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D3- 32 Ó+ 0TA3-%+4 18 :21A/4--%+432 012 6/++:21A/4- 18 A3,-.;;%- R @%+43+3 32 . 2/,-02.--,-[; 18 21CC32 Ef ;.-32 B&32 Z ,1C 32 +14 -.; 1C-23+- < -.C 32, 41+-.+/32;.8 4Q T2.+8 R g ;;3 -%+943+3 4%+ 21CC3 B3;3 012,T43-, &e,43&1;/C 18 A3- 32 A32012 .443 6 3B1& 012 +.&[238/;32.+8. +13+ %& -%+43+3 R @%+43+3 B%2 ,398;%,, 012 &.,/3;; .+,: 34,Q 1+ %& +.&[ R
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P+ C%+/3;- ,-52- :/C:3 1&320T232 &e,43 02% :21A/4--%+43+3 -.; 0TA3-%+43+ 3--32 012,T43-,,;/-- R h5,-3C 3- 32 A32C 3A ;/443- 18 A3--3 23A/,3232 C/;.8B3-3+3 012 ,T; R D3- 32 C1+-32--23&3., &3+-.;32 :[ 41+A3+,%-3- 18 6/++:21A/4-3- 012 [ -% /- :2T&32 ½.443 .++-38+3- .Y8/2 E RE¾ R g ;- /-,-52 32 C1+-32- . 3+ %::%2%-/22%CC3 %& %;/C .+./C ,1C 4%+ ¼5--3, ,1C3+ 3+B3- R U%CC3+ B%2 -.;416;.+832 012 4Q T;3&%++ 18 +3--,: 3++.+8 R

ÔÕÖ×ØØ Ù ÚÛÜ Ý Þß àáâã äáàå\ %-32.%;3 æ ç ;%,,iT5A3 æ EfFzCD.%C3-32 æ fFCC . RA R�1+A3+,%-12 æ F R�C 2 4Q T;3¼%-3�14323¿34- æ �4Ñ�1432&1;/C æ �;X1;/C :21A/4--%+432 æ Ef;g::%2%-/22%CC3 æ ?EFÒ ?EfÒE�fzC ½;Ò6ÒB¾
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¸ ³¸ ùyOMaµxLyMLaºyI
� Á� ÁÀ �úÄ�
	
D3- 32 . %;- 03C :/C:32 18 Y23 &%2C 33;3C 3+-32 4+5--3- -.; 41;1++3+ ,1C :[A2%8 R @%63;; E RE8.2 3+ 1&32,.4- 1&32 :[A2%83+3 R

ÔÕÖ×ØØ Ù ÚÙ Ü ûñàåâÞóò äñàå üøïåð÷VTA3:/C:3 æ -/2-%;;,-52- :/C:3 02% 0TA3-%+4 -.; 41;1++3+ RU3¼/4,:/C:3 æ -/2-%;;,-52- :/C:3 02% 23¼/4,-%+4 -.; 41;1++3+ RS/++:21A/4-:/C:3 æ %&j:[ :/C:3 02% 41432 -.; 6/++:21A/4--%+4 RD3,-.;;%-:/C:3 æ %&j:[ :/C:3 02% 23¼/4,-%+4 -.; A3,-.;;%--%+4 RU3,.24/;%,Q 1+,:/C:3 æ C %+/3;- ,-52- :/C:3 02% A3,-.;;%-9 18 6/++:21A/4--%+432-.; 0TA3-%+43+ RX%2C 33;3C 3+- Y23 23;Ó,-52-3 3;3C 3+-32 :[ -.;,%CC3+ �4Ñ
VTA39 18 23¼/4,:/C:3+3 B%2 =9EFCg .++8%+832 012 [ ,-523 -/2-%;; R
D3,-.;;%-:/C:% 32 -.;416;3- 3- 23;Ó 18 A3- 62/43, 3+ :/;,9623AA3 C1A/;%-12 012 [ 4Q T23:/C:% :[ ;%&323 8Q 3++1C ,+.--,B%,-.8B3- R S/++:21A/4-:/C:% 32 18,[ -.;416;3- 3- 23;Ó ZC 3+ 62/432 .443 :/;,9623AA3 C1A/;32.+8 R
U3,.24/;%,Q 1+,:/C:3+ ,-523, C %+/3;- %& -1 625-323 :;%,,32- :[ 416;.+8,,4%:3- Z 18 62/43,012 [ ¼5--3 :21A/4-&e,43+ -.;6%43 -.; 0TA3-%+43+ 3--32 0T2,T43-, ,;/-- 18 0T2 3- +5-- 012,T46385++32 R
X%2C 33;3C 3+-3+3 32 C1-,-%+A,-2[A32 & .4;3- 2/+A- 3+ 8;%,,-%& R @ .;,%CC3+ 4%+ A3 Y23&%2C 3;3C 3+-3+3 5-3 �4Ñ Z -1 %& 3;3C 3+-3+3 -[;32 fFFÑ Z C3+, A3 -1 %+A23 -[;32 ?FFFÑB&32 R P ;3C 3+-3+3 32 416;3- -.; 23;Ó C 3A +3--,: 3++.+8 18 012 ,-52.+8 %& -.;0T2- 3¿34- -.;414323+ 62/43, :/;,9623AA3 C1A/;32.+8 R
]/;,9623AA3 83+32%-123+ ,1C 62/43, 012 &%2C 33;3C 3+-3+3 18 A3,-.;;%-:/C:% 32 .C:;3C 3+9-32- . :2182%C&%23 C 3A 3+ :32.1A3-.A :[ -1 ,34/+A32 18 -Q /3 +.&[ ½C .+,-3 :/;,623AA3 323-- -.A3;, ,34/+A¾ R

� Á� Á� ý�������
V3C-3+ ,3+,1232 -%2 C [;.+832 02% ,5,-3C 3- Z 3+ 1&32,.4- 1&32 C [;.+832 32 8.-- . -%6 3;; E R� R
D3- 32 [--3 ]@9 ?FF -3C:32%-/2,3+,1232 C1+-32- . 41;1++3+ 012 [ 8. 3+ -3C:32%-/2:21Y; R *414323+ 32 A3- ¼3+, 012 -.;416;.+8 %& 3- ]@9?FF 3;3C 3+- Z C 3+, A3 ,5& 23,-323+A3 3;3C 3+-3+332 -23AA .++ . 41;1++3+ 8Q 3++1C 3- B/;; . -1::3+ %& 41;1++3+ 18 3- B/;; . 0TA3,34,Q 1+3+ R
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ÔÕÖ×ØØ Ù Úÿ Ü ûñàåâÞóò äñàå ß øîÞá÷àå@3C:32%-/2 æ [--3 -3C:32%-/2,3+,1232 :;%,,32- 02% 414323+ 18 1::1&32-.; -1::3+ %& 41;1++3+ R@2544C[;32 æ 012 -2544C[;.+8 +3A32,- . 414323+ R*U9,3+,1232 æ -1 .+02%2TA3 ,3+,1232 012 A3-34-32.+8 %& C%4,jC .+ +.&[ . 414323+ R7 .&[C [;32 æ . 23¼/4,-%+43+ Rh-2TC .+8,C [;323 æ : ;%,,32- :[ 0TA39 Z 23¼/4,9 18 A3,-.;;%-,-2TC 18 4Q T;3&%++,,-2TC R
D .,,3 3;3C 3+-3+3 32 .443 ,42/AA 0%,- Z C 3+ ,.--32 0%,- . :%44.+83+ ,;.4 %- A3 .443 6 3&3832,38 R
* T&23 A3; %& 414323+ 32 A3- C1+-32- 3+ -2544C [;32 ,1C C[;32 1&32-25443- .++. 4143923+ R h.A3+ 23¼/4,-%+43+ . %+A23 3+A3+ %& 41;1++3+ 32 [: 3+ -.; ;/0- 6;.2 1&32-25443- ;.4-25440%;;3- 1&32 41;1++3+ ,[ ;3+83 4Q T;323+ .443 05 ;;3, C 3A 41+A3+,32- &e,43 R
P+ 4%:%,%-.& C [;3,-%& 32 C1+-32- . 23¼/4,-%+43+ 012 41+-.+/32;.8 +.&[C [;.+8 R * 414323+32 A3- :;%,,32- -1 1:-.,43 ,3+,1232 012 [ A3-34-323 C %4,.C/C,9 18 C .+.C/C,+.&[ R
@23 ,-2TC .+8,C [;323 32 62/4- 012 [ C [;3 0TA39 Z 23¼/4,9 18 A3,-.;;%-,-2TC R D3- 32 18,[ 3+,-2TC+.+8,C [;32 :[ 4Q T;3&%++,,-2TCC3+ R

� Á� Á� (�� Ã)�	���
�
g ;;3 :[A2%8,9 18 C [;3,.8+%; ,%C ;3, . 3- 416;.+8,,4%: C1+-32- . %::%2%-/22%CC3+ R i1&3A9,-2TCC3+ 32 -.;416;3- 416;.+8,,4%:3- R * ,4%:3- 32 A3- C 1+-32- B1&3A,.42.+8 18 ,.42.+832:[ B&32- 23;Ó Z Q 12A03.;625-32 18 23;Ó 012 [ ,42/ %& 18 :[ &%2C 33;3C 3+-3+3 18 A3,-.;;%-9 186/++:21A/4-:/C:3+3 R ][ ,4%:AT2% 32 A3- C1+-32- B1&3A625-32 18 625-32 012 23,.24/;%9,Q 1+,:/C:% R P+ +TA,-1:: 32 C 1+-32- . ,32.3 C 3A B1&3A,-2TCC3+ 0T2 416;.+8,,4%:3- R
V12 41CC/+.4%,Q 1+ C 3A A%-%C%,4.+ 18 :2182%C&%23 32 A3- 62/4- V.3;A:1.+- *jc C19A/;32 02% 7%-.1+%; *+,-2/C 3+-, R D3- 32 62/4- -23 *jc C1A/;32 æ %+%;18 .++ Z %+%;18 /- 183+ 2-A9C1A/; 012 -.;416;.+8 %& ]@9?FF 3;3C 3+-32 R g ;;3 C 1A/;3+3 B%2 [--3 4%+%;32 R D3 -23C1A/;3+3 32 416;3- -.; 3+ C %,-32C 1A/; ,1C 41CC/+.,3232 C 3A A%-%C%,4.+3+ &.% ,32.3;;9: 12-3+ R \1A/;3+3 32 C1+-32- . 416;.+8,,4%:3- R

¸ ³Å � LIµ»LaºyI
D3- 32 ,%-- 1:: -23 .+A23 238/;32.+8,,;T5032 R
U3¼/4,3+ 62/43, 012 [ 238/;323 -3C:32%-/23+ . C .A-3+ %& T&32,-3 41;1++3,34,Q 1+ R �1C9:1,.,Q 1+3+ %& A%C:3+ &%2.3232 C 3A -3C:32%-/23+ Z 18 23¼/4,3+ 238/;3232 A32C 3A 41C9
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:1,.,Q 1+3+ C .A- . A3+ T&32,-3 41;1++3,34,Q 1+3+ R 7 .&[3- . 23¼/4,-%+43+ 238/;323, C 3AA3,-.;;%-,-2TCC3+ 18 +.&[3- . 414323+ 238/;323, C 3A 6/++:21A/4-,-2TC 3+ R
P+ 5-23 238/;32.+8,,;T503 238/;3232 41C:1,.,Q 1+3+ %& 6/++:21A/4- 18 A3,-.;;%- R �1C:19,.,Q 1+3+ %& 6/++:21A/4-3- 18 A3,-.;;%-3- 3,-.C 323, 02% -3C:32%-/2C [;.+832 . 41;1++3+ RD .,,3 41C:1,.,Q 1+,3,-.C %-3+3 62/43, %& 3+ C1A3;;9:23A.4-.& 238/;%-12 ,1C 238+32 /- &%29C 3-.;0T2,3; -.; 414323+ 18 23032%+,3-3C:32%-/2 -.; A3+ .+A23 23¼/4,,;T50% Z 012 ,;.4 [ 238/;32341C:1,.,Q 1+3+ %& A3,-.;;%- 18 6/++:21A/4- R
�12- 1::,/CC32- 32 A3- -23 .+A23 ,;T5032 æ +.&[3- . 414323+ C 3A 6/++:21A/4- ,1C :[A2%8 Z+.&[3- . 23¼/4,-%+43+ C 3A A3,-.;;%- ,1C :[A2%8 18 -3C:32%-/23+ C .A- . T&23 ,34,Q 1+ C3A23¼/4, ,1C :[A2%8 R k-3+012 A3--3 32 3+ 5-23 ,;T503 B&12 3+ C:z9238/;%-12 238/;3232 41C9:1,.,Q 1+3+ %& A3,-.;;%- 18 6/++:21A/4- &3A [ 3+A23 414323¿34-3+ 18 23032%+,3-3C:32%-/2012 A3+ .+A23 -3C:32%-/2,;T50% R
*C:;3C 3+-32.+8 %& 238/;%-123+3 Z & .,/%;.,32.+8 %& C[;.+832 18 62/432823+,3,+.-- 32 8Q 12- .W%6X .3{ R \]^9%;812.-C3+ 32 ,423&3- . 3- C %-;%6,42.:- 18 4%;;3, &3A B&32- -.A,,42.-- 02%W%6X .3{ R

