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�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1���¢¥¤¥¨¥�¨áâ¥¬  �����-1�� ¤«ï ��� â¨¯  IBM PC ¯à¥¤ § ç¥  ¤«ï á¨â¥§   «£®à¨â¬®¢ à ¡®âë à¥£ã-«ïâ®à®¢ ¬®£®¬¥àëå ®¡ê¥ªâ®¢ ¯® ¨å «¨¥ à¨§®¢ ë¬ ¬®¤¥«ï¬,   â ª¦¥ ¤«ï   «¨§  ¨ à §«¨çëå¯à¥®¡à §®¢ ¨© ¬®¤¥«¥© ®¡ê¥ªâ , à¥£ã«ïâ®à  ¨ á¨áâ¥¬ë.�  ¯à¥¤ § ç¥  ¤«ï ¨¦¥¥à®¢-à §à ¡®âç¨ª®¢ á¨áâ¥¬ ã¯à ¢«¥¨ï ( §ë¢ ¥¬ëå ¤ «¥¥ ¯®«ì-§®¢ â¥«ï¬¨). �®«ì§®¢ â¥«ì ãª §ë¢ ¥â ª« áá à¥è ¥¬®© § ¤ ç¨ (®¬¥à ¤¨à¥ªâ¨¢ë) ¨ ¢ § ¢¨á¨¬®áâ¨®â íâ®£® �����-1�� § ¯à è¨¢ ¥â ¨áå®¤ë¥ ¤ ë¥: ¬®¤¥«ì ®¡ê¥ªâ  ã¯à ¢«¥¨ï, âà¥¡ã¥¬ãî â®ç-®áâì à¥£ã«¨à®¢ ¨ï ¨ â.¤. �¥§ã«ìâ â à ¡®âë á¨áâ¥¬ë | ãà ¢¥¨ï   «®£®¢ëå «¨¡® æ¨äà®¢ëåà¥£ã«ïâ®à®¢, £à ä¨ª¨ ¯à®æ¥áá®¢ ¨ â.¯.
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�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��1. ������ �������� ������ ¤ ç¨, à¥è ¥¬ë¥ á¨áâ¥¬®© à §¤¥«ïîâáï   3 â¨¯ :1) �¨â¥§ à¥£ã«ïâ®à®¢.2) � «¨§ á¢®©áâ¢ ¨ å à ªâ¥à¨áâ¨ª ¯à®æ¥áá®¢.3) �à¥®¡à §®¢ ¨¥ ¢¨¤  ¨ ä®à¬ë ¬®¤¥«¨.� ¤ ç¨ á¨â¥§  ¤¥«ïâáï ¢ § ¢¨á¨¬®áâ¨ ®â æ¥«¥© ã¯à ¢«¥¨ï «¨¡® ¬®¤¥«¥© á¨áâ¥¬ë ã¯à ¢«¥¨ï.�â¨ å à ªâ¥à¨áâ¨ª¨ ( §ë¢ ¥¬ë¥ ¤ «¥¥ ¯®ª § â¥«ï¬¨) ¬®£ãâ ¡ëâì ¥áª®«ìª¨å ¢¨¤®¢:  ªá¨®¬ â¨ç¥-áª¨¥ ¯®ª § â¥«¨ (§ ç¥¨¥ ª¢ ¤à â¨ç®£® äãªæ¨® « , ª®à¨ å à ªâ¥à¨áâ¨ç¥áª®£® ¯®«¨®¬  «¨¡®H1-®à¬  ¯¥à¥¤ â®ç®© äãªæ¨¨) ¨ ¨¦¥¥àë¥ ¯®ª § â¥«¨ (ãáâ ®¢¨¢è¨¥áï ®è¨¡ª¨ ¯® ª ¦¤®©à¥£ã«¨àã¥¬®© ¯¥à¥¬¥®©, ¢à¥¬ï à¥£ã«¨à®¢ ¨ï ¨ ¯¥à¥à¥£ã«¨à®¢ ¨¥ ¯® íâ¨¬ ¯¥à¥¬¥ë¬ ¨ â.¤.).� ¤ ç¨   «¨§  ®¯à¥¤¥«ïîâáï ¨áá«¥¤ã¥¬ë¬¨ á¢®©áâ¢ ¬¨ (ãáâ®©ç¨¢®áâì, ã¯à ¢«ï¥¬®áâì,  ¡«î-¤ ¥¬®áâì, £àã¡®áâì) ¨ å à ªâ¥à¨áâ¨ª ¬¨ (â®ç®áâì, ª ç¥áâ¢®) ¯à®æ¥áá®¢.� ¤ ç¨ ¯à¥®¡à §®¢ ¨ï § ¢¨áïâ ®â ¢¨¤®¢ ( «£¥¡à ¨ç¥áª¨¥ ãà ¢¥¨ï, ®¡ëª®¢¥ë¥ ¤¨ää¥à¥-æ¨ «ìë¥ ãà ¢¥¨ï, à §®áâë¥ ãà ¢¥¨ï) ¨ ä®à¬ (�®è¨, \¢å®¤{¢ëå®¤", � £à ¦ ) ¬®¤¥«¥©®¡ê¥ªâ  ¨ à¥£ã«ïâ®à .� â ¡«¨æ¥ ¯à¨¢¥¤¥ë ª« ááë à¥è ¥¬ëå § ¤ ç ¨ ®¬¥à  ¤¨à¥ªâ¨¢ à¥è îé¨å íâ¨ § ¤ ç¨. �¥à¢ ïæ¨äà  ®¬¥à  ¤¨à¥ªâ¨¢ë | â¨¯ § ¤ ç¨, ¢â®à ï | ¯®¤â¨¯. �¨äà  á ªàã£«®© áª®¡ª®© àï¤®¬ á ¥-ª®â®àë¬¨ â¥à¬¨ ¬¨ ¢  §¢ ¨¨ ¤¨à¥ªâ¨¢ë ®§ ç ¥â ®¬¥à ¯®ïá¥¨ï íâ®£® â¥à¬¨  ¯à¨¢®¤¨¬®£®¢ ª®¬¬¥â à¨ïå ª íâ®© â ¡«¨æ¥. �à âª¨¥ â¥®à¥â¨ç¥áª¨¥ á¢¥¤¥¨ï ¤«ï ª ¦¤®© ¤¨à¥ªâ¨¢ë ¨§ íâ®©â ¡«¨æë ¯à¨¢¥¤¥ë ¢ £« ¢¥ 5.

{ 5 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��N ¤¨à¥ª-â¨¢ë � §¢ ¨¥ ¤¨à¥ªâ¨¢ë1. �¨â¥§ à¥£ã«ïâ®à®¢111 � «¨â¨ç¥áª®¥ ª®áâàã¨à®¢ ¨¥ à¥£ã«ïâ®à®¢ (��®�)112 ��®� á ¯à®¨§¢®¤ë¬¨ ¯® ã¯à ¢«¥¨î ¢ äãªæ¨® «¥ª ç¥áâ¢ 113 �¯â¨¬ «ì ï á¨áâ¥¬  á  ¡«î¤ â¥«¥¬(¬¨¨¬ «ì®-ä §®¢ë© ®¡ê¥ªâ2))131 H1-áã¡®¯â¨¬ «ì®¥ ã¯à ¢«¥¨¥141(1C111) �®ç®¥ ã¯à ¢«¥¨¥3) ®¡ê¥ªâ®¬ ¯¥à¢®£®4) ¢¨¤ 142(1C018) �®ç®¥ ã¯à ¢«¥¨¥ ®¡ê¥ªâ®¬ ¢â®à®£®5) ¢¨¤ 142.1(1C008) �®ç®¥ ã¯à ¢«¥¨¥ ®¡ê¥ªâ®¬ ¢â®à®£® ¢¨¤  ¯à¨ § ¤ ®© ®¡-®¡é¥®© ç áâ®â¥ áà¥§ 143 �®ç®¥ ã¯à ¢«¥¨¥ ®¡ê¥ªâ®¬ âà¥âì¥£®6) ¢¨¤ 144 �®ç®¥ ã¯à ¢«¥¨¥ ®¡ê¥ªâ®¬ ç¥â¢¥àâ®£®7) ¢¨¤ 146(1C014) �®ç®¥ á«¥¦¥¨¥ ¢ á¨áâ¥¬¥ á ®¡ê¥ªâ®¬ ¢â®à®£® ¢¨¤ 2. � «¨§211 � «¨§ ãáâ®©ç¨¢®áâ¨221 � «¨§ ã¯à ¢«ï¥¬®áâ¨221.1 � «¨§  ¡«î¤ ¥¬®áâ¨231 �¯à¥¤¥«¥¨¥ § ¯ á®¢ ãáâ®©ç¨¢®áâ¨ (  «¨§ £àã¡®áâ¨)241 � «¨§ â®ç®áâ¨ ¨ ª ç¥áâ¢ 242 � «¨§ ãáâ ®¢¨¢è¥©áï â®ç®áâ¨243 � «¨§ â®ç®áâ¨ ¨ ª ç¥áâ¢  á¨áâ¥¬ë á æ¨äà®¢ë¬à¥£ã«ïâ®à®¬ 3. �à¥®¡à §®¢ ¨ï311 �à¥®¡à §®¢ ¨¥ ¬®¤¥«¨, § ¤ ®© ¢ ä®à¬¥ � £à ¦ 8), ªä®à¬¥ �®è¨312 �à¥®¡à §®¢ ¨¥ ¬®¤¥«¨, § ¤ ®© ¢ ä®à¬¥ �®è¨, ª