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�®ª § ®, çâ® ¥á«¨ á¨áâ¥¬  _x = A(t)x + B(t)u á ªãá®ç® ¥¯à¥àë¢ë¬¨ ®£à ¨ç¥ë¬¨ ¬ âà¨æ ¬¨ A(·) ¨
B(·) à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ , â® ¤«ï «î¡®£® λ ∈ R  ©¤¥âáï ã¯à ¢«¥¨¥ Uλ ∈ KCm,n(R), ¯à¨ ª®-
â®à®¬ § ¬ªãâ ï á¨áâ¥¬  _x =

(
A(t)+B(t)Uλ(t)

)
x  á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥â  á¨áâ¥¬¥ _x =

(
A(t)+λI

)
x.

�â®â à¥§ã«ìâ â ãâ®çï¥â   «®£¨çë© à¥§ã«ìâ â à ¡®âë [27], ¤®ª § ë© ¢ ¯à¥¤¯®«®¦¥¨¨ à ¢®¬¥à®©
¥¯à¥àë¢®áâ¨ äãªæ¨¨ B(·). �®«ãç¥ à¥§ã«ìâ â ® £«®¡ «ì®© ã¯à ¢«ï¥¬®áâ¨ ¯®ª § â¥«¥© �ï¯ã®¢ 
¤¢ã¬¥à®© ã¯à ¢«ï¥¬®© á¨áâ¥¬ë á ªãá®ç® ¯®áâ®ïë¬¨ ¬ âà¨æ ¬¨ ª®íää¨æ¨¥â®¢.

�¢¥¤¥¨¥
� ¤ ç¨ ã¯à ¢«¥¨ï ¯®ª § â¥«ï¬¨ �ï¯ã®¢  â¥á® á¢ï§ ë á ¢®¯à®á ¬¨ áâ ¡¨«¨§ æ¨¨
¨ «ï¯ã®¢áª®© ¯à¨¢®¤¨¬®áâ¨ «¨¥©ëå á¨áâ¥¬. �¢£¥¨© �¥®¨¤®¢¨ç �®ª®¢ [1{6] áâ®-
ï« ã ¨áâ®ª®¢ â¥®à¨¨ ã¯à ¢«¥¨ï ¨ â¥®à¨¨ áâ ¡¨«¨§ æ¨¨ ¤¨ ¬¨ç¥áª¨å á¨áâ¥¬. � ª, ¢
à ¡®â å [3; 5] ¨¬ ¡ë«¨ ¯®«ãç¥ë ªà¨â¥à¨¨ à ¢®¬¥à®© ã¯à ¢«ï¥¬®áâ¨ ¨ áâ ¡¨«¨§¨àã-
¥¬®áâ¨ «¨¥©®© ¥áâ æ¨® à®© á¨áâ¥¬ë

_x = A(t)x + B(t)u, (t, x, u) ∈ R× Rn × Rm. (0.1)

�®¯à®á ® £«®¡ «ì®© ã¯à ¢«ï¥¬®áâ¨ á¯¥ªâà  ¯®ª § â¥«¥© �ï¯ã®¢  ¤«ï áâ æ¨® àëå
¨ ¯¥à¨®¤¨ç¥áª¨å á¨áâ¥¬

_x =
(
A(t) + B(t)U(t)

)
x, (0.2)

§ ¬ªãâëå ¯® ¯à¨æ¨¯ã «¨¥©®© ®¡à â®© á¢ï§¨ u = U(t)x, ¡ë« à §à¥è¥ ¢ [7] ¨ [8]. �
íâ¨å à ¡®â å ¡ë«® ¯®ª § ® (¤«ï áâ æ¨® àëå ¨ ¯¥à¨®¤¨ç¥áª¨å á¨áâ¥¬ á®®â¢¥âáâ¢¥-
®), çâ® ¯®ª § â¥«¨ á¨áâ¥¬ë (0.2) £«®¡ «ì® ã¯à ¢«ï¥¬ë â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ 
á¨áâ¥¬  (0.1) ¢¯®«¥ ã¯à ¢«ï¥¬ . �®¯à®á ¬ «®ª «ì®© ã¯à ¢«ï¥¬®áâ¨ ¯®ª § â¥«¥© �ï-
¯ã®¢  ¨ «®ª «ì®© «ï¯ã®¢áª®© ¯à¨¢®¤¨¬®áâ¨ ¯®á¢ïé¥ë à ¡®âë [9{21].

� à ¡®â å �.�. � ©èã  [22; 23; 24] ¯®«ãç¥ë à¥§ã«ìâ âë ® ¯à¨¢®¤¨¬®áâ¨ á¨áâ¥-
¬ë (0.2) (¯à¨ m = 1) ®â®á¨â¥«ì® à §«¨çëå £àã¯¯ ¯à¥®¡à §®¢ ¨© (£àã¯¯ë �ï¯ã®-
¢ , íªá¯®¥æ¨ «ì®© £àã¯¯ë ¨ ¤à.) ª á¨áâ¥¬ ¬, íª¢¨¢ «¥âë¬ áª «ïà®¬ã ãà ¢¥-
¨î n-£® ¯®àï¤ª  á ¯¥à¥¬¥ë¬¨ ª®íää¨æ¨¥â ¬¨ (á¬. â ª¦¥ ¡¨¡«¨®£à ä¨î ¢ [24]).
�¥§ã«ìâ âë à ¡®âë �.�. �®ª®¢  [21] ¤®¯®«ïîâ ¨áá«¥¤®¢ ¨ï �.�. � ©èã . �®ª § -
®, ¢ ç áâ®áâ¨, çâ® ¤«ï «î¡®© á¨áâ¥¬ë

_x = A(f tω)x + b(f tω)v, (t, ω, x) ∈ R× 
× Rn, v ∈ R, (0.3)

A(ω) =

∥∥∥∥∥∥∥∥∥∥∥

a11(ω) β2(ω) 0 . . . 0
a21(ω) a22(ω) β3(ω) . . . 0

... ... ... . . . ...
an−1,1(ω) an−1,2(ω) . . . . . . . . . . βn(ω)
an1(ω) an2(ω) . . . . . . . . . . ann(ω)

∥∥∥∥∥∥∥∥∥∥∥

, b(ω) =

∥∥∥∥∥∥∥∥∥∥∥

0
0
...
0

β1(ω)

∥∥∥∥∥∥∥∥∥∥∥

, (0.4)

1� ¡®â  ¢ë¯®«¥  ¯à¨ ä¨ á®¢®© ¯®¤¤¥à¦ª¥ ���� (£à âë 97{01{00413 ¨ 99{01{00454) ¨ ª®-
ªãàá®£® æ¥âà  äã¤ ¬¥â «ì®£® ¥áâ¥áâ¢®§ ¨ï (£à â 97{0{1.9).
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£¤¥ äãªæ¨¨ A(·), b(·) ¥¯à¥àë¢ë   
 ¨ ¤«ï ¢á¥å (ω, i) ∈ 
× {1, 2, . . . , n} ¢ë¯®«¥ë
¥à ¢¥áâ¢  βi(ω) > 0, ¨ ¤«ï «î¡®£® µ = (µ1, . . . , µn) ∈ Rn  ©¤¥âáï ã¯à ¢«¥¨¥

v = u(f tω, µ)x (0.5)

â ª®¥, çâ® á¨áâ¥¬  (0.3), § ¬ªãâ ï ã¯à ¢«¥¨¥¬ (0.5), ¯à¨¢®¤¨¬  ¥ § ¢¨áïé¨¬ ®â µ
«ï¯ã®¢áª¨¬ ¯à¥®¡à §®¢ ¨¥¬ z = S(f tω)x ª á¨áâ¥¬¥ _z = Fµz á ¯®áâ®ï®© ¬ âà¨æ¥©

Fµ =

∥∥∥∥∥∥∥∥∥

0 1 . . . 0
... . . . . . . ...
0 . . . 0 1
µ1 . . . . . . . µn

∥∥∥∥∥∥∥∥∥
.

