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1. �¢¥¤¥¨¥

�¤® ¨§ ®á®¢ëå  ¯à ¢«¥¨© à §¢¨â¨ï ¬¥â®¤  äãªæ¨© �ï¯ã®¢  (��) [1] á®áâ®¨â ¢ à á-
è¨à¥¨¨ ª« áá  äãªæ¨©, ¯à¨¬¥ï¥¬ëå ¤«ï ¨áá«¥¤®¢ ¨ï ãáâ®©ç¨¢®áâ¨, ¯à¨æ¨¯¨ «ì®¥ § -
ç¥¨¥ ¤«ï ª®â®à®£® ¨¬¥«¨ ¢¢¥¤¥¨¥ �� á® § ª®¯®áâ®ï®© ¯à®¨§¢®¤®© [2], [3] ¨ ¢¥ªâ®à®©
äãªæ¨¨ �ï¯ã®¢  (���) [4]. � à ¬ª å íâ®£®  ¯à ¢«¥¨ï ¤«ï à §«¨çëå â¨¯®¢  ¢â®®¬ëå
¨ ¯¥à¨®¤¨ç¥áª¨å ãà ¢¥¨© ¡ë«¨ ¤®ª § ë â¥®à¥¬ë ®¡ ãáâ®©ç¨¢®áâ¨ ¨  á¨¬¯â®â¨ç¥áª®© ãáâ®©-
ç¨¢®áâ¨, ®á®¢ ë¥   ¨á¯®«ì§®¢ ¨¨ § ª®¯®áâ®ïëå äãªæ¨© �ï¯ã®¢  (����) [5]{[9].
� ª ®â¬¥ç ¥âáï ¢ ([9], á. 76), \®¡®¡é¥¨¥ â¥®à¥¬   ¥ ¢â®®¬ë¥ á¨áâ¥¬ë ¢ë§ë¢ ¥â á¥àì¥§ë¥
âàã¤®áâ¨". �¥¬ ¥ ¬¥¥¥ ¤«ï ®â¤¥«ìëå ª« áá®¢ ¥ ¢â®®¬ëå ãà ¢¥¨© â ª¦¥ ¯à¥¤«®¦¥ë
á¯®á®¡ë   «¨§  ãáâ®©ç¨¢®áâ¨   ®á®¢¥ ���� [10]{[14].

� ¯¥à¢®© ç áâ¨ áâ âì¨ á ¯®¬®éìî § ª®¯®áâ®ïëå �� ¨ ��� ¤®ª § ë â¥®à¥¬ë ® £«®¡ «ì-
®©  á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¥ ¢â®®¬ëå á¨áâ¥¬ á «¨¯è¨æ¥¢®© ¯à ¢®© ç áâìî, ®¡®¡é -
îé¨¥   ¥ ¢â®®¬ë© á«ãç © á®®â¢¥âáâ¢ãîé¨¥ à¥§ã«ìâ âë ¤«ï  ¢â®®¬ëå ¨ ¯¥à¨®¤¨ç¥áª¨å
á¨áâ¥¬ [5]{[9],   â ª¦¥ â¥®à¥¬ë ®¡  á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¤«ï ¥ ¢â®®¬ëå á¨áâ¥¬ á®
§ ª®®¯à¥¤¥«¥ë¬¨ ��, ¨¬¥îé¨¬¨ § ª®¯®áâ®ïãî ¯à®¨§¢®¤ãî [15]. �á¯®«ì§ã¥¬ë© á¯®á®¡
¤®ª § â¥«ìáâ¢  [12], [14] áãé¥áâ¢¥ë¬ ®¡à §®¬ ®â«¨ç ¥âáï ª ª ®â [5]{[9], â ª ¨ ®â à ¥¥ ¯à¥¤-
«®¦¥ëå ¤«ï ¥ ¢â®®¬®£® á«ãç ï ¯®¤å®¤®¢ [10], [11] ¨ ®á®¢    à áá¬®âà¥¨¨ á¥¬¥©áâ¢ 
¯à¥¤¥«ìëå ãà ¢¥¨© [16], [17].

�® ¢â®à®© ç áâ¨ áâ âì¨   ®á®¢¥ ���� à áá¬®âà¥  § ¤ ç  ® £«®¡ «ì®© ãáâ®©ç¨¢®áâ¨
¥ ¢â®®¬®© á¨áâ¥¬ë ¢â®à®£® ¯®àï¤ª , ¤«ï ª®â®à®© ¢ë¯®«¥ë ®¡®¡é¥ë¥ ãá«®¢¨ï � ãá -
�ãà¢¨æ . �«ï á®¯®áâ ¢«¥¨ï á ¨§¢¥áâë¬¨ à¥§ã«ìâ â ¬¨ à áá¬®âà¥ë ¯à¨¬¥àë, ¢ â®¬ ç¨á«¥
¯à¥¤áâ ¢«ïîé ï á ¬®áâ®ïâ¥«ìë© ¨â¥à¥á § ¤ ç  ®¡ ®æ¥ª¥ ®¡« áâ¨ £«®¡ «ì®© ãáâ®©ç¨¢®áâ¨
¢ ¯à®áâà áâ¢¥ ¯ à ¬¥âà®¢ ¤«ï «¥â â¥«ì®£®  ¯¯ à â  ¢ à¥¦¨¬¥ ¤¢¨¦¥¨ï á ¡®«ìè¨¬¨ ã£« ¬¨
 â ª¨ [18].

2. �á®¢ë¥ à¥§ã«ìâ âë

�ã¤¥¬ ®¡®§ ç âì ç¥à¥§ Lip(n;m) ª« áá ¢á¥å ¥¯à¥àë¢ëå äãªæ¨© F : R+ � Rn ! Rm,
®¡« ¤ îé¨å á¢®©áâ¢®¬ F (t; 0) � 0 ¨ ã¤®¢«¥â¢®àïîé¨å ¢ ª ¦¤®© ª®¥ç®© ®¡« áâ¨ S(0; r) =
fx 2 Rn : kxk � r < +1g ãá«®¢¨î �¨¯è¨æ  ¯® x á ¯®áâ®ï®© LF (r) > 0, ¥ § ¢¨áïé¥© ®â
¢à¥¬¥¨ t. � áá¬®âà¨¬ á¨áâ¥¬ã ¤¨ää¥à¥æ¨ «ìëå ãà ¢¥¨©

