QO |QD=@ CtUk u}= QO "OwW|t u=}@
Zm = 0 8��8 4

0 8 = �8 4 cm (10)

CqO=at QO Qi}=U |xt=vQ@ R= xOW G=QNDU= w|rw]l} QLD QO xOW VR=Q@ *p}O@D `@=D
"CU= xOW xO=O u=Wv 13 =D 11

q
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s3 + 70 1s2 + 1918 2s+ 26924e

�0 08s (11)

CF = 1 86 (12)

pole =

8>>>><>>>>:
�11 + 25 4j
�11� 25 4j
�21

(13)

Q}O=kt w xOW xO=O u=Wv 12 |xrO=at QO sDU}U x@ xOW VR=Q@ |xv} Ry `@=D Q=Okt
"CU= xOW x�=Q= 13 |xrO=at QO R}v xv=t=U |xDU@ xkrL |rw] |=y?]k

|=y?]k u=mt w xv} Ry `@=D Q}O=kt x=Qty x@ |[Qal} QLD QO xOW VR=Q@ `@=D
"CU= xOW xO=O u=Wv 16 =D 14 CqO=at QO sDU}U |xDU@xkrL

p
�lat

= 245 3s
s3 + 61 3s2 + 2485s+ 49123e

�0 08s (14)

CF = 1 45 (15)

pole =

8>>>><>>>>:
�14 77 + 36 44j
�14 77� 36 44j
�31 76

(16)

l} QLD 8Cr@=O |OwQw \UwD xQB Q=yJ u; QO xm pw= Cr=L |HvUQ=@Da= Q=Owtv
w xvt=O Q=Owtv =ypmW u}= QO "CU= xOW xO=O u=Wv 7 w 6 |=ypmW QO 'xOW
Q@ ,=@} QkD Cr@=O w |Uwv}U |OwQw |xr}Uwx@ sDU}U |OwQw l} QLD R= pY=L R=i

"CU= j@]vt Qo}Om}
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"V}=tR; Qy u=tRCOt w |R=wQB |=yV}=tR; "1 pwOH
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O=O} wQ
u=tR

O=O} wQ
u=tR

O=O} wQ
u=tR

O=O} wQ
u=tR

O=O}wQxO=O xO=O xO=O xO=O xO=O
|Q=OQ@ |Q=OQ@ |Q=OQ@ |Q=OQ@ |Q=OQ@
�x}v=F� �x}v=F� �x}v=F� �x}v=F� �x}v=F�
31 56 38 � � � � 91 36 36 68 26 30 |rw] 145 12 39 � � 73 88 35 79 24 34 39 88 27 |[Qa

30 65 45 63 26 63 50 74 55 48 97 53 77 10 43 |rw] 227 91 44 54 63 65 57 08 56 45 94 54 109 06 41 |[Qa

� � 60 49 71 55 77 70 51 11 67 77 44 46 |rw] 3� � 86 74 77 70 78 76 81 25 75 75 61 48 |[Qa

� � 71 65 80 53 61 79 62 98 78 58 75 49 |rw] 4� � 106 67 83 85 95 82 74 35 81 51 90 50 |[Qa

"swO |xrLQt |rw] |=yV}=tR; "2 pwOH
xv} Ry `@=D swU ?]k swO ?]k pw= ?]k V}=tR; xQ=tW

4 95 �32 �7=35� 32i �7=35 + 32i 1
3 72 �32 3 �7=34� 32=9i �7=34 + 32=9i 2
2 36 �32 3 �7=34� 32=9i �7=34 + 32=9i 3
5 42 �32 3 �7=34� 329i �7=34 + 32=9i 4

"swO |xrLQt |=yV}=tR; QO |rw] |=y?]k u=mt "3 pwOH
Tv=mQi |}=Q}t ?} Q[ swU ?]k swO ?]k pw= ?]k
33 71 0 217 �32=3 �7=34� 32=6i �7=34 + 32=6i

"swO |xrLQt |[Qa |=yV}=tR; "4 pwOH
xv} Ry `@=D swU ?]k swO ?]k pw= ?]k V}=tR; xQ=tW

3 91 �10 7 �5=7� 17=7i �5=7 + 17=7i 1
4 94 �10 6 �5=7� 17=8i �5=7 + 17=8i 2
8 54 �10 66 �5=6� 17=8i �5=6 + 17=8i 3
3 75 �10 68 �5=6� 18=2i �5=6 + 18=2i 4

|q=@ |QDt|Dv=U 8 5 `=iDQ= QO |tQo 500 |xvRw xrLQt u}= QO %swU |xrLQt
QO |Owta QwLt |=DU=Q QO sQH RmQt u=mt w xOW xO=O Q=Qk |RmQt |xLiY

