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�â âìï ¯®á¢ïé¥­  ¯à®¡«¥¬¥ ¯®áâà®¥­¨ï ª®àà¥ªâ­ëå à áè¨à¥­¨©  ¡áâà ªâ­ëå § ¤ ç ã¯à -
¢«¥­¨ï, ­¥ ®¡« ¤ îé¨å, ¢®®¡é¥ £®¢®àï, ãáâ®©ç¨¢®áâìî ¯à¨ ®á« ¡«¥­¨¨ á¨áâ¥¬ë ®£à ­¨ç¥­¨©.
� ®á­®¢¥ ¯®áâà®¥­¨ï | â®¯®«®£¨ç¥áª ï ª®­áâàãªæ¨ï, ¨á¯®«ì§ãîé ï á¯¥æ¨ «ì­ãî ¬®¤¥«ì, ¢
ª®â®à®©  á¨¬¯â®â¨ª  (¯à¨¡«¨¦¥­­ëå) à¥è¥­¨© ¨áå®¤­®© § ¤ ç¨ á ®á« ¡«¥­­ë¬¨ ®£à ­¨ç¥­¨-
ï¬¨ ®âà ¦ ¥âáï ¯®áà¥¤áâ¢®¬ ­¥ª®â®àëå ®¡®¡é¥­­ëå § ¤ ç á ­¥¢®§¬ãé ¥¬ë¬¨ ®£à ­¨ç¥­¨ï¬¨.
� ¨¡®«¥¥ ¨§¢¥áâ­ë© ¯à¨¥¬ â ª®£® à®¤  | ª®¬¯ ªâ¨ä¨ª æ¨ï ¯à®áâà ­áâ¢  ã¯à ¢«¥­¨© | ¤®-
¯®«­ï¥âáï ¡®«¥¥ ®¡é¨¬¨ ¯à®æ¥¤ãà ¬¨, ¢ ª®â®àëå ¢ ¦­ãî à®«ì ¨£à îâ á®¢¥àè¥­­ë¥ ¨ ¯®çâ¨
á®¢¥àè¥­­ë¥ ®â®¡à ¦¥­¨ï.

� áâì I

� áá¬ âà¨¢ ¥âáï ¢¥áì¬  ®¡é ï áå¥¬  à áè¨à¥­¨ï § ¤ ç¨ ® ¤®áâ¨¦¨¬®áâ¨ ¢ ãá«®¢¨ïå ¢®§-
¬ãé¥­¨ï á¨áâ¥¬ë ®£à ­¨ç¥­¨©. � ª ç¥áâ¢¥ ®¡®¡é¥­­ëå í«¥¬¥­â®¢ ¨á¯®«ì§ãîâáï ª®­¥ç­®-
 ¤¤¨â¨¢­ë¥ ¬¥àë. �à¥¤« £ ¥¬®¥ à áè¨à¥­¨¥ ª®­áâàã¨àã¥âáï ã­¨¢¥àá «ì­ë¬ ¢ ¯à¥¤¥« å § ¤ ­-
­®£® ¤¨ ¯ §®­  ®£à ­¨ç¥­¨©  á¨¬¯â®â¨ç¥áª®£® å à ªâ¥à . �à¨«®¦¥­¨ï á¢ï§ ­ë, ¢ ç áâ­®áâ¨,
á § ¤ ç ¬¨ ã¯à ¢«¥­¨ï «¨­¥©­ë¬¨ á¨áâ¥¬ ¬¨ ®¡ëª­®¢¥­­ëå ¤¨ää¥à¥­æ¨ «ì­ëå ãà ¢­¥­¨© á
à §àë¢­ë¬¨ ª®íää¨æ¨¥­â ¬¨ ¯à¨ ã¯à ¢«¥­¨¨. �â¨ ¯à¨«®¦¥­¨ï à áá¬ âà¨¢ îâáï ¢® ¢â®à®©
ç áâ¨ áâ âì¨.

�à¨¢¥¤¥¬ á¯¨á®ª ¨á¯®«ì§ã¥¬ëå á®ªà é¥­¨©: ¢/§ | ¢¥é¥áâ¢¥­­®§­ ç­ ï (äã­ªæ¨ï), �� |
¨§¬¥à¨¬®¥ ¯à®áâà ­áâ¢®, ª.-¯. | ªãá®ç­®-¯®áâ®ï­­ ï (äã­ªæ¨ï), �� | ¬­®¦¥áâ¢® ¯à¨âï¦¥-
­¨ï, ­. á¯à. | ­¥¯à¥àë¢­ ï á¯à ¢  (äã­ªæ¨ï), �� | ®¡« áâì ¤®áâ¨¦¨¬®áâ¨, �� | ®¡®¡é¥­­ë©
í«¥¬¥­â, ¯/  | ¯®«ã «£¥¡à  (¬­®¦¥áâ¢), ¯/¬ | ¯®¤¬­®¦¥áâ¢®, ¯/¯ | ¯®¤¯à®áâà ­áâ¢®, ���
| â®¯®«®£¨ç¥áª®¥ ¢¥ªâ®à­®¥ ¯à®áâà ­áâ¢®, �� | â®¯®«®£¨ç¥áª®¥ ¯à®áâà ­áâ¢®.

1. �¢¥¤¥­¨¥

�à¥¤¬¥â®¬ ¨áá«¥¤®¢ ­¨ï ï¢«ïîâáï ­¥ãáâ®©ç¨¢ë¥ § ¤ ç¨ á® á«¥¤ãîé¥© á¯¥æ¨ä¨ª®©: ¯à¨
¢ë¡à ­­®© ¢¥àá¨¨ ¢®§¬ãé¥­¨ï ®£à ­¨ç¥­¨© (®á« ¡«¥­¨¥ ãá«®¢¨©) íää¥ªâ ­¥ãáâ®©ç¨¢®áâ¨ ®ª -
§ë¢ ¥âáï ¯®«¥§­ë¬, ¯®áª®«ìªã ®­ ¯à¨¢®¤¨â ª à¥ «ì­®¬ã à áè¨à¥­¨î ­ è¨å ¢®§¬®¦­®áâ¥©.
�¨âã æ¨ï â ª®£® à®¤  ¨§¢¥áâ­  ¢ â¥®à¨¨ ã¯à ¢«¥­¨ï (­ ¯à., [1], [2]) ¨ à¥ «¨§ã¥âáï, ¢ ç áâ­®-
áâ¨, ¯®áà¥¤áâ¢®¬ áª®«ì§ïé¨å à¥¦¨¬®¢ ¢ ­¥«¨­¥©­ëå ã¯à ¢«ï¥¬ëå á¨áâ¥¬ å á £¥®¬¥âà¨ç¥áª¨¬¨
®£à ­¨ç¥­¨ï¬¨. � ãá«®¢¨ïå ¨¬¯ã«ìá­ëå ®£à ­¨ç¥­¨© ([3], c. 84{94) ­  ¢ë¡®à ã¯à ¢«¥­¨ï (íâ®â
á«ãç © ¢ ¦¥­, ¢ ç áâ­®áâ¨, ¤«ï ¨áá«¥¤®¢ ­¨ï § ¤ ç ª®á¬¨ç¥áª®© ­ ¢¨£ æ¨¨ [4]) ¯à¨ ­ «¨ç¨¨
¤®¯®«­¨â¥«ì­ëå ®£à ­¨ç¥­¨© ­  âà ¥ªâ®à¨¨ ®á« ¡«¥­¨¥ ¯®á«¥¤­¨å ¢ ¯à¨­æ¨¯¥ â ª¦¥ ¯®«¥§-
­®; ®¤­ ª® ¯à¥¤áâ ¢«¥­¨¥ ¢®§­¨ª îé¨å ¯à¨ íâ®¬ ¢®§¬®¦­®áâ¥© ¢ ç áâ¨ ¤®áâ¨¦¥­¨ï â¥å ¨«¨
¨­ëå æ¥«¥© áâ ­®¢¨âáï § âàã¤­¨â¥«ì­ë¬ ¢ á¢ï§¨ á âàã¤­®áâìî ¢ ®âëáª ­¨¨  ¤¥ª¢ â­ëå  ­ «®-
£®¢ áª®«ì§ïé¨å à¥¦¨¬®¢ ¤«ï § ¤ ç á £¥®¬¥âà¨ç¥áª¨¬¨ ®£à ­¨ç¥­¨ï¬¨. �â ª, ¢ ®¤­®¬ á«ãç ¥
[1], [2] ¨¬¥¥¬ å®à®è¥¥ ¯à¥¤áâ ¢«¥­¨¥ ®¡®¡é¥­­ëå í«¥¬¥­â®¢ (��),   ¢ ¤àã£®¬ | ­¥â (¬®¦­®
®â¬¥â¨âì ¨§¢¥áâ­ãî âàã¤­®áâì ª®àà¥ªâ­®£® ®¯à¥¤¥«¥­¨ï ã¬­®¦¥­¨ï à §àë¢­®© äã­ªæ¨¨ ­ 

� ¡®â  ¢ë¯®«­¥­  ¯à¨ ä¨­ ­á®¢®© ¯®¤¤¥à¦ª¥ �®áá¨©áª®£® ä®­¤  äã­¤ ¬¥­â «ì­ëå ¨áá«¥¤®¢ ­¨©
(£à ­âë òò0001 00348, 01-01-96450) ¨ �¥¦¤ã­ à®¤­®£® ­ ãç­®-â¥å­¨ç¥áª®£® æ¥­âà  (¯à®¥ªâ ò 1293).

58



®¡®¡é¥­­ãî). �¬¥¥â á¬ëá« ¢ë¤¥«¨âì á ¬¨ § ¤ ç¨  á¨¬¯â®â¨ç¥áª®£®  ­ «¨§  ¢ á¢ï§¨ á ¯à®¡«¥-
¬®© ¯à¨¡«¨¦¥­­®£® á®¡«î¤¥­¨ï ®£à ­¨ç¥­¨© ¨ ­¥ª®â®à®¥ ®¡¥á¯¥ç¥­¨¥ íâ¨å § ¤ ç, á¢ï§ ­­®¥
á ¯®áâà®¥­¨¥¬ ¯®¤å®¤ïé¥£® ¯à®áâà ­áâ¢  ��; ã¤ ç­ë© ¢ë¡®à ¯®á«¥¤­¥£® ®¯à¥¤¥«ï¥â ãá¯¥å ¢
à¥è¥­¨¨ ¢®¯à®á®¢ ®¯¨á ­¨ï  á¨¬¯â®â¨ç¥áª¨å íää¥ªâ®¢ ¯à¨ ­¥â®ç­®¬ á®¡«î¤¥­¨¨ ®£à ­¨ç¥-
­¨©. � ª®© ¢§£«ï¤ ä ªâ¨ç¥áª¨ ¢®§­¨ª ¥â ã¦¥ ¢ ([1], £«. III, IV); ¥£® ¬ â¥à¨ «¨§ æ¨ï ¯à®¢¥¤¥­ ,
¢ ç áâ­®áâ¨, ¢ [5]{[10], £¤¥ ¤«ï ¯à¥¤áâ ¢«¥­¨ï �� ¨á¯®«ì§®¢ «¨áì ª®­¥ç­®- ¤¤¨â¨¢­ë¥ (ª.- .)
¬¥àë. �¤­  ¨§ á®¤¥à¦ â¥«ì­ëå § ¤ ç, ®å¢ âë¢ ¥¬ ï ª®­áâàãªæ¨¥© [5]{[10], á¢ï§ ­  ª ª à § á
ã¯à ¢«¥­¨¥¬ «¨­¥©­®© á¨áâ¥¬®© ¯à¨ ¨¬¯ã«ìá­ëå ¨ ¨­ëå ®£à ­¨ç¥­¨ïå. �à¨ íâ®¬ ¤®¯ãáª «®áì,
çâ® ª®íää¨æ¨¥­âë ¯à¨ ã¯à ¢«¥­¨¨ ®¡à §ãîâ, ¢®®¡é¥ £®¢®àï, à §àë¢­ë¥ äã­ªæ¨¨. �â® ®¡áâ®-
ïâ¥«ìáâ¢® ¬®â¨¢¨àã¥â ¯à¨¬¥­¥­¨¥ ª.- . ¬¥à ®£à ­¨ç¥­­®© ¢ à¨ æ¨¨ ¤«ï æ¥«¥© á¢®¥®¡à §­®£®
§ ¬ëª ­¨ï íää¥ªâ®¢, á®§¤ ¢ ¥¬ëå  á¨¬¯â®â¨ª ¬¨ ®¡ëç­ëå ã¯à ¢«¥­¨©; á¬. ¢ íâ®© á¢ï§¨ ([11],
£«.IV) ¢ ç áâ¨ ®â®¦¤¥áâ¢«¥­¨ï â ª¨å ¬¥à ¨ «¨­¥©­ëå ­¥¯à¥àë¢­ëå äã­ªæ¨®­ «®¢ ­  ¯à®áâà ­-
áâ¢ å à §àë¢­ëå äã­ªæ¨©. �®§¬®¦¥­, ®¤­ ª®, ¨ ¤àã£®© ¢§£«ï¤ ­  á®¤¥à¦ â¥«ì­ãî ¯®áâ ­®¢ªã;
¨¬¥­­®, ¬®¦­® à áá¬ âà¨¢ âì ã¯à ¢«¥­¨¥ á â®«çª ¬¨ [12] ¢ ª ç¥áâ¢¥ à¥ «¨§ã¥¬ëå ¢®§¤¥©áâ¢¨©
­  á¨áâ¥¬ã, çâ® ®¯ïâì-â ª¨ ¯à®é¥ ¯à¥¤áâ ¢¨âì ¢ á«ãç ¥ «¨­¥©­®© á¨áâ¥¬ë, ¨á¯®«ì§ãï ä®à¬ã«ã
�®è¨. �®¦­® ¯à¥¤áâ ¢¨âì ¨ ¥áâ¥áâ¢¥­­ë© á¯®á®¡ § ¬ëª ­¨ï ¬­®¦¥áâ¢  íää¥ªâ®¢ ¤«ï â ª¨å
à¥¦¨¬®¢ ã¯à ¢«¥­¨ï, ¯à¨ç¥¬ ¢ «¨­¥©­®¬ á«ãç ¥ ¤«ï íâ®© æ¥«¨ ¢¯®«­¥ ¯à¨£®¤­ë ª.- . ¬¥àë,
¨á¯®«ì§ã¥¬ë¥ ¢ ª ç¥áâ¢¥ �� ([6], xx 7.1{7.5). �à ¢¤ , á ¬  £«®¡ «ì­ ï «¨­¥©­®áâì §¤¥áì ­¥áãé¥-
áâ¢¥­­ ; ¢ ®¡®¨å ¢ëè¥ã¯®¬ï­ãâëå á«ãç ïå âà¥¡ã¥âáï â®«ìª® ®¡¥á¯¥ç¨âì ¯à¥¤áâ ¢«¥­¨ï ¢ ¤ãå¥
([6], c. 74) ¨ ([6], c. 294) á®®â¢¥âáâ¢¥­­®. � íâ®© á¢ï§¨ ®â¬¥â¨¬ [13], £¤¥ ¨áá«¥¤ã¥âáï á«ãç ©, ª®£¤ 
®¯¥à â®à ¢å®¤-¢ëå®¤ ¨¬¥¥â á¬ëá« áã¯¥à¯®§¨æ¨¨ ­¥«¨­¥©­®£® ¡¥§¨­¥àæ¨®­­®£® ¯à¥®¡à §®¢ â¥«ï
¨ «¨­¥©­®£® \¡«®ª " (¬®¤¥«¨ â ª®£® â¨¯  ¨á¯®«ì§ãîâáï ¢ à ¤¨®â¥å­¨ª¥ ([14], £«. 11). �®«¥§­®
­ ¯®¬­¨âì ¨ ® ¤®áâ â®ç­® âà ¤¨æ¨®­­®© áå¥¬¥ à áè¨à¥­¨ï ¢ ª« áá¥ ª.- . (0; 1)-¬¥à (­ ¯à., ([5],
x 3.6; [6], x 7.6). �«ï ¢á¥å ã¯®¬ï­ãâëå (¨ ¤«ï ­¥ª®â®àëå ¨­ëå) á«ãç ¥¢ ¢ [5]{[10] ¯®áâà®¥­ë á¯¥-
æ¨ «¨§¨à®¢ ­­ë¥ ¯à®æ¥¤ãàë ª®àà¥ªâ­®£® à áè¨à¥­¨ï á®®â¢¥âáâ¢ãîé¨å § ¤ ç ® ¤®áâ¨¦¨¬®áâ¨
(  â ª¦¥ íªáâà¥¬ «ì­ëå § ¤ ç [15], [16]), ¯à¨¢®¤ïé¨¥, ®¤­ ª®, ª áå®¦¨¬ ¢ ¨¤¥©­®¬ ®â­®è¥­¨¨
à¥§ã«ìâ â ¬. �®á«¥¤­¥¥ ®¡áâ®ïâ¥«ìáâ¢® ¯®§¢®«ï«® ­ ¤¥ïâìáï ­  ¯®áâà®¥­¨¥ ­¥ª®© ã­¨¢¥àá «ì-
­®© áå¥¬ë à áè¨à¥­¨ï ¢ ª« áá¥ ª.- . ¬¥à, ¤¥â «¨§ æ¨ï¬¨ ª®â®à®© ï¢«ï«¨áì ¡ë ã¯®¬ï­ãâë¥
á¯¥æ¨ «¨§¨à®¢ ­­ë¥ ¯à®æ¥¤ãàë.

� à ¡®â å [17]{[19] ¯à¥¤«®¦¥­  â®¯®«®£¨ç¥áª ï ª®­áâàãªæ¨ï, ª®­ªà¥â¨§ æ¨¨ ª®â®à®© ¯à¨£®¤-
­ë ¨ ¤«ï â®«ìª® çâ® ã¯®¬ï­ãâëå ¯®áâ ­®¢®ª § ¤ ç ¨¬¯ã«ìá­®£® ã¯à ¢«¥­¨ï ¨ ¤«ï à áè¨à¥­¨ï
­¥«¨­¥©­ëå § ¤ ç ã¯à ¢«¥­¨ï â¨¯  ¨áá«¥¤ã¥¬ëå ¢ [1], [2]. �à¥¤áâ ¢«ï¥âáï, ®¤­ ª®, çâ® ¢ à¨ ­â
íâ®© ª®­áâàãªæ¨¨, ®¡á«ã¦¨¢ ¥¬ë© ¯à®áâà ­áâ¢®¬ �� ¢ ¢¨¤¥ ª.- . ¬¥à, § á«ã¦¨¢ ¥â á ¬®áâ®ï-
â¥«ì­®£® à áá¬®âà¥­¨ï. �¤¨­ ¨§ ¢®¯à®á®¢, ®â­®áïé¨åáï ª íâ®© ¢¥àá¨¨, á¢ï§ ­ á ®¡¥á¯¥ç¥­¨¥¬
§­ ç¨â¥«ì­®© ã­¨¢¥àá «ì­®áâ¨ à áè¨à¥­¨© ¯® ®â­®è¥­¨î ª ¢ à¨ ­âã ®á« ¡«¥­¨ï ®£à ­¨ç¥­¨©
[5]{[10]. � ¤ ­­®© à ¡®â¥ ¤«ï ¥£® à¥è¥­¨ï ¯à¨¬¥­ï¥âáï ­®¢ ï áå¥¬ , ¯à¥¤ãá¬ âà¨¢ îé ï ¨á¯®«ì-
§®¢ ­¨¥ ¡¨â®¯®«®£¨ç¥áª¨å ¯à®áâà ­áâ¢, â.¥. ¬­®¦¥áâ¢, ®á­ é ¥¬ëå ¯ à®© â®¯®«®£¨© ª ¦¤®¥,  
â ª¦¥ ã­¨¢¥àá «ì­® (¢ á¬ëá«¥ íâ®© ¯ àë) ­¥¯à¥àë¢­ëå ®â®¡à ¦¥­¨©. � ª®© ¯®¤å®¤ ¯®§¢®«ï¥â
¢ëà ¡®â âì ¥¤¨­ë© ¢§£«ï¤ ­  áâàãªâãàã ã­¨¢¥àá «ì­®£® à áè¨à¥­¨ï ¢ ¤ ­­®¬ ¤¨ ¯ §®­¥ ®£à -
­¨ç¥­¨©  á¨¬¯â®â¨ç¥áª®£® å à ªâ¥à . �®­ªà¥â­ ï à¥ «¨§ æ¨ï â ª¨å ¡¨â®¯®«®£¨ç¥áª¨å áå¥¬
à áè¨à¥­¨ï ¢®§¬®¦­  ¢ ª« áá¥ ª.- . ¬¥à ¨, ¡®«¥¥ â®£®, ®­  ¤®áâ ¢«ï¥â æ¥«ë© àï¤ ª®­ªà¥â-
­ëå ¨ íää¥ªâ¨¢­® ¯à®¢¥àï¥¬ëå á¢®©áâ¢, á®£« áãîé¨åáï á ¯®«ãç¥­­ë¬¨ à ­¥¥ (¯®áà¥¤áâ¢®¬
á¯¥æ¨ «¨§¨à®¢ ­­ëå à áè¨à¥­¨©) ¯®«®¦¥­¨ï¬¨ ®¡  á¨¬¯â®â¨ç¥áª®© ­¥çã¢áâ¢¨â¥«ì­®áâ¨ ¯à¨
®á« ¡«¥­¨¨ ç áâ¨ ®£à ­¨ç¥­¨©. � íâ®¬ á¬ëá«¥ ®­  ®ª §ë¢ ¥âáï ¯®«¥§­®© ¤«ï æ¥«¥©  á¨¬¯â®â¨-
ç¥áª®£®  ­ «¨§  § ¤ ç ¤¨­ ¬¨ª¨, á¢ï§ ­­ëå á ã¯à ¢«¥­¨¥¬ «¨­¥©­ë¬¨ á¨áâ¥¬ ¬¨ ¢ ãá«®¢¨ïå
ä §®¢ëå ®£à ­¨ç¥­¨©, ªà ¥¢ëå ¨ ¯à®¬¥¦ãâ®ç­ëå ãá«®¢¨©.