_x = X(t; x); X(t; x) 2 Lip(n; n): (1)

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

(ª®¤ ¯à®¥ªâ  97-01-01497).
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�á«®¢¨ï   ¯à ¢ë¥ ç áâ¨ (1) ®¡¥á¯¥ç¨¢ îâ áãé¥áâ¢®¢ ¨¥ ¨ ¥¤¨áâ¢¥®áâì à¥è¥¨© x(t; x0; t0)
á¨áâ¥¬ë (1), áãé¥áâ¢®¢ ¨¥ á¥¬¥©áâ¢  �[X] ¯à¥¤¥«ìëå ¢ á¬ëá«¥ [16] äãªæ¨© '(t; x) ª äãªæ¨¨
X(t; x), áãé¥áâ¢®¢ ¨¥ ¨ ¥¤¨áâ¢¥®áâì à¥è¥¨© x'(t; x0; t0) ¯à¥¤¥«ìëå á¨áâ¥¬

_x = '(t; x); ' 2 �[X]: (2)

�«ï âà®©ª¨ (X(t; x); V (t; x); W (t; x)) 2 Lip(n; n)� Lip(n; 1)� Lip(n; 1) á«¥¤ãï [15], ¡ã¤¥¬  -
§ë¢ âì ¯à¥¤¥«ì®© âà®©ª®© f'; V'; W'g, á®®â¢¥âáâ¢ãîé¥© ¯®á«¥¤®¢ â¥«ì®áâ¨ tk ! +1, â ª¨¥
âà¨ äãªæ¨¨ ' 2 �[X], V' 2 �[V ],W' 2 �[W ], ª®â®àë¥ ï¢«ïîâáï ¯à¥¤¥«ìë¬¨ ¯à¨ k ! +1 ¤«ï
äãªæ¨© X(t+ tk; x), V (t+ tk; x) ¨ W (t+ tk; x) á®®â¢¥âáâ¢¥®. �«ï ¤ «ì¥©è¥£®  ¬ ¯®âà¥¡ã¥â-
áï ®¯¨à îé¥¥áï   ¯®ïâ¨¥ ãá«®¢®© ãáâ®©ç¨¢®áâ¨ �.�.�ï¯ã®¢  [1] á«¥¤ãîé¥¥ ®¯à¥¤¥«¥¨¥
ãá«®¢®© ãáâ®©ç¨¢®áâ¨ ®â®á¨â¥«ì® ª« áá  ¯à¥¤¥«ìëå á¨áâ¥¬ ¨ ¬®¦¥áâ¢  ¯à¥¤¥«ìëå ã«¥©
��, ¢¢¥¤¥®¥ ¢ [19].

�¯à¥¤¥«¥¨¥. �ã¤¥¬  §ë¢ âì à¥è¥¨¥ x = 0  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ë¬ ®â®á¨â¥«ì®
¬®¦¥áâ¢  ¯à¥¤¥«ìëå ã«¥© äãªæ¨¨ V (t; x) ¨ á¥¬¥©áâ¢  ¯à¥¤¥«ìëå á¨áâ¥¬ (2), ¥á«¨ ¢ë¯®«-
ïîâáï ãá«®¢¨ï

1. ¤«ï «î¡®£® " > 0 ¨ «î¡®£® t0 � 0 ¬®¦® ãª § âì � = �("; t0) > 0 â ª®¥, çâ® ¤«ï «î¡®©
¯à¥¤¥«ì®© ¯ àë f'; V'g 2 �[X] � �[V ] ¨ «î¡®£® x0 2 Rn â ª®£®, çâ® V'(t0; x0) = 0 ¨
kx0k < �, á«¥¤ã¥â kx'(t; x0; t0)k < " ¯à¨ ¢á¥å t � t0;

2. ¬®¦® ãª § âì � > 0 â ª®¥, çâ® ¤«ï «î¡ëå "1 > 0 ¨ t0 � 0  ©¤¥âáï T = T ("1;�; t0) > 0
â ª®¥, çâ® ¤«ï «î¡®© ¯à¥¤¥«ì®© ¯ àë f'; V'g 2 �[X] � �[V ] ¨ «î¡®£® x0 2 Rn â ª®£®,
çâ® V'(t0; x0) = 0 ¨ kx0k < �, ¡ã¤¥â kx'(t; x0; t0)k < "1 ¯à¨ ¢á¥å t > t0 + T ("1;�; t0).

�á«¨ ¯à¨ íâ®¬ � > 0 ¬®¦® ¡à âì áª®«ì ã£®¤® ¡®«ìè¨¬, â® ¡ã¤¥¬ £®¢®à¨âì, çâ® ã«¥-
¢®¥ à¥è¥¨¥ £«®¡ «ì®  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢® ®â®á¨â¥«ì® ¬®¦¥áâ¢  ¯à¥¤¥«ìëå ã«¥©
äãªæ¨¨ V (t; x) ¨ á¥¬¥©áâ¢  ¯à¥¤¥«ìëå á¨áâ¥¬ (2).

�¥¬¬ . �ãáâì äãªæ¨ï V (t; x) 2 Lip(n; 1), V (t; x) � 0, â ª®¢ , çâ®

_V (t; x) = lim
r!+0

supfr�1[V (t+ r; x+ rX(t; x))� V (t; x)]g � 0

¯à¨ ¢á¥å t � 0, x 2 Rn.

�®£¤  ¬®¦¥áâ¢® ¯à¥¤¥«ìëå ã«¥© äãªæ¨¨ V (t; x) ¯®«®¦¨â¥«ì® ¨¢ à¨ â® ®â®á¨-

â¥«ì® á¥¬¥©áâ¢  ¯à¥¤¥«ìëå á¨áâ¥¬, â. ¥. ¤«ï ª ¦¤®© ¯à¥¤¥«ì®© ¯ àë f'; V'g 2 �[X]��[V ]
¨§ â®£®, çâ® V'(t0; x0) = 0, á«¥¤ã¥â V'(t; x'(t; x0; t0)) = 0 ¯à¨ «î¡ëå t � t0.

�®ª § â¥«ìáâ¢® áà §ã á«¥¤ã¥â ¨§ ¥à ¢¥áâ¢ V'(t; x) � 0, _V'(t; x) � 0, ¢ëâ¥ª îé¨å ¨§ á®®â-
¢¥âáâ¢ãîé¨å ¥à ¢¥áâ¢ ¤«ï V (t; x) ¨ _V (t; x).

