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�­­®â æ¨ï. �¡®¡é¥­­ë¥ äã­ªæ¨¨ ¬¥¤«¥­­®£® à®áâ , ®¡« ¤ îé¨¥ (ª¢ -
§¨) á¨¬¯â®â¨ª®© ­  ¡¥áª®­¥ç­®áâ¨ ¢  á¨¬¯â®â¨ç¥áª®© èª «¥ ¯à ¢¨«ì­®
¬¥­ïîé¨åáï äã­ªæ¨©, ­ §ë¢ îâáï  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­ë¬¨. � ç á-
â­®áâ¨, ª íâ¨¬ äã­ªæ¨ï¬ ¯à¨­ ¤«¥¦ â ¢á¥ ®¤­®à®¤­ë¥ ®¡®¡é¥­­ë¥ äã­ª-
æ¨¨. � à ¡®â¥ ¢¢¥¤¥­® áä¥à¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ ®¡®¡é¥­­ëå äã­ªæ¨©
¨ ¢ ¥£® â¥à¬¨­ å ¤ ¥âáï ¯®«­®¥ ®¯¨á ­¨¥  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­ëå
®¡®¡é¥­­ëå äã­ªæ¨©. �®«ãç¥­­ë¥ à¥§ã«ìâ âë ¯à¨¬¥­ïîâáï ¤«ï ¨§ãç¥­¨ï
®á®¡¥­­®áâ¥© £®«®¬®àä­ëå äã­ªæ¨© ¢ âàã¡ç âëå ®¡« áâïå ­ ¤ ª®­ãá ¬¨
¨ ¢ § ¤ ç¥ ® ¤¨ääã§¨¨ ¬­®£®ª®¬¯®­¥­â­ëå ¢¥é¥áâ¢.

0. �¢¥¤¥­¨¥
�¤¥ï \¯à ¢¨«ì­®£® ¨§¬¥­¥­¨ï" ¯à¨­ ¤«¥¦ é ï � à ¬ â¥ [1], ®ª § « áì

®ç¥­ì ¯«®¤®â¢®à­®© ¢ ¬ â¥¬ â¨ª¥, ¢ ç áâ­®áâ¨, ¢ â ã¡¥à®¢®© â¥®à¨¨ ª ª ª« á-
á¨ç¥áª®©, â ª ¨ ¤«ï ®¡®¡é¥­­ëå äã­ªæ¨© ¬­®£¨å ¯¥à¥¬¥­­ëå. �¥ã¤¨¢¨â¥«ì-
­®, ¯®íâ®¬ã, ¦¥« ­¨¥ ¯à¥¤«®¦¨âì ¡®«¥¥ ¨«¨ ¬¥­¥¥  ¤¥ª¢ â­ë©  ­ «®£ íâ®¬ã
á¢®©áâ¢ã. �¤¨­ ¨§ â ª¨å  ­ «®£®¢ ¯à¥¤«®¦¥­ �. �áâà®£®àáª®© ¢ à ¡®â å [2, 3],
£¤¥ ¡ë« ¤®ª § ­ àï¤ ¬­®£®¬¥à­ëå  ¡¥«¥¢ëå ¨ â ã¡¥à®¢ëå â¥®à¥¬ ¤«ï ¬¥à, á®-
áà¥¤®â®ç¥­­ëå ¢ ª®­ãá å. � ­ áâ®ïé¥© áâ âì¥ ¬ë ¨§« £ ¥¬ à¥§ã«ìâ âë â ª¦¥
¢® ¬­®£®¬ á¢ï§ ­­ë¥ á ¨¤¥¥© ¯à ¢¨«ì­®£® ¨§¬¥­¥­¨ï. � ç áâ­®áâ¨, ¬ë ¢¢®¤¨¬
¯®­ïâ¨¥  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­ëå ®¡®¡é¥­­ëå äã­ªæ¨©, ª®â®àë¥ ¢ ª ª®©-
â® ¬¥à¥ â®¦¥ ¬®£ãâ á«ã¦¨âì ¬­®£®¬¥à­ë¬ ¨ ®¡®¡é¥­­ë¬  ­ «®£®¬ ¯à ¢¨«ì­®
¬¥­ïîé¨åáï äã­ªæ¨©. �ë ¤ ¥¬ ¯®«­®¥ ®¯¨á ­¨¥ â ª¨å äã­ªæ¨© ¨ ¯à¨¢®¤¨¬
­¥ª®â®àë¥ ¯à¨«®¦¥­¨ï.

� ¯®¬­¨¬ ­¥ª®â®àë¥ áâ ­¤ àâ­ë¥ ®¡®§­ ç¥­¨ï â¥®à¨¨ ®¡®¡é¥­­ëå äã­ª-
æ¨©, á¬. [4]. � ª ç¥à¥§ S(Rn) ®¡®§­ ç ¥¬ áâ ­¤ àâ­®¥ ¯à®áâà ­áâ¢® �¢ à-
æ  ¡ëáâà® ã¡ë¢ îé¨å ®á­®¢­ëå äã­ªæ¨©,   S0(Rn) − ¥£® ¯®¤¯à®áâà ­áâ¢®,

2000 Mathematics Subject Classi�cation: Primary 46F12; Secondary 44A10, 40E05.
� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ ����, £à ­â 05{01{00312 ¨ £à ­â

¯à¥§¨¤¥­â  �� ¯®¤¤¥à¦ª¨ ¢¥¤ãé¨å ­ ãç­ëå èª®« ��-6705.2006.1.
97



98 ��������� � ��������

á®áâ®ïé¥¥ ¨§ äã­ªæ¨©, ¨¬¥îé¨å ­®«ì ¢ ­ ç «¥ ª®®à¤¨­ â ¡¥áª®­¥ç­®£® ¯®-
àï¤ª . Sn−1 − ¥¤¥­¨ç­ ï áä¥à  ¢ Rn. �à®áâà ­áâ¢® S(Sn−1) = C∞(Sn−1)
− ¯à®áâà ­áâ¢® ¡¥áª®­¥ç­® ¤¨ää¥à¥­æ¨¨àã¥¬ëå ­  áä¥à¥ Sn−1 äã­ªæ¨© á®
áâ ­¤ àâ­®© â®¯®«®£¨¥© à ¢­®¬¥à­®© áå®¤¨¬®áâ¨ ¢¬¥áâ¥ á® ¢á¥¬¨ ¯à®¨§¢®¤-
­ë¬¨. �âà¨å®¬ ­ ¤ ­¥ª®â®àë¬ ¯à®áâà ­áâ¢®¬ ®á­®¢­ëå äã­ªæ¨© ®¡®§­ ç ¥¬
¯à®áâà ­áâ¢® ®¡®¡é¥­­ëå äã­ªæ¨© («¨­¥©­ëå ­¥¯à¥àë¢­ëå äã­ªæ¨®­ «®¢)
­ ¤ íâ¨¬ ¯à®áâà ­áâ¢®¬, â ª çâ® S ′ − ¯à®áâà ­áâ¢® ¬¥¤«¥­­® à áâãé¨å ®¡®¡-
é¥­­ëå äã­ªæ¨©.

