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� ¯à¥¤« £ ¥¬®© áâ âì¥ ¨§ãç ¥âáï  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ á¨«ìëå à¥è¥¨© áª «ïàëå
¤¨ää¥à¥æ¨ «ì®-à §®áâëå ãà ¢¥¨© ¥©âà «ì®£® â¨¯ . �à¨ íâ®¬ à áá¬ âà¨¢ îâáï ªà¨-
â¨ç¥áª¨© ¨ á¢¥àåªà¨â¨ç¥áª¨© á«ãç ¨, â. ¥. á¨âã æ¨¨, ª®£¤  ¨¬¥îâáï æ¥¯®çª¨ ª®à¥© å à ªâ¥à¨-
áâ¨ç¥áª®£® ª¢ §¨¬®£®ç«¥ , ¯à¨¡«¨¦ îé¨¥áï ª ¬¨¬®© ®á¨ ¨«¨ «¥¦ é¨¥   ¥©. �à¨ à áá¬®-
âà¥¨¨ ãª § ëå ¢®¯à®á®¢ ¬ë ®¯¨à ¥¬áï   ¯®¯ãâ® ãáâ ®¢«¥ë© à¥§ã«ìâ â ® ¡ §¨á®áâ¨
�¨áá  á¯¥æ¨ «ì® ¯®áâà®¥®© á¨áâ¥¬ë í«¥¬¥â àëå (íªá¯®¥æ¨ «ìëå) à¥è¥¨© ã¯®¬ïã-
âëå ãà ¢¥¨©.

1. �¯à¥¤¥«¥¨ï, ®¡®§ ç¥¨ï, ä®à¬ã«¨à®¢ª¨ à¥§ã«ìâ â®¢

� ¤ «ì¥©è¥¬ ¡ã¤ãâ ¨á¯®«ì§®¢ âìáï ¢¥á®¢ë¥ ¯à®áâà áâ¢  �®¡®«¥¢  Wm
2;(a; b) (�1 < a <

b � +1) ª®¬¯«¥ªá®§ çëå äãªæ¨© á ®à¬®©

kukWm
2;
(a; b) �

�Z b

a

exp(�2t)
� mX

j=0

ju(j)(t)j2
�
dt

�1=2

;  2 R:

�à¨  = 0 ¯®« £ ¥¬ Wm
2;0(a; b) �Wm

2 (a; b).
� áá¬®âà¨¬ ¤¨ää¥à¥æ¨ «ì®-à §®áâ®¥ ãà ¢¥¨¥

mX
j=0

nX
k=0

akju
(j)(t� hk) = 0; t 2 R+ = (0;+1); (1)

m-£® ¯®àï¤ª , £¤¥ akj | ¯®áâ®ïë¥ ª®¬¯«¥ªáë¥ ª®íää¨æ¨¥âë, ç¨á«  hj â ª®¢ë, çâ®
0 = h0 < h1 < � � � < hn < h.

�«ï ãà ¢¥¨ï (1) ¯®áâ ¢¨¬  ç «ìãî § ¤ çã

u(t) = y(t); t 2 (�h; 0);
u(j)(+0) = y(j)(�0); j = 0; 1; : : : ;m� 1;

(2)

á  ç «ì®© äãªæ¨¥© y(t) 2Wm
2 (�h; 0).

�¯à¥¤¥«¥¨¥. �ãªæ¨î u(t), ¯à¨ ¤«¥¦ éãî ¯à®áâà áâ¢ã Wm
2;(�h;+1) ¯à¨ ¥ª®â®à®¬

 � 0,  §®¢¥¬ á¨«ìë¬ à¥è¥¨¥¬ § ¤ ç¨ (1), (2), ¥á«¨ u(t) ã¤®¢«¥â¢®àï¥â ãà ¢¥¨î (1) ¯®çâ¨
¢áî¤ã   ¯®«ã®á¨ R+ ¨ ãá«®¢¨î (2).

� ¤ «ì¥©è¥¬  ¬ ¯® ¤®¡¨âáï á«¥¤ãîé¨© à¥§ã«ìâ â ® à §à¥è¨¬®áâ¨ § ¤ ç¨ (1), (2) ¢ ¯à®-
áâà áâ¢¥ Wm

2;(�h;+1).

� ¡®â  ¢ë¯®«¥  ¯à¨ ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®¤  äã¤ ¬¥â «ìëå ¨áá«¥¤®¢ ¨© (¯à®¥ªâë ò96-

01-00333, ò96-05-96091) ¨ £à â  INTAS-93-0249-EXT.
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�¥¬¬  1. �ãáâì a0m 6= 0. � ©¤¥âáï â ª®¥ 0 � 0, çâ® ¯à¨ «î¡®¬  � 0 ¨ ¯à®¨§¢®«ì®©

äãªæ¨¨ y(t) 2 Wm
2 (�h; 0) áãé¥áâ¢ã¥â ¥¤¨áâ¢¥®¥ á¨«ì®¥ à¥è¥¨¥ § ¤ ç¨ (1), (2), ¯à¨ ¤-

«¥¦ é¥¥ ¯à®áâà áâ¢ã Wm
2;(�h;+1) ¨ ã¤®¢«¥â¢®àïîé¥¥ ¥à ¢¥áâ¢ã

kukWm
2; (�h;+1) � ckykWm

2 (�h;0) (3)

á ¯®áâ®ï®© c, ¥ § ¢¨áïé¥© ®â y(t).

�à¨¨¬ ï ¢® ¢¨¬ ¨¥ «¥¬¬ã 1 ¨ «¥¬¬ã 3 ¨§ [1], ¢¢¥¤¥¬ ¯®«ã£àã¯¯ã Ut (t � 0) ®£à ¨ç¥ëå
®¯¥à â®à®¢, ¤¥©áâ¢ãîé¨å ¢ ¯à®áâà áâ¢¥ Wm

2 (�h; 0) á®£« á® ¯à ¢¨«ã
(Uty)(s) = u(t+ s); t � 0; s 2 (�h; 0): (4)

�¤¥áì u(t) | à¥è¥¨¥ § ¤ ç¨ (1), (2), ®â¢¥ç îé¥¥  ç «ì®© äãªæ¨¨ y(s).
�  ®á®¢ ¨¨ «¥¬¬ë 1 ¬®¦¥â ¡ëâì ¯®«ãç¥®

�à¥¤«®¦¥¨¥ 1. �¥¬¥©áâ¢® ®¯¥à â®à®¢ Ut (t � 0) ®¡à §ã¥â C0-¯®«ã£àã¯¯ã ®¯¥à â®à®¢,

¤¥©áâ¢ãîé¨å ¢ ¯à®áâà áâ¢¥ Wm
2 (�h; 0).

