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Abstract. B. Kopytko, On existence of the operator semi-group which describes a
Wiener process in a semi-bounded domain with non-classical limit conditions, Math.
Stud. 2 (1993) 94{100.

An analitical representation of an operator semi-group is obtained. This semi-
group describes a Wiener process in the internal points of certain semi-bounded
domain and corresponds to the given boundary conditions.

�¥å © D = {x :x = (x1, . . . , xm) ∈ Rm, xm > 0} { ®¡« áâì ¢ Rm, m ≥ 2,
S = {x :x ∈ Rm, xm = 0} { £à ¨æï ®¡« áâi D, D = D ∪ S { § ¬¨ª ï
®¡« áâi D. �à¨¯ãáâ¨¬®, é® ¢ D à®§£«ï¤ õâìáï ¤¨äã§i©¨© ¯à®æ¥á, ª¥à®¢ ¨©
å à ªâ¥à¨áâ¨ç¨¬ ®¯¥à â®à®¬ L = 1

2�, ¤¥ � { ®¯¥à â®à � ¯« á .
�®áâ ¢¨¬® § ¤ çã ®¯¨á â¨ ¢ D ¤®áâ âì® § £ «ì¨© ª« á ¥¯¥à¥à¢¨å ¬ à-

ªi¢áìª¨å ¯à®æ¥ái¢, ¤«ï ïª¨å â¢ià¨© ®¯¥à â®à ã ¢áiå ¢ãâàièiå â®çª å §¡i-
£ õâìáï § L.

�ãª ¨© ª« á ¯à®æ¥ái¢ ¡ã¤¥ ¯®à®¤¦ã¢ â¨áï  ¯i¢£àã¯®î ®¯¥à â®ài¢, ïªã ¢
á¢®î ç¥à£ã ¢¨§ ç¨¬® ç¥à¥§ à®§¢'ï§®ª  áâã¯®ù £à ¨ç®ù § ¤ çi ¤«ï ài¢ïï
â¥¯«®¯à®¢i¤®áâi:

∂ u(t,x)
∂ t

=
1
2
�u(t,x), t ∈ (0, T ], x ∈ D, (1)

u(0,x) = φ(x), x ∈ D, (2)

q(x′)
∂u(t,x′, 0)

∂xm
+

m−1∑
k=1

αk(x′)
∂u(t,x′, 0)

∂xk
+
1
2

m−1∑
k,j=1

βkj (x
′)
∂2u(t,x′, 0)
∂xk∂xj

= 0,

t ∈ (0, T ], x′ ∈ S, (3)
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¤¥ q(x′), αk(x′), βkj (x
′) { ®¡¬¥¦¥i ¥¯¥à¥à¢i äãªæiù   S â ªi, é® q(x′),

αk(x′) i βkj (x
′) § ¤®¢®«ìïîâì ã¬®¢ã �¥«ì¤¥à    S § ¤¥ïª¨¬ ¯®ª §¨ª®¬ α

(0 < α ≤ 1), infx′∈S q(x′) > 0, ¬ âà¨æï β(x′) = (βkj

(
x′)

)m−1

k,j=1
{ á¨¬¥âà¨ç , i

§ ©¤ãâìáï áâ «i β0 i β1 â ªi, é® ¤«ï ¢áiå x′ ∈ S i ¡ã¤ì-ïª®£® ¤i©á®£® ¢¥ªâ®à 
�′ ∈ S

β0|�′|2 ≤ (β(x′)�′,�′) ≤ β1|�′|2.

�¥ ¯®àãèãîç¨ § £ «ì®áâi, ¯®ª« ¤¥¬® q(x′) ≡ 1. �i¤§ ç¨¬® â ª®¦, é® ã¬®-
¢  (3) ¢i¤¯®¢i¤ õ ¤¥ïªi© ç áâ¨i § £ «ì®ù ã¬®¢¨ ¡ £ â®¢¨¬ià¨å ¤¨äã§i©¨å
¯à®æ¥ái¢, § ©¤¥®ù �.�.�¥âæ¥«¥¬ [1].