ä®à¬¥\¢å®¤-¢ëå®¤"313 �à¥®¡à §®¢ ¨¥ ¥¯à¥àë¢®© ¬®¤¥«¨, § ¤ ®© ¢ ä®à¬¥ �®-è¨, ª ¤¨áªà¥â®© ä®à¬¥ �®è¨�¡êïá¥¨ï â¥à¬¨®¢, ¢áâà¥ç îé¨åáï ¢ â ¡«¨æ¥1) �à ¢¥¨ï ®¡ê¥ªâ , § ¤ ®£® ¢ ä®à¬¥ �®è¨, ¨¬¥îâ ¢¨¤_x = Ax+ ~B1 ~w + B2u; y = C2x; (1.1)£¤¥ x(t) 2 Rn | ¢¥ªâ®à á®áâ®ï¨© ®¡ê¥ªâ ; u(t) 2 Rm | ¢¥ªâ®à ã¯à ¢«¥¨©; y(t) 2 Rr {¢¥ªâ®à ¨§¬¥àï¥¬ëå ¯¥à¥¬¥ëå; ~w(t) 2 R� | ¢¥ªâ®à ¢¥è¨å ¢®§¬ãé¥¨©; A, B1, B2 ¨ C2| ¨§¢¥áâë¥ ¬ âà¨æë ç¨á¥« á®®â¢¥âáâ¢ãîé¨å à §¬¥à®¢. �à ¢¥¨ï (1.1) ¬®¦® (¨á¯®«ì§ãï, ¯à¨¬¥à, ¤¨à¥ªâ¨¢ã 312) ¯à¨¢¥áâ¨ ª ä®à¬¥ "¢å®¤-¢ëå®¤", ª®â®à ï ¨¬¥¥â ¢¨¤T1(s)y = T2(s)u+ T3(s) ~w; (1.2)£¤¥ ¯®«¨®¬¨ «ìë¥ ¬ âà¨æëT1(s) = rXk=0T (1)k sk; T2(s) = mXk=0T (2)k sk; T3(s) = �Xk=0T (3)k skáâà®ïâáï [1]   ®á®¢¥ ¬ âà¨æ ãà ¢¥¨© (1.1).2) �¡ê¥ªâ (1.1)  §ë¢ ¥âáï ¬¨¨¬ «ì®-ä §®¢ë¬ (ãáâ®©ç¨¢ë¬ ¯® ã¯à ¢«¥¨î) ¥á«¨ ª®à¨ ãà ¢-¥¨ï det T2(s) = 0 (1.3)¨¬¥îâ ®âà¨æ â¥«ìë¥ ¢¥é¥áâ¢¥ë¥ ç áâ¨.{ 6 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��3) �«ï ®¯¨á ¨ï § ¤ ç¨ â®ç®£® ã¯à ¢«¥¨ï [1, 2] à áá¬®âà¨¬ á¨áâ¥¬ã ã¯à ¢«¥¨ï, ®¯¨áë¢ ¥¬ãîãà ¢¥¨ï¬¨ _x = Ax+ ~B1 ~w +B2u; y = C2x; ~z = ~C1x; (1.4)_xc = Acxc + Bcy; u = Dcxc +Ccy; (1.5)£¤¥ z(t) 2 Rm1 | ¢¥ªâ®à à¥£ã«¨àã¥¬ëå ¯¥à¥¬¥ëå, xc(t) 2 Rnc | ¢¥ªâ®à á®áâ®ï¨© à¥£ã«ï-â®à  (1.5), Ac, Bc, Dc, Cc ¨ ~C1 | ¬ âà¨æë ç¨á¥« á®®â¢¥âáâ¢ãîé¨å à §¬¥à®¢.�ãáâì ª®¬¯®¥âë ¢¥ªâ®à  ¢®§¬ãé¥¨© ¯à¥¤áâ ¢«¥ë ¢ ¢¨¤¥~wi(t) = �Xk=0(�ski sin!kit + �cki cos!kit) (i = 1; : : : ; �); (1.6)£¤¥  ¬¯«¨âã¤ë �sk, �ck ¨ ç áâ®âë !k (k = 0; : : : ; �) | ¯à®¨§¢®«ìë¥ ç¨á« , ® â ª¨¥, çâ®j ~wi(t)j � w�i (i = 1; : : : ; �); (1.7)£¤¥ w�i (i = 1; : : : ; �) | § ¤ ë¥ ç¨á«  (£à ¨æë ¢¥è¨å ¢®§¬ãé¥¨©).�áâ ®¢¨¢è¨¥áï § ç¥¨ï à¥£ã«¨àã¥¬ëå ¯¥à¥¬¥ëå~zi;st = lim supt!1 j~zi(t)j (i = 1; : : : ;m1):�ã¤¥¬ £®¢®à¨âì, çâ® à¥£ã«ïâ®à (1.5) ®¡¥á¯¥ç¨¢ ¥â â®ç®¥ ã¯à ¢«¥¨¥ ¢ ãáâ ®¢¨¢è¥¬áï à¥¦¨-¬¥ (¨«¨, ¤«ï á®ªà é¥¨ï, â®ç®¥ ã¯à ¢«¥¨¥), ¥á«¨~zi;st � ~z�i (i = 1; : : : ;m1); (1.8)£¤¥ z�i (i = 1; : : : ;m1) | § ¤ ë¥ ç¨á« .4) �¡ê¥ªâ ¯¥à¢®£® ¢¨¤  ®¯¨áë¢ ¥âáï ãà ¢¥¨ï¬¨_x = Ax+ ~B1( ~w + u); y = x; ~z = ~C1x; (1.9)ª®â®àë¥ á®¢¯ ¤ îâ á (1.4) ¯à¨ ~B1 = B2 (� = m) ¨ C2 = In (In | ¥¤¨¨ç ï ¬ âà¨æ  à §¬¥à®¢n� n).5) �¡ê¥ªâ ¢â®à®£® ¢¨¤  ®¯¨áë¢ ¥âáï ãà ¢¥¨ï¬¨ (1.4) ¥á«¨: ) y = ~z (C1 = C2): (1.10)¡) ¯®«¨®¬ det T2(s) | £ãà¢¨æ¥¢ (ª®à¨ ãà ¢¥¨ï (1.3) ¨¬¥îâ ®âà¨æ â¥«ìë¥ ¢¥é¥áâ¢¥ë¥ç áâ¨).6) �¡ê¥ªâ âà¥âì¥£® ¢¨¤  ®¯¨áë¢ ¥âáï ãà ¢¥¨ï¬¨_x = Ax+ ~B1 ~w + B2u; y = x; ~z = ~C1x:�â® ¡®«¥¥ ®¡é¨© ¢¨¤, ç¥¬ ¯¥à¢ë© ( ~B1 6= B2).7) �¡ê¥ªâ ç¥â¢¥àâ®£® ¢¨¤  ®¯¨áë¢ ¥âáï ãà ¢¥¨ï¬¨ (1.4) ¯à¨ ãá«®¢¨¨ (1.10). �â® ¡®«¥¥ ®¡é¨©¢¨¤, ç¥¬ ¢â®à®© (®âáãâáâ¢ãîâ ®£à ¨ç¥¨ï   ª®à¨ det T2(s)).8) �®¤¥«ì ®¡ê¥ªâ  ¢ ä®à¬¥ � £à ¦  ¨¬¥¥â ¢¨¤1Xi=0 Q(i)siq = 2Xj=0M (j)sju+ 3Xk=0L(k)skw; (1.11)y = �Dq; (1.12)£¤¥ q(t) 2 Rn1 | ¢¥ªâ®à ¯à®¬¥¦ãâ®çëå ¯¥à¥¬¥ëå, Q(i), M (j), L(k), �D (i = 0; : : : ; 1; j =0; : : : ; 2; k = 0; : : : ; 3) | § ¤ ë¥ ¬ âà¨æë ç¨á¥« á®®â¢¥âáâ¢ãîé¨å à §¬¥à®¢.{ 7 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��2. ����������� ��������,����� � �������� ��������¨áâ¥¬  �����-1�� ¯à¥¤ § ç¥  ¤«ï à ¡®âë   ¯¥àá® «ì®© ��� â¨¯  IBM PC AT ¨ á®-¢¬¥áâ¨¬ëå á ¥©. �à¥¡ã¥¬ë© ®¡ê¥¬ ®¯¥à â¨¢®© ¯ ¬ïâ¨ 500 �¡, ¢¥è¥© | 2.5 �¡, ®¯¥à æ¨® ïá¨áâ¥¬  MS-DOS ¢¥àá¨¨ 3.30 ¨ ¢ëè¥.�ë§®¢ ¨ § £àã§ª  á¨áâ¥¬ë ®áãé¥áâ¢«ï¥âáï § ¯ãáª®¬ ¯à®£à ¬¬ëgamma1pc.exe.
