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∃T > 0
x2(t) = 0∀t ≥ 0
x1(t) = 0∀t ≥ T
z(t) = 0∀t ≥ 0

⎫⎬⎭⇒ x1(t) = 0, ∀t ≥ 0.
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]DMRATPIDM� jV hZPW qUqJK IJ ZU[J PV[JWhPFUhJY hZJ qKHmEJd Hn KJEUhP[J IJUX HmWJK[UmPEPho
Hn VHVhKP[PUE WdUEE WHENhPHVW Hn hZJ ZomKPY YP|JKJVhPUE,YP|JKJV@J WoWhJdW� �JUX HmWJK[UmPEPho
Hn VHVhKP[PUE WdUEE WHENhPHV IPhZ KJWqJ@h hH x2 UVY x1 UKJ @HVWPYJKJY� ]hKHVF WdUEE WHENhPHVW
UKJ YJ{VJY UVY IJUX HmWJK[UmPEPho Hn VHVhKP[PUE WhKHVF WdUEE WHENhPHVW IPhZ KJWqJ@h hH x2 PW
JWhUmEPWZJY� �hZJK XPVYW Hn HmWJK[UmPEPho Hn WdUEE WHENhPHV Hn WoWhJd A9B UVY KJEUhPHVW mJhIJJV
hZJWJ XPVYW Hn HmWJK[UmPEPho UKJ UEWH YPW@NWWJY�

eZPW IHKX IUW WNqqHKhJY mo \PUEoWhHX eJ@ZVP@UE sVP[JKWPho FKUVh ]��j�9�+7�
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eZPW qUqJK PV[JWhPFUhJW hZJ aHKh,cHVhKHEEJY _UdPEhHVPUV Aac_B dHYJE Hn VHVZHEHVHdP@
YoVUdP@UE WoWhJdW �)�� rHVZHEHVHdP@ @HVWhKUPVhW HV dHhPHV @UV mJ J}qKJWWJY PV hJKdW Hn
VHVPVhJFKUmEJ EPVJUK [JEH@Pho KJEUhPHVWZPqW B(q)q̇ = 0� pJ@JVhEo �5�! hZPW @EUWW Hn VHVZHEHVHdP@
@HVWhKUPVhW ZUW mJJV mKHUYJVJY UW hH JV@HdqUWW U�VJ [JEH@Pho KJEUhPHVWZPqW A(q) + B(q)q̇ =
0� ac_ dHYJE PV@HKqHKUhJW YPKJ@hEo VHVZHEHVHdP@ @HVWhKUPVhW UVY mKHUYJVPVF hZJ @EUWW Hn
VHVZHEHVHdP@ @HVWhKUPVhW UEEHIW NW hH qKHqHWJ PV U ac_ nHKdNEUhPHV U @HVhKHE UEFHKPhZd
nHK YoVUdP@UE WoWhJdW IZJKJ VHVZHEHVHdP@ @HVWhKUPVhW HV [JEH@PhPJW UKJ PdqHWJY mo @HVhKHE
HmOJ@hP[JW �9� UVY VHh mo hZJ WhKN@hNKJ Hn hZJ WoWhJd PhWJEn �t�� DW UV UqqEP@UhPHV! hZJ JVJKFo
mUWJY KHmNWh @HVhKHE PW WhNYPJY Hn {VPhJ YPdJVWPHVUE NVYJKU@hNUhJY dJ@ZUVP@UE WoWhJdW�
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cEUWWP@UE HqhPdUE {EhJKW UWWNdJ XVHIEJYFJ HV U qKPHKP qKHmUmPEPho @ZUKU@hJKPWhP@W nHK IZHEJ
dNEhPhNYJ Hn WPFVUE KJUEPQUhPHVW IZJV HmWJK[UhPHV UVUEoWPW PW qKHYN@JY PV U@@HKYUV@J IPhZ HqJV
WoWhJd qKPV@PqEJ� Dh YJ{@PJVh PVnHKdUhPHV UYUqhP[J {EhJKW mUWJY HV nJJYmU@X qKPV@PqEJ UKJ NWJY�
eZJo IHKX NVYJK UVo PVPhPUE @HVYPhPHVW Uh hZJ UmWJV@J Hn YUhU HV JV[PKHVdJVh UVY J}J@NhJ
WPVFEJ,WhJq dH[JdJVh hH UV HqhPdUE WHENhPHV�

eZJ mUWPW Hn UYUqhP[J {EhJK PW nHKdJY mo VHh WhUhPWhP@UE @ZUKU@hJKPWhP@W mNh WPFVUE KJUEPQUhPHVW
AWUdqEJ nNV@hPHVWB� eZJ dUPV qKHmEJdW Hn J}PWhPVF UYUqhP[J {EhJKW UKJ PV qKHmUmEJ YP[JKFJV@J
Hn HmhUPVJY JWhPdUhPHVW IPhZ KJUE [UENJW Hn JWhPdUhJY KUVYHd WJxNJV@JW HK PV EHI WqJJY Hn
@HV[JKFJV@J�

eZJ UYUqhP[J UEFHKPhZd nHK hPdJ WJKPJW IZJV JdqPKP@UE YUhU UKJ HVEo qKJWJVhJY mo @NKKJVh
HmWJK[UhPHVW HV hZJ HmOJ@h NVYJK WhNYo PW qKHqHWJY� eZJ KUVYHd nNV@hPHV nKHd JWhPdUhPVF JKKHKW
hZUh PW YP|JKJVh nKHd dJUV WxNUKJ WNd Hn JKKHKW PW NWJY UW qKH@JYNKJ @KPhJKPHV� eZJ mUWPW Hn hZJ
UEFHKPhZd Hn @KPhJKPHV dPVPdPQUhPHV PW WhH@ZUWhP@ HqhPdPQUhPHV hJ@ZVPxNJ�

eZJ nJUhNKJW Hn UEFHKPhZd UKJ UVUEoQJY nHK YPW@KJhJ WPdqEJ WoWhJd IZP@Z ZUW PdqHKhUVh
qKU@hP@UE UqqEP@UhPHVW NVYJK @HVYPhPHVW IPhZ YJ{@PJVh U qKPHKP PVnHKdUhPHV� eZJ UEFHKPhZd PW
KJUEPQJY HV hZJ mUWJ Hn pDe] Av]ejTDB WHnhIUKJ� eZJ KJWNEhW UKJ @HdqUKJY IPhZ HqhPdUE MUEdUV
{EhJK� eZJ VNdJKP@UE J}UdqEJW UKJ YJ[HhJY hH UVUEoWPW Hn dUKPVJ YKPnhJK EH@UhPHV�
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-MXGDUTRXIDM� jV 9*7t p� \KH@XJhh �5� qKH[JY U VJ@JWWUKo @HVYPhPHV nHK nJJYmU@X WhUmPEPQUhPHV
Hn @HVhPVNHNW,hPdJ VHVEPVJUK WoWhJdW� D WPdPEUK nU@h nHK YPW@KJhJ,hPdJ WoWhJdW IUW WZHIV mo
�� fPV UVY c�j� \oKVJW �t� PV 9**)� �J J}hJVYW hZHWJ KJWNEhW hH VHVEPVJUK @HVhKHE WoWhJdW HV
UKmPhKUKo NVmHNVYJY hPdJ W@UEJW� D hPdJ W@UEJ PW U dHYJE Hn hPdJ� ePdJ dUo mJ @HVhPVNHNW!
YPW@KJhJ HK qUKhEo @HVhPVNHNW UVY qUKhEo YPW@KJhJ� bP|JKJVhPUE @UE@NENW HV hPdJ W@UEJW NVP{JW
WhUVYUKY YP|JKJVhPUE @UE@NENW UVY hZJ @UE@NENW Hn {VPhJ YP|JKJV@JW� cHVhKHE WoWhJdW YJW@KPmJY mo
YJEhU YP|JKJVhPUE JxNUhPHVW HV hPdJ W@UEJW FJVJKUEPQJ @HVhPVNHNW,hPdJ UVY YPW@KJhJ,hPdJ WoWhJdW�
D mHHX mo T� \HZVJK UVY D� aJhJKWHV �9� PW U FHHY PVhKHYN@hPHV hH hZJ hZJHKo Hn YoVUdP@UE
WoWhJdW HV hPdJ W@UEJW�
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