¸ ³� Ð`xxLyMJaLa

� Á� ÁÀ � )�ú� úÃ)�	 ) �������
P--32 [ B% :2T&34Q T2- 41;1++3+ &.,-3 A3- ,38 %- A3 .+02%2TA3 ,3+,123+3 012 C %4,.C/C ,918 C .+.C/C,+.&[ . 414323+ .443 4/++3 62/43, R D3 A3-34-32-3 1&32¼%-3+ %& &%++3- Z C 3+4/++3 .443 62/43, 012 [ ,3 1C +.&[3- &%2 1&32 3;;32 /+A32 ,3+,123+ R cC +.&[3- 012 34,3C:3;,-38 1:: 18 -%+832-3 C %4,.C/C,+.&[ 012 ,[ [ ,5+43 .8Q 3+ Z & .;;3 A3- .443 &e23 C/;.8 [ ,.+13 1C &e,43+.&[3- R
D3- 6;3 &/2A32- [ -.;,3--3 0%283,-1¿ -.; A3+ 0%283;T,3 C 3-%+1;j&%++96;%+A.+83+ R ]216;3C 3-C 3A A3 -.;,3-+.+8,,-1¿3+3 ,1C 6;3 &/2A32- &%2 %- A3 ,%--3 %& 0%283 Z 18 3--32 ;.-- -.A &.;;3414323+ 6;. ,[ 0%283- %- .29,3+,123+3 ;.43&3; .443 &.;;3 4/++3 ,4.;;3 C 3;;1C &e,43 18 ;/0- R*+A23 23+8Q T2.+8 %& 41432323+ 32 /:2%4-.,4 Z 41;1++3+ C [ A3C1+-323, 012 [ 41CC3 -.; A32B&12 .29,3+,123+3 32 C 1+-32- R
D3- B%2 6;.-- 6 3,-.;;- 3+ -2544C[;32 ,1C ,4%; 62/43, -.; +.&[C [;.+8 . 414323+ .,-3A3+ 012.29,3+,123+3 R D3--3 & .; 8. 41+-.+/32;.8 +.&[C [;.+8 Z 18 41432+.&[3- & .; 4/++3 238/;323, :[,%CC3 C [-3 ,1C . 23¼/4,-%+43+ R *++-.; -2544C[;323+ 41CC32 Z C [ 41432+.&[3- 238/;323,C %+/3;- R
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]/;,9623AA3 C1A/;32.+8 ½:{C ¾ 32 3+ &%+;.8 C [-3 [ ,-523 3- ,.8+%;, 8Q 3++1C ,+.--,&32A. R]/;,9623AA3 C1A/;32.+8 4%+ 8Q T23, . B%2A{%23 3;;32 . :2182%C&%23 Z 18 6;%+- %++3- 7%9-.1+%; *+,-2/C3+-, -.;652 :{C9C1A/;32 6;%+- ,.+3 V.3;A:1.+- :21A/4-32 R * ,-3A3- 012 [4Q T: 3 ,;.43 C 1A/;32 Z 6 ;3 A3- &%;8- [ .C:;3C 3+-323 :/;,9623AA3 C1A/;32.+8 . :2182%C&%23 RS3823+,+.+83+3 6;3 A% B&12 012- C %+ 4%+ 1::A%-323 /-8%+8,,.8+%;3+3 R D3+ 2%,43,-3 1::9A%-32.+8,B%,-.8B3-3+ -.; *jc9C1A/;3+3 32 B&32- -.A3;, ,34/+A Z 18 012 [ 0[ 3- -.;,-23443;.8%+-%;; + .&[32 6;3 : 32.1A3-.A3+ ,%-- -.; -1 ,34/+A Z ,1C 8.2 -Q /3 +.&[32 :[ /-8%+83+3 R V12 [4Q T23 &%2C 3;3C 3+-3+3 . 414323+ :[ B%;& 3¿34- Z ,-[2 A% 3;3C 3+-3+3 :[ . 3-- ,34/+A 18 %&. 3-- ,34/+A Z :[ . 3-- ,34/+A 18 %& . 3-- ,34/+A 1,& R
D5+%C .443+ -.; &%2C 3;3C 3+-3+3 32 2%,4 +14 -.; %- C %+ 4%+ ,3 3;3C 3+-3+3 ,42/, %& 18 :[ RD5+%C .443+ -.; 1::4143- 18 41;1++3+ 32 A32.C 1- &3,3+-;.8 ;%+8,1CC323 Z 18 ,&.+8+.+83+3. 414323¿34-3+ 32 .443 ,5+;.83 . -3C:32%-/2C [;.+83+3 R
h&.+8+.+83+3 32 -5A3;.8323 :[ A3,-.;;%-:/C:% Z ,1C 18,[ 32 :/;,9623AA3 C1A/;32- R D3,-.;;%-9,-2TCC3+ 6;.2 ,-[3+A3 [ :/;,323 Z C 3+ ,.A3+ A3,-.;;%-3- :/C:3, A.234-3 -.; A3,-.;;%--%+43+B%2 .443 A3--3 +13+ .++&.24+.+8 :[ ,5,-3C 3- R
cC A3- B%AA3 &e2- 3- :216;3C 4/++3 C%+ 62/4- 3+ -52.,-12 012 3¿34-,-52.+8 3;;32 3+-/2-%;;,-52- :/C:3 .,-3A3- 012 %&j:[ :/C:3+ ,1C 62/43, Z ,;.4 ,1C 012 0TA39 18 23¼/4,9
:/C:3+3 R P+ -/2-%;;,,-52- 41,-32 &3,3+-;.8 C 32 3++ 3+ %&j:[ :/C:3 ½%&j:[ :/C:3+3 ,1C62/43, 41,-32 z% R �FFF42j,-4 Z C 3+, A3 -/2-%;;,,-52-3 :/C:3+3 41,-32 z% R ?fFFF42j,-4 ¾ R D329012 B%2 A3- 6;.-- 62/4- %&j:[ :/C:3 18 :/;,9623AA3 C1A/;32.+8 :[ A3,-.;;%-3- R D3--3 3218,[ -3+4- 62/4- :[ 6/++:21A/4-3- +[2 +.&[C[;.+8 . 414323+ 6;.2 -.;8Q 3+83;.8 R
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VT2 A3 /;.43 ,3+,123+3 4%+ 62/43, C [ ,.8+%;3+3 02% ,3+,123+3 18 -.; %4-/%-123+3 Z -5:.,43- =9EFCg ,-2TC ,.8+%; 3;;32 012 ]@9 ?FF 3;3C 3+-3+3 3+ C1-,-%+A,&32A. Z 4%;.62323, 18 ,4%9;323, R @3C:32%-/2,3+,123+3 6;3 4%;.6232- . &%++9 18 .,6%A 18 3+ ;.+3e2 ,%CC3+B3+8 C 3;9;1C C[;- C 1-,-%+A 18 -3C:32%-/2 6;3 0/++3- &3A C .+,-3 4&%A2%-32, C 3-1A3 R ]/C:3+318 ,-2TC+.+8,C [;323+3 6;3 4%;.6232- &3A [ :/C:3 &e,43+ . 3- -.A,.+-32&%;; -.; 3+ C [;39,5 ;.+A32 18 62/43 3+ ;.+3e2 ,%CC3+B3+8 C3;;1C 8Q 3++1C ,+.--,-2TC+.+83+ 18 :[A2%8,9jC [;3,.8+%;3- R @2544C[;323+ 6;3 6%23 ,4%;32- &3A [ %+-% ;.+3e2 ,%CC3+B3+8 C3;;1C A3-1::8.--3 C [;31C 2[A3- :[ F9=FCS%2 18 =9EFCg ,-2TC ,.8+%;3- R g ;;3 ,4%;32.+8,0%4-123+3 328.-- . -.;;388 S Z -%6 3;; S RE R
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D3,-.;;%,Q 1+,,5,-3C- B%2 Y23 &%2.%6;3 ,1C C[ 238/;323, æ 7 .&[ . 414323+ Z +.&[ . 23¼/4,-%+943+ 18 41C:1,.,Q 1+ . 6/++3+ 18 -1::3+ %& 41;1++% R 7 .&[3- . 414323+ 238/;323, C %+/3;-C 3A 6/++:21A/4-:/C:% .++-.; + .&[C [;.+8 41CC32 :[ :;%,, R 7 .&[3- . 23¼/4,:/C:% 238/9;323, %& 3+ :21:12,Q 1+%;238/;%-12 C 3A A3,-.;;%-,-2TCC3+ ,1C :[A2%8 R P+ ]*9,;T503 238/9;3232 -3C:32%-/23+ . C .A-3+ %& T&32,-3 41;1++3,34,Q 1+ C 3A 23¼/4,,-2TCC3+ ,1C :[A2%8 R�1C:1,.,Q 1+3+ 238/;323, %& 3+ C1A3;;9:23A.4-.& 238/;%-12 . 3+ 5-23 238/;32.+8,,;T503 R D3-62/43, 3+ -1-%; 41+A3+,32 18 -25443- 6;.2 A32012 .443 3+ A.234-3 238/;326%2 &%2.%6 3; Z ,;.4A3- 4%+ &e23 . %+A23 A3,-.;;%,Q 1+,,5,-3C 32 R
D3--3 1::,3--3- 4%;;3, 3+ WX941+Y8/2%,Q 1+ ½23¼/4, W 18 1::414 X ,1C 02.3 &%2.%6;3¾ C 3A3+ .+A23 -3C:32%-/2,;T503 C 3A W ,1C :[A2%8 R

Å ³² �LxHLaJMµaaLIµ»LaºyI
i3+,.4-3+ C3A A3+ .+A23 -3C:32%-/2,;T50% 32 [ A3C:3 -3C:32%-/2,&.+8+.+832 . 41;1++3+ R *A3- [:+3 ,5,-3C 3- &.; -3C:32%-/2:21Y;3+ 6;. ,-[3+A3 [ ,&.+83 Z ,3;& C 3A 41+,-%+-3 :[A2%8 R@3C:32%-/2-.;6%43416;.+83+ 63823+,32 A3++3 ,&.+8+.+83+ 18 8Q T2 A3- ;3--323 [ 238/;323,5,-3C 3- C 3A \]^ R
@1 -.+8 4%+ 8Q T23 A3- &%+,43;.8 [ 416;3 \]^ A.234-3 :[ A3- [:+3 ,5,-3C 3- R ½?¾ D3- 32&%+,43;.8323 [ 0[ 3+ 81A C1A3;; %& A3- [:+3 ,5,-3C 3- 3++ A3- ,-%6.;.,32-3 ,5,-3C 3- 18½E¾ 3+ \]^ -23+832 +13 -.A :[ [ 238+3 /- A3- 1:-.C %;3 :[A2%83- R \ 3+, ]*9238/;%-123+6%23 6 3823+,3, %& ,%C:;.+8,0234&3+,3+ Z 6 3823+,3, 3+ \]^ %& 238+3-.A R ]*9,;T503+3 4%+A32C 3A 4Q T23, &3,3+-;.8 2%,4323 3++ C:z9,;T503+3 R D3- 32 18,[ 3+ ,.4432B3- . [ B% .+A23]*9,;T5032 :[ :;%,, 1C A3 5-23 ,;T503+3 ,4/;;3 0%;;3 /- %& 012,4Q 3;;.83 82/++32 R
X3A A3,.8+ %& A3+ .+A23 -3C:32%-/2,;T503+ 32 A3- -1 -.;8Q 3+83;.83 :[A2%8 Z 23¼/4,,-2TCC3+

??



�� ©������� � § ����� ��� ���������¡�¢��
18 1::4143- 02% 414323+ Z 18 ,Q / -3C:32%-/2C [;.+832 . 41;1++3+ R D3- 32 T+,43;.8 C 3A B/2-.8A5+%C .44 Z 18 A5+%C .443+ 02% 23¼/4,,-2TC -.; -3C:32%-/23+A2.+832 . T&32,-3 41;1++3,349,Q 1+ 32 2%,4323 3++ A3+ 02% 1::414 -.; -3C:32%-/23+A2.+832 . +3A32,-3 41;1++3,34,Q 1+½A3--3 32 .443 8.-- Z . C %+83 ,-T223 %+;388 32 A3- C 1-,%--¾ R D32012 &3;83, A3- [ 238/;323-3C:32%-/23+ . T&32,-3 41;1++3,34,Q 1+ C3A 23¼/4,,-2TCC3+ ,1C :[A2%8 R
@3C:32%-/23+ T&32,- . 41;1++% 32 ;.-3 ,3+,.-.& -.; 3+A2.+832 . 23¼/4,,-2TC 3+ R \3-%+1;41+9,3+-2%,Q 1+3+ ½18 A32C 3A -3C:32%-/23+ ¾ . -1::3+ &.; &%2.323 ;.-3 Z 18 0T2,- 3--32 +13 -.A Z ,3;&1C 23¼/4,,-2TCC3+ &%2.3232 23;%-.&- C53 R @3C:32%-/23+ ,&.+832 C 32 ;3+832 +3A . 41;1+9+3+ Z 18 A32012 62/43, 3+ -3C:32%-/2,3+,12 :;%,,32- 1C-23+- C .A- . T&32,-3 41;1++3,34,Q 1+,1C -.;6%43416;.+8 -.; ]*9238/;%-123+ R
h5,-3C 3-, 012,-324+.+8 C3;;1C 23¼/4,,-2TC 18 -3C:32%-/2 &%2.3232 &3A /;.43 A2.0-,6 3-.+983;,32 R D3- &.; ,. %- 3+ ]*9238/;%-12 ,1C 32 .++,-.;- 012 Z 18 B%2 3+ 62/46%2 23,:1+, &3A ,C [%&&.4 02% 3+ 23032%+,3-3C:32%-/2 :[ 012 34,3C:3; <F◦^ Z & .; B% 012 ,-12 012,-324+.+8 &3A,C [ %&& .4 02% 3+ 23032%+,3-3C:32%-/2 :[ <f◦^ R D3--3 ,4%:32 ,-123 ,&.+8+.+832 18 A[2;.8238/;%-125-3;,3 1C A3- .443 41C:3+,323, 012 R
* ½h4183,-%A 18 \12%2. Z ?>��¾ 18 ½\3Q A3;; 18 h4183,-%A Z ?>> ?¾ 32 A3- & .,- B&12A%+ A3+;18%2.-C .,43 -2%+,012C %,Q 1+3+

Lθi = ln

(
θi − TL

TH − θi

)
,

½� R?¾

A3C:32 A2.0-,6 3-.+83;,3+3, :[&.24+.+8 :[ 012,-324+.+83+ R i32 32 θi

C[;- -3C:32%-/2 Z TL

324143:/+4-3- -.; A3+ ;3--3 41C:1+3+-3+ ½C 3-%+1;¾ 18 TH

4143:/+4-32 -.; A3+ -/+83 41C:19+3+-3+ ½&%++¾ R Lθi

4%;;3, A3+ ;18%2.-C .,43 -3C:32%-/23+ R * -.;;388 g 32 A3- 8.-- 3+ /-;3A+.+8%& A3+ ;.+3%2.,323+A3 3¿34-3+ -.; A3++3 ;18%2.-C .,43 -2%+,012C %,Q 1+3+ R @2%+,012C %,Q 1+3+62/43, . A3+ .+A23 -3C:32%-/2,;T50% Z 18 ]*9238/;%-123+ 238/;3232 A3+ ;18%2.-C .,43 -3C:392%-/23+ R
* Y8/2 � R? 32 23,:1+,3+ -.; A3+ 238/;32-3 -3C:32%-/23+ &.,- &3A ,:2%+8 %& /;.43 ,-T223;,32 .23032%+,3-3C:32%-/23+ R U38/;%-12:%2%C3-323 32 8.-- . -.;;388 S Z -%6 3;; S R� R U3,:1+,3+ &.9,32 %- -3C:32%-/2,;T503+ 32 /+A32A3C:3- &3A ,-123 ,:2%+8 Z C 3+, &3A C .+A23 ,:2%+8 2/+A-
73◦C

32 -2%+,.3+-3+ 412-323 18 C .+A23 . &32A. R D3+ ;18%2.-C .,43 -3C:32%-/2-2%+,012C %9,Q 1+3+ 32 .443 3+ 34,%4- ;.+3%2.,32.+8 Z C 3+ 3+ -.;+e2C .+8 R S ;%+- %++3- %+-%, 41+,-%+-23;%-.& ¼54-.8B3- . /-;3A+.+83+ Z 18 A3--3 32 .443 -.;03;;3 012 C 3-%+1; 18 &%++ R D3- &.; ,. %-&3A ,-123 ,:2%+8 6;.2 / ;.+3e23 3¿34-32 C 32 8Q 3;A3+A3 Z ,1C 32 C 3A :[ [ 0124;%23 012,4Q 3;;3+. 23,:1+,3+3 &3A ,-123 18 ,C [ ,:2%+8 R W.43&3; 4/++3 +14 -2%+,.3+-3+3 &e2- C 32 A3C:3-C 3A %+A23 &32A.32 012 238/;%-12:%2%C3-323+3 R
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t3
ô � àîòåöóóàá îÞáã à � ßøîò òàßüàåðòöå � âòÞü�îàò îÞáã à � åà�àåðáâàòàßüàåðòöå ô

Å ³¸ � ºK�aLIµ»LaºyI
* 23¼/4,-%+43+ 238/;323, +.&[3- &3A [ :/C:3 /- A3,-.;;%- R 7 .&[3- B%2 .+83+ .++& .24+.+8:[ 5-3;,3+ -.; ,5,-3C 3- Z C 3+ C[ 238/;323, 012 [ /++8[ 1&3205 ;;.+8 %& -%+43+ R * ,5,-3C 32B&12 A3,-.;;%-3- ,3+A3, & .A323 -.; %+A23 :21,3,,3+B3-32 4%+ A3- &e23 T+,43;.8 C 3A 3+ Q 3&+A3,-.;;%-,-2TC /-3+ :/;,32.+832 R D3--3 32 .443 &.4-.8 B32 Z B&12 A3,-.;;%-3- :/C:3, A.234-3-.; 3+ 1::,%C ;.+8,-%+4 R U38/;32.+8,:216;3C 3- 32 C 3A %+A23 12A 3+43;- 18 ,-.;;32 .+83+%+A23 42%& -.; 5-3;,3 3++ [ /++8[ 1&3205 ;;.+8 R
V12 +.&[238/;32.+8 62/43, 3+ :21:12,Q 1+%;238/;%-12 Z 18 23032%+,3+.&[3- B1;A3, 41+,-%+- RU3¼/4,-%+43+ B%2 3- ,-12- &1;/C ½z% EW ¾Z A32012 6T2 23032%+,3+.&[3- B1;A3, ;%&- 012 [/++8[ ;%+83 -.A,41+,-%+-32 012 /-,4.0-+ .+8 %& &e,43+ . -%+43+ R
�14323+ B%2 .+83+ +.&[C [;.+8 Z 18 238/;323, A32012 C %+/3;- &3A [ ,-%2-3j,-1::3 6/++:219A/4-:/C:% R