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�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��3. ���� �������� ������3.1. ����� �������1) �¨ää¥à¥æ¨ «ìë¥ ¨  «£¥¡à ¨ç¥áª¨¥ ãà ¢¥¨ï ¢¢®¤ïâáï á«¥¤ãîé¨¬ ®¡à §®¬:�à ¢¥¨ï § ¯¨áë¢ îâáï ¢ ¨å ¥áâ¥áâ¢¥®© ä®à¬¥. �®à¬ â § ¯¨á¨ ãà ¢¥¨ï á«¥¤ãîé¨© |< � >::=< �á� >=< �á� > j < �á� >= 0< �á� >:: [f�g] < �� > j [f�g] < �� > f�g < �� >< �� >::= [< � >] < �� > [< �� >] [(< ��� >)];£¤¥< � > | ãà ¢¥¨¥;< �á� > | ç áâì ãà ¢¥¨ï («¥¢ ï ¨«¨ ¯à ¢ ï);< �� > | ç«¥ ãà ¢¥¨ï;< � > | ª®íää¨æ¨¥â (æ¥«®¥ ¨«¨ ¢¥é¥áâ¢¥®¥ ç¨á«®). �á«¨ < � >= 1, â® < � > ¢ § ¯¨á¨ ç«¥ ãà ¢¥¨ï ¬®¦® ®¯ãáâ¨âì;< �� > | ¨¤¥â¨ä¨ª â®à (áâà®ª );< �� > | ®¬¥à ¯¥à¥¬¥®© (æ¥«®¥ ç¨á«®);< ��� > | ®¬¥à ¯à®¨§¢®¤®© (æ¥«®¥ ç¨á«®), ¥á«¨ < ��� >= 0, â® < ��� > ¬®¦® ¥ ãª §ë-¢ âì. � ¯à¨¬¥à, j-ï ¯à®¨§¢®¤ ï i-© ª®¬¯®¥âë ¢¥ªâ®à  z § ¯¨áë¢ ¥âáï ª ª zi(j).� á¨áâ¥¬¥ ¨¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ¨¤¥â¨ä¨ª â®à ¬¨ ¯¥à¥¬¥ëå ¢ ï§ëª¥®¯¨á ¨ï ¤ ëå ¨ ä®à¬ã« å:Q � q; U � u; W � w; Y � y; Z � zZc � zc; X � x; Xc � xc:�¥¢ë¥ ¨ ¯à ¢ë¥ ç áâ¨ ãà ¢¥¨© à §¤¥«ïîâáï á¨¬¢®«®¬ \=", § ª \+" ã ¯¥à¢ëå ç«¥®¢ ãà ¢-¥¨© ¬®¦® ®¯ãáª âì ¢ «¥¢®© ¨ ¯à ¢®© ç áâïå.�®á«¥ ª ¦¤®£® ãà ¢¥¨ï áâ ¢¨âáï â®çª  á § ¯ïâ®© (á¨¬¢®« \;"). �¢®¤ ¨áå®¤ëå ¤ ëå § ª -ç¨¢ ¥âáï  ¦ â¨¥¬ ª« ¢¨è¨ < F10 >.2) �ãªæ¨¨, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ®¯¨á ¨ï í«¥¬¥â®¢ ¢¥ªâ®à®¢ ¢¥è¨å ¢®§¬ãé¥¨© ¨ § ¤ îé¨å¢®§¤¥©áâ¢¨© ¨¬¥îâ á«¥¤ãîé¨© ä®à¬ â § ¯¨á¨< �� >::=< �� > [< �� >] f< T1 >:< T2 >g =< �� >< �� >::= [�] < � > j < � > f�g < �� >< � >::=< � > j[< � >]tjsin([< � >]t�[< � >])jcos([< � >]t�[< � >])£¤¥< �� > | ª®¬¯®¥â ¢¥ªâ®à ;< �� > | ¨¤¥â¨ä¨ª â®à (G { § ¤ îé¥¥ ¢®§¤¥©áâ¢¨¥, W { ¢¥è¥¥ ¢®§¬ãé¥¨¥);< �� > | ®¬¥à ¯¥à¥¬¥®© (æ¥«®¥ ç¨á«®);< T1 >; < T2 > |  ç «ì®¥ ¨ ª®¥ç®¥ ¢à¥¬ï ¤¥©áâ¢¨ï äãªæ¨¨ (¢¥é¥áâ¢¥ë¥ ç¨á« );< �� > | ¢ëà ¦¥¨¥ ¤«ï äãªæ¨¨; { 9 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��< � > | í«¥¬¥â ¢ëà ¦¥¨ï;< � > | ª®íää¨æ¨¥â (æ¥«®¥ ¨«¨ ¢¥é¥áâ¢¥®¥ ç¨á«®);�«¥¬¥âë ¢¥ªâ®à  ®â¤¥«ïîâáï á¨¢®«®¬ \;".3) � âà¨æ  § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ æ¥«ëå ¨«¨ ¢¥é¥áâ¢¥ëå ç¨á¥« ¯® áâà®ª ¬,í«¥¬¥âë ®¤®© áâà®ª¨ ®â¤¥«ïîâáï ¤àã£ ®â ¤àã£  á¨¬¢®«®¬ \,", áâà®ª¨ ®â¤¥«ïîâáï á¨¬¢®«®¬ \;", ¢¯®«¨®¬¨ «ìëå ¬ âà¨æ å ¬ âà¨æë ¯à¨ à §«¨çëå áâ¥¯¥ïå ®â¤¥«ïîâáï ¤àã£ ®â ¤àã£  á¨¬¢®«®¬\#". �á«¨ ª®íää¨æ¨¥â ¬ âà¨æë ã«¥¢®© ® ¬®¦¥â ¡ëâì ®¯ãé¥ (à §¤¥«¨â¥«ì ®áâ ¥âáï).4) �¥ªâ®à § ¯¨áë¢ ¥âáï ¢ ¢¨¤¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ æ¥«ëå ¨«¨ ¢¥é¥áâ¢¥ëå ç¨á¥«, à §¤¥«¥ëåá¨¬¢®«®¬ \;".�à¨¬¥à § ¯¨á¨ ¢¥ªâ®à : 7 1:2E�1 35:8.5) �¨á«  § ¯¨áë¢ îâáï: ) �¥«ë¥ | ¢ ¨å ¥áâ¥áâ¢¥®© ä®à¬¥,  ¯à¨¬¥à, 3, 205 ¨ â.¯.¡) �¥é¥áâ¢¥ë¥ | ¢ ä®à¬¥ á ä¨ªá¨à®¢ ®© ¨«¨ ¯« ¢ îé¥© â®çª®©,  ¯à¨¬¥à, 7:1264,�8:74E�3 ¨ â.¯.�à¨ ¢¢®¤¥ ¯®á«¥¤®¢ â¥«ì®áâ¨ ç¨á¥« ®â¤¥«ìë¥ í«¥¬¥âë ®â¤¥«ïîâáï ¤àã£ ®â ¤àã£  á¨¬¢®«®¬\;".\%" - á¨¬¢®« ª®¬¬¥â à¨ï, ®áâ â®ª áâà®ª¨ ¯®á«¥ íâ®£® á¨¬¢®«  ¨£®à¨àã¥âáï.3.2. ������� �������� ¯à®áë á¨áâ¥¬ë ®âà ¦ îâáï ¢ ®ª¥ \�¥©áâ¢¨¥". �®§¬®¦ë á«¥¤ãîé¨¥ ¢¨¤ë § ¯à®á®¢:1. \�ë©â¨? (y/n)" (¢ëå®¤ ¨§ á¨áâ¥¬ë «¨¡® á¥ á  ¢¢®¤  ¤ ëå).2. \�¢¥¤¨â¥ ¨¬ï ¤¨à¥ªâ¨¢ë (Down - ¤«ï ¢ë¢®¤  á¯¨áª ) ¨  ¦¬¨â¥ F10"3. \�®â¨â¥ ¯à®á¬®âà¥âì à¥§ã«ìâ âë à ¡®âë ¬®¤ã«ï? (y/n)"4. \�¢¥¤¨â¥ ¨¬ï ¤ ëå (Down - ¤«ï ¢ë¢®¤  á¯¨áª ) ¤«ï § £àã§ª¨ ¨  ¦¬¨â¥ F10 ¨«¨  ¦¬¨â¥F10 ¤«ï ¢¢®¤  ®¢ëå ¤ ëå"5. \�¢¥¤¨â¥ ¨«¨ ®âà¥¤ ªâ¨àã©â¥ ¤ ë¥ ¨  ¦¬¨â¥ F10"6. \�¢¥¤¨â¥ ¨¬ï (Down - ¤«ï ¢ë¢®¤  á¯¨áª ) ¤«ï á®åà ¥¨ï ¤ ëå ¨  ¦¬¨â¥ F10 ¨«¨  ¦¬¨â¥F10 ¤«ï ®âª §  ®â á®åà ¥¨ï"7. \�¥à¥¯¨á âì? (y/n)" - ¯¥à¥§ ¯¨áì ¤ ëå�à¨ ¢¢®¤¥ ¤ ëå ¢ ®ª¥ "� ë¥" ¢ë¢®¤¨âáï á®®¡é¥¨¥ ® ¢¨¤¥ ¤ ëå,  ¤ ª®â®àë¬¨ ¢ ¤ ë©¬®¬¥â ¯à®¨§¢®¤¨âáï ¤¥©áâ¢¨¥. �®§¬®¦ë á«¥¤ãîé¨¥ ¢¨¤ë á®®¡é¥¨©:1. \�¨á«®, ç¨á« "2. \�¥ªâ®à"3. \� âà¨æ "4. \�®«¨®¬¨ «ì ï ¬ âà¨æ "5. \�¥ªâ®à ¢¥è¨å ¢®§¬ãé¥¨©"6. \�¥ªâ®à £à ¨æ ¢¥è¨å ¢®§¬ãé¥¨©"7. \�¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï ®¡ê¥ªâ  ã¯à ¢«¥¨ï ¢ ä®à¬¥ �®è¨"8. \�¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï ®¡ê¥ªâ  ã¯à ¢«¥¨ï ¢ ä®à¬¥ � £à ¦ "9. \�à ¢¥¨ï ¨§¬¥àï¥¬ëå ¯¥à¥¬¥ëå ¤«ï ®¡ê¥ªâ  ã¯à ¢«¥¨ï ¢ ä®à¬¥ �®è¨"10. \�à ¢¥¨ï à¥£ã«¨àã¥¬ëå ¯¥à¥¬¥ëå ¤«ï ®¡ê¥ªâ  ã¯à ¢«¥¨ï ¢ ä®à¬¥ �®è¨"¨ â.¤.�à®¬¥ â®£® ¤«ï ¥ª®â®àëå ¢¨¤®¢ ¤ ëå ¢ íâ®¬ ¦¥ ®ª¥ ¢ë¢®¤ïâáï ¨å ¦¥« ¥¬ë¥ à §¬¥à®áâ¨,¥á«¨ ¢¬¥áâ® á®®â¢¥âáâ¢ãîé¥© à §¬¥à®áâ¨ áâ®¨â á¨¬¢®« \?" - íâ® ®§ ç ¥â, çâ® ¯®«ì§®¢ â¥«ì ¬®¦¥â®¯à¥¤¥«¨âì ¥¥ á ¬ ( ¯à¨¬¥à, \� âà¨æ  [5,?]" - ¥®¡å®¤¨¬® ¢¢¥áâ¨ ¬ âà¨æã ã ª®â®à®© 5 áâà®ª ¨«î¡®¥ ª®«¨ç¥áâ¢® áâ®«¡æ®¢). { 10 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��4. ����� ������������¥§ã«ìâ â®¬ à ¡®âë ¤¨à¥ªâ¨¢ á¨â¥§  à¥£ã«ïâ®à®¢ ï¢«ïîâáï ãà ¢¥¨ï à¥£ã«ïâ®à  (1.5). �¥§ã«ìâ â¤¨à¥ªâ¨¢   «¨§ : á®®¡é¥¨¥ ®¡ ãáâ®©ç¨¢®áâ¨, ã¯à ¢«ï¥¬®áâ¨ ¨ â.¤., § ç¥¨ï § ¯ á®¢ ãáâ®©ç¨¢®-áâ¨ ¨ ãáâ ®¢¨¢è¨åáï ®è¨¡®ª, «¨¡® £à ä¨ª¨ ¯à®æ¥áá®¢ ã¯à ¢«¥¨ï. �¨à¥ªâ¨¢ë ¯à¥®¡à §®¢ ¨©§ ¢¥àè îâáï ¬ âà¨æ ¬¨ ãà ¢¥¨© (1.1) «¨¡® (1.2).