�ãáâì j = (j1, . . . , jn) − ¬ã«ìâ¨­¤¥ªá, â®£¤ , ª ª ®¡ëç­®,

j! = j1! · · · · · jn!, |j| = j1 + · · ·+ jn, f (j)(x) =
∂|j|

∂xj1
1 . . . ∂jn

n

f(x).

�ãáâì e = (e1, . . . , en) ∈ Sn−1, ¯®«®¦¨¬ Ej(e) = ej1
1 · · · · · ejn

n . �à®áâà ­áâ¢®
S(R̄+ × Sn−1) ¥áâì ¯à®áâà ­áâ¢® äã­ªæ¨© ψ(r, e), r ∈ R̄+, e ∈ Sn−1 ¡¥áª®­¥ç­®
¤¨ää¥à¥­æ¨àã¥¬ëå ­  Sn−1 ¨ R̄+ = {r > 0} á® áâ ­¤ àâ­®© â®¯®«®£¨¥©, á¬. [4].

�¯à¥¤¥«¥­¨¥ 0.1. �ãáâì f(t) ∈ S ′ ¨ ρ(k) ¯®«®¦¨â¥«ì­ ï ­¥¯à¥àë¢­ ï
äã­ªæ¨ï ¯à¨ k > 0. �ë £®¢®à¨¬, çâ® f(t) ®¡« ¤ ¥â ª¢ §¨ á¨¬¯â®â¨ª®©
­  ¡¥áª®­¥ç­®áâ¨ (¢ ­ã«¥) ®â­®á¨â¥«ì­® ρ(k) ­  ­¥ª®â®à®¬ ¯®¤¯à®áâà ­áâ¢¥
M⊂ S(Rn), ¥á«¨

(0.1)
1

ρ(k)
f(kt) −→ g(t),

(
1

ρ(k)
f(

t

k
) −→ g(t),

)
k → +∞,

­  «î¡®© ®á­®¢­®© äã­ªæ¨¨ ¨§ M á ­¥ª®â®à®© g(t) ∈ S ′. �á«¨ M á®¢¯ ¤ ¥â á®
¢á¥¬ S(Rn), â® ¬ë £®¢®à¨¬, çâ® f(t)  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­  ­  ¡¥áª®­¥ç­®-
áâ¨ (¢ ­ã«¥) ®â­®á¨â¥«ì­® ρ.

�á«¨ ¢ë¯®«­¥­® á®®â­®è¥­¨¥ (0.1) ¤«ï M − ¨­¢ à¨ ­â­®£® ®â­®á¨â¥«ì­®
¤¨« â æ¨© ¨ g(t) 6≡ 0 ­  M, â® äã­ªæ¨ï ρ(k) ®¡ï§ â¥«ì­® ï¢«ï¥âáï ¯à ¢¨«ì­®
¬¥­ïîé¥©áï ( ¢â®¬®¤¥«ì­®©) äã­ªæ¨¥©. �àã£¨¬¨ á«®¢ ¬¨, ¤«ï «î¡®£® a > 0
¨ ­¥ª®â®à®£® α

ρ(ak)
ρ(k)

→ aα, k →∞
à ¢­®¬¥à­® ­  ª®¬¯ ªâ å ¯® a ¢ (0, +∞), á¬. [5]. �¨á«® α ­ §ë¢ ¥âáï ¯®àï¤ª®¬
ρ ¨ ¯®àï¤ª®¬  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­®© ®¡®¡é¥­­®© äã­ªæ¨¨. �â¬¥â¨¬, çâ®
¯à¥¤¥«ì­ ï äã­ªæ¨ï g(t) ¢ (0.1) ï¢«ï¥âáï ®¤­®à®¤­®© ®¡®¡é¥­­®© äã­ªæ¨¥©
áâ¥¯¥­¨ α.

�á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­ë¥ äã­ªæ¨¨ ®¡« ¤ îâ àï¤®¬ ¨­â¥à¥á­ëå á¢®©-
áâ¢ ¨ ãç áâ¢ãîâ ¢ ä®à¬ã«¨à®¢ª¥ ¬­®£¨å â ã¡¥à®¢ëå â¥®à¥¬ ¨ ¢ à §«¨ç­ëå
§ ¤ ç å ¬ â¥¬ â¨ç¥áª®© ä¨§¨ª¨. �å ®¯¨á ­¨¥ ¨ á¢®©áâ¢  å®à®è® ¨§ãç¥­ë
¤«ï äã­ªæ¨© ¨§ S ′+- ¯à®áâà ­áâ¢  ®¡®¡é¥­­ëå äã­ªæ¨© ¬¥¤«¥­­®£® à®áâ  á
­®á¨â¥«ï¬¨ ­  ¯®«®¦¨â¥«ì­®© ¯®«ã®á¨. � ç áâ­®áâ¨, f(r) ∈ S ′+  á¨¬¯â®â¨ç¥-
áª¨ ®¤­®à®¤­  ®â­®á¨â¥«ì­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k) ¯®àï¤ª  α,
¥á«¨

(0.2)
1

ρ(k)
f(kr) −−−−−→

k→+∞
Cfα+1(r) ¢ S ′+,
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£¤¥ ï¤à® ¤à®¡­®£® (¤¨ää¥à¥­æ¨¨à®¢ ­¨ï) ¨­â¥£à¨à®¢ ­¨ï fβ(r) ∈ S ′+ ®¯à¥¤¥-
«ï¥âáï ä®à¬ã«®©

fβ(r) =

{
Θ(r)rβ−1

Γ(β) , ¯à¨ β > 0
dN

drN fβ+N (r), ¯à¨ β 6 0, β + N > 0, à¥ªãà¥­â­® ¯® N.

�¤¥áì Γ(β) − £ ¬¬  äã­ªæ¨ï, Θ(r) − äã­ªæ¨ï �¥¢¨á ©¤ .
�«ï â®£® çâ®¡ë f(r) ∈ S ′+ ¡ë«   á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­  ®â­®á¨â¥«ì­®

¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k) ¯®àï¤ª  α, ­¥®¡å®¤¨¬® ¨ ¤®áâ â®ç­®,
çâ®¡ë áãé¥áâ¢®¢ «® â ª®¥ ç¨á«® N > −α− 1, çâ®

(0.3)
f (−N)(r)
rNρ(r)

−−−−−→
r→+∞

A.

�¤¥áì f (−N)(r) − ¯¥à¢®®¡à §­ ï ¯®àï¤ª  N .
�¥à¢®®¡à §­ ï (¯à®¨§¢®¤­ ï) ¯®àï¤ª  β ®¡®¡é¥­­®© äã­ªæ¨¨ f(r) ∈ S ′+(R1)

®¯à¥¤¥«ï¥âáï ä®à¬ã«®©

f (−β)(r) = fβ(r) ∗ f(r).

