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 �.�. � ©æ¥¢vaz�verba.udm.ru� ���������� ��Ǒ��������Ǒ����������� ��������� �������������������� �Ǒ��������� ������1�«îç¥¢ë¥ á«®¢ : «¨­¥©­ ï ã¯à ¢«ï¥¬ ï á¨áâ¥¬ ,  á¨¬¯â®â¨ç¥áª¨íª¢¨¢ «¥­â­ë¥ á¨áâ¥¬ë, £«®¡ «ì­ ï ¤®áâ¨�¨¬®áâì, áâ æ¨®­ à­ë¥ á¨-áâ¥¬ë.Abstra
t. Let the stationary system _x = Ax + Bu; x 2 R2 ; u 2 Rmis totally 
ontrollable. Then it possesses the property of global Lyapunovredu
ibility in 
lass of stationary 
ontrols u = Ux , that is for any �xedstationary system _y = Cy there exists the time-independent matrix U ,su
h that the system _x = (A+BU)x with this matrix is asymptoti
allyequivalent (kinemati
ally similar) to the above �xed system.� áá¬®âà¨¬ «¨­¥©­ãî ã¯à ¢«ï¥¬ãî á¨áâ¥¬ã_x = A(t)x+B(t)u; (t; x; u) 2 R1+n+m ; (1)£¤¥ A(�) , B(�) | ®£à ­¨ç¥­­ë¥ ªãá®ç­® ­¥¯à¥àë¢­ë¥ ¬ âà¨ç­ë¥äã­ªæ¨¨. �¯à ¢«¥­¨¥ áâà®¨âáï ¢ ¢¨¤¥ u = U(t)x , £¤¥ U(�) |®£à ­¨ç¥­­ ï ªãá®ç­® ­¥¯à¥àë¢­ ï äã­ªæ¨ï. �®®â¢¥âáâ¢ãîé ï§ ¬ª­ãâ ï á¨áâ¥¬  ¨¬¥¥â ¢¨¤_x = �A(t) +B(t)U(t)�x: (2)�§ãç ¥âáï § ¤ ç  ® £«®¡ «ì­®© «ï¯ã­®¢áª®© ¯à¨¢®¤¨¬®áâ¨ á¨-áâ¥¬ë (2). � ¤ ç  á®áâ®¨â ¢ á«¥¤ãîé¥¬. �à¥¡ã¥âáï ¤«ï ¯à®¨§-¢®«ì­®© § ¤ ­­®© á¨áâ¥¬ë_y = C(t)y; (t; y) 2 R1+n (3)1� ¡®â  ¯®¤¤¥à� ­  �®­ªãàá­ë¬ æ¥­âà®¬ äã­¤ ¬¥­â «ì­®£® ¥áâ¥áâ¢®-§­ ­¨ï (£à ­â E 00-1.0-5). 47



