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НЕКОТОРЫЕ МЕТОДИЧЕСКИЕ ВОПРОСЫ ОЦЕНКИ УРОВНЯ
ТЕХНОЛОГИЧЕСКОЙ ГОТОВНОСТИ ПРОЕКТОВ

ИНФОРМАЦИОННЫХ СИСТЕМ

А. А. Зацаринный1, Ю. С. Ионенков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¢®¯à®á�¬ ®æ¥−ª¨ ãà®¢−ï â¥å−®«®£¨ç¥áª®©
£®â®¢−®áâ¨ (“’ƒ) ¯à®¥ªâ®¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘). �à¥¤áâ�¢«¥− �−�-
«¨§ áãé¥áâ¢ãîé¨å ¯®¤å®¤®¢ ª ®æ¥−ª¥ ãà®¢−ï £®â®¢−®áâ¨ ¯à®¥ªâ®¢ §� àã¡¥-
¦®¬ ¨ ¢ ÷®áá¨¨. �®ª�§�−®, çâ® ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢á¥ ¡®«ìè¥¥ à�§¢¨â¨¥
¯®«ãç�¥â ¯®¤å®¤, ¨á¯®«ì§ãîé¨© ¬¥â®¤ë ®æ¥−ª¨ â¥å−®«®£¨ç¥áª®©/̄ à®¨§¢®¤-
áâ¢¥−−®©/àë−®ç−®© £®â®¢−®áâ¨ (technology/manufacturing/commercialization
readiness levels | TRL/MRL/CRL), ®á−®¢�−−ë¥ −� 9-ãà®¢−¥¢®© èª�«¥ ¨ ¯®-
§¢®«ïîé¨¥ ®æ¥−¨âì ãà®¢¥−ì £®â®¢−®áâ¨ â¥å−®«®£¨¨, ¯à®¨§¢®¤áâ¢� ¨ £®â®¢-
−®áâ¨ ¯à®¤ãªâ� ª ¢ëå®¤ã −� àë−®ª. ÷�áá¬®âà¥−ë ¯à¥¨¬ãé¥áâ¢� ¤�−−ëå
¬¥â®¤®¢. �â¬¥ç¥−®, çâ® ¢ ÷®áá¨¨ ®−¨ ¢ ®á−®¢−®¬ ¨á¯®«ì§ãîâáï ¢ ª®à¯®à�-
â¨¢−ëå ¯à®¥ªâ�å ¨ ¯à�ªâ¨ç¥áª¨ −¥ ¯à¨¬¥−ïîâáï ¯à¨ à�§à�¡®âª¥ ¯à®¥ªâ®¢ ˆ‘
¢ ¨−â¥à¥á�å £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï. ‘ä®à¬ã«¨à®¢�−ë ¯à¥¤«®¦¥−¨ï
¯® á®¢¥àè¥−áâ¢®¢�−¨î ¬¥â®¤®¢ ®æ¥−ª¨ ¯à®¥ªâ®¢ ˆ‘, ¢ª«îç�ï ¬¥â®¤¨ç¥áª¨©
¯®¤å®¤ ª ®æ¥−ª¥ “’ƒ ¯à®¥ªâ®¢.

Š«îç¥¢ë¥ á«®¢�: ¯à®¥ªâ; ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�; ãà®¢¥−ì £®â®¢−®áâ¨
¯à®¥ªâ�; â¥å−®«®£¨ç¥áª�ï £®â®¢−®áâì; ¯à®¨§¢®¤áâ¢¥−−�ï £®â®¢−®áâì

DOI: 10.14357/08696527220301

1 Введение

‘®¢à¥¬¥−−ë© íâ�¯ à�§¢¨â¨ï æ¨¢¨«¨§�æ¨¨ å�à�ªâ¥à¨§ã¥âáï ä®à¬¨à®¢�−¨¥¬
−®¢®£® â¥å−®«®£¨ç¥áª®£® ãª«�¤� | ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�, ¡�§®¢ë¬¨ á®-
áâ�¢«ïîé¨¬¨ ª®â®à®£® ï¢«ïîâáï ¨−ä®ª®¬¬ã−¨ª�æ¨®−−ë¥ â¥å−®«®£¨¨, �ªâ¨¢−®¥
¨á¯®«ì§®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ¨§¬¥−¥−¨ï ¢ áâàãªâãà¥ ¯à®¨§¢®¤áâ¢�
¨ ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£. ‘ãé¥áâ¢®¢�−¨¥ ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� −¥¢®§¬®¦−®
¡¥§ íää¥ªâ¨¢−® äã−ªæ¨®−¨àãîé¨å ˆ‘. �à¨ íâ®¬ ˆ‘ ®â−®áïâáï ª ª«�ááã á«®¦-
−ëå ¡®«ìè¨å á¨áâ¥¬ á ¤«¨â¥«ì−ë¬ áà®ª®¬ íªá¯«ã�â�æ¨¨ ¨ ¢ëá®ª®© áâ®¨¬®áâìî
à�§à�¡®âª¨.

‘®§¤�−¨¥ ˆ‘, á®®â¢¥âáâ¢ãîé¨å á®¢à¥¬¥−−®¬ã ãà®¢−î, âà¥¡ã¥â −¥ â®«ìª® −�-
«¨ç¨ï ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå á¯¥æ¨�«¨áâ®¢, á®¢à¥¬¥−−®© â¥å−¨ç¥áª®© ¨ â¥å-
−®«®£¨ç¥áª®© ¡�§ë, −® ¨ ¯®¢ëè¥−¨ï à®«¨ −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, AZatsarinny@ipiran.ru

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, UIonenkov@ipiran.ru
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�¥ª®â®àë¥ ¬¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ®æ¥−ª¨ “’ƒ ¯à®¥ªâ®¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

¤«ï á¢®¥¢à¥¬¥−−®£® ¯à¨−ïâ¨ï ®¡®á−®¢�−−ëå à¥è¥−¨© ¢ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï
¨ ¯à®¨§¢®¤áâ¢� á¨áâ¥¬.

‚®¯à®á�¬ á®¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤¨ç¥áª®£® �¯¯�à�â� ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨
¨ ª�ç¥áâ¢� ˆ‘ ¯®á¢ïé¥− àï¤ ¯ã¡«¨ª�æ¨© �¢â®à®¢, ¢ ç�áâ−®áâ¨ [1, 2]. ��àï¤ã
á íâ¨¬ áãé¥áâ¢¥−−®¥ §−�ç¥−¨¥ ¯à¨®¡à¥â�¥â ¢ëà�¡®âª� −®¢ëå ¯®¤å®¤®¢ ª ®æ¥−ª¥
â¥å−®«®£¨ç¥áª®© ¨ ¯à®¨§¢®¤áâ¢¥−−®© £®â®¢−®áâ¨ ¨−−®¢�æ¨®−−ëå à�§à�¡®â®ª.

‚ ®â¥ç¥áâ¢¥−−®© ¯à�ªâ¨ª¥ ¤«ï ®æ¥−ª¨ £®â®¢−®áâ¨ ¯à®¥ªâ®¢, ª�ª ¯à�¢¨«®,
¨á¯®«ì§ã¥âáï ¯®¤å®¤, ¯à¥¤¯®«�£�îé¨© ¢ë¯®«−¥−¨¥ ¨ ¯à¨¥¬ªã ®¯à¥¤¥«¥−−ëå
áâ�¤¨© ¨ íâ�¯®¢ à�¡®âë ¢ á®®â¢¥âáâ¢¨¨ á ƒ�‘’ (íáª¨§−ë© ¯à®¥ªâ, â¥å−¨ç¥-
áª¨© ¯à®¥ªâ, à�¡®ç�ï ¤®ªã¬¥−â�æ¨ï ¨ â. ¯.), ª®â®àë© ®á−®¢ë¢�¥âáï −� −�«¨ç¨¨
¤®ªã¬¥−â®¢, ä¨ªá¨àãîé¨å ¯®«ãç¥−¨¥ ®¯à¥¤¥«¥−−ëå à¥§ã«ìâ�â®¢ à�¡®â.

‚¬¥áâ¥ á â¥¬ ¢ −�áâ®ïé¥¥ ¢à¥¬ï §� àã¡¥¦®¬ ¤«ï ®æ¥−ª¨ ãà®¢−ï £®â®¢−®áâ¨
¯à®¥ªâ®¢ ¯à¨¬¥−ï¥âáï ¬¥â®¤ ®æ¥−ª¨ ãà®¢−¥© â¥å−®«®£¨ç¥áª®©/̄ à®¨§¢®¤áâ¢¥−-
−®©/àë−®ç−®© £®â®¢−®áâ¨ ¯à®¥ªâ� (TRL/MRL/CRL), ¨á¯®«ì§ãîé¨© 9-ãà®¢-
−¥¢ãî èª�«ã [3{5]. ‚ ÷®áá¨¨ â�ª¦¥ −�ç¨−�¥â ¯à¨¬¥−ïâìáï ¯®¤®¡−ë© ¬¥â®¤,
®á−®¢�−−ë© −� ¨á¯®«ì§®¢�−¨¨ “’ƒ [6]. �â¨ ¬¥â®¤ë ¯à¥¤áâ�¢«ïîâ á®¡®© ¬¥âà¨ªã
®æ¥−ª¨ £®â®¢−®áâ¨ ¯à®¥ªâ®¢ −� à�§−ëå áâ�¤¨ïå ¨ á®¯®áâ�¢«¥−¨ï à�§«¨ç−ëå
¯à®¥ªâ®¢ ¬¥¦¤ã á®¡®©. “à®¢−¨ ®¯à¥¤¥«ïîâáï ¯® ãáâ�−®¢«¥−−ë¬ ¯à�¢¨«�¬
á ãç¥â®¬ ª®−æ¥¯æ¨¨ ¯à®¥ªâ�, â¥å−¨ç¥áª¨å ¨ â¥å−®«®£¨ç¥áª¨å âà¥¡®¢�−¨©.

‚ ¤�−−®© áâ�âì¥ ¯à¥¤áâ�¢«¥−ë ®¡é¨¥ ¯®¤å®¤ë ª ®æ¥−ª¥ ãà®¢−ï £®â®¢−®áâ¨ −�-
ãç−®-â¥å−¨ç¥áª¨å ¯à®¥ªâ®¢ ˆ‘ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬, � â�ª¦¥ áä®à¬ã«¨à®¢�−ë
¯à¥¤«®¦¥−¨ï ¯® á®¢¥àè¥−áâ¢®¢�−¨î ¬¥â®¤®¢ ®æ¥−ª¨ â¥å−®«®£¨ç¥áª®© £®â®¢−®áâ¨
¯à®¥ªâ®¢ ˆ‘ á ãç¥â®¬ èª�«ë TRL.

2 Анализ существующих подходов к оценке уровня готовности
проектов информационных систем

‚ ÷®áá¨¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¤«ï ®æ¥−ª¨ ãà®¢−ï £®â®¢−®áâ¨ ¯à®¥ªâ®¢ ¯à¥-
¨¬ãé¥áâ¢¥−−® ¨á¯®«ì§ã¥âáï ¯®¤å®¤, ®á−®¢�−−ë© −� ¢ë¯®«−¥−¨¨ ®¯à¥¤¥«¥−−ëå
áâ�¤¨© ¨ íâ�¯®¢ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ¨ ®¯ëâ−®-ª®−áâàãªâ®àáª¨å à�¡®â
(�ˆ�Š÷) ¢ á®®â¢¥âáâ¢¨¨ á ƒ�‘’ ª«�áá� 34 (ƒ�‘’ 34.601-90) «¨¡® ƒ�‘’
ª«�áá� 15 (ƒ�‘’ ÷‚ 15.105-2001, ƒ�‘’ ÷‚ 15.203-2001) | íáª¨§−ë© ¯à®¥ªâ,
â¥å−¨ç¥áª¨© ¯à®¥ªâ, à�¡®ç�ï ¤®ªã¬¥−â�æ¨ï ¨ â. ¯. �â®â ¯®¤å®¤ ®á−®¢ë¢�¥âáï
−� ¤®ªã¬¥−â�«ì−®© ä¨ªá�æ¨¨ ¢ë¯®«−¥−¨ï ¨ ¯à¨¥¬ª¨ ®¯à¥¤¥«¥−−ëå à�¡®â, ¯à¥-
¤ãá¬®âà¥−−ëå ƒ�‘’ (â¥å−¨ç¥áª¨¬ §�¤�−¨¥¬ (’‡), ¯«�−®¬ ¢ë¯®«−¥−¨ï à�¡®â
¨ â. ¯.) ¤«ï ª�¦¤®© áâ�¤¨¨ (íâ�¯�) �ˆ�Š÷.

‚ â® ¦¥ ¢à¥¬ï §� àã¡¥¦®¬ ¨ ¢ àï¤¥ ®à£�−¨§�æ¨© ¢ ÷®áá¨¨ ¢á¥ ¡®«ìè¥¥
à�§¢¨â¨¥ ¯®«ãç�îâ ¬¥â®¤ë ®æ¥−ª¨ £®â®¢−®áâ¨ ¯à®¥ªâ®¢ | TRL/MRL/CRL [3{
5]. �â¨ ¬¥â®¤ë ¨á¯®«ì§ãîâ 9-ãà®¢−¥¢ãî èª�«ã, ª®â®à�ï ¯®§¢®«ï¥â ®æ¥−¨âì
ãà®¢¥−ì £®â®¢−®áâ¨ â¥å−®«®£¨¨, ¯à®¨§¢®¤áâ¢� ¨ £®â®¢−®áâ¨ ¯à®¤ãªâ� ª ¢ëå®¤ã
−� àë−®ª. �æ¥−ª� ¢ëà�¦�¥âáï ¢ −�âãà�«ì−ëå ç¨á«�å ®â 1 ¤® 9, ¯à¨ íâ®¬ 9
á®®â¢¥âáâ¢ã¥â −�¨¡®«¥¥ ¢ëá®ª®¬ã ãà®¢−î. ˜ª�«� ¯®§¢®«ï¥â à�§à�¡®âç¨ª�¬
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�. �. ‡�æ�à¨−−ë©, ā. ‘. ˆ®−¥−ª®¢

’�¡«¨æ� 1 “à®¢−¨ £®â®¢−®áâ¨ ¯à®¥ªâ� TRL/MRL/CRL

“à®¢¥−ì
£®â®¢-
−®áâ¨

’¥å−®«®£¨ç¥áª�ï
£®â®¢−®áâì

(TRL)

�à®¨§¢®¤áâ¢¥−−�ï
£®â®¢−®áâì

(MRL)

÷ë−®ç−�ï
£®â®¢−®áâì

(CRL)
1 ‘ä®à¬ã«¨à®¢�−� äã−¤�-

¬¥−â�«ì−�ï ª®−æ¥¯æ¨ï,
®¡®á−®¢�−� ¯®«¥§−®áâì
â¥å−®«®£¨¨

‘¤¥«�−ë ¢ë¢®¤ë ¯®
®á−®¢−ë¬ âà¥¡®¢�−¨ï¬
ª ¯à®¨§¢®¤áâ¢ã

�à®¢¥¤¥−� ®æ¥−ª�
¢®áâà¥¡®¢�−−®áâ¨
¯à®¤ãªâ�

2 ‘ä®à¬ã«¨à®¢�−� â¥å−¨ç¥-
áª�ï ª®−æ¥¯æ¨ï â¥å−®«®-
£¨¨, ãáâ�−®¢«¥−ë ®¡«�áâ¨
¯à¨¬¥−¥−¨ï. �®¤£®â®¢«¥-
−® ’‡

�¯à¥¤¥«¥−� ª®−æ¥¯æ¨ï
¯à®¨§¢®¤áâ¢�

�æ¥−¥−ë æ¥«¥¢ë¥ ¯®-
âà¥¡¨â¥«ìáª¨¥ á¥£¬¥−-
âë, ®¯à¥¤¥«¥−ë ª«îç¥-
¢ë¥ ¯à¥¨¬ãé¥áâ¢�

3 ÷�§à�¡®â�− ¬�ª¥â−ë©
®¡à�§¥æ ¤«ï ¤¥¬®−áâà�æ¨¨
®á−®¢−ëå å�à�ªâ¥à¨áâ¨ª
â¥å−®«®£¨¨

�®¤â¢¥à¦¤¥−� ª®−æ¥¯æ¨ï
¯à®¨§¢®¤áâ¢�

�à®¢¥¤¥− ª®−ªãà¥−â-
−ë© �−�«¨§

4 ÷�§à�¡®â�− ¤¥â�«ì−ë© ¬�-
ª¥â, ¯à®¢¥¤¥−ë ¨á¯ëâ�−¨ï
¡�§®¢ëå äã−ªæ¨©

„®áâ¨£−ãâ� ¢®§¬®¦-
−®áâì ¨§£®â®¢«¥−¨ï
â¥å−¨ç¥áª¨å áà¥¤áâ¢
¢ «�¡®à�â®à−ëå ãá«®¢¨ïå

�¯à¥¤¥«¥−ë ¯®áâ�¢é¨-
ª¨ ¨ ¯�àâ−¥àë, áä®à-
¬¨à®¢�−� æ¥−®¢�ï ¯®-
«¨â¨ª�

5 ÷�¡®â®á¯®á®¡−®áâì â¥å−®-
«®£¨¨ ¯à®¤¥¬®−áâà¨à®¢�−�
−� ¤¥â�«ì−®¬ ¬�ª¥â¥

„®áâ¨£−ãâ� ¢®§¬®¦−®áâì
¨§£®â®¢«¥−¨ï ¯à®â®â¨¯®¢
ª®¬¯®−¥−â®¢ á¨áâ¥¬ ¢ à¥-
�«ì−ëå ãá«®¢¨ïå

÷�§à�¡®â�−� ¡¨§−¥á-
¬®¤¥«ì

6 ÷�§à�¡®â�− ¯®«−®äã−ªæ¨-
®−�«ì−ë© ®¡à�§¥æ, ¯®¤-
â¢¥à¦¤¥−ë à�¡®ç¨¥ å�-
à�ªâ¥à¨áâ¨ª¨ ¢ à¥�«ì−ëå
ãá«®¢¨ïå

„®áâ¨£−ãâ� ¢®§¬®¦−®áâì
¨§£®â®¢«¥−¨ï ¯à®â®â¨-
¯®¢ á¨áâ¥¬ ¨ ¯®¤á¨áâ¥¬
á ¨á¯®«ì§®¢�−¨¥¬ £®â®-
¢ëå í«¥¬¥−â®¢ ¯à®¨§¢®¤-
áâ¢�

�®«ãç¥−� â®ç−�ï á¯¥-
æ¨ä¨ª�æ¨ï ¯à®¤ãªâ�,
ãâ®ç−¥−� ¡¨§−¥á-¬®-
¤¥«ì

7 �à®â®â¨¯ â¥å−®«®£¨¨ ¯à®-
¤¥¬®−áâà¨à®¢�− ¢ á®áâ�¢¥
á¨áâ¥¬ë ¢ à¥�«ì−ëå ãá«®-
¢¨ïå íªá¯«ã�â�æ¨¨

„®áâ¨£−ãâ� ¢®§¬®¦−®áâì
¨§£®â®¢«¥−¨ï á¨áâ¥¬
¨ ¯®¤á¨áâ¥¬ ¢ ãá«®¢¨ïå,
¡«¨§ª¨å ª à¥�«ì−ë¬

�à®¢¥¤¥− ¯à¥¤¢�-
à¨â¥«ì−ë© ¢ë¢®¤
¯à®¤ãªâ� −� àë−®ª

8 ‘¡®àª� à¥�«ì−®£® ãáâà®©-
áâ¢� ¨ ¤¥¬®−áâà�æ¨ï ¢ á®-
áâ�¢¥ á¨áâ¥¬ë ¢ à¥�«ì−ëå
ãá«®¢¨ïå

„®áâ¨£−ãâ� £®â®¢−®áâì
ª −�ç�«ã ¬¥«ª®á¥à¨©−®£®
¯à®¨§¢®¤áâ¢�

�à®�−�«¨§¨à®¢�−ë
à¥§ã«ìâ�âë ¯à¥¤¢�-
à¨â¥«ì−®£® ¢ë¢®¤�
¯à®¤ãªâ� −� àë−®ª,
¯à®à�¡®â�−ë §�¬¥ç�−¨ï
ª«¨¥−â®¢

9 ”�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥
â¥å−®«®£¨¨ ¢ ®ª®−ç�â¥«ì-
−®¬ ¢¨¤¥ ¢ à¥�«ì−ëå ãá«®-
¢¨ïå

��ç�â® ¬¥«ª®á¥à¨©−®¥
¯à®¨§¢®¤áâ¢®, ¯®¤£®â®¢-
«¥−� ¡�§� ¤«ï ¯®«−®¬�á-
èâ�¡−®£® ¯à®¨§¢®¤áâ¢�

�áãé¥áâ¢«¥− ¢ë¢®¤
¯à®¤ãªâ� −� àë−®ª
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�¥ª®â®àë¥ ¬¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ®æ¥−ª¨ “’ƒ ¯à®¥ªâ®¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

¨ §�ª�§ç¨ª�¬ ®áãé¥áâ¢«ïâì ª®−âà®«ì §� ¯à®æ¥áá®¬ à�§à�¡®âª¨: ¯à®¥ªâ −¥ ¯¥à¥©¤¥â
−� á«¥¤ãîé¨© ãà®¢¥−ì, ¯®ª� −¥ ¡ã¤¥â ¤®áâ¨£−ãâ ¯à¥¤ë¤ãé¨©.

“à®¢−¨ £®â®¢−®áâ¨ ¯à®¥ªâ� ¯® ®á−®¢−ë¬ á®áâ�¢«ïîé¨¬: â¥å−®«®£¨ç¥áª�ï
£®â®¢−®áâì, ¯à®¨§¢®¤áâ¢¥−−�ï £®â®¢−®áâì ¨ £®â®¢−®áâì ª ¢ëå®¤ã −� àë−®ª |
¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 1 [7].

“à®¢¥−ì £®â®¢−®áâ¨ ¯à®¥ªâ� ¯à¨á¢�¨¢�îâ −� ®á−®¢¥ �−�«¨§� ¥£® ª�ç¥áâ¢¥−−ëå
¨ ª®«¨ç¥áâ¢¥−−ëå ¯®ª�§�â¥«¥©. �à¨ íâ®¬ ¤®«¦−® ®¡¥á¯¥ç¨¢�âìáï ¤®ªã¬¥−â�«ì-
−®¥ ¯®¤â¢¥à¦¤¥−¨¥ ¤®áâ¨£−ãâëå ¯®ª�§�â¥«¥©. ÷¥è¥−¨¥ ® ¯à¨á¢®¥−¨¨ ãà®¢−ï
¯à¨−¨¬�îâ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨¥ ®à£�−¨§�æ¨¨ (�ˆ�), §�−ïâë¥ ¢ ¤�−−®©
®¡«�áâ¨. Š ®æ¥−ª¥ â�ª¦¥ ¯à¨¢«¥ª�îâáï −¥§�¢¨á¨¬ë¥ íªá¯¥àâë.

“à®¢¥−ì £®â®¢−®áâ¨ ¯à®¥ªâ� á«ã¦¨â ¯®«¥§−ë¬ ¨−áâàã¬¥−â®¬, ãáâ�−�¢«¨¢�-
îé¨¬ á®£«�á®¢�−−ãî â¥à¬¨−®«®£¨î ¨ ¥¤¨−®®¡à�§−ãî ¬¥â®¤®«®£¨î ®æ¥−ª¨ ãà®¢-
−ï §à¥«®áâ¨ ¯à®¥ªâ®¢. „�−−ë© ¬¥â®¤ ¯à¥¤áâ�¢«ï¥â á®¡®© á¨áâ¥¬�â¨§¨à®¢�−−ãî
¬¥âà¨ªã ®æ¥−ª¨ ¯à®¤ãªâ� ¨ ¯®§¢®«ï¥â áà�¢−¨¢�âì ãà®¢−¨ £®â®¢−®áâ¨ à�§«¨ç−ëå
¯à®¤ãªâ®¢. �− ®¡«�¤�¥â £¨¡ª®áâìî ¨ ¢®§¬®¦−®áâìî �¤�¯â�æ¨¨ ª ª®−ªà¥â−®¬ã
¯à®¤ãªâã, � â�ª¦¥ −ã¦¤�¬ ª®−ªà¥â−ëå ®âà�á«¥© «¨¡® ®à£�−¨§�æ¨©.

‚ ÷®áá¨¨ ¯®«ãç¨« à�á¯à®áâà�−¥−¨¥ ¬¥â®¤ ®æ¥−ª¨ ãà®¢−ï â¥å−®«®£¨ç¥áª®© £®-
â®¢−®áâ¨ TRL, ª®â®àë© �¯à®¡¨à®¢�− ªàã¯−¥©è¨¬¨ â¥å−®«®£¨ç¥áª¨¬¨ «¨¤¥à�¬¨
(÷®á�â®¬, �¡ê¥¤¨−¥−−�ï �¢¨�áâà®¨â¥«ì−�ï ª®à¯®à�æ¨ï (��Š), �¡ê¥¤¨−¥−−�ï
¤¢¨£�â¥«¥áâà®¨â¥«ì−�ï ª®à¯®à�æ¨ï, ä®−¤ ú‘ª®«ª®¢®û ¨ ¤à.). „¨à¥ªæ¨¥© −�ãç−®-
â¥å−¨ç¥áª¨å ¯à®£à�¬¬ Œ¨−®¡à−�ãª¨ ÷®áá¨¨ −� ®á−®¢¥ ¬¥â®¤� TRL à�§à�¡®â�−ë
¤¢¥ ¬¥â®¤®«®£¨¨ ®æ¥−ª¨ £®â®¢−®áâ¨ −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¥ªâ®¢: ¬¥â®¤®«®£¨ï
ª®¬¯«¥ªá−®© ®æ¥−ª¨ á®áâ®ï−¨ï −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¥ªâ®¢ ç¥à¥§ ãà®¢¥−ì £®-
â®¢−®áâ¨ â¥å−®«®£¨© | TPRL (Technology Project Readiness Level) [8] ¨ ¬®¤¥«ì
ª®¬¯«¥ªá−®© ®æ¥−ª¨ â¥å−®«®£¨ç¥áª®© £®â®¢−®áâ¨ ¨−−®¢�æ¨®−−ëå −�ãç−®-â¥å-
−¨ç¥áª¨å ¯à®¥ªâ®¢ [9]. �â¨ ¯à®¤ãªâë à�ááç¨â�−ë −� ¯à¨¬¥−¥−¨¥ ¢ ®à£�−�å
ã¯à�¢«¥−¨ï á«®¦−ë¬¨ ª®¬¯«¥ªá−ë¬¨ ¯à®¥ªâ�¬¨. �−¨ ¯®§¢®«ïîâ ¢ëï¢«ïâì
¤¨−�¬¨ªã à�§¢¨â¨ï ¯à®¥ªâ®¢, ®æ¥−¨¢�âì ª®¬�−¤ë ¨áá«¥¤®¢�â¥«¥© ¨ à�§à�¡®âç¨-
ª®¢, ¯à¥¤áª�§ë¢�âì −¥ï¢−ë¥ à¨áª¨ ª®¬¯«¥ªá−ëå ¯à®¥ªâ®¢, ãáâà�−ïâì ¢®§¬®¦−ë¥
−�àãè¥−¨ï ¯® áà®ª�¬.

Šà®¬¥ â®£®, ÷®á¨¬ãé¥áâ¢®¬ à�§à�¡®â�−ë úŒ¥â®¤¨ç¥áª¨¥ à¥ª®¬¥−¤�æ¨¨ ¯®
á®¯®áâ�¢«¥−¨î ãà®¢−ï â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ¨ §−�ç¥−¨© ª«îç¥¢ëå ¯®-
ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ �ªæ¨®−¥à−ëå ®¡é¥áâ¢ á £®áã¤�àáâ¢¥−−ë¬ ãç�áâ¨¥¬,
£®áã¤�àáâ¢¥−−ëå ª®à¯®à�æ¨©, £®áã¤�àáâ¢¥−−ëå ª®¬¯�−¨© ¨ ä¥¤¥à�«ì−ëå £®-
áã¤�àáâ¢¥−−ëå ã−¨â�à−ëå ¯à¥¤¯à¨ïâ¨© á ãà®¢−¥¬ à�§¢¨â¨ï ¨ ¯®ª�§�â¥«ï¬¨
¢¥¤ãé¨å ª®¬¯�−¨©-�−�«®£®¢û, ¯à¥¤ãá¬�âà¨¢�îé¨¥ ¨á¯®«ì§®¢�−¨¥ èª�« TRL
¨ MRL [10].

�«¨§ª¨© ª TRL ¬¥â®¤, ®á−®¢�−−ë© −� ¨á¯®«ì§®¢�−¨¨ 9-ãà®¢−¥¢®© èª�-
«ë, ¯à¥¤ãá¬®âà¥− ¢ ƒ�‘’ ÷ 56861-2016 [6], ª®â®àë© ãáâ�−�¢«¨¢�¥â “’ƒ ¤«ï
¯à®¥ªâ®¢ (â�¡«. 2).

’�ª¨¬ ®¡à�§®¬, è¨à®ª® à�á¯à®áâà�−¥−−ë© §� àã¡¥¦®¬ ¬¥â®¤ ®æ¥−ª¨ £®â®¢-
−®áâ¨ ¯à®¥ªâ� TRL/MRL/CRL ¢ −¥ª®â®à®© áâ¥¯¥−¨ ¯®«ãç�¥â à�§¢¨â¨¥ ¨ ¢ ÷®á-
á¨¨. �à¨ íâ®¬ ¢ ¡®«ìè¥© áâ¥¯¥−¨ ¢ ª®à¯®à�â¨¢−ëå ¯à®¥ªâ�å ¨á¯®«ì§ãîâáï
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’�¡«¨æ� 2 “à®¢−¨ â¥å−®«®£¨ç¥áª®© £®â®¢−®áâ¨ ¤«ï ¯à®¥ªâ®¢

“à®¢¥−ì
â¥å−®«®£¨ç¥áª®©

£®â®¢−®áâ¨
�à¨¬¥à−ë© á®áâ�¢ à�¡®â

“’ƒ 1
‚ëï¢«¥−ë ¨ §�ä¨ªá¨à®¢�−ë äã−¤�¬¥−â�«ì−ë¥ ¯à¨−æ¨¯ë â¥å−®-
«®£¨¨

“’ƒ 2 Š®−æ¥¯æ¨ï ¨«¨ ¢ë¡®à ¢�à¨�−â�

“’ƒ 3
÷�áç¥â−®¥ ¨ (¨«¨) íªá¯¥à¨¬¥−â�«ì−®¥ ®¡®á−®¢�−¨¥ íää¥ªâ¨¢−®áâ¨
â¥å−®«®£¨©

“’ƒ 4
ˆáá«¥¤®¢�−¨¥ ¬�ª¥â®¢ ¨ (¨«¨) ª®¬¯®−¥−â®¢ ¢ «�¡®à�â®à−ëå ãá«®-
¢¨ïå

“’ƒ 5
‚¥à¨ä¨ª�æ¨ï ¬�ª¥â®¢ ¨ (¨«¨) ª®¬¯®−¥−â®¢ ¯à¨ ¯®¤å®¤ïé¨å ãá«®-
¢¨ïå

“’ƒ 6
Œ®¤¥«¨à®¢�−¨¥ á¨áâ¥¬ (¯®¤á¨áâ¥¬) ¨«¨ ¨á¯ëâ�−¨¥ âà¥å¬¥à−ëå
¬®¤¥«¥© ¢ ¯®¤å®¤ïé¨å ãá«®¢¨ïå

“’ƒ 7
÷�§à�¡®âª� ¯à®â®â¨¯� á¨áâ¥¬ë, ¯à®¤¥¬®−áâà¨à®¢�−−�ï −� ¤¥©-
áâ¢ãîé¥¬ ¯à®¤ãªâ¥

“’ƒ 8
‘¡®àª� à¥�«ì−®© á¨áâ¥¬ë ¨ ¯à®¢¥àª� à�¡®â®á¯®á®¡−®áâ¨ ¢ ãá«®-
¢¨ïå, ¡«¨§ª¨å ª à¥�«ì−ë¬

“’ƒ 9 ÷�¡®â� à¥�«ì−®© á¨áâ¥¬ë ¢ à¥�«ì−ëå ãá«®¢¨ïå

¬¥â®¤ë TRL ¨ MRL (Œ¨−®¡à−�ãª¨, ÷®á�â®¬, ��Š ¨ ¤à.). ‚¬¥áâ¥ á â¥¬ íâ¨
¬¥â®¤ë ¯à�ªâ¨ç¥áª¨ −¥ ¨á¯®«ì§ãîâáï ¯à¨ à�§à�¡®âª¥ ¯à®¥ªâ®¢ ˆ‘ ¢ ¨−â¥à¥á�å
£®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï.

3 Предложения по совершенствованию методов оценки проектов
информационных систем

„®«£®¢à¥¬¥−−ë¥ ¯à®¥ªâë à�§à�¡®âª¨ ¨−−®¢�æ¨®−−ëå â¥å−®«®£¨© ¨ ˆ‘ á ¨å
¯à¨¬¥−¥−¨¥¬ âà¥¡ãîâ áãé¥áâ¢¥−−ëå à¥áãàá®¢ ¨ á¢ï§�−ë á® §−�ç¨â¥«ì−ë¬¨ à¨á-
ª�¬¨. ��ç¨−�ï á á�¬ëå à�−−¨å áâ�¤¨© à�§à�¡®âª¨ â�ª¨å á¨áâ¥¬, −¥®¡å®¤¨¬®
¯à¨¬¥−ïâì ã−¨¢¥àá�«ì−ë¥ ¯®ª�§�â¥«¨, −¥ §�¢¨áïé¨¥ ®â â¥å−®«®£¨©, ª®â®àë¥
¯®§¢®«ïîâ §�ª�§ç¨ª�¬ ¨ à�§à�¡®âç¨ª�¬ ®æ¥−¨¢�âì ¨å á®áâ®ï−¨¥ ¨ ¤®áâ¨£−ãâë©
¯à®£à¥áá ¢ áà�¢−¥−¨¨ á §�¯«�−¨à®¢�−−ë¬.

Œ¥â®¤, ®á−®¢�−−ë© −� ¯à¨¬¥−¥−¨¨ 9-ãà®¢−¥¢®© èª�«ë TRL/MRL/CRL,
¨¬¥¥â àï¤ ¯®«®¦¨â¥«ì−ëå áâ®à®−:

{ ¯à¥¤¯®«�£�¥â ¥¤¨−ë© ¯®¤å®¤ ª ®æ¥−ª¥ áâ�âãá� ¯à®¥ªâ®¢;

{ ®¡¥á¯¥ç¨¢�¥â ®¡é¥¥ ¯®−¨¬�−¨¥ áâ�âãá� ¯à®¥ªâ�;

{ ¯®§¢®«ï¥â áà�¢−¨¢�âì ãà®¢−¨ £®â®¢−®áâ¨ à�§«¨ç−ëå ¯à®¤ãªâ®¢;

{ ¯®§¢®«ï¥â ¯à¨−¨¬�âì à¥è¥−¨ï ® ¯¥à¥å®¤¥ ¯à®¥ªâ� ®â áâ�¤¨¨ ª áâ�¤¨¨;

{ ¨á¯®«ì§ã¥âáï ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨©, ª�á�îé¨åáï ä¨−�−á¨à®¢�−¨ï ¯à®¥ªâ®¢;
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�¥ª®â®àë¥ ¬¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ®æ¥−ª¨ “’ƒ ¯à®¥ªâ®¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

{ ¯®§¢®«ï¥â ¢ëáâà�¨¢�âì ã¯à�¢«¥−¨¥ à¨áª�¬¨;

{ ®¡¥á¯¥ç¨¢�¥â íää¥ªâ¨¢−®¥ ã¯à�¢«¥−¨¥ �ˆ�Š÷ (¯«�−¨à®¢�−¨¥, ª®−âà®«ì).

‚¬¥áâ¥ á â¥¬, ª�ª ®â¬¥ç�«®áì ¢ëè¥, íâ®â ¬¥â®¤ ¯à�ªâ¨ç¥áª¨ −¥ ¨á¯®«ì§ã¥âáï
¯à¨ à�§à�¡®âª¥ ¯à®¥ªâ®¢ ˆ‘ ¢ ¨−â¥à¥á�å £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï.

„«ï �¤�¯â�æ¨¨ ¤�−−®£® ¬¥â®¤� ª ¨á¯®«ì§®¢�−¨î ¯à¨ à�§à�¡®âª¥ ¯à®¥ªâ®¢
ˆ‘ ¢ ¨−â¥à¥á�å £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¬®¦¥â ¡ëâì ¯à¥¤«®¦¥−® −¥áª®«ìª®
£àã¯¯ ¬¥à®¯à¨ïâ¨©.

�¥à¢�ï £àã¯¯� −�¯à�¢«¥−� −� á®§¤�−¨¥ −®à¬�â¨¢−®-¯à�¢®¢®© ®á−®¢ë ¯à¨-
¬¥−¥−¨ï ¬¥â®¤� −� ä¥¤¥à�«ì−®¬ ãà®¢−¥ −� ¡�§¥ ¯®áâ�−®¢«¥−¨© ¨ à�á¯®àï¦¥−¨©
�à�¢¨â¥«ìáâ¢� ÷”, á®®â¢¥âáâ¢ãîé¨å ƒ�‘’, � −� ¢¥¤®¬áâ¢¥−−®¬ ãà®¢−¥ |
¢¥¤®¬áâ¢¥−−ëå −®à¬�â¨¢−ëå �ªâ®¢ (¯à¨ª�§ë, à�á¯®àï¦¥−¨ï, ¬¥â®¤¨ç¥áª¨¥ ãª�-
§�−¨ï ¨ â. ¯.).

‚â®à�ï £àã¯¯� ¤®«¦−� ®¡¥á¯¥ç¨âì ã¢ï§ªã á áãé¥áâ¢ãîé¨¬¨ áâ�−¤�àâ�¬¨
à�§à�¡®âª¨ ˆ‘ (ƒ�‘’ ª«�áá®¢ 15, 19, 34 ¨ ¤à.), çâ® ¯®§¢®«¨â ¨−â¥£à¨à®¢�âì
¯®¤å®¤, ®á−®¢�−−ë© −� ®¯à¥¤¥«¥−¨¨ ãà®¢−¥© £®â®¢−®áâ¨ ¯à®¥ªâ®¢, á áãé¥áâ¢ã-
îé¨¬¨ ¯®¤å®¤�¬¨ ª à�§à�¡®âª¥ á¨áâ¥¬. Šà®¬¥ â®£®, íâ® ¯®§¢®«¨â ä®à¬�«¨§®¢�âì
âà¥¡®¢�−¨ï ª á®áâ�¢ã ¨ áâàãªâãà¥ ¤®ªã¬¥−â®¢, ¯®¤â¢¥à¦¤�îé¨å ¤®áâ¨¦¥−¨¥
®¯à¥¤¥«¥−−®£® ãà®¢−ï £®â®¢−®áâ¨ ¯à®¥ªâ�, ¨ à�§à�¡®â�âì á¨áâ¥¬ã ¯®¤â¢¥à¦¤¥−¨ï
ãà®¢−¥© £®â®¢−®áâ¨. �à¨ íâ®¬ á«¥¤ã¥â ãç¨âë¢�âì, çâ®, −�¯à¨¬¥à, ãà®¢−¨ £®â®¢−®-
áâ¨ â¥å−®«®£¨© TRL á®®â¢¥âáâ¢ãîâ à�§«¨ç−ë¬ áâ�¤¨ï¬ (íâ�¯�¬), ®¯à¥¤¥«¥−−ë¬
¢ ƒ�‘’, ¢ ç�áâ−®áâ¨ ãà®¢−¨ £®â®¢−®áâ¨ TRL1{TRL3 á®®â¢¥âáâ¢ãîâ −�ãç−®-¨á-
á«¥¤®¢�â¥«ìáª¨¬ à�¡®â�¬, TRL4{TRL6 | áâ�¤¨¨ ®¯ëâ−®-ª®−áâàãªâ®àáª¨å à�¡®â
(�Š÷), � TRL7{TRL9 | áâ�¤¨ï¬ �Š÷ ¨ ¯à®¨§¢®¤áâ¢�. ‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬
æ¥«¥á®®¡à�§−® ¯«�−¨à®¢�−¨¥ íâ�¯®¢ �ˆ�Š÷ ¯® à¥§ã«ìâ�â�¬ á íâ�¯�¬¨, ªà�â−ë-
¬¨ TRL (à�§à�¡®âª� â¥å−®«®£¨¨, à�§à�¡®âª� ®¡à�§æ�, £®â®¢−®áâì ¯à®¨§¢®¤áâ¢�
¨ â. ¯.).

’à¥âìï £àã¯¯� ®å¢�âë¢�¥â ª®¬¯«¥ªá à�¡®â ¯® à�§à�¡®âª¥ ªà¨â¥à¨¥¢ ¨ ¯®-
ª�§�â¥«¥© ®æ¥−ª¨ ãà®¢−ï £®â®¢−®áâ¨ ¯à®¥ªâ®¢. �â¨ ¯®ª�§�â¥«¨ ¤®«¦−ë ¡ëâì
¬�ªá¨¬�«ì−® ä®à¬�«¨§®¢�−ë, çâ®¡ë ®¡¥á¯¥ç¨âì ®¤−®§−�ç−®¥ ¯®−¨¬�−¨¥ ãà®¢−¥©
£®â®¢−®áâ¨ ¨ ãç¨âë¢�âì á¯¥æ¨ä¨ªã ª®−ªà¥â−ëå â¨¯®¢ ˆ‘. �à¨ íâ®¬ ¢ ç¨á«®
¯®ª�§�â¥«¥© ãà®¢−ï £®â®¢−®áâ¨ ¯à®¥ªâ®¢ ®¡ï§�â¥«ì−® ¤®«¦−ë ¡ëâì ¢ª«îç¥−ë
¯®ª�§�â¥«¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �à¨¬¥−¥−¨¥ ¢ ˆ‘ á®¢à¥¬¥−−ëå
¨−ä®ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© á¯®á®¡áâ¢ã¥â ¨ ¯®ï¢«¥−¨î −®¢ëå ¢¨¤®¢
®¯�á−®áâ¥©. ‚ íâ¨å ãá«®¢¨ïå ¢ë¯®«−¥−¨¥ ¯à®¥ªâ®¢ ¢ áãé¥áâ¢¥−−®© áâ¥¯¥−¨ §�-
¢¨á¨â ®â ãç¥â� ¢®§¬®¦−ëå ãï§¢¨¬®áâ¥© ¨ á®¡«î¤¥−¨ï ¢á¥å ¬¥à ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨.