2. �®áâ ­®¢ª  § ¤ ç¨

�¨ªá¨àã¥¬ âà¨ ­¥¯ãáâëå ¬­®¦¥áâ¢  F, X ¨ H, ®â®¡à ¦¥­¨ï

s : F �! X; h : F �! H
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¯¥à¥¢®¤ïâ F, ¨£à îé¥¥ à®«ì ¯à®áâà ­áâ¢  ®¡ëç­ëå à¥è¥­¨© (¨«¨ ã¯à ¢«¥­¨©), ¢ X ¨ ¢ H á®-
®â¢¥âáâ¢¥­­®; ­ ª®­¥æ, § ¤ ­® ¬­®¦¥áâ¢® Y, Y � X, ®¯à¥¤¥«ïîé¥¥ ®£à ­¨ç¥­¨¥ s(f) 2 Y ­ 
¢ë¡®à f 2 F, ¨¬¥­ã¥¬®¥ Y-®£à ­¨ç¥­¨¥¬. �®£¤  s�1(Y) (¯à®®¡à § Y) ®¯à¥¤¥«ï¥â ¬­®¦¥áâ¢®
¤®¯ãáâ¨¬ëå í«¥¬¥­â®¢,   ¥£® ®¡à § h1(s�1(Y)) = fh(f) : f 2 s�1(Y)g | ¤®áâ¨¦¨¬®¥ ¬­®¦¥áâ¢®
(��) ¯à¨ ¤ ­­®¬ Y-®£à ­¨ç¥­¨¨. � àï¤ã á íâ¨¬ �� ç áâ® ¯à¨å®¤¨âáï à áá¬ âà¨¢ âì ¬­®¦¥-
áâ¢  ¢¨¤  h1(s�1(U)), £¤¥ ¬­®¦¥áâ¢® U ¢ ­¥ª®â®à®¬ á¬ëá«¥ ¡«¨§ª® ªY. �£à ­¨ç¨¬áï à áá¬®âà¥-
­¨¥¬ á«ãç ¥¢, ª®£¤  Y � U � X; § ¬¥­ã Y ­  U ¨¬¥­ã¥¬ ®á« ¡«¥­¨¥¬Y-®£à ­¨ç¥­¨ï. �®¯à®á ®
¢ë¡®à¥ ¬­®¦¥áâ¢  U ¬®¦­® à¥è âì, ¢ ç áâ­®áâ¨, ¬¥â®¤ ¬¨  á¨¬¯â®â¨ç¥áª®£®  ­ «¨§ . �¬¥­­®,
¢¬¥áâ® ®¤­®£® ¬­®¦¥áâ¢  U à áá¬ âà¨¢ ¥¬ ­¥¯ãáâ®¥ á¥¬¥©áâ¢® Y â ª®¢ëå, áã¦ îé¥¥áï ª Y: Y
¯®¤¡¨à ¥âáï â ª, çâ® Y ¥áâì ¯¥à¥á¥ç¥­¨¥ ¢á¥å ¬­®¦¥áâ¢ U 2 Y ¨, ªà®¬¥ â®£®, â ª, çâ® ¯à¨ íâ®¬
¤«ï U1 2 Y ¨ U2 2 Y ¢áïª¨© à § ¬®¦­® ãª § âì U3 2 Y á® á¢®©áâ¢®¬ U3 � U1\U2. � ª®­ªà¥â­ëå
§ ¤ ç å áãé¥áâ¢ã¥â ¬­®£® ¥áâ¥áâ¢¥­­ëå á¯®á®¡®¢ ¯®áâà®¥­¨ï â ª¨å á¥¬¥©áâ¢ Y. �­®£¤  ¡ë¢ ¥â
âàã¤­® ®â¤ âì ¯à¥¤¯®çâ¥­¨¥ ª ª®¬ã-â® ®¤­®¬ã ¢ à¨ ­âã (áâ «® ¡ëâì, áâ ­®¢¨âáï ¦¥« â¥«ì­®©
®¯à¥¤¥«¥­­ ï ã­¨¢¥àá «ì­®áâì ¬¥â®¤  ¨áá«¥¤®¢ ­¨ï), ­® á¥©ç á ®áâ ­®¢¨¬áï ­  ­¥ª®â®à®¬ á¥-
¬¥©áâ¢¥ Y ã¯®¬ï­ãâ®£® â¨¯  ¨, ®á­ é ïH â®¯®«®£¨¥© #, ¢¢¥¤¥¬ (¢§ ¬¥­ h1(s�1(Y))) ¬­®¦¥áâ¢®

Att ,
\
U2Y

h1(s�1(U)) (2.1)

(ç¥àâ  á¢¥àåã ®¡®§­ ç ¥â § ¬ëª ­¨¥ ¢ (H; #)), ï¢«ïîé¥¥áï ([5], c. 39) ¬­®¦¥áâ¢®¬ ¯à¨âï¦¥­¨ï
(��), ­® â®«ìª® ¢ ª« áá¥ ¯à¨¡«¨¦¥­­ëå à¥è¥­¨©-­ ¯à ¢«¥­­®áâ¥© ([20], £«. 2). �¯à®ç¥¬, ¯à¨
­¥®¡à¥¬¥­¨â¥«ì­ëå ãá«®¢¨ïå ([6], c. 38) (2.1) ¤®¯ãáª ¥â ¨áç¥à¯ë¢ îéãî á¥ª¢¥­æ¨ «ì­ãî à¥ «¨-
§ æ¨î, â. ¥. áâ ­®¢¨âáï ®¡ëç­ë¬��. � ¯®¬­¨¬, çâ® Att = Att(Y). �®¯à®á ® ¯®áâà®¥­¨¨ �� (2.1)
¯à¥¤áâ ¢«ï¥âáï ®á­®¢­ë¬, ­® ­¥«ì§ï ã¯ãáª âì ¯à¨ íâ®¬ ¨ ¤àã£®©, ¢ ¦­ë© ­  ¯à ªâ¨ª¥, ¢®¯à®á:
ª®£¤  �� (2.1) ­¥ § ¢¨á¨â ¢ â¥å ¨«¨ ¨­ëå ¯à¥¤¥« å ®â ¢ë¡®à  Y? �ë á®¥¤¨­ï¥¬ ®¡  ã¯®¬ï­ã-
âëå ¢®¯à®á  ¯à¨ ¢ë¡®à¥ áå¥¬ë ¨áá«¥¤®¢ ­¨ï: ¡ã¤¥¬ áà §ã ª®­áâàã¨à®¢ âì áå¥¬ã ®¯à¥¤¥«¥­¨ï
�� (2.1) á® á¢®©áâ¢®¬ ã­¨¢¥àá «ì­®áâ¨ ¢ § ¤ ­­®¬ ¤¨ ¯ §®­¥ ®£à ­¨ç¥­¨©  á¨¬¯â®â¨ç¥áª®£®
å à ªâ¥à . �® á ¬®© «®£¨ª¥ â ª®£® ¨áá«¥¤®¢ ­¨ï âà¥¡ã¥âáï ¢¢¥áâ¨ £à ­¨æë ¤ ­­®£® ¤¨ ¯ §®-
­ , â.¥. ¯®«ïà­ë¥ ¢ à¨ ­âë á¥¬¥©áâ¢  Y, ®¡á«ã¦¨¢ ¥¬ë¥ ®¤­®© áå¥¬®©. �â¨ ¢ à¨ ­âë ¬ë á¢ï-
§ë¢ ¥¬ á â®¯®«®£¨§ æ¨ï¬¨ X. �¬¥­­®, ¡ã¤ãâ, ¢®-¯¥à¢ëå, ¢ë¡¨à âìáï áà ¢­¨¬ë¥ â®¯®«®£¨¨ X
¨, ¢®-¢â®àëå, ¤«ï íâ¨å â®¯®«®£¨© ¡ã¤ãâ ¢ë¡¨à âìáï à §«¨ç­ë¥ ¯® á¢®¥© \¯®«­®â¥" á¥¬¥©áâ¢ 
®ªà¥áâ­®áâ¥© Y. � á¢ï§¨ á ¯®á«¥¤­¨¬ ®¡áâ®ïâ¥«ìáâ¢®¬ ®â¬¥â¨¬ [10], [17]-[19]. � àï¤¥ á«ãç ¥¢
¨á¯®«ì§®¢ ­¨¥ ¢á¥å ®ªà¥áâ­®áâ¥© Y ¤«ï ¯®áâà®¥­¨ï Y ­¥ ¯à¥¤áâ ¢«ï¥âáï ¥áâ¥áâ¢¥­­ë¬. � ª, ­ -
¯à¨¬¥à, ¢ ãá«®¢¨ïå ¬¥âà¨§ã¥¬®áâ¨ X ç áâ® ®£à ­¨ç¨¢ îâáï ¯à¨¬¥­¥­¨¥¬ «¨èì "-®ªà¥áâ­®áâ¥©
Y. � ¬¥â¨¬, ­ ª®­¥æ, çâ® ¢ ­¥ª®â®àëå ª®­ªà¥â­ëå § ¤ ç å ¤«ï ¯®áâà®¥­¨ï Y ¨á¯®«ì§ãîâáï
¯®¤¬­®¦¥áâ¢  (¯/¬) X, ­¥ á¢ï§ë¢ ¥¬ë¥ ­¥¯®áà¥¤áâ¢¥­­® á ª ª®©-«¨¡® â®¯®«®£¨¥©; íâ¨ á«ãç ¨
­¥ à áá¬ âà¨¢ ¥¬, ®âáë« ï ª [5], [6].

3. �¡é¨¥ ®¯à¥¤¥«¥­¨ï ¨ ®¡®§­ ç¥­¨ï

�á¯®«ì§ã¥¬ ª¢ ­â®àë, á¢ï§ª¨, á¨¬¢®«ë
4
= (à ¢­® ¯® ®¯à¥¤¥«¥­¨î) ¨ def (¯® ®¯à¥¤¥«¥­¨î).

�¥à¥§ P(X) (ç¥à¥§ P 0(X)) ®¡®§­ ç ¥¬ á¥¬¥©áâ¢® ¢á¥å (¢á¥å ­¥¯ãáâëå) ¯/¬ ¬­®¦¥áâ¢  X. �¥à¥§
BA ®¡®§­ ç ¥¬ ¬­®¦¥áâ¢® ¢á¥å äã­ªæ¨©, ¤¥©áâ¢ãîé¨å ¨§ ¬­®¦¥áâ¢  A ¢ ¬­®¦¥áâ¢® B; ¥á«¨
f 2 BA ¨ C 2 P(A), â® ç¥à¥§ f 1(C) ®¡®§­ ç ¥¬ ®¡à § ¬­®¦¥áâ¢  C ¯à¨ ¤¥©áâ¢¨¨ f ([21], c. 81).
�á«¨ X | ¬­®¦¥áâ¢®, â® ¯à¨

B[X]
4
= fX 2 P 0(P(X)) j 8A 2 X; 8B 2 X 9C 2 X : C � A \Bg

¢ ¢¨¤¥ B0[X]
4
= fX 2 B[X] j ; =2 Xg ¯®«ãç ¥¬ ¬­®¦¥áâ¢® ¢á¥å ¡ §¨á®¢ ä¨«ìâà®¢ X. � á¢®î

®ç¥à¥¤ì, ¤«ï ¢áïª®£® ¬­®¦¥áâ¢  X ¢ ¢¨¤¥

F[X]
4
= fH 2 P 0(P(X)) j (; =2 H)&(A \B 2 H 8A 2 H; 8B 2 H)&

&(fU 2 P(X) j H � Ug � H 8H 2 H)g
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¨¬¥¥¬ ¬­®¦¥áâ¢® ¢á¥å ä¨«ìâà®¢ X; ¥á«¨ X 2 B0[X], â® fS 2 P(X) j 9M 2 X :M � Sg 2 F[X].
�«¥¤ãï ([20], £«. 2), ¨á¯®«ì§ã¥¬ ­ ¯à ¢«¥­­®áâ¨ ¨ áå®¤¨¬®áâì ¯® �®àã{�¬¨âã. �¡®§­ ç ¥¬

­ ¯à ¢«¥­­®áâ¨ ¯®áà¥¤áâ¢®¬ âà¨¯«¥â®¢, á«¥¤ãï ([6], c. 33): (D;�; ') ¥áâì ­ ¯à ¢«¥­­®áâì ¢ ¬­®-
¦¥áâ¢¥ U , ¥á«¨ (D;�); D 6= ;, | ­ ¯à ¢«¥­­®¥ ¬­®¦¥áâ¢® (� ¥áâì ­ ¯à ¢«¥­¨¥ ­  D) ¨ ' 2 UD;
¯à¨ íâ®¬

(U � ass)[D;�;']
4
= fV 2 P(U) j 9d 2 D 8� 2 D ((d � �) =) ('(�) 2 V ))g 2 F[U ]

¥áâì ä¨«ìâà ¬­®¦¥áâ¢  U ,  áá®æ¨¨à®¢ ­­ë© á (D;�; '). �á«¨ (X; �) | â®¯®«®£¨ç¥áª®¥ ¯à®-
áâà ­áâ¢® (��) (� | â®¯®«®£¨ï X) ¨ M 2 P(X), â® ç¥à¥§ cl(M; �) ¨ N� [M ] ®¡®§­ ç ¥¬ á®®â-
¢¥âáâ¢¥­­® § ¬ëª ­¨¥ M ¨ á¥¬¥©áâ¢® ¢á¥å ®ªà¥áâ­®áâ¥© ([20], £«. 4) M ¢ (X; �); ¥á«¨ ¯à¨ íâ®¬
x 2 X,  M = fxg (®¤­®í«¥¬¥­â­®¥ ¬­®¦¥áâ¢®), â® ¢¬¥áâ® N� [M ] ¨á¯®«ì§ã¥¬ ®¡®§­ ç¥­¨¥ N� (x),
N�(x) 2 F[X], ¯®«ãç ï ä¨«ìâà ¢á¥å ®ªà¥áâ­®áâ¥© x ¢ (X; �). �«¥¤ãï [5]{[10], ®¯à¥¤¥«ï¥¬ ��,
¯®¤®¡­ë¥ (2.1): ¥á«¨ U | ­¥¯ãáâ®¥ ¬­®¦¥áâ¢®, U 2 B[U ], (V; �) ¥áâì �� ¨ t 2 V U , â®

(� � LIM)[U j t]
4
=

\
H2U

cl(t1(H); �) (3.1)

¥áâì �� ¢ ª« áá¥ ¯à¨¡«¨¦¥­­ëå à¥è¥­¨©-­ ¯à ¢«¥­­®áâ¥© ([5], cc. 41, 42); ®â¬¥â¨¬ â ª¦¥ ª®­-
áâàãªæ¨¨ [22]. �«¥¤ã¥¬ ([6], c. 34) ¯à¨ ®¡®§­ ç¥­¨¨ áå®¤¨¬®áâ¨ ­ ¯à ¢«¥­­®áâ¥©: ¥á«¨ (D;�; ')
| ­ ¯à ¢«¥­­®áâì ¢ �� (X; �) ¨ x 2 X, â® ([20], £«. 2) def

((D;�; ') �
�! x)() (N� (x) � (X � ass)[D;�;']):

� íâ¨å â¥à¬¨­ å (3.1) ¯®«ãç ¥â ¨áç¥à¯ë¢ îé¥¥ ®¯¨á ­¨¥ ¢ ¢¨¤¥ ��; ®â¬¥â¨¬ ®¤¨­ ç áâ­ë©
á«ãç © ([6], c. 38): ¥á«¨ U ®¡« ¤ ¥â áç¥â­®© ¡ §®©,   (V; �) | �� á ¯¥à¢®©  ªá¨®¬®© áç¥â­®áâ¨,
â® (3.1) ¥áâì ®¡ëç­®¥ �� ¢ ª« áá¥ ¯à¨¡«¨¦¥­­ëå à¥è¥­¨©-¯®á«¥¤®¢ â¥«ì­®áâ¥©. �®§¢à é ïáì
ª (3.1) ¢ ®¡é¥¬ á«ãç ¥, ®â¬¥â¨¬, çâ® (� � LIM)[U j t] | ¬­®¦¥áâ¢® ¢á¥å v 2 V â ª¨å, çâ® ¤«ï
­¥ª®â®à®© ­ ¯à ¢«¥­­®áâ¨ (D;�; ') ¢ U ¨¬¥¥â ¬¥áâ®

(U � (U � ass)[D;�;'])&((D;�; t�') �
�! v); (3.2)

¢ (3.2) á¨¬¢®« � ¨á¯®«ì§ã¥âáï, ª ª ®¡ëç­®, ¤«ï ®¡®§­ ç¥­¨ï áã¯¥à¯®§¨æ¨¨ äã­ªæ¨©. �à¥¤áâ -
¢«¥­¨¥ (3.2) ¤®áâ ¢«ï¥â �� (3.1) (®á®¡¥­­® ¢ ã¯®¬ï­ãâ®¬ ç áâ­®¬ á«ãç ¥) ¢¥áì¬   ªâã «ì­ë¥
¤«ï ¯à¨«®¦¥­¨© á¢®©áâ¢ : à¥çì ¨¤¥â ®¡ ¥áâ¥áâ¢¥­­®¬ ¤«ï ¯à ªâ¨ª¨ á¯®á®¡¥ ¤®áâ¨¦¥­¨ï æ¥«¨ ¢
ãá«®¢¨ïå ¯à¨¡«¨¦¥­­®£® á®¡«î¤¥­¨ï ®£à ­¨ç¥­¨©.

�á«¨ U ¨ V | ¬­®¦¥áâ¢ , f 2 V U ¨ V 2 P 0(P(V )), â® f�1[V]
4
= ff�1(H) : H 2 Vg 2 P 0(P(U));

¥á«¨ ¯à¨ íâ®¬ V 2 B[V ], â® f�1[V] 2 B[U ].
�á«¨ (X; �) ¥áâì ��, â® ç¥à¥§ F� (ç¥à¥§ (��comp)[X]) ®¡®§­ ç ¥¬ á¥¬¥©áâ¢® ¢á¥å § ¬ª­ãâëå

(ª®¬¯ ªâ­ëå ([23], c. 196)) ¢ (X; �) ¯/¬ X. �á«¨ (U; � 0), U 6= ;, ¨ (V; � 00), V 6= ;, | áãâì ��, â®
C(U; � 0; V; � 00) ¥áâì def ¬­®¦¥áâ¢® ¢á¥å äã­ªæ¨© f 2 V U , ­¥¯à¥àë¢­ëå [20], [23] ¢ á¬ëá«¥ ��
(U; � 0) ¨ (V; � 00),  

Cap(U; �
0; V; � 00)

4
= ff 2 C(U; � 0; V; � 00) j (f 1(F ) 2 F� 00 8F 2 F� 0)&

&(f�1(fvg) 2 (� 0 � comp)[U ] 8v 2 V )g (3.3)

¥áâì ¬­®¦¥áâ¢® ¢á¥å ¯®çâ¨ á®¢¥àè¥­­ëå ([23], c. 287) ®â®¡à ¦¥­¨© ¨§ �� (U; � 0) ¢ �� (V; � 00).
�â¬¥â¨¬, ¢ ç áâ­®áâ¨, çâ® ¢ ãá«®¢¨ïå, ®¡¥á¯¥ç¨¢ îé¨å (3.3), 8f 2 Cap(U; � 0; V; � 00), 8H 2 P(U)

f 1(cl(H; � 0)) = cl(f 1(H); � 00):

� ­­®¥ á¢®©áâ¢® § ¬ª­ãâëå ([23], c. 68) ®â®¡à ¦¥­¨© ç áâ® ¨á¯®«ì§ã¥âáï ¤ «¥¥ ¡¥§ ¤®¯®«­¨-
â¥«ì­ëå ¯®ïá­¥­¨©. �á«¨ (U; � 0), U 6= ;, | ª®¬¯ ªâ­®¥ ��,   (V; � 00), V 6= ;, | å ãá¤®àä®¢® ��,
â® C(U; � 0; V; � 00) = Cap(U; � 0; V; � 00).

61



� ¤ «ì­¥©è¥¬ «¨­¥©­ë¥ ®¯¥à æ¨¨, ã¬­®¦¥­¨¥ ¨ ¯®àï¤®ª ¢ ¯à®áâà ­áâ¢ å äã­ªæ¨®­ «®¢
®¯à¥¤¥«ï¥¬ ¯®â®ç¥ç­®. �ãáâì N

4
= f1; 2; : : : g; ¥á«¨ k 2 N , â® 1; k 2 fi 2 N j i � kg. �«ï ¨á-

ª«îç¥­¨ï ¤¢ãá¬ëá«¥­­®áâ¨ ¢ âà ¤¨æ¨®­­ëå ®¡®§­ ç¥­¨ïå ¯®áâã«¨àã¥¬, çâ® í«¥¬¥­âë N (­ -
âãà «ì­ë¥ ç¨á« ) ­¥ ï¢«ïîâáï ¬­®¦¥áâ¢ ¬¨; ¥á«¨ S | ¬­®¦¥áâ¢® ¨ n 2 N , â®, ª ª ®¡ëç­®,
¢¬¥áâ® S1;n ¨á¯®«ì§ã¥¬ ®¡®§­ ç¥­¨¥ Sn. � ­­®¥ á®£« è¥­¨¥ ã¤®¡­®, ¢ ç áâ­®áâ¨, ª®£¤  S ¥áâì
¢¥é¥áâ¢¥­­ ï ¯àï¬ ï R; â®£¤  Sn = R

n | ®¡ëç­®¥ n-¬¥à­®¥  à¨ä¬¥â¨ç¥áª®¥ ¯à®áâà ­áâ¢®.

4. �á¨¬¯â®â¨ç¥áª ï ¤®áâ¨¦¨¬®áâì

�¥à­¥¬áï ª ¯®áâ ­®¢ª¥ à §¤¥«  2; ¨â ª, F, X ¨ H | ­¥¯ãáâë¥ ¬­®¦¥áâ¢ , s 2 XF, h 2 HF

¨ Y 2 P(X). �®« £ ¥¬, çâ® X ®á­ é¥­® ¯ à®© (áà ¢­¨¬ëå) â®¯®«®£¨© �l ¨ �u, �l � �u; (X; �l; �u)
| ¡¨â®¯®«®£¨ç¥áª®¥ ¯à®áâà ­áâ¢®. �ãáâì § ¤ ­® á¥¬¥©áâ¢® Yl 2 P 0(N�l [Y]) â ª®¥, çâ®

(8A1 2 Yl; 8A2 2 Yl 9A3 2 Yl : A3 � A1 \A2)&

&(8x 2 X nY 9U1 2 Yl; 9U2 2 N�l(x) : U1 \ U2 = ;) (4.1)

(á �� (X; �l) á¢ï§ë¢ ¥¬ ­¥¯ãáâ®¥ á¥¬¥©áâ¢® Yl ®ªà¥áâ­®áâ¥© Y, ­¥ ®¡ï§ â¥«ì­® á®¢¯ ¤ îé¥¥ á
N�l [Y]: â¨¯¨ç­ë© ¯à¨¬¥à ¤®áâ ¢«ï¥â á¥¬¥©áâ¢® "-®ªà¥áâ­®áâ¥© § ¬ª­ãâ®£® ¬­®¦¥áâ¢  ¢ ¬¥âà¨-

§ã¥¬®¬ ¯à®áâà ­áâ¢¥). �®« £ ¥¬ Yu
4
= N�u [Y], á¢ï§ë¢ ï á �� (X; �u) á¥¬¥©áâ¢® ¢á¥å ®ªà¥áâ­®-

áâ¥© Y ¢ íâ®¬ ��. �à¨ íâ®¬

(s�1[Yl] 2 B[F])&(s
�1[Yu] 2 B[F]); (4.2)

Yl � Yu,   ¯®â®¬ã  ­ «®£¨ç­®¥ ¢«®¦¥­¨¥ á¯à ¢¥¤«¨¢® ¨ ¤«ï á¥¬¥©áâ¢ (4.2), ä®à¬¨àãîé¨å
¤¨ ¯ §®­ ®£à ­¨ç¥­¨©  á¨¬¯â®â¨ç¥áª®£® å à ªâ¥à . � «¥¥,H ®á­ é ¥¬ â®¯®«®£¨¥© #; �� (H; #)
¨¬¥­ã¥¬ æ¥«¥¢ë¬. �à¨ íâ®¬ (2.1) ª®­ªà¥â¨§¨àã¥âáï ¢ ¢¨¤¥ ®¤­®£® ¨§ ¬­®¦¥áâ¢ (#�LIM)[s�1[Yl] j
h] 2 F#, (#� LIM)[s�1[Yu] j h] 2 F#. �«ï ¨å ®¯à¥¤¥«¥­¨ï ¢¢¥¤¥¬ á¯¥æ¨ «ì­ãî ¬®¤¥«ì.

�¨ªá¨àã¥¬ ­¥¯ãáâ®¥ ¬­®¦¥áâ¢® K, ®á­ é ¥¬®¥ â®¯®«®£¨ï¬¨ tl ¨ tu, tl � tu; ¨â ª, (K; tl; tu)
| ¡¨â®¯®«®£¨ç¥áª®¥ ¯à®áâà ­áâ¢®, ä®à¬¨àãîé¥¥ ¯ àã ��: (K; tl) ¨ (K; tu). �ãáâì

(m 2 KF)&(g 2 XK)&(! 2 HK): (4.3)

�®áâã«¨àã¥¬ ¢ë¯®«­¥­¨¥ á«¥¤ãîé¨å ãá«®¢¨©:

(g 2 C(K; tl;X; �l) \ C(K; tu;X; �u))&(! 2 Cap(K; tl;H; #))&

&(K = cl(m1(F); tu))&(s = g �m)&(h = ! �m): (4.4)

�áâ ¢«ïï ¯®ª  ®âªàëâë¬ ¢®¯à®á ® ª®­ªà¥â­®¬ ¢ë¡®à¥ ¬®¤¥«¨ á® á¢®©áâ¢ ¬¨ (4.3), (4.4), ®â¬¥â¨¬
á«¥¤áâ¢¨ï íâ¨å ¯à¥¤¯®«®¦¥­¨©.

