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�¢¥¤¥­¨¥

�¥â®¤ë ¨áá«¥¤®¢ ­¨ï § ¤ ç ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï á¨áâ¥¬ ¬¨ á à á¯à¥¤¥«¥­­ë¬¨ ¯ à -
¬¥âà ¬¨ ¢® ¬­®£®¬ ®¯à¥¤¥«ïîâáï á¢®©áâ¢ ¬¨ à¥è¥­¨ï íâ¨å á¨áâ¥¬. � ª, ­ ¯à¨¬¥à, ¢®§¬®¦­®áâì
¯à¨¬¥­¥­¨ï è¨à®ª® ¨§¢¥áâ­®£® ¬¥â®¤  ¯à¨à é¥­¨© ®¡ãá«®¢«¥­  ­ «¨ç¨¥¬ ®æ¥­ª¨ ¯à¨à é¥­¨ï
á®áâ®ï­¨ï ã¯à ¢«ï¥¬®© á¨áâ¥¬ë ¢ â®çª å ®¡« áâ¨ ­¥§ ¢¨á¨¬ëå ¯¥à¥¬¥­­ëå ç¥à¥§ ¢¥«¨ç¨­ã
¢ à¨ æ¨¨ ã¯à ¢«¥­¨ï. � ª¨¥, ª ª £®¢®àïâ, ¯®â®ç¥ç­ë¥ ®æ¥­ª¨, ª á®¦ «¥­¨î, á¯à ¢¥¤«¨¢ë ­¥
¢á¥£¤ . � ç áâ­®áâ¨, ¨å ­¥¢®§¬®¦­® ¯®«ãç¨âì (­ ¯à., [1], á. 305) ¤«ï à¥è¥­¨© £¨¯¥à¡®«¨ç¥áª¨å
á¨áâ¥¬ ¬­®£®¬¥à­ëå (ç¨á«® ¯à®áâà ­áâ¢¥­­ëå ¯¥à¥¬¥­­ëå ­¥ ¬¥­ìè¥ ¤¢ãå) ¯®«ã«¨­¥©­ëå («¨-
­¥©­ë© ¤¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®à, ­¥«¨­¥©­ ï ¯à ¢ ï ç áâì) ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥-
­¨©. �§¢¥áâ­ë¥ ®æ¥­ª¨ à®áâ  à¥è¥­¨ï, ¯®áâà®¥­­®£® �à¨¤à¨åá®¬ [2]{[4] ¨ ¥£® ¯®á«¥¤®¢ â¥«ï-
¬¨ [5]{[8], ¨¬¥îâ ä®à¬ã í­¥à£¥â¨ç¥áª¨å ­¥à ¢¥­áâ¢. �­¨ ¯®§¢®«ïîâ ®æ¥­¨âì à®áâ à¥è¥­¨ï ¢
áà¥¤­¥¬, çâ® ¢¯®«­¥ ¤®áâ â®ç­® ¤«ï ¤®ª § â¥«ìáâ¢  áãé¥áâ¢®¢ ­¨ï ¨ ¥¤¨­áâ¢¥­­®áâ¨ à¥è¥­¨ï
£¨¯¥à¡®«¨ç¥áª®© á¨áâ¥¬ë ¢ á®®â¢¥âáâ¢ãîé¨å äã­ªæ¨®­ «ì­ëå ¯à®áâà ­áâ¢ å. �¤­ ª®, ®æ¥­-
ª¨ ¢ áà¥¤­¥¬ ­¥ ¢ëï¢«ïîâ ¤ ¦¥ á ª ç¥áâ¢¥­­®© â®çª¨ §à¥­¨ï å à ªâ¥à ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥-
¦¤ã à §«¨ç­ë¬¨ â¨¯ ¬¨ ¢ à¨ æ¨© ¢å®¤­ëå ¯ à ¬¥âà®¢ (ã¯à ¢«¥­¨©) ­ ç «ì­®-ªà ¥¢®© § ¤ -
ç¨ (ã¯à ¢«ï¥¬®© á¨áâ¥¬ë) ¨ á®®â¢¥âáâ¢ãîé¨¬¨ ¨¬ ¢®§¬ãé¥­¨ï¬¨ à¥è¥­¨ï. � ¯®§¨æ¨© â¥®à¨¨
®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï ­¥¤®áâ â®ª ®æ¥­®ª ¢ áà¥¤­¥¬ ¯® áà ¢­¥­¨î á ¯®â®ç¥ç­ë¬¨ ®æ¥­ª ¬¨
®¡êïá­ï¥âáï ­¥¢®§¬®¦­®áâìî ®¡®á­®¢ ­¨ï ­  ®á­®¢¥ ¬¥â®¤  ¯à¨à é¥­¨©, ­ ¯à¨¬¥à, ¯® áå¥¬¥
à ¡®âë [9], ¯à¨­æ¨¯  ¬ ªá¨¬ã¬  �®­âàï£¨­ , ç¨á«¥­­ëå ¬¥â®¤®¢ à¥è¥­¨ï, ¨¤ãé¨å ®â ä®à¬ã«ë
¯à¨à é¥­¨ï æ¥«¥¢®£® äã­ªæ¨®­ « , ¢ à¨ æ¨®­­®£® ¯à¨­æ¨¯  ¬ ªá¨¬ã¬ .

�¨à®ª® ¨§¢¥áâ­® (­ ¯à., [10]{[12]), çâ® ­ ¨¡®«¥¥ íää¥ªâ¨¢­ë¬ ¨­áâàã¬¥­â®¬ ¨áá«¥¤®¢ ­¨ï
£¨¯¥à¡®«¨ç¥áª¨å á¨áâ¥¬ ®¤­®¬¥à­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© á«ã¦¨â ¬¥â®¤ å à ªâ¥à¨-
áâ¨ª, ¡¥àãé¨© á¢®¥ ­ ç «® ®â à ¡®âë [13]. � â® ¦¥ ¢à¥¬ï ¤«ï ¬­®£®¬¥à­®£® ¢ à¨ ­â  £¨¯¥à¡®-
«¨ç¥áª¨å á¨áâ¥¬ íâ®â ¬¥â®¤, ¯®-¢¨¤¨¬®¬ã, ¨á¯®«ì§®¢ «áï «¨èì ¢ [14]. �¤¥áì à¥§ã«ìâ âë áâ âì¨
[14] áãé¥áâ¢¥­­® ãâ®ç­ïîâáï ¨ à §¢¨¢ îâáï. �­ ç «¥ â ª ¦¥, ª ª ¨ ¢ [14], á ¯®¬®éìî ¬­®£®¬¥à-
­®£®  ­ «®£  ¨­¢ à¨ ­â®¢ �¨¬ ­  ¢ë¯¨áë¢ ¥âáï ª®­â¨­ã «ì­®¥ á¥¬¥©áâ¢® ¤¨ää¥à¥­æ¨ «ì­ëå
á¨áâ¥¬. � à ¬¥âà®¬ íâ®£® á¥¬¥©áâ¢  ï¢«ï¥âáï ¢¥ªâ®à, ®¯à¥¤¥«ïîé¨© ­ ¯à ¢«¥­¨¥ ¯® ¯à®áâà ­-
áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬. �ãâ¥¬ ¨­â¥£à¨à®¢ ­¨ï ¨­¢ à¨ ­â­®£® á¥¬¥©áâ¢  á¨áâ¥¬ à¥è¥­¨¥ ¨áå®¤-
­®© £¨¯¥à¡®«¨ç¥áª®© á¨áâ¥¬ë § ¯¨áë¢ ¥âáï ª ª à¥è¥­¨¥ ­¥ª®â®à®© ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­®©
á¨áâ¥¬ë. � ­¥© ¢ ª ç¥áâ¢¥ ®¡« áâ¨ ¨­â¥£à¨à®¢ ­¨ï ¢ëáâã¯ ¥â á®¢®ªã¯­®áâì å à ªâ¥à¨áâ¨ª, ª -
¦¤ ï ¨§ ª®â®àëå ¯®áâà®¥­  ¯® á®®â¢¥âáâ¢ãîé¥¬ã á®¡áâ¢¥­­®¬ã §­ ç¥­¨î ¤¨ää¥à¥­æ¨ «ì­®£®
®¯¥à â®à  ¨§ ¯à®¨§¢®«ì­®© ä¨ªá¨à®¢ ­­®© â®çª¨ ®¡« áâ¨ ®¯à¥¤¥«¥­¨ï ª ª ª®­¨ç¥áª ï ¯®¢¥àå-
­®áâì ¢ ®¡à â­®¬ ¢à¥¬¥­¨. �áâ ­ ¢«¨¢ ¥âáï íª¢¨¢ «¥­â­®áâì ¨áå®¤­®© ¤¨ää¥à¥­æ¨ «ì­®© ¨
¯®áâà®¥­­®© ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­®© á¨áâ¥¬ ­  £« ¤ª¨å à¥è¥­¨ïå. � á®¦ «¥­¨î, ¨­â¥£à®-
¤¨ää¥à¥­æ¨ «ì­ ï á¨áâ¥¬  ­¥¯®áà¥¤áâ¢¥­­® ­¥ ¬®¦¥â á«ã¦¨âì ®á­®¢®© ¬¥â®¤  ¯®á«¥¤®¢ â¥«ì-
­ëå ¯à¨¡«¨¦¥­¨©, â. ª. ®­  á®¤¥à¦¨â ç áâ­ë¥ ¯à®¨§¢®¤­ë¥ ¯® ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(¯à®¥ªâë òò05-01-00187, 06-01-81016).
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®â ¨­¢ à¨ ­â®¢. � [14] íâ® ®¡áâ®ïâ¥«ìáâ¢® ¡ë«® ¯à® ­ «¨§¨à®¢ ­® ®ç¥­ì ¯®¢¥àå­®áâ­®, çâ® ¯à¨-
¢¥«® ª ®âç áâ¨ ­¥¢¥à­ë¬ ãâ¢¥à¦¤¥­¨ï¬.