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�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��5. ������� ���������������������5.1. ������������� ��������������� ����������� (��-������� 111 � 112)�ãáâì ¨¬¥¥âáï ¯®«®áâìî ã¯à ¢«ï¥¬ë© ®¡ê¥ªâ ®¯¨áë¢ ¥¬ë© ãà ¢¥¨¥¬_x = Ax+ B2u: (5.1)�à¥¡ã¥âáï  ©â¨ ¬ âà¨æã Dc à¥£ã«ïâ®à  u = Dcx (5.2)â ªãî, çâ®¡ë   ¤¢¨¦¥¨ïå á¨áâ¥¬ë (5.1), (5.2) ¯à¨ ¯à®¨§¢®«ìëå  ç «ìëå ®âª«®¥¨ïå x(t0)¬¨¨¬¨§¨à®¢ «áï äãªæ¨® « J = Z 10 (xâQx+ uâu)dt (5.3)á § ¤ ®© ¬ âà¨æ¥© Q � 0.�¥è¥¨¥ íâ®© § ¤ ç¨ á®áâ®¨â ¢  å®¦¤¥¨¨ ¬ âà¨æë P > 0, ã¤®¢«¥â¢®àïîé¥©  «£¥¡à ¨ç¥áª®¬ããà ¢¥¨î �¨ªª â¨ AP + P âA� PBâ2B2P = �Q (5.4)¨ ¢ëç¨á«¥¨î ¨áª®¬®© ¬ âà¨æë Dc = �BâP (5.5)� áâ® äãªæ¨® « (5.3) § ¤ ¥âáï ¢ ä®à¬¥J = Z 10 (~zâQ(0)~z + uâu)dt; Q(0) > 0 (5.6)£¤¥ Q(0) | § ¤  ï ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥ ï ¬ âà¨æ . � íâ®¬ á«ãç ¥ ¢ äãªæ¨® «¥ (5.3)Q = ~Câ1Q(0) ~C1 (5.7)� áá¬®âà¨¬ äãªæ¨® « ¡®«¥¥ ®¡é¥© áâàãªâãàë ç¥¬ (5.6), á®¤¥à¦ é¨© ¯à®¨§¢®¤ë¥ ã¯à ¢«¥-¨© J = 1Z0 (~zâQ(0)~z +  Xi=0 u(i)âMâiMiu(i))dt (5.8)£¤¥Mi (i = 0; : : : ;  ) | § ¤  ï ¬ âà¨æ  (M0 = Im). �¥è¥¨¥ § ¤ ç¨ ��®� ¤«ï äãªæ¨® «  (5.8)¨¬¥¥â ¢¨¤:  Xi=0 Ciu(i) = �Dcx; (5.9)£¤¥ Ci, �Dc (i = 0; : : : ;  ) | ¬ âà¨æë ç¨á¥«, ª®â®àë¥ ï¢«ïîâáï à¥è¥¨¥¬ á¯¥æ¨ «ì® ¯®áâà®¥ëåãà ¢¥¨©   «®£¨çëå ãà ¢¥¨ï¬ (5.4), (5.5). �à ¢¥¨ï ¤«ï ¬ âà¨æ ãà ¢¥¨ï (5.9) ¯à¨¢¥¤¥ë¢ �à¨«®¦¥¨¨.5.2. H1-�������������� ���������� (��������� 131)5.2.1. �®¤¥«ì á¨áâ¥¬ë ¢ ¯à®áâà áâ¢¥ á®áâ®ï¨©� áá¬®âà¨¬ áâ æ¨® àãî á¨áâ¥¬ã ã¯à ¢«¥¨ï, ®¯¨áë¢ ¥¬ãî ãà ¢¥¨ï¬¨_x = Ax+B1w + B2u; z = C1x+D12u; y = C2x+D21w; (5.10){ 12 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��_xc = Acxc + Bcy; u = Ccxc +Dcy; (5.11)�â®à®¥ ¨§ íâ¨å ãà ¢¥¨© á®¢¯ ¤ ¥â á (1.5),   ¯¥à¢®¥ ®â«¨ç ¥âáï ®â (1.4) á« £ ¥¬ë¬¨ D12u ¨D21w, £¤¥ w = [ ~w; �]â, �(t) 2 Rr | ¢¥ªâ®à ¯®¬¥å ¨§¬¥à¥¨ï, D12 ¨ D21 | ¬ âà¨æë ç¨á¥« á®®â¢¥â-áâ¢ãîé¨å à §¬¥à®áâ¥©. �â¨ ¬ âà¨æë ¤®«¦ë ®¡« ¤ âì á«¥¤ãîé¨¬¨ á¢®©áâ¢ ¬¨Dâ12[C1; D12] = [0; Im] (5.12)� B1D21 �DT21 = � 0Ir � (5.13)(Im ¨ Ir | ¥¤¨¨çë¥ ¬ âà¨æë à §¬¥à®¢ m � m ¨ r � r á®®â¢¥âáâ¢¥®) �â®¡ë ã¤®¢«¥â¢®à¨âìâà¥¡®¢ ¨¥ (5.12), áä®à¬¨àã¥¬ ¢¥ªâ®à z ª ªz = � ~zu� = " ~C10 #x+ � 0Im �u¨ â®£¤  ¬ âà¨æë C1 = " ~C10 # ; D12 = � 0Im �ã¤®¢«¥â¢®àïîâ (5.12).�á«®¢¨¥ (5.13) ¢ë¯®«ï¥âáï â ª ª ªB1 = [ ~B1; 0]; D21 = [0; Ir]�¥ªâ®à z á¢ï§  á ¢¥ªâ®à®¬ ¢¥è¨å ¢®§¬ãé¥¨© á®®â®è¥¨¥¬z = H(s)w; (5.14)5.2.2. � ¤ ç  H1 ®¯â¨¬¨§ æ¨¨H1 ®à¬  ãáâ®©ç¨¢®© ¤¥©áâ¢¨â¥«ì®© ¬ âà¨æë H(s) | íâ® ç¨á«®kH(s)k1 = sup0�!�1 ��[H(j!)]; (5.15)£¤¥ ��[H(j!)] |  ¨¡®«ìè¥¥ á¨£ã«ïà®¥ § ç¥¨¥ ¬ âà¨æë H(j!), ¢ëç¨á«ï¥¬®¥ ª ª��[H(j!)] = maxi f�1=2i [Hâ(�j!)H(j!)]g; (5.16)£¤¥ �i[M ] | i-â®¥ á®¡áâ¢¥®¥ § ç¥¨¥ ¬ âà¨æë M .� ¤ ç  1. (� ¤ ç  H1{áã¡®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï) [3] . � ©â¨ à¥£ã«ïâ®à (5.11) â ª®©,çâ®¡ë ¢ë¯®«ï«®áì á«¥¤ãîé¥¥ ãá«®¢¨¥ kH(s)k1 � ; (5.17)£¤¥  | § ¤ ®¥ ¯®«®¦¨â¥«ì®¥ ç¨á«® ¨ > 0 = minK(s)kH(s)k1: (5.18)5.2.3. �«£®à¨â¬ à¥è¥¨ï § ¤ ç¨ H1-áã¡®¯â¨¬ «ì®£® ã¯à ¢«¥¨ïH1 áã¡®¯â¨¬ «ìë© à¥£ã«ïâ®à  å®¤¨âáï   ®á®¢¥ á«¥¤ãîé¥£® [3]  «£®à¨â¬  1.1) � ¤ âì ¥ª®â®à®¥ § ç¥¨¥  > 0.2) �¥è¨âì ¤¢  ãà ¢¥¨ï �¨ªª â¨AâP + PA+ �2PB1Bâ1P � PB2Bâ2P = �Câ1C1; (5.19)AR +RAâ + �2RCâ1C1R� RCâ2C2R = �B1Bâ1 ; (5.20)¨  ©â¨ P � 0 ¨ R � 0. �á«¨ â ª¨¥ ¬ âà¨æë ¥ áãé¥áâ¢ãîâ, ã¢¥«¨ç¨¢ , ¢¥àãâìáï ª 2.{ 13 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��3) �à®¢¥à¨âì, çâ® ¬ âà¨æë P ¨ R ¥®âà¨æ â¥«ì®-®¯à¥¤¥«¥ë¥ ¨ j�i[PR]j < 2 (i = 1; : : : ; n),¥á«¨ íâ® ãá«®¢¨¥  àãè ¥âáï, ¢¥àãâìáï ª 2, ã¢¥«¨ç¨¢ , ¥á«¨ ¢ë¯®«ï¥âáï ¢¥àãâìáï ª 2 ã¬¥ìè¨¢. 4) �ä®à¬¨à®¢ âì ¬ âà¨æë à¥£ã«ïâ®à  (5.11)Ac = A + �2B1Bâ1P � (I � �2RP )�1RCâ2C2;Bc = (I � �2RP )�1RCâ2 ; Cc = �Bâ2P; Dc = 0: (5.21)�à¨¬¥ç ¨¥ 1. �á«¨ ¢á¥ ª®¬¯®¥âë ¢¥ªâ®à  á®áâ®ï¨© ®¡ê¥ªâ  ã¯à ¢«¥¨ï (5.10) ¨§-¬¥àïîâáï (y = x), â®£¤  à¥è ¥âáï â®«ìª® ãà ¢¥¨¥ �¨ªª â¨ (5.19), ¨ à¥£ã«ïâ®à (5.11) ¨¬¥¥â¢¨¤ u = Dcx; Dc = �Bâ2P: (5.22)�à ¢¥¨ï (5.19), (5.20) à¥è îâáï   ®á®¢¥ ¢ëç¨á«¥¨ï á®¡áâ¢¥ëå ç¨á¥« £ ¬¨«ìâ®¨ ®¢ëå¬ âà¨æ H1 = � A �2B1Bâ1 �B2Bâ2��â1C1 �Aâ � (5.23)J1 = � Aâ �2Câ1C1 �Câ2C2�B1Bâ1 �A � (5.24)�«ï à¥è¥¨ï ãà ¢¥¨ï (5.4) ¨á¯®«ì§ã¥âáï ¬ âà¨æ  (5.23) ¯à¨  !1.5.3. ������ ����������5.3.1. � ¤ ç  â®ç®£® ã¯à ¢«¥¨ï� ¬¥¨¬ âà¥¡®¢ ¨ï (1.8) ª ãáâ ®¢¨¢è¨¬áï ®è¨¡ª ¬ á¨áâ¥¬ë (5.10), (5.11) ¥à ¢¥áâ¢®¬~zâstQ(0)~zst � �2 (5.25)£¤¥ Q(0) = diagh(z�1 )�2; : : : ; (z�m1 )�2i; ~zst = [~z1;st; : : : ; ~zm1 ;st]â: (5.26)�à¨ � = 1 ãá«®¢¨¥ (5.25) ¤®áâ â®ç® ¤«ï ¢ë¯®«¥¨ï âà¥¡®¢ ¨© (1.8).�¡®§ ç¨¬ J(�!; ��) = ~zâstQ(0)~zst (5.27)£¤¥ �! = [w1; : : : ; w�]â; �� = [��(1)â; : : : ; ��(�)â ]â; (5.28)��(k) = [�(k)1 ; : : : ; �(k)� ]â; (k = 1; : : : ; �1);�(k)i =qj�s;ki j2 + j�c;ki j2 ( (i = 1; : : : ; �); (k = 1; : : : ; �1)):�ã¤¥¬ £®¢®à¨âì, çâ® �� 2 � ¨ �! 2 