� ª ¨§¢¥áâ­®, N ! r−Nf (−N)(r) = SN
r (f) − ç¥§ à®¢áª®¥ áà¥¤­¥¥ ¯®àï¤ª  N ,

â ª¨¬ ®¡à §®¬, ¯®­ïâ¨¥  á¨¬¯â®â¨ç¥áª®© ®¤­®à®¤­®áâ¨ ¢ á«ãç ¥ S ′+  ¤¥ª¢ â­®
®âà ¦ ¥â  á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥­¨¥ ç¥§ à®¢áª¨å áà¥¤­¨å.

�á­®¢­ ï æ¥«ì ¤ ­­®© áâ âì¨ ¤ âì ¯®¤®¡­®£® à®¤  ®¯¨á ­¨¥  á¨¬¯â®â¨ç¥-
áª¨ ®¤­®à®¤­ëå äã­ªæ¨© ¢ ®¡é¥¬ á«ãç ¥.

�àã£®© ç áâ­ë© á«ãç ©, £¤¥  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­ë¥ ®¡®¡é¥­­ë¥
äã­ªæ¨¨ â ª¦¥ ¨¬¥îâ ¯à®áâ®¥ ®¯¨á ­¨¥, ¯à ¢¤ , ¢ ­¥áª®«ìª® ¤àã£¨å â¥à¬¨­ å,
¤¥¬®­áâà¨àã¥â â¥á­ãî á¢ï§ì  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­ëå äã­ªæ¨¨ á £à ­¨ç-
­ë¬¨ á¢®©áâ¢ ¬¨ äã­ªæ¨©, £®«®¬®àä­ëå ¢ âàã¡ç âëå ª®­ãá å.

�ãáâì F (z) ∈ H(TC), £¤¥ C − ®áâàë©, ¢ë¯ãª«ë©, ®âªàëâë© ª®­ãá ¢ Rn,  
TC = Rn + iC − âàã¡ç â ï ®¡« áâì ­ ¤ ª®­ãá®¬ C. �â® ®§­ ç ¥â, çâ® F (z) −
£®«®¬®àä­  ¢ TC ¨ ã¤®¢«¥â¢®àï¥â â ¬ ®æ¥­ª¥

∣∣F (z)
∣∣ 6 A

(1 + |z|)d

∆b
C(y)

, z = x + iy, y ∈ C,

á ­¥ª®â®àë¬¨ ¯®áâ®ï­­ë¬¨ A, b ¨ d. �¤¥áì ∆C(y) − à ááâ®ï­¨¥ ®â y ∈ C
¤® £à ­¨æë ª®­ãá  C. �â¬¥â¨¬, çâ® ã F (z) áãé¥áâ¢ã¥â £à ­¨ç­®¥ §­ ç¥­¨¥
¢ S ′ ¯à¨ y → +0, â ª çâ® f(x) = limy→+0 F (x + iy), ¯à¨ç¥¬ ­®á¨â¥«ì ¥£®
¯à¥®¡à §®¢ ­¨ï �ãàì¥ f̃(t) «¥¦¨â ¢ ª®­ãá¥, á®¯àï¦¥­­ë¬ ª®­ãáã C, â® ¥áâì
suppf̃(t) ⊂ Γ = C∗.

�¯à¥¤¥«¥­¨¥ 0.2. �ã¤¥¬ £®¢®à¨âì, çâ® £®«®¬®àä­ ï äã­ªæ¨ï F (z) ∈
H

(
TC

)
¢¥¤¥â á¥¡ï ¢ TC ª ª ρ

(
1/|z|), £¤¥ ρ(k) − ¯à ¢¨«ì­® ¬¥­ïîé ïáï äã­ª-

æ¨ï, ¥á«¨
1. áãé¥áâ¢ã¥â lim

k→+∞
1

ρ(k)
F

(
z
k

)
¤«ï ∀z ∈ TC ;
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2. áãé¥áâ¢ãîâ ç¨á«  b, c, ε â ª¨¥, çâ®

|F (z)| 6 ρ
( 1
|z|

) c

ϕb
, |z| < ε, £¤¥ ϕ = min

{
∆C

( y

|y|
)
,
|y|
|z|

}
.

�¥®à¥¬  0.1. f(x)  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­  ¢ ­ã«¥ ®â­®á¨â¥«ì­® ρ(k)
â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  F (z) ¢¥¤¥â á¥¡ï ¢ TC ¯à¨ z → 0 ª ª ρ(1/|z|),
á¬. [4].

1. �ä¥à¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ ®¡®¡é¥­­ëå äã­ªæ¨©
� áá¬®âà¨¬ ¢ S(R̄+ × Sn−1) ¯®¤¯à®áâà ­áâ¢®

(1.1)

V =
{

ψ(r, e) ∈ S(R̄+ × Sn−1) :
( ∂

∂r

)p

ψ(r, e)
∣∣∣
r=0

=
∑

|j|=p

cjEj(e), p = 0, 1, . . .

}
.

�®¯®«®£¨ï ¢ V ­ á«¥¤ã¥âáï â®¯®«®£¨¥© ¢ S(R̄+ × Sn−1). �¥âàã¤­® ¢¨¤¥âì, çâ®
V § ¬ª­ãâ®¥ ¯®¤¯à®áâà ­áâ¢® ¯à®áâà ­áâ¢  S(R̄+ × Sn−1). �¡®§­ ç¨¬ ç¥à¥§
{E∗

j (e), |j| = p} − ¡¨®àâ®£ ­ «ì­ë© ¡ §¨á ª {Ej(e), |j| = p} ¢ L2(Sn−1).
�ãáâì ϕ(t) ∈ S(Rn). �â®¡à ¦¥­¨¥

(1.2) τ : ϕ(t) = ϕ(t1, . . . , tn) 7→ ψ(r, e) = ϕ(re1, . . . , ren)

®áãé¥áâ¢«ï¥â ¨§®¬®àä¨§¬ ¯à®áâà ­áâ¢ S(Rn) ¨ V . �à¨ íâ®¬ ®¡à â­®¥ ®â®¡à -
¦¥­¨¥ τ−1 § ¤ ¥âáï ä®à¬ã«®©
(1.3) τ−1 : ψ(r, e) 7→ ϕ(t) = ψ(|t|, t/|t|), ∀ψ(r, e) ∈ V.

�¯à¥¤¥«¥­¨¥ 1.1. �ãáâì f(t) ∈ S ′(Rn), â®£¤  ®¡®¡é¥­­ ï äã­ªæ¨ï fs(r, e),
®¯à¥¤¥«ï¥¬ ï ä®à¬ã«®©

(
fs(r, e), ψ(r, e)

)
=

(
f(t), ψ(|t|, t/|t|)), ∀ψ ∈ V,

¯à¨­ ¤«¥¦¨â V ′. � ª ª ª V § ¬ª­ãâ®¥ ¯®¤¯à®áâà ­áâ¢® S(R̄+ × Sn−1), â® ¯®
â¥®à¥¬¥ � ­ {� ­ å  ¬ë ¬®¦¥¬ ¯à®¤®«¦¨âì fs ­  ¢á¥ S(R̄+ × Sn−1). �¡®-
§­ ç¨¬ íâ® ¯à®¤®«¦¥­¨¥ F (r, e) ¨ ­ §®¢¥¬ ¥£® áä¥à¨ç¥áª¨¬ ¯à¥¤áâ ¢«¥­¨¥¬
®¡®¡é¥­­®© äã­ªæ¨¨ f(t) ∈ S ′.