Kapittel 4
|�¯}Ì °� Ç¯É°}± ËÊ �Î}ËÏ °ÇÈ Ï��¯��

D3- -23+8, 3+ A5+%C .,4 C1A3;; %& ,5,-3C 3- 012 62/4 . A3+ C1A3;;9:23A.4-.&3 238/;%-123+ Ri32 6 3,42.&3, A3- B&12A%+ 3+ A5+%C .,4 C1A3;; %& A3,-.;;%,Q 1+,,5,-3C 3- 6;3 0/++3- 34,9: 32.C 3+-3;- &3A BQ 3;: %& ,5,-3C .A3+-.Y4%,Q 1+ R VT2,- A3Y+323, .++9 18 /-8%+832 R D323--32& .,3, A3- B&12A%+ ,5,-3C 3- 6;3 34,.-32- 012 [ 0[ .++8%+8,9 18 /-8%+8,A%-% 012 .A3+-.Y,392.+8 %& C1A3;;3+ R D3+ .A3+-.Y,32-3 C1A3;;3+ 6;.2 :23,3+-32- 18 A.,4/-32- R V12 3+ 82/+A.88Q 3++1C8%+8 %& ,5,-3C .A3+-.Y,32.+8 & .,3, -.; ½WQ /+8 Z ?>>>¾ R

� ³² ùyy� `I µMIJyILa
*++8%+83+3 -.; ,5,-3C 3- ,1C C1A3;;323, 32 414323¿34- 18 23032%+,3-3C:32%-/2 -.; A3+ .+A23-3C:32%-/2,;T50% ½,3 %&,+.-- E R�¾ R VTA32%-3+ .+4;/A323, ,1C 3+ 4Q 3+- 012,-5223;,3 R
\]^9238/;%-123+ 62/43, 012 [ 238/;323 -1 /-8%+832 Z 41C:1,.,Q 1+ %& A3,-.;;%- 18 41C:1,.9,Q 1+ %& 6/++:21A/4- R D .,,3 /-8%+83+3 C [;3, .443 A.234-3 Z C 3+ 3,-.C 323, 02% -3C:32%-/29C [;.+832 R ][ ,%CC3 C [-3 ,1C 012 A3+ .+A23 -3C:32%-/2,;T50% Z 18 ,1C %+630%;- . ½\ 3Q A3;;18 h4183,-%A Z ?>> ?¾ 62/43, ;18%2.-C .,4 -2%+,012C 32-3 -3C:32%-/232 ,1C /-8%+832 R �1C 9:1,.,Q 1+,3,-.C %-3- 32 -.;+e2C3- ;.+3e2- . A3 ;18%2.-C .,4 -2%+,012C 32-3 -3C:32%-/23+3 18238/;32.+83+ 6;.2 C .+A23 %&B3+8.8 %& A2.0-,-.;,-%+A32 R h1C 238/;32-3 /-8%+832 62/43, A38Q 3++1C ,+.--3;.83 ;18%2.-C .,43 -3C:32%-/23+3 Lθt

18
Lθb

B&12

Lθt =
1

3

3∑

i=1

ln

(
θi − TL

TH − θi

) ½= R?¾

Lθb =
1

2

2∑

i=1

ln

(
θi − TL

TH − θi

)
.

½= RE¾

?f
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Lθt

18
Lθb

32 /-8%+83+3 012 B3+B1;A,& ., -1::,34,Q 1+3+ 18 6/++,34,Q 1+3+ %& 41;1++3+ R
θi

Z
TL

18
TH

32 ,1C 0T2 B3+B1;A,&., -3C:32%-/2C [;.+8 i
Z 4143:/+4-3- -.; C 3-%+1; 184143:/+4-3- -.; &%++ R

D3- 32 Y23 -3C:32%-/2,3+,1232 . A3+ T&32,-3 41;1++3,34,Q 1+3+ Z 012 Lθt

62/43, A3 -23 +39A32,-3 %& A.,,3 ,1C θi

R * A3+ +3A23 41;1++3,34,Q 1+3+ 32 A3- -23 -3C:32%-/2,3+,1232 R D3+T&32,-3 %& A.,,3 32 .443 8/+,-.8 [ 62/43 ,.A3+ A3+ :[&.243, C53 %& /+A324Q T;- 0TA3 ,1C:/C:3, .++ R D32012 32 A3- 012 Lθb

6%23 A3 -1 +3A32,-3 41;1++3-3C:32%-/23+3 ,1C 62/43, R
�143:/+4-3+3 TL

18
TH

32 %&B3+8.83 %& -25443- . 41;1++3+ R V12 [ 0[ -25449412.832.+862/43, A3+ C [;-3 -3C:32%-/23+ T&32,- . 41;1++3+ ,1C TL

R
@3C:32%-/23+ . 414323+ C[;3, C 3A 3+ %++3+ -5:3 -3C:32%-/2,3+,12 3++ A3 T&2.83 -3C:392%-/23+3 Z 18 B%2 C 32 ,-T5R D32012 62/43, .,-3A3+ 3+ 41+,-%+- TH = 100◦

^ R D3--3 B%2 ;.-3+.++&.24+.+8 :[ Lθt

B&12 -3C:32%-/23+3 ;.8832 +e2 TL

Z C 3+,
Lθb

0[2 C .+A23 4122.832.+8012 -2544&%2.%,Q 1+32 R D3--3 &.; C 3A0T23 %- A3+ ,-%,Q 1+e23 /-8%+83+ +3A32,- . 41;1++3+ &.;4/++3 &%2.323 +13 %&B3+8.8 %& 1C A3- 32 ;%&9 3;;32 BT5-2544 R P- %++3- %;-32+%-.& &.;;3&e2- [ 62/43 -3C:32%-/23+ +3A32,- . 41;1++3+ ,1C TH

Z C 3+ A% &.;;3 A3- &e2- 4/+ 3+-3C:32%-/2,3+,12 -.;6%43 Z 18 C %+ &.;;3 C .,-3- A3+ ,-T523A/,323+A3 3¿34-3+ %& [ -% 3-8Q 3++1C ,+.-- R

� ³¸ ùyy�LyMºyI JK bJMJ

D%-% 6;3 ,%C ;3- &3A [ 4Q T23 ,5,-3C 3- ,%CC3+B3+83+A3 . z% � -.C 32 R h5,-3C 3- 6;3 0T2,-4Q T2- -.; 3+ ;.43&34-,:1,.,Q 1+ ½3;;32 ,[ +e2C3 A3- &%2 C/;.8 [ 41CC3¾ R D323--32 6;3 A3 -23.++8%+83+3 : 32-/26 32- 3+ 3--32 3+ &3A [ 62/43 3- ]US9,.8+%; ½],3/A1 U%+A1C S.+%25h.8+%;¾ R P- ]US9,.8+%; &34,;32 C 3;;1C +
k 18

−
k C3A ,%++,5+;.8B3- : &3A B&32- -.A,9,42.-- R X3A [ ,3--3 : -.;,-23443;.8 ;%& Z B1;A3, :[A2%83- 41+,-%+- ;3+83 +14 -.; %- C %+ 4%+ ,3A3+ ,-%,Q 1+e23 3¿34-3+ %& :[A2%83- :[ C [;.+83+3 R g ;;3 .++8%+83+3 6;3 : 32-/26 32- 6[A3.+A.& .A/3;- 18 ,%C-.A.8 C 3A /;.43 %C:;.-/A32 k R h1C 3- 34,3C:3; :[ ]US9,.8+%; 32 A3-. Y8/2 = R? &.,- B&12A%+ ∆t3ref = u1

Z : 32-/26 32.+83+ . 23032%+,3-3C:32%-/2 Z &%2.3232 1&32-.A R * A3 1C 2[A3+3 B&12 u1

32 +/;; Z 34,.-323, %+A23 .++8%+832 R

� ³Å ùbLyMº� OLaºyI JK x`bL»»

h5,-3C 3- ,1C ,4%; C1A3;;323, B%2 -1 .++8%+832 � 414323¿34- 18 23032%+,3-3C:32%-/2 Z 18-1 /-8%+832 � ;18 -3C:32%-/2 . -1::3+ 18 6/++3+ %& 41;1++3+ R * -.;;388 -%, 0TA32%-3+ C3A,1C 3+ 4Q 3+- 012,-5223;,3 R D3--3 ,4%; -.;:%,,3, 3+ -2%+,0320/+4,Q 1+C1A3;;
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u1

�åöóò ñàï ÞïàáòÞ âàåÞá÷ ô

[
y1

y2

]

︸︷︷︸
y

=

[
h11(s) h12(s)
h21(s) h22(s)

]

︸ ︷︷ ︸
H(s)

[
u1

u2

]

︸︷︷︸
u

+

[
g1d(s)
g2d(s)

]

︸ ︷︷ ︸
G(s)

d,
½= R�¾

B&12 hij

18
gij

32 -2%+,0320/+4,Q 1+32 %& ;%& 12A3+ C3A -.A,012,.+43;,3 R
P+ C/;.8 -.;:%,+.+8 %& A%-% -.; C 1A3;;3+ 1&3+012 32 [ C .+.C%;.,323 3,-.C 32.+8,%&&.43-

min
η

{∫ tf

t=0

‖y(τ) − y∗(τ)‖dτ

} ½= R=¾
C 3A B3+,5+ -.; ,5,-3C ;.8+.+83+ ½= R�¾ R i32

η
32 3+ &34-12 C 3A %;;3 /4Q 3+-3 :%2%C 3-323 .,5,-3C ;.8+.+83+ Z

y∗ 32 A3 C [;-3 /-8%+83+3 18 u
18

d
32 4Q 3+- R

][ 82/++ %& A3+ .443 2%,Q 1+%;3 -.A,012,.+43;,3+ . hij

18
gij

32 A3--3 3- /;.+3e2- 1:-.C %9;.,32.+8,:216;3C R P+ -.;+e2C .+8 32 [ %::214,.C 323 -.A,012,.+43;,3+3 &3A [ 62/43 ]%AÓ9%::214,.C %,Q 1+32 R \ %-;%6 B%2 18,[ 0/+4,Q 1+32 012 [ ;T,3 /;.+3e23 1:-.C %;.,32.+8,:216;32C 3A 63-.+83;,32 R
h5,-3C *A3+-.Yz%-.1+ @11;61Ò ½&32,Q 1+ � RF R?¾ ,423&3- %& W3++%2- WQ /+8 B%2 C/;.8B3- 012[ -.;:%,,3 :21,3,,C1A3;;32 C 3A -.A,012,.+43;,3 -.; .++8%+8,9 18 /-8%+8,A%-% R S2/4323+ C [1::8. B&12 C %+83 :1;32 18 +/;;:/+4- C1A3;;3+ ,4%; B% Z 18 3+ T&23 823+,3 :[ -.A,012,.+43;9,3+ R D323--32 ;T,3, 3+ 34&.&%;3+- %& :216;3C 3- . ½= R=¾ 8.-- ,%C:;3A3 .++9 18 /-8%+8,A%-%18 A3 +3&+-3 :%2%C3-323+3 R D3++3 023C8%+8,C [-3+ 6;3 &%;8- Z :[ 82/++ %& ,.+ 3+43;B3- Z+[2 ,5,-3C 3- ,4/;;3 .A3+-.Y,323, R
D3+ -.;:%,,3A3 :21,3,,C1A3;;3+ 02% h5,-3C *A3+-.Yz%-.1+ @11;61Ò 6;3

[
y1

y2

]
=

[
0.07(1+86.2s)e−8s

1+2·0.51·51.4s+(51.4s)2
0.96(1+242.5s)e−18s

1+2·0.69·67.1s+(67.1s)2

0.0046(1+418.3s)e−46s

1+2·0.49·47.8s+(47.8s)2
5.3e−2s

1+2·3.2·13.0s+(13.0s)2

] [
u1

u2

]
+

[
−0.51(1+174.0s)e−6s

1+2·0.71·72.2s+(72.2s)2
−1.1

1+100.7s

]
d.

½= Rf¾
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g ;;3 &%2.%6;3 32 %&&.4,&%2.%6;3 Z y1 = ∆Lθt

18
y2 = ∆Lθb

Z
u1 = ∆t3ref

Z
u2
32 %&&.4 . :[A2%8-.; &%2C 33;3C 3+-3+3 18 d %&&.4 . 0TA32%-3+ R @ .A,012,.+43;,3+3 32 .443 34,%4-3 Z C 3+ A3-&.2432 2.C 3;.8 %- 012,.+43;,3+ :[ A.%81+%;3;3C 3+-3+3 32 412-323 3++ :[ 425,,3;3C 3+-3+3 R@ .A,012,.+43;,3+ :[ =� ,34/+A 02% 3+A2.+8 . 23¼/4, u1

-.; 3+A2.+8 . 6/++3+ %& 41;1++% y2&.2432 A32.C 1- /23%;.,-.,4 ,-12 R V12,-324+.+83+ C3;;1C u1

18
y2

32 ;.43&3; ,[ ;.-3+ %- A3--3.443 &.; B% +13+ ,-12 .++&.24+.+8 R
V .8/2 = RE &.,32 B&12A%+ C1A3;;3+ 0T;832 A3- &.243;.83 ,5,-3C 3- Z Y8/2 = R� & .,32 C1A3;;3+,,:2%+823,:1+,32 R
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@.;:%,+.+83+ 012 y1