—¥â¢¥àâ�ï £àã¯¯� ¯®á¢ïé¥−� ä®à¬¨à®¢�−¨î á¨áâ¥¬ë ®æ¥−ª¨ ¯à®¥ªâ®¢,
¢ª«îç�îé¥© ª�ª á�¬®áâ®ïâ¥«ì−ãî ®æ¥−ªã, ¯à®¢®¤¨¬ãî à�§à�¡®âç¨ª®¬, â�ª
¨ ®æ¥−ªã §�ª�§ç¨ª®¬ (�ˆ� §�ª�§ç¨ª�) ¨ −¥§�¢¨á¨¬ãî íªá¯¥àâ−ãî ®æ¥−ªã âà¥âì¥©
áâ®à®−®©. �à¨ íâ®¬ á�¬®®æ¥−ª�, ¯à®¢®¤¨¬�ï à�§à�¡®âç¨ª®¬, ï¢«ï¥âáï ¯¥à¢¨ç-
−®©. ˆâ®£®¢�ï ¦¥ ®æ¥−ª� ®¯à¥¤¥«ï¥âáï à�¡®ç¥© £àã¯¯®©, ªã¤� ¢å®¤ïâ ª�ª
¯à¥¤áâ�¢¨â¥«¨ à�§à�¡®âç¨ª�, §�ª�§ç¨ª� (�ˆ� §�ª�§ç¨ª�), â�ª ¨ −¥§�¢¨á¨¬ë¥
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íªá¯¥àâë. �à¨ íâ®¬ æ¥«¥á®®¡à�§−® ®¯à¥¤¥«¨âì ¯¥à¥ç¥−ì ®à£�−¨§�æ¨©, ¨§ ª®â®-
àëå ¢ë¡¨à�îâáï −¥§�¢¨á¨¬ë¥ íªá¯¥àâë.

Œ¥à®¯à¨ïâ¨ï ¯ïâ®© £àã¯¯ë −�¯à�¢«¥−ë −� á®¢¥àè¥−áâ¢®¢�−¨¥ ¬¥â®¤¨ç¥áª®-
£® �¯¯�à�â� ®æ¥−ª¨ “’ƒ ¯à®¥ªâ®¢. �â® á®¢¥àè¥−áâ¢®¢�−¨¥ ¤®«¦−® ¯à®¢®¤¨âìáï
¢ −�¯à�¢«¥−¨¨ à�§à�¡®âª¨ ¬¥â®¤¨ª ®æ¥−ª¨ ãà®¢−ï £®â®¢−®áâ¨ −�ãç−®-â¥å−¨ç¥-
áª¨å ¯à®¥ªâ®¢, á®¤¥à¦�é¨å ¯¥à¥ç¥−ì ¯®ª�§�â¥«¥© ãà®¢−ï ¨å £®â®¢−®áâ¨, � â�ª¦¥
¬¥â®¤®¢ ¨å à�áç¥â�.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¢ ¬¥â®¤¨ª�å, ¨§«®¦¥−−ëå ¢ à�¡®â�å [8, 9], ªà®-
¬¥ ¯®ª�§�â¥«¥© â¥å−®«®£¨ç¥áª®© £®â®¢−®áâ¨ ¯à®¥ªâ�, ¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«. 1,
¯à¥¤«®¦¥− àï¤ ¤®¯®«−¨â¥«ì−ëå ¯®ª�§�â¥«¥©, ãç¨âë¢�îé¨å à¨áª¨, ¯à®¨§¢®¤-
áâ¢¥−−ãî, ¨−¦¥−¥à−ãî, ®à£�−¨§�æ¨®−−ãî £®â®¢−®áâì ¨ â. ¯. ˆå à�§à�¡®âª�
¢ë§¢�−� â¥¬, çâ® ª«�áá¨ç¥áª�ï èª�«� TRL −¥ ®å¢�âë¢�¥â àï¤ �á¯¥ªâ®¢, ª®â®àë¥
−¥®¡å®¤¨¬® ãç¨âë¢�âì ¯à¨ ®æ¥−ª¥ ¯à®¥ªâ� ¢ æ¥«®¬, −�¯à¨¬¥à ¯à®¨§¢®¤áâ¢¥−−ãî
£®â®¢−®áâì, à¨áª¨, áà®ª¨ ¢ë¯®«−¥−¨ï ¯à®¥ªâ� ¨ â. ¯.

4 Методический подход к оценке уровня технологической готовности
проектов

‘ ãç¥â®¬ ¢ëè¥¨§«®¦¥−−®£® ¬®¦¥â ¡ëâì ¯à¥¤«®¦¥− á«¥¤ãîé¨© ¯®¤å®¤
ª ®æ¥−ª¥ “’ƒ ¯à®¥ªâ®¢. Šà®¬¥ ¯®ª�§�â¥«¥©, å�à�ªâ¥à¨§ãîé¨å “’ƒ ¯à®¥ªâ�
(TRL1{TRL9), ¯à¥¤«�£�¥âáï ¢¢¥áâ¨ àï¤ ¤®¯®«−¨â¥«ì−ëå ®¡®¡é¥−−ëå ¯®ª�§�-
â¥«¥©, å�à�ªâ¥à¨§ãîé¨å ãà®¢¥−ì ¯à®¥ªâ� ¯® áà�¢−¥−¨î á ¤àã£¨¬¨ ¯à®¥ªâ�¬¨,
â¥å−®«®£¨ç¥áª¨¥, à¥áãàá−ë¥, ¢à¥¬¥−− �ë¥ ¨ ¤àã£¨¥ ¥£® áãé¥áâ¢ãîé¨¥ ¨ ¯®â¥−-
æ¨�«ì−ë¥ ®æ¥−ª¨: ¯®â¥−æ¨�«ì−�ï íää¥ªâ¨¢−®áâì à¥§ã«ìâ�â®¢; à¥�«¨§ã¥¬®áâì;
áâ®¨¬®áâì ¨ áà®ª¨ ¢ë¯®«−¥−¨ï ¯à®¥ªâ�; à¨áª¨. Š�¦¤ë© ¨§ ãª�§�−−ëå ¯®ª�§�-
â¥«¥© ¢ª«îç�¥â ¢ á¥¡ï àï¤ ç�áâ−ëå ¯®ª�§�â¥«¥©, ª®â®àë¥ ®æ¥−¨¢�îâáï −� ®á−®¢¥
¢¥à¡�«ì−®-ç¨á«®¢®© èª�«ë (â�¡«. 3).

�æ¥−ª� “’ƒ ¯® ¢¥à¡�«ì−®-ç¨á«®¢®© èª�«¥ ¯à®¢®¤¨âáï íªá¯¥àâ�¬¨. �®á«¥
¯®«ãç¥−¨ï íªá¯¥àâ−ëå ®æ¥−®ª ¯à®¢®¤¨âáï ãáà¥¤−¥−¨¥ áã¦¤¥−¨© íªá¯¥àâ®¢ ¯®
ä®à¬ã«¥

aij =
n

√

a1ija
2
ij · · · an

ij ,

£¤¥ an
ij | ®æ¥−ª¨, ¢ëáâ�¢«¥−−ë¥ á®®â¢¥âáâ¢ãîé¨¬¨ íªá¯¥àâ�¬¨; n | ç¨á«®

íªá¯¥àâ®¢.
ˆâ®£®¢�ï ®æ¥−ª� “’ƒ ¯à®¥ªâ� ¯® ¤®¯®«−¨â¥«ì−ë¬ ¯®ª�§�â¥«ï¬ ¬®¦¥â ¡ëâì

¯®«ãç¥−� ¯ãâ¥¬ á¢¥àâª¨ ®æ¥−®ª íªá¯¥àâ®¢ ¯® £àã¯¯�¬ 1{4 â�¡«. 3 á ¯à¨¬¥−¥−¨¥¬
á®®â¢¥âáâ¢ãîé¨å ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢. �à¨ íâ®¬ ¢−�ç�«¥ à�ááç¨âë¢�îâ-
áï ®¡®¡é¥−−ë¥ ¯®ª�§�â¥«¨ ¯® £àã¯¯�¬ 1{3, � §�â¥¬ ¨â®£®¢ë© ¯®ª�§�â¥«ì ¯®
¢á¥¬ ç¥âëà¥¬ £àã¯¯�¬. “à®¢¥−ì â¥å−®«®£¨ç¥áª®© £®â®¢−®áâ¨ ¯à®¥ªâ� ¯® ¤®¯®«-
−¨â¥«ì−ë¬ ¯®ª�§�â¥«ï¬ ¯®§¢®«ï¥â ®æ¥−¨âì ¯®â¥−æ¨�«ì−ãî íää¥ªâ¨¢−®áâì ¥£®
à¥§ã«ìâ�â®¢, à¥�«¨§ã¥¬®áâì ¨ à¨áª¨, çâ® ®¡«¥£ç�¥â ¯à¨−ïâ¨¥ à¥è¥−¨© ® ä¨−�−-
á¨à®¢�−¨¨ ¯à®¥ªâ� ¨ ¥£® ¤�«ì−¥©è¨å ¯¥àá¯¥ªâ¨¢�å.
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�¥ª®â®àë¥ ¬¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ®æ¥−ª¨ “’ƒ ¯à®¥ªâ®¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

’�¡«¨æ� 3 „®¯®«−¨â¥«ì−ë¥ ¯®ª�§�â¥«¨ ¤«ï ®æ¥−ª¨ “’ƒ ¯à®¥ªâ�

�®ª�§�â¥«¨ ‚¥à¡�«ì−®-ç¨á«®¢�ï èª�«�
1. �®â¥−æ¨�«ì−�ï íää¥ªâ¨¢−®áâì à¥§ã«ìâ�â®¢ ¯à®¥ªâ�

‚®§¬®¦−®áâì ã«ãçè¥−¨ï
å�à�ªâ¥à¨áâ¨ª â¥å−®«®£¨¨

1 | −¨§ª�ï; 2 | áà¥¤−ïï; 3 | ¢ëá®ª�ï

‚®§¬®¦−®áâì à¥è¥−¨ï −®-
¢ëå §�¤�ç

1 | −¨§ª�ï; 2 | áà¥¤−ïï; 3 | ¢ëá®ª�ï

“à®¢¥−ì â¥å−®«®£¨¨ ¯®
áà�¢−¥−¨î á ¬¨à®¢ë¬

1 | ®âáâ�¢�−¨¥; 2 | á®®â¢¥âáâ¢¨¥; 3 | ®¯¥-
à¥¦¥−¨¥

2. ÷¥�«¨§ã¥¬®áâì â¥å−®«®£¨¨
�®¢¨§−� â¥å−®«®£¨¨ 1 | ®á−®¢�−� −� ¨§¢¥áâ−ëå ¬¥â®¤�å ¨ ¬®¤¥-

«ïå; 2 | ®á−®¢�−� −� ãá®¢¥àè¥−áâ¢®¢�−−ëå
¬¥â®¤�å ¨ ¬®¤¥«ïå; 3 | ®á−®¢�−� −� −®¢ëå
¬¥â®¤�å ¨ ¬®¤¥«ïå

�¡¥á¯¥ç¥−¨¥ â¥å−®«®£¨ç¥-
áª®© ¡�§ë

1 | −¨§ª®¥; 2 | áà¥¤−¥¥; 3 | ¢ëá®ª®¥

�¡¥á¯¥ç¥−−®áâì ª�¤à�¬¨ 1 | −¨§ª�ï; 2 | áà¥¤−ïï; 3 | ¢ëá®ª�ï
3. ‘â®¨¬®áâì ¨ áà®ª¨ ¢ë¯®«−¥−¨ï ¯à®¥ªâ�

�æ¥−ª� áâ®¨¬®áâ¨ 1 | §−�ç¨â¥«ì−® ¯à¥¢ëè�¥â §�ï¢«¥−−ãî; 2 |
−¥§−�ç¨â¥«ì−® ¯à¥¢ëè�¥â §�ï¢«¥−−ãî; 3 |
á®®â¢¥âáâ¢ã¥â §�ï¢«¥−−®©

�æ¥−ª� áà®ª®¢ 1 | §−�ç¨â¥«ì−® ¯à¥¢ëè�îâ §�ï¢«¥−−ë¥; 2 |
−¥§−�ç¨â¥«ì−® ¯à¥¢ëè�îâ §�ï¢«¥−−ë¥; 3 |
á®®â¢¥âáâ¢ãîâ §�ï¢«¥−−ë¬
4. ‘â¥¯¥−ì à¨áª�

�æ¥−ª� áâ¥¯¥−¨ à¨áª� 1 | §−�ç¨â¥«ì−ë©; 2 | ¤®¯ãáâ¨¬ë©; 3 |
¬¨−¨¬�«ì−ë©

5 Заключение

÷¥�«¨§�æ¨ï ¯«�−®¢ à�§¢¨â¨ï ˆ‘ ¯à¥¤¯®«�£�¥â ®¯à¥¤¥«¥−¨¥ ¯®ª�§�â¥«¥© £®-
â®¢−®áâ¨ á®®â¢¥âáâ¢ãîé¨å ¯à®¥ªâ®¢. ‚ á¢ï§¨ á íâ¨¬ §�¤�ç� à�§à�¡®âª¨ ¬¥â®-
¤¨ç¥áª®£® �¯¯�à�â�, ¯®§¢®«ïîé¥£® ¯à®¢®¤¨âì ª®¬¯«¥ªá−ãî ®æ¥−ªã £®â®¢−®áâ¨
−�ãç−®-â¥å−¨ç¥áª¨å ¯à®¥ªâ®¢, ¯à¥¤áâ�¢«ï¥âáï ¢¥áì¬� �ªâã�«ì−®©.

‚ −�áâ®ïé¥¥ ¢à¥¬ï §� àã¡¥¦®¬ ¨ ¢ −¥ª®â®à®© áâ¥¯¥−¨ ¢ ÷®áá¨¨ ¤«ï ®æ¥−ª¨
ãà®¢−ï £®â®¢−®áâ¨ ¯à®¥ªâ®¢ ¯®«ãç¨« à�á¯à®áâà�−¥−¨¥ ¬¥â®¤, ®á−®¢�−−ë© −� ¯à¨-
¬¥−¥−¨¨ 9-ãà®¢−¥¢®© èª�«ë TRL/MRL/CRL ¨ ¯®§¢®«ïîé¨© ®æ¥−¨âì ãà®¢¥−ì
£®â®¢−®áâ¨ â¥å−®«®£¨¨, ¯à®¨§¢®¤áâ¢� ¨ £®â®¢−®áâ¨ ¯à®¤ãªâ� ª ¢ëå®¤ã −� àë−®ª
¨ áà�¢−¨âì à�§«¨ç−ë¥ ¯à®¥ªâë ¬¥¦¤ã á®¡®©.

‚ áâ�âì¥ à�áá¬®âà¥−ë ®á−®¢−ë¥ �á¯¥ªâë ¤�−−®£® ¬¥â®¤�. �â¬¥ç¥−®, çâ®
¢ ÷®áá¨¨ ®− ¢ ®á−®¢−®¬ ¨á¯®«ì§ã¥âáï ¢ ª®à¯®à�â¨¢−ëå ¯à®¥ªâ�å ¨ ¯à�ªâ¨ç¥áª¨
−¥ ¯à¨¬¥−ï¥âáï ¯à¨ à�§à�¡®âª¥ ¯à®¥ªâ®¢ ˆ‘ ¢ ¨−â¥à¥á�å £®áã¤�àáâ¢¥−−®£® ã¯à�¢-
«¥−¨ï. ‘ä®à¬ã«¨à®¢�−ë ¯à¥¤«®¦¥−¨ï ¯® á®¢¥àè¥−áâ¢®¢�−¨î ¬¥â®¤®¢ ®æ¥−ª¨
¯à®¥ªâ®¢ ˆ‘, ¢ª«îç�ï ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ®æ¥−ª¥ “’ƒ ¯à®¥ªâ®¢, ¯®§¢®«ï-
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�. �. ‡�æ�à¨−−ë©, ā. ‘. ˆ®−¥−ª®¢

îé¨© ¯®«ãç¨âì ª®«¨ç¥áâ¢¥−−ë¥ ®æ¥−ª¨. �â¨ ®æ¥−ª¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë
¤«ï ¯à¨−ïâ¨ï à�§«¨ç−ëå ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©, −�¯à¨¬¥à ¤«ï à�§à�¡®âª¨
¯«�−�-£à�ä¨ª� à�¡®â, ¯«�−� ä¨−�−á¨à®¢�−¨ï ¨ â. ¯.
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Some methodological issues of assessing the level of technological readiness of IS projects
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Abstract: The article is devoted to the issues of assessing the level of techno-
logical readiness of information systems (IS) projects. General approaches to
assessing the level of readiness of projects abroad and in Russia are presented. It
is shown that at present, an approach using the methods of assessing technologi-
cal/production/market readiness levels (TRL/MRL/CRL) based on a 9-level
scale and allowing to assess the level of readiness of technology, production, and
product readiness to enter the market is becoming increasingly developed. The
advantages of these methods are considered. It is noted that in Russia, they are
mainly used in corporate projects and are practically not used in the development
of IS projects in the interests of public administration. Proposals are formulated
to improve the methods of evaluating IS projects including a methodological
approach to assessing the level of technological readiness of projects.
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ПРОБЛЕМЫ И УГРОЗЫ ВНЕДРЕНИЯ
НЕКОТОРЫХ НОВЫХ ЦИФРОВЫХ ТЕХНОЛОГИЙ

В. Е. Гаврилов1, А. А. Зацаринный2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� à�áá¬®âà¥−¨î ã£à®§, á¢ï§�−−ëå á ¢−¥¤à¥-
−¨¥¬ −®¢ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’) ¢ ãá«®¢¨ïå æ¨äà®¢®© âà�−á-
ä®à¬�æ¨¨. ÷�áá¬®âà¥−ë −¥ª®â®àë¥ ã£à®§ë äã−ªæ¨®−�«ì−®£® ¨ á¨áâ¥¬−®£®
å�à�ªâ¥à�. �®ª�§�−� −¥®¡å®¤¨¬®áâì ¨ ®¯à¥¤¥«¥−ë −�¯à�¢«¥−¨ï à�§¢¨â¨ï
−®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¢ ç�áâ¨ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; ã£à®§ë; ¨−ä®à¬�æ¨®−−ë¥
â¥å−®«®£¨¨; äã−ªæ¨®−�«ì−�ï ¡¥§®¯�á−®áâì; á¨áâ¥¬−�ï ¡¥§®¯�á−®áâì; −®à¬�-
â¨¢−®-¬¥â®¤¨ç¥áª�ï ¡�§�

DOI: 10.14357/08696527220302

1 Введение

˜¨à®ª®¥ ¢−¥¤à¥−¨¥ −®¢ëå ˆ’ ¢ á�¬ëå à�§−ëå ®¡«�áâïå íª®−®¬¨ª¨, ã¯à�¢«¥-
−¨ï, ®¡®à®−ë ¨ ¡¥§®¯�á−®áâ¨ ¯®à®¦¤�¥â −®¢ë¥ ã£à®§ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨. ‚ ãá«®¢¨ïå ¢§�¨¬®§�¢¨á¨¬®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï à�§«¨ç−ëå �¢â®-
¬�â¨§¨à®¢�−−ëå á¨áâ¥¬, ¨å à�á¯à¥¤¥«¥−−®£® å�à�ªâ¥à� ¨ ®¡é¥© £«®¡�«¨§�æ¨¨
æ¨äà®¢®£® ¯à®áâà�−áâ¢� íâ¨ ã£à®§ë ¯à¥¤áâ�¢«ïîâ á¥àì¥§−ãî ®¯�á−®áâì ¤«ï äã−ª-
æ¨®−¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¨ ¯®íâ®¬ã âà¥¡ãîâ á�¬®£® ¯à¨áâ�«ì−®£®
¢−¨¬�−¨ï. �à¨ íâ®¬ ¯à¨−æ¨¯¨�«ì−® ¨§¬¥−¨«�áì ¯�à�¤¨£¬� §�é¨âë ¨−ä®à¬�-
æ¨¨. �� ¯¥à¢ë© ¯«�−, ¢ ®â«¨ç¨¥ ®â ª®−ä¨¤¥−æ¨�«ì−®áâ¨, ¢ëå®¤¨â ®¡¥á¯¥ç¥−¨¥
æ¥«®áâ−®áâ¨ ¨ ¤®áâã¯−®áâ¨, ª®àà¥ªâ−®áâì à¥�«¨§�æ¨¨ �«£®à¨â¬®¢ äã−ªæ¨®−¨à®-
¢�−¨ï ¢ ¯à¨ª«�¤−®¬ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨ (��), � â�ª¦¥ −¥¯à®â¨¢®à¥ç¨¢®áâì
¨ ¯®«−®â� íâ¨å �«£®à¨â¬®¢.

‚ áâ�âì¥ à�áá¬®âà¥−ë ®á−®¢−ë¥ ã£à®§ë, ª®â®àë¥ ¯®à®¦¤�îâáï ¯à¨¬¥−¥−¨¥¬
−®¢ëå æ¨äà®¢ëå â¥å−®«®£¨©, ®¯à¥¤¥«¥−−ëå ¯à®£à�¬¬®© ú–¨äà®¢�ï íª®−®¬¨-
ª�û.

2 Проблемы информационной безопасности в рамках цифровой
трансформации

‘®£«�á−® [1], ¡¥§®¯�á−®áâì ˆ’ ®¯à¥¤¥«ï¥âáï ª�ª úá®áâ®ï−¨¥ ¨−ä®à¬�æ¨®−−®©
â¥å−®«®£¨¨, ®¯à¥¤¥«ïîé¥¥ §�é¨é¥−−®áâì ¨−ä®à¬�æ¨¨ ¨ à¥áãàá®¢ ¨−ä®à¬�æ¨®−-

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, vegavrilov@yandex.ru

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, AZatsarinny@ipiran.ru
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−®© â¥å−®«®£¨¨ ®â ¤¥©áâ¢¨ï ®¡ê¥ªâ¨¢−ëå ¨ áã¡ê¥ªâ¨¢−ëå, ¢−¥è−¨å ¨ ¢−ãâà¥−−¨å,
á«ãç�©−ëå ¨ ¯à¥¤−�¬¥à¥−−ëå ã£à®§, � â�ª¦¥ á¯®á®¡−®áâì ¨−ä®à¬�æ¨®−−®© â¥å−®-
«®£¨¨ ¢ë¯®«−ïâì ¯à¥¤¯¨á�−−ë¥ äã−ªæ¨¨ ¡¥§ −�−¥á¥−¨ï −¥¯à¨¥¬«¥¬®£® ãé¥à¡�
áã¡ê¥ªâ�¬ ¨−ä®à¬�æ¨®−−ëå ®â−®è¥−¨©û. �¤−�ª® àãª®¢®¤ïé¨© ¤®ªã¬¥−â [2]
¯à¥¤ãá¬�âà¨¢�¥â ¯à®¢¥¤¥−¨¥ à�¡®â â®«ìª® ¢ ç�áâ¨ §�é¨âë ®â ¤¥©áâ¢¨© −�àãè¨-
â¥«ï, −�¯à�¢«¥−−ëå −� ¯à¥®¤®«¥−¨¥ ¯à�¢¨« ®¡¥á¯¥ç¥−¨ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨,
æ¥«®áâ−®áâ¨ ¨ ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨. ‚¬¥áâ¥ á â¥¬ ¯® ¬¥à¥ à�áè¨à¥−¨ï áä¥-
àë ¯à¨¬¥−¥−¨ï ˆ’ −� ¯¥à¢ë© ¯«�− ¢ëå®¤¨â äã−ªæ¨®−�«ì−�ï ¡¥§®¯�á−®áâì ª�ª
á¯®á®¡−®áâì ¯®¤¤¥à¦¨¢�âì ª®àà¥ªâ−®¥ äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï
¨ ã¯à�¢«ï¥¬®£® ¥î ®¡®àã¤®¢�−¨ï [3].

‘ ãç¥â®¬ �ªâã�«ì−®áâ¨ ¯à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ª¨¡¥àä¨§¨ç¥-
áª¨å á¨áâ¥¬ ¡ë« ¯à¨−ïâ §�ª®− ú� ¡¥§®¯�á−®áâ¨ ªà¨â¨ç¥áª®© ¨−ä®à¬�æ¨®−−®©
¨−äà�áâàãªâãàëû [4], −® âà¥¡®¢�−¨ï ¯® ¥¥ §�é¨â¥ [5] ®£à�−¨ç¥−ë â®«ìª® ¬¥-
à®¯à¨ïâ¨ï¬¨ ¯® â¥å−¨ç¥áª®© §�é¨â¥ ¨−ä®à¬�æ¨¨. �à¨ íâ®¬ ¯à¥¤¯®«�£�¥âáï,
çâ® äã−ªæ¨®−�«ì−�ï ¡¥§®¯�á−®áâì ®¡¥á¯¥ç¨¢�¥âáï áà¥¤áâ¢�¬¨ ¯®¢ëè¥−¨ï −�-
¤¥¦−®áâ¨, ¯à®â¨¢®�¢�à¨©−®© §�é¨âë ¨ â. ¯. �¤−�ª® íâ¨ áà¥¤áâ¢� áâà®ïâáï −�
®á−®¢¥ ¯à¥¤®åà�−¨â¥«ì−ëå ãáâà®©áâ¢ ¨ ¡«®ª¨à®¢®ª, −¥ §�é¨é�îé¨å á¨áâ¥¬ã ®â
¨§¬¥−¥−¨ï à¥¦¨¬� à�¡®âë ¡¥§ ¯¥à¥å®¤� ®¡®àã¤®¢�−¨ï ¢ �¢�à¨©−ë© à¥¦¨¬.

„àã£®© −¥ ¬¥−¥¥ ¢�¦−®© ¯à¥¤áâ�¢«ï¥âáï ¯à®¡«¥¬� ®¡¥á¯¥ç¥−¨ï à�¢−®¯à®ç-
−®áâ¨ §�é¨âë −� ¢á¥å íâ�¯�å ¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬ë á ãç¥â®¬ â®£®, çâ® ®¡é¨©
ãà®¢¥−ì §�é¨âë ®¯à¥¤¥«ï¥âáï á�¬ë¬ á«�¡ë¬ §¢¥−®¬. ‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ç�á-
â® ¯à¥−¥¡à¥£�îâ ¯à®¢¥¤¥−¨¥¬ à�¡®â ¯® ®¡á«¥¤®¢�−¨î ®¡ê¥ªâ� ¨−ä®à¬�â¨§�æ¨¨,
¯à¥¤ãá¬®âà¥−−ëå [6]. �¤−�ª® ¢ −®¢ëå ãá«®¢¨ïå ®¡á«¥¤®¢�−¨¥ ®¡ê¥ªâ� ¯à¨®¡à¥-
â�¥â ®á®¡ãî ¢�¦−®áâì, â�ª ª�ª ¨¬¥−−® −� íâ®¬ íâ�¯¥ ¨áá«¥¤ãîâáï �«£®à¨â¬ë
�¢â®¬�â¨§¨àã¥¬ëå ¯à®æ¥áá®¢, çâ® ¯®§¢®«ï¥â ¨§¡¥¦�âì á¨áâ¥¬−ëå ®è¨¡®ª ¯à¨
¯®áâ�−®¢ª¥ §�¤�ç¨.

…é¥ ®¤−� ¯à®¡«¥¬� á®áâ®¨â ¢ ¯®¯ëâª�å ¯¥à¥−®á� (â¨à�¦¨à®¢�−¨ï) ˆ’, à¥�-
«¨§®¢�−−ëå ¢ §�é¨é¥−−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬�å ¤«ï ª®−ªà¥â−®£® ¯à¨-
¬¥−¥−¨ï, ¢ ¤àã£¨¥ �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë ¡¥§ á®®â¢¥âáâ¢ãîé¥© á¨áâ¥¬−®©
¯à®à�¡®âª¨ á ãç¥â®¬ �−�«¨§� ¢®§«�£�¥¬ëå −� íâã á¨áâ¥¬ã äã−ªæ¨®−�«ì−ëå §�¤�ç.

3 Угрозы и риски применения новых информационных технологий
в рамках цифровой трансформации

�à®£à�¬¬®© ú–¨äà®¢�ï íª®−®¬¨ª�û [7] ¯à¥¤ãá¬®âà¥−® à�§¢¨â¨¥ ¨ ¢−¥¤à¥−¨¥
á«¥¤ãîé¨å ˆ’: ª¢�−â®¢ë¥, à�á¯à¥¤¥«¥−−®£® à¥¥áâà� (¡«®ªç¥©−), ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ�, ¡¨®¬¥âà¨ç¥áª¨¥, ®¡«�ç−ë¥, ¡®«ìè¨¥ ¤�−−ë¥ ¨ ¨−â¥à−¥â ¢¥é¥©.
Š�¦¤�ï ¨§ −¨å ¯®à®¦¤�¥â â¥ ¨«¨ ¨−ë¥ ã£à®§ë, ª®â®àë¥ ãá«®¢−® ¬®¦−® à�§¤¥«¨âì
−� ç¥âëà¥ £àã¯¯ë:

(1) ã£à®§ë �«£®à¨â¬¨ç¥áª®£® å�à�ªâ¥à� | á«�¡ë¥ ªà¨¯â®£à�ä¨ç¥áª¨¥ �«£®à¨â-
¬ë, ãï§¢¨¬®áâ¨ ¯à®â®ª®«®¢ ¨ â. ¤.;
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�à®¡«¥¬ë ¨ ã£à®§ë ¢−¥¤à¥−¨ï −¥ª®â®àëå −®¢ëå æ¨äà®¢ëå â¥å−®«®£¨©

(2) ã£à®§ë â¥å−¨ç¥áª®© à¥�«¨§�æ¨¨ | ®è¨¡ª¨ à¥�«¨§�æ¨¨ ¬¥å�−¨§¬®¢ §�é¨âë,
ãï§¢¨¬®áâ¨ áà¥¤ë äã−ªæ¨®−¨à®¢�−¨ï ¨ ¤à.;

(3) ã£à®§ë äã−ªæ¨®−�«ì−®£® å�à�ªâ¥à� | ®è¨¡ª¨ ��, à¥�«¨§ãîé¥£® �«£®à¨â¬
äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ¯à¨ à¥è¥−¨¨ ¯®«ì§®¢�â¥«ìáª¨å §�¤�ç;

(4) ã£à®§ë á¨áâ¥¬−®£® å�à�ªâ¥à� | ®è¨¡ª¨ ¢ ®¯¨á�−¨¨ �«£®à¨â¬� äã−ªæ¨®−¨-
à®¢�−¨ï á¨áâ¥¬ë ¨ ¢ ®à£�−¨§�æ¨¨ ¯à®æ¥áá� ¨á¯®«ì§®¢�−¨ï ˆ’.

�¥à¢ë¥ ¤¢¥ £àã¯¯ë å�à�ªâ¥à¨§ãîâáï ¯®áâ®ï−−ë¬ ¯à®â¨¢®áâ®ï−¨¥¬ ¢ ä®à¬�â¥
úé¨â ¨ ¬¥çû, −® ¢ æ¥«®¬ íâ� á¨âã�æ¨ï −�å®¤¨âáï ¯®¤ ª®−âà®«¥¬ á®®â¢¥âáâ¢ãîé¨å
à¥£ã«ïâ®à®¢, ¯à¨−¨¬�îé¨å ¡®«¥¥ ¨«¨ ¬¥−¥¥ �¤¥ª¢�â−ë¥ ¬¥àë −®à¬�â¨¢−®-¯à�-
¢®¢®£® ¨ ¬¥â®¤¨ç¥áª®£® å�à�ªâ¥à�.

�® ¤¢ã¬ ¤àã£¨¬ £àã¯¯�¬ ã£à®§ ¨¬¥îâáï ¯à®¡«¥¬ë, ®¡ãá«®¢«¥−−ë¥ ¢® ¬−®-
£®¬ ®âáãâáâ¢¨¥¬ ®¯ëâ� ¢ ®¡¥á¯¥ç¥−¨¨ ¡¥§®¯�á−®áâ¨ ˆ’ ã ¯à®ä¨«ì−ëå ®à£�−®¢
¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ ¨ ¢¥¤®¬áâ¢¥−−®© à�§®¡é¥−−®áâ¨. ‚ á¢ï§¨ á íâ¨¬ ã£à®§ë
¯à¨ ¢−¥¤à¥−¨¨ ˆ’ à�áá¬�âà¨¢�îâáï −¨¦¥ ¢ ®á−®¢−®¬ á ¯®§¨æ¨© ¯®á«¥¤−¨å ¤¢ãå
£àã¯¯ ã£à®§.

3.1 Квантовые технологии

Š¢�−â®¢�ï ªà¨¯â®£à�ä¨ï. ‚ ç¨á«¥ â¥å−¨ç¥áª¨å ¯à®¡«¥¬ ª¢�−â®¢®© ªà¨¯â®-
£à�ä¨¨ ¢ë¤¥«¨¬:

{ ®âáãâáâ¢¨¥ £¥−¥à�â®à®¢ ¥¤¨−¨ç−ëå ä®â®−®¢ (−¥®¡å®¤¨¬ë© íää¥ªâ ¤®áâ¨£�¥â-
áï §� áç¥â ä¨«ìâà�æ¨¨ ¨ á−¨¦¥−¨ï ¬®é−®áâ¨ ¯ãçª� ä®â®−®¢);

{ ®£à�−¨ç¥−¨ï −� à�ááâ®ï−¨¥ ¯¥à¥¤�ç¨ ¤�−−ëå ¯® ª¢�−â®¢®¬ã ª�−�«ã (¢ −�áâ®-
ïé¥¥ ¢à¥¬ï ¤® 100 ª¬);

{ −¥®¡å®¤¨¬®áâì ¯àï¬®£® ®¯â®¢®«®ª−� ¡¥§ à�§àë¢®¢.

‘ ãç¥â®¬ íâ¨å ®£à�−¨ç¥−¨© ª¢�−â®¢ë© ª�−�« ¨á¯®«ì§ã¥âáï â®«ìª® ¤«ï ¯¥à¥¤�ç¨
ª«îç¥¢®© ¨−ä®à¬�æ¨¨, � ¯®«ì§®¢�â¥«ìáª�ï ¨−ä®à¬�æ¨ï è¨äàã¥âáï âà�¤¨æ¨®−-
−®© �¯¯�à�âãà®© è¨äà®¢�−¨ï, ¨, á«¥¤®¢�â¥«ì−®, ãà®¢¥−ì §�é¨âë −¥ ¯®¢ëè�¥âáï.
„�«ì−¥©è�ï à�¡®â� á ª«îç�¬¨ ¨ ¨å åà�−¥−¨¥ ¢ áà¥¤áâ¢�å ¢ëç¨á«¨â¥«ì−®© â¥å-
−¨ª¨ â�ª¦¥ −¥ ¯®¢ëè�îâ ®¡é¥© −�¤¥¦−®áâ¨ â�ª®£® ª®¬¡¨−¨à®¢�−−®£® ª�−�«�
è¨äà®¢�−−®© á¢ï§¨. �à¨ íâ®¬ âà¥¡ãîâáï ¤®¯®«−¨â¥«ì−®¥ ¤®à®£®áâ®ïé¥¥ ª¢�−-
â®¢®¥ ®¡®àã¤®¢�−¨¥ ¨ ¯àï¬®© ®¯â¨ç¥áª¨© ª�−�« á¢ï§¨ â®«ìª® ¢ æ¥«ïå ¨áª«îç¥−¨ï
ªãàì¥àáª®© ¤®áâ�¢ª¨ ª«îç¥©.

3.2 Технологии искусственного интеллекта

‚ë¤¥«¨¬ âà¨ ¢¨¤� ¯®â¥−æ¨�«ì−ëå ã£à®§ ¯à¨ ¨á¯®«ì§®¢�−¨¨ â¥å−®«®£¨¨
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (’ˆˆ).

�¥à¢ë© ¢¨¤ ã£à®§ ®¡ãá«®¢«¨¢�¥âáï −¥¤®áâ�â®ç−® ª¢�«¨ä¨æ¨à®¢�−−®© à�¡®-
â®© ¯® ª®àà¥ªâ−®© ¨ ¯®«−®© ¯®áâ�−®¢ª¥ §�¤�ç ¯à¨ ¯à¨¬¥−¥−¨¨ ’ˆˆ ¢ à�§«¨ç−ëå
á¨áâ¥¬�å. ‘ ãç¥â®¬ íâ®£® ®á®¡ãî §−�ç¨¬®áâì ¯à¨®¡à¥â�¥â ¯®¤£®â®¢ª� á®®â¢¥â-
áâ¢ãîé¨å á¯¥æ¨�«¨áâ®¢ | ¨−¦¥−¥à®¢ §−�−¨© (®−â®¨−¦¥−¥à®¢). �¤−�ª® íâ�
�ªâã�«ì−�ï á¯¥æ¨�«ì−®áâì á¥£®¤−ï ®âáãâáâ¢ã¥â ¢ ®ä¨æ¨�«ì−®¬ à¥¥áâà¥.
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‚â®à®© ¢¨¤ ã£à®§ á¢ï§�− á ª�ç¥áâ¢®¬ ¯à¨¬¥−ï¥¬®© ®¡ãç�îé¥© ¢ë¡®àª¨
(¯®«−®â�, ¯à¥¤áâ�¢¨â¥«ì−®áâì) ¨ ¢®§¬®¦−®áâìî æ¥«¥−�¯à�¢«¥−−ëå �â�ª ¯à¨ ¥¥
ä®à¬¨à®¢�−¨¨. �à¨ ®¡ãç¥−¨¨ úá ¯®®éà¥−¨¥¬û ¡¥§ ¯à¨¬¥−¥−¨ï ¯à¥¤¢�à¨â¥«ì−®
áä®à¬¨à®¢�−−®© ®¡ãç�îé¥© ¢ë¡®àª¨ ª�ç¥áâ¢® à¥§ã«ìâ�â� −�¯àï¬ãî §�¢¨á¨â ®â
ª®àà¥ªâ−®áâ¨ ªà¨â¥à¨¥¢ ¯®®éà¥−¨ï. ˆá¯®«ì§ã¥¬ë© ¨−®£¤� ¯®¤å®¤, ¯à¨ ª®â®à®¬
á¨áâ¥¬� á�¬� ¢ëï¢«ï¥â áâ�â¨áâ¨ç¥áª¨¥ §�ª®−®¬¥à−®áâ¨ ¨ ¢ á®®â¢¥âáâ¢¨¨ á íâ¨¬
¬®¤¨ä¨æ¨àã¥â �«£®à¨â¬ á¢®¥£® äã−ªæ¨®−¨à®¢�−¨ï, −¥á¥â ¢ á¥¡¥ ã£à®§ã −¥¯à¥¤-
áª�§ã¥¬®£® à�§¢¨â¨ï á®¡ëâ¨©. �®«ãç¨« à�á¯à®áâà�−¥−¨¥ â¥à¬¨− ú®¡êïá−¨¬ë©
¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâû. �à¨−ïâë¥ ¡®«¥¥ ç¥¬ ¢ 30 áâà�−�å ¬¨à� ª®−¢¥−æ¨¨ ¯®
¨á¯®«ì§®¢�−¨î ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� â�ª¦¥ ®â¬¥ç�îâ íâã ã£à®§ã.

’à¥â¨© ¢¨¤ ã£à®§ §�ª«îç�¥âáï ¢ á¢®¥®¡à�§−®¬ £¨¯−®§¥ â¥å−®«®£¨¨. „¥©áâ¢¨-
â¥«ì−®, ®¯¥à�â®à á¨áâ¥¬ë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, −¥®¤−®ªà�â−® ã¡¥¤¨¢è¨©áï
¢ íää¥ªâ¨¢−®áâ¨ íâ®© â¥å−®«®£¨¨, ¨ ¢ ®ç¥à¥¤−®© à�§ ¯à¨ ¯à¨−ïâ¨¨ ®ª®−ç�â¥«ì-
−®£® à¥è¥−¨ï (� ¢ −�¨¡®«¥¥ ®â¢¥âáâ¢¥−−ëå á¨áâ¥¬�å à¥ª®¬¥−¤®¢�− ¨¬¥−−® â�ª®©
¯®¤å®¤) ¡ã¤¥â áª«®−¥− áª®à¥¥ ¤®¢¥àïâì â¥å−®«®£¨¨, −¥¦¥«¨ ¯ëâ�âìáï ®¡êïá−¨âì,
¯®ç¥¬ã ¢ ¤�−−®¬ á«ãç�¥ íâ®£® ¤¥«�âì −¥ á«¥¤ã¥â.

3.3 Биометрические технологии

�á−®¢−�ï ã£à®§� ¯à¨¬¥−¥−¨ï ¡¨®¬¥âà¨ç¥áª¨å â¥å−®«®£¨© á¢ï§�−� á ¨å −¥¤®-
áâ�â®ç−®© −�¤¥¦−®áâìî. ��¨¡®«¥¥ −�¤¥¦−ë¬ (¯®¬¨¬® „�Š) ¯à¨§−�¥âáï ¬¥â®¤
¨¤¥−â¨ä¨ª�æ¨¨ ¯® à�¤ã¦−®© ®¡®«®çª¥ £«�§� | ¢¥à®ïâ−®áâì «®¦−®© ¨¤¥−â¨ä¨ª�-
æ¨¨ −� ãà®¢−¥ 7 ·10−5 [8]. „«ï ¯®«ãç¥−¨ï áâ�â¨áâ¨ç¥áª¨ §−�ç¨¬®© ®æ¥−ª¨ −� íâ®¬
ãà®¢−¥ âà¥¡ã¥âáï â¥áâ®¢�ï ¡�§� ®¡ê¥¬®¬ 109{1010 ®¡à�§æ®¢, ¯®«ãç¨âì ª®â®àãî
−¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬. ‘®£«�á−® âà¥¡®¢�−¨ï¬ [9], ¢¥à®ïâ−®áâì «®¦-
−®© �ãâ¥−â¨ä¨ª�æ¨¨ −¥ ¤®«¦−� ¯à¥¢ëè�âì 10−7{10−12 ¢ §�¢¨á¨¬®áâ¨ ®â ª«�áá�
á¨áâ¥¬ë, çâ® ¤¥«�¥â ¯à®¡«¥¬�â¨ç−®© ¯à®æ¥¤ãàã â¥áâ¨à®¢�−¨ï ¡¨®¬¥âà¨ç¥áª¨å
á¨áâ¥¬.

‘â�−¤�àâë ®æ¥−ª¨ ª�ç¥áâ¢� ¡¨®¬¥âà¨ç¥áª¨å á¨áâ¥¬ [10{12] ªà�©−¥ á«®¦−ë
¢ ¯à¨¬¥−¥−¨¨ ¨ −¥ ¤®¯ãáª�îâ ¯¥à¥−®á� à¥§ã«ìâ�â®¢ −¥ â®«ìª® −� ª«�áá ®¤−®â¨¯-
−ëå ãáâà®©áâ¢, −® ¨ ¤�¦¥ −� −¥áª®«ìª® ®â«¨ç�îé¨¥áï ãá«®¢¨ï ¨á¯®«ì§®¢�−¨ï.
��¤¥¦−®áâì á¨áâ¥¬ë ¢ æ¥«®¬ ®¯à¥¤¥«ï¥âáï −�¨¡®«¥¥ á«�¡ë¬ §¢¥−®¬, ª®â®àë¬ −¥-
§�¢¨á¨¬® ®â ¢¨¤� ¨á¯®«ì§ã¥¬ëå ¡¨®¬¥âà¨ç¥áª¨å ¯à¨§−�ª®¢, áª®à¥¥ ¢á¥£®, áâ�−¥â
¯à®æ¥¤ãà� à¥£¨áâà�æ¨¨ ¯®«ì§®¢�â¥«ï ¢ á¨áâ¥¬¥, ®á−®¢�−−�ï −� à¥è¥−¨¨ ®¯¥à�â®-
à� á¨áâ¥¬ë ¯® à¥§ã«ìâ�â�¬ à�áá¬®âà¥−¨ï ¤®ªã¬¥−â®¢, ã¤®áâ®¢¥àïîé¨å «¨ç−®áâì.
�à¨ íâ®¬ ¢¥à®ïâ−®áâì ®è¨¡ª¨ ®¯¥à�â®à� ¢ â¥®à¨¨ −�¤¥¦−®áâ¨ ®¡ëç−® ¯à¨−¨-
¬�¥âáï à�¢−®© 10−3{10−4 [13]. ’�ª¨¬ ®¡à�§®¬, ¯à¨ ¨á¯®«ì§®¢�−¨¨ â¥å−®«®£¨¨
¡¨®¬¥âà¨ç¥áª®© ¨¤¥−â¨ä¨ª�æ¨¨ ¨ �ãâ¥−â¨ä¨ª�æ¨¨ ¢ ¢ëá®ª®−�¤¥¦−ëå á¨áâ¥¬�å
−¥®¡å®¤¨¬® ¯à¨¬¥−ïâì ¬−®£®ä�ªâ®à−ë¥ ªà¨â¥à¨¨.

