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� ­ áâ®ïé¥¥ ¢à¥¬ï ¨§¢¥áâ­® áà ¢­¨â¥«ì­® ­¥¬­®£® â¨¯®¢ á¨­£ã«ïà­ëå ¨­â¥£à «ì­ëå ãà ¢-
­¥­¨©, à¥è¥­¨ï ª®â®àëå ¨¬¥îâ § ¬ª­ãâãî ä®à¬ã. �â® á¢ï§ ­® ¯à¥¦¤¥ ¢á¥£® á â¥¬, çâ® ¬¥â®¤
à¥è¥­¨ï â ª¨å ãà ¢­¥­¨© ®á­®¢ ­ ­  á¢¥¤¥­¨¨ ¨å ª íª¢¨¢ «¥­â­®© § ¤ ç¥ «¨­¥©­®£® á®¯àï¦¥-
­¨ï, ª®â®à ï, ¢ á¢®î ®ç¥à¥¤ì, ¤®«¦­  ¤®¯ãáª âì íää¥ªâ¨¢­®¥ à¥è¥­¨¥. �¤­ ª® ª« áá â ª¨å § -
¤ ç ¤®áâ â®ç­® ã§®ª. � à ¡®â¥ à áá¬®âà¥­® á¨­£ã«ïà­®¥ ¨­â¥£à «ì­®¥ ãà ¢­¥­¨¥, íª¢¨¢ «¥­â­®¥
®¤­®à®¤­®© § ¤ ç¥ «¨­¥©­®£® á®¯àï¦¥­¨ï á ¬ âà¨æ¥©-äã­ªæ¨¥© (¬.-ä.) á¯¥æ¨ «ì­®£® ¢¨¤ , ª®-
â®à®¥ ¬®¦¥â ¡ëâì \¯®¤¯à ¢«¥­®" â ª, çâ® á®®â¢¥âáâ¢ãîé ï ¥¬ã ¬.-ä. ¤®¯ãáª ¥â íää¥ªâ¨¢­ãî
ä ªâ®à¨§ æ¨î. �®ª § ­®, çâ® ¤«ï \¯®¤¯à ¢«ïîé¨å ¬­®¦¨â¥«¥©" ®¯à¥¤¥«¥­­®£® ¢¨¤  ã¤ ¥âáï
íää¥ªâ¨¢­® ä ªâ®à¨§®¢ âì ¨ ¬.-ä., á®®â¢¥âáâ¢ãîéãî ¨áå®¤­®¬ã ãà ¢­¥­¨î,   §­ ç¨â, § ¯¨á âì
¥£® à¥è¥­¨¥ ¢ § ¬ª­ãâ®© ä®à¬¥.

�ãáâì � | ¯à®áâ®© £« ¤ª¨© § ¬ª­ãâë© ª®­âãà, à §¡¨¢ îé¨© ¯«®áª®áâì ª®¬¯«¥ªá­®£® ¯¥-
à¥¬¥­­®£® ­  ¤¢¥ ®¡« áâ¨ D+ ¨ D� (0 2 D+, 1 2 D�). � [1] ­  � à áá¬®âà¥­® á¨­£ã«ïà­®¥
¨­â¥£à «ì­®¥ ãà ¢­¥­¨¥

K'(t) � a0(t)'(t) + a1(t)S[k1'](t) + � � �+ an(t)S[kn'](t) = f(t); (1)

¯à ¢ ï ç áâì ª®â®à®£® ¢§ïâ  ¢ ¢¨¤¥ f(t) = 2M1(t)a1(t) + � � � + 2Mn(t)an(t) (Mk(t), k = 1; n, |
¯®«¨­®¬ë), ç¥à¥§ S[!](t) ®¡®§­ ç¥­ á¨­£ã«ïà­ë© ®¯¥à â®à,   a0(t), ai(t), ki(t), i = 1; n, | H�-
­¥¯à¥àë¢­ë¥ äã­ªæ¨¨ â®ç¥ª ª®­âãà . �á«¨ ¯à¨ i 6= j, i; j = 1; n, ai(t) 6� aj(t), ki(t) 6� kj(t), t 2 �,
â® ãà ¢­¥­¨¥ (1) ¯à¨ ãá«®¢¨¨ ¥£® ­®à¬ «ì­®© à §à¥è¨¬®áâ¨ íª¢¨¢ «¥­â­® ®¤­®à®¤­®© § ¤ ç¥
«¨­¥©­®£® á®¯àï¦¥­¨ï á ¬.-ä.

