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СКРЫТЫЕ КАНАЛЫ, ПОРОЖДЕННЫЕМЕТКАМИ,
В ДЕЙТАГРАММАХ∗

А. А. Грушо1, Н. А. Грушо2, Е. Е. Тимонина3

�−−®â æ¨ï: ‘ªàëâë¥ ª − «ë, ¯®à®¦¤¥−−ë¥ ¬¥âª ¬¨, ®¯à¥¤¥«ïîâáï ¢ë¤¥-
«¥−¨¥¬ ¢ ¯®â®ª¥ ¤ −−ëå ãç áâª®¢, ¤«¨−ë ª®â®àëå ï¢«ïîâáï ª®¤ ¬¨ áªàëâ®
¯¥à¥¤ ¢ ¥¬®© ¨−ä®à¬ æ¨¨. ‚ë¤¥«¥−¨¥ ãç áâª®¢ ¤ −−ëå ®áãé¥áâ¢«ï¥âáï á
¯®¬®éìî ¬¥â®ª. Œ¥âª¨ ¯à®é¥ áªàëâì ®â ¢ëï¢«¥−¨ï ¨«¨ ¬®¦−® ¯¥à¥¤ âì
¨å ¯® ¤àã£®¬ã ª − «ã. ‚ à ¡®â¥ â ª¨¥ áªàëâë¥ ª − «ë ®¯¨áë¢ îâáï ¯ à®©
¢ ®¯à¥¤¥«¥−−®¬ á¬ëá«¥ á¨−åà®−¨§¨à®¢ −−ëå ¯à®æ¥áá®¢. � áá¬ âà¨¢ ¥¬ë©
á¯®á®¡ áªàëâ®© ¯¥à¥¤ ç¨ ¯®§¢®«ï¥â ¯¥à¥¤ ¢ âì ¡®«ìè®© ®¡ê¥¬ áªàë¢ ¥¬®©
¨−ä®à¬ æ¨¨ ¯à¨ −¥§− ç¨â¥«ì−ëå ¨§¬¥−¥−¨ïå ¢ «¥£ «ì−®¬ ¯®â®ª¥ ¤ −−ëå.
�à¨¢¥¤¥−ë ¯à¨¬¥àë â ª¨å áªàëâëå ª − «®¢. „®ª § −  ª®àà¥ªâ−®áâì ª®¤¨à®-
¢ −¨ï ¨ ¤¥ª®¤¨à®¢ −¨ï áªàë¢ ¥¬®© ¨−ä®à¬ æ¨¨ ¢ â ª¨å ª − « å. �®ª § − 
¢®§¬®¦−®áâì ¨á¯®«ì§®¢ −¨ï â ª¨å áªàëâëå ª − «®¢ −¥ â®«ìª® ¤«ï áªàëâ®©
¯¥à¥¤ ç¨ ¨−ä®à¬ æ¨¨, −® â ª¦¥ ¨ ¤«ï ª®−âà®«ï æ¥«®áâ−®áâ¨. � ©¤¥−ë á¯®á®-
¡ë ¯®áâà®¥−¨ï ¤®ª §ã¥¬® −¥¢¨¤¨¬ëå ¬¥â®ª ¤«ï â ª¨å ª − «®¢. �¥¢¨¤¨¬®áâì
®¡¥á¯¥ç¨¢ ¥âáï ªà¨¯â®£à ä¨ç¥áª¨¬¨ ¬¥â®¤ ¬¨. �¥ «¨§ã¥¬®áâì à áá¬®âà¥−-
−ëå ¬¥â®¤®¢ ¯®¤â¢¥à¦¤¥−  íªá¯¥à¨¬¥−â «ì−®. Š®¬¯ìîâ¥à−ë© ¬ ª¥â ¤«ï
íªá¯¥à¨¬¥−â®¢ ¨á¯®«ì§ã¥â â®«ìª® ®âªàëâ®¥ ¯à®£à ¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��).

Š«îç¥¢ë¥ á«®¢ : áªàëâë¥ ª − «ë; ª®−âà®«ì æ¥«®áâ−®áâ¨; −¥¢¨¤¨¬®áâì
áªàëâëå ª − «®¢; ¯à®â®ª®«ë ¯¥à¥¤ ç¨ ¤¥©â £à ¬¬

DOI: 10.14357/08696527130201

1 Введение

�®−ïâ¨¥ áªàëâ®£® ª − «  ¡ë«® ¢¢¥¤¥−® ‹í¬¯á®−®¬ ¢ [1]. “£à®§ë ¨−ä®à¬ æ¨-
®−−®© ¡¥§®¯ á−®áâ¨, á¢ï§ −−ë¥ á áãé¥áâ¢®¢ −¨¥¬ áªàëâëå ª − «®¢, à áá¬ âà¨-
¢ «¨áì ¢ [2{6]. ‚ à ¡®â¥ [7] ¢¢¥¤¥− −®¢ë© ª« áá áªàëâëå ª − «®¢, ¤«ï ¯®áâà®¥−¨ï
¨ ®¯¨á −¨ï ª®â®àëå ¯®âà¥¡®¢ «¨áì −®¢ë¥ ¯®¤å®¤ë.

„ −− ï à ¡®â  ï¢«ï¥âáï ¯à®¤®«¦¥−¨¥¬ à ¡®âë [7], ¨ ¢ −¥© à áá¬ âà¨¢ îâáï
®á®¡¥−−®áâ¨ áªàëâëå ª − «®¢, ¯®à®¦¤¥−−ëå ¬¥âª ¬¨, ¢ ¤¥©â £à ¬¬ å.

�à¨ ¨á¯®«ì§®¢ −¨¨ áâ¥£ −®£à ä¨¨ ¢®§−¨ª ¥â −¥áª®«ìª® ¯à¨−æ¨¯¨ «ì−ëå
®£à −¨ç¥−¨© [8, 9]. —¥¬ ¡®«ìè¥ âà¥¡ã¥âáï ¯¥à¥¤ âì áªàëâ®© ¨−ä®à¬ æ¨¨ ¢
§ ¤ −−®¬ ®¡ê¥¬¥ «¥£ «ì−®© ¨−ä®à¬ æ¨¨, â¥¬ ¢ëè¥ ®¯ á−®áâì ¢ëï¢«¥−¨ï áªàë-

∗� ¡®â  ¯®¤¤¥à¦ −  �””ˆ (£à −â 13-01-00215).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª; Œ®áª®¢áª¨© £®áã¤ àáâ¢¥−−ë©

ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢ , grusho@yandex.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, info@itake.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, eltimon@yandex.ru
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‘ªàëâë¥ ª − «ë, ¯®à®¦¤¥−−ë¥ ¬¥âª ¬¨, ¢ ¤¥©â £à ¬¬ å

â®£® ª − «  ¨ ¢®§¬®¦−®áâì ¨áª ¦¥−¨ï ¨«¨ ã−¨çâ®¦¥−¨ï ¯¥à¥¤ ¢ ¥¬®© áªàëâ®©
¨−ä®à¬ æ¨¨. � áá¬ âà¨¢ ¥¬ë© ¢ áâ âì¥ á¯®á®¡ áªàëâ®© ¯¥à¥¤ ç¨ ¯®§¢®«ï¥â
¯¥à¥¤ ¢ âì ¡®«ìè®© ®¡ê¥¬ áªàë¢ ¥¬®© ¨−ä®à¬ æ¨¨ ¯à¨ −¥§− ç¨â¥«ì−ëå ¨§¬¥-
−¥−¨ïå ¢ «¥£ «ì−®¬ ¯®â®ª¥ ¤ −−ëå. ’ ª¨¬ ®¡à §®¬, íâ®â â¨¯ ª − «  ï¢«ï¥âáï
¡®«¥¥ ®¯ á−ë¬ á â®çª¨ §à¥−¨ï ¨−ä®à¬ æ¨®−−®© ¡¥§®¯ á−®áâ¨, ç¥¬ âà ¤¨æ¨®−−ë¥
¬¥â®¤ë ¯®áâà®¥−¨ï ª − «®¢ áªàëâ®© ¯¥à¥¤ ç¨.

‚ á¢ï§¨ á íâ¨¬ ¢®§−¨ª«  −¥®¡å®¤¨¬®áâì ¨§ãç¥−¨ï å à ªâ¥à¨áâ¨ª ¤ −−®£®
ª« áá  áªàëâëå ª − «®¢. ’®«ìª® ¯®á«¥ £«ã¡®ª®£® ¨§ãç¥−¨ï ¤ −−®£® ª« áá 
áªàëâëå ª − «®¢ ¬®¦−® áâ ¢¨âì ¢®¯à®á ® ¯®áâà®¥−¨ï íää¥ªâ¨¢−®© § é¨âë.
’ ª®© ¯®¤å®¤ ª § é¨â¥ ¨−ä®à¬ æ¨¨ ®â áªàëâëå ª − «®¢ ¯à¥¤«®¦¥− ¢ [4].

2 Понятие синхронных процессов

‘¨−åà®−¨§ æ¨ï ¤¢ãå ¯à®æ¥áá®¢ ®¯à¥¤¥«ï¥âáï á ¯®¬®éìî ¯®−ïâ¨ï ¢à¥¬¥−¨.
�¤− ª® ¢à¥¬ï ¬®¦¥â ¨¬¥âì à §«¨ç−ë© á¬ëá«. � ¯à¨¬¥à, ¢ ¤¢ãå ¯à¨¡®à å
ã¯à ¢«¥−¨¥ ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ®¡é¥© â ªâ®¢®© ç áâ®âë. ’®£¤  á¨−åà®−-
−®áâì á®¡ëâ¨© ¢ ®¡®¨å ¯à¨¡®à å ®¯à¥¤¥«ï¥âáï à ¢¥−áâ¢®¬ ª®«¨ç¥áâ¢  â ªâ®¢ ¤®
¯à®¨áè¥¤è¨å á®¡ëâ¨© ®â−®á¨â¥«ì−® −¥ª®â®à®£® ®¡é¥£® − ç «  ®âáç¥â . ‘¨−åà®-
−¨§ æ¨ï ¬®¦¥â ®¯à¥¤¥«ïâìáï ¬−®£®¬¥à−ë¬ ¯ à ¬¥âà®¬, − ¯à¨¬¥à ¤¢ã¬¥à−ë¬¨
ª®®à¤¨− â ¬¨ â®çª¨ ¢ ¤¢ãå ¨§®¡à ¦¥−¨ïå. Œ®¦−® ®¯à¥¤¥«ïâì á¨−åà®−−®áâì
á®¡ëâ¨© ¢ ¤¢ãå ¯à®æ¥áá å ¯¥à¥¤ ç¨ á¨£− «®¢ ª®«¨ç¥áâ¢®¬ á¨£− «®¢, ¯¥à¥¤ −-
−ëå ¢ å®¤¥ ª ¦¤®£® ¨§ ¯à®æ¥áá®¢: − ¯à¨¬¥à, ç¨á«®¬ ¯ ª¥â®¢, ¯¥à¥¤ −−ëå ¨§
®¤−®£® ¨áâ®ç−¨ª  ¤¢ã¬ ¯®«ãç â¥«ï¬, ¨«¨ ª®«¨ç¥áâ¢®¬ ¡¨â, ¯¥à¥¤ −−ëå ¯® ¤¢ã¬
à §«¨ç−ë¬ ª − « ¬ ¨§ ®¤−®£® ¨áâ®ç−¨ª .

�¯à¥¤¥«¥−¨¥. ‘¨−åà®−¨§ æ¨ï ¤¢ãå ¯à®æ¥áá®¢ ®â−®á¨â¥«ì−® ¯ à ¬¥âà  t |
íâ® ¢®§¬®¦−®áâì ¢ëç¨á«¥−¨ï §− ç¥−¨© ¯à®æ¥áá  ¯à¨ ®¤¨− ª®¢ëå §− ç¥−¨ïå
¯ à ¬¥âà  t (¨«¨ ¡«¨§ª¨å §− ç¥−¨ïå ¯ à ¬¥âà  t).

�®áª®«ìªã §− ç¥−¨ï ¯ à ¬¥âà®¢, ®¯à¥¤¥«ïîé¨å á¨−åà®−−®áâì ¯à®æ¥áá®¢,
¢ëà ¦ îâáï ç¨á« ¬¨, â® «¥£ª® ®¯à¥¤¥«¨âì â®ç−®áâì á¨−åà®−¨§ æ¨¨ ¤¢ãå á®¡ëâ¨©
ª ª à ááâ®ï−¨¥ ¬¥¦¤ã §− ç¥−¨ï¬¨ ¯ à ¬¥âà®¢ íâ¨å ®âá«¥¦¨¢ ¥¬ëå á®¡ëâ¨©. � -
¯à¨¬¥à, ª®£¤  ¯ à ¬¥âà á¨−åà®−¨§ æ¨¨ ¯à¥¤áâ ¢«ï¥â á®¡®© ¢à¥¬ï, ®¯à¥¤¥«ï¥¬®¥
¤¥©áâ¢¨â¥«ì−ë¬¨ ç¨á« ¬¨, â®ç−®áâì á¨−åà®−¨§ æ¨¨ ¤¢ãå á®¡ëâ¨© ®¯à¥¤¥«ï¥âáï
¬®¤ã«¥¬ à §−®áâ¨ ¤¢ãå ¤¥©áâ¢¨â¥«ì−ëå ç¨á¥«, å à ªâ¥à¨§ãîé¨å ¬®¬¥−âë ®âá«¥-
¦¨¢ ¥¬ëå á®¡ëâ¨©. Œ®¤ã«ì à §−®áâ¨ ¬¥¦¤ã ç¨á« ¬¨ á¨£− «®¢ ¤® ®âá«¥¦¨¢ ¥¬ëå
á®¡ëâ¨© å à ªâ¥à¨§ã¥â â®ç−®áâì á¨−åà®−¨§ æ¨¨, ª®£¤  ¯ à ¬¥âà, ®¯à¥¤¥«ïîé¨©
á¨−åà®−¨§ æ¨î ¯à®æ¥áá®¢, ®¯à¥¤¥«ï¥âáï ç¨á«®¬ ¤¨áªà¥â−ëå á¨£− «®¢.

3 Понятие метки и скрытые каналы, порожденные метками

‚ − ãç−®© «¨â¥à âãà¥ [8{11] ¢ ®á−®¢−®¬ ¯à¨−ïâ® áç¨â âì, çâ® áâ¥£ −®£à ä¨ï
à¥ «¨§ã¥âáï á ¯®¬®éìî ¢áâà ¨¢ −¨ï áªàëâ®£® á®®¡é¥−¨ï ¢ «¥£ «ì−ë© ª®−â¥©−¥à.
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�. �. ƒàãè®, �. �. ƒàãè®, …. …. ’¨¬®−¨− 

“¢¥«¨ç¥−¨¥ ®¡ê¥¬  ¨−ä®à¬ æ¨¨ ¢áâà ¨¢ ¥¬®£® á®®¡é¥−¨ï ¯à®â¨¢®à¥ç¨â áªàëâ-
−®áâ¨ (−¥¢ëï¢«ï¥¬®áâ¨) áªàëâ®© ¯¥à¥¤ ç¨. ‚¬¥áâ¥ á â¥¬ ¢®§¬®¦−® ¯®áâà®¥−¨¥
¯à®áâëå áªàëâëå ª − «®¢, á¯®á®¡−ëå ¯¥à¥¤ ¢ âì ¨−ä®à¬ æ¨î ¨ −¥ âà¥¡ãîé¨å
¢áâà ¨¢ −¨ï ¤«¨−−ëå á®®¡é¥−¨©. �â¨ ª − «ë ®á−®¢ −ë −  ¨¤¥¥ ¬¥â®ª [7]. ’ ª¨¥
ª − «ë ãáâà®¥−ë á«¥¤ãîé¨¬ ®¡à §®¬.

�ãáâì § ¤ −ë ¤¢  á¨−åà®−−ëå ®â−®á¨â¥«ì−® ¯ à ¬¥âà  t ¯à®æ¥áá . Š ¦¤ë©
¯à®æ¥áá ¯¥à¥¤ ¥âáï ¯® á¢®¥¬ã ª − «ã á¢ï§¨. �¤¨− ª − « ¯¥à¥¤ ¥â ®¤¨− ª®¢ë¥
á¨£− «ë (¬¥âª¨), ª®â®àë¥ á®®â¢¥âáâ¢ãîâ §− ç¥−¨ï¬ −¥¨§¢¥áâ−®£® ¯à®â¨¢−¨ªã
¯ à ¬¥âà  ¢à¥¬¥−¨ t. Œ¥âª  ¯à¥¤áâ ¢«ï¥â á®¡®© −¥ª®â®àë© í«¥¬¥−â ¯¥à¥¤ ç¨
¨−ä®à¬ æ¨¨, ª®â®àë© ¬®¦−® ®¯¨á âì ¯®«ã¡¨â®¬. ‚â®à®© ª − « ¯à¥¤áâ ¢«ï¥â
á®¡®© á¨−åà®−−ë© á ¯¥à¢ë¬ ¯à®æ¥áá ®â−®á¨â¥«ì−® ¯ à ¬¥âà  t. �®«ãç â¥«ì
¨−ä®à¬ æ¨¨ ¢â®à®£® ª − «  ¯®«ãç ¥â §− ç¥−¨ï ¯ à ¬¥âà , ¢ ª®â®àë¥ ¯®ï¢«ïîâáï
¬¥âª¨ ¢ ¯¥à¢®¬ ª − «¥. �âáî¤  − ¡«î¤ â¥«ì ¢â®à®£® ¯à®æ¥áá  §− ¥â ¤«¨−ã
¯à®¬¥¦ãâª®¢ §− ç¥−¨© ¯à®æ¥áá  ¬¥¦¤ã á¨£− « ¬¨ ¯¥à¢®£® ¯à®æ¥áá . „«¨−  íâ¨å
¯à®¬¥¦ãâª®¢ | íâ® ª®¤ë áªàëâ®© ¯¥à¥¤ ¢ ¥¬®© ¨−ä®à¬ æ¨¨.

� ¯à¨¬¥à, ¯ãáâì ®â¯à ¢¨â¥«ì ¯¥à¥¤ ¥â ¯ ª¥âë ç¥à¥§ ˆ−â¥à−¥â ¤¢ã¬ ¯®«ã-
ç â¥«ï¬. � ª¥âë, ¯¥à¥¤ ¢ ¥¬ë¥ ¢â®à®¬ã ¯®«ãç â¥«î, § −ã¬¥à®¢ −ë, ¨ ¯ãáâì
áªàë¢ ¥¬®¥ á®®¡é¥−¨¥ ¯à¥¤áâ ¢«ï¥âáï æ¥«ë¬¨ ç¨á« ¬¨ k1, k2, . . . ‚ ¯®á«¥¤®¢ -
â¥«ì−®áâ¨ −®¬¥à®¢ ¯ ª¥â®¢ ¢ë¤¥«ï¥âáï ¯®¤¯®á«¥¤®¢ â¥«ì−®áâì n1, n2, . . ., â ª çâ®
ni+1 − ni = ki, â. ¥. ®¡à §ã¥â ¯®á«¥¤®¢ â¥«ì−®áâì ª®¤®¢ áªàë¢ ¥¬ëå á®®¡é¥−¨©.
�â¯à ¢¨â¥«ì ¯®áë« ¥â ¯¥à¢®¬ã ¯®«ãç â¥«î ¯ ª¥âë ¢ ¬®¬¥−âë ¢à¥¬¥−¨ ¯®áë«ª¨
¢â®à®¬ã ¯®«ãç â¥«î ¯ ª¥â®¢ á −®¬¥à ¬¨ n1, n2, . . . �ãáâì ¢à¥¬ï ã ¤¢ãå ¯®«ã-
ç â¥«¥© ¨−ä®à¬ æ¨¨ á¨−åà®−¨§¨à®¢ −® (¯à¨¡«¨§¨â¥«ì−®) ¨ ¬®¬¥−âë ¯®«ãç¥−¨ï
¯¥à¢ë¬ ¯®«ãç â¥«¥¬ ¯ ª¥â®¢ ¨§¢¥áâ−ë ¢â®à®¬ã ¯®«ãç â¥«î. �à¥¤¯®«®¦¨¬, çâ®,
−¥á¬®âàï −  ¯®£à¥è−®áâ¨ ˆ−â¥à−¥â , ¬®¬¥−â ¯®«ãç¥−¨ï ¯ ª¥â  ¯¥à¢ë¬ ¯®«ãç -
â¥«¥¬ ®¤−®§− ç−® ®¯à¥¤¥«ï¥â −®¬¥à ¯¥à¥¤ ¢ ¥¬®£® ¯ ª¥â  ¢â®à®¬ã ¯®«ãç â¥«î.
’®£¤  ¢â®àë¬ ¯®«ãç â¥«¥¬ ®¤−®§− ç−® ¢®ááâ − ¢«¨¢ ¥âáï ¯®á«¥¤®¢ â¥«ì−®áâì
n1, n2, . . .,   ¢¬¥áâ¥ á −¥© ¨ áªàë¢ ¥¬ ï ¯®á«¥¤®¢ â¥«ì−®áâì k1, k2, . . . �à¨ íâ®¬
á®¤¥à¦ −¨¥ ¯ ª¥â®¢ á®¢¥àè¥−−® −¥ −¥á¥â −¨ª ª®© áªàëâ®© ¨−ä®à¬ æ¨¨. ‘¨−-
åà®−¨§ æ¨ï ¤®áâ¨£ ¥âáï á ¯®¬®éìî GPS (global positioning system) á −¥ª®â®àë¬
à §à¥è¥−−ë¬ ¤®¯ãáª®¬ ¢ á¢ï§¨ á à §−ë¬ ¢à¥¬¥−¥¬ ¯à®å®¦¤¥−¨ï ¯ ª¥â®¢ ¢ á¥â¨.
‘¥ªà¥â−®áâì ¯¥à¥¤ ç¨ áâà®¨âáï −  á«¥¤ãîé¥¬. �à®â¨¢−¨ª −¥ ¤®«¦¥− − ¡«î¤ âì
®¤−®¢à¥¬¥−−® ®¡  ª − « , ¨ ¯ à ¬¥âà á¨−åà®−¨§ æ¨¨ ®¡®¨å ¯à®æ¥áá®¢ ¥¬ã −¥
¤®«¦¥− ¡ëâì ¨§¢¥áâ¥−. �à®â¨¢−¨ª ¬®¦¥â − ¡«î¤ âì ¯® ®â¤¥«ì−®áâ¨ ª ¦¤ë© ¨§
ª − «®¢, −® ®− −¥ ¬®¦¥â ¯®«ãç¨âì áªàëâãî ¨−ä®à¬ æ¨î, â ª ª ª ¢â®à®© ª − « −¥
−¥á¥â á¥ªà¥â−®© ¨−ä®à¬ æ¨¨ ¡¥§ ¬¥â®ª,   ª − « ¤«ï ¯¥à¥¤ ç¨ ¬¥â®ª −¥ á®¤¥à¦¨â
¨−ä®à¬ æ¨¨ ® ¢â®à®¬ ª − «¥ ¨ á¯®á®¡¥ á¨−åà®−¨§ æ¨¨ ¯à®æ¥áá®¢ (¨«¨ ¬¥âª¨ ¤«ï
¯à®â¨¢−¨ª  ï¢«ïîâáï ú−¥¢¨¤¨¬ë¬¨û [12]).

�á®¡ë© ¨−â¥à¥á ¯à¥¤áâ ¢«ï¥â ¬−®£®ª − «ì− ï ¯¥à¥¤ ç  á ¨á¯®«ì§®¢ −¨¥¬
¬¥â®ª [7]. �à¨¢¥¤¥¬ ¯à¨¬¥àë â ª¨å áªàëâëå ª − «®¢. ‚ ª®¬¯ìîâ¥à−®© á¨áâ¥¬¥
¤¢  ¬¨ªà®¯à®æ¥áá®à  ¬®£ãâ äã−ªæ¨®−¨à®¢ âì ¯®¤ ã¯à ¢«¥−¨¥¬ ®¤−®© â ªâ®-
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¢®© ç áâ®âë. ’®£¤  ¬®¤¨ä¨ª æ¨ï ¯¥à¥¤ ¢ ¥¬ëå ¨¬¯ã«ìá®¢ (glitch) ¨«¨ á¡®©
á¨−åà®−¨§ æ¨¨ (timing glitch) ¬®£ãâ ï¢«ïâìáï ¬¥âª ¬¨ ¯à¨ áªàëâ®© ¯¥à¥¤ ç¥
¨−ä®à¬ æ¨¨ ¯à¨ − «¨ç¨¨ â ©¬¥à®¢ ¢ ¯¥à¥¤ îé¥¬ ¨ ¯à¨−¨¬ îé¥¬ ¬¨ªà®¯à®-
æ¥áá®à¥ [13]. ‚ á«ãç ¥ ¯®¡¨â®¢®© ¯¥à¥¤ ç¨ ¨«¨  ¢â®−®¬−®¬ £¥−¥à â®à¥ â ªâ®¢®©
ç áâ®âë ¢ ¬¨ªà®¯à®æ¥áá®à¥ ¯à®¬¥¦ãâª¨ ¬¥¦¤ã ¨§¬¥−¥−¨ï¬¨ í«¥ªâà¨ç¥áª¨å á¨£-
− «®¢ ¬®¦−® ¨§¬¥àïâì ¢ ª®«¨ç¥áâ¢¥ ¯¥à¥¤ −−ëå ¡¨â®¢. ‘¥ªà¥â−®áâì áâà®¨âáï − 
â®¬, çâ® ä®à¬  á¨£− «®¢ −¥ à¥£¨áâà¨àã¥âáï æ¨äà®¢ë¬¨ ¯à¨¡®à ¬¨ [12], ¯®íâ®¬ã
¯à¨¡®à, à¥£¨áâà¨àãîé¨© æ¨äà®¢®© ª − «, −¥ ¢¨¤¨â ¬¥â®ª −  ä¨§¨ç¥áª®¬ ãà®¢−¥
¯à¥¤áâ ¢«¥−¨ï ¡¨â®¢,   á«®¦− ï â¥å−¨ç¥áª ï ¯à®æ¥¤ãà  à¥£¨áâà æ¨¨ ä®à¬ë
á¨£− «®¢ âàã¤−® á¨−åà®−¨§¨àã¥âáï á æ¨äà®¢ë¬¨ ¤ −−ë¬¨.

„ −−ë© ¢¨¤ áâ¥£ −®£à ä¨¨ «¥£ª® ¢áâà ¨¢ ¥âáï ¢ ®âªàëâë¥ á®®¡é¥−¨ï. „«ï
íâ®£® ¬®¦−® ¨á¯®«ì§®¢ âì ¯à¨−æ¨¯ § ¯à¥â®¢ [14, 15]. �ãáâì ¢ë¯¨á − −¥ª®â®àë©
− ¡®à ç áâ® ¢áâà¥ç îé¨åáï á«®¢, ¯®àï¤®ª ¢ë¯¨áë¢ −¨ï ®¯à¥¤¥«ï¥âáï ª«îç®¬.
�®¤ ª ¦¤ë¬ ¨§ íâ¨å á«®¢ ¢ë¯¨áë¢ îâáï ¥£® á¨−®−¨¬ë. �¥à¢ ï ¢áâà¥ç  á«®¢  ¨§
â ª®£® á¯¨áª  ï¢«ï¥âáï § ¯à¥â®¬, â. ¥. ¯®á«¥ íâ®£® á«ãç ©−®¥ ¯®ï¢«¥−¨¥ ¯¥à¢®£® ¨
¢â®à®£® á«®¢  ¨§ íâ®£® á¯¨áª  § ¯à¥é¥−ë ¨ § ¬¥−ïîâáï á¨−®−¨¬ ¬¨. ˆá¯®«ì§®¢ -
−¨¥ ¢â®à®£® á«®¢  (¯®á«¥ ¯¥à¢®£®) ¨§ íâ®£® á¯¨áª  ®¯à¥¤¥«ï¥â ¯à®¬¥¦ãâ®ª â¥ªáâ ,
¤«¨−  ª®â®à®£® ï¢«ï¥âáï ª®¤®¬ ç áâ¨ áªàë¢ ¥¬®© ¨−ä®à¬ æ¨¨. �®á«¥ ¯®ï¢«¥−¨ï
¢â®à®£® á«®¢  á«ãç ©−®¥ ¯®ï¢«¥−¨¥ ¢â®à®£® ¨ âà¥âì¥£® á«®¢ § ¯à¥é¥−ë ¨ § ¬¥-
−ïîâáï −  á¨−®−¨¬ë. „ «¥¥ ¯®ï¢«ï¥âáï âà¥âì¥ á«®¢®, ¨ ®−® ®¯à¥¤¥«ï¥â ãç áâ®ª
â¥ªáâ , ï¢«ïîé¨©áï ¢â®àë¬ ª®¤®¢ë¬ á«®¢®¬, ¨ â. ¤. ˆá¯®«ì§ãï ¯®á«¥¤®¢ â¥«ì-
−®áâì § ¯à¥â®¢ ¬®¦−® ¯¥à¥¤ ¢ âì ¯®á«¥¤®¢ â¥«ì−®áâì áªàë¢ ¥¬®© ¨−ä®à¬ æ¨¨
«î¡®© ¤«¨−ë. �à¨ íâ®¬ ç áâ®âë ¢áâà¥ç ¥¬®áâ¨ ®â¤¥«ì−ëå á¨−®−¨¬®¢ ®áâ îâáï
â ª¨¬¨ ¦¥, ª ª ¢ ®âªàëâ®¬ á®®¡é¥−¨¨.

�®áâà®¥−¨¥ â ª®£® áªàëâ®£® ª − «  −¥ ï¢«ï¥âáï ¯à®áâ®© § ¤ ç¥©, ®¤− ª®
â ª®© ª − « −¥ ¨á¯®«ì§ã¥â á¨−â ªá¨ç¥áª¨å ¯à¨§− ª®¢, ¯®§¢®«ïîé¨å ¢ëï¢«ïâì
áªàëâë¥ ª − «ë á ¯®¬®éìî  ¢â®¬ â¨§¨à®¢ −−ëå áà¥¤áâ¢ ¤ ¦¥ áâ â¨áâ¨ç¥áª¨¬¨
¬¥â®¤ ¬¨ [16].

Œ®¦−® áç¨â âì, çâ® ¤ −−ë¥ ª − «ë ®¡« ¤ îâ ¤¢ã¬ï ¯à®¯ãáª−ë¬¨ á¯®á®¡−®-
áâï¬¨:

(1) ¯¥à¢ ï ¯à®¯ãáª− ï á¯®á®¡−®áâì á¢ï§ −  á ®¡ê¥¬®¬ áªàë¢ ¥¬®© ¨−ä®à¬ -
æ¨¨, ¯¥à¥¤ ¢ ¥¬®© ¯® áªàëâ®¬ã ª − «ã. �â  ¨−ä®à¬ æ¨ï ¯à¥¤− §− ç¥− 
¯®«ãç â¥«î;

(2) ¢â®à ï ¯à®¯ãáª− ï á¯®á®¡−®áâì á¢ï§ −  á ª®«¨ç¥áâ¢®¬ ¬¥â®ª, ¢áâà ¨¢ ¥¬ëå
¢ «¥£ «ì−®¥ á®®¡é¥−¨¥ ®â−®á¨â¥«ì−® ®¡ê¥¬  ¢á¥£® «¥£ «ì−®£® á®®¡é¥−¨ï.

‚â®à ï ¯à®¯ãáª− ï á¯®á®¡−®áâì ¬®¦¥â áâà¥¬¨âìáï ª 0. ˆ−ä®à¬ æ¨ï ª®¤¨-
àã¥âáï ¯à®¬¥¦ãâª ¬¨ ¬¥¦¤ã ¬¥âª ¬¨. „«¨−  ¯à®¬¥¦ãâª  ï¢«ï¥âáï ª®¤®¬ −¥ª®-
â®à®£® ¡«®ª  áªàë¢ ¥¬®© ¨−ä®à¬ æ¨¨. „«¨−  áªàë¢ ¥¬®£® á®®¡é¥−¨ï ¨ ¤«¨− 
¯à®¬¥¦ãâª  ¬¥¦¤ã ¬¥âª ¬¨ ç áâ® á¢ï§ −ë ¯®ª § â¥«ì−®© äã−ªæ¨¥©. �®íâ®¬ã
á ã¢¥«¨ç¥−¨¥¬ ¤«¨−ë ª®¤¨àã¥¬ëå ¡«®ª®¢ íªá¯®−¥−æ¨ «ì−® à áâ¥â à ááâ®ï−¨¥
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�. �. ƒàãè®, �. �. ƒàãè®, …. …. ’¨¬®−¨− 

¬¥¦¤ã ¬¥âª ¬¨. �âáî¤  á«¥¤ã¥â áâà¥¬«¥−¨¥ ª 0 ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª − « 
á ¬¥âª ¬¨.

4 Корректность кодирования и декодирования в скрытых каналах,
порожденных метками

‚ ¤ −−®¬ à §¤¥«¥ ®£à −¨ç¨¬áï á«ãç ¥¬, ª®£¤  áªàë¢ ¥¬ ï ¨−ä®à¬ æ¨ï ï¢«ï-
¥âáï ¤¢®¨ç−®© ¯®á«¥¤®¢ â¥«ì−®áâìî. ‹¥£ «ì− ï ¯®á«¥¤®¢ â¥«ì−®áâì ¯à¥¤áâ ¢«ï¥â
á®¡®© ¯¥à¥¤ çã ¯à®¨§¢®«ì−ëå á¨¬¢®«®¢ ¨«¨ á¨£− «®¢. Œ¥âª¨ ®¯à¥¤¥«ïîâáï −¥-
ª®â®àë¬ ¢ë¤¥«¥−¨¥¬ ®â¤¥«ì−ëå á¨¬¢®«®¢ ¢ «¥£ «ì−®© ¯¥à¥¤ ç¥.

� áá¬®âà¨¬ âà¨ á¯®á®¡  ª®¤¨à®¢ −¨ï ¨ ¤¥ª®¤¨à®¢ −¨ï ¤¢®¨ç−®© ¯®á«¥¤®¢ -
â¥«ì−®áâ¨ ¢ «¥£ «ì−®© ¯®á«¥¤®¢ â¥«ì−®áâ¨ á¨¬¢®«®¢ á ¯®¬®éìî ¬¥â®ª.

�¥à¢ë¥ ¤¢  á¯®á®¡  ®á−®¢ −ë −  ¢§ ¨¬−® ®¤−®§− ç−®¬ á®®â¢¥âáâ¢¨¨ æ¥«ëå
−¥®âà¨æ â¥«ì−ëå ç¨á¥« ¨ ¢¥ªâ®à®¢ ª®íää¨æ¨¥−â®¢ ¨å ¤¢®¨ç−ëå ¯à¥¤áâ ¢«¥−¨©.

�¥à¢ë© á¯®á®¡ ¯à¥¤¯®« £ ¥â, çâ® −  ¯¥à¥¤ îé¥¬ ¨ ¯à¨¥¬−®¬ ª®−æ¥ ¨§¢¥áâ−®
− âãà «ì−®¥ ç¨á«® m, ª®â®à®¥ á®®â¢¥âáâ¢ã¥â à §¡¨¥−¨î áªàë¢ ¥¬®© ¤¢®¨ç−®©
¯®á«¥¤®¢ â¥«ì−®áâ¨ −  ¡«®ª¨ ¤«¨−ëm. Š ¦¤®¬ãm-¡¨â−®¬ã ¡«®ªã á®®â¢¥âáâ¢ã¥â
− âãà «ì−®¥ ç¨á«® ®â 0 ¤® 2m − 1. �à¥¤¯®«®¦¨¬, çâ® «¥£ «ì− ï ¨−ä®à¬ æ¨ï
¯¥à¥¤ ¥âáï ¡«®ª ¬¨ ¤«¨−ë 2m. � ¯à¨¬¥à, 16-à §àï¤− ï è¨− , 32-à §àï¤− ï
è¨− , 64-à §àï¤− ï è¨− . ’®£¤  m ¬®¦¥â à ¢−ïâìáï á®®â¢¥âáâ¢¥−−® 4, 5 ¨ 6 ¡¨-
â ¬. �ãáâì ¬¥âª  ¢ë¤¥«ï¥â ®¤¨− à §àï¤ ¢ «¥£ «ì−® ¯¥à¥¤ ¢ ¥¬®¬ ¡«®ª¥. ’®£¤ 
¤«¨−  ãç áâª  «¥£ «ì−®£® ¡«®ª  ®â − ç «  ¤® ¬¥âª¨ ¢ª«îç¨â¥«ì−® ®¯à¥¤¥«ï¥â
ãç áâ®ª áªàë¢ ¥¬®© ¤¢®¨ç−®© ¯®á«¥¤®¢ â¥«ì−®áâ¨ ¤«¨−ëm, â. ¥. ¢ ¤ −−®¬ á«ãç ¥
¢®§¬®¦−® ®¤−®§− ç−®¥ ¤¥ª®¤¨à®¢ −¨¥. ‚ à áá¬®âà¥−−®¬ á«ãç ¥ ¬¥âªã, ®¯à¥¤¥-
«ïîéãî − ç «® ª®¤  áªàë¢ ¥¬®£® ¡«®ª , ®¯à¥¤¥«ï¥â − ç «® ª ¦¤®£® «¥£ «ì−®£®
¡«®ª  ¨−ä®à¬ æ¨¨. �â® ¯®§¢®«ï¥â ®£à −¨ç¨âìáï ®¤−®© ¬¥âª®© −  ®¤¨− ¡«®ª
«¥£ «ì−®© ¨−ä®à¬ æ¨¨.

�à¥¤¯®«®¦¨¬, çâ® à §¤¥«¥−¨¥ «¥£ «ì−®© ¨−ä®à¬ æ¨¨ −  ¡«®ª¨ ®âáãâáâ¢ã-
¥â, −® áªàë¢ ¥¬ ï ¤¢®¨ç− ï ¯®á«¥¤®¢ â¥«ì−®áâì ¯®-¯à¥¦−¥¬ã à §¡¨â  −  ¡«®ª¨
¤«¨−ë m. ’®£¤  −¥®âà¨æ â¥«ì−®¥ æ¥«®¥ ç¨á«®, ®¯à¥¤¥«ï¥¬®¥ ¡«®ª®¬ ¤«¨−ë m,
®¯à¥¤¥«ï¥âáï «¨¡® â®çª®© ®âáç¥â , «¨¡® ¯®á«¥¤−¨¬ §− ª®¬ «¥£ «ì−®© ¯¥à¥¤ ç¨,
¢ë¤¥«¥−−ë¬ ¬¥âª®©. —¨á«® ¯à®¬¥¦ãâª®¢ ¬¥¦¤ã á¨¬¢®« ¬¨ «¥£ «ì−®© ¯¥à¥¤ ç¨
¤® á¨¬¢®« , ¢ë¤¥«¥−−®£® ¬¥âª®©, ®¯à¥¤¥«ï¥â −¥®âà¨æ â¥«ì−®¥ æ¥«®¥ ç¨á«®, ¤¢®-
¨ç−®¥ ¯à¥¤áâ ¢«¥−¨¥ ª®â®à®£® ¢ ¢¨¤¥ m-¬¥à−®£® ¢¥ªâ®à  ®¤−®§− ç−® ®¯à¥¤¥«ï¥â
¯à¨−ïâë© áªàëâë© ¢¥ªâ®à. „«ï ¯¥à¥¤ ¢ ¥¬®© ¡«®ª ¬¨ ¤«¨−ë m áªàë¢ ¥¬®©
¤¢®¨ç−®© ¯®á«¥¤®¢ â¥«ì−®áâ¨ áãé¥áâ¢ã¥â ®ç¥−ì ¯à®áâ®© á¯®á®¡ ª®¤¨à®¢ −¨ï ¨
¤¥ª®¤¨à®¢ −¨ï. � áá¬®âà¨¬ â ¡«¨æã ¨§ ¤¢ãå áâ®«¡æ®¢. ‚ ¯¥à¢®¬ áâ®«¡æ¥ ¢ë¯¨-
áë¢ îâáï ¢á¥ 2m ¤¢®¨ç−ëå ¢¥ªâ®à®¢,   ¢® ¢â®à®¬ ¢ë¯¨áë¢ îâáï ®â¢¥ç îé¨¥ íâ¨¬
¤¢®¨ç−ë¬ ¢¥ªâ®à ¬ −¥®âà¨æ â¥«ì−ë¥ æ¥«ë¥ ç¨á« . �â  â ¡«¨æ  ¯®§¢®«ï¥â ª®-
¤¨à®¢ âì ¨ ¤¥ª®¤¨à®¢ âì á®®¡é¥−¨ï, ¯¥à¥¤ ¢ ¥¬ë¥ ¬¥âª ¬¨, â ª ª ª à ááâ®ï−¨¥
¬¥¦¤ã ¤¢ã¬ï ¬¥âª ¬¨ ®¯à¥¤¥«ï¥âáï ®¤−®§− ç−®.
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‚â®à®© á¯®á®¡ −¥ ¯à¥¤¯®« £ ¥â ¤¥«¥−¨ï áªàë¢ ¥¬®© ¤¢®¨ç−®© ¯®á«¥¤®¢ â¥«ì-
−®áâ¨ −  ¡«®ª¨ ä¨ªá¨à®¢ −−®© ¤«¨−ë. ‚ íâ®¬ á¯®á®¡¥ ®¯à¥¤¥«ï¥âáï â®«ìª® ¢¥àå-
−ïï £à −¨æ  ãç áâª  ¤¢®¨ç−®© ¯®á«¥¤®¢ â¥«ì−®áâ¨, ª®â®à ï ª®¤¨àã¥âáï ¤«¨− ¬¨
¬¥¦¤ã ¬¥âª ¬¨. ‚ íâ®¬ á«ãç ¥ à §¬¥à ¡«®ª  −¥ ä¨ªá¨àã¥âáï, −® ®£à −¨ç¨¢ ¥âáï
á¢¥àåã −¥ª®â®à®© ¤«¨−®© m. Š ª íâ® ¯à¨−ïâ® ¢ § ¯¨á¨ ¯à¥¤áâ ¢«¥−¨ï −¥®â-
à¨æ â¥«ì−ëå æ¥«ëå ç¨á¥«, ¤«¨−  ¯à¥¤áâ ¢«¥−¨ï ®¯à¥¤¥«ï¥âáï ¬ ªá¨¬ «ì−ë¬
−¥−ã«¥¢ë¬ à §àï¤®¬. „«¨−ã 0 ¨¬¥¥â â®«ìª® ¤¢®¨ç− ï ¯®á«¥¤®¢ â¥«ì−®áâì 0. Š®¤
íâ®© ¯®á«¥¤®¢ â¥«ì−®áâ¨ ®¯à¥¤¥«ï¥âáï ¬¥âª®©, ª®â®à ï ¢ë¤¥«ï¥â ¯¥à¢ë© á¨¬¢®«
«¥£ «ì−®© ¯®á«¥¤®¢ â¥«ì−®áâ¨ ¯®á«¥ ¯®á«¥¤−¥© ¬¥âª¨, ¨«¨ ®â − ç «  ®âáç¥â .
‘â àè¨© à §àï¤ ¢á¥å ®áâ «ì−ëå ¤¢®¨ç−ëå ç¨á¥« ¤® ¤«¨−ë m − ç¨− ¥âáï á 1 ¨
®¯à¥¤¥«ï¥â æ¥«®¥ ç¨á«® ¬¥¦¤ã 0 ¨ 2m. „¥ª®¤¨à®¢ −¨¥ ¯à®¨áå®¤¨â á«¥¤ãîé¨¬
®¡à §®¬. „«¨−  ¯à®¬¥¦ãâª  ¬¥¦¤ã ¬¥âª ¬¨ ®¯à¥¤¥«ï¥â æ¥«®¥ −¥®âà¨æ â¥«ì−®¥
ç¨á«®, ¤¢®¨ç−®¥ à §«®¦¥−¨¥ ª®â®à®£® ¯à¨¯¨áë¢ ¥âáï ª ¢®ááâ −®¢«¥−−®© ç áâ¨
áªàë¢ ¥¬®© ¤¢®¨ç−®© ¯®á«¥¤®¢ â¥«ì−®áâ¨ ¢ ¯®àï¤ª¥ ®â áâ àè¥£® à §àï¤  ª ¬« ¤-
è¥¬ã. …á«¨ ç¨á«® à ¢−® 0, â® ¢®ááâ −®¢«¥−¨¥ ¤¢®¨ç−®© ¯®á«¥¤®¢ â¥«ì−®áâ¨
¯à®¨áå®¤¨â −  ®¤¨− ¡¨â, à ¢−ë© 0. ’ ª¨¬ ®¡à §®¬, ¤¥ª®¤¨à®¢ −¨¥ ¢ íâ®¬ á«ãç ¥
â ª¦¥ ¯à®¨áå®¤¨â ®¤−®§− ç−®.

„ −−ë© á¯®á®¡ ¬¥−¥¥ íª®−®¬−ë©, ç¥¬ ¯à¥¤ë¤ãé¨©, â ª ª ª §¤¥áì ª®¤¨àãîâáï
¡«®ª¨, ¬¥−ìè¨¥ ¨«¨ à ¢−ë¥ m ¢ § ¢¨á¨¬®áâ¨ ®â ¯®«®¦¥−¨ï áâ àè¥£® à §àï¤ .
�¤− ª® ¤ −−ë© á¯®á®¡ −¥ ¯à¥¤¯®« £ ¥â §− −¨ï à §¬¥à  ¡«®ª  ¯à¨ ª®¤¨à®¢ −¨¨.

’à¥â¨© á¯®á®¡ ¯à¥¤¯®« £ ¥â à §¡¨¥−¨¥ áªàë¢ ¥¬®© ¤¢®¨ç−®© ¯®á«¥¤®¢ â¥«ì-
−®áâ¨ −  á¥à¨¨ ¨§ 0 ¨ 1. ’ ª®¥ à §¡¨¥−¨¥ ®¯à¥¤¥«ï¥â ¯®á«¥¤®¢ â¥«ì−®áâì æ¥«ëå
¯®«®¦¨â¥«ì−ëå ç¨á¥«, ª ¦¤®¥ ¨§ ª®â®àëå ï¢«ï¥âáï ¤«¨−®© ®ç¥à¥¤−®© á¥à¨¨.
�¤− ª® ¯à¨ íâ®¬ á¯®á®¡¥ ¤¥ª®¤¨à®¢ −¨¥ áªàë¢ ¥¬®© ¯®á«¥¤®¢ â¥«ì−®áâ¨ ¢®§-
¬®¦−® á â®ç−®áâìî ¤® ¤¢ãå ¢ à¨ −â®¢. �¥à¢ë© ¢ à¨ −â ¯à¨−¨¬ ¥â ¯¥à¢ãî á¥à¨î
§  á¥à¨î, á®áâ®ïéãî ¨§ 0, ¢â®à®© ¢ à¨ −â | §  á¥à¨î, á®áâ®ïéãî ¨§ 1. �®á«¥
íâ®£® ¯®á«¥¤®¢ â¥«ì−®áâì ¢®ááâ − ¢«¨¢ ¥âáï ®¤−®§− ç−®, â ª ª ª á¥à¨¨ ¨§ 0 ¨ 1
ç¥à¥¤ãîâáï. …é¥ ®¤−¨¬ −¥¤®áâ âª®¬ íâ®£® á¯®á®¡  ï¢«ï¥âáï â®, çâ® ¤«¨−  ª -
ª®©-−¨¡ã¤ì á¥à¨¨ ¬®¦¥â ¡ëâì á«¨èª®¬ ¡®«ìè®© ¨ −¥ ¯®¬¥é âìáï ¢ ¤®¯ãáâ¨¬ë¥
à §¬¥àë «¥£ «ì−®© ¯¥à¥¤ ç¨. �¤− ª® ¯à¥¨¬ãé¥áâ¢®¬ íâ®£® á¯®á®¡  ï¢«ï¥âáï â®,
çâ® ®− á ¬ë© íª®−®¬−ë©.

5 Скрытые каналы и контроль целостности, основанные на метках
в дейтаграммах

�¤−®© ¨§ ¯à®¡«¥¬, ¢®§−¨ª îé¨å ¯à¨ ¯®áâà®¥−¨¨ áªàëâëå ª − «®¢ ç¥à¥§ ˆ−-
â¥à−¥â, ®á−®¢ −−ëå −  ¬¥âª å ¨ ¯®â®ª å ¯ ª¥â®¢, ï¢«ï¥âáï ¢ë¤¥«¥−¨¥ ¢ ª ç¥áâ¢¥
¬¥â®ª ¯ ª¥â®¢ ¢ ¯®â®ª¥, ª®â®àë© ¡ã¤¥â ¯à®å®¤¨âì ç¥à¥§ ¯®«ãç â¥«ï áªàë¢ ¥¬®©
¨−ä®à¬ æ¨¨. ‚ ¯à¨−æ¨¯¥, ¤«ï â ª®£® ¢ë¤¥«¥−¨ï ¬®¦−® ¨á¯®«ì§®¢ âì «î¡®© ¨§
¬¥â®¤®¢ áâ¥£ −®£à ä¨¨, ¨á¯®«ì§ãîé¨å ®á®¡¥−−®áâ¨ ä®à¬ â  ¯à®â®ª®«®¢ áâ¥ª 
TCP/IP (Transmission Control Protocol / Internet Protocol) [17].
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�¤− ª® ¬®¦−® ¯à¥¤«®¦¨âì ¤àã£¨¥ á¯®á®¡ë ãáâ −®¢ª¨ ¬¥â®ª, ¯®§¢®«ïîé¨¥
áªàëâ® ¯¥à¥¤ ¢ âì ¨−ä®à¬ æ¨î ª ª ¢ ¤¥©â £à ¬¬ å, â ª ¨ ¢ ¯®â®ª å ¤¥©â £à ¬¬.
Šà®¬¥ â®£®, íâ¨ ¬¥â®¤ë ¬®¦−® á ãá¯¥å®¬ ¨á¯®«ì§®¢ âì ¤«ï ª®−âà®«ï æ¥«®áâ−®áâ¨
¤¥©â £à ¬¬.

�ãáâì −  ¯à¨¥¬−®¬ ¨ ¯¥à¥¤ îé¥¬ ª®−æ å á¨−åà®−−® à ¡®â îâ £¥−¥à â®àë
¤¢®¨ç−®© ¯®á«¥¤®¢ â¥«ì−®áâ¨ (£ ¬¬ë),   «¥£ «ì− ï ¯®á«¥¤®¢ â¥«ì−®áâì ¯à¥¤-
áâ ¢«ï¥â á®¡®© à ¢−®¢¥à®ïâ−ãî ¯®á«¥¤®¢ â¥«ì−®áâì, á®áâ®ïéãî ¨§ 0 ¨ 1. Š ª
¯à ¢¨«®, ¬ã«ìâ¨¬¥¤¨©−ë¥ ¨ ¬−®£¨¥ ¤àã£¨¥ ¤ −−ë¥ ¯¥à¥¤ ¯¥à¥¤ ç¥© ¢ á¥âì á¦¨¬ -
îâáï. ‘¦ â¨¥ ¯à¨¢®¤¨â ª ã¢¥«¨ç¥−¨î í−âà®¯¨¨ ¨ á®§¤ ¥â ¯à¥¤¯®áë«ª¨ ¤«ï â®£®,
çâ®¡ë à áá¬ âà¨¢ âì íâã ¯®á«¥¤®¢ â¥«ì−®áâì ª ª á«ãç ©−ãî ¨ à ¢−®¢¥à®ïâ−ãî.
…á«¨ ¨§¬¥−¨âì 1 ¡¨â ¢ ¯®«ïå, æ¥«®áâ−®áâì ª®â®àëå ª®−âà®«¨àã¥âáï ¯®¬¥å®-
§ é¨é¥−−ë¬ ª®¤®¬, â® â ª¨¥ ¯ ª¥âë ¡ã¤ãâ ®â¡à áë¢ âìáï ¬®¤ã«¥¬ TCP/IP.
ˆáª ¦¥−¨¥ ¯ ª¥â  ï¢«ï¥âáï ¬¥âª®©. …á«¨ −  ¯à¨¥¬−®¬ ª®−æ¥ ¨§¢¥áâ−®, ¢ ª ª®¬
¬¥áâ¥ ¯à®¨§®è«® ¨áª ¦¥−¨¥, â® ¬®¦−® ®¡à â−® ¨§¬¥−¨âì á®®â¢¥âáâ¢ãîé¨© ¡¨â.
’®£¤  ª®−âà®«ì æ¥«®áâ−®áâ¨ ¨áå®¤−®£® ¯ ª¥â  −¥ ¢ëï¢¨â ®è¨¡®ª ¨ â ª®© ¯ ª¥â
¡ã¤¥â ®¡à ¡ âë¢ âìáï ª ª ¯à ¢¨«ì−ë© ¯ ª¥â. …á«¨ ¯ ª¥â ¡ë« ¯®¤¬¥−¥−, â®
®¯¥à æ¨ï ¨§¬¥−¥−¨ï ¡¨â  −  ¯à¨¥¬−®¬ ª®−æ¥ ¯à¨¢¥¤¥â ª − àãè¥−¨î æ¥«®áâ−®áâ¨,
¨ ¢ à¥§ã«ìâ â¥ ¯®¤¬¥−¥−−ë¥ ¯ ª¥âë ¡ã¤ãâ ¢ë¡à®è¥−ë ¨§ ¯à¨−¨¬ ¥¬®£® ¯®â®ª 
¯ ª¥â®¢. ’ ª¨¬ ®¡à §®¬, ¬®¦−® ª®−âà®«¨à®¢ âì æ¥«®áâ−®áâì ¯ ª¥â®¢.

�à¨ ®à£ −¨§ æ¨¨ áªàëâ®© ¯¥à¥¤ ç¨ ¨áª ¦¥−¨î ¯®¤¢¥à£ ¥âáï â®â ¡¨â ¨«¨ ¡ ©â
¢ ¯ ª¥â¥, ª®â®àë© ®¯à¥¤¥«ï¥â ¬¥âªã ¢ ¯¥à¥¤ ¢ ¥¬ëå ¤ −−ëå (®â − ç «  ¯ ª¥â ).
‚ëï¢«¥−¨¥ ¬¥âª¨ ¬®¦−® ¯à®¨§¢®¤¨âì á«¥¤ãîé¨¬ ®¡à §®¬. �®á«¥¤®¢ â¥«ì−® ®â
− ç «  ¤ −−ëå ¨á¯à ¢«ïîâáï ¡¨âë ¨ ¯®¤ îâáï −  ¡«®ª ª®−âà®«ï æ¥«®áâ−®áâ¨.
…á«¨ ®ç¥à¥¤−®© ¨á¯à ¢«¥−−ë© ¡¨â ¤ ¥â ¯®«®¦¨â¥«ì−ë© à¥§ã«ìâ â ¯® ª®−âà®«î
æ¥«®áâ−®áâ¨, â® ¯®«ãç¥−−®¥ ¬¥áâ® ï¢«ï¥âáï ¬¥âª®© ¢ ¤ −−ëå. �à¨ áªàëâ®©
¯¥à¥¤ ç¥ á ¯®¬®éìî ¨§¬¥−¥−¨ï ®¤−®£® ¡¨â  ¢ ¯ ª¥â¥ ¨ ¢®ááâ −®¢«¥−¨¨ ¬¥âª¨ á
¯®¬®éìî ª®−âà®«ì−®© áã¬¬ë (¯®á«¥¤®¢ â¥«ì−®¥ ®¯à®¡®¢ −¨¥ ¡¨â®¢ ¤® ¢ëï¢«¥−¨ï
á ¯®¬®éìî ª®−âà®«ì−®© áã¬¬ë ¨áª ¦¥−−®£® ¡¨â ) ®¤−®§− ç−®áâì ¢®ááâ −®¢«¥−¨ï
®¯à¥¤¥«ï¥âáï â¥¬, çâ® ¢¥à®ïâ−®áâì ¢®§−¨ª−®¢¥−¨ï «®¦−®£® ¢ à¨ −â  ªà ©−¥ ¬ « .
‚®§¬®¦−®áâì ¯®ï¢«¥−¨ï «®¦−ëå ¢ à¨ −â®¢ ¬®¦−® ®¯à¥¤¥«ïâì â ª ¦¥, ª ª íâ®
¤¥« ¥âáï ¢ ªà¨¯â®£à ä¨¨ ¯à¨ ¢ëç¨á«¥−¨¨ à ááâ®ï−¨ï ¥¤¨−áâ¢¥−−®áâ¨ [18]. Š ª
¯à ¢¨«®, íâ  £à −¨æ  ®¯à¥¤¥«ï¥âáï ãá«®¢¨¥¬, çâ® ¬ â¥¬ â¨ç¥áª®¥ ®¦¨¤ −¨¥ ç¨á« 
«®¦−ëå ¢ à¨ −â®¢ −¥ ¬¥−ìè¥ 1.

— áâ® ¢¥à®ïâ−®áâì á«ãç ©−®£® á®¢¯ ¤¥−¨ï á ª®−âà®«ì−®© áã¬¬®© ¨¬¥¥â ¯®àï-
¤®ª 10−3{10−4. …á«¨ ç¨á«® ¢ à¨ −â®¢ ®¯à®¡®¢ −¨ï ¬¥âª¨ −¥ ¬¥−ìè¥ ç¥¬ 103{104,
â® ¢ áà¥¤−¥¬ ¯®ï¢«ï¥âáï −¥ ¬¥−¥¥ ®¤−®£® «®¦−®£® ¢ à¨ −â  ¬¥âª¨. ’ ª¨¬ ®¡à §®¬,
áâ®©ª®áâì ª®−âà®«ï æ¥«®áâ−®áâ¨ ®¯à¥¤¥«ï¥âáï ç¨á«®¬ ¯¥à¥¡¨à ¥¬ëå ¢ à¨ −â®¢
¨§¬¥−¥−¨© ¡¨â , ¯à¨ ª®â®à®¬ ¬®¦−® ¯®«ãç¨âì á«ãç ©−®¥ á®¢¯ ¤¥−¨¥ ª®−âà®«ì−®©
áã¬¬ë,   ¢®§¬®¦−®áâì ¯¥à¥¤ ç¨ ¬¥âª¨ ¢ ®¯¨á −−®¬ ¢ëè¥ áªàëâ®¬ ª − «¥ ®¯à¥-
¤¥«ï¥âáï â¥¬, çâ® ç¨á«® ¢ à¨ −â®¢ ®¯à®¡®¢ −¨ï ¬¥áâ  ¨áª ¦¥−−®£® ¡¨â  ¤®«¦−®
¡ëâì ¬¥−ìè¥ 103{104.
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‘ªàëâë¥ ª − «ë, ¯®à®¦¤¥−−ë¥ ¬¥âª ¬¨, ¢ ¤¥©â £à ¬¬ å

�à¨¢¥¤¥¬ ¯à¨¬¥àë −¥áª®«ìª¨å á¯®á®¡®¢ ¯®áâà®¥−¨ï ¬¥â®ª, ª®â®àë¥ ®¡¥á¯¥-
ç¨¢ îâ ¤®áâ â®ç−® ¬ «ãî ¢¥à®ïâ−®áâì «®¦−®£® ¢ëï¢«¥−¨ï ¬¥âª¨.

ˆ§¬¥−¨¬ −¥¬−®£® à áá¬®âà¥−−ë¥ ¢ëè¥ áå¥¬ë. �à¨ ª®−âà®«¥ æ¥«®áâ−®áâ¨ ¨
à á¯®«®¦¥−¨¨ ¬¥âª¨ ¢ ¯à¥¤¥« å 256 ¡¨â ¯®ï¢«¥−¨¥ á«ãç ©−®£® á¡®ï ¬ «®¢¥à®-
ïâ−®, ¯®íâ®¬ã ¤«ï ®¯à®¡®¢ −¨ï ®¤−®£® ¡¨â  âà¥¡ã¥âáï −¥ ¡®«¥¥ 256 ¢ à¨ −â®¢,
çâ® ¤¥« ¥â íâã áå¥¬ã ®ç¥−ì á« ¡®©. „«ï ¢−¥á¥−¨ï ®¤−®£® ¡¨â  ¬¥âª¨ −  «î¡®¥
¨§ 256 ¬¥áâ âà¥¡ã¥âáï 1 ¡ ©â. �à¥¤¯®«®¦¨¬, çâ® ¤«ï ª®−âà®«ï æ¥«®áâ−®áâ¨
¨á¯®«ì§ã¥âáï −  256 ¬¥áâ å 3 ¨§¬¥−¥−−ëå ¡¨â  (¬¥âª¨). „«ï ¯®à®¦¤¥−¨ï íâ¨å
¬¥â®ª âà¥¡ã¥âáï 3 ¡ ©â  £ ¬¬ë. �¤− ª® ¤«ï ¢ëï¢«¥−¨ï íâ¨å ¬¥â®ª âà¥¡ã¥âáï
¢ áà¥¤−¥¬ −¥ ¬¥−ìè¥ 105,9 ¢ à¨ −â®¢ ®¯à®¡®¢ −¨ï, çâ® ¡®«ìè¥ 104 (£à −¨æ 
á«ãç ©−®£® ¢®ááâ −®¢«¥−¨ï ª®−âà®«ì−®© áã¬¬ë).

‘å¥¬ã ª®−âà®«ï æ¥«®áâ−®áâ¨ ¬®¦−® ¯¥à¥−¥áâ¨ −  256 ¡ ©â á«¥¤ãîé¨¬ ®¡à -
§®¬. ƒ¥−¥à â®à ¯á¥¢¤®á«ãç ©−ëå ç¨á¥« ¢ëà ¡ âë¢ ¥â 2 á«ãç ©−ëå ¡ ©â , ¯¥à¢ë©
¨§ ª®â®àëå ®¯à¥¤¥«ï¥â ¬¥áâ® ¬¥âª¨,   ¢â®à®© | á«ãç ©−ãî £ ¬¬ã, ª®â®à ï áã¬-
¬¨àã¥âáï ¯® ¬®¤ã«î 2 (¨«¨ 256) á ¡ ©â®¬, áâ®ïé¨¬ −  ¬¥áâ¥ ¬¥âª¨. …á«¨
¯à®â¨¢−¨ª ®à£ −¨§ã¥â ¯¥à¥¡®à−ë© ¯à®æ¥áá á æ¥«ìî ¯®«ãç¥−¨ï ¯à ¢¨«ì−®© ª®−-
âà®«ì−®© áã¬¬ë, â® ¥¬ã ¯®âà¥¡ã¥âáï ¢ áà¥¤−¥¬ 104,2 ¢ à¨ −â®¢ ®¯à®¡®¢ −¨ï, çâ®
¡®«ìè¥ 104, â. ¥. ¥¬ã ¯à®é¥ − ©â¨ «®¦−ë© ¢ à¨ −â ¨á¯à ¢«¥−¨ï ¯ ª¥â .

�â¬¥â¨¬, çâ® ¢ à áá¬ âà¨¢ ¥¬ëå áå¥¬ å ª®−âà®«ï æ¥«®áâ−®áâ¨ á¨−åà®−¨§ -
æ¨ï ª − «®¢, ¯¥à¥¤ îé¨å ¤ −−ë¥ ¨ ¬¥âª¨, ï¢«ï¥âáï ®ç¥¢¨¤−®©. �¤− ª® á ¬¨
¬¥âª¨ ï¢«ïîâáï ú−¥¢¨¤¨¬ë¬¨û [12]. ’ ª¦¥ ú−¥¢¨¤¨¬ë¥û ¬¥âª¨ ¬®¦−® ¯®áâà®¨âì
¢ áªàëâ®¬ ª − «¥ ¡¥§ ¯à®¢¥àª¨ ª®−âà®«ì−®© áã¬¬ë.

�ãáâì ¢ â¥ªáâ¥ ¨§ N ¤¢®¨ç−ëå ¡ ©â®¢ −¥®¡å®¤¨¬® ¯®¬¥áâ¨âì ¬¥âªã ¤«¨−®©
k ¡ ©â. ‚ ¤ −−®¬ á«ãç ¥ ¯à¥¤¯®« £ ¥âáï ¢−¥á¥−¨¥ ¬¥âª¨ −  íâ ¯¥ ä®à¬¨à®¢ -
−¨ï ¬ áá¨¢  ¤ −−ëå. �  ¯¥à¥¤ îé¥¬ ¨ ¯à¨¥¬−®¬ ª®−æ å á¨−åà®−−® à ¡®â îâ
£¥−¥à â®àë ¯á¥¢¤®á«ãç ©−ëå ç¨á¥«,   ¤ −−ë¥ ®¯¨áë¢ îâáï à ¢−®¢¥à®ïâ−®© ¬®-
¤¥«ìî. Œ¥âª  áâà®¨âáï á«¥¤ãîé¨¬ ®¡à §®¬. ‚ë¤¥«ï¥âáï ¬¥áâ® ¬¥âª¨, ª k ¡ ©â ¬
¤ −−ëå ®â ¬¥áâ  ¬¥âª¨ ¯à¨¡ ¢«ïîâáï k ¡ ©â ¯á¥¢¤®á«ãç ©−®© £ ¬¬ë. �®á«¥ ¯®-
«ãç¥−−ëå ¯à¨ á«®¦¥−¨¨ k ¡ ©â ¢¯¨áë¢ îâáï k ¡ ©â, ¢ë¤¥«¥−−ëå ®â ¬¥âª¨ à −¥¥
(¤® á«®¦¥−¨ï á £ ¬¬®©) ¤ −−ëå. „ «¥¥ ¯à®¤®«¦ îâáï ¤ −−ë¥ ¤® á«¥¤ãîé¥©
¬¥âª¨.

’ ª¨¥ ¬¥âª¨ ï¢«ïîâáï  ¡á®«îâ−® −¥¢¨¤¨¬ë¬¨, â ª ª ª ¤«ï «î¡®© ¯ àë
¨§ á®á¥¤−¨å k ¡ ©â ¤ −−ëå áãé¥áâ¢ã¥â £ ¬¬ , ª®â®à ï à ¢−  ¨å à §−®áâ¨.
ƒ ¬¬  ¯à®â¨¢−¨ªã −¥ ¨§¢¥áâ− , ¯®íâ®¬ã ®− −¥ ¬®¦¥â ®¯à¥¤¥«¨âì, ª ª ï ¨áâ¨−− ï
£ ¬¬  ¨á¯®«ì§®¢ « áì ¯à¨ ä®à¬¨à®¢ −¨¨ ¬¥âª¨. �®«ãç â¥«ì ¤ −−ëå §− ¥â
¨á¯®«ì§ã¥¬ãî £ ¬¬ã ¨ ¯ãâ¥¬ ¯®á«¥¤®¢ â¥«ì−®£® ¢ëç¨â −¨ï á®á¥¤−¨å k-¡ ©â−ëå
¢¥ªâ®à®¢ ¯®«ãç ¥â ¬¥áâ®, ¢ ª®â®à®¬ ¯®«ãç ¥âáï ¨áâ¨−− ï £ ¬¬ , ¨ á®®â¢¥âáâ¢¥−−®
¢®ááâ − ¢«¨¢ ¥â ¬¥âªã.

�¤− ª® ¨áâ¨−− ï £ ¬¬  ¬®¦¥â ¢®§−¨ª−ãâì á«ãç ©−® ¤«ï −¥ª®â®à®© ¯ àë
k-¡ ©â−ëå ¢¥ªâ®à®¢. �®íâ®¬ã k ¤®«¦−® ¡ëâì ¢ë¡à −® â ª¨¬ ®¡à §®¬, çâ®¡ë
á¤¥« âì ¢¥à®ïâ−®áâì á«ãç ©−®£® ¯®ï¢«¥−¨ï ¨áâ¨−−®© £ ¬¬ë ¤®áâ â®ç−® ¬ «®©.
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„«ï k = 1 ¢¥à®ïâ−®áâì á«ãç ©−®£® ¯®ï¢«¥−¨ï ¨áâ¨−−®© £ ¬¬ë à ¢−  2−8, ¤«ï
k = 2 íâ  ¢¥à®ïâ−®áâì à ¢−  2−16.

6 Экспериментальная проверка результатов

�á−®¢−®© § ¤ ç¥© íâ®£® à §¤¥«  ï¢«ï¥âáï íªá¯¥à¨¬¥−â «ì−®¥ ¤®ª § â¥«ìáâ¢®
à¥ «¨§ã¥¬®áâ¨ ¬¥â®¤®¢ ª®−âà®«ï æ¥«®áâ−®áâ¨ ¨ áªàëâ®© ¯¥à¥¤ ç¨ á ¨á¯®«ì§®-
¢ −¨ï áâ −¤ àâ−®£® ¯®¬¥å®§ é¨é¥−−®£® ª®¤  ¢ à ¬ª å áãé¥áâ¢ãîé¥£® áâ¥ª 
¯à®â®ª®«®¢ TCP/IP. ‘ íâ®© æ¥«ìî  «£®à¨â¬ ¯¥à¥¤ ç¨ ¨ ¯à¨¥¬  ¤ −−ëå ¡ë«
à §¡¨â −  ¡«®ª¨, ª ¦¤ë© ¨§ ª®â®àëå ¡ë« à¥ «¨§®¢ − á ¯®¬®éìî ®âªàëâ®£® ��.
� ¡®â   «£®à¨â¬®¢ ¯à®¢¥àï« áì −  á¯¥æ¨ «ì−® á®§¤ −−®¬ ¬ ª¥â¥.

6.1 Состав и настройка макета

Œ ª¥â á®áâ®¨â ¨§ 2 ¯¥àá®− «ì−ëå ª®¬¯ìîâ¥à®¢ (�Š), á®¥¤¨−¥−−ëå ¬¥¦¤ã
á®¡®© á¥âìî Ethernet á ¯à®¨§¢®«ì−®© áª®à®áâìî. �¤ ¯â¥àë íâ¨å �Š ¤®«¦−ë
¯®¤¤¥à¦¨¢ âì ú−¥à §¡®àç¨¢ë© à¥¦¨¬û, â. ¥. â ª®© à¥¦¨¬, ¯à¨ ª®â®à®¬ á¥â¥¢®©
 ¤ ¯â¥à ¬®¦¥â ¯à¨−¨¬ âì ¢á¥ ¯ ª¥âë, ¯®ï¢«ïîé¨¥áï ¢ á¥â¨, ¤ ¦¥ ¥á«¨ ®−¨ ¯à¥¤-
− §− ç¥−ë ¤àã£®¬ã ã§«ã. ’ ª¦¥ −  ¤ −−ëå  ¤ ¯â¥à å ¤®«¦−  ¡ëâì ®âª«îç¥− 
®¯æ¨ï ¯à®¢¥àª¨ ª®−âà®«ì−ëå áã¬¬ ¢á¥å â¨¯®¢ ¢å®¤ïé¨å ¯ ª¥â®¢ (íâ  ®¯æ¨ï
¯®ï¢¨« áì −  á¥â¥¢ëå ª àâ å −¥ â ª ¤ ¢−®). �  ª ¦¤®¬ ¨§ �Š ãáâ −®¢«¥−®
á«¥¤ãîé¥¥ ��:

{ ®¯¥à æ¨®−− ï á¨áâ¥¬  Windows XP;

{ ¡¨¡«¨®â¥ª  PCAP (Packet Capture) ¤«ï à ¡®âë á á¥â¥¢ë¬¨  ¤ ¯â¥à ¬¨ − 
ãà®¢−¥ NDIS (Network Driver Interface Specification);

{ áà¥¤  cygwin ¤«ï á¯¥æ¨ «¨§¨à®¢ −−®£® ��;

{ windump | ¤«ï ¯®«ãç¥−¨ï á¥â¥¢®£® âà ä¨ª  ¨ § ¯¨á¨ ¥£® ¢ ä ©«;

{ bittwist | ¤«ï ¯¥à¥¤ ç¨ ¯®«ãç¥−−®£® á¥â¥¢®£® âà ä¨ª  ¢ á¥âì;

{ NetSndRcvUDP | á¯¥æ¨ «ì−®¥ ��, ª®â®à®¥ ¬®¦¥â ¯à¨−¨¬ âì ¨ ¯¥à¥¤ ¢ âì
¤ −−ë¥ ¯® á¥â¨, ¨á¯®«ì§ãï ¯à¨ íâ®¬ UDP (User Datagram Protocol) ¯à®â®ª®«;

{ Hex Editor Neo | à¥¤ ªâ®à ä ©«®¢ ¢ HEX.

‘¥â¥¢ë¥  ¤ ¯â¥àë −  �Š − áâà®¥−ë á«¥¤ãîé¨¬ ®¡à §®¬:

{ �Š 1 | IP- ¤à¥á: 192.168.1.1 (¤ «¥¥ ¯® â¥ªáâã | á¥à¢¥à);

{ �Š 2 | IP- ¤à¥á: 192.168.1.2 (¤ «¥¥ ¯® â¥ªáâã | ª«¨¥−â).

�  á¥à¢¥à¥ § ¯ãé¥−  ¯à®£à ¬¬  NetSndRcvUDP ¢ à¥¦¨¬¥ ¯à®á«ãè¨¢ −¨ï
83 ¯®àâ®¢,   â ª¦¥ ¯à®£à ¬¬  windump ¢ à¥¦¨¬¥ § ¯¨á¨ ¯®«ãç¥−−®£® á¥â¥¢®£®
âà ä¨ª  ¢ ä ©«. �  ª«¨¥−â¥ § ¯ãé¥−  ¯à®£à ¬¬  NetSndRcvUDP ¢ à¥¦¨¬¥
ª«¨¥−â  (à¨á. 1).
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�¨á. 1 �¥à¥¤ ç  UDP-¯ ª¥â  −  á¥à¢¥à

6.2 Передача и перехват легального сообщения от клиента к серверу

�¥à¥¤ ç  á®®¡é¥−¨ï úabcdefû ®â ª«¨¥−â  ª á¥à¢¥àã ®áãé¥áâ¢«ï¥âáï á ¯®-
¬®éìî ¯à®£à ¬¬ë NetSndRcvUDP, § ¯ãé¥−−®© −  ª«¨¥−â¥. ‚ íâ® ¢à¥¬ï ¢
¯à®£à ¬¬¥ NetSndRcvUDP ¯®ï¢¨âáï á®®¡é¥−¨¥: ú�®«ãç¥−ë ¤ −−ë¥ | 6 ¡ ©â |
abcdefû. �à®£à ¬¬  windump, § ¯ãé¥−− ï −  á¥à¢¥à¥, § ¯¨è¥â ¢ ä ©« ¯®«ã-
ç¥−−ë© UDP-¯ ª¥â. ‘ ¯®¬®éìî ¯à®£à ¬¬ë Hex Editor Neo ¬®¦−® ¯à®á¬®âà¥âì
á®¤¥à¦¨¬®¥ § ¯¨á −−®£® ¯ ª¥â  (à¨á. 2).

�¥à¢ë¥ 40 ¡ ©â íâ®£® ä ©«  | íâ® § £®«®¢®ª ¡¨¡«¨®â¥ª¨ PCAP, ¤ «¥¥
á«¥¤ãîâ ¤ −−ë¥ ¯®«ãç¥−−®£® IP-¯ ª¥â , ¢−ãâà¨ ª®â®à®£® ¨−ª ¯áã«¨à®¢ −  UDP-
¤¥©â £à ¬¬ , á®¤¥à¦ é ï â¥ªáâ úabcdefû.

6.3 Модификация записанного сетевого пакета и отправка его в сеть

‘ ¯®¬®éìî ¯à®£à ¬¬ë Hex Editor Neo ¨§¬¥−¨¬ â¥ªáâ á®®¡é¥−¨ï ¢ § ¯¨á −−®¬
á ¯®¬®éìî WinDump ä ©«¥, § ¬¥−¨¢ ¡ãª¢ã úfû ¢ UDP-¤¥©â £à ¬¬¥ −  úzû.
�à¨ íâ®¬ ª®−âà®«ì− ï áã¬¬  § £®«®¢ª  IP ®áâ −¥âáï ¯à ¢¨«ì−®©,   ª®−âà®«ì− ï
áã¬¬  UDP-¤¥©â £à ¬¬ë ¡ã¤¥â − àãè¥− . ‘ ¯®¬®éìî ¯à®£à ¬¬ë bittwist,
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�¨á. 2 �à¨−ïâë© UDP-¯ ª¥â −  á¥à¢¥à¥

§ ¯ãé¥−−®© −  á¥à¢¥à¥, ¬®¦−® ®â¯à ¢¨âì ¬®¤¨ä¨æ¨à®¢ −−ë© ¯ ª¥â ®¡à â−® ¢
á¥âì. ‚ ¤ −−®¬ á«ãç ¥ ¢®§−¨ª ¥â á«¥¤ãîé ï á¨âã æ¨ï: ¯ ª¥â, ¯à¥¤− §− ç¥−−ë©
¤«ï á¥à¢¥à , ®â¯à ¢«ï¥âáï ¢ á¥âì á á¥â¥¢®£®  ¤ ¯â¥à  á ¬®£® á¥à¢¥à . ‘¥â¥¢®©
 ¤ ¯â¥à, ¯à®ç¨â ¢ ¤ −−ë¥ ¨§ íâ®£® ¯ ª¥â , ¯à®¨§¢¥¤¥â ¥£® ¯à¨¥¬. �® ä ªâã
¯¥à¥¤ ç  ¢ ä¨§¨ç¥áªãî áà¥¤ã á¥â¨ −¥ ¯à®¨áå®¤¨â. �à®¨áå®¤¨â «¨èì ¯¥à¥¤ ç  ¨
á«¥¤ãîé¨© §  íâ¨¬ ¯à¨¥¬ −  ®¤−®¬ ¨ â®¬ ¦¥ á¥â¥¢®¬  ¤ ¯â¥à¥. ’ ª ï á¨âã æ¨ï
ï¢«ï¥âáï ®¡ëª−®¢¥−−®© ¨ − §ë¢ ¥âáï loopback. �®«ãç¥−−ë© á¥â¥¢ë¬  ¤ ¯â¥à®¬
¬®¤¨ä¨æ¨à®¢ −−ë© ¯ ª¥â ¡ã¤¥â ¢®á¯à¨−ïâ ª ª ®¡ëç−ë¥ ¢å®¤−ë¥ ¤ −−ë¥, â. ¥.
¯ ª¥â ¡ã¤¥â ¯¥à¥¤ − −  ®¡à ¡®âªã −  á¥â¥¢®© ãà®¢¥−ì ¨ ¤ «¥¥.

6.4 Получение модифицированного UDP:пакета на сервере

�  á¥à¢¥à¥ á ¯®¬®éìî § ¯ãé¥−−®© ¢® ¢à¥¬ï ¯¥à¥¤ ç¨ ¬®¤¨ä¨æ¨à®¢ −−®£® ¯ -
ª¥â  ¢ á¥âì ¯à®£à ¬¬ë windump ¯®«ãç¨¬ ¬®¤¥à−¨§¨à®¢ −−ë© ¯ ª¥â. ‘ ¯®¬®éìî
¯à®£à ¬¬ë Hex Editor Neo ¬®¦−® ã¡¥¤¨âìáï, çâ® ¯®«ãç¥−−ë© (¨ § ¯¨á −−ë©)
¯ ª¥â á®¤¥à¦¨â ¨§¬¥−¥−−ë¥ ¤ −−ë¥ (á úfû −  úzû). �à¨ íâ®¬ ¢ ¯à®£à ¬¬¥
NetSndRcvUDP −  á¥à¢¥à¥ −¥â á®®¡é¥−¨ï ® â®¬, çâ® ¯®«ãç¥−ë ¤ −−ë¥. �â®
®§− ç ¥â, çâ® ¯à¨ª« ¤−®© ãà®¢¥−ì (¯® ¬®¤¥«¨ OSI | Open Systems Interconnec-
tions) −¥ ¯®«ãç¨« ¤ −−ëå, â. ¥. − àãè¥−− ï ª®−âà®«ì− ï áã¬¬  ¯à¨¢¥«  ª â®¬ã,
çâ® −  âà −á¯®àâ−®¬ ãà®¢−¥ ¯ ª¥â ¡ë« ®â¡à®è¥−, ª ª ¨á¯®àç¥−−ë© (à¨á. 3).

6.5 Восстановление пакета и доставка пакета серверу

‘ ¯®¬®éìî ¯à®£à ¬¬ë Hex Editor Neo ¢®ááâ −®¢¨¬ ¯ ª¥â, â. ¥. ¯à®¨§¢¥¤¥¬
§ ¬¥−ã ¡ãª¢ë úzû −  ¡ãª¢ã úfû (á¬. à¨á. 2).

�à¨ íâ®¬ ª®−âà®«ì− ï áã¬¬  UDP-¤¥©â £à ¬¬ë ¡ã¤¥â ¯à ¢¨«ì−®©. ‘ ¯®-
¬®éìî ¯à®£à ¬¬ë bittwist, § ¯ãé¥−−®© −  á¥à¢¥à¥, ¬®¦−® ®â¯à ¢¨âì ¬®¤¨ä¨æ¨-
à®¢ −−ë© ¯ ª¥â ®¡à â−® ¢ á¥âì. ‚ ¤ −−®¬ á«ãç ¥ ¢®§−¨ª ¥â á¨âã æ¨ï, ®¯¨á −− ï
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�¨á. 3 Œ®¤¨ä¨æ¨à®¢ −−ë© UDP-¯ ª¥â, ¯®«ãç¥−−ë© −  á¥à¢¥à¥

à −¥¥: ¢®§−¨ª ¥â loopback ¨ ¯®«ãç¥−−ë© á¥â¥¢ë¬  ¤ ¯â¥à®¬ ¬®¤¨ä¨æ¨à®¢ −−ë©
¯ ª¥â ¡ã¤¥â ¢®á¯à¨−ïâ ª ª ®¡ëç−ë¥ ¢å®¤−ë¥ ¤ −−ë¥, â. ¥. ¯ ª¥â ¡ã¤¥â ¯¥à¥¤ −
−  ®¡à ¡®âªã −  á¥â¥¢®© ãà®¢¥−ì ¨ ¤ «¥¥. �  à¨á. 4 ¢¨¤−®, çâ® ¯à®£à ¬¬ 
NetSndRcvUDP ¯à¨−ï«  ¤ −−ë¥.

�¨á. 4 �à¨¥¬ ¢®ááâ −®¢«¥−−®£® ¯ ª¥â  á¥à¢¥à®¬
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Œ®¦−® ¯à®¨§¢¥áâ¨ § å¢ â ¯ ª¥â , ¥£® ¨§¬¥−¥−¨¥ ¨ ¯¥à¥¤ çã ®¡à â−® ¢ á¥âì,
¤ ¦¥ ¥á«¨ ¯à¨ íâ®¬ ¡ã¤¥â − àãè¥−  ª®−âà®«ì− ï áã¬¬  UDP-¤¥©â £à ¬¬ë.
�®«ãç îé ï áâ®à®−  ¯à¨¬¥â ¯ ª¥â, çâ® ¬®¦−® ®âá«¥¤¨âì á ¯®¬®éìî windump,
−® á ¬ ¯ ª¥â ¡ã¤¥â ®â¡à®è¥− áâ¥ª®¬ −  ãà®¢−¥ ®¡à ¡®âª¨ UDP-¯ ª¥â , â ª ª ª
− àãè¥−  ¥£® ª®−âà®«ì− ï áã¬¬ .

’ ª¨¬ ®¡à §®¬, §− ï, £¤¥ ¨¬¥−−® (¢ ª ª®¬ ¡¨â¥ ¨«¨ ¡ ©â¥) ¯à®¨§¢¥¤¥−  § ¬¥-
− , ª®â®à ï ¯à¨¢¥«  ª − àãè¥−¨î ª®−âà®«ì−®© áã¬¬ë ¤¥©â £à ¬¬ë, ¢®§¬®¦−®
¢®ááâ −®¢¨âì §− ç¥−¨¥ íâ®£® ¡¨â  ¨«¨ ¡ ©â  ¢ ¨áå®¤−®¥ ¨ ®â¯à ¢¨âì íâ®â ¯ ª¥â ¢
áâ®à®−ã ¯®«ãç â¥«ï â ª¨¬ ®¡à §®¬, çâ®¡ë ¯®«ãç â¥«ì −¥ § ¬¥â¨«, çâ® ¯ ª¥â ¡ë«
¨§¬¥−¥− ¨ ¢®ááâ −®¢«¥−.

�à®¬¥¦ãâ®ª ®â − ç «  UDP-¤¥©â £à ¬¬ë ¤® ¨§¬¥−¥−−®£® ¡¨â  ¨«¨ ¡ ©â 
¬®¦¥â ¨á¯®«ì§®¢ âìáï ¢ ª ç¥áâ¢¥ ª®¤  ¤«ï áªàëâ®© ¯¥à¥¤ ç¨ ¤ −−ëå.

7 Заключение

‘ªàëâë¥ ª − «ë, ¯®à®¦¤¥−−ë¥ ¬¥âª ¬¨, ®â«¨ç îâáï â¥¬, çâ® ¯à¨ ¯¥à¥¤ ç¥
á«®¦−ëå ï§ëª®¢ëå ä®à¬ ®−¨ âà¥¡ãîâ ¯à®áâ¥©è¨å á¨£− «®¢ (¬¥â®ª), ¢ë¤¥«ïîé¨å
ãç áâª¨ á¨−åà®−¨§¨à®¢ −−ëå ¯à®æ¥áá®¢. Œ¥âª¨ ¯à®é¥ áªàë¢ âì, ®−¨ ¬®£ãâ
¡ëâì á¤¥« −ë  ¡á®«îâ−® −¥¢¨¤¨¬ë¬¨. �¥¯à®â¨¢®à¥ç¨¢®áâì áªàëâëå ª − «®¢,
¯®à®¦¤¥−−ëå ¬¥âª ¬¨, á ¯à®â®ª®« ¬¨ ¯¥à¥¤ ç¨ ¤ −−ëå ¨ ¨á¯®«ì§®¢ −¨¥ íâ¨å
¯à®â®ª®«®¢ −¥ â®«ìª® ¢ ª ç¥áâ¢¥ −®á¨â¥«¥© áªàë¢ ¥¬®© ¨−ä®à¬ æ¨¨ ¯®§¢®«ï¥â
£®¢®à¨âì ® ¯à ªâ¨ç¥áª®© à¥ «¨§ã¥¬®áâ¨ â ª¨å áªàëâëå ª − «®¢. �¥áâ −¤ àâ− ï
ä®à¬  ®¯¨á −¨ï áªàëâëå ª − «®¢, ¯®à®¦¤¥−−ëå ¬¥âª ¬¨, âà¥¡ã¥â ¯®áâà®¥−¨ï
−®¢ëå ¬ â¥¬ â¨ç¥áª¨å ¬®¤¥«¥© áâ®©ª®áâ¨ ¨ ãáâ®©ç¨¢®áâ¨ â ª¨å áªàëâëå ª − «®¢.
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Abstract: The covert channels generated by tags are defined by separation in a
data stream of sections which lengths are the codes of hidden transmitted data.
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Separation of sections of data is carried out with the help of tags. It is simpler to
hide tags from detection, or it is possible to transfer them on other channel. In the
paper, such covert channels are described by a couple of synchronized processes.
The considered method of the hidden transmission allows to transfer large amount
of hidden information in case of minor changes in a legal data stream. Examples of
such covert channels are given. The correctness of coding and decoding of hidden
information in such channels is proved. Such covert channels can be used not
only for hidden information transfer, but also for integrity monitoring. Methods
of creation of proved invisible tags for such channels are found. Invisibility is
provided with cryptography methods. Implementation ability of the considered
methods is confirmed experimentally. The computer prototype for experiments
uses only the open software.

Keywords: covert channels; integrity monitoring; invisibility of the covert
channels; transfer protocols of datagrams
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ТОПОЛОГИЧЕСКАЯМОДЕЛЬ ИЗОБРАЖЕНИЙ
ОТПЕЧАТКОВ ПАЛЬЦЕВ

В.Ю. Гудков1, О. С. Ушмаев2

�−−®â æ¨ï: �à¥¤«®¦¥−  −®¢ ï ¬®¤¥«ì ¨§®¡à ¦¥−¨ï ®â¯¥ç âª  ¯ «ìæ , ¢ á®-
áâ ¢ ª®â®à®© ¢å®¤ïâ £¥®¬¥âà¨ç¥áª¨¥ ¨ â®¯®«®£¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ®ªà¥áâ-
−®áâ¥© ç áâ−ëå ¯à¨§− ª®¢. „«ï ¯®áâà®¥−¨ï ¬®¤¥«¨ ¨§®¡à ¦¥−¨ï ®â¯¥ç âª 
¯ «ìæ  ¢ ®ªà¥áâ−®áâ¨ ª ¦¤®£® ç áâ−®£® ¯à¨§− ª  | à §¢¥â¢«¥−¨ï ¨«¨ ®ª®−-
ç −¨ï ¯ ¯¨««ïà−®© «¨−¨¨ | ¨áá«¥¤ãîâáï â®¯®«®£¨ç¥áª¨¥ ®â−®è¥−¨ï ¬¥¦¤ã
íâ¨¬¨ ¯à¨§− ª ¬¨. �à¨¬¥à®¬ â®¯®«®£¨ç¥áª®£® ®â−®è¥−¨ï ï¢«ï¥âáï ä ªâ
à á¯®«®¦¥−¨ï ¤¢ãå ç áâ−ëå ¯à¨§− ª®¢ −  ®¤−®© ¯ ¯¨««ïà−®© «¨−¨¨. „«ï
ª ¦¤®£® ç áâ−®£® ¯à¨§− ª  áâà®¨âáï á¯¨á®ª â®¯®«®£¨ç¥áª¨å ®â−®è¥−¨©, ª
ª®â®à®¬ã ¤®¡ ¢«¥−ë ¬¥âà¨ç¥áª¨¥ ®â−®è¥−¨ï (à ááâ®ï−¨ï ¬¥¦¤ã ç áâ−ë¬¨
¯à¨§− ª ¬¨). „ «¥¥ ¯®«ãç¥−− ï ¬®¤¥«ì ¬®¦¥â ¯à¨¬¥−ïâìáï ¢ § ¤ ç å ¡¨®-
¬¥âà¨ç¥áª®© ¨¤¥−â¨ä¨ª æ¨¨. �ªá¯¥à¨¬¥−âë ¯®ª § «¨, çâ® ®¤−®¢à¥¬¥−−®¥
¨á¯®«ì§®¢ −¨¥ ¤«ï ¨¤¥−â¨ä¨ª æ¨¨ ¬¥âà¨ç¥áª¨å ¨ â®¯®«®£¨ç¥áª¨å ®â−®è¥-
−¨© áãé¥áâ¢¥−−® ã¢¥«¨ç¨¢ ¥â â®ç−®áâì ¨¤¥−â¨ä¨ª æ¨¨. �  ¡ § å FVC2004
®è¨¡ª  FNMR ¯à¨ FMR = 10−3 á®áâ ¢¨«  2%.

Š«îç¥¢ë¥ á«®¢ : â®¯®«®£¨ç¥áª¨¥ ¢¥ªâ®àë; á®¡ëâ¨ï; ¤«¨−  á¢ï§¨; ®â¯¥ç â®ª
¯ «ìæ ; ¨¤¥−â¨ä¨ª æ¨ï

DOI: 10.14357/08696527130202

1 Введение

�¡ëç−® ¨¤¥−â¨ä¨ª æ¨î ¤ ªâ¨«®áª®¯¨ç¥áª¨å ¨§®¡à ¦¥−¨© („ˆ) ¢ë¯®«−ïîâ,
áà ¢−¨¢ ï è ¡«®−ë, ¡ §¨á ª®â®àëå á®áâ ¢«ï¥â ®¯¨á −¨¥ ç áâ−ëå ¯à¨§− ª®¢ [1].
�−¨ ¬®£ãâ ¡ëâì ¤¥â¥ªâ¨à®¢ −ë ¯® á¥à®¬ã ¨§®¡à ¦¥−¨î, ®¤− ª® ¯à®áâëå ¬¥â®¤®¢
¤«ï íâ®£® ï¢−® −¥¤®áâ â®ç−® [2{4]. �®íâ®¬ã ¯à¨ ¯®áâà®¥−¨¨ è ¡«®−  ®¯¨à îâáï
−  áª¥«¥â, ¯®ª § −−ë© −  à¨á. 1, ª ª −  ä®à¬ «ì−ãî ª®−áâàãªæ¨î ¨§®¡à ¦¥-
−¨ï. ˜ ¡«®−ë, âï£®â¥îé¨¥ ª ª« áá¨ç¥áª®¬ã ¯®¤å®¤ã, ¤®¯®«−¨â¥«ì−® á− ¡¦ îâ
£à¥¡−¥¢ë¬ áç¥â®¬ [4]. ‚ − áâ®ïé¥¥ ¢à¥¬ï ¤«ï ¤®ª § â¥«ìáâ¢  ¨−¤¨¢¨¤ã «ì−®-
áâ¨ ã§®à  ¯à¨¬¥−ïîâ à §«¨ç−ë¥ ¬ â¥¬ â¨ç¥áª¨¥ ¬®¤¥«¨ [3]. Š ¦¤ ï ¨§ â ª¨å
¬®¤¥«¥© − æ¥«¥−  −  ¯®¢ëè¥−¨¥ â®ç−®áâ¨ ¨¤¥−â¨ä¨ª æ¨¨, ®¤− ª® −¥¨§¢¥áâ−® −¨
®¤−®© «ãçè¥©, á¢®¡®¤−®© ®â −¥¤®áâ âª®¢ ¬®¤¥«¨ [4].

1—¥«ï¡¨−áª¨© £®áã¤ àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, diana@sonda.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, oushmaev@ipiran.ru

22
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�¨á. 1 ‘ª¥«¥â ¨ ç áâ−ë¥ ¯à¨§− ª¨: 1 | ®ª®−ç −¨ï «¨−¨©; 2 | à §¢¥â¢«¥−¨ï «¨−¨©;
3 | ®ª®−ç −¨ï ¨ à §¢¥â¢«¥−¨ï, ¡«¨§ª® à á¯®«®¦¥−−ë¥ ª −¥¨−ä®à¬ â¨¢−®© ®¡« áâ¨
(á®¬−¨â¥«ì−ë¥)

Œ â¥¬ â¨ç¥áª ï ¬®¤¥«ì ¤®«¦−  á®¤¥à¦ âì −¥®¡å®¤¨¬®¥ ¨ ¤®áâ â®ç−®¥ ª®-
«¨ç¥áâ¢® ¯à¨§− ª®¢ ¤«ï ã¢¥à¥−−®£® à á¯®§− ¢ −¨ï ¨§®¡à ¦¥−¨© [2, 5]. ‚ ¤ ª-
â¨«®áª®¯¨¨ ¯®¤ íâ¨¬ ®¡ëç−® ¯®−¨¬ îâ ®¡é¨¥ ¯à¨§− ª¨, ç áâ−ë¥ ¯à¨§− ª¨ ¨
£à¥¡−¥¢ë© áç¥â ¬¥¦¤ã −¨¬¨ [3]. �¤− ª® £à¥¡−¥¢ë© áç¥â, ï¢«ïïáì ¬®àä®«®£¨ç¥-
áª®© ¬¥âà¨ª®©, −¥ ¢ë¤¥à¦¨¢ ¥â ªà¨â¨ª¨. „¥©áâ¢¨â¥«ì−®, ¢ á¨«ã ¯à¥¤¯¨á −−®£®
¯à ¢¨«  ¨§¬¥àïâì £à¥¡−¥¢ë© áç¥â ¢¤®«ì ¯àï¬®© ®â â®çª¨ ¤® â®çª¨ ®− −¥ á¢®¡®¤¥−
®â á«¥¤ãîé¨å −¥¤®áâ âª®¢ [4, 6{8]:

{ ¯à¨ ¬ãâ æ¨¨ ®ª®−ç −¨ï ¢ à §¢¥â¢«¥−¨¥ ¨«¨ à §¢¥â¢«¥−¨ï ¢ ®ª®−ç −¨¥ £à¥¡-
−¥¢ë© áç¥â ¬®¦¥â ¨§¬¥−¨âì §− ç¥−¨¥;

{ ¯à¨ ¨§¬¥à¥−¨¨ £à¥¡−¥¢®£® áç¥â  ¢¤®«ì ªà¨¢ëå «¨−¨© ¥£® §− ç¥−¨¥ −¥®¯à¥¤¥-
«¥−−®;

{ ¯à¨ á¬¥é¥−¨¨ ç áâ−ëå ¯à¨§− ª®¢ ¢¤®«ì «¨−¨© £à¥¡−¥¢ë© áç¥â ¬®¦¥â ¨§¬¥−¨âì
§− ç¥−¨¥;

{ ¥á«¨ ¯àï¬ ï, ¢¤®«ì ª®â®à®© ¨§¬¥àïîâ £à¥¡−¥¢ë© áç¥â, ¯à®å®¤¨â ¢¡«¨§¨
¤àã£®£® ç áâ−®£® ¯à¨§− ª , â® §− ç¥−¨¥ £à¥¡−¥¢®£® áç¥â  −¥®¤−®§− ç−®;

{ ¬−®¦¥áâ¢® ç áâ−ëå ¯à¨§− ª®¢, ¤® ª®â®àëå ¨§¬¥àïîâ £à¥¡−¥¢ë© áç¥â ¤«ï
¤ −−®£® ç áâ−®£® ¯à¨§− ª , ãá«®¢−® ®£à −¨ç¥−®.

‚ ãá«®¢¨ïå ¯®¬¥å ¨ ®¯¥à æ¨®−−®© −¥®¯à¥¤¥«¥−−®áâ¨ íâ® ¯à¨¢®¤¨â ª ã¢¥«¨-
ç¥−¨î ®è¨¡®ª ¨¤¥−â¨ä¨ª æ¨¨ ¨ á−¨¦¥−¨î ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¡¨®¬¥âà¨ç¥áª¨å
á¨áâ¥¬ [9].
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�¥à¢ ï ¯®¯ëâª  ¯à¥®¤®«¥−¨ï ãª § −−ëå −¥¤®áâ âª®¢ −  ®á−®¢¥ ¯¥à¥å®¤ 
®â ¬®àä®«®£¨ç¥áª¨å ª â®¯®«®£¨ç¥áª¨¬ å à ªâ¥à¨áâ¨ª ¬ „ˆ ¨§«®¦¥−  ¢ [6{
8]. ‚ ¤ −−®© áâ âì¥ ¯à¥¤« £ ¥âáï à §¢¨â¨¥ â®¯®«®£¨ç¥áª®£® ¯®¤å®¤  −  ®á−®¢¥
è ¡«®−  ¨§®¡à ¦¥−¨ï ¢ ¢¨¤¥ ®â®¡à ¦¥−¨ï

• :
{
F
(m)
0

}
→ {Lm, Ls, Lv} , (1)

£¤¥ F (m)0 =
[
f
(m)
0 (x, y)

]
| áª¥«¥â „ˆ; Lm | á¯¨á®ª ç áâ−ëå ¯à¨§− ª®¢; Ls |

á¯¨á®ª ®¡é¨å ¯à¨§− ª®¢; Lv | á¯¨á®ª â®¯®«®£¨ç¥áª¨å ¢¥ªâ®à®¢ ¤«ï ç áâ−ëå
¯à¨§− ª®¢, á− ¡¦¥−−ë© ¤«¨− ¬¨ ®âà¥§ª®¢ ¯ ¯¨««ïà−ëå «¨−¨©.

2 Шаблон изображения

‚ à ¡®â¥ è ¡«®− „ˆ ¯® (1) ¯à¥¤áâ ¢«ï¥âáï ¬−®¦¥áâ¢®¬ ¨§ âà¥å á¯¨áª®¢
¤ −−ëå. � áá¬®âà¨¬ íâ¨ á¯¨áª¨ ¯® ¯®àï¤ªã.

2.1 Список частных признаков

‘¯¨á®ª ®ª®−ç −¨© ¨ à §¢¥â¢«¥−¨© Lm − å®¤ïâ ¢ ¢¨¤¥

Lm = {Mi = {(xi, yi), αi, ti, si, vi, θi, pi, hi} |i ∈ 1, . . . , n1} , (2)

£¤¥ Mi | ç áâ−ë© ¯à¨§− ª; |Lm| = n1 | ¬®é−®áâì á¯¨áª ; i | ¨−¤¥ªá ç áâ−®£®
¯à¨§− ª ; (xi, yi), αi, ti, si, vi, θi, pi ¨ ji | á®®â¢¥âáâ¢¥−−® ª®®à¤¨− âë,
− ¯à ¢«¥−¨¥, â¨¯, ¬¥âª  á®¬−¨â¥«ì−®áâ¨, ¢¥«¨ç¨−  ¨ − ¯à ¢«¥−¨¥ ªà¨¢¨§−ë,
¢¥à®ïâ−®áâì ¨ ¯«®â−®áâì «¨−¨© ¢ ®ªà¥áâ−®áâ¨ ç áâ−®£® ¯à¨§− ª . — áâ−ë¥
¯à¨§− ª¨ ¤¥â¥ªâ¨àãîâ ¢ ¨−ä®à¬ â¨¢−®© ®¡« áâ¨ ¨§®¡à ¦¥−¨ï [1], ª®â®à ï − 
à¨á. 1 § â¥¬−¥− .

Š®®à¤¨− âë (xi, yi) ç áâ−®£® ¯à¨§− ª  Mi § ¤ îâ ª®®à¤¨− â ¬¨ ¢¥àè¨−ë
áª¥«¥â  [4]. � ¯à ¢«¥−¨¥ αi ª ª ã£®« ®¯à¥¤¥«ïîâ ¯à®áâ®© æ¥¯ìî ¢¥àè¨− áª¥«¥â 
¤«ï ®ª®−ç −¨ï ¨ âà¥¬ï ¯à®áâë¬¨ æ¥¯ï¬¨ ¤«ï à §¢¥â¢«¥−¨ï [1]. ’¨¯ ti ∈ {0, 1}
á®®â¢¥âáâ¢ã¥â ¢ «¥−â−®áâ¨ ¢¥àè¨−ë áª¥«¥â  ª ª ¢¥àè¨−ë £à ä  [10], £¤¥ 0 |
à §¢¥â¢«¥−¨¥,   1 | ®ª®−ç −¨¥. Š®®à¤¨− âë (xi, yi), − ¯à ¢«¥−¨¥ αi ¨ â¨¯ ti
ï¢«ïîâáï ®á−®¢−ë¬¨ ¯ à ¬¥âà ¬¨ Mi ¯à¨ ¨¤¥−â¨ä¨ª æ¨¨ „ˆ [3, 4].

Œ¥âªã á®¬−¨â¥«ì−®áâ¨ si ∈ {0, 1} ®¯à¥¤¥«ïîâ ¡«¨§®áâìî ç áâ−®£® ¯à¨§− ª 
ª −¥¨−ä®à¬ â¨¢−ë¬ ®¡« áâï¬ (ä®−ã), ¯à¨ç¥¬ 1 ®§− ç ¥â á®¬−¨â¥«ì−®áâì. � 
£à −¨æ¥ ¨−ä®à¬ â¨¢−ëå ®¡« áâ¥© ç áâ−ë¥ ¯à¨§− ª¨ −¥ ¤¥â¥ªâ¨àãîâ. ‚¥«¨ç¨−ã vi

¨ − ¯à ¢«¥−¨¥ θi ªà¨¢¨§−ë ®¯à¥¤¥«ïîâ ¯® ¨§¬¥−¥−¨î − ¯à ¢«¥−¨© «¨−¨© ¢
−¥ª®â®à®© ®ªà¥áâ−®áâ¨ ε ç áâ−®£® ¯à¨§− ª  Mi [4]. ‚¥à®ïâ−®áâì pi à ááç¨âë¢ îâ
ª ª ®â−®è¥−¨¥ áà¥¤−¥© ¢¥«¨ç¨−ë ®æ¥−®ª ª ç¥áâ¢  ¨§®¡à ¦¥−¨ï ¢ ®ªà¥áâ−®áâ¨ ε ª
− ¨«ãçè¥© ®æ¥−ª¥ ª ç¥áâ¢  ¢ ¨−ä®à¬ â¨¢−®© ®¡« áâ¨ „ˆ [1]. �«®â−®áâì «¨−¨©hi

à ááç¨âë¢ îâ ª ª áà¥¤−¥¥ ª®«¨ç¥áâ¢® «¨−¨©, ã¬¥é îé¨åáï ¢ ®ªà¥áâ−®áâ¨ ε − 
¯àï¬®©, ¯à®¢¥¤¥−−®© ¯¥à¯¥−¤¨ªã«ïà−® «¨−¨ï¬ [4].
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2.2 Список общих признаков

‘¯¨á®ª ¯¥â¥«ì, ¤¥«ìâ ¨ § ¢¨âª®¢ Ls − å®¤ïâ ¢ ¢¨¤¥

Ls = {Si = {(xi, yi), αi, ti, si, pi, hi} |i ∈ 1, . . . , n2} ,
£¤¥ Si | ®¡é¨© ¯à¨§− ª; |Ls| = n2 | ¬®é−®áâì á¯¨áª ; i | ¨−¤¥ªá ®¡é¥£®
¯à¨§− ª ; (xi, yi), αi, ti, si, pi ¨ hi | ª®®à¤¨− âë, − ¯à ¢«¥−¨¥, â¨¯, ¬¥âª 
á®¬−¨â¥«ì−®áâ¨, ¢¥à®ïâ−®áâì ¨ ¯«®â−®áâì «¨−¨© ¢ ®ªà¥áâ−®áâ¨ ®¡é¥£® ¯à¨§− ª .
‚¥«¨ç¨−  ¨ − ¯à ¢«¥−¨¥ ªà¨¢¨§−ë ¤«ï ®¡é¥£® ¯à¨§− ª  â¥àïîâ á¬ëá« ¨ −¥
¨á¯®«ì§ãîâáï. ‚ æ¥«®¬ á¯¨á®ª Ls ¯®¤®¡¥− á¯¨áªã Lm ¯® (2).

Š®®à¤¨− âë (xi, yi) ®¡é¥£® ¯à¨§− ª  Si ®¯à¥¤¥«ïîâ ª®®à¤¨− â ¬¨ æ¥−âà 
ä¨£ãà (®ªàã¦−®áâì, ¯¥â«ï ¨ ¤¥«ìâ ), ¢¯¨á −−ëå ¢ á®®â¢¥âáâ¢ãîéãî ®¡« áâì
¨§®¡à ¦¥−¨ï. � ¯à ¢«¥−¨¥ αi ∈ Si ®¯à¥¤¥«ïîâ ¯à®á«¥¦¨¢ −¨¥¬ å®¤  «¨−¨©,  
â¨¯ ti ∈ {sw, sl, sd} ®¯à¥¤¥«ïîâ ¯® å à ªâ¥àã ¨§£¨¡  «¨−¨©, £¤¥ sw | § ¢¨â®ª,
sl | ¯¥â«ï, sd | ¤¥«ìâ  [1]. Š®®à¤¨− âë (xi, yi), − ¯à ¢«¥−¨¥ αi ¨ â¨¯ ti
ï¢«ïîâáï ®á−®¢−ë¬¨ ¯ à ¬¥âà ¬¨ Si ¯à¨ ¨¤¥−â¨ä¨ª æ¨¨ „ˆ [4].

Œ¥âªã á®¬−¨â¥«ì−®áâ¨ si ∈ {0, 1} ®¯à¥¤¥«ïîâ ª ª ¢¥à®ïâ−®áâì pi, ¬¥−ìèãî
§ ¤ −−®© ¢¥«¨ç¨−ë, ¯à¨ç¥¬ 1 ®§− ç ¥â á®¬−¨â¥«ì−®áâì. ‚¥à®ïâ−®áâì pi ¨
¯«®â−®áâì «¨−¨© hi à ááç¨âë¢ îâ  − «®£¨ç−® (2), −® ®ªà¥áâ−®áâì ε ¢ë¡¨à îâ
§− ç¨â¥«ì−® ¡®«ìè¥£® à §¬¥à .

2.3 Список топологических векторов

�â®â á¯¨á®ª Lv ¢ëç¨á«ïîâ −  ®á−®¢¥ á¯¨áª  ç áâ−ëå ¯à¨§− ª®¢ Lm, á«®ï
áª¥«¥â  F (m)0 ¨ ¤àã£¨å ¬ âà¨æ [1], í«¥¬¥−âë ª®â®àëå ®â®¡à ¦ îâ «®ª «ì−ë¥
á¢®©áâ¢  „ˆ.

„«ï ª ¦¤®£® ç áâ−®£® ¯à¨§− ª  Mi á¨−â¥§¨àãîâ ®¤¨− â®¯®«®£¨ç¥áª¨© ¢¥ª-
â®à Vi. Œ−®¦¥áâ¢® ¢á¥å â®¯®«®£¨ç¥áª¨å ¢¥ªâ®à®¢ § ¯¨áë¢ îâ ¢ ¢¨¤¥

Lv = {Vi = {ej , lj , nj} |i ∈ 1, . . . , n1, j ∈ 1, . . . ,mt} , (3)

£¤¥ Vi | â®¯®«®£¨ç¥áª¨© ¢¥ªâ®à ¤«ï Mi; |Lv| = |Lm| = n1 | ¬®é−®áâì á¯¨áª ;
i| ¨−¤¥ªá â®¯®«®£¨ç¥áª®£® ¢¥ªâ®à , á®¢¯ ¤ îé¨© á ¨−¤¥ªá®¬ ç áâ−®£® ¯à¨§− ª ;
j | −®¬¥à á¢ï§¨ ¢ â®¯®«®£¨ç¥áª®¬ ¢¥ªâ®à¥; ej | á®¡ëâ¨¥,   lj | ¤«¨−  á¢ï§¨,
áä®à¬¨à®¢ −− ï ç áâ−ë¬ ¯à¨§− ª®¬ á −®¬¥à®¬ nj; mt | ª®«¨ç¥áâ¢® á¢ï§¥©,
§ ¢¨áïé¥¥ ®â â¨¯  ç áâ−®£® ¯à¨§− ª  ti.

�¯¨è¥¬ ¯à®æ¥¤ãàã ¯®áâà®¥−¨ï â®¯®«®£¨ç¥áª¨å ¢¥ªâ®à®¢.
‚ ®¡« áâ¨ ïá−®£® „ˆ ¢ë¤¥«ïîâ «¨−¨¨ ¨ ä®à¬¨àãîâ áâ¨«¨§®¢ −−®¥ ¨§®¡à -

¦¥−¨¥ ¢ ¢¨¤¥ áª¥«¥â . �® áª¥«¥âã ¤¥â¥ªâ¨àãîâ ¤¢  â¨¯  ç áâ−ëå ¯à¨§− ª®¢:
®ª®−ç −¨ï ¨ à §¢¥â¢«¥−¨ï [4]. �  à¨á. 1 ¯®ª § −ë − ¯à ¢«¥−¨ï ç áâ−ëå ¯à¨-
§− ª®¢. � ¯à ¢«¥−¨¥ ª ª ã£®« ãª §ë¢ ¥â ¢ ®¡« áâì ã¢¥«¨ç¥−¨ï ç¨á«  «¨−¨©.
�−® ¯ à ««¥«ì−® ª á â¥«ì−®© ª ¯ ¯¨««ïà−®© «¨−¨¨ ¢ ¬ «®© ®ªà¥áâ−®áâ¨ ç áâ−®£®
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¯à¨§− ª Mi. Š ¦¤ë© ç áâ−ë© ¯à¨§− ª −ã¬¥àãîâ ¨ ®¯¨áë¢ îâ ¯® (2): ª®®à¤¨− -
â ¬¨, − ¯à ¢«¥−¨¥¬, â¨¯®¬, ¬¥âª®© á®¬−¨â¥«ì−®áâ¨, ¢¥«¨ç¨−®© ¨ − ¯à ¢«¥−¨¥¬
ªà¨¢¨§−ë, ¢¥à®ïâ−®áâìî ¨ ¯«®â−®áâìî «¨−¨© ¢ ®ªà¥áâ−®áâ¨ ε ç áâ−®£® ¯à¨§− ª .
‡ â¥¬ ®â ª ¦¤®£® ç áâ−®£® ¯à¨§− ª  ä¨ªá¨àãîâ ¤¢¥ ¯à®¥ªæ¨¨: ¢¯à ¢® ¨ ¢«¥¢®
¯¥à¯¥−¤¨ªã«ïà−® − ¯à ¢«¥−¨î ç áâ−®-

�¨á. 2 �à®¥ªæ¨¨ ®â ®ª®−ç −¨ï ¨ à §¢¥â-
¢«¥−¨ï

£® ¯à¨§− ª  −  á¬¥¦−ë¥ áª¥«¥â−ë¥ «¨-
−¨¨. �  à¨á. 2 ¯à®¥ªæ¨¨ ¯®ª § −ë
¯ã−ªâ¨à®¬,   ¤¢¥ á®®â¢¥âáâ¢ãîé¨¥ ¢¥à-
è¨−ë áª¥«¥â  −  «¨−¨ïå 1 ¨ 2 § ªà -
è¨¢ îâáï úæ¢¥â®¬ ¯à®¥ªæ¨¨û.

‚ë¡¥à¥¬ ®¤¨− ç áâ−ë© ¯à¨§− ª Mi

¨ ¯à®¢¥¤¥¬ ç¥à¥§ ª®®à¤¨− âë (xi, yi)
¢¯à ¢® ¨ ¢«¥¢® á¥ç¥−¨¥ −  £«ã¡¨−ã −¥-
áª®«ìª¨å «¨−¨© m ¯¥à¯¥−¤¨ªã«ïà−® ª á â¥«ì−ë¬ ª ¯¥à¥á¥ª ¥¬ë¬ «¨−¨ï¬ ¨
¯à®−ã¬¥àã¥¬ ¯® á¯¨à «¨, à §¢®à ç¨¢ îé¥©áï ¯® ç á®¢®© áâà¥«ª¥, à áá¥ç¥−−ë¥
«¨−¨¨, ª®â®àë¥ − §®¢¥¬ á¢ï§ï¬¨. ‘¥ç¥−¨¥ ¯à®å®¤¨â, ®âá«¥¦¨¢ ï − ¯à ¢«¥−¨¥
ªà¨¢¨§−ë «¨−¨© [1]. ƒ«ã¡¨−  á¥ç¥−¨ï m ®¡ëç−® ¢ àì¨àã¥âáï ®â ®¤−®© ¤® ¢®áì¬¨
«¨−¨© ¢¯à ¢® ¨ â ª ¦¥ ¢«¥¢®. �¤−  «¨−¨ï ¢ á¥ç¥−¨¨ ®¡à §ã¥â ¤¢¥ á¢ï§¨. —¨á«®
á¢ï§¥© ¢ â®¯®«®£¨ç¥áª®¬ ¢¥ªâ®à¥ à ááç¨âë¢ ¥âáï ¯® ä®à¬ã«¥:

mt =

{
4m+ 1 , ¥á«¨ ti ∈ {1} | ®ª®−ç −¨¥ ;
4m+ 3 , ¥á«¨ ti ∈ {0} | à §¢¥â¢«¥−¨¥ .

(4)

’®¯®«®£¨ç¥áª¨© ¢¥ªâ®à ®¯à¥¤¥«ïîâ ¯® á¥ç¥−¨î ¬¥â®¤®¬ á«¥¦¥−¨ï §  å®¤®¬
ª ¦¤®© á¢ï§¨ ®â á¥ç¥−¨ï ¤® ¢áâà¥ç¨ á ¤àã£¨¬ ç áâ−ë¬ ¯à¨§− ª®¬, à á¯®«®¦¥−−ë¬
−  á¢ï§¨, ¨«¨ á ¯à®¥ªæ¨¥© ®â −¥£® −  á¢ï§¨. �à¨ íâ®¬ −  á¢ï§ïå ¤¥â¥ªâ¨àãîâ
á®¡ëâ¨ï, ¯®ª § −−ë¥ −  à¨á. 3. Š ¦¤®¬ã á®¡ëâ¨î á®®â¢¥âáâ¢ã¥â ã−¨ª «ì−ë©
¤¢®¨ç−ë© ª®¤.

‘ á®¡ëâ¨¥¬ ª ª ¤¢®¨ç−ë¬ ç¨á«®¬, ¤¥â¥ªâ¨à®¢ −−ë¬ −  á¢ï§¨,  áá®æ¨¨àãîâ
−®¬¥à ç áâ−®£® ¯à¨§− ª , ¨−¨æ¨¨àãîé¥£® íâ® á®¡ëâ¨¥. ‘®¡ëâ¨¥ ¯à¨¢ï§ −® ª
−®¬¥àã á¢ï§¨. „«ï á®¡ëâ¨© 0000 ¨ 1100 −®¬¥à  ç áâ−ëå ¯à¨§− ª®¢ ®âáãâáâ¢ã-
îâ. �ã¬¥à®¢ −−ë© − ¡®à á¢ï§¥© á § ¤ −−ë¬¨ á®¡ëâ¨ï¬¨ ¨ −®¬¥à ¬¨ ç áâ−ëå
¯à¨§− ª®¢ ¥áâì ¡ §®¢ë© â®¯®«®£¨ç¥áª¨© ¢¥ªâ®à (íª®−®¬−ë©). ‘®¡ëâ¨¥ ¨ −®¬¥à
ç áâ−®£® ¯à¨§− ª  ®¡à §ãîâ ã¯®àï¤®ç¥−−ãî ¯ àã. ‘®¡ëâ¨¥ ¬®¦¥â ¡ëâì ¤®¯®«-
−¥−® ¤«¨−®© á¢ï§¨ ®â á¥ç¥−¨ï ¤® ¯®§¨æ¨¨, ¢ ª®â®à®© ¤¥â¥ªâ¨àã¥âáï íâ® á®¡ëâ¨¥.
’ ª ä®à¬¨àã¥âáï à áè¨à¥−−ë© â®¯®«®£¨ç¥áª¨© ¢¥ªâ®à. ‘®¡ëâ¨¥, −®¬¥à ç áâ-
−®£® ¯à¨§− ª  ¨ ¤«¨−  á¢ï§¨ ®¡à §ãîâ ã¯®àï¤®ç¥−−ãî âà®©ªã. „«ï á®¡ëâ¨©
0000 ¨ 1100 ¤«¨−ë á¢ï§¥© ®¯¨áë¢ îâ ¨−ä®à¬ â¨¢−ë¥ ®¡« áâ¨, á¢®¡®¤−ë¥ ®â
ç áâ−ëå ¯à¨§− ª®¢. �à¨ íâ®¬ ¤«¨−ë á¢ï§¥©, ®¡àë¢ îé¨åáï −  ªà î ®â¯¥ç âª ,
ãáâ®©ç¨¢ë ¢ â®¬ á¬ëá«¥, çâ® −¥ ãª®à ç¨¢ îâáï ¯à¨ ¯®«−®© ¯à®ª âª¥ ¯ «ìæ .

Œ¥áâ®¯®«®¦¥−¨¥ ¡¨â  ¢ ¤¢®¨ç−®¬ ç¨á«¥ ®¯à¥¤¥«ï¥â â¨¯ ç áâ−®£® ¯à¨§− ª ,
¥£® − ¯à ¢«¥−¨¥ ¯® ®â−®è¥−¨î ª − ¯à ¢«¥−¨î å®¤  á¢ï§¨, ¥£® ¬¥áâ®¯®«®¦¥−¨¥
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�¨á. 3 ‘®¡ëâ¨ï, ¤¥â¥ªâ¨àã¥¬ë¥ −  á¢ï§¨

¯® ®â−®è¥−¨î ª á¢ï§¨ ¨ ¤à. (á¬. à¨á. 3). ‘®¡ëâ¨ï ¯®§¢®«ïîâ ®¯¥à â¨¢−® á®¯®áâ -
¢¨âì (¯à®áâë¬¨ ª®¬¯ìîâ¥à−ë¬¨ ®¯¥à æ¨ï¬¨) ¢ ¦−ãî ¤¥â «ì−ãî ¨−ä®à¬ æ¨î,
−¥®¡å®¤¨¬ãî ¤«ï áª®à®áâ−®© ¨ − ¤¥¦−®© ¨¤¥−â¨ä¨ª æ¨¨ ã§®à .

�  à¨á. 4 ¨ 5 á¥ç¥−¨ï, ª®â®àë¥ à §à¥§ îâ «¨−¨¨ −  á¢ï§¨, ¯à®−ã¬¥à®¢ −-
−ë¥ ¯® á¯¨à «¨, à §¢®à ç¨¢ îé¥©áï ¯® ç á®¢®© áâà¥«ª¥, ¯®ª § −ë ¯ã−ªâ¨à®¬.
„«¨−ë á¢ï§¥©, á®®â¢¥âáâ¢ãîé¨¥ á¥ç¥−¨ï¬, ¢ â ¡«. 1 ¨ 2 ãá«®¢−® ¯à¥¤áâ ¢«¥−ë
á¨¬¢®« ¬¨.

�à¨ ¬ãâ æ¨ïå ç áâ−®£® ¯à¨§− ª  ®ª®−ç −¨¥ § ¬ëª ¥âáï ¢ à §¢¥â¢«¥−¨¥,  
à §¢¥â¢«¥−¨¥ à §àë¢ ¥âáï ¢ ®ª®−ç −¨¥. ‚á«¥¤áâ¢¨¥ ¬ãâ æ¨© á¢ï§¨ ¯¥à¥−ã¬¥-
à®¢ë¢ îâáï, −® ¨å á®¤¥à¦ −¨¥ á®åà −ï¥âáï. ’ ª, ®ª®−ç −¨¥ −  à¨á. 4 ¯®á«¥
¬ãâ æ¨¨ ¢ à §¢¥â¢«¥−¨¥ ¯à¨®¡à¥â ¥â â®¯®«®£¨ç¥áªãî áâàãªâãàã, ¯®ª § −−ãî − 
à¨á. 5. �¥á«®¦−® á¨−â¥§¨à®¢ âì § ª®− ¯¥à¥−ã¬¥à æ¨¨ á¢ï§¥© ¤«ï á®®â¢¥âáâ¢ã-
îé¥© ¬ãâ æ¨¨ ç áâ−®£® ¯à¨§− ª . ’ ª, ¨§ â ¡«. 1 ¨ 2 ¢¨¤−®, çâ® âà¥âìï á¢ï§ì
¤«ï ®ª®−ç −¨ï ¯¥à¥−ã¬¥à®¢ −  ¢ −ã«¥¢ãî á¢ï§ì ¤«ï à §¢¥â¢«¥−¨ï ¡¥§ ¨§¬¥−¥−¨ï
á®¤¥à¦ −¨ï, −ã«¥¢ ï | ¢® ¢â®àãî ¨ â. ¤.

‘¨−â¥§ â®¯®«®£¨ç¥áª®£® ¢¥ªâ®à  ¢ë¯®«−ïîâ ¤«ï ª ¦¤®£® ç áâ−®£® ¯à¨§− ª ,
  ¯®á«¥¤®¢ â¥«ì−®áâì ¤¥©áâ¢¨© | ¢ ¨−ä®à¬ â¨¢−®© ®¡« áâ¨, £¤¥ ¯à®á«¥¦¨¢ îâ
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�¨á. 4 ‘¥ç¥−¨¥ ¤«ï ®ª®−ç −¨ï �¨á. 5 ‘¥ç¥−¨¥ ¤«ï à §¢¥â¢«¥−¨ï

’ ¡«¨æ  1 ‚¥ªâ®à ¤«ï ®ª®−ç −¨ï

�®¬¥à
á¢ï§¨ ‘®¡ëâ¨¥ ˆ−¤¥ªá

„«¨− 
á¢ï§¨

0 1110 22 l0
1 0001 21 l1
2 1110 23 l2
3 1001 24 l3
4 1111 22 l4
5 0011 21 l5
6 1111 23 l6
7 1010 24 l7
8 0010 25 l8
9 0010 21 l9

10 1010 20 l10
11 1010 26 l11
12 0011 25 l12
13 0000 | |
14 1001 20 l14
15 1111 27 l15
16 0001 25 l16

’ ¡«¨æ  2 ‚¥ªâ®à ¤«ï à §¢¥â¢«¥−¨ï

�®¬¥à
á¢ï§¨ ‘®¡ëâ¨¥ ˆ−¤¥ªá

„«¨− 
á¢ï§¨

0 1001 24 l0
1 1111 22 l1
2 1110 22 l2
3 0001 21 l3
4 1110 23 l4
5 1010 24 l5
6 0010 25 l6
7 0011 21 l7
8 1111 23 l8
9 1010 26 l9

10 0011 25 l10
11 0010 21 l11
12 1010 20 l12
13 1111 27 l13
14 0001 25 l14
15 0000 | |
16 1001 20 l16
17 1100 | |
18 1100 | |
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å®¤ á¢ï§¨. �ç¥¢¨¤−®, çâ® −¥®¡å®¤¨¬  á¥£¬¥−â æ¨ï ã§®à  −  ¨−ä®à¬ â¨¢−ë¥ ¨
−¥¨−ä®à¬ â¨¢−ë¥ ®¡« áâ¨.

�  íâ®¬ á¨−â¥§ á¯¨áª  â®¯®«®£¨ç¥áª¨å ¢¥ªâ®à®¢ § ¢¥àè îâ.
	 §®¢ë© â®¯®«®£¨ç¥áª¨© ¢¥ªâ®à ¨−¢ à¨ −â¥− ª ¯®¢®à®âã ¨ ¯¥à¥−®áã „ˆ, ¬ á-

èâ ¡−®¬ã ¯à¥®¡à §®¢ −¨î „ˆ, «¨−¥©−ë¬ ¨ −¥«¨−¥©−ë¬ ¤¥ä®à¬ æ¨ï¬ „ˆ [1, 6].
� áè¨à¥−−ë© â®¯®«®£¨ç¥áª¨© ¢¥ªâ®à ®âà ¦ ¥â ¬®àä®«®£¨ç¥áª¨¥ á¢®©áâ¢  ã§®à 
¨ â¥àï¥â úâ®¯®«®£¨ç¥áªãî ç¨áâ®âãû. …á«¨ −¥ ãç¨âë¢ âì −¥á®¢¥àè¥−áâ¢® ¬¥â®¤®¢
à á¯®§− ¢ −¨ï, â® ¨§¬¥−¨âì á®¤¥à¦ −¨¥ ¡ §®¢®£® â®¯®«®£¨ç¥áª®£® ¢¥ªâ®à  ¬®£ãâ
â®«ìª® ¤¥ä¥ªâë ¨§®¡à ¦¥−¨ï.

�  à¨á. 4 ¢ á¥ç¥−¨¨ ¤«ï ®ª®−ç −¨ï 19 ¯à®−ã¬¥à®¢ −ë á¢ï§¨ 0{16,   á®®â-
¢¥âáâ¢ãîé¨© â®¯®«®£¨ç¥áª¨© ¢¥ªâ®à ¯à¥¤áâ ¢«¥− ¢ â ¡«. 1. �ã¬¥à æ¨ï á¢ï§¥©
− ç¨− ¥âáï á «¨−¨¨, −  ª®â®à®© «¥¦¨â ®ª®−ç −¨¥ (á¢ï§ì ü 0 −  à¨á. 4). �à¨
£«ã¡¨−¥ á¥ç¥−¨ïm = 4 ¤«ï ®ª®−ç −¨ï ä®à¬¨àã¥âáï á¥¬− ¤æ âì á¢ï§¥©: mt = 17.
�  à¨á. 5 ¢ á¥ç¥−¨¨ ¤«ï à §¢¥â¢«¥−¨ï 19 ¯à®−ã¬¥à®¢ −ë á¢ï§¨ 0{18,   á®®â-
¢¥âáâ¢ãîé¨© â®¯®«®£¨ç¥áª¨© ¢¥ªâ®à ¯à¥¤áâ ¢«¥− ¢ â ¡«. 2. �ã¬¥à æ¨ï á¢ï§¥©
− ç¨− ¥âáï á «¨−¨¨, ª®â®à ï à áé¥¯«ï¥âáï −  ¤¢¥ ¤àã£¨¥ «¨−¨¨ (á¢ï§ì ü 0 − 
à¨á. 5). �à¨ £«ã¡¨−¥ á¥ç¥−¨ïm = 4 ¤«ï à §¢¥â¢«¥−¨ï ä®à¬¨àã¥âáï ¤¥¢ïâ− ¤æ âì
á¢ï§¥© mt = 19 á®£« á−® (4).

„«¨−ë á¢ï§¥© ¬®£ãâ ¢ àì¨à®¢ âìáï ¢ ®ç¥−ì è¨à®ª¨å ¯à¥¤¥« å: ®â 5 ¤®
300 ¯¨ªá¥«®¢. ’ ª®¥ à §−®®¡à §¨¥ ¤«¨− á¢ï§¥© ®¡¥á¯¥ç¨¢ ¥â ¢ëá®ªãî ¨§¡¨à -
â¥«ì−®áâì  «£®à¨â¬  ¨¤¥−â¨ä¨ª æ¨¨, −® ¨å ¯à¥¤áâ ¢«¥−¨¥ ¢ è ¡«®−¥ âà¥¡ã¥â
−¥¤®¯ãáâ¨¬® ¬−®£® ¯ ¬ïâ¨. Š®¬¯à®¬¨áá−ë¬ ¢ à¨ −â®¬ á«ã¦¨â ¢ëç¨á«¥−¨¥ ¤«¨−
á¢ï§¥© ¯® ¬®¤ã«î lj = ljmodL, £¤¥ §− ç¥−¨¥ L ¢ë¡¨à ¥âáï ¨§ á®®¡à ¦¥−¨©
á¡ « −á¨à®¢ −−®© ª®¬¯ ªâ−®áâ¨ è ¡«®−  ¨ ¨§¡¨à â¥«ì−®áâ¨  «£®à¨â¬ .

�à¥¤« £ ¥¬ë© ¡ §®¢ë© â®¯®«®£¨ç¥áª¨© ¢¥ªâ®à à §¢¨¢ ¥â à ¡®âã  ¬¥à¨ª −-
áª®£® ¨§®¡à¥â â¥«ï Sparrow [6{8], ¯¥à¢ë¬ − ¬¥â¨¢è¥£® ãª § −−ë© ¯®¤å®¤. �à®-
áâ®¥ á®¯®áâ ¢«¥−¨¥ ¯ã¡«¨ª æ¨© Sparrow á ¯à¥¤« £ ¥¬®© ¬®¤¥«ìî ¢ëï¢«ï¥â á«¥-
¤ãîé¨¥ ¯à¥¨¬ãé¥áâ¢  â®¯®«®£¨ç¥áª¨å ¢¥ªâ®à®¢ ¯® (3):

{ á¯¨à «¥¢¨¤−ë© á¯®á®¡ −ã¬¥à æ¨¨ ¯®§¢®«ï¥â á®åà −¨âì ¬®−®â®−−®áâì à®áâ 
−®¬¥à®¢ á¢ï§¥© ¯à¨ ¯à®¨§¢®«ì−®¬ ¨§¬¥−¥−¨¨ £«ã¡¨−ë á¥ç¥−¨ï m;

{ ¢−ãâà¥−−¨¥ á¢ï§¨ á −®¬¥à®¬ j ∈ 0, . . . , 4 ãç áâ¢ãîâ ¢ ä®à¬¨à®¢ −¨¨ â®-
¯®«®£¨ç¥áª®£® ¢¥ªâ®à , çâ® ¯®§¢®«ï¥â á¨−â¥§¨à®¢ âì ®¤−®§− ç−ë¥ ¯à ¢¨« 
¯¥à¥−ã¬¥à æ¨¨ á¢ï§¥© ¯à¨ à §«¨ç−ëå ¬ãâ æ¨ïå ç áâ−ëå ¯à¨§− ª®¢;

{ á¥ç¥−¨¥ ®âá«¥¦¨¢ ¥â − ¯à ¢«¥−¨ï ªà¨¢¨§−ë ã§®à , çâ® ¯®¢ëè ¥â ãáâ®©ç¨-
¢®áâì â®¯®«®£¨ç¥áª®£® ¢¥ªâ®à  ¯à¨ −¥«¨−¥©−ëå ¤¥ä®à¬ æ¨ïå ã§®à ;

{ á®¡ëâ¨ï ¯à¥¤áâ ¢«¥−ë − ¨¡®«¥¥ ¯®«−® §  áç¥â ¨á¯®«ì§®¢ −¨ï ¯à®¥ªæ¨©;

{ ¯®«−®â  á®¡ëâ¨© ¯®§¢®«ï¥â ®¤−®§− ç−® ®¯à¥¤¥«¨âì á®áâ ¢ ¬−®¦¥áâ¢  ç áâ−ëå
¯à¨§− ª®¢, ®âà ¦¥−−ëå ¢ â®¯®«®£¨ç¥áª®¬ ¢¥ªâ®à¥ ¨ ®¯à¥¤¥«ï¥¬ëå áâàãªâã-
à®© ¨§®¡à ¦¥−¨ï,   −¥ ãá«®¢−ë¬¨ £¥®¬¥âà¨ç¥áª¨¬¨ å à ªâ¥à¨áâ¨ª ¬¨;
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{ ç¨á«®¢ ï å à ªâ¥à¨áâ¨ª  á®¡ëâ¨ï −¥ § ¢¨á¨â ®â ¤¥ä®à¬ æ¨© ¨§®¡à ¦¥−¨ï,
â ª ª ª á¥ç¥−¨¥ ®âá«¥¦¨¢ ¥â − ¯à ¢«¥−¨¥ ªà¨¢¨§−ë «¨−¨©;

{ ¤«¨−ë á¢ï§¥© ¤®¯®«−ïîâ â®¯®«®£¨ç¥áª¨¥ ¢¥ªâ®àë −®¢ë¬¨ ¤ −−ë¬¨, −¥ ¢ë-
ç¨á«ï¥¬ë¬¨ −  ®á−®¢¥ £¥®¬¥âà¨ç¥áª¨å å à ªâ¥à¨áâ¨ª ç áâ−ëå ¯à¨§− ª®¢,
â ª ª ª ãç¨âë¢ îâ ¨áªà¨¢«¥−−®áâì «¨−¨©.

’®¯®«®£¨ç¥áª¨© ¢¥ªâ®à −¥á¥â ¨−ä®à¬ æ¨î ¨ ® ¢¥«¨ç¨−¥ £à¥¡−¥¢®£® áç¥â  ¢
¢¨¤¥ −®¬¥à  á¢ï§¨, ¨ á®¢¥àè¥−−® −®¢ë¥ ¤ −−ë¥. ’ ª, ¨§ £à¥¡−¥¢®£® áç¥â  ¢ ®¡-
é¥¬ á«ãç ¥ −¥¢®§¬®¦−® ®¯à¥¤¥«¨âì, − ¢áâà¥çã ¨«¨ ¯® å®¤ã á¢ï§¨ ®à¨¥−â¨à®¢ −
ç áâ−ë© ¯à¨§− ª, á¯à ¢  ¨«¨ á«¥¢  ®â á¢ï§¨ ®− − å®¤¨âáï. „¥©áâ¢¨â¥«ì−®, ¯à¨
 − «¨§¥ ç áâ−ëå ¯à¨§− ª®¢, à á¯®«®¦¥−−ëå ¢ ®¡« áâ¨ § ªàãç¨¢ îé¨åáï «¨−¨©,
£¥®¬¥âà¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ −¥ ¯®§¢®«ïîâ ®¤−®§− ç−® à ááç¨â âì á®¡ëâ¨¥,
¯®«ãç ¥¬®¥ ¯à¨ ¯à®á«¥¦¨¢ −¨¨ á¢ï§¨. ƒà¥¡−¥¢ë© áç¥â §¤¥áì −¥ à ¡®â ¥â. �®¢ë¥
¤ −−ë¥ ¢ ¢¨¤¥ á®¡ëâ¨© ®¡¥á¯¥ç¨¢ îâ ¡®«¥¥ ¯®«−ãî ¨−ä®à¬ æ¨î ® äà £¬¥−â¥
ã§®à , ç¥¬ £à¥¡−¥¢ë© áç¥â,   á®¡ëâ¨ï ¨ ç áâ−ë¥ ¯à¨§− ª¨ ¯®§¢®«ïîâ à¥ª®−áâàã-
¨à®¢ âì „ˆ ¢ ¢¨¤¥ «®¬ −ëå «¨−¨© [6].

�®¬¥à ®¤−®£® ç áâ−®£® ¯à¨§− ª  ¯à¨áãâáâ¢ã¥â ¢ à §«¨ç−ëå â®¯®«®£¨ç¥áª¨å
¢¥ªâ®à å. �¡à §ã¥âáï á¨«ì−® á¢ï§ −−ë© £à ä, ¯® ª®â®à®¬ã ¬®¦−® ¯¥à¥å®¤¨âì
®â ®¤−®£® â®¯®«®£¨ç¥áª®£® ¢¥ªâ®à  ª ¤àã£®¬ã. �â® ®¡¥á¯¥ç¨¢ ¥â æ¥«®áâ−®áâì ¨
ãáâ®©ç¨¢®áâì ®¯¨á −¨ï ã§®à . —¨á«® á¢ï§¥© mt ¯® (4) ¨£à ¥â ¢ ¦−ãî à®«ì. ˆå

ª®«¨ç¥áâ¢® ¢«¨ï¥â −  ¢¥à®ïâ−®áâì â®£®,

�¨á. 6 „¥â «ì−®¥ ®¯¨á −¨¥ äà £¬¥−â®¢
ã§®à : ( ) ªàîç®ª; (¡) äà £¬¥−â; (¢) £« -
§®ª; (£) ¬®áâ¨ª

çâ® £à ä á ¢¥àè¨− ¬¨ Vi á¢ï§−ë©.
’®¯®«®£¨ç¥áª¨¥ ¢¥ªâ®àë ¯®§¢®«ïîâ

®¯¨á âì áâàãªâãàã ¨§®¡à ¦¥−¨ï −  à §-
«¨ç−®¬ ãà®¢−¥. �® áãâ¨, ®−¨ ä®à¬¨àãîâ
¡ −ª ¤ −−ëå ¤¥â «ì−®£® ®¯¨á −¨ï ¯ ¯¨«-
«ïà−ëå ã§®à®¢. „¥©áâ¢¨â¥«ì−®, ªàîç®ª
®¡à §ã¥âáï à §¢¥â¢«¥−¨¥¬, ¤«ï ª®â®à®£®
á®¡ëâ¨¥ 1111 − å®¤¨âáï −  ¯¥à¢®© ¨«¨
¢â®à®© á¢ï§¨,   ¤«¨−  á¢ï§¨ ¬ « . ”à £-

¬¥−â «¨−¨¨ ®¡à §ã¥âáï ¤¢ã¬ï ®ª®−ç −¨ï¬¨, § ¬ëª îé¨¬¨áï ¤àã£ −  ¤àã£ 
−ã«¥¢ë¬¨ á¢ï§ï¬¨ á ¬ «®© ¤«¨−®©. ƒ« §®ª ®¡à §ã¥âáï ¤¢ã¬ï à §¢¥â¢«¥−¨ï¬¨,
¯¥à¢ ï ¨ ¢â®à ï á¢ï§¨ ª®â®àëå § ¬ëª îâáï −  íâ¨ à §¢¥â¢«¥−¨ï á á®¡ëâ¨ï¬¨
0111 ¨ 1011 ¨ ¨¬¥îâ ¬ «ãî ¤«¨−ã. Œ®áâ¨ª ®¡à §ã¥âáï ¤¢ã¬ï à §¢¥â¢«¥−¨ï¬¨,
¤«ï ª®â®àëå ¯¥à¢ ï ¨«¨ ¢â®à ï á¢ï§ì ï¢«ï¥âáï ®¡é¥©,   ¤«¨−  á¢ï§¨ ¬ « . �â¨
ç áâ® ¢áâà¥ç ¥¬ë¥ äà £¬¥−âë ã§®à  ¯à¥¤áâ ¢«¥−ë −  à¨á. 6. �®¤ ¬ «®© ¤«¨−®©
á¢ï§¨ ¯®−¨¬ ¥âáï ¢¥«¨ç¨− , á®¨§¬¥à¨¬ ï á «®ª «ì−ë¬ ¯¥à¨®¤®¬ «¨−¨©.

	 −ª ¤ −−ëå ¤¥â «ì−®£® ®¯¨á −¨ï ¯ ¯¨««ïà−ëå ã§®à®¢ ã«ãçè ¥â ¨−ä®à¬ -
â¨¢−®áâì ¯à¨§− ª®¢ ¨ â®ç−®áâì ¨¤¥−â¨ä¨ª æ¨¨ [3, 4].

Šà®¬¥ â®£®, à á¯®«®¦¥−−ë¥ ¢ ®¯à¥¤¥«¥−−ëå ®¡« áâïå „ˆ, íâ¨ ¨−ä®à¬ â¨¢-
−ë¥ ¯à¨§− ª¨ ¬®£ãâ ¯®à®¦¤ âì á¨£− âãàë, ¯®§¢®«ïîé¨¥ ãáª®à¨âì ¨¤¥−â¨ä¨ª -
æ¨î „ˆ ¢ ¤¥áïâª¨ à §.
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3 Результаты экспериментов

�® à¥§ã«ìâ â ¬ ¨áá«¥¤®¢ −¨© ¢ ª®¬¯ −¨¨ Sonda Technologies à §à ¡®â −®
¯à®£à ¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï à á¯®§− ¢ −¨ï ¨§®¡à ¦¥−¨© ®â¯¥ç âª®¢ ¯ «ìæ¥¢
¨ ¨å á«¥¤®¢, á®¤¥à¦ é¥¥ äã−ªæ¨î ®¡à ¡®âª¨ ¨§®¡à ¦¥−¨ï ¨ äã−ªæ¨î ¨¤¥−â¨-
ä¨ª æ¨¨ ¨§®¡à ¦¥−¨© ¯® è ¡«®− ¬. ”ã−ªæ¨ï ®¡à ¡®âª¨ £¥−¥à¨àã¥â è ¡«®−ë,
á− ¡¦¥−−ë¥ â®¯®«®£¨ç¥áª¨¬¨ ¢¥ªâ®à ¬¨ ¤«ï ç áâ−ëå ¯à¨§− ª®¢,   äã−ªæ¨ï
¨¤¥−â¨ä¨ª æ¨¨ ¢ëç¨á«ï¥â áâ¥¯¥−ì ¯®¤®¡¨ï è ¡«®−®¢. �æ¥−ª  ª ç¥áâ¢  à ¡®âë
íâ¨å äã−ªæ¨© ¡¥§ ¢ëç¨á«¥−¨ï ¤«¨− á¢ï§¥© ¢ë¯®«−¥−  −  â¥áâ¥ FVC 2004 [11],
−  ª®â®à®¬ 43 à §à ¡®âç¨ª  ¯à®£à ¬¬ ¯à¥¤áâ ¢¨«¨ 67  «£®à¨â¬®¢ à á¯®§− ¢ −¨ï
„ˆ. �¥§ã«ìâ âë ®æ¥−®ª ¢ ¢¨¤¥ DET-ªà¨¢ëå ¯®ª § −ë −  à¨á. 7.

�  à¨á. 7 ªà¨¢ ï 1 à ááç¨â −  −  ®á−®¢¥ â®¯®«®£¨ç¥áª¨å ¢¥ªâ®à®¢, −¥ á®¤¥à-
¦ é¨å ¤«¨−ë á¢ï§¥©. �−  ¯®áâà®¥−  −  â¥áâ¥ FVC 2004 ¯® ¡ §¥ ¨§®¡à ¦¥−¨©
®â¯¥ç âª®¢ ¯ «ìæ¥¢ DB1, á−ïâëå á ®¯â¨ç¥áª®£® á¥−á®à  V300 ä¨à¬ë Cross-
Match. ‚¨¤−®, çâ®  «£®à¨â¬, ¨á¯®«ì§ãîé¨© â®¯®«®£¨ç¥áª¨¥ ¢¥ªâ®àë, ¤®¯ãáª ¥â
¬¨−¨¬ «ì−ë¥ ®è¨¡ª¨ à á¯®§− ¢ −¨ï „ˆ. Šà¨¢ ï 2 ¯®«ãç¥−  −  â®© ¦¥ ¡ §¥ ¨§®¡-

�¨á. 7 �¥§ã«ìâ âë íªá¯¥à¨¬¥−â®¢ (FNMR | false not matching rate; FMR | false
match rate; EER | equal error rate)
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à ¦¥−¨© DB1, −® á ãç¥â®¬ ¤«¨− á¢ï§¥© ¢ á®áâ ¢¥ â®¯®«®£¨ç¥áª¨å ¢¥ªâ®à®¢. �â 
ªà¨¢ ï ¯®«ãç¥−  ¢ « ¡®à â®à−ëå ãá«®¢¨ïå. ‚¥«¨ç¨−ë ®è¨¡®ª ¨¤¥−â¨ä¨ª æ¨¨
áãé¥áâ¢¥−−® ã¬¥−ìè¨«¨áì.

4 Заключение

�à¥¤«®¦¥−  â®¯®«®£¨ç¥áª ï ¬®¤¥«ì, ¤«ï ¯®áâà®¥−¨ï ª®â®à®© âà¥¡ã¥âáï ¢ë-
¯®«−¥−¨¥ áà ¢−¨â¥«ì−® −¥¯à®áâëå ¬¥â®¤®¢ ®¡à ¡®âª¨ „ˆ [1{3]. �â  ¬®¤¥«ì
á®åà −ï¥âáï ¢ è ¡«®−¥ ¨§®¡à ¦¥−¨ï. ƒà ä ª ¦¤®© ¬®¤¥«¨ á¨«ì−® á¢ï§ − ¨
®¡« ¤ ¥â ¢ëá®ª®© áâ¥¯¥−ìî ¨§¡ëâ®ç−®áâ¨,   à¥¡à  £à ä  ¯®¬¥ç¥−ë ¤«¨−®© á¢ï§¨.

‚ â®¯®«®£®-£¥®¬¥âà¨ç¥áª®© ¬®¤¥«¨ á ¤«¨− ¬¨ á¢ï§¥© ¨á¯®«ì§ãîâáï −®¢ë¥
á¯®á®¡ë ¯à¥¤áâ ¢«¥−¨ï è ¡«®−  „ˆ. �¡ê¥¬®¬ è ¡«®−  „ˆ ¬®¦−® ã¯à ¢«ïâì
¢ë¡®à®¬ ¡ §®¢®£® ¨«¨ à áè¨à¥−−®£® â®¯®«®£¨ç¥áª®£® ¢¥ªâ®à ,   â ª¦¥ ¬®¤ã«¨àãï
¤«¨−ë á¢ï§¥©. „«ï −¥ª®â®àëå à¥¦¨¬®¢ ¨¤¥−â¨ä¨ª æ¨¨ ¤®áâ â®ç−® ®¤−®£® á¯¨áª 
ç áâ−ëå ¯à¨§− ª®¢.

�ªá¯¥à¨¬¥−âë ¯®ª § «¨, çâ® ¨¤¥−â¨ä¨ª æ¨ï „ˆ −  ®á−®¢¥ è ¡«®−®¢, ¢ á®-
áâ ¢ ª®â®àëå ¢å®¤ïâ â®¯®«®£®-£¥®¬¥âà¨ç¥áª¨¥ ¢¥ªâ®àë á ¤«¨− ¬¨ á¢ï§¥©, ¬®¦¥â
¡ëâì ¢ë¯®«−¥−  á ¯®¢ëè¥−−®© â®ç−®áâìî ¨ − ¤¥¦−®áâìî. �à¥¨¬ãé¥áâ¢  −®-
¢®© ¬®¤¥«¨ ¯® áà ¢−¥−¨î á à −¥¥ ¨á¯®«ì§®¢ −−®© ¯®ª § −ë −  ¯à¨¬¥à¥ â¥áâ 
FVC 2004.

„ «ì−¥©è¥¥ à §¢¨â¨¥ à ¡®â ¯« −¨àã¥âáï ¢ − ¯à ¢«¥−¨¨ â®¯®«®£®-£¥®¬¥âà¨-
ç¥áª®£® ¯®¤å®¤  ¤«ï ®¯¨á −¨ï ®âà¥§ª®¢ «¨−¨©,   −¥ â®ç¥ª.
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Abstract: The paper describes a new fingerprint image model which consists
of topological and geometrical features of minutiae neighborhoods. To create a
model, the authors suggest to calculate the topological features in the neighbor-
hood of each fingerprint minutiae: ridge ending or bifurcation. The topological
feature is the interrelation between two minutiae. An example of topological
feature is the fact that two minutiae are situated on one ridge. Then, the list
of topological features is constructed. Description of each feature is extended
with metric information: distances between minutiae. Further, the proposed
model is used for fingerprint identification. The experiments have shown that
simultaneous usage of topological and metric features significantly improves the
accuracy of fingerprint identification. On public available databases FVC2004,
at FMR = 10−3, FNMR is 2%.
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МЕТОД ПАРАЛЛЕЛЬНЫХЦЕПЕЙ ДЛЯ РАСПОЗНАВАНИЯ
ИЗОБРАЖЕНИЙОТПЕЧАТКОВ ПАЛЬЦЕВ

В.Ю. Гудков1

�−−®â æ¨ï: �à¥¤«®¦¥− −®¢ë© ¬¥â®¤ ®¡à ¡®âª¨ ¨§®¡à ¦¥−¨© ®â¯¥ç âª®¢
¯ «ìæ¥¢, ®á−®¢ −−ë© −  á®¢¬¥áâ−®¬ ¯à®á«¥¦¨¢ −¨¨ − ¯à ¢«¥−¨© ¯ ¯¨««ïà-
−ëå «¨−¨© ¢ ¤¢ãå ª − « å | á¢¥â  ¨ â¥−¨ (¢¬¥áâ® ¯à®á«¥¦¨¢ −¨ï ®¤−®£®
ª − « ). ‚ ®¡« áâïå á å®à®è¨¬ ª ç¥áâ¢®¬ ¨§®¡à ¦¥−¨ï − ¯à ¢«¥−¨ï ¯®â®ª 
¢ ®¡®¨å ª − « å ¯à®á«¥¦¨¢ îâáï ¤®áâ â®ç−® ç¥âª®. �® ¢ ®¡« áâïå ¯«®å®£®
ª ç¥áâ¢  − ¯à ¢«¥−¨ï ¬®£ãâ ¯à®á«¥¦¨¢ âìáï § ¬¥â−® åã¦¥. �®á«¥ á£« ¦¨-
¢ −¨ï ¨§®¡à ¦¥−¨ï ¨ ¯®áâà®¥−¨ï á¢¥â®â¥−¥© ¢ ª ¦¤®¬ á¥£¬¥−â¥ ¨§®¡à ¦¥−¨ï
ä®à¬¨àãîâáï æ¥¯®çª¨ â®ç¥ª ¬¨−¨¬ «ì−®© ¨ ¬ ªá¨¬ «ì−®© ¢¥«¨ç¨−ë. � 
®á−®¢¥ à¥§ã«ìâ â®¢ ¯à®á«¥¦¨¢ −¨ï ä®à¬¨àãîâáï £¨¯®â¥§ë ® − ¯à ¢«¥−¨¨ ¯®-
â®ª  ¯ ¯¨««ïà−ëå «¨−¨© ¯® ª ¦¤®¬ã ª − «ã, ¯®á«¥ ç¥£® ¯à¨−¨¬ ¥âáï ®¡é¥¥
à¥è¥−¨¥ ® − ¯à ¢«¥−¨¨ ¯®â®ª . �à®á«¥¦¨¢ −¨¥ æ¥¯®ç¥ª ¢ ¤¢ãå ª − « å ¯®§-
¢®«ï¥â áãé¥áâ¢¥−−® ã¢¥«¨ç¨âì â®ç−®áâì ¨§¬¥à¥−¨ï − ¯à ¢«¥−¨© ¨ ¯«®â−®áâ¥©
¯ ¯¨««ïà−ëå «¨−¨© ¢ ®¡« áâïå á −¨§ª¨¬ ª ç¥áâ¢®¬ ¨§®¡à ¦¥−¨ï. �à¥¤«®-
¦¥−−ë© ¬¥â®¤ ãáâ®©ç¨¢ ª ¨§¬¥−¥−¨î è¨à¨−ë «¨−¨© ¨ ¯à®á¢¥â®¢, à §àë¢ ¬
«¨−¨© ¨ ¤àã£¨¬ ¤¥ä¥ªâ ¬ ¨§®¡à ¦¥−¨ï. �¥§ã«ìâ â®¬ ®¡à ¡®âª¨ ¨§®¡à ¦¥−¨ï
ï¢«ï¥âáï ¯®«¥ − ¯à ¢«¥−¨© ¯®â®ª  ¯ ¯¨««ïà−ëå «¨−¨© á ¬ âà¨æ¥© ¤®áâ®¢¥à-
−®áâ¨. Œ âà¨æ  ¤®áâ®¢¥à−®áâ¨ à ááç¨âë¢ ¥âáï ¯® áâ¥¯¥−¨ á®£« á®¢ −−®áâ¨
− ¯à ¢«¥−¨© ¢ ª − « å á¢¥â  ¨ â¥−¨. ’ ª®¥ ãâ®ç−¥−¨¥ − ¯à ¢«¥−¨ï ¯®â®ª 
¯®§¢®«ï¥â áãé¥áâ¢¥−−® ã¢¥«¨ç¨âì â®ç−®áâì à á¯®§− ¢ −¨ï ®â¯¥ç âª®¢ ¯ «ìæ¥¢
§  áç¥â ¡®«¥¥ ª ç¥áâ¢¥−−®£® ¢ë¤¥«¥−¨ï ¨−ä®à¬ â¨¢−ëå ¯à¨§− ª®¢: ®ª®−ç −¨©
¨ à §¢¥â¢«¥−¨© ¯ ¯¨««ïà−ëå «¨−¨©.

Š«îç¥¢ë¥ á«®¢ : ®â¯¥ç â®ª ¯ «ìæ ; ¯®«¥ − ¯à ¢«¥−¨©; á¢¥â®â¥−¨; ¯ à «-
«¥«ì−ë¥ æ¥¯¨

DOI: 10.14357/08696527130203

1 Введение

‚ ª®¬¯ìîâ¥à¨§¨à®¢ −−ëå á¨áâ¥¬ å (Š‘) ¨¤¥−â¨ä¨ª æ¨î ¨§®¡à ¦¥−¨©, ª ª
¯à ¢¨«®, ¢ë¯®«−ïîâ ¯®á«¥ ®¡à ¡®âª¨ ¨§®¡à ¦¥−¨© [1, 2]. �à¨ íâ®¬ ®è¨¡ª¨
®¡à ¡®âª¨ − ¯àï¬ãî ¢«¨ïîâ −  ®è¨¡ª¨ ¨¤¥−â¨ä¨ª æ¨¨, ª®â®àë¥ ¦¥« â¥«ì−®
¬¨−¨¬¨§¨à®¢ âì [3, 4].

�à¨ à á¯®§− ¢ −¨¨ ¤ ªâ¨«®áª®¯¨ç¥áª¨å ¨§®¡à ¦¥−¨© („ˆ) ¢ë¤¥«ïîâ ¯à¨-
§− ª¨, ä®à¬¨àãîé¨¥ áâàãªâãàã á ¬®£® „ˆ. Š â ª¨¬ ®á−®¢−ë¬ ¯à¨§− ª ¬,
á®£« á−® [5], ®â−®áïâ: ¯®«¥ − ¯à ¢«¥−¨© «¨−¨©, ¯®«¥ ¯«®â−®áâ¨ «¨−¨© ¨ ¯®«¥
ª ç¥áâ¢  «¨−¨© ¢ ¢¨¤¥ ¬ âà¨æ, à §¬¥à−®áâì ª®â®àëå ®¯à¥¤¥«ï¥âáï á¥£¬¥−â æ¨¥©

1—¥«ï¡¨−áª¨© £®áã¤ àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, diana@sonda.ru
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„ˆ. ‚ ïç¥©ªã ª ¦¤®© â ª®© ¬ â-

�¨á. 1 ˆ§®¡à ¦¥−¨¥ ®â¯¥ç âª  ¯ «ìæ 

à¨æë § ¯¨áë¢ îâ «®ª «ì−® ¢ëç¨á-
«¥−−®¥ §− ç¥−¨¥ ¯à¨§− ª  (ïàª®áâì,
ª®−âà áâ−®áâì, £à ¤¨¥−â) [6]. �â®
á«ãç ©− ï äã−ªæ¨ï ¤¢ãå  à£ã¬¥−â®¢
(ª®®à¤¨− â), §− ç¥−¨¥ ª®â®à®© −¥¨§-
¢¥áâ−® ¤® ¨áå®¤  íªá¯¥à¨¬¥−â . �ç¥-
¢¨¤−®, çâ® á«ãç ©−ë¥ ¯®«ï [7], £¥−¥-
à¨àã¥¬ë¥ ®¡à ¡®âª®©, ®¯à¥¤¥«ïîâáï
à á¯à¥¤¥«¥−¨¥¬ ïàª®áâ¥© â®ç¥ª „ˆ.

�  à¨á. 1 ¯à¥¤áâ ¢«¥−® „ˆ á ¤¥-
ä¥ªâ ¬¨, ã¢¥«¨ç¨¢ îé¨¬¨ ®è¨¡ª¨
¨¤¥−â¨ä¨ª æ¨¨ [5]. �â® ¢ë−ã¦¤ ¥â
à §à ¡®âç¨ª®¢ Š‘ ¯à¨¬¥−ïâì −®¢ë¥
¬¥â®¤ë à á¯®§− ¢ −¨ï [2, 4].

2 Постановка задачи

ˆ§®¡à ¦¥−¨¥ ª ª ¬−®¦¥áâ¢® ¤¥©áâ¢¨â¥«ì−ëå ç¨á¥« ä®à¬¨àãîâ ¢ ¢¨¤¥
F = {f(x, y)|(x, y) ∈ X × Y } ¢ ¯àï¬®ã£®«ì−®© ®¡« áâ¨ G ¬®é−®áâìî |G| =
= x0y0, £¤¥ X = 0, . . . , x0 − 1 ¨ Y = 0, . . . , y0 − 1. ‘âàãªâãà−® ®¡à ¡®âªã
¨§®¡à ¦¥−¨ï ¯à¥¤áâ ¢«ïîâ ¢ ¢¨¤¥ ¯¨à ¬¨¤ë R á«®¥¢ (¯à¥¯ à â®¢ ¨§®¡à ¦¥−¨ï)
¨§ ¢§ ¨¬®á¢ï§ −−ëå ¨¥à àå¨© [3]. ‘¥£¬¥−â æ¨ï l-£® á«®ï k-© ¨¥à àå¨¨ F

(l)
k

à §¡¨¢ ¥â á«®© −  xhyh −¥¯¥à¥á¥ª îé¨åáï ª¢ ¤à â−ëå á¥£¬¥−â®¢ S
(l)
hk(x, y) á

¤«¨−®© áâ®à®−ë 2h−k ¨ ¢¥àè¨− ¬¨ (x, y) ∈ Xh × Yh, £¤¥ k < h ¨ h | −®¬¥à
¨¥à àå¨¨; Xh = 0, . . . , xh − 1 ¨ Yh = 0, . . . , yh − 1. „®áâã¯ ª ª ¦¤®© â®çª¥
á¥£¬¥−â  Shk(x, y) § ¯¨áë¢ îâ ¢ ª®®à¤¨− â å (u, v) ∈ Xhk × Y hk:

Xhk = {u+ x · 2h−k|x ∈ Xh ∧ u ∈ 0, . . . , 2h−k − 1} ;
Y hk = {v + y · 2h−k|y ∈ Yh ∧ v ∈ 0, . . . , 2h−k − 1 ,

}
(1)

  æ¥−âàë á¥£¬¥−â®¢ (u, v) ∈ �Xh × �Yh − å®¤ïâ ¢ ¢¨¤¥:

�Xh = {2h−1 + x · 2h|x ∈ Xh} ;
�Yh = {2h−1 + y · 2h|y ∈ Yh} .

⎫
⎬
⎭ (2)

„«ï ä®à¬ «¨§ æ¨¨ ¬¥â®¤®¢ ª« áá¨ä¨ª æ¨®−−®£®  − «¨§  (Š�) ¯à¨¬¥−ïîâ
¯àï¬®«¨−¥©−ë¥ é¥«¥¢ë¥ Ah(x, y, α,w) ¨ â®ç¥ç−ë¥ Ao

h(x, y, α,w)  ¯¥àâãàë. ˆå
ª ª ¬−®¦¥áâ¢  ¢ ¢¨¤¥ í«¥¬¥−â®¢ (u, v, β) ®¯à¥¤¥«ïîâ ¯® ä®à¬ã« ¬:
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Ah(x, y, α,w) = {(u, v, β) = (x+ wx, y + wy, β)|w ∈ Zw} ;
Ao

h(x, y, α,w) = {(u, v, β) = (x+ wx, y + wy, β)|w ∈ Zo
w} ,

}
(3)

£¤¥ wx = w cosα ¨ wy = w sinα; (x, y) ∈ Xh × Yh | æ¥−âà  ¯¥àâãàë; (u, v) ∈
∈ Xh×Yh | â®çª   ¯¥àâãàë; w| à §¬¥à  ¯¥àâãàë; ¬−®¦¥áâ¢  Zw = 1, . . . , w ¨
Zo

w = {w}; α | ã£®« − ¯à ¢«¥−¨ï  ¯¥àâãàë. “£®«, ®¯à¥¤¥«ïîé¨© − ¯à ¢«¥−¨¥
¨§ æ¥−âà  (x, y) ¢ â®çªã (u, v)  ¯¥àâãàë, − å®¤ïâ ¢ ¢¨¤¥:

β = arctg
(
v − y

u− x

)
+ πn

¯à¨ n ∈ 0, . . . , 1.
�«£®à¨â¬ ¤¢¨¦¥−¨ï ¯® â®çª ¬ „ˆ § ¤ ¥âáï ®â−®è¥−¨¥¬:

R = {(xd, yd)|d ∈ 0, . . . , 7} (4)

¯®«−®£® ¨ áâà®£®£® ¯®àï¤ª  ¯® − ¯à ¢«¥−¨î ¤¢¨¦¥−¨ï d ¢ 8-á¢ï§ −−®© ®¡« áâ¨,
£¤¥ (1, 0) ¥áâì í«¥¬¥−â ¤«ï d = 0.

�â−®è¥−¨¥ R ®¯à¥¤¥«ï¥â äã−ªæ¨î ¯¥à¥å®¤  T d
h (x, y) ¢ h-© ¨¥à àå¨¨ ¢ − -

¯à ¢«¥−¨¨ d. ”ã−ªæ¨ï ®¯¨áë¢ ¥â á¬¥é¥−¨¥ ª ª ®â¤¥«ì−®© â®çª¨ á ª®®à¤¨− â ¬¨
(x, y) ∈ Xh × Yh, â ª ¨ á¨−åà®−−®¥ á¬¥é¥−¨¥ ¬−®¦¥áâ¢  â®ç¥ª ¢ ¢¨¤¥:

T d
h ({(x, y)}) = {(a, b) = (x+ xd, y + yd)|(a, b) ∈ Xh × Yh} . (5)

‡ ¤ ç  § ª«îç ¥âáï ¢ ¯®áâà®¥−¨¨ ¯®¬¥å®ãáâ®©ç¨¢®£® ¬¥â®¤  ¨§¬¥à¥−¨ï ¯®«¥©
− ¯à ¢«¥−¨© „ˆ á ®¯®à®© −  ä®à¬ «ì−ë©  ¯¯ à â (1){(5).

ˆ§¬¥à¥−¨¥ ¯®«¥© − ¯à ¢«¥−¨© ï¢«ï¥âáï ç áâìî ®¡é¥© § ¤ ç¨ ®¡à ¡®âª¨ „ˆ,
¯à¥¤áâ ¢«ï¥¬®© ¢ ¢¨¤¥ ¯®á«¥¤®¢ â¥«ì−®áâ¨ ¯à®æ¥¤ãà ¨ äã−ªæ¨©, á£àã¯¯¨à®¢ −-
−ëå ¯®íâ ¯−®, ®ç¥à¥¤−®áâì ¢ë¯®«−¥−¨ï ª®â®àëå ®¯à¥¤¥«ï¥âáï ¯à¨ à §à ¡®âª¥
Š‘ ¨ à¥¦¥ | ¯à¨ ®¡ãç¥−¨¨. �â® ã¢ï§ë¢ ¥â á«®¨ ¯¨à ¬¨¤ë R ¬¥¦¤ã á®¡®©
§ ¯à®£à ¬¬¨à®¢ −−®© ¯®á«¥¤®¢ â¥«ì−®áâìî ®â®¡à ¦¥−¨ï ¤ −−ëå.

3 Метод параллельный цепей

�  ®á−®¢¥ ä®à¬ «¨§¬  (1){(5) à áá¬ âà¨¢ ¥âáï ª®àà¥ªæ¨ï ¨§®¡à ¦¥−¨ï, ¥£®
á£« ¦¨¢ −¨¥, ¯®áâà®¥−¨¥ á¢¥â®â¥−¥© ¨ ¨§¬¥à¥−¨¥ ¯®«¥© − ¯à ¢«¥−¨©. ‘®¡áâ¢¥−−®
¬¥â®¤ ¯ à ««¥«ì−ëå æ¥¯¥© ¯à¨¬¥−ï¥âáï −  íâ ¯¥ ¨§¬¥à¥−¨ï ¯®«¥© − ¯à ¢«¥−¨©
ª ª − ¡®à  á«ãç ©−ëå ¢¥«¨ç¨−.
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3.1 Коррекция изображения

�¡ëç−®© ¯à®æ¥¤ãà®© Š� ï¢«ï¥âáï ª®àà¥ªæ¨ï ¨áå®¤−®£® ¨§®¡à ¦¥−¨ï F (0)0 =

=
{
f
(0)
0 (x, y)

}
= {f(x, y)} = F ¤«ï ®¡¥á¯¥ç¥−¨ï ¯®«−®£® ¤¨− ¬¨ç¥áª®£® ¤¨ ¯ -

§®−  ïàª®áâ¥©:

F
(1)
0 =

{
f
(1)
0 (x, y)

}
=

{
(f (0)0 (x, y)− fmin)(2

b − 1)
fmax − fmin

}
, (6)

£¤¥ fmax ¨ fmin | − ¨¡®«ìè¥¥ ¨ − ¨¬¥−ìè¥¥ §− ç¥−¨¥ ïàª®áâ¨ ¨§®¡à ¦¥−¨ï; b|
£«ã¡¨−  ¨§®¡à ¦¥−¨ï [1]. � áç¥â fmin ¨ fmax ¬®¦−® ã«ãçè¨âì, ®¯¨à ïáì −  £¨-
áâ®£à ¬¬ã ïàª®áâ¥© ¨«¨ ¬®¤ã«¥© £à ¤¨¥−â  ¨ § ¤ ¢ ï − ¨¬¥−ìè¨© ¨ − ¨¡®«ìè¨©
¯à®æ¥−â¨«¨, ¯® ª®â®àë¬ ®¯à¥¤¥«ïîâ fmin ¨ fmax [4]. ‚ ¯®á«¥¤−¥¬ á«ãç ¥ íâ¨
¯ à ¬¥âàë äã−ªæ¨¨ (6) ®æ¥−¨¢ îâ −  íâ ¯¥ ®¡ãç¥−¨ï ¯à®£à ¬¬−®£® ®¡ê¥ªâ .

3.2 Сглаживание изображения

„ −− ï ¯à®æ¥¤ãà  ¢ë¯®«−ï¥âáï ¯® ä®à¬ã«¥ ¤¢ã¬¥à−®© ¤¨áªà¥â−®© á¢¥àâª¨

F
(2)
0 =

{
f
(2)
0 (x, y)

}
=

{
H ∗ ∗f (1)0 (x, y)

}
(7)

á ï¤à®¬ ¢¨¤ 

H = [h(i, j)] =

⎡
⎣
1 2 1
2 4 2
1 2 1

⎤
⎦ .

’ ª ï ä¨«ìâà æ¨ï ¯à¨¬¥−ï¥âáï ¤«ï à áä®ªãá¨à®¢ª¨ ¨§®¡à ¦¥−¨ï, ¯à¥¨¬ãé¥-
áâ¢¥−−® ªà ¥¢ «¨−¨© [3]. �â® ã«ãçè ¥â à¥§ã«ìâ âë Š�, ®á®¡¥−−® ¤«ï ¨§®¡à -
¦¥−¨©, á−ïâëå á ªá¥à®ª®¯¨© ¨ á®¤¥à¦ é¨å ®¡¥¤−¥−−ë© á®áâ ¢ á¥à®£® æ¢¥â .
“â¢¥à¦¤ âì, çâ® á£« ¦¨¢ −¨¥ ¨áå®¤−®£® ¨§®¡à ¦¥−¨ï ¬®¦¥â ã¢¥«¨ç¨âì ®è¨¡ª¨
à á¯®§− ¢ −¨ï ¨§®¡à ¦¥−¨ï ¯à¨ ¥£® ®¡à ¡®âª¥, −¥ á«¥¤ã¥â, â ª ª ª á«®¨ F

(0)
0 ,

F
(1)
0 ¨ F

(2)
0 ®¤−®¢à¥¬¥−−® åà −ïâáï ¢ ¯ ¬ïâ¨ ¬ è¨−ë,   äã−ªæ¨¨ Š� ¨¬¥îâ

¤®áâã¯ ª «î¡®¬ã á«®î ¯¨à ¬¨¤ë R.