�¥àè i¦ áä®à¬ã«î¢ â¨ â¥®à¥¬ã ¯à® iáã¢ ï à®§¢'ï§ªã § ¤ çi (1){(3),
¢¢¥¤¥¬® ¯®ïââï á¯¥æi «ì®£® äã¤ ¬¥â «ì®£® à®§¢'ï§ªã (á.ä.à.) ¤«ï ®¯¥-

à â®à 
∂

∂t
− L. � æiõî ¬¥â®î ®§ ç¨¬® ¤«ï t > 0, x ∈ D, y′ ∈ S äãªæiî

G
(y′)
0 (t,x− y′) §  ä®à¬ã«®î

G
(y′)
0 (t,x− y′) = G

(y′)
0 (t,x,y′) =

= −
∫ ∞

0

d u

∫
S

∂

∂u
g(t,x′ − v′, xm + u)P (y′)

0 (u,v′ − y′) dv′, (4)

¤¥

g(tx,y) = g(t,x− y) = g(t,x′ − y′, xm − ym) = (2πt)−
m
2 exp

{
−|x− y|

2t

2
}

{ §¢¨ç ©¨© äã¤ ¬¥â «ì¨© à®§¢'ï§®ª (§.ä.à.) ¤«ï ®¯¥à â®à 
∂

∂t
− L,

P
(y′)
0 (u,v′ − y′) - §.ä.à. ¤«ï ®¯¥à â®à 

∂

∂u
− 1
2

m−1∑
k,j=1

βkj (y
′)

∂2

∂vk ∂vj
.

�¥¬  1. �ãªæiï G
(y′)
0 (t,x− y′) ¤«ï äiªá®¢ ®£® y′ ∈ S § ¤®¢®«ìïõ ¯® (t,x)

¢ ®¡« áâi (0, T ]×D ài¢ïï (1) i ∀y′ ∈ S, (t,x) ∈ (0, T ]×D ¬ õ ¬iáæ¥

∂G
(y′)
0 (t,x− y′)

∂xm
+
1
2

m−1∑
k,j=1

βkj (y
′)
∂2G

(y′)
0 (t,x− y′)
∂xk ∂xj

=
∂g(t,x− y′)

∂xm
. (5)

�®¢¥¤¥ï «¥¬¨ 1 £àãâãõâìáï   ¡¥§¯®á¥à¥¤i© ¯¥à¥¢iàæi áä®à¬ã«ì¢ ¨å
â¢¥à¤¦¥ì.

� «i, ¤«ï t > 0, x ∈ D, y′ ∈ S ®§ ç¨¬® äãªæiî G1(t,x,y′) §  ä®à¬ã«®î

G1(t,x,y′) =
∫ t

0

dτ

∫
S

G
(z′)
0 (t− τ,x− z′)�(τ, z′,y′) dz′, (6)

¤¥ �(t,x′,y′) (t > 0, x′,y′ ∈ S) { ¥¢i¤®¬  äãªæiï, ïªã § ©¤¥¬® §  áâã¯®ù
£à ¨ç®ù ã¬®¢¨ ¤«ï äãªæiù

G(t,x,y′) = G
(y′)
0 (t,x− y′) +G1(t,x,y′) : (7)
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∂G(t,x′,y′)
∂xm

+
m−1∑
k=1

αk(x′)
∂G(t,x′,y′)

∂xk
+
1
2

m−1∑
k,j=1

βkj
(x′)

∂2G(t,x′,y′)
∂xk ∂xj

=

=
∂g(t,x′ − y′)

∂xm
, t ∈ (0, T ], x′,y′ ∈ S. (8)

�à å®¢ãîç¨ (5){(7),   â ª®¦ â¢¥à¤¦¥ï â¥®à¥¬¨ ¯à® áâà¨¡®ª ª®®à¬ «ì-
®ù ¯®åi¤®ù ¢i¤ ¯®â¥æi «ã ¯à®áâ®£® è àã [2], § (8) ®¤¥à¦ãõ¬® ài¢ïï ¤«ï
�(t,x′,y′):

�(t,x′,y′) = µ(t,x′,y′) +
∫ t

0

dτ

∫
S

µ(t− τ,x′, z′)�(τ, z′,y′)dz′, (9)

¤¥

µ(t,x′,y′)=
m−1∑
k=1

αk(x′)
∂G

(y′)
0 (t,x′ − y′)

∂xk
+
1
2

m−1∑
k,j=1

(βkj (x
′)−βkj (y

′))
∂2G

(y′)
0 (t,x′−y′)
∂xk ∂xj

.