�¥à¥©¤¥¬ ª ®á®¢®© § ¤ ç¥, ª®â®à ï ¨§ãç ¥âáï ¢ ¤ ®© áâ âì¥,   ¨¬¥® ª ¯®«ãç¥¨î
¡®«¥¥ â®ç®© ®æ¥ª¨ à¥è¥¨© ¯® áà ¢¥¨î á (3).

�¡®§ ç¨¬ ç¥à¥§ �q ã«¨ å à ªâ¥à¨áâ¨ç¥áª®£® ª¢ §¨¬®£®ç«¥  ãà ¢¥¨ï (1)

l(�) =
mX
j=0

nX
k=0

akj�
j exp(��hk); (5)

ª®â®àë¥ ã¯®àï¤®ç¥ë ¢ ¯®àï¤ª¥ ¢®§à áâ ¨ï ¬®¤ã«¥©, ç¥à¥§ �q | ¨å ªà â®áâ¨, ç¥à¥§ � | ¬®-
¦¥áâ¢® ã«¥© l(�). �¨á«  á à ¢ë¬¨ ¬®¤ã«ï¬¨ ã¬¥àãîâáï ¢ ¯®àï¤ª¥ ¢®§à áâ ¨ï  à£ã¬¥â®¢.

�¢¥¤¥¬ á¨áâ¥¬ã í«¥¬¥â àëå à¥è¥¨© ãà ¢¥¨ï (1)

yq;r(t) = exp(�qt)
�
tr

r !
xq0 +

tr�1

(r � 1) !
xq1 + � � �+ xqr

�
; xq;r 2 C : (6)

�«ï ª¢ §¨¬®£®ç«¥  ¢¨¤  (5) ¨§¢¥áâ® ( ¯à., [2]) ¥à ¢¥áâ¢®

N = max
�q2�

�q � m(n+ 1) + (n� 1): (7)

�à¨¢¥¤¥¬ à¥§ã«ìâ â ®¡ ®æ¥ª¥ à¥è¥¨ï u(t) § ¤ ç¨ (1), (2), áãé¥áâ¢¥® ãâ®çïîé¨© ãâ¢¥à-
¦¤¥¨¥ «¥¬¬ë 1.

�¥®à¥¬  1. �ãáâì a0m 6= 0, anm 6= 0,   ¬®¦¥áâ¢® ã«¥© � äãªæ¨¨ l(�) ®â¤¥«¨¬®,

â. ¥. inf dist�p 6=�q(�p; �q) > 0. �®£¤  ¤«ï «î¡®£® á¨«ì®£® à¥è¥¨ï u(t) § ¤ ç¨ (1), (2) ¢ë¯®«¥®
¥à ¢¥áâ¢®

ku(t+ �)kWm
2 (�h;0) � d(tN�1 + 1) exp({t)kykWm

2 (�h;0); t � 0; (8)

£¤¥ { = sup�q2�(Re �q), á ¯®áâ®ï®© d, ¥ § ¢¨áïé¥© ®â äãªæ¨¨ y(t).

�à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 1 ¨á¯®«ì§ã¥¬ á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥¨ï, ¢®§¬®¦® ¯à¥¤áâ ¢«ï-
îé¨¥ á ¬®áâ®ïâ¥«ìë© ¨â¥à¥á.

�¡®§ ç¨¬ ç¥à¥§ V�q ¯®¤¯à®áâà áâ¢®, ï¢«ïîé¥¥áï «¨¥©®© ®¡®«®çª®© á¨áâ¥¬ë í«¥¬¥â à-
ëå à¥è¥¨© yq;r(t), ®â¢¥ç îé¨å �q, â. ¥. V�q = Spanfyq;r(t)g�q�1r=0 .

� ¬¥ç ¨¥ 1. �®¤¯à®áâà áâ¢  V�q ®¡à §ãîâ ª®à¥¢ë¥ ¯®¤¯à®áâà áâ¢  ®¯¥à â®à  á¤¢¨£ 
Ut, ®â¢¥ç îé¨¥ á®¡áâ¢¥ë¬ § ç¥¨ï¬ exp(�qt).

�¥®à¥¬  2. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 1. �®£¤  á¨áâ¥¬  ¯®¤¯à®áâà áâ¢ fV�qg�q2�
®¡à §ã¥â ¡ §¨á �¨áá  ¨§ ¯®¤¯à®áâà áâ¢ ¯à®áâà áâ¢  Wm

2 (�h; 0).
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� ¬¥ç ¨¥ 2. �®£« á® ¯à¥¤«®¦¥¨î 5� ([3], á. 414), ¢ë¡¨à ï ®àâ®®à¬¨à®¢ ë¥ ¡ §¨áë
¢ ¯®¤¯à®áâà áâ¢ å V�q , ¯®«ãç¨¬ ¡ §¨á �¨áá  ¯à®áâà áâ¢  Wm

2 (�h; 0).

�à¨¢¥¤¥¬ â ª¦¥ ãâ¢¥à¦¤¥¨¥ ® ¡ §¨á®áâ¨ �¨áá  á¨áâ¥¬ë íªá¯®¥æ¨ «ìëå à¥è¥¨©, ¤®-
¯®«ïîé¥¥ ¨ ãâ®çïîé¥¥ â¥®à¥¬ã 2.

�¥®à¥¬  3. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 1. �®£¤  á¨áâ¥¬  íªá¯®¥æ¨ «ìëå à¥è¥-
¨© ãà ¢¥¨ï (1)

fvq;k(t) = (j�qjm + 1)�1tk exp(�qt); �q 2 �; k = 0; 1; : : : ; �q � 1g

®¡à §ã¥â ¡ §¨á �¨áá  ¯à®áâà áâ¢  Wm
2 (�h; 0).