3.4 Технологии распределенных реестров

’¥å−®«®£¨ï à�á¯à¥¤¥«¥−−ëå à¥¥áâà®¢ (¡«®ªç¥©−) ¢ ¥¥ ¯¥à¢®−�ç�«ì−®¬ ¢¨¤¥
¢ á¨áâ¥¬�å ®¡®à®â� ªà¨¯â®¢�«îâ å�à�ªâ¥à¨§ã¥âáï ¤¥æ¥−âà�«¨§�æ¨¥©, �−®−¨¬-
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�à®¡«¥¬ë ¨ ã£à®§ë ¢−¥¤à¥−¨ï −¥ª®â®àëå −®¢ëå æ¨äà®¢ëå â¥å−®«®£¨©

−®áâìî ¨ −¥¢®§¬®¦−®áâìî ¢−¥á¥−¨ï ¨§¬¥−¥−¨© ¢ ã¦¥ à�§¬¥é¥−−ë¥ ¡«®ª¨ ¤�−-
−ëå. Š�ª íâ® ç�áâ® ¡ë¢�¥â, ¥¥ ¯®«®¦¨â¥«ì−ë¥ á¢®©áâ¢� −¥áãâ ¢ á¥¡¥ â�ª¦¥
¨ ã£à®§ë: �−®−¨¬−®áâì ®¡¥á¯¥ç¨¢�¥â ã¤®¡−ë© ª�−�« ®¡¥§«¨ç¥−−®£® ä¨−�−á¨à®-
¢�−¨ï ¯à¥áâã¯−ëå £àã¯¯¨à®¢®ª, −¥¨§¬¥−−®áâì ¡«®ª®¢ | âàã¤−® ¡«®ª¨àã¥¬ë©
ª�−�« à�á¯à®áâà�−¥−¨ï ¢à¥¤®−®á−®£® ª®−â¥−â�. �à¥¤«�£�¥¬�ï ¨−®£¤� â¥å−®«®£¨ï
¡«®ªç¥©−� á ¤®¢¥à¥−−ë¬¨ æ¥−âà�¬¨, ª®â®àë¥ ¢ëà�¡�âë¢�îâ ®ç¥à¥¤−ë¥ ¡«®ª¨,
ç�áâ® −¥ ¤�¥â ®éãâ¨¬ëå ¯à¥¨¬ãé¥áâ¢ ¯® áà�¢−¥−¨î á §�à¥ª®¬¥−¤®¢�¢è¥© á¥¡ï
â¥å−®«®£¨¥© í«¥ªâà®−−®© ¯®¤¯¨á¨ (ªà®¬¥ −¥ª®â®àëå ¢¨¤®¢ á¬�àâª®−âà�ªâ®¢, ¯®-
§¢®«ïîé¨å ®âá«¥¦¨¢�âì æ¥¯®çªã ¯®áâ�¢ª¨ ¯à®¤ãªæ¨¨). ’àã¤−®áâ¨, −�¯à¨¬¥à,
¢®§−¨ª�îâ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¢−¥á¥−¨ï ¨§¬¥−¥−¨© ¢ à¥¥áâà ¢ á«ãç�¥ ®è¨¡®ç−ëå
§�¯¨á¥©. Šà®¬¥ â®£®, ¤®¢¥à¨¥ ª â�ª¨¬ á¨áâ¥¬�¬ ¡ã¤¥â ®¯à¥¤¥«ïâìáï −¥ ªà¨¯â®-
£à�ä¨ç¥áª¨¬¨ (â¥å−¨ç¥áª¨¬¨) áà¥¤áâ¢�¬¨, � ãà®¢−¥¬ ¤®¢¥à¨ï ª íâ¨¬ æ¥−âà�¬.

3.5 Облачные технологии

÷�§£à�−¨ç¥−¨¥ ¤®áâã¯� à�§«¨ç−ëå £àã¯¯ ¯®«ì§®¢�â¥«¥© ¢ ®¡«�ç−ëå á¨áâ¥¬�å
¤®áâ¨£�¥âáï ¯ãâ¥¬ á®§¤�−¨ï ¢¨àâã�«ì−ëå ¯®¤á¥â¥©. �à¨ íâ®¬ ¤«ï ª�¦¤®£® ¨§ á¥£-
¬¥−â®¢ ¤®«¦−� ¡ëâì á®§¤�−� á¨áâ¥¬� â¥å−¨ç¥áª®© §�é¨âë ¨−ä®à¬�æ¨¨ ®â ã£à®§
á® áâ®à®−ë ¢−¥è−¨å ¨ ¢−ãâà¥−−¨å −�àãè¨â¥«¥©. �¤−�ª® ãá«®¢¨ï íªá¯«ã�â�æ¨¨
¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨¥ ¬¥àë §�é¨âë, � §−�ç¨â, ¨ ¢®§¬®¦−®áâ¨ ¢−ãâà¥−-
−¥£® −�àãè¨â¥«ï ¯® ¯à®¢¥¤¥−¨î �â�ª ¢ à�§«¨ç−ëå á¥£¬¥−â�å ¬®£ãâ à�¤¨ª�«ì−ë¬
®¡à�§®¬ ®â«¨ç�âìáï, çâ® ®âà�¦�¥âáï −� ¯®áâà®¥−¨¨ á¨áâ¥¬ë §�é¨âë ¢ ª�¦¤®¬
¨§ á¥£¬¥−â®¢. ’�ª¨¬ ®¡à�§®¬, ¢ á«ãç�¥ ¯à¥®¤®«¥−¨ï áà¥¤áâ¢ á¥£¬¥−â�æ¨¨ ®¡-
é¨© ãà®¢¥−ì ¡¥§®¯�á−®áâ¨ ¢ ®¡«�ç−®© á¨áâ¥¬¥ ¡ã¤¥â ®¯à¥¤¥«ïâìáï á�¬ë¬ á«�¡ë¬
§¢¥−®¬.

‘¥£¬¥−â�æ¨ï ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ ¤®áâ¨£�¥âáï ¯ãâ¥¬ ¨á¯®«ì-
§®¢�−¨ï â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨, ¯à¨ç¥¬ ¤�¦¥ ¨á¯®«ì§®¢�−¨¥ ¤®¢¥à¥−−®£®
á¥àâ¨ä¨æ¨à®¢�−−®£® ®â¥ç¥áâ¢¥−−®£® £¨¯¥à¢¨§®à�, ®¡¥á¯¥ç¨¢�îé¥£® äã−ªæ¨®−¨-
à®¢�−¨¥ ¢¨àâã�«ì−ëå á¥£¬¥−â®¢ ®¡«�ç−®© ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬ë, ¤�«¥ª® −¥
¢á¥£¤� £�à�−â¨àã¥â §�é¨âã ®â ã£à®§ ¢¨àâã�«¨§�æ¨¨. …á«¨ èâ�â−ë© £¨¯¥à¢¨§®à,
à¥�«¨§®¢�−−ë© ¢ −¥¤®¢¥à¥−−®© áà¥¤¥, ¯®«ãç¨â ã¯à�¢«¥−¨¥ à�−ìè¥, ¢á¥ á®§¤�¢�-
¥¬ë¥ ¨¬ ¢¨àâã�«ì−ë¥ ¬�è¨−ë ¯®¯�¤ãâ ¯®¤ ¥£® ã¯à�¢«¥−¨¥. �à¨ íâ®¬ ¯® ¢−¥è−¨¬
¯à¨§−�ª�¬ −¥ ã¤�áâáï ¢ëï¢¨âì ¬®¬¥−â ¯¥à¥¤�ç¨ ¥¬ã ã¯à�¢«¥−¨ï ¯à¨ ¯¥à¢®−�-
ç�«ì−®© §�£àã§ª¥. �âã ã£à®§ã −¥¢®§¬®¦−® ¨£−®à¨à®¢�âì ¢ ãá«®¢¨ïå ¬�áá®¢®£®
¯à¨¬¥−¥−¨ï §�àã¡¥¦−ëå ¯à®£à�¬¬−®-�¯¯�à�â−ëå áà¥¤áâ¢.

3.6 Большие данные

ˆá¯®«ì§®¢�−¨¥ �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ ¡®«ìè¨å ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨, ¯®-
«ãç�¥¬®© ®â ¢−¥è−¨å ¨áâ®ç−¨ª®¢, á â®çª¨ §à¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨ á®§¤�¥â ã£à®§ã ¤¥áâàãªâ¨¢−®£® ¢®§¤¥©áâ¢¨ï −� §�é¨é�¥¬ãî á¨áâ¥¬ã ç¥à¥§
¢å®¤−ë¥ ¤�−−ë¥, á®¤¥à¦�é¨¥ ¨á¯®«−ï¥¬ë© ª®¤, −�àãè�ï ¯à¨−æ¨¯ æ¥«®áâ−®áâ¨
¨ §�¬ª−ãâ®áâ¨ ¯à®£à�¬¬−®© áà¥¤ë. �®«ìèãî ¯à®¡«¥¬ã ¯à¨ ¨á¯®«ì§®¢�−¨¨
â¥å−®«®£¨¨ ¡®«ìè¨å ¤�−−ëå ¯à¥¤áâ�¢«ï¥â ¢ëï¢«¥−¨¥ ä¥©ª®¢®© ¨−ä®à¬�æ¨¨.
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�à®¢®¤¨¬ë¥ à�§à�¡®âç¨ª�¬¨ à�§«¨ç−ëå ¯®¨áª®¢ëå á¨áâ¥¬ ¢ íâ®¬ −�¯à�¢«¥−¨¨
à�¡®âë ¯®ª� −¥ ¯à¨¢¥«¨ ª ¯à¨¥¬«¥¬ë¬ à¥§ã«ìâ�â�¬ [14]. �à¥¤áâ�¢«ïîâ â�ª-
¦¥ ®¯�á−®áâì ¯®¯ëâª¨ æ¥«¥−�¯à�¢«¥−−®£® ¢®§¤¥©áâ¢¨ï −� ®â¡®à ¨−ä®à¬�æ¨¨
¤«ï ¤�«ì−¥©è¥© �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨. ’�ª, â¥å−®«®£¨¨ â�à£¥â¨à®¢�−−®©
à¥ª«�¬ë ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¢ á®æ¨�«ì−ëå æ¥«ïå (ä®à¬¨à®¢�−¨¥ ¢ë¡®à−ëå
¯à¥¤¯®çâ¥−¨©, ¢«¨ï−¨¥ −� à¥§ã«ìâ�âë á®æ®¯à®á®¢ ¨ â. ¯.). �á®¡¥−−® �ªâã�«ì−�
íâ� �â�ª� −� ¢å®¤−ë¥ ¤�−−ë¥ ¤«ï á¨áâ¥¬, ¨á¯®«ì§ãîé¨å ’ˆˆ.

3.7 Промышленный интернет, интернет вещей

�®ï¢«¥−¨¥ ª¨¡¥àä¨§¨ç¥áª¨å á¨áâ¥¬, ¯®¤à�§ã¬¥¢�îé¨å £«ã¡®ªãî ¨−â¥£à�-
æ¨î ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ ¢ ä¨§¨ç¥áª¨¥ áãé−®áâ¨ «î¡®£® ¢¨¤�, ¯à¨¢®¤¨â
ª â®¬ã, çâ® ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¨ ¯à®¬ëè«¥−−®©, ä¨§¨ç¥áª®© ¡¥§®¯�á-
−®áâ¨ −¥¢®§¬®¦−® à�áá¬�âà¨¢�âì ¢ ®âàë¢¥ ¤àã£ ®â ¤àã£�. �à¨ íâ®¬ ¯à®¨áå®¤¨â
à¥§ª®¥ à�áè¨à¥−¨¥ á¥â¥¢®© á¢ï§�−−®áâ¨ à�§−®à®¤−ëå à¥áãàá®¢ ¨ ¯®¢¥àå−®áâ¨
�â�ª¨. ÷�á¯à®áâà�−¨¢è¨©áï ¬¥¬ ú�â�ª� −� �â®¬−ãî í«¥ªâà®áâ�−æ¨î ç¥à¥§ ª®-
ä¥¢�àªãû ãª�§ë¢�¥â −� ®¯�á−®áâì íâ®£® ï¢«¥−¨ï. �á®¡®¥ §−�ç¥−¨¥ ¯à¨®¡à¥â�¥â
¯à®¡«¥¬� äã−ªæ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ á¨áâ¥¬ ã¯à�¢«¥−¨ï â¥å−®«®£¨ç¥áª¨¬¨
¯à®æ¥áá�¬¨ à�§«¨ç−®£® à®¤� ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ à�§−ëå á¥£¬¥−â®¢ ¯à®¬ëè-
«¥−−®áâ¨, âà�−á¯®àâ�, í−¥à£¥â¨ª¨. ‚ ãá«®¢¨ïå −¥¤®áâ�â®ç−®£® à¥£ã«¨à®¢�−¨ï
¢ ®¡«�áâ¨ äã−ªæ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ (®âáãâáâ¢¨ï ¬¥â®¤¨ª ¢¥à¨ä¨ª�æ¨¨ ��,
¯à®¢¥àª¨ ª®àà¥ªâ−®áâ¨ ®¯¨á�−¨ï �«£®à¨â¬®¢ äã−ªæ¨®−¨à®¢�−¨ï â¥å−®«®£¨ç¥-
áª¨å ¯à®æ¥áá®¢, −¥¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï ¥¤¨−ëå ª®¬¯¥−á¨àãîé¨å ¬¥à
§�é¨âë á ãç¥â®¬ à�¤¨ª�«ì−® ®â«¨ç�îé¨åáï ãá«®¢¨© íªá¯«ã�â�æ¨¨ ¢ à�§−ëå
á¥£¬¥−â�å ¨ ¤à.) ¯à®¡«¥¬� ¡¥§®¯�á−®áâ¨ ªà¨â¨ç¥áª¨å ®¡ê¥ªâ®¢ ¢ ¥¤¨−®¬ ¨−ä®à-
¬�æ¨®−−®¬ ¯à®áâà�−áâ¢¥ ¯à¨®¡à¥â�¥â ®á®¡ãî ®áâà®âã.

4 Предложения по совершенствованию нормативно-правовой базы

˜¨à®ª®¥ ¢−¥¤à¥−¨¥ ˆ’ ¢ à¥�«ì−ë© á¥ªâ®à íª®−®¬¨ª¨ âà¥¡ã¥â ¯à¨−ïâ¨ï
�¤¥ª¢�â−ëå ¬¥à ¯® à�§¢¨â¨î −®à¬�â¨¢−®-¯à�¢®¢®© ¡�§ë ¢ ®¡«�áâ¨ ¨−ä®à¬�-
æ¨®−−®© ¡¥§®¯�á−®áâ¨. ‘ ãç¥â®¬ ®£à�−¨ç¥−¨© −� ¯à¨¬¥−¥−¨¥ âà�¤¨æ¨®−−ëå
¬¥â®¤®¢ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ [15] −¥®¡å®¤¨¬� ª®àà¥ªâ¨-
à®¢ª� −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª®© ¡�§ë á ®à¨¥−â�æ¨¥© −� è¨à®ª®¥ ¨á¯®«ì§®¢�−¨¥
¬¥â®¤®¢ ¬®−¨â®à¨−£� á®¡ëâ¨© ¢ æ¨äà®¢®¬ ¯à®áâà�−áâ¢¥ á ãç¥â®¬, ¢ â®¬ ç¨á«¥,
ã£à®§ äã−ªæ¨®−�«ì−®© ¨ á¨áâ¥¬−®© ¡¥§®¯�á−®áâ¨.

�à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ®¯à¥¤¥«¨âì á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ®¡®á−®¢�−¨¥ ª®«¨ç¥áâ¢¥−−ëå ®æ¥−®ª ãà®¢−¥© ¡¥§®¯�á−®áâ¨, ®á−®¢�−−ëå −�
à¨áª-®à¨¥−â¨à®¢�−−®¬ ¯®¤å®¤¥ [16];

{ £�à¬®−¨§�æ¨ï ¯®¤å®¤®¢ à¥£ã«ïâ®à®¢ ¢ ®¡«�áâ¨ ¯à®¬ëè«¥−−®© ¨ ¨−ä®à¬�æ¨-
®−−®© ¡¥§®¯�á−®áâ¨;

{ à�áá¬®âà¥−¨¥ ¢®§¬®¦−ëå ã£à®§ äã−ªæ¨®−�«ì−®£® ¨ á¨áâ¥¬−®£® å�à�ªâ¥à� −�
íâ�¯¥ ®¡á«¥¤®¢�−¨ï ®¡ê¥ªâ� ¨−ä®à¬�â¨§�æ¨¨;
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�à®¡«¥¬ë ¨ ã£à®§ë ¢−¥¤à¥−¨ï −¥ª®â®àëå −®¢ëå æ¨äà®¢ëå â¥å−®«®£¨©

{ ¯¥à¥å®¤ ¢ ª«�áá¨ä¨ª�æ¨¨ ãà®¢−¥© §�é¨âë ¨−ä®à¬�æ¨¨ ®â ¯à¨¢ï§ª¨ ª áâ¥¯¥−¨
á¥ªà¥â−®áâ¨ (ª®−ä¨¤¥−æ¨�«ì−®áâ¨) ª ®æ¥−ª¥ ¯®â¥−æ¨�«ì−®£® ãé¥à¡� [17] ª�ª
¡®«¥¥ ã−¨¢¥àá�«ì−®© å�à�ªâ¥à¨áâ¨ª¥;

{ ãç¥â ¢ å®¤¥ �ââ¥áâ�æ¨¨ ®¡ê¥ªâ®¢ ¨−ä®à¬�â¨§�æ¨¨ ä�ªâ®à®¢ ¨å ¢§�¨¬®¤¥©áâ¢¨ï
á ¢−¥è−¥© æ¨äà®¢®© áà¥¤®©, ¢ â®¬ ç¨á«¥ ¨ −¥ ¨¬¥îé¥© ¯àï¬ëå ä¨§¨ç¥áª¨å
¯®¤ª«îç¥−¨©;

{ ®¡¥á¯¥ç¥−¨¥ ¯à¨−æ¨¯� à�¢−®¯à®ç−®áâ¨ ª®¬¯«¥ªá� ¬¥à ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á-
−®áâ¨ ®¡ê¥ªâ� ¨−ä®à¬�â¨§�æ¨¨, ¢ª«îç�ï á¨áâ¥¬−ë¥ ¢®¯à®áë ®à£�−¨§�æ¨¨
¯à®æ¥áá� §�é¨âë ¨ ª®¬¯¥−á¨àãîé¨¥ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨¥ ¬¥àë.

�¥®¡å®¤¨¬® �ªâ¨¢¨§¨à®¢�âì à�¡®âã ¯® áâ�−¤�àâ¨§�æ¨¨ ¢ ®¡«�áâ¨ ¡¥§®¯�á−®£®
¢ á¨áâ¥¬−®¬ ¯«�−¥ ¯à¨¬¥−¥−¨ï á¥àâ¨ä¨æ¨à®¢�−−ëå áà¥¤áâ¢ ¨ â¥å−®«®£¨© §�é¨-
âë ¨−ä®à¬�æ¨¨ (ª¢�−â®¢�ï ªà¨¯â®£à�ä¨ï, ¨á¯®«ì§®¢�−¨¥ í«¥ªâà®−−®© ¯®¤¯¨á¨
¢ í«¥ªâà®−−®¬ ¤®ªã¬¥−â®®¡®à®â¥, ¢¥¤¥−¨¥ à�á¯à¥¤¥«¥−−ëå à¥¥áâà®¢ −� ®á−®¢¥
¨á¯®«ì§®¢�−¨ï å¥è-äã−ªæ¨© ¨ ¤à.).

‚ §�ª«îç¥−¨¥ ®â¬¥â¨¬, çâ® ¯à¨¢¥¤¥−−ë© ¢ áâ�âì¥ �−�«¨§ ã£à®§, á¢ï§�−−ëå
á ¢−¥¤à¥−¨¥¬ −®¢ëå æ¨äà®¢ëå â¥å−®«®£¨©, âà¥¡ã¥â ¡®«¥¥ ¤¥â�«ì−®£® ¨ ¢−¨-
¬�â¥«ì−®£® à�áá¬®âà¥−¨ï ¢ à�¬ª�å ¢¥¤ãé¨åáï à�¡®â, � â�ª¦¥ ¯à¨ ¯®áâ�−®¢ª¥
−®¢ëå à�¡®â ¯® á®§¤�−¨î �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬, ¯à¥¦¤¥ ¢á¥£® ¢®¥−−®£®
¨ á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï.
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Abstract: The article is devoted to the consideration of threats which arise during
the implementation of new digital technologies in frame of digital transformation.
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á®áâ®ï−¨ï (��‘) á«®¦−®£® ®¡ê¥ªâ� (‘�) ª�ª £¥â¥à®£¥−−®© á¨áâ¥¬ë ¨ ¯à¥¤«�-
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¢ ãá«®¢¨ïå áãé¥áâ¢¥−−®£® à�§−®®¡à�§¨ï, −¥®¤−®à®¤−®áâ¨ ¨ −¥®¯à¥¤¥«¥−−®áâ¨
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1 Введение

Œ¥¤¨æ¨−� ¨ §¤à�¢®®åà�−¥−¨¥ | ®¤−� ¨§ áâà�â¥£¨ç¥áª¨å ¨ ¯¥àá¯¥ªâ¨¢−ëå
®¡«�áâ¥© ¯à¨¬¥−¥−¨ï â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¤«ï ¯®¢ëè¥−¨ï ª�-
ç¥áâ¢� ¯à®ä¨«�ªâ¨ç¥áª¨å ®¡á«¥¤®¢�−¨©, ¤¨�£−®áâ¨ª¨, ¯à®£−®§¨à®¢�−¨ï ¢®§−¨ª-
−®¢¥−¨ï ¨ à�§¢¨â¨ï §�¡®«¥¢�−¨©, ¯®¤¡®à� ®¯â¨¬�«ì−ëå ¤®§¨à®¢®ª «¥ª�àáâ¢¥−−ëå
¯à¥¯�à�â®¢ ¨ ¤à. [1]. “¢¥«¨ç¨¢�îé¨¥áï ®¡ê¥¬ë ¨ à�§−®®¡à�§¨¥ á¨¬¯â®¬�â¨ç¥-
áª®© ¨−ä®à¬�æ¨¨, � â�ª¦¥ ¨−ä®à¬�æ¨¨ ®¡ íâ¨®«®£¨¨ ¨ ¯�â®£¥−¥§¥ §�¡®«¥¢�−¨©
áãé¥áâ¢¥−−® ¯®¢ëè�îâ −�£àã§ªã −� ¢à�ç¥©. �à¨ íâ®¬ à¥è¥−¨ï, ¢ª«îç�îé¨¥
¯à®£−®§¨à®¢�−¨¥ à�§¢¨â¨ï â®£® ¨«¨ ¨−®£® ¨áå®¤�, ¢ª«îç�ï á¬¥àâì, §�ç�áâãî ®á−®-
¢ë¢�îâáï â®«ìª® −� «¨ç−®¬ ®¯ëâ¥ ¢à�ç� ¢ ãá«®¢¨ïå ®£à�−¨ç¥−−®áâ¨ ¢® ¢à¥¬¥−¨

1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sophiyabr@gmail.com

2Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, baltbipiran@mail.ru
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Œ®¤¥«¨à®¢�−¨¥ ¢ëà�¡®âª¨ ¯®«−®£® à�−−¥£® ¤¨ää¥à¥−æ¨�«ì−®£® ¤¨�£−®§�

¨ áãé¥áâ¢ãîé¨å ¢ íâ®© ®¡«�áâ¨ −�ãç−ëå ¤�−−ëå, çâ® ¢¯®á«¥¤áâ¢¨¨ ¯à¨¢®¤¨â
ª ®è¨¡ª�¬ ¢ ¢ë¡®à¥ ¬¥â®¤� â¥à�¯¨¨, ª®â®àë¥ ¬®£ãâ áâ�âì ä�â�«ì−ë¬¨. ‚á¥ íâ®
¯à¨¢®¤¨â ª á−¨¦¥−¨î íää¥ªâ¨¢−®áâ¨ ¬¥à §¤®à®¢ì¥á¡¥à¥¦¥−¨ï ¨ −¥à�æ¨®−�«ì-
−®¬ã à�á¯à¥¤¥«¥−¨î ç¥«®¢¥ç¥áª¨å, «¥ª�àáâ¢¥−−ëå, â¥å−¨ç¥áª¨å ¨ ä¨−�−á®¢ëå
à¥áãàá®¢, � â�ª¦¥ ª ¢ë¡®àã −¥ à¥«¥¢�−â−ëå á¨âã�æ¨¨ â¥à�¯¥¢â¨ç¥áª¨å ¨ ¤¨�£−®-
áâ¨ç¥áª¨å áâà�â¥£¨©. �®«®¦¥−¨¥ ¬®¦−® −¨¢¥«¨à®¢�âì ¯ãâ¥¬ ¯®¢ëè¥−¨ï ãà®¢−ï
¯®¤¤¥à¦ª¨ ¯¥àá®−�«¨§¨à®¢�−−®© ¬¥¤¨æ¨−ë ¨−ä®à¬�æ¨®−−ë¬¨ â¥å−®«®£¨ï¬¨,
¢ ç�áâ−®áâ¨ á¨áâ¥¬�¬¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.

’�ª¨¬ ®¡à�§®¬, �ªâã�«ì−® ¨áá«¥¤®¢�−¨¥ ¯à®¡«¥¬�â¨ª¨ ��‘ ‘� ª�ª £¥â¥-
à®£¥−−®© á¨áâ¥¬ë, � â�ª¦¥ à�§à�¡®âª¨ ƒ¨ˆ‘ ¯¥àá®−�«¨§¨à®¢�−−®© ¤¨�£−®áâ¨ª¨
¨ ¯à®£−®§¨à®¢�−¨ï á®áâ®ï−¨ï ®à£�−¨§¬� ç¥«®¢¥ª� (‘�). �®¤®¡−ë¥ á¨áâ¥¬ë |
¬¥¦¤¨áæ¨¯«¨−�à−®£® å�à�ªâ¥à�, ®−¨ ª®¬¡¨−¨àãîâ ¬¥â®¤ë ¨áªãááâ¢¥−−®£® ¨−-
â¥««¥ªâ� à�§«¨ç−ëå ª«�áá®¢ ¨ ®â®¡à�¦�îâ äã−ªæ¨®−�«ì−ãî áâàãªâãàã à¥è�¥¬®©
¯à®¡«¥¬ë, ®¡«�áâ¨ ¥¥ ®¤−®à®¤−ëå ¯�à�¬¥âà®¢, ¯à¥¤áâ�¢«¥−−ëå ¬−®¦¥áâ¢®¬ ®¤-
−®à®¤−ëå §�¤�ç, ª�¦¤�ï ¨§ ª®â®àëå ¤®«¦−� à¥è�âìáï á¯¥æ¨�«¨áâ®¬(�¬¨) á®®â-
¢¥âáâ¢ãîé¥© ®¡«�áâ¨ §−�−¨©. ƒ¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë ¯¥àá®−�«¨-
§¨à®¢�−−®© ¤¨�£−®áâ¨ª¨ ¨ ¯à®£−®§¨à®¢�−¨ï á®áâ®ï−¨ï ‘� ¡ã¤ãâ ¢ëà�¡�âë¢�âì
§�ª«îç¥−¨ï, à¥«¥¢�−â−ë¥ à¥�«ì−®© á¨âã�æ¨¨ ®¡á«¥¤®¢�−¨ï ¯�æ¨¥−â�, � â�ª¦¥
¢ë¢¥¤ãâ ¯à®æ¥ááë §¤®à®¢ì¥á¡¥à¥¦¥−¨ï −� −®¢ë© ãà®¢¥−ì | á¢®¥¢à¥¬¥−−®© à�−-
−¥© ¤¨�£−®áâ¨ª¨. ’�ª¨¥ á¨áâ¥¬ë ¯®¢ëáïâ ª�ç¥áâ¢® ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨©
¨ ¯à®£−®§�, � â�ª¦¥, ª�ª á«¥¤áâ¢¨¥, ¯«�−� «¥ç¥−¨ï, ®è¨¡ª¨ ¢ ª®â®à®¬ ¬®£ãâ
¯à¨¢¥áâ¨ ª ä�â�«ì−ë¬ à¥§ã«ìâ�â�¬.

‚ ¤�−−®© à�¡®â¥ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë �−�«¨§� ®á®¡¥−−®áâ¥© ¢ëà�¡®âª¨
à¥è¥−¨© ¯à¨ ��‘ ‘� ª�ª £¥â¥à®£¥−−®© á¨áâ¥¬ë ¨ ®¯¨á�−� ª®−æ¥¯æ¨ï −®¢®£®
¨áá«¥¤®¢�−¨ï, −�¯à�¢«¥−−®£® −� ¬®¤¥«¨à®¢�−¨¥ ¢ëà�¡®âª¨ ¯®«−®£® à�−−¥£®
¤¨ää¥à¥−æ¨�«ì−®£® ¤¨�£−®§� ¨ ¯à®£−®§� á®áâ®ï−¨ï ‘� ¢ ¬¥¤¨æ¨−¥.

2 Проблема персонализированной оценки состояния
сложного объекта как гетерогенной системы

�¥àá®−�«¨§¨à®¢�−−�ï ®æ¥−ª� á®áâ®ï−¨ï ‘� ¢ ¬¥¤¨æ¨−¥ ¢ª«îç�¥â ¤¢¥ ¢§�¨-
¬®á¢ï§�−−ë¥ ¯à®¡«¥¬ë:

(1) à�−−¥© ¯®«−®© ¤¨ää¥à¥−æ¨�«ì−®© ¤¨�£−®áâ¨ª¨ (à¨á. 1);

(2) ¯à®£−®§¨à®¢�−¨ï ¨áå®¤®¢ §�¡®«¥¢�−¨ï á ®¡®á−®¢�−¨¥¬ ¯à®£−®§�, ¤®áâ®¢¥à-
−®áâì ª®â®à®£® §�¢¨á¨â ®â â®ç−®áâ¨ ¤¨�£−®§�.

„«ï ¯¥à¢®© å�à�ªâ¥à−ë £¥â¥à®£¥−−®áâì ¨ ¯®«¨¬®à¡¨¤−®áâì (−�«¨ç¨¥ −¥áª®«ì-
ª¨å §�¡®«¥¢�−¨© ®¤−®¢à¥¬¥−−®), çâ® ¨§¬¥−ï¥â ¨ ®á«®¦−ï¥â ª«¨−¨ç¥áªãî ª�àâ¨−ã.
�à®¡«¥¬ë ¤¨ää¥à¥−æ¨�«ì−®© ¤¨�£−®áâ¨ª¨ ¨ ¯à®£−®§¨à®¢�−¨ï á®áâ®ï−¨ï §¤®-
à®¢ìï ¯�æ¨¥−â� â�ª¦¥ ®á«®¦−ïîâáï:

(1) á¨âã�æ¨ï¬¨ ÷. ÷¨£¥«ì¬�−� [2] | −�«¨ç¨¥¬ �â¨¯¨ç−ëå á¨¬¯â®¬®¢ ¨ á¨¬¯â®-
¬®¢-¬¨à�¦¥©;
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Œ®¤¥«¨à®¢�−¨¥ ¢ëà�¡®âª¨ ¯®«−®£® à�−−¥£® ¤¨ää¥à¥−æ¨�«ì−®£® ¤¨�£−®§�

(2) à�§−®®¡à�§¨¥¬ ®¡à�¡�âë¢�¥¬®© á¨¬¯â®¬�â¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨, á®®â¢¥â-
áâ¢¥−−®, −�¯à�¢«¥−¨© ¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�−¨© á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨-
¥−â�;

(3) à�§−®®¡à�§¨¥¬ ¨ §�ç�áâãî −¥¯à¥¤áª�§ã¥¬®áâìî ª«¨−¨ç¥áª®© ª�àâ¨−ë, ¯¥-
à¥á¥ª�îé¥©áï á àï¤®¬ ¤àã£¨å §�¡®«¥¢�−¨©.

„�−−ë¥ ®¡áâ®ïâ¥«ìáâ¢� âà¥¡ãîâ ãç�áâ¨ï ª®««¥ªâ¨¢� á¯¥æ¨�«¨áâ®¢ à�§−ëå ¯à®-
ä¨«¥© ¢ ¯à¨−ïâ¨¨ ¤¨�£−®áâ¨ç¥áª®£® à¥è¥−¨ï, çâ® §�ç�áâãî ¤®áâã¯−® â®«ìª®
¢ áâ�æ¨®−�à−ëå ¡®«ì−¨ç−ëå ãçà¥¦¤¥−¨ïå.

‚ «¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨å ãçà¥¦¤¥−¨ïå (‹�“) �¬¡ã«�â®à−®-¯®«¨ª«¨−¨-
ç¥áª®£® â¨¯� (á¬. à¨á. 1) ¢¢¨¤ã ®£à�−¨ç¥−−®áâ¨ ¢à¥¬¥−¨ −� ¯à¨¥¬ ¨ −¥¤®áâ�âª�
¢à�ç¥© á ®¯ëâ®¬ à�¡®âë ¡®«¥¥ 10 «¥â, ®á®¡¥−−® ã§ª®© á¯¥æ¨�«¨§�æ¨¨, ®¯¨à�îâáï
§�ç�áâãî −� ¬¥¦¤ã−�à®¤−ãî ª«�áá¨ä¨ª�æ¨î ¡®«¥§−¥©, ª®â®à�ï ¡�§¨àã¥âáï −�
áâàãªâãà−®¬ �−�«¨§¥, ¯®íâ®¬ã ¢à�ç¨ ¬ëá«ïâ, ¯à¥¨¬ãé¥áâ¢¥−−® ®ââ�«ª¨¢�ïáì ®â
â�ª¨å ¯®−ïâ¨©, ª�ª ¢®á¯�«¥−¨ï, £¨¯®- ¨ £¨¯¥àâà®ä¨¨, ®¯ãå®«¨ ¨ â. ¤. �¤−�ª®
¯¥à¥ç¨á«¥−−®¥ | íâ® ¤¥ä¥ªâë (−� à¨á. 1 ¯�â®«®£¨ç¥áª¨¥ á®áâ®ï−¨ï â®¦¤¥áâ¢¥−-
−ë −�ª®¯«¥−¨î à�§àãè¥−¨© á¨áâ¥¬−ëå äã−ªæ¨®−�«ì−ëå ¥¤¨−¨æ | ª«¥â®ç−ëå
¨ âª�−¥¢ëå áâàãªâãà à�§«¨ç−®£® ãà®¢−ï ¤¥â�«¨§�æ¨¨). „¥ä¥ªâë á«ã¦�â ¯à¥¤¢¥áâ-
−¨ª�¬¨ ¨«¨ á«¥¤áâ¢¨ï¬¨ §�¡®«¥¢�−¨© (¯�â®«®£¨ç¥áª¨å ¯à®æ¥áá®¢). ‡�¡®«¥¢�−¨¥
â®¦¤¥áâ¢¥−−® ¯�â®«®£¨ç¥áª®¬ã ¯à®æ¥ááã, ¥á«¨: ¯®á«¥¤−¨© ¢ëáâã¯�¥â −¥®¡å®¤¨-
¬®© áâ�¤¨¥© §�¡®«¥¢�−¨ï (®â«®¦¥−¨¥ å®«¥áâ¥à¨−� ¢ ¢¥−¥ç−ëå �àâ¥à¨ïå á¥à¤æ� |
�â¥à®áª«¥à®§); ãª�§ë¢�¥âáï «®ª�«¨§�æ¨ï (æ¨àà®§ ¯¥ç¥−¨); ¨¬¥¥â ¬¥áâ® §�¢¨-
á¨¬®áâì ®â íâ¨®«®£¨ç¥áª®£® ä�ªâ®à� (á¯¥æ¨ä¨ç¥áª®¥ ¢®á¯�«¥−¨¥, ¢ë§ë¢�¥¬®¥
¬¨ªà®¡�ªâ¥à¨ï¬¨ âã¡¥àªã«¥§� ¨«¨ «¥¯àë, −�¯à¨¬¥à); à�−¥¥ ¨¤¥−â¨ä¨æ¨à®¢�«áï
ª�ª ¯�â®«®£¨ç¥áª¨© ¯à®æ¥áá, � â¥¯¥àì | ¡®«¥§−ì (®¦®£®¢�ï, ¯®áâà¥�−¨¬�æ¨®−-
−�ï). ’�ª¨¬ ®¡à�§®¬, ¢ ‹�“ ¯®«¨ª«¨−¨ç¥áª®£® â¨¯� ¯à¥¢�«¨àã¥â �−�â®¬®-¬®à-
ä®«®£¨ç¥áª¨© �−�«¨§. �® ¥é¥ Œ. Ÿ. Œã¤à®¢ ¢ XIX ¢. ¢ëáª�§�« ¯®«®¦¥−¨¥
® æ¥«®áâ−®áâ¨ ®à£�−¨§¬�, ® ¥¤¨−áâ¢¥ ¯á¨å¨ª¨ ¨ á®¬�â¨ª¨, ® à®«¨ ¨ §−�ç¥−¨¨
¤¥â�«ì−®£® à�áá¯à®á� ¢ à�á¯®§−�¢�−¨¨ ¡®«¥§−¥© [3]. �¥®¡å®¤¨¬® ã©â¨ ®â ¢®á¯à¨-
ïâ¨ï ¯�æ¨¥−â� ®¤−®áâ®à®−−¥, ®¤−®�á¯¥ªâ−®, á ¯®§¨æ¨© ®¤−®© ¯à®ä¥áá¨¨ /̈̈ «¨
®¤−®© ¤¨áæ¨¯«¨−ë /̈̈ «¨ ®¤−®© èª®«ë, á ¯®§¨æ¨¨ ¯�â®«®£¨ç¥áª¨å á®áâ®ï−¨©,
çâ® å�à�ªâ¥à−® ¤«ï £®¬®£¥−−ëå á¨áâ¥¬ ¨ ¢¥¤¥â ª à¥è¥−¨î ¯à®¡«¥¬ ¢ ¬¥¤¨æ¨−¥
−¥á¨áâ¥¬−® | à�§−®®¡à�§−ë¥ §−�−¨ï −¥ ¢§�¨¬®¤¥©áâ¢ãîâ, −¥ á®âàã¤−¨ç�îâ ¤«ï
¤®áâ¨¦¥−¨ï ®¡é¥© æ¥«¨, çâ® ¯® ®¯à¥¤¥«¥−¨î −¥ á®§¤�¥â ãá«®¢¨© ¤«ï ¢®§−¨ª−®-
¢¥−¨ï á¨−¥à£¥â¨ç¥áª®£®, á¨áâ¥¬−®£® íää¥ªâ�. �¥à¥å®¤ ª á¨áâ¥¬−ë¬ ¨ äã−ªæ¨®-
−�«ì−ë¬ ª�â¥£®à¨ï¬ ¯à¨ à�áá¬®âà¥−¨¨ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ ¯¥àá®−�«¨§¨à®¢�−−®
ª�ª æ¥«®áâ−®© £¥â¥à®£¥−−®© á¨áâ¥¬ë ¯®§¢®«¨â ¢ëï¢«ïâì §�¡®«¥¢�−¨ï −� à�−−¨å
áâ�¤¨ïå ¨ áâà®¨âì ¡®«¥¥ â®ç−ë¥, ¤®áâ®¢¥à−ë¥ ¨ ®¡®á−®¢�−−ë¥ ¯à®£−®§ë.

÷�áá¬®âà¨¬ ¤�«¥¥ ®¯¨á�−¨¥ ª®−æ¥¯æ¨¨ á®§¤�−¨ï ¬¥â®¤®¢ ¨ ¬®¤¥«¥© −®¢®£®
ª«�áá� ƒ¨ˆ‘ ¤«ï ¬¥¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¨ ¨ ¯à®£−®§¨à®¢�−¨ï | ú‚¨àâã�«ì−ë¥
ª®−á¨«¨ã¬ë ¯¥àá®−�«¨§¨à®¢�−−®© ¤¨�£−®áâ¨ª¨ ¨ ¯à®£−®§¨à®¢�−¨ïû (‚Š�„�),
ª®â®àë¥ ¡ã¤ãâ ¢ëà�¡�âë¢�âì §�ª«îç¥−¨ï, à¥«¥¢�−â−ë¥ à¥�«ì−®© á¨âã�æ¨¨ ®¡-
á«¥¤®¢�−¨ï ¯�æ¨¥−â�.
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3 Виртуальные консилиумы персонализированной диагностики
и прогнозирования. Подход к разработке

�à®¡«¥¬� ��‘ ‘� ¢ ¬¥¤¨æ¨−¥ ®â−®á¨âáï ª ®¡«�áâ¨ £¥â¥à®£¥−−ëå (−¥®¤−®-
à®¤−ëå), ª�ª ã¦¥ ¡ë«® ®â¬¥ç¥−® ¢ëè¥. ’�ª¨¥ ¯à®¡«¥¬ë ¢ª«îç�îâ ¯®¤§�¤�ç¨,
ª�¦¤�ï ¨§ ª®â®àëå ¤®«¦−� à¥è�âìáï á¯¥æ¨�«¨áâ®¬ (¨«¨ á¯¥æ¨�«¨áâ�¬¨) á®®â¢¥â-
áâ¢ãîé¥© ®¡«�áâ¨ §−�−¨©. ‘ −¨¬¨ «ãçè¥ ¢á¥£® á¯à�¢«ïîâáï ¨¬¥−−® ª®««¥ªâ¨¢ë.
�®íâ®¬ã ¢ à�¬ª�å −®¢®£® ¨áá«¥¤®¢�−¨ï ¯à¥¤«�£�¥âáï à�§à�¡�âë¢�âì ¨−â¥««¥ªâã-
�«ì−ë¥ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨©, ¢ª«îç�îé¨å
¯à®£−®§ à�§¢¨â¨ï §�¡®«¥¢�−¨ï ¨ ¥£® ¨áå®¤®¢, â�ª¨¥ ª�ª ƒ¨ˆ‘ (à¨á. 2).

