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1 � � g � � i eQ R \ R+ F��Vh%S`\;S`T�/k^� R
n (n > 2) X n-x7o�.�t� P = (X, xn) ∈ R

n, <F X = (x1, x2, · · · , xn−1). |P − Q| �V R
n F$6 P \ Q/7o�.���l�5� |P −O| �V P , R

n F-6 O /���vpw |P |. LZk^ S ⊂ R
n, 5 ∂S \ S F��V S /��\��� B(P, r) �V R

n F� P (∈ R
n) wC� r (> 0) w	
/�C� MC2U�� (r, Θ) ∈ R

n,<F Θ = (θ1, θ2, · · · , θn−1),i)4�?U� (x1, x2, · · · ,

xn−1, xn) �<"�<F xn = r cos θ1.F�p R
n F/)yC\O	)yCw Sn−1 \ Sn−1

+ . w&C�=x�{ (1, Θ) ∈ Sn−1pw Θ; {Θ; (1, Θ) ∈ Ω ⊂ Sn−1} pw Ω; LZ Ξ ⊂ R+ A Ω ⊂ Sn−1, 5 {(r, Θ) ∈ R
n; r ∈

Ξ, (1, Θ) ∈ Ω} vpw Ξ × Ω. M Cn(Ω) = R+ × Ω, <F Ω ⊂ Sn−1. LZ Ω = Sn−1
+ , 5 TnX�Ll^/M�<'I�/ P = (r, Θ) ∈ Cn(Ω), % 0 6 a(P ) = a(r), T. a ∈ Lb

loc(Cn(Ω)), <FN
n > 4 R� b > n

2 ; N n = 2 e 3 R� b = 2. { Cn(Ω) F.SO_oy/EH
�yW
a(P ) (P = (r, Θ) ∈ Cn(Ω)) /GnT�/k^pw Aa.Np ∆n X�9�gQA I X`1gQ�5|j SchrödingerC��8�w [1, p. 323]

SSEa = −∆n + a(P )I = 0, (1.1)<F P ∈ Cn(Ω) A a ∈ Aa. + a ≡ 0 R� (1.1) mw�9�C��$RC�/�mw
Riesz 8�/7\[` [2, p. 119].Q Ω ⊂ Sn−1 %U/����+ Dirichlet ~m [3, p. 41]
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{λj} (j = 1, 2, · · · ; 0 < λ1 < λ2 6 λ3 6 · · · ).<'0L λj (j = 1, 2, · · · ), {<�<"/H`pw vj (j = 1, 2, · · · ), �{<�<"/;Xda/l9[`pw ϕjv(Θ) (1 6 v 6 vj). w&a2�_\>3~mC�=x�{ ϕ11(Θ)vpw ϕ(Θ). + j = v 6= 1 R�{ ϕjj(Θ) vpw ϕj(Θ).rRr8�LZ n > 3, 5 Ω ⊂ Sn−1 X C2,ς -D+ (0 < ς < 1), i5�%BLb��|/��E2hGJ (Q' C2,ς -D+/8��:7�xz [4, p. 88–89]). 1.1 N Ω = Sn−1

+ , 5
λj = j(j + n − 2), vj =

(n + j − 3)!

(n − 2)!(j − 1)!A ϕ(Θ) = (2ns−1
n )

1
2 cos θ1, <F j = 1, 2, · · · A sn X Sn−1 /E22h 2π

n
2

{
Γ
(

n
2

)}−1
.N a ∈ Aa, 5�vFC� [5]

−Π′′(r) −
n − 1

r
Π′(r) +

(λj

r2
+ a(r)

)
Π(r) = 0, 0 < r < ∞ (1.2)%�T;f"�� {Vj , Wj} (j = 1, 2, · · · ). + r → +∞ R� Vj(r) \ Wj(r) F�Q' r/Ew[`\w[` [1,6−7].N*

ι±j,k =
2 − n ±

√
(n − 2)2 + 4(k + λ)

2
, j = 0, 1, 2, 3 · · · ,5C� (1.2) %�(z��w [4]

Vj(r) ∼ rι
+

j,k , Wj(r) ∼ rι
−

j,k , + r → ∞ R. (1.3)Q' Vj(r) \ Wj(r) O=/�E�	xz [1, 8].N a ∈ Aa, lim
r→∞

r2a(r) = k ∈ [0,∞) A r−1|r2a(r) − k| ∈ L(1,∞), 5{.SO_oy/yW a /GnT�/k^pw Ba. N a ∈ Ba, 5 (1.1) /�XMF/"�[` [9].N�l^b3�z$a��r8 a ∈ Ba. {3 ∂Cn(Ω) OFAw)AX (1.1) /�/GnT�/k^pwF (Ω). $z [1, p. 354]�?�Vj(r)ϕj(Θ) ∈ F (Ω)AWj(r)ϕj(Θ) ∈