�ä®à¬ã«¨à®¢ ë ãá«®¢¨ï ¯à¨¢®¤¨¬®áâ¨ ¯à®¨§¢®«ì®© á¨áâ¥¬ë (0.3) ª á¨áâ¥¬¥ ¢¨¤ 
(0.3) á ¬ âà¨æ ¬¨ (0.4). �âáî¤  ¯®«ãç¥ë ãá«®¢¨ï £«®¡ «ì®© ã¯à ¢«ï¥¬®áâ¨ ¯®ª § -
â¥«¥© �ï¯ã®¢ . � à ¡®â¥ [25]  ©¤¥ë ¥®¡å®¤¨¬ë¥ ¨ ¤®áâ â®çë¥ ãá«®¢¨ï £«®¡ «ì®©
ã¯à ¢«ï¥¬®áâ¨ ¯®ª § â¥«¥© �ï¯ã®¢  áâ æ¨® à®© á¨áâ¥¬ë á  ¡«î¤ â¥«¥¬

_x = Ax + Bu, y = C∗x, (x, u, y) ∈ Rn × Rm × Rk,

¢ ª®â®à®© ã¯à ¢«¥¨¥ ä®à¬¨àã¥âáï ¯® ¯à¨æ¨¯ã ¥¯®«®© ®¡à â®© á¢ï§¨ u = Uy.
�®¯à®á ® £«®¡ «ì®© «ï¯ã®¢áª®© ¯à¨¢®¤¨¬®áâ¨, ¢ á«ãç ¥ ª®£¤  n = 2, ¡ë« à §-

à¥è¥ ¢ à ¡®â¥ [26]: ¯®ª § ®, çâ® ¥á«¨ á¨áâ¥¬  (0.1) à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ ,
äãªæ¨ï A(·) ®£à ¨ç¥  ¨ ªãá®ç® ¥¯à¥àë¢  ¨ äãªæ¨ï B(·) ®£à ¨ç¥  ¨ à ¢®-
¬¥à® ¥¯à¥àë¢ , â® ¤«ï «î¡®© á¨áâ¥¬ë

_y = D(t)y (0.6)

á ®£à ¨ç¥®© ¨ ªãá®ç® ¥¯à¥àë¢®© äãªæ¨¥© D(·)  ©¤¥âáï ªãá®ç® ¥¯à¥àë¢ ï
¬ âà¨æ  U(·) â ª ï, çâ® á¨áâ¥¬  (0.2) ¯à¨ íâ®¬ ã¯à ¢«¥¨¨  á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥â-
  á¨áâ¥¬¥ (0.6). �«ï ¯à®¨§¢®«ì®£® n íâ®â ¢®¯à®á ¯®ª  ®áâ ¥âáï ®âªàëâë¬. �®¯à®á ®
λ-¯à¨¢®¤¨¬®áâ¨ á¨áâ¥¬ë (0.2) ¨ ® £«®¡ «ì®© ã¯à ¢«ï¥¬®áâ¨ æ¥âà «ìëå ¨ ®á®¡ëå
¯®ª § â¥«¥© á¨áâ¥¬ë (0.2) á ®£à ¨ç¥®© ¥¯à¥àë¢®© ¬ âà¨æ¥© A(·) ¨ ®£à ¨ç¥-
®© à ¢®¬¥à® ¥¯à¥àë¢®© ¬ âà¨æ¥© B(·) ¡ë« à §à¥è¥ ¢ à ¡®â¥ [27]. �¤¥áì ¤®ª § 
  «®£¨çë© à¥§ã«ìâ â ¯à¨ ãá«®¢¨¨, çâ® ¬ âà¨æë A(·) ¨ B(·) ®£à ¨ç¥ë ¨ ªãá®ç®
¥¯à¥àë¢ë. �®«ãç¥ à¥§ã«ìâ â ® £«®¡ «ì®© ã¯à ¢«ï¥¬®áâ¨ ¯®ª § â¥«¥© �ï¯ã®¢ 
¤¢ã¬¥à®© á¨áâ¥¬ë (0.1) á ªãá®ç® ¯®áâ®ïë¬¨ ¬ âà¨æ ¬¨.

1. λ-¯à¨¢®¤¨¬®áâì
�ãáâì Rn | ¥¢ª«¨¤®¢® ¯à®áâà áâ¢® à §¬¥à®áâ¨ n á ®à¬®© |x| =

√
x∗x; Mn,m |

¯à®áâà áâ¢® n ×m-¬ âà¨æ (¥á«¨ m = n, â® ¯¨è¥¬ Mn) á ®à¬®© |A| = max|x|=1 |Ax|;
I ∈ Mn | ¥¤¨¨ç ï ¬ âà¨æ . �¡®§ ç¨¬ ç¥à¥§ KCn,m(�) ¯à®áâà áâ¢® ®£à ¨ç¥ëå
ªãá®ç® ¥¯à¥àë¢ëå äãªæ¨© H : � → Mn,m, � ⊂ R á à ¢®¬¥à®© ®à¬®©. � áá¬®-
âà¨¬ «¨¥©ãî ã¯à ¢«ï¥¬ãî á¨áâ¥¬ã (0.1), £¤¥ A ∈ KCn(R), B ∈ KCn,m(R). �ãáâì
X(t, s) | íâ® ¬ âà¨æ  �®è¨ á¨áâ¥¬ë

_x = A(t)x. (1.1)

�®áâà®¨¬ ¬ âà¨æã � «¬   á¨áâ¥¬ë (0.1)

W (t, τ) =
∫ t

τ

X(τ, s)B(s)B∗(s)X∗(τ, s) ds.
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� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 1. �¨áâ¥¬  (0.1) ϑ-à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ , ¥á«¨ áãé¥-
áâ¢ã¥â α > 0 â ª®¥, çâ® ¤«ï ¢á¥å t ∈ R ¢ë¯®«¥® ¥à ¢¥áâ¢® W (t+ϑ, t) > αI, ¯®¨¬ -
¥¬®¥ ¢ á¬ëá«¥ ª¢ ¤à â¨çëå ä®à¬. �¨áâ¥¬  (0.1) à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ , ¥á«¨
áãé¥áâ¢ã¥â ϑ > 0 â ª®¥, çâ® á¨áâ¥¬  (0.1) ϑ-à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ .

� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 2. � á¨áâ¥¬¥ (0.1) ¯à¨¬¥¨¬® λ-¯à¥®¡à §®¢ ¨¥, ¥á«¨ áãé¥áâ¢ã-
¥â â ª®¥ T > 0, çâ® ¤«ï ª ¦¤®£® λ ∈ R  ©¤¥âáï ã¯à ¢«¥¨¥ U ∈ KCm,n(R), ®¡¥á¯¥ç¨-
¢ îé¥¥ ¤«ï ¬ âà¨æë �®è¨ XU(t, s) á¨áâ¥¬ë (0.2) à ¢¥áâ¢®

XU

(
(k + 1)T, kT

)
= eλT X

(
(k + 1)T, kT

)
(1.2)

¯à¨ ¢á¥å k ∈ Z.