�¥®à¥¬  1. �ãáâì ¤«ï á¨áâ¥¬ë (1) áãé¥áâ¢ã¥â â ª ï § ª®¯®áâ®ï ï äãªæ¨ï �ï¯ã-

®¢  (����) V (t; x) 2 Lip(n; 1), çâ® ¯à¨ ¢á¥å (t; x) 2 R+ �Rn ¢ë¯®«ïîâáï ãá«®¢¨ï

1. _V (t; x) � �W (t; x) � 0, W (t; x) 2 Lip(n; 1);
2. à¥è¥¨¥ x = 0 £«®¡ «ì®  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢® ®â®á¨â¥«ì® ¬®¦¥áâ¢  ¯à¥-

¤¥«ìëå ã«¥© äãªæ¨¨ V (t; x) ¨ á¥¬¥©áâ¢  ¯à¥¤¥«ìëå á¨áâ¥¬ (2);
3. ¤«ï «î¡®© ¯à¥¤¥«ì®© âà®©ª¨ f'; V';W'g ¨ «î¡®£® ç¨á«  c > 0 ¬®¦¥áâ¢® N(c; ') =
f(t; x) :W'(t; x) = 0; V'(t; x) = cg ¥ á®¤¥à¦¨â æ¥«ëå ¯®«®¦¨â¥«ìëå ¯®«ãâà ¥ªâ®à¨©

á®®â¢¥âáâ¢ãîé¥© ¯à¥¤¥«ì®© á¨áâ¥¬ë (2);
4. ¢á¥ à¥è¥¨ï x(t; x0; t0) á¨áâ¥¬ë (1) ®£à ¨ç¥ë ¯à¨ t � t0 à ¢®¬¥à® ¯® ft0; x0g.

�®£¤  ã«¥¢®¥ à¥è¥¨¥ á¨áâ¥¬ë (1) à ¢®¬¥à®  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢® ¢ æ¥«®¬.
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�®ª § â¥«ìáâ¢®. �®ª ¦¥¬ á ç « , çâ® ãá«®¢¨ï 1 ¨ 2 ®¡¥á¯¥ç¨¢ îâ à ¢®¬¥àãî ¯® t0
ãáâ®©ç¨¢®áâì ã«¥¢®£® à¥è¥¨ï (1) ¯® �ï¯ã®¢ã. �à¥¤¯®«®¦¨¬, çâ® íâ® ¥ â ª. �®£¤  ¬®¦®
ãª § âì �" > 0 ¨ âà¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ �xk ! 0, t0k 2 R+ ¨ �tk ! +1 ¯à¨ k ! +1 â ª¨¥, çâ®

kx(�tk; �xk; t0k)k = �": (3)

�§ ¥¯à¥àë¢®áâ¨ âà ¥ªâ®à¨© á¨áâ¥¬ë (1) ¨ (3) á«¥¤ã¥â, çâ® ¤«ï «î¡®£® 0 < ~" < �" áãé¥áâ¢ã¥â
¯®á«¥¤®¢ â¥«ì®áâì ~tk ! +1 â ª ï, çâ®

kx(~tk; �xk; t
0

k)k = ~";

~" < kx(t; �xk; t
0

k)k < �" ¯à¨ ~tk < t < �tk:
(4)

�¢¨¤ã ®£à ¨ç¥®áâ¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ ~xk = x(~tk; �xk; t0k), ¥ ã¬¥ìè ï ®¡é®áâ¨, ¬®¦® áç¨-
â âì, çâ® ~xk ! ~x, X(t + ~tk; x) ! '(t; x); V (t + ~tk) ! V'(t; x) ¯à¨ k ! +1 (íâ®£® ¢á¥£¤  ¬®¦®
¤®¡¨âìáï ¢ë¡®à®¬ á®®â¢¥âáâ¢ãîé¨å áå®¤ïé¨åáï ¯®¤¯®á«¥¤®¢ â¥«ì®áâ¥©). �à¨ íâ®¬ ¨§ ¥à -
¢¥áâ¢ 0 � V (~tk; ~xk) � V (t0k; �xk) ¨  «¨ç¨ï ¢¢¨¤ã «¨¯è¨æ¥¢®áâ¨ ¡¥áª®¥ç® ¬ «®£® ¢ëáè¥£®
¯à¥¤¥«  ã äãªæ¨¨ V (t; x) á«¥¤ã¥â, çâ® V'(0; ~x) = 0.

�§ á¢®©áâ¢ ¤¢¨¦¥¨© ¨áå®¤®© ¨ ¯à¥¤¥«ì®© á¨áâ¥¬ á«¥¤ã¥â [16]

x(t+ ~tk; ~xk; ~tk)! x'(t; ~x; 0) ¯à¨ k ! +1 (5)

¯à¨ ¢á¥å t 2 [0; � ], � > 0, ¯à¨ ª®â®àëå ¤¢¨¦¥¨ï ®áâ îâáï ¢ ¥ª®â®à®¬ ®£à ¨ç¥®¬ ¬®¦¥áâ¢¥,
  § ç¨â, ¨ ¯à¨ ¢á¥å t ¨§ (4).

�®ª ¦¥¬, çâ® ¯à¨ ¤®áâ â®ç® ¬ «®¬ ~" > 0 ¡ã¤¥â �tk � ~tk ! +1 ¯à¨ k ! +1. �ãáâì íâ® ¥
â ª, â®£¤  ¤«ï ª ¦¤®£® ~" > 0 áãé¥áâ¢ã¥â � = �(~") > 0 â ª®¥, çâ® ¤«ï ¥ª®â®à®© ¯®¤¯®á«¥¤®-
¢ â¥«ì®áâ¨ ~tki ¡ã¤¥â �tki � ~tki � �(~") < +1. �á«¨ â¥¯¥àì ¯® " = 0:5 �" ¢ë¡à âì � = �("; 0) > 0 ¢
á®®â¢¥âáâ¢¨¨ á ¯. 1 ®¯à¥¤¥«¥¨ï, â® ¤«ï ¢á¥å 0 < ~" < � ¨§ ãá«®¢¨ï 2 ¯®«ãç ¥¬ ¤«ï ¢á¥å t � 0

kx'(t; ~x; 0)k � 0:5 �": (6)

�®« £ ï ¢ (5) t = �tki � ~tki < �(~") ¨ ¯¥à¥å®¤ï ª ¯à¥¤¥«ã ¯à¨ i ! +1 (¨«¨ ¢ë¡¨à ï ¢ á«ãç ¥
¥®¡å®¤¨¬®áâ¨ áå®¤ïéãîáï ¯®¤¯®á«¥¤®¢ â¥«ì®áâì), ¯®«ãç¨¬ á ãç¥â®¬ (4) kx'(~t; ~x; 0)k = �" ¤«ï
¥ª®â®à®£® ~t 2 [0; �(~")], çâ® ¯à®â¨¢®à¥ç¨â (6). �®«ãç¥®¥ ¯à®â¨¢®à¥ç¨¥ ¨ ¯®ª §ë¢ ¥â, çâ® �tk �
~tk ! +1 ¯à¨ k ! +1 ¤«ï ¢á¥å ~" < "0 = �(0:5 �").