3.3 Построение светотеней

‘£« ¦¥−−ë© á«®© F
(2)
0 ¯® ä®à¬ã«¥ (7) á«ã¦¨â ®á−®¢®© ¤«ï ä®à¬¨à®¢ −¨ï

á«®¥¢ á¢¥â®â¥−¥© F
(d+3)
0 =

{
f
(d+3)
0 (x, y)

}
¯® ä®à¬ã«¥ ¤¢ã¬¥à−®© ¤¨áªà¥â−®©

á¢¥àâª¨
F
(d+3)
0 = Hd ∗ ∗F (2)0 , (8)
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£¤¥ d ∈ D = 0, . . . , 3 | ç¥âëà¥ − ¯à ¢«¥−¨ï § á¢¥âª¨ ¨§®¡à ¦¥−¨ï ç¥à¥§ 45◦;
Hd | ¬ áª¨ ‘®¡¥«  [3] ¢ ¢¨¤¥:

H0 =

⎡
⎣
−1 0 1
−2 0 2
−1 0 1

⎤
⎦ ; H1 =

⎡
⎣
0 1 2
−1 0 1
−2 −1 0

⎤
⎦ ; . . . ; H3 =

⎡
⎣
2 1 0
1 0 −1
0 −1 −2

⎤
⎦ .

�¨á. 2 —¥âëà¥ á«®ï á¢¥â®â¥−¥©: ( ) F (0+3)0 ; (¡) F (1+3)0 ; (¢) F (2+3)0 ; (£) F (3+3)0
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—¥âëà¥ á«®ï á¢¥â®â¥−¥©, ¢ëç¨á«¥−−ë¥ ¤«ï „ˆ, ¯®ª § −ë −  à¨á. 2. �ã«¥¢ ï
à¥ ªæ¨ï ®ªà è¥−  á¥àë¬ æ¢¥â®¬, ¯®«®¦¨â¥«ì−ë¥ §− ç¥−¨ï á¢¥â«¥¥,   ®âà¨æ -
â¥«ì−ë¥ | â¥¬−¥¥.

3.4 Измерение полей направлений

� ¯à ¢«¥−¨¥ «¨−¨¨, ¯® áãâ¨, ¡«¨§ª® ª ®à¨¥−â æ¨¨ ¯à®áâ®© ®ªà¥áâ−®áâ¨ [3].
�®áª®«ìªã á¢¥â®â¥−¨ ¯à¥¨¬ãé¥áâ¢¥−−® ä®à¬¨àãîâáï £à −¨æ ¬¨ «¨−¨©, ¯à¨-
¬¥−¨¬ ¬¥â®¤ «®ª «ì−®£®  ¤ ¯â¨¢−®£® ¯ à ««¥«ì−®£® áª −¨à®¢ −¨ï ãª § −−ëå
á«®¥¢ ¢¤®«ì ¯ãâ¥© úâ¥−¨û ¨ úá¢¥â û ¢ ª ç¥áâ¢¥ ¡ §®¢®© ®æ¥−ª¨ ¬ âà¨æ − ¯à -
¢«¥−¨©. ‚ë¯®«−ï¥¬ ï ¯à®æ¥¤ãà  ¤«ï − ¯à ¢«¥−¨ï d ∈ D = 0, . . . , 3 à¥ «¨§ã¥â
®â®¡à ¦¥−¨¥

• :
{
S
(d+3)
h

}
→ {{–h} , {˜h}} ,

£¤¥S(d+3)h =
{
S
(d+3)
h (u, v)|(u, v) ∈ �Xh × �Yh

}
| ¬−®¦¥áâ¢® á¥£¬¥−â®¢ á æ¥−âà ¬¨

¯® (2) á«®¥¢ F (d+3)0 ; –h = [δh(x, y)] | á«®© Fh ª ª ¬ âà¨æ  − ¯à ¢«¥−¨© − 
á¥£¬¥−â å ¨§®¡à ¦¥−¨ï Sh á ã£« ¬¨ 0 ≤ δh(x, y) < π;˜h = [λh(x, y)]| á«®© ª ª
¬ âà¨æ  ¤®áâ®¢¥à−®áâ¥© ˜h ¤«ï ¬ âà¨æë − ¯à ¢«¥−¨©–h; h | −®¬¥à ¨¥à àå¨¨,
−  ª®â®à®© ®â®¡à ¦ îâáï á«ãç ©−ë¥ ¯®«ï; h ∈ H = 2, . . . , n. ˆ§¬¥à¥−¨ï
¢ë¯®«−ïîâáï ¢ ¤¢ãå ª − « å, ®§− ç¥−−ëå á¨¬¢®«®¬ k ∈ {0, 1}: 0 | ª − «
úâ¥−¨û ¨ 1 | ª − « úá¢¥â û.

�¥à¢ë© íâ ¯. �¥à¢ë© íâ ¯ ä¨ªá¨àã¥â ¤«ï ª ¦¤®£® ¡ §®¢®£® á¥£¬¥−â  ¨
§ ¤ −−®£® − ¯à ¢«¥−¨ï d ç¥âëà¥ ¯®§¨æ¨¨:

plk
q =

(
xlk

q , y
lk
q

)
∈ P lk ;

prk
q =

(
xrk

q , y
rk
q

)
∈ P rk ,

£¤¥ q | ¤«¨−  æ¥¯¨; k ∈ {0, 1} | ¬¥âª  ª − «  úâ¥−¨û ¨ úá¢¥â û; l ¨ r | ¬¥âª¨
«¥¢®© ¨ ¯à ¢®© ¯®§¨æ¨¨; (x, y) | ª®®à¤¨− âë; P | æ¥¯ì. –¥¯¨ ä®à¬¨àãîâáï
¢ á«®ïå F

(d+3)
0 ª ª ¢ë¤¥«¥−−ë¥ ¯®á«¥¤®¢ â¥«ì−®áâ¨ â®ç¥ª {pi = (xi, yi)} ¢

− ¯à ¢«¥−¨¨ s ∈ G = {d + 1, d + 2, d + 3}, ª®â®à®¥ ¢ áà¥¤−¥¬ ¯¥à¯¥−¤¨ªã«ïà−®
− ¯à ¢«¥−¨î § á¢¥âª¨ d. ‘ã¬¬¨à®¢ −¨¥ ¢ë¯®«−ïîâ ¯® ¬®¤ã«î 8. �â¨ ®âáç¥âë
á®®â¢¥âáâ¢ãîâ ç¥âëà¥¬ ¯à®áâë¬ æ¥¯ï¬ −  â®çª å ¨§®¡à ¦¥−¨ï, ª ª −  ¢¥àè¨− å
£à ä . „¢¥ ¯à®áâë¥ æ¥¯¨ ¤«ï úâ¥−¨û ¨ ¤¢¥ ¯à®áâë¥ æ¥¯¨ ¤«ï úá¢¥â û P lk ¨ P rk

¢ ¯à®æ¥áá¥ ¤¢¨¦¥−¨ï à §¢¨¢ îâáï −¥§ ¢¨á¨¬®:

P lk =
{
plk

i =
(
xlk

i , y
lk
i

) |i ∈ 0, . . . , q ∧ plk
0 = p

l
}
;

P rk =
{
prk

i =
(
xrk

i , y
rk
i

) |i ∈ 0, . . . , q ∧ prk
0 = p

r
}
,

}
(9)
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£¤¥ k ∈ {0, 1} | ¬¥âª  ª − « ; q | ¤«¨−  æ¥¯¨; pl = (xl, yl) ¨ pr = (xr, yr)|
¤¢¥ áâ àâ®¢ë¥ â®çª¨ ¤«ï «¥¢ëå ¨ ¯à ¢ëå ¯à®áâëå æ¥¯¥©. �¡ëç−® áâ àâ®¢ë¥
â®çª¨ pl ¨ pr à á¯®« £ îâáï ¢ á®á¥¤−¨å á¥£¬¥−â å. �−¨ ¤«ï á¥£¬¥−â®¢ S(d+3)h á
æ¥−âà ¬¨ {(u, v) ∈ �Xh × �Yh} ¯® (2) ¯à¨ h = 2 ®¯à¥¤¥«ïîâáï ¬¥â®¤®¬ ¯¥à¥−®á 
â®çª¨ (u, v) ¢ − ¯à ¢«¥−¨¨ d ¨ §¥àª «ì−®¬ ¥¬ã d = d + 4 (áã¬¬¨à®¢ −¨¥ ¯®
¬®¤ã«î 8) ¢  ¯¥àâãà¥ ¯® (3):

{(
xl, yl

)}
=

{
Ao
0(u, v, 45d, t)|(u, v) ∈ �Xh × �Yh

}
;

{(xr, yr)} =
{
Ao
0(u, v, 45d, t)|(u, v) ∈ �Xh × �Yh

}
,

£¤¥ t | à ááâ®ï−¨¥, −  ª®â®à®¥ ¯¥à¥−®á¨âáï â®çª  ¨§ æ¥−âà  á¥£¬¥−â  (¢ à¥ -
«¨§ æ¨¨ t ∈ 4, . . . , 7). ’®çª  ®áâ ¥âáï ¢ æ¥−âà¥ á¥£¬¥−â , ¥á«¨ ¯à¨ ¯¥à¥−®á¥ ¥¥
ª®®à¤¨− âë ¢ëå®¤ïâ §  £à −¨æë ¨§®¡à ¦¥−¨ï.

�¥§ ¢¨á¨¬®¥ à §¢¨â¨¥ ç¥âëà¥å ¯à®áâëå æ¥¯¥© P lk ¨ P rk ®¯à¥¤¥«ï¥âáï ä®à-
¬ã«®©

f
(d+3)
0 (xi, yi) = f

(d+3)
0 (T s

0 (xi−1, yi−1)) , (10)

£¤¥ i > 0; d ∈ D = 0, . . . , 3| − ¯à ¢«¥−¨¥ § á¢¥âª¨; T s
0 (·)| äã−ªæ¨ï ¯¥à¥å®¤ 

¯® (5); s | − ¯à ¢«¥−¨¥ ¤«ï äã−ªæ¨¨ ¯¥à¥å®¤  ª ª  à£ã¬¥−â ¢ëà ¦¥−¨ï

s =

⎧⎨
⎩
arg max

G

(
f
(d+3)
0 (xi, yi)

)
¯à¨ k = 0 ;

arg min
G

(
f
(d+3)
0 (xi, yi)

)
¯à¨ k = 1 .

ˆâ ª, −  ª ¦¤®¬ è £¥ à §¢¨â¨ï æ¥¯¨ ¯ãâì ¨áá«¥¤ã¥âáï. ƒà äë äã−ªæ¨©
¯¥à¥å®¤®¢ ¯®ª § −ë −  à¨á. 3.

�¨á. 3 ƒà äë äã−ªæ¨© ¯¥à¥å®¤®¢ T d ¤«ï d ∈ 0, . . . , 7
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�â ¯ ä¨ªá¨àã¥â ¢ ª ¦¤®¬ á¥£¬¥−â¥ ¤«ï â¥ªãé¥£® − ¯à ¢«¥−¨ï d ç¥âëà¥
¯®§¨æ¨¨, â®ç−®áâì ®¯à¥¤¥«¥−¨ï ª®â®àëå áãé¥áâ¢¥−− . �®íâ®¬ã ¢¥«¨ç¨−  q
¢ë¡¨à ¥âáï ®¯â¨¬ «ì−®© ¯® ªà¨â¥à¨î: à®áâ q ¯à¨¢®¤¨â ª ã¢¥«¨ç¥−¨î ¢à¥¬¥−¨
®¡à ¡®âª¨, ã¬¥−ìè¥−¨¥ q á−¨¦ ¥â â®ç−®áâì ®¯à¥¤¥«¥−¨ï − ¯à ¢«¥−¨© ¤ ¦¥ − 
¯« ¢−ëå «¨−¨ïå ¨§-§  − «¨ç¨ï −  „ˆ ¯®à, áª« ¤®ª, § «¨¯ −¨©, àëå«®£® ä®− 
áâ à®© ¡ã¬ £¨ ¨ â. ¤. „«ï ¤¨ £®− «ì−ëå − ¯à ¢«¥−¨© ¢ë¡¨à îâ æ¥«ãî ç áâì
¢¥«¨ç¨−ë q′ = q · 0,707.

„®¯®«−¨â¥«ì− ï ®¯â¨¬¨§ æ¨ï ¢ë¯®«−ï¥âáï è¥¢¥«¥−¨¥¬ â®ç¥ª pl ¨ pr ¢ ¢¨¤¥
ç¥âëà¥å è £®¢: è £ ¢ − ¯à ¢«¥−¨¨ d, ¤¢  è £  ¢ − ¯à ¢«¥−¨¨ d ¨ ¥é¥ è £ ¢
− ¯à ¢«¥−¨¨ d ¯® (10). �à¨ íâ®¬ â®çª¨ pl ¨ pr à áé¥¯«ïîâáï ¨ ®¡à §ãîâáï −¥
¤¢¥,   ç¥âëà¥ áâ àâ®¢ë¥ â®çª¨ ¤«ï à §¢¨â¨ï ç¥âëà¥å −¥§ ¢¨á¨¬ëå ¯à®áâëå æ¥¯¥©
 − «®£¨ç−® (9).

‚â®à®© íâ ¯. �  á¥£¬¥−â å Sh ¨§¬¥àïîâáï ¯ à ¬¥âàë − ¯à ¢«¥−¨©. ˆ§
æ¥¯¥© ¯® (9) § ¤ ¤¨¬ ¤¢  ¬−®¦¥áâ¢  P k =

{
plk, prk

}
=

{
plk

q , p
rk
q

}
, k ∈ {0, 1}.

Š ¦¤®¥ ¬−®¦¥áâ¢® á®¤¥à¦¨â ¤¢¥ â®çª¨ ¤«ï úâ¥−¨û «¨¡® ¤¢¥ â®çª¨ ¤«ï úá¢¥â û.
� áç¥â á¢®¤¨âáï ª ¢ë¤¥«¥−¨î ¢ á«®ïå F (d+3)0 ¯® (8) ®âáç¥â®¢, ®â¢¥ç îé¨å ¯®á«¥-
¤®¢ â¥«ì−®áâï¬ â®ç¥ª {pi = (xi, yi)} ¢ − ¯à ¢«¥−¨¨ s ∈ G = {d+5, d+6, d+7}.
Œ−®¦¥áâ¢® G ¯® − ¯à ¢«¥−¨ï¬ §¥àª «ì−® ¬−®¦¥áâ¢ã G,   áã¬¬¨à®¢ −¨¥ ¢ë¯®«-
−ïîâ ¯® ¬®¤ã«î 8. ‚ë¡®à − ¯à ¢«¥−¨© ¨§G ¯®§¢®«ï¥â ¯à®á«¥¦¨¢ âì á¢¥â®â¥−¨ ¢
− ¯à ¢«¥−¨¨, ®¡à â−®¬ ¯à¥¤è¥áâ¢ãîé¥¬ã íâ ¯ã. ‚ë¤¥«¥−−ë¥ â®çª¨ ä®à¬¨àãîâ
¤¢¥ ¯à®áâë¥ ¯ à ««¥«ì−ë¥ æ¥¯¨ ¤«ï úâ¥−¨û ¨ ¤¢¥ ¯à®áâë¥ ¯ à ««¥«ì−ë¥ æ¥¯¨
¤«ï úá¢¥â û, ¯à¨ç¥¬ ¯ à ««¥«ì−ë¥ æ¥¯¨ ®¯à¥¤¥«ïîâáï ®¤¨− ª®¢®© äã−ªæ¨¥©
¯¥à¥å®¤  −  ª ¦¤®¬ è £¥:

P
lk
=

{
plk

i =
(
xlk

i , y
lk
i

) |i ∈ q, . . . , 3q
}
;

P
rk
=

{
prk

i =
(
xrk

i , y
rk
i

) |i ∈ q, . . . , 3q
}
,

⎫
⎬
⎭ (11)

£¤¥ k ∈ {0, 1}; 3q − q | ¤«¨−  æ¥¯¨; l ¨ r | ¬¥âª¨ «¥¢®© ¨ ¯à ¢®© æ¥¯¨. ‘¨−â¥§
−  à¥è¥âª¥ ¤¢ãå ª®¯¨© ¯à®áâëå ¯ à ««¥«ì−ëå æ¥¯¥© ®¯à¥¤¥«ï¥âáï ãá«®¢¨¥¬:

f
(d+3)
0 (xi, yi) = f

(d+3)
0 (T s

0 (xi−1, yi−1)) , (12)

£¤¥ T s
0 (·)| äã−ªæ¨ï ¯¥à¥å®¤  ¯® (5); − ç «  æ¥¯¥© (xq, yq) ∈ P k; s | − ¯à ¢«¥-

−¨¥ ¤¢¨¦¥−¨ï ¤«ï äã−ªæ¨¨ ¯¥à¥å®¤  ª ª  à£ã¬¥−â ¢ëà ¦¥−¨ï

s = arg�k
G

(
f
(d+3)
0

(
xl

i, y
l
i

)
, f
(d+3)
0 (xr

i , y
r
i )
)

á äã−ªæ¨¥© ¨áá«¥¤®¢ −¨ï ¯ãâ¨ −  ª ¦¤®¬ è £¥ à §¢¨â¨ï æ¥¯¥©:

�k
G
(a, b) =

⎧
⎨
⎩
min
s∈G
max(a, b) ¯à¨ k = 0 ;

max
s∈G

min(a, b) ¯à¨ k = 1 .
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„«ï ®¯à¥¤¥«¥−¨ï − ¯à ¢«¥−¨© úâ¥−¨û ¨ úá¢¥â û −  á¥£¬¥−â¥ S(d+3)h (u, v) ¯à¨
à áá¬ âà¨¢ ¥¬ëå § á¢¥âª å ¨§®¡à ¦¥−¨ï ¨á¯®«ì§ãîâáï ¯ àë â®ç¥ª (plk

q , p
lk
3q) ¨«¨

(prk
q , p

rk
3q) −ã«¥¢®© ¨¥à àå¨¨. ‘¢ï§ −−ë¥ á −¨¬¨ − ¯à ¢«¥−¨ï δ(dk)

n (x, y) ∈ F2 ¤«ï
§ ¤ −−®£® − ¯à ¢«¥−¨ï d ®¯à¥¤¥«ïîâáï ¯® ä®à¬ã«¥ ¤«ï «¥¢®© (¨«¨ ¯à ¢®©) æ¥¯¨:

δ
(dk)
h (x, y) =

(
arctg

(
ylk

q − ylk
3q

xlk
q − xlk

3q

)
+ πn

)
modπ ¯à¨ n ∈ 0, . . . , 1 .

„¥©áâ¢¨â¥«ì−®, ¢ë¡®à â®ç¥ª ¤«ï à áç¥â  − ¯à ¢«¥−¨© æ¥¯¥© P
lk

¨«¨ P
rk

−¥
¨¬¥¥â §− ç¥−¨ï, â ª ª ª æ¥¯¨ ª − «  k ¯ à ««¥«ì−ë. �®ª § â¥«¥¬ ¤®áâ®¢¥à−®áâ¨
â ª®£® à¥è¥−¨ï ¬®£ãâ á«ã¦¨âì ¢¥«¨ç¨−ë λ

(dk)
h (x, y) ∈ Fh, á®¡¨à ¥¬ë¥ ¢ á«®ïå

¤ −−ëå:

λ
(dk)
h (x, y) =

1
q

∣∣∣∣∣∣

3q∑
i=q

�k
(
f
(d+3)
0

(
xlk

i , y
lk
i

)
, f
(d+3)
0

(
xrk

i , y
rk
i

))
∣∣∣∣∣∣
, (13)

£¤¥ â®çª¨ f (d+3)0 (xi, yi) ¢ë¡¨à îâáï ¯® (12); ¢ k-¬ ª − «¥ äã−ªæ¨ï ¢ë¡®à  â®ç¥ª
¨§ ¯ à ««¥«ì−ëå æ¥¯¥© − å®¤¨âáï ¢ ¢¨¤¥:

�k(a, b) =

{
max(a, b) ¯à¨ k = 0 ;
min(a, b) ¯à¨ k = 1 ;

l ¨ r | ¬¥âª¨ «¥¢®© ¨ ¯à ¢®© æ¥¯¥©. „®áâ®¢¥à−®áâì λh ¬®¦−® à áá¬ âà¨¢ âì ª ª
¢¥à®ïâ−®áâì, ®â®¡à ¦¥−−ãî −  èª «ã 0{2b ¯à¨ £«ã¡¨−¥ b ¨§®¡à ¦¥−¨ï.

ˆâ ª, ¨§ ¤¢ãå ¯ à ««¥«ì−ëå æ¥¯¥© ¢ë¡¨à îâ ®¤−ã,   ¥¥ − ç «ì− ï ¨ ª®-
−¥ç− ï ¢¥àè¨−ë ®¯à¥¤¥«ïîâ − ¯à ¢«¥−¨¥ ª ª ã£®«. „®áâ®¢¥à−®áâì − ¯à ¢«¥−¨ï
®æ¥−¨¢ îâ ¢¥«¨ç¨− ¬¨, ª®â®àë¥ − ª ¯«¨¢ îâáï ¢ ¯à®æ¥áá¥ à §¢¨â¨ï æ¥¯¥©. �â¨
¢¥«¨ç¨−ë ¢ë¡¨à îâ ¨§ ¯ à ««¥«ì−ëå æ¥¯¥© ª ª §− ç¥−¨ï, − ¨¬¥−¥¥ ®âª«®-
−ïîé¨¥áï ®â −ã«ï. ‚ë¡®à ¢ë¯®«−ïîâ −  ª ¦¤®¬ è £¥ à §¢¨â¨ï æ¥¯¥©, çâ®
− ¯®¬¨− ¥â ª®àà¥«ïæ¨î æ¥¯¥©, á¨−â¥§¨àã¥¬ëå ¯à¨ ¤¢¨¦¥−¨¨ ¯® ªà¨â¥à¨î (12).

„¢¥ −¥§ ¢¨á¨¬ë¥ æ¥¯¨ ¯® (9), ¤¢¥ ¯ à ««¥«ì−ë¥ æ¥¯¨ (¢ë¤¥«¥−ë) ¯® (11) ¨
¯¥à¥−®á æ¥−âà  á¥£¬¥−â  (á¥àë¥ èâà¨å®¢ë¥ «¨−¨¨) ¯à¥¤áâ ¢«¥−ë −  à¨á. 4.

‚ ¦−®áâì ¯à®æ¥¤ãàë á£« ¦¨¢ −¨ï ¨§®¡à ¦¥−¨ï (7) ®ç¥¢¨¤− . �−  ®¡¥á-
¯¥ç¨¢ ¥â ¯« ¢−®áâì ¯¥à¥¯ ¤®¢ ïàª®áâ¥© â®ç¥ª. 	¥§ íâ®£® â®ç−®áâì ¨§¬¥à¥−¨©
ãåã¤è ¥âáï.

’à¥â¨© íâ ¯ −¥®¡å®¤¨¬ ¤«ï ®¯â¨¬¨§ æ¨¨ í«¥¬¥−â®¢ ¬ âà¨æ −  ¡ §®¢ëå
á¥£¬¥−â å Sh ¤«ï § ¤ −−®£® d ∈ D = 0, . . . , 3 á ¯®¬®éìî ¯®¢â®à¥−¨ï ¯¥à¢®£® ¨
¢â®à®£® íâ ¯®¢. ‡ ¬¥â¨¬, çâ® ¤¢¨¦¥−¨¥ −  ¢â®à®¬ íâ ¯¥ ¯à®¨§¢®¤¨âáï ¢ á¥ªâ®à¥,
§¥àª «ì−®¬ á¥ªâ®àã ¯¥à¢®£® íâ ¯ . ˆ å®âï ¤«¨−  æ¥¯¨ ¯¥à¢®£® íâ ¯  ¢¤¢®¥
ª®à®ç¥ ¤«¨−ë æ¥¯¨ ¢â®à®£® íâ ¯ , æ¥¯¨, ª § «®áì ¡ë, ¤®«¦−ë æ¥−âà¨à®¢ âìáï
−  á¥£¬¥−â¥. �  á ¬®¬ ¤¥«¥ íâ®£® −¥ ¯à®¨áå®¤¨â, æ¥¯¨ ®âª«®−ïîâáï, ¨§¬¥à¥−¨ï
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�¨á. 4 ƒà ä æ¥¯¥© ¤«ï d = 2, G = {3, 4, 5} ¢ á«®¥ úâ¥−¨û

¢ − ¯à ¢«¥−¨¨ d −¥ á®¢¯ ¤ îâ á ¨§¬¥à¥−¨ï¬¨ ¢ ¯à®â¨¢®¯®«®¦−®¬ − ¯à ¢«¥−¨¨
d = d + 4. �® − ¯à ¢«¥−¨ï d ¨ d à ¢−®¯à ¢−ë, ¨ ¬®¦−® ¢ë¡à âì ¤«ï úâ¥−¨û ¨
úá¢¥â û − ¨«ãçè¥¥ ¯® ¤®áâ®¢¥à−®áâ¨ ¨§¬¥à¥−¨¥.

�¯â¨¬¨§ æ¨ï á¢®¤¨âáï ª ¢ëç¨á«¥−¨î ¢ á«®ïå Fh ¢®áì¬¨ ¬ âà¨æ − ¯à ¢«¥−¨©

–(dk)
h =

[
δ
(dk)
h (x, y)

]
(14)

¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ ¢®áì¬¨ ¬ âà¨æ ¤®áâ®¢¥à−®áâ¥©

˜(dk)
h =

[
λ
(dk)
h (x, y)

]
(15)

¯à¨ k ∈ {0, 1}. �à¨ íâ®¬ ¢ ¢¥àè¨−ã ª ¦¤®£® á¥£¬¥−â  S
(d+3)
h á«®ï F

(d+3)
h

§ ¯¨áë¢ îâáï á®¡áâ¢¥−−® − ¯à ¢«¥−¨ï

δ
(dk)
h (x, y) = δ(ϑ(x,y,k)k)

h (x, y)

¨ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ¤®áâ®¢¥à−®áâ¨

λ
(dk)
h (x, y) = λ(ϑ(x,y,k)k)

h (x, y) ,

£¤¥ − ¯à ¢«¥−¨¥

ϑ(x, y, k) = arg max
{d,d}

(
λ
(dk)
h (x, y), λ(dk)

h (x, y)
)
. (16)
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� ¯à ¢«¥−¨¥ ϑ(x, y, k) ∈ {
d, d

}
¨ ¬ ªá¨¬¨§¨àã¥â ¤®áâ®¢¥à−®áâì. �ãáâì £à -

äë æ¥¯¥© â ª¨¥, ª ª −  à¨á. 4. ˆ§¬¥−¨¬ − ¯à ¢«¥−¨¥ d −  ¯à®â¨¢®¯®«®¦−®¥
¥¬ã d. �¥á¬®âàï −  á®¢¯ ¤¥−¨¥ ®âáç¥â®¢ {pl, pr}, ¢ëç¨á«ï¥¬ëå ¯® (9), £à äë
−¥§ ¢¨á¨¬ëå æ¥¯¥©, ¢¥à®ïâ−®, ¨§¬¥−ïâáï, ¢á«¥¤áâ¢¨¥ ç¥£® ¨ £à ä ¯ à ««¥«ì-
−ëå æ¥¯¥© â®¦¥ ¨§¬¥−¨âáï. ’®£¤  ¬ âà¨æë − ¯à ¢«¥−¨© ¨ ¨å ¤®áâ®¢¥à−®áâ¥©
®¯â¨¬¨§¨àãîâáï. �ªá¯¥à¨¬¥−â «ì−® ®¡− àã¦¥−®, çâ® ¢ë¡®à ¯® (16) ã«ãçè ¥â
à¥§ã«ìâ âë Š�.

—¥â¢¥àâë© íâ ¯. �â® ¯à®æ¥¤ãà  ¯¥àª®«ïæ¨¨ [2] ¬ âà¨æ (14) ¨ (15) ¤«ï
− ¯à ¢«¥−¨ï d á ¨¥à àå¨¨ ¨§¬¥à¥−¨© h = min(H) −  ¡®«¥¥ ¢ëá®ª¨¥ ¨¥à àå¨¨
¯¨à ¬¨¤ë R. �à®æ¥¤ãà  á¢®¤¨âáï ª à¥ªãàá¨¢−®¬ã ¢ëç¨á«¥−¨î ¯® ¨¥à àå¨ï¬ ¢
¢¥ªâ®à−ëå ¯à®áâà −áâ¢ å ¢®áì¬¨ ¬ âà¨æ − ¯à ¢«¥−¨©

–(dk)
h =

[
δ
(dk)
h (x, y)

]
=

[
1
2

(
arctg

(
im(dk)

h−1
re(dk)

h−1

)
+ πn

)]
(17)

¯à¨ n ∈ 0, 1 ¨ ¢®áì¬¨ ¬ âà¨æ ¤®áâ®¢¥à−®áâ¥©

˜(dk)
h =

[
λ
(dk)
h (x, y)

]
=

[
κ

√
(re(dk)

h−1)2 + (im
(dk)
h−1)2

]
, (18)

£¤¥ k ∈ 0, 1| −®¬¥à ª − « ; ¨¥à àå¨ï h ∈ H = 2, . . . , n; − ¯à ¢«¥−¨¥ d ∈ D =
= 0, . . . , 3. „¥©áâ¢¨â¥«ì−ãî ¨ ¬−¨¬ãî ç áâ¨ ¢¥ªâ®à®¢ ¤«ï á¥£¬¥−â  Sh h−1(x, y)
®¯à¥¤¥«ïîâ ¯® ¬®¤¥«¨ á«®¦¥−¨ï ¢¥ªâ®à®¢ á ¢¥«¨ç¨− ¬¨ ¬®¤ã«ï λ

(dk)
h−1(x, y) ¨

 à£ã¬¥−â  δ(dk)
h−1(x, y) ¢ ¢¨¤¥:

re(dk)
h−1 =

∑
(u,v)∈G

λ
(dk)
h−1(u, v) cos

(
2δ(dk)

h−1(u, v)
)
,

im(dk)
h−1 =

∑
(u,v)∈G

λ
(dk)
h−1(u, v) sin

(
2δ(dk)

h−1(u, v)
)
,

£¤¥ G = Xh h−1 × Y h h−1 | ¬−®¦¥áâ¢® â®ç¥ª á¥£¬¥−â  Sh h−1(x, y) ¯® (1);  à-
£ã¬¥−â δ(dk)

h−1(u, v) ã¤¢ ¨¢ îâ ¤«ï à áè¨à¥−¨ï ¯®«ã¯«®áª®áâ¨ [0, π) ¤® ¯«®áª®áâ¨
[0, 2π) [3, 6]; κ | ª®íää¨æ¨¥−â −®à¬¨à®¢ª¨ ¢¥ªâ®à®¢ ¨§ G ¢¨¤ 

κ =
max
(u,v)∈G

λ
(dk)
h−1(u, v)

∑
(u,v)∈G

λ
(dk)
h−1(u, v)

.
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�¥§ã«ìâ â á«®¦¥−¨ï ¢¥ªâ®à®¢ § ¯®¬¨− îâ ¢ ¢¥àè¨−¥ á¥£¬¥−â ,   ¤ −−ë¥
−  ¢á¥å ãà®¢−ïå ¯¨à ¬¨¤ë R ¯à¨¢ï§ë¢ îâ ª ª®®à¤¨− â ¬. Š®íää¨æ¨¥−â
−®à¬¨à®¢ª¨ κ ¬ áèâ ¡¨àã¥â ¤®áâ®¢¥à−®áâì λ(x, y), ª®â®à ï ¯à¨ h > 2 ª ª
¬¥à  ª®£¥à¥−â−®áâ¨ − ¯à ¢«¥−¨© ¤®áâ¨£ ¥â ¬ ªá¨¬ «ì−® ¢®§¬®¦−®© ¢¥«¨ç¨−ë
¤«ï ¨¤¥ «ì−®© «®ª «ì−®© ®à¨¥−â æ¨¨,   ¤«ï ¨§®âà®¯−®© áâàãªâãàë ®−  à ¢− 
−ã«î [3].

�¨á. 5 � ¯à ¢«¥−¨ï ¨ ¤®áâ®¢¥à−®áâ¨ ª − «  úâ¥−¨û ( ) ¨ ª − «  úá¢¥â û (¡)
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�ïâë© íâ ¯. ‚ë¯®«−ï¥âáï ®â¡®à − ¯à ¢«¥−¨© −  á¥£¬¥−â å S
(d+3)
h . ”®à-

¬ «ì−®  «£®à¨â¬ à¥ «¨§ã¥âáï ¯®á«¥¤®¢ â¥«ì−ë¬ ¢ë¡®à®¬ ¢ ª − « å − ¯à ¢«¥−¨©
¨§ D = 0, . . . , 3 ¤«ï ¨¥à àå¨¨ H = 2, . . . , n ¨â¥à æ¨®−−® h = min(H) ⇒ H =
= H\{h} ¯® ä®à¬ã« ¬:

–h = [δh(x, y)] =
[
δ
(ϑ(x,y)k)
h (x, y)

]
;

˜h = [λh(x, y)] =
[
δ
(ϑ(x,y)k)
h (x, y)

]
,

⎫
⎪⎬
⎪⎭

(19)

£¤¥ k ∈ 0, 1 ¨ ϑ(x, y, k) ∈ D | − ¯à ¢«¥−¨¥-¯®¡¥¤¨â¥«ì −  ®â¤¥«ì−®¬ á¥£¬¥−â¥
¨¥à àå¨¨ h | ®¯à¥¤¥«ïîâáï ¢ ¢¨¤¥ ¯ àë

(ϑ(x, y)k) = arg max
k∈0, 1

max
d∈D

λ
(dk)
h (x, y) .

� ¯à ¢«¥−¨ï ¯®ªàë¢ îâ ¢á¥ ¬−®£®®¡à §¨¥ ®à¨¥−â æ¨© ¯ ¯¨««ïà−ëå «¨−¨©
0 ≤ δ < π ¯à¨ à ¢−®¯à ¢−®¬ ¢ë¡®à¥ − ¯à ¢«¥−¨© d ¨ d ¯® (16) ¤«ï ¯à®áâëå
®ªà¥áâ−®áâ¥©. Œ âà¨æë {–h}, {˜h} á®¤¥à¦ â − ¨¡®«¥¥ ¯à ¢¤®¯®¤®¡−ë¥ − -
¯à ¢«¥−¨ï ¨§ ª ¦¤®£® ª − « , −® −¥®¡ï§ â¥«ì−® ª®àà¥ªâ−ë¥. ‡¤¥áì ¤«ï ª ¦¤®©
¨¥à àå¨¨ h ∈ H ä®à¬¨àã¥âáï 18 á«®¥¢: {–(dk)

h }, {–h}, {˜(dk)
h }, {˜h}, £¤¥

d ∈ 0, . . . , 3; k ∈ 0, 1.
�  íâ®¬ § ª −ç¨¢ ¥âáï ¨§¬¥à¥−¨¥ ¯®«¥© − ¯à ¢«¥−¨© „ˆ. Œ âà¨æë − ¯à ¢-

«¥−¨© ¨ ¢¥«¨ç¨− ¨å ¤®áâ®¢¥à−®áâ¥© ¯®ª § −ë −  à¨á. 5 ¨ 6.
ˆâ ª, ¬¥â®¤ ¨§¬¥à¥−¨ï ¯®«¥© − ¯à ¢«¥−¨© ®á−®¢ − −  ®æ¥−ª¥ ¢¥«¨ç¨−

®âáç¥â®¢ ¯à¨ ¯ à ««¥«ì−®¬ ¤¢¨¦¥−¨¨ ¢ á«®ïå á¢¥â®â¥−¥©,   à §¤¥«¥−¨¥ à¥-
§ã«ìâ â®¢ Š� −  ¤¢  ª − «  ¨ ¨§®¡¨«¨¥ à¥§ã«ìâ â®¢ ¨§¬¥à¥−¨© ¯®§¢®«ï¥â
ã«ãçè¨âì Š� ¨§®¡à ¦¥−¨ï ¨ ã¬¥−ì-

�¨á. 6 �â®¡à −−ë¥ − ¯à ¢«¥−¨ï ¨ ¤®áâ®-
¢¥à−®áâ¨

è¨âì ®è¨¡ª¨ ®¡à ¡®âª¨ „ˆ ¨, â¥¬
á ¬ë¬, ã¬¥−ìè¨âì ®è¨¡ª¨ ¨¤¥−â¨-
ä¨ª æ¨¨ [5].

�  à¨á. 6 ¬®¦−® § ¬¥â¨âì, çâ®,
−¥á¬®âàï −  ¤¥ä¥ªâë „ˆ, ®¡®§− -
ç¥−−ë¥ −  à¨á. 1, ®â®¡à −−ë¥ − 
®á−®¢¥ ¬ ªá¨¬¨§ æ¨¨ ¤®áâ®¢¥à−®áâ¨
− ¯à ¢«¥−¨ï (¢ ¢¨¤¥ ç¥àâ®ç¥ª) ¢ íâ¨å
¤¥ä¥ªâ−ëå ®¡« áâïå ¯®áâà®¥−ë ª®à-
à¥ªâ−®.

4 Заключение

�à¥¤«®¦¥− ¬¥â®¤ ¯ à ««¥«ì−ëå æ¥¯¥© ¤«ï à á¯®§− ¢ −¨ï − ¯à ¢«¥−¨© «¨−¨©
−  „ˆ. �− ¡ §¨àã¥âáï −  ä®à¬ «¨§¬¥ (1){(5) ¨ ¢ë¯®«−ï¥âáï −  ®á−®¢¥ á«¥¤ãîé¨å
−®¢ëå à¥è¥−¨©:
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{ ®âá«¥¦¨¢ −¨¥ á«®¥¢ á¢¥â®â¥−¥© −  ®á−®¢¥ ª®àà¥«ïæ¨¨ â®ç¥ª ¨§ ¯ à ««¥«ì−ëå
æ¥¯¥© (12), §¥àª «¨à®¢ −¨ï − ¯à ¢«¥−¨ï ¤¢¨¦¥−¨ï ¯® (14){(16) ¨ ¢¥à®ïâ−®áâ-
−®© ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¥© − ¯à ¢«¥−¨© ¯® (13);

{ ¬−®£®ª − «ì−®¥ −¥§ ¢¨á¨¬®¥ ¨§¬¥à¥−¨¥ ¯®«¥© − ¯à ¢«¥−¨© ¨ ¨å ¤®áâ®¢¥à−®-
áâ¥© á®£« á−® ãà ¢−¥−¨ï¬ (11);

{ ¯¥àª®«ïæ¨î ¬ âà¨æ − ¯à ¢«¥−¨© ¨ ¨å ¤®áâ®¢¥à−®áâ¥© −  ¡®«¥¥ ¢ëá®ª¨¥
¨¥à àå¨¨ ¯¨à ¬¨¤ë R ¯® (17) ¨ (18) ¢ à ¬ª å ¯¨à ¬¨¤ «ì−®© ¬®¤¥«¨;

{ ®â¡®à − ¨¡®«¥¥ ¤®áâ®¢¥à−ëå − ¯à ¢«¥−¨© ¢ ª − « å ¨ á¨−â¥§ ¬ âà¨æ ¡®«¥¥
¢ëá®ª®£® ª ç¥áâ¢  ®â®¡à −−ëå − ¯à ¢«¥−¨© ¨ ¨å ¤®áâ®¢¥à−®áâ¥© ¯® (19).

�à¥¤«®¦¥−−ë© ¬¥â®¤ áãé¥áâ¢¥−−® ®â«¨ç ¥âáï ®â ¬¥â®¤  ¯à®áâëå ®ªà¥áâ−®-
áâ¥© [3] ª ª ¯® â®ç−®áâ¨, â ª ¨ ¯® ª ç¥áâ¢ã ¨§¬¥à¥−¨©.

‚ ¤ «ì−¥©è¥¬ ¯« −¨àã¥âáï à §¢¨â¨¥ ¬¥â®¤  §  áç¥â ¯à¨¬¥−¥−¨ï âà¥å ¯ à «-
«¥«ì−ë© æ¥¯¥© ¢ á®ç¥â −¨¨ á ¬¥â®¤®¬ â¥−§®à−®£®  − «¨§  ¯à®áâëå ®ªà¥áâ−®áâ¥©.
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METHOD OF PARALLEL CIRCUITS FOR FINGERPRINT IMAGE
RECOGNITION

V. Yu. Gudkov

Chelyabinsk State University, diana@sonda.ru

Abstract: New method of fingerprint image processing is described. The method
is based on simultaneous tracking of ridges and valleys directions, instead of
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tracking ridges. In areas of good quality, the directions can be determined
confidently both for ridges and valleys. But in areas of poor quality, there is
a problem with accurate measuring of ridge flow. Given a pixel on filtered
fingerprint image, the chains of pixels of minimal and maximal intensity are
tracked. Based on the results of tracking, the hypotheses on ridge flow direction
for ridges and valleys are generated. Then, the results are fused in order to obtain
estimation of ridge flow direction and density. It allows to significantly improve
the accuracy of ridge flow direction and density in the areas of poor quality.
Finally, it is used to form the field of flows and its confidential (quality) matrix.
More accurate measuring of ridge direction improves fingerprint recognition by
more accurate feature extraction: ridge endings and bifurcations.

Keywords: fingerprint; field of flows; chiaroscuro; parallel circuits
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КЛАССИФИКАЦИЯЛЮДЕЙПОИЗОБРАЖЕНИЮЛИЦА
НА ОСНОВЕ СРАВНИТЕЛЬНЫХПРИЗНАКОВ ВНЕШНОСТИ∗

В. C. Конушин1, Т.М. Лукина2, А.И. Кухаренко3, А. С. Конушин4

�−−®â æ¨ï: �à¥¤«®¦¥− −®¢ë© ¯®¤å®¤ ª ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯® ¨§®¡à -
¦¥−¨î «¨æ . �®¤å®¤ á®áâ®¨â ¨§ ¤¢ãå è £®¢. �  ¯¥à¢®¬ è £¥ ®æ¥−¨¢ ¥âáï
áå®¤áâ¢® ¬¥¦¤ã â¥áâ®¢ë¬ «¨æ®¬ ¨ «¨æ ¬¨ ¨§ ¨§¢¥áâ−®© ¡ §ë, ¤«ï ç¥£® ®¡ãç -
îâáï á¯¥æ¨ «ì−ë¥ ª« áá¨ä¨ª â®àë áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢ ¢−¥è−®áâ¨.
‘å®¤áâ¢® ®æ¥−¨¢ ¥âáï ®â¤¥«ì−® ¯® ª ¦¤®¬ã äà £¬¥−âã «¨æ , â ª¨¬ ª ª à®â,
−®á, £« § . ‚ ª ç¥áâ¢¥ ¯à¨§− ª®¢ ¨á¯®«ì§ãîâáï æ¢¥â , ïàª®áâ¨, ¢¥«¨ç¨−ë ¨
− ¯à ¢«¥−¨ï £à ¤¨¥−â  ¯¨ªá¥«®¢ ª ª ¯® ®â¤¥«ì−®áâ¨, â ª ¨ ¢ á®¢®ªã¯−®áâ¨
¢ ¢¨¤¥ £¨áâ®£à ¬¬ë ¨«¨ ¯ à ¬¥âà®¢ −®à¬ «ì−®£® à á¯à¥¤¥«¥−¨ï. �  ¢â®-
à®¬ è £¥ ¢ë¯®«−ï¥âáï ª« áá¨ä¨ª æ¨ï ¯® ¨áª®¬®© å à ªâ¥à¨áâ¨ª¥ −  ®á−®¢¥
¯®áç¨â −−®£® áå®¤áâ¢  á íâ¨¬¨ «î¤ì¬¨. ‚ ª ç¥áâ¢¥ ª« áá¨ä¨ª â®à®¢ ¨á-
¯®«ì§ã¥âáï ¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢ á ï¤à®¬ RBF (Radial Basis Function).
�à¥¤«®¦¥−−ë©  «£®à¨â¬ ¡ë« ¯à®â¥áâ¨à®¢ − −  § ¤ ç¥ £¥−¤¥à−®© ª« áá¨ä¨-
ª æ¨¨ á ¨á¯®«ì§®¢ −¨¥¬ ¡ § LFW (Labeled Faces in the Wild) ¨ PubFig (Public
Figures Face Database). �«£®à¨â¬ ¯®ª § « â®ç−®áâì ª« áá¨ä¨ª æ¨¨ ¢ 92,96%.

Š«îç¥¢ë¥ á«®¢ : ª« áá¨ä¨ª æ¨ï «î¤¥©; £¥−¤¥à− ï ª« áá¨ä¨ª æ¨ï «î¤¥©;
¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢

DOI: 10.14357/08696527130204

1 Введение

Š« áá¨ä¨ª æ¨ï «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  ï¢«ï¥âáï  ªâ¨¢−® à §¢¨¢ îé¥©-
áï ®¡« áâìî ª®¬¯ìîâ¥à−®£® §à¥−¨ï. �® «¨æã ç¥«®¢¥ª  ¬®¦−® ®¯à¥¤¥«¨âì â ª¨¥
 âà¨¡ãâë, ª ª ¯®«, ¢®§à áâ, à á®¢ãî ¯à¨− ¤«¥¦−®áâì. ’ ª¦¥ ¬®¦−® ®¯à¥¤¥«¨âì
¯à¨§− ª¨ â¥ªãé¥£® ¢−¥è−¥£® ¢¨¤  ç¥«®¢¥ª : æ¢¥â ¢®«®á, − «¨ç¨¥ ®çª®¢, ãá®¢ ¨«¨
¡®à®¤ë ¨ â. ¯.

�¡« áâì ¨á¯®«ì§®¢ −¨ï â ª¨å  «£®à¨â¬®¢ ¢ª«îç ¥â ä¨«ìâà æ¨î à¥§ã«ìâ â®¢
¯®¨áª  ¨§®¡à ¦¥−¨© ¢ ˆ−â¥à−¥â¥, ¯®¨áª «î¤¥© ¢ ¢¨¤¥® àå¨¢ å,  − «¨§ á®áâ ¢ 
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áâ¢¥−−®© ¯®¤¤¥à¦ª¨ ¬®«®¤ëå à®áá¨©áª¨å ãç¥−ëå | ª −¤¨¤ â®¢ − ãª ŒŠ-4644.2012.9 ¨ £à −â 
�””ˆ ü 11-01-00957- .
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Š« áá¨ä¨ª æ¨ï «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  −  ®á−®¢¥ áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢

�¨á. 1 ˆ««îáâà æ¨ï à ¡®âë ¯à¥¤«®¦¥−−®£® ¬¥â®¤  −  § ¤ ç¥ £¥−¤¥à−®© ª« áá¨ä¨ª -
æ¨¨. ’¥áâ¨àã¥¬®¥ «¨æ® à §¡¨¢ ¥âáï −  ª®¬¯®−¥−âë, ª®â®àë¥ áà ¢−¨¢ îâáï á á®®â¢¥â-
áâ¢ãîé¨¬¨ ª®¬¯®−¥−â ¬¨ «¨æ ¨§¢¥áâ−ëå «î¤¥©. ˆâ®£®¢ ï ª« áá¨ä¨ª æ¨ï ¢ë¯®«−ï¥âáï
−  ®á−®¢¥ ¢ëç¨á«¥−−®£® áå®¤áâ¢  á ¨§¢¥áâ−ë¬¨ «î¤ì¬¨

 ã¤¨â®à¨¨, á¨áâ¥¬ë ¨−â¥««¥ªâã «ì−ëå ¨−â¥àä¥©á®¢, ª®£¤  ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë
§ ¢¨á¨â, − ¯à¨¬¥à, ®â ¯®«  ¨ ¢®§à áâ  ¯®«ì§®¢ â¥«ï.

‘â −¤ àâ−ë¬ ¯®¤å®¤®¬ ª ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  ï¢«ï-
¥âáï ¨§¢«¥ç¥−¨¥ −¨§ª®ãà®¢−¥¢ëå ¯à¨§− ª®¢ ¨§ ¨§®¡à ¦¥−¨ï ¨ ¨å ¯¥à¥¤ ç  ¢
ª« áá¨ä¨ª â®à, ®¡ãç¥−−ë© á ¯®¬®éìî  «£®à¨â¬  ¬ è¨−−®£® ®¡ãç¥−¨ï, ª®â®àë©
¯® ®¡ãç îé¥© ¢ë¡®àª¥ − å®¤¨â § ¢¨á¨¬®áâ¨ ª« áá¨ä¨æ¨àã¥¬®£®  âà¨¡ãâ  ®â
íâ¨å ¯à¨§− ª®¢. �à¨ â ª®¬ ¯®¤å®¤¥ −¥ ¢ë¯®«−ï¥âáï ï¢−®£® ¯®¨áª  ¯®å®¦¨å «¨æ
¨«¨ ª ª®£®-«¨¡® áà ¢−¥−¨ï á «¨æ ¬¨ ¨§ ®¡ãç îé¥© ¢ë¡®àª¨. ‚ á«ãç ¥ ¨á¯®«ì-
§®¢ −¨ï ¢ ª ç¥áâ¢¥ ª« áá¨ä¨ª â®à  ¬¥â®¤  ®¯®à−ëå ¢¥ªâ®à®¢ −¥ª®â®àë¥ «¨æ  ¨§
®¡ãç îé¥© ¢ë¡®àª¨ ®â¡¨à îâáï ¢ ª ç¥áâ¢¥ ®¯®à−ëå ¢¥ªâ®à®¢ ¨ ¨á¯®«ì§ãîâáï
−¥ï¢−®. �à¨ íâ®¬ à¥§ã«ìâ â ª« áá¨ä¨ª æ¨¨ § ¢¨á¨â ®â à ááâ®ï−¨© ¤® ®¯®à−ëå
¢¥ªâ®à®¢ (â. ¥. «¨æ), −® íâ¨ à ááâ®ï−¨ï ®¯à¥¤¥«ïîâáï ¨á¯®«ì§ã¥¬ë¬ ï¤à®¬ ¨
¬®£ãâ ¯«®å® á®®â¢¥âáâ¢®¢ âì à¥ «ì−®© ¯®å®¦¥áâ¨ ¬¥¦¤ã «¨æ ¬¨.

‚ − áâ®ïé¥© áâ âì¥ ¯à¥¤« £ ¥âáï ï¢−® ®¡ãç¨âì ª« áá¨ä¨ª â®àë ¯®å®¦¥áâ¨
«¨æ, çâ®¡ë ®æ¥−¨âì áå®¤áâ¢® â¥áâ¨àã¥¬®£® «¨æ  á «¨æ ¬¨ ¨§¢¥áâ−ëå «î¤¥©, ¯®á«¥
ç¥£® ¨á¯®«ì§®¢ âì ¯®«ãç¥−−ë¥ à ááâ®ï−¨ï ¢® ¢â®à®¬ ª« áá¨ä¨ª â®à¥, ª®â®àë©
ã¦¥ ¤ áâ ¨â®£®¢ë© à¥§ã«ìâ â ª« áá¨ä¨ª æ¨¨. „ −− ï à ¡®â  ®á−®¢ë¢ ¥âáï − 
¨¤¥¥  «£®à¨â¬  ¨¤¥−â¨ä¨ª æ¨¨ «¨æ [1], ¢ ª®â®à®© ¡ë«® ¯à¥¤«®¦¥−® áà ¢−¨¢ âì
«î¤¥© −  ®á−®¢¥ ¨å  âà¨¡ãâ®¢, â ª¨å ª ª ¯®«, ¢®§à áâ, è¨à¨−  −®á  ¨ â. ¯.,  
â ª¦¥ ¨å ¯®å®¦¥áâ¨ −  ¤àã£¨å úíâ «®−−ëåû «î¤¥©. „«ï íâ®£® ¡ë«® ¯à¥¤«®¦¥-
−® ®¡ãç¨âì â ª − §ë¢ ¥¬ë¥ áà ¢−¨â¥«ì−ë¥ ¯à¨§− ª¨ ¢−¥è−®áâ¨ ¤«ï ®â¤¥«ì−ëå
ª®¬¯®−¥−â «¨æ , â ª¨å ª ª ®¡« áâ¨ £« § ¨«¨ £ã¡. �â¨ ¯à¨§− ª¨ ®æ¥−¨¢ îâ ¯®å®-
¦¥áâì ª®−ªà¥â−®© ª®¬¯®−¥−âë «¨æ  −  íâã ¦¥ ª®¬¯®−¥−âã ¤ −−®£® úíâ «®−−®£®û
ç¥«®¢¥ª .

�à¥¤« £ ¥âáï ¨á¯®«ì§®¢ âì  − «®£¨ç−ë© ¯®¤å®¤, −® ¤«ï § ¤ ç¨ ª« áá¨ä¨ª -
æ¨¨ «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ . �  à¨á. 1. ¨§®¡à ¦¥−  ¨««îáâà æ¨ï à ¡®âë
¯à¥¤«®¦¥−−®£®  «£®à¨â¬ . �«£®à¨â¬ ¡ë« ¯à®â¥áâ¨à®¢ − −  ¡ §¥ LFW [2] − 
¯à¨¬¥à¥ § ¤ ç¨ £¥−¤¥à−®© ª« áá¨ä¨ª æ¨¨ ¨ ¯®ª § « â®ç−®áâì ¢ 92,96%.

‘â âìï ®à£ −¨§®¢ −  á«¥¤ãîé¨¬ ®¡à §®¬. ‚ à §¤. 2 ¤ ¥âáï ®¡§®à áãé¥-
áâ¢ãîé¨å ¬¥â®¤®¢ ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯® «¨æã,   â ª¦¥ ®¯¨áë¢ îâáï ¬¥â®¤ë
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¨¤¥−â¨ä¨ª æ¨¨ ç¥«®¢¥ª , −  ¨¤¥¨ ª®â®àëå ®¯¨à ¥âáï à §à ¡®â −−ë©  «£®à¨â¬.
� §¤¥« 3 ®¯¨áë¢ ¥â ¯à¥¤«®¦¥−−ë©  «£®à¨â¬ ª« áá¨ä¨ª æ¨¨. ‚ à §¤. 4 ¯à¨¢®¤¨â-
áï ®¯¨á −¨¥ ¨ à¥§ã«ìâ âë â¥áâ¨à®¢ −¨ï ¨ áà ¢−¥−¨ï ¯à¥¤«®¦¥−−®£®  «£®à¨â¬ .
� §¤¥« 5 á®¤¥à¦¨â § ª«îç¥−¨¥ ¨ ¯®¤ëâ®¦¨¢ ¥â ®á−®¢−ë¥ à¥§ã«ìâ âë áâ âì¨.

2 Существующие подходы

	®«ìè¨−áâ¢®  «£®à¨â¬®¢ ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯® «¨æã á«¥¤ã¥â ®¤¨− ª®¢®©
¯®á«¥¤®¢ â¥«ì−®áâ¨ ¤¥©áâ¢¨©, á®áâ®ïé¥© ¨§ −®à¬ «¨§ æ¨¨ «¨æ , ¢ëç¨á«¥−¨ï
¯à¨§− ª®¢ −  ¨§®¡à ¦¥−¨¨ ¨ −¥¯®áà¥¤áâ¢¥−−® ª« áá¨ä¨ª æ¨¨. � §«¨ç¨ï ¬¥¦¤ã
 «£®à¨â¬ ¬¨ § ª«îç îâáï ¢ ®á−®¢−®¬ ¢ ¬¥â®¤ å, ¨á¯®«ì§ã¥¬ëå −  ®â¤¥«ì−ëå
ãª § −−ëå è £ å.

� ¨¡®«¥¥ à á¯à®áâà −¥−−ë¬  «£®à¨â¬®¬ −®à¬ «¨§ æ¨¨ «¨æ  ï¢«ï¥âáï ¯®¢®-
à®â ¨§®¡à ¦¥−¨ï −  â ª®© ã£®«, çâ®¡ë «¨−¨ï ¬¥¦¤ã £« § ¬¨ áâ «  £®à¨§®−â «ì-
−®©, ®¡à¥§ª  ¨ ¬ áèâ ¡¨à®¢ −¨¥ ¤® áâ −¤ àâ−ëå à §¬¥à®¢. ‚ [3] ¤«ï −®à¬ «¨-
§ æ¨¨ «¨æ  ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢ âì âà¨ −£ã«ïæ¨î „¥«®−¥ ¨  ää¨−−®¥
¯à¥®¡à §®¢ −¨¥. ‚ [4] ¨á¯®«ì§®¢ « áì áâ −¤ àâ− ï −®à¬ «¨§ æ¨ï «¨æ  ¯® £« -
§ ¬, −® ª ®¡ãç îé¥© ¢ë¡®àª¥ ¤®¡ ¢«ï«¨áì ¯à¨¬¥àë −®à¬ «¨§®¢ −−ëå «¨æ ¯à¨
á¬¥é¥−−ëå ¯®«®¦¥−¨ïå £« §, çâ® ¯®§¢®«ï«® ¯®¢ëá¨âì ãáâ®©ç¨¢®áâì ª« áá¨ä¨-
ª æ¨¨ ª −¥â®ç−®¬ã ¢ë¤¥«¥−¨î £« §. ’ ª¦¥ ¬®¦¥â ¯à¨¬¥−ïâìáï ¤®¯®«−¨â¥«ì− ï
−®à¬ «¨§ æ¨ï ®á¢¥é¥−¨ï.

‚ ª ç¥áâ¢¥ ¯à¨§− ª®¢ ¨§®¡à ¦¥−¨ï ¢ à §−ëå áâ âìïå ¯à¥¤« £ «®áì ¨á-
¯®«ì§®¢ âì ¨áå®¤−ë¥ ¨−â¥−á¨¢−®áâ¨ ¯¨ªá¥«®¢ [5, 6], ¯à¨§− ª¨ •  à  [7], ¯ -
à ¬¥âàë ú�ªâ¨¢−®© ¬®¤¥«¨ ¢−¥è−®áâ¨û [7{9], «®ª «ì−ë¥ ¡¨− à−ë¥ è ¡«®-
−ë [10, 11]. � ¨«ãçè¨¥ à¥§ã«ìâ âë ¯®ª §ë¢ îâ ¡¨®«®£¨ç¥áª¨ ®¡ãá«®¢«¥−−ë¥
¯à¨§− ª¨ [12, 13], ®á−®¢ −−ë¥ −  ä¨«ìâà å ƒ ¡®à .

�  íâ ¯¥ ª« áá¨ä¨ª æ¨¨ ¬®¦¥â ¨á¯®«ì§®¢ âì ¡ãáâ¨−£ [6, 7, 11], ¬¥â®¤ ®¯®à-
−ëå ¢¥ªâ®à®¢ [1, 5, 7{12, 14], à −¤®¬¨§¨à®¢ −−ë© «¥á à¥è îé¨å ¤¥à¥¢ì¥¢ [15].
�à¨ íâ®¬ − ¨¡®«¥¥ ç áâ® ¯à¨¬¥−ï¥âáï ¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢.

‚ ®â¤¥«ì−ëå áâ âìïå [13, 16] ¨§ãç «®áì ¢«¨ï−¨¥ ®¤−®£®  âà¨¡ãâ  −  ¤àã£®©,
− ¯à¨¬¥à ¯à¥¤¢ à¨â¥«ì−®© ¨¤¥−â¨ä¨ª æ¨¨ ¯®«  ¤«ï ®æ¥−ª¨ ¢®§à áâ  [13] ¨«¨
ª« áá¨ä¨ª æ¨¨ ¯® íâ−¨ç¥áª®© ¯à¨− ¤«¥¦−®áâ¨ ¤«ï ª« áá¨ä¨ª æ¨¨ ¯® ¯®«®¢®¬ã
¯à¨§− ªã [16].

�¢â®à ¬ −¥ ¢áâà¥â¨«®áì −¨ ®¤−®© áâ âì¨ ¯® ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯® «¨æã,
¢ ª®â®à®© ¡ë ¢ ï¢−®¬ ¢¨¤¥ ¨áª «¨áì − ¨¡®«¥¥ ¯®å®¦¨¥ «¨æ ,   ª« áá¨ä¨ª æ¨ï
¢ë¯®«−ï« áì −  ®á−®¢¥ íâ®© ¢ëç¨á«¥−−®© ¯®å®¦¥áâ¨. �«£®à¨â¬ë, ¨á¯®«ì§ãîé¨¥
¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢, ¤¥« îâ íâ® −¥ï¢−ë¬ ®¡à §®¬, ¢ë¡¨à ï −¥ª®â®àë¥
«¨æ  ¨§ ®¡ãç îé¥© ¢ë¡®àª¨ ¢ ª ç¥áâ¢¥ ®¯®à−ëå ¢¥ªâ®à®¢, ®¤− ª® ¨á¯®«ì§ã¥¬ ï
¬¥âà¨ª  ®¯à¥¤¥«ï¥âáï ¨á¯®«ì§ã¥¬®¬ ï¤à®¬ ¨ ¬®¦¥â ¡ëâì ¯«®å®©  ¯¯à®ªá¨¬ æ¨¥©
à¥ «ì−®© ¯®å®¦¥áâ¨ «¨æ.

� ¨¡®«¥¥ ¡«¨§ª¨¬ ª ¯à¥¤«®¦¥−−®¬ã ¬¥â®¤ã ï¢«ï¥âáï  «£®à¨â¬ ¨¤¥−â¨ä¨ª -
æ¨¨ ç¥«®¢¥ª  ¯® «¨æã ¨§ [1]. ‚ æ¥«®¬,  «£®à¨â¬ë ¨¤¥−â¨ä¨ª æ¨¨ ¨ ª« áá¨ä¨-
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Š« áá¨ä¨ª æ¨ï «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  −  ®á−®¢¥ áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢

ª æ¨¨ «î¤¥© ¯® «¨æã ®¡ëç−® ®ç¥−ì ¯®å®¦¨ ¨ § ç áâãî ¨á¯®«ì§ãîâ ®¤¨− ª®¢ë¥
¯à®æ¥¤ãàë −®à¬ «¨§ æ¨¨ ¨ ¢ëç¨á«¥−¨ï ¯à¨§− ª®¢. ‚ [1] ¤«ï ¢¥à¨ä¨ª æ¨¨ «î-
¤¥© ¯® «¨æ ¬ ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢ âì ¨å ¯®å®¦¥áâì −  ¤àã£¨å, ¨§¢¥áâ−ëå
 «£®à¨â¬ã «î¤¥© ¢ ª ç¥áâ¢¥ ¯à¨§− ª®¢. „«ï íâ®£® ®¡ãç «¨áì á¯¥æ¨ «ì−ë¥ ª« á-
á¨ä¨ª â®àë áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢ ¢−¥è−®áâ¨, ª®â®àë¥, − ¯à¨¬¥à, ¬®£ãâ
®æ¥−¨âì, ú− áª®«ìª® ¤ −−ë¥ £ã¡ë ¯®å®¦¨ −  £ã¡ë �−¤¦¥«¨−ë „¦®«¨?û ¨«¨
ú− áª®«ìª® ¯®å®¦ íâ®â −®á −  −®á 	àí¤  �¨ââ ?û

„àã£¨¬, ¢ ç¥¬-â® ¯®å®¦¨¬ −  ¯à¥¤« £ ¥¬ë©, ï¢«ï¥âáï  «£®à¨â¬ ¨¤¥−â¨ä¨-
ª æ¨¨ «î¤¥© ¯® «¨æã ¨§ [17], £¤¥ ¯à¥¤«®¦¥−® ¤«ï ¯®¢¥à−ãâ®£® â¥áâ¨àã¥¬®£® «¨æ 
¨áª âì − ¨¡®«¥¥ ¯®å®¦¨¥ ç áâ¨ (ª®¬¯®−¥−âë) «¨æ  ã ¨§¢¥áâ−ëå úíâ «®−−ëåû
«î¤¥©. �à¨ áà ¢−¥−¨¨ â¥áâ¨àã¥¬ëå «¨æ ¨å ª®¬¯®−¥−âë § ¬¥−ïîâáï −  − ¨¡®«¥¥
¯®å®¦¨¥ ª®¬¯®−¥−âë ¨§¢¥áâ−ëå «î¤¥©, −® ¯®ª § −−ëå ¢® äà®−â «ì−®¬ à ªãàá¥.
’ ª ï § ¬¥−  ¯®§¢®«ï¥â §− ç¨â¥«ì−® ¯®¢ëá¨âì ãáâ®©ç¨¢®áâì ¨¤¥−â¨ä¨ª æ¨¨ ª
¯®¢®à®â ¬ «¨æ .

�¢â®à ¬¨ − áâ®ïé¥© áâ âì¨ ¯à¥¤« £ ¥âáï ¯®å®¦¨© ¯®¤å®¤ ¤«ï ª« áá¨ä¨ª æ¨¨
«î¤¥© ¯® «¨æã: ®æ¥−¨¢ âì ¯®å®¦¥áâì â¥áâ¨àã¥¬®£® ç¥«®¢¥ª  −  ¨§¢¥áâ−ëå «î¤¥©
¨ ¨á¯®«ì§®¢ âì ¯®áç¨â −−ë¥ à ááâ®ï−¨ï ¤«ï ª« áá¨ä¨ª æ¨¨.

3 Предложенный алгоритм

‚¥áì  «£®à¨â¬ á®áâ®¨â ¨§ 2 è £®¢:

(1) ¢ëç¨á«¥−¨¥ áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢ ¢−¥è−®áâ¨ ¤«ï ª®¬¯®−¥−â ª ¦¤®£®
«¨æ  −  â¥áâ¨àã¥¬®¬ ¨§®¡à ¦¥−¨¨;

(2) ª« áá¨ä¨ª æ¨ï «¨æ ¯® ¢¥ªâ®à-¯à¨§− ª ¬, á®áâ ¢«¥−−ë¬ ¨§ − ¡®à®¢ áà ¢-
−¨â¥«ì−ëå ¯à¨§− ª®¢.

3.1 Классификаторы сравнительных признаков внешности

‡  ®á−®¢ã ¢§ïâ ¯®¤å®¤ ª ®¡ãç¥−¨î ª« áá¨ä¨ª â®à®¢ áà ¢−¨â¥«ì−ëå ¯à¨§− -
ª®¢ ¢−¥è−®áâ¨, ¯à¥¤«®¦¥−−ë© ¢ áâ âì¥ [1].

‚− ç «¥ ¯à®¨§¢®¤¨âáï ¯®¨áª «¨æ −  ¨§®¡à ¦¥−¨¨ á ¯®¬®éìî  «£®à¨â¬ 
Viola{Jones [18]. �®á«¥ íâ®£® ¨éãâáï  −âà®¯®¬¥âà¨ç¥áª¨¥ â®çª¨ «¨æ , ¢ª«îç ï
ã£®«ª¨ £« § ¨ £ã¡, á ¯®¬®éìî ¯à¥¤« £ ¥¬®© à¥ «¨§ æ¨¨  «£®à¨â¬  [19]. ‡ â¥¬ − 
®á−®¢¥ − ©¤¥−−ëå â®ç¥ª ¢ë¤¥«ïîâáï ª®¬¯®−¥−âë «¨æ , ª ª ¯®ª § −® −  à¨á. 2.
„«ï ª ¦¤®© ª®¬¯®−¥−âë «¨æ  ®¡ãç ¥âáï ®â¤¥«ì−ë© ª« áá¨ä¨ª â®à.

‚ ®¡ãç ¥¬ëå ª« áá¨ä¨ª â®à å ¨á¯®«ì§ã¥âáï àï¤ −¨§ª®ãà®¢−¥¢ëå ¯à¨§− -
ª®¢. Š ¦¤ë© ¢¨¤ ¯à¨§− ª  ª®−áâàã¨àã¥âáï ¯ãâ¥¬ ¢ë¡®à  â¨¯  ¯¨ªá¥«®¢, ¢¨¤ 
−®à¬ «¨§ æ¨¨ ¨ ¬¥â®¤   £à¥£ æ¨¨.

‚ ª ç¥áâ¢¥ â¨¯®¢ ¯¨ªá¥«®¢ ¨á¯®«ì§ãîâáï æ¢¥â  ¢ ¯à®áâà −áâ¢ å RGB (red,
green, blue) ¨ HSV (hue, saturation, value), ïàª®áâì ¯¨ªá¥« , ¢¥«¨ç¨−  ¨ − ¯à -
¢«¥−¨¥ £à ¤¨¥−â .
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�®à¬ «¨§ æ¨î §− ç¥−¨© ¯à¨§− -

�¨á. 2 ‚ë¤¥«ï¥¬ë¥ ª®¬¯®−¥−âë «¨æ 

ª®¢ ¯¨ªá¥«®¢ ¬®¦−® «¨¡® ¢®®¡é¥ −¥
¤¥« âì, «¨¡® ¨á¯®«ì§®¢ âì ãáà¥¤−¥-
−¨¥ §− ç¥−¨© ¯¨ªá¥«®¢ �x = x/μ, «¨-
¡® ¢ë¯®«−¨âì −®à¬ «¨§ æ¨î í−¥à£¨¨
�x = (x − μ)/σ, £¤¥ x | ¢å®¤−®¥ §− -
ç¥−¨¥; μ ¨ σ | áà¥¤−¥¥ ¨ áâ −¤ àâ−®¥
®âª«®−¥−¨¥ ¢á¥å ¯¨ªá¥«®¢ x ¢−ãâà¨
ª®¬¯®−¥−âë; �x | −®à¬ «¨§®¢ −−®¥
¢ëå®¤−®¥ §− ç¥−¨¥.

‚¨¤ë  £à¥£ æ¨¨ ¢ª«îç îâ ¢ á¥-
¡ï ¯®áâà®¥−¨¥ £¨áâ®£à ¬¬ë §− ç¥−¨©
¯à¨§− ª®¢ ¨ ¢ëç¨á«¥−¨¥ áà¥¤−¥£® ¨
¤¨á¯¥àá¨¨.

‚á¥ ¢¨¤ë ¯à¨§− ª®¢ á®¡à −ë ¢
¥¤¨−ãî â ¡«¨æã.

ˆá¯®«ì§ã¥¬ë¥ ¢¨¤ë ¯à¨§− ª®¢

’¨¯ ¯¨ªá¥«®¢ �®à¬ «¨§ æ¨ï �£à¥£ æ¨ï
RGB
HSV

ˆ−â¥−á¨¢−®áâì ¯¨ªá¥«®¢
‚¥«¨ç¨−  £à ¤¨¥−â 

� ¯à ¢«¥−¨¥ £à ¤¨¥−â 

�¥â
“áà¥¤−¥−¨¥

�®à¬ «¨§ æ¨ï í−¥à£¨¨

�¥â
ƒ¨áâ®£à ¬¬ 

‘à¥¤−¥¥, ¤¨á¯¥àá¨ï

„«ï ª ¦¤®© ª®¬¯®−¥−âë ¨ ª ¦¤®£® úíâ «®−−®£®û ç¥«®¢¥ª  ®¡ãç ¥âáï ®â-
¤¥«ì−ë© ª« áá¨ä¨ª â®à, ª®â®àë© ®æ¥−¨¢ ¥â ¯®å®¦¥áâì ¤ −−®© ª®¬¯®−¥−âë − 
¤ −−®£® ç¥«®¢¥ª . ‚ ª ç¥áâ¢¥ ¯®«®¦¨â¥«ì−ëå ¯à¨¬¥à®¢ ®¡ãç îé¥© ¢ë¡®àª¨
¨á¯®«ì§ãîâáï á®®â¢¥âáâ¢ãîé¨¥ ª®¬¯®−¥−âë «¨æ , ¢§ïâë¥ ¨§ à §−ëå ¨§®¡à ¦¥-
−¨© íâ®£® ç¥«®¢¥ª ,   ¢ ª ç¥áâ¢¥ ®âà¨æ â¥«ì−ëå ¯à¨¬¥à®¢ ¨á¯®«ì§ã¥âáï íâ  ¦¥
ª®¬¯®−¥−â , −® ¢§ïâ ï ¨§ ¯à®¨§¢®«ì−ëå ¨§®¡à ¦¥−¨© ¤àã£¨å «î¤¥©.

�â¤¥«ì−ë© ª« áá¨ä¨ª â®à ®¡ãç ¥âáï −  ®á−®¢¥ ¬¥â®¤  ®¯®à−ëå ¢¥ªâ®à®¢
á ï¤à®¬ RBF ¤«ï ª ¦¤®£® ¢¨¤  ¯à¨§− ª®¢, ª ¦¤®© ª®¬¯®−¥−âë ¨ ª ¦¤®£®
úíâ «®−−®£®û ç¥«®¢¥ª .

3.2 Классификация людей на основе сравнительных признаков внешности

�  ¤ −−®¬ íâ ¯¥ ¤«ï â¥áâ¨àã¥¬®£® «¨æ  ¨¬¥¥âáï ¤¥áªà¨¯â®à F à §¬¥à−®áâ¨
N × M × K, £¤¥ N | ª®«¨ç¥áâ¢® úíâ «®−−ëåû «î¤¥©; M | ª®«¨ç¥áâ¢®
¢¨¤®¢ ¯à¨§− ª®¢; K | ç¨á«® ª®¬¯®−¥−â. Š ¦¤ë© í«¥¬¥−â ¤¥áªà¨¯â®à  Fn,m,k

ï¢«ï¥âáï ®æ¥−ª®© ¯®å®¦¥áâ¨ k-© ª®¬¯®−¥−âë â¥áâ¨àã¥¬®£® «¨æ  ¨ «¨æ  n-£®

54 ‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013



Š« áá¨ä¨ª æ¨ï «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  −  ®á−®¢¥ áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢

úíâ «®−−®£®û ç¥«®¢¥ª , ¨á¯®«ì§ãïm-© ¢¨¤ ¯à¨§− ª , ¨ ¯® áãâ¨ ï¢«ï¥âáï ¢ëå®¤®¬
á®®â¢¥âáâ¢ãîé¥£® ª« áá¨ä¨ª â®à . �áâ ¥âáï − ©â¨ ª« áá L(F ) â¥áâ¨àã¥¬®£®
ç¥«®¢¥ª .

� áá¬ âà¨¢ ¥âáï â®«ìª® á«ãç © ¡¨− à−®© ª« áá¨ä¨ª æ¨¨. ‡ ¤ ç  ¬−®£®-
ª« áá®¢®© ª« áá¨ä¨ª æ¨¨ ¬®¦¥â ¡ëâì á¢¥¤¥−  ª ¡¨− à−®© ç¥à¥§ ª« áá¨ä¨ª æ¨î
úª ¦¤ë© á ª ¦¤ë¬û ¨«¨ ú®¤¨− ¯à®â¨¢ ¢á¥åû. ‚ [9] ¡ë«® ¯à¥¤«®¦¥−® á¢¥¤¥−¨¥
§ ¤ ç¨ ®æ¥−ª¨ ¢®§à áâ  ª àï¤ã ¡¨− à−ëå § ¤ ç ª« áá¨ä¨ª æ¨¨, ª®â®àë¥ ®â¢¥ç îâ
−  ¢®¯à®á: ú	®«ìè¥ «¨ ¤ −−®¬ã ç¥«®¢¥ªã «¥â, ç¥¬ § ¤ −−®¥ ç¨á«®?û �â®â ¬¥â®¤
¯®ª § « ®¤¨− ¨§ − ¨¡®«¥¥ ¢ëá®ª¨å −  ¤ −−ë© ¬®¬¥−â à¥§ã«ìâ â®¢ ¯® â®ç−®áâ¨
ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯® ¢®§à áâã.

� ¨¡®«¥¥ ¯à®áâë¬ á¯®á®¡®¬ ª« áá¨ä¨ª æ¨¨ «î¤¥© −  ®á−®¢¥ áà ¢−¨â¥«ì−ëå
¯à¨§− ª®¢ ¢−¥è−®áâ¨ ï¢«ï¥âáï ¬¥â®¤ ¡«¨¦ ©è¥£® á®á¥¤  ¨«¨ k ¡«¨¦ ©è¨å
á®á¥¤¥©. ‚ íâ®¬ á«ãç ¥ ¯à®áâ® ¨éãâáï − ¨¡®«¥¥ ¯®å®¦¨¥ úíâ «®−−ë¥û «î¤¨
¨ ¢ ª ç¥áâ¢¥ à¥§ã«ìâ â  ª« áá¨ä¨ª æ¨¨ ¡¥à¥âáï ª« áá íâ¨å ¨§¢¥áâ−ëå «î¤¥©.
�¤− ª® ¯® à¥§ã«ìâ â ¬ íªá¯¥à¨¬¥−â®¢ ¤ −−ë© ¯®¤å®¤ ¯®ª § « ®â−®á¨â¥«ì−®
−¨§ªãî â®ç−®áâì ª« áá¨ä¨ª æ¨¨.

„àã£¨¬ á¯®á®¡®¬ ï¢«ï¥âáï ®¡ãç¥−¨¥ ¤®¯®«−¨â¥«ì−®£® ª« áá¨ä¨ª â®à , ¯à¨-
−¨¬ îé¥£® −  ¢å®¤ ¢¥áì ¢¥ªâ®à Fn,m,k. �® ¢ëá®ª ï à §¬¥à−®áâì ¢¥ªâ®à  ¯à¨-
§− ª®¢ ®â−®á¨â¥«ì−® à §¬¥à  ®¡ãç îé¥© ¢ë¡®àª¨ ¯à¨¢®¤¨â ª ¯¥à¥®¡ãç¥−¨î
ª« áá¨ä¨ª â®à . �®íâ®¬ã ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢ âì ¤¢ãåãà®¢−¥¢ë© ª« á-
á¨ä¨ª â®à.

�  ¯¥à¢®¬ ãà®¢−¥ K ª« áá¨ä¨ª â®à®¢ ¯à¨−¨¬ îâ à¥è¥−¨¥ −  ®á−®¢ −¨¨
®¤−®© ª®¬¯®−¥−âë:

Lk(F ) = Classi¦er 1k {Fi,j,k, i ∈ {1, . . . , N} , j ∈ {1, . . . ,M}} .
�  ¢â®à®¬ ãà®¢−¥ ¥¤¨−áâ¢¥−−ë© ª« áá¨ä¨ª â®à ®¡ê¥¤¨−ï¥â K ¢ëå®¤®¢ ª« áá¨-
ä¨ª â®à®¢ ¯¥à¢®£® ãà®¢−ï ¤«ï ¨â®£®¢®£® à¥è¥−¨ï:

L(F ) = Classi¦er 2 {Lk(F ) , k ∈ {1, . . . ,K}} .
‚ ®¡®¨å á«ãç ïå ¢ ª ç¥áâ¢¥ ª« áá¨ä¨ª â®à  ¨á¯®«ì§ã¥âáï ¬¥â®¤ ®¯®à−ëå

¢¥ªâ®à®¢ á ï¤à®¬ RBF.
‘â®¨â ®â¬¥â¨âì, çâ® ¢ íâ®¬ á«ãç ¥, ¢ ®â«¨ç¨¥ ®â ¬¥â®¤  k ¡«¨¦ ©è¨å á®á¥-

¤¥©, −¥ âà¥¡ã¥âáï ¨−ä®à¬ æ¨¨ ® ¬¥âª å úíâ «®−−ëåû «î¤¥©. Š« áá¨ä¨ª â®àë
 ¢â®¬ â¨ç¥áª¨ ®¡ãç îâáï § ¢¨á¨¬®áâï¬ ¢¨¤  ú¯®å®¦¥áâì −  ¤ −−®£® ç¥«®¢¥ª 
®§− ç ¥â, çâ® â¥áâ¨àã¥¬ë© ç¥«®¢¥ª áª®à¥¥ ¨¬¥¥â ¬¥âªã −1,   áå®¤áâ¢® á íâ¨¬
ç¥«®¢¥ª®¬ | çâ® ¬¥âªã 1û.

4 Эксперименты

‚ ª ç¥áâ¢¥ â¥áâ®¢®© § ¤ ç¨ ¡ë«  ¢ë¡à −  £¥−¤¥à− ï ª« áá¨ä¨ª æ¨ï, â ª ª ª,
á ®¤−®© áâ®à®−ë, íâ® ®¤−  ¨§ − ¨¡®«¥¥ ¨áá«¥¤ã¥¬ëå § ¤ ç ¢ á¨«ã á¢®¥© è¨à®ª®©
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¯à¨¬¥−¨¬®áâ¨,   á ¤àã£®© áâ®à®−ë, ¢ ®â«¨ç¨¥ ®â § ¤ ç¨ ®æ¥−ª¨ ¢®§à áâ  ç¥«®¢¥ª ,
¤«ï −¥¥ ®â−®á¨â¥«ì−® «¥£ª® ¬®¦−® ¯®¤£®â®¢¨âì íâ «®−−ë¥ ¤ −−ë¥.

Š á®¦ «¥−¨î, ¢ ®â«¨ç¨¥ ®â § ¤ ç¨ ¨¤¥−â¨ä¨ª æ¨¨ ç¥«®¢¥ª  ¯® «¨æã, ¤«ï
£¥−¤¥à−®© ª« áá¨ä¨ª æ¨¨ −  ¤ −−ë© ¬®¬¥−â −¥â áâ −¤ àâ−®© íâ «®−−®© â¥áâ®¢®©
¡ §ë ¨ ¯à®â®ª®«  ¤«ï áà ¢−¥−¨ï  «£®à¨â¬®¢. ‚ à §−ëå áâ âìïå ¤«ï íâ®£®
¨á¯®«ì§ãîâáï ¢ë¡®àª¨ ¨§ ¡ § FERET [20], CAS-PEAL [21], FaceTracer [14] ¨
LFW.

…áâ¥áâ¢¥−−ë¬ ¢ë¡®à®¬ ¤«ï ¯à®¢®¤¨¬ëå íªá¯¥à¨¬¥−â®¢ áâ «® ¨á¯®«ì§®¢ −¨¥
¡ § PubFig [1] ¨ LFW [2], â ª ª ª ®−¨ ¨á¯®«ì§®¢ «¨áì ¢ áâ âì¥ [1], £¤¥ ¡ë«¨
¢¯¥à¢ë¥ ¯à¥¤«®¦¥−ë ª« áá¨ä¨ª â®àë áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢ ¢−¥è−®áâ¨.

	 §  LFW á®áâ®¨â ¨§ 13 233 ¨§®¡à ¦¥−¨© 5749 ç¥«®¢¥ª. ‚á¥ ¨§®¡à ¦¥−¨ï
®â®¡à −ë ¨§ ˆ−â¥à−¥â . …¤¨−áâ¢¥−−ë¬ ®£à −¨ç¥−¨¥¬ ï¢«ï«®áì â®, çâ® −  −¨å
¤®«¦−® − å®¤¨âìáï «¨æ® á ¯®¬®éìî  «£®à¨â¬  Viola{Jones. ‚ − áâ®ïé¥¥ ¢à¥¬ï
LFW ï¢«ï¥âáï áâ −¤ àâ−®© ¡ §®© ¤«ï áà ¢−¥−¨ï  «£®à¨â¬®¢ ¨¤¥−â¨ä¨ª æ¨¨
ç¥«®¢¥ª  ¯® «¨æã.

	 §  PubFig ï¢«ï¥âáï ¤®¯®«−¥−¨¥¬ ª ¡ §¥ LFW, ¯à¥¤«®¦¥−−ë¬ ¢ áâ âì¥ [1].
�−  á®¤¥à¦¨â 60 000 ¨§®¡à ¦¥−¨© 200 à §−ëå «î¤¥©. ‚ ¦−ë¬ ®â«¨ç¨¥¬ ¡ §ë
PubFig ï¢«ï¥âáï − «¨ç¨¥ ª ª ¬¨−¨¬ã¬ 50 à §−ëå ¨§®¡à ¦¥−¨© ¤«ï ª ¦¤®-
£® ç¥«®¢¥ª , çâ® ¤¥« ¥â ¥¥ ¯®¤å®¤ïé¥© ¤«ï á®áâ ¢«¥−¨ï − ¡®à  úíâ «®−−ëåû
«î¤¥©, â ª ª ª ¢ −¥© ¤®áâ â®ç−® ¨§®¡à ¦¥−¨© ¤«ï ®¡ãç¥−¨ï ª« áá¨ä¨ª â®à®¢
áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢ ¢−¥è−®áâ¨.

�à¨¬¥àë ¨§®¡à ¦¥−¨© ¨§ ¡ § LFW ¨ PubFig ¯à¨¢¥¤¥−ë −  à¨á. 3,   ¨ 3, ¡

á®®â¢¥âáâ¢¥−−®. �¢â®àë ¢àãç−ãî à §¬¥â¨«¨ ¯®« ¢á¥å «î¤¥© ¨§ íâ¨å ¡ §.
‚ íªá¯¥à¨¬¥−â å ¨á¯®«ì§®¢ «áï ú− ¡®à à §à ¡®âç¨ª û (Development Set)

¡ §ë PubFig ¤«ï á®áâ ¢«¥−¨ï á¯¨áª  úíâ «®−−ëåû «î¤¥© (¢á¥£® 59 ç¥«®¢¥ª,
¨áå®¤−® ¢ íâ®¬ − ¡®à¥ ¡ë«® 60 ç¥«®¢¥ª, ®¤− ª® á ¬  ¡ §  ¯à¥¤®áâ ¢«ï¥âáï
¢ ¢¨¤¥ á¯¨áª  URL (uniform resource locator) ¨ −¥ª®â®àë¥ ááë«ª¨ ã¦¥ áâ «¨
−¥¤¥©áâ¢¨â¥«ì−ë¬¨) ¨ 5-ªà â−ãî ªà®áá-¢ «¨¤ æ¨î −  ¡ §¥ LFW.

„«ï áà ¢−¥−¨ï á áãé¥áâ¢ãîé¨¬¨  «£®à¨â¬ ¬¨ £¥−¤¥à−®© ª« áá¨ä¨ª æ¨¨
¡ë«¨ ¢ë¡à −ë 2  «£®à¨â¬  á − ¨¡®«¥¥ ¡«¨§ª¨¬ ¯à®â®ª®«®¬ â¥áâ¨à®¢ −¨ï:
(1) ¢ [1] £¥−¤¥à− ï ª« áá¨ä¨ª æ¨ï, − àï¤ã á ª« áá¨ä¨ª æ¨¥© ¤àã£¨å  âà¨¡ãâ®¢,

¨á¯®«ì§®¢ « áì ¤«ï ¤ «ì−¥©è¥© ¨¤¥−â¨ä¨ª æ¨¨ «î¤¥©. ’®ç−ë¥ ¢ë¡®àª¨,
¨á¯®«ì§ã¥¬ë¥ ¤«ï ®¡ãç¥−¨ï ¨ â¥áâ¨à®¢ −¨ï, ¯à¨¢¥¤¥−ë −¥ ¡ë«¨, −® ®−¨
ï¢«ï«¨áì ç áâìî ¡ §ë PubFig ¨ LFW. 	ë«  § ï¢«¥−  â®ç−®áâì ¢ 81,22%;

(2) ¢ [11] ¤«ï íªá¯¥à¨¬¥−â®¢ ¨á¯®«ì§®¢ « áì 5-ªà â− ï ªà®áá-¢ «¨¤ æ¨ï −  ¡ §¥
LFW. ‘¨«ì−® ¯®¢¥à−ãâë¥ «¨æ ,   â ª¦¥ «¨æ , ¤«ï ª®â®àëå á«®¦−® ¢àãç−ãî
à §¬¥â¨âì ¯®«, ¡ë«¨ ¢ë¢¥¤¥−ë ¨§ à áá¬®âà¥−¨ï. ‚ ¨â®£¥ ¨á¯®«ì§®¢ «®áì
7443 ¨§®¡à ¦¥−¨ï ¨§ 13 233. ˆâ®£®¢ ï â®ç−®áâì á®áâ ¢¨«  94,81%.

’®ç−®áâì ¯à¥¤« £ ¥¬®£®  «£®à¨â¬  á®áâ ¢¨«  92,96%. �à¨ íâ®¬ ¥á«¨ − 
¯¥à¢®¬ ãà®¢−¥ ª« áá¨ä¨ª â®àë ®¡ãç âì −¥ ¯® ª®¬¯®−¥−â ¬,   ¯® ¢¨¤ã ¯à¨§− ª®¢,
â® â®ç−®áâì ¯®−¨¦ ¥âáï ¤® 91,6%. Œ¥â®¤ −  ®á−®¢¥ k ¡«¨¦ ©è¨å á®á¥¤¥©, ¯à¨

56 ‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013



Š« áá¨ä¨ª æ¨ï «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  −  ®á−®¢¥ áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢

�¨á. 3 �à¨¬¥àë ¨§®¡à ¦¥−¨© ¨§ ¡ §ë LFW ( ) ¨ ¨§ ¡ §ë PubFig (¡)

k = 4 ¨ ®¡ê¥¤¨−¥−¨¨ à §−ëå ª®¬¯®−¥−â ¨ ¢¨¤®¢ ¯à¨§− ª®¢ á ¯®¬®éìî ¬¥â®¤ 
®¯®à−ëå ¢¥ªâ®à®¢, ¤ ¥â ¢á¥£® 82% â®ç−®áâ¨.

„®áâ¨£−ãâ ï â®ç−®áâì ¢ 92,96% §− ç¨â¥«ì−® ¯à¥¢®áå®¤¨â 81,2% ¨§ [1], £¤¥
¨á¯®«ì§®¢ «¨áì â®ç−® â ª¨¥ ¦¥ −¨§ª®ãà®¢−¥¢ë¥ ¯à¨§− ª¨. ‘â®¨â, ¯à ¢¤ , ®â¬¥-
â¨âì, çâ® ¡®«¥¥ −¨§ª ï â®ç−®áâì ¢ [1] ¬®¦¥â ¡ëâì â ª¦¥ á«¥¤áâ¢¨¥¬ ¯®â¥−æ¨ «ì−®
¬¥−ìè¥£® à §¬¥à  ®¡ãç îé¥© ¢ë¡®àª¨.

�à®¨£àëè ¯®çâ¨ 2% à¥§ã«ìâ âã ¨§ [11] ®¡êïá−ï¥âáï ¨á¯®«ì§®¢ −¨¥¬ §− ç¨-
â¥«ì−® ¡®«¥¥ á«®¦−®© â¥áâ®¢®© ¢ë¡®àª¨ (−¥ ¢ëª¨¤ë¢ «¨áì ¨§®¡à ¦¥−¨ï á¨«ì−®
¯®¢¥à−ãâëå «¨æ),   â ª¦¥ ¡®«¥¥ ¯à®áâëå −¨§ª®ãà®¢−¥¢ëå ¯à¨§− ª®¢.

5 Заключение

‚ ¤ −−®© áâ âì¥ ¯à¥¤«®¦¥− −®¢ë© ¯®¤å®¤ ª ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯® «¨-
æã. ˆá¯®«ì§®¢ −  ¡ §  ¨§®¡à ¦¥−¨© úíâ «®−−ëåû «î¤¥© ¨ ¯à®¢¥¤¥−® ®¡ãç¥−¨¥
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−  −¥© ª« áá¨ä¨ª â®à®¢ áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢ ¢−¥è−®áâ¨, ª®â®àë¥ ¯®§¢®-
«ïîâ ®æ¥−¨¢ âì áå®¤áâ¢® ¬¥¦¤ã â¥áâ¨àã¥¬ë¬ ¨§®¡à ¦¥−¨¥¬ «¨æ  ç¥«®¢¥ª  ¨
úíâ «®−−ë¬û ç¥«®¢¥ª®¬.

�®¢¥àå ¢¥ªâ®à-¯à¨§− ª , á®áâ ¢«¥−−®£® ¨§ ¢ëç¨á«¥−−ëå §− ç¥−¨© áå®¤áâ¢ 
â¥áâ¨àã¥¬®£® ¨§®¡à ¦¥−¨ï á úíâ «®−−ë¬¨û «î¤ì¬¨, áâà®¨âáï ¤¢ãåãà®¢−¥¢ë©
ª« áá¨ä¨ª â®à −  ®á−®¢¥ ¬¥â®¤  ®¯®à−ëå ¢¥ªâ®à®¢, ª®â®àë© ª« áá¨ä¨æ¨àã¥â
â¥áâ¨àã¥¬®¥ «¨æ® ¢− ç «¥ ®â¤¥«ì−® ¯® ª ¦¤®© ª®¬¯®−¥−â¥,   ¯®â®¬ ¨á¯®«ì§ãï
à¥è¥−¨ï ¯® ¢á¥¬ ª®¬¯®−¥−â ¬.

�à¥¤«®¦¥−−ë©  «£®à¨â¬ ¡ë« ¯à®â¥áâ¨à®¢ − −  § ¤ ç¥ £¥−¤¥à−®© ª« áá¨ä¨-
ª æ¨¨ ¨ ¯®ª § « â®ç−®áâì ¢ 92,96% −  ¡ §¥ LFW.

Литература

1. Kumar N., Berg A. C., Belhumeur P. N., Nayar S. K. Attribute and simile classifiers
for face verification // IEEE Conference (International) on Computer Vision. | N.Y.:
IEEE, 2009. P. 365{372.

2. Huang G., Ramesh M., Berg T., Learned-Miller E. Labeled faces in the wild:
A database for studying face recognition in unconstrained environments. UMass
Amherst Technical Report 07-49, 2007.

3. Yang Z., Li M., Ai H. An experimental study on automatic face gender classifica-
tion // 18th Conference (International) on Pattern Recognition Proceedings. | N.Y.:
IEEE, 2006. P. 1099{1102.

4. Mayo M., Zhang E. Improving face gender classification by adding deliberately
misaligned faces to the training data // IVCNZ08: 23rd Conference (International)
Image and Vision Computing Proceedings. | New Zealand, 2008. P. 1{5.

5. Moghaddam B., Yang M. Learning gender with support faces // IEEE TPAMI,
2002. Vol. 24. No. 5. P. 707{711.

6. Baluja S., Rowley H. A. Boosting sex identification performance // Int. J. Comput.
Vision, 2007. Vol. 71. No. 1. P. 111{119.

7. Makinen E., Raisamo R. Evaluation of gender classification methods with automati-
cally detected and aligned faces // IEEE TPAMI, 2008. Vol. 30. P. 541{547.

8. Guo G., Fu Y., Huang T. S., Dyer C. A probabilistic fusion approach to human age
prediction // IEEE CVPR-SLAM Workshop. | N.Y.: IEEE, 2008. P. 1{6.

9. Chang K.-Y., Chen C.-S., Hung Y.-P. Ordinal hyperplanes ranker with cost sen-
sitivities for age estimation // IEEE Conference on Computer Vision and Pattern
Recognition Proceedings. | N.Y.: IEEE, 2011. P. 585{592.

10. Lian H. C., Lu B. L. Multi-view gender classification using local binary patterns
and support vector machines // 5th Conference (International) on Artificial Neural
Networks Proceedings, 2006. Vol. 2. P. 202{209.

11. Shan C. Learning local binary patterns for gender classification on real-world face
images // Pattern Recogn. Lett., 2012. Vol. 33. No. 4. P. 431{437.

12. Mu G. W., Guo G. D., Fu Y., Huang T. S. Human age estimation using bio-
inspired features // IEEE Conference on Computer Vision and Pattern Recognition
Proceedings. | N.Y.: IEEE, 2009. P. 112{119.

58 ‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013



Š« áá¨ä¨ª æ¨ï «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  −  ®á−®¢¥ áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢

13. Guo G., Mu G., Fu Y., Dyer C., Huang T. S. A study on automatic age estimation
using a large database // 12th IEEE Conference (International) on Computer Vision
Proceedings. | N.Y.: IEEE, 2009. P. 1986{1991.

14. Kumar N., Belhumeur P. N., Nayar S. K. FaceTracer: A search engine for large
collections of images with faces // Computer vision | ECCV 2008 / Eds. D. Forsyth,
Ph. Torr, A. Zisserman. Lecture notes in computer science ser. | Berlin, Heidelberg:
Springer, 2008. Vol. 5305. P. 340{353.

15. Montillo A., Ling H. Age regression from faces using random forests // 16th IEEE
Conference (International) on Image Processing Proceedings. | N.Y.: IEEE, 2009.
P. 2465{2468.

16. Du P., Xiaoqing D. The application of decision tree in gender classification //
Congress on Image and Signal Processing Proceedings. | Los Alamitos: IEEE, 2008.
Vol. 4. P. 657{660.

17. Yin Qi, Tang X., Sun J. An associate-predict model for face recognition // IEEE
Conference on Computer Vision and Pattern Recognition Proceedings. | N.Y.: IEEE,
2011. P. 497{504.

18. Viola P., Jones M. J. Robust real-time face detection // Int. J. Comput. Vision,
2004. Vol. 57. No. 2. P. 137{154.

19. Cristinacce D., Cootes T. Boosted regression active shape models // British Machine
Vision Conference Proceedings. | Warwick, 2007. Vol. 2. P. 880{889.

20. Phillips P. J., Moon H., Rizvi S. A., Rauss P. The FERET evaluation methodology
for face recognition algorithms // IEEE PAMI, 2000. Vol. 22. No. 10. P. 1090{1104.

21. Gao W., Cao B., Shan S. G., et al. The CAS-PEAL large-scale chinese face database
and baseline evaluations. Technical Report of JDL, 2004.

PERSON CLASSIFICATION UPON FACE IMAGE
BASED ON SIMILE CLASSIFIERS
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1M. V. Lomonosov Moscow State University, vadim@graphics.cs.msu.ru
2M. V. Lomonosov Moscow State University, tlukina@graphics.cs.msu.ru
3M. V. Lomonosov Moscow State University, akuharenko@graphics.cs.msu.ru
4M. V. Lomonosov Moscow State University, ktosh@graphics.cs.msu.ru

Abstract: A new approach to person classification upon face images is presented.
It consists of two steps. First, similarity distances between a test face and faces
from a known sample are computed. For this task, special simile classifiers are
trained. Similarity distances are estimated independently for each face fragment,
e. g., nose, mouth, left or right eye, etc. Pixel colors, brightness, gradient
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norm, and orientation are used as features both for each pixel and for whole
fragment in the form of a histogram or Gaussian distribution parameters. Person
classification is performed based on these similarity distances. For classification,
support vector machine with radial basis function kernel is used. The proposed
algorithm was tested on a gender classification task, using Labeled Faces in
the Wild and Public Figures Face databases. The algorithm achieved 92.96%
accuracy.

Keywords: face classification; gender classification; support vector machine

DOI: 10.14357/08696527130204

Acknowledgments

The study was supported by the Grant of the President of Russian Federation for
the state support of young Russian scientists | PhD | No. MK-4644.2012.9 and
by the Russian Foundation for Basic Research (Grant No. 11-01-00957-a).

References

1. Kumar, N., A. C. Berg, P. N. Belhumeur, and S. K. Nayar. 2009. Attribute and simile
classifiers for face verification. IEEE International Conference on Computer Vision.
N.Y.: IEEE. 365{72.

2. Huang, G., M. Ramesh, T. Berg, and E. Learned-Miller. 2007. Labeled faces in the
wild: A database for studying face recognition in unconstrained environments. UMass
Amherst Technical Report 07-49.

3. Yang, Z., M. Li, and H. Ai. 2006. An experimental study on automatic face gender
classification. 18th International Conference on Pattern Recognition Proceedings.
N.Y.: IEEE. 1099{102.

4. Mayo, M., and E. Zhang. 2008. Improving face gender classification by adding
deliberately misaligned faces to the training data. IVCNZ08: 23rd International
Conference Image and Vision Computing Proceedings. New Zealand. 1{5.

5. Moghaddam, B., and M. Yang. 2002. Learning gender with support faces. IEEE
TPAMI 24(5):707{11.

6. Baluja, S., and H. A. Rowley. 2007. Boosting sex identification performance. Int.
J. Comput. Vision 71(1):111{19.

7. Makinen, E., and R. Raisamo. 2008. Evaluation of gender classification methods with
automatically detected and aligned faces. IEEE TPAMI 30:541{47.

8. Guo, G., Y. Fu, T. S. Huang, and C. Dyer. 2008. A probabilistic fusion approach to
human age prediction. IEEE CVPR-SLAM Workshop. N.Y.: IEEE. 1{6.

9. Chang, K.-Y., C.-S. Chen, and Y.-P. Hung. 2011. Ordinal hyperplanes ranker with
cost sensitivities for age estimation. IEEE Conference on Computer Vision and Pattern
Recognition Proceedings. N.Y.: IEEE. 585{92.

10. Lian, H. C., and B. L. Lu. 2006. Multi-view gender classification using local binary
patterns and support vector machines. 5th International Conference on Artificial
Neural Networks Proceedings. 2:202{9.

60 ‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013



Š« áá¨ä¨ª æ¨ï «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  −  ®á−®¢¥ áà ¢−¨â¥«ì−ëå ¯à¨§− ª®¢

11. Shan, C. 2012. Learning local binary patterns for gender classification on real-world
face images. Pattern Recogn. Lett. 33(4):431{37.

12. Mu, G. W., G. D. Guo, Y. Fu, and T. S. Huang. 2009. Human age estimation using
bio-inspired features. IEEE Conference on Computer Vision and Pattern Recognition
Proceedings. N.Y.: IEEE. 112{19.

13. Guo, G., G. Mu, Y. Fu, C. Dyer, and T. S. Huang. 2009. A study on automatic age
estimation using a large database. 12th IEEE Conference (International) on Computer
Vision Proceedings. N.Y.: IEEE. 1986{91.

14. Kumar, N., P. N. Belhumeur, and S. K. Nayar. 2008. FaceTracer: A search engine
for large collections of images with faces. Computer vision | ECCV 2008. Eds.
D. Forsyth, Ph. Torr, and A. Zisserman. Lecture notes in computer science ser. Berlin,
Heidelberg: Springer. 5305:340{53.

15. Montillo, A., and H. Ling. 2009. Age regression from faces using random forests.
16th IEEE Conference (International) on Image Processing Proceedings. N.Y.: IEEE.
2465{68.

16. Du, P., and D. Xiaoqing. 2008. The application of decision tree in gender classification.
Congress on Image and Signal Processing Proceedings. Los Alamitos: IEEE. 4:657{60.

17. Yin, Qi, X. Tang, and J. Sun. 2011. An associate-predict model for face recognition.
IEEE Conference on Computer Vision and Pattern Recognition Proceedings. N.Y.:
IEEE. 497{504.

18. Viola, P., and M. J. Jones. 2004. Robust real-time face detection. Int. J. Comput.
Vision 57(2):137{54.

19. Cristinacce, D., and T. Cootes. 2007. Boosted regression active shape models. British
Machine Vision Conference Proceedings. Warwick. 2:880{89.

20. Phillips, P. J., H. Moon, S. A. Rizvi, and P. Rauss. 2000. The FERET evaluation
methodology for face recognition algorithms. IEEE PAMI 22(10):1090{104.

21. Gao, W., B. Cao, S. G. Shan, et al. 2004. The CAS-PEAL large-scale chinese face
database and baseline evaluations. Technical Report of JDL.

‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013 61



‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ, 2013. ’. 23. ü 2. ‘. 62{73

ВОЗРАСТНАЯ КЛАССИФИКАЦИЯЛЮДЕЙ
ПОИЗОБРАЖЕНИЮЛИЦАНА ОСНОВЕМЕТОДА

РАНЖИРОВАНИЯИ ЛОКАЛЬНЫХ БИНАРНЫХШАБЛОНОВ∗

А. В. Рыбинцев1, Т.М. Лукина2, В. С. Конушин3, А. С. Конушин4

�−−®â æ¨ï: �à¥¤«®¦¥−  «£®à¨â¬ ¢®§à áâ−®© ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯®
¨§®¡à ¦¥−¨î «¨æ , ï¢«ïîé¨©áï à §¢¨â¨¥¬  «£®à¨â¬ , ¯à¥¤«®¦¥−−®£® Chang
á á® ¢â®à ¬¨. ˆ¤¥ï  «£®à¨â¬  § ª«îç ¥âáï ¢ ¯®áâà®¥−¨¨ − ¡®à  ¡¨− à−ëå
ª« áá¨ä¨ª â®à®¢, ª ¦¤ë© ¨§ ª®â®àëå ®¯à¥¤¥«ï¥â, áâ àè¥ ç¥«®¢¥ª −  ä®â®-
£à ä¨¨ § ¤ −−®£® ¢®§à áâ  ¨«¨ −¥â. ˆâ®£®¢ãî ®æ¥−ªã ¢®§à áâ  â®£¤  ¬®¦−®
¯®«ãç¨âì ¯à®áâë¬ áã¬¬¨à®¢ −¨¥¬ ¢ëå®¤®¢ ¢á¥£® − ¡®à  ª« áá¨ä¨ª â®à®¢.
	« £®¤ àï ¨á¯®«ì§®¢ −¨î ¢ ª ç¥áâ¢¥ ¯à¨§− ª®¢ ¤«ï ª« áá¨ä¨ª æ¨¨ «®ª «ì-
−ëå ¡¨− à−ëå è ¡«®−®¢ (‹	˜) ¤®áâ¨£ ¥âáï ¯®¢ëè¥−¨¥ â®ç−®áâ¨ ®¯à¥¤¥«¥-
−¨ï ¢®§à áâ  ç¥«®¢¥ª  ¢ ãé¥à¡ à §¬¥àã ª« áá¨ä¨ª â®à . �à¥¤« £ ¥âáï àï¤
¬®¤¨ä¨ª æ¨©, ¯®§¢®«ïîé¨å ã¬¥−ìè¨âì à §¬¥à ª« áá¨ä¨ª â®à  ¨ ¯®¢ëá¨âì
áª®à®áâì  «£®à¨â¬  ¯à¨ á®åà −¥−¨¨ −¨§ª®© ®è¨¡ª¨ ª« áá¨ä¨ª æ¨¨. �ªá¯¥-
à¨¬¥−âë −  ¡ §¥ MORPH ¯®ª § «¨ ®è¨¡ªã ®¯à¥¤¥«¥−¨ï ¢®§à áâ  ®â 4,52 ¤®
5 «¥â ¯à¨ ¢à¥¬¥−¨ ª« áá¨ä¨ª æ¨¨ ®â 0,32 ¤® 3,21 á −  ®¤−® ¨§®¡à ¦¥−¨¥ ¢
§ ¢¨á¨¬®áâ¨ ®â ¨á¯®«ì§ã¥¬ëå ¯ à ¬¥âà®¢.

Š«îç¥¢ë¥ á«®¢ : ª« áá¨ä¨ª æ¨ï «î¤¥© ¯® «¨æã; ¢®§à áâ− ï ª« áá¨ä¨ª æ¨ï
«î¤¥©; «®ª «ì−ë¥ ¡¨− à−ë¥ è ¡«®−ë
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1 Введение

ˆ−â¥à¥á ª § ¤ ç¥ ¢®§à áâ−®© ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨-
æ  ¢ ¯®á«¥¤−¨¥ £®¤ë −¥ãª«®−−® à áâ¥â. �¤−®© ¨§ £« ¢−ëå ¯à¨ç¨− ï¢«ï¥âáï
áâà¥¬¨â¥«ì−®¥ ã¢¥«¨ç¥−¨¥ ç¨á«  ¨§®¡à ¦¥−¨© ¢ ˆ−â¥à−¥â¥ ¨ −¥®¡å®¤¨¬®áâì ¨å
 ¢â®¬ â¨ç¥áª®©  −−®â æ¨¨ ¤«ï § ¤ ç ¯®¨áª . —¥«®¢¥ª ï¢«ï¥âáï á ¬ë¬ à á¯à®-
áâà −¥−−ë¬ ®¡ê¥ªâ®¬, § ¯¥ç â«¥−−ë¬ −  ä®â®£à ä¨ïå, ¨  ¢â®¬ â¨ç¥áª ï ®æ¥−ª 
¢®§à áâ  ç¥«®¢¥ª  ¬®¦¥â ¯®¬®çì ä¨«ìâà®¢ âì ¢ë¤ ¢ ¥¬ë¥ ¯®¨áª®¢¨ª®¬ à¥§ã«ì-

∗� ¡®â  ¢ë¯®«−¥−  ¯à¨ ¯®¤¤¥à¦ª¥ £à −â  �à¥§¨¤¥−â  �®áá¨©áª®© ”¥¤¥à æ¨¨ ¤«ï £®áã¤ à-
áâ¢¥−−®© ¯®¤¤¥à¦ª¨ ¬®«®¤ëå à®áá¨©áª¨å ãç¥−ëå | ª −¤¨¤ â®¢ − ãª ŒŠ-4644.2012.9 ¨ £à −â 
�””ˆ ü 11-01-00957- .

1Œ®áª®¢áª¨© £®áã¤ àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢ ,
arybintsev@graphics.cs.msu.ru
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‚®§à áâ− ï ª« áá¨ä¨ª æ¨ï «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  −  ®á−®¢¥ ¬¥â®¤  à −¦¨à®¢ −¨ï

â âë. „àã£¨¬ ¯à¨¬¥−¥−¨¥¬  ¢â®¬ â¨ç¥áª®© ¢®§à áâ−®© ª« áá¨ä¨ª æ¨¨ ï¢«ï¥âáï
 − «¨§ ¢®§à áâ−®£® á®áâ ¢   ã¤¨â®à¨¨, çâ® ¯®«¥§−® ¤«ï  − «¨§  íää¥ªâ¨¢−®áâ¨
à¥ª« ¬ë. ‚ ¡ã¤ãé¥¬ ¢®§à áâ− ï ª« áá¨ä¨ª æ¨ï â ª¦¥ − ©¤¥â á¢®¥ ¬¥áâ® ¯à¨
á®§¤ −¨¨ â ª − §ë¢ ¥¬ëå ú ää¥ªâ¨¢−ëåû ç¥«®¢¥ª®-¬ è¨−−ëå ¨−â¥àä¥©á®¢, ¢
ª®â®àëå ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë ¡ã¤¥â ¯®¤áâà ¨¢ âìáï ¯®¤ ª®−ªà¥â−®£® ¯®«ì§®¢ â¥«ï,
®à¨¥−â¨àãïáì ¢ ç¨á«¥ ¯à®ç¥£® ¨ −  ¥£® ¢®§à áâ.

‚ íâ®© à ¡®â¥ ¯à¥¤« £ ¥âáï àï¤ ¬®¤¨ä¨ª æ¨© ¤«ï ®¤−®£® ¨§ «ãçè¨å −  ¤ −-
−ë© ¬®¬¥−â  «£®à¨â¬®¢ ®æ¥−ª¨ ¢®§à áâ  ç¥«®¢¥ª  ¯® ä®â®£à ä¨¨, ¢§ïâ®£® ¨§
áâ âì¨ [1]. „«ï ¯®¢ëè¥−¨ï â®ç−®áâ¨  «£®à¨â¬  ¯à¥¤« £ ¥âáï § ¬¥−¨âì ¨á¯®«ì§®-
¢ −−ë© ¢ ¨áå®¤−®© à ¡®â¥ ¤¥áªà¨¯â®à −  ‹	˜. �®áª®«ìªã íâ® â ª¦¥ ¯à¨¢®¤¨â
ª áãé¥áâ¢¥−−®¬ã ã¢¥«¨ç¥−¨î à §¬¥à  ª« áá¨ä¨ª â®à®¢ ¨ ã¬¥−ìè¥−¨î áª®à®áâ¨
à ¡®âë  «£®à¨â¬ , ¯à¥¤« £ ¥âáï àï¤ ¬®¤¨ä¨ª æ¨© ¤«ï à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë.

‘â âìï ®à£ −¨§®¢ −  á«¥¤ãîé¨¬ ®¡à §®¬. ‚ à §¤. 2 ¯à¨¢¥¤¥− ®¡§®à áãé¥-
áâ¢ãîé¨å  «£®à¨â¬®¢ ¢®§à áâ−®© ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ .
‚ à §¤. 3 ¡®«¥¥ ¯®¤à®¡−® ®¯¨á −  «£®à¨â¬, ¯à¥¤«®¦¥−−ë© ¢ áâ âì¥ [1]. ‚ à §¤. 4
®¯¨á −ë ¯à¥¤« £ ¥¬ë¥ ¬®¤¨ä¨ª æ¨¨  «£®à¨â¬  [1], ¯®¢ëè îé¨¥ â®ç−®áâì ¨
áª®à®áâì ª« áá¨ä¨ª æ¨¨,   â ª¦¥ ¯à¨¢®¤ïâáï à¥§ã«ìâ âë ¯à®¢¥¤¥−−ëå íªá¯¥à¨-
¬¥−â®¢. ‡ ª«îç¥−¨¥ ¤ −® ¢ à §¤. 5.

2 Существующие подходы

	®«ìè¨−áâ¢®  «£®à¨â¬®¢ ¢®§à áâ−®© ª« áá¨ä¨ª æ¨¨ «î¤¥© ¯® ¨§®¡à ¦¥-
−¨î «¨æ  á®áâ®¨â ¨§ âà¥å è £®¢: −®à¬ «¨§ æ¨ï ¨§®¡à ¦¥−¨ï «¨æ , ¢ëç¨á«¥−¨¥
¤¥áªà¨¯â®à , ª« áá¨ä¨ª æ¨ï. � §«¨ç îâáï  «£®à¨â¬ë ¢ ¯¥à¢ãî ®ç¥à¥¤ì à¥ «¨-
§ æ¨¥© ®â¤¥«ì−ëå ãª § −−ëå è £®¢.

�  è £¥ −®à¬ «¨§ æ¨¨ áâ −¤ àâ−ë¬ à¥è¥−¨¥¬ ï¢«ï¥âáï ¯®¢®à®â, ¬ áèâ ¡¨-
à®¢ −¨¥ ¨ ®¡à¥§ −¨¥ ¨§®¡à ¦¥−¨ï â ª¨¬ ®¡à §®¬, çâ®¡ë æ¥−âàë £« § − å®¤¨«¨áì
¢ § ¤ −−®¬ ¯®«®¦¥−¨¨ −  ®¤−®© £®à¨§®−â «ì−®© «¨−¨¨. „àã£¨¬ ¬¥â®¤®¬ −®à-
¬ «¨§ æ¨¨ ï¢«ï¥âáï ¨á¯®«ì§®¢ −¨¥  ää¨−−®£® ¯à¥®¡à §®¢ −¨ï ¨ ¤¥ä®à¬ æ¨¨ − 
®á−®¢¥ âà¨ −£ã«ïæ¨¨ „¥«®−¥ [2]. „«ï ¯®¢ëè¥−¨ï ãáâ®©ç¨¢®áâ¨ ª â®ç−®áâ¨ ¢ë¤¥-
«¥−¨ï æ¥−âà®¢ £« § ¨ ¤àã£¨å  −âà®¯®¬¥âà¨ç¥áª¨å â®ç¥ª ¢ âà¥−¨à®¢®ç−ãî ¢ë¡®àªã
¬®¦−® ¤®¡ ¢«ïâì −¥¬−®£® á¬¥é¥−−ë¥ ¨§®¡à ¦¥−¨ï á −¥â®ç−®© −®à¬ «¨§ æ¨¥© [3].

‚ ª ç¥áâ¢¥ ¯à¨§− ª®¢ ¨§®¡à ¦¥−¨ï ¬®£ãâ ¨á¯®«ì§®¢ âìáï −¥¯®áà¥¤áâ¢¥−−®
¨−â¥−á¨¢−®áâ¨ ¯¨ªá¥«®¢ á ¯®á«¥¤ãîé¨¬ ¯®−¨¦¥−¨¥¬ à §¬¥à−®áâ¨, − ¯à¨¬¥à á
¯®¬®éìî ¬¥â®¤  ¯à®¥ªæ¨©, á®åà −ïîé¨å á¢®©áâ¢® «®ª «ì−®áâ¨ (Locality Pre-
serving Projections) [4]; ª®«¨ç¥áâ¢® ªà ¥¢ëå ¯¨ªá¥«®¢ [5]; à ááâ®ï−¨ï ¬¥¦¤ã
 −âà®¯®¬¥âà¨ç¥áª¨¬¨ â®çª ¬¨ [6]; ¯ à ¬¥âàë ú�ªâ¨¢−®© ¬®¤¥«¨ ¢−¥è−®áâ¨û
(Active Appearance Models) [7]; ‹	˜ [8]. ‚ [9] ¡ë«¨ ¯à¥¤«®¦¥−ë â ª − §ë¢ -
¥¬ë¥ ú¡¨®«®£¨ç¥áª¨ ®¡ãá«®¢«¥−−ë¥ ¯à¨§− ª¨û (Biologically Inspired Features,
BIF), ¨á¯®«ì§®¢ −¨¥ ª®â®àëå ¯®§¢®«¨«® ¤®áâ¨çì − ¨«ãçè¨å à¥§ã«ìâ â®¢ − 
§ ¤ ç¥ ª« áá¨ä¨ª æ¨¨ ¯® ¯®«ã ¨ ¢®§à áâã.
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„«ï á®¡áâ¢¥−−® ¢®§à áâ−®© ª« áá¨ä¨ª æ¨¨ ®¡ëç−® ¨á¯®«ì§ã¥âáï «¨¡® à¥£à¥á-
á¨ï [9], ¯®§¢®«ïîé ï ®æ¥−¨¢ âì â®ç−ë© ¢®§à áâ ç¥«®¢¥ª , «¨¡® ¬−®£®ª« áá®¢ ï
ª« áá¨ä¨ª æ¨ï [9, 10], ¯à¥¤áª §ë¢ îé ï ¢®§à áâ−ãî £àã¯¯ã ç¥«®¢¥ª . ‚ ª ç¥-
áâ¢¥  «£®à¨â¬®¢ ª« áá¨ä¨ª æ¨¨ ¨á¯®«ì§ãîâ −¥©à®−−ë¥ á¥â¨ [11], á«ãç ©−ë© «¥á
¤¥à¥¢ì¥¢ [6]. � ¨¡®«¥¥ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ − è¥« ¢ íâ®© § ¤ ç¥ ¬¥â®¤ ®¯®à−ëå
¢¥ªâ®à®¢ [1, 7, 9, 10, 12].

‚ áâ âì¥ [10] ¯à¥¤«®¦¥−® ¢− ç «¥ ª« áá¨ä¨æ¨à®¢ âì ¯®« ¨ ¯à¨¬¥à−ë© ¢®§-
à áâ−®© ¤¨ ¯ §®− ç¥«®¢¥ª , ¯®á«¥ ç¥£® ¯à¨¬¥−ïâì á¯¥æ¨ «¨§¨à®¢ −−ë© ª« áá¨-
ä¨ª â®à ¢®§à áâ  ¤«ï ¤ −−®© ¯®«®¢®§à áâ−®© £àã¯¯ë. �¢â®àë áâ âì¨ ¯®ª § «¨,
çâ® â ª ï ¤¢ãåáâã¯¥−ç â ï ¯à®æ¥¤ãà  § ¬¥â−® ¯®¢ëè ¥â â®ç−®áâì ¨â®£®¢®© ª« á-
á¨ä¨ª æ¨¨. ‚ áâ âì¥ [13] â ª¦¥ ¨á¯®«ì§ã¥âáï ¢− ç «¥ £àã¡ ï ®æ¥−ª  ¢®§à áâ 
ç¥«®¢¥ª  á ¯®¬®éìî ®¤−®© £«®¡ «ì−®© à¥£à¥áá¨¨, ¯®á«¥ ç¥£® ¢®§à áâ ãâ®ç−ï¥âáï
á ¯®¬®éìî ¤àã£®© à¥£à¥áá¨¨, ®¡ãç¥−−®© á¯¥æ¨ «ì−® ¤«ï ¤ −−®£® ¢®§à áâ−®£®
¨−â¥à¢ « .

‚ [12] § ¤ ç  ¢®§à áâ−®© ª« áá¨ä¨ª æ¨¨ «î¤¥© ¡ë«  á¢¥¤¥−  ª − ¡®àã ¡¨− à-
−ëå ª« áá¨ä¨ª æ¨©. „«ï ª ¦¤®£® ¢®§à áâ  áâà®¨âáï ª« áá¨ä¨ª â®à, ª®â®àë©
®¯à¥¤¥«ï¥â, áâ àè¥ ç¥«®¢¥ª, ¨§®¡à ¦¥−−ë© −  â¥áâ®¢®¬ ¨§®¡à ¦¥−¨¨, ç¥¬ § -
¤ −−ë© ¢®§à áâ, ¨«¨ ¬« ¤è¥. ‚®§à áâ ç¥«®¢¥ª  ®¯à¥¤¥«ï¥âáï ª ª ç¨á«® ª« áá¨-
ä¨ª â®à®¢, ¢ë¤ ¢è¨å ¯®«®¦¨â¥«ì−ë© à¥§ã«ìâ â. �à¥¤«®¦¥−− ï áå¥¬  ¯®ª § « 
¡®«¥¥ ¢ëá®ªãî â®ç−®áâì ª« áá¨ä¨ª æ¨¨, ç¥¬ áãé¥áâ¢ãîé¨¥  − «®£¨.

‚ [1] ¤ −−ë© ¬¥â®¤ ¯®«ãç¨« à §¢¨â¨¥. ‚ ç áâ−®áâ¨, ¢ [12] ¨á¯®«ì§®¢ «áï
¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢ ¨ ¡¨− à−ë¥ ª« áá¨ä¨ª â®àë ®â«¨ç «¨áì ¬¥¦¤ã á®¡®©
â®«ìª® á¤¢¨£®¬ à §¤¥«ïîé¥© ¯®¢¥àå−®áâ¨, ¢ â® ¢à¥¬ï ª ª ¢ [1] ¡¨− à−ë¥ ª« á-
á¨ä¨ª â®àë ®¡ãç «¨áì −¥§ ¢¨á¨¬® ¤àã£ ®â ¤àã£  ¨ ¢ ª ¦¤®¬ ª« áá¨ä¨ª â®à¥
¬®£«® ¨á¯®«ì§®¢ âìáï á¢®¥ ï¤à®. ’ ª¦¥ ¡ë«® ¯à¥¤«®¦¥−® ¢¬¥áâ® ¬¨−¨¬¨§ æ¨¨
®è¨¡ª¨ ª« áá¨ä¨ª æ¨¨ ¬¨−¨¬¨§¨à®¢ âì æ¥−ã ®è¨¡ª¨. „«ï íâ®£® ¤«ï ª ¦¤®© ¨§
¤¢ãå ¨á¯®«ì§ã¥¬ëå ¬¥âà¨ª ª ç¥áâ¢   «£®à¨â¬  ¡ë«¨ ¯à¥¤«®¦¥−ë á¯¥æ¨ «ì−ë¥
äã−ªæ¨¨ à áç¥â  æ¥−ë ®è¨¡ª¨.

3 Базовый алгоритм

�® à¥§ã«ìâ â ¬ ¯à®¢¥¤¥−−®£® ®¡§®à  áãé¥áâ¢ãîé¨å ¬¥â®¤®¢ ¡ë« ¢ë¡à −
¤«ï ¯®á«¥¤ãîé¥© ¬®¤¨ä¨ª æ¨¨  «£®à¨â¬ [1] ª ª ¯®ª § ¢è¨© ®¤¨− ¨§ «ãçè¨å
à¥§ã«ìâ â®¢. ‚ ¤ −−®© á¥ªæ¨¨ ®¯¨è¥¬ ¥£® ¯®¤à®¡−¥¥.

�¡®§− ç¨¬ i-© âà¥−¨à®¢®ç−ë© ¯à¨¬¥à ¨§ ®¡ãç îé¥© ¢ë¡®àª¨ ª ª xi,   ç¥à¥§
yi | á®®â¢¥âáâ¢ãîé¨© ¥¬ã ¢®§à áâ, £¤¥ yi ∈ {1, . . . ,K}, K | ¬ ªá¨¬ «ì−ë©
¢®§à áâ. Š®−ªà¥â−®¥ §− ç¥−¨¥ K § ¢¨á¨â ®â ¨á¯®«ì§ã¥¬®© ¡ §ë, ¢ [1] ¢§ïâ
à ¢−ë¬ 80.

„«ï ª ¦¤®£® ¢®§à áâ  k ¯®áâà®¨¬ 2 ¢ë¡®àª¨ X+k ¨ X−
k á«¥¤ãîé¨¬ ®¡à §®¬:

X+k = {(xi,+1)|yi > k} ; X−
k = {(xi,−1)|yi ≤ k} . (1)
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‚®§à áâ− ï ª« áá¨ä¨ª æ¨ï «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  −  ®á−®¢¥ ¬¥â®¤  à −¦¨à®¢ −¨ï

�® íâ¨¬ ¢ë¡®àª ¬ X+k ¨ X−
k ®¡ãç¨¬ ¡¨− à−ë© ª« áá¨ä¨ª â®à, ª®â®àë©

¡ã¤¥â ®â¢¥ç âì −  ¢®¯à®á: § ¤ −−®¬ã ç¥«®¢¥ªã ¡®«ìè¥ ç¥¬ k «¥â ¨«¨ −¥â.
’ ª ª ª −  ¯à ªâ¨ª¥ ¢ ¦−®áâì, â. ¥. æ¥− , à §−ëå ®è¨¡®ª ®â«¨ç ¥âáï, â® ¢¢®-

¤¨âáï äã−ªæ¨ï áâ®¨¬®áâ¨ costk(l), £¤¥ k, l = 1, . . . ,K. �â  äã−ªæ¨ï ¯®ª §ë¢ ¥â
æ¥−ã −¥¯à ¢¨«ì−®© ¨¤¥−â¨ä¨ª æ¨¨ ¯à¨¬¥à  ¢®§à áâ  l ¤«ï k-£® ª« áá¨ä¨ª â®à 
¨ § ¢¨á¨â ®â ¨á¯®«ì§ã¥¬®© ¬¥àë ª ç¥áâ¢  ¨â®£®¢®£®  «£®à¨â¬ .

� ¨¡®«¥¥ ç áâ® ¯à¨¬¥−¨¬®© ¬¥à®© ª ç¥áâ¢  ¢ § ¤ ç¥ ®¯à¥¤¥«¥−¨ï ¢®§à áâ 
ï¢«ï¥âáï MAE (mean absolute error), ª®â®à ï ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à §®¬:

MAE =
N∑

j=1

∣∣yj − yj

∣∣
M

,

£¤¥ yj | ¯à¥¤áª § −−ë© ¢®§à áâ; yj | ¨áâ¨−−ë© ¢®§à áâ; M | ª®«¨ç¥áâ¢®
â¥áâ®¢ëå ¨§®¡à ¦¥−¨©.

„«ï íâ®© ¬¥àë ¢ ª ç¥áâ¢¥ äã−ªæ¨¨ áâ®¨¬®áâ¨ ¯à¥¤« £ ¥âáï ¨á¯®«ì§®¢ âì
¬®¤ã«ì à §−®áâ¨ ¬¥¦¤ã ¢®§à áâ ¬¨:

costk(l) = |l − k| , (2)

â ª ª ª ç¥¬ ¡®«ìè¥ à §−¨æ  ¬¥¦¤ã ¨áâ¨−−ë¬ ¨ ¯à¥¤áª § −−ë¬ ¢®§à áâ®¬, â¥¬
¡®«ìè¥ ¢ª« ¤ ¢ ¨â®£®¢ãî ®è¨¡ªã.

‚â®à®© è¨à®ª® ¨á¯®«ì§ã¥¬®© ¬¥à®© ª ç¥áâ¢  ï¢«ï¥âáï áã¬¬ à−ë© áç¥â (cu-
mulative score), ª®â®àë© ¯®ª §ë¢ ¥â ç¨á«® ¯à¨¬¥à®¢ á ®è¨¡ª®© ¯à¥¤áª § −¨ï
−¨¦¥ § ¤ −−®£® ãà®¢−ï:

CS (L) =
Me<L

M
· 100% ,

£¤¥ Me<L | ª®«¨ç¥áâ¢® â¥áâ®¢ëå ¯à¨¬¥à®¢ á ®è¨¡ª®© ¯à¥¤áª § −¨ï e ¬¥−ìè¥
L «¥â.

’ ª ª ª ¤«ï íâ®© ¬¥àë à §−¨æ  ¤® L «¥â −¥ ¢−®á¨â ¢ª« ¤ ¢ ®¡éãî ®è¨¡ªã,
â® ¬®¦−® ¢ äã−ªæ¨¨ áâ®¨¬®áâ¨ á¤¥« âì æ¥−ã â ª®© ®è¨¡ª¨ −ã«¥¢®©,   æ¥−ã ¢á¥å
®áâ «ì−ëå ®è¨¡®ª ®¤¨− ª®¢®© (− ¯à¨¬¥à, ¥¤¨−¨ç−®©):

costk(l) =

{
0 , ¥á«¨ l − L ≤ k ≤ l + L ;
1 ¨− ç¥.

(3)

„«ï ®¡ãç¥−¨ï ª« áá¨ä¨ª â®à  ¨á¯®«ì§ã¥âáï ¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢ á RBF
(radial basis function) ï¤à®¬. ‚¥á ª ¦¤®£® ¯à¨¬¥à  ¨§ ®¡ãç îé¥© ¢ë¡®àª¨
§ ¤ ¥âáï á ¯®¬®éìî äã−ªæ¨¨ áâ®¨¬®áâ¨ ®è¨¡ª¨.

„«ï ®¯à¥¤¥«¥−¨ï ¢®§à áâ  ç¥«®¢¥ª  −ã¦−® ¯à¨¬¥−¨âì ¢á¥ K − 1 ª« áá¨-
ä¨ª â®à®¢, ¯®á«¥ ç¥£® ¨â®£®¢ ï ®æ¥−ª  áç¨â ¥âáï à ¢−®© ç¨á«ã ¯®«®¦¨â¥«ì−ëå
®âª«¨ª®¢ ª« áá¨ä¨ª â®à®¢ ¯«îá ®¤¨−:
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�¨á. 1 �à¨¬¥àë ¨§®¡à ¦¥−¨© ¨§ ¡ §ë MORPH Album 2

r(x) = 1 +
K−1∑
k=1

‖ fk(x) > 0 ‖ , (4)

£¤¥ fk(x) | ¢ëå®¤ k-£® ª« áá¨ä¨ª â®à , ‖ · ‖ | à ¢−  1, ¥á«¨ ¢−ãâà¥−−¥¥
ãá«®¢¨¥ ¢¥à−®, ¨ 0 ¨− ç¥.

‚ ª ç¥áâ¢¥ ¯à¨§− ª®¢ ¨á¯®«ì§ãîâáï ¯ à ¬¥âàë ú�ªâ¨¢−®© ¬®¤¥«¨ ¢−¥è-
−®áâ¨û [14].

„«ï â¥áâ¨à®¢ −¨ï  «£®à¨â¬  ¨á¯®«ì§®¢ «¨áì ¡ §  FG-NET (Face and Ges-
ture Recognition Research Network) [15] ¨ ç áâì ¡®«ìè¥© ¯® à §¬¥àã ¡ §ë
MORPH [16]. �à¨¬¥àë ¨§®¡à ¦¥−¨© ¨§ ¡ §ë MORPH ¯à¨¢¥¤¥−ë −  à¨á. 1.

ˆá¯®«ì§ã¥¬ ï ç áâì ¡ §ë MORPH á®¤¥à¦¨â 5492 ¨§®¡à ¦¥−¨ï «î¤¥© ¢
¢®§à áâ¥ ®â 16 ¤® 77 «¥â. ‚® ¢à¥¬ï â¥áâ¨à®¢ −¨ï ¨á¯®«ì§ã¥¬ ï ¢ë¡®àª  á«ãç ©-
−ë¬ ®¡à §®¬ 30 à § à §¡¨¢ « áì −  ¤¢¥ ç áâ¨ | 80% ¤ −−ëå ¨á¯®«ì§®¢ «¨áì
¤«ï ®¡ãç¥−¨ï ¨ 20% ¤«ï â¥áâ¨à®¢ −¨ï. „«ï ¯®¤¡®à  ¯ à ¬¥âà®¢ −  ®¡ãç îé¥©
¢ë¡®àª¥ ¨á¯®«ì§®¢ «áï ¬¥â®¤ ªà®áá-¢ «¨¤ æ¨¨ á à §¡¨¥−¨¥¬ −  5 á¥£¬¥−â®¢.
�¥§ã«ìâ âë ãáà¥¤−ï«¨áì ¯® ¢á¥¬ 30 à §¡¨¥−¨ï¬. ˆâ®£®¢ë©  «£®à¨â¬ ¯®ª § «
®è¨¡ªã MAE ¢ 6,07 «¥â.

4 Предложенные модификации

4.1 Локальные бинарные шаблоны

‚¬¥áâ® ¨á¯®«ì§ã¥¬ëå ¢ [1] ¯ à ¬¥âà®¢ ú�ªâ¨¢−®© ¬®¤¥«¨ ¢−¥è−®áâ¨û ¯à¥¤-
« £ ¥âáï ¨á¯®«ì§®¢ âì ¢ ª ç¥áâ¢¥ ¯à¨§− ª®¢ ‹	˜ [17], å®à®è® á¥¡ï § à¥ª®¬¥−-
¤®¢ ¢è¨¥ ¢ § ¤ ç å à á¯®§− ¢ −¨ï ç¥«®¢¥ª  ¯® ¨§®¡à ¦¥−¨î «¨æ .

‹®ª «ì−ë¥ ¡¨− à−ë¥ è ¡«®−ë ¢ëç¨á«ïîâáï ¯ãâ¥¬ ¯à¨¬¥−¥−¨ï ®¯à¥¤¥«¥−-
−®£® ®¯¥à â®à  ª ª ¦¤®¬ã ¯¨ªá¥«ã ¨§®¡à ¦¥−¨ï. �â®â ®¯¥à â®à à ¡®â ¥â á«¥-
¤ãîé¨¬ ®¡à §®¬. ‚− ç «¥ §− ç¥−¨¥ ¨−â¥−á¨¢−®áâ¨ ¢ ¯¨ªá¥«¥ áà ¢−¨¢ ¥âáï á®
§− ç¥−¨ï¬¨ ¢® ¢á¥å ¯¨ªá¥« å ¨§ −¥ª®â®à®© ®ªà¥áâ−®áâ¨, − ¯à¨¬¥à à §¬¥à®¬
3 × 3 ¯¨ªá¥« . �¥§ã«ìâ â áà ¢−¥−¨ï § ¯¨áë¢ ¥âáï ª ª 0, ¥á«¨ §− ç¥−¨¥ à á-
á¬ âà¨¢ ¥¬®£® ¯¨ªá¥«  ¬¥−ìè¥ æ¥−âà «ì−®£®, ¨ ª ª 1 ¢ ¯à®â¨¢−®¬ á«ãç ¥. „«ï
à áá¬ âà¨¢ ¥¬®© ®ªà¥áâ−®áâ¨ 3× 3 ¯®«ãç ¥âáï 8 æ¨äà, ¨§ ª®â®àëå á®áâ ¢«ï¥âáï
¤¢®¨ç−ë© ¢¥ªâ®à, ª®â®àë© ¨−â¥à¯à¥â¨àã¥âáï ª ª ¤¢®¨ç− ï § ¯¨áì æ¥«®£® ç¨á« .
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‚®§à áâ− ï ª« áá¨ä¨ª æ¨ï «î¤¥© ¯® ¨§®¡à ¦¥−¨î «¨æ  −  ®á−®¢¥ ¬¥â®¤  à −¦¨à®¢ −¨ï

�¨á. 2 ‚ëç¨á«¥−¨¥ ‹	˜: ( ) ¤«ï ®¤−®£® ¯¨ªá¥« ; (¡) ¤«ï æ¥«®£® ¨§®¡à ¦¥−¨ï

�â® ç¨á«® ¨ ï¢«ï¥âáï à¥§ã«ìâ â®¬ ¯à¨¬¥−¥−¨ï ®¯¥à â®à  ª ¯¨ªá¥«ã. ˆâ®£®¢ë¥
¯à¨§− ª¨ ¯®«ãç îâáï ¯®á«¥ à §¡¨¥−¨ï ¢á¥£® ¨§®¡à ¦¥−¨ï à¥è¥âª®© −  ¯àï¬®-
ã£®«ì−ë¥ ®¡« áâ¨, ¯®¤áç¥â  £¨áâ®£à ¬¬ ç áâ®â ¯®ï¢«¥−¨ï ç¨á¥« ¢ ª ¦¤®© ®¡« áâ¨
¨ ª®−ª â¥− æ¨¨ £¨áâ®£à ¬¬ ¯® ¢á¥¬ ®¡« áâï¬ ¢ ®¤¨− ¢¥ªâ®à. �à®æ¥áá ¢ëç¨á«¥−¨ï
‹	˜ ¯®ª § − −  à¨á. 2.

�â¨ ¯à¨§− ª¨ ãáâ®©ç¨¢ë ª −¥¡®«ìè¨¬ ¨§¬¥−¥−¨ï¬ ®á¢¥é¥−−®áâ¨ ¨ −¥¡®«ì-
è¨¬ á¤¢¨£ ¬ ¢ ¯®«®¦¥−¨¨ «¨æ . ’ ª ï ãáâ®©ç¨¢®áâì ¤®áâ¨£ ¥âáï §  áç¥â â®£®, çâ®
¯®¤áç¥â ¢¥¤¥âáï −¥ ¨−¤¨¢¨¤ã «ì−® ¤«ï ª ¦¤®£® ¯¨ªá¥« ,   ¨á¯®«ì§ãîâáï ®¡« áâ¨
§− ç¨â¥«ì−®£® à §¬¥à .

�à¨ § ¬¥−¥ ¢ ¡ §®¢®¬  «£®à¨â¬¥ ¨á¯®«ì§ã¥¬ëå ¯à¨§− ª®¢ −  ‹	˜,   â ª¦¥
¯à¨ ¨á¯®«ì§®¢ −¨¨ «¨−¥©−®£® ¬¥â®¤  ®¯®à−ëå ¢¥ªâ®à®¢, ®è¨¡ª  MAE  «£®à¨â¬ 
−  ¢ë¡®àª¥ ¨§ ¡ §ë MORPH ¯®−¨§¨« áì á 6,07 ¤® 4,61. �à¨ íâ®¬ ¨á¯®«ì§®¢ « áì
â®ç−® â ª ï ¦¥ ¯à®æ¥¤ãà  â¥áâ¨à®¢ −¨ï, ª ª ¨ ¢ [1].

‚ ¯®á«¥¤ãîé¨å íªá¯¥à¨¬¥−â å ¡ë«  ¨á¯®«ì§®¢ −  ã¯à®é¥−− ï ¯à®æ¥¤ãà 
â¥áâ¨à®¢ −¨ï. � à ¬¥âàë ¬®¤¥«¨, â ª¨¥ ª ª ¯ à ¬¥âàë ¬¥â®¤  ®¯®à−ëå ¢¥ªâ®-
à®¢, ¯®¤¡¨à «¨áì á ¯®¬®éìî ªà®áá-¢ «¨¤ æ¨¨ á 5 à §¡¨¥−¨ï¬¨ ®¤−®ªà â−® − 
¢á¥© ¢ë¡®àª¥. �®á«¥ íâ®£® ¢áï ¢ë¡®àª  30 à § á«ãç ©−ë¬ ®¡à §®¬ ¤¥«¨« áì − 
80% ¨ 20%, −  ¡®«ìè¥© ç áâ¨ ª« áá¨ä¨ª â®àë ®¡ãç «¨áì,   −  20% | â¥áâ¨à®-
¢ «¨áì. „ −− ï ¯à®æ¥¤ãà  áãé¥áâ¢¥−−® ¡ëáâà¥¥ ¨áå®¤−®©, ¯®íâ®¬ã ®−  «ãçè¥
¯®¤å®¤¨â ¤«ï â¥áâ¨à®¢ −¨ï à §«¨ç−ëå ¬®¤¨ä¨ª æ¨©  «£®à¨â¬ .

�á−®¢−ë¬¨ −¥¤®áâ âª ¬¨ ¨áå®¤−®£®  «£®à¨â¬  ï¢«ïîâáï ¢ëá®ª¨¥ âà¥¡®¢ −¨ï
¯® ¯ ¬ïâ¨ ¨ ¤«¨â¥«ì−®¥ ¢à¥¬ï ª« áá¨ä¨ª æ¨¨ ¨§-§  ¡®«ìè®£® ç¨á«  −¥§ ¢¨á¨¬ëå
ª« áá¨ä¨ª â®à®¢. ‚ à ¡®â¥ [1] ¨á¯®«ì§®¢ «®áì 80 ª« áá¨ä¨ª â®à®¢. �à¨ § ¬¥−¥
¯ à ¬¥âà®¢ ú�ªâ¨¢−®© ¬®¤¥«¨ ¢−¥è−®áâ¨û −  ‹	˜ ¤ −− ï ¯à®¡«¥¬  §− ç¨-
â¥«ì−® ®¡®áâàï¥âáï, â ª ª ª à §¬¥à ¢¥ªâ®à-¯à¨§− ª  ã¢¥«¨ç¨¢ ¥âáï ¢ −¥áª®«ìª®
à § | á −¥áª®«ìª¨å ¤¥áïâª®¢ ¨«¨ á®â¥− ¯ à ¬¥âà®¢1 ¤® 2065.

1’®ç−ë© à §¬¥à ¢¥ªâ®à-¯à¨§− ª  ¢ [1] −¥ ãª § −.
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4.2 Повышение точности классификации

„ «¥¥ ¡ë«¨ ¯à¥¤«®¦¥−ë ¤¢¥ ¬®¤¨ä¨ª æ¨¨, ¤ îé¨¥ ¤®¯®«−¨â¥«ì−ë© ¯à¨à®áâ
¢ â®ç−®áâ¨ ª« áá¨ä¨ª æ¨¨.

�¥à¢ ï ¬®¤¨ä¨ª æ¨ï § ª«îç ¥âáï ¢ ¨á¯®«ì§®¢ −¨¨ ¢¥à®ïâ−®áâ−®£® ¢ëå®¤ 
ª« áá¨ä¨ª â®à . ‚ ¡ §®¢®¬  «£®à¨â¬¥ ¯®¤áç¨âë¢ ¥âáï ç¨á«® ª« áá¨ä¨ª â®à®¢,
ª®â®àë¥ ¢ë¤ îâ à¥§ã«ìâ â ¡®«ìè¥ 0, â. ¥. ¢á¥å â¥å, ª®â®àë¥ áç¨â îâ ç¥«®¢¥ª 
áâ àè¥ áà ¢−¨¢ ¥¬®£® ¢®§à áâ . „ −− ï áå¥¬  ¡ë«  ¡ë ¯à ¢¨«ì−®©, ¥á«¨ ¡ë
¢á¥ ¯¥à¢ë¥ ª« áá¨ä¨ª â®àë ¢ë¤ ¢ «¨ ¡ë ¯®«®¦¨â¥«ì−ë© à¥§ã«ìâ â,   ¯®á«¥
®¯à¥¤¥«¥−−®£® ¢®§à áâ  | ®âà¨æ â¥«ì−ë©. �¤− ª® −  ¯à ªâ¨ª¥ ¢ ®ªà¥áâ−®áâ¨
¯à ¢¨«ì−®£® ¢®§à áâ  ç¥«®¢¥ª  ª« áá¨ä¨ª â®àë ¬®£ãâ ¤ ¢ âì à §−ë© à¥§ã«ìâ â.
� ¯à¨¬¥à, áà¥¤¨ á®á¥¤−¨å ®âà¨æ â¥«ì−ëå à¥§ã«ìâ â®¢ ¬®¦¥â ¢áâà¥ç âìáï ¨
¯®«®¦¨â¥«ì−ë©.

�®íâ®¬ã ¯à¥¤« £ ¥âáï áã¬¬¨à®¢ âì −¥¯®áà¥¤áâ¢¥−−® ¢¥à®ïâ−®áâ−ë© ¢ëå®¤
¢á¥å ª« áá¨ä¨ª â®à®¢:

r′(x) = 1 +
K−1∑
k=1

fk(x) .

�à¥¤¢ à¨â¥«ì−® ª ¢¥à®ïâ−®áâ−ë¬ ¢ëå®¤ ¬ ª« áá¨ä¨ª â®à®¢ ¯à¨¬¥−ï¥âáï
¬¥¤¨ −− ï ä¨«ìâà æ¨ï.

’ ª¦¥ ¯à¥¤« £ ¥âáï ¨§¬¥−¨âì äã−ªæ¨î áâ®¨¬®áâ¨. ˆáå®¤− ï äã−ªæ¨ï áâ®-
¨¬®áâ¨ (2) «¨−¥©−® § ¢¨á¨â ®â ®è¨¡ª¨ ¢ ®æ¥−ª¥ ¢®§à áâ  ¢−¥ § ¢¨á¨¬®áâ¨ ®â
§− ç¥−¨ï ¢®§à áâ . �à¨ íâ®¬ ®¤−  ¨ â  ¦¥ à §−¨æ  ¢ ¢®§à áâ¥ ¤«ï ¤¥â¥© ®¡ëç−®
£®à §¤® § ¬¥â−¥¥, ç¥¬ ¤«ï ¯®¦¨«ëå «î¤¥©. �®íâ®¬ã ¡ë« ¯à¥¤«®¦¥− ¬®¤¨ä¨æ¨-
à®¢ −−ë© ¢ à¨ −â íâ®© äã−ªæ¨¨

costk(l) = α(K − k)|l − k| ,
£¤¥ K | ¬ ªá¨¬ «ì−ë© ¢®§¬®¦−ë© ¢®§à áâ, α | − áâà ¨¢ ¥¬ë© ¯ à ¬¥âà.

‘ã¬¬ à−® ãª § −−ë¥ ¬®¤¨ä¨ª æ¨¨ ã¬¥−ìè îâ ®è¨¡ªã MAE ¤® 4,52 £®¤ .

4.3 Ускорение алгоритма

Š ª ¡ë«® áª § −® ¢ëè¥, ®á−®¢−ë¬ −¥¤®áâ âª®¬ ¨á¯®«ì§ã¥¬®£®  «£®à¨â¬ 
ï¢«ï¥âáï ¡®«ìè®© à §¬¥à ª« áá¨ä¨ª â®à  ¨ ¬¥¤«¥−− ï ª« áá¨ä¨ª æ¨ï.

� ¨¡®«¥¥ ¯àï¬®«¨−¥©−ë¬ à¥è¥−¨¥¬ ï¢«ï¥âáï −¥¯®áà¥¤áâ¢¥−−®¥ ã¬¥−ìè¥−¨¥
ç¨á«  ª« áá¨ä¨ª â®à®¢. � ¯à¨¬¥à, ¬®¦−® ®áâ ¢¨âì «¨èì ç áâì ª« áá¨ä¨ª â®-
à®¢, à §«¨ç îé¨åáï −  n «¥â ¤àã£ ®â ¤àã£ . �â®  ¢â®¬ â¨ç¥áª¨ ¢«¥ç¥â §  á®¡®©
ã¬¥−ìè¥−¨¥ à §¬¥à  ®¡é¥£® ª« áá¨ä¨ª â®à  ¨ ãáª®à¥−¨¥ ¢à¥¬¥−¨ ®¡à ¡®âª¨ ¢
n à §. ‚ â ¡«. 1 ãª § −  â®ç−®áâì  «£®à¨â¬ , ¨á¯®«ì§ãîé¥£® ¢á¥ ¬®¤¨ä¨ª æ¨¨
¨§ ¯. 4.2, ¥á«¨ ®áâ ¢«ïâì «¨èì ª ¦¤ë© n-© ª« áá¨ä¨ª â®à.

� §ã¬−® ¡ë«® ¡ë ¯à¥¤¯®«®¦¨âì, çâ® ®¯â¨¬ «ì−ë© − ¡®à ¢®§à áâ®¢, ª« á-
á¨ä¨ª â®àë ª®â®àëå áâ®¨â ®áâ ¢¨âì ¯à¨ § ¤ −−®¬ ç¨á«¥ ¯®á«¥¤−¨å, ®â«¨ç ¥âáï
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’ ¡«¨æ  1 ‘à¥¤−ïï ®è¨¡ª  ¢®§à áâ−®©
ª« áá¨ä¨ª æ¨¨ ¯à¨ ¨á¯®«ì§®¢ −¨¨ ª ¦¤®£®
n-£® ª« áá¨ä¨ª â®à 

n ‘à¥¤−ïï ®è¨¡ª 
1 (¢á¥ ª« áá¨ä¨ª â®àë) 4,52

2 4,61
3 4,65
4 4,72
5 4,96

’ ¡«¨æ  2 ‘à¥¤−ïï ®è¨¡ª  ¢®§-
à áâ−®© ª« áá¨ä¨ª æ¨¨ ¯à¨ ®áâ -
−®¢ª¥ ª« áá¨ä¨ª æ¨¨ ¯®á«¥ n ®â-
à¨æ â¥«ì−ëå à¥§ã«ìâ â®¢

n ‘à¥¤−ïï ®è¨¡ª 
1 4,75
2 4,7
3 4,65
4 4,63
5 4,62

®â ¯à®áâ®£® ¢ë¡®à  ª ¦¤®£® n-£®. „«ï ¢ë¡®à  ®¯â¨¬ «ì−®£® − ¡®à  ¢®§à áâ®¢
¨áá«¥¤®¢ « áì ¯à¨¬¥−¨¬®áâì ¦ ¤−®£®  «£®à¨â¬ , ª®â®àë© ¯® ®¤−®¬ã ú¢ëª¨¤ë-
¢ ¥âû ®â¤¥«ì−ë¥ ª« áá¨ä¨ª â®àë â ª, çâ®¡ë ®è¨¡ª  ª« áá¨ä¨ª æ¨¨ ®áâ ¢ « áì
¬¨−¨¬ «ì−®©. �¤− ª® íâ® ¯à¨¢®¤¨â ª ¯¥à¥®¡ãç¥−¨î, â ª ª ª  «£®à¨â¬ ¥áâ¥-
áâ¢¥−−ë¬ ®¡à §®¬ ¢ëª¨¤ë¢ ¥â â¥ ¢®§à áâë, ¤«ï ª®â®àëå ¢ ¢ë¡®àª¥ ¬¥−ìè¥ ¢á¥£®
ä®â®£à ä¨©. ’ ª¨¬ ®¡à §®¬, ¦ ¤−ë©  «£®à¨â¬ ¬®¦−® ¯à¨¬¥−ïâì â®«ìª® ¯à¨
− «¨ç¨¨ ¯®«−®áâìî à ¢−®¬¥à−®© ¢ë¡®àª¨.

’ ª¦¥ ¤«ï ãáª®à¥−¨ï ¢®§à áâ−®© ª« áá¨ä¨ª æ¨¨ ¬®¦−® ¯à¨¬¥−ïâì −¥ ¢á¥
ª« áá¨ä¨ª â®àë,   «¨èì ç áâì ¨å: ¤® â®£® ¬®¬¥−â , ª®£¤  n ¯®á«¥¤−¨å ª« áá¨-
ä¨ª â®à®¢ −¥ ¤ ¤ãâ ®âà¨æ â¥«ì−ë© à¥§ã«ìâ â. ‘ã¬¬¨à®¢ âì à¥§ã«ìâ âë −ã¦−®
â ª¦¥ â®«ìª® ¯® ¯à¨¬¥−¥−−ë¬ ª« áá¨ä¨ª â®à ¬. �à¨ íâ®¬ −¥«ì§ï ¨á¯®«ì§®-
¢ âìáï ¢¥à®ïâ−®áâ−ë¥ ¢ëå®¤ë ¨ ¯à¨å®¤¨âáï ®ªàã£«ïâì ¨å ¤® 0 ¨«¨ 1. ‚ â ¡«. 2
¯à¨¢¥¤¥−ë à¥§ã«ìâ âë à ¡®âë  «£®à¨â¬  ¯à¨ à §«¨ç−ëå n.

’ ª¨¬ ®¡à §®¬, ¯à¨ ®áâ −®¢ª¥ ¯®á«¥ âà¥å ®âà¨æ â¥«ì−ëå à¥§ã«ìâ â®¢ áà¥¤−ïï
®è¨¡ª  ã¢¥«¨ç¨« áì ¤® 4,65, ¯à¨ íâ®¬ áà¥¤−¥¥ ¢à¥¬ï ª« áá¨ä¨ª æ¨¨ ã¬¥−ìè¨-
«®áì ¡®«¥¥ ç¥¬ ¢ 2 à § . �¤− ª® ã¬¥−ìè¥−¨¥ ¢à¥¬¥−¨ ¯à®¨áå®¤¨â ¯®-à §−®¬ã ¤«ï
à §«¨ç−ëå ¢®§à áâ®¢. „«ï áâ àè¨å ¢®§à áâ®¢ ã¬¥−ìè¥−¨¥ ¢à¥¬¥−¨ ¬¥−ìè¥, â ª
ª ª ¯à¨å®¤¨âáï ¯à¨¬¥−ïâì ¡®«ìè¥¥ ª®«¨ç¥áâ¢® ª« áá¨ä¨ª â®à®¢. …á«¨ ¦¥ áª®¬-
¡¨−¨à®¢ âì ®¯¨á −−ë¥ ®¯â¨¬¨§ æ¨¨ ¢¬¥áâ¥, − ¯à¨¬¥à, ¨á¯®«ì§ãï «¨èì ª ¦¤ë©
âà¥â¨© ª« áá¨ä¨ª â®à ¨ ®áâ −®¢ªã ª« áá¨ä¨ª æ¨¨ ¯®á«¥ ¤¢ãå ®âà¨æ â¥«ì−ëå
à¥§ã«ìâ â®¢, ¬®¦−® ¤®¡¨âìáï 8-ªà â−®£® ãáª®à¥−¨ï ¨ 3-ªà â−®£® ã¬¥−ìè¥−¨ï
à §¬¥à  ª« áá¨ä¨ª â®à  ¯à¨ ã¢¥«¨ç¥−¨¨ ®è¨¡ª¨ ®¯à¥¤¥«¥−¨ï ¢®§à áâ  ¤® 4,72.

� ª®−¥æ, ¥é¥ ®¤−¨¬ á¯®á®¡®¬ ãáª®à¥−¨ï ï¢«ï¥âáï ¨á¯®«ì§®¢ −¨¥ ¡¨− à−®£®
¯®¨áª . �à¨ íâ®¬ ¢− ç «¥ ¯à®¢¥àï¥âáï áà¥¤−¨© ¢®§à áâ. …á«¨ ª« áá¨ä¨ª â®à
¤ ¥â ¯®«®¦¨â¥«ì−ë© à¥§ã«ìâ â, â® ¯à®¢¥àï¥âáï áâ àè ï ¯®«®¢¨−  ¢®§à áâ®¢, ¥á«¨
®âà¨æ â¥«ì−ë© | â® ¬« ¤è ï ¯®«®¢¨− . �à¨ íâ®¬ â ª¦¥ ¬®¦−® ¨á¯®«ì§®¢ âì
−¥ ¢á¥ ª« áá¨ä¨ª â®àë,   â®«ìª® ª ¦¤ë© n-©. �à®¢¥¤¥−−ë¥ íªá¯¥à¨¬¥−âë
¯®ª § «¨, çâ® ¯à¨ íâ®¬ ¬®¦−® ¢ 3 à §  ã¬¥−ìè¨âì ª« áá¨ä¨ª â®à ¨ ¢ 10 à §
á−¨§¨âì ¢à¥¬ï ª« áá¨ä¨ª æ¨¨ ¯à¨ ã¢¥«¨ç¥−¨¨ áà¥¤−¥© ®è¨¡ª¨ ¤® 5 «¥â.
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4.4 Выводы

� ¨¡®«ìè¥© â®ç−®áâ¨ ®¯à¥¤¥«¥−¨ï ¢®§à áâ  ã¤ «®áì ¤®áâ¨çì ¯à¨ ¨á¯®«ì§®¢ -
−¨¨ ‹	˜, áã¬¬¨à®¢ −¨ï ¢¥à®ïâ−®áâ−ëå ¢ëå®¤®¢ ¨ ¬®¤¨ä¨æ¨à®¢ −−®© äã−ªæ¨¨
áâ®¨¬®áâ¨. Š®¬¯à®¬¨áá ¬¥¦¤ã ã¢¥«¨ç¥−¨¥¬ â®ç−®áâ¨ ¨ ¢à¥¬¥−¥¬ ª« áá¨ä¨ª -
æ¨¨ ¬®¦−® ®¡¥á¯¥ç¨âì §  áç¥â ¨á¯®«ì§®¢ −¨ï ª ¦¤®£® âà¥âì¥£® ª« áá¨ä¨ª â®à 
¨ ®áâ −®¢ª¨ ¯®á«¥ ¤¢ãå ®âà¨æ â¥«ì−ëå à¥§ã«ìâ â®¢ (®¡®§− ç¨¬ íâ®â  «£®à¨â¬
ª ª úãáª®à¥−−ë© ¢ à¨ −â 1û) ¨«¨ §  áç¥â § ¬¥−ë ®áâ −®¢ª¨ ¯®á«¥ ¤¢ãå ®âà¨æ -
â¥«ì−ëå à¥§ã«ìâ â®¢ −  ¡¨− à−ë© ¯®¨áª (úãáª®à¥−−ë© ¢ à¨ −â 2û). ‚ â ¡«. 3
¯®ª § −® áà ¢−¥−¨¥ ãª § −−ëå ¢ à¨ −â®¢  «£®à¨â¬®¢ ¤àã£ á ¤àã£®¬ ¨ á ¨áå®¤−ë¬
 «£®à¨â¬®¬. �®áª®«ìªã ¢ ¨áå®¤−®© à ¡®â¥ [1] −¥ ãª § − à §¬¥à ª« áá¨ä¨ª â®à®¢
¨ ¢à¥¬¥−  à ¡®âë, íâ¨ ¯ à ¬¥âàë ¢ â ¡«¨æ¥ −¥ ¯à¨¢®¤ïâáï. ‚à¥¬ï ãª § −® ¤«ï
à¥ «¨§ æ¨¨  «£®à¨â¬  −  Œ â« ¡¥, −¥¯®áà¥¤áâ¢¥−−® ª« áá¨ä¨ª æ¨ï à¥ «¨§®¢ − 
−  ‘++ ¢ ¢¨¤¥ mex-äã−ªæ¨©. „«ï ª« áá¨ä¨ª æ¨¨ ¨á¯®«ì§®¢ « áì ¡¨¡«¨®â¥ª 
lib-svm [18].

’ ¡«¨æ  3 ‘à ¢−¥−¨¥ à §«¨ç−ëå ¬®¤¨ä¨ª æ¨©  «£®à¨â¬  −  ®á−®¢¥ ¡¨− à−ëå ª« á-
á¨ä¨ª â®à®¢

�«£®à¨â¬ � §¬¥à ª« áá¨ä¨ª â®à ,
ƒ	

‚à¥¬ï ª« áá¨ä¨ª æ¨¨,
á

MAE,
«¥â

ˆáå®¤−ë©  «£®à¨â¬ | | 6,07
‹ãçè¨© ¯® â®ç−®áâ¨ 1,17 3,21 4,52

“áª®à¥−−ë© ¢ à¨ −â 1 0,29 0,40 4,72
“áª®à¥−−ë© ¢ à¨ −â 2 0,29 0,32 5,0

5 Заключение

‚ ¤ −−®© áâ âì¥ ¯à¥¤« £ ¥âáï àï¤ ¬®¤¨ä¨ª æ¨©  «£®à¨â¬  [1] ®¯à¥¤¥«¥−¨ï
¢®§à áâ  ç¥«®¢¥ª  ¯® ä®â®£à ä¨¨ «¨æ . 	« £®¤ àï § ¬¥−¥ ¯ à ¬¥âà®¢ ú�ªâ¨¢-
−®© ¬®¤¥«¨ ¢−¥è−®áâ¨û −  ‹	˜ ¢ ª ç¥áâ¢¥ ¯à¨§− ª®¢ ¤®áâ¨£−ãâ® áãé¥áâ¢¥−−®¥
¯®¢ëè¥−¨¥ â®ç−®áâ¨ ¢®§à áâ−®© ª« áá¨ä¨ª æ¨¨, ®¤− ª® ¯à¨ íâ®¬  «£®à¨â¬ áâ -
−®¢¨âáï ¬¥¤«¥−−¥¥ ¨ áãé¥áâ¢¥−−® ¡®«¥¥ âà¥¡®¢ â¥«ì−ë¬ ª ®¡ê¥¬ã −¥®¡å®¤¨¬®©
¯ ¬ïâ¨. „«ï ®¡¥á¯¥ç¥−¨ï ª®¬¯à®¬¨áá  ¬¥¦¤ã ¯®¢ëè¥−¨¥¬ â®ç−®áâ¨, ¢à¥¬¥-
−¥¬ à ¡®âë ¨ âà¥¡®¢ −¨ï¬¨ ¯® ¯ ¬ïâ¨ ¯à¥¤«®¦¥−® −¥áª®«ìª® ¤®¯®«−¨â¥«ì−ëå
¬®¤¨ä¨ª æ¨©.
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Abstract: A new age classification algorithm is suggested,which is a modification
of method developed by Chang et al. The algorithm is based on training of a
set of binary classifiers. Each classifier estimates whether the person is older
than a specified age or not. The age then can be simply calculated as a sum
of outputs of all binary classifiers. Using local binary patterns as classification
features, age prediction accuracy improvement is achieved, though classifier
size is increased. A number of modifications, which decrease a classifier size
and increase classification speed, but keep age estimation accuracy high, are
proposed. Experiments on MORPH database showed mean absolute error from
4.52 to 5 years and classification time between 0.32 and 3.21 s, depending on
parameters.
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ИЗОБРАЖЕНИЙ РАДУЖНЫХОБОЛОЧЕК ГЛАЗ С ПОМОЩЬЮ

МЕТОДА ПРОЕКЦИОННОЙФАЗОВОЙ КОРРЕЛЯЦИИ∗
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¬ â¨¢−ëå â®ç¥ª â¥ªáâãàë à ¤ã¦−®© ®¡®«®çª¨ £« §  | ª«îç¥¢ëå â®ç¥ª. „«ï
− å®¦¤¥−¨ï ª«îç¥¢ëå â®ç¥ª ¨á¯®«ì§ã¥âáï ¯à¥®¡à §®¢ −¨¥ �à¬¨â . �à¥¤« -
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1 Введение

‚ë¤¥«¥−¨¥ −  ¨§®¡à ¦¥−¨¨ − ¨¡®«¥¥ ¨−ä®à¬ â¨¢−ëå ª«îç¥¢ëå â®ç¥ª ï¢«ï-
¥âáï à á¯à®áâà −¥−−ë¬ ¯®¤å®¤®¬ ª à¥è¥−¨î ¬−®£¨å ¡¨®¬¥âà¨ç¥áª¨å § ¤ ç. �®
¢ë¤¥«¥−−ë¬ ª«îç¥¢ë¬ â®çª ¬ á®áâ ¢«ï¥âáï ¢¥ªâ®à á¢®©áâ¢ ¨ ¯à®¨§¢®¤¨âáï áà ¢-
−¥−¨¥ ¨§®¡à ¦¥−¨©. ‚ á«ãç ¥ à á¯®§− ¢ −¨ï ¯® à ¤ã¦−®© ®¡®«®çª¥ £« §  íâ®â
¯®¤å®¤ ¢áâà¥ç ¥âáï ¢ à ¡®â å [1{4].

‚ à ¡®â¥ [2] ª«îç¥¢ë¥ â®çª¨ ¢ë¤¥«ïîâáï á ¯®¬®éìî ä¨«ìâà  ƒ ¡®à . ‚ ª ç¥-
áâ¢¥ ¢¥ªâ®à  á¢®©áâ¢ à ¤ã¦−®© ®¡®«®çª¨ ¢ëç¨á«ïîâáï à ááâ®ï−¨ï ¬¥¦¤ã ª«îç¥-
¢ë¬¨ â®çª ¬¨. �¤− ª® ¢ á«ãç ¥ ¯®¯ ¤ −¨ï −  ¨§®¡à ¦¥−¨¥ à ¤ã¦−®© ®¡®«®çª¨
¡«¨ª®¢, ¢¥ª, à¥á−¨æ ¬®¦¥â ®âáãâáâ¢®¢ âì ¡®«ìè®¥ ª®«¨ç¥áâ¢® ª«îç¥¢ëå â®ç¥ª
à ¤ã¦−®© ®¡®«®çª¨.

∗� ¡®â  ¢ë¯®«−¥−  ¯à¨ ¯®¤¤¥à¦ª¥ £à −â  �à¥§¨¤¥−â  �” Œ„-72.2001.9 ¨ £à −â®¢ �””ˆ
10-07-00433 ¨ 13-07-00438.
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‚ à ¡®â¥ [4] ª«îç¥¢ë¥ â®çª¨ ¢ë¤¥«ïîâáï á ¯®¬®éìî á¢¥àâ®ª á ¢ë¡à −−®©
äã−ªæ¨¥© ¯à¥®¡à §®¢ −¨ï �à¬¨â . ‘à ¢−¥−¨¥ ª«îç¥¢ëå â®ç¥ª ¯à®¨áå®¤¨â á
¯®¬®éìî à ááâ®ï−¨ï •í¬¬¨−£ . ˆ§®¡à ¦¥−¨¥ à §¡¨¢ ¥âáï −  ¡«®ª¨, ¨ §− ç¥−¨¥
¡«®ª  à ¢−ï¥âáï ¥¤¨−¨æ¥, ¥á«¨ â ¬ ¯à¨áãâáâ¢ã¥â å®âï ¡ë ®¤−  ª«îç¥¢ ï â®çª ,
¨ à ¢−ï¥âáï −ã«î ¢ ¯à®â¨¢−®¬ á«ãç ¥. Œ¥à®© ¡«¨§®áâ¨ ¨§®¡à ¦¥−¨© ï¢«ï¥âáï
ç¨á«® á®¢¯ ¤ îé¨å ¡«®ª®¢. ’ ª¨¬ ®¡à §®¬, ¨á¯®«ì§ãîâáï á®®â¢¥âáâ¢¨ï ¬¥¦¤ã
ª«îç¥¢ë¬¨ â®çª ¬¨, á¢ï§ −−ë¥ «¨èì á ¨å à á¯®«®¦¥−¨¥¬.

‚ ¤ −−®© à ¡®â¥ ¯à¥¤«®¦¥−® á®¯®áâ ¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª à ¤ã¦−ëå ®¡®-
«®ç¥ª £« § ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨ «®ª «ì−ëå ®ªà¥áâ−®áâ¥©
ª«îç¥¢ëå â®ç¥ª.

” §  ¯à¥®¡à §®¢ −¨ï ”ãàì¥ ¨§®¡à ¦¥−¨ï −¥á¥â ¢ á¥¡¥ £®à §¤® ¡®«ìè¥ ¨−-
ä®à¬ æ¨¨, ç¥¬ ¥£®  ¬¯«¨âã¤  [5]. Œ¥â®¤ ä §®¢®© ª®àà¥«ïæ¨¨ [6, 7] ¨á¯®«ì§ã¥â
â®«ìª® ¨−ä®à¬ æ¨î ® ä §¥ ¤¨áªà¥â−®£® ¯à¥®¡à §®¢ −¨ï ”ãàì¥ ¤«ï ®¯à¥¤¥«¥−¨ï
¡«¨§®áâ¨ ¨ á¤¢¨£®¢ ¨§®¡à ¦¥−¨©. „¨áªà¥â−®¥ ¯à¥®¡à §®¢ −¨¥ ”ãàì¥ ¯®¤à §ã-
¬¥¢ ¥â ¯¥à¨®¤¨ç¥áª®¥ ¯à®¤®«¦¥−¨¥ ¨§®¡à ¦¥−¨©, ¯®íâ®¬ã ¢ á«ãç ¥ ¨§®¡à ¦¥−¨©
−¥¡®«ìè¨å à §¬¥à®¢ ¢ ¬¥â®¤¥ ä §®¢®© ª®àà¥«ïæ¨¨ ¬®£ãâ ¢®§−¨ª âì ®è¨¡ª¨ ¢ë-
ç¨á«¥−¨ï, á¢ï§ −−ë¥ á «®¦−ë¬ ®ª®−âãà¨¢ −¨¥¬. ‚ à ¡®â¥ ¯à¥¤« £ ¥âáï ¬¥â®¤
¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨, ¢ ª®â®à®¬ ¯à¥®¡à §®¢ −¨¥ ”ãàì¥ ¯à¨¬¥−ï-
¥âáï ª à §«®¦¥−¨ï¬ äã−ªæ¨© ¨−â¥−á¨¢−®áâ¨ ¨§®¡à ¦¥−¨© ¢ àï¤ ¯® äã−ªæ¨ï¬
�à¬¨â . Œ¥â®¤ ¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨ −¥ âà¥¡ã¥â ¯¥à¨®¤¨ç¥áª®-
£® ¯à®¤®«¦¥−¨ï ¨§®¡à ¦¥−¨© ¤«ï ¢ëç¨á«¥−¨ï ¯à¥®¡à §®¢ −¨ï ”ãàì¥, ¯®íâ®¬ã
¨¬¥¥â ¯à¥¨¬ãé¥áâ¢® −  ¨§®¡à ¦¥−¨ïå −¥¡®«ìè¨å à §¬¥à®¢.