�â¬¥â¨¬, çâ® á¯à ¢¥¤«¨¢  ä®à¬ã« 
(f(t), ϕ(t)) = (F (r, e), ϕ(re)), ∀ϕ ∈ S(Rn).

�ä¥à¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ F (r, e) ®¡®¡é¥­­®© äã­ªæ¨¨ f ∈ S ′ ®¯à¥¤¥«ï-
¥âáï ­¥®¤­®§­ ç­®. �¡é¨© ¢¨¤ áä¥à¨ç¥áª®£® ¯à¥¤áâ ¢«¥­¨ï ¤«ï «î¡®© f(t) ∈
S ′(Rn) ¢ë£«ï¤¨â â ª:

(1.4) F (r, e) +
N∑

p=0

δ(p)(r)Φp(e), p = 0, 1, . . . ,

£¤¥ F (r, e) ª ª®¥-â® (ª®­ªà¥â­®¥) áä¥à¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥,   ®¡®¡é¥­­ë¥
äã­ªæ¨¨ Φp(e) ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬
(1.5) (Φp(e), Ej(e)) = 0, |j| = p, p = 0, 1, . . . .
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�à¨¬¥à 1. �¤­¨¬ ¨§ áä¥à¨ç¥áª¨å ¯à¥¤áâ ¢«¥­¨© ¯à®¨§¢®¤­ëå ¤¥«ìâ 
äã­ªæ¨¨ δ(j)(t), |j| = p ï¢«ï¥âáï ®¡®¡é¥­­ ï äã­ªæ¨ï

∆j(r, e) =
j!
|j|!δ

(|j|)(r)E∗
j (e).

� ¤àã£®© áâ®à®­ë, ¥á«¨ F (r, e) = δ(q)(r)Φ(e), £¤¥ Φ(e) ∈ S ′(Sn−1), â® F (r, e)
ï¢«ï¥âáï áä¥à¨ç¥áª¨¬ ¯à¥¤áâ ¢«¥­¨¥¬ ®¡®¡é¥­­®© äã­ªæ¨¨

(1.6) f(t) =
∑

|j|=q

q!
j!

(
Φ(e), Ej(e)

)
δ(j)(t).

�â® «¥£ª® ¯à®¢¥àï¥âáï ­¥¯®áà¥¤áâ¢¥­­ë¬ áç¥â®¬ ­  ®á­®¢­ëå äã­ªæ¨ïå ϕ(t) =
ϕ(re), ϕ ∈ S(Rn).

�â¬¥â¨¬, çâ® ¥á«¨ F (r, e) ∈ W ′ − áä¥à¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ ®¡®¡é¥­­®©
äã­ªæ¨¨ f(t) ∈ S ′, â® ¤«ï ¢á¥å ψ(r, e) ∈ V ¨¬¥¥â ¬¥áâ® ä®à¬ã« 

(
F (kr, e), ψ(r, e)

)
=

1
k

(
F (r, e), ψ

( r

k
, e

))
=

1
k

(
F (r, e), ψ

( |t|
k

,
t

|t|
))

= kn−1
(
f(kt), ψ

(
|t|, t

|t|
))

.

�ãáâì f0(t) ∈ S ′(Rn) ¨ ®¤­®à®¤­  áâ¥¯¥­¨ α ­  S0(Rn), â®£¤ 

(1.7)
(
f0(t), ϕ(t)

)
=

(
rα+n−1Φ(e), ϕ(re)

)
, ∀ϕ(t) ∈ S0(Rn),

£¤¥ Φ(e) ∈ S ′(Sn−1). �á«¨ α 6= −n,−n − 1, . . . , â® f0(t) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥
®¤­®à®¤­®¥ ¯à®¤®«¦¥­¨¥ ­  ¢á¥ S,

(1.8)
(
f0(t), ϕ(t)

)
=

(
rα+n−1
+ Φ(e), ϕ(re)

)
, ∀ϕ(t) ∈ S,

�¡®¡é¥­­ ï äã­ªæ¨ï f(t) ∈ S ′(Rn) ®¤­®à®¤­  áâ¥¯¥­¨ ®¤­®à®¤­®áâ¨ α =
−n − p, £¤¥ p − æ¥«®¥ ­¥®âà¨æ â¥«ì­®¥ ç¨á«®, â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ 
áãé¥áâ¢ã¥â

(1.9) Φ(e) ∈ S ′(Sn−1),
(
Φ(e), Ej(e)

)
= 0, ¤«ï ¢á¥å |j| = p

â ª®¥, çâ®

(1.10)
(
f(t), ϕ(t)

)
=

∫ +∞

0

(
Φ(e), ϕ(re)−

∑

|j|6p

r|j|

j!
Ej(e)ϕ(j)(0)

)
dr

rp+1
+

∑

|j|=p

cjϕ
(j)(0)

á ­¥ª®â®àë¬¨ cj , á¬. â ª¦¥ [6].
�â¬¥â¨¬, çâ® ®¡®¡é¥­­ ï äã­ªæ¨ï f(t) ∈ S ′(Rn)  á¨¬¯â®â¨ç¥áª¨ ®¤­®-

à®¤­  ­  ¡¥áª®­¥ç­®áâ¨ ®â­®á¨â¥«ì­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k)
â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  «î¡®¥ ¥¥ áä¥à¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ F (r, e) ∈
S ′(R̄+ × Sn−1) ®¡« ¤ ¥â ª¢ §¨ á¨¬¯â®â¨ª®© ¯® r ­  ¡¥áª®­¥ç­®áâ¨ ®â­®á¨â¥«ì-
­® ρ1(k) = kn−1ρ(k) ­  ¢á¥å ®á­®¢­ëå äã­ªæ¨ïå ¨§ V .
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�á­®, çâ® ¥á«¨ F (r, e) ®¡« ¤ ¥â ª¢ §¨ á¨¬¯â®â¨ª®© ¯® r ®â­®á¨â¥«ì­® ¯à -
¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ1(k) ­  ¢á¥¬ S(R̄+ × Sn−1), â® ¥áâì  á¨¬¯â®â¨-
ç¥áª¨ ®¤­®à®¤­ , â® f(t)  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­  ®â­®á¨â¥«ì­® ρ(k). �®¯à®á:
¢¥à­® «¨ ®¡à â­®¥ ãâ¢¥à¦¤¥­¨¥?