�®§ì¬¥¬ 0 < ~" < "0 ¨ ¯® ç¨á« ¬ � = "0 ¨ "1 = 0:5 ~" > 0 ¢ á®®â¢¥âáâ¢¨¨ á ¯. 2 ®¯à¥¤¥«¥¨ï
¢ë¡¥à¥¬ T ("1;�; 0) > 0 â ª, çâ®¡ë ¡ë«®

kx'(t; ~x; 0)k < "1 = 0:5 ~" ¯à¨ ¢á¥å t � t("1): (7)

�ë¡¥à¥¬ ®¬¥à k0 áâ®«ì ¡®«ìè¨¬, çâ®¡ë ¯à¨ ¢á¥å k > k0 ¡ë«® �tk � ~tk > 2T ("1). �®£¤  ¨§ (4)
¨ (5) ¯®«ãç ¥¬ ¥à ¢¥áâ¢® kx'(t; ~x; 0)k � ~" ¯à¨ ¢á¥å t 2 [0; 2T ("1)], ª®â®à®¥ ¯à¨ t = T ("1) ¡ã¤¥â
¯à®â¨¢®à¥ç¨âì (7). �®«ãç¥®¥ ¯à®â¨¢®à¥ç¨¥ ¨ ¯®ª §ë¢ ¥â, çâ® ¯à¨ ãá«®¢¨ïå 1 ¨ 2 ã«¥¢®¥
à¥è¥¨¥ á¨áâ¥¬ë (1) ¡ã¤¥â ãáâ®©ç¨¢® à ¢®¬¥à® ¯® t0.

�®ª ¦¥¬, çâ® ¢á¥ à¥è¥¨ï (1) áâà¥¬ïâáï ª x = 0 ¯à¨ t! +1 à ¢®¬¥à® ¯® ft0; x0g. �ãáâì
íâ® ¥ â ª. �®£¤  ¬®¦® ãª § âì � > 0, �"1 > 0 ¨ âà¨ ¯®á«¥¤®¢ â¥«ì®áâ¨ t0k � 0, x0k 2 S(0;�)
¨ �tk � 0, �tk � t0k ! +1 ¯à¨ k ! +1 â ª¨¥, çâ® kx(�tk; x0k; t

0
k)k � �"1. �¥ ®£à ¨ç¨¢ ï ®¡é®áâ¨,

¬®¦® áç¨â âì t0k ! +1 ¨ x0k ! �x0 ¯à¨ k ! +1, ¯®áª®«ìªã ¨ ç¥ ¢ ª ç¥áâ¢¥ t0k ¬®¦® ¡ë«®
¡ë ¢§ïâì t0k + 0:5(�tk � t0k),   ¢ ª ç¥áâ¢¥ x0k ¢§ïâì x(t

0
k + 0:5(�tk � t0k); x

0
k; t

0
k) ¨ á ãç¥â®¬ ãá«®¢¨ï 4

¯¥à¥©â¨ ¢ á«ãç ¥ ¥®¡å®¤¨¬®áâ¨ ª áå®¤ïé¥©áï ¯®¤¯®á«¥¤®¢ â¥«ì®áâ¨.
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�§ ãáâ ®¢«¥®© ¢ëè¥ à ¢®¬¥à®© ¯® t0 ãáâ®©ç¨¢®áâ¨ ã«¥¢®£® à¥è¥¨ï (1) á«¥¤ã¥â,çâ®
¯à¨ ¢á¥å t � 0 ¡ã¤¥â ¢ë¯®«ïâìáï ¥à ¢¥áâ¢®

kx(t+ t0k; x
0

k; t
0

k)k � �(�"1) > 0; (8)

£¤¥ �(�"1) ¢§ïâ® ¢ á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥¨¥¬ à ¢®¬¥à®© ¯® t0 ãáâ®©ç¨¢®áâ¨.
�ãáâì ¯®á«¥¤®¢ â¥«ì®áâ¨ t0k ! +1 á®®â¢¥âáâ¢ã¥â ¯à¥¤¥«ì ï âà®©ª  f'; V';W'g. �®£¤  ¨§

(8) ¯®«ãç ¥¬

kx'(t; �x
0; 0)k � �(�"1) > 0 ¯à¨ ¢á¥å t � 0: (9)

� á¨«ã ®£à ¨ç¥®áâ¨ x'(t; �x0; 0), ¢ëâ¥ª îé¥© ¨§ ãá«®¢¨ï 4 ([20], á. 23), ¥£® ¬®¦¥áâ¢® !-
¯à¥¤¥«ìëå â®ç¥ª 
('; 0; �x0) ¥ ¯ãáâ®. �ãáâì �x 2 
('; 0; �x0), ¯®á«¥¤®¢ â¥«ì®áâì tm ! +1 ¯à¨
m ! +1 â ª®¢ , çâ® x'(tm; �x0; 0) ! �x ¯à¨ m ! +1 ¨ tm á®®â¢¥âáâ¢ã¥â ¯à¥¤¥«ì ï âà®©ª 
f ; V ;W g 2 �[']� �[V']� �[W'] � �[X]� �[V ]� �[W ].