�â® ®¯à¥¤¥«¥¨¥ ¡ë«® ¤ ® ¢ à ¡®â¥ [27]. �® á¢ï§ ® á ®¯à¥¤¥«¥¨¥¬ λ-¯à¥®¡à §®-
¢ ¨ï á¨áâ¥¬ë (1.1) (á¬. [28, á. 249]), ª®â®à®¥ § ª«îç ¥âáï ¢ ¤®¡ ¢«¥¨¨ ª ¬ âà¨æ¥ A(t)
á¨áâ¥¬ë (1.1) ¢®§¬ãé¥¨ï λI. �«ï ¬ âà¨æë �®è¨ Y (t, s) ¢®§¬ãé¥®© á¨áâ¥¬ë

_y =
(
A(t) + λI

)
y (1.3)

¯à¨ ¢á¥å t, s ∈ R ¢ë¯®«¥® à ¢¥áâ¢®

Y (t, s) = eλ(t−s)X(t, s). (1.4)

�§ (1.2) á«¥¤ã¥â, çâ® ¤«ï ¬ âà¨æë �®è¨ á¨áâ¥¬ë (0.2) ¯à¨ ¢á¥å k, l ∈ Z ¨¬¥¥â ¬¥áâ®
á®®â®è¥¨¥

XU(kT, lT ) = eλ(k−l)T X(kT, lT ),
  «®£¨ç®¥ (1.4), ® ¢ë¯®«¥®¥   ¬®¦¥áâ¢¥ â®ç¥ª {kT, k ∈ Z} ⊂ R.

� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 3. �à¥®¡à §®¢ ¨¥ x = L(t)y á¨áâ¥¬ë (1.1)  §ë¢ ¥âáï ¯à¥®¡à -
§®¢ ¨¥¬ �ï¯ã®¢ , ¥á«¨ äãªæ¨ï L : R→ Mn ¥¯à¥àë¢® ¤¨ää¥à¥æ¨àã¥¬  ¨

sup
t∈R
{|L(t)|+ |L−1(t)|+ | _L(t)|} < ∞.

� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 4. �¨áâ¥¬  (1.1)  á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥â  á¨áâ¥¬¥ (0.6), ¥á-
«¨ áãé¥áâ¢ã¥â ¯à¥®¡à §®¢ ¨¥ �ï¯ã®¢  x = L(t)y, á¢ï§ë¢ îé¥¥ á¨áâ¥¬ë (1.1) ¨ (0.6),
â. ¥. D(t) = L−1(t)A(t)L(t)− L−1(t) _L(t).

� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 5. �¨áâ¥¬  (0.2) λ-¯à¨¢®¤¨¬ , ¥á«¨ ¤«ï «î¡®£® λ ∈ R áãé¥áâ¢ã-
¥â ã¯à ¢«¥¨¥ Uλ ∈ KCm,n(R), ¯à¨ ª®â®à®¬ á¨áâ¥¬  (0.2)  á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥â 
á¨áâ¥¬¥ (1.3).

�¥®à¥¬  1. �ãáâì ª á¨áâ¥¬¥ (0.1) ¯à¨¬¥¨¬® λ-¯à¥®¡à §®¢ ¨¥. �®£¤  á¨áâ¥¬ 
(0.2) λ-¯à¨¢®¤¨¬ .

� ® ª   §   â ¥ « ì á â ¢ ®. � áá¬®âà¨¬ ¬ âà¨æã L(t) = XU(t, 0)Y (0, t). �à®¨§¢¥¤¥¬
¯à¥®¡à §®¢ ¨¥ x = L(t)y á¨áâ¥¬ë (0.2). �¥á«®¦® ¯à®¢¥à¨âì, çâ® íâ® ¯à¥®¡à §®¢ ¨¥
¯à¨¢®¤¨â á¨áâ¥¬ã (0.2) ª á¨áâ¥¬¥ (1.3). �®ª ¦¥¬, çâ® íâ® ¯à¥®¡à §®¢ ¨¥ «ï¯ã®¢áª®¥.
�§ ®£à ¨ç¥®áâ¨ A(t), B(t), U(t)   R á«¥¤ã¥â, çâ®  ©¤¥âáï ª®áâ â  a â ª ï, çâ®
|XU(t, s)| 6 a ¤«ï ¢á¥å t, s ∈ �k = [kT, (k + 1)T ] ¤«ï «î¡®£® k ∈ Z. � «®£¨ç® ¤®ª §ë-
¢ ¥âáï ¥à ¢¥áâ¢® |Y (t, s)| 6 a, t, s ∈ �k. �ãáâì t ∈ �k, â®£¤ 

L(t) = XU(t, 0)Y (0, t) = XU(t, kT )XU(kT, 0)Y (0, kT )Y (kT, t) =
XU(t, kT )eλkT X(kT, 0)e−λkT X(0, kT )Y (kT, t) = XU(t, kT )Y (kT, t),
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¯®íâ®¬ã |L(t)| 6 c ¤«ï ¢á¥å t ∈ �k, ¯à¨ç¥¬ c ¥ § ¢¨á¨â ®â k, â. ¥. |L(t)| 6 c ¤«ï ¢á¥å
t ∈ R. � «®£¨ç® ¤®ª §ë¢ ¥âáï ®£à ¨ç¥®áâì L−1(t). �£à ¨ç¥®áâì ¯à®¨§¢®¤®©
_L(t) á«¥¤ã¥â ¨§ à ¢¥áâ¢ 

_L(t) =
(
A(t) + B(t)U(t)

)
L(t)− L(t)

(
A(t) + λI

)

¨ ®£à ¨ç¥®áâ¨ L(t). � ª¨¬ ®¡à §®¬,

sup
t∈R
{|L(t)|+ |L−1(t)|+ | _L(t)|} < ∞.

�®íâ®¬ã ¬ âà¨æ  L(t) ï¢«ï¥âáï ¬ âà¨æ¥© �ï¯ã®¢ . �¥®à¥¬  ¤®ª §  .

�¥®à¥¬  2. �á«¨ á¨áâ¥¬  (0.1) à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ , â® ª ¥© ¯à¨¬¥¨-
¬® λ-¯à¥®¡à §®¢ ¨¥.

�   ¬ ¥ ç    ¨ ¥ 1. �â  â¥®à¥¬  ¡ë«  áä®à¬ã«¨à®¢   ¨ ¤®ª §   ¢ à ¡®â¥ [27] ¢
¯à¥¤¯®«®¦¥¨¨, çâ® äãªæ¨ï A(·) ¥¯à¥àë¢ ,   B(·) à ¢®¬¥à® ¥¯à¥àë¢    R.
�¤¥áì ¬ë ¯à¨¢¥¤¥¬ ¡®«¥¥ ¯à®áâ®¥ ¤®ª § â¥«ìáâ¢® íâ®© â¥®à¥¬ë ¤«ï ¯à®¨§¢®«ìëå
äãªæ¨© A ∈ KCn(R), B ∈ KCn,m(R).