G = G0 �E; G0 = kgijk (gij = 2kiaj=(a0 +�); i; j = 1; n; � = k1a1 + � � � + knan) (2)

¨ ­ §¢ ­® á¨­£ã«ïà­ë¬ ¨­â¥£à «ì­ë¬ ãà ¢­¥­¨¥¬ á n ï¤à ¬¨. �®ª § ­®, çâ® á®î§­ë¥ ãà ¢-
­¥­¨ï á n ï¤à ¬¨ íª¢¨¢ «¥­â­ë á®î§­ë¬ § ¤ ç ¬ «¨­¥©­®£® á®¯àï¦¥­¨ï, ¨ ®â¬¥ç¥­®, çâ® ­ -
«¨ç¨¥ ã ª®íää¨æ¨¥­â®¢ ãà ¢­¥­¨ï ­ã«¥© ­  ª®­âãà¥ ­¥ ¢«¨ï¥â ­  ª àâ¨­ã ¥£® à §à¥è¨¬®áâ¨.
� áá¬®âà¥­® â ª¦¥ ãà ¢­¥­¨¥ K�'(t) = f�(t) ¢¨¤  (1), ¢ ª®â®à®¬ ª®íää¨æ¨¥­âë ai, ki, i = 1; n,
§ ¬¥­¥­ë ­  ai=�i ¨ ki�i á®®â¢¥âáâ¢¥­­®, £¤¥ �i(t), i = 1; n, { H�-­¥¯à¥àë¢­ë¥ äã­ªæ¨¨ â®ç¥ª
ª®­âãà . � ª®¥ ãà ¢­¥­¨¥ íª¢¨¢ «¥­â­® ®¤­®à®¤­®© § ¤ ç¥ «¨­¥©­®£® á®¯àï¦¥­¨ï á ¬.-ä.

G� = diagf�1; : : : ; �ngGdiagf��11 ; : : : ; ��1n g: (3)

�ë¤¥«¨¬ ç áâ­ë¥ á«ãç ¨ ãà ¢­¥­¨ï (1), ¤«ï ª®â®àëå ã¤ ¥âáï ­¥ â®«ìª® íää¥ªâ¨¢­® ä ªâ®-
à¨§®¢ âì á¯¥æ¨ «ì­ë¬ ®¡à §®¬ ¯®¤®¡à ­­ãî ¬.-ä. (3), ­® ¨ ¬.-ä. § ¤ ç¨ «¨­¥©­®£® á®¯àï¦¥­¨ï
¤«ï ãà ¢­¥­¨ï (1).

�¥®à¥¬ . �ãáâì ª®íää¨æ¨¥­âë ãà ¢­¥­¨ï (1) ã¤®¢«¥â¢®àïîâ á«¥¤ãîé¨¬ ãá«®¢¨ï¬:
¤«ï ­¥ª®â®àëå ä¨ªá¨à®¢ ­­ëå §­ ç¥­¨© ¨­¤¥ªá®¢ k, j ®â­®è¥­¨ï
1) ri(t) = ai(t)=ak(t) ¨«¨ ri(t) = kj(t)=ki(t), i = 1; n (1 � k; j � n),

«¨¡® ®â­®è¥­¨ï
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2) ri(t) = ai(t)=ak(t), i = 1;m (1 � k � m), ¨ ri(t) = kj(t)=ki(t), i = m+ 1; n (m+ 1 � j � n),
  â ª¦¥ ¢ëà ¦¥­¨¥

(am+1km+1 + � � � + ankn + a0)=(am+1km+1 + � � �+ ankn � a0) (4)

¨«¨

(a1k1 + � � �+ amkm + a0)=(a1k1 + � � �+ amkm � a0) (5)

ï¢«ïîâáï à æ¨®­ «ì­ë¬¨ äã­ªæ¨ï¬¨ ¡¥§ ­ã«¥© ¨ ¯®«îá®¢ ­  ª®­âãà¥.

�®£¤  à¥è¥­¨¥ ãà ¢­¥­¨ï (1) ¬®¦¥â ¡ëâì § ¯¨á ­® ¢ § ¬ª­ãâ®© ä®à¬¥.