�®«®¦¨â¥«ì ï ¯®«ãâà ¥ªâ®à¨ï x (t; �x; 0) t � 0, ¡ã¤¥â æ¥«¨ª®¬ «¥¦ âì ¢ N(c;  ) ¯à¨ ¥ª®-
â®à®¬ c � 0 ([15], â¥®à¥¬  3.3) ¨ ®¤®¢à¥¬¥® ¢ 
('; 0; �x0). �§ ãá«®¢¨ï 3 á«¥¤ã¥â, çâ® c = 0,
¯®íâ®¬ã   ®á®¢ ¨¨ ãá«®¢¨ï 2 ¡ã¤¥â x (t; �x; 0) ! 0 ¯à¨ t ! +1. �® â®£¤  ¯à¨ ¤®áâ â®ç®
¡®«ìè®¬ t > 0 â®çª  x (t; �x; 0) 2 
('; 0; �x0) ¡ã¤¥â áª®«ì ã£®¤® ¡«¨§ª®© ª â®çª¥ x = 0, çâ®
¯à®â¨¢®à¥ç¨â (9). �®«ãç¥®¥ ¯à®â¨¢®à¥ç¨¥ § ¢¥àè ¥â ¤®ª § â¥«ìáâ¢® â¥®à¥¬ë 1.

� ¬¥ç ¨¥ 1. �á«®¢¨¥ 2 â¥®à¥¬ë 1 ¬®¦® § ¬¥¨âì á«¥¤ãîé¨¬ ãá«®¢¨¥¬:

2 . �¥è¥¨¥ x = 0 à ¢®¬¥à®  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢® ¢ æ¥«®¬ ®â®á¨â¥«ì® á¨áâ¥¬ë (1)
¨ ¬®¦¥áâ¢  V �1(+1; 0) [14].

� ¬¥ç ¨¥ 2. �á«¨ äãªæ¨ï V (t; x) ï¢«ï¥âáï ®¯à¥¤¥«¥®-¯®«®¦¨â¥«ì®© (V (t; x) � a(kxk))
¨ ¤®¯ãáª ¥â ¡¥áª®¥ç® ¡®«ìè®© ¨§è¨© ¯à¥¤¥« [2], [3] (a(r) ! +1 ¯à¨ r ! +1),   äãª-
æ¨ï �W (t; x) ï¢«ï¥âáï ®¯à¥¤¥«¥®-®âà¨æ â¥«ì®©, â® ãá«®¢¨ï 2{4 â¥®à¥¬ë 1 ®ç¥¢¨¤® ¡ã¤ãâ
¢ë¯®«¥ë. �®íâ®¬ã â¥®à¥¬  1 ï¢«ï¥âáï ¥¯®áà¥¤áâ¢¥ë¬ ®¡®¡é¥¨¥¬ â¥®à¥¬ë � à¡ è¨ -
�à á®¢áª®£® ¤«ï  ¢â®®¬ëå [2] ¨ ¯¥à¨®¤¨ç¥áª¨å [3] á¨áâ¥¬   ¥ ¢â®®¬ë© á«ãç ©, ¯à¨ íâ®¬
âà¥¡®¢ ¨¥ § ª®®¯à¥¤¥«¥®áâ¨ �� ®á« ¡«ï¥âáï ¤® ãá«®¢¨ï § ª®¯®áâ®ïáâ¢ .

�®« £ ï V (t; x) � 0 ¢ â¥®à¥¬¥ 1 á ãç¥â®¬  á«¥¤ã¥¬®áâ¨ á¢®©áâ¢  à ¢®¬¥à®©  á¨¬¯â®â¨-
ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¢ æ¥«®¬ á¥¬¥©áâ¢®¬ ¯à¥¤¥«ìëå á¨áâ¥¬ [17], [20], ¯®«ãç ¥¬ á«¥¤ãîé¥¥

�«¥¤áâ¢¨¥. �«ï â®£® çâ®¡ë ã«¥¢®¥ à¥è¥¨¥ á¨áâ¥¬ë (1) ¡ë«® £«®¡ «ì® à ¢®¬¥à®  á¨¬-
¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¥®¡å®¤¨¬® ¨ ¤®áâ â®ç® ¢ë¯®«¥¨ï ãá«®¢¨©

1. à¥è¥¨¥ x = 0  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢® ¢ æ¥«®¬ ®â®á¨â¥«ì® á¥¬¥©áâ¢  ¯à¥¤¥«ìëå
á¨áâ¥¬ (2);

2. ¢á¥ à¥è¥¨ï x(t; x0; t0) á¨áâ¥¬ë (1) ®£à ¨ç¥ë ¯à¨ t � t0 à ¢®¬¥à® ¯® ft0; x0g.

�«¥¤ãîé¨© ¯à¨¬¥à ¯®ª §ë¢ ¥â, çâ® á ®¤¨¬ â®«ìª® ãá«®¢¨¥¬ 1 á«¥¤áâ¢¨¥ áâ ®¢¨âáï ¥-
¢¥àë¬ ¢ ç áâ¨ ¤®áâ â®ç®áâ¨, ¯®íâ®¬ã â¥®à¥¬  � ¨§ [17] ¨ á«¥¤áâ¢¨¥ 2 ¨§ [21] ¢ íâ®© ç áâ¨
¥á¯à ¢¥¤«¨¢ë.

�à¨¬¥à 1. �à ¢¥¨¥

_x = �x+ 2e�tx2 (10)

¨¬¥¥â ¥¤¨áâ¢¥®¥ ¯à¥¤¥«ì®¥ ãà ¢¥¨¥ _x = �x, ã«¥¢®¥ à¥è¥¨¥ ª®â®à®£® £«®¡ «ì®  á¨¬-
¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®, ¯®íâ®¬ã ãá«®¢¨¥ 1 á«¥¤áâ¢¨ï 2 ¢ë¯®«¥®. �¤ ª® íâ® ¥ ®¡¥á¯¥ç¨¢ ¥â
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£«®¡ «ì®©  á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ã«¥¢®£® à¥è¥¨ï ãà ¢¥¨ï (10), ª®â®à®¥ ¨¬¥¥â ¥-
®£à ¨ç¥®¥ à¥è¥¨¥ x(t; 1; 0) = et.