-.; A3 C [;-3 A%-%3+3 32 ,-12 ,3-- 32 62% Z C 3+ A5+%C .443+ 32 . 3+43;-3-.;03;;32 012 C53 A3C:3- R * : 32.1A3+ 02% EFF C .+/--32 -.; �<F C .+/--32 6;.2 A3 ,-T2,-3-2%+,.3+-3+3 A3C:3- &344 Z 18 . 3- :%2 -.;03;;32 32 A3- 3- ,-%,Q 1+e2- %&&.4 R P+A2.+83+3 .414323¿34-3+ &%2 B32 ,-123 Z 18 A3- &.,-3 ,38 %- A3+ .+A23 -3C:32%-/2,;T50% . +13+ -.;03;;32B%AA3 8[-- . C 3-+.+8 R S3883 A3;32 6.A2%2 -.; [ 3+A23 A5+%C .443+ 012 3+ :32.1A3 Z 18 4%+0124;%23 B&12012 -.;:%,+.+83+ 6;.2 A[2;.8323 R D3,,/-3+ &%2.323, . A3;32 %& A3++3 :32.1A3+-23 :[A2%8 ,%C-.A.8 Z A3- &.; ,. %- 03.;3+ . %;;3 -2%+,0320/+4,Q 1+3+3 ,/CC323, 1:: R D3-&.243;.83 ,5,-3C 3- 32 18,[ /;.+3e2- Z 18 ,3;& 1C A3 ;18%2.-C .,43 -2%+,012C %,Q 1+3+3 &.2432;.+3%2.,323+A3 Z 3+A23, ,5,-3C 3-, A5+%C .44 &3A ,-123 ,:2%+8 R
\1A3;;3+ 012

y2

0T;832 C [;.+83+3 A[2;.8323 R çQ 3++1C B3;3 012;T: 3- 32 A3- ,-%,Q 1+e23 %&9&.4 R h%++,5+;.8&., &%2 .443 ,5,-3C 3- B3;- . ;.43&34- 0T2 012,T43- ,-%2-3- R cC C%+ 4.4432+e2C 323 3--32 ,32 C %+ %- A3+ -.;:%,,3A3 /-8%+83+ 0T2,- ;.8832 /+A32 A3+ C [;-3 /-8%+83+ .EFF C .+/-- Z A323--32 ;.8832 A3+ 1&32 /-8%+83+ . +53 ?<F C .+/-- Z 0T2 3,-.C %-3- ;.8832 /+A32. 23,-3+ %& 012,T43- R D3- & .; ,. %- .A3+-.Y,32.+83+ B%2 C .+.C%;.,32- 8Q 3++1C ,+.--%,%&&.43- RD3- ,1C &3A 0T2,-3 T534%,- ,32 /- ,1C 3- ,-12- C 1A3;;32.+8,%&&.4 . : 32.1A3+ EFF -.; �<FC .+/-- Z 012,-3243, %& %- .A3+-.Y,32.+8,%;812.-C 3+ 18,[ :2T&32 [ C .+.C%;.,323 8Q 3++1C9,+.--,%&&.43- R * 3--32-.A 6/2A3 A3 0T2,-3 03C-. C .+/--3+3 %& 012,T43- .443 &e2- 62/4- &3A.A3+-.Y,32.+83+ R
D .,,3 %&&.43+3 32 /T+,43- Z C 3+ C1A3;;3+ ,4%; 62/43, . 3+ C1A3;;9:23A.4-.& 238/;%-12 18 6;.2A32 1::A%-32- C 3A +53 C[;.+832 &3A B&32- -.A,,42.-- R h-%,Q 1+e23 %&&.4 %& -5:3+ 1&3+0120Q 32+3, %& -.;6%43416;.+83+ 02% C [;.+832 18 .+-382%;& .24+.+8 R U38/;%-125-3;,3+ 6;.2 A32.C 1-6 3A23 C 3A 3+ 81A -2%+,.3+- C1A3;; R 7[2 ,5,-3C 3- 32 ,[ /+A32A3C:3- ,1C A%-%3+3 &.,32 Z& .; 3+ C1A3;;:23A.4-.& 238/;%-12 4/++3 62/43 :[A2%83- -.; [ A3C:3 /- ,&.+8+.+83+3 C532%,4323 Z A32,1C A3+ 1,z.;;323+A3 A5+%C .443+ 32 4Q 3+- R
V12 [ &32.Y,323 C 1A3;;3+ 5--32;.8323 C [ C1A3;;/-8%+83+3 ,%CC3;.8+3, C 3A 3- &32.Y,392.+8,,3-- ,1C .443 32 62/4- . .A3+-.Y,32.+83+ R D3--3 32 .443 8Q 12- R

� ³* Ð`xxLyMJaLa

� Á+ ÁÀ ,Ä���)-���)�	 
� Ä�� ú��� �.���� ��
D3- 6;3 012,T4- [ .A3+-.Y,323 ,5,-3C 3- /-3+ 3+ .+A23 -3C:32%-/2,;T503 &3A [ ,3--3 :[ ,:2%+8%& /;.4 ,-T223;,3 18 &%2.8B3- :[ 414323¿34-3+ 18 23¼/4,:/C:% Z C 3+ A3++3 023C 8%+8,C [-3+0T2-3 .443 023C R k-8%+83+3 6;3 ,-[3+A3 [ ,&.+83 /-3+ 41CC3 -.; +13+ ,-%,Q 1+e23 &32A.32 Z18 3+ -.;:%,+.+8 %& 3+ 0T2,-39 3;;32 %+A2312A3+,C1A3;; C 3A ATA-.A -.; A%-% 02% 3- 012,T4 Z:%,,3- 1&32B1A3- .443 -.; 3- &32.Y,32.+8,,3-- C 3A A%-% 02% 3- %++3- 012,T4 R g- A3- .443
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;5443, 1,, [ .A3+-.Y,323 A3- [:+3 ,5,-3C 3- 6 3-52 .443 %- A3--3 .443 32 C/;.8 Z C 3+ A3- &.;;3-21;.8 &e23 &3,3+-;.8 ;3--323 [ -.;:%,,3 A%-% -.; 3+ :%2%C3-2.,32- C1A3;; /-;3A3- 02% 05,.,43:2.+,.:: 32 R
D3+ 1,z.;;323+A3 1::0T2,3;3+ 6;3 . ,-12 82%A A3C:3- 612- %& A3+ .+A23 -3C:32%-/2,;T50% Z18 8Q 12A3 A3- C/;.8 [ 62/43 ;%&323 12A3+, C1A3;;32 . .A3+-.Y,32.+83+ R D3- 32 ;.43&3; 3+A3;1,z.;;32.+832 Z ,: 3,.3;- &3A ,-123 ,:2%+8 Z 18 C 1A3;;3+ 4/++3 6;.-- 6 3A23 &3A 3+ C .+A23%823,,.& -/+.+8 %& A3+ .+A23 -3C:32%-/2,;T50% R

� Á+ Á� /
Ã	 
� �úÄ�
	��)	�
Ã
h5,-3C 3- C [ 4Q T23, ;3+83 012 [ ,%C ;3 +14 A%-% R *++,&.+8+.+8,,-.A32 &3A :32-/26 32.+832. A3 /;.43 .++8%+83+3 32 :[ 2/+A- ?F -.; ?f C .+/-- Z 18 012 [ ,%C ;3 +14 A%-% -.; [ 0[ 3+62/46%2 \ *\c9C1A3;; C [ ,5,-3C 3- 4Q T23, . ¼323 -.C 32 +[2 A3- 6%23 62/43, ,:2%+8 :[.++8%+83+3 R
e23 /-8%+8,&32A.32 Z +13 ,1C10-3 32 -.;,-23443;.8 R D3--3 012/-,3--32 +%-/2;.8&., %- ,5,-3C 3- 32 ,-%6.;- 18 B3;;32 .443 ,[1,z.;;%-12.,4 %- ,:2%+8 . .++8%+83+3 32 &%+,43;.8 [ Y++3 .8Q 3+ . /-8%+83+3 R V12 [ /++8[ [34,.-323 BT50234&3+-3 A3;32 %& ,: 34-323- 32 A3- 18,[ C/;.8 [ ;%&:%,,Y;-323 ,:2%+83+3 :[.++8%+83+3 R

� Á+ Á� 0 �Ä�ÃÃ��Ä��
@.;:%,,.+8 %& C1A3;;32 -.; C [;-3 A%-% 32 3+ .-32%-.& :21,3,, R VT2,- 6;3 A3- 012,T4- [ -.;:%,,30T2,-312A3+, C 1A3;;32 C 3A ATA-.A Z C 3+ A3--3 8% ,&e2- A[2;.83 23,/;-%-32 012 A3 ¼3,-3.++8%+8,j/-8%+8,:%23+3 R D32012 6;3 C1A3;;12A3+3+ T4- 18 3- %+A2312A3+, /+A32A3C:3-,5,-3C C3A 3-- +/;;:/+4- 8% &3,3+-;.8 6 3A23 -2%+,.3+-3 012;T: R U3,:1+,3+ -.; -3C:32%-/23+. +3A23 A3; %& 41;1++3+ &3A 3+A2.+832 . 0TA32%-3+ B%AA3 ,[ ;.-3 1,z.;;32.+832 %- 3+ 0T2,-312A3+, C 1A3;; 6;3 &%;8- C 3;;1C d

18
y2

R





Kapittel 5
1��¯��23É¯�°ÈÌ °Ê É¯±� �¯É°}±

h5,-3C 3- ,1C 6;3 C1A3;;32- . 4%:.--3; = 6;.2 238/;32- %& 3+ \]^9238/;%-12 R i32 6 3,42.&3,012C/;32.+83+ %& 1:-.C %;.,32.+8,:216;3C 3- 18 3- /-&%;8 ,.C/;32.+8,23,/;-%-32 :23,3+-323, RD323--32 & .,3, A3- B&12A%+ 238/;%-123+ 03.;32 :[ A3- & .243;.83 ,5,-3C 3- 18 23,/;-%-3+341CC3+-323, R

* ³² _aJ MaJyO¶La¶µyNO)`y Mº» Mº»OMJybOa`x ¶`axµ»LaºyI
D3+ ;.+3e23 -2%+,0320/+4,Q 1+,C %-2.,3+ 02% ,5,-3C .A3+-.Y,32.+83+ A.,423-.,323, C 3A 3- +/;;-3912A3+, B1;A 3;3C 3+- 18 ,%C:;.+8,.+-32&%;; :[ -1 ,34/+A32 18 ,42.&3, :[ 3+ C .+.C%; -.;9,-%+A,21C 012C R D3--3 8.2 3- ,-%6.;- ,5,-3C C3A => -.;,-%+A32 R V12 [ 23A/,323 C1A3;;12A39+3+ 6%;%+,323, 23%;.,%,Q 1+3+ 18 %;;3 -.;,-%+A32 C 3A ;.-3+ .++&.24+.+8 0Q 32+3, 02% ,5,-3C ;.89+.+83+3 R \1A3;;6%;%+,32.+8 18 923A/4,Q 1+ 32 6 3,423&3- ¼323 ,-3A32 Z 6 ; R% R . ½\1123 Z ?>� ?¾ R\ %-;%60/+4,Q 1+3+3 456786 18 9 :;78; . ^1+-21; h5,-3C @11;6 1Ò 6;3 62/4- 012 6%;%+,392.+8 18 C1A3;;23A/4,Q 1+ R D3- 23A/,32-3 ,5,-3C 3- B%2 ?< -.;,-%+A32 18 23,:1+, -.;+e2C3-.A3+-.,4 A3- .443923A/,32-3 ,5,-3C 3- R
@ .;,-%+A,21CC1A3;;3+

xk+1 = axk + buk + bddk

yk = cxk

½f R?¾

B&12 -.;,-%+A3+3 xk ∈ R
17 Z :[A2%83+3 uk ∈ R

2 Z A3+ 4Q 3+-3 012,-5223;,3+3 . 0TA32%-3 dk ∈ R
1 Z/-8%+83+3 yk ∈ R

2 18 C%-2.,3+3 a
Z
b
Z
bd

18
c
32 %& :%,,3+A3 A.C 3+,Q 1+32 Z 4%+ 1C 012C/;323,C 3A :[A2%8,3+A2.+832 ,1C 02.3 &%2.%6;3

E�
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χk+1 =

[
xk+1

uk

]
=

A︷ ︸︸ ︷[
a b
0 I

] [
xk

uk−1

]
+

B︷︸︸︷[
b
0

]
∆uk +

Bd︷︸︸︷[
bd

0

]
dk

yk =

C︷ ︸︸ ︷[
c 0

] [
xk

uk−1

]
.

½f RE¾

i32 32
∆uk = uk − uk−1

R D3++3 012C/;32.+83+ 32 B3+,.4-,C 3,,.8 012 [ 1:-.C %;.,323 :[:[A2%8,3+A2.+832 R c:-.C %;.,32.+8 :[ :[A2%8,3+A2.+832 32 8/+,-.8 %& -1 82/++32 Z ½?¾ C %+4%+ 23A/,323 6[+A623AA3+ -.; 238/;%-123+ 18 ,;.4 623C ,3 23,:1+,3+ -.; ,5,-3C 3- R \1A3;;3+,1C 62/43, . 3+ C:z9238/;%-12 32 %;;-.A 6 3A23 &3A ;%&3 0234&3+,32 Z 18 &3A [ 6%23 62/43;%&0234&3+-3 :[A2%8 34,.-323, .443 .4439C1A3;;32-3 A3;32 %& ,5,-3C 3- R ½E¾ D3- .+-21A/,323,.+-382%;& .24+.+8 R ][A2%8,3+A2.+83+3 ,4%; ,-%,Q 1+e2- &e23 ;.4 +/;; Z C 3+, :[A2%83- &%2.39232 %;- 3--32 B&% ,;%8, 012,-5223;,32 ,1C :[&.2432 ,5,-3C 3- R D32,1C C%+ .443 1::A%-323223032%+,3:[A2%83- &3A B&32- -.A,,42.-- 012 [ -% B3+,5+ -.; 012,-5223;,3+3 Z & .; C %+ 0[ 3- ,-%9,Q 1+e2- %&&.4 1C A3- 1:-.C %;.,323, A.234-3 :[ :[A2%83- R \ %+ C .+.C%;.,3232 A% %&&.43-C 3;;1C :[A2%8 18 3- 8%;- 23032%+,3:[A2%8 R D32,1C C%+ &3A B&32- -.A,,42.-- 238+32 /- +5--23032%+,3:[A2%8 4122.832- 012 C [;-3 18 3,-.C 32-3 012,-5223;,32 & .; .443 ½E¾ &e23 3- :216;3C R

* ³¸ < = > ¶`axµ»LaºyI
D3+ ;.+3e23 -.;,-%+A,21CC1A3;;3+ 32

χk+1 = Aχk + B∆uk + Bddk

yk = Cχk

½f R�¾

B&12 A3+ /-&.A3A3 C1A3;;3+ C3A :[A2%8,3+A2.+832 ,1C .++8%+8 62/43, R X3A -.A,,42.-- 4;T,3, 1:-.C %;.,32.+8,:216;3C 3-

min
∆U,ε

N−1∑

i=0

{
(χk+i − χref,∞)T Q(χk+i − χref,∞) + (∆uk+i − ∆uref,∞)T P (∆uk+i − ∆uref,∞)

}

+ (χk+N − χref,∞)T S(χk+N − χref,∞) + f(ε)
½f R=¾

C 3A B3+,5+ -.; -.;,-%+A,;.8+.+83+ . ½f R�¾ 18 63,42%+4+.+83+3
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uL ≤ uk+i ≤ uU

yk+i − εU ≤ yU

yk+i + εL ≥ yL

εU ≥ 0

εU ≥ 0

½f Rf¾

B&12 ∆U =
[
∆uT

k ∆uT
k+1 · · · ∆uT

k+N−1

]T 32 3+ &34-12 C 3A A3 1:-.C %;3 :[A2%8,3+A2.+983+3 1&32 B12.,1+-3+ N
R U3032%+,3&32A.3+3 %+-%, 41+,-%+-3 1&32 B3;3 B12.,1+-3+ R \ %-2.,3+

P
32 :1,.-.& A3Y+.-- Z C 3+, Q

32 :1,.-.& ,3C .A3Y+.-- R S 32 41,-+%A3+ 02% -.A N
18 023C1&32 Z18 6;.2 B32 0/++3- &3A [ ;T,3 A3+ A.,423-3 W5%:/+1& ;.8+.+83+

S = (A + BK)T S(A + BK) + Q
½f R�¾

B&12 � 32 A3+ ,-%,Q 1+e23 WA 91:-.C %;3 238/;%-123+ C3A Q
18

P
,1C &34-32 R S3,42%+49+.+83+3 32 B[+AB3&3- 023C -.; -.A,,42.--

N + j
Z B&12 A3- 02% N

-.;
N + j %+-%, -.;,-%+A,9-.;6%43416;.+8 C3A K

,1C 238/;%-12 ½∆uk = Kχk

¾ R D3+ /-&.A3A3 B12.,1+-3+ 32 -%-- C 3A012 [ 8%2%+-323 ;14%; ,-%6.;.-3- %& A3- ;/443A3 ,5,-3C 3- R P+ -.;,-23443;.8 ,-12 j
8%2%+-3232%- 6 3,42%+4+.+83+3 &.; &e23 C/;.83 1&32 3+ /3+A3;.8 B12.,1+- 1C A3 32 C/;.83 023C -.;