� ® ª   §   â ¥ « ì á â ¢ ®. �ãáâì á¨áâ¥¬  (0.1) ϑ-à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ . � -
ä¨ªá¨àã¥¬ «î¡®¥ λ ∈ R. �®áâà®¨¬ â ª®¥ ã¯à ¢«¥¨¥ U ∈ KCm,n(R), çâ® (1.2) ¢ë¯®«-
¥® ¯à¨ T = 2ϑ. �«ï ¯à®¨§¢®«ì®£® k ∈ Z   ®âà¥§ª¥ �k = [kT, (k + 1)T ] à áá¬®âà¨¬
ªà ¥¢ãî § ¤ çã

_Z = A(t)Z + B(t)V (t), (1.5)
Z(kT ) = I, Z

(
(k + 1)T

)
= eλT X

(
(k + 1)T, kT

)
. (1.6)

�¥è¥¨¥ ãà ¢¥¨ï (1.5) á  ç «ìë¬ ãá«®¢¨¥¬ Z(kT ) = I ¨¬¥¥â ¢¨¤

Z(t) = X(t, kT )
(
I +

∫ t

kT

X(kT, s)B(s)V (s) ds
)
. (1.7)

�â®à®¥ ¨§ ãá«®¢¨© (1.6) ¢ë¯®«¥® â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ 

I +
∫ (k+1)T

kT

X(kT, s)B(s)V (s) ds = eλT I. (1.8)

�à¥¤¯®«®¦¨¬, çâ® áãé¥áâ¢ãîâ â ª¨¥ ¥ § ¢¨áïé¨¥ ®â k ∈ Z ç¨á«  β1 > 0, β2 > 0,
çâ® ¯à¨ ¢á¥å t ∈ �k ã¯à ¢«¥¨¥ V (t), ®¡¥á¯¥ç¨¢ îé¥¥ à ¢¥áâ¢® (1.8), ã¤®¢«¥â¢®àï¥â
¥à ¢¥áâ¢ã |V (t)| 6 β1,   ®â¢¥ç îé¥¥ íâ®¬ã ã¯à ¢«¥¨î à¥è¥¨¥ Z(t) ªà ¥¢®© § ¤ -
ç¨ (1.5), (1.6), ¢ëà ¦ ¥¬®¥ ä®à¬ã«®© (1.7), ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã det Z(t) > β2
¤«ï ¢á¥å t ∈ �k. �®«®¦¨¬ U(t) = V (t)Z−1(t), t ∈ �k. �®£¤  |U(t)| ®£à ¨ç¥    �k

à ¢®¬¥à® ®â®á¨â¥«ì® k,   Z(·) ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î
_Z =

(
A(t) + B(t)U(t)

)
Z (1.9)

¨ ªà ¥¢ë¬ ãá«®¢¨ï¬ (1.6). �§ á®®â®è¥¨ï (1.9) ¨ ¯¥à¢®£® ªà ¥¢®£® ãá«®¢¨ï á«¥¤ã¥â,
çâ® Z(t) = XU(t, kT ),   ¨§ ¢â®à®£® ªà ¥¢®£® ãá«®¢¨ï ¢ëâ¥ª ¥â (1.2). � ª¨¬ ®¡à §®¬,
 è  § ¤ ç  á¢®¤¨âáï ª  å®¦¤¥¨î â ª®© ¬ âà¨ç®© äãªæ¨¨ V (·) ∈ KCm,n(R), çâ®
¢ë¯®«¥® à ¢¥áâ¢® (1.8) ¨ ãá«®¢¨¥

det
(
I +

∫ t

kT

X(kT, s)B(s)V (s) ds
)

> γ (1.10)
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¯à¨ ¢á¥å t ∈ �k ¨ ¥ª®â®à®¬ ¥ § ¢¨áïé¥¬ ®â k ∈ Z ¨ ®â t ç¨á«¥ γ > 0.
�ã¤¥¬ ¨áª âì V (t) ¢ ¢¨¤¥ V (t) = B∗(t)X∗(kT, t)H. �®£¤  ¨§ á®®â®è¥¨ï (1.8) á«¥-

¤ã¥â, çâ® I + W
(
(k + 1)T, kT

)
H = eλT I, £¤¥ W (t, τ) | ¬ âà¨æ  � «¬  . �¨áâ¥¬  (0.1)

ϑ-à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ , á«¥¤®¢ â¥«ì®, ®  ϑ1-à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï-
¥¬  ¤«ï «î¡®£® ϑ1 > ϑ. �®íâ®¬ã ¬ âà¨æ  W

(
(k + 1)T, kT

)
®¡à â¨¬  ¨ H = W−1((k +

1)T, kT
)
(eλT − 1)I. �®ª ¦¥¬, çâ® ¤«ï ¢á¥å t ∈ �k ¬ âà¨æ 

S(t) = I +
∫ t

kT

X(kT, s)B(s)B∗(s)X∗(kT, s) ds ·W−1((k + 1)T, kT
)
(eλT − 1)I

®¡à â¨¬  ¨ det S(t) > γ > 0 ¤«ï ¢á¥å t ∈ �k, £¤¥ γ ¥ § ¢¨á¨â ®â k ∈ Z. � áá¬®âà¨¬
¬ âà¨æã Q(t) = S(t)W

(
(k + 1)T, kT

)
= W

(
(k + 1)T, kT

)
+ (eλT − 1)W (t, kT ). �®áâ â®ç®

¯®ª § âì, çâ® det Q(t) > γ1 > 0 ¤«ï ¢á¥å t ∈ R. �¬¥¥¬

Q(t) =
∫ (k+1)T

kT

X(kT, s)B(s)B∗(s)X∗(kT, s) ds +

+ eλT

∫ t

kT

X(kT, s)B(s)B∗(s)X∗(kT, s) ds−
∫ t

kT

X(kT, s)B(s)B∗(s)X∗(kT, s) ds =

=
∫ (k+1)T

t

X(kT, s)B(s)B∗(s)X∗(kT, s) ds + eλT

∫ t

kT

X(kT, s)B(s)B∗(s)X∗(kT, s) ds =

= X(kT, t)
∫ (k+1)T

t

X(t, s)B(s)B∗(s)X∗(t, s) ds ·X∗(kT, t) +

+ eλT

∫ t

kT

X(kT, s)B(s)B∗(s)X∗(kT, s) ds =

= X(kT, t)W
(
(k + 1)T, t

)
X∗(kT, t) + eλT W (t, kT ).

�«ï ¢á¥å t ∈ [kT, kT + ϑ] ¢ á¨«ã ϑ-à ¢®¬¥à®© ¢¯®«¥ ã¯à ¢«ï¥¬®áâ¨ ¢ë¯®«¥®
¥à ¢¥áâ¢® W

(
(k + 1)T, t

)
> αI. �®áª®«ìªã ®¯à¥¤¥«¨â¥«ì ¬ âà¨æë X(kT, t) ®â¤¥«¥

®â ã«ï ¯à¨ t ∈ [kT, kT + ϑ] à ¢®¬¥à® ¤«ï ¢á¥å k ∈ Z, â® áãé¥áâ¢ã¥â α1 > 0 (¥
§ ¢¨áïé¥¥ ®â k) â ª®¥, çâ® X(kT, t)W

(
(k + 1)T, t

)
X∗(kT, t) > α1I. � âà¨æ  eλT W (t, kT )

¥®âà¨æ â¥«ì® ®¯à¥¤¥«¥ , á«¥¤®¢ â¥«ì®, Q(t) > α1I > 0, t ∈ [kT, kT + ϑ].
�á«¨ t ∈ [kT + ϑ, (k + 1)T ], â® W (t, kT ) > αI, á«¥¤®¢ â¥«ì®, eλT W (t, kT ) > α2I > 0,

£¤¥ α2 = αeλT . � âà¨æ  X(kT, t)W
(
(k + 1)T, t

)
X∗(kT, t) ¥®âà¨æ â¥«ì® ®¯à¥¤¥«¥ ,

á«¥¤®¢ â¥«ì®, Q(t) > α2I > 0, t ∈ [kT + ϑ, (k + 1)T ]. � ª¨¬ ®¡à §®¬, ¤«ï ¢á¥å t ∈ R
¢ë¯®«¥® ¥à ¢¥áâ¢® Q(t) > α3I > 0, £¤¥ α3 = min{α1, α2}. �«¥¤®¢ â¥«ì®, det Q(t) >
γ1, t ∈ R ¤«ï ¥ª®â®à®£® γ1 > 0. �¥®à¥¬  ¤®ª §  .