"CU= xOW xO=O u=Wv 18 |xrO=at
Zm = (0 8��8 4) + (0 5� 8 5)

1 3 = �1 9 cm (18)

xDi=}Vy=m xv=t=U |Q=O}=B '|r@k |xrLQt wO x@C@Uv sQH RmQt uOt; q=@ x@ xHwD =@
"OwW|t xOy=Wt 6 pwOH QO |rw] Owt QO xOW s=Hv= |=yV}=tR; G}=Dv "CU=

QO u; KQW xm xDiQo CQwY |r=wDt V}=tR; Q=yJ 'Cr=L u}= QO xOvQB |rw] p}O@D
|=y?]k u=mt 'xOW s=Hv= R=wQB Q=yJ R= |Q}ou}ov=}t =@ "CU= xOW u=}@ 2 pwOH
Q=Owtv "CU= xOW x�=Q= w C@F 3 pwOH QO Tv=mQi w |}=Q}t ?} Q[ 'sDU}U
G}=Dv "CU= xOW xO=O u=Wv 9 pmW QO Cr@=O |OwQw =@ |rw] Owt |HvUQ=@Da=
u}ov=}t "CU= xOW x�=Q= 4 pwOH QO R}v |[Qa CtUk x@ \w@ Qt |=yV}=tR;
Cr=L x@ \w@ Qt |HvUQ=@Da= Q=Owtv "CU= xOW C@F 5 pwOH QO q=@ V}=tR; Q=yJ
"CU= xOW xO=O u=Wv 10 pmW QO 'xOW l} QLD Cr@=O |OwQw \UwD xm |[Qa
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"swU |xrLQt |rw] |=yV}=tR; "6 pwOH
xv} Ry `@=D swU ?]k swO ?]k pw= ?]k V}=tR; xQ=tW

7 87 �21 8 �5� 28=8i �5 + 28=8i 1
9 19 �21 4 �4=9� 29=9i �4=9 + 29=9i 2
9 11 �21 1 �4=8� 29i �4=8 + 29i 3
4 65 �21 4 �4=7� 29=2i �4=7 + 29=2i 4
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|QDsm |Q=O}=B w CU= QDl@=J xDWPo |xrLQt xU x@ C@Uv xrLQt u}= QO xQB Q=yJ
u}ov=}t "CU= xOW C@F 10 pwOH QO |rw] swU |xrLQt |=yV}=tR; G}=Dv "OQ=O
|xrLQt|[Qa |=yV}=tR; G}=Dv "CU= xOW x�=Q= 11 pwOH QO|rw] |=yV}=tR;
|[Qa |=y?]k u=mt u}ov=}t 'C}=yvQO "CU= xOW x�=Q= wC@F 12 pwOH QO swU

"CU= xOW x�=Q= 13 pwOH QO

"|rw] Owt 'swO |xrLQt QO Cr@=O |OwQw =@ |HvUQ=@Da= "9 pmW

"CU= xOW x�=Q= w C@F 7 pwOH QO Cr=L u}= QO xOW s=Hv= |=yV}=tR; u}ov=}t
u}ov=}t "CU= xOW x�=Q= 8 pwOH QO swU |xrLQt |[Qa |=yV}=tR; G}=Dv
xvwtv u=wvax@ "CU= xOW xO=O V}=tv 9 pwOH QO xrLQt u}= QO |[Qa |=y?]k
11 pmW QO |[Qa VN@ x@ \w@ Qt swU V}=tR; QO sDU}U x@ |OwQw |=yxO=O

"CU= xOW x�=Q=
|q=@ |QDt|Dv=U 11 `=iDQ= QO =Q |tQo 500 |xvRw xrLQt u}= QO %sQ=yJ |xrLQt
QO |Owta QwLt |=DU=Q QO sQH RmQt u=mt Cr=L u}= QO "s}yO|t Q=Qk xLiY

"OQ}o|t Q=Qk |QDt|Dv=U �0 93 `=iDQ=
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"swU V}=tR; QO |[Qa |=y?]k u=mt "9 pwOH
Tv=mQi |}=Q}t ?} Q[ swU ?]k swO ?]k pw= ?]k
18 1 0 213 �9 45 �3=9� 17=7i �3=9 + 17=7i

"sQ=yJ |xrLQt |rw] |=yV}=tR; "10 pwOH
xv} Ry `@=D swU ?]k swO ?]k pw= ?]k V}=tR; xQ=tW

6 79 �20 2 �0=06� 29=7i �0=06 + 29=7i 1
9 6 �20 04 �0=57� 29=8i �0=57 + 29=8i 2
2 92 �20 04 �0=11� 29=7i �0=11 + 29=7i 3
8 73 �20 1 �0=05� 29=8i �0=05 + 29=8i 4