2 Предобработка изображений радужных оболочек глаз

�  ¨§®¡à ¦¥−¨¨ ¢ë¤¥«ï¥âáï à ¤ã¦− ï ®¡®«®çª  £« §  ¨ ¬ áª  à ¤ã¦−®©
®¡®«®çª¨ | ®¡« áâ¨ à ¤ã¦−®© ®¡®«®çª¨, −¥ § ªàëâë¥ à¥á−¨æ ¬¨, ¢¥ª ¬¨ ¨

�¨á. 1 ‚ë¤¥«¥−¨¥ à ¤ã¦−®© ®¡®«®çª¨ ¨ ¬ áª¨ à ¤ã¦−®© ®¡®«®çª¨ ( ); −®à¬ «¨-
§®¢ −−®¥ ¨§®¡à ¦¥−¨¥ à ¤ã¦−®© ®¡®«®çª¨ (¡); −®à¬ «¨§®¢ −−®¥ ¨§®¡à ¦¥−¨¥ ¯®á«¥
¯à¥¤®¡à ¡®âª¨ (¢)
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¡«¨ª ¬¨. „ «¥¥ à ¤ã¦− ï ®¡®«®çª  ¯¥à¥¢®¤¨âáï ¢ ¯àï¬®ã£®«ì−®¥ −®à¬ «¨§®-
¢ −−®¥ ¨§®¡à ¦¥−¨¥ à §¬¥à®¬ 512 × 64 ¯¨ªá¥«®¢ [4], ¯à®¨áå®¤¨â ¢ëà ¢−¨¢ −¨¥
®á¢¥é¥−−®áâ¨ ¨ ¯®¢ëè¥−¨¥ ª®−âà áâ−®áâ¨ ¨§®¡à ¦¥−¨ï (à¨á. 1) [8].

3 Метод ключевых точек

�®á«¥ ¯à¥¤®¡à ¡®âª¨ ¨§®¡à ¦¥−¨ï à ¤ã¦−®© ®¡®«®çª¨ −  −¥¬ ¢ë¤¥«ïîâáï
ª«îç¥¢ë¥ â®çª¨ ¯à¨ ¯®¬®é¨ á¢¥àâª¨ á ¢ë¡à −−®© äã−ªæ¨¥© ¯à¥®¡à §®¢ −¨ï
�à¬¨â .

”ã−ªæ¨¨ ¯à¥®¡à §®¢ −¨ï �à¬¨â  [9] § ¤ îâáï ä®à¬ã«®©:

ϕn(x) =
1√
2nn!

1
σ
√
π
e−(x/σ)2Hn

(
x

σ

)
, n = 0, 1, 2, . . . ,

£¤¥ σ | ¯ à ¬¥âà ¬ áèâ ¡ ; Hn(x)| ¯®«¨−®¬ë �à¬¨â :

H0(x) = 1 ; H1(x) = 2x ;
Hn(x) = 2xHn−1(x)− 2(n− 1)Hn−2(x) .

„¢ã¬¥à−ë¥ äã−ªæ¨¨ ¯à¥®¡à §®¢ -

�¨á. 2 ”ã−ªæ¨ï ¯à¥®¡à §®¢ −¨ï �à¬¨-
â  ϕ2,0

−¨ï �à¬¨â  ¬®¦−® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥
¯à®¨§¢¥¤¥−¨ï ®¤−®¬¥à−ëå äã−ªæ¨©:

ϕm,n(x, y) = ϕm(x)ϕn(y) .

’¥ªáâãà  à ¤ã¦−®© ®¡®«®çª¨ £« -
§  á¨«ì−¥¥ ¨§¬¥−ï¥âáï ¢ £®à¨§®−â «ì-
−®¬ − ¯à ¢«¥−¨¨ −®à¬ «¨§®¢ −−®£®
¨§®¡à ¦¥−¨ï. ‘¢¥àâª®© (¨«¨ ª®àà¥-
«ïæ¨¥©) á äã−ªæ¨¥© ϕ2,0 (à¨á. 2) ¬®¦-
−® ¢ë¤¥«¨âì â¥ªáâãà−ë¥ ®á®¡¥−−®áâ¨
à ¤ã¦−®© ®¡®«®çª¨ £« §  [8].

‚ ª ¦¤®© â®çª¥ (x0, y0) −®à¬ -
«¨§®¢ −−®£® ¨§®¡à ¦¥−¨ï à ¤ã¦−®©

®¡®«®çª¨ ¢ëç¨á«ï¥âáï á¢¥àâª  ¤ −−®£® ¨§®¡à ¦¥−¨ï á äã−ªæ¨¥© ¯à¥®¡à §®¢ −¨ï
�à¬¨â  ϕ2,0 á® §− ç¥−¨¥¬ ¯ à ¬¥âà  ¬ áèâ ¡  σ = 3: (I(x, y)∗ϕ2,0(x, y))|(x0,y0).

„ «¥¥ ¢ë¡¨à îâáï â®çª¨ á® §− ç¥−¨ï¬¨ á¢¥àâ®ª ¡®«ìè¥ áà¥¤−¥£® §− ç¥−¨ï
¬®¤ã«¥© á¢¥àâ®ª ¨ ®âáâ®ïé¨¥ ¤àã£ ®â ¤àã£  −¥ ¬¥−¥¥ ç¥¬ −  3 ¯¨ªá¥«  (à¨á. 3).

Š«îç¥¢ë¬¨ â®çª ¬¨ áç¨â îâáï N ¢ë¡à −−ëå â®ç¥ª (N ≤ 150) á − ¨¡®«ìè¨-
¬¨ §− ç¥−¨ï¬¨ á¢¥àâ®ª.
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�¨á. 3 Š«îç¥¢ë¥ â®çª¨ −  ¨áå®¤−®¬ −®à¬ «¨§®¢ −−®¬ ¨§®¡à ¦¥−¨¨, ¯®«ãç¥−−ë¥ á
¯®¬®éìî á¢¥àâ®ª á äã−ªæ¨¥© ¯à¥®¡à §®¢ −¨ï �à¬¨â  ϕ2,0(x, y), σ = 3

4 Метод фазовой корреляции

Œ¥â®¤ ä §®¢®© ª®àà¥«ïæ¨¨ [6, 7] ¯®§¢®«ï¥â ¢ëç¨á«ïâì ¬¥àã ¡«¨§®áâ¨ ¨§®¡-
à ¦¥−¨©. „«ï ¤¢ãå ¤¨áªà¥â−ëå ¨§®¡à ¦¥−¨© f(x, y) ¨ g(x, y) à §¬¥à®¬ M ×N
¢ëç¨á«ïîâáï ¨å ¤¨áªà¥â−ë¥ ¯à¥®¡à §®¢ −¨ï ”ãàì¥ F (u, v) ¨ G(u, v), ¨ ¤«ï
á¯¥ªâà «ì−ëå äã−ªæ¨© F (u, v) ¨ G(u, v) ¢ëç¨á«ï¥âáï ¨å ¢§ ¨¬−ë© ä §®¢ë©
á¯¥ªâà:

RFG(u, v) =
F (u, v)G(u, v)

|F (u, v)G(u, v)| = e
i(ϕF (u,v)−ϕG(u,v)) ,

â. ¥. á¯¥ªâà «ì− ï äã−ªæ¨ï á ¥¤¨−¨ç−ë¬ ¬®¤ã«¥¬, ä §  ª®â®à®© à ¢−  à §−®áâ¨
ä § äã−ªæ¨© F ¨G. „ «¥¥ ®â äã−ªæ¨¨ ¢§ ¨¬−®£® ä §®¢®£® á¯¥ªâà  ¢ëç¨á«ï¥âáï
®¡à â−®¥ ¤¨áªà¥â−®¥ ¯à¥®¡à §®¢ −¨¥ ”ãàì¥ ¨ ¯®«ãç ¥âáï äã−ªæ¨ï ä §®¢®©
ª®àà¥«ïæ¨¨ (POC (phase-only correlation) äã−ªæ¨ï):

POCfg(x, y) = F
−1 [RFG(u, v)] .

‚ á«ãç ¥ ú¯®å®¦¨åû ¨§®¡à ¦¥−¨© POC-äã−ªæ¨ï ¨¬¥¥â ®¤¨− ç¥âª¨© ¯¨ª,
¢ëá®â  ¯¨ª  ®¯à¥¤¥«ï¥â ¬¥àã ¡«¨§®áâ¨ ¨§®¡à ¦¥−¨©,   ¯®«®¦¥−¨¥ ¯¨ª  á®®â¢¥â-
áâ¢ã¥â á¬¥é¥−¨î ®¤−®£® ¨§®¡à ¦¥−¨ï ®â−®á¨â¥«ì−® ¤àã£®£®. …á«¨ ¦¥ äã−ªæ¨¨
ú−¥ ¯®å®¦¨û, â® POC-äã−ªæ¨ï −¥ ¤ ¥â ç¥âª®£® ¯¨ª . ‚ à ¡®â¥ [10] ¯®ª § −®, çâ®
¥á«¨ ¡à âì ®¡à â−®¥ ¯à¥®¡à §®¢ −¨¥ ”ãàì¥ −¥ ®â ¢á¥£® á¯¥ªâà «ì−®£® á¨£− « ,
  â®«ìª® ®â ¥£® ç áâ¨, á®®â¢¥âáâ¢ãîé¥© −¨§ª¨¬ ç áâ®â ¬, â® ¯¨ª POC-äã−ªæ¨¨
¯®«ãç ¥âáï ¡®«¥¥ ç¥âª¨¬ ¨ ãáâ®©ç¨¢ë¬.

5 Метод проекционной фазовой корреляции

‚ ¬¥â®¤¥ ¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨ [10] ¯à¥®¡à §®¢ −¨¥ ”ãàì¥
¯à¨¬¥−ï¥âáï ª à §«®¦¥−¨ï¬ ¨áå®¤−ëå −¥¯à¥àë¢−ëå äã−ªæ¨© ¨−â¥−á¨¢−®áâ¨
¨§®¡à ¦¥−¨© ¢ àï¤ ¯® äã−ªæ¨ï¬ �à¬¨â  ψm,n(x, y) [11].

�¤−®¬¥à−ë¥ äã−ªæ¨¨ �à¬¨â  § ¤ îâáï á«¥¤ãîé¥© ä®à¬ã«®©:

ψn(x) =
1√
2nn!

1√
σ
√
π

e−x2/(2σ2)Hn

(
x

σ

)
, n = 0, 1, 2, . . .
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”ã−ªæ¨¨ �à¬¨â  ï¢«ïîâáï á®¡áâ¢¥−−ë¬¨ äã−ªæ¨ï¬¨ ¯à¥®¡à §®¢ −¨ï ”ãàì¥

F [f ] =
1√
2π

∞∫

−∞
f(x)e−iλx dx

á á®¡áâ¢¥−−ë¬¨ §− ç¥−¨ï¬¨ ±1,±i:

F [ψn] = (−i)nψn

¨ ®¡à §ãîâ ¯®«−ãî ®àâ®−®à¬¨à®¢ −−ãî ¢ ¯à®áâà −áâ¢¥ L2(R) á¨áâ¥¬ã äã−ªæ¨©.
„¢ã¬¥à−ë¥ äã−ªæ¨¨ �à¬¨â  ¬®¦−® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥−¨ï ®¤−®-

¬¥à−ëå:
ψm,n(x, y) = ψm(x)ψn(y) .

�ãáâì ¨áá«¥¤ã¥¬ë¥ äã−ªæ¨¨ f(x, y) ¨ g(x, y) § ¤ −ë ¢ ¯àï¬®ã£®«ì−¨ª¥
D = [−A,A] × [−B,B]. �à®¤®«¦¨¬ ¨å −ã«¥¬ ¢ R2\D ¨ à áá¬®âà¨¬ ç áâ¨ç−ãî
áã¬¬ã à §«®¦¥−¨ï ¢ àï¤ ¯® äã−ªæ¨ï¬ �à¬¨â  ψl,j(x, y), l = 0,m, j = 0, n:

f(x, y) ≈ f1(x, y) =
m∑

l=0

n∑
j=0

cljψl,j(x, y) , (1)

£¤¥ ª®íää¨æ¨¥−âë �à¬¨â 

clj =
∫∫

R2

f(x, y)ψl,j(x, y) dxdy .

’®£¤   ¯¯à®ªá¨¬ æ¨ï ¯à¥®¡à §®¢ −¨ï ”ãàì¥ ¯à¨¬¥â á«¥¤ãîé¨© ¢¨¤:

HF[f,m, n] = F [f1] = f

⎡
⎣

m∑
l=0

n∑
j=0

cljψl,j(x, y)

⎤
⎦ =

m∑
l=0

n∑
j=0

clj(−i)l+jψl,j(x, y) .

�− «®£¨ç−® ¢ëç¨á«ï¥âáï  ¯¯à®ªá¨¬ æ¨ï ¯à¥®¡à §®¢ −¨ï ”ãàì¥ ¤«ï g(x, y).
„ «¥¥ ¤«ï á¯¥ªâà «ì−ëå äã−ªæ¨© HF[f,m, n] ¨ HF[g,m, n] − å®¤¨âáï ¨å ¢§ -
¨¬−ë© ä §®¢ë© á¯¥ªâà Rfg(x, y) ¨ ¢ëç¨á«ï¥âáï äã−ªæ¨ï ¯à®¥ªæ¨®−−®© ä §®¢®©
ª®àà¥«ïæ¨¨ HPPOCfg(x, y). �®áª®«ìªã F−1[Rfg(x, y)] = F [Rfg(−x,−y)], â®

HPPOCfg(x, y) = HF [Rfg(−x,−y),m, n] .
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6 Сравнение метода фазовой корреляции и метода проекционной
фазовой корреляции

“£®« ¯®¢®à®â  ®¤−®£® £« §  ®â−®á¨â¥«ì−® ¤àã£®£® á®®â¢¥âáâ¢ã¥â æ¨ª«¨ç¥áª®-
¬ã á¤¢¨£ã ®¤−®£® −®à¬ «¨§®¢ −−®£® ¨§®¡à ¦¥−¨ï ®â−®á¨â¥«ì−® ¤àã£®£®. 	ã¤¥¬
¨áª âì á¤¢¨£ ¬¥â®¤ ¬¨ ä §®¢®© ª®àà¥«ïæ¨¨ (POC) ¨ ¯à®¥ªæ¨®−−®© ä §®¢®© ª®à-
à¥«ïæ¨¨ (HPPOC). ‚ á«ãç ¥ ¨§®¡à ¦¥−¨© ®¤−®© à ¤ã¦−®© ®¡®«®çª¨ (à¨á. 4)
¯¨ª¨ POC- ¨ HPPOC-äã−ªæ¨© ¢ëà ¦¥−ë ç¥âª®, ¯à¨ íâ®¬ ¯®§¨æ¨ï ¯¨ª  á®®â-
¢¥âáâ¢ã¥â á¤¢¨£ã ¢â®à®£® ¨§®¡à ¦¥−¨ï ®â−®á¨â¥«ì−® ¯¥à¢®£® (¯®¢®à®âã ¢â®à®£®
£« §  ®â−®á¨â¥«ì−® ¯¥à¢®£®),   ¢ëá®â  ¯¨ª  ®¯à¥¤¥«ï¥â ¬¥àã ¡«¨§®áâ¨ äã−ªæ¨©.
‚ á«ãç ¥ ¨§®¡à ¦¥−¨© à §−ëå à ¤ã¦−ëå ®¡®«®ç¥ª (à¨á. 5) −¥â ç¥âª®£® ¯¨ª 
POC- ¨ HPPOC-äã−ªæ¨©.

�¤− ª® ¯à¨ −¥¡®«ìè¨å à §¬¥à å ¨§®¡à ¦¥−¨© ¬¥â®¤ ¯à®¥ªæ¨®−−®© ä §®-
¢®© ª®àà¥«ïæ¨¨ ¤ ¥â ¡®«¥¥ â®ç−ë¥ à¥§ã«ìâ âë, ç¥¬ ¬¥â®¤ ä §®¢®© ª®àà¥«ïæ¨¨
(à¨á. 6). �â® á¢ï§ −® á â¥¬, çâ® ¬¥â®¤ HPPOC −¥ âà¥¡ã¥â ¯¥à¨®¤¨ç¥áª®£®
¯à®¤®«¦¥−¨ï ¨§®¡à ¦¥−¨© ¤«ï ¢ëç¨á«¥−¨ï ¯à¥®¡à §®¢ −¨ï ”ãàì¥ (¢ ®â«¨ç¨¥ ®â

�¨á. 4 �®à¬ «¨§®¢ −−ë¥ ¨§®¡à ¦¥−¨ï £« § ®¤−®£® ç¥«®¢¥ª  ( , ¡), ¨å POC-äã−ª-
æ¨ï (¢) ¨ HPPOC-äã−ªæ¨ï (£). —¥¬ ¢ëè¥ §− ç¥−¨ï äã−ªæ¨© POC ¨«¨ HPPOC, â¥¬
â¥¬−¥¥ á®®â¢¥âáâ¢ãîé¨¥ ®¡« áâ¨ ¨§®¡à ¦¥−¨© ¤«ï POC ¨ HPPOC
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�¨á. 5 �®à¬ «¨§®¢ −−ë¥ ¨§®¡à ¦¥−¨ï £« § à §−ëå «î¤¥© ( , ¡), ¨å POC-äã−ªæ¨ï (¢)
¨ HPPOC-äã−ªæ¨ï (£)

�¨á. 6 — áâ¨ ¨§®¡à ¦¥−¨© ®¤−®£® £« §  ( , ¡); POC-äã−ªæ¨ï (¢); HPPOC-äã−ªæ¨ï (£)

¬¥â®¤  POC), ¨ ¯®íâ®¬ã ¢ ¬¥â®¤¥ HPPOC −¥ ¢®§−¨ª ¥â ®è¨¡®ª ®â áª çª®¢ − 
£à −¨æ å («®¦−®£® ®ª®−âãà¨¢ −¨ï). ‚ á«ãç ¥ ¨§®¡à ¦¥−¨© ¬ «¥−ìª®£® à §¬¥à 
®è¨¡ª¨ ¢ ¬¥â®¤¥ POC, á¢ï§ −−ë¥ á «®¦−ë¬ ®ª®−âãà¨¢ −¨¥¬, ¬®£ãâ ¯à¨¢®¤¨âì ª
−¥¢¥à−ë¬ à¥§ã«ìâ â ¬.

7 Сопоставление ключевых точек радужных оболочек глаз методом
проекционной фазовой корреляции

�à¥¤« £ ¥âáï ¬¥â®¤ á®¯®áâ ¢«¥−¨ï ª«îç¥¢ëå â®ç¥ª à ¤ã¦−ëå ®¡®«®ç¥ª
£« §, ®á−®¢ −−ë© −   − «¨§¥ ¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨ ¨å ®ªà¥áâ−®-
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�¨á. 7 ‘®¯®áâ ¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª ¤¢ãå ¨§®¡à ¦¥−¨© ®¤−®£® £« §  ¬¥â®¤®¬
¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨: ¨áå®¤−ë¥ −®à¬ «¨§®¢ −−ë¥ ¨§®¡à ¦¥−¨ï ( , ¡,
¢ë¤¥«¥−ë ¤¢¥ áà ¢−¨¢ ¥¬ë¥ ª«îç¥¢ë¥ â®çª¨); ®ªà¥áâ−®áâì (ã¢¥«¨ç¥−− ï) ª«îç¥¢®©
â®çª¨ ¯¥à¢®£® ¨§®¡à ¦¥−¨ï (¢); ®ªà¥áâ−®áâì ª«îç¥¢®© â®çª¨ ¢â®à®£® ¨§®¡à ¦¥−¨ï (£);
HPPOC-äã−ªæ¨ï ¤«ï ¤ −−ëå ®ªà¥áâ−®áâ¥© (¤)

áâ¥© [8, 10]. ‚ ª ¦¤®© ª«îç¥¢®© â®çª¥ ¢ë¤¥«ï¥âáï «®ª «ì− ï ®ªà¥áâ−®áâì à §¬¥à 
25× 10 ¯¨ªá¥«®¢ á æ¥−âà®¬ ¢ ¤ −−®© â®çª¥. „ −−®¥ ¨§®¡à ¦¥−¨¥ à áª« ¤ë¢ ¥âáï
¢ áã¬¬ã (1) ¯® äã−ªæ¨ï¬ �à¬¨â  ψlj, l = 0, 1, . . . , 9, j = 0, 1, 2, 3, 5. —¥¬ ¬¥−ìè¥
äã−ªæ¨© �à¬¨â  ¡¥à¥âáï ¤«ï ¯ à ¬¥âà¨§ æ¨¨, â¥¬ ¬¥−ìè¥ ª®íää¨æ¨¥−â®¢ ¡ã¤¥â
åà −¨âìáï ¨ ãç áâ¢®¢ âì ¢ áà ¢−¥−¨¨. —¥¬ ¡®«ìè¥ äã−ªæ¨© �à¬¨â , â¥¬ «ãçè¥
¡ã¤¥â  ¯¯à®ªá¨¬ æ¨ï äã−ªæ¨©.

‘− ç «  ®¯à¥¤¥«ï¥âáï ã£®« ¯®¢®à®â  ®¤−®£® £« §  ®â−®á¨â¥«ì−® ¤àã£®£® ¬¥â®-
¤®¬ ¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨, ¯à¨¬¥−¥−−ë¬ ª æ¥«ë¬ −®à¬ «¨§®¢ −−ë¬
¨§®¡à ¦¥−¨ï¬ [10] «¨¡® ª ¯à ¢®© ¢¥àå−¥© ç¥â¢¥àâ¨ −®à¬ «¨§®¢ −−ëå ¨§®¡à -
¦¥−¨© ¤«ï ã¢¥«¨ç¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï à ¡®âë ¬¥â®¤ . „ «¥¥ ª ¦¤ ï ª«îç¥¢ ï
â®çª  ®¤−®£® ¨§®¡à ¦¥−¨ï á®¯®áâ ¢«ï¥âáï á ª ¦¤®© ª«îç¥¢®© â®çª®© ¢â®à®£®
¨§®¡à ¦¥−¨ï ¨§ ®ªà¥áâ−®áâ¨ 40 × 10 ¯¨ªá¥«®¢ ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä §®¢®©
ª®àà¥«ïæ¨¨ ®ªà¥áâ−®áâ¥© (à §¬¥à®¬ 25 × 10 ¯¨ªá¥«®¢) ¤ −−ëå ª«îç¥¢ëå â®ç¥ª.
’ ª¨¬ ®¡à §®¬, áç¨â ¥¬, çâ® ¢®§¬®¦¥− ¯®¢®à®â £« §  −  ã£®« ¤®±14◦. …á«¨ ®â−®-
è¥−¨¥ ¯¨ª  HPPOC-äã−ªæ¨¨ ª® ¢â®à®¬ã «®ª «ì−®¬ã ¬ ªá¨¬ã¬ã íâ®© äã−ªæ¨¨
¡®«ìè¥ §− ç¥−¨ï k = 3, â® áç¨â ¥âáï, çâ® ª«îç¥¢ë¥ â®çª¨ á®®â¢¥âáâ¢ãîâ ¤àã£
¤àã£ã. �à¨¬¥à  «£®à¨â¬  á®¯®áâ ¢«¥−¨ï ª«îç¥¢ëå â®ç¥ª ¯®ª § − −  à¨á. 7{9.

‚ á«ãç ¥ ¨§®¡à ¦¥−¨© ®¤−®£® £« §  (á¬. à¨á. 7) ¤«ï á®¯®áâ ¢«ï¥¬ëå ª«îç¥¢ëå
â®ç¥ª ¥áâì ç¥âª¨© ¯¨ª HPPOC-äã−ªæ¨¨. ‚ á«ãç ¥ ¨§®¡à ¦¥−¨© à §−ëå £« § (á¬.
à¨á. 8) ¤«ï á®¯®áâ ¢«ï¥¬ëå ª«îç¥¢ëå â®ç¥ª −¥â ç¥âª®£® ¯¨ª  HPPOC-äã−ªæ¨¨.
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�¨á. 8 ‘®¯®áâ ¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª (¡«¨§ª¨å ¯® ¬¥áâ®à á¯®«®¦¥−¨î) ¨§®¡à ¦¥−¨©
à §−ëå £« § ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨

�  à¨á. 9 ¯à¥¤áâ ¢«¥−ë −®à¬ «¨§®¢ −−ë¥ ¨§®¡à ¦¥−¨ï ®¤−®£® £« §  ¨ ¯®-
ª § −® ¨å á®¯®áâ ¢«¥−¨¥ ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨. —¥à−ë¬
æ¢¥â®¬ ®¡®§− ç¥−ë ª«îç¥¢ë¥ â®çª¨, −¥ ¨¬¥îé¨¥ á®¯®áâ ¢¨¬ëå ª«îç¥¢ëå â®-
ç¥ª −  ¤àã£®¬ ¨§®¡à ¦¥−¨¨ ¯à¨ ¨á¯®«ì§®¢ −¨¨ ¬¥â®¤  ¯à®¥ªæ¨®−−®© ä §®¢®©
ª®àà¥«ïæ¨¨. 	¥«ë¥ â®çª¨ | â®çª¨, ¨¬¥îé¨¥ á®¯®áâ ¢¨¬ë¥ ª«îç¥¢ë¥ â®çª¨ − 
¤àã£®¬ ¨§®¡à ¦¥−¨¨. ˆ§ à¨áã−ª  ¢¨¤−®, çâ® ç¥¬ ¬¥−ìè¥ ¯®à®£ k ®â−®è¥−¨ï ¯¨ª 
HPPOC-äã−ªæ¨¨ ª® ¢â®à®¬ã «®ª «ì−®¬ã ¬ ªá¨¬ã¬ã íâ®© äã−ªæ¨¨, â¥¬ ¡®«ìè¥
ª«îç¥¢ëå â®ç¥ª ®ª §ë¢ îâáï á®¯®áâ ¢¨¬ë¬¨.

8 Сопоставление ключевых точек радужных оболочек глаз
с помощью расстояния Хэмминга

�à¨ á®¯®áâ ¢«¥−¨¨ ª«îç¥¢ëå â®ç¥ª á ¯®¬®éìî à ááâ®ï−¨ï •í¬¬¨−£  [4]
¨§®¡à ¦¥−¨¥ à §¡¨¢ ¥âáï −  ¡«®ª¨ 4 × 4 ¯¨ªá¥« , ¨ §− ç¥−¨¥ ¡«®ª  ¯à¨à ¢-
−¨¢ ¥âáï 1, ¥á«¨ ¢ −¥£® ¯®¯ ¤ ¥â å®âï ¡ë ®¤−  ª«îç¥¢ ï â®çª , ¨ 0, ¥á«¨ −¥
¯®¯ ¤ ¥â −¨ ®¤−®© ª«îç¥¢®© â®çª¨. � ááâ®ï−¨¥¬ ¬¥¦¤ã ¨§®¡à ¦¥−¨ï¬¨ áç¨-
â ¥âáï ç¨á«® á®¢¯ ¤ îé¨å ¡«®ª®¢. ’ ª¨¬ ®¡à §®¬, ¨á¯®«ì§ãîâáï á®®â¢¥âáâ¢¨ï
¬¥¦¤ã ª«îç¥¢ë¬¨ â®çª ¬¨, á¢ï§ −−ë¥ «¨èì á ¨å à á¯®«®¦¥−¨¥¬. ‚ á«ãç ¥
«®ª «ì−ëå á¤¢¨£®¢ ¨§®¡à ¦¥−¨© á®®â¢¥âáâ¢ãîé¨¥ ¤àã£ ¤àã£ã ª«îç¥¢ë¥ â®çª¨
¨§®¡à ¦¥−¨© ®¤−®£® £« §  ¬®£ãâ ¯®¯ ¤ âì ¢ á®á¥¤−¨¥ ¡«®ª¨. ‚ á«ãç ¥ ¯®¯ ¤ −¨ï
−  ¨§®¡à ¦¥−¨¥ à ¤ã¦−®© ®¡®«®çª¨ ¡«¨ª®¢, ¢¥ª, à¥á−¨æ ¬®¦¥â ®âáãâáâ¢®¢ âì
¡®«ìè®¥ ª®«¨ç¥áâ¢® ª«îç¥¢ëå â®ç¥ª, ¯à¨áãâáâ¢ãîé¨å −  ¤àã£®¬ ¨§®¡à ¦¥−¨¨
â®© ¦¥ à ¤ã¦−®© ®¡®«®çª¨ (à¨á. 10). …á«¨ ¦¥ £« §  à §−ë¥, â® ¢ ®¤−®© ¨ â®©
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�¨á. 9 ‘®¯®áâ ¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª ¨§®¡à ¦¥−¨© ®¤−®£® £« §  ¬¥â®¤®¬ ¯à®¥ªæ¨®−-
−®© ä §®¢®© ª®àà¥«ïæ¨¨ ¯à¨ à §«¨ç−ëå ¯®à®£ å k: ( ) k = 2; (¡) 3 (¨á¯®«ì§ã¥âáï ¯à¨
 − «¨§¥ à¥§ã«ìâ â®¢ à ¡®âë ¬¥â®¤  ¢ à §¤. 9); (¢) k = 4

¦¥ ®¡« áâ¨ ¬®£ãâ ®ª § âìáï ª«îç¥¢ë¥ â®çª¨ (â. ¥. á®®â¢¥âáâ¢ãîé¨¥ ¡«®ª¨ ¡ã¤ãâ
á®¢¯ ¤ âì), −® á®®â¢¥âáâ¢ãîé¨¥ à §−ë¬ â¥ªáâãà−ë¬ ®á®¡¥−−®áâï¬.

�  à¨á. 10,   ¨ 10, ¡ ¯à¨¢¥¤¥−ë â¥ ¦¥ ¨§®¡à ¦¥−¨ï, çâ® ¨ −  à¨á. 9, ¨ ¯à¨-
¢¥¤¥−® á®¯®áâ ¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª íâ¨å ¨§®¡à ¦¥−¨© á ¯®¬®éìî à ááâ®ï−¨ï
•í¬¬¨−£  (à¨á. 10, ¢). Š«îç¥¢ë¥ â®çª¨ ¯¥à¢®£® ¨§®¡à ¦¥−¨ï ®¡®§− ç¥−ë ç¥à−ë¬
æ¢¥â®¬, ¢â®à®£® | ¡¥«ë¬. � §®¡ì¥¬ ¯à¨¢¥¤¥−−ë¥ ¨§®¡à ¦¥−¨ï −  âà¨ ç áâ¨.
‚¨¤−®, çâ® ¢ ¯à ¢®© ç áâ¨ ¨§®¡à ¦¥−¨© ª«îç¥¢ë¥ â®çª¨ −  ¤¢ãå ¨§®¡à ¦¥−¨ïå
á®®â¢¥âáâ¢ãîâ ¤àã£ ¤àã£ã. ‚ æ¥−âà¥ ¨§®¡à ¦¥−¨© § ¬¥â−® á¬¥é¥−¨¥ ª«îç¥¢ëå
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�¨á. 10 ‘®¯®áâ ¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª ¨§®¡à ¦¥−¨© ®¤−®£® £« §  ¬¥â®¤®¬ •í¬¬¨−£ 

â®ç¥ª ¨§®¡à ¦¥−¨© (íâ® á¢ï§ −® á «®ª «ì−ë¬ á¬¥é¥−¨¥¬ æ¥−âà «ì−ëå ç áâ¥©
¨§®¡à ¦¥−¨ï). ‘«¥¢  −  à¨á. 10, ¡ ¯à¨áãâáâ¢ã¥â ¢¥ª®, ¯®íâ®¬ã â ¬ ®âáãâáâ¢ãîâ
ª«îç¥¢ë¥ â®çª¨, ¯à¨áãâáâ¢ãîé¨¥ −  à¨á. 10,  .

9 Результаты алгоритмов сопоставления ключевых точек

„«ï áà ¢−¥−¨ï ¤¢ãå ¯à¥¤«®¦¥−−ëå ¬¥â®¤®¢ á®¯®áâ ¢«¥−¨ï ª«îç¥¢ëå â®ç¥ª
¨á¯®«ì§ã¥âáï ç áâì ¡ §ë ¤ −−ëå CASIA-IrisV3 [12], á®¤¥à¦ é ï ¨§®¡à ¦¥−¨ï
£« § ¯¥à¢ëå 20 «î¤¥© ¢ ¡ §¥: 224 ¨§®¡à ¦¥−¨©, ®¡à §ãîé¨å 40 ¬−®¦¥áâ¢
M1, . . . ,M40 (ª ¦¤®¥ ¬−®¦¥áâ¢® á®¤¥à¦¨â ¨§®¡à ¦¥−¨ï ®¤−®£® ¨§ ¤¢ãå £« §
®¤−®£® ¨§ 20 «î¤¥©). ‚ íâ®© ¡ §¥ ¤ −−ëå ¤«ï ª ¦¤®© ¯ àë ¨§®¡à ¦¥−¨©
á®¯®áâ ¢«ïîâáï ª«îç¥¢ë¥ â®çª¨ á ¯®¬®éìî à ááâ®ï−¨ï •í¬¬¨−£  ¨ ¬¥â®¤®¬
¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨. � ááâ®ï−¨¥¬ ¬¥¦¤ã ¨§®¡à ¦¥−¨ï¬¨ áç¨â -
¥âáï ç¨á«® á®¢¯ ¤ îé¨å (¯® ¬¥â®¤ã •í¬¬¨−£  ¨«¨ ¬¥â®¤ã ¯à®¥ªæ¨®−−®© ä §®¢®©
ª®àà¥«ïæ¨¨) ª«îç¥¢ëå â®ç¥ª.

‚®§−¨ª ¥â ¢®¯à®á ® ¢ë¡®à¥ ¯®à®£®¢®£® §− ç¥−¨ï: ¥á«¨ à ááâ®ï−¨¥ ¬¥¦¤ã
¨§®¡à ¦¥−¨ï¬¨ ¢ëè¥ íâ®£® §− ç¥−¨ï, £« §  áç¨â îâáï ®¤¨− ª®¢ë¬¨, ¥á«¨ −¨-
¦¥ | à §−ë¬¨. �è¨¡ª  I à®¤ , ¨«¨ FRR (False Rejection Rate), | §− ç¥−¨¥
¢ ¯à®æ¥−â å, ¯®ª §ë¢ îé¥¥, ¢ áª®«ìª¨å á«ãç ïå ®¤¨− ª®¢ë¥ £« §  áç¨â îâáï
à §−ë¬¨. �è¨¡ª  II à®¤ , ¨«¨ FAR (False Acceptance Rate), | §− ç¥−¨¥ ¢
¯à®æ¥−â å, ¯®ª §ë¢ îé¥¥, ¢ áª®«ìª¨å á«ãç ïå à §−ë¥ £« §  áç¨â îâáï ®¤¨− -
ª®¢ë¬¨. ‚¥«¨ç¨−  EER (Equal Error Rate) | ¢¥«¨ç¨−  ®è¨¡ª¨ à ¡®âë ¬¥â®¤ ,
¯à¨ ª®â®à®© ®è¨¡ª¨ I ¨ II à®¤  à ¢−ë.
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�¨á. 11 ‘®¯®áâ ¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª á ¯®¬®éìî à ááâ®ï−¨ï •í¬¬¨−£  ( ) ¨
¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨ (¡)

�à¨ á®¯®áâ ¢«¥−¨¨ ª«îç¥¢ëå â®ç¥ª á ¯®¬®éìî à ááâ®ï−¨ï •í¬¬¨−£  ¢¥«¨-
ç¨−  EER á®áâ ¢¨«  3,43%, ¯à¨ á®¯®áâ ¢«¥−¨¨ ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä §®¢®©
ª®àà¥«ïæ¨¨ EER = 0,02%. �  à¨á. 11 ¯à¨¢¥¤¥−ë à¥§ã«ìâ âë á®¯®áâ ¢«¥−¨ï
ª«îç¥¢ëå â®ç¥ª á ¯®¬®éìî à ááâ®ï−¨ï •í¬¬¨−£  ( ) ¨ á ¯®¬®éìî ¯à®¥ªæ¨-
®−−®© ä §®¢®© ª®àà¥«ïæ¨¨ (¡). ‘¢¥â«®-á¥àë¬ æ¢¥â®¬ ¯®ª § −® à á¯à¥¤¥«¥−¨¥
¢á¥¢®§¬®¦−ëå áà ¢−¥−¨© ¨§®¡à ¦¥−¨© ®¤−®£® £« § , â¥¬−®-á¥àë¬ æ¢¥â®¬ |
à á¯à¥¤¥«¥−¨¥ ¢á¥¢®§¬®¦−ëå áà ¢−¥−¨© ¨§®¡à ¦¥−¨© à §−ëå £« §, ç¥à−ë¬ |
¯¥à¥á¥ç¥−¨¥ íâ¨å à á¯à¥¤¥«¥−¨©.

10 Заключение

�à¥¤«®¦¥− ¬¥â®¤ á®¯®áâ ¢«¥−¨ï ª«îç¥¢ëå â®ç¥ª ¨§®¡à ¦¥−¨© à ¤ã¦−ëå
®¡®«®ç¥ª £« § −  ®á−®¢¥ ¬¥â®¤  ¯à®¥ªæ¨®−−®© ä §®¢®© ª®àà¥«ïæ¨¨. ‘à ¢−¥−¨¥
ª«îç¥¢ëå â®ç¥ª ¯à®¨áå®¤¨â ¯® «®ª «ì−®© ¨−ä®à¬ æ¨¨ ®ªà¥áâ−®áâ¥© ª«îç¥¢ëå
â®ç¥ª. ‚ ¬¥â®¤¥ −¥ ¨á¯®«ì§ãîâáï −¨ª ª¨¥ á®®â¢¥âáâ¢¨ï ¬¥¦¤ã ª«îç¥¢ë¬¨ â®çª -
¬¨, á¢ï§ −−ë¥ á ¨å ¢§ ¨¬®à á¯®«®¦¥−¨¥¬. �à¥¤«®¦¥−−ë© ¬¥â®¤ á®¯®áâ ¢«¥−¨ï
ª«îç¥¢ëå â®ç¥ª ¤®áâ â®ç−® ãáâ®©ç¨¢ ª ¯à¨áãâáâ¢¨î ¢¥ª, à¥á−¨æ ¨ ¡«¨ª®¢ − 
¨§®¡à ¦¥−¨¨,   â ª¦¥ ª «®ª «ì−ë¬ á¤¢¨£ ¬ ç áâ¥© ¨§®¡à ¦¥−¨ï.
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THE SEARCH FORMATCHES BETWEEN THE IRIS KEY POINTS
USINGHERMITE PROJECTION PHASE:ONLY CORRELATION

METHOD
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State University, Moscow, Russia, paveljeva@yandex.ru

Abstract: The paper is based on the analysis and comparison of the iris key
points which are the most informative points of the iris image texture. The key
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points are selected using Hermite transform. The search for matches between
the iris key points using Hermite projection phase-only correlation of local areas
around key points is suggested. In Hermite projection phase-only correlation
method, the Fourier transform is applied to the expansions of images intensity
functions in a Fourier series of Hermite functions. The proposed method of key
points comparisons does not use any information about key points locations, is
robust to eyelids, eyelashes, and glares, and gives good results.
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ДИСКРИМИНАНТНЫЙАНАЛИЗ ДЛЯ КЛАССИФИКАЦИИ
ИПРОГНОЗИРОВАНИЯ РЕЗУЛЬТАТОВ ЛЕЧЕНИЯ

М.А. Драницына1, Т. В. Захарова2

�−−®â æ¨ï: –¥«ìî ¤ −−®© à ¡®âë áâ ¢¨« áì à §à ¡®âª  ¬¥â®¤¨ª¨ ª« áá¨-
ä¨ª æ¨¨ ¯ æ¨¥−â®¢, ¯à®å®¤ïé¨å «¥ç¥−¨¥ ¬¥â®¤®¬ £¨¯¥à¡ à¨ç¥áª®© ®ªá¨£¥-
− æ¨¨ (ƒ	�), ¯® íää¥ªâ¨¢−®áâ¨ «¥ç¥−¨ï, ¯®áâà®¥−¨¥ ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨
®æ¥−ª¨ ¨ ¯à®£−®§  á®áâ®ï−¨ï ¯ æ¨¥−â  ¢® ¢à¥¬ï ¯à®¢¥¤¥−¨ï á¥ −á  ¨ ¢á¥£®
ªãàá  â¥à ¯¨¨. ‚ å®¤¥ à ¡®âë ¡ë«  ®¡á«¥¤®¢ −  £àã¯¯  ¨§ 161 ¯ æ¨¥−â .
‚® ¢à¥¬ï á¥ −á®¢ ƒ	� á ¯®¬®éìî á¨áâ¥¬ë −¥¯à¥àë¢−®£® ª®¬¯ìîâ¥à−®£®
¬®−¨â®à¨−£  ¯à®¢®¤¨«¨áì ¨§¬¥à¥−¨ï ä¨§¨®«®£¨ç¥áª¨å ¯ à ¬¥âà®¢, å à ªâ¥-
à¨§ãîé¨å à ¡®âã á¥à¤¥ç−®-á®áã¤¨áâ®© á¨áâ¥¬ë. „«ï à¥è¥−¨ï ¯®áâ ¢«¥−−®©
§ ¤ ç¨ ¨á¯®«ì§®¢ − ¤¨áªà¨¬¨− −â−ë©  − «¨§. Š®íää¨æ¨¥−â à¥§ã«ìâ â¨¢−®-
áâ¨ ª« áá¨ä¨ª æ¨¨ ¤«ï â¥áâ®¢®© ¢ë¡®àª¨ ¢ ¯à¥¤«®¦¥−−®© ¬®¤¥«¨ á®áâ ¢¨«
¡®«¥¥ 75%. 	ë« ¢ë¯®«−¥− áâ â¨áâ¨ç¥áª¨©  − «¨§ ä¨§¨®«®£¨ç¥áª¨å ¯ à ¬¥-
âà®¢ ¯ æ¨¥−â®¢ ¢® ¢à¥¬ï ¯à®å®¦¤¥−¨ï ¯à®æ¥¤ãàë ƒ	� ¨ à §à ¡®â − ¬¥â®¤
ª« áá¨ä¨ª æ¨¨ ¨áá«¥¤ã¥¬ëå ®¡ê¥ªâ®¢ −  ®á−®¢¥ áâ â¨áâ¨ç¥áª¨å ¢ë¢®¤®¢ ¨
íªá¯¥àâ−ëå ®æ¥−®ª.

Š«îç¥¢ë¥ á«®¢ : ¤¨áªà¨¬¨− −â−ë©  − «¨§; ¤¨áªà¨¬¨− −â−ë¥ ¯¥à¥¬¥−−ë¥;
ª« áá¨ä¨ª æ¨®−−ë¥ äã−ªæ¨¨; ¯à®£−®§¨à®¢ −¨¥

DOI: 10.14357/08696527130207

1 Введение

–¥«ìî ¤ −−®© à ¡®âë áâ ¢¨« áì à §à ¡®âª  ¬¥â®¤¨ª¨ ª« áá¨ä¨ª æ¨¨ ¯ æ¨-
¥−â®¢, ¯à®å®¤ïé¨å «¥ç¥−¨¥ ¬¥â®¤®¬ ƒ	�, ¯® íää¥ªâ¨¢−®áâ¨ «¥ç¥−¨ï, ¯®áâà®-
¥−¨¥ ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ®æ¥−ª¨ ¨ ¯à®£−®§  á®áâ®ï−¨ï ¯ æ¨¥−â  ¢® ¢à¥¬ï
¯à®¢¥¤¥−¨ï á¥ −á  ¨ ®¡é¥£® ªãàá  «¥ç¥−¨ï.

ƒ¨¯¥à¡ à¨ç¥áª ï ®ªá¨£¥− æ¨ï | ¬¥â®¤ − áëé¥−¨ï ®à£ −¨§¬  ª¨á«®à®¤®¬ ¯®¤
¯®¢ëè¥−−ë¬ ¤ ¢«¥−¨¥¬ á ¯à®ä¨« ªâ¨ç¥áª®© ¨«¨ «¥ç¥¡−®© æ¥«ìî. ‚ ®á−®¢¥ ƒ	�
«¥¦¨â ¯®¢ëè¥−¨¥ ¯ àæ¨ «ì−®£® ¤ ¢«¥−¨ï ª¨á«®à®¤  ¢ ¦¨¤ª¨å áà¥¤ å ®à£ −¨§¬ 
(¯« §¬¥ ªà®¢¨, «¨¬ä¥, âª −¥¢®© ¦¨¤ª®áâ¨). �â® ¯à¨¢®¤¨â ª á®®â¢¥âáâ¢ãîé¥¬ã
¢®§à áâ −¨î ¨å ª¨á«®à®¤−®© ¥¬ª®áâ¨ ¨ á®¯à®¢®¦¤ ¥âáï ã¢¥«¨ç¥−¨¥¬ ¤¨ääã§¨¨
ª¨á«®à®¤  ¢ âª −¨ ®à£ −¨§¬ , çâ® ¤ ¥â ¢®§¬®¦−®áâì ¯®«−®£® ã¤®¢«¥â¢®à¥−¨ï ¯®-

1Œ®áª®¢áª¨© £®áã¤ àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢ , ä ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©
¬ â¥¬ â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, margarita13april@mail.ru

2Œ®áª®¢áª¨© £®áã¤ àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢ , ä ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©
¬ â¥¬ â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, lsa@cs.msu.ru
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âà¥¡−®áâ¨ ¢ ª¨á«®à®¤¥. „¥©áâ¢¨¥ ƒ	� − ¨¡®«¥¥ ¯®«−® ¯à®ï¢«ï¥âáï ¢ ®âáãâáâ¢¨¥
− àãè¥−¨© äã−ªæ¨¨ á¨áâ¥¬ë ªà®¢®®¡à é¥−¨ï. ‚ æ¥«®¬ â¥à ¯¥¢â¨ç¥áª¨© íää¥ªâ
ƒ	� ®¡ãá«®¢«¥− ¢®§¬®¦−®áâìî ª®¬¯¥−á¨à®¢ âì ª¨á«®à®¤−ãî § ¤®«¦¥−−®áâì
®à£ −¨§¬  ¯à¨ −¥¤®áâ â®ç−®áâ¨ äã−ªæ¨© ¢−¥è−¥£® ¤ëå −¨ï, ª¨á«®à®¤á¢ï§ë-
¢ îé¥© äã−ªæ¨¨ ªà®¢¨, ¤¥ä¨æ¨â¥ à¥£¨®− à−®£® ¨«¨ ®¡é¥£® ªà®¢®â®ª  ¨ ¤à.
Š −®à¬ «ì−ë¬ à¥ ªæ¨ï¬ ®à£ −¨§¬  −  ¤¥©áâ¢¨¥ ƒ	� ®â−®áïâ ãà¥¦¥−¨¥ ¨ ã£«ã¡-
«¥−¨¥ ¤ëå −¨ï, § ¬¥¤«¥−¨¥ ç áâ®âë á¥à¤¥ç−ëå á®ªà é¥−¨© (—‘‘), á−¨¦¥−¨¥
á¥à¤¥ç−®£® ¢ë¡à®á  ¨ ®¡ê¥¬  ®à£ −−®£® ªà®¢®â®ª , ã¢¥«¨ç¥−¨¥ ¯¥à¨ä¥à¨ç¥áª®£®
á®áã¤¨áâ®£® á®¯à®â¨¢«¥−¨ï. �¤− ª® ¨−®£¤  (ª ª ¯à ¢¨«®, ¢ ¯¥à¢ë¥ 1{3 á¥ −á )
− ¡«î¤ îâ ¯à¨§− ª¨ ª¨á«®à®¤−®© ¨−â®ªá¨ª æ¨¨ ¢ ¢¨¤¥ à §¤à ¦¥−¨ï æ¥−âà «ì-
−®© −¥à¢−®© á¨áâ¥¬ë (áã¤®à®¦−ë© á¨−¤à®¬) ¨«¨ à ááâà®©áâ¢  «¥£®ç−®© äã−ªæ¨¨
(®¤ëèª¨, æ¨ −®§ ), çâ® á¢ï§ −® á ¯®¢ëè¥−−®© ¨−¤¨¢¨¤ã «ì−®© çã¢áâ¢¨â¥«ì-
−®áâìî ª ª¨á«®à®¤ã. ‚® ¢à¥¬ï á¥ −á  ¯ æ¨¥−â − å®¤¨âáï ¢ ¡ à®ª ¬¥à¥, £¤¥
¤ ¢«¥−¨¥ ¯®áâ¥¯¥−−® ¯®¢ëè îâ ¤® 2  â¬. „«ï ª®−âà®«ï á®áâ®ï−¨ï ¯ æ¨¥−â 
¨á¯®«ì§ã¥âáï á¨áâ¥¬  −¥¯à¥àë¢−®£® ª®¬¯ìîâ¥à−®£® ¬®−¨â®à¨−£  ®á−®¢−ëå ä¨-
§¨®«®£¨ç¥áª¨å ¯ à ¬¥âà®¢, −® ¯àï¬®© ¤®áâã¯ ª ¯ æ¨¥−âã −¥¢®§¬®¦¥−, ¨ ¤«ï
â®£® çâ®¡ë á−¨§¨âì ¤ ¢«¥−¨¥ ¢ ¡ à®ª ¬¥à¥ ¨ ¢ë¢¥áâ¨ ¯ æ¨¥−â  ¢ íªáâà¥−−ëå
á«ãç ïå, âà¥¡ã¥âáï 5{10 ¬¨−. �®íâ®¬ã −  ¯¥à¢®¬ íâ ¯¥ «¥ç¥−¨ï ¢ ¦−®, çâ®¡ë ¯®
à¥§ã«ìâ â ¬ ¨§¬¥à¥−¨© ¯ à ¬¥âà®¢, ¯®«ãç¥−−ëå ¢® ¢à¥¬ï ¯à®¢¥¤¥−¨ï á¥ −á®¢,
¢à ç ¨¬¥« ¢®§¬®¦−®áâì ¢ à¥ «ì−®¬ ¢à¥¬¥−¨ ®æ¥−¨âì á®áâ®ï−¨¥ ¯ æ¨¥−â  ¨ á
¢ëá®ª®© áâ¥¯¥−ìî ¤®áâ®¢¥à−®áâ¨ ¯à®£−®§¨à®¢ âì å®¤ á¥ −á ,   â ª¦¥ ¯®¤®¡à âì
¨−¤¨¢¨¤ã «ì−ë© ®¯â¨¬ «ì−ë© à¥¦¨¬ ƒ	�, ®¯à¥¤¥«¨âì æ¥«¥á®®¡à §−®áâì «¥ç¥-
−¨ï ¨ ®¦¨¤ ¥¬ãî íää¥ªâ¨¢−®áâì. „«ï à¥è¥−¨ï íâ®© § ¤ ç¨ ¯à®£−®§¨à®¢ −¨ï
¡ë« ¨á¯®«ì§®¢ − ¤¨áªà¨¬¨− −â−ë©  − «¨§, ª®â®àë© ¢¯¥à¢ë¥ á ¯à®£−®áâ¨ç¥áª®©
æ¥«ìî,   ¨¬¥−−® ¤«ï ®¯à¥¤¥«¥−¨ï à¨áª  à §¢¨â¨ï ¨è¥¬¨ç¥áª®© ¡®«¥§−¨ á¥à¤æ ,
¯à¨¬¥−¥− ¢ 1967 £. [1].

2 Постановка задачи

‚ å®¤¥ à ¡®âë ¡ë«  ®¡á«¥¤®¢ −  £àã¯¯  ¯à®å®¤¨¢è¨å ¯à®æ¥¤ãàã ƒ	� ¯ -
æ¨¥−â®¢, ¢ª«îç ¢è ï 161 ç¥«®¢¥ª . ‚® ¢à¥¬ï á¥ −á®¢ ƒ	� á ¯®¬®éìî á¨áâ¥¬ë
−¥¯à¥àë¢−®£® ª®¬¯ìîâ¥à−®£® ¬®−¨â®à¨−£  ¯à®¢®¤¨«¨áì ¨§¬¥à¥−¨ï ä¨§¨®«®£¨-
ç¥áª¨å ¯ à ¬¥âà®¢, å à ªâ¥à¨§ãîé¨å à ¡®âã á¥à¤¥ç−®-á®áã¤¨áâ®© á¨áâ¥¬ë. „«ï
ª ¦¤®£® ¯ æ¨¥−â  ¨§ ¨áá«¥¤ã¥¬®© £àã¯¯ë ¡ë«  ¤ −  íªá¯¥àâ− ï ®æ¥−ª  íää¥ª-
â¨¢−®áâ¨ ¨ ¯¥à¥−®á¨¬®áâ¨ â¥à ¯¥¢â¨ç¥áª®© ¯à®æ¥¤ãàë. � −¥¥ ¡ë«  ãá¯¥è−®
¯à®¢¥¤¥−  ª« áá¨ä¨ª æ¨ï ¤«ï £àã¯¯ë ¯ æ¨¥−â®¢, ¯à®å®¤¨¢è¨å á¥ −áë ƒ	�,
−  ¤¢¥ £àã¯¯ë á ¯®«®¦¨â¥«ì−ë¬¨ ¨ ®âà¨æ â¥«ì−ë¬¨ à¥§ã«ìâ â ¬¨ â¥à ¯¨¨ á®-
®â¢¥âáâ¢¥−−® [2]. ‘ ¯®¬®éìî íªá¯¥àâ−ëå ®æ¥−®ª í¬¯¨à¨ç¥áª¨ ¡ë«¨ ¢ë¤¥«¥−ë
âà¨ £àã¯¯ë: ¢ ¯¥à¢ãî £àã¯¯ã ¢®è«¨ ¯ æ¨¥−âë, ¤«ï ª®â®àëå ¯à®æ¥¤ãà  ¢ëá®ª®-
íää¥ªâ¨¢−  ¨ å®à®è® ¯¥à¥−®á¨¬ , ¢® ¢â®àãî £àã¯¯ã | ãç áâ−¨ª¨, ã ª®â®àëå
®â¬¥ç¥−  ã¬¥à¥−− ï íää¥ªâ¨¢−®áâì ƒ	�, ¢ âà¥âìî £àã¯¯ã | ¯ æ¨¥−âë, ¤«ï
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„¨áªà¨¬¨− −â−ë©  − «¨§ ¤«ï ª« áá¨ä¨ª æ¨¨ ¨ ¯à®£−®§¨à®¢ −¨ï à¥§ã«ìâ â®¢ «¥ç¥−¨ï

ª®â®àëå â¥à ¯¨ï ®ª § « áì −¥íää¥ªâ¨¢−®© ¨«¨ − ¡«î¤ «®áì ¢ëà ¦¥−−®¥ ãåã¤-
è¥−¨¥ á®áâ®ï−¨ï ¢ ¡ à®ª ¬¥à¥ [3]. ’ ª¨¬ ®¡à §®¬, ®á−®¢− ï § ¤ ç  − áâ®ïé¥©
à ¡®âë § ª«îç « áì ¢ ¯¥à¢¨ç−®© ®¡à ¡®âª¥ ¨áå®¤−ëå ¤ −−ëå, ¯®áâà®¥−¨¨ ª« á-
á¨ä¨ª æ¨®−−®© ¬®¤¥«¨ ¨ ®æ¥−ª¥ ¥¥ ¤®áâ®¢¥à−®áâ¨.

ˆáå®¤−ë¥ ¤ −−ë¥ ¡ë«¨ ¯à¥¤®áâ ¢«¥−ë á®âàã¤−¨ª ¬¨ Œ®áª®¢áª®£® £®áã¤ à-
áâ¢¥−−®£® ¬¥¤¨æ¨−áª®£® ã−¨¢¥àá¨â¥â  ¨¬. ˆ. Œ. ‘¥ç¥−®¢ .

3 Метод

Œ¥â®¤®¬ à¥è¥−¨ï ¯®áâ ¢«¥−−®© § ¤ ç¨ ¡ë« ¢ë¡à − ¤¨áªà¨¬¨− −â−ë©  − -
«¨§ [4, 5]. –¥«ì ¤¨áªà¨¬¨− −â−®£®  − «¨§  á®áâ®¨â ¢ ¯®áâà®¥−¨¨ à¥è îé¥£®
¯à ¢¨« , ¯®§¢®«ïîé¥£® − ¨«ãçè¨¬ ®¡à §®¬ ®â¤¥«¨âì ®¤−ã £àã¯¯ã ¨áá«¥¤ã¥¬ëå
®¡ê¥ªâ®¢ ®â ¤àã£®©,   â ª¦¥ ¢ ¨¤¥−â¨ä¨ª æ¨¨ −®¢ëå ®¡ê¥ªâ®¢ ¨ ®â−¥á¥−¨¨ ¨å ª
ã¦¥ ¨¬¥îé¨¬áï £àã¯¯ ¬ ¨«¨ á®¢®ªã¯−®áâï¬.

‚á¥ ¯à®æ¥¤ãàë ¤¨áªà¨¬¨− −â−®£®  − «¨§  ¬®¦−® à §¡¨âì −  ¤¢¥ £àã¯¯ë ¨
à áá¬ âà¨¢ âì ª ª á®¢¥àè¥−−® á ¬®áâ®ïâ¥«ì−ë¥ ¬¥â®¤ë. �¥à¢ ï £àã¯¯  ¯à®-
æ¥¤ãà ¯®§¢®«ï¥â ¨−â¥à¯à¥â¨à®¢ âì à §«¨ç¨ï ¬¥¦¤ã áãé¥áâ¢ãîé¨¬¨ ª« áá ¬¨,
¢â®à ï | ¯à®¢®¤¨âì ª« áá¨ä¨ª æ¨î −®¢ëå ®¡ê¥ªâ®¢ ¢ â¥å á«ãç ïå, ª®£¤  −¥¨§-
¢¥áâ−® § à −¥¥, ª ª ª®¬ã ¨§ áãé¥áâ¢ãîé¨å ª« áá®¢ ®−¨ ¯à¨− ¤«¥¦ â.

�ãáâì § ¤ −® ¯à®áâà −áâ¢® ¯à¨§− ª®¢ X à §¬¥à−®áâìî m > 1, â®çª ¬¨
ª®â®à®£® ï¢«ïîâáï ª®−ªà¥â−ë¥ − ¡«î¤¥−¨ï, ª ¦¤®¥ ¨§ ª®â®àëå ¯à¥¤áâ ¢«ï¥â
á®¡®© á«ãç ©−ë© ¢¥ªâ®à x = {x1, x2, . . . , xm}. �à¨§− ª¨, ª®â®àë¥ ¨á¯®«ì§ãîâáï
¤«ï â®£®, çâ®¡ë ®â«¨ç âì ®¤¨− ª« áá ®â ¤àã£®£®, − §ë¢ îâáï ¤¨áªà¨¬¨− −â−ë¬¨
¯¥à¥¬¥−−ë¬¨, â¥®à¥â¨ç¥áª¨ ¨å ç¨á«® −¥ ®£à −¨ç¥−®, −® −  ¯à ªâ¨ª¥ ¢ë¡®à ¤®«¦¥−
®áãé¥áâ¢«ïâìáï −  ®á−®¢ −¨¨ «®£¨ç¥áª®£®  − «¨§  ¨áå®¤−®© ¨−ä®à¬ æ¨¨. —¨á«®
®¡ê¥ªâ®¢ − ¡«î¤¥−¨ï ¤®«¦−® ¯à¥¢ëè âì ç¨á«® ¤¨áªà¨¬¨− −â−ëå ¯¥à¥¬¥−−ëå
ª ª ¬¨−¨¬ã¬ −  ¤¢ .

‡ ¤ ç  ¤¨áªà¨¬¨− æ¨¨ á®áâ®¨â ¢ à §¡¨¢ª¥ ¢á¥£® ¬−®¦¥áâ¢  à¥ «¨§ æ¨©
à áá¬ âà¨¢ ¥¬®© ¬−®£®¬¥à−®© ¢¥«¨ç¨−ë −  −¥ª®â®à®¥ ç¨á«® £àã¯¯ Rk, k =
= 1, 2, . . . , n, ¨ ¯®á«¥¤ãîé¥¬ ®â−¥á¥−¨¨ −®¢®£® − ¡«î¤¥−¨ï ª ®¤−®© ¨§ −¨å.
�¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì − ¡®à ä®à¬ «ì−ëå à¥è îé¨å ¯à ¢¨«, ¯®§¢®«ïîé¨å
¤«ï ¯à®¨§¢®«ì−®£® ¨§¬¥à¥−¨ï x ¨§ X ãª § âì ª« áá Rk, ª ª®â®à®¬ã ®−® ¯à¨-
− ¤«¥¦¨â. �à ¢¨«® ¤¨áªà¨¬¨− æ¨¨ ¢ë¡¨à ¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥−−ë¬
¯à¨−æ¨¯®¬ ®¯â¨¬ «ì−®áâ¨ | ¬¨−¨¬¨§ æ¨¨ áà¥¤−¨å ¯®â¥àì ®â −¥¯à ¢¨«ì−®©
ª« áá¨ä¨ª æ¨¨, ¨áå®¤ï ¨§  ¯à¨®à−ëå ¢¥à®ïâ−®áâ¥© pk ¨§¢«¥ç¥−¨ï ®¡ê¥ªâ  ¨§
£àã¯¯ë Rk. �¥è îé¥¥ ¯à ¢¨«® áç¨â ¥âáï − ¨«ãçè¨¬, ¥á«¨ −¨ª ª®¥ ¤àã£®¥
¯à ¢¨«® −¥ ¬®¦¥â ¤ âì ¬¥−ìè¥© ¢¥«¨ç¨−ë äã−ªæ¨¨ ¯®â¥àì.

’ ª¨¬ ®¡à §®¬, ¢ à ¬ª å ¤¨áªà¨¬¨− −â−®£®  − «¨§  ®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤
®â ¯à®áâà −áâ¢  ¤¨áªà¨¬¨− −â−ëå ¯¥à¥¬¥−−ëå à §¬¥à−®áâìî m ª ¯à®áâà −áâ¢ã
ª −®−¨ç¥áª¨å ¤¨áªà¨¬¨− −â−ëå äã−ªæ¨© à §¬¥à−®áâìî q, ®¡¥á¯¥ç¨¢ îé¨å − ¨-
«ãçèãî ¤¨áªà¨¬¨− æ¨î £àã¯¯. Œ¥â®¤ ¯®§¢®«ï¥â ¨§ãç âì ¯à¨à®¤ã à §«¨ç¨© ¤¢ãå
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¨ ¡®«¥¥ £àã¯¯ ®¡ê¥ªâ®¢,   â ª¦¥ ¤ âì ®â¢¥â −  ¢®¯à®á, ª ª¨¥ ¨§ ¢ë¡à −−ëå ¤¨á-
ªà¨¬¨− −â−ëå ¯¥à¥¬¥−−ëå ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ −ë ¯à¨ ¯à®£−®§¨à®¢ −¨¨ ¨
ª ª®¢  â®ç−®áâì â ª®£® ¯à®£−®§ .

4 Основные результаты

„«ï ¢á¥å ¨á¯®«ì§ã¥¬ëå ¢  − «¨§¥ ¯®ª § â¥«¥© ¯® ¢á¥¬ á¥ −á ¬ ¡ë«¨ ¢ëç¨á«¥-
−ë ®¯¨á â¥«ì−ë¥ áâ â¨áâ¨ª¨, ¯®áâà®¥−ë £à ä¨ª¨ ¨§¬¥−¥−¨ï á®áâ®ï−¨ï ª ¦¤®£®
¯ æ¨¥−â  ¢ å®¤¥ á¥ −á  ¤«ï ¨áá«¥¤ã¥¬ëå ¯à¨§− ª®¢ ¨  ¯¯à®ªá¨¬¨àãîé¨¥ ¨å
äã−ªæ¨¨ | íªá¯®−¥−æ¨ «ì−ë¥, «®£ à¨ä¬¨ç¥áª¨¥, «¨−¥©−ë¥.

	ë« ¯à®¢¥¤¥− à §¢¥¤®ç−ë©  − «¨§ ¤ −−ëå. ‘ ¯®¬®éìî ªà¨â¥à¨ï ‘¬¨à-
−®¢ {Š®«¬®£®à®¢  ¢ ¬®¤¨ä¨ª æ¨¨ ‹¨««¨¥ä®àá  ¡ë«  ¯à®¢¥à¥−  £¨¯®â¥§  ®
−®à¬ «ì−®¬ à á¯à¥¤¥«¥−¨¨ ¯¥à¥¬¥−−ëå ¢ ¯¥à¢¨ç−®© ¬®¤¥«¨. ‚ ª ¦¤®© ¨§ âà¥å
£àã¯¯ à¥§ã«ìâ âë ¢ àì¨à®¢ «¨ (â ¡«. 1). ‘ ã¢¥«¨ç¥−¨¥¬ ®¡ê¥¬  ¢ë¡®àª¨ (£àã¯¯ë)
ç¨á«® −®à¬ «ì−® à á¯à¥¤¥«¥−−ëå ¯¥à¥¬¥−−ëå ã¬¥−ìè «®áì, ®¤− ª® á«¥¤ã¥â
§ ¬¥â¨âì, çâ® −®à¬ «ì−®áâì ¤¨áªà¨¬¨− −â−ëå ¯¥à¥¬¥−−ëå ¢ à áá¬ âà¨¢ ¥¬®©
¬®¤¥«¨ −¥ áâ «  ªà¨â¨ç−®© ¤«ï ª®àà¥ªâ−®© ª« áá¨ä¨ª æ¨¨.

„ «¥¥ ¡ë«  ®¯à¥¤¥«¥−  ®¡ãç îé ï ¢ë¡®àª , ª ª®â®à®© ¡ë«¨ ®â−¥á¥−ë − ¨¡®-
«¥¥ å à ªâ¥à−ë¥ − ¡«î¤¥−¨ï. ‘ ¯®¬®éìî ¯®è £®¢®£® ¤¨áªà¨¬¨− −â−®£®  − «¨§ 
−  ®á−®¢¥ ®¡ãç îé¥© ¢ë¡®àª¨ ¡ë«¨ ¯®áâà®¥−ë «¨−¥©−ë¥ ª« áá¨ä¨ª æ¨®−−ë¥
äã−ªæ¨¨. �â¬¥â¨¬, çâ® âà¨ ¨§ ¢ª«îç¥−−ëå ¢ ¯¥à¢¨ç−ãî ¬®¤¥«ì ¯¥à¥¬¥−−ëå

’ ¡«¨æ  1 �à®¢¥àª  £¨¯®â¥§ë ® −®à¬ «ì−®¬ à á¯à¥¤¥«¥−¨¨ ¤¨áªà¨¬¨-
− −â−ëå ¯¥à¥¬¥−−ëå

�¥à¥¬¥−− ï
� á¯à¥¤¥«¥−¨¥

ƒàã¯¯  1, n = 45 ƒàã¯¯  2, n = 82 ƒàã¯¯  3, n = 13
x1 N | N
x2 | | |
x3 N N N
x4 N N N
x5 N | N
x6 N | N
x7 | | |
x8 N | |
x9 | | N
x10 | N |
x11 | | N
x12 | | N
x13 N | N
x14 | | N
x15 N | |
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’ ¡«¨æ  2 Š« áá¨ä¨ª æ¨®−−ë¥ äã−ªæ¨¨

�¥à¥¬¥−−ë¥ «¨−¥©−ëå
ª« áá¨ä¨ª æ¨®−−ëå äã−ªæ¨© ƒàã¯¯  1 ƒàã¯¯  2 ƒàã¯¯  3

x1 −222,787 −185,201 −42,333
x2 0,077 0,114 0,187
x3 −1,023 0,560 1,754
x4 18,464 −9,669 −20,396
x5 −785,409 43,946 −278,369
x6 0,109 −1,010 0,312
x7 0,244 0,237 0,408
x8 43,387 224,283 270,880
x9 0,099 −0,035 −0,023
x10 −0,074 −0,131 −0,247
x11 1,826 1,732 3,760
x12 −0,042 −0,017 −0,098

Š®−áâ −â  −21,876 −19,402 −43,832

®ª § «¨áì −¥¨−ä®à¬ â¨¢−ë¬¨. Š« áá¨ä¨ª æ¨®−−ë¥ äã−ªæ¨¨ ¯à¥¤áâ ¢«¥−ë ¢
â ¡«. 2, £¤¥ x1{x12 | ¢ª«îç¥−−ë¥ ¢ ®ª®−ç â¥«ì−ãî ¬®¤¥«ì ¤¨áªà¨¬¨− −â−ë¥
¯¥à¥¬¥−−ë¥.

Š ç¥áâ¢® ª« áá¨ä¨ª æ¨¨ ®æ¥−¨¢ «®áì á ¯®¬®éìî â ª − §ë¢ ¥¬®© ª« áá¨ä¨-
ª æ¨®−−®© ¬ âà¨æë. �â  ¬ âà¨æ  á®¤¥à¦¨â àï¤ ¯à ¢¨«ì−® (−  £« ¢−®© ¤¨ £®-
− «¨) ¨ ®è¨¡®ç−® (¢ ®áâ «ì−ëå ª«¥âª å) ª« áá¨ä¨æ¨à®¢ −−ëå á«ãç ¥¢. ‘â¥¯¥−ì

’ ¡«¨æ  3 Š« áá¨ä¨ª æ¨®−− ï ¬ âà¨æ  ¤«ï ®¡ãç îé¥© ¢ë¡®àª¨

ƒàã¯¯  1 ƒàã¯¯  2 ƒàã¯¯  3
Š®àà¥ªâ−®

ª« áá¨ä¨æ¨à®¢ −®, %
ƒàã¯¯  1 15 0 0 100
ƒàã¯¯  2 0 30 0 100
ƒàã¯¯  3 0 0 6 100
�¥§ã«ìâ â¨¢−®áâì | | | 100

’ ¡«¨æ  4 Š« áá¨ä¨ª æ¨®−− ï ¬ âà¨æ  ¤«ï £¥−¥à «ì−®© á®¢®ªã¯−®áâ¨

ƒàã¯¯  1 ƒàã¯¯  2 ƒàã¯¯  3 Š®àà¥ªâ−®
ª« áá¨ä¨æ¨à®¢ −®, %

ƒàã¯¯  1 39 16 1 69,64
ƒàã¯¯  2 13 74 5 80,43
ƒàã¯¯  3 0 3 10 76,92
�¥§ã«ìâ â¨¢−®áâì | | | 75,66
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¡«¨§®áâ¨ − ¡«î¤¥−¨ï ª â®© ¨«¨ ¨−®© £àã¯¯¥ ®æ¥−¨¢ « áì ¨áå®¤ï ¨§ §− ç¥−¨©  ¯®-
áâ¥à¨®à−ëå ¢¥à®ïâ−®áâ¥© ¨ ª¢ ¤à â®¢ à ááâ®ï−¨© Œ å « −®¡¨á . „®áâ®¢¥à−®áâì
¯à®¢¥àï« áì ¯ãâ¥¬ áà ¢−¥−¨ï ¯®«ãç¥−−ëå à¥§ã«ìâ â®¢ á íªá¯¥àâ−ë¬¨ ®æ¥−ª ¬¨.

„«ï ®¡ãç îé¥© ¢ë¡®àª¨ ¬®¤¥«ì ¯®-

ƒà ä¨ª à áá¥ï−¨ï ª −®−¨ç¥áª¨å §− ç¥−¨©
¤«ï ª −®−¨ç¥áª¨å ª®à−¥© £¥−¥à «ì−®© á®-
¢®ªã¯−®áâ¨ − ¡«î¤¥−¨©: 1 | £àã¯¯  1; 2 |
£àã¯¯  2; 3 | £àã¯¯  3

ª § «  100%-−ãî à¥§ã«ìâ â¨¢−®áâì
(â ¡«. 3).

„ «¥¥ ¯® ¯®«ãç¥−−ë¬ ª« áá¨ä¨-
ª æ¨®−−ë¬ äã−ªæ¨ï¬ ¡ë«  ¯à®¢¥¤¥-
−  ª« áá¨ä¨ª æ¨ï â¥áâ®¢®© ¢ë¡®àª¨.
Š®íää¨æ¨¥−â à¥§ã«ìâ â¨¢−®áâ¨ ¤«ï
â¥áâ®¢®© ¢ë¡®àª¨ á®áâ ¢¨« ¡®«¥¥ 75%
(â ¡«. 4).

“¤¥«ì−ë© ¢¥á, ¢−®á¨¬ë© ª ¦¤®©
¤¨áªà¨¬¨− −â−®© äã−ªæ¨¥© ¢ à §¤¥-
«¥−¨¥ £àã¯¯, ¬®¦−® ®æ¥−¨âì, à áá¬®-
âà¥¢ £à ä¨ª à áá¥ï−¨ï ª −®−¨ç¥áª¨å
§− ç¥−¨© ¤«ï ª −®−¨ç¥áª¨å ª®à−¥©
£¥−¥à «ì−®© á®¢®ªã¯−®áâ¨ − ¡«î¤¥-
−¨© (á¬. à¨áã−®ª).

5 Заключение

’ ª¨¬ ®¡à §®¬, ¢ å®¤¥ − áâ®ïé¥© à ¡®âë ¡ë« ¢ë¯®«−¥− áâ â¨áâ¨ç¥áª¨©
 − «¨§ ä¨§¨®«®£¨ç¥áª¨å ¯ à ¬¥âà®¢ ¯ æ¨¥−â®¢ ¢® ¢à¥¬ï ¯à®å®¦¤¥−¨ï ƒ	� ¨
à §à ¡®â − ¬¥â®¤ ª« áá¨ä¨ª æ¨¨ ¨áá«¥¤ã¥¬ëå ®¡ê¥ªâ®¢ −  ®á−®¢¥ áâ â¨áâ¨ç¥áª¨å
¢ë¢®¤®¢ ¨ íªá¯¥àâ−ëå ®æ¥−®ª. ’ ª¦¥ ¡ë«  ¯à®¢¥¤¥−  ®æ¥−ª  ¨−ä®à¬ â¨¢−®áâ¨
¯¥à¥¬¥−−ëå ¢ ¬®¤¥«¨ ¨ ª ç¥áâ¢  à §à ¡®â −−®© ¯à®æ¥¤ãàë ª« áá¨ä¨ª æ¨¨.
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Abstract: The aim of the work was to develop a classification method for
patients underwent hyperbaric oxygenation procedure and to build up a relevant
mathematical model of evaluation and forecasting the patient condition during
each session and the whole therapy course. This classification method supposed
to be based on the effectiveness of the treatment. The group of 161 patients
was observed. For each patient, cardiac physiological parameters were registered
during each hyperbaric oxygenation session via continuous computer monitoring
system. The discriminant analysis was applied to obtained data. In the model
developed, the rate of success in test sample classification achieved 75%. The
classification technique based on statistical inference and expert estimates was
developed.
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ИСКУССТВЕННЫХ ГЕТЕРОГЕННЫХ СИСТЕМ
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1 Введение

‚ ¯« −ë �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª (���) −  2013{2017 ¨ ¯®á«¥¤ãîé¨¥ £®¤ë
¢ª«îç¥−  à §à ¡®âª  ¬®¡¨«ì−ëå ¤¨ £−®áâ¨ç¥áª¨å ¬¥¤¨æ¨−áª¨å á¨áâ¥¬. ‚ Š «¨-
−¨−£à ¤áª®¬ ä¨«¨ «¥ ˆ�ˆ ��� ¢ 2011 £. ¢ë¯®«−¥−  − ãç−®-¨áá«¥¤®¢ â¥«ìáª ï
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ˆáá«¥¤®¢ −¨¥ á«®¦−®© § ¤ ç¨ ¤¨ £−®áâ¨ª¨  àâ¥à¨ «ì−®© £¨¯¥àâ¥−§¨¨

{ âà¥¡ã¥âáï ®á®§− âì ¨ ¯à¥®¤®«¥âì ¯à®â¨¢®à¥ç¨¥ ¢ ª àâ¨− å ¬¨à  â¥®à¥â¨ç¥áª®©
¨ ª«¨−¨ç¥áª®© ¬¥¤¨æ¨−ë;

{ −¥¤®áâ â®ç−® ¯à¨¬¥−¥−¨ï ¬®¤¥«¨ ú¯«®å® áâàãªâãà¨à®¢ −− ï § ¤ ç û ¨ â¥å-
−®«®£¨¨ íªá¯¥àâ−ëå á¨áâ¥¬ ¢ ãá«®¢¨ïå áãé¥áâ¢¥−−®£® à §−®®¡à §¨ï ¯¥à¥à -
¡ âë¢ ¥¬®© ¤¨ £−®áâ¨ç¥áª®© ¨−ä®à¬ æ¨¨ ¨ −¥¢¨¤ −−ëå â¥¬¯®¢ ã¢¥«¨ç¥−¨ï
¥¥ ®¡ê¥¬®¢,    ªâã «¥− ¯¥à¥å®¤ ª ¬®¤¥«¨ ú£¥â¥à®£¥−− ï (−¥®¤−®à®¤− ï) § -
¤ ç û [1], ¯à¨è¥¤è¥© ¢ ¡¨®¬¥¤¨æ¨−ã ¨§ ä¨§¨ª¨ ¨ å¨¬¨¨, áä®à¬¨à®¢ ¢è¨å
®¯à¥¤¥«¥−¨¥ £¥â¥à®£¥−−®© á¨áâ¥¬ë ª ª −¥®¤−®à®¤−®© á¨áâ¥¬ë, á®áâ®ïé¥©
¨§ ®¤−®à®¤−ëå (£®¬®£¥−−ëå) ç áâ¥©, à §¤¥«¥−−ëå ¯®¢¥àå−®áâìî à §¤¥« ,
à §àë¢ ¬¨ ¢ −¥¯à¥àë¢−®áâ¨ ä¨§¨ç¥áª¨å á¢®©áâ¢; ä¨§¨ª  ¨ å¨¬¨ï ä®à¬ «¨-
§®¢ «¨ ¨ ¨á¯®«ì§ãîâ ¯®−¨¬ −¨¥ ¨ §− −¨ï ® £¨¡à¨¤¨§ æ¨¨ [2] ¢ ¨áªãááâ¢¥−−ëå
£¥â¥à®£¥−−ëå á¨áâ¥¬ å;

{ −¥®¡å®¤¨¬® áâà®¨âì ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥-
−¨© (Š‘���) ª ª ¨áªãááâ¢¥−−ë¥ £¥â¥à®£¥−−ë¥ ¨−â¥««¥ªâã «ì−ë¥ á¨áâ¥¬ë
(ˆƒˆ‘), ¢ ç áâ−®áâ¨ äã−ªæ¨®− «ì−ë¥ £¨¡à¨¤−ë¥ ¨−â¥««¥ªâã «ì−ë¥ á¨áâ¥¬ë
(”ƒˆ‘) [1], ¬®¤¥«¨àãîé¨¥ ª®««¥ªâ¨¢−ë¥ ¯à¨−ïâ¨ï à¥è¥−¨©, ¢ â®¬ ç¨á«¥
¨ ¬¥¤¨æ¨−áª¨© ª®−á¨«¨ã¬ (« â. consilium | á®¢¥é −¨¥, ®¡áã¦¤¥−¨¥) |
á®¢¥é −¨¥ ¢à ç¥© à §−ëå á¯¥æ¨ «ì−®áâ¥© á æ¥«ìî ¢ëà ¡®âª¨ § ª«îç¥−¨ï ®
á®áâ®ï−¨¨ §¤®à®¢ìï ®¡á«¥¤ã¥¬®£®, ãáâ −®¢«¥−¨ï ¤¨ £−®§  ¡®«¥§−¨, ®¯à¥¤¥«¥-
−¨ï ¥¥ ¯à®£−®§ , â ªâ¨ª¨ ®¡á«¥¤®¢ −¨ï ¨ «¥ç¥−¨ï ¡®«ì−®£® [3, á. 488].

� §à ¡®âª  Š‘��� ª ª ˆƒˆ‘ ®¯à¥¤¥«¨â ¯¥à¥å®¤ ª ª«¨−¨ç¥áª®© ¤¨ää¥-
à¥−æ¨ «ì−®© ¤¨ £−®áâ¨ª¥ âëáïç ¯ â®«®£¨ç¥áª¨å ¯à¨§− ª®¢ ¨ á®ªà â¨â áâ¥¯¥−ì
à¨áª  ®è¨¡®ª ¢ á¨âã æ¨ïå �. �¨£¥«ì¬ −  [4] ¯à¨  â¨¯¨ç−ëå á¨¬¯â®¬ å ¨ á¨¬¯-
â®¬ å-¬¨à ¦ å, á¢ï§ë¢ ¥¬ëå á ¯ â®«®£¨¥©, −® ª −¥© −¥ ®â−®áïé¨åáï. „¨ £−®§
�ƒ ®ª §ë¢ ¥âáï ú§ ¬ áª¨à®¢ −−ë¬ ¨ −¥¤®¢ëï¢«¥−−ë¬û ã 70% ¯ æ¨¥−â®¢  ¬¡ã-
« â®à−®-ª«¨−¨ç¥áª®£® ãçà¥¦¤¥−¨ï [5].

� áâ®ïé ï à ¡®â  ¯®á¢ïé¥−  à¥§ã«ìâ â ¬ ¨áá«¥¤®¢ −¨ï á«®¦−®© § ¤ ç¨ ¤¨ -
£−®áâ¨ª¨ �ƒ −  ¬®¤¥«¨ ú£¥â¥à®£¥−− ï § ¤ ç û, à¥«¥¢ −â−®© −®¢®© − ãç−®©
ª àâ¨−¥ ¬¨à  ¢ â¥®à¥â¨ç¥áª®© ¬¥¤¨æ¨−¥ ¨ ¯à ªâ¨ª¥ ª®−á¨«¨ã¬®¢ ¢ ª«¨−¨ç¥-
áª®© ¬¥¤¨æ¨−¥. Š®−¥ç− ï æ¥«ì | á®§¤ −¨¥ ˆƒˆ‘ ¤«ï ª®−áã«ìâ æ¨© ¢à ç  ¯®
¢ëï¢«¥−¨î �ƒ. ’ ª ï á¨áâ¥¬  à §à ¡ âë¢ ¥âáï ¯® �‘ ¬¥â®¤®«®£¨¨ ”ƒˆ‘ [1].

2 Научная картина мира теоретической медицины

’¥®à¥â¨ç¥áª ï ¬¥¤¨æ¨−  (¡¨®¬¥¤¨æ¨− ) ¨áá«¥¤®¢ «  ¨ áâà¥¬¨« áì ¯®−ïâì
®à£ −¨§¬ ç¥«®¢¥ª , ®á®¡¥−−®áâ¨ ¯à®æ¥áá  ¥£® ¤¨ £−®áâ¨ª¨ ¨ ¥£® ®ªàã¦¥−¨¥.
„¨ £−®áâ¨ª  (£à¥ç. diagnostikos | á¯®á®¡−ë© à á¯®§− ¢ âì) [3, á. 89] | à §¤¥«
ª«¨−¨ç¥áª®© ¬¥¤¨æ¨−ë, ¨§ãç îé¨© á®¤¥à¦ −¨¥, ¬¥â®¤ë ¨ ¯®á«¥¤®¢ â¥«ì−ë¥
áâã¯¥−¨ ¯à®æ¥áá  à á¯®§− ¢ −¨ï ¡®«¥§−¥© ¨«¨ ®á®¡ëå ä¨§¨®«®£¨ç¥áª¨å á®áâ®ï-
−¨©. ‚ ã§ª®¬ á¬ëá«¥ ¤¨ £−®áâ¨ª®© − §ë¢ îâ á ¬ ¯à®æ¥áá à á¯®§− ¢ −¨ï ¡®«¥§−¨
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ˆ. �. Š¨à¨ª®¢, �. ‚. Š®«¥á−¨ª®¢, ‘. 	. �ã¬®¢áª ï

¨ ®æ¥−ª¨ ¨−¤¨¢¨¤ã «ì−ëå ¡¨®«®£¨ç¥áª¨å ®á®¡¥−−®áâ¥© ¨ á®æ¨ «ì−®£® áâ âãá 
áã¡ê¥ªâ , ¢ª«îç îé¨© æ¥«¥− ¯à ¢«¥−−®¥ ¬¥¤¨æ¨−áª®¥ ®¡á«¥¤®¢ −¨¥, ¨áâ®«ª®-
¢ −¨¥ ¯®«ãç¥−−ëå à¥§ã«ìâ â®¢ ¨ ¨å ®¡®¡é¥−¨¥ ¢ ¢¨¤¥ ãáâ −®¢«¥−−®£® ¤¨ £−®§ .
‘â¥¯¥−ì íâ®£® ¯®−¨¬ −¨ï ®âà ¦¥−  ¢ − ãç−®© ª àâ¨−¥ ¬¨à , á®¤¥à¦ é¥© §− −¨ï
® ªã«ìâãà¥, ç¥«®¢¥ª¥, ¥£® ¬¥áâ¥ ¢ ¬¨à¥, ä®à¬¥ á¨áâ¥¬ â¨§ æ¨¨ §− −¨© ¢ ®¡« áâ¨
ä¨§¨®«®£¨¨,   ¯®§¦¥ ä¨§¨ª¨, å¨¬¨¨, £¥−¥â¨ª¨, ª¨¡¥à−¥â¨ª¨ ¨ ¨−ä®à¬ â¨ª¨.
‘ä®à¬¨à®¢ ¢è ïáï ã ç¥«®¢¥ª  ª àâ¨−  ¬¨à  ®−â®«®£¨§¨àã¥â ¥£® ¯à¥¤áâ ¢«¥−¨ï
¨ ¤¥« ¥â à ááã¦¤¥−¨ï ¨ æ¥«¥á®®¡à §−ãî ¤¥ïâ¥«ì−®áâì ú§ ¢¨á¨¬ë¬¨û ®â −¨å.

�¥à¢ ï, ¬¥å −¨áâ¨ç¥áª ï, ª àâ¨−  ¬¨à  ®á−®¢ −  −  § ª®− å ¬¥å −¨ª¨
ˆ. �ìîâ®− , « ¯« á®¢áª®¬ ¤¥â¥à¬¨−¨§¬¥ ¨ à áá¬ âà¨¢ ¥â ¡¥§£à −¨ç−®¥,  ¡-
á®«îâ−®¥, £®¬®£¥−−®¥ ¨ ¨§®âà®¯−®¥ ¯à®áâà −áâ¢®, ¡¥§ ç¥«®¢¥ª  ¨ ¥£® æ¥«¥©. ‚â®-
à ï, í«¥ªâà®¬ £−¨â− ï, ª àâ¨−  ¬¨à  ¤®¡ ¢¨«  ®â−®á¨â¥«ì−®áâì ¯à®áâà −áâ¢ 
¨ ¢à¥¬¥−¨. ’à¥âìï, ª¢ −â®¢®-¯®«¥¢ ï, ª àâ¨−  ¬¨à  Œ. �« −ª , �. ˜à¥-
¤¨−£¥à , ‚. ƒ¥©§¥−¡¥à£  ¨ �. 	®à  áâà®¨âáï −  ú¢¥à®ïâ−®áâ−®-áâ â¨áâ¨ç¥áª¨åû
¯à¥¤áâ ¢«¥−¨ïå ¨ ¯à¨−æ¨¯ å −¥®¯à¥¤¥«¥−−®áâ¨ ¨ ¤®¯®«−¨â¥«ì−®áâ¨. —¥â¢¥àâ ï,
á®¢à¥¬¥−− ï ¯®áâ−¥ª« áá¨ç¥áª ï, ª àâ¨−  ¯à¨§− ¥â £¥â¥à®£¥−−®áâì ¯à®áâà −áâ¢ 
¨ ¢à¥¬¥−¨, à §−®®¡à §¨¥, á¨áâ¥¬−®áâì, £«®¡ «ì−ë© í¢®«îæ¨®−¨§¬, á ¬®®à£ −¨-

§ æ¨î, ¨áâ®à¨ç−®áâì ¬¨à . “¯®àï¤®ç¥−−®áâì, áâàãªâãà−®áâì, § ª®−®¬¥à−®áâì â ª
¦¥ ®¡ê¥ªâ¨¢−ë, ª ª −¥®¯à¥¤¥«¥−−®áâì, áâ®å áâ¨ç−®áâì, ¬−®£® «ìâ¥à− â¨¢−®áâì,
−¥áâ ¡¨«ì−®áâì ¨ −¥à ¢−®¢¥á−®áâì. �¥â úáà¥¤−¨å §− ç¥−¨©û, −¥â úà ¢¥−áâ¢ û,
ª ¦¤ ï ú®á®¡ìû ¨−¤¨¢¨¤ã «ì− .

Œ−®£¨¥ ãç¥−ë¥ ãâ¢¥à¦¤ îâ, çâ® − ãª  áâ®¨â −  ¯®à®£¥ á¬¥−ë ¯ à ¤¨£¬ë
ã¯à ¢«¥−¨ï ¯à¨à®¤®© ¨ ®¡é¥áâ¢®¬, çâ® á®¢à¥¬¥−− ï ª àâ¨−  ¬¨à  í¢®«îæ¨®−¨-
àã¥â ª −®¢®©, á¥¬¨¯®áâã« â−®© [6]:

(1) ª¢ −â®¢®-¢®«−®¢®© å à ªâ¥à ¬¨à , ¯à¨§− −¨¥ £¥â¥à®£¥−−®áâ¨ ¬¨à  ¨ «î¡®£®
®¡ê¥ªâ , à §−®®¡à §¨ï ¦¨§−¨;

(2) −¥®¯à¥¤¥«¥−−®áâì £à −¨æ ®¡ê¥ªâ®¢ ¨ á¢ï§ì ú¢á¥£® á® ¢á¥¬û;

(3) ®â−®á¨â¥«ì−®áâì «î¡®© ¨¥à àå¨¨, ª®â®à ï ¤®«¦−  á®ç¥â âìáï á £®à¨§®−-
â «ì−ë¬¨ á¢ï§ï¬¨;

(4) ¤®¯®«−¨â¥«ì−®áâì ¨ á®âàã¤−¨ç¥áâ¢®;

(5) ¯®«¨æ¥−âà¨§¬;

(6) ®â−®á¨â¥«ì−®áâì §− −¨ï, ¢¢¥¤¥−¨¥ ª®®à¤¨− â − ¡«î¤ â¥«ï ¤«ï á−¨¦¥−¨ï
®â−®á¨â¥«ì−®áâ¨ ¨ −¥®¯à¥¤¥«¥−−®áâ¨;

(7) á®®â¢¥âáâ¢¨¥ ã¯à ¢«¥−¨ï á«®¦−®áâ¨ ®¡ê¥ªâ .

‚ ¯¥à¢®¬ ¯®áâã« â¥ ®âà ¦¥−® æ¥−âà «ì−®¥, −¥®âê¥¬«¥¬®¥ á¢®©áâ¢® ¢−¥è−¥£®
¬¨à  ¨ ¯à®æ¥áá  ¤¨ £−®áâ¨ª¨ ®à£ −¨§¬  ç¥«®¢¥ª  | £¥â¥à®£¥−−®áâì. �¯ëâ − -
ãª¨ ¢ æ¥«®¬ ¨ ¬¥¤¨æ¨−ë ¢ ç áâ−®áâ¨ ¯®ª §ë¢ ¥â, çâ®, ¥á«¨ ã¤ ¢ «®áì ¯®−ïâì,
á¤¥« âì ª®−âà áâ−ë¬¨ −®¢ë¥ §− −¨ï ¨ ¨á¯®«ì§®¢ âì −  ¯à ªâ¨ª¥ íâ® á¢®©áâ¢®
¥áâ¥áâ¢¥−−ëå á¨áâ¥¬ ¨ (¨«¨) á®§¤ ¢ âì ¨áªãááâ¢¥−−ë¥ £¥â¥à®£¥−−ë¥ á¨áâ¥¬ë á
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ˆáá«¥¤®¢ −¨¥ á«®¦−®© § ¤ ç¨ ¤¨ £−®áâ¨ª¨  àâ¥à¨ «ì−®© £¨¯¥àâ¥−§¨¨

¯®«¥§−ë¬¨ ¤«ï ç¥«®¢¥ª  á¢®©áâ¢ ¬¨, ¢®§−¨ª « ¯à®àë¢, ª ç¥áâ¢¥−−ë© áª ç®ª ¢
â¥å−¨ª¥, à áâ¥−¨¥¢®¤áâ¢¥, ¦¨¢®â−®¢®¤áâ¢¥, ¬¥¤¨æ¨−¥, ¨−ä®à¬ â¨ª¥, â¥å−®«®£¨-
ïå. ˆ¬¥−−® ¢ â ª¨å á¨áâ¥¬ å ®â®¡à ¦ îâáï ¤®¯®«−¨â¥«ì−®áâì, á®âàã¤−¨ç¥áâ¢® ¨
®â−®á¨â¥«ì−®áâì §− −¨©.

� §−®®¡à §¨¥ | ¯à¨§− ª, ¯à®ï¢«¥−¨¥ £¥â¥à®£¥−−®áâ¨. �¥§ã«ìâ âë ¨áá«¥-
¤®¢ −¨ï à §−®®¡à §¨ï ‘. 	¨à®¬, “. �. �è¡¨, ‚. Œ. ƒ«ãèª®¢ë¬ á®áâ ¢¨«¨
äã−¤ ¬¥−â ¡¨®ª¨¡¥à−¥â¨ª¨, â¥®à¨¨ ã¯à ¢«¥−¨ï, á¨áâ¥¬−®£®  − «¨§  ¨ ¨−ä®à¬ -
â¨ª¨. ‘«¥¤áâ¢¨¥ § ª®−  −¥®¡å®¤¨¬®£® à §−®®¡à §¨ï “. �. �è¡¨ ª®−áâ â¨àã¥â,
çâ® ã¯à ¢«¥−¨¥ ®¡¥á¯¥ç¨¢ ¥âáï, ¥á«¨ à §−®®¡à §¨¥ áà¥¤áâ¢ ã¯à ¢«ïîé¥£® −¥
¬¥−ìè¥ à §−®®¡à §¨ï ã¯à ¢«ï¥¬®© ¨¬ á¨âã æ¨¨. �â® ¤®áâ¨£ ¥âáï ®à£ −¨§ æ¨¥© ¨
á ¬®®à£ −¨§ æ¨¥©. „«ï ®â®¡à ¦¥−¨ï ¢ ¨−ä®à¬ â¨ª¥ á¨âã â¨¢−®£® à §−®®¡à §¨ï
¢ ¥áâ¥áâ¢¥−−ëå £¥â¥à®£¥−−ëå á¨áâ¥¬ å ¢¢¥¤¥−ë ¬®¤¥«¨ ú£¥â¥à®£¥−− ï § ¤ ç û ¨
ú£®¬®£¥−− ï § ¤ ç û, (5.10) ¨ (5.7) ¢ [1] á®®â¢¥âáâ¢¥−−®,   á ¬ § ª®− âà ªâã¥âáï
â ª: â®«ìª® à §−®®¡à §− ï, áª®®®à¤¨−¨à®¢ −− ï ª«¨−¨ç¥áª ï ¤¥ïâ¥«ì−®áâì, í«¥-
¬¥−âë ª®â®à®© ¢ ª®¬¡¨− æ¨¨ à¥è îâ ®¤−ã § ¤ çã, á¤¥« ¥â ¤¨ £−®§ (¢ ç áâ−®áâ¨
¤¨ £−®§ �ƒ) ª ç¥áâ¢¥−−® «ãçè¥ ¢ ®¡é¥áâ¢¥ á −®¢®© − ãç−®© ª àâ¨−®© ¬¨à .

�á®¡¥−−®áâï¬ â ª®© à ¡®âë á®®â¢¥âáâ¢ã¥â ª®««¥ªâ¨¢−ë© âàã¤ ¢à ç¥© § 
ªàã£«ë¬ áâ®«®¬ | ª®−á¨«¨ã¬ë (à¨á. 1), ¥áâ¥áâ¢¥−−ë¥ £¥â¥à®£¥−−ë¥ á¨áâ¥¬ë ¤«ï
à¥è¥−¨ï á«®¦−ëå § ¤ ç. ˆ¬¥−−® ¢ â ª¨å á¨áâ¥¬ å ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥-
−¨© (‘���) à¥§ã«ìâ â ®ª §ë¢ ¥âáï ª ç¥áâ¢¥−−® «ãçè¥, ç¥¬ ¬−¥−¨¥ ®â¤¥«ì−®£®
¯à¨¢«¥ç¥−−®£® ª ®¡áã¦¤¥−¨î ¨ á¯¥æ¨ «¨§¨àãîé¥£®áï ¢ ã§ª®© ®¡« áâ¨ §− −¨©
íªá¯¥àâ  [1].

�  ¯à¨−ïâ¨¥ ª®««¥ªâ¨¢−ëå à¥è¥−¨©, ¯®¬¨¬® ®¯ëâ , §− −¨© ¨ «¨ç−®áâ−ëå
®á®¡¥−−®áâ¥© «¨æ , ¯à¨−¨¬ îé¥£® à¥è¥−¨ï (‹��), ¢à ç -ª à¤¨®«®£ , ®ª §ë¢ -
îâ ¢«¨ï−¨¥ ¯®§¨æ¨¨  ªâ¨¢−ëå £àã¯¯ | ®¡ê¥¤¨−¥−¨© «î¤¥© á ®¡é¨¬¨ ¨−â¥à¥á ¬¨
¯® ®â−®è¥−¨î ª à¥è ¥¬®© § ¤ ç¥,   â ª¦¥ ®ªàã¦¥−¨ï | á®âàã¤−¨ª®¢ «¥ç é¥-
£® ãçà¥¦¤¥−¨ï (¡®«ì−¨æë), ®â ¨¬¥−¨ ª®â®à®© ¯à¨−¨¬ ¥âáï à¥è¥−¨¥ (−  à¨á. 1
®¡®§− ç¥−ë ª ª ¢−¥è−ïï áà¥¤ ,   ¨−ä®à¬ æ¨®−−®-ã¯à ¢«ïîé¨¥ ®â−®è¥−¨ï ®â-
¬¥ç¥−ë ¯ã−ªâ¨à−®© «¨−¨¥©, RU

LPRVS).
‘¯¥æ¨ä¨ªã ‘��� ®¯à¥¤¥«ï¥â ¨å ¢§ ¨¬®¤¥©áâ¢¨¥ ¢ å®¤¥ ª®««¥ªâ¨¢−®£® ¯à¨-

−ïâ¨ï à¥è¥−¨©. �  à¨á. 1 íâ® ¢§ ¨¬®¤¥©áâ¢¨¥ ¯®ª § −® ¤¢ã¬ï ¢¨¤ ¬¨ á¢ï§¥©:
á¯«®è−ë¬¨ ¨ ¯ã−ªâ¨à−ë¬¨ áâà¥«ª ¬¨. �à£ −¨§ æ¨®−− ï áâàãªâãà  ‘��� ä®à-
¬¨àã¥âáï ãáâ −®¢«¥−¨¥¬ ¬¥¦¤ã ‹�� ¨ íªá¯¥àâ ¬¨ ®â−®è¥−¨© á®âàã¤−¨ç¥áâ¢ 
(RS
LPRE). �−¨ ¯®ª § −ë −  à¨á. 1 á¯«®è−ë¬¨ áâà¥«ª ¬¨. ‘®âàã¤−¨ç¥áâ¢® −®á¨â

ú¤®£®¢®à−ë©û å à ªâ¥à −  ¢à¥¬ï à¥è¥−¨ï á«®¦−®© § ¤ ç¨. �à¥¤áâ ¢«ï¥âáï, çâ®
¨¬¥−−® íâ¨ ®â−®è¥−¨ï ¢«¨ïîâ −  ª ç¥áâ¢® à ¡®âë íªá¯¥àâ®¢. �ã−ªâ¨à−ë¥ áâà¥«-
ª¨ −  à¨á. 1, á¢ï§ë¢ îé¨¥ íªá¯¥àâ®¢ (RU

EE), ¯®ª §ë¢ îâ ¨å ¢§ ¨¬®¤¥©áâ¢¨¥. �−®
¬−®£®£à −−®. ‚®-¯¥à¢ëå, íâ® ¬®¦¥â ¡ëâì ¯®¤ç¨−¥−−®áâì. ‚®-¢â®àëå, áãé¥áâ¢ã-
îâ £àã¯¯ë íªá¯¥àâ®¢-¢à ç¥© ¯® ¯à®ä¥áá¨ï¬ (−¥¢à®«®£, ¢à ç äã−ªæ¨®− «ì−®©
¤¨ £−®áâ¨ª¨ ¨ â. ¤.), −¥ á¢ï§ −−ëå ¯®¤ç¨−¥−−®áâìî. ‚§ ¨¬®¤¥©áâ¢¨¥ íªá¯¥àâ®¢
à áá¬ âà¨¢ ¥âáï ª ª ®¡¬¥−: ¤ −−ë¬¨, §− −¨ï¬¨, ®¡êïá−¥−¨ï¬¨ ¨ ç áâ¨ç−ë¬¨
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�¨á. 1 Š®−æ¥¯âã «ì− ï ¬®¤¥«ì ¬¥¤¨æ¨−áª®£® ª®−á¨«¨ã¬  ª ª ‘���: RU
LPRVS |

¨−ä®à¬ æ¨®−−®-ã¯à ¢«ïîé¨¥ ®â−®è¥−¨ï ¬¥¦¤ã ¢−¥è−¥© áà¥¤®© ¨ ‹��; RU
LPRE | ¨−-

ä®à¬ æ¨®−−®-ã¯à ¢«ïîé¨¥ ®â−®è¥−¨ï ¬¥¦¤ã íªá¯¥àâ ¬¨ ¨ ‹��; RU
EE | ¨−ä®à¬ æ¨-

®−−®-ã¯à ¢«ïîé¨¥ ®â−®è¥−¨ï ¬¥¦¤ã íªá¯¥àâ ¬¨; RS
LPRE | ®â−®è¥−¨ï á®âàã¤−¨ç¥áâ¢ 

¬¥¦¤ã ‹�� ¨ íªá¯¥àâ ¬¨

à¥è¥−¨ï¬¨ ®¡é¥© § ¤ ç¨. ‚§ ¨¬®¤¥©áâ¢¨¥ ‹�� ¨ íªá¯¥àâ®¢ ¯®ª § −® −  à¨á. 1
¯ã−ªâ¨à−ë¬¨ áâà¥«ª ¬¨ (RU

LPRE).
‘âà â¨ä¨ª æ¨ï ¯à¥¤¯®« £ ¥â, çâ® ¨§ãç¥−¨¥ á«®¦−®© § ¤ ç¨ á à §«¨ç−ëå

â®ç¥ª §à¥−¨ï, á ¯®§¨æ¨© à §«¨ç−ëå − ¡«î¤ â¥«¥©, íªá¯¥àâ®¢ | ¢à ç¥© á¬¥¦−ëå
á¯¥æ¨ «ì−®áâ¥©, ¯à®ä¥áá¨®− «ì−® «ãçè¥, ç¥¬ ‹��, §− îé¨å ®â¤¥«ì−ë¥  á¯¥ª-
âë § ¤ ç¨, ®¡« ¤ îé¨å á¯¥æ¨ «ì−ë¬¨ §− −¨ï¬¨ ¨ ®¯ëâ®¬,   â ª¦¥ ¤ −−ë¬¨ ¤«ï
¢ëà ¡®âª¨ ¨ ¯à¨−ïâ¨ï à¥è¥−¨ï. �ªá¯¥àâë ¢ëáª §ë¢ îâ á¢®¥ «¨ç−®¥, áã¡ê¥ªâ¨¢-
−®¥ ¬−¥−¨¥, çâ® ¯®¬®£ ¥â ‹�� ¢ ®ª®−ç â¥«ì−®¬ à¥è¥−¨¨ −  à §«¨ç−ëå ãà®¢−ïå
 ¡áâà £¨à®¢ −¨ï. ‚ ¨â®£¥ ¯®«ãç ¥âáï −¥ ®¤− ,   −¥áª®«ìª® ®â−®á¨â¥«ì−® ¯à®áâëå
¬®¤¥«¥©, à¥ «¨§®¢ âì ¨ ¨áá«¥¤®¢ âì ª®â®àë¥ ¢ æ¥«ïå à¥è¥−¨ï § ¤ ç¨, ¢®-¯¥à-
¢ëå, §− ç¨â¥«ì−® ¯à®é¥,   ¢®-¢â®àëå, ª ç¥áâ¢® à¥è¥−¨© § ¢¨á¨â ®â ª®«¨ç¥áâ¢ 
â ª¨å ¢ë¤¥«¥−−ëå  á¯¥ªâ®¢-áâà â. —¥¬ ¡®«ìè¥ ¬®¤¥«¥©, â¥¬ ¢ëè¥ ª ç¥áâ¢®
¢ëà ¡ âë¢ ¥¬ëå ‘��� à¥è¥−¨©.

100 ‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013



ˆáá«¥¤®¢ −¨¥ á«®¦−®© § ¤ ç¨ ¤¨ £−®áâ¨ª¨  àâ¥à¨ «ì−®© £¨¯¥àâ¥−§¨¨

‚ à §à ¡ âë¢ ¥¬®© ”ƒˆ‘ ¬®¤¥«¨àãîâáï ¢á¥ ¢ëè¥¯¥à¥ç¨á«¥−−ë¥ ®â−®è¥-
−¨ï, ªà®¬¥ ¨−ä®à¬ æ¨®−−®-ã¯à ¢«ïîé¨å ®â−®è¥−¨© ¬¥¦¤ã ¢−¥è−¥© áà¥¤®© ¨
«¨æ®¬, ¯à¨−¨¬ îé¨¬ à¥è¥−¨ï, RULPRVS.

� áâ®ïé ï à ¡®â  ¯à®¤®«¦ ¥â á«¥¤®¢ âì ¢ë¤¢¨−ãâ®© ¢ [6] £¨¯®â¥§¥: (1) −¨ªâ®
¨ −¨çâ® á¥©ç á −¥ à¥è ¥â á«®¦−ë¥ § ¤ ç¨, ã¤®¢«¥â¢®àïîé¨¥ ¬®¤¥«¨ ú£¥â¥à®-
£¥−− ï § ¤ ç û, «ãçè¥, ç¥¬ ‘���; (2) ¥á«¨ ¢ ª®¬¯ìîâ¥à ¢¢¥áâ¨ ¨¬¨â æ¨®−−ãî
¬®¤¥«ì ª®««¥ªâ¨¢−®£® à¥è¥−¨ï, à¥§ã«ìâ âë  ¢â®¬ â¨§¨à®¢ −−®£® à¥è¥−¨ï á«®¦-
−ëå § ¤ ç ¯® ª ç¥áâ¢ã ¡ã¤ãâ −¥ åã¦¥, ç¥¬ ¢ ‘���; (3) ª®−áã«ìâ æ¨¨ ã Š‘���
á â ª®© ¨¬¨â æ¨®−−®© ¬®¤¥«ìî á−¨§ïâ à¨áª ú§ ¬ áª¨à®¢ −−ëå ¨ −¥¤®¢ëï¢«¥−-
−ëåû á¨¬¯â®¬®¢ �ƒ.

�à¨−æ¨¯ ¤®¯®«−¨â¥«ì−®áâ¨ ¢¢¥« ¢ − ãªã �. 	®à ª ª ª®¬¯à®¬¨áá ¬¥¦¤ã
ª¢ −â®¢®© ¬¥å −¨ª®© ¨ ¬®¤¥«ìî  â®¬  �. �¥§¥àä®à¤ . �â¨ ¤¢¥ ¢§ ¨¬®¨áª«îç -
îé¨¥ ª àâ¨−ë | á«¥¤áâ¢¨¥ ¢§ ¨¬®¤¥©áâ¢¨ï ¬¨ªà®®¡ê¥ªâ  á ¨§¬¥à¨â¥«ì−ë¬¨
¯à¨¡®à ¬¨, ®−¨ ú¤®¯®«−ïîâû ¤àã£ ¤àã£ . 	¨®ä¨§¨ª  ¨ ¡¨®å¨¬¨ï, −¥á¬®âàï − 
¯®ï¢«¥−¨¥ ª®¬¯«¥ªá−ëå ¤¨ £−®áâ¨ç¥áª¨å á¨áâ¥¬, ¥é¥ −¥ − è«¨ ª®¬¯à®¬¨áá  á
£®¬®£¥−−ë¬¨ á¨áâ¥¬ ¬¨ ¨§¬¥à¥−¨© á®áâ®ï−¨ï ®à£ −¨§¬  ç¥«®¢¥ª .

‘®âàã¤−¨ç âì ¨«¨ ãç áâ¢®¢ âì ¢ ®¡é¥¬ ¤¥«¥ ¯à¨áãé¥ ¢®áâ®ç−®¬ã, ï¯®−áª®-
¬ã ¬¥−â «¨â¥âã: ú¢ë¨£àë¢ ¥¬ ¢¬¥áâ¥û ¢ íª®−®¬¨ª¥, â¥å−¨ª¥, â¥å−®«®£¨ïå ¨
¬¥¤¨æ¨−¥. ‚ ˆˆ á®âàã¤−¨ç îâ ¬¥â®¤ë, ¬®¤¥«¨, ®â®¡à ¦ îé¨¥ £®¬®£¥−−ë¥
§− −¨ï ¨ ®¯ëâ ¢à ç¥©-íªá¯¥àâ®¢, ¯à¨¢«¥ª ¥¬ëå ¢ ª®−á¨«¨ã¬, â¥å−®«®£¨¨,  £¥−-
âë, ®¡« ¤ îé¨¥ ¯«îá ¬¨ ¨ ¬¨−ãá ¬¨. „®¯®«−¨â¥«ì−®áâì ¨ á®âàã¤−¨ç¥áâ¢®
¯à®ï¢«ïîâ ú¨−â¥£à¨à®¢ −−ë¥û, ú£¨¡à¨¤−ë¥û, úá¨−¥à£¥â¨ç¥áª¨¥û ¨−â¥««¥ªâã-
 «ì−ë¥ á¨áâ¥¬ë ¨ à®¥¢®© ¨−â¥««¥ªâ. �â−®á¨â¥«ì−®áâì §− −¨ï  áá®æ¨¨àã¥âáï á
áã¡ê¥ªâ¨¢−®áâìî ¯®§− −¨ï ¨ ¯à¨áãé  ª®−á¨«¨ã¬ ¬. ‚ ¤ −−®© à ¡®â¥ à §à ¡ -
âë¢ ¥âáï ¬−®¦¥áâ¢® ¬®¤¥«¥© á áã¡ê¥ªâ¨¢−ë¬¨ ¬−¥−¨ï¬¨ íªá¯¥àâ®¢. ‡  úá¨áâ¥¬ã
ª®®à¤¨− âû, á¬¥−  ª®â®àëå ¨ ®¯à¥¤¥«ï¥â ®â−®á¨â¥«ì−®áâì §− −¨©, ¯à¨−¨¬ ¥âáï
â®çª  §à¥−¨ï, ¯à®ä¥áá¨®− «ì−ë¥ §− −¨ï ãç áâ−¨ª  ª®««¥ªâ¨¢−®£® ®¡áã¦¤¥−¨ï.

3 Научная картина клинической медицины

Œëá«ì ® £¥â¥à®£¥−−®áâ¨ ®à£ −¨§¬  ç¥«®¢¥ª ,   á«¥¤®¢ â¥«ì−®, ¨ ¯à®æ¥áá  ¥£®
¤¨ £−®áâ¨ª¨, ¢®áå®¤¨â ª ƒ «¥−ã, ¯®« £ ¢è¥¬ã, çâ® ®à£ −¨§¬ | à §−®®¡à §¨¥
ú¯−¥¢¬ëû: ¢ ¬®§£¥ | ú¤ãè¥¢−®©û, ¢ á¥à¤æ¥ | ú¦¨§−¥−−®©û, ¢ ¯¥ç¥−¨ |
ú¥áâ¥áâ¢¥−−®©û. � à æ¥«ìá à áá¬ âà¨¢ « ¦¨§−ì ª ª ª®á¬¨ç¥áª®¥ £®¬®£¥−−®¥
ï¢«¥−¨¥ á ®¤−¨¬  àå¥ãá®¬, ú¦¨§−¥−−®© á¨«®©û. “. Š¥−−®− ¢−¥á ¢ íâã ª àâ¨−ã
¨¤¥î  ¤ ¯â æ¨¨ ª ¢−¥è−¥© áà¥¤¥ ª ª § ¤ ç¨, −¥¯à¥àë¢−® à¥è ¥¬®© ®à£ −¨§¬®¬,
Š. 	¥à− à áç¨â «, çâ® ¦¨§−ì ¯®¤ç¨−¥−  ä¨§¨ª®-å¨¬¨ç¥áª¨¬ § ª®−®¬¥à−®áâï¬.
ˆ. �. � ¢«®¢ ¤®ª § «, çâ® ú¯®¢¥¤¥−¨¥ ®à£ −¨§¬ û | ä®à¬  á ¬®à¥£ã«ïæ¨¨ ¦¨§-
−¨. �. „. ƒ®à¨§®−â®¢ ¯à¥¤áâ ¢«ï« ®à£ −¨§¬ ç¥«®¢¥ª  ª ª á¨áâ¥¬ã á £®¬¥®áâ §®¬,
  ‚. ‹. ˆ®£ −á¥− ®â®¡à ¦ « ¥¥ −  ¬¨ªà®- (£¥−®â¨¯ ) ¨ ¬ ªà®ãà®¢−¥ (ä¥−®â¨¯ ).
Š«¥â®ç−ãî â¥®à¨î ®à£ −¨§¬  ®á−®¢ «¨ ’. ˜¢ −− ¨ Œ. ˜«¥©¤¥−. Š«¥âª¨ |
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á«®¦−ë¥ ®âªàëâë¥ ¤¨− ¬¨ç¥áª¨¥ á¨áâ¥¬ë á® ¢å®¤ ¬¨ ¨ ¢ëå®¤ ¬¨ | £« ¢− ï
¨ − ¨¬¥−ìè ï áâàãªâãà− ï ¥¤¨−¨æ  ¢á¥£® ¦¨¢®£®. ‘ á¥à¥¤¨−ë XX ¢. ¡« £®-
¤ àï ¨−â¥£à¨àãîé¥© à®«¨ ä¨§¨ª®-å¨¬¨ç¥áª®© ¡¨®«®£¨¨ ª«¨−¨ç¥áª ï ¬¥¤¨æ¨− 
à áá¬ âà¨¢ ¥â ®à£ −¨§¬ ç¥«®¢¥ª  ª ª á®¢®ªã¯−®áâì ¡¨®å¨¬¨ç¥áª¨å ¯à®æ¥áá®¢ ¢
ª«¥âª¥, ¤®¯®«−¥−−ãî ¬¨ªà®¡¨®¬®¬.

‘à ¢−¨â¥«ì−ë©  − «¨§ ª àâ¨− ¬¨à  ¡¨®- ¨ ª«¨−¨ç¥áª®© ¬¥¤¨æ¨−ë ¯®ª §ë-
¢ ¥â:

{ ¯à¥¤áâ ¢«¥−¨ï ®¡ ®à£ −¨§¬¥ ç¥«®¢¥ª  ¨ ¯à®æ¥áá¥ ¥£® ¤¨ £−®áâ¨ª¨ ª ª £¥-
â¥à®£¥−−®© á¨áâ¥¬¥ ¥é¥ −¥ § ¢¥àè¥−ë ¢ â¥®à¨¨ ¨ −¥ áâ «¨ ª àâ¨−®© ¬¨à 
ª«¨−¨ç¥áª®© ¢à ç¥¡−®© ¯à ªâ¨ª¨. �®áª®«ìªã æ¥«®áâ− ï ª àâ¨−  ¬¨à  | −¥-
¤®áï£ ¥¬ë© ¯®ª  ¨¤¥ « [7], ¢à ç ¢® ¢à¥¬ï ¤¨ £−®áâ¨ª¨ ¯à¥¤áâ ¢«ï¥â ¯ æ¨¥−â 
¨áå®¤ï ¨§ §− −¨© ®¡ ®â¤¥«ì−ëå ®à£ − å ¨ á¨áâ¥¬ å ¥£® ®à£ −¨§¬ ;

{ ¢à ç¨ á ã§ª®¯à®ä¥áá¨®− «ì−ë¬¨ §− −¨ï¬¨ ¨ − ¢ëª ¬¨ −¥ ¨¬¥îâ ¢à¥¬¥−¨ ¤«ï
®å¢ â  ¢á¥å  á¯¥ªâ®¢ ¡¨®¬¥¤¨æ¨−ë;

{ ú� è  ä¨§¨®«®£¨ï, | ãâ¢¥à¦¤ ¥â �. ‘. ‡ «¬ −®¢, | −®á¨â ¥é¥ ç¨áâ®
« ¡®à â®à−ë© å à ªâ¥à. ’®, çâ® ¬ë §− ¥¬, ¥áâì ä¨§¨®«®£¨ï ¦¨¢®â−ëå,   −¥
ç¥«®¢¥ª . . . û [8].

4 Аналоги компьютерных систем поддержки принятия решений
задачи диагностики артериальной гипертензии

‘¨áâ¥¬  Œ�„ˆ‘ [9] ¯®¬®£ ¥â ¢à ç ¬ à á¯®§− ¢ âì ¨ ®¡êïá−ïâì �ƒ. „¨ £−®-
áâ¨ª  �ƒ | £®¬®£¥−− ï § ¤ ç ,   í¢à¨áâ¨ç¥áª¨© ¯®¨áª −¥ £ à −â¨àã¥â ®âëáª −¨ï
®¯â¨¬ «ì−®£® à¥è¥−¨ï. ú�¢â®¬ â¨§¨à®¢ −− ï á¨áâ¥¬  ¤¨ £−®áâ¨ª¨ ¨ ¯®¤¡®à 
¨−¤¨¢¨¤ã «ì−®© ä à¬ ª®â¥à ¯¨¨ �ƒû [10] à §à ¡®â −  ¢ ‚®à®−¥¦áª®© £®áã-
¤ àáâ¢¥−−®© ¬¥¤¨æ¨−áª®©  ª ¤¥¬¨¨ ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. ‚. —¥á−®ª®¢®©. �®
áãâ¨, íâ® íªá¯¥àâ− ï á¨áâ¥¬  ¯®¬®é¨ ¯à¨ ¤¨ £−®áâ¨ª¥ ¨ ¯®¤¡®à¥ â¥à ¯¨¨ �ƒ − 
¤®£®á¯¨â «ì−®¬ íâ ¯¥. ˆ−ä®à¬ æ¨®−− ï ¯®¤¤¥à¦ª  ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨ ¤¨ -
£−®áâ¨ª¥ �ƒ ¬¥â®¤ ¬¨ £¨¡à¨¤−®£® ¨−â¥««¥ªâ  Œ. �. ˜ã« ª®¢®© [11] −¥ ¢ª«îç ¥â
®¡à ¡®âªã í«¥ªâà®ª à¤¨®£à ¬¬ë (�Šƒ), ¯à¥¯à®æ¥áá¨î á¨¬¯â®¬®¢ −  ¨−ä®à-
¬ â¨¢−®áâì. �¥è¥−ë £®¬®£¥−−ë¥ § ¤ ç¨ ¤¨ £−®áâ¨ª¨ á¥à¤¥ç−®-á®áã¤¨áâ®© ¨
ª®£−¨â¨¢−®© ¯®¤á¨áâ¥¬ ç¥«®¢¥ª  [12{14], ¢ëï¢«¥−¨ï  −¥¢à¨§¬ë [15].

‚ ã¯®¬ï−ãâëå à ¡®â å ®à£ −¨§¬ ç¥«®¢¥ª  à áá¬ âà¨¢ ¥âáï ®¤−®áâ®à®−−¥, çâ®
¯à¨¢®¤¨â ª £®¬®£¥−−®¬ã ¥£® ¯®−¨¬ −¨î. ƒ¨¡à¨¤− ï ¨−â¥««¥ªâã «ì− ï á¨áâ¥¬ 
 ¢â®¬ â¨§¨à®¢ −−®© ¤¨ £−®áâ¨ª¨ �ƒ (ƒˆ‘�„�ƒ) ¡ã¤¥â «¨è¥−  íâ¨å −¥¤®áâ â-
ª®¢, á®®â¢¥âáâ¢®¢ âì −®¢®© − ãç−®© ª àâ¨−¥ ¬¨à , á¨−â¥§¨à®¢ âì ¨ ¯à¨¬¥−ïâì
¢ à ááã¦¤¥−¨ïå ¨−â¥£à¨à®¢ −−ãî ¬®¤¥«ì, çâ® áãé¥áâ¢¥−−® ¯®¢ëá¨â ª ç¥áâ¢®
¬¥¤¨æ¨−áª¨å ˆƒˆ‘.
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5 Идентификация сложной задачи диагностики артериальной
гипертензии на модели «гетерогенная задача»

�¡ê¥ªâ ¤¨ £−®áâ¨ª¨ �ƒ ¢ Š «¨−¨−£à ¤áª®© ®¡« áâ−®© ª«¨−¨ç¥áª®© ¡®«ì−¨-
æ¥ (Š�Š	) | ¬¥¤¨æ¨−áª¨© ª®−á¨«¨ã¬ ª ª ¥áâ¥áâ¢¥−− ï £¥â¥à®£¥−− ï á¨áâ¥¬ 
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© (á¬. à¨á. 1).

‚ëï¢«¥−ë ¨ ¨áá«¥¤®¢ −ë ®¡ê¥ªâë, áã¡ê¥ªâë, à¥áãàáë ¨ áà¥¤áâ¢  ¤¨ £−®-
áâ¨ª¨ (à¨á. 2) | á®¢®ªã¯−®áâ¨ ®à£ −¨§®¢ −−ëå ®¯¥à æ¨© (¤¥©áâ¢¨©) áã¡ê¥ªâ®¢ ¨
áà¥¤áâ¢ − ¤ ®¡ê¥ªâ ¬¨, ¬¥â®¤ ¬¨ ¨ à¥áãàá ¬¨. ‚à ç¨-íªá¯¥àâë | −®á¨â¥«¨ â¥®-
à¥â¨ç¥áª¨å, ¯à®ä¥áá¨®− «ì−ëå §− −¨© ¨ ®¯ëâ  ¢ ¤¨ £−®áâ¨ª¥ �ƒ. �®¬¨¬® ¡¥á¥¤
á íªá¯¥àâ®¬ §− −¨ï ¨§¢«¥ª «¨áì ¨ ¨§ ¯à®ä¥áá¨®− «ì−ëå â¥ªáâ®¢,   â ª¦¥ à¥ª®-
¬¥−¤ æ¨© ª®¬¨â¥â  íªá¯¥àâ®¢ ‚á¥à®áá¨©áª®© − ãç−®© ®à£ −¨§ æ¨¨ ª à¤¨®«®£®¢
(‚��Š) [16].

�− «¨§ ¯à®æ¥áá  ¤¨ £−®áâ¨ª¨ ¢ Š�Š	 ¯®ª § « á«¥¤ãîé¨¥ −¥¤®áâ âª¨:
(1) ¢ ¡®«ìè¨−áâ¢¥ á«ãç ¥¢ ¯ æ¨¥−â −¥ ¯®¤¢¥à£ ¥âáï ¯®«−®¬ã ®á¬®âàã;
(2) ®âáãâáâ¢¨¥ ®¯ëâ  ã ¬®«®¤ëå ¢à ç¥© ¢ á®ç¥â −¨¨ á ¡®«ìè¨¬ ®¡ê¥¬®¬ ¨ à §−®-

®¡à §¨¥¬ ®¡à ¡ âë¢ ¥¬®© ¨−ä®à¬ æ¨¨ á−¨¦ ¥â ª ç¥áâ¢® ¤¨ £−®áâ¨ç¥áª¨å
§ ª«îç¥−¨©;

(3) ®â®¡à ¦¥−¨¥ ¨−ä®à¬ æ¨¨ ¢ −¥ã¤®¡−®¬ ¤«ï ¢®á¯à¨ïâ¨ï ç¥«®¢¥ª  ¢¨¤¥;
(4) § ¤¥à¦ª  ¢ à áè¨äà®¢ª¥ �Šƒ ¯ æ¨¥−â , ¯à¨ íâ®¬ à¥§ã«ìâ âë ¯à¨¡®à®¢

§ ç áâãî à §−ïâáï.
„«ï ª ç¥áâ¢¥−−®£® ã«ãçè¥−¨ï ¤¨ £−®áâ¨ª¨ ¯à¥¤« £ ¥âáï: (1) ®á− áâ¨âì ¢à ç 

ª®¬¯«¥ªá−®© ¬®¡¨«ì−®© ¤¨ £−®áâ¨ç¥áª®©  ¯¯ à âãà®© �Šƒ, ã«ìâà §¢ãª®¢®£®

�¨á. 2 �¡ê¥ªâë, áã¡ê¥ªâë ¨ à¥áãàáë ¯à®æ¥áá  ¤¨ £−®áâ¨ª¨ �ƒ
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(“‡ˆ) ¨ íå®ª à¤¨®£à ä¨ç¥áª®£® (�å®Šƒ) ¨áá«¥¤®¢ −¨©, ¨§¬¥à¥−¨ï ¤ ¢«¥−¨ï,
áãâ®ç−®£® ¬®−¨â®à¨à®¢ −¨ï  àâ¥à¨ «ì−®£® ¤ ¢«¥−¨ï (‘Œ�„), íªá¯à¥áá- − «¨§ 
ªà®¢¨ ¨ ¬®ç¨; (2) ¢ª«îç¨âì ¢ ¬®¡¨«ì−ë© ª®¬¯«¥ªá ƒˆ‘�„�ƒ.

ˆá¯®«ì§ãï à¥§ã«ìâ âë ¤¨ £−®áâ¨ª¨, ¢à ç á−¨¦ ¥â −¥®¯à¥¤¥«¥−−®áâì ® á®áâ®-
ï−¨¨ ¡®«ì−®£®, ®¯à¥¤¥«ï¥â á¨¬¯â®¬ë, ª« áá¨ä¨æ¨àã¥â á®áâ®ï−¨¥ ª ª ¯ â®«®£¨î
¨«¨ ¥¥ ®âáãâáâ¢¨¥ ¨ ãª §ë¢ ¥â ®¤−ã ¨§ âà¥å áâ ¤¨© à §¢¨â¨ï ¡®«¥§−¨. ‚®§−¨ª ¥â
§ ¤ ç  ¯à¨−ïâ¨ï ¨−¤¨¢¨¤ã «ì−®£® à¥è¥−¨ï ¢ ãá«®¢¨ïå à §−®®¡à §¨ï ¯¥à¥à -
¡ âë¢ ¥¬®© ¢à ç®¬ ¨−ä®à¬ æ¨¨ ®¡ ®à£ −¨§¬¥ ç¥«®¢¥ª ,   â ª¦¥ −¥¯®«−®âë,
−¥â®ç−®áâ¨, −¥¤®®¯à¥¤¥«¥−−®áâ¨  − â®¬¨ç¥áª¨å, ä¨§¨®«®£¨ç¥áª¨å ¨ ¯ â®«®£¨-
ç¥áª¨å å à ªâ¥à¨áâ¨ª ¯ æ¨¥−â . ‚ å®¤¥ à¥è¥−¨ï ¢à ç ãç¨âë¢ ¥â ¯à¨¬¥à−® 800
¯ à ¬¥âà®¢ á®áâ®ï−¨ï ¡®«ì−®£®: ®ª®«® 70 ¯ à ¬¥âà®¢ ª®«¨ç¥áâ¢¥−−ëå, ¨§¬¥àï-
¥¬ëå; ®ª®«® 500 | á «¨−£¢¨áâ¨ç¥áª®© −¥®¯à¥¤¥«¥−−®áâìî ¨ ¬−®£®§− ç−®áâìî;
¥é¥ ®ª®«® 150{200 á¨¬¯â®¬®¢ | ¯à®¯®§¨æ¨®− «ì−ë¥ ¯¥à¥¬¥−−ë¥. ’ ª ï § ¤ ç 
¨¬¥¥â á«®¦−ë© å à ªâ¥à ¨ á®áâ®¨â ¢  − «¨§¥ á£àã¯¯¨à®¢ −−ëå ¢ −¥áª®«ìª® ®¡« -
áâ¥© ¯ à ¬¥âà®¢ á®áâ®ï−¨ï ¯ æ¨¥−â . �â® âà¥¡ã¥â ¥¥ ¡®«¥¥ £«ã¡®ª®£® ¨§ãç¥−¨ï
¨ ¯®−¨¬ −¨ï, ¯à¨¬¥−¥−¨ï ¤¢ãåãà®¢−¥¢®© ¬®¤¥«¨ ú£¥â¥à®£¥−−®© § ¤ ç¨û [1] ¨
ã¯®àï¤®ç¥−−®© ¯® íâ ¯ ¬ á®¢®ªã¯−®áâ¨ ¬¥â®¤®¢ á¨áâ¥¬−®£®  − «¨§  �‘-¬¥â®¤®-
«®£¨¨ ”ƒˆ‘ [1]: ¨¤¥−â¨ä¨ª æ¨¨ ¨ à¥¤ãªæ¨¨, á¯¥æ¨ä¨ª æ¨¨ ¯®¤§ ¤ ç, ¢ë¡®à 
¬¥â®¤®¢ ¨ ¯à®¢¥àª¨ −¥®¤−®à®¤−®áâ¨.

�  íâ ¯¥ ¨¤¥−â¨ä¨ª æ¨¨ á«®¦−®© § ¤ ç¨ á®£« á−® áå¥¬¥ (1.19) ¨§ [6] ®¯à¥¤¥-
«ïîâáï æ¥«ì, ¨áå®¤−ë¥ ¤ −−ë¥, ¨¤¥−â¨ä¨ª â®à, á¯¥æ¨ä¨ª â®à ¨ áâà®¨âáï áå¥¬ 
à®«¥¢ëå ª®−æ¥¯âã «ì−ëå ¬®¤¥«¥© prbuSZDAG:

prbuSZDAG =

= Rprb st(prb1 SZDAG,GL
u
SZDAG) ◦Rprbpr(prb1 SZDAG,DATu

SZDAG)◦
◦Rprbmet(prb1 SZDAG,METu

SZDAG) ◦Rprbpr(prb1 SZDAG,SPCu
SZDAG◦

◦Rprbpr(prb1 SZDAG, 〈kl31, kl32, kl33, kl11, kl13, kl14, kl23 ∩ kl24 ∩ kl25〉)◦
◦Rprb act(prb1 SZDAG,ACT) ◦Rprb est(prb1 SZDAG,EVu

SZDAG)◦
◦Rprbprb2 (prb1,PRB

h) ◦Rprb prb3 (PRBh,PRBh) ◦Rprbprb4 (prb1,PRB
h) . (1)

�®ïá−¥−¨¥ áå¥¬ë (1): úŠ®−æ¥¯âã «ì− ï ¬®¤¥«ì á«®¦−®© § ¤ ç¨ ¤¨ £−®-
áâ¨ª¨ �ƒ = § ¤ ç  ¨¬¥âì á®áâ®ï−¨¥ æ¥«ì ◦ § ¤ ç  ¨¬¥âì á¢®©áâ¢® ¨áå®¤−ë¥
¤ −−ë¥ ◦ § ¤ ç  ¨¬¥âì ¬¥â®¤ (¬¥â®¤, ¬®¤¥«ì,  «£®à¨â¬, ¯à®£à ¬¬ ) ◦ § ¤ ç 
¨¬¥âì á¢®©áâ¢® á¯¥æ¨ä¨ª â®à ◦ § ¤ ç  ¨¬¥âì á¢®©áâ¢® 〈ä §  § ¤ ç¨, ª« áá
¯¥à¥¬¥−−ëå, ª« áá § ¤ ç¨〉 ◦ § ¤ ç  ¨¬¥âì ¤¥©áâ¢¨¥ ®¯¥à æ¨ï ACTSZDAG, ¨á-
¯®«−ïîé ï à¥è¥−¨¥ § ¤ ç¨ ◦ § ¤ ç  ¨¬¥âì ®æ¥−ªã ®æ¥−ª  EVu

SZDAG à¥§ã«ìâ â®¢
ACTSZDAG ◦ § ¤ ç  ¢ª«îç ¥â ¬−®¦¥áâ¢® ¯®¤§ ¤ ç ◦ ¯®¤§ ¤ ç  ¢«¨ï¥â −  ¬−®-
¦¥áâ¢® ¯®¤§ ¤ ç ◦ æ¥«¨ ¨ ¨áå®¤−ë¥ ¤ −−ë¥ § ¤ ç¨ ¡ëâì ¯à¨ç¨−®© æ¥«¥© ¨
¨áå®¤−ëå ¤ −−ëå ¯®¤§ ¤ çû.
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–¥«ì: ¤¨ £−®§ | § ª«îç¥−¨¥ ® áãé−®áâ¨ ¡®«¥§−¨ ¨ á®áâ®ï−¨¨ ¯ æ¨¥−â .
ˆáå®¤−ë¥ ¤ −−ë¥: ¯®ª § â¥«¨ á®áâ®ï−¨ï §¤®à®¢ìï ¯ æ¨¥−â  ¨ ¨å §− ç¥−¨ï,
  â ª¦¥ ¬−®¦¥áâ¢  áã¡ê¥ªâ®¢, ®¡ê¥ªâ®¢ ¨ § ¤ ç ¤¨ £−®áâ¨ª¨. ‘¯¥æ¨ä¨ª â®à
¢ª«îç ¥â ¨¤¥−â¨ä¨ª â®à prbu

SZDAG (IDSZDAG | ú‡ ¤ ç  ¤¨ £−®áâ¨ª¨  àâ¥-
à¨ «ì−®© £¨¯¥àâ¥−§¨¨ ã ¯ æ¨¥−â®¢ ¢à ç®¬û), áå¥¬ã, ®¯à¥¤¥«ïîéãî á¢®©áâ¢ 
−¥®¤−®à®¤−®© ¯à®¡«¥¬−®© áà¥¤ë (á¬. (5) −¨¦¥). ” §ë § ¤ ç¨: ä §  ãç¥â 
(ä¨ªá æ¨¨ â¥ªãé¥£® á®áâ®ï−¨ï §¤®à®¢ìï ¡®«ì−®£® ®¯¥à æ¨ï¬¨ ®¯à®á , ®á¬®â-
à  ¨ ®¡á«¥¤®¢ −¨ï ¢ « ¡®à â®à¨ïå), ª®−âà®«ï áâ¥¯¥−¨ ®âª«®−¥−¨ï á®áâ®ï−¨ï
¡®«ì−®£® ®â −®à¬ë ¨  − «¨§ . Š« áá ¯¥à¥¬¥−−ëå | ¤¥â¥à¬¨−¨à®¢ −−ë¥, −¥ç¥â-
ª¨¥ «¨−£¢¨áâ¨ç¥áª¨¥ ¨ ç¥âª¨¥ «¨−£¢¨áâ¨ç¥áª¨¥. Š« áá § ¤ ç¨ | ¤¨ £−®áâ¨ª .
Rprb prb4 | ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ ®â−®è¥−¨ï æ¥«¨ ¨ ¢å®¤−ëå ¤ −−ëå −¥®¤−®-
à®¤−®© ‘‡„�ƒ ¨ æ¥«¥© ¨ ¢å®¤−ëå ¤ −−ëå ¥¥ ®¤−®à®¤−ëå ¯®¤§ ¤ ç. EVu

SZDAG =
= 〈RRu,PRga, F ga,ACTLPR, {EVu

i },RRu
ac,ACTSZDAG〉, £¤¥ RRu | ¬−®¦¥áâ¢®

à¥§ã«ìâ â®¢ à¥è¥−¨ï á«®¦−®© § ¤ ç¨; PRga ¨ F ga | ¯ à ¬¥âàë − áâà®©ª¨ ¨
äã−ªæ¨ï ¯à¨á¯®á®¡«¥−−®áâ¨ £¥−¥â¨ç¥áª®£®  «£®à¨â¬  ¤«ï ¯®¨áª   «ìâ¥à− â¨¢;
{EVu

i } | ®æ¥−ª¨ à¥§ã«ìâ â®¢ à¥è¥−¨ï á«®¦−®© § ¤ ç¨; RRu
ac | ¯à¨−ïâ ï

 «ìâ¥à− â¨¢ .
’ ª¨¬ ®¡à §®¬, ®¯à¥¤¥«¥− ®¡ê¥ªâ ¨áá«¥¤®¢ −¨ï, æ¥«¨ ¨ ¨áå®¤−ë¥ ¤ −−ë¥

‘‡„�ƒ, ¥¥ ¨¤¥−â¨ä¨ª â®à.

6 Редукция сложной задачи диагностики артериальной гипертензии

�  ®á−®¢¥ à¥ª®¬¥−¤ æ¨© ª®¬¨â¥â  íªá¯¥àâ®¢ ‚��Š [16] ¨ à¥§ã«ìâ â®¢  − -
«¨§  ¡¥á¥¤ á íªá¯¥àâ®¬ Š�Š	 ª ‘‡„�ƒ ¡ë« ¯à¨¬¥−¥− ¬¥â®¤ á¬¥è −−®© à¥¤ãª-
æ¨¨ [6] ¨ ¯®áâà®¥−  ¥¥ ¤¥ª®¬¯®§¨æ¨ï (à¨á. 3).

‚ á¬¥è −−®© à¥¤ãªæ¨¨ ¬¥â®¤ë à −¦¨à®¢ −ë. ” §®¢ ï à¥¤ãªæ¨ï ¨¬¥¥â ¯¥à-
¢ë© ¯à¨®à¨â¥â, ¢â®à®© ¯à¨®à¨â¥â ®â¤ ¥âáï áâà â¨ä¨ª æ¨¨ ¨«¨ ¨−ä®à¬ æ¨®−−®-
ã¯à ¢«ïîé¥© à¥¤ãªæ¨¨, ª®â®àë¥ ®âà ¦ îâ ¨−ä®à¬ æ¨®−−ë© ¨ á¨áâ¥¬−ë© ¯®¤-
å®¤ë, ¨, − ª®−¥æ, âà¥â¨© ¯à¨®à¨â¥â | ¬¥â®¤ ¬ à¥¤ãªæ¨¨ ä®à¬ «¨§®¢ −−ëå
¨«¨ âàã¤−®ä®à¬ «¨§ã¥¬ëå § ¤ ç. �¤−®à®¤−ë¥ § ¤ ç¨ −  à¨á. 3 á®¥¤¨−¥−ë
®â−®è¥−¨ï¬¨ úæ¥«®¥{ç áâìû ¨ ¨−ä®à¬ æ¨®−−®-ã¯à ¢«ïîé¨¬¨ ®â−®è¥−¨ï¬¨ ¢
áâàãªâãàë ¨−áâàã¬¥−â «ì−®© −¥®¤−®à®¤−®áâ¨ â¨¯  ú¬¥â ®¡à ¡®âª û −  ¬−®¦¥-
áâ¢¥ â¥å−®«®£¨ç¥áª¨å ¯®¤§ ¤ ç. ˆ−ä®à¬ æ¨®−−®-ã¯à ¢«ïîé¨¥ ®â−®è¥−¨ï − 
¬−®¦¥áâ¢¥ äã−ªæ¨®− «ì−ëå ¯®¤§ ¤ ç (á¬. à¨á. 1):

Rprb prb3 ⊆ RS
LPRE ∪RS

EE ∪RU
LPRE .

�£à −¨ç¥−¨ï: (1) ¨áª«îç¥−ë ¯ æ¨¥−âë ¬« ¤è¥ 18 «¥â ¨ ¡¥à¥¬¥−−ë¥; (2) −¥â
 ¢â®¬ â¨ç¥áª®£® à á¯®§− ¢ −¨ï, à áè¨äà®¢ª¨ à¥−â£¥−®£à ¬¬, íå®ª à¤¨®£à ¬¬
¨ á−¨¬ª®¢ ã«ìâà §¢ãª®¢®© ¤¨ £−®áâ¨ª¨.
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�¨á. 3 „¥ª®¬¯®§¨æ¨ï ‘‡„�ƒ

7 Спецификация подзадач по модели «гомогенная задача»

�  âà¥âì¥¬ íâ ¯¥ �‘-¬¥â®¤®«®£¨¨ ¢ á®®â¢¥âáâ¢¨¨ á (1.18) ¨§ [6] áâà®ïâáï
áå¥¬ë à®«¥¢ëå ª®−æ¥¯âã «ì−ëå ¬®¤¥«¥© ¯®¤§ ¤ ç PRBh

SZDAG:

prbhz = R
prb st(prb1z,GL

h
z ) ◦Rprbpr(prb1z,DATh

z ) ◦Rprbmet(prb1z,METh
z )◦

◦Rprbpr(prb1z,SPCh
z ) ◦Rprbprb2 (prbu,prb1z) ◦Rprb prb1 (prb1z,PRB

h) ,
∀z, z ∈ {òüëç,óíáä,ððó1{9,äáç1{9,CCC} , (2)

£¤¥

KLh
z =

=
〈
kl31, kl32, kl33, 〈kl11, kl13, kl14〉KL3 , 〈kl23 ∩ kl24 ∩ kl25, kl22 ∩ kl25 ∩ kl26〉

〉
.

�®ïá−¥−¨¥ áå¥¬ (2): úŠ®−æ¥¯âã «ì− ï ¬®¤¥«ì ®¤−®à®¤−®© ¯®¤§ ¤ ç¨z ¨§ ¤¥-
ª®¬¯®§¨æ¨¨ −¥®¤−®à®¤−®© § ¤ ç¨ ¤¨ £−®áâ¨ª¨ �ƒ = ¯®¤§ ¤ ç z ¨¬¥âì á®áâ®ï−¨¥

æ¥«ìz ◦ ¯®¤§ ¤ ç z ¨¬¥âì á¢®©áâ¢® ¨áå®¤−ë¥ ¤ −−ë¥z ◦ ¯®¤§ ¤ ç z ¨¬¥âì á¢®©-
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áâ¢® ª« áá¨ä¨ª â®à KLh
z ◦ ¯®¤§ ¤ ç z ¨¬¥âì ¬¥â®¤ (¬¥â®¤, ¬®¤¥«ì,  «£®à¨â¬,

¯à®£à ¬¬ )z ◦ −¥®¤−®à®¤− ï § ¤ ç  ‘‡„�ƒ ¢ª«îç ¥â ¯®¤§ ¤ ç z ◦ ¯®¤§ ¤ ç z

¨¬¥âì ¢«¨ï−¨¥ −  (¨¬¥âì ¢§ ¨¬−®¥ ¢«¨ï−¨¥) ¬−®¦¥áâ¢® ®¤−®à®¤−ëå ¯®¤§ ¤ ç
¨§ PRBhû.

„«ï ¢á¥å ¯®¤§ ¤ ç: SPCh
z ¢ª«îç ¥â á¢®©áâ¢  ®¤−®à®¤−®© ¯à®¡«¥¬−®© áà¥-

¤ë (á¬. (6) −¨¦¥) ¨ ¨¤¥−â¨ä¨ª â®àë ¯®¤§ ¤ ç PRBh
SZDAG | ú� á¯®§− ¢ −¨¥

¨ ¨−â¥à¯à¥â æ¨ï í«¥ªâà®ª à¤¨®£à ¬¬ëû (��Šƒ, ®¡« áâì 11 −  à¨á. 3); ú�− -
«¨§ áãâ®ç−®£® ¬®−¨â®à¨à®¢ −¨ï  àâ¥à¨ «ì−®£® ¤ ¢«¥−¨ïû (‘Œ�„, ®¡« áâì 12);
â¥å−®«®£¨ç¥áª¨¥ ¯®¤§ ¤ ç¨, á£àã¯¯¨à®¢ −−ë¥ ¢ ¯®¤§ ¤ çã ú�®áâà®¥−¨¥ ¨−-
ä®à¬ â¨¢−®£® − ¡®à  ¯à¨§− ª®¢ (á¨¬¯â®¬®¢) ¯à¨ ¤¨ £−®áâ¨ª¥ § ¡®«¥¢ −¨© ¨§
®¡« áâ¥© 1{9û (��‘1{9); ¯®¤§ ¤ ç¨ ¤¨ £−®áâ¨ª¨ ¨§ ®¡« áâ¥© 1{9, á£àã¯¯¨à®-
¢ −−ë¥ ¢ ¯®¤§ ¤ çã ú„¨ £−®áâ¨ª  ªà¨â¥à¨¥¢ ®æ¥−ª¨ á¥à¤¥ç−®-á®áã¤¨áâ®£® à¨áª 
¨ ¢â®à¨ç−®© �ƒ ã ¯ æ¨¥−â û („�ƒ1{9, 1{9); ú�æ¥−ª  áâ¥¯¥−¨ ¨ áâ ¤¨¨  àâ¥-
à¨ «ì−®© £¨¯¥àâ¥−§¨¨, áâ¥¯¥−¨ à¨áª  á¥à¤¥ç−®-á®áã¤¨áâëå § ¡®«¥¢ −¨©û (‘‘‘,
®¡« áâì 10).

„«ï ¯®¤§ ¤ ç¨ �
Šƒ: GLh
òüëç | ¤¨ £−®áâ¨à®¢ −¨¥ ¯ â®«®£¨ç¥áª¨å á®áâ®-

ï−¨© −  �Šƒ, ãáâ −®¢«¥−¨¥ á®®â¢¥âáâ¢¨ï á®áâ®ï−¨ï ¯ æ¨¥−â  −®à¬¥; DATh
òüëç|

®¡à § í«¥ªâà®ª à¤¨®á¨£− «  ¯ æ¨¥−â ; METh
òüëç |  ¤ ¯â¨¢−ë© ¬¥â®¤ (¨áªãá-

áâ¢¥−−ë¥ −¥©à®−−ë¥ á¥â¨), ¬®¤¥«ì ¨ ¯à®£à ¬¬  ¤«ï à¥è¥−¨ï ¯®¤§ ¤ ç¨ ��Šƒ;
KLh
òüëç = 〈kl31, kl32, kl33, kl11, kl23 ∩ kl24 ∩ kl25〉 | âà¨ ä §ë § ¤ ç¨ (ãç¥â,

ª®−âà®«ì ¨  − «¨§), ª« áá ¯¥à¥¬¥−−ëå | ¤¥â¥à¬¨−¨à®¢ −−ë¥, ª« áá § ¤ ç¨ |

¤¨ £−®áâ¨ª ; Rprbprb1òüëç =
{
R
prb1òüëç prbäáç6
1 , R

prb1äáç6 prbòüëç
1

}
.

„«ï ¯®¤§ ¤ ç¨ ‘Œ�„: GLh
óíáä| ¤¨ £−®áâ¨à®¢ −¨¥ ®âª«®−¥−¨© ¯®ª § −¨©

‘Œ�„ ¯ æ¨¥−â  ®â −®à¬ë ¤«ï ¯®á«¥¤ãîé¥© ®æ¥−ª¨ áâ¥¯¥−¨ �ƒ; DATh
óíáä |

¯®«, ¢®§à áâ ¨ ¤ −−ë¥ ‘Œ�„ ¯ æ¨¥−â ; METh
óíáä| ¨áªãááâ¢¥−−ë¥ −¥©à®−−ë¥

á¥â¨ ¨«¨ á¨¬¢®«ì−ë© ¬¥â®¤ (íªá¯¥àâ−ë¥ á¨áâ¥¬ë), ¬®¤¥«ì ¨ ¯à®£à ¬¬  ¤«ï à¥è¥-
−¨ï ¯®¤§ ¤ ç¨ ‘Œ�„; KLh

óíáä = 〈kl31, kl32, kl33, kl11, kl23 ∩ kl24 ∩ kl25〉 | âà¨
ä §ë § ¤ ç¨ (ãç¥â, ª®−âà®«ì ¨  − «¨§), ª« áá ¯¥à¥¬¥−−ëå | ¤¥â¥à¬¨−¨à®¢ −−ë¥,

ª« áá § ¤ ç¨ | ¤¨ £−®áâ¨ª ; Rprbprb1óíáä =
{
R
prbóíáä prbCCC
1 , R

prbCCC prbóíáä
1

}
.

„«ï ¯®¤§ ¤ ç¨ ��‘1{9: GLh
ððó1{9 | ®¯â¨¬¨§ æ¨ï − ¡®à  á¨¬¯â®¬®¢ ¤«ï

¤¨ £−®áâ¨ª¨ § ¡®«¥¢ −¨© ¨ à¨áª®¢ �ƒ; DATh
ððó1{9 | ¬−®¦¥áâ¢® Ssimp =

= {Ssimp i|i = 1, 9} | ¯®¤¬−®¦¥áâ¢ á¨¬¯â®¬®¢ § ¡®«¥¢ −¨©; METh
ððó1{9 |

 ¤ ¯â¨¢−ë© ¬¥â®¤ (£¥−¥â¨ç¥áª¨¥  «£®à¨â¬ë), ¬®¤¥«ì ¨ ¯à®£à ¬¬  ¤«ï
à¥è¥−¨ï ¯®¤§ ¤ ç¨ ��‘1{9; KLh

ððó1{9 = 〈kl33, kl11, kl22 ∩ kl25 ∩ kl26〉 |
ä §  § ¤ ç¨:  − «¨§, ª« áá ¯¥à¥¬¥−−ëå: ¤¥â¥à¬¨−¨à®¢ −−ë¥; ª« áá

§ ¤ ç¨: ®¯â¨¬¨§ æ¨ï; Rprbprb1ððó1{9 =
{
R
prbððó1 prbäáç1
1 , . . . ,R

prbððó3 prbäáç3
1 ,

R
prbððó4 prbäáç4
1 , . . . ,R

prbððó9 prbäáç9
1

}
.
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„«ï ¯®¤§ ¤ ç¨ „�ƒ1{9: GLh
äáç1{9 | ¢ëï¢«¥−¨¥ ä ªâ®à®¢ à¨áª  �ƒ,

¯®à ¦¥−¨ï ®à£ −®¢-¬¨è¥−¥©,  áá®æ¨ â¨¢−ëå ª«¨−¨ç¥áª¨å á®áâ®ï−¨©, ¢â®à¨ç-
−®© í−¤®ªà¨−−®© ¨«¨ ¯®ç¥ç−®© �ƒ «¨¡® ®æ¥−ª  á®áâ®ï−¨ï ¯ æ¨¥−â  ª ª
−®à¬ë; DAT h

äáç1{9 | ¬−®¦¥áâ¢® á¨¬¯â®¬®¢ ¨§ ®¡« áâ¥© 1{9; Rprbprb1äáç1{9 =

=
{
R
prbCCC prbäáç1
1 , . . . R

prbCCC prbäáç9
1 , R

prbäáç1 prbCCC
1 , . . . R

prbäáç9 prbCCC
1

}
∪

∪ Rprbprb1ððó1{9 ∪ R
prbprb
1òüëç; METh

äáç1{9 | á¨¬¢®«ì−ë© ¬¥â®¤ (−¥ç¥âª¨¥ á¨áâ¥¬ë),

¬®¤¥«ì ¨ ¯à®£à ¬¬  ¤«ï à¥è¥−¨ï ¯®¤§ ¤ ç¨ „�ƒ1{9; KLh
äáç1{9 = 〈kl31, kl32,

kl33, kl14, kl23 ∩ kl24 ∩ kl25〉 | âà¨ ä §ë § ¤ ç¨ (ãç¥â, ª®−âà®«ì ¨  − «¨§), ª« áá
¯¥à¥¬¥−−ëå | «¨−£¢¨áâ¨ç¥áª¨¥ −¥ç¥âª¨¥, ª« áá § ¤ ç¨ | ¤¨ £−®áâ¨ª .

„«ï ¯®¤§ ¤ ç¨ ‘‘‘: GLh
CCC | ®æ¥−ª  áâ¥¯¥−¨ ¨ áâ ¤¨¨ �ƒ, à¨áª  á¥à-

¤¥ç−®-á®áã¤¨áâëå § ¡®«¥¢ −¨©; DATh
CCC | ®âª«®−¥−¨¥ ®â −®à¬ë –óíáä ∈

∈ {0; 100}; à¥§ã«ìâ â−®¥ ¬−®¦¥áâ¢® ¤¨ £−®§  Rez ¨ ¬−®¦¥áâ¢® ¯®ª § â¥-
«¥© §¤®à®¢ìï Ssimp10 ¤«ï ¯®¤§ ¤ ç¨ CCC; METh

CCC | á¨¬¢®«ì−ë© ¬¥â®¤
(íªá¯¥àâ−ë¥ á¨áâ¥¬ë ¨«¨ −¥ç¥âª¨¥ á¨áâ¥¬ë), ¬®¤¥«ì ¨ ¯à®£à ¬¬  ¤«ï
à¥è¥−¨ï ¯®¤§ ¤ ç¨ ‘Œ�„; KLh

óíáä = 〈kl31, kl32, kl33, kl13, kl23 ∩ kl24 ∩
∩ kl25〉 | âà¨ ä §ë § ¤ ç¨ (ãç¥â, ª®−âà®«ì ¨  − «¨§), ª« áá ¯¥à¥¬¥−-
−ëå | «¨−£¢¨áâ¨ç¥áª¨¥ ç¥âª¨¥, ª« áá § ¤ ç¨ | ¤¨ £−®áâ¨ª ; Rprbprb1CCC =

=
{
R
prbCCC prbäáç1
1 , . . . , R

prbCCC prbäáç9
1 , R

prbäáç1 prbCCC
1 , . . . , R

prbäáç9 prbCCC
1

}⋃
⋃
Rprbprb1óíáä.

„«ï ®¯¨á −¨ï ¯®¤§ ¤ ç ¢ (2) ¨á¯®«ì§ãîâáï âà¨ ª« áá  ¯¥à¥¬¥−−ëå
〈kl11, kl13, kl14〉 ¨ ç¥âëà¥ ª« áá  à §−®à®¤−ëå ®â−®è¥−¨© | Rprb prb1 z .

8 Выбор методов и проверка неоднородности сложной задачи
диагностики артериальной гипертензии

Œ¥â®¤ë ¢ë¡¨à «¨áì −  ®á−®¢¥ ¬ â¥à¨ «®¢ ¯à¨«®¦¥−¨© �2.1{�2.6 ª à ¡®-
â¥ [2]. �¥§ã«ìâ âë ¯à¥¤áâ ¢«¥−ë ¢ â ¡«¨æ¥. Š ¦¤®¬ã §− ªã ®¤−®à®¤−®© § ¤ ç¨
á®¯®áâ ¢«¥− ®¤¨− ¨«¨ −¥áª®«ìª® ¬¥â®¤®¢

{
metal i |metal i ∈ METa, i = 1, Nmet ,

l | ª« áá ¬¥â®¤  } á ãç¥â®¬ ¨å ¯«îá®¢ ¨ ¬¨−ãá®¢.
�¥è¥−¨¥ ® −¥®¤−®à®¤−®áâ¨ ¯à¨−¨¬ ¥âáï ¢ â®¬ á«ãç ¥, ¥á«¨ ç¨á«® ª« áá®¢ ¯¥-

à¥¬¥−−ëå −¥ ¬¥−ìè¥ ¤¢ãå. ˆ§ KLh (2) ¢¨¤−®, çâ® íªá¯¥àâë ¯à¨ à¥è¥−¨¨ á«®¦−®©
§ ¤ ç¨ ¤¨ £−®áâ¨ª¨ �ƒ ¨á¯®«ì§ãîâ ¯¥à¥¬¥−−ë¥ −¥áª®«ìª¨å ª« áá®¢: ¤¥â¥à¬¨−¨-
à®¢ −−ë¥, «¨−£¢¨áâ¨ç¥áª¨¥ ç¥âª¨¥ ¨ «¨−£¢¨áâ¨ç¥áª¨¥ −¥ç¥âª¨¥, | ¨ à ááã¦¤ îâ
à §«¨ç−ë¬ ®¡à §®¬. ‘®£« á−® ¬¥à¥ á«®¦−®áâ¨ (1.13), ¢¢¥¤¥−−®© ¢ [6], ®â®¡à -
¦¥−¨¥ H ‘‡„�ƒ −  ¬−®¦¥áâ¢® ª« áá®¢ § ¤ ç Z = {ú¯à®áâë¥û,úá«®¦−ë¥û}
§ ¯¨è¥âáï ª ª H = {(3, 4),úá«®¦− ïû}, â ª ª ª ç¨á«® ª« áá®¢ ¯¥à¥¬¥−−ëå
à ¢−® 3 (¡®«ìè¥ 2).
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‘à ¢−¨â¥«ì−ë©  − «¨§ ¨ à¥§ã«ìâ âë ¢ë¡®à  ¬¥â®¤®¢ ¬®¤¥«¨à®¢ −¨ï

�¡®§− ç¥−¨ï: + | ¤®¯®«−¨â¥«ì−ë© ¯«îá ª« áá  ¬¥â®¤®¢; ++ | ®¯à¥¤¥«ïîé¨©
¯à¨ ¢ë¡®à¥ ¯à¨§− ª; ¯à¨§− ª¨ ¨ ®æ¥−ª¨: 2 | áâàãªâãà¨à®¢ −−ë¥ ¤¢®¨ç−ë¥ ª®¤ë,
3 | ¯à ¢¨«  úãá«®¢¨¥{¤¥©áâ¢¨¥û, 4 | −¥ ¯à®§à ç−ë ¤«ï ç¥«®¢¥ª , 5 | ¯«®å®,
6 | ç¥à−ë© ïé¨ª, 7 | ¯à¥ªà á−®, 8 | −¥©à®¢ëç¨á«¥−¨ï, 9 | ¯®¨áª ¨§ ¢á¥å
â®ç¥ª ¯à®áâà −áâ¢  ®¤−®¢à¥¬¥−−®, 10 | â®ç−ë¥ à ááã¦¤¥−¨ï, 11 | ¯à¨¡«¨¦¥−−ë¥
à ááã¦¤¥−¨ï, 12 | ¢ëá®ª ï, 13 | −¨§ª ï, 14 | −¨¦¥ ¢ëá®ª®©, 15 | ®ç¥−ì ¢ëá®ª ï,
16 | ¬¥¤«¥−− ï, 17 | ¡«¨¦¥ ª ¢ëá®ª¨¬, 18 | ®ç¥−ì −¨§ª¨¥, 1 | ¥áâì, 0 |
−¥â; (6) | ª®«¨ç¥áâ¢® å à ªâ¥à¨áâ¨ª ¬¥â®¤ , á®®â¢¥âáâ¢ãîé¨å ¤®¯®«−¨â¥«ì−ë¬ ¨
®¯à¥¤¥«ïîé¨¬ ¯à¨§− ª ¬ ¤«ï à¥è¥−¨ï ¯®¤§ ¤ ç¨, „  | ¢ë¡®à; �‘ | ¬¥â®¤ë
íªá¯¥àâ−ëå á¨áâ¥¬, �‘ | ¬¥â®¤ë −¥ç¥âª¨å á¨áâ¥¬, ˆ�‘ | ¬¥â®¤ë ¨áªãááâ¢¥−−ëå
−¥©à®−−ëå á¥â¥©, ƒ� | ¬¥â®¤ë £¥−¥â¨ç¥áª¨å  «£®à¨â¬®¢.

‡ ¤ ç  ‘‡„�ƒ ¯®¯ ¤ ¥â ¢ ª« áá á«®¦−ëå −¥®¤−®à®¤−ëå § ¤ ç, çâ® £®¢®à¨â ®¡
 ªâã «ì−®áâ¨ £¨¡à¨¤¨§ æ¨¨ ¨ ® −¥®¡å®¤¨¬®áâ¨ à §à ¡®âª¨ ¬¥â®¤ , à¥«¥¢ −â−®£®
®æ¥−ª ¬ á«®¦−®áâ¨ ¬®¤¥«¨à®¢ −¨ï −¥ −¨¦¥ (3, 4).
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9 Стратифицированная модель консилиума врачей

�® à¥§ã«ìâ â ¬ ¯¥à¢ëå íâ ¯®¢ �‘-¬¥â®¤®«®£¨¨ ¯à¨¬¥−¨â¥«ì−® ª § ¤ ç¥
‘‡„�ƒ ¯®áâà®¨¬ áâà â¨ä¨æ¨à®¢ −−ãî (¬−®£®ãà®¢−¥¢ãî) ¬®¤¥«ì ª®−á¨«¨ã¬ 
¢à ç¥© ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ìî ®ç−ëå ª®−áã«ìâ æ¨© ¢ ‘��� ú§  ªàã£«ë¬
áâ®«®¬û, ¯à¥¤«®¦¥−−®© �. ‚. Š®«¥á−¨ª®¢ë¬ ¢ [1] ¨ ®â®¡à ¦ îé¥© ¢ ¨áªãááâ¢¥−-
−®© £¥â¥à®£¥−−®© á¨áâ¥¬¥ ®â−®á¨â¥«ì−®áâì §− −¨© (à¥è¥−¨¥ −¥®¤−®à®¤−®© § ¤ ç¨
¤®«¦−® ®á−®¢ë¢ âìáï −  ¥¥ ¬−®£®áâ®à®−−¥¬  − «¨§¥ ®â−®á¨â¥«ì−® ¬−®¦¥áâ¢ ã§-
ª®¯à®ä¥áá¨®− «ì−ëå â®ç¥ª §à¥−¨ï).

�ãáâì ¥áâì á¨áâ¥¬  S : PRX → PRY , £¤¥ PRX = PRX
1 × PRX

3 , PRY =
= PRY

1 ×PRY
3 | ¬−®¦¥áâ¢  á¢®©áâ¢ ú¢å®¤û ¨ ú¢ëå®¤û á®®â¢¥âáâ¢¥−−®. Š ¦¤ ï

¯ à  (PRX
j ,PR

Y
j )|j = 1, 3 ¯à¨¯¨áë¢ ¥âáï áâà â¥ Sj |j = 1, 3, â ª ª ª  ªâ¨¢−ë

¯ à ¬¥âà¨ç¥áª ï (S3) ¨ á¨âã æ¨®−− ï (S1) áâà âë, â¥á−®© á¢ï§ −−ë¥ á ¬¥â®¤ ¬¨
¬®¤¥«¨à®¢ −¨ï ˆ�‘, �‘, ƒ� ¨ �‘ á®®â¢¥âáâ¢¥−−®. ’®£¤  ¬®¦−® ¢¢¥áâ¨ ¬®¤¥«ì
áâà â¨ä¨ª æ¨¨ á¨áâ¥¬ë S: S1{S3{S4 [1], ¢ ª®â®à®©{
S4 : PRTX

4 ×ACTL
j → PRY

4

}
;
{
Sj : PRX

j ×ACTU
4 → PRY

j

} ∣∣j = 1, 3, (3)

£¤¥ ACTL
j | ¢®§¤¥©áâ¢¨ï −¨¦−¨å áâà â −  ç¥â¢¥àâãî: §− ç¥−¨ï ¯®ª § â¥«¥©

á®áâ®ï−¨ï ¨§ « ¡®à â®à¨¨ ¨ ®â ¢à ç¥© á¬¥¦−ëå á¯¥æ¨ «ì−®áâ¥©; ACTU
4 |

¢®§¤¥©áâ¢¨¥ ¢à ç -ª à¤¨®«®£  −  ¢à ç¥© « ¡®à â®à−®© ¤¨ £−®áâ¨ª¨ ¨ á¬¥¦−ëå
á¯¥æ¨ «ì−®áâ¥©. �à¨−ïâ¨¥ à¥è¥−¨ï ¢ S ¨¤¥â §  úªàã£«ë¬ áâ®«®¬û, ª®£¤ 
¢à ç-ª à¤¨®«®£ ä®à¬¨àã¥â ‘��� ¤«ï à¥è¥−¨ï prbu

SZDAG −  ç¥â¢¥àâ®¬ ãà®¢−¥.
‚ ¬®¤¥«ì áâà â¨ä¨ª æ¨¨ [1] ¢¢¥¤¥¬ ACT44 | ¢®§¤¥©áâ¢¨¥ ‹�� −  á ¬®£®

á¥¡ï; ACT31 ¨ ACT13 | ¢®§¤¥©áâ¢¨ï íªá¯¥àâ®¢ á âà¥âì¥© áâà âë −  ¯¥à¢ãî ¨ á
¯¥à¢®© −  âà¥âìî á®®â¢¥âáâ¢¥−−®. ’®£¤  ¬®¤¥«ì (3) âà −áä®à¬¨àã¥âáï ¢

{S4 : PRX
4 ×ACTL

j ×ACT44 → PRY
4

}
;

{Sj : PRX
j ×ACTU

4 ×ACTj2
j1→ PRY

j

}
,

£¤¥ j, j1, j2 = 1, 3 ¨ j1 �= j2, ¨ ¤«ï ª ¦¤®£® prX ∈ PRX ¨ prY = S
(
prX

)
:

prY4 =
(
prX4 ,PR

Y
1 → ACTL

4 ,PR
Y
3 → ACTL

4 ,PR
Y
4 → ACT44

)
;

prYj =
(
Sj

(
prXj ,PR

Y
4 → ACTU

j ,PR
Y
j1 → ACTj1

j

)) ∣∣∣j �= j1 . (4)

Œ®¤¥«ì ¥áâ¥áâ¢¥−−®© £¥â¥à®£¥−−®© á¨áâ¥¬ë ú−¥®¤−®à®¤− ï ¯à¥¤¬¥â− ï
®¡« áâìû ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:

EL = 〈{S1, S3, S4}, Lpm,�1〉 ,
£¤¥ Lpm | ¯à®ä¥áá¨®− «ì−ë© ï§ëª ¢à ç¥©, �1 ⊆ Lpm × {S1, S3, S4}. � -
à ¬¥âà¨ç¥áª®© áâà â¥ ¯à¨− ¤«¥¦ â 20 ¯®¤§ ¤ ç ¨§ á®áâ ¢  prbuSZDAG ¨ â®«ìª®
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®¤−  | á¨âã æ¨®−−®©. ’®£¤  ¨¬¥¥¬ à¥¤ãæ¨à®¢ −−®¥ −¥®¤−®à®¤−®¥ ¯à¥¤áâ ¢«¥−¨¥
á¨áâ¥¬ë S | −¥®¤−®à®¤−ãî ¯à®¡«¥¬−ãî áà¥¤ã:

EU = 〈EL,prbuSZDAG,PRB
h,�2,�3〉 , (5)

£¤¥ PRBh =
{
prbhi |i = 1, 21

}
| ¬−®¦¥áâ¢® ¯®¤§ ¤ ç ¨§ prbuSZDAG; �2 ⊆

⊆ prbuSZDAG × {S1, S3, S4} | á®®â¢¥âáâ¢¨¥, ®¯à¥¤¥«ïîé¥¥ áâà â¨ä¨ª æ¨î
‘‡„�ƒ; �3 ⊆ PRBh × {S1, S3, S4} | á®®â¢¥âáâ¢¨¥, ®¯à¥¤¥«ïîé¥¥ à á¯à¥-
¤¥«¥−¨¥ ¯®¤§ ¤ ç ‘‡„�ƒ ¯® áâà â ¬. �à¨ íâ®¬ ¤«ï ‘‡„�ƒ −  ç¥â¢¥àâ®© áâà â¥
−¥â  ¯à¨®à¨ § ¤ −−®© ¬®¤¥«¨ ¨ ¬¥â®¤  à¥è¥−¨ï, ¢ â® ¢à¥¬ï ª ª ¤«ï ¯®¤§ ¤ ç − 
íªá¯¥àâ−ëå áâà â å ¨§¢¥áâ−ë ¬¥â®¤ë ¨ ¬®¤¥«¨.

�®  − «®£¨¨ á (5) ¤«ï −¥®¤−®à®¤−®© ¯à®¡«¥¬−®© áà¥¤ë á¢®©áâ¢  ®¤−®à®¤−®©
¯à®¡«¥¬−®© áà¥¤ë § ¯¨è¥¬ ª ª

Eh =
〈
〈Sk, L

pm,�1〉E
Lh

,prbhz ,PRB
h
〉
, (6)

£¤¥ Sk | ¯ à ¬¥âà¨ç¥áª ï (¤«ï ��Šƒ, ‘Œ�„, ��‘1{9, „�ƒ1{9) ¨«¨
á¨âã æ¨®−− ï (¤«ï CCC) áâà â  (4), �1 ⊆ Lpm × Sk|k = 1, 3; z ∈
∈ {òüëç,óíáä,ððó1{9,äáç1{9,CCC}, ELh | ¯à¥¤¬¥â− ï ®¡« áâì.

10 Заключение

�à¨¬¥−¥−¨¥ ¬®¤¥«¨ ú¯«®å® áâàãªâãà¨à®¢ −− ï § ¤ ç û â¥å−®«®£¨¨ íªá¯¥àâ-
−ëå á¨áâ¥¬ ª à¥è¥−¨î § ¤ ç ¢ ª«¨−¨ç¥áª®© ¯à ªâ¨ª¥ ¯à®â¨¢®à¥ç¨â áãé¥áâ¢ãîé¥©
¨ −®¢®© − ãç−®© ª àâ¨−¥ ¬¨à . „«ï á−ïâ¨ï ¯à®â¨¢®à¥ç¨ï  ªâã «¥− ¯¥à¥å®¤ ª
á®§¤ −¨î £¥â¥à®£¥−−ëå ¨áªãááâ¢¥−−ëå ¤¨ £−®áâ¨ç¥áª¨å á¨áâ¥¬ á® á¢®©áâ¢ ¬¨
¤®¯®«−¨â¥«ì−®áâ¨, á®âàã¤−¨ç¥áâ¢  ¨ ®â−®á¨â¥«ì−®áâ¨ §− −¨©, á¨−â¥§¨àãîé¨å
¨−â¥£à¨à®¢ −−ë¥ ¬¥â®¤ë ¨ ¬®¤¥«¨, à §−®®¡à §¨¥ ª®â®àëå ãáâà −¨â à §−®®¡à -
§¨¥ ¤¨ £−®áâ¨ç¥áª®© ¨−ä®à¬ æ¨¨ ®¡ ®à£ −¨§¬¥ ç¥«®¢¥ª .