�«¥¤áâ¢¨¥ 1. �ãáâì á¨áâ¥¬  (0.1) à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ . �®£¤  á¨áâ¥¬ 
(0.2) λ-¯à¨¢®¤¨¬ .

�«¥¤áâ¢¨¥ 2. �ãáâì á¨áâ¥¬  (0.1) à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ . �®£¤  ¤«ï «î-
¡®£® λ ∈ R  ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥ U ∈ KCm,n(R), çâ® ¯®ª § â¥«¨ �ï¯ã®¢  ¢®§-
¬ãé¥®© á¨áâ¥¬ë (0.2) ã¤®¢«¥â¢®àïîâ à ¢¥áâ¢ ¬ λj(A + BU) = λj(A) + λ ¯à¨ ¢á¥å
j ∈ {1, . . . , n}.

�â® ãâ¢¥à¦¤¥¨¥ ¢ëâ¥ª ¥â ¨§ â®£® ä ªâ , çâ® ¯®ª § â¥«¨ �ï¯ã®¢   á¨¬¯â®â¨ç¥áª¨
íª¢¨¢ «¥âëå á¨áâ¥¬ á®¢¯ ¤ îâ, ¨ ¤«ï ¯®ª § â¥«¥© �ï¯ã®¢  λj(A + λI), j = 1, . . . , n
á¨áâ¥¬ë (1.3) ¢ë¯®«¥ë à ¢¥áâ¢  λj(A + λI) = λj(A) + λ, £¤¥ λj(A) | ¯®ª § â¥«¨
�ï¯ã®¢  á¨áâ¥¬ë (1.1).
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�«¥¤áâ¢¨¥ 3. �ãáâì á¨áâ¥¬  (0.1) à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ . �®£¤  ¤«ï ª -
¦¤®£® µ ∈ R ¨ «î¡®£® y0 6= 0 ∈ Rn áãé¥áâ¢ã¥â â ª®¥ U ∈ KCm,n(R), çâ® à¥è¥¨¥ y(·)
ãà ¢¥¨ï (0.2) á  ç «ìë¬ ãá«®¢¨¥¬ y(0) = y0 ¨¬¥¥â å à ªâ¥à¨áâ¨ç¥áª¨© ¯®ª § -
â¥«ì �ï¯ã®¢ , à ¢ë© µ.

�«¥¤áâ¢¨¥ 4. �ãáâì á¨áâ¥¬  (0.1) à ¢®¬¥à® ¢¯®«¥ ã¯à ¢«ï¥¬ . �®£¤  á¨áâ¥¬ 
(0.1) ®¡« ¤ ¥â á¢®©áâ¢®¬ £«®¡ «ì®© ã¯à ¢«ï¥¬®áâ¨ ¢¥àå¥£® æ¥âà «ì®£® ¯®ª § â¥-
«ï [28, á. 116], â. ¥. ¤«ï «î¡®£® µ ∈ R  ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥ U ∈ KCm,n(R), çâ®
¢¥àå¨© æ¥âà «ìë© ¯®ª § â¥«ì 
(A + BU) ¢®§¬ãé¥®© á¨áâ¥¬ë (0.2) ã¤®¢«¥â¢®-
àï¥â à ¢¥áâ¢ã 
(A + BU) = µ.

�â¨ á«¥¤áâ¢¨ï áä®à¬ã«¨à®¢ ë ¨ ¤®ª § ë ¢ [27]. �¨ ¥¯®áà¥¤áâ¢¥® ¢ëâ¥ª îâ
¨§ â¥®à¥¬ë 2. � á«ãç ¥ à ¢®¬¥à®© ¯®«®© ã¯à ¢«ï¥¬®áâ¨ á¨áâ¥¬ë (0.1) á¢®©áâ¢®¬
£«®¡ «ì®© ã¯à ¢«ï¥¬®áâ¨ ®¡« ¤ îâ ¨¦¨© æ¥âà «ìë© ω,   â ª¦¥ ¢¥àå¨© 
0 ¨
¨¦¨© ω0 ®á®¡ë¥ ¯®ª § â¥«¨ [28, á. 117]. �¥§ã«ìâ âë íâ®© à ¡®âë ¨ à ¡®âë [27] ãâ®ç-
ïîâ á®®â¢¥âáâ¢ãîé¨¥ à¥§ã«ìâ âë �.�. �®ª®¢  [5], ¯®«ãç¥ë¥ ¢ 1979 £®¤ã. � [5]
¯®ª § ®, çâ® ¤«ï «î¡®£® α > 0  ©¤¥âáï ã¯à ¢«¥¨¥ U ∈ KCm,n(R) â ª®¥, çâ® ¢¥àå¨©
®á®¡ë© ¯®ª § â¥«ì á¨áâ¥¬ë (0.2) ã¤®¢«¥â¢®àï¥â ¥à ¢¥áâ¢ã 
0(A + BU) < −α. �¤¥áì
¦¥ ¯®ª § ®, çâ® íâ®â ¯®ª § â¥«ì ¬®¦® â®ç® ¯¥à¥¬¥áâ¨âì ¢ § ¤ ãî â®çªã.

2. �¯à ¢«¥¨¥ ¯®ª § â¥«ï¬¨ ªãá®ç® ¯®áâ®ïëå á¨áâ¥¬
�ãáâì ä¨ªá¨à®¢ ® à §¡¨¥¨¥ T = {ti}∞i=0 ¬®¦¥áâ¢  R+ = [0,∞) â ª®¥, çâ® t0 = 0,
0 < δ 6 ti − ti−1 6 L ¤«ï ¥ª®â®àëå δ, L ¨ ¢á¥å i ∈ N. �¡®§ ç¨¬ �i = [ti−1, ti). �ãáâì
§ ¤  ª®¥çë©  ¡®à á¨¬¢®«®¢ (¨«¨ ¡ãª¢) σj, j = 1, . . . , N , £¤¥ á¨¬¢®« | íâ® ¯ à 
¬ âà¨æ σj = (Aj, Bj) ∈ Mn × Mn,m. �®¦¥áâ¢® � = {σ1, . . . , σN}  §®¢¥¬  «ä ¢¨â®¬.
� áá¬®âà¨¬ ¡¥áª®¥çãî ¯®á«¥¤®¢ â¥«ì®áâì ¡ãª¢ | á«®¢® ϕ = (ϕ1, ϕ2, . . . ), ϕi ∈ �,
â. ¥. ϕi = σji

, ji ∈ {1, . . . , N}. �®¥çë©  ¡®à (ϕi0+1, . . . , ϕi0+k) ¨§ k ¯®á«¥¤®¢ â¥«ì®
à á¯®«®¦¥ëå ¡ãª¢ á«®¢  ϕ  §®¢¥¬ á«®£®¬ ¤«¨ë k. �«®¢® ϕ ¨ à §¡¨¥¨¥ T § ¤ îâ
äãªæ¨î t → ϕ(t) =

(
A(t)B(t)

)
, t ∈ R+, £¤¥ ϕ(t) = ϕi, t ∈ �i, i ∈ N. � ª¨¬ ®¡à §®¬,

äãªæ¨ï t → ϕ(t) ®¯à¥¤¥«ï¥â á¨áâ¥¬ã

_x = A(t)x + B(t)u, t ∈ R+, x ∈ Rn, u ∈ Rm (2.1)