�®ª § â¥«ìáâ¢®. �¡®§­ ç¨¬ ç¥à¥§ { ¨­¤¥ªá ãà ¢­¥­¨ï (1). � áá¬®âà¨¬ á­ ç «  ãà ¢­¥­¨¥
K' = 0 ¨ á«ãç © { � 0.

�®« £ ï ¢ á«ãç ¥ 1) �i(t) � ri(t), i = 1; n, ¯à¨¤¥¬ ª ãà ¢­¥­¨î á ®¤­¨¬ ï¤à®¬ K�' �
a0' + akS[�a

�1

k '] = 0 ¨«¨ ª ãà ¢­¥­¨î K�' � a0' +�k�1j1 S[kj'] = 0, ¢ ª®â®à®¬ äã­ªæ¨ï �(t)
®¯à¥¤¥«¥­  ¢ (2).

� á«ãç ¥ 2), ¯®« £ ï �i(t) � ri(t), i = 1;m, �i(t) � ��1(t)ri(t), i = m+ 1; n, £¤¥ �(t) |
¯®ª  ­¥®¯à¥¤¥«¥­­ ï H�-­¥¯à¥àë¢­ ï äã­ªæ¨ï, ­¥ ¨¬¥îé ï ­ã«¥© ­  �, ¯à¨¤¥¬ ª ãà ¢­¥­¨î
á ¤¢ã¬ï ï¤à ¬¨

a0'+ akS[a
�1

k (k1a1 + � � �+ kmam)'] + k�1j (am+1km+1 + � � �+ ankn)�S[kj��1'] = 0: (6)

� áá¬®âà¨¬ ä®à¬ã«ã ¯¥à¥áâ ­®¢ª¨ ([2], á. 63), § ¯¨á ¢ ¥¥ ¢ ¢¨¤¥

S[aS[k']] = ak'� S[kS[a]'] + S[a]S[k']; a; k 2 H�(�): (7)

� ¨á¯®«ì§®¢ ­¨¥¬ (7) «¥£ª® ¯®ª § âì, çâ® ãà ¢­¥­¨¥ á ¤¢ã¬ï ï¤à ¬¨

A + S[(B � S[A]) ] + S[A]S[ ] = 0; (8)

¢ ª®â®à®¬ A, B | H�-­¥¯à¥àë¢­ë¥ äã­ªæ¨¨, á¢®¤¨âáï ª ãà ¢­¥­¨î S[B +AS[ ]] = 0 ¨, §­ ç¨â,
íª¢¨¢ «¥­â­® ãà ¢­¥­¨î á ®¤­¨¬ ï¤à®¬ (å à ªâ¥à¨áâ¨ç¥áª®¬ã ãà ¢­¥­¨î) B +AS[ ] = 0.

�á¯®«ì§ãï ¯®á«¥¤­¥¥ § ¬¥ç ­¨¥, ¯®«ãç¨¬, çâ® ãà ¢­¥­¨¥ (6) ¯à¥¤áâ ¢¨¬® ¢ ¢¨¤¥ (8) ( =
kj�

�1'), ¥á«¨ ­  � ¢ë¯®«­ï¥âáï ãá«®¢¨¥

S[a0a
�1

k k�1j �] = a�1k k�1j (am+1km+1 + � � �+ ankn)�: (9)

�ã¤¥¬ à áá¬ âà¨¢ âì ãá«®¢¨¥ (9) ª ª ãà ¢­¥­¨¥ á ®¤­¨¬ ï¤à®¬ ¤«ï ®¯à¥¤¥«¥­¨ïH�-­¥¯à¥àë¢­®©
­  � äã­ªæ¨¨ �(t) ¢ á«ãç ¥ ¥£® ­®à¬ «ì­®© à §à¥è¨¬®áâ¨. �®£¤  ¨­¤¥ªá ãà ¢­¥­¨ï � à -
¢¥­ ¨­¤¥ªáã ¢ëà ¦¥­¨ï (4),   ¥£® à¥è¥­¨ï á®£« á­® ãá«®¢¨î â¥®à¥¬ë ¨ ¯à¨ ãá«®¢¨¨ � > 0,
a0(t) 6= 0, t 2 �, ¡ã¤ãâ à æ¨®­ «ì­ë¬¨ äã­ªæ¨ï¬¨ ¡¥§ ­ã«¥© ­  ª®­âãà¥. �ãáâì �(t) | ­¥âà¨-
¢¨ «ì­®¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (9). �®£¤  ãà ¢­¥­¨¥ (6) ®ª §ë¢ ¥âáï íª¢¨¢ «¥­â­ë¬ ãà ¢­¥­¨î
L'(t) � �(t)'(t) + a0(t)k