N + j
Z ,3 ½U%{ ;.+8, 18 \/,43 Z ?>>�¾ 012 A3-%;Q 32 R

V/+4,Q 1+3+
f(ε)

T432 16Q 34-0/+4,Q 1+3+ +[2 A3 C543 63,42%+4+.+83+3 012 /-8%+83+3 y
6;.262/-- Z 18

ε = [εT
U εT

L]T
32 3+ &34-12 C 3A l∞

9+12C 3+ %& 1&32-23A3;,3+ . B&32 6 3,42%+4+.+81&32 B3;3 B12.,1+-3+ R V/+4,Q 1+3+ f(ε)
B%2 3+ ;.+3e2 18 3+ 4&%A2%-.,4 41,-

f(ε) = εT Rε + rT ε
½f R<¾

B&12 C %-2.,3+ R
32 :1,.-.& A3Y+.-- 18 %;;3 3;3C 3+-3+3 . r

32 .4439+38%-.&3 R X3A [ 62/436[A3 4&%A2%-.,4 18 ;.+3e2 41,- Z 4%+ 41,-0/+4,Q 1+3+ 8Q T23, 34,%4- ½,;%z4&%2.%6;3+3 32 ;.4+/;; C 3A C .+A23 A3- 32 B3;- +TA&3+A.8 [ T43 A3C 012 [ Y++3 3+ ;T,+.+8¾ R h.A3+ \]^941,-0/+4,Q 1+3+3 &34-32 %6,1;/--&32A.3+ %& ,;%z4&%2.%6;3+3 4%+ 42.-32.3- ,3, :[ ,1C 3+
l1
41,-0/+4,Q 1+ R h-.8+.+83+ -.; 41,-0/+4,Q 1+3+ 32 A32012 A.,41+-.+/32;.8 . :/+4-3- B&12,;%z4&%2.%6;3+3 32 +/;; Z 18 4%+ 8Q T23, 34,%4- &3A ,-12 +14 r

R D3+ 4&%A2%-.,43 &34-3+ B%2.443 A3++3 383+,4%:3+ Z C 3+ 32 -%-- C 3A 012 [ &34-;3883 ,-123 ,;%z4&%2.%6;3 012B1;A,& ., C 323++ ,C [ ,;%z&%2.%6;3 R D3- 32 C/;.8 [ 238+3 /- 3+ +3A23 823+,3 :[ r
012 [ 8Q T23 42.-32.3-34,%4- Z . A3++3 1::8%&3+ 32 r

6%23 &%;8- ,-12 R V12 [ 0123+4;3 -/+.+83+ 4%+ r &3;83, ;.4 +/;;1C ,C[ %&&.4 . 6 3,42%+4+.+83+3 .443 32 ,[ &.4-.8 Z ,3;& 1C A3 4/++3 6;.-- /++8[-- R
V ;323 &%2.%+-32 Y++3, 012 &%;8 %& ,;%z4&%2.%6;3 18 41,-0/+4,Q 1+32 012 ,;%z4&%2.%6;3 R hz194%32- 18 U%{ ;.+8, ½?>>>¾ &.,32 B&12A%+ C%+ 4%+ B% 3-- ,3-- %& ,;%z4&%2.%6;3 012 B&32--.A,,42.-- 18 ,;.4 C .+.C%;.,323 l2

9+12C 3+ %& 1&32-23A3;,3+ . 6 3,42%+4+.+83+3 Z A&, R &349-3 6[A3 ,-T223;,3+ 18 &%2.8B3-3+ %& ,;%z4&%2.%6;3+3 R P+ 012A3; C 3A A3--3 32 C 32 .+-/.-.&



�¨ ©������� ¥ § ¦ �����§��������� ��� ������
-/+.+8 %& &34-C %-2.,3+3 R k ;3C:3+ 32 %- ,-T223;,3+ :[ :216;3C 3- T43, Z %+-%;; 02.B3-,82%9A32 T432 ;.+3e2- . B12.,1+-3+ N

1C C%+ B%2 3-- ,3-- ,;%z4&%2.%6;3 012 B&32- -.A,,42.-- R* .4439C .+.C/C 0%,3 ,5,-3C 32 4%+ /-8%+83+3 6;. ;.883+A3 :[ 63,42%+4+.+83+3 .,-3A3- 012[ 41+&328323 C 1- 23032%+,3+ ,.A3+ .+&32,23,:1+,3+ -& .+832 ,5,-3C 3- -.; [ 8[ /-3+012 6 39,42%+4+.+83+ 0T2 A3+ 4%+ 41&328323 C 1- 23032%+,3&32A.3+ R i1&A 18 S2%%-· ½EFF=¾ & .,32B&12A%+ -.A,%&B3+8.83 &34-C %-2.,32 C/;-.: ;.,32- C 3A l∞
,;%z4&%2.%6;3+3 ε

0Q 32+32 A3--3
:216;3C 3- R \1A3;;3+ %& A3,-.;;%,Q 1+,,5,-3C 3- B%2 .+83+ +/;;:/+4- . BT523 B%;&:;%+ 18A32012 62/43, .443 -.A,%&B3+8.83 &34-32 :[ ,;%z4&%2.%6;3+3 R \:z9012C/;32.+83+ 1&3+012 323;;32, 34& .&%;3+- C 3A A3+ -.; i1&A 18 S2%%-· ½EFF=¾ R
c:-.C %;.,32.+8,:216;3C 3- 6;3 1&320T2- -.; ,-%+A%2A A] 012C 012 [ 4/++3 ;T,3, %& BC5;D7:E. \ %-;%6 &3A [ 0T;83 23-+.+8,;.+Q 3+3 . ½i1&A Z EFF= Z 4%: R � RE¾ 18 -% B3+,5+ -.; Bd

Z 012,-3249+.+8,C %-2.,3+ 012 A3+ 4Q 3+-3 012,-5223;,3+ R X3A 0T2,-3 8%+8, 8Q 3++1C ;3,+.+8 &.243- .443A3- [ 012C/;323 :216;3C 3- :[ ,-%+A%2A012C -2.& .3;- Z C 3+ 3--32 [ B% 8Q 12- /-238+.+83+3 ,3;&3- :%2 8%+832 6;3 A3- 8%+,43 F23-- 023C G ,3;& 1C A3- .++36e232 C53 C %-2.,3C %+.:/;32.+8 R

* ³Å H OMºx LaºyI JK Mº»OMJybLa `I x`bL»»I ºJO
V12 [ 3,-.C 323 -.;,-%+A3+3 62/43, 3- �%;C %+Y;-32 R D3- .+4;/A323, 18,[ 3- ,:2%+8 :[ B&32/-8%+8 012 6.%,91::A%-32.+8 18 .+-382%;& .24+.+8 R D3+ ,-14%,-.,43 ,5,-3CC1A3;;3+ C3AC1A3;;32-3 ,:2%+8 :[ /-8%+83+ 32

xk+1 = axk + buk + bddk + gwwk

pk+1 = pk + υk

yk = cxk + gppk + νk

½f R�¾

B&12 wk

Z
υk

18
νk

32 /41223;32-3 Z +12C %;012A3;-3 ,-14%,-.,43 &%2.%6;3 C 3A 012&3+-+.+8;.4 +/;; 18 41&%2.%+,C %-2.,32 B3+B1;A,&., Qw

Z
Qυ

18
Rν

R D5+%C .443+ -.; ,:2%+83- :[/-8%+83+ Z pk

Z 32 .++3B1;A- .
gp

R i 32 32 A3- 62/4-
gp = I

Z ,1C -.;,&%232 3+ A.234-3 6.%,91::A%-32.+8 R c8,[ gw

32 %+-%-- ;.4 I
R

D3- 32 23;%-.&- 23-- 023C [ /-&.A3 C1A3;;3+ 012 [ .+4;/A323 ,:2%+8 :[ .++8%+83+3 &3A [;3883 -.; 3- ,:2%+8 zk
:[ -.;,-%+A,;.8+.+83+ Z ,;.4 %- xk+1 = axk + buk + bddk + gzzk + gwwk18

zk+1 = zk + ωk

R X3A [ &3;83 gz = b
6;.2 A3--3 3- ,:2%+8 :[ .++8%+83+3 R g ;-32+%-.&- 4%+3+ %++3+ 012,-5223;,3,A5+%C .44 62/43, . gz

R \ %+ 4%+ ,3;&0T;83;.8 18,[ B% ,:2%+8 :[ 6[A3.++8%+832 18 /-8%+832 Z C 3+ C 3A 4/+ -1 C [;.+832 4%+ C %+ .443 41+,-2/323 3- �%;C %+9Y ;-32 ,1C 3,-.C 3232 C 32 3++ -1 /;.43 ,:2%+8 ½,5,-3C 3- C [ &e23 A3-34-326%2-¾ R D3- &.; ,.%- %+-%;; -.;,-%+A32 . pk

18
zk

.443 4%+ &e23 ,-T223 3++ %+-%;; C [;.+832 R * A3++3 1::8%&3+32 ,:2%+83+3 ;%8- -.; :[ A3 -1 /-8%+83+3 R h3 0 R34, R ½\/,43 18 U%{ ;.+8, Z ?>>�¾ 012 C 32 1C�%;C %+9Y ;-32 . \]^9238/;%-1232 R
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h5,-3C 3- . ½f R�¾ 4%+ 23:23,3+-323, C 3A 0T;83+A3 /-&.A3A3 -.;,-%+A,21C9C%-2.,32

Ã =

[
a 0
0 I

]
, B̃ =

[
b bd

0 0

]
, C̃ =

[
c gp

]
, G̃w =

[
gw 0
0 I

] ½f R>¾
18 A3 /-&.A3A3 41&%2.%+,C %-2.,3+3

Q̃w =

[
Qw 0
0 Qυ

]
, R̃ν = Rν .

½f R?F¾
V.;-32012,-324+.+83+

L
238+3, /- ,1C ;T,+.+83+ :[ A3+ ,-%,Q 1+e23 U.zz%-.9;.8+.+83+

P = Ã
[
P − PC̃T (C̃P C̃ + R̃ν)

−1C̃P
]
ÃT + G̃wQ̃wG̃T

w

½f R??¾
L = ÃP C̃T (C̃P C̃T + R̃ν)

−1 ½f R?E¾
@ .;,-%+A,3,-.C %-3+3 6;.2 A% 238+3- /- ,1C

[
x̂k+1|k

p̂k+1|k

]
= Ã

[
x̂k|k−1

p̂k|k−1

]
+ B̃

[
uk

dk

]
+

[
Lx

Lp

](
yk − C̃

[
x̂k|k−1

p̂k|k−1

]) ½f R?�¾
B&12 Y ;-32012,-324+.+83+ L

32 A3;- 1:: 3+ 012,-324+.+8,C %-2.,3 012 -.;,-%+A3+3 Lx

Z 18 3+ 012,:2%+83+3 Lp

R X3A 23+ 6.%,91::A%-32.+8 ;3883, %&&.43- C 3;;1C C[;- 18 :23A.4-32- /-8%+8-.; /-8%+83+ 012 B3;3 1:-.C %;.,32.+8,B12.,1+-3+ +[2 \]^9238/;%-123+ 238+32 /- +3,-3 :[9A2%8 R P+ %& 012A3;3+3 C 3A [ 62/43 3+ ,-14%,-.,4 C 1A3;; ,1C 1&3+012 32 %- +13 %& %&&.43-. /-8%+83+3 -.;;3883, ,-T5 . ,5,-3C 3- R D3--3 8.2 3+ C .+A23 62/-%; 6.%,91::A%-32.+8 R P+%++3+ 023C 8%+8,C [-3 62/4- . +13+ %::;.4%,Q 1+32 32 [ ;%&:%,,Y ;-2323 6.%,91::A%-32.+83+3 Z,1C &.; 8. ,%CC3 3¿34- R

* ³� ´LaLIyºyI JK aL¶LaJyOLa `I Haº`aºMLaºyI JK I LONaJyN�
yºyILa

VT2 A3- 4&%A2%-.,43 1:-.C %;.,32.+8,:216;3C 3- . ,34,Q 1+ f RE ;T,3, Z C [ 23032%+,3&32A.32 012-.;,-%+A3+3 18 :[A2%83+3 6 3238+3, 8.-- T+,43A3 /-8%+832 R D3- 4%+ 18,[ B% 41CC3- .++012,-5223;,32 Z 3;;32 1: 32%-T23+ 4%+ B% 8.-- 23032%+,3&32A.32 3;;32 6 3,42%+4+.+832 ,1C 8Q T2A3- /C/;.8 [ 1::05;;3 6 3,42%+4+.+83+3 Z A3--3 C [ -%, B3+,5+ -.; &3A /-238+.+8 %& 23032%+9,3&32A.32 R c:32%-T23+ 8.2 .++ 3+ T+,43- 23032%+,3&34-12 012 /-8%+83+3 Z yd

Z 18 1::8%&3+ 6;.2[ Y++3 ,-%,Q 1+e23 23032%+,32 012 -.;,-%+A32 18 :[A2%8 Z xref,∞

18
uref,∞

Z ,1C 1::05;;32 A3+
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T+,43A3 /-8%+83+ 63,- C/;.8 Z C 3+ B&12 A3- 32 -%-- B3+,5+ -.; 012,-5223;,32 18 6 3,42%+49+.+832 R * -.;;388 ,4%; 62/AA3+3 . /-8%+8%+8,6 3,42%+4+.+83+3 B% 3+ :2.12.-32- 234430T;83,;.4 %- A3- & .4-.8,-3 32 [ 1::05;;3 6 3,42%+4+.+83+ 012 /-8%+83+ 23;%-32- -.; 41C:1,.,Q 1+3+ .-1::3+ %& 41;1++3+ Z y1

Z /%&B3+8.+8 %& B&12 ,-123 62/AA A3- 6;.2 012 /-8%+83+ . 6/++3+ %&41;1++3+ Z
y2

R D3--3 8Q T23, &3A [ ;T,3 -1 ;.+3e23 1:-.C %;.,32.+8,:216;3C 32 Z ½,3 0 R34, R i1&A ZEFF= Z 4%: R � R�¾ R
æ
?R D3- 34,.,-3232 %;;-.A C/;.83 ;T,+.+832 %& 1:-.C %;.,32.+8,:216;3C 3- /-3+ 63,42%+49+.+832 :[ /-8%+83+3 R
E R V.++ A3- C .+,-3 C/;.83 62/AA3- :[ A3+ &.4-.8,-3 6 3,42%+4+.+83+ &3A ;T,3 1:-.C %9;.,32.+8,:216;3C 3-

min
xref,∞,uref,∞,ε1,ε2

ε1 + ε2

½f R?=¾
C 3A B3+,5+ :[ A3+ ,-%,Q 1+e23 -.;,-%+A,;.8+.+83+ Z A3 B%2A3 :[A2%8,6 3,42%+4+.+83+318 A3+ &.4-.8,-3 /-8%+8,6 3,42%+4+.+83+

(I − a)xref,∞ = buref,∞ + bddk

y1ref,∞ = c1xref,∞ + p̂1k

uL ≤ uref,∞ ≤ uU

y1L − ε1 ≤ y1ref,∞ ≤ y1U + ε2

ε1, ε2 ≥ 0

½f R?f¾

B&12 c1
32 0T2,-3 2%A . C [;3C %-2.,% c

R h.A3+ 6[A3 A3+ T&23 18 A3+ +3A23 6 3,42%+49+.+83+ :[ y1

/C/;.8 4%+ &e23 %4-.& ,%C-.A.8 Z & .; 3+-3+ ε1

3;;32
ε2
&e23 ;.4 +/;; R D3+C[;-3 012,-5223;,3+ Z dk

Z 18 3,-.C %-3- %& ,:2%+83- :[ /-8%+83+ Z p̂1k

Z %+-%, 41+,-%+-023C1&32 . -.A 18 ;3883, -.; :[ B3+B1;A,&., -.;,-%+A3+3 18 /-8%+83+ R
� R S3,42%+4+.+83+ :[ y2

;3883, -.; . :216;3C 3- Z 18 ε1

18
ε2

0Q 32+3, ,1C 02.B3-,82%A32,;.4 %- :216;3C 3- ,1C +[ ;T,3, 6;.2

min
xref,∞,uref,∞,ε3,ε4

ε3 + ε4

½f R?�¾
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C3A B3+,5+ :[ 63,42%+4+.+83+3 1&3+012 18 A3+ +53 63,42%+4+.+83+ :[ y2

