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1. �¢¥¤¥­¨¥

� áâ ­®¢«¥­¨¨ ¤¨ää¥à¥­æ¨ «ì­ëå ¨£à ®á­®¢®¯®«®£ îé¨¬¨ ¡ë«¨ ¨áá«¥¤®¢ ­¨ï, ¯à®¢¥¤¥­-
­ë¥ ¢ [1]{[4].

�.�.�à á®¢áª¨¬ ¤ ­  ¬ â¥¬ â¨ç¥áª ï ä®à¬ «¨§ æ¨ï ¯®­ïâ¨ï ¤¨ää¥à¥­æ¨ «ì­®© ¨£àë, ¨á-
å®¤ï ¨§ ª®â®à®© ¨¬, �.�. �ã¡¡®â¨­ë¬ [5] ¨ ¨å á®âàã¤­¨ª ¬¨ ¤®ª § ­ë â¥®à¥¬ë ®¡  «ìâ¥à­ -
â¨¢¥ ¨ ¯à¥¤«®¦¥­ë íää¥ªâ¨¢­ë¥ ¬¥â®¤ë ¯®áâà®¥­¨ï íªáâà¥¬ «ì­ëå áâà â¥£¨© á¡«¨¦¥­¨ï{
ãª«®­¥­¨ï ­  ®á­®¢¥ â ª ­ §ë¢ ¥¬®£® ¯à ¢¨«  íªáâà¥¬ «ì­®£® ¯à¨æ¥«¨¢ ­¨ï.

�àã£®© ¯®¤å®¤ ¯à¨ ®¯à¥¤¥«¥­¨¨ ¤¨ää¥à¥­æ¨ «ì­®© ¨£àë ¯à¥¤«®¦¥­ �.�.�®­âàï£¨­ë¬.
�á®¡¥­­®áâ¨ íâ®£® ¬¥â®¤  § ª«îç îâáï ¢ à áá¬®âà¥­¨¨ ¤¨ää¥à¥­æ¨ «ì­®© ¨£àë á â®çª¨ §à¥­¨ï
ª ª®£®-«¨¡® ¨£à®ª  ¨ ¨­ä®à¬ æ¨®­­®© ¤¨áªà¨¬¨­ æ¨¨ ¨£à®ª -¯à®â¨¢­¨ª .

� ­­ ï à ¡®â  á«¥¤ã¥â ä®à¬ «¨§ æ¨¨�.�.�®­âàï£¨­ . �á®¡ë© ¨­â¥à¥á ¯à¥¤áâ ¢«ïîâ á®¡®©
¤¨ää¥à¥­æ¨ «ì­ë¥ ¨£àë á ¨­â¥£à «ì­ë¬¨ ®£à ­¨ç¥­¨ï¬¨ ­  ã¯à ¢«¥­¨ï ¨£à®ª®¢. � ª¨¥ ¨£àë
à áá¬®âà¥­ë ¢ [6]{[13]. �ã­¤ ¬¥­â «ì­ë¥ à¥§ã«ìâ âë ¢ íâ®¬ ­ ¯à ¢«¥­¨¨ ¯®«ãç¥­ë ¢ [6] ¨ [7].
� [8]{[12] ¨áá«¥¤ãîâáï § ¤ ç¨ ¯à¥á«¥¤®¢ ­¨ï ­¥áª®«ìª¨¬¨ ®¡ê¥ªâ ¬¨ ®¤­®£®.

� áá¬ âà¨¢ ¥âáï ã¯à ¢«ï¥¬ ï á¨áâ¥¬ 

_zij = Cijzij + ui � vj ; zij(t0) = z0ij ; i = 1; 2; : : : ; k; j = 1; : : : ;m; (1)