�à¥¤«®¦¥­¨¥ 4.1. �¯à ¢¥¤«¨¢ë à ¢¥­áâ¢ 

((tl � LIM)[s�1[Yl] jm] = (tl � LIM)[s�1[N�l [Y]] jm])&

&((tu � LIM)[s�1[Yl] jm] = (tu � LIM)[s�1[N�l [Y]] jm]):

�®ª § â¥«ìáâ¢®. �¢¥¤¥¬ T
4
= ftl; tug. �§ (4.4) á«¥¤ã¥â á¢®©áâ¢®: g 2 C(K; t;X; �l) ¯à¨ t 2 T.

�¬¥¥¬

(t� LIM)[s�1[N�l [Y]] jm] � (t� LIM)[s�1[Yl] jm]: (4.5)

�ãáâì � | í«¥¬¥­â ¬­®¦¥áâ¢  ¢ ¯à ¢®© ç áâ¨ (4.5). � ãç¥â®¬ (3.1), (3.2) ¯®¤¡¨à ¥¬ ¤«ï � 2 K
­ ¯à ¢«¥­­®áâì (D;�; ') ¢ F á® á¢®©áâ¢ ¬¨

(s�1[Yl] � (F� ass)[D;�;'])&((D;�;m � ') t
�! �): (4.6)

�á¯®«ì§ãï ­¥¯à¥àë¢­®áâì g, ¯®«ãç ¥¬ áå®¤¨¬®áâì

(D;�; g �m � ') �l�! g(�): (4.7)
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� á¨«ã (4.4), (4.7) ¨¬¥¥¬ áå®¤¨¬®áâì ­ ¯à ¢«¥­­®áâ¨ (D;�; s�') ª g(�) ¢ (X; �l). �®£¤  g(�) 2 Y.
� á ¬®¬ ¤¥«¥, ¤®¯ãáâ¨¬ ¯à®â¨¢­®¥: g(�) 2 XnY. � ãç¥â®¬ (4.1) ¯®¤¡¥à¥¬H1 2 Yl ¨H2 2 N�l(g(�))
á® á¢®©áâ¢®¬ H1 \ H2 = ;. � á¨«ã (4.6) s�1(H1) 2 (F � ass)[D;�;']. � ¤àã£®© áâ®à®­ë, ¨§
¢ëè¥ã¯®¬ï­ãâ®£® á«¥¤áâ¢¨ï (4.7) ¨¬¥¥¬ H2 2 (X � ass)[D;�; s � ']. �®íâ®¬ã s�1(H2) 2 (F �
ass)[D;�;'] ¨ ¯® á¢®©áâ¢ ¬ ä¨«ìâà  s�1(H1 \H2) = s�1(H1) \ s�1(H2) 2 (F � ass)[D;�;'], çâ®
­¥¢®§¬®¦­®, ¨¡® s�1(H1 \H2) = ;. �â ª, g(�) 2 Y ¨

N�l [Y] � N�l(g(�)) � (X� ass)[D;�; s � ']: (4.8)

�ãáâì A 2 s�1[N�l [Y]],   B 2 N�l [Y] â ª®¢®, çâ® A = s�1(B). �§ (4.8) ¨¬¥¥¬ B 2 (X�ass)[D;�;
s�'] ¨ A 2 (F�ass)[D;�;']. �â ª, s�1[N�l [Y]] � (F�ass)[D;�;']. � ãç¥â®¬ (3.2) ¨¬¥¥¬ (á¬. (4.6))
� 2 (t� LIM)[s�1[N�l [Y]] jm]. �«®¦¥­¨¥, ¯à®â¨¢®¯®«®¦­®¥ (4.5), ãáâ ­®¢«¥­®.

�à¥¤«®¦¥­¨¥ 4.2. �¯à ¢¥¤«¨¢ë à ¢¥­áâ¢ 

g�1(Y) = (tl � LIM)[s�1[Yl] jm] = (tu � LIM)[s�1[Yu] jm]:

�®ª § â¥«ìáâ¢®. �§ (4.4) ¨ á¢®©áâ¢ tl, tu ¢ëâ¥ª ¥â, çâ® K = cl(m1(F); tl). �à®¬¥ â®£®,
Yl � Yu ¨ N�l(x) � N�u(x) 8x 2 X. �®íâ®¬ã ¨¬¥¥â ¬¥áâ®  ­ «®£ (4.1), á®®â¢¥âáâ¢ãîé¨© § ¬¥­¥
Yl ­  Yu ¨ (¯à¨ x 2 X) N�l(x) ­  N�u(x). �®íâ®¬ã á ãç¥â®¬ á«¥¤áâ¢¨ï 3.1 ¨§ [19] ¯®«ãç ¥¬
à ¢¥­áâ¢®

g�1(Y) = (tu � LIM)[s�1[Yu] jm]: (4.9)

� ¤àã£®© áâ®à®­ë, ¨á¯®«ì§ãï (4.1) ¨ á«¥¤áâ¢¨¥ 3.1 ¨§ [19], ¤®ª ¦¥¬ á®¢¯ ¤¥­¨¥ g�1(Y) ¨
(tl � LIM)[s�1[N�l [Y]] jm]; á ãç¥â®¬ ¯à¥¤«®¦¥­¨ï 4.1 ¨¬¥¥¬

g�1(Y) = (tl � LIM)[s�1[Yl] jm]: (4.10)

�®¬¡¨­¨àãï (4.9), (4.10), ¯®«ãç ¥¬ âà¥¡ã¥¬®¥ á¢®©áâ¢®.

�¥®à¥¬  4.1. �¬¥îâ ¬¥áâ® à ¢¥­áâ¢ 

!1(g�1(Y)) = (#� LIM)[s�1[Yu] j h] = (#� LIM)[s�1[Yl] j h]:

�®ª § â¥«ìáâ¢® á¢®¤¨âáï ª ª®¬¡¨­ æ¨¨ ¯à¥¤«®¦¥­¨ï 4.2 ¨ ¯à¥¤«®¦¥­¨ï 4.1 ¨§ [7] (á¬. â ª¦¥
[24]). �§ â¥®à¥¬ë 4.1 á«¥¤ã¥â  á¨¬¯â®â¨ç¥áª ï íª¢¨¢ «¥­â­®áâì Yl ¨ Yu. � á¨«ã ¬®­®â®­­®áâ¨
®¯¥à æ¨©, ¨á¯®«ì§ã¥¬ëå ¢ (3.1), ¯®«ãç ¥¬ à áè¨à¥­¨¥, ã­¨¢¥àá «ì­®¥ ¢ ¤¨ ¯ §®­¥ ®£à ­¨ç¥­¨©
 á¨¬¯â®â¨ç¥áª®£® å à ªâ¥à , ®¯à¥¤¥«ï¥¬®¬ Yl ¨ Yu. �à¨¬¥­¥­¨¥ â¥®à¥¬ë 4.1 ª § ¤ ç ¬, à á-
á¬ âà¨¢ ¥¬ë¬ ¢ [5], [6], ¤®áâ ¢«ï¥â ª®­ªà¥â­ë¥ ãá«®¢¨ï  á¨¬¯â®â¨ç¥áª®© ­¥çã¢áâ¢¨â¥«ì­®áâ¨
¯à¨ ®á« ¡«¥­¨¨ ç áâ¨ ®£à ­¨ç¥­¨©.

5. �®­¥ç­®- ¤¤¨â¨¢­ë¥ ¬¥àë ª ª ®¡®¡é¥­­ë¥ í«¥¬¥­âë

� áá¬®âà¨¬ ¬®¤¥«ì ­  ®á­®¢¥ ¬ â¥à¨ «¨§ æ¨¨ �� (â®çª¨ K) ¢ ¢¨¤¥ ª.- . ¬¥à ­  ¨§¬¥à¨¬®¬
¯à®áâà ­áâ¢¥ (��) á ¯®«ã «£¥¡à®© (¯/ ) ¬­®¦¥áâ¢. � á¢ï§¨ á ¨á¯®«ì§®¢ ­¨¥¬ â ª¨å �� á¬.
[5]{[10]. �®­áâàãªæ¨¨ ª.- . â¥®à¨¨ ¬¥àë ¯à®é¥ à¥ «¨§®¢ âì ¤«ï �� á  «£¥¡à ¬¨ ¨ ¯/  ¬­®¦¥áâ¢
(íâ¨ ¤¢  â¨¯  �� ­¥à §«¨ç¨¬ë á â®çª¨ §à¥­¨ï à¥ «¨§ã¥¬ëå äã­ªæ¨®­ «ì­ëå ¯à®áâà ­áâ¢ â¨¯ 
B(S;�) ([11], £«. IV) ¨ ¨å á®¯àï¦¥­­ëå).

�¨ªá¨àã¥¬ ­¥¯ãáâ®¥ ¬­®¦¥áâ¢® E ¨ ¯/  (á¬. [5], [6], [25]) L ¯/¬ E; (E;L) ¥áâì �� á ¯/ 
¬­®¦¥áâ¢. �¥à¥§ (add)+[L] ®¡®§­ ç ¥¬ ª®­ãá ¢á¥å ­¥®âà¨æ â¥«ì­ëå ¢¥é¥áâ¢¥­­®§­ ç­ëå (¢/§)
ª.- . ¬¥à ­  L ([5], £«. 3; [6], £«. 3; [11], £«. III, IV),   ç¥à¥§ A (L) | «¨­¥©­®¥ ¯à®áâà ­áâ¢®, ¯®à®-
¦¤¥­­®¥ ª®­ãá®¬ (add)+[L]: A (L) | ¬­®¦¥áâ¢® ¢á¥å ¢/§ ª.- . ¬¥à ­  L, ¨¬¥îé¨å ®£à ­¨ç¥­­ãî
¢ à¨ æ¨î. � â¥à¬¨­ å ¯®«­®© ¢ à¨ æ¨¨ ®¯à¥¤¥«ï¥âáï á¨«ì­ ï ­®à¬  A (L). �¨­¥©­ ï ®¡®«®ç-
ª  B0(E;L) ¬­®¦¥áâ¢  ¢á¥å ¨­¤¨ª â®à®¢ ([25], c. 56) ¬­®¦¥áâ¢ ¨§ L ¥áâì ¯/¬ ¬­®¦¥áâ¢  B (E)
¢á¥å ®£à ­¨ç¥­­ëå ¢/§ äã­ªæ¨© ­  E. �¨­¥©­®¥ ¯à®áâà ­áâ¢® B (E) ®á­ é ¥¬ sup-­®à¬®© k � k
([11], c. 261), ¯®«ãç ï ¢ ¢¨¤¥ § ¬ëª ­¨ï B0(E;L) ¢ á¬ëá«¥ (B (E); k � k) ¡ ­ å®¢® ¯à®áâà ­áâ¢®
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B(E;L) ( ­ «®£ ¯à®áâà ­áâ¢  B(S;�) [11]), ã ª®â®à®£® â®¯®«®£¨ç¥áª®¥ á®¯àï¦¥­­®¥ ¨§®¬¥âà¨-
ç¥áª¨ ¨§®¬®àä­® A (L) ¢ á¨«ì­®© ­®à¬¥; á«¥¤ã¥¬ [5], [6] ¨ ®á­ é ¥¬ A (L) �-á« ¡®© â®¯®«®£¨¥©
��(L), ¯®«ãç ï «®ª «ì­® ¢ë¯ãª«ë© �-ª®¬¯ ªâ

(A (L); ��(L)): (5.1)

�á«®¢¨ï ª®¬¯ ªâ­®áâ¨ ¢ �� (5.1) ®¯à¥¤¥«ïîâáï ¨§¢¥áâ­®© â¥®à¥¬®© �« ®£«ã ([11], £«. V)
(á¬. â ª¦¥ [5], c. 70; [6], c. 42). �¢¥¤¥¬ â®¯®«®£¨î �0(L) ([6], c. 44) ¬­®¦¥áâ¢  A (L), ®â¢¥ç îéãî
¯à¥¤áâ ¢«¥­¨î A (L) ¢ ¢¨¤¥ ¯®¤¯à®áâà ­áâ¢  (¯/¯) RL ¢ â®¯®«®£¨¨ â¨å®­®¢áª®£® ¯à®¨§¢¥¤¥­¨ï
íª§¥¬¯«ïà®¢ R, ®á­ é ¥¬ëå ª ¦¤ë© ¤¨áªà¥â­®© â®¯®«®£¨¥©, á ¨­¤¥ªá­ë¬ ¬­®¦¥áâ¢®¬ L. �á«¨
� | â®¯®«®£¨ï A (L) ¨ M 2 P(A (L)), â® ç¥à¥§ � jM ®¡®§­ ç ¥¬ â®¯®«®£¨î M , ¨­¤ãæ¨à®¢ ­­ãî
(­  M) ¨§ (A (L); �). �®« £ ¥¬ ¤ «¥¥

K
4
= fM 2 P 0(A (L)) j ��(L)jM � �0(L)jMg: (5.2)

�á­®, çâ® K (5.2) | á¥¬¥©áâ¢® ¢á¥å ¬­®¦¥áâ¢ M , M � A (L), ¤«ï ª ¦¤®£® ¨§ ª®â®àëå â®¯®«®-
£¨ï ��(L)jM ¯/¯ �� (5.1) á« ¡¥¥ â®¯®«®£¨¨, ¨­¤ãæ¨à®¢ ­­®© ­  M â¨å®­®¢áª¨¬ ¯à®¨§¢¥¤¥­¨¥¬
íª§¥¬¯«ïà®¢ R ¢ ¤¨áªà¥â­®© â®¯®«®£¨¨ ¯à¨ ¨á¯®«ì§®¢ ­¨¨ L ¢ ª ç¥áâ¢¥ ¨­¤¥ªá­®£® ¬­®¦¥áâ¢ .
�«¥¤ãï ([6], c. 42), ¢¢¥¤¥¬ á¥¬¥©áâ¢® B�(L) ¢á¥å á¨«ì­® ®£à ­¨ç¥­­ëå ¯/¬ A (L). �®£¤  ([6], c. 45)

(B�(L) n f;g � K)&((add)+[L] 2 K)&(P
0(M) � K 8M 2 K): (5.3)

�§ (5.3) á«¥¤ã¥â, ¢ ç áâ­®áâ¨, çâ® á¯à ¢¥¤«¨¢®

(��(L)� comp)[A (L)] n f;g � K: (5.4)

�áî¤ã ¢ íâ®¬ à §¤¥«¥ ¯®« £ ¥¬, çâ® K 2 K (¨¬¥¥âáï ¢ ¢¨¤ã ¬­®¦¥áâ¢®, ¨á¯®«ì§ã¥¬®¥ ¢ (4.3),
(4.4)) ¨

(tl
4
= ��(L) jK)&(tu

4
= �0(L) jK); (5.5)

¨â ª, ¡¨â®¯®«®£¨ç¥áª®¥ ¯à®áâà ­áâ¢® (K; tl; tu) à §¤¥«  4 ¯®áâà®¥­® (á¢®©áâ¢® (5.4) ¬®¦¥â ¨á-
¯®«ì§®¢ âìáï ¤«ï ¡®«¥¥ ç áâ­ëå ¯®áâ ­®¢®ª; ¢ ¤ ­­®¬ à §¤¥«¥ ãá«®¢¨¥ �-á« ¡®© ª®¬¯ ªâ­®áâ¨
K ¢ë¯®«­¥­­ë¬ ­¥ ¯à¥¤¯®« £ ¥âáï). �§ (5.2) ¨ (5.5) ¨¬¥¥¬ âà¥¡ã¥¬®¥ (¢ à §¤¥«¥ 4) á¢®©áâ¢®
tl � tu. �áî¤ã ¢ ¤ «ì­¥©è¥¬ ä¨ªá¨àã¥¬ ­¥¯ãáâ®¥ ¬­®¦¥áâ¢® F (¢ ª®­ªà¥â­ëå ¢¥àá¨ïå ®á­®¢-
­®© § ¤ ç¨ ¯à¨à®¤  F ¬®¦¥â ¡ëâì ¢¥áì¬  à §«¨ç­®©) ¨ ®â®¡à ¦¥­¨¥m 2KF,   â ª¦¥ ¯®« £ ¥¬
¢ë¯®«­¥­­ë¬ (ª ª ¨ ¢ (4.4))

�á«®¢¨¥ 5.1. K = cl(m1(F); tu).

� ¬¥ç ­¨¥ 5.1. �¨¦¥ ¡ã¤¥â ¯®áâà®¥­ ¢¥áì¬  ®¡é¨© ¢ à¨ ­â ª®­áâàãªæ¨¨ à §¤¥«  4, çâ®, ¢
ç áâ­®áâ¨, ¯®§¢®«ï¥â ¨á¯®«ì§®¢ âì à §«¨ç­ë¥ ¢¥àá¨¨ F ¨ m. �¦¥ ¢ á«ãç ¥ ¨¬¯ã«ìá­®£® ã¯à -
¢«¥­¨ï «¨­¥©­®© á¨áâ¥¬®© ¬®¦­® ãª § âì ¤¢  áãé¥áâ¢¥­­® à §«¨ç îé¨åáï ¢ à¨ ­â  ([6], £«. 3,
7). �¤­ ª® íâ¨ á«ãç ¨ ®¡ê¥¤¨­ïîâáï áå¥¬®© à §¤¥«  4, ¥á«¨ ¨á¯®«ì§®¢ âì  ªá¨®¬ â¨ç¥áª¨©
¯®¤å®¤ á æ¥«ìî ®å¢ â¨âì à §­®®¡à §­ë¥ ¢ à¨ ­âë (F;m). � íâ¨å ¯®à ¬®¤¥«ì ¨£à ¥â à®«ì ®¡ê-
¥¤¨­ïîé¥£® ­ ç «  ¤«ï æ¥«®£® ª« áá  ¢¥áì¬  à §­®à®¤­ëå, ­  ¯¥à¢ë© ¢§£«ï¤, § ¤ ç.

�¢¥¤¥¬ ª®­ªà¥â­ãî ¢¥àá¨î ¬­®¦¥áâ¢  X à §¤¥«  2. �¨ªá¨àã¥¬ n 2 N ¨ ¯®« £ ¥¬ R
4
= Rn ;

®á­ é ¥¬ R ®¡ëç­®© â®¯®«®£¨¥© � (n)
R

¯®ª®®à¤¨­ â­®© áå®¤¨¬®áâ¨ n-¬¥à­®£®  à¨ä¬¥â¨ç¥áª®£®
¯à®áâà ­áâ¢ . �ãáâì �| ­¥¯ãáâ®¥ ¬­®¦¥áâ¢®; í«¥¬¥­âë � ¨£à îâ à®«ì ¨­¤¥ªá®¢. �áî¤ã ¢ ¤ «ì-
­¥©è¥¬ X

4
= R�; ¨â ª, X | ¬­®¦¥áâ¢® n-¢¥ªâ®à-äã­ªæ¨©. �®¤®¡­ ï á¯¥æ¨ä¨ª  å à ªâ¥à­ , ¢

ç áâ­®áâ¨, ¤«ï § ¤ ç ã¯à ¢«¥­¨ï. �¥à¥§ Fin(�) ®¡®§­ ç ¥¬ á¥¬¥©áâ¢® ¢á¥å ­¥¯ãáâëå ª®­¥ç­ëå
¯/¬ �. �ãáâì �l ¥áâì def â®¯®«®£¨ï X, ®¯à¥¤¥«ï¥¬ ï â¨å®­®¢áª¨¬ ¯à®¨§¢¥¤¥­¨¥¬ íª§¥¬¯«ïà®¢
(R; � (n)

R
) á ¨­¤¥ªá­ë¬ ¬­®¦¥áâ¢®¬ � ([20], c. 127). �å®¤¨¬®áâì ­ ¯à ¢«¥­­®áâ¥© ¢ (X; �l) á¢®-

¤¨âáï ª ¯®â®ç¥ç­®© áå®¤¨¬®áâ¨ (¢ (R; � (n)
R
)) á®®â¢¥âáâ¢ãîé¨å ¯à®¥ªæ¨© ([20], c. 129) (á¬. â ª¦¥

([6], c. 35)). �â ª, �l | â®¯®«®£¨ï ¯®â®ç¥ç­®© áå®¤¨¬®áâ¨ ¢ X = R�. � ¤ «ì­¥©è¥¬ ¯®« £ ¥¬,
çâ® Y 2 F�l , â. ¥. Y | § ¬ª­ãâ®¥ ¯/¬ X ¯à¨ ®á­ é¥­¨¨ ¯®áà¥¤áâ¢®¬ �l. �¢¥¤¥¬ á¥¬¥©áâ¢® Yl
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¢ â¥à¬¨­ å ª ­®­¨ç¥áª¨å â¨å®­®¢áª¨å ®ªà¥áâ­®áâ¥© Y. �á«¨ K 2 Fin(�) ¨ " 2]0;1[, â® ç¥à¥§
N�(Y;K; ") ®¡®§­ ç ¥¬ ¬­®¦¥áâ¢® ¢á¥å p 2 X â ª¨å, çâ® 9q 2 Y 8
 2 K, 8i 2 1; n

jp(
)(i) � q(
)(i)j < "

(í«¥¬¥­âë R ¨­â¥à¯à¥â¨àã¥¬ ª ª äã­ªæ¨¨ ¨§ 1; n ¢ R). �®« £ ¥¬

Yl
4
= fN�(Y;K; ") : (K; ") 2 Fin(�)�]0;1[g; (5.6)

¨§ (5.6) á«¥¤ã¥â, çâ® Yl 2 P 0(N�l [Y]) ¨ ¯à¨ íâ®¬ ¢ë¯®«­ï¥âáï (4.1). �¨ªá¨àã¥¬ ®â®¡à ¦¥­¨¥

(Si;
)(i;
)21;n�� : 1; n� � �! B(E;L); (5.7)

¢ â¥à¬¨­ å ®¡®¡é¥­­®£® ¬ âà¨æ ­â  (5.7) ¢¢¥¤¥¬

�0
4
= f
 2 � j Si;
 2 B0(E;L) 8i 2 1; ng: (5.8)

�¯à¥¤¥«ï¥¬ ¡ §ã â®¯®«®£¨¨ �u, ¯®« £ ï 8u 2 X, 8K 2 Fin(�), 8" 2]0;1[

N 0
�(u;K; ")

4
= fv 2 X j (u(
) = v(
) 8
 2 K \ �0)&

&(ju(
)(i) � v(
)(i)j < " 8
 2 K n �0; 8i 2 1; n)g: (5.9)

�¥¬¥©áâ¢® ¢á¥å ¬­®¦¥áâ¢ (5.9) á®áâ ¢«ï¥â ¡ §ã â®¯®«®£¨¨

�u
4
= fG 2 P(X) j 8u 2 G 9K 2 Fin(�); 9" 2]0;1[: N 0

�(u;K; ") � Gg (5.10)

¬­®¦¥áâ¢  X. �®¯®«®£¨ï (5.10) ®¯à¥¤¥«¥­  ¯®¤®¡­® ([10], c. 618) (¢ [10] ®¡áã¦¤ îâáï á¢®©áâ¢ 
â®¯®«®£¨© â¨¯  (5.10)); �l � �u. �â ª, ¯®áâà®¥­® ¡¨â®¯®«®£¨ç¥áª®¥ ¯à®áâà ­áâ¢® (X; �l; �u); ­ -
¯®¬­¨¬, çâ® Yu = N�u [Y]. � â¥à¬¨­ å (5.7) ª®­áâàã¨àã¥¬ ®â®¡à ¦¥­¨¥ g : g 2 XK ¥áâì def â ª®¥
®â®¡à ¦¥­¨¥, çâ® 8� 2 K, 8
 2 �

g(�)(
)
4
=
�Z

E

Si;
d�

�
i21;n

: (5.11)

� (5.11) ®¯à¥¤¥«¥­® ®â®¡à ¦¥­¨¥, ¨á¯®«ì§ã¥¬®¥ à ­¥¥ ¢ ª ç¥áâ¢¥ ã­¨¢¥àá «ì­® ­¥¯à¥àë¢­®-
£®. �®á«¥¤­¥¥ á®åà ­ï¥â á¨«ã, ¯®áª®«ìªã á¯à ¢¥¤«¨¢®

�à¥¤«®¦¥­¨¥ 5.1. �â®¡à ¦¥­¨¥ g (5:11) ®¡« ¤ ¥â á¢®©áâ¢®¬

g 2 C(K; tl;X; �l) \ C(K; tu;X; �u):

�®ª § â¥«ìáâ¢®. �¢®©áâ¢® g 2 C(K; tl;X; �l) ä ªâ¨ç¥áª¨ á«¥¤ã¥â ¨§ ®¯à¥¤¥«¥­¨© (á¬. â ª-
¦¥ ([6], c. 35)). �ãáâì (D ;v;  ) | ­ ¯à ¢«¥­­®áâì ¢ K ¨ � 2K, ¤«ï ª®â®àëå

(D ;v;  ) tu�! �: (5.12)

�§ (5.12) ¢ëâ¥ª ¥â áå®¤¨¬®áâì ­ ¯à ¢«¥­­®áâ¨ (D ;v;  ) ª � ª ª ¢ �� (5.1), â ª ¨ ¢ á¬ëá«¥
�0(L). �¤¥áì ãçâ¥­® á¢®©áâ¢® tl � tu,   â ª¦¥ (5.5). �å®¤¨¬®áâì ¢ á¬ëá«¥ �0(L) ®§­ ç ¥â, çâ®
8f 2 B0(E;L) 9�0 2 D 8�00 2 D

(�0 v �00) =)
�Z

E

fd (�00) =
Z
E

fd�

�
: (5.13)

� ¤àã£®© áâ®à®­ë, ¨§ áå®¤¨¬®áâ¨ ¢ �� (5.1) ¨ ¨§ (5.11) á«¥¤ã¥â, çâ® 8
 2 �

(D ;v; (g �  )(�)(
))
�
(n)

R��! g(�)(
): (5.14)

�®¬¡¨­¨àãï (5.8), (5.13) ¨ (5.14), ¯®«ãç ¥¬ áå®¤¨¬®áâì

(D ;v; g �  ) �u�! g(�); (5.15)
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à §ã¬¥¥âáï, ¯à¨¬¥­ïâì (5.13) á«¥¤ã¥â ¯à¨ f = Si;
 , £¤¥ i 2 1; n ¨ 
 2 �0. �¬¥ï ¨¬¯«¨ª æ¨î
(5:12) =) (5:15), «¥£ª® ãáâ ­ ¢«¨¢ ¥¬ á¢®©áâ¢® g 2 C(K; tu;X; �u).