"sQ=yJ V}=tR; QO |rw] |=y?]k u=mt "11 pwOH
Tv=mQi |}=Q}t ?} Q[ swU ?]k swO ?]k pw= ?]k
29 75 0 001 �20 1 �0=2� 29=75i �0=2 + 29=75i

"sQ=yJ |xrLQt |[Qa |=yV}=tR; "12 pwOH
xv} Ry `@=D swU ?]k swO ?]k pw= ?]k V}=tR; xQ=tW

7 77 �10 11 �2=3� 21=4i �2=3 + 21=4i 1
15 2 �8 86 �2=5� 20=4i �2=5 + 20=4i 2
8 77 �8 9 �1� 20=4i �1 + 20=4i 3
10 14 �10 11 2=6� 20=9i �2=6 + 20=9i 4

"sQ=yJ V}=tR; QO |[Qa |=y?]k u=mt "13 pwOH
Tv=mQi |}=Q}t ?} Q[ swU ?]k swO ?]k pw= ?]k
20 75 0 01 �9 5 �2=2� 20=6i �2=2 + 20=6i

|=DU=Q QO sQH RmQt u=mt|}=Hx@=H =@|rw] |=y?]k|}=Hx@=H u=mt "12 pmW
"|Owta QwLt

w GwORt \rDNt u; ?]k wO xm CU= |ivt ?]k xU |=Q=O QwmPt |=yCr=L QO
"CU= Qo}O \rDNt ?]k wO R= QD|ivt w |k}kL u; ?]k l}

|=DU=Q QO sQH RmQt u=mt uDiQ QDq=@ =@ 'OwW|t xOy=Wt 12 pmW QO xm u=vJ
QO ,=D}=yv w Ovvm|t CmQL CU=Q CtU x@ xv=t=U |=y?]k |x}rm |Owta QwLt

"sDU}U l} QLD |=Q@ xOWp=ta= |OwQw "11 pmW

G}=Dv p}rLD "6
QO sQH RmQt u=mt |}=Hx@=H =@ |[Qa w |rw] |=y?]k u=mt |}=Hx@=H |UQQ@
Qo}Om} =@ =yu; |xU}=kt w sQ=yJ w swU 'swO |=yCr=L QO |Owta QwLt |=DU=Q
xQB Q=yJ '12 pmW x@ xHwD =@ |rw] |=y?]k u=mt |}=Hx@=H QO xm OyO|t u=Wv
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xm QwDwt wO |Q]k |xrY=i Q@ 'xOW u=}@ |RmQt |xLiY R= QDt|Dv=U ?ULQ@
|=yxDUO pw] xmu}= x@ xHwD =@ "OQm s}UkD 'xOW |Q}oxR=Ov= QDt|Dv=U ?ULQ@
Mrt ẁv R}v u; QwDwt w CU= QwDwt u=wD R= |a@=D OwN 'xvO@ x@ QwDwt |xOvvmpYDt
"OQm C=@F= =Q Oa@|@ QDt=Q=B u}= uOw@ pw@k p@=k u=wD|t 'Ovm|t u}}aD =Q R=}v OQwt
w = zm

L
(20)

L w xLiY RmQt =D |Owta QwLt |=DU=Q QO sQH RmQt |xrY=i Q@=Q@ zm u; QO xm
"OvR=U|t =Q w Oa@|@ ?} Q[ xm CU= |Q]k |=yQwDwt CiW wO u=}t |xrY=i
uDiQ QDq=@ =@ xm OyO|t u=Wv �12 pmW� =t}B=wy |rw] |=y?]k |UQQ@
CU=Q CtU x@ xv=t=U |=y?]k |x}rm |Owta QwLt |=DU=Q QO sQH RmQt u=mt
|twywt QwLt x@ Q=}U@\rDNt ?]k wO 'sQ=yJCr=LV}=tR; QO w Ovvm|t CmQL
"OQ=O OwHw R}v =t}B=wy |[Qa |=y?]k |UQQ@ QO Ov}=Qi u}ty "OvwW|t l}ORv
uwO@ '|Owta QwLt |=DU=Q QO sQH RmQt u=mt uDiQ q=@ =@ '13 pmW x@ xHwD =@
CmQL CU=Q CtU x@ u; |=y?]k |rm u=mt '=y?]k V}=Q; QO Q}}eD xvwoQy