�â¬¥â¨¬, çâ® â¥®à¥¬ë 1{3 ¬®£ãâ ¡ëâì à á¯à®áâà ¥ë   ãà ¢¥¨ï ¢¨¤ 

mX
j=0

nX
k=0

akju
(j)(t� hk) +

Z h

0

K(s)u(t� s)ds = 0; t > 0; (10)

£¤¥ ª®¬¯«¥ªá®§ ç ï äãªæ¨ï K(s) 2 L2(0; h).
�¡®§ ç¨¬ ç¥à¥§ cK(�) ¯à¥®¡à §®¢ ¨¥ � ¯« á  äãªæ¨¨ K(s)

cK(�) =
Z h

0
exp(��s)K(s)ds;

¨ ¯ãáâì l1(�) = l(�) +cK(�). �®åà ¨¬ ®¡®§ ç¥¨ï �q, �q ¤«ï ã«¥© äãªæ¨¨ l1(�) ¨ ¨å ªà â®-
áâ¥©. �¡®§ ç¨¬ {1 = sup

�q2�1

Re�q, £¤¥ �1 | ¬®¦¥áâ¢® ã«¥© äãªæ¨¨ l1(�).

�à¨¢¥¤¥¬   «®£¨ â¥®à¥¬ 1 ¨ 3 ¤«ï ãà ¢¥¨ï (10).

�¥®à¥¬  4. �ãáâì a0m 6= 0 ¨ anm 6= 0, ¬®¦¥áâ¢® �1 ã«¥© äãªæ¨¨ l1(�) ®â¤¥«¨¬® ¨ ª®-

¥ç  ¢¥«¨ç¨  N1 = sup
�q2�1

�q. �®£¤  ¤«ï «î¡®£® á¨«ì®£® à¥è¥¨ï u(t) § ¤ ç¨ (10), (2) ¢ë¯®«¥®

¥à ¢¥áâ¢®

ku(t+ �)kWm
2 (�h;0) � d1(tN1�1 + 1) exp({1t)kykWm

2 (�h;0); t � 0; (9)

á ¯®áâ®ï®© d1, ¥ § ¢¨áïé¥© ®â y(t).

�¥®à¥¬  5. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 4. �®£¤  á¨áâ¥¬  í«¥¬¥â àëå à¥è¥¨©

ãà ¢¥¨ï (10) fvq;k(t) = (j�qjm + 1)�1tk exp(�qt), �q 2 �1, k = 0; 1; : : : ; �q � 1g ®¡à §ã¥â ¡ §¨á

�¨áá  ¯à®áâà áâ¢  Wm
2 (�h; 0).

�«¥¤áâ¢¨¥. �à¨ ¢ë¯®«¥¨¨ ãá«®¢¨© â¥®à¥¬ë 4 á®¢®ªã¯®áâì ¯®¤¯à®áâà áâ¢ fV�qg�q2�1
,

£¤¥ V�q = Spanfvq;k(t); �q 2 �1; k = 0; 1; : : : ; �q � 1g, ®¡à §ã¥â ¡ §¨á �¨áá  ¨§ ¯®¤¯à®áâà áâ¢
¯à®áâà áâ¢  Wm

2 (�h; 0).

2. �®ª § â¥«ìáâ¢  ®á®¢ëå à¥§ã«ìâ â®¢

�¥¬¬  1 ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ «¥¬¬ë 3 ¨§ [1]. � á ¬®¬ ¤¥«¥, ¢¢¥¤¥¬ ¢¥ªâ®à-äãªæ¨î V (t) á®
§ ç¥¨ï¬¨ ¢ C m ¨ ª®¬¯®¥â ¬¨ Vj(t) = u(j)(t), j = 0; 1; : : : ;m� 1. �®£¤  ãà ¢¥¨¥ (1) ¬®¦¥â
¡ëâì á¢¥¤¥® ª á¨áâ¥¬¥ ¤¨ää¥à¥æ¨ «ì®-à §®áâëå ãà ¢¥¨© ¢¨¤ 

nX
k=0

�
Dk

dV

dt
(t� hk) +BkV (t� hk)

�
= 0; t 2 R+ ; (10)
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ª®íää¨æ¨¥âë ª®â®à®© ¢ á®®â¢¥âáâ¢¨¨ á ([4], á. 212) ¢ëà ¦ îâáï ç¥à¥§ ª®íää¨æ¨¥âë ¨áå®¤®£®
ãà ¢¥¨ï (1), ¯à¨ç¥¬ ª®íää¨æ¨¥â

D0 =

0
BBBBBB@

1 0
1

. . .
1

0 a0m

1
CCCCCCA

ï¢«ï¥âáï ¥¢ëà®¦¤¥®© ¬ âà¨æ¥©, ¯®áª®«ìªã a0m 6= 0. �ç¨âë¢ ï á¤¥« ãî § ¬¥ã, § ¬¥â¨¬,
çâ®  ç «ì®© äãªæ¨¨ y(t) ¡ã¤¥â á®®â¢¥âáâ¢®¢ âì ¢¥ªâ®à-äãªæ¨ï Y (t) á ª®¬¯®¥â ¬¨ Yj(t) =
y(j)(t) 2W 1

2 (�h; 0), j = 0; 1; : : : ;m� 1.
�á¯®«ì§ãï «¥¬¬ã 3 ¨§ [1],  ©¤¥¬ â ª®¥ 0, çâ® ¯à¨ ¢á¥å  � 0 á¨áâ¥¬  (10) á  ç «ìë¬

ãá«®¢¨¥¬

V (t) = Y (t); t 2 [�h; 0]; (11)

®¤®§ ç® à §à¥è¨¬  ¢ ¯à®áâà áâ¢¥ W 1
2;(�h;+1).

�®§¢à é ïáì ®â § ¤ ç¨ ¢¨¤  (10), (11) ª § ¤ ç¥ (1), (2), ¯®«ãç¨¬ ãâ¢¥à¦¤¥¨¥ «¥¬¬ë 1.
�®ª § â¥«ìáâ¢® ¯à¥¤«®¦¥¨ï 1 ¢ëâ¥ª ¥â ¨§ ¯à¥¤«®¦¥¨ï 1 ¢ [1], ¥á«¨ ãç¥áâì à¥¤ãªæ¨î ãà ¢-

¥¨ï (1) ª á¨áâ¥¬¥ (10), ¨ ¯à®¢®¤¨âáï   «®£¨ç® á®®â¢¥âáâ¢ãîé¨¬ ãâ¢¥à¦¤¥¨ï¬ ¨§ [5], [6].
� ç «¥ ¤®ª ¦¥¬ â¥®à¥¬ë 2, 3. �®ª § â¥«ìáâ¢® â¥®à¥¬ 2, 3 áãé¥áâ¢¥® ®¯¨à ¥âáï   «¥¬¬ã

2, ¤«ï ä®à¬ã«¨à®¢ª¨ ª®â®à®© ¯® ¤®¡¨âáï á«¥¤ãîé¥¥ ¯®áâà®¥¨¥.
� áá¬®âà¨¬ ¤¢  ¢®§¬®¦ëå á«ãç ï.