�i¢ïï (9) õ iâ¥£à «ì¨¬ ài¢ïï¬ �®«ìâ¥àà  II à®¤ã. �®£® ï¤à®, â®¡â®
äãªæiï µ(t,x′,y′), ¤®¯ãáª õ ®æiªã ¢¨£«ï¤ã

|µ(t,x′,y′)| ≤ KT t−1+α−λ
4

∫ ∞

0

u−1+λ
2 e−C u2

t −C
|x′−y′|

t+u (t+ u)−
m−1
2 d u. (10)

�ãâ KT i C { ¤¥ïªi ¤®¤ âi ª®áâ â¨, λ { ¤®¤ õ ç¨á«® â ª¥, é® 0 < λ <
α ≤ 1. �¥ài¢iáâì (10) ®§ ç õ, é® ï¤à® ài¢ïï (9) ¬ õ á« ¡ªã iâ¥£à®¢iáâì.
�®¢¥¤¥¬®, é® ài¢ïï (9) ¬ õ à®§¢'ï§®ª � ¢¨£«ï¤ã

�(t,x′,y′) =
∞∑
k=0

�k(t,x′,y′), (11)

¤¥
�0(t,x′,y′) = µ(t,x′, y′) i

�k(t,x′,y′) =
∫ t

0

dτ

∫
S

µ(t− τ,x′, z′)�k−1(τ, z′,y′) dz′, k = 1, 2, . . .

�¥ ¢¨¯«¨¢ õ § ®¤¥à¦ ¨å i¤ãªæiõî ¯® k ®æi®ª

|�k(t,x′,y′)|≤KT

[
KT

( π

C

)m−1
2

(
2
C

)λ
4

]k (
λ

4
k

)λ
4
k [

�
(
α−λ
4

)
�
(
λ
2

)]k+1
�
(
(α−λ)

2
(k+1)
2

)
�
(
λk+1

2

)×
× t−1+α−λ

4
+α

4
k

∫ ∞

0

u−1+λ
2 e−C u2

2t −C
|x′−y′|2

t+u (t+ u)−
m−1
2 d u,

ïªi á¯à ¢¥¤«¨¢i ¤«ï t ∈ (0, T ], x′,y′ ∈ S, k = 0, 1, 2, . . . . �ãâ KT i C { áâ «i §
¥ài¢®áâi (10).
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�áâ i ¥ài¢®áâi ¯à¨¢®¤ïâì ¤®  áâã¯®ù ®æiª¨ à®§¢'ï§ªã ài¢ïï (9):

|�(t,x′,y′)| ≤ KT t−1+α−λ
4

∫ ∞

0

u−1+λ
2 e−C u2

2t −C
|x′−y′|

t+u (t+ u)−
m−1
2 d u, (12)

¤¥ t ∈ (0, T ], x′,y′ ∈ S, KT i C { ¤¥ïªi áâ «i.

� (12) i ®æiª¨ ¤«ï äãªæiù G(y′)
0 (t,x− y′) (t ∈ (0, T ], x ∈ D, y′ ∈ S)

G
(y′)
0 (t,x−y′) ≤ KT t−

1
2
+λ

4 e−C
x2m
t

∫ ∞

0

u−1+λ
2 e−C u2

t −C
|x′−y′|2

t+u (t+u)
m−1
2 du (13)

¢¨¯«¨¢ õ iáã¢ ï ¯®â¥æi «ã ¯à®áâ®£® è àã ¢ (6).
�à¨ æì®¬ã ¬ õ ¬iáæ¥ ¥ài¢iáâì

|G1(t,x,y′)| ≤ KT t−
1
2
+α−λ

4 e−C
x2m
t ×

∫ ∞

0

u−1+λ
2 e−C u2

t −C
|x′−y′|2

t+u (t+ u)−
m−1
2 d u,

(14)
¤¥ t ∈ (0, T ], x ∈ D, y′ ∈ S, KT i C { ¤¥ïªi áâ «i.

�®¡ã¤®¢  äãªæiù G1(t,x,y′) § ¢¥àè¥ . �ãªæiî G(t,x,y′), ïª  § ¤ õâìáï
á¯i¢¢i¤®è¥ï¬ (7), ¡ã¤¥¬®  §¨¢ â¨ á¯¥æi «ì¨¬ äã¤ ¬¥â «ì¨¬ à®§¢'ï§-

ª®¬ ¤«ï ®¯¥à â®à 
∂

∂t
−L. �ï äãªæiï ¤«ï äiªá®¢ ®£® y′ ∈ S § ¤®¢®«ìïõ ¯®

(t,x) ¢ ®¡« áâi (0, T ]×D ài¢ïï (1) i ã¬®¢ã (8).
�®¢¥¤¥¬® â¥¯¥à  áâã¯ã â¥®à¥¬ã.