£¤¥ zi 2 Rn, Cij | ¯®áâ®ï­­ ï n � n-¬ âà¨æ , ui | ã¯à ¢«ïîé¨© ¯ à ¬¥âà ¯à¥á«¥¤®¢ ­¨ï,
vj | ã¯à ¢«ïîé¨© ¯ à ¬¥âà ã¡¥£ ­¨ï. � à ¬¥âà ui ¢ë¡¨à ¥âáï ¢ ¢¨¤¥ äã­ªæ¨¨ ui = ui(�)
¨§ § ¬ª­ãâ®£® è à  S(�i) à ¤¨ãá  �i á æ¥­âà®¬ ¢ ­ ç «¥ ª®®à¤¨­ â ¯à®áâà ­áâ¢  L2[t0;1),  
¯ à ¬¥âà vj | ¢ ¢¨¤¥ äã­ªæ¨¨ vj = vj(�) ¨§ è à  S(�j) � L2[t0;1). � ª¨¥ äã­ªæ¨¨ ­ §®¢¥¬
¤®¯ãáâ¨¬ë¬¨ ã¯à ¢«¥­¨ï¬¨ ¯à¥á«¥¤ãîé¨å ¨ ã¡¥£ îé¨å. �á«¨ ui(�), i 2 f1; 2; : : : ; kg, ¨ vj(�), j 2
f1; 2; : : : ;mg, | ¤®¯ãáâ¨¬ë¥ ã¯à ¢«¥­¨ï i-£® ¯à¥á«¥¤ãîé¥£® ¨ j-£® ã¡¥£ îé¥£® á®®â¢¥âáâ¢¥­­®,
â® âà ¥ªâ®à¨ï zij(�) ®¯à¥¤¥«ï¥âáï ª ª  ¡á®«îâ­® ­¥¯à¥àë¢­®¥ à¥è¥­¨¥ § ¤ ç¨ �®è¨

_zij = Cijzij + ui(t)� vj(t); zij(t0) = z0ij :

�¥«ì i-£® ¯à¥á«¥¤ãîé¥£®: ®¡¥á¯¥ç¨âì à ¢¥­áâ¢® zij(t) = 0 §  ¢®§¬®¦­® ­ ¨¬¥­ìè¥¥ ¢à¥¬ï
t,   æ¥«ì j-£® ã¡¥£ îé¥£® | ¯à¥¯ïâáâ¢®¢ âì íâ®¬ã. �£à  (1) áç¨â ¥âáï § ¢¥àè¥­­®©, ¥á«¨ ¤«ï
«î¡®£® j 2 f1; 2; : : : ;mg ­ ©¤¥âáï i 2 f1; 2; : : : ; kg â ª®¥, çâ® zij(tij) = 0 ¯à¨ ­¥ª®â®à®¬ tij � t0.

�¯à¥¤¥«¥­¨¥ 1. �ã­ªæ¨î

ui(t; �i; v1; : : : ; vm); ui : [t0;1)� [0; �2i ]�Rn � � � � �Rn ! Rn;

¤«ï ª®â®à®© ¯à¨ «î¡ëå vj(�) 2 S(�j), j = 1; : : : ;m, á¨áâ¥¬ (
_zij = Cijzij + ui(t)� vj(t); zij(t0) = z0ij ; j = 1; : : : ;m;
_�i = �juij

2; �i(t0) = �2i ;
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á ui = ui(t; �i; v1; : : : ; vm) ¯à¨ v1 = v1(t); : : : ; vm = vm(t) ¨¬¥¥â ¥¤¨­áâ¢¥­­®¥  ¡á®«îâ­® ­¥¯à¥-
àë¢­®¥ à¥è¥­¨¥ (zi1(�); : : : ; zim(�); �i(�)), ­ §®¢¥¬ áâà â¥£¨¥© i-£® ¯à¥á«¥¤ãîé¥£®. �âà â¥£¨î i-£®
¯à¥á«¥¤ãîé¥£® ­ §®¢¥¬ ¤®¯ãáâ¨¬®©, ¥á«¨ ª ¦¤®¥ ã¯à ¢«¥­¨¥, ä®à¬¨àã¥¬®¥ íâ®© áâà â¥£¨¥©,
¤®¯ãáâ¨¬®.