(C1) � ©¤ãâáï â ª¨¥ �q1 ; �q2 ; : : : ; �qr , çâ®

m = �q1 + �q2 + � � �+ �qr :

(C2) �à¨ «î¡®¬ ¢ë¡®à¥ ª®à¥© �q 2 � áã¬¬  ¨å ªà â®áâ¥© ¥ à ¢  m.

� á«ãç ¥ (C2)  ©¤¥âáï ª®à¥ì �qr ªà â®áâ¨ �qr â ª®©, çâ® �q1 + �q2 + � � � + �qr�1
< m <

�q1 + �q1 + � � �+ �qr .
�® ã«ï¬ �q1 ; �q2 ; : : : ; �qr ¯®áâà®¨¬ ¬®£®ç«¥

p(�) = (�� �q1)
�q1 (�� �q2)

�q2 � � � (�� �qr�1
)�qr�1 (�� �qr)

�r ;

£¤¥ �r = m� �q1 � �q2 � � � � � �qr�1
¢ á«ãç ¥ (C2) ¨ �r = �qr ¢ á«ãç ¥ (C1).

�¢¥¤¥¬ ¢ à áá¬®âà¥¨¥ á¨áâ¥¬ã äãªæ¨©

wq;k(t) =

8>><
>>:
tk

k !
exp(�qt)

1
p(�q)

; q 6= qj ; j = 1; 2; : : : ; r; k = 0; 1; : : : ; �q�1;

tk

k !
exp(�qj t); j = 1; 2; : : : ; r;

(12)

ª®â®à ï ¯® ¤®¡¨âáï ¢ ¤ «ì¥©è¥¬.

�¥¬¬  2. �ãáâì ¢ë¯®«¥ë ãá«®¢¨ï â¥®à¥¬ë 1. �®£¤  á¨áâ¥¬  íªá¯®¥æ¨ «ìëå à¥è¥-

¨© zq;k(t) ãà ¢¥¨ï (1), ®¯à¥¤¥«¥ ï á«¥¤ãîé¨¬ ®¡à §®¬:

1) ¢ á«ãç ¥ (C1)

zq;k(t) =
tk

k !
exp(�qt); �q 2 �; k = 0; 1; : : : ; �q � 1; q 6= q1; : : : ; qr;
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2) ¢ á«ãç ¥ (C2)

zq;k(t) =
tk

k !
exp(�qt); �q 2 �; k = 0; 1; : : : ; �q � 1; q 6= q1; : : : ; qr�1;

¨

zq;k(t) =
tk

k !
exp(�qr t); k = 0; 1; : : : ; �r;

®¡à §ã¥â ¡ §¨á �¨áá  ¯à®áâà áâ¢  L2(�h; 0).

�®ª § â¥«ìáâ¢®. �® ª¢ §¨¬®£®ç«¥ã l(�) ¨ ¬®£®ç«¥ã p(�) ®¡à §ã¥¬ äãªæ¨î

m(�) = exp(�h=2)l(�)=p(�): (13)

�â ¯¥à¥¬¥®© � ¯¥à¥©¤¥¬ ª ¯¥à¥¬¥®© z = i� ¨ ¯®«®¦¨¬ L(z) = m(iz). �á¯®«ì§ã¥¬ á«¥¤áâ¢¨¥
¨§ â¥®à¥¬ë 1.2.1 ([7], á. 64). �à¨¢¥¤¥¬ ¥£® ä®à¬ã«¨à®¢ªã ¢ ã¤®¡®© ¤«ï  á ä®à¬¥. �ãáâì L(z)
| æ¥« ï äãªæ¨ï íªá¯®¥æ¨ «ì®£® â¨¯ , f�ng | ¥¥ ã«¨ ªà â®áâ¨ �n, § ã¬¥à®¢ ë¥ ¢
¯®àï¤ª¥ ¢®§à áâ ¨ï ¬®¤ã«¥©, hL(') | ¥¥ ¨¤¨ª â®à.

�®á¯®«ì§ã¥¬áï á«¥¤áâ¢¨¥¬ â¥®à¥¬ë 1.2.1 [7]: ¯ãáâì ¢ë¯®«¥ë ãá«®¢¨ï

(A1) hL(') = h
2
j sin'j,

(A2) sup
�n

j Im�nj �M < +1,

(A3) inf
�m 6=�n

j�m � �nj > 0,

(A4) sup
�m

�m < +1,

¨ ¯ãáâì, ªà®¬¥ â®£®,  ©¤¥âáï â ª®¥ y0 > 0, çâ®

(A5) jL(x� iy0)j � x�0 , x! �1,

£¤¥ ¯®áâ®ï ï �0 2 (�1=2; 1=2).
�®£¤  á¨áâ¥¬  äãªæ¨© e(�) =

n
exp(i�nt); : : : ;

t�n�1

(�n � 1) !
exp(i�nt)

o
®¡à §ã¥â ¡ §¨á �¨áá  ¯à®-

áâà áâ¢  L2(�h=2; h=2).
�¡¥¤¨¬áï, çâ® äãªæ¨ï L(z) = m(iz), ®¯à¥¤¥«¥ ï á®®â®è¥¨¥¬ (13), ã¤®¢«¥â¢®àï¥â áä®à-

¬ã«¨à®¢ ë¬ ãá«®¢¨ï¬ (A1){(A5). �«ï ¯à®¢¥àª¨ ãá«®¢¨ï (A1) ¯¥à¥©¤¥¬ ª ¯®«ïàë¬ ª®®à¤¨-
 â ¬ z = rei'.