�¥®à¥¬  1. �¥å © φ(x), x ∈ Rm { ¤¢içi ¥¯¥à¥à¢® ¤¨ä¥à¥æi©®¢   äãªæiï,
®¡¬¥¦¥  à §®¬ §i á¢®ù¬¨ ¯®åi¤¨¬¨. �®¤i iáãõ à®§¢'ï§®ª § ¤ çi (2){(4), ¢i
¬ õ ¢¨£«ï¤

u(t,x) =
∫
Rm

g(t,x,y)φ(y) dy +
∫ t

0

dτ

∫
S

G(t− τ,x,y′)V (τ,y′, φ)dy′, (15)

¤¥

V (t,x′, φ) =
∫
Rm

[
∂g(t,x′, z)

∂xm
+

m−1∑
k=1

αk
∂g(t,x′, z)

∂xk
+

+
1
2

m−1∑
k,j=1

βkj (x
′)
∂2g(t,x′, z)
∂xk ∂xj

φ(z) d z. (16)

�®¢¥¤¥ï. �¯®ç âªã § ã¬®¢¨ (3) ¢¨§ ç õ¬® äãªæiî V . �à¨ ¢¨¢¥¤¥i ä®à-
¬ã«¨ (16) áãââõ¢® ¢¨ª®à¨áâ®¢ãõâìáï ã¬®¢  (8) i â¥®à¥¬  ¯à® áâà¨¡®ª ª®®à-
¬ «ì®ù ¯®åi¤®ù ¢i¤ ¯®â¥æi «ã ¯à®áâ®£® è àã, ïª  ¯¥à¥¤¡ ç õ  ¯ài®ài ¥¯¥à¥-
à¢iáâì äãªæiù V (t,x′, φ) ¤«ï (t,x′) ∈ [0, T ]×S. �ªé® φ(x) § ¤®¢®«ìïõ ã¬®¢ã
â¥®à¥¬¨ 1, â® ¥¯¥à¥à¢iáâì äãªæiù V (t,x′, φ) ¤«ï (t,x′) ∈ [0, T ]×S ®ç¥¢¨¤ .
�à¨ æì®¬ã ¬ õ ¬iáæ¥ ¥ài¢iáâì

|V (t,x′, φ)| ≤ KT (∥φ′∥+ ∥φ′′∥), (17)

¤¥ ∥φ∥ = sup{|φ(x)|:x ∈ Rm}, KT ¤¥ïª  áâ « .
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�iá«ï â®£®, ïª ¤®¢¥¤¥®, é® u(t,x) § ¤®¢®«ìïõ (3), ¯¥à¥©¤¥¬® ¤® ¤®¢¥¤¥ï

(1) i (2). �¯à ¢¥¤«¨¢iáâì (1) á«i¤ãõ § ài¢®áâ¥©
(

∂

∂t
− L

)
g =

(
∂
∂t − L

)
G = 0.

�® áâ®áãõâìáï (2), â® ¬®¦  ¤®¢¥áâ¨ ¯àï¬ã¢ ï ¤® ã«ï ¤àã£®£® iâ¥£à «ã
¢ ¯à ¢i© ç áâ¨i ài¢ïï (15) ¤«ï t → 0 ¤«ï ¢áiå x ∈ D, ïªé® áª®à¨áâ â¨áï
¥ài¢iáâî (13) ¤«ï äãªæiù G. �¥àè¨© iâ¥£à « ¢ (15) §¡i£ õâìáï ¤® φ(x) § 
¢i¤®¬®î ¢« áâ¨¢iáâî äãªæiù g. �¥®à¥¬  1 ¤®¢¥¤¥ .

� ã¢ ¦¥ï 1. �®¢¥¤¥ï õ¤¨®áâi ¯®¡ã¤®¢ ®£® ¢ â¥®à¥¬i 1 à®§¢'ï§ªã ®¤¥à-

¦ãõâìáï § ¯à¨æ¨¯ã ¬ ªá¨¬ã¬ã ¤«ï ®¯¥à â®à 
∂

∂t
− L.