�¤¥áì ¯à¥¤« £ ¥âáï á«¥¤ãîé¨© ¢ëå®¤. �¯¥æ¨ä¨ª  ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­®© á¨áâ¥¬ë ¤®-
¯ãáª ¥â ¢®§¬®¦­®áâì ¯¥à¥å®¤  ®â ¯à®¨§¢®¤­ëå ¯® ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬ à¥è¥­¨ï ¢
¨­¢ à¨ ­â å ª ¨å ¯à®¨§¢®¤­ë¬ ¯® ­ ¯à ¢«¥­¨ï¬, ¥á«¨ ª®­¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ á¤¥« âì \â¥-
«¥á­ë¬¨" (â. ¥. ®å¢ âë¢ îé¨¬¨ ­¥­ã«¥¢ãî ¯® ¬¥à¥ ®¡« áâì ¯à®áâà ­áâ¢¥­­ëå ¯¥à¥¬¥­­ëå) ­ 
¢á¥¬ ¨å ¯à®âï¦¥­¨¨ ¯® ¢à¥¬¥­¨. �â®£® ¬®¦­® ¤®¡¨âìáï \ãá¥ç¥­¨¥¬" â¥«¥á­ëå ª®­ãá®¢ á¢¥àåã
¯® ¢à¥¬¥­¨ ­  ¯à®¨§¢®«ì­ãî (¬ «ãî) ¢¥«¨ç¨­ã ¨ § ¬¥­®© ¡¥áâ¥«¥á­ëå ª®­ãá®¢ (ªà¨¢ëå) ­ 
®å¢ âë¢ îé¨¥ ¨å æ¨«¨­¤à¨ç¥áª¨¥ ¯®¢¥àå­®áâ¨. �¯¨á ­­ ï ¯à®æ¥¤ãà  ¯à®¢®¤¨â \ãáà¥¤­¥­¨¥"
¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­®£® íª¢¨¢ «¥­â . �®ª §ë¢ ¥âáï, çâ® à¥è¥­¨¥ ª ¦¤®© \ãáà¥¤­¥­­®©"
¨­â¥£à «ì­®© á¨áâ¥¬ë áãé¥áâ¢ã¥â, ¥¤¨­áâ¢¥­­® ¨ á«ã¦¨â ¯à¨¡«¨¦¥­­ë¬ à¥è¥­¨¥¬ ¨áå®¤­®©
¤¨ää¥à¥­æ¨ «ì­®© á¨áâ¥¬ë. �à®¬¥ â®£®, ¯à¨¡«¨¦¥­­ë¥ à¥è¥­¨ï ã¤®¢«¥â¢®àïîâ ¯®â®ç¥ç­®©
®æ¥­ª¥ à®áâ , ¨å ¨­¢ à¨ ­âë ï¢«ïîâáï  ¡á®«îâ­® ­¥¯à¥àë¢­ë¬¨ äã­ªæ¨ï¬¨ ¢¤®«ì á®®â¢¥â-
áâ¢ãîé¨å ¡¨å à ªâ¥à¨áâ¨ª,   ¨å ­®à¬  �¥¡¥£  ­¥ § ¢¨á¨â ®â ¢¥«¨ç¨­ë ¯ à ¬¥âà  ãáà¥¤­¥­¨ï.
� á®¢®ªã¯­®áâ¨ íâ® ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ®¡®¡é¥­­®¥ à¥è¥­¨¥ ª ª ¯à¥¤¥« ãáà¥¤­¥­­ëå (¯à¨-
¡«¨¦¥­­ëå) à¥è¥­¨© ¨ ®¡®á­®¢ âì ­ á«¥¤®¢ ­¨¥ ®¡®¡é¥­­ë¬ à¥è¥­¨¥¬ á¢®©áâ¢ ¯à¨¡«¨¦¥­­ëå
à¥è¥­¨© ¢ ­¥ª®â®à®© áª®«ì ã£®¤­® ¡«¨§ª®© ¯®¤®¡« áâ¨ § ¤ ­­®© ®¡« áâ¨ ­¥§ ¢¨á¨¬ëå ¯¥à¥¬¥­-
­ëå.

1. �®áâ ­®¢ª  § ¤ ç¨

�ãáâì ¢ ¢¥é¥áâ¢¥­­®¬ (m+1)-¬¥à­®¬ ¯à®áâà ­áâ¢¥ Rm+1 § ¤ ­  ®¡« áâì � = S � T ­¥§ ¢¨-
á¨¬ëå ¯¥à¥¬¥­­ëå (s; t), ¯à¨ç¥¬ S | ®£à ­¨ç¥­­®¥ ®¤­®á¢ï§­®¥ ¬­®¦¥áâ¢® á ªãá®ç­®-£« ¤ª®©
£à ­¨æ¥© @S, T = (t0; t1). � æ¨«¨­¤à¥ � à áá¬®âà¨¬ á¨áâ¥¬ã ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© á
ç áâ­ë¬¨ ¯à®¨§¢®¤­ë¬¨

xt +
mX
j=1

Aj(s; t)xsj = f(x; s; t): (1.1)

�¤¥áì ¬ âà¨ç­ë¥ äã­ªæ¨¨ Aj = Aj(s; t), j = 1; 2; : : : ;m, à §¬¥à­®áâ¨ n� n ¨ ¢¥ªâ®à­ ï äã­ªæ¨ï
f = f(x; s; t) à §¬¥à­®áâ¨ n | § ¤ ­­ë¥ ¢å®¤­ë¥ ¯ à ¬¥âàë,   x = x(s; t) | ¨áª®¬®¥ n-¬¥à­®¥
à¥è¥­¨¥ á¨áâ¥¬ë (1.1).

�à¥¤¯®«®¦¨¬, çâ® ¤«ï ¯à®¨§¢®«ì­ëå ¢¥ªâ®à®¢ � 2 Rm ¢á¥ á®¡áâ¢¥­­ë¥ §­ ç¥­¨ï �i =
�i(�; s; t), i = 1; 2; : : : ; n, ¬ âà¨æë

A(�; s; t) =
mX
j=1

�jAj(s; t)

ï¢«ïîâáï ¢¥é¥áâ¢¥­­ë¬¨,   ¬ âà¨æ  A = A(�; s; t) ­¥ ¤¥ä¥ªâ­ ï, â. ¥.  «£¥¡à ¨ç¥áª ï ¨ £¥®¬¥-
âà¨ç¥áª ï ªà â­®áâì ¥¥ á®¡áâ¢¥­­ëå §­ ç¥­¨© ®¤¨­ ª®¢ . �®£¤  (­ ¯à., [15]) áãé¥áâ¢ãîâ ¬ âà¨-
æ  L = (`(1); `(2); : : : ; `(n)) ¨§ «¥¢ëå `(i) = `(i)(�; s; t) ¨ ¬ âà¨æ  P = (p(1); p(2); : : : ; p(n)) ¨§ ¯à ¢ëå
p(i) = p(i)(�; s; t) á®¡áâ¢¥­­ëå ¢¥ªâ®à®¢ ¬ âà¨æë A â ª¨¥, çâ® á¯à ¢¥¤«¨¢ë à ¢¥­áâ¢ 

L0A = �L0; AP = P�; L0P = E; (1.2)

£¤¥ 0 | §­ ª âà ­á¯®­¨à®¢ ­¨ï, � = diagf�1; �2; : : : ; �ng, E | ¥¤¨­¨ç­ ï ¬ âà¨æ . � ª ¨§¢¥áâ­®
([11], á. 23; [12], á. 140), ¢ íâ®¬ á«ãç ¥ ¤¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®à

Dx = xt +
mX
j=1

Aj(s; t)xsj

¨ á¨áâ¥¬  (1.1) ¡ã¤ãâ £¨¯¥à¡®«¨ç¥áª¨¬¨.
�®¯®«­¨â¥«ì­® ¯à¥¤¯®«®¦¨¬, çâ® ¬ âà¨ç­ë¥ äã­ªæ¨¨ �, L, P ­¥¯à¥àë¢­ë ¢¬¥áâ¥ á® á¢®¨¬¨

¯à®¨§¢®¤­ë¬¨ ­  ¬­®¦¥áâ¢¥ Rm � �, � = � [ @�, @� | £à ­¨æ  ®¡« áâ¨ �. �à®¬¥ â®£®, �i,
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i = 1; 2; : : : ; n, ­¥ ¬¥­ïîâ §­ ª,   ¤¢¥ à §«¨ç­ëå ¯® ­®¬¥àã äã­ªæ¨¨ �i ¨ �j , i 6= j, i; j = 1; 2; : : : ; n,
«¨¡® â®¦¤¥áâ¢¥­­® à ¢­ë ¢áî¤ã ¢ Rm ��, «¨¡® ­¥ á®¢¯ ¤ îâ ­¨ ¢ ®¤­®© â®çª¥ ®¡« áâ¨.

�ã¤¥¬ áç¨â âì ¢¥ªâ®à-äã­ªæ¨î f(x; s; t) ­¥¯à¥àë¢­®© ¯® �¨¯è¨æã ¯® ¯¥à¥¬¥­­®© x ¯à¨
ä¨ªá¨à®¢ ­­ëå (s; t) 2 � ¨ ¨­â¥£à¨àã¥¬®© ¯® �¥¡¥£ã ¢ � ¯à¨ ä¨ªá¨à®¢ ­­ëå x 2 Rn.

�à¥¡ã¥âáï ¯®áâà®¨âì ª®àà¥ªâ­ë¥ ­ ç «ì­®-£à ­¨ç­ë¥ ãá«®¢¨ï ¨ â ª®¥ ®¡®¡é¥­­®¥ à¥è¥­¨¥
á¨áâ¥¬ë (1.1), ª®â®à®¥ ®¡« ¤ «® ¡ë á¢®©áâ¢ ¬¨, ¯®§¢®«ïîé¨¬¨ ¯à¨¬¥­ïâì ¬¥â®¤ ¯à¨à é¥­¨©
¢ § ¤ ç å ®¯â¨¬ «ì­®£® ã¯à ¢«¥­¨ï £¨¯¥à¡®«¨ç¥áª¨¬¨ á¨áâ¥¬ ¬¨ ¢¨¤  (1.1).

2. �­®£®¬¥à­ë¥ ¨­¢ à¨ ­âë �¨¬ ­  ¨ ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­ë©
íª¢¨¢ «¥­â

�¢¥¤¥¬ ¬­®£®¬¥à­ë¥ ¨­¢ à¨ ­âë �¨¬ ­  r = r(�; s; t) ¤«ï á¨áâ¥¬ë (1.1), á¢ï§ ¢ ¨å «¨­¥©­ë¬
­¥¢ëà®¦¤¥­­ë¬ ¯à¥®¡à §®¢ ­¨¥¬

r(�; s; t) = L0(�; s; t)x(s; t); x(s; t) = P(�; s; t)r(�; s; t) (2.1)

á à¥è¥­¨¥¬ x á¨áâ¥¬ë (1.1) ¢áî¤ã ¢ ®¡« áâ¨ Rm ��.
�®¦­® ¯®ª § âì ([14], á. 72), çâ® £« ¤ª ï ¢¥ªâ®à-äã­ªæ¨ï x ï¢«ï¥âáï à¥è¥­¨¥¬ á¨áâ¥¬ë

(1.1) â®£¤  ¨ â®«ìª® â®£¤ , ª®£¤  á®®â¢¥âáâ¢ãîé ï ¥© ¢ á¬ëá«¥ à ¢¥­áâ¢ (2.1) ¢¥ªâ®à-äã­ªæ¨ï
r ã¤®¢«¥â¢®àï¥â ¤«ï «î¡®£® � 2 Rm ¨­¢ à¨ ­â­®© á¨áâ¥¬¥

rt +
mX
j=1

��j (�; s; t)rsj �
mX
j=1

�sj (�; s; t)r�j = g(r; �; s; t) �
mX
j=1

Mj(�; s; t)rsj ; (2.2)

¢ ª®â®à®© ¢¥ªâ®à-äã­ªæ¨ï g = g(r; �; s; t) ¨ ¬ âà¨ç­ë¥ äã­ªæ¨¨ Mj = Mj(�; s; t) ®¯à¥¤¥«ïîâáï
¯® ä®à¬ã« ¬

g = L0(f �DP � r)�
mX
j=1

�sjr�j ;

Mj = L0AjP � ��j ; j = 1; 2; : : : ;m: (2.3)

�¨ää¥à¥­æ¨ «ì­ë© ®¯¥à â®à

D�r = rt +
mX
j=1

��jrsj �
mX
j=1

�sjr�j

¢¢¨¤ã ¤¨ £®­ «ì­®áâ¨ ¬ âà¨æë � á®¤¥à¦¨â ¢ ª ¦¤®© i-© áâà®ª¥ ç áâ­ë¥ ¯à®¨§¢®¤­ë¥ ¯® t, sj
¨ �j , j = 1; 2; : : : ;m, â®«ìª® ®â i-£® ¨­¢ à¨ ­â  ri, i = 1; 2; : : : ; n. �â® ¯®§¢®«ï¥â à áá¬ âà¨¢ âì
i-î ª®¬¯®­¥­âã ¤¨ää¥à¥­æ¨ «ì­®£® ®¯¥à â®à  D�r ¯à¨ i = 1; 2; : : : ; n ¢ ª ç¥áâ¢¥ ¯®«­®© ¯à®-
¨§¢®¤­®© ¯® t äã­ªæ¨¨ ri(�; s; t) ¢¤®«ì ¡¨å à ªâ¥à¨áâ¨ª¨ s = s(i)(�; �; � ; t), � = �(i)(�; �; � ; t),
®¯à¥¤¥«ï¥¬®© [14] ª ª à¥è¥­¨¥ á¨áâ¥¬ë 2n ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©

ds

dt
=

@

@�
�i(�; s; t);

d�

dt
= �

@

@s
�i(�; s; t); (2.4)

¯à®å®¤ïé¥¥ ¢ ¬®¬¥­â t = � ç¥à¥§ â®çªã s = � ¨ ¢¥ªâ®à � = �.
�ãáâì �s(i)(�; s; t), ��(i)(�; s; t), �t(i)(�; s; t) | §­ ç¥­¨ï ¯ à ¬¥âà®¢ �, �, � ¡¨å à ªâ¥à¨áâ¨ª¨

�s(i)(�; s; t; �) ¢ ¥¥ ­ ç «ì­®© â®çª¥, â. ¥. â®çª  (�s(i)(�; s; t); �t(i)(�; s; t)) 2 @� ¨ �t(i)(�; s; t) < t ¯à¨
(s; t) 2 �, � 2 Rm. �¨áâ¥¬  (2.2) ¯®á«¥ ¨­â¥£à¨à®¢ ­¨ï ¢¤®«ì á®®â¢¥âáâ¢ãîé¨å ¡¨å à ªâ¥à¨-
áâ¨ª ¯à¨®¡à¥â ¥â ¢¨¤

ri(�; s; t) = ri(��(i); �s(i); �t(i)) +
Z t

�t(i)

�
gi(r; �; �; �) �

�
mX
j=1

hM
(i)
j (�; �; �); r�j i

������=s(i)(�;s;t;�)
�=�(i)(�;s;t;�)

d�; i = 1; 2; : : : ; n; � 2 Rm; (s; t) 2 �; (2.5)
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£¤¥ ç¥à¥§ h�; �i ®¡®§­ ç¥­® áª «ïà­®¥ ¯à®¨§¢¥¤¥­¨¥ ¢ Rm, M (i)
j | i-ï áâà®ª  ¬ âà¨æë Mj .

�â¬¥â¨¬, çâ® á¯à ¢¥¤«¨¢®áâì ®¡à â­®£® ¯¥à¥å®¤  ®â á¨áâ¥¬ë (2.5) ª á¨áâ¥¬¥ (2.2) ¯à®¢¥àï-
¥âáï ­¥¯®áà¥¤áâ¢¥­­®© ¯®¤áâ ­®¢ª®© ¯à ¢ëå ç áâ¥© à ¢¥­áâ¢ (2.5) ¢ ãà ¢­¥­¨ï (2.2). �à¨ íâ®¬
áãé¥áâ¢¥­­® ¨á¯®«ì§ãîâáï â®¦¤¥áâ¢ 

s
(i)
t (�; s; t; �) + s(i)s (�; s; t; �)�i� (�; s; t)� s(i)� (�; s; t; �)�is(�; s; t) � 0;

�
(i)
t (�; s; t; �) + �(i)s (�; s; t; �)�i� (�; s; t)� �(i)� (�; s; t; �)�is(�; s; t) � 0;

¢ëâ¥ª îé¨¥ ¨§ ®ç¥¢¨¤­ëå á®®â­®è¥­¨©

� � s(i)(�(i)(�; �; � ; t); s(i)(�; �; � ; t); t; �);

� � �(i)(�(i)(�; �; � ; t); s(i)(�; �; � ; t); t; �); � 2 Rm; (�; �) 2 �; t 2 T;

¯®á«¥ ¨å ¤¨ää¥à¥­æ¨à®¢ ­¨ï ¯® ¯¥à¥¬¥­­®© t á ãç¥â®¬ à ¢¥­áâ¢ (2.4).
�¨áâ¥¬  ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© (2.5), ¢®®¡é¥ £®¢®àï, ­¥ ¬®¦¥â á«ã¦¨âì ®á­®-

¢®© ¤«ï ¯®áâà®¥­¨ï ®¡®¡é¥­­®£® à¥è¥­¨ï ¨áå®¤­®© á¨áâ¥¬ë (1.1), â. ª. ¢ ¥¥ ¯®á«¥¤­¥¥ á« £ ¥¬®¥
¢å®¤ïâ ç áâ­ë¥ ¯à®¨§¢®¤­ë¥ ¨­¢ à¨ ­â®¢ r ¯® ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬ �j , j = 1; 2; : : : ;m,
çâ® ­¥ ¯®§¢®«ï¥â § ¤¥©áâ¢®¢ âì ¬¥â®¤ ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨© ¨ ®¡®á­®¢ âì á¦¨¬ î-
é¥¥ á¢®©áâ¢® ®â®¡à ¦¥­¨ï (2.5). �¤¨­áâ¢¥­­ë¬ ¨áª«îç¥­¨¥¬ §¤¥áì ï¢«ïîâáï £¨¯¥à¡®«¨ç¥áª¨¥
á¨áâ¥¬ë ¬­®£®¬¥à­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©, ã ª®â®àëå ¬ âà¨æë Aj , j = 1; 2; : : : ;m,
ä®à¬¨àãîé¨¥ ®¯¥à â®àDx, ®¡à §ãîâ ª®¬¬ãâ â¨¢­®¥ á¥¬¥©áâ¢®, â. ¥. ã¤®¢«¥â¢®àïîâ à ¢¥­áâ¢ ¬
AjAi = AiAj , i; j = 1; 2; : : : ;m. � íâ®¬ á«ãç ¥ áãé¥áâ¢ãîâ [15] ¬ âà¨æë L, P, ­¥ § ¢¨áïé¨¥ ®â
� ¨ ¤¨ £®­ «¨§¨àãîé¨¥ ®¤­®¢à¥¬¥­­® ¢á¥ ¬ âà¨æë Aj , j = 1; 2; : : : ;m. �àã£¨¬¨ á«®¢ ¬¨, ¤«ï
ª®¬¬ãâ â¨¢­ëå ¬ âà¨æ ¢ë¯®«­ïîâáï à ¢¥­áâ¢ 

L0(s; t)Aj(s; t)P(s; t) = ��j (�; s; t); j = 1; 2; : : : ;m;

çâ® ¢ á¨«ã ¢â®à®£® ®¡®§­ ç¥­¨ï ¢ (2.3) ¯à¨¢®¤¨â ª â®¦¤¥áâ¢ ¬ Mj = 0, j = 1; 2; : : : ;m. �®£-
¤  ¬¥â®¤ ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨© ¬®¦­® ¯à¨¬¥­¨âì ª ¨­â¥£à «ì­®© á¨áâ¥¬¥ (2.5) ¯®
¯à ªâ¨ç¥áª¨ â®© ¦¥ áå¥¬¥, çâ® ¨ ¢ à ¡®â å [16], [17], £¤¥ ®­ ¨á¯®«ì§®¢ «áï ¤«ï ¯®áâà®¥­¨ï ¨
®¡®á­®¢ ­¨ï á¢®©áâ¢ ®¡®¡é¥­­®£® à¥è¥­¨ï £¨¯¥à¡®«¨ç¥áª¨å á¨áâ¥¬ ®¤­®¬¥à­ëå (m = 1) ¤¨ä-
ä¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨©. �®íâ®¬ã ¤ «¥¥ ¡ã¤¥¬ à áá¬ âà¨¢ âì á¨áâ¥¬ã (1.1), áç¨â ï, çâ® ­¥
¢á¥ ¬ âà¨æë Mj , j = 1; 2; : : : ;m, â®¦¤¥áâ¢¥­­® à ¢­ë ­ã«î.

� ¬¥â¨¬, çâ® ¢ á¨«ã à ¢¥­áâ¢ (2.1) á¨áâ¥¬  (2.5) ¯à¨®¡à¥â ¥â ä®à¬ã ¨­â¥£à®¤¨ää¥à¥­æ¨-
 «ì­®© á¨áâ¥¬ë

x(s; t) =
1

mes@

Z
@

nX
i=1

p(i)(�; s; t)
�
ri(��

(i); �s(i); �t(i)) +

+
Z t

�t(i)

�
gi(r; �; �; �) �

nX
k=1

hM (i;k)(�; �; �); rk�(�; �; �)i
������=�(i)(�;s;t;�)

�=s(i)(�;s;t;�)

d�

�
d!� ; (s; t) 2 �; (2.6)

¢ ª®â®à®© @ = f� 2 Rm : k�k = 1g | ¥¤¨­¨ç­ë© è à ¢ Rm,   ç¥à¥§ mes@ ®¡®§­ ç¥­  ¯«®é ¤ì
¥£® ¯®¢¥àå­®áâ¨, â. ¥. mes@ = 2� ¯à¨ m = 2, mes@ = 4� ¯à¨ m = 3; : : : � ®¡é¥¬ á«ãç ¥, ª ª
¨§¢¥áâ­®,

mes@ =
2�m=2

�(m
2
)
:

�¥ªâ®àë M (i;k)(�; �; �), i; k = 1; 2; : : : ; n, á®áâ®ïâ ¨§ ª®¬¯®­¥­â

M (i;k)(�; �; �) =

(
`(i)0(�; �; �)Aj(�; �)p(k)(�; �; �); i 6= k;
0; i = k; j = 1; 2; : : : ;m:

(2.7)
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3. �áà¥¤­¥­¨¥ ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­®© á¨áâ¥¬ë

� ª ã¦¥ ®â¬¥ç «®áì ¢ëè¥, ¯®áâà®¥­¨î ¬¥â®¤  ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨© ­  ®á­®¢¥
¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­®© á¨áâ¥¬ë ãà ¢­¥­¨© (2.6) áãé¥áâ¢¥­­® ¯à¥¯ïâáâ¢ãîâ ¯à®¨§¢®¤­ë¥ ¯®
¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬ ®â ¨­¢ à¨ ­â®¢ r. �¥«ì ¤ ­­®£® ¯ à £à ä  § ª«îç ¥âáï ¢ ª®­-
áâàã¨à®¢ ­¨¨ â ª®£® ®¤­®¯ à ¬¥âà¨ç¥áª®£® á¥¬¥©áâ¢  ¨­â¥£à «ì­ëå á¨áâ¥¬, ª®â®àë¥, á ®¤­®©
áâ®à®­ë, á¢®¡®¤­ë ®â íâ®£® ­¥¤®áâ âª ,  , á ¤àã£®© áâ®à®­ë, ï¢«ïîâáï ¢ ­¥ª®â®à®¬ á¬ëá«¥
áå®¤ïé¨¬¨áï ¯à¨¡«¨¦¥­¨ï¬¨ ª á¨áâ¥¬¥ (2.6).

� ä¨ªá¨àã¥¬ ¯à®¨§¢®«ì­ãî â®çªã (s; t) 2 � ¨ ¤«ï ª ¦¤®£® i = 1; 2; : : : ; n ®¡®§­ ç¨¬ ç¥à¥§
Ki(s; t) ª®­ãáë á ¢¥àè¨­®© ¢ â®çª¥ (s; t), ã ª®â®àëå ¢ à®«¨ ®¡à §ãîé¨å ¢ëáâã¯ îâ á®®â¢¥âáâ¢ã-
îé¨¥ ¡¨å à ªâà¨áâ¨ª¨. �å ä®à¬ «ì­®¥ ®¯¨á ­¨¥ ¬®¦¥â ¡ëâì á«¥¤ãîé¨¬:

Ki(s; t) = f(�; �) 2 � : � 2 cofs(i)(�; s; t; �)g; � < t; � 2 @g:

�®ª®¢ ï (ª®­¨ç¥áª ï) ¯®¢¥àå­®áâì @Ki(s; t) ª®­ãá  Ki(s; t) ¨¬¥¥â ¢¨¤

@Ki(s; t) = f(�; �) 2 � : � = s(i)(�; s; t; �); � < t; � 2 @g;

  ¢ ¬®¬¥­â � ¥£® £®à¨§®­â «ì­ë¥ á¥ç¥­¨ï ¯® ¢à¥¬¥­¨ Ki(s; t; �) ®¯¨áë¢ îâáï á®®â­®è¥­¨ï¬¨

Ki(s; t; �) = f� 2 S : � 2 cofs(i)(�; s; t; �)g; � 2 @g:

� ¬¥â¨¬, çâ® ®â®¡à ¦¥­¨¥ s(i)(�; s; t; �) : @ ! @Ki(s; t), i = 1; 2; : : : ; n, ¢ ®¡é¥¬ á«ãç ¥ ï¢«ï¥âáï
«¨èì ¨­ê¥ªâ¨¢­ë¬. �¥©áâ¢¨â¥«ì­®, ¥á«¨ á®¡áâ¢¥­­®¥ §­ ç¥­¨¥ �i(�; s; t) «¨­¥©­® ®â­®á¨â¥«ì­®
¯¥à¥¬¥­­®© � (¢ ç áâ­®áâ¨, ­¥ § ¢¨á¨â ®â �), â® ¢á¥ ¡¨å à ªâ¥à¨áâ¨ª¨ � = s(i)(�; s; t; �) \á«¨¢ -
îâáï" ¢ ®¤­ã ¨­â¥£à «ì­ãî ªà¨¢ãî ¯¥à¢®© á¨áâ¥¬ë (2.4). �®íâ®¬ã á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ª®­ãáë
Ki(s; t) ã¬¥áâ­® ­ §¢ âì ¡¥câ¥«¥á­ë¬¨, â. ª. ®­¨ á®¢¯ ¤ îâ á® á¢®¥© £à ­¨æ¥© @Ki(s; t). � â®¬ ¦¥
á«ãç ¥, ª®£¤  á®¡áâ¢¥­­®¥ §­ ç¥­¨¥ �i(�; s; t) § ¢¨á¨â ®â � ­¥«¨­¥©­®, ª®­ãá Ki(s; t) ã¦¥ ­¥ ï¢«ï-
¥âáï ¢ëà®¦¤¥­­ë¬. �à¨ íâ®¬ ¢¢¨¤ã ¯®áâ®ï­áâ¢  §­ ª  á®¡áâ¢¥­­®£® §­ ç¥­¨ï �i á¯à ¢¥¤«¨¢ë
áâà®£¨¥ ¢ª«îç¥­¨ï

Ki(s; t; �1) � Ki(s; t; �2);

¥á«¨ �1 < �2. � ª¨¥ ª®­ãáë ¤ «¥¥ ¡ã¤¥¬ ­ §ë¢ âì â¥«¥á­ë¬¨.
�¯¨è¥¬ áâàãªâãàã ¢§ ¨¬®¤¥©áâ¢¨ï â¥«¥á­ëå ª®­ãá®¢ Ki, i = 1; 2; : : : ; n, á £à ­¨æ ¬¨ æ¨«¨­-

¤à  �. �¨¦­ïï £à ­¨æ  ª®­ãá , ®ç¥¢¨¤­®, ï¢«ï¥âáï á¥ç¥­¨¥¬ Ki(s; t; t0). �¥à¥§ @Ki(s; t; �) � S
®¡®§­ ç¨¬ £à ­¨ç­ë¥ â®çª¨ ¬­®¦¥áâ¢  Ki(s; t; �). �¥à¥á¥ç¥­¨¥¬ ª®­ãá  Ki(s; t) á ¡®ª®¢®© £à -
­¨æ¥© æ¨«¨­¤à  � ­ §®¢¥¬ ¬­®¦¥áâ¢®

Ki(s; t; @S) = f(�; �) 2 @S � T : � 2 cofs(i)(�; s; t; �)g; � < t; � 2 @g:

�ãáâì @Ki(s; t; @S) � @S � T | á®¢®ªã¯­®áâì ¥£® £à ­¨ç­ëå â®ç¥ª.
�®­ïâ­®, çâ® ¤«ï â¥«¥á­ëå ª®­ãá®¢ ®â®¡à ¦¥­¨¥ s(i)(�; s; t; �) : @ ! @Ki(s; t) ¡ã¤¥â ã¦¥

áîàê¥ªâ¨¢­ë¬. �â® ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï¥â à §¡¨âì áä¥àã @ ­  ¬­®¦¥áâ¢ 

@(i)0 (s; t) = f� 2 @ : �si(�; s; t) 2 S; �t(i)(�; s; t) = t0g;

@
(i)
S (s; t) = f� 2 @ : �si(�; s; t) 2 @S; �t(i)(�; s; t) > t0g;

@@
(i)
S (s; t; �) = f� 2 @

(i)
S (s; t) : �si(�; s; t) 2 @S; �t(i)(�; s; t) = �g;

á®®â¢¥âáâ¢ãîé¨¥ ¬­®¦¥áâ¢ ¬ @Ki(s; t; t0), @Ki(s; t; @S) ¨ @Ki(s; t; @S) \ @Ki(s; t; �).
�¡à â¨¬ ¢­¨¬ ­¨¥ ­  á«¥¤ãîé¨© ¢ ¦­ë© ä ªâ. �­â¥£à «ì­ ï á¨áâ¥¬  (2.6) ¢ ª ç¥áâ¢¥ ®¡« -

áâ¨ ¨­â¥£à¨à®¢ ­¨ï ¢® ¢á¥å á¢®¨å á« £ ¥¬ëå ¨á¯®«ì§ã¥â æ¨«¨­¤à¨ç¥áª¨¥ ¯®¢¥àå­®áâ¨ @ � T.
�®ç­¥¥, ¨å \¢¥àå­¨¥" ç áâ¨ @�T n @(i)S (s; t)�f� 2 T : � < �t(i)(�; s; t), � 2 @(i)S (s; t)g, i = 1; 2; : : : ; n.
� á¢®î ®ç¥à¥¤ì, â¥«¥á­ë¥ ª®­ãáë Ki(s; t), ª ª ¨ ¨å ª®­¨ç¥áª¨¥ ¯®¢¥àå­®áâ¨ @Ki(s; t), ¨¬¥îâ
¨áç¥§ îé¥ ¬ «ãî ¬¥àã ¢ ®ªà¥áâ­®áâ¨ ¢¥àè¨­ë (s; t). �â  ®á®¡¥­­®áâì ¢ëáâã¯ ¥â áãé¥áâ¢¥­­ë¬
¯à¥¯ïâáâ¢¨¥¬ ¯à¨ ãáâ ­®¢«¥­¨¨ ®¡à â­®£® á®®â¢¥âáâ¢¨ï ¬¥¦¤ã ¯¥à¥¬¥­­ë¬¨ (�; �) 2 @ � T ¨
¯¥à¥¬¥­­ë¬¨ (�; �) 2 @Ki. �«ï ¡¥áâ¥«¥á­ëå ª®­ãá®¢ ãª § ­­ ï ¯à®¡«¥¬  ¨ ¯®¤ ¢­® à á¯à®-
áâà ­ï¥âáï ­  ¢¥áì ¢à¥¬¥­­®© ¨­â¥à¢ «. �¥¬ ­¥ ¬¥­¥¥, ­ «¨ç¨¥ \¤¢¨¦¥­¨ï" ¡¨å à ªâ¥à¨áâ¨ª¨
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s(i)(�; s; t; �) ¯® � ï¢«ï¥âáï ¯à¨­æ¨¯¨ «ì­® ­¥®¡å®¤¨¬ë¬ í«¥¬¥­â®¬ ¢ ¯à®æ¥áá¥ ¯®áâà®¥­¨ï ®¡-
®¡é¥­­®£® à¥è¥­¨ï, â. ª. â®«ìª® á ¥£® ¯®¬®éìî ã¤ ¥âáï \¯®¬¥­ïâì" ¯à®¨§¢®¤­ë¥ ¯® ¯à®áâà ­-
áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬ ®â ¨­¢ à¨ ­â®¢ r (  §­ ç¨â, ¨ ®â x) ­  ¯à®¨§¢®¤­ë¥ ¯® ­ ¯à ¢«¥­¨î � ®â
â¥å ¦¥ ¨­¢ à¨ ­â®¢ r.

�à¥®¤®«¥âì ®â¬¥ç¥­­ë¥ âàã¤­®áâ¨ ¬®¦­® à §«¨ç­ë¬¨ á â¥å­¨ç¥áª®© â®çª¨ §à¥­¨ï á¯®á®¡ -
¬¨, ¨¬¥îé¨¬¨ ª ª á¢®¨ ¯«îáë, â ª ¨ ¬¨­ãáë. �¤­ ª®, ¢á¥ ®­¨ ¨á¯®«ì§ãîâ ®¤­ã ®á­®¢®¯®« £ -
îéãî ¨¤¥î: á¨áâ¥¬  (2.6) ¤®«¦­  ¡ëâì ¯à¥¯ à¨à®¢ ­  â ª¨¬ ®¡à §®¬, çâ®¡ë ¢ ­¥© ¨á¯®«ì§®-
¢ «¨áì â®«ìª® ¢áî¤ã â¥«¥á­ë¥ ®¡« áâ¨ ¨­â¥£à¨à®¢ ­¨ï. �¯¨è¥¬ ®¤­ã ¨§ ¢®§¬®¦­ëå áå¥¬.

�©â¨ ®â ¢ëà®¦¤¥­¨ï â¥«¥á­ëå ª®­ãá®¢ ¢ ®ªà¥áâ­®áâ¨ ¢¥àè¨­ë (s; t) ¯®§¢®«ï¥â, ¢ ç áâ­®áâ¨,
¯à®áâ®¥ \ãá¥ç¥­¨¥" ¨å á¢¥àåã ¯® ¢à¥¬¥­¨. �¡®§­ ç¨¬ ¢¥«¨ç¨­ã íâ®£® ¢à¥¬¥­­®£® § §®à  ç¨á«®¬
� > 0. �®£¤  ¤«ï ¤®áâ¨¦¥­¨ï ­ã¦­®£® à¥§ã«ìâ â  ¤®áâ â®ç­® ¢ á¨áâ¥¬¥ (2.6) ã¬¥­ìè¨âì ¢¥àå-
­¨© ¯à¥¤¥« ¨­â¥£à¨à®¢ ­¨ï ¯® ¢à¥¬¥­¨ ­  �, â. ¥. ¢¬¥áâ® ª®­ãá  Ki(s; t) ¢ á¨áâ¥¬¥ (2.6) ¡ã¤¥â
ä¨£ãà¨à®¢ âì ª®­ãá

K�
i (s; t) = f(�; �) 2 � : � 2 cofs(i)(�; s; t; �)g; � < t� �; � 2 @g:

� ¡¥áâ¥«¥á­ë¬¨ ª®­ãá ¬¨ Ki(s; t) ¯®áâã¯¨¬ ¡®«¥¥ à ¤¨ª «ì­ë¬ ®¡à §®¬, § ¬¥­¨¢ ¨å ¢ á¨-
áâ¥¬¥ (2.6) ­  æ¨«¨­¤àë

K�
i (s; t) = f(�; �) 2 � : � 2 cofs(i)(�; s+ ��; t; �)g; � < t� �; � 2 @g;

¢¥àå­¥© £à ­¨æ¥© ª®â®àëå á«ã¦¨â áä¥à  à ¤¨ãá  � > 0 á æ¥­âà®¬ ¢ â®çª¥ s ¢ ¬®¬¥­â ¢à¥¬¥­¨ t.
�«ï ®¯¨á ­¨ï ¯®¢¥àå­®áâ¥© @K�

i (s; t) íâ¨å \¨áªãááâ¢¥­­ëå" æ¨«¨­¤à®¢ K
�
i (s; t) ¢¢¥¤¥¬ ¢¥ªâ®à-

äã­ªæ¨¨ s(i)�, ¯®«®¦¨¢ s(i)�(�; s; t; �) = s(i)(�; s + ��; t; �). � ¡¨å à ªâ¥à¨áâ¨ª å s(i)�(�; s; t; �),
®¯¨áë¢ îé¨å £à ­¨æë @K�

i (s; t) â¥«¥á­ëå ª®­ãá®¢ K
�
i (s; t),  ­ «®£¨ç­®¥ ¨á¯®«ì§®¢ ­¨¥ á¨¬¢®« 

� ¨¬¥¥â á¢®¥© æ¥«ìî «¨èì ¥¤¨­®®¡à §¨¥ ®¡®§­ ç¥­¨©, â. ¥. §¤¥áì s(i)�(�; s; t; �) = s(i)(�; s; t; �).
�¥§ã«ìâ â®¬ ¬®¤¥à­¨§ æ¨¨ á¨áâ¥¬ë (2.6) ¯® ®¯¨á ­­®© ¯à®æ¥¤ãà¥ ¡ã¤¥â á¥¬¥©áâ¢® (®â­®á¨-

â¥«ì­® ¯ à ¬¥âà  � > 0) á¨áâ¥¬ ãà ¢­¥­¨© ¢¨¤ 

x�(s; t) =
1

mes@

Z
@

nX
i=1

p(i)(�; s; t)
�
ri(��(i); �s(i); �t(i)) +

+
Z t��

�t(i)

�
gi(r�; �; �; �)�

nX
k=1

hM (i;k)(�; �; �); r�k� (�; �; �)i
������=�(i)(�;s;t;�)

�=s(i)�(�;s;t;�)

d�

�
d!� : (3.1)

�®­ïâ­®, çâ® ®âàë¢ ¢¥àè¨­ë (s; t) ®â ãá¥ç¥­­ëå ª®­ãá®¢ K� áã¦ ¥â ®¡« áâì ®¯à¥¤¥«¥­¨ï
à¥è¥­¨ï á¨áâ¥¬ë (3.1) ¯® áà ¢­¥­¨î á á¨áâ¥¬®© (2.6) ¤® ®¡« áâ¨

�� = S� � T�; S� = fs 2 S : s+ b�� 2 S; � 2 @g; T� = (t0 + �; t1);

£¤¥ b� ¥áâì ¬ ªá¨¬ «ì­®¥ §­ ç¥­¨¥ ks(i)(�; s; t; t � �) � sk ­  ¬­®¦¥áâ¢¥ @ � S � T ¤«ï ¢á¥å
i = 1; 2; : : : ; n.

� ¯à¨£à ­¨ç­®¬ á«®¥ � n �� à¥è¥­¨¥ x�, ª ª ã¢¨¤¨¬ ¢ ¤ «ì­¥©è¥¬, ¬®¦¥â ¤®®¯à¥¤¥«ïâìáï
¯®çâ¨ ¯à®¨§¢®«ì­®. �ã¤¥¬ áç¨â âì, çâ® x�(s; t) = 0, (s; t) 2 � n��.

�ª ¦¥¬ â¥¯¥àì á¯®á®¡ á¢¥¤¥­¨ï ¨­â¥£à®¤¨ää¥à¥­æ¨ «ì­®© á¨áâ¥¬ë (3.1) ª íª¢¨¢ «¥­â­®©
¨­â¥£à «ì­®© á¨áâ¥¬¥, ­¥ á®¤¥à¦ é¥© ç áâ­ëå ¯à®¨§¢®¤­ëå ®â ¨áª®¬®£® à¥è¥­¨ï x.

�«îç¥¢ë¬ ¬®¬¥­â®¬ §¤¥áì ï¢«ï¥âáï á¢®©áâ¢® ®àâ®£®­ «ì­®áâ¨ ¢¥ªâ®à  M (i;k)(�; �; �) ¨ ¢¥ª-
â®à  ­®à¬ «¨ ª å à ªâ¥à¨áâ¨ç¥áª®© ¯®¢¥àå­®áâ¨ �, çâ® ®ç¥¢¨¤­® ¨§ á¯®á®¡  (2.3) ®¯à¥¤¥«¥­¨ï
¬ âà¨æMj , j = 1; 2; : : : ;m, ¨«¨ ¯à ¢¨«  (2.7) ¤«ï ¢¥ªâ®à-äã­ªæ¨¨M (i;k)(�; �; �), i; k = 1; 2; : : : ; n.
� £¥®¬¥âà¨ç¥áª®© â®çª¨ §à¥­¨ï íâ® á¢®©áâ¢® ®§­ ç ¥â áª®«ì¦¥­¨¥ ¢¥ªâ®à®¢ M (i;k)(�; �; �) ¢¤®«ì
£à ­¨æë @K�

i (s; t; �) ¯à¨ ¢á¥å k = 1; 2; : : : ; n, k 6= i, � 2 (t0; t� �).
�ãáâì �? | ¯à®¨§¢®«ì­ë© ¢¥ªâ®à ¢ Rm. �ëç¨á«¨¬ ¯à®¨§¢®¤­ãî ¯® ­ ¯à ¢«¥­¨î íâ®£®

¢¥ªâ®à  ®â äã­ªæ¨¨ rk(�(i)(�; s; t; �), s(i)�(�; s; t; �); �), ¨á¯®«ì§ãï ¤«ï ªà âª®áâ¨ ®¡®§­ ç¥­¨ï
� = �(i)(�; s; t; �), � = s(i)�(�; s; t; �). �®«ãç¨¬ ä®à¬ã«ã

d

d�?
rk(�; �; �) = hrk�(�; �; �); �

(i)
� (�; s; t; �)�?i+ hrk�(�; �; �); s

(i)�
� (�; s; t; �)�?i: (3.2)

73



� á¨«ã ­¥¢ëà®¦¤¥­­®áâ¨ ¨ £« ¤ª®áâ¨ ®â®¡à ¦¥­¨© s(i)(�; s; t; �) : @ ! @K�
i (s; t; �)[ @K

�
i (s; t; @S)

áãé¥áâ¢ã¥â ¢¥ªâ®à-äã­ªæ¨ï �(i;k)(�; s; t; �), ®¡¥á¯¥ç¨¢ îé ï à ¢¥­áâ¢®

s(i)�� (�; s; t; �)�(i;k)(v; s; t; �) = �i(�; �)M (i;k)(�; �; �); (3.3)

£¤¥ � = �i(�; �) | cª «ïà­ ï äã­ªæ¨ï, ¢ëç¨á«ïîé ï ®â­®è¥­¨¥ ¤«¨­ ¢¥ªâ®à®¢ s(i)�� �(i;k) ¨M (i;k).
�®«®¦¨¬ ¤ «¥¥, çâ® �? = �(i;k)(v; s; t; �). �®£¤  ­  ®á­®¢ ­¨¨ (3.2) ¨ (3.3) á¯à ¢¥¤«¨¢® á«¥¤ãîé¥¥
¯à ¢¨«® ­ å®¦¤¥­¨ï ¯®«­®© ¯à®¨§¢®¤­®© ¯® ­ ¯à ¢«¥­¨î �? ®â ¯à®¨§¢¥¤¥­¨ï ¢¥ªâ®à  p(i) ¨
¨­¢ à¨ ­â  rk:

d

d�?

�
p(i)(�; s; t)rk(�; �; �)

�
=

@

@�?

�
p(i)(v; s; t)rk(�; �; �)

�
+

+ �i(�; �)p(i)(�; s; t)hrk�(�; �; �);M
(i;k)(�; �; �)i:

�âáî¤  á«¥¤ã¥â

p(i)(�; s; t)hrk�(�; �; �);M
(i;k)(�; �; �)i =

d

d�?

�
1

�i(�; �)
p(i)(v; s; t)rk(�; �; �)

�
�

�
@

@�?

�
1

�i(v; �)
p(i)(�; s; t)rk(�; �; �)

�
:

�®íâ®¬ã á¨áâ¥¬ã (3.1) ¬®¦­® ¯¥à¥¯¨á âì ¢ ä®à¬¥, ­¥ ¨á¯®«ì§ãîé¥© ç áâ­ë¥ ¯à®¨§¢®¤­ë¥
®â à¥è¥­¨ï ¯® ¯à®áâà ­áâ¢¥­­ë¬ ¯¥à¥¬¥­­ë¬,

x�(s; t) =
1

mes@

nX
i=1

�Z
@
(i)

S

p(i)(�; s; t)ri(��(i); �s(i); �t(i))d!� �

�

Z
T

Z
@@

(i)

S
(�)

p(i)(�; s; t)
nX

k=1
k 6=i

rk(��(i); �s(i); �t(i))=�i(�; �)d!@�d� +

+
Z
@
(i)
0

p(i)(�; s; t)ri(��(i); �s(i); t0)d!� +
Z
@

Z t��

�t(i)

�
p(i)(�; s; t)gi(r�; �; �; �) +

+
nX

k=1
k 6=i

@

@�?

�
p(i)(�; s; t)r�k (�; �; �)=�i(�; �)

�������=�(i)(�;s;t;�)
�=s(i)�(�;s;t;�)

d� d!�

�
; (s; t) 2 ��; � > 0: (3.4)

� «¥¥ á¨áâ¥¬  (3.4) ¯à¨¬¥â ¡®«¥¥ ª®¬¯ ªâ­ë© ¢¨¤ §  áç¥â á¢¥¤¥­¨ï ¯¥à¢ëå ¤¢ãå á« £ ¥¬ëå
¢ ®¤­®. �¤­ ª® ¢ëç¨á«¥­¨¥ íâ®© à §­®áâ¨ ¯à¥á«¥¤ã¥â ¨­ãî æ¥«ì.

4. �®áâà®¥­¨¥ ª®àà¥ªâ­ëå ­ ç «ì­®-£à ­¨ç­ëå ãá«®¢¨©

� á¨áâ¥¬¥ (3.4) ¯¥à¢ë¥ âà¨ á« £ ¥¬ëå á®¤¥à¦ â §­ ç¥­¨ï ¨­¢ à¨ ­â®¢ ­  £à ­¨æ¥ ®¡« áâ¨ �.
�«¥¤®¢ â¥«ì­®, ®­  ¨¬¥¥â á¬ëá« â®«ìª® ¢ â®¬ á«ãç ¥, ª®£¤  íâ¨ §­ ç¥­¨ï ¨­¢ à¨ ­â®¢ ¬®¦­®
¢ëç¨á«¨âì ¯® § ¤ ­­ë¬ ­ ç «ì­ë¬ ¨ £à ­¨ç­ë¬ ãá«®¢¨ï¬.

� ª ®¡ëç­®, ¤«ï £¨¯¥à¡®«¨ç¥áª¨å á¨áâ¥¬ ­ ¨¡®«¥¥ ¯à®áâ® à¥è ¥âáï ¢®¯à®á á ¯®áâ ­®¢ª®©
­ ç «ì­ëå ãá«®¢¨©. �¥©áâ¢¨â¥«ì­®, ¥á«¨ ¤«ï á¨áâ¥¬ë (1.1) ¯®áâ ¢¨âì ­ ç «ì­ë¥ ãá«®¢¨ï

x(s; t0) = x0(s); s 2 S; (4.1)

â® ¨å ¡ã¤¥â à®¢­® áâ®«ìª®, áª®«ìª® âà¥¡ã¥âáï ¤«ï ¢ëç¨á«¥­¨ï âà¥âì¥£® á« £ ¥¬®£® ¯à¨ «î¡ëå
(s; t) 2 ��, � > 0.

�ãé¥áâ¢¥­­® á«®¦­¥¥ ®¡áâ®¨â ¤¥«® á ¯®áâ ­®¢ª®© ª®àà¥ªâ­ëå £à ­¨ç­ëå ãá«®¢¨©,   ¨¬¥­-
­® ãá«®¢¨© ­  ¡®ª®¢®© £à ­¨æ¥ @S � T . � ­¨¬, ª ª ­¥âàã¤­® ¢¨¤¥âì,  ¯¥««¨àãîâ ¯¥à¢ë¥ ¤¢ 
á« £ ¥¬ëå ¨­â¥£à «ì­®© á¨áâ¥¬ë (3.4), ¢ ª®â®àëå ¬­®¦¥áâ¢  @(i)S ¨ T � @@(i)S (�) = f� 2 @@(i)S (�),
� 2 Tg á®áâ®ïâ ¨§ ®¤­¨å ¨ â¥å ¦¥ â®ç¥ª, ­® ®¯¨áë¢ îâáï à §­ë¬¨ á¯®á®¡ ¬¨.
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� ªâ¨ç¥áª¨ ¬­®¦¥áâ¢® @(i)S ¬®¦­® à áá¬ âà¨¢ âì ª ª ®¡ê¥¤¨­¥­¨¥ ¥£® á¥ç¥­¨© @@(i)S (�) ¯®
¢à¥¬¥­¨ � 2 T . �®­ïâ­®, çâ® íâ¨ á¥ç¥­¨ï ï¢«ïîâáï § ¢¥¤®¬® ¯ãáâë¬¨ ¬­®¦¥áâ¢ ¬¨, ­ ç¨­ ï á
­¥ª®â®à®£® ¤®áâ â®ç­® ¡®«ìè®£® � < t, ¥á«¨ â®«ìª® â®çª  (s; t) ­¥ § «¥£ ¥â ­  ¡®ª®¢®© £à ­¨æ¥,
â. ¥. (s; t) =2 @S�T . �â¬¥â¨¬, çâ® ¬­®¦¥áâ¢® @@(i)S (�), ¢®®¡é¥ £®¢®àï, ¬­®£®á¢ï§­®. �­® á®áâ®¨â ¨§
á¥ç¥­¨© (\®ªàã¦­®áâ¥©") áä¥àë @, \®à¨¥­â¨à®¢ ­­ëå" ­  á®®â¢¥âáâ¢ãîé¨¥ ãç áâª¨ £à ­¨æë
@S � T . �«¥¬¥­â à­®¬ã ¯à¨à é¥­¨î d� á®®â¢¥âáâ¢ã¥â í«¥¬¥­â à­®¥ ¯à¨à é¥­¨¥ d�?, ¯à¨ç¥¬
d!� = d!@�d!d�? ,   ¢¥ªâ®à �? á¢ï§ ­ á ¢¥ªâ®à®¬ M (i;k)(�; �; �) á®®â­®è¥­¨¥¬ (3.3).

�áâ ­®¢¨¬ ¯à ¢¨«® ¯¥à¥áç¥â  d�? ¯® d� . �«ï íâ®£® ¯®«®¦¨¬, çâ® ãç áâ®ª £à ­¨æë @S � T
¢ ®ªà¥áâ­®áâ¨ â®çª¨ (�s(i)(�; s; t), �t(i)(�; s; t)) ®¯¨áë¢ ¥âáï á ¯®¬®éìî ­¥ª®â®à®© ªãá®ç­®-£« ¤ª®©
äã­ªæ¨¨ '(�) ãà ¢­¥­¨¥¬ '(�) = 0. �¡®§­ ç¨¬ £à ¤¨¥­â r'(�s(i)(�; s; t)) á¨¬¢®«®¬ �?, �? 6=0.
� ¯à ¢«¥­¨¥ �, \¯¥à¥¢®¤ïé¥¥" â®çªã (s; t) ¢ â®çªã (�; �) ¨§ ®ªà¥áâ­®áâ¨ â®çª¨ (�s(i)(�; s; t),
�t(i)(�; s; t)), á¢ï§ ­® á ¬®¬¥­â®¬ ¢à¥¬¥­¨ � á®®â­®è¥­¨¥¬ '(s(i)(�; s; t; �)) = 0, ¨§ ª®â®à®£® ­ -
å®¤¨¬ ¨áª®¬®¥ ¯à ¢¨«® ¯¥à¥áç¥â 

d� = �
h�?; s(i)� (�; s; t; �)�?i
h�?; ��(�; �; �)i

d!d�? :

�®á«¥ § ¬¥­ë ¢ëà ¦¥­¨ï ¢ ç¨á«¨â¥«¥ ¯® ä®à¬ã«¥ (3.3) ®ª®­ç â¥«ì­® ¡ã¤¥¬ ¨¬¥âì

d� =
h�?;M (i;k)(�; �; �)i
h�?; �i�(�; �; �)i

�i(�; �)d!d�? :

�®£¤  áã¬¬®© ¯¥à¢ëå ¤¢ãå ¨­â¥£à «®¢ ¢ (3.4) ¡ã¤¥â ¨­â¥£à «Z
@
(i)

S

p(i)(�; s; t)
��
h�?; �i�iri +

nX
k=1
k 6=i

h�?;M (i;k)irk

�.
h�?; �i�i

�
d!� ; (4.2)

£¤¥ � = ��(i)(�; s; t), � = �s(i)(�; s; t).
�â¬¥â¨¬, çâ® ¯à®¨§¢¥¤¥­¨¥ ¢¥ªâ®à  ­®à¬ «¨ �? ª ¯®¢¥àå­®áâ¨ @S ¢ â®çª¥ �s(i)(�; s; t) ¨ ¢¥ªâ®-

à  �i�(��(i)(�; s; t); �s(i)(�; s; t); �t(i)(�; s; t)) ¤«ï ¢á¥å (s; t) 2 �� ®â«¨ç­® ®â ­ã«ï, â. ª. à ¢¥­áâ¢® ­ã«î
íâ®£® ¯à®¨§¢¥¤¥­¨ï ®§­ ç «® ¡ë áª®«ì¦¥­¨¥ ¡¨å à ªâ¥à¨áâ¨ª¨ s(i)(�; s; t; �) ¯® £à ­¨æ¥ @S � T ,
çâ® ­¥¢®§¬®¦­®.

�à¥®¡à §ã¥¬ â¥¯¥àì ¢ëà ¦¥­¨¥, áâ®ïé¥¥ ¢ ä®à¬ã«¥ (4.2) ¢ ª¢ ¤à â­ëå áª®¡ª å, ¢®á¯®«ì§®-
¢ ¢è¨áì [14] â®¦¤¥áâ¢®¬

�i�j (�; �; �) = h`(i)(�; �; �); Aj(�; �)p(i)(�; �; �)i

¨ à ¢¥­áâ¢ ¬¨ (2.7) ¨ (2.1). �ã¤¥¬ ¨¬¥âì

h�?(�; �); �i� (�; �; �)iri(�; �; �) +
nX
i=1

h�?(�; �);M (i;k)(�; �; �)irk(�; �; �) =

= h`(i)(�; �; �);A(�?; �; �)x(�; �)i:

� ª¨¬ ®¡à §®¬, á¨áâ¥¬  ¨­â¥£à «ì­ëå ãà ¢­¥­¨© (3.4) ¯à¨¬¥â ¢¨¤

x�(s; t) =
1

mes@

nX
i=1

�Z
@
(i)

S

p(i)(�; s; t)
h`(i)(�; �; �);A(�?; �; �)x(�; �)i

h�?(�; �); �i� (�; �; �)i
d!� +

+
Z
@
(i)
0

p(i)(�; s; t)h`(i)(�; �; t0); x0(�)id!� +

+
Z
@

Z t��

�t(i)

�
p(i)(�; s; t)gi(L0x�; �; �; �) +

+
nX

k=1
k 6=i

@

@�?

�
p(i)(�; s; t)h`(k)(�; �; �); x�(�; �)i

.
�i(�; �)

��
d� d!�

�
(4.3)
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¯à¨ «î¡ëå (s; t) 2 ��, � > 0, £¤¥ � = �(i)(�; s; t; �), � = s(i)(�; s; t; �).
�ëïá­¨¬, ª ª¨¬ ®¡à §®¬ á«¥¤ã¥â ®¯à¥¤¥«¨âì à¥è¥­¨¥ x ­  £à ­¨æ¥ @S�T , ®à¨¥­â¨àãïáì ­ 

á«¥¤ãîé¨¥ ªà¨â¥à¨¨. � ®¤­®© áâ®à®­ë, £à ­¨ç­ë¥ ãá«®¢¨ï ¤®«¦­ë ®¡¥á¯¥ç¨¢ âì ®¤­®§­ ç­®¥
¢ëç¨á«¥­¨¥ ¯à®¨§¢¥¤¥­¨ï A(�?; �; �)x(�; �), (�; �) 2 @S � T . � ¤àã£®© áâ®à®­ë, ®­¨ ­¥ ¬®£ãâ
¢áâã¯ âì ¢ ª®­ä«¨ªâ á ­ ç «ì­ë¬¨ ãá«®¢¨ï¬¨ (4.1).

� á¨«ã à ¢¥­áâ¢ (1.2), (2.1) ¨¬¥¥¬ á®®â­®è¥­¨¥

A(�?; �; �)x(�; �) = P(�?; �; �)�(�?; �; �)L0(�?; �; �)P(�?; �; �)r(�?; �; �) =

= P(�?; �; �)�(�?; �; �)r(�?; �; �):

�­® ®§­ ç ¥â, çâ® ¤«ï ­ å®¦¤¥­¨ï ¢¥ªâ®à  A(�?; �; �)x(�; �) ¤®áâ â®ç­® §­ âì ¢ â®çª å (�; �) 2
@S�T ¢á¥ ¨­¢ à¨ ­âë ri(�?; �; �), á®®â¢¥âáâ¢ãîé¨¥ ­¥­ã«¥¢ë¬ á®¡áâ¢¥­­ë¬ §­ ç¥­¨ï¬ �i(�?; �; �),
i = 1; 2; : : : ; n.

�â®¡ë ¯®­ïâì, ª ª¨¥ ¨­¢ à¨ ­âë ri(�?; �; �), i = 1; 2; : : : ; n, ®¯à¥¤¥«ïîâáï ¢­ãâà¨ ®¡« áâ¨
�,   ª ª¨¥ ¨§ ­¨å á«¥¤ã¥â ¯®¤ç¨­¨âì £à ­¨ç­ë¬ ãá«®¢¨ï¬, à áá¬®âà¨¬ ¯®¢¥¤¥­¨¥ ¡¨å à ª-
â¥à¨áâ¨ª s(i)(�?(�; �); �; � ; �), i = 1; 2; : : : ; n. � ¦¤ ï ¨§ ­¨å á à®áâ®¬ ¢à¥¬¥­¨ «¨¡® ¯à¨å®¤¨â
¢ â®çªã (�; �) 2 @S � T ¨§ ®¡« áâ¨ �, «¨¡®, ­ ®¡®à®â, ãå®¤¨â ¢ ®¡« áâì �. �®íâ®¬ã ¨­¢ à¨-
 ­âë ri(�?; �; �), á®®â¢¥âáâ¢ãîé¨¥ \¯à¨å®¤ïé¨¬" ¡¨å à ªâ¥à¨áâ¨ª ¬, ®¯à¥¤¥«ïîâáï à¥è¥­¨-
¥¬ x�,   ¨­¢ à¨ ­âë ri(�?; �; �), ®â¢¥ç îé¨¥ \ãå®¤ïé¨¬" å à ªâ¥à¨áâ¨ª ¬, âà¥¡ã¥âáï § ¤ âì
­  £à ­¨æ¥ @S � T . �« áá¨ä¨æ¨à®¢ âì \¯à¨å®¤ïé¨¥" ¨ \ãå®¤ïé¨¥" ¡¨å à ªâ¥à¨áâ¨ª¨ ¬®¦­®
¯® §­ ªã ¨å á®¡áâ¢¥­­ëå §­ ç¥­¨©. �¥©áâ¢¨â¥«ì­®, ¯®«®¦¨â¥«ì­®áâì áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï
h _s(i)(�?(�; �); �; � ; t); �?(�; �)i á®®â¢¥âáâ¢ã¥â \¯à¨å®¤ïé¥©",   ®âà¨æ â¥«ì­®áâì | \ãå®¤ïé¥©" ¡¨-
å à ªâ¥à¨áâ¨ª¥ s(i)(�?(�; �); �; � ; �). �® ¢ á¨«ã á¢®©áâ¢  ®¤­®à®¤­®áâ¨ ¯¥à¢®© áâ¥¯¥­¨ á®¡áâ¢¥­-
­ëå §­ ç¥­¨© �i(�; �; �) ¯® ¯¥à¥¬¥­­®© � ¨§ â¥®à¥¬ë �©«¥à  ¨ ãà ¢­¥­¨© (2.4) á«¥¤ã¥â

hs(i)(�?; �; � ; t); �?i = h�i�(�
?; �; � ; t); �?i = �i(�?; �; �):

� ª¨¬ ®¡à §®¬, ­  £à ­¨æ¥ @S�T á«¥¤ã¥â § ¤ ¢ âì ¨­¢ à¨ ­âë ri(�?; �; �), ¨«¨, çâ® â® ¦¥, «¨-
­¥©­ë¥ ª®¬¡¨­ æ¨¨ h`(i)(�?; �; �); x(�; �)i, ®â¢¥ç îé¨¥ ®âà¨æ â¥«ì­ë¬ §­ ç¥­¨ï¬ �i(�?(�; �); �; �),
i = 1; 2; : : : ; n.

�«ï ä®à¬ «¨§ æ¨¨ á¯®á®¡  § ¤ ­¨ï £à ­¨ç­ëå ãá«®¢¨© ¢¢¥¤¥¬ ¬ âà¨æë A� ¨ A+, ¯®«®¦¨¢
¤«ï (�; �) 2 @S � T

A�(�; �) = P(�?(�; �); �; �)��(�?(�; �); �; �)L0(�?(�; �); �; �);

A+(�; �) = P(�?(�; �); �; �)�+(�?(�; �); �; �)L0(�?(�; �); �; �);

£¤¥ ¬ âà¨æ  ��(�+) ¯®áâà®¥­  ¯® ¬ âà¨æ¥ � § ¬¥­®© ¢á¥å ¥¥ ¯®«®¦¨â¥«ì­ëå (®âà¨æ â¥«ì­ëå)
¤¨ £®­ «ì­ëå í«¥¬¥­â®¢ ­  ­ã«¨. �®£¤  ª®àà¥ªâ­ë¥ £à ­¨ç­ë¥ ãá«®¢¨ï ¯à¨¬ãâ ¢¨¤

A�(�; �)x(�; �) = q(�; �); (�; �) 2 @S � T: (4.4)

5. �¡®¡é¥­­®¥ à¥è¥­¨¥ ¨ ¥£® á¢®©áâ¢ 

�®áâà®¨¬ ­  ®á­®¢¥ ¨­â¥£à «ì­®© á¨áâ¥¬ë (4.3) ¬¥â®¤ ¯®á«¥¤®¢ â¥«ì­ëå ¯à¨¡«¨¦¥­¨©. �á-
¯®«ì§ãï á¦¨¬ îé¥¥ á¢®©áâ¢® ®â®¡à ¦¥­¨ï (4.3), ¬®¦­® ¤®ª § âì, çâ® á¯à ¢¥¤«¨¢ 

�¥®à¥¬  5.1. �ãáâì ¤®¯®«­¨â¥«ì­® ª ¯à¥¤¯®«®¦¥­¨ï¬ ¯¥à¢®£® ¯ à £à ä  ¢¥ªâ®à-äã­ªæ¨¨ x0

¨ q áã¬¬¨àã¥¬ë ¯® �¥¡¥£ã ­  ¬­®¦¥áâ¢ å S ¨ @S�T á®®â¢¥âáâ¢¥­­®. �®£¤  ¤«ï «î¡®£® � > 0
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1) à¥è¥­¨¥ x� ¨­â¥£à «ì­®© á¨áâ¥¬ë (4:3) áãé¥áâ¢ã¥â, ¥¤¨­áâ¢¥­­® ¨ ã¤®¢«¥â¢®àï¥â
®æ¥­ª¥

kx�(s; t)k � C�

� nX
i=1

�Z
@
(i)
0

�
kx0(�s(i)(�; s; t))k+

Z t

t0

kf(0; s(i)(�; s; t;�); �)kd�
�
d!� +

+
Z
@
(i)

S

�
kq(�; �)k +

X
k2I(�;�)

�
kx0(s(k)(�?(�; �); �; � ; t0))k +

+
Z �

t0

kf(0; s(k)(�?(�; �); �; � ;�); �)kd�
�
+
Z �

t0

kf(0; s(i)(�; s; t;�); �)kd�
������=�s(i)(�;s;t)

�=�t(i)(�;s;t)

d!�

�
+

+
Z
K(@S)

kq(�; �)kd! +
Z
K(t0)

kx0(�)kd� +
ZZ

K

kf(0; �; �)kd�d�
�
; (5.1)

2) ¨­¢ à¨ ­âë r�i ï¢«ïîâáï  ¡á®«îâ­® ­¥¯à¥àë¢­ë¬¨ äã­ªæ¨ï¬¨ ¢¤®«ì ª ¦¤®© ¡¨å à ª-
â¥à¨áâ¨ª¨

� = s(i)(�; s; t; �); (s; t) 2 ��; � 2 @; � 2 (�t(i)(�; s; t); bt(i)(�; s; t));
3) ¢ ¯à®¨§¢®«ì­®© ¯®¤®¡« áâ¨ e� � � á ªãá®ç­®-£« ¤ª®© £à ­¨æ¥© @ e� á¯à ¢¥¤«¨¢  ä®à¬ã« 

¨­â¥£à¨à®¢ ­¨ï ¯® ç áâï¬ZZ
e�h ;Dx�ids dt =

Z
@e�h ; Bx�id! �

ZZ
e�hD� ; x�ids dt; (5.2)

¢ ª®â®à®©

B(�; �) = �0(�; �)E +
mX
j=1

�j(�; �)Aj(�; �); (�; �) 2 @ e�;
(�0(�; �); �(�; �)) | ¢¥ªâ®à ¥¤¨­¨ç­®© ¢­¥è­¥© ­®à¬ «¨ ª ¯®¢¥àå­®áâ¨ @ e� ¢ â®çª¥ (�; �), á®¯àï-
¦¥­­ë© ®¯¥à â®à D� ¤«ï £« ¤ª¨å ¢¥ªâ®à-äã­ªæ¨©  ¨¬¥¥â ¢¨¤

D� =  t +
mX
j=1

(A0j )sj ;

4) ­®à¬  �¥¡¥£  ¯à¨¡«¨¦¥­­ëå à¥è¥­¨© x� ­¥ § ¢¨á¨â ®â ¯ à ¬¥âà  �.

� ­¥à ¢¥­áâ¢¥ (5.1) ª®­áâ ­â  C� > 0 ­¥ § ¢¨á¨â ®â ¢å®¤­ëå ¯ à ¬¥âà®¢ § ¤ ç¨ (1.1), (4.1),
(4.4), ­® § ¢¨á¨â ®â ¯ à ¬¥âà  ãáà¥¤­¥­¨ï �. �­¤¥ªá­®¥ ¬­®¦¥áâ¢® I(�; �) � f1; 2; : : : ; ng á®áâ®¨â
¨§ â¥å ­®¬¥à®¢ i, ¤«ï ª®â®àëå �i(�?(�; �); �; �) > 0. �®­ãá K ï¢«ï¥âáï ®¡« áâìî § ¢¨á¨¬®áâ¨
à¥è¥­¨ï x� ¢ â®çª¥ (s; t), K(@S) = K \ (@S � T ), K(t0) = K \ (S � t0).

�¥§ã«ìâ âë â¥®à¥¬ë 5.1 ¯®§¢®«ïîâ ¢¢¥áâ¨ ®¡®¡é¥­­®¥ à¥è¥­¨¥ x § ¤ ç¨ (1.1), (4.1), (4.4),
¯®«®¦¨¢

x(s; t) = lim
�!0

x�(s; t):

�¢®©áâ¢  ®¡®¡é¥­­®£® à¥è¥­¨ï ãáâ ­ ¢«¨¢ ¥â

�¥®à¥¬  5.2. �ãáâì ¢ë¯®«­¥­ë ¯¥à¥ç¨á«¥­­ë¥ à ­¥¥ ¯à¥¤¯®«®¦¥­¨ï ­  ¯ à ¬¥âàë § ¤ ç¨
(1:1), (4:1), (4:4). �®£¤ 

1) ®¡®¡é¥­­®¥ à¥è¥­¨¥ x áãé¥áâ¢ã¥â, ¥¤¨­áâ¢¥­­® ¨ áã¬¬¨àã¥¬® ¯® �¥¡¥£ã ¢ � á â®© ¦¥
áâ¥¯¥­ìî, çâ® ¨ ¢å®¤­ë¥ ¤ ­­ë¥ § ¤ ç¨ f , x0 ¨ q;

2) ¤«ï «î¡®£® " > 0 áãé¥áâ¢ã¥â ¯®¤®¡« áâì �", �" � �, mes(�n�") < ", ¢ ª®â®à®© à¥è¥­¨¥
x ã¤®¢«¥â¢®àï¥â ®æ¥­ª¥ â¨¯  (5:1).

3) ¤«ï à¥è¥­¨ï x á¯à ¢¥¤«¨¢  ä®à¬ã«  ¨­â¥£à¨à®¢ ­¨ï ¯® ç áâï¬ (5:2).
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