2. �á­®¢­ë¥ â¥®à¥¬ë
� íâ®¬ ¯ à £à ä¥ ¬ë ¤ ¥¬ ®¯¨á ­¨¥  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­ëå ®¡®¡é-

¥­­ëå äã­ªæ¨© ¢  á¨¬¯â®â¨ç¥áª®© èª «¥ ¯à ¢¨«ì­® ¬¥­ïîé¨åáï äã­ªæ¨©
ª ª ­¥ªà¨â¨ç¥áª¨å, â ª ¨ ªà¨â¨ç¥áª¨å ¯®àï¤ª®¢ ¢ â¥à¬¨­ å ¨å áä¥à¨ç¥áª¨å
¯à¥¤áâ ¢«¥­¨©. �«ï ­¥ªà¨â¨ç¥áª¨å ¯®àï¤ª®¢ ®¤­®à®¤­®áâ¨ á¯à ¢¥¤«¨¢  á«¥-
¤ãîé ï â¥®à¥¬ .

�¥®à¥¬  2.1. �ãáâì f(t) ∈ S ′(Rn) ¨ ρ(k) ¯à ¢¨«ì­® ¬¥­ïîé ïáï äã­ªæ¨ï
¯®àï¤ª  α 6= −n − p, p = 0, 1, . . . . �¡®¡é¥­­ ï äã­ªæ¨ï f(t)  á¨¬¯â®â¨ç¥áª¨
®¤­®à®¤­  ®â­®á¨â¥«ì­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k) ¯®àï¤ª  α, â®
¥áâì
(2.1)

1
ρ(k)f(kt) −−−−−→

k→+∞
f0(t) ¢ S ′(Rn),

â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  áãé¥áâ¢ãîâ ¥¥ áä¥à¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ F (r, e)
¨ ç¨á«® N (N + α > −n) â ª¨¥, çâ®

(2.2) 1
rN+n−1ρ(r)

F (−N)(r, e) −−−−−→
r→+∞

Φ(e) ¢ S ′(Sn−1),

£¤¥ Φ(e) ∈ S ′(Sn−1).

�â  â¥®à¥¬  ï¢«ï¥âáï ®¡®¡é¥­¨¥¬ á«ãç ï f ∈ S ′+. � á«ãç ¥ ªà¨â¨ç¥áª¨å
¯®àï¤ª®¢ α = −n− p, p = 0, 1, . . . , ¤¥«® ®¡áâ®¨â ­¥áª®«ìª® á«®¦­¥¥.

�ãáâì ρ(k) − ¯à ¢¨«ì­® ¬¥­ïîé ïáï äã­ªæ¨ï ¯®àï¤ª  α. �¢¥¤¥¬ äã­ª-
æ¨î

(2.3) ρ̂(k) =





kα
k∫
1

ρ(κ)
κα+1 dκ, ¥á«¨

∞∫
1

ρ(κ)
κα+1 = ∞

kα
∞∫
k

ρ(κ)
κα+1 dκ, ¥á«¨

∞∫
1

ρ(κ)
κα+1 < ∞.

�¥âàã¤­® ¢¨¤¥âì, çâ® ρ̂(k) − ¯à ¢¨«ì­® ¬¥­ïîé ïáï äã­ªæ¨ï ¯®àï¤ª  α.
�â¬¥â¨¬ ­¥ª®â®àë¥ ¥¥ á¢®©áâ¢ :

1.
ρ̂(k)
kα

−−−−−→
k→+∞





+∞, ¥á«¨
∞∫
1

ρ(κ)
κα+1 = ∞;

0, ¥á«¨
∞∫
1

ρ(κ)
κα+1 < ∞;

(2.4)

2.
ρ̂(k)
ρ(k)

−−−−−→
k→+∞

+∞.(2.5)

�¥®à¥¬  2.2. �ãáâì f(t) ∈ S ′(Rn)  á¨¬â®â¨ç¥áª¨ ®¤­®à®¤­  ­  ¡¥áª®-
­¥ç­®áâ¨ ®â­®á¨â¥«ì­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k) ¯®àï¤ª  α =
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−n− p, p = 0, 1, , . . . , â® ¥áâì

(2.6)
1

ρ(k)
f(kt) −−−−−→

k→+∞
f0(t), ­  S(Rn),

£¤¥

(2.7) (f0(t), ϕ(t)) =

∞∫

0

dr

rp+1

(
Φ(e), ϕ(re)− T p

ϕ(re)

)
+

∑

|j|=p

cjϕ
(j)(0),

ϕ(t) ∈ S(Rn),

á ­¥ª®â®àë¬¨ cj , |j| = p ¨ Φ(e) ∈ S(Sn−1). �®£¤ , áãé¥áâ¢ã¥â ¥¥ áä¥à¨ç¥áª®¥
¯à¥¤áâ ¢«¥­¨¥ F (r, e) ∈ W ′,  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­®¥ ¯® r ­  ¡¥áª®­¥ç­®á-
â¨ ®â­®á¨â¥«ì­® ρ̂1(k), £¤¥ ρ1(k) = kn−1ρ(k), â ª çâ®

(2.8)
1

ρ̂1(k)
F (kr, e) −−−−−→

k→+∞
± (−1)p

p!
Φ(e) δ(p)(r).

�¤¥áì ¡¥à¥âáï §­ ª +, ¥á«¨
∫ +∞
1

ρ(κ)
κα+1 dκ = ∞, ¨ −, ¥á«¨

∫ +∞
1

ρ(κ)
κα+1 dκ < ∞.

�«¥¤áâ¢¨¥ 1. �ãáâì f(t) ∈ S ′(Rn) ¨ ®¡« ¤ ¥â ª¢ §¨ á¨¬¯â®â¨ª®© ­ 
¡¥áª®­¥ç­®áâ¨ ®â­®á¨â¥«ì­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k) ¯®àï¤ª 
α = −n− p, p = 0, 1, . . . , ­  S0(Rn), â® ¥áâì

(2.9)
1

ρ(k)
f(kt) −−−−−→

k→+∞
f0(t) ­  S0(Rn),

£¤¥ f0 ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© (1.7). �®£¤  ­ ©¤ãâáï ¯®áâ®ï­­ë¥ N, cj , |j| 6 N
â ª¨¥, çâ® ®¡®¡é¥­­ ï äã­ªæ¨ï

(2.10) g(t) = f(t)−
∑

|j|6N

cjδ
(j)(t)

 á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­  ­  ¡¥áª®­¥ç­®áâ¨ ®â­®á¨â¥«ì­® ρ̂(k), ¯à¨ íâ®¬

(2.11)
1

ρ̂(k)
g(kt) −−−−−→

k→+∞
±Res

λ=0
|t|λf0(t) = ±(−1)p

∑

|j|=p

1
j!

(Φ(e), Ej(e))δ(j)(t),

­  S(Rn). �­ ª¨ ± ¡¥àãâáï ª ª ¢ â¥®à¥¬¥.