�â¬¥â¨¬, çâ® K = cl(m1(F); tl) (¯à®áâ®¥ á«¥¤áâ¢¨¥ ãá«®¢¨ï 5.1), s�1[Yl] 2 B[F] ¨ s�1[Yu] 2
B[F] (ª ª ¨ ¢ (4.2)). �®« £ ¥¬ ¤ «¥¥, çâ® H, #, h ¨ ! ã¤®¢«¥â¢®àïîâ á®£« è¥­¨ï¬ à §¤¥«  4: H
| ­¥¯ãáâ®¥ ¬­®¦¥áâ¢®, # | â®¯®«®£¨ï H, h 2 HF, ! 2 Cap(K; tl;H; #) ¨ ¯à¨ íâ®¬ h = ! �m. �

íâ¨å ®¡®§­ ç¥­¨ïå s ®¯à¥¤¥«ï¥¬ á®£« è¥­¨¥¬ s
4
= g �m, £¤¥ ¨á¯®«ì§®¢ ­® ®â®¡à ¦¥­¨¥ g (5.11).

� ª®© ¯®¤å®¤ ¯à¥¤áâ ¢«ï¥âáï ¥áâ¥áâ¢¥­­ë¬, ª®«ì áª®à® ®¡áã¦¤ ¥âáï, ¯® áãâ¨ ¤¥« , ª« áá ¢®§-
¬®¦­ëå ¬®¤¥«¥©, ¯à¥¤­ §­ ç¥­­ëå ª ¦¤ ï ¤«ï ¨áá«¥¤®¢ ­¨ï á¢®¥£® ªàã£  § ¤ ç. �â ª, ¬ë
ª®­ªà¥â¨§¨àã¥¬ «¨èì ç áâì ®¡é¥© ª®­áâàãªæ¨¨ à §¤¥«  4, ®£®¢®à¨¢ ¢®§¬®¦­ë¥ ¢ à¨ ­âë ¢ë-
¡®à  ¡¨â®¯®«®£¨ç¥áª¨å ¯à®áâà ­áâ¢ (X; �l; �u) ¨ (K; tl; tu), ®â®¡à ¦¥­¨ï g ¨ ãá«®¢¨ï ¯®£àã¦¥­¨ï
F ¢ K ¯®áà¥¤áâ¢®¬ m. �â® ª á ¥âáï ®á­®¢­ëå ¯à¥¤¯®«®¦¥­¨© (á¬., ¢ ç áâ­®áâ¨, ãá«®¢¨¥ 5.1),
â® ¬®¦­® ®â¬¥â¨âì ¬­®£® ª®­ªà¥â­ëå ¢¥àá¨© ã¯®¬ï­ãâ®© áå¥¬ë (á¬. [6]{[8], [10]; ¢ ç áâ­®áâ¨,
¢ á¢ï§¨ á ãá«®¢¨¥¬ 5.1 á¬. [6], cc. 51{57, 267, 286, 306). �®«ãç¨«¨ ª®­ªà¥â­ë© ¡«®ª ª®­áâàãªæ¨¨
à §¤¥«  4, ®¡ê¥¤¨­ïîé¥© à §«¨ç­ë¥ á¯¥æ¨ «¨§¨à®¢ ­­ë¥ ¯à®æ¥¤ãàë [5]{[10].

�®áª®«ìªã ¢ë¯®«­¥­ë ¢á¥ âà¥¡®¢ ­¨ï à §¤¥«  4 (á¬., ¢ ç áâ­®áâ¨, (4.1), (4.3), (4.4)), ¨§
¯à¥¤«®¦¥­¨ï 4.2 ¨¬¥¥¬ g�1(Y) = (tl�LIM)[s�1[Yl] jm] = (tu�LIM)[s�1[Yu] jm]; ¨§ â¥®à¥¬ë 4.1
¨¬¥¥¬

!1(g�1(Y)) = (#� LIM)[s�1[Yl] j h] = (#� LIM)[s�1[Yu] j h]; (5.16)

£¤¥ § ¤¥©áâ¢®¢ ­ë ª®­ªà¥â­ë¥ ¢ à¨ ­âë (X; �l; �u), (K; tl; tu), g. � ¯®¬­¨¬, çâ® ­  á ¬®¬ ¤¥«¥
¨§ (5.16) á«¥¤ã¥â, çâ® !1(g�1(Y)) ¥áâì �� â¨¯  (2.1), ã­¨¢¥àá «ì­®¥ ¢ ¤¨ ¯ §®­¥  á¨¬¯â®â¨ç¥-
áª¨å ®£à ­¨ç¥­¨©, å à ªâ¥à¨§ã¥¬®¬ Yl; Yu. �£à ­¨ç¨¬áï à áá¬®âà¥­¨¥¬ ®¤­®£® ¯à®¬¥¦ãâ®ç-
­®£® á«ãç ï, ¨¬¥îé¥£® ®â­®è¥­¨¥ ª ¨áá«¥¤®¢ ­¨î  á¨¬¯â®â¨ç¥áª®© ­¥çã¢áâ¢¨â¥«ì­®áâ¨ ¯à¨
®á« ¡«¥­¨¨ ç áâ¨ ®£à ­¨ç¥­¨©; íâ® á¢®©áâ¢® à áá¬ âà¨¢ «®áì, ¢ ç áâ­®áâ¨, ¢ [5]{[10], [19], [24].
�â ª, ¨ ¢ á«ãç ¥ �� (X; �u) ®£à ­¨ç¨¬ á¥¡ï, ¢ ç áâ¨ ¢®§¬®¦­ëå ¢ à¨ ­â®¢ ®á« ¡«¥­¨ï Y-
®£à ­¨ç¥­¨ï, ¨á¯®«ì§®¢ ­¨¥¬ â®«ìª® ª ­®­¨ç¥áª¨å (¢ á¬ëá«¥ (5.9), (5.10)) ®ªà¥áâ­®áâ¥© Y; ¤«ï
®¯à¥¤¥«¥­¨ï â ª®¢ëå § ¬¥â¨¬, çâ® 8K 2 Fin(�), 8" 2]0;1[

N0
�(Y;K; ")

4
= fp 2 X j 9q 2 Y : (p(
) = q(
) 8
 2 K \ �0)&

&(jp(
)(i) � q(
)(i)j < " 8
 2 K n �0; 8i 2 1; n)g 2 Yu (5.17)

((5.17) | ®¡ê¥¤¨­¥­¨¥ ¢á¥å ¬­®¦¥áâ¢ N 0
�(q;K; "), q 2 Y). �®£¤ 

eYu 4
= fN0

�(Y;K; ") : (K; ") 2 Fin(�)�]0;1[g 2 B[X]; (5.18)

s�1[ eYu] 2 B[F] ¨ á¯à ¢¥¤«¨¢®
�à¥¤«®¦¥­¨¥ 5.2. !1(g�1(Y)) = (#� LIM)[s�1[ eYu] j h].
�®ª § â¥«ìáâ¢® á«¥¤ã¥â ¨§ (5.16) á ãç¥â®¬ á«¥¤ãîé¨å ®¡áâ®ïâ¥«ìáâ¢ (á¬.(5.6), (5.18)): (8S1 2

Yl 9S2 2 eYu : S2 � S1)&( eYu � Yu).
� ¯à¨ª« ¤­®¬ ®â­®è¥­¨¨ ¯à¥¤áâ ¢«ï¥âáï ¢ ¦­ë¬ áà ¢­¥­¨¥ Yl ¨ eYu, ª®â®à®¥, ¯® áãâ¨ ¤¥« ,

¯à®¢¥¤¥­® ¢ [6]{[8], [10] ¤«ï ª®­ªà¥â­ëå ¢ à¨ ­â®¢ ®¡é¥© áå¥¬ë à áè¨à¥­¨ï (á¬. à §¤¥« 4).

6. �®¬¯ ªâ¨ä¨ª æ¨¨ ¨ ¯à®¡«¥¬  ®ªà¥áâ­®áâ­®©
à¥ «¨§ æ¨¨ ¬­®¦¥áâ¢ ¯à¨âï¦¥­¨ï

� ¤ ­­®¬ à §¤¥«¥ ®¡áã¦¤ ¥âáï ç áâ­ë© á«ãç © ª®­áâàãªæ¨¨ à §¤¥«  4, ®â¢¥ç îé¨©, ®¤­ -
ª®, ¢¥áì¬  à á¯à®áâà ­¥­­®© ¢ â¥®à¨¨ à áè¨à¥­¨© á¨âã æ¨¨, ª®£¤  ¯à®áâà ­áâ¢® �� ¤®¯ãáª ¥â
¥áâ¥áâ¢¥­­ãî ª®¬¯ ªâ¨ä¨ª æ¨î (­ ¯à., [1], [2]); ¯®á«¥¤­ïï ®â«¨ç ¥âáï ®â ª®¬¯ ªâ¨ä¨ª æ¨©,
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¨á¯®«ì§ã¥¬ëå ¢ ®¡é¥© â®¯®«®£¨¨, ­ «¨ç¨¥¬ á¢ï§¥©, ª®â®àë¥ á®åà ­ïîâáï ¯à¨ à áè¨à¥­¨¨ § -
¤ ç¨. � § ¤ ç¥ à §¤¥«  2 ã¯®¬ï­ãâë¥ á¢ï§¨ ®¯à¥¤¥«ïîâáï ¯®áà¥¤áâ¢®¬ s ¨ h; ¨å á®åà ­¥­¨¥
¤®áâ¨£ ¥âáï ¢ (4.3), (4.4) ¯®áà¥¤áâ¢®¬ g ¨ !. �áî¤ã ¢ ¤ ­­®¬ à §¤¥«¥ ¯®« £ ¥¬, çâ®

K 2 (��(L)� comp)[A (L)] n f;g: (6.1)

� §ã¬¥¥âáï, ¢ á¨«ã (5.4) ¨ (6.1), ¢ ç áâ­®áâ¨, ¨¬¥¥¬ á¢®©áâ¢® K 2 K. �«¥¤®¢ â¥«ì­®, (6.1)
®¯à¥¤¥«ï¥â ¢ à¨ ­â ª®­áâàãªæ¨¨ à §¤¥«  5 ¨ ¬ë á®åà ­ï¥¬ ¢ íâ®© á¢ï§¨ âà¥¡®¢ ­¨ï (5.5) ¢ ®â­®-
è¥­¨¨ tl, tu. �§ (5.5) ¨ (6.1) á«¥¤ã¥â, ¢ ç áâ­®áâ¨, çâ® (K; tl) | ª®¬¯ ªâ. � ¯®¬­¨¬, çâ®, ª ª ¨ ¢
à §¤¥«¥ 5, ä¨ªá¨à®¢ ­ë ­¥¯ãáâ®¥ ¬­®¦¥áâ¢® F ¨ ®â®¡à ¦¥­¨¥m 2 KF,   â ª¦¥ ¢ë¯®«­¥­® ãá«®-
¢¨¥ 5.1. �®« £ ¥¬ ¢ ¤ «ì­¥©è¥¬, çâ® (H; #) ¥áâì å ãá¤®àä®¢® [20], [23] �� ¨ ! 2 C(K; tl;H; #).
� ª ®â¬¥ç «®áì ¢ § ª«îç¥­¨¨ à §¤¥«  3, ¢ íâ¨å ãá«®¢¨ïå  ¢â®¬ â¨ç¥áª¨ ! 2 Cap(K; tl;H; #),
çâ® á®®â¢¥âáâ¢ã¥â (4.4) ¨ ¯à¥¤¯®«®¦¥­¨ï¬ à §¤¥«  5. �áâ ¢«ï¥¬ ¢ á¨«¥ ¯à¥¤¯®«®¦¥­¨ï à §¤¥-
«  5 ¢ ®â­®è¥­¨¨ (X; �l; �u), Yl, Yu, eYu ¨ g. � ç áâ­®áâ¨, X ¯®-¯à¥¦­¥¬ã ®â®¦¤¥áâ¢«ï¥âáï á
R�, £¤¥ � | ­¥¯ãáâ®¥ ¬­®¦¥áâ¢®; �0 (á¬. (5.8)) ®¯à¥¤¥«ï¥â, ª ª ¨ à ­¥¥, ¬­®¦¥áâ¢® áâã¯¥­ç -
â®§­ ç­®áâ¨ ¬ âà¨æ ­â  (5.7). � ª¨¬ ®¡à §®¬, á¯à ¢¥¤«¨¢ë (5.16) ¨ ¯à¥¤«®¦¥­¨¥ 5.2. �¤­ ª®
¢ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ãª § ­­ë¥ ãâ¢¥à¦¤¥­¨ï ¬®¦­® áãé¥áâ¢¥­­® ¤®¯®«­¨âì, ¨á¯®«ì§ãï
¯®«®¦¥­¨ï [19] (á¬. ¢ íâ®© á¢ï§¨ á«¥¤áâ¢¨¥ 3.1.5 ¨§ [23]). �¥©áâ¢¨â¥«ì­®,

N# [!
1(g�1(Y))] �

[
U2Y

N# [cl(h
1(s�1(U)); #)]; (6.2)

£¤¥ ¢ ª ç¥áâ¢¥ Y ¬®¦¥â ¨á¯®«ì§®¢ âìáï «î¡®¥ ¨§ á¥¬¥©áâ¢: Yl, Yu, eYu. � ãç¥â®¬ (3.1), (5.16),
(6.2) ¨ ¯à¥¤«®¦¥­¨ï 5.1 ¯®«ãç ¥¬, çâ® «î¡®© ¨§ âà¥å ã¯®¬ï­ãâëå ¢ à¨ ­â®¢ ®á« ¡«¥­¨ï Y-
®£à ­¨ç¥­¨ï ¯®§¢®«ï¥â à¥ «¨§®¢ âì ã­¨¢¥àá «ì­®¥ (¢ ¤¨ ¯ §®­¥ ®£à ­¨ç¥­¨©  á¨¬¯â®â¨ç¥áª®£®
å à ªâ¥à ) �� !1(g�1(Y)) ¢ ¢¨¤¥ cl(h1(s�1(U)); #) á â®ç­®áâìî ¤® «î¡®© ­ ¯¥à¥¤ ¢ë¡à ­­®©
®ªà¥áâ­®áâ¨ íâ®£® �� (¯®¤à®¡­¥¥ á¬. ¢ [19]): ¥á«¨ O 1 2 N# [!1(g�1(Y))], â®

(9O 2 2 Yl : !
1(g�1(Y)) � cl(h1(s�1(O 2)); #) � O 1)&(9O

0
2 2 Yu :

!1(g�1(Y)) � cl(h1(s�1(O 02)); #) � O 1 )&(9O
0 0
2 2

eYu : !1(g�1(Y)) � cl(h1(s�1(O 0 02 )); #) � O 1): (6.3)

(6.3) ®¯à¥¤¥«ï¥â ¢®§¬®¦­®áâì ®ªà¥áâ­®áâ­®© à¥ «¨§ æ¨¨ �� ¢ áå¥¬ å á ª®­ªà¥â­ë¬ ®á« ¡«¥-
­¨¥¬ Y-®£à ­¨ç¥­¨ï.

� áâ­ë© á«ãç ©. �ãáâì (H; #) | ¬¥âà¨§ã¥¬®¥ ��,   � ¥áâì def ¬¥âà¨ª  ­  ¬­®¦¥áâ¢¥ H,
¯®à®¦¤ îé ï â®¯®«®£¨î #: # ¨­¤ãæ¨à®¢ ­  ([23], c. 371) ¬¥âà¨ª®© �. �á«¨ A 2 P(H) ¨ " 2]0;1[,
â® ç¥à¥§ U 0

� (A; ") ®¡®§­ ç ¥¬ ¬­®¦¥áâ¢® ¢á¥å z 2H, ¤«ï ª ¦¤®£® ¨§ ª®â®àëå 9a 2 A : �(z; a) < ";
¨â ª, ¢¢¥¤¥­  "-®ªà¥áâ­®áâì A ¢ ¬¥âà¨ç¥áª®¬ ¯à®áâà ­áâ¢¥ (H; �). �á«¨ P 2 Fin(�), â® ç¥à¥§
(Fin)[� j P ] ®¡®§­ ç ¥¬ á¥¬¥©áâ¢® ¢á¥å ¬­®¦¥áâ¢ Q 2 Fin(�) â ª¨å, çâ® P � Q. �¯à ¢¥¤«¨¢ 

�¥®à¥¬  6.1. �á«¨ � 2]0;1[, â® 9P 2 Fin(�), 9" 2]0;1[ 8Q 2 (Fin)[� j P ], 8� 2]0; "]

h1(s�1(N0
�(Y; Q; �))) � h1(s�1(N�(Y; Q; �))) � U 0

� (h
1(s�1(N0

�(Y; Q; �))); �):

�®ª § â¥«ìáâ¢® ¯®¤®¡­® ([5], c. 130; [6], cc. 83, 84). �§ á®¯®áâ ¢«¥­¨ï ®¯à¥¤¥«¥­¨© ¤«ï ¬­®-
¦¥áâ¢ á¥¬¥©áâ¢  (5.6) ¨ ä®à¬ã«ë (5.17) ¢¨¤­®, çâ® â¥®à¥¬  6.1 ®§­ ç ¥â  á¨¬¯â®â¨ç¥áªãî ­¥-
çã¢áâ¢¨â¥«ì­®áâì à¥ «ì­®£® �� ¯à¨ ¢®§¬ãé¥­¨¨ ç áâ¨ ®£à ­¨ç¥­¨©: ¥á«¨ ã¦ â¨å®­®¢áª®¥ ®á« -
¡«¥­¨¥Y-®£à ­¨ç¥­¨ï à¥ «¨§®¢ ­® ­  ¬­®¦¥áâ¢¥ �n�0, â®, £àã¡® £®¢®àï, ­¥ ¢ ¦­®, à¥ «¨§ã¥âáï
«¨ ¯®¤®¡­®¥ ®á« ¡«¥­¨¥ Y-®£à ­¨ç¥­¨ï ­  �0 ¨«¨ ­¥â. �¢®©áâ¢  â ª®£® â¨¯  à áá¬ âà¨¢ «¨áì
(¯à¨¬¥­¨â¥«ì­® ª á«ãç î ¨¬¯ã«ìá­ëå ®£à ­¨ç¥­¨©) ¢ [5]{[10]. �®«¥§­® áà ¢­¨âì, ­ ¯à¨¬¥à, ([6],
cc. 83, 84) á ([6], cc. 297, 298), £¤¥ ¤ ­ë ¤¢  à §«¨ç­ëå ¢ à¨ ­â  â¥®à¥¬ë 6.1; ª ¦¤ë© ¨§ ­¨å ¤®-
¯ãáª ¥â ª®­ªà¥â¨§ æ¨î ¤«ï § ¤ ç ¨¬¯ã«ìá­®£® ã¯à ¢«¥­¨ï «¨­¥©­®© á¨áâ¥¬®© á à §àë¢­ë¬¨
ª®íää¨æ¨¥­â ¬¨ ¯à¨ ã¯à ¢«¥­¨¨. � ç áâ­®áâ¨, ­¥âàã¤­® ¯®áâà®¨âì ª®­ªà¥â¨§ æ¨¨ â¥®à¥¬ë 6.1
¤«ï § ¤ ç ã¯à ¢«¥­¨ï ¬ â¥à¨ «ì­®© â®çª®© ¯à¨ ¨¬¯ã«ìá­ëå ®£à ­¨ç¥­¨ïå ­  ã¯à ¢«¥­¨ï; ­ 
íâ®© ®á­®¢¥ ¬®¦­® ¢ ¥áâ¥áâ¢¥­­ëå á«ãç ïå ãáâ ­®¢¨âì ®¯à¥¤¥«¥­­ãî £àã¡®áâì § ¤ ç¨ ®¯à¥¤¥«¥-
­¨ï ®¡« áâ¨ ¤®áâ¨¦¨¬®áâ¨ ¯® ®â­®è¥­¨î ª ®á« ¡«¥­¨î ®£à ­¨ç¥­¨© ­  áª®à®áâ­ë¥ ª®®à¤¨­ âë
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(á¬. § ª«îç¨â¥«ì­ãî ç áâì [10]). �¥ª®â®àë¥ ¢®¯à®áë â ª®£® à®¤  à áá¬ âà¨¢ îâáï ¢ à §¤¥«¥
9. � ¬¥â¨¬, çâ® ¢ ¤ ­­®© à ¡®â¥ à áá¬ âà¨¢ ¥âáï á«ãç © áª «ïà­ëå ã¯à ¢«¥­¨©; á®®â¢¥âáâ¢ã-
îé¨¥ ®¡®¡é¥­¨ï ¢ ¤ãå¥ ([6], £«. 4) ¨ [10] ­¥ ¤®áâ ¢«ïîâ ¯à¨­æ¨¯¨ «ì­ëå âàã¤­®áâ¥© (á¬. ®¡§®à
[7]).