�¯à¥¤¥«¥­¨¥ 2. �ã¤¥¬ £®¢®à¨âì, çâ® ¢ ¨£à¥ (1) ¨§ ­ ç «ì­®£® ¯®«®¦¥­¨ï z0 =
fz011; z

0
12; : : : ; z

0
kmg ¢®§¬®¦­® § ¢¥àè¥­¨¥ ¯à¥á«¥¤®¢ ­¨ï §  ¢à¥¬ï T (z0), ¥á«¨ áãé¥áâ¢ãîâ ¤®¯ã-

áâ¨¬ë¥ áâà â¥£¨¨ ¯à¥á«¥¤ãîé¨å u1 = u1(�), u2 = u2(�); : : : ; uk = uk(�) â ª¨¥, çâ® ¤«ï «î¡ëå
j 2 f1; 2; : : : ;mg ¨ v1(�) 2 S(�1), v2(�) 2 S(�2); : : : ; vm(�) 2 S(�m) ¤«ï à¥è¥­¨ï á¨áâ¥¬ë (1) á
ui = ui(t; v1(t); v2(t); : : : ; vm(t)), v1 = v1(t), v2 = v2(t); : : : ; vm = vm(t), t0 � t � T (z0), ¢ë¯®«­ï¥âáï
zij(�ij) = 0 ¯à¨ ­¥ª®â®à®¬ �ij 2 [t0; T (z0)] ¨ ­¥ª®â®à®¬ i 2 f1; 2; : : : ;mg.

� áá¬ âà¨¢ ¥¬ ï ¢ íâ®© áâ âì¥ ¨£à  ¯à¨ m = 1 ¨ k = 1 ï¢«ï¥âáï ç áâ­ë¬ á«ãç ¥¬ ¨£à,
¨§ãç¥­­ëå ¢ [6] ¨ [7]. �«ï ­¥¥ ¢ [11] ¯®«ãç¥­® ­¥®¡å®¤¨¬®¥ ¨ ¤®áâ â®ç­®¥ ãá«®¢¨¥ ¤«ï ¢®§¬®¦-
­®áâ¨ § ¢¥àè¥­¨ï ¯à¥á«¥¤®¢ ­¨ï ¨§ ¢á¥å â®ç¥ª ¯à®áâà ­áâ¢  ¢ â¥à¬¨­ å á®¡áâ¢¥­­ëå ç¨á¥«
¬ âà¨æë C.

� ¤ ­­®© áâ âì¥ ¯®«ãç¥­® ¤®áâ â®ç­®¥ ãá«®¢¨¥, £ à ­â¨àãîé¥¥ § ¢¥àè¥­¨¥ ¯à¥á«¥¤®¢ ­¨ï
¨§ ¢á¥å â®ç¥ª ¯à®áâà ­áâ¢ .

� ¡®â  ¯à®¤®«¦ ¥â ¨áá«¥¤®¢ ­¨ï [8]{[13].

2. �á¯®¬®£ â¥«ì­ ï ¤¨ää¥à¥­æ¨ «ì­ ï ¨£à 

� áá¬®âà¨¬ ¤¨ää¥à¥­æ¨ «ì­ãî ¨£àã, ®¯¨áë¢ ¥¬ãî ãà ¢­¥­¨¥¬

_z = Cz + u� v; u(�) 2 S(�); v(�) 2 S(�); z(t0) = z0; (2)

£¤¥ z 2 Rn, C | ¯®áâ®ï­­ ï n � n-¬ âà¨æ , u | ã¯à ¢«ïîé¨© ¯ à ¬¥âà ¯à¥á«¥¤®¢ ­¨ï, v |
ã¯à ¢«ïîé¨© ¯ à ¬¥âà ã¡¥£ ­¨ï, �, � | ¯®«®¦¨â¥«ì­ë¥ ç¨á« . �£à  (2) ï¢«ï¥âáï ç áâ­ë¬
á«ãç ¥¬ ¨£àë (1) ¯à¨ k = 1, m = 1. �«ï ¯à®áâ®âë ¢ (2) ¨á¯®«ì§®¢ ­ë ®¡®§­ ç¥­¨ï C11 = C,
u1 = u, v1 = v, �1 = �, �1 = �, z11 = z. �¥è¥­¨¥ § ¤ ç¨ �®è¨ (2) ¨¬¥¥â ¢¨¤

z(t) = e(t�t0)Cz0 +
Z t

t0

e(t�s)C(u(s)� v(s))ds;

¯à¨ íâ®¬ z(t) ®¡à é ¥âáï ¢ ­ã«ì â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤ 

y(t) = e�t0Cz0 +
Z t

t0

e�sC(u(s)� v(s))ds

®¡à é ¥âáï ¢ ­ã«ì. �«¥¤®¢ â¥«ì­®, ¨£à , ®¯¨áë¢ ¥¬ ï ãà ¢­¥­¨¥¬ (2), íª¢¨¢ «¥­â­  ¨£à¥, ®¯¨-
áë¢ ¥¬®© ãà ¢­¥­¨¥¬