�¥®à¥¬  2.3. �¡®¡é¥­­ ï äã­ªæ¨ï f(t) ∈ S ′(Rn)  á¨¬¯â®â¨ç¥áª¨ ®¤­®-
à®¤­  ­  ¡¥áª®­¥ç­®áâ¨ ®â­®á¨â¥«ì­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k)
¯®àï¤ª  α = −n− p, p = 0, 1, . . . , â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  áãé¥áâ¢ã¥â ¥¥
áä¥à¨ç¥áª®¥ ¯à¥¤áâ ¢«¥­¨¥ F (r, e) ¨ ç¨á«® N, (N + p > 0) â ª¨¥, çâ®
(2.12) F (r, e) = F1(r, e) + F2(r, e),

£¤¥

(2.13)
1

rN+n−1ρ(r)
F

(−N)
1 (r, e) −−−−→

r→∞
Φ1(e) ¢ S ′(Sn−1)

¨
(2.14) F

(−N)
2 (r, e) = rN−p−1η[−p−1](r, e),
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¯à¨ç¥¬ η(r, e) ­¥¯à¥àë¢­  ¯® r (r > 0) á® §­ ç¥­¨ï¬¨ ¢ S ′(Sn−1),

(2.15)
1

rn−1ρ(r)
η(r, e) −−−−→

r→∞
Φ2(e), ¨ ¤«ï ¢á¥å |j| = p (η(r, e), Ej(e)) ≡ 0.

�¤¥áì á¯¥æ¨ «ì­ ï ¯¥à¢®®¡à §­ ï η[−p−1](r, e) ¯®àï¤ª  p + 1 ¯® r ¯à¨ r > 0
¤ ¥âáï ä®à¬ã«®©

η[−p−1](r, e) =

{∫ r

1
drp+1

∫ rp+1

+∞ drp . . .
∫ r1

+∞ dr1η(r1, e), ¥á«¨
∫∞
1

rpρ1(r)dr = ∞∫ r

+∞ drp+1

∫ rp+1

+∞ drp . . .
∫ r2

+∞ η(r1, e)dr1, ¥á«¨
∫∞
1

rpρ1(r)dr < ∞.

�à¨¬¥àë 1. � á«¥¤ãîé¨å ¯à¨¬¥à å t = (t1, t2),   r = |t|, 0 6 ϕ < 2π −
¯®«ïà­ë¥ ª®®à¤¨­ âë ¢ R2.

1. �ãáâì f(t) = sin |t|ϕ
|t| . �®£¤  f(t)  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­  ®â­®á¨â¥«ì­®

ρ(k) = k−2 ln k,   ¨¬¥­­®

k2

ln k
f(kt) −−−−−→

k→+∞
δ(t) ¢ S ′(R2).

2. �ãáâì f(t) = cos(|t|ϕ). �®£¤  f(t)  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­  ®â­®á¨â¥«ì-
­® ρ(k) = k−2,   ¨¬¥­­®

k2 cos(k|t|ϕ) −−−−−→
k→+∞

−δ′(t2)Θ(t1) +
1
2π

δ(t) ¢ S ′(R2).

�®¦­® ¤ âì ¤àã£®¥ ®¯¨á ­¨¥  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­ëå ®¡®¡é¥­­ëå
äã­ªæ¨© ¢ ¤ãå¥ â¥®à¥¬ë 0.1. �ë ¯à¨¢¥¤¥¬ íâ® ®¯¨á ­¨¥ ¢ á«ãç ¥  á¨¬¯â®â¨-
ç¥áª¨ ®¤­®à®¤­ëå äã­ªæ¨© ­  ¡¥áª®­¥ç­®áâ¨.

�¯à¥¤¥«¥­¨¥ 2.1. �ãáâì äã­ªæ¨ï h(x, y), x ∈ Rn, y > 0, ­¥¯à¥àë¢­  ¨
ρ(k) ¯à ¢¨«ì­® ¬¥­ïîé ïáï äã­ªæ¨ï. �ã¤¥¬ £®¢®à¨âì, çâ® h(x, y) ¢¥¤¥â á¥¡ï
­  ¡¥áª®­¥ç­®áâ¨ ª ª ρ(|z|), £¤¥ |z| =

√
|x|2 + y2, ¥á«¨ ¢ë¯®«­¥­ë ãá«®¢¨ï:

1. �ãé¥áâ¢ãîâ ¯®áâ®ï­­ë¥ A ¨ b â ª¨¥, çâ®

sup
k>1

1
ρ(k)

|h(kx, ky)| 6 A

yb
¯à¨ |x|2 + y2 = 1, y > 0;

2. áãé¥áâ¢ã¥â

lim
k→∞

1
ρ(k)

|h(kx, ky)| = C(x, y) ¯à¨ |x|2 + y2 = 1, y > 0.

� ¯®¬­¨¬, çâ® áâ ­¤ àâ­ë¬ ãáà¥¤­¥­¨¥¬ ®¡®¡é¥­­®© äã­ªæ¨¨ f(t) ∈
S ′(Rn) á ï¤à®¬ ω(t) ∈ S(Rn), ­ §ë¢ ¥âáï äã­ªæ¨ï

Lω
f (x, y) =

(
f(ξ),

1
yn

ω
(x− ξ

y

))
, (x, y) ∈ Rn × (0,∞).

�¥®à¥¬  2.4. �¡®¡é¥­­ ï äã­ªæ¨ï f(t) ∈ S ′(Rn)  á¨¬¯â®â¨ç¥áª¨ ®¤­®-
à®¤­  ­  ¡¥áª®­¥ç­®áâ¨ ®â­®á¨â¥«ì­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k)
â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  Lω

f (x, y) ¢¥¤¥â á¥¡ï ­  ¡¥áª®­¥ç­®áâ¨ ª ª ρ(|z|).
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�¤¥áì

(2.16) ω(t) ∈ S(Rn) ¨
∫

ω(t) dt 6= 0.

�â¬¥â¨¬, çâ® ¥á«¨ ãá«®¢¨¥ (2.16) ­¥ ¢ë¯®«­¥­®, â® â¥®à¥¬  2.4, ¢ â®¬
¢¨¤¥ ª ª ®­  áä®à¬ã«¨à®¢ ­ , ¯¥à¥áâ ¥â ¡ëâì á¯à ¢¥¤«¨¢®©. �¤­ ª®, ®áâ ­¥â-
áï á¯à ¢¥¤«¨¢ë¬ á®®â­®è¥­¨¥ (0.1) ­  ­¥ª®â®à®¬ ¯®¤¯à®áâà ­áâ¢¥M⊂ S(Rn).
�â® ¯®¤¯à®áâà ­áâ¢® ®¯¨áë¢ ¥âáï ¢ â¥à¬¨­ å ¨¤¥ «®¢, ­ âï­ãâëå ­  ¬­®£®-
ç«¥­ë, ¯®«ãç îé¨¥áï ¨§ â¥©«®à®¢áª®£® à §«®¦¥­¨ï ¯à¥®¡à §®¢ ­¨ï �ãàì¥
ï¤à  ω. �®¤à®¡­¥¥ á¬. [8].