�¥®à¥¬  1 á®¤¥à¦¨â ãá«®¢¨ï, ä®à¬ã«¨àã¥¬ë¥ ¢ â¥à¬¨ å ¯à¥¤¥«ìëå á¨áâ¥¬. � â¥å á«ãç -
ïå, ª®£¤  á¥¬¥©áâ¢® ¯à¥¤¥«ìëå á¨áâ¥¬ ãáâà®¥® ¤®áâ â®ç® ¯à®áâ® ( ¯à., ¤«ï  á¨¬¯â®â¨ç¥áª¨
 ¢â®®¬ëå á¨áâ¥¬), â ª¨¥ ãá«®¢¨ï ¬®£ãâ ®ª § âìáï ¡®«¥¥ ã¤®¡ë¬¨, ç¥¬   «®£¨çë¥ ãá«®-
¢¨ï ¢ â¥à¬¨ å ¨áå®¤®© á¨áâ¥¬ë. �á«¨ ¦¥ á¥¬¥©áâ¢® ¯à¥¤¥«ìëå á¨áâ¥¬ ¥ ¤ ¥â ã¯à®é¥¨©
¯® áà ¢¥¨î á ¨áå®¤®© á¨áâ¥¬®© ( ¯à., ¤«ï ¯®çâ¨ ¯¥à¨®¤¨ç¥áª¨å á¨áâ¥¬ á¥¬¥©áâ¢® ¯à¥¤¥«ì-
ëå ãà ¢¥¨© § ¢¥¤®¬® ¢ª«îç ¥â ¨ ¨áå®¤ãî á¨áâ¥¬ã), â® ¡®«¥¥ ã¤®¡ë¬¨ ¬®£ãâ ®ª § âìáï
â¥®à¥¬ë, ¢ ª®â®àëå ¢á¥ ãá«®¢¨ï ä®à¬ã«¨àãîâáï ¢ â¥à¬¨ å ¨áå®¤®© á¨áâ¥¬ë,   ä ªâ áãé¥-
áâ¢®¢ ¨ï ¯à¥¤¥«ìëå á¨áâ¥¬ ¨á¯®«ì§ã¥âáï «¨èì ¢ ¤®ª § â¥«ìáâ¢ å. �à¨¢¥¤¥¬ ¤¢¥ â¥®à¥¬ë
â ª®£® à®¤  [19], £¤¥ ¢ ¯¥à¢®© ¨á¯®«ì§ã¥âáï ¢¥ªâ®à ï,   ¢® ¢â®à®© | áª «ïà ï ���� ¨ ¥é¥
®¤  äãªæ¨ï, ®¡¥á¯¥ç¨¢ îé ï á¢®©áâ¢® ãá«®¢®© £«®¡ «ì®©  á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨
  ¬®¦¥áâ¢¥ ã«¥© \®á®¢®©" ��,   â ª¦¥ ®£à ¨ç¥®áâì à¥è¥¨©.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¨¤¥ï ¨á¯®«ì§®¢ ¨ï ¢â®à®© äãªæ¨¨ ¤«ï ¤®ª § â¥«ìáâ¢   á¨¬¯â®-
â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¥ ¢â®®¬ëå á¨áâ¥¬ ¢¯¥à¢ë¥ ¯à¥¤«®¦¥  �.�.� âà®á®¢ë¬ ¢ [22], £¤¥
íâ  äãªæ¨ï ®¡¥á¯¥ç¨¢ «  \¢ë¡à áë¢ ¨¥" ¤¢¨¦¥¨© ¨§ ¬®¦¥áâ¢ , £¤¥ \¥ à ¡®â ¥â" \®á®¢-
 ï" ��. � â¥®à¥¬ å 2 ¨ 3 ¨¤¥ï �.�.� âà®á®¢  ® ¢â®à®© äãªæ¨¨ ¯à¨¬¥¥  ¢ ¬®¤¨ä¨æ¨à®¢ -
®¬ ¢¨¤¥: §¤¥áì \¢á¯®¬®£ â¥«ì ï" äãªæ¨ï ¨á¯®«ì§ã¥âáï á®¢¥àè¥® ¤«ï ¤àã£¨å æ¥«¥© | ¥
¤«ï \¢ë¡à áë¢ ¨ï" ¤¢¨¦¥¨© ¨§ ¬®¦¥áâ¢ , £¤¥ \¥ à ¡®â ¥â" \®á®¢ ï" �� (íâ® ¯à®â¨¢®à¥-
ç¨«® ¡ë «¥¬¬¥),   ¤«ï ®¡¥á¯¥ç¥¨ï ãá«®¢®©  á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨   íâ®¬ ¬®¦¥áâ¢¥
¨ ®£à ¨ç¥®áâ¨ à¥è¥¨© ¢¡«¨§¨ íâ®£® ¬®¦¥áâ¢ . � ¯à¨æ¨¯¥ ¤«ï ¤®áâ¨¦¥¨ï íâ¨å æ¥«¥©
¬®¦® ¨á¯®«ì§®¢ âì ¨ à §«¨çë¥ \¢á¯®¬®£ â¥«ìë¥" äãªæ¨¨.

�¥®à¥¬  2. �ãáâì ¤«ï á¨áâ¥¬ë (1) áãé¥áâ¢ãîâ â ª¨¥ äãªæ¨¨ V 2 Lip(n;m) ¨ v 2

Lip(n; 1), çâ® ¢ë¯®«ïîâáï ãá«®¢¨ï

1. _V (t; x) � f(t; V (t; x)) ¯à¨ ¢á¥å (t; x) 2 R+ � Rn, f(t; 0) 2 Lip(m;m), äãªæ¨ï f(t; u) ã¤®-
¢«¥â¢®àï¥â ãá«®¢¨î � ¦¥¢áª®£® ¯à¨ ¢á¥å (t; u) 2 R+ �Rm;

2. V�(t; x) = maxfVi(t; x); i = 1; 2 : : : ;mg � V0(x) � 0 ¯à¨ ¢á¥å (t; x) 2 R+ � Rn; M =
V �10 (0) = fx 2 Rn : V0(x) = 0g; �(x;M) = inffkx � yk; y 2 Mg; V�(t; x) � a(�(x;M));
a(r) 2 K; K | ª« áá ¢á¥å ¥¯à¥àë¢ëå, ®¡à é îé¨åáï ¢ ã«¥ ¢ ã«ì ¨ áâà®£® ¬®®â®®

¢®§à áâ îé¨å äãªæ¨©;

3. ã«¥¢®¥ à¥è¥¨¥ u = 0 á¨áâ¥¬ë áà ¢¥¨ï _u = f(t; u) à ¢®¬¥à®  á¨¬¯â®â¨ç¥áª¨

ãáâ®©ç¨¢® ¢ æ¥«®¬ ®â®á¨â¥«ì® ¬®¦¥áâ¢  Rm;
4.   ¬®¦¥áâ¢¥ M = V �10 (0) äãªæ¨ï v(t; x) ã¤®¢«¥â¢®àï¥â ¯à¨ ¥ª®â®àëå äãªæ¨ïå

c(r) 2 K ¨ a1(r) 2 K, a1(r) ! +1 ¯à¨ r ! +1 ®æ¥ª ¬ _v(t; x) � �c(kxk), v(t; x) �
a1(kxk) ¯à¨ ¢á¥å (t; x) 2 R+ �M ;