_y = e�tC(u� v); y(t0) = e�t0Cz011 = y0;

£¤¥ y; y0; u; v 2 Rn, u(�) 2 S(�), v(�) 2 S(�).
�¥¯¥àì ¯à¨¢¥¤¥¬ ¤¢  ãâ¢¥à¦¤¥­¨ï, ¢ëâ¥ª îé¨¥ ¨§ à¥§ã«ìâ â®¢ à ¡®âë [11]. �ãáâì b� (b� < �)

| ­¥ª®â®à®¥ ¯®«®¦¨â¥«ì­®¥ ç¨á«®.

�â¢¥à¦¤¥­¨¥ 1 (â¥®à¥¬  1 [11]). �á«¨ á®¡áâ¢¥­­ë¥ ç¨á«  ¬ âà¨æë C ¨¬¥îâ ­¥¯®«®¦¨-

â¥«ì­ë¥ ¢¥é¥áâ¢¥­­ë¥ ç áâ¨, â® ¤«ï ¬­®¦¥áâ¢ 

G(t0; #) =
�
z : z =

Z #

t0

e�tCw(t)dt; w(�) 2 S(�� b�)� (� > b�)
¨¬¥¥â ¬¥áâ® à ¢¥­áâ¢®

1[
#=1

G(t0; #) = Rn:
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�â¢¥à¦¤¥­¨¥ 2. �ãáâì ¤«ï ¬®¬¥­â  ¢à¥¬¥­¨ # ¢¥à­® ¢ª«îç¥­¨¥ y0 2 G(t0; #) ¨ ¯à¥á«¥¤ã-

îé¨© ¯à¨¬¥­ï¥â ã¯à ¢«¥­¨¥

u(t; �(t); v(t)) =

(
v(t) �w(t); t0 � t � #;

0; t > #;

£¤¥ w(t) = e�tC
0

F�1(t0; #)y0.

�á«¨
#R
t0

jv(s)j2ds � b�2 (� > b�), â® íâ® ã¯à ¢«¥­¨¥ ¤®¯ãáâ¨¬® ¨ y(#) = 0.

�â¬¥â¨¬, çâ® ª®£¤  ¯à¥á«¥¤ãîé¨© ¯à¨¬¥­ï¥â íâã áâà â¥£¨î, ®­ ­¥ ­ ¡«î¤ ¥â ¯®âà ç¥­­®£®
à¥áãàá  á¢®¥£® ã¯à ¢«¥­¨ï. �¬ã ¤®áâ â®ç­® §­ âì â¥ªãé¥¥ §­ ç¥­¨¥ ¯ à ¬¥âà  v. �®âï ¢ ®¯à¥¤¥-
«¥­¨¨ 1 áâà â¥£¨ï ¯à¥á«¥¤ãîé¥£® ¢¢¥¤¥­  ª ª äã­ªæ¨ï, § ¢¨áïé ï ®â ¨§à áå®¤ ­­®£® à¥áãàá 
�, §¤¥áì ®­ ®£à ­¨ç¨¢ ¥âáï áâà â¥£¨ï¬¨ ¡®«¥¥ ã§ª®£® ª« áá .

3. �¡é¨© á«ãç ©

�£à  (1) íª¢¨¢ «¥­â­  ¨£à¥, ®¯¨áë¢ ¥¬®© ãà ¢­¥­¨ï¬¨

_yij = e�tCij (ui � vj); yij(t0) = e�t0Cijz0ij = y0ij : (3)

� áá¬®âà¨¬ ¨£àã (3). �ãáâì

Fij(t0; t) =
Z t

t0

e�sCije�sC
0

ijds:

�á­®, çâ® Fij(t0; t), F
�1
ij (t0; t), i = 1; : : : ; k, j = 1; 2; : : : ;m, | á¨¬¬¥âà¨ç¥áª¨¥ ¯®«®¦¨â¥«ì­®

®¯à¥¤¥«¥­­ë¥ ¬ âà¨æë.