3. �¥ª®â®àë¥ ¯à¨«®¦¥­¨ï
�¥®à¥¬ë, ä¨£ãà¨àãîé¨¥ ¢ § 2 ¯®§¢®«ïîâ ¯®«ãç¨âì ­¥ª®â®àë¥ à¥§ã«ìâ âë,

ª á îé¨¥áï £à ­¨ç­ëå á¢®©áâ¢ äã­ªæ¨© £®«®¬®àä­ëå ¢ âàã¡ç âëå ®¡« áâïå
­ ¤ ®áâàë¬¨ ª®­ãá ¬¨ ¨ áâ ¡¨«¨§ æ¨¨ à¥è¥­¨© § ¤ ç¨ �®è¨ ¤«ï ¤¨ääã§¨¨
¬­®£®ª®¬¯®­¥­â­®£® £ § .

� ¤ ç  �®è¨ ¤«ï ¤¨ääã§¨¨ ¬­®£®ª®¬¯®­¥­â­ëå ¢¥é¥áâ¢. � á-
á¬®âà¨¬ á«¥¤ãîéãî ¬®¤¥«ì­ãî § ¤ çã:

(3.1)

∂

∂t
ui(x, t) = a2

i ∆ui(x, t) i = 1, 2, . . . ,m,

lim
t→+0

ui(x, t) = f(x) ( ¢ S) f ∈ S.

�¥è¥­¨¥ ¨é¥âáï ¢ ª« áá¥ ­¥ ¡®«¥¥, ç¥¬ ¯®«¨­®¬¨ «ì­® à áâãé¨å äã­ªæ¨©, â®
¥áâì â ª¨å, çâ® äã­ªæ¨¨ ui(x, t) ¯à¨ x ∈ Rn, t ∈ R+ ã¤®¢«¥â¢®àï¥â ­¥à ¢¥­-
áâ¢ã |ui(x, t)| < Ct−

b

(|x|N + |t|N + 1) ¤«ï ­¥ª®â®àëå b, C ¨ N . �¤¥áì ui(x, t)
− ª®­æ¥­âà æ¨ï i-®£® ¢¥é¥áâ¢ , i = 1, 2, . . . , m. �¥ ­ àãè ï ®¡é­®áâ¨, ¬®¦­®
áç¨â âì, çâ® ¢á¥ ª®íää¨æ¨¥­âë ¤¨ääã§¨¨ à §«¨ç­ëå ¢¥é¥áâ¢ ai à §«¨ç­ë.
� áá¬®âà¨¬ «¨­¥©­ãî ª®¬¡¨­ æ¨î

U(x, t) =
m∑

i=1

ciui(x, t).

�¥ ¬®¦­® ¨­â¥à¯à¥â¨à®¢ âì, ­ ¯à¨¬¥à, ª ª ¯«®â­®áâì § àï¤®¢ á¬¥á¨ ¢¥é¥áâ¢,
£¤¥ ci − ã¤¥«ì­ë© § àï¤ i-®© ª®¬¯®­¥­âë.

�ãáâì U(x, t) áâ ¡¨«¨§¨àã¥âáï ®â­®á¨â¥«ì­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ª-
æ¨¨ ρ(k) ¯® ¯ à ¡®« ¬. �â® ®§­ ç ¥â, çâ® ¤«ï ­¥ª®â®à®© äã­ªæ¨¨ U(x, t) ¢ë-
¯®«­¥­ë ãá«®¢¨ï:

(1) áãé¥áâ¢ã¥â ¯à¥¤¥«
1

ρ(k)
U(kx, k2t) −−−−−→

k→+∞
u0(x, t), x ∈ Rn, t > 0;

(2) áãé¥áâ¢ãîâ A ¨ b, â ª¨¥ çâ®
∣∣∣∣

1
ρ(k)

U(kx, k2t)
∣∣∣∣ 6 A

tb
¯à¨ |x|2 + t2 = 1.
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�â® ¬®¦­® áª § âì ®¡  á¨¬¯â®â¨ç¥áª®¬ ¯®¢¥¤¥­¨¨ ª®­æ¥­âà æ¨¨ ®â¤¥«ì­ëå
¢¥é¥áâ¢ ui? �®«®¦¨¬

(3.2) sp =
m∑

i=1

cia
2p
i p = 0, 1, . . . .

�¥®à¥¬  3.1. �ãáâì U(x, t) áâ ¡¨«¨§¨àã¥âáï ¯® ¯ à ¡®« ¬ ®â­®á¨â¥«ì-
­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k) ¯®àï¤ª  α. �®£¤ , ¥á«¨ s0 =

∑m
i=1 ci 6=

0, â® ª ¦¤ ï ª®¬¯®­¥­â  ui(x, t) áâ ¡¨«¨§¨àã¥âáï ¯® ¯ à ¡®« ¬ ®â­®á¨-
â¥«ì­® äã­ªæ¨¨ ρ(k).

�á«¨ ¦¥
sp = 0, p = 0, 1, . . . , M − 1, sM 6= 0 (M > 0) ¨ α 6= 0, 1, . . . ,

â® áãé¥áâ¢ã¥â M -£ à¬®­¨ç¥áª¨© ¬­®£®ç«¥­ Q(x), ∆MQ(x) = 0, â ª®©, çâ®
¤«ï ª ¦¤®£® i = 1, . . . , m äã­ªæ¨ï

ûi(x, t) = ui(x, t)−
M−1∑
q=0

(a2
i t)

q

q!
∆qQ(x)

áâ ¡¨«¨§¨àã¥âáï ¯® ¯ à ¡®« ¬ ®â­®á¨â¥«ì­® ρ(k).

�«¥¤áâ¢¨¥ 2. �ãáâì U(x, t) áâ ¡¨«¨§¨àã¥âáï ¯® ¯ à ¡®« ¬ ®â­®á¨â¥«ì-
­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k) ¯®àï¤ª  α 6= 0, 1, . . . ¨ sp = 0 ¯à¨
p = 0, 1, . . . ,M−1,   sM 6= 0. �ãáâì ¥é¥ α > 2M−2. �®£¤  ª ¦¤ ï ª®¬¯®­¥­â 
ui(x, t), i = 1, . . . ,m, áâ ¡¨«¨§¨àã¥âáï ¯® ¢à¥¬¥­¨ ®â­®á¨â¥«ì­® ρ(

√
t).

� £à ­¨ç­ëå á¢®©áâ¢ äã­ªæ¨© £®«®¬®àä­ëå ¢ âàã¡ç âëå ®¡« áâ-
ïå. � áá¬®âà¨¬ äã­ªæ¨î F (z) ∈ H(TC). � ¯®¬­¨¬, çâ® ¯®¢¥¤¥­¨¥ F (z) ¢
TC ¯à¨ z → 0 ª ª ρ(1/|z|) íª¢¨¢ «¥­â­®  á¨¬¯â®â¨ç¥áª®© ®¤­®à®¤­®áâ¨ ¥¥
£à ­¨ç­®£® §­ ç¥­¨ï f(x) ¢ ­ã«¥ ®â­®á¨â¥«ì­® ρ(k), á¬. ãâ¢¥à¦¤¥­¨¥ 0.1.