� ã¢ ¦¥ï 2. � ã¬®¢ å â¥®à¥¬¨ 1 à®§¢'ï§®ª § ¤ çi (1){(3) ¬®¦  ¯à¥¤áâ -
¢¨â¨ ã ¢¨£«ï¤i (15), (16), à®§£«ï¤ îç¨ ¯à¨ æì®¬ã ¯¥àè¨© iâ¥£à « ¢ ¯à ¢i©
ç áâ¨i (15) â  iâ¥£à « ¢ ¯à ¢i© ç áâ¨i (16) ¯® ®¡« áâi D.

�®§ ç¨¬® ç¥à¥§ B(Rm) ¡  åi¢ ¯à®áâià ¢áiå ¤i©á¨å ®¡¬¥¦¥¨å ¢¨¬ià¨å
äãªæi©   Rm § ®à¬®î ∥φ∥ = sup{|φ(x)|:x ∈ Rm}. �¨§ ç¨¬®   B(Rm)
ái¬'î ®¯¥à â®ài¢ Tt, t > 0 §  ä®à¬ã« ¬¨ (15), (16). �ªé® φ ∈ B(Rm), â®
iáã¢ ï ¯®â¥æi «ã ¯à®áâ®à£® è àã ¢ (15) ¢¨¯«¨¢ õ § ¥ài¢®áâi∣∣∣∣∫ t

0

dτ

∫
S

G(t− τ,x,y′)V (τ,y′, φ)dy′
∣∣∣∣ ≤ KT ∥φ∥t−

1
2
+α

4 , t ∈ (0, T ], x ∈ D, y′ ∈ S,

(18)
¤®¢¥¤¥ï ïª®ù ¢ á«i¤®ª £à®¬i§¤ª®áâi ¢¨ª« ¤®ª ¬¨ ¥ ¯®¤ õ¬®.

�i¤§ ç¨¬® ¡¥§ ¤®¢¥¤¥ï é¥ ®¤ã ®ç¥¢¨¤ã ¢« áâ¨¢iáâì ái¬'ù ®¯¥à â®ài¢
Tt. �ªé® φn(x) â ª  ¯®á«i¤®¢iáâì ¢ B(Rm), é® φn(x) → φ(x) ¤«ï ª®¦®£®
x ∈ Rm, ª®«¨ n → ∞ i supn,x |φn(x)| < ∞, â® limn→∞ Ttφn(x) = Ttφ(x).

�®ª ¦¥¬® â¥¯¥à, é® ái¬'ï ®¯¥à â®ài¢ Tt ãâ¢®àîõ  ¯i¢£àã¯ã. �à¨ æì®¬ã
 ¬¨ ¡ã¤ãâì ¢¨ª®à¨áâ i ài¢®áâi∫

Rm

g(t1,x, z)g(t2, z,y)dz = g(t1 + t2,x,y), (19)

∫
Rm

g(t1,x, z)G(t2, z,y′) d z = G(t1 + t2,x,y
′), (20)

¤¥ t1, t2 > 0, x ∈ Rm, y ∈ Rm, y′ ∈ S.
�¯à ¢¥¤«¨¢iáâì æ¨å á¯i¢¢i¤®è¥ì ¢¨¯«¨¢ õ § â®£®, é® ùå «i¢i i ¯à ¢i ç áâ¨¨
õ à®§¢'ï§ª ¬¨ ¢i¤¯®¢i¤®ù § ¤ çi �®èi ¤«ï ài¢ïï (1).

�â¦¥, ¥å © t1 > 0, t2 > 0, x ∈ D. �®¤i

Tt1+t2φ(x)=
∫
Rm

g(t1+t2,x,y)φ(y) dy+

t1+t2∫
0

dτ

∫
S

G(t1+t2−τ,x,y′)V (τ,y′, φ)dy′=

=
∫
Rm

g(t1,x, z)
[∫

Rm

g(t2, z,y)φ(y)dy+
∫ t2

0

dτ

∫
S

G(τ, z,y′)V (t2 − τ,y′, φ)dy′
]
dz+

+
∫ t1

0

dτ

∫
S

G(τ,x,y′)V (t1 + t2 − τ,y′, φ)dy′.
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� «i, ¤«ï t > 0 ®¤¥à¦ãõ¬®