 ¥á«¨ ¢ë¯®«ïîâáï ®£à ¨ç¥¨ï (1.7). � ç¥¨¥J = sup�!2
 sup��2� J(�!; ��) (5.29) §ë¢ ¥âáï ¯®ª § â¥«¥¬ ãáâ ®¢¨¢è¥©áï â®ç®áâ¨.� ¤ ç  2. (§ ¤ ç  â®ç®£® ã¯à ¢«¥¨ï ãáâ ®¢¨¢è¨¬áï á®áâ®ï¨¥¬). � ©â¨ à¥£ã«ïâ®à (1.5)â ª®©, çâ®¡ë ®è¨¡ª  á¨áâ¥¬ë (1.4), (1.5) ã¤®¢«¥â¢®àï«  ¥à ¢¥áâ¢ãJ � �2 (5.30)¤«ï � = 1. �á«¨ â ª®£® à¥£ã«ïâ®à  ¥ áãé¥áâ¢ã¥â, â®  ©â¨ à¥£ã«ïâ®à ¨ ¤®¯ãáª �2, ¤«ï ª®â®àëå¢ë¯®«ï¥âáï ãá«®¢¨¥ (5.25) { 14 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��5.3.2. �¡ê¥ªâ ¯¥à¢®£® ¢¨¤  (�¨à¥ªâ¨¢  141)� áá¬®âà¨¬ ®¡ê¥ªâ ã¯à ¢«¥¨ï, ®¯¨áë¢ ¥¬ë© ãà ¢¥¨ï¬¨ (1.9).�ãáâì íâ®â ®¡ê¥ªâ, ¢®§¡ã¦¤¥ë© ®¤®ç áâ®âë¬ ¢¥è¨¬ ¢®§¬ãé¥¨¥¬ ~w, § ¬ªãâ à¥£ã«ïâ®-à®¬ (®¡à â ï á¢ï§ì ¯® á®áâ®ï¨î) u = D�cx; (5.31)¢ ª®â®à®¬ ¬ âà¨æ  D�c ®¯à¥¤¥«ï¥âáï ª ª D�c = �Bâ2P �; (5.32)£¤¥ P � | ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥ ï ¬ âà¨æ , ã¤®¢«¥â¢®àïîé ï ãà ¢¥¨î �¨ªª â¨AâP � + P �A � P �B2Bâ2P � = ��2 ~Câ1 ~Q(0) ~C1: (5.33)�á«¨ ª®íää¨æ¨¥â � ãà ¢¥¨ï �¨ªª â¨ (5.33) ¢ë¡¨à ¥âáï ¨§ ¥à ¢¥áâ¢ �2 � �Xi=1 w�2i ; (5.34)â®£¤  à¥£ã«ïâ®à (5.31) ®¡¥á¯¥ç¨¢ ¥â [1] ¢ë¯®«¥¨¥ âà¥¡®¢ ¨© (5.30) ¤«ï � = 1 ª â®ç®áâ¨ á¨áâ¥-¬ë (1.9), (5.31).5.3.3. �¡ê¥ªâ ¢â®à®£® ¢¨¤  (�¨à¥ªâ¨¢ë 113 ¨ 142)�¯®á®¡ë ¯à¥®¡à §®¢ ¨ï ãà ¢¥¨©� áá¬®âà¨¬ ¤¢  ¯ãâ¨ ¯à¥®¡à §®¢ ¨ï ãà ¢¥¨ï (1.2) ª ä®à¬¥ (1.9) ®¡ê¥ªâ  ã¯à ¢«¥¨ï ¯¥à¢®£®¢¨¤ .�¥à¢ë© á¯®á®¡ á®áâ®¨â ¢ ¨á¯®«ì§®¢ ¨¨ \ãá«®¢ëå" ¢¥ªâ®à®¢ ã¯à ¢«¥¨© ¨ ¢®§¬ãé¥¨©�u = T�12 (0)T2(s)u; �w = T�12 (0)T3(s) ~w: (5.35)�®£¤  ãà ¢¥¨¥ (1.2) ¯à¨¨¬ ¥â ¢¨¤T1(s)y = T2(0)(�u+ �w): (5.36)�â® ãà ¢¥¨¥ «¥£ª® ¯à¥®¡à §ã¥âáï ¢ ä®à¬ã_�x = �A�x+ �B2(�u+ �w); ~z = y = �C1�x; (5.37)£¤¥ �x| ¯®«®áâìî ¨§¬¥àï¥¬ë© ¢¥ªâ®à, ª®â®àë© ¢ëà ¦ ¥âáï ç¥à¥§ ¢¥ªâ®à y á«¥¤ãîé¨¬ ®¡à §®¬�x = �(s)y; (5.38)£¤¥ �(s) | ¯®«¨®¬¨ «ì ï ¬ âà¨æ .�â®à®© á¯®á®¡ ¡ §¨àã¥âáï   ¨á¯®«ì§®¢ ¨¨ ¢¥ªâ®à  ��w, ª®â®àë© ï¢«ï¥âáï à¥è¥¨¥¬ á«¥¤ãîé¥£®ãà ¢¥¨ï T2(s)��w = T3(s)w (5.39)�®£¤  ãà ¢¥¨¥ (1.2) ¯à¥¤áâ ¢«ï¥âáï ¢ ä®à¬¥ T1(s)y = T2(s)(u + ��w), ª®â®àãî ¬®¦® ¯à¥®¡à -§®¢ âì á«¥¤ãîé¨¬ ®¡à §®¬ _�x = �A�x+B2(�u + �w); ��z = ��y = ��C1��x: (5.40)�¥â®¤ë á¨â¥§ �¥à¢ë© ¬¥â®¤ (¤¨à¥ªâ¨¢  142). �«ï â®£®, çâ®¡ë ¨á¯®«ì§®¢ âì ¯à®æ¥¤ãàã à §¤¥«  5.3.2 ¥®¡å®-¤¨¬®  ©â¨ £à ¨æë �w�i \¢¥è¨å ¢®§¬ãé¥¨©" �w. �â¨ £à ¨æë ¬®£ãâ ¡ëâì ¢ëç¨á«¥ë   ®á®-¢¥ (5.35) ¯à¨ ®¤®ç áâ®â®¬ ¢®§¬ãé¥¨¨ á«¥¤ãîé¨¬ ®¡à §®¬�w�i = sup0�!�1 ��[T�12 (0)T3(j!)�](i)�� (i = 1; : : : ;m) (5.41)�®á«¥ § ¬¥ë ¢ ¥à ¢¥áâ¢¥ (5.34) w�i   �w�i (i = 1; : : : ;m) à¥è ¥âáï ãà ¢¥¨¥ �¨ªª â¨ (5.33)¯à¨ A = �A, B2 = �B2, C1 = �C1 ¨  å®¤¨âáï �u = �Dc�x: (5.42){ 15 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1���à ¢¥¨¥ à¥£ã«ïâ®à  ¢ ä®à¬¥ \¢å®¤-¢ëå®¤" á«¥¤ã¥â ¨§ (5.42), ¥á«¨ ¯à¨ïâì ¢® ¢¨¬ ¨¥ ¢ë-à ¦¥¨ï (5.35) ¨ (5.38) ¤«ï �u ¨ �x, G(s)u = R(s)y; (5.43)£¤¥ ¯®«¨®¬¨ «ìë¥ ¬ âà¨æë G(s) = T�12 (0)T2(s); R(s) = �Dc�(s): (5.44)�à¥®¡à §®¢ ¨¥ ãà ¢¥¨ï (5.43) ª ä®à¬¥ (5.11) ¤ ¥â ¨áª®¬ë© à¥£ã«ïâ®à.�¤ ª® ¬®¦¥â á«ãç¨âìáï, çâ® ãà ¢¥¨¥ (5.43) ¥ ¯à¥®¡à §ã¥âáï ª ä®à¬¥ (5.11). � ¯à¨¬¥à, ¥á«¨r = m = 1 ¨ áâ¥¯¥ì ¯®«¨®¬  R(s) ¡®«ìè¥ áâ¥¯¥¨ ¯®«¨®¬  G(s).� â ª®¬ á«ãç ¥ ãà ¢¥¨¥ �¨ªª â¨ (5.33) ¨§¬¥ï¥âáï á«¥¤ãîé¨¬ ®¡à §®¬. �á¯®¬¨ ï, çâ® ãà ¢-¥¨¥ �¨ªª â¨ (5.33) ¤ ¥â à¥è¥¨¥ § ¤ ç¨ ® ¬¨¨¬ã¬¥ äãªæ¨® « J = Z 10 [�2yâQ(0)y + uâu]dt; ~z = y (5.45)¯à¨ w = 0.�á«¨ äãªæ¨® « (5.45) § ¬¥¨âì  J" = Z 10 [�2yâQ(0)y + uâu+ "1 _uâ _u+ : : :+ "ku(k)âu(k)]dt; (5.46)£¤¥ "i (i = 1; : : : ; k) | ¯®«®¦¨â¥«ìë¥ ¤®áâ â®ç® ¬ «ë¥ ç¨á« , â®£¤  ¯®«¨®¬¨ «ì ï ¬ âà¨æ G(s) ¨¬¥¥â áâàãªâãàã ~G(s) = T (s)T�12 (0)T2(s); (5.47)£¤¥ T (s) | ¯®«¨®¬¨ «ì ï ¬ âà¨æ  áâ¥¯¥¨ k, ª®â®à ï ¬®¦¥â ¡ëâì ¢á¥£¤  ¢ë¡à   ¨§ ãá«®¢¨©¯à¥®¡à §®¢ ¨ï (5.43) ª ä®à¬¥ (5.11).�®íää¨æ¨¥âë ¬ âà¨æë T (s) ¨áç¥§ îâ [1] ¢¬¥áâ¥ á "i (i = 1; : : : ; k) â ª ¦¥ ª ª ª®íää¨æ¨¥âë¬ âà¨æë �R(s), ¢å®¤ïé¥© ¢ ¬ âà¨æã ~R(s) = R(s) + �R(s).�¥£ã«ïâ®à, ¯®«ãç¥ë© â ª¨¬ á¯®á®¡®¬~G(s)u = ~R(s)y (5.48)¡«¨§®ª ª à¥£ã«ïâ®àã (5.43)   ¨â¥à¢ «¥ ç áâ®â [0; !�], £¤¥ !� § ¢¨á¨â ®â "i (i = 0; : : : ; k) ¨ ®áâà¥¬¨âáï ª ¡¥áª®¥ç®áâ¨, ¥á«¨ "i (i = 1; : : : ; k) áâà¥¬¨âáï ª ã«î.�â®à®© ¬¥â®¤ (¤¨à¥ªâ¨¢  113) ®¯¨à ¥âáï   ãà ¢¥¨¥ (5.39). �à ¨æë ¢¥è¥£® ¢®§¬ãé¥¨ï��w(t) ®¯à¥¤¥«ïîâáï ¤«ï ®¤®ç áâ®â®£® á«ãç ï ª ª��w�i = sup0�!�1[T�12 (j!)T3(j!)