�ãáâì Cq, q = 1, 2, . . . ,m, − ®âªàëâë¥, ®áâàë¥, ¢ë¯ãª«ë¥ ª®­ãáë ¢ Rn,
Γq = C∗q − á®¯àï¦¥­­ë¥ ª®­ãáë. �®«®¦¨¬

Hp =
{

fi1...ip(x) ∈ S ′(Rn), i` = 1, . . . ,m : suppf̃i1...ip(t) ⊂
p⋃

`=1

Γi`
,

}

£¤¥ p = 1, . . . , m ¨ fi1...ip(x) ¯®«­®áâìî  ­â¨á¨¬¬¥âà¨ç­ë ¯® á®¢®ªã¯­®áâ¨
¨­¤¥ªá®¢. �®«®¦¨¬ ¥é¥

H0 =
{

f(x) ∈ S ′(Rn) : suppf̃(t) ⊂
m⋂

q=1

Γq

}
.

�â¬¥â¨¬, çâ® ãá«®¢¨¥ \ç áâ®â­®áâ¨"
(
suppf̃(t) ⊂ ⋃p

`=1 Γi`

)
¢ á«ãç ¥, ª®£¤ ⋃p

`=1 Γi`
− à¥£ã«ïà­®¥ ¬­®¦¥áâ¢®, íª¢¨¢ «¥­â­® ãá«®¢¨î

fi1...ip(x) =
p∑

`=1

hi`
(x),
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£¤¥ hi`
(x) ¥áâì £à ­¨ç­®¥ §­ ç¥­¨¥ äã­ªæ¨¨ hi`

(z) ∈ H(TCi` ). �¢¥¤¥¬ ®¯¥à -
â®àë δp ¯® ¯à ¢¨«ã, ¥á«¨ f ∈ Hp, â® δpf ∈ Hp+1, £¤¥

[δpf ]i0i1...ip(x) =
p∑

k=0

(−1)kfi0...̆ik...ip
(x)

�¤¥áì á¨¬¢®« "�"á¢¥àåã ®§­ ç ¥â, çâ® á®®â¢¥âáâ¢ãîé¨© ¨­¤¥ªá ®¯ãé¥­. �ãáâì
ρ(k) ¯à ¢¨«ì­® ¬¥­ïîé ïáï äã­ªæ¨ï ¯®àï¤ª  α, ¯®«®¦¨¬ Ap = {f ∈ Hp :
ª ¦¤ ï ª®¬¯®­¥­â  f  á¨¬¯â®â¨ç¥áª¨ ®¤­®à®¤­  ¢ ­ã«¥ ®â­®á¨â¥«ì­® ρ(k)}.
� ª ª ª δpA

p ⊂ Ap+1, â® ¤«ï ä ªâ®à-¯à®áâà ­áâ¢ Gp = Hp/Ap ª®àà¥ªâ­®
®¯à¥¤¥«¥­ ®¯¥à â®à δp : Gp 7→ Gp+1.

�¥®à¥¬  3.2. �ãáâì ch
⋃m

q=1 Cq = Rn ¨ α 6= 0,−1, . . . ; â®£¤  ¯®á«¥¤®¢ -
â¥«ì­®áâì
(3.3) 0 → G0 δ0−→ G1 δ1−→ G2 δ2−→ · · · δm−2−−−−→ Gm−1 δm−1−−−−→ Gm → 0
â®ç­ .

� ç áâ­®áâ¨, ¢ á«ãç ¥ m = 2 â®ç­®áâì ¢ ç«¥­¥ G1 ¬®¦­® ¯¥à¥ä®à¬ã«¨à®-
¢ âì á«¥¤ãîé¨¬ ®¡à §®¬:

�«¥¤áâ¢¨¥ 3. �ãáâì C1 ¨ C2 − ®âªàëâë¥, ®áâàë¥, ¢ë¯ãª«ë¥ ª®­ãáë ¢
Rn ¨ ch C1 ∪ C2 = Rn. �ãáâì Fi(z) ∈ H(TCi), i = 1, 2, ¨
(3.4) F1(z)− F2(z) ¢¥¤¥â á¥¡ï ¢ TC1∩C2 ª ª ρ(1/|z|),
£¤¥ ρ(k) − ¯à ¢¨«ì­® ¬¥­ïîé ïáï äã­ªæ¨ï ¯®àï¤ª  α 6= 0,−1,−2, . . . . �®£¤ 
áãé¥áâ¢ã¥â ¬­®£®ç«¥­ F (z) â ª®©, çâ®
(3.5) Fi(z)− F (z) ¢¥¤¥â á¥¡ï ¢ TCi ª ª ρ(1/|z|), i = 1, 2.

�â®â ç áâ­ë© à¥§ã«ìâ â ® \­¥ª®¬¯¥­á æ¨¨ ®á®¡¥­­®áâ¥©"¯®«ãç¥­ à ­¥¥
¢ [7].

�¥®à¥¬  3.3. �ãáâì Ci, i = 1, 2, . . . , m, − ®âªàëâë¥, ®áâàë¥, ¢ë¯ãª«ë¥
ª®­ãáë ¢ Rn, Γi = C∗i − á®¯àï¦¥­­ë¥ ª®­ãáë, ¯à¨ç¥¬ pr (

⋃m
i=1 Γi) = F −

à¥£ã«ïà­®¥ ¬­®¦¥áâ¢® ­  ¥¤¥­¨ç­®© áä¥à¥ Sn−1. �ãáâì Fi(z) ∈ H
(
TCi

)
,

¯à¨ç¥¬ áã¬¬  ¨å £à ­¨ç­ëå §­ ç¥­¨© f(x) =
∑m

i=1 fi(x)  á¨¬¯â®â¨ç¥áª¨
®¤­®à®¤­  ¢ ­ã«¥ ®â­®á¨â¥«ì­® ¯à ¢¨«ì­® ¬¥­ïîé¥©áï äã­ªæ¨¨ ρ(k) ¯®àï¤ª 
α 6= 0,−1,−2, . . . .

�®£¤  áãé¥áâ¢ãîâ F̂i(z) ∈ H
(
TCi

)
, ¢¥¤ãé¨¥ á¥¡ï ¢ TCi ª ª ρ(1/|z|), ¨∑m

i=1 f̂i(x) = f(x).
�á«¨ α = 0, 1, . . . , â® ãâ¢¥à¦¤¥­¨¥ íâ®© â¥®à¥¬ë ®áâ ­¥âáï á¯à ¢¥¤«¨¢ë¬

¯à¨ ¤®¯®«­¨â¥«ì­®¬ ¯à¥¤¯®«®¦¥­¨¨ chCq

⋃
Cq+1 6= Rn, q = 1, . . . , m− 1.
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