á ®£à ­¨ç¥­­®© ªãá®ç­® ­¥¯à¥àë¢­®© ¬ âà¨æ¥© C(�) ¯®áâà®¨âìã¯à ¢«¥­¨¥ U(�) â ª, çâ®¡ë á¨áâ¥¬  (2) á íâ¨¬ ã¯à ¢«¥­¨¥¬ ¡ë-«   á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥­â­  á¨áâ¥¬¥ (3). �á¨¬¯â®â¨ç¥áª ïíª¢¨¢ «¥­â­®áâì ¤¢ãå «¨­¥©­ëå ®¤­®à®¤­ëå á¨áâ¥¬ ®§­ ç ¥â,çâ® áãé¥áâ¢ã¥â ¯à¥®¡à §®¢ ­¨¥ �ï¯ã­®¢  x = L(t)y , á¢ï§ë¢ -îé¥¥ íâ¨ á¨áâ¥¬ë. �á«¨ ¤«ï ¯à®¨§¢®«ì­®© á¨áâ¥¬ë (3) ­ ©¤¥â-áï â ª®¥ ã¯à ¢«¥­¨¥ U(�) , â® £®¢®àïâ, çâ® á¨áâ¥¬  (2) ®¡« ¤ ¥âá¢®©áâ¢®¬ £«®¡ «ì­®© «ï¯ã­®¢áª®© ¯à¨¢®¤¨¬®áâ¨. � à ¡®â¥ [1℄ ¤®-ª § ­ � ¥ ® à ¥ ¬   1. Ǒãáâì n = 2 . Ǒà¥¤¯®«®�¨¬, çâ® á¨-áâ¥¬  (1) à ¢­®¬¥à­® ¢¯®«­¥ ã¯à ¢«ï¥¬ . �®£¤  á¨áâ¥¬  (2)®¡« ¤ ¥â á¢®©áâ¢®¬ £«®¡ «ì­®© «ï¯ã­®¢áª®© ¯à¨¢®¤¨¬®áâ¨.Ǒà¨ ¤®ª § â¥«ìáâ¢¥ íâ®© â¥®à¥¬ë ¨á¯®«ì§ã¥âáï ¯®­ïâ¨¥ £«®-¡ «ì­®© ¤®áâ¨�¨¬®áâ¨ á¨áâ¥¬ë (2). �«®¡ «ì­ ï ¤®áâ¨�¨¬®áâìá¨áâ¥¬ë (2) ®§­ ç ¥â, çâ® ­ ©¤¥âáï # > 0 â ª®¥, çâ® ¬­®�¥áâ¢®¤®áâ¨�¨¬®áâ¨ D#(�) á¨áâ¥¬ë (2) ¢ ¯à®áâà ­áâ¢¥ (n�n) -¬ âà¨æ§  ¢à¥¬ï # ¨§ â®çª¨ X(�) = I ¯®¤ ¤¥©áâ¢¨¥¬ ¤®¯ãáâ¨¬ëå ã¯à -¢«¥­¨© U(�) (¯à¨ ãá«®¢¨¨, ª®£¤  ­  ã¯à ¢«¥­¨ï ­¥ ­ ª« ¤ë¢ îâ-áï ®£à ­¨ç¥­¨ï) á®¢¯ ¤ ¥â á ¬­®�¥áâ¢®¬ ¬ âà¨æ á ¯®«®�¨â¥«ì-­ë¬ ®¯à¥¤¥«¨â¥«¥¬, â. ¥. D#(�) = GLn(R) . �âà®£®¥ ®¯à¥¤¥«¥­¨¥ä®à¬ã«¨àã¥âáï á«¥¤ãîé¨¬ ®¡à §®¬.� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 1. �¨áâ¥¬  (2) ­ §ë¢ ¥âáï £«®¡ «ì­®¤®áâ¨�¨¬®© ­  ®âà¥§ª¥ [�; � +#℄ (á¬. [2℄), ¥á«¨ ¤«ï «î¡®£® N > 0áãé¥áâ¢ã¥â â ª®¥ l = l(N) > 0 , çâ® ¤«ï «î¡®© (n� n) -¬ âà¨æëH 
 jHj 6 N ¨ detH > 1=N > 0 ­ ©¤¥âáï ã¯à ¢«¥­¨¥ U(t) ,t 2 [�; � + #℄ â ª®¥, çâ® jU(t)j 6 l , t 2 [�; � + #℄ , ¨ ¤«ï ¬ âà¨-æë �®è¨ XU (t; s) á¨áâ¥¬ë (2) á íâ¨¬ ã¯à ¢«¥­¨¥¬ ¢ë¯®«­¥­®à ¢¥­áâ¢® XU (� + #; �) = H .� ¯ à ¥ ¤ ¥ « ¥ ­ ¨ ¥ 2. �¨áâ¥¬  (2) ­ §ë¢ ¥âáï à ¢­®¬¥à-­® £«®¡ «ì­® ¤®áâ¨�¨¬®©, ¥á«¨ ­ ©¤¥âáï # > 0 â ª®¥, çâ® ¤«ï«î¡®£® � 2 R á¨áâ¥¬  (2) £«®¡ «ì­® ¤®áâ¨�¨¬  ­  [�; � + #℄ ,¯à¨ç¥¬ ª®­áâ ­â  l ¨§ ®¯à¥¤¥«¥­¨ï 1 à ¢­®¬¥à­ ï (­¥ § ¢¨á¨â®â � ).�§¢¥áâ­®, çâ® ãá«®¢¨¥ à ¢­®¬¥à­®© £«®¡ «ì­®© ¤®áâ¨�¨¬®-48