��]i; (i = 1; : : : ; �); (5.49)�¥£ã«ïâ®à (5.11) ®¯¨áë¢ ¥âáï ¢ íâ®¬ á«ãç ¥ ãà ¢¥¨ï¬¨_̂x = ��Ax̂+ ��B2��u+Kf (��y � ��C2x̂); (5.50)��u = Ccx̂; (5.51)£¤¥ (5.50) | ãà ¢¥¨¥  ¡«î¤ â¥«ï, ª®â®à®¥ ¬®¦¥â ¡ëâì ¯¥à¥¯¨á ® ª ª (5.11), £¤¥Ac = ��A + ��B2Cc �Kf ��C2; Bc = Kf ; Dc = 0: (5.52)�¥¨§¢¥áâë¥ ¬ âà¨æë Kf ¨ Cc à¥£ã«ïâ®à  (5.50), (5.51) ®¯à¥¤¥«ïîâáï ª ªCc = �Bâ2 ��P; Kf (�) = R(�)Câ2 ; (5.53)£¤¥ ��P ¨ R(�) ¯®«®¦¨â¥«ì® ®¯à¥¤¥«¥ë¥ ¬ âà¨æë à¥è¥¨ï ãà ¢¥¨© �¨ªª â¨��Aâ ��P + ��P ��A� ��P ��B2 ��Bâ2 ��P = ��2 ��Câ2 ~Q(0) ��C2; (5.54)��AR(�) + R(�)��Aâ � R(�) ��Câ2 ��C2R(�) = �Q� �2 ��B2W ��Bâ2: (5.55)�¤¥áì W ¨ Q | ¯®«®¦¨â¥«ì ï ¨ ¥®âà¨æ â¥«ì® ®¯à¥¤¥«¥ ï ª¢ ¤à âë¥ ¬ âà¨æë á®®â¢¥â-áâ¢¥®, � | ¥ª®â®à®¥ ç¨á«®. Eá«¨ ¯ à ¬¥âà � ãà ¢¥¨ï �¨ªª â¨ (5.54) ¢ë¡¨à âì ¨§ ¥à ¢¥-áâ¢  (5.34) �£¤¥ w�i § ¬¥ï¥âáï   ��w�i (i = 1; : : : ;m)� ¨ �2 ¢ (5.55) | ¤®áâ â®ç® ¡®«ìè®¥ ç¨á«®(�!1) [4], â®£¤  à¥£ã«ïâ®à (5.11) á ª®íää¨æ¨¥â ¬¨ (5.52), (5.53) à¥è ¥â § ¤ çã â®ç®£® ã¯à ¢«¥-¨ï. � ¡«î¤ â¥«ì (5.50), ¢ ª®â®à®¬ ¬ âà¨æ  Kf ®¯à¥¤¥«ï¥âáï   ®á®¢¥ ãà ¢¥¨ï �¨ªª â¨ (5.55)¡ã¤¥¬  §ë¢ âì  ¡«î¤ â¥«¥¬ �-� (� «¬ {�®©«){ 16 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��5.3.4. �¡ê¥ªâ âà¥âì¥£® ¢¨¤ �¯à¥¤¥«¥¨¥ 1. �¡ê¥ªâ®¬ âà¥âì¥£® ¢¨¤   §ë¢ ¥âáï ®¡ê¥ªâ, ®¯¨áë¢ ¥¬ë© ãà ¢¥¨ï¬¨_x = Ax +B1 ~w + B2u; ~z = ~C1x; y = x; (5.56)� ®â«¨ç ¥âáï ®â ®¡ê¥ªâ  ¯¥à¢®£® ¢¨¤  ¥à ¢¥áâ¢®¬B1 6= B2 (5.57)�«ï ®¡ê¥ªâ  (5.56) ¬®¦¥â ¥ áãé¥áâ¢®¢ âì ã¯à ¢«¥¨ï u = Dcx, à¥è îé¥£® § ¤ çã â®ç®£®ã¯à ¢«¥¨ï. �¤ ª® ¥áâì ¤¢  ç áâëå á«ãç ï, ª®£¤  â ª®¥ à¥è¥¨¥ áãé¥áâ¢ã¥â.�¥à¢ë© á«ãç ©: áãé¥áâ¢ã¥â ç¨á«® 2 â ª®¥, çâ® ¬ âà¨æ B3Bâ3 = B2Bâ2 � �2B1Bâ1 � 0 (5.58)¯à¨ íâ®¬ ¯ à  (B3; A) | áâ ¡¨«¨§¨àã¥¬  (¥à ¢¥áâ¢® (5.58) ®§ ç ¥â, çâ® B3Bâ3 | ¥®âà¨æ â¥«ì®®¯à¥¤¥«¥ ï ¬ âà¨æ ).� íâ®¬ á«ãç ¥  å®¤¨¬ ¬¨¨¬ «ì®¥ 2 = 22 , ¯à¨ ª®â®à®¬ ¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® (5.58), ¨à¥è ¥¬ ¯à¨ 2 = 22 á«¥¤ãîé¥¥ ãà ¢¥¨¥ �¨ªª â¨AâP + PA+ �2PB1Bâ1P � PB2Bâ2P = ��2Câ1 ~Q(0)C1; (5.59)ª®â®à®¥ ¯à¨ ~Q(0) = Im ¨ � = 1 á®¢¯ ¤ ¥â á ãà ¢¥¨¥¬ (5.19).� à ¬¥âà � ¢ ãà ¢¥¨¨ (5.59) ¤®«¦¥ ã¤®¢«¥â¢®àïâì ãá«®¢¨î�2 = �22 mXi=1(w�i )2 (5.60)�â®à®© á«ãç ©: ¯®«¨®¬ det ~T2(s) | £ãà¢¨æ¥¢, £¤¥ ~T2(s) | ¬ âà¨çë© ¯®«¨®¬ ãà ¢¥¨ï ®¡ê¥ª-â  (5.56) ¢ ä®à¬¥ \¢å®¤-¢ëå®¤", ¥á«¨ ~z | ¢ëå®¤~T1(s)~z = ~T2(s)u + ~T3(s) ~w (5.61)� íâ®¬ á«ãç ¥ à¥è¨¬ § ¤ çã 1 ¤«ï ®¡¥ªâ®¢ ¢â®à®£® ¢¨¤  y = ~z ¨ ¯®«ãç¨¬ à¥£ã«ïâ®àG(s)u = R(s)~z (5.62)�à¨¢®¤¨¬ ¥£® ª ä®à¬¥ �®è¨ ¨ ¯®« £ ¥¬ ~z = C1x.5.3.5. �¡ê¥ªâë âà¥âì¥£® ¢¨¤  (®¡é¨© á«ãç ©)� íâ®¬ á«ãç ¥ ç¨á«® �, ¢å®¤ïé¥¥ ¢ (5.59) ¥¨§¢¥áâ® ¨ ¯®íâ®¬ã ¨á¯®«ì§ã¥âáï á«¥¤ãîé¨©  «£®-à¨â¬: ¨§¬¥¨âì � ¨  å®¤¨âì ¬¨¨¬ «ì®¥ § ç¥¨¥ 2(�) (¯à¨ ª®â®à®¬ à¥è¥¨¥ ãà ¢¥¨ï (5.59)P > 0) ¤® ¯®«ãç¥¨ï ç¨á¥« �0 ¨ �2 â ª¨å, çâ®�2 = 2min(�0)�20 = min� 2min(�)�2 (5.63)�áª®¬®¥ ¢ § ¤ ç¥ â®ç®£® ã¯à ¢«¥¨ï ç¨á«®�2 = �2 �Xi=1w�2i (5.64)5.3.6. �¡ê¥ªâë ç¥â¢¥àâ®£® ¢¨¤ �¯à¥¤¥«¥¨¥ 2. �¡ê¥ªâ®¬ ç¥â¢¥àâ®£® ¢¨¤   §ë¢ ¥âáï ®¡ê¥ªâ (1.1), ª®â®àë© ¬®¦¥â ¡ëâì¥¬¨¨¬ «ì®-ä §®¢ë¬ ( àãè ¥âáï ãá«®¢¨¥ (¢) ®¯à¥¤¥«¥¨ï 2.)�â®¡ë à¥è¨âì § ¤ çã â®ç®£® ã¯à ¢«¥¨ï ¤«ï â ª®£® ®¡ê¥ªâ  ¨á¯®«ì§ã¥¬ ãà ¢¥¨ïAâP + PA+ �2�2PB1 ~Q(1)Bâ1P � PB2Bâ2P = ��2Câ1 ~Q(0)C1; (5.65){ 17 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��AR+ RAâ + �2�2RCâ1 ~Q(0)C1R�RCâ2C2R = ��2B1 ~Q(1)Bâ1 ; (5.66)£¤¥ ~Q(1) = diag[~q(1)11 ; : : : ; ~q(1)mm], ~q(1)11 � 0, � | ¥ª®â®à®¥ ç¨á«®, ¯ à  (B1 ~L(1); A) | áâ ¡¨«¨§¨àã¥¬ ,£¤¥ ~L(1) = diag�q~q(1)11 ; : : : ;q~q(1)mm �(~L(1)â ~L(1) = ~Q(1)).�â¨ ãà ¢¥¨ï á®¢¯ ¤ îâ á ãà ¢¥¨ï¬¨ (5.19) ¨ (5.20) ¯à¨ � = � = 1, ~Q(0) = I, ~Q(1) = I,C1 = C2.�ëà ¦¥¨ï ¤«ï ¬ âà¨æ à¥£ã«ïâ®à  (5.11) ¨¬¥îâ ¢¨¤Ac = A+ �2�2B1 ~Q(1)Bâ1P �B2Bâ2P � (I � �2RP )�1RCâ2C2;Bc = (I � �2RP )�1RCâ2 ; Cc = �Bâ2P; Dc = 0: (5.67)�à ¢¥¨¥ (5.66) á®¢¯ ¤ ¥â ¯à¨ B1 = B2 á ãà ¢¥¨¥¬ (5.55), ¨á¯®«ì§ã¥¬®¬ ¤«ï ¯®áâà®¥¨ï  ¡«î-¤ â¥«ï ¢® ¢â®à®¬ ¬¥â®¤¥ á¨â¥§  à¥£ã«ïâ®à®¢. �®íâ®¬ã, ¥á«¨ ®¡ê¥ªâ (1.1) | ¬¨¨¬ «ì®-ä §®¢ë©¨ ¯à¨¢¥¤¥ ª ä®à¬¥ (5.40), â® ¯à¨  !1 ¨ ¤®áâ â®ç® ¡®«ìè¨å �2 ¢ ãà ¢¥¨ïå (5.65)¨ (5.66) à¥£ã«ïâ®à (5.11) c ª®íää¨æ¨¥â ¬¨ (5.67) ¤ ¥â à¥è¥¨¥ § ¤ ç¨, ¥á«¨ � ã¤®¢«¥â¢®àï¥â¥à ¢¥áâ¢ã (5.34) ¯à¨ w�i = �w�i (i = 1; : : : ; �).�¨á«® � ¢ ¢ëà ¦¥¨¨ (5.64)  å®¤¨âáï   «®£¨ç® ¨§«®¦¥®¬ã ¢ à §¤¥«¥ 5.3.4�2 = min0���10���1 2min(�; �)�2 (5.68)