7. �®¡ ¢«¥­¨¥ ª ¢®¯à®áã ® áà ¢­¨¬®áâ¨ ®â­®á¨â¥«ì­ëå â®¯®«®£¨©

� á¢ï§¨ á ¨á¯®«ì§®¢ ­¨¥¬ ¢ à §¤¥«¥ 5 á®£« è¥­¨ï K 2 K ®â¬¥â¨¬ ­¥ª®â®àë¥ á¢®©áâ¢ , ¤®-
¯®«­ïîé¨¥ (5.3). �¢¥¤¥¬ ¢ à áá¬®âà¥­¨¥ â®¯®«®£¨î �
(L) ([5], c. 80; [6], c. 44) ¯®â®ç¥ç­®© áå®¤¨-
¬®áâ¨ ¢ A (L): �
(L) ¨­¤ãæ¨à®¢ ­  ­  A (L) â®¯®«®£¨¥© 
L(�R) ¬­®¦¥áâ¢  RL , á®®â¢¥âáâ¢ãîé¥©
â¨å®­®¢áª®¬ã ¯à®¨§¢¥¤¥­¨î íª§¥¬¯«ïà®¢ R ¢ ®¡ëç­®© j � j-â®¯®«®£¨¨ �R ¯à¨ ¨á¯®«ì§®¢ ­¨¨ L ¢

ª ç¥áâ¢¥ ¨­¤¥ªá­®£® ¬­®¦¥áâ¢ . �à¨ M 2 P(A (L)) á¥¬¥©áâ¢® �
M(L)
4
= �
(L) jM ¥áâì â®¯®«®£¨ï,

¨­¤ãæ¨à®¢ ­­ ï ([20], c. 77) ­  M ¨§ (RL ;
L(�R)). �ãáâì ([6], c. 42)

C�[L]
4
= fS 2 P(A (L)) j N�


S
(L)(�) \B�(L) 6= ; 8� 2 Sg:

�á¯®«ì§ãï á¢®©áâ¢  â¨¯  á®®â­®è¥­¨ï (3.5.6) ¨§ [6], ¬®¦­® ¯®ª § âì, çâ® ([5], c. 94) 8M 2
C�[L]

��(L) jM = �
M (L):

�à¨ B 2 B�(L) ¨¬¥¥¬ ¢«®¦¥­¨¥ (add)+[L] [B 2 C�[L].
�â¬¥â¨¬  ­ «®£ ¯®á«¥¤­¥£® á¢®©áâ¢ , á¢ï§ ­­ë© á ¨á¯®«ì§®¢ ­¨¥¬  «£¥¡à ¨ç¥áª¨å áã¬¬ ¯/¬

A (L). �á«¨ A 2 P(RL ) ¨ B 2 P(RL ), â® A�B
4
= f� + � : (�; �) 2 A � Bg. � íâ¨å ®¡®§­ ç¥­¨ïå

8B 2 B�(L) : (add)+[L]�B 2 C�[L]. �à¨ M 2 C�[L] ¨¬¥¥¬ P(M) � C�[L]; §¤¥áì  ­ «®£¨ï á

(5.3). �®« £ ï C0�[L]
4
= C�[L] n f;g, ¨¬¥¥¬ C0�[L] � K. � ãç¥â®¬ (5.3) ¯®«ãç ¥¬, çâ® (5.2) | ¢¥áì¬ 

®¡è¨à­®¥ á¥¬¥©áâ¢® ¯/¬ A (L), ¨ ¯à¥¤¯®«®¦¥­¨¥K 2 K à §¤¥«  5 ­¥ ¢ë£«ï¤¨â ®£à ­¨ç¨â¥«ì­ë¬.

� áâì II

� áá¬ âà¨¢ îâáï ª®­áâàãªæ¨¨ à áè¨à¥­¨ï  ¡áâà ªâ­ëå § ¤ ç ã¯à ¢«¥­¨ï, ¯à®â®â¨¯®¬ ª®-
â®àëå ï¢«ïîâáï § ¤ ç¨ ã¯à ¢«¥­¨ï «¨­¥©­ë¬¨ á¨áâ¥¬ ¬¨ á à §àë¢­ë¬¨ ª®íää¨æ¨¥­â ¬¨ ¯à¨
ã¯à ¢«¥­¨¨. � ¬ ¬¥â®¤ ¯®áâà®¥­¨ï à áè¨à¥­¨© ï¢«ï¥âáï ª®­ªà¥â¨§ æ¨¥© ®¡é¨å ¯à®æ¥¤ãà ¯¥à-
¢®© ç áâ¨ ¤ ­­®© à ¡®âë.

8. �®áâ ­®¢ª  § ¤ ç¨

� ¤ «ì­¥©è¥¬ ¨á¯®«ì§ãîâáï ¯®­ïâ¨ï ¨ ®¡®§­ ç¥­¨ï ¯¥à¢®© ç áâ¨.
� áá¬®âà¨¬ ®¤­ã â¨¯¨ç­ãî á¨âã æ¨î, ¢®§­¨ª îéãî ¯à¨ ã¯à ¢«¥­¨¨ «¨­¥©­ë¬¨ á¨áâ¥¬ ¬¨.

�ãáâì ¤ ­® ã¯à ¢«ï¥¬®¥ ¤¨ää¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥

_x(t) = A(t)x(t) + f(t)b(t) (8.1)

¢ n-¬¥à­®¬ ä §®¢®¬ ¯à®áâà ­áâ¢¥ Rn ; ¤¢¨¦¥­¨ï (8.1) à áá¬ âà¨¢ îâáï ­  ª®­¥ç­®¬ ¯à®¬¥-

¦ãâª¥ ¢à¥¬¥­¨ I0
4
= [t0; #0], £¤¥ t0 2 R ¨ #0 2]t0;1[. � (8.1) A(�) ¥áâì n � n-¬ âà¨æ ­â ­  I0 á

­¥¯à¥àë¢­ë¬¨ ¢/§ ª®¬¯®­¥­â ¬¨Ai;j(�), i 2 1; n, j 2 1; n. �¥à¥§ b = b(�) ¢ (8.1) ®¡®§­ ç¥­® ®â®¡à -

¦¥­¨¥ ¨§ I
4
= [t0; #0[ ¢ Rn . � I ¥áâ¥áâ¢¥­­® á¢ï§ ­  ¯®«ã «£¥¡à  (¯/ ) I

4
= f[u; v[: (u; v) 2 I0 � I0g

¯à®áâà ­áâ¢ -áâà¥«ª¨; ¯à®áâà ­áâ¢® B0(I;I) ¢á¥å I-áâã¯¥­ç âëå ¢/§ äã­ªæ¨© ­  I ¥áâì ¯à®áâ®
¬­®¦¥áâ¢® ¢á¥å ªãá®ç­®-¯®áâ®ï­­ëå (ª.-¯.) ¨ ­¥¯à¥àë¢­ëå á¯à ¢  (­. á¯à.) ¢/§ äã­ªæ¨© ­  I.
�¥«¥á®®¡à §­® ¢¢¥áâ¨ �- «£¥¡àã B ¯/¬ I, ¯®à®¦¤¥­­ãî ¯/  I, â. ¥. ¡®à¥«¥¢áª®¥ ®á­ é¥­¨¥ I.
� íâ®¬ ¨ ¢ á«¥¤ãîé¥¬ à §¤¥« å ¯®« £ ¥¬, çâ® § ¤ ­  ­¥ª®â®à ï ¯/  L ¯®¤¬­®¦¥áâ¢ (¯/¬) I,
¤«ï ª®â®à®© I � L � B. �à®¬¥¦ãâ®ª I ¨á¯®«ì§ã¥¬ §¤¥áì ¢ ª ç¥áâ¢¥ ¬­®¦¥áâ¢  E (á¬. ç áâì I).
�®áâã«¨àã¥¬, çâ® ¢á¥ ª®¬¯®­¥­âë b1 = b1(�); : : : ; bn = bn(�) ¢¥ªâ®à-äã­ªæ¨¨ b áãâì í«¥¬¥­âë ¯à®-
áâà ­áâ¢  B(I;L) (á¬. à §¤¥« 5) à ¢­®¬¥à­ëå ¯à¥¤¥«®¢ L-áâã¯¥­ç âëå ¢/§ äã­ªæ¨© ­  I (¥á«¨
L = I, â® b1; : : : ; bn áãâì à ¢­®¬¥à­ë¥ ¯à¥¤¥«ë ­¥ª®â®àëå ¯®á«¥¤®¢ â¥«ì­®áâ¥© ª.-¯. ¨ ­. á¯à. ¢/§
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äã­ªæ¨© ­  I; ¥á«¨ L = B, â® b1; : : : ; bn | ®£à ­¨ç¥­­ë¥ ¡®à¥«¥¢áª¨¥ äã­ªæ¨¨ ­  I). � ª ç¥áâ¢¥
f ¨á¯®«ì§ã¥¬ ¢ ¯à®áâ¥©è¥¬ á«ãç ¥ äã­ªæ¨¨ ¨§ B0(I;L) (á¬. à §¤¥« 5), å®âï ¤®¯ãáª ¥¬ ¨ ¢ à¨-
 ­â ¯à¨¬¥­¥­¨ï äã­ªæ¨© ¨§ B(I;L). �®« £ ¥¬, çâ® ¢ (8.1) § ¤ ­® (®á­®¢­®¥) ­ ç «ì­®¥ ãá«®¢¨¥
x(t0) = x0 2 Rn ,   ¢ë¡®à f áâ¥á­¥­ ­¥ª®â®àë¬¨ ®£à ­¨ç¥­¨ï¬¨, ç áâì ¨§ ª®â®àëå ¬®¦¥â ®¯à¥¤¥-
«ïâìáï ªà ¥¢ë¬¨ ¨ ¯à®¬¥¦ãâ®ç­ë¬¨ ãá«®¢¨ï¬¨,   â ª¦¥ ä §®¢ë¬¨ ®£à ­¨ç¥­¨ï¬¨ (à¥è¥­¨¥
(8.1) ¯®­¨¬ ¥¬ ¢ á¬ëá«¥ � à â¥®¤®à¨ [1]). � íâ¨å ãá«®¢¨ïå ¯à¥¤áâ ¢«ï¥â ¨­â¥à¥á ¨áá«¥¤®¢ ­¨¥
¯ãçª  ¢®§¬®¦­ëå âà ¥ªâ®à¨© ¨ ¥£® á¥ç¥­¨ï £¨¯¥à¯«®áª®áâìî t = #0, â. ¥. ®¡« áâ¨ ¤®áâ¨¦¨¬®áâ¨
(��) ¢ ¬®¬¥­â #0. �­®£¤  ¢®§­¨ª ¥â ­¥®¡å®¤¨¬®áâì ¢ à áá¬®âà¥­¨¨ ­¥ª®â®àëå ¯à¥®¡à §®¢ ­¨©
ä §®¢®£® ¢¥ªâ®à . O¡áã¤¨¬ â ª¦¥ â ªãî ¢®§¬®¦­®áâì, ¯®« £ ï § ¤ ­­ë¬¨ ­ âãà «ì­®¥ ç¨á«®
p 2 N ¨ ­¥¯à¥àë¢­ë© ®¯¥à â®à �, ¤¥©áâ¢ãîé¨© ¨§ R

n ¢ R
p . � íâ¨å ãá«®¢¨ïå â ª¦¥ ¬®¦­®

£®¢®à¨âì ®¡ �� (¨«¨ ® ¯ãçª¥ âà ¥ªâ®à¨©), ­® â®«ìª® ¤«ï §­ ç¥­¨© ¯à¥®¡à §®¢ ­¨ï �.
�ã¤¥¬ ¯à¨¤¥à¦¨¢ âìáï á®¤¥à¦ â¥«ì­®£® á¯®á®¡  ¨§«®¦¥­¨ï. � íâ®¬ ¨ ¢ á«¥¤ãîé¥¬ à §-

¤¥« å ç¥à¥§ �(�; �) ®¡®§­ ç ¥¬ äã­¤ ¬¥­â «ì­ãî ¬ âà¨æã à¥è¥­¨© (¬ âà¨æ ­â) ([1], [3], [26])
®¤­®à®¤­®© á¨áâ¥¬ë _x(t) = A(t)x(t),   ç¥à¥§ � | á«¥¤ ¬¥àë �¥¡¥£ {�®à¥«ï ­  L. �á«¨ t� 2 I0 ¨
x� 2 R

n , â® ¯à¨ f 2 B(I;L) à¥è¥­¨¥ ãà ¢­¥­¨ï (8.1) (à áá¬ âà¨¢ ¥¬®£® ­  [t�; #0]) á ­ ç «ì­ë¬
ãá«®¢¨¥¬ x(t�) = x� ®¯à¥¤¥«ï¥âáï ä®à¬ã«®© �®è¨ [1], [3], [26]

x(t) = �(t; t�)x� +
Z
[t�;t[

f(�)�(t; �)b(�)�(d�) (t� � t � #0); (8.2)

£¤¥ ¨­â¥£à « ¢¥ªâ®à-äã­ªæ¨¨ ®¯à¥¤¥«ï¥âáï ¯®ª®¬¯®­¥­â­®; íâ® à¥è¥­¨¥ ®¡®§­ ç ¥¬ ç¥à¥§

'f (�; t�; x�) = ('f (t; t�; x�))t2[t�;#0]; (8.3)

¯®«ãç ï ­¥¯à¥àë¢­ãî n-¢¥ªâ®à-äã­ªæ¨î ­  [t�; #0]. �à¥¤¨ á¢®©áâ¢ à¥è¥­¨ï (8.1){(8.3) ®â¬¥-
â¨¬ ¨§¢¥áâ­®¥ ¯®«ã£àã¯¯®¢®¥ á¢®©áâ¢®. � ª®­¥æ, ¤«ï �-¯à¥®¡à §®¢ ­¨ï (8.2), (8.3) ¥áâ¥áâ¢¥­-
­® ¨á¯®«ì§®¢ âì á®£« è¥­¨¥: ¯à¨ t� 2 I0, x� 2 Rn , f 2 B(I;L) ¨ t 2 [t�; #0] §­ ç¥­¨¥ íâ®£®
�-¯à¥®¡à §®¢ ­­®£® ¤¢¨¦¥­¨ï ¥áâì ¢¥ªâ®à �('f (t; t�; x�)) 2 Rp . � ç áâ­®áâ¨, ¬®¦­® ¯®« £ âì
t� = t0, x� = x0 ¨ t = #0, ¯®«ãç ï â®çª¨ ��, ¥á«¨ ¯à¨ íâ®¬ á®¡«î¤ ¥âáï á®®â¢¥âáâ¢ãîé ï
á¨áâ¥¬  ®£à ­¨ç¥­¨©.

�¥¤ ªæ¨ï ä®à¬ã«ë �®è¨, ®¯à¥¤¥«ï¥¬ ï ¢ (8.2), ¤®¯ãáª ¥â ¥áâ¥áâ¢¥­­®¥ à áè¨à¥­¨¥: ¢ ®¡®-
§­ ç¥­¨ïå ¯¥à¢®© ç áâ¨ à áá¬ âà¨¢ ¥¬ ¯à¨ t� 2 I0, x� 2 Rn ¨ � 2 A (L) äã­ªæ¨î

e'�(�; t�; x�) = ( e'�(t; t�; x�))t2[t�;#0] (8.4)

¨§ [t�; #0] ¢ Rn , ¤«ï ª®â®à®© ¨¬¥¥â ¬¥áâ® 8t 2 [t�; #0]

e'�(t; t�; x�) 4= �(t; t�)x� +
Z
[t�;t[

�(t; �)b(�)�(d�): (8.5)

�®¦­® à áá¬ âà¨¢ âì n-¢¥ªâ®à-äã­ªæ¨î (8.4), (8.5) ª ª ­¥ª®¥ ®¡®¡é¥­­®¥ ¤¢¨¦¥­¨¥. � ¯®-
¬­¨¬, çâ® (á¬. [1], [3], [26]) �(�; �) ®¡« ¤ ¥â ¯®«ã£àã¯¯®¢ë¬ á¢®©áâ¢®¬. � ãç¥â®¬ íâ®£® ¨ á¢®©áâ¢ 
ª®­¥ç­®©  ¤¤¨â¨¢­®áâ¨ ­¥®¯à¥¤¥«¥­­®£® ¨­â¥£à «  «¥£ª® ¯à®¢¥àï¥âáï

�à¥¤«®¦¥­¨¥ 8.1. �á«¨ t� 2 I0, x� 2 Rn , � 2 A (L), t� 2 [t�; #0] ¨ t 2 [t�; #0], â®

e'�(t; t�; x�) = e'�(t; t�; e'�(t�; t�; x�)):
� á ¬®¬ ¤¥«¥, ä¨ªá¨àãï t�, x�, �, t� ¨ t ¢ á®®â¢¥âáâ¢¨¨ á ãá«®¢¨ï¬¨ ¤®ª §ë¢ ¥¬®£® ¯à¥¤«®-
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¦¥­¨ï, § ¬¥â¨¬ á ãç¥â®¬ (8.5), çâ®

e'�(t; t�; e'�(t�; t�; x�)) = �(t; t�) e'�(t�; t�; x�) +
Z
[t�;t[

�(t; �)b(�)�(d�) =

= �(t; t�)�(t�; t�)x� +�(t; t�)
Z
[t�;t�[

�(t�; �)b(�)�(d�) +

+
Z
[t�;t[

�(t; �)b(�)�(d�) = �(t; t�)x� +
Z
[t�;t�[

�(t; �)b(�)�(d�) +

+
Z
[t�;t[

�(t; �)b(�)�(d�) = �(t; t�)x� +
Z
[t�;t[

�(t; �)b(�)�(d�) = e'�(t; t�; x�):
�â ª, ¢ (8.4), (8.5) ®¯à¥¤¥«¥­  ¤¨­ ¬¨ç¥áª ï á¨áâ¥¬ . �â¨ ¯à¥¤áâ ¢«¥­¨ï ¤®¯®«­ïîâáï ¯à¥-

®¡à §®¢ ­¨¥¬ ­  ®á­®¢¥ �, â. ¥. ¬®¦­® ¢¢¥áâ¨ ®¡®¡é¥­­ë¥ âà ¥ªâ®à¨¨ ¢ ¢¨¤¥ § ¢¨á¨¬®áâ¥©

t 7�! �( e'�(t; t�; x�)) : [t�; #0] �! R
p ; (8.6)

£¤¥ t� 2 I0, x� 2 R
n ¨ � 2 A (L). � íâ®© á¢ï§¨ á«¥¤ã¥â ãç¥áâì ¢¥áì¬  ®ç¥¢¨¤­ãî ¢®§¬®¦­®áâì

¯®£àã¦¥­¨ï ®¡ëç­ëå âà ¥ªâ®à¨©, ®¯à¥¤¥«ï¥¬ëå ­  ®á­®¢¥ (8.2), ¢ á®®â¢¥âáâ¢ãîé¥¥ ¯à®áâà ­-
áâ¢® ®¡®¡é¥­­ëå âà ¥ªâ®à¨©. �£à ­¨ç¨¬áï á«ãç ¥¬ t� = t0 ¨ x� = x0. �«¥¤ã¥¬ ®¡®§­ ç¥­¨ï¬
[5], [6], [10] ¢ ç áâ¨, ª á îé¥©áï ¯®áâà®¥­¨ï ­¥®¯à¥¤¥«¥­­®£® ¨­â¥£à « : (I;L; �) ¥áâì ¢ à¨ ­â
¯à®áâà ­áâ¢  (3.5.1) ¨§ [6] ¨ ¤«ï f 2 B(I;L) ¬®¦­® à áá¬ âà¨¢ âì ­¥®¯à¥¤¥«¥­­ë© �-¨­â¥£à «
f ([5], c. 69), f � � 2 A (L). �®£¤  (á¬. (8.2), (8.5) ¨ á¢®©áâ¢  ¨§ ([5], c. 69)) ¯à¨ � = f � �

'f (�; t�; x�) = e'�(�; t�; x�): (8.7)

� ¬¥ç ­¨¥ 8.1. �ë«® à áá¬®âà¥­® ¯®£àã¦¥­¨¥ ®¡ëç­ëå ã¯à ¢«¥­¨© ¨ âà ¥ªâ®à¨© ¢ á®®â-
¢¥âáâ¢ãîé¥¥ ¯à®áâà ­áâ¢® ®¡®¡é¥­­ëå í«¥¬¥­â®¢ (��), á«¥¤ãï ¨¤¥®«®£¨¨ ([5], c. 136), ¢ ®á­®-
¢¥ ª®â®à®© | ¯à¥®¡à §®¢ ­¨¥ äã­ªæ¨¨ ¢ ¬¥àã ¯®áà¥¤áâ¢®¬ ¯®áâà®¥­¨ï ­¥®¯à¥¤¥«¥­­®£® �-
¨­â¥£à « . �®«¥§­®, ®¤­ ª®, ®â¬¥â¨âì, çâ® ¢ (8.4), (8.5) ¤®¯ãáª ¥âáï ¨á¯®«ì§®¢ ­¨¥ ¢ ª ç¥áâ¢¥
ã¯à ¢«¥­¨© «î¡ëå ¬¥à ¨§ A (L),   íâ® ¯®§¢®«ï¥â ®¡á«ã¦¨¢ âì ¤àã£¨¥ á®¤¥à¦ â¥«ì­ë¥ § ¤ ç¨.
� ç áâ­®áâ¨, ¬®¦­® ®âª § âìáï ®â ¯à¥¤áâ ¢«¥­¨ï ®¡ëç­ëå âà ¥ªâ®à¨© ¯®áà¥¤áâ¢®¬ (8.2), (8.3)
¨ ®¡à â¨âìáï ª á¨âã æ¨¨ ã¯à ¢«¥­¨ï á â®«çª ¬¨ [12], ¨á¯®«ì§ãï ã¦¥ áå¥¬ã ¯®áâà®¥­¨ï ��,
à áá¬ âà¨¢ ¥¬ãî ¢ ([6], £«. 7).

�®§¢à é ïáì ª (8.6), ®â¬¥â¨¬, çâ® �-âà ¥ªâ®à¨¨ § ¢¨áïâ ®â ã¯à ¢«¥­¨ï � 2 A (L) ­¥¯à¥àë¢-
­® ¢ á¬ëá«¥ �-á« ¡®© â®¯®«®£¨¨ A (L) ¨ â®¯®«®£¨¨ ¯®â®ç¥ç­®© áå®¤¨¬®áâ¨ ¯à®áâà ­áâ¢  ¢á¥å
n-¢¥ªâ®à-äã­ªæ¨© [13]. �â® á¢®©áâ¢® ¢ëâ¥ª ¥â ¨§ (8.5). O£à ­¨ç¨¬áï, ®¤­ ª®, § ¬¥ç ­¨¥¬ ®¡
®â®¡à ¦¥­¨¨

� 7�! �( e'�(#0; t0; x0)) : A (L) �! R
p ; (8.8)

¨¬¥ï ¢ ¢¨¤ã ¯à®¡«¥¬ã ª®àà¥ªâ­®£® à áè¨à¥­¨ï § ¤ ç¨ ® ¯®áâà®¥­¨¨ ��; à §ã¬¥¥âáï, A (L) ®á­ -
é ¥¬ ¯à¨ íâ®¬ â®¯®«®£¨¥© ��(L),   Rp | ®¡ëç­®© â®¯®«®£¨¥© � (p)

R
¯®ª®®à¤¨­ â­®© áå®¤¨¬®áâ¨.