5. ¢ ¥ª®â®à®© ®ªà¥áâ®áâ¨ S(M;�) = fx 2 Rn : �(x;M) < �g ¬®¦¥áâ¢  M = V �10 (0),
¯®áâ®ïë¥ �¨¯è¨æ  LX(r) ¨ Lv(r) â ª®¢ë, çâ® ¯à¨ ¥ª®â®à®¬ � > 0 ¨ ¢á¥å 0 < �1 < �

¢ë¯®«ï¥âáï ¥à ¢¥áâ¢® �c(r) � LX(r + �1)Lv(r + �1) ¤«ï ¢á¥å r � r0 > 0.

�®£¤  ã«¥¢®¥ à¥è¥¨¥ á¨áâ¥¬ë (1) à ¢®¬¥à®  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢® ¢ æ¥«®¬.

�®ª § â¥«ìáâ¢®. �§ ãá«®¢¨© 1{3 á«¥¤ã¥â (á¬. [4]), çâ® �(x(t; x0; t0);M) ! 0 ¯à¨ t ! +1
à ¢®¬¥à® ¯® ft0; x0g. �§ ãá«®¢¨ï 4 á«¥¤ã¥â, çâ® x = 0 à ¢®¬¥à®  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢®
®â®á¨â¥«ì® M ¢ æ¥«®¬. �®íâ®¬ã ã«¥¢®¥ à¥è¥¨¥ á¨áâ¥¬ë (1) ¡ã¤¥â à ¢®¬¥à®  á¨¬¯â®â¨-
ç¥áª¨ ãáâ®©ç¨¢ë¬ [14]. �«ï § ¢¥àè¥¨ï ¤®ª § â¥«ìáâ¢  ®áâ ¥âáï â®«ìª® ¯®ª § âì, çâ® à¥è¥¨ï
á¨áâ¥¬ë (1), ®áâ îé¨¥áï ¢ S(M;�), ¡ã¤ãâ ®£à ¨ç¥ë¬¨ à ¢®¬¥à® ¯® ft0; x0g.
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�«ï ª ¦¤®£® x 2 S(M;�) ç¥à¥§ �x(x) ¡ã¤¥¬ ®¡®§ ç âì â ªãî â®çªã ¨§M , çâ® �(x;M) = kx�

�x(x)k (¢ á«ãç ¥ áãé¥áâ¢®¢ ¨ï ¥áª®«ìª¨å â ª¨å â®ç¥ª ¬®¦® ¢§ïâì «î¡ãî ¨§ ¨å). �æ¥¨¢ ï
¯à®¨§¢®¤ãî _v(t; x) ¨ áç¨â ï kxk � r, á ãç¥â®¬ ãá«®¢¨ï 4 ¯®«ãç ¥¬

_v(t; x) � �c(k�x(x)k) + �LX(r + �)Lv(r + �);

®âªã¤    ®á®¢ ¨¨ ãá«®¢¨ï 5 ¯à¨ ¤®áâ â®ç® ¬ «®¬ � ¨ ¤®áâ â®ç® ¡®«ìè®¬ r > r0 > 0 ¡ã¤¥¬
¨¬¥âì _v(t; x) � �0:5 c(r0) ¯à¨ ¢á¥å t � 0, x 2 S(M;�), kxk > r0.

�âáî¤  á«¥¤ã¥â, çâ® à¥è¥¨ï ¥ ¬®£ãâ ¡ëâì ¥®£à ¨ç¥ë¬¨ ¢ ®¡« áâ¨ S(M;�), ¯®áª®«ìªã
¨ ç¥ äãªæ¨ï v(t; x) ¥ ¬®£«  ¡ë ®áâ ¢ âìáï ¥®âà¨æ â¥«ì®©.

� ¬¥ç ¨¥. �á«¨ ª ª¨¬-«¨¡® ®¡à §®¬ ãáâ ®¢«¥®, çâ® ¢á¥ à¥è¥¨ï á¨áâ¥¬ë (1) ®£à ¨ç¥-
ë à ¢®¬¥à® ¯® ft0; x0g, â® ãá«®¢¨¥ 5 ¢ â¥®à¥¬¥ 2 áâ ®¢¨âáï ¨§«¨è¨¬.

�à¨¬¥à 2. �á¯®«ì§ãï ¢ ª ç¥áâ¢¥ ��, ä¨£ãà¨àãîé¨å ¢ â¥®à¥¬¥ 2, äãªæ¨¨ V (t; x) = x22 ¨
v(t; x) = x21, «¥£ª® ãáâ ®¢¨âì, çâ® ã«¥¢®¥ à¥è¥¨¥ á¨áâ¥¬ë

_x1 = �x1 + 2x21x2(1 + a2x21)
�1=2; _x2 = �x2 (11)

£«®¡ «ì®  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢® ¯à¨ ¢á¥å ®â«¨çëå ®â ã«ï § ç¥¨ïå ¯ à ¬¥âà  a = const.

�â®â ¯à¨¬¥à ¯®ª §ë¢ ¥â, çâ® ãá«®¢¨¥ 5 ¢ â¥®à¥¬¥ 2 áãé¥áâ¢¥® ¨ ¥£® ¬®¦® ®¯ãáâ¨âì â®«ìª®
¯à¨ ¤®¯®«¨â¥«ìëå ãá«®¢¨ïå. �¥©áâ¢¨â¥«ì®, ¯®« £ ï a = 0, ¯®«ãç¨¬ ¨§ (11) á¨áâ¥¬ã

_x1 = �x1 + 2x21x2; _x2 = �x2; (12)

ã«¥¢®¥ à¥è¥¨¥ ª®â®à®© ¥ ï¢«ï¥âáï £«®¡ «ì®  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ë¬ (á¬. [23], á.82), ¨
£à ¨æ  ®¡« áâ¨ ¯à¨âï¦¥¨ï § ¤ ¥âáï ãà ¢¥¨¥¬ x1x2 = 1. �ãªæ¨¨ V (t; x) = x22 ¤«ï á¨áâ¥¬ë
(12) ã¤®¢«¥â¢®àïîâ ¢á¥¬ ãá«®¢¨ï¬ â¥®à¥¬ë 2, ªà®¬¥ ãá«®¢¨ï 5 (áà ¢. [24], â¥®à¥¬  2).