‚ à ¡®â¥ ¤ −ë ¯¥à¢ë¥ à¥§ã«ìâ âë à ¡®âë Š” ˆ�ˆ ��� ¯à¨¬¥−¨â¥«ì−® ª
§ ¤ ç¥ ¤¨ £−®áâ¨ª¨ �ƒ ¨ ¢ à ¬ª å ®¤−®£® ¨§ ª« áá®¢ ¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå
á¨áâ¥¬ | ”ƒˆ‘, á¢ï§ −−ëå á á¨áâ¥¬−ë¬  − «¨§®¬ á«®¦−®© § ¤ ç¨ ¢ à ¬ª å
�‘-¬¥â®¤®«®£¨¨ −  ¬®¤¥«ïå ú£¥â¥à®£¥−−®©û ¨ ú£®¬®£¥−−®©û § ¤ ç¨ ®¡à ¡®âª¨
¨−ä®à¬ æ¨¨ ¨ ã¯à ¢«¥−¨ï. ‘¥©ç á ¨¤¥â à §à ¡®âª  £¥â¥à®£¥−−®£® ¬®¤¥«ì−®-
£® ¯®«ï, á¯¥æ¨ä¨æ¨àãîâáï ®¡« áâ¨ à¥«¥¢ −â−®áâ¨ ¬®¤¥«¥© ¨ à §à ¡ âë¢ îâáï
 «£®à¨â¬ë á¨−â¥§  ¨−â¥£à¨à®¢ −−®£® ¬¥â®¤  ¨ ¬®¤¥«¨.
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Abstract: An approach to modeling the decision-support systems within the
methodology of artificial heterogeneous systems is introduced on an example
of a complex problem of the arterial hypertension diagnostics. Investigations
were conducted on two models: \heterogeneous" and \homogeneous," and are
relevant to the new scientific worldview in biomedicine, based on principles of
variety, complementarity, cooperation, and relativity. The aim of the research is
to develop the consulting hybrid intelligent system for the arterial hypertension
diagnostics. The results of system analysis of the complex problem of arterial
hypertension diagnostics within the methodology of artificial heterogeneous
systems are presented, namely, identification and reduction of the complex
problem, subtasks specification, methods selection for solving of homogeneous
subtasks, and proof of the problem heterogeneity.

Keywords: decision-support system; functional hybrid intelligent system;
heterogeneous problem; arterial hypertension diagnostics
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АГРЕГИРОВАНИЕ ГЕОКОНЦЕПЦИЙПРИ ГЕНЕРАЛИЗАЦИИ
КАРТЫ С УЧЕТОМ ЛОГИЧЕСКОЙ СОГЛАСОВАННОСТИ

И СЕМАНТИЧЕСКОЙ ТОЧНОСТИ∗

С.К. Дулин1, Н. Г. Дулина2, П. В. Ермаков3

�−−®â æ¨ï: ‚ ¯®á«¥¤−¨¥ £®¤ë à¥§ª® ¢®§à®á«® ª®«¨ç¥áâ¢® áâ æ¨®− à−ëå ¨
¬®¡¨«ì−ëå ãáâà®©áâ¢, ¨á¯®«ì§ãîé¨å  ¢â®¬ â¨§¨à®¢ −−ë¥ ¬¥â®¤ë £¥−¥à «¨-
§ æ¨¨ ª àâë. �â® ¯®à®¦¤ ¥â ¯à®¡«¥¬ã ®¡¥á¯¥ç¥−¨ï ª ç¥áâ¢  ¢¨§ã «¨§ æ¨¨ æ¨-
äà®¢ëå ¬®¤¥«¥© ª àâë. ƒ¥−¥à «¨§ æ¨ï ¤®«¦−  −¥ â®«ìª® £ à −â¨à®¢ âì ®¯à¥-
¤¥«¥−−ë¥ áâ −¤ àâë ¤«ï ¯à®¨§¢®¤−®£® ¬ áèâ ¡  ª àâë, −® ¨ ¯®¤¤¥à¦¨¢ âì
®¯à¥¤¥«¥−−ë© ãà®¢¥−ì á¥¬ −â¨ª¨. —â®¡ë ¯à®¢®¤¨âì ®¡ê¥ªâ¨¢−ë¥ áà ¢−¥−¨ï
à §«¨ç−ëå à¥§ã«ìâ â®¢ £¥−¥à «¨§ æ¨¨, æ¥«¥á®®¡à §−® ¢¢¥áâ¨ á¥¬ −â¨ç¥áªãî
¬¥àã â®ç−®áâ¨  £à¥£¨à®¢ −¨ï ®¡« áâ¥© ¨ £¥®ª®−æ¥¯æ¨©. �à¥¤áâ ¢«¥− ¯®¤å®¤,
¯®ª §ë¢ îé¨©, ª ª íâ  ¬¥à  ¬®¦¥â ¨á¯®«ì§®¢ âìáï, çâ®¡ë áà ¢−¨¢ âì à¥§ã«ì-
â âë £¥−¥à «¨§ æ¨¨. � áá¬®âà¥−ë â ª¦¥ ¬¥â®¤ë ®¯à¥¤¥«¥−¨ï ¢§ ¨¬®á¢ï§¥©
¬¥¦¤ã n £¥®ª®−æ¥¯æ¨ï¬¨, ª®â®àë¥ −¥®¡å®¤¨¬® à á¯à¥¤¥«¨âì ¯® N  £à¥£ â ¬
â ª, çâ®¡ë ¢ ª ¦¤®¬  £à¥£ â¥ ®ª § «¨áì £¥®ª®−æ¥¯æ¨¨, − ¨¡®«¥¥ áå®¤−ë¥ ¤àã£
á ¤àã£®¬ ¯® á®¢®ªã¯−®áâ¨ m ¢ë¡à −−ëå ®¯¨á â¥«ì−ëå ¯à¨§− ª®¢. ‚¢¥¤¥− 
äã−ªæ¨ï áå®¤áâ¢  £¥®ª®−æ¥¯æ¨© ¯® á®¢®ªã¯−®áâ¨ k ¢ë¡à −−ëå ¯à¨§− ª®¢,
−®à¬¨à®¢ −− ï −  ¬ ªá¨¬ «ì−ë© ¤¨ ¯ §®− §− ç¥−¨© ¯à¨§− ª  −  ¬−®¦¥áâ¢¥
¨§ n £¥®ª®−æ¥¯æ¨©.

Š«îç¥¢ë¥ á«®¢ : £¥−¥à «¨§ æ¨ï; ª ç¥áâ¢® £¥®¤ −−ëå;  £à¥£¨à®¢ −¨¥ ®¡« -
áâ¥© ª àâë;  £à¥£¨à®¢ −¨¥ £¥®ª®−æ¥¯æ¨©

DOI: 10.14357/08696527130209

1 Введение

�®¤ £¥−¥à «¨§ æ¨¥© ¯à¨−ïâ® ¯®−¨¬ âì ®â¡®à ¨ ®¡®¡é¥−¨¥ ¨§®¡à ¦ ¥¬ëå − 
ª àâ¥ ®¡ê¥ªâ®¢ á®®â¢¥âáâ¢¥−−® − §− ç¥−¨î ¨ ¬ áèâ ¡ã ª àâë ¨ ®á®¡¥−−®áâï¬
ª àâ®£à ä¨àã¥¬®© â¥àà¨â®à¨¨ (ƒ�‘’ 21667-76. Š àâ®£à ä¨ï. ’¥à¬¨−ë ¨
®¯à¥¤¥«¥−¨ï). ‘®®â¢¥âáâ¢¥−−®, â¥å−®«®£¨ï £¥−¥à «¨§ æ¨¨ ¨á¯®«ì§ã¥âáï ¤«ï
¯à¥®¡à §®¢ −¨ï ª àâë ¨áå®¤−®£® ¬ áèâ ¡  ¢ ª àâã ¡®«¥¥ ¬¥«ª®£® ¬ áèâ ¡ 
(¯à®¨§¢®¤−®£® ¬ áèâ ¡ ). �à®æ¥áá ¯à¥®¡à §®¢ −¨ï ª àâë á®áâ®¨â ¨§ àï¤  íâ ¯®¢
(http://www.gisinfo.ru/projects/19.htm):

∗� ¡®â  ¢ë¯®«−¥−  ¯à¨ ¯®¤¤¥à¦ª¥ �””ˆ (¯à®¥ªâ 11-07-00225).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, s.dulin@ccas.ru
2‚ëç¨á«¨â¥«ì−ë© æ¥−âà ¨¬. �. �. „®à®¤−¨æë−  �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, ngdulina@mail.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, petcazay@gmail.com
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{ ä®à¬¨à®¢ −¨¥ −®¬¥−ª« âãà−®£® «¨áâ  ª àâë ¯à®¨§¢®¤−®£® ¬ áèâ ¡ ;
{ ¯¥à¥ª®¤¨à®¢ª  ®¡ê¥ªâ®¢;
{ £¥−¥à «¨§ æ¨ï ®¯®à−ëå ¯ã−ªâ®¢;
{ £¥−¥à «¨§ æ¨ï £¨¤à®£à ä¨¨ ¨ £¨¤à®â¥å−¨ç¥áª¨å á®®àã¦¥−¨©;
{ £¥−¥à «¨§ æ¨ï ª¢ àâ «®¢ − á¥«¥−−ëå ¯ã−ªâ®¢;
{ £¥−¥à «¨§ æ¨ï à¥«ì¥ä ;
{ £¥−¥à «¨§ æ¨ï ®¡ê¥ªâ®¢ ¬ «®© ¤«¨−ë ¨«¨ ¯«®é ¤¨;
{ á¢®¤ª  á® á¬¥¦−ë¬¨ «¨áâ ¬¨.

Š®àà¥ªâ−®áâì ¯à¥®¡à §®¢ −¨ï ª àâë −  ª ¦¤®¬ ¨§ íâ ¯®¢ ¢® ¬−®£®¬ § ¢¨á¨â
®â ª ç¥áâ¢  £¥®¤ −−ëå. ‘ãé¥áâ¢ã¥â á¥¬ì ªà¨â¥à¨¥¢ ¯à®áâà −áâ¢¥−−®£® ª ç¥áâ¢ 
£¥®¤ −−ëå [1]:

(1) ¯à®¨áå®¦¤¥−¨¥;

(2) ¯®§¨æ¨®−− ï â®ç−®áâì;

(3)  âà¨¡ãâ¨¢− ï â®ç−®áâì;

(4) § ¢¥àè¥−−®áâì;

(5) «®£¨ç−®áâì;

(6) á¥¬ −â¨ç¥áª ï â®ç−®áâì;

(7) ¢à¥¬¥−−‚ ï § ¢¨á¨¬®áâì.

	®«ìè¨−áâ¢® ¨§ íâ¨å ªà¨â¥à¨¥¢ á¢ï§ −® á £¥−¥à «¨§ æ¨¥© ª àâë. � ¯à¨¬¥à, á
¯à¨¬¥−¥−¨¥¬ á¬¥é¥−¨ï ¨«¨  «£®à¨â¬®¢ ã¯à®é¥−¨ï «¨−¨© ¯®§¨æ¨®−− ï â®ç−®áâì
ã¬¥−ìè ¥âáï,   ¢ë¡®à ®¡ê¥ªâ®¢ ®ª §ë¢ ¥â ¢«¨ï−¨¥ −  § ¢¥àè¥−−®áâì. �æ¥−ª 
íâ¨å ª ç¥áâ¢¥−−ëå ªà¨â¥à¨¥¢ ¢ ¯à®æ¥áá¥ £¥−¥à «¨§ æ¨¨ | ¢ ¦−®¥ ¬¥à®¯à¨ïâ¨¥,
®á®¡¥−−® ª®£¤  ¯à¨¬¥−ïîâáï í¢à¨áâ¨ç¥áª¨¥ ¬¥â®¤ë £¥−¥à «¨§ æ¨¨. ‚ ¤ −−®©
áâ âì¥ ®¡áã¦¤ ¥âáï «®£¨ç¥áª ï á®£« á®¢ −−®áâì, á¥¬ −â¨ç¥áª ï â®ç−®áâì ¨ á®-
£« á®¢ −−®áâì  £à¥£¨à®¢ −¨ï ®¡« áâ¥© ª àâë ¨ £¥®ª®−æ¥¯æ¨©, −¥®¡å®¤¨¬ëå ¯à¨
 ¢â®¬ â¨§¨à®¢ −−®© £¥−¥à «¨§ æ¨¨ ª àâë.

�à®¡«¥¬  á¥¬ −â¨ç¥áª®© â®ç−®áâ¨ ®á®¡¥−−®  ªâã «ì− , ª®£¤  ®¡ê¥ªâë ª àâë
¨§¬¥−ïîâ á¢®î ¯à¨− ¤«¥¦−®áâì ª ª« áá ¬. �à¨ £¥−¥à «¨§ æ¨¨ ª àâë íâ®
¯à®¨áå®¤¨â ¢ ¤¢ãå á«ãç ïå:
(1)  £à¥£¨à®¢ −¨ï £¥®ª®−æ¥¯æ¨©;
(2)  £à¥£¨à®¢ −¨ï ®¡« áâ¥© ª àâë.

�¥à¢ë© á«ãç © ¯à¨¢®¤¨â ª ¨§¬¥−¥−¨ï¬ á®áâ ¢  ª« áá®¢, ª®£¤  £¥®ª®−æ¥¯æ¨¨
à §«¨ç−ëå ª« áá®¢ § ¬¥−ïîâáï ¥¤¨−áâ¢¥−−®©  £à¥£¨à®¢ −−®© £¥®ª®−æ¥¯æ¨¥©.
�£à¥£¨à®¢ −¨¥ £¥®ª®−æ¥¯æ¨¨ ¯à¨ ã¬¥−ìè¥−¨¨ ¬ áèâ ¡  ¯®¤à §ã¬¥¢ ¥â, − ¯à¨-
¬¥à, § ¬¥−ã ¢á¥å ¦¥«¥§−®¤®à®¦−ëå ¯ãâ¥© ¨ ¨å à §¢ï§®ª ¢¬¥áâ¥ á® §¤ −¨¥¬
áâ −æ¨¨ ¨ ¢á¯®¬®£ â¥«ì−ë¬¨ áâà®¥−¨ï¬¨ ¨−äà áâàãªâãàë £¥®ª®−æ¥¯æ¨¥© úáâ −-
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�£à¥£¨à®¢ −¨¥ £¥®ª®−æ¥¯æ¨© ¯à¨ £¥−¥à «¨§ æ¨¨ ª àâë

æ¨ïû. �â  § ¬¥−  ¬®¦¥â ¯à®¨§¢®¤¨âìáï íªá¯¥àâ®¬ −  ª®−æ¥¯âã «ì−®¬ ãà®¢−¥,
−®  ¢â®¬ â¨§¨à®¢ −−®¥  £à¥£¨à®¢ −¨¥ £¥®ª®−æ¥¯æ¨© ¯à¨ £¥−¥à «¨§ æ¨¨ ª àâë |
âàã¤®¥¬ª ï § ¤ ç , ª®â®à ï âà¥¡ã¥â à §à ¡®âª¨ á¯¥æ¨ «ì−ëå ¬¥â®¤®¢.

Š ç¥áâ¢® £¥−¥à «¨§ æ¨¨ ª àâë ®¡ëç−® ®¯à¥¤¥«ï¥âáï áà ¢−¥−¨¥¬ ¢å®¤−ëå ¨
¢ëå®¤−ëå − ¡®à®¢ £¥®¤ −−ëå [2, 3]. �â¨ − ¡®àë § ¢¨áïâ, £« ¢−ë¬ ®¡à §®¬, ®â
¬¥à, ª®â®àë¥ å à ªâ¥à¨§ãîâ ä®à¬ë ®¡ê¥ªâ®¢ ¨ ¨å ¯à®áâà −áâ¢¥−−ë¥ ®â−®è¥−¨ï.
�¤− ª® ¯à¨ £¥−¥à «¨§ æ¨¨ −¥ ¢á¥£¤  á®åà −ïîâáï ¯¥à¢®− ç «ì−ë¥ − ¡®àë, â ª
ª ª áãé¥áâ¢ãîâ ¬®â¨¢ æ¨¨ ¤«ï ¨§¬¥−¥−¨ï − ¡®à  £¥®¤ −−ëå, − ¯à¨¬¥à ¬¨−¨-
¬ «ì−® ¤®¯ãáâ¨¬ë¥ à §¬¥àë ¤«ï æ¥«¥¢®£® ¬ áèâ ¡ . �®íâ®¬ã −¥§ ¢¨á¨¬® ®â
¨§¬¥−¥−¨© − ¡®à®¢ £¥®¤ −−ëå æ¥«¥á®®¡à §−® áà ¢−¨¢ âì à¥§ã«ìâ âë í¢à¨áâ¨ç¥-
áª¨å ¬¥â®¤®¢ £¥−¥à «¨§ æ¨¨ á à¥§ã«ìâ â ¬¨, ª®â®àë¥ ï¢«ïîâáï ®¯â¨¬ «ì−ë¬¨
¯à¨ ¤ −−ëå ®£à −¨ç¥−¨ïå.

2 Логическая согласованность и семантическая точность

‹®£¨ç¥áª ï á®£« á®¢ −−®áâì ®§− ç ¥â á®£« á®¢ −−®áâì á® á¯¥æ¨ä¨ª æ¨ï¬¨
¡ §ë ¤ −−ëå, â. ¥. á®®â¢¥âáâ¢¨¥ áâàãªâãà−ë¬ å à ªâ¥à¨áâ¨ª ¬ ¨ ®£à −¨ç¥−¨ï¬
¬®¤¥«¨ ¤ −−ëå. �®íâ®¬ã ¯à¨−ïâ® áç¨â âì, çâ® ¯à®áâà −áâ¢¥−−ë© − ¡®à ¤ −-
−ëå ï¢«ï¥âáï «®£¨ç¥áª¨ á®£« á®¢ −−ë¬, ª®£¤  ®− á®£« áã¥âáï á® áâàãªâãà−ë¬¨
å à ªâ¥à¨áâ¨ª ¬¨ ¢ë¡à −−®© ¬®¤¥«¨ ¤ −−ëå ¨ ª®£¤  ®− á®¢¬¥áâ¨¬ á ®£à −¨ç¥−¨-
ï¬¨  âà¨¡ãâ®¢, ®¯à¥¤¥«¥−−ëå ¤«ï íâ®£® − ¡®à  [1]. ‚ ª àâ®£à ä¨ç¥áª®¬ á«ãç ¥
®¡®¡é¥−−ë© − ¡®à £¥®¤ −−ëå ¤®«¦¥− á®®â¢¥âáâ¢®¢ âì áâ −¤ àâ ¬, ¯à¨−ïâë¬ ¤«ï
¯à¥¤áâ ¢«¥−¨ï ª àâë.

Œ®¤¥«ì ¤ −−ëå ¢ à ¡®â¥ á ª àâ®© | ¯« − à− ï áâàãªâãà  ¢ ¢¨¤¥ ¨áç¥à¯ë-
¢ îé¥£® (¡¥§ ¯à®¯ãé¥−−ëå ®¡« áâ¥©) ¯®ªàëâ¨ï ¨§®¡à ¦¥−¨ï ª àâë ®¡« áâï¬¨,
ª®â®àë¥ −¥ ¤®«¦−ë − ª« ¤ë¢ âìáï ¤àã£ −  ¤àã£ . �â® ¯à¥¤áâ ¢«¥−¨¥ ç áâ®
¨á¯®«ì§ã¥âáï ¤«ï ¤ −−ëå ¯®ªàëâ¨ï ‡¥¬«¨ ¢ â®¯®£à ä¨ç¥áª¨å ¡ § å ¤ −−ëå.
ƒ¥−¥à «¨§ æ¨ï â ª¨å − ¡®à®¢ £¥®¤ −−ëå | ¨§¢¥áâ− ï ¯à®¡«¥¬  [2]. — áâ®
®¯à¥¤¥«ïîâáï ¤®¯®«−¨â¥«ì−ë¥ âà¥¡®¢ −¨ï: − ¯à¨¬¥à, ä®à¬ë ®á®¡¥−−®áâ¥© £¥®-
¬¥âà¨ç¥áª¨å ®ç¥àâ −¨© ¤®«¦−ë ¡ëâì á¬¥¦−ë¬¨. ”®à¬ «ì−® íâ® ®§− ç ¥â, çâ®
¤«ï ª ¦¤ëå ¤¢ãå â®ç¥ª ¢ á¬¥¦−®© ®¡« áâ¨ áãé¥áâ¢ã¥â á®¥¤¨−ïîé¨© ¯ãâì, ª®-
â®àë© ¯®«−®áâìî á®¤¥à¦¨âáï ¢ íâ®© ®¡« áâ¨. ’ ª¨¥ áâàãªâãà−ë¥ âà¥¡®¢ −¨ï −¥
§ ¢¨áïâ ®â ¬ áèâ ¡ , ¨ −¥®¡å®¤¨¬® £ à −â¨à®¢ âì ¨å á®åà −¥−¨¥ ¢ ¯à®æ¥áá¥ £¥-
−¥à «¨§ æ¨¨. � ¯à®â¨¢, âà¥¡®¢ −¨ï −   âà¨¡ãâ å ¨ £¥®¬¥âà¨ïå ç áâ® à §«¨ç−ë
¤«ï ¢å®¤−®£® ¨ ¢ëå®¤−®£® ¬ áèâ ¡ , ¢ â ª®¬ á«ãç ¥ ¯à¨å®¤¨âáï ¯à¨¢®¤¨âì ¢
á®®â¢¥âáâ¢¨¥ ª àâã ¢ëå®¤−®£® ¬ áèâ ¡ .

‚ â ¡«. 1 áà ¢−¨¢ îâáï ®¯à¥¤¥«¥−¨ï «¥á−ëå ®¡« áâ¥© ¢ âà¥å à §−ëå áâà -
− å. ‚ ª ¦¤®¬ ¯à¨¬¥à¥ ¬¨−¨¬ «ì−ë© à §¬¥à ®¯à¥¤¥«¥− ª ª ªà¨â¥à¨© ¤«ï
¢ë¡®à , ª®â®àë© ¥áâ¥áâ¢¥−−® ã¢¥«¨ç¨¢ ¥âáï ¤«ï ¬¥−ìè¨å ¬ áèâ ¡®¢. Š − ¤áª¨¥
á¯¥æ¨ä¨ª æ¨¨ ¨á¯®«ì§ãîâ â¥à¬¨− úƒ à −â¨àã¥¬ë© à §¬¥àû. ‚  ¢áâà «¨©áª¨å
á¯¥æ¨ä¨ª æ¨ïå ¥£® − §ë¢ îâ úŒ¨−¨¬ «ì−ë© à §¬¥à ¤«ï ¢ª«îç¥−¨ïû. ’¥à¬¨−
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’ ¡«¨æ  1 Šà¨â¥à¨¨ ¢ë¡®à  ¤«ï «¥á−ëå ®¡« áâ¥© ¢ âà¥å à §«¨ç−ëå − æ¨®− «ì−ëå
¡ § å ¤ −−ëå

ƒ¥à¬ −¨ï, ATKIS [4]

Š − ¤ ,
� æ¨®− «ì− ï

â®¯®£à ä¨ç¥áª ï
¡ §  ¤ −−ëå [5]

�¢áâà «¨ï,
� æ¨®− «ì− ï

â®¯®£à ä¨ç¥áª ï
¡ §  ¤ −−ëå [6]

‹¥á  ‹¥á¨áâ ï ¬¥áâ−®áâì ‹¥á ¨«¨ ªãáâ à−¨ª

�®¢¥àå−®áâì
á «¥á−ë¬¨ à áâ¥−¨ï¬¨

(«¥á−ë¥ ¤¥à¥¢ìï
¨ ¤¨ª¨¥ ªãáâ à−¨ª¨)

�«®é ¤ì, −¥ ¬¥−¥¥
ç¥¬ −  35% ¯®ªàëâ ï

¤¥à¥¢ìï¬¨ ¨«¨
ªãáâ à−¨ª ¬¨

¢ëá®â®© −¥ −¨¦¥ 2 ¬

�«®é ¤ì §¥¬¥«ì
á ¤à¥¢¥á−®©

à áâ¨â¥«ì−®áâìî,
¡®«¥¥ ç¥¬ −  10%
¯®ªàëâ ï «¨áâ¢®©

(¤¥à¥¢ìï ¨ ªãáâ à−¨ª¨)

Œ áèâ ¡
Šà¨â¥à¨©

®â¡®à  Œ áèâ ¡
Šà¨â¥à¨©

®â¡®à  Œ áèâ ¡
Šà¨â¥à¨©

®â¡®à 
1:25 ª¬ �«®é ¤ì ≥ 0,1 £ 

1:50 ª¬
�«®é ¤ì ≥ 1 £ ,
è¨à¨−  ≥ 50 ¬

1:25 ª¬ �«®é ¤ì ≥ 0,25 £ 
1:50 ª¬ �«®é ¤ì ≥ 1 £  1:100 ª¬ �«®é ¤ì ≥ 4 £ 
1:250 ª¬ �«®é ¤ì ≥ 40 £ 

1:250 ª¬
�«®é ¤ì ≥ 25 £ ,
è¨à¨−  ≥ 250 ¬ 1:250 ª¬ �«®é ¤ì ≥ 25 £ 1:1000 ª¬ �«®é ¤ì ≥ 500 £ 

úƒ à −â¨àã¥¬ë© à §¬¥àû ¯à¥¤¯®« £ ¥â á®¡«î¤¥−¨¥ âà¥¡®¢ −¨ï, çâ® ®¯à¥¤¥«¥−-
−ë¥ ¯®à®£¨ −¥ ¤®«¦−ë ¡ëâì − àãè¥−ë −¨ ¯à¨ ª ª¨å ®¡áâ®ïâ¥«ìáâ¢ å. �â®
âà¥¡®¢ −¨¥ ®¯¨áë¢ ¥âáï, á®®â¢¥âáâ¢¥−−®, ¨ ¢ ¤àã£¨å á¯¥æ¨ä¨ª æ¨ïå. ’ ª¨¥
á¨«ì−ë¥ âà¥¡®¢ −¨ï −¥®¡å®¤¨¬ë, çâ®¡ë ã¬¥−ìè¨âì ¢«¨ï−¨¥ áã¡ê¥ªâ¨¢−®áâ¨
¯à¨ £¥−¥à «¨§ æ¨¨ ª àâë ¨ ®¡¥á¯¥ç¨âì áâ −¤ àâ¨§¨à®¢ −−ë¥ ª àâ®£à ä¨ç¥áª¨¥
¯à®¤ãªâë.

’ ª ª ª ¯à¥¤áâ ¢«¥−¨¥ ®¡« áâ¥© −¨¦¥ ¯®à®£  æ¥«¥¢®£® ¬ áèâ ¡  −¥ ¤®¯ãá-
ª ¥âáï, ®−¨ ¤®«¦−ë ¡ëâì  £à¥£¨à®¢ −ë á ¤àã£¨¬¨ ®¡« áâï¬¨, çâ®¡ë ®¡¥á¯¥ç¨âì
¨áç¥à¯ë¢ îé¥¥ ¯®ªàëâ¨¥. �®áª®«ìªã ¢á¥ ¤àã£¨¥ æ¥«¨ £¥−¥à «¨§ æ¨¨ ï¢«ïîâáï
¯®¤ç¨−¥−−ë¬¨, ¨§¬¥−¥−¨ï ª« áá  ¤®«¦−ë ¡ëâì ¯à¨−ïâë, − ¯à¨¬¥à, ¥á«¨ −¥â
−¨ª ª®£® á®á¥¤  â®£® ¦¥ á ¬®£® ª« áá . 	®«ìè¨−áâ¢® ¨áá«¥¤®¢ â¥«¥© ¢ ®¡« áâ¨ £¥-
−¥à «¨§ æ¨¨ ª àâë ãª §ë¢ îâ, çâ® ®£à −¨ç¥−¨ï ç áâ® − å®¤ïâáï ¢ ¯à®â¨¢®à¥ç¨¨
¨ −¥®¡å®¤¨¬® − å®¤¨âì ª®¬¯à®¬¨ááë [2, 3, 7]. �®áª®«ìªã ®£à −¨ç¥−¨ï, ª®â®àë¥
®¡¥á¯¥ç¨¢ îâ «®£¨ç¥áªãî á®£« á®¢ −−®áâì, −¥ ¤®¯ãáª îâ −¨ª ª®£® ª®¬¯à®¬¨áá ,
á«¥¤ã¥â à §«¨ç âì ¦¥áâª¨¥ ¨ ¬ï£ª¨¥ ®£à −¨ç¥−¨ï.

…á«¨ − ¡®à ¢å®¤−ëå ¤ −−ëå «®£¨ç¥áª¨ á®£« á®¢ −, ¬®¦−® ®¯à¥¤¥«ïâì ¯à®á-
âë¥  «£®à¨â¬ë £¥−¥à «¨§ æ¨¨, ª®â®àë¥ ¯à¨¢®¤ïâ ª «®£¨ç¥áª¨ á®£« á®¢ −−ë¬
à¥§ã«ìâ â ¬, − ¯à¨¬¥à ¯à¨¬¥−¨âì ¯à®æ¥¤ãàë á«¨ï−¨ï ¨«¨ ª®«« ¯á , çâ®¡ë
à §à¥è¨âì ª®−ä«¨ªâë à §¬¥à  ¨ ¡«¨§®áâ¨ [7]. ‘¯¥æ¨ä¨ª æ¨¨ ¡ §ë £¥®¤ −−ëå
®¯à¥¤¥«ïîâ ¢ë¯®«−¨¬®áâì à¥è¥−¨©, −® ®áâ ¥âáï ¡®«ìè ï á¢®¡®¤  ¢ ¢ë¡®à¥
à §«¨ç−ëå ¢ à¨ −â®¢. ‚ ¯à®áâ¥©è¥¬ á«ãç ¥ ªà¨â¥à¨¨ ®â¡®à  ¨−â¥à¯à¥â¨àãîâáï
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�£à¥£¨à®¢ −¨¥ £¥®ª®−æ¥¯æ¨© ¯à¨ £¥−¥à «¨§ æ¨¨ ª àâë

â®«ìª® ª ª § ¯à¥âë, çâ®¡ë −¥ ¯®â¥àïâì ¬ «¥−ìª¨¥ ®¡« áâ¨ ¢ æ¥«¥¢®¬ ¬ áèâ ¡¥.
“á«®¦−ïï § ¤ çã, ¬®¦−® ¯®−¨¬ âì § ¤ −−ë¥ ¯®à®£¨ ª ª ãª § −¨ï ¯®¤¤¥à¦¨¢ âì
®¡« áâ¨, ¨¬¥îé¨¥ ¤®áâ â®ç−ë© à §¬¥à, ¯®¤à §ã¬¥¢ ï, çâ® ¨å ª« ááë −¥ ¤®«¦−ë
¡ëâì ¨§¬¥−¥−ë.

	®«¥¥ ¯®¤à®¡−® ¯à®¡«¥¬ë «®£¨ç¥áª®© á®£« á®¢ −−®áâ¨ á® á¯¥æ¨ä¨ª æ¨ï¬¨
¡ §ë £¥®¤ −−ëå à áá¬®âà¥−ë ¢ [1].

–¥«ì ¢¢¥¤¥−¨ï á¥¬ −â¨ç¥áª®© â®ç−®áâ¨ á®áâ®¨â ¢ â®¬, çâ®¡ë ®¯¨á âì á¥¬ −-
â¨ç¥áª®¥ à ááâ®ï−¨¥ ¬¥¦¤ã £¥®£à ä¨ç¥áª¨¬¨ ®¡ê¥ªâ ¬¨ ¨ ¢®á¯à¨−ïâ®© ¤¥©áâ¢¨-
â¥«ì−®áâìî. „«ï ¨§¬¥à¥−¨ï á¥¬ −â¨ç¥áª®© â®ç−®áâ¨ ¢¢®¤¨âáï á¥¬ −â¨ç¥áª®¥
à ááâ®ï−¨¥ ¬¥¦¤ã ª« áá ¬¨ á®®â¢¥âáâ¢ãîé¨å ®¡« áâ¥© ¢ ®¡®¡é¥−−®¬ − ¡®à¥
£¥®¤ −−ëå [2]. ”®à¬ «ì−® á¥¬ −â¨ç¥áª®¥ à ááâ®ï−¨¥ ®¯à¥¤¥«ï¥âáï ª ª äã−ªæ¨ï:

d : •× •→ R+ ,

£¤¥ • ï¢«ï¥âáï − ¡®à®¬ ª« áá®¢. Œ «¥−ìª¨¥ §− ç¥−¨ï d á®®â¢¥âáâ¢ãîâ á¥¬ −â¨-
ç¥áª¨ ¯®¤®¡−ë¬ ª« áá ¬. ’®£¤  ¢ ª ç¥áâ¢¥ ¬¥àë á¥¬ −â¨ç¥áª®© â®ç−®áâ¨ ¬®¦−®
¨á¯®«ì§®¢ âì áà¥¤−¥¥ á¥¬ −â¨ç¥áª®¥ à ááâ®ï−¨¥ d (¢§¢¥è¥−−®¥ ¯® ®¡« áâ¨):

d =

∑
v∈V

w(v)d(γ(v), γ′(v))

∑
v∈V

w(v)
, (1)

£¤¥ V | ¢¢®¤¨¬ë© − ¡®à ®¡« áâ¥© v ∈ V ; w : V → R+ | ¨å à §¬¥àë;
γ : V → • | ¨å ¯¥à¢®− ç «ì−ë¥ ª« ááë; γ′ : V → • | ¨å ª« ááë ¯®á«¥
®¡®¡é¥−¨ï.

3 Моделирование агрегирования областей карты

„®áâ â®ç−® ã¤®¡−® ¨ − £«ï¤−® âà ªâ®¢ âì ¯à®æ¥¤ãàã  £à¥£¨à®¢ −¨ï ¢ â¥à-
¬¨−®«®£¨¨ â¥®à¨¨ £à ä®¢, â. ¥. ¢¥àè¨−ë £à ä  à áá¬ âà¨¢ âì ¢¬¥áâ® ®¡« áâ¥©,
¢¥á  ¢¥àè¨− ¢¬¥áâ® à §¬¥à®¢ ®¡« áâ¨ ¨ æ¢¥â  ¢¬¥áâ® ª« áá®¢ £¥®ª®−æ¥¯æ¨© ¯®-
ªàëâ¨ï ¯®¢¥àå−®áâ¨ ª àâë. ˆá¯®«ì§ãï ¢¢¥¤¥−−ë¥ ®¯à¥¤¥«¥−¨ï á¥¬ −â¨ç¥áª®£®
à ááâ®ï−¨ï d ¨ V , w, •, γ ¨ γ′, ¬®¦−® áä®à¬ã«¨à®¢ âì ¯à®¡«¥¬ã  £à¥£¨à®¢ −¨ï
á«¥¤ãîé¨¬ ®¡à §®¬ [7].

�ãáâì ¤ −®:

(I) ¯« − à−ë© £à ä G(V,E) á ¢¥á ¬¨ ¢¥àè¨− w : V → R+ ¨ æ¢¥â ¬¨
¢¥àè¨− γ : V → •, £¤¥ •| − ¡®à ¢á¥å æ¢¥â®¢;

(II) äã−ªæ¨ï θ : •→ R+ (¬¨−¨¬ «ì−® ¤®¯ãáâ¨¬ë© ¢¥á ¤«ï ª ¦¤®£® æ¢¥â );

(III) äã−ªæ¨ï d : •→ R+ (á¥¬ −â¨ç¥áª®¥ à ááâ®ï−¨¥);
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(IV) äã−ªæ¨ï c : 2V × • → R+ (−¥ª®¬¯ ªâ−®áâì  £à¥£ â  ¢ á¬ëá«¥ ¬¥àë
Šãà â®¢áª®£®);

(V) áª «ïà−ë© ¢¥á®¢®© ª®íää¨æ¨¥−â s ∈ [0, 1].
’®£¤  âà¥¡ã¥âáï ®¯à¥¤¥«¨âì −®¢ãî à áªà áªã γ′ : V → • ¢¥àè¨− ¨ − ©â¨

à §¡¨¥−¨¥ P = {V1, V2, . . . , Vp} ¨§ V â ª®¥, çâ®

(i) ¤«ï ª ¦¤®£® − ¡®à  ¢¥àè¨− Vi ∈ P :

{ ¢á¥ ¢¥àè¨−ë ¢ Vi ¯®«ãç îâ ®¤¨− ¨ â®â ¦¥ −®¢ë© æ¢¥â γ′ ∈ •, â. ¥.
γ′(v) = γ′i ¤«ï ¢á¥å v ∈ Vi;

{ Vi ¨¬¥¥â ®¡é¨© ¢¥á −¥ ¬¥−¥¥ θ(γ′i);
{ £à ä, ¨−¤ãæ¨à®¢ −−ë© Vi, | á¢ï§ −−ë©;
{ ¯® ªà ©−¥© ¬¥à¥ ®¤−  ¢¥àè¨−  v ∈ Vi ¨¬¥¥â á¢®© ¨áå®¤−ë© æ¢¥â, â ª

çâ® γ′(v) = γ(v);

(ii) áâ®¨¬®áâì f = sfÐÅÒÅËÒÁÓËÁ + (1− s)fÎÅËÏÍÐÁËÔ ¬¨−¨¬¨§¨àã¥âáï, £¤¥

fÐÅÒÅËÒÁÓËÁ =
∑
v∈V

w(v)d(γ(v), γ′(v)) ;

fÎÅËÏÍÐÁËÔ =
∑
V ∈P

c(Vi, γ
′
i) .

ƒà ä G(V,E) ¢ (I) | £à ä á¬¥¦−®áâ¨ ®¡« áâ¥© ¢å®¤−®£® − ¡®à  ¤ −−ëå.
� ¡®à ¢¥àè¨− V á®¤¥à¦¨â í«¥¬¥−â ¤«ï ª ¦¤®© ®¡« áâ¨. � ¡®àE á®¤¥à¦¨â à¥¡à®
¬¥¦¤ã ¤¢ã¬ï ¢¥àè¨− ¬¨, ¥á«¨ £à −¨æë á®®â¢¥âáâ¢ãîé¨å ®¡« áâ¥© á®¢¬¥áâ−®
¨á¯®«ì§ãîâ ¯® ªà ©−¥© ¬¥à¥ ®¤¨− «¨−¥©−ë© á¥£¬¥−â, ª®â®àë© −¥ ¢ëà®¦¤ ¥âáï ¢
â®çªã.

‚ëà ¦¥−¨ï ¢ (III){(V) ®¯à¥¤¥«ïîâ ª®¬¯®−¥−âë äã−ªæ¨¨ áâ®¨¬®áâ¨, ¯à¨¢¥-
¤¥−−®© ¢ ¯ã−ªâ¥ (ii) ¨ ï¢«ïîé¥©áï ®á−®¢−ë¬ ªà¨â¥à¨¥¬ ª ç¥áâ¢  £¥−¥à «¨§ æ¨¨.
–¥«ì § ¢¨á¨â ®â ¬−®¦¥áâ¢  ¦¥áâª¨å ®£à −¨ç¥−¨©, ¢ë¯®«−¨¬ëå ¯à¨ «î¡®¬
®áãé¥áâ¢¨¬®¬ à¥è¥−¨¨. Œ®¦−® ¯à¨¢¥áâ¨ −¥ª®â®àë¥ ®¡®á−®¢ −¨ï ¦¥áâª¨¬ ®£à -
−¨ç¥−¨ï¬, ª®â®àë¥ ¯¥à¥ç¨á«¥−ë ¢ ¯ã−ªâ¥ (i).

Š ¦¤ë© í«¥¬¥−â Vi ¢ à §¡¨¥−¨¨ P ®¯à¥¤¥«ï¥â  £à¥£ â, â. ¥. ®¡« áâì ¢ æ¥-
«¥¢®¬ ¬ áèâ ¡¥. …£® ä®à¬  | íâ® ®¡ê¥¤¨−¥−¨¥ ä®à¬, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ
¢¥àè¨− ¬ ¢ Vi,   ¥£® ª« áá ®¯à¥¤¥«ï¥âáï γ′i. Š ¦¤ë©  £à¥£ â ¤®«¦¥− ¡ëâì
®¤−®æ¢¥â−ë¬, á ¤®¯ãáâ¨¬ë¬ ¢¥á®¬ ¨ −¥¯à¥àë¢−ë¬. �£à¥£ â ®¤−®æ¢¥â¥−, ¥á«¨
¢á¥ ¢¥àè¨−ë, ª®â®àë¥ ¯à¨− ¤«¥¦ â ¥¬ã, ¯®«ãç îâ ®¤¨− ¨ â®â ¦¥ æ¢¥â γ′i. —â®¡ë
®¡« ¤ âì ¤®¯ãáâ¨¬ë¬ ¢¥á®¬, à §¬¥à  £à¥£ â  ¤®«¦¥− ¡ëâì ¯® ªà ©−¥© ¬¥à¥ θ(γ′i).
’à¥¡®¢ −¨¥ á¬¥¦−®áâ¨ ®§− ç ¥â, çâ® § ¯à¥é¥−ë ¬−®£®á«®©−ë¥ ª®−ä¨£ãà æ¨¨.
‚ íâ®¬ ª®−â¥ªáâ¥ á¢ï§−®áâì ¨ á¬¥¦−®áâì ®â−®áïâáï ª ®¤−®© ¨ â®© ¦¥ ª®−æ¥¯æ¨¨.
’¥à¬¨− á¢ï§−®áâì ¨á¯®«ì§ã¥âáï ¢ á¢ï§¨ á ¯à¥¤áâ ¢«¥−¨¥¬ ¢ ¢¨¤¥ £à ä . „®-
¯®«−¨â¥«ì−® âà¥¡ã¥âáï, çâ®¡ë ª ¦¤ë©  £à¥£ â á®¤¥à¦ « ã§¥« −¥¨§¬¥−−®£® æ¢¥â 
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�£à¥£¨à®¢ −¨¥ £¥®ª®−æ¥¯æ¨© ¯à¨ £¥−¥à «¨§ æ¨¨ ª àâë

¢® ¨§¡¥¦ −¨¥ ¯®ï¢«¥−¨ï −®¢ëå ª« áá®¢ ¢ £¥−¥à «¨§®¢ −−®© ª àâ¥. ‚¥àè¨−ã,
ª®â®à ï ®¯à¥¤¥«ï¥â æ¢¥â  £à¥£ â , ¯à¨−ïâ® − §ë¢ âì æ¥−âà®¬.

”ã−ªæ¨ï áâ®¨¬®áâ¨ ¢ ¯ã−ªâ¥ (ii) ¢ëà ¦ ¥â ¯¥àá®− «ì−ë¥ − áâà®©ª¨ ¯®«ì-
§®¢ â¥«ï ¯à¨¬¥−¨â¥«ì−® ª à §«¨ç−ë¬ ¤®¯ãáâ¨¬ë¬ à¥è¥−¨ï¬. ‡¤¥áì ¬®¦−®
¯à¥á«¥¤®¢ âì ¤¢¥ à §«¨ç−ë¥ æ¥«¨. �¥à¢ ï æ¥«ì á®áâ®¨â ¢ â®¬, çâ®¡ë ¨§¬¥−¨âì
¯¥à¢®− ç «ì−ë¥ ª« ááë ª ª ¬®¦−® ¬¥−ìè¥. ‚â®à ï æ¥«ì á®áâ®¨â ¢ â®¬, çâ®¡ë
á¤¥« âì ä®à¬ë áâ®«ì ¦¥ ª®¬¯ ªâ−ë¬¨, − áª®«ìª® ¢®§¬®¦−®. —â®¡ë ¬®¤¥«¨à®-
¢ âì íâ¨ ¤¢¥ æ¥«¨, äã−ªæ¨¨ d ¨ c, ª®â®àë¥ ¢¢¥¤¥−ë ¢ (III) ¨ (IV), ®¡ê¥¤¨−¥−ë ¢®
¢§¢¥è¥−−®© áã¬¬¥, ®¯à¥¤¥«¥−−®© ä ªâ®à®¬ s ¢ (ii). ”ã−ªæ¨ï à ááâ®ï−¨ï ¬¥¦¤ã
ª« áá ¬¨ d § ¤ ¥âáï ª¢ ¤à â−®© ¬ âà¨æ¥© |•| × |•|. “¬¥−ìè¥−¨¥ fÐÅÒÅËÒÁÓËÁ
¯®¤à §ã¬¥¢ ¥â ¬¨−¨¬¨§ æ¨î d, ¯®áª®«ìªã §− ¬¥− â¥«ì ¢ ãà ¢−¥−¨¨ (1) ï¢«ï¥âáï
¯®áâ®ï−−ë¬ ¤«ï ¤ −−®£® − ¡®à  ¤ −−ëå. ”ã−ªæ¨ï c ®¯à¥¤¥«ï¥â èâà ä §  −¥ª®¬-
¯ ªâ−®áâì ¯®«ãç ¥¬®£®  £à¥£ â , â. ¥. ®¡« áâ¨ ¢ æ¥«¥¢®¬ ¬ áèâ ¡¥, ®¯à¥¤¥«ï¥¬®©
¯®¤¬−®¦¥áâ¢®¬ ¢¥àè¨− ¨ ¨å −®¢ë¬ æ¢¥â®¬.

‘ ¬ ï ¨§¢¥áâ− ï ¬¥à  ª®¬¯ ªâ−®áâ¨ ®¡« áâ¨, ¨áá«¥¤®¢ −− ï ¥é¥ ¢ 1985 £. [3]:

c1 =
ÐÅÒÉÍÅÔÒ

2
√
π · ¯«®é ¤ì ®¡« áâ¨

.

Œ¥à  c1 = 1 ¤«ï ®ªàã¦−®áâ¥©, ¯à¨ íâ®¬ ¡®«¥¥ ¢ëá®ª¨¥ §− ç¥−¨ï ä¨ªá¨àã-
îâáï ¤«ï ¬¥−¥¥ ª®¬¯ ªâ−ëå ä®à¬. „àã£ ï ¢ ¦− ï ®á®¡¥−−®áâì íâ®© ¬¥àë |
¥¥ ¨−¢ à¨ −â−®áâì ®â à §¬¥à , â. ¥. §− ç¥−¨¥ c1 −¥ ¨§¬¥−ï¥âáï, ¥á«¨ ä®à¬ 
¬ áèâ ¡¨àã¥âáï.

�ãáâì c : = c1 ¤«ï ¯à®¡«¥¬ë £¥−¥à «¨§ æ¨¨, â. ¥. ¤«ï ª ¦¤®£®  £à¥£ â 
¢ëç¨á«ï¥âáï ¨−¤¨¢¨¤ã «ì− ï áâ®¨¬®áâì, à ¢− ï c1. �à¥¤¯®«®¦¨¬, çâ® ¤«ï
®¤−®£® ¨ â®£® ¦¥ á«ãç ï ¥áâì ¤¢  à¥è¥−¨ï, á®¤¥à¦ é¨å  £à¥£ âë, ª®â®àë¥
®â«¨ç îâáï ¯® à §¬¥àã, − ¯à¨¬¥à ®¤−® à¥è¥−¨¥ á®¤¥à¦¨â ç¥âëà¥ ª¢ ¤à â−ëå
 £à¥£ â  à §¬¥à®¬ 2 × 2 ¬,   ¤àã£®¥ à¥è¥−¨¥ á®¤¥à¦¨â 16 ª¢ ¤à â®¢ à §¬¥à®¬
1 × 1 ¬. …á«¨ ¢ëç¨á«¨âì áâ®¨¬®áâì ¤«ï −¥ª®¬¯ ªâ−®áâ¨ ª ¦¤®£®  £à¥£ â , â®
¯¥à¢®¥ à¥è¥−¨¥ ¡ã¤¥â ¯à¥¤¯®çâ¨â¥«ì−¥¥ ¯à®áâ® ¯®â®¬ã, çâ® ¡ã¤¥â − ç¨á«¥−®
¬¥−ìè¥¥ ç¨á«® à ¢−ëå èâà ä®¢. —â®¡ë ®¯à¥¤¥«ïâì ¬¥àã, ª®â®à ï ¯à¨¢®¤¨â ª
à ¢−ë¬ § âà â ¬ ¤«ï à áá¬ âà¨¢ ¥¬®£® à §¡¨¥−¨ï, ¨á¯®«ì§ãîâ ¨−¤¨¢¨¤ã «ì−ãî
áâ®¨¬®áâì, ¯à®¯®àæ¨®− «ì−ãî à §¬¥àã  £à¥£ â , â. ¥.

c2 = ¯«®é ¤ì ®¡« áâ¨ · c1 =
√

¯«®é ¤ì ®¡« áâ¨ · ¯¥à¨¬¥âà
2
√
π

.

‚ë¡®à c : = c2 ¯à¥¤áâ ¢«ï¥âáï ¯à¥¤¯®çâ¨â¥«ì−ë¬, ¯®áª®«ìªã ä®à¬ë ¢ ®¡®¨å
à¥è¥−¨ïå −¥ ®â«¨ç îâáï ¢ â¥à¬¨− å ª®¬¯ ªâ−®áâ¨.

�¡áã¤¨¬ ¤àã£®© ¯®¤å®¤ ª ¨§¬¥à¥−¨î ª®¬¯ ªâ−®áâ¨  £à¥£ â .
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‘. Š. „ã«¨−, �. ƒ. „ã«¨− , �. ‚. …à¬ ª®¢

�¨á. 1 ˆ§¬¥à¥−¨¥ ª®¬¯ ªâ−®áâ¨ á ¨á¯®«ì§®¢ −¨¥¬ ªà âç ©è¨å à ááâ®ï−¨© ¤® ª®−-
âà®«ì−®© â®çª¨ ( ) ¨ á ¨á¯®«ì§®¢ −¨¥¬ á ¬ëå ª®à®âª¨å ¯ãâ¥© (¡)

�ãáâì δ : V × V → R+ | ¥¢ª«¨¤®¢® à ááâ®ï−¨¥ ¬¥¦¤ã áà¥¤−¨¬¨ â®çª ¬¨
¤¢ãå ®¡« áâ¥©. ’®£¤  ¤«ï V ′ ⊆ V ¨ γ′ ∈ • ®¯à¥¤¥«ï¥¬

cÒÁÓÓÔÏÑÎÉÅ(V
′, γ′) = min

{∑
v∈V ′

w(v)δ(v, u)|u ∈ V ′ ∩ γ(u) = γ′
}
, (2)

â. ¥. ¢ë¡¨à ¥¬ ®¤−ã ¢¥àè¨−ã u ∈ V ′ æ¢¥â  γ′ ¢ ª ç¥áâ¢¥ ª®−âà®«ì−®© â®çª¨ ¨ ¤«ï
ª ¦¤®© ¢¥àè¨−ë v ∈ V ′ ¢ëç¨á«ï¥¬ áâ®¨¬®áâì, à ¢−ãî ¯à®¨§¢¥¤¥−¨î ¢¥á  v ¨ ¥¥
à ááâ®ï−¨ï ¤® u.

Š®−âà®«ì− ï â®çª  ¢ë¡¨à ¥âáï â ª, çâ®¡ë ®¡é ï áâ®¨¬®áâì ¤«ï  £à¥£ â  ¡ë« 
¬¨−¨¬ «ì−®©. �¨áã−®ª 1,   ¨««îáâà¨àã¥â íâ®â ¯®¤å®¤. ‚ë¡¨à ï ¢ ª ç¥áâ¢¥ ¯®-
â¥−æ¨ «ì−ëå ª®−âà®«ì−ëå â®ç¥ª ¢¥àè¨−ë ®¯à¥¤¥«¥−−®£® æ¢¥â , ¬®¦−® áç¨â âì,
çâ® ª®−âà®«ì− ï â®çª  ï¢«ï¥âáï æ¥−âà®¬  £à¥£ â . �â® ®¡ëç−®¥ ã¯à®é¥−¨¥,
â ª ª ª ¦¥« â¥«ì−®, çâ®¡ë ¢¥àè¨−ë £àã¯¯¨à®¢ «¨áì ¢®ªàã£ æ¥−âà  −¥¨§¬¥−−®£®
æ¢¥â .

‚ ¦−® ®â¬¥â¨âì, çâ® íâ  ¬¥à  −¥ ï¢«ï¥âáï ¨−¢ à¨ −â−®© ®â−®á¨â¥«ì−® à §¬¥à 
 £à¥£ â , ¯®áª®«ìªã à ááâ®ï−¨ï ª æ¥−âà ¬ ¬¥−ìè¥ ¤«ï ¬ «¥−ìª¨å ®¡« áâ¥©,  
¢ë¡®à c : = cÒÁÓÓÔÏÑÎÉÅ ¡ã¤¥â ¯à¨¢®¤¨âì ª à¥è¥−¨ï¬ á® ¬−®£¨¬¨ ¬ «¥−ìª¨¬¨
 £à¥£ â ¬¨. �â  â¥−¤¥−æ¨ï, ®¤− ª®, −¥ áâ®«ì ®¯ á− , â ª ª ª ¢¥«¨ç¨−ë ¯®à®£®¢ θ
£ à −â¨àãîâ, çâ®  £à¥£ âë −¥ ¡ã¤ãâ á«¨èª®¬ ¬ «¥−ìª¨¬¨.

�®áª®«ìªã ä®à¬ë  ¯¯à®ªá¨¬¨àãîâáï áà¥¤−¨¬¨ â®çª ¬¨, ¬¥à  cÒÁÓÓÔÏÑÎÉÅ |
¤®¢®«ì−® £àã¡ë© ¨−¤¨ª â®à ¤«ï £¥®¬¥âà¨ç¥áª¨å å à ªâ¥à¨áâ¨ª  £à¥£ â . �®íâ®-
¬ã æ¥«¥á®®¡à §−® áª®¬¡¨−¨à®¢ âì ¬¥àã cÒÁÓÓÔÏÑÎÉÅ á ¬¥à®© cÐÅÒÉÍÅÔÒ, ®¯à¥¤¥«ïï
¤®¯®«−¨â¥«ì−ë© ¢¥á®¢®© ª®íää¨æ¨¥−â s′ ∈ [0, 1], â. ¥.

c : = s′cÒÁÓÓÔÏÑÎÉÅ + (1− s′)cÐÅÒÉÍÅÔÒ . (3)
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�£à¥£¨à®¢ −¨¥ £¥®ª®−æ¥¯æ¨© ¯à¨ £¥−¥à «¨§ æ¨¨ ª àâë

‘ãé¥áâ¢ã¥â ¥é¥ ®¤−  ¬¥à  ª®¬¯ ªâ−®áâ¨, ª®â®à ï −¥áª®«ìª® ®â«¨ç ¥âáï ®â
cÒÁÓÓÔÏÑÎÉÅ. �ãáâì δ′V ′(u, v) | ¤«¨−  á ¬®£® ª®à®âª®£® ¯ãâ¨ ®â u ∈ V ′ ª v ∈ V ′
−  G ¯® à¥¡àã δ â ª®£®, çâ® íâ®â ¯ãâì ¢á¥£¤  ¯à®å®¤¨â ç¥à¥§ V ′ ⊆ V . ’®£¤ 
cÍÉÎ.ÒÁÓÓÔÏÑÎÉÅ ®¯à¥¤¥«ï¥âáï ãà ¢−¥−¨¥¬ (2), ¢ ª®â®à®¬ δ § ¬¥−¥−  −  δ′V ′. �â 
¬¥à  ¯à®¨««îáâà¨à®¢ −  −  à¨á. 1, ¡. „«ï ®¯à¥¤¥«¥−−ëå § ¤ ç cÍÉÎ.ÒÁÓÓÔÏÑÎÉÅ
¡®«¥¥  ¤¥ª¢ â− , ç¥¬ cÒÁÓÓÔÏÑÎÉÅ, ª®£¤ , − ¯à¨¬¥à, § ¯à¥é¥−® ¯¥à¥á¥ª âì £à −¨æë
â¥àà¨â®à¨¨.

4 Моделирование агрегирования геоконцепций

�£à¥£¨à®¢ −¨¥ ç áâ¥© ®¡« áâ¨ ¨−¤ãæ¨àã¥â ¯à®¡«¥¬ã  £à¥£¨à®¢ −¨ï á¢ï§ −-
−ëå á −¨¬¨ £¥®ª®−æ¥¯æ¨©. …á«¨ ¢ à¥§ã«ìâ â¥ ®¡à §ã¥âáï N  £à¥£ â®¢, â® ¢¥áì¬ 
¦¥« â¥«ì−®, çâ®¡ë ª ¦¤ë© ¨§ −¨å ®¯¨áë¢ «áï á¥¬ −â¨ç¥áª¨ ¡«¨§ª¨¬¨ £¥®ª®−-
æ¥¯æ¨ï¬¨. ‚ ¯à®áâ¥©è¥¬ á«ãç ¥ ¬®¦−® ¯à¨¯¨áë¢ âì ª ¦¤®¬ã ¯®«ãç ¥¬®¬ã
 £à¥£ âã ç áâ¥© ®¡« áâ¨ â¥ £¥®ª®−æ¥¯æ¨¨, ª®â®àë¥ ®¯¨áë¢ îâ á ¬ãî ¡®«ìèãî
ç áâì ¨§  £à¥£¨àã¥¬ëå ®¡« áâ¥©. �¤− ª® â ª®© £àã¡ë© ¯®¤å®¤ ¤ «¥ª® −¥ ¢á¥£¤ 
®¯à ¢¤ −. …áâ¥áâ¢¥−−®, çâ® ¯à¨  £à¥£¨à®¢ −¨¨ ª®−æ¥¯æ¨© −ã¦−® ãç¨âë¢ âì
áâ®¨¬®áâì ¨§¬¥−¥−¨ï ¯à¨¯¨áë¢ ¥¬®© £¥®ª®−æ¥¯æ¨¨ ª ¢−®¢ì ®¡à §ã¥¬®¬ã  £à¥-
£ âã.

‡ ä¨ªá¨àã¥¬ á¢ï§ −−ãî á ª àâ®© á®¢®ªã¯−®áâì £¥®ª®−æ¥¯æ¨©, ¯à¥¤áâ ¢¨¢ ¥¥
ª ª ¬−®¦¥áâ¢® ¢§ ¨¬®á¢ï§ −−ëå í«¥¬¥−â®¢, ¢−ãâà¥−−ïï áâàãªâãà  ª®â®àëå −¥
áãé¥áâ¢¥−− : ¢ ¦−ë â®«ìª® á¢ï§¨ ¬¥¦¤ã ¯ à ¬¨ £¥®ª®−æ¥¯æ¨©, ª®â®àë¥ ¬®£ãâ
¡ëâì ¯®«®¦¨â¥«ì−ë¬¨, ®âà¨æ â¥«ì−ë¬¨ ¨«¨ ¨−¤¨ää¥à¥−â−ë¬¨. ‚ æ¥−âà¥ ¢−¨-
¬ −¨ï ¯à¨ â ª®¬ à áá¬®âà¥−¨¨ ®ª §ë¢ îâáï  «£®à¨â¬ë ¨ ¬¥â®¤ë ®¯à¥¤¥«¥−¨ï
¢§ ¨¬®á¢ï§¥© ¬¥¦¤ã n £¥®ª®−æ¥¯æ¨ï¬¨, ª®â®àë¥ −¥®¡å®¤¨¬® à á¯à¥¤¥«¨âì ¯®
N  £à¥£ â ¬ â ª, çâ®¡ë ¢ ª ¦¤®¬  £à¥£ â¥ ®ª § «¨áì £¥®ª®−æ¥¯æ¨¨, − ¨¡®«¥¥
áå®¤−ë¥ ¤àã£ á ¤àã£®¬ ¯® á®¢®ªã¯−®áâ¨ m ¢ë¡à −−ëå ®¯¨á â¥«ì−ëå ¯à¨§− ª®¢.
’¥¬ á ¬ë¬ £¥®ª®−æ¥¯æ¨¨ § ¤ −−®© á®¢®ªã¯−®áâ¨ ¯à¥¤áâ ¢«ïîâáï ä®à¬ «¨§®¢ −-
−®© áâàãªâãà®© ¨ ¬®£ãâ ¡ëâì ®¯¨á −ë −¥ª®â®àë¬ ª®−¥ç−ë¬ − ¡®à®¬ ¯ à ¬¥âà®¢.
„àã£¨¬¨ á«®¢ ¬¨, à áá¬ âà¨¢ ¥âáï á®¢®ªã¯−®áâì ®¤−®à®¤−ëå £¥®ª®−æ¥¯æ¨© ¯à®-
¨§¢®«ì−®© ¯à¨à®¤ë O = {oi}, (i = 1, . . . , n), £¤¥ ®¤−®à®¤−®áâì ¯®−¨¬ ¥âáï ¢
á¬ëá«¥ ®¯¨á −¨ï ª ¦¤®© £¥®ª®−æ¥¯æ¨¨ ¨§ § ¤ −−®© á®¢®ªã¯−®áâ¨ ¢ ¢¨¤¥ ã¯®àï-
¤®ç¥−−®£® − ¡®à  ¨§ m å à ªâ¥à¨áâ¨ª-¯à¨§− ª®¢: oi = (pi

1, . . . , p
i
m) [8].

‘à ¢−¥−¨¥ «î¡ëå ¤¢ãå £¥®ª®−æ¥¯æ¨© ¨§ íâ®© á®¢®ªã¯−®áâ¨ ¯®§¢®«ï¥â ¯®«ã-
ç¨âì ®æ¥−ªã ¨å áå®¤áâ¢  −  ®á−®¢¥  £à¥£¨à®¢ −−®£® áå®¤áâ¢  á®®â¢¥âáâ¢ãîé¨å
å à ªâ¥à¨áâ¨ª íâ¨å ¤¢ãå £¥®ª®−æ¥¯æ¨© [8]. �à¨ íâ®¬ ¢ § ¢¨á¨¬®áâ¨ ®â å à ªâ¥à 
¨ ãá«®¢¨© à¥è ¥¬®© § ¤ ç¨ ¢ áà ¢−¥−¨¨ ¬®£ãâ ãç áâ¢®¢ âì «¨¡® ¢á¥m ¯à¨§− ª®¢,
«¨¡® −¥ª®â®à®¥ ¨å ¯®¤¬−®¦¥áâ¢® ¨§ k ≤ m ¯à¨§− ª®¢. ‚ë¡à −−ë¥ ¯à¨§− ª¨
¬®£ãâ ¨¬¥âì à §«¨ç−ãî ¯à¨à®¤ã ¨ â¨¯ë, £« ¢−®¥, çâ®¡ë ¤«ï ª ¦¤®£® pj ¨¬¥-
« áì −¥ª®â®à ï äã−ªæ¨ï, ¯®§¢®«ïîé ï ¯®«ãç¨âì ç¨á«¥−−ãî ®æ¥−ªã áå®¤áâ¢ 
¤«ï ª ¦¤®© ¯ àë å à ªâ¥à¨áâ¨ª ¨§ íâ®© £àã¯¯ë. ‚ à¥ «ì−ëå ¯à¨«®¦¥−¨ïå
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−¥ ¢á¥ £¥®ª®−æ¥¯æ¨¨ ¨§ à áá¬ âà¨¢ ¥¬®© á®¢®ªã¯−®áâ¨ ¬®£ãâ ®¡« ¤ âì ¯®«−ë¬
− ¡®à®¬ ¯à¨§− ª®¢: ¤«ï −¥ª®â®àëå ¨§ −¨å §− ç¥−¨ï ®â¤¥«ì−ëå ¯à¨§− ª®¢ ¬®£ãâ
¡ëâì −¥¨§¢¥áâ−ë¬¨ ¨«¨ −¥¯à¨¬¥−¨¬ë¬¨. ‚ â ª¨å á¨âã æ¨ïå ®¤−®à®¤−®áâì ¢á¥©
á®¢®ªã¯−®áâ¨ £¥®ª®−æ¥¯æ¨© ¬®¦¥â ¡ëâì ¢®ááâ −®¢«¥− , ¥á«¨ ¯à¨á¢®¨âì ®âáãâ-
áâ¢ãîé¨¬ ¯à¨§− ª ¬ −ã«¥¢ë¥ §− ç¥−¨ï, ã¢¥«¨ç¨¢ â ª¨¬ ®¡à §®¬ à §¬¥à−®áâì
¢¥ªâ®à  ¯à¨§− ª®¢ {pj} ¤® à §¬¥à−®áâ¨ k.

‡ ¤ ç  ¯®áâà®¥−¨ï äã−ªæ¨¨ áå®¤áâ¢  â¥á−® á¢ï§ −  á ¯®áâà®¥−¨¥¬ ¬®¤¥«¨
¯à¥¤¬¥â−®© ®¡« áâ¨ ¨ ®¯à¥¤¥«ï¥âáï, ¢®®¡é¥ £®¢®àï, −¥ â®«ìª® ä ªâ¨ç¥áª¨¬
á®¤¥à¦ −¨¥¬ à áá¬ âà¨¢ ¥¬®© ¯à¥¤¬¥â−®© ®¡« áâ¨, á®¢®ªã¯−®áâìî £¥®ª®−æ¥¯æ¨©
¨ á¢ï§¥© ¬¥¦¤ã −¨¬¨, −® ¨ å à ªâ¥à®¬ à¥è ¥¬®© § ¤ ç¨. Œ®¦−® £®¢®à¨âì, çâ®
äã−ªæ¨ï áå®¤áâ¢  ï¢«ï¥âáï ¢ ¦−®© á®áâ ¢«ïîé¥© ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡« áâ¨,
®¯à¥¤¥«ïîé¥© ¥¤¨−áâ¢® íâ®© ¬®¤¥«¨ ¯à¨ ¨§¬¥−¥−¨¨ §− ç¥−¨© £¥®¤ −−ëå.

�á−®¢−®¥ − §− ç¥−¨¥ äã−ªæ¨¨ áå®¤áâ¢  | ®¯à¥¤¥«ïâì ¬¥àã ¡«¨§®áâ¨ £¥®-
ª®−æ¥¯æ¨© à áá¬ âà¨¢ ¥¬®© á®¢®ªã¯−®áâ¨ ¬¥¦¤ã á®¡®© ¨ â¥¬ á ¬ë¬ ¯à®¢®¤¨âì
ª« áá¨ä¨ª æ¨î íâ®© á®¢®ªã¯−®áâ¨. �®áª®«ìªã äã−ªæ¨ï áå®¤áâ¢  § ¤ ¥âáï − 
¯à®áâà −áâ¢¥ ¯à¨§− ª®¢, ®¯¨áë¢ îé¨å £¥®ª®−æ¥¯æ¨¨ ¯à¥¤¬¥â−®© ®¡« áâ¨, â®
â ª®¥ ¯à¥®¡à §®¢ −¨¥ ®¯¨á â¥«ì−ëå ¯à¨§− ª®¢ £¥®¤ −−ëå ¢ ®æ¥−ª¨ ¡«¨§®áâ¨
ï¢«ï¥âáï ¯à®¬¥¦ãâ®ç−ë¬ è £®¬ ª« áá¨ä¨ª æ¨¨. �®áª®«ìªã ¢ ¤ −−®© à ¡®â¥
 «£®à¨â¬  £à¥£¨à®¢ −¨ï ®á−®¢ − −  ¯à¥®¡à §®¢ −¨ïå ¬ âà¨æë á¢ï§−®áâ¨, ª®â®à ï
¨¬¥¥â §− ª®¢ãî áâàãªâãàã, â® ®á−®¢−®© ¯à®¡«¥¬®© ï¢«ï¥âáï ¯®áâà®¥−¨¥ äã−ªæ¨¨
áå®¤áâ¢  ¨ ¢ë¡®à ¯®à®£®¢ëå §− ç¥−¨© α ¨ β, ®¯à¥¤¥«ïîé¨å §− ª á¢ï§¨.

‚ − áâ®ïé¥¥ ¢à¥¬ï ¨§¢¥áâ−® ¬−®¦¥áâ¢® à §«¨ç−ëå â¨¯®¢ â ª¨å ¯à¥®¡à §®¢ -
−¨©, ¢ª«îç ï ¢ëç¨á«¥−¨¥ ¥¢ª«¨¤®¢ëå à ááâ®ï−¨© ¬¥¦¤ã áâà®ª ¬¨ ¬−®£®¬¥à−®©
¬ âà¨æë, ¢ëç¨á«¥−¨¥ ª®àà¥«ïæ¨© ¨«¨ ª®¢ à¨ æ¨© ¬¥¦¤ã áâ®«¡æ ¬¨ ¬ âà¨æë,
¢ëç¨á«¥−¨¥ ¬¥àë ¯¥à¥á¥ç¥−¨ï,   â ª¦¥ ¬−®£® ¤àã£¨å ¢¨¤®¢ ª®íää¨æ¨¥−â®¢.

�¤¨− ¨§ ¯®¤å®¤®¢ ª ª®«¨ç¥áâ¢¥−−®¬ã ®¯à¥¤¥«¥−¨î ®æ¥−ª¨ áå®¦¥áâ¨ § ª«îç -
¥âáï ¢ ¯®¯ëâª¥ − ©â¨ ®á−®¢ã ¤«ï áã¦¤¥−¨© ® áå®¤áâ¢¥. �â® ®¡ëç−® ¤®áâ¨£ ¥âáï
á ¯®¬®éìî ¤¥â «ì−®£® ®¯¨á −¨ï á¢®©áâ¢, −  ®á−®¢¥ ª®â®àëå ¬®¦−® ¢ëà §¨âì
áå®¤áâ¢®. ’ ª®© ¯®¤å®¤ ¯à¨¢®¤¨â ª ¤¥â «¨§ æ¨¨ ¨ ¤à®¡«¥−¨î ¤¥áªà¨¯â®à®¢
£¥®ª®−æ¥¯æ¨©, ª®â®àë¥ −¥®¡å®¤¨¬® ª« áá¨ä¨æ¨à®¢ âì. Š ¦¤®© £¥®ª®−æ¥¯æ¨¨
¯à¨¯¨áë¢ îâáï ¤«¨−−ë¥ á¯¨áª¨ ¤¥áªà¨¯â®à®¢, â. ¥. ¢¥ªâ®à®¢ §− ç¥−¨© ¯à¨§− -
ª®¢,   ª« áá¨ä¨ª æ¨ï ¯à®¢®¤¨âáï ¯® ¬ âà¨æ¥ ¤ −−ëå, áª®¬¯®−®¢ −−®© ¨§ − ¡®à 
â ª¨å ¢¥ªâ®à®¢. ‘ ¬ ¦¥ − ¡®à ®á−®¢−ëå ¯à¨§− ª®¢ £¥®ª®−æ¥¯æ¨© ®¯à¥¤¥«ï¥âáï
®¡« áâìî ¯à¨¬¥−¥−¨ï. ƒ¥®ª®−æ¥¯æ¨¨, ¯®¤«¥¦ é¨¥ ª« áá¨ä¨ª æ¨¨, ¯à¥¤áâ ¢«¥-
−ë ¢ ¯à®áâà −áâ¢¥, ¨§¬¥à¥−¨ï¬¨ ª®â®à®£® ï¢«ïîâáï ¯à¨§− ª¨. �â® ¯à¨§− ª®¢®¥
¯à®áâà −áâ¢® ï¢«ï¥âáï ä®à¬ «ì−® m-¬¥à−ë¬, −® ¢ á¢ï§¨ á ª®àà¥«ïæ¨¥© ¬¥¦-
¤ã ¯à¨§− ª ¬¨ ®−® ®¡ëç−® ¬®¦¥â ¡ëâì ¯à¥®¡à §®¢ −® ¢ ¯à®áâà −áâ¢® ¬¥−ìè¥©
à §¬¥à−®áâ¨ á −¥¡®«ìè®© ¯®â¥à¥© ¨−ä®à¬ æ¨¨. Šà®¬¥ â®£®, ¤«ï à¥è¥−¨ï
á¯¥æ¨ «ì−ëå § ¤ ç â ¬, £¤¥ ¨−â¥à¥á ¯à¥¤áâ ¢«ïîâ â®«ìª® −¥ª®â®àë¥ á¢®©áâ¢ 
£¥®ª®−æ¥¯æ¨©, ¨«¨ â ¬, £¤¥ ª« áá¨ä¨ª æ¨ï ¤®«¦−  á«ã¦¨âì −ã¦¤ ¬ −¥ª®â®àëå
á¯¥æ¨ «ì−ëå ¯à ªâ¨ç¥áª¨å ¯à¨«®¦¥−¨©, ¬®£ãâ ¨á¯®«ì§®¢ âìáï â®«ìª® −¥áª®«ìª®
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�£à¥£¨à®¢ −¨¥ £¥®ª®−æ¥¯æ¨© ¯à¨ £¥−¥à «¨§ æ¨¨ ª àâë

¯à¨§− ª®¢ ¢¬¥áâ® ¬−®£¨å ¨«¨ ¢ ®¡é¥¬ á«ãç ¥ à §−ë¬ ¯à¨§− ª ¬ ¯à¨¯¨áë¢ îâáï
à §−ë¥ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë [9].

‚¢¥¤¥¬ äã−ªæ¨î F áå®¤áâ¢  £¥®ª®−æ¥¯æ¨© ¯® á®¢®ªã¯−®áâ¨ k ¢ë¡à −−ëå
¯à¨§− ª®¢, −®à¬¨à®¢ −−ãî −  ¬ ªá¨¬ «ì−ë© ¤¨ ¯ §®− §− ç¥−¨© ¯à¨§− ª  − 
¬−®¦¥áâ¢¥ ¨§ n £¥®ª®−æ¥¯æ¨© [10]. „«ï ¤¢ãå £¥®ª®−æ¥¯æ¨© oi ¨ oj, áå®¤áâ¢®
ª®â®àëå ãáâ − ¢«¨¢ ¥âáï á â®ç−®áâìî ¤® k ¯à¨§− ª®¢ {pi}mk, äã−ªæ¨ï ¬®¦¥â
¡ëâì § ¯¨á −  ª ª

F (oi, oj) = 1− 1
k

k∑
i=1

wml
|pi

ml − pj
ml|

max |pi
ml − pj

ml|
.

‡¤¥áì 0 ≤ wml ≤ 1| ¢¥á ml-£® ¯à¨§− ª .
�à¨ â ª®¬ ®¯à¥¤¥«¥−¨¨ äã−ªæ¨¨ F ®−  ¯à¨−¨¬ ¥â §− ç¥−¨ï −  ®âà¥§ª¥ [0, 1],

¯à¨ç¥¬ ¥¤¨−¨æ  ®§− ç ¥â ú¯®«−®¥ áå®¤áâ¢®û í«¥¬¥−â®¢ oi ¨ oj,   −®«ì | ¨å
ú¯®«−®¥ à §«¨ç¨¥û (®âáãâáâ¢¨¥ áå®¤áâ¢ ). �à®¬¥¦ãâ®ç−ë¥ §− ç¥−¨ï ¬®£ãâ ¡ëâì
¨−â¥à¯à¥â¨à®¢ −ë ª ª ¨−â¥£à «ì− ï áâ¥¯¥−ì áå®¤áâ¢  ¤¢ãå £¥®ª®−æ¥¯æ¨© ¯® k
¢ë¡à −−ë¬ ¯à¨§− ª ¬, çâ® ¤ ¥â ¢®§¬®¦−®áâì à áá¬ âà¨¢ âì íâ® ¬−®¦¥áâ¢® ¢
ª ç¥áâ¢¥ ¯®«−®£® −¥®à¨¥−â¨à®¢ −−®£® £à ä  á − £àã¦¥−−ë¬¨ −®à¬¨à®¢ −−ë¬¨
á¢ï§ï¬¨. …á«¨ −  ®á−®¢¥ §− ç¥−¨© F (oi, oj) = fij ãáâ − ¢«¨¢ âì §− ª á¢ï§¨,
â® ®− ã¦¥ ¡ã¤¥â ¨−â¥à¯à¥â¨à®¢ âìáï ª ª à¥§ã«ìâ â ®¡ê¥ªâ¨¢−®© ®æ¥−ª¨ áå®¤áâ¢ 
£¥®ª®−æ¥¯æ¨©,   −¥ ª ª áã¡ê¥ªâ¨¢− ï ®æ¥−ª  íªá¯¥àâ .

�¤−®© ¨§ ¢ ¦−ëå § ¤ ç ä®à¬¨à®¢ −¨ï áâàãªâãàë §− ª®¢ëå á¢ï§¥© ¤«ï
¯®á«¥¤ãîé¥£® à á¯à¥¤¥«¥−¨ï n £¥®ª®−æ¥¯æ¨© ¯® N ª« áá ¬ −  ®á−®¢ −¨¨ íâ®©
áâàãªâãàë ï¢«ï¥âáï ¢ë¡®à ¯®à®£®¢®£® §− ç¥−¨ï α äã−ªæ¨¨ F , ¤® ª®â®à®£® (â. ¥.
ª®£¤  0 ≤ F (oi, oj) ≤ α) £¥®ª®−æ¥¯æ¨¨ oi ¨ oj áç¨â îâáï −¥áå®¤−ë¬¨ ¯® k
¯à¨§− ª ¬ ¨ ¯®á«¥ ª®â®à®£® (α < F (oi, oj) ≤ 1) | áå®¤−ë¬¨. …á«¨ ¯à¨á¢®¨âì
§− ª ú¬¨−ãáû ¢á¥¬ á¢ï§ï¬ á 0 ≤ F (oi, oj) ≤ α ¨ §− ª ú¯«îáû | ¢ ¯à®â¨¢−®¬
á«ãç ¥, â® ¯®«ãç¨âáï áâàãªâãà  ¬−®¦¥áâ¢  á® §− ª®¢ë¬¨ á¢ï§ï¬¨, ®¯¨á −− ï ¢
«¨â¥à âãà¥ ª ª §− ª®¢ë© £à ä.

	®«¥¥ ®¡é¨© á«ãç © ¢®§−¨ª ¥â, ¥á«¨ § ¤ âì ¤¢  ¯®à®£®¢ëå §− ç¥−¨ï α ¨ β
¨ ¯à¨á¢ ¨¢ âì §− ª ú¬¨−ãáû, ¥á«¨ 0 ≤ F (oi, oj) ≤ α, §− ç¥−¨¥ 0, ¥á«¨ α ≤
≤ F (oi, oj) ≤ β, ¨ §− ª ú¯«îáû, ¥á«¨ ¨ β < F (oi, oj) ≤ 1. �â¨¬ ¢¢®¤¨âáï â ª
− §ë¢ ¥¬ë© ¤¨ ¯ §®− ¨−¤¨ää¥à¥−â−®áâ¨ (α, β), §− ç¥−¨¥ á¢ï§¨ ¢−ãâà¨ ª®â®à®£®
£®¢®à¨â ®¡ ¨−¤¨ää¥à¥−â−®áâ¨ ª áå®¤áâ¢ã ¯® k ¢ë¡à −−ë¬ ¯à¨§− ª ¬. �à¨ α = β
¬ë ¢®§¢à é ¥¬áï ª ¯à¥¤ë¤ãé¥¬ã á«ãç î.

ˆ§¬¥−¥−¨¥ §− ç¥−¨© ¯®à®£®¢ëå ¢¥«¨ç¨− ¬®¦¥â ¯à¨¢®¤¨âì ª á®®â¢¥âáâ¢ã-
îé¨¬ ¨§¬¥−¥−¨ï¬ ¨ ¢ ®¯à¥¤¥«¥−¨¨ áå®¤áâ¢  ¬¥¦¤ã ¯ à ¬¨ £¥®ª®−æ¥¯æ¨©,  
á«¥¤®¢ â¥«ì−®, ¨ ¢ áâàãªâãà¥ §− ª®¢®© ¬ âà¨æë á¢ï§−®áâ¨.

�¥çã¢áâ¢¨â¥«ì−®áâì áâàãªâãàë ¯® −¨¦−¥¬ã ¯®à®£®¢®¬ã §− ç¥−¨îα ¨ ¯® ¢¥àå-
−¥¬ã ¯®à®£®¢®¬ã §− ç¥−¨î β ®¯à¥¤¥«ï¥âáï ¤¨ ¯ §®− ¬¨ §− ç¥−¨© α ∈ (αH , αB)
¨ β ∈ (βH , βB), ¯à¨ ¢ àì¨à®¢ −¨¨ ¢−ãâà¨ ª®â®àëå α ¨ β á®®â¢¥âáâ¢¥−−® §− ª®¢ ï
áâàãªâãà  ¬−®¦¥áâ¢  −¥ ¬¥−ï¥âáï.
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‘âàãªâãà  á® §− ª®¢ë¬¨ á¢ï§ï¬¨ ï¢«ï¥âáï á®£« á®¢ −−®©, ¥á«¨ ¢ −¥© −¥â −¨
®¤−®© −¥á®£« á®¢ −−®© áâàãªâãà−®© ª®¬¯®−¥−âë ¯® ¢ë¡à −−®¬ã áâàãªâãà−®¬ã
¯à¨§− ªã. ‚ ç áâ−®áâ¨, áâàãªâãà , á®£« á®¢ −− ï ¯® â¥à− à−®¬ã ªà¨â¥à¨î • ©-
¤¥à  [10], −¥ á®¤¥à¦¨â −¨ ®¤−®£® ¤¨áá®− −á−®£® âà¥ã£®«ì−¨ª  (¢ ª®â®à®¬ ç¨á«®
®âà¨æ â¥«ì−ëå á¢ï§¥© −¥ç¥â−®) ¨ ¯à¥¤áâ ¢«ï¥â á®¡®© ¤¢  ¯®¤¬−®¦¥áâ¢  (®¤−®
¨§ −¨å ¬®¦¥â ¡ëâì ¯ãáâ®), ¢−ãâà¨ ª ¦¤®£® ¨§ ª®â®àëå ®¡ê¥ªâë á¢ï§ −ë â®«ìª®
−¥®âà¨æ â¥«ì−ë¬¨ á¢ï§ï¬¨,   ¬¥¦¤ã ®¡ê¥ªâ ¬¨ ¨§ à §−ëå ¯®¤¬−®¦¥áâ¢ | á¢ï§¨
â®«ìª® −¥¯®«®¦¨â¥«ì−ë¥. �®«¨ª®−á®− −á áâ¥¯¥−¨ N , ¢ ®â«¨ç¨¥ ®â ª®−á®− −á 
• ©¤¥à , ¤®¯ãáª ¥â áãé¥áâ¢®¢ −¨¥ N â ª¨å ¯®¤¬−®¦¥áâ¢.

Œ®¦−® § ¬¥â¨âì, çâ® ¨§¬¥−ïï α ¨ β ¤® −¥ª®â®àëå ªà¨â¨ç¥áª¨å §− ç¥-
−¨© αk ¨ βk, «î¡ãî −¥á®£« á®¢ −−ãî áâàãªâãàã ¬®¦−® ¯à¨¢¥áâ¨ ¢ á®£« á®¢ −−®¥
á®áâ®ï−¨¥. „¥©áâ¢¨â¥«ì−®, ¢ ¯à¥¤¥«ì−®¬ ¢ à¨ −â¥, ª®£¤  α = 0 ¨ β = 1, «î-
¡ ï áâàãªâãà  ¨−¤¨ää¥à¥−â−® á®£« á®¢ − , â ª ª ª ¢á¥ £¥®ª®−æ¥¯æ¨¨ ¯®¯ à−®
áå®¤−ë.

“áâ®©ç¨¢®áâì §− ª®¢®© áâàãªâãàë ¯® α ¨ β ®¯à¥¤¥«ï¥âáï ª ª á®åà −¥−¨¥
á®£« á®¢ −−®£® á®áâ®ï−¨ï ¯à¨ ¢ àì¨à®¢ −¨¨ α ¨ β ¢ −¥ª®â®à®¬ ¤¨ ¯ §®−¥ 0 ≤
≤ α ≤ α∗ ¨ β∗ ≤ β ≤ 1. …á«¨ α = β, â® §− ª®¢ ï áâàãªâãà  ãáâ®©ç¨¢ 
â®«ìª® ¢ à ¬ª å −¥çã¢áâ¢¨â¥«ì−®áâ¨ ¯® α ¨ β. �¥âàã¤−® § ¬¥â¨âì, çâ® ç¥¬
¬¥−ìè¥ ¤¨ ¯ §®− (α, β), â¥¬ áãé¥áâ¢¥−−¥© §− ª á¢ï§¨ ¨ ¬¥−¥¥ ãáâ®©ç¨¢  §− ª®¢ ï
áâàãªâãà .

�®«ãç¥−−ë¥ §− ç¥−¨ï F (oi, oj) ï¢«ïîâáï −¥ç¥âª®© å à ªâ¥à¨áâ¨ª®© ¢§ ¨¬®-
á¢ï§¨ ¤¢ãå á®®â¢¥âáâ¢ãîé¨å ®¡ê¥ªâ®¢, çâ® ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì á®£« á®¢ −−®áâì
−  â ª®© á®¢®ªã¯−®áâ¨ ¤àã£¨¬ á¯®á®¡®¬. Š á®¦ «¥−¨î, ¯®ª  −¥ ã¤ «®áì ¢®á-
¯®«ì§®¢ âìáï ¯à¥¨¬ãé¥áâ¢ ¬¨ ¯®¤å®¤  á ¯®§¨æ¨© −¥ç¥âª®© «®£¨ª¨ ¤«ï  − «¨§ 
áâàãªâãà á® ¢§¢¥è¥−−ë¬¨ á¢ï§ï¬¨, â ª ª ª ¢¬¥áâ® ª®¬¡¨− â®à−®£® å à ªâ¥à ,
ª®â®àë© ¨¬¥îâ § ¤ ç¨ −  §− ª®¢®© áâàãªâãà¥, §¤¥áì ¯à¨å®¤¨âáï áâ «ª¨¢ âìáï á
¯à®¡«¥¬®© ¨−¤¨¢¨¤ã «ì−®£® ãç¥â  §− ç¥−¨ï ª ¦¤®© ¨§ n(n− 1)/2 á¢ï§¥©. 	®«¥¥
â®£®, ¨¬¥îé¨©áï ¢ − áâ®ïé¥¥ ¢à¥¬ï ª®−áâàãªâ¨¢−ë©  − «¨§ á ¯®§¨æ¨© −¥ç¥âª®©
«®£¨ª¨ â ª ¨«¨ ¨− ç¥ ¨á¯®«ì§ã¥â ¬¥å −¨§¬ ¯®à®£®¢.

�æ¥−¨¢ ï ¯à¥¤«®¦¥−−®¥ á¢¥¤¥−¨¥ ¬−®¦¥áâ¢  £¥®ª®−æ¥¯æ¨©, ®¡« ¤ îé¨å − -
¡®à®¬ å à ªâ¥à¨áâ¨ª, ª á¨áâ¥¬¥ £¥®ª®−æ¥¯æ¨© á® §− ª®¢ë¬¨ á¢ï§ï¬¨, −¥«ì§ï
®âà¨æ âì §− ç¨â¥«ì−®¥ ®£àã¡«¥−¨¥ á¥¬ −â¨ª¨ ¢§ ¨¬®®â−®è¥−¨© íâ¨å £¥®ª®−æ¥¯-
æ¨©. �¤− ª® á«¥¤ã¥â § ¬¥â¨âì, çâ® íâ® ¢ ®¯à¥¤¥«¥−−®¬ á¬ëá«¥ ®¤¨− ¨§ á¯®á®¡®¢
á¢¥¤¥−¨ï á¥¬ −â¨ç¥áª®© á®£« á®¢ −−®áâ¨ ª áâàãªâãà−®©. �  ¯à®¢¥¤¥−¨¥ â ª®©
®¯¥à æ¨¨ ¡¥§ áãé¥áâ¢¥−−®£® ®£àã¡«¥−¨ï, ª®−¥ç−® ¦¥, à ááç¨âë¢ âì −¥ ¯à¨å®-
¤¨âáï.

�¥á¬®âàï −  â® çâ® ¢ § ¤ çã ¤ −−®© áâ âì¨ −¥ ¢å®¤¨â ¨§ãç¥−¨¥ à áá®£« á®-
¢ −−®áâ¨ ¬−®¦¥áâ¢, ª®â®à ï ¯®¤à®¡−® ¨§ãç¥−  ¢ à ¡®â¥ [10], ¢®á¯®«ì§ã¥¬áï ¯®ª 
¨−âã¨â¨¢−ë¬ ¯à¥¤áâ ¢«¥−¨¥¬ ® ¯à®¡«¥¬¥ áâàãªâãà−®© á®£« á®¢ −−®áâ¨ ¨ à á-
á¬®âà¨¬ á¯®á®¡ ¢ëç¨á«¥−¨ï ®æ¥−ª¨ áå®¤áâ¢ , ¨−â¥à¯à¥â¨àã¥¬®© ª ª á¨«  á¢ï§¨,
¨ ãáâ −®¢«¥−¨ï §− ª  á¢ï§¨ ¯®áà¥¤áâ¢®¬ § ¤ −¨ï ¯®à®£®¢ëå §− ç¥−¨©.
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	¥§ãá«®¢−®, ¯à¥¤« £ ¥¬ ï äã−ªæ¨ï áå®¤áâ¢  | −¥ ¥¤¨−áâ¢¥−−ë© á¯®á®¡
®¯à¥¤¥«¥−¨ï ¡«¨§®áâ¨ £¥®ª®−æ¥¯æ¨© ¯® àï¤ã ¢ë¡à −−ëå á¢®©áâ¢. ‚ ¤ −−®¬ á«ãç ¥
®−  ¢ ¦−  ª ª ¯à¨¬¥à ¢®§¬®¦−®áâ¨ â ª®£® ®¯à¥¤¥«¥−¨ï. Š ª ã¦¥ ¡ë«® áª § −®
¢ëè¥, ¢ë¡®à ¯®à®£®¢ áå®¤áâ¢  α ¨ β ¢¥áì¬  áãé¥áâ¢¥−−® ¢«¨ï¥â −  á®áâ®ï−¨¥
á®£« á®¢ −−®áâ¨ ¬−®¦¥áâ¢ . �®íâ®¬ã ¢®¯à®á ¢ë¡®à  α ¨ β ï¢«ï¥âáï ¤®áâ â®ç−®
®â¢¥âáâ¢¥−−ë¬. �â®â ¢®¯à®á ¤®«¦¥− à¥è âìáï á ãç¥â®¬ á¥¬ −â¨ª¨ ¯à¥¤¬¥â−®©
®¡« áâ¨, ª®â®à®© ¯à¨− ¤«¥¦ â £¥®ª®−æ¥¯æ¨¨, ¨ å à ªâ¥à  à¥è ¥¬®© § ¤ ç¨.
�®¯à®¡ã¥¬, â¥¬ −¥ ¬¥−¥¥, ¢ëáª § âì −¥ª®â®àë¥ ®¡é¨¥ á®®¡à ¦¥−¨ï, ®á−®¢ë¢ ïáì
¨áª«îç¨â¥«ì−® −  áâàãªâãà−ëå ®á®¡¥−−®áâïå á®£« á®¢ −−ëå ¬−®¦¥áâ¢.

�®á«¥ ¢ëç¨á«¥−¨ï F (oi, oj) = fij ¤«ï ¢á¥å ¯ à £¥®ª®−æ¥¯æ¨© ¨¬¥¥âáï
n(n − 1)/2 ç¨á¥« fij. �à¥¤¯®«®¦¨¬, −¥®¡å®¤¨¬® ¯à¨¢¥áâ¨ § ¤ −−®¥ ¬−®¦¥-
áâ¢® £¥®ª®−æ¥¯æ¨© ª ª®−á®− −áã áâ¥¯¥−¨ N , â. ¥. ª á®£« á®¢ −−®© áâàãªâãà¥
¨§ N −¥¯¥à¥á¥ª îé¨åáï £àã¯¯ [10]. 	ã¤¥¬ ¨áå®¤¨âì ¨§ ¯à¥¤¯®«®¦¥−¨ï, çâ®
¨áå®¤− ï áâàãªâãà  ¤®áâ â®ç−® ¡«¨§ª  ª ª®−á®− −áã. ’®£¤  ¯® ªà ©−¥© ¬¥à¥
¢ë¡®à α ¨ β ¤®«¦¥− ¯à¨¬¥à−® á®®â¢¥âáâ¢®¢ âì ¯à®¯®àæ¨¨ ¯®«®¦¨â¥«ì−ëå ¨ ®â-
à¨æ â¥«ì−ëå á¢ï§¥© ¯à¨ ª®−á®− −á¥ (¯à¥¤¯®«®¦¨¬, çâ® ¨−¤¨ää¥à¥−â−ë¥ á¢ï§¨
¯®ª  ®âáãâáâ¢ãîâ), ¨− ç¥ −¥ã¤ ç−ë¬ ¢ë¡®à®¬ α ¨ β ¬®¦¥â ¡ëâì ú¨á¯®àç¥− û
¯®çâ¨ ª®−á®− −á− ï áâàãªâãà . �ãáâì ¢ i-© £àã¯¯¥ á®¤¥à¦¨âáï Zi ®¡ê¥ªâ®¢, â®£¤ 
®¡é¥¥ ª®«¨ç¥áâ¢® ¯®«®¦¨â¥«ì−ëå á¢ï§¥© ¢ N £àã¯¯ å à ¢−®

S+ =
1
2

(
N∑

i=1

Z2i − n

)
.

�à¨ ãá«®¢¨¨
N∑

i=1
Zi = n ¯®«ãç ¥¬

maxS+ =
n(n− 1)
2

¯à¨ N = 1 ;

minS+ =
n(n−N)
2N

¯à¨ Zi =
n

N
¤«ï «î¡®£® i .

Š ª ¢¨¤−®,maxS+ ¨minS+ á¨«ì−® à §«¨ç îâáï. �ã¦−® ¥é¥ ª ª®¥-â® ãá«®¢¨¥.
‚ ç áâ−®áâ¨, ¥á«¨ ¤®¯®«−¨â¥«ì−® áãé¥áâ¢ã¥â ãá«®¢¨¥ à ¢−®¬®é−®áâ¨ N £àã¯¯,
â® á®®â−®è¥−¨¥ ®âà¨æ â¥«ì−ëå á¢ï§¥©

S− =
n2

2

(
1− 1

N

)

¨ ¯®«®¦¨â¥«ì−ëå

S+ =
n(n−N)
2N

¡ã¤¥â S−/S+ ≈ N . ‡− ç¨â, ¯à¨ ¢ë¡®à¥ ¯®à®£®¢ α ¨ β ¢ íâ®¬ á«ãç ¥ á«¥¤ã¥â
§ ¤ âì α â ª, çâ®¡ë ª®«¨ç¥áâ¢® ®âà¨æ â¥«ì−ëå á¢ï§¥© ¡ë«® ¯à¨¬¥à−® ¢ N à §
¡®«ìè¥.
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� áá¬®âà¨¬ äã−ªæ¨î

γ =
fij=max∑

fij=0

v(fij) ,

£¤¥ v(fij)| ª®«¨ç¥áâ¢® á¢ï§¥© á® §− ç¥−¨¥¬ fij. � ©¤¥¬ f∗ij, ¯à¨ ª®â®à®¬

γ(fij) =
n2

2

(
1− 1

N

)
.

‡ ¤ ¤¨¬ −¥ª¨© ¤¨ ¯ §®− ãáâ®©ç¨¢®áâ¨ δ ¨ ¢ë¡¥à¥¬ α = f∗ij − δ,   β = f∗ij + δ,
¤ ¢ ï ¢®§¬®¦−®áâì ®¡à §®¢ âìáï ¨−¤¨ää¥à¥−â−ë¬ á¢ï§ï¬,   ¢¬¥áâ¥ á −¨¬¨ ¨
ãáâ®©ç¨¢®áâ¨ áâàãªâãàë.

„«ï â ª®£® ¯à¨¡«¨¦¥−−®£® § ¤ −¨ï α ¨ β −  ®á−®¢¥ §− ç¥−¨ï á®£« á®¢ −−®©
áâàãªâãàë −¥¤®áâ â®ç−® ®¤−®£® â®«ìª® ª®«¨ç¥áâ¢  £àã¯¯. �¥®¡å®¤¨¬® §− âì å®âï
¡ë á®®â−®è¥−¨¥ £¥®ª®−æ¥¯æ¨© ¢ £àã¯¯ å.

�à¨ ãáâà −¥−¨¨ à áá®£« á®¢ −−®áâ¨ ¢ëï¢«ïîâáï á¢ï§¨, §− ª¨ ª®â®àëå á«¥-
¤ã¥â ¨§¬¥−¨âì −  ¯à®â¨¢®¯®«®¦−ë¥ (¨«¨ § ¬¥−¨âì −  0). ‡ ¬¥−  §− ª  á¢ï§¨
−  0 ï¢«ï¥âáï ¨§¬¥−¥−¨¥¬ á®®â¢¥âáâ¢ãîé¥£® §− ç¥−¨ï fij â ª, çâ®¡ë −®¢®¥ §− -
ç¥−¨¥ ¯®¯ «® ¢ ¨−â¥à¢ « (α, β),   ¨§¬¥−¥−¨¥ §− ª  −  ¯à®â¨¢®¯®«®¦−ë© | íâ®
ú¯¥à¥¡à®áû §− ç¥−¨ï á¢ï§¨ fij ç¥à¥§ íâ®â ¨−â¥à¢ «. ‘ã¬¬ à−®¥ ®âª«®−¥−¨¥ ¨§-
¬¥−¥−−ëå §− ç¥−¨© á¢ï§¥© ®â ¯¥à¢®− ç «ì−ëå ¨ ¥áâì â¥ áã¬¬ à−ë¥ § âà âë − 
á®£« á®¢ −¨¥ áâàãªâãàë, ª®â®àë¥ á«¥¤ã¥â ¬¨−¨¬¨§¨à®¢ âì.

‚ § ª«îç¥−¨¥ ¯à¨¢¥¤¥¬ ¨−¢¥àâ¨à®¢ −−ãî ®â−®á¨â¥«ì−® − ç «ì−®© ¯®áâ −®¢-
ªã § ¤ ç¨, ª®â®à ï ¬®¦¥â ®ª § âìáï ¯®«¥§−®© ¢ −¥ª®â®àëå ¯à¨«®¦¥−¨ïå. ‘à¥¤¨
¨¬¥îé¨åáïm ¯à¨§− ª®¢ ¢ë¡à âì k ¯à¨§− ª®¢ â ª¨å, çâ®¡ë à §¡¨¥−¨¥ n ®¡ê¥ªâ®¢
− N ª« áá®¢ −  ®á−®¢¥ áå®¤áâ¢  ¯® íâ¨¬ ¯à¨§− ª ¬ âà¥¡®¢ «® − ¨¬¥−ìè¨å § âà â
¢ á¬ëá«¥ áã¬¬ à−®£® ¨§¬¥−¥−¨ï §− ç¥−¨© äã−ªæ¨© áå®¤áâ¢ . …é¥ ¡®«¥¥ á«®¦− ï
¬®¤¨ä¨ª æ¨ï íâ®© § ¤ ç¨ ¢®§−¨ª ¥â, ª®£¤  âà¥¡ã¥âáï − ©â¨ ¬ ªá¨¬ «ì−®¥ ç¨á«®
¯à¨§− ª®¢, §  áç¥â áå®¤áâ¢  ¯® ª®â®àë¬ ã¤ ¥âáï ¤®¡¨âìáï âà¥¡ã¥¬®£® ãà®¢−ï
á®£« á®¢ −−®áâ¨ á¨áâ¥¬ë £¥®ª®−æ¥¯æ¨©.

�  à¨á. 2 ¯®ª § −ë ¯à¨¬¥àë £¥®ª®−æ¥¯æ¨© ®¡« áâ¥© ª àâë.
�¥á¬®âàï −  â® çâ® á¥«ìå®§ã£®¤ì¥ ¨ ¯®«¥ ¯à¨− ¤«¥¦ â à §−ë¬ ª« áá ¬

®¡« áâ¥©, ®−¨ á¥¬ −â¨ç¥áª¨ ¯®¤®¡−ë. � §ã¬−® ®¯à¥¤¥«ïâì á¥¬ −â¨ç¥áª®¥ à á-
áâ®ï−¨¥ ¬¥¦¤ã ¤¢ã¬ï ª« áá ¬¨ a ¨ b ª ª ¬¨−¨¬ «ì−®¥ ç¨á«® á¢ï§¥© ®â a ¤®
®¡é¥£® áã¯¥àª« áá  a ¨ b, å®âï íâ® à ááâ®ï−¨¥ −¥ ï¢«ï¥âáï á¨¬¬¥âà¨ç¥áª¨¬ ¨,
á«¥¤®¢ â¥«ì−®, −¥ ã¤®¢«¥â¢®àï¥â ®¯à¥¤¥«¥−¨î ¬¥âà¨ª¨.

’ ¡«¨æ  2 ¯®ª §ë¢ ¥â ¬ âà¨æã áå®¤áâ¢  à ááâ®ï−¨© ¬¥¦¤ã £¥®ª®−æ¥¯æ¨ï¬¨,
¯à¨¢¥¤¥−−ë¬¨ −  à¨á. 2. �®áª®«ìªã ®¡ëç−® ¬¨−¨¬¨§¨àãîâ áà¥¤−¥¥ à ááâ®ï−¨¥ ¤®
ª« áá , §− ç¥−¨ï 1 | fij ¬®£ãâ ¡ëâì ¨−â¥à¯à¥â¨à®¢ −ë ª ª § âà âë. � ¯à¨¬¥à,
¯¥à¥¢®¤ ®¡« áâ¨, ª®â®à ï ¡ë«  ¯®«¥¬, ¢ «¥á−®© ¬ áá¨¢ ¢ âà¨ à §  ¤®à®¦¥, ç¥¬
§ ¬¥−  â®© ¦¥ á ¬®© ®¡« áâ¨ −  á¥«ìå®§ã£®¤ìï.
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�¨á. 2 �¤−  ¨§ ¢®§¬®¦−ëå ª« áá¨ä¨ª æ¨© £¥®ª®−æ¥¯æ¨©, á¢ï§ −−ëå á ®¡« áâï¬¨
ª àâë

5 Заключение

�¯à¥¤¥«¥−¨¥ á¥¬ −â¨ç¥áª¨å ¬¥à ¯®¤®¡¨ï ¨«¨ à ááâ®ï−¨ï à áá¬ âà¨¢ ¥âáï ª ª
ª«îç ª ª ç¥áâ¢¥−−®© ®æ¥−ª¥ ¯à¨ £¥−¥à «¨§ æ¨¨ ª àâë. ‘ § ¤ −−ë¬¨ ®æ¥−ª ¬¨
á¥¬ −â¨ç¥áª¨å à ááâ®ï−¨© ¬¥¦¤ã ª« áá ¬¨ ¬®¦−® ®¯â¨¬ «ì−® à¥è¨âì ¯à®¡«¥¬ã
 £à¥£¨à®¢ −¨ï ®¡« áâ¨ ¯à¨ £¥−¥à «¨§ æ¨¨ ª àâë. ‘¥¬ −â¨ª  â ª¦¥ ¬®¦¥â ¢ëà -
¦ âìáï ¯à¨§− ª ¬¨ £¥®®¡ê¥ªâ®¢, ¤«ï ç¥£® à áá¬®âà¥−   ¡áâà ªâ− ï á®¢®ªã¯−®áâì
£¥®ª®−æ¥¯æ¨© ª ª ¬−®¦¥áâ¢® ¢§ ¨¬®á¢ï§ −−ëå í«¥¬¥−â®¢. �à¨ íâ®¬ ®á−®¢−®¥
¢−¨¬ −¨¥ ã¤¥«¥−®  «£®à¨â¬ ¬ ¨ ¬¥â®¤ ¬ ®¯à¥¤¥«¥−¨ï ¢§ ¨¬®á¢ï§¥© ¬¥¦¤ã £¥®-
ª®−æ¥¯æ¨ï¬¨, ª®â®àë¥ −¥®¡å®¤¨¬® à á¯à¥¤¥«¨âì ¯® N  £à¥£ â ¬ â ª, çâ®¡ë ¢
ª ¦¤®¬  £à¥£ â¥ ®ª § «¨áì £¥®ª®−æ¥¯æ¨¨, − ¨¡®«¥¥ áå®¤−ë¥ ¤àã£ á ¤àã£®¬ ¯®
á®¢®ªã¯−®áâ¨ m ¢ë¡à −−ëå ®¯¨á â¥«ì−ëå ¯à¨§− ª®¢. ’ ª¨¬ ®¡à §®¬, à áá¬®â-
à¥− á«ãç ©, ª®£¤  £¥®ª®−æ¥¯æ¨¨ § ¤ −−®© á®¢®ªã¯−®áâ¨ ¨¬¥îâ ä®à¬ «¨§®¢ −−ãî
áâàãªâãàã, â. ¥. ¬®£ãâ ¡ëâì ®¯¨á −ë −¥ª®â®àë¬ ª®−¥ç−ë¬ − ¡®à®¬ ¯ à ¬¥âà®¢.
�â®â ¯®¤å®¤ ¯à¨¬¥−¨¬ ¨ ¤«ï ¤àã£¨å ¢¨¤®¢ ®¡à ¡®âª¨ ª àâë, ¯®¤®¡−ëå £¥-
−¥à «¨§ æ¨¨, − ¯à¨¬¥à â¨¯¨ä¨ª æ¨¨ | ¯à®æ¥áá  ¢ë¤¥«¥−¨ï −®¬¥−ª« âãà−®£®
â¨¯  [11].
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’ ¡«¨æ  2 ‡− ç¥−¨ï áå®¤áâ¢  £¥®ª®−æ¥¯æ¨©

„®à®£¨
†¨«ë¥

áâà®¥−¨ï

�à®¬ëè-
«¥−−ë¥

áâà®¥−¨ï

�íà®-
¤à®¬ë

�®«¨-
£®−ë

‘¥«ìå®§-
ã£®¤ìï

� àª¨,
§ ¯®¢¥¤-

−¨ª¨
�®«ï ‹¥á  ƒ®àë

„®à®£¨ 1,0 0,5 0,5 0,7 0,6 0,8 0,5 0,8 0,2 0,3
†¨«ë¥
áâà®¥−¨ï 0,5 1,0 0,5 0,3 0,2 0,2 0,1 0,5 0,3 0,2

�à®¬ëè-
«¥−−ë¥
áâà®¥−¨ï

0,5 0,5 1,0 0,4 0,4 0,2 0,1 0,5 0,3 0,25

�íà®-
¤à®¬ë 0,7 0,3 0,4 1,0 0,6 0,4 0,0 0,7 0,2 0,15

�®«¨£®−ë 0,6 0,2 0,4 0,6 1,0 0,3 0,0 0,1 0,15 0,5
‘¥«ìå®§-
ã£®¤ìï 0,8 0,2 0,2 0,4 0,3 1,0 0,2 0,7 0,25 0,5

� àª¨,
§ ¯®¢¥¤-
−¨ª¨

0,5 0,1 0,1 0,0 0,0 0,2 1,0 0,7 0,7 0,6

�®«ï 0,8 0,5 0,5 0,7 0,9 0,7 0,7 1,0 0,1 0,7
‹¥á  0,2 0,3 0,3 0,2 0,15 0,25 0,7 0,1 1,0 0,5
ƒ®àë 0,3 0,2 0,25 0,15 0,5 0,5 0,6 0,7 0,5 1,0
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AGGREGATION GEOCONCEPTS FOR GENERALIZATIONMAPS,
APPROPRIATE LOGICAL CONSISTENCY AND SEMANTIC

ACCURACY
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2Dorodnicyn Computing Center, Russian Academy of Sciences, Moscow, Russia,
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Abstract: In recent years, the number of fixed and mobile devices using
automated methods of generalization map dramatically increased. This raises the
question of the quality of digital imaging models map. Generalization should
not only ensure certain standards for the derived scale of the map, but also
maintain a certain level of semantics. To conduct an objective comparison of the
different results of generalization, it is necessary to introduce a measure of the
accuracy of semantic aggregation areas and geoconcepts. An approach that shows
how this could be used to compare the results of generalization is presented.
Also, the methods for determining the relationship between n geoconcepts to be
distributed overN units so that in each unit, there were geoconcepts most similar
to each other on the set of m selected descriptive features. The function F is
introduced | a similarity geoconcepts function of jointly k selected features,
normalized to the maximum range of the characteristic values on the set of n
geoconcepts.

Keywords: generalization; the quality of geodata; aggregation of the map areas;
aggregation of geoconcepts
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ТЕОРЕТИЧЕСКИЕ АСПЕКТЫ РАЗРАБОТКИМЕТОДОЛОГИИ
ПРОГРАММИРОВАНИЯ РЕКУРРЕНТНОЙ АРХИТЕКТУРЫ∗

Д.В. Хилько1, Ю. А. Степченков2

�−−®â æ¨ï: Câ âìï ¯®á¢ïé¥−  −®¢®© à¥ªãàà¥−â−®-¯®â®ª®¢®© ¯ à ¤¨£¬¥ ¢ë-
ç¨á«¥−¨© ¨ ¬¥â®¤®«®£¨¨ à¥è¥−¨ï ¨ ¯à®£à ¬¬¨à®¢ −¨ï § ¤ ç ¢ áà¥¤¥ à §à -
¡ âë¢ ¥¬®£® ¢ëç¨á«¨â¥«ì−®£® ãáâà®©áâ¢ ,  àå¨â¥ªâãà  ª®â®à®£® à¥ «¨§ã¥â
¨¤¥¨ ¨ ¯à¨−æ¨¯ë ®¯¨áë¢ ¥¬®© ¯ à ¤¨£¬ë. � áá¬®âà¥−  à¥ «¨§ æ¨ï −®¢®©
¯ à ¤¨£¬ë ¢ ¬−®£®ï¤¥à−®© ¯®â®ª®¢®© à¥ªãàà¥−â−®©  àå¨â¥ªâãà¥ (Œ���).
„®ª § −  áå®¤¨¬®áâì à¥ªãàà¥−â−®© ®à£ −¨§ æ¨¨ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá 
á ¨á¯®«ì§®¢ −¨¥¬ ¯®−ïâ¨© ¨ â¥®à¥¬ â¥®à¨¨ à¥ªãàá¨¢−ëå äã−ªæ¨©. �¯¨á − 
¯à®¡«¥¬  à §à ¡®âª¨ ¯à®£à ¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��), á¯®á®¡−®£® äã−ªæ¨®-
−¨à®¢ âì ¢ áà¥¤¥ à¥ªãàà¥−â−®©  àå¨â¥ªâãàë. �à¥¤«®¦¥−  á¯¥æ¨ «¨§¨à®¢ −-
− ï à¥ªãàà¥−â−®-¯®â®ª®¢ ï ¬¥â®¤®«®£¨ï ¯à®£à ¬¬¨à®¢ −¨ï, ®å¢ âë¢ îé ï
¢á¥ íâ ¯ë ¯à®¥ªâ¨à®¢ −¨ï ��. �à®¤¥¬®−áâà¨à®¢ −® ¯à¨¬¥−¥−¨¥ ¬¥â®¤®«®-
£¨¨ ¤«ï à¥è¥−¨ï § ¤ ç¨ à á¯®§− ¢ −¨ï ¨§®«¨à®¢ −−ëå á«®¢ (�ˆ‘) ¢ áà¥¤¥
−®¢®©  àå¨â¥ªâãàë. �à®¢¥¤¥−  â ª¦¥ ¯®íâ ¯− ï à¥ «¨§ æ¨ï ®¤−®£® ¨§  «£®-
à¨â¬®¢ ¤ −−®© § ¤ ç¨ | ¯®«®á®¢®© ä¨«ìâà æ¨¨ | ¢ á®®â¢¥âáâ¢¨¨ á ¢à¥¬¥−−‚®©
áâàãªâãà®© ¤¥ïâ¥«ì−®áâ¨ ¬¥â®¤®«®£¨¨.

Š«îç¥¢ë¥ á«®¢ : ¯ à ¤¨£¬  ¢ëç¨á«¥−¨©; ¬¥â®¤®«®£¨ï ¯à®£à ¬¬¨à®¢ −¨ï;
à¥ªãàá¨¢−®áâì; ¯®â®ª®¢ ï  àå¨â¥ªâãà 

DOI: 10.14357/08696527130210

1 Введение

� §¢¨â¨¥ ¨¤¥© ¯ à ««¥«ì−ëå ¢ëç¨á«¥−¨© ¢ 1980-å ££. ¯à¨¢¥«® ª ¨áá«¥¤®-
¢ −¨î −®¢®£® ª« áá   àå¨â¥ªâãà ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ (‚‘) | ¯®â®ª®¢ëå
 àå¨â¥ªâãà [1, 2]. ‚  àå¨â¥ªâãà å íâ®£® ª« áá  ¯®â®ª ¤ −−ëå ¨¬¥¥â ¯à¨®à¨â¥â
− ¤ ¯®â®ª®¬ ª®¬ −¤ ¨ ï¢«ï¥âáï ¨−¨æ¨ â®à®¬ ¢ëç¨á«¥−¨©. ‚ àï¤¥ áâà − ¢¥¤ãâ-
áï ¨áá«¥¤®¢ −¨ï ¨ à §à ¡®âª¨ á¨áâ¥¬ ¯®â®ª®¢®©  àå¨â¥ªâãàë, −®, −¥á¬®âàï − 
¢¨¤¨¬ë¥ ¯à¥¨¬ãé¥áâ¢ , â ª¨¥ ª ª ®âáãâáâ¢¨¥ úã§ª¨å ¬¥áâû, å à ªâ¥à−ëå ¤«ï
ä®−-−¥©¬ −®¢áª®©  àå¨â¥ªâãàë [3], ¨ ¨áª«îç¥−¨¥ ¢¥à®ïâ−®áâ¨ ®¡à ¡®âª¨ −¥¯®¤-
£®â®¢«¥−−ëå ¤ −−ëå, àï¤ ¯à®¡«¥¬ ª ª â¥å−¨ç¥áª®£®, â ª ¨  «£®à¨â¬¨ç¥áª®£®
å à ªâ¥à  ¯à¥¯ïâáâ¢ã¥â ¬ áá®¢®¬ã ¯à¨¬¥−¥−¨î ¯®â®ª®¢ëå  àå¨â¥ªâãà.

∗� ¡®â  ¢ë¯®«−¥−  ¯à¨ ç áâ¨ç−®© ä¨− −á®¢®© ¯®¤¤¥à¦ª¥ ¯® ¯à®£à ¬¬ ¬ äã−¤ ¬¥−â «ì−ëå
¨áá«¥¤®¢ −¨© ��ˆ’ ��� §  2013 £. (¯à®¥ªâ 1.5) ¨ �à¥§¨¤¨ã¬  ��� (¯à®¥ªâ 16).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, dhilko@yandex.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, YStepchenkov@ipiran.ru
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� §−®®¡à §¨¥ § ¤ ç, à¥è ¥¬ëå ¢ − áâ®ïé¥¥ ¢à¥¬ï ¯à¨ ¯®¬®é¨ ‚‘, ®ç¥−ì
¢¥«¨ª®, ¯à¨ç¥¬ ¬−®£¨¥ ¨§ −¨å ¢ â®¬ ¨«¨ ¨−®¬ ¢¨¤¥ á®¤¥à¦ â à¥ªãàà¥−â−ë¥
¢ëç¨á«¥−¨ï ¨ à¥ªãàá¨î. �â® −¥à §àë¢−® á¢ï§ −® á ¯®−ïâ¨ï¬¨  «£®à¨â¬  ¨
äã−ªæ¨¨, ¢ëç¨á«ï¥¬®© á ¯®¬®éìî  «£®à¨â¬ , | ®á−®¢−ë¬¨ ¢ à ¬ª å â¥®à¨¨
à¥ªãàá¨¢−ëå äã−ªæ¨© [4]. ‚ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ ��� ¢¥¤ãâáï à -
¡®âë ¯® á®§¤ −¨î −¥âà ¤¨æ¨®−−®© à¥ªãàà¥−â−®©  àå¨â¥ªâãàë, ¯à¥¤− §− ç¥−−®©
¤«ï à¥ «¨§ æ¨¨ ¯ à ««¥«ì−ëå ¢ëç¨á«¥−¨© ®£à −¨ç¥−−®© à §¬¥à−®áâ¨ ¢ ®¡« áâ¨
á¨£− «ì−®© ®¡à ¡®âª¨.

‚ à ¬ª å ¤ −−®© áâ âì¨ ¤«ï ¨¬¥−®¢ −¨ï  àå¨â¥ªâãàë  ¢â®àë ¨á¯®«ì§ãîâ
− §¢ −¨¥ Œ���, ¯à¨−æ¨¯ë à ¡®âë ª®â®à®© ¡ §¨àãîâáï −  −®¢®© à¥ªãàà¥−â-
−®-¯®â®ª®¢®© ¢ëç¨á«¨â¥«ì−®© ¯ à ¤¨£¬¥ [5]. „«ï íªá¯¥à¨¬¥−â «ì−®©  ¯à®¡ æ¨¨
¯à¥¤« £ ¥¬®©  àå¨â¥ªâãàë à §à ¡ âë¢ ¥âáï à¥ªãàà¥−â−ë© ®¡à ¡®âç¨ª á¨£− «®¢
(��‘), ¨á¯®«−ï¥¬ë© ¢ £¨¡à¨¤−®¬, ¤¢ãåãà®¢−¥¢®¬ ¢ à¨ −â¥ | à¥ªãàà¥−â−®¬
®¯¥à æ¨®−−®¬ ãáâà®©áâ¢¥ (��“) [6] á ¢¥¤ãé¨¬ ä®−-−¥©¬ −®¢áª¨¬ ¯à®æ¥áá®à®¬
−  ã¯à ¢«ïîé¥¬ (¢¥àå−¥¬) ãà®¢−¥ (““) ¨ àï¤®¬ ¯®â®ª®¢ëå ¯à®æ¥áá®à®¢ − 
®¯¥à æ¨®−−®¬ (−¨¦−¥¬) ãà®¢−¥ (�“).

�á−®¢− ï ®á®¡¥−−®áâì à §à ¡ âë¢ ¥¬®©  àå¨â¥ªâãàë | á¯®á®¡ ¯à¥¤áâ ¢-
«¥−¨ï ¯®â®ª®¢ ¤ −−ëå ¨ ª®¬ −¤, ®¡ê¥¤¨−¥−−ëå ¢ ¥¤¨−ë© ¯®â®ª, ª®â®àë© à¥-
ªãàà¥−â−® á¢®à ç¨¢ ¥âáï ¯à¨ ¯®¤£®â®¢ª¥ ¨ à §¢®à ç¨¢ ¥âáï ¢ å®¤¥ ¨á¯®«−¥−¨ï.
„ −−®¥ ¯à¥¤áâ ¢«¥−¨¥, ¯® ¬−¥−¨î à §à ¡®âç¨ª®¢, ¯®§¢®«ï¥â íää¥ªâ¨¢−® à¥-
 «¨§®¢ âì à¥ªãàà¥−â−ë¥ ¨ à¥ªãàá¨¢−ë¥ ¢ëç¨á«¥−¨ï,   â ª¦¥ à¥è¨âì ¤àã£¨¥
¯à®¡«¥¬ë, á¢®©áâ¢¥−−ë¥ ¯®â®ª®¢®© ¨ ¯ à ««¥«ì−®©  àå¨â¥ªâãà ¬.

„«ï ¤®áâ¨¦¥−¨ï ¬ ªá¨¬ «ì−®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ à §à ¡ âë¢ ¥¬®©  àå¨-
â¥ªâãàë −¥®¡å®¤¨¬® à §à ¡®â âì á®®â¢¥âáâ¢ãîé¥¥ ��, ®¯â¨¬¨§¨à®¢ −−®¥ ¤«ï
¢ë¯®«−¥−¨ï ¢ ¥¥ áà¥¤¥. ‘¯¥æ¨ä¨ç¥áª¨¥ ®á®¡¥−−®áâ¨  àå¨â¥ªâãàë, −¥ á¢®©-
áâ¢¥−−ë¥ ¤àã£¨¬ ª« áá ¬, ¤¥« îâ −¥¢®§¬®¦−ë¬ ¯à¨¬¥−¥−¨¥ ¢ ¯®«−®¬ ®¡ê¥¬¥
¨§¢¥áâ−ëå ¬¥â®¤®¢ ¨ â¥å−®«®£¨© ¯à®£à ¬¬¨à®¢ −¨ï. ‚ á¢ï§¨ á íâ¨¬ ¢®§−¨-
ª«  −¥®¡å®¤¨¬®áâì à §à ¡®âª¨ −®¢®© ¬¥â®¤®«®£¨ç¥áª®© ¡ §ë ¤«ï íää¥ªâ¨¢−®£®
¯à®£à ¬¬¨à®¢ −¨ï ¢ áà¥¤¥ Œ���.

„ −− ï à ¡®â  ¯®á¢ïé¥−  à¥è¥−¨î â ª®© § ¤ ç¨,   â ª¦¥ ¤®ª § â¥«ìáâ¢ã
áå®¤¨¬®áâ¨ à¥ªãàà¥−â−®£® ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá .

2 Доказательство сходимости рекуррентной организации
вычислительного процесса

‚ à ¬ª å à ¡®â ¯® á®§¤ −¨î Œ��� −¥®¡å®¤¨¬® ¤®ª § âì, çâ® −®¢ ï ¢ë-
ç¨á«¨â¥«ì− ï ¯ à ¤¨£¬  ª ª ¬¨−¨¬ã¬ ¡ã¤¥â −¥ ¬¥−¥¥ íää¥ªâ¨¢−®©, ç¥¬ ã¦¥
áãé¥áâ¢ãîé¨¥. �¥à¢®© ¨ − ¨¡®«¥¥ ¢ ¦−®© § ¤ ç¥© ï¢«ï¥âáï ¤®ª § â¥«ìáâ¢® â®-
£®, çâ® à¥ªãàà¥−â−ë© ¢ëç¨á«¨â¥«ì−ë© ¯à®æ¥áá á®©¤¥âáï ¨ ¯à¨¢¥¤¥â ª ¯®«ãç¥−¨î
®¦¨¤ ¥¬ëå à¥§ã«ìâ â®¢ (®áâ −®¢¨âáï).
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’¥®à¥â¨ç¥áª¨¥  á¯¥ªâë à §à ¡®âª¨ ¬¥â®¤®«®£¨¨ ¯à®£à ¬¬¨à®¢ −¨ï  àå¨â¥ªâãàë

‚ å®¤¥ ¤®ª § â¥«ìáâ¢  ¡ã¤ãâ ¨á¯®«ì§®¢ −ë â¥à¬¨−ë ¨ â¥®à¥¬ë â¥®à¨¨ à¥-
ªãàá¨¢−ëå äã−ªæ¨© [4]: â¥®à¥¬  ® −ã¬¥à æ¨¨, ®¯à¥¤¥«¥−¨¥ ¯à¨¬¨â¨¢−® à¥ªãà-
á¨¢−®© äã−ªæ¨¨, ®¯à¥¤¥«¥−¨¥ ç áâ¨ç−® à¥ªãàá¨¢−®© äã−ªæ¨¨, s-n-m-â¥®à¥¬ ,
â¥§¨á —¥àç . ” ªâ¨ç¥áª¨ −¥®¡å®¤¨¬® ¯®ª § âì, çâ® äã−ªæ¨®− «ì−ë¥ ¯à¥®¡à §®-
¢ −¨ï − ¤ á ¬®®¯à¥¤¥«ïîé¨¬¨áï ¤ −−ë¬¨ ¬®¦−® ®¯¨á âì ç áâ¨ç−® à¥ªãàá¨¢−®©
äã−ªæ¨¥© −¥áª®«ìª¨å ¯¥à¥¬¥−−ëå. �¥®¡å®¤¨¬® â ª¦¥ − ©â¨ ¬¥â®¤ ¯®áâà®-
¥−¨ï äã−ªæ¨¨ â ª®£® à®¤  ¨ ®¡®á−®¢ âì â®â ä ªâ, çâ® ¢ à¥§ã«ìâ â¥ ¯®áâà®¥−¨ï
¡ã¤¥â ¯®«ãç¥−  äã−ªæ¨ï, ª®â®àãî ¬®¦−® ¯à¨¢¥áâ¨ ª ã−¨¢¥àá «ì−®© ç áâ¨ç−®
à¥ªãàá¨¢−®© äã−ªæ¨¨ ®¤−®© ¯¥à¥¬¥−−®© (¨§ â¥®à¥¬ë ® −ã¬¥à æ¨¨).

—â®¡ë ª®àà¥ªâ−® ¯®áâà®¨âì äã−ªæ¨î, ®¯¨áë¢ îéãî à¥ªãàà¥−â−ãî ®à£ −¨-
§ æ¨î ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá  ¢ Œ���, −¥®¡å®¤¨¬® ¡®«¥¥ ¯®¤à®¡−® ®¯¨á âì
¬¥å −¨§¬ë ¯à¥®¡à §®¢ −¨© (¬®¤¨ä¨ª æ¨©) §− ç¥−¨© äã−ªæ¨®− «ì−ëå ¯®«¥©
(â¥£®¢) ®¡à ¡ âë¢ ¥¬ëå ¤ −−ëå. ‘ãâì ¯à¥®¡à §®¢ −¨© § ª«îç ¥âáï ¢ á«¥¤ã-
îé¥¬: á ¬®®¯à¥¤¥«ïîé¨¥áï ¤ −−ë¥ −¥áãâ ¢ á¥¡¥ á«ã¦¥¡−ãî ¨−ä®à¬ æ¨î ¤«ï
¨å ®¡à ¡®âª¨ ¢ ¢¨¤¥ − ¡®à  äã−ªæ¨®− «ì−ëå ¯®«¥©, ç áâì ¨§ ª®â®àëå (¢ ª®-
«¨ç¥áâ¢¥ ¯ïâ¨) ¯®¤¢¥à£ ¥âáï ¯à¥®¡à §®¢ −¨ï¬. �ç¥¢¨¤−®, çâ® ¯à¨−¨¬ ¥¬ë¥
¯®«ï¬¨ §− ç¥−¨ï ¯à¨− ¤«¥¦ â ¬−®¦¥áâ¢ã − âãà «ì−ëå ç¨á¥« N . �à¥®¡à §®-
¢ −−ë¥ §− ç¥−¨ï äã−ªæ¨®− «ì−ëå ¯®«¥© ¬®£ãâ (−® −¥ ®¡ï§ â¥«ì−®) ®¯à¥¤¥«ïâì
¯ãâì ä®à¬¨à®¢ −¨ï £à ä  ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá  (â ª − §ë¢ ¥¬ ï £à ä®-
¤¨− ¬¨ª  [7]). �®á«¥¤®¢ â¥«ì−®áâì −®¢ëå §− ç¥−¨© äã−ªæ¨®− «ì−ëå ¯®«¥©
§ ¤ ¥â à¥ªãàà¥−â−ãî æ¥¯®çªã. ’ ª¨¬ ®¡à §®¬, äã−ªæ¨®− «ì−ë¥ ¯à¥®¡à §®¢ −¨ï
¬®¦−® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ äã−ªæ¨¨ ¯ïâ¨ ¯¥à¥¬¥−−ëå (¯® ç¨á«ã äã−ªæ¨®− «ì-
−ëå ¯®«¥©) f(x1, x2, x3, x4, x5), £¤¥ xi á®®â¢¥âáâ¢ã¥â äã−ªæ¨®− «ì−®¬ã ¯®«î,
¯®¤¢¥à£ îé¥¬ãáï ¯à¥®¡à §®¢ −¨î. �¥®¡å®¤¨¬® ¯®ª § âì, çâ® ¬®¦−® ¯®áâà®¨âì
â ªãî äã−ªæ¨î ¨ ®−  ¡ã¤¥â ç áâ¨ç−® à¥ªãàá¨¢−®©.

‚®á¯®«ì§ã¥¬áï â¥®à¥¬®© ® −ã¬¥à æ¨¨, á®£« á−® ª®â®à®© ¤®áâ â®ç−® ¯®ª § âì,
çâ® ¬®¦−® ¯®áâà®¨âì äã−ªæ¨î ®¤−®© ¯¥à¥¬¥−−®©, ã¤®¢«¥â¢®àïîé¥© § ¤ −−ë¬
âà¥¡®¢ −¨ï¬. ‡ ¬¥â¨¬ â ª¦¥, çâ® ª ¦¤®¥ xi ¥áâì äã−ªæ¨ï ®â −®¬¥à  è £ 
äã−ªæ¨®− «ì−ëå ¯à¥®¡à §®¢ −¨© (à¥ªãàà¥−â−®© à §¢¥àâª¨) t. “ª § −−ë© −®¬¥à
è £  ®âáç¨âë¢ ¥âáï á ¬®¬¥−â  − ç «  ¯®áâà®¥−¨ï à¥ªãàà¥−â−®© æ¥¯®çª¨ ¨ −¥
®¡ï§ â¥«ì−® á®¢¯ ¤ ¥â á â¥ªãé¨¬ è £®¬ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá . ‘ ãç¥â®¬
¤ −−ëå ¯®«®¦¥−¨© § ¤ çã ¬®¦−® ¯¥à¥ä®à¬ã«¨à®¢ âì á«¥¤ãîé¨¬ ®¡à §®¬: ¤®ª -

§ âì, çâ® äã−ªæ¨®− «ì−ë¥ ¯à¥®¡à §®¢ −¨ï ¯®«ï xi ¥áâì ç áâ¨ç−® à¥ªãàá¨¢− ï

äã−ªæ¨ï ®â −®¬¥à  è £  ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá : t ∈ [0, n), £¤¥ n | £«ã¡¨− 

äã−ªæ¨®− «ì−ëå ¯à¥®¡à §®¢ −¨©; −  ª ¦¤®¬ è £¥ íâ  äã−ªæ¨ï ¯à¨−¨¬ ¥â

§− ç¥−¨ï, § ¤ −−ë¥ à¥ªãàà¥−â−®© æ¥¯®çª®©.

„ ® ª   §   â ¥ « ì á â ¢ ® áå®¤¨¬®áâ¨. ‚ ª ç¥áâ¢¥  à£ã¬¥−â  ¨áª®¬®© äã−ªæ¨¨
á«¥¤ã¥â ¢ë¡à âì −®¬¥à â¥ªãé¥£® è £  à¥ªãàà¥−â−®© à §¢¥àâª¨ t. ’®£¤  ¨áª®¬ ï
äã−ªæ¨ï ¯à¨¬¥â ¢¨¤ äã−ªæ¨¨ ®â §− ç¥−¨ï ¯à¥¤ë¤ãé¥£® è £  à¥ªãàà¥−â−®©
à §¢¥àâª¨ ¨ −®¬¥à  â¥ªãé¥£® è £ . �¡®§− ç¨¬ ¥¥

f(t) = f ′(f(t− 1), t) .
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�¡®§− ç¨¬ â ª¦¥

f(0) = f0 ; f(1) = f1 ; . . . ; f(n− 1) = fn−1 . (1)

ˆáª®¬ãî à¥ªãàà¥−â−ãî æ¥¯®çªã − âãà «ì−ëå ç¨á¥« f ¢ á®®â¢¥âáâ¢¨¨ á
ä®à¬ã«®© (1) ¬®¦−® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ¢¥ªâ®à 

f = {f0, f1, . . . , fn−1} . (2)

�¡®§− ç¨¬ ç¥à¥§ {F} ã¯®àï¤®ç¥−−®¥ ¯à®−ã¬¥à®¢ −−®¥ ¬−®¦¥áâ¢® ¬®é-
−®áâìî l (n ¬®¦¥â ¡ëâì ¡®«ìè¥ l) ¢á¥å ¤®¯ãáâ¨¬ëå §− ç¥−¨© äã−ªæ¨®− «ì−®£®
¯®«ï, § ä¨ªá¨à®¢ −−ëå ¢ à ¬ª å ª®−ªà¥â−®© à¥ «¨§ æ¨¨  àå¨â¥ªâãàë. ’®£¤ 
§ ¤ çã ¬®¦−® ¨−â¥à¯à¥â¨à®¢ âì á«¥¤ãîé¨¬ ®¡à §®¬: − ©â¨ ¯®á«¥¤®¢ â¥«ì−®áâì
−®¬¥à®¢ §− ç¥−¨© äã−ªæ¨®− «ì−®£® ¯®«ï, ª®â®à ï ®¡à §ã¥â âà¥¡ã¥¬ãî æ¥¯®ç-
ªã f .

�  ¬−®¦¥áâ¢¥ {F} ¬®¦−® ®¯à¥¤¥«¨âì äã−ªæ¨î ¢ë¡®à  s(q), ª®â®à ï ¤«ï
§ ¤ −−®£® −®¬¥à  q ¢®§¢à é ¥â á®®â¢¥âáâ¢ãîé¥¥ §− ç¥−¨¥. �® ®¯à¥¤¥«¥−¨î
¯à¨¬¨â¨¢−®© à¥ªãàá¨¨ äã−ªæ¨ï ¢ë¡®à  ¯à¨¬¨â¨¢−® à¥ªãàá¨¢− , á«¥¤®¢ â¥«ì−®,
¨ ç áâ¨ç−® à¥ªãàá¨¢− . ‚ á¨«ã ¯à¥¤«®¦¥−−®© ¨−â¥à¯à¥â æ¨¨ ¡ã¤¥¬ ¯®« £ âì,
çâ® ä®à¬ã«  (2) § ¤ ¥â ¨áª®¬ãî ¯®á«¥¤®¢ â¥«ì−®áâì −®¬¥à®¢.

„àã£¨¬¨ á«®¢ ¬¨, −¥®¡å®¤¨¬® ¯®áâà®¨âì äã−ªæ¨î s(f(t)), ª®â®à ï áâà®¨â
æ¥¯®çªã f . �à¨ç¥¬ íâ  äã−ªæ¨ï ¡ã¤¥â ç áâ¨ç−® à¥ªãàá¨¢−®©, ¢ á®®â¢¥âáâ¢¨¨ á
¯à¥¤ë¤ãé¨¬  ¡§ æ¥¬, ¥á«¨ ¡ã¤¥â ç áâ¨ç−® à¥ªãàá¨¢−®© äã−ªæ¨ï f(t).

’®£¤  ¨áª®¬ ï äã−ªæ¨ï f(t) ¬®£«  ¡ë ¨¬¥âì á«¥¤ãîé¨© ¢¨¤:

f(t) = f(t− 1) + g(k, t) ;

g(k, t) =

{
ft − k , ¥á«¨ k = ft−1 ;
g(k − 1, t) , ¥á«¨ k �= ft−1 ;

g(0, t) = 0 ; f(0) = f0 .

�®ª ¦¥¬, çâ® ¤ −− ï äã−ªæ¨ï ï¢«ï¥âáï ç áâ¨ç−® à¥ªãàá¨¢−®©. ”ã−ª-
æ¨ï g(k, t) | ç áâ¨ç− ï, â ª ª ª ®¯à¥¤¥«¥−  â®«ìª® −  § ¤ −−ëå ®âà¥§ª å [1, l]
¨ [0, n). �® ®¯à¥¤¥«¥−¨î ¯à¨¬¨â¨¢−®© à¥ªãàá¨¨ äã−ªæ¨¨ g(k, t) = ft − k ¨
g(k, t) = g(k − 1, t) ¯à¨¬¨â¨¢−® à¥ªãàá¨¢−ë; ªà®¬¥ â®£®, äã−ªæ¨ï áà ¢−¥−¨ï
â ª¦¥ ¯à¨¬¨â¨¢−® à¥ªãàá¨¢− . Š« áá ®¡é¥à¥ªãàá¨¢−ëå äã−ªæ¨© ¢ª«îç ¥â ¢
á¥¡ï ª« áá ¯à¨¬¨â¨¢−® à¥ªãàá¨¢−ëå äã−ªæ¨©, ¨, á«¥¤®¢ â¥«ì−®, ¯® â¥§¨áã —¥à-
ç  ¨ ®¯à¥¤¥«¥−¨î äã−ªæ¨ï g(k, t) ï¢«ï¥âáï ç áâ¨ç−® à¥ªãàá¨¢−®©. �− «®£¨ç−®
f(t), ª®â®à ï ï¢«ï¥âáï áã¬¬®© ç áâ¨ç−® à¥ªãàá¨¢−ëå äã−ªæ¨©, ¯® â¥§¨áã —¥àç 
ç áâ¨ç−® à¥ªãàá¨¢− .

’ ª¨¬ ®¡à §®¬, − è« áì â ª ï ç áâ¨ç−® à¥ªãàá¨¢− ï äã−ªæ¨ï ®â −®¬¥à  è £ 
à¥ªãàà¥−â−®© à §¢¥àâª¨ s(f(t)), ª®â®à ï áâà®¨â ª®àà¥ªâ−ãî æ¥¯®çªã à¥ªãàà¥−â-
−ëå ¯à¥®¡à §®¢ −¨©. �® s-n-m-â¥®à¥¬¥ ã íâ®© äã−ªæ¨¨ áãé¥áâ¢ã¥â ƒ¥¤¥«¥¢
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’¥®à¥â¨ç¥áª¨¥  á¯¥ªâë à §à ¡®âª¨ ¬¥â®¤®«®£¨¨ ¯à®£à ¬¬¨à®¢ −¨ï  àå¨â¥ªâãàë

−®¬¥à (â. ¥. ã−¨¢¥àá «ì− ï ç áâ¨ç−® à¥ªãàá¨¢− ï äã−ªæ¨ï ¢ëç¨á«¥−¨ï âà¥¡ã¥-
¬®© æ¥¯®çª¨). �® ¯®áâà®¥−¨î íâ  äã−ªæ¨ï áå®¤¨âáï ª ¨áª®¬®¬ã ¢¥ªâ®àã (2).

ˆâ ª, ¯®«ãç¥−  ç áâ¨ç−® à¥ªãàá¨¢− ï äã−ªæ¨ï ®¤−®© ¯¥à¥¬¥−−®©. ‚®á-
¯®«ì§®¢ ¢è¨áì ¯¥à¢®− ç «ì−ë¬¨ ¢ëª« ¤ª ¬¨ ¨ â¥®à¥¬®© ® −ã¬¥à æ¨¨, ¯®«ãç¨¬
ç áâ¨ç−® à¥ªãàá¨¢−ãî äã−ªæ¨î ¯ïâ¨ ¯¥à¥¬¥−−ëå, ª®â®à ï áâà®¨â § ¤ −−ãî
æ¥¯®çªã à¥ªãàà¥−â−ëå ¯à¥®¡à §®¢ −¨©. Šà®¬¥ â®£®, áãé¥áâ¢ã¥â ¬¥â®¤ ¥¥ ¯®-
áâà®¥−¨ï. �®«ãç¥−− ï äã−ªæ¨ï áå®¤¨âáï ¯® ¯®áâà®¥−¨î, çâ® ¨ âà¥¡®¢ «®áì
¤®ª § âì.

’ ª¨¬ ®¡à §®¬, ã¤ «®áì ¤®ª § âì, çâ® à¥ªãàà¥−â− ï ®à£ −¨§ æ¨ï ¢ëç¨á«¨-
â¥«ì−®£® ¯à®æ¥áá  áå®¤¨âáï. ‘«¥¤ã¥â â ª¦¥ ®â¬¥â¨âì, çâ® ¢ à ¬ª å à ¡®âë − ¤
Œ��� á®§¤ −® á¯¥æ¨ «¨§¨à®¢ −−®¥ ¯à®£à ¬¬−®¥ áà¥¤áâ¢® �…Š“��…�’ [8],
¯à¥¤− §− ç¥−−®¥ ¤«ï ¯®¨áª  äã−ªæ¨© ¨ ¯®áâà®¥−¨ï à¥ªãàà¥−â−ëå æ¥¯®ç¥ª,  
â ª¦¥ ¯à®¢¥àª¨ −  ¤®áâ¨¦¨¬®áâì ã§«®¢ æ¥¯®çª¨ ¢ íâ¨å äã−ªæ¨ïå.

3 Описание рекуррентно:потоковой методологии программирования

“−¨ª «ì−®áâì à¥ªãàà¥−â−®£® ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá  Œ��� ®§− ç ¥â, çâ®
−¨ ®¤−  ¨§ áãé¥áâ¢ãîé¨å ¬¥â®¤®«®£¨© ¯à®£à ¬¬¨à®¢ −¨ï (áâàãªâãà− ï, äã−ª-
æ¨®− «ì− ï, ®¡ê¥ªâ−®-®à¨¥−â¨à®¢ −− ï ¨ ¤à.) ¢ ¯®«−®© ¬¥à¥ −¥ ã¤®¢«¥â¢®àï¥â
¯®âà¥¡−®áâ¨ ¥¥ à §à ¡®âç¨ª®¢. ‚ á¢ï§¨ á íâ¨¬ ¢®§−¨ª«  ¯®âà¥¡−®áâì à §à ¡®â-
ª¨ −®¢®© ¬¥â®¤®«®£¨¨, ª®â®àãî  ¢â®àë Œ��� − §¢ «¨ à¥ªãàà¥−â−®-¯®â®ª®¢®©

¬¥â®¤®«®£¨¥© ¯à®£à ¬¬¨à®¢ −¨ï.
� áá¬®âà¨¬ ª ¦¤ãî ¨§ á®áâ ¢«ïîé¨å áâàãªâãàë à §à ¡ âë¢ ¥¬®© ¬¥â®¤®-

«®£¨¨.
�á−®¢ −¨ï¬¨ ¤ −−®© ¬¥â®¤®«®£¨¨ ï¢«ïîâáï ¨−ä®à¬ â¨ª  ¨ á¨áâ¥¬−ë©  − -

«¨§. ‚ á ¬®¬ ¤¥«¥, ¨−ä®à¬ â¨ª  ¢ª«îç ¥â ¢ á¥¡ï â ª®©  á¯¥ªâ, ª ª à §à ¡®âª 
ï§ëª®¢ ¯à®£à ¬¬¨à®¢ −¨ï, çâ® ï¢«ï¥âáï ®¤−®© ¨§ ®á−®¢−ëå § ¤ ç ¢ à ¬ª å à §-
à ¡®âª¨ Œ���. ‚ â® ¦¥ ¢à¥¬ï á¨áâ¥¬−ë©  − «¨§ ¨á¯®«ì§ã¥âáï ¤«ï ®¯à¥¤¥«¥−¨ï
¯ à ¬¥âà®¢ ®â¤¥«ì−ëå ª®¬¯®−¥−â®¢  àå¨â¥ªâãàë, −  ®á−®¢¥ ª®â®àëå à §à ¡ -
âë¢ ¥âáï á¯¥æ¨ «ì−®¥ ��, ¯à¥¤− §− ç¥−−®¥ ¤«ï ¬®¤¥«¨à®¢ −¨ï, ¯à®¢¥¤¥−¨ï
íªá¯¥à¨¬¥−â®¢ ¨ ®â« ¤ª¨.

�à¨−æ¨¯ à¥ªãàà¥−â−®-¯®â®ª®¢®© ¬¥â®¤®«®£¨¨ ¯à®£à ¬¬¨à®¢ −¨ï § ª«îç -
¥âáï ¢ ¯à¥¤áâ ¢«¥−¨¨ ¨áå®¤−®© § ¤ ç¨ ¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨ ¯®¤¯à®£à ¬¬ á¯¥-
æ¨ «ì−®£® â¨¯ , − §ë¢ ¥¬ëå ª ¯áã« ¬¨. Š ¦¤ ï ª ¯áã«  à¥ «¨§ã¥â ®¤¨− ¨«¨
−¥áª®«ìª®  «£®à¨â¬®¢ à¥è ¥¬®© § ¤ ç¨ ¨ ¯à¥¤áâ ¢«ï¥â á®¡®© − ¡®à á ¬®®¯à¥-
¤¥«ïîé¨åáï ¤ −−ëå. „ −−ë¥ â ª®£® â¨¯  á®¤¥à¦ â â ª¦¥ ¨ ¢áî −¥®¡å®¤¨¬ãî
ã¯à ¢«ïîéãî ¨−ä®à¬ æ¨î ¤«ï ¨å ®¡à ¡®âª¨. „ −−®¥ ¯à¥¤áâ ¢«¥−¨¥ ¯à®£à ¬¬
− §¢ −® à §à ¡®âç¨ª ¬¨ ª ¯áã«ì−ë¬ áâ¨«¥¬ ¯à®£à ¬¬¨à®¢ −¨ï.

�á®¡¥−−®áâ¨ ª ¯áã«ì−®£® ¯à®£à ¬¬¨à®¢ −¨ï: ¯à¥¤áâ ¢«¥−¨¥ ¯à®£à ¬¬ë ¢
¢¨¤¥ á ¬®¯®à®¦¤ îé¥©áï ¯®á«¥¤®¢ â¥«ì−®áâ¨ ¤¨− ¬¨ç¥áª¨å £à ä®¢ (íâ®â ¯à®-
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æ¥áá ¯®à®¦¤¥−¨ï − §ë¢ ¥âáï à¥ªãàà¥−â−®© à §¢¥àâª®©); ¯à®£à ¬¬ë, − ¯¨á −−ë¥
¢ ª ¯áã«ì−®¬ áâ¨«¥, ï¢«ïîâáï â ª¦¥ ¨ ¯®â®ª®¢ë¬¨.

“á«®¢¨¥¬ − ç «  ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá , ¯®¬¨¬® ã¯à ¢«ïîé¥£® á¨£− « 
ú¯ãáªû, ï¢«ï¥âáï á®¡ëâ¨¥ ¯®ï¢«¥−¨ï ¢å®¤−ëå ¤ −−ëå ¢ á¨¬¢®«ì−ëå ª ¯áã« å.
„àã£¨¬¨ á«®¢ ¬¨, ¤«ï ª ¯áã« ¯¥à¥®¯à¥¤¥«¥−® ú¯à ¢¨«® áà ¡ âë¢ −¨ïû, ª®â®à®¥
á¢®©áâ¢¥−−® ¡®«ìè¨−áâ¢ã ¯®â®ª®¢ëå  àå¨â¥ªâãà ¨ ¯à®£à ¬¬.

‘ã¡ê¥ªâ®¬, ®¡ê¥ªâ®¬ ¨ ¯à¥¤¬¥â®¬ ¤¥ïâ¥«ì−®áâ¨ ¢ à ¬ª å − áâ®ïé¥© ¬¥â®-
¤®«®£¨¨ ï¢«ïîâáï á®®â¢¥âáâ¢¥−−® ¯à®£à ¬¬¨áâ | à §à ¡®âç¨ª �� ¤«ï Œ���,
ª ¯áã«  | ¯à®£à ¬¬ , äã−ªæ¨®−¨àãîé ï ¢ áà¥¤¥ Œ���, ¨ ¯à®æ¥áá à §à ¡®â-

ª¨ ��.
‚ ¦−ë¬ à §¤¥«®¬ ¬¥â®¤®«®£¨¨ ï¢«ï¥âáï ®¯¨á −¨¥ ¢à¥¬¥−−®© áâàãªâãàë

¤¥ïâ¥«ì−®áâ¨, ª®â®àãî ¬®¦−® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ ®¡®¡é¥−−®© ¬¥â®¤¨ª¨ ¯à®-
£à ¬¬¨à®¢ −¨ï ¢ áà¥¤¥ Œ���.

3.1 Этапы рекуррентно:потоковой методологии программирования

�â ¯ I. �à®¢¥áâ¨  − «¨§ § ¤ ç¨ ¨ ®¯à¥¤¥«¨âì, ¨¬¥¥âáï «¨ −¥®¡å®¤¨¬®áâì
¯à®¨§¢®¤¨âì á«®¦−ë¥ ¨ à¥áãàá®¥¬ª¨¥ ¢ëç¨á«¥−¨ï ¨ ª ªãî ¤®«î (¯à¨¡«¨§¨â¥«ì-
−®) ¢ à¥è¥−¨¨ § ¤ ç¨ ®−¨ á®áâ ¢«ïîâ.

�â ¯ II. …á«¨ ¨¬¥îâ ¬¥áâ® á«®¦−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ § ¤ ç¨ ¨ ¨å ¤®«ï
¤®áâ â®ç−® ¢¥«¨ª , â® ¤¥ª®¬¯®§¨à®¢ âì ¨áå®¤−ãî § ¤ çã −  àï¤ ¯®¤§ ¤ ç ¯®
¯à¨−æ¨¯ã:

(1) ¬−®¦¥áâ¢® ¯®¤§ ¤ ç ã¯à ¢«¥−¨ï ¢ëç¨á«¨â¥«ì−ë¬ ¯à®æ¥áá®¬;

(2) ¬−®¦¥áâ¢® ¯®¤§ ¤ ç −¨§ª®© ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨;

(3) ¬−®¦¥áâ¢® ¯®¤§ ¤ ç ¢ëá®ª®© ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨.

Š« ááë § ¤ ç 1 ¨ 2 −¥®¡å®¤¨¬® à¥è âì ¯à¨ ¯®¬®é¨ ¢¥àå−¥£® ““  àå¨â¥ªâãàë,
âà¥â¨© ª« áá | ¯à¨ ¯®¬®é¨ −¨¦−¥£® �“.

�  â¥ªãé¥¬ íâ ¯¥ à §à ¡®âª¨ ¢ ª ç¥áâ¢¥ ®á−®¢−ëå ªà¨â¥à¨¥¢ ®æ¥−ª¨ á«®¦-
−®áâ¨ § ¤ ç¨ (¯®¤§ ¤ ç¨) ¡ë«¨ ¯à¨−ïâë á«¥¤ãîé¨¥:

{ ¡®«ìè®© ®¡ê¥¬ ¢å®¤−®£® − ¡®à  (¯®â®ª ) ¤ −−ëå (− ¯à¨¬¥à, æ¨äà®¢ë¥ ä¨«ì-
âàë, á¢¥àâª¨ ¨ ¤à.);

{ áªàëâë© ¨«¨ ï¢−ë© ¯ à ««¥«¨§¬ ¢ëç¨á«¨â¥«ì−®£® £à ä  § ¤ ç¨ áâ¥¯¥−¨ 3
¨«¨ ¡®«¥¥;

{ ¡®«ìè®© ®¡ê¥¬ ¯®â®ª  ¯à®¬¥¦ãâ®ç−ëå ¤ −−ëå;

{ ¡®«ìè®© ®¡ê¥¬ ¢ëå®¤−®£® − ¡®à  (¯®â®ª ) ¤ −−ëå.

�â ¯ III. �áãé¥áâ¢¨âì à¥ «¨§ æ¨î ¢á¥å ¯®¤§ ¤ ç (ª ª ¤«ï ““, â ª ¨
¤«ï �“). �¥§ã«ìâ â®¬ íâ®£® íâ ¯  ¡ã¤¥â ã¯à ¢«ïîé ï ¯à®£à ¬¬ , ¨á¯®«−ï¥¬ ï
áà¥¤áâ¢ ¬¨ ““, ¨ − ¡®à á¯¥æ¨ «¨§¨à®¢ −−ëå ¯à®£à ¬¬, − §ë¢ ¥¬ëå ª ¯áã« ¬¨
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’¥®à¥â¨ç¥áª¨¥  á¯¥ªâë à §à ¡®âª¨ ¬¥â®¤®«®£¨¨ ¯à®£à ¬¬¨à®¢ −¨ï  àå¨â¥ªâãàë

¨ à¥è îé¨å ¯®¤§ ¤ ç¨ ª« áá  3. “¯à ¢«ïîé ï ¯à®£à ¬¬  ®áãé¥áâ¢«ï¥â ¯®¤£®-
â®¢ªã ¤ −−ëå ¤«ï ª ¯áã«, ®¡à ¡®âªã à¥§ã«ìâ â®¢ ¨å ¢ëç¨á«¥−¨ï,   â ª¦¥ à¥è ¥â
¯®¤§ ¤ ç¨ ª« áá®¢ 1 ¨ 2.

�â ¯ IV. ‚ë¯®«−¨âì ª®¬¯«¥ªá−ãî ®â« ¤ªã − ¡®à  ª ¯áã« ¨ ã¯à ¢«ïîé¥©
¯à®£à ¬¬ë.

Š«îç¥¢ë¬¨ íâ ¯ ¬¨ ¤ −−®© ¬¥â®¤®«®£¨¨ ¬®¦−® áç¨â âì íâ ¯ë II ¨ III:
¯¥à¢ë© ®¯à¥¤¥«ï¥â à¥§ã«ìâ¨àãîéãî ¤¥ª®¬¯®§¨æ¨î § ¤ ç¨,   ¢â®à®© á®¤¥à¦¨â ¢
á¥¡¥ ª¢¨−âíáá¥−æ¨î ¯ à ¤¨£¬ë ª ¯áã«ì−®£® ¯à®£à ¬¬¨à®¢ −¨ï.

� áá¬®âà¨¬ íâ ¯ III ¡®«¥¥ ¯®¤à®¡−®. �â®â íâ ¯ ¡ë« − §¢ − íâ ¯®¬ ª ¯áã«ì-
−®£® ¯à®£à ¬¬¨à®¢ −¨ï.

3.2 Методика капсульного программирования

�®¤íâ ¯ III-1. �¯à¥¤¥«¥−¨¥ äã−ªæ¨®− «ì−®© − £àã§ª¨ −  ª ¯áã«ã.

1. � §− ç¨âì ª ¯áã«¥ äã−ªæ¨®− «ì−®áâì § ¤ ç .
2. �− «¨§¨à®¢ âì ¬ â¥¬ â¨ç¥áªãî ¯®áâ −®¢ªã ¨ ¬®¤¥«ì (¥á«¨ ¨¬¥¥âáï) à¥è -

¥¬®© ¯à¨ ¯®¬®é¨ Œ��� § ¤ ç¨ ¨ ®¯à¥¤¥«¨âì £«®¡ «ì−ãî áâ¥¯¥−ì ¯ à «-

«¥«ì−®áâ¨ (ƒ‘�)  «£®à¨â¬ .
3. 	«®ª¨  «£®à¨â¬ , ª®â®àë¥ ¬®£ãâ ¡ëâì ¢ë¯®«−¥−ë ¯ à ««¥«ì−®, ®¡®§− ç¨âì

â¥«®.
4. �à®¢¥áâ¨  − «¨§ ¬ â¥¬ â¨ç¥áª®© á«®¦−®áâ¨ â¥« (¢®á¯®«ì§®¢ âìáï â¥®à¨¥©

á«®¦−®áâ¨  «£®à¨â¬®¢).
5. �à®¢¥áâ¨  − «¨§ â¥« −  ¯®â¥−æ¨ «ì−ë© ¯ à ««¥«¨§¬ ¨ ®¯à¥¤¥«¨âì ¨å áâ¥¯¥−¨

¯ à ««¥«ì−®áâ¨ (‘�).
6. …á«¨ çóð � 4, ¨«¨ á«®¦−®áâì â¥« ¢¥«¨ª , ¨«¨ ‘� â¥« ¢¥«¨ª  (¯®−ïâ¨¥

ú¢¥«¨ª û −¥®¡å®¤¨¬® ãâ®ç−ïâì), â® ¤¥ª®¬¯®§¨à®¢ âì ª ¯áã«ã −  ¯®á«¥¤®-
¢ â¥«ì−®áâì ª ¯áã«, ª ¦¤®© ¨§ ª®â®àëå − §− ç¨âì äã−ªæ¨®− «ì−®áâì â¥« .
ˆ− ç¥ íâ ¯ I § ¢¥àè¥−.

7. �¥à¥©â¨ ª  − «¨§ã ª ¯áã« ¢ ¯®á«¥¤®¢ â¥«ì−®áâ¨:

7.1 ®¡®§− ç¨âì ƒ‘� = ‘� â¥ªãé¥©  − «¨§¨àã¥¬®© ª ¯áã«ë;
7.2 ®¡®§− ç¨âì  «£®à¨â¬ | § ¤ ç , à¥è ¥¬ ï â¥ªãé¥© ª ¯áã«®©;
7.3 ¢¥à−ãâìáï ª è £ã 3.

8. Š®àà¥ªâ¨à®¢ âì à¥§ã«ìâ âë ¯®¤íâ ¯  III-1 ¢ á®®â¢¥âáâ¢¨¨ á à¥§ã«ìâ â ¬¨
¯®¤íâ ¯®¢ III-2 ¨ III-3.

�¥§ã«ìâ â ¯à¨¬¥−¥−¨ï ¤ −−®£® íâ ¯  ¬¥â®¤®«®£¨¨:

{ ã¯®àï¤®ç¥−− ï ¯®á«¥¤®¢ â¥«ì−®áâì ª ¯áã«, à¥è îé ï ¯®áâ ¢«¥−−ãî § ¤ çã;
{ ª ¦¤ ï ª ¯áã«  à¥è ¥â ç áâì ®¡é¥© § ¤ ç¨;
{ ‘� ª ¦¤®© ª ¯áã«ë áà ¢−¨¬  á 4.
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�®¤íâ ¯ III-2. � §à ¡®âª  ª ¯áã«.
ˆ−¨æ¨ «¨§ æ¨ï ¢á¥å ª ¯áã« áâ âãá®¬ −¥ § ¢¥àè¥− .

1. ‚ë¡à âì ®ç¥à¥¤−ãî −¥§ ¢¥àè¥−−ãî ª ¯áã«ã; ¥á«¨ â ª®¢ëå −¥â, ¯¥à¥©â¨ ª
¯®¤íâ ¯ã III-1.

2. �®áâà®¨âì ¯®â®ª®¢ë© ¢ëç¨á«¨â¥«ì−ë© £à ä  «£®à¨â¬  ¢ á®®â¢¥âáâ¢¨¨ á ¥£®
¬ â¥¬ â¨ç¥áª¨¬ ®¯¨á −¨¥¬ (¨«¨ ¬®¤¥«ìî, ¥á«¨ ¨¬¥¥âáï).

3. �à®¢¥áâ¨  − «¨§ £à ä  á æ¥«ìî ¢ë¤¥«¥−¨ï ¯®¢â®àïîé¨åáï ¨ ¯®â¥−æ¨ «ì−®
¯ à ««¥«ì−® ¨á¯®«−ï¥¬ëå ¡«®ª®¢.

4. �à¨¬¥−¨âì áãé¥áâ¢ãîé¨¥ ¬¥â®¤®«®£¨¨ à á¯ à ««¥«¨¢ −¨ï  «£®à¨â¬®¢ ¨
¯à¥®¡à §®¢ âì £à ä â ª¨¬ ®¡à §®¬, çâ®¡ë ¥£® ‘� ¡ë«  −¥ ¡®«ìè¥ 4.

5. �áãé¥áâ¢¨âì ¯®¨áª æ¨ª«¨ç¥áª¨ ¯®¢â®àïîé¥£®áï äà £¬¥−â  £à ä  ¨ ¢ë¯®«-
−¨âì à¥ªãàà¥−â−ãî á¢¥àâªã íâ®£® äà £¬¥−â  ¢ ¢¥àè¨−ë £à ä . �®«ãç¥−−ë©
£à ä − §ë¢ ¥âáï ¤¨− ¬¨ç¥áª¨¬.

6. �à¥®¡à §®¢ âì ¤¨− ¬¨ç¥áª¨© £à ä ¢ á®®â¢¥âáâ¢¨¨ á® á¯¥æ¨ä¨ª æ¨¥© äã−ª-
æ¨®− «ì−ëå ¢®§¬®¦−®áâ¥© ��“. �¥§ã«ìâ â®¬ íâ®£® ¯à¥®¡à §®¢ −¨ï ¤®«¦− 
áâ âì à §¢¥à−ãâ ï (¤¥â «¨§¨à®¢ −− ï) £à ä-ª ¯áã« .

7. …á«¨ ¯®«ãç¥−−ë© £à ä −¥ íää¥ªâ¨¢¥− á â®çª¨ §à¥−¨ï ¢à¥¬¥−−‚ëå § âà â
−  ª®−ä¨£ãà æ¨î, ¯¥à¥áë«ªã ¯à®¬¥¦ãâ®ç−ëå ¤ −−ëå ¨ â. ¯., ¢¥à−ãâìáï ª
è £ã 5. ‚ á«ãç ¥, ª®£¤  − ©â¨ ¯à¨¥¬«¥¬®¥ íää¥ªâ¨¢−®¥ à¥è¥−¨¥ −¥ ã¤ ¥âáï,
¯¥à¥©â¨ ª è £ã 9 ¯®¤íâ ¯  III-1.

8. �à¥®¡à §®¢ âì £à ä-ª ¯áã«ã ¢ á¨¬¢®«ì−ãî ª ¯áã«ã.

9. “áâ −®¢¨âì áâ âãá ª ¯áã«ë | ®â« ¦¨¢ ¥âáï ¨ ¯¥à¥©â¨ ª è £ã 1.

�¥§ã«ìâ â íâ ¯  | ®¤−  ¨«¨ ¡®«¥¥ ª ¯áã«, £®â®¢ëå ª â¥áâ¨à®¢ −¨î.
�®¤íâ ¯ III-3. �â« ¤ª  ª ¯áã«.

1. �â« ¤¨âì ®ç¥à¥¤−ãî ª ¯áã«ã á® áâ âãá®¬ ®â« ¦¨¢ ¥âáï; ¥á«¨ â ª®¢ëå −¥â,
à §à ¡®âª  § ¢¥àè¥− .

2. �− «¨§¨à®¢ âì à¥§ã«ìâ âë ¨á¯®«−¥−¨ï ª ¯áã«ë −  á®®â¢¥âáâ¢¨¥ âà¥¡®¢ −¨ï¬
â®ç−®áâ¨ ¨ ¢à¥¬¥−¨ ¨á¯®«−¥−¨ï.

3. …á«¨ âà¥¡®¢ −¨ï −¥ ã¤®¢«¥â¢®à¥−ë, â® áâ âãá ª ¯áã«ë | −¥ § ¢¥àè¥− ;
¢¥à−ãâìáï ª ¯®¤íâ ¯ã III-2.

4. “áâ −®¢¨âì áâ âãá ª ¯áã«ë | £®â®¢  ¨ ¢¥à−ãâìáï ª è £ã 1.

„ «¥¥ ¡ã¤¥â ¯à¥¤áâ ¢«¥−® ¯à¨¬¥−¥−¨¥ ¯¥à¢ëå ¤¢ãå íâ ¯®¢ ¤ −−®© ¬¥â®¤®«®-
£¨¨ −  ¯à¨¬¥à¥ § ¤ ç¨ �ˆ‘,   ¯à¨¬¥−¥−¨¥ âà¥âì¥£® íâ ¯  | −  ¯à¨¬¥à¥ ®¤−®£®
¨§  «£®à¨â¬®¢ à á¯®§− ¢ −¨ï, ¯®«®á®¢®© ä¨«ìâà æ¨¨.
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4 Применение новой методологии для реализации распознавателя
изолированных слов в среде рекуррентной архитектуры

„«ï íªá¯¥à¨¬¥−â «ì−®©  ¯à®¡ æ¨¨ Œ��� ¢ à¥§ã«ìâ â¥ íâ ¯  I ¬¥â®¤®«®£¨¨
¡ë«  ¢ë¡à −  ¯à¥¤¬¥â− ï ®¡« áâì à á¯®§− ¢ −¨ï á«®¢. ‘ íâ®© æ¥«ìî ¢ áà¥¤¥

‘®¢®ªã¯−®áâì  «£®à¨â¬®¢ à á¯®§− ¢ â¥«ï á«®¢

�«£®à¨â¬ ‘®áâ ¢−®©  «£®à¨â¬ �®ïá−¥−¨ï 	«®ª
Š ¯-
áã« 1

”®à¬¨à®¢ −¨¥ äà¥©¬ 
—â¥−¨¥ 84 ®âáç¥â®¢ ¨§ ¡ãä¥à 
ª®¤¥ª  ¢ ¡ãä¥à ““ ““ |

Œ áèâ ¡¨à®¢ −¨¥ ¯ ¬ïâ¨

…á«¨ −¥®¡å®¤¨¬®, ¯à®¨§¢®-
¤¨âáï ¬ áèâ ¡¨à®¢ −¨¥ ¯ -
¬ïâ¨ ä¨«ìâà  	 ââ¥àã®àâ 
 − «®£®¢®© ç áâìî ª®íää¨-
æ¨¥−â  ãá¨«¥−¨ï

““ |

”¨«ìâà
	 ââ¥àã®àâ 

�®¤£®â®¢ª  ¤ −−ëå
�®¤£®â®¢ª  ¯ ¬ïâ¨ ä¨«ìâà 
¨ ¢å®¤−ëå ¤ −−ëå (¤«ï ““),
§ ¯®«−¥−¨¥ ª ¯áã«ë

““

∼ 1001-ï á¥ªæ¨ï ä¨«ìâà 

�¥ «¨§ æ¨ï 1-© á¥ªæ¨¨
ä¨«ìâà , ¢ëå®¤−ë¥ ¤ −−ë¥
áâ −®¢ïâáï ¢å®¤®¬ ¤«ï 2-©
á¥ªæ¨¨

��“

�®¤£®â®¢ª  ¤ −−ëå
‡ ¯®«−¥−¨¥ ª ¯áã«ë ¢ëå®¤-
−ë¬¨ ¤ −−ë¬¨ 1-© á¥ªæ¨¨ ““

2-ï á¥ªæ¨ï ä¨«ìâà 
�¥ «¨§ æ¨ï 2-© á¥ªæ¨¨
ä¨«ìâà  ��“

�¢â®¬ â¨ç¥áª¨©
ª®−âà®«ì

ª®íää¨æ¨¥−â 
ãá¨«¥−¨ï
(AGC |
automatic

gain
control)

‹®ª «ì−ë© ¬ ªá¨-
¬ã¬ −  äà¥©¬¥

�®¨áª ¯® 84 ®âáç¥â ¬ «®ª «ì-
−®£® ¬ ªá¨¬ã¬   ¬¯«¨âã¤ë ��“ ∼ 100

�− «¨§ ¨ ®¡à ¡®âª 
«®ª «ì−®£®
¬ ªá¨¬ã¬ 
−  äà¥©¬¥

�®à¬ «¨§ æ¨ï í−¥à£¨¨, ®¡-
−®¢«¥−¨¥ £«®¡ «ì−®£® ¬ ªá¨-
¬ã¬ , á®åà −¥−¨¥ «®ª «ì−®£®
¬ ªá¨¬ã¬  ¢ FIFO (First In,
First Out), ¯®¨áª −®¢®£® ¬ ª-
á¨¬ã¬  ¢ FIFO

��“ |

Œ áèâ ¡−ë©
ä ªâ®à

‚ëç¨á«¥−¨¥ −®¢®£® ¬ áèâ ¡-
−®£® ä ªâ®à  ““ |

Œ áèâ ¡¨à®¢ −¨¥
…á«¨ −¥®¡å®¤¨¬®, ¬ áèâ ¡¨-
à®¢ âì  − «®£®¢®© ç áâìî ¯ -
¬ïâì ä¨«ìâà 

��“ |

–¨äà®¢ ï ç áâì �£à −¨ç¥−¨¥ æ¨äà®¢®© ç áâ¨ ““ |

Œ áèâ ¡¨à®¢ −¨¥
…á«¨ −¥®¡å®¤¨¬®, ¬ áèâ ¡¨-
à®¢ âì æ¨äà®¢®© ç áâìî ¯ -
¬ïâì ä¨«ìâà 

��“ |

Œ áèâ ¡¨à®¢ −¨¥
¡ãä¥à 

Œ áèâ ¡¨à®¢ −¨¥ ¢å®¤−®£®
¡ãä¥à  ��“ 100

�ª®−ç −¨¥ â ¡«¨æë −  á. 142
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‘®¢®ªã¯−®áâì  «£®à¨â¬®¢ à á¯®§− ¢ â¥«ï á«®¢ (®ª®−ç −¨¥)

�«£®à¨â¬ ‘®áâ ¢−®©  «£®à¨â¬ �®ïá−¥−¨ï 	«®ª
Š ¯-
áã« 1

�®«®á®¢ ï
ä¨«ìâà æ¨ï

�®¤£®â®¢ª  ¤ −−ëå
�®¤£®â®¢ª  ¯ ¬ïâ¨ ä¨«ìâà 
¨ ¢å®¤−ëå ¤ −−ëå (¤«ï ““),
§ ¯®«−¥−¨¥ ª ¯áã«ë

““ |

1-ï ¨ 2-ï á¥ªæ¨¨
ä¨«ìâà  �¥ «¨§ æ¨ï á¥ªæ¨© ä¨«ìâà  ��“ 80

ˆ§¢«¥ç¥−¨¥
à¥ç¥¢ëå

å à ªâ¥à¨áâ¨ª

�à®¢¥àª  − 
®ª®−ç −¨¥ á«®¢ 

…á«¨ â¥ªãé¨© äà¥©¬ ï¢«ï¥â-
áï ¯ ã§®©, ¯à®¨§¢®¤¨âáï ¯à®-
¢¥àª  −  ®ª®−ç −¨¥ á«®¢ 

““ |

�¥«¨−¥©−®¥
¯à¥®¡à §®¢ −¨¥

�¥à¥å®¤ ¢ −¥«¨−¥©−ë©
á¯¥ªâà, ¢ëç¨á«¥−¨¥ «®£ à¨ä-
¬  í−¥à£¨¨ ª ¦¤®© ¯®«®áë

��“ ∼ 30

RASTA
RASTA-ä¨«ìâà æ¨ï ¢ −¥«¨-
−¥©−®¬ á¯¥ªâà¥ ��“ 34

�¡à â−®¥
¯à¥®¡à §®¢ −¨¥

�¥à¥å®¤ ¢ «¨−¥©−ë© á¯¥ªâà,
¢ëç¨á«¥−¨¥ íªá¯®−¥−âë í−¥à-
£¨¨ ª ¦¤®© ¯®«®áë

��“ ∼ 30

Š®á¨−ãá−®¥ ¨−¢¥àá−®¥
¤¨áªà¥â−®¥

¯à¥®¡à §®¢ −¨¥
”ãàì¥ (ˆ„�”)

‚ëç¨á«¥−¨¥  ¢â®ª®àà¥«ïæ¨-
®−−®© á¢¥àâª¨ á ¨á¯®«ì§®-
¢ −¨¥¬ ª®íää¨æ¨¥−â®¢ ª®á¨-
−ãá−®£® ˆ„�”

��“ ∼ 30

�¥ªãàá¨ï
„ãà¡¨− {‘ªãàà 

‚ë¤¥«¥−¨¥ ª¥¯áâà «ì−ëå ª®-
íää¨æ¨¥−â®¢ ��“ ∼ 200

LPC (linear predictive
coding) ¯ à ¬¥âàë

‚ëç¨á«¥−¨¥
LPC-¯ à ¬¥âà®¢ ��“ ∼ 100

„¥«ìâ -à áè¨à¥−¨¥
„¥«ìâ -à áè¨à¥−¨¥ å à ªâ¥-
à¨áâ¨ç¥áª®£® ¢¥ªâ®à  ��“ |

Š¢ −â®¢ −¨¥ •‚
‚ëç¨á«¥−¨¥ ¥¢ª«¨¤®¢®£® à á-
áâ®ï−¨ï ��“ 22

�¯à¥¤¥«¥−¨¥
ª®−æ  á«®¢  �¯à¥¤¥«¥−¨¥ ª®−æ  á«®¢  ““ |

�«£®à¨â¬ ‚¨â¥à¡¨
�®¨áª ¯®¤å®¤ïé¥© ¬®¤¥«¨
á«®¢  ��“ ∼ 300

1� §¬¥à ª ¯áã«ë ¢ ®¯¥à −¤ å.