áâ¨ ï¢«ï¥âáï ¤®áâ â®ç­ë¬ ãá«®¢¨¥¬ £«®¡ «ì­®© «ï¯ã­®¢áª®©¯à¨¢®¤¨¬®áâ¨. � à ¡®â¥ [1℄ ¢ á«ãç ¥ n = 2 ¤®ª § ­®, çâ® ¨§ à ¢-­®¬¥à­®© ¯®«­®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë (1) ­  ®âà¥§ª å ¤«¨­ë# á«¥¤ã¥â à ¢­®¬¥à­ ï £«®¡ «ì­ ï ¤®áâ¨�¨¬®áâì á¨áâ¥¬ë (2) ­ ®âà¥§ª å ¤«¨­ë 4# .�á­®¢­ë¬ à¥§ã«ìâ â®¬ ­ áâ®ïé¥© à ¡®âë ï¢«ï¥âáï ­¨�¥á«¥-¤ãîé ï â¥®à¥¬ .� ¥ ® à ¥ ¬   2. Ǒãáâì á¨áâ¥¬  (1) áâ æ¨®­ à­ , â. ¥. A¨ B | ¯®áâ®ï­­ë¥ ¬ âà¨æë, ¨ ¯ãáâì n = 2 . Ǒà¥¤¯®«®�¨¬,çâ® á¨áâ¥¬  (1) ¢¯®«­¥ ã¯à ¢«ï¥¬ . �®£¤  á¨áâ¥¬  (2) ®¡« -¤ ¥â á¢®©áâ¢®¬ £«®¡ «ì­®© «ï¯ã­®¢áª®© ¯à¨¢®¤¨¬®áâ¨ ¢ ª« áá¥¯®áâ®ï­­ëå ã¯à ¢«¥­¨©, â. ¥. ¤«ï ¯à®¨§¢®«ì­®© áâ æ¨®­ à­®©á¨áâ¥¬ë _y = Cy ­ ©¤¥âáï ¯®áâ®ï­­ ï ¬ âà¨æ  U â ª ï, çâ®á¨áâ¥¬  (2) á íâ¨¬ ã¯à ¢«¥­¨¥¬  á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥­â-­  § ¤ ­­®©.�â¬¥â¨¬, çâ® íâ  â¥®à¥¬  ­¥ ¢ëâ¥ª ¥â ¨§ â¥®à¥¬ë 1, â. ª. §¤¥áìãâ¢¥à�¤ ¥âáï áãé¥áâ¢®¢ ­¨¥ ¯®áâ®ï­­®£® ã¯à ¢«¥­¨ï.�   ¬ ¥ ç   ­ ¨ ¥ 1. � à ¡®â¥ [3℄ ¤«ï ¯à®¨§¢®«ì­®£® n ¤®ª § -­  íª¢¨¢ «¥­â­®áâì á¢®©áâ¢ ¯®«­®© ã¯à ¢«ï¥¬®áâ¨ áâ æ¨®­ à­®©á¨áâ¥¬ë (1) ¨ £«®¡ «ì­®© ã¯à ¢«ï¥¬®áâ¨ ª®íää¨æ¨¥­â®¢ å à ª-â¥à¨áâ¨ç¥áª®£® ¬­®£®ç«¥­  ¬ âà¨æë á¨áâ¥¬ë (2) (¢ ¨­®© ä®à¬ã-«¨à®¢ª¥, á¨áâ¥¬  (1) ¢¯®«­¥ ã¯à ¢«ï¥¬  â®£¤  ¨ â®«ìª® â®£¤ ,ª®£¤  á¨áâ¥¬  (2) ®¡« ¤ ¥â ¬®¤ «ì­ë¬ ã¯à ¢«¥­¨¥¬). �¥®à¥¬ 2 ­¥ á«¥¤ã¥â ¨§ íâ®£® à¥§ã«ìâ â , â ª ª ª á¢®©áâ¢® £«®¡ «ì­®©«ï¯ã­®¢áª®© ¯à¨¢®¤¨¬®áâ¨ ï¢«ï¥âáï ¡®«¥¥ ®¡é¨¬ ¯® áà ¢­¥­¨îá® á¢®©áâ¢®¬ áãé¥áâ¢®¢ ­¨ï ¬®¤ «ì­®£® ã¯à ¢«¥­¨ï.�   ¬ ¥ ç   ­ ¨ ¥ 2. � â¥®à¥¬¥ 2 ­¥«ì§ï ãâ¢¥à�¤ âì, çâ®¬ âà¨æ  ¯à¥®¡à §®¢ ­¨ï �ï¯ã­®¢ , á¢ï§ë¢ îé¥£® áâ æ¨®­ à­ë¥á¨áâ¥¬ë (2) ¨ (3), ï¢«ï¥âáï ¯®áâ®ï­­®©. � áá¬®âà¨¬ á«¥¤ãîé¨©¯à¨¬¥à. ǑãáâìA = 