(I − a)xref,∞ = buref,∞ + bddk

y1ref,∞ = c1xref,∞ + p̂1k

y2ref,∞ = c2xref,∞ + p̂2k

uL ≤ uref,∞ ≤ uU

y1L − ε1 ≤ y1ref,∞ ≤ y1U + ε2

y2L − ε3 ≤ y2ref,∞ ≤ y2U + ε4

ε3, ε4 ≥ 0

½f R?<¾

= R P--32 [ B% 0/++3- %;;3 ,;%z4&%2.%6;32 4%+ C %+ Y++3 1:-.C %;3 ,-%,Q 1+e23 23032%+,39&32A.32 012 -.;,-%+A3+3 &3A [ ;T,3 A]9:216;3C 3-
min

xref,∞,uref,∞

(yd − cxref,∞ − p̂k)
T Q(yd − cxref,∞ − p̂k)

½f R?�¾
C 3A B3+,5+ :[ %;;3 6 3,42%+4+.+83+3 R h;%z4&%2.%6;3+3 1&3+012 32 .443 ;3+832 02.B3-,982%A32 . 1:-.C %;.,32.+83+ C3+ .++8[2 . 6 3,42%+4+.+83+3 R

(I − a)xref,∞ = buref,∞ + bddk

y1ref,∞ = c1xref,∞ + p̂1k

y2ref,∞ = c2xref,∞ + p̂2k

uL ≤ uref,∞ ≤ uU

y1L − ε1 ≤ y1ref,∞ ≤ y1U + ε2

y2L − ε3 ≤ y2ref,∞ ≤ y2U + ε4

½f R?>¾

* 1:-.C %;.,32.+8,42.-32.3- &34-3, .443 %&& .4 C 3;;1C uref,∞

18 T+,43- :[A2%8,&32A. ud

RD3--3 &.;;3 83+323;- .+-21A/,32- ,-%,Q 1+e23 %&&.4 :[ /-8%+83+3 R h-%,Q 1+e2- 3+A23,.443 :[A2%83+3 Z A32012 &3;83, 23032%+,3&32A.3+ 012 :[A2%8,3+A2.+832 ∆uref,∞ = 0
R

X3A .C:;3C 3+-32.+8 %& %;812.-C 3+ 1&3+012 1::,-[2 +/C 32.,43 :216;3C 32 R X32A.32 012 ,;%z49&%2.%6;3+3 ε1

-.;
ε4

32 4/+ +T5%4-.83 -.; 3+ -1;32%+,3 ,: 3,.Y,32- +[2 W]9:216;3C 3+3 . :/+4-E 18 � ;T,3, R 7[2 A]9:216;3C 3- . :/+4- = 012,T43, ;T,- 4%+ A3- ,4Q 3 %- A3- .443 34,.9,-3232 +13+ ;T,+.+8 012A. 6 3,42%+4+.+8,62/AA9-1;32%+,3+ 32 C .+A23 3++ +T5%4-.8B3-3+ -.;,;%z4&%2.%6;3+3 R D3--3 4%+ ;T,3, &3A [ 3+A23 -1;32%+,3+ :[ 63,42%+4+.+83+3 ½423&32 3A.9-32.+8 %& 4.;A341A3+ -.; BC5;D7:E . \ %-;%6 ¾ 3;;32 &3A [ .+-21A/,323 ,;%z4&%2.%6;3 18,[ .A3- 4&%A2%-.,43 :216;3C 3- R * A3+ ,.C/;32-3 C:z9238/;%-123+ 6;3 A3- 62/4- ,;%z4&%2.%6;3 Z18 A.,,3 6;3 %& ,-T223;,3,12A3+ 10−14 R h;%z4&%2.%6;3 . A]9:216;3C 3- . :/+4- = .+-21A/,323,C 3A %+A23 12A 4/+ 012 [ 8%2%+-323 %- A3- 34,.,-3232 3+ ;T,+.+8 Z 18 B%2 .+83+ :2%4-.,46 3-5A+.+8 /-1&32 A3--3 R
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* ³* wºxµ»LaºyILa
V.8/23+3 f R?Z f RE 18 f R� & .,32 ,.C/;32.+832 8Q 12- &3A ,:2%+8 :[ A3 /;.43 ,.8+%;3+3 R V .98/2 f R? &.,32 23,:1+,3+ -.; A3- ,.C/;32-3 ,5,-3C 3- &3A ,C [ ,3--:/+4-3+A2.+832 . y1d

18
y2d

R * Y8/2 f RE 32 A3- ;%8- -.; 3- ,:2%+8 :[ 0TA32%-3+ d
18 :[ p2

Z 6.%,3+ 012 /-8%+8 y2

R *A3+ ,.,-3 ,.C/;32.+83+ Z & .,- . Y8/2 f R� Z 3+A23, ,3--:/+4-3- 012 y1
,[ C53 %- 6 3,42%+4+.+983+ :[ y2

C[ +3A:2.12.-323, 012 %- y1

,4%; 0T;83 23032%+,3+ R h3 -%6 3;; S R= . -.;;388 S 012238/;%-12:%2%C3-323 R
g& ,.C/;32.+83+3 4%+ C%+ ,3 %- 238/;%-123+ 1::0T232 ,38 ,1C 012&3+-3- R hC [ ,:2%+8 . 239032%+,3+ 012 3+ %& /-8%+83+3 ,4%:32 .+83+ :216;3C 32 Z 238/;%-123+ 823.32 [ 0T;83 23032%+,3+18 ,%C-.A.8 B1;A3 A3+ %+A23 /-8%+83+ C 32 3;;32 C .+A23 . 21 R
X3A ,:2%+8 . A3+ 4Q 3+-3 012,-5223;,3+ Z 0TA32%-3+ d

Z 1::,-[2 3+ ;.-3+ -2%+,.3+- Z C 3+ /-3+ %-+13+ 63,42%+4+.+832 C [ 625-3, R h-T223;,3+ :[ -2%+,.3+-3+ %&B3+832 ,3;&0T;83;.8 %& B&12,-12 3+A2.+8 C%+ B%2 :[ 012,-5223;,3+ Z ,:2%+83- ,1C 32 ,.C/;32- . Y8/2 f RE ½%¾ -.;,&%2323+ B%;&32.+8 %& 0TA3,-2TCC3+ R D3+ ,-%,Q 1+e23 3¿34-3+ :[ /-8%+8 y2

02% 3+ 3+A2.+8 .0TA32%-3+ 32 . Y8/2 f RE ½6 ¾ ;%8- -.; ,1C 3- ,:2%+8 :[ 6.%,3+ p2

R D3--3 ,4%:32 3+ B3;- %++3+23,:1+, æ \ 3+, A3- &3A 3+A2.+8 . A3+ 4Q 3+-3 012,-5223;,3+ 1C-23+- .443 41C -2%+,.3+-32 Z41CC32 A3- +[ 3+ ,-12 -2%+,.3+- ,1C -%2 ;3+832 -.A [ 0Q 32+3 R * & .243;.8B3-3+ &.; .4433+A2.+83+ . 0TA32%-3+ 41CC3 ,1C 3- ,:2%+8 . 6.%,3+ R D3- 32 ;.43&3; 2.C 3;.8 [ %+-% %- 1CA3- 32 4Q 3+- B&12 012,-5223;,3+ 41CC32 .++ . ,5,-3C 3- Z 32 A3- 3+ 012A3; [ C1A3;;323 A3--3 Z02%C 012 [ %+-% %- 012,-5223;,3+ A/4432 1:: ,1C 3+ 6.%, :[ /-8%+83+ R D3--3 32 -2.& .3;- Z Q 16 3A23 C1A3;; Z A3,-1 ;3--323 32 A3- [ ;%83 3+ 81A 238/;%-12 C 3A BT5 6[+A623AA3 R
* C: z9012C/;32.+83+ 32 A3- &%;8- [ :2.12.-323 /-8%+8 y1

023C 012
y2

A32,1C .443 6 38836 3,42%+4+.+83+3 4%+ 1&32B1;A3, R * Y8/2 f R� 32 &.,3, A3--3 &3A [ T43 23032%+,3&32A.3+ 012
y1

,[ C53 %- .443 6 3883 6 3,42%+4+.+83+3 4%+ 1&32B1;A3, R * ,.C/;32.+83+ ;38832 y1

,38
:[ A3+ +3A23 6 3,42%+4+.+83+ Z C 3+, /-8%+8,6 34,2%+4+.+83+ 625-3, 012 y2

Z . B3+B1;A -.;
:2.12.-32.+83+ R D3- 4%+ A.,4/-323, 1C A3--3 32 T+,43;.8 3;;32 1C A3- B%AA3 &e2- 6 3A23[ 012A3;3 62/AA3+3 . 6 3,42%+4+.+832 :[ 63883 /-8%+83+3 R h;.4 ,1C A3- 32 +[ -& .+83, y2;%+8- &344 02% 6 3,42%+4+.+83+3 Z 18 4%+,4Q 3 &.4-.8323 Z ;%+8- &344 02% A2.0-,6 3-.+83;,3+3B&12 C 1A3;;3+ 6;3 .A3+-.Y,32- R cC A3- &.,32 ,38 [ 6;. 3- :216;3C 4%+ B3;3 :2.12.-32.+83+;3-- 0Q 32+3, R
cC 2[A3- y1

18
y2

;.8832 . /-8Q T2 .443 +13+ ,-12 3+A2.+8 . 41C:1,.,Q 1+3+ %& 6/++:219A/4- 18 A3,-.;;%- R D3- 32 3+A% .443 ;%83- 3- 41C:1,.,Q 1+,3,-.C %-12 012 ,%CC3+B3+83+C3;;1C 41C:1,.,Q 1+ 18 y1

18
y2

Z C 3+ 6%,32- :[ 4Q T2.+832 %& 41;1++3+ 32 A3- ,+%44 1C4143:/+4-,3+A2.+832 :[ C .+A23 3++ 3+ 82%A R
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KW M XOPLQR S
y2d TPL y2d = 0 USV y2d = 0.2èéêëì Y ÚÛ Ü �áïåÞá÷ ðñ âàòòüöáóò

yd = [y1d, y2d]
T ô & Zð[ àáïåàâ

y1d \ Þ Z� [ àáïåàâ y2d
ô � àîòåöóáàîÞáã àå � Þáá÷ðá÷àå ä÷ öò÷ðá÷àå � âòÞü îàïà îÞáã àå � åà�àåðáâàñàåïÞàå

yref,∞
ä÷

uref,∞
�åðåà�àåðáâà� àåà÷áÞá÷ � üåÞóóàïà îÞáã àå � %ñåà ä÷ áàïåà � àâóåðáóáÞá÷àå ô
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d TPL d = 0 USV d = −0.5
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KW M XOPLQR S
p2 TPL p2 = 0 USV p2 = 0.5èéêëì Y ÚÙ Ü �áïåÞá÷ ðñ �äåâò"ååàîâàå Þ �%ïàåðòàá

d \ ä÷ üø öò÷ðá÷àá p
ô & Zð[ àáïåàâ �%ïàåðòàá

d \ Þ Z� [îà÷÷àâ àò âüåðá÷
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�åð åà�àåðáâà� àåà÷áÞá÷ � üåÞóóàïà îÞáã àå � %ñåàä÷ áàïåà � àâóåðáóáÞá÷àå ô
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èéêëì Y Úÿ Ü �áïåÞá÷ ðñ âàòòüöáóò
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c&328%+83+ 02% ,.C/;32.+832 -.; .C:;3C 3+-32.+8 :[ 3- 05,.,4 ,5,-3C 8[2 %;A2. :216;3C 02.-- ZB3;;32 .443 . A3--3 -.;03;;3- B&12 /-238+.+8,-.A 6;3 :216;3C 3- R *jc 02% : z -.; %4-/%-123218 ,3+,1232 8Q T23, . W%6&.3{ R X3A B&32- -.A,,42.-- 4%;;3, 3+ \%-;%6,32&32 012 [ 238+3 /-:[A2%83+3 Z 18 /+A32 \%-;%694%;;3- ,-1::32 %;;3 %+A23 -2[A32 . W%6&.3{ 1:: R @2[A32 012 A3.+A23 238/;32.+8,,;T503+3 18 :/;,9623AA3 C1A/;32.+8 6;.2 .443 4Q T2- C 3+, \%-;%6 238+32/- :[A2%83- R 7[2 ,5,-3C 3- 32 ,-%,Q 1+e2- 8[2 A3--3 62% Z C :z9%;812.-C 3+ 62/432 A% 1C-23+-3-- -.A3;, ,34/+A :[ [ 63238+3 :[A2%83- Z 18 A3--3 ,4%:32 .443 :216;3C 32 C 3A 3+ -%,-3-.A:[ -1 ,34/+A 012 C:z R cC A32.C1- 23032%+,32 3;;32 012,-5223;,32 3+A23, Z 8[2 .-32%,Q 1+,9-.A% 012- 1:: -.; 3-- ,34/+A 3;;32 C 32 R 7[2 A3--3 ,4Q 32 0[2 .443 :/;,9623AA3 C1A/;%-123+:21,3,,12-.A 0T2 :/;,3+ ,4%; &e23 ,42/AA %& Z 18 &%2C 33;3C 3+-3+3 6;.2 ,-[3+A3 %&,;[-- RD3--3 .8Q 3+ ,4%:32 C 32 /21 . ,5,-3C 3- 18 3--32 412- -.A 32 %;;3 /-8%+83+3 /-3 %& 41+-21;; R
@1 -.;-%4 6;3 8Q 12- 012 [ 6 3823+,3 /-238+.+8,-.A3+ ,[ C53 ,1C C/;.8 Z 3;.C .+323 -.;,-%+A,9;.8+.+83+ 18 :[A2%8,6;14432.+8 R * ,-3A3- 012 [ 8. -.;,-%+A,;.8+.+83+3 012 B&32- -.A,,42.--,1C 3+ 34,:;.,.-- ;.4B3-,6 3-.+83;,3 ,1C C[ 1&32B1;A3, Z 4%+ C%+ /--25443 -.;,-%+A,-2%Q 349-123+ ,1C 3+ ;.+3e%2 41C6.+%,Q 1+ %& .+.-.%;-.;,-%+A3+3 18 :[A2%8,3+A2.+83+3 ½,3 i1&A ZEFF= Z , R��9�>¾ R * C1A3;;3+ 32 A3- ?< -.;,-%+A32 Z E :[A2%8 18 E :[A2%8,3+A2.+832 R g& A.,,332 A3- 6%23 :[A2%8,3+A2.+83+3 ,1C 32 02.3 &%2.%6;3 Z 23,-3+ 32 8.-- %& -.;,-%+A,;.8+.+83+3 RX3A [ 3;.C .+323 A3+ 34,:;.,.--3 ;.4B3-,6 3-.+83;,3+ 02% C:z9012C/;32.+83+ 23A/,323, %+-%;;&%2.%6;3 A3- 1:-.C %;.,323, :[ 02% E? -.; E &3A B&32- -.A,,42.-- R * 3+ ,.C/;32.+8 6;3 A3+8Q 3++1C ,+.--3;.83 4Q T23-.A3+ :32 .-32%,Q 1+ 23A/,32- 02% 2/+A- EF -.; F RE ,34/+A32 R D3--3&%2 +14 -.; %- 238/;%-123+ 4/++3 4Q T23, 012,.4-.8 Z 18 . Y8/2 f R= ½%¾ & .,3, /-8%+83+3 +[2,5,-3C 3- B1;A3, B3;- . 21 R S3,42%+4+.+83+3 :[ /-8%+83+3 32 B32 ±0.10