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�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1���à¨«®¦¥¨ï�1. ����� ��������� 142.1 (1�008)�áå®¤ë¬¨ ¤ ë¬¨ ¤«ï íâ®© ¤¨à¥ªâ¨¢ë á«ã¦ â:1) �®¤¥«ì ®¡ê¥ªâ  ã¯à ¢«¥¨ï, ®¯¨áë¢ ¥¬ ï ãà ¢¥¨¥¬ (1.11).2) �®¤¥«ì ¨§¬¥à¨â¥«ì®£® ãáâà®©áâ¢  ¨ à¥£ã«¨àã¥¬ëå ¯¥à¥¬¥ëå (1.12).3) �®¬¯®¥âë ¢¥ªâ®à  ¤®¯ãáâ¨¬ëå ãáâ ®¢¨¢è¨åáï ®è¨¡®ª (1.8).4) �¥ªâ®à £à ¨æ ¢¥è¨å ¢®§¬ãé¥¨© (1.7).5) �¥« ¥¬®¥ § ç¥¨¥ ®¡®¡é¥®© ç áâ®âë áà¥§  á¨áâ¥¬ë (á¬. ¨¦¥).�â ¯ë ¤¨à¥ªâ¨¢ë1) �à¨¢¥¤¥¨¥ ¬®¤¥«¥© ®¡ê¥ªâ  ã¯à ¢«¥¨ï ¨ ¨§¬¥à¨â¥«ì®£® ãáâà®©áâ¢  ª ä®à¬¥ �®è¨ (1.1).2) � «¨§  ¡«î¤ ¥¬®áâ¨ ¬®¤¥«¨ ®¡ê¥ªâ  ã¯à ¢«¥¨ï. (�á«¨ ®¡ê¥ªâ ¥ ¯®«®áâìî  ¡«î¤ ¥¬,â® ¢ëç¨á«¥¨ï ®áâ  ¢«¨¢ îâáï).3) � «¨§ ã¯à ¢«ï¥¬®áâ¨ ¬®¤¥«¨ ®¡ê¥ªâ  ã¯à ¢«¥¨ï. (�á«¨ ®¡ê¥ªâ ¥ ¯®«®áâìî ã¯à ¢«ï¥¬,â® ¢ëç¨á«¥¨ï ®áâ  ¢«¨¢ îâáï).4) �à¨¢¥¤¥¨¥ ¬®¤¥«¨ ®¡ê¥ªâ  ã¯à ¢«¥¨ï ª ä®à¬¥ "¢å®¤-¢ëå®¤" (1.2).5) � «¨§ ª®à¥© �i ¯®«¨®¬  det T2(s). �á«¨ ¢á¥ ª®à¨ ¨¬¥îâ ®âà¨æ â¥«ìë¥ ¢¥é¥áâ¢¥ë¥ç áâ¨, â® ¨¤â¨ ª ¯. 9. � ç¥ ®áâ ®¢.6) �®à¬¨à®¢ ¨¥ ¬®¤¥«¨ ®¡ê¥ªâ  ã¯à ¢«¥¨ï á "ãá«®¢ë¬¨" ã¯à ¢«ïîé¨¬¨ ¨ ¢®§¬ãé îé¨¬¨¢®§¤¥©áâ¢¨ï¬¨ ¯® ä®à¬ã« ¬ (5.35), (5.41).7) �®à¬¨à®¢ ¨¥ ª®íää¨æ¨¥â®¢ äãªæ¨® «  ®¯â¨¬¨§ æ¨¨   ®á®¢¥ "ãá«®¢ëå" ¢®§¬ãé î-é¨å ¢®§¤¥©áâ¢¨©. J1 = R10 (yâQ0y + u�âMâ0M0u�)dtQ0 = diag[qii]; qii �P�k=1 w�2kz�2ãáâ: ; M0 = Im; (i = 1; : : : ;m)8) �à¨¢¥¤¥¨¥ ¬®¤¥«¨ ®¡ê¥ªâ  ã¯à ¢«¥¨ï ¢ ä®à¬¥ "¢å®¤-¢ëå®¤" á "ãá«®¢ë¬¨" ã¯à ¢«ïîé¨¬¨¨ ¢®§¬ãé îé¨¬¨ ¢®§¤¥©áâ¢¨ï¬¨ ª ª ®¨ç¥áª®© ä®à¬¥ �®è¨ (5.37)9) �¯à¥¤¥«¥¨¥ ¯à®£®§¨àã¥¬®© ®¡®¡é¥®© ç áâ®âë áà¥§  wáà:®¡ ¨§ ¥à ¢¥áâ¢ det�Im + T â20(�j!áà:®¡:) � T â1 (�j!áà:®¡:) �Q0 � T â1 (�j!áà:®¡:)��T â20(�j!áà:®¡:)� � 2 (�1.1)10) � «¨§ ¢ë¯®«¥¨ï ãá«®¢¨ï áâàãªâãà®© £àã¡®áâ¨. �á«¨ ®® ¥ ¢ë¯®«ï¥âáï (w�áà:®¡ < wáà:®¡),â®¨¤â¨ ª ¯. 19 { 20 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��11) �à¥®¡à §®¢ ¨¥ äãªæ¨® «  ®¯â¨¬¨§ æ¨¨ ¢ ä®à¬¥ ¯® à¥£ã«¨àã¥¬ë¬ ¯¥à¥¬¥ë¬ ¢ ä®à¬ã¯® ¯¥à¥¬¥ë¬ á®áâ®ï¨ï ®¡ê¥ªâ  ã¯à ¢«¥¨ï:J2 = Z 10 (�xâ �Q0�x+ u�âMâ0M0u�)dt (�1.2)£¤¥ �Q = Câ1Q0�!.12) �®à¬¨à®¢ ¨¥ äãªæ¨® «  ®¯â¨¬¨§ æ¨¨ ¨§ ãá«®¢¨ï à¥ «¨§ã¥¬®áâ¨ à¥£ã«ïâ®à J3 = Z 10 (�xâ �Q0�x+  Xi=0 u�(i)âMâiMiu�(i))dt; (�1.3)£¤¥  = [áâ¥¯¥ìT1(s)]� [áâ¥¯¥ìT2(s)].13) �®à¬¨à®¢ ¨¥ ¬®¤¥«¨ ®¡ê¥ªâ  ã¯à ¢«¥¨ï ¢ à áè¨à¥®© ä®à¬¥ �®è¨ ¨ ¯à¥®¡à §®¢ ¨¥äãªæ¨® «  ®¯â¨¬¨§ æ¨¨:_~�x = ~�A � ~�x+ ~�B � ~�u; J1 = Z 10 (~�xâ ~�Q0~�x+ ~�u�â~�u�)dt£¤¥ ~�A =26666664A B 0 0 : : : 00 0 Im 0 : : : 00 0 0 Im : : : 0... ... . . . ...0 0 0 0 : : : 00 0 0 0 : : : 0 37777775; ~�B=266666664 000...0M�1 377777775;~�Q=266666664 �Q 0 0 : : : 00 Mâ0M0 0 : : : 00 0 Mâ1M1 : : : 0... ... . . . 00 0 0 Mâ �2M �2 00 0 0 : : : Mâ �1M �1 377777775 (�1.4)Mâi Mi = Im �mi (�1.5)�mi = c ipsii q2i; (i = 1; : : : ;  ); q = p (5� � �10)w�áà:®¡: (�1.6)ci | ç¨á«® á®ç¥â ¨© ¨§  í«¥¬¥â®¢ ¯® i.14) �¥è¥¨¥ ãà ¢¥¨ï �¨ªª â¨ ~�P ~�A + ~�Aâ ~�P � ~�P ~�B ~�Bâ ~�P + ~�Q = 0 (�1.7)¨ ä®à¬¨à®¢ ¨¥ ~�Câ = �~�Bâ ~�P (�1.8)15) �®à¬¨à®¢ ¨¥ ãà ¢¥¨© à¥£ã«ïâ®à  ¢ ä®à¬¥ "¢å®¤-¢ëå®¤" á ãç¥â®¬ "ãá«®¢ëå" ã¯à ¢«ïî-é¨å ¢®§¤¥©áâ¢¨© ¨ ª ®¨ç¥áª¨å ¯¥à¥¬¥ëå ®¡ê¥ªâ  ã¯à ¢«¥¨ï.Tu(s)u = Ty(s)y (�1.9)£¤¥ Tu(s) = G(s) � T�120 � T2(s); Ty(s) = Câ(s); (�1.10)G(s) =  �1Xi=0 Câi +M s ; ~�Câ = �Câ;�Câ0 ;�Câ1 ; � � � ;�Câ �1� (�1.11)�¤â¨ ª ¯. 22. { 21 {



�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1��16) �ëç¨á«¥¨¥ ¯®áâ®ï®© ¢à¥¬¥¨ t1 ¤®¯®«¨â¥«ìëå ¨¥àæ¨®ëå §¢¥ì¥¢ ¨§ ¥à ¢¥áâ¢ :det�Em + 1t21!áà:®¡:+1 � T â20(�j!áà:®¡:) � T â1 (�j!áà:®¡:) �Q0 � T â1 (�j!áà:®¡:)��T â20(�j!áà:®¡:)� � 2 (�1.12)17) �®à¬¨à®¢ ¨¥ ¬®¤¥«¨ ®¡ê¥ªâ  ã¯à ¢«¥¨ï, ¨§¬¥à¨â¥«ì®£® ãáâà®©áâ¢  ¨ äãªæ¨® «  ®¯â¨-¬¨§ æ¨¨ á ãç¥â®¬ ¤®¯®«¨â¥«ìëå ¨¥àæ¨®ëå §¢¥ì¥¢:_~x = �t�11 ~x+ t�11 y; �xâ = ��xâ; ~xâ�; y = �N � �x (�1.13)_�x = �A�x+ Bu�; J1 = Z 10 (�xâ �Q�x+ u�âMâ0M0u�)dt; (�1.14)£¤¥ �Q = � 0 00 Q0 � (�1.15)18) �®à¬¨à®¢ ¨¥ äãªæ¨® «  ®¯â¨¬¨§ æ¨¨ ¨§ ãá«®¢¨ï à¥ «¨§ã¥¬®áâ¨ à¥£ã«ïâ®à J3 = Z 10 (�xâ �Q�x+  Xi=0 u�(i)âMâi Miu�(i))dt; (�1.16) = [áâ¥¯¥ì T1(s)] � [áâ¥¯¥ì T2(s)] (�1.17)19) �®à¬¨à®¢ ¨¥ ¬®¤¥«¨ ®¡ê¥ªâ  ã¯à ¢«¥¨ï ¢ à áè¨à¥®© ä®à¬¥ �®è¨ ¨ ¯à¥®¡à §®¢ ¨¥äãªæ¨® «  ®¯â¨¬¨§ æ¨¨:_~��x = ~��A � ~��x+ ~��B~��u; J1 = Z 10 (~��xâ ~��Q~��x+ ~��u�â~��u�)dt; (�1.18)20) �¥è¥¨¥ ãà ¢¥¨ï �¨ªª â¨ ~��P ~��A+ ~��Aâ ~��P � ~��P ~��B ~��Bâ ~��P + ~��Q = 0; (�1.19)¨ ä®à¬¨à®¢ ¨¥ ~��Câ = �~��Bâ ~��P (�1.20)21) �®à¬¨à®¢ ¨¥ ¬®¤¥«¨ ã¯à ¢«ïîé¥£® ãáâà®©áâ¢  ¢ ä®à¬¥ "¢å®¤-¢ëå®¤" á ãç¥â®¬ "ãá«®¢ëå"ã¯à ¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¨ ª ®¨ç¥áª¨å ¯¥à¥¬¥ëå ®¡ê¥ªâ  ã¯à ¢«¥¨ï:Tu(s)u = Ty(s)y (�1.21)£¤¥ Tu(s) = (t1s + 1) �G(s) � T�120 � T2(s); Ty(s) = (t1s + 1) �Câ + ~Câ; (�1.22)G(s) =  �1Xi=0 Câi si +M s ; ~��Câ = �Câ; ~�â;�Câ0 ;�Câ1 ; � � � ;�Câ �1� (�1.23)22) �à¨¢¥¤¥¨¥ ¬®¤¥«¨ ã¯à ¢«ïîé¥£® ãáâà®©áâ¢  ª ä®à¬¥ �®è¨ (1.5).23) � «¨§ ¤¨ ¬¨ª¨ ���.