�«ï ' 2 [0; �] ¨¬¥¥¬

jL(rei')j = e(r sin')h=2janmj
���1 + mX

j=0

nX0

k=0

rj�m
akj
anm

eire
i'(h�hk )

���.j(1 +O(1=r))j; (14)

  ¯à¨ ' 2 (�; 2�)

jL(rei')j = e�(r sin')h=2ja0mj
���1 + mX

j=0

nX0

k=0

rj�m
akj
a0m

e�ire
i'hk

���.j(1 +O(1=r))j; r ! +1:
(15)

�âà¨å¨ ¢ áã¬¬ å (14), (15) ®§ ç îâ, çâ® ¢ ¨å ®âáãâáâ¢ãîâ á« £ ¥¬ë¥, ®â¢¥ç îé¨¥ ª®íää¨-
æ¨¥â ¬ anm ¨ a0m á®®â¢¥âáâ¢¥®. �§ á®®â®è¥¨© (14), (15) ¯®«ãç¨¬

hL(') = lim
r!1

ln jL(rei')j
r

=
h

2
j sin'j:
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�«ï ¤®ª § â¥«ìáâ¢  ãá«®¢¨ï (A2) § ¬¥â¨¬, çâ® ¢ ¯¥à¥¬¥ëå � = iz ¤«ï ª¢ §¨¬®£®ç«¥ 
l(�) á¯à ¢¥¤«¨¢ë á®®â®è¥¨ï

1
a0m�m

l(�) = 1 +
mX
j=0

nX0

k=0

akj
a0m

�j�me��hk ; Re � > 0; (16)

e�h

anm�m
l(�) = 1 +

mX
j=0

nX0

k=0

akj
anm

�je�(h�hk); Re � < 0: (17)

�§ á®®â®è¥¨© (16), (17) ¢ëâ¥ª ¥â, çâ®  ©¤ãâáï â ª¨¥ ¯®áâ®ïë¥ � < 0 ¨ � > 0, çâ® äãªæ¨ï
l�1(�) £®«®¬®àä  ¢ ¯®«ã¯«®áª®áâïå f� : Re � < �g ¨ f� : Re � > �g, ¯à¨ç¥¬ ¨¬¥îâ ¬¥áâ®
íª¢¨¢ «¥â®áâ¨

l(�) � a0m�
m (Re �! +1);

l(�) � anm�
m exp(��h) (Re�! �1):

(18)

� ç¨â, ã«¨ äãªæ¨¨ l(�) «¥¦ â ¢ ¯®«®á¥ f� : � < Re� < �g.
�¥à¥å®¤ï ª ¯¥à¥¬¥ë¬ z = �i�, ¯®«ãç ¥¬, çâ® ãá«®¢¨¥ (A2) ¢ë¯®«¥®. �á«®¢¨¥ (A3)

¢ë¯®«¥® ¢ á¨«ã ãá«®¢¨© â¥®à¥¬ë 1. �§¢¥áâ® ( ¯à., [2]), çâ® ¤«ï ª¢ §¨¬®£®ç«¥®¢ ãá«®¢¨¥
(A4) â ª¦¥ ¢ë¯®«ï¥âáï, ¯à¨ç¥¬ á¯à ¢¥¤«¨¢® ¥à ¢¥áâ¢® (7).

� ¬¥â¨¬ â¥¯¥àì, çâ® ãá«®¢¨¥ (A5) ¢ëâ¥ª ¥â ¨§ á«¥¤ãîé¥© æ¥¯®çª¨ à ¢¥áâ¢ (¯à¨ ¤®áâ â®ç®
¡®«ìè¨å y0 > 0):

jL(x� iy0)j =
����e�i h2 (x�iy0)

mX
j=0

nX
k=0

akj(x� iy0)je�i(x�iy0)hk
����jp(i(x� iy0))j�1 =

= e
3h
2 y0 janmj jx� iy0jm

����1 +
mX
j=0

nX0

k=0

akj
anm

(x� iy0)j�mey0(hk�h)
����cjx� iy0j�m

����
�
1 +O

�
1
jxj
���1���� =

= c e
3hy0
2 janmj

����
�
1 +O

�
1
jxj
������; x! �1; c = const 6= 0; y0 > const1 � 0: (19)

� ª¨¬ ®¡à §®¬, á¨áâ¥¬  fzq;k(t)g ®¡à §ã¥â ¡ §¨á �¨áá  ¯à®áâà áâ¢  L2(�h=2; h=2).
�à®¢¥à¨¬, çâ® ¨§ ¡ §¨á®áâ¨ á¨áâ¥¬ë fzq;k(t)g ¢ L2(�h=2; h=2) ¢ëâ¥ª ¥â ¡ §¨á®áâì ¤ -

®© á¨áâ¥¬ë ¢ ¯à®áâà áâ¢¥ L2(�h; 0). �¥à¥å®¤ ®â ¯à®áâà áâ¢  L2(�h=2; h=2) ª ¯à®áâà áâ¢ã
L2(�h; 0) ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ®¯¥à â®à  á¤¢¨£  U�h=2

(U�h=2v)(t) = v(t� h=2); t 2 [�h=2; h=2]:
�¥âàã¤® ¯à®¢¥à¨âì, çâ® ¢ ª ¦¤®¬ ¨§ ª®à¥¢ëå ¯®¤¯à®áâà áâ¢ V�q ¬ âà¨æ  ®¯¥à â®à  á¤¢¨£ 
U�h=2 ¡ã¤¥â ¨¬¥âì ¢¨¤

exp
�
� �qh

2

�
0
BBBBB@
1 �h=2 : : : �q�1

1
. . .
. . . �h=2

0 1

1
CCCCCA ; �q�1 =

(�1)�q�1h�q�1
(�q � 1)! 2�q�1

: (20)

�à¨¨¬ ï ¢® ¢¨¬ ¨¥, çâ® ¯®¤¯à®áâà áâ¢  V�q = Span
n
exp(�qt); t exp(�qt); : : : ;

t�q�1

(�q � 1)!
�

� exp(�qt)
o
®¡à §ãîâ ¡ §¨á �¨áá  ¨§ ¯®¤¯à®áâà áâ¢ ¯à®áâà áâ¢  L2(�h=2; h=2) ¨ çâ® ®¯¥-

à â®à á¤¢¨£  ï¢«ï¥âáï ®£à ¨ç¥ë¬ ¨ ®£à ¨ç¥® ®¡à â¨¬ë¬ ®¯¥à â®à®¬ ¢ ¯à®áâà áâ¢¥
L2(�h=2; h=2), ¯®«ãç¨¬ à¥§ã«ìâ â ® ¡ §¨á®áâ¨ �¨áá  á¨áâ¥¬ë fzq;r(t)g ¢ ¯à®áâà áâ¢¥ L2(�h; 0).
�£à ¨ç¥®áâì ®¯¥à â®à  á¤¢¨£  ¨ ¥£® ®¡à â®£® ¢ëâ¥ª ¥â ¨§ á«¥¤áâ¢¨ï ª â¥®à¥¬¥ ® ¡ §¨á å
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�¨áá  ([8], á. 182{184) ¢ á¨«ã â®£®, çâ® ¯®¤¯à®áâà áâ¢  V�q ®¡à §ãîâ ¡ §¨á �¨áá  ¨§ ¯®¤¯à®-
áâà áâ¢ ¯à®áâà áâ¢  L2(�h=2; h=2), ®¯¥à â®à á¤¢¨£  U�h=2 ¨¬¥¥â ¡«®çãî áâàãªâãàã ¨ ª -
¦¤ë© ¨§ ¡«®ª®¢ ¨¬¥¥â ¢¨¤ (20) ¢ ¡ §¨á¥ fzq;r(t)g, r = 0; 1; : : : ; �q � 1.