½23,-3+ %& :%2%9C 3-323+3 32 ,1C 012 ,.C/;32.+83+ Z ,3 -%6 3;; S R=¾ R k-8%+8 y2

B1;A3, ,[ 41+,-%+- ,1C A3-4%+ 012&3+-3, Z %&&.43+3 B32 32 -.;,5+3;%-3+A3 23+ ,-T5R ][ /-8%+8 y1

32 A3- A32.C1- 3+ -3+9A3+, -.; ,-[3+A3 ,&.+8+.+832 C 3;;1C 63,42%+4+.+83+3 R U38/;%-123+ 42e,Q 3- &3A 3+A2.+832. 23032%+,3&32A.32 ,.A3+ /-238+.+8,-.A3+ 6;3 012 ,-12 R
D3- %+A23 -.;-%43- 012 [ 23A/,323 /-238+.+8,-.A &%2 :[A2%8,6;14432.+8 R * ,-3A3- 012 [ -.;;%-3-.;,-%+A,3+A2.+832 &3A B&32- -.A,,42.-- Z 6 ;3 4/+ Y23 3+A2.+832 -.;;%-- R * ,.C/;32.+832 &%2A3- .+83+ &3,3+-;.83 012,4Q 3;;32 C 3;;1C 238/;%-123+ C3A 18 /-3+ :[A2%8,6;14432.+8 R D3+8Q 3++1C ,+.--3;.83 4Q T23-.A3+ 6;3 .443 23A/,32- C 3246%2- &3A :[A2%8,6;14432.+8 Z C 3+ -1:9: 3+3 . .-32%,Q 1+,-.A &3A ,C [ ,:2%+8 8.44 02% . 1&324%+- %& -1 ,34/+A -.; F R< ,34/+A R \3AA3++3 -.A,23A/4,Q 1+3+ 6;3 A3- C/;.8 [ 4Q T23 ,C [ ,:2%+8 :[ /-8%+8,23032%+,3+3 ,1C &.,- .Y8/2 f R= ½6 ¾ R k-8%+8,6 3,42%+4+.+83+3 6;3 3+A23- -.; 23032%+,3&32A. ±0.15

012 %- /-8%+83+3,4/;;3 B1;A3 ,38 C 3,- C/;.8 .++3+012 6 3,42%+4+.+83+3 Z 4Q T23-.A3+ 8.44 1:: +[2 ,;%z4&%92.%6;3+3 6;3 %4-.&3 R S[A3 y1

18
y2

B1;A32 ,38 18,[ B32 .++3+012 A3 6 3,42%+4+.+83+3 R D3,-[3+A3 ,&.+8+.+83+3 :[ y1

32 C 32 023C-23A3+A3 Z C 3+, 012
y2

32 1::0T2,3;3+ /012%+A23- 02%1&3+012 R X3A ,:2%+8 :[ C32 3++ 0.1
. 23032%+,3+3 42e,Q 3- ,5,-3C 3- R D3- 6;3 18,[ 012,T4-[ 3+A23 0TA32%-3+ Z C 3+ &3A 3+ 3+A2.+8 :[ 6%23 EF^ %& ,-%,Q 1+e2 &32A. 42e,Q 3- ,5,-3C 3- R
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�QT23-.A,:216;3C 3- 8Q 12A3 A3- /C/;.8 [ 8Q T23 3+ ,32.T, /--3,-.+8 %& 238/;%-123+ Z C 3+ 1C.443 %++3- ,[ 6;3 A3- 0/++3- %- [ B% 6[A3 .+A23 18 5-23 238/;32.+8,,;T5032 4Q T23+A3 . ,%CC3:2182%C .443 32 +13+ 81A .A3 R h-%-1.; B%2 5-23- T+,43 1C %- A323, C:z9:2182%C:%443hP]@*^ 62/43, . 238/;32.+8,,5,-3C 3- R D3--3 4%+ &e23 8/+,-.8 Z &3A [ ¼5--3 /-238+.+83+-.; 3+ %++3+ %::;.4%,Q 1+ C[ .443 A3 .+A23 ,;T503+3 ,-1::3 1:: C3+, W%6&.3{ &3+-32 :[:[A2%83+3 R D3- 32 18,[ C/;.8 [ 3+A23 416;.+83+ C3;;1C W%6&.3{ 18 \%-;%6 ,;.4 %- 6 38834Q T232 :%2%;;3;;- 18 012,5+32 B&32%+A23 C 3A A%-% Z .443 ,;.4 ,1C +[ B&12 W%6&.3{ 4%;;32 3+\%-;%6,32&32 18 A3- B3;3 C [ 4Q T23, ,34&3+,.3;- R cC +TA&3+A.+8 4%+ B3;3 C:z9238/;%-123+¼5--3, 1&32 :[ 3+ 383+ :z Z ,1C ,%++,5+;.8&., & .; &e23 A3+ -25883,-3 ;T,+.+83+ 1C +13,4/;;3 ,4Q 3 C 3A C:z9238/;32.+83+ R
X3A [ T43 -%,-3-.A3+ -.; C:z9238/;%-123+ 32 A3- .443 +TA&3+A.8 C 3A ,[ C%+83 ,42.-- .B12.,1+-3+

N
R D3--3 & .; 8Q T23 /-238+.+83+ 2%,4323 Z C 3+ ,.A3+ ,5,-3C 3- 32 ,[ 0T;,1C- 012238+3-.A 32 A3- .443 ,.4432- %- A3--3 &.; ;T,3 :216;3C 3- R

D3 ,-[3+A3 ,&.+8+.+83+3 ,1C 1::,-[2 :[ y1

6/2A3 &e23 C/;.8 [ 0Q 32+3 R h& .+8+.+83+ 1::,-[2,%++,5+;.8&., :[ 82/++ %& 3+ 012 %823,,.&- -/+3- ]*9238/;%-12 . A3+ .+A23 -3C:32%-/2,;T503+18 .4439C 1A3;;32- /+A32A3C:3- A5+%C .44 . C:z9238/;%-123+ R X3A [ ,3 :[ ,:2%+823,:1+9,3+3 . Y8/2 = R� -.; ,5,-3C 3- C 3A -3C:32%-/2,;T503+ ;/443- Z 4%+ C%+ ,3 %- A5+%C .443+C3;;1C
y1
18 %;;3 :[A2%83+3 /+A32A3C:3- R g- C1A3;;3+ 32 /+A32A3C:3- 32 . ,38 ,3;& .443+13 :216;3C Z . ,.C/;32.+83+ 32 238/;32.+83+ ,&e2 62% R ]216;3C 3- 32 %- ,3;& 1C C1A3;;3+32 /+A32A3C:3- Z 32 A3- &.243;.83 ,5,-3C 3- 3+A% C32 /+A32A3C:3- R 7[2 :[A2%83- :2T&32[ 41C:%+,323 012 %&& .43+3 &3A&%232 ,& .+8+.+83+3 R D3- 6;3 012,T4- [ T43 &34-.+83+ :[ :[9A2%8,3+A2.+83+3 C3A 3+ 0%4-12 :[ ?F /-3+ %- A3--3 6 3A23- ,.-/%,Q 1+3+ Z C/;.83+, &.; 3+3+A% ,-T223 T4+.+8 BQ 3;: 3 R P+ /;3C:3 C3A ,-12 &34-.+8 %& :[A2%8,3+A2.+832 32 %- 6[+A9623AA3+ 23A/,323, R D3- 6 3,-3 &.;;3 &[23 [ 3+A23 238/;%-123+ . A3+ .+A23 ,;T50% R U38/;32.+84%+ 8Q T23, C .+A23 %8823,.& ½,1C 18,[ 4%+ 23A/,323 6[+A623AA3+¾ Z 18 B3;3 .+-382%;& .24+.+983+ 4%+ -21;.8 0Q 32+3, R *+-382%;& .24+.+83+ 32 ,-23+8- -%-- .443 +TA&3+A.8 ,.A3+ 18,[ A3+5-23 C:z9,;T503+ B%2 .+-382%;& .24+.+8 R P+ 3+A2.+8 %& -3C:32%-/2,;T50% 8Q T2 A3- +TA&3+A.8C 3A 3+ +5 2/+A3 C3A .A3+-.Y,32.+8 %& ,5,-3CC1A3;;3+ 62/4- . C :z9238/;%-123+ R h.A3+C:z9238/;%-123+ C [ .C:;3C 3+-323, :[ +5-- 4%+ C%+ ;.43 8Q 32+3 8Q 3++1C 0T23 3+ +5 .A3+9-.Y4%,Q 1+ Z ,3;& 1C BT5 6[+A623AA3 .443 32 ,[ &.4-.8 +[2 23032%+,32 18 0TA32%-3+ ,-12- ,3--32 41+,-%+-3 R

g- A3+ .+A23 ,;T503+ 32 &.4-.8 012 23,/;-%-3- .;;/,-2323, 5--3;.8323 &3A [ ,3 :[ /-8%+8
y2

R * .A3+-.Y,32.+83+ ,[ A3- /- -.; %- A3--3 &%2 A3+ A[2;.8,- C1A3;;32-3 /-8%+83+ Z ;.43&3;32 A5+%C .443+ -.; y2
,[:%,, 1&32A3C:3- %- ,3;& C 3A 3+ A[2;.8 C 1A3;; 32 238/;32.+83+&3,3+-;.8 6 3A23 3++ 012 y1

R X3A [ 81A-% ;%&323 6[+A623AA3 18 B% 3+ 1&32A3C:3- 23,:1+,:[ y1
&.; ,%++,5+;.8& ., 238/;32.+83+ 6;. 6 3A23 R

k-8%+83+3 4%+ 63&383, ;.-3 . 012B1;A -.; B&32%+A23 R D3--3 ;.8832 . /-012C .+83+ %& 41;1+9
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+3+ 18 & .; .443 4/++3 3+A23, %& 238/;32.+83+ R U38/;32.+8 4%+ ¼5--3 -3C:32%-/2:21Y ;3+1:: 18 +3A . 41;1++3+ Z 18 ,;.4 :21A/,323 23+323 C 3-%+1; &3A [ %4,3:-323 C 32 C 3-%+1; .6/++:21A/4-3- 3;;32 C1-,%-- R D3- 32 A32.C 1- .443 C/;.8 Z /-1&32 3+ 823+,3 Z [ :21A/,3236[A3 23+323 C 3-%+1; . A3,-.;;%-3- 18 23+323 &%++ . 6/++:21A/4-3- R * ,.C/;32.+83+3 4/++3
y1

,-%,Q 1+e2- 3+A23, C 3A z% R F R� /-3+ [ :[& .243 y2

R D3- 32 3+A% .443 ;%83- 3+ 0/;;81A 3,-.9C %-12 %& 41C:1,.,Q 1+3+ 6%,32- :[ y1

18
y2

Z C 3+ 6%,32- :[ A3 16,32&32-3 -3C:32%-/23+3 .A3,-.;;%-3- 32 .443 A3--3 +13+ ,-12 3+A2.+8 R @3C:32%-/23+ :[ A3,-.;;%- ,& .+832 C .+A23 3++3+ B%;& 82%A +[2 y1

8[2 02% F -.; F R� Z 18 ,[ +e2 23+ C 3-%+1; &%2.3232 .443 41+,3+-2%,Q 1+3+,-12- &3A 3+ 4143:/+4-,3+A2.+8 :[ 3+ B%;& 82%A R
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D3,-.;;%,Q 1+,,5,-3C 3- 0/+83232 B3+,.4-,C 3,,.8 612-,3-- 02% +.&[C[;.+83+ . 414323+ R 7 .&[9C [;.+8 . 414323+ 32 .443 C/;.8 C 3A .29,3+,123+3 ,1C 0T2,- 6;3 012,T4- 62/4- Z C 3+ 3+ +5-2544,3+,12 32 6 3,-.;- R D3++3 & .; 6 ;. 4%;.6232- 012 +.&[C [;.+8 18 ,;.4 8Q T23 A3- C/;.8 [238/;323 +.&[3- 41+-.+/32;.8 C 3A 6/++:21A/4-:/C:% R

] ³¸ < `bL»»Ly
\1A3;;.A3+-.Y,32.+8 B&12 A3- 62/43, ,:2%+8 -.; [ 34,.-323 ,5,-3C 3- 0/+83232 ,[ ;3+83 ,5,-39C 3- 1::0T232 ,38 : 3+- 18 /-3+ C53 BT532312A3+, A5+%C .44 R h:2%+8 ,1C 34,.-32.+8,,.8+%;32 /62/43;.8 012 [ .A3+-.Y,323 A3- [:+3 ,5,-3C 3- Z C 3+ 32 -.;,-23443;.8 012 ,5,-3C 3- C 3AA3 .+A23 ,;T503+3 ;/443- R \1A3;;3+ 4/++3 &e2- 5--3;.8323 0126 3A23- &3A [ 3+A23 -/+.+983+ %& A3+ .+A23 -3C:32%-/2,;T50% 012 [ A3C:3 -3C:32%-/2,& .+8+.+832 18 ,;.4 0123+4;3A5+%C .443+ R

] ³Å � LIµ»LaºyI
D3+ .+A23 ]*9,;T50% 012 238/;32.+8 %& -3C:32%-/2 6T2 0Q 32+3, 18 32,-%--3, %& 3+ ]9,;T503C 3A C .+,- C/;.8 /+A32A3C:3- 23,:1+, R * ,.C/;32.+832 0/+832-3 C:z9238/;%-123+ ,&e2-62% Z C 3+ A3- &.,-3 ,38 %- 4Q T23-.A 6;3 3+ ¼%,43B%;, &3A .C:;3C 3+-32.+8 %& 238/;%-123+:[ A3- &.243;.83 ,5,-3C 3- R \:z9238/;%-123+ C [ A32012 ¼5--3, /- %& W%6&.3{ 18 .++ . 3+383+ %::;.4%,Q 1+ ,1C 012 34,3C:3; h3:-.z R cC 4Q T23-.A,:216;3C 3+3 012-,%-- &3A&%232 Z C [

�>
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C:z9238/;%-123+ ¼5--3, 1&32 :[ 3+ ,3:%2%- : z R