0 10 0



 ; B = 



01



 ; C = 



0 00 0



 :�¨áâ¥¬  (1) á § ¤ ­­ë¬¨ ¬ âà¨æ ¬¨ ï¢«ï¥âáï ¢¯®«­¥ ã¯à ¢«ï-¥¬®©. �«¥¤®¢ â¥«ì­®, áãé¥áâ¢ã¥â ¬ âà¨æ  U = (u1; u2) â ª ï,49



çâ® á¨áâ¥¬ë á ¬ âà¨æ ¬¨ A + BU ¨ C  á¨¬¯â®â¨ç¥áª¨ íª¢¨-¢ «¥­â­ë. �á«¨ ¬ë ¯à¥¤¯®«®�¨¬, çâ® ¬ âà¨æ  L ¯à¥®¡à §®¢ -­¨ï �ï¯ã­®¢ , á¢ï§ë¢ îé¥£® íâ¨ á¨áâ¥¬ë, ¯®áâ®ï­­ , íâ® ¡ã¤¥â®§­ ç âì, çâ® ¬ âà¨æë A + BU ¨ C ¯®¤®¡­ë. �âáî¤  ­¥®¡å®-¤¨¬® ¢ëâ¥ª ¥â, çâ® ¨å å à ªâ¥à¨áâ¨ç¥áª¨¥ ¬­®£®ç«¥­ë á®¢¯ -¤ îâ: �C(�) = �2 , �A+BU (�) = �2 � u2� � u1 ; á«¥¤®¢ â¥«ì­®,u1 = u2 = 0 , â. ¥. A + BU = A . �¤­ ª® ¬ âà¨æë A ¨ C ­¥ ¯®-¤®¡­ë, ¬ë ¯à¨è«¨ ª ¯à®â¨¢®à¥ç¨î. � ¤¥©áâ¢¨â¥«ì­®áâ¨ ­ã�­®¢§ïâì U = (�1; 0) . �®£¤  á¨áâ¥¬  á ¬ âà¨æ¥©A+BU = 



 0 1�1 0



¨ C  á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥­â­ë ¨ L(t) = 
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