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 1 ®¯¨à ¥âáï   â¥®à¥¬ã 3.
�®ª § â¥«ìáâ¢® â¥®à¥¬ë 2 ¯à®¢®¤¨âáï   «®£¨ç® ¤®ª § â¥«ìáâ¢ã â¥®à¥¬ë 1 ¨§ [9] ¨ ¢ëâ¥-

ª ¥â ¨§ «¥¬¬ë 2 ¨ à¥§ã«ìâ â®¢ ¯. 4 [9] (á¬. â ª¦¥ [10]).
�«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 3 ¢ ç «¥ ãáâ  ¢«¨¢ ¥âáï, çâ® á¨áâ¥¬  í«¥¬¥â àëå à¥è¥-

¨©, ãª §  ï ¢ ¯. 4 [9], ¬®¦¥â ¡ëâì ¯¥à¥¢¥¤¥  ¢ á¨áâ¥¬ã fwq;k(t)g, ®¯à¥¤¥«ï¥¬ãî á®®â®è¥-
¨¥¬ (12), á ¯®¬®éìî ®£à ¨ç¥®£® ¨ ®£à ¨ç¥® ®¡à â¨¬®£® ®¯¥à â®à . �â®â ®¯¥à â®à ¨¬¥¥â
¡«®çãî áâàãªâãàã. � ¦¤ë© ¨§ ¡«®ª®¢ ®â¢¥ç ¥â ª®àî �q; á®®â¢¥âáâ¢ãîé¨¥ ¯®¤¯à®áâà áâ¢ 
V�q ï¢«ïîâáï ¥£® ¨¢ à¨ âë¬¨ ¯®¤¯à®áâà áâ¢ ¬¨, ¨ áã¦¥¨¥ íâ®£® ®¯¥à â®à    ª ¦¤®¥
¨§ ¯®¤¯à®áâà áâ¢ V�q ®¯à¥¤¥«ï¥âáï ¥¢ëà®¦¤¥®© ¨¦¥âà¥ã£®«ì®© ¬ âà¨æ¥© ¢ ¡ §¨á¥ ¨§
í«¥¬¥â àëå à¥è¥¨©, ãª § ëå ¢ ¯. 4 [9].

� á¢®î ®ç¥à¥¤ì, ãâ¢¥à¦¤¥¨¥ â¥®à¥¬ë 3 ¢ëâ¥ª ¥â ¨§ ¡ §¨á®áâ¨ á¨áâ¥¬ë fwq;k(t)g, ¨¡®  ©-
¤ãâáï ¯®«®¦¨â¥«ìë¥ ¯®áâ®ïë¥ c1 ¨ c2 â ª¨¥, çâ®

0 < c1 � jp(�q)j(j�q jm + 1)�1 � c2 < +1; �q 2 �:

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 1. �®£« á® â¥®à¥¬¥ 3 á¨áâ¥¬  äãªæ¨© fvq;k(s)g ®¡à §ã¥â ¡ §¨á
�¨áá  ¯à®áâà áâ¢ Wm

2 (�h; 0). �«¥¤®¢ â¥«ì®, ¯® ®¯à¥¤¥«¥¨î ¡ §¨á®¢ �¨áá  áãé¥áâ¢ã¥â ®àâ®-
£® «¨§ â®à, â. ¥. ®£à ¨ç¥ë© ¨ ®£à ¨ç¥® ®¡à â¨¬ë© ®¯¥à â®à Q, ¯à¥¢à é îé¨© á¨áâ¥¬ã
fvq;k(s)g ¢ ®àâ®®à¬¨à®¢ ë© ¡ §¨á fQvq;kg ¯à®áâà áâ¢  Wm

2 (�h; 0).
� §«®¦¨¬  ç «ìãî äãªæ¨î y(s) ¯® ¡ §¨áã fvq;k(s)g

y(s) =
X
�q2�

�q�1X
k=0

cq;kvq;k(s); s 2 (�h; 0);

¯®¤¥©áâ¢ã¥¬   y(s) ¯®«ã£àã¯¯®¢ë¬ ®¯¥à â®à®¬ Ut ¨ ¯®«ãç¨¬

(Uty)(s) = u(t+ s) =
X
�q2�

e�qt
�� �q�1X

k=0

cq;k
tk

k !

�
vq;0(s) + � � � +

+
� �q�1X

k=p

cq;k
tk�p

(k � p) !

�
vq;p(s) + � � � + cq;�q�1vq;�q�1(s)

�
:

�¤¥áì u(t) | á¨«ì®¥ à¥è¥¨¥ § ¤ ç¨ (1), (2), ®â¢¥ç îé¥¥  ç «ì®© äãªæ¨¨ y(s).
�âáî¤ , ¨á¯®«ì§ãï â®, çâ® á¨áâ¥¬  fQvq;kg | ®àâ®®à¬¨à®¢ ë© ¡ §¨á ¯à®áâà áâ¢ 

Wm
2 (�h; 0),   â ª¦¥ ¥à ¢¥áâ¢® �®è¨{�ãïª®¢áª®£®, ¯®«ãç ¥¬ æ¥¯®çªã ¥à ¢¥áâ¢

ku(t+ �)k2Wm
2 (�h;0) � exp(2 supRe�qt)kQ�1k2

� X
�q2�

� �q�1X
p=0

����
�q�1X
k=p

cq;k
tk�p

(k � p) !

����
2��

�

� exp(2{t)kQ�1k2
� X
�q2�

� �q�1X
p=0

�� �q�1X
k=p

jcq;kj2
�1=2� �q�1X

k=p

���� tk�p

(k � p) !