�¬¥¥¬ ¢ (8.8) ­¥¯à¥àë¢­®¥ ¢ ãª § ­­®¬ á¬ëá«¥ ®â®¡à ¦¥­¨¥. � á¢®î ®ç¥à¥¤ì, § ¢¨á¨¬®áâì ®¡®¡-
é¥­­®© âà ¥ªâ®à¨¨ ®â � 2 A (L) â ª¦¥ ­¥¯à¥àë¢­ . �¤¥áì æ¥«¥á®®¡à §­® ¯à®¢¥áâ¨ ¡®«¥¥ ¯®¤à®¡-
­®¥ ®¡áã¦¤¥­¨¥ â®¯®«®£¨ç¥áª¨å ª®­áâàãªæ¨©, ¨¬¥ï ¢ ¢¨¤ã ¯à¨¬¥­¥­¨ï ¢ áå¥¬¥ à §¤¥«  5 ¯à¨

R
4
= Rn . �à®áâà ­áâ¢® RI0 ¢á¥å n-¢¥ªâ®à-äã­ªæ¨© ­  I0 ®á­ é ¥¬ â®¯®«®£¨¥© 
I0(� (n)

R
) â¨å®­®¢-

áª®£® ¯à®¨§¢¥¤¥­¨ï íª§¥¬¯«ïà®¢ (R; � (n)
R
) á ¨­¤¥ªá­ë¬ ¬­®¦¥áâ¢®¬ I0, â. ¥. ®¡ëç­®© â®¯®«®£¨¥©

¯®â®ç¥ç­®© áå®¤¨¬®áâ¨. �®£¤ 

� 7�! e'�(�; t0; x0) : A (L) �! RI0 (8.9)

¥áâì ­¥¯à¥àë¢­ë© ¢ á¬ëá«¥ â®¯®«®£¨©

��(L); 
I0(� (n)
R
) (8.10)
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®¯¥à â®à [13], çâ® ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â ¨§ (8.5) ¨ ®¯à¥¤¥«¥­¨ï ��(L). �â ª, (8.9) ¥áâì ­¥¯à¥-
àë¢­ë© ¢ á¬ëá«¥ �� (8.10) ®¯¥à â®à. �¥à­¥¬áï ª (8.2), (8.3), (8.7). �ë¡®à ã¯à ¢«¥­¨ï f 2 B(I;L)
áâ¥á­¥­ ®¡ëç­® â¥¬¨ ¨«¨ ¨­ë¬¨ ®£à ­¨ç¥­¨ï¬¨. �¤¨­ ¨§ ­ ¨¡®«¥¥ ¥áâ¥áâ¢¥­­ëå á«ãç ¥¢ á¢ï§ ­
á à¥áãàá­ë¬ ®£à ­¨ç¥­¨¥¬ Z

I

jf(t)j�(dt) � c; (8.11)

£¤¥ c 2 [0;1[. � §ã¬¥¥âáï, ¢®§¬®¦­ë ¨ ¤àã£¨¥ ®£à ­¨ç¥­¨ï, á¢ï§ ­­ë¥, ¢ ç áâ­®áâ¨, á ®áã-
é¥áâ¢«¥­¨¥¬ ªà ¥¢ëå ¨ ¯à®¬¥¦ãâ®ç­ëå ãá«®¢¨©. �¥©ç á, ®¤­ ª®, ®£à ­¨ç¨¬áï ®¡áã¦¤¥­¨-
¥¬ (8.11). � íâ®¬ á«ãç ¥, ®à¨¥­â¨àãïáì ­  (8.7), ®â¬¥â¨¬, çâ® ¬­®¦¥áâ¢® Fc ¢á¥å äã­ªæ¨©
f 2 B(I;L) á® á¢®©áâ¢®¬ (8.11) ¢ ¢¨¤¥ ¢áî¤ã ¯«®â­®£® ¯®¤¬­®¦¥áâ¢  (¯/¬) ¯®£àã¦ ¥âáï ¢
­¥ª®â®à®¥ ¬­®¦¥áâ¢®

Kc 2 (��(L)� comp)[A (L)] n f;g;

ª®â®à®¥ ®¯à¥¤¥«ï¥âáï ¢ ([5], cc. 82, 87; [6], c. 54). �«¥¤ãï ([6], c. 39), ¢¢¥¤¥¬ ¤«ï ª ¦¤®© ¬¥àë
� 2 A (L) ¢ à¨ æ¨î v� 2 (add)+[L] ª ª äã­ªæ¨î ¬­®¦¥áâ¢,   â ª¦¥ ¬­®¦¥áâ¢® A � [L] ¢á¥å
� 2 A (L) á® á¢®©áâ¢®¬ 8L 2 L

(�(L) = 0) =) (�(L) = 0): (8.12)

�®£¤  ¯®« £ ¥¬ Kc

4
= f� 2 A � [L] j v�(I) � cg. � íâ®¬ á«ãç ¥ ¤«ï â®¯®«®£¨© ��(L), �0(L), �
(L) ¨

��B(L), ®¯à¥¤¥«ï¥¬ëå ¢ ([6], £«. 3) ¨ á®áâ ¢«ïîé¨å ¬­®¦¥áâ¢®M(L)
4
= f��(L); �0(L); �
(L); ��B(L)g,

¨¬¥¥¬ á¢®©áâ¢® 8� 2M(L)

Kc = cl(ff � � : f 2 Fcg; �): (8.13)

� ª á«¥¤áâ¢¨¥ ¯®«ãç¨¬ ¤«ï ¯ãçª  ®¡ëç­ëå âà ¥ªâ®à¨© ¯«®â­®¥ ¯®£àã¦¥­¨¥ ¢  ­ «®£¨ç­ë©
¯ãç®ª ®¡®¡é¥­­ëå âà ¥ªâ®à¨©

f e'�(�; t0; x0) : � 2 Kcg = cl(f'f (�; t0; x0) : f 2 Fcg;
I0(� (n)
R
)): (8.14)

�á«®¢¨¥ (8.12) ¨¬¥­ãîâ á« ¡®©  ¡á®«îâ­®© ­¥¯à¥àë¢­®áâìî ®â­®á¨â¥«ì­® �; (8.13) | â¨-
¯¨ç­®¥ ¤«ï [5], [6], [10] à áè¨à¥­¨¥ ¯à®áâà ­áâ¢  ã¯à ¢«¥­¨© (ã­¨¢¥àá «ì­®¥ ¢ ¤¨ ¯ §®­¥ â®-
¯®«®£¨©); (8.14) ¯®¤®¡­® ¢ «®£¨ç¥áª®¬ ®â­®è¥­¨¨ á¢®©áâ¢ ¬, à áá¬ âà¨¢ ¥¬ë¬ ¢ ([1], £«. III,
IV) ¤«ï ­¥«¨­¥©­ëå § ¤ ç ã¯à ¢«¥­¨ï á £¥®¬¥âà¨ç¥áª¨¬¨ ®£à ­¨ç¥­¨ï¬¨. �¥©ç á ®£à ­¨ç¨¬-
áï ¤®áâ â®ç­® ¯à®áâë¬ á«ãç ¥¬ ¯à®¬¥¦ãâ®ç­ëå ãá«®¢¨©, ¤®¯®«­ïîé¨å âà¥¡®¢ ­¨ï ­  ¢ë¡®à
f 2 Fc. �¬¥­­®, ¯ãáâì Y | § ¬ª­ãâ®¥ ¢ (R; � (n)

R
) ¯®¤¬­®¦¥áâ¢® R ¨ t1 2 I0; âà¥¡ã¥âáï ®¡¥á¯¥ç¨âì

á¢®©áâ¢® 'f (t1; t0; x0) 2 Y . �à¨ íâ®¬ Y -®£à ­¨ç¥­¨¨ (¨ ¯à¨ ãá«®¢¨¨ (8.11)) âà¥¡ã¥âáï ¯®áâà®¨âì
à¥£ã«ïà¨§¨à®¢ ­­ë© ¢ à¨ ­â ��. �¦¥ ¢ íâ®¬ ¤®áâ â®ç­® ¯à®áâ®¬ á«ãç ¥ ¨¬¥¥¬ ­¥«¨­¥©­ãî
§ ¤ çã à §¤¥«  2 ¯à¨ á«¥¤ãîé¨å á®£« è¥­¨ïå ®â­®á¨â¥«ì­® ¯ à ¬¥âà®¢: F = Fc, X = R = Rn ,
H = Rp , s(f) = 'f (t1; t0; x0) ¨ h(f) = �('f (#0; t0; x0)) ¯à¨ f 2 F, Y = Y . � ç áâ¨ ®¯¨á ­¨ï
¬®¤¥«¨ à §¤¥«  4 § ¬¥â¨¬, çâ® ¬­®¦¥áâ¢® K ®â®¦¤¥áâ¢«ï¥âáï §¤¥áì á Kc, çâ® á®®â¢¥âáâ¢ã¥â
á®£« è¥­¨ï¬ à §¤¥«®¢ 5 ¨ 6. �ë á®¡«î¤ ¥¬ á®£« è¥­¨ï ® ¢ë¡®à¥ â®¯®«®£¨© tl ¨ tu ¬­®¦¥áâ¢ 
Kc. �¤­ ª® ¢®¯à®á ® ª®­ªà¥â¨§ æ¨¨ � ¨ ® á®®â¢¥âáâ¢ãîé¥© íâ®¬ã ¢ë¡®àã ª®­ªà¥â¨§ æ¨¨ X
á¥©ç á ¢ ®¡é¥© ¯®áâ ­®¢ª¥ ­¥ à áá¬ âà¨¢ ¥¬, ¯®áª®«ìªã ¢ ¦­ ï ¢ íâ®¬ á¬ëá«¥ ¤¥â «¨§ æ¨ï �0

(á¬. (5.8)) ®¡ëç­® ®¯à¥¤¥«ï¥âáï ª®­ªà¥â­ë¬¨ ãá«®¢¨ï¬¨ à¥è ¥¬®© § ¤ ç¨. �¥ ¢­¨ª ï ¢ «®£¨ªã
¯®áâà®¥­¨ï ¡¨â®¯®«®£¨ç¥áª¨å ¯à®áâà ­áâ¢ ¯¥à¢®© ç áâ¨, ®â¬¥â¨¬, çâ® ®¡ê¥ªâ¨¢­® ®â®¡à ¦¥­¨ï
g ¨ ! à §¤¥«  4 ¬®¦­® ®¯à¥¤¥«¨âì á®®â¢¥âáâ¢¥­­® ¢ ¢¨¤¥ § ¢¨á¨¬®áâ¥©

� 7�! e'�(t1; t0; x0); � 7�! �( e'�(#0; t0; x0));
®¯à¥¤¥«¥­­ëå ­  Kc. �®£¤  ¬­®¦¥áâ¢® !1(g�1(Y)) ¯à¨®¡à¥â ¥â á¬ëá« �� ®¡®¡é¥­­®© ã¯à ¢«ï-
¥¬®© á¨áâ¥¬ë ¢ ãá«®¢¨ïå ®£à ­¨ç¥­¨© ­  ¢ë¡®à ã¯à ¢«¥­¨ï � 2 A � [L], ®¯à¥¤¥«ï¥¬®£®: 1) c-
®£à ­¨ç¥­¨¥¬ ­  ¯®«­ãî ¢ à¨ æ¨î, 2) Y-®£à ­¨ç¥­¨¥¬ ­  à¥ «¨§ æ¨î ¢¥ªâ®à  e'�(t1; t0; x0).
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�®«¥¥ â®­ª¨©  ­ «¨§, á¢ï§ ­­ë© á ¯à¥¤áâ ¢«¥­¨¥¬ g ¨ ¯®áâà®¥­¨¥¬ ¡¨â®¯®«®£¨ç¥áª®£® ¯à®-
áâà ­áâ¢  (X; �l; �u), ¯à®¢¥¤¥¬ ¢ á«¥¤ãîé¥¬ à §¤¥«¥ ¤«ï ¯à®áâ¥©è¥£® á«ãç ï § ¤ ç¨ ã¯à ¢«¥­¨ï
¬ â¥à¨ «ì­®© â®çª®©.

9. �¤­  § ¤ ç  ã¯à ¢«¥­¨ï ¬ â¥à¨ «ì­®© â®çª®© ­  ¯«®áª®áâ¨

� íâ®¬ à §¤¥«¥ ¤«ï ç áâ­®£® ¢¨¤  á¨áâ¥¬ë (8.1)

_x1(t) = x3(t); _x2(t) = x4(t); _x3(t) = b1(t)f(t); _x4(t) = b2(t)f(t) (9.1)

à áá¬ âà¨¢ ¥¬, ª ª ¨ à ­¥¥, ¯à®æ¥áá ã¯à ¢«¥­¨ï ­  I0 á § ¤ ­­ë¬ ­. ã. x(t0) = x0 2 R
4 (¬®¦­®

¡ë«® ¡ë ®£à ­¨ç¨âìáï á«ãç ¥¬ t0 = 0 ¨ #0 = 1); ¯®« £ ¥¬, çâ® b1(�) 2 B0(I;L) ¨ b2(�) 2 B0(I;L).
�«ï ¯à®áâ®âë ¯®« £ ¥¬, çâ® ¢ á«ãç ¥ n = 4 ¬­®¦¥áâ¢® Y ¨¬¥¥â á¬ëá« ¯à®¨§¢¥¤¥­¨ï § ¬ª­ãâëå
¬­®¦¥áâ¢ Y1, Y1 � R�R , ¨ Y2, Y2 � R�R . �­®¦¥áâ¢® Y1 å à ªâ¥à¨§ã¥â ãá«®¢¨¥ ­  à¥ «¨§ æ¨î
(x1(t1); x2(t1)),   ¬­®¦¥áâ¢® Y2 | ãá«®¢¨¥ ­  à¥ «¨§ æ¨î (x3(t1); x4(t1)):

((x1(t1); x2(t1)) 2 Y1)&((x3(t1); x4(t1)) 2 Y2): (9.2)

� §ã¬¥¥âáï, ¢ ª ç¥áâ¢¥ x(�) ¢ (9.2) á«¥¤ã¥â ¨á¯®«ì§®¢ âì âà ¥ªâ®à¨î, ®¯à¥¤¥«ï¥¬ãî ¢ (9.1),
â. ¥. ¢¥ªâ®à-äã­ªæ¨î ¢¨¤  (8.3). �á¯®«ì§ãï ¨§¢¥áâ­ãî ª®­ªà¥â¨§ æ¨î �(�; �) [3], [26], ¯®«ãç ¥¬,
çâ® (9.2) ¯à¥®¡à §ã¥âáï ª ¢¨¤ã��Z

[t0;t1[

(t1 � t)b1(t)f(t)�(dt);
Z
[t0;t1[

(t1 � t)b2(t)f(t)�(dt)
�
2 eY1

�
&

&
��Z

[t0;t1[
b1(t)f(t)�(dt);

Z
[t0;t1[

b2(t)f(t)�(dt)
�
2 eY2

�
;

£¤¥ ¬­®¦¥áâ¢  eY1 ¨ eY2 ¯®«ãç îâáï á¤¢¨£®¬ Y1 ¨ Y2 á®®â¢¥âáâ¢¥­­®; ®¤­ ª® ¤«ï ¯à®áâ®âë ¯®-
« £ ¥¬ ¤ «¥¥, çâ® ¢á¥ ª®¬¯®­¥­âë x0 ­ã«¥¢ë¥,   â®£¤  eY1 = Y1 ¨ eY2 = Y2; ¯ãáâì, ªà®¬¥ â®£®,
t0 = 0, â. ¥. ¢ ­ è¥¬ á«ãç ¥ I0 = [0; #0]. �ë ­¥ ª®­ªà¥â¨§¨àã¥¬ ®â®¡à ¦¥­¨¥ � à §¤¥«  8. �¤¥áì
­¥áª®«ìª® ¨§¬¥­¨¬ ¯ à ¬¥âàë (¢ áà ¢­¥­¨¨ á à §¤¥«®¬ 8), ¯®« £ ï ¤ «¥¥ ¢ íâ®¬ à §¤¥«¥ n = 2
(¨¬¥¥âáï ¢ ¢¨¤ã ª®­ªà¥â¨§ æ¨ï à §¬¥à­®áâ¨ ¢ à §¤¥«¥ 5); ¯ãáâì � = f1; 2g (­¥ã¯®àï¤®ç¥­­ ï
¯ à ) ¨ �0 = f2g (®¤­®í«¥¬¥­â­®¥ ¬­®¦¥áâ¢®). �®£¤  R = R2 . � âà¨æ ­â (5.7) ª®­ªà¥â¨§¨àã¥¬
á«¥¤ãîé¨¬ ®¡à §®¬, ¯®« £ ï, çâ® �[t0;t1[ 2 RI ¥áâì ¨­¤¨ª â®à ¯à®¬¥¦ãâª  [t0; t1[; ¨¬¥­­®, ¯à¨
t 2 I ¯®« £ ¥¬

(S1;1(t) = (t1 � t)b1(t)�[t0;t1[(t))&(S2;1(t) = (t1 � t)b2(t)�[t0;t1[(t))&

&(S1;2(t) = b1(t)�[t0;t1[(t))&(S2;2(t) = b2(t)�[t0;t1[(t)): (9.3)

� «¥¥, ®â®¡à ¦¥­¨¥ g ®¯à¥¤¥«ï¥âáï ¢ (5.11) ¯à¨ ª®­ªà¥â¨§ æ¨¨ (9.3). � ¯®¬­¨¬, çâ® X = R�,
  Y ¥áâì ¯/¬ X, ¤«ï ª®â®à®£®

Y = fy 2 R� j (y(1) 2 Y1)&(y(2) 2 Y2)g:

� íâ¨å ãá«®¢¨ïå âà¥¡®¢ ­¨¥ (9.2) á¢®¤¨âáï ª Y-®£à ­¨ç¥­¨î ç áâ¨ I, à¥ «¨§ã¥¬®¬ã ¢ â¥à¬¨­ å
(5.11). �®£àã¦¥­¨¥ F = Fc ¢ K = Kc ®áãé¥áâ¢«ï¥¬ ­  ®á­®¢¥ ¯®áâà®¥­¨ï ­¥®¯à¥¤¥«¥­­®£® �-
¨­â¥£à «  f 2 F. �®« £ ¥¬ S1;1 =2 B0(I;L) ¨ S2;1 =2 B0(I;L), çâ® ­¥¯à¥¬¥­­® ¨¬¥¥â ¬¥áâ® ¯à¨
t1 > 0 ¨ ¥áâ¥áâ¢¥­­ëå ãá«®¢¨ïå ­¥¢ëà®¦¤¥­­®áâ¨ b1(�) ¨ b2(�); ­ ¯à¨¬¥à, ¬®¦­® ¯®« £ âì, çâ®
¯®á«¥¤­¨¥ ¤¢¥ äã­ªæ¨¨ ª.-¯., ­. á¯à. ¨ ­¥ ®¡à é îâáï ¢ ­ã«ì ­  [t0; t1[. �®£¤  (¢ á¨«ã (9.3))
®¯à¥¤¥«¥­¨¥ �0 á®®â¢¥âáâ¢ã¥â (5.8). �â®¦¤¥áâ¢«ï¥¬ H á Rp , £¤¥ p 2 N ,   h ®¯à¥¤¥«ï¥¬ ª ª

f 7�! �('f (#0; 0;O )) : Fc �! R
p ; (9.4)

£¤¥ O 2 R4 | ¢¥ªâ®à, ¢á¥ ª®®à¤¨­ âë ª®â®à®£® ­ã«¥¢ë¥. � §ã¬¥¥âáï, � á®®â¢¥âáâ¢ã¥â à §¤¥«ã 8 ¨
¯¥à¥¢®¤¨â R4 ¢ Rp (­¥¯à¥àë¢­®áâì � ¯®áâã«¨àã¥âáï). �«¥¤ãï ª®­áâàãªæ¨ï¬ ç áâ¨ I, ¬®¦­® ¢¢¥-
áâ¨ ­¥áª®«ìª® ¢ à¨ ­â®¢ ®á« ¡«¥­¨ïY-®£à ­¨ç¥­¨ï (¢ á¨«ã ª®­¥ç­®áâ¨ � ®¯à¥¤¥«¥­¨ï ã¯à®é -
îâáï). O£à ­¨ç¨¬áï á®¤¥à¦ â¥«ì­ë¬ ®¡áã¦¤¥­¨¥¬; ¢®ááâ ­®¢«¥­¨¥ ­¥®¡å®¤¨¬ëå ¤«ï áâà®£®£®
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¨§«®¦¥­¨ï ¤¥â «¥© ­¥ á®áâ ¢«ï¥â âàã¤  ¨ ä ªâ¨ç¥áª¨ ¯®¢â®àï¥â [5], [6]. �â ª, ¢ ¯¥à¢®¬ á«ãç ¥,
á®®â¢¥âáâ¢ãîé¥¬ ¢ áãé¥áâ¢¥­­®© ç áâ¨ ®¯à¥¤¥«¥­¨î (5.6), ¢¬¥áâ® Y1 ¨ Y2 (¢ (9.2)) ¨á¯®«ì§ã¥¬
¨å "-®ªà¥áâ­®áâ¨. �® ¢â®à®¬ á«ãç ¥, á«¥¤ãï (5.17) ¨ (5.18), ¢¢®¤¨¬ "-®ªà¥áâ­®áâì â®«ìª® ¤«ï Y1.
�¯à®ç¥¬, ¬®¦­® ¡ë«® ¡ë ¢¢¥áâ¨ â®¯®«®£¨î �u (5.10), à áè¨àïï á¯¥ªâà ¢®§¬®¦­ëå ¢ à¨ ­â®¢
®á« ¡«¥­¨ï ãá«®¢¨ï (9.2). �® ¢á¥å íâ¨å á«ãç ïå ®á« ¡«¥­­ë¥ ¢¥àá¨¨ á®¤¥à¦ â¥«ì­®£® ãá«®¢¨ï
(9.2) âà ­áä®à¬¨àãîâáï ¢ á®®â¢¥âáâ¢ãîé¨¥ ®á« ¡«¥­­ë¥  ­ «®£¨ Y-®£à ­¨ç¥­¨ï. �®®â¢¥âáâ¢ã-
îé¨¥ ¢ à¨ ­âë Yl, Yu ¨ eYu ®¡á«ã¦¨¢ îâ, â ª¨¬ ®¡à §®¬, ¢¥áì¬  á®¤¥à¦ â¥«ì­ë¥ ¨ ¢ ¦­ë¥,
á ¯à ªâ¨ç¥áª®© â®çª¨ §à¥­¨ï, ®á« ¡«¥­­ë¥  ­ «®£¨ (9.2); ¢ à¥§ã«ìâ â¥ à¥ «¨§ãîâáï ª®­ªà¥â-
­ë¥ ¢ à¨ ­âë (5.16), ¯à¥¤«®¦¥­¨ï 5.2 ¨ â¥®à¥¬ë 6.1. �£à ­¨ç¨¬áï ®¯à¥¤¥«¥­¨¥¬ �� (5.16). �
íâ®© á¢ï§¨ ¯®«¥§­® ª®­ªà¥â¨§¨à®¢ âì (8.5) ¤«ï á«ãç ï (9.1): ¥á«¨ � 2 A (L), â® âà ¥ªâ®à¨ï (8.4),
(8.5) ¯à¨ ­ã«¥¢ëå ­ ç «ì­ëå ãá«®¢¨ïå å à ªâ¥à¨§ã¥âáï ç¥âëàì¬ï äã­ªæ¨ï¬¨, ¤«ï ª®â®àëå
¯à¨ t 2 I0

e'�;1(t; 0;O ) =
Z
[0;t[

(t� �)b1(�)�(d�); e'�;2(t; 0;O ) =
Z
[0;t[

(t� �)b2(�)�(d�);

e'�;3(t; 0;O ) =
Z
[0;t[

b1(�)�(d�); e'�;4(t; 0;O ) =
Z
[0;t[

b2(�)�(d�):

� íâ¨å á®®â­®è¥­¨ïå ­ ¨¡®«¥¥ ¢ ¦­ë á«ãç ¨ t = t1 ¨ t = #0. � â¥à¬¨­ å ¤¢ãå ¢ëè¥ã¯®¬ï­ãâëå
¬®¬¥­â®¢ ¢à¥¬¥­¨ ¢¢®¤¨¬ § ¤ çã ®¡ ®¯à¥¤¥«¥­¨¨ ¬­®¦¥áâ¢  G @ ¢á¥å ¢¥ªâ®à®¢ �( e'�(#0; 0;O ))
â ª¨å, çâ® � 2 Kc ¨ ¯à¨ íâ®¬

(( e'�;1(t1; 0;O ); e'�;2(t1; 0;O )) 2 Y1)&(( e'�;3(t1; 0;O ); e'�;4(t1; 0;O )) 2 Y2): (9.5)

� (9.5) ¤ ­® ¥áâ¥áâ¢¥­­®¥ à áè¨à¥­¨¥ (9.2). � â¥à¬¨­ å (9.5) ¯®«ãç¨«¨ § ¤ çã ®¯à¥¤¥«¥­¨ï
�� ®¡®¡é¥­­®© á¨áâ¥¬ë; íâã § ¤ çã ¬®¦­® ¨áâ®«ª®¢ âì ¢ â¥à¬¨­ å ãá«®¢¨ï g(�) 2 Y (á¬.
à §¤¥« 5). �®áâ â®ç­® ãç¥áâì (9.3) ¨ ®¯à¥¤¥«¥­¨¥ (5.11). � §ã¬¥¥âáï, (9.5) à¥ «¨§ã¥â ¢ ¢¨¤¥ ¬­®-
¦¥áâ¢  ¤®¯ãáâ¨¬ëå í«¥¬¥­â®¢ á®®â¢¥âáâ¢ãîé¨© ª®­ªà¥â­ë© ¢ à¨ ­â g�1(Y). �â® ¦¥ ª á ¥âáï
!, â® ¤ ­­®¥ ®â®¡à ¦¥­¨¥ ¥áâì à áè¨à¥­­ ï ¢¥àá¨ï (9.4), â.¥.