�1
j (t)�(t)S[kj��1'](t) = 0. �á«¨ � � 0, â® ¢¬¥áâ® ãà ¢­¥­¨ï (9) à áá¬®-

âà¨¬ ãà ¢­¥­¨¥

a�1k k�1j (km+1am+1 + � � �+ knan)� � S[a0a
�1

k k�1j �] = Tp; (10)

£¤¥ Tp(z) = dpz
p + � � � + d1z + d0 | ¯®«¨­®¬ áâ¥¯¥­¨ p = j�j, ã¤®¢«¥â¢®àïîé¨© ãá«®¢¨ï¬ à §à¥-

è¨¬®áâ¨ íâ®£® ãà ¢­¥­¨ï ([2], á. 179) ¨ âà¥¡®¢ ­¨î ®âáãâáâ¢¨ï ã à¥è¥­¨ï ãà ¢­¥­¨ï ­ã«¥© ­ 
ª®­âãà¥. �á¯®«ì§ãï (7), (10), ¯à¨¢¥¤¥¬ ãà ¢­¥­¨¥ (6) ª ¢¨¤ã

S[(a�1k �� kj�
�1Tp)'] + S[a0a

�1

k k�1j �S[kj�
�1']] + TpS[kj�

�1'] = 0:

�à¨¬¥­ïï ª ¯®á«¥¤­¥¬ã ãà ¢­¥­¨î ®¯¥à â®à S ¨ ä®à¬ã«ã (7), ¯®«ãç¨¬ íª¢¨¢ «¥­â­®¥ ãà ¢­¥-
­¨¥

L' = ak(S[Tpkj�
�1']� TpS[kj�

�1']) (11)
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(¥á«¨ � = 0, â®, ¯®« £ ï T0 = c, £¤¥ c | á®®â¢¥âáâ¢ãîé¨¬ ®¡à §®¬ ¯®¤®¡à ­­ ï ¯®áâ®ï­­ ï,
¯à¨¤¥¬ ª ãà ¢­¥­¨î L' = 0). �à ¢­¥­¨¥ (11) ï¢«ï¥âáï ãà ¢­¥­¨¥¬ á ¢ëà®¦¤¥­­®© à¥£ã«ïà­®©
ç áâìî. �¢®¤ï ®¡®§­ ç¥­¨ï

As =
1
�i

Z
�

� s�1kj(�)�
�1(�)'(�)d�; s = 1; p; (12)

¯à¨¤¥¬ ª ãà ¢­¥­¨î

L'(t) = ak(t)
pX

s=1

As

p�sX
l=0

dl+st
l: (13)

� ¯¨á ¢ ®¡é¥¥ à¥è¥­¨¥ ãà ¢­¥­¨ï (13) ¨ âà¥¡ãï ¢ë¯®«­¥­¨ï ¤«ï ­¥£® ãá«®¢¨© (12), ¯à¨¤¥¬
ª «¨­¥©­®© ®¤­®à®¤­®©  «£¥¡à ¨ç¥áª®© á¨áâ¥¬¥ p = j�j ãà ¢­¥­¨© ¤«ï ®¯à¥¤¥«¥­¨ï { + j�j
¯®áâ®ï­­ëå As, s = 1; j�j, ¨ ª®íää¨æ¨¥­â®¢ cl, l = 0;{ � 1, ¢å®¤ïé¨å ¢ ®¡é¥¥ à¥è¥­¨¥ ãà ¢-
­¥­¨ï L' = 0. � ª ª ª ¯®áâ®ï­­ë¥ (12) ï¢«ïîâáï ª®íää¨æ¨¥­â ¬¨ à §«®¦¥­¨ï ª®¬¯®­¥­âë
Q[kj��1'], Q = [I � S]=2 (I | ¥¤¨­¨ç­ë© ®¯¥à â®à) ­  ¡¥áª®­¥ç­®áâ¨, â® ª®íää¨æ¨¥­âë cl ®¤-
­®§­ ç­® ¢ëà ¦ îâáï ç¥à¥§ As. �®íâ®¬ã ¯à¨ j�j � { à ­£ ¬ âà¨æë íâ®© á¨áâ¥¬ë à ¢¥­ j�j ¨
ãà ¢­¥­¨¥ ¨¬¥¥â {,   ¢ á«ãç ¥ j�j > { ¨¬¥¥â ({ + j�j � r) «¨­¥©­® ­¥§ ¢¨á¨¬ëå à¥è¥­¨©, £¤¥ r
({ � r � j�j) | à ­£ ¬ âà¨æë ¯®«ãç¥­­®© á¨áâ¥¬ë.