"Ovm|t
QO sQH RmQt u=mt uDiQ q=@ =@ xm OwW|t xOy=Wt 15 w 14 |=ypmW QO
|[Qa w |rw] Cr=L wO Qy |=Q@ |}=Q}t ?} Q[ Q=Okt '|Owta QwLt |=DU=Q
QO |Owta QwLt |=DU=Q QO sQH RmQt u=mt Qo = w Ovm|t CmQL |ivt CtU x@
QiY =@ "OwW|t QiY |}=Q}t ?} Q[ Q=Okt 'OwW xO=O Q=Qk QDt|Dv=U �0 8 `=iDQ=
u}= uOt; QDq=@ =@ "CW=O Oy=wN |t�=O |v=Uwv Q=DiQ xQB Q=yJ '?} Q[ u}= uOW
11 36 `=iDQ= QO xvRw Qo = xH}Dv QO "OwW|t =Qo =w xQB Q=yJ |}=Q}t ?} Q[ '`=iDQ=

"OUQ|t |Q=O}=B=v RQt x@ xOvQB 'OQ}o@ Q=Qk |QDt|Dv=U
winstability = �0 8

49 8 = �0 016 (21)

?]k wO 'Oa@|@ Q=Okt u}= QO =yxQB Q=yJ |t=tD QO xm Cio u=wD|t xH}Dv QO
w QwDwt OwHw 'Q=Okt u}= uOW |ivt Cra "OvQ}o|t Q=Qk |twywt QwLt |wQ Q=O}=B=v
QO "CU= xDiQo Q=Qk |RmQt K]U R= QDq=@ =yu; uRw xm CU= |Q}oxR=Ov= |=yxv=t=U
RmQt C=Q}}eD QO Q=PoQ}F-=D pt=a u=wvax@ xrwtLt w |QD=@ uRw =yvD q=@ p}rLD QO `k=w
?]k wO u}= uDiQo Q=Qk =@ "CU= xOWxDiQo Q_v QO |Owta QwLt |=DU=Q QO sQH
w OwW|t |v=w=Qi |=yVRQr Q=JO uOW Ovr@ s=ovy QO xOvQB '|twywt QwLt |wQ
sOa '|rw] Owt QD`} QU |}=Qo =w p}rO "OwW =Qo =w x QB Q=yJ xm CU= umtt |DL
CU= xOW Ea=@ uQ=kD sOa u}= xm CU= |Q}oxR=Ov= C=R}yHD ?Yv p}rO x@ uQ=kD
QO sQH RmQt |}=Hx@=H p@=kt QO |[Qa Owt x@ C@Uv |rw] Owt QO xOvQB xm
'15 w 14 |=ypmW x@ xHwD =@ u}vJty "OW=@ QDT=UL |Owta QwLt |=DU=Q
QO sQH RmQt u=mt K}LY |@=}=H j} Q] R= =Q xOvQB x=wNrO |}=Q}t ?} Q[ u=wD|t
|}=Q}t Q=DiQ R= |L}LY lQO x@ u=wD|t R}v w 'OQm ?=NDv= |Owta QwLt |=DU=Q

"Ci=} CUO R=wQB |] Q}eDt sQH |=yxQBOvJ |[Qa w |rw] |=yOwt

G}=Dv |Q}PB Q=QmD w |HvUQ=@Da= "1"6
V}=tR; |=QH= R= xrLQt Qy QO 'xOW s=Hv= |=yV}=tR; QO C}a]k sOa |UQQ@ |=Q@
"Ov=xOW p}rLD x]w@ Qt |=yxO=O w Q=QmD x@DQt Q=yJ |=Q@ |Q=OQ@xO=O '=DU=Q Qy QO w
G}=Dv u=wvax@ xrY=L G}=Dv 'V}=tR; Q=yJ R= pY=L G}=Dv R= |Q}ou}ov=}t =@ TBU
=@ xQB Q=yJ |Oa@ s=o QO "CU= xOW u=}@ xQB Q=yJ |Uwv}U l} QLD R= xOt; CUO x@

|=DU=Q QOsQH RmQt u=mt|}=Hx@=H =@|[Qa |=y?]k|}=Hx@=H u=mt "13 pmW
"|Owta QwLt

QwLt |=DU=Q QO sQH RmQt |}=Hx@=H =@ |rw] |}=Q}t ?} Q[ C=Q}}eD "14 pmW
"|Owta

QwLt |=DU=Q QO sQH RmQt |}=Hx@=H =@ |[Qa |}=Q}t ?} Q[ C=Q}}eD "15 pmW
"|Owta

"OvwW|t l}ORv |twywt QwLt x@ Q=}U@ \rDNt ?]k wO 'sQ=yJ Cr=L V}=tR;
xO=O u=Wv 13 pmW QO '|rw] |=y?]k Ovv=ty |[Qa |=y?]k u=mt V}=Q;
?} Q[ Q=Okt 'xQB Q=yJ |[Qa w |rw] |Q=O}=B |UQQ@ |=Q@ u}vJty "CU= xOW
u=Wv 15 w 14 |=ypmW QO |[Qa w |rw] |=DU=Q wO Qy |=Q@ xQB Q=yJ |}=Q}t
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