Œ��� à §à ¡ âë¢ ¥âáï ¯à®£à ¬¬  �ˆ‘. ‚ à¥§ã«ìâ â¥ ¯à¨¬¥−¥−¨ï íâ ¯  II
¬¥â®¤®«®£¨¨ ª § ¤ ç¥ �ˆ‘ ¡ë«  ¯®«ãç¥−  ¤¥ª®¬¯®§¨æ¨ï, ¯à¥¤áâ ¢«¥−− ï ¢
â ¡«¨æ¥.

‚ íâ®© â ¡«¨æ¥ ¯à¨¢¥¤¥−ë â ª¦¥ −¥ª®â®àë¥ ®æ¥−ª¨ ¯® § âà â ¬ −  à¥ «¨§ æ¨î
¤ −−ëå  «£®à¨â¬®¢.

‚ − áâ®ïé¥¥ ¢à¥¬ï ¢ á®®â¢¥âáâ¢¨¨ á íâ®© â ¡«¨æ¥© ®áãé¥áâ¢«ï¥âáï à¥ «¨§ æ¨ï
�ˆ‘ ¢ áà¥¤¥ Œ��� ¯® ¬¥â®¤¨ª¥, ¯à¨¢¥¤¥−−®© −¨¦¥.
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4.1 Методика выделения функций распознавателя в капсулы

1. ‚ë¡à âì  «£®à¨â¬ ¨§ â ¡«¨æë ¨ − ©â¨ ¥£® ¢ ¢ëç¨á«¨â¥«ì−®¬ £à ä¥ à á¯®-
§− ¢ â¥«ï á«®¢.

2. �¯à¥¤¥«¨âì ¢á¥ ¢å®¤−ë¥ ¨ ¢ëå®¤−ë¥ ¤ −−ë¥ ¨ ®¡« áâ¨ ¨å ¤®¯ãáâ¨¬ëå
§− ç¥−¨©.

3. �à®¢¥áâ¨ à¥ «¨§ æ¨î  «£®à¨â¬  −  ��“ á § ¤ −−ë¬¨ − ¡®à ¬¨ ¢å®¤−ëå
¤ −−ëå ¨ è ¡«®− ¬¨ ¢ëå®¤−ëå ¤ −−ëå á ãç¥â®¬ ¢á¥å ®¯¥à æ¨© ¬ áèâ ¡¨-
à®¢ −¨ï, ¢ë¯®«−ï¥¬ëå ¢−ãâà¨ § ¬¥−ï¥¬®£® ª®¤ .

4. ‡ ¬¥−¨âì ç áâì ¨áå®¤−®£® ª®¤ , à¥ «¨§ãîéãî ¢ë¡à −−ë©  «£®à¨â¬, − 
¯®¤¯à®£à ¬¬ã ¢ë§®¢  ª ¯áã«ë.

5. ‡ ¯ãáâ¨âì ��“ ¤«ï à¥è¥−¨ï § ¤ ç¨ à á¯®§− ¢ −¨ï −  ¯®«−®¬ − ¡®à¥ ¯à¨-
¬¥à®¢.

6. …á«¨ à¥§ã«ìâ âë á®¢¯ «¨ á ¨áå®¤−®© ¬®¤¥«ìî, ¯à¨áâã¯¨âì ª ®¯â¨¬¨§ æ¨¨
ª ¯áã«ë; ¨− ç¥ ¢¥à−ãâìáï ª ¯. 3.

7. …á«¨ ®¯â¨¬¨§ æ¨¨ ª ¯áã«ë −¥ âà¥¡ã¥âáï, áç¨â âì § ¤ çã à¥è¥−−®©.

8. …á«¨ ¢ à¥§ã«ìâ â¥ ®¯â¨¬¨§ æ¨¨ ª ¯áã«ë ¢®§−¨ª ¥â −¥®¡å®¤¨¬®áâì ¬®¤¨ä¨-
ª æ¨¨ ¢ëç¨á«¨â¥«ì−®£® £à ä  | ¨§¬¥−¥−¨ï ¢å®¤−®£® ¨ ¢ëå®¤−®£® − ¡®à®¢
¤ −−ëå (¢¢¨¤ã − «¨ç¨ï ç¥âëà¥å ¢ëç¨á«¨â¥«¥© ¢ ��“), ¢−¥áâ¨ á®®â¢¥âáâ¢ã-
îé¨¥ ¨§¬¥−¥−¨ï ¢ ¢ëç¨á«¨â¥«ì−ë© £à ä ¨ ¯à®£à ¬¬−ãî ¬®¤¥«ì à á¯®§− ¢ -
â¥«ï á«®¢. ‚ ¦−®: −¥«ì§ï ¨§¬¥−ïâì ®á−®¢−®©  «£®à¨â¬ ¢ëç¨á«¥−¨©, â®«ìª®
ª®«¨ç¥áâ¢® ¤ −−ëå ¢ − ¡®à å (â. ¥. ¢ëç¨á«¥−¨¥ −¥áª®«ìª¨å ®¤¨− ª®¢ëå â¥«
 «£®à¨â¬ ).

9. …á«¨ ¢−¥á¥−−ë¥ ¨§¬¥−¥−¨ï ¯à¨ § ¯ãáª¥ ®¡−®¢«¥−−®© ¬®¤¥«¨ ¯à¨¢®¤ïâ ª
¯®«ãç¥−¨î â¥å ¦¥ à¥§ã«ìâ â®¢, ®¯â¨¬¨§¨à®¢ âì ª ¯áã«ã ¨ ¢¥à−ãâìáï ª ¯. 4.

„«ï ¤¥¬®−áâà æ¨¨ íâ ¯  III à §à ¡®â −−®© ¬¥â®¤®«®£¨¨ ¡ë« ¢ë¡à − ®¤¨− ¨§
 «£®à¨â¬®¢ | ¯®«®á®¢ ï ä¨«ìâà æ¨ï. � áá¬®âà¨¬ ª ¦¤ë© ¨§ ¯ã−ªâ®¢ âà¥âì¥£®
íâ ¯  ¯à¨¬¥−¨â¥«ì−® ª ¢ë¡à −−®¬ã  «£®à¨â¬ã.

4.2 Подэтап III:1 методики капсульного программирования

1. ‚ ª ç¥áâ¢¥ § ¤ ç¨ ¯à¨−¨¬ ¥âáï úà¥ «¨§ æ¨ï ¯®«®á®¢®£® ä¨«ìâà û. �à¥¤-
¯®«®¦¨â¥«ì−® âà¥¡ã¥âáï 1 ª ¯áã« , ª®â®à®© − §− ç ¥âáï äã−ªæ¨®− «ì−®áâì
ú¯®«®á®¢®© ä¨«ìâàû.

2. �à¨¢¥áâ¨ ¬ â¥¬ â¨ç¥áªãî ¯®áâ −®¢ªã.
�à¥¤®¡à ¡®â −−ë© à¥ç¥¢®© á¨£− « xpf (n), á®áâ®ïé¨© ¨§ 84 ®âáç¥â®¢, ä¨«ì-
âàã¥âáï −  ¡ −ª¥ ¨§ 17 ¯®«®á®¢ëå ä¨«ìâà®¢. ‚ ª ç¥áâ¢¥ ¯®«®á®¢ëå ä¨«ìâà®¢
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¨á¯®«ì§ãîâáï ¤¢ãåá¥ªæ¨®−−ë¥ ¡¨ª¢ ¤à â−ë¥ ä¨«ìâàë. �¥à¥¤ â®ç− ï å -
à ªâ¥à¨áâ¨ª  ª ¦¤®£® ä¨«ìâà  ®¯¨áë¢ ¥âáï ä®à¬ã«®©

H(z) =
a

1 + 2b11z
−1 + b12z−2

1

1 + 2b21z
−1 + b22z−2

, (3)

£¤¥ a, b11, b12, b21, b22| ª®íää¨æ¨¥−âë ä¨«ìâà , §− ç¥−¨ï ª®â®àëå ï¢«ïîâ-
áï ª®−áâ −â ¬¨ ¨ åà −ïâáï ¢ ®â¤¥«ì−®© â ¡«¨æ¥. ’ ª¨¬ ®¡à §®¬, −¥®¡å®¤¨¬®
à ááç¨â âì 17 ¯®«®á®¢ëå ä¨«ìâà®¢. �âáî¤  á«¥¤ã¥â, çâ® ƒ‘� = 17.
� áªàë¢ z-¯à¥®¡à §®¢ −¨¥ ¢ ä®à¬ã«¥ (3), ¯®«ãç¨¬ á«¥¤ãîé¥¥ ¯à¥¤áâ ¢«¥−¨¥
¤¢ãå ¯®á«¥¤®¢ â¥«ì−ëå ä¨«ìâà®¢:

H1(z)↔ yi = axi − 2b11yi−1 − b12yi−2 ;

H2(z)↔ y′i = ayi − 2b21y′i−1 − b22y
′
i−2 .

}
(4)

„ −−ë¥ ãà ¢−¥−¨ï ®¯¨áë¢ îâ à¥ªãàá¨¢−ë¥ ä¨«ìâàë ¢â®à®£® ¯®àï¤ª . ‚ë-
å®¤−ë¥ ¤ −−ë¥ ¯¥à¢®£® ä¨«ìâà  ï¢«ïîâáï ¢å®¤−ë¬¨ ¤ −−ë¬¨ ¤«ï ¢â®à®£®,
®âªã¤  á«¥¤ã¥â, çâ® ¢ë¤¥«¨âì ¡®«ìè¥¥ ª®«¨ç¥áâ¢® ƒ‘� −¥ ¯®«ãç¨âáï. Šà®¬¥
â®£®, á«¥¤ã¥â ®â¬¥â¨âì, çâ® ä¨«ìâàã¥âáï −¥á¬¥é¥−−ë© ¢å®¤−®© ¢¥ªâ®à.

3. ‚ ª ç¥áâ¢¥ â¥«  ®¡®§− ç¨âì ®¤¨− ä¨«ìâà, § ¤ −−ë© ä®à¬ã«®© (3).
4. ‚®á¯®«ì§®¢ âìáï â¥®à¨¥© á«®¦−®áâ¨ ¤«ï ®æ¥−ª¨ ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨

ä¨«ìâà .
„«ï ¤ −−®£®  «£®à¨â¬  n = 84. ‘¥ªæ¨¨ ä¨«ìâà  à ááç¨âë¢ îâáï ¯®-
á«¥¤®¢ â¥«ì−®, §− ç¨â, ¨å á«®¦−®áâ¨ áª« ¤ë¢ îâáï. ‘ª®à®áâ¨ ¢ë¯®«−¥−¨ï
®¯¥à æ¨© á«®¦¥−¨ï ¨ ã¬−®¦¥−¨ï ®¤¨− ª®¢ë¥, ¯®íâ®¬ã ®æ¥−ª  ¢à¥¬¥−¨ ¢ëç¨-
á«¥−¨ï ®¤−®© á¥ªæ¨¨ ä¨«ìâà  à ¢−  6n. ’®£¤  ¢à¥¬ï à áç¥â  ¢á¥£® ä¨«ìâà 
á®áâ ¢¨â 2 · 6n. „àã£¨¬¨ á«®¢ ¬¨, ¯à¨ ¯¥à¥å®¤¥ ª ®æ¥−ª¥  á¨¬¯â®â¨ç¥-
áª®© á«®¦−®áâ¨ ¯®«ãç¨¬ ¢à¥¬ï ¯®àï¤ª  O(n) (¢¯®«−¥ ®¦¨¤ ¥¬®¥ ¢à¥¬ï ¤«ï
 «£®à¨â¬  à¥ «ì−®£® ¢à¥¬¥−¨).
�â−®á¨â¥«ì−® −¨§ª ï ¢ëç¨á«¨â¥«ì− ï á«®¦−®áâì ¯®§¢®«ï¥â á¤¥« âì ¯à¥¤¯®-
«®¦¥−¨¥, çâ® ¢ë¡à −−®¥ úâ¥«®û ®¡« ¤ ¥â −¥¢ëá®ª®© ‘�.

5. �®á«¥¤®¢ â¥«ì−ë© å à ªâ¥à ¤¢ãåá¥ªæ¨®−−®£® ä¨«ìâà , ª § «®áì ¡ë, ¯à¥-
¯ïâáâ¢ã¥â ¯ à ««¥«ì−®¬ã ¢ëç¨á«¥−¨î ®¡¥¨å á¥ªæ¨© ®¤−®¢à¥¬¥−−®. �¤− ª®,
ª ª ¡ë«® ®â¬¥ç¥−® à −¥¥, ¤ −−ë© ä¨«ìâà ®¡à ¡ âë¢ ¥â −¥á¬¥é¥−−ë© ¢¥ª-
â®à. �â® ®§− ç ¥â, çâ® à¥§ã«ìâ â ¢ëç¨á«¥−¨© ¯¥à¢®© á¥ªæ¨¨ ä¨«ìâà  ¬®¦¥â
¡ëâì áà §ã ¨á¯®«ì§®¢ − ¤«ï ¢ëç¨á«¥−¨ï ¢â®à®© á¥ªæ¨¨. ’ ª¨¬ ®¡à §®¬,
¬¨−¨¬ «ì− ï «®ª «ì− ï ‘� = 2.
� áá¬®âà¨¬ ®¤−ã ¨§ á¥ªæ¨© ä¨«ìâà  ¡®«¥¥ ¯®¤à®¡−® (ª ª á«¥¤ã¥â ¨§ ä®à-
¬ã« (4), ®−¨ ¨¤¥−â¨ç−ë). �¥âàã¤−® § ¬¥â¨âì, çâ® ¥áâì âà¨ −¥§ ¢¨á¨¬ëå
®¯¥à æ¨¨ ã¬−®¦¥−¨ï; á«¥¤®¢ â¥«ì−®, ‘� á¥ªæ¨¨ à ¢−  3.
’ ª¨¬ ®¡à §®¬, ¤«ï ä¨«ìâà , § ¤ −−®£® ä®à¬ã«®© (3), ‘� = 6.
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6. ˆ¬¥¥¬: ƒ‘� = 17, ‘� = 6. ƒ«®¡ «ì− ï áâ¥¯¥−ì ¯ à ««¥«ì−®áâ¨ −  ¯®àï¤®ª
¡®«ìè¥ 4; á«¥¤®¢ â¥«ì−®, § ¤ çã −¥®¡å®¤¨¬® ¤¥ª®¬¯®§¨à®¢ âì −  17 ¯®¤§ ¤ ç
(17 ª ¯áã«), ª ¦¤ ï ¨§ ª®â®àëå à ááç¨âë¢ ¥â ®â¤¥«ì−ë© ¯®«®á®¢®© ä¨«ìâà.

7. ‡ ¢¥àè¨âì ¨â¥à æ¨î íâ ¯  I. � §− ç¨âì § ¤ çã | ú¯®«®á®¢®© ä¨«ìâàû.
ƒ‘� = 6.

8. �¡¥ á¥ªæ¨¨ ä¨«ìâà  ¬®¦−® à ááç¨âë¢ âì ¯ à ««¥«ì−®, ¯®íâ®¬ã ¬®¦−®
¢ë¤¥«¨âì ¤¢  â¥« , ª ¦¤®¥ ¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â á¥ªæ¨¨ ä¨«ìâà .

9. ‘«®¦−®áâì ª ¦¤®£® â¥«  O(n).

10. ‘� = 3.

11. ˆ¬¥¥¬: ƒ‘� = 6, ‘� = 3. �â® ®§− ç ¥â, çâ® ¤¥ª®¬¯®§¨æ¨ï § ¢¥àè¥− .
‚ à¥§ã«ìâ â¥ ¯®«ãç¥−  ¯®á«¥¤®¢ â¥«ì−®áâì ¨§ 17 ª ¯áã«, ª ¦¤ ï ª ¯áã« 
à ááç¨âë¢ ¥â ®¡¥ á¥ªæ¨¨ ä¨«ìâà .

ˆ§ ¢á¥£® áª § −−®£® ¬®¦−® á¤¥« âì ¢ë¢®¤, çâ® ¤«ï à áç¥â  ª ¦¤®© á¥ªæ¨¨
ä¨«ìâà  âà¥¡ã¥âáï ¤¢  ¢ëç¨á«¨â¥«ì−ëå ãáâà®©áâ¢ . ’ ª¨¬ ®¡à §®¬, −¥®¡å®¤¨¬®
à¥ «¨§®¢ âì  «£®à¨â¬ á ‘� = 3, ¨á¯®«ì§ãï ¤¢  ¢ëç¨á«¨â¥«ï.

4.3 Подэтап III:2 методики капсульного программирования

1. „«ï ªà âª®áâ¨ ®¯ãáâ¨¬ ¯®¤à®¡−®¥ ®¯¨á −¨¥ ¯¯. 1{4 ¤ −−®£® ¯®¤íâ ¯  ¨ ¯à¨-
¢¥¤¥¬ äà £¬¥−â ¯à¥®¡à §®¢ −−®£® ¯®â®ª®¢®£® £à ä  á óð = 4. “ª § −−ë©
äà £¬¥−â ¨§®¡à ¦¥− −  à¨á. 1.

2. „¨− ¬¨ç¥áª¨© £à ä ¬®¦¥â ¡ëâì ¯®«ãç¥− ¯ãâ¥¬ á¢®à ç¨¢ −¨ï ¢ ¢¥àè¨−ë
¯®¤£à ä®¢ £à ä  −  à¨á. 1, ¢ë¤¥«¥−−ëå ¯ã−ªâ¨à−ë¬¨ ¯àï¬®ã£®«ì−¨ª ¬¨.
�¥âàã¤−® § ¬¥â¨âì, çâ® ãª § −−ë¥ ¯®¤£à äë æ¨ª«¨ç¥áª¨ ¯®¢â®àïîâáï.

3. �¥§ã«ìâ â ¯à¥®¡à §®¢ −¨ï äà £¬¥−â  ¯®â®ª®¢®£® £à ä  ¢® äà £¬¥−â £à ä-
ª ¯áã«ë ¯à¥¤áâ ¢«¥− −  à¨á. 2.

4.4 Подэтап III:3 методики капсульного программирования

‚ëå®¤¨â §  à ¬ª¨ à áá¬®âà¥−¨ï ¤ −−®© áâ âì¨.
‘¨¬¢®«ì− ï ª ¯áã«  ¯®«®á®¢®£® ä¨«ìâà  ¯à¨¢¥¤¥−  ¢ ¯à¨«®¦¥−¨¨.

5 Заключение

‚ å®¤¥ à ¡®â − ¤ −®¢®© ¢ëç¨á«¨â¥«ì−®©  àå¨â¥ªâãà®© ¤«ï ¥¥ íªá¯¥à¨¬¥−-
â «ì−®©  ¯à®¡ æ¨¨ ¡ë« â¥®à¥â¨ç¥áª¨ ®¡®á−®¢ − ä ªâ áå®¤¨¬®áâ¨ à¥ªãàà¥−â−®£®
¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá  ¨ á®§¤ −  ¬¥â®¤®«®£¨ç¥áª ï ¡ §  à §à ¡®âª¨ ��,
¯à¥¤− §− ç¥−−®£® ¤«ï äã−ªæ¨®−¨à®¢ −¨ï ¢ ¥¥ áà¥¤¥. Šà®¬¥ â®£®, ¡ë«  ®áãé¥-
áâ¢«¥−   ¯à®¡ æ¨ï ¯à¥¤«®¦¥−−®© ¬¥â®¤®«®£¨¨ −  æ¥«®áâ−®¬ − ¡®à¥  «£®à¨â¬®¢ ¢
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�¨á. 1 ”à £¬¥−â ¯à¥®¡à §®¢ −−®£® ¯®â®ª®¢®£® £à ä  ¯®«®á®¢®£® ä¨«ìâà 
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à ¬ª å ¯à¥¤áâ ¢¨â¥«ì−®© ¯à®¡«¥¬−®© ®¡« áâ¨ æ¨äà®¢®© ®¡à ¡®âª¨ á¨£− «®¢ |
à á¯®§− ¢ −¨ï ®â¤¥«ì−ëå á«®¢-ª®¬ −¤.

�®«®¦¨â¥«ì−ë¥ à¥§ã«ìâ âë  ¯à®¡ æ¨¨ ¯à¥¤«®¦¥−−®© ¬¥â®¤®«®£¨¨ ¬®£ãâ
á«ã¦¨âì ®á−®¢ −¨¥¬ ¥¥ ¨á¯®«ì§®¢ −¨ï ¤«ï á®§¤ −¨ï â¥å−®«®£¨¨ ¨ ¯à®£à ¬¬−®£®
ª®¬¯«¥ªá  ¯à®¥ªâ¨à®¢ −¨ï �� ¤«ï Œ���. �¥ª®â®àë¥ ª®¬¯®−¥−âë ¤ −−®£®
ª®¬¯«¥ªá  ¢ − áâ®ïé¥¥ ¢à¥¬ï ã¦¥ à §à ¡®â −ë [9{11] ¨«¨ − å®¤ïâáï ¢ à §à ¡®âª¥
¨ ®â« ¤ª¥ [12, 13].

Приложение

Символьная капсула полосового фильтра

Acg: Cx=3 Cp=4 Cc= Cr= Ce=ecs Cs=ei;
Ai: I0n=(Y£) I0i=s I0s=84;
Am: %Mv=0010 %Mt=e %Mo=0 %Mm=s
At: Tc= Tm= Tu= Tr= Tn=0 To=0 Ts= Te= Ta= [ Sh=0 Sm=0 Dr=1000 ];
Di: @s=s V=b11 [ Oc=>db Ou=l Ot=t Sh=0 Sm=0 Dr=0001 Ds=n De= ];
{@s=s Oc= Ou= Ds= De= Sh= Sm= }
äæþ
Di: @s=s V=b12 [ Oc=*sa Ou=l Ot=t Sh=0 Sm=2 Dr=0010 Ds=a De= ];
{@s=e Oc=+ Ou=k Ds=n De=n Sh=0
Sm=0 } äæþ
Di: @s=s V=b21 [ Oc=>db Ou=l Ot=t Sh=0 Sm=0 Dr=0100 Ds=n De= ];
{@s=s Oc= Ou= Ds= De= Sh= Sm= }
äæþ
Di: @s=s V=b22 [ Oc=*sa Ou=l Ot=t Sh=1 Sm=2 Dr=1000 Ds=a De= ];
{@s=e Oc=+ Ou=k Ds=n De=n Sh=1
Sm=1 } äæþ
Ccs: [Oc= Ou=k Sh=0 Sm=0 Dr=0001 Ds= De=] Cj=mi Cl=> Cd= Cb= Cs=2 Cm= Cf=;
Ccs: [Oc= Ou=k Sh=0 Sm=2 Dr=0010 Ds= De=] Cj=mi Cl=< Cd= Cb= Cs=0 Cm= Cf=;
Ccs: [Oc= Ou=k Sh=0 Sm=0 Dr=0100 Ds=n De=] Cj=mi Cl=> Cd= Cb= Cs=2 Cm= Cf=;
Ccs: [Oc= Ou=k Sh=1 Sm=2 Dr=1000 Ds=n De=] Cj=mi Cl=< Cd= Cb= Cs=0 Cm= Cf=;
Cacn: @s=e [Oc= Ou=l Ot=t Sh=0 Sm=0 Dr=0001 Ds= De=n ];
{@s=e Oc= Ou=k Ds= De= Sh=1 Sm=0 } äæþ
Di: @s=s V=a [Oc= Ou=l Ot=t Sh=1 Sm=0 Dr=0001 Ds=n De=n ];
{@s=e Oc=-p Ou=k Ds=n De=n Sh=0 Sm=0 }
äæþ
Di: @s=s V=a [Oc=*sa Ou=l Ot=t Sh=0 Sm=0 Dr=0010 Ds= De=n ];
{@s=e Oc=-p Ou=k Ds=o De=n Sh=0 Sm=0
} äæþ
Di: @s=s V=a [Oc=*sa Ou=l Ot=t Sh=1 Sm=1 Dr=0100 Ds=n De=n ];
{@s=e Oc=-p Ou=k Ds=n De=n Sh=0
Sm=1 } äæþ
Di: @s=s V=a [Oc=*sa Ou=l Ot=t Sh=1 Sm=1 Dr=1000 Ds=a De=n ];
{@s=e Oc=-p Ou=k Ds=o De=n Sh=0 Sm=1
} äæþ
Di: @s=s V=x0 [Oc=*sa Ou=k Ot=t Sh=1 Sm=0 Dr=0001 Ds=n De=n ];
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{@s=s Oc= Ou= Ds= De= Sh= Sm= }
äæþ
Di: @s=s V=x1 [Oc=*sa Ou=k Ot=t Sh=0 Sm=0 Dr=0010 Ds=a De=n ];
{@s=s Oc= Ou= Ds=o De= Sh= Sm= }
äæþ
Caco: @s=e @Ad=4 @Au=m [ Oc=*sa Ou=k Ot=t Sh=0 Sm=1 Dr=0001 Ds=n De=n ];
{@s=e Oc= Ou= Ds= De=
Sh= Sm= }äæþ
Di: @s=e V=<d [Oc=e Ou=l Ot=t Sh=0 Sm=1 Dr=0001 Ds=n De=y ];
{@s=s Oc= Ou=k Ds=n De=n Sh=1 Sm=1 }
äæþ
Di: @s=s V=0 [Oc=+ Ou=l Ot=t Sh=1 Sm=1 Dr=0010 Ds=n De=n ];
{@s=s Oc= Ou= Ds= De= Sh= Sm= } äæþ
Di: @s=s V=0 [Oc=+ Ou=l Ot=t Sh=0 Sm=0 Dr=1000 Ds=n De=n ];
{@s=s Oc= Ou= Ds= De= Sh= Sm= } äæþ
Cacn: @s=e [Oc=*sa Ou=l Ot=t Sh=0 Sm=1 Dr=0001 Ds=a De=n ];
{@s=e Oc= Ou= Ds= De= Sh= Sm= } äæþ
Am: %Mv=0101 %Mt=e %Mo=0 %Mm=s
Di: @s=s V=sra-1 [Oc=e Ou=r Ot=t Sh=1 Sm=0 Dr=0001 Ds=o De=n ];
{@s=e Oc= Ou=k Ds=n De= Sh=1 Sm=1
} äæþ
Di: @s=s V=0 [Oc= Ou=l Ot=t Sh=0 Sm=1 Dr=0100 Ds=n De=n ];
{@s=s Oc= Ou= Ds= De= Sh= Sm= } äæþ
Di: @s=s V=x0 [Oc=*sa Ou=k Ot=t Sh=0 Sm=0 Dr=0010 Ds=n De=n ];
{@s=s Oc= Ou= Ds=n De= Sh= Sm= }
äæþ
Di: @s=s V=ra0 [Oc=e Ou=l Ot=t Sh=1 Sm=1 Dr=0001 Ds=n De=n ];
{@s=s Oc= Ou= Ds= De= Sh= Sm= } äæþ
Di: @s=s V=0 [Oc= Ou=k Ot=t Sh=1 Sm=1 Dr=0001 Ds=n De=n ];
{@s=s Oc= Ou= Ds= De= Sh= Sm= } äæþ
Cacn: @s=e [Oc= Ou=k Ot=t Sh=0 Sm=2 Dr=0010 Ds=n De=n ];
{@s=e Oc= Ou= Ds= De= Sh= Sm= } äæþ
Caco: @s=e @Ad=4 @Au=m [ Oc= Ou=k Ot=t Sh=0 Sm=2 Dr=0010 Ds=n De=n ];
{@s=e Oc= Ou= Ds= De= Sh=
Sm=}äæþ
Cacn: @s=e [Oc= Ou=l Ot=t Sh=1 Sm=1 Dr=0100 Ds= De=n ];
{@s=e Oc= Ou=k Ds= De= Sh=1 Sm=0 } äæþ
Di: @s=s V=x2 [Oc=*sa Ou=k Ot=t Sh=0 Sm=0 Dr=0010 Ds=a De=n ];
{@s=s Oc= Ou= Ds=o De= Sh= Sm= }
äæþ
Di: @s=e V=<d [Oc=e Ou=l Ot=t Sh=1 Sm=0 Dr=0100 Ds=a De=n ];
{@s=e Oc= Ou=k Ds=n De=n Sh=0 Sm=0 }
äæþ
Cacn: @s=e [Oc=*sa Ou=k Sh=1 Sm=0 Dr=0100 Ds=n De=n ];
{@s=e Oc= Ou= Ds= De= Sh= Sm= } äæþ
Caco: @s=e @Ad=4 @Au=m [ Oc=*sa Ou=k Ot=t Sh=1 Sm=0 Dr=0100 Ds=n De=n ];
{@s=e Oc= Ou= Ds= De=
Sh= Sm=}äæþ
Di: @s=s V=x3 [Oc=*sa Ou=k Ot=t Sh=0 Sm=0 Dr=0010 Ds=a De=n ];
{@s=s Oc= Ou= Ds=o De= Sh= Sm= }
äæþ
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Di: @s=s V=sra-1 [Oc=e Ou=r Ot=t Sh=0 Sm=1 Dr=0100 Ds=o De=n ];
{@s=e Oc= Ou=k Ds=n De=n Sh=0 Sm=0
} äæþ
Di: @s=s V=ra0 [Oc=e Ou=l Ot=t Sh=0 Sm=0 Dr=0100 Ds=n De=n ];
{@s=s Oc= Ou= Ds= De= Sh= Sm= } äæþ
Di: @s=s V=0 [Oc= Ou=k Ot=t Sh=1 Sm=1 Dr=0100 Ds=n De=n ];
{@s=s Oc= Ou= Ds= De= Sh= Sm= } äæþ
Cacn: @s=e [Oc= Ou=k Sh=1 Sm=2 Dr=1000 Ds=n De=n ];
{@s=e Oc= Ou= Ds= De= Sh= Sm= } äæþ
Caco: @s=e @Ad=4 @Au=m [ Oc= Ou=k Ot=t Sh=1 Sm=2 Dr=1000 Ds=n De=n ];
{@s=e Oc= Ou= Ds= De= Sh= Sm= } äæþ
Asi: %St=1 @s=s [Oc=*sa Ou=k Ot=t Sm=0 Dr=0001 Ds=a De=n ];
{@s=s Oc= Ou= Ds=o De= Sh= Sm= } äæþ
Apdi: V0=x4 [Sh=0] V1=x5 [Sh=0] V2=x6 [Sh=0];
Apdi: V0=x7 [Sh=0] V1=x8 [Sh=0] V2=x9 [Sh=0];
Apdi: V0=x10 [Sh=0] V1=x11 [Sh=0] V2=x12 [Sh=0];
.
Apdi: V0=x79 [Sh=0] V1=x80 [Sh=0] V2=x81 [Sh=0];
Apdi: V0=x82 [Sh=0];
Afi:
Di: @s=s V=x83 [Oc=*sa Ou=k Ot=t Sh=0 Sm=0 Dr=0010 Ds=a De=n ];
{@s=s Oc= Ou= Ds=n De= Sh= Sm= }
äæþ
Di: @s=s V=0 [Oc=n Ou=l Ot=t Sh=0 Sm=2 Dr=0010 Ds=n De=n ];
{@s=s Oc= Ou= Ds= De= Sh= Sm= } äæþ
Di: @s=s V=a [Oc=*sa Ou=l Ot=t Sh=1 Sm=1 Dr=1000 Ds=a De=n ];
{@s=e Oc=-p Ou=k Ds=n De=n Sh=0 Sm=1
} äæþ
Caco: @s= @Ad= @Au=r[ Oc=n Ou= Ot=t Sh= Sm= Dr=1111 Ds=n De=n ];
{@s= Oc= Ou= Ds= De= Sh= Sm= }
äæþ
Cacn: @s=e [Oc=*sa Ou=k Sh=1 Sm=0 Dr=0100 Ds=n De=n ];
{@s=e Oc= Ou= Ds= De= Sh= Sm= } äæþ
Az:
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THEORETICAL ASPECTS OF PROGRAMMINGMETHODOLOGY
DEVELOPMENT FOR RECURRENT ARCHITECTURE

D. Khilko1 and Yu. Stepchenkov2
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2IPI RAN, Moscow, Russia, YStepchenkov@ipiran.ru

Abstract: The paper is dedicated to a new recurrent dataflow computation-
al paradigm and the methodology intended for solving and programming of
corresponding problems. These problems are meant to be solved with the com-
putational device that is being developed, which architecture is based on ideas
and principles of proposed paradigm. Also, its realization in multicore dataflow
recurrent architecture is suggested. Recurrent organization of computational
process is theoretically proven to converge by using terms and theorems of the
recursive functions theory. The software engineering problem for this architecture
is described and its solution | recurrent dataflow programming methodology |
is suggested. This methodology is demonstrated on a problem of isolated words
recognition with device based on a new architecture. Also, one of the basic
algorithms of the mentioned problem | band-pass filtering | is realized by
using the proposed methodology step by step.
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МЕТОДИЧЕСКИЕ ВОПРОСЫФОРМИРОВАНИЯ СИСТЕМЫ
ТЕХНИЧЕСКОГО ОБЕСПЕЧЕНИЯ

ИНФОРМАЦИОННО:ТЕЛЕКОММУНИКАЦИОННЫХСЕТЕЙ

А. А. Зацаринный1, Н. Г. Буроменский2, А.И. Гаранин3

�−−®â æ¨ï: �à¨¢¥¤¥−ë ®á−®¢−ë¥ ¯®−ïâ¨ï ¯à¨¬¥−¨â¥«ì−® ª ®¡ê¥ªâã ¨áá«¥-
¤®¢ −¨ï. �®ª § −®, çâ® ä®à¬¨à®¢ −¨¥ á¨áâ¥¬ë â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï
(‘’�) ¨−ä®à¬ æ¨®−−®-â¥«¥ª®¬¬ã−¨ª æ¨®−−ëå á¥â¥© (ˆ’‘) ï¢«ï¥âáï ª®¬-
¯«¥ªá−®© á¨áâ¥¬®â¥å−¨ç¥áª®© ¯à®¡«¥¬®©, ®å¢ âë¢ îé¥© ¢¥áì¬  è¨à®ª¨© ªàã£
¢§ ¨¬®á¢ï§ −−ëå ¯à®æ¥áá®¢ −  ¢á¥å íâ ¯ å ¦¨§−¥−−®£® æ¨ª«  ˆ’‘. ‘ä®à-
¬ã«¨à®¢ −ë ®á−®¢−ë¥ ¨§ −¨å ¯à¨¬¥à−® ¢ â®© ¯®á«¥¤®¢ â¥«ì−®áâ¨, ¢ ª®â®à®©
®−¨ ¤®«¦−ë à¥è âìáï ¢ å®¤¥ á®§¤ −¨ï ‘’�. �®á«¥¤®¢ â¥«ì−® ¨§« £ îâáï
íâ ¯ë ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢ −¨© ¯® á®§¤ −¨î ‘’�, § ¤ ç¨ ¨ ¯®«ãç ¥¬ë¥
¯à¨ íâ®¬ à¥§ã«ìâ âë. „ −   − «¨â¨ç¥áª ï ¬®¤¥«ì äã−ªæ¨®−¨à®¢ −¨ï ‘’�
¨ ®¡é ï áå¥¬  ¬¥â®¤  ä®à¬¨à®¢ −¨ï ‘’�. �®ª § −®, çâ® ¬ â¥¬ â¨ç¥áª®¥
®¯¨á −¨¥ ¯à®æ¥áá®¢ äã−ªæ¨®−¨à®¢ −¨ï á«®¦−ëå ¨¥à àå¨ç¥áª¨å á¨áâ¥¬, ¯®-
¤®¡−ëå á¨áâ¥¬¥ ‘’� ˆ’‘, | çà¥§¢ëç ©−® á«®¦− ï ¨ á¥àì¥§− ï ¯à®¡«¥¬ .
�¥è âì ¥¥ ¯à¥¤« £ ¥âáï ¢ ¤¢  íâ ¯ . �  ¯¥à¢®¬ íâ ¯¥ ®¯¨á −¨¥ ¤ ¥âáï ¢
ä®à¬¥  ¡áâà ªâ−®© ¬ â¥¬ â¨ç¥áª®© ä®à¬ «¨§ æ¨¨ ¯à®æ¥áá  äã−ªæ¨®−¨à®¢ -
−¨ï á ¨á¯®«ì§®¢ −¨¥¬ â¥®à¨¨ ¬−®¦¥áâ¢ (®â−®è¥−¨© −  ¬−®¦¥áâ¢¥ ¨«¨ ¬¥¦¤ã
¬−®¦¥áâ¢ ¬¨ ¨ äã−ªæ¨®− «ì−ëå ®â®¡à ¦¥−¨©). �  ¢â®à®¬ íâ ¯¥ ¢ë¤¥«ïîâáï
®â¤¥«ì−ë¥ − ¨¡®«¥¥ ¢ ¦−ë¥ ¯à®æ¥ááë á¨áâ¥¬ë, â ª¨¥ ª ª à¥¬®−â, â¥å−¨ç¥-
áª®¥ ®¡á«ã¦¨¢ −¨¥, á− ¡¦¥−¨¥ −®¢ë¬¨ â¥å−¨ç¥áª¨¬¨ áà¥¤áâ¢ ¬¨ (’‘), ‡ˆ�
(§ ¯ á−ë¥ ç áâ¨, ¨−áâàã¬¥−âë, ¯à¨− ¤«¥¦−®áâ¨), ¨ ®áãé¥áâ¢«ï¥âáï ¯¥à¥å®¤
®â ¨−âã¨â¨¢−ëå ¯®−ïâ¨© ª ¤¥â «¨§¨à®¢ −−®¬ã ¬ â¥¬ â¨ç¥áª®¬ã ®¯¨á −¨î á
¨á¯®«ì§®¢ −¨¥¬  − «¨â¨ª®-¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥©. �à¥¤«®¦¥−  ¯à¨¬¥à− ï
áâàãªâãà− ï áå¥¬  ‘’�. �¡®á−®¢ − ¡ §®¢ë© á®áâ ¢ −®à¬ â¨¢−®£® ®¡¥á¯¥ç¥-
−¨ï ‘’� ˆ’‘.

Š«îç¥¢ë¥ á«®¢ : á¨áâ¥¬ ; ¨−ä®à¬ æ¨®−−®-â¥«¥ª®¬¬ã−¨ª æ¨®−− ï á¨áâ¥¬ ;
á¨áâ¥¬  â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï; ¨áá«¥¤®¢ −¨¥; ¯à®¥ªâ¨à®¢ −¨¥; à §à ¡®â-
ª ; íªá¯«ã â æ¨ï; íää¥ªâ¨¢−®áâì; ¬®¤¥«¨à®¢ −¨¥; áâàãªâãà 
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Œ¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ä®à¬¨à®¢ −¨ï á¨áâ¥¬ë â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ˆ’‘

¯à¨¥¬ , ®¡à ¡®âª¨ ¨ ®â®¡à ¦¥−¨ï ¨−ä®à¬ æ¨¨. ‚¬¥áâ¥ á â¥¬ ¨§¢¥áâ−®, çâ®
ç¥¬ á«®¦−¥¥ ’‘, â¥¬ ®−® ¬¥−¥¥ − ¤¥¦−® ¨, ª ª á«¥¤áâ¢¨¥, ¯®¤¢¥à¦¥−® ç áâë¬
®âª § ¬. �¤− ª® ¯à¨ç¨−®© −¨§ª®© − ¤¥¦−®áâ¨ ˆ’‘ ¨ ¥¥ í«¥¬¥−â®¢ ç áâ® ï¢«ï-
¥âáï −¥ â®«ìª® ¨å á«®¦−®áâì, −® ¨ −¥¯®«−®¥ ®¡¥á¯¥ç¥−¨¥ ãá«®¢¨© íªá¯«ã â æ¨¨
(“�) ˆ’‘, −¨§ª ï  ¢â®¬ â¨§ æ¨ï ¯à®æ¥áá®¢ ã¯à ¢«¥−¨ï á¨áâ¥¬®© â¥å−¨ç¥áª®£®
®¡¥á¯¥ç¥−¨ï ˆ’‘, á« ¡ ï ¯®¤£®â®¢ª  ®¡á«ã¦¨¢ îé¥£® ¯¥àá®− « .

‚ á¢ï§¨ á íâ¨¬ ®¤−¨¬ ¨§ − ¯à ¢«¥−¨© ¯®¤¤¥à¦ −¨ï ˆ’‘ ¢ ¯®áâ®ï−−®© £®-
â®¢−®áâ¨ ï¢«ï¥âáï á®§¤ −¨¥ íää¥ªâ¨¢−®© ‘’�. �®¤ ‘’� ˆ’‘ ¡ã¤¥¬ ¯®−¨¬ âì
ª®¬¯«¥ªá ¬¥à®¯à¨ïâ¨© ¯® ãª®¬¯«¥ªâ®¢ −¨î í«¥¬¥−â®¢ ˆ’‘ â¥å−¨ç¥áª¨¬¨ áà¥¤-
áâ¢ ¬¨, ¯®¤¤¥à¦ −¨¥ ¨å ¢ ¯®áâ®ï−−®© £®â®¢−®áâ¨ ª ¯à¨¬¥−¥−¨î ¯® − §− ç¥−¨î
¨ á¢®¥¢à¥¬¥−−®¬ã ¢®ááâ −®¢«¥−¨î ®âª § ¢è¨å í«¥¬¥−â®¢.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® à ¡®âë ¯® ¯à®¡«¥¬¥ à §à ¡®âª¨ ‘’� ¯à ªâ¨ç¥áª¨
®âáãâáâ¢ãîâ. �à¨ç¨−®© íâ®£® ¯®«®¦¥−¨ï ï¢«ïîâáï â ª¨¥ ®á®¡¥−−®áâ¨ ‘’�, ª ª
¥¥ ¬ «®á¥à¨©−®áâì ¨ ã−¨ª «ì−®áâì. ˆ ¢ â® ¦¥ ¢à¥¬ï §− ç¨â¥«ì−®¥ ç¨á«® à ¡®â
¯®á¢ïé¥−® ¬¥â®¤ ¬ ®æ¥−ª¨ − ¤¥¦−®áâ¨ á¥â¥© á¢ï§¨ [1{4] ¨ ã¯à ¢«¥−¨î íää¥ª-
â¨¢−®áâìî ¯à®æ¥áá  â¥å−¨ç¥áª®© íªá¯«ã â æ¨¨ ®â¤¥«ì−ëå ¢¨¤®¢ â¥å−¨ª¨ [5, 6].

„ −− ï à ¡®â  ¯®á¢ïé¥−  à §à ¡®âª¥ ¬¥â®¤®«®£¨ç¥áª¨å ®á−®¢ ä®à¬¨à®¢ −¨ï
‘’� ˆ’‘ ¨ ï¢«ï¥âáï ¤ «ì−¥©è¨¬ à §¢¨â¨¥¬ ¨¤¥© ¨ à¥§ã«ìâ â®¢, ¨§«®¦¥−−ëå
¢ [7]. „ −  ®¡é ï ¯®á«¥¤®¢ â¥«ì−®áâì à ¡®â ¯à¨ ¯à®¢¥¤¥−¨¨ ¨áá«¥¤®¢ −¨©, ¯à®-
¥ªâ¨à®¢ −¨¨, à §à ¡®âª¥ ¨ íªá¯«ã â æ¨¨. „ −   − «¨â¨ç¥áª ï ¨ ®¡é ï ¬®¤¥«ì
ä®à¬¨à®¢ −¨ï ‘’� ˆ’‘. �à¨ à §à ¡®âª¥ ¬¥â®¤®«®£¨ç¥áª¨å ®á−®¢ ä®à¬¨à®-
¢ −¨ï ‘’� ˆ’‘ ¨á¯®«ì§®¢ −ë ®á−®¢−ë¥ ¯®«®¦¥−¨ï, â¥à¬¨−ë ¨ ®¯à¥¤¥«¥−¨ï,
¯à¨¢¥¤¥−−ë¥ ¢ −®à¬ â¨¢−ëå ¤®ªã¬¥−â å [8{11].

2 Основное содержание исследований при разработке
системы технического обеспечения
информационно:телекоммуникационных сетей

‘®£« á−® [8], ¢¥áì ¯¥à¨®¤ áãé¥áâ¢®¢ −¨ï ®¡à §æ  â¥å−¨ª¨ ¨¬¥−ã¥âáï ¯à®-
æ¥áá®¬ ¥£® ¦¨§−¥−−®£® æ¨ª« . �¥à¢ë¬ ¯à®æ¥áá®¬ ¦¨§−¥−−®£® æ¨ª«  ï¢«ïîâáï
¨áá«¥¤®¢ −¨ï. ˆáá«¥¤®¢ −¨ï ¯® á®§¤ −¨î ‘’� á æ¥«ìî ¡®«ìè¥© ª®−ªà¥â¨§ æ¨¨
æ¥«¥¢ëå § ¤ ç à §¤¥«¨¬ −  âà¨ íâ ¯ .

‚ å®¤¥ ¯¥à¢®£® íâ ¯  ¨áá«¥¤®¢ −¨ï ¤®«¦−ë ¡ëâì à¥è¥−ë á«¥¤ãîé¨¥ ¢®-
¯à®áë:

{  − «¨§ ¯à®¡«¥¬ á®§¤ −¨ï ‘’�;

{ ®¯¨á −¨¥ ®¡ê¥ªâ  ¨áá«¥¤®¢ −¨ï;

{ ®¯à¥¤¥«¥−¨¥ áâàãªâãàë ‘’�;

{ à §à ¡®âª  âà¥¡®¢ −¨© ª á¨áâ¥¬¥;

{ ä®à¬ã«¨à®¢ª  ªà¨â¥à¨ï íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢ −¨ï á¨áâ¥¬ë.
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–¥«ìî ¢â®à®£® íâ ¯  ï¢«ï¥âáï  − «¨§ ãá«®¢¨© ¯à¨¬¥−¥−¨ï ‘’�.
‘®¤¥à¦ −¨¥ § ¤ ç, à¥è ¥¬ëå −  íâ®¬ íâ ¯¥, á®áâ®¨â ¢ â®¬, çâ® ¢áï á®-

¢®ªã¯−®áâì í«¥¬¥−â®¢ ¨ ¯à®æ¥áá®¢, ¨¬¥îé¨å ®â−®è¥−¨¥ ª ¯®áâ ¢«¥−−®© æ¥«¨,
à §¡¨¢ ¥âáï −  á«¥¤ãîé¨¥ £àã¯¯ë:

{ á®¡áâ¢¥−−® ‘’�;

{ − ¤á¨áâ¥¬  | ¨−ä®à¬ æ¨®−−®-â¥«¥ª®¬¬ã−¨ª æ¨®−− ï á¨áâ¥¬ ;

{ ¢−¥è−ïï áà¥¤ .

�¥§ã«ìâ â®¬ íâ®£® íâ ¯  ï¢«ï¥âáï ®¯à¥¤¥«¥−¨¥ á®áâ ¢  ¨ ãà®¢−¥© ä ªâ®à®¢,
¢®§¤¥©áâ¢ãîé¨å −  í«¥¬¥−âë ˆ’‘, í«¥¬¥−âë á¨áâ¥¬ë ‘’� ¨ ®æ¥−ª  ¯®á«¥¤áâ¢¨©
â ª®£® ¢®§¤¥©áâ¢¨ï.

”®à¬ «ì−® “� ‘’� ¬®¦−® ®¯à¥¤¥«¨âì ª ª ú¢á¥, çâ® −¥ ‘’�û, −® ¯àï¬®
¨«¨ ª®á¢¥−−® ®ª §ë¢ ¥â ¯àï¬®¥ ¢®§¤¥©áâ¢¨¥ −  ¢ë¯®«−¥−¨¥ ¥î á¢®¨å § ¤ ç.

ˆ§ ç¨á«  ¯ à ¬¥âà®¢ ‘’�, ¯®«ãç ¥¬ëå ¢ å®¤¥ ¢ë¯®«−¥−¨ï íâ®£® íâ ¯ 
¨áá«¥¤®¢ −¨©, ¬®¦−® ¢ë¤¥«¨âì áà ¢−¨â¥«ì−® −¥¡®«ìèãî, −® ®ç¥−ì ¢ ¦−ãî
£àã¯¯ã ¯ à ¬¥âà®¢, â ª¨å ª ª ¯à®£−®§¨àã¥¬ë¥ ¯®â®ª¨ ®âª §®¢ í«¥¬¥−â®¢ ˆ’‘,
à á¯à¥¤¥«¥−¨¥ í«¥¬¥−â®¢ ˆ’‘ ¯® ¢¨¤ ¬ ®âª §®¢, âà¥¡®¢ −¨ï ª áà¥¤−¥¬ã ¢à¥¬¥−¨
¢®ááâ −®¢«¥−¨ï í«¥¬¥−â®¢ ˆ’‘. �â¨ å à ªâ¥à¨áâ¨ª¨ ¡ã¤¥¬ − §ë¢ âì ¢−¥è−¨¬¨
å à ªâ¥à¨áâ¨ª ¬¨,   íâ ¯ ¨å ¢ë¡®à  ¨ ®¡®á−®¢ −¨ï ¢ «¨â¥à âãà¥ ¨¬¥−ã¥âáï
¢−¥è−¨¬ ¯à®¥ªâ¨à®¢ −¨¥¬ [12].

�®á«¥¤®¢ â¥«ì−®áâì à ¡®â ¯à¨ ¢−¥è−¥¬ ¯à®¥ªâ¨à®¢ −¨¨, ª ª ¯à ¢¨«®, â ª ï:

(1) à §à ¡®âª  ¬®¤¥«¥© “� ‘’�;

(2) ¢ë¡®à ªà¨â¥à¨ï íää¥ªâ¨¢−®áâ¨ ‘’�;

(3)  − «¨§ § ¢¨á¨¬®áâ¨ ªà¨â¥à¨ï íää¥ªâ¨¢−®áâ¨ ®â “�;

(4) ®æ¥−ª  ¯®â®ª®¢ ®âª §®¢ í«¥¬¥−â®¢ ‘’�;

(5) à §à ¡®âª  ¬¥â®¤®¢ à¥¬®−â ;

(6) à §à ¡®âª  âà¥¡®¢ −¨© ª ’‘ ¢®ááâ −®¢«¥−¨ï í«¥¬¥−â®¢ ˆ’‘;

(7) ¢ë¡®à à æ¨®− «ì−ëå ¢ à¨ −â®¢ ®à£ −¨§ æ¨¨ ‘’�.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® íää¥ªâ¨¢−®áâì ‘’� ˆ’‘ ¢® ¬−®£®¬ § ¢¨á¨â ®â
¯à¨¬¥−ï¥¬ëå ¢¨¤®¢ à¥¬®−â  ¨ ’‘ ¢®ááâ −®¢«¥−¨ï ®âª § ¢è¨å í«¥¬¥−â®¢. �à¨
íâ®¬ ¢ å®¤¥ ¨å à §à ¡®âª¨ æ¥«¥á®®¡à §−® ¨á¯®«ì§®¢ âì ®¯ëâ á®§¤ −¨ï ‘’�
¢®¥−−®© á¢ï§¨ ¨  ¢â®¬ â¨§¨à®¢ −−ëå áà¥¤áâ¢ ã¯à ¢«¥−¨ï [13],   â ª¦¥ à¥¬®−â 
à ¤¨®í«¥ªâà®−−®£® ¢®®àã¦¥−¨ï ‘˜� [14].

ˆ−ä®à¬ æ¨®−−ãî ®á−®¢ã ¢−¥è−¥£® ¯à®¥ªâ¨à®¢ −¨ï ‘’� ¯à¨¬¥−¨â¥«ì−® ª
“� á®áâ ¢«ïîâ ¤ −−ë¥, ¢ª«îç îé¨¥:

{ ¯à®£−®§¨àã¥¬ë¥ “�;

{ ®à£ −¨§ æ¨®−−®-èâ â−ãî áâàãªâãàã í«¥¬¥−â®¢ ˆ’‘;
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Œ¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ä®à¬¨à®¢ −¨ï á¨áâ¥¬ë â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ˆ’‘

{ âà¥¡®¢ −¨ï ª ãª®¬¯«¥ªâ®¢ −−®áâ¨ í«¥¬¥−â®¢ ˆ’‘;

{ ª« áá¨ä¨ª æ¨î ’‘ ¯® ¢¨¤ ¬ ®âª §®¢ [15].

�  âà¥âì¥¬ íâ ¯¥ ¯à®¨§¢®¤¨âáï à §à ¡®âª  ¬¥â®¤®¢ ¬®¤¥«¨à®¢ −¨ï ‘’�.
�â¬¥â¨¬, çâ® ¬ â¥¬ â¨ç¥áª®¥ ®¯¨á −¨¥ ¯à®æ¥áá®¢ äã−ªæ¨®−¨à®¢ −¨ï ¨¥-

à àå¨ç¥áª¨å á¨áâ¥¬, ¯®¤®¡−ëå á¨áâ¥¬¥ ‘’� ˆ’‘, | çà¥§¢ëç ©−® á«®¦− ï
¨ á¥àì¥§− ï ¯à®¡«¥¬ . ‚ − áâ®ïé¥¥ ¢à¥¬ï ¯®ª  ¥é¥ −¥ áãé¥áâ¢ã¥â ¥¤¨−®£®
¬ â¥¬ â¨ç¥áª®£®  ¯¯ à â , ª®â®àë© ¡ë ¯®§¢®«¨« à¥è¨âì ¯à®¡«¥¬ã ®¯¨á −¨ï
äã−ªæ¨®−¨à®¢ −¨ï á«®¦−ëå á¨áâ¥¬ ¢ ¯®«−®© ¬¥à¥, á ¤®áâ â®ç−®© áâà®£®áâìî ¨
®¡®á−®¢ −−®áâìî.

�®íâ®¬ã à¥è¥−¨¥ § ¤ ç¨ ¬®¤¥«¨à®¢ −¨ï ‘’� ˆ’‘ ¢ë¯®«−¨¬ ¢ á«¥¤ãîé¥©
¯®á«¥¤®¢ â¥«ì−®áâ¨.

‘− ç «  ¤ ¤¨¬ ®¯¨á −¨¥ ¯à®æ¥áá  äã−ªæ¨®−¨à®¢ −¨ï ‘’� ˆ’‘ ¢ ¢¨¤¥  ¡-
áâà ªâ−®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ á ¨á¯®«ì§®¢ −¨¥¬ â¥®à¨¨ ¬−®¦¥áâ¢ (®â−®è¥−¨©
−  ¬−®¦¥áâ¢¥ ¨«¨ ¬¥¦¤ã ¬−®¦¥áâ¢ ¬¨, äã−ªæ¨®− «ì−ëå ®â®¡à ¦¥−¨© ¨ â. ¤.).

„ «¥¥ ¢ë¤¥«¨¬ ®â¤¥«ì−ë¥ ¯à®æ¥ááë á¨áâ¥¬ë (− ¯à¨¬¥à, à¥¬®−â, â¥å−¨ç¥áª®¥
®¡á«ã¦¨¢ −¨¥, á− ¡¦¥−¨¥ ‡ˆ� ¨ â. ¤.) ¨ ®áãé¥áâ¢¨¬ ¯¥à¥å®¤ ®â ¨−âã¨â¨¢−ëå
¯®−ïâ¨© ª ¤¥â «¨§¨à®¢ −−®¬ã ¬ â¥¬ â¨ç¥áª®¬ã ®¯¨á −¨î á ¨á¯®«ì§®¢ −¨¥¬ ®¡-
é¨å  − «¨â¨ç¥áª¨å [16], ¢¥à®ïâ−®áâ−ëå ¨ ä¨§¨ç¥áª¨å ¬®¤¥«¥©. �®á«¥¤−¨¥
¯à¨¬¥−ïîâ ¤«ï ¢ëï¢«¥−¨ï ª®−ªà¥â−ëå â¥å−¨ç¥áª¨å ¯à¨ç¨−, ¢ë§ë¢ îé¨å ®âª -
§ë ’‘. Œ¥â®¤¨ç¥áª¨¥ ®á−®¢ë à §à ¡®âª¨ ä¨§¨ç¥áª®© ¬®¤¥«¨ ¯à¨ à ¤¨ æ¨®−−®¬
¢®§¤¥©áâ¢¨¨ −  à ¤¨®í«¥ªâà®−−ë¥ á¨áâ¥¬ë ¨§«®¦¥−ë ¢ à ¡®â¥ [17],   ®á®¡¥−−®-
áâ¨ ¢®ááâ −®¢«¥−¨ï â¥å−¨ª¨ á¢ï§¨ ¯à¨ ¥¥ à ¤¨ æ¨®−−®¬ § à ¦¥−¨¨ ¯®ª § −ë − 
¯à¨¬¥à¥ «¨ª¢¨¤ æ¨¨  ¢ à¨¨ −  —¥à−®¡ë«ìáª®© ��‘ [18].

3 Основное содержание работ при проектировании и разработке
системы технического обеспечения

�¡é¨¬ à¥§ã«ìâ â®¬ ¨áá«¥¤®¢ −¨© ¤®«¦−® áâ âì â ªâ¨ª®-â¥å−¨ç¥áª®¥ § ¤ −¨¥
−  ¯à®¥ªâ¨à®¢ −¨¥ ¨ à §à ¡®âªã ‘’� ˆ’‘,   â ª¦¥ ®â¤¥«ì−ëå ¥¥ í«¥¬¥−â®¢.
“ç¨âë¢ ï á«®¦−®áâì á®§¤ −¨ï ‘’� ¯à¨ ¥¥ ¯à®¥ªâ¨à®¢ −¨¨ ¨ à §à ¡®âª¥ ¢ à ¬-
ª å ®¯ëâ−®-ª®−áâàãªâ®àáª¨å à ¡®â (�Š�), ª ª ¯à ¢¨«®, ®¯à¥¤¥«ï¥âáï £®«®¢− ï
®à£ −¨§ æ¨ï ¨ ¨á¯®«−¨â¥«¨ á®áâ ¢−ëå ç áâ¥©. �à¨ íâ®¬ £®«®¢− ï ®à£ −¨§ æ¨ï
¨ ¨á¯®«−¨â¥«¨ á®áâ ¢−ëå ç áâ¥© ¤®«¦−ë ¯« −¨à®¢ âì ¨ ã¯à ¢«ïâì ¯à®¥ªâ¨-
à®¢ −¨¥¬ ¨ à §à ¡®âª®© á¨áâ¥¬ë ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢ −¨ï¬¨ −®à¬ â¨¢−ëå
¤®ªã¬¥−â®¢ [19, 20].

�− «¨§ § ¤ ç ¯à®¥ªâ¨à®¢ −¨ï ¨ à §à ¡®âª¨ â ª¨å á«®¦−ëå ¨§¤¥«¨©, ª ª
‘’�, −¥®¡å®¤¨¬® ¯à®¢®¤¨âì á ¨á¯®«ì§®¢ −¨¥¬ ¬¥â®¤®¢ á¨áâ¥¬−®£®  − «¨§ .
‚ á®®â¢¥âáâ¢¨¨ á ®¡é¥© ¬¥â®¤®«®£¨¥© ¨áá«¥¤®¢ −¨© ¯® à §à ¡®âª¥ á«®¦−ëå
á¨áâ¥¬ ¬®¦−® ¢ë¤¥«¨âì âà¨ ®á−®¢−ë¥ £àã¯¯ë ä ªâ®à®¢, ®¯à¥¤¥«ïîé¨å ¢ë¡®à
¯à®¥ªâ−ëå à¥è¥−¨©:
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(1) ãá«®¢¨ï íªá¯«ã â æ¨¨ (¢§ ¨¬®¤¥©áâ¢¨¥ á ¢−¥è−¥© áà¥¤®©);

(2) ¢−ãâà¥−−¥¥ áâà®¥−¨¥ (áâàãªâãà );

(3) ®¡é¥á¨áâ¥¬−ë¥, ¨−â¥£à «ì−ë¥ á¢®©áâ¢ .

‚ ¦−¥©è¨¬¨ íâ ¯ ¬¨ ¯à®¥ªâ¨à®¢ −¨ï ¨ à §à ¡®âª¨ ï¢«ïîâáï ¢¥à¨ä¨ª æ¨ï
¨ ¢ «¨¤ æ¨ï ¯à®¥ªâ  á¨áâ¥¬ë. ‚¥à¨ä¨ª æ¨ï ¯à¥¤¯®« £ ¥â à §à ¡®âªã ¨ ®áãé¥-
áâ¢«¥−¨¥ ª®−âà®«ï ¨«¨ ¤àã£®© ¤¥ïâ¥«ì−®áâ¨, −¥®¡å®¤¨¬®© ¤«ï ¯®¤â¢¥à¦¤¥−¨ï
á®®â¢¥âáâ¢¨ï à §à ¡®â −−®© á¨áâ¥¬ë ‘’� ¨ (¨«¨) ¥¥ í«¥¬¥−â®¢ âà¥¡®¢ −¨ï¬
§ ª §ç¨ª . �à¨ íâ®¬ ¤¥ïâ¥«ì−®áâì ¯® ¯®¤â¢¥à¦¤¥−¨î âà¥¡®¢ −¨©, § ¤ −−ëå ¢
â¥å−¨ç¥áª®¬ § ¤ −¨¨ (’‡) −  �Š�, ¬®¦¥â ¯®¤à §ã¬¥¢ âì:

{ ®áãé¥áâ¢«¥−¨¥  «ìâ¥à− â¨¢−ëå à áç¥â®¢;

{ áà ¢−¥−¨¥ á¯¥æ¨ä¨ª æ¨¨ −  −®¢ë© ¯à®¥ªâ á  − «®£¨ç−®© ¤®ªã¬¥−â æ¨¥© − 
 ¯à®¡¨à®¢ −−ë© ¯à®¥ªâ;

{ ¯à®¢¥¤¥−¨¥ ¨á¯ëâ −¨© ¨ ¤¥¬®−áâà æ¨©;

{  − «¨§ ¤®ªã¬¥−â®¢ ¤® ¨å ¢ë¯ãáª .

‚ «¨¤ æ¨ï ®¯à¥¤¥«ï¥â ¯®¤â¢¥à¦¤¥−¨¥ ¯®áà¥¤áâ¢®¬ ®¡ê¥ªâ¨¢−ëå á¢¨¤¥-
â¥«ìáâ¢ â®£®, çâ® âà¥¡®¢ −¨ï, ¯à¥¤− §− ç¥−−ë¥ ¤«ï ª®−ªà¥â−ëå “� ‘’�,
¢ë¯®«−¥−ë.

‘ ãç¥â®¬ á«®¦−®áâ¨ à §à ¡ âë¢ ¥¬®© á¨áâ¥¬ë ¨ í«¥¬¥−â®¢ “� ¯à¨ ¢ «¨¤ -
æ¨¨ ¬®£ãâ ¡ëâì à¥ «ì−ë¬¨ ¨«¨ á¬®¤¥«¨à®¢ −−ë¬¨. �à¨ íâ®¬ ¯® ¬¥à¥ ã¢¥«¨ç¥−¨ï
á«®¦−®áâ¨ à áâ¥â ¤®«ï á¬®¤¥«¨à®¢ −−ëå ª ª í«¥¬¥−â®¢, â ª ¨ “�. Œ®¤¥«¨àã-
îâáï ¯à¥¦¤¥ ¢á¥£® ®âª §ë í«¥¬¥−â®¢ ˆ’‘, ¢®ááâ −®¢«¥−¨¥ à ¡®â®á¯®á®¡−®áâ¨,
¨§¬¥à¥−¨¥ å à ªâ¥à¨áâ¨ª ’‘, á− ¡¦¥−¨¥ ‡ˆ�.

‚ ¦−® ®â¬¥â¨âì ¨ á«¥¤ãîé¨¥ ¬¥â®¤¨ç¥áª¨¥  á¯¥ªâë á®§¤ −¨ï ‘’� ˆ’‘:

1. �à¨ ¯à®¥ªâ¨à®¢ −¨¨, ¨§£®â®¢«¥−¨¨ ’‘, à¥¬®−â¥ ¨ ª®¬¯«¥ªâ®¢ −¨¨ ‡ˆ�
¤®«¦−ë ¡ëâì ãáâ −®¢«¥−ë ¯à ¢¨«  ¯à¨¬¥−¥−¨ï ¨§¤¥«¨© í«¥ªâà®−−®© â¥å−¨-
ª¨ ¨ í«¥ªâà®â¥å−¨ª¨ ¨−®áâà −−®£® ¯à®¨§¢®¤áâ¢  ¢ ’‘ ˆ’‘ ¨ ’‘ ‘’�,  
â ª¦¥ § ªã¯ª¨ ¨ ®æ¥−ª¨ ¯à¨£®¤−®áâ¨ ’‘. ‚ ª ç¥áâ¢¥ ¨áå®¤−ëå ¯à¨ à §à -
¡®âª¥ â ª¨å ¯à ¢¨« ¬®¦−® à¥ª®¬¥−¤®¢ âì à ¡®âë [21{23].

2. ‘¨áâ¥¬  â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ï¢«ï¥âáï ç áâìî ˆ’‘. �®íâ®¬ã ¢ ’‡ − 
á®§¤ −¨¥ ˆ’‘ § ª §ç¨ª®¬ ®¤−®¢à¥¬¥−−® § ¤ îâáï âà¥¡®¢ −¨ï ¨ ¯® â¥å−¨-
ç¥áª®¬ã ®¡¥á¯¥ç¥−¨î. ‘¨áâ¥¬  â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¤®«¦−  à §à ¡ -
âë¢ âìáï ª ª á®áâ ¢− ï ç áâì ˆ’‘ ¨ −  ¢á¥å íâ ¯ å à §à ¡®âª¨ (íáª¨§−®¥,
â¥å−¨ç¥áª®¥, à ¡®ç¥¥ ¯à®¥ªâ¨à®¢ −¨¥) ¯®¤¢¥à£ âìáï ¢á¥¬ ¢¨¤ ¬ ¨á¯ëâ −¨©
á®¢¬¥áâ−® á í«¥¬¥−â ¬¨ ˆ’‘ ª ª −  áâ¥−¤¥ £« ¢−®£® ª®−áâàãªâ®à , â ª ¨ − 
®¡ê¥ªâ å § ª §ç¨ª .
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Œ¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ä®à¬¨à®¢ −¨ï á¨áâ¥¬ë â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ˆ’‘

4 Методические рекомендации по построению системы технического
обеспечения информационно:телекоммуникационных сетей

‘¨áâ¥¬  ‘’�, ª ª ¨ «î¡ ï á«®¦− ï á¨áâ¥¬ , ¤®«¦−  ¡ëâì − ¤¥«¥−  ¢¯®«−¥
®¯à¥¤¥«¥−−®© áâàãªâãà®©, ¯®¤ ª®â®à®© ¡ã¤¥¬ ¯®−¨¬ âì á®¢®ªã¯−®áâì í«¥¬¥−â®¢
(¯®¤á¨áâ¥¬) ¨ ¬−®¦¥áâ¢® ãáâ®©ç¨¢ëå á¢ï§¥© ¬¥¦¤ã −¨¬¨. �á®¡¥−−®áâìî ä®à¬¨-
à®¢ −¨ï áâàãªâãàë ‘’� ï¢«ï¥âáï ãç¥â â¥àà¨â®à¨ «ì−®© à á¯à¥¤¥«¥−−®áâ¨ ˆ’‘.
‘ íâ®© â®çª¨ §à¥−¨ï áâàãªâãàã ‘’� æ¥«¥á®®¡à §−® à §¤¥«¨âì −  ®â−®á¨â¥«ì−®
á ¬®áâ®ïâ¥«ì−ë¥ ¢ äã−ªæ¨®− «ì−®¬ ®â−®è¥−¨¨ ç áâ¨ (¯®¤á¨áâ¥¬ë). �®¤á¨áâ¥-
¬ë ¬®£ãâ ¨¬¥âì à¥£¨®− «ì−ë© å à ªâ¥à, ®¤− ª® áâà®¨âìáï −  ¥¤¨−ëå ¤«ï ‘’�
¯à¨−æ¨¯ å äã−ªæ¨®−¨à®¢ −¨ï ¨ ã¯à ¢«¥−¨ï. �¥ª®¬¥−¤ã¥¬ ï â¨¯®¢ ï áâàãªâãà 
‘’� ¯à¨¢¥¤¥−  −  à¨á. 1.

„ ¤¨¬ −¥¡®«ìè¨¥ ¯®ïá−¥−¨ï áâàãªâãàë ‘’�. ‚ë¤¥«¥−¨¥ ¢ ¥¥ áâàãªâãà¥
á¨áâ¥¬ë �0 ¢ëáè¥£® ãà®¢−ï ®¡ãá«®¢«¥−® â¥¬, çâ® ¨á¯®«ì§ã¥¬ë¥ á¨«ë ¨ áà¥¤áâ¢ 
ï¢«ïîâáï «¨èì ç áâìî á¨« ¨ áà¥¤áâ¢, ãç áâ¢ãîé¨å ¢ ®à£ −¨§ æ¨¨ äã−ªæ¨®−¨-
à®¢ −¨ï ˆ’‘. �à¨ íâ®¬ á¨áâ¥¬  �0 ¢ë¯®«−ï¥â ç áâì § ¤ ç ¯® â¥å−¨ç¥áª®¬ã
®¡¥á¯¥ç¥−¨î ¢ ¨−â¥à¥á å −¨¦−¥£® §¢¥−  ã¯à ¢«¥−¨ï.

�®¤á¨áâ¥¬  �1 ®¡¥á¯¥ç¨¢ ¥â ã¯à ¢«¥−¨¥ á¨áâ¥¬®©, ¯à®¨§¢®¤¨â á¡®à ¨−ä®à-
¬ æ¨¨ ® á®áâ®ï−¨¨ í«¥¬¥−â®¢ ˆ’‘, ä®à¬¨àã¥â ¯« − à á¯à¥¤¥«¥−¨ï áà¥¤áâ¢
â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¨ ¤®¢®¤¨â ¢ëâ¥ª îé¨¥ ¨§ −¥£® § ¤ ç¨ ¤® ¯®¤á¨áâ¥¬ �2
¨ �3.

�¨á. 1 ’¨¯®¢ ï áâàãªâãà  ‘’� ˆ’‘
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�®¤á¨áâ¥¬  �2 ¢ª«îç ¥â £àã¯¯¨à®¢ªã á¨« ¨ áà¥¤áâ¢, ¯à¨¢«¥ª ¥¬ëå ª ¢®á-
áâ −®¢«¥−¨î à ¡®â®á¯®á®¡−®áâ¨ â¥«¥ª®¬¬ã−¨ª æ¨®−−®© á¨áâ¥¬ë (’Š‘).

�®¤á¨áâ¥¬  �3 ¢ë¯®«−ï¥â äã−ªæ¨¨ í¢ ªã æ¨¨ ’‘, âà¥¡ãîé¨å á«®¦−ëå
¢¨¤®¢ à¥¬®−â , ®¡¥á¯¥ç¥−¨¥ ‡ˆ� ¨ ¨á¯à ¢−ë¬¨ ’‘.

‘¨áâ¥¬  E á®§¤ ¥â ®£à −¨ç¥−¨ï −  íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢ −¨ï ‘’�.
�à¨¢¥¤¥−− ï −  à¨á. 1 áâàãªâãà− ï áå¥¬  ‘’� ï¢«ï¥âáï ¢ ®¡é¥¬ á«ãç ¥

â¨¯®¢®© ¤«ï «î¡®£® í«¥¬¥−â  ¯®¤á¨áâ¥¬ë ‘’�,   ¯®íâ®¬ã ¯à ¢®¬¥à−® ¬−®£®-
ãà®¢−¥¢®¥ ¯à¥¤áâ ¢«¥−¨¥ ¬®¤¥«¨ ¥¥ äã−ªæ¨®−¨à®¢ −¨ï.

�  à¨á. 2 ¯à¨¢¥¤¥−  áå¥¬  äã−ªæ¨®−¨à®¢ −¨ï ‘’� ˆ’‘, ¯®áâà®¥−− ï ¯®
¯à¨−æ¨¯ã ¨¥à àå¨¨, â. ¥. ®âà ¦ îé ï á®¯®¤ç¨−¥−−®áâì ¨«¨ á®£« á®¢ −−ë© ¯®
¯®¤ç¨−¥−−®áâ¨ ¯®àï¤®ª ¯®¤á¨áâ¥¬.

� áá¬®âà¨¬ ¢®¯à®á ® ¬®¤¥«¨à®¢ −¨¨ äã−ªæ¨®−¨à®¢ −¨ï ‘’� ˆ’‘. �à¨
íâ®¬ ¡ã¤¥¬ ¨áå®¤¨âì ¨§ â®£® ¯®«®¦¥−¨ï, çâ® äã−ªæ¨®−¨à®¢ −¨¥ ‘’� ¢ ¯¥à-
¢ãî ®ç¥à¥¤ì á¢ï§ −® á à á¯à¥¤¥«¥−¨¥¬ à¥áãàá®¢ −  â¥å−¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¥¥
í«¥¬¥−â®¢.

‚ ®¡é¥¬ ¢¨¤¥ ¢ëà ¡®âª  à¥è¥−¨ï ® à á¯à¥¤¥«¥−¨¨ à¥áãàá®¢ ‘’� ¬®¦¥â ¡ëâì
¯à¥¤áâ ¢«¥−  ®â®¡à ¦¥−¨¥¬

Q1 : R× P × S × T × Z → V , (1)

£¤¥ r ∈ R | ¬−®¦¥áâ¢® à¥áãàá®¢ ‘’�; p ∈ P | ¬−®¦¥áâ¢® ®¡ê¥ªâ®¢ ®¡¥á¯¥-
ç¥−¨ï; s ∈ S | ¬−®¦¥áâ¢® å à ªâ¥à¨áâ¨ª “� ‘’� ˆ’‘; t ∈ T | ¬−®¦¥áâ¢®
¬®¬¥−â®¢ ¢à¥¬¥−¨; z ∈ Z | ¬−®¦¥áâ¢® æ¥«¥©, ª®â®àë¥ ¤®«¦−ë ¡ëâì ¤®áâ¨£−ãâë
¢ å®¤¥ â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï; v ∈ V | ¬−®¦¥áâ¢® à¥è¥−¨© ® à á¯à¥¤¥«¥−¨¨
à¥áãàá®¢ ‘’� ¯® í«¥¬¥−â ¬ ˆ’‘.

�â®¡à ¦¥−¨¥ (1) ¯à¥¤áâ ¢«ï¥â á®¡®©  «£®à¨â¬, ª®â®àë© ª ¦¤®¬ã − ¡®àã
ãá«®¢¨© ¯à¨−ïâ¨ï à¥è¥−¨© (r ∈ R, p ∈ P , s ∈ S, z ∈ Z, t ∈ T ) áâ ¢¨â ¢
á®®â¢¥âáâ¢¨¥ −¥ª®â®à®¥ à¥è¥−¨¥ v ∈ V ¨§ ¬−®¦¥áâ¢  ¤®¯ãáâ¨¬ëå. �¥ «¨§ æ¨ï
íâ®£® à¥è¥−¨ï ¯à¨¢®¤¨â ª −¥ª®â®à®¬ã à¥§ã«ìâ âã, ¯à®£−®§¨à®¢ −¨¥ ª®â®à®£® − 
íâ ¯¥ ¢ëà ¡®âª¨ à¥è¥−¨ï ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥−® ®â®¡à ¦¥−¨¥¬

Q2 : R× P × S × T × V → F , (2)

£¤¥ F | ¬−®¦¥áâ¢® ¢®§¬®¦−ëå à¥§ã«ìâ â®¢ â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ˆ’‘.
�â®¡à ¦¥−¨¥ (2) ¯à¥¤áâ ¢«ï¥â á®¡®© ¬®¤¥«ì ¯à®£−®§¨à®¢ −¨ï à¥§ã«ìâ â®¢

¨á¯®«ì§®¢ −¨ï à¥áãàá®¢ ‘’� r ∈ R ¤«ï â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï í«¥¬¥−â®¢
ˆ’‘ p ∈ P ¢ ¬®¬¥−âë ¢à¥¬¥−¨ t ∈ T ¢ á®®â¢¥âáâ¢¨¨ á à¥è¥−¨¥¬ v ∈ V ¢ “�
s ∈ S.

Š ç¥áâ¢® à¥è¥−¨ï ®¯à¥¤¥«ï¥âáï ¥£® ª®−¥ç−ë¬ à¥§ã«ìâ â®¬ ¯à¨ ¨á¯®«ì§®¢ −¨¨
¨¬¥îé¨åáï ¢®§¬®¦−®áâ¥© ‘’�.

�æ¥−ª  ª ç¥áâ¢  â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥−  ®â®¡à -
¦¥−¨¥¬

Q3 : R× P × S × T × F → E ,
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�¨á. 2 Œ−®£®ãà®¢−¥¢®¥ ¯à¥¤áâ ¢«¥−¨¥ ¬®¤¥«¨ äã−ªæ¨®−¨à®¢ −¨ï ‘’� ˆ’‘

£¤¥ E | ã¯®àï¤®ç¥−−®¥ ¯® áâ¥¯¥−¨ ¯à¥¤¯®çâ¥−¨ï ¬−®¦¥áâ¢® ®æ¥−®ª ¤®áâ¨¦¥−¨ï
¯®áâ ¢«¥−−ëå æ¥«¥© z ∈ Z.

�¥è¥−¨¥ ¨é¥âáï ¯à¨ ãá«®¢¨¨, çâ® æ¥«¨, ¢ª«îç¥−−ë¥ ¢ ®â®¡à ¦¥−¨¥ (1),
ï¢«ïîâáï ¨§¬¥à¨¬ë¬¨.

‚ ®¡é¥¬ á«ãç ¥ ‘’� ˆ’‘ ï¢«ï¥âáï ã¯à ¢«ï¥¬®© á¨áâ¥¬®©,   ¯®íâ®¬ã ¤®¯®«-
−¨¬ ¯à¨¢¥¤¥−−ãî ¢ëè¥ ¬®¤¥«ì (1) ¬®¤¥«ìî ¯à®æ¥áá  ã¯à ¢«¥−¨ï. ‚®á¯®«ì§ã¥¬áï
¤«ï íâ®£® à¥§ã«ìâ â ¬¨ à ¡®âë [24].
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�à¨¬¥¬ ¤«ï ®¯¨á −¨ï ¢ ª ç¥áâ¢¥ ¡ §®¢®© ¨¥à àå¨ç¥áªãî áâàãªâãàã á ¤¢ã¬ï
ãà®¢−ï¬¨ ã¯à ¢«¥−¨ï. �á®¡¥−−®áâìî â ª®© áâàãªâãàë ï¢«ï¥âáï á®ç¥â −¨¥ æ¥−-
âà «¨§®¢ −−®£® ã¯à ¢«¥−¨ï á¨áâ¥¬®© á «®ª «ì−ë¬ ã¯à ¢«¥−¨¥¬ ¯®¤á¨áâ¥¬ ¬¨
á à §¤¥«¥−¨¥¬ äã−ªæ¨© ¨  «£®à¨â¬  ã¯à ¢«¥−¨ï, çâ® ¯®«−®áâìî á®®â¢¥âáâ¢ã¥â
à áá¬ âà¨¢ ¥¬®¬ã á«ãç î.

‚¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§− ç¥−¨ï:

m ∈M | ¬−®¦¥áâ¢® ã¯à ¢«ïîé¨å á¨£− «®¢;

ω ∈ Ÿ| ¬−®¦¥áâ¢® ¢−¥è−¨å ¢®§¤¥©áâ¢¨©;

l ∈ L | ¬−®¦¥áâ¢® ¨−ä®à¬ æ¨®−−ëå á¨£− «®¢ 1-£® ãà®¢−ï;

k ∈ K | ¬−®¦¥áâ¢® ¨−ä®à¬ æ¨®−−ëå á¨£− «®¢ 2-£® ãà®¢−ï;

u ∈ U | ¬−®¦¥áâ¢® ª®®à¤¨−¨àãîé¨å á¨£− «®¢;

y ∈ Y | ¬−®¦¥áâ¢® ¢ëå®¤−ëå á¨£− «®¢.

’®£¤  ã¯à ¢«ï¥¬ë© ¯à®æ¥áá G −  ï§ëª¥ â¥®à¨¨ ¬−®¦¥áâ¢ ¬®¦−® § ¤ âì
®â®¡à ¦¥−¨¥¬

G :M × Ÿ→ Y ,

£¤¥ M = M1 ×M2 × · · · ×Mi × · · · ×Mn,   Mi | ¬−®¦¥áâ¢® ã¯à ¢«ïîé¨å
á¨£− «®¢ ¤«ï i-£® ã¯à ¢«ïîé¥£® ®à£ −  [mi ∈Mi, m = (m1,m2, . . . ,mn)].

Œ®¤¥«ì äã−ªæ¨®−¨à®¢ −¨ï i-© ¯®¤á¨áâ¥¬ë ã¯à ¢«¥−¨ï (i = 1, 2, . . . , n) à¥ -
«¨§ã¥âáï ¢ ¢¨¤¥ ®â®¡à ¦¥−¨ï

Ci : U × Li →Mi ; L = L1 × L2 × · · · × Li × · · · × Ln .

Œ®¤¥«ì á«ã¦¡ë ã¯à ¢«¥−¨ï á¨áâ¥¬®© à¥ «¨§ã¥âáï ¢ ¢¨¤¥ ®â®¡à ¦¥−¨ï

C0 : K → U .

‘®®â¢¥âáâ¢¥−−®, ¨−ä®à¬ æ¨®−−ë¥ ®¡à â−ë¥ á¢ï§¨ 1-£® ¨ 2-£® ãà®¢−¥© ã¯à ¢-
«¥−¨ï à¥ «¨§ãîâáï ®â®¡à ¦¥−¨ï¬¨

fi : Mi × Ÿ× Y → Li , i = 1, 2, . . . , n ;
f0 : U × L×M → K .

„ ¤¨¬ ä®à¬ «¨§®¢ −−®¥ ®¯¨á −¨¥ “� ‘’� ˆ’‘.
�â¬¥â¨¬, çâ® íªá¯«ã â æ¨ï ‘’� ¯à®¨áå®¤¨â ¯®¤ ¢«¨ï−¨¥¬ á«ãç ©−ëå ä ª-

â®à®¢, ¢ª«îç îé¨å ¢®§¤¥©áâ¢¨¥ ¯®−¨¦¥−−ëå ¨ ¯®¢ëè¥−−ëå â¥¬¯¥à âãà, ¢¨¡à -
æ¨®−−ë¥ ¨ ã¤ à−ë¥ ¢®§¤¥©áâ¢¨ï, ¯ë«ì,   â ª¦¥ ¢®§¬®¦−® − «¨ç¨¥ −¥¡« £®¯à¨-
ïâ−ëå ¢−¥è−¨å ¢®§¤¥©áâ¢¨© (�‚): ¨¬¯ã«ìá−®£® í«¥ªâà®¬ £−¨â−®£® ¨§«ãç¥−¨ï,
á¥©á¬¨ç¥áª®£® ã¤ à , áâ¨å¨©−ëå á¨« ¯à¨à®¤ë ¨ ¤àã£¨å.
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‚¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§− ç¥−¨ï:

{ s÷æ ∈ S÷æ | ¬−®¦¥áâ¢® ¢−¥è−¨å ¢®§¤¥©áâ¢ãîé¨å ä ªâ®à®¢ −  í«¥¬¥−âë
ˆ’‘;

{ sî÷ ∈ Sî÷ | ¬−®¦¥áâ¢® −¥¡« £®¯à¨ïâ−ëå ¢®§¤¥©áâ¢¨©.

’®£¤  S = S÷æ ∪ Sî÷ | ãá«®¢¨ï íªá¯«ã â æ¨¨ ‘’� ˆ’‘.
�à®¨§¢¥¤¥−¨¥ S = s1÷æ × s2÷æ × · · · × sn

÷æ × s1î÷ × s2î÷ × · · · × sm
î÷ ¡ã¤¥¬

− §ë¢ âì ®¡é¨¬ ¯à®áâà −áâ¢®¬ ¢®§¤¥©áâ¢¨© −  í«¥¬¥−âë ˆ’‘, −  ãáâ®©ç¨¢®áâì
ª ª®â®àë¬ ¤®«¦−  à §à ¡ âë¢ âìáï  ¯¯ à âãà , ¯à¨¡®àë ¨ ®¡®àã¤®¢ −¨¥ ˆ’‘.

�  à¨á. 3 ¯à¥¤áâ ¢«¥− ®¡é¨© ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ä®à¬¨à®¢ −¨î ‘’�
ˆ’‘, ª®â®àë© ¬®¦¥â à áá¬ âà¨¢ âìáï ª ª ¤®¯®«−¥−¨¥ ª à ¡®â ¬, ¨§«®¦¥−−ë¬
¢ëè¥.

„«ï ®¡¥á¯¥ç¥−¨ï äã−ªæ¨®−¨à®¢ −¨ï ‘’� ˆ’‘ ¤®«¦−  ¡ëâì à §à ¡®â − 
á¨áâ¥¬  −®à¬ â¨¢−ëå ¤®ªã¬¥−â®¢, à¥£« ¬¥−â¨àãîé¨å:

{ æ¥«¨, § ¤ ç¨ ¨ á®¤¥à¦ −¨¥ à ¡®â, ¢ë¯®«−ï¥¬ëå ¢ à ¬ª å ‘’� ˆ’‘ (¯®¤-
á¨áâ¥¬ë);

{ âà¥¡®¢ −¨ï ª ¢à¥¬¥−¨ ¢®ááâ −®¢«¥−¨ï, áà®ªã á«ã¦¡ë, áà®ªã åà −¥−¨ï ¨
ãá«®¢¨ï¬ íªá¯«ã â æ¨¨ ’‘ ˆ’‘ ¨ ‘’�;

{ á®áâ ¢ ¨ ®á− é¥−−®áâì ‘’� à¥¬®−â−ë¬¨ ¬ áâ¥àáª¨¬¨;

{ áâàãªâãàã ¨ á®áâ ¢ â¨¯®¢ëå ª®¬¯«¥ªâ®¢ ‡ˆ�.

�à¨ íâ®¬ áâ âãá ¤®ªã¬¥−â®¢, ¢ª«îç îé¨å ¨§«®¦¥−−ë¥ ¢ëè¥ ¢®¯à®áë, ¬®¦¥â
¡ëâì à §«¨ç−ë©, − ¯à¨¬¥à:

{ ú�®«®¦¥−¨¥ ® â¥å−¨ç¥áª®¬ ®¡¥á¯¥ç¥−¨¨ íªá¯«ã â æ¨¨ ¨−ä®à¬ æ¨®−−®-â¥«¥-
ª®¬¬ã−¨ª æ¨®−−ëå á¥â¥©û;

{ ú�¥£« ¬¥−â ¯à®¢¥¤¥−¨ï à¥¬®−â  ¨ ®¡á«ã¦¨¢ −¨ï â¥å−¨ç¥áª¨å áà¥¤áâ¢û;

{ ú�®«®¦¥−¨¥ ®¡  ¢â®àáª®¬ − ¤§®à¥ − ¤ íää¥ªâ¨¢−®áâìî äã−ªæ¨®−¨à®¢ −¨ï
á¨áâ¥¬ë â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ïû;

{ ú�à®£à ¬¬  ®á− é¥−¨ï á¨áâ¥¬ë â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï à¥¬®−â−ë¬¨ ¬ á-
â¥àáª¨¬¨û ¨ â. ¤.

5 Заключение

‚ à ¡®â¥ ¨§« £ ¥âáï ¯®á«¥¤®¢ â¥«ì−®áâì à ¡®â ¯® á®§¤ −¨î ‘’� ˆ’‘ á
ãç¥â®¬ íâ ¯®¢ ¦¨§−¥−−®£® æ¨ª«  ¯à®¤ãªæ¨¨. � áá¬®âà¥−ë ®á−®¢−ë¥ ¢®¯à®áë,
ª®â®àë¥ ¤®«¦−ë ¡ëâì ¯à®à ¡®â −ë ¢ å®¤¥ ¨áá«¥¤®¢ −¨©, ¯à®¥ªâ¨à®¢ −¨ï ¨ íªá-
¯«ã â æ¨¨. ‚ë¯®«−¥−® ¬®¤¥«¨à®¢ −¨¥ äã−ªæ¨®−¨à®¢ −¨ï ‘’�, ¤ − ¢ à¨ −â
áâàãªâãàë ‘’�, ¯à¨¢¥¤¥−® ¬−®£®ãà®¢−¥¢®¥ ¯à¥¤áâ ¢«¥−¨¥ ¨ ®¡é¨© ¬¥â®¤¨-
ç¥áª¨© ¯®¤å®¤ ª ä®à¬¨à®¢ −¨î ‘’� ˆ’‘. „ −ë à¥ª®¬¥−¤ æ¨¨ ¯® á®áâ ¢ã
−®à¬ â¨¢−®£® ®¡¥á¯¥ç¥−¨ï äã−ªæ¨®−¨à®¢ −¨ï ‘’�.
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�¨á. 3 �¡é¨© ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ä®à¬¨à®¢ −¨î ‘’� ˆ’‘
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METHODOLOGICAL QUESTIONS OF FORMATION
OF THE SYSTEM TECHNICAL SUPPORT

OF INFORMATION:TELECOMMUNICATION NETWORKS
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Abstract: The basic concepts in relation to the object of research are described. It
is shown that the formation of the system of technical support (STS) of information
and telecommunication network (ITN) is an integrated system problem, acquiring
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preconceptual covering of a very wide range of interrelated processes at all
stages of the life cycle of ITN. Basic of them are formulated almost in the
same sequence as they should be resolved in the course of creation of the STS.
Consistently, the stages of research to create an STS, the tasks, and obtained
results are described. The analytical model of the functioning of the STS and
general scheme of the method of forming the STS are given. It is shown that the
mathematical description of the processes of functioning of complex hierarchical
systems, such as STS of ITN, is extremely complex and serious problem. Its
solution is suggested in two stages: at the first stage, the description is given
in the form of abstract mathematical formalization of the process of functioning
with the use of set theory (relations on the set between sets and functional
maps), and at the second stage, the most important processes in the system, such
as repair, maintenance, supply of new technical means, spare parts tools and
accessories are distinguished and transition from intuitive concepts to detailed
mathematical description of using analytical and probabilistic models is realized.
An approximate structural scheme of the STS is suggested. Basic content of the
regulatory support of the STS of ITN is justified.

Keywords: system; information and telecommunications system; the system
of technical support; research; design; development; operation; effectiveness;
modeling; structure
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К ВОПРОСУ О СРАВНИТЕЛЬНОЙОЦЕНКЕ
ЭФФЕКТИВНОСТИ СИТУАЦИОННЫХЦЕНТРОВ

А. А. Зацаринный1, Ю. С. Ионенков2, А.П. Шабанов3

�−−®â æ¨ï: �  ®á−®¢¥ áâàãªâãà−®-äã−ªæ¨®− «ì−®£® ¯à¥¤áâ ¢«¥−¨ï á¨âã æ¨-
®−−®£® æ¥−âà  (‘–) ¨ ãç¥â  ¢«¨ï−¨ï ®à£ −¨§ æ¨®−−®£® ª®¬¯®−¥−â , ¢ª«îç ï
ç¥«®¢¥ç¥áª¨© ä ªâ®à, à áá¬ âà¨¢ îâáï ¢®¯à®áë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ‘–,
à¥è îé¨å ®¤−®â¨¯−ë¥ § ¤ ç¨. �à¨ íâ®¬ ¨á¯®«ì§ã¥âáï ¯à¨−æ¨¯ ª®¬¯«¥ªá−®-
áâ¨ ®æ¥−ª¨, § ª«îç îé¨©áï ¢ â®¬, çâ® íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢ −¨ï ‘–
®¯à¥¤¥«ï¥âáï ¯®ª § â¥«ï¬¨ íää¥ªâ¨¢−®áâ¨ ¥£® ª®¬¯®−¥−â®¢: äã−ªæ¨®− «ì−®-
£®, â¥å−®«®£¨ç¥áª®£®, â¥å−¨ç¥áª®£®, íªá¯«ã â æ¨®−−®£® ¨ ®à£ −¨§ æ¨®−−®£®.
�à¥¤«®¦¥−  á¨áâ¥¬  ¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨ ª ¦¤®£® ¨§ ª®¬¯®−¥−â®¢.
�à¥¤áâ ¢«¥−  ¬¥â®¤¨ª  áà ¢−¨â¥«ì−®£®  − «¨§  íää¥ªâ¨¢−®áâ¨ ‘– ¨ ¯à¨¢¥-
¤¥−ë ¯à¨¬¥àë à áç¥â . �®ª § −®, çâ® à §à ¡®âª  ¨ ¢−¥¤à¥−¨¥ ¢ëá®ª®íää¥ª-
â¨¢−ëå á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨©, ®¡¥á¯¥ç¨¢ îé¨å ¢ë¯®«−¥−¨¥ ¯®«−®£®
¯¥à¥ç−ï âà¥¡ã¥¬ëå äã−ªæ¨®− «ì−ëå § ¤ ç, ¤ ¦¥ ¯à¨ á®§¤ −¨¨ ¤®áâ â®ç−®©
â¥å−¨ç¥áª®© ¨−äà áâàãªâãàë −¥ ¯®§¢®«¨â ®¡¥á¯¥ç¨âì ¢ëá®ªãî íää¥ªâ¨¢−®áâì
‘– ¯à¨ −¨§ª®¬ ãà®¢−¥ íªá¯«ã â æ¨®−−®£® ¨ ®à£ −¨§ æ¨®−−®£® ª®¬¯®−¥−â®¢.
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1 Введение

‚ − áâ®ïé¥¥ ¢à¥¬ï è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¯®«ãç¨«¨ ‘–, á®§¤ ¢ ¥¬ë¥ ¢ ®à£ -
−¨§ æ¨®−−ëå á¨áâ¥¬ å (¢ ¬¨−¨áâ¥àáâ¢ å, ¢¥¤®¬áâ¢ å, −  ¯à¥¤¯à¨ïâ¨ïå). ‘¨âã -
æ¨®−−ë© æ¥−âà ¯®§¢®«ï¥â à¥ «¨§®¢ âì −®¢ë© ä®à¬ â ã¯à ¢«¥−¨ï ¯ãâ¥¬ á®§¤ −¨ï
®á®¡®£® ¨−ä®à¬ æ¨®−−®-â¥å−®«®£¨ç¥áª®£® ¯à®áâà −áâ¢  ¤«ï íää¥ªâ¨¢−®£® ¬®-
−¨â®à¨−£ , ¯à®£−®§¨à®¢ −¨ï, ¯à¨−ïâ¨ï à¥è¥−¨© ¨ ª®−âà®«ï ¨å ¨á¯®«−¥−¨ï.
‘ ãç¥â®¬ â®£®, çâ® ‘– ¯à¥¤áâ ¢«ï¥â á®¡®© á«®¦−ãî á¨áâ¥¬ã, ª®â®à ï äã−ªæ¨®-
−¨àã¥â ¢ â¥ç¥−¨¥ ¤«¨â¥«ì−®£® ¯¥à¨®¤  ¢à¥¬¥−¨ ¨ âà¥¡ã¥â ¡®«ìè¨å ®à£ −¨§ æ¨®−-
−ëå ¨ ¬ â¥à¨ «ì−ëå § âà â, ¢®§−¨ª ¥â § ¤ ç  ®æ¥−ª¨ ¥£® íää¥ªâ¨¢−®áâ¨. ’ ª ï
®æ¥−ª  − àï¤ã á  − «¨§®¬ á¨áâ¥¬−ëå  á¯¥ªâ®¢ −  ¢á¥å íâ ¯ å ¦¨§−¥−−®£® æ¨ª« 
‘– ¯à¥¤¯®« £ ¥â ¯à®¢¥¤¥−¨¥ ¨å áà ¢−¨â¥«ì−®£®  − «¨§  ¨ ®¯à¥¤¥«¥−¨¥ − ¨¡®«¥¥
íää¥ªâ¨¢−®£® ‘–. –¥«ìî ¤ −−®© áâ âì¨ ï¢«ï¥âáï à áá¬®âà¥−¨¥ ¬¥â®¤¨ç¥áª¨å

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, azatsarinny@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, uionenkov@ipiran.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, apshabanov@mail.ru
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¯®¤å®¤®¢ ª ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ‘– ¢ ç áâ¨ ¯à®¢¥¤¥−¨ï ¨å áà ¢−¨â¥«ì−®-
£®  − «¨§  ¯à¨ § ¤ −−ëå ãá«®¢¨ïå. �à¥¤«®¦¥−  ¬¥â®¤¨ª  ¯à®¢¥¤¥−¨ï â ª®£®
 − «¨§ .

2 Системные аспекты сравнительной оценки эффективности

�®¤ íää¥ªâ¨¢−®áâìî á¨áâ¥¬ë ¯®−¨¬ ¥âáï áâ¥¯¥−ì ¤®áâ¨¦¥−¨ï æ¥«¥©, ¯®-
áâ ¢«¥−−ëå ¯à¨ ¥¥ á®§¤ −¨¨ [1]. Šà¨â¥à¨© íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë (¨§¤¥«¨ï)
®¯à¥¤¥«ïîâ −  ¬−®¦¥áâ¢¥ ¯®ª § â¥«¥©. �®¤ ¯®ª § â¥«¥¬ ¯®−¨¬ ¥âáï å à ªâ¥à¨-
áâ¨ª , ®¯¨áë¢ ¥¬ ï ª®«¨ç¥áâ¢¥−−® ¨ ¯®§¢®«ïîé ï ®æ¥−¨âì á¢®©áâ¢® íâ®© á¨áâ¥¬ë
á ª ª®©-«¨¡® ®¤−®© áâ®à®−ë. �à¨ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ‘–, −  ¢§£«ï¤  ¢â®à®¢,
−¥®¡å®¤¨¬® ãç¨âë¢ âì á«¥¤ãîé¨¥ âà¥¡®¢ −¨ï:

{ ª®¬¯«¥ªá−®áâì ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ −  ®á−®¢¥ áâàãªâãà−®-äã−ªæ¨®− «ì-
−®£® ¯à¥¤áâ ¢«¥−¨ï ‘–;

{ ®æ¥−ª  íää¥ªâ¨¢−®áâ¨ −  ¢á¥å íâ ¯ å ¦¨§−¥−−®£® æ¨ª« ;

{ ãç¥â ¢«¨ï−¨ï ®à£ −¨§ æ¨®−−®£® ª®¬¯®−¥−â  ¯à¨ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨,
¢ª«îç ï ç¥«®¢¥ç¥áª¨© ä ªâ®à.

‚ áâàãªâãà−®¬ ¯« −¥ ‘– ¯à¥¤áâ ¢«ï¥âáï ª ª ¢§ ¨¬®á¢ï§ −− ï á®¢®ªã¯−®áâì
âà¥å ª®¬¯®−¥−â®¢: ¨−ä®à¬ æ¨®−−®- − «¨â¨ç¥áª®£®, ¨−ä®à¬ æ¨®−−®-â¥å−®«®£¨-
ç¥áª®£® ¨ â¥å−¨ç¥áª®£® [2{5]. Šà®¬¥ â®£®, íää¥ªâ¨¢− ï à ¡®â  ‘– ¢ §− ç¨-
â¥«ì−®© áâ¥¯¥−¨ § ¢¨á¨â ®â ¯®¤á¨áâ¥¬ (ª®¬¯®−¥−â®¢) ®¡¥á¯¥ç¥−¨ï íªá¯«ã â æ¨¨
(í«¥ªâà®á− ¡¦¥−¨¥, ª®−¤¨æ¨®−¨à®¢ −¨¥, íà£®−®¬¨ç¥áª¨¥ ¯®ª § â¥«¨) ¨ ®â ¯¥àá®-
− « , ®¡¥á¯¥ç¨¢ îé¥£® ¥£® äã−ªæ¨®−¨à®¢ −¨¥ (®à£ −¨§ æ¨®−−ë© ª®¬¯®−¥−â) [6,
7]. �®íâ®¬ã ã¤®¢«¥â¢®à¥−¨¥ âà¥¡®¢ −¨î ª®¬¯«¥ªá−®áâ¨ ®æ¥−ª¨ ¯à¥¤¯®« £ ¥â
ãç¥â íää¥ªâ¨¢−®áâ¨ ‘– �óã ¯® ¯®ª § â¥«ï¬ íää¥ªâ¨¢−®áâ¨ ¥£® ª®¬¯®−¥−-
â®¢: äã−ªæ¨®− «ì−®£®, â¥å−®«®£¨ç¥áª®£®, â¥å−¨ç¥áª®£®, íªá¯«ã â æ¨®−−®£® ¨
®à£ −¨§ æ¨®−−®£® (�Æ, �ÔÅÈÎÏÌ, �ÔÅÈÎ, �ÜËÓÐÌ ¨ �ÏÒÇ á®®â¢¥âáâ¢¥−−®).

�®ª § â¥«¨ íää¥ªâ¨¢−®áâ¨ ª®¬¯®−¥−â®¢ ¯®¤ ¢®§¤¥©áâ¢¨¥¬ ¢−¥è−¨å ¨ ¢−ãâ-
à¥−−¨å ä ªâ®à®¢ ¨§¬¥−ïîâáï ®¯à¥¤¥«¥−−ë¬ ®¡à §®¬ ¢® ¢à¥¬¥−¨. ˆ§¬¥−¥−¨ï
¯à®¨áå®¤ïâ −  ¢á¥å íâ ¯ å ¦¨§−¥−−®£® æ¨ª«  ‘– ¨ ®¡ãá«®¢«¨¢ îâ −¥®¡å®¤¨¬®áâì
¢ë¯®«−¥−¨ï ¢â®à®£® âà¥¡®¢ −¨ï | −¥¯à¥àë¢−®áâ¨ ª®−âà®«ï §  íää¥ªâ¨¢−®áâìî
‘–.

’à¥âì¥ âà¥¡®¢ −¨¥, ¢ − ¨¡®«ìè¥© áâ¥¯¥−¨ ®âà ¦ îé¥¥ ®â«¨ç¨â¥«ì−ãî ®á®-
¡¥−−®áâì ‘– ¯® áà ¢−¥−¨î á ¤àã£¨¬¨  ¢â®¬ â¨§¨à®¢ −−ë¬¨ ¨−ä®à¬ æ¨®−−ë¬¨
á¨áâ¥¬ ¬¨, § ª«îç ¥âáï ¢ áãé¥áâ¢¥−−®áâ¨ ¢«¨ï−¨ï −  ¥£® íää¥ªâ¨¢−®áâì ç¥«®-
¢¥ç¥áª®£® ä ªâ®à . „¥©áâ¢¨â¥«ì−®, íää¥ªâ¨¢−®áâì ¯à¨¬¥−¥−¨ï ‘– ¢® ¬−®£®¬
§ ¢¨á¨â, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, ®â á¯®á®¡−®áâ¨ ¨ £®â®¢−®áâ¨ ª ¯à¨¬¥−¥−¨î â¥å−®«®£¨©
‘– ¯¥à¢®£® àãª®¢®¤¨â¥«ï ®à£ −¨§ æ¨®−−®© á¨áâ¥¬ë, ®â ãà®¢−ï ¯à®ä¥áá¨®− «ì-
−®© ¯®¤£®â®¢ª¨ ª®¬ −¤ë íªá¯¥àâ®¢- − «¨â¨ª®¢, ¯à®ä¥áá¨®− «¨§¬  ¯¥àá®− « ,
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íªá¯«ã â¨àãîé¥£® ®¡®àã-

�¨á. 1 ‚§ ¨¬®á¢ï§ì ª®¬¯®−¥−â®¢ íää¥ªâ¨¢−®áâ¨ ‘–

¤®¢ −¨¥ ¨ ®áãé¥áâ¢«ï-
îé¥£® ®¯¥à â¨¢−ãî à ¡®-
âã á ¨−ä®à¬ æ¨¥©.

‚§ ¨¬®á¢ï§ì ª®¬¯®-
−¥−â®¢ íää¥ªâ¨¢−®áâ¨ ‘–
¯à¥¤áâ ¢«¥−  −  à¨á. 1 ¨
−®á¨â ¢«®¦¥−−ë© å à ª-
â¥à.

’ ª, ¯à¨ ¢®§−¨ª−®¢¥-
−¨¨ ¤®¯®«−¨â¥«ì−ëå ¨«¨
ãâ®ç−¥−¨¨ à¥ «¨§®¢ −−ëå
à −¥¥ äã−ªæ¨®− «ì−ëå
§ ¤ ç (äã−ªæ¨®− «ì-
−ë© ª®¬¯®−¥−â) âà¥¡ã¥âáï
¯à¨¬¥−¨âì −®¢ë¥ ¨«¨
¬®¤¥à−¨§¨à®¢ âì áãé¥-
áâ¢ãîé¨¥ â¥å−®«®£¨¨ ®¡-
à ¡®âª¨ ¨−ä®à¬ æ¨¨ (â¥å-
−®«®£¨ç¥áª¨© ª®¬¯®−¥−â),
çâ® ¬®¦¥â ¯®âà¥¡®¢ âì ¨§-

¬¥−¥−¨ï ¢ á®áâ ¢¥ ®¡®àã¤®¢ −¨ï (â¥å−¨ç¥áª¨© ª®¬¯®−¥−â). ‚ â® ¦¥ ¢à¥¬ï íää¥ª-
â¨¢−®áâì ¤ −−ëå ª®¬¯®−¥−â®¢ § ¢¨á¨â ®â ¯®¤á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï íªá¯«ã â æ¨¨
(íªá¯«ã â æ¨®−−ë© ª®¬¯®−¥−â), ®â ãà®¢−ï ¯à®ä¥áá¨®− «ì−®© ¯®¤£®â®¢ª¨ ª®¬ −-
¤ë íªá¯¥àâ®¢,  − «¨â¨ª®¢, ®â ª¢ «¨ä¨ª æ¨¨ íªá¯«ã â¨àãîé¥£® ¨ ®¯¥à â¨¢−®£®
¯¥àá®− «  (®à£ −¨§ æ¨®−−ë© ª®¬¯®−¥−â).

‘¨áâ¥¬−ë¥  á¯¥ªâë ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á¨âã æ¨®−−ëå æ¥−âà®¢ ¤®áâ -
â®ç−® ¯®¤à®¡−® à áá¬®âà¥−ë ¢ à ¡®â å [8{10]. �à¥¤«®¦¥− àï¤ â¥å−¨ç¥áª¨å
à¥è¥−¨© [11{13] ¨ ¢ à¨ −â®¢ ¨á¯®«ì§®¢ −¨ï ‘– [14, 15], à §à ¡®â −−ëå − 
®á−®¢¥ à¥§ã«ìâ â®¢ ¯à®¢¥¤¥−−®© ®æ¥−ª¨.

3 Модели показателей эффективности

„«ï à áç¥â  ®¡®¡é¥−−®£® ¯®ª § â¥«ï íää¥ªâ¨¢−®áâ¨ ‘– �óã ¨á¯®«ì§ã¥âáï
¬ â¥¬ â¨ç¥áª®¥ ¢ëà ¦¥−¨¥ ¢ ¢¨¤¥ áà¥¤−¥¢§¢¥è¥−−®© áã¬¬ë ¯®ª § â¥«¥© íää¥ª-
â¨¢−®áâ¨ ®â¤¥«ì−ëå ª®¬¯®−¥−â®¢ ‘–:

üóã = α1üÆ + α2üÔÅÈÎÏÌ + α3üÔÅÈÎ + α4üÜËÓÐÌ + α5üÏÒÇ , (1)

£¤¥ αi ¨ �i | ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¨ ¯®ª § â¥«¨ íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®-
− «ì−®£® (α1 ¨ �Æ), â¥å−®«®£¨ç¥áª®£® (α2 ¨ �ÔÅÈÎÏÌ), â¥å−¨ç¥áª®£® (α3 ¨ �ÔÅÈÎ),
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�¨á. 2 �®ª § â¥«¨ íää¥ªâ¨¢−®áâ¨ ª®¬¯®−¥−â®¢ ‘–

íªá¯«ã â æ¨®−−®£® (α4 ¨ �ÜËÓÐÌ) ¨ ®à£ −¨§ æ¨®−−®£® (α5 ¨ �ÏÒÇ) ª®¬¯®−¥−â®¢;
¯®ª § â¥«¨ íää¥ªâ¨¢−®áâ¨ ¯à¥¤áâ ¢«¥−ë −  à¨á. 2.

�¯à¥¤¥«¥−¨¥ ¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨ ®â¤¥«ì−ëå ª®¬¯®−¥−â®¢ ‘– �i

¯à®¨§¢®¤¨âáï −  ®á−®¢¥  ¤¤¨â¨¢−®© á¢¥àâª¨ ç áâ−ëå ¯®ª § â¥«¥©Kji, ¢ë¡à −−ëå
¤«ï ª ¦¤®£® ª®¬¯®−¥−â  [16{18]:

üi =
nj∑

j=1

αjiKji , (2)

£¤¥ ni | ç¨á«® ¯®ª § â¥«¥© i-£® ª®¬¯®−¥−â , i = 1, 2, . . . , 5; αji | ¢¥á®¢ë¥

ª®íää¨æ¨¥−âë á®®â¢¥âáâ¢ãîé¨å ¯®ª § â¥«¥©, 0 ≤ αji ≤ 1,
ni∑

j=1
αij = 1; Kji |

ç áâ−ë¥ ¯®ª § â¥«¨ íää¥ªâ¨¢−®áâ¨.
‚ á«ãç ïå, ª®£¤  âà¥¡ã¥âáï ¡®«¥¥ â®ç−® ®âà §¨âì ¢«¨ï−¨¥ ç áâ−ëå ¯®ª § â¥-

«¥©, ¬®¦¥â ¨á¯®«ì§®¢ âìáï ¬ã«ìâ¨¯«¨ª â¨¢− ï á¢¥àâª :

üi =
ni∏

j=1

K
αji

ji . (3)
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‚¥á®¢ë¥ ª®íää¨æ¨¥−âë ®¯à¥¤¥«ïîâáï íªá¯¥àâ−ë¬ ¯ãâ¥¬, ¢ â®¬ ç¨á«¥ á ¨á-
¯®«ì§®¢ −¨¥¬ ¬ â¥¬ â¨ç¥áª¨å ¬¥â®¤®¢ (¡ ««ì−ë© ¬¥â®¤, ¬¥â®¤ ¯®¯ à−ëå áà ¢-
−¥−¨© ¨ â. ¯.). �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® àï¤ ¯à¥¤áâ ¢«¥−−ëå ¢ëè¥ ¯®ª § â¥«¥©
(á¢®¥¢à¥¬¥−−®áâì, ¯à®¯ãáª− ï á¯®á®¡−®áâì ¨ â. ¯.) ï¢«ïîâáï à¥ «ì−ë¬¨ ¯ à ¬¥â-
à ¬¨, ¨¬¥îé¨¬¨ à §¬¥à−®áâì ¨ ¯®¤¤ îé¨¬¨áï ¨§¬¥à¥−¨î. „àã£¨¥ ¯®ª § â¥«¨
−®áïâ ¡¥§à §¬¥à−ë© å à ªâ¥à, ®âà ¦ îâ áâ¥¯¥−ì ¢ë¯®«−¥−¨ï ª®−ªà¥â−ëå âà¥¡®-
¢ −¨© ¨ ®¯à¥¤¥«ïîâáï «¨¡® ª ª ®â−®è¥−¨¥ ¤®áâ¨£−ãâ®£® ¯®ª § â¥«ï ª âà¥¡ã¥¬®¬ã,
«¨¡® íªá¯¥àâ−ë¬ ¯ãâ¥¬.

�ää¥ªâ¨¢−®áâì äã−ªæ¨®− «ì−®£® ª®¬¯®−¥−â  ®¯à¥¤¥«ï¥âáï áâ¥¯¥−ìî à¥ «¨-
§ æ¨¨ äã−ªæ¨®− «ì−ëå § ¤ ç, − ¯à¨¬¥à ª ª ®â−®è¥−¨¥ ¯¥à¥ç−ï à¥ «¨§®¢ −−ëå
¢ ‘– äã−ªæ¨®− «ì−ëå § ¤ ç ª âà¥¡ã¥¬®¬ã ¯¥à¥ç−î § ¤ ç:

üÆ =
NÒ
NÔ

, (4)

£¤¥ NÒ ¨ NÔ | ç¨á«® á®®â¢¥âáâ¢¥−−® à¥ «¨§®¢ −−ëå ¨ âà¥¡ã¥¬ëå äã−ªæ¨®− «ì-
−ëå § ¤ ç.

�ää¥ªâ¨¢−®áâì �ÔÅÈÎÏÌ â¥å−®«®£¨ç¥áª®£® ª®¬¯®−¥−â  § ¢¨á¨â ®â ¯®ª § â¥«¥©,
å à ªâ¥à¨§ãîé¨å ª ç¥áâ¢® á¡®à , ®¡à ¡®âª¨, åà −¥−¨ï ¨ ¯¥à¥¤ ç¨ ¨−ä®à¬ æ¨¨,
â ª¨å ª ª:

{ á¢®¥¢à¥¬¥−−®áâì;

{ ¤®áâ®¢¥à−®áâì;

{ ¯®«−®â  ¯à¨¬¥−¥−¨ï à¥ «¨§®¢ −−ëå â¥å−®«®£¨©;

{ ¯®«−®â  ª®−âà®«ï.

‚ ª ç¥áâ¢¥ ¯®ª § â¥«¥© á¢®¥¢à¥¬¥−−®áâ¨ ¬®£ãâ ¨á¯®«ì§®¢ âìáï:
tÄÏ× | ¢à¥¬ï ¤®¢¥¤¥−¨ï ¨−ä®à¬ æ¨¨;
tÒ | ¢à¥¬ï à¥è¥−¨ï § ¤ ç¨ «¨¡® ª®¬¯«¥ªá  § ¤ ç.
‚ ª ç¥áâ¢¥ ¯®ª § â¥«ï ¤®áâ®¢¥à−®áâ¨ ¬®¦¥â ¨á¯®«ì§®¢ âìáï ª®íää¨æ¨¥−â q,

å à ªâ¥à¨§ãîé¨© ®â−®á¨â¥«ì−®¥ ç¨á«® ¯à ¢¨«ì−® à¥è ¥¬ëå § ¤ ç ¯à¨¬¥−¨â¥«ì-
−® ª ®¡é¥¬ã ç¨á«ã à¥è¥−¨©:

q =
NÐÒ
NÏÂÝ

, (5)

£¤¥ NÐÒ ¨ NÏÂÝ | á®®â¢¥âáâ¢¥−−® ç¨á«® ¯à ¢¨«ì−® à¥è¥−−ëå § ¤ ç ¨ ®¡é¥¥
ç¨á«® à¥è¥−−ëå § ¤ ç. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ®è¨¡ª¨ ¯à¨ à¥è¥−¨¨ § ¤ ç ¬®£ãâ
¢®§−¨ª âì ª ª ¢á«¥¤áâ¢¨¥ á¡®¥¢ ¢ ¯à®£à ¬¬−®¬ ®¡¥á¯¥ç¥−¨¨, â ª ¨ ¢á«¥¤áâ¢¨¥
®è¨¡®ª ®¡á«ã¦¨¢ îé¥£® ¯¥àá®− « .

�®«−®â  ¯à¨¬¥−¥−¨ï â¥å−®«®£¨© KÐÒ ¬®¦¥â ¡ëâì ®å à ªâ¥à¨§®¢ −  ª®íää¨-
æ¨¥−â®¬ ¯®«−®âë ¯à¨¬¥−¥−¨ï, ¯®ª §ë¢ îé¨¬ ®â−®è¥−¨¥ ç¨á«  ¨á¯®«ì§ã¥¬ëå ¢
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‘– â¥å−®«®£¨© ª ç¨á«ã â¥å−®«®£¨©, ¯®¤¤¥à¦¨¢ ¥¬ëå ¯à®£à ¬¬−ë¬ ®¡¥á¯¥ç¥−¨-
¥¬ ‘–:

KÐÒ =
MÐÒ
MÏÂÝ

, (6)

£¤¥ MÐÒ ¨ MÏÂÝ | á®®â¢¥âáâ¢¥−−® ç¨á«® ¯à¨¬¥−ï¥¬ëå â¥å−®«®£¨© ¨ ç¨á«®
â¥å−®«®£¨©, ¯®¤¤¥à¦¨¢ ¥¬ëå ¯à®£à ¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬ ‘–.

�®«−®â  ª®−âà®«ï ¬®¦¥â ¡ëâì ®¯¨á −  ª®íää¨æ¨¥−â®¬ KË ¯®«−®âë ª®−-
âà®«ï, å à ªâ¥à¨§ãîé¨¬ ®â−®è¥−¨¥ ç¨á«  ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢ (á¥à¢¥à®¢,
 ¢â®¬ â¨§¨à®¢ −−ëå à ¡®ç¨å ¬¥áâ (��Œ), â¥«¥ª®¬¬ã−¨ª æ¨®−−®£® ®¡®àã¤®¢ -
−¨ï ¨ â. ¤.) ª âà¥¡ã¥¬®¬ã ç¨á«ã ®¡ê¥ªâ®¢, ¯®¤«¥¦ é¨å ª®−âà®«î:

KË =
MË

MË.ÔÒÅÂ
, (7)

£¤¥ MË ¨ MË. ÔÒÅÂ | á®®â¢¥âáâ¢¥−−® ç¨á«® ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢ ¨ ç¨á«®
®¡ê¥ªâ®¢, ¯®¤«¥¦ é¨å ª®−âà®«î.

�ää¥ªâ¨¢−®áâì â¥å−¨ç¥áª®£® ª®¬¯®−¥−â  �ÔÅÈÎ § ¢¨á¨â ®â ¯®ª § â¥«¥©, ®â-
à ¦ îé¨å â¥å−¨ç¥áª¨¥ å à ªâ¥à¨áâ¨ª¨ ®¡®àã¤®¢ −¨ï ‘–. ‚ ª ç¥áâ¢¥ â ª¨å
¯®ª § â¥«¥© ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ −ë:

{ − ¤¥¦−®áâì;
{ ¯à®¯ãáª− ï á¯®á®¡−®áâì;
{ áâ¥¯¥−ì ¨á¯®«ì§®¢ −¨ï ��Œ ¨ á¥à¢¥à®¢;
{ ®¡ê¥¬ ¯ ¬ïâ¨.

‚ ª ç¥áâ¢¥ ®á−®¢−ëå ¯®ª § â¥«¥© − ¤¥¦−®áâ¨ ¨á¯®«ì§ãîâáï ª®íää¨æ¨¥−â
£®â®¢−®áâ¨ (KÇ) ¨ áà¥¤−¥¥ ¢à¥¬ï ¢®ááâ −®¢«¥−¨ï à ¡®â®á¯®á®¡−®áâ¨ ¨§¤¥«¨ï (T×).
‚ ª ç¥áâ¢¥ ¤®¯®«−¨â¥«ì−®£® ¯®ª § â¥«ï ¨á¯®«ì§ã¥âáï áà¥¤−¥¥ ¢à¥¬ï − à ¡®âª¨
¨§¤¥«¨ï −  ®âª § (TÏ). ‚ëá®ª¨¥ ¯®ª § â¥«¨ − ¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢ −¨ï
 ¯¯ à â−®-¯à®£à ¬¬−ëå ª®¬¯«¥ªá®¢ ¤®áâ¨£ îâáï ª®¬¯«¥ªá®¬ ®à£ −¨§ æ¨®−−®-
â¥å−¨ç¥áª¨å ¬¥à. ’¥å−¨ç¥áª¨¥ ¬¥àë ®¡¥á¯¥ç¥−¨ï − ¤¥¦−®áâ¨ ¤®«¦−ë ¯à¥¤ãá¬ â-
à¨¢ âì:

{ ¨á¯®«ì§®¢ −¨¥ â¥å−¨ç¥áª¨å áà¥¤áâ¢ á ¢ëá®ª¨¬¨ ¯®ª § â¥«ï¬¨ − ¤¥¦−®áâ¨;
{ à¥§¥à¢¨à®¢ −¨¥ ªà¨â¨ç¥áª¨ ¢ ¦−ëå ª®¬¯®−¥−â®¢;
{ ®¯â¨¬ «ì−®¥ á â®çª¨ §à¥−¨ï − ¤¥¦−®áâ¨ ª®−ä¨£ãà¨à®¢ −¨¥ ¨á¯®«ì§ã¥¬ëå

â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ á¯¥æ¨ «ì−®£® ¯à®£à ¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

�à£ −¨§ æ¨®−−ë¥ ¬¥àë ¯® ®¡¥á¯¥ç¥−¨î − ¤¥¦−®áâ¨ ¤®«¦−ë ¡ëâì − ¯à ¢-
«¥−ë −  ¬¨−¨¬¨§ æ¨î ®è¨¡®ª ¯®«ì§®¢ â¥«¥© ¨ ®¡á«ã¦¨¢ îé¥£® ¯¥àá®− «  ¯à¨
íªá¯«ã â æ¨¨ ¨ ¯à®¢¥¤¥−¨¨ à ¡®â ¯® ®¡á«ã¦¨¢ −¨î ª®¬¯«¥ªá  â¥å−¨ç¥áª¨å
áà¥¤áâ¢ á¨áâ¥¬ë, ¬¨−¨¬¨§ æ¨î ¢à¥¬¥−¨ à¥¬®−â  ¨«¨ § ¬¥−ë ¢ëè¥¤è¨å ¨§ áâà®ï
ª®¬¯®−¥−â®¢ §  áç¥â:
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{ ¢ëá®ª®© ª¢ «¨ä¨ª æ¨¨ ¯®«ì§®¢ â¥«¥© ¨ ®¡á«ã¦¨¢ îé¥£® ¯¥àá®− « ;

{ à¥£« ¬¥−â æ¨¨ ¯à®¢¥¤¥−¨ï à ¡®â ¨ ¯à®æ¥¤ãà ¯® ®¡á«ã¦¨¢ −¨î ¨ ¢®ááâ −®¢-
«¥−¨î á¨áâ¥¬ë;

{ á¢®¥¢à¥¬¥−−®© ¤¨ £−®áâ¨ª¨ −¥¨á¯à ¢−®áâ¥©;

{ − «¨ç¨ï ¨ ®¯¥à â¨¢−®£® ¨á¯®«ì§®¢ −¨ï ‡ˆ� (§ ¯ á−ë¥ ç áâ¨, ¨−áâàã¬¥−âë,
¯à¨− ¤«¥¦−®áâ¨);

{ − «¨ç¨ï ¤®£®¢®à®¢ −  á¥à¢¨á−®¥ ®¡á«ã¦¨¢ −¨¥ ¨ ¯®¤¤¥à¦ªã ª®¬¯®−¥−â®¢
ª®¬¯«¥ªá  â¥å−¨ç¥áª¨å áà¥¤áâ¢.

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ ‘– ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥

KÇ =
TÏ

TÏ + T×
. (8)

�  íâ ¯¥ ¯à®¥ªâ¨à®¢ −¨ï ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ®¯à¥¤¥«ï¥âáï à áç¥â−ë¬
¯ãâ¥¬ −  ®á−®¢¥ ¤ −−ëå, ¯à¨¢¥¤¥−−ëå ¢ ä®à¬ã«ïà å ª®−ªà¥â−ëå â¥å−¨ç¥áª¨å
áà¥¤áâ¢,   ¢ å®¤¥ íªá¯«ã â æ¨¨ | ¯® à¥§ã«ìâ â ¬ á¡®à  ¨ ®¡à ¡®âª¨ áâ â¨áâ¨ç¥-
áª¨å ¤ −−ëå ®¡ ®âª § å ¨ ¢à¥¬¥−¨ ¢®ááâ −®¢«¥−¨ï.

�à®¯ãáª− ï á¯®á®¡−®áâì å à ªâ¥à¨§ã¥âáï áª®à®áâìî ¯¥à¥¤ ç¨ ¨−ä®à¬ æ¨¨ ¢
«®ª «ì−ëå á¥âïå ¨ ¬ £¨áâà «ì−ëå ª − « å á¢ï§¨.

‘â¥¯¥−ì ¨á¯®«ì§®¢ −¨ï ��Œ ¨ á¥à¢¥à®¢ å à ªâ¥à¨§ã¥âáï ®â−®è¥−¨¥¬ ç¨á« 
¨á¯®«ì§ã¥¬ëå ¢ à ¡®â¥ ‘– ��Œ ¨ á¥à¢¥à®¢ ª ¨å ®¡é¥¬ã ç¨á«ã, à §¢¥à−ãâ®-
¬ã −  ‘– ¢ á®®â¢¥âáâ¢¨¨ á ¯à®¥ªâ®¬. �à¨ç¨− ¬¨ −¥¯®«−®£® ¨á¯®«ì§®¢ −¨ï
®¡®àã¤®¢ −¨ï ¬®£ãâ áâ âì:

{ â¥å−¨ç¥áª ï −¥¨á¯à ¢−®áâì ®¡®àã¤®¢ −¨ï;

{ −¥¯®¤£®â®¢«¥−−®áâì ¯¥àá®− «  ¤«ï à ¡®âë −  ª®−ªà¥â−®¬ ��Œ;

{ −¥¯®¤£®â®¢«¥−−®áâì ¯®¬¥é¥−¨© ¤«ï à ¡®âë ¯¥àá®− « .

�¡ê¥¬ ¯ ¬ïâ¨ ®¯à¥¤¥«ï¥âáï å à ªâ¥à¨áâ¨ª ¬¨ ¯à¨¬¥−ï¥¬®© ¢ëç¨á«¨â¥«ì−®©
â¥å−¨ª¨ ¨ âà¥¡®¢ −¨ï¬¨ á® áâ®à®−ë â¥å−®«®£¨ç¥áª®£® ª®¬¯®−¥−â .

�ää¥ªâ¨¢−®áâì íªá¯«ã â æ¨®−−®£® ª®¬¯®−¥−â  § ¢¨á¨â ®â ¯®ª § â¥«¥©, å -
à ªâ¥à¨§ãîé¨å à §¢¨â¨¥ ¯®¤á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï íªá¯«ã â æ¨¨. �â¨ ¯®ª § â¥«¨
¤®«¦−ë ãç¨âë¢ âì ãà®¢¥−ì KÜÎ à §¢¨â¨ï ¯®¤á¨áâ¥¬ë í−¥à£®®¡¥á¯¥ç¥−¨ï, áâ¥-
¯¥−ì KÜÒÇ à¥ «¨§ æ¨¨ íà£®−®¬¨ç¥áª¨å âà¥¡®¢ −¨©, ãà®¢¥−ì KÐÏÍ ¯®¤£®â®¢ª¨
¯®¬¥é¥−¨© ¤«ï íªá¯«ã â æ¨¨: ¨å ®á¢¥é¥−¨¥, ¢¥−â¨«ïæ¨î ¨ ª®−¤¨æ¨®−¨à®¢ −¨¥.
“ª § −−ë¥ ¢ëè¥ ¯®ª § â¥«¨ ®¯à¥¤¥«ïîâáï íªá¯¥àâ−ë¬ ¯ãâ¥¬, ®æ¥−¨¢ îâáï ¯®
¤¥áïâ¨¡ ««ì−®© èª «¥ ¨ ¯à¨¢®¤ïâáï ª §− ç¥−¨ï¬ ®â 0 ¤® 1.

�ää¥ªâ¨¢−®áâì ®à£ −¨§ æ¨®−−®£® ª®¬¯®−¥−â  § ¢¨á¨â ®â ¯®ª § â¥«¥©, å -
à ªâ¥à¨§ãîé¨å ¤¥ïâ¥«ì−®áâì ®¡á«ã¦¨¢ îé¥£® ¯¥àá®− «  ‘–. �â¨ ¯®ª § â¥«¨
¤®«¦−ë ãç¨âë¢ âì − «¨ç¨¥ èâ â−ëå ¯®¤à §¤¥«¥−¨© ¤«ï íªá¯«ã â æ¨¨ ‘–, ¨å
¤®áâ â®ç−®áâì ¨ ãª®¬¯«¥ªâ®¢ −−®áâì KÛÐ, áâ¥¯¥−ì KÐ ¯®¤£®â®¢ª¨ ¯¥àá®− «  ª ª
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¯à¨ à¥ «¨§ æ¨¨ äã−ªæ¨®− «ì−ëå § ¤ ç, â ª ¨ ¯à¨ â¥å−¨ç¥áª®© íªá¯«ã â æ¨¨
 ¯¯ à â−®-¯à®£à ¬¬−ëå ª®¬¯«¥ªá®¢ ‘–,   â ª¦¥ áã¡ê¥ªâ¨¢−ë© (¬®à «ì−®-¯á¨-
å®«®£¨ç¥áª¨©) ä ªâ®à KÓ, ®âà ¦ îé¨© á¯®á®¡−®áâì ¨ ¦¥« −¨¥ ¯¥àá®− «  ®á¢ -
¨¢ âì ¨ íää¥ªâ¨¢−® ®¡á«ã¦¨¢ âì  ¯¯ à â−®-¯à®£à ¬¬−ë¥ ª®¬¯«¥ªáë ‘–. �â¨
¯®ª § â¥«¨ ®¯à¥¤¥«ïîâáï íªá¯¥àâ−ë¬ ¯ãâ¥¬  − «®£¨ç−® ¯®ª § −−®¬ã ¢ëè¥ ¤«ï
íªá¯«ã â æ¨®−−®£® ª®¬¯®−¥−â .

’ ª ª ª àï¤ ¯®ª § â¥«¥©, ¯à¨¢¥¤¥−−ëå ¢ëè¥, ¨¬¥¥â à §¬¥à−ë© å à ªâ¥à
(á¢®¥¢à¥¬¥−−®áâì, ¯à®¯ãáª− ï á¯®á®¡−®áâì ¨ â. ¯.), â® −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ ¨å
−®à¬¨à®¢ −¨¥, ®¯à¥¤¥«¨¢ ¤¨ ¯ §®− ¨å ¨§¬¥−¥−¨ï ®â 0 ¤® 1.

„«ï −®à¬¨à®¢ −¨ï ª®−ªà¥â−®£® ¯®ª § â¥«ï ¨á¯®«ì§ã¥âáï á«¥¤ãîé ï ä®à-
¬ã« :

Kn =
XÒ −Xmin
Xmax −Xmin

, (9)

£¤¥ Kn | ®æ¥−ª  n-£® ¯®ª § â¥«ï, ¨á¯®«ì§ã¥¬®£® ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨;
XÒ| ä ªâ¨ç¥áª®¥ §− ç¥−¨¥ ¨á¯®«ì§ã¥¬®£® ¯®ª § â¥«ï;Xmin ¨Xmax| §− ç¥−¨¥
¯®ª § â¥«ï, á®®â¢¥âáâ¢ãîé¥¥ −¨¦−¥¬ã ¨ ¢¥àå−¥¬ã ¤®¯ãáâ¨¬®¬ã §− ç¥−¨î.

4 Методический подход к сравнительной оценке эффективности

Š ª ¯®ª § −® ¢ëè¥, ¯®ª § â¥«¨ ‘– £àã¯¯¨àãîâáï ¢ ª®¬¯®−¥−âë, ¤®áâ â®ç−®
¯®«−® å à ªâ¥à¨§ãîé¨¥ ¨å äã−ªæ¨®− «ì−ãî, â¥å−®«®£¨ç¥áªãî, â¥å−¨ç¥áªãî,
íªá¯«ã â æ¨®−−ãî ¨ ®à£ −¨§ æ¨®−−ãî áâ®à®−ã ¤¥ïâ¥«ì−®áâ¨. „«ï ª ¦¤®£® ¨§
ª®¬¯®−¥−â®¢ −  ®á−®¢¥ ç áâ−ëå ¯®ª § â¥«¥© á ¯®¬®éìî ä®à¬ã« (2){(9) ¢ëç¨á«ï-
îâáï ®¡®¡é¥−−ë¥ ¯®ª § â¥«¨ íää¥ªâ¨¢−®áâ¨,   § â¥¬ íâ¨ ¯®ª § â¥«¨ áã¬¬¨àãîâ-
áï á ¢¥á®¢ë¬¨ ª®íää¨æ¨¥−â ¬¨, å à ªâ¥à¨§ãîé¨¬¨ ®â−®á¨â¥«ì−ãî §− ç¨¬®áâì
á®®â¢¥âáâ¢ãîé¨å ª®¬¯®−¥−â®¢. ‚ à ¬ª å ¤ −−®£® ¯®¤å®¤  ¤«ï ¯à®¢¥¤¥−¨ï áà ¢-
−¨â¥«ì−®£®  − «¨§  ‘– à §à ¡®â −  á«¥¤ãîé ï ¬¥â®¤¨ª .

˜ £ 1. �áãé¥áâ¢«ï¥âáï á¡®à ¨áå®¤−ëå ¤ −−ëå. �â®â è £ ¢ª«îç ¥â á¡®à ¤ −-
−ëå, å à ªâ¥à¨§ãîé¨å ¨−ä®à¬ æ¨®−−ë¥, â¥å−¨ç¥áª¨¥, íªá¯«ã â æ¨®−−ë¥
¨ ¤àã£¨¥ ¯®ª § â¥«¨ ‘–. �  íâ ¯¥ ¯à®¥ªâ¨à®¢ −¨ï ¯à¥¤¯®« £ ¥¬ë¥ å -
à ªâ¥à¨áâ¨ª¨ ‘– ¡¥àãâáï ¨§ ¯à®¥ªâ−®© ¨ à ¡®ç¥© ¤®ªã¬¥−â æ¨¨, −  íâ ¯¥
íªá¯«ã â æ¨¨ | à¥ «ì−ë¥ å à ªâ¥à¨áâ¨ª¨ ‘–, ¯®«ãç ¥¬ë¥ à §à ¡®âç¨ª®¬
¢ à ¬ª å  ¢â®àáª®£® − ¤§®à  ¨ á«ã¦¡®© íªá¯«ã â æ¨¨. �ï¤ ¯®ª § â¥«¥©
®¯à¥¤¥«ï¥âáï íªá¯¥àâ−ë¬ ¯ãâ¥¬.

˜ £ 2. �à®¨§¢®¤¨âáï ¢ë¡®à ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«¨ ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨
ª®¬¯®−¥−â®¢ ‘– ¨ íää¥ªâ¨¢−®áâ¨ ‘– ¢ æ¥«®¬. �à¨ íâ®¬ ¬®¦¥â ¨á¯®«ì§®-
¢ âìáï ª ª  ¤¤¨â¨¢− ï, â ª ¨ ¬ã«ìâ¨¯«¨ª â¨¢− ï á¢¥àâª  ¯®ª § â¥«¥©.

˜ £ 3. �à®¨§¢®¤¨âáï à áç¥â ¯® ä®à¬ã« ¬ (4){(9) ç áâ−ëå ¯®ª § â¥«¥© íää¥ª-
â¨¢−®áâ¨ ª®¬¯®−¥−â®¢ ‘–.
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˜ £ 4. �¯à¥¤¥«ïîâáï íªá¯¥àâ−ë¬ á¯®á®¡®¬ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ç áâ−ëå
¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨.

˜ £ 5. �à®¨§¢®¤¨âáï à áç¥â ®¡®¡é¥−−ëå ¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨ ª®¬¯®-
−¥−â®¢ ‘– ¢ á®®â¢¥âáâ¢¨¨ á ¢ë¡à −−®© ¬ â¥¬ â¨ç¥áª®© ¬®¤¥«ìî ¯® ä®à¬ã-
«¥ (2) ¨«¨ (3).

˜ £ 6. �¯à¥¤¥«ïîâáï íªá¯¥àâ−ë¬ á¯®á®¡®¬ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ª®¬¯®−¥−-
â®¢ ‘–, ¯à®¨§¢®¤¨âáï à áç¥â ¯® ä®à¬ã«¥ (1) ¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨ ‘–
¢ æ¥«®¬.

˜ £ 7. �áãé¥áâ¢«ï¥âáï −  ®á−®¢¥  − «¨§  à¥§ã«ìâ â®¢ ¯à®¢¥¤¥−−ëå à áç¥â®¢
¢ë¡®à − ¨¡®«¥¥ íää¥ªâ¨¢−®£® ‘– ¢ á«¥¤ãîé¨å −®¬¨− æ¨ïå: ¢ æ¥«®¬,
¯® ®â¤¥«ì−ë¬ ª®¬¯®−¥−â ¬. ‚ëà ¡ âë¢ îâáï à¥ª®¬¥−¤ æ¨¨ ¢ ®â−®è¥−¨¨
− ¯à ¢«¥−¨© ¨ á¯®á®¡®¢ ã«ãçè¥−¨ï å à ªâ¥à¨áâ¨ª ‘–.

5 Пример применения методического подхода

‘ ¯à¨¬¥−¥−¨¥¬ ¯à¥¤áâ ¢«¥−−®© ¢ëè¥ ¬¥â®¤¨ª¨ ¯à®¢¥¤¥− áà ¢−¨â¥«ì−ë©
 − «¨§ âà¥å ãá«®¢−ëå (®¡¥§«¨ç¥−−ëå) ‘–. �à¨ íâ®¬ ¯à¨−ïâ®:

{ ¯® áâ¥¯¥−¨ à¥ «¨§ æ¨¨ äã−ªæ¨®− «ì−ëå § ¤ ç ¢á¥ ‘– ¯à¨¬¥à−® à ¢−®æ¥−−ë
(üÆ = 0,98);

{ ‘–1 å à ªâ¥à¨§ã¥âáï − «¨ç¨¥¬ ãª®¬¯«¥ªâ®¢ −−®£® ¨ ¯®¤£®â®¢«¥−−®£® ¯®¤-
à §¤¥«¥−¨ï íªá¯«ã â æ¨¨ (¯®ª § â¥«¨, å à ªâ¥à¨§ãîé¨¥ ¤¥ïâ¥«ì−®áâì ®¡-
á«ã¦¨¢ îé¥£® ¯¥àá®− « , −  ãà®¢−¥ 0,9{1,0) ¨ ¯®¤£®â®¢«¥−−®© ®¡ê¥ªâ®¢®©
¨−äà áâàãªâãàë (ãà®¢¥−ì à §¢¨â¨ï ¯®¤á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï íªá¯«ã â æ¨¨
0,8{1,0) ¯à¨ −¥¤®áâ â®ç−® à §¢¨âëå â¥å−®«®£¨ç¥áª®¬ (á¢®¥¢à¥¬¥−−®áâì, ¤®-
áâ®¢¥à−®áâì, ¯®«−®â  ¯à¨¬¥−¥−¨ï â¥å−®«®£¨©) ¨ â¥å−¨ç¥áª®¬ (¯à®¯ãáª− ï
á¯®á®¡−®áâì, áâ¥¯¥−ì ¨á¯®«ì§®¢ −¨ï ��Œ, ®¡ê¥¬ ¯ ¬ïâ¨) ª®¬¯®−¥−â å;

{ ¤«ï ‘–2 ¯à¨ ¡®«¥¥ ¢ëá®ª®¬ ãà®¢−¥ â¥å−®«®£¨ç¥áª®£® (¡®«¥¥ ¢ëá®ª¨¥ ¯®-
ª § â¥«¨ á¢®¥¢à¥¬¥−−®áâ¨, ¤®áâ®¢¥à−®áâ¨, ¯®«−®âë ¯à¨¬¥−¥−¨ï â¥å−®«®£¨©
ç¥¬ ã ‘–1) ¨ â¥å−¨ç¥áª®£® ®á− é¥−¨ï (¯à®¯ãáª− ï á¯®á®¡−®áâì, ®¡ê¥¬ ¯ -
¬ïâ¨ ¢ëè¥, ç¥¬ ã ‘–1) −¥¤®áâ â®ç−® à §¢¨âë íªá¯«ã â æ¨®−−ë© (ãà®¢¥−ì
à §¢¨â¨ï ¯®¤á¨áâ¥¬ë ®¡¥á¯¥ç¥−¨ï íªá¯«ã â æ¨¨ 0,4{0,7) ¨ ®à£ −¨§ æ¨®−−ë©
(¯®ª § â¥«¨, å à ªâ¥à¨§ãîé¨¥ ¤¥ïâ¥«ì−®áâì ®¡á«ã¦¨¢ îé¥£® ¯¥àá®− « , − 
ãà®¢−¥ 0,5{0,6) ª®¬¯®−¥−âë;

{ ¤«ï ‘–3 ¯à¨ ®¤¨− ª®¢®¬ á ‘–2 ãà®¢−¥ à §¢¨â¨ï â¥å−®«®£¨ç¥áª®£® ¨ â¥å-
−¨ç¥áª®£® ®á− é¥−¨ï −  ¡®«¥¥ ¢ëá®ª®¬ ãà®¢−¥ à¥è¥−ë ¢®¯à®áë ®¡¥á¯¥ç¥−¨ï
íªá¯«ã â æ¨¨ ¨ ¯®¤£®â®¢ª¨ ¯¥àá®− «  (ãà®¢¥−ì à §¢¨â¨ï ¯®¤á¨áâ¥¬ë ®¡¥á¯¥-
ç¥−¨ï íªá¯«ã â æ¨¨ ¨ ¯®ª § â¥«¨, å à ªâ¥à¨§ãîé¨¥ ¤¥ïâ¥«ì−®áâì ®¡á«ã¦¨-
¢ îé¥£® ¯¥àá®− «  −  ãà®¢−¥ 0,8{0,9);
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’ ¡«¨æ  1 • à ªâ¥à¨áâ¨ª¨ ãá«®¢−ëå ‘– (¯à¨¬¥à)

�¡é¨¥
¯®ª § â¥«¨
íää¥ªâ¨¢-

−®áâ¨

— áâ−ë¥ ¯®ª § â¥«¨ ‘–1 ‘–2 ‘–3

‚¥á®¢®©
ª®íää¨-

æ¨¥−â
αi

�Æ
‘â¥¯¥−ì à¥ «¨§ æ¨¨
äã−ªæ¨®− «ì−ëå § ¤ ç 0,98 0,98 0,98 |

�ÔÅÈÎÏÌ

‘¢®¥¢à¥¬¥−−®áâì KÓ× 0,62 0,77 0,77 0,3
„®áâ®¢¥à−®áâì q 0,975 0,995 0,995 0,3
�®«−®â  ¯à¨¬¥−¥−¨ï
â¥å−®«®£¨© KÐÒ

0,67 0,83 0,83 0,3

�®«−®â  ª®−âà®«ï KË 0,92 0,92 0,92 0,1

�ÔÅÈÎ

� ¤¥¦−®áâì KÇ 0,995 0,995 0,995 0,4
�à®¯ãáª− ï á¯®á®¡−®áâì KÐÒ 0,13 0,38 0,38 0,2
‘â¥¯¥−ì ¨á¯®«ì§®¢ −¨ï ��Œ
¨ á¥à¢¥à®¢KÉ

0,8 0,8 0,95 0,2

�¡ê¥¬ ¯ ¬ïâ¨ KÏÐ 0,25 0,75 0,75 0,2

�ÜËÓÐÌ

� §¢¨â¨¥ ¯®¤á¨áâ¥¬ë
í−¥à£®®¡¥á¯¥ç¥−¨ï KÜÎ

1,0 0,7 0,9 0,4

�à£®−®¬¨ç¥áª¨¥ âà¥¡®¢ −¨ï KÜÒÇ 0,8 0,6 0,8 0,2
�®¤£®â®¢ª  ¯®¬¥é¥−¨© KÐÏÍ 0,9 0,4 0,8 0,4

�ÏÒÇ

� «¨ç¨¥ ¨ ãª®¬¯«¥ªâ®¢ −−®áâì
®¡á«ã¦¨¢ îé¨å
¯®¤à §¤¥«¥−¨© KÛÐ

1,0 0,6 0,9 0,4

�®¤£®â®¢ª  ¯¥àá®− «  KÐ 0,9 0,5 0,8 0,4
‘ã¡ê¥ªâ¨¢−ë© ä ªâ®à KÓ 0,9 0,5 0,8 0,2

{ ¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨ ª ¦¤®£® ¨§ ¯ïâ¨ ª®¬-
¯®−¥−â®¢ (�Æ, �ÔÅÈÎÏÌ, �ÔÅÈÎ, �ÜËÓÐÌ ¨ �ÏÒÇ) ¯à¨−¨¬ îâáï ®¤¨− ª®¢ë¬¨,
íää¥ªâ¨¢−®áâì �óã á¨âã æ¨®−−®£® æ¥−âà  ¢ æ¥«®¬ ®¯à¥¤¥«ï¥âáï ª ª

üóã =
üÆ +üÔÅÈÎÏÌ +üÔÅÈÎ +üÏÒÇ +üÜËÓÐÌ

5
. (10)

�ï¤ ¯à¨¢¥¤¥−−ëå −¨¦¥ ¨áå®¤−ëå ¤ −−ëå (¢ ¯¥à¢ãî ®ç¥à¥¤ì â¥å−¨ç¥áª¨¥
å à ªâ¥à¨áâ¨ª¨) ¢ë¡à −ë ¨§ ¯à®¥ªâ−ëå ¬ â¥à¨ «®¢ ¨ à¥ «ì−ëå å à ªâ¥à¨áâ¨ª
‘–, ¤àã£¨¥ ¨áå®¤−ë¥ ¤ −−ë¥ ¯®«ãç¥−ë ¯ãâ¥¬ íªá¯¥àâ−®£® ®¯à®á  à §à ¡®âç¨ª®¢
¨ ¯¥àá®− « , ®¡¥á¯¥ç¨¢ îé¥£® äã−ªæ¨®−¨à®¢ −¨¥ ‘–.

• à ªâ¥à¨áâ¨ª¨ á¨âã æ¨®−−ëå æ¥−âà®¢ ¯à¥¤áâ ¢«¥−ë ¢ â ¡«. 1.
�  ®á−®¢¥ ¯à¨¢¥¤¥−−®© ¢ëè¥ ¬¥â®¤¨ª¨ (á¬. à §¤. 2 ¨ 3), ¯®¤áâ ¢«ïï ¨á-

å®¤−ë¥ ¤ −−ë¥ (á¬. â ¡«. 1) ¢ ä®à¬ã«ë (1){(8), ¯à®¢¥¤¥¬ ®æ¥−ªã ¯®ª § â¥«¥©
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’ ¡«¨æ  2 �®ª § â¥«¨ íää¥ªâ¨¢−®áâ¨ ª®¬¯®−¥−â®¢
(¯à¨¬¥à)

�®ª § â¥«¨ ‘–1 ‘–2 ‘–3
�Æ 0,98 0,98 0,98
�ÔÅÈÎÏÌ 0,77 0,86 0,86
�ÔÅÈÎ 0,64 0,79 0,82
�ÜËÓÐÌ 0,92 0,56 0,84
�ÏÒÇ 0,94 0,54 0,84

íää¥ªâ¨¢−®áâ¨ ®â¤¥«ì−ëå ª®¬¯®−¥−â®¢. �¥§ã«ìâ âë ®æ¥−ª¨ ¯à¥¤áâ ¢«¥−ë ¢
â ¡«. 2.

�®¤áâ ¢«ïï ¢ ä®à¬ã«ã (10) §− ç¥−¨ï ¨§ â ¡«. 2, ¯®«ãç¨¬ §− ç¥−¨ï ¯®ª § â¥-
«¥© íää¥ªâ¨¢−®áâ¨ ‘– ¢ æ¥«®¬:

üóã1 =
0,98 + 0,77 + 0,64 + 0,92 + 0,94

5
= 0,85 ;

üóã2 =
0,98 + 0,86 + 0,79 + 0,56 + 0,54

5
= 0,75 ;

üóã3 =
0,98 + 0,86 + 0,82 + 0,84 + 0,84

5
= 0,87 .

’ ª¨¬ ®¡à §®¬, à áç¥âë ¯® ¯à¥¤áâ ¢«¥−−®© ¬¥â®¤¨ª¥ ¯®ª §ë¢ îâ − ¨¡®«¥¥
¢ëá®ª¨© ®¡®¡é¥−−ë© ¯®ª § â¥«ì íää¥ªâ¨¢−®áâ¨ ã ‘–3. �¥§ã«ìâ âë à áç¥â®¢
¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨ ª®¬¯®−¥−â®¢ ¨ íää¥ªâ¨¢−®áâ¨ ‘– ¢ æ¥«®¬ ¯à¥¤áâ ¢-
«¥−ë −  à¨á. 3.

�  à¨á. 4 ¯à¥¤áâ ¢«¥−ë ¯à¨¬¥àë ¢«¨ï−¨ï −  íää¥ªâ¨¢−®áâì ‘– á®®â¢¥â-
áâ¢¥−−® ®à£ −¨§ æ¨®−−®£® ¨ â¥å−¨ç¥áª®£® ª®¬¯®−¥−â®¢ ¯à¨ à §«¨ç−ëå §− ç¥−¨ïå
á®®â¢¥âáâ¢¥−−® â¥å−®«®£¨ç¥áª®£® ¨ ®à£ −¨§ æ¨®−−®£® ª®¬¯®−¥−â®¢.

’ ª¨¬ ®¡à §®¬, ª ª ¢¨¤−® ¨§ à¨á. 3 ¨ 4, íää¥ªâ¨¢−®áâì ‘– áãé¥áâ¢¥−−ë¬
®¡à §®¬ § ¢¨á¨â ª ª ®â íää¥ªâ¨¢−®áâ¨ ®â¤¥«ì−ëå ¥£® ª®¬¯®−¥−â®¢, â ª ¨ ®â
á®®â−®è¥−¨© ¬¥¦¤ã −¨¬¨.

�à¥¤áâ ¢«¥−−ë¥ à¥§ã«ìâ âë ¯®§¢®«ïîâ á¤¥« âì á«¥¤ãîé¨¥ ¢ë¢®¤ë.

1. „®áâ¨¦¥−¨¥ ¢ëá®ª¨å ¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®− «ì−®£®, â¥å−®-
«®£¨ç¥áª®£®, â¥å−¨ç¥áª®£® ª®¬¯®−¥−â®¢ ®¡¥á¯¥ç¨¢ ¥âáï, á ®¤−®© áâ®à®−ë,
®¡®á−®¢ −−ë¬¨ âà¥¡®¢ −¨ï¬¨ § ª §ç¨ª ,  ¤¥ª¢ â−® ®âà ¦ îé¨¬¨ ®¡¥á¯¥ç¥-
−¨¥ ãá«®¢¨© à¥è¥−¨ï á ¯®¬®éìî ‘– ¢á¥£® á¯¥ªâà  äã−ªæ¨®− «ì−ëå § ¤ ç,
á ¤àã£®© | á¨áâ¥¬®â¥å−¨ç¥áª¨¬¨ ¨ ¯à®¥ªâ−ë¬¨ à¥è¥−¨ï¬¨ £« ¢−®£® ª®−-
áâàãªâ®à , à¥ «¨§ã¥¬ë¬¨ −  íâ ¯ å à §à ¡®âª¨ ¨ ¢¢®¤  ¢ ¤¥©áâ¢¨¥ ‘–.
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�¨á. 3 �¥§ã«ìâ âë à áç¥â®¢ íää¥ªâ¨¢−®áâ¨ ‘– (¯à¨¬¥à): 1 | �Æ; 2 | �ÔÅÈÎÏÌ; 3 |
�ÔÅÈÎ; 4 | �ÜËÓÐÌ; 5 | �ÏÒÇ; 6 | �óã

�¨á. 4 ‚«¨ï−¨¥ −  íää¥ªâ¨¢−®áâì ‘– ®à£ −¨§ æ¨®−−®£® (1 | üÔÅÈÎÏÌ = 0,4; 2 | 0,7;
3 | �ÔÅÈÎÏÌ = 0,9) ( ) ¨ â¥å−¨ç¥áª®£® (1 | üÏÒÇ = 0,4; 2 | 0,7; 3 | �ÏÒÇ = 0,9) (¡)
ª®¬¯®−¥−â®¢ (¯à¨¬¥àë):

2. „®áâ¨¦¥−¨¥ ¢ëá®ª¨å ¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨ íªá¯«ã â æ¨®−−®£® ¨
®à£ −¨§ æ¨®−−®£® ª®¬¯®−¥−â®¢ ®¡¥á¯¥ç¨¢ ¥âáï à¥ «¨§ã¥¬ë¬¨ á¨áâ¥¬®â¥å-
−¨ç¥áª¨¬¨ ¨ ¯à®¥ªâ−ë¬¨ à¥è¥−¨ï¬¨,   â ª¦¥ à¥è¥−¨ï¬¨ § ª §ç¨ª  ¨
íªá¯«ã â¨àãîé¥£® ¯®¤à §¤¥«¥−¨ï ¯® ¨−¦¥−¥à−®© ¯®¤£®â®¢ª¥ ®¡ê¥ªâ  ¨−-
ä®à¬ â¨§ æ¨¨, ®¯à¥¤¥«¥−¨î èâ â−®£® ¯®¤à §¤¥«¥−¨ï, ¥£® ãª®¬¯«¥ªâ®¢ −¨î
¯à®ä¥áá¨®− «ì−® ¯®¤£®â®¢«¥−−ë¬¨ á¯¥æ¨ «¨áâ ¬¨ ¨ ¯à®¢¥¤¥−¨î æ¥«¥¢®£®
®¡ãç¥−¨ï ¢®¯à®á ¬ íää¥ªâ¨¢−®£® ¯à¨¬¥−¥−¨ï ¨ íªá¯«ã â æ¨¨ ‘–.
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3. � §à ¡®âª  ¨ ¢−¥¤à¥−¨¥ ¢ëá®ª®íää¥ªâ¨¢−ëå á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨©,
®¡¥á¯¥ç¨¢ îé¨å ¢ë¯®«−¥−¨¥ ¯®«−®£® ¯¥à¥ç−ï âà¥¡ã¥¬ëå äã−ªæ¨®− «ì−ëå
§ ¤ ç, ¤ ¦¥ ¯à¨ á®§¤ −¨¨ ¤®áâ â®ç−®© â¥å−¨ç¥áª®© ¨−äà áâàãªâãàë −¥
¯®§¢®«¨â ®¡¥á¯¥ç¨âì ¢ëá®ªãî íää¥ªâ¨¢−®áâì ‘– ¯à¨ −¨§ª®¬ ãà®¢−¥ íªá-
¯«ã â æ¨®−−®£® ¨ ®à£ −¨§ æ¨®−−®£® ª®¬¯®−¥−â®¢.

4. 	®«¥¥ ¢ëá®ª¨© ãà®¢¥−ì à §¢¨â¨ï â¥å−®«®£¨ç¥áª®© á®áâ ¢«ïîé¥© ¯®§¢®«ï¥â
®¡¥á¯¥ç¨âì § ¤ −−ãî íää¥ªâ¨¢−®áâì ‘– ¯à¨ ¬¥−ìè¥¬ ãà®¢−¥ à §¢¨â¨ï ®à£ -
−¨§ æ¨®−−®© á®áâ ¢«ïîé¥© (â. ¥. ¯à¨ ¬¥−ìè¨å § âà â å −  ®¡á«ã¦¨¢ îé¨©
¯¥àá®− «).

5. 	®«¥¥ ¢ëá®ª¨© ãà®¢¥−ì à §¢¨â¨ï ®à£ −¨§ æ¨®−−®© á®áâ ¢«ïîé¥© ¯®§¢®«ï¥â
®¡¥á¯¥ç¨âì § ¤ −−ãî íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢ −¨ï ‘– ¤ ¦¥ ¯à¨ ¡®«¥¥
−¨§ª¨å â¥å−¨ç¥áª¨å å à ªâ¥à¨áâ¨ª å  ¯¯ à â−®-¯à®£à ¬¬−ëå ª®¬¯«¥ªá®¢
æ¥−âà .

6 Заключение

‚ áâ âì¥ à áá¬ âà¨¢ îâáï ¢®¯à®áë, ®â−®áïé¨¥áï ª ¯à®¢¥¤¥−¨î áà ¢−¨â¥«ì-
−®£®  − «¨§  íää¥ªâ¨¢−®áâ¨ ‘–.

Š ç¨á«ã ä ªâ®à®¢, ®¯à¥¤¥«ïîé¨å ¢ ¦−®áâì íâ®© § ¤ ç¨, ®â−®áïâáï:

{ ¢®§à áâ −¨¥ à®«¨ ‘– ¢ ¯®¢ëè¥−¨¨ íää¥ªâ¨¢−®áâ¨ ¤¥ïâ¥«ì−®áâ¨ ¬¨−¨-
áâ¥àáâ¢, ¢¥¤®¬áâ¢, ¯à¥¤¯à¨ïâ¨©;

{ ®£à®¬−ë¥ ¢®§¬®¦−®áâ¨ ¤«ï ¢ë¡®à   àå¨â¥ªâãà−ëå ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨å
à¥è¥−¨©,  ¯¯ à â−®-¯à®£à ¬¬−®© ¯« âä®à¬ë ¤«ï ¯®áâà®¥−¨ï ‘–;

{ −¥®¡å®¤¨¬®áâì ¬®¤¥à−¨§ æ¨¨ ¨ à §¢¨â¨ï −  ®á−®¢¥ −®¢ëå äã−ªæ¨®− «ì−ëå
âà¥¡®¢ −¨©,   â ª¦¥ á ãç¥â®¬ à §¢¨â¨ï ¨−ä®à¬ æ¨®−−ëå â¥å−®«®£¨© ¨ â¥å-
−¨ç¥áª¨å áà¥¤áâ¢;

{ −¥®¡å®¤¨¬®áâì áâ −¤ àâ¨§ æ¨¨ á¨áâ¥¬ë ¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨ ¨ ¬¥â®-
¤¨ª ¨å ®æ¥−ª¨ ¢ à ¬ª å à §à ¡®âª¨ −®à¬ â¨¢−®£® ®¡¥á¯¥ç¥−¨ï á®§¤ −¨ï ¨
íªá¯«ã â æ¨¨ ‘–.

�à¨ íâ®¬ ¯®ª § −®, çâ® íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢ −¨ï ‘– ®¯à¥¤¥«ï¥âáï
¯®ª § â¥«ï¬¨ íää¥ªâ¨¢−®áâ¨ ¥£® ª®¬¯®−¥−â®¢: äã−ªæ¨®− «ì−®£®, â¥å−®«®£¨-
ç¥áª®£®, â¥å−¨ç¥áª®£®, íªá¯«ã â æ¨®−−®£® ¨ ®à£ −¨§ æ¨®−−®£®. à §à ¡®âª  ¨
¢−¥¤à¥−¨¥ ¢ëá®ª®íää¥ªâ¨¢−ëå á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨©, ®¡¥á¯¥ç¨¢ îé¨å
¢ë¯®«−¥−¨¥ ¯®«−®£® ¯¥à¥ç−ï âà¥¡ã¥¬ëå äã−ªæ¨®− «ì−ëå § ¤ ç, ¤ ¦¥ ¯à¨ á®§¤ -
−¨¨ ¤®áâ â®ç−®© â¥å−¨ç¥áª®© ¨−äà áâàãªâãàë −¥ ¯®§¢®«¨â ®¡¥á¯¥ç¨âì ¢ëá®ªãî
íää¥ªâ¨¢−®áâì ‘– ¯à¨ −¨§ª®¬ ãà®¢−¥ íªá¯«ã â æ¨®−−®£® ¨ ®à£ −¨§ æ¨®−−®£®
ª®¬¯®−¥−â®¢.

�à¥¤«®¦¥−  ¬¥â®¤¨ª  ¯à®¢¥¤¥−¨ï áà ¢−¨â¥«ì−®£®  − «¨§  íää¥ªâ¨¢−®áâ¨
‘– ¨ −  ¯à¨¬¥à¥ âà¥å ãá«®¢−ëå ‘– ¯®ª § −® ¯à¨¬¥−¥−¨¥ ¤ −−®© ¬¥â®¤¨ª¨.
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Abstract: The issues of performance evaluation of situational centers that solve
similar problems are considered. The consideration is based on structural and
functional representation of a situational center taking into account institutional
components and human factors. Principle of comprehensive evaluation is used.
This principle consists in the fact that operational efficiency of situational centers
is defined by efficiency indexes of its components | functional, technological,
technical, exploitative and organizational ones. The system of efficiency indexes
of each component is suggested. A technique of comparative analysis of situational
centers efficiency and examples of its calculation are presented. It is shown
that development and integration of high-performance systems which provide
execution of full list of required tasks even with creation of necessary technical
infrastructure will not allow to achieve high level efficiency of situational center
if exploitative and organizational components are at low level.
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ФОРМИРОВАНИЕ СИСТЕМЫЦЕЛЕЙ
ДЛЯ СИТУАЦИОННОГОУПРАВЛЕНИЯ

А.П. Сучков1

�−−®â æ¨ï: �¡áã¦¤ îâáï ®á−®¢−ë¥ ¯à¨−æ¨¯ë ä®à¬¨à®¢ −¨ï áâàãªâãàë,
á®¤¥à¦ −¨ï ¨ à¥ «¨§ æ¨¨ á¨áâ¥¬ë æ¥«¥© ¢ á¨áâ¥¬ å ã¯à ¢«¥−¨ï à¥ «ì−®£®
¢à¥¬¥−¨, á¢ï§ −−ëå á á¨âã æ¨®−−ë¬  − «¨§®¬. ˆá¯®«ì§ãîâáï ¨§¢¥áâ−ë¥ ªà¨-
â¥à¨¨ SMART ¤«ï ¯à®¢¥àª¨ íää¥ªâ¨¢−®áâ¨ æ¥«¥¯®« £ −¨ï ¢ á¨áâ¥¬ å ã¯à -
¢«¥−¨ï ¨ á¯®á®¡ ä®à¬ «¨§ æ¨ï æ¨ª«  ã¯à ¢«¥−¨ï OODA. ‚ á®®â¢¥âáâ¢¨¨ á
¢ë¡à −−ë¬¨ á¯®á®¡ ¬¨ ä®à¬ «¨§ æ¨¨ áä®à¬¨à®¢ − â¨¯®¢®© ¯¥à¥ç¥−ì ®á−®¢-
−ëå æ¥«¥© ã¯à ¢«¥−¨ï ¯® à §¤¥« ¬ − ¡«î¤¥−¨¥, ®à¨¥−â¨à®¢ −¨¥, à¥è¥−¨¥ ¨
¤¥©áâ¢¨¥. �¡áã¦¤ îâáï ¢®¯à®áë ª®−ªà¥â¨§ æ¨¨ æ¥«¥©, ª®«¨ç¥áâ¢¥−−®© ®æ¥−-
ª¨ áâ¥¯¥−¨ ¨å ¤®áâ¨¦¥−¨ï, ®¡®¡é¥−−ë¥ ªà¨â¥à¨¨ íää¥ªâ¨¢−®áâ¨ ã¯à ¢«¥−¨ï
−  ®á−®¢¥ á¨âã æ¨®−−®£®  − «¨§ . �®ª § −®, çâ® ä®à¬¨à®¢ −¨¥ ª®«¨ç¥-
áâ¢¥−−ëå ¯®ª § â¥«¥© áâ¥¯¥−¨ à¥ «¨§ æ¨¨ æ¥«¥© −¥®¡å®¤¨¬® ®á−®¢ë¢ âì − 
á®ç¥â −¨¨ ®¡ê¥ªâ¨¢−ëå ¯®ª § â¥«¥© ¤¥ïâ¥«ì−®áâ¨ ®à£ −  ã¯à ¢«¥−¨ï ¨ ¬¥â®-
¤®¢ íªá¯¥àâ−®© ¨ áâ â¨áâ¨ç¥áª®© ®æ¥−ª¨ ¯ à ¬¥âà®¢ ¢−¥è−¥© áà¥¤ë.

Š«îç¥¢ë¥ á«®¢ : á¨áâ¥¬  ã¯à ¢«¥−¨ï; á¨âã æ¨®−−ë©  − «¨§; á¨áâ¥¬  æ¥«¥©

DOI: 10.14357/08696527130213

1 Введение

–¥«ì áâ âì¨ | ä®à¬ã«¨à®¢ª  ®á−®¢−ëå ¯à¨−æ¨¯®¢ ä®à¬¨à®¢ −¨ï á¨áâ¥-
¬ë æ¥«¥© ¢ á¨âã æ¨®−−ëå æ¥−âà å ¨ á¢ï§ −−ëå á −¨¬¨ ªà¨â¥à¨¥¢ à¥ «¨§ æ¨¨.
„ −− ï ¯à®¡«¥¬ â¨ª  ¨¬¥¥â áã£ã¡® ¯à ªâ¨ç¥áª®¥ §− ç¥−¨¥ ¯à¨ á®§¤ −¨¨ á¨áâ¥¬
á¨âã æ¨®−−ëå æ¥−âà®¢, â ª ª ª ¯à ¢¨«ì− ï ä®à¬ã«¨à®¢ª  á®¢®ªã¯−®áâ¨ æ¥«¥©,
§ ¤ −¨ï á¯®á®¡®¢ ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ ¨å à¥ «¨§ æ¨¨ ¨ ª ¦¤®¤−¥¢− ï ¢¨§ã-
 «¨§ æ¨ï á®áâ®ï−¨ï æ¥«¥© ¤«ï ¯¥à¢ëå «¨æ á¨áâ¥¬ë ã¯à ¢«¥−¨ï ®¡¥á¯¥ç¨¢ ¥â
ãá¯¥å ¢ ¤¥«¥ ¢−¥¤à¥−¨ï á¨âã æ¨®−−ëå æ¥−âà®¢.

‘¨âã æ¨®−−ë©  − «¨§, à¥ «¨§ãîé¨© ¯à®æ¥ááë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥-
−¨© (���) ¢ á¨áâ¥¬ å ã¯à ¢«¥−¨ï, ®¯¨à ¥âáï −  â ª¨¥ ¯®−ïâ¨ï, ª ª á®¡ëâ¨¥,
®¡áâ −®¢ª , á¨âã æ¨ï, ã£à®§ , ã¯à ¢«¥−¨¥, æ¥«¨ ã¯à ¢«¥−¨ï (à¨á. 1). ‘¨âã-

 æ¨ï ®¯à¥¤¥«ï¥âáï á®áâ®ï−¨¥¬ ¢§ ¨¬®á¢ï§ −−ëå í«¥¬¥−â®¢ ®¡áâ −®¢ª¨ ¢ ª®−-
âà®«¨àã¥¬®¬ ¯à®áâà −áâ¢¥; ¨§¬¥−¥−¨ï ®¡áâ −®¢ª¨ ®¯à¥¤¥«ïîâáï á®¡ëâ¨ï¬¨,
®¡à §ãîé¨¬¨ −¥ª®â®àë¥ à §¢®à ç¨¢ îé¨¥áï ¢® ¢à¥¬¥−¨, − ¡«î¤ ¥¬ë¥ ¨ à¥£¨-
áâà¨àã¥¬ë¥ ¯®â®ª¨. �®¤ ã£à®§®© ¢ ¯à®æ¥áá å ã¯à ¢«¥−¨ï ¯®−¨¬ ¥âáï á¨âã æ¨ï

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, asuchkov@ipiran.ru
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�¨á. 1 �®«ì æ¥«¥¯®« £ −¨ï ¢ á¨áâ¥¬¥ á¨âã æ¨®−−®£® ã¯à ¢«¥−¨ï

¨«¨ á®¢®ªã¯−®áâì á¨âã æ¨©, à §¢¨â¨¥ ª®â®àëå ¯à®â¨¢®à¥ç¨â æ¥«ï¬ ã¯à ¢«¥−¨ï
¨ ®â¤ «ï¥â â¥ªãé¥¥ á®áâ®ï−¨¥ ®â æ¥«¥¢®£®. �à¨ íâ®¬ ¯®¤ ã¯à ¢«¥−¨¥¬ ¯®−¨¬ -
¥âáï æ¥«¥− ¯à ¢«¥−−®¥ ¢®§¤¥©áâ¢¨¥ ®à£ −  ã¯à ¢«¥−¨ï −  ¯®¤ç¨−¥−−ë¥ ¥¬ã ¨«¨
¢§ ¨¬®¤¥©áâ¢ãîé¨¥ á −¨¬ í«¥¬¥−âë ®¡áâ −®¢ª¨ (à¥áãàáë).