� 7�! �( e'�(#0; 0;O )) : K �! R
p ; (9.6)

á¢ï§ì (9.4), (9.6) à¥ «¨§ã¥âáï ¢ â¥à¬¨­ å m 2 KF, m(f) = f � � (á¬. [6], â¥®à¥¬a 3.7.5). � ¢¨-
¤¥ G @ ¨¬¥¥¬ â¥¯¥àì âà¥¡ã¥¬ãî ¢¥àá¨î !1(g�1(Y)), â. ¥. ã­¨¢¥àá «ì­®¥ ¢ á¬ëá«¥ à §¤¥«  5 ��
(á¬. (5.16)); ¯à¨ íâ®¬ ¨§ ®¯à¥¤¥«¥­¨ï �0 ¢¨¤­®, çâ® ­ è   á¨¬¯â®â¨ç¥áª ï ¢¥àá¨ï § ¤ ç¨ ® ¯®-
áâà®¥­¨¨ �� ®¡« ¤ ¥â ®¯à¥¤¥«¥­­®© £àã¡®áâìî ¯à¨ ®á« ¡«¥­¨¨ ãá«®¢¨© ­  à¥ «¨§ æ¨î ¢¥ªâ®à 
áª®à®áâ¨ ¢ (9.2) (¨¬¥¥âáï ¢ ¢¨¤ã ®£à ­¨ç¥­¨¥, ®¯à¥¤¥«ï¥¬®¥ ¢ â¥à¬¨­ å Y2). �ª § ­­®¥ á¢®©-
áâ¢® ¬¥å ­¨ç¥áª®£® å à ªâ¥à  ¯®¤®¡­® ®â¬¥ç ¢è¨¬áï ¢ [5], [6], [8], [10] á¢®©áâ¢ ¬ £àã¡®áâ¨ ¯à¨
®á« ¡«¥­¨¨ ç áâ¨ ®£à ­¨ç¥­¨©. � áá¬ âà¨¢ ¥¬ãî §¤¥áì ¯®áâ ­®¢ªã, á¢ï§ ­­ãî á ª®àà¥ªâ­ë¬
à áè¨à¥­¨¥¬ § ¤ ç¨ ® ¯®áâà®¥­¨¨ �� ¤«ï á¨áâ¥¬ë (9.1), ¬®¦­® áãé¥áâ¢¥­­® ãá«®¦­¨âì, á®-
åà ­ïï ¢ â®© ¨«¨ ¨­®© ä®à¬¥ ã¯®¬ï­ãâ®¥ á¢®©áâ¢® £àã¡®áâ¨ ¢ ®â­®è¥­¨¨ á®¡«î¤¥­¨ï ãá«®¢¨©
­  à¥ «¨§ æ¨î ¢¥ªâ®à  áª®à®áâ¨ ª ª äã­ªæ¨¨ ¢à¥¬¥­¨.

10. � ­¥ª®â®àëå á¢®©áâ¢ å ¯«®â­®áâ¨

�®§¢à â¨¬áï ª à áá¬®âà¥­¨î ®¡é¨å ª®­áâàãªæ¨© ¯¥à¢®© ç áâ¨. �«¥¤ã¥¬ á®£« è¥­¨ï¬ à §¤¥-
«  5 ¢ ç áâ¨ ®¡®§­ ç¥­¨©, á¢ï§ ­­ëå á ¨§¬¥à¨¬ë¬ ¯à®áâà ­áâ¢®¬ (��) (E;L), £¤¥ E | ­¥¯ãáâ®¥
¬­®¦¥áâ¢®,   L | ¯/  ¯/¬ E. �â ª, (E;L) ¥áâì �� á ¯/  ¬­®¦¥áâ¢. � à §¤¥« å 5 ¨ 7 ¯®ª § ­®,
çâ® K (5.2) ¢¥áì¬  ¯à¥¤áâ ¢¨â¥«ì­® ª ª á¥¬¥©áâ¢® ¯/¬ A (L). �â¨¬ ¬®â¨¢¨à®¢ ­® âà¥¡®¢ ­¨¥
K 2 K à §¤¥«  5. �¥©ç á ®¡áã¤¨¬ ­¥ª®â®àë¥  á¯¥ªâë, á¢ï§ ­­ë¥ á ãá«®¢¨¥¬ 5.1; ã¦¥ ®â¬¥ç -
«¨áì (á¬. § ¬¥ç ­¨¥ 5.1) à §«¨ç­ë¥ ç áâ­ë¥ á«ãç ¨ ®¡é¥© ¯®áâ ­®¢ª¨ à §¤¥«  5, ¤«ï ª®â®àëå
íâ® ãá«®¢¨¥ ¢ë¯®«­ï¥âáï [5], [6], [10]. P áá¬®âà¨¬ ¥é¥ ®¤¨­ £¨¯®â¥â¨ç¥áª¨© á«ãç ©, ª®£¤  ¯à¥¤-
¯®«®¦¥­¨¥ ® ¯«®â­®áâ¨, ¯®áâã«¨àã¥¬®¥ ¢ ãá«®¢¨¨ 5.1, ¨¬¥¥â ¬¥áâ®. �¤­ ª® íâ® áã¦¤¥­¨¥ ¡ã¤¥â
¤ ­® ¢ ¡®«¥¥ ®¡é¥© ä®à¬¥ | ¢ ¢¨¤¥ á¢®©áâ¢  ¯«®â­®áâ¨, ã­¨¢¥àá «ì­®£® ¢ á¬ëá«¥ â®¯®«®£¨©
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A (L), ¨á¯®«ì§ã¥¬ëå ¢ ([6], £«. 3; [10]). �á«®¢¨¬áï ® âà ¤¨æ¨®­­®¬ ®¡®§­ ç¥­¨¨, ¯®­¨¬ ¥¬®¬ §¤¥áì
¡®«¥¥ è¨à®ª®, ç¥¬ ¢ à §¤¥«¥ 7: ¥á«¨ X | ­¥¯ãáâ®¥ ¬­®¦¥áâ¢®, A ¨ B | áãâì ¯/¬ R

X , â®

A�B
4
= fa+ b : (a; b) 2 A�Bg 2 P(RX )

¥áâì  «£¥¡à ¨ç¥áª ï áã¬¬  A, B [1], [11]. � ª ç¥áâ¢¥ X ¨á¯®«ì§ã¥¬ ®¡ëç­® E ¨«¨ L. �§¢¥áâ-
­® [5], [6], [10], çâ® ¯à¨¬¥­¥­¨¥ ª.- . ¬¥à ¢ ª ç¥áâ¢¥ ®¡®¡é¥­­ëå í«¥¬¥­â®¢ (��) ¯® áå¥¬¥ [5],
[6] ¢¥áì¬  ¯«®¤®â¢®à­® ¢ á«¥¤ãîé¨å ¤¢ãå á«ãç ïå: 1) ¢ ãá«®¢¨ïå, ª®£¤  ¯à®áâà ­áâ¢® ®¡ëç-
­ëå à¥è¥­¨© ¯à¥¤ª®¬¯ ªâ­® ¢ á¬ëá«¥ �-á« ¡®© â®¯®«®£¨¨ A (L) (¯à¨ ­ ¤«¥¦ é¥¬ ¯®£àã¦¥­¨¨
¢ ¯à®áâà ­áâ¢® ã¯®¬ï­ãâëå ��); 2) ¢ á«ãç ¥, ª®£¤  ®¡ëç­ë¥ à¥è¥­¨ï | ¢/§ äã­ªæ¨¨ ­  E
| ­¥®âà¨æ â¥«ì­ë. �®íâ®¬ã ¯à¥¤áâ ¢«ï¥âáï ¥áâ¥áâ¢¥­­ë¬ à áá¬®âà¥­¨¥ ­¥ª®© £¨¡à¨¤­®©, ¢
á¬ëá«¥ 1), 2), ª®­áâàãªæ¨¨. �á¯®«ì§ã¥¬ §¤¥áì ¯à®áâ¥©è¨¥ á¢®©áâ¢  â®¯®«®£¨ç¥áª¨å ¢¥ªâ®à­ëå
¯à®áâà ­áâ¢ (���) ¨ ¯®«®¦¥­¨ï [5], [6]. �â ª, à áá¬ âà¨¢ ¥¬ ¢ ª ç¥áâ¢¥ ®¡ëç­ëå à¥è¥­¨©
äã­ªæ¨¨ ­  E ¨ ¨áá«¥¤ã¥¬ á¢®©áâ¢  ¯«®â­®áâ¨ ¢ ¤ãå¥ ãá«®¢¨ï 5.1. �®«¥¥ â®£®, à áá¬ âà¨¢ ¥¬ ¨
¤àã£¨¥ á¢®©áâ¢  ¯«®â­®áâ¨, ¯®¤®¡­ë¥ â¥¬, çâ® ¨á¯®«ì§®¢ «¨áì ¢ [8], [10] ¯à¨ ¨áá«¥¤®¢ ­¨¨ �� ¢
¯à®áâà ­áâ¢¥ ��: à¥çì ¨¤¥â ®¡  ­ «®£ å ¯à¥¤«®¦¥­¨© 4.1, 4.2. �§ãç¥­¨¥ â ª¨å ¯à®¬¥¦ãâ®ç­ëå
�� ­  ¯à¥¤¬¥â ã­¨¢¥àá «ì­®áâ¨ ¯à¥¤áâ ¢«¥­¨© ¢ â¥à¬¨­ å ¬­®¦¥áâ¢  g�1(Y) ¯à®ïá­ï¥â áâàãª-
âãàã  á¨¬¯â®â¨ç¥áª®© ¢¥àá¨¨ § ¤ ç¨ ® ¤®áâ¨¦¨¬®áâ¨ (§¤¥áì ¨¬¥¥âáï ¢ ¢¨¤ã ã­¨¢¥àá «ì­®áâì ¢
á¬ëá«¥ â®¯®«®£¨ç¥áª®£® ®á­ é¥­¨ï ¯à®áâà ­áâ¢  ��). � íâ®© á¢ï§¨ à áá¬ âà¨¢ ¥¬ ¢®¯à®á ®¡
 ­ «®£ å ãá«®¢¨ï 5.1 ¡®«¥¥ è¨à®ª®.

�¥à¥§ B+
0 (E;L) ¨ B

+(E;L) ®¡®§­ ç¨¬ ª®­ãáë ¢á¥å ­¥®âà¨æ â¥«ì­ëå (¯®â®ç¥ç­®) í«¥¬¥­â®¢
«¨­¥©­ëå ¯à®áâà ­áâ¢ B0(E;L) ¨ B(E;L) á®®â¢¥âáâ¢¥­­® (á¬. à §¤¥« 5). �á«¨ f 2 RE , â® ç¥à¥§
jf j ®¡®§­ ç¨¬ ¢/§ äã­ªæ¨î ­  E á® §­ ç¥­¨ï¬¨ jf(x)j, x 2 E. �à¨ íâ®¬ jf j 2 B+

0 (E;L) 8f 2
B0(E;L). �­ «®£¨ç­ë¬ ®¡à §®¬, jgj 2 B+(E;L) 8g 2 B(E;L). �¨ªá¨àã¥¬ � 2 (add)+[L] ¨ � 2
[0;1[; ¢¢¥¤¥¬ â ª¦¥

�
U

4
=
�
f 2 B0(E;L)

���Z
E

jf jd� � �

��
&
�
V

4
=
�
f 2 B(E;L)

���Z
E

jf jd� � �

��
: (10.1)

�­®¦¥áâ¢  (10.1) ¯®¤®¡­ë ¬­®¦¥áâ¢ã Fc à §¤¥«  8 ¨ á®®â¢¥âáâ¢ãîâ ¥áâ¥áâ¢¥­­ë¬ ¢ â¥®à¨¨
ã¯à ¢«¥­¨ï à¥áãàá­ë¬ ®£à ­¨ç¥­¨ï¬ (á¬. (8.11)). � áá¬®âà¨¬ á«¥¤ãîé¨¥ ¤¢  ¢ à¨ ­â  ¬­®¦¥-
áâ¢  F:

F = B+
0 (E;L) � U; F = B+(E;L) � V:

� ¯¥à¢®¬ á«ãç ¥ ¯®«ãç ¥¬ ­¥¯ãáâ®¥ ¯/¬ B0(E;L),   ¢® ¢â®à®¬ | ­¥¯ãáâ®¥ ¯/¬ B(E;L). �«¥-
¬¥­âë íâ¨å ¬­®¦¥áâ¢ à áá¬ âà¨¢ ¥¬ ¢ ª ç¥áâ¢¥ ®¡ëç­ëå ã¯à ¢«¥­¨©. �®âà¥¡ã¥âáï â ª¦¥ ®¤­®
á¯¥æ¨ «ì­®¥ ¬­®¦¥áâ¢® ¢ ¯à®áâà ­áâ¢¥ A (L). �ãáâì [5], [6], [10] (add)+[L; �] | ¬­®¦¥áâ¢® ¢á¥å
� 2 (add)+[L] â ª¨å, çâ® 8L 2 L

(�(L) = 0) =) (�(L) = 0); (10.2)

¢ (10.2) ¨á¯®«ì§ã¥âáï á¢®©áâ¢® á« ¡®©  ¡á®«îâ­®© �-­¥¯à¥àë¢­®áâ¨ [27] ((10.2) |  ¡áâà ªâ­ë©
 ­ «®£ ãá«®¢¨ï (8.12)). �à¨ íâ®¬ (add)+[L; �] | ª®­ãá ¢ A (L); ¢¢¥¤¥¬ ¯®à®¦¤¥­­®¥ íâ¨¬ ª®­ãá®¬
«¨­¥©­®¥ ¯®¤¯à®áâà ­áâ¢® (¯/¯) A (L), ®¡®§­ ç ¥¬®¥ ç¥à¥§ A � [L] ([6], c. 43). � «¥¥, á«¥¤ãï ([6],
c. 40), ¢¢¥¤¥¬ á¨«ì­ãî ­®à¬ã A (L), ®¯à¥¤¥«ï¥¬ãî ¯®áà¥¤áâ¢®¬ ¯®«­®© ¢ à¨ æ¨¨: ¥á«¨ � 2 A (L),
â® ([6], cc. 39, 40) v�(E) 2 [0;1[ ¥áâì def ¯®«­ ï ¢ à¨ æ¨ï � ­  ¬­®¦¥áâ¢¥ E. �¢¥¤¥¬

W
4
= f� 2 A � [L] j v�(E) � �g: (10.3)

� §ã¬¥¥âáï,W ¥áâì á« ¡®  ¡á®«îâ­® ­¥¯à¥àë¢­ ï (®â­®á¨â¥«ì­® �) ç áâì è à  ¢ A (L). �®§ì¬¥¬
­¥¯ãáâ®¥ ¬­®¦¥áâ¢®

(add)+[L; �]�W (10.4)
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¢ ª ç¥áâ¢¥K. �á«¨ f 2 B(E;L), â® f �� 2 A � [L] ¥áâì def ­¥®¯à¥¤¥«¥­­ë© �-¨­â¥£à « f ([5], cc. 69,
86). � ª ¨ ¢ [5], [6], [10], [13], à áá¬ âà¨¢ ¥¬ ¯®£àã¦¥­¨¥ B(E;L) ¢ A � [L] ¯®áà¥¤áâ¢®¬ ®¯¥à â®à 

f 7�! f � � : B(E;L) �! A � [L]: (10.5)

�¤¨­ ¨§ ¢ à¨ ­â®¢ â ª®£® ¯®£àã¦¥­¨ï ¨á¯®«ì§®¢ «áï ¢ à §¤¥«¥ 8. � ç áâ­®áâ¨, ¬®¦¥¬ à áá¬ -
âà¨¢ âì á¢®©áâ¢  ®¡à §®¢ ¬­®¦¥áâ¢

B+
0 (E;L) � U; B+(E;L) � V

¯à¨ ¤¥©áâ¢¨¨ ®¯¥à â®à  (10.5). �â¬¥â¨¬ àï¤ á¢®©áâ¢ ¬­®¦¥áâ¢  (10.4), á¢ï§ ­­ëå á ª®­áâàãª-
æ¨ï¬¨ à §¤¥«  7. � á¨«ã ¨§¢¥áâ­ëå ¯®«®¦¥­¨© â¥®à¨¨ â®¯®«®£¨ç¥áª¨å £àã¯¯ ([11], c. 449) ¬­®-
¦¥áâ¢® (10.4) § ¬ª­ãâ® ¢ «®ª «ì­® ¢ë¯ãª«®¬ ��� (A (L); ��(L)); §¤¥áì ¨á¯®«ì§ã¥âáï á¢®©áâ¢ 
�-á« ¡®© § ¬ª­ãâ®áâ¨ (add)+[L; �] ¨ �-á« ¡®© ª®¬¯ ªâ­®áâ¨ W ([6], £«. 3). �à®¬¥ â®£®,

(add)+[L; �] �W 2 C0�[L];

çâ® ­¥¯®áà¥¤áâ¢¥­­® á«¥¤ã¥â ¨§ ¯®«®¦¥­¨© à §¤¥«  7. � ãç¥â®¬ á¢®©áâ¢  âà ­§¨â¨¢­®áâ¨ ®¯¥-
à æ¨¨ ¯¥à¥å®¤  ª ¯/¯,   â ª¦¥ á®®â­®è¥­¨© ¤«ï �
(L) ¨ ��(L) ¢ ([5], c. 80; [6], c. 45), ¨¬¥¥¬ ¢
®¡®§­ ç¥­¨ïå à §¤¥«®¢ 3 ¨ 7 ¢«®¦¥­¨¥

(��(L)� comp)[A (L)] � (
L(�R)� comp)[RL ]: (10.6)

�§ (10.3) ¨ (10.6) á«¥¤ã¥â, ¢ ç áâ­®áâ¨, çâ® W 2 (
L(�R)� comp)[RL ],   ¯®íâ®¬ã (á­®¢  á ¨á-
¯®«ì§®¢ ­¨¥¬ á¢®©áâ¢ â®¯®«®£¨ç¥áª¨å £àã¯¯ ¢ ([11], c. 449)) ¯®«ãç ¥¬: ¬­®¦¥áâ¢® (add)+[L; �]�
W § ¬ª­ãâ® ¢ (RL ;
L(�R)).

�¨¦¥ ¨á¯®«ì§ãîâáï â®¯®«®£¨¨ ��(L), �
(L), �0(L) ¨ ��B(L) ¬­®¦¥áâ¢  A (L), ®¯à¥¤¥«¥­­ë¥ ¢
([6], £«. 3); ¯®« £ ¥¬, ª ª ¨ ¢ ç áâ­®¬ á«ãç ¥ �� à §¤¥«  8, çâ®

M(L)
4
= f��(L); �
(L); �0(L); �

�
B(L)g:

� àï¤ã á 
L(�R) ®á­ é ¥¬ ¬­®¦¥áâ¢® R
L â®¯®«®£¨¥© 
L(�@) â¨å®­®¢áª®£® ¯à®¨§¢¥¤¥­¨ï

íª§¥¬¯«ïà®¢ R á (¤¨áªà¥â­®©) â®¯®«®£¨¥© �@ = P(R) ª ¦¤®£® íª§¥¬¯«ïà ; ¢ ª ç¥áâ¢¥ ¨­¤¥ªá­®£®
¬­®¦¥áâ¢  §¤¥áì ¨á¯®«ì§ã¥âáï L. � á¨«ã à ­¥¥ ã¯®¬ï­ãâëå á¢®©áâ¢ § ¬ª­ãâ®áâ¨ ¢ â®¯®«®£¨ïå
��(L) ¨ 
L(�R) ¨¬¥¥¬, çâ® ¬­®¦¥áâ¢® (add)+[L; �]�W § ¬ª­ãâ® ¢ (RL ;
L(�@)) ¨ ¢ (A (L); ��B(L)).
�¤¥áì ¤®áâ â®ç­® ãç¥áâì å®à®è® ¨§¢¥áâ­ë¥ á¢®©áâ¢  ([6], á. 45; [11], á. 463)

(
L(�R) � 
L(�@))&(��(L) � ��B(L)):

�à¥¤«®¦¥­¨¥ 10.1. �­®¦¥áâ¢® (add)+[L; �] � W § ¬ª­ãâ® ¢ �� (A (L); �0(L)) ¨

(A (L); �
(L)).

�®ª § â¥«ìáâ¢® á«¥¤ã¥â ¨§ ã¦¥ ã¯®¬¨­ ¢è¨åáï á®®â­®è¥­¨© ¤«ï â®¯®«®£¨© ¨§ M(L) ([6],
c. 45); ¢ ç áâ­®áâ¨, ¨á¯®«ì§ã¥âáï â®â ä ªâ, çâ® �
(L) á« ¡¥¥ ª ¦¤®© ¨§ â®¯®«®£¨© ��(L), �0(L).
�«¥¤ã¥â ãç¥áâì, ªà®¬¥ â®£®, ®â¬¥ç ¢è¥¥áï à ­¥¥ á¢®©áâ¢® § ¬ª­ãâ®áâ¨ ¬­®¦¥áâ¢  (10.4) ¢ á¬ë-
á«¥ 
L(�R). � ¬¥â¨¬, çâ® ®á®¡®¥ §­ ç¥­¨¥ ¤«ï ­ á ¨¬¥¥â § ¬ª­ãâ®áâì ¬­®¦¥áâ¢  (10.4) ¢ â®¯®-
«®£¨¨ �0(L), çâ® á¢ï§ ­® á ãá«®¢¨¥¬ 5.1.

�â¬¥â¨¬, çâ® (10.4) | ­¥¯ãáâ®¥ ¯/¬ A � [L]. �¥à­¥¬áï ª ¢ëè¥ã¯®¬ï­ãâë¬ ¢¥àá¨ï¬ F;

B+
0 (E;L) � U � B+(E;L) � V:

�ç¥¢¨¤­® ¢«®¦¥­¨¥ ff � � : f 2 B+(E;L) � V g � (add)+[L; �] �W . � ª á«¥¤áâ¢¨¥, ff � � : f 2
B+

0 (E;L)� Ug � (add)+[L; �]�W .