ƒ¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë ¯®§¢®«ïâ ¨−â¥£à¨à®¢�âì à�§−®à®¤−ë¥
¬®¤¥«¨ §−�−¨© ® ¯à®æ¥áá¥ ¤¨�£−®áâ¨ª¨, ¯à®£−®§¨à®¢�−¨¨ ¨áå®¤®¢ ¨ ¨−â¥à¯à¥-
â�æ¨¨ ¯à®£−®§� ¢ëï¢«¥−−ëå ¤¨áäã−ªæ¨© ¨ ¯�â®«®£¨© ã ‘� −� ¢á¥å ä�§�å
§�¡®«¥¢�−¨ï ¨ â¥¬ á�¬ë¬ ¬®¤¥«¨à®¢�âì ¢§�¨¬®¤¥©áâ¢¨¥ à�ááã¦¤¥−¨© ¢ à¥�«ì−ëå

÷¨á. 2 ‘å¥¬� ‚Š�„�: 1 | ¯¥à¥¤�ç� ¢å®¤−®©-¢ëå®¤−®© ¨−ä®à¬�æ¨¨; 2 | ¨−¨æ¨�-
«¨§�æ¨ï ¨ §�¯ãáª äã−ªæ¨®−�«ì−®© ¬®¤¥«¨ ƒ¨ˆ‘ / §�¯ãáª âà�−áä®à¬�æ¨®−−®© ¬®¤¥«¨
ƒ¨ˆ‘; 3 | §�¯à®á −� ãâ®ç−¥−¨¥ ¢å®¤−®© ¨−ä®à¬�æ¨¨; 4 | ¯¥à¥å®¤ ª á«¥¤ãîé¥¬ã íâ�¯ã
¨ ¯¥à¥¤�ç� ¢á¥© ¯®«ãç¥−−®© −� ¯à¥¤ë¤ãé¨å íâ�¯�å ¢å®¤−®© ¨ ¢ëå®¤−®© ¨−ä®à¬�æ¨¨;
5 | ¨−â¥àä¥©áë ¢¢®¤�/¢ë¢®¤� ¨−ä®à¬�æ¨¨ á ¢®§¬®¦−®áâìî ª®àà¥ªâ¨à®¢ª¨
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Œ®¤¥«¨à®¢�−¨¥ ¢ëà�¡®âª¨ ¯®«−®£® à�−−¥£® ¤¨ää¥à¥−æ¨�«ì−®£® ¤¨�£−®§�

ª®««¥ªâ¨¢�å ¢à�ç¥©, ¯à¨¢«¥ª�¥¬ëå ª ®¡á«¥¤®¢�−¨î ¯�æ¨¥−â�, ¢® £«�¢¥ á «¨æ®¬,
¯à¨−¨¬�îé¨¬ à¥è¥−¨ï (‹�÷). ˆ−â¥£à¨à®¢�−−�ï ¬®¤¥«ì ¡ã¤¥â á¨−â¥§¨à®¢�âìáï
á¨âã�â¨¢−® ¢ §�¢¨á¨¬®áâ¨ ®â ¢ëï¢«¥−−®© á¨¬¯â®¬�â¨ª¨ ª�ª −� à�§−ëå íâ�¯�å
¤¨�£−®áâ¨ç¥áª®£® ¯à®æ¥áá� (¯à¨ −¥®¡å®¤¨¬®áâ¨), â�ª ¨ ¢ ª®−æ¥ ®¡á«¥¤®¢�−¨ï |
¯®á«¥ ¯®«ãç¥−¨ï à¥§ã«ìâ�â®¢ «�¡®à�â®à−®© ¨ ¨−áâàã¬¥−â�«ì−®© ¤¨�£−®áâ¨ª¨.
�à¨ íâ®¬ ¢ à�¬ª�å ¨áá«¥¤®¢�−¨ï ¯à¥¤«�£�¥âáï ª®¬¡¨−¨à®¢�âì ¬®¤¥«¨ ƒ¨ˆ‘
¤¢ãå â¨¯®¢ | äã−ªæ¨®−�«ì−ãî ¨ âà�−áä®à¬�æ¨®−−ãî (á¬. à¨á. 2).

�¥à¢�ï ¤«ï ¯®¢ëè¥−¨ï ª�ç¥áâ¢� ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨© ¡ã¤¥â à�§à�¡�-
âë¢�âìáï ¯® ¯à¨−æ¨¯ã ¢¨àâã�«ì−®£® ª®−á¨«¨ã¬� (‚Š) [4] ¢ à�¬ª�å ¯à®¡«¥¬-
−®-áâàãªâãà−®© ¬¥â®¤®«®£¨¨ à�§à�¡®âª¨ ƒ¨ˆ‘ Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥-
¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷�� [5],
á®ç¥â�îé¨å ¬¥â®¤ë ¨ ¬¥â®¤¨ª¨ �−�«¨§� ¯à®¡«¥¬ë á ¤¨−�¬¨ç¥áª¨¬ á¨−â¥§®¬
¥¥ ¤¥ª®¬¯®§¨à®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï ¨ ¬¥â®¤� ¥¥ à¥è¥−¨ï, ¬®¤¥«¨àãîé¨å
¢§�¨¬®¤¥©áâ¢¨¥ à�ááã¦¤¥−¨© ¢ à¥�«ì−ëå ª®««¥ªâ¨¢�å ¢à�ç¥©, ¯à¨¢«¥ª�¥¬ëå
ª ®¡á«¥¤®¢�−¨î ¯�æ¨¥−â�, ¢® £«�¢¥ á ‹�÷.

�à®¡«¥¬� ¯à®£−®§¨à®¢�−¨ï à¥è�¥âáï â�ª¦¥ ‹�÷, ¯®íâ®¬ã ‚Š ¡ã¤¥â à�áè¨-
à¥− âà�−áä®à¬�æ¨®−−®© ƒ¨ˆ‘ ú�¥©à®-−¥ç¥âª�ï ¬®¤¥«ì −� ¡�§¥ ANFIS (adap-
tive neuro-fuzzy inference system, �¤�¯â¨¢−�ï á¥âì −� ®á−®¢¥ á¨áâ¥¬ë −¥ç¥âª®£®
¢ë¢®¤�) | íªá¯¥àâ−�ï á¨áâ¥¬�û (ANFIS{�‘). ANFIS ¯®§¢®«¨â ®¡¥á¯¥ç¨âì ä®à-
¬�«¨§�æ¨î à�§¬ëâëå ¯®−ïâ¨© ¨ á¢ï§¥© (−¥ç¥âª®áâì ¢ à�ááã¦¤¥−¨ïå ¢à�ç¥©),
¢ëà�¡�âë¢�ï ¯à®£−®§, ª®â®àë© ¡ã¤¥â ¨−â¥à¯à¥â¨à®¢�âìáï �‘. ‚ á«ãç�¥ ®âáãâ-
áâ¢¨ï ®¡®á−®¢�−¨ï ¯®«−®¥ ®¯¨á�−¨¥ á¨âã�æ¨¨ ¡ã¤¥â ¯à¥¤®áâ�¢«¥−® ‹�÷, ª®â®àë©
à¥è�¥â: ¯®¯®«−¨âì ¡�§ã §−�−¨© �‘ «¨¡® ¯®«ãç¨âì ¯à®£−®§ §�−®¢® −� ãâ®ç−¥−−ëå
¤�−−ëå. Šà®¬¥ â®£®, ¯à¨ ¨á¯®«ì§®¢�−¨¨ −¥ç¥âª®© «®£¨ª¨ §−�ç¨â¥«ì−® á−¨¦�¥âáï
à�§¬¥à ¡�§ë §−�−¨©, � â�ª¦¥ ®¡ãç�îé¥© ¨ â¥áâ¨àãîé¥© ¢ë¡®à®ª [6].

ˆ−â¥£à¨à®¢�−−ë¥ ¬®¤¥«¨ ¢ëà�¡®âª¨ ��‘ ‘� ¨ ¯à®£−®§� ¥£® ¢®§¬®¦−ëå
á®áâ®ï−¨© ¡ã¤ãâ ª®¬¡¨−¨à®¢�âì ¬¥â®¤ë ¨§ à�§«¨ç−ëå ª«�áá®¢ (�−�«¨â¨ç¥áª¨¥
¬¥â®¤ë, ¨¬¨â�æ¨®−−®¥ áâ�â¨áâ¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥, ¨áªãááâ¢¥−−ë¥ −¥©à®−−ë¥
á¥â¨, £¥−¥â¨ç¥áª¨¥ �«£®à¨â¬ë, �‘, −¥ç¥âª¨¥ á¨áâ¥¬ë) ¢ á®®â¢¥âáâ¢¨¨ á ¨å ¯«î-
á�¬¨ ¨ ¬¨−ãá�¬¨ ¨ ®â®¡à�¦�âì ¢ ¯�¬ïâ¨ ª®¬¯ìîâ¥à� äã−ªæ¨®−�«ì−ãî áâàãªâãàã
à¥è�¥¬®© ¯à®¡«¥¬ë, ®¡«�áâ¨ ¥¥ ®¤−®à®¤−ëå ¯�à�¬¥âà®¢ (¤¥â¥à¬¨−¨à®¢�−−ëå,
áâ®å�áâ¨ç¥áª¨å, «®£¨ç¥áª¨å, «¨−£¢¨áâ¨ç¥áª¨å ¨ ¤à.), ¯à¥¤áâ�¢«¥−−ëå ¬−®¦¥-
áâ¢�¬¨ §�¤�ç ¨§ ¤¥ª®¬¯®§¨æ¨¨ ¯à®¡«¥¬ë. ‚ à�¬ª�å ¨áá«¥¤®¢�−¨ï ¯«�−¨àã¥âáï
áâà®¨âì ¯à®§à�ç−ë¥ ¯à®£−®§ë ® á®áâ®ï−¨¨ ‘� ¤¨�£−®áâ¨ª¨ á ãç¥â®¬ á¨âã�æ¨¨
¢®§¬®¦−®£® ¯®¯®«−¥−¨ï §−�−¨© ®¡ ¨å ä®à¬¨à®¢�−¨¨, � â�ª¦¥ ¯à¥¤¯®«�£�¥âáï
á¨áâ¥¬−ë© �−�«¨§ ª�ª ‘� ¤¨�£−®áâ¨ª¨, â�ª ¨ ¯à®¡«¥¬ë ¯¥àá®−�«¨§¨à®¢�−−®©
®æ¥−ª¨ ¥£® á®áâ®ï−¨ï ¢ æ¥«®¬, � â�ª¦¥ ®á®¡¥−−®áâ¥© ¯à®æ¥áá®¢ ¤¨�£−®áâ¨ª¨
¨ ¯à®£−®§¨à®¢�−¨ï, ª®¬¡¨−¨àãï ¬¥â®¤ë ¯®áâ¥¯¥−−®© ä®à¬�«¨§�æ¨¨ ¯à®¡«¥¬ë
á á¨áâ¥¬−ë¬ ¨ ®¡ê¥ªâ−ë¬ ¯®¤å®¤�¬¨ ª �−�«¨§ã ®¡ê¥ªâ®¢ ¨áá«¥¤®¢�−¨ï.

’�ª¨¬ ®¡à�§®¬, ¨áá«¥¤®¢�−¨¥ ¡ã¤¥â ¡�§¨à®¢�âìáï −� ¯à¨−æ¨¯�å ¯¥àá®−�«¨§¨-
à®¢�−−®© ¬¥¤¨æ¨−ë [7] | ¯®¤¤¥à¦ª� à�−−¥© ¤¨�£−®áâ¨ª¨ §�¡®«¥¢�−¨© ¨ ¯à¥¤¯®-
áë«®ª ª −¥¬ã, � â�ª¦¥ ¯à®£−®§¨à®¢�−¨¥ ¡ã¤ãé¨å á®áâ®ï−¨© ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨
(¨áå®¤®¢ ¢ëï¢«¥−−ëå §�¡®«¥¢�−¨©), çâ® ¢¯®á«¥¤áâ¢¨¨ ¯®¬®¦¥â ¢à�çã ®¯à¥¤¥«¨âì-
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áï á ¯à�¢¨«ì−®© ¤�«ì−¥©è¥© â¥à�¯¨¥©. �à¥¤«�£�¥¬®¥ ¨áá«¥¤®¢�−¨¥ −�¯à�¢«¥−®
−� à�§¢¨â¨¥ ¬¥¦¤¨áæ¨¯«¨−�à−ëå ®¡«�áâ¥© §−�−¨ï ¯ãâ¥¬ á®§¤�−¨ï ¨ ¨áá«¥¤®¢�−¨ï
¬¥â®¤®¢ ¨ ¬®¤¥«¥© ‚Š�„� −� ¯à¨¬¥à¥ ®áâà®£® ¯�−ªà¥�â¨â� (��) | âà¥âì¥-
£® áà¥¤¨ ¢áâà¥ç�îé¨åáï ®áâàëå å¨àãà£¨ç¥áª¨å §�¡®«¥¢�−¨© ®à£�−®¢ ¡àîè−®©
¯®«®áâ¨. �áâàë© ¯�−ªà¥�â¨â [8{10] á®áâ�¢«ï¥â ¢ áâàãªâãà¥ ú®áâà®£® ¦¨¢®â�û
28%{45%. ‹¥â�«ì−®áâì ¯à¨ âï¦¥«®¬ �� (¯�−ªà¥®−¥ªà®§¥) | ¯à¨¡«¨§¨â¥«ì−®
18%{25%, ¤®áâ¨£�ï 40%{70% ¯à¨ ¨−ä¨æ¨à®¢�−−®¬ ¯�−ªà¥®−¥ªà®§¥.

4 Заключение

‚¨àâã�«ì−ë¥ ª®−á¨«¨ã¬ë ¯¥àá®−�«¨§¨à®¢�−−®© ¤¨�£−®áâ¨ª¨ ¨ ¯à®£−®§¨à®-
¢�−¨ï ¡ã¤ãâ ¨−â¥£à¨à®¢�âì à�§−®à®¤−ë¥ ¬®¤¥«¨ ¢ëà�¡®âª¨ ¨ ¨−â¥à¯à¥â�æ¨¨
à¥è¥−¨ï ¯à®¡«¥¬ ��‘ á¨âã�æ¨®−−® −� à�§−ëå íâ�¯�å ¯à®æ¥áá� ®¡á«¥¤®¢�−¨ï
‘�, � â�ª¦¥ ª®¬¡¨−¨à®¢�âì ¬®¤¥«¨ ƒ¨ˆ‘ ¤¢ãå â¨¯®¢ | äã−ªæ¨®−�«ì−ãî
¨ âà�−áä®à¬�æ¨®−−ãî. ˆå à�§à�¡®âª� ¯®§¢®«¨â ¯®¢ëá¨âì à¥«¥¢�−â−®áâì ¨−â¥«-
«¥ªâã�«ì−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© à¥�«ì−ë¬ ¯à®¡«¥¬�¬ ¢ ‘�
¨ £¥â¥à®£¥−−®áâ¨ ¯à®æ¥áá� ®¡á«¥¤®¢�−¨ï, çâ® ã¢¥«¨ç¨â ®¯¥à�â¨¢−®áâì, ¤®áâ®-
¢¥à−®áâì ¨ ®¡®á−®¢�−−®áâì à¥ª®¬¥−¤�æ¨© á¨áâ¥¬ë. ’�ª¨¥ á¨áâ¥¬ë ¢ë¢¥¤ãâ
¯à®æ¥ááë §¤®à®¢ì¥á¡¥à¥¦¥−¨ï −� −®¢ë© ãà®¢¥−ì | á¢®¥¢à¥¬¥−−®© à�−−¥© ¤¨�-
£−®áâ¨ª¨ | ¢¢¨¤ã á¨áâ¥¬−®£® ¯®¤å®¤� ª �−�«¨§ã ¨ ¬®¤¥«¨à®¢�−¨î ��‘ ‘�.
ˆå ¯à¨¬¥−¥−¨¥ −� ¯à�ªâ¨ª¥ ¯®§¢®«¨â ¯®¢ëá¨âì ®¯¥à�â¨¢−®áâì, ¤®áâ®¢¥à−®áâì
¨ ®¡®á−®¢�−−®áâì à¥ª®¬¥−¤�æ¨© ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© ¯à¨ ¤¨�£−®áâ¨ª¥ ¨ ¯à®£−®§¨à®¢�−¨¨ ¢ ¬¥¤¨æ¨−¥, ¢ ç�áâ−®áâ¨ ¢ ‹�“
�¬¡ã«�â®à−®-¯®«¨ª«¨−¨ç¥áª®£® â¨¯� (§¤¥áì ®â−®á¨â¥«ì−® �� ¤®«ï ¤¨�£−®áâ¨-
ç¥áª¨å ®è¨¡®ª á®áâ�¢«ï¥â ¯®àï¤ª� 30%{60% ¢ §�¢¨á¨¬®áâ¨ ®â ¯à®ï¢«¥−−®©
á¨¬¯â®¬�â¨ª¨ [11, 12]). �¥¤®áâ�â®ª ®¯ëâ−ëå ¢à�ç¥© ¨ ¡®«ìè®© ¯®â®ª ¯�æ¨¥−â®¢
¨¬¥îâ ¬¥áâ® ¨ ¢ áâ�æ¨®−�à−ëå ¬−®£®¯à®ä¨«ì−ëå ¡®«ì−¨ç−ëå ãçà¥¦¤¥−¨ïå,
çâ® ¯à¨¢®¤¨â ª ®è¨¡ª�¬ ¯à¨¬¥à−® ¢ 10%{26% [11, 12] á«ãç�¥¢ ¯®áâã¯«¥−¨©
á ¡®«ï¬¨ ¢ ¦¨¢®â¥, ®á®¡¥−−® ®â−®á¨â¥«ì−® ¤¨�£−®áâ¨à®¢�−¨ï âï¦¥«®© ä®à¬ë
�� (á®®â¢¥âáâ¢¥−−®, ¨ ¤�«ì−¥©è¨å ¯à®£−®§®¢). �à¨ íâ®¬ ¨§-§� à�§−®®¡à�§¨ï
¨ §�ç�áâãî −¥¯à¥¤áª�§ã¥¬®áâ¨ ª«¨−¨ç¥áª®© ª�àâ¨−ë ��, ¯¥à¥á¥ª�îé¥©áï á àï-
¤®¬ ãà£¥−â−ëå §�¡®«¥¢�−¨© ®à£�−®¢ ¡àîè−®© ¯®«®áâ¨, ¤® 17,2% ¡®«ì−ëå ��
®è¨¡®ç−® ®¯¥à¨àãîâáï ¨§-§� ¯®¤®§à¥−¨ï ¯à¨ ¯®áâã¯«¥−¨¨ ¢ áâ�æ¨®−�à −� ¤àã£¨¥
®áâàë¥ å¨àãà£¨ç¥áª¨¥ §�¡®«¥¢�−¨ï. �®íâ®¬ã á¨áâ¥¬ë, ¯à¥¤«�£�¥¬ë¥ ¢ à�¬ª�å
¨áá«¥¤®¢�−¨ï, �ªâã�«ì−ë ¨ ¤«ï áâ�æ¨®−�à�.
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MODELING OF THE DEVELOPMENT OF A COMPLETE EARLY
DIFFERENTIAL DIAGNOSIS AND PROGNOSIS

OF THE STATE OF COMPLEX OBJECTS IN MEDICINE.
PROBLEMS AND PROSPECTS

S. B. Rumovskaya and I. A. Kirikov

Kaliningrad Branch of the Federal Research Center \Computer Science and Control"
of the Russian Academy of Sciences, 5 Gostinaya Str., Kaliningrad 236000, Russian
Federation

Abstract: The problems of personalized assessment of the state (PSA) of
a complex object (CO) as a heterogeneous system are considered. It is proposed
to develop and investigate a new approach to improve the efficiency and quality
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of solving the problems of medical diagnostics and prediction in conditions
of significant diversity, heterogeneity, and uncertainty of information about
a complex diagnostic object as well as the heterogeneity of the process of
personalized assessment of their state. It is proposed to create and investigate
methods and models of a new class of hybrid intelligent systems (HyIS) for medical
diagnostics and prediction integrating heterogeneous models for the development
and interpretation of PSA of a CO at different stages of the examination process
as well as combining two types of HyIS (functional and transformational).

Keywords: hybrid intelligent system; intelligent decision support system;
complex object of diagnostics; medical diagnostics and prognosis
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МОДЕЛИ КЛАССИФИКАЦИИ ВЫБОРКИ
ВЫЗВАННЫХ ПОТЕНЦИАЛОВ P300∗

А. М. Самохина1, Р. Г. Нейчев2, В. В. Гончаренко3, Р. К. Григорян4,
В. В. Стрижов5

�−−®â�æ¨ï: ÷¥è�¥âáï §�¤�ç� ®¯à¥¤¥«¥−¨ï ®¡ê¥ªâ� ¢−¨¬�−¨ï ¯®«ì§®¢�â¥«ï.
ˆáá«¥¤ã¥âáï ¢ë¡®à ¢¨§ã�«ì−®£® áâ¨¬ã«� ¯® í«¥ªâà®í−æ¥ä�«®£à�¬¬¥ (��ƒ)
á ¢ë¤¥«¥−−ë¬¨ ¢ −¥© ¢ë§¢�−−ë¬¨ ¯®â¥−æ¨�«�¬¨, á¢ï§�−−ë¬¨ á á®¡ëâ¨¥¬, |
P300. ˆ§¬¥àïîâáï í«¥ªâà¨ç¥áª¨¥ ¯®â¥−æ¨�«ë ¬®§£� ¢® ¢à¥¬ï −�¡«î¤¥−¨ï
¢¨§ã�«ì−ëå áâ¨¬ã«®¢. �¥®¡å®¤¨¬® ¢ë¡à�âì áâ¨¬ã«, ¢ë§¢�¢è¨© −�¨¡®«ì-
è¨© ®âª«¨ª ¬®§£�. �¯à¥¤¥«ï¥âáï −�«¨ç¨¥ ¯®â¥−æ¨�«� P300 −� ®âà¥§ª¥ ��ƒ.
‘à�¢−¨¢�îâáï ¬®¤¥«¨ ª«�áá¨ä¨ª�æ¨¨ ¯®â¥−æ¨�«®¢. �à¥¤«�£�¥âáï á¯®á®¡
®¡®£�é¥−¨ï ¢ë¡®àª¨, ¯®¢ëè�îé¨© ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨. ‚ëç¨á«¨â¥«ì-
−ë¥ íªá¯¥à¨¬¥−âë ¢ë¯®«−¥−ë −� −�¡®à¥ �¢â®àáª¨å ¤�−−ëå ¯®â¥−æ¨�«®¢ P300.
��¡®à ¤�−−ëå á®¡à�− −� 60 §¤®à®¢ëå ¯®«ì§®¢�â¥«ïå, ª®â®àë¬ ¯à¥¤êï¢«ï«¨áì
¢¨§ã�«ì−ë¥ áâ¨¬ã«ë, ¨ ¢ë«®¦¥− ¢ ®âªàëâë© ¤®áâã¯.

Š«îç¥¢ë¥ á«®¢�: ª«�áá¨ä¨ª�æ¨ï; í«¥ªâà®í−æ¥ä�«®£à�¬¬�; ¯®â¥−æ¨�«, á¢ï-
§�−−ë© á á®¡ëâ¨¥¬; ¢ë¡®à ¬®¤¥«¨; ¨−â¥àä¥©á ¬®§£{ª®¬¯ìîâ¥à

DOI: 10.14357/08696527220304

1 Введение

÷¥è�¥âáï §�¤�ç� ¯®áâà®¥−¨ï ¨−â¥àä¥©á� ¬®§£{ª®¬¯ìîâ¥à (ˆŒŠ) ¤«ï ®¯à¥-
¤¥«¥−¨ï ®¡ê¥ªâ� ¢−¨¬�−¨ï ¯®«ì§®¢�â¥«ï ¯® ¤�−−ë¬ ��ƒ. ‚ [1] ˆŒŠ à�áá¬�â-
à¨¢�îâáï ª�ª �«ìâ¥à−�â¨¢−ë© á¯®á®¡ ª®¬¬ã−¨ª�æ¨¨ á ¯�æ¨¥−â�¬¨, ¡®«ì−ë¬¨
â¥âà�¯«¥£¨¥© ¨«¨ ¡®ª®¢ë¬ �¬¨®âà®ä¨ç¥áª¨¬ áª«¥à®§®¬. ‚ [2] �¤�¯â¨à®¢�−®
¯à¨¬¥−¥−¨¥ ˆŒŠ ª §¤®à®¢ë¬ ¯®«ì§®¢�â¥«ï¬ ¢ à¥ªà¥�æ¨®−−ëå æ¥«ïå, −�¯à¨¬¥à
¢ ¨£à�å.

„«ï á¡®à� ¨−ä®à¬�æ¨¨ ® à�¡®â¥ ¬®§£� ¯à¨ ¯®áâà®¥−¨¨ ˆŒŠ ¨á¯®«ì§ã-
îâáï ª�ª ¬¥â®¤ë, âà¥¡ãîé¨¥ ®¯¥à�æ¨¨ ¤«ï ¨¬¯«�−â�æ¨¨ í«¥ªâà®¤®¢, â�ª¨¥
ª�ª í«¥ªâà®ª®àâ¨ª®£à�¬¬�, â�ª ¨ −¥¨−¢�§¨¢−ë¥: äã−ªæ¨®−�«ì−�ï á¯¥ªâà®áª®-
¯¨ï ¢ ¡«¨¦−¥© ¨−äà�ªà�á−®© ®¡«�áâ¨, äã−ªæ¨®−�«ì−�ï ¬�£−¨â−®-à¥§®−�−á−�ï
â®¬®£à�ä¨ï, í«¥ªâà®í−æ¥ä�«®£à�ä¨ï.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 20-37-90050).
1Œ®áª®¢áª¨© ä¨§¨ª®-â¥å−¨ç¥áª¨© ¨−áâ¨âãâ, alina.samokhina@phystech.edu
2Œ®áª®¢áª¨© ä¨§¨ª®-â¥å−¨ç¥áª¨© ¨−áâ¨âãâ, neychev@phystech.edu
3Œ®áª®¢áª¨© ä¨§¨ª®-â¥å−¨ç¥áª¨© ¨−áâ¨âãâ, vladislav.goncharenko@phystech.edu
4Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, grk@eegdude.ru
5”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, strijov@phystech.edu
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Œ®¤¥«¨ ª«�áá¨ä¨ª�æ¨¨ ¢ë¡®àª¨ ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ P300

÷¨á. 1 ‚ë§¢�−−ë© ¯®â¥−æ¨�« P300, á¢ï§�−−ë© á á®¡ëâ¨¥¬, (1) ¨ ��ƒ ¡¥§ P300 (2)

ˆ−â¥àä¥©áë −� ®á−®¢¥ ��ƒ ¨¬¥îâ −¨§ªãî áâ®¨¬®áâì ¨ ¢ëá®ª®¥ à�§à¥è¥−¨¥
¬¥â®¤� [3]. ˜¨à®ª® ¨á¯®«ì§ã¥âáï á¨áâ¥¬� à�§¬¥é¥−¨ï í«¥ªâà®¤®¢ 10{10, á®-
áâ®ïé�ï ¨§ à�¢−®¬¥à−® à�á¯à¥¤¥«¥−−ëå ¯® ¯®¢¥àå−®áâ¨ £®«®¢ë 64 í«¥ªâà®¤®¢
¨ ¯®ªàë¢�îé�ï ¢á¥ ®¡«�áâ¨ ¬®§£�. ‘ãé¥áâ¢ãîâ âà¨ â¨¯� ˆŒŠ: �ªâ¨¢−ë©,
âà¥¡ãîé¨© ª®−æ¥−âà�æ¨¨ −� á¯¥æ¨ä¨ç¥áª®© ¤«ï ª®−ªà¥â−®£® ˆŒŠ §�¤�ç¥;
¯�áá¨¢−ë©, −¥ âà¥¡ãîé¨© ¢ë¯®«−¥−¨ï ¤®¯®«−¨â¥«ì−ëå ¤¥©áâ¢¨©; à¥�ªâ¨¢−ë©,
áç¨âë¢�îé¨© ¨§¬¥−¥−¨ï ¢ ��ƒ ¯®«ì§®¢�â¥«ï, á¢ï§�−−ë¥ á® á¯¥æ¨ä¨ç¥áª¨¬¨ ¤«ï
ˆŒŠ ¨§¬¥−¥−¨ï¬¨ ¢−¥è−¥© áà¥¤ë, ¢ë§ë¢�îé¨¬¨ à¥�ªæ¨¨ ¬®§£�, | áâ¨¬ã«�¬¨.
‘â¨¬ã«ë ¨¬¥îâ à�§«¨ç−ãî ¬®¤�«ì−®áâì: á«ãå®¢ãî, â�ªâ¨«ì−ãî ¨ §à¨â¥«ì−ãî.

�¢â®àë à�áá¬�âà¨¢�îâ à¥�ªâ¨¢−ë© ˆŒŠ −� ®á−®¢¥ ¢ë§¢�−−ëå ¯®â¥−æ¨�-
«®¢, á¢ï§�−−ëå á á®¡ëâ¨¥¬, | ¨§¬¥−¥−¨ï �¬¯«¨âã¤ë í«¥ªâà¨ç¥áª®© �ªâ¨¢−®áâ¨
¬®§£� ¢ ®â¢¥â −� áâ¨¬ã«. ÷�áá¬�âà¨¢�¥¬ë¥ ¯®â¥−æ¨�«ë | ¯®â¥−æ¨�«ë P300,
¢ë§¢�−−ë¥ ¢¨§ã�«ì−ë¬¨ áâ¨¬ã«�¬¨, | ¯®ª�§�−ë −� à¨á. 1. �®«ì§®¢�â¥«î −�
íªà�−¥ ¯®ª�§ë¢�îâáï −¥áª®«ìª® ¢¨§ã�«ì−ëå ®¡ê¥ªâ®¢. ˆ§¬¥−¥−¨¥ ïàª®áâ¨ ®¡ê-
¥ªâ� ¨«¨ −�ç�«® ¥£® ¤¢¨¦¥−¨ï −�§ë¢�¥âáï ¯à¥¤êï¢«¥−¨¥¬ áâ¨¬ã«�. �®«ì§®¢�â¥«ì
®¡à�é�¥â á¢®¥ ¢−¨¬�−¨¥ −� ®¤¨− ¨§ ®¡ê¥ªâ®¢ ¯à¨ −�ç�«¥ ¥£® ¤¢¨¦¥−¨ï, � ¢ ®â¢¥â
−� ¯à¥¤êï¢«¥−¨¥ áâ¨¬ã«� ¢ ��ƒ à¥£¨áâà¨àã¥âáï ã¢¥«¨ç¥−¨¥ �¬¯«¨âã¤ë á¨£−�«�
í«¥ªâà¨ç¥áª®© �ªâ¨¢−®áâ¨ ¬®§£�. Œ�ªá¨¬ã¬ã �¬¯«¨âã¤ë á®®â¢¥âáâ¢ã¥â ¯¨ª P300.
„«ï ¢¨§ã�«ì−® ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ −�¨¡®«ìèãî �¬¯«¨âã¤ã ¯¨ª P300 ¨¬¥¥â
¢ §�âë«®ç−®© ¤®«¥, £¤¥ −�å®¤¨âáï §à¨â¥«ì−�ï ª®à� £®«®¢−®£® ¬®§£�. �âà¥§®ª
��ƒ ¯®á«¥ ¯à¥¤êï¢«¥−¨ï ª�¦¤®£® áâ¨¬ã«� −�§ë¢�¥âáï í¯®å®©. �®â¥−æ¨�« P300
¯à¨áãâáâ¢ã¥â ¢ í¯®å�å, á®®â¢¥âáâ¢ãîé¨å æ¥«¥¢®¬ã áâ¨¬ã«ã, | ¯à¥¤êï¢«¥−¨î
áâ¨¬ã«� −� ®¡ê¥ªâ¥ ¢−¨¬�−¨ï ¯®«ì§®¢�â¥«ï.

‚ ¤�−−®© à�¡®â¥ ¯à¥¤«®¦¥− íªá¯¥à¨¬¥−â ¯® §�¯¨á¨ ¤�−−ëå ��ƒ ¢® ¢à¥¬ï
¨£àë ú…−®âë ¨ ¤¥¬®−ëû. ÷�áá¬®âà¥−� ¨£à� ¢ à�¬ª�å �ªâ¨¢−®£® ˆŒŠ-P300, £¤¥
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�. Œ. ‘�¬®å¨−�, ÷. ƒ. �¥©ç¥¢, ‚. ‚. ƒ®−ç�à¥−ª® ¨ ¤à.

÷¨á. 2 ‘æ¥−� ¨§ ¨£àë

áâ¨¬ã« | −�ç�«® ¤¢¨¦¥−¨ï ®¤−®£® ¨§ ¢¨§ã�«ì−ëå ®¡ê¥ªâ®¢, ¯à¥¤áâ�¢«¥−−ëå −�
à¨á. 2. ˆ£à� à�§¡¨â� −� ¤¢� íâ�¯�: ®¡ãç¥−¨¥ ¨ �ªâ¨¢−®¥ ãç�áâ¨¥. �¡ãç¥−¨¥ −¥-
®¡å®¤¨¬® ¤«ï ¤¥¬®−áâà�æ¨¨ ¯®«ì§®¢�â¥«î ¯à¨−æ¨¯®¢ ã¯à�¢«¥−¨ï ˆŒŠ ¨ á¡®à�
®¡ãç�îé¥© ¢ë¡®àª¨ ¬®¤¥«¨ ª«�áá¨ä¨ª�æ¨¨. ‚ ¢ëç¨á«¨â¥«ì−®¬ íªá¯¥à¨¬¥−â¥,
¯à¨¢¥¤¥−−®¬ ¢ áâ�âì¥, ¨á¯®«ì§®¢�−� �¢â®àáª�ï ¢ë¡®àª� ¯®â¥−æ¨�«®¢ P300 [4],
¯®«ãç¥−−ëå ¢ íâ®¬ íªá¯¥à¨¬¥−â¥ ¯® §�¯¨á¨ ¤�−−ëå ¢® ¢à¥¬ï ¨£àë.

�® ¤�−−ë¬ í¯®å ��ƒ ¯à®¢®¤¨âáï ¬ã«ìâ¨ª«�áá®¢�ï ª«�áá¨ä¨ª�æ¨ï ¤«ï ®¯à¥-
¤¥«¥−¨ï ®¡ê¥ªâ� ¢−¨¬�−¨ï ¯®«ì§®¢�â¥«ï áà¥¤¨ ¯à¥¤áâ�¢«¥−−ëå ¢¨§ã�«ì−ëå áâ¨-
¬ã«®¢. –¥«ì ¤�−−®© à�¡®âë | ¯®¢ëè¥−¨¥ ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨.

÷¥è¥−¨¥ §�¤�ç¨ ¬ã«ìâ¨ª«�áá®¢®© ª«�áá¨ä¨ª�æ¨¨ ®á−®¢ë¢�¥âáï −� �£à¥£¨-
à®¢�−−ëå à¥§ã«ìâ�â�å ¡¨−�à−®© ª«�áá¨ä¨ª�æ¨¨, £¤¥ ¡¨−�à−�ï ª«�áá¨ä¨ª�æ¨ï
®¯à¥¤¥«ï¥â −�«¨ç¨¥ ¯®â¥−æ¨�«� P300 ¢ í¯®å¥. �¡é¥¥ ç¨á«® ®¡ê¥ªâ®¢ | ¯ïâì, −®
®¡ê¥ªâ ¢−¨¬�−¨ï ¯®«ì§®¢�â¥«ï â®«ìª® ®¤¨−. �¯®å á ¯®â¥−æ¨�«®¬ P300 ¢ 4 à�§�
¬¥−ìè¥, ç¥¬ ¡¥§ −¥£®. ‚ ¡¨−�à−®© §�¤�ç¥ ¯à¨áãâáâ¢ã¥â ¤¨á¡�«�−á ª«�áá®¢.

„«ï à¥è¥−¨ï ¯à®¡«¥¬ë ¤¨á¡�«�−á� ª«�áá®¢ ¯à¥¤«�£�¥âáï ¯à®¢®¤¨âì �ã£¬¥−-
â�æ¨î ¤�−−ëå. ‡¤¥áì �ã£¬¥−â�æ¨ï ¤�−−ëå | ®¡®£�é¥−¨¥ ¢ë¡®àª¨ á¤¢¨£®¬ ¨«¨
¨−â¥à¯®«ïæ¨¥© ¯à¨áãâáâ¢ãîé¨å ¢ ¢ë¡®àª¥ í¯®å. �®á«¥ ¯à¨¬¥−¥−¨ï �ã£¬¥−â�-
æ¨¨ ª«�ááë ¤«ï ®¡ãç¥−¨ï ¡¨−�à−®£® ª«�áá¨ä¨ª�â®à� á¡�«�−á¨à®¢�−ë. �à¥¤-
¯®«�£�¥âáï, çâ® íâ® ¯®¢ëè�¥â ª�ç¥áâ¢® ª�ª ¡¨−�à−®©, â�ª ¨ ¬ã«ìâ¨ª«�áá®¢®©
ª«�áá¨ä¨ª�æ¨¨.

‚ à�¡®â�å ¯® ª«�áá¨ä¨ª�æ¨¨ ��ƒ ¯à¨¬¥−ïîâ à�§«¨ç−ë¥ ¬¥â®¤ë �ã£¬¥−â�-
æ¨¨. ‚ [5] ¨á¯®«ì§ãîâáï ¯à®áâà�−áâ¢¥−−ë¥ �ã£¬¥−â�æ¨¨: ¢�àì¨àã¥âáï à�á¯®-
«®¦¥−¨¥ í«¥ªâà®¤®¢. ‘¨£−�« ��ƒ ¬®¤¥«¨àã¥âáï á ãç¥â®¬ ¯à®áâà�−áâ¢¥−−®£®
à�á¯®«®¦¥−¨ï í«¥ªâà®¤®¢ −� £®«®¢¥. ˆ−â¥à¯®«¨àã¥âáï á¤¢¨£ í«¥ªâà®¤®¢ ¢ ¯à®-
áâà�−áâ¢¥ ¤«ï ¯®«ãç¥−¨ï �ã£¬¥−â�æ¨¨ ¤�−−ëå í¯®å ��ƒ. „«ï ¢ë¡®àª¨ ¨§ 6 ç¥«.
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Œ®¤¥«¨ ª«�áá¨ä¨ª�æ¨¨ ¢ë¡®àª¨ ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ P300

¯®«ãç¥− ¯à¨à®áâ ¬ã«ìâ¨ª«�áá®¢®© â®ç−®áâ¨ ®ª®«® 2,5%. ‚ à�¡®â¥ [6] −� �¬¯«¨âã-
¤ë á¨£−�«� ¯®á«¥ ¯à¥®¡à�§®¢�−¨ï ”ãàì¥ −�ª«�¤ë¢�¥âáï £�ãáá®¢áª¨© èã¬, §�â¥¬
®¡à�â−®¥ ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥ ¢®§¢à�é�¥â ª ¨áå®¤−®¬ã ä®à¬�âã ¤�−−ëå. „«ï
§�¤�ç¨ ¯à¥¤áâ�¢«¥−¨ï ¤¢¨¦¥−¨ï ¯à¨ ¨áá«¥¤®¢�−¨¨ ¢ë¡®àª¨ ¨§ 9 ç¥«. ¯®«ãç¥−
¯à¨à®áâ â®ç−®áâ¨ ¢ 2,3%. ‚ [7] ª §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨ P300 ¯à¨¬¥−ïîâáï
�«£®à¨â¬ë, ®á−®¢�−−ë¥ −� ¬¥â®¤¥ á¨−â¥â¨ç¥áª®© ¯¥à¥¤¨áªà¥â¨§�æ¨¨ ¬¥−ìè¨−-
áâ¢�, SMOTE (synthetic minority oversampling technique) [8]. „«ï ¢ë¡®àª¨ ¨§
44 ¯®«ì§®¢�â¥«¥© ¯à¨ ¨å ¯à¨¬¥−¥−¨¨ ¯®«ãç¥−® 1,3% ¯à¨à®áâ� â®ç−®áâ¨. ‚�-
à¨�æ¨¨ SMOTE: SMOTE, Borderline-SMOTE (bSMOTE), Adaptive Synthetic
(ADASYN) ¨ Support Vector Machine SMOTE (SVM-SMOTE) [9] | ®â«¨ç�îâ-
áï ¬¥â®¤�¬¨ ¢ë¡®à� ®¯®à−®£® ¤«ï ¯¥à¥¤¨áªà¥â¨§�æ¨¨ íª§¥¬¯«ïà� í¯®å¨. ‚ [10]
à�áá¬�âà¨¢�îâáï �ã£¬¥−â�æ¨¨ á¤¢¨£®¬ ¢à¥¬¥−¨ ¯¨ª� ÷300 ®â−®á¨â¥«ì−® ¯à¥¤ê-
ï¢«¥−¨ï áâ¨¬ã«�. �¯®å� ®âáç¨âë¢�¥âáï −¥ ®â ¬®¬¥−â� ¯à¥¤êï¢«¥−¨ï áâ¨¬ã«�,
� á ®¯®§¤�−¨¥¬. „«ï ¢ë¡®àª¨ ¨§ 5 ¯®«ì§®¢�â¥«¥© ¯à¨à®áâ ¬ã«ìâ¨ª«�áá®¢®©
â®ç−®áâ¨ á®áâ�¢¨« 1%. ‚ ¤�−−®© à�¡®â¥ �¢â®à�¬¨ à�áá¬�âà¨¢�îâáï ¤¢� ¬¥â®¤�
�ã£¬¥−â�æ¨©. �¥à¢ë© ¬¥â®¤ | SMOTE ¨ ¥£® ¬®¤¨ä¨ª�æ¨¨. ‚â®à®© | á¤¢¨£
��ƒ ®â−®á¨â¥«ì−® áâ¨¬ã«®¢.

2 Процедура построения выборки

�ªá¯¥à¨¬¥−â ¯à®¢¥¤¥− −� 60 §¤®à®¢ëå ¯®«ì§®¢�â¥«ïå, ¨§ ª®â®àëå 23 | ¬ã¦-
ç¨−ë ¡¥§ ®¯ëâ� à�¡®âë á ˆŒŠ. ‚®§à�áâ ¯®«ì§®¢�â¥«¥© | ®â 19 ¤® 45, áà¥¤−¨©
¢®§à�áâ | 28 «¥â. ‚á¥ ¯®«ì§®¢�â¥«¨ á®®â¢¥âáâ¢®¢�«¨ −¥®¡å®¤¨¬ë¬ ãá«®¢¨ï¬ ¯®
á®áâ®ï−¨î §¤®à®¢ìï. �«¥ªâà®í−æ¥ä�«®£à�¬¬ë §�¯¨áë¢�«¨áì á ¯®¬®éìî í−æ¥-
ä�«®£à�ä� NVX-52 á ç�áâ®â®© 500 ƒæ. „«ï §�¯¨á¨ ¨á¯®«ì§®¢�«¨áì 8 £ã¡ç�âëå
í«¥ªâà®¤®¢. ‘â¨¬ã«ë ¯à¥¤êï¢«ï«¨áì á ¯®¬®éìî è«¥¬� HTC Vive Pro VR.

�®«ì§®¢�â¥«ï¬ ¡ë«� ¯à¥¤«®¦¥−� ¨£à� ¢ ¢¨àâã�«ì−®© à¥�«ì−®áâ¨ −� ã¯à�¢«¥-
−¨¨ á ¯®¬®éìî ˆŒŠ-P300, à�§¡¨â�ï −� ¤¢� íâ�¯�: ®¡ãç¥−¨¥ ¨ �ªâ¨¢−®¥ ãç�áâ¨¥.
�¡ãç¥−¨¥ á®áâ�¢«ï«® 5 ¨£à®¢ëå �ªâ®¢. �ªâ | ¯®á«¥¤®¢�â¥«ì−®áâì ¡«®ª®¢ á ®¡-
é¨¬ ®¡ê¥ªâ®¬ ¢−¨¬�−¨ï. —¨á«® �ªâ®¢ ¢ íªá¯¥à¨¬¥−â�å | 5 ¯à¨ ®¡ãç¥−¨¨ ¨ 10
−� íâ�¯¥ �ªâ¨¢−®£® ãç�áâ¨ï. �«®ª | ¯®á«¥¤®¢�â¥«ì−®áâì í¯®å á ®¡é¨¬ ®¡ê¥ªâ®¬
¢−¨¬�−¨ï, £¤¥ ª�¦¤ë© áâ¨¬ã« ¯à¥¤êï¢«ï¥âáï ®¤¨− à�§, ¯®à®¦¤�ï ®¤−ã í¯®åã
(à¨á. 3).