�®−ïâ¨¥ á¨âã æ¨®−−®£®  − «¨§  ¨á¯®«ì§ã¥âáï ¢ ¯à®æ¥áá å ã¯à ¢«¥−¨ï, ª®£¤ 
¢®§−¨ª ¥â −¥®¡å®¤¨¬®áâì ¢ëà ¡®âª¨ ã¯à ¢«¥−ç¥áª¨å à¥è¥−¨© ¢ à¥¦¨¬¥ à¥ «ì-
−®£® ¢à¥¬¥−¨ ¢ ãá«®¢¨ïå á«®¦−®© ®¡áâ −®¢ª¨, áª« ¤ë¢ îé¥©áï ¢ ®â−®è¥−¨¨
ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢. ‘¨âã æ¨®−−ë©  − «¨§ ®¡¥á¯¥ç¨¢ ¥â −  ®á−®¢¥ á®¡ë-
â¨©−®£® ¬®−¨â®à¨−£  ®¡áâ −®¢ª¨ ¨¤¥−â¨ä¨ª æ¨î á¨âã æ¨© (ã£à®§), á«¥¦¥−¨¥ § 
á®áâ®ï−¨¥¬ á¨âã æ¨©, ¯à®£−®§ áæ¥− à¨¥¢ ¨å à §¢¨â¨ï,   â ª¦¥ ¯®¤¤¥à¦ªã ¯à®-
æ¥áá  ¢ëà ¡®âª¨ ã¯à ¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¤«ï ¤®áâ¨¦¥−¨ï æ¥«¥¢®© á¨âã æ¨¨
(−®à¬ «¨§ æ¨ï á¨âã æ¨¨) ¨ à¥ «¨§ æ¨¨ æ¥«¥© ã¯à ¢«¥−¨ï.

‘®¢®ªã¯−®áâì á¨âã æ¨© ¢ á¨áâ¥¬¥ ã¯à ¢«¥−¨ï à á¯ ¤ ¥âáï −  â¥ªãé¨¥, ¯à®-
£−®§¨àã¥¬ë¥ ¨ æ¥«¥¢ë¥ á¨âã æ¨¨. �à¨ íâ®¬ â¥ªãé¨¥ á¨âã æ¨¨ ï¢«ïîâáï à¥-
§ã«ìâ â®¬ − ¡«î¤¥−¨ï ¨ à¥£¨áâà æ¨¨ á®¡ëâ¨©, ¯à®£−®§¨àã¥¬ë¥ | ®¯à¥¤¥«ïîâáï
¬¥â®¤ ¬¨ á¨âã æ¨®−−®£®  − «¨§ ,   æ¥«¥¢ë¥ | ®âà ¦ îâ ªà âª®áà®ç−ë¥, áà¥¤-
−¥áà®ç−ë¥ ¨ ¤®«£®áà®ç−ë¥ æ¥«¨ ã¯à ¢«¥−¨ï. �®á«¥¤−¥¥ −¥¬ «®¢ ¦−®, â ª ª ª
§ ç áâãî á¨âã æ¨®−−ë©  − «¨§ ¯®−¨¬ ¥âáï ª ª ®¡¥á¯¥ç¥−¨¥ à¥ ªæ¨© á¨áâ¥¬ë
ã¯à ¢«¥−¨ï −  çà¥§¢ëç ©−ë¥ á¨âã æ¨¨ ¯®á«¥ â®£®, ª ª ®−¨ á«®¦¨«¨áì. �¤− ª®
â¥®à¨ï á¨âã æ¨®−−®£® ¯®¤å®¤  ¯à¥¤¯®« £ ¥â ãç¥â ú¯« −¨àã¥¬®© ¨ ¯à®£−®§¨àã-
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”®à¬¨à®¢ −¨¥ á¨áâ¥¬ë æ¥«¥© ¤«ï á¨âã æ¨®−−®£® ã¯à ¢«¥−¨ï

¥¬®© ®¡áâ −®¢ª¨û, ®âà ¦ îé¥© áâà â¥£¨ç¥áª¨¥, â ªâ¨ç¥áª¨¥ ¨ ®¯¥à â¨¢−ë¥ æ¥«¨
ã¯à ¢«¥−¨ï,   â ª¦¥ ãç¥â ä ªâ®à®¢ á ¬®®à£ −¨§ æ¨¨ ã¯à ¢«ïîé¥£® á¥£¬¥−â 
á¨áâ¥¬ë, ®¯à¥¤¥«ïîé¨å áâ¨¬ã«ë ¤«ï ¤®áâ¨¦¥−¨ï íâ¨å æ¥«¥© [1{5].

2 Структура системы целей

‚ ®â−®è¥−¨¨ áâàãªâãàë á¨áâ¥¬ë æ¥«¥© ¬®¦−® ¢ëáª § âì á«¥¤ãîé¨¥ á®®¡à -
¦¥−¨ï.

1. –¥«¨ ã¯à ¢«¥−¨ï á«®¦−®© ã¯à ¢«ïîé¥© á¨áâ¥¬®© ®¯à¥¤¥«ïîâáï −®à¬ â¨¢−®-
¯à ¢®¢ë¬¨ ¤®ªã¬¥−â ¬¨, à¥£« ¬¥−â¨àãîé¨¬¨ ¥¥ äã−ªæ¨®−¨à®¢ −¨¥, ¨, ª ª
¯à ¢¨«®, ®¡à §ãîâ ¨¥à àå¨ç¥áªãî áâàãªâãàã ¢ á®®â¢¥âáâ¢¨¨ á® áâàãªâãà®©
− ¯à ¢«¥−¨© ¤¥ïâ¥«ì−®áâ¨.

2. ‘¨âã æ¨®−−ë© ¯®¤å®¤ ª ã¯à ¢«¥−¨î ¯à¥¤¯®« £ ¥â à¥ £¨à®¢ −¨¥ −  áª« ¤ë-
¢ îéãîáï ®¡áâ −®¢ªã ¢ à¥¦¨¬¥ à¥ «ì−®£® ¢à¥¬¥−¨. ‚ á¨«ã íâ®£®, ¯®¬¨¬®
ä¨ªá¨à®¢ −−ëå æ¥«¥© ¢ á¨áâ¥¬¥ ã¯à ¢«¥−¨ï, −¥®¡å®¤¨¬ ¬¥å −¨§¬ ä®à¬¨à®-
¢ −¨ï ¤¨− ¬¨ç¥áª¨å æ¥«¥©, ®âà ¦ îé¨å ¯à®æ¥áá −®à¬ «¨§ æ¨¨ áª« ¤ë¢ -
îé¨åáï çà¥§¢ëç ©−ëå á¨âã æ¨© ¨ ¯à¨áãâáâ¢ãîé¨å ¢ á¨áâ¥¬¥ æ¥«¥¯®« £ −¨ï
−  ¯¥à¨®¤ áãé¥áâ¢®¢ −¨ï á¨âã æ¨¨.

3. ‚ ª®−æ¥¯æ¨¨ úã¯à ¢«¥−¨ï ¯® æ¥«ï¬û íää¥ªâ¨¢−®áâì æ¥«¥¯®« £ −¨ï ¯à®¢¥-
àï¥âáï ¯® ªà¨â¥à¨ï¬  ªà®−¨¬  SMART [6]:

{ Specific | ª®−ªà¥â− ï, ®¯à¥¤¥«¥−− ï;

{ Measurable | ¨§¬¥à¨¬ ï (¯®¤à §ã¬¥¢ ¥â ª®«¨ç¥áâ¢¥−−ãî ¨§¬¥à¨¬®áâì
à¥§ã«ìâ â );

{ Achievable | ¤®áâ¨¦¨¬ ï (¤®«¦−  ¡ëâì ¢ë¯®«−¨¬®©);

{ Realistiá | à¥ «¨áâ¨ç− ï (¤®áâ¨¦¥−¨¥ æ¥«¨ ¤®«¦−® ¡ëâì ®¡¥á¯¥ç¥−®
à¥áãàá ¬¨);

{ Timed/Time-bounded | ¯à¨¢ï§ −− ï ª â®çª¥/¨−â¥à¢ «ã ¢à¥¬¥−¨.

„ −−ë© ¯®¤å®¤ − ª« ¤ë¢ ¥â âà¥¡®¢ −¨ï −   âà¨¡ãâë æ¥«¥© ¢ ç áâ¨ ä®à-
¬¨à®¢ −¨ï ª®«¨ç¥áâ¢¥−−ëå å à ªâ¥à¨áâ¨ª ¨å ¤®áâ¨¦¥−¨ï, ¯« −®¢ëå å à ªâ¥à¨-
áâ¨ª, ªà¨â¥à¨¥¢ ¤®áâ¨¦¥−¨ï (à¨á. 2).

�á−®¢−ë¥  âà¨¡ãâë æ¥«¨:

{ ®¯¨á −¨¥ | ¤ ¥â ®¯à¥¤¥«¥−¨¥ ¨ ª®−ªà¥â¨§ æ¨î æ¥«¨;

{ ¢¥á®¢®© ª®íää¨æ¨¥−â | ®¯à¥¤¥«ï¥â ¢ª« ¤ ¯®¤æ¥«¨ ¢ ¢ëè¥áâ®ïéãî æ¥«ì;

{ ¨−¤¨ª â®à | § ¤ ¥â ª®«¨ç¥áâ¢¥−−ë© ¯®ª § â¥«ì ¤®áâ¨¦¥−¨ï à¥§ã«ìâ â ;

{ ªà¨â¥à¨© | § ¤ ¥â á¯®á®¡ ®¯à¥¤¥«¥−¨ï ¤®áâ¨¦¥−¨ï à¥§ã«ìâ â  á ¯®¬®éìî
¨−¤¨ª â®à ;
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�¨á. 2 �¡®¡é¥−− ï áâàãªâãà  á¨áâ¥¬ë æ¥«¥©

{ ¯« − | ®¯à¥¤¥«ï¥â ª®«¨ç¥áâ¢¥−−ë¥ §− ç¥−¨ï ªà¨â¥à¨ï ¤®áâ¨¦¥−¨ï æ¥«¨ ¨
âà¥¡ã¥¬ë¥ ¢à¥¬¥−−‚ë¥ ¯ à ¬¥âàë.

’ ª¨¬ ®¡à §®¬, á¨áâ¥¬  æ¥«¥© ä®à¬¨àã¥âáï ª ª ¬−®£®ãà®¢−¥¢®¥ ¤¥à¥¢®, á®-
¤¥à¦ é¥¥ ¢§ ¨¬®á¢ï§ −−ãî á®¢®ªã¯−®áâì ä¨ªá¨à®¢ −−ëå ¨ ¤¨− ¬¨ç¥áª¨å æ¥«¥©,
®¡« ¤ îé¨å  âà¨¡ãâ ¬¨, ®¡¥á¯¥ç¨¢ îé¨¬¨ à¥ «¨§ æ¨î ¯à¨−æ¨¯  SMART.

3 Содержательные аспекты формирования системы целей

�¤¨− ¨§ ®á−®¢®¯®«®¦−¨ª®¢ á¨âã æ¨®−−®£®  − «¨§  ‘. 	¨à [1] ¯à¥¤«®¦¨«
à áá¬ âà¨¢ âì ¯à¥¤¯à¨ïâ¨¥, ®à£ −¨§ æ¨î ¨«¨ «î¡ãî ¤àã£ãî ã¯à ¢«ï¥¬ãî á¨áâ¥-
¬ã ª ª ¢ëá®ª®®à£ −¨§®¢ −−ë© ¦¨¢®© ®à£ −¨§¬. �à¨¬¥−¨¢ â ª®© ¯®¤å®¤, ¬®¦−®
ãâ¢¥à¦¤ âì á«¥¤ãîé¥¥: ®á−®¢−ë¬¨ æ¥«ï¬¨ áãé¥áâ¢®¢ −¨ï ®à£ −¨§ æ¨© ï¢«ï¥âáï
¦¨§−¥á¯®á®¡−®áâì, å à ªâ¥à¨§ãîé ïáï ¢ á¯®á®¡−®áâ¨ á¨áâ¥¬ë ú¢ë¦¨¢ âìû ¯à¨
á ¬ëå á«®¦−ëå ¨§¬¥−¥−¨ïå ¢−¥è−¥© áà¥¤ë.

� áá¬®âà¨¬ á¨áâ¥¬ë ã¯à ¢«¥−¨ï ¢ £®áã¤ àáâ¢¥−−ëå áâàãªâãà å (ä¥¤¥à «ì-
−ë¥ ®à£ −ë ¨á¯®«−¨â¥«ì−®© ¢« áâ¨, £®áã¤ àáâ¢¥−−ë¥ ª®à¯®à æ¨¨, ªàã¯−ë¥ ª®à-
¯®à æ¨¨ á £®áã¤ àáâ¢¥−−ë¬ ãç áâ¨¥¬ ¨ ¤à.). ’ ª¨¥ á¨áâ¥¬ë ã¯à ¢«¥−¨ï äã−ªæ¨-
®−¨àãîâ −  ®á−®¢¥ § ª®−®¤ â¥«ì−ëå ¨ ¤àã£¨å −®à¬ â¨¢−®-¯à ¢®¢ëå ¤®ªã¬¥−â®¢,
®¯à¥¤¥«ïîé¨å ¨å æ¥«¨ ¨ § ¤ ç¨,   â ª¦¥ á ¨á¯®«ì§®¢ −¨¥¬ ¢ë¤¥«ï¥¬ëå £®áã-
¤ àáâ¢®¬ à¥áãàá®¢.

‘ â®çª¨ §à¥−¨ï £®áã¤ àáâ¢  ®¡®¡é¥−− ï æ¥«ì á¨áâ¥¬ë ã¯à ¢«¥−¨ï | ¬ ªá¨-
¬ «ì− ï íää¥ªâ¨¢−®áâì (¬ ªá¨¬ «ì− ï à¥ «¨§ æ¨ï § ¤ −−ëå äã−ªæ¨©) á¨áâ¥¬ë
ã¯à ¢«¥−¨ï ¯à¨ ¬¨−¨¬¨§ æ¨¨ ¨á¯®«ì§®¢ −¨ï à¥áãàá®¢ (à¨á. 3,  ).
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�¨á. 3 –¥«¨ á¨áâ¥¬ë ã¯à ¢«¥−¨ï: ( ) á â®çª¨ §à¥−¨ï £®áã¤ àáâ¢ ; (¡) á â®çª¨ §à¥−¨ï
®à£ −  ã¯à ¢«¥−¨ï

�¡ëç−® ¢ ¬−®£®ãà®¢−¥¢ëå á¨áâ¥¬ å ã¯à ¢«¥−¨ï ¯®¤ç¨−¥−−ë¥ ãà®¢−¨ ®¡« -
¤ îâ −¥ª®â®àë¬¨ ¢®§¬®¦−®áâï¬¨ á ¬®®à£ −¨§ æ¨¨, ¯®íâ®¬ã ¢−ãâà¥−−¨¥ ¨å æ¥«¨
¬®£ãâ ®â«¨ç âìáï ®â æ¥«¥© ¢ëè¥áâ®ïé¥£® ãà®¢−ï. ‚ á ¬ëå ªà ©−¨å á«ãç ïå
®¡¥á¯¥ç¥−¨¥ ¦¨§−¥á¯®á®¡−®áâ¨ ¢ëà ¦ ¥âáï ¢ ¬¨−¨¬¨§ æ¨¨ à¥ «¨§ æ¨¨ äã−ªæ¨©
ã¯à ¢«¥−¨ï ¤«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ −¥æ¥«¥¢®£® ¨á¯®«ì§®¢ −¨ï à¥áãàá®¢.
� áá¬®âà¨¬ áà¥¤−¨© ¢ à¨ −â: à æ¨®− «ì−®¥ ®¡¥á¯¥ç¥−¨¥ à¥ «¨§ æ¨¨ äã−ªæ¨©
ã¯à ¢«¥−¨ï −  ®á−®¢¥ à æ¨®− «ì−® ¨á¯®«ì§ã¥¬ëå à¥áãàá®¢ ¢ ãá«®¢¨ïå ¨å −¥¤®-
áâ âª  (à¨á. 3, ¡).

�ç¥¢¨¤−®, çâ® ¤ −− ï ä®à¬ã«¨à®¢ª  æ¥«¥© á¨áâ¥¬ë −¥ ã¤®¢«¥â¢®àï¥â ®á−®¢-
−ë¬ ªà¨â¥à¨ï¬ SMART (ª®−ªà¥â−®áâì, ¨§¬¥à¨¬®áâì, ¢à¥¬¥−−‚ ï ¯à¨¢ï§ª ). —â®-
¡ë ª®−ªà¥â¨§¨à®¢ âì æ¥«¥¢ë¥ ãáâ −®¢ª¨ ¯® à¥ «¨§ æ¨¨ äã−ªæ¨© ã¯à ¢«¥−¨ï,
−¥®¡å®¤¨¬®, á â®çª¨ §à¥−¨ï  ¢â®à , ¯à¨¢«¥çì ®¤−ã ¨§  ¤¥ª¢ â−ëå ¬®¤¥«¥© ã¯à ¢-
«¥−ç¥áª®£® æ¨ª«  ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¢ à¥¦¨¬¥ à¥ «ì−®£® ¢à¥¬¥−¨ | ¬®¤¥«ì
OODA (���„).

‚ ª®−æ¥ 1970-å ££. ¯®«ª®¢−¨ª ‚‚‘ ‘˜� „¦®− 	®©¤ á®§¤ « ¬®¤¥«ì ú− ¡«î-
¤¥−¨¥{®à¨¥−â¨à®¢ −¨¥{à¥è¥−¨¥{¤¥©áâ¢¨¥û (���„) ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨
¢¥¤¥−¨¨ ¡®¥¢ëå ¤¥©áâ¢¨©. ‚ − áâ®ïé¥¥ ¢à¥¬ï íâ  ¬®¤¥«ì  ªâ¨¢−® ¨á¯®«ì§ã¥âáï
¢® ¬−®£¨å á¨áâ¥¬ å ã¯à ¢«¥−¨ï à §−ëå ®âà á«¥© [7].

� ¡«î¤¥−¨¥ (áâ ¤¨ï �) | íâ® ¯à®æ¥áá á¡®à  ¨−ä®à¬ æ¨¨ ®¡ ®ªàã¦ îé¥©
áà¥¤¥ ¯ãâ¥¬ ¢§ ¨¬®¤¥©áâ¢¨ï á −¥© á ¨á¯®«ì§®¢ −¨¥¬ â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨«¨
á®®¡é¥−¨©. ‘â ¤¨ï � â ª¦¥ ¯à¨−¨¬ ¥â ¢−ãâà¥−−¨¥ ¨−áâàãªæ¨¨ ®â ¯à®æ¥áá 
®à¨¥−â¨à®¢ −¨ï, â ª ¦¥ ª ª ¨ ¯®¤¤¥à¦ªã ®â ¯à®æ¥áá®¢ � ¨ „.
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�à¨¥−â¨à®¢ −¨¥ (áâ ¤¨ï �) | ®æ¥−ª  á¨âã æ¨¨ (â¨¯®¢ ï, −¥â¨¯®¢ ï),  − «¨§
áãé¥áâ¢ãîé¥£® ®¯ëâ , ¯®¯®«−¥−¨¥ ®¯ëâ , ®¡¥á¯¥ç¨¢ ¥â ¢−ãâà¥−−îî ¯®¤¤¥à¦-
ªã � (ª®àà¥ªâ¨à®¢ª  ä¨«ìâà®¢).

�¥è¥−¨¥ (áâ ¤¨ï �) | íâ® ¯à®æ¥áá ®áãé¥áâ¢«¥−¨ï ¢ë¡®à  áà¥¤¨ £¨¯®â¥§ ®
á®áâ®ï−¨¨ ®ªàã¦ îé¥© áà¥¤ë ¨ ¢®§¬®¦−®© à¥ ªæ¨¨ −  −¥£®. �à®æ¥áá � àãª®¢®¤-
áâ¢ã¥âáï ¯àï¬®© ¢−ãâà¥−−¥© á¢ï§ìî á ¯à®æ¥áá®¬ � ¨ ®¡¥á¯¥ç¨¢ ¥â ¢−ãâà¥−−îî
¯®¤¤¥à¦ªã ¯à®æ¥áá  �.

„¥©áâ¢¨¥ (áâ ¤¨ï „) | íâ® ¯à®æ¥áá ¢ë¯®«−¥−¨ï ¢ë¡à −−®© à¥ ªæ¨¨ ¯ãâ¥¬
¢§ ¨¬®¤¥©áâ¢¨ï á ®ªàã¦ îé¥© áà¥¤®©. „¥©áâ¢¨¥ ¯à¨−¨¬ ¥â ¢−ãâà¥−−¨¥ àãª®-
¢®¤áâ¢  ®â ¯à®æ¥áá  �, â ª¦¥ ®−® − ¯àï¬ãî á¢ï§ −® á �. �−® ®¡¥á¯¥ç¨¢ ¥â
¢−ãâà¥−−îî ¯®¤¤¥à¦ªã �.

‚ ¯à¨«®¦¥−¨¨ ª á¨âã æ¨®−−ë¬ æ¥−âà ¬ ¤ −− ï ¬®¤¥«ì ã¯à ¢«¥−¨ï ���„
¨¬¥¥â á«¥¤ãîéãî âà ªâ®¢ªã:

{ � | á®áâ®ï−¨¥ ®â ¯®áâã¯«¥−¨ï á¨£− «  (á¥−á®à−®£®, ¢¨¤¥®, ä ªá¨¬¨«ì−®£®,
£®«®á®¢®£®) ¤® ¨¤¥−â¨ä¨ª æ¨¨ ®¡ê¥ªâ  ª®−âà®«ï (ä ªâ, á®¡ëâ¨¥, á¨âã æ¨ï);

{ � | ®æ¥−ª  á¨âã æ¨¨ (â¨¯®¢ ï, −¥â¨¯®¢ ï),  − «¨§ áãé¥áâ¢ãîé¥£® ®¯ëâ ,
¤¥ª®¬¯®§¨æ¨ï ¨ ä®à¬¨à®¢ −¨¥ ¤¨− ¬¨ç¥áª¨å æ¥«¥©, á ¬®®¡ãç¥−¨¥, ®¡à â− ï
á¢ï§ì á − ¡«î¤¥−¨¥¬;

{ � | ¢ëà ¡®âª  ¢ à¨ −â®¢ à¥è¥−¨ï ¯® ¯« −®¢ë¬ ¨ ¤¨− ¬¨ç¥áª¨¬ æ¥«ï¬ (¯®
−¥â¨¯®¢®© á¨âã æ¨¨) ¨ ¢ë¤¥«ï¥¬ë¬ à¥áãàá ¬, ¢ë¡®à à¥è¥−¨ï;

{ „ | ã¯à ¢«ïîé¥¥ ¢®§¤¥©áâ¢¨¥ −  à¥áãàáë, à¥ «¨§ æ¨ï à¥è¥−¨ï, ª®−âà®«ì
¨á¯®«−¥−¨ï, ¯¥à¥å®¤ ª áâ ¤¨¨ − ¡«î¤¥−¨ï.

„ −− ï ¬®¤¥«ì ¯®§¢®«ïâ áâàãªâãà¨à®¢ âì ¯à®æ¥áá ã¯à ¢«¥−¨ï ¯® áâ ¤¨ï¬ ¨
®áãé¥áâ¢¨âì áâàãªâãà¨à®¢ −¨¥ ¯®¤æ¥«¥© (à¨á. 4):

{ æ¥«¨ ¯® à¥ «¨§ æ¨¨ äã−ªæ¨®− «ì−ëå § ¤ ç:

• –¥«ì ú�û | ¯®«−®â  ¨ á¢®¥¢à¥¬¥−−®áâì ¢ëï¢«¥−¨ï ®¡ê¥ªâ®¢ ª®−âà®«ï;

• –¥«ì ú�û | ¯à ¢¨«ì−®áâì ¨¤¥−â¨ä¨ª æ¨¨ á¨âã æ¨¨;

• –¥«ì ú�û | ¢ëà ¡®âª  à¥áãàá®®¡¥á¯¥ç¥−−ëå à¥è¥−¨© ¯® ¢á¥¬ á¨âã -
æ¨ï¬;

• –¥«ì ú„û | ¯®«−®â  ¨ á¢®¥¢à¥¬¥−−®áâì à¥ «¨§®¢ −−ëå à¥è¥−¨©;

{ æ¥«¨ ¯® à á¯à¥¤¥«¥−¨î à¥áãàá®¢:

–¥«ì ú�, �, �, „û | ¬¨−¨¬¨§ æ¨ï § âà â −  ®¤−ã à¥è¥−−ãî § ¤ çã;

–¥«ì ú„¨ää¥à¥−æ¨ æ¨ïû | ®¯â¨¬ «ì−®¥ à á¯à¥¤¥«¥−¨¥ à¥áãàá®¢ ¬¥¦-
¤ã áâ ¤¨ï¬¨ ¢ ãá«®¢¨ïå ¨å −¥¤®áâ âª  (−¨¦¥ ¡ã¤¥â ¯®ª § −®, çâ® íâ®
¨−â¥£à «ì− ï æ¥«ì á¨áâ¥¬ë ã¯à ¢«¥−¨ï);

–¥«ì úˆ−â¥£à æ¨ïû | −¥®âà¨æ â¥«ì−ë© ¡ « −á à¥áãàá®¢ ¢á¥å áâ ¤¨©.
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�¨á. 4 –¥«¨ á¨áâ¥¬ë ã¯à ¢«¥−¨ï

„«ï ª®−ªà¥â¨§ æ¨¨ ãª § −−ëå ®á−®¢−ëå ¯®¤æ¥«¥© −¥®¡å®¤¨¬  ¨å ¤¥â -
«¨§ æ¨ï ¯® á®áâ ¢«ïîé¨¬ ¯®¤æ¥«ï¬, ®¯à¥¤¥«ïîé¨¬ § ¤ ç¨ ¯® à §−ë¬ − -
¯à ¢«¥−¨ï¬ ¤¥ïâ¥«ì−®áâ¨ ®à£ −  ã¯à ¢«¥−¨ï. � ¯à¨¬¥à, ¤«ï ä®à¬¨à®¢ −¨ï
¯®¤æ¥«¥© áâ ¤¨¨ � −¥®¡å®¤¨¬® ¤¨ää¥à¥−æ¨à®¢ âì â¥å−¨ç¥áª¨¥ áà¥¤áâ¢  − ¡«î-
¤¥−¨ï, ¯à®æ¥ááë ¬®−¨â®à¨−£  ¤®ªã¬¥−â «ì−ëå ¤ −−ëå (áâàãªâãà¨à®¢ −−ëå ¨
−¥áâàãªâãà¨à®¢ −−ëå), áã¡ê¥ªâ¨¢−ë¥ á¯®á®¡ë ¬®−¨â®à¨−£  ¨ â. ¯.

�®á«¥ ª®−ªà¥â¨§ æ¨¨ ®á−®¢−ëå æ¥«¥© ¨ ¯®¤æ¥«¥© −¥®¡å®¤¨¬® ãª § âì á¯®á®¡ë
ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ áâ¥¯¥−¨ ¨å à¥ «¨§ æ¨¨. � áá¬®âà¨¬ íâ® −  ¯à¨¬¥à å
æ¥«¥© ú�û ¨ ú„¨ää¥à¥−æ¨ æ¨ïû.

Š®«¨ç¥áâ¢¥−− ï å à ªâ¥à¨áâ¨ª  íää¥ªâ¨¢−®áâ¨ à¥ «¨§ æ¨¨ áâ ¤¨¨ � ¯à®-
æ¥áá  ã¯à ¢«¥−¨ï ¢ ®¡é¥¬ ¢¨¤¥ ®¯à¥¤¥«ï¥âáï ¤¢ã¬ï ¯ à ¬¥âà ¬¨:
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(1) A | ª®«¨ç¥áâ¢® ¯à ¢¨«ì−® ¨¤¥−â¨ä¨æ¨à®¢ −−ëå ¢ á¨áâ¥¬¥ ®¡ê¥ªâ®¢ − -
¡«î¤¥−¨ï;

(2) B | ª®«¨ç¥áâ¢® à¥ «ì−® à¥ «¨§®¢ −−ëå ¢® ¢−¥è−¥© áà¥¤¥ ®¡ê¥ªâ®¢ − ¡«î-
¤¥−¨ï.

� §−¨æ  ¬¥¦¤ã íâ¨¬¨ ¢¥«¨ç¨− ¬¨ ¯à¥¤áâ ¢«ï¥â á®¡®© ª®«¨ç¥áâ¢® −¥ ¨¤¥−â¨-
ä¨æ¨à®¢ −−ëå,   á«¥¤®¢ â¥«ì−®, ¨ −¥ § à¥£¨áâà¨à®¢ −−ëå ¢ á¨áâ¥¬¥ ®¡ê¥ªâ®¢
− ¡«î¤¥−¨ï. ‘®®â¢¥âáâ¢¥−−®, ¢¥«¨ç¨−  KH = 100% · A/B ¨ ®¯à¥¤¥«ï¥â áâ¥¯¥−ì
à¥ «¨§ æ¨¨ æ¥«¨ ú�û.

‚¥«¨ç¨−  A ¨§¢¥áâ−  ¢ á¨áâ¥¬¥ ¨ ®¯à¥¤¥«ï¥âáï ¯® à¥§ã«ìâ â ¬ ¥¥ ¤¥ïâ¥«ì-
−®áâ¨,   ¢¥«¨ç¨−  B −¥ ¨§¢¥áâ−  ¨ ¯®¤«¥¦¨â ®æ¥−ª¥. …áâì −¥áª®«ìª® ¯ãâ¥© â ª®©
®æ¥−ª¨: íªá¯¥àâ− ï, ¯® ¯à®è«®¬ã ®¯ëâã, áâ â¨áâ¨ç¥áª ï. � ¯à¨¬¥à, ¢ å®¤¥
ã¯à ¢«¥−¨ï à æ¨®− «ì−ë¬ ¨á¯®«ì§®¢ −¨¥¬ ¬®àáª¨å ¡¨®à¥áãàá®¢ ®áãé¥áâ¢«ï¥âáï
− ¡«î¤¥−¨¥ §  −¥«¥£ «ì−ë¬ ¢ë¢®§®¬ §  àã¡¥¦ ¤®¡ëâ®£® ªà ¡ . ‘à¥¤áâ¢ ¬¨
ª®−âà®«ï § ä¨ªá¨à®¢ − ¢ë¢®§ A â®−− ªà ¡  ¢ Ÿ¯®−¨î. ‘®£« á−® ¯ã¡«¨ªã¥¬ë¬
¤ −−ë¬ ¬¥¦¤ã− à®¤−®© áâ â¨áâ¨ª¨ ¨§¢¥áâ−®, çâ® ¢ Ÿ¯®−¨¨ ¤®¡ëâ® ¢ ¯à®è«®¬
£®¤ãB1 â®−−,   ¯à®¨§¢¥¤¥−® ªà ¡®¢®© ¯à®¤ãªæ¨¨ ¡®«ìè¥ |B2 â®−−. ‘ ¯®¬®éìî
−¥á«®¦−ëå ¢ëç¨á«¥−¨© ¨ íªá¯¥àâ−ëå ®æ¥−®ª ¬®¦−® ®æ¥−¨âì ¢¥«¨ç¨−ã B |
ª®«¨ç¥áâ¢® ¢¢¥§¥−−®£® ¨§¢−¥ ªà ¡ :

B = A+B2 −B1 .

„àã£®© á¯®á®¡ ®æ¥−ª¨ | ¬¥â®¤ ¢ë¡®à®ç−®£® ª®−âà®«ï, ª®â®àë© ®á−®¢ −
−  ¢¯®«−¥ ®¯à¥¤¥«¥−−ëå áâ â¨áâ¨ç¥áª¨å ¬¥â®¤ å ¨ ¯®§¢®«ï¥â −  ®á−®¢¥ àï¤ 
¯à®¢¥à®ª á«ãç ©−® ¢ë¡à −−ëå ®¡ê¥ªâ®¢ ¨§ ¢á¥£® ¯®â®ª  á®¡ëâ¨© ¯®«ãç¨âì áâ -
â¨áâ¨ç¥áª¨ ¤®áâ®¢¥à−ãî ®æ¥−ªã à¥ «ì−® ¯à®¨§®è¥¤è¨å á®¡ëâ¨©. ‘¯¥æ¨ «ì−®
®à£ −¨§®¢ −−ë¥ ¯à®æ¥¤ãàë á«ãç ©−®£® ¢ë¡®à®ç−®£® ª®−âà®«ï ¬®£ãâ ¯®§¢®«¨âì
®¡ê¥ªâ¨¢−® ®æ¥−¨âì ª ç¥áâ¢® áâ ¤¨¨ � | ®¤−®© ¨§ ¢ ¦−¥©è¨å ¢ á¨áâ¥¬¥ ã¯à ¢-
«¥−¨ï.

‚®¯à®á ®¯â¨¬ «ì−®£® à á¯à¥¤¥«¥−¨ï à¥áãàá®¢ | § ¤ ç  á«®¦− ï ¢ à¥-
 «ì−® ¤¥©áâ¢ãîé¨å á¨áâ¥¬ å ã¯à ¢«¥−¨ï ¢ ãá«®¢¨ïå ¬¥−ïîé¥©áï ®¡áâ −®¢ª¨
¨ −¥å¢ âª¨ à¥áãàá®¢. �¯â¨¬¨§ æ¨ï ¤®«¦−  ®áãé¥áâ¢«ïâìáï, ¢®-¯¥à¢ëå, ¯ãâ¥¬
¬¨−¨¬¨§ æ¨¨ § âà â −  ª ¦¤ãî ¢ë¯®«−¥−−ãî äã−ªæ¨®− «ì−ãî § ¤ çã; ¢®-¢â®-
àëå, ¯ãâ¥¬ ®¯â¨¬¨§ æ¨¨ ¯¥à¥à á¯à¥¤¥«¥−¨ï à¥áãàá®¢ ¬¥¦¤ã áâ ¤¨ï¬¨ æ¨ª« 
ã¯à ¢«¥−¨ï.

…á«¨ Kî, Kï, Kò, Kä | ¯®ª § â¥«¨ íää¥ªâ¨¢−®áâ¨ à¥ «¨§ æ¨¨ æ¥«¥© − 
®á−®¢−ëå áâ ¤¨ïå ã¯à ¢«¥−¨ï,   Rî, Rï, Rò, Rä | à¥áãàáë, ¨á¯®«ì§ã¥¬ë¥
¤«ï à¥ «¨§ æ¨¨ æ¥«¥©, â® § ¤ çã ®¯â¨¬¨§ æ¨¨ à¥áãàá®¢ ¬®¦−® ¢ëà §¨âì â ª:

λîK(Rî) + λïK(Rï) + λòK(Rò) + λäK(Rä)→ max
Rî,Rï,Rò,Rä

¯à¨ ãá«®¢¨ïå:
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(1) Rî +Rï +Rò +Rä = R (ãà ¢−¥−¨¥ ¡ « −á );

(2) λî+ λï + λò + λä = 1 (¢¥á®¢ë¥ ª®íää¨æ¨¥−âë ¢ª« ¤®¢ ®á−®¢−ëå ¯®ª § -
â¥«¥© íää¥ªâ¨¢−®áâ¨ ¢ ®¡éãî æ¥«¥¢ãî äã−ªæ¨î).

„ −−ë© ¯®ª § â¥«ì ï¢«ï¥âáï £« ¢−ë¬ ¨−â¥£à «ì−ë¬ ¯®ª § â¥«¥¬ à¥ «¨§ æ¨¨
¢á¥å ®á−®¢−ëå æ¥«¥© á¨áâ¥¬ë ã¯à ¢«¥−¨ï, â ª ª ª ®âà ¦ ¥â ¢ª« ¤ ¢á¥å ¯®¤æ¥«¥©
á ãç¥â®¬ ®¯â¨¬¨§ æ¨¨ à¥áãàá®¢.

�¡ëç−® −¥â ¢®§¬®¦−®áâ¨ −¥¯®áà¥¤áâ¢¥−−® ¢ëï¢¨âì áâ â¨áâ¨ç¥áª¨¥ § ¢¨á¨¬®-
áâ¨ ª ç¥áâ¢  ã¯à ¢«¥−¨ï ®â à §«¨ç−ëå ¢ à¨ −â®¢ à á¯à¥¤¥«¥−¨ï à¥áãàá®¢. „«ï
¨áá«¥¤®¢ −¨ï § ¢¨á¨¬®áâ¥© K(R) ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢ −ë à §«¨ç−ë¥ ¯®¤å®¤ë:

(1) ¢ ªàã¯−ëå á¨áâ¥¬ å ã¯à ¢«¥−¨ï ¢®§¬®¦−® ®¡à §®¢ −¨¥ ¯¨«®â−ëå §®− ¤«ï
®âà ¡®âª¨ −®¢ëå ¨−ä®à¬ æ¨®−−ëå, â¥å−¨ç¥áª¨å, ®à£ −¨§ æ¨®−−®-ª ¤à®-
¢ëå à¥è¥−¨©, ¯®§¢®«ïîé¨å ®æ¥−¨âì ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë ¨
®áãé¥áâ¢¨âì â¥å−¨ª®-íª®−®¬¨ç¥áª®¥ ®¡®á−®¢ −¨¥;

(2) ¤àã£®© ¯ãâì | á®§¤ −¨¥ ¨¬¨â æ¨®−−ëå ¬®¤¥«¥© á¨áâ¥¬ë ã¯à ¢«¥−¨ï, ¯®§¢®-
«ïîé¨å ¨áá«¥¤®¢ âì ¨§¬¥−¥−¨ï ¯®ª § â¥«¥© íää¥ªâ¨¢−®áâ¨ ¢ § ¢¨á¨¬®áâ¨
®â ¨§¬¥−¥−¨ï ®¡áâ −®¢ª¨ ¨ à áå®¤®¢ −¨ï à¥áãàá®¢;

(3) ¯à®£−®§¨à®¢ −¨¥ ¡ §®¢ëå â¥−¤¥−æ¨© à §¢¨â¨ï ®¡áâ −®¢ª¨ ¨ ¢ëï¢«¥−¨¥  −®-
¬ «¨© ¢ à §¢¨â¨¨ ®¡áâ −®¢ª¨ á æ¥«ìî ª®àà¥ªâ¨à®¢ª¨ à á¯à¥¤¥«¥−¨ï à¥áãà-
á®¢ −  ¯¥àá¯¥ªâ¨¢ã.

‚à¥¬¥−−‚ ï ¯à¨¢ï§ª  æ¥«¥© ®áãé¥áâ¢«ï¥âáï −  áâ ¤¨¨ ¯« −¨à®¢ −¨ï, ¯à¨
íâ®¬ ¢ ¦−® ãç¥áâì á«¥¤ãîé¨¥ ®¡áâ®ïâ¥«ìáâ¢ :

{ ¯« −¨à®¢ −¨¥ ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ ä®à¬¨à®¢ −¨ï æ¥«¥¢ëå §− ç¥−¨©, ª®â®-
àëå ¤®«¦−ë ¤®áâ¨£ âì ª®«¨ç¥áâ¢¥−−ë¥ ¯®ª § â¥«¨ æ¥«¥© ¢ § ¤ −−ë¥ ¬®¬¥−âë
¢à¥¬¥−¨;

{ ¯« −¨à®¢ −¨¥ ¯à¥¨¬ãé¥áâ¢¥−−® ®áãé¥áâ¢«ï¥âáï −  ®á−®¢¥  − «¨§  ¯à®è¥¤-
è¥£® ¯¥à¨®¤  ¢à¥¬¥−¨ ¯ãâ¥¬ ¯à®£−®§¨à®¢ −¨ï ¢®§¬®¦−ëå ¯« −®¢ëå ¯®ª § -
â¥«¥©;

{ −¥®¡å®¤¨¬® â ª¦¥ ãç¨âë¢ âì ¢®§¬®¦−ë¥ ¯ãâ¨ à §¢¨â¨ï ®¡áâ −®¢ª¨ ¢® ¢à¥¬¥-
−¨ −  ®á−®¢¥ ¯®áâà®¥−¨ï áâ â¨áâ¨ç¥áª¨å ¬®¤¥«¥© ®¡áâ −®¢ª¨.

4 Выводы

�á−®¢−ë¬¨ ¯à¨−æ¨¯ ¬¨ æ¥«¥¯®« £ −¨ï ¢ á¨áâ¥¬ å ã¯à ¢«¥−¨ï, á¢ï§ −−ëå á
á¨âã æ¨®−−ë¬  − «¨§®¬, −  ¢§£«ï¤  ¢â®à , ï¢«ïîâáï á«¥¤ãîé¨¥:

(1) á¨áâ¥¬  æ¥«¥© ¤®«¦−  ®âà ¦ âì äã−ªæ¨®− «ì−ãî áâàãªâãàã ®à£ −  ã¯à ¢-
«¥−¨ï ¨ ãç¨âë¢ âì à¥áãàá−ë¥ § âà âë −  ¥¥ äã−ªæ¨®−¨à®¢ −¨¥;

(2) ª ¦¤ ï ä®à¬ã«¨àã¥¬ ï æ¥«ì ¤®«¦−  ¡ëâì ª®−ªà¥â−®©, ¨§¬¥à¨¬®©, ¢ë¯®«-
−¨¬®©, à¥áãàá®®¡¥á¯¥ç¥−−®© ¨ ®¡« ¤ âì ¢à¥¬¥−−®© ¯à¨¢ï§ª®©;
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(3) ¯à¨ æ¥«¥¯®« £ −¨¨ −¥®¡å®¤¨¬® ãç¨âë¢ âì ¢á¥ áâ ¤¨¨ ã¯à ¢«¥−¨ï: − ¡«î-
¤¥−¨¥, ®à¨¥−â¨à®¢ −¨¥, à¥è¥−¨¥ ¨ ¤¥©áâ¢¨¥;

(4) ä®à¬¨à®¢ −¨¥ ª®«¨ç¥áâ¢¥−−ëå ¯®ª § â¥«¥© áâ¥¯¥−¨ à¥ «¨§ æ¨¨ æ¥«¥© −¥-
®¡å®¤¨¬® ®á−®¢ë¢ âì −  á®ç¥â −¨¨ ®¡ê¥ªâ¨¢−ëå ¯®ª § â¥«¥© ¤¥ïâ¥«ì−®áâ¨
®à£ −  ã¯à ¢«¥−¨ï ¨ ¬¥â®¤®¢ íªá¯¥àâ−®© ¨ áâ â¨áâ¨ç¥áª®© ®æ¥−ª¨ ¯ à ¬¥â-
à®¢ ¢−¥è−¥© áà¥¤ë.
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FORMATION OF THE GOALS SYSTEM
FOR SITUATIONAL CONTROL

A. P. Suchkov

IPI RAN, Moscow, Russia, asuchkov@ipiran.ru

Abstract: The basic principles of structure, content, and implementation of the
system of goals in the management real-time systems, connected with a situational
analysis, are discussed. Well-known criteria SMART is used to check the
effectiveness of goal-setting in control systems and formalization of the OODA
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cycle management. In accordance with the chosen ways of formalization, the
model list of essential management purposes is formed by sections of observation,
orientation, decision, and action. The issues of specifying thegoals, quantitative
evaluation of their achievements, and the generalized criteria of efficiency of
management on the basis of situational analysis are discussed. It is shown that the
quantitative indicators of the degree of implementation of goals must be based on
a combination of objective indicators of management and methods of expert and
statistical estimation of parameters of the external environment.

Keywords: management system; situational analysis; system of goals
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УНИВЕРСАЛЬНЫЙПАТТЕРНОРГАНИЗАЦИИ
СИТУАЦИОННЫХЦЕНТРОВ

А. В. Колесников1, А. А. Меркулов2

�−−®â æ¨ï: �à¥¤«®¦¥−  ¬¥¦¤¨áæ¨¯«¨− à− ï â¥å−®«®£¨ï ®à£ −¨§ æ¨¨ á¨áâ¥¬
ã¯à ¢«¥−¨ï, ®¯¨à îé ïáï −  ¯®¤å®¤ë â¥å−¥â¨ª¨, ®à£ −¨§ æ¨®−−®© ª¨¡¥à−¥-
â¨ª¨ ¨  ãâ®¯®©¥§¨á . � §à ¡®â − ¨−¢ à¨ −â−ë© ¯ ââ¥à− ¬®¤¥«¨à®¢ −¨ï |
VSM (Viable System Model, ¬®¤¥«ì ¦¨§−¥á¯®á®¡−®áâ¨ á¨áâ¥¬ë) Cenose,
¯à¥¤áâ ¢«¥−−ë© ¢ ¢¨¤¥  ¡áâà ªâ−®© ¬®¤¥«¨ ¨ ¯« âä®à¬ë ¯à®¥ªâ¨à®¢ −¨ï
á¨âã æ¨®−−ëå æ¥−âà®¢ (‘–) | ª®¬¯ìîâ¥à−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© (Š‘���), à¥ «¨§®¢ −−ë© −  ¥¥ ®á−®¢¥. �« âä®à¬  ú‘¨âã æ¨®−−ë©
æ¥−âà VSM Cenoseû ¬®¦¥â ¨á¯®«ì§®¢ âìáï ¤«ï ¯à¥¤¯à¨ïâ¨© ¨ ®à£ −¨§ æ¨©
à §«¨ç−®£® à®¤  ¤¥ïâ¥«ì−®áâ¨, ä®à¬ë á®¡áâ¢¥−−®áâ¨, á¯®á®¡  ãç¥â , à §¬¥-
à , á«®¦−®áâ¨ ¨ ¤àã£¨å ¯ à ¬¥âà®¢. � §à ¡®â − ¬¥å −¨§¬ ¯à®¥æ¨à®¢ −¨ï
¯ ââ¥à−  ®â ¬¥â ¬®¤¥«¨, ç¥à¥§  ¡áâà ªâ−ãî ¨ ª®−ªà¥â−ãî ¬®¤¥«ì −  « −¤-
è äâ ¯à¥¤¯à¨ïâ¨© ¨ ®à£ −¨§ æ¨©. �®ª § −ë ¯à¥¨¬ãé¥áâ¢  ¯à®¥ªâ¨à®¢ −¨ï
¨ ã¯à ¢«¥−¨ï −  ®á−®¢¥ ¥¤¨−®© ª®−â¥ªáâ−®© ¨−ä®à¬ æ¨®−−®© áà¥¤ë, ¯®§¢®-
«ïîé¥© á¢®¡®¤−® ¯¥à¥¬¥é âìáï ¯® ¢á¥¬ ãà®¢−ï¬ ¨¥à àå¨ç¥áª¨å áâàãªâãà ¨
á®åà −ïâì ®¡é¨© ª®−âà®«ì − ¤ á¨âã æ¨¥© ¡¥§ ¯®â¥à¨ ¤¥â «ì−®áâ¨.

Š«îç¥¢ë¥ á«®¢ : ¯ ââ¥à− ¯à®¥ªâ¨à®¢ −¨ï; â¥å−¥â¨ª ; ®à£ −¨§ æ¨®−− ï
ª¨¡¥à−¥â¨ª ;  ãâ®¯®©¥§¨á; á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©; á¨âã æ¨-
®−−ë© æ¥−âà
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1 Введение

�¤−® ¨§ íää¥ªâ¨¢−ëå áà¥¤áâ¢ ¯®¢ëè¥−¨ï ª ç¥áâ¢  ¯à¨−ïâ¨ï ª®««¥ªâ¨¢-
−ëå à¥è¥−¨© | ‘– [1{6] | Š‘���, ¯®áâà®¥−− ï −  æ¥«®áâ−®¬ ¯®¤å®¤¥,
®â®¡à ¦ îé¥¬ ¢á¥  á¯¥ªâë ¤¥ïâ¥«ì−®áâ¨ á¨áâ¥¬ë ã¯à ¢«¥−¨ï. � §à ¡®âª  (¯à®-
¥ªâ¨à®¢ −¨¥) ‘– | á«®¦−ë©, − ãª®¥¬ª¨© ¨ âàã¤®¥¬ª¨© ¯à®æ¥áá, ¢ª«îç îé¨©
¢§ ¨¬®®¡ãá«®¢«¥−−ë© ª®¬¯«¥ªá ¬ â¥¬ â¨ç¥áª¨å, ¨−ä®à¬ æ¨®−−ëå, ¯à®£à ¬-
¬−ëå, â¥å−¨ç¥áª¨å, ®à£ −¨§ æ¨®−−ëå, ¯à ¢®¢ëå ¨ ¤àã£¨å ®¡¥á¯¥ç¥−¨©. �âáî¤ 
¨ ¢ëá®ª ï áâ®¨¬®áâì ¯à®¥ªâ¨à®¢ −¨ï, ¯® íªá¯¥àâ−ë¬ ®æ¥−ª ¬ á®áâ ¢«ïîé ï − 
ä¥¤¥à «ì−®¬ ãà®¢−¥ ¬¨««¨ à¤ë,   −  à¥£¨®− «ì−®¬ | á®â−¨ ¬¨««¨®−®¢ àã¡«¥©.

1	 «â¨©áª¨© ä¥¤¥à «ì−ë© ã−¨¢¥àá¨â¥â ¨¬. ˆ. Š −â , Š «¨−¨−£à ¤áª¨© ä¨«¨ « ˆ−áâ¨âãâ 
¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, avkolesnikov@yandex.ru

2	 «â¨©áª¨© ä¥¤¥à «ì−ë© ã−¨¢¥àá¨â¥â ¨¬. ˆ. Š −â , alex.merkulov@mail.ru
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� §¢¨â¨¥ ®¡¥á¯¥ç¥−¨ï Š‘��� á«¥¤ã¥â í¢®«îæ¨¨ áâàãªâãà á¨áâ¥¬ ã¯à ¢«¥-
−¨ï, −  ª®â®àãî ¢¯¥à¢ë¥ ®¡à â¨« ¢−¨¬ −¨¥ „. �. �®á¯¥«®¢ [7]: ®â ¯à®áâëå á¨áâ¥¬
¡¥§ ¨ á ®¡à â−®© á¢ï§ìî ª á¨áâ¥¬ ¬ ã¯à ¢«¥−¨ï á  ¤ ¯â æ¨¥© ¨, − ª®−¥æ, ª á¨á-
â¥¬ ¬ ã¯à ¢«¥−¨ï á ¬®¤¥«ìî. „«ï ¯®¤®¡−ëå á¨áâ¥¬ ãá¯¥è−® à¥è «¨áì å®à®è®
ä®à¬ «¨§ã¥¬ë¥ −  ï§ëª¥ ¬ â¥¬ â¨ª¨ § ¤ ç¨. „«ï á¨áâ¥¬ ã¯à ¢«¥−¨ï á ¬®¤¥«ìî
ã¦¥ ¡ë«  ¢®§¬®¦−  à §à ¡®âª  í¢à¨áâ¨ç¥áª¨å, «®£¨ª®-«¨−£¢¨áâ¨ç¥áª¨å ®¯¨á -
−¨© [7] âàã¤−®ä®à¬ «¨§ã¥¬ëå § ¤ ç. �®á«¥¤ãîé ï í¢®«îæ¨ï áâàãªâãà á¨áâ¥¬
ã¯à ¢«¥−¨ï ¯®è«  ¯® ¯ãâ¨ ¬−®£®¬®¤¥«ì−ëå, £¨¡à¨¤−ëå ¨ £¨¡à¨¤−ëå  ¤ ¯â¨¢-
−ëå á¨áâ¥¬ ã¯à ¢«¥−¨ï [4]. �â® ¯®§¢®«¨«® ¨á¯®«ì§®¢ âì ¤«ï ¬ â¥¬ â¨ç¥áª®£®,
¨−ä®à¬ æ¨®−−®£® ¨ ¯à®£à ¬¬−®£® ®¡¥á¯¥ç¥−¨ï  ¢â®¬ â¨§ æ¨¨ á«®¦−ëå § ¤ ç [4]
è¨à®ª¨© á¯¥ªâà − à ¡®â −−ëå ¢ XX ¢. ¬¥â®¤®¢ ¨ ¬®¤¥«¥© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© ¢ ¨áá«¥¤®¢ −¨¨ ®¯¥à æ¨©, â¥®à¨¨ ¯à¨−ïâ¨© à¥è¥−¨©, á¨áâ¥¬−®¬  − «¨-
§¥, â¥®à¨¨ ã¯à ¢«¥−¨ï, ¢ ®¡« áâ¨ ¨−ä®à¬ â¨ª¨ ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ  [4].
’ ª¦¥ − ç «áï ¯à®æ¥áá ¨−â¥£à æ¨¨ áãé¥áâ¢ãîé¨å à¥è¥−¨© ¤«ï ¢á¥ ¡®«¥¥ ¨ ¡®«¥¥
ãá«®¦−ïîé¨åáï § ¤ ç ã¯à ¢«¥−¨ï ¨ ®¡à ¡®âª¨ ¨−ä®à¬ æ¨¨ [4].

‘¥£®¤−ï ¤«ï ®¡¥á¯¥ç¥−¨ï  ¢â®¬ â¨§¨à®¢ −−®£® ã¯à ¢«¥−¨ï −  ¯à¥¤¯à¨ïâ¨-
ïå ¨ ¢ ®âà á«ïå ¯à¨¬¥−ïîâáï ¤¥áïâª¨ ¨ á®â−¨ âëáïç ¯à®£à ¬¬−®-â¥å−¨ç¥áª¨å
ª®¬¯«¥ªá®¢, ®â®¡à ¦ îé¨å â¥ ¨«¨ ¨−ë¥  á¯¥ªâë ¤¥ïâ¥«ì−®áâ¨: á¨áâ¥¬ë ã¯à ¢-
«¥−¨ï â¥å−®«®£¨ç¥áª¨¬¨ ¯à®æ¥áá ¬¨ ¨ ¯à¥¤¯à¨ïâ¨¥¬ ¢ æ¥«®¬ (MRP (Materi-
al Requirements Planning), CRM (Customer Relationship Management), ERP
(Enterprise Resources Planning), CSRP (Customer Synchronized Resources Plan-
ning)) [8{10]; á¯¥æ¨ «¨§¨à®¢ −−ë¥ â¥å−®«®£¨¨ ã¯à ¢«¥−¨ï (PM (Project Man-
agement), BSC (Balance ScoreCard), KPI (Key Performance Indicators), TOC
(Theory Of Constraints), TPS (Toyota Production System)) [11, 12]; â¥å−®«®£¨¨
 − «¨§  ¤ −−ëå (BI (Business Intelligence), ETL (Extraction, Transformation,
Loading), OLAP (OnLine Analytical Processing)) [12];  àå¨â¥ªâãà−ë¥ à¥è¥−¨ï
(SOA (Service-Oriented Architecture), ESB (Enterprise Service Bus), EDA (Event-
Driven Architecture), RTE (Real Time Enterprise)) [13, 14]; á¯¥æ¨ «¨§¨à®¢ −−ë©
¨−áâàã¬¥−â à¨© ®¯¨á −¨ï ®à£ −¨§ æ¨®−−ëå áâàãªâãà (BPEL (Business Process
Execution Language), BPwin (Windows Business Process), UML (Unified Model-
ing Language)) [13]; £«®¡ «ì−ë¥ áà¥¤áâ¢  ¬®−¨â®à¨−£  (BAM (Business Activity
Monitoring), CEP (Complex Event Processing)) [14, 15] ¨ ¤à. �− «®£¨ç− ï
á¨âã æ¨ï ¨ á ¬®¤¥«ï¬¨ ®à£ −¨§ æ¨¨ á¨áâ¥¬ ã¯à ¢«¥−¨ï, £¤¥ â®«ìª® ª« áá¨ä¨ª -
æ¨ï ¯®¤å®¤®¢ ª  − «¨§ã ¨ á¨−â¥§ã ®à£ −¨§ æ¨®−−ëå áâàãªâãà [16] − áç¨âë¢ ¥â
8192 ª« áá  ¬®¤¥«¥© áâàãªâãà, ª ¦¤ë© ¨§ ª®â®àëå á®¤¥à¦¨â ®£à®¬−®¥ ç¨á«®
á«®¦−ëå § ¤ ç.

’ ª®¥ à §−®®¡à §¨¥ − àï¤ã á ®ç¥¢¨¤−ë¬ ¤®áâ¨£−ãâë¬ ¢ ¯à®¥ªâ¨à®¢ −¨¨
¯®«®¦¨â¥«ì−ë¬ íää¥ªâ®¬ ¨¬¥¥â ¨ −¥£ â¨¢−ë¥ áâ®à®−ë:

(1) ¢®§−¨ª îâ ¯à¨−æ¨¯¨ «ì−ë¥ ¨ áãé¥áâ¢¥−−ë¥ âàã¤−®áâ¨, á¢ï§ −−ë¥ á ¨á¯®«ì-
§®¢ −¨¥¬ − à ¡®â −−ëå ¬®¤¥«¥© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ à ¬ª å
¨−â¥£à¨à®¢ −−ëå ¡ § ¤ −−ëå, ¡ § §− −¨©, ¨§-§  ®âáãâáâ¢¨ï á®®â¢¥âáâ¢ã-
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îé¨å áà¥¤áâ¢ ¬ â¥¬ â¨ç¥áª®£®, ¨−ä®à¬ æ¨®−−®£®, ¯à®£à ¬¬−®£® ¨ ¯à®ç¥£®
®¡¥á¯¥ç¥−¨ï  ¢â®¬ â¨§¨à®¢ −−®£® à¥è¥−¨ï § ¤ ç. ‚á«¥¤áâ¢¨¥ íâ®£® áâ «®
 ªâã «ì−ë¬ á®£« á®¢ −¨¥ à §«¨ç−ëå ¬®¤¥«¥© ®à£ −¨§ æ¨©, ¯à®£à ¬¬−ëå
á¨áâ¥¬ ¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢, ãç¥â ¯à®ä¥áá¨®− «ì−ëå §− −¨© ¨ ®¯ëâ  íªá-
¯¥àâ®¢. ‘¯à ¢¨âìáï á â ª®© ª «¥©¤®áª®¯¨ç¥áª®© ª àâ¨−®© ¡¥§ æ¥«®áâ−ëå
¬®¤¥«¥© ®à£ −¨§ æ¨¨ −¥¢®§¬®¦−®;

(2) «¨æ®, ¯à¨−¨¬ îé¥¥ à¥è¥−¨ï (‹��) ª ª ¢ ¢¥àâ¨ª «ì−ëå, â ª ¨ ¢ £®à¨-
§®−â «ì−ëå ®à£ −¨§ æ¨®−−ëå áâàãªâãà å á¨áâ¥¬ ã¯à ¢«¥−¨ï, ®ª § «®áì
− ¨¬¥−¥¥ ¢á¥£® ®¡¥á¯¥ç¥−−ë¬ ¨−ä®à¬ æ¨®−−®© ¯®¤¤¥à¦ª®© ¢á«¥¤áâ¢¨¥ â®-
£®, çâ® ¨−áâàã¬¥−â «ì−ë¥ áà¥¤áâ¢  âà ¤¨æ¨®−−® á®§¤ ¢ «¨áì ¤«ï −¨¦−¨å
¨¥à àå¨ç¥áª¨å ãà®¢−¥© ã¯à ¢«¥−¨ï ¨ íªá¯¥àâ®¢ £®à¨§®−â «ì−ëå áâàãªâãà.
‘®£« á−® ‘. 	¨àã [1], á¥£®¤−ï  ªâã «ì−® −¥ â®, ª ªãî −®¢¥©èãî â¥å−®«®-
£¨î ¯à¨¬¥−¨âì,   ª ª ¯à¥¤áâ ¢¨âì ¯à¥¤¯à¨ïâ¨¥ (®à£ −¨§ æ¨î) æ¥«®áâ−ë¬
®¡à §®¬ à¥«¥¢ −â−® ãà®¢−î à §¢¨â¨ï íâ¨å â¥å−®«®£¨©;

(3) à §−®®¡à §¨¥ â¨¯®¢ ¨ ãà®¢−¥© ¯à¥¤áâ ¢«¥−¨ï ¤ −−ëå ¨ §− −¨© (ª®«¨ç¥-
áâ¢¥−−ëå, ª ç¥áâ¢¥−−ëå, −¥®¯à¥¤¥«¥−−ëå, −¥ç¥âª¨å) ¯à¨¢¥«® ª à §àë¢ã
¨−ä®à¬ æ¨®−−ëå á¢ï§¥© á¨áâ¥¬, ¯®¤¤¥à¦¨¢ îé¨å ¨−¤¨¢¨¤ã «ì−ë¥ à¥è¥-
−¨ï íªá¯¥àâ®¢ ¨ à¥è¥−¨ï ‹��;

(4) ®âáãâáâ¢¨¥ ¯« âä®à¬ë ¤«ï  ¢â®¬ â¨§¨à®¢ −−®£® ¯à®¥ªâ¨à®¢ −¨ï ¢¨¤®¢
®¡¥á¯¥ç¥−¨ï ‘– −  ®á−®¢¥ æ¥«®áâ−®© ¬®¤¥«¨ ®à£ −¨§ æ¨¨;

(5) íªá¯®−¥−æ¨ «ì−ë© à®áâ âàã¤®§ âà â, á¥¡¥áâ®¨¬®áâ¨ ¨ ¢à¥¬¥−¨ −  ¯à®¥ªâ¨à®-
¢ −¨¥ ‘–,   â ª¦¥ ¢ëá®ª¨¥ íªá¯«ã â æ¨®−−ë¥ à áå®¤ë. �− «¨§ ¯®ª §ë¢ ¥â,
çâ® á®§¤ −¨¥ ¨ ¢−¥¤à¥−¨¥ ‘– −  à¥£¨®− «ì−®¬ ãà®¢−¥ § −¨¬ ¥â ®â 3 ¤® 5 «¥â.

’ ª¨¬ ®¡à §®¬, § ¤ ç  § ª«îç ¥âáï ¢ â®¬, çâ®¡ë á¨−â¥§¨à®¢ âì ®¡à §¥æ (è ¡-
«®−), ª®â®àë© ¡ë ¤ ¢ « æ¥«®áâ−ãî ª àâ¨−ã ¯à¥¤¯à¨ïâ¨ï, ®à£ −¨§ æ¨¨ ¨ á−¨¬ «
¯à®â¨¢®à¥ç¨¥ ¬¥¦¤ã ¢®§à áâ îé¥© á«®¦−®áâìî ã¯à ¢«¥−ç¥áª¨å § ¤ ç, á ®¤−®©
áâ®à®−ë, ¨ ®£à −¨ç¥−−ë¬¨ ¢®§¬®¦−®áâï¬¨ áãé¥áâ¢ãîé¨å ç áâ−ëå (®¤−® á¯¥ªâ-
−ëå) ¬®¤¥«¥©, á ¤àã£®©. ’ ª®© è ¡«®−, ®â−®áïé¨©áï ª ª« ááã ª®−æ¥¯âã «ì-
−ëå ¬®¤¥«¥© [4], ¡ã¤ãç¨ ¯®«®¦¥−−ë¬ ¢ ®á−®¢ã á®®â¢¥âáâ¢ãîé¥£® ¯à®£à ¬¬−®£®
¯à®¤ãªâ  ¨ ¢§ ¨¬®¤¥©áâ¢ãï á à §à ¡®âç¨ª®¬, ª®¯¨àã¥âáï, â¨à ¦¨àã¥âáï, á ¬®-
¢®á¯à®¨§¢®¤¨âáï, âà −áä®à¬¨àã¥âáï ¢ à¥§ã«ìâ¨àãîé¨¥ ¬®¤¥«¨ (¬ â¥¬ â¨ç¥áª®¥
®¡¥á¯¥ç¥−¨¥), ¡ §ë ¤ −−ëå ¨ §− −¨© (¨−ä®à¬ æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥), ¯à®£à ¬-
¬−ë© ¯à®¤ãªâ (¯à®£à ¬¬−®¥ ®¡¥á¯¥ç¥−¨¥) ¢ ãá«®¢¨ïå ª®−ªà¥â−®£® ¯à®¥ªâ  ‘–.

�¤¨− ¨§ à −−¨å ¯®¤å®¤®¢ ª à¥è¥−¨î íâ®© § ¤ ç¨ | ¯à®¥ªâ¨à®¢ −¨¥  ¢â®¬ -
â¨§¨à®¢ −−ëå á¨áâ¥¬ ã¯à ¢«¥−¨ï (�‘“) á ¨á¯®«ì§®¢ −¨¥¬ â¨¯®¢ëå ¯à®¥ªâ−ëå
à¥è¥−¨© [17, 18]. ‚ íâ®¬ á«ãç ¥ ®¤−®¬ã ¨§ ®âà á«¥¢ëå ª®−áâàãªâ®àáª¨å ¡îà®
(− ãç−®-¨áá«¥¤®¢ â¥«ìáª¨å ¨−áâ¨âãâ®¢) ¯®àãç «®áì á®§¤ âì ¯à®¥ªâ −¥ ª®−ªà¥â−®-
£®  ¢â®¬ â¨§¨à®¢ −−®£® ã¯à ¢«¥−¨ï, − ¯à¨¬¥à �‘“ Š «¨−¨−£à ¤áª¨¬ àë¡−ë¬
¯®àâ®¬,   â¨¯®¢ãî �‘“ Œ���›	���’, ª®â®à ï ¯¥à¥¤ ¢ « áì ¢ ¤àã£¨¥ ®â-
à á«¥¢ë¥ ®à£ −¨§ æ¨¨ ¤«ï à §à ¡®âª¨ −  ¥¥ ¡ §¥ �‘“ ¤àã£¨å àë¡−ëå ¯®àâ®¢.
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“−¨¢¥àá «ì−ë© ¯ ââ¥à− ®à£ −¨§ æ¨¨ á¨âã æ¨®−−ëå æ¥−âà®¢

�à¨ íâ®¬ âàã¤®§ âà âë ¨ áà®ª¨ à §à ¡®âª¨ ª®−ªà¥â−ëå á¨áâ¥¬ §− ç¨â¥«ì−®
á®ªà é «¨áì.

‚ à ¬ª å ª®−æ¥¯âã «ì−®£® ¯à®¥ªâ¨à®¢ −¨ï ¨á¯®«ì§ãîâáï ª®−áâàãªâë [19] |
¨¤¥ «ì−ë¥, ª ª ¯à ¢¨«®, ä®à¬ «ì−ë¥ ®¡ê¥ªâë, ®â¤¥«¥−−ë¥ ®â ¯à¥¤¬¥â−®© ¨−-
â¥à¯à¥â æ¨¨.

„«ï  ¢â®¬ â¨§ æ¨¨ ¯à®¥ªâ−ëå à ¡®â ¢  àå¨â¥ªâãà¥, áâà®¨â¥«ìáâ¢¥, áã¤®-
áâà®¥−¨¨, ¬ è¨−®áâà®¥−¨¨, ¨−ä®à¬ â¨ª¥ (¯à®£à ¬¬−®¬ ®¡¥á¯¥ç¥−¨¨) ¨ ¤àã£¨å
®âà á«ïå ¯à®¤®«¦ ¥â è¨à®ª® ¯à¨¬¥−ïâìáï ¯à®è«ë© ®¯ëâ â¨¯®¢®£® ¯à®¥ªâ¨à®-
¢ −¨ï á ¨á¯®«ì§®¢ −¨¥¬ ¯ ââ¥à−®¢ ( −£«. pattern | ®¡à §¥æ, è ¡«®−, á¨áâ¥¬ ),
®¡®§− ç îé¨å § ª®−®¬¥à−ãî à¥£ã«ïà−®áâì, ¢áâà¥ç îéãîáï ¢ ¯à¨à®¤¥, â¥å−¨ª¥
¨ ®¡é¥áâ¢¥,   â ª¦¥ ¯®¢â®àïîé¨©áï è ¡«®−, ®¡à §¥æ à¥è¥−¨ï § ¤ ç¨ ¯à®¥ªâ¨-
à®¢ −¨ï ¢ à ¬ª å ç áâ® ¢áâà¥ç îé¨åáï ¯à®¡«¥¬−ëå áà¥¤. ˆ§¢¥áâ−ë ¯ ââ¥à−ë
¯à®¥ªâ¨à®¢ −¨ï [20], ¯ ââ¥à−ë ¯à®£à ¬¬¨à®¢ −¨ï [21] ¨ ¤à.

� ââ¥à− ®à£ −¨§ æ¨¨ ‘– ¤®«¦¥− ¯à®¥æ¨à®¢ âìáï −  ¯à®¥ªâ ª®−ªà¥â−®£®
‘– −¥§ ¢¨á¨¬® ®â ä®à¬ë á®¡áâ¢¥−−®áâ¨, à®¤  ¤¥ïâ¥«ì−®áâ¨, à §¬¥à  ¨ ¤àã£¨å
¯ à ¬¥âà®¢ ¯à¥¤¯à¨ïâ¨ï ¨«¨ ®à£ −¨§ æ¨¨.

�®á«¥ à §à ¡®âª¨ â ª®£® ¯ ââ¥à−  (ª®−æ¥¯âã «ì−®© ¬®¤¥«¨) ®à£ −¨§ æ¨¨ ¨
¯à®£à ¬¬−®© ¯« âä®à¬ë −  ¥¥ ®á−®¢¥ áâ −¥â ¢®§¬®¦−ë¬ ¯®¢ëè¥−¨¥ ª ç¥áâ¢ 
¨ íää¥ªâ¨¢−®áâ¨ à ¡®âë ‹�� (á®ªà é¥−¨¥ ¢à¥¬¥−¨ −  ¯à¨−ïâ¨¥ à¥è¥−¨©)
¨ á−¨¦¥−¨¥ âàã¤®§ âà â à §à ¡®âç¨ª®¢ ‘– ¢ 5{10 à §,   ¤¥¬®−áâà æ¨®−−ë©
¯à®â®â¨¯ ‘– ¬®¦¥â ¡ëâì á®§¤ − ã¦¥ §  ¤¢  ¬¥áïæ .

2 Аналитический обзор методов организации ситуационных центров

Œ−®£®§− ç−ë© â¥à¬¨− ú®à£ −¨§ æ¨ïû ¨§ â¥®à¨¨ ã¯à ¢«¥−¨ï, â¥®à¨¨ á¨áâ¥¬
¨ á¨áâ¥¬−®£®  − «¨§  [22, 23] ¢ − áâ®ïé¥© à ¡®â¥ ¯à¨¬¥−ï¥âáï ¢ âà¥å á¬ëá« å:
(1) ª ª á¢®©áâ¢® ¬ â¥à¨ «ì−ëå ¨  ¡áâà ªâ−ëå á¨áâ¥¬ ®¡− àã¦¨¢ âì ¢§ ¨¬®§ ¢¨-
á¨¬®¥ ¯®¢¥¤¥−¨¥ ç áâ¥© á¨áâ¥¬ë ¢ à ¬ª å æ¥«®£®; (2) ª ª á¨áâ¥¬ , ®¡ê¥¤¨−¥−¨¥
«î¤¥©, á®¢¬¥áâ−® à¥ «¨§ãîé¨å ¯à®£à ¬¬ã (æ¥«ì) ¨ ¤¥©áâ¢ãîé¨å ¯® ®¯à¥¤¥-
«¥−−ë¬ ¯à®æ¥¤ãà ¬ ¨«¨ ¯à ¢¨« ¬; (3) ª ª ¯à®æ¥áá, ¤¥©áâ¢¨ï ¯® ®¡à §®¢ −¨î
¨ á®¢¥àè¥−áâ¢®¢ −¨î ®â−®è¥−¨© ç áâ¥© ¨ æ¥«®£®. ‚® ¢â®à®¬ á¬ëá«¥ â¥à¬¨−
¨á¯®«ì§ã¥âáï ¤«ï ®¡®§− ç¥−¨ï ®¡ê¥¤¨−¥−¨© «î¤¥© ¢ à ¬ª å  ¤¬¨−¨áâà â¨¢−®-
â¥àà¨â®à¨ «ì−®£® ¤¥«¥−¨ï −  úà ©®−ëû, ú¯à¥ä¥ªâãàëû, ú¬ã−¨æ¨¯ «¨â¥âëû,
úà¥£¨®−ëû,   â ª¦¥ ®¡ê¥¤¨−¥−¨© ¯® ®âà á«ï¬ − à®¤−®£® å®§ï©áâ¢ .

�®«ãç¨«¨ à á¯à®áâà −¥−¨¥ âà¨ ¬¥â®¤  ®à£ −¨§ æ¨¨ ‘–: â¨¯®¢ë¥ ¯à®¥ªâ−ë¥
à¥è¥−¨ï [17, 18], ª®−áâàãªâë [19] ¨ ¯ ââ¥à−ë [20, 21].

’¨¯®¢®¥ ¯à®¥ªâ−®¥ à¥è¥−¨¥  ¢â®¬ â¨§¨à®¢ −−®£® ã¯à ¢«¥−¨ï | ª®¬¯«¥ªâ
â¥å−¨ç¥áª®© ¤®ªã¬¥−â æ¨¨, á®¤¥à¦ é¨© ¯à®¥ªâ−ë¥ à¥è¥−¨ï ¯® ç áâ¨ ®¡ê¥ªâ 
¯à®¥ªâ¨à®¢ −¨ï, ¢ª«îç ï ¯à®£à ¬¬−ë¥ áà¥¤áâ¢ , ¨ ¯à¥¤− §− ç¥−−ë© ¤«ï ¬−®-
£®ªà â−®£® ¯à¨¬¥−¥−¨ï ¢ ¯à®æ¥áá¥ à §à ¡®âª¨, ¢−¥¤à¥−¨ï ¨ äã−ªæ¨®−¨à®¢ −¨ï
�‘“ á æ¥«ìî ã¬¥−ìè¥−¨ï âàã¤®¥¬ª®áâ¨ à §à ¡®âª¨, áà®ª®¢ ¨ § âà â −  á®§¤ −¨¥
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�‘“ ¨ ¥¥ ç áâ¥© [24]. “á¯¥å¨  ¢â®¬ â¨§¨à®¢ −−®£® ã¯à ¢«¥−¨ï ¢ ‘‘‘� ¢ ¯¥à¨®¤
1960{1991 ££. á¢ï§ −ë ¢ §− ç¨â¥«ì−®© áâ¥¯¥−¨ ¨ á® áâ −¤ àâ¨§ æ¨¥© â¨¯®¢®£®
¯à®¥ªâ¨à®¢ −¨ï [17, 18].

Š®−áâàãªâë | ¯®−ïâ¨¥, ¢¢®¤¨¬®¥ £¨¯®â¥â¨ç¥áª¨ (â¥®à¥â¨ç¥áª®¥ §− −¨¥) ¨«¨
á®§¤ ¢ ¥¬®¥ ¯® ¯®¢®¤ã − ¡«î¤ ¥¬ëå á®¡ëâ¨© ¨«¨ ®¡ê¥ªâ®¢ (í¬¯¨à¨ç¥áª®¥ §− -
−¨¥) ¯® ¯à ¢¨« ¬ «®£¨ª¨ á ¦¥áâª® ãáâ −®¢«¥−−ë¬¨ £à −¨æ ¬¨ ¨ ¯à ¢¨«ì−®
¢ëà ¦¥−−®¥ −  ®¯à¥¤¥«¥−−®¬ ï§ëª¥. Š ª ¯à ¢¨«®, ª®−áâàãªâë ®ä®à¬«ïîâáï
¢ §®−¥ ¯¥à¥å®¤  ®â í¬¯¨à¨ç¥áª®£® §− −¨ï ª ª®−æ¥¯âã «ì−®¬ã ¨ ®¡à â−® ¨ ¢ë-
¯®«−ïîâ äã−ªæ¨¨ ¯¥à¥¢®¤  ¬¥¦¤ã í¬¯¨à¨ç¥áª¨¬¨ ¨ â¥®à¥â¨ç¥áª¨¬¨ ï§ëª ¬¨ ¨
«®£¨ª ¬¨. �® áãâ¨, ®−¨ § ¯®«−ïîâ ®¡− àã¦¥−−ë¥ ¯ãáâ®âë ¢ áâàãªâãà¥ §− −¨ï ¨
−¥ ¨¬¥îâ á ¬®áâ®ïâ¥«ì−®£® §− ç¥−¨ï ¢−¥ §− −¨ï, ¢ ª®â®à®¬ ®−¨ áª®−áâàã¨à®¢ -
−ë [19].

� ââ¥à− | è ¡«®−, ¯®¢â®à ç¥£®-«¨¡®. ‘¥£®¤−ï ¨á¯®«ì§ã¥âáï ¢ à §«¨ç−ëå
¯à¥¤¬¥â−ëå ®¡« áâïå:  àå¨â¥ªâãà¥, áâà®¨â¥«ìáâ¢¥, ¬¥¤¨æ¨−¥, ¨−ä®à¬ â¨ª¥ |
¤«ï  − «¨§ , â¥áâ¨à®¢ −¨ï, ¯à®¥ªâ¨à®¢ −¨ï ¨ ¤à. ‚ ª®−ªà¥â−®¬ á«ãç ¥ è ¡«®−
ãâ®ç−ï¥âáï. ‚ − áâ®ïé¥© à ¡®â¥ ¯à¨¬¥−ï¥âáï ¯®−ïâ¨¥ ú¯ ââ¥à− ¯à®¥ªâ¨à®¢ -
−¨ïû | ª®−æ¥¯âã «ì− ï ¬®¤¥«ì, ¯®¢â®à¨¬ ï ª®−áâàãªæ¨ï ª ª à¥è¥−¨¥ ¯à®¡«¥¬ë
®â®¡à ¦¥−¨ï ¨−¢ à¨ −â−ëå, áâàãªâãà−ëå ¨ à¥áãàá−ëå á¢®©áâ¢ ¯à¥¤¯à¨ïâ¨ï,
®à£ −¨§ æ¨¨ ¢ ¬ â¥¬ â¨ç¥áª®¬, ¨−ä®à¬ æ¨®−−®¬ ¨ ¯à®£à ¬¬−®¬ ®¡¥á¯¥ç¥−¨¨
 ¢â®¬ â¨§¨à®¢ −−®£® ã¯à ¢«¥−¨ï ¯®áà¥¤áâ¢®¬ ‘–.

‘à ¢−¨â¥«ì−ë©  − «¨§ ¬¥â®¤®¢ ¨ ¯®¤å®¤®¢, ¨å ¤®áâ®¨−áâ¢  ¨ −¥¤®áâ âª¨,
¢§ ¨¬®á¢ï§ì ¯®−ïâ¨© ¯à¨¢¥¤¥−ë ¢ â ¡«. 1.

�®áª®«ìªã ¡®«ìè¨−áâ¢® ¬¥â®¤®¢ ¨ ¬®¤¥«¥© ¯®áâà®¥−® −  ®á−®¢¥ ¬¥à¨áâ¨-
ç¥áª¨å ¯®¤å®¤®¢ [16] (¬¥â®¤ ¨áá«¥¤®¢ −¨ï, ¯à¥¤¯®« £ îé¨© ®¯à¥¤¥«¥−¨¥ § ª®-
−®¬¥à−®áâ¥©, ®¯¨áë¢ îé¨å ®¡ê¥ªâ −  ®á−®¢¥ ¨−¤ãªæ¨¨ § ª®−®¬¥à−®áâ¥©, ®¯¨-
áë¢ îé¨å ¥£® í«¥¬¥−âë),   ¤«ï à §à ¡®âª¨ ‘– âà¥¡ã¥âáï æ¥«®áâ−ë© ¢§£«ï¤ − 
ã¯à ¢«ï¥¬ë© ®¡ê¥ªâ, ¢ ¤ −−®© à ¡®â¥ ®à£ −¨§ æ¨¨ ¨áá«¥¤ãîâáï á å®«¨áâ¨ç¥áª®©
â®çª¨ §à¥−¨ï (¬¥â®¤ − ãç−®£® ¨áá«¥¤®¢ −¨ï, ¢ à ¬ª å ª®â®à®£® ®¡ê¥ªâ à áá¬ -
âà¨¢ ¥âáï ª ª ¥¤¨−®¥ æ¥«®¥,   ¢ ª ç¥áâ¢¥ §− ç¨¬ëå ¢ë¤¥«ïîâáï § ª®−®¬¥à−®áâ¨,
®âà ¦ îé¨¥ ¤ −−ãî æ¥«®áâ−®áâì). ˆ§ á®¢®ªã¯−®áâ¨ ¯à® − «¨§¨à®¢ −−ëå å®«¨-
áâ¨ç¥áª¨å ¯®¤å®¤®¢, ¯à¥¤áâ ¢«¥−−ëå ¢ â¥ªâ®«®£¨¨ [26], ª®−æ¥¯âã «ì−®¬ ¯à®¥ª-
â¨à®¢ −¨¨ [19], −¥®£¥®£à ä¨¨ [27], £®¬¥®áâ â¨ª¥ [28], ®¡ê¥ªâ−®-®à¨¥−â¨à®¢ −−®©
¯ à ¤¨£¬¥ [29], ®¡é¥© ä®à¬ «ì−®© â¥å−®«®£¨¨ [30],  ãâ®¯®©¥§¨á¥ [3], á¨áâ¥¬−®©
â¥®à¨¨ á®æ¨ «ì−ëå á¨áâ¥¬ [25], ®à£ −¨§ æ¨®−−®© ª¨¡¥à−¥â¨ª¥ [1] ¨ â¥å−¥â¨ª¥ [5],
¤«ï á¨−â¥§  ¬®¤¥«¨ ¡ë«¨ ¢ë¡à −ë  ãâ®¯®©¥§¨á, á¨áâ¥¬− ï â¥®à¨ï á®æ¨ «ì−ëå
á¨áâ¥¬, ®à£ −¨§ æ¨®−− ï ª¨¡¥à−¥â¨ª  ¨ â¥å−¥â¨ª .

‚ ¯¥à¢®¬ ª¢ ¤à −â¥ â ¡«. 1 áà ¢−¨¢ îâáï ¬¥à¨áâ¨ç¥áª¨¥ ¨ å®«¨áâ¨ç¥áª¨¥
¯®¤å®¤ë ¯® ¢®áì¬¨ ¢ë¤¥«¥−−ë¬ á¢®©áâ¢ ¬. Šà¨â¥à¨© ¢ë¡®à  å®«¨áâ¨ç¥áª®£®
¯®¤å®¤  | ¯à¥¤áâ ¢«¥−¨¥ ®à£ −¨§ æ¨¨ ª ª ¥¤¨−®£® æ¥«®£®, ®â ®¡é¥£® ª ç áâ−®¬ã,
®â á¨−â¥§  ª  − «¨§ã, −  ®á−®¢¥ ¥¤¨−®© ¬®¤¥«¨. ‚® ¢â®à®¬ ª¢ ¤à −â¥ ¯®ª § −ë
− ãç−ë¥ èª®«ë å®«¨áâ¨ç¥áª®£® ¯®¤å®¤ , §− −¨ï ª®â®àëå ¨á¯®«ì§®¢ «¨áì ¤«ï
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’ ¡«¨æ  1 ‘à ¢−¨â¥«ì−ë©  − «¨§ ¬¥â®¤®¢ ¨ ¯®¤å®¤®¢, ¨å ¤®áâ®¨−áâ¢  ¨ −¥¤®áâ âª¨,
¢§ ¨¬®á¢ï§ì ¯®−ïâ¨©

�¡®§− ç¥−¨ï: +, 0 | − «¨ç¨¥, ®âáãâáâ¢¨¥ á¢®©áâ¢ ; Œ ¨ • | ¬¥à¨áâ¨ç¥áª¨© ¨
å®«¨áâ¨ç¥áª¨© ¯®¤å®¤ë; � | í¬¥à¤¦¥−â−®áâì; ƒ | £®¬¥®áâ §; – | æ¥«®áâ−®áâì; ˆ, �
¨ ‘ | ¨−¢ à¨ −â−ë¥, à¥áãàá−ë¥ ¨ áâàãªâãà−ë¥ á¢®©áâ¢ .

¯®áâà®¥−¨ï ¯ ââ¥à− . ‚ âà¥âì¥¬ ª¢ ¤à −â¥ ¤ −ë ®á−®¢−ë¥ á¢®©áâ¢  ®à£ −¨§ -
æ¨©: æ¥«®áâ−®áâì, í¬¥à¤¦¥−â−®áâì, £®¬¥®áâ § | ¨ ¨å ¢§ ¨¬®á¢ï§ì á − ãç−ë¬¨
èª®« ¬¨. ‚ ç¥â¢¥àâ®¬ ¯®ª § −ë á¢®©áâ¢ , ª®â®àë¥ ®¯¨áë¢ îâ ¯®¤å®¤ë ¨ ¨å
¢§ ¨¬®á¢ï§ì á® á¢®©áâ¢ ¬¨ ®à£ −¨§ æ¨¨ ¨ − ãç−ë¬¨ èª®« ¬¨. ˆ, − ª®−¥æ, ¢
¯®á«¥¤−¥¬ ª¢ ¤à −â¥ ®â®¡à ¦¥−  ¢§ ¨¬®á¢ï§ì − ¨¡®«¥¥ ®¡é¥£® ®¯à¥¤¥«¥−¨ï ®à-
£ −¨§ æ¨¨ [22, 23] á ¬¥â®¤ ¬¨ ®¯¨á −¨ï íâ¨å á¢®©áâ¢ (ç¥â¢¥àâë© ª¢ ¤à −â) ¨ á®
á¢®©áâ¢ ¬¨ ®à£ −¨§ æ¨© (âà¥â¨© ª¢ ¤à −â).
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�− «¨§ ¯®¤å®¤®¢ ¨ ¬¥â®¤®¢ ¯®ª §ë¢ ¥â, çâ® ¤«ï ª®−áâàã¨à®¢ −¨ï ã−¨¢¥à-
á «ì−®£® ¯ ââ¥à−  æ¥«¥á®®¡à §−® ¨á¯®«ì§®¢ âì ¯®¤å®¤ë  ãâ®¯®©¥§¨á , â¥å−¥â¨ª¨
¨ ®à£ −¨§ æ¨®−−®© ª¨¡¥à−¥â¨ª¨.

3 Универсальный паттерн VSM Cenose

“−¨¢¥àá «ì−ë© ¯ ââ¥à− VSM Cenose (®â  −£«. áenosis | æ¥−®§) à §à ¡®â −
ª ª ¬¥¦¤¨áæ¨¯«¨− à−ë© ¯ ââ¥à− ¯à®¥ªâ¨à®¢ −¨ï ¯ãâ¥¬ ®¡ê¥¤¨−¥−¨ï ¯®¤å®¤®¢
 ãâ®¯®©¥§¨á , â¥å−¥â¨ª¨ ¨ ®à£ −¨§ æ¨®−−®© ª¨¡¥à−¥â¨ª¨ ¨ ¯à¥¤áâ ¢«ï¥â á®¡®©
è ¡«®− á ¬®¢®á¯à®¨§¢®¤ïé¥©áï ®à£ −¨§ æ¨¨ æ¥−®«®£¨ç¥áª®£® â¨¯  á VSM-¯®-
¤®¡−®© á¨áâ¥¬®© ã¯à ¢«¥−¨ï. � ââ¥à− VSM Cenose ¥¤¨−®®¡à §−® ¬®¤¥«¨àã¥â
¨−¢ à¨ −â−ë¥, à¥áãàá−ë¥ ¨ áâàãªâãà−ë¥ á¢®©áâ¢  «î¡®© ®à£ −¨§ æ¨¨.

‚ à ¬ª å ¤ −−®£® ¯®¤å®¤  ç¥«®¢¥ª ¥áâ¥áâ¢¥−−ë¬ ®¡à §®¬ áâ −®¢¨âáï ç áâìî
íâ®£® ¯ ââ¥à−  ¨ à §à ¡ âë¢ ¥¬ëå  «£®à¨â¬®¢ ¢ à ¬ª å äã−ªæ¨®− «ì−®£® í«¥-
¬¥−â , £¤¥ ¯à®¨áå®¤¨â ®¡à §®¢ −¨¥ £¨¡à¨¤−®© ç¥«®¢¥ª®-¬ è¨−−®© á¨áâ¥¬ë, ¢
ª®â®à®© ª®¬¯®−¥−âë ¢á¥ ¡®«ìè¥ ¨ ¡®«ìè¥ § ¢¨áïâ ¤àã£ ®â ¤àã£ . ‚ ç áâ−®¬
á«ãç ¥ äã−ªæ¨®− «ì−ë© í«¥¬¥−â ¬®¦¥â à ¡®â âì ¡¥§ ãç áâ¨ï ç¥«®¢¥ª . ˆá¯®«ì-
§®¢ −¨¥ ¯ ââ¥à−  −¥ â®«ìª® á−¨¦ ¥â − ãª®¥¬®áâì ¯à®¥ªâ®¢, á®ªà é ¥â ª®«¨ç¥áâ¢®
ú®âª â®¢û − § ¤, ¢à¥¬ï −  à §à ¡®âªã, −® ¨ ¯®¢ëè ¥â ª ç¥áâ¢® à¥§ã«ìâ â®¢ ¯à®-
¥ªâ¨à®¢ −¨ï §  áç¥â è¨à®ª®£® à á¯à®áâà −¥−¨ï §− −¨© ® ¯à®£à¥áá¨¢−ëå ¬¥â®¤ å
¯à®¥ªâ¨à®¢ −¨ï, á−¨¦ îé¨å ç¨á«® á¨áâ¥¬−ëå ®è¨¡®ª. �ãª®¢®¤¨â¥«¨ −  ®á−®-
¢¥ ¯ ââ¥à−  ¬®£ãâ ¯à®¨§¢®¤¨âì à¥¨−¦¨−¨à¨−£ ®à£ −¨§ æ¨¨ ¨ § ¤¥©áâ¢®¢ âì ¢á¥
á¨áâ¥¬−ë¥ ãà®¢−¨ ã¯à ¢«¥−¨ï.

„«ï ®¯¨á −¨ï ¯ ââ¥à−  ¨á¯®«ì§®¢ − ï§ëª â¥®à¨¨ á¨áâ¥¬ ¨ á¨áâ¥¬−®£®  − «¨§ 
ú¢¥éì{á¢®©áâ¢®{®â−®è¥−¨¥û �. ˆ. “¥¬®¢  [31] ¨ ¥£® ¯à¥®¡à §®¢ −¨¥ ª â¥®à¨¨
¯à¥¤¬¥â−®© ®¡« áâ¨ úà¥áãàá{á¢®©áâ¢®{¤¥©áâ¢¨¥{®â−®è¥−¨¥û �. ‚. Š®«¥á−¨ª®-
¢  [4]. „«ï ¬¥â ¬®¤¥«¨ | íâ® à¥áãàáë (áãé−®áâì, áã¡ê¥ªâ, ®¡ê¥ªâ) ¨ ®â−®è¥−¨¥.
„«ï  ¡áâà ªâ−®© ¬®¤¥«¨ íâ® ®¯¥à æ¨ï, äã−ªæ¨®− «ì−ë© í«¥¬¥−â, ª« áâ¥à, æ¥−®§.

‘ãé−®áâì | −¥çâ® ¬ â¥à¨ «ì−®¥ ¨«¨ −¥¬ â¥à¨ «ì−®¥, ®¡« ¤ îé¥¥ − ¡®à®¬
á¢®©áâ¢ ¨ äã−ªæ¨®− «ì−ëå ¢®§¬®¦−®áâ¥©. ‚ à ¬ª å ¯®¤å®¤  ®¡é¥© ä®à¬ «ì−®©
â¥å−®«®£¨¨ [30] ¨ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢ −−®© ¯ à ¤¨£¬ë ¢ ®¡é¥¬ ¢¨¤¥ áãé−®áâì
¯à¥¤áâ ¢«ï¥âáï ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

ei = 〈{γik, γil, . . . , γim}, {γij = ϕj(γin, . . . γjk), . . . , γir = ϕr(γim, . . . , γrj)}〉 ,

£¤¥ ei | i-ï áãé−®áâì; γik | k-¥ á¢®©áâ¢® i-© áãé−®áâ¨; ϕi | j-ï äã−ªæ¨-
®− «ì−®áâì i-© áãé−®áâ¨. ‚ ¯¥à¢ëå ä¨£ãà−ëå áª®¡ª å | ¬−®¦¥áâ¢® á¢®©áâ¢
áãé−®áâ¨; ¢® ¢â®àëå ä¨£ãà−ëå áª®¡ª å | ¬−®¦¥áâ¢® äã−ªæ¨®− «ì−®áâ¥©.

‘ã¡ê¥ªâ |  ªâ¨¢− ï áãé−®áâì á ¯à¥¤®¯à¥¤¥«¥−−®© äã−ªæ¨®− «ì−®áâìî.
�¡ê¥ªâ | ¯ áá¨¢− ï áãé−®áâì ¡¥§ ¯à¥¤®¯à¥¤¥«¥−−®© äã−ªæ¨®− «ì−®áâ¨. �â-
−®è¥−¨¥ | ¯ à  áãé−®áâ¥©, å à ªâ¥à¨§ãîé ïáï á¯®á®¡−®áâìî ®¤−®© ¨§ −¨å
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à¥ «¨§®¢ âì à®¢−® ®¤−ã äã−ªæ¨î ¯® ¨§¬¥−¥−¨î á¢ï§¥© (á¢®¨å ¨ ¢â®à®© áãé-
−®áâ¨). �¥áãàá | áãé−®áâì, ®¡ê¥ªâ ®¯¥à æ¨¨. �¯¥à æ¨ï | «î¡ ï ¯à®æ¥¤ãà ,
â¥¬ ¨«¨ ¨−ë¬ ®¡à §®¬ ¢«¨ïîé ï −  áãé−®áâ¨, − å®¤ïé¨¥áï ¢ ®â−®è¥−¨¨, ¨/¨«¨
−  ¨å ¢§ ¨¬−®¥ à á¯®«®¦¥−¨¥:

Fi(x1, . . . , xn, α1, . . . αt)→ 〈y1, . . . , yn, β1, . . . , βt〉 ,
£¤¥ x1, . . . , xn | ¨áå®¤−ë¥ áãé−®áâ¨ ®¯¥à æ¨¨ Fi; y1, . . . , yn | ®¡ê¥ªâë |
à¥§ã«ìâ âë ®¯¥à æ¨¨ Fi; ¯®á«¥¤®¢ â¥«ì−®áâ¨ α1, . . . , αt ¨ β1, . . . , βt | − ¡®àë
¯ à ¬¥âà®¢ ¨§ ç¨á«®¢ëå ¨ −¥ç¨á«®¢ëå ¬−®¦¥áâ¢.

”ã−ªæ¨®− «ì−ë© í«¥¬¥−â | áãé−®áâì, áã¡ê¥ªâ ®¯¥à æ¨¨, ®¡« ¤ îé¨© á¢®©-
áâ¢ ¬¨ æ¥«®áâ−®áâ¨, í¬¥à¤¦¥−â−®áâ¨ ¨ £®¬¥®áâ § , ¢ë¤¥«¥−−ë© ¯® áâàãªâãà−®-
äã−ªæ¨®− «ì−®¬ã ¯à¨§− ªã ¨ ¤ «¥¥ −¥ ¤¥«¨¬ë©. Š« áâ¥à (¯®¤á¨áâ¥¬ ) ¨¬¥¥â
¢ á®áâ ¢¥ äã−ªæ¨®− «ì−ë¥ í«¥¬¥−âë ¨ ª« áâ¥àë ¬¥−ìè¥© à §¬¥à−®áâ¨. –¥-
−®§ ®¡« ¤ ¥â æ¥−®«®£¨ç¥áª¨¬¨ á¢®©áâ¢ ¬¨ ¨ ¨¬¥¥â ¢ á®áâ ¢¥ äã−ªæ¨®− «ì−ë¥
í«¥¬¥−âë, ª« áâ¥àë ¨ æ¥−®§ë ¬¥−ìè¥© à §¬¥à−®áâ¨.

3.1 Принцип проектирования ситуационного центра
как самовоспроизводящейся организации (свойство инвариантности)

‘®£« á−® �. ‹ã¬ −ã [25], ¢ à¥§ã«ìâ â¥  ãâ®¯®©¥§¨á  á ¬®¢®á¯à®¨§¢®¤ïâáï
¨−¢ à¨ −â−ë¥ á¢®©áâ¢  ¯à¥¤¯à¨ïâ¨ï, ®à£ −¨§ æ¨¨: (1) æ¥«®áâ−®áâì; (2) á¨áâ¥¬− ï
¤¨ää¥à¥−æ¨ æ¨ï; (3) ®âªàëâ®áâì ®à£ −¨§ æ¨¨; (4) à¥¤ãªæ¨ï ª®¬¯«¥ªá−®áâ¨;
(5) ®¯¥à æ¨®−− ï § ¬ª−ãâ®áâì; (6) á ¬®à¥ä¥à¥−æ¨ï; (7) ª®¬¬ã−¨ª æ¨ï; (8) á¬ëá«.

‘¢®©áâ¢  æ¥«®áâ−®áâ¨, á¨áâ¥¬−®© ¤¨ää¥à¥−æ¨ æ¨¨ ¨ ®âªàëâ®áâ¨ ®à£ −¨§ -
æ¨¨ (á¢®©áâ¢  1{3) ä®à¬ «¨§ãîâáï á«¥¤ãîé¥© ä®à¬ã«®© ¡ « −á  à¥áãàá®¢:∑

tik

(
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t
ik
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CRt
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∑
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)
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, (1)

£¤¥ R | ª®«¨ç¥áâ¢® à¥áãàá , ¢å®¤ïé¥£® ¢ ®à£ −¨§ æ¨î (èâ.); r | ª®«¨ç¥áâ¢®
à¥áãàá , ¨áå®¤ïé¥£® ¨§ ®à£ −¨§ æ¨¨ (èâ.); CR | áâ®¨¬®áâì ¢å®¤ïé¥£® à¥áãàá 
(àã¡.); Cr | ¯à®¤ ¦− ï áâ®¨¬®áâì ¨áå®¤ïé¥£® à¥áãàá  (àã¡.); t | ¬®¬¥−â
¢à¥¬¥−¨ (£®¤, ¬¥áïæ, ç¨á«®, ç á, ¬¨−ãâ ); i | ¨−¤¥ªá à¥áãàá ; k | ¨−¤¥ªá
¢−¥è−¥© ®à£ −¨§ æ¨¨; Dt

ik | ¤®«£ ¯®áâ ¢é¨ª  à¥áãàá  (¤¥¡¥â, àã¡.);Kt
ik | ¤®«£

®à£ −¨§ æ¨¨ ¯¥à¥¤ ¯®«ãç â¥«¥¬ (ªà¥¤¨â, àã¡.).
� áç¥â ¬¨ ¨ ¢ëç¨á«¥−¨¥¬ ¡ « −á  ¯® (1) ®¡¥á¯¥ç¨¢ îâáï ãá«®¢¨ï £®¬¥®áâ § 

¢ ¬®¤¥«ïå ®à£ −¨§ æ¨¨ ª ª ®âªàëâ®© á¨áâ¥¬ë, ®¡¬¥−¨¢ îé¥©áï à¥áãàá ¬¨ á
¢−¥è−¥© áà¥¤®©. Œ®¤¥«¨ | á®áâ ¢− ï ç áâì ¬ â¥¬ â¨ç¥áª®© á®áâ ¢«ïîé¥©
 ¢â®¬ â¨§¨à®¢ −−®£® ã¯à ¢«¥−¨ï.

‘¢®©áâ¢® à¥¤ãªæ¨¨ ª®¬¯«¥ªá−®áâ¨ (á¢®©áâ¢® 4) ®¡¥á¯¥ç¨¢ ¥âáï â¨¯¨§ æ¨¥©
à¥áãàá®¢ ¨ ¯à¥¤¯à¨ïâ¨©, ®à£ −¨§ æ¨© ¢ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢ −¨ï ¨ § −¥á¥−¨ï
¤ −−ëå ¢ ¯« âä®à¬ã ú‘¨âã æ¨®−−ë© æ¥−âà VSM Cenoseû [32]. �à¨¬¥à à¥¤ãªæ¨¨
ª®¬¯«¥ªá−®áâ¨ ¯à¨¢¥¤¥− −  à¨á. 1. ‡¤¥áì ¯®ª § − ®¤¨− ¨§ ¢®§¬®¦−ëå ¢ à¨ −â®¢
â¨¯¨§¨à®¢ −−®£® ¯à¥¤áâ ¢«¥−¨ï ¢−¥è−¥© áà¥¤ë ¢ ‘–.
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�¨á. 1 Š®−æ¥¯âã «ì− ï ¬®¤¥«ì ¢§ ¨¬®¤¥©áâ¢¨ï ‘– á ¢−¥è−¥© áà¥¤®©: 1 | ä¨− −áë;
2 | à¥áãàáë; 3 | ¨−ä®à¬ æ¨ï

‘¢®©áâ¢® ®¯¥à æ¨®−−®© § ¬ª−ãâ®áâ¨ (á¢®©áâ¢® 5) å à ªâ¥à¨§ã¥â ®¡ï§ â¥«ì-
−®¥ − «¨ç¨¥ § ¬ª−ãâëå ¯à®¨§¢®¤áâ¢¥−−ëå, â¥å−®«®£¨ç¥áª¨å ¨ ¤àã£¨å æ¨ª«®¢,
®¡¥á¯¥ç¨¢ îé¨å æ¥«®áâ−®áâì, £®¬¥®áâ § ¨ í¬¥à¤¦¥−â−®áâì ¢ ¬®¤¥«ïå ¯à¥¤¯à¨ï-
â¨ï, ®à£ −¨§ æ¨¨. ƒ®¬¥®áâ § ®â−®á¨â¥«ì−® ®¯â¨¬ «ì−®£® á®áâ®ï−¨ï ®à£ −¨§ æ¨¨
ä®à¬ «¨§ã¥âáï ¢ á®®â¢¥âáâ¢¨¨ á æ¥−®«®£¨ç¥áª¨¬ ¯®¤å®¤®¬ [5]. ‘¢®©áâ¢® í¬¥à-
¤¦¥−â−®áâ¨ ä®à¬ «¨§®¢ −® ¢ á®®â¢¥âáâ¢¨¨ á ¯®¤å®¤ ¬¨ 	¨à  [1].

‘¢®©áâ¢® á ¬®à¥ä¥à¥−æ¨¨ (á¢®©áâ¢® 6), â. ¥. ®¡ï§ â¥«ì−®£® á ¬®á®£« á®¢ −¨ï
ç áâ¥© ®à£ −¨§ æ¨¨, à¥ «¨§ã¥âáï ¢ ¯« £¨−−®©  àå¨â¥ªâãà¥ ‘–. ‘¢®©áâ¢® ª®¬-
¬ã−¨ª æ¨¨ (á¢®©áâ¢® 7) ®¡¥á¯¥ç¨¢ ¥âáï − «¨ç¨¥¬ ¢ ‘– ¢®§¬®¦−®áâ¨ ¯®«ãç âì
¨ ¢ë¤ ¢ âì ¨−ä®à¬ æ¨î ¢ à¥¦¨¬ å ®−« ©−, ®ä« ©− ¨ àãç−®© ¢¢®¤. ‘¢®©-
áâ¢® á¬ëá«  (á¢®©áâ¢® 8) | á®¢®ªã¯−®áâì ¢−ãâà¨®à£ −¨§ æ¨®−−ëå ¯®«®¦¥−¨© ¨
¨−áâàãªæ¨©, âà ¤¨æ¨©, æ¥−−®áâ¥©, «¨ç−ëå á¢ï§¥© ¨ í¬®æ¨© «î¤¥©, ¤àã£¨å ä®à-
¬ «¨§ã¥¬ëå ¨ −¥ä®à¬ «¨§ã¥¬ëå ®á®¡¥−−®áâ¥©, ª®â®àë¥ ¬®£ãâ «¨¡® ã¢¥«¨ç¨¢ âì,
«¨¡® ã¬¥−ìè âì ¦¨§−¥á¯®á®¡−®áâì ®à£ −¨§ æ¨¨. �à¨ ¯®«−®¬ ®âáãâáâ¢¨¨ á¬ëá« 
− áâã¯ ¥â ªà¨§¨á ¨«¨ § ªàëâ¨¥ ®à£ −¨§ æ¨¨. ‚ à ¬ª å ¤ −−®£® ¯ ââ¥à−  á¬ëá«
®à£ −¨§ æ¨¨ | ¢ á®åà −¥−¨¨ ¦¨§−¥á¯®á®¡−®áâ¨.

3.2 Принцип проектирования ситуационного центра как системы
ценологического типа (ресурсные свойства)

‘®£« á−® 	. ˆ. Šã¤à¨−ã [33] ¨ ‚. ˆ. ƒ− âîªã [5], ®à£ −¨§ æ¨î ¬®¦−® áç¨-
â âì á¨áâ¥¬®© æ¥−®«®£¨ç¥áª®£® â¨¯  (â¥å−®æ¥−®§®¬), ¥á«¨ ®−  ®â¢¥ç ¥â ¯à®¢¥àª¥
−  H-à á¯à¥¤¥«¥−¨ï [5], ¯à¥¤¢ à¨â¥«ì−®© ¯à®æ¥¤ãà¥ à −£®¢®£®  − «¨§  ¢ë¯®«-
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−¥−¨ï −  ¢ë¡®àª¥ æ¥−âà «ì−®© ¯à¥¤¥«ì−®© â¥®à¥¬ë: á à®áâ®¬ ¢ë¡®àª¨ áà¥¤−¥¥
áâà¥¬¨âáï ª ¬ â¥¬ â¨ç¥áª®¬ã ®¦¨¤ −¨î,   ¤¨á¯¥àá¨ï | ª®−¥ç− . �¥¢ë¯®«-
−¥−¨¥ ¤ −−®£® ãá«®¢¨ï ®â−®á¨â ¢ë¡®àªã ª ª« ááã −¥£ ãáá®¢ëå à á¯à¥¤¥«¥−¨© ¨
®¯à¥¤¥«ï¥â ¯à¨¬¥−¥−¨¥ ª −¥© ¬¥â®¤®¢ à −£®¢®£®  − «¨§ . �  ¯à ªâ¨ª¥ á¨áâ¥¬ë
æ¥−®«®£¨ç¥áª®£® â¨¯  | íâ® «î¡ë¥ ¬ã−¨æ¨¯ «ì−ë¥ ¨ à¥£¨®− «ì−ë¥ áâàãªâãàë,
áà¥¤−¨¥ ¨ ªàã¯−ë¥ ¯à¥¤¯à¨ïâ¨ï, â. ¥. â¥ áâàãªâãàë, £¤¥ à¥ «ì−® ¬®¦¥â ¯®âà¥¡®-
¢ âìáï ¢−¥¤à¥−¨¥ ‘–. ‚ ¤àã£¨å á«ãç ïå ¬®¦−® ¨á¯®«ì§®¢ âì ¯®¤å®¤ë ƒ®àáª®£®
¨ ¤à. [28] ª £®¬¥®áâ §ã á®æ¨ «ì−ëå ®à£ −¨§ æ¨©.

‡ ª®− ®¯â¨¬ «ì−®£® ¯®áâà®¥−¨ï â¥å−®æ¥−®§  [5] £« á¨â: ®¯â¨¬ «ì−ë© â¥å-
−®æ¥−®§ ¨¬¥¥â â ª®© − ¡®à â¥å−¨ç¥áª¨å ¨§¤¥«¨©, ª®â®àë©, á ®¤−®© áâ®à®−ë, ¯®
á¢®¨¬ á®¢®ªã¯−ë¬ äã−ªæ¨®− «ì−ë¬ ¯®ª § â¥«ï¬ ®¡¥á¯¥ç¨¢ ¥â ¢ë¯®«−¥−¨¥ ¯®-
áâ ¢«¥−−ëå § ¤ ç,   á ¤àã£®© | å à ªâ¥à¨§ã¥âáï ¬ ªá¨¬ «ì−®© í−âà®¯¨¥©, â. ¥.
áã¬¬ à−ë¥ í−¥à£¥â¨ç¥áª¨¥ à¥áãàáë, ¢®¯«®é¥−−ë¥ ¢ â¥å−¨ç¥áª¨¥ ¨§¤¥«¨ï ¯à¨ ¨å
¨§£®â®¢«¥−¨¨, à á¯à¥¤¥«¥−ë ¯® ¯®¯ã«ïæ¨ï¬ ¢¨¤®¢ â¥å−¨ª¨. “á«®¢¨ï â¥®à¥â¨ç¥-
áª¨ ®¯â¨¬ «ì−®£® á®áâ®ï−¨ï â¥å−®æ¥−®§  | á¨áâ¥¬  ¨−â¥£à®-¤¨ää¥à¥−æ¨ «ì−ëå
ãà ¢−¥−¨©, ¬ â¥¬ â¨ç¥áª¨ ®¯¨áë¢ îé¨å § ª®−ë â¥à¬®¤¨− ¬¨ª¨ ¢ ¯®−ïâ¨ïå â¥å-
−®æ¥−®«®£¨ç¥áª®£® ¯®¤å®¤  ¤«ï â¥å−¨ç¥áª¨å ¨§¤¥«¨©, ®¡à §ãîé¨å â¥å−®æ¥−®§:

∞∑
j=1

⎛
⎝

∞∫

0

Wj(x) dx

⎞
⎠ =

=

∞∫

0

Ÿ(y) dy
∞∑

j=1

⎛
⎜⎝

rji+1∫

rji

Wj(x) dx

⎞
⎟⎠ =W› = const ;

∞∑
j=1

⎛
⎜⎝

rji+1∫

rji

wj(x) dx

⎞
⎟⎠ =

∞∑
j=1

⎛
⎜⎝

rji+1∫

rji

μj(x) dx

⎞
⎟⎠ = W›i

2
= const ;

rji+1∫

rji

Wj(x) dx = ˜(rBi)M[Wj(rji)] =W›ji = const ;

rji =

∞∫

rBi

˜(x) dx ;

∞∑
j=1

⎛
⎝

∞∫

0

ωj(x) dx−
∞∫

0

μj(x) dx

⎞
⎠ = 0 ;

∞∑
j=1

⎛
⎝

∞∫

0

ωj(x) dx+

∞∫

0

μj(x) dx

⎞
⎠ =

∞∑
j=1

⎛
⎝

∞∫

0

Wj(x) dx

⎞
⎠ ,

⎫
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

(2)
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£¤¥ Wj(r)| à −£®¢®¥ ¯ à ¬¥âà¨ç¥áª®¥ à á¯à¥¤¥«¥−¨¥ äã−ªæ¨®− «ì−ëå í«¥¬¥−-
â®¢ ¢ ®à£ −¨§ æ¨¨ ¯® j-¬ã ¯ à ¬¥âàã; Ÿ(y) | ¢¨¤®¢®¥ (â¨¯®¢®¥) à á¯à¥¤¥«¥−¨¥
®à£ −¨§ æ¨¨ (y | ¬®é−®áâì ¯®¯ã«ïæ¨¨); ˜(rB) | à −£®¢®¥ ¢¨¤®¢®¥ (â¨¯®¢®¥)
à á¯à¥¤¥«¥−¨¥ ®à£ −¨§ æ¨¨; rji | à −£ i-£® ¢¨¤  (â¨¯ ) ¯® j-¬ã ¯ à ¬¥âàã; rBi |
¢¨¤®¢®© (â¨¯®¢®©) à −£ i-£® ¢¨¤  ®à£ −¨§ æ¨¨; ˜(rBi) | ª®«¨ç¥áâ¢® äã−ªæ¨®-
− «ì−ëå í«¥¬¥−â®¢ ®à£ −¨§ æ¨¨ i-£® ¢¨¤  (â¨¯ ) ¢ ®à£ −¨§ æ¨¨ (¬®é−®áâì ¯®-
¯ã«ïæ¨¨); M[Wj(rji)]| ¬ â¥¬ â¨ç¥áª®¥ ®¦¨¤ −¨¥ §− ç¥−¨ï j-£® ¯ à ¬¥âà  ¤«ï
äã−ªæ¨®− «ì−ëå í«¥¬¥−â®¢ i-£® ¢¨¤  (â¨¯ );W›| áã¬¬ à−ë© ¯ à ¬¥âà¨ç¥áª¨©
à¥áãàá, âà¥¡ã¥¬ë© ®à£ −¨§ æ¨¨ ¤«ï ¢ë¯®«−¥−¨ï äã−ªæ¨®− «ì−®£® − §− ç¥−¨ï
(W›i | ¤«ï i-£® ¢¨¤  (â¨¯ )); ωj(r) | à −£®¢®¥ ¯ à ¬¥âà¨ç¥áª®¥ à á¯à¥¤¥-
«¥−¨¥ äã−ªæ¨®− «ì−ëå í«¥¬¥−â®¢ ®à£ −¨§ æ¨¨ ¯® j-¬ã ¯ à ¬¥âàã, ¨¬¥îé¥¬ã
á¬ëá« ¯®«¥§−®£® íää¥ªâ  (¢¨¤®®¡à §ãîé¥¬ã); μj(r) | à −£®¢®¥ ¯ à ¬¥âà¨ç¥-
áª®¥ à á¯à¥¤¥«¥−¨¥ äã−ªæ¨®− «ì−ëå í«¥¬¥−â®¢ ®à£ −¨§ æ¨¨ ¯® j-¬ã ¯ à ¬¥âàã,
¨¬¥îé¥¬ã á¬ëá« í−¥à£¥â¨ç¥áª¨å § âà â (äã−ªæ¨®− «ì−®¬ã); x | −¥¯à¥àë¢−ë©
 − «®£ à −£ .

‚ ¤ −−®¬ á«ãç ¥ ¨áá«¥¤ã¥âáï −¥ ª®−ªà¥â−ë© â¨¯ áãé−®áâ¥© (â¥å−¨ç¥áª¨¥
¨§¤¥«¨ï),   äã−ªæ¨®− «ì−ë¥ í«¥¬¥−âë, ¢ ®¡é¥¬ á«ãç ¥ ¯à¥¤áâ ¢«ïîé¨¥ á®¡®©
ª®¬¡¨− æ¨¨, | ç¥«®¢¥ª, ç¥«®¢¥ª ¨ à¥áãàáë, ç¥«®¢¥ª ¨ â¥å−¨ç¥áª®¥ ¨§¤¥«¨¥,
â¥å−¨ç¥áª®¥ ¨§¤¥«¨¥. ˆá¯®«ì§®¢ −¨¥ ¢ ä®à¬ã« å (2) äã−ªæ¨®− «ì−ëå í«¥¬¥−â®¢
¢¬¥áâ® â¥å−¨ç¥áª¨å ¨§¤¥«¨© ¯®§¢®«ï¥â ¢ à ¬ª å ¯ ââ¥à−  VSM Cenose à á-
è¨à¨âì [38] ¨á¯®«ì§®¢ −¨¥ § ª®−  ®¯â¨¬ «ì−®£® ¯®áâà®¥−¨ï â¥å−®æ¥−®§  [5] − 
æ¥−®§.

‚ á¨áâ¥¬¥ (2) ¯¥à¢ë¥ ç¥âëà¥ ãà ¢−¥−¨ï ®âà ¦ îâ à¥ «¨§ æ¨î ¯à¨−æ¨¯ 
−¥ã¡ë¢ −¨ï í−âà®¯¨¨, −¥®â¢à â¨¬® ¢¥¤ãé¥£® à §¢¨¢ îéãîáï ®à£ −¨§ æ¨î ª
á®áâ®ï−¨î, ¢ ª®â®à®¬ − «¨ç¥áâ¢ãîé¨© ¢ á¨áâ¥¬¥ áã¬¬ à−ë© ¯ à ¬¥âà¨ç¥áª¨©
à¥áãàá W› à á¯à¥¤¥«ï¥âáï à ¢−®¬¥à−® ¯® ¯®¯ã«ïæ¨ï¬ â¨¯®¢ äã−ªæ¨®− «ì−ëå
í«¥¬¥−â®¢ (W›ji = const) ¨ ®¤−®¢à¥¬¥−−® −¥à ¢−®¬¥à−®, á ¬ ªá¨¬ «ì−®© ¤¨-
á¨¬¬¥âà¨¥© | ¯® ®â¤¥«ì−ë¬ äã−ªæ¨®− «ì−ë¬ í«¥¬¥−â ¬. �ïâ®¥ ¨ è¥áâ®¥,  
â ª¦¥ ç áâ¨ç−® ¢â®à®¥ ãà ¢−¥−¨ï ¢ëà ¦ îâ ¤«ï ®à£ −¨§ æ¨¨ § ª®− á®åà −¥−¨ï
í−¥à£¨¨ ¢ ¯ à ¬¥âà¨ç¥áª®© ä®à¬¥, ¯®ª §ë¢ ï, çâ® «î¡®¥ ¨§¬¥−¥−¨¥ ¢¨¤®®¡à -
§ãîé¨å ¯ à ¬¥âà®¢, ¨á¯®«ì§ã¥¬ëå ¢ ®à£ −¨§ æ¨¨ äã−ªæ¨®− «ì−ëå í«¥¬¥−â®¢
(ωj(r)), −¥¨§¡¥¦−® á®¯àï¦¥−® á í−¥à£¥â¨ç¥áª¨ à ¢−®§− ç−ë¬ ¨§¬¥−¥−¨¥¬ äã−ª-
æ¨®− «ì−ëå ¯ à ¬¥âà®¢, ¨¬¥îé¨å á¬ëá« § âà â ª ª −  ä®à¬¨à®¢ −¨¥ ¤ −−ëå
äã−ªæ¨®− «ì−ëå í«¥¬¥−â®¢, â ª ¨ −  ¨å íªá¯«ã â æ¨î ¢ ¤ −−®© ¨−äà áâàãªâãà¥
(μj(r)).

�¥è¥−¨¥ á¨áâ¥¬ë ¨−â¥£à®-¤¨ää¥à¥−æ¨ «ì−ëå ãà ¢−¥−¨© (2) | á¨áâ¥¬  ¢¨-
¤®¢ëå ¨ à −£®¢ëå à á¯à¥¤¥«¥−¨© ®¯â¨¬ «ì−®£® á®áâ®ï−¨ï æ¥−®§ , ¯®§¢®«ïîé¨å
á®§¤ âì −  ¥£® ®á−®¢¥ ¢§ ¨¬®ã¢ï§ −−ë© ª®¬¯«¥ªá ®¯â¨¬¨§ æ¨®−−ëå ¯à®æ¥¤ãà ¬ -
â¥¬ â¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï  ¢â®¬ â¨§¨à®¢ −−®£® ã¯à ¢«¥−¨ï ¤«ï à¥è¥−¨ï § ¤ ç
¯ à ¬¥âà¨ç¥áª®© (¨§¬¥−¥−¨¥ ¯ à ¬¥âà®¢ äã−ªæ¨®− «ì−ëå í«¥¬¥−â®¢) ¨ −®¬¥−-
ª« âãà−®© (¨§¬¥−¥−¨¥ − ¡®à  äã−ªæ¨®− «ì−ëå í«¥¬¥−â®¢) ®¯â¨¬¨§ æ¨¨.
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3.3 Принцип проектирования ситуационного центра как организации
с VSM:подобной системой управления (структурные свойства)

‚ ª ç¥áâ¢¥ à ¡®ç¥© á¨áâ¥¬ë ã¯à ¢«¥−¨ï ¢ë¡à −  VSM-¬®¤¥«ì 	¨à  [1].
�−  ¯®áâà®¥−  à¥ªãàá¨¢−® [1] áâà®¥−¨î ç¥«®¢¥ª . ‚ á®®â¢¥âáâ¢¨¨ á â¥®à¥¬®©
® à¥ªãàá¨¢−ëå á¨áâ¥¬ å [1] ®à£ −¨§ æ¨ï, ¨¬¥îé ï ¢ á¢®¥¬ á®áâ ¢¥ −  −¨¦−¥¬
¨¥à àå¨ç¥áª®¬ ãà®¢−¥ ¦¨§−¥á¯®á®¡−ãî á¨áâ¥¬ã | ç¥«®¢¥ª , á ¬  ¡ã¤¥â ¦¨§-
−¥á¯®á®¡−®©. „ −− ï áå¥¬  ã¯à ¢«¥−¨ï ®à£ −¨§ æ¨¥© −  ãà®¢−¥  ¡áâà ªâ−®©
¬®¤¥«¨ ¯à¥¤áâ ¢«¥−  −  à¨á. 2.

‚ ¬®¤¥«¨ ¢ë¤¥«¥−® ¯ïâì ãà®¢−¥©. ‘¨áâ¥¬  5 (VSM5) | ¢ëáè¥¥ ã¯à ¢«¥−¨¥.
‘¨áâ¥¬  4 (VSM4) | £« ¢−ë© ¯¥à¥ª«îç â¥«ì ¬¥¦¤ã ¢ëáè¨¬ áâà â¥£¨ç¥áª¨¬
ã¯à ¢«¥−¨¥¬ ¨ −¨¦¥áâ®ïé¨¬  ¢â®−®¬−ë¬ â¥ªãé¨¬ ã¯à ¢«¥−¨¥¬ ®à£ −¨§ æ¨¨.
�  ç¥â¢¥àâ®¬ ãà®¢−¥ − å®¤¨âáï ‘–. ‘¨áâ¥¬  3 (VSM3) ®¡¥á¯¥ç¨¢ ¥â  ¢â®−®¬−®¥
ã¯à ¢«¥−¨¥ ¢ á®®â¢¥âáâ¢¨¨ á úà¥è¥−¨ï¬¨û á¨áâ¥¬ 4 ¨ 5. ‘¨áâ¥¬  2 (VSM2)
®áãé¥áâ¢«ï¥â −¨¦−¨© ãà®¢¥−ì ¢§ ¨¬®á¢ï§¥© ª« áâ¥à®¢ ¨/¨«¨ äã−ªæ¨®− «ì−ëå

�¨á. 2 ‘å¥¬  ã¯à ¢«¥−¨ï VSM Cenose: A, B, C | ª« áâ¥àë (¯®¤à §¤¥«¥−¨ï ¯à¥¤-
¯à¨ïâ¨ï, ®à£ −¨§ æ¨¨); 1A, 1B, 1C | á¨áâ¥¬  1 (àãª®¢®¤¨â¥«¨ ª« áâ¥à®¢); á¨áâ¥¬  2 |
á¨áâ¥¬  à¥£ã«¨à®¢ −¨ï ª« áâ¥à®¢; I | ª« áâ¥àë; II | äã−ªæ¨®− «ì−ë¥ í«¥¬¥−âë
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�¨á. 3 �¡é ï áå¥¬  ¯à®¥æ¨à®¢ −¨ï ¯ ââ¥à−  −  ª®−ªà¥â−ãî ®à£ −¨§ æ¨î, ¯à¥¤¯à¨ïâ¨¥

í«¥¬¥−â®¢, ®¡¥á¯¥ç¨¢ ï ¨å ¢§ ¨¬®¤¥©áâ¢¨¥ ¯® ãáâ −®¢«¥−−ë¬ ¯à ¢¨« ¬. ‘¨áâ¥-
¬  1 (VSM1) ã¯à ¢«ï¥â äã−ªæ¨®− «ì−ë¬¨ í«¥¬¥−â ¬¨ ¨/¨«¨ ª« áâ¥à ¬¨ ¯®¤
ª®−âà®«¥¬ á¨áâ¥¬ 2 ¨ 3. VSM0 | äã−ªæ¨®− «ì−ë© í«¥¬¥−â ¨/¨«¨ ª« áâ¥à,
®â¢¥ç îé¨© §  à¥ «¨§ æ¨î −¥ª®â®à®© äã−ªæ¨¨ ¢ ®à£ −¨§ æ¨¨.

�à¨¬¥−¥−¨¥ VSM-¯®¤®¡−®© á¨áâ¥¬ë ã¯à ¢«¥−¨ï ¢ ®à£ −¨§ æ¨®−−®© áâàãª-
âãà¥ | ¯¥à¢ë© è £ ¯® á−¨¦¥−¨î ¬¥àë á«®¦−®áâ¨, ¢®§−¨ª îé¥© ¯à¨ ã¯à ¢«¥−¨¨
®à£ −¨§ æ¨¥©, ¨ ®¡¥á¯¥ç¥−¨î á ¬®¯®¤®¡¨ï á¨áâ¥¬ë, − ç¨− ï ®â ç¥«®¢¥ª  ª ª
− ¨¬¥−ìè¥© áâàãªâãà−®© ¥¤¨−¨æë ¤® ¯à¥¤¯à¨ïâ¨ï, £®à®¤ , ®âà á«¨ ¨ â. ¤.

�¡é ï áå¥¬  ¢§ ¨¬®¤¥©áâ¢¨ï ¬®¤¥«¥© ¯ ââ¥à−  ¯à¨ ¯à®¥æ¨à®¢ −¨¨ −  ª®−-
ªà¥â−ãî ®à£ −¨§ æ¨î ¯à¨¢¥¤¥−  −  à¨á. 3.

Œ¥â ¬®¤¥«ì ¯®áâà®¥−  ¨ à¥ «¨§®¢ −  ¢ à¥«ïæ¨®−−®© ¡ §¥ ¤ −−ëå [34, 35]
−  ®á−®¢¥ â¨¯¨§ æ¨¨ ¯®−ïâ¨© úáãé−®áâìû, úáã¡ê¥ªâû, ú®¡ê¥ªâû ¨ ®â−®è¥−¨©
¬¥¦¤ã −¨¬¨ [32]. �¯¥à æ¨ï, äã−ªæ¨®− «ì−ë© í«¥¬¥−â ¨ à¥áãàá ®¯à¥¤¥«¥−ë
−  ®á−®¢¥ ¯®−ïâ¨© ¬¥â ¬®¤¥«¨, çâ® ®¡¥á¯¥ç¨¢ ¥â ¥¥ ¢§ ¨¬®¤¥©áâ¢¨¥ á ¯ ââ¥à−®¬
VSM Cenose |  ¡áâà ªâ−®© ¬®¤¥«ìî. Š®−ªà¥â− ï ¬®¤¥«ì áâà®¨âáï ¨§  ¡áâà ªâ-
−®© ¯ãâ¥¬ ¤®¡ ¢«¥−¨ï á¯¥æ¨ä¨ç¥áª¨å ®á®¡¥−−®áâ¥© ¢ å®¤¥ ¯à®¥ªâ¨à®¢ −¨ï ¨
¤®ªã¬¥−â¨àã¥âáï ¢ á®áâ ¢¥ ¬ â¥¬ â¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï. �¥ «¨§ æ¨ï ®â«¨ç ¥â-
áï ®â ª®−ªà¥â−®© ¬®¤¥«¨ − «¨ç¨¥¬ ª®−â¥−â  ¨ ¯à¥¤áâ ¢«ï¥â á®¡®© ¯à¥¤¬¥â−®-
¨ ¯à®¡«¥¬−®-®à¨¥−â¨à®¢ −−ë© ¯à®£à ¬¬−ë© ¯à®¤ãªâ á ã− á«¥¤®¢ −−ë¬¨ ®â
¯ ââ¥à−  VSM Cenose á¢®©áâ¢ ¬¨ ¤«ï ¯à¨¬¥−¥−¨ï ¢ ª®¬¯ìîâ¥à−®© á¨áâ¥¬¥ ¯®¤-
¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© | ‘– | ¨ ¤®ªã¬¥−â¨àã¥âáï ¢ á®áâ ¢¥ ¯à®£à ¬¬−®£®
®¡¥á¯¥ç¥−¨ï.

4 Программный продукт «Ситуационный центр VSM Cenose»

� áá¬®âà¥−−ë¥ ¢ëè¥ ¯à¨−æ¨¯ë à¥ «¨§®¢ −ë ¢ ¯à®£à ¬¬−®¬ ¯à®¤ãªâ¥ ú‘¨-
âã æ¨®−−ë© æ¥−âà VSM Cenoseû ¤«ï  ¢â®¬ â¨§ æ¨¨ ¯à®¥ªâ¨à®¢ −¨ï ‘–.

�á−®¢−ë¥ äã−ªæ¨®− «ì−ë¥ ¢®§¬®¦−®áâ¨ ‘– VSM Cenose [36], à¥ «¨§ã¥¬ë¥
¤«ï ¯à¥¤¯à¨ïâ¨© ¨ ®à£ −¨§ æ¨© ¨−¢ à¨ −â−® ¨å à¥áãàá−®© ¨ áâàãªâãà−®© ¡ §¥
−¥§ ¢¨á¨¬® ®â ¨å à®¤  ¤¥ïâ¥«ì−®áâ¨, ä®à¬ë á®¡áâ¢¥−−®áâ¨, á¯®á®¡  ãç¥â  ¨
«î¡ëå ¤àã£¨å ¯ à ¬¥âà®¢:
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“−¨¢¥àá «ì−ë© ¯ ââ¥à− ®à£ −¨§ æ¨¨ á¨âã æ¨®−−ëå æ¥−âà®¢

(1) ®â®¡à ¦¥−¨¥ ¢−¥è−¥© áà¥¤ë á ¯®¬®éìî á¯¥æ¨ «¨§¨à®¢ −−®£® ¬−®£®¬¥à−®£®
¨ ¬−®£®ä ªâ®à−®£® £à ä¨ç¥áª®£® ¨−â¥àä¥©á ;

(2) ¯à¥¤áâ ¢«¥−¨¥ £à ä¨ç¥áª®© ¤¨− ¬¨ç¥áª®© ¬®¤¥«¨ ¢−ãâà¥−−¥© áà¥¤ë ¢ ¢¨¤¥
¯®â®ª®¢ ¬ â¥à¨ «®¢, ä¨− −á®¢, ¯¥àá®− «  ¨ â. ¤.;

(3) ®¡¥á¯¥ç¥−¨¥  ¢â®¬ â¨§¨à®¢ −−®£® à¥è¥−¨ï § ¤ ç ¯à®£−®§¨à®¢ −¨ï, −®à¬¨-
à®¢ −¨ï ¨ ¨−â¥à¢ «ì−®£® ®æ¥−¨¢ −¨ï;

(4) ®¡ê¥¤¨−¥−¨¥ à §«¨ç−ëå á¯®á®¡®¢ ®¯¨á −¨ï;

(5) ¯à¥¤áâ ¢«¥−¨¥ ¯®«ì§®¢ â¥«î ¨−ä®à¬ æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−æ¨¯ ¬¨: ®â
®¡é¥£® ª ç áâ−®¬ã, á¢¥àåã ¢−¨§, ®â á¨−â¥§  ª  − «¨§ã;

(6) à áè¨à¥−¨¥ äã−ªæ¨®− «ì−®áâ¨ ª®¬¯«¥ªá  ¢ ¯à®æ¥áá¥ íªá¯«ã â æ¨¨ §  áç¥â
ú¬¨£à æ¨¨û â¥å−®«®£¨ç¥áª¨å è ¡«®−®¢ ª ª ¬¥¦¤ã ¨¥à àå¨ç¥áª¨¬¨ ãà®¢-
−ï¬¨ á¨áâ¥¬ë ã¯à ¢«¥−¨ï, â ª ¨ ¬¥¦¤ã à §−ë¬¨ ¯à¥¤¬¥â−ë¬¨ ®¡« áâï¬¨
¢á«¥¤áâ¢¨¥ ã¤®¢«¥â¢®à¥−¨ï ¯à¨−æ¨¯ ¬ à¥ªãàá¨¨, á ¬®¯®¤®¡¨ï ¨ äà ªâ «ì-
−®áâ¨;

(7) ¢§ ¨¬®®¡¬¥− ¤ −−ë¬¨ á ¯à®£à ¬¬ ¬¨ áâ®à®−−¨å à §à ¡®âç¨ª®¢.

�à®£à ¬¬−ë© ª®¬¯«¥ªá à¥ «¨§®¢ − −  ï§ëª¥ C#, cà¥¤  à §à ¡®âª¨: Vi-
sual Studio 2012. —¨á«® ¯®«ì§®¢ â¥«¥© ®£à −¨ç¨¢ ¥âáï ¢®§¬®¦−®áâï¬¨ ãáâ -
−®¢«¥−−®£® SQL-á¥à¢¥à  (SQL 2008/2012). ˆá¯®«ì§ã¥¬ ï �‘: Windows
XP/Vista/7/8/, Windows Server 2003/2008/2012. Œ¨−¨¬ «ì−ë¥ å à ª-
â¥à¨áâ¨ª¨ �‚Œ: ��‚Œ á ®¯¥à â¨¢−®© ¯ ¬ïâìî 2 ƒ	 ¨ ¢ëè¥, ¯à®æ¥áá®à Intel
Pentium IV Celeron 1800 Œƒæ ¨ ¢ëè¥, SVGA-¤¨á¯«¥©, á¢®¡®¤−®¥ ¬¥áâ® − 
¦¥áâª®¬ ¤¨áª¥ 500 Œ	.

�  ‘– VSM Cenose, ¡ §ã ¤ −−ëå VSM Cenose ¨ ¯« £¨−ë VSM Cenose
¯®«ãç¥−® 25  ¢â®àáª¨å á¢¨¤¥â¥«ìáâ¢, § à¥£¨áâà¨à®¢ −−ëå ¢ �®á¯ â¥−â¥.

5 Методика использования программного продукта «Ситуационный
центр VSM Cenose» при разработке ситуационных центров

‘å¥¬  ¯à®¥æ¨à®¢ −¨ï ¯ ââ¥à−  (à¨á. 3) ¯®«®¦¥−  ¢ ®á−®¢ã ¨−¦¥−¥à−®© ¬¥-
â®¤¨ª¨ ®à£ −¨§ æ¨¨ à ¡®â ¨ ¯à¨¬¥−¥−¨ï ¯à®£à ¬¬−®£® ¯à®¤ãªâ  úVSM Cenoseû
¤«ï ¯à®¥ªâ¨à®¢ −¨ï ‘–. �−  ®å¢ âë¢ ¥â ¢á¥ ®¯à¥¤¥«¥−−ë¥ áâ −¤ àâ ¬¨ íâ ¯ë
à ¡®â ¯® á®§¤ −¨î  ¢â®¬ â¨§¨à®¢ −−ëå á¨áâ¥¬. ‚ â ¡«. 2 ¯à¨¢¥¤¥−ë ®á−®¢−ë¥
áâ ¤¨¨ ¨ íâ ¯ë á®§¤ −¨ï ‘– [37] ¨ â¥ ¯à¥¨¬ãé¥áâ¢ , ª®â®àë¥ ¤ ¥â ¨á¯®«ì§®¢ −¨¥
¯ ââ¥à−  ¨ ¯« âä®à¬ë VSM Cenose.

ˆ§ â ¡«. 2 ¢¨¤−®, çâ® ®á−®¢−®£® íää¥ªâ  ®â ¨á¯®«ì§®¢ −¨ï ¯à®£à ¬¬−®£®
¯à®¤ãªâ  ú‘¨âã æ¨®−−ë© æ¥−âà VSM Cenoseû á«¥¤ã¥â ®¦¨¤ âì −  íâ ¯¥ à ¡®-
ç¥£® ¯à®¥ªâ¨à®¢ −¨ï §  áç¥â á®ªà é¥−¨ï âàã¤®§ âà â −  à §à ¡®âªã ¨ ®â« ¤ªã
¯à®£à ¬¬−®£® ®¡¥á¯¥ç¥−¨ï. Š â®¬ã ¦¥ âà¥¡ãîâáï §− ç¨â¥«ì−® ¬¥−ìè¨¥ ãá¨«¨ï
®â ¯®áâ −®¢é¨ª®¢ § ¤ ç,  «£®à¨â¬¨áâ®¢ −  íâ ¯¥ â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢ −¨ï,  
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’ ¡«¨æ  2 ‘â ¤¨¨ ¨ íâ ¯ë á®§¤ −¨ï ‘–

�â ¯ë à ¡®â ‘®¤¥à¦ −¨¥ à ¡®â � VSM
1. ”®à¬¨à®¢ −¨¥
âà¥¡®¢ −¨© ª ‘–

1.1. �¡á«¥¤®¢ −¨¥ ®¡ê¥ªâ  ¨ ®¡®á−®¢ −¨¥ −¥®¡å®-
¤¨¬®áâ¨  ¢â®¬ â¨§¨à®¢ −−®£® ã¯à ¢«¥−¨ï ¨ á®§¤ -
−¨ï ‘–

� �

1.2. ”®à¬¨à®¢ −¨¥ âà¥¡®¢ −¨© ¯®«ì§®¢ â¥«ï ª ‘– � �/�
2. � §à ¡®âª  2.1. ˆ§ãç¥−¨¥ ®¡ê¥ªâ   ¢â®¬ â¨§ æ¨¨ � �
ª®−æ¥¯æ¨¨ ‘– 2.2. �à®¢¥¤¥−¨¥ − ãç−®-¨áá«¥¤®¢ â¥«ìáª¨å à ¡®â � �/�

2.3. � §à ¡®âª  ¨ ¢ë¡®à ¢ à¨ −â  ª®−æ¥¯æ¨¨ ‘–,
ã¤®¢«¥â¢®àïîé¥£® âà¥¡®¢ −¨ï¬ ¯®«ì§®¢ â¥«ï

� �/�

3. � §à ¡®âª  ’‡ 3.1. � §à ¡®âª  ¨ ãâ¢¥à¦¤¥−¨¥ ’‡ −  á®§¤ −¨¥ ‘– � �
4. �áª¨§−®¥
¯à®¥ªâ¨à®¢ −¨¥

4.1. � §à ¡®âª  ¯à¥¤¢ à¨â¥«ì−ëå ¯à®¥ªâ−ëå à¥-
è¥−¨© ¯® ‘– ¨ ¥£® ç áâï¬

� �/�

4.2. � §à ¡®âª  ¤®ªã¬¥−â æ¨¨ −  ‘– ¨ ¥£® ç áâ¨ � �
5. ’¥å−¨ç¥áª®¥
¯à®¥ªâ¨à®¢ −¨¥

5.1. � §à ¡®âª  ¯à®¥ªâ−ëå à¥è¥−¨© ¯® ‘– ¨ ¥£®
ç áâï¬:
{ à §à ¡®âª  ¬ â¥¬ â¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï, ¬®¤¥-
«¥©, ¯®áâ −®¢®ª § ¤ ç ¨  «£®à¨â¬®¢ ¨§ äã−ªæ¨®-
− «ì−®© ç áâ¨;
{ à §à ¡®âª  à¥è¥−¨© ¯® ¨−ä®à¬ æ¨®−−®¬ã ®¡¥á-
¯¥ç¥−¨î, ¡ § ¤ −−ëå ¨ ¡ § §− −¨©

� �/�

5.2. � §à ¡®âª  ¤®ªã¬¥−â æ¨¨ −  ‘– ¨ ¥£® ç áâ¨ � �
5.3. � §à ¡®âª  ¨ ®ä®à¬«¥−¨¥ ¤®ªã¬¥−â æ¨¨ − 
¯®áâ ¢ªã ¨§¤¥«¨© ¤«ï ª®¬¯«¥ªâ®¢ −¨ï ‘– ¨ (¨«¨)
â¥å−¨ç¥áª¨å âà¥¡®¢ −¨© (’‡) −  ¨å à §à ¡®âªã

� �

5.4. � §à ¡®âª  § ¤ −¨© −  ¯à®¥ªâ¨à®¢ −¨¥ ¢
á¬¥¦−ëå ç áâïå ¯à®¥ªâ  ®¡ê¥ªâ   ¢â®¬ â¨§ æ¨¨

� �

6. � ¡®ç¥¥ ¯à®¥ª-
â¨à®¢ −¨¥

6.1. � §à ¡®âª  à ¡®ç¥© ¤®ªã¬¥−â æ¨¨ −  ‘– ¨
¥£® ç áâ¨

� �

6.2. � §à ¡®âª  ¨«¨  ¤ ¯â æ¨ï ¯à®£à ¬¬:
{ à §à ¡®âª  á¯à ¢®ç−¨ª®¢;
{ à §à ¡®âª  ª« áá¨ä¨ª â®à®¢;
{ à §à ¡®âª  ¯®¤á¨áâ¥¬ë æ¢¥â®¢®£®  − «¨§  ¤ −-
−ëå;
{ à §à ¡®âª  ¯®¤á¨áâ¥¬ë Olap- − «¨§ ;
{ à §à ¡®âª  ¨−¤¨ª â®à®¢;
{ à §à ¡®âª  ¯®¤á¨áâ¥¬ë à¥è¥−¨ï § ¤ ç ¯à®£−®§¨-
à®¢ −¨ï;
{ à §à ¡®âª  ¯®¤á¨áâ¥¬ë à¥è¥−¨ï § ¤ ç −®à¬¨à®-
¢ −¨ï;
{ à §à ¡®âª  ¯®¤á¨áâ¥¬ë à¥è¥−¨ï § ¤ ç ¨−â¥à-
¢ «ì−®£® ®æ¥−¨¢ −¨ï

� �/�

�ª®−ç −¨¥ â ¡«. 2 −  á. 213
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“−¨¢¥àá «ì−ë© ¯ ââ¥à− ®à£ −¨§ æ¨¨ á¨âã æ¨®−−ëå æ¥−âà®¢

’ ¡«¨æ  2 (®ª®−ç −¨¥) ‘â ¤¨¨ ¨ íâ ¯ë á®§¤ −¨ï á¨âã æ¨®−−®£® æ¥−âà 

�â ¯ë à ¡®â ‘®¤¥à¦ −¨¥ à ¡®â � VSM
7. ‚¢®¤
¢ íªá¯«ã â æ¨î

7.1. �®¤£®â®¢ª  ®¡ê¥ªâ   ¢â®¬ â¨§ æ¨¨ ª ¢¢®¤ã
‘– ¢ ¤¥©áâ¢¨¥

� �

7.2. �®¤£®â®¢ª  ¨ ®¡ãç¥−¨¥ ¯¥àá®− «  � �
7.3. Š®¬¯«¥ªâ æ¨ï ‘– ¯®áâ ¢«ï¥¬ë¬¨ ¨§¤¥«¨ï¬¨
(¯à®£à ¬¬−ë¬¨ ¨ â¥å−¨ç¥áª¨¬¨ áà¥¤áâ¢ ¬¨, ¯à®-
£à ¬¬−®-â¥å−¨ç¥áª¨¬¨ ª®¬¯«¥ªá ¬¨, ¨−ä®à¬ æ¨-
®−−ë¬¨ ¨§¤¥«¨ï¬¨)

� �/�

7.4. �¯ëâ− ï íªá¯«ã â æ¨ï � �
7.5. �à¨¥¬®-á¤ â®ç−ë¥ ¨á¯ëâ −¨ï � �
7.6. ‚¢®¤ ¢ ¯à®¬ëè«¥−−ãî íªá¯«ã â æ¨î P P

8. �¢â®àáª®¥ 8.1. �¡¥á¯¥ç¥−¨¥ £ à −â¨©−ëå ®¡ï§ â¥«ìáâ¢ � �
á®¯à®¢®¦¤¥−¨¥ 8.2. �®á«¥£ à −â¨©−®¥ ®¡á«ã¦¨¢ −¨¥ � �/�
�¡®§− ç¥−¨ï: � | ®¡ëç−®¥ ¯à®¥ªâ¨à®¢ −¨¥; VSM | ¯à®¥ªâ¨à®¢ −¨¥ á ¨á¯®«ì§®¢ −¨¥¬
¯ ââ¥à−  VSM Cenose; � | àãç−®¥ ¯à®¥ªâ¨à®¢ −¨¥; � |  ¢â®¬ â¨§¨à®¢ −−®¥ ¯à®¥ªâ¨à®¢ −¨¥.

¯à®£à ¬¬¨à®¢ −¨¥ ¬®£ãâ ¢ë¯®«−¨âì á¯¥æ¨ «¨áâë ¬¥−¥¥ ®¯ëâ−ë¥ ¨ ª¢ «¨ä¨æ¨-
à®¢ −−ë¥.

6 Апробация методики и программного продукта

�¯à®¡ æ¨ï ¬¥â®¤¨ª¨ ¨ ¯à®£à ¬¬−®£® ¯à®¤ãªâ  ¯à®¢®¤¨« áì ª ª ¢ à ¬ª å
£®áã¤ àáâ¢¥−−ëå ª®−âà ªâ®¢ [38, 39], § ª«îç¥−−ëå á ”®−¤®¬ ¯®¤¤¥à¦ª¨ à §¢¨-
â¨ï ¬ «ëå ä®à¬ á®¡áâ¢¥−−®áâ¨ ¢ − ãç−®-â¥å−¨ç¥áª®© áä¥à¥ ¢ ¯¥à¨®¤ á 2009 ¯®
2013 ££., â ª ¨ ¢ ª®−ªà¥â−ëå ®à£ −¨§ æ¨ïå (‘– úˆ−â¥«í−¥à£¨ïû [40], ‘– ú�−-
â¨ªà¨§¨áû [41]). �  ¢á¥å íâ ¯ å: ®¡á«¥¤®¢ −¨¥, à §à ¡®âª  â¥å−¨ç¥áª®£® § ¤ −¨ï
(’‡), à ¡®ç¥¥ ¯à®¥ªâ¨à®¢ −¨¥, à §à ¡®âª  ¯à®£à ¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¢¢®¤ ¢
íªá¯«ã â æ¨î ¨ ®¯ëâ− ï íªá¯«ã â æ¨ï ‘– | à ¡®âë ¢¥«¨áì ¢ á®®â¢¥âáâ¢¨¨ á
ª®¬¯«¥ªá®¬ áâ −¤ àâ®¢ [37, 42{45].

‚ å®¤¥ ¢−¥¤à¥−¨ï ‘– úˆ−â¥«í−¥à£¨ïû (£. Š «¨−¨−£à ¤, ��� úŸ−â àì-
í−¥à£®û) à §à ¡®â −  ¨ ¯®áâà®¥−  à áç¥â− ï ¬®¤¥«ì  «£®à¨â¬  ®¡à ¡®âª¨ ¤ −−ëå
í«¥ªâà®¯®âà¥¡«¥−¨ï ¢ æ¥«ïå ¢ëï¢«¥−¨ï  −®¬ «¨©, âà¥−¤®¢ ¨ ¯à®£−®§¨à®¢ −¨ï,
¯à®¨§¢¥¤¥−® ¥¥ ¬ â¥¬ â¨ç¥áª®¥ ®¯¨á −¨¥,   â ª¦¥ à §à ¡®â −® ¯à®£à ¬¬−®¥ ®¡¥á-
¯¥ç¥−¨¥, à¥ «¨§ãîé¥¥  «£®à¨â¬ë ¢ëï¢«¥−¨ï  −®¬ «¨© ¤ −−ëå, âà¥−¤®¢ ¨ ¯à®-
£−®§¨à®¢ −¨ï. Šà®¬¥ â®£®, à §à ¡®â −  «£®à¨â¬ ¤¨− ¬¨ç¥áª®©  ¤ ¯â æ¨¨ à á-
ç¥â−®© ¬®¤¥«¨, ¯à®¨§¢¥¤¥−  ¯à®¢¥àª   ¤¥ª¢ â−®áâ¨ ¨ â®ç−®áâ¨ à áç¥â−®© ¬®¤¥«¨,
  â ª¦¥ ¯à¥¤áâ ¢«¥− ¯à®¥ªâ ¬¥â®¤¨ª¨ ¬®−¨â®à¨−£  í«¥ªâà®¯®âà¥¡«¥−¨ï à¥£¨®-
− «ì−®£® í«¥ªâà®â¥å−¨ç¥áª®£® ª®¬¯«¥ªá  ��� úŸ−â àìí−¥à£®û. ˆá¯®«ì§®¢ −ë
á«¥¤ãîé¨¥ ¬¥â®¤ë ¯à®£−®§¨à®¢ −¨ï: ¬¥â®¤ ¯à®£−®§¨à®¢ −¨ï −  ®á−®¢¥ ¬®¤¥-
«¨  ¢â®à¥£à¥áá¨®−−®£® ¯à®¨−â¥£à¨à®¢ −−®£® áª®«ì§ïé¥£® áà¥¤−¥£® (���‘‘);
¬¥â®¤ ¯à®£−®§¨à®¢ −¨ï −  ®á−®¢¥  − «¨§  á¨−£ã«ïà−®£® á¯¥ªâà  �‘‘ (SSA,
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singular spectrum analysis), ¨§¢¥áâ−ë© â ª¦¥ ¯®¤ − §¢ −¨¥¬ úƒãá¥−¨æ û; ¬¥â®¤
¯à®£−®§¨à®¢ −¨ï ¡¥§ ä¨ªá¨à®¢ −−®© ¯¥à¢®© â®çª¨ (	�’); ¬¥â®¤ ¯à®£−®§¨à®¢ -
−¨ï á ä¨ªá¨à®¢ −−®© ¯¥à¢®© â®çª®© (‘�’). ‘ ãç¥â®¬ â¥å−®«®£¨¨ ¨á¯®«ì§®¢ −¨ï
¯ ââ¥à−  VSM Cenose ¤ −−ë¥ â¥å−®«®£¨¨ ¬®£ãâ ¡ëâì ¡¥§ ¯à®£à ¬¬¨à®¢ −¨ï ¨á-
¯®«ì§®¢ −ë ¢ «î¡ëå ¯à¥¤¬¥â−ëå ®¡« áâïå, £¤¥ ¡ã¤¥â ®à£ −¨§®¢ − ¯®â®ª ¤ −−ëå
¢ ¢¨¤¥ ¢à¥¬¥−−‚ëå àï¤®¢.

‚ ‘– ú�−â¨ªà¨§¨áû (£. ’ã« , Œ—‘) ®á−®¢−®¥ ¢−¨¬ −¨¥ ¡ë«® áª®−æ¥−âà¨-
à®¢ −® −  ®−« ©−-¢§ ¨¬®¤¥©áâ¢¨¨ á £®à®¤áª¨¬¨ á¨áâ¥¬ ¬¨ ª®−âà®«ï á®áâ®ï−¨ï
®¡ê¥ªâ®¢ ¦¨«¨é−®-ª®¬¬ã− «ì−®£® å®§ï©áâ¢ , í−¥à£¥â¨ª¨, ¯ ¢®¤ª®¢®© ®¡áâ −®¢-
ª¨ ¨ ¤àã£¨å ®¡ê¥ªâ®¢.

�¡®¡é¥−−® ®¡  ¢−¥¤à¥−¨ï å à ªâ¥à¨§ãîâáï á«¥¤ãîé¨¬¨ ¨−ä®à¬ æ¨®−−ë¬¨
å à ªâ¥à¨áâ¨ª ¬¨: à §¬¥à ¡ §ë ¤ −−ëå | 6 ƒ¡, ª®«¨ç¥áâ¢® § ¯¨á¥© ¢ ¡ §¥ |
60 ¬«−, ç¨á«® ®¤−®¢à¥¬¥−−® à ¡®â îé¨å ¯®«ì§®¢ â¥«¥© | 40.

ƒ®â®¢¨âáï ª ¢−¥¤à¥−¨î ¢ ¬ã−¨æ¨¯ «ì−®¥ ®¡à §®¢ −¨¥ Š «¨−¨−£à ¤áª®© ®¡-
« áâ¨ ‘– úŒã−¨æ¨¯ «¨â¥âû [46], ¢ ª®â®à®¬ ¡ §  ¤ −−ëå § −¨¬ ¥â ®¡ê¥¬ ¯®àï¤ª 
3 ƒ	, ª®«¨ç¥áâ¢® § ¯¨á¥© ¢ ¡ §¥ | 30 ¬«− ¨ ç¨á«® ¯®«ì§®¢ â¥«¥© | 10.

�ªá¯¥àâ−ë¥ ®æ¥−ª¨ à¥§ã«ìâ â®¢  ¯à®¡ æ¨¨ ¯®ª § «¨:

(1) à ¡®â®á¯®á®¡−®áâì ¨ íää¥ªâ¨¢−®áâì ¨−¦¥−¥à−®© ¬¥â®¤¨ª¨, ï¢«ïîé¥©áï,
¯® áãâ¨ ¤¥« , á¨áâ¥¬®© ã¯à ¢«¥−¨ï ¯à®¥ªâ¨à®¢ −¨¥¬ ‘–, çâ® ¯à¨¢®¤¨â ª
ã¬¥−ìè¥−¨î ú®âª â®¢û − § ¤ ¨ ª®«¨ç¥áâ¢  ¯à®¥ªâ−ëå ®è¨¡®ª;

(2) à ¡®â®á¯®á®¡−®áâì ¯à®£à ¬¬−®£® ¯à®¤ãªâ  ú‘¨âã æ¨®−−ë© æ¥−âà VSM
Cenoseû; ¥£® á¥£®¤−ïè−¥¥ á®áâ®ï−¨¥ | ¯à®¬ëè«¥−−ë© ®¡à §¥æ, ª®â®àë©
¤®à ¡ âë¢ ¥âáï ¤® á¥à¨©−®£®;

(3) á¯®á®¡−®áâì ¡ §ë ¤ −−ëå VSM Cenose ®¡ê¥¤¨−ïâì à §«¨ç−ë¥ á¯®á®¡ë
®¯¨á −¨ï ¢ ¬¥â ¬®¤¥«¨, çâ® ¯à®ï¢«ï¥âáï ¢ á−¨¦¥−¨¨ âà¥¡®¢ −¨© ª ª¢ «¨-
ä¨ª æ¨¨ à §à ¡®âç¨ª®¢ ¨ ãáª®à¥−¨¨ ¢à¥¬¥−¨ ¢−¥¤à¥−¨ï ‘– ¯à¨ ¯¥à¥å®¤¥ ª
¤àã£¨¬ ¯à¥¤¬¥â−ë¬ áà¥¤ ¬;

(4) ¢®§¬®¦−®áâì ¯à¥¤áâ ¢«¥−¨ï ¤«ï ‹�� ®à£ −¨§ æ¨®−−®© áâàãªâãàë ¢ æ¥-
«®áâ−®¬ ¢¨¤¥, çâ® ¯à®ï¢«ï¥âáï ¢® ¢§ ¨¬®ã¢ï§ −−®© ¬−®£®¯ à ¬¥âà¨ç¥áª®©
¢¨§ã «ì−®© ª àâ¨−¥ ¢á¥£® ¯à¥¤¯à¨ïâ¨ï (®â®¡à ¦¥−¨¥ −  ƒˆ‘ (£®à®¤áª ï
¨−ä®à¬ æ¨®−− ï áà¥¤ ) ª àâ¥ ¢−¥è−¥© ¨ ¢−ãâà¥−−¥© áà¥¤ë, âà¥å¬¥à− ï
áå¥¬  ªà¨â¨ç¥áª¨ ¢ ¦−ëå ®¡ê¥ªâ®¢, í«¥ªâà®−− ï ®à£ −¨§ æ¨®−− ï áå¥¬ )
á â ¡«¨ç−ë¬ á¯¨áª®¬ ¢á¥å §− ç¨¬ëå áã¡ê¥ªâ®¢, ®¡ê¥ªâ®¢, â¥àà¨â®à¨©,  ª-
â¨¢−®áâ¥© ¨ â. ¤., á ¤¥â «ì−®©  − «¨â¨ç¥áª®© ¨ á¨−â¥â¨ç¥áª®© ª àâ¨−®© ¯®
−¨¬ ¢ à¥ «ì−®¬ ¬ áèâ ¡¥ ¢à¥¬¥−¨;

(5) á−¨¦¥−¨¥ âàã¤®§ âà â ¢ ¯¥à¢®− ç «ì−®¬ ¯à®¥ªâ¨à®¢ −¨¨ ¨ ¢−¥¤à¥−¨¨ ¢ ¤¢ 
à § ;

(6) á−¨¦¥−¨¥ âà¥¡®¢ −¨© ª ª¢ «¨ä¨ª æ¨¨ ¨ ®âáî¤  á−¨¦¥−¨¥ á¥¡¥áâ®¨¬®áâ¨
íªá¯«ã â æ¨¨ ‘– ¢ 3 à § , ã¬¥−ìè¥−¨¥ áâ®¨¬®áâ¨ ¢−¥¤à¥−¨ï ¨ ¢« ¤¥−¨ï
¯à®¤ãªâ®¬ ¢ 5 à §.
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‚ à¥§ã«ìâ â¥  ¯à®¡ æ¨¨ íªá¯¥à¨¬¥−â «ì−® ¯®¤â¢¥à¦¤¥−® ã«ãçè¥−¨¥ ª ç¥-
áâ¢  ¯à¨−ïâ¨ï à¥è¥−¨©: ¯à®£−®§¨à®¢ −¨¥ í«¥ªâà®¯®âà¥¡«¥−¨ï, ¯®«ãç¥−¨¥ ¨−-
ä®à¬ æ¨¨ ¢ ®−« ©−-à¥¦¨¬¥ c ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢ ¢ ‘–, á¨áâ¥¬ â¨§ æ¨ï
¨−ä®à¬ æ¨®−−ëå ¯®â®ª®¢ ¨ ¯à¨¢ï§ª  ¨å ª ¬¥áâã ¨ ¢à¥¬¥−¨ á®¡ëâ¨©, ®¡¥á¯¥ç¥-
−¨¥ á¢ï§¨  − «®£®¢®© ¨−ä®à¬ æ¨¨ (æ¢¥â®¢®©  − «¨§) ¨ æ¨äà®¢®©, ®¡¥á¯¥ç¥−¨¥
¥¤¨−®£® ¨−ä®à¬ æ¨®−−®£® ¯à®áâà −áâ¢  ¤«ï ¢á¥£® ª®««¥ªâ¨¢  ‹��.

7 Заключение

� §à ¡®âª  ¢ − è¥© áâà −¥ ‘– ª ª Š‘��� −  á¥£®¤−ïè−¨© ¤¥−ì −¥ ¬®¦¥â
¡ëâì ®æ¥−¥−  ¯®«®¦¨â¥«ì−®. �à¨ç¨− ¬−®£®: ®â −¥¢®áâà¥¡®¢ −−®áâ¨ ¢ ã¯à ¢-
«¥−¨¨ ¨ ¯à®¥ªâ¨à®¢ −¨¨ ¤® §− ç¨â¥«ì−®© − ãª®-, ¬¥â®¤¨ª®- ¨ à¥áãàá®¥¬ª®áâ¨
¯à®¥ªâ−ëå à ¡®â. “âà ç¥−  ¨ ¯à¥¥¬áâ¢¥−−®áâì ¢ â¥®à¥â¨ç¥áª¨å (− ¯à¨¬¥à, −¥-
á¯à ¢¥¤«¨¢® § ¡ëâ® á¨âã æ¨®−−®¥ ã¯à ¢«¥−¨¥ „. �. �®á¯¥«®¢  ¨ 
. ˆ. Š«ëª®-
¢ ), ¯à®ä¥áá¨®− «ì−ëå §− −¨ïå ¨ ®¯ëâ¥  ¢â®¬ â¨§ æ¨¨ ã¯à ¢«¥−¨ï ¨ ®¡à ¡®âª¨
¨−ä®à¬ æ¨¨, − ª®¯«¥−−®¬ ¢ ‘‘‘� ¢ ¯¥à¨®¤ á 1960 ¯® 1991 ££., −®á¨â¥«ï-
¬¨ ª®â®àëå ¡ë«  ¢ ®á−®¢−®¬ ®âà á«¥¢ ï − ãª  ¨ ®âà ¡®â −− ï £®áã¤ àáâ¢¥−− ï
áâ −¤ àâ¨§ æ¨ï. ‚ ¬−®£®ç¨á«¥−−ëå áà¥¤áâ¢ å ¨ ¨−áâàã¬¥−â å  ¢â®¬ â¨§ æ¨¨
ã¯à ¢«¥−¨ï ¨ ¯à®¥ªâ¨à®¢ −¨ï, ¯à¨å®¤ïé¨å ¨§-§  àã¡¥¦ , § ç áâãî ¯à®á¬ âà¨-
¢ îâáï ®â¥ç¥áâ¢¥−−ë¥ − à ¡®âª¨ ¯à®è«ëå «¥â, áªàë¢ îé¨¥áï §   −£«®ï§ëç−®©
â¥à¬¨−®«®£¨¥© ¨ ¯à®ä¥áá¨®− «ì−ë¬ ¦ à£®−®¬.

‚ − áâ®ïé¥© à ¡®â¥ ¯à¨¢®¤¨âáï ç áâì à¥§ã«ìâ â®¢, à §¢¨¢ îé¨å ¨¤¥î â¨-
¯®¢ëå ¯à®¥ªâ−ëå à¥è¥−¨© ¯à¨¬¥−¨â¥«ì−® ª ‘–. ’ ª®¥ ®â¥ç¥áâ¢¥−−®¥ â¨¯®¢®¥
à¥è¥−¨¥ ¯®«ãç¨«® − §¢ −¨¥ è ¡«®− (¯ ââ¥à−) ¯à®¥ªâ¨à®¢ −¨ï VSM Cenose,
®â−®áïé¨©áï ª ª« ááã ª®−æ¥¯âã «ì−ëå ¬®¤¥«¥©.

�¥à¢ë© à¥§ã«ìâ â | á¯¥æ¨ä¨ª æ¨ï è ¡«®−  ‘– ª ª á ¬®¢®á¯à®¨§¢®¤ïé¥©-
áï ®à£ −¨§ æ¨¨ æ¥−®«®£¨ç¥áª®£® â¨¯  á VSM-¯®¤®¡−®© á¨áâ¥¬®© ã¯à ¢«¥−¨ï.
’ ª®© ¯®¤å®¤ ¯à¨¢®¤¨â ª − á«¥¤®¢ −¨î ãª § −−ëå á¢®©áâ¢ ª®−æ¥¯âã «ì−®© ¬®-
¤¥«¨ ª®−ªà¥â−ë¬¨ à¥ «¨§ æ¨ï¬¨ ‘– ¨ ¯®§¢®«ï¥â ¯®¢ëá¨âì ª ç¥áâ¢® ¯à¨−ïâ¨ï
à¥è¥−¨© ¯à¨ ¨á¯®«ì§®¢ −¨¨ ª®¬¯ìîâ¥à−®© ®¡à ¡®âª¨ ¨−ä®à¬ æ¨¨.

‚â®à®© à¥§ã«ìâ â | à §à ¡®â −−ë© ¯à®£à ¬¬−ë© ¯à®¤ãªâ: ¯« âä®à¬  ú‘¨-
âã æ¨®−−ë© æ¥−âà VSM Cenoseû,  ¢â®¬ â¨§¨àãîé ï ª®¯¨à®¢ −¨¥, ¯à®¥æ¨à®¢ -
−¨¥ è ¡«®−  −  ãá«®¢¨ï ª®−ªà¥â−®© ®à£ −¨§ æ¨®−−®© áâàãªâãàë «î¡®£® ãà®¢−ï
¤«ï ¨¥à àå¨ç¥áª¨å ¬−®£®ãà®¢−¥¢ëå á¨áâ¥¬ ã¯à ¢«¥−¨ï. �à¨¬¥−¥−¨¥ ¯à®£à ¬¬-
−®£® ¯à®¤ãªâ  ¯® à¥§ã«ìâ â ¬  ¯à®¡ æ¨¨ ¯à¨¢®¤¨â ª á®ªà é¥−¨î á¥¡¥áâ®¨¬®áâ¨
íªá¯«ã â æ¨¨ ‘– ¢ 3 à §  ¨ ã¬¥−ìè¥−¨î áâ®¨¬®áâ¨ ¢−¥¤à¥−¨ï ¢ 5 à §.

’à¥â¨© à¥§ã«ìâ â | áå¥¬  ¨ ¬¥â®¤¨ª  ¯à®¥æ¨à®¢ −¨ï è ¡«®−  −  ª®−ªà¥â-
−ãî ¯à¥¤¬¥â−ãî ®¡« áâì ¨ ¯à®¡«¥¬−ãî áà¥¤ã,   â®ç−¥¥  ¢â®¬ â¨§¨à®¢ −−®£®
¯à®¥ªâ¨à®¢ −¨ï ‘– á ¨á¯®«ì§®¢ −¨¥¬ ¯à®£à ¬¬−®£® ¯à®¤ãªâ  ú‘¨âã æ¨®−−ë©
æ¥−âà VSM Cenoseû, ¢§ ¨¬®ã¢ï§ −− ï á ¤¥©áâ¢ãîé¨¬¨ áâ −¤ àâ ¬¨ −   ¢â®¬ -
â¨§¨à®¢ −−®¥ ã¯à ¢«¥−¨¥ ¨ ¨−ä®à¬ æ¨®−−ãî â¥å−®«®£¨î. �®áª®«ìªã áå¥¬  ¨
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¬¥â®¤¨ª  ¬®£ãâ à áá¬ âà¨¢ âìáï ª ª á¨áâ¥¬  ã¯à ¢«¥−¨ï ¤¥©áâ¢¨ï¬¨ à §à ¡®â-
ç¨ª , â®, ¯®«ãç¨¢ ¯à®£à ¬¬−ãî ¯®¤¤¥à¦ªã, íâ®â à¥§ã«ìâ â ¬®¦−® à áá¬ âà¨¢ âì
ª ª ¥é¥ ®¤¨− è £ −  ¯ãâ¨ á®§¤ −¨ï ®â¥ç¥áâ¢¥−−®© â¥å−®«®£¨¨ à §à ¡®âª¨ ‘–.
ˆá¯®«ì§®¢ −¨¥ áå¥¬ë ¨ ¬¥â®¤¨ª¨ á®ªà é ¥â ª®«¨ç¥áâ¢® ®âª â®¢ − § ¤ ¨ ®è¨¡®ª
¯à®¥ªâ¨à®¢ −¨ï.

…áâì ¨ ¥é¥ ®¤¨− à¥§ã«ìâ â, ª®â®àë© ï¢−® −¥ ¯à®á¬ âà¨¢ ¥âáï ¢ − áâ®ï-
é¥© à ¡®â¥, −® ã¦¥ áâ « à¥ «ì−®áâìî. �â® ¨−−®¢ æ¨®−− ï áà¥¤ , áä®à¬¨-
à®¢ ¢è ïáï ¢ Š «¨−¨−£à ¤¥ ¨§ − ãç−®-¯¥¤ £®£¨ç¥áª¨å á®âàã¤−¨ª®¢ ¨−áâ¨âãâ 
¯à¨ª« ¤−®© ¬ â¥¬ â¨ª¨ ¨ ¨−ä®à¬ æ¨®−−ëå â¥å−®«®£¨© 	 «â¨©áª®£® ä¥¤¥-
à «ì−®£® ã−¨¢¥àá¨â¥â  ¨¬. ˆ. Š −â , Š «¨−¨−£à ¤áª®£® ä¨«¨ «  ˆ−áâ¨âãâ 
¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ ���, ¯à®¥ªâ¨à®¢é¨ª®¢ ¯« âä®à¬ë ‘– (��� ú’¥å-
−®æ¥−®§û | www.vsmcenose.ru), ¯à®¥ªâ¨à®¢é¨ª®¢ ª®−ä¨£ãà æ¨© ‘– (���
úˆ−â¥«í−¥à£®-39û, www.gipercenose.ru; ��� úˆ−â¥««¥ªâã «ì−ë© ¬ã−¨æ¨¯ -
«¨â¥âû, ��� ú‘¨áâ¥¬ë ¡¥§®¯ á−®áâ¨û) ¨ �áá®æ¨ æ¨¨ ¨−−®¢ æ¨®−−ëå ¯à¥¤-
¯à¨ïâ¨© ú�	ˆŠ‘û (www.nbics.ru), á¯®á®¡− ï −¥ â®«ìª® à §¢¨¢ âì ¨−â¥£à æ¨î
áà¥¤áâ¢ £¨¡à¨¤−®£® ¨ á¨−¥à£¥â¨ç¥áª®£® ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ  ¨ ¨−áâàã¬¥−-
â à¨¥¢  ¢â®¬ â¨§¨à®¢ −−®£® ¯à®¥ªâ¨à®¢ −¨ï ‘–, çâ® á®áâ ¢«ï¥â ¯¥àá¯¥ªâ¨¢ã
Š‘��� à §«¨ç−ëå ®à£ −¨§ æ¨©, −® ¨ ¢ëáâã¯¨âì ¢ ª ç¥áâ¢¥ − ãç−® ®¡®á−®-
¢ −−®© ¯« âä®à¬ë ä®à¬¨à®¢ −¨ï ¨ ã¯à ¢«¥−¨ï ¤¥ïâ¥«ì−®áâìî à¥£¨®− «ì−ëå
¨−−®¢ æ¨®−−®-â¥àà¨â®à¨ «ì−ëå ª« áâ¥à®¢ [47].
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Abstract: Interdisciplinary technology of modeling organizational structures,
based on the approaches technetika, organizational cybernetics, and principles
of autopoiesis is presented. Developed an invariant pattern of modeling |
VSM (Viable System Model) Cenose which is presented in the form of an
abstract model and the platform for engineering situational centers based on it.
Platform \Situational Centre `VSM Cenose' " can be used for organizations of
different types, forms of ownership, methods of accounting, size, complexity,
and other parameters. The mechanism of pattern projection from the meta
model is developed through an abstract and specific model of the landscape of
the organization. The advantages of design and management on the basis of a
unified information environment allowing to move freely through all levels of
hierarchically organized structures and to maintain overall control of the situation
without loss of activity have been shown. This technology is scalable from a
small organization to the level of the city, industry, and country.
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А.В. Колесников1, А. А. Меркулов2

�−−®â æ¨ï: �à¨¢¥¤¥−® ®¯¨á −¨¥ ¯« âä®à¬ë ú‘¨âã æ¨®−−ë© æ¥−âà VSM
Cenoseû ¤«ï ª®−ä¨£ãà¨à®¢ −¨ï ¨ ®¡¥á¯¥ç¥−¨ï äã−ªæ¨®−¨à®¢ −¨ï á¨âã æ¨-
®−−®£® æ¥−âà  (‘–) ¢ ®à£ −¨§ æ¨®−−ëå áâàãªâãà å à §«¨ç−ëå ä®à¬ á®¡-
áâ¢¥−−®áâ¨ ¨ ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨. �á−®¢−ë¥ äã−ªæ¨¨: ®â®¡à ¦¥−¨¥ ¢−¥è−¥©
¨ ¢−ãâà¥−−¥© áà¥¤ë á ¯®¬®éìî á¯¥æ¨ «¨§¨à®¢ −−®£® ¬−®£®¬¥à−®£® ¨ ¬−®£®-
ä ªâ®à−®£® £à ä¨ç¥áª®£® ¨−â¥àä¥©á ; ®â®¡à ¦¥−¨¥ ¨−ä®à¬ æ¨¨ ¯à®£−®§−®£®
å à ªâ¥à ; ®¡ê¥¤¨−¥−¨¥ à §«¨ç−ëå á¯®á®¡®¢ ®¯¨á −¨ï; ¯à¥¤áâ ¢«¥−¨¥ ¨−-
ä®à¬ æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−æ¨¯ ¬¨: ®â ®¡é¥£® ª ç áâ−®¬ã, á¢¥àåã ¢−¨§;
¨−¢ à¨ −â−®áâì ®â−®á¨â¥«ì−® ¨§¬¥−¥−¨ï á¯®á®¡®¢ ãç¥â , ä®à¬ë ¢¥¤¥−¨ï ¡¨§-
−¥á  ¢á«¥¤áâ¢¨¥ ®à£ −¨§ æ¨¨ ª®¬¯«¥ªá  −  ®á−®¢¥ ¨¤¥© â¥å−¥â¨ª¨ ¨ ®à£ −¨§ -
æ¨®−−®© ª¨¡¥à−¥â¨ª¨; à áè¨à¥−¨¥ äã−ªæ¨®− «ì−®áâ¨ ª®¬¯«¥ªá  ¢ ¯à®æ¥áá¥
íªá¯«ã â æ¨¨ §  áç¥â ¬¨£à æ¨¨ â¥å−®«®£¨ç¥áª¨å è ¡«®−®¢ ª ª ¬¥¦¤ã ãà®¢−ï-
¬¨ ®à£ −¨§ æ¨®−−®© áâàãªâãàë, â ª ¨ ¬¥¦¤ã à §−ë¬¨ á¨áâ¥¬ ¬¨ ¢á«¥¤áâ¢¨¥
ã¤®¢«¥â¢®à¥−¨ï ¯à¨−æ¨¯ ¬ à¥ªãàá¨¨, á ¬®¯®¤®¡¨ï ¨ äà ªâ «ì−®áâ¨; ¢§ ¨-
¬®®¡¬¥− ¤ −−ë¬¨ á ¯à®£à ¬¬ ¬¨ áâ®à®−−¨å à §à ¡®âç¨ª®¢. �â«¨ç¨â¥«ì−®©
®á®¡¥−−®áâìî ï¢«ï¥âáï ¨á¯®«ì§®¢ −¨¥ â¥å−®«®£¨¨ VSM (Viable System Model)
Cenose, çâ® ¤¥« ¥â ‘– ã−¨¢¥àá «ì−®© ¯« âä®à¬®© ¤«ï â¨à ¦¨à®¢ −¨ï ‘–.