����
2�1=2�2��

�

� exp(2{t)N 2kQ�1k2
� X

�q2�

� �q�1X
k=0

jcq;kj2
�� N�1X

k=0

t2k

(k !)2

��
� exp(2{t)N 2kQ�1k2 kQk2�(t)kyk2Wm

2 (�h;0);

£¤¥ �(t) =
N�1P
k=0

t2k

(k !)2
, N = max

�q2�
�q.
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�§ ¥à ¢¥áâ¢

j�(t)j � �0max(1; t2(N�1)) � �0(1 + t2(n�1)); �0 =
N�1X
k=1

1
(k !)2

� e

¯®«ãç ¥¬ ¨áª®¬ãî ®æ¥ªã (8) á ¯®áâ®ï®© d = NkQk kQ�1kp�0.
� ¬¥ç ¨¥ 3. �¥«¨ç¨ã r0 = kQk kQ�1k  §ë¢ îâ ª®áâ â®© �¨áá ,   â ª¦¥ ª®áâ â®©

®¡ãá«®¢«¥®áâ¨. �  ¢ ®¯à¥¤¥«¥®¬ á¬ëá«¥ å à ªâ¥à¨§ã¥â ¬¥àã ®âª«®¥¨ï ¨§ãç ¥¬®£® ¡ -
§¨á  ®â ®àâ®®à¬¨à®¢ ®£®. �«ï ®àâ®®à¬¨à®¢ ®£® ¡ §¨á  r0 = 1.

�«ï ¤®ª § â¥«ìáâ¢  â¥®à¥¬ 4, 5 ¤®áâ â®ç® ã¡¥¤¨âìáï ¢ â®¬, çâ® ¢ à áá¬ âà¨¢ ¥¬®© á¨-
âã æ¨¨ ¤«ï í«¥¬¥â àëå à¥è¥¨© zq;r(t) ãà ¢¥¨ï (10), ®¯à¥¤¥«ï¥¬ëå ãá«®¢¨ï¬¨ «¥¬¬ë 2,
á¯à ¢¥¤«¨¢® ãâ¢¥à¦¤¥¨¥ «¥¬¬ë 2, â. ¥. çâ® ®¨ ®¡à §ãîâ ¡ §¨á �¨áá  ¯à®áâà áâ¢  L2(�h; 0).

� á ¬®¬ ¤¥«¥, ¤ «ì¥©è¨¥ íâ ¯ë ¤®ª § â¥«ìáâ¢  ¤®á«®¢® á®¢¯ ¤ îâ á ¯à¨¢¥¤¥ë¬¨ ¯à¨
¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ 1{3, ¯®áª®«ìªã ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ 2, 3 ¨á¯®«ì§ã¥âáï «¨èì â®, çâ®
fzq;r(t)g ®¡à §ãîâ ¡ §¨á �¨áá  ¢ L2(�h; 0),   ¢ â¥®à¥¬¥ 1 | çâ® fvq;r(t)g ®¡à §ãîâ ¡ §¨á �¨áá 
¢ ¯à®áâà áâ¢¥ Wm

2 (�h; 0), ¨ ¥ ¨á¯®«ì§ã¥âáï ª®ªà¥âë© ¢¨¤ äãªæ¨¨, ¯® ã«ï¬ �q ª®â®à®©
¯®áâà®¥ë í«¥¬¥â àë¥ à¥è¥¨ï zq;r(t) ¨ vq;r(t).

�à¨¨¬ ï ¢® ¢¨¬ ¨¥ íâ® ®¡áâ®ïâ¥«ìáâ¢®, ¬®¦® ¡ë«® ¡ë áä®à¬ã«¨à®¢ âì ¥ª®â®àë¥
ãâ¢¥à¦¤¥¨ï,   «®£¨çë¥ â¥®à¥¬ ¬ 1, 4 ¤«ï ãà ¢¥¨©, áãé¥áâ¢¥® ¡®«¥¥ ®¡é¨å, ¥¦¥«¨
(10),  ¯à¨®à® ¯à¥¤¯®«®¦¨¢, çâ® ¡ §¨á®áâì �¨áá  í«¥¬¥â àëå à¥è¥¨© ¨¬¥¥â ¬¥áâ®. �¤ ª®
¬ë ¥ ¡ã¤¥¬ áâà¥¬¨âìáï ª â ª®£® à®¤  ®¡®¡é¥¨ï¬.

� á¢®î ®ç¥à¥¤ì, ¤®ª § â¥«ìáâ¢®   «®£  «¥¬¬ë 2 á¢®¤¨âáï ª ¯à®¢¥àª¥ á®®â®è¥¨© (A1),
(A2), (A5) ¤«ï äãªæ¨¨ L1(z) = m1(iz) = l1(iz) exp(izh=2)=p(iz). �á«®¢¨ï (A3), (A4) ¢ë¯®«¥ë
¯® ãá«®¢¨î â¥®à¥¬ë 4.

�ç¨âë¢ ï ®æ¥ªã ���� exp
�
�h

2

�cK(�)
���� �

�
sh(Re �h)
Re�

�1=2
kK(s)kL2(0;h);

«¥£ª® ãá¬®âà¥âì, çâ® á¯à ¢¥¤«¨¢ë á®®â®è¥¨ï (14){(19) (á § ¬¥®© l(�) ¨ L(z)   l1(�) ¨ L1(z))
¨ â¥¬ á ¬ë¬ ¢ë¯®«¥ë ãá«®¢¨ï (A1), (A2),   â ª¦¥ (A5) á ¯®áâ®ï®© �0 = 1.

3. �¥ª®â®àë¥ § ¬¥ç ¨¥ ¨ ª®¬¬¥â à¨¨

� ª ¨§¢¥áâ® ( ¯à., [11], [12]), ªà¨â¨ç¥áª¨© á«ãç ©, â. ¥. á¨âã æ¨¨, ¢ ª®â®àëå ª®à¨ �q ª¢ -
§¨¬®£®ç«¥  l(�) ¯à¨¡«¨¦ îâáï ª ¬¨¬®© ®á¨ (¯®¤à®¡¥¥ á¬. [11], á. 78), à¥ «¨§ã¥âáï, ª®£¤ 
 ©¤¥âáï m0 6= 0 â ª®¥, çâ® ja0mj = jam0mj.