F (Ω), <F j = 1, 2, · · · . l�5�+ Ω = Sn−1
+ R� F (Sn−1

+ ) ��V3 Tn F7\A3
∂Cn(Ω) OFAw)/[`/GnT�/k^�Q h w�L[`�5p h+ = max{h, 0}. p [c] �V<S` c ��F:1g�p�`

cn =

{
2π, n = 2,
(n − 2)sn, n > 3.Q h(X, y) ((X, y) = (r, Θ)) X8�3 Tn F/[`�p

η(h)(r) =

∫

S
+
r

yh(r, Θ)dS+
r ,<F S+

r = {(r, Θ) ∈ Tn; Θ ∈ Sn−1
+ } A dS+

r �V S+
r /E22h,f�
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M(h; Ω)(r) = sup

Θ∈Ω
|h(r, Θ)|,

N(h; Ω)(r) =

∫

Ω

h(r, Θ)ϕ(Θ)dS1(Θ),

u(h; Ω)(r) = sup
Θ∈Ω

|h(r, Θ)|ϕ(Θ),<F dS1(Θ) �V Sn−1 F36 (1, Θ) /E22h,f�Ni�
lim

r→∞

N(h; Ω)(r)

V (r)
, lim

r→0

N(h; Ω)(r)

W (r)'3�5{<%Be7�B/i�F�pw Vh \ Wh.�2X	�tF/ Liouville 8� [10, p. 32].^m 1.1 Q h(X, y) ∈ F (Sn−1
+ ). N h%��5<'I�/ (X, y) ∈ Tn,% h(X, y) = 0.w&.,	�tF7\[`/hF�V�3/6�oy/�D�� #	�tF/

Schwarz BP-��23z [11, p. 58] F>3&	�tF/ Liouville �8��^m 1.2 Q h(X, y) ∈ F (Sn−1
+ ) ((X, y) = (r, Θ)). N'3;` t, T.
lim

r→∞
r−t+2η(h+)(r) = 0, (1.4)5<'I�/ (X, y) ∈ Tn, %

h(X, y) = yΞ(X, y),<F Ξ(X, y) ��X�LQ' (X, y) /%`�'1' t /=
U�>AXQ'�% y /8[`� 1.2 $ (1.4) \z [12, L 2.1], �.
η(h+)(r) =

2r

sn

∫

S
n−1

+

h+(r, Θ) cos θ1dS1(Θ).\8� 1.1–1.2 />��"#z [13,  � 1], rR�+,Ml^/o℄�E\gQ/�d�8< (1.1) /��z{3MF>3�e/ Liouville �8��w$�[���M �2/�,�^m 1.3 Q m X�LEH:`A h(r, Θ) ∈ F (Ω). N
lim inf
r→∞

V −1
m+1(r)M(h; Ω)(r) = 0, (1.5)5

h(r, Θ) =






m∑

j=1

AjVj(r)ϕj(Θ), m > 1,

0, m = 0,<F Aj (j = 1, 2, · · · , m) X�`�



306 a � 6 � 37  A j�}O��1M z/J��,�^m 1.4 Q m X�L;:`A h(r, Θ) ∈ F (Ω). N
lim inf
r→∞

V −1
m+1(r)N(h+; Ω)(r) = 0, (1.6)5

h(r, Θ) =
m∑

j=1

AjVj(r)ϕj(Θ),<F Aj (j = 1, 2, · · · , m) X�`� 1.3 N38� 1.4 F* h(r, Θ) = −V (r)ϕ(Θ), �? h(r, Θ) ∈ F (Ω). *X�3
m = 0 R�8� 1.4 /�,���!�$8� 1.4, �.L�s,�yp 1.1 Q m X�LEH:`A h(r, Θ) ∈ F (Ω). N

lim inf
r→∞

V −1
m+1(r)u(h; Ω)(r) = 0, (1.7)58� 1.3 /�,J�!�38� 1.4 F* Ω = Sn−1

+ , $V�/ Picard8� [1, p. 343], L 1.2\z [12, L 2.1], �?�2�,�!�<Emw8� 1.2.yp 1.2 Q h(r, Θ) ∈ F (Sn−1
+ ). N'3;` t, T.

lim inf
r→∞

r−t−1

∫

S
n−1

+

h+(r, Θ) cos θ1dS1(Θ) = 0,58� 1.1 /�,J�!�
2 � � o�m 2.1[13, !� 1] Q h(r, Θ) ∈ F (Ω), 5

h(r, Θ) =
∞∑

j=1

AjVj(r)ϕj(Θ), (2.1)$n`3 Cn(Ω) FI�QkO�C�AÆ<Y#�A Aj (j = 1, 2, · · · ) X�L�`��.S
AjVj(r) =

∫

Ω

h(r, Θ)ϕj(Θ)dS1(Θ). (2.2)�m 2.2[1, p. 350] Q Ga
Cn(Ω;(0,t))(·, ·) (t > 0) X8�3~;M Cn(Ω; (0, t)) FA)

SSEa gQ�Q/ Green [`�5
∂Ga

Cn(Ω;(0,t))((t, Φ), (r, Θ))