á ¬ âà¨æ ¬¨ ª®íää¨æ¨¥â®¢, ª®â®àë¥ ¯à¨¨¬ îâ ¯®áâ®ïë¥ § ç¥¨ï (Aji
, Bji

)  
¯à®¬¥¦ãâª å [ti−1, ti). �¨áâ¥¬ã (2.1) á ªãá®ç® ¯®áâ®ïë¬¨ ¬ âà¨æ ¬¨ ª®íää¨æ¨¥â®¢
¡ã¤¥¬ ®â®¦¤¥áâ¢«ïâì á® á«®¢®¬ ϕ (§ ¢¨á¨¬®áâì ®â à §¡¨¥¨ï T ¯®¤ç¥àª¨¢ âì ¥ ¡ã¤¥¬,
¯®áª®«ìªã T ä¨ªá¨à®¢ ®). �ã¤¥¬ ¯à¥¤¯®« £ âì, çâ® ª ¦¤ ï ¯ à  (Aj, Bj) ∈ � ¢¯®«¥
ã¯à ¢«ï¥¬ , â. ¥. rank(Bj, AjBj, . . . , A

n−1
j Bj) = n ¤«ï ¢á¥å j = 1, . . . , N .

� ¯ à ¥ ¤ ¥ « ¥  ¨ ¥ 6. �¨áâ¥¬  ϕ ®¡« ¤ ¥â á¢®©áâ¢®¬ £«®¡ «ì®© ã¯à ¢«ï¥¬®áâ¨ ¯®-
ª § â¥«¥© �ï¯ã®¢ , ¥á«¨ ¤«ï «î¡ëå λ1, . . . , λn ∈ R  ©¤¥âáï äãªæ¨ï U ∈ KCm,n(R+)
â ª ï, çâ® ¯®ª § â¥«¨ �ï¯ã®¢  § ¬ªãâ®© á¨áâ¥¬ë

_x =
(
A(t) + B(t)U(t)

)
x (2.2)

á®¢¯ ¤ îâ á ç¨á« ¬¨ λ1, . . . , λn.

�á«¨ ¢ á«®¢¥ ϕ ¢áâà¥ç ¥âáï â®«ìª® ®¤  ¡ãª¢ , â. ¥. ¤«ï ¢á¥å i ∈ N ϕi = σj0 ¤«ï
¥ª®â®à®£® j0 ∈ {1, . . . , N}, â® á¨áâ¥¬  ϕ áâ æ¨® à . � íâ®¬ á«ãç ¥ ãá«®¢¨¥ ¢¯®«¥
ã¯à ¢«ï¥¬®áâ¨ ¯ àë (Aj0 , Bj0) ï¢«ï¥âáï ¥®¡å®¤¨¬ë¬ ¨ ¤®áâ â®çë¬ ãá«®¢¨¥¬ £«®-
¡ «ì®© ã¯à ¢«ï¥¬®áâ¨ ¯®ª § â¥«¥© �ï¯ã®¢ , ¯à¨ íâ®¬ ã¯à ¢«¥¨¥ Ûj0 , ¯¥à¥¬¥é -
îé¥¥ ¯®ª § â¥«¨ ¢ § ¤ ë¥ â®çª¨, ¯®áâ®ï® (á¬. [7, § 34]). �®¯ãáâ¨¬, çâ® ¢ á«®¢¥
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ϕ ¢áâà¥ç ¥âáï ¥ ¬¥ìè¥, ç¥¬ ¤¢¥ à §«¨çëå ¡ãª¢ë. �á«¨ â¥¯¥àì ¯®áâà®¨âì ªãá®ç®
¯®áâ®ï®¥ ã¯à ¢«¥¨¥ U(t) = Ûji

, t ∈ �i, £¤¥ Ûji
| ¬ âà¨æ , ®¡¥á¯¥ç¨¢ îé ï £«®-

¡ «ìãî ã¯à ¢«ï¥¬®áâì ¯®ª § â¥«¥© áâ æ¨® à®© á¨áâ¥¬ë _x = (Aji
+Bji

U)x, â® â ª®¥
ã¯à ¢«¥¨¥ ã¦¥ ¥ ¡ã¤¥â ¯¥à¥¬¥é âì ¯®ª § â¥«¨ á¨áâ¥¬ë (2.2) ¢ § ¤ ë¥ â®çª¨.

�ë ¡ã¤¥¬ áâà®¨âì ¤«ï  ¡®à  λ1, . . . , λn â ª®¥ ã¯à ¢«¥¨¥ U ∈ KCm,n(R+), çâ®¡ë
§ ¬ªãâ ï á¨áâ¥¬  (2.2) ¡ë«   á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥â  á¨áâ¥¬¥

_y = �y, (2.3)

£¤¥ � = diag{λ1, . . . , λn}. �®áª®«ìªã ¯®ª § â¥«¨  á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥âëå á¨áâ¥¬
á®¢¯ ¤ îâ, â® ¢ íâ®¬ á«ãç ¥ ¯®ª § â¥«¨ á¨áâ¥¬ë (2.2) á®¢¯ ¤ãâ á ç¨á« ¬¨ λ1, . . . , λn.

�¢¥ á¨áâ¥¬ë ¡ã¤ãâ  á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥âë, ¥á«¨,  ¯à¨¬¥à,   ®â®á¨â¥«ì-
® ¯«®â®¬ ¬®¦¥áâ¢¥ ¨å ¬ âà¨æë �®è¨ á®¢¯ ¤ îâ. �â®â ä ªâ ¥á«®¦® ¯®ª § âì,
¨á¯®«ì§ãï ¨¤¥î ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 1.

�ç¥¢¨¤®, çâ® ¢ á«®¢¥ ϕ ª ª ï-â® ¡ãª¢  ¢áâà¥ç ¥âáï ¡¥áª®¥ç®¥ ç¨á«® à §. �ã¤¥¬
¯à¥¤¯®« £ âì, çâ® áãé¥áâ¢ãîâ ¡ãª¢  σj0 ¨ ç¨á«® r ∈ N â ª¨¥, çâ® ¢ ª ¦¤®¬ á«®£¥ ¤«¨ë
r ¢áâà¥ç ¥âáï ¡ãª¢  σj0 . � ä¨ªá¨àã¥¬ ¡ãª¢ã σj0 . �ãáâì ¤«ï ®¯à¥¤¥«¥®áâ¨ σj0 = σ1.
� ä¨ªá¨àã¥¬ ¯à®¬¥¦ãâª¨ {�ik}∞k=1,   ª®â®àëå á¨áâ¥¬  ϕ ¯à¨¨¬ ¥â § ç¥¨¥ σ1. �
á¨«ã ¢ëè¥áª § ®£® 0 < ik+1−ik 6 r. �®áâà®¨¬ ¬®¦¥áâ¢® F = {tik , k = 0, 1, . . . } ⊂ R+,
i0 = 0. � á¨«ã â®£®, çâ® ¤«ï ¢á¥å k = 0, 1, . . . ¢ë¯®«¥ë ¥à ¢¥áâ¢  0<δ6 tik+1−tik 6rL,
¬®¦¥áâ¢® F ®â®á¨â¥«ì® ¯«®â® ¢ R+ (ª ¦¤ë© ®âà¥§®ª [τ, τ + rL] ⊂ R+ á®¤¥à¦¨â
â®çªã ¨§ ¬®¦¥áâ¢  F ).