�¥®à¥¬ . �á«¨ �21 + �22 + � � � + �2k > �21 + �22 + � � � + �2m ¨ ¢á¥ ¬ âà¨æë Cij, i = 1; : : : ; k,
j = 1; : : : ;m, ¨¬¥îâ c®¡áâ¢¥­­ë¥ §­ ç¥­¨ï c ­¥¯®«®¦¨â¥«ì­ë¬¨ ¢¥é¥áâ¢¥­­ë¬¨ ç áâï¬¨,

â® ¢ ¨£à¥ (1) ¨§ «î¡®£® ­ ç «ì­®£® ¯®«®¦¥­¨ï z0 = fz011; z
0
12; : : : ; z

0
kmg ¢®§¬®¦­® § ¢¥àè¥­¨¥

¯à¥á«¥¤®¢ ­¨ï §  ­¥ª®â®à®¥ ª®­¥ç­®¥ ¢à¥¬ï #.

�®ª § â¥«ìáâ¢®. �¢¥¤¥¬ ®¡®§­ ç¥­¨ï

Gij(t0; #) =
�
z : z =

Z #

t0

e�tCijwij(t)dt; wij(�) 2 S(�ij � �ij)
�
;

� = (�21 + �22 + � � � + �2k)
1=2; � = (�21 + �22 + � � � + �2m)

1=2;

�ij =
1
�
�i�j ; �ij =

1
�
�i�j ; i = 1; 2; : : : ; k; j = 1; 2; : : : ;m:

�á­®, çâ® �ij > �ij . � ¢¥­áâ¢®

zij(t) = etCijyij(t); t � t0;

¯®ª §ë¢ ¥â, çâ® § ¢¥àè¥­¨¥ ¯à¥á«¥¤®¢ ­¨ï ¢ ¨£à¥ (1) íª¢¨¢ «¥­â­® ¤«ï ª ¦¤®£® j ¢ë¯®«­¥­¨î
à ¢¥­áâ¢  yij(�ij) = 0 ¯à¨ ­¥ª®â®àëå i 2 f1; 2; : : : ; kg ¨ �ij � t0.

�¥¯¥àì ¯®á«¥¤®¢ â¥«ì­® ®¯à¥¤¥«¨¬ ç¨á«  #ij , i = 1; 2; : : : ; k, j = 0; 1; 2; : : : ;m. �à¨¬¥¬, çâ®
#10 = t0. �¨á«® #ij ®¯à¥¤¥«¨¬ ¢ ¬®¬¥­â ¢à¥¬¥­¨ #i;j�1 ¨§ ãá«®¢¨ï ¢ë¯®«­¥­¨ï ¢ª«îç¥­¨ï
yij(#i;j�1) 2 Gij(#i;j�1; #ij), j = 1; : : : ;m. �®£« á­® ãâ¢¥à¦¤¥­¨î 1 â ª®© ¬®¬¥­â ¢à¥¬¥­¨ áã-
é¥áâ¢ã¥â. �ç¨â ¥¬, çâ® #i+1;0 = #i;m, i = 1; 2; : : : ; k � 1. �¯à ¢«¥­¨ï ¯à¥á«¥¤ãîé¨å ®¯à¥¤¥«¨¬
â ª:

ui(t; �i(t); v1(t); : : : ; vm(t)) =

(
vj(t)�wij(t); #i;j�1 � t � tij ;

0; t > tij ;
(4)

uh(t) = 0; h = 1; 2; : : : ; i� 1; i + 1; : : : ; k; #i;j�1 � t � #ij ;
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i = 1; : : : ; k, j = 1; : : : ;m, £¤¥ wij(t) = e�tC
0

ijF�1ij (#i;j�1; #ij)yij(#i;j�1), tij = minf#ij ; �ig,   t = �i |
¬®¬¥­â ¢à¥¬¥­¨, ¯à¨ ª®â®à®¬ ¢¯¥à¢ë¥ ¢ë¯®«­ï¥âáï à ¢¥­áâ¢® �i(t) = 0.

� ª¨¬ ®¡à §®¬, ª ¦¤ë© ¯à¥á«¥¤ãîé¨© ¢ å®¤¥ ¯à®æ¥áá  ¯à¥á«¥¤®¢ ­¨ï ­ ¡«î¤ ¥â â¥ªãé¨¥
§­ ç¥­¨ï ã¯à ¢«ïîé¨å ¯ à ¬¥âà®¢ ã¡¥£ îé¨å ¨ â¥ªãé¥¥ §­ ç¥­¨¥ ¨§à áå®¤®¢ ­­®£® à¥áãàá 
á¢®¥£® ã¯à ¢«¥­¨ï.