�«ãç © ¢ë¯®«­¥­¨ï ãá«®¢¨ï â¥®à¥¬ë ¤«ï ¢ëà ¦¥­¨ï (5) ¨áá«¥¤ã¥âáï  ­ «®£¨ç­®.
� ª¨¬ ®¡à §®¬, ¯à¨ ãª § ­­ëå §­ ç¥­¨ïå �i, i = 1; n, à¥è¥­¨¥ á®®â¢¥âáâ¢ãîé¥£® ãà ¢­¥­¨ï

K�' = 0,   â ª¦¥ ãà ¢­¥­¨ï K�' = f� ¯à¨ à §«¨ç­ëå §­ ç¥­¨ïå ¯®«¨­®¬®¢ Mi, i = 1; n,
áâà®¨âáï ¢ ï¢­®¬ ¢¨¤¥. �®íâ®¬ã á®£« á­® [1] ä®à¬ã«ë

'+

i = P [ki�i']�Mi (P = [I + S]=2); '�i = Q[ki�i'] +Mi; i = 1; n; (14)

®¯à¥¤¥«ïâ á¨áâ¥¬ã à¥è¥­¨© á®®â¢¥âáâ¢ãîé¥© ®¤­®à®¤­®© § ¤ ç¨ «¨­¥©­®£® á®¯àï¦¥­¨ï á ¬.-ä.
(3). �â® ¢ á¢®î ®ç¥à¥¤ì ¯®§¢®«ï¥â ¯®«ãç¨âì ­  � ¯à¥¤áâ ¢«¥­¨¥

G�(t) = G+

� (t)G
�

� (t); (15)

¢ ª®â®à®¬ detG�(z) ¨¬¥¥â ª®­¥ç­®¥ ç¨á«® ­ã«¥©,   §­ ç¨â, ¢ á¨«ã [3] íää¥ªâ¨¢­® ¯®áâà®¨âì ¥¥
ä ªâ®à¨§ æ¨î.

�á«¨ { < 0, â®, à áá¬ âà¨¢ ï á®î§­®¥ ãà ¢­¥­¨¥ ¨ ä ªâ®à¨§ãï á®®â¢¥âáâ¢ãîéãî ¬.-ä.
F� = (G0

�)
�1, £¤¥ 0 ®§­ ç ¥â ®¯¥à æ¨î âà ­á¯®­¨à®¢ ­¨ï, ¯®«ãç¨¬ ä ªâ®à¨§ æ¨î ¬.-ä. (3) ¢

íâ®¬ á«ãç ¥.
�ãáâì ¯à¥¤áâ ¢«¥­¨¥ (15) | ä ªâ®à¨§ æ¨ï ¬.-ä. (3). �®£¤  ¢® ¢á¥å à áá¬®âà¥­­ëå á«ãç ïå

¬.-ä. (2) ¯à¥¤áâ ¢¨¬  ¢ ¢¨¤¥

G = diagfR1; : : : ; RngG
+

�G
�

� diagfR
�1

1 ; : : : ; R�1

n g; (16)

£¤¥ R1; : : : ; Rn | à æ¨®­ «ì­ë¥ äã­ªæ¨¨ ¡¥§ ­ã«¥© ¨ ¯®«îá®¢ ­  ª®­âãà¥. �®íâ®¬ã ¥¥ ä ªâ®à¨-
§ æ¨ï â ª¦¥ ¬®¦¥â ¡ëâì ¯®áâà®¥­  íää¥ªâ¨¢­®,   à¥è¥­¨¥ á®®â¢¥âáâ¢ãîé¥© § ¤ ç¨ «¨­¥©­®£®
á®¯àï¦¥­¨ï �(z) = ('1(z); '2(z); : : : ; 'n(z)) á § ¤ ­­®© £« ¢­®© ç áâìî ­  ¡¥áª®­¥ç­®áâ¨ ®¯à¥-
¤¥«¨â á®£« á­® (14) (¯à¨ �i(t) � 1, i = 1; n) ¯® «î¡®© ¨§ ä®à¬ã«

'(t) = ('+

1 (t) + '�1 (t))=k1(t) = � � � = ('+

n (t) + '�n (t))=kn(t) (17)

à¥è¥­¨¥ ãà ¢­¥­¨ï (1).