„«ï ®¯à¥¤¥«¥−¨ï ¯®â¥−æ¨�«®¢ P300 ¢ ¨£à¥ ¯®«ì§®¢�â¥«î ¯à¥¤êï¢«ïîâáï ¢¨-
§ã�«ì−ë¥ áâ¨¬ã«ë. ‚ ¯à®¢¥¤¥−−®¬ íªá¯¥à¨¬¥−â¥ ¯à¥¤êï¢«ï«¨áì 5 à�§−¥á¥−−ëå
¢ ¯à®áâà�−áâ¢¥ ®¡ê¥ªâ®¢ á à�§−¥á¥−−ë¬ ¢® ¢à¥¬¥−¨ −�ç�«®¬ ¤¢¨¦¥−¨ï | ¯à¥¤ê-
ï¢«¥−¨¥¬ áâ¨¬ã«�. ‘ç¨â�¥âáï, çâ® ®¡ê¥ªâ®¬ ¢−¨¬�−¨ï ¬®¦¥â ¡ëâì â®«ìª® ®¤¨−
¢¨§ã�«ì−ë© ®¡ê¥ªâ. �®«ì§®¢�â¥«ì ª®−æ¥−âà¨àã¥â ¢−¨¬�−¨¥ −� ®¤−®¬ ¨§ 5 ®¡ê¥ª-
â®¢. �®®ç¥à¥¤−® ¢ á«ãç�©−®¬ ¯®àï¤ª¥ á à�§−¨æ¥© ¢® ¢à¥¬¥−¨ ¢ 450 ¬á ¯à®¨áå®¤¨â
¯à¥¤êï¢«¥−¨¥ ª�¦¤®£® áâ¨¬ã«�. …á«¨ ¯à¥¤êï¢«ï¥âáï áâ¨¬ã«, á®®â¢¥âáâ¢ãîé¨©
®¡ê¥ªâã ¢−¨¬�−¨ï ¯®«ì§®¢�â¥«ï, ¢ ��ƒ à¥£¨áâà¨àã¥âáï ¯®â¥−æ¨�« P300.

�®¤ −®¬¥à�¬¨ 1{5 −� à¨á. 2 ¨§®¡à�¦¥−ë ¤¥¬®−ë, á«ã¦¨¢è¨¥ ®¡ê¥ªâ�¬¨
¢® ¢à¥¬ï íâ�¯� �ªâ¨¢−®£® ãç�áâ¨ï. �®¤ −®¬¥à�¬¨ 1{3 ¨§®¡à�¦¥−ë ¥−®âë,
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÷¨á. 3 ˆ¥à�àå¨ç¥áª�ï áâàãªâãà� ¤�−−ëå

á«ã¦¨¢è¨¥ ®¡ê¥ªâ�¬¨ −� íâ�¯¥ ®¡ãç¥−¨ï. �� íâ�¯¥ ®¡ãç¥−¨ï ¤«ï âà¥−¨à®¢ª¨
¬®¤¥«¨ ¯®«ì§®¢�â¥«ì á¬®âà¥« −� §�à�−¥¥ ®¯à¥¤¥«¥−−ë© ®¡ê¥ªâ ¨§ 1{3 −� à¨á. 2.
�� íâ�¯¥ �ªâ¨¢−®£® ãç�áâ¨ï ¯®«ì§®¢�â¥«ì á¬®âà¥« −� ®¤−®£® ¨§ ¤¥¬®−®¢ |
¯à®¨§¢®«ì−ë© ®¡ê¥ªâ ¨§ 1{5 −� à¨á. 2, � ¬®¤¥«ì ®¯à¥¤¥«ï«�, −� ª�ª®© ¨§
®¡ê¥ªâ®¢ á¬®âà¥« ¯®«ì§®¢�â¥«ì.

3 Постановка задачи классификации

’à¥¡ã¥âáï ®¯à¥¤¥«¨âì −�«¨ç¨¥ −� ®âà¥§ª¥ ��ƒ ¯®â¥−æ¨�«� P300. ‡�¤�−
−�¡®à ¨§ M ¨§¬¥à¥−¨© ��ƒX ∈ R

N×T , £¤¥ N | ç¨á«® í«¥ªâà®¤®¢; T | ç¨á«®
í«¥¬¥−â®¢ ¢à¥¬¥−−�®£® àï¤�, ¨ æ¥«¥¢�ï ¯¥à¥¬¥−−�ï Y ∈ {0, 1}, ãª�§ë¢�îé�ï −�
®âáãâáâ¢¨¥ ¨«¨ −�«¨ç¨¥ ¯®â¥−æ¨�«�. ’à¥¡ã¥âáï ¢ë¡à�âì ¬®¤¥«ì ª«�áá¨ä¨ª�æ¨¨
f(w,x), �¯¯à®ªá¨¬¨àãîéãî æ¥«¥¢ãî ¯¥à¥¬¥−−ãî y ¯® ®¯¨á�−¨î x, ¯®«ãç¥−-
−®¬ã ¯® ¨§¬¥à¥−¨ï¬ X, ¨ ®¯â¨¬¨§¨à®¢�âì ¥¥ ¯�à�¬¥âàë. Šà¨â¥à¨¥¬ ª�ç¥áâ¢�
¬®¤¥«¨ á«ã¦¨â ¡¨−�à−�ï ªà®áá-í−âà®¯¨ï

L(w) = − 1
M

M
∑

m=1

[ym log f(w,x) + (1− ym) log(1− f(w,x))] − c‖w‖2,

£¤¥ c | ä¨ªá¨à®¢�−−ë© ª®íää¨æ¨¥−â à¥£ã«ïà¨§�æ¨¨. „«ï ®¯â¨¬¨§�æ¨¨ ¯�à�-
¬¥âà®¢ ¬®¤¥«¨ ª«�áá¨ä¨ª�æ¨¨ à¥è�¥âáï §�¤�ç�

�w = argmax
w

L(w).
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„«ï ¯®áâà®¥−¨ï ®¯¨á�−¨ï x ¬�âà¨æ� X ¢¥ªâ®à¨§ã¥âáï ®¤−¨¬ ¨§ ¤¢ãå á¯®-
á®¡®¢. ‚ ¯¥à¢®¬ á¯®á®¡¥ àï¤ë ¬�âà¨æë, ¢à¥¬¥−− �ë¥ àï¤ë ¤«ï ª�¦¤®£® ª�−�«�,
§�¯¨áë¢�îâáï ¤àã£ §� ¤àã£®¬. ‚® ¢â®à®¬ á¯®á®¡¥ ¨á¯®«ì§ã¥âáï à�áè¨à¥−−�ï
¬�âà¨æ� ª®¢�à¨�æ¨¨: ¬�âà¨æ� ª®¢�à¨�æ¨¨ ¯®â¥−æ¨�«®¢, á¢ï§�−−ëå á á®¡ëâ¨¥¬,
ERPCov [11]. „«ï ®¤−®£® ¨§¬¥à¥−¨ï ��ƒXm ¨áª®¬�ï ¬�âà¨æ� ª®¢�à¨�æ¨¨

Cm =
1

T − 1 PmP
T
m, Pm =

[

P0
P1
Xm

]

, Cm ∈ R
3N×3N ,

£¤¥ P0 ¨ P1 | áà¥¤−¨¥ §−�ç¥−¨ï ¤«ï ª«�áá®¢ {0, 1},

Pc =

∑M

m=1
[ym = c]Xm

∑M

m=1
[ym = c]

, c ∈ {0, 1}.

�à®áâà�−áâ¢® ¬�âà¨æ ª®¢�à¨�æ¨¨ ï¢«ï¥âáï à¨¬�−®¢ë¬ ¬−®£®®¡à�§¨¥¬ [11].
‚ ª�¦¤®© â®çª¥ à¨¬�−®¢� ¬−®£®®¡à�§¨ï áãé¥áâ¢ã¥â ª�á�â¥«ì−�ï ¯«®áª®áâì á ®¯à¥-
¤¥«¥−−ë¬ −� −¥© áª�«ïà−ë¬ ¯à®¨§¢¥¤¥−¨¥¬. �¡é�ï ª�á�â¥«ì−�ï ¯«®áª®áâì ¤«ï
®â®¡à�¦¥−¨ï ¢á¥å ¬�âà¨æ ª®¢�à¨�æ¨¨ ¢ë¡®àª¨ áâà®¨âáï ¢ â®çª¥ áà¥¤−¥£® £¥®¬¥â-
à¨ç¥áª®£® ¯® à¨¬�−®¢®© ¬¥âà¨ª¥ ¨§¢¥áâ−ëå ª®¢�à¨�æ¨®−−ëå ¬�âà¨æ

C = C (C1, . . . ,CM ) = argmin
C

M
∑

m=1

δ2R (C,Cm) ,

δR (C,Cm) =
∥

∥log
(

C−1Cm

)
∥

∥

F
=

[

3N
∑

i=1

log2 λi

]1/2

,

£¤¥ λi | á®¡áâ¢¥−−ë¥ ç¨á«� ¬�âà¨æëC−1Cm.
‘®£«�á−® [11], ¤«ï ª�¦¤®© ª®¢�à¨�æ¨®−−®© ¬�âà¨æë Cm áãé¥áâ¢ã¥â ¯à®¥ª-

æ¨ï Sm ¢ ª�á�â¥«ì−®¥ ¯à®áâà�−áâ¢®

Sm = C
1/2“SmC

1/2, “Sm = log
(

C−1/2CmC
−1/2

)

,

¢¥ªâ®à−®¥ ¯à¥¤áâ�¢«¥−¨¥ ª®â®à®© ¢ ¯à®áâà�−áâ¢¥ á ¥¢ª«¨¤®¢®© ¬¥âà¨ª®© ¢ëà�-
¦�¥âáï ª�ª §�¯¨á�−−ë¥ ¯®á«¥¤®¢�â¥«ì−® í«¥¬¥−âë ¢¥àå−¥© âà¥ã£®«ì−®© ¬�âà¨æë

®â “Sm á ª®íää¨æ¨¥−â�¬¨ 1 ¤«ï ¤¨�£®−�«ì−ëå í«¥¬¥−â®¢ ¨ ª®íää¨æ¨¥−â®¬
√
2

¤«ï −¥¤¨�£®−�«ì−ëå:

x =
[

“Sm1,1 ,
√
2“Sm1,2 , . . . ,

√
2“Sm1,3N , “Sm2,2 , . . . ,

“Sm3N,3N

]

, x ∈ R
3N(3N−1)/2.
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�®á«¥ ¢¥ªâ®à¨§�æ¨¨ Xm ®¤−¨¬ ¨§ ¯à¥¤«®¦¥−−ëå á¯®á®¡®¢, à¥è�¥âáï §�¤�ç�
ª«�áá¨ä¨ª�æ¨¨ ¯®â¥−æ¨�«®¢. ‚−¥è−¨¬¨ ªà¨â¥à¨ï¬¨ ª�ç¥áâ¢� ¬®¤¥«¨ á«ã¦�â
â®ç−®áâì, ¯®«−®â�, F1-score ¨ AUC. „«ï ¨£à®¢®£® ¯à®æ¥áá� âà¥¡ã¥âáï ¯® ¨â®£ã
�ªâ� ¨£àë ¯à¨−ïâì à¥è¥−¨¥ ® ¢ë¡®à¥ ®¡ê¥ªâ�, −� ª®â®àë© ¡ë«® ®¡à�é¥−® ¢−¨¬�-
−¨¥ ¯®«ì§®¢�â¥«ï. ‚ ¨£à®¢®© ¬¥å�−¨ª¥ ¢ë¡¨à�¥âáï áâ¨¬ã« á −�¨¡®«ìè¥© áã¬¬®©
à�áá¬®âà¥−−ëå ¡¨−�à−ëå ¢¥à®ïâ−®áâ¥©. �à¥¤¯®«�£�¥âáï, çâ® ¥á«¨ ¢ â¥ç¥−¨¥ �ªâ�
¨£àë ¯®«ì§®¢�â¥«ì ®¡à�é�« ¢−¨¬�−¨¥ −� ®¯à¥¤¥«¥−−ë© áâ¨¬ã«, â® ¢ ¡®«ìè¨−-
áâ¢¥ í¯®å ã íâ®£® áâ¨¬ã«� ¡ã¤¥â ¢ëá®ª�ï ¢¥à®ïâ−®áâì −�«¨ç¨ï ¯®â¥−æ¨�«� P300.
Œã«ìâ¨ª«�áá®¢�ï â®ç−®áâì | ¤®«ï ¢¥à−® ®¯à¥¤¥«¥−−ëå â�ª¨¬ ®¡à�§®¬ ®¡ê¥ªâ®¢
¢−¨¬�−¨ï ¯®«ì§®¢�â¥«ï. „�−−ë© ªà¨â¥à¨© ª�ç¥áâ¢� â�ª¦¥ ï¢«ï¥âáï ¢−¥è−¨¬
¨ ¨á¯®«ì§ã¥âáï ¤«ï ®¯à¥¤¥«¥−¨ï ª�ç¥áâ¢� �£à¥£�æ¨¨ ¡¨−�à−ëå ¯à¥¤áª�§�−¨©
¨ ä¨−�«ì−®£® ¢ë¡®à� ®¡ê¥ªâ� ¢ ¨£à®¢®¬ ¯à®æ¥áá¥.

Модели классификации потенциалов:

1. ‹¨−¥©−�ï ¬®¤¥«ì «®£¨áâ¨ç¥áª®© à¥£à¥áá¨¨ (LR, logistic regression) ¤«ï à¥è¥-
−¨ï §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ −� ¬�âà¨æ¥, ¢¥ªâ®à¨§®¢�−−®© ¯¥à¢ë¬ á¯®á®¡®¬:

f(w,x) =
1

1 + exp(−wTx)
. (1)

2. Œ®¤¥«ì ®¯®à−ëå ¢¥ªâ®à®¢ (SVM, support vector machine) −� ¬�âà¨æ¥, ¢¥ªâ®-
à¨§®¢�−−®© ¯¥à¢ë¬ á¯®á®¡®¬.

3. ‹¨−¥©−�ï ¬®¤¥«ì ¤¨áªà¨¬¨−�−â−®£® �−�«¨§� (LDA, linear discriminant anal-
ysis) −� ¬�âà¨æ¥, ¢¥ªâ®à¨§®¢�−−®© ¯¥à¢ë¬ á¯®á®¡®¬:

f(w,x) = xT›−1µ − 1
2

µT›−1µ ,

› =

M
∑

m=1

(xm − µ)T (xm − µ) , µ =
1

M

M
∑

m=1

xm.

4. Œ®¤¥«ì «®£¨áâ¨ç¥áª®© à¥£à¥áá¨¨ (1) −� ¬�âà¨æ¥, ¢¥ªâ®à¨§®¢�−−®© ¢â®àë¬
á¯®á®¡®¬ (ERPCov TS LR).

5. ‹¨−¥©−�ï ¬®¤¥«ì (LDA) −� ¬�âà¨æ¥, ¯®«ãç¥−−®© ¯®á«¥ ¯à®áâà�−áâ¢¥−−®©
ä¨«ìâà�æ¨¨ �«£®à¨â¬®¬ XDawn [12] ¨ ¢¥ªâ®à¨§®¢�−−®© ¯¥à¢ë¬ á¯®á®¡®¬
(XDawn LDA).

6. ‹¨−¥©−�ï ¬®¤¥«ì (LR) −� ¬�âà¨æ¥, ¯®«ãç¥−−®© ¯®á«¥ ¯à®áâà�−áâ¢¥−−®©
ä¨«ìâà�æ¨¨ ¨áå®¤−®£® á¨£−�«� �«£®à¨â¬®¬ XDawn [12] ¨ ¢¥ªâ®à¨§®¢�−−®©
¢â®àë¬ á¯®á®¡®¬ (XDawnCov TS LR).
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Œ®¤¥«¨ ª«�áá¨ä¨ª�æ¨¨ ¢ë¡®àª¨ ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ P300

4 Вычислительный эксперимент

Предобработка данных электроэнцефалограмм. ‘®£«�á−® [11], §�¯¨á¨ ��ƒ
®¡à�¡�âë¢�«¨áì ¢ è¥áâì íâ�¯®¢:

(1) à�§¤¥«¥−¨¥ ��ƒ −� í¯®å¨;

(2) ¤¥æ¨¬�æ¨ï á® á£«�¦¨¢�îé¨¬ ä¨«ìâà®¬;

(3) ¯®«®á®¢®© ä¨«ìâà ��ââ¥à¢®àâ�;

(4) ¯¥à¥¤¨áªà¥â¨§�æ¨ï á¨£−�«� á ¯®¬®éìî «¨−¥©−®© ¨−â¥à¯®«ïæ¨¨;

(5) ª«¨¯¯¨−£ §�èª�«¨¢�îé¨å §−�ç¥−¨©;

(6) ¯®ª�−�«ì−�ï −®à¬¨à®¢ª� | ¢ëç¨â�−¨¥ áà¥¤−¥£® ¨ ¤¥«¥−¨¥ −� áâ�−¤�àâ−®¥
®âª«®−¥−¨¥ ¢á¥å §−�ç¥−¨© ª�¦¤®£® ª�−�«�.

�¢â®à�¬¨ ¡ë«¨ ¯à®¢¥¤¥−ë ¢á¥ è�£¨ ¯à¥¤®¡à�¡®âª¨ ¤�−−ëå. „«ï è�£®¢ 1 ¨ 3
¡ë«¨ ¯®¤®¡à�−ë ®¯â¨¬�«ì−ë¥ ¤«ï à�áá¬�âà¨¢�¥¬®© ¢ë¡®àª¨ £¨¯¥à¯�à�¬¥âàë ¨§
à�áá¬®âà¥−−ëå ¤¨�¯�§®−®¢ §−�ç¥−¨© á®£«�á−® â�¡«. 1.

’�¡«¨æ� 1 ‡−�ç¥−¨ï ¯�à�¬¥âà®¢ ¯à¥¤®¡à�¡®âª¨

•�à�ªâ¥à¨áâ¨ª¨
��ç�«®
í¯®å¨, á

Š®−¥æ
í¯®å¨, á

�¨¦−ïï
ç�áâ®â�, ƒæ

‚¥àå−ïï
ç�áâ®â�, ƒæ

��ç�«ì−®¥ §−�ç¥−¨¥ 0,1 0,7 0,5 20
„¨�¯�§®− §−�ç¥−¨© 0,00{0,35 0,45{0,90 0{1 4{22
�¯â¨¬�«ì−®¥ §−�ç¥−¨¥ 0,1 0,7 0,5 12,5

Качество моделей. �à¨ ä¨ªá¨à®¢�−−ëå £¨¯¥à¯�à�¬¥âà�å ¯à¥¤®¡à�¡®âª¨
¤�−−ëå ¤«ï ª�¦¤®© ¬®¤¥«¨ ¡ë«® ®æ¥−¥−® ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨. �¡ãç¥−¨¥
¬®¤¥«¥© ¯à®¢®¤¨«®áì −� ¤�−−ëå ®¡ãç�îé¥£® íâ�¯� ¨£àë. ‡−�ç¥−¨ï ªà¨â¥à¨¥¢
ª�ç¥áâ¢� ¬®¤¥«¥© ¯à¨¢®¤ïâáï ¤«ï â®© ç�áâ¨ ¤�−−ëå, ª®â®à�ï ¡ë«� á®¡à�−� −�
íâ�¯¥ �ªâ¨¢−®© ¨£àë.

Аугментация выборки. ‚ à�¡®â¥ ¨áá«¥¤®¢�«¨áì ¤¢� á¯®á®¡� �ã£¬¥−â�æ¨¨
¢ë¡®àª¨: �ã£¬¥−â�æ¨ï ¢ë¡®àª¨ ¨−â¥à¯®«ïæ¨¥© á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤� á¨−â¥â¨ç¥-
áª®© ¯¥à¥¤¨áªà¥â¨§�æ¨¨ ¬¥−ìè¨−áâ¢� ¨ �ã£¬¥−â�æ¨ï ¢ë¡®àª¨ á¤¢¨£®¬.

Метод передискретизации меньшинства. ‚ �«£®à¨â¬�å, ®á−®¢�−−ëå −�
SMOTE, −®¢ë© íª§¥¬¯«ïà í¯®å¨ áâà®¨âáï ¢ á«ãç�©−®© â®çª¥ −� ®âà¥§ª¥ ¬¥¦¤ã
áãé¥áâ¢ãîé¨¬¨ íª§¥¬¯«ïà�¬¨. ‚ ª�ç¥áâ¢¥ −�ç�«� ®âà¥§ª� ¢ë¡¨à�¥âáï ®¤¨−
®¯®à−ë© íª§¥¬¯«ïà ¨§ ¬¥−¥¥ ¯à¥¤áâ�¢«¥−−®£® ª«�áá�. ˆ§ íª§¥¬¯«ïà®¢ ¬¥−¥¥
¯à¥¤áâ�¢«¥−−®£® ª«�áá�, á®á¥¤−¨å ®¯®à−®¬ã, á«ãç�©−ë¬ ®¡à�§®¬ ¢ë¡¨à�¥âáï
®¤¨−, ª®â®àë© −�§−�ç�¥âáï ª®−æ®¬ ®âà¥§ª�. �® à¥§ã«ìâ�â�¬ ¢ëç¨á«¨â¥«ì−ëå
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’�¡«¨æ� 2 ÷¥§ã«ìâ�âë �ã£¬¥−â�æ¨¨ ¢ë¡®àª¨ ¬¥â®¤®¬ ¯¥à¥¤¨áªà¥â¨§�æ¨¨

Œ®¤¥«ì �ã£. Š«.
Œã«ìâ¨ª«.
â®ç−®áâì

’®ç−®áâì �®«−®â� F1-score AUC

LR border 0,4 0,68±0,23 0,36±0,10 0,60±0,11 0,40±0,07 0,62±0,07
LDA adasyn 0,8 0,71±0,23 0,40±0,12 0,44±0,13 0,40±0,11 0,63±0,07
SVM adasyn 0,8 0,69±0,24 0,44±0,18 0,41±0,13 0,36±0,11 0,60±0,07
ERPCov TS LR adasyn 0,8 0,77±0,24 0,46±0,16 0,60±0,14 0,44±0,11 0,65±0,09
Xdawn LDA adasyn 0,8 0,70±0,23 0,42±0,13 0,47±0,13 0,42±0,11 0,64±0,08
XdawnCov TS LDA border 0,4 0,71±0,26 0,47±0,17 0,35±0,16 0,38±0,14 0,62±0,08

íªá¯¥à¨¬¥−â®¢ ®¯â¨¬�«ì−ë¬ ç¨á«®¬ ¡«¨¦�©è¨å íª§¥¬¯«ïà®¢, áç¨â�îé¨åáï á®-
á¥¤−¨¬¨, ®ª�§�«¨áì 5 íª§¥¬¯«ïà®¢. ��à�¬¥âà�¬¨ �«£®à¨â¬� á«ã¦�â ¬¥â®¤ ¢ë¡®à�
®¯®à−®£® íª§¥¬¯«ïà� ¨ ª®−¥ç−®¥ á®®â−®è¥−¨¥ ª«�áá®¢ [8].

�® à¥§ã«ìâ�â�¬ ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� «ãçè¨¬¨ ¬¥â®¤�¬¨ ¢ë¡®-
à� ®¯®à−®£® íª§¥¬¯«ïà� ®ª�§�«¨áì £à�−¨ç−ë© (border) ¨ �¤�¯â¨¢−ë© (adasyn)
¢�à¨�−âë SMOTE. „«ï £à�−¨ç−®£® ¬¥â®¤� ®¯®à−ë© íª§¥¬¯«ïà ¢ë¡¨à�¥âáï
¨§ ¬−®¦¥áâ¢� íª§¥¬¯«ïà®¢ ¬¥−¥¥ ¯à¥¤áâ�¢«¥−−®£® ª«�áá�, ¤«ï ª®â®àëå áà¥¤¨
¡«¨¦�©è¨å á®á¥¤¥© ¯à¥¤áâ�¢«¥−ë ª�ª íª§¥¬¯«ïàë ª«�áá� ¬¥−ìè¨−áâ¢�, â�ª
¨ íª§¥¬¯«ïàë ª«�áá� ¡®«ìè¨−áâ¢�. „«ï �¤�¯â¨¢−®£® ¬¥â®¤� ¢ë¡®à ®¯®à−®£®
íª§¥¬¯«ïà� ®á−®¢ë¢�¥âáï −� á®®â−®è¥−¨¨ íª§¥¬¯«ïà®¢ ¬¥−¥¥ ¯à¥¤áâ�¢«¥−−®£®
ª«�áá� ¨ íª§¥¬¯«ïà®¢ ¡®«¥¥ ¯à¥¤áâ�¢«¥−−®£® ª«�áá� áà¥¤¨ ¡«¨¦�©è¨å á®á¥¤¥©.
—¥¬ ¢ëè¥ ®â−®è¥−¨¥ ç¨á«� íª§¥¬¯«ïà®¢ ª«�áá� ¡®«ìè¨−áâ¢� ª ª«�ááã ¬¥−ìè¨−-
áâ¢�, â¥¬ ¡®«ìè¥ −®¢ëå íª§¥¬¯«ïà®¢ ¡ã¤ãâ ¨á¯®«ì§®¢�âì íâã â®çªã ª�ª ®¯®à−ãî.
‚ ¢ëç¨á«¨â¥«ì−®¬ íªá¯¥à¨¬¥−â¥ ¢�àì¨à®¢�«®áì ä¨−�«ì−®¥ á®®â−®è¥−¨¥ ª«�áá®¢
®â ¨áå®¤−®£® 0,25 ¤® 1,0 ¨ ç¨á«® á®á¥¤¥© ¤«ï ¢ë¡®à� ª®−æ� ®âà¥§ª� ®â 2 ¤® 10.

„«ï ª�¦¤®© ¬®¤¥«¨ ¢ë¡à�− ¢�à¨�−â ¬¥â®¤� á «ãçè¨¬ ¯à¨à®áâ®¬ ª�ç¥áâ¢�.
÷¥§ã«ìâ�âë ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 2. ‘â®«¡¥æ �ã£. ãª�§ë¢�¥â −� â¨¯ �ã£¬¥−â�æ¨¨,
áâ®«¡¥æ Š«. | −� á®®â−®è¥−¨¥ ¬®é−®áâ¥© ª«�áá®¢. �ã£¬¥−â�æ¨ï ¢ë¡®àª¨
−� ®á−®¢¥ SMOTE ¤�¥â ¯à¨à®áâ ¬ã«ìâ¨ª«�áá®¢®© â®ç−®áâ¨ ¤® 3 ¯à®æ¥−â−ëå
¯ã−ªâ®¢. �¨−�à−ë¥ ¬¥âà¨ª¨ ¢ á«ãç�ïå −¥ª®â®àëå ¬®¤¥«¥© ã«ãçè�îâáï −�
¢¥«¨ç¨−ã ¤® 15 ¯à®æ¥−â−ëå ¯ã−ªâ®¢.

Метод сдвига. ‚à¥¬ï ®â �ªâ¨¢�æ¨¨ áâ¨¬ã«� ¤® ¬�ªá¨¬ã¬� �¬¯«¨âã¤ë
¯®â¥−æ¨�«� P300 | «�â¥−â−®áâì. �−® ¢�àì¨àã¥âáï ª�ª ¬¥¦¤ã à�§−ë¬¨ «î¤ì¬¨,
â�ª ¨ ¬¥¦¤ã à�§−ë¬¨ �ªâ�¬¨ ¨£àë ®¤−®£® ç¥«®¢¥ª� [13]. �à¥¤«�£�¥âáï ®¡®£�é�âì
¢ë¡®àªã, ¢�àì¨àãï ¢à¥¬ï áâ�àâ� ¨, á«¥¤®¢�â¥«ì−®, «�â¥−â−®áâì í¯®å ¨áå®¤−®©
¢ë¡®àª¨.

�ã£¬¥−â�æ¨ï ¢ë¡®àª¨ á¤¢¨£®¬ áâà®¨â −¥áª®«ìª® −®¢ëå íª§¥¬¯«ïà®¢ Xm

¯® ®¤−®© ®à¨£¨−�«ì−®© í¯®å¥. ƒà�−¨æë −®¢ëå í¯®å á¤¢¨−ãâë ®â−®á¨â¥«ì−®
¨áå®¤−ëå ¢«¥¢® ¨«¨ ¢¯à�¢® ¯® ®á¨ ¢à¥¬¥−¨ (á¬. à¨á. 1). ��ç�«® ¨áå®¤−®© í¯®å¨
®âáç¨âë¢�¥âáï ®â ¬®¬¥−â� ¯à¥¤êï¢«¥−¨ï áâ¨¬ã«�. ��ç�«® ¨§¬¥−¥−−®© í¯®å¨

44 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 3 2022



Œ®¤¥«¨ ª«�áá¨ä¨ª�æ¨¨ ¢ë¡®àª¨ ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ P300

’�¡«¨æ� 3 Š�ç¥áâ¢® ¬®¤¥«¥© −� ¨áå®¤−®© ¢ë¡®àª¥

Œ®¤¥«ì
Œã«ìâ¨ª«.
â®ç−®áâì

’®ç−®áâì �®«−®â� F1-score AUC

LR 0,68±0,24 0,35±0,09 0,44±0,13 0,39±0,10 0,62±0,07
LDA 0,68±0,24 0,40±0,13 0,28±0,13 0,32±0,13 0,59±0,06
SVM 0,67±0,25 0,37±0,18 0,15±0,13 0,20±0,14 0,55±0,05
ERPCov TS LR 0,77±0,25 0,40±0,12 0,47±0,14 0,42±0,12 0,64±0,08
Xdawn LDA 0,69±0,23 0,40±0,13 0,35±0,15 0,37±0,13 0,61±0,07
XdawnCov TS LDA 0,71±0,27 0,46±0,16 0,31±0,16 0,36±0,15 0,61±0,08

’�¡«¨æ� 4 Š�ç¥áâ¢® ¬®¤¥«¥© ¯à¨ ¨á¯®«ì§®¢�−¨¨ �ã£¬¥−â�æ¨¨ á¤¢¨£®¬

Œ®¤¥«ì
Œã«ìâ¨ª«.
â®ç−®áâì

’®ç−®áâì �®«−®â� F1-score AUC

LR 0,76±0,24 0,43±0,10 0,60±0,13 0,50±0,11 0,66±0,09
LDA 0,76±0,23 0,40±0,09 0,67±0,12 0,50±0,09 0,66±0,08
SVM 0,77±0,24 0,41±0,09 0,64±0,13 0,50±0,10 0,66±0,09
ERPCov TS LR 0,78±0,23 0,42±0,10 0,57±0,14 0,48±0,11 0,65±0,09
Xdawn LDA 0,73±0,26 0,40±0,09 0,65±0,12 0,50±0,10 0,66±0,09
XdawnCov TS LDA 0,78±0,25 0,40±0,09 0,64±0,14 0,49±0,10 0,66±0,09

−� à¨á. 1 | §� 50 ¬á ¤® ¬®¬¥−â� ¯à¥¤êï¢«¥−¨ï áâ¨¬ã«�. ��à�¬¥âàë ¤�−−®£®
¬¥â®¤� | ç¨á«® −®¢ëå íª§¥¬¯«ïà®¢, ¯®áâà®¥−−ëå ¯® ®¤−®© í¯®å¥, ¨ ®âáâã¯ ®â
¬®¬¥−â� ¯à¥¤êï¢«¥−¨ï áâ¨¬ã«�.

�¥à¢ë¬ è�£®¬ ®¯à¥¤¥«ï¥âáï ®¯â¨¬�«ì−�ï ¢¥«¨ç¨−� á¤¢¨£�. �®¤å®¤ �−�«®-
£¨ç¥− ¯®¤¡®àã ®¯â¨¬�«ì−ëå ¯�à�¬¥âà®¢ ¯à¥¤®¡à�¡®âª¨ ��ƒ. ˆ§ ¤¨�¯�§®−� ®â 5
¤® 40 ¬á ¢ë¡¨à�¥âáï ®¯â¨¬�«ì−ë© ®âáâã¯ ®â ®à¨£¨−�«ì−®© í¯®å¨. �® à¥§ã«ìâ�â�¬
íªá¯¥à¨¬¥−â� ®¯â¨¬�«ì−ë© á¤¢¨£ á®áâ�¢¨« 30 ¬á. ÷�áá¬�âà¨¢�¥âáï ®¯â¨¬�«ì-
−®¥ ç¨á«® �ã£¬¥−â�æ¨© ¢ £à�−¨æ�å [−30, 30] ¬á. �® à¥§ã«ìâ�â�¬ íªá¯¥à¨¬¥−â�
¯®«ãç¥−ë ç¥âëà¥ −®¢ë¥ í¯®å¨.

‚ â�¡«. 3 ¯à¥¤áâ�¢«¥−® ª�ç¥áâ¢® ¬®¤¥«¥© −� ¨áå®¤−®© ¢ë¡®àª¥, � ¢ â�¡«. 4 |
¯®á«¥ ¯à¨¬¥−¥−¨ï ®¯â¨¬�«ì−®© �ã£¬¥−â�æ¨¨. �ã£¬¥−â�æ¨¨ áâ�àâ®¢ ¯® áå¥¬¥
[−30,−15, 15, 30] ¯®¢ëè�îâ ª�ç¥áâ¢® ¬®¤¥«¥©.

5 Заключение

�®áâ�¢«¥−� §�¤�ç� ¯®¢ëè¥−¨ï ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨ ¯à¨ ®¯à¥¤¥«¥−¨¨ ®¡ê-
¥ªâ� ¢−¨¬�−¨ï ¯®«ì§®¢�â¥«ï. �à¥¤«®¦¥−−®¥ à¥è¥−¨¥ | �ã£¬¥−â�æ¨ï ¢ë¡®àª¨
á¤¢¨£®¬ í¯®å | §−�ç¨â¥«ì−® ¯®¢ëè�¥â ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨ à�áá¬®âà¥−-
−ëå ¬®¤¥«¥©. �à®¢¥¤¥−® áà�¢−¥−¨¥ ¬®¤¥«¥© ª«�áá¨ä¨ª�æ¨¨. �® ¯®«ãç¥−−ë¬
§−�ç¥−¨ï¬ ¢−¥è−¨å ªà¨â¥à¨¥¢ ª�ç¥áâ¢� á¤¥«�−ë ¢ë¢®¤ë ® â®¬, çâ® ¨á¯®«ì§®-
¢�−¨¥ à�áè¨à¥−−ëå ¬�âà¨æ ª®¢�à¨�æ¨¨ ¯®â¥−æ¨�«®¢, á¢ï§�−−ëå á á®¡ëâ¨¥¬,
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�. Œ. ‘�¬®å¨−�, ÷. ƒ. �¥©ç¥¢, ‚. ‚. ƒ®−ç�à¥−ª® ¨ ¤à.

§−�ç¨â¥«ì−® ¯®¢ëè�¥â ª�ç¥áâ¢® ¬®¤¥«¨. �à¨ ¨á¯®«ì§®¢�−¨¨ ®¤−®¢à¥¬¥−−® �ã£-
¬¥−â�æ¨¨ ¢ë¡®àª¨ ¨ à�áè¨à¥−−ëå ¬�âà¨æ ª®¢�à¨�æ¨¨ â®ç−®áâì ¬ã«ìâ¨ª«�áá®¢®©
ª«�áá¨ä¨ª�æ¨¨ ¬®¤¥«¨ «®£¨áâ¨ç¥áª®© à¥£à¥áá¨¨ ¯®¢ëè�¥âáï −� 10 ¯à®æ¥−â−ëå
¯ã−ªâ®¢. ‚ à�¬ª�å à¥è¥−¨ï ¤�−−®© §�¤�ç¨ ¡ë« §�¯¨á�− −�¡®à ¤�−−ëå ¢ë§¢�−−ëå
¯®â¥−æ¨�«®¢ P300 [4].
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Abstract: The paper is devoted to the problem of user's attention detection.
It investigates the choice of a visual stimulus by the electroencephalogram
(EEG) with the evoked potentials related to the event, P300, highlighted in
it. The electrical brain potentials are measured while the user is observing
visual stimuli. The goal is to select a stimulus which causes the maximum brain
response. A classification model detects if there is a P300 potential in an EEG
segment. Various classification models for event-related potentials are compared.
The paper proposes a method of data augmentation to improve the quality of
classification. Computational experiments use an original real-world dataset of
P300 potentials. This dataset was collected on 60 healthy users who are presented
with visual stimuli. It is released to the public access.
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ОБЗОР ПОДХОДОВ К ПРОСТРАНСТВЕННО-ВРЕМЕННОМУ
МОДЕЛИРОВАНИЮ И ВЫЯВЛЕНИЕ ОСНОВНЫХ

ТЕНДЕНЦИЙ РАЗВИТИЯ T-GIS

Д. А. Никишин1

�−−®â�æ¨ï: –¥«ì ¤�−−®© à�¡®âë | à�áá¬®âà¥−¨¥ å�à�ªâ¥à−ëå ®á®¡¥−−®-
áâ¥© ®á−®¢−ëå ¯®¤å®¤®¢ ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−ëå
(â¥¬¯®à�«ì−ëå) ¬®¤¥«¥© £¥®¤�−−ëå, ¯à¥¤«®¦¥−−ëå ¢ ¯®á«¥¤−¨¥ ¤¥áïâ¨«¥â¨ï,
� â�ª¦¥ ¢ëï¢«¥−¨¥ ®á−®¢−ëå â¥−¤¥−æ¨© à�§¢¨â¨ï ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−-
−®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï â¥¬¯®à�«ì−ëå £¥®¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (T-GIS,
temporal geoinformation systems). �â¬¥ç¥−®, çâ® £®¢®à¨âì ®¡ ®¡é¥¬ ¯®¤å®-
¤¥ ª ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−®¬ã £¥®¬®¤¥«¨à®¢�−¨î −¥ ¯à¨å®¤¨âáï ¢¢¨¤ã
à�§−®®¡à�§¨ï âà¥¡®¢�−¨© ¨ ®á®¡¥−−®áâ¥©, ¯à¨áãé¨å á¯¥æ¨ä¨ç¥áª¨¬ §�¤�ç�¬
ª®−ªà¥â−ëå T-GIS. ‚�¦−ë¬¨ −�¯à�¢«¥−¨ï¬¨ ¯à¥¤áâ�¢«ïîâáï ¬®¤¥«¨à®¢�−¨¥
á®¡ëâ¨© ¨ ¯à®æ¥áá®¢ −� ®á−®¢¥ £à�ä®¢, �£¥−â−®-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤,
¨á¯®«ì§®¢�−¨¥ ¯�à�¤¨£¬ë ¤¢¨¦ãé¨åáï ®¡ê¥ªâ®¢, � â�ª¦¥ ¨−â¥£à�æ¨ï íâ¨å
¯®¤å®¤®¢ ¢®¥¤¨−®.

Š«îç¥¢ë¥ á«®¢�: ¬®¤¥«¨à®¢�−¨¥ £¥®£à�ä¨ç¥áª¨å ï¢«¥−¨©; í¢®«îæ¨ï £¥®-
®¡ê¥ªâ®¢; â¥¬¯®à�«ì−�ï £¥®¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�; ¯à®áâà�−áâ¢¥−−®-¢à¥-
¬¥−−�ï ¡�§� £¥®¤�−−ëå; ª«�áá¨ä¨ª�æ¨ï â¥¬¯®à�«ì−ëå £¥®¬®¤¥«¥©

DOI: 10.14357/08696527220305

1 Введение

ˆá¯®«ì§®¢�−¨¥ ¢à¥¬¥−−�®© (â¥¬¯®à�«ì−®©) á®áâ�¢«ïîé¥©, ¯®§¢®«ïîé¥© à¥-
£¨áâà¨à®¢�âì ¤¨−�¬¨ªã ¨§¬¥−¥−¨ï á¢®©áâ¢ ¬¥áâ−®áâ¨ ¢ æ¥«®¬ ¨«¨ ¥¥ ®â¤¥«ì−ëå
£¥®®¡ê¥ªâ®¢ ¨ â�ª¨¬ ®¡à�§®¬ ¬®¤¥«¨à®¢�âì ¯à®â¥ª�îé¨¥ −� ¬¥áâ−®áâ¨ ï¢«¥−¨ï
¨ ¯à®æ¥ááë, áâ�«® ¢�¦−ë¬ ¨ ¯¥àá¯¥ªâ¨¢−ë¬ −�¯à�¢«¥−¨¥¬ à�§¢¨â¨ï £¥®¨−ä®à-
¬�æ¨®−−ëå á¨áâ¥¬ (ƒˆ‘), ª®−¢¥−æ¨®−�«ì−® ¨¬¥−ã¥¬ë¬ T-GIS. �â«¨ç¨â¥«ì−®©
ç¥àâ®© T-GIS ï¢«ï¥âáï á®åà�−¥−¨¥ ¢ ¡�§¥ £¥®¤�−−ëå (�ƒ„) ¨áâ®à¨¨ ¨§¬¥−¥−¨©
ª�ª á¥¬�−â¨ç¥áª¨å, â�ª ¨ ¬¥âà¨ç¥áª¨å á¢®©áâ¢ ¨, á®®â¢¥âáâ¢¥−−®, ¢®§¬®¦−®áâì
¢®ááâ�−�¢«¨¢�âì á®áâ®ï−¨¥ ¬¥áâ−®áâ¨ −� «î¡®© −¥®¡å®¤¨¬ë© ¤«ï �−�«¨§� ¬®¬¥−â
¢à¥¬¥−¨.

–¥«ì ¤�−−®© áâ�âì¨ | à�áá¬®âà¥−¨¥ −�¨¡®«¥¥ å�à�ªâ¥à−ëå ç¥àâ ¯à®áâà�−-
áâ¢¥−−®-¢à¥¬¥−− �ëå ¬®¤¥«¥© £¥®¤�−−ëå ¤«ï T-GIS, ¯à¥¤«®¦¥−−ëå ¢ ¯®á«¥¤−¨¥
¤¥áïâ¨«¥â¨ï, ¨ −� íâ®© ®á−®¢¥ ¯à®á«¥¤¨âì ®á−®¢−ë¥ â¥−¤¥−æ¨¨ à�§¢¨â¨ï ¯à®-
áâà�−áâ¢¥−−®-¢à¥¬¥−−�®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï T-GIS.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, dmnikishin@mail.ru
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�¡§®à ¯®¤å®¤®¢ ª ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−®¬ã ¬®¤¥«¨à®¢�−¨î ¨ ¢ëï¢«¥−¨¥ â¥−¤¥−æ¨©

‚ ª�ç¥áâ¢¥ ®á−®¢ë ¤«ï ¤�−−®© à�¡®âë ¡ë« ¨á¯®«ì§®¢�− ¢¥áì¬� ®¡ê¥¬−ë©
®¡§®à [1], ª®â®àë© ª«�áá¨ä¨æ¨àã¥â 186 ¯à¥¤«®¦¥−¨© (¯®¤å®¤®¢) ¯® ¯à®áâà�−-
áâ¢¥−−®-¢à¥¬¥−−�®¬ã ¬®¤¥«¨à®¢�−¨î, ¢ë¤¥«¥−−ëå ¯à¨ �−�«¨§¥ ¡®«¥¥ 1450 áâ�-
â¥©. �¥ª®â®àë¥ ¨§ ¯®¤å®¤®¢ ï¢«ïîâáï áã£ã¡® â¥®à¥â¨ç¥áª¨¬¨ ¬®¤¥«ï¬¨, ¤àã£¨¥
®á−®¢�−ë −� ª®−ªà¥â−ëå â¥¬�â¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå, â�ª¨å ª�ª í¢®«îæ¨ï §¥¬-
«¥¯®«ì§®¢�−¨ï, ¤®à®¦−®© á¥â¨ ¨«¨ ¤¨−�¬¨ª� «¥á−ëå ¯®¦�à®¢. ‚ à�§¤. 2{8
à�áá¬®âà¥−ë −�¨¡®«¥¥ å�à�ªâ¥à−ë¥ ®á®¡¥−−®áâ¨ −¥ª®â®àëå ¨§ íâ¨å ¯à¥¤«®¦¥-
−¨©. ‚ à�§¤. 9 ¢ë¤¥«¥−ë ®á−®¢−ë¥ â¥−¤¥−æ¨¨ à�§¢¨â¨ï T-GIS.