∂t
> −AV (r)(−W ′(t))ϕ(Θ)ϕ(Φ),<F A X�L;�`�



3 ; ��� }k Schrödinger D��0 Liouville �9� 307�m 2.3[14, !� 8] N h(r, Θ) ∈ F (Ω), 5�2�,�!�
(1) i� Wh ∈ (−∞, +∞] '3�
(2) N Wh 6 0, 5 V −1(r)Nh(r) X (0, +∞) O/Ew[`�
(3) i� Vh ∈ (−∞, +∞] '3�
(4) N Vh 6 0, 5 W−1(r)Nh(r) X (0, +∞) O/E6[`��m 2.4 N h(r, Θ) ∈ F (Ω) A m > 1, 5

lim inf
r→∞

V −1
m+1(r)N(h−; Ω)(r) = 0. (2.3)� < h \ −h F�"# � 2.3 m�.�+ r → ∞ R� V −1(r)N(h; Ω)(r) /i�'3Aw%��N m > 1 A (1.5) �!�5

lim
r→∞

V −1
m+1(r)N(h; Ω)(r) = 0. (2.4)&�w

N(h; Ω)(r) = N(h+; Ω)(r) − N(h−; Ω)(r),P$ (1.5) \ (2.4), ? (2.3) �!�
3 ` o ℄ � t^m 1.3 [�s $ (2.2) �.

|Aj | 6 V −1
j (r)M(h; Ω)(r)

∫

Ω

ϕj(Θ)dS1(Θ), j = 1, 2, · · · .+ r → ∞ R�$ (1.5) �?�<'I�/ j > m + 1, % Vj = 0. 2$ (2.1) �?8�
1.3 /�,�!�^m 1.4 [�s �w m > 1, PB�>3oy (1.5) \ (1.6) 1s�m�$8� 1.3.,8� 1.4.�w

N(h+; Ω)(r) 6 M(h; Ω)(r)

∫

Ω

ϕ(Θ)dS1(Θ),P$ (1.5) �. (1.6) �!�Q R1 > 0. {~;M Cn(Ω; (0, R1)) F) SSEa �Q/ Green [`pw
Ga

Cn(Ω;(0,R1))
(·, ·).N{ h(r, Θ) 3 Cn(Ω; (0, R1)) O/�D h(r, Θ)|Cn(Ω;(0,R1)) pw Hh((r, Θ); Cn(Ω; (0, R1))),5<w Cn(Ω; (0, R1))FQ' h(r, Θ)|Cn(Ω;(0,R1))/) SSEa�Q/Dirichlet~m/ Perron-
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Wiener-Brelot ��P

1

cn

∫

Ω

h−(R1, Φ)
∂Ga

Cn(Ω;(0,R1))
((R1, Φ), (r, Θ))

∂R1

1

V (R1)(−W ′(R1))
dσΦ

6 h(r, Θ)|Cn(Ω;(0,R1))

= Hh((r, Θ); Cn(Ω; (0, R1)))

6 −
1

cn

∫

Ω

h+(R1, Φ)
∂Ga

Cn(Ω;(0,R1))((R1, Φ), (r, Θ))

∂R1

1

V (R1)(−W ′(R1))
dσΦ. (3.1)N3 (3.1) F* R1 = 2r, 5$ � 2.2 \ (3.1) �.

N(h; Ω)(r) 6 AN(h+ + h−; Ω)(2r), (3.2)<F A X�L�`A 0 < r < ∞.2$ (1.6), (3.2) \ � 2.4 �. (1.5) �!�
4 z q ℄ � typ 1.1 [�s + m > 1 R��w

N(h+; Ω)(r) 6 u(h; Ω)(r)

∫

Ω

dS1(Θ),P$ (1.7) ? (1.6) �!�&>�$8� 1.4 .,�"/s, 1.1. + m = 0 R�N (1.7) �!A
lim inf
r→∞

V −1
2 (r)N(h+; Ω)(r) = 0,5<' m = 1 R�$8� 1.4 �.

h = A1V (r)ϕ(Θ).&�w
u(h; Ω)(r) = A1V (r) sup

Θ∈Ω
ϕ2(Θ),&><' m = 0 R�$ (1.7) �. A1 = 0, P h = 0.yp 1.2 [�s 38� 1.4 F* Ω = Sn−1

+ , 5$z [12, L 2.1] �.
h(r, Θ) =





t∑

j=1

( vj∑

v=1

Ajvϕjv(Θ)
)
Vj(r), t ∈ Z,

[t]+1∑

j=1

( vj∑

v=1

Ajvϕjv(Θ)
)
Vj(r), t /∈ Z.N3 R

n F8�7\[` h̃ L��
h̃(r, Θ) =

{
h(r, Θ), (r, Θ) ∈ Tn,
−h(r,−Θ), (r, Θ) ∈ {(X,−y) ∈ R

n; (X, y) ∈ Tn}A
lim

r→∞
r−t−1

∫

Sn−1

h+(r, Θ)dS1(Θ) = 0,
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n F/7\[` h̃.&>$z [10, p. 247] �?� h̃ X R

n F%`�'1' t + 1 /7\=
U�2$
h̃(r, Θ) = −h̃(r,−Θ)�. h̃ = yΞ(X, y), <F Ξ(X, y) ��X�LQ' (X, y) /%`�'1' t /=
U�>AXQ'�% y /8[`� X � k � | � �
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