Š«îç¥¢ë¥ á«®¢ : á¨âã æ¨®−−ë© æ¥−âà; ¯à®£à ¬¬− ï ¯« âä®à¬ ; ¯ ââ¥à−
VSM Cenose

DOI: 10.14357/08696527130215

1 Введение

‘¨âã æ¨®−−ë¥ æ¥−âàë § −¨¬ îâ ®á®¡®¥ ¬¥áâ® áà¥¤¨ á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨-
−ïâ¨ï à¥è¥−¨©, ®−¨ ®à¨¥−â¨à®¢ −ë −  ¯¥à¢ëå «¨æ, ®¡ï§ −−ëå ¯à¨−¨¬ âì ®ª®−-
ç â¥«ì−®¥ à¥è¥−¨¥. �âáî¤  ª«îç¥¢ ï å à ªâ¥à¨áâ¨ª  ‘– | ®¡¥á¯¥ç¥−¨¥ æ¥-
«®áâ−®£® ¯®¤å®¤  ª® ¢á¥¬  á¯¥ªâ ¬ ¤¥ïâ¥«ì−®áâ¨ á¨áâ¥¬ë ã¯à ¢«¥−¨ï [1].

�¡®¡é ï [1{4], ¬®¦−® á¤¥« âì ¢ë¢®¤, çâ® ª ç¥áâ¢¥−−ë© ‘– ¢ ¯à®æ¥áá¥
íªá¯«ã â æ¨¨ ¤®«¦¥− ®¡¥á¯¥ç¨âì à áá¬®âà¥−¨¥ «î¡ëå áã¡ê¥ªâ®¢, ®¡ê¥ªâ®¢, â¥à-
à¨â®à¨© ¨ á®¡ëâ¨© á á®¡«î¤¥−¨¥¬ á«¥¤ãîé¨å ¯à¨−æ¨¯®¢: ®â ®¡é¥£® ª ç áâ−®¬ã ¨
®â á¨−â¥§  ª  − «¨§ã, á¥â¥æ¥−âà¨ç−®áâì, ¥¤¨−®®¡à §−®¥ ®¯¨á −¨¥ ¨−¢ à¨ −â−ëå,

1	 «â¨©áª¨© ä¥¤¥à «ì−ë© ã−¨¢¥àá¨â¥â ¨¬. ˆ. Š −â , Š «¨−¨−£à ¤áª¨© ä¨«¨ « ˆ−áâ¨âãâ 
¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, avkolesnikov@yandex.ru

2	 «â¨©áª¨© ä¥¤¥à «ì−ë© ã−¨¢¥àá¨â¥â ¨¬. ˆ. Š −â , alex.merkulov@mail.ru
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à¥áãàá−ëå ¨ áâàãªâãà−ëå á¢®©áâ¢ ®à£ −¨§ æ¨©, à¥ªãàá¨¢−®áâì ¨ á ¬®¯®¤®¡¨¥,
®¡ê¥¤¨−¥−¨¥ á¯®á®¡®¢ ®¯¨á −¨ï ¨ â¨à ¦¨àã¥¬®áâì.

‘¨âã æ¨®−−ë© æ¥−âà à §à ¡ âë¢ ¥âáï ¤«ï â®£®, çâ®¡ë: ®â®¡à ¦ âì ¢−¥è−îî
áà¥¤ã á ¯®¬®éìî á¯¥æ¨ «¨§¨à®¢ −−®£® ¬−®£®¬¥à−®£® ¨ ¬−®£®ä ªâ®à−®£® £à ä¨-
ç¥áª®£® ¨−â¥àä¥©á ; ¯à¥¤áâ ¢«ïâì £à ä¨ç¥áªãî ¤¨− ¬¨ç¥áªãî ¬®¤¥«ì ¢−ãâà¥−-
−¥© áà¥¤ë ¢ ¢¨¤¥ í«¥ªâà®−−®© ¬®¤¥«¨ ¯®â®ª®¢ ¬ â¥à¨ «®¢, ä¨− −á®¢, ¯¥àá®− « 
¨ â. ¤.; ®¡¥á¯¥ç¨¢ âì ¯à®£−®§ë, ®â¢¥ç âì −  ¢®¯à®áë â¨¯  ú  çâ® ¡ã¤¥â, ¥á«¨?..û.

�− «¨§ áãé¥áâ¢ãîé¨å ¯« âä®à¬ ¤«ï à §à ¡®âª¨ áâàãªâãàë ‘– ¨ ¨å ª®−-
ªà¥â−ëå à¥ «¨§ æ¨© [1] ¯®§¢®«¨« á¤¥« âì ¢ë¢®¤ ® â®¬, çâ® − ¨¡®«¥¥ ¡«¨§®ª ª
ã¤®¢«¥â¢®à¥−¨î ¯®áâ ¢«¥−−ëå âà¥¡®¢ −¨© ‘– VSM Cenose.

2 Отличительные особенности программного продукта
«Ситуационный центр VSM Cenose»

�¥ «¨§ æ¨ï ¯®¤å®¤  ú®â ®¡é¥£® ª ç áâ−®¬ã, ®â á¨−â¥§  ª  − «¨§ãû,
çâ® ¯®§¢®«ï¥â àãª®¢®¤¨â¥«î ¨¬¥âì á¨−â¥â¨ç¥áªãî ª àâ¨−ã ¢á¥© §®−ë ¥£® ®â-
¢¥âáâ¢¥−−®áâ¨ úá ¢ëá®âë ¯â¨çì¥£® ¯®«¥â û á ¢®§¬®¦−®áâìî ¬ áèâ ¡¨à®¢ −¨ï:
¯¥à¢®− ç «ì−® ª àâ¨−  ¯à¥¤®áâ ¢«ï¥âáï ¢áï ª ª ¥áâì, ¤ «¥¥ ¥¥ ¬®¦−® ¬ áèâ -
¡¨à®¢ âì ¨ ®âªàë¢ âì ®â¤¥«ì−ë¥ ®ª®èª¨ ¤«ï ¤¥â «¨§ æ¨¨,  − «¨§  ¢¯«®âì ¤®
¯« â¥¦−®£® ¯®àãç¥−¨ï ¨ â. ¤.

�à£ −¨§ æ¨ï á¨áâ¥¬ë ã¯à ¢«¥−¨ï ª ª á¥â¥æ¥−âà¨ç−®©, à¥ «¨§ãîé¥© à¥-
¦¨¬ á¨âã æ¨®−−®© ®á¢¥¤®¬«¥−−®áâ¨ ¡« £®¤ àï ®à£ −¨§ æ¨¨ ¨ ¯®¤¤¥à¦ −¨î ¥¤¨-
−®© ¤«ï ¢á¥å ïàãá®¢ ã¯à ¢«¥−¨ï æ¥«®áâ−®© ª®−â¥ªáâ−®© ¨−ä®à¬ æ¨®−−®© áà¥¤ë
¨ ¢ª«îç¥−¨ï ¢ ¯à®æ¥áá ¥¥ −¥¯à¥àë¢−®©  ªâã «¨§ æ¨¨ ¢®§¬®¦−® ¡®«ìè¥£® ç¨á« 
¨áâ®ç−¨ª®¢ ¯¥à¢¨ç−®© ¨−ä®à¬ æ¨¨ [2]. ‘¥â¥æ¥−âà¨ç−®áâì á¨áâ¥¬ë ã¯à ¢«¥-
−¨ï ¯à®á«¥¦¨¢ ¥âáï ¨ ¢ £¥®¯à®áâà −áâ¢¥−−ëå á¥à¢¨á å Google Maps ¨ Google
Earth [5, 6], ª®â®àë¥ á«¥¤ãîâ −¥®£¥®£à ä¨ç¥áª¨¬ ¯à¨−æ¨¯ ¬ ¯à®áâà −áâ¢¥−−®-
¢à¥¬¥−−‚®£® ¯à¥¤áâ ¢«¥−¨ï ¨−ä®à¬ æ¨¨ [2]. „ −−ë¥ á¥à¢¨áë | § ª®−®¬¥à−®¥
á«¥¤áâ¢¨¥ à §¢¨â¨ï ¨−ä®à¬ æ¨®−−ëå â¥å−®«®£¨© ¨ á®æ¨ «ì−ëå ¢§ ¨¬®¤¥©áâ¢¨©,
á¯®á®¡−ëå ®¡¥á¯¥ç¨âì −®¢®¥ ª ç¥áâ¢® ã¯à ¢«¥−¨ï. ‘¥â¥æ¥−âà¨ç−®áâì ¢ VSM
Cenose ¯®§¢®«ï¥â áãé¥áâ¢¥−−® ã¢¥«¨ç¨âì ¥£® ¯à ªâ¨ç¥áªãî §− ç¨¬®áâì ¢ ª®−-
ªà¥â−ëå ¯à¨«®¦¥−¨ïå.

‘ ¬®¯®¤®¡¨¥, à¥ªãàá¨¢−®áâì ¨ á ¬®¢®á¯à®¨§¢®¤áâ¢® á¨áâ¥¬ë ã¯à ¢«¥-
−¨ï. �à¨¬¥−¨â¥«ì−® ª ¯à®£à ¬¬−®¬ã ¯à®¤ãªâã á ¬®¯®¤®¡¨¥ ®§− ç ¥â á¯®-
á®¡−®áâì, ¡ã¤ãç¨ ¯à¨¬¥−¥−−ë¬ ¢ ãá«®¢¨ïå ª®−ªà¥â−®£® ¯à®¥ªâ , ¢ à¥§ã«ìâ â¥
á®§¤ ¢ âì ¯®¤®¡−ë¥ á¥¡¥ áâàãªâãàë, −¥ â®«ìª® ¢ â¥å−¨ç¥áª®¬, −® ¨ á®æ¨ «ì−®¬,
¯á¨å®«®£¨ç¥áª®¬ ¨ íª®−®¬¨ç¥áª®¬ á¬ëá«¥. �®áª®«ìªã ¯à®£à ¬¬−ë© ¯à®¤ãªâ ¢
ª ç¥áâ¢¥  ¡áâà ªâ−®© ¬®¤¥«¨ ª ª ç áâ¨ æ¥«®£® á®¤¥à¦¨â ¯ ââ¥à− VSM Cenose [1],
â® à¥ªãàá¨ï ®§− ç ¥â ¢®á¯à®¨§¢®¤áâ¢® ¢ á¬ëá«¥ �. ‹ã¬ −  [4] ¢ ª®−ªà¥â−®©
à¥ «¨§ æ¨¨ ‘– ¦¨§−¥á¯®á®¡−®© ¨ á ¬®®à£ −¨§ãîé¥©áï á¨áâ¥¬ë ã¯à ¢«¥−¨ï,
¯®¤¤¥à¦¨¢ îé¥© £®¬¥®áâ §.
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�à®£à ¬¬−ë© ¯à®¤ãªâ úá¨âã æ¨®−−ë© æ¥−âà VSM Cenoseû

�¡ê¥¤¨−¥−¨¥ á¯®á®¡®¢ ®¯¨á −¨ï à¥ «¨§ã¥â ¨−â¥£à â¨¢−ë¥ â¥−¤¥−æ¨¨ ¢
¨−ä®à¬ â¨ª¥, á¯®á®¡−®áâì á®§¤ ¢ âì ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ï-
â¨ï à¥è¥−¨© ¢ à ¬ª å á¨−¥à£¥â¨ç¥áª®© ¨ £¨¡à¨¤−®© ¯ à ¤¨£¬ ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ  ¤«ï ¨¬¨â æ¨¨ £¥â¥à®£¥−−ëå à ááã¦¤¥−¨© ª®««¥ªâ¨¢  íªá¯¥àâ®¢ ®
¢®§−¨ªè¥© ¯à®¡«¥¬¥ ¨«¨ ¯à¨ à¥è¥−¨¨ ¯« −®¢®© á«®¦−®© § ¤ ç¨.

’¨à ¦¨àã¥¬®áâì ®§− ç ¥â, çâ® à §à ¡®âª  ®â−®á¨âáï ª ¬ áá®¢® ¢®á¯à®¨§¢®-
¤¨¬®¬ã ¯à®¤ãªâã, á¯®á®¡−®¬ã ãç¨âë¢ âì ã−¨ª «ì−ë¥ âà¥¡®¢ −¨ï ª ¦¤®© ª®−-
ªà¥â−®© ®à£ −¨§ æ¨¨.

3 Ситуационный центр VSM Cenose

‘¨âã æ¨®−−ë© æ¥−âà VSM Cenose | ®à£ −¨§ æ¨®−−®-¯à®£à ¬¬−®-â¥å−¨ç¥-
áª¨© ª®¬¯«¥ªá ¤«ï ¬®−¨â®à¨−£ ,  − «¨§ , ã¯à ¢«¥−¨ï, ¬®¤¥«¨à®¢ −¨ï ¨ ¯à®-
£−®§¨à®¢ −¨ï ¢ ®à£ −¨§ æ¨¨ «î¡®£® à®¤  ¤¥ïâ¥«ì−®áâ¨ ¨ ä®à¬ë á®¡áâ¢¥−−®áâ¨,
£« ¢− ï ®á®¡¥−−®áâì ª®â®à®£® | æ¥«®áâ−ë© ¯®¤å®¤ ª® ¢á¥¬  á¯¥ªâ ¬ ¤¥ïâ¥«ì−®áâ¨
®à£ −¨§ æ¨®−−®© áâàãªâãàë.

�®¤¤¥à¦¨¢ ¥¬ë¥ ¯à®£à ¬¬−ë¬ ¯à®¤ãªâ®¬ äã−ªæ¨¨:

{ ®â®¡à ¦¥−¨¥ ¢−¥è−¥© áà¥¤ë á ¯®¬®éìî á¯¥æ¨ «¨§¨à®¢ −−®£® ¬−®£®¬¥à−®£®
¨ ¬−®£®ä ªâ®à−®£® £à ä¨ç¥áª®£® ¨−â¥àä¥©á ;

{ ¯à¥¤áâ ¢«¥−¨¥ £à ä¨ç¥áª®© ¤¨− ¬¨ç¥áª®© ¬®¤¥«¨ ¢−ãâà¥−−¥© áà¥¤ë ¢ ¢¨¤¥
¯®â®ª®¢ ¬ â¥à¨ «®¢, ä¨− −á®¢, ¯¥àá®− «  ¨ â. ¤.;

{ ®â®¡à ¦¥−¨¥ ¯à®£−®§−®© ¨−ä®à¬ æ¨¨;

{ ¯®¤¤¥à¦ª  ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨ ¢ë¡®à¥ ¨§ ¬−®¦¥áâ¢  ¢ à¨ −â®¢;

{ ®¡ê¥¤¨−¥−¨¥ à §«¨ç−ëå á¯®á®¡®¢ ®¯¨á −¨ï;

{ ¯à¥¤áâ ¢«¥−¨¥ ¨−ä®à¬ æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−æ¨¯ ¬¨: ®â ®¡é¥£® ª ç áâ-
−®¬ã, á¢¥àåã ¢−¨§, ®â á¨−â¥§  ª  − «¨§ã;

{ ¨−¢ à¨ −â−®áâì ®â−®á¨â¥«ì−® ¨§¬¥−¥−¨ï á¯®á®¡®¢ ãç¥â  ¨ à®¤  ¤¥ïâ¥«ì−®áâ¨;

{ à áè¨à¥−¨¥ äã−ªæ¨®− «ì−®áâ¨ ª®¬¯«¥ªá  ¢ ¯à®æ¥áá¥ íªá¯«ã â æ¨¨ §  áç¥â
¬¨£à æ¨¨ â¥å−®«®£¨ç¥áª¨å è ¡«®−®¢ ª ª ¬¥¦¤ã ãà®¢−ï¬¨ ®à£ −¨§ æ¨®−−®©
áâàãªâãàë, â ª ¨ ¬¥¦¤ã à §−ë¬¨ á¨áâ¥¬ ¬¨;

{ ä®à¬¨à®¢ −¨¥ ¨ ¯®¤¤¥à¦ −¨¥ ¢  ªâã «ì−®¬ á®áâ®ï−¨¨ ¥¤¨−®£® ¤«ï ¢−ãâà¥−-
−¥© ¨ ¢−¥è−¥© áà¥¤ë ®¡à §  á¨âã æ¨¨;

{ ¬ ªá¨¬ «ì−® ¢®§¬®¦−®¥ − ¯®«−¥−¨¥ ¯à®áâà −áâ¢¥−−®-¢à¥¬¥−−‚®£® äà £¬¥−â 
¨áâ®à¨ç¥áª®©, ä ªâ¨ç¥áª®© ¨ ¯à®£−®§−®© ¨−ä®à¬ æ¨¥©;

{ ®¡¥á¯¥ç¥−¨¥ ®¡à ¡®âª¨ £¥â¥à®£¥−−®© ¨−ä®à¬ æ¨¨ ¨ á¢ï§−®áâ¨ ¨−ä®à¬ æ¨¨
¤«ï ¢á¥å ïàãá®¢ ¢−ãâà¥−−¥© ¨ ¢−¥è−¥© áà¥¤ë;

{ ¢§ ¨¬®®¡¬¥− ¤ −−ë¬¨ á ¯à®£à ¬¬ ¬¨ áâ®à®−−¨å à §à ¡®âç¨ª®¢.
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�¨á. 1 ‘®áâ ¢ à ¡®â ¯à®¥ªâ  ‘–

–¥«ì à §à ¡®âª¨ ¯« âä®à¬ë | ¯®«ãç¨âì ¨−áâàã¬¥−â à¨© ¡ëáâà®© à¥ «¨§ -
æ¨¨ ‘– ¢ «î¡®© ®à£ −¨§ æ¨¨. �â® ¤®áâ¨£ ¥âáï §  áç¥â á¯¥æ¨ «¨§¨à®¢ −−®© ¡ §ë
¤ −−ëå, à¥ «¨§®¢ −−®© −  ®á−®¢¥ ¯ ââ¥à−  VSM Cenose [7, 8], à áè¨àï¥¬®© ¯« -
£¨−−®©  àå¨â¥ªâãàë [9], á¨áâ¥¬ë ¨−â¥àä¥©á®¢ ¢¢®¤  [10] ¨ á¨áâ¥¬ë ®â®¡à ¦¥−¨ï
¨−ä®à¬ æ¨¨ [11].

Š ç¥áâ¢¥−−®¥ ¢ë¯®«−¥−¨¥ áâ −¤ àâ−®© á®¢®ªã¯−®áâ¨ à ¡®â ¨ íâ ¯®¢ ¯® ¢−¥¤-
à¥−¨î  ¢â®¬ â¨§¨à®¢ −−ëå á¨áâ¥¬ ã¯à ¢«¥−¨ï [12] £ à −â¨àã¥â ¯®«ãç¥−¨¥ − -
¤¥¦−® äã−ªæ¨®−¨àãîé¥£® ª®¬¯«¥ªá , ®¤− ª® −¥ ®âà ¦ ¥â ¢á¥© á«®¦−®áâ¨ à ¡®â
¯® ‘–. ‘¥£®¤−ï ¬®¦−® ª®−áâ â¨à®¢ âì, çâ® á®¢®ªã¯−®áâì à ¡®â ¯® ‘– § âà £¨-
¢ ¥â ¢á¥ ¯à¥¤¯à¨ïâ¨¥ ¢ æ¥«®¬ ¨ − àï¤ã á ¨á¯®«ì§®¢ −¨¥¬ ®á−®¢−ëå áâ −¤ àâ®¢ ¨
ƒ�‘’®¢ [12{15] âà¥¡ã¥â á®§¤ −¨ï á¯¥æ¨ «¨§¨à®¢ −−®£® áâ −¤ àâ .

‚á¥ à ¡®âë ¬®¦−® ®¡ê¥¤¨−¨âì ¢ âà¨ ¡®«ìè¨¥ £àã¯¯ë: ®à£ −¨§ æ¨®−−ë¥,
â¥å−¨ç¥áª¨¥ ¨ ¯à®£à ¬¬−ë¥ ¬¥à®¯à¨ïâ¨ï (à¨á. 1). �â®â ¯à®æ¥áá § âà £¨¢ ¥â ¢á¥
¯à¥¤¯à¨ïâ¨¥ ¢ æ¥«®¬ ¨ ¬®¦¥â ¨¬¥âì ãá¯¥å â®«ìª® ¢ â®¬ á«ãç ¥, ¥á«¨ ®− ¯®¤¤¥à¦ −
¢ëáè¨¬ àãª®¢®¤áâ¢®¬ ®à£ −¨§ æ¨¨.

�à£ −¨§ æ¨®−−ë¥ ¬¥à®¯à¨ïâ¨ï | á®áâ ¢«¥−¨¥ ä®à¬ «ì−®£® ®¯¨á −¨ï
¢−¥è−¥© ¨ ¢−ãâà¥−−¥© áà¥¤ë, ¢ë¡®à ¯®ª § â¥«¥© ¨ ¨−¤¨ª â®à®¢, à §à ¡®âª 
å à ªâ¥à  ¢§ ¨¬®¤¥©áâ¢¨ï á ¢−¥è−¥© ¨ ¢−ãâà¥−−¥© áà¥¤®© ‘–. ‚ ¯®−ïâ¨¥ ¢−¥è-
−¥© áà¥¤ë «î¡®© ®à£ −¨§ æ¨¨ (¯à¥¤¯à¨ïâ¨ï ¡¨§−¥á , ®¡é¥áâ¢¥−−®© ®à£ −¨§ æ¨¨
¨ â. ¤.) ¢å®¤¨â ªàã¯−®¡«®ç−®¥ ¢ë¤¥«¥−¨¥ ®á−®¢−ëå â¨¯®¢ ®à£ −¨§ æ¨© ¨ ª®−âà -
£¥−â®¢, á ª®â®àë¬¨ ¯à¨å®¤¨âáï ¢§ ¨¬®¤¥©áâ¢®¢ âì.

”®à¬ «¨§ æ¨ï ¢−ãâà¥−−¥© áà¥¤ë ®à£ −¨§ æ¨¨ ¯à¥¤¯®« £ ¥â ¯à¥¤áâ ¢«¥−¨¥ ¥¥
áâàãªâãàë ¢ ¢¨¤¥ à¥ªãàá¨¢−®© áå¥¬ë, ª®â®à ï áâà®¨âáï ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ìî
â¨¯¨§¨à®¢ −−ëå í«¥¬¥−â®¢, çâ® ®¡¥á¯¥ç¨¢ ¥â ú®¤−®à®¤−ãîû áè¨¢ªã á ®¯¨á −¨¥¬
¢−¥è−¥© áà¥¤ë. ’ ª¦¥ ®−  á®®â¢¥âáâ¢ã¥â à¥ «ì−®© áâàãªâãà¥ ®à£ −¨§ æ¨¨.
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�¨á. 2 �¡é ï áå¥¬  ‘–

�¨á. 3 ‚§ ¨¬®¤¥©áâ¢¨¥ ‘– á ¢−¥è−¥© áà¥¤®©
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‚ ¦−ë© ¬®¬¥−â ¡ëáâà®© ¨ ®¡ê¥ªâ¨¢−®© ®æ¥−ª¨ à ¡®âë ®à£ −¨§ æ¨¨ | ¢ë-
à ¡®âª  ¨−â¥£à «ì−ëå ¯®ª § â¥«¥©: áâà â¥£¨ç¥áª¨å, íª®−®¬¨ç¥áª¨å ¨ á¯¥æ¨ «¨-
§¨à®¢ −−ëå ¯®ª § â¥«¥© ¤«ï ª ¦¤®£® ¯®¤à §¤¥«¥−¨ï ¨ à ¡®ç¥£® ¬¥áâ .

„«ï ‘– (à¨á. 2) ¢ë¡¨à ¥âáï ¯®¬¥é¥−¨¥, ¯à®¢®¤¨âáï ¯®¤¡®à ®¡á«ã¦¨¢ îé¥£®
¯¥àá®− « , ®¡¥á¯¥ç¨¢ ¥âáï á¢ï§ì á ¯à®£à ¬¬−ë¬ ¨ â¥å−¨ç¥áª¨¬ ®¡¥á¯¥ç¥−¨¥¬.

„«ï ãá¯¥è−®© à ¡®âë ‘– ¢ á®¢à¥¬¥−−®¬ ¨−ä®à¬ æ¨®−−®¬ ¯à®áâà −áâ¢¥
®¡¥á¯¥ç¨¢ ¥âáï áâ −¤ àâ¨§ æ¨ï ¢§ ¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¢á¥¬¨ í«¥¬¥−â ¬¨ à á¯à¥-
¤¥«¥−−®© ®à£ −¨§ æ¨®−−®© áâàãªâãàë ¨ ¢−¥è−¨¬ ¬¨à®¬ (à¨á. 3). Š ¤¥©áâ¢ãîé¨¬
áâ −¤ àâ ¬, à §à ¡®â −−ë¬ −  ¬¥¦¤ã− à®¤−®¬, − æ¨®− «ì−®¬ [16] ¨ ®âà á«¥¢®¬
ãà®¢−¥,  ¤ ¯â¨àã¥âáï ¬®¤¥«ì â¨¯¨§¨à®¢ −−ëå í«¥¬¥−â®¢ [1], à¥ «¨§®¢ −− ï ¢
¯à®£à ¬¬−®¬ ¯à®¤ãªâ¥. ‚ íâ®¬ á«ãç ¥ ®− ¯®«ãç ¥â ª®−ªãà¥−â−ë¥ ¯à¥¨¬ãé¥áâ¢ ,
®á−®¢ −−ë¥ −  á®¥¤¨−¥−¨¨ ®à£ −¨§ æ¨®−−®© ¨ ¯à®£à ¬¬−®© ª®¬¯®−¥−âë.

’¥å−¨ç¥áª¨¥ áà¥¤áâ¢  á¨âã æ¨®−−®£® æ¥−âà  | â¥å−¨ª  −¥¯®áà¥¤áâ¢¥−−®
‘– (à¨á. 4) ¨ â¥å−¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¢á¥© ®à£ −¨§ æ¨¨, á ª®â®à®© −¥®¡å®¤¨¬®
®¡¥á¯¥ç¨âì á®¯àï¦¥−¨¥ (à¨á. 5). �â® ¢ëç¨á«¨â¥«ì− ï â¥å−¨ª , ®à£â¥å−¨ª , á¨á-
â¥¬  ¡¥§®¯ á−®áâ¨, í−¥à£®á− ¡¦¥−¨¥, á¯¥æ¨ «¨§¨à®¢ −−®¥ ®¡®àã¤®¢ −¨¥ á¨áâ¥¬ë
ª®¬¬ã−¨ª æ¨¨ ¨ á®¯àï¦¥−¨ï. ‚ ¯¥à¢ãî ®ç¥à¥¤ì íâ® ª á ¥âáï ¬¨ªà®¯à®æ¥áá®à−ëå
ª®−âà®««¥à®¢ ¨ áâàãªâãà−ëå ¨−â¥àä¥©á®¢, £«®¡ «ì−ëå ¨ «®ª «ì−ëå á¥â¥©.

‘à¥¤¨ á¯¥æ¨ «¨§¨à®¢ −−®£® â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¬®¦−® ®á®¡® ¢ë¤¥«¨âì
 − «®£®-æ¨äà®¢ë¥ ¯à¥®¡à §®¢ â¥«¨ (�–�) ¨ æ¨äà® − «®£®¢ë¥ ¯à¥®¡à §®¢ â¥«¨

�¨á. 4 �¡®àã¤®¢ −¨¥ ‘–
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�¨á. 5 ‘å¥¬  á®£« á®¢ −¨ï â¥å−¨ç¥áª¨å ãáâà®©áâ¢ ¯® ¢á¥© ®à£ −¨§ æ¨¨

(–��). �â® á¢ï§ −® á â¥¬, çâ® ª ª à § −  áâëª¥  − «®£®¢ëå ¨ æ¨äà®¢ëå ¯à®æ¥áá®¢
¨ ¢®§−¨ª îâ ®á−®¢−ë¥ âàã¤−®áâ¨  ¢â®¬ â¨§ æ¨¨ ¨ − ¨¡®«¥¥ ¯®«−® ª®¬¡¨−¨àãîâáï
¢®§¬®¦−®áâ¨ ¨áªãááâ¢¥−−®£® ¨ ¥áâ¥áâ¢¥−−®£® ¨−â¥««¥ªâ  −  â¥å−¨ç¥áª®¬ ãà®¢−¥.

�à®£à ¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (à¨á. 6) ®¡ê¥¤¨−ï¥âáï ¢ ¯ïâì £àã¯¯: á¨áâ¥¬−®¥,
á¯¥æ¨ «ì−®¥, ¤«ï call-æ¥−âà , ¤«ï ¢¨¤¥®ª®−ä¥à¥−æ¨¨ ¨ ¤«ï ‘–.

‘ ª ¦¤®© £àã¯¯®© ®¡¥á¯¥ç¨¢ ¥âáï á¢®© â¨¯ á¨−åà®−¨§ æ¨¨. � ¨¡®«¥¥ á«®¦-
− ï à ¡®â  ¯à®¨áå®¤¨â á® á¯¥æ¨ «ì−ë¬ ¯à®£à ¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬, ¢á¥£¤  ¨¬¥-
îé¨¬ á¯¥æ¨ä¨ªã, çâ® ®¯à¥¤¥«ï¥â −¥¢®§¬®¦−®áâì § ¡« £®¢à¥¬¥−−®£® − ¯¨á −¨ï
¤à ©¢¥à®¢. � ¯à¨¬¥à, ¤ ¦¥ ¤«ï â ª®£® ¯à®¤ãªâ , ª ª ú1‘:�à¥¤¯à¨ïâ¨¥û,
ª®àà¥ªâ¨àãîâáï ¬®¤ã«¨ ¨¬¯®àâ -íªá¯®àâ .

�àå¨â¥ªâãà  ¯à®£à ¬¬−®£® ¯à®¤ãªâ  ú‘¨âã æ¨®−−ë© æ¥−âà VSM Cenoseû
(à¨á. 7) ®â«¨ç ¥âáï â¥¬, çâ® ®−  ¯®áâà®¥−  −   ¡áâà ªæ¨ïå â¥å−¥â¨ª¨, ®à£ −¨-
§ æ¨®−−®© ª¨¡¥à−¥â¨ª¨ ¨  ãâ®¯®©¥§¨á  ¨ ã¤®¢«¥â¢®àï¥â ª«îç¥¢ë¬ ¯à¨−æ¨¯ ¬:
®â ®¡é¥£® ª ç áâ−®¬ã ¨ ®â á¨−â¥§  ª  − «¨§ã, á¥â¥æ¥−âà¨ç−®áâì, ¥¤¨−®®¡à §-
−®¥ ®¯¨á −¨¥ ¨−¢ à¨ −â−ëå, à¥áãàá−ëå ¨ áâàãªâãà−ëå á¢®©áâ¢ ®à£ −¨§ æ¨©,
à¥ªãàá¨¢−®áâì ¨ á ¬®¯®¤®¡¨¥, ®¡ê¥¤¨−¥−¨¥ á¯®á®¡®¢ ®¯¨á −¨ï, â¨à ¦¨àã¥¬®áâì.

�à¨−æ¨¯ë à¥ «¨§ãîâáï −  ãà®¢−ïå ¡ §ë ¤ −−ëå (	„), áà¥¤−¥£® á«®ï ¨
¨−â¥àä¥©á . �  ãà®¢−¥ 	„ íâ® ®¡¥á¯¥ç¨¢ ¥âáï ¨á¯®«ì§®¢ −¨¥¬ ¬®¤¥«¨ â¨¯¨§¨-
à®¢ −−ëå áãé−®áâ¥© á â¨¯¨§¨à®¢ −−ë¬¨ á¢ï§ï¬¨ (	„ VSM Cenose [7, 8]), − 
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�¨á. 6 ‘¨−åà®−¨§ æ¨ï ¯« âä®à¬ë á ¯à®£à ¬¬−ë¬¨ ª®¬¯«¥ªá ¬¨

ãà®¢−¥ áà¥¤−¥£® á«®ï | ¨á¯®«ì§®¢ −¨¥  àå¨â¥ªâãàë VSMA (¬¥−¥¤¦¥à ¯« £¨−®¢
VSM Cenose [9], á®¢®ªã¯−®áâì ¯« £¨−®¢ VSM Cenose), −  ãà®¢−¥ ¨−â¥àä¥©á  |
¨á¯®«ì§®¢ −¨¥ á¯¥æ¨ «¨§¨à®¢ −−®£® ¯« £¨−  ú‚¨§®− à¨ã¬ VSM Cenoseû [11].

	 §  ¤ −−ëå VSM Cenose [7, 8] ®à£ −¨§®¢ −  ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ìî
â¨¯¨§¨à®¢ −−ëå áãé−®áâ¥© á â¨¯¨§¨à®¢ −−ë¬¨ á¢ï§ï¬¨.

�¨§−¥á-«®£¨ª  (áà¥¤−¨© á«®©) à¥ «¨§®¢ −  −  ¡ §¥  ¡áâà ªæ¨© ¯ ââ¥à− 
VSM Cenose á ¨á¯®«ì§®¢ −¨¥¬ ¯®−ïâ¨© ¬¥â ¬®¤¥«¨: áãé−®áâ¨, áã¡ê¥ªâë, ®¡ê-
¥ªâë, ¤¥©áâ¢¨ï, ãç áâ¨ï ¨ â. ¤. �−  ®ä®à¬«¥−  ª ª à áè¨à¥−¨¥ ¡¨¡«¨®â¥ª¨
ª« áá®¢ NET Framework 4.5 á ¡ §®¢ë¬ ¯à®áâà −áâ¢®¬ ¨¬¥− VSM ¨ ¯à¥¤áâ ¢«ï¥â
á®¡®© ¬−®£®ãà®¢−¥¢ë© − ¡®à è ¡«®−®¢ ¤«ï ¯®áâà®¥−¨ï «®£¨ª¨ ¨ á¢ï§¨ á ¡ §®©
¤ −−ëå ¨ ¨−â¥àä¥©á ¬¨ ¯®«ì§®¢ â¥«¥©. � §à ¡®âª  ¢ë¯®«−¥−  ¢ áà¥¤¥ Visual
Studio 2012 á ¯®¬®éìî ï§ëª  ‘#. ‘®®â¢¥âáâ¢¥−−® ¯à¨ íâ®¬ ¬®¦−® ¨á¯®«ì§®¢ âì
«î¡ë¥ .NET-ï§ëª¨ (VB.NET, C#, J# ¨ ¯à.),   â ª¦¥ ¢á¥ ®¡ê¥ªâë ¨ äã−ªæ¨¨
.NET Framework 4.5.

�¡é ï â®¯®«®£¨ï áà¥¤−¥£® á«®ï ¯®¤®¡−  ®à£ −¨§ æ¨®−−®© â®¯®«®£¨¨ VSM ¨
− §¢ −   àå¨â¥ªâãà®© VSM ¨«¨ VSMA (Viable System Model Architecture |  à-
å¨â¥ªâãà  ¤«ï ¬®¤¥«¨ ¦¨§−¥á¯®á®¡−®© á¨áâ¥¬ë), £¤¥ á®¢®ªã¯−®áâì á¢ï§¥© ¬¥¦¤ã
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�¨á. 7 �àå¨â¥ªâãà  ¯à®£à ¬¬−®£® ¯à®¤ãªâ  ú‘¨âã æ¨®−−ë© æ¥−âà úVSM Cenoseû

á¨áâ¥¬ ¬¨ ®¡à §ã¥â á¨áâ¥¬−ãî è¨−ã ¯à¥¤¯à¨ïâ¨ï (ESB | enterprise system bus,
á¥à¢¨á− ï è¨−  ¯à¥¤¯à¨ïâ¨ï), ¢ ª®â®à®© åà −¨âáï ¨ ¯¥à¥¬¥é ¥âáï ¨−ä®à¬ æ¨ï.
�àå¨â¥ªâãà  VSMA ®¯à¥¤¥«ï¥â á®¢®ªã¯−®áâì âà¥¡®¢ −¨© −  ®à£ −¨§ æ¨®−−®¬,
â¥å−¨ç¥áª®¬ ¨ ¯à®£à ¬¬−®¬ ãà®¢−¥ á¢¥àåã ¤®−¨§ã, − ç¨− ï ®â ¢−¥è−¥© áà¥¤ë
VSM Cenose ¨ § ª −ç¨¢ ï ¢−ãâà¥−−¨¬¨ áãé−®áâï¬¨, ®¡¥á¯¥ç¨¢ îé¨¬¨ à ¡®âã
äã−ªæ¨®− «ì−ëå í«¥¬¥−â®¢ [1]. ‚§ ¨¬®¤¥©áâ¢¨¥ á ¢−¥è−¥© ¨ ¢−ãâà¥−−¥© áà¥¤®©
á ¨á¯®«ì§®¢ −¨¥¬ ¢¥¡-â¥å−®«®£¨© à¥ «¨§®¢ −® ¢ ¢¨¤¥  àå¨â¥ªâãà SOA (Service
Oriented Architecture | á¥à¢¨á-®à¨¥−â¨à®¢ −− ï  àå¨â¥ªâãà ) ¨ EDA (Event
Driven Architecture | ã¯à ¢«ï¥¬ ï á®¡ëâ¨ï¬¨  àå¨â¥ªâãà ).

ˆá¯®«ì§®¢ −¨¥ ¢¥¡-â¥å−®«®£¨© ¨¤¥â ¢ −¥áª®«ìª¨å  á¯¥ªâ å: (1) ¯à¨¬¥−¥−¨¥
á¨áâ¥¬ ª®−âà®«ï ¢¥àá¨© ä ©«®¢ Git [17], Subversion [18], Visual Studio Team
Foundation Server 2013 [19] ¨ ¤à.; á¨áâ¥¬ ®âá«¥¦¨¢ −¨ï ®è¨¡®ª Git, Visual
Studio Team Foundation Server 2012, Mantis [20] ¨ ¤à.; (2) ¯à¨¬¥−¥−¨¥ Web ¤«ï
¯à¥¤®áâ ¢«¥−¨ï ãá«ã£ á¥à¢¨á . „ −− ï á®¢®ªã¯−®áâì â¥å−®«®£¨© ¨§¢¥áâ−  ¯®¤
− §¢ −¨¥¬ ú®¡« ç−ë¥û â¥å−®«®£¨¨ [21]. …á«¨ à §à ¡®âª  ª ª¨å-«¨¡® à¥è¥−¨©
¯à®¢®¤¨« áì −  ¡ §¥ ¡¨¡«¨®â¥ª ª« áá®¢ .NET Framework 4.5 ¯« âä®à¬ë Visual
Studio 2012 ¨ ®¯¨á −ë ª« ááë ¨ ¬¥â®¤ë ¨å ¢ë§®¢ , â® áâ −®¢¨âáï ¢®§¬®¦−ë¬
à á¯à®áâà −¨âì ¤ −−ë© ¯®¤å®¤ ª ¢§ ¨¬®¤¥©áâ¢¨î áãé−®áâ¥© â¨¯  ª®−âà £¥−â
−¥ â®«ìª® −  ¢−¥è−¥¬ ãà®¢−¥, −® ¨ −  ¢−ãâà¥−−¥¬. �â® á«¥¤áâ¢¨¥ â®£®, çâ®
âà¥¡®¢ −¨ï à¥è¥−¨ï ã¦¥ áâ −¤ àâ¨§¨à®¢ −ë ¨ ¡®«¥¥ áâà®£¨, ç¥¬ â¥, ª®â®àë¥
¯à¥¤« £ îâáï: SOA, EDA, ®¡« ç−ë¥ â¥å−®«®£¨¨ ¨ VSMA.
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�¨á. 8 ‘å¥¬  ¯ ââ¥à−  Observer áà¥¤−¥£® á«®ï ¯à®£à ¬¬−®© ¯« âä®à¬ë

„«ï à ¡®âë á ¡ §®© ¤ −−ëå ¨ ¨−â¥àä¥©á ¬¨ ¯®«ì§®¢ â¥«¥© ¨á¯®«ì§ã¥âáï
á«¥¤ãîé¨© ¨−áâàã¬¥−â à¨©: framework VSM Operator [9], WPF (Windows
Presentation Foundation) ª®−áâàãªâ®à [11], á¨áâ¥¬  ã¯à ¢«¥−¨ï ¬¥¤¨ ä ©« -
¬¨ [22], ¤¨§ ©−¥à «®£¨ª¨ (¢ à §à ¡®âª¥), ¤¨§ ©−¥à ¨−â¥àä¥©á , ¤¨§ ©−¥à ®â-
ç¥â®¢, Microsoft Visual Studio 2012, Microsoft SQL 2012, Microsoft Office
2010, ¯« âä®à¬  .NET Framework 4.5. �â¨ ¨−áâàã¬¥−âë, ®à¨¥−â¨à®¢ −−ë¥
−  ª®−¥ç−ëå ¯®«ì§®¢ â¥«¥©, ¯à®¥ªâ¨à®¢é¨ª®¢ ¨ á¨áâ¥¬−ëå  ¤¬¨−¨áâà â®à®¢,
¢§ ¨¬®¤¥©áâ¢ãîâ á ¨−äà áâàãªâãà®© á¥à¢¨á®¢, ¬®¤¥«ìî ¯à®£à ¬¬¨à®¢ −¨ï ¨
¬®¤¥«ï¬¨ ®à£ −¨§ æ¨¨.

‚á¥ ¯à®£à ¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ á¢¥àåã ¤®−¨§ã á«¥¤ã¥â ¯à¨−æ¨¯ ¬ ®¡ê¥ªâ−®-
®à¨¥−â¨à®¢ −−®£® ¯®¤å®¤  á ¨á¯®«ì§®¢ −¨¥¬ −®â æ¨¨ UML (unified modeling
language | ã−¨ä¨æ¨à®¢ −−ë© ï§ëª ¬®¤¥«¨à®¢ −¨ï).

”ã−ªæ¨®− «ì−®áâì ¯à¨«®¦¥−¨© á®áà¥¤®â®ç¥−  ¢ ¯« £¨− å (ä ©« å *.dll).
‚ Shared Library à¥ «¨§®¢ − ¬¥å −¨§¬ § £àã§ª¨ ¯« £¨−®¢, ¯®¨áª  ¢ § £àã¦¥−−ëå
á¡®àª å GUI (graphical user interface) ª®¬ −¤, ¨å à¥£¨áâà æ¨¨ ¨ á¢ï§ë¢ −¨ï á
ïà«ëª ¬¨ ¢ GUI: ª−®¯ª ¬¨ ¨ í«¥¬¥−â ¬¨ ¬¥−î, ¨−¨æ¨¨àãîé¨¬¨ ¢ë¯®«−¥−¨¥
ª®¬ −¤.

�« £¨−− ï â¥å−®«®£¨ï ¯®§¢®«ï¥â ¤¨− ¬¨ç¥áª¨ à áè¨àïâì äã−ªæ¨®− «ì−®áâì
á¨áâ¥¬ë ¡¥§ á¡®àª¨ ¢á¥£® ¯à®¥ªâ . ‚§ ¨¬®¤¥©áâ¢¨¥ ¯« £¨−®¢ ¯®áâà®¥−® − 
¬®¤¥«¨ ¯ ââ¥à−  Observer (à¨á. 8), ª®â®àë© á®§¤ ¥â § ¢¨á¨¬®áâì â¨¯  ú®¤¨−
ª® ¬−®£¨¬û. �à¨ ¨§¬¥−¥−¨¨ á®áâ®ï−¨ï ®¤−®© áãé−®áâ¨ § ¢¨áïé¨¥ ®â −¥¥
áãé−®áâ¨ (− ¡«î¤ â¥«¨) ®¡ íâ®¬ ®¯®¢¥é îâáï ¨ ®¡−®¢«ïîâáï. �â® −ã¦−® ¤«ï
á®£« á®¢ −¨ï á®áâ®ï−¨ï ¢§ ¨¬®á¢ï§ −−ëå áãé−®áâ¥© ¡¥§ ¨å ¦¥áâª®© á¢ï§ −−®áâ¨.
� ¯à¨¬¥à, ¯à¨ ¨§¬¥−¥−¨¨ ¤ −−ëå A, B, C ¤¨ £à ¬¬  ¨ â ¡«¨æ , ®â¢¥ç îé¨¥
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�¨á. 9 ƒ« ¢−®¥ ®ª−® ‘– VSM Cenose

§  ¨å ¯à¥¤áâ ¢«¥−¨¥, ¤®«¦−ë ¨§¬¥−¨âìáï. �à¨ íâ®¬ −¥¨§¢¥áâ−®, áª®«ìª® ¨¬¥¥âáï
¯à¥¤áâ ¢«¥−¨©.

� ââ¥à− Observer ®¯¨áë¢ ¥â à¥ «¨§ æ¨î ãª § −−®£® ®â−®è¥−¨ï. ‚ ¥£® ®á−®¢¥
«¥¦ â â ª¨¥ ®¡ê¥ªâë, ª ª subject (áã¡ê¥ªâ) ¨ observer (− ¡«î¤ â¥«ì). ‘ã¡ê¥ªâ
¨§¬¥−ï¥âáï ¨ ã¢¥¤®¬«ï¥â ® á¢®¨å ¨§¬¥−¥−¨ïå § ¢¨á¨¬ëå ®â −¥£® − ¡«î¤ â¥«¥©.
� ¡«î¤ â¥«¨ á¨−åà®−¨§¨àãîâ á¢®¨ ¤ −−ë¥ á áã¡ê¥ªâ®¬. �â® ®â−®è¥−¨¥ ¨− ç¥
− §ë¢ îâ ¨§¤ â¥«ì{¯®¤¯¨áç¨ª. ‘ã¡ê¥ªâ (¨§¤ â¥«ì) à ááë« ¥â ã¢¥¤®¬«¥−¨ï á¢®¨¬
− ¡«î¤ â¥«ï¬ (¯®¤¯¨áç¨ª ¬), ¤ ¦¥ −¥ §− ï ® â®¬, ª ª¨¥ ®¡ê¥ªâë ¨¬¨ ï¢«ïîâáï.
�à¨ íâ®¬ ç¨á«® ¯®¤¯¨áç¨ª®¢ −¥ ®£à −¨ç¥−®.

ˆ−â¥àä¥©á (¢¥àå−¨© á«®©) ®¡¥á¯¥ç¨¢ ¥â ®¤−®¢à¥¬¥−−ë© ª®−âà®«ì ¢−¥è−¥©
¨ ¢−ãâà¥−−¥© áà¥¤ë, ¯à¥¤áâ ¢«¥−−ëå ª ª ¬−®£®ä ªâ®à−®¥ ¨ ¬−®£®¯ à ¬¥âà¨ç¥-
áª®¥ â ¡«¨ç−®-£à ä¨ç¥áª®¥ ®â®¡à ¦¥−¨¥ á¨−â¥§¨à®¢ −−®© ¯à¥¤¬¥â−®© ®¡« áâ¨.
ƒ« ¢−®¥ ®ª−® ¯à®£à ¬¬−®£® ¯à®¤ãªâ  ú‘¨âã æ¨®−−ë© æ¥−âà VSM Cenoseû ¯®-
ª § −® −  à¨á. 9. �á−®¢−ë¥ äã−ªæ¨¨ ®¡®§− ç¥−ë ¨ª®−ª ¬¨ ¨ ®â®¡à ¦ îâ:
¢ë¡®à áæ¥−ë; ¢ë¡®à ®âà ¦ ¥¬ëå í«¥¬¥−â®¢ (®à£ −¨§ æ¨¨, à¥áãàáë, â¥àà¨â®à¨¨,
á®¡ëâ¨ï ¨ â. ¤.); − −¥á¥−¨¥ à §¬¥âª¨ (à¨á®¢ −¨¥, ¨ª®−ª¨, à¨áã−ª¨, ¢¨¤¥® ¨ ¤à.);
®â®¡à ¦¥−¨¥ ¤¥â «ì−®© £à ä¨ç¥áª®© ¨ â ¡«¨ç−®© ¨−ä®à¬ æ¨¨ ®¡ í«¥¬¥−â¥ (¨−-
ä®à¬ æ¨ï,  − «¨§, ¨−¤¨ª â®àë, ¯à®£−®§ ¨ â. ¤.); ¬ áèâ ¡¨à®¢ −¨¥; ¯à®á¬®âà
¤¢ãå- ¨ âà¥å¬¥à−ëå ¢¨àâã «ì−ëå áæ¥−; ¬®¤¥«¨à®¢ −¨¥.

�  à¨á. 10 ¯®ª § −  áå¥¬  ¯®â®ª®¢ ¨−ä®à¬ æ¨¨ ¢ á¨áâ¥¬¥ ã¯à ¢«¥−¨ï ¤«ï
á®§¤ −¨ï ‘– ¯« âä®à¬ë VSM Cenose.
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�¨á. 10 ‘å¥¬  ®¡®¡é¥−−ëå ¯®â®ª®¢ ¨−ä®à¬ æ¨¨
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�à®£à ¬¬−ë© ¯à®¤ãªâ úá¨âã æ¨®−−ë© æ¥−âà VSM Cenoseû

4 Апробация программного продукта VSM Cenose на примере
мониторинга и прогнозирования электропотребления
регионального электротехнического комплекса

‘¨âã æ¨®−−ë© æ¥−âà à¥£¨®− «ì−®£® í«¥ªâà®â¥å−¨ç¥áª®£® ª®¬¯«¥ªá  (��Š)
¢ë¯®«−ï¥â á«¥¤ãîé¨¥ à ¡®âë:

{ ®áãé¥áâ¢«ï¥â ¯®¨áª ®¡ê¥ªâ®¢ ¢ 	„ ¯® − §¢ −¨î;

{ ¯à¥¤®áâ ¢«ï¥â ¤®áâã¯ ª ¯à®á¬®âàã ¤ −−ëå, ª ¬®¤¨ä¨ª æ¨¨ ¤ −−ëå ¨ ª
¬®¤¨ä¨ª æ¨¨ 	„ ¢ á®®â¢¥âáâ¢¨¨ á ¯à ¢ ¬¨ ¤®áâã¯ ;

{ ¢ë¢®¤¨â −  ¬®−¨â®à ª àâã â¥àà¨â®à¨¨ ��Š á − −¥á¥−−ë¬¨ −  −¥¥ ®¡ê¥ªâ ¬¨;

{ ¢ë¡¨à ¥â ¬ áèâ ¡ ª àâë ¨ ¢¨¤ë ®¡ê¥ªâ®¢, − −¥á¥−−ëå −  −¥¥ («¨−¨¨, í«¥ª-
âà®áâ −æ¨¨, ¯®¤áâ −æ¨¨, á®®àã¦¥−¨ï ¨ â. ¯.);

{ ¢ë¡¨à ¥â ®¡ê¥ªâë ¤«ï ¯à®£−®§¨à®¢ −¨ï, ãáâ − ¢«¨¢ ¥â ¢à¥¬¥−−‚ë¥ ¨−â¥à¢ «ë
¨ £®à¨§®−â ¯à®£−®§ ;

{ ¤«ï ¢ë¡à −−®£® ®¡ê¥ªâ  ¢ë¢®¤¨â ¯®ª § â¥«¨ ¨ ¨å áâ â¨áâ¨ªã, «¨−¨¨ âà¥−¤ 
¨ ¯à®£−®§®¢ ¢ â ¡«¨ç−®¬ ¨ £à ä¨ç¥áª®¬ ¢¨¤¥;

{ á®åà −ï¥â à¥§ã«ìâ âë ¢ ä ©«¥.

‚ à¥§ã«ìâ â¥ ¯à¨¬¥−¥−¨ï ¯ ââ¥à−  VSM Cenose ¯à¨ á®§¤ −¨¨ ‘– ��Š
¡ë«  ¯®«ãç¥−  ¯à®¬ëè«¥−− ï ª®−ä¨£ãà æ¨ï, ¤«ï ª®â®à®© ªà¨â¨ç¥áª¨ ¢ ¦− 
®à£ −¨§ æ¨ï ¨¬¯®àâ  ¤ −−ëå ¨§ à §−®à®¤−ëå ¢−¥è−¨å ¨áâ®ç−¨ª®¢ (à¨á. 11).

•à −¥−¨¥ ¤ −−ëå ¯à®¨áå®¤¨â ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ìî 	„ VSM Cenose,
ª®â®à ï ¢ª«îç ¥â á¥¬ −â¨ç¥áªãî ¯®¤á¨áâ¥¬ã (á¯à ¢®ç−¨ª¨), áâàãªâãà−ãî ¯®¤-
á¨áâ¥¬ã, ®¯¥à â¨¢−ãî ¯®¤á¨áâ¥¬ã (â¥ªãé¨¥ ¤ −−ë¥). �¥®¡å®¤¨¬ë¥ á¯à ¢®ç−¨ª¨
á¥¬ −â¨ç¥áª®© ¯®¤á¨áâ¥¬ë: â¨¯ë áãé−®áâ¥©, á®áâ ¢«ïîé¨å á¥âì; â¨¯ë ®â−®è¥-
−¨© ¬¥¦¤ã íâ¨¬¨ áãé−®áâï¬¨; ¯®ª § â¥«¨ â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢; ¥¤¨−¨æë
¨§¬¥à¥−¨ï. � ¯à¨¬¥à: á¯à ¢®ç−¨ª ú’¨¯ë áãé−®áâ¥©û á®¤¥à¦¨â â¨¯ë áãé−®-
áâ¥©, á®áâ ¢«ïîé¨å á¥âì, â. ¥. â¨¯ë ¥¥ í«¥ªâà®â¥å−¨ç¥áª¨å ãáâà®©áâ¢, á®®àã¦¥-
−¨© ¨ ®à£ −¨§ æ¨®−−®-â¥àà¨â®à¨ «ì−ëå ®¡à §®¢ −¨©; á¯à ¢®ç−¨ª ú�®ª § â¥-
«¨û ¢ª«îç ¥â ¢á¥ ¯®ª § â¥«¨ ¤«ï ®¯¨á −¨ï à¥¦¨¬®¢ à ¡®âë í«¥ªâà®â¥å−¨ç¥áª¨å
ãáâà®©áâ¢ ¨ § −®á¨¬ë¥ ¢ 	„ ¤«ï ¯®á«¥¤ãîé¥£®  − «¨§ . ‘ãé¥áâ¢¥−−® â®, çâ®
−¥ − ¤® ¡ë«® á¯¥æ¨ «ì−® ¯à®¥ªâ¨à®¢ âì 	„ −¨ ¤«ï íâ¨å á¯à ¢®ç−¨ª®¢, −¨ ¤«ï
¯®á«¥¤ãîé¨å.

‘âàãªâãà− ï ¯®¤á¨áâ¥¬  á®¤¥à¦¨â ¢áî ¨−ä®à¬ æ¨î ® áâàãªâãà¥ ��Š. ‚ −¥¥
¢å®¤ïâ ¤¢¥ â ¡«¨æë: ú‘ãé−®áâ¨û ¨ ú�â−®è¥−¨ïû. ‚ ®â«¨ç¨¥ ®â á¯à ¢®ç−¨ª®¢
á®¤¥à¦ −¨¥ íâ¨å â ¡«¨æ ¬®¦¥â ¬¥−ïâìáï, å®âï ¨ áà ¢−¨â¥«ì−® à¥¤ª®. � ¯à¨-
¬¥à, ¬®£ãâ ¢¢®¤¨âìáï ¢ áâà®© −®¢ë¥ ¯®¤áâ −æ¨¨, ®âª«îç âìáï ¨ ¯®¤ª«îç âìáï
−®¢ë¥  ¡®−¥−âë ¨ â. ¤. �®íâ®¬ã ¢ á®áâ ¢¥ ‘– ¤®«¦−® ¡ëâì ¯à¥¤ãá¬®âà¥−® á¯¥-
æ¨ «¨§¨à®¢ −−®¥ à ¡®ç¥¥ ¬¥áâ®, ¯à¥¤®áâ ¢«ïîé¥¥ ¢®§¬®¦−®áâì ª®−ä¨£ãà¨à®-
¢ âì ¯®¤á¨áâ¥¬ã ¯à®¨§¢®«ì−®© â®¯®«®£¨¨ ¡¥§ ¢¬¥è â¥«ìáâ¢  à §à ¡®âç¨ª®¢ 	„.
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�à®£à ¬¬−ë© ¯à®¤ãªâ úá¨âã æ¨®−−ë© æ¥−âà VSM Cenoseû

‚ § ¢¨á¨¬®áâ¨ ®â ®á®¡¥−−®áâ¥© ¬®¤¥«¨ â ¡«¨æ  ú�â−®è¥−¨ïû ¬®¦¥â á®¤¥à¦ âì
¤®¯®«−¨â¥«ì−ë¥ ¯®«ï. ‚á¥ ¯®«ï ®¡ï§ â¥«ì−ë ¤«ï § ¯®«−¥−¨ï. Š®¬¡¨− æ¨ï âà¥å
®¡ï§ â¥«ì−ëå ¯®«¥© ã−¨ª «ì−  ¢ â ¡«¨æ¥. �â® §− ç¨â, çâ® −¨ª ª¨¥ ¤¢¥ áãé−®áâ¨
−¥ ¬®£ãâ ¢áâã¯ âì ¬¥¦¤ã á®¡®© ¢ ®â−®è¥−¨¥ ®¯à¥¤¥«¥−−®£® â¨¯  ¡®«¥¥ ®¤−®£®
à § . �á−®¢− ï â ¡«¨æ  ®¯¥à â¨¢−®© ¯®¤á¨áâ¥¬ë | â ¡«¨æ  ú„ −−ë¥û, ¢ ª®-
â®àãî § −®áïâáï ¢á¥ ®¯¥à â¨¢−ë¥ ¤ −−ë¥, ¯®«ãç ¥¬ë¥ á ª®−âà®«ì−ëå ¯à¨¡®à®¢.
‚ § ¢¨á¨¬®áâ¨ ®â ®á®¡¥−−®áâ¥© ¬®¤¥«¨ â ¡«¨æ  ú„ −−ë¥û ¬®¦¥â á®¤¥à¦ âì ¤®-
¯®«−¨â¥«ì−ë¥ ¯®«ï,   á ¬  ®¯¥à â¨¢− ï ¯®¤á¨áâ¥¬  | ¤®¯®«−¨â¥«ì−ë¥ â ¡«¨æë.
‚á¥ è¥áâì ¯®«¥© â ¡«¨æë ú„ −−ë¥û ®¡ï§ â¥«ì−ë ¤«ï § ¯®«−¥−¨ï. Š®¬¡¨− æ¨ï
¯¥à¢ëå ç¥âëà¥å ¯®«¥© ã−¨ª «ì−  ¢ â ¡«¨æ¥, â. ¥. ¤«ï ãª § −−ëå áãé−®áâ¥©, ¤ âë,
¢à¥¬¥−¨ ¨ ¯®ª § â¥«ï ¢ â ¡«¨æã ¬®¦−® § −¥áâ¨ â®«ìª® ®¤−® §− ç¥−¨¥. „ −−ë¥ ¢
â ¡«¨æ å ®¯¥à â¨¢−®© ¯®¤á¨áâ¥¬ë ¤®¯®«−ïîâáï ¨ ¨§¬¥−ïîâáï ¢ ®−« ©−-à¥¦¨¬¥.
’ ª¨¬ ®¡à §®¬, à §à ¡®âª  	„ −¥ ¯à®¨§¢®¤¨« áì, áà §ã ¯¨á «¨áì ¤à ©¢¥àë á¢ï-
§¨, ª®â®àë¥ ¯®¤ª ç¨¢ «¨ ¤ −−ë¥ ¨§ á®®â¢¥âáâ¢ãîé¨å ¢−¥è−¨å ¨áâ®ç−¨ª®¢ (á¬.
à¨á. 11).

�¡à ¡®âª  ¤ −−ëå ¢ë¯®«−ï¥âáï ¯à¨ ¯®¬®é¨ á®¢®ªã¯−®áâ¨ à áç¥â−®-£à -
ä¨ç¥áª¨å ¬®¤ã«¥© (�ƒŒ), äã−ªæ¨®−¨àãîé¨å ¢ ¥¤¨−®© ¯à®£à ¬¬−®- ¯¯ à â-
−®© ®¡®«®çª¥, ª®â®à ï ¯à¥¤áâ ¢«ï¥â á®¡®© á¯¥æ¨ «¨§¨à®¢ −−ãî ª®−ä¨£ãà æ¨î
‘– VSM Cenose (à¨á. 12). Š ¦¤ë© �ƒŒ − æ¥«¥− −   ¢â®¬ â¨§¨à®¢ −−®¥
à¥è¥−¨¥ ®¯à¥¤¥«¥−−ëå § ¤ ç, ¯à¨ íâ®¬ ¯®àï¤®ª ¨å à ¡®âë ¨ ¢§ ¨¬®¤¥©áâ¢¨¥
¬®£ãâ ®¯à¥¤¥«ïâìáï ª ª ¯à®£à ¬¬−®, â ª ¨ ¯®«ì§®¢ â¥«¥¬.

‚ ®¡®¡é¥−−®¬ ¢¨¤¥ æ¨àªã«ïæ¨ï ¨−ä®à¬ æ¨¨ ¯à®¨áå®¤¨â á«¥¤ãîé¨¬ ®¡à -
§®¬. �® § ¯à®áã ¨§ 	„ ¨§¢«¥ª ¥âáï −¥®¡å®¤¨¬ ï ¨−ä®à¬ æ¨ï, ¯®á«¥ ç¥£®
¯®«ì§®¢ â¥«ì § ¯ãáª ¥â á®®â¢¥âáâ¢ãîé¨© �ƒŒ. �® à¥§ã«ìâ â ¬ à ¡®âë ¬®¤ã-
«ï ¯®«ì§®¢ â¥«ì ¯®«ãç ¥â ¤«ï  − «¨§  −¥®¡å®¤¨¬ãî ¨−ä®à¬ æ¨î ¢ ç¨á«®¢®¬ ¨
£à ä¨ç¥áª®¬ ¢¨¤¥.

� áç¥â−®-£à ä¨ç¥áª¨© ¬®¤ã«ì ú‚ëï¢«¥−¨¥  −®¬ «¨© ¢ ¤ −−ëåû ¯à¥¤− §− -
ç¥− ¤«ï ¢ëï¢«¥−¨ï  −®¬ «ì−ëå §− ç¥−¨©, −¥¥áâ¥áâ¢¥−−® ¤ «¥ª® ®âª«®−ïîé¨åáï
®â æ¥−âà  à á¯à¥¤¥«¥−¨ï à áá¬ âà¨¢ ¥¬®© ¢ë¡®àª¨ ¤ −−ëå.

� áç¥â−®-£à ä¨ç¥áª¨© ¬®¤ã«ì ú‚ëï¢«¥−¨¥ âà¥−¤ û ¯à¥¤− §− ç¥− ¤«ï ¢ë-
ï¢«¥−¨ï ¢ à áá¬ âà¨¢ ¥¬®¬ ¢à¥¬¥−−®¬ àï¤ã ¤®«£®¢à¥¬¥−−ëå, ãáâ®©ç¨¢ëå
á¢®©áâ¢, ®â−®áïé¨åáï ª ¬ â¥¬ â¨ç¥áª®¬ã ¯®−ïâ¨î âà¥−¤ , ¨ æ¨ª«¨ç¥áª¨å (á¥-
§®−−ëå) ª®¬¯®−¥−â. ‡− −¨¥ å à ªâ¥à  âà¥−¤  ¨á¯®«ì§ã¥âáï ¤«ï ¨−¢¥áâ¨æ¨®−−®£®
¯« −¨à®¢ −¨ï.

� áç¥â−®-£à ä¨ç¥áª¨© ¬®¤ã«ì ú�à®£−®§¨à®¢ −¨¥û ¯à¥¤− §− ç¥− ¤«ï ®¯à¥-
¤¥«¥−¨ï ¢¥à®ïâ−ëå ¡ã¤ãé¨å §− ç¥−¨© à áá¬ âà¨¢ ¥¬®£® ®â¤¥«ì−®£® ¢à¥¬¥−−‚®£®
àï¤  ¨«¨ á®¢®ªã¯−®áâ¨ á¨áâ¥¬−ëå ¯®ª § â¥«¥© (¯à¨¬¥à ®ª−  á à¥§ã«ìâ â ¬¨
ªà âª®áà®ç−®£® ¯à®£−®§¨à®¢ −¨ï ¯à¨¢¥¤¥− −  à¨á. 13).

� áç¥â−®-£à ä¨ç¥áª¨© ¬®¤ã«ì ú’¨¯®¢ë¥ £à ä¨ª¨ − £àã§ª¨û ¯® ¨¬¥îé¥©áï
áâ â¨áâ¨ª¥ −  ®á−®¢¥ ãáà¥¤−¥−¨ï áãâ®ç−ëå £à ä¨ª®¢ − £àã§ª¨ áâà®¨â â¨¯®¢®©
£à ä¨ª − £àã§ª¨ à §¤¥«ì−® ¤«ï à ¡®ç¨å ¨ ¢ëå®¤−ëå (¯à §¤−¨ç−ëå) ¤−¥©. �à¥¤ã-
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�¨á. 12 ‘âàãªâãà  ‘– ��Š

�¨á. 13 �ª−® á à¥§ã«ìâ â ¬¨ ªà âª®áà®ç−®£® ¯à®£−®§¨à®¢ −¨ï ¢ ‘– ��Š
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�à®£à ¬¬−ë© ¯à®¤ãªâ úá¨âã æ¨®−−ë© æ¥−âà VSM Cenoseû

Š®−ä¨£ãà æ¨¨ à §à ¡ âë¢ ¥¬ëå ‘–

ü Š®−ä¨£ãà æ¨ï � àâ−¥à
‘¢¨¤¥â¥«ìáâ¢®
® à¥£¨áâà æ¨¨
¢ �®á¯ â¥−â¥

1 Œã−¨æ¨¯ «¨â¥â ��� úˆ−â¥««¥ªâã «ì−ë©
¬ã−¨æ¨¯ «¨â¥âû [19]

ü 2010610132
®â 11.01.2010

2 �−¥à£®á¡¥à¥¦¥−¨¥ ��� ú ˆ−â¥«í−¥à£®-39û [23]
ü 2010610132
®â 11.01.2010

3 �−â¨ªà¨§¨á ��� ú‘¨áâ¥¬ë ¡¥§®¯ á−®áâ¨û
ü 2012613264
®â 06.04.2012

4 ‚ëáè¥¥ ãç¥¡−®¥ § ¢¥¤¥−¨¥ ”ƒ�“ ‚�� úŠƒ’“û ü 2011618785
®â 11.11.2011

5 •®«¤¨−£ ��� úŠ¥−¨£á®äâû
ü 2010616380
®â 24.09.2010

6 ‹®£¨áâ¨ª  ��� úƒ¨¬ áû
ü 2010610115
®â 11.01.2010

7 	¨®¬®−¨â®à¨−£ ��� ú	¨®¬®−¨â®à¨−£ 39û ü 2010611257
®â 12.02.2010

á¬®âà¥−  ¢®§¬®¦−®áâì ¤«ï ¯®«ì§®¢ â¥«ï ¨§¬¥−ïâì ¯à¨§− ª¨ ®â¡®à  áãâ®ç−ëå
£à ä¨ª®¢ ¤«ï ¯®áâà®¥−¨ï â¨¯®¢ëå £à ä¨ª®¢ − £àã§ª¨.

�à®£à ¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ‘– ¯®§¢®«ï¥â «¥£ª® ¢áâà ¨¢ âì ¨ ¤àã£¨¥ ¯à¨ª« ¤-
−ë¥ �ƒŒ:  − «¨§ § ¢¨á¨¬®áâ¨ − £àã§ª¨ ®â ¢−¥è−¨å ä ªâ®à®¢ (â¥¬¯¥à âãàë,
¤«¨â¥«ì−®áâ¨ á¢¥â®¢®£® ¤−ï), ®æ¥−ª  ¯®â¥−æ¨ «  í−¥à£®á¡¥à¥¦¥−¨ï, ¬®¤¥«¨à®¢ -
−¨¥ ¨ â. ¯. �®¤®¡− ï  àå¨â¥ªâãà  ¯®§¢®«ï¥â  ¤ ¯â¨à®¢ âì ‘– ¯®¤ ¯®âà¥¡−®áâ¨
«î¡®© í−¥à£®á¨áâ¥¬ë.

‚ ª ç¥áâ¢¥ ¯à¨¬¥à  −  à¨á. 13 ¯®ª § −® ®ª−® á à¥§ã«ìâ â ¬¨ ¯à®£−®§¨à®¢ −¨ï.
‡  áç¥â ¨á¯®«ì§®¢ −¨ï ¯ ââ¥à−  VSM Cenose ¡ë«® ¯®«−®áâìî ¨áª«îç¥−®

¯à®£à ¬¬¨à®¢ −¨¥ ¡ §ë. �®¤á¨áâ¥¬  ¯à®£−®§¨à®¢ −¨ï, ¢å®¤ïé ï ¢  ¡áâà ªâ-
−ãî ¬®¤¥«ì, á−ï«  −¥®¡å®¤¨¬®áâì ¯à®£à ¬¬¨à®¢ −¨ï ¨ ¢ íâ®© ç áâ¨ ¯à®¥ªâ .
‚ à¥§ã«ìâ â¥ ®á−®¢− ï − £àã§ª  ¯® âàã¤®§ âà â ¬ á¬¥áâ¨« áì −  ¯à¥¤¯à®¥ªâ-
−®¥ ®¡á«¥¤®¢ −¨¥ ®¡ê¥ªâ  ¨  − «¨§ ¥£® à¥§ã«ìâ â®¢, à §à ¡®âªã á¯¥æ¨ä¨ç¥áª¨å
¬®¤¥«¥© ¨ á®§¤ −¨¥ ¤à ©¢¥à®¢ á¢ï§¨.

�¯à®¡ æ¨ï ¯®ª § «  â ª¦¥, çâ® ¢à¥¬¥−−‚®© à¥áãàá ¤«ï à §à ¡®âª¨ ‘– ��Š
¡ë« á®ªà é¥− á ®¤−®£® £®¤  ¤® ¤¢ãå ¬¥áïæ¥¢. ’àã¤®§ âà âë á®áâ ¢¨«¨ 5 ç¥«.-¬¥á.

‚ − áâ®ïé¥¥ ¢à¥¬ï à §à ¡ âë¢ îâáï ª®−ä¨£ãà æ¨¨ ¥é¥ 7 ‘– (á¬. â ¡«¨æã).

5 Заключение

�à®£à ¬¬−ë© ¯à®¤ãªâ ú‘¨âã æ¨®−−ë© æ¥−âà VSM Cenoseû ®â¥ç¥áâ¢¥−−®©
à §à ¡®âª¨ á®§¤ − ª ª à¥§ã«ìâ â ¬−®£®«¥â−¥© − ãç−®© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®à-
áª®© ¤¥ïâ¥«ì−®áâ¨. �¥è¥−¨ï, ª®â®àë¥ ¢ −¥£® § «®¦¥−ë, ®¯à¥¤¥«ïîâ ¥£® á¯¥-
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æ¨ä¨ç¥áª¨¥ ¨ ®â«¨ç¨â¥«ì−ë¥ ®á®¡¥−−®áâ¨ ¯à¨  ¢â®¬ â¨§¨à®¢ −−®¬ ¯®áâà®¥−¨¨
á®¢à¥¬¥−−ëå á¨áâ¥¬ ã¯à ¢«¥−¨ï:

(1) ¯ ââ¥à−-¯à®¥ªâ¨à®¢ −¨¥ ®â ®¡é¥£® ª ç áâ−®¬ã, ®â á¨−â¥§  ª  − «¨§ã;
(2) á¥â¥æ¥−âà¨ç¥áª ï ®à£ −¨§ æ¨ï;
(3) á ¬®¯®¤®¡¨¥, à¥ªãàá¨¢−®áâì ¨ á ¬®¢®á¯à®¨§¢®¤áâ¢®;
(4) á«¥¤®¢ −¨¥ ¯ à ¤¨£¬¥ ¨−â¥£à æ¨®−−ëå â¥−¤¥−æ¨© ¢ ¨−ä®à¬ â¨ª¥;
(5) â¨à ¦¨àã¥¬®áâì.

‚á¥ íâ® ¯®§¢®«ï¥â ¯à®¥ªâ¨à®¢é¨ª ¬ áãé¥áâ¢¥−−® á−¨§¨âì ¢à¥¬¥−−‚ë¥, ä¨− −á®-
¢ë¥ ¨ âàã¤®¢ë¥ § âà âë −  á®§¤ −¨¥ ‘–.

‚ − áâ®ïé¥© à ¡®â¥ à áá¬®âà¥−   àå¨â¥ªâãà  ¯à®£à ¬¬−®£® ¯à®¤ãªâ , ¯®-
áâà®¥−−®£® ª ª ¯ ââ¥à− ¯à®¥ªâ¨à®¢ −¨ï,  ¢â®¬ â¨§¨àãîé¥£® à §à ¡®âªã ¬ â¥¬ -
â¨ç¥áª®£®, ¨−ä®à¬ æ¨®−−®£® ¨ ¯à®£à ¬¬−®£® ®¡¥á¯¥ç¥−¨ï ‘–. �àå¨â¥ªâãà  à¥ -
«¨§®¢ −  ª ª ¯à®£à ¬¬− ï ¯« âä®à¬  á ¨á¯®«ì§®¢ −¨¥¬ á®¢à¥¬¥−−ëå â¥−¤¥−æ¨©
¨ ¨−áâàã¬¥−â «ì−ëå áà¥¤áâ¢ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢ −−®£® ¯à®£à ¬¬¨à®¢ −¨ï.

�¯à®¡ æ¨ï ¢ ãá«®¢¨ïå ¢−¥¤à¥−¨ï ¢ á¨áâ¥¬ë ã¯à ¢«¥−¨ï à §−ëå ãà®¢−¥©
¨ ®âà á«¥© − à®¤−®£® å®§ï©áâ¢  ¯®ª § «  à ¡®â®á¯®á®¡−®áâì, íää¥ªâ¨¢−®áâì ¨
â¨à ¦¨àã¥¬®áâì ¯à®£à ¬¬−®£® ¯à®¤ãªâ .

� §¢¨â¨¥ ‘– VSM Cenose ¯« −¨àã¥âáï ¯® à §−ë¬ ¯¥àá¯¥ªâ¨¢−ë¬ − ¯à ¢«¥-
−¨ï¬. �¤−® ¨§ −¨å | ¢ª«îç¥−¨¥ ¢ ¯ ââ¥à− ¯à®¡«¥¬−®-áâàãªâãà−®© ¬¥â®¤®«®£¨¨
äã−ªæ¨®− «ì−ëå £¨¡à¨¤−ëå ¨−â¥««¥ªâã «ì−ëå á¨áâ¥¬, à §à ¡®â −−®© ¢ Š”
ˆ�ˆ ���.
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SITUATIONAL CENTER VSM CENOSE
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Abstract: The description of the platform \Situational Center VSM Cenose,"
aimed at configuring and operating of a situational center in the organizational
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structures of various forms of ownership and activities. Main functions: display
of internal and external environment due to specialized multidimensional and
multifactor graphical interface; display of forecasting information; combining
different ways of description; presentation of information in accordance with
the principles \from the general to the specific," \top-down;" invariance with
the respect to changes in the way of accounting methods, forms of business
organization due to complex organization based on the basis ideas of technetika
and organizational cybernetics; expanding the functionality of the complex
during the operation due to the migration process templates, both between levels
of the organizational structure and the different systems due to meeting the
principles of recursion, self-similarity and fractal; and interchange of data with
third-party program developers. The specific feature is the technology \VSM
Cenose," which makes situational center \VSM Cenose" a universal platform
for replicability of situational centers.

Keywords: situational center; platform; VSM Cenose pattern
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ПРЕДОБРАБОТКА ДАННЫХИ ВЫЯВЛЕНИЕ ЛОГИЧЕСКИХ
ЗАКОНОМЕРНОСТЕЙНА ОСНОВЕ ГЕНЕТИЧЕСКОГО

АЛГОРИТМА

В.Н. Гридин1, В.И. Солодовников1

�−−®â æ¨ï: � áá¬®âà¥−  ¢®§¬®¦−®áâì á®¢¬¥áâ−®£® ¨á¯®«ì§®¢ −¨ï £¥−¥â¨-
ç¥áª¨å  «£®à¨â¬®¢ (ƒ�) á ¬¥â®¤ ¬¨ ¯®¨áª  «®£¨ç¥áª¨å § ª®−®¬¥à−®áâ¥© ¢
§ ¤ ç å ú¨−â¥««¥ªâã «ì−®£®û  − «¨§  ¤ −−ëå. �à¥¤«®¦¥− ª®¬¡¨−¨à®¢ −−ë©
 «£®à¨â¬ ¯à¥¤®¡à ¡®âª¨ ¤ −−ëå, § ª«îç îé¨©áï ¢ á¥£¬¥−â æ¨¨ ¨ ¢ë¤¥«¥−¨¨
− ¨¡®«¥¥ ¨−ä®à¬ â¨¢−ëå §− ç¥−¨© ¯à¨§− ª®¢ ¨ ¨å á®ç¥â −¨©. �− ¬®¦¥â
¡ëâì ®â−¥á¥− ª â ª − §ë¢ ¥¬ë¬ ®áâà®¢−ë¬  «£®à¨â¬ ¬, â ª ª ª ª®«¨ç¥áâ¢®
¯®¯ã«ïæ¨© ¢ë¡¨à ¥âáï à ¢−ë¬ ª®«¨ç¥áâ¢ã ª« áá®¢. ‚ë¡®à â ª®£® ª®«¨ç¥-
áâ¢  ¯®¯ã«ïæ¨© ®¡ãá«®¢«¥− â¥¬, çâ® ®æ¥−ªã ¯®ª § â¥«¥© â®ç−®áâ¨ ¨ ¯®«−®âë
¯à ¢¨« æ¥«¥á®®¡à §−® ¯à®¨§¢®¤¨âì ¤«ï ª ¦¤®£® ª« áá . �®ª § −®, çâ® ƒ�
¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ®â¡®à «®£¨ç¥áª¨å § ª®−®¬¥à−®áâ¥© ¯à¨  − «¨§¥ ¬−®-
£®¬¥à−ëå ¤ −−ëå á ¤®áâ â®ç−® ¢ëá®ª®© â®ç−®áâìî ¨ ¯®«−®â®©. �à¥¤áâ ¢«¥−-
−ë©  «£®à¨â¬ ¬®¦¥â ¨á¯®«ì§®¢ âìáï ¤«ï  − «¨§  ¤ −−ëå ¢ ¨−ä®à¬ æ¨®−−ëå
åà −¨«¨é å á æ¥«ìî ¢ëï¢«¥−¨ï ¢ −¨å áªàëâëå § ª®−®¬¥à−®áâ¥©, −  ®á−®¢¥
ª®â®àëå ®áãé¥áâ¢«ï¥âáï ¯®áâà®¥−¨¥ á¨áâ¥¬ ¯à ¢¨« ¨ ¤¥à¥¢ì¥¢ à¥è¥−¨©.

Š«îç¥¢ë¥ á«®¢ : £¥−¥â¨ç¥áª¨©  «£®à¨â¬; «®£¨ç¥áª ï § ª®−®¬¥à−®áâì; ú¨−-
â¥««¥ªâã «ì−ë©û  − «¨§ ¤ −−ëå
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−® ¬−®£® ¯®¤å®¤®¢ ª ¯®¨áªã «®£¨ç¥áª¨å § ª®−®¬¥à−®áâ¥©. �¤− ª® ¢ ®á−®¢−®¬

1–¥−âà ¨−ä®à¬ æ¨®−−ëå â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢ −¨¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª,
info@ditc.ras.ru
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¨á¯®«ì§ãîâáï ¬¥â®¤ë, ®á−®¢ −−ë¥ −  ¯à¨¬¥−¥−¨¨  «£®à¨â¬®¢ ®£à −¨ç¥−−®£® ¯¥-
à¥¡®à , ª®â®àë¥ ¢ëç¨á«ïîâ ç áâ®âë ª®¬¡¨− æ¨© ¯à®áâëå «®£¨ç¥áª¨å á®¡ëâ¨© ¢
¯®¤£àã¯¯ å ¤ −−ëå. �−¨ ¯®à®¦¤ îâ ¯à ¢¨« , ¤«ï ª®â®àëå ®áâ ¥âáï ®âªàëâë¬
¢®¯à®á ® â®ç−®áâ¨ ¨ ¯®«−®â¥,   ¯à®¡«¥¬  ¢ë¡®à  í«¥¬¥−â à−ëå á®¡ëâ¨© ¢® ¬−®-
£®¬ ®áâ ¥âáï −¥à¥è¥−−®©. �®íâ®¬ã à áâ¥â ¯®¯ã«ïà−®áâì ¬¥â®¤®¢, ®á−®¢ −−ëå − 
¨á¯®«ì§®¢ −¨¨ £¥−¥â¨ç¥áª¨å (í¢®«îæ¨®−−ëå)  «£®à¨â¬®¢. ‚ ç áâ−®áâ¨, ¢ à ¡®-
â¥ [1] à áá¬ âà¨¢ ¥âáï ¯®¨áª ¯à ¢¨« ª« áá¨ä¨ª æ¨¨, ¨á¯®«ì§ã¥¬ëå ¢ á¨áâ¥¬ å
ã¯à ¢«¥−¨ï § ¯à®á ¬¨ −  ¨§¬¥−¥−¨¥ ¯à¨ à §à ¡®âª¥ ¯à®£à ¬¬−®£® ®¡¥á¯¥ç¥−¨ï.
‚ à ¡®â¥ [2] ®áãé¥áâ¢«ï¥âáï áà ¢−¥−¨¥ à¥« ªá æ¨®−−®£®, £¥−¥â¨ç¥áª®£® ¨ ª®¬-
¡¨− â®à−®£®  «£®à¨â¬®¢ ¯®¨áª  «®£¨ç¥áª¨å § ª®−®¬¥à−®áâ¥© ª« áá®¢ ¢ § ¤ ç¥
à á¯®§− ¢ −¨ï ¯® ¯à¥æ¥¤¥−â ¬. �®ª § −®, çâ® ƒ� «¥£ª®  ¤ ¯â¨àã¥âáï ª § ¤ ç ¬
¡®«ìè®© à §¬¥à−®áâ¨,   â ª¦¥ ®¡« ¤ îâ á¯®á®¡−®áâìî − å®¦¤¥−¨ï ç áâ¨ç−ëå
§ ª®−®¬¥à−®áâ¥©.

‚ ¤ −−®© áâ âì¥ ¯à¥¤« £ ¥âáï ¯®¤å®¤, − ¯à ¢«¥−−ë© −  ¯à¥¤®¡à ¡®âªã ¤ −-
−ëå, § ª«îç îéãîáï ¢ á¥£¬¥−â æ¨¨ ¨ ¢ë¤¥«¥−¨¨ − ¨¡®«¥¥ ¨−ä®à¬ â¨¢−ëå
§− ç¥−¨© ¯à¨§− ª®¢ ¨ ¨å á®ç¥â −¨© ¤«ï ¢ëï¢«¥−¨ï «®£¨ç¥áª¨å § ª®−®¬¥à−®áâ¥©
−  ®á−®¢¥ ƒ�.

2 Поиск логических закономерностей

	ã¤¥¬ à áá¬ âà¨¢ âì § ¤ çã  − «¨§  ¬−®£®¬¥à−ëå ¤ −−ëå, ª®â®à ï ¯à¥¤-
¯®« £ ¥â ¢ëï¢«¥−¨¥ «®£¨ç¥áª¨å ¯à ¢¨«, á¢ï§ë¢ îé¨å §− ç¥−¨ï ¨«¨ ¤¨ ¯ §®−ë
§− ç¥−¨© −¥ª®â®à®£® − ¡®à  ¯à¨§− ª®¢ á® §− ç¥−¨ï¬¨, ¤¨ ¯ §®− ¬¨ §− ç¥−¨©
¨«¨ ª ç¥áâ¢¥−−ë¬¨ ®æ¥−ª ¬¨ ¤àã£¨å ¯à¨§− ª®¢.

�ãáâì § ¤ −  á®¢®ªã¯−®áâì ®¡ê¥ªâ®¢: B = {b1, . . . , bn}. Š ¦¤ë© ®¡ê¥ªâ
å à ªâ¥à¨§ã¥âáï ¬−®¦¥áâ¢®¬ ¯à¨§− ª®¢: X = {x1, . . . , xm}. „«ï ¯à®áâ®âë
¡ã¤¥¬ áç¨â âì, çâ® ª®«¨ç¥áâ¢® ¯à¨§− ª®¢ ¤«ï ¢á¥å ®¡ê¥ªâ®¢ á®¢¯ ¤ ¥â. ’®£¤ 
ª ¦¤ë© ®¡ê¥ªâ ¯à¥¤áâ ¢«ï¥â á®¡®© â®çªã ¢ ¯à®áâà −áâ¢¥ à §¬¥à−®áâ¨ m.

�«¥¬¥−â à−®¥ «®£¨ç¥áª®¥ á®¡ëâ¨¥ ®¯à¥¤¥«¨¬ ª ª T = xiθCi ¨«¨ T =
= C1i θ1xiθ2C

2
i . ‡¤¥áì xi | −¥ª®â®àë© ¯à¨§− ª; θ = {=, �=, <,≤, >,≥};

θ1, θ2 = {<,≤}; C, C1, C2 | ª®−áâ −âë. „«ï ¯à¨§− ª®¢, ¨§¬¥àï¥¬ëå ¢
−®¬¨− «ì−ëå èª « å, θ = {=, �=}. �  ®á−®¢¥ í«¥¬¥−â à−ëå á®¡ëâ¨© ¬®¦¥â
¡ëâì ¯®áâà®¥−® ª®−¥ç−®¥ ¬−®¦¥áâ¢® ¯à ¢¨« ¢¨¤ 

Pi : (T i
1 ∧ · · · ∧ T i

ki
)→ Ai , i = 1, . . . ,M ,

£¤¥ T i
j | á®¡ëâ¨¥ j, ¢å®¤ïé¥¥ ¢ ¯à ¢¨«® Pi (ª®−êî−ªæ¨ï íâ¨å á®¡ëâ¨© ®¡à §ã¥â

ãá«®¢¨¥ ¯à ¢¨« ); ki | ª®«¨ç¥áâ¢® á®¡ëâ¨©, ¢å®¤ïé¨å ¢ ¤ −−®¥ ¯à ¢¨«®; Ai |
¢ë¢®¤ ¯à ¢¨« , ª®â®àë© á ¬ ¬®¦¥â ¡ëâì ª®−êî−ªæ¨¥© á®¡ëâ¨© ¤«ï ¯à¨§− ª®¢,
−¥ ¢å®¤ïé¨å ¢ ãá«®¢¨¥, ¨«¨ ª ç¥áâ¢¥−−®©/íªá¯¥àâ−®© ®æ¥−ª®©; M | ç¨á«®
¯à ¢¨«.
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�à¨ ¯®áâà®¥−¨¨ ¯à ¢¨« −¥®¡å®¤¨¬® ®æ¥−¨¢ âì ¨å â®ç−®áâì ¨ ¯®«−®âã. ’®ç-
−®áâì ¯à ¢¨«  | íâ® ¤®«ï á«ãç ¥¢, ª®£¤  ¯à ¢¨«® ¯®¤â¢¥à¦¤ ¥âáï, áà¥¤¨ ¢á¥å
á«ãç ¥¢ ¥£® ¯à¨¬¥−¥−¨ï (¤®«ï á«ãç ¥¢, ¤«ï ª®â®àëå ¨áâ¨−¥− ¢ë¢®¤, áà¥¤¨ á«ã-
ç ¥¢, ª®£¤  ¨áâ¨−−® ãá«®¢¨¥). �®«−®â  | íâ® ¤®«ï á«ãç ¥¢, ª®£¤  ¯à ¢¨«®
¯®¤â¢¥à¦¤ ¥âáï, áà¥¤¨ ¢á¥å á«ãç ¥¢, ª®£¤  ¨¬¥¥â ¬¥áâ® ®¡êïá−¨¬ë© ¨áå®¤. �à -
¢¨«  ¬®£ãâ ¨¬¥âì ª ª¨¥ ã£®¤−® á®ç¥â −¨ï â®ç−®áâ¨ ¨ ¯®«−®âë, §  ¨áª«îç¥−¨¥¬
®¤−®£® á«ãç ï: ¥á«¨ â®ç−®áâì à ¢−  −ã«î, â® à ¢−  −ã«î ¨ ¯®«−®â , ¨ − -
®¡®à®â [3]. �ç¥¢¨¤−®, çâ® ¥á«¨ â®ç−®áâì ª ¦¤®£® ¯à ¢¨«  à ¢−  ¥¤¨−¨æ¥ ( 
ª íâ®¬ã ¨ − ¤® áâà¥¬¨âìáï),   ¯®«−®â  ®â¤¥«ì−ëå ¯à ¢¨« ¬¥−ìè¥ ¥¤¨−¨æë, â®
−¥ª®â®àë¥ ¯à ¢¨«  ¡ã¤ãâ ¨¬¥âì ®¤¨− ª®¢ë¥ ¢ë¢®¤ë,   á«¥¤®¢ â¥«ì−®, ¬®¦−®
¯à¥®¡à §®¢ âì

{Ai}i=1,...,M ⇒ {A′
j}j=1,...,N = A′ , N ≤M .

Œ−®¦¥áâ¢® A′ − §®¢¥¬  «ä ¢¨â®¬ ¨«¨ − ¡®à®¬ ª« áá®¢.
‘ãé¥áâ¢ã¥â æ¥«ë© àï¤ ¬¥â®¤®¢ ¤«ï ®¯à¥¤¥«¥−¨ï «®£¨ç¥áª¨å § ª®−®¬¥à−®-

áâ¥©. ‚ ¡®«ìè¨−áâ¢¥ á«ãç ¥¢ § ¤ ¥âáï ¬−®¦¥áâ¢® ¢®§¬®¦−ëå á®¡ëâ¨© T =
= {T1, . . . , Tn} ¨ ¨§ íâ®£® ¬−®¦¥áâ¢  áâà®ïâáï æ¥¯®çª¨ ª®−êî−ªæ¨©. ‘à¥¤¨ −¨å
â¥¬ ¨«¨ ¨−ë¬ á¯®á®¡®¬ (¯¥à¥¡®à, ¢¥à®ïâ−®áâ−ë¥ ¬¥â®¤ë ¨ â. ¤.) ®â¡¨à îâáï − ¨-
¡®«¥¥ å à ªâ¥à−ë¥ ¤«ï ®¤−®£® ¨§ ª« áá®¢ ¨ −¥å à ªâ¥à−ë¥ ¤«ï ¤àã£¨å. Š â ª¨¬
¬¥â®¤ ¬ ¬®£ãâ ¡ëâì ®â−¥á¥−ë  «£®à¨â¬ Š®à  ¨ á«ãç ©−ë© ¯®¨áª á  ¤ ¯â æ¨¥©
(‘��). �á−®¢− ï ¯à®¡«¥¬  íâ¨å ¬¥â®¤®¢ | ª ª ®¯à¥¤¥«¨âì ¢®§¬®¦−ë¥ á®¡ëâ¨ï.
„àã£®© ¯®¤å®¤ ª ¯®¨áªã «®£¨ç¥áª¨å § ª®−®¬¥à−®áâ¥© ¯à¥¤¯®« £ ¥â ¯à¨¬¥−¥−¨¥
¤¥à¥¢ì¥¢ à¥è¥−¨©. ˆå ¯®áâà®¥−¨¥ ®¡ëç−® ®áãé¥áâ¢«ï¥âáï á ¨á¯®«ì§®¢ −¨¥¬
 «£®à¨â¬®¢ ®¡à ¡®âª¨ ¯à¨¬¥à®¢ | CLS (concept learning system), ID3 (interac-
tive dichotomizer), CART (classification and regression trees) ¨ ¤à. ‡¤¥áì á«¥¤ã¥â
®â¬¥â¨âì, çâ® ¯ãâì ®â ¢¥àè¨−ë ª®à−ï ¤® ¢¥àè¨−ë «¨áâ  â ª¦¥ ¯à¥¤áâ ¢«ï¥â
á®¡®© æ¥¯®çªã ª®−ª â¥− æ¨© í«¥¬¥−â à−ëå á®¡ëâ¨© ¨ ¯à®¡«¥¬  ¨å ®¯à¥¤¥«¥−¨ï
®áâ ¥âáï.

�®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¢ë¢®¤  «®£¨ç¥áª¨å § ª®−®¬¥à−®áâ¥© ¬®¦−® ¤®-
¡¨âìáï §  áç¥â ¯à¥¤®¡à ¡®âª¨ ¤ −−ëå, − ¯à ¢«¥−−®© −  ¨å á¥£¬¥−â æ¨î á æ¥«ìî
¢ëï¢«¥−¨ï í«¥¬¥−â à−ëå á®¡ëâ¨©. ‚ − áâ®ïé¥¥ ¢à¥¬ï ¤«ï à¥è¥−¨ï íâ®© § ¤ -
ç¨ − ç¨− îâ ¯à¨¬¥−ïâìáï ƒ�, ª ª®â®àë¬ ¬®¦−® ®â−¥áâ¨  «£®à¨â¬ë úª®¬ −¤ë
¯®¦ à−ëåû (bucket-brigade) [4], REGAL (RElational Genetic Algorithm based
Learned), G-NET, HIDER, SIAO1 ¨ àï¤ ¤àã£¨å. Š ¨å −¥¤®áâ âª ¬ ¬®¦−®
®â−¥áâ¨ ä¨ªá¨à®¢ −−ë© − ¡®à ¯à ¢¨« ¨ ¨å ¤«¨−ã. Š â®¬ã ¦¥ â®ç−®áâì ¨ ¯®«−®â 
¢ ¡®«ìè¨−áâ¢¥ ¨§ −¨å −¥ ãç¨âë¢ ¥âáï.

� áá¬ âà¨¢ ¥¬ë© ¯®¤å®¤ − ¯à ¢«¥− −  ¯à¥®¤®«¥−¨¥ ãª § −−ëå −¥¤®áâ âª®¢
¨ ®¡« ¤ ¥â á«¥¤ãîé¨¬¨ ®á−®¢−ë¬¨ á¢®©áâ¢ ¬¨:

{ ª®«¨ç¥áâ¢® à¥§ã«ìâ¨àãîé¨å ¯à ¢¨« ¤«ï ª ¦¤®£® § ¤ −−®£® ª« áá  ¬®¦¥â
¡ëâì à §«¨ç−®;

246 ‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013



�à¥¤®¡à ¡®âª  ¤ −−ëå ¨ ¢ëï¢«¥−¨¥ «®£¨ç¥áª¨å § ª®−®¬¥à−®áâ¥©

{ ¤«ï ®â¡®à  ¯à ¢¨« ¨á¯®«ì§ã¥âáï ª®¬¯«¥ªá−ë© ªà¨â¥à¨©, ãç¨âë¢ îé¨© â®ç-
−®áâì ¨ ¯®«−®âã á®¢®ªã¯−®áâ¨ ¯à ¢¨« ª ª ¢−ãâà¨ ª« áá , â ª ¨ ¤«ï ¢á¥©
á¨áâ¥¬ë ¢ æ¥«®¬.

3 Генетические алгоритмы

ƒ¥−¥â¨ç¥áª¨¥  «£®à¨â¬ë, ¯à¥¤«®¦¥−−ë¥ ¢ 1975 £. „¦. •®«« −¤®¬ (J. Hol-
land) ¨§ Œ¨ç¨£ −áª®£® ã−¨¢¥àá¨â¥â , ¨§− ç «ì−® ¯à¥¤− §− ç «¨áì ¤«ï à¥è¥−¨ï
§ ¤ ç ®¯â¨¬¨§ æ¨¨, −® − è«¨ á¢®¥ ¯à¨¬¥−¥−¨¥ â ª¦¥ ¨ ¢ à¥è¥−¨¨ § ¤ ç ú¨−-
â¥««¥ªâã «ì−®£®û  − «¨§  ¤ −−ëå [4{6]. �−¨ à ¡®â îâ á ª®¤®¢ë¬¨ ¯®á«¥¤®¢ -
â¥«ì−®áâï¬¨ (Š�) ¡¥§®â−®á¨â¥«ì−® ª ¨å á¬ëá«®¢®© ¨−â¥à¯à¥â æ¨¨, ¯®íâ®¬ã Š�
¨ ¨å áâàãªâãà  § ¤ îâáï ¯®−ïâ¨¥¬ £¥−®â¨¯ ,   ¨å ¨−â¥à¯à¥â æ¨ï á â®çª¨ §à¥−¨ï
à¥è ¥¬®© § ¤ ç¨ | ¯®−ïâ¨¥¬ ä¥−®â¨¯ . Š ¦¤ ï Š� ¯à¥¤áâ ¢«ï¥â, ¯® áãâ¨,
â®çªã ¯à®áâà −áâ¢  ¯®¨áª  ¨ − §ë¢ ¥âáï ®á®¡ìî ¨«¨ ¨−¤¨¢¨¤ãã¬®¬. � ¡®à Š�
(®á®¡¥©) ®¡à §ã¥â ¨áå®¤−®¥ ¬−®¦¥áâ¢® à¥è¥−¨© K (¯®¯ã«ïæ¨î).

�  ª ¦¤®¬ è £¥ à ¡®âë ƒ� ®¡−®¢«ï¥â ¯®¯ã«ïæ¨î ¯ãâ¥¬ á®§¤ −¨ï −®¢ëå
Š� ¨ ã−¨çâ®¦¥−¨ï ¡¥á¯¥àá¯¥ªâ¨¢−ëå, −¥ ã¤®¢«¥â¢®àïîé¨å ªà¨â¥à¨î æ¥«¥¢®©
äã−ªæ¨¨. Œ−®¦¥áâ¢® à¥è¥−¨© K ®¡à ¡ âë¢ ¥âáï á ¯®¬®éìî ¯à®æ¥¤ãà áªà¥é¨-
¢ −¨ï, ¬ãâ æ¨¨ ¨ ¨−¢¥àá¨¨. �â¨ ¯à®æ¥¤ãàë ¨¬¨â¨àãîâ ¡¨®«®£¨ç¥áª¨¥ ¯à®æ¥ááë,
¨ ª ¦¤®¥ ®¡−®¢«¥−¨¥ ¨−â¥à¯à¥â¨àã¥âáï ª ª á¬¥−  ¯®ª®«¥−¨©. ‚ å®¤¥ à ¡®âë
 «£®à¨â¬  −  ª ¦¤®© áâ ¤¨¨ í¢®«îæ¨¨ ¯®«ãç îâáï ¯®¯ã«ïæ¨¨ á® ¢á¥ ¡®«¥¥ á®-
¢¥àè¥−−ë¬¨ ¨−¤¨¢¨¤ãã¬ ¬¨. Šà¨â¥à¨¥¬ ®áâ −®¢  ¬®¦¥â á«ã¦¨âì ®¤−® ¨§ âà¥å
á®¡ëâ¨©:

(1) áä®à¬¨à®¢ −® § ¤ −−®¥ ç¨á«® ¯®ª®«¥−¨©;

(2) ¯®¯ã«ïæ¨ï ¤®áâ¨£«  § ¤ −−®£® ãà®¢−ï ª ç¥áâ¢ ;

(3) ¤®áâ¨£−ãâ −¥ª®â®àë© ãà®¢¥−ì á«®¦−®áâ¨, ¯à¨ ª®â®à®¬ ã«ãçè¥−¨ï ¯®¯ã«ï-
æ¨¨ −¥ ¯à®¨áå®¤¨â.

�®á«¥ § ¢¥àè¥−¨ï à ¡®âë ƒ� ¨§ ª®−¥ç−®© ¯®¯ã«ïæ¨¨ ¢ë¡¨à ¥âáï â  Š�
(®á®¡ì), ª®â®à ï ¤ ¥â ®¯â¨¬ «ì−®¥ §− ç¥−¨¥ æ¥«¥¢®© äã−ªæ¨¨ ¨ ª®â®à ï ï¢«ï¥âáï
¢ ¨â®£¥ à¥§ã«ìâ â®¬ à ¡®âë ƒ�.

4 Комбинированный алгоритм предобработки данных

�¤−®© ¨§ − ¨¡®«¥¥ á«®¦−ëå ¨ −¥®¤−®§− ç−ëå § ¤ ç ¯à¨ ä®à¬ã«¨à®¢ª¥ ƒ�
ï¢«ï¥âáï ¯à®¡«¥¬  § ¤ −¨ï ¥£® å à ªâ¥à¨áâ¨ª. …¥ à¥è¥−¨¥ ®ç¥−ì ç áâ® −®á¨â
ã¬®§à¨â¥«ì−ë© å à ªâ¥à ¨«¨ ®á−®¢ë¢ ¥âáï −  ¨§¢¥áâ−ëå § ª®−®¬¥à−®áâïå ¢ à á-
á¬ âà¨¢ ¥¬ëå ¤ −−ëå. • à ªâ¥à¨áâ¨ª¨ ¬®£ãâ ®¯à¥¤¥«ïâìáï ¨ −¥¯®áà¥¤áâ¢¥−−® ¢
å®¤¥ ¨áá«¥¤®¢ −¨ï ¨ ¨á¯®«ì§®¢ −¨ï  «£®à¨â¬ .
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4.1 Количество популяций и их начальное формирование

� áá¬®âà¨¬ § ¤ çã, ¢ ª®â®à®© «®£¨ç¥áª¨¥ § ª®−®¬¥à−®áâ¨ ¨á¯®«ì§ãîâáï ¤«ï
®â−¥á¥−¨ï ®¡ê¥ªâ  ª ®¤−®¬ã ¨§ N ª« áá®¢ A = {A1, . . . , AN}. �¯à¥¤¥«¨¬
ª®«¨ç¥áâ¢® ¯®¯ã«ïæ¨© à ¢−ë¬ ç¨á«ã ª« áá®¢ N . ‚ë¡®à â ª®£® ª®«¨ç¥áâ¢  ¯®¯ã-
«ïæ¨© ®¡ãá«®¢«¥− â¥¬, çâ® ®æ¥−ªã ¯®ª § â¥«¥© â®ç−®áâ¨ ¨ ¯®«−®âë ¯à ¢¨« ¯à¨
¢ë¤¥«¥−¨¨ «®£¨ç¥áª¨å § ª®−®¬¥à−®áâ¥© æ¥«¥á®®¡à §−® ¯à®¨§¢®¤¨âì ¤«ï ª ¦¤®£®
ª« áá . �à¨ ¥¤¨−áâ¢¥−−®© ¯®¯ã«ïæ¨¨ ¯à®¨áå®¤¨â ãáà¥¤−¥−¨¥ ¤ −−®© ®æ¥−ª¨.
�®íâ®¬ã à áá¬ âà¨¢ ¥¬ë©  «£®à¨â¬ ¬®¦−® ®â−¥áâ¨ ª â ª − §ë¢ ¥¬ë¬ ®áâà®¢−ë¬
 «£®à¨â¬ ¬.

�á®¡ìî (åà®¬®á®¬®©) ï¢«ï¥âáï á ¬® ¯à ¢¨«®. Š®«¨ç¥áâ¢® ®á®¡¥© ¢ ¯®¯ã«ï-
æ¨¨, ¢ ®â«¨ç¨¥ ®â ¡®«ìè¨−áâ¢  ƒ�, ¯¥à¥¬¥−−® ¨ ®¯à¥¤¥«ï¥âáï, á ®¤−®© áâ®à®−ë,
¬¨−¨¬ «ì−® ¢®§¬®¦−ë¬ ç¨á«®¬ ¤«ï ®¡à §®¢ −¨ï à®¤¨â¥«ìáª¨å ¯ à,   á ¤àã£®© |
¬ ªá¨¬ «ì−® ¢®§¬®¦−®© ¯®«−®â®© ¯®¯ã«ïæ¨¨.

�ãáâì ®¯à¥¤¥«¥−  ®¡ãç îé ï ¯®á«¥¤®¢ â¥«ì−®áâì ¨§ n ®¡ê¥ªâ®¢, § ¤ −− ï ¢
¢¨¤¥ ¯ à 〈Xi, ti〉, i = 1, . . . , n, £¤¥ Xi | m-¬¥à−ë© ¢¥ªâ®à ¯ à ¬¥âà®¢ Xi =
= (x1i, . . . , xmi), ti ∈ A | ¯à¨− ¤«¥¦−®áâì ª ª« ááã. ’®£¤  åà®¬®á®¬  ¡ã¤¥â
¨¬¥âì ¯®áâ®ï−−ãî ¤«¨−ã, à ¢−ãî m · 2, £¤¥ m | ç¨á«® ¯ à ¬¥âà®¢ (¯à¨§− ª®¢),
¯® ª®â®àë¬ ¯à®¢®¤¨âáï ª« áá¨ä¨ª æ¨ï ¨ ¬®¦¥â ¡ëâì ¯à¥¤áâ ¢«¥−  ¢ á«¥¤ãîé¥¬
¢¨¤¥:

x1,min x1,max · · · xm,min xm,max

‡¤¥áì xi,min ¨ xi,max| á®®â¢¥âáâ¢¥−−® ¢¥àå−ïï ¨ −¨¦−ïï £à −¨æë (®¡« áâì ®¯à¥-
¤¥«¥−¨ï) §− ç¥−¨© i-£® ¯à¨§− ª . 	ã¤¥¬ § ¤ ¢ âì £¥−®â¨¯ ®á®¡¨ ª ª ¬−®¦¥áâ¢®
¯ à 〈w1ijk, w2ijk〉, ¤«ï ª®â®àëå ¢ë¯®«−ï¥âáï ãá«®¢¨¥:

xi,min ≤ w1ijk ≤ w2ijk ≤ xi,max , i = 1, . . . ,m , j = 1, . . . , N , k = 1, . . . ,K ,

£¤¥ K | ª®«¨ç¥áâ¢® ®á®¡¥© ¢ ¯®¯ã«ïæ¨¨. ’ ª¨¬ ®¡à §®¬, ª ¦¤ ï ®á®¡ì ¢ ¯®-
¯ã«ïæ¨¨ ¯à¥¤áâ ¢«ï¥â á®¡®© m-¬¥à−ë© £¨¯¥àªã¡ ¢ ¯à®áâà −áâ¢¥ ¯à¨§− ª®¢ á®
áâ®à®− ¬¨ 〈w1ijk, w2ijk〉, ª®â®àë© á®®â¢¥âáâ¢ã¥â −¥ª®â®à®¬ã ¯à ¢¨«ã [7]. ˆáå®¤−ë¥
¯®¯ã«ïæ¨¨ áâà®ïâáï á«ãç ©−ë¬ ®¡à §®¬ â ª, çâ®¡ë ¬ ªá¨¬ «ì−® ¯®ªàëâì ¯à®-
áâà −áâ¢® ¯à¨§− ª®¢. „«ï ¤¢ãå ¯à¨§− ª®¢ ¨ ¤¢ãå ª« áá®¢ íâ® ¯à®¨««îáâà¨à®¢ −®
−  à¨á. 1.

‚¨¤−®, çâ® ®á®¡¨ ¨áå®¤−ëå ¯®¯ã«ïæ¨© −¥ ¬®£ãâ á«ã¦¨âì à¥è¥−¨¥¬, ®¤− ª® ¢
®¡« áâì ¯®ªàëâ¨ï ¯®¯ ¤ îâ ¢á¥ â®çª¨ ¯à®áâà −áâ¢  ¯à¨§− ª®¢.

�¡ê¥¬ ®¡é¥© ¯®¯ã«ïæ¨¨ (á®áâ®ïé¥© ¨§ ®á®¡¥© ¢á¥åN ¯®¯ã«ïæ¨©) ¬®¦¥â ¡ëâì
¯®«ãç¥− ¨§ à¥è¥−¨ï § ¤ ç¨ ¯®¨áª  ª®«¨ç¥áâ¢  £¨¯¥àªã¡®¢ á® áâ®à®− ¬¨, à §¬¥à
ª®â®àëå à ¢−®¢¥à®ïâ−® à á¯à¥¤¥«¥− ¢ ¤¨ ¯ §®−¥ (0, xi,max − xi,min), ¯à¨ç¥¬
íâ®â − ¡®à á ¢¥à®ïâ−®áâìî P → 1 ¤®«¦¥− § ªàë¢ âì ¢á¥ â®çª¨ ¯à®áâà −áâ¢ 
¯à¨§− ª®¢. �¥®¡å®¤¨¬® ãç¨âë¢ âì â®â ä ªâ, çâ® ¥á«¨ ¯®¯ã«ïæ¨ï ¬ « , â®
£¥−¥â¨ç¥áª®£® ¬ â¥à¨ «  ¬®¦¥â −¥ å¢ â¨âì ¤«ï à¥è¥−¨ï ¨¬¥îé¥©áï § ¤ ç¨.
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�¨á. 1 �à¥¤áâ ¢«¥−¨¥ − ç «ì−ëå ¯®¯ã«ïæ¨© ¤«ï ¤¢ãå ª« áá®¢

� §¬¥à ¯®¯ã«ïæ¨¨ â ª¦¥ ¢«¨ï¥â −  ª®íää¨æ¨¥−â ¯à¨¬¥−¥−¨ï ®¯¥à â®à®¢ ¬ãâ æ¨¨
¨ áªà¥é¨¢ −¨ï.

Š ç¥áâ¢® à¥è¥−¨ï â ª¦¥ § ¢¨á¨â ®â ¬¥â®¤¨ª¨ á®§¤ −¨ï ¯®¯ã«ïæ¨¨. � ¯à¨-
¬¥à, ¢¬¥áâ® ¨−¨æ¨ «¨§ æ¨¨ ¯®¯ã«ïæ¨¨ á«ãç ©−ë¬ ®¡à §®¬ à §à ¡®âç¨ª ¬®¦¥â
¤®¡ ¢¨âì åà®¬®á®¬ë, ª®â®àë¥ ¨§− ç «ì−® ¯à¥¤áâ ¢«ïîâ å®à®è¥¥ à¥è¥−¨¥ ¯à®¡-
«¥¬ë. �® íâ® ¬®¦¥â ¯à¨¢¥áâ¨ ª ¡ëáâà®¬ã áå®¦¤¥−¨î ¯®¯ã«ïæ¨¨, â. ¥. ¯®â¥à¥
à §−®®¡à §¨ï ¢ £¥−¥â¨ç¥áª®¬ ä®−¤¥.

4.2 Целевая функция

Šà¨â¥à¨¥¬ ª ç¥áâ¢  ï¢«ïîâáï â®ç−®áâì ¨ ¯®«−®â . �¤− ª® ®−¨ −¥ ®¡ê¥¤¨−ï-
îâáï ¥¤¨−®© ®æ¥−®ç−®© äã−ªæ¨¥©,   ¯à¨¬¥−ïîâáï ¯®á«¥¤®¢ â¥«ì−® ¨ ¯®-à §−®¬ã
¢ § ¢¨á¨¬®áâ¨ ®â ¢®§−¨ª îé¥© á¨âã æ¨¨. ’ ª, ¯à¨ ®â¡®à¥ à®¤¨â¥«ìáª¨å ¯ à
à¥è îéãî à®«ì, ª ª íâ® ¡ã¤¥â ¯®ª § −® −¨¦¥, ¨£à ¥â â®ç−®áâì,   ¯à¨ ¢ë-
¯®«−¥−¨¨ à¥¤ãªæ¨¨ ®á−®¢−ë¬ ¯®ª § â¥«¥¬ á«ã¦¨â ¯®«−®â  ¨ ¢ ¬¥−ìè¥© ¬¥à¥
ãç¨âë¢ ¥âáï â®ç−®áâì. Šà¨â¥à¨¥¬ ®áâ −®¢  ï¢«ï¥âáï á¨âã æ¨ï, ª®£¤  â®ç−®áâì ¨
¯®«−®â  ¤®áâ¨£ îâ − ¯¥à¥¤ § ¤ −−®£® ç¨á«  ¢ ª ¦¤®© ¯®¯ã«ïæ¨¨. 	ã¤¥¬ áç¨â âì
− ¨«ãçè¥© âã ¯®¯ã«ïæ¨î, ¢ ª®â®à®© − å®¤ïâáï ®á®¡¨, «ãçè¨¬ ®¡à §®¬ ã¤®¢«¥-
â¢®àïîé¨¥ «®£¨ç¥áª¨¬ § ª®−®¬¥à−®áâï¬ ¤«ï ¤ −−®£® ª« áá . ’®£¤  æ¥«¥¢ ï
äã−ªæ¨ï ®¯à¥¤¥«ï¥âáï ª ª

Fkj =
rkj

N∑
l=1

rkl

.
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‡¤¥áì rkj | ª®«¨ç¥áâ¢® ®¡ê¥ªâ®¢, ã¤®¢«¥â¢®àïîé¨å ªà¨â¥à¨î, § ¤ −−®¬ã ¢
£¥−®â¨¯¥ ®á®¡¨ k (â. ¥. ®¡ê¥ªâ®¢, ¯®¯ ¢è¨å ¢ £¨¯¥àªã¡, á®®â¢¥âáâ¢ãîé¨© ¤ −−®©
®á®¡¨), ¨ ¯à¨− ¤«¥¦ é¨å ª« ááã Aj ¤«ï ¯®¯ã«ïæ¨¨ j (à ááâ®ï−¨¥ •í¬¬¨−£ ).
” ªâ¨ç¥áª¨ æ¥«¥¢ ï äã−ªæ¨ï ®¯à¥¤¥«ï¥â â®ç−®áâì ¯à ¢¨« . ’®£¤  æ¥«ìî ƒ�
¬®¦−® áç¨â âì − å®¦¤¥−¨¥ â ª®© ¯®¯ã«ïæ¨¨, ¢ ª®â®à®© á®¤¥à¦¨âáï ¯®¤¬−®¦¥-
áâ¢® ®á®¡¥© Kj

R ⊆ Kj, £¤¥ Kj | ®¡é¥¥ ª®«¨ç¥áâ¢® ®á®¡¥© ¤«ï ¯®¯ã«ïæ¨¨,
¬®¤¥«¨àãîé¥© ¯à¨− ¤«¥¦−®áâì ª ª« ááã j, ¤«ï ª®â®à®£®

∑
k∈Kj

R

Fkj → 1 ¨ ç¨á«®

®¡ê¥ªâ®¢, ¯à¨− ¤«¥¦ é¨å ¤ −−®¬ã ª« ááã, ¢ ®¡ãç îé¥© ¢ë¡®àª¥ ¬ ªá¨¬ «ì−®,
â. ¥.

⋃
k∈Kj

R

χkj = SSOj. ‡¤¥áì χkj | ¬−®¦¥áâ¢® ®¡ê¥ªâ®¢, ã¤®¢«¥â¢®àïîé¨å ªà¨-

â¥à¨î ¨ ¯à¨− ¤«¥¦ é¨å ª ª« ááã Aj, áä®à¬ã«¨à®¢ −−®¬ã ¤«ï ®á®¡¨ k; SSOj |
¬−®¦¥áâ¢® ®¡ê¥ªâ®¢, ¯à¨− ¤«¥¦ é¨å ª ª« ááã Aj áà¥¤¨ ¬−®¦¥áâ¢  ¨áå®¤−ëå
®¡ê¥ªâ®¢.

4.3 Выбор родительских особей

�¤−¨¬ ¨§ − ¨¡®«¥¥ ¢ ¦−ëå ä ªâ®à®¢ äã−ªæ¨®−¨à®¢ −¨ï ƒ� ï¢«ï¥âáï ¢ë¡®à
à®¤¨â¥«ìáª¨å ¯ à ¤«ï ¯®«ãç¥−¨ï ¯®â®¬ª®¢. � §«¨ç îâ á«ãç ©−ë© ¨ á¥«¥ªâ¨¢−ë©
¬¥å −¨§¬ë ®â¡®à . ‚ ¯¥à¢®¬ á«ãç ¥ ®á®¡¨ ¢ë¡¨à îâáï á«ãç ©−ë¬ ®¡à §®¬,
¯à¨ç¥¬ «î¡ ï ®á®¡ì ¬®¦¥â áâ âì ç«¥−®¬ −¥áª®«ìª¨å ¯ à. ‚® ¢â®à®¬ á«ãç ¥
à®¤¨â¥«ìáª¨¥ ¯ àë ¢ë¡¨à îâáï ¢ á®®â¢¥âáâ¢¨¨ á −¥ª®â®àë¬ ãá«®¢¨¥¬.

� ¨¡®«¥¥ à á¯à®áâà −¥− á¯®á®¡, ª®£¤  ®â¡®à ®áãé¥áâ¢«ï¥âáï á ãç¥â®¬ §− ç¥-
−¨ï æ¥«¥¢®© äã−ªæ¨¨ (¢ ¤ −−®¬ á«ãç ¥ á − ¨¡®«ìè¨¬ §− ç¥−¨¥¬ Fkj). �®íâ®¬ã ¢
ª ç¥áâ¢¥ ¢¥à®ïâ−®áâ¨ ¢ë¡®à  à®¤¨â¥«ìáª®© Š� ¬®¦−® ¨á¯®«ì§®¢ âì

Pkj =
Fkj

K∑
i=1

Fij

.

’ ª¨¬ ®¡à §®¬, Š� á − ¨¡®«ìè¨¬ §− ç¥−¨¥¬ â®ç−®áâ¨ ¯à ¢¨«  ¬®£ãâ ¢å®¤¨âì
¢ −¥áª®«ìª® à®¤¨â¥«ìáª¨å ¯ à.

4.4 Основные операторы

�¥¯®áà¥¤áâ¢¥−− ï £¥−¥à æ¨ï −®¢ëå Š� ¨§ ¤¢ãå ¢ë¡à −−ëå ¯à®¨áå®¤¨â
¯®áà¥¤áâ¢®¬ ®¯¥à â®à  áªà¥é¨¢ −¨ï (ªà®áá®¢¥à , á«ãç ©−®-¤¥â¥à¬¨−¨à®¢ −−®£®
®¡¬¥− ). ‚¥à®ïâ−®áâì ¯à¨¬¥−¥−¨ï ®¯¥à â®à  áªà¥é¨¢ −¨ï ï¢«ï¥âáï ®¤−¨¬ ¨§
¯ à ¬¥âà®¢ ƒ� ¨ ®¡ëç−® ¢ë¡¨à ¥âáï ¤®áâ â®ç−® ¡®«ìè¨¬, − ¯à¨¬¥à ®â 0,9 ¤® 1.

� §«¨ç îâ ®¤−®â®ç¥ç−ë¥, ¤¢ãåâ®ç¥ç−ë¥ ¨ à ¢−®¬¥à−ë¥ ®¯¥à â®àë áªà¥é¨-
¢ −¨ï ¢ § ¢¨á¨¬®áâ¨ ®â ¢¨¤  à §¡¨¥−¨ï Š�. �à¨ ¨á¯®«ì§®¢ −¨¨ ®¤−®â®ç¥ç−®£®
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®¯¥à â®à  á«ãç ©−ë¬ ®¡à §®¬ ¢ë¡¨à ¥âáï â®çª  à §àë¢ , â. ¥. ãç áâ®ª ¬¥¦¤ã á®-
á¥¤−¨¬¨ ¡¨â ¬¨ ¢ áâà®ª¥. �¡¥ à®¤¨â¥«ìáª¨¥ áâà®ª¨ à §àë¢ îâáï ¯® íâ®© â®çª¥ − 
¤¢  á¥£¬¥−â . ‡ â¥¬ á®®â¢¥âáâ¢ãîé¨¥ á¥£¬¥−âë à §«¨ç−ëå à®¤¨â¥«¥© áª«¥¨¢ îâ-
áï, ¨ ¯®«ãç îâáï ¤¢  £¥−®â¨¯  ¯®â®¬ª®¢. ‚ ¤¢ãåâ®ç¥ç−®¬ ®¯¥à â®à¥ ¢ë¡¨à îâáï
¤¢¥ â®çª¨ à §àë¢ , ¨ à®¤¨â¥«ìáª¨¥ åà®¬®á®¬ë ®¡¬¥−¨¢ îâáï á¥£¬¥−â®¬, ª®â®àë©
− å®¤¨âáï ¬¥¦¤ã íâ¨¬¨ â®çª ¬¨. ‚ à ¢−®¬¥à−®¬ ®¯¥à â®à¥ áªà¥é¨¢ −¨ï ª ¦¤ë©
¡¨â ¯¥à¢®£® à®¤¨â¥«ï − á«¥¤ã¥âáï ¯¥à¢ë¬ ¯®â®¬ª®¬ á § ¤ −−®© ¢¥à®ïâ−®áâìî,
¢ ¯à®â¨¢−®¬ á«ãç ¥ íâ®â ¡¨â ¯¥à¥¤ ¥âáï ¢â®à®¬ã ¯®â®¬ªã. ‚ ¤ «ì−¥©è¥¬ ç áâì
íâ¨å ¯ à ¬®¦¥â ¯¥à¥©â¨ ¢ ¯®¯ã«ïæ¨î á«¥¤ãîé¥£® ¯®ª®«¥−¨ï.

�®á«¥ íâ ¯  áªà¥é¨¢ −¨ï ¢ë¯®«−ï¥âáï ®¯¥à æ¨ï ¬ãâ æ¨¨. Œãâ æ¨ï ¯à¥¤-
áâ ¢«ï¥â á®¡®© á«ãç ©−®¥ ¨§¬¥−¥−¨¥ Š�. ‚ à áá¬ âà¨¢ ¥¬®¬ á«ãç ¥ ®áãé¥áâ¢«ï-
¥âáï á«ãç ©−®¥ ¨§¬¥−¥−¨¥ ª ª®£®-«¨¡® í«¥¬¥−â  ¯ àë 〈w1ijk, w2ijk〉, ª®â®à ï â ª¦¥
¢ë¡¨à ¥âáï á«ãç ©−ë¬ ®¡à §®¬. ’ ª®¥ ¨§¬¥−¥−¨¥ ¤®«¦−® ã¤®¢«¥â¢®àïâì ¤¢ã¬
âà¥¡®¢ −¨ï¬: (1) á®åà −¥−¨¥ ã¯®àï¤®ç¥−−®áâ¨ ¯ àë ¨ (2) ¯®¯ ¤ −¨¥ ¢ ¤¨ ¯ -
§®− ®¡« áâ¨ §− ç¥−¨© ¤«ï § ¤ −−®© ¯¥à¥¬¥−−®©. �¯¥à â®à ¬ãâ æ¨¨ ¯®§¢®«ï¥â
¢ëáª®ç¨âì ¨§ «®ª «ì−®£® íªáâà¥¬ã¬  ¨ á¯®á®¡áâ¢ã¥â § é¨â¥ ®â ¯à¥¦¤¥¢à¥¬¥−-
−®© áå®¤¨¬®áâ¨. ‚¥à®ïâ−®áâì ¢ë¯®«−¥−¨ï íâ®£® ®¯¥à â®à  ï¢«ï¥âáï ¥é¥ ®¤−¨¬
¯ à ¬¥âà®¬  «£®à¨â¬  ¨ −¥ ¯à¥¢ëè ¥â 1%.

�®à®¦¤¥−¨¥ ¯®â®¬ª®¢ á®¯à®¢®¦¤ ¥âáï ã−¨çâ®¦¥−¨¥¬ −¥¯¥àá¯¥ªâ¨¢−ëå ®á®-
¡¥©. „«ï íâ®£® ¨á¯®«ì§ã¥âáï ®¯¥à â®à à¥¤ãªæ¨¨, ª®â®àë© ¨¬¥¥â ¢ à áá¬ âà¨¢ -
¥¬®¬  «£®à¨â¬¥ àï¤ ®á®¡¥−−®áâ¥©.

�¨á. 2 �â¡®à åà®¬®á®¬ ¯® ¯®«−®â¥: 1 |
®¡ê¥ªâ ¯¥à¢®£® ª« áá ; 2 | ®¡ê¥ªâ ¢â®à®£®
ª« áá 

‚ ç áâ−®áâ¨, åà®¬®á®¬ë ¢ ¯®¯ã«ïæ¨¨
ã¯®àï¤®ç¨¢ îâáï ¯® â®ç−®áâ¨, −® ¯à¨
¢ë¯®«−¥−¨¨ à¥¤ãªæ¨¨ ¬®¦¥â ¡ëâì ¨á-
ª«îç¥−  ®á®¡ì, ¨¬¥îé ï ¢ëá®ªãî â®ç-
−®áâì, −® −¥ ã¢¥«¨ç¨¢ îé ï ¯®«−®âã ¯®-
¯ã«ïæ¨¨. �à¨¬¥à ®â¡®à  åà®¬®á®¬ ¯®
¯®«−®â¥ ¯à®¨««îáâà¨à®¢ − −  à¨á. 2.
‚ íâ®¬ á«ãç ¥ ¡ã¤¥â ã¤ «¥−  «¨¡® Š�1,
«¨¡® Š�2,   Š�3 ¡ã¤¥â ®áâ ¢«¥− , ¯®-
áª®«ìªã ®−  ã¢¥«¨ç¨¢ ¥â ¯®«−®âã. “¤ -
«¥−¨¥ Š�2 æ¥«¥á®®¡à §−® ¢ − ç «ì−ëå
¯®ª®«¥−¨ïå ¤«ï á®åà −¥−¨ï £¥−¥â¨ç¥-
áª®£® ¬ â¥à¨ « ,   Š�1 | ¢ ª®−¥ç−ëå
¯®ª®«¥−¨ïå, ª®£¤  âà¥¡ã¥âáï áä®à¬ã«¨-
à®¢ âì ¡®«¥¥ ¦¥áâª¨¥ ¯à ¢¨« .

…é¥ ®¤−®© ®á®¡¥−−®áâìî  «£®à¨â¬  ï¢«ï¥âáï ¢¢¥¤¥−¨¥ ®¯¥à â®à  ¬¨£à æ¨¨,
ª®â®àë© ¯®§¢®«ï¥â ¯¥à¥−®á¨âì Š� (®á®¡ì) ¨§ ®¤−®© ¯®¯ã«ïæ¨¨ ¢ ¤àã£ãî. �−
¢ë¯®«−ï¥âáï á −¥ª®â®à®© ¢¥à®ïâ−®áâìî, ¥á«¨ ¢ ¯®¯ã«ïæ¨¨ j ¢áâà¥ç ¥âáï ®á®¡ì k,
¤«ï ª®â®à®© Fkj < Fkp, j �= p. �¥à¥−®á ®áãé¥áâ¢«ï¥âáï ¢ ¯®¯ã«ïæ¨î p. ‘¬ëá«
íâ®£® ®¯¥à â®à  § ª«îç ¥âáï ¢ â®¬, çâ® ¯à ¢¨« , ¨¬¥îé¨¥ −¨§ªãî â®ç−®áâì ¤«ï

‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013 251



‚. �. ƒà¨¤¨−, ‚. ˆ. ‘®«®¤®¢−¨ª®¢

®¤−®£® ª« áá , ¬®£ãâ ¨¬¥âì ¡®«¥¥ ¢ëá®ªãî â®ç−®áâì ¤«ï ¤àã£®£® ª« áá . ’ ª ï
á¨âã æ¨ï − ¨¡®«¥¥ ç áâ® ¢®§−¨ª ¥â ¢ − ç «ì−ëå ¯®ª®«¥−¨ïå.

4.5 Функционирование алгоритма

� áá¬ âà¨¢ ¥¬ë© ƒ� ¬®¦−® ¯à¥¤áâ ¢¨âì ¢ ¢¨¤¥ á«¥¤ãîé¥© ¯®á«¥¤®¢ â¥«ì-
−®áâ¨ è £®¢ [7].

˜ £ 1. „«ï ª ¦¤®£® ª« áá  á®§¤ âì ¯®¯ã«ïæ¨î ¨§ K + R ®á®¡¥©, £¤¥ K |
− ¨¬¥−ìè¨© ¤®¯ãáâ¨¬ë© à §¬¥à ¯®¯ã«ïæ¨¨. �â®â à §¬¥à ¢ë¡¨à ¥âáï â ª¨¬,
çâ®¡ë á ¥£® ¯®¬®éìî ¬®¦−® ¡ë«® ¡ë ¢ë¡à âì â ª®¥ ª®«¨ç¥áâ¢® à §«¨ç−ëå
à®¤¨â¥«ìáª¨å ¯ à, ª®â®à®¥ ¯®§¢®«¨«® ¡ë ¢®ááâ −®¢¨âì ¯®¯ã«ïæ¨î ¤® à §¬¥à 
K + R. R ¢ë¡¨à ¥âáï â ª, çâ®¡ë N(K + R) ã¤®¢«¥â¢®àï«® âà¥¡®¢ −¨ï¬,
¯à¨¢¥¤¥−−ë¬ ¢ ¯®¤à §¤. 4.1.

˜ £ 2. ‚ë¯®«−¨âì ®¯¥à æ¨î ¬¨£à æ¨¨ ¨§ ª ¦¤®© ¯®¯ã«ïæ¨¨ j. „«ï íâ®£®
®â¡¨à ¥âáï R Š�, ã ª®â®àëå ¬¨−¨¬ «ì−® §− ç¥−¨¥ æ¥«¥¢®© äã−ªæ¨¨ ¤«ï
§ ¤ −−®© ¯®á«¥¤®¢ â¥«ì−®áâ¨. ‘à¥¤¨ −¨å ®â¡¨à îâáï Š�, ¤«ï ª®â®àëå
max
k,p
(Fkp) > Fkj, k = 1, . . . , R, p = 1, . . . , N , p �= j. �à®¨áå®¤¨â ®¡¬¥−

¬¥¦¤ã ¯®¯ã«ïæ¨ï¬¨ Š�, ¤«ï ª®â®àëå á¯à ¢¥¤«¨¢® íâ® ãá«®¢¨¥.

˜ £ 3. ‚ ª ¦¤®© ¯®¯ã«ïæ¨¨ á®ªà â¨âì ç¨á«® ®á®¡¥© ¤®K ′ ≥ K, â. ¥. ¯à¨¬¥−¨âì
®¯¥à â®à à¥¤ãªæ¨¨. “¤ «¥−¨î ¯®¤«¥¦ â Š� á − ¨¬¥−ìè¨¬¨ §− ç¥−¨ï¬¨ æ¥-
«¥¢®© äã−ªæ¨¨, ¤«ï ª®â®àëå æ¥«¥¢ ï äã−ªæ¨ï ¬¥−ìè¥ −¥ª®â®à®£® ¯®à®£®¢®£®
§− ç¥−¨ï θ, ¡«¨§ª®£® ª 1, «¨¡® â ª¨¥, ª®â®àë¥ −¥ ã¢¥«¨ç¨¢ îâ ¯®«−®âã ¯à -
¢¨«. �â® ¯®§¢®«ï¥â á®åà −¨âì ®á®¡¨, ª®â®àë¥ § ¤ îâ ¯à ¢¨« , ¨¬¥îé¨¥
¤®áâ â®ç−® ¢ëá®ªãî â®ç−®áâì ¨ ¯®«−®âã.

˜ £ 4. …á«¨ ¢ë¯®«−ï¥âáï ãá«®¢¨¥ ®áâ −®¢  (â®ç−®áâì ¨ ¯®«−®â  ¯à ¢¨«, § ¤ ¢ -
¥¬ëå Š�, −¥ ã¢¥«¨ç¨¢ ¥âáï), ¯¥à¥©â¨ ª è £ã 8, ¨− ç¥ ¢ë¯®«−¨âì á«¥¤ãîé¨©
è £.

˜ £ 5. …á«¨ à §¬¥àë ¯®¯ã«ïæ¨¨ ¬¥−ìè¥ K + R, ¢ë¡à âì à®¤¨â¥«ìáª¨¥ ¯ àë
¤«ï ®¯¥à â®à  áªà¥é¨¢ −¨ï, ¨− ç¥ ¯¥à¥©â¨ ª è £ã 7.

˜ £ 6. ‚ë¯®«−¨âì ®¯¥à â®à áªà¥é¨¢ −¨ï. �¥à¥©â¨ ª è £ã 5.

˜ £ 7. ‚ë¯®«−¨âì ®¯¥à â®à ¬ãâ æ¨¨ ¤«ï á«ãç ©−®© Š� ¨ ¯¥à¥©â¨ ª è £ã 2.

˜ £ 8. ‘ä®à¬¨à®¢ âì ¬−®¦¥áâ¢® Š�, ã¤®¢«¥â¢®àïîé¥¥ æ¥«¨ ƒ�, ¯à¨¢¥¤¥−−®©
¢ëè¥. Š®«¨ç¥áâ¢® Š�, á®åà −ï¥¬ëå ¨§ ª ¦¤®© ¯®¯ã«ïæ¨¨, ¬®¦¥â ¡ëâì
¯¥à¥¬¥−−®.

˜ £ 9. �áãé¥áâ¢¨âì ¯à¥®¡à §®¢ −¨¥ á®åà −¥−−ëå Š� ª ª®−êî−ªæ¨¨ í«¥¬¥−-
â à−ëå «®£¨ç¥áª¨å á®¡ëâ¨©.
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4.6 Пример работы алгоритма

‚ ª ç¥áâ¢¥ ¯à¨¬¥à , ¨««îáâà¨àãîé¥£® à ¡®âã  «£®à¨â¬ , à áá¬®âà¨¬ § ¤ çã
¯®áâà®¥−¨ï ¯à ¢¨« ¤«ï ¤¢ãå ª« áá®¢ ¢ ¤¢ã¬¥à−®¬ ¯à®áâà −áâ¢¥ ¯à¨§− ª®¢, ª ª
íâ® ¯®ª § −® ¢ «¥¢®© ç áâ¨ à¨á. 1. �ãáâì ¯à¨§− ª¨ X ¨ Y ®¯à¥¤¥«¥−ë ¢
¤¨ ¯ §®−¥ (0, 20). �®¬¥à  ®¡ê¥ªâ®¢, ¨å ª®®à¤¨− âë ¨ à á¯à¥¤¥«¥−¨¥ ¯® ª« áá ¬
¯à¥¤áâ ¢«¥−ë ¢ â ¡«¨æ¥.

� á¯à¥¤¥«¥−¨¥ ®¡ê¥ªâ®¢ ¯® ª« áá ¬

Š« áá 1 Š« áá 2ü ®¡ê¥ªâ 
X Y X Y

1 3,22 17,76 11,42 16,48
2 4,61 16,39 12,89 16,56
3 6,52 16,56 13,91 15,02
4 6,44 18,02 11,72 13,56
5 5,78 15,02 16,84 16,65
6 3,66 14,33 9,01 15,02
7 7,17 14,42 14,13 12,96
8 9,59 10,90 14,50 17,76
9 10,47 6,60 5,49 6,00

10 14,35 6,09 5,56 9,18
11 14,72 8,58 7,17 6,95
12 15,45 5,66 7,69 10,21
13 13,84 3,17 3,80 11,24
14 12,30 4,80 4,90 6,95
15 12,45 7,63 7,76 5,49
16 12,23 10,12 8,79 8,32

„ «¥¥ á«ãç ©−ë¬ ®¡à §®¬ áâà®¨âáï − ç «ì− ï ¯®¯ã«ïæ¨ï. ˆáå®¤−ë© ®¡ê¥¬
¯®¯ã«ïæ¨¨ ¤«ï ª ¦¤®£® ª« áá  ¡ë« ¢ë¡à − à ¢−ë¬ 8,   − ¨¬¥−ìè¨© ¤®¯ãáâ¨¬ë©
à §¬¥à | 4. ‡− ç¥−¨ï ¯ à ¬¥âà®¢ ª ¦¤®© ®á®¡¨ ¯à¥¤áâ ¢«¥−ë −  à¨á. 3.

‘â®«¡æë úmin Xû ¨ úmax Xû § ¤ îâ ¢¥àå−îî ¨ −¨¦−îî £à −¨æã á®¡ëâ¨ï
¤«ï ¯à¨§− ª  X, úmin Yû ¨ úmax Yû | ¤«ï ¯à¨§− ª  Y . ‘â®«¡¥æ úFû
å à ªâ¥à¨§ã¥â æ¥«¥¢ãî äã−ªæ¨î (â®ç−®áâì) ®á®¡¨,   úPû | ¢¥à®ïâ−®áâì ¥¥
¢å®¦¤¥−¨ï ¢ à®¤¨â¥«ìáªãî ¯ àã (¨§− ç «ì−® à ¢−  0). ‚¨§ã «ì−®¥ ¯à¥¤áâ ¢«¥−¨¥
− ç «ì−®© ¯®¯ã«ïæ¨¨ ¯®ª § −® ¢ ¯à ¢®© ç áâ¨ à¨á. 1.

„«ï − ç «ì−®© ¯®¯ã«ïæ¨¨ à ááç¨âë¢ îâáï §− ç¥−¨ï â®ç−®áâ¨ ¨ ¯®«−®âë.
’ ª, ¤«ï ¯¥à¢®£® ª« áá  â®ç−®áâì à ¢−  0,55,   ¯®«−®â  | 0,62. „«ï ¢â®à®£®
ª« áá  â®ç−®áâì à ¢−  0,25,   ¯®«−®â  | 1. �®«−®â  ¤«ï ¢â®à®© ¯®¯ã«ïæ¨¨
¤®áâ¨£ ¥âáï §  áç¥â ®á®¡¨ á −®¬¥à®¬ 16, ª®â®à ï ä ªâ¨ç¥áª¨ ¯®ªàë¢ ¥â ¢á¥ ¯à®-
áâà −áâ¢® ¯à¨§− ª®¢. ˆ§ â ¡«¨æë − ç «ì−ëå ¯®¯ã«ïæ¨© ¢¨¤−®, çâ® á¥¬ì ®á®¡¥©
¨¬¥îâ −ã«¥¢ãî â®ç−®áâì, ¯®íâ®¬ã ¢ë¯®«−ï¥¬ ®¯¥à æ¨î ¬¨£à æ¨¨. Œ¨£à æ¨ï
®áãé¥áâ¢«ï¥âáï ¤«ï Š� á −®¬¥à ¬¨ 2 ¨ 8 ¨§ ¯¥à¢®© ¯®¯ã«ïæ¨¨ ¨ 10, 13 | ¨§
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¢â®à®© (à¥§ã«ìâ â ¯à¥¤áâ ¢«¥− ¢ «¥¢®©

�¨á. 3 � ç «ì− ï ¯®¯ã«ïæ¨ï

ç áâ¨ à¨á. 4). „ −− ï ®¯¥à æ¨ï ã¢¥«¨-
ç¨«  â®ç−®áâì ¤® 0,76 ¨ 0,46 á®®â¢¥â-
áâ¢¥−−®. „ «¥¥ ¢ë¯®«−ï¥âáï ®¯¥à â®à
à¥¤ãªæ¨¨ (à¥§ã«ìâ â ¯à¥¤áâ ¢«¥− ¢ ¯à -
¢®© ç áâ¨ à¨á. 4).

’®ç−®áâì ¨ ¯®«−®â  ¤«ï ¤ −−®© ¯®-
¯ã«ïæ¨¨ ¯à¨−ï«¨ á«¥¤ãîé¨¥ §− ç¥−¨ï:
¤«ï ¯¥à¢®£® ª« áá  â®ç−®áâì á®áâ ¢¨-
«  0,93, ¯®«−®â  | 0,62; ¤«ï ¢â®à®-
£® ª« áá  â®ç−®áâì à ¢−  0,8, ¯®«−®-
â  | 0,68. �®«−®â  ¤«ï ¢â®à®£® ª« áá 
ã¬¥−ìè¨« áì ¨§-§  ã¤ «¥−¨ï 13-© Š�,
ª®â®à ï á à ¢−®© ¢¥à®ïâ−®áâìî ®¡êïá-
−ï«  ¢á¥ ®¡ê¥ªâë ª ª ¯¥à¢®£®, â ª ¨
¢â®à®£® ª« áá .

�  á«¥¤ãîé¥¬ è £¥ ¢ë¡¨à îâáï
à®¤¨â¥«ìáª¨¥ ¯ àë. „«ï íâ®£® ¢ëç¨-
á«ïîâáï ¢¥à®ïâ−®áâ¨, ª®â®àë¥ ¯®ª § -
−ë ¢ áâ®«¡æ¥ úPû «¥¢®© ç áâ¨ à¨á. 5.

�¨á. 4 �à¨¬¥−¥−¨¥ ®¯¥à â®à  à¥¤ãªæ¨¨
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�¨á. 5 �â¡®à à®¤¨â¥«ìáª¨å ¯ à ¨ ¯à¨¬¥−¥−¨¥ ®¯¥à â®à  áªà¥é¨¢ −¨ï

„ «¥¥ ¯à¨¬¥−ï¥âáï ®¯¥à â®à áªà¥é¨-

�¨á. 6 �¥§ã«ìâ â ¢ë¯®«−¥−¨ï

¢ −¨ï ¨ ¯®«ãç îâáï −®¢ë¥ ®á®¡¨ ¢ ¯®-
¯ã«ïæ¨ïå, ¯à¥¤áâ ¢«¥−−ëå ¢ ¯à ¢®©
ç áâ¨ à¨á. 5. „«ï á«ãç ©−®© Š� á
¬ «®© ¢¥à®ïâ−®áâìî ¯à¨¬¥−ï¥âáï ®¯¥-
à â®à ¬ãâ æ¨¨.

‚ ¤ −−®¬ ¯à¨¬¥à¥ ¢ ª ç¥áâ¢¥ ªà¨-
â¥à¨ï ®áâ −®¢  ¡ë«® § ¤ −® ãá«®¢¨¥:
áà¥¤−ïï â®ç−®áâì ¨ ¬¨−¨¬ «ì− ï ¯®«-
−®â  ¢ ®â¤¥«ì−®© ¯®¯ã«ïæ¨¨ −¥ ¤®«¦-
−ë ¡ëâì ¬¥−ìè¥ 0,9. �â® ãá«®¢¨¥
¢ë¯®«−¨«®áì −  39-¬ è £¥ (à¨á. 6).

4.7 Операция
совершенствования вида

‘«¥¤ã¥â ®â¬¥â¨âì, çâ®, ¢ ®â«¨ç¨¥
®â ¡®«ìè¨−áâ¢  áãé¥áâ¢ãîé¨å ƒ�, ¢
à áá¬ âà¨¢ ¥¬®¬ ¯®¤å®¤¥ ¯®¯ã«ïæ¨¨
¨¬¥îâ ¯¥à¥¬¥−−ë© à §¬¥à. �â® ®¡ã-
á«®¢«¥−® ¤¢ã¬ï ¯à¨ç¨− ¬¨:
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�¨á. 7 �¯¥à æ¨ï á®¢¥àè¥−áâ¢®¢ −¨ï ¢¨¤ : 1 | ®¡ê¥ªâë ¯¥à¢®£® ª« áá ; 2 | ®¡ê¥ªâë
¢â®à®£® ª« áá 

(1) ¯à¨ ®¯¨á −¨¨ à §«¨ç−ëå ª« áá®¢ ¬®¦¥â ¯®âà¥¡®¢ âìáï à §«¨ç−®¥ ª®«¨ç¥-
áâ¢® ¯à ¢¨«, çâ®¡ë ¤®áâ¨çì âà¥¡ã¥¬®© â®ç−®áâ¨ ¨ ¯®«−®âë;

(2) ¯®¯ã«ïæ¨ï ¢ å®¤¥ ¢ë¯®«−¥−¨ï ¤®«¦−  ¨¬¥âì ®£à −¨ç¥−¨¥ á−¨§ã ¯® à §-
¬¥àã, çâ® á¢ï§ −® á −¥®¡å®¤¨¬®áâìî − «¨ç¨ï ¤®áâ â®ç−®£® £¥−¥â¨ç¥áª®£®
¬ â¥à¨ «  ¤«ï ¯®à®¦¤¥−¨ï −®¢ëå ¯®â®¬ª®¢.

�¤− ª® ¢ íâ®¬ ¢¨¤¥  «£®à¨â¬ −¥ «¨è¥− àï¤  −¥¤®áâ âª®¢, ¯à¨áãé¨å ¤àã£¨¬
¯®¤®¡−ë¬  «£®à¨â¬ ¬:

{ «î¡®¥ ¯à ¢¨«® ¢á¥£¤  á®¤¥à¦¨â ç¨á«® á®¡ëâ¨©, à ¢−®¥ ª®«¨ç¥áâ¢ã ¯à¨§− ª®¢,
¯® ª®â®à®¬ã ¯à®¢®¤¨«áï  − «¨§;

{ ¬®£ãâ ¢áâà¥ç âìáï ¯®¤®¡−ë¥, ä ªâ¨ç¥áª¨ á®¢¯ ¤ îé¨¥ ¯à ¢¨« .

�®íâ®¬ã ¢  «£®à¨â¬ ¡ë« ¢−¥á¥− àï¤ ¨§¬¥−¥−¨©, à ááç¨â −−ëå −  ¯®¢ëè¥−¨¥
ª ç¥áâ¢  ¥£® à ¡®âë ¨ ¯®«ãç ¥¬ëå à¥§ã«ìâ â®¢. ‚ ç áâ−®áâ¨, ¯®á«¥ £¥−¥à æ¨¨ h
¯®ª®«¥−¨© (í¯®å¨) ¢ë¯®«−ï¥âáï ®¯¥à æ¨ï, ãá«®¢−® − §¢ −− ï á®¢¥àè¥−áâ¢®¢ -
−¨¥¬ ¢¨¤  ¨ − ¯à ¢«¥−− ï −  ¯®¢ëè¥−¨¥ à §−®®¡à §¨ï ¯à ¢¨«. �âã ®¯¥à æ¨î
¬®¦−® ¯à¥¤áâ ¢¨âì −  á«¥¤ãîé¥¬ ¯à¨¬¥à¥ (à¨á. 7).

‚ íâ®¬ ¯à¨¬¥à¥ ¨¬¥¥âáï ¤¢¥ Š�, ¯à¨− ¤«¥¦ é¨¥ ª ¯¥à¢®¬ã ª« ááã, ¯à¨ç¥¬
â®ç−®áâì ®â−®á¨â¥«ì−® ¯¥à¢®£® ª« áá  Š�1 à ¢−  12/13, ¯®«−®â  | 1; â®ç−®áâì
Š�2 | 10/14, ¯®«−®â  | 10/12; áã¬¬ à− ï â®ç−®áâì | 12/17, ¯®«−®â  | 1.
…á«¨ ¯à¥¤¯®«®¦¨âì, çâ® ¢ â¥ªãé¨© ¬®¬¥−â áãé¥áâ¢ãîâ â®«ìª® íâ¨ ®á®¡¨, â®
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�¨á. 8 “¯à®é¥−¨¥ ¯à ¢¨«

â®ç−®áâì ¨ ¯®«−®â  ®¯¨á −¨ï ¢â®à®£® ª« áá  à ¢−  0. ˆ§ à¨á. 7 ¢¨¤−®, çâ®
¤¢¥ ¨áå®¤−ë¥ ¬®¦−® à §¡¨âì −  ¯ïâì á®áâ ¢«ïîé¨å, ª®â®àë¥ ®¡®§− ç¨¬ Š�1′,
Š�2′, Š�3′, Š�4′, Š�5′. �ç¥¢¨¤−®, çâ® Š�4′ ¨ Š�5′ −¥ §− ç¨¬ë ¨ ¨å ¬®¦−®
®â¡à®á¨âì. �® ¯à ¢¨« ¬ áãé¥áâ¢®¢ −¨ï ¯®¯ã«ïæ¨© ª Š�1′ ¡ã¤¥â ¯à¨¬¥−¥−
®¯¥à â®à ¬¨£à æ¨¨ ¨ ®−  ®ª ¦¥âáï ¢® ¢â®à®¬ ª« áá¥. Š�2′ ¨ Š�3′ ®áâ −ãâáï
¢ ¯¥à¢®¬ ª« áá¥. �®á«¥ íâ¨å ¯à¥®¡à §®¢ −¨© ¨§¬¥−ïâáï ¯®ª § â¥«¨ â®ç−®áâ¨ ¨
¯®«−®âë ¤«ï ®¡®¨å ª« áá®¢. „«ï Š�1′ â®ç−®áâì ¡ã¤¥â à ¢−  1,   ¯®«−®â  |
0,8. �â¨ ¯®ª § â¥«¨ ¡ã¤ãâ ¢ â®ç−®áâ¨ á®®â¢¥âáâ¢®¢ âì  − «®£¨ç−ë¬ ¯®ª § â¥«ï¬
¢â®à®£® ª« áá . ’®ç−®áâì ¨ ¯®«−®â  Š�2′ ¡ã¤¥â 2/3 ¨ 2/12 á®®â¢¥âáâ¢¥−−®,
Š�3′ | 1 ¨ 10/12,   ¤«ï ¢á¥£® ¯¥à¢®£® ª« áá  | 12/13 ¨ 1.

�− «®£¨ç−® ¯à®¢®¤ï ¤®¯®«−¨â¥«ì−ë©  − «¨§, ¬®¦−® ¨áª«îç âì ®â¤¥«ì−ë¥
á®¡ëâ¨ï ¨§ ª®−êî−ªæ¨¨ á®¡ëâ¨©. ‚ ª ç¥áâ¢¥ ¯à¨¬¥à  à áá¬®âà¨¬ á«¥¤ãîéãî
á¨âã æ¨î (à¨á. 8).

”®à¬ «ì−® íâ¨ âà¨ Š� ¤ îâ á«¥¤ãîé¨¥ ¯à ¢¨« :

(x1 ≤ x ≤ x2) ∧ (y1 ≤ y ≤ y2)→ ª« áá 2 ;

((x2 ≤ x ≤ x3) ∧ (y1 ≤ y ≤ y2)) ∨ ((x′2 ≤ x ≤ x4) ∧ (y2 ≤ y ≤ y3))→ ª« áá 1 .

‡¤¥áì → | ®¯¥à æ¨ï ¨¬¯«¨ª æ¨¨.
ˆ§ à¨á. 8 ¢¨¤−®, çâ® íâ¨ ¯à ¢¨«  ¬®¦−® § ¬¥−¨âì ¤¢ã¬ï ¡®«¥¥ ¯à®áâë¬¨

¯à ¢¨« ¬¨:

(x < x2)→ ª« áá 2 ;
(x ≥ x2)→ ª« áá 1 .

‡  áç¥â ¤®¯®«−¨â¥«ì−®£®  − «¨§  ¤ −−ëå ã¤ ¥âáï ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì
à ¡®âë ƒ�. �¤− ª® −¥®¡å®¤¨¬® ãç¨âë¢ âì, çâ®  − «¨§ «¥£ª® ¢ë¯®«−ï¥âáï ¤«ï
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¯à®áâëå á¨âã æ¨©, ¯®¤®¡−ëå ¯à¨¢¥¤¥−−ë¬ ¢ëè¥. „«ï ¡®«¥¥ á«®¦−ëå á¨âã æ¨©
§ âà âë −  ¨å ®âá«¥¦¨¢ −¨¥ ¢ §− ç¨â¥«ì−®© ¬¥à¥ ¢®§à áâ îâ, çâ® ¤¥« ¥â ¨å
¢ëï¢«¥−¨¥ −¥æ¥«¥á®®¡à §−ë¬ ¢ å®¤¥ ¢ë¯®«−¥−¨ï á ¬®£®  «£®à¨â¬  ¨ ¢®¯à®á ®
¯®¢ëè¥−¨¨ ª ç¥áâ¢  à¥è ¥âáï ¯® ¥£® § ¢¥àè¥−¨¨.

’ ª¨¬ ®¡à §®¬, ƒ� ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ®â¡®à «®£¨ç¥áª¨å § ª®−®¬¥à-
−®áâ¥© ¯à¨  − «¨§¥ ¬−®£®¬¥à−ëå ¤ −−ëå á ¤®áâ â®ç−® ¢ëá®ª®© â®ç−®áâìî ¨
¯®«−®â®©.
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DATA PREPROCESSING AND EXTRACTION OF LOGICAL RULES
BASED ON THE GENETIC ALGORITHM

V.N. Gridin and V. I. Solodovnikov

Center of Information Technologies in Design, Russian Academy of Sciences,
Odintsovo, Moscow Region, Russia, info@ditc.ras.ru

Abstract: The possibility of joint use of genetic algorithms and methods
for extraction of logical rules in data mining problems is considered. The
combined data preprocessing algorithm is suggested. It consists in segmentation
and selection of the most significant values of attributes and combinations of
attributes using the genetic algorithm. It can be attributed to the so-called island
algorithms as the number of populations is selected equal to the number of classes.
Choosing such quantity of populations is due to the fact that the performance
assessment of the rules accuracy and completeness is appropriate to produce for
each class. It is shown that the genetic algorithm allows selection of logical
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rules in the multivariate data analysis with high accuracy and completeness. The
presented algorithm can be used to analyze data in data warehouses to detect
hidden patterns in them, on the basis of which the construction of rules and
decision trees could be produced.

Keywords: genetic algorithm; logical rule; data mining
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АРХИТЕКТУРНЫЕ РЕШЕНИЯ ДЛЯ СИСТЕМ ВЫЧИСЛЕНИЯ
ИНДИКАТОРОВ ТЕМАТИЧЕСКИХ ВЗАИМОСВЯЗЕЙНАУКИ

И ТЕХНОЛОГИЙ∗

В. А. Минин1, И.М. Зацман2, В. А. Хавансков3, С.К. Шубников4

�−−®â æ¨ï: „ −® ®¯¨á −¨¥  àå¨â¥ªâãà−ëå à¥è¥−¨© ¤«ï ¢ëç¨á«¥−¨ï ¨−-
¤¨ª â®à®¢ â¥¬ â¨ç¥áª¨å ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨©. �à¥¤« £ ¥¬ë¥
à¥è¥−¨ï ï¢«ïîâáï ®á−®¢®© á®§¤ −¨ï ¨−ä®à¬ æ¨®−−ëå á¨áâ¥¬, ª®â®àë¥ −¥
¨¬¥îâ  − «®£®¢ ¢ à®áá¨©áª®© − ãç−®-â¥å−¨ç¥áª®© áä¥à¥. ˆå á®§¤ −¨¥ −¥-
®¡å®¤¨¬® ¤«ï ¬®−¨â®à¨−£  ¨ ®æ¥−¨¢ −¨ï ¯à®£à ¬¬ − ãç−ëå ¨áá«¥¤®¢ −¨© ¨
¯à¨−ïâ¨ï à¥è¥−¨© −  ¢á¥å íâ ¯ å ¯à®£à ¬¬−®© − ãç−®-â¥å−¨ç¥áª®© ¤¥ïâ¥«ì-
−®áâ¨. �¯¨á −   àå¨â¥ªâãà  á¨áâ¥¬ë ¢ æ¥«®¬ ¨ ª®−æ¥¯âã «ì−ë¥ à¥è¥−¨ï
¯® ®â¤¥«ì−ë¬ äã−ªæ¨®− «ì−ë¬ ¯®¤á¨áâ¥¬ ¬. �â¨ à¥è¥−¨ï ®á−®¢ −ë − 
¬¥â®¤®«®£¨¨ ®¯à¥¤¥«¥−¨ï ¨−¤¨ª â®à®¢ â¥¬ â¨ç¥áª¨å ¢§ ¨¬®á¢ï§¥©, ª®â®à ï
à §à ¡®â −  ¢ ˆ�ˆ ���. �à¥¤« £ ¥¬ë¥  àå¨â¥ªâãà−ë¥ à¥è¥−¨ï ®¡« ¤ îâ
àï¤®¬ ¯à¨−æ¨¯¨ «ì−ëå ®â«¨ç¨© ®â ¨¬¥îé¨åáï § àã¡¥¦−ëå  − «®£®¢. ‚®-
¯¥à¢ëå, ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì ¢ë¡®à  á¨áâ¥¬ë ª« áá¨ä¨ª æ¨¨ ®¡« áâ¥©
§− −¨©. ‚®-¢â®àëå, ®¡¥á¯¥ç¨¢ ¥âáï ä®à¬¨à®¢ −¨¥ ¨ ¯à¨¬¥−¥−¨¥ â¥à¬¨−®«®-
£¨ç¥áª¨å ¯®àâà¥â®¢ àã¡à¨ª ¤«ï ¢ë¡à −−®© ª« áá¨ä¨ª æ¨®−−®© á¨áâ¥¬ë.

Š«îç¥¢ë¥ á«®¢ : ¬®−¨â®à¨−£ ¨ ®æ¥−¨¢ −¨¥ ¯à®£à ¬¬; ¢§ ¨¬®á¢ï§¨ − ãª¨ ¨
â¥å−®«®£¨©; ¬¥â®¤®«®£¨ï ®¯à¥¤¥«¥−¨ï ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥©; ¨−ä®à¬ -
æ¨®−−ë¥ á¨áâ¥¬ë;  àå¨â¥ªâãà−ë¥ à¥è¥−¨ï

DOI: 10.14357/08696527130217

1 Введение

ˆáá«¥¤®¢ −¨ï ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© á ¨á¯®«ì§®¢ −¨¥¬ ª®«¨ç¥-
áâ¢¥−−ëå ¨−¤¨ª â®à®¢ ¢¥¤ãâáï −¥ ®¤¨− ¤¥áïâ®ª «¥â. ˆå ¯¥à¢®− ç «ì−®© æ¥«ìî
¡ë«  à §à ¡®âª  ¨ ¯à¨¬¥−¥−¨¥ ¬¥â®¤¨ª ¢ëï¢«¥−¨ï á«ãç ¥¢ ¯¥à¥−®á  ¨ ¨á¯®«ì-
§®¢ −¨ï ¢ áä¥à¥ â¥å−®«®£¨ç¥áª®£® à §¢¨â¨ï ¨ ¨−−®¢ æ¨© â¥å − ãç−ëå §− −¨©,
ª®â®àë¥ ®ª §ë¢ îâ áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ −  à §à ¡®âªã −®¢ëå â¥å−¨ç¥áª¨å à¥-
è¥−¨©. � ¯à¨¬¥à, ¢ ª®−æ¥ ¯à®è«®£® ¢¥ª  …. Œ −áä¨«¤ ¯à®¢®¤¨« ¨áá«¥¤®¢ −¨ï
¢ íâ®© ®¡« áâ¨, ¢§ï¢ ¢ ª ç¥áâ¢¥ ¨áå®¤−ëå ¤ −−ëå á¢¥¤¥−¨ï ® à ¡®â¥  ¬¥à¨ª −-
áª¨å ä¨à¬ [1{3]. …£® à ¡®âë á®¤¥à¦ â í¬¯¨à¨ç¥áª¨¥ ¤ −−ë¥ ® ¢§ ¨¬®á¢ï§ïå

∗� ¡®â  ¢ë¯®«−¥−  ¯à¨ ç áâ¨ç−®© ¯®¤¤¥à¦ª¥ �ƒ�” (£à −â ü 12-02-12019¢).
1�®áá¨©áª¨© ä®−¤ äã−¤ ¬¥−â «ì−ëå ¨áá«¥¤®¢ −¨©, minin@rfbr.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, iz ipi@a170.ipi.ac.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, havanskov@a170.ipi.ac.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬ â¨ª¨ �®áá¨©áª®©  ª ¤¥¬¨¨ − ãª, sergeysh50@yandex.ru
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�àå¨â¥ªâãà−ë¥ à¥è¥−¨ï ¤«ï á¨áâ¥¬ ¢ëç¨á«¥−¨ï ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥©

à¥§ã«ìâ â®¢ − ãç−ëå ¨áá«¥¤®¢ −¨© ¨ â¥å−®«®£¨ç¥áª¨å ¨−−®¢ æ¨©. �  ®á−®¢¥
 − «¨§  íâ¨å ¤ −−ëå ®− ¯à¨è¥« ª ¢ë¢®¤ã, çâ® 10% â¥å−®«®£¨ç¥áª¨å −®¢è¥áâ¢
−¥ ¡ë«¨ ¡ë ¨§®¡à¥â¥−ë ¨«¨ ¦¥ ¡ë«¨ ¡ë à §à ¡®â −ë á ¡®«ìè®© § ¤¥à¦ª®©, ¥á«¨
¡ë ¡ë«¨ ¢ë¯®«−¥−ë ¡¥§ ¨á¯®«ì§®¢ −¨ï à¥§ã«ìâ â®¢ á®®â¢¥âáâ¢ãîé¨å − ãç−ëå
¨áá«¥¤®¢ −¨©.

�à¨ç¨−  ¯à¨áâ «ì−®£® ¢−¨¬ −¨ï ª ¨−¤¨ª â®à−®¬ã ®æ¥−¨¢ −¨î ¯à®æ¥áá®¢ ¯¥-
à¥−®á  §− −¨© § ª«îç ¥âáï ¢ â®¬, çâ®, á ®¤−®© áâ®à®−ë, ä¨− −á¨à®¢ −¨¥ − ãç−ëå
¨áá«¥¤®¢ −¨©, ®à¨¥−â¨à®¢ −−ëå −  à §¢¨â¨¥ − ãç−®-â¥å−¨ç¥áª®£® § ¤¥«  ¢ ®¡« -
áâ¨ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨©, á¢ï§ −® á ¡®«ìè¨¬ à¨áª®¬, á ¤àã£®© áâ®à®−ë,
¥áâì ®¯ á−®áâì ã¯ãáâ¨âì −®¢ë¥ ¯à®àë¢−ë¥ à¥è¥−¨ï ¨ ¯®â¥àïâì ª®−ªãà¥−â®á¯®-
á®¡−®áâì. �â® ª á ¥âáï ª®−ªãà¥−â®á¯®á®¡−®áâ¨ ª ª ®â¤¥«ì−ëå ¯à¥¤¯à¨ïâ¨© ¢
ª®−ªà¥â−®© â¥å−®«®£¨ç¥áª®© áä¥à¥, â ª ¨ £®áã¤ àáâ¢  ¢ æ¥«®¬.

’ ª¨¬ ®¡à §®¬, ª«îç¥¢ë¬ ä ªâ®à®¬ −¥®¡å®¤¨¬®áâ¨ á®§¤ −¨ï  − «¨â¨ª®-¨−-
ä®à¬ æ¨®−−ëå á¨áâ¥¬ (�ˆ‘) ¨−¤¨ª â®à−®£® ®æ¥−¨¢ −¨ï ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨
â¥å−®«®£¨© ¢ëáâã¯ ¥â ¯®âà¥¡−®áâì ¢ ®¡®á−®¢ −−ëå ¯à¨®à¨â¥â å ä¨− −á¨à®¢ −¨ï
â¥å−®«®£¨ç¥áª¨ ®à¨¥−â¨à®¢ −−ëå ¨áá«¥¤®¢ −¨©.

„«ï ®¯à¥¤¥«¥−¨ï íâ¨å ¯à¨®à¨â¥â®¢ âà¥¡ãîâáï ®¡ê¥ªâ¨¢−ë¥ ªà¨â¥à¨¨, ®á−®-
¢ −−ë¥ −  ¨−¤¨ª â®à å ç áâ®â−®áâ¨ á«ãç ¥¢ ¯¥à¥−®á  §− −¨© ¨§ à §−ëå ®¡« áâ¥©
− ãç−ëå ¨áá«¥¤®¢ −¨© ¢ áä¥àã â¥å−®«®£¨ç¥áª®£® à §¢¨â¨ï ¨ ¨−−®¢ æ¨©. �¤¨− ¨§
− ¨¡®«¥¥ á«®¦−ëå  á¯¥ªâ®¢ ¢ ¨§ãç¥−¨¨ ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© á®áâ®¨â
¢ ª®«¨ç¥áâ¢¥−−®¬ ¨−¤¨ª â®à−®¬ ®æ¥−¨¢ −¨¨ ¯à®æ¥áá®¢ ¯¥à¥−®á  §− −¨© [4{8].

�à®¢¥¤¥−−ë© ¢ ˆ�ˆ ���  − «¨§ § àã¡¥¦−®£® ®¯ëâ  ¯®ª § «, çâ® ¢ë-
ç¨á«¥−¨¥ ª®«¨ç¥áâ¢¥−−ëå ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© âà¥-
¡ã¥â  ¢â®¬ â¨§¨à®¢ −−®© ®¡à ¡®âª¨ ¡®«ìè¨å ®¡ê¥¬®¢ á« ¡®áâàãªâãà¨à®¢ −−ëå
¯®«−®â¥ªáâ®¢ëå ®¯¨á −¨© ¨§®¡à¥â¥−¨© ¨ á®¯®áâ ¢«¥−¨ï à¥§ã«ìâ â®¢ ®¡à ¡®â-
ª¨ ¯ â¥−â−®© ¨−ä®à¬ æ¨¨ ª ª á − §¢ −¨ï¬¨ ¨áâ®ç−¨ª®¢ − ãç−ëå ¯ã¡«¨ª æ¨©
(¦ãà− «®¢ ¨«¨ ¬ â¥à¨ «®¢ ª®−ä¥à¥−æ¨©), â ª ¨ á − §¢ −¨ï¬¨ á ¬¨å áâ â¥©,
åà −ïé¨åáï ¢ − ãç−ëå í«¥ªâà®−−ëå ¡¨¡«¨®â¥ª å. �â® á®¯®áâ ¢«¥−¨¥ ¤ ¥â ¢®§-
¬®¦−®áâì ®¯à¥¤¥«¨âì â¥¬ â¨ªã â¥å − ãç−ëå − ¯à ¢«¥−¨©, ª ª®â®àë¬ ®â−®áïâáï
− ãç−ë¥ ¯ã¡«¨ª æ¨¨, æ¨â¨àã¥¬ë¥ ¢ ®¯¨á −¨ïå ¨§®¡à¥â¥−¨© [9{12].

� §à ¡®â −−ë© ¢ ˆ�ˆ ��� ¢ à¨ −â ¬¥â®¤®«®£¨¨ ®¯à¥¤¥«¥−¨ï §− ç¥−¨©
¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© ¯®§¢®«ï¥â ¢ëç¨á«ïâì ¨å §− ç¥−¨ï
ª ª ¤«ï æ¥«ëå ®¡« áâ¥© §− −¨©, â ª ¨ ¤«ï ®â¤¥«ì−ëå − ¯à ¢«¥−¨© ¨áá«¥¤®-
¢ −¨© [12]. �  ¥£® ®á−®¢¥ ¢ − áâ®ïé¥¥ ¢à¥¬ï ¢ ˆ�ˆ ��� á®§¤ ¥âáï �ˆ‘,
¯à¥¤− §− ç¥−− ï ¤«ï ¨−¤¨ª â®à−®£® ®æ¥−¨¢ −¨ï ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ à §¢¨â¨ï
¨−ä®à¬ æ¨®−−ëå â¥å−®«®£¨© (ˆ’), ®¯¨á −¨î  àå¨â¥ªâãàë ª®â®à®© ¯®á¢ïé¥− 
¤ −− ï áâ âìï.