�®£« á­® ãâ¢¥à¦¤¥­¨î 2, ª®£¤  i-© ¯à¥á«¥¤ãîé¨© ¯à¨¬¥­ï¥â ã¯à ¢«¥­¨¥ (4), ¥á«¨Z #ij

#i;j�1

jvj(s)j2ds � �2ij ; (5)

â®
#ijR

#i;j�1

jui(s)j2ds � �2ij ¨ yij(#ij) = 0.

�«ï ª ¦¤®£® j 2 f1; 2; : : : ;mg ¯à¨ ­¥ª®â®à®¬ i ¢ë¯®«­ï¥âáï ­¥à ¢¥­áâ¢® (5). �¥©áâ¢¨â¥«ì­®,
¢ ¯à®â¨¢­®¬ á«ãç ¥

kX
i=1

Z #ij

#i;j�1

jvj(s)j
2ds > �21j + �22j + � � � + �2kj =

�2j

�2
(�21 + � � � + �2k) = �2j ;

çâ® ¯à®â¨¢®à¥ç¨â ¤®¯ãáâ¨¬®áâ¨ ã¯à ¢«¥­¨ï vj(�).
� ª¨¬ ®¡à §®¬, ¤«ï ª ¦¤®£® j 2 f1; 2; : : : ;mg ¯à¨ ­¥ª®â®à®¬ i ¢ë¯®«­ï¥âáï (5). �®£¤  á®-

£« á­® ãâ¢¥à¦¤¥­¨î 2 ¨¬¥¥¬ yij(#ij) = 0.
�¥¯¥àì ®áâ ¥âáï ¯®ª § âì, çâ® ã¯à ¢«¥­¨¥ ui(�) ¤®¯ãáâ¨¬®. �¥©áâ¢¨â¥«ì­®,

mX
j=1

Z #ij

#i;j�1

jui(s)j
2ds � �2i1 + �2i2 + � � �+ �2im =

�2i
�2
(�21 + � � � + �2m) = �2i : �

�à¨¬¥à. � R4 à áá¬®âà¨¬ ¨£àã

_zij = Cijzij + ui � vj ; zij(t0) = z0ij ; i = 1; 2; j = 1; 2; (6)

£¤¥ zi; ui; vj 2 R4;

C11 =

0BB@
0 �1 0 0
1 0 0 0
0 0 0 1
0 0 0 0

1CCA ; C12 =

0BB@
0 1 0 0
0 0 1 0
0 0 0 0
0 0 0 �1

1CCA ;

C21 =

0BB@
0 �2 1 0
2 0 0 1
0 0 0 �3
0 0 3 0

1CCA ; C22 =

0BB@
0 1 0 0
0 0 1 0
0 0 0 0
0 0 0 �2

1CCA :

� âà¨æë Cij , i; j = 1; 2, ­¥ ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ ¯à¥¤¯®«®¦¥­¨ï 3 ([9]) ¨ ãá«®¢¨ï¬ ¯à¥¤¯®-
«®¦¥­¨ï 2 ([10]).

�®¦­® ¯à®¢¥à¨âì, çâ® ¢á¥ ¬ âà¨æë Cij , i; j = 1; 2, ¨¬¥îâ c®¡áâ¢¥­­ë¥ §­ ç¥­¨ï c ­¥¯®«®-
¦¨â¥«ì­ë¬¨ ¢¥é¥áâ¢¥­­ë¬¨ ç áâï¬¨. �«¥¤®¢ â¥«ì­®, á®£« á­® â¥®à¥¬¥ 2 ¢ ¨£à¥ (6) ¨§ «î¡®£®
­ ç «ì­®£® ¯®«®¦¥­¨ï z0 = fz011; z

0
12; z

0
21; z

0
22g ¢®§¬®¦­® § ¢¥àè¥­¨¥ ¯à¥á«¥¤®¢ ­¨ï §  ­¥ª®â®à®¥

ª®­¥ç­®¥ ¢à¥¬ï.

�¨â¥à âãà 
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