�§¢¥áâ® (á¬.,  ¯à¨¬¥à, [7, § 34]), çâ® ¥á«¨ ¯ à  (A1, B1) ¢¯®«¥ ã¯à ¢«ï¥¬ , â®
áãé¥áâ¢ãîâ ¬ âà¨æë S ∈ Mn, Q ∈ Mm,n, q ∈ Mm,1, â ª¨¥ çâ®

S(A1 + B1Q)S−1 =

∥∥∥∥∥∥∥∥∥

0 1 . . . 0
... . . . . . . ...
0 . . . 0 1
0 . . . . . . . 0

∥∥∥∥∥∥∥∥∥
, SB1q =

∥∥∥∥∥∥∥∥∥

0
...
0
1

∥∥∥∥∥∥∥∥∥
. (2.4)

�à®¨§¢¥¤¥¬ ¯à¥®¡à §®¢ ¨¥ z = Sx á¨áâ¥¬ë (2.2). �¨áâ¥¬  (2.2) ¯¥à¥©¤¥â ¢  á¨¬¯â®â¨-
ç¥áª¨ íª¢¨¢ «¥âãî á¨áâ¥¬ã

_z =
(
SA(t)S−1 + SB(t)U(t)S−1)z, (2.5)

§ ¤ ãî á«®¢®¬ ψ = (ψ1, ψ2, . . . ), ψi ∈ �̂ = {σ̂1, . . . , σ̂N}, σ̂j = (SAjS
−1, SBj), ¯à¨ç¥¬

¢áïª ï ¯ à  (SAjS
−1, SBj) ∈ �̂ â ª¦¥ ¡ã¤¥â ¢¯®«¥ ã¯à ¢«ï¥¬ .

�ãáâì ZU(t, s) | ¬ âà¨æ  �®è¨ á¨áâ¥¬ë (2.5). �ã¤¥¬ áâà®¨âì ªãá®ç® ¥¯à¥àë¢®¥
ã¯à ¢«¥¨¥ U(t), t ∈ R+ â ª, çâ®¡ë ¬ âà¨æ  �®è¨ á¨áâ¥¬ë (2.5) á®¢¯ ¤ «    ®â®á¨-
â¥«ì® ¯«®â®¬ ¬®¦¥áâ¢¥ F = {tik , k = 0, 1, . . . } á ¬ âà¨æ¥© �®è¨ á¨áâ¥¬ë (2.3), â. ¥.
çâ®¡ë ¤«ï ¢á¥å k = 0, 1, . . . ¡ë«¨ ¢ë¯®«¥ë à ¢¥áâ¢ 

ZU(tik+1 , tik) = e�(tik+1−tik ). (2.6)

�«ï ª ¦¤®£® k = 0, 1, . . . ã¯à ¢«¥¨¥   ¯à®¬¥¦ãâª¥ [tik , tik+1) ¡ã¤¥¬ áâà®¨âì á«¥¤ãî-
é¨¬ ®¡à §®¬. �  ¯à®¬¥¦ãâª å �ik+1, �ik+2, . . . , �ik+1−1 ã¯à ¢«¥¨¥ U(t) ¡ã¤¥¬ ¢ë¡¨-
à âì â ª, çâ®¡ë ¡ë«¨ ¢ë¯®«¥ë à ¢¥áâ¢ 

ZU(tik+1, tik) = I, ZU(tik+2, tik+1) = I, . . . , ZU(tik+1−1, tik+1−2) = I. (2.7)
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�  ¯à®¬¥¦ãâª¥ �ik+1

(
£¤¥ á¨áâ¥¬  (2.5) ¯à¨¨¬ ¥â § ç¥¨¥ (SA1S

−1, SB1)
)

ã¯à ¢«¥¨¥
U(t) ¢ë¡¥à¥¬ â ª, çâ®¡ë ¡ë«® ¢ë¯®«¥® à ¢¥áâ¢®

ZU(tik+1 , tik+1−1) = e�(tik+1−tik ). (2.8)

�¯à ¢«¥¨¥, ¯®áâà®¥®¥ â ª¨¬ ®¡à §®¬   ¯à®¬¥¦ãâª¥ [tik , tik+1), ¡ã¤¥â ®¡¥á¯¥ç¨¢ âì
à ¢¥áâ¢  (2.6) ¤«ï ª ¦¤®£® k = 0, 1, . . . . �«¥¤®¢ â¥«ì®, á¨áâ¥¬ë (2.5) ¨ (2.3) ¡ã¤ãâ
 á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥âë,   § ç¨â, ¡ã¤ãâ  á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥âë á¨áâ¥¬ë
(2.2) ¨ (2.3), ¨ ¯®ª § â¥«¨ �ï¯ã®¢  á¨áâ¥¬ë (2.2) á®¢¯ ¤ãâ á ç¨á« ¬¨ λ1, . . . , λn.

�â¬¥â¨¬, çâ®   ¯à®¬¥¦ãâª å �ik+1, �ik+2, . . . , �ik+1−1 ¢¥«¨ç¨  ®à¬ë ã¯à ¢«¥-
¨ï § ¢¨á¨â ®â ¤«¨ íâ¨å ¯à®¬¥¦ãâª®¢,   ¤«¨ë íâ¨å ¯à®¬¥¦ãâª®¢ (¨ ¨å ®¡à âë¥)
à ¢®¬¥à® ®£à ¨ç¥ë ¤«ï ¢á¥å k = 0, 1, . . . . � «¥¥, ¢¥«¨ç¨  ®à¬ë ã¯à ¢«¥¨ï  
¯à®¬¥¦ãâª¥ �ik+1 § ¢¨á¨â ®â ç¨á¥« eλ1 , . . . , eλn , ®â ¤«¨ë ¯à®¬¥¦ãâª  �ik+1 ¨ ¯à®¬¥-
¦ãâª  [tik , tik+1). �á¥ íâ¨ ¢¥«¨ç¨ë (¨ ¨å ®¡à âë¥) à ¢®¬¥à® ®£à ¨ç¥ë ¤«ï ¢á¥å
k = 0, 1, . . . . �®íâ®¬ã ¯®áâà®¥®¥ ã¯à ¢«¥¨¥ ¡ã¤¥â ®£à ¨ç¥ë¬   R+.

�¥®à¥¬  3. �«ï «î¡ëå λ1, . . . , λn ∈ R  ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥ U ∈ KCm,n(R+),
çâ® á¨áâ¥¬  (2.2)  á¨¬¯â®â¨ç¥áª¨ íª¢¨¢ «¥â  á¨áâ¥¬¥ (2.3).

�«ï ¤®ª § â¥«ìáâ¢  íâ®© â¥®à¥¬ë  ¬ ¯® ¤®¡¨âáï á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥¨¥.

�¥®à¥¬  4. �ãáâì

A =

∥∥∥∥∥∥∥∥∥

0 1 . . . 0
... . . . . . . ...
0 . . . 0 1
0 . . . . . . . 0

∥∥∥∥∥∥∥∥∥
, b =

∥∥∥∥∥∥∥∥∥

0
...
0
1

∥∥∥∥∥∥∥∥∥
.

�«ï «î¡ëå ç¨á¥« α1, . . . , αn > 0 ¨ ¤«ï «î¡®£® T > 0  ©¤¥âáï â ª®¥ ã¯à ¢«¥¨¥ V ∈
KC1,n([0, T ]), çâ® ¤«ï ¬ âà¨æë �®è¨ XV (t, s) á¨áâ¥¬ë

_x =
(
A + bV (t)

)
x (2.9)

¢ë¯®«¥® à ¢¥áâ¢® XV (T, 0) = diag{α1, . . . , αn}.