� ¬¥â¨¬, çâ® ®æ¥ª  (8) á¯à ¢¥¤«¨¢  ¨ ¤«ï ¨§¢¥áâ®£® ¯à¨¬¥à  ¨§ [12], â. ¥. ¯à¨ m = n = 1,
h = 1, a01 = 1, a11 = �1, a00 = a10 = a > 0, ®â®áïé¥£®áï ª á¢¥àåªà¨â¨ç¥áª®¬ã á«ãç î, ª®£¤ 
ª®à¨ á®®â¢¥âáâ¢ãîé¥£® ª¢ §¨¬®£®ç«¥  «¥¦ â   ¬¨¬®© ®á¨. �®«¥¥ â®£®, ¤«ï ãª § ®£® ¢
[12] ¯à¨¬¥à  ª®à¨ ª¢ §¨¬®£®ç«¥  l(�) ï¢«ïîâáï ¯à®áâë¬¨, ¨ í«¥¬¥â àë¥ à¥è¥¨ï yq(t)
¯®¯ à® ®àâ®£® «ìë ¢ áª «ïà®¬ ¯à®¨§¢¥¤¥¨¨, ¯®à®¦¤ ¥¬®¬ ®à¬®©

kuk�W 1
2
�
�� Z 0

�1

(ju(1)(t)j2 + a2ju(t)j)dt
�
+ a(ju(�1)j2 + ju(0)j2)

�1=2

:

� ¬¥ç ¨¥ 4. �æ¥ª , áå®¤ ï á (8), (9), ¤«ï ª®â®à®© ¢¥«¨ç¨  { § ¬¥ï¥âáï   { + "
(" > 0), ¤ ¢® ¨ å®à®è® ¨§¢¥áâ  ( ¯à., [4], [6]). � íâ®© á¢ï§¨ ¨ ¢ á¢ï§¨ á à áá¬®âà¥¨¥¬
ªà¨â¨ç¥áª®£® ¨ á¢¥àåªà¨â¨ç¥áª®£® á«ãç ¥¢ ¢®§¨ª«  § ¤ ç  ® ¯®«ãç¥¨¨ ¡®«¥¥ â®çëå ®æ¥®ª
à¥è¥¨© ãà ¢¥¨© ¥©âà «ì®£® â¨¯  ¨, ¢ ç áâ®áâ¨, ¢®¯à®á ® â®¬, ¬®¦® «¨ ãâ®ç¨âì à ¥¥
¨§¢¥áâãî ®æ¥ªã ¨ ¯®«®¦¨âì " = 0?
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�¥®à¥¬ë 1, 4 ¤ îâ ¢ ®¯à¥¤¥«¥®¬ á¬ëá«¥ ãâ¢¥à¤¨â¥«ìë© ®â¢¥â   íâ®â ¢®¯à®á.
�â¬¥â¨¬, çâ®  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥¨¥ à¥è¥¨© ãà ¢¥¨© (1), (10) ¨§ãç «®áì ¬®£¨¬¨

 ¢â®à ¬¨. �£à ¨ç¨¬áï §¤¥áì ãª § ¨¥¬ ¬®®£à ä¨© [4], [6],   â ª¦¥ áâ âì¨ [5]. �â«¨ç¨â¥«ì®©
ç¥àâ®©  è¥£® ¯®¤å®¤  ï¢«ï¥âáï â®, çâ® ¯®«ãç¥¨¥ ®æ¥®ª (8), (9) à¥è¥¨ï ¡ §¨àã¥âáï     -
«¨§¥ £¥®¬¥âà¨ç¥áª¨å á¢®©áâ¢ á¨áâ¥¬ë í«¥¬¥â àëå à¥è¥¨© ãà ¢¥¨© (1), (10). � ª, ®æ¥ª¨
(8), (9) ¯®«ãç¥ë   ®á®¢¥ ¡ §¨á®áâ¨ �¨áá  á¨áâ¥¬ë íªá¯®¥æ¨ «ìëå à¥è¥¨© fvq;k(s)g ¢
¯à®áâà áâ¢¥ Wm

2 (�h; 0).
�¥§ã«ìâ âë ® ¡ §¨á®áâ¨ �¨áá  á¨áâ¥¬ë í«¥¬¥â àëå à¥è¥¨© ¤«ï á¨áâ¥¬ ¤¨ää¥à¥æ¨ «ì®-

à §®áâëå ãà ¢¥¨© ¨ ®æ¥ª¨ ¨å à¥è¥¨©, ¡«¨§ª¨¥ ª (8), (9), ãáâ ®¢«¥ë ¢ [1], [16]{[18]. �à¨
¨®¬ ¯®¨¬ ¨¨ à¥è¥¨© ¡ §¨á®áâì í«¥¬¥â àëå à¥è¥¨© ¢ ¯à®áâà áâ¢¥ L2(�h; 0) à áá¬ -
âà¨¢ « áì ¢ [19],   ¯à¨ ¤®¯®«¨â¥«ìëå ®£à ¨ç¥¨ïå áå®¤ë¥ ¢®¯à®áë à áá¬ âà¨¢ «¨áì ¢ [20].

�¤¥áì ã¬¥áâ® á¤¥« âì

� ¬¥ç ¨¥ 5. �á«®¢¨¥ anm 6= 0 áãé¥áâ¢¥® ¤«ï ¡ §¨á®áâ¨ �¨áá  á¨áâ¥¬ë íªá¯®¥æ¨ «ì-
ëå à¥è¥¨©. �¥¯®áà¥¤áâ¢¥®© ¯à®¢¥àª®© ¬®¦® ã¡¥¤¨âìáï ¢ â®¬, çâ® á¨áâ¥¬  íªá¯®¥æ¨ «ì-
ëå à¥è¥¨© ãà ¢¥¨ï, ¨¬¥îé¥£® ª¢ §¨¬®£®ç«¥

l0(�) = �+ a+ b exp(��h); a; b 2 R; h > 0;

¥ ï¢«ï¥âáï à ¢®¬¥à® ¬¨¨¬ «ì®© ¢ ¯à®áâà áâ¢ å W l
2[�h; 0], l = 0; 1; : : : �à¨ íâ®¬ ¨á¯®«ì-

§ã¥âáï å®à®è® ¨§¢¥áâ ï ([2], [4])  á¨¬¯â®â¨ª  ã«¥© l0(�).

� ¬¥â¨¬ ¢ § ª«îç¥¨¥, çâ® ¯®«®â  á¨áâ¥¬ë í«¥¬¥â àëå à¥è¥¨© à áá¬ âà¨¢ « áì àï¤®¬
 ¢â®à®¢. �£à ¨ç¨¬áï §¤¥áì ãª § ¨¥¬ à ¡®â [13]{[15] (á¬. â ª¦¥ ¡¨¡«¨®£à ä¨î ª ¨¬).
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