2 Ранние модели и предложения T-GIS

�¥à¢ë¥ ¨áá«¥¤®¢�−¨ï ¢à¥¬¥−− �ëå (â¥¬¯®à�«ì−ëå) �á¯¥ªâ®¢ ¯à®áâà�−áâ¢¥−-
−ëå á¨áâ¥¬ ¯®ï¢¨«¨áì ¢ −�ç�«¥ 1980-å ££., � ¬®¤¥«¨à®¢�−¨¥ ¨ ¨−â¥£à�æ¨ï
ä�ªâ®à� ¢à¥¬¥−¨ ¢ ƒˆ‘ áâ�«¨ ¯à¥¤¬¥â®¬ ¨áá«¥¤®¢�−¨© á ª®−æ� 1980-å ££. (á¬.,
−�¯à¨¬¥à, [2]) ¨ ¯à®¤®«¦�îâáï ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨.

ˆáâ®à¨ç¥áª¨ ¤«ï ®¡à�¡®âª¨ ¨ �−�«¨§� ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ëå ¤�−−ëå
¢ ƒˆ‘ −�¨¡®«¥¥ ®ç¥¢¨¤−ë¬ à¥è¥−¨¥¬ ¡ë« ¯®¤å®¤ ¬®¬¥−â�«ì−ëå á−¨¬ª®¢ (¥¤¨−®-
¢à¥¬¥−−ëå ®¡à�§®¢ á®áâ®ï−¨ï �ƒ„). ‡¤¥áì −¥ ãç¨âë¢�«�áì ¯à¨à®¤� ¢ë§ë¢�îé¨å
¨§¬¥−¥−¨ï £¥®£à�ä¨ç¥áª¨å ¯à®æ¥áá®¢, � â¥¬ ¡®«¥¥ ä�ªâ®àë, ®¡ãá«®¢«¨¢�îé¨¥
íâ¨ ¯à®æ¥ááë.

�� à¨á. 1 áå¥¬�â¨ç−® ¯®ª�§�− ¯à®æ¥áá �ªâã�«¨§�æ¨¨ ¯®áà¥¤áâ¢®¬ á¥à¨¨ ú¬®-
¬¥−â�«ì−ëå á−¨¬ª®¢û ¢ ¬®¬¥−âë t0, . . . , t5, áâà¥«ª�¬¨ ¯®ª�§�−� ¯à¥¥¬áâ¢¥−−®áâì
¬¥¦¤ã à�§−®¢à¥¬¥−−ë¬¨ ¬®¤¥«ï¬¨ ®â¤¥«ì−ëå £¥®®¡ê¥ªâ®¢. ‚ â®¬ ç¨á«¥ ¯®ª�§�-
−ë á®¡ëâ¨ï, §�âà�£¨¢�îé¨¥ −¥áª®«ìª® £¥®®¡ê¥ªâ®¢: à�§¤¥«¥−¨¥ ®¤−®£® ®¡ê¥ªâ�
Sm2 −� ¤¢¥ ç�áâ¨ Sm3 ¨ Sn3 ¨ á«¨ï−¨¥ ¤¢ãå ®¡ê¥ªâ®¢ S13 ¨ S23 ¢ á®¢®ªã¯−ë©
®¡ê¥ªâ S14. �à®ç¨¥ ¯¥à¥å®¤ë (¢¨¤� Sij → Si(j+1)) ¯®¤à�§ã¬¥¢�îâ ¨§¬¥−¥−¨ï
(ª�ª á¥¬�−â¨ª¨, â�ª ¨ ¬¥âà¨ª¨) ¢ ª®−â¥ªáâ¥ ®¤−®£® £¥®®¡ê¥ªâ� Si.

’à¥å¤®¬¥−−�ï ¬®¤¥«ì (TDM, three domain model) ā�−ï [3] ¯à¥¤áâ�¢«ï-
«� ¯à®áâà�−áâ¢¥−−ë¥, ¢à¥¬¥−− �ë¥ ¨ á¥¬�−â¨ç¥áª¨¥ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë

÷¨á. 1 ‘å¥¬� ¯à®æ¥áá� í¢®«îæ¨¨ á¨âã�æ¨¨ ¢ ¢¨¤¥ ú¬®¬¥−â�«ì−ëå á−¨¬ª®¢û �ƒ„
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¨ ááë«ª¨ ¬¥¦¤ã −¨¬¨, çâ® ¯®§¢®«ï«® ®¯¨áë¢�âì £¥®£à�ä¨ç¥áª¨¥ ï¢«¥−¨ï ¨ ¯à®-
æ¥ááë, ¨á¯®«ì§ãï â®«ìª® ®¤−ã §�¯¨áì �âà¨¡ãâ� ¤«ï ®â¤¥«ì−ëå ¬¥áâ®¯®«®¦¥−¨©
á ®¡é¨¬¨ á¢®©áâ¢�¬¨. �â® ¯à¥¤áâ�¢«¥−¨¥, à�§à�¡®â�−−®¥ ¢ ª®−â¥ªáâ¥ ¨áá«¥¤®¢�-
−¨© «¥á−ëå ¯®¦�à®¢, ¨á¯®«ì§®¢�«® ¯�à�¤¨£¬ã ú¬®¬¥−â�«ì−®£® á−¨¬ª�û ¨ §�ç�âª¨
¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−�®© (ST, spatiotemporal) ®¡ê¥ªâ−®© ¬®¤¥«¨ (ST-®¡ê¥ªâë
á ®â¬¥âª�¬¨ ¢à¥¬¥−¨). ’à¥å¤®¬¥−−�ï ¬®¤¥«ì ¯à¥¤«�£�«�áì ¢ ª�ç¥áâ¢¥ ¯®¤å®¤�
¤«ï ®â¢¥â� −� §�¯à®áë ® ¬®¬¥−â�å ¨ ¯¥à¨®¤�å (¤¨�¯�§®−�å) ¢à¥¬¥−¨. �® áà�¢-
−¥−¨î á áãé¥áâ¢®¢�¢è¨¬¨ −� â® ¢à¥¬ï ¬®¤¥«ï¬¨ TDM ¯®§¢®«ï«� ã¯à�¢«ïâì
¨§¬¥−¥−¨ï¬¨ ®¤−®¢à¥¬¥−−® ¢ âà¥å �á¯¥ªâ�å: á¥¬�−â¨ç¥áª®¬, ¬¥áâ®¯®«®¦¥−¨ï
(¯à®áâà�−áâ¢¥−−®© «®ª�«¨§�æ¨¨) ¨ ¢à¥¬¥−−�®¬.

3 Моделирование на основе событий

‘®¡ëâ¨©−®-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤ úä®ªãá¨àã¥âáï −� ¤¨−�¬¨ç¥áª®¬ á®¡ë-
â¨¨ ¢ æ¥«®¬, � −¥ â®«ìª® −� ¢à¥¬¥−¨ á®¡ëâ¨ïû [4]. „àã£¨¬¨ á«®¢�¬¨, â�ª®© ¯®¤å®¤
¯®¬¨¬® ®â¬¥âª¨ ¬®¬¥−â� ¨§¬¥−¥−¨ï ¯®§¢®«ï¥â à�§«¨ç�âì �âà¨¡ãâë ¨ ®â−®è¥−¨ï
á®¡ëâ¨© −�àï¤ã á �âà¨¡ãâ�¬¨ ¨ ®â−®è¥−¨ï¬¨ ®¡ê¥ªâ®¢. Š«îç¥¢ë¬¨ ¯®−ïâ¨ï¬¨
¤«ï ¬®¤¥«¨à®¢�−¨ï ¤¨−�¬¨ç¥áª¨å ï¢«¥−¨© ¢ëáâã¯�îâ: ®¡ê¥ªâ, á®áâ®ï−¨¥, ¯à®-
æ¥áá ¨ á®¡ëâ¨¥ [5]. �ë«® ¯à¥¤«®¦¥−® ¡®«ìè®¥ ç¨á«® ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ëå
¬®¤¥«¥©, à�áá¬�âà¨¢�îé¨å á®¡ëâ¨ï ¨ ¯à®æ¥ááë.

�®¤å®¤ ª �−�«¨§ã ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ëå ¤�−−ëå, ®á−®¢�−−ë© −� ¢à¥-
¬¥−¨ (time-based analysis of spatiotemporal data), ¡ë« ¯à¥¤«®¦¥− ¢ [6] ª�ª
¤®¯®«−¥−¨¥ ª ¯®¤å®¤�¬ −� ®á−®¢¥ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−®£® �−�«¨§� ¨ �−�«¨§�
¬¥áâ®¯®«®¦¥−¨ï. ��ç¨−�ï á −�ç�«ì−®£® á®áâ®ï−¨ï, −�§ë¢�¥¬®£® ¡�§®¢®© ª�àâ®©,
á®¡ëâ¨ï §�¯¨áë¢�«¨áì ¢ ¯®àï¤ª¥ ¨å ¢®§−¨ª−®¢¥−¨ï, ¯à¨ç¥¬ ª�¦¤®¥ á®¡ëâ¨¥ á¢ï-
§ë¢�«®áì á® á¯¨áª®¬ ¨§¬¥−¥−¨©, ¯à®¨§®è¥¤è¨å á ¬®¬¥−â� ¯®á«¥¤−¥£® ®¡−®¢«¥−¨ï
¢¥ªâ®à� á®¡ëâ¨©. �à¨ ®¡è¨à−ëå ¨§¬¥−¥−¨ïå ¬®£«� ¡ëâì §�à¥£¨áâà¨à®¢�−� −®¢�ï
¯®«−�ï ª�àâ� ®¡«�áâ¨. �â®â ¯®¤å®¤ ¡ë« ¯®¤â¢¥à¦¤¥− ¯à®â®â¨¯®¬ TEMPEST [7].

‚¯®á«¥¤áâ¢¨¨ ¡ë«� ¯à¥¤áâ�¢«¥−� ¬®¤¥«ì ESTDM (Event-oriented Spatio-
Temporal Data Model | á®¡ëâ¨©−®-®à¨¥−â¨à®¢�−−�ï ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−-
−��ï ¬®¤¥«ì ¤�−−ëå) −� ®á−®¢¥ à�áâà� [8]. ‚ −¥© −�¡®à ª®¬¯®−¥−â®¢ ª®¤¨à®¢�«
¬¥áâ®¯®«®¦¥−¨ï, ¢ ª®â®àëå ¯à®¨áå®¤ïâ ¨§¬¥−¥−¨ï, ¨ §−�ç¥−¨ï �âà¨¡ãâ®¢ ¢®
¢à¥¬ï á®¡ëâ¨ï | â�ª¨¬ á¯®á®¡®¬ ¯à¥¤áâ�¢«ï«�áì ¨−ä®à¬�æ¨ï ®¡ ¨§¬¥−¥−¨ïå
¢ ®¯à¥¤¥«¥−−ëå ïç¥©ª�å à�áâà�. Œ®¤¥«ì ¯®ª�§�«� á¢®î íää¥ªâ¨¢−®áâì ¤«ï ¯à®-
áâà�−áâ¢¥−−ëå ¨ ¢à¥¬¥−− �ëå §�¯à®á®¢. ‡−�ç¨¬®© áâ�«� ¢®§¬®¦−®áâì ¢ë¯®«−ïâì
¢à¥¬¥−− �ë¥ ¬�−¨¯ã«ïæ¨¨ á ¤�−−ë¬¨ (−�¯à¨¬¥à, ¨§¬¥−¥−¨¥ ¢à¥¬¥−−�®£® ¬�áèâ�¡�)
¨ ¯®á«¥¤®¢�â¥«ì−ë¥ áà�¢−¥−¨ï −� ®á−®¢¥ ¢à¥¬¥−¨. �¤−�ª® ®à¨¥−â�æ¨ï ESTDM
−� à�áâà −¥ ¯®§¢®«ï¥â á®åà�−ïâì ¨¤¥−â¨ç−®áâì ®¡ê¥ªâ� §� ¯à¥¤¥«�¬¨ ¨áå®¤−®£®
¬¥áâ®¯®«®¦¥−¨ï ¨ ¯à¥¤áâ�¢«ïâì â�ª¨¥ ï¢«¥−¨ï, ª�ª ¯¥à¥¬¥é¥−¨¥, à�§¤¥«¥−¨¥,
á«¨ï−¨¥ ®¡ê¥ªâ�. �â� ¬®¤¥«ì úá®áà¥¤®â®ç¥−� −� í¢®«îæ¨¨ −¥¯à¥àë¢−ëå, ¯à®âï-
¦¥−−ëå, ®¡è¨à−ëå ®¡«�áâ¥©, � −¥ −� ª®−ªà¥â−ëå ®¡ê¥ªâ�å ¨ ¨å á¢®©áâ¢�åû [9].

ƒ¨¡à¨¤−�ï ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−��ï ¬®¤¥«ì ¨ áâàãªâãà� ¤�−−ëå (Hybrid
Spatio-Temporal Data Model and Structure, HST-DMS) [10] áâ�«� ã«ãçè¥−¨¥¬,
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�¡§®à ¯®¤å®¤®¢ ª ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−®¬ã ¬®¤¥«¨à®¢�−¨î ¨ ¢ëï¢«¥−¨¥ â¥−¤¥−æ¨©

¯® áà�¢−¥−¨î á ESTDM, ¢ ®â−®è¥−¨¨ íää¥ªâ¨¢−®áâ¨ ¯®¨áª� ¨ åà�−¥−¨ï ¤�−−ëå
¢ ®ç¥−ì ¡®«ìè¨å ¡�§�å ¤�−−ëå. “«ãçè¥−¨ï ®á−®¢�−ë −� åà�−¥−¨¨ ¡�§®¢ëå
ª�àâ, ª�àâ ¨§¬¥−¥−¨© ¨ ¤®¯®«−¨â¥«ì−ëå ª�àâ ¢® ¢à¥¬ï ª�¦¤®£® á®¡ëâ¨ï; HST-
DMS â�ª¦¥ à¥è�«� ¯à®¡«¥¬ã ¨¤¥−â¨ä¨ª�æ¨¨ ®¡ê¥ªâ�. ‚ â® ¦¥ ¢à¥¬ï ¬®¤¥«ì
âà¥¡ã¥â §−�ç¨â¥«ì−®© ®¡à�¡®âª¨ ¤�−−ëå, ª®£¤� ª áãé¥áâ¢ãîé¥© ¨−ä®à¬�æ¨¨
¤®¡�¢«ï¥âáï −®¢ë© ¢à¥¬¥−−®© è�£. �¡¥ ¬®¤¥«¨ (ª�ª ESTDM, â�ª ¨ HST-DMS)
¤®ª�§�«¨ á¢®î íää¥ªâ¨¢−®áâì ¢ áæ¥−�à¨ïå á à�áâà®¢ë¬¨ ¤�−−ë¬¨, ®¤−�ª® ®−¨
®£à�−¨ç¥−ë ¢à¥¬¥−¥¬ ¤¥©áâ¢¨ï.

‘®¡ëâ¨©−®-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤, ®á−®¢�−−ë© −� à�áè¨à¥−−®¬ ã¯à�¢«¥-
−¨¨ ¢¥àá¨ï¬¨ (event-oriented approach based on extended-versioning) ¬®¤¥«¨à®¢�«
¯à®æ¥ááë á ¯®¬®éìî á®¡ëâ¨© ¨ á¢ï§�−−ëå á −¨¬¨ ¨§¬¥−¥−¨© ¢ ¢¨¤¥ áâ�−¤�à-
â¨§®¢�−−ëå ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ëå ®¯¥à�â®à®¢ [11]. �à®æ¥ááë ¤¥«¨«¨áì
−� âà¨ ª�â¥£®à¨¨: ®á−®¢−ë¥ (¯®ï¢«¥−¨¥, ¨áç¥§−®¢¥−¨¥), âà�−áä®à¬�æ¨ï (à�áè¨-
à¥−¨¥, á¦�â¨¥, ¤¥ä®à¬�æ¨ï); ¤¢¨¦¥−¨¥ (¯¥à¥¬¥é¥−¨¥, ¢à�é¥−¨¥). �â� ¬®¤¥«ì
¡ë«� ú¯¥à¢®© ãá¯¥è−®© ¯®¯ëâª®© §�¯¨á�âì ¨−¤¨¢¨¤ã�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤¨-
−�¬¨ç¥áª¨å ®¡ê¥ªâ®¢û [7]. ú÷�áè¨à¥−−®¥ ã¯à�¢«¥−¨¥ ¢¥àá¨ï¬¨û §�ª«îç�«®áì
¢ ¯à¨¬¥−¥−¨¨ ¤«ï ã¯à�¢«¥−¨ï �ƒ„ á¯¥æ¨ä¨ç¥áª¨å áâàãªâãà ¤�−−ëå ¨ ¯à®æ¥¤ãà
®¡à�¡®âª¨.

�®¤å®¤, ®á−®¢�−−ë© −� ¢à¥¬¥−−�®© «®£¨ª¥ (temporal logic-based approach) [12],
¡�§¨à®¢�«áï −� ï¢−®¬ ¯à¥¤áâ�¢«¥−¨¨ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¬¥¦¤ã á®-
¡ëâ¨ï¬¨ ¨ ®¡ê¥ªâ�¬¨. Œ®¤¥«ì ¤�¢�«� ¨−áâàã¬¥−âë ¤«ï �−�«¨§� ¨áâ®à¨ç¥áª¨å
áæ¥−�à¨¥¢ ¨ ¯®−¨¬�−¨ï â¥ªãé¥£® á®áâ®ï−¨ï à¥£¨®−� ¢ §�¢¨á¨¬®áâ¨ ®â ¯à¨ç¨−−®-
á«¥¤áâ¢¥−−ëå §�¢¨á¨¬®áâ¥© ¢ ¯à®è«®¬.

—¨áâ® á®¡ëâ¨©−®-®à¨¥−â¨à®¢�−−�ï â¥®à¨ï ¯à®áâà�−áâ¢� ¨ ¢à¥¬¥−¨ (pure
event-oriented theory of space and time) [13] ¨á¯®«ì§®¢�«� á«®¦−ë¥ ¬®¤¥«¨
£¥®®¡ê¥ªâ®¢, ®¡«�¤�îé¨å ¢−ãâà¥−−¥© áâàãªâãà®© ¨ ¯®¢¥¤¥−¨¥¬, � â�ª¦¥ ¢§�-
¨¬®á¢ï§ï¬¨ á ¤àã£¨¬¨ ®¡ê¥ªâ�¬¨. Œ®¤¥«ì ®¯¨áë¢�«� á«®¦−ë¥ ¤¨−�¬¨ç¥áª¨¥
¯à®æ¥ááë á ¯®¬®éìî ¯�à�¤¨£¬ ¯�à�««¥«¨§¬� ¨ ¢§�¨¬®¤¥©áâ¢¨ï.

÷¨á. 2 ˆ««îáâà�æ¨ï í¢®«îæ¨¨ ¢ á¥â¨ âà¨�−£ã«ïæ¨¨ ¨§ [14]
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�®¤å®¤ −� ®á−®¢¥ −¥¯à¥àë¢−ëå ¯à®áâà�−áâ¢¥−−ëå ¨§¬¥−¥−¨© ¢ ®à¨¥−â¨à®-
¢�−−®© −� á®¡ëâ¨ï ¤¨áªà¥â−®© ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−�®© áâàãªâãà¥ (continuous
spatial change in an event-oriented discrete spatiotemporal framework) [14] ¯à¥¤-
−�§−�ç�«áï ¤«ï ®¡−�àã¦¥−¨ï â�ª¨å ¯à®áâà�−áâ¢¥−−ëå á®¡ëâ¨©, ª�ª á«¨ï−¨¥,
à�§¤¥«¥−¨¥, §�áâ®©, ¤¢¨¦¥−¨¥, ®¡à�§®¢�−¨¥ ¨ ¨áç¥§−®¢¥−¨¥. ˆ§¬¥−¥−¨ï £¥®£à�-
ä¨ç¥áª¨å ï¢«¥−¨© ®¯à¥¤¥«ï«¨áì �−�«¨§®¬ í¢®«îæ¨¨ á¥â¨ âà¨�−£ã«ïæ¨¨ (à¨á. 2).
�à¥¤¯®«�£�«®áì, çâ® íâ� ¬®¤¥«ì −�©¤¥â ®á®¡®¥ ¯à¨¬¥−¥−¨¥ ¢ ®¡«�áâïå, £¤¥ ¤�−−ë¥
¨§¢«¥ª�îâáï ¨§ á¥−á®à−ëå á¥â¥©, −�¯à¨¬¥à ¯à¨ ¬®−¨â®à¨−£¥ ®ªàã¦�îé¥© áà¥¤ë.

4 Моделирование на основе графов

�à®áâ®â� ®¯à¥¤¥«¥−¨ï ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã £¥®£à�ä¨ç¥áª¨¬¨ ®¡ê¥ªâ�¬¨ ¨ ®â-
à�¦¥−¨ï ¨å í¢®«îæ¨¨ ¢ ¢¨¤¥ £à�ä®¢ ¤�¥â §−�ç¨â¥«ì−ãî £¨¡ª®áâì ¯à¥¤áâ�¢«¥−¨ï
¨§¬¥−¥−¨©, ¤¢¨¦¥−¨© ¨ á®¡ëâ¨© ¨ ¯®§¢®«ï¥â ª®¬¡¨−¨à®¢�âì £à�äë á ¤àã£¨¬¨
¯®¤å®¤�¬¨ ª £¥®¬®¤¥«¨à®¢�−¨î.

Œ®¤¥«ì £à�ä� ¨áâ®à¨¨ (History Graph Model) áâ�«� ¯¥à¢ë¬ ¯®¤å®¤®¬ ª ¬®-
¤¥«¨à®¢�−¨î −� ®á−®¢¥ £à�ä®¢ [15]. �−� ¡ë«� ¯à¥¤−�§−�ç¥−� ¤«ï ¨¤¥−â¨ä¨ª�-
æ¨¨ à�§«¨ç−ëå ¢¨¤®¢ ¢à¥¬¥−−�®£® ¯®¢¥¤¥−¨ï ¨ ¢¨§ã�«¨§�æ¨¨ í¢®«îæ¨¨ £¥®£à�-
ä¨ç¥áª®© ¨−ä®à¬�æ¨¨. �â®â ¯®¤å®¤ ®âà�¦�« ª®−æ¥¯æ¨¨ ª�ª ¤¢¨¦¥−¨ï, â�ª

¨ ¨§¬¥−¥−¨ï ¨ ¯®¤¤¥à¦¨¢�« ¡®«ìè¨−-

÷¨á. 3 ˆ««îáâà�æ¨ï £à�ä� ¯à®áâà�−áâ-
¢¥−−®-¢à¥¬¥−−®© í¢®«îæ¨¨ à¥£¨®−®¢ —¨«¨
¨§ à�¡®âë [16]

áâ¢® ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ëå â¨-
¯®¢ §�¯à®á®¢. �® ¯à¨ íâ®¬ ®− ®£à�-
−¨ç¥−−® ®¯¨áë¢�« ¢§�¨¬®¤¥©áâ¢¨¥
¬¥¦¤ã ®¡ê¥ªâ�¬¨: −�¯à¨¬¥à, ¯à®æ¥áá
à�§¤¥«¥−¨ï ®¡ëç−® ¯®¤à�§ã¬¥¢�¥â −¥
â®«ìª® ¬®¤¨ä¨ª�æ¨î ¨áå®¤−®£®, −®
¨ á®§¤�−¨¥ ¤®¯®«−¨â¥«ì−®£® ®¡ê¥ªâ�,
çâ® ¢ ¤�−−®© ¬®¤¥«¨ ¯à¥¤ãá¬®âà¥−® −¥
¡ë«®.

Œ®¤¥«ì −� ®á−®¢¥ ¯à®áâà�−áâ¢¥−-
−®-¢à¥¬¥−−�®£® £à�ä� ¤«ï ¤¢ã¬¥à−ëå
®¡«�áâ¥© (spatiotemporal graph-based
model for two-dimensional regions) [16]
¯®§¢®«ï«� ®¯¨áë¢�âì í¢®«îæ¨¨ ¤¢ã-
¬¥à−ëå ®¡«�áâ¥© (à¨á. 3). �−� ¯à¥¤-
¯®«�£�«� àï¤ ®¯¥à�â®à®¢ ¤«ï ¬�−¨-
¯ã«¨à®¢�−¨ï £à�ä®¬. Œ®¤¥«ì ¡ë«�

à¥�«¨§®¢�−� ¢ ¯à®áâà�−áâ¢¥−−®© ¡�§¥ ¤�−−ëå (PostgreSQL + PostGIS) á ¨á-
¯®«ì§®¢�−¨¥¬ à�áè¨à¥−−®© à¥«ïæ¨®−−®© ¬®¤¥«¨ ç¥à¥§ áå¥¬ã, ¢ ª®â®à®© ¡ë«¨
¯à¥¤áâ�¢«¥−ë áãé−®áâ¨, ®â−®è¥−¨ï ¬¥¦¤ã áãé−®áâï¬¨ ¨ ®â−®è¥−¨ï ä¨«¨�æ¨¨.
�®á«¥¤−¨¥ ¤®«¦−ë ¡ë«¨ ¡ëâì ç¥âª® ãª�§�−ë, ¯®áª®«ìªã −¨ ®¤−® ¨§ â�ª¨å
®â−®è¥−¨© −¥ ¬®£«® ¡ëâì ¢ë¢¥¤¥−® ¨§ £¥®¬¥âà¨¨, � â®«ìª® ¨§ â¥¬�â¨ç¥áª®©
ª®àà¥«ïæ¨¨.
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�¡§®à ¯®¤å®¤®¢ ª ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−®¬ã ¬®¤¥«¨à®¢�−¨î ¨ ¢ëï¢«¥−¨¥ â¥−¤¥−æ¨©

5 Моделирование на основе признаков

�à¥¤«®¦¥−¨¥ ¯® ¬�â¥¬�â¨ç¥áª®¬ã ¬®¤¥«¨à®¢�−¨î −� ®á−®¢¥ ¯à¨§−�ª®¢ (math-
ematical feature-based modeling) [17] ¯à¥¤«�£�«® −�¡®à ¯à¨¬¨â¨¢®¢ ¤«ï ¯à¥¤áâ�¢-
«¥−¨ï ¤¨−�¬¨ç¥áª¨å ®¡ê¥ªâ®¢ á ãç¥â®¬ â®¯®«®£¨ç¥áª¨å ¨ ¢à¥¬¥−− �ëå á¢ï§¥© (¯®-
á«¥¤−¨¥ ®âà�¦�«¨ ®â−®è¥−¨ï ¢®§−¨ª−®¢¥−¨ï ï¢«¥−¨©, −�¯à¨¬¥à: ú¤®û, ú¯®á«¥û
¨ ú¢® ¢à¥¬ïû). �à¥¨¬ãé¥áâ¢®¬ ¯à¥¤«®¦¥−¨ï §�ï¢«¥−� ¢®§¬®¦−®áâì ®¯à¥¤¥«ïâì
¢§�¨¬®á¢ï§¨ ¬¥¦¤ã ¤¨−�¬¨ç¥áª¨¬¨ ï¢«¥−¨ï¬¨ á ¯®¬®éìî ¯à®áâà�−áâ¢¥−−®-¢à¥-
¬¥−− �ëå äã−ªæ¨©. •®âï íâ® ¤�¥â è¨à®ª¨© á¯¥ªâà �−�«¨â¨ç¥áª¨å ¢®§¬®¦−®áâ¥©
¨ ¤¥«�¥â ¬®¤¥«ì «¥£ª® ¢ëç¨á«¨¬®©, −® ¢¬¥áâ¥ á â¥¬ ï¢«ï¥âáï −¥¤®áâ�âª®¬, £«�¢−ë¬
®¡à�§®¬ ¯®â®¬ã, çâ® à¥�«ì−ë¥ £¥®£à�ä¨ç¥áª¨¥ ï¢«¥−¨ï ®¡ëç−® −¥ ®¯¨áë¢�îâáï
¯à�¢¨«ì−ë¬¨ £¥®¬¥âà¨ç¥áª¨¬¨ ª®−áâàãªæ¨ï¬¨. �® ¤«ï £¥®£à�ä¨ç¥áª¨å ï¢«¥-
−¨©, ª®â®àë¥ ¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë ®â¤¥«ì−ë¬¨ £¥®£à�ä¨ç¥áª¨¬¨ â®çª�¬¨,
¤�−−ë© ¯®¤å®¤ ¢¯®«−¥ ¯à¨¬¥−¨¬.

6 Моделирование на основе процессов

‚ [18] ¡ë«� ¯à¥¤áâ�¢«¥−� ¬®¤¥«ì, ®á−®¢�−−�ï −� ª®−æ¥¯æ¨¨ ¯à®áâà�−áâ¢¥−−®-
¢à¥¬¥−− �ëå ¯à®æ¥áá®¢ (Spatio-Temporal Processes, STP) ¨ −�§¢�−−�ï STPs-based
approach (¯®¤å®¤ −� ®á−®¢¥ STPs). ‚ íâ®¬ ¯®¤å®¤¥ á®¡ëâ¨ï ®¯à¥¤¥«ï«¨áì á ¯®-
¬®éìî ¯à®æ¥áá®¢, ª®â®àë¥ ¯à¥®¡à�§ãîâ áãé−®áâ¨; ¡ë«� ¯à¥¤«®¦¥−� â¨¯®«®£¨ï
âà¥å ®á−®¢−ëå ª«�áá®¢ STP: í¢®«îæ¨ï ®¤−®£® ®¡ê¥ªâ�, äã−ªæ¨®−�«ì−ë¥ ®â-
−®è¥−¨ï ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ¨ í¢®«îæ¨ï ¯à®áâà�−áâ¢¥−−ëå áâàãªâãà á ãç�áâ¨¥¬
−¥áª®«ìª¨å ®¡ê¥ªâ®¢.

�à®áâà�−áâ¢¥−−®-¢à¥¬¥−−��ï ¬®¤¥«ì, ®á−®¢�−−�ï −� ¯à®æ¥áá�å (process-based
spatiotemporal model) [19] ¯à¥¤−�§−�ç�«�áì ¤«ï ¯à¥¤áâ�¢«¥−¨ï ¯®áâ¥¯¥−−ëå ¨§-
¬¥−¥−¨©. ‡¤¥áì ¡ë«¨ ®¯à¥¤¥«¥−ë ¤¢� ª®−æ¥¯â� ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−�®£®
®¡ê¥ªâ�: áãé−®áâì (STEntity) ¨ ¨§¬¥−¥−¨¥ (STChange). ƒ«�¢−®¥ ¯à¥¨¬ãé¥áâ¢®
¬®¤¥«¨ §�ª«îç�«®áì ¢ ¢®§¬®¦−®áâ¨ ¨¤¥−â¨ä¨æ¨à®¢�âì ¨§¬¥−¥−¨ï −� à�§−ëå
ãà®¢−ïå ¤¥â�«¨§�æ¨¨, ¯à¨ç¥¬ ª�ª ¢ ¯à®áâà�−áâ¢¥−−®¬, â�ª ¨ ¢ â¥¬�â¨ç¥áª®¬
�á¯¥ªâ¥.

�á®¡¥−−®áâì ¬®¤¥«¨ £¥®�â®¬� (Geoatom Model) [20] §�ª«îç�«�áì ¢ à�áá¬®âà¥-
−¨¨ ª�ª ¯à®áâ®£® ®¡ê¥ªâ� (¢−ãâà¥−−¥ ®¤−®à®¤−®£®) | ú£¥®�â®¬�û, â�ª ¨ ®¡ê¥ªâ�
á −¥®¤−®à®¤−®© ¢−ãâà¥−−¥© áâàãªâãà®©, ª®â®à�ï ª â®¬ã ¦¥ ¬®¦¥â à�§¢¨¢�âìáï.
’�ª¦¥ ¡ë« ¢¢¥¤¥− í«¥¬¥−â ú£¥®¤¨¯®«ìû, á¢ï§�−−ë© á ¤¢ã¬ï ¬¥áâ®¯®«®¦¥−¨ï¬¨
¢ ¯à®áâà�−áâ¢¥{¢à¥¬¥−¨ ¨ ¯à¥¤−�§−�ç¥−−ë© ¤«ï ®¯¨á�−¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã
®¡ê¥ªâ�¬¨ (ª�ª ¯à®æ¥áá�, ª®â®àë© ¨§¬¥−ï¥â £¥®¯®«ï ¨ £¥®®¡ê¥ªâë). �® íâ®â
¯®¤å®¤ ®ª�§�«áï −¥¯à¨¬¥−¨¬ ª á«®¦−ë¬ áæ¥−�à¨ï¬.

7 Объектно-ориентированное моделирование

�¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤ ¯®«ãç¨« è¨à®ª®¥ ¯à¨§−�−¨¥ ¢ ¯à®áâà�−-
áâ¢¥−−®-¢à¥¬¥−−�®¬ ¬®¤¥«¨à®¢�−¨¨ ¤�−−ëå, çâ® ®¡ãá«®¢«¥−® ¨−âã¨â¨¢−® ¡«¨§ª¨¬
¯à¥¤áâ�¢«¥−¨¥¬ ¢ ¢¨¤¥ −¥§�¢¨á¨¬ëå ¤¨−�¬¨ç¥áª¨å £¥®®¡ê¥ªâ®¢ [21], � â�ª¦¥ £¨¡-
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„. �. �¨ª¨è¨−

ª®áâìî ¯à¨ ®âá«¥¦¨¢�−¨¨ ¯®¢¥¤¥−¨ï, ¨§¬¥−¥−¨© ¨ í¢®«îæ¨¨ ®¡ê¥ªâ®¢. �¡ê¥ªâ-
−®-®à¨¥−â¨à®¢�−−ë© ¯®¤å®¤ áâ�« −�¨¡®«¥¥ ¯«®¤®â¢®à−ë¬: ¯®àï¤ª� âà¥â¨ ¯à¥¤-
«®¦¥−−ëå ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ëå ¬®¤¥«¥© ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−ë¥.

�à¨¬¥−¥−¨¥ ¬¥â®¤®«®£¨¨ ®¡ê¥ªâ−®© ®à£�−¨§�æ¨¨ ¤«ï ¯à®áâà�−áâ¢¥−−®-¢à¥-
¬¥−−�®£® ¬®¤¥«¨à®¢�−¨ï ¢¯¥à¢ë¥ ¯à¥¤«®¦¥−® ¢ 1990 £. (á¬., −�¯à¨¬¥à, [22]).
’�ª®© ¯®¤å®¤ à�áá¬�âà¨¢�« £¥®£à�ä¨ç¥áª¨¥ ST-®¡ê¥ªâë ª�ª −¥§�¢¨á¨¬ë¥ ¥¤¨-
−¨æë. �à¨ íâ®¬ ¨á¯®«ì§®¢�«¨áì ®¡ê¥ªâë ¤¢ãå â¨¯®¢. ST-á¨¬¯«¥ªá | ¯¥à¢¨ç−ë©
¯à®áâà�−áâ¢¥−−ë© ®¡ê¥ªâ, ¯à¥¤áâ�¢«ïîé¨© á®¡®© â®çªã, ®âà¥§®ª ¯àï¬®© ¨«¨
âà¥ã£®«ì−ãî ®¡«�áâì (äà�£¬¥−â ¯«®áª®áâ¨)1, á¢ï§�−−ë© á ¯�à®© ¬®¬¥−â®¢ ¢à¥¬¥-
−¨. ‘¨¬¯«¥ªá à�áá¬�âà¨¢�«áï ª�ª −�¨¬¥−ìè�ï ¥¤¨−¨æ�, ª®â®à®© ¯à¨á¢�¨¢�îâáï
¢à¥¬¥−− �ë¥ �âà¨¡ãâë. ST-ª®¬¯«¥ªá ®¯à¥¤¥«ï«áï ª�ª −�¡®à ST-á¨¬¯«¥ªá®¢ ¨ ¯à¥¤-
áâ�¢«ï« á®¡®© £¥®£à�ä¨ç¥áª®¥ ï¢«¥−¨¥. �â¬¥âª¨ ¢à¥¬¥−¨ ®âà�¦�«¨ í¢®«îæ¨¨
®¡ê¥ªâ� á â¥ç¥−¨¥¬ ¢à¥¬¥−¨.

ˆ−â¥£à¨à®¢�−−�ï â¥¬¯®à�«ì−�ï ƒˆ‘-á¨áâ¥¬� [23] ¯®§¢®«ï«� ®âá«¥¦¨¢�âì
í¢®«îæ¨î £¥®£à�ä¨ç¥áª¨å ®¡ê¥ªâ®¢ −� ®á−®¢¥ ¢à¥¬¥−− �ëå (â¥¬¯®à�«ì−ëå) ¢§�¨-
¬®á¢ï§¥© ¬¥¦¤ã ¢¥àá¨ï¬¨ ª�¦¤®£® ®¡ê¥ªâ�. Šà®¬¥ â®£®, ¢®§¬®¦−® ¡ë«® ®¯à¥¤¥-
«ïâì á®¡ëâ¨ï ¨ ¯à®æ¥ááë, ¢«¨ïîé¨¥ −� ª�¦¤ë© ®¡ê¥ªâ, ¨ �−�«¨§¨à®¢�âì ¨å.

8 Моделирование движущихся объектов

�®¤å®¤ ª ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−�®¬ã ¬®¤¥«¨à®¢�−¨î ¨ �−�«¨§ã −� ®á−®-
¢¥ ¤¢¨¦ãé¨åáï ®¡ê¥ªâ®¢ (Moving Objects) áâ�« ¢¥áì¬� ¯«®¤®â¢®à−ë¬ á ãç¥â®¬
íªá¯®−¥−æ¨�«ì−®© í¢®«îæ¨¨ ¬®¡¨«ì−ëå ¨ á¥−á®à−ëå â¥å−®«®£¨©. ÷�á¯à®áâà�-
−¥−¨¥ íâ¨å â¥å−®«®£¨© ¯®§¢®«¨«® ¯®«ãç¨âì ¯à¥¤áâ�¢¨â¥«ì−ë¥ −�¡®àë ¯à®áâà�−-
áâ¢¥−−®-¢à¥¬¥−− �ëå ¤�−−ëå, ä¨ªá¨àãîé¨å ¨§¬¥−¥−¨ï ¬¥áâ®¯®«®¦¥−¨ï ®¡ê¥ªâ®¢
á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ ¨ â¥¬ á�¬ë¬ ®¯¨áë¢�îé¨å ¨å ¯®¢¥¤¥−¨¥. �«�£®¤�àï íâ®¬ã
¤¢¨¦ãé¨¥áï ®¡ê¥ªâë áâ�«¨ £®àïç¥© â¥¬®© ¨áá«¥¤®¢�−¨© ¤«ï �−�«¨§� âà�¥ªâ®à¨¨
¤¢¨¦ãé¥£®áï ®¡ê¥ªâ� ¨«¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¬®¤¥«¨ ¤¢¨¦¥−¨ï [24, 25].

‚ ¡®«ìè¨−áâ¢¥ ¯à¥¤«®¦¥−¨© à�áá¬�âà¨¢�îâáï ®¡ê¥ªâë ¢ ¢¨¤¥ ¤¢¨¦ãé¨åáï
â®ç¥ª. ‹¨èì −¥áª®«ìª® ¨áá«¥¤®¢�−¨© à�áá¬�âà¨¢�«¨ ¤¢ã¬¥à−ë¥ ¯à®áâà�−áâ¢¥−-
−ë¥ ®¡ê¥ªâë (ª�ª ¤¢¨¦ãé¨¥áï ®¡«�áâ¨) ¨«¨ ¨§¬¥−¥−¨ï ¢ ¤¢ã¬¥à−ëå ¯à®áâà�−-
áâ¢�å á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ (á¬., −�¯à¨¬¥à, [19, 26]).

�®ï¢¨«áï ¤�¦¥ á¯¥æ¨�«¨§¨à®¢�−−ë© ¢¨¤ ¡�§ë ¤�−−ëå ¤¢¨¦ãé¨åáï ®¡ê¥ªâ®¢
(á¬., −�¯à¨¬¥à, [27]), ¯à¥¤®áâ�¢«ïîé¥© íää¥ªâ¨¢−ë¥ ¬¥â®¤ë åà�−¥−¨ï, ¨−¤¥ª-
á�æ¨¨ ¨ §�¯à®á� ¤�−−ëå ® ¯¥à¥¬¥é¥−¨¨. �â® á¢ï§�−® á −¥®¡å®¤¨¬®áâìî ®¡à�¡®âª¨
¤�−−ëå ® ¯¥à¥¬¥é¥−¨¨ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ¨ à�§à�¡®âª®© á¥à¢¨á®¢, ®á−®¢�−−ëå
−� ¬¥áâ®¯®«®¦¥−¨¨.

9 Заключение

÷�áá¬®âà¥−−ë¥ ¬®¤¥«¨ ®â−®áïâáï ª á«¥¤ãîé¨¬ ®á−®¢−ë¬ ¯®¤å®¤�¬ ª ¯à®-
áâà�−áâ¢¥−−®-¢à¥¬¥−−�®¬ã £¥®¬®¤¥«¨à®¢�−¨î: −� ®á−®¢¥ á®¡ëâ¨©, −� ®á−®¢¥

1„¢� ¯®á«¥¤−¨å ¯à¥¤áâ�¢«ïîâ á®¡®© í«¥¬¥−âë ¯®«¨«¨−¨¨ ¨ ¯®«¨¯®¢¥àå−®áâ¨ á®®â¢¥âáâ¢¥−−®.

56 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 3 2022



�¡§®à ¯®¤å®¤®¢ ª ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−®¬ã ¬®¤¥«¨à®¢�−¨î ¨ ¢ëï¢«¥−¨¥ â¥−¤¥−æ¨©

£à�ä®¢, −� ®á−®¢¥ ¯à¨§−�ª®¢, −� ®á−®¢¥ ¯à®æ¥áá®¢, ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−-
−ë© ¨ ¬®¤¥«¨à®¢�−¨¥ ¤¢¨¦ãé¨åáï ®¡ê¥ªâ®¢. �â® ¤¥«¥−¨¥ ¤®áâ�â®ç−® ãá«®¢−®,
¯®áª®«ìªã ¬−®£¨¥ ®á®¡¥−−®áâ¨ ª®−ªà¥â−ëå ¬®¤¥«¥©, ®â−¥á¥−−ë¥ ¢ ®¡§®à¥ [1]
ª à�§−ë¬ ¯®¤å®¤�¬, ¯¥à¥ª«¨ª�îâáï ¬¥¦¤ã á®¡®©.