� «®£¨ç® â¥®à¥¬¥ 2 ¤®ª §ë¢ ¥âáï á«¥¤ãîé ï

�¥®à¥¬  3. �ãáâì ¤«ï á¨áâ¥¬ë (1) áãé¥áâ¢ãîâ â ª¨¥ ���� V (t; x) 2 Lip(n; 1), V (t; x) �
0 ¨ v(t; x) 2 Lip(n; 1), v(t; x) � 0, çâ® ¢ë¯®«ïîâáï á«¥¤ãîé¨¥ ãá«®¢¨ï:

1. _V (t; x) � �W (x) � 0 ¯à¨ ¢á¥å (t; x) 2 R+ �Rn;
2. W (x) � a(�(x;N)); N =W�1(0) = fx 2 Rn :W (x) = 0g, a(r) 2 K;
3.   ¬®¦¥áâ¢¥ N = W�1(0) äãªæ¨ï v(t; x) ã¤®¢«¥â¢®àï¥â ¯à¨ ¥ª®â®àëå äãªæ¨ïå

c(r) 2 K ¨ a1(r) 2 K, a1(r) ! +1 ¯à¨ r ! +1 ®æ¥ª ¬ _v(t; x) � �c(kxk); v(t; x) �
a1(kxk);

4. ¢ ¥ª®â®à®© ®ªà¥áâ®áâ¨ S(N;�) ¬®¦¥áâ¢  ã«¥© ¯à®¨§¢®¤®© ®â äãªæ¨¨ V (t; x) ¢
á¨«ã á¨áâ¥¬ë (1) ¯®áâ®ïë¥ �¨¯è¨æ  LX(r) ¨ Lv(r) â ª®¢ë, çâ® ¢ë¯®«¥® ãá«®¢¨¥

5 â¥®à¥¬ë 2.

�®£¤  ã«¥¢®¥ à¥è¥¨¥ á¨áâ¥¬ë (1) à ¢®¬¥à®  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢® ¢ æ¥«®¬.

� ¬¥ç ¨¥ 1. �á¯®«ì§ãï ¯à¨¢¥¤¥ë© ¢ (2) ¯à¨¬¥à, ¯®ª ¦¥¬, çâ® ãá«®¢¨¥ 2 ¢ â¥®à¥¬¥ 3
ï¢«ï¥âáï áãé¥áâ¢¥ë¬ ¨ ¥£® ¥«ì§ï ®â¡à®á¨âì ¤ ¦¥ ¢ â®¬ á«ãç ¥, ª®£¤  ¬®¦¥áâ¢® N ï¢«ï¥âáï
®£à ¨ç¥ë¬. � ª ãáâ ®¢«¥® ¢ [2], ã«¥¢®¥ à¥è¥¨¥ á¨áâ¥¬ë

_x1 =
2x1

(1 + x21)2
+ 2x2;

_x2 = �
2x1

(1 + x21)2
�

2x2
(1 + x21)2
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¥ ï¢«ï¥âáï  á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ë¬ ¢ æ¥«®¬. �ãªæ¨¨ V (t; x) = x21(1+x
2
1)
�1+x22 ¨ v(t; x) =

x21 + x22 ¤«ï íâ®© á¨áâ¥¬ë ã¤®¢«¥â¢®àïîâ ¢á¥¬ ãá«®¢¨ï¬ â¥®à¥¬ë 3, §  ¨áª«îç¥¨¥¬ ãá«®¢¨ï 2,
¯®áª®«ìªã

_V (t; x) = �4
�

x21
(1 + x21)4

+
x22

(1 + x22)2

�
=W (t; x) � 0; N =W�1(0) = fx = 0g

¨ W (t; x1; x2)! 0 ¯à¨ jx1j ! +1 ¨ «î¡®¬ ä¨ªá¨à®¢ ®¬ x2 2 R.

� ¬¥ç ¨¥ 2. �á«¨ ª ª¨¬-«¨¡® ®¡à §®¬ ãáâ ®¢«¥  à ¢®¬¥à ï ®£à ¨ç¥®áâì ¢á¥å à¥-
è¥¨© á¨áâ¥¬ë (1), â® ãá«®¢¨ï 2 ¨ 4 ¢ â¥®à¥¬¥ 3 ¬®¦® ®¯ãáâ¨âì.

� § ª«îç¥¨¥ ®â¬¥â¨¬, çâ® ¯à¨ ¤®ª § â¥«ìáâ¢¥ â¥®à¥¬ë 1 ¥ ¨á¯®«ì§®¢ «¨áì á¢®©áâ¢  LX(r),
¯®íâ®¬ã íâ  â¥®à¥¬  á¯à ¢¥¤«¨¢  ¨ ¤«ï ¡®«¥¥ è¨à®ª®£® ª« áá  ¥ ¢â®®¬ëå á¨áâ¥¬, ç¥¬ à á-
á¬ âà¨¢ ¥¬ë¥ ¢ ¤ ®© áâ âì¥ ãà ¢¥¨ï á à ¢®¬¥à® «¨¯è¨æ¥¢ë¬¨ ¯à ¢ë¬¨ ç áâï¬¨ ( ¯à.,
¤«ï à áá¬ âà¨¢ ¢è¨åáï ¢ [15]{[17]). �¤ ª® ¢ æ¥«ïå ¥¤¨®®¡à §¨ï ¨§«®¦¥¨ï §¤¥áì ¨ ¯à ¢ë¥
ç áâ¨, ¨ �� áç¨â îâáï à ¢®¬¥à® «¨¯è¨æ¥¢ë¬¨, çâ® ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì ¢á¥ ¥®¡å®¤¨¬ë¥
ãá«®¢¨ï ¤«ï ¯à¨¬¥¨¬®áâ¨ ¨á¯®«ì§ã¥¬ëå ¬¥â®¤®¢ ¨ ®å¢ â¨âì ¤®áâ â®ç® ¡®£ âë© ¤«ï ¯à¨«®-
¦¥¨© ª« áá ¥ ¢â®®¬ëå á¨áâ¥¬.
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