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�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1���2. �������� ����������������� ������� �����-1���¬ï¬®¤ã«ï � §aç¥¨¥M080a �à¨¢¥¤¥¨¥ ãà ¢¥¨©, § ¤ ëå ¢ ä®à¬¥ � £à ¦  (1.11),ª ä®à¬¥ �®è¨ (1.1)M080b �à¨¢¥¤¥¨¥ ãà ¢¥¨©, § ¤ ëå ¢ ä®à¬¥ ¢å®¤-¢ëå®¤ (1.2),ª ä®à¬¥ �®è¨ (1.1)M017a � «¨§ ã¯à ¢«ï¥¬®áâ¨ ®¡ê¥ªâ M017b � «¨§ ã¯à ¢«ï¥¬®áâ¨ ®¡ê¥ªâ  ¯® ¢®§¬ãé îé¨¬¢®§¤¥©áâ¢¨ï¬M017c � «¨§  ¡«î¤ ¥¬®áâ¨ ®¡ê¥ªâ  ¯® ¨§¬¥àï¥¬ë¬¯¥à¥¬¥ë¬M017d � «¨§  ¡«î¤ ¥¬®áâ¨ ®¡ê¥ªâ  ¯® à¥£ã«¨àã¥¬ë¬¯¥à¥¬¥ë¬M028 �à¨¢¥¤¥¨¥ ãà ¢¥¨© ª ä®à¬¥ ¢å®¤-¢ëå®¤M035 � «¨§ ãáâ®©ç¨¢®áâ¨ ®¡ê¥ªâ  ¯® ã¯à ¢«¥¨îM038 �®à¬¨à®¢ ¨¥ ãá«®¢ëå ¢®§¬ãé¥¨© (5.41)M034 �¯à¥¤¥«¥¨¥ ¯ à ¬¥âà®¢ äãªæ¨® «  ®¯â¨¬¨§ æ¨¨ ¯®§ ç¥¨ï¬ ¤®¯ãáâ¨¬ëå ãáâ ®¢¨¢è¨åáï ®è¨¡®ª ¯® ä®à¬ã-« ¬ (5.26), (5.34)M030 �®à¬¨à®¢ ¨¥ ª ®¨ç¥áª®© ¬®¤¥«¨ ®¡ê¥ªâ  (5.37)M020 �ëç¨á«¥¨¥ ¯à®£®§¨àã¥¬®© ®¡®¡é¥®© ç áâ®âë áà¥-§  (�1.1)
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�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1���¬ï¬®¤ã«ï � §aç¥¨¥M022 �ëç¨á«¥¨¥ ¯®áâ®ïëå ¢à¥¬¥¨ ¤®¯®«¨â¥«ìëå ¨¥àæ¨-®ëå §¢¥ì¥¢ (�1.12)M023 �®à¬¨à®¢ ¨¥ ®¡ê¥ªâ  ã¯à ¢«¥¨ï ¨ äãªæ¨® «  á ãç¥-â®¬ ¤®¯®«¨â¥«ìëå ¨¥àæ¨®ëå §¢¥ì¥¢ (�1.13)M010a �à¥®¡à §®¢ ¨¥ äãªæ¨® «  ®¯â¨¬¨§ æ¨¨ ¨§ ä®à¬ã ¯®à¥£ã«¨àã¥¬ë¬ ¯¥à¥¬¥ë¬ ¢ ä®à¬ã ¯® ¯¥à¥¬¥ë¬ á®áâ®-ï¨ï (5.7)M010b �®à¬¨à®¢ ¨¥ ¯à ¢®© ç áâ¨ ¢ ãà ¢¥¨¨ �¨ªª â¨ (5.19)M010c �®à¬¨à®¢ ¨¥ ¯à ¢®© ç áâ¨ ¢ ãà ¢¥¨¨ �¨ªª â¨ (5.20)M010e �®à¬¨à®¢ ¨¥ ¯à ¢®© ç áâ¨ ¢ ãà ¢¥¨¨ �¨ªª â¨ (5.55)M010d �®à¬¨à®¢ ¨¥ ¯à ¢®© ç áâ¨ ¢ ãà ¢¥¨¨ �¨ªª â¨ (5.33),(5.54), (5.59), (5.65)M010e �®à¬¨à®¢ ¨¥ ¯à ¢®© ç áâ¨ ¢ ãà ¢¥¨¨ �¨ªª â¨ (5.66)M047 �¯à¥¤¥«¥¨¥ ¯ à ¬¥âà®¢ äãªæ¨® «  ®¯â¨¬¨§ æ¨¨ ¨§ãá«®¢¨ï à¥ «¨§ã¥¬®áâ¨ à¥£ã«ïâ®à  (�1.3)M025 �®à¬¨à®¢ ¨¥ ¬ âà¨æ à áè¨à¥®© ¬®¤¥«¨ ®¡ê¥ªâ  ¨ ª -®¨ç¥áª®© ä®à¬ë äãªæ¨® «  (�1.4)M0211a �®áâà®¥¨¥ ¬ âà¨æë � ¬¨«ìâ®¨   ¤«ï § ¤ ç¨ ��®�(ãà ¢¥¨ï �¨ªª â¨ (5.4))M0211b �®áâà®¥¨¥ ¬ âà¨æë � ¬¨«ìâ®¨   (5.23) ¤«ï § ¤ -ç¨ H1{áã¡®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï (ãà ¢¥¨ï �¨ªª -â¨ (5.19)M0211c �®áâà®¥¨¥ ¬ âà¨æë � ¬¨«ìâ®¨   (5.24) ¤«ï § ¤ -ç¨ H1{áã¡®¯â¨¬ «ì®£® ã¯à ¢«¥¨ï (ãà ¢¥¨ï �¨ªª -â¨ (5.20)M0211d �®áâà®¥¨¥ ¬ âà¨æë � ¬¨«ìâ®¨   (5.24) ¤«ï ¢ëç¨á«¥-¨ï  ¡«î¤ â¥«ï �-� (5.54)M0211e �®áâà®¥¨¥ ¬ âà¨æë � ¬¨«ìâ®¨   ¤«ï ¢ëç¨á«¥¨ï  -¡«î¤ â¥«ï �-� (5.55)M0211f �®áâà®¥¨¥ ¬ âà¨æë � ¬¨«ìâ®¨   (5.65)M0211g �®áâà®¥¨¥ ¬ âà¨æë � ¬¨«ìâ®¨   (5.66)
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�ãª®¢®¤áâ¢® ¯®«ì§®¢ â¥«ï �����-1���¬ï¬®¤ã«ï � §aç¥¨¥M0212 �¥è¥¨¥ ãà ¢¥¨ï �¨ªª â¨ ¬¥â®¤®¬ ¤¨ £® «¨§ æ¨¨M058u �®à¬¨à®¢ ¨¥ ¬ âà¨æ ¬®¤¥«¨ à¥£ã«ïâ®à  ¢ ä®à¬¥ ¢å®¤{¢ëå®¤ (�1.9), (�1.10), (�1.11)M058tu �®à¬¨à®¢ ¨¥ ¬ âà¨æ ¬®¤¥«¨ à¥£ã«ïâ®à  ¢ ä®à¬¥ ¢å®¤{¢ëå®¤ c ãç¥â®¬ ¤®¯®«¨â¥«ìëå ¨¥àæ¨®ëå §¢¥ì-¥¢ (�1.21), (�1.22), (�1.23)M105 �®¤¥«¨à®¢ ¨¥ á¨áâ¥¬ë ®¡ê¥ªâ-à¥£ã«ïâ®àM33 �¯à¥¤¥«¥¨¥  ç «ì®£® § ç¥¨ï ¤«ï ª®íää¨æ¨¥â  M36 �à®¢¥àª  ¢ë¯®«¥¨ï ãá«®¢¨ï j�i[PR]j< 2M039a �®áâà®¥¨¥ ¬ âà¨æ �-� à¥£ã«ïâ®à  (5.52)M039b �®áâà®¥¨¥ ¬ âà¨æ H1 à¥£ã«ïâ®à  (5.11)

{ 25 {