�á«¨ ã ª®íää¨æ¨¥­â®¢ ãà ¢­¥­¨ï (1) ¢ à áá¬®âà¥­­ëå á«ãç ïå ¤®¯ãáâ¨âì ­ã«¨ ­  ª®­âãà¥
(çâ®, ª ª ¡ë«® ®â¬¥ç¥­® ¢ëè¥, ­¥ ¢«¨ï¥â ­  ª àâ¨­ã ¥£® à §à¥è¨¬®áâ¨), â® \¯¥à¥¡à áë¢ ï",
­ ¯à¨¬¥à, ­ã«¨ ª®íää¨æ¨¥­â®¢ ai ª ki, i = 1; n, ¯à¨¤¥¬ ª § ¤ ç¥ «¨­¥©­®£® á®¯àï¦¥­¨ï á ¬.-ä.
(16), à¥è¥­¨ï ª®â®à®© ¢ á®®â¢¥âáâ¢ãîé¥¬ ª« áá¥ äã­ªæ¨© ®¯à¥¤¥«ïâ à¥è¥­¨ï § ¤ ç¨ «¨­¥©­®£®
á®¯àï¦¥­¨ï ¤«ï ¨áå®¤­®£® ãà ¢­¥­¨ï.
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�à¨¬¥à. � áá¬®âà¨¬ ­  � : jtj = 1 ãà ¢­¥­¨¥ (1) á âà¥¬ï ï¤à ¬¨

'+ r1S[k1'] + r2S[k2'] + r3S[k3'] = f; (18)

¢ ª®â®à®¬ ri(t) | à æ¨®­ «ì­ë¥ äã­ªæ¨¨ ¡¥§ ­ã«¥© ¨ ¯®«îá®¢ ­  ª®­âãà¥,   ki(t) | H�-
­¥¯à¥àë¢­ë¥ ­  � äã­ªæ¨¨, i = 1; 2; 3. �®« £ ï �i = ri, i = 1; 2; 3, ¯à¨¤¥¬ ª ãà ¢­¥­¨î á
®¤­¨¬ ï¤à®¬

'+ S[�'] = f�; � = k1r1 + k2r2 + k3r3 (19)

á ¯à ¢®© ç áâìî f� = 2(M1 +M2 +M3), £¤¥ Mi, i = 1; 2; 3, | ¯®«¨­®¬ë. �¡®§­ ç¨¢ �' = ! =
!+ � !�, !�(1) = 0, ¯à¨¤¥¬ ª ªà ¥¢®¬ã ãá«®¢¨î § ¤ ç¨ �¨¬ ­ 

!+ = [1��][1 + �]�1!� +�[1 +�]�1f�; (20)

¯® à¥è¥­¨ï¬ ª®â®à®© ¯®áâà®¨¬ ä ªâ®à¨§ æ¨î ¬.-ä. (15) ¨ á®£« á­® á¤¥« ­­®¬ã § ¬¥ç ­¨î
| ¬.-ä. (16), á®®â¢¥âáâ¢ãîé¥© ¨áå®¤­®¬ã ãà ¢­¥­¨î. �®íâ®¬ã à¥è¥­¨¥ ãà ¢­¥­¨ï (18) ¬®¦¥â
¡ëâì ¯®«ãç¥­® ¢ § ¬ª­ãâ®© ä®à¬¥.

�à®¢¥¤¥¬ ¢ëç¨á«¥­¨ï ¤«ï á«ãç ï r1(t) = 1, r2(t) = t, r3(t) = t2=2; k1(t) = cos2 t, k2(t) =
sin2 t=t, k3 = 1=t. �âëáª¨¢ ï à¥è¥­¨ï § ¤ ç¨ (20) ¯à¨ f�(t) � 0,   â ª¦¥ ¯®« £ ï M1(t) � 0,
M2(t) � 1, M3(t) � 0 ¨ M1(t) � 0, M2(t) � 0, M3(t) � 1, ¯® ä®à¬ã« ¬ (14) ¯®áâà®¨¬ ä ªâ®à¨§ -
æ¨î ¬.-ä.