�� ®á−®¢¥ à�áá¬®âà¥−−ëå ¯®¤å®¤®¢ ª ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−�®¬ã ¬®¤¥«¨-
à®¢�−¨î ¬®¦−® ®â¬¥â¨âì àï¤ ®á−®¢−ëå â¥−¤¥−æ¨© à�§¢¨â¨ï T-GIS.

�®«ìè¨−áâ¢® ®¯¨á�−−ëå ¯®¤å®¤®¢ ®à¨¥−â¨à®¢�−® −� ®¡ê¥ªâ−ãî ¬®¤¥«ì ¬¥áâ-
−®áâ¨, «¨èì −¥ª®â®àë¥ ¨§ −¨å ¡ë«¨ à�§à�¡®â�−ë ¤«ï à�áâà®¢ëå ¨ £¨¡à¨¤−ëå
¬®¤¥«¥©, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® ¤®¬¨−¨à®¢�−¨¨ ¯à¥¤áâ�¢«¥−¨ï ¤¨−�¬¨ç¥áª¨å
£¥®£à�ä¨ç¥áª¨å ï¢«¥−¨© ª�ª ®¡ê¥ªâ®¢. �à¨ íâ®¬ ¢ §−�ç¨â¥«ì−®¬ ç¨á«¥ ¬®¤¥-
«¥© ¯à¨áãâáâ¢ãîâ í«¥¬¥−âë â®¯®«®£¨¨ (ª�ª ¯à®áâà�−áâ¢¥−−®©, â�ª ¨ ¢à¥¬¥−−�®©).
‚ë¡®à ¬®¤¥«¨ ®¡ãá«®¢«¨¢�¥â æ¥«¥¢®¥ ¯à¥¤−�§−�ç¥−¨¥ T-GIS: à�áâà®¢ë¥ ¬®¤¥«¨
à�§à�¡�âë¢�«¨áì ¢ ª®−â¥ªáâ¥ íª®«®£¨ç¥áª¨å ¯à¨«®¦¥−¨©, � ®¡ê¥ªâ−®-®à¨¥−â¨à®-
¢�−−ë¥ | ¢ ª®−â¥ªáâ¥ ª�¤�áâà®¢ëå ¨ §¥¬¥«ì−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬.

‚ ¨áá«¥¤®¢�â¥«ìáª®¬ á®®¡é¥áâ¢¥ á«®¦¨«®áì ¬−¥−¨¥ ®â−®á¨â¥«ì−® ¡¥á¯¥à-
á¯¥ªâ¨¢−®áâ¨ á®§¤�−¨ï ®¡é¥© ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−�®© ¬®¤¥«¨, ¯à¨¬¥−¨¬®©
ª «î¡®¬ã áæ¥−�à¨î ¥¥ ¨á¯®«ì§®¢�−¨ï (á¬., −�¯à¨¬¥à, [28]), ¯®áª®«ìªã à�§−ë¥
¤¨áæ¨¯«¨−ë ¯®-à�§−®¬ã ¯®−¨¬�îâ ¨§¬¥−¥−¨ï ¨, á«¥¤®¢�â¥«ì−®, ¯à¥¤êï¢«ïîâ
à�§−ë¥ âà¥¡®¢�−¨ï ª ¨å ¬®¤¥«¨à®¢�−¨î.

‚ë§ë¢�¥â á®¬−¥−¨¥ ¤¥«¥−¨¥ í¢®«îæ¨®−−ëå ¯à¥®¡à�§®¢�−¨© −� ª�â¥£®à¨¨
úâà�−áä®à¬�æ¨¨û (à�áè¨à¥−¨¥, á¦�â¨¥, ¤¥ä®à¬�æ¨ï) ¨ ú¤¢¨¦¥−¨ïû (¯¥à¥¬¥é¥-
−¨¥, ¢à�é¥−¨¥). ‚®§¬®¦−®, ¨¬¥¥â á¬ëá« à�áá¬�âà¨¢�âì ¢á¥ íâ¨ ¯à¥®¡à�§®¢�−¨ï
¢ ª®−â¥ªáâ¥ ¥¤¨−®© ª�â¥£®à¨¨ | úí¢®«îæ¨¨ £¥®®¡ê¥ªâ�û.

Š å�à�ªâ¥à−ë¬ ¯à¨¥¬�¬ ¢ â¥¬¯®à�«ì−®¬ ¬®¤¥«¨à®¢�−¨¨ ¬®¦−® ®â−¥áâ¨:

{ �âà¨¡ãâ¨à®¢�−¨¥ −¥ â®«ìª® £¥®®¡ê¥ªâ®¢, −® ¨ ¨§¬¥−¥−¨©, â¨¯� úá®¡ëâ¨¥û,
ú¯à®æ¥ááû;

{ à¥£¨áâà�æ¨ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© | ¨á¯®«ì§®¢�−¨¥ â¥¬¯®à�«ì−®©
â®¯®«®£¨¨ −�àï¤ã á ®¡ëç−®©, ¯à®áâà�−áâ¢¥−−®© ¨ «®£¨ç¥áª®© (â. ¥. á¥¬�−â¨-
ç¥áª®©) â®¯®«®£¨¥©;

{ ¯à¨¬¥−¥−¨¥ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ëå £à�ä®¢ (â¨¯� á¥â¥© �¥âà¨);

{ ¨á¯®«ì§®¢�−¨¥ á«®¦−ëå â¥¬¯®à�«ì−ëå ¬®¤¥«¥© £¥®®¡ê¥ªâ®¢, ®¡«�¤�îé¨å
¢−ãâà¥−−¥© áâàãªâãà®© ¨ ¤�¦¥ ¯à¥¤¯®«�£�îé¨å á®¡áâ¢¥−−®¥, ¨−¤¨¢¨¤ã�«ì-
−®¥ ¯®¢¥¤¥−¨¥ (ú�£¥−âëû);

{ ¯à¨¬¥−¥−¨¥ ¯�à�¤¨£¬ë ¤¢¨¦ãé¥£®áï ®¡ê¥ªâ�.

�®¤å®¤ ª ¬®¤¥«¨à®¢�−¨î −� ®á−®¢¥ £à�ä®¢ ¯®â¥−æ¨�«ì−® ¯®§¢®«¨â ¢ë©â¨
−� −®¢ë© ãà®¢¥−ì ¬®¤¥«¨à®¢�−¨ï á®¡ëâ¨© ¨ ¯à®æ¥áá®¢, � ¨á¯®«ì§®¢�−¨¥ �£¥−-
â®¢ | ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢, ®¡«�¤�îé¨å á¯®á®¡−®áâìî ª®−âà®«¨à®¢�âì
á¥¡ï ¨ ¢§�¨¬®¤¥©áâ¢®¢�âì ¢ ®¡é¥© áà¥¤¥, | ¤�¥â à�§à�¡®âç¨ª�¬ ¬®¤¥«¥© ¢®§-
¬®¦−®áâì ãç¨âë¢�âì −®¢ë¥ ¬®¤¥«¨ ¯®¢¥¤¥−¨ï [29]. ˆ−â¥£à�æ¨ï £à�ä®¢ ¨ �£¥−â®¢
¯à¥¤áâ�¢«ï¥âáï ¬−®£®®¡¥é�îé¨¬ −�¯à�¢«¥−¨¥¬ ¨áá«¥¤®¢�−¨©: £à�äë ¡ã¤ãâ
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„. �. �¨ª¨è¨−

á®áà¥¤®â®ç¥−ë −� á®¡ëâ¨ïå ¨ ¯à®æ¥áá�å, � �£¥−âë | ¯à¥¤áâ�¢«ïâì ¨−â¥««¥ªâã-
�«ì−ë¥ ®¡ê¥ªâë ¨ ®¡éãî áà¥¤ã, ¢ ª®â®à®© ¢§�¨¬®¤¥©áâ¢ãîâ ¢á¥ ª®¬¯®−¥−âë.

„¢¨¦ãé¨¥áï ®¡ê¥ªâë −�àï¤ã á �£¥−â−®-®à¨¥−â¨à®¢�−−ë¬ ¯®¤å®¤®¬ â�ª¦¥
¯à¥¤«�£�îâ −®¢ë¥ â¥−¤¥−æ¨¨ ¢ ¬®¤¥«¨à®¢�−¨¨. ÷�áá¬®âà¥−¨¥ á¥â¨ ¤¢¨¦ãé¨åáï
®¡ê¥ªâ®¢, ¢ ª®â®à®© ª�¦¤ë© ®¡ê¥ªâ ¯à¥¤áâ�¢«¥− �£¥−â®¬, ¬®¦¥â §�«®¦¨âì ®á−®¢ë
¤«ï ¨−â¥««¥ªâã�«ì−ëå ƒˆ‘: �¢â®−®¬−ë¥ ®¡ê¥ªâë ¬®£ãâ ¢§�¨¬®¤¥©áâ¢®¢�âì ¯®
®¡é¥¬ã áæ¥−�à¨î, ª®â®àë© ®¯à¥¤¥«ï¥âáï ¨ ®£à�−¨ç¥− ¯à�¢¨«�¬¨.

‚�¦−ë¬ ¬®¬¥−â®¬ ¤«ï T-GIS ¯à¥¤áâ�¢«ï¥âáï à¥�«¨§�æ¨ï ¢®§¬®¦−®áâ¨ ¨§-
¬¥−¥−¨ï ¢à¥¬¥−−�®£® ¬�áèâ�¡� (¤¥â�«¨§�æ¨¨ ¨§¬¥−¥−¨© á¨âã�æ¨¨ ¢ â¥¬¯®à�«ì−®¬
�á¯¥ªâ¥) −�àï¤ã á ¨á¯®«ì§®¢�−¨¥¬ âà�¤¨æ¨®−−®© ¬−®£®ãà®¢−¥¢®© ¤¥â�«¨§�æ¨¨
á¨âã�æ¨¨ (¢ á¥¬�−â¨ç¥áª®¬ ¨ ¯à®áâà�−áâ¢¥−−®¬ �á¯¥ªâ�å).
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Abstract: The purpose of the work is to consider the characteristic features of
a number of basic approaches and their corresponding models of spatiotemporal
(temporal) geodata models proposed in recent decades and to identify the main
trends in the development of spatiotemporal modeling for temporal geoinforma-
tion systems (T-GIS). It is noted that it is not necessary to talk about a general
approach to spatiotemporal geomodeling due to the variety of requirements and
features inherent in specific tasks of specific T-GIS. Graph-based modeling
of events and processes, an agent-oriented approach, the use of the paradigm
of moving objects, as well as the integration of these approaches together are
important areas.
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ОПТИМАЛЬНЫЕ АССОЦИАЦИИ УСТРОЙСТВ В СЕТЯХ
МЕЖМАШИННОГО ВЗАИМОДЕЙСТВИЯ СТАНДАРТОВ

NB-IoT И LTE-M∗

Н. В. Степанов1, А. М. Тюрликов2, В. О. Бегишев3

�−−®â�æ¨ï: �®¢ë¥ ãá«ã£¨ ¬�áá®¢®£® ¬¥¦¬�è¨−−®£® ¢§�¨¬®¤¥©áâ¢¨ï (mMTC,
massive machine-type communications), â�ª¨¥ ª�ª ¬®−¨â®à¨−£ í−¥à£¥â¨ç¥áª¨å
á¥â¥©, å�à�ªâ¥à¨§ãîâáï ¯�ç¥ç−®© áâàãªâãà®© âà�ä¨ª�, çâ® ®ª�§ë¢�¥â −¥£�-
â¨¢−®¥ ¢«¨ï−¨¥ −� §�¤¥à¦ªã ¤®áâ�¢ª¨ ¨−ä®à¬�æ¨¨. Šà®¬¥ â®£®, ®−¨ â�ª-
¦¥ âà¥¡ãîâ ¢ëá®ª®© −�¤¥¦−®áâ¨ ¤®áâ�¢ª¨ ¨−ä®à¬�æ¨¨ ¨ ¤®áâã¯−®áâ¨ á¥â¨,
ª®â®àë¥ ¬®£ãâ ¡ëâì ¤®áâ¨£−ãâë §� áç¥â ¨á¯®«ì§®¢�−¨ï −¥áª®«ìª¨å á¥â¥© à�-
¤¨®¤®áâã¯� (Radio Access Technology, RAT) −� ®¤−®¬ ®ª®−¥ç−®¬ ãáâà®©áâ¢¥
(UE, user equipment). ‚ ¤�−−®© à�¡®â¥ ¯®áâà®¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤«ï
®æ¥−ª¨ §�¤¥à¦ª¨ −� à�¤¨®¨−â¥àä¥©á¥ ¢ á¥âïå á −¨§ª¨¬ ¯®âà¥¡«¥−¨¥¬ í−¥à£¨¨
(Low Power Wide Area Networks, LPWAN) á −¥áª®«ìª¨¬¨ RAT ¯à¨ ¯�ç¥ç−®¬
¯®áâã¯«¥−¨¨ á®®¡é¥−¨©.

Š«îç¥¢ë¥ á«®¢�: 5G; NB-IoT; LTE-M; ¬¥¦¬�è¨−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥
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1 Введение

�¥á¯à®¢®¤−ë¥ á¥â¨ á −¨§ª¨¬ ¯®âà¥¡«¥−¨¥¬ í−¥à£¨¨ (LPWAN), â�ª¨¥ ª�ª
LTE-M (long term evolution for machine) ¨ NB-IoT (narrowband Internet of
Things), ¡ë«¨ à�§à�¡®â�−ë ¤«ï ¯¥à¥¤�ç¨ âà�ä¨ª�, £¥−¥à¨àã¥¬®£® ¡®«ìè¨¬ ç¨á-
«®¬ ®ª®−¥ç−ëå ãáâà®©áâ¢ (UE), à�¡®â�îé¨å �á¨−åà®−−® ¨ ¯¥à¥¤�îé¨å −¥¡®«ì-
è¨¥ ®¡ê¥¬ë ¤�−−ëå. �â® á¢®©áâ¢® ¯®§¢®«ï¥â ¬ã«ìâ¨¯«¥ªá¨à®¢�âì á®®¡é¥−¨ï ®â
¬−®¦¥áâ¢� UE, � ¢ á«ãç�¥ NB-IoT ¤�¦¥ ¤®áâ¨£�âì âà¥¡®¢�−¨© IMT-2020 ¤«ï
¬�áá®¢®£® ¬¥¦¬�è¨−−®£® ¢§�¨¬®¤¥©áâ¢¨ï (mMTC) [1, 2].

“á«ã£� ¬®−¨â®à¨−£� í−¥à£¥â¨ç¥áª¨å á¥â¥© ¯à¥¤áâ�¢«ï¥â á®¡®© ®¤−ã ¨§ á«®¦-
−ëå ãá«ã£ ¤«ï á¥â¥© LPWAN. ‚ ¤®¯®«−¥−¨¥ ª ¯®¢ëè¥−¨î âà¥¡®¢�−¨© ¯®
§�¤¥à¦ª¥ ¤®áâ�¢ª¨ ¨−ä®à¬�æ¨¨ â�ª�ï ãá«ã£� âà¥¡ã¥â ¯®áâ®ï−−®© á¢ï§¨ á UE,
à�¡®â�îé¨¬¨ ¢ á®áâ®ï−¨¨ ¯®¤¤¥à¦ª¨ �ªâ¨¢−®£® á®¥¤¨−¥−¨ï (RRC-Connected)
¤«ï ®¯à®á� UE ç¥à¥§ à¥£ã«ïà−ë¥ ¨−â¥à¢�«ë ¢à¥¬¥−¨. ’�ª®¥ ¯®¢¥¤¥−¨¥ ¯à¨¢®¤¨â
ª ¯�ç¥ç−®¬ã ¯®áâã¯«¥−¨î á®®¡é¥−¨© −� à�¤¨®¨−â¥àä¥©á LPWAN, çâ® ã¢¥«¨-

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� (¯à®¥ªâ 22-19-
00305 ú�à®áâà�−áâ¢¥−−®-¢à¥¬¥−−ë¥áâ®å�áâ¨ç¥áª¨¥ ¬®¤¥«¨ ¡¥á¯à®¢®¤−ëåá¥â¥© á ¡®«ìè¨¬ ç¨á«®¬
�¡®−¥−â®¢û).

1‘�−ªâ-�¥â¥à¡ãà£áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â �íà®ª®á¬¨ç¥áª®£® ¯à¨¡®à®áâà®¥−¨ï
(ƒ“��), stepanov.nikita@guap.ru

2‘�−ªâ-�¥â¥à¡ãà£áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â �íà®ª®á¬¨ç¥áª®£® ¯à¨¡®à®áâà®¥−¨ï
(ƒ“��), turlikov@k36.org

3÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢ (÷“„�), begishev-vo@rudn.ru
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ç¨¢�¥â §�¤¥à¦ªã ¨ ¬®¦¥â ¯à¨¢®¤¨âì ª −�àãè¥−¨î âà¥¡®¢�−¨© IMT-2020 ¤«ï
ãá«ã£ mMTC. „«ï ¯®¢ëè¥−¨ï −�¤¥¦−®áâ¨, � â�ª¦¥ ã−¨ä¨ª�æ¨¨ ª®−áâàãªæ¨¨
UE ¡ë«¨ ¯à¥¤«®¦¥−ë UE á −¥áª®«ìª¨¬¨ ¨−â¥àä¥©á�¬¨ LPWAN. �®á«¥¤−¥¥
¯à¨¢®¤¨â ª ¯à®¡«¥¬¥ ®¯â¨¬�«ì−®£® ¢ë¡®à� á¥â¨ LPWAN â�ª¨¬ ®¡à�§®¬, çâ®¡ë
§�¤¥à¦ª� ¤®áâ�¢ª¨ ¨−ä®à¬�æ¨¨ ¡ë«� ¬¨−¨¬�«ì−®© [3, 4].

‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤«ï ®æ¥−ª¨ ¯®ª�§�-
â¥«¥© §�¤¥à¦ª¨ ãá«ã£ mMTC, å�à�ªâ¥à¨§ãîé¨åáï ¯�ç¥ç−ë¬¨ ¯®áâã¯«¥−¨ï¬¨
á®®¡é¥−¨© ¤«ï á¥â¥© LPWAN, LTE-M ¨ NB-IoT. �� ®á−®¢¥ à�§à�¡®â�−−®©
¬®¤¥«¨ ¯®áâà®¥− �«£®à¨â¬ ç¨á«¥−−®© ®¯â¨¬¨§�æ¨¨ ¤«ï ®¯à¥¤¥«¥−¨ï ª®«¨ç¥áâ¢�
UE, ¯®¤ª«îç¥−−ëå ¢ ª�¦¤®© ¨§ â¥å−®«®£¨©.

2 Модель системы

ˆ§¢¥áâ−®, çâ® ¯à¨ ¯�ç¥ç−®¬ ¯®áâã¯«¥−¨¨ á®®¡é¥−¨© ¯à®æ¥¤ãà� á«ãç�©−®£®
¤®áâã¯� (RAP, random access procedure) áâ�−®¢¨âáï ®á−®¢−ë¬ ä�ªâ®à®¬, ¢«¨ï-
îé¨¬ −� ª�ç¥áâ¢® ®¡á«ã¦¨¢�−¨ï �¡®−¥−â®¢ [5, 6].

ˆ¬¥¥âáï ¬−®¦¥áâ¢® �¡®−¥−â®¢ U ¨ ¤¢¥ ¡�§®¢ë¥ áâ�−æ¨¨ (�‘): �‘1 (NB-IoT)
¨ �‘2 (LTE-M). Š�¦¤ë© �¡®−¥−â ¨§ ¬−®¦¥áâ¢� U ¬®¦¥â ¨¬¥âì ¤®áâã¯ ª «î¡®©
¨§ íâ¨å �‘, −® â®«ìª® ª ®¤−®©. ’à¥¡ã¥âáï à�§¤¥«¨âì ¬−®¦¥áâ¢® �¡®−¥−â®¢ U −�
¤¢� ¯®¤¬−®¦¥áâ¢� U1 ¨ U2 â�ª¨¬ ®¡à�§®¬, çâ®¡ë áà¥¤−ïï §�¤¥à¦ª� ¤®áâã¯� ¡ë«�
¬¨−¨¬�«ì−®©. „«ï ®¯¨á�−¨ï ¯à¥¤«�£�¥¬®© á¨áâ¥¬ë ¢¢¥¤¥¬ àï¤ ¤®¯ãé¥−¨©.
„®¯ãé¥−¨¥ 1. ‘â�−æ¨¨ �‘1 ¨ �‘2 ®¡á«ã¦¨¢�îâ l1 ¨ l2 ¯�à�««¥«ì−ëå ª�−�«®¢
á«ãç�©−®£® ¬−®¦¥áâ¢¥−−®£® ¤®áâã¯� á®®â¢¥âáâ¢¥−−®. ‚à¥¬ï ¯¥à¥¤�ç¨ ¯® ª�−�«ã
à�§¤¥«¥−® −� ®ª−�. ‚á¥ ®ª−� ¨¬¥îâ ®¤¨−�ª®¢ãî ¤«¨â¥«ì−®áâì, à�¢−ãî tÏËÎÁ1
¤«ï �‘1 ¨ tÏËÎÁ2 ¤«ï �‘2. �¡®−¥−â ¬®¦¥â −�ç¨−�âì ¯¥à¥¤�çã á®®¡é¥−¨ï â®«ìª®
¢ −�ç�«¥ ®ç¥à¥¤−®£® ®ª−�.
„®¯ãé¥−¨¥ 2. ‚ ª�¦¤®¬ ®ª−¥ ¬®¦¥â ¯à®¨§®©â¨ ®¤−® ¨§ âà¥å á®¡ëâ¨©:

(1) ¢ ®ª−¥ ¯¥à¥¤�¥â ®¤¨− �¡®−¥−â: á®¡ëâ¨¥ S | ãá¯¥å;

(2) ¢ ®ª−¥ −¥ ¯¥à¥¤�¥â −¨ ®¤¨− �¡®−¥−â: á®¡ëâ¨¥ E | ¯ãáâ®;

(3) ¢ ®ª−¥ ¯¥à¥¤�îâ ¤¢� ¨«¨ ¡®«¥¥ �¡®−¥−â®¢: á®¡ëâ¨¥ C | ª®−ä«¨ªâ.

„®¯ãé¥−¨¥ 3. ��§®¢�ï áâ�−æ¨ï, −�¡«î¤�ï ¢ëå®¤ ª�−�«�, ª ª®−æã ®ª−� ã§−�¥â
® á®¡ëâ¨¨ ¢ ®ª−¥ ¨ ¯¥à¥¤�¥â ¨−ä®à¬�æ¨î ® á®¡ëâ¨¨ ¢á¥¬ �¡®−¥−â�¬. �¡®−¥−âë,
ã ª®â®àëå ¥áâì á®®¡é¥−¨¥, ¨á¯®«ì§ãîâ íâã ¨−ä®à¬�æ¨î ¨ ¢ á«¥¤ãîé¥¬ ®ª−¥
¯à¨−¨¬�îâ à¥è¥−¨¥ ¯¥à¥¤�¢�âì ¨«¨ −¥â á®®¡é¥−¨¥ ¢ á®®â¢¥âáâ¢¨¨ á ¢¥à®ïâ−®áâìî
Pt = min(1, l/Nt), £¤¥ Nt | ç¨á«® �ªâ¨¢−ëå �¡®−¥−â®¢ ª −�ç�«ã ®ª−� t [7]. ��
¯à�ªâ¨ª¥ íâ® −¥ ¬®¦¥â ¡ëâì à¥�«¨§®¢�−®, â�ª ª�ª ç¨á«® �ªâ¨¢−ëå �¡®−¥−â®¢
−¥¨§¢¥áâ−®. „«ï «î¡®£® �«£®à¨â¬�, ª®â®àë© ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−, áà¥¤−ïï
§�¤¥à¦ª� ¡ã¤¥â ¢ëè¥ [8, 9].
„®¯ãé¥−¨¥ 4. �à¥¤¯®«�£�¥âáï, çâ® §®−ë ¯®ªàëâ¨ï �‘ â�ª®¢ë, çâ® ¯®â¥àï
¤�−−ëå, ¢ë§¢�−−�ï −¨§ª¨¬ ãà®¢−¥¬ ¯à¨−¨¬�¥¬®£® á¨£−�«�, ¯à¥−¥¡à¥¦¨¬® ¬�«�.
„®¯ãé¥−¨¥ 5. „«ï ®¯¨á�−¨ï ¯à®æ¥áá� ¢®§−¨ª−®¢¥−¨ï á®®¡é¥−¨© ¡ã¤¥¬ ¨á¯®«ì-
§®¢�âì ¬®¤¥«ì á ¯¥à¨®¤¨ç¥áª¨¬ ®¯à®á®¬ �¡®−¥−â®¢. ‚ á®®â¢¥âáâ¢¨¨ á −¥© −®¢®¥
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•�à�ªâ¥à¨áâ¨ª¨ NB-IoT ¨ LTE-M, ¨á¯®«ì§ã¥¬ë¥ ¢ à�¡®â¥

’¥å−®«®£¨ï
÷�§¬¥à
¯�ª¥â�,

¡�©â

—¨á«®
¯à¥�¬¡ã«

‘¨−åà®−¨§�æ¨ï,
¬á

‚à¥¬ï
á«ãç�©−®£®

¤®áâã¯�
(RAP), ¬á

‚à¥¬ï
¯¥à¥¤�ç¨

¤�−−ëå, ¬á

LTE Cat NB 1 200 l1 = 12 tÓÉÎÈ.1 = 300 tÏËÎÁ 1 = 40 tÄÁÎ. 1 = 350
LTE Cat M1 200 l2 = 36 tÓÉÎÈ.2 = 300 tÏËÎÁ 2 = 20 tÄÁÎ. 2 = 80

á®®¡é¥−¨¥ ¤«ï ¯¥à¥¤�ç¨ ¯®ï¢«ï¥âáï ã ¢á¥å M �¡®−¥−â®¢ ®¤−®¢à¥¬¥−−® á ¯¥à¨®-
¤®¬, à�¢−ë¬ – ¥¤¨−¨æ ¢à¥¬¥−¨. �®á«¥ ¯®ï¢«¥−¨ï á®®¡é¥−¨ï �¡®−¥−â ¯ëâ�¥âáï
®áãé¥áâ¢¨âì ¥£® ¯¥à¥¤�çã −� �‘, á ª®â®à®© ®− �áá®æ¨¨à®¢�−. …á«¨ �¡®−¥−â −¥
¯¥à¥¤�áâ á®®¡é¥−¨¥ ¤® ¯®ï¢«¥−¨ï −®¢®£® á®®¡é¥−¨ï, â® −¥¯¥à¥¤�−−®¥ á®®¡é¥−¨¥
â¥àï¥âáï ¨ �¡®−¥−â −�ç¨−�¥â à�¡®â�âì á −®¢ë¬ á®®¡é¥−¨¥¬.
„®¯ãé¥−¨¥ 6. „«ï ¬®¤¥«¨ á ¯¥à¨®¤¨ç¥áª¨¬ ®¯à®á®¬ �¡®−¥−â®¢ ¯à¥¤¯®«�£�¥âáï,
çâ® ¨−â¥à¢�« ¬¥¦¤ã ®¯à®á�¬¨ ãáâà®©áâ¢ ¢ á®â¥ ¤®áâ�â®ç¥−, çâ®¡ë á®®¡é¥−¨ï
ãáâà®©áâ¢ ¬®£«¨ ¡ëâì ¯¥à¥¤�−ë ¨ −¥ ®áâ�¢�«®áì −¨ ®¤−®£® �ªâ¨¢−®£® ãáâà®©áâ¢�
¢ ª®−æ¥ ¨−â¥à¢�«�.

’�¡«¨æ� ¨««îáâà¨àã¥â ¯�à�¬¥âàë â¥å−®«®£¨© NB-IoT ¨ LTE-M, ¨á¯®«ì§ã-
¥¬ë¥ ¢ à�¡®â¥ [6]. �â¬¥â¨¬, çâ® −� ®á−®¢¥ ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«¨æ¥,
¢ ¤�«ì−¥©è¥¬ ®áãé¥áâ¢«ï¥âáï ¯¥à¥áç¥â ¢à¥¬¥−− �ëå ¯�à�¬¥âà®¢ ¨§ ®ª®− ¢ ¥¤¨−¨æë
¢à¥¬¥−¨.

3 Методика расчета

‘à¥¤−îî §�¤¥à¦ªã ¤«ï ¬®¤¥«¨ á ¯¥à¨®¤¨ç¥áª¨¬ ®¯à®á®¬ �¡®−¥−â®¢ ¬®¦−®
à�ááç¨â�âì âà¥¬ï á¯®á®¡�¬¨ á à�§−®© áâ¥¯¥−ìî â®ç−®áâ¨ ¨ á«®¦−®áâ¨ ¢ëç¨á-
«¥−¨©. �¥à¢ë© á¯®á®¡ à�áç¥â� | íâ® â®ç−ë© ¬¥â®¤ á ¯®¬®éìî ¬�àª®¢áª®©
¬®¤¥«¨, ¯à¥¤«®¦¥−−ë© ¢ [10]. ‚â®à®© á¯®á®¡ à�áç¥â� ®¯¨à�¥âáï −� à¥ªãàà¥−â−®¥
ãà�¢−¥−¨¥ ¯®áâ¥¯¥−−®£® ¯¥à¥å®¤� �¡®−¥−â®¢ ¨§ �ªâ¨¢−®£® á®áâ®ï−¨ï ¢ á®áâ®ï−¨¥
¡¥§ £®â®¢ëå ª ¯¥à¥¤�ç¥ á®®¡é¥−¨© [6]. �â¬¥â¨¬, çâ®, ¨á¯®«ì§ãï ª�ª ¯¥à¢ë©,
â�ª ¨ ¢â®à®© ¬¥â®¤, −¥«ì§ï ¯®«ãç¨âì ï¢−®¥ ¢ëà�¦¥−¨¥ áà¥¤−¥© §�¤¥à¦ª¨ ª�ª
äã−ªæ¨¨ ¯�à�¬¥âà®¢ ¬®¤¥«¨. ’à¥â¨© á¯®á®¡, ¯®§¢®«ïîé¨© ¯®«ãç¨âì à¥è¥−¨¥
¢ ï¢−®¬ ¢¨¤¥, §�ª«îç�¥âáï ¢ ¨á¯®«ì§®¢�−¨¨ á«¥¤ãîé¥©, ¡®«¥¥ £àã¡®©, ç¥¬ ¤�¥â
à¥ªãàà¥−â−®¥ ãà�¢−¥−¨¥, ®æ¥−ª¨ ¤«ï ç¨á«� �ªâ¨¢−ëå �¡®−¥−â®¢:

N t+1 =
(

N t − le−1
)

I
(

N t ≥ le−1
)

.

„«ï ¤�−−®© ®æ¥−ª¨ ¡ã¤¥¬ áç¨â�âì, çâ® ¢á¥ �¡®−¥−âë ¢ëå®¤ïâ §� ¢à¥¬ï le−1, â. ¥.

b(M, δ) =















M

2le−1
, ¥á«¨

M

le−1
≤ δ ;

M

le−1
− δ

2
¨−�ç¥.

(1)
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„«ï ¢ë¡®à� ®¯â¨¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ç¨á«� �¡®−¥−â®¢ M1 ¨ M2 ¤«ï
¯¥à¢®© ¨ ¢â®à®© â¥å−®«®£¨¨ á®®â¢¥âáâ¢¥−−® âà¥¡ã¥âáï à¥è¨âì á«¥¤ãîéãî ®¯â¨-
¬¨§�æ¨®−−ãî §�¤�çã:

{

max (τ1 (M1–) , τ2 (M2–))→ min ;
M1 +M2 =M .

‹¥£ª® ¯®ª�§�âì, çâ® ¤«ï ®¯â¨¬�«ì−ëå §−�ç¥−¨© ¢ë¯®«−ï¥âáï à�¢¥−áâ¢®
τ1(M1) = τ2(M2). ’�ª¨¬ ®¡à�§®¬, ¤«ï à¥è¥−¨ï íâ®© ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨
âà¥¡ã¥âáï ¯à®¤¥«�âì á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï.

˜�£ 1. —¨á«¥−−ë¬ ¯ãâ¥¬ ¯®«ãç¨âì §�¢¨á¨¬®áâì b1(M1, δ).

˜�£ 2. —¨á«¥−−ë¬ ¯ãâ¥¬ ¯®«ãç¨âì §�¢¨á¨¬®áâì b2(M2, δ).

˜�£ 3. —¨á«¥−−ë¬ ¯ãâ¥¬ à¥è¨âì á«¥¤ãîé¥¥ ãà�¢−¥−¨¥:

b1

(

M1,
–

tÏËÎÁ 1

)

tÏËÎÁ 1 + tÄÁÎ.1 = b2

(

M2,
–

tÏËÎÁ 2

)

tÏËÎÁ 2 + tÄÁÎ.2 .

‡�¤�ç� à¥è�¥âáï ¯à¨ á«¥¤ãîé¨å ®£à�−¨ç¥−¨ïå:

M1 +M2 =M ;

M1

l1e
−1 <

–

tÏËÎÁ 1
;

M2

l2e
−1 <

–

tÏËÎÁ 2
. (2)

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯à¨ ®£à�−¨ç¥−¨ïå (2) ª ª®−æã ¯¥à¨®¤� – ¢á¥ �¡®−¥−âë
ãá¯¥è−® ¯¥à¥¤�¤ãâ á¢®¨ á®®¡é¥−¨ï.

„«ï â®£® çâ®¡ë ã¯à®áâ¨âì à¥è¥−¨¥, ¬®¦−® ¢¬¥áâ® â®ç−ëå §−�ç¥−¨© b1(M1, δ)
¨ b2(M2, δ) ¢®á¯®«ì§®¢�âìáï ®æ¥−ª�¬¨ á®£«�á−® ä®à¬ã«¥ (1) ¨ ¯®«ãç¨âì à¥è¥−¨ï
¢ ï¢−®¬ ¢¨¤¥. ÷�áá¬®âà¨¬ á«ãç�© M1/(l1e

−1) < δ ¨ (M − M1)/(l2e
−1) < δ.

÷�áç¥â §�¤¥à¦ª¨ ¤«ï ¯¥à¢®© ¨ ¢â®à®© â¥å−®«®£¨¨ ¤�¥â

τ1 =
M1

l1e
−1 · 2 tÏËÎÁ 1 + tÄÁÎ. 1 ; τ2 =

M − M1

l2e
−1 · 2 tÏËÎÁ 2 + tÄÁÎ. 2 .

„«ï −�å®¦¤¥−¨ï ®¯â¨¬�«ì−®£® §−�ç¥−¨ï M1 âà¥¡ã¥âáï à¥è¨âì ãà�¢−¥−¨¥

M1

l1e
−1 · 2

tÏËÎÁ 1 + tÄÁÎ. 1 =
M − M1

l2e
−1 · 2

tÏËÎÁ 2 + tÄÁÎ. 2

¯à¨ ãá«®¢¨¨ ¢ë¯®«−¥−¨¨ −¥à�¢¥−áâ¢ (2). �®«ãç�¥¬

M1 =
Ml1tÏËÎÁ 2 − 2l1l2e−1 (tÄÁÎ. 1 − tÄÁÎ. 2)

l1tÏËÎÁ 2 + l2tÏËÎÁ 1
.
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‚ â®çª¥ ®¯â¨¬ã¬� §−�ç¥−¨ï §�¤¥à¦ª¨ ¤«ï ®¡¥¨å â¥å−®«®£¨© á®¢¯�¤�îâ ¨ à�¢−ë

τÏÐÔ =
Ml1tÏËÎÁ 2 − 2l1l2e−1 (tÄÁÎ. 1 − tÄÁÎ. 2)

2l1e
−1 (l1tÏËÎÁ 2 + l2tÏËÎÁ 1)

tÏËÎÁ 1 + tÄÁÎ. 1 .

4 Численные результаты

�� à¨áã−ª¥ ¯®ª�§�−ë §−�ç¥-

‡�¢¨á¨¬®áâì áà¥¤−¥© §�¤¥à¦ª¨ ¢ á¨áâ¥¬¥ ¯à¨
®¯â¨¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨ �¡®−¥−â®¢ ¬¥¦¤ã â¥å-
−®«®£¨ï¬¨ ®â ®¡é¥£® ç¨á«� �¡®−¥−â®¢ M ¯à¨ ä¨ª-
á¨à®¢�−−®© −�£àã§ª¥ M/–

−¨ï áà¥¤−¥© §�¤¥à¦ª¨ ª�ª äã−ª-
æ¨¨ ®â ®¡é¥£® ç¨á«� ãáâà®©áâ¢
¢ á¨áâ¥¬¥ M ¨ ¯¥à¨®¤� ®¯à®á�
�¡®−¥−â®¢ – ¤«ï ®¯â¨¬�«ì−®£®
à�á¯à¥¤¥«¥−¨ï �¡®−¥−â®¢ ¬¥¦¤ã
â¥å−®«®£¨ï¬¨ LTE-M ¨ NB-IoT.
�â¬¥â¨¬, çâ® ¯à¨ à�áá¬�âà¨-
¢�¥¬®© ä¨ªá¨à®¢�−−®© −�£àã§ª¥
M/– áà¥¤−ïï §�¤¥à¦ª� á®®¡é¥-
−¨ï ã¢¥«¨ç¨¢�¥âáï á à®áâ®¬ M
¨–. ’�ª®¥ ¯®¢¥¤¥−¨¥ ®¡ãá«®¢«¥-
−® ¯�ç¥ç−®© áâàãªâãà®© âà�ä¨-
ª�. „«ï ç¨á«¥−−ëå à�áç¥â®¢ ¢ë-
¡à�−ë 12 ¯à¥�¬¡ã« ¤«ï NB-IoT
¨ 5 ¯à¥�¬¡ã« ¤«ï LTE-M.

5 Заключение

‚ à�¡®â¥ ¯®áâà®¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤«ï ®æ¥−ª¨ §�¤¥à¦ª¨ −� à�¤¨®-
¨−â¥àä¥©á¥ ¢ á¥âïå á −¨§ª¨¬ ¯®âà¥¡«¥−¨¥¬ í−¥à£¨¨ LPWAN á −¥áª®«ìª¨¬¨ RAT
¯à¨ ¯�ç¥ç−®¬ ¯®áâã¯«¥−¨¨ á®®¡é¥−¨©. ’�ª¦¥ ¯à¥¤«®¦¥− ç¨á«¥−−ë© �«£®à¨â¬
¤«ï ®æ¥−ª¨ ®¯â¨¬�«ì−ëå �áá®æ¨�æ¨© ãáâà®©áâ¢, ¬¨−¨¬¨§¨àãîé¨© §�¤¥à¦ªã
¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ −� à�¤¨®¨−â¥àä¥©á¥.
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Abstract: The new mass machine to machine communication services currently
emerging, such as power grid monitoring, are characterized by a fundamentally
different nature of the traffic incoming process. By polling the User Equipment
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(UE) at regular intervals, these services result in bursting of messages which
has a negative impact on the delay in information delivery. In addition, they
also require high reliability of information delivery and network availability
which can be achieved by using multiple radio access networks (Radio Access
Technology, RAT) on one UE. In this paper, the authors develop a mathematical
model for estimating radio interface latency in Low Power Wide Area Networks
with multiple RATs for bursty messages. The authors also propose a numerical
algorithm for estimating optimal UE associations minimizing the information
transmission delay on the radio interface.
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АНАЛИЗ РАСПРЕДЕЛЕНИЯ НАГРУЗОК И РЕСУРСОВ
В МНОГОПОЛЬЗОВАТЕЛЬСКОЙ СЕТИ

ПРИ РАВНЫХ МЕЖУЗЛОВЫХ ПОТОКАХ

Ю. Е. Малашенко1, И. А. Назарова2

�−−®â�æ¨ï: �−�«¨§¨àã¥âáï ¬¥â®¤ à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢ ¤«ï ä®à¬¨à®¢�-
−¨ï á¥â¨ á¢ï§¨ ¯à¨ à�¢−ëå ¬¥¦ã§«®¢ëå ¯®â®ª�å. ‚ à�¬ª�å ä®à¬�«ì−®©
¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ¯à®¯ãáª−ë¥ á¯®á®¡−®áâ¨ à¥¡¥à à�áá¬�âà¨¢�îâáï ª�ª
ª®¬¯®−¥−âë ¢¥ªâ®à� à¥áãàá®¢ à�§«¨ç−ëå â¨¯®¢, ª®â®àë¥ âà¥¡ãîâáï ¤«ï ¯¥-
à¥¤�ç¨ ¯®â®ª®¢ à�§−ëå ¢¨¤®¢. ƒà�ä á¥â¨ ¨ áã¬¬� ¯à®¯ãáª−ëå á¯®á®¡−®áâ¥©
à¥¡¥à áç¨â�îâáï §�¤�−−ë¬¨. �à¥¤«�£�¥âáï �«£®à¨â¬¨ç¥áª�ï ¯à®æ¥¤ãà� ¢ë-
¡®à� ¯à®¯ãáª−ëå á¯®á®¡−®áâ¥©, ¯à¨ ª®â®àëå ¢á¥ ¬¥¦ã§«®¢ë¥ ¯®â®ª¨ à�¢−ë
¨ ¤®áâ¨£�¥âáï ¯à¥¤¥«ì−�ï §�£àã§ª� ¢á¥å à¥¡¥à á¥â¨. �à¨ ¯®¨áª¥ á®®â¢¥âáâ¢ã-
îé¨å à�á¯à¥¤¥«¥−¨© ¨á¯®«ì§ãîâáï §−�ç¥−¨ï ¬�ªá¨¬�«ì−ëå ®¤−®¯à®¤ãªâ®-
¢ëå ¯®â®ª®¢, ª®â®àë¥ ®¯à¥¤¥«ïîâáï ¤«ï ª�¦¤®© ¯�àë ã§«®¢-ª®àà¥á¯®−¤¥−â®¢.
‚ëç¨á«¨â¥«ì−ë¥ íªá¯¥à¨¬¥−âë ¯à®¢®¤¨«¨áì ¤«ï á¥â¥© á à�§«¨ç−ë¬¨ áâàãª-
âãà−ë¬¨ ®á®¡¥−−®áâï¬¨.