�«¥¤áâ¢¨¥ 5. �ãáâì á¨áâ¥¬ 

_x = Gx + Hu (2.10)

¢¯®«¥ ã¯à ¢«ï¥¬ . �®£¤  ¤«ï «î¡®£® α > 0 ¨ «î¡®£® T > 0  ©¤¥âáï ã¯à ¢«¥¨¥
U ∈ KCm,n([0, T ]) â ª®¥, çâ® ¤«ï ¬ âà¨æë �®è¨ XU(t, s) § ¬ªãâ®© á¨áâ¥¬ë _x =(
G + HU(t)

)
x ¢ë¯®«¥® à ¢¥áâ¢® XU(T, 0) = αI.

� ® ª   §   â ¥ « ì á â ¢ ®. �®áª®«ìªã á¨áâ¥¬  (2.10) ¢¯®«¥ ã¯à ¢«ï¥¬ , â® áãé¥-
áâ¢ãîâ ¬ âà¨æë P ∈ Mn, R ∈ Mm,n, p ∈ Mm,1 â ª¨¥, çâ®

P (G + HR)P−1 = A, PHp = b.

� á¨«ã â¥®à¥¬ë 4 ¤«ï α1 = α, . . . , αn = α ¨ T > 0  ©¤¥âáï ªãá®ç® ¥¯à¥àë¢ ï
äãªæ¨ï V : [0, T ] → M1,n â ª ï, çâ® ¤«ï ¬ âà¨æë �®è¨ YV (t, s) á¨áâ¥¬ë

_y =
(
P (G + HR)P−1 + PHpV (t)

)
y
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¢ë¯®«¥® à ¢¥áâ¢® YV (T, 0) = αI. �®«®¦¨¬ U(t) = R + pV (t)P . �®£¤  XU(t, s) =
P−1YV (t, s)P . �®íâ®¬ã XU(T, 0) = αI. �«¥¤áâ¢¨¥ ¤®ª § ®.

�®ª ¦¥¬ â¥¯¥àì â¥®à¥¬ã 3. �«ï ¤®ª § â¥«ìáâ¢  ¤®áâ â®ç® ¯®áâà®¨âì U(·) â ª,
çâ®¡ë ¡ë«¨ ¢ë¯®«¥ë à ¢¥áâ¢  (2.7) ¨ (2.8). �áïª ï ¯ à  σ̂j ∈ �̂ ï¢«ï¥âáï ¢¯®«¥
ã¯à ¢«ï¥¬®©. �®íâ®¬ã ã¯à ¢«¥¨¥ U(·), ¯®áâà®¥®¥   ¯à®¬¥¦ãâª å �ik+1, �ik+2, . . . ,
�ik+1−1 â ª ¦¥, ª ª ¨ ¢ á«¥¤áâ¢¨¨ 5 ¤«ï α = 1, ¡ã¤¥â ®¡¥á¯¥ç¨¢ âì à ¢¥áâ¢  (2.7). �®-
áâà®¨¬ ã¯à ¢«¥¨¥, ®¡¥á¯¥ç¨¢ îé¥¥ à ¢¥áâ¢® (2.8). �® â¥®à¥¬¥ 4 ¤«ï αj = eλj(tik+1−tik )

¬®¦® ¢ë¡à âì äãªæ¨î V (t), t ∈ [tik+1−1, tik+1) â ª, çâ®¡ë ¤«ï ¬ âà¨æë �®è¨ á¨-
áâ¥¬ë (2.9) ¡ë«® ¢ë¯®«¥® à ¢¥áâ¢® XV (tik+1 , tik+1−1) = diag{α1, . . . , αn}. �®«®¦¨¬
U(t) = Q + qV (t)S, t ∈ [tik+1−1, tik+1), £¤¥ Q ¨ q ¨§ (2.4). �®£¤  ã¯à ¢«¥¨¥ U(t) ¡ã¤¥â
®¡¥á¯¥ç¨¢ âì à ¢¥áâ¢® (2.8).

� ª¨¬ ®¡à §®¬, çâ®¡ë § ¢¥àè¨âì ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 3, ¤®áâ â®ç® ¤®ª § âì
â¥®à¥¬ã 4. �ë ¯®áâà®¨¬ §¤¥áì ã¯à ¢«¥¨¥ V ∈ KC1,n([0, T ]) ¤«ï n = 2. �ãáâì α > 0,
β > 0 | ¯à®¨§¢®«ìë¥ ç¨á« . �á«¨ αβ > 1, â® ¯®áâà®¨¬ äãªæ¨î f1(t),   ¥á«¨ 0 <
αβ < 1, â® ¯®áâà®¨¬ äãªæ¨î f2(t), t ∈ [0, T/2),

f1(t) =





0, t ∈
[
0,

T (αβ − 1)
2α(β + 1)

)
,

−8α2(β + 1)2

T 2 , t ∈
[
T (αβ − 1)
2α(β + 1) ,

Tβ

2(β + 1)

)
,

8α(β + 1)2

T 2 , t ∈
[

Tβ

2(β + 1) ,
T

2

)
,

f2(t) =





−8(β + 1)2

β2T 2 , t ∈
[
0,

Tβ

2(β + 1)

)
,

8(β + 1)2

αβ2T 2 , t ∈
[

Tβ

2(β + 1) ,
T (β + αβ)
2(β + 1)

)
,

0, t ∈
[
T (β + αβ)
2(β + 1) ,

T

2

)
.

� «¥¥, ¯ãáâì g(t) = 32/T 2, t ∈ [T/2, 3T/4); g(t) = −32/T 2, t ∈ [3T/4, T ]. �á«¨ αβ > 1,
â® ¯®«®¦¨¬ γ = 1/(2αβ), u1(t) = f1(t), t ∈ [0, T/2); u1(t) = g(t), t ∈ [T/2, T ]. �á«¨
0 < αβ < 1, â® ¯®«®¦¨¬ γ = min{1/2, α2β2}, u1(t) = f2(t), t ∈ [0, T/2); u1(t) = g(t),
t ∈ [T/2, T ]. � «¥¥, ¯®áâà®¨¬ äãªæ¨î u2(t), t ∈ [0, T ],

u2(t) =





−2(β + 1)
Tβ

, t ∈
[
0,

Tβ

2(β + 1)

)
,

−2β(β + 1)
T

, t ∈
[

Tβ

2(β + 1) ,
T

2

)
,

4β

T
, t ∈

[
T

2 , T

]
.

�ãáâì U(t) =
(
u1(t), u2(t)

)
, t ∈ [0, T ]. �®áâà®¨¬ äãªæ¨î Φ(t) = I +

t∫
0

e−AsbU(s) ds, t ∈
[0, T ]. �®¦® ¯à®¢¥à¨âì, çâ® det Φ(t) > γ > 0 ¤«ï ¢á¥å t ∈ [0, T ]. �®áâà®¨¬ ã¯à ¢«¥¨¥
V (t) = U(t)Φ−1(t)e−At, t ∈ [0, T ]. �®¦® ¯®ª § âì, çâ® ¤«ï ¬ âà¨æë �®è¨ á¨áâ¥¬ë
(2.9) á â ª¨¬ ã¯à ¢«¥¨¥¬ ¢ë¯®«¥® à ¢¥áâ¢® XV (T, 0) = diag{α, β}. � ª¨¬ ®¡à §®¬,
â¥®à¥¬  4 ¢¥à  ¤«ï n = 2.

�®áâã¯¨«  31.12.99
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