2 Задачи аналитико:информационной системы

–¥«ìî à §à ¡®âª¨ �ˆ‘ ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ ¬®−¨â®à¨−£  ¨ ¨−¤¨ª â®à−®£®
®æ¥−¨¢ −¨ï ¨−−®¢ æ¨®−−®-â¥å−®«®£¨ç¥áª®£® ¯®â¥−æ¨ «  − ¯à ¢«¥−¨© ®à¨¥−â¨-
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‚. �. Œ¨−¨−, ˆ. Œ. ‡ æ¬ −, ‚. �. • ¢ −áª®¢, ‘. Š. ˜ã¡−¨ª®¢

à®¢ −−ëå äã−¤ ¬¥−â «ì−ëå − ãç−ëå ¨áá«¥¤®¢ −¨©. �®−ïâ¨¥ ú¨−−®¢ æ¨®−−®-
â¥å−®«®£¨ç¥áª¨© ¯®â¥−æ¨ « − ¯à ¢«¥−¨© ®à¨¥−â¨à®¢ −−ëå äã−¤ ¬¥−â «ì−ëå
− ãç−ëå ¨áá«¥¤®¢ −¨©û ¨−â¥à¯à¥â¨àã¥âáï ¢ ª®−â¥ªáâ¥ á«¥¤ãîé¨å ®á−®¢−ëå § -
¤ ç, à¥è¥−¨¥ ª®â®àëå ¤®«¦−  ®¡¥á¯¥ç¨¢ âì à §à ¡ âë¢ ¥¬ ï �ˆ‘.

‚ à ¬ª å ¯¥à¢®© § ¤ ç¨ ¤«ï «î¡®© ¢ë¡à −−®© â¥å−®«®£¨ç¥áª®© ®¡« áâ¨
(£àã¯¯ë â¥å−®«®£¨©) á ¨á¯®«ì§®¢ −¨¥¬ �ˆ‘ ¯« −¨àã¥âáï ¢ëç¨á«ïâì ¨−¤¨ª â®àë
ª ª ª®íää¨æ¨¥−âë ª®àà¥«ïæ¨¨ £àã¯¯ë â¥å−®«®£¨© á â¥¬¨ − ¯à ¢«¥−¨ï¬¨ − ãç-
−ëå ¨áá«¥¤®¢ −¨©, ª®â®àë¥ ®ª §ë¢ îâ ¢«¨ï−¨¥ −  à §¢¨â¨¥ â¥å−®«®£¨© ¨¬¥−−®
íâ®© £àã¯¯ë, â. ¥. à áá¬ âà¨¢ ¥âáï ®¤−  £àã¯¯  â¥å−®«®£¨© ¨ N − ¯à ¢«¥−¨©
− ãç−ëå ¨áá«¥¤®¢ −¨© (¤ «¥¥ ªà âª® | § ¤ ç  1T NH).

‚ à ¬ª å ¢â®à®© § ¤ ç¨ ¤«ï «î¡®£® ¢ë¡à −−®£® − ¯à ¢«¥−¨ï − ãç−ëå ¨áá«¥-
¤®¢ −¨© ¯« −¨àã¥âáï ¢ëç¨á«ïâì ª®íää¨æ¨¥−âë ª®àà¥«ïæ¨¨ íâ®£® − ¯à ¢«¥−¨ï á
â¥¬¨ £àã¯¯ ¬¨ â¥å−®«®£¨©, −  ª®â®àë¥ ®ª §ë¢ ¥â ¢«¨ï−¨¥ íâ® − ¯à ¢«¥−¨¥, â. ¥.
M £àã¯¯ â¥å−®«®£¨© ¨ ®¤−® − ¯à ¢«¥−¨¥ ¨áá«¥¤®¢ −¨© (¤ «¥¥ ªà âª® | § ¤ ç 
MT 1H).

‚ á«ãç ¥ à¥è¥−¨ï ¢â®à®© § ¤ ç¨ ¬®¦−® ¯®«ãç¨âì à¥è¥−¨¥ ¨ ¡®«¥¥ ®¡é¥©
§ ¤ ç¨: ¤«ï «î¡ëå N − ¯à ¢«¥−¨© − ãç−ëå ¨áá«¥¤®¢ −¨© ¢ëç¨á«¨âì ª®íää¨-
æ¨¥−âë ª®àà¥«ïæ¨¨ íâ¨å − ¯à ¢«¥−¨© á â¥¬¨ £àã¯¯ ¬¨ â¥å−®«®£¨©, −  ª®â®àë¥
®−¨ ®ª §ë¢ îâ ¢«¨ï−¨¥, â. ¥. M £àã¯¯ â¥å−®«®£¨© ¨ N − ¯à ¢«¥−¨© − ãç−ëå
¨áá«¥¤®¢ −¨© (¤ «¥¥ ªà âª® | § ¤ ç MT NH). ’ ª¨¬ ®¡à §®¬, ¯®¤ ®æ¥−¨¢ −¨-
¥¬ ¨−−®¢ æ¨®−−®-â¥å−®«®£¨ç¥áª®£® ¯®â¥−æ¨ «  − ¯à ¢«¥−¨© äã−¤ ¬¥−â «ì−ëå
− ãç−ëå ¨áá«¥¤®¢ −¨© ¯®−¨¬ ¥âáï ¢ëç¨á«¥−¨¥ ãª § −−ëå ª®íää¨æ¨¥−â®¢ ª®à-
à¥«ïæ¨¨ ¢ ¯à®æ¥áá¥ à¥è¥−¨ï âà¥å ¯¥à¥ç¨á«¥−−ëå § ¤ ç.

Š áä¥à¥ ¨á¯®«ì§®¢ −¨ï à¥§ã«ìâ â®¢ �ˆ‘ ®â−®á¨âáï ¯à®£à ¬¬−®-æ¥«¥¢®¥
¯« −¨à®¢ −¨¥, ä¨− −á¨à®¢ −¨¥ ¨ ®à£ −¨§ æ¨ï − ãç−ëå ¨áá«¥¤®¢ −¨©, ®à¨-
¥−â¨à®¢ −−ëå −  à §¢¨â¨¥ ¯à¨®à¨â¥â−ëå ¨ ªà¨â¨ç¥áª¨å â¥å−®«®£¨©. Šàã£
¯®â¥−æ¨ «ì−ëå ¯®«ì§®¢ â¥«¥© �ˆ‘ ¢ª«îç ¥â àãª®¢®¤¨â¥«¥© ¨ á¯¥æ¨ «¨áâ®¢
®à£ −®¢ ¨á¯®«−¨â¥«ì−®© ¢« áâ¨ ä¥¤¥à «ì−®£® ¨ à¥£¨®− «ì−®£® ãà®¢−ï, £®áã-
¤ àáâ¢¥−−ëå  ª ¤¥¬¨© − ãª ¨ £®áã¤ àáâ¢¥−−ëå − ãç−ëå ä®−¤®¢, ®â¢¥ç îé¨å
§  ¯« −¨à®¢ −¨¥ − ãç−®© ¤¥ïâ¥«ì−®áâ¨, à á¯à¥¤¥«¥−¨¥ ä¨− −á®¢ëå à¥áãàá®¢,
¬®−¨â®à¨−£, ®æ¥−¨¢ −¨¥ à¥§ã«ìâ â®¢, íää¥ªâ¨¢−®áâ¨ ¨ à¥§ã«ìâ â¨¢−®áâ¨ ¨å
à áå®¤®¢ −¨ï,   â ª¦¥ íªá¯¥àâ®¢ ¨ ãç¥−ëå, ãç áâ¢ãîé¨å ¢ ®æ¥−¨¢ −¨¨ à¥§ã«ì-
â â®¢, íää¥ªâ¨¢−®áâ¨ ¨ à¥§ã«ìâ â¨¢−®áâ¨ ¯à®£à ¬¬−®-æ¥«¥¢®© ¤¥ïâ¥«ì−®áâ¨ ¢
− ãç−®-â¥å−¨ç¥áª®© áä¥à¥.

Š − áâ®ïé¥¬ã ¢à¥¬¥−¨ áãé¥áâ¢ã¥â −¥áª®«ìª® ¢ à¨ −â®¢ ¬¥â®¤®«®£¨¨ ®æ¥-
−¨¢ −¨ï ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© á ¨á¯®«ì§®¢ −¨¥¬ ª®«¨ç¥áâ¢¥−−ëå
¨−¤¨ª â®à®¢ ª ª ª®íää¨æ¨¥−â®¢ ª®àà¥«ïæ¨¨.

�¥à¥ç¨á«¨¬ ®á−®¢−ë¥ ¢ à¨ −âë ¬¥â®¤®«®£¨¨ ®æ¥−¨¢ −¨ï ¢§ ¨¬®á¢ï§¥© − -
ãª¨ ¨ â¥å−®«®£¨©, ®â¬¥ç ï ¯à¨¬¥àë à¥ «¨§®¢ −−ëå (à¥ «¨§ã¥¬ëå) −  ¯à ªâ¨ª¥
¢ à¨ −â®¢, ¤«ï ª®â®àëå à¥è¥−ë â¥®à¥â¨ç¥áª¨¥ ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ ¢®¯à®áë.
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1. Œ¥â®¤®«®£¨ï ®æ¥−¨¢ −¨ï ¢ áâ â¨ª¥ ¢§ ¨¬®á¢ï§¥© ®â¤¥«ì−ëå £àã¯¯ â¥å−®-
«®£¨© ¯à¨ ä¨ªá¨à®¢ −−®© á¨áâ¥¬¥ ª« áá¨ä¨ª æ¨¨ ®¡« áâ¥© §− −¨© ¨ á®-
áâ ¢«ïîé¨å ¨å − ¯à ¢«¥−¨© − ãç−ëå ¨áá«¥¤®¢ −¨© −  § ¤ −−®¬ ¨−â¥à¢ «¥
¢à¥¬¥−¨. �â®â ¢ à¨ −â ï¢«ï¥âáï ®¤−¨¬ ¨§ − ¨¡®«¥¥ ¯à®à ¡®â −−ëå á â¥®à¥-
â¨ç¥áª®© ¨ ¬¥â®¤®«®£¨ç¥áª®© â®ç¥ª §à¥−¨ï. �− ¡ë« à¥ «¨§®¢ −, − ¯à¨¬¥à,
¢ �®áá¨©áª®¬ ä®−¤¥ äã−¤ ¬¥−â «ì−ëå ¨áá«¥¤®¢ −¨© (�””ˆ). ‘ ¥£® ¯®-
¬®éìî ¢ëç¨á«¥−ë ¨−¤¨ª â®àë ¢§ ¨¬®á¢ï§¥© ®¡« áâ¥© §− −¨© ¨ ªà¨â¨ç¥áª¨å
â¥å−®«®£¨© ¤«ï â®£® ¬ áá¨¢  ¯à®¥ªâ®¢ �””ˆ, àãª®¢®¤¨â¥«¨ ª®â®àëå ¢ë-
ï¢¨«¨ ¨ ®¯¨á «¨ íâ¨ ¢§ ¨¬®á¢ï§¨ ¢ ®âç¥â−ëå ä®à¬ å ¯® á¢®¨¬ ¯à®¥ªâ ¬.

2. Œ¥â®¤®«®£¨ï ®æ¥−¨¢ −¨ï ¢ áâ â¨ª¥ ¢§ ¨¬®á¢ï§¥© ¯® è¨à®ª®¬ã á¯¥ªâàã £àã¯¯
â¥å−®«®£¨© ¯à¨ ä¨ªá¨à®¢ −−®© á¨áâ¥¬¥ ª« áá¨ä¨ª æ¨¨ ®¡« áâ¥© §− −¨© ¨
á®áâ ¢«ïîé¨å ¨å − ¯à ¢«¥−¨© − ãç−ëå ¨áá«¥¤®¢ −¨© −  § ¤ −−®¬ ¨−â¥à¢ -
«¥ ¢à¥¬¥−¨ (á ¨á¯®«ì§®¢ −¨¥¬ ®á−®¢−®£® ¨−¤¥ªá  Œ¥¦¤ã− à®¤−®© ¯ â¥−â−®©
ª« áá¨ä¨ª æ¨¨ | Œ�Š). �â®â ¯®¤å®¤ å®à®è® ¯à®à ¡®â − â¥®à¥â¨ç¥áª¨
¨ ®¯à®¡®¢ − −  ¯à ªâ¨ª¥. �− ¡ë« à¥ «¨§®¢ − ¢ à ¬ª å ¨−ä®à¬ æ¨®−−®©
á¨áâ¥¬ë, à §à ¡®â −−®© ¯® § ª §ã …¢à®ª®¬¨áá¨¨ á æ¥«ìî  − «¨§  ¬−®£®-
«¥â−¥£® ¬ áá¨¢  ¥¢à®¯¥©áª¨å ¨  ¬¥à¨ª −áª¨å § ¯ â¥−â®¢ −−ëå ¨§®¡à¥â¥−¨©
¨ ¢ëç¨á«¥−¨ï ª®íää¨æ¨¥−â®¢ ª®àà¥«ïæ¨¨. �â®â ¢ à¨ −â ¨á¯®«ì§ã¥âáï ¢
− áâ®ïé¥¥ ¢à¥¬ï ¢ ¤¨à¥ªâ®à â å …¢à®ª®¬¨áá¨¨.

3. Œ¥â®¤®«®£¨ï ®æ¥−¨¢ −¨ï ¢ áâ â¨ª¥ ¢§ ¨¬®á¢ï§¥© ¯® ¢á¥¬ £àã¯¯ ¬ â¥å−®-
«®£¨© ¯à¨ ä¨ªá¨à®¢ −−®© á¨áâ¥¬¥ ª« áá¨ä¨ª æ¨¨ ®¡« áâ¥© §− −¨© ¨ á®-
áâ ¢«ïîé¨å ¨å − ¯à ¢«¥−¨© − ãç−ëå ¨áá«¥¤®¢ −¨© −  § ¤ −−®¬ ¨−â¥à¢ «¥
¢à¥¬¥−¨ (á ¨á¯®«ì§®¢ −¨¥¬ ®á−®¢−®£® ¨ ¤®¯®«−¨â¥«ì−ëå ¨−¤¥ªá®¢ Œ�Š).
�â®â ¢ à¨ −â å®à®è® ¯à®à ¡®â − â¥®à¥â¨ç¥áª¨. �à®¤¥¬®−áâà¨à®¢ −  ¥£®
à¥ «¨§ã¥¬®áâì ¢ « ¡®à â®à−ëå ãá«®¢¨ïå. �− ¡ë« à §à ¡®â − ¢ ˆ�ˆ ���
¢ à ¬ª å ¯à®¥ªâ  ¯® £à −âã �ƒ�” ü 06-02-04043  úŒ¥â®¤ë ¬®−¨â®à¨−-
£  ¨ ®æ¥−ª¨ ¨−−®¢ æ¨®−−®£® ¯®â¥−æ¨ «  ¨ à¥§ã«ìâ â¨¢−®áâ¨ − ¯à ¢«¥−¨©
− ãç−ëå ¨áá«¥¤®¢ −¨©û. ‚ â¥ªãé¥¬ ¯à®¥ªâ¥ ¯® £à −âã �ƒ�” ü 12-02-
12019 ¯« −¨àã¥âáï à¥ «¨§®¢ âì à §à ¡®â −−ãî ¢ ˆ�ˆ ��� ¬¥â®¤®«®£¨î ¢
à ¬ª å ¯à®¥ªâ¨à®¢ −¨ï ¬ ª¥â  �ˆ‘ á íªá¯¥à¨¬¥−â «ì−ë¬ ¬ áá¨¢®¬ ¯®«−®-
â¥ªáâ®¢ëå ®¯¨á −¨© ¨§®¡à¥â¥−¨© ®â¥ç¥áâ¢¥−−ëå ¨ § àã¡¥¦−ëå § ï¢¨â¥«¥©,
®â−®áïé¨åáï ª àã¡à¨ª ¬ Œ�Š ¤«ï ˆ’.

� ¨¡®«ìè¨© ¨−â¥à¥á ¯à¨ ®æ¥−¨¢ −¨¨ ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© ¯à¥¤-
áâ ¢«ïîâ −¥ ®â¤¥«ì−ë¥ â¥å−®«®£¨¨,   £àã¯¯ë â¥å−®«®£¨© ¯® ¯à¨®à¨â¥â−ë¬
− ¯à ¢«¥−¨ï¬ − ãç−®-â¥å−®«®£¨ç¥áª®£® à §¢¨â¨ï, áà¥¤¨ ª®â®àëå ¢ë¤¥«ï¥âáï
£àã¯¯  ˆ’ [13]. ’¥¬ â¨ª  ª ¦¤®£® − ãç−®£® − ¯à ¢«¥−¨ï, à¥§ã«ìâ âë ª®â®à®£®
¨á¯®«ì§ãîâáï ¯à¨ à §à ¡®âª¥ â¥å−®«®£¨©, § ¤ ¥âáï ¢ ¢¨¤¥ ®¤−®© ¨«¨ −¥áª®«ìª¨å
àã¡à¨ª ¢ë¡à −−®© á¨áâ¥¬ë ª« áá¨ä¨ª æ¨¨ ®¡« áâ¥© §− −¨©. ’¥¬ â¨ª  ª ¦¤®©
 − «¨§¨àã¥¬®© £àã¯¯ë â¥å−®«®£¨© § ¤ ¥âáï ¢ ¢¨¤¥ á¯¨áª  àã¡à¨ª Œ�Š. � ¨¡®-
«¥¥ ç áâ® ¨á¯®«ì§ãîâáï á¯¨áª¨ àã¡à¨ª Œ�Š ¨§ −®¬¥−ª« âãàë, à §à ¡®â −−®©
”à ã−£®ä¥àáª¨¬ ¨−áâ¨âãâ®¬ á¨áâ¥¬®â¥å−¨ª¨ ¨ ¨−−®¢ æ¨®−−ëå ¨áá«¥¤®¢ −¨©
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‚. �. Œ¨−¨−, ˆ. Œ. ‡ æ¬ −, ‚. �. • ¢ −áª®¢, ‘. Š. ˜ã¡−¨ª®¢

(Fraunhofer Gesellschaft-Institute fur Systemtechnik und Innovationsforschung |
FhG-ISI) [8].

‚ −®¬¥−ª« âãà¥ FhG-ISI £àã¯¯  ˆ’, ¤«ï ª®â®à®© ¢ − áâ®ïé¥¥ ¢à¥¬ï à §à -
¡ âë¢ ¥âáï ¬ ª¥â �ˆ‘, ¯à¥¤− §− ç¥−−ë© ¤«ï ¨−¤¨ª â®à−®£® ®æ¥−¨¢ −¨ï â¥¬ -
â¨ç¥áª¨å ¢§ ¨¬®á¢ï§¥©, ®¯¨áë¢ ¥âáï á«¥¤ãîé¨¬¨ âà¥¬ï àã¡à¨ª ¬¨ Œ�Š:

(1) ª« áá1 G06 | ú‚ëç¨á«¥−¨¥; áç¥âû (íâ  àã¡à¨ª  Œ�Š ¢ª«îç ¥â ®¯â¨ç¥-
áª¨¥ ¢ëç¨á«¨â¥«ì−ë¥ ãáâà®©áâ¢ , ®¡à ¡®âªã æ¨äà®¢ëå ¤ −−ëå á ¯®¬®éìî
ª®¬¯ìîâ¥à®¢,  − «®£®¢ë¥ ¨ £¨¡à¨¤−ë¥ ª®¬¯ìîâ¥àë);

(2) ¯®¤ª« áá G11C | ú‡ ¯®¬¨− îé¨¥ ãáâà®©áâ¢  áâ â¨ç¥áª®£® â¨¯ û;

(3) ¯®¤ª« áá G10L | ú�− «¨§¨à®¢ −¨¥ ¨«¨ á¨−â¥§¨à®¢ −¨¥ à¥ç¨; à á¯®§− ¢ -
−¨¥ à¥ç¨û.

’ ª¨¬ ®¡à §®¬, ¬ ª¥â �ˆ‘ ¡ã¤¥â á®¤¥à¦ âì ¯ â¥−â−ë¥ ¨−ä®à¬ æ¨®−−ë¥
à¥áãàáë2 ¯® âà¥¬ àã¡à¨ª ¬ Œ�Š: G06, G11C ¨ G10L. ˆá¯®«ì§ãï íâ¨ à¥áãàáë,
á¨áâ¥¬  ¤®«¦−  ¡ã¤¥â ¯® § ¯à®á ¬ íªá¯¥àâ®¢ ®¯à¥¤¥«ïâì ¨−¤¨ª â®àë â¥¬ â¨ç¥-
áª¨å ¢§ ¨¬®á¢ï§¥© ¤«ï ¨§®¡à¥â¥−¨© ¯® ˆ’, ¨¬¥îé¨å ª®¤ë àã¡à¨ª G06, G11C
¨ G10L. „«ï ¢ëç¨á«¥−¨ï §− ç¥−¨© ¨−¤¨ª â®à®¢ ¢ ¬ ª¥â¥ ¡ã¤ãâ ¨á¯®«ì§®¢ âìáï
á«¥¤ãîé¨¥ ¨−ä®à¬ æ¨®−−ë¥ à¥áãàáë:

{ ª« áá¨ä¨ª â®à − ãç−ëå − ¯à ¢«¥−¨©, ¨áá«¥¤®¢ −¨ï ¯® ª®â®àë¬ ¢§ ¨¬®á¢ï-
§ −ë á à §¢¨â¨¥¬ ˆ’;

{ ¬ áá¨¢ ¡¨¡«¨®£à ä¨ç¥áª¨å ®¯¨á −¨© ¨§®¡à¥â¥−¨© ¯® ˆ’, § ¯ â¥−â®¢ −−ë¬
¨ ®¯ã¡«¨ª®¢ −−ë¬ ¢ �®áá¨¨ ¢ â¥ç¥−¨¥ § ¤ −−®£® ¯¥à¨®¤  ¢à¥¬¥−¨, á ¯à®áâ ¢-
«¥−−ë¬¨ àã¡à¨ª ¬¨ Œ�Š;

{ ä ©« ¡¨¡«¨®£à ä¨ç¥áª¨å ®¯¨á −¨© æ¨â¨àã¥¬ëå − ãç−ëå ¯ã¡«¨ª æ¨©, ¨§¢«¥-
ç¥−−ëå ¨§ ¯®«−®â¥ªáâ®¢ëå ®¯¨á −¨© ¨§®¡à¥â¥−¨© ¯® ˆ’, § ¯ â¥−â®¢ −−ë¬ ¨
®¯ã¡«¨ª®¢ −−ë¬ ¢ �®áá¨¨ ¢ â¥ç¥−¨¥ § ¤ −−®£® ¯¥à¨®¤  ¢à¥¬¥−¨;

{ ¡ §  ¤ −−ëå (	„) áâàãªâãà¨à®¢ −−ëå ¡¨¡«¨®£à ä¨ç¥áª¨å ®¯¨á −¨© æ¨â¨-
àã¥¬ëå − ãç−ëå ¯ã¡«¨ª æ¨©, ¤«ï ª ¦¤®© ¨§ ª®â®àëå ¡ã¤ãâ ¯à®áâ ¢«¥−ë
àã¡à¨ª¨ − ãç−ëå − ¯à ¢«¥−¨©.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® − «¨ç¨¥ ¢à¥¬¥−−‚ëå ¯®«¥© ¢ áâàãªâãà å ¤ −−ëå ¡¨¡«¨®-
£à ä¨ç¥áª¨å ®¯¨á −¨© ¨§®¡à¥â¥−¨© (¤ â  ¯®¤ ç¨ § ï¢ª¨, ¤ â  ¢ë¤ ç¨ ¯ â¥−â ) ¨
¡¨¡«¨®£à ä¨ç¥áª¨å ¤ −−ëå áâ â¥© (£®¤ ¥¥ ¯ã¡«¨ª æ¨¨) ¯®§¢®«ï¥â ªà®¬¥ §− ç¥−¨©
¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥© ¢ëç¨á«ïâì ¨ ¢à¥¬¥−−‚ë¥ å à ªâ¥à¨áâ¨ª¨, ª®â®àë¥
¯®ª §ë¢ îâ ¢à¥¬ï ®âª«¨ª  â¥å−®«®£¨ç¥áª®£® à §¢¨â¨ï −  à¥§ã«ìâ âë − ãç−ëå
¨áá«¥¤®¢ −¨© ¢ á®®â¢¥âáâ¢ãîé¨å ®¡« áâïå §− −¨©.

1‚á¥ àã¡à¨ª¨ Œ�Š ®¡à §ãîâ ¨¥à àå¨ç¥áªãî áâàãªâãàã ¨ ¤¥«ïâáï −  5 ª â¥£®à¨©: à §¤¥«ë
(¢¥àå−¨© ãà®¢¥−ì ¨¥à àå¨¨), ª« ááë, ¯®¤ª« ááë, £àã¯¯ë ¨ ¯®¤£àã¯¯ë (−¨¦−¨© ãà®¢¥−ì ¨¥à àå¨¨).

2�®«−ë¥ ®¯¨á −¨ï ¨§®¡à¥â¥−¨© ª ¯ â¥−â ¬ ¤®áâã¯−ë ¢ ®âªàëâ®¬ ¤®áâã¯¥ −  ¢¥¡-á ©â¥ ”¥-
¤¥à «ì−®£® ¨−áâ¨âãâ  ¯à®¬ëè«¥−−®© á®¡áâ¢¥−−®áâ¨ (”ˆ�‘) ¯®  ¤à¥áã http://www1.¦ps.ru/
wps/portal/Registers.
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3 Информационные ресурсы аналитико:информационных систем
и технология их обработки

Œ¥â®¤ë ¨ ¯®¤å®¤ë, ¯à¥¤« £ ¥¬ë¥ ¤«ï à¥è¥−¨ï âà¥å § ¤ ç �ˆ‘ (®¡®§− -
ç¥−−ëå à −¥¥ ª ª § ¤ ç¨ 1T NH, MT 1H ¨ MT NH), ¯à ªâ¨ç¥áª¨ ¯®«−®áâìî
á®¢¯ ¤ îâ. �á−®¢−®¥ ®â«¨ç¨¥ á®áâ®¨â ¢ ¯à¨−æ¨¯ å ä®à¬¨à®¢ −¨ï ¨−ä®à¬ -
æ¨®−−ëå à¥áãàá®¢, ª®â®àë¥ −¥®¡å®¤¨¬ë ¤«ï à¥è¥−¨ï ª ¦¤®© ¨§ íâ¨å § ¤ ç.
„«ï à¥è¥−¨ï ¯¥à¢®© § ¤ ç¨ −¥®¡å®¤¨¬® ¢¢¥áâ¨ ¢ �ˆ‘ ¬ áá¨¢ ¯®«−®â¥ªáâ®¢ëå
®¯¨á −¨© § ¯ â¥−â®¢ −−ëå ¢ �®áá¨¨ ¨§®¡à¥â¥−¨© ¯® ®¤−®© ¢ë¡à −−®© £àã¯¯¥
â¥å−®«®£¨© ¢ â¥ç¥−¨¥ § ¤ −−®£® ¯¥à¨®¤  ¢à¥¬¥−¨ (â. ¥. â®£® ¯¥à¨®¤ , ¤«ï ª®â®-
à®£® −¥®¡å®¤¨¬® ¯®«ãç¨âì §− ç¥−¨ï ¨−¤¨ª â®à®¢), − ¯à¨¬¥à ¯® £àã¯¯¥ ˆ’. „«ï
à¥è¥−¨ï ¢â®à®© ¨ âà¥âì¥© § ¤ ç −¥®¡å®¤¨¬® § £àã§¨âì ¬ áá¨¢ ®¯¨á −¨© ¨§®¡à¥-
â¥−¨© ¯® M £àã¯¯ ¬ â¥å−®«®£¨©, § ¯ â¥−â®¢ −−ëå ¢ �®áá¨¨ ¢ â¥ç¥−¨¥ § ¤ −−®£®
¯¥à¨®¤  ¢à¥¬¥−¨.

�®á«¥ § £àã§ª¨ ¢ �ˆ‘ −¥®¡å®¤¨¬ëå ®¯¨á −¨© ¨§®¡à¥â¥−¨© á− ç «  ¤®«¦¥−
¡ëâì áä®à¬¨à®¢ − ¬ áá¨¢ ¡¨¡«¨®£à ä¨ç¥áª¨å ®¯¨á −¨© − ãç−ëå ¯ã¡«¨ª æ¨©,
æ¨â¨àã¥¬ëå ¢ ®¯¨á −¨ïå ¨§®¡à¥â¥−¨©. ˆ¬¥−−® §¤¥áì ¢®§−¨ª ¥â −¥®¡å®¤¨¬®áâì
ä®à¬¨à®¢ −¨ï áâàãªâãà¨à®¢ −−ëå ¤ −−ëå −  ®á−®¢¥ á« ¡®áâàãªâãà¨à®¢ −−ëå
®¯¨á −¨© ¨§®¡à¥â¥−¨©. ‡ â¥¬ −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ àã¡à¨æ¨à®¢ −¨¥ íâ¨å − ãç-
−ëå ¯ã¡«¨ª æ¨© ¢ à ¬ª å § ¤ −−®© ª« áá¨ä¨ª æ¨¨ − ãç−ëå − ¯à ¢«¥−¨©. „ «¥¥
áà¥¤áâ¢ ¬¨ �ˆ‘ ¢ë¯®«−ï¥âáï  ¢â®¬ â¨ç¥áª®¥ á®¯®áâ ¢«¥−¨¥ ç áâ®â ¯®ï¢«¥−¨ï
àã¡à¨ª Œ�Š, ¯à®áâ ¢«¥−−ëå ¢ § £àã¦¥−−ëå ®¯¨á −¨ïå ¨§®¡à¥â¥−¨©, ¨ ç áâ®â
¯®ï¢«¥−¨ï àã¡à¨ª æ¨â¨àã¥¬ëå ¢ íâ¨å ¨§®¡à¥â¥−¨ïå − ãç−ëå ¯ã¡«¨ª æ¨© (àã¡à¨ª
§ ¤ −−®© ª« áá¨ä¨ª æ¨¨ − ãç−ëå − ¯à ¢«¥−¨©).

‡− ç¥−¨ï ç áâ®â àã¡à¨ª − ãç−ëå ¤®ªã¬¥−â®¢ ®¤−®£® − ¯à ¢«¥−¨ï ¨áá«¥¤®¢ -
−¨©, æ¨â¨àã¥¬ëå ¢ ¨§®¡à¥â¥−¨ïå á àã¡à¨ª ¬¨ Œ�Š § ¤ −−®© £àã¯¯ë â¥å−®«®-
£¨©, ¯à¥¤áâ ¢«ïîâ á®¡®© §− ç¥−¨ï ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥© íâ®£® − ¯à ¢«¥−¨ï
á àã¡à¨ª ¬¨ Œ�Š § ¤ −−®© £àã¯¯ë â¥å−®«®£¨©. �â¬¥â¨¬, çâ® §− ç¥−¨ï ¨−-
¤¨ª â®à®¢ áãé¥áâ¢¥−−® § ¢¨áïâ ®â ¢ë¡à −−®© ª« áá¨ä¨ª æ¨¨ − ãç−ëå − ¯à ¢-
«¥−¨©.

�à¥¤« £ ¥¬ ï ¯à®æ¥¤ãà  ®æ¥−¨¢ −¨ï ¨−−®¢ æ¨®−−®-â¥å−®«®£¨ç¥áª®£® ¯®â¥−-
æ¨ «  − ¯à ¢«¥−¨© ®à¨¥−â¨à®¢ −−ëå äã−¤ ¬¥−â «ì−ëå − ãç−ëå ¨áá«¥¤®¢ −¨©
¯à¥¤¯®« £ ¥â ¨á¯®«ì§®¢ −¨¥ ¢ ª ç¥áâ¢¥ ¢å®¤−ëå ¨¬¯®àâ¨àã¥¬ë¥ ¨−ä®à¬ æ¨®−-
−ë¥ à¥áãàáë. ‚ ã¯à®é¥−−®¬ ¢¨¤¥ ¢å®¤−ë¥ ¨ ¢ëå®¤−ë¥ ¨−ä®à¬ æ¨®−−ë¥ à¥áãàáë
¨ ¨å ¢§ ¨¬®¤¥©áâ¢¨¥ −  à §−ëå íâ ¯ å ¯à¥¤áâ ¢«¥−ë −  à¨á. 1.

‡ £àã¦ ¥¬ë¥ ¢ �ˆ‘ ¯ â¥−â−ë¥ à¥áãàáë ¯ã¡«¨ªãîâáï �®á¯ â¥−â®¬ − 
CD/DVD −®á¨â¥«ïå ¨ ¤®áâã¯−ë −  ¥£® á ©â¥. „«ï ¯à¨¢ï§ª¨ ¡¨¡«¨®£à ä¨ç¥-
áª¨å ááë«®ª ª − ¯à ¢«¥−¨ï¬ − ãç−ëå ¨áá«¥¤®¢ −¨© ¢ ¬ ª¥â¥ �ˆ‘ ¨á¯®«ì§ã¥âáï
Š« áá¨ä¨ª â®à �””ˆ.

‚ëå®¤−ë¬ ¨−ä®à¬ æ¨®−−ë¬ à¥áãàá®¬ á«ã¦¨â 	„ áâàãªâãà¨à®¢ −−ëå ¡¨¡-
«¨®£à ä¨ç¥áª¨å ááë«®ª −  ¯ã¡«¨ª æ¨¨ ¢ ®¯¨á −¨ïå ¨§®¡à¥â¥−¨©, ª ¦¤ ï ¨§
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�¨á. 1 ‚å®¤−ë¥ ¨ ¢ëå®¤−ë¥ ¨−ä®à¬ æ¨®−−ë¥ à¥áãàáë ¬ ª¥â  �ˆ‘

ª®â®àëå ¯à¨¢ï§ − , á ®¤−®© áâ®à®−ë, ª ¨−¤¥ªáã Œ�Š, á ¤àã£®© áâ®à®−ë, ª
¨−¤¥ªáã − ¯à ¢«¥−¨ï − ãç−ëå ¨áá«¥¤®¢ −¨©.

�  à¨á. 1 ¯®ª § −ë á«¥¤ãîé¨¥ ¨−ä®à¬ æ¨®−−ë¥ ¬ áá¨¢ë:

{ 	„ ¡¨¡«¨®£à ä¨ç¥áª¨å ¤ −−ëå ¨ à¥ä¥à â®¢ ¯ â¥−â®¢ −  ¨§®¡à¥â¥−¨ï (¯®-
áâ ¢«ï¥âáï ¢¬¥áâ¥ á ¨−ä®à¬ æ¨®−−®-¯®¨áª®¢®© á¨áâ¥¬®© (ˆ�‘) MIMOSA);

{ 	„ ¯®«−ëå ®¯¨á −¨© ¨§®¡à¥â¥−¨© ª ¯ â¥−â ¬;
{ Œ¥¦¤ã− à®¤− ï ¯ â¥−â− ï ª« áá¨ä¨ª æ¨ï (Œ�Š) ¨§®¡à¥â¥−¨©;
{ Š« áá¨ä¨ª â®à �””ˆ;
{ 	„ áâàãªâãà¨à®¢ −−ëå ááë«®ª −  ¯ã¡«¨ª æ¨¨ ¢ ®¯¨á −¨ïå ¨§®¡à¥â¥−¨©;
{ 	„ §− ç¥−¨© ¨−¤¨ª â®à®¢.
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�àå¨â¥ªâãà−ë¥ à¥è¥−¨ï ¤«ï á¨áâ¥¬ ¢ëç¨á«¥−¨ï ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥©

“â®ç−¨¬ á®¤¥à¦ −¨¥ ¨−ä®à¬ æ¨®−−ëå ¯®â®ª®¢ ¨ ¯à®æ¥¤ãà, ®¡®§− ç¥−−ëå
áâà¥«ª ¬¨ −  à¨á. 1 (−®¬¥à í«¥¬¥−â  −¨¦¥¯à¨¢¥¤¥−−®£® á¯¨áª  á®®â¢¥âáâ¢ã¥â
−®¬¥àã áâà¥«ª¨).

1. ‘®áâ ¢«¥−¨¥ ¯à®æ¥¤ãàë (áæ¥− à¨ï) ¢ëç¨á«¥−¨ï §− ç¥−¨© ¨−¤¨ª â®à®¢ ª ª
ª®íää¨æ¨¥−â®¢ ª®àà¥«ïæ¨¨. �à¨ ¢ë¯®«−¥−¨¨ ª ¦¤®© ¯à®æ¥¤ãàë ®¯à¥¤¥-
«ï¥âáï ¨ ¯ à ¬¥âà¨ç¥áª¨ ®¯¨áë¢ ¥âáï ¨áá«¥¤ã¥¬ ï £àã¯¯  â¥å−®«®£¨© ¨ â®â
à¥âà®á¯¥ªâ¨¢−ë© ¢à¥¬¥−−‚®© ¯¥à¨®¤, ¤«ï ª®â®à®£® −¥®¡å®¤¨¬® ¢ëç¨á«¨âì
§− ç¥−¨ï ¨−¤¨ª â®à®¢. ‘ íâ®© æ¥«ìî ¨á¯®«ì§ãîâáï àã¡à¨ª¨ Œ�Š ¨ ¤ âë
(£®¤‚ ) ¯ã¡«¨ª æ¨¨ ¯ â¥−â®¢.

2. ‘¯¨á®ª ¡¨¡«¨®£à ä¨ç¥áª¨å ¤ −−ëå ¯ â¥−â®¢, ®â®¡à −−ëå ¯® § ¯à®áã ¨
¢ª«îç îé¨å àã¡à¨ª¨ Œ�Š ¨ ¤ âë (£®¤‚ ) ¯ã¡«¨ª æ¨¨ ¯ â¥−â®¢.

3. ”®à¬¨à®¢ −¨¥ § ¯à®á  ¢ 	„ ¯®«−ëå ®¯¨á −¨© ¨§®¡à¥â¥−¨© (¤®áâ â®ç−®
§− âì −®¬¥à ¯ â¥−â  −  ¨§®¡à¥â¥−¨¥ ¨§ ¯®«ãç¥−−®£® á¯¨áª  ¡¨¡«¨®£à ä¨ç¥-
áª¨å ¤ −−ëå).

4. �®«ãç¥−¨¥ ¯® § ¯à®áã ¯®«−®£® ®¯¨á −¨ï § ¯ â¥−â®¢ −−®£® ¨§®¡à¥â¥−¨ï.
5. ˆá¯®«ì§®¢ −¨¥ ª®¤®¢ ¨ − §¢ −¨© àã¡à¨ª Œ�Š.
6. ˆá¯®«ì§®¢ −¨¥ ª®¤®¢ ¨ − §¢ −¨© àã¡à¨ª ª« áá¨ä¨ª â®à  − ¯à ¢«¥−¨© − -

ãç−ëå ¨áá«¥¤®¢ −¨©, ¢ ¤ −−®¬ á«ãç ¥ | Š« áá¨ä¨ª â®à  �””ˆ.
7. ”®à¬¨à®¢ −¨¥ ¨ ¯®¯®«−¥−¨¥ 	„ áâàãªâãà¨à®¢ −−ëå ááë«®ª −  ¯ã¡«¨ª æ¨¨,

¢ë¤¥«¥−−ëå ¨§ ¯®«−ëå ®¯¨á −¨© ¨§®¡à¥â¥−¨©.
8. ƒàã¯¯¨à®¢ª  áâàãªâãà¨à®¢ −−ëå ááë«®ª −  ¯ã¡«¨ª æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á

¯ à ¬¥âà ¬¨ áæ¥− à¨ï, ¢ ç áâ−®áâ¨ ¯® − ¯à ¢«¥−¨ï¬ ¨áá«¥¤®¢ −¨©, ªà¨â¨-
ç¥áª¨¬ ¨ ¯à¨®à¨â¥â−ë¬ â¥å−®«®£¨ï¬.

9. ‘âàãªâãà¨à®¢ −−ë¥ ááë«ª¨ −  ¯ã¡«¨ª æ¨¨ á ¯à¨á¢®¥−−ë¬¨ ¨¬ àã¡à¨ª ¬¨
Œ�Š ¨§®¡à¥â¥−¨©, ¢ ª®â®àëå ã¯®¬¨− ¥âáï ¤ −− ï ¯ã¡«¨ª æ¨ï, ¨ àã¡à¨-
ª ¬¨ ª« áá¨ä¨ª â®à  − ãç−ëå − ¯à ¢«¥−¨©, ª ª®â®àë¬ ®â−®á¨âáï ¤ −− ï
¯ã¡«¨ª æ¨ï.

10. ‚ëç¨á«¥−−ë¥ §− ç¥−¨ï ¨−¤¨ª â®à®¢.

‚ à §à ¡®â −−®© â¥å−®«®£¨¨ ¢ëç¨á«¥−¨ï §− ç¥−¨© ¨−¤¨ª â®à®¢ ¬®¦−® ¢ë-
¤¥«¨âì ¤¢  ®á−®¢−ëå íâ ¯ . �¥à¢ë© (¯®¤£®â®¢¨â¥«ì−ë©) íâ ¯ ¢ª«îç ¥â ä®à¬¨-
à®¢ −¨¥ 	„ áâàãªâãà¨à®¢ −−ëå ááë«®ª −  ¯ã¡«¨ª æ¨¨, ¢ª«îç¥−−ëå ¢ ®¯¨á −¨ï
¨§®¡à¥â¥−¨©. �− ¯à¥¤¯®« £ ¥â ®¡à ¡®âªã ¡®«ìè¨å ®¡ê¥¬®¢ á« ¡®áâàãªâãà¨à®-
¢ −−ëå ®¯¨á −¨© ¨§®¡à¥â¥−¨©, âàã¤−® ¯®¤¤ ¥âáï ¯®«−®©  ¢â®¬ â¨§ æ¨¨ ¨ ¯®íâ®¬ã
âà¥¡ã¥â ¯à¨¢«¥ç¥−¨ï ®¯¥à â®à®¢. �â®â íâ ¯ ¬®¦¥â ¯®¢â®àïâìáï ¨â¥à æ¨®−−® ¢
æ¥«ïå ¯®¯®«−¥−¨ï 	„. ‚â®à®© íâ ¯ ¢ª«îç ¥â ¢ëç¨á«¥−¨¥ §− ç¥−¨© ª®«¨ç¥áâ¢¥−-
−ëå ¨−¤¨ª â®à®¢ ¨ ¯®«ãç¥−¨¥ −  ¨å ®á−®¢¥ íªá¯¥àâ−ëå ®æ¥−®ª ¨−−®¢ æ¨®−−®-
â¥å−®«®£¨ç¥áª®£® ¯®â¥−æ¨ «  − ¯à ¢«¥−¨© ®à¨¥−â¨à®¢ −−ëå äã−¤ ¬¥−â «ì−ëå
− ãç−ëå ¨áá«¥¤®¢ −¨©, â. ¥. −  íâ®¬ íâ ¯¥ ¯à¥¤¯®« £ ¥âáï ¯à¨¢«¥ç¥−¨¥ íªá¯¥à-
â®¢.
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�¨á. 2 �àå¨â¥ªâãà  �ˆ‘

„«ï à¥ «¨§ æ¨¨ à §à ¡®â −−®© â¥å−®«®£¨¨ ¢ëç¨á«¥−¨ï §− ç¥−¨© ¨−¤¨ª -
â®à®¢ ¢§ ¨¬®á¢ï§¥© ¢ − áâ®ïé¥¥ ¢à¥¬ï á®§¤ ¥âáï ¬ ª¥â �ˆ‘, ª®â®à ï á®áâ®¨â
¨§ 7 äã−ªæ¨®− «ì−ëå ¯®¤á¨áâ¥¬ (à¨á. 2), ¢§ ¨¬®¤¥©áâ¢ãîé¨å ¬¥¦¤ã á®¡®© ç¥à¥§
áâàãªâãà¨à®¢ −−ë¥ − ¡®àë ¤ −−ëå, ®¡ê¥¤¨−¥−−ë¥ ¢ 	„ �ˆ‘:

(1) ¯®¤á¨áâ¥¬  á®§¤ −¨ï ¨ ¢¥¤¥−¨ï ª« áá¨ä¨ª â®à®¢ �ˆ‘, ¢ª«îç ï ¨¬¯®àâ
¢−¥è−¨å ª« áá¨ä¨ª â®à®¢ (¯®¤á¨áâ¥¬  úŠ« áá¨ä¨ª â®àëû);

(2) ¯®¤á¨áâ¥¬  ¨¬¯®àâ  ¨ ä®à¬¨à®¢ −¨ï 	„ ®¯¨á −¨© ¨§®¡à¥â¥−¨©, ¨á¯®«ì§ã-
¥¬ëå ¤«ï ¢ë¤¥«¥−¨ï ¡¨¡«¨®£à ä¨ç¥áª¨å ááë«®ª −  ¯ã¡«¨ª æ¨¨ (¯®¤á¨áâ¥¬ 
úˆ¬¯®àâû);

(3) ¯®¤á¨áâ¥¬  ä®à¬¨à®¢ −¨ï ¨ ¢¥¤¥−¨ï ¨−ä®à¬ æ¨®−−ëå ¬ áá¨¢®¢ ¢ë¤¥-
«¥−−ëå −¥áâàãªâãà¨à®¢ −−ëå ¡¨¡«¨®£à ä¨ç¥áª¨å ááë«®ª −  ¯ã¡«¨ª æ¨¨,
æ¨â¨àã¥¬ë¥ ¢ ®¯¨á −¨ïå ¨§®¡à¥â¥−¨© (¯®¤á¨áâ¥¬  ú–¨â¨à®¢ −¨¥û);

(4) ¯®¤á¨áâ¥¬  ä®à¬¨à®¢ −¨ï ¨ ¢¥¤¥−¨ï 	„ áâàãªâãà¨à®¢ −−ëå ¡¨¡«¨®£à -
ä¨ç¥áª¨å ááë«®ª −  ¯ã¡«¨ª æ¨¨, ¢ â®¬ ç¨á«¥ ¯à¨á¢®¥−¨¥ àã¡à¨ª − ãç−ëå
− ¯à ¢«¥−¨© (¯®¤á¨áâ¥¬  ú�ã¡à¨æ¨à®¢ −¨¥û);
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(5) ¯®¤á¨áâ¥¬  ä®à¬¨à®¢ −¨ï ¨ ¢¥¤¥−¨ï 	„ §− ç¥−¨© ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï-
§¥© − ãª¨ ¨ â¥å−®«®£¨© (¯®¤á¨áâ¥¬  úˆ−¤¨ª â®àëû);

(6) ¯®¤á¨áâ¥¬  ¯®áâà®¥−¨ï áæ¥− à¨¥¢ ®æ¥−¨¢ −¨ï ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥©
− ãª¨ ¨ â¥å−®«®£¨© ¨ íªá¯¥àâ−®© ¢¥à¨ä¨ª æ¨¨ ¢ëç¨á«¥−−ëå §− ç¥−¨© ¨−-
¤¨ª â®à®¢ (¯®¤á¨áâ¥¬  ú	ªá¯¥àâ¨§ û);

(7) ¯®¤á¨áâ¥¬   ¢â®¬ â¨§¨à®¢ −−®£® ¯®áâà®¥−¨ï  − «¨â¨ç¥áª¨å ®âç¥â®¢ á ª®«¨-
ç¥áâ¢¥−−ë¬¨ ¨−¤¨ª â®à ¬¨ ¨ ª ç¥áâ¢¥−−ë¬¨ íªá¯¥àâ−ë¬¨ ®æ¥−ª ¬¨ ¢§ ¨-
¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© (¯®¤á¨áâ¥¬  ú�− «¨â¨ª û).

4 Проектные решения для функциональных подсистем АИС

�®¤á¨áâ¥¬  úŠ« áá¨ä¨ª â®àëû (à¨á. 3) ¯à¥¤− §− ç¥−  ¤«ï ¢¥¤¥−¨ï 	„
ª« áá¨ä¨ª â®à®¢ ¨ à¥è ¥â á«¥¤ãîé¨¥ § ¤ ç¨:

{ ¨¬¯®àâ ¢−¥è−¨å ª« áá¨ä¨ª â®à®¢ ¨ ¢¥¤¥−¨¥ 	„ ª« áá¨ä¨ª â®à®¢;
{ á®áâ ¢«¥−¨¥ â¥à¬¨−®«®£¨ç¥áª¨å ¯®àâà¥â®¢ àã¡à¨ª ª« áá¨ä¨ª â®à®¢.

‚ à ¬ª å �ˆ‘ ¤«ï ä®à¬ «ì−®£® ®¯¨á −¨ï − ¯à ¢«¥−¨© − ãç−ëå ¨áá«¥¤®-
¢ −¨© ¯à¥¤¯®« £ ¥âáï ¨á¯®«ì§®¢ âì Š« áá¨ä¨ª â®à �””ˆ,   ¤«ï ª®¤¨à®¢ −¨ï
¢¨¤®¢ ¨ £àã¯¯ â¥å−®«®£¨© | Œ�Š.

�®¤á¨áâ¥¬  ¤®«¦−  ®¡¥á¯¥ç¨¢ âì  ¢â®¬ â¨§¨à®¢ −−ë© ¢¢®¤ ª« áá¨ä¨ª â®à®¢
á í«¥ªâà®−−ëå −®á¨â¥«¥© ¨«¨ á á ©â®¢, ¤®áâã¯−ëå ç¥à¥§ ˆ−â¥à−¥â. “ç¨âë¢ ¥âáï,

�¨á. 3 �àå¨â¥ªâãà  ¯®¤á¨áâ¥¬ë úŠ« áá¨ä¨ª â®àëû
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�¨á. 4 ”à £¬¥−â ®¯¨á −¨ï Œ�Š á ¯à¨¬¥à ¬¨ ª« áá®¢ ¨ ¯®¤ª« áá®¢ ¨§ à §¤¥«  D

çâ® ª« áá¨ä¨ª â®àë ¬®£ãâ ¨§¬¥−ïâìáï ¢® ¢à¥¬¥−¨. �¡¥á¯¥ç¨¢ ¥âáï ¢¨§ã «ì−®¥
®â®¡à ¦¥−¨¥ ª« áá¨ä¨ª â®à®¢ ¤«ï ¯®«ì§®¢ â¥«¥© á¨áâ¥¬ë, − «¨ç¨¥ ¢®§¬®¦−®áâ¨
¯®¨áª  ®â¤¥«ì−ëå àã¡à¨ª, ¢ â®¬ ç¨á«¥ ¢®§¬®¦−®áâì á®§¤ −¨ï â¥à¬¨−®«®£¨ç¥áª¨å
¯®àâà¥â®¢ àã¡à¨ª.

ˆ¬¯®àâ¨àã¥¬ë¥ ¢ �ˆ‘ í«¥ªâà®−−ë¥ ®¯¨á −¨ï ª« áá¨ä¨ª â®à®¢ ¨¬¥îâ à §-
«¨ç−ë¥ áâàãªâãàë ¨ ä®à¬ âë. � ¯à¨¬¥à, ª« áá¨ä¨ª â®à �””ˆ ¯à¥¤áâ ¢«ï¥â
á®¡®© á¯¨á®ª àã¡à¨ª ¢ ®¤−®¬ PDF-ä ©«¥. Œ¥¦¤ã− à®¤− ï ¯ â¥−â− ï ª« áá¨ä¨-
ª æ¨ï ¯à¥¤áâ ¢«ï¥â á®¡®© ª®««¥ªæ¨î ¨¥à àå¨ç¥áª¨ á¢ï§ −−ëå ä ©«®¢ ¢ ä®à¬ â¥
HTML (à¨á. 4). �¨áã−®ª 4 ¢ª«îç ¥â ª®¤ë ¨ − §¢ −¨ï ®â¤¥«ì−ëå àã¡à¨ª á«¥-
¤ãîé¨å ¤¢ãå ãà®¢−¥© Œ�Š, ª®â®àë¥ − §ë¢ îâáï ª« áá ¬¨ ¨ ¯®¤ª« áá ¬¨,
¢å®¤ïé¨å ¢ à §¤¥« D ú’¥ªáâ¨«ì; ¡ã¬ £ û. ‚¥àå−¨© ãà®¢¥−ì ¨¥à àå¨¨ ¢ª«îç ¥â
¢á¥£® ¢®á¥¬ì à §¤¥«®¢:

(1) A | ã¤®¢«¥â¢®à¥−¨¥ ¦¨§−¥−−ëå ¯®âà¥¡−®áâ¥© ç¥«®¢¥ª ;
(2) B | à §«¨ç−ë¥ â¥å−®«®£¨ç¥áª¨¥ ¯à®æ¥ááë; âà −á¯®àâ¨à®¢ −¨¥;
(3) C | å¨¬¨ï; ¬¥â ««ãà£¨ï;
(4) D | â¥ªáâ¨«ì; ¡ã¬ £ ;
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(5) E | áâà®¨â¥«ìáâ¢®; £®à−®¥ ¤¥«®;

(6) F | ¬ è¨−®áâà®¥−¨¥; ®á¢¥é¥−¨¥; ®â®¯«¥−¨¥; ¤¢¨£ â¥«¨ ¨ − á®áë; ®àã¦¨¥
¨ ¡®¥¯à¨¯ áë; ¢§àë¢−ë¥ à ¡®âë;

(7) G | ä¨§¨ª ;

(8) H | í«¥ªâà¨ç¥áâ¢®.

�®¤á¨áâ¥¬  úŠ« áá¨ä¨ª â®àëû ¢ª«îç ¥â − ¡®à áâàãªâãà¨à®¢ −−ëå § ¯à®-
á®¢, ª®â®àë¥ ®¡¥á¯¥ç¨¢ îâ ¥¥ ¢§ ¨¬®¤¥©áâ¢¨¥ á ¤àã£¨¬¨ ¯®¤á¨áâ¥¬ ¬¨ �ˆ‘ ¢
æ¥«ïå à¥è¥−¨ï á«¥¤ãîé¨å § ¤ ç:

{ ¢ë¡®à àã¡à¨ª¨ ¯à¨ àã¡à¨æ¨à®¢ −¨¨ ¯ã¡«¨ª æ¨© ¨ − ãç−ëå ¦ãà− «®¢;

{ ä®à¬¨à®¢ −¨¥ ááë«®ª −  àã¡à¨ª¨ ¯à¨ ®â®¡à ¦¥−¨¨ ¨å ª®¤®¢ ¢ â¥ªáâ å,
â ¡«¨æ å ¨ ¤¨ £à ¬¬ å;

{ ¯®¨áª àã¡à¨ª ¯® ª«îç¥¢ë¬ á«®¢ ¬ ¨§ ¨å â¥à¬¨−®«®£¨ç¥áª¨å ¯®àâà¥â®¢.

�®¤á¨áâ¥¬  úˆ¬¯®àâû (à¨á. 5) á«ã¦¨â ¤«ï ä®à¬¨à®¢ −¨ï 	„ ®¯¨á −¨©
¨§®¡à¥â¥−¨©, á®¤¥à¦ é¨å æ¨â¨àã¥¬ë¥ − ãç−ë¥ ¯ã¡«¨ª æ¨¨. �−  ¯à¥¤− §− ç¥− 
¤«ï à¥è¥−¨ï á«¥¤ãîé¨å § ¤ ç:

�¨á. 5 �àå¨â¥ªâãà  ¯®¤á¨áâ¥¬ë úˆ¬¯®àâû
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{ á®áâ ¢«¥−¨¥ ¨ ¢¥¤¥−¨¥ ¡¨¡«¨®â¥ª¨ â¨¯®¢ëå § ¯à®á®¢ ª 	„ ®¯¨á −¨© ¨§®¡à¥-
â¥−¨©,

{ ä®à¬¨à®¢ −¨¥ 	„ ®¯¨á −¨© ¨§®¡à¥â¥−¨© ¯ãâ¥¬ ¨¬¯®àâ  ¢−¥è−¨å ¨−ä®à¬ -
æ¨®−−ëå ¬ áá¨¢®¢.
ˆáå®¤ï ¨§ § ¤ −−®£® áæ¥− à¨ï ®æ¥−ª¨ ¢§ ¨¬®á¢ï§¥© − ¯à ¢«¥−¨© − ãç−ëå

¨áá«¥¤®¢ −¨© ¨ â¥å−®«®£¨ç¥áª¨å ®¡« áâ¥© á®§¤ ¥âáï ¯®¨áª®¢ë© § ¯à®á. ‚ ®â¢¥â
−  § ¯à®á ä®à¬¨àã¥âáï á¯¨á®ª ¯ â¥−â®¢ −  ¨§®¡à¥â¥−¨ï. ‚ ª ç¥áâ¢¥ ¡ §®¢®£®
¯à®£à ¬¬−®£® ¨−áâàã¬¥−â  −  íâ®¬ íâ ¯¥ ¨á¯®«ì§ã¥âáï ˆ�‘ MIMOSA, ª®â®à ï
¯®§¢®«ï¥â à ¡®â âì á à¥ä¥à â¨¢−®© ¨−ä®à¬ æ¨¥©, á®¤¥à¦ é¥©áï −  ®¯â¨ç¥áª¨å
−®á¨â¥«ïå, ¢ë¯ãáª ¥¬ëå �®á¯ â¥−â®¬.

ˆ−ä®à¬ æ¨®−−®-¯®¨áª®¢ ï á¨áâ¥¬  MIMOSA ®¡¥á¯¥ç¨¢ ¥â −¥ â®«ìª® ¯®¨áª
¨−ä®à¬ æ¨¨ ¯® § ¯à®á ¬, −® ¨ ¯®§¢®«ï¥â ¢ë£àã¦ âì ¬ áá¨¢ë − ©¤¥−−ëå ¤®ªã-
¬¥−â®¢ ¢ ¢¨¤¥ áâàãªâãà¨à®¢ −−ëå â¥ªáâ®¢ëå ä ©«®¢ ¨«¨ ¢ ä®à¬ â¥ á¢®¥© 	„.

ˆ−¤¥ªáë Œ�Š ¢ ˆ�‘ MIMOSA ¬®£ãâ á®¤¥à¦ âìáï ¢ à §−ëå ¯®«ïå, çâ®
ãç¨âë¢ ¥âáï ¯à¨ ä®à¬¨à®¢ −¨¨ § ¯à®á  −  ¯®¨áª ¯ â¥−â®¢ −  ¨§®¡à¥â¥−¨ï.
�â¨ ¯®«ï á®¤¥à¦ â ª®¤ë àã¡à¨ª Œ�Š, ª ª®â®àë¬ ®â−®á¨âáï ¨§®¡à¥â¥−¨¥,
−® § ¯®«−ïîâáï ®−¨ à §−ë¬¨ ãç áâ−¨ª ¬¨ ¯à®æ¥áá  ¯®¤ ç¨ § ï¢®ª −  ¢ë¤ çã
¯ â¥−â®¢ −  ¨§®¡à¥â¥−¨ï (íâ® ¯®«¥ á ¬¥âª®© ICAI, ª®â®à®¥ § ¯®«−ï¥âáï § ï¢¨â¥«¥¬)
¨ ¯à®æ¥áá  ¯à®¢¥¤¥−¨ï íªá¯¥àâ¨§ë § ï¢ª¨ ¯® áãé¥áâ¢ã (íâ® ¯®«ï á ¬¥âª ¬¨ ICA ¨
ICAA, ª®â®àë¥ § ¯®«−ïîâáï íªá¯¥àâ®¬). �¨¦¥ ¯à¨¢®¤¨âáï ¯à¨¬¥à ¯®áâà®¥−−®£®
§ ¯à®á  ¤«ï ˆ�‘ MIMOSA:

(ICA = G06∗ OR ICAA = G06∗ OR ICAI = G06∗) ANDDP = 2012∗ ,

£¤¥ §− ª ú∗û á«ã¦¨â §− ª®§ ¬¥−¨â¥«¥¬1.
‚ á«ãç ¥ ¥á«¨ § ¯à®á ¢ë¯®«−¥− (â. ¥. á¨−â ªá¨á ¯à®¢¥à¥− ¨ ¯®¨áª ¯à®¢¥¤¥−)

¨ å®âï ¡ë ®¤¨− ¤®ªã¬¥−â − ©¤¥−, â® ˆ�‘ ŒˆŒ�‡� ¯à¥¤« £ ¥â ¯à®á¬®âà¥âì
á¯¨á®ª ¡¨¡«¨®£à ä¨ç¥áª¨å ¤ −−ëå ¢á¥å − ©¤¥−−ëå ¤®ªã¬¥−â®¢. ‚ à¥§ã«ìâ â¥
¢ë¯®«−¥−¨ï § ¯à®á  ä®à¬¨àã¥âáï áâàãªâãà¨à®¢ −−ë© â¥ªáâ®¢ë© ä ©« ¡¨¡«¨®-
£à ä¨ç¥áª¨å ®¯¨á −¨© ¯ â¥−â®¢, ®â¢¥ç îé¨å ¯®áâà®¥−−®¬ã § ¯à®áã. ” ©« á
¡¨¡«¨®£à ä¨ç¥áª¨¬¨ ¤ −−ë¬¨ á®¤¥à¦¨â à¥ä¥à âë ®¯¨á −¨© ¨§®¡à¥â¥−¨© ¨ URL
(uniform resource locator) ááë«ª¨ ¤«ï ¤®áâã¯  ª ¯®«−®¬ã ®¯¨á −¨î ¢ ®âªàëâ®¬
à¥¥áâà¥ ¨§®¡à¥â¥−¨© �®á¯ â¥−â .

�®¤á¨áâ¥¬  ú–¨â¨à®¢ −¨¥û (à¨á. 6) ä®à¬¨àã¥â á¯¨á®ª áâàãªâãà¨à®¢ −−ëå
ááë«®ª −  − ãç−ë¥ ¯ã¡«¨ª æ¨¨, æ¨â¨àã¥¬ë¥ ¢ ®¯¨á −¨ïå ¨§®¡à¥â¥−¨©. �− 
à¥è ¥â á«¥¤ãîé¨¥ § ¤ ç¨:

{ á®§¤ −¨¥ ¨ ¢¥¤¥−¨¥ ¡¨¡«¨®â¥ª¨ è ¡«®−®¢ ¤«ï ¯®¨áª  ááë«®ª −  æ¨â¨àã¥¬ë¥
¯ã¡«¨ª æ¨¨;

1„ −−ë© § ¯à®á ¨¬¥¥â á«¥¤ãîé¥¥ á®¤¥à¦ −¨¥: ¢ë¡à âì ¢á¥ ¤®ªã¬¥−âë, ª®â®àë¥ á®¤¥à¦ â ª®¤
Œ�Š G06 ¢ ¯®«ïå úŠ« áá¨ä¨ª æ¨ï | à áè¨à¥−−ë© ãà®¢¥−ìû, úŠ« áá¨ä¨ª æ¨ï | ¤®¯®«−¨-
â¥«ì− ï ¨−ä®à¬ æ¨ïû, úŠ« áá¨ä¨ª æ¨ï | ¨§®¡à¥â â¥«ìáª ï ¨−ä®à¬ æ¨ïû ¨ á¨¬¢®«ë ú2012û ¢
¯®«¥ ú„ â  ¯ã¡«¨ª æ¨¨û.
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�¨á. 6 �àå¨â¥ªâãà  ¯®¤á¨áâ¥¬ë ú–¨â¨à®¢ −¨¥û

{  ¢â®¬ â¨§¨à®¢ −−ë© ¯®¨áª ááë«®ª −  æ¨â¨àã¥¬ë¥ ¯ã¡«¨ª æ¨¨;

{ ä®à¬¨à®¢ −¨¥ ¨ ¢¥¤¥−¨¥ ¡¨¡«¨®â¥ª¨ ¯à ¢¨« ¤«ï áâàãªâãà¨à®¢ −¨ï ááë«®ª
−  ¯ã¡«¨ª æ¨¨;

{  ¢â®¬ â¨§¨à®¢ −−®¥ áâàãªâãà¨à®¢ −¨¥ ááë«®ª;

{ ä®à¬¨à®¢ −¨¥ 	„ áâàãªâãà¨à®¢ −−ëå ¡¨¡«¨®£à ä¨ç¥áª¨å ááë«®ª −  æ¨â¨-
àã¥¬ë¥ ¯ã¡«¨ª æ¨¨.

‡ ¤ ç  ¯®¨áª  ááë«®ª −  ¯ã¡«¨ª æ¨¨ à¥è ¥âáï á ¯®¬®éìî  ¢â®¬ â¨ç¥áª®£®
¢ë¤¥«¥−¨ï äà £¬¥−â®¢ −¥áâàãªâãà¨à®¢ −−®£® â¥ªáâ  ¯® § ¤ −−ë¬ ¯à¨§− ª ¬.
„«ï íâ®£® ¨á¯®«ì§ãîâáï è ¡«®−ë à §−ëå ¢¨¤®¢ ááë«®ª −  ¯ã¡«¨ª æ¨¨, ª®â®àë¥
áâà®ïâáï −  ®á−®¢¥ ¯à¨§− ª®¢, å à ªâ¥à−ëå ¤«ï ª ¦¤®£® ¢¨¤  ááë«®ª −  ¯ã¡-
«¨ª æ¨¨. ˜ ¡«®−ë ä®à¬¨àãîâáï −  ®á−®¢¥ ¤ −−ëå  − «¨§  â¥ªáâ®¢®£® ¬ áá¨¢ 
®¯¨á −¨© ¨§®¡à¥â¥−¨©. �−¨ ¬®£ãâ ª®àà¥ªâ¨à®¢ âìáï ¢ ¯à®æ¥áá¥ à ¡®âë �ˆ‘.
‚á¥ ááë«ª¨ −  ¯ã¡«¨ª æ¨¨ ¢ â¥ªáâ¥ ®¯¨á −¨ï ¨§®¡à¥â¥−¨ï, − ©¤¥−−ë¥ á ¯®¬®éìî
è ¡«®−®¢, ¢ë¤¥«ïîâáï æ¢¥â®¬ (à¨á. 7). �®¤®¡−®¥ ¢ë¤¥«¥−¨¥ ¤ ¥â ¢®§¬®¦−®áâì
®¯¥à â®àã ª®−âà®«¨à®¢ âì â®ç−®áâì ¯®¨áª  ááë«®ª −  ¯ã¡«¨ª æ¨¨.

‚ å®¤¥ ª®−âà®«ï ®¯¥à â®à®¬ â®ç−®áâ¨ ¨ ¯®«−®âë ¯®¨áª  ááë«®ª −  ¯ã¡«¨ª -
æ¨¨ − ª ¯«¨¢ ¥âáï áâ â¨áâ¨ª  ¯® ®¯à¥¤¥«¥−¨î ãá¯¥è−® ¢ë¤¥«¥−−ëå äà £¬¥−â®¢
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�¨á. 7 ‚ë¤¥«¥−− ï ááë«ª  ¢ −¥áâàãªâãà¨à®¢ −−®¬ â¥ªáâ¥ ®¯¨á −¨ï ¨§®¡à¥â¥−¨ï

â¥ªáâ , ª®â®àë¥ ¤¥©áâ¢¨â¥«ì−® ®ª § «¨áì ááë«ª ¬¨ æ¨â¨à®¢ −¨ï. ’ ª ï áâ â¨-
áâ¨ª  ¯®§¢®«ï¥â ã¢¥«¨ç¨âì à¥§ã«ìâ â¨¢−®áâì  ¢â®¬ â¨ç¥áª®£® ¢ë¤¥«¥−¨ï ááë«®ª
æ¨â¨à®¢ −¨ï, çâ®, ¢ á¢®î ®ç¥à¥¤ì, á«ã¦¨â ¯à¥¤¯®áë«ª®© ¤«ï ¯®¢ëè¥−¨ï à¥§ã«ì-
â â¨¢−®áâ¨ ¯à®æ¥áá   ¢â®¬ â¨§¨à®¢ −−®£® ¯®¨áª  ¡¨¡«¨®£à ä¨ç¥áª¨å ááë«®ª ¢
®¯¨á −¨ïå ¨§®¡à¥â¥−¨©.

’¥ªáâ ááë«ª¨ á®åà −ï¥âáï ¢ 	„ �ˆ‘ á ¯à¨¢ï§ª®© ª ¡¨¡«¨®£à ä¨ç¥áª¨¬
¤ −−ë¬ ¯ â¥−â  −  ¨§®¡à¥â¥−¨¥ (¢ â®¬ ç¨á«¥ ª àã¡à¨ª ¬ Œ�Š) ¨ á ãª § −¨¥¬
¢¨¤  ¯ã¡«¨ª æ¨¨ (áâ âìï, ª−¨£ , ¤®ª« ¤ ¨ ¯à.). ‡ â¥¬ −¥áâàãªâãà¨à®¢ −−ë© â¥ªáâ
ááë«ª¨ −  ¯ã¡«¨ª æ¨î (â®«ìª® ¤«ï áâ â¥©) áâàãªâãà¨àã¥âáï ¯® ®â¤¥«ì−ë¬ ¯®«ï¬
( ¢â®àë, − §¢ −¨¥ ¯ã¡«¨ª æ¨¨, − §¢ −¨¥ ¦ãà− « , £®¤ ¯ã¡«¨ª æ¨¨, â®¬/¢ë¯ãáª,
áâà −¨æë) á ¨á¯®«ì§®¢ −¨¥¬ ¡¨¡«¨®â¥ª¨ ¯à ¢¨« áâàãªâãà¨à®¢ −¨ï.

„«ï ¨¤¥−â¨ä¨ª æ¨¨ − ãç−ëå ¦ãà− «®¢ ¢ 	„ �ˆ‘ ¯à¥¤¯®« £ ¥âáï ¨á¯®«ì§®-
¢ âì −®à¬ «¨§®¢ −−ë© á¯¨á®ª ¨å − §¢ −¨© á ¯¥à¥ç−¥¬ àã¡à¨ª − ãç−ëå − ¯à ¢«¥-
−¨© ¨áá«¥¤®¢ −¨©, ª ª®â®àë¬ ®â−®áïâáï áâ âì¨ ¦ãà− «®¢. ’ ª¨¬ ®¡à §®¬, ¯à¨-
¢ï§ª  ááë«ª¨ −  ¯ã¡«¨ª æ¨î ª ¦ãà− «ã ¨§ ãª § −−®£® á¯¨áª  (á ¨á¯®«ì§®¢ −¨¥¬
¯à®æ¥¤ãàë −®à¬ «¨§ æ¨¨ − §¢ −¨ï ¦ãà− « )  ¢â®¬ â¨ç¥áª¨ ¯®ª §ë¢ ¥â − ¡®à
àã¡à¨ª − ãç−ëå − ¯à ¢«¥−¨©, − á«¥¤ã¥¬ëå ¤ −−®© ¯ã¡«¨ª æ¨¥© ¨§  âà¨¡ãâ®¢
íâ®£® ¦ãà− « . ‚ á«ãç ¥ ®âáãâáâ¢¨ï ¢®§¬®¦−®áâ¨  ¢â®¬ â¨ç¥áª¨ −®à¬ «¨§®¢ âì
− §¢ −¨¥ ¦ãà− «  ¨ ¯à¨¢ï§ âì ááë«ªã −  ¯ã¡«¨ª æ¨î ª − ãç−®¬ã ¦ãà− «ã,
¯à¥¤ãá¬®âà¥−  ¢®§¬®¦−®áâì ¯¥à¥¤ ç¨ íâ®© ááë«ª¨ ¡¨¡«¨®£à äã, ®áãé¥áâ¢«ï-
îé¥¬ã −®à¬ «¨§ æ¨î − §¢ −¨ï ¦ãà− «  ¨ ¯à¨¢ï§ªã ª −¥¬ã íâ®© ¯ã¡«¨ª æ¨¨.

‚ëå®¤®¬ ¤ −−®© ¯®¤á¨áâ¥¬ë ï¢«ï¥âáï ¬ áá¨¢ áâàãªâãà¨à®¢ −−ëå ááë«®ª
æ¨â¨à®¢ −¨ï á ¯à¨¢ï§ª®©: ( ) ª àã¡à¨ª ¬ − ãç−ëå − ¯à ¢«¥−¨© ¨áá«¥¤®¢ −¨ï;
(¡) ª ¡¨¡«¨®£à ä¨ç¥áª¨¬ ¤ −−ë¬ ¨§®¡à¥â¥−¨ï ¢ æ¥«®¬ ¨ ª àã¡à¨ª ¬ Œ�Š ¢ ç áâ-
−®áâ¨. �à¨¢ï§ª  ª ¡¨¡«¨®£à ä¨ç¥áª¨¬ ¤ −−ë¬ ¨§®¡à¥â¥−¨ï ¤ ¥â ¢®§¬®¦−®áâì
¢ëç¨á«ïâì §− ç¥−¨ï ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© á ä¨«ìâà æ¨-
¥© ¨/¨«¨ £àã¯¯¨à®¢ª®© ¯® à §−ë¬  âà¨¡ãâ ¬ ¨§®¡à¥â¥−¨ï (− ¯à¨¬¥à: ¯® áâà −¥
¯ â¥−â®¢« ¤¥«ìæ , ¤ â¥ ¯®¤ ç¨ § ï¢ª¨, ¢ë¤ ç¨ ¯ â¥−â  ¨ â. ¤.).
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�®¤á¨áâ¥¬  ú�ã¡à¨æ¨à®¢ −¨¥û ¯à¥¤− §− ç¥−  ¤«ï ª« áá¨ä¨ª æ¨¨ áâàãª-
âãà¨à®¢ −−ëå ááë«®ª −  æ¨â¨àã¥¬ë¥ ¯ã¡«¨ª æ¨¨ ¯® − ãç−ë¬ − ¯à ¢«¥−¨ï¬
§ ¤ −−®£® ª« áá¨ä¨ª â®à  ¨ à¥è ¥â á«¥¤ãîé¨¥ ¤¢¥ § ¤ ç¨:

(1) àã¡à¨æ¨à®¢ −¨¥ æ¨â¨àã¥¬ëå − ãç−ëå ¯ã¡«¨ª æ¨© −  ®á−®¢¥ á¯¨áª  −®à¬ -
«¨§®¢ −−ëå − §¢ −¨© ¦ãà− «®¢, ª®â®àë¥ ¨¬¥îâ àã¡à¨ª¨ − ãç−ëå − ¯à -
¢«¥−¨©,

(2) ãâ®ç−¥−¨¥ àã¡à¨ª æ¨â¨àã¥¬ëå − ãç−ëå ¯ã¡«¨ª æ¨© −  ®á−®¢¥ á®¯®áâ -
¢«¥−¨ï − §¢ −¨© ¯ã¡«¨ª æ¨© á â¥à¬¨−®«®£¨ç¥áª¨¬¨ ¯®àâà¥â ¬¨, ª®â®àë¥
¯à¨¯¨á −ë àã¡à¨ª ¬ − ãç−ëå − ¯à ¢«¥−¨©.

�¯¥à æ¨ï àã¡à¨æ¨à®¢ −¨ï æ¨â¨àã¥¬ëå − ãç−ëå ¯ã¡«¨ª æ¨© −  ®á−®¢¥ á¯¨á-
ª  −®à¬ «¨§®¢ −−ëå − §¢ −¨© ¦ãà− «®¢ ®¡¥á¯¥ç¨¢ ¥â ¯à¨á¢®¥−¨¥ àã¡à¨ª â®«ìª®
¤«ï ç áâ¨ æ¨â¨àã¥¬ëå − ãç−ëå ¯ã¡«¨ª æ¨© ¨§-§  −¥¯®«−®£® à á¯®§− ¢ −¨ï ¢¨-
¤®¢ ¯ã¡«¨ª æ¨©. ‚ ¯¥à¢®© ¢¥àá¨¨ �ˆ‘ ¯à¥¤¯®« £ ¥âáï àã¡à¨æ¨à®¢ −¨¥ â®«ìª®
áâ â¥© ¨§ − ãç−ëå ¦ãà− «®¢. ‚ ¯à®æ¥áá¥ àã¡à¨æ¨à®¢ −¨ï ¤®áâã¯−ë: − §¢ -
−¨¥ ¦ãà− « , − §¢ −¨¥ áâ âì¨,   â ª¦¥ â¥à¬¨−®«®£¨ç¥áª¨¥ ¯®àâà¥âë, ª®â®àë¥
¯à¨¯¨á −ë àã¡à¨ª ¬ − ãç−ëå − ¯à ¢«¥−¨©.

‚ ¯à®æ¥áá¥ à §à ¡®âª¨ ¬¥â®¤®«®£¨¨ ®¯à¥¤¥«¥−¨ï §− ç¥−¨© ¨−¤¨ª â®à®¢ ¢§ -
¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© ¡ë«® ¢ë¤¥«¥−® ç¥âëà¥ â¨¯  ¢®§¬®¦−ëå â¥¬ â¨ç¥-
áª¨å ®â−®è¥−¨© ¬¥¦¤ã ¨§®¡à¥â¥−¨ï¬¨ ¨ ¯ã¡«¨ª æ¨ï¬¨:

(1) ®¤−®© àã¡à¨ª¥ Œ�Š ¨§®¡à¥â¥−¨ï á®®â¢¥âáâ¢ã¥â ®¤−  àã¡à¨ª  − ãç−®£®
− ¯à ¢«¥−¨ï;

(2) ®¤−®© àã¡à¨ª¥ Œ�Š á®®â¢¥âáâ¢ãîâ −¥áª®«ìª® àã¡à¨ª − ãç−ëå − ¯à ¢«¥-
−¨©;

(3) −¥áª®«ìª¨¬ àã¡à¨ª ¬ Œ�Š á®®â¢¥âáâ¢ã¥â ®¤−  àã¡à¨ª  − ãç−®£® − ¯à ¢-
«¥−¨ï;

(4) −¥áª®«ìª¨¬ àã¡à¨ª ¬ Œ�Š á®®â¢¥âáâ¢ãîâ −¥áª®«ìª® àã¡à¨ª − ãç−ëå − -
¯à ¢«¥−¨©.

�®¤á¨áâ¥¬  ®¡¥á¯¥ç¨¢ ¥â ¢ëç¨á«¥−¨¥ ¨−¤¨ª â®à®¢ á ãç¥â®¬ ¢á¥å â¨¯®¢ â¥-
¬ â¨ç¥áª¨å ®â−®è¥−¨©. ‘ãé−®áâì ¨§®¡à¥â¥−¨ï ¢ëà ¦ ¥âáï ®á−®¢−®© àã¡à¨ª®©
Œ�Š,   ¤®¯®«−¨â¥«ì−ë¥ −®áïâ ãâ®ç−ïîé¨© å à ªâ¥à. ‚ ¯à®æ¥áá¥ à §à ¡®âª¨
�ˆ‘ ¯à¥¤¯®« £ «®áì, çâ® ¯à®¥ªâ¨à®¢ −¨¥ ¨−¤¨ª â®à®¢ á ãç¥â®¬ ¯¥à¥ç¨á«¥−−ëå
â¨¯®¢ ®â−®è¥−¨©, à §«¨ç¨© ¬¥¦¤ã ®á−®¢−ë¬¨ ¨ ¤®¯®«−¨â¥«ì−ë¬¨ àã¡à¨ª ¬¨
ï¢«ï¥âáï á ¬®áâ®ïâ¥«ì−®© § ¤ ç¥©, ª®â®à ï à¥è ¥âáï ¢−¥ �ˆ‘ [14{18]. Œ¥â®¤ë
¯à®¥ªâ¨à®¢ −¨ï ¨−¤¨ª â®à®¢ ¡ë«¨ à áá¬®âà¥−ë ¢ à ¡®â å [19, 20]. �â¨ ¬¥â®¤ë
¡ë«¨ à §à ¡®â −ë −  ®á−®¢¥ á¥¬¨®â¨ç¥áª¨å ¬®¤¥«¥© [21{26].

‚ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢ −¨ï �ˆ‘ ¡ë« ¯à®¢¥¤¥−  − «¨§ ¤¢ãå ¢ à¨ −â®¢ àã¡-
à¨æ¨à®¢ −¨ï ¯ã¡«¨ª æ¨©. ‚ ¯¥à¢®¬ ¢ à¨ −â¥, ¢ ª®â®à®¬ ¨á¯®«ì§ãîâáï ¢á¥
àã¡à¨ª¨ Œ�Š, ãª § −−ë¥ ¢ ¡¨¡«¨®£à ä¨ç¥áª¨å ¤ −−ëå ¨§®¡à¥â¥−¨ï, �ˆ‘
á£¥−¥à¨àã¥â ¬ âà¨æã ¨§ L = Cm × Cs ¢§ ¨¬®á¢ï§¥© â¥å−®«®£¨© ¨ − ãç−ëå
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− ¯à ¢«¥−¨© (Cm | ª®«¨ç¥áâ¢® àã¡à¨ª Œ�Š; Cs | ç¨á«® àã¡à¨ª − ãç−ëå
− ¯à ¢«¥−¨© ¨áá«¥¤®¢ −¨©). �á®¡¥−−®áâ¨ ä®à¬¨à®¢ −¨ï íâ®© ¬ âà¨æë − £«ï¤−®
¨««îáâà¨àã¥â ¯à¨¬¥à ¨§ à ¡®âë [27], £¤¥ ®¯¨á − ¯à®æ¥áá ¯®áâà®¥−−¨ï ¬ âà¨æë,
ã ª®â®à®© m ¨§¬¥−ï¥âáï ®â ¯¥à¢®© ¤® 441-© àã¡à¨ª¨ Œ�Š (à áá¬ âà¨¢ «¨áì
àã¡à¨ª¨ â®«ìª® ®¤−®£® ¢¨¤  | ¯®¤ª« ááë Œ�Š),   s | ®â ¯¥à¢®£® ¤® 187-£®
− ¯à ¢«¥−¨ï − ãç−ëå ¨áá«¥¤®¢ −¨©. ‡− ç¥−¨ï í«¥¬¥−â®¢ íâ®© ¬ âà¨æë ¡ë«¨
¢ëç¨á«¥−ë ¢ ¯à®æ¥áá¥ ®¡à ¡®âª¨ 656 695 ¯ â¥−â®¢ −  ¨§®¡à¥â¥−¨ï, ¢ë¤ −−ëå
� â¥−â−ë¬ ¢¥¤®¬áâ¢®¬ ‘˜�, § ï¢ª¨ −  ª®â®àë¥ ¡ë«¨ ¯®¤ −ë ¢ ¯¥à¨®¤ 1992{
1996 ££. ‘− ç «  ¨§ ®¯¨á −¨© ¨§®¡à¥â¥−¨© ¡ë«¨ ¢ë¤¥«¥−ë 1 147 160 −¥¯ â¥−â−ëå
ááë«®ª (â. ¥. ááë«ª¨ −  ¯ â¥−âë ¡ë«¨ ¨áª«îç¥−ë). �à¨ íâ®¬ à áá¬ âà¨¢ «¨áì
â®«ìª® â ª − §ë¢ ¥¬ë¥ úfront-page ¯ã¡«¨ª æ¨¨û, ª®â®àë¥ æ¨â¨àãîâáï −  ¯¥à-
¢ëå áâà −¨æ å ®¯¨á −¨© ®â®¡à −−ëå ¨§®¡à¥â¥−¨©. ‡ â¥¬ ¨§ íâ¨å −¥¯ â¥−â−ëå
ááë«®ª ¡ë«¨ ¢ë¡à −ë â®«ìª® â¥ ááë«ª¨ −  ¦ãà− «ì−ë¥ áâ âì¨ (¡ë«® ®â®¡à −®
106 636 ááë«®ª), ¤«ï ª®â®àëå ã¤ «®áì ¨¤¥−â¨ä¨æ¨à®¢ âì − §¢ −¨¥ ¦ãà− «  ¨
á®®â−¥áâ¨ ¥£® á −®à¬ â¨¢−ë¬ á¯¨áª®¬, ¢ ª®â®à®¬ ª ¦¤®¬ã − §¢ −¨î ¯à¨á¢®¥− 
®¤−  ¨«¨ −¥áª®«ìª® àã¡à¨ª − ãç−ëå − ¯à ¢«¥−¨© ¨áá«¥¤®¢ −¨©. ‚ à¥§ã«ìâ â¥
®¡à ¡®âª¨ íâ¨å ááë«®ª ¡ë«¨ ¢ëç¨á«¥−ë §− ç¥−¨ï ¬ âà¨æë ¢§ ¨¬®á¢ï§¥© â¥å−®-
«®£¨© ¨ − ãç−ëå − ¯à ¢«¥−¨©. �à¨ íâ®¬ ®¯¨á −¨ï ¨§®¡à¥â¥−¨©, ®â−®áïé¨åáï ª
7% àã¡à¨ª Œ�Š (31 ¯®¤ª« áá), ¢ª«îç «¨ 80% ááë«®ª −  ¦ãà− «ì−ë¥ áâ âì¨,
çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® ¢¥áì¬  −¥à ¢−®¬¥à−®¬ à á¯à¥¤¥«¥−¨¨ − ãç−ëå ¯ã¡«¨ª æ¨©
¯® ®¡« áâï¬ â¥å−®«®£¨©.

�¥à¢ë© ¢ à¨ −â àã¡à¨æ¨à®¢ −¨ï ¯ã¡«¨ª æ¨© −¥ ¤ ¥â ¢®§¬®¦−®áâ¨ ®¯à¥-
¤¥«¨âì − ¯à ¢«¥−¨¥ ¨áá«¥¤®¢ −¨© ¢ â®¬ á«ãç ¥, ª®£¤  áâ âìï ®¯ã¡«¨ª®¢ −  ¢
¦ãà− «¥, ª®â®à®¬ã ¯à¨á¢®¥−® −¥áª®«ìª® àã¡à¨ª − ãç−ëå − ¯à ¢«¥−¨© ¨áá«¥-
¤®¢ −¨©. �®íâ®¬ã ¢ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢ −¨ï �ˆ‘ ¡ë« à §à ¡®â − ¢â®à®©
¢ à¨ −â àã¡à¨æ¨à®¢ −¨ï ¯ã¡«¨ª æ¨©, ¢ ª®â®à®¬ ¤«ï ¡®«¥¥ â®ç−®£® ¨ ¯®«−®£®
àã¡à¨æ¨à®¢ −¨ï ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢ âì ¯à®æ¥¤ãàã á®¯®áâ ¢«¥−¨ï â¥à-
¬¨−®«®£¨ç¥áª¨å ¯®àâà¥â®¢ àã¡à¨ª ¨ − §¢ −¨© áâ â¥©. �ç¥¢¨¤−®, çâ® à¥§ã«ìâ âë
à áç¥â®¢ §− ç¥−¨© ¬ âà¨æë ¢§ ¨¬®á¢ï§¥© â¥å−®«®£¨© ¨ − ãç−ëå − ¯à ¢«¥−¨©
¡ã¤ãâ § ¢¨á¥âì ®â ¢ë¡à −−®£® á¯®á®¡  àã¡à¨æ¨à®¢ −¨ï.

�®¤á¨áâ¥¬  úˆ−¤¨ª â®àëû ¯à¥¤− §− ç¥−  ¤«ï ¢ëç¨á«¥−¨ï §− ç¥−¨© ¨−¤¨-
ª â®à®¢. �â  ¯®¤á¨áâ¥¬  à¥è ¥â á«¥¤ãîé¨¥ § ¤ ç¨:

{ ¢ëç¨á«¥−¨¥ ç áâ®â ¢áâà¥ç ¥¬®áâ¨ ¯ à àã¡à¨ª  Œ�Š (â¥å−®«®£¨¨) { àã¡à¨ª 
Š« áá¨ä¨ª â®à  �””ˆ (− ¯à ¢«¥−¨ï − ãç−ëå ¨áá«¥¤®¢ −¨©) ¢ ¢¨¤¥ ¬ âà¨-
æë ¢§ ¨¬®á¢ï§¥© â¥å−®«®£¨© ¨ − ãç−ëå − ¯à ¢«¥−¨©;

{ á®§¤ −¨¥ ¨ ¢¥¤¥−¨¥ 	„ ¢ëç¨á«¥−−ëå §− ç¥−¨© ¨−¤¨ª â®à®¢.

’ ª¨¬ ®¡à §®¬, ¢ ª ç¥áâ¢¥ ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥© â¥å−®«®£¨© ¨ − ¯à ¢-
«¥−¨© − ãç−ëå ¨áá«¥¤®¢ −¨© ¢ë¡à −ë ç áâ®âë ¢áâà¥ç ¥¬®áâ¨ ¯ à ¨−¤¥ªá Œ�Š
¨ àã¡à¨ª  Š« áá¨ä¨ª â®à  �””ˆ, ª®â®àë¥ ®¯à¥¤¥«ïîâáï −  ®á−®¢¥ ááë«®ª − 
− ãç−ë¥ ¯ã¡«¨ª æ¨¨, ¨§¢«¥ç¥−−ë¥ ¨§ ¯®«−®â¥ªáâ®¢ëå ®¯¨á −¨© ¨§®¡à¥â¥−¨©.
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„®¯®«−¨â¥«ì−ë¥  âà¨¡ãâë ¢§ ¨¬®á¢ï§¥©

	¨¡«¨®£à ä¨ç¥áª¨¥ ¤ −−ë¥ ¨§®¡à¥â¥−¨©

„ â  ¯®¤ ç¨ § ï¢ª¨
„ â  ¢ë¤ ç¨ ¯ â¥−â 
‘âà −   ¢â®à  ¨§®¡à¥â¥−¨ï
‘âà −  § ï¢¨â¥«ï
‘âà −  ¯ â¥−â®®¡« ¤ â¥«ï

‘âàãªâãà−ë¥ ¯®«ï ááë«®ª æ¨â¨à®¢ −¨ï
ƒ®¤ ¯ã¡«¨ª æ¨¨
‘âà −  ¯ã¡«¨ª æ¨¨

� «¨ç¨¥ ¨ ¨á¯®«ì§®¢ −¨¥ ¤®¯®«−¨â¥«ì−ëå  âà¨¡ãâ®¢ ¤«ï ª ¦¤®© ¯®«ãç¥−-
−®© ¢§ ¨¬®á¢ï§¨ (á¬. â ¡«¨æã) ¯®§¢®«ï¥â á®§¤ ¢ âì ¯®¤¬−®¦¥áâ¢  ¨−¤¨ª â®à®¢
¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© ¯® áâà − ¬, ¯¥à¨®¤ ¬ ¯®¤ ç¨ § ï¢®ª, ¢ë¤ ç¨
¯ â¥−â®¢ ¨ â. ¤.

�®¤á¨áâ¥¬  ú
ªá¯¥àâ¨§ û ¯à¥¤− §− ç¥−  ¤«ï ¯®áâà®¥−¨ï áæ¥− à¨¥¢ ¨ íªá-
¯¥àâ−®© ¢¥à¨ä¨ª æ¨¨ ¢ëç¨á«¥−−ëå §− ç¥−¨© ¨−¤¨ª â®à®¢. �â  ¯®¤á¨áâ¥¬ 
à¥è ¥â á«¥¤ãîé¨¥ § ¤ ç¨:

{ ¯®áâà®¥−¨¥ áæ¥− à¨¥¢ ¢ëç¨á«¥−¨ï §− ç¥−¨© ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥© − ãª¨
¨ â¥å−®«®£¨© −  ®á−®¢¥ § ¤ −−ëå ¯ à ¬¥âà®¢;

{ ®¡¥á¯¥ç¥−¨¥ íªá¯¥àâ−®© ¢¥à¨ä¨ª æ¨¨ ¢ëç¨á«¥−−ëå §− ç¥−¨© ¨−¤¨ª â®à®¢.

�®¤á¨áâ¥¬  ú�ªá¯¥àâ¨§ û ¤®áâã¯−  â®«ìª® ¤«ï íªá¯¥àâ®¢. �−  ¯®¤¤¥à¦¨¢ ¥â
¢®§¬®¦−®áâì á®§¤ −¨ï, åà −¥−¨ï ¨ á®¯®áâ ¢«¥−¨ï à §«¨ç−ëå ¢ à¨ −â®¢ áæ¥− à-
−ëå à áç¥â®¢. �−  â ª¦¥ ¤ ¥â ¢®§¬®¦−®áâì á®¯®áâ ¢«ïâì ¢ëç¨á«¥−−ë¥ §− ç¥−¨ï
¨−¤¨ª â®à®¢ á â¥¬¨ ¨−ä®à¬ æ¨®−−ë¬¨ à¥áãàá ¬¨ (®¯¨á −¨ï¬¨ ¨§®¡à¥â¥−¨© ¨
ááë«ª ¬¨ −  ¯ã¡«¨ª æ¨¨), ¢ ¯à®æ¥áá¥ ®¡à ¡®âª¨ ª®â®àëå ¡ë«® ¯®«ãç¥−® ª ¦¤®¥
§− ç¥−¨¥ ¨−¤¨ª â®à .

„«ï ¯à¥¤áâ ¢«¥−¨ï à¥§ã«ìâ â®¢ à ¡®âë íªá¯¥àâ®¢ ¢ ¢¨¤¥  − «¨â¨ç¥áª¨å ®â-
ç¥â®¢ ¯à¥¤« £ ¥âáï ¨á¯®«ì§®¢ âì ¯®¤á¨áâ¥¬ã ú�− «¨â¨ª û. �â  ¯®¤á¨áâ¥¬ 
¢ë¯®«−ï¥â á«¥¤ãîé¨¥ § ¤ ç¨:

{ ¯à®¥ªâ¨à®¢ −¨¥  − «¨â¨ç¥áª¨å ®âç¥â®¢;
{  ¢â®¬ â¨§¨à®¢ −−®¥ ä®à¬¨à®¢ −¨¥  − «¨â¨ç¥áª¨å ®âç¥â®¢, á®¤¥à¦ é¨å à¥-

§ã«ìâ âë ¢ëç¨á«¥−¨© §− ç¥−¨© ¨−¤¨ª â®à®¢ ¢ ¢¨¤¥ â ¡«¨æ, ¤¨ £à ¬¬, £à -
ä¨ª®¢ ¨ á®¯à®¢®¦¤ îé¥£® â¥ªáâ  (áâàãªâãà   − «¨â¨ç¥áª®£® ®âç¥â  ®¯à¥¤¥-
«ï¥âáï ¢ ¯à®æ¥áá¥ ¥£® ¯à®¥ªâ¨à®¢ −¨ï).

5 Заключение

� áá¬®âà¥−−ë¥  àå¨â¥ªâãà−ë¥ à¥è¥−¨ï ¤«ï ¢ëç¨á«¥−¨ï ¨−¤¨ª â®à®¢ â¥¬ -
â¨ç¥áª¨å ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© ï¢«ïîâáï ®á−®¢®© á®§¤ −¨ï ¨−ä®à-
¬ æ¨®−−®© á¨áâ¥¬ë, ª®â®à ï −¥ ¨¬¥¥â  − «®£®¢ ¢ à®áá¨©áª®© − ãç−®-â¥å−¨ç¥áª®©
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áä¥à¥. � ¨¡®«¥¥ ¡«¨§ª¨¬ § àã¡¥¦−ë¬  − «®£®¬ ï¢«ï¥âáï ¥¢à®¯¥©áª ï á¨áâ¥¬ ,
®¯¨á −¨¥ ª®â®à®© ¤ −® ¢ à ¡®â¥ [27]. �à¥¤« £ ¥¬ë¥  àå¨â¥ªâãà−ë¥ à¥è¥−¨ï
®¡« ¤ îâ àï¤®¬ ¯à¨−æ¨¯¨ «ì−ëå ®â«¨ç¨© ®â íâ®£®  − «®£ :

{ ¢ë¡®à ¨¬¥−−® â¥å á¨áâ¥¬ ª« áá¨ä¨ª æ¨¨ ®¡« áâ¥© §− −¨©, ª®â®àë¥ ¨á¯®«ì-
§ãîâáï ¢ ¯à®æ¥áá¥ ¯à¨−ïâ¨ï à¥è¥−¨©;

{ ¨á¯®«ì§®¢ −¨¥ ¢á¥å − ãç−ëå ¯ã¡«¨ª æ¨©, æ¨â¨àã¥¬ëå ¢ ®¯¨á −¨ïå ®â®¡à −-
−ëå ¨§®¡à¥â¥−¨©, ¤«ï ®¯à¥¤¥«¥−¨ï §− ç¥−¨© ¨−¤¨ª â®à®¢ ¢§ ¨¬®á¢ï§¥© − ãª¨
¨ â¥å−®«®£¨© (®¤−®¢à¥¬¥−−® ¯« −¨àã¥âáï ¢ëç¨á«ïâì ¨ ¢ à¨ −âë ¨−¤¨ª â®à®¢
á ¨á¯®«ì§®¢ −¨¥¬ â®«ìª® úfront-page ¯ã¡«¨ª æ¨©û, çâ® ¤ áâ ¢®§¬®¦−®áâì
á®¯®áâ ¢¨âì ¯®«ãç¥−−ë¥ ®â¥ç¥áâ¢¥−−ë¥ à¥§ã«ìâ âë á § àã¡¥¦−ë¬¨);

{ ä®à¬¨à®¢ −¨¥ ¨ ¯à¨¬¥−¥−¨¥ â¥à¬¨−®«®£¨ç¥áª¨å ¯®àâà¥â®¢ àã¡à¨ª ¤«ï ¨á-
¯®«ì§ã¥¬ëå á¨áâ¥¬ ª« áá¨ä¨ª æ¨¨ ®¡« áâ¥© §− −¨©;

{ ¨á¯®«ì§®¢ −¨¥ ª«îç¥¢ëå á«®¢ ¨§ − §¢ −¨© ¯ã¡«¨ª æ¨© ¤«ï ãâ®ç−¥−¨ï àã¡à¨-
ª¨ ¯ã¡«¨ª æ¨¨ ¢ â¥å á«ãç ïå, ª®£¤  ®¤−®¬ã ¨áâ®ç−¨ªã ¯ã¡«¨ª æ¨¨ ¯à¨¯¨á −®
−¥áª®«ìª® àã¡à¨ª á¨áâ¥¬ë ª« áá¨ä¨ª æ¨¨ ®¡« áâ¥© §− −¨©.

�ªâã «ì−®áâì á®§¤ −¨ï ¢ �®áá¨¨ á¨áâ¥¬ë ¤«ï ¢ëç¨á«¥−¨ï ¨−¤¨ª â®à®¢ â¥¬ -
â¨ç¥áª¨å ¢§ ¨¬®á¢ï§¥© − ãª¨ ¨ â¥å−®«®£¨© áãé¥áâ¢¥−−® ¢®§à®á«  ¯®á«¥ ¯à¨−ïâ¨ï
ƒ®áã¤ àáâ¢¥−−®© ¯à®£à ¬¬ë �” ú� §¢¨â¨¥ − ãª¨ ¨ â¥å−®«®£¨© −  2013{2020 £®-
¤ëû, ¢ª«îç îé¥© è¥áâì ¯®¤¯à®£à ¬¬. „«ï ¯®¤¯à®£à ¬¬ë −®¬¥à 2 ú�à¨ª« ¤-
−ë¥ ¯à®¡«¥¬−®-®à¨¥−â¨à®¢ −−ë¥ ¨áá«¥¤®¢ −¨ï ¨ à §¢¨â¨¥ − ãç−®-â¥å−¨ç¥áª®£®
§ ¤¥«  ¢ ®¡« áâ¨ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨©û ãáâ −®¢«¥−ë ¤¢  á«¥¤ãîé¨å ¨−¤¨-
ª â®à :

(1) ª®íää¨æ¨¥−â ¨§®¡à¥â â¥«ìáª®©  ªâ¨¢−®áâ¨ (ç¨á«® ®â¥ç¥áâ¢¥−−ëå ¯ â¥−â−ëå
§ ï¢®ª −  ¨§®¡à¥â¥−¨ï, ¯®¤ −−ëå ¢ �®áá¨¨ ¢ à áç¥â¥ −  10 âëá. ç¥«.
− á¥«¥−¨ï);

(2) ç¨á«® ¯ â¥−â−ëå § ï¢®ª −  ¨§®¡à¥â¥−¨ï, ¯®¤ −−ëå ®â¥ç¥áâ¢¥−−ë¬¨ § ï¢¨â¥-
«ï¬¨ ¢ �®áá¨¨ ¨§ ®à£ −¨§ æ¨© | ãç áâ−¨ª®¢ ƒ®áã¤ àáâ¢¥−−®© ¯à®£à ¬¬ë.

–¨â¨àã¥¬®áâì ¢ ®¯¨á −¨ïå ¨§®¡à¥â¥−¨© ¯ã¡«¨ª æ¨©, ï¢«ïîé¨åáï −¥¯®áà¥¤-
áâ¢¥−−ë¬¨ à¥§ã«ìâ â ¬¨ − ãç−ëå ¨áá«¥¤®¢ −¨© ¨ à §à ¡®â®ª, −¥ − è«  á¢®¥£®
®âà ¦¥−¨ï ¢ á¯¨áª¥ ¨−¤¨ª â®à®¢, ª®â®àë¥ ¤®«¦−ë ®âà ¦ âì à §¢¨â¨¥ − ãç-
−®-â¥å−¨ç¥áª®£® § ¤¥«  ¢ ®¡« áâ¨ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨©. ’ ª¨¬ ®¡à §®¬,
¢ á¯¨áª¥ ãâ¢¥à¦¤¥−−ëå ¨−¤¨ª â®à®¢ ®âáãâáâ¢ã¥â æ¥« ï ª â¥£®à¨ï ¯®ª § â¥«¥©,
å à ªâ¥à¨§ãîé¨å ¯à®æ¥ááë ¯¥à¥−®á  §− −¨© ¨§ à §−ëå ®¡« áâ¥© − ãç−ëå ¨áá«¥-
¤®¢ −¨© ¢ ®â¥ç¥áâ¢¥−−ãî áä¥àã â¥å−®«®£¨ç¥áª®£® à §¢¨â¨ï ¨ ¨−−®¢ æ¨©. �¤−  ¨§
¯à¨ç¨− ®âáãâáâ¢¨ï íâ®© ª â¥£®à¨¨ § ª«îç ¥âáï ¢ â®¬, çâ® ¢ − è¥© áâà −¥ ¢ − áâ®-
ïé¥¥ ¢à¥¬ï ¯®«−®áâìî ®âáãâáâ¢ãîâ â¥ ¨−ä®à¬ æ¨®−−ë¥ á¨áâ¥¬ë, ª®â®àë¥ ¬®£«¨
¡ë ¢ëç¨á«ïâì ¨−¤¨ª â®àë ¢§ ¨¬®á¢ï§¥© − ãç−ëå − ¯à ¢«¥−¨© ¨ â¥å−®«®£¨©,
á®¯®áâ ¢«ïï − ª®¯«¥−−ë¥ − ãç−ë¥ ¨ ¯ â¥−â−ë¥ ¨−ä®à¬ æ¨®−−ë¥ à¥áãàáë.
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�−−®â æ¨ï: �à¨¢¥¤¥−® ®¯¨á −¨¥ ¨−ä®à¬ æ¨®−−®-¯®¨áª®¢®© á¨áâ¥¬ë (ˆ‘)
ú‚®«®ª®−− ï ®¯â¨ª û, ¯à¥¤áâ ¢«¥−−®© ¢ á¢®¡®¤−®¬ ¤®áâã¯¥ ¢ ˆ−â¥à−¥â¥ ¨
− ¯à ¢«¥−−®© −  ¨−ä®à¬ æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥ ¨áá«¥¤®¢ −¨© ¯® ¤ −−®¬ã − -
ãç−®¬ã − ¯à ¢«¥−¨î. ‘®¤¥à¦¨¬®¥ ˆ‘ ¯®¯®«−ï¥âáï ¯ãâ¥¬ íªá¯¥àâ−®£® ®â¡®à 
¡¨¡«¨®£à ä¨ç¥áª¨å ®¯¨á −¨© ¨§ à §«¨ç−ëå ®â¥ç¥áâ¢¥−−ëå ¨ § àã¡¥¦−ëå ¡ §
¤ −−ëå, ¤®¯®«−¥−−ëå −¥ ¢®è¥¤è¨¬¨ ¢ −¨å ¯ã¡«¨ª æ¨ï¬¨ á®âàã¤−¨ª®¢ � -
ãç−®£® æ¥−âà  ¢®«®ª®−−®© ®¯â¨ª¨ (�–‚�) ���. ˆ−ä®à¬ æ¨®−−®-¯®¨áª®¢ ï
á¨áâ¥¬  ¯à¥¤®áâ ¢«ï¥â ¯®«ì§®¢ â¥«ï¬ −¥ â®«ìª® ¡¨¡«¨®£à ä¨ç¥áªãî ¨−ä®à-
¬ æ¨î, −® ¨ ¢®§¬®¦−®áâì ¤®áâã¯  ª ¯®«−ë¬ â¥ªáâ ¬ − ãç−ëå áâ â¥© (¯à¨
− «¨ç¨¨ ¯®¤¯¨áª¨) ¯ãâ¥¬ ¯¥à¥å®¤  ¯® á®®â¢¥âáâ¢ãîé¨¬ ááë«ª ¬ −  á ©â
¨§¤ â¥«ìáâ¢  ¨«¨ ¤¨áâà¨¡ìîâ®à . � áá¬®âà¥−ë ®á−®¢−ë¥ ¢®§¬®¦−®áâ¨ ¯à®-
£à ¬¬−®£® ®¡¥á¯¥ç¥−¨ï ˆ‘ ¨ ¯à ªâ¨ç¥áª¨¥ ¯®¤å®¤ë ª à ¡®â¥ á à §¤¥«®¬
ú’àã¤ë á®âàã¤−¨ª®¢ �–‚� ���û. �à¥¤áâ ¢«¥−ë −¥ª®â®àë¥ à¥§ã«ìâ âë
¡¨¡«¨®¬¥âà¨ç¥áª®£®  − «¨§  ¯ã¡«¨ª æ¨© á®âàã¤−¨ª®¢ �–‚� ���.

Š«îç¥¢ë¥ á«®¢ : ¡ §  ¤ −−ëå; ¢®«®ª®−− ï ®¯â¨ª ; ¨−ä®à¬ æ¨®−−®¥ ®¡¥á-
¯¥ç¥−¨¥; − ãç−ë¥ í«¥ªâà®−−ë¥ à¥áãàáë
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− ¯à ¢«¥−¨© − ãª¨ ¨ â¥å−¨ª¨ [1]. ‘¯¥æ¨ «¨áâë, à ¡®â îé¨¥ ¢ ®¡« áâ¨ ¢®«®-
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284



	 §  ¤ −−ëå ú’àã¤ë á®âàã¤−¨ª®¢ �–‚� ���û ª ª ç áâì ˆ‘ ú‚®«®ª®−− ï ®¯â¨ª û

¨ ¨−ä®à¬ æ¨®−−®© ¯®¤¤¥à¦ª¨ ª®¬¯ −¨©, à ¡®â îé¨å −  àë−ª¥ â¥«¥ª®¬¬ã−¨-
ª æ¨©,   ¯à¥¤áâ ¢«¥−− ï −  −¨å ¨−ä®à¬ æ¨ï −®á¨â ¨áª«îç¨â¥«ì−® á¯à ¢®ç−ë©
¨«¨ ª®¬¬¥àç¥áª¨© å à ªâ¥à. �ç¥¢¨¤−®, çâ® ®á−®¢− ï ç áâì §− ç¨¬®© − ãç−®©
¨−ä®à¬ æ¨¨ ¯® ¢®«®ª®−−®© ®¯â¨ª¥ á®¤¥à¦¨âáï ¢ ®¡é¥− ãç−ëå (â ª¨å ª ª Web
of Science ¨«¨ SCOPUS) ¨ â¥¬ â¨ç¥áª¨å ¡ § å ¤ −−ëå (â ª¨å ª ª INSPEC |
¯® ä¨§¨ª¥, Chemical Abstracts | ¯® å¨¬¨¨, Eurika | ¯® − ãª ¬ ® ¬ â¥à¨ « å
¨ ¤à.). �® ¯®áª®«ìªã ¢®«®ª®−− ï ®¯â¨ª  ï¢«ï¥âáï ¤®áâ â®ç−® −®¢ë¬ − ãç−ë¬
− ¯à ¢«¥−¨ï¬, ®−  −¥ ¢ë¤¥«¥−  ª ª á ¬®áâ®ïâ¥«ì−ë© à §¤¥« −¨ ¢ ®¤−®¬ ¨§
áãé¥áâ¢ãîé¨å àã¡à¨ª â®à®¢ (“„Š, ƒ��’ˆ ¨ ¤à.), á ¯®¬®éìî ª®â®àëå ¨−-
¤¥ªá¨àãîâáï ¤®ªã¬¥−âë ¢ áãé¥áâ¢ãîé¨å ¡ § å ¤ −−ëå. �®íâ®¬ã ¤«ï ¯®¨áª 
¨ ®â¡®à  ¬ â¥à¨ «®¢ ¨§ ¡ § ¤ −−ëå −¥®¡å®¤¨¬® ¯®«ì§®¢ âìáï ª®¬¡¨− æ¨ï¬¨
ª«îç¥¢ëå á«®¢. � íâ® ï¢«ï¥âáï ¤®áâ â®ç−® âàã¤®¥¬ª®© á¯¥æ¨ «¨§¨à®¢ −−®©
§ ¤ ç¥©, âà¥¡ãîé¥© áãé¥áâ¢¥−−ëå ¢à¥¬¥−−‚ëå § âà â, ª®â®àë¬¨ ¨áá«¥¤®¢ â¥«¨,
ª ª ¯à ¢¨«®, −¥ à á¯®« £ îâ. „àã£ ï ¯à®¡«¥¬  § ª«îç ¥âáï ¢ â®¬, çâ® ¤®áâã¯
ª ¢ëè¥¯¥à¥ç¨á«¥−−ë¬ ¨ ¯®¤®¡−ë¬ ¨¬ ¡ § ¬ ¤ −−ëå ï¢«ï¥âáï ¯« â−ë¬ ¨ −¥ ¢á¥
á¯¥æ¨ «¨áâë ¥£® ¨¬¥îâ.

‚ íâ®© á¢ï§¨ �–‚� ��� á®¢¬¥áâ−® á 	¨¡«¨®â¥ª®© ¯® ¥áâ¥áâ¢¥−−ë¬ − ãª ¬
(	…�) ��� ¡ë«  ¯®áâ ¢«¥−  § ¤ ç  à §à ¡®â âì á¥â¥¢ãî ¨−ä®à¬ æ¨®−−ãî
á¨áâ¥¬ã ¯® ¢®«®ª®−−®© ®¯â¨ª¥, á ®¤−®© áâ®à®−ë,  ªªã¬ã«¨àãîéãî à §−®à®¤−ë¥
(¢ ¯¥à¢ãî ®ç¥à¥¤ì − ãç−ë¥) à¥áãàáë, ®â−®áïé¨¥áï ª íâ®© ®¡« áâ¨ ¨áá«¥¤®¢ −¨©,
á ¤àã£®© áâ®à®−ë, á®¤¥à¦ éãî ¨áç¥à¯ë¢ îéãî ¨−ä®à¬ æ¨î ® ¯ã¡«¨ª æ¨ïå
á®âàã¤−¨ª®¢ �–‚� ���. �á−®¢−ë¥ å à ªâ¥à¨áâ¨ª¨ á¨áâ¥¬ë ¯à¥¤áâ ¢«¥−ë
¢ [2]. ‚ 2012 £. −  á¥à¢¥à¥ 	…� ��� (http://scirus.benran.ru/forc2) ¡ë« 
à §¬¥é¥−  ¯¨«®â− ï ¢¥àá¨ï á¨áâ¥¬ë.

‘¨áâ¥¬  ®¡¥á¯¥ç¨¢ ¥â ¢®§¬®¦−®áâì ¯ ª¥â−®£® ¢¢®¤  ¨−ä®à¬ æ¨¨, ®â®¡à −−®©
¨§ à §«¨ç−ëå ¡ § ¤ −−ëå, àãç−®© ¢¢®¤ á¢¥¤¥−¨© ® á®âàã¤−¨ª å �–‚� ���
¨ ¨å ¯ã¡«¨ª æ¨ïå, à¥¤ ªâ¨à®¢ −¨¥ ¤ −−ëå, ¬−®£® á¯¥ªâ−ë© ¯®¨áª ¤®ªã¬¥−â®¢.
�à¨  − «¨§¥ ¯ã¡«¨ª æ¨®−−®©  ªâ¨¢−®áâ¨ à®áá¨©áª¨å ãç¥−−ëå ¢ § àã¡¥¦−ëå
¦ãà− « å áãé¥áâ¢¥−−®© ¯à®¡«¥¬®© ï¢«ï¥âáï ¬−®£®¢ à¨ −â−®áâì âà −á«¨â¥à æ¨¨
àãááª¨å ä ¬¨«¨©. �á®¡¥−−®áâìî à §à ¡®â −−®© á¨áâ¥¬ë ï¢«ï¥âáï ¨−â¥£à æ¨ï
¤ −−ëå ® à ¡®â å á®âàã¤−¨ª®¢ �–‚� ���, ®¯ã¡«¨ª®¢ −−ëå ª ª −  àãááª®¬
ï§ëª¥, â ª ¨ −  ¤àã£¨å ï§ëª å, −¥§ ¢¨á¨¬® ®â â®£®, áª®«ìª® ¨¬¥¥âáï ¢ à¨ −-
â®¢ âà −á«¨â¥à æ¨¨ ä ¬¨«¨©. ‘¨áâ¥¬  ¯à¥¤®áâ ¢«ï¥â ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï
¯®«−®£® á¯¨áª  à ¡®â â®£® ¨«¨ ¨−®£® á®âàã¤−¨ª  �–‚� ��� (¢ª«îç ï ¢á¥
§ àã¡¥¦−ë¥ ¯ã¡«¨ª æ¨¨) ¯®á«¥ ¢¢®¤  ¢ § ¯à®á (¢ ¯®«¥ úä ¬¨«¨ïû) ¥£® ä ¬¨«¨¨
−  àãááª®¬ ï§ëª¥.

‚ ª ç¥áâ¢¥ ¯à®£à ¬¬−®© ®¡®«®çª¨ ¤«ï ˆ‘ ¯® ¢®«®ª®−−®© ®¯â¨ª¥ ¡ë« ¢ë¡à −
®¡ê¥ªâ−®-®à¨¥−â¨à®¢ −−ë© ¯à®£à ¬¬−ë© ª®¬¯«¥ªá Scirus, à §à ¡®â −−ë© á¯¥-
æ¨ «¨áâ ¬¨ 	…� ��� [3]. Š®¬¯«¥ªá ãá¯¥è−® ¨á¯®«ì§ã¥âáï ¢ â¥ç¥−¨¥ −¥áª®«ìª¨å
«¥â ¤«ï ä®à¬¨à®¢ −¨ï ¨ ¯®¤¤¥à¦ª¨ ¢ â¥å−®«®£¨ç¥áª®¬ à¥¦¨¬¥ àï¤  ¡ § ¤ −-
−ëå. �− ¨á¯®«ì§ã¥âáï ¢ ¯à®æ¥áá å à á¯à¥¤¥«¥−−®£® ä®à¬¨à®¢ −¨ï í«¥ªâà®−−®©
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’. �. Š®ç¥à£¨− , ‹. „. ˆáå ª®¢ , �. …. Š «ñ−®¢, Œ. Œ. Ÿªè¨−

¡¨¡«¨®â¥ª¨ (�	) ú� ãç−®¥ − á«¥¤¨¥ �®áá¨¨û (á®§¤ ¢ ¥¬®© ¢ à ¬ª å ®¤−®¨¬¥−-
−®© �à®£à ¬¬ë ���) [4], ¢ ¨−ä®à¬ æ¨®−−ëå á¨áâ¥¬ å úƒ¥®«®£¨ ¬¨à û [5] ¨
ú	¨¡«¨®£à ä¨ï ¯® ä¨§¨ª¥ ¯« §¬ëû, ¢ â¥å−®«®£¨¨ à ¡®âë 	…� ��� ¨ ï¢«ï¥âáï
®¤−®© ¨§ ®á−®¢−ëå á®áâ ¢«ïîé¨å á®§¤ ¢ ¥¬®© ¢ 	…� ��� â¨¯®¢®© á¨áâ¥¬ë
¨−ä®à¬ æ¨®−−®£® á®¯à®¢®¦¤¥−¨ï − ãç−ëå ¨áá«¥¤®¢ −¨©.

Scirus ¯à¥¤áâ ¢«ï¥â á®¡®© «¥£ª® − áâà ¨¢ ¥¬ãî á¨áâ¥¬ã, ¯®¤¤¥à¦¨¢ îéãî
¬¥â ¤ −−ë¥ à §«¨ç−ëå á¢ï§ −−ëå ¬¥¦¤ã á®¡®© áãé−®áâ¥©. Š ¦¤ ï áãé−®áâì
®¯¨áë¢ ¥âáï á¢®¨¬ − ¡®à®¬ ¯®«¥© ¬¥â ¤ −−ëå. ‘¨áâ¥¬  ¯®§¢®«ï¥â  ¤¬¨−¨-
áâà â®àã − áâà ¨¢ âì à®«¨ ¯®«ì§®¢ â¥«¥© ¯ãâ¥¬ ¢ë¡®à  ¤«ï ª ¦¤®£® ¨§ −¨å
à §à¥è¥−−®£® − ¡®à  ®¯¥à æ¨©; ®¡¥á¯¥ç¨¢ ¥â àãç−®© ¢¢®¤ ¤ −−ëå á ¨á¯®«ì-
§®¢ −¨¥¬ í«¥¬¥−â®¢ ä®à¬ «ì−®-«®£¨ç¥áª®£® ª®−âà®«ï ¨ «¥£ª® à¥¤ ªâ¨àã¥¬ëå
á«®¢ à¥©-á¯à ¢®ç−¨ª®¢. �¢â®à¨§®¢ −−ë¥ ¯®«ì§®¢ â¥«¨, −¥ ®¡« ¤ îé¨¥ ¯à ¢ ¬¨
 ¤¬¨−¨áâà â®à , ¬®£ãâ à¥¤ ªâ¨à®¢ âì á¢®î ¨ â®«ìª® á¢®î ¨−ä®à¬ æ¨î. ‘¨áâ¥¬ 
®¡¥á¯¥ç¨¢ ¥â ¯®¨áª ¯® ¢á¥¬ ¯®«ï¬ ¬¥â ¤ −−ëå ¢á¥å áãé−®áâ¥© á ¨á¯®«ì§®¢ −¨-
¥¬ «®£¨ç¥áª¨å á¢ï§®ª ú¨û, ú¨«¨û, ú¨ −¥û. „«ï ª ¦¤®£® ¯®¨áª®¢®£® â¥à¬¨− 
¢ë¡¨à ¥âáï ãá«®¢¨¥ ¢å®¦¤¥−¨ï ¢ § ¤ −−®¥ ¯®«¥ (úá®¤¥à¦¨âû, úà ¢−®û, ú− -
ç¨− ¥âáï áû). �¥§ã«ìâ â®¬ ¯®¨áª  ï¢«ï¥âáï ¢ë¡à −−ë© ¯®«ì§®¢ â¥«¥¬ á¯¨á®ª
áãé−®áâ¥©, ã¤®¢«¥â¢®àïîé¨å § ¯à®áã, ¢ë¤ ¢ ¥¬ë© ¢ á®®â¢¥âáâ¢¨¨ á − áâà®¥−-
−ë¬ ¯®«ì§®¢ â¥«¥¬, ¨¬¥îé¨¬ á®®â¢¥âáâ¢ãîé¨¥ ¯à ¢ , è ¡«®−®¬. ‘¯¨á®ª ¬®¦¥â
¡ëâì ®âá®àâ¨à®¢ − ¯® § ¤ −−ë¬ ¯®«ï¬ ¬¥â ¤ −−ëå. �à¨ ¯à®á¬®âà¥ − ©¤¥−−ëå
¤ −−ëå ¨¬¥¥âáï ¢®§¬®¦−®áâì ¯¥à¥å®¤  ®â ®¤−®© á¢ï§ −−®© áãé−®áâ¨ ª ¤àã£®©
(¤àã£¨¬). � ¯à¨¬¥à, ®â ®¯¨á −¨ï − ©¤¥−−®© áâ âì¨ «¥£ª® ¬®¦−® ¯¥à¥©â¨ ª á¯¨áªã
¯ã¡«¨ª æ¨© «î¡®£® ¥¥  ¢â®à  ¨«¨ ª á¯¨áªã áâ â¥© ¨§ ®¯ã¡«¨ª®¢ ¢è¥£® ¥¥ ¦ãà-
− «  (á¡®à−¨ª ); ®â ®¯¨á −¨ï ¯¥àá®−ë | ¯¥à¥©â¨ ª á¯¨áªã ¯ã¡«¨ª æ¨©,  ¢â®à®¬
ª®â®àëå ®−  (¯¥àá®− ) ï¢«ï¥âáï. ‘¨áâ¥¬  ®¡¥á¯¥ç¨¢ ¥â − áâà ¨¢ ¥¬ë© ¢ë¢®¤
¢á¥å − ©¤¥−−ëå (¨«¨ ®â®¡à −−ëå ¨§ á¯¨áª  − ©¤¥−−ëå) ¤ −−ëå ¢ â¥ªáâ®¢ë¥ ä ©-
«ë − áâà ¨¢ ¥¬®© áâàãªâãàë, ¢ ç áâ−®áâ¨ ¢ ä®à¬ âë XML (eXtensible Markup
Language) ¨«¨ RDF (Resource Description Framework) (¯®á«¥¤−¥¥ à¥ «¨§®¢ −® ¢
â¥å−®«®£¨¨ ä®à¬¨à®¢ −¨ï �	 ú� ãç−®¥ − á«¥¤¨¥ �®áá¨¨û).

„«ï à áá¬ âà¨¢ ¥¬®© ˆ‘ ¯® ¢®«®ª®−−®© ®¯â¨ª¥ ¢ ª ç¥áâ¢¥ áãé−®áâ¥© ¢ëáâã-
¯ îâ ¯¥àá®− , ®à£ −¨§ æ¨ï, ¯ã¡«¨ª æ¨ï (áâ âìï, ¬®−®£à ä¨ï, ¯à¥¯à¨−â ¨ â. ¯.),
¨áâ®ç−¨ª (¨§¤ −¨¥ −  á¢®¤−®¬ ãà®¢−¥ | ¦ãà− «, á¡®à−¨ª). �¥àá®−ë á¢ï§ −ë á
¯ã¡«¨ª æ¨ï¬¨ ¨ ®à£ −¨§ æ¨ï¬¨, ¯ã¡«¨ª æ¨¨ | á ¨áâ®ç−¨ª ¬¨. �à¨ ®¯à¥¤¥«¥-
−¨¨ − ¡®à  ¯®«¥©, ®¯¨áë¢ îé¨å íâ¨ áãé−®áâ¨, ãç¨âë¢ «¨áì, á ®¤−®© áâ®à®−ë,
âà¥¡®¢ −¨ï ®¡¥á¯¥ç¥−¨ï ¯ ª¥â−®© § £àã§ª¨ ú¢−¥è−¨åû ¤ −−ëå, á ¤àã£®© | −¥-
®¡å®¤¨¬®áâì á¯¥æ¨ «ì−®© ®¡à ¡®âª¨ ¤ −−ëå ® ¯ã¡«¨ª æ¨ïå á®âàã¤−¨ª®¢ �–‚�
���.

�  ¯¥à¢®¬ íâ ¯¥ à ¡®âë ¯® á®§¤ −¨î ˆ‘ −  ®á−®¢¥  − «¨§  à áá¬ âà¨¢ ¥¬®©
¯à¥¤¬¥â−®© ®¡« áâ¨ ¡ë« à §à ¡®â − (¯à¨  ªâ¨¢−®¬ ãç áâ¨¨ ¢¥¤ãé¨å ãç¥−ëå
�–‚� ���) ¤¢ãåãà®¢−¥¢ë© àã¡à¨ª â®à ¯® ¢®«®ª®−−®© ®¯â¨ª¥. �ã¡à¨ª â®à
á®¤¥à¦¨â ¤¥¢ïâì ®á−®¢−ëå à §¤¥«®¢ ¨ 108 ¯®¤à §¤¥«®¢. Š ¦¤ë© ¯®¤à §¤¥«
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å à ªâ¥à¨§ã¥âáï ¤®áâ â®ç−® ®¡è¨à−ë¬ − ¡®à®¬ ª«îç¥¢ëå â¥à¬¨−®¢. �ã¡à¨-
ª â®à ¡ë« − ¯à ¢«¥− ¢ ‚ˆ�ˆ’ˆ (£®«®¢−ãî ®à£ −¨§ æ¨î áâà −ë ¢ ®¡« áâ¨
à §¢¨â¨ï ª« áá¨ä¨ª æ¨®−−ëå áå¥¬), ¯®«ãç¨« ®¤®¡à¥−¨¥ á¯¥æ¨ «¨áâ ¬¨ ¨ ¡ë«
à¥ª®¬¥−¤®¢ − ª ¨á¯®«ì§®¢ −¨î ¢ ¯à ªâ¨ª¥ à ¡®âë � æ¨®− «ì−®£® í«¥ªâà®−−®£®
¨−ä®à¬ æ¨®−−®£® ª®−á®àæ¨ã¬  (��ˆŠ��).

’¥å−®«®£¨ï − ¯®«−¥−¨ï ˆ‘ ¯à¥¤ãá¬ âà¨¢ ¥â ¤¢  ¯®â®ª . �¥à¢ë© ¨§ −¨å
ä®à¬¨àã¥âáï −  ®á−®¢¥ ¤®ªã¬¥−â®¢, ¯®«ãç¥−−ëå ¨§ ¢−¥è−¨å ¡ § ¤ −−ëå, ¢â®-
à®© | ¨§ ¤ −−ëå ® ¯ã¡«¨ª æ¨ïå á®âàã¤−¨ª®¢ �–‚� ���. ˆ−ä®à¬ æ¨®−−ë¥
à ¡®â−¨ª¨ �–‚� ��� ¯¥à¨®¤¨ç¥áª¨ ®¡à é îâáï ª ¤®áâã¯−ë¬ ¨¬ ¡ § ¬ ¤ −−ëå
(¢ ¯¥à¢ãî ®ç¥à¥¤ì ª Web of Science ¨ SCOPUS), ®áãé¥áâ¢«ïï ¯®¨áª ¤®ªã¬¥−â®¢
¯® − ¡®à ¬ ª«îç¥¢ëå â¥à¬¨−®¢, á®®â¢¥âáâ¢ãîé¨å ¯®¤à §¤¥« ¬ àã¡à¨ª â®à ;
¯à®á¬ âà¨¢ îâ − ©¤¥−−ë¥ ¤®ªã¬¥−âë −  ¯à¥¤¬¥â ¨áª«îç¥−¨ï ¨−ä®à¬ æ¨®−−®£®
èã¬  ¨ ¢ë£àã¦ îâ ¢ ä ©«ë áâàãªâãàë ¯à¥¤ãá¬®âà¥−−®© ¯à®£à ¬¬−®© ®¡®«®çª®©
á®®â¢¥âáâ¢ãîé¥© ¡ §ë ¤ −−ëå. ‚ ¨¬¥−¨ ä ©«  ®âà ¦ ¥âáï ª®¤ àã¡à¨ª¨, ª®â®à®©
á®®â¢¥âáâ¢ãîâ ¯à¥¤áâ ¢«¥−−ë¥ ¢ −¥¬ ¤®ªã¬¥−âë. �®«ãç¥−−ë¥ ä ©«ë ®¡à ¡ -
âë¢ îâáï á¯¥æ¨ «ì−ë¬¨ ¯à®£à ¬¬−ë¬¨ áà¥¤áâ¢ ¬¨, ®¡¥á¯¥ç¨¢ îé¨¬¨ § £àã§ªã
¤ −−ëå ¢ Scirus á ®â−¥á¥−¨¥¬ ª á®®â¢¥âáâ¢ãîé¨¬ à §¤¥« ¬ àã¡à¨ª â®à . �à¨
à §à ¡®âª¥ íâ¨å ¯à®£à ¬¬−ëå áà¥¤áâ¢ ¯à¨è«®áì à¥è âì àï¤ −¥âà¨¢¨ «ì−ëå
§ ¤ ç:

( ) ¯® ¢ë¤¥«¥−¨î ¨§ á« ¡®áâàãªâãà¨à®¢ −−ëå ¤ −−ëå −¥®¡å®¤¨¬ëå ¤«ï § £àã§ª¨
¢ ˆ‘ í«¥¬¥−â®¢;

(¡) ¯® ¨¤¥−â¨ä¨ª æ¨¨ ¯¥àá®− ¨ ¨áâ®ç−¨ª®¢ (¢ à §−ëå ¢−¥è−¨å ¡ § å ¤ −−ëå
¨á¯®«ì§ãîâáï à §«¨ç−ë¥ á®ªà é¥−¨ï − ¨¬¥−®¢ −¨© ¦ãà− «®¢ ¨ ¬−®£® ¢ à¨-
 −â®¢ âà −á«¨â¥à æ¨¨ àãááª®ï§ëç−ëå ä ¬¨«¨©  ¢â®à®¢ áâ â¥©).

‚ ¯à®æ¥áá¥ ¯ ª¥â−®© § £àã§ª¨ ¤ −−ëå ¨−ä®à¬ æ¨ï ¯à®å®¤¨â ¢¨§ã «ì−ë©
ª®−âà®«ì ¨−ä®à¬ æ¨®−−ë¬¨ à ¡®â−¨ª ¬¨, ¢ à¥§ã«ìâ â¥ ª®â®à®£® ¨á¯à ¢«ïîâáï
ú¯®£à¥è−®áâ¨û ¯à®£à ¬¬−®© ®¡à ¡®âª¨,   â ¬, £¤¥ íâ® ¢®§¬®¦−®, ª ®¯¨á −¨ï¬
¯ã¡«¨ª æ¨© ¤®¡ ¢«ïîâáï ááë«ª¨ −  ¯®«−ë¥ â¥ªáâë (¥á«¨ ®−¨ ¤®áâã¯−ë ç¥à¥§ ˆ−-
â¥à−¥â); ¯®«−ë¥ â¥ªáâë áâ â¥©, ¨¬¥îé¨¥áï ¢ à á¯®àï¦¥−¨¨ á®âàã¤−¨ª®¢ �–‚�
���, § £àã¦ îâáï −¥¯®áà¥¤áâ¢¥−−® ¢ ˆ‘ (â ª ï ¢®§¬®¦−®áâì à¥ «¨§®¢ −  ¢
Scirus). �®á«¥¤−¥¥ ¢®§¬®¦−®, ¥áâ¥áâ¢¥−−®, ¯à¨ á®¡«î¤¥−¨¨ § ª®−®¤ â¥«ìáâ¢  ®¡
®åà −¥  ¢â®àáª¨å ¯à ¢.

„àã£¨¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬ æ¨¨ ¤«ï ˆ‘ á«ã¦ â á¯¨áª¨ ¯ã¡«¨ª æ¨©, ¯à¥¤-
áâ ¢«¥−−ë¥ ¢ ¥¦¥£®¤−ëå − ãç−ëå ®âç¥â å �–‚� ���. ‘¯¨áª¨ ¯à¥¤áâ ¢«ïîâ
á®¡®© â¥ªáâ®¢ë¥ ä ©«ë, ¢ª«îç îé¨¥ áâ −¤ àâ−ë¥ ¡¨¡«¨®£à ä¨ç¥áª¨¥ ®¯¨á −¨ï
¯ã¡«¨ª æ¨©. „«ï ¨å § £àã§ª¨ ¢ ˆ‘ â ª¦¥ ¯®âà¥¡®¢ « áì à §à ¡®âª  á¯¥æ¨ «ì-
−ëå  «£®à¨â¬®¢ ¨ ¯à®£à ¬¬−ëå áà¥¤áâ¢, ¢ë¤¥«ïîé¨å ¨§ ¡¨¡«¨®£à ä¨ç¥áª¨å
®¯¨á −¨© −ã¦−ë¥ í«¥¬¥−âë ¤ −−ëå ¨ ¨áª«îç îé¨å ¤ã¡«¨à®¢ −¨¥ ¨−ä®à¬ æ¨¨.
�à¨ ¢¢®¤¥ ¤ −−ëå ® ¯ã¡«¨ª æ¨ïå á®âàã¤−¨ª®¢ �–‚� ��� ¤«ï ¢á¥å úà á-
¯®§− −−ëåû ¯¥àá®− ãáâ − ¢«¨¢ ¥âáï á¢ï§ì á ®à£ −¨§ æ¨¥©, ¨¬¥îé¥© − §¢ −¨¥
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�–‚� ���. …á«¨ ¯¥àá®−  −®¢ ï (¢®§¬®¦¥− á® ¢â®à −¥ ¨§ �–‚� ���), á¢ï§ì
−¥ ãáâ − ¢«¨¢ ¥âáï ¨ á¨áâ¥¬  ¯à¥¤« £ ¥â ãáâ −®¢¨âì ¥¥ ¢àãç−ãî.

‚¨§ã «ì−® ¯à¥¤áâ ¢«¥−− ï −  á ©â¥ http://scirus.benran.ru/forc2ˆ‘ ú‚®«®-
ª®−− ï ®¯â¨ª û á®áâ®¨â ¨§ âà¥å ®á−®¢−ëå à §¤¥«®¢: ú�«¥ªâà®−− ï ¡¨¡«¨®â¥ª û,
ú’àã¤ë �–‚� ���û, ú�à®¨§¢®¤áâ¢® ¨ ¯à¨¬¥−¥−¨¥û. �¥à¢ë¥ ¤¢  à §¤¥« 
¢§ ¨¬®¤¥©áâ¢ãîâ á ¥¤¨−®© ¡ §®© ¤ −−ëå, ® ª®â®à®© è«  à¥çì ¢ëè¥, âà¥â¨© à §-
¤¥« | áâ â¨ç¥áª ï áâà −¨æ , −  ª®â®à®© ¯à¥¤áâ ¢«¥− á¯¨á®ª  ªâ¨¢−ëå ááë«®ª − 
á ©âë, ¯®¤¤¥à¦¨¢ îé¨¥ à¥áãàáë ¯® ãª § −−®¬ã − ¯à ¢«¥−¨î.

�®¨áª ¨−ä®à¬ æ¨¨ ¢ ˆ‘ ¬®¦¥â ¡ëâì ¯à®¢¥¤¥− ¯® à §«¨ç−ë¬  âà¨¡ãâ ¬
 ¢â®à®¢ ¯ã¡«¨ª æ¨© (ä ¬¨«¨ï −  àãááª®¬ ï§ëª¥, ä ¬¨«¨ï, á®¯à®¢®¦¤ îé ï
¯ã¡«¨ª æ¨¨, ¤«ï á®âàã¤−¨ª®¢ �–‚� ��� | ãç¥− ï áâ¥¯¥−ì, « ¡®à â®à¨ï ¢
�–‚� ��� ¨ ¤à.), ¯®  âà¨¡ãâ ¬ ¯ã¡«¨ª æ¨© ¨ ¨áâ®ç−¨ª®¢ (¯® á«®¢ ¬ ¨§ § -
£« ¢¨ï áâ â¥©, £®¤ ¬ ¯ã¡«¨ª æ¨¨, í«¥¬¥−â ¬ ®¯¨á −¨ï ¦ãà− « ), ¯®  âà¨¡ãâ ¬
®à£ −¨§ æ¨¨. �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¢ − áâ®ïé¥¥ ¢à¥¬ï ¢ ˆ‘ ¢¢¥¤¥−ë ¤ −−ë¥
â®«ìª® ®¡ ®¤−®© ®à£ −¨§ æ¨¨ | �–‚� ���, å®âï ¯à¨−æ¨¯¨ «ì− ï ¢®§¬®¦-
−®áâì ¢¢®¤  ¤àã£¨å ®à£ −¨§ æ¨©, á®¯à®¢®¦¤ îé¨å ¨−ä®à¬ æ¨î, ¢ë¢¥¤¥−−ãî ¨§
¢−¥è−¨å ¡ § ¤ −−ëå, áãé¥áâ¢ã¥â.

	« £®¤ àï à §à ¡®â −−®¬ã àã¡à¨ª â®àã ¢ ˆ‘ ¨¬¥¥âáï ¢®§¬®¦−®áâì â¥¬ â¨ç¥-
áª®£® ¯®¨áª  | −  § £« ¢−®© áâà −¨æ¥ ú�«¥ªâà®−− ï ¡¨¡«¨®â¥ª û ¯à¥¤áâ ¢«¥−ë
¢á¥ à §¤¥«ë àã¡à¨ª â®à  ¢ ¢¨¤¥  ªâ¨¢−ëå ª−®¯®ª, − ¦ â¨¥ ª ¦¤®© ¨§ ª®â®àëå
¢ë§ë¢ ¥â § ¯®«−¥−−ãî ¯®¨áª®¢ãî áâà −¨æã á¨áâ¥¬ë, á®¤¥à¦ éãî § ¯à®á − 
¯®¨áª ¤ −−ëå ¯® á®®â¢¥âáâ¢ãîé¥© àã¡à¨ª¥. �®«ì§®¢ â¥«ì ¬®¦¥â ¯®«ãç¨âì áà §ã
¢á¥ ¤®ªã¬¥−âë ¯® íâ®© àã¡à¨ª¥ ¨«¨ ãâ®ç−¨âì § ¯à®á, ¤®¡ ¢¨¢ «î¡ë¥  âà¨¡ãâë
«î¡®© áãé−®áâ¨.

’ ª¨¬ ®¡à §®¬, ¢ ¯à®æ¥áá¥ à ¡®âë ¯®«ì§®¢ â¥«î ¯à¥¤®áâ ¢«ï¥âáï ¢®§¬®¦-
−®áâì ¯à®¨§¢¥áâ¨ á ¬®áâ®ïâ¥«ì−® − áâà®©ªã ªà¨â¥à¨¥¢ ¯®¨áª  ¨ à §à ¡®â âì
á®¡áâ¢¥−−ãî ¥£® áâà â¥£¨î.

� §¤¥« ú�«¥ªâà®−− ï ¡¨¡«¨®â¥ª û −¥ ¯à¥â¥−¤ã¥â −  à §¬¥é¥−¨¥  ¡á®«îâ−®
¢á¥å ¯ã¡«¨ª æ¨© ¢ ®¡« áâ¨ ¢®«®ª®−−®© ®¯â¨ª¨, â ª ª ª − ©¤¥−− ï ¨−ä®à¬ æ¨ï
áãé¥áâ¢¥−−® § ¢¨á¨â ®â ¯à¥¤áâ ¢«¥−−®£® ¢ ¯®¨áª®¢ëå á¨áâ¥¬ å ®¡ê¥¬  «¨â¥à -
âãàë.

� §¤¥« ¡ §ë ¤ −−ëå ú’àã¤ë �–‚� ���û á®áâ ¢«ïîâ ¯ã¡«¨ª æ¨¨ á®âàã¤-
−¨ª®¢ –¥−âà  ¢ § àã¡¥¦−ëå ¨ ®â¥ç¥áâ¢¥−−ëå ¦ãà− « å, âàã¤ å ª®−ä¥à¥−æ¨© ¨
á¡®à−¨ª å,   â ª¦¥ ¬®−®£à ä¨¨. •®âï �–‚� ��� ¡ë« ®¡à §®¢ − ¢ 1993 £. (− 
¡ §¥ �â¤¥«  ¢®«®ª®−−®© ®¯â¨ª¨ ˆ−áâ¨âãâ  ®¡é¥© ä¨§¨ª¨ ���), ¡ë«® ¯à¨§− −®
æ¥«¥á®®¡à §−ë¬ ¯à¥¤áâ ¢¨âì ¢ ¡ §ã ¤ −−ëå ¡®«¥¥ à −−¨¥ âàã¤ë ®á−®¢ ¢è¨å ¥£®
ãç¥−ëå, ª®â®àë¥ § ª« ¤ë¢ «¨ äã−¤ ¬¥−â ¡ã¤ãé¨å à ¡®â –¥−âà .

‚ − áâ®ïé¥¥ ¢à¥¬ï ¢ ˆ‘ § £àã¦¥−ë ¤ −−ë¥ ® ¡®«¥¥ ç¥¬ 90 000 ¯ã¡«¨ª æ¨ïå
¨ 65 000 ¨å  ¢â®à å, ¢ â®¬ ç¨á«¥ à §¢¥à−ãâ ï ¨−ä®à¬ æ¨ï ®¡® ¢á¥å á®âàã¤−¨ª å
�–‚� ���, ¨¬¥îé¨å ¯ã¡«¨ª æ¨¨ ¢ ®â¥ç¥áâ¢¥−−ëå ¨ § àã¡¥¦−ëå ¨§¤ −¨ïå.
�à®á¬®âà¥âì ¨¬¥îé¨©áï ¢ ˆ‘ á¯¨á®ª á®âàã¤−¨ª®¢ �–‚� ��� ¬®¦−®, ¯¥à¥©¤ï
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�¨á. 1 ”à £¬¥−â à¥§ã«ìâ â®¢ ¯®¨áª  ¤ −−ëå ® á®âàã¤−¨ª å �–‚� ���

¯® ááë«ª¥ ú’àã¤ë �–‚� ���û, ¢ë¡à ¢ ¢ ®ª−¥ ¯à®ªàãâª¨ ú¨áª âìû áâà®ªã
ú¯¥àá®− «¨¨û ( «ìâ¥à− â¨¢−ë¥ ¢ à¨ −âë | ú¯ã¡«¨ª æ¨¨û, ú®à£ −¨§ æ¨¨û,
ú¨áâ®ç−¨ª¨û) ¨ − ¦ ¢ ª−®¯ªã ú¨áª âìû. ‚ ¯®«ãç¥−−ë© á¯¨á®ª ¢ë¢®¤ïâáï ¢á¥
§ ¯¨á¨ á ãª § −¨¥¬ àãááª®£® − ¯¨á −¨ï ä ¬¨«¨¨ ¨ ç¥à¥§ ú/û ¢ à¨ −â  ¥¥
âà −á«¨â¥à æ¨¨, ¢áâà¥ç¥−−®£® ¢ ¯ã¡«¨ª æ¨ïå. �  à¨á. 1 ¯à¥¤áâ ¢«¥− äà £¬¥−â
¯®«ãç¥−−®£® á¯¨áª , ¨§ ª®â®à®£® ¢¨¤−®, çâ® àãááª ï ä ¬¨«¨ï 	®£ âëà¥¢ ¢
§ àã¡¥¦−ëå ¡ § å ¤ −−ëå ¢áâà¥ç ¥âáï ¯® ªà ©−¥© ¬¥à¥ ¢ âà¥å à §−ëå ¢ à¨ −â å
(Bogatyrev, Bogatyriov, Bogatyrjov).

Š ¦¤ ï § ¯¨áì ¢ë¢¥¤¥−−®£® á¯¨áª  ï¢«ï¥âáï  ªâ¨¢−®© ááë«ª®©, ¯® ª®â®à®©
¬®¦−® ¯¥à¥©â¨ ª ®¯¨á −¨î ¯¥àá®−ë,   ¯¥à¥©¤ï ¢ ®âªàë¢è¥¬áï ®ª−¥ (à¨á. 2)
¯® ááë«ª¥ ú¯ã¡«¨ª æ¨¨. . . (¯à®á¬®âà¥âì)û ¬®¦−® ¯®«ãç¨âì á¯¨á®ª ¯ã¡«¨ª æ¨©
¢ë¡à −−®£®  ¢â®à  (à¨á. 3), ¯à®á¬®âà¥âì ¨å  ¢â®à®¢, ¨å ¯ã¡«¨ª æ¨¨ ¨ â. ¤.

‡ ¬¥â¨¬, çâ® à §«¨ç−ë© ¢¨¤ − ¯¨á −¨ï ä ¬¨«¨©, ¯à¥¤áâ ¢«¥−−ëå −  à¨á. 3
(−¥ª®â®àë¥ | ¯à®¯¨á−ë¬¨ ¡ãª¢ ¬¨, −¥ª®â®àë¥ | áâà®ç−ë¬¨), ®¯à¥¤¥«ï¥âáï â¥¬,
ª ª ®−¨ ¯à¥¤áâ ¢«¥−ë ¢ ¯®«ãç ¥¬ëå ä ©« å, ®¤− ª® −  ª ç¥áâ¢® ¯®¨áª  íâ® −¥
¢«¨ï¥â. �ç¥¢¨¤−®, çâ® ¨å ¬®¦−® ¯à¨¢¥áâ¨ ª ¥¤¨−®®¡à §−®¬ã ¢¨¤ã ¯à®£à ¬¬−ë¬
®¡à §®¬, çâ® ¨ ¡ã¤¥â á¤¥« −® ¢ ¡«¨¦ ©è¥¬ ¡ã¤ãé¥¬.

‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ¤«ï ®æ¥−ª¨ ª ç¥áâ¢  à ¡®âë − ãç−®© ®à£ −¨§ æ¨¨ àãª®-
¢®¤ïé¨¥ ®à£ −ë ®¯¨à îâáï −  ¡¨¡«¨®¬¥âà¨ç¥áª¨¥ ¯®ª § â¥«¨ (¯ã¡«¨ª æ¨®−−ãî
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�¨á. 2 �à¨¬¥à ¨−ä®à¬ æ¨¨ ® á®âàã¤−¨ª å �–‚� ���

�¨á. 3 ”à £¬¥−â á¯¨áª  ¯ã¡«¨ª æ¨© á®âàã¤−¨ª  �–‚� ���
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�¨á. 4 –¨â¨àã¥¬®áâì à ¡®â �–‚� ��� §  ¯¥à¨®¤ 1993{2013 ££.

 ªâ¨¢−®áâì á®âàã¤−¨ª®¢ ¨ ¢®áâà¥¡®¢ −−®áâì ¨å à ¡®â ¬¨à®¢ë¬ − ãç−ë¬ á®®¡é¥-
áâ¢®¬, ¢ëà ¦¥−−ãî ¢ ç¨á«¥ æ¨â¨à®¢ −¨© ¨å ¯ã¡«¨ª æ¨©).

„«ï ®æ¥−ª¨ ¡¨¡«¨®¬¥âà¨ç¥áª¨å ¯®ª § â¥«¥© ãç¥−ëå �–‚� ��� ¡ë«® ¯à®-
 − «¨§¨à®¢ −® ª®«¨ç¥áâ¢¥−−®¥ − ¯®«−¥−¨¥ à §¤¥«  ˆ‘ ú’àã¤ë á®âàã¤−¨ª®¢
�–‚� ���û ¨ ª ç¥áâ¢¥−−ë¥ ¯®ª § â¥«¨ ¨å ¯ã¡«¨ª æ¨©. �ã¡«¨ª æ¨®−− ï  ª-
â¨¢−®áâì �–‚� ��� ¯à¨ ç¨á«¥−−®áâ¨ − ãç−ëå á®âàã¤−¨ª®¢ ¬¥−¥¥ 40 ç¥«®¢¥ª
á®áâ ¢«ï¥â ¥¦¥£®¤−® 50{60 áâ â¥© ¨ 70{80 ¤®ª« ¤®¢ −  ª®−ä¥à¥−æ¨ïå. …¦¥£®¤-
− ï ¯ã¡«¨ª æ¨ï ¢ áà¥¤−¥¬ ®¤−®©{¤¢ãå áâ â¥© ª ¦¤ë¬ á®âàã¤−¨ª®¬ –¥−âà  |
¤®áâ â®ç−® å®à®è¨© ¯®ª § â¥«ì ¤«ï â ª®© á¥àì¥§−®© − ãç−®© ®¡« áâ¨, ª ª ¢®-
«®ª®−− ï ®¯â¨ª . –¨â¨àã¥¬®áâì à ¡®â á®âàã¤−¨ª®¢ �–‚� ���, ®æ¥−¥−− ï − 
®á−®¢¥ ¤ −−ëå, ¯à¥¤áâ ¢«¥−−ëå ¢ Web of Science, ¤®áâ â®ç−® ã¢¥à¥−−® à áâ¥â
£®¤ ®â £®¤  (à¨á. 4) ¨ á®áâ ¢¨«  ¢ 2012 £. ®ª®«® 900 ááë«®ª (¨«¨ ¢ áà¥¤−¥¬ 15 − 
áâ âìî), çâ® â ª¦¥ ï¢«ï¥âáï ¢ëá®ª¨¬ ¯®ª § â¥«¥¬.

‘à¥¤¨ ¯ã¡«¨ª æ¨© ¥áâì àï¤ à ¡®â á ¢ëá®ª¨¬¨ (¢ëè¥ 100) ¨−¤¥ªá ¬¨ æ¨â¨-
à®¢ −¨ï, − ¯à¨¬¥à [6{9], ¯à¨− ¤«¥¦ é¨å ª ¯¨®−¥àáª¨¬ à ¡®â ¬ ¯® ¢®«®ª®−−ë¬
« §¥à ¬, ¢®«®ª®−−ë¬ á¢¥â®¢®¤ ¬ ¨ ä¨§¨ª¥ −¥«¨−¥©−ëå íää¥ªâ®¢ ¢ á¢¥â®¢®¤ å.
‘«¥¤ã¥â ®â¬¥â¨âì ¯¥à¢¥−áâ¢® à ¡®â –¥−âà  ¢ ®¡« áâ¨  ªâ¨¢¨à®¢ −−ëå ¢¨á¬ãâ®¬
¢®«®ª®−−ëå á¢¥â®¢®¤®¢,   â ª¦¥ ¢ ¯¥àá¯¥ªâ¨¢−ëå − ¯à ¢«¥−¨ïå, ï¢«ïîé¨åáï
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�¨á. 5 � á¯à¥¤¥«¥−¨¥ âàã¤®¢ á®âàã¤−¨ª®¢ �–‚� ��� ¯® ¢¨¤ã ¯ã¡«¨ª æ¨©: 1 |
�®áá¨©áª¨¥ ¯¥à¨®¤¨ç¥áª¨¥ ¨§¤ −¨ï (27%); 2 | ¨−®áâà −−ë¥ ¯¥à¨®¤¨ç¥áª¨¥ ¨§¤ −¨ï
(18%); 3 | âàã¤ë à®áá¨©áª¨å − ãç−ëå ª®−ä¥à¥−æ¨© (21%); 4 | âàã¤ë ¨−®áâà −−ëå
− ãç−ëå ª®−ä¥à¥−æ¨© (34%)

¯à¨®à¨â¥â−ë¬¨, ¯® ¢®«®ª®−−ë¬ á¢¥â®¢®¤ ¬ −  ®á−®¢¥ ä®â®−−ëå ªà¨áâ ««®¢,
¢ â®¬ ç¨á«¥ ¯® ¢®«®ª®−−ë¬ á¢¥â®¢®¤ ¬ á ¢®§¤ãè−®© á¥à¤æ¥¢¨−®© ¨ æ¥«¨ª®¬
ª¢ àæ¥¢ë¬ ¢®«®ª®−−ë¬ á¢¥â®¢®¤ ¬ á ú®¤−®¬¥à−®©û (¡àí££®¢áª¨¥ á¢¥â®¢®¤ë) ¨
ú¤¢ã¬¥à−®©û ®âà ¦ îé¥© ®¡®«®çª®©. ‹¨¤¨àã¥â �–‚� ��� â ª¦¥ ¨ ¢ á®§¤ −¨¨
¢®«®ª®−−ëå ãá¨«¨â¥«¥© ¨ « §¥à®¢.

�  à¨á. 5 ¯à¥¤áâ ¢«¥−® ¯®«ãç¥−−®¥ −  ®á−®¢¥ ®¡à ¡®âª¨ ¤ −−ëå, ¢¢¥¤¥−−ëå
¢ ˆ‘, à á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª æ¨© á®âàã¤−¨ª®¢ �–‚� ��� ¯® ¢¨¤ã ¨§¤ −¨©.

ˆ§ à¨á. 5 ¢¨¤−®, çâ® ¡®«ìè ï ç áâì à¥§ã«ìâ â®¢ − ãç−ëå ¨áá«¥¤®¢ −¨©
¯ã¡«¨ªã¥âáï á®âàã¤−¨ª ¬¨ –¥−âà  ¢ âàã¤ å − ãç−ëå ª®−ä¥à¥−æ¨©. �à¨ íâ®¬
− ¨¡®«ìè¥¥ ç¨á«® ¯ã¡«¨ª æ¨© ¢ ®¡« áâ¨ ¢®«®ª®−−®© ®¯â¨ª¨ ®â−®á¨âáï ª âàã-
¤ ¬ ª®−ä¥à¥−æ¨© SPIE. ‚ëá®ª  ¤®«ï ¯ã¡«¨ª æ¨© ¢ âàã¤ å ®á−®¢®¯®« £ îé¨å
¬¥¦¤ã− à®¤−ëå ª®−ä¥à¥−æ¨© | Optical Fiber Communication (OFC), Confer-
ence on Lasers and Electro-Optics (CLEO), European Conference on Optical
Communication (ECOC) ¨ ¤à. ‘ãé¥áâ¢¥−− ï ç áâì à ¡®â –¥−âà  ¯à¨å®¤¨âáï
−  âàã¤ë à®áá¨©áª¨å − ãç−ëå ª®−ä¥à¥−æ¨©, áà¥¤¨ ª®â®àëå International Con-
ference on Coherent and Nonlinear Optics, Lasers, Application and Technologes
ICONO/LAT; �®áá¨©áª¨© á¥¬¨− à ¯® ¢®«®ª®−−ë¬ « §¥à ¬; ú‚ëá®ª®ç¨áâë¥
¢¥é¥áâ¢  ¨ ¬ â¥à¨ «ë. �®«ãç¥−¨¥,  − «¨§, ¯à¨¬¥−¥−¨¥û (�¨¦−¨© �®¢£®à®¤);
‚á¥à®áá¨©áª ï ª®−ä¥à¥−æ¨ï ¯® ¢®«®ª®−−®© ®¯â¨ª¥ (�¥à¬ì), ®à£ −¨§ â®à ¬¨
ª®â®à®© ï¢«ïîâáï �–‚� ��� ¨ �¥à¬áª ï − ãç−®-¯à®¨§¢®¤áâ¢¥−− ï ¯à¨¡®à®-
áâà®¨â¥«ì− ï ª®¬¯ −¨ï (����Š).

‡− ç¨â¥«ì−®¥ ç¨á«® ¯ã¡«¨ª æ¨© ¯à¨å®¤¨âáï −  à®áá¨©áª¨¥ − ãç−ë¥ ¦ãà− -
«ë, áà¥¤¨ ª®â®àëå «¨¤¥à ¬¨ ï¢«ïîâáï úŠ¢ −â®¢ ï í«¥ªâà®−¨ª û, ú�¥®à£ −¨-
ç¥áª¨¥ ¬ â¥à¨ «ëû ¨ Laser Physics. �¤− ª® ¢ ¯®á«¥¤−¨¥ £®¤ë ¯à®á«¥¦¨¢ ¥âáï

292 ‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013



	 §  ¤ −−ëå ú’àã¤ë á®âàã¤−¨ª®¢ �–‚� ���û ª ª ç áâì ˆ‘ ú‚®«®ª®−− ï ®¯â¨ª û

�¨á. 6 ƒ¥®£à ä¨ï − ãç−®£® á®âàã¤−¨ç¥áâ¢  �–‚� ��� (ª àâ  ¯®áâà®¥−  á ¨á¯®«ì§®-
¢ −¨¥¬ Researcher ID | Web of Science)

â¥−¤¥−æ¨ï ª ã¢¥«¨ç¥−¨î ¤®«¨ ¯ã¡«¨ª æ¨© ¢ § àã¡¥¦−ëå ¦ãà− « å, â ª¨å ª ª
Optics Letters, Optics Express, IEEE Photonics Technology Letters, Journal of
Non-Crystalline Solids ¨ ¤à. �¤−®© ¨§ ¯à¨ç¨− íâ®£® ï¢«ïîâáï ¡®«¥¥ ¢ëá®ª¨¥ ¨¬-
¯ ªâ-ä ªâ®àë § àã¡¥¦−ëå ¦ãà− «®¢ ¯® áà ¢−¥−¨î á ®â¥ç¥áâ¢¥−−ë¬¨: − ¯à¨¬¥à,
IEEE Journal of Quantum Electronics ¨¬¥¥â ¨¬¯ ªâ-ä ªâ®à 1,913,   úŠ¢ −â®¢ ï
í«¥ªâà®−¨ª û | 0,781; ¤«ï Journal of Non-Crystalline Solids ¨ ú�¥®à£ −¨ç¥áª¨å
¬ â¥à¨ «®¢û íâ¨ ¢¥«¨ç¨−ë á®®â¢¥âáâ¢¥−−® à ¢−ë 1,510 ¨ 0,480.

�¥§ã«ìâ âë ¡¨¡«¨®¬¥âà¨ç¥áª®£®  − «¨§  ¯ã¡«¨ª æ¨© − ãç−ëå ®à£ −¨§ æ¨©,
¢ á®âàã¤−¨ç¥áâ¢¥ á ª®â®àë¬¨ á®âàã¤−¨ª¨ �–‚� ��� ¢ë¯®«−ïîâ ¨áá«¥¤®¢ -
−¨ï ¢ ¯¥àá¯¥ªâ¨¢−ëå − ¯à ¢«¥−¨ïå, á¢¨¤¥â¥«ìáâ¢ãîâ ® ¯®áâ®ï−−®¬ à áè¨à¥−¨¨
£¥®£à ä¨¨ − ãç−®£® á®âàã¤−¨ç¥áâ¢  –¥−âà  (à¨á. 6).

‘à¥¤¨ à®áá¨©áª¨å − ãç−ëå ãçà¥¦¤¥−¨© − ¨¡®«ìè¥¥ ç¨á«® à ¡®â ¢ë¯®«−¥−® ¢
á®âàã¤−¨ç¥áâ¢¥ á ¨−áâ¨âãâ ¬¨ ���. ‘à¥¤¨ −¨å ®á®¡®¥ ¬¥áâ® § −¨¬ ¥â ˆ−áâ¨âãâ
å¨¬¨¨ ¢ëá®ª®ç¨áâëå ¢¥é¥áâ¢ ��� ¨¬. ƒ. ƒ. „¥¢ïâëå, ¬−®£®«¥â−¥¥ á®âàã¤−¨-
ç¥áâ¢® á ª®â®àë¬ ¯«®¤®â¢®à−® ª ª ¢ ®¡« áâ¨ äã−¤ ¬¥−â «ì−ëå ¨áá«¥¤®¢ −¨©,
â ª ¨ ¯® «¨−¨¨ −®¢ëå à §à ¡®â®ª ¢ ®¡« áâ¨ â¥å−®«®£¨¨ ¢®«®ª®−−ëå á¢¥â®¢®-
¤®¢. ’à ¤¨æ¨®−−ë¬¨ ï¢«ïîâáï − ãç−ë¥ á¢ï§¨ á ˆ−áâ¨âãâ®¬ ®¡é¥© ä¨§¨ª¨ ¨¬.
�. Œ. �à®å®à®¢  ���, ”¨§¨ç¥áª¨¬ ¨−áâ¨âãâ®¬ ¨¬. �. �. ‹¥¡¥¤¥¢  ��� ¨ ¤à.;
áà¥¤¨ § àã¡¥¦−ëå ¨−áâ¨âãâ®¢ | Swiss Federal Institute of Technology Zurich,
Ecole Polytechnique Federale De Lausanne (Switzerland), University of Southamp-
ton (U.K.), Aston University (U.K.), Tampere University of Technology (Finland)
¨ University of Limoges (France). ‚ ¯à®æ¥áá¥ ¯®¤£®â®¢ª¨ ¢ëá®ª®ª¢ «¨ä¨æ¨à®¢ −-
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−ëå á¯¥æ¨ «¨áâ®¢ ¯® ¢®«®ª®−−®© ®¯â¨ª¥, ¢ë¯®«−ïîé¨å ª ª ¤¨¯«®¬−ë¥, â ª ¨
¤¨áá¥àâ æ¨®−−ë¥ à ¡®âë ¢ �–‚� ���, ¥¦¥£®¤−® ã¢¥«¨ç¨¢ ¥âáï ç¨á«® á®¢¬¥áâ-
−ëå ¯ã¡«¨ª æ¨© á ¢ëáè¨¬¨ ãç¥¡−ë¬¨ § ¢¥¤¥−¨ï¬¨ áâà −ë. ‘«¥¤ã¥â ®â¬¥â¨âì,
çâ® �–‚� ��� ¢ë¯®«−ï¥â äã−¤ ¬¥−â «ì−ë¥ ¨áá«¥¤®¢ −¨ï ¨ â¥å−®«®£¨ç¥áª¨¥
à §à ¡®âª¨ ¢ − áâ®ïé¥¥ ¢à¥¬ï ¯® ª®−âà ªâ ¬ á § àã¡¥¦−ë¬¨ ª®¬¯ −¨ï¬¨ ¨
¨áá«¥¤®¢ â¥«ìáª¨¬¨ æ¥−âà ¬¨, â ª¨¬¨ ª ª: Corning Inc., Fianium, Air Force
Research Laboratory, Belgian Nuclear Research Centre SCK*CEN ¨ ¬−®£¨¬¨ ¤àã-
£¨¬¨, à −¥¥ ¢ë¯®«−ï«¨áì à ¡®âë ¢ á®âàã¤−¨ç¥áâ¢¥ á AT&T Bell Labs, Nortel,
Samsung Electronics, Alcatel, Pirelli, Allied Telesyn International.

�¥§ã«ìâ âë − ãç−ëå ¨áá«¥¤®¢ −¨© �–‚� ���, á®áâ ¢«ïîé¨¥ ª®−â¥−â à á-
á¬ âà¨¢ ¥¬®© ˆ‘, − ¯à ¢«¥−ë −  à¥è¥−¨¥ â ª¨å ¢ ¦−ëå § ¤ ç, ª ª à §¢¨â¨¥
áä¥àë ¨−ä®à¬ æ¨®−−®-ª®¬¬ã−¨ª æ¨®−−ëå â¥å−®«®£¨© ¤«ï á®§¤ −¨ï ¨−ä®à¬ -
æ¨®−−®£® ®¡é¥áâ¢ , ¯®¢ëè¥−¨ï ª ç¥áâ¢  ¦¨§−¨ ¨ ä®à¬¨à®¢ −¨¥ á®¢à¥¬¥−−®©
¨−ä®à¬ æ¨®−−®© ¨ â¥«¥ª®¬¬ã−¨ª æ¨®−−®© ¨−äà áâàãªâãàë.

‘«¥¤ã¥â ¯®¤ç¥àª−ãâì, çâ® ¢ â ª®© ¤¨− ¬¨ç−® à §¢¨¢ îé¥©áï ®¡« áâ¨, ª ª
¢®«®ª®−− ï ®¯â¨ª , à¥áãàá, ¯®¤®¡−ë© ˆ‘ ú‚®«®ª®−− ï ®¯â¨ª û, ¡ã¤¥â ¯à¥¤áâ ¢-
«ïâì æ¥−−®áâì ¨ ¯à¨−®á¨âì ¯®«ì§ã â®«ìª® ¯à¨ ¥£® á¨áâ¥¬ â¨ç¥áª®¬ ¯®¯®«−¥−¨¨
−®¢ë¬¨ ¬ â¥à¨ « ¬¨ ¨ ¯®áâ®ï−−®© ¯®¤¤¥à¦ª¥ ¯à®£à ¬¬−®-â¥å−¨ç¥áª®£® ª®¬-
¯«¥ªá , −  çâ® âà¥¡ã¥âáï ¢ë¤¥«¥−¨¥ á®®â¢¥âáâ¢ãîé¨å à¥áãàá®¢.

Литература

1. „¨ −®¢ …. Œ., �à®å®à®¢ �. Œ. ‚®«®ª®−−®-®¯â¨ç¥áª ï á¢ï§ì: á®áâ®ï−¨¥ ¤¥« ¨ à®«ì ¢
íª®−®¬¨ª¥ // ‚¥áâ−¨ª ���, 1998. ’. 68. ü 5. ‘. 393{399.

2. ˆáå ª®¢  ‹., Š «¥−®¢ �., ‚ á¨«ì¥¢ ‘., �®«ïª®¢  ’., —¥èª®¢ „., Ÿªè¨− Œ.
� §à ¡®âª  ¨−â¥à ªâ¨¢−®© ¨−ä®à¬ æ¨®−−®© á¨áâ¥¬ë ú‚®«®ª®−− ï ®¯â¨ª û // ˆ−-
ä®à¬ æ¨®−−ë¥ à¥áãàáë �®áá¨¨, 2011. ü 5. ‘. 19{25.

3. Ÿªè¨− Œ. Œ. Web-¨−â¥àä¥©á á¨áâ¥¬ë ú� ãª  �®áá¨¨û // ‘®¢à¥¬¥−−ë¥ â¥å−®-
«®£¨¨ ¢ ¨−ä®à¬ æ¨®−−®¬ ®¡¥á¯¥ç¥−¨¨ − ãª¨: ‘¡®à−¨ª − ãç−ëå âàã¤®¢ / �®¤ à¥¤.
�. …. Š «¥−®¢ . | Œ.: � ãç−ë© ¬¨à, 2003. ‘. 47{52.

4. Š «¥−®¢ �. …., ‘ ¢¨− ƒ. ˆ., ‘®â−¨ª®¢ �. �. �«¥ªâà®−− ï ¡¨¡«¨®â¥ª  ú� ãç−®¥
− á«¥¤¨¥ �®áá¨¨û: â¥å−®«®£¨ï − ¯®«−¥−¨ï // ‘®¢à¥¬¥−−ë¥ â¥å−®«®£¨¨ ¢ ¨−ä®à¬ -
æ¨®−−®¬ ®¡¥á¯¥ç¥−¨¨ − ãª¨: ‘¡®à−¨ª − ãç−ëå âàã¤®¢ / �®¤ à¥¤. �. …. Š «¥−®¢ . |
Œ.: � ãç−ë© ¬¨à, 2007. ‘. 40{48.

5. Œ « å®¢  ˆ. ƒ., ˜¨®« è¢¨«¨ ‹. �. ˆ−ä®à¬ æ¨®−− ï á¨áâ¥¬  úˆáâ®à¨ï £¥®«®-
£¨¨û // ‘®¢à¥¬¥−−ë¥ â¥å−®«®£¨¨ ¢ ¨−ä®à¬ æ¨®−−®¬ ®¡¥á¯¥ç¥−¨¨ − ãª¨: ‘¡®à−¨ª
− ãç−ëå âàã¤®¢ / �®¤ à¥¤. �. …. Š «¥−®¢ . | Œ.: � ãç−ë© ¬¨à, 2011. ‘. 250{253.

6. Chernikov S. V., Dianov E. M., Richardson D. J., et al. Soliton pulse-compression in
dispersion-decreasing fiber // Opt. Lett., 1993. Vol. 18. No. 7. P. 476{478.

7. Neustruev V. B. Color-centers in germanosilicate glass and optical fibers // J. Phys.
Condens. Matter, 1994. Vol. 6. No. 35. P. 6901{6936.

294 ‘ˆ‘’…Œ› ˆ ‘�…„‘’‚� ˆ�”��Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013



	 §  ¤ −−ëå ú’àã¤ë á®âàã¤−¨ª®¢ �–‚� ���û ª ª ç áâì ˆ‘ ú‚®«®ª®−− ï ®¯â¨ª û

8. Rego G., Okhotnikov O., Dianov E., et al. High-temperature stability of long-period
fiber gratings produced using an electric arc // J. Lightwave Technol., 2001. Vol. 19.
No. 10. P. 1574{1579.

9. Dianov E. M., Dvoyrin V. V., Mashinsky V. M., et al. CW bismuth fibre laser //
Quantum Electronics, 2005. Vol. 35. No. 12. P. 1083{1084.

DATABASE “FORC STAFF PROCEEDINGS” AS A PART
OF THE “FIBER OPTICS INFORMATION SYSTEM”

T. A. Kochergina1, L.D. Iskhakova2, N. E. Kalenov3, and M.M. Yakshin4

1Fiber Optics Research Center of the Russian Academy of Sciences (FORC RAS),
Moscow, Russia, tatyanan@fo.gpi.ru
2Fiber Optics Research Center of the Russian Academy of Sciences (FORC RAS),
Moscow, Russia, ldisk@fo.gpi.ru
3Library for Natural Sciences, Russian Academy of Sciences, Moscow, Russia,
nek@benran.ru
4Library for Natural Sciences, Russian Academy of Sciences, Moscow, Russia,
greycat.na.kor@gmail.com

Abstract: The paper describes Fiber optics information system (IS). Its purpose
is to provide scientific digital resources for basic and applied research in this
area. Information system allows users to have access to bibliographic information
and full texts of articles. Access to full-text articles is carried out using the
appropriate links to the site publishers (if user has a subscription). Content of
IS is being provisioned by experts using scientific databases and FORC staff
publications. The main possibilities of IS software and some practical examples
are considered. The section of IS, which is called \Proceedings FORC" and
practical approaches when working with the database (DB) are shown. The
characterization of the content DB \Proceedings FORC" is described. The
results of some bibliometric research on the quoting of the FORC are presented.
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