G�(t) =

0
B@
� sin

2 t

t
� cos

2 t

t+4
� 4 sin

2 t

t
� 4 sin

2 t

t
sin

2 t

t
� sin

2 t

t+4

4 sin
2 t

t
� 1 4 sin

2 t

t
2

t+4
2 1

1
CA
0
@t �4 �4
0 1 0
0 0 1

1
A = G+

� (t)G
�

� (t)

á ãáâ®©ç¨¢ë¬ ­ ¡®à®¬ ç áâ­ëå ¨­¤¥ªá®¢ (1; 0; 0). � ª¨¬ ®¡à §®¬, á®®â¢¥âáâ¢ãîé ï ¬.-ä. (2)
¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥­  ¢ ¢¨¤¥

G(t) = diagf1; 1=t; 2=t2gG+

� (t)G
�

� (t) diagf1; t; t
2=2g = G+(t)G�(t);

£¤¥ G+(t) = diagf1; 1=t; 2=t2gG+
� (t), G

�(t) = G�

� (t) diagf1; t; t
2=2g. �¬­®¦ ï ¬.-ä. G�(t) ­  t�2

á®®â¢¥âáâ¢¥­­®, ¯®«ãç¨¬ ¯à¥¤áâ ¢«¥­¨¥, ¢ ª®â®à®¬ ®¯à¥¤¥«¨â¥«ì ¬.-ä. G+(z) ®¡à é ¥âáï ¢ ­ã«ì
¯à¨ z = 0. �¬­®¦ ï ¬.-ä. G+(t) á¯à ¢  ­  ¬.-ä.

V (t) =

0
@1 �4=t �1=2t� 2=t2

0 1=t 0
0 0 1=t2

1
A ;

  ¬.-ä. G�(t) | á«¥¢  ­  V �1(t), ¯®«ãç¨¬ ­®à¬ «ì­®¥ ¯à¥¤áâ ¢«¥­¨¥ G(t) = G+
1 (t)G

�

1 (t), t 2 �.
� ª®­¥æ, ã¬­®¦ ï ¬.-ä. G�

1 (t) á«¥¢  ­  ¬.-ä.

W (t) =

0
@1 + t=4 0 �1=8

0 1 0
�2t 0 1

1
A ;

  ¬.-ä. G+
1 (t) | á¯à ¢  ­  ¬.-ä. W�1(t), ¯®«ãç¨¬ ä ªâ®à¨§ æ¨î ¬.-ä. G(t) = G+

2 (t)G
�

2 (t) á
­ ¡®à®¬ ç áâ­ëå ¨­¤¥ªá®¢ (1; 0; 0). � ª¨¬ ®¡à §®¬, ¬.-ä.

X(z) = fG+

2 (z); z 2 D
+; [G�

2 (z)]
�1; z 2 D�g

¡ã¤¥â ª ­®­¨ç¥áª®© ¬ âà¨æ¥© ([4], á. 31) ®¤­®à®¤­®© § ¤ ç¨ «¨­¥©­®£® á®¯àï¦¥­¨ï, ¨áç¥§ îé¥¥
­  ¡¥áª®­¥ç­®áâ¨ à¥è¥­¨¥ ª®â®à®© ¨¬¥¥â ¢¨¤

�+(z) =
�
(z2 + 2z) cos2 z � 2(z + 4) sin2 z

z(z + 4)
;
(z2 + 4z + 8) sin2 z

z2(z + 4)
;

1
2(z + 4)

�
;

��(z) =
�
2
z
; 0;

z + 4
2z2

�
:
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�®£¤  ä®à¬ã«ë (17) ®¯à¥¤¥«ïîâ ®¤­® «¨­¥©­® ­¥§ ¢¨á¨¬®¥ à¥è¥­¨¥ á®®â¢¥âáâ¢ãîé¥£® ®¤­®-
à®¤­®£® ãà ¢­¥­¨ï ' = (t2 + 4t+ 8)=t(t + 4).
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