] ³� r ºbLaL JaI Lºb
*C:;3C 3+-32.+8 %& C:z . h3:-.z 18 3+ +5 2/+A3 C3A 238/;%-12-/+.+8 18 .A3+-.Y,32.+8 &.;6 ;. 8Q 12- . 3+ A.:;1C1::8%&3 -.; &[23+ R * .+A/,-2.3+ 32 C:z C 3A .+A23 ] 18 ]*9,;T5032 3+C53 62/4- C [-3 [ 238/;323 A3,-.;;%,Q 1+,41;1++32 :[ Z 18 C 3A 320%2.+83+3 8Q 12- . :21,Q 34-3-32 A3- 82/++ -.; [ -21 %- 18,[ 238/;32.+83+ %& A3++3 41;1++3+ &.; 0/+8323 62% +[2 A3 +3&+-3:216;3C 3+3 ;T,3, R D3- C [ A3,,/-3+ -%, -.;,-23443;.8 C %+83 :2T&32 /+A32 4Q T2.+8 -.; [ 8Q T23032A.8 3+ 41C:1,.,Q 1+,3,-.C %-12 6%,32- :[ -3C:32%-/2C [;.+832 R
P- :%2 %+A23 -.+8 C %+8;32 0T2 ,5,-3C 3- 4%+ ,.3, [ &e23 032A.8 R D3- C [ ;%83, 3- 38+3-82%Y,4 62/432823+,3,+.-- ,1C 423&32 3- C .+.C/C %& 1::;e2.+8 012 [ 012,-[, R h.A3+ 419;1++3+ ,4%; 62/43, . ;%69T&3;,32 012 ,-/A3+-32 Z 18 62/4323+3 A32C 3A .443 &.; 0[ ;%+8 -.A-.; [ 6;. 4Q 3+- C 3A ,5,-3C 3- Z 32 3- .+-/.-.&- 1: 32%-T2:%+3; & .4-.8 R D3- C [ 18,[ ;%83, 3-1&3212A+3- ,.4432B3-,,5,-3C R * 0T2,-3 1C8%+8 32 A3- -3+4- [ ;%83 3- ,.4432B3-,,5,-3C ,1CC3;A32 02% -.; 1: 32%-T23+ A32,1C -25449 3;;32 +.&[C [;.+832 8[2 /-3+012 C %4,.C/C,9 3;;32C .+/C/C,823+,32 3;;32 1C 4Q T;3&%++3- 0%;;32 /- Z 18 3&3+-/3;- ,42/ %& &%2C 33;3C 3+-3+3012 [ 4Q T23 +3A :21,3,,3+ R
D3- B%2 -.; +[ 6;.-- 62/4- 3+ 23+ 34,: 32.C 3+-3;; C 1A3;; R * ,-3A3- 012 [ 62/43 A3+ 34,9: 32.C 3+-3;;3 C 1A3;;3+ &.; A3- 6;. 012,T4- :%2%C 3-32.A3+-.Y4%,Q 1+ %& 3+ C1A3;; 6%,32- :[05,.,43 :2.+,.:: 32 Z 18 H∞

9238/;32.+8 .,-3A3+ 012 C:z R D3+ +53 C1A3;;3+ 4%+ 18,[ 62/43,. C:z R D3-%;Q 3+3 012 H∞

9238/;32.+83+ 32 0123;T:.8 [:+3 Z C 3+ A3--3 %26 3.A3- & .; 6 ;. A3+%+A23 A.:;1C1::8%&3+ :[ A3,-.;;%,Q 1+,,5,-3C 3- R
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i1&A Z \ R ½EFF=¾ R Fk-A2%8 02% 41C:3+A./C . ]21,3,,238/;32.+8 X� RG7@7k Z *+,-.-/-- 012 @34+.,4 �5632+3-.44 Z @21+AB3.C R @ .;8Q 3+83;.8
:[ B--: æjj{{{ R.-4 R+-+/ R+1j%+,%--3ji1&At\12-3+jXç]21,238j]%83,9021C94/2,41C:3+A./C R:A0 R

i1&A Z \ R 18 S2%%-· Z U RD R ½EFF=¾ R Fi%+A;.+8 h-%-3 %+A c/-:/- ^1+,-2%.+-, .+ \]^ k,.+8@ .C 39A3: 3+A3+- Ñ3.8B-, RG u vwxyz{|} ~wx{�z� ���zv{ �{w �v{��vyZ Ef ½E¾ Z �<��= R
� .,-32 Z i R� R ½?>>E¾ R � z��zy y��zv{ � x�z|{ R 7 R� Ræ \ zç2%{9i .;; R
WQ /+8 Z W R ½?>>>¾ R ����x� ~wx{�z� ���zv{ � �� xv�� � v� �� x ��x�R ]23+-.z3 i%;; .+012C %-.1+%+A ,5,-3C ,z.3+z3, ,32.3, R k::329h%AA;3 U .&32 Z 7 Rd Ræ ]23+-.z39i%;; ]@U Z E /-8 R
\ 3Q A3;; Z @ R 18 h4183,-%A Z h R ½?>> ?¾ R FP,-.C %-.1+ 10 D3,-.;;%-.1+ ^1C:1,.-.1+, 021C \/;9-.: ;3 @3C:32%-/23 \3%,/23C 3+-, k,.+8 ]%2-.%;9W3%,-9h�/%23, U3823,,.1+ RG ~{w� �{| �

�� x� � �x� �Z �F ½?E¾ Z Ef=��Efff R
\1123 Z S R ½?>� ?¾ R F]2.+z.:%; ^1C:1+3+3+- g+%;5,., .+ W.+3%2 h5,-3C , æ ^1+-21;;%6.;.-5Zc6,32&%6.;.-5Z %+A \1A3; U3A/z-.1+ RG ~��� ���{����zv{� v{ ���v� ��z� �v{��vyZ E� ½?¾ Z?<�� ?R
\/,43 Z � RU RR 18 U%{ ;.+8, Z d RS R ½?>>�¾ R F\1A3; ]23A.z-.&3 ^1+-21; { .-B W.+3%2 \1A3;, RG� ~ ��� �v��{�yZ �> ½E¾ Z E�E� E�< R
U%{ ;.+8, Z d RS R 18 \/,43 Z � RU R ½?>>�¾ R F@B3 h-%6.;.-5 10 ^1+,-2%.+3A U3z3A.+8 i12.·1+^1+-21; RG ~��� ���{����zv{� �{ ���v� ��z� �v{��vyZ �� ½?F¾ Z ?f?E� ?f?� R
hz14%32- Z ]Rc R\ R 18 U%{ ;.+8, Z d RS R ½?>>>¾ R FV3%,.6 .;.-5 *,,/3, .+ W.+3%2 \1A3; ]23A.z.-.&3^1+-21; RG � ~ ��� �v��{�yZ =f ½�¾ Z ?�=>� ?�f> R

= ?
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h4183,-%A Z h R ½?>><¾ R FD5+%C .z, %+ ^1+-21; 10 D .,-.;;%-.1+ ^1;/C+, 9 g ^2.-.z%; h/29&35RG u vwxyz{|} ~ wx{�z� ���zv{ �{w �v{��vyZ ?� Z ?<<� E?< R U3:2.+- 10 :%:32 021C ~�� ��

���� v�z�� � ����� � � ¡ Z \ %25 ;%+A Z g:2 R E<9E> Z ?>>E R
h4183,-%A Z h R 18 \12%2. Z \ R ½?>��¾ R Fk+A32,-%+A.+8 -B3 D5+%C .z S3B%&.1/2 10 D .,-.;;%-.1+^1;/C+, RG ~{w� �{| � �� x� � �x� �Z E< Z ?�=�� ?��E R
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h4183,-%A 18 \12%2. ½?>��¾ &.,32 B&12A%+ 3+ ;18%2.-C .,4 -2%+,012C %,Q 1+ C1-&.2432 A2.0-,96 3-.+83;,3+3, :[&.24+.+8 :[ A3+ A5+%C .,43 23,:1+,3+ . 3+ A3,-.;;%,Q 1+,41;1++3 R D3--3/-;3A3, &3A [ ,3 :[ C%,,36%;%+,3+ 012 41C:1+3+-3+3 &3A 3- 8.-- -2.++ . 41;1++3+ ½A3-%+-%, 41+,-%+- C1;%2 ,-2TC+.+8 18 41+,-%+- C %,,3 B1;A/: . B&32- -2.++¾

Mi

dxi

dt
= L(xi+1 − xi) + V (yi−1 − yi).

½g R?¾
i32 32

M
C%,,3 B1;A/: Z x C1;02%4,Q 1+ ;3-- 41C:1+3+- . &e,43+ ,1C 23++32 +3A1&32 18 yC1;02%4,Q 1+ ;3-- 41C:1+3+- . 8%,,3+ ,1C ,-.832 1::1&32 R L 32 C1;%2 &e,43,-2TC Z V C1;%2,-2TC %& 8%,, 18 .+A34,3+ i %+8.2 -2.++ RU3,:1+,3+ &3A ,C [ 3+A2.+832 . L 6;.2 Z 6%,32- :[ 3+ 0T2,-312A3+, @%5 ;12/-&.4;.+8

Mi

dxi

dt
= ∆L(xi+1 − xi).

½g RE¾
i32 &%2.3232 xi+1 − xi

C53 02% -2.++ -.; -2.++ Z 18 &3A /;.43 A2.0-,6 3-.+83;,32 R X3A [ A3;36 3883 ,.A32 C 3A
xi

18 62/43 1
xi

dxi

dt
= d ln xi

dt

6;.2

d ln xi

dt
= ∆L

(
xi+1

xi

− 1

)
.

½g R�¾
* +3A23 A3; %& 41;1++3+ 32 xi+1

xi

-.;+e2C3- 41+,-%+- 1C C%+ %+-%2 41+,-%+- 23;%-.& ¼549-.8B3- Z 18 23,:1+,3+ 0T;83;.8 /%&B3+8.8 %& ,-%2-6 3-.+83;,3+3 R D3+ ,%CC3 /-;3A+.+83+ 4%+8Q T23, 012 ,C [ 3+A2.+832 . V R

=�
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X3A [ A3;3 ½g RE¾ :[ (1 − xi)

18 62/43 1
1−xi

dxi

dt
= − d

dt
ln(1 − xi)

6;.2

−Mi

d ln(1 − xi)

dt
= Mi

d

dt
ln(

1

1 − xi

) = ∆L

(
1 −

1 − xi+1

1 − xi

)
.

½g R=¾
* T&23 A3; %& 41;1++3+ 32 1−xi+1

1−xi

-.;+e2C3- 41+,-%+- Z 18 /;.+3%2.-3-3+ ,1C 1::,-[2 :[ 82/++%& /;.43 .+-.-%;6 3-.+83;,32 6;.2 23A/,32- R
h.A3+ xi ≈ 1

. -1::3+ 18 1 − xi ≈ 1
. 6/++3+ 4%+ A3 -1 -2%+,012C %,Q 1+3+3 ,;[, ,%CC3+-.; A3+ ;.+3%2.,323+A3 -2%+,012C %,Q 1+3+ 012 B3;3 41;1++3+ æ

Xi = ln

(
xi

1 − xi

)
.

½g Rf¾

V12 [ 62/43 -3C:32%-/232 . A3+ ;.+3%2.,323+A3 -2%+,012C %,Q 1+3+ %+-%2 \3Q A3;; 18 h41839,-%A ½?>> ?¾ %- 4143:/+4-3- 32 ;.+3e2 . xi

18
1 − xi

,;.4 %-
θi = TLxi + TH(1 − xi),

½g R�¾
B&12 θi

32 4143:/+4-3- ½18 0T;83;.8 -3C:32%-/23+ ¾ &3A -2.++ i
Z
TL

4143:/+4-3- -.; A3+ ;3--341C:1+3+-3+ 18 TH

4143:/+4-3- -.; A3+ -/+83 41C:1+3+-3+ R X .A323 6;.2
xi

1 − xi

=
TH − θi

θi − TL

,
½g R<¾

18 0T;83;.8
Lθi = ln

(
θi − TL

TH − θi

)
= −Xi,

½g R�¾
B&12 Lθi

4%;;3, A3+ ;18%2.-C .,43 -3C:32%-/23+ R
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ÔÕÖ×ØØ § ÚÛÜ �òðâã äá¨ åà ïåÞ�òâ� àòÞá÷àîâà �äå àóâü àåÞß àáò7%&+ h5C61; X32A.0TA341C:1,.,Q 1+ −
fFjfF &1;^ C3-%+1;j&%++0TA3,-2TC

F
? ©C;j,ª3¿34-

u2

F R� ½-.;,&%232 0.6 · 3
4Ñ «

1.8
4Ñ ¾23¼/4,

L
F R� ©C;j,ª23032%+,3-3C:32%-/2 t3ref

<� ©◦^ ª23032%+,3+.&[ 23¼/4,-%+4 9
0.15

©A.C 3+,Q 1+,;T,ª/-8%+8 -1:: ys
1

?R==/-8%+8 6/++ ys
2

9� R=F

=f
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ÔÕÖ×ØØ § ÚÙ Ü �óðîàåÞá÷ ðñ Þáá� ä÷ öò÷ðá÷ââÞ÷áðî
�¬ x®� ��®�yx�� ¯��z�¬xy �®�yx�z{| �®�yx�� ¯��z�¬xy

x y = ax + b y@3C: R ,3+,12 . 41432 \1-,-%+A ©
Ω
ª

y = 2.6007x − 261.44
@3C:32%-/2 ©◦^ ª@3C: R ,3+,12 . 41;1++3 \1-,-%+A ©

Ω
ª

y = 2.5968x − 261.04
@3C:32%-/2 ©◦^ ªc&32-2544 41432 =9EFCg

y = 2.5x − 10
F 9 =FCS%27 .&[ 23¼/4,-%+4 =9EFCg

y = 62.5x − 0.25
F 9 ?VTA3,-2TC =9EFCg

y = 411.36x − 1.7624
F 9 � R= C ;j,

U3¼/4,,-2TC =9EFCg
y = 522.45x − 2.105

F 9 � RE C ;j,D3,-.;;%-,-2TC =9EFCg
y = 622.78x − 2.4787

F 9 ?F C ;j,VTA3:/C:3 F R�9� R�C ;j,
y = 0.0029x + 0.0017

= 9 EFCg
U3¼/4,:/C:3 F Rf9� REC ;j,

y = 0.0028x + 0.0027
= 9 EFCgD3,-.;;%-:/C:3 ?R<C ;j, 9 %&j:[S/++:21A/4-:/C:3 � REC ;j, 9 %&j:[

ÔÕÖ×ØØ § Úÿ Ü °öáÞá÷âüðåðß àòàåà �äå Þáïåà åà÷öîàåÞá÷ââî%"�àå
h;T503 ]%2%C 3-32 h5C61; X32A.@3C:32%-/2 ]21:12,Q 1+%; 012,-324+.+8 KP −0.2

[
ml

s ◦C

]
*+-3282%;-.A τI 4

©C.+ ª][A2%8,C 3-+.+8 23¼/4, Lmax

?R� ©C;j,ª
Lmin

F ©C;j,ª7.&[ 23¼/4,-%+4 ]21:12,Q 1+%;012,-324+.+8 KP −10
©A.C 3+,Q 1+,;T,ª
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ÔÕÖ×ØØ § Ú� Ü �ðåðß àòàåà �äå ±�² Þ âÞßöîàåÞá÷àå ä÷ àóâü àåÞß àáòàîò]%2%C 3-32 h5C61; X32A. X32A.,.C/;32.+8 34,: 32.C 3+-3;-i12.,1+- 7 �F �Fk-& .A3- B12.,1+- Q ?FF ?FF73A23 6 3,42%+4+.+8 y1L y1d − 0.05 y1d − 0.15
y2L y2d − 0.05 y2d − 0.15
u1L −5 −5
u2L −0.2 −0.2³&23 6 3,42%+4+.+8 y1U y1d + 0.05 y1d + 0.15
y2U y2d + 0.05 y2d + 0.15
u1U 5 5
u2U 0.2 0.2X34-.+8 /-8%+832 Q1 cT c cT cX34-.+8 :[A2%8 Q2

[
0 0
0 0

] [
0 0
0 0

]

X34-.+8 :[A2%8,3+A2.+8 P
F R?[1/5 0

0 1/0.2

] [
1/5 0
0 1/0.2

]

X34-.+8 ,;%z4&%2.%6;3 R

[
20 0
0 5

] [
20 0
0 5

]

r
[
200 50 200 50

]T [
200 50 200 50

]T

h-T5 9 41&%2.%+,32 Qw 0.001I17 0.001I17

Qυ

[
0.005 0

0 0.01

] [
0.05 0
0 0.1

]

Rν

[
0.005 0

0 0.01

] [
0.005 0

0 0.01

]

][A2%8,6;14432.+8 ∆uk = 0∀k /∈
[
1 5 15 30

] [
1 5 15 30

]