Š«îç¥¢ë¥ á«®¢�: ¬−®£®¯à®¤ãªâ®¢�ï ¯®â®ª®¢�ï ¬®¤¥«ì; ¬¥â®¤ à�á¯à¥¤¥«¥−¨ï
à¥áãàá®¢ á¥â¨; ãà�¢−¨â¥«ì−®¥ à�á¯à¥¤¥«¥−¨¥ ¬¥¦ã§«®¢ëå ¯®â®ª®¢; ¯à¥¤¥«ì−�ï
§�£àã§ª� á¥â¨
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1 Введение

„�−−�ï à�¡®â� ¯à®¤®«¦�¥â ¨áá«¥¤®¢�−¨ï ¬¥â®¤®¢ �−�«¨§� äã−ªæ¨®−�«ì−ëå
¢®§¬®¦−®áâ¥© â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ [1, 2]. ‚ à�¬ª�å ¬−®£®¯à®¤ãªâ®¢®©
á¥â¥¢®© ¬®¤¥«¨ à�áá¬�âà¨¢�¥âáï ¢ëç¨á«¨â¥«ì−�ï ¯à®æ¥¤ãà� ®æ¥−ª¨ à�á¯à¥¤¥«¥-
−¨ï −�£àã§®ª ¨ à¥áãàá®¢ ¯à¨ à�¢−ëå á®¢¬¥áâ−® ¤®¯ãáâ¨¬ëå ¬¥¦ã§«®¢ëå ¯®â®ª�å.
�®¤ à¥áãàá®¬, ¢ë¤¥«ï¥¬ë¬ −¥ª®â®à®© ¯�à¥ ã§«®¢-ª®àà¥á¯®−¤¥−â®¢, ¯®−¨¬�¥âáï
áã¬¬�à−�ï ¢¥«¨ç¨−� ¯à®¯ãáª−ëå á¯®á®¡−®áâ¥©, −¥®¡å®¤¨¬ëå ¤«ï ®¡¥á¯¥ç¥−¨ï
á¢ï§¨. ‘ã¬¬� ¤ã£®¢ëå ¯®â®ª®¢ à�§−ëå ¢¨¤®¢ âà�ªâã¥âáï ª�ª −�£àã§ª� −� −¥-
ª®â®à®¬ à¥¡à¥, ¢®§−¨ª�îé�ï ¯à¨ ®¤−®¢à¥¬¥−−®¬ á®¥¤¨−¥−¨¨ ª®àà¥á¯®−¤¥−â®¢.
‘ã¬¬�à−ë© à¥áãàá á¥â¨ áç¨â�¥âáï §�¤�−−ë¬, ¨ ®áãé¥áâ¢«ï¥âáï ¯®¨áª à�á¯à¥¤¥«¥-
−¨ï, ¯à¨ ª®â®à®¬ ¬¥¦ã§«®¢ë¥ ¯®â®ª¨ à�¢−ë ¤àã£ ¤àã£ã. ‚ å®¤¥ íªá¯¥à¨¬¥−â� ¤«ï
ª�¦¤®© ¯�àë ã§«®¢ ¢ëç¨á«ï¥âáï ¬�ªá¨¬�«ì−ë© ®¤−®¯à®¤ãªâ®¢ë© ¯®â®ª. Œ�àè-
àãâë ¯¥à¥¤�ç¨ ¤«ï ª�¦¤®© ¯�àë ª®àà¥á¯®−¤¥−â®¢ ¯à®ª«�¤ë¢�îâáï ¯® à¥¡à�¬

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, malash09@ccas.ru

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, irina-nazar@yandex.ru
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á®®â¢¥âáâ¢ãîé¨å ¬¨−¨¬�«ì−ëå à�§à¥§®¢ ¨ ¯®¤áç¨âë¢�îâáï −�£àã§ª¨ ¯à¨ à�¢-
−ëå §−�ç¥−¨ïå ¯®â®ª®¢. �� ®á−®¢¥ −�©¤¥−−ëå §−�ç¥−¨© −�£àã§®ª ®¯à¥¤¥«ïîâáï
âà¥¡ã¥¬ë¥ ¯à®¯ãáª−ë¥ á¯®á®¡−®áâ¨. �−�«¨§ à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â®¢ ¯®§¢®-
«ï¥â ®æ¥−¨âì à�á¯à¥¤¥«¥−¨¥ à¥áãàá®¢ ¯à¨ ¯à¥¤¥«ì−®© §�£àã§ª¥ á¥â¨ ¨ à�¢−ëå
¬¥¦ã§«®¢ëå ¯®â®ª�å ¢ ¬−®£®¯®«ì§®¢�â¥«ìáª¨å á¥âïå [1, 2].

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¤«ï á®§¤�−¨ï, à�§¢¨â¨ï ¨ íªá¯«ã�â�æ¨¨ â¥«¥ª®¬¬ã−¨ª�æ¨-
®−−ëå á¨áâ¥¬ ¨á¯®«ì§ãîâáï ¯®â®ª®¢ë¥ ¬®¤¥«¨ ¨ à�§à�¡�âë¢�îâáï á¯¥æ¨�«ì−ë¥
¬¥â®¤ë à¥è¥−¨ï [3, 4]. Œ�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ¯¥à¥¤�ç¨ ¬−®£®¯à®¤ãªâ®¢®£®
¯®â®ª� ¯à¨¬¥−ïîâáï ¤«ï ¯®¨áª� −¥¤¨áªà¨¬¨−¨àãîé¨å ¯à�¢¨« à�á¯à¥¤¥«¥−¨ï
à¥áãàá®¢ ¢ á¨áâ¥¬�å á¢ï§¨ [5]. �� ®á−®¢¥ ä®à¬�«¨§¬� ¬−®£®ªà¨â¥à¨�«ì−®© ®¯â¨-
¬¨§�æ¨¨ á®§¤�îâáï ¬¥â®¤ë �−�«¨§� äã−ªæ¨®−�«ì−ëå å�à�ªâ¥à¨áâ¨ª á ãç¥â®¬ ¢¥ª-
â®à� âà¥¡®¢�−¨© ¢á¥å à�¢−®¯à�¢−ëå ¨ −¥¢§�¨¬®§�¬¥−ï¥¬ëå ¯®«ì§®¢�â¥«¥© [6].
‚ à�¬ª�å ¬¥â®¤®«®£¨¨ ¨áá«¥¤®¢�−¨ï ®¯¥à�æ¨© ¨ â¥®à¨¨ ¨£à à�áá¬�âà¨¢�îâáï
á¯à�¢¥¤«¨¢ë¥ ¯à�¢¨«� à�á¯à¥¤¥«¥−¨ï ¯®â®ª®¢ ¨ à¥áãàá®¢: à¥è�¥âáï §�¤�ç� −�
¬�ªá¨¬¨− /̈̈ «¨ −�å®¤ïâáï £�à�−â¨à®¢�−−ë¥ ®æ¥−ª¨ [7{10]. ‚ àãá«¥ ãª�§�−−ëå
à�¡®â «¥¦¨â �«£®à¨â¬¨ç¥áª�ï áå¥¬� ¯®«ãç¥−¨ï ãà�¢−¨â¥«ì−ëå à�á¯à¥¤¥«¥−¨©
¬¥¦ã§«®¢ëå ¯®â®ª®¢, ¯à¨¢¥¤¥−−�ï ¢ à�§¤. 3. ‚ à�§¤. 4 ®¡áã¦¤�îâáï à¥§ã«ìâ�âë
íªá¯¥à¨¬¥−â®¢ ¨ áà�¢−¨¢�îâáï ¤®áâ¨¦¨¬ë¥ ¬¥¦ã§«®¢ë¥ ¯®â®ª¨ ¨ ¯à¥¤¥«ì−ë¥
à�á¯à¥¤¥«¥−¨ï ¯à®¯ãáª−ëå á¯®á®¡−®áâ¥© ¢ á¥âïå á à�§«¨ç−®© áâàãªâãà®©. �à¥¤-
«®¦¥−−ë© ¬¥â®¤ ¨¬¥¥â ¯®«¨−®¬¨�«ì−ãî ®æ¥−ªã âà¥¡ã¥¬®£® ç¨á«� ®¯¥à�æ¨©.

2 Математическая модель

„«ï ®¯¨á�−¨ï ¬−®£®¯®«ì§®¢�â¥«ìáª®© á¥â¥¢®© á¨áâ¥¬ë á¢ï§¨ ¢®á¯®«ì§ã-
¥¬áï á«¥¤ãîé¥© ¬�â¥¬�â¨ç¥áª®© §�¯¨áìî ¬®¤¥«¨ ¯¥à¥¤�ç¨ ¬−®£®¯à®¤ãªâ®-
¢®£® ¯®â®ª�. ‘¥âì G §�¤�¥âáï ¬−®¦¥áâ¢�¬¨ 〈V,R,U, P 〉: ã§«®¢ (¢¥àè¨−)
á¥â¨ V = {v1, v2, . . . , vn, . . . , vN}; −¥®à¨¥−â¨à®¢�−−ëå à¥¡¥à R = {r1, r2, . . .
. . . , rk, . . . , rE}; ®à¨¥−â¨à®¢�−−ëå ¤ã£ U = {u1, u2, . . . , uk, . . . , u2E}; ¯�à ã§«®¢-
ª®àà¥á¯®−¤¥−â®¢ P = {p1, p2, . . . , pM}. �à¥¤¯®«�£�¥âáï, çâ® ¢ á¥â¨ ®âáãâáâ¢ãîâ
¯¥â«¨ ¨ á¤¢®¥−−ë¥ à¥¡à�. ‚ ¬−®£®¯®«ì§®¢�â¥«ìáª®© á¥â¨ G à�áá¬�âà¨¢�¥âáï M =
= N(N − 1) −¥§�¢¨á¨¬ëå, −¥¢§�¨¬®§�¬¥−ï¥¬ëå ¨ à�¢−®¯à�¢−ëå ¬¥¦ã§«®¢ëå
¯®â®ª®¢ à�§«¨ç−ëå ¢¨¤®¢.

÷¥¡à® rk ∈ R á®¥¤¨−ï¥â á¬¥¦−ë¥ ¢¥àè¨−ë vnk
¨ vjk

. Š�¦¤®¬ã à¥¡àã rk
áâ�¢ïâáï ¢ á®®â¢¥âáâ¢¨¥ ¤¢¥ ®à¨¥−â¨à®¢�−−ë¥ ¤ã£¨ uk ¨ uk+E ¨§ ¬−®¦¥áâ¢� U .
„ã£¨ {uk, uk+E} ®¯à¥¤¥«ïîâ ¯àï¬®¥ ¨ ®¡à�â−®¥ −�¯à�¢«¥−¨ï ¯¥à¥¤�ç¨ ¯®â®ª� ¯®
à¥¡àã rk ¬¥¦¤ã ª®−æ¥¢ë¬¨ ¢¥àè¨−�¬¨ vnk

¨ vjk
.

Š�¦¤®© ¯�à¥ ã§«®¢-ª®àà¥á¯®−¤¥−â®¢ pm ¨§ ¬−®¦¥áâ¢� P áâ�¢ïâáï ¢ á®®â¢¥â-
áâ¢¨¥: ¢¥àè¨−�-¨áâ®ç−¨ª á −®¬¥à®¬ sm, ¨§ sm ¢å®¤−®© ¯®â®ª m-£® ¢¨¤� ¯®áâã¯�¥â
¢ á¥âì; ¢¥àè¨−�-¯à¨¥¬−¨ª á −®¬¥à®¬ tm, ¨§ tm ¯®â®ª m-£® ¢¨¤� ¯®ª¨¤�¥â á¥âì.
�¡®§−�ç¨¬ ç¥à¥§ zm ¢¥«¨ç¨−ã ¬¥¦ã§«®¢®£® ¯®â®ª� m-£® ¢¨¤�, ¯®áâã¯�îé¥£®
¢ á¥âì ç¥à¥§ ã§¥« á −®¬¥à®¬ sm ¨ ¯®ª¨¤�îé¥£® á¥âì ¨§ ã§«� á −®¬¥à®¬ tm; xmk
¨ xm(k+E) | ¯®â®ª m-£® ¢¨¤�, ª®â®àë© ¯¥à¥¤�¥âáï ¯® ¤ã£�¬ uk ¨ uk+E á®£«�á−®

−�¯à�¢«¥−¨î ¯¥à¥¤�ç¨, xmk ≥ 0, xm(k+E) ≥ 0, m = 1,M , k = 1, E; S(vn) |
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¬−®¦¥áâ¢® −®¬¥à®¢ ¨áå®¤ïé¨å ¤ã£, ¯® −¨¬ ¯®â®ª ¯®ª¨¤�¥â ã§¥« vn; T (vn) |
¬−®¦¥áâ¢® −®¬¥à®¢ ¢å®¤ïé¨å ¤ã£, ¯® −¨¬ ¯®â®ª ¯®áâã¯�¥â ¢ ã§¥« vn.

‘®áâ�¢ ¬−®¦¥áâ¢ S(vn) ¨ T (vn) ®¤−®§−�ç−® ä®à¬¨àã¥âáï ¢ å®¤¥ ¢ë¯®«−¥−¨ï
á«¥¤ãîé¥© ¯à®æ¥¤ãàë. �ãáâì −¥ª®â®à®¥ à¥¡à® rk ∈ R á®¥¤¨−ï¥â ¢¥àè¨−ë
á −®¬¥à�¬¨ n ¨ j, â�ª¨¬¨ çâ® n < j. ’®£¤� ®à¨¥−â¨à®¢�−−�ï ¤ã£� uk = (vn, vj),
−�¯à�¢«¥−−�ï ¨§ ¢¥àè¨−ë vn ¢ vj, áç¨â�¥âáï ¨áå®¤ïé¥© ¨§ ¢¥àè¨−ë vn ¨ ¥¥
−®¬¥à k §�−®á¨âáï ¢ ¬−®¦¥áâ¢® S(vn), � ¤ã£� uk+E, −�¯à�¢«¥−−�ï ¨§ vj ¢ vn, |
¢å®¤ïé¥© ¤«ï vn ¨ ¥¥ −®¬¥à k + E ¯®¬¥é�¥âáï ¢ á¯¨á®ª T (vn). „ã£� uk ï¢«ï¥âáï
¢å®¤ïé¥© ¤«ï vj, ¨ ¥¥ −®¬¥à k ¯®¯�¤�¥â ¢ T (vj), � ¤ã£� uk+E | ¨áå®¤ïé¥©,
¨ −®¬¥à k +E ¢−®á¨âáï ¢ á¯¨á®ª ¨áå®¤ïé¨å ¤ã£ S(vj).

‚® ¢á¥å ã§«�å á¥â¨ vn ∈ V , n = 1, N , ¤«ï ª�¦¤®£® ¢¨¤� ¯®â®ª� ¤®«¦−ë
¢ë¯®«−ïâìáï ãá«®¢¨ï á®åà�−¥−¨ï ¯®â®ª®¢:

∑

i∈S(vn)

xmi −
∑

i∈T (vn)

xmi =







zm, ¥á«¨ vn = vsm;

−zm, ¥á«¨ vn = vtm ;

0 ¢ ®áâ�«ì−ëå á«ãç�ïå,

n = 1, N , m = 1,M , xmi ≥ 0 , zm ≥ 0 . (1)

‚¥«¨ç¨−� zm à�¢−� ¢å®¤−®¬ã ¬¥¦ã§«®¢®¬ã ¯®â®ªã m-£® ¢¨¤�, ¯à®å®¤ïé¥¬ã ®â
¨áâ®ç−¨ª� ª ¯à¨¥¬−¨ªã ¯�àë pm ¯à¨ à�á¯à¥¤¥«¥−¨¨ ¯®â®ª®¢ xmi ¯® ¤ã£�¬ á¥â¨.

Š�¦¤®¬ã à¥¡àã rk ∈ R ¯à¨¯¨áë¢�¥âáï −¥®âà¨æ�â¥«ì−®¥ ç¨á«® dk, ®¯à¥¤¥-
«ïîé¥¥ áã¬¬�à−ë© ¯à¥¤¥«ì−® ¤®¯ãáâ¨¬ë© ¯®â®ª, ª®â®àë© ¬®¦−® ¯¥à¥¤�âì ¯®
à¥¡àã rk ¢ ®¡®¨å −�¯à�¢«¥−¨ïå. ‚ ¨áå®¤−®© á¥â¨ ª®¬¯®−¥−âë ¢¥ªâ®à� ¯à®¯ãáª−ëå
á¯®á®¡−®áâ¥© d = (d1, d2, . . . , dk, . . . , dE) | −�¯¥à¥¤ §�¤�−−ë¥ ¯®«®¦¨â¥«ì−ë¥
ç¨á«� dk > 0. �¡®§−�ç¨¬ ç¥à¥§ D áã¬¬�à−ãî ¯à®¯ãáª−ãî á¯®á®¡−®áâì á¥â¨ G:

D =

E
∑

k=1

dk.

‚¥ªâ®à d §�¤�¥â á«¥¤ãîé¨¥ ®£à�−¨ç¥−¨ï −� áã¬¬ã ¯®â®ª®¢ ¢á¥å ¢¨¤®¢,
¯¥à¥¤�¢�¥¬ëå ¯® à¥¡àã rk ®¤−®¢à¥¬¥−−®:

M
∑

m=1

(

xmk + xm(k+E)

)

≤ dk , xmk ≥ 0 , xm(k+E) ≥ 0 , k = 1, E . (2)

‚ à�¬ª�å ¤�−−®© ¬®¤¥«¨ ¯à®¯ãáª−�ï á¯®á®¡−®áâì à¥¡¥à á¥â¨ ¨§¬¥àï¥âáï
¢ ãá«®¢−ëå ¥¤¨−¨æ�å ¯®â®ª� ¨ âà�ªâã¥âáï ª�ª à¥áãàá−®¥ ®£à�−¨ç¥−¨¥. ‘ã¬¬�
¤ã£®¢ëå ¯®â®ª®¢ (2) à�áá¬�âà¨¢�¥âáï ª�ª âà¥¡®¢�−¨¥ −� ¯à¥¤®áâ�¢«¥−¨¥ à¥áãàá�
k-£® â¨¯�, � y(k)| áã¬¬�à−�ï −�£àã§ª� −� à¥¡à® rk:

y(k) =

M
∑

m=1

(

xmk + xm(k+E)

)

, k = 1, E . (3)
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‘ã¬¬� à¥¡¥à−ëå ¤ã£®¢ëå ¯®â®ª®¢ m-£® ¢¨¤�

ym =

2E
∑

i=1

xmi, m = 1,M ,

å�à�ªâ¥à¨§ã¥â −�£àã§ªã −� á¥âì ¯à¨ ¯¥à¥¤�ç¥ ¬¥¦ã§«®¢®£® ¯®â®ª� ¢¥«¨ç¨−ë zm

¨§ ã§«�-¨áâ®ç−¨ª� sm ¢ ã§¥«-¯à¨¥¬−¨ª tm. ‚¥«¨ç¨−� ym ¯®ª�§ë¢�¥â, ª�ª�ï
áã¬¬�à−�ï ¯à®¯ãáª−�ï á¯®á®¡−®áâì á¥â¨ ¯®âà¥¡ã¥âáï ¤«ï ¯¥à¥¤�ç¨ ¬¥¦ã§«®¢®£®
¯®â®ª� zm. ‚ à�¬ª�å ¬®¤¥«¨ ®â−®è¥−¨¥ à¥¡¥à−ëå ¨ ¬¥¦ã§«®¢ëå ¯®â®ª®¢

wm =
ym

zm
, m = 1,M ,

¬®¦−® âà�ªâ®¢�âì ª�ª ã¤¥«ì−ë¥ §�âà�âë à¥áãàá®¢ á¥â¨ ¯à¨ ¯¥à¥¤�ç¥ ¥¤¨−¨ç-
−®£® ¯®â®ª� m-£® ¢¨¤� ¬¥¦¤ã ã§«�¬¨ sm ¨ tm ¯à¨ á®®â¢¥âáâ¢ãîé¨å ¤ã£®¢ëå
¯®â®ª�å xmi.

�£à�−¨ç¥−¨ï (1) ¨ (2) §�¤�îâ ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå §−�ç¥−¨© ª®¬¯®−¥−â
¢¥ªâ®à� ¬¥¦ã§«®¢ëå ¯®â®ª®¢ z = (z1, z2, . . . , zm, . . . , zM ):

Z(d) = {z ≥ 0 | ∃ x ≥ 0 : (z,x) ã¤®¢«¥â¢®àïîâ (1), (2)} .

„®¯ãáâ¨¬ë¥ à�á¯à¥¤¥«¥−¨ï à¥¡¥à−ëå ¯®â®ª®¢ ¯à¨−�¤«¥¦�â ¯®¤¬−®¦¥áâ¢ã

Y (d) = {y ≥ 0|(z,x,y) (1){(3)} .

‚ ¬−®¦¥áâ¢¥ ¯�à P ¢ë¤¥«ï¥âáï ¯®¤¬−®¦¥áâ¢® P (M+) á¬¥¦−ëå ¯�à ã§«®¢-

ª®àà¥á¯®−¤¥−â®¢, à�á¯®«®¦¥−−ëå ¢ ª®−æ¥¢ëå ¢¥àè¨−�å à¥¡à� rk, k = 1, E.
‘¯¨á®ª −®¬¥à®¢ M+ ä®à¬¨àã¥âáï ¯® á«¥¤ãîé¥¬ã ¯à�¢¨«ã. �ãáâì à¥¡à® rk
á®¥¤¨−ï¥â ¢¥àè¨−ë á −®¬¥à�¬¨ n ¨ j, â�ª¨¬¨ çâ® n < j. „«ï ¯�àë ã§«®¢-ª®à-
à¥á¯®−¤¥−â®¢ á −®¬¥à®¬ k, à�á¯®«®¦¥−−ëå ¢ ã§«�å {vnk

, vjk
}, ã§¥« vnk

áç¨â�¥âáï
¨áâ®ç−¨ª®¬ sk, � ã§¥« vjk

| ¯à¨¥¬−¨ª®¬ tk ¯®â®ª� k-¢¨¤� (¯®â®ª zk ¯¥à¥¤�¥âáï
¢ á¥â¨ G ¨§ ã§«� á −®¬¥à®¬ n ¢ ã§¥« á −®¬¥à®¬ j ¤«ï ¯�àë pk). „«ï ¯�àë á −®¬¥à®¬
k+E ã§¥« vjk

áç¨â�¥âáï ¨áâ®ç−¨ª®¬ sk+E, � ã§¥« vnk
| ¯à¨¥¬−¨ª®¬ tk+E. ’�ª¨¬

®¡à�§®¬ ä®à¬¨àã¥âáï M+ = {1, 2, . . . , E,E + 1, . . . , 2E} | á¯¨á®ª −®¬¥à®¢
á¬¥¦−ëå ¯�à, |M+| = 2E | ®¡é¥¥ ç¨á«® ¯�à. �¡®§−�ç¨¬ ç¥à¥§ P (M−)
¯®¤¬−®¦¥áâ¢® −¥á¬¥¦−ëå ¯�à, ¤«ï ª®â®àëå ªà�âç�©è¨© ¬�àèàãâ á®¥¤¨−¥−¨ï
á®¤¥à¦¨â ¡®«¥¥ ®¤−®£® à¥¡à�. ’®£¤�

P = P (M+)
⋃

P (M−) , P (M+)
⋂

P (M−) = ∅.

3 Метод оценки нагрузки при равных межузловых потоках
и предельной загрузке ребер

‚ à�¬ª�å ¬®¤¥«¨ ¯à®¢®¤¨«¨áì ¢ëç¨á«¨â¥«ì−ë¥ íªá¯¥à¨¬¥−âë ®æ¥−ª¨ âà¥¡ã-
¥¬ëå ¯à®¯ãáª−ëå á¯®á®¡−®áâ¥© ¯à¨ ¯à¥¤¥«ì−®© §�£àã§ª¥ ¢á¥å à¥¡¥à á¥â¨ ¨ à�¢−ëå
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¬¥¦ã§«®¢ëå ¯®â®ª�å. �à¨ ¯®¤£®â®¢ª¥ ¤�−−ëå ä®à¬¨à®¢�«áï ¢¥ªâ®à ¨áå®¤−ëå
¯à®¯ãáª−ëå á¯®á®¡−®áâ¥© d(0) ¤«ï −¥ª®â®à®© §�¤�−−®© á¥â¨ G(0), ¢ ª®â®à®©

D(0) =

E
∑

k=1

dk(0).

‚ á¥â¨ G(0) ¯à¨ §�¤�−−ëå dk(0) ¯®á«¥¤®¢�â¥«ì−® à¥è�«�áì §�¤�ç� ¯®¨áª�
¬�ªá¨¬�«ì−®£® −¥§�¢¨á¨¬®£® ®¤−®¯à®¤ãªâ®¢®£® ¯®â®ª� [11] ¤«ï ª�¦¤®© ¯�àë
ã§«®¢ pm ∈ P , m = 1,M .

‡�¤�ç� 1. „«ï −¥ª®â®à®© ¯�àë ã§«®¢ pa −�©â¨

z0a(0) = max {za|(z, x) ∈ Z(d(0))}
¯à¨ ¤®¯®«−¨â¥«ì−ëå ãá«®¢¨ïå

zm = 0 , m 6= a , m = 1,M .

�à¨ ¯®á«¥¤®¢�â¥«ì−®¬ à¥è¥−¨¨ §�¤�ç¨ 1 ¤«ï ª�¦¤®© ¯�àë pa ∈ P ¢ëç¨á«ï-
îâáï ¬�ªá¨¬�«ì−ë© ¬¥¦ã§«®¢®© ¯®â®ª z0a(0) ¨ á®®â¢¥âáâ¢ãîé¨¥ ¤ã£®¢ë¥ ¯®â®ª¨
(x0ak(0), x0a(k+E)(0)), k = 1, E. „«ï z0a(0) 6= 0 ®¯à¥¤¥«ï¥âáï −®à¬¨àãîé¨©

ª®íää¨æ¨¥−â ξ0a(0) = 1/z
0
a(0) ¨ ¤ã£®¢ë¥ ¯®â®ª¨ x0ak = ξ0a(0)x

0
ak(0), k = 1, E.

�à¨ ¯¥à¥¤�ç¥ ¤ã£®¢ëå ¯®â®ª®¢ x0ak á®®â¢¥âáâ¢ãîé¨© ¬¥¦ã§«®¢®© ¯®â®ª z0a à�¢¥−
¥¤¨−¨æ¥.

‡�¤�ç� 1 à¥è�¥âáï ¯®á«¥¤®¢�â¥«ì−® ¤«ï ¢á¥å pm ∈ P , ¨ ¤«ï −�©¤¥−−ëå
¤ã£®¢ëå ¯®â®ª®¢ x0mk(0) ®¯à¥¤¥«ï¥âáï −�£àã§ª� −� à¥¡à� á¥â¨ ¯à¨ ¯¥à¥¤�ç¥
¥¤¨−¨ç−ëå ¯®â®ª®¢:

α(0)

[

M
∑

m=1

ξ0m(0)
(

x0mk(0) + x0m(k+E)(0)
)

]

= y0(k) . (4)

‚¥«¨ç¨−� −�£àã§ª¨ ç¨á«¥−−® à�¢−� âà¥¡ã¥¬®© áã¬¬�à−®© ¯à®¯ãáª−®© á¯®á®¡-
−®áâ¨, ª®â®à�ï áç¨â�¥âáï §�¤�−−®©:

E
∑

k=1

y0(k) = D(0). (5)

ˆ§ á®®â−®è¥−¨© (4) ¨ (5) −�å®¤¨âáï §−�ç¥−¨¥ α(0):

α(0)

E
∑

k=1

[

M
∑

m=1

ξ0m(0)
(

x0mk(0) + x0m(k+E)(0)
)

]

= D(0)

¨ ¢ëç¨á«ïîâáï §−�ç¥−¨ï y0(k), k = 1, E.
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�� ®á−®¢¥ −�©¤¥−−ëå §−�ç¥−¨© ä®à¬¨àã¥âáï á¥âì G(1), ¢ ª®â®à®©

d∗k(1):=y0(k), k = 1, E .

‚ á¥â¨ G(1) ¤«ï ¢á¥å ¯�à ã§«®¢ pa ∈ P , a = 1,M , ®¯à¥¤¥«ï¥âáï ¬�ªá¨¬�«ì−ë©
®¤−®¯à®¤ãªâ®¢ë© ¯®â®ª.

‡�¤�ç� 2. ��©â¨
z0a(1) = max {za|(z, x) ∈ Z (d∗(1))}

¯à¨ ¤®¯®«−¨â¥«ì−ëå ãá«®¢¨ïå

zm = 0 , m 6= a , m = 1,M .

�� ®á−®¢¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ à¥è¥−¨© §�¤�ç¨ 2 ¢ëç¨á«ïîâáï ª®íää¨æ¨¥−âë
−®à¬¨à®¢ª¨

ξ0m(1) =
1

z0m(1)
¤«ï ¢á¥å z0m(1) > 0 , m = 1,M ,

¨ ä®à¬¨àã¥âáï á¨áâ¥¬� ãà�¢−¥−¨© ¤«ï ¯®¨áª� à�á¯à¥¤¥«¥−¨ï −�£àã§®ª

α∗(1)

M
∑

m=1

ξ0m(1)
(

x0mk(1) + x0m(k+E)(1)
)

= y1(k), k = 1, E ,

E
∑

k=1

y1(k) = D(0).

‚ëç¨á«ï¥¬ α∗(1) ¨ y1(k), k = 1, E, ¨ ä®à¬¨àã¥¬ á¥âì G(2), ¢ ª®â®à®© ¯à®¯ãáª-
−ë¥ á¯®á®¡−®áâ¨ d∗k(2) ¯®«�£�¥¬ à�¢−ë¬¨ y1(k), â. ¥.

d∗k(2) := y1(k), k = 1, E .

„«ï ¯®«ãç¥−−ëå à¥è¥−¨© −�å®¤¨¬ z∗m(1) = α∗(1) ¤«ï ¢á¥å ¯�à pm ∈ P .
’�ª¨¬ ®¡à�§®¬, ¢á¥ ¬¥¦ã§«®¢ë¥ ¯®â®ª¨ à�¢−ë α∗(1), � áã¬¬�à−ë© ¯®â®ª

M
∑

m=1

z∗m(k) =Mα∗(1), ||z∗(1)|| = α∗(1)
√

M .

‚á¥ à¥¡à� á¥â¨ G(2) §�£àã¦¥−ë ¯®«−®áâìî, ¢ë¤¥«¥−−ë© à¥áãàá á®¢¯�¤�¥â á −�-
£àã§ª®© −� à¥¡à® ¯à¨ à�¢−ëå ¬¥¦ã§«®¢ëå ¯®â®ª�å. �®à¬� ¢¥ªâ®à� à¥áãàá®¢
¢ ú−®¢®©û á¥â¨ G(2):

||y1|| = ||d∗(2)|| =
[

E
∑

k=1

d∗k(2)
2

]1/2

.
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4 Вычислительный эксперимент

‚ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â ¯à®¢®¤¨«áï −� ¬®¤¥«ïå á¥â¥¢ëå á¨áâ¥¬, ¯à¥¤-
áâ�¢«¥−−ëå −� à¨á. 1. ‚ ª�¦¤®© á¥â¨ 69 ã§«®¢. �à®¯ãáª−ë¥ á¯®á®¡−®áâ¨
à¥¡¥à | §−�ç¥−¨ï dk(0)| ¢ë¡¨à�«¨áì á«ãç�©−ë¬ ®¡à�§®¬ ¨§ ®âà¥§ª� [900, 999]
¨ á®¢¯�¤�«¨ ¤«ï à¥¡¥à, ®¡é¨å ¤«ï ®¡¥¨å á¥â¥©. ‚ ª®«ìæ¥¢®© á¥â¨ ¯à®¯ãáª−�ï
á¯®á®¡−®áâì ¢á¥å ¤®¡�¢«¥−−ëå à¥¡¥à ¢−ãâà¥−−¥£® ª®«ìæ� á®áâ�¢¨«� 900. ‚ å®¤¥
¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¯à®¢®¤¨«�áì −®à¬¨à®¢ª� ¨ áã¬¬�à−�ï ¯à®¯ãáª−�ï
á¯®á®¡−®áâì ¢ ®¡¥¨å á¥âïå ¡ë«� ®¤¨−�ª®¢�:

E
∑

k=1

dk(0) = D(0) = 68 256 .

÷¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢ ¯à¥¤áâ�¢«¥−ë −� à¨á. 2 ¨ ¢ â�¡-
«¨æ¥. ’®«é¨−� à¥¡¥à −� à¨áã−ª�å ¯à®¯®àæ¨®−�«ì−� à¥§ã«ìâ¨àãîé¥© −�£àã§ª¥.
‚ á®áâ�¢ ¢−ãâà¥−−¥£® ª®«ìæ� −� à¨á. 1, ¡ ¨ 2, ¡ ¢®è«¨ ç¥âëà¥ ã§«�, ª®â®àë¥
¢ ¡�§®¢®© á¥â¨ ¡ë«¨ ¢¨áïç¨¬¨, ¨ á®®â¢¥âáâ¢ãîé¨¥ à¥¡à� ®¡à�§®¢�«¨ ú¬®áâ¨ª¨û

÷¨á. 1 ��§®¢�ï (�) ¨ ª®«ìæ¥¢�ï (¡) á¥â¨

÷¨á. 2 ÷¥§ã«ìâ¨àãîé�ï −�£àã§ª� −� à¥¡à� ¡�§®¢®© (�) ¨ ª®«ìæ¥¢®© (¡) á¥â¥©
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Œ¥¦ã§«®¢ë¥ ¯®â®ª¨

‘¥âì z∗(1) ||z∗(1)|| Mz∗(1) ||y∗(1)||
��§®¢�ï 1,54 105 7 220 9 270
Š®«ìæ¥¢�ï 2,26 155 10 600 9 430

¤«ï âà�−§¨â−ëå ¯®â®ª®¢. ��£àã§ª� −� à¥¡à�-¬®áâ¨ª¨ á®áâ�¢«ï¥â 1630 ¥¤¨−¨æ,
−�¨¡®«ìè¨¥ §−�ç¥−¨ï ¤®áâ¨£�îâáï −� à¥¡à�å ¢−ãâà¥−−¥£® ª®«ìæ� | 2230 ¥¤¨−¨æ,
� −� ¢−¥è−¥¬ −¥ ¯à¥¢ëè�¥â 830. ��¯à®â¨¢, ¢ ¡�§®¢®© á¥â¨ ®á−®¢−�ï −�£àã§ª� |
1600 ¥¤¨−¨æ | ¯à¨å®¤¨âáï −� à�¤¨�«ì−ë¥ à¥¡à�, ¨áå®¤ïé¨¥ ¨§ æ¥−âà�, � −�
à¥¡à�å ¢−¥è−¥£® ª®«ìæ� −¥ ¯à¥¢ëè�¥â 1270 ¥¤¨−¨æ (á¬. à¨á. 2, �). ‚ ®¡¥¨å á¥âïå
¬¨−¨¬�«ì−�ï −�£àã§ª� ¤®áâ¨£�¥âáï −� ¢¨áïç¨å à¥¡à�å: 210 ¥¤¨−¨æ ¤«ï ¡�§®¢®©
¨ 310 ¥¤¨−¨æ ¤«ï ª®«ìæ¥¢®©. “ª�§�−−ë¥ §−�ç¥−¨ï ®â¢¥ç�îâ á®¡áâ¢¥−−ë¬ ¨−ä®à-
¬�æ¨®−−ë¬ ¯®â®ª�¬, ª®â®àë¥ ¯¥à¥¤�îâáï ¨§ ª�¦¤®£® ã§«� ¡¥§ ãç¥â� âà�−§¨â−ëå.
��£àã§ª¨ −� à¥¡à�å ¢−ãâà¥−−¥£® ª®«ìæ� −� ¯®àï¤®ª ¯à¥¢ëè�îâ á®¡áâ¢¥−−ë¥
¯®â®ª¨ ¨−æ¨¤¥−â−ëå ã§«®¢.

÷¥§ã«ìâ�âë, ¯à¥¤áâ�¢«¥−−ë¥ ¢ â�¡«¨æ¥, á¢¨¤¥â¥«ìáâ¢ãîâ, çâ® ª�ª áã¬¬�à−ë©,
â�ª ¨ ª�¦¤ë© ®â¤¥«ì−® ¢§ïâë© ¬¥¦ã§«®¢®© ¯®â®ª −� 50% ¡®«ìè¥ ¢ ª®«ìæ¥¢®©
á¥â¨ ¯à¨ à�¢−®© áã¬¬�à−®© ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ®¡¥¨å. „¥«® ¢ â®¬, çâ® ¯à¨
¯®¨áª¥ ¨ ¯¥à¥¤�ç¥ ¬�ªá¨¬�«ì−®£® ¯®â®ª� ¨á¯®«ì§ãîâáï ¢á¥ ¯ãâ¨, ¯à®å®¤ïé¨¥
ç¥à¥§ ¬¨−¨¬�«ì−ë¥ á¥ç¥−¨ï. ‚ ª®«ìæ¥¢®© á¥â¨ ¬�àèàãâë á®¥¤¨−¥−¨ï ª®à®ç¥ (−¥
¤«¨−−¥¥) ¤«ï ¬−®£¨å ¯�à ã§«®¢, çâ® ã¬¥−ìè�¥â âà�−§¨â−ãî −�£àã§ªã ¨ ã¤¥«ì−ë¥
§�âà�âë à¥áãàá®¢. ‚ ¡�§®¢®© á¥â¨ 46 à¥¡¥à ¯à¨£®¤−ë ¤«ï âà�−§¨â−®© ¯¥à¥¤�ç¨,
� ¢ ª®«ìæ¥¢®© | 58, çâ® â®«ìª® −� 25% ¡®«ìè¥, ®¤−�ª® ¯à¨ â®© ¦¥ ¯à®¯ãáª−®©
á¯®á®¡−®áâ¨ íâ® ¯®§¢®«ï¥â ã¢¥«¨ç¨¢�âì ¯®â®ª¨ −� 50%.

5 Заключение

�à¥¤«®¦¥−−ë© ¬¥â®¤ ¯®§¢®«ï¥â ®æ¥−¨¢�âì ¤®¯ãáâ¨¬ë¥ à�á¯à¥¤¥«¥−¨ï ¬¥¦-
ã§«®¢ëå ¯®â®ª®¢ ¯à¨ ¨§¬¥−¥−¨¨ áâàãªâãàë á¥â¨. �®áâà®¥−¨¥ −¥áª®«ìª¨å ¯ãâ¥©
á®¥¤¨−¥−¨ï ¤�¥â ¢®§¬®¦−®áâì �−�«¨§¨à®¢�âì −�£àã§ªã −� á¥âì á ãç¥â®¬ ®¡å®¤®¢
¤«ï âà�−§¨â−ëå ¯®â®ª®¢. �®«ãç¥−−ë¥ �£à¥£¨à®¢�−−ë¥ ¯®ª�§�â¥«¨ ¤«ï ¯®â®ª®¢,
¯à®å®¤ïé¨å ç¥à¥§ ã§«ë á¥â¨, ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¯à¨ ¯®áâà®¥−¨¨ ¬�àèàãâ-
−®-�¤à¥á−ëå â�¡«¨æ ¨ ¯à¨ ¯®¤£®â®¢ª¥ £à�ä¨ª®¢-®¡å®¤®¢ ¤«ï à�¡®âë ¢ �¢�à¨©−ëå
à¥¦¨¬�å.
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ANALYSIS OF THE DISTRIBUTION OF LOADS AND RESOURCES
IN A MULTIUSER NETWORK

WITH EQUAL-SHARE INTERNODAL FLOWS

Yu. E. Malashenko and I. A. Nazarova

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: An iterative method of resource distribution for the formation of
a communication network with equal internodal flows is considered. Within the
framework of a formal mathematical model, the throughput capacities of edges
are considered as components of a vector of resources of various types that are
required for the transmission of different types of flows. The network graph and
the sum of the edge capacity are considered to be given. An algorithmic procedure
for selecting throughput capacities is proposed in which all internodal flows are
equal and the maximum load of all network edges is achieved. When searching
for the corresponding distributions, the values of the maximum single-product
flows are used which are determined for each pair of nodes. The computational
experiments were carried out for the networks with various structural features.
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ВАРИАНТЫ САМОСИНХРОННЫХ РЕГИСТРОВ СДВИГА∗

Ю. А. Степченков1, Ю. Г. Дьяченко2, Ю. В. Рождественский3,
Н. В. Морозов4, Д. Ю. Степченков5, Д. Ю. Дьяченко6

�−−®â�æ¨ï: ‡�âà�£¨¢�îâáï ¯à®¡«¥¬ë ¯à®¥ªâ¨à®¢�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï á�-
¬®á¨−åà®−−ëå (‘‘) à¥£¨áâà®¢ á¤¢¨£� (÷‘). ‘�¬®á¨−åà®−−ë¥ áå¥¬ë ¨¬¥îâ
á¢®î á¯¥æ¨ä¨ªã: ¤¢ãåä�§−ãî ¤¨áæ¨¯«¨−ã à�¡®âë, ¨§¡ëâ®ç−®¥ ª®¤¨à®¢�-
−¨¥ ¨−ä®à¬�æ¨¨ ¨ ¤à. ‡� áç¥â íâ®£® ®−¨ ®¡«�¤�îâ àï¤®¬ ¯à¥¨¬ãé¥áâ¢
¢ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ �−�«®£�¬¨: −¥§�¢¨á¨¬®áâì ¯®¢¥¤¥−¨ï ®â §�¤¥à¦¥ª
í«¥¬¥−â®¢, ®¡−�àã¦¥−¨¥ «î¡ëå ª®−áâ�−â−ëå −¥¨á¯à�¢−®áâ¥© ¨ ¤à. ‘â�âìï
à�áá¬�âà¨¢�¥â ¢�à¨�−âë à¥�«¨§�æ¨¨ ‘‘-à¥£¨áâà� á à�§«¨ç−ë¬¨ ®¯æ¨ï¬¨,
¢ª«îç�ï ãáâ�−®¢ªã á¯¥©á¥à� ¨ ¯à¥¤ãáâ�−®¢ªã §�¤�−−®£® §−�ç¥−¨ï ¢ ª�¦¤®¬
à�§àï¤¥ ÷‘. �à¥¤«�£�¥¬ë¥ ¢�à¨�−âë ®¡«�¤�îâ à�§−®© äã−ªæ¨®−�«ì−®áâìî,
á«®¦−®áâìî ¨ ¡ëáâà®¤¥©áâ¢¨¥¬. ÷¥£¨áâàë á¤¢¨£� −� ®á−®¢¥ RS-âà¨££¥à®¢
®¡«�¤�îâ ¬¨−¨¬�«ì−ë¬¨ �¯¯�à�â−ë¬¨ §�âà�â�¬¨. ÷¥£¨áâàë á¤¢¨£� −� ®á−®¢¥
£¨áâ¥à¥§¨á−ëå âà¨££¥à®¢ (ƒ-âà¨££¥à®¢) å�à�ªâ¥à¨§ãîâáï «ãçè¨¬ ¡ëáâà®¤¥©-
áâ¢¨¥¬. ‘â�âìï �−�«¨§¨àã¥â ¨å å�à�ªâ¥à¨áâ¨ª¨ ¨ ®¡®á−®¢ë¢�¥â à¥ª®¬¥−¤�æ¨¨
¯® ¨å ¨á¯®«ì§®¢�−¨î ¢ ª�ç¥áâ¢¥ ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−®£® ¨«¨ ¯�à�«-
«¥«ì−®-¯®á«¥¤®¢�â¥«ì−®£® ¯®àâ�, FIFO (First Input, First Output).

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−�ï áå¥¬�; £¨áâ¥à¥§¨á−ë© âà¨££¥à; RS-âà¨£-
£¥à; à¥£¨áâà á¤¢¨£�; FIFO; ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−ë© ¯®àâ; �¯¯�à�â−ë¥
§�âà�âë; ¡ëáâà®¤¥©áâ¢¨¥
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

å�à�ªâ¥à¨§ãîé¨åáï −¥áâ�¡¨«ì−ë¬ ¨ −¨§ª¨¬ −�¯àï¦¥−¨¥¬ ¯¨â�−¨ï, ¨§¬¥−ç¨-
¢ë¬¨ ¨ −¥¡«�£®¯à¨ïâ−ë¬¨ ãá«®¢¨ï¬¨ íªá¯«ã�â�æ¨¨ æ¨äà®¢®£® ®¡®àã¤®¢�−¨ï.
‘�¬®á¨−åà®−−ë¥ áå¥¬ë ®¡«�¤�îâ àï¤®¬ ¯à¥¨¬ãé¥áâ¢ ¢ áà�¢−¥−¨¨ á á¨−åà®−-
−ë¬¨ �−�«®£�¬¨ [3]: ®âáãâáâ¢¨¥¬ ú