V (t2 + t,x′, φ) =
∫
Rm

[
∂g(t,x′.z)

∂xm
+

m−1∑
k=1

αk(x′)
∂g(t,x′, z)

∂xk
+

+
1
2

m−1∑
k,j=1

βkj
(x′)

∂2g(t,x′, z)
∂xk ∂xj

(∫
Rm

g(t2, z,y)φ(y) d y
)

d z = V (t,x′, Tt2φ),

®áªi«ìª¨∫
Rm

∂g(t,x′, z)
∂xm

+
m−1∑
k=1

αk(x′)
∂g(t,x′, z)

∂xk
+
1
2

m−1∑
k,j=1

βkj (x
′)
∂2g(t,x′, z)
∂xk ∂xj

×

×
[∫ t2

0

d s

∫
S

G(s, z,y′)V (t2 − s,y′, φ) dy′
]
d z =

∫ t2

0

ds

∫
S

[
∂G(t+ s,x′,y′)

∂xm
+

+
m−1∑
k=1

αk(x′)
∂G(t+ s,x′,y′)

∂xk
+
1
2

m−1∑
k,j=1

βkj (x
′)
∂2G(t+ s,x′,y′)

∂xk ∂xj

×

× V (t2 − s,y′, φ) dy′ = 0.

�®¬ã

Tt1+t2φ(x) =
∫
Rm

g(t1,x, z)(Tt2φ)(z)dz+
∫ t1

0

dτ

∫
S

G(τ,x,y′)×

× V (t1 − τ,y′, Tt2φ) dy
′ = Tt1(Tt2φ)(x),

é® i ¯®âài¡® ¡ã«® ¤®¢¥áâ¨.
� «i, ¬iàªã¢ ï¬¨,   «®£iç¨¬¨ â¨¬, ïªi § áâ®á®¢ã¢ «¨áì ¯à¨ ¤®¢¥¤¥i

«¥¬¨ 3.1 ¢ [3] i «¥¬¨ ¢ [4], ¬®¦  ¤®¢¥áâ¨, é®  ¯i¢£àã¯  Tt § «¨è õ i¢ ài â-
¨¬ ª®ãá ¥¢i¤'õ¬¨å äãªæi©. � ª ïª, ®ç¥¢¨¤®, Ttφ0(x) ≡ 1 ¤«ï φ0(x) ≡ 1,
â® ¯®¡ã¤®¢    ¯i¢£àã¯  ¢¨§ ç õ ¤¥ïª¨© ®¤®ài¤¨© ¥®¡à¨¢¨© ¬ àªi¢áì-
ª¨© ¯à®æ¥á ¢ D. �à å®¢ãîç¨ § ã¢ ¦¥ï 2, à®¡¨¬® ¢¨á®¢®ª, é® ¯®¡ã¤®¢ i©
 ¯i¢£àã¯i ¢i¤¯®¢i¤ õ â ª  i¬®¢iàiáâì ¯¥à¥å®¤ã P (t,x, dy), é®

Ttφ(x) =
∫
D

φ(y)P (t,x, dy), x ∈ D.

� ªi¥æì, ¯®ª« ¤ îç¨ φx(y) = |y − x|6, «¥£ª® ®¤¥à¦ â¨ á¯i¢¢i¤®è¥ï

sup
x∈D

∫
D

|y − x|6P (t,x, dy) = O(t3/2)

¤«ï t → 0, §¢i¤ª¨ á«i¤ãõ, é® ¯®¡ã¤®¢ ¨© ¯à®æ¥á ¥¯¥à¥à¢¨©.
� ª¨¬ ç¨®¬ ¤®¢¥¤¥  â¥®à¥¬ .

�¥®à¥¬  2. �®§¢'ï§®ª § ¤ çi (1){(3), ¯®¡ã¤®¢ ¨© ¢ â¥®à¥¬i 1, ®¤®§ ç®
¢¨§ ç õ  ¯i¢£àã¯ã ®¯¥à â®ài¢, é® ®¯¨áãõ ¢i¥ài¢áìª¨© ¯à®æ¥á ¢ ®¡« áâi D,
¯®¢¥¤iª  ïª®£® ¯à¨ ¢¨å®¤i   £à ¨æî ®¡« áâi å à ªâ¥à¨§ãõâìáï £à ¨ç®î
ã¬®¢®î (3).
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