�à¥¤«®¦¥­¨¥ 10.2. �¬¥¥â ¬¥áâ® (add)+[L; �]�W = cl(ff � � : f 2 B+
0 (E;L)�Ug; �0(L)) =

cl(ff � � : f 2 B+(E;L)� V g; �0(L)).
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�®ª § â¥«ìáâ¢®. � ãç¥â®¬ ¯à¥¤«®¦¥­¨ï 10.1 ¨¬¥¥¬, çâ® ¤®áâ â®ç­® ãáâ ­®¢¨âì ¢«®¦¥­¨¥

(add)+[L; �]�W � cl(ff � � : f 2 B+
0 (E;L)� Ug; �0(L)): (10.7)

�ãáâì (¢ íâ®¬ ¤®ª § â¥«ìáâ¢¥) � | í«¥¬¥­â ¬­®¦¥áâ¢  ¢ «¥¢®© ç áâ¨ (10.7),   �1 2 (add)+[L; �]
¨ �2 2W à¥ «¨§ãîâ ¯à¥¤áâ ¢«¥­¨¥ � = �1 + �2. � ãç¥â®¬ ¯®«®¦¥­¨© ([6], £«. 3) ¨¬¥¥¬

(�1 2 cl(ff � � : f 2 B+
0 (E;L)g; �0(L)))&(�2 2 cl(ff � � : f 2 Ug; �0(L))): (10.8)

�á¯®«ì§ã¥¬ á¢®©áâ¢  ¡ §¨á  (A (L); �0(L)) ([5], c. 81; [6], c. 45). �®« £ ¥¬, çâ® Fin(L) ¥áâì def
á¥¬¥©áâ¢® ¢á¥å ­¥¯ãáâëå ª®­¥ç­ëå ¯/¬ L. �«ï � 2 A (L) ¨ K 2 Fin(L) à áá¬ âà¨¢ ¥¬ ¬­®¦¥áâ¢®
T@(�;K) ¢á¥å � 2 A (L) â ª¨å, çâ® 8L 2 K

�(L) = �(L):

�® á¢®©áâ¢ ¬ �0(L) [5], [6] ¨¬¥¥¬ ¯à¨ H 2 P(A (L)) à ¢¥­áâ¢®

cl(H; �0(L)) = f� 2 A (L) j T@(�;K) \H 6= ; 8K 2 Fin(L)g: (10.9)

� ª ç¥áâ¢¥ H ¬®¦­® ¨á¯®«ì§®¢ âì B+
0 (E;L) � U , B+

0 (E;L) ¨ U , â. ¥. ª®¬¡¨­ æ¨î (10.8), (10.9).
�¨ªá¨àã¥¬ P 2 Fin(L). �®£¤  ¨§ (10.8), (10.9) ¨¬¥¥¬

(T@(�1;P) \ ff � � : f 2 B+
0 (E;L)g 6= ;)&(T@(�2;P) \ ff � � : f 2 Ug 6= ;): (10.10)

� ãç¥â®¬ (10.10) ¯®¤¡¨à ¥¬ ' 2 B+
0 (E;L) á® á¢®©áâ¢®¬ ' � � 2 T@(�1;P). �à®¬¥ â®£®, ¢ë-

¡¨à ¥¬ (¨á¯®«ì§ãï (10.10))  2 U á® á¢®©áâ¢®¬  � � 2 T@(�2;P). �®£¤  ' +  2 B+
0 (E;L) � U

à¥ «¨§ã¥â ª.- . ¬¥àã
('+  ) � � = (' � �) + ( � �) 2 T@(�;P):

�®áª®«ìªã ¢ë¡®à P ¡ë« ¯à®¨§¢®«ì­ë¬, ãáâ ­®¢«¥­® á¢®©áâ¢®: 8K 2 Fin(L)

T@(�;K) \ ff � � : f 2 B
+
0 (E;L) � Ug 6= ;: (10.11)

�§ (10.9), (10.11) ¨¬¥¥¬ � 2 cl(ff � � : f 2 B+
0 (E;L) � Ug; �0(L)), ç¥¬ ¨ § ¢¥àè ¥âáï ®¡®á­®-

¢ ­¨¥ ¢«®¦¥­¨ï (10.7).

� ¬¥ç ­¨¥ 10.1. �§ ¯à¥¤«®¦¥­¨ï 10.2 ¨¬¥¥¬ ¢ à¨ ­â ãá«®¢¨ï 5.1 (á¬. (5.5)), £¤¥ F ª®­ªà¥-
â¨§¨à®¢ ­® ¢ëè¥ ¢ ¤¢ãå ¢ à¨ ­â å, K ®â®¦¤¥áâ¢«ï¥âáï á ¬­®¦¥áâ¢®¬ (10.4),   ®â®¡à ¦¥­¨¥ m
à §¤¥«  5 à¥ «¨§ã¥âáï ¢ ¢¨¤¥ ­ ¤«¥¦ é¥£® áã¦¥­¨ï (10.5) (áã¦¥­¨¥ ­  F). �â ª, æ¥«ì ¯®áâà®-
¥­¨ï ­®¢®© ª®­ªà¥â­®© ¢¥àá¨¨ ª®­áâàãªæ¨¨ à §¤¥«  5 ä ªâ¨ç¥áª¨ ¤®áâ¨£­ãâ ; ®¤­ ª® ¨¬¥¥â
á¬ëá« ®â¬¥â¨âì àï¤ ¤®¯®«­¨â¥«ì­ëå á¢®©áâ¢, ¨¬¥ï ¢ ¢¨¤ã ¡®«¥¥ á¯¥æ¨ «¨§¨à®¢ ­­ë¥, ¢ áà ¢-
­¥­¨¨ á ª®­áâàãªæ¨ï¬¨ ¯¥à¢®© ç áâ¨, áå¥¬ë à áè¨à¥­¨ï ¢ [8] ¨ ¢ [10].

�¥£ª® ¢¨¤¥âì, çâ® ¨¬¥¥â ¬¥áâ® æ¥¯®çª  à ¢¥­áâ¢

(add)+[L; �]�W = cl(ff � � : f 2 B+
0 (E;L)� Ug; ��(L)) = cl(ff � � : f 2 B+(E;L)� V g; ��(L)):

� ãç¥â®¬ ¯®«®¦¥­¨© ([6], £«. 3) ¤®ª § â¥«ìáâ¢® ¬®¦¥â ¡ëâì á¢¥¤¥­® ª ¯à¨¬¥­¥­¨î ¯à®-
áâ¥©è¨å ¯®«®¦¥­¨© ¨§ â¥®à¨¨ ���. �«¥¤ã¥â ãç¥áâì à ­¥¥ ã¯®¬ï­ãâë¥ á¢®©áâ¢  § ¬ª­ãâ®-
áâ¨ ¨, ¢ ç áâ­®áâ¨, ¯à¥¤«®¦¥­¨¥ 10.2,   â ª¦¥ á¢®©áâ¢ , ®â¬¥ç ¢è¨¥áï ¢ à §¤¥«¥ 7: ¯à¨

 = (add)+[L; �]�W ¨¬¥¥â ¬¥áâ® ¢«®¦¥­¨¥ ��(L) j
� �0(L) j
. � ª®­¥æ,

(add)+[L; �]�W = cl(ff � � : f 2 B+
0 (E;L)� Ug; �
(L)) = cl(ff � � : f 2 B+(E;L)� V g; �
(L)):

�®ª § â¥«ìáâ¢® ¯à ªâ¨ç¥áª¨ ®ç¥¢¨¤­® (á¬. ã¦¥ ®â¬¥ç ¢è¨¥áï á¢®©áâ¢  § ¬ª­ãâ®áâ¨ ¬­®-
¦¥áâ¢  (10.4),   â ª¦¥ á®®â­®è¥­¨ï ¤«ï â®¯®«®£¨© ¢ ([6], c. 45)).

�à¥¤«®¦¥­¨¥ 10.3. �¬¥¥â ¬¥áâ® (add)+[L; �]�W = cl(ff � � : f 2 B+
0 (E;L)�Ug; �

�
B(L)) =

cl(ff � � : f 2 B+(E;L)� V g; ��B(L)).
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�®ª § â¥«ìáâ¢®. � á¨«ã ã¦¥ ã¯®¬¨­ ¢è¥£®áï á¢®©áâ¢ , ®â­®áïé¥£®áï ª ¢®¯à®áã ®¡ ¥áâ¥-
áâ¢¥­­®¬ ¯®£àã¦¥­¨¨ (ª ¦¤®£® ¨§ à áá¬ âà¨¢ ¥¬ëå ¤¢ãå ¢ à¨ ­â®¢) ¯à®áâà ­áâ¢  ®¡ëç­ëå
à¥è¥­¨© ¢ ¢¨¤¥ �-á« ¡® ¯«®â­®£® ¬­®¦¥áâ¢  ¢ ¯à®áâà ­áâ¢® ��, ¤®áâ â®ç­® ãáâ ­®¢¨âì ¢«®¦¥-
­¨¥

(add)+[L; �]�W � cl(ff � � : f 2 B+
0 (E;L)� Ug; ��B(L)): (10.12)

�ãáâì !| í«¥¬¥­â ¬­®¦¥áâ¢  ¢ «¥¢®© ç áâ¨ (10.12). �®áª®«ìªã ¬­®¦¥áâ¢® (10.4) | í«¥¬¥­â
á¥¬¥©áâ¢  C0�[L], â® ¢ ®¡®§­ ç¥­¨ïå à §¤¥«  7 ¨¬¥¥¬ á¢®©áâ¢®

N�(!) \B�(L) 6= ;; (10.13)

£¤¥ � ¥áâì def â®¯®«®£¨ï �
S (L) ¯à¨ S = (add)+[L; �]�W (c¬. (10.4)). �ç¨âë¢ ï (10.13), ¢ë¡¥à¥¬
¨ § ä¨ªá¨àã¥¬ � 2 N�(!)\B�(L). �§ ¯à®áâ¥©è¨å á¢®©áâ¢, ã¯®¬ï­ãâëå ¢ à §¤¥«¥ 7, ¨¬¥¥¬ ¤«ï
­¥ª®â®à®£® ¬­®¦¥áâ¢  �0 2 N��(L)(!) à ¢¥­áâ¢®

� = ((add)+[L; �]�W ) \�0:

� ¤àã£®© áâ®à®­ë, ¯® ¢ë¡®àã � ¯à¨ ­¥ª®â®à®¬ �0 2 [0;1[ ¤«ï è à  U�0(L) ([6], c. 45) ¯à®áâà ­-
áâ¢  A (L) (¨¬¥¥âáï ¢ ¢¨¤ã è à ¢ á¨«ì­®© ­®à¬¥ á æ¥­âà®¬ ¢ ­ ç «¥ ª®®à¤¨­ â ¨ à ¤¨ãá®¬ �0)
á¯à ¢¥¤«¨¢® ¢«®¦¥­¨¥ � � U�0(L). �® ¨§¢¥áâ­®¬ã á¢®©áâ¢ã �

�
B(L) ([6], c. 54) ¨¬¥¥¬ á®¢¯ ¤¥­¨¥

#
4
= ��(L) jU�0 (L)= ��B(L) jU�0 (L) : (10.14)

�à¨ íâ®¬ ! 2 � ¨ ¢ á¨«ã (10.14) ¨¬¥¥â ¬¥áâ®

N#(!) = fU�0(L) \H : H 2 N��
B
(L)(!)g:

�â® ®§­ ç ¥â, ¢ ç áâ­®áâ¨, çâ® (á­®¢  á ãç¥â®¬ (10.14)) 8H1 2 N��
B
(L)(!) 9H2 2 N��(L)(!)

H1 \ U�0(L) = H2 \ U�0(L): (10.15)

� «¥¥, ª®¬¡¨­¨àã¥¬ (10.15) ¨ à ­¥¥ ã¯®¬¨­ ¢è¥¥áï ¯®«®¦¥­¨¥ ® ¯«®â­®¬ ¯®£àã¦¥­¨¨ ¢
á¬ëá«¥ ��(L). � ãç¥â®¬ ¯®á«¥¤­¥£® ¨ â¥®à¥¬ë �¨àª£®ä  ([11], £«. I; [20], £«. 2; [23]) ¯®¤¡¨à ¥¬

­ ¯à ¢«¥­­®áâì (�;�; ') ¢ ¬­®¦¥áâ¢¥ �0
4
= ff � � : f 2 B+

0 (E;L)�Ug á® á¢®©áâ¢®¬ (áå®¤¨¬®áâ¨
¯® �®àã{�¬¨âã)

(�;�; ')
��(L)
���! !: (10.16)

� (10.16) ãçâ¥­® á¢®©áâ¢® ! 2 (add)+[L; �]�W . �®¤¡¥à¥¬ �1 2 � ¨§ ãá«®¢¨ï: 8�0 2 �

(�1 � �0) =) ('(�0) 2 �0): (10.17)

�ãáâì U 2 N��
B
(L)(!) ¨ ¢ á®®â¢¥âáâ¢¨¨ á (10.15) ¯ãáâì V 2 N��(L)(!) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î

U \ U�0(L) = V \ U�0(L):

�á¯®«ì§ãï (10.16), ¯®¤¡¥à¥¬ â¥¯¥àì �2 2 � â ª, çâ® 8e� 2 �

(�2 � e�) =) ('(e�) 2 V): (10.18)

�ãáâì �3 2 � ¥áâì ¬ ¦®à ­â  f�1;�2g ¢ (�;�),   � 2 � ®¡« ¤ ¥â á¢®©áâ¢®¬ �3 � �. � á¨«ã
(10.17) '(�) 2 �0 ¨, ¢¬¥áâ¥ á â¥¬, '(�) 2 �0; §­ ç¨â, '(�) 2 (add)+[L; �] �W . �® ¢ë¡®àã �0

¨¬¥¥¬ '(�) 2 � ¨, ª ª á«¥¤áâ¢¨¥, '(�) 2 U�0(L). �§ (10.18) á«¥¤ã¥â '(�) 2 V ¨ ¢ ¨â®£¥ '(�) 2 U.
�®áª®«ìªã ¢ë¡®à � ¡ë« ¯à®¨§¢®«ì­ë¬, â® ä ªâ¨ç¥áª¨ ãáâ ­®¢«¥­  áå®¤¨¬®áâì

(�;�; ')
��
B
(L)

���! !:

�® â¥®à¥¬¥ �¨àª£®ä  ¨¬¥¥¬ (ª®«ì áª®à® (�;�; ') | ­ ¯à ¢«¥­­®áâì ¢ �0) á¢®©áâ¢® ! 2
cl(�0; �

�
B(L)), ç¥¬ ¨ § ¢¥àè ¥âáï ®¡®á­®¢ ­¨¥ (10.12).
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�®«ãç¨«¨, â ª¨¬ ®¡à §®¬, á«¥¤ãîé¥¥ ¢ ¦­®¥ ¯®«®¦¥­¨¥ (ª®¬¡¨­¨àã¥¬ ã¯®¬ï­ãâë¥ ¢ëè¥
á¢®©áâ¢  ¯«®â­®£®, ¢ á¬ëá«¥ â®¯®«®£¨© ¨§ M(L), ¯®£àã¦¥­¨ï ¢ ¬­®¦¥áâ¢® (10.4)).

�¥®à¥¬  10.1. �¬¥¥â ¬¥áâ® á«¥¤ãîé¥¥ á¢®©áâ¢® ¯«®â­®áâ¨: 8� 2M(L)

(add)+[L; �] �W = cl(ff � � : f 2 B+
0 (E;L)� Ug; �) = cl(ff � � : f 2 B+(E;L)� V g; �):

�®«¥§­® ®â¬¥â¨âì ¤®áâ â®ç­® ®ç¥¢¨¤­ãî â¥¯¥àì æ¥¯®çªã à ¢¥­áâ¢

(add)+[L; �]�W = cl(ff � � : f 2 B+
0 (E;L)� Ug;
L(�R)) = cl(ff � � : f 2 B+(E;L)� V g;
L(�R)):

� ª®­¥æ,

(add)+[L]�W = cl(ff � � : f 2 B+
0 (E;L) � Ug;
L(�@)) = cl(ff � � : f 2 B+(E;L) � V g;
L(�@)):

�®ª § â¥«ìáâ¢®, ¯® áãé¥áâ¢ã, á¢®¤¨âáï ª ¯à¨¬¥­¥­¨î ¨§¢¥áâ­ëå á®®â­®è¥­¨©, á¢ï§ë¢ îé¨å
®¯¥à â®àë § ¬ëª ­¨ï ¢ �� ¨ ¢ ¥£® ¯/¯ (­ ¯à., [23], c. 111). �à®¬¥ â®£®, á«¥¤ã¥â ¨¬¥âì ¢ ¢¨¤ã
®¯à¥¤¥«¥­¨ï â®¯®«®£¨© ¢ ([6], c. 44). � ç áâ¨ ¨á¯®«ì§®¢ ­¨ï ¤¢ãå ã¯®¬ï­ãâëå ¢ëè¥ ¢¥àá¨© â¨å®-
­®¢áª®£® ¯à®¨§¢¥¤¥­¨ï ¯®«¥§­® ¤®¯®«­¨âì ¨§¢¥câ­ë¥ à ­¥¥ ¯®«®¦¥­¨ï [5],[6] ¯®¤®¡­® â®¬ã, ª ª
íâ® ¡ë«® á¤¥« ­® ¢ ¯®á«¥¤­¨å ¤¢ãå á®®â­®è¥­¨ïå ¢ ç áâ¨ ¤®¡ ¢«¥­¨ï ª ®á­®¢­®© â¥®à¥¬¥ 10.1.

� á ¬®¬ ¤¥«¥, á ãç¥â®¬ ®ç¥¢¨¤­ëå á®®â­®è¥­¨© ([6], £«. 3), ª á îé¨åáï â®¯®«®£¨© ¨§
M(L); 
L(�R) ¨ 
L(�@), ¯®«ãç ¥¬: W (á¬. (10.3)) ¥áâì ¬­®¦¥áâ¢®, § ¬ª­ãâ®¥ ¢ ª ¦¤®¬ ¨§ ��

(RL ;
L(�R)); (RL ;
L(�@)): (10.19)

�â ª, á¢®©áâ¢  ¯«®â­®áâ¨, ã¯®¬ï­ãâë¥ ¯®á«¥ â¥®à¥¬ë 10.1, å à ªâ¥à¨§ãîâ ¥áâ¥áâ¢¥­­®¥ ¯®-
£àã¦¥­¨¥ ¬­®¦¥áâ¢ B+

0 (E;L)�U ¨ B+(E;L)�V ¢ �� (10.19). �¬¥áâ­® ¤®¯®«­¨âì â¥®à¥¬ã 3.7.5
¨§ [6], ¨á¯®«ì§ãï § ¬ª­ãâ®áâì W ¢ �� (10.19):

W = cl(ff � � : f 2 Ug;
L(�R)) = cl(ff � � : f 2 V g;
L(�R)) =

= cl(ff � � : f 2 Ug;
L(�@)) = cl(ff � � : f 2 V g;
L(�@)):

�®«ãç¥­­ë¥ á¢®©áâ¢  ¢¥áì¬  ã­¨¢¥àá «ì­®© ¯«®â­®áâ¨ (á¬., ­ ¯à., â¥®à¥¬ã 10.1) ¬®¦­® ¨á-
¯®«ì§®¢ âì ¯à¨ ¨áá«¥¤®¢ ­¨¨ ��, ¢®§­¨ª îé¨å ¢ ¯à®áâà ­áâ¢¥ ��; á¬. ¢ íâ®© á¢ï§¨ ª®­áâàãª-
æ¨¨ [8]. � ­¥¥ ®â¬¥ç «®áì, çâ® ¬­®¦¥áâ¢® (10.4) ¥áâì í«¥¬¥­â á¥¬¥©áâ¢  C0�[L] ¨ (á¬. à §¤¥« 7),
ª ª á«¥¤áâ¢¨¥,

(add)+[L; �]�W 2 K:

�â® ¦¥ ª á ¥âáï ãá«®¢¨ï 5.1, â® ¨§ â¥®à¥¬ë 10.1 ¯à¨

tu = �0(L) j(add)+[L;�]�W

(á¬. (5.5)) ¨¬¥¥¬ æ¥¯®çªã à ¢¥­áâ¢

(add)+[L; �]�W = cl(ff � � : f 2 B+
0 (E;L) � Ug; tu) = cl(ff � � : f 2 B+(E;L)� V g; tu):

� á¢ï§¨ á ¯®á«¥¤­¨¬¨ á¢®©áâ¢ ¬¨ ã¬¥áâ­® ª®á­ãâìáï ¢®¯à®á , á¢ï§ ­­®£® á ãá«®¢¨ï¬¨ ¯«®â-
­®áâ¨ ¢ á¬ëá«¥ â®¯®«®£¨© â¨¯  tu. �á«¨ (T; �) ¥áâì �� ¨ M 2 P(T) (â. ¥. M ¥áâì ¯/¬ T), â®

(� � dens)[M ]
4
= fH 2 P(T) jM � cl(H; �)g

¥áâì á¥¬¥©áâ¢® ¢á¥å ¯/¬ T, ¢áî¤ã ¯«®â­ëå ¢ M ¢ á¬ëá«¥ (T; �). � ª ¨ à ­¥¥, ç¥à¥§ Fin(L)
®¡®§­ ç ¥¬ á¥¬¥©áâ¢® ¢á¥å ­¥¯ãáâëå ª®­¥ç­ëå ¯/¬ L. � ãç¥â®¬ ¯à¥¤áâ ¢«¥­¨ï �0(L) ¢ ([5], c. 81;
[6], c. 45) ¯®«ãç ¥¬ 8A 2 P(A (L))

(�0(L)� dens)[A] =

= fM 2 P(A (L)) j f(� j K) : � 2 Ag � f(� j K) : � 2Mg 8K 2 Fin(L)g: (10.20)

�§ (10.20) ¢ëâ¥ª ¥â, çâ® 8A 2 P(A (L)), 8M 2 (�0(L)� dens)[A], 8L 2 L

f�(L) : � 2 Ag � f�(L) : � 2Mg: (10.21)
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� ¬¥ç ­¨¥ 10.2. �  ®á­®¢¥ (10.21) ¬®¦­® á¤¥« âì àï¤ ª®­ªà¥â­ëå ¢ë¢®¤®¢ ®¡ ®âáãâáâ¢¨¨

¯«®â­®áâ¨ ¢ á¬ëá«¥ �0(L). � áá¬®âà¨¬ ¯à®áâ®© ¯à¨¬¥à. �ãáâì � 2 [0;1[ ¨ A
4
= f� 2 (add)+[L] j

�(E) � �g. � ãç¥â®¬ (10.21) «¥£ª® ¯à®¢¥àï¥âáï, çâ®

f� 2 (add)+[L] j �(E) < �g =2 (�0(L)� dens)[A]:

� ¯®¬­¨¬, çâ® (á¬. á®®â­®è¥­¨¥ (5.5)) ¢¥àá¨¨ â®¯®«®£¨¨, ¨á¯®«ì§ã¥¬®© ¢ ãá«®¢¨¨ 5.1, áãâì
â®¯®«®£¨¨, ¨­¤ãæ¨àã¥¬ë¥ ¨§ (RL ;
L(�@)) (10.19). �¢®©áâ¢ , ¯®¤®¡­ë¥ (10.20), (10.21), «¥£ª® à á-
¯à®áâà ­ïîâáï ­  â ª¨¥ â®¯®«®£¨¨ (­  á ¬®¬ ¤¥«¥ ®­¨ á¯à ¢¥¤«¨¢ë ¤«ï áãé¥áâ¢¥­­® ¡®«¥¥
®¡é¨å ª®­áâàãªæ¨©, ¨á¯®«ì§ãîé¨å â¨å®­®¢áª¨¥ ¯à®¨§¢¥¤¥­¨ï íª§¥¬¯«ïà®¢ ¯à®¨§¢®«ì­®£® ¬­®-
¦¥áâ¢ , ®á­ é ¥¬®£® ¤¨áªà¥â­®© â®¯®«®£¨¥©). �¥©ç á ®â¬¥â¨¬ â®«ìª®, çâ® ¢ ®¡®§­ ç¥­¨ïå à §-
¤¥«  5 8M 2 P 0(A (L)), 8A 2 P(M)

(�0(L) jM � dens)[A] = fH 2 P(M) j f(� j K) : � 2 Ag � f(� j K) : � 2 Hg 8K 2 Fin(L)g:

� ª®­¥æ, ¯®¤®¡­® (10.21) ¨¬¥¥¬ ®ç¥¢¨¤­®¥ á«¥¤áâ¢¨¥: 8M 2 P 0(A (L)), 8A 2 P(M), 8H 2
(�0(L) jM � dens)[A], 8L 2 L

f�(L) : � 2 Ag � f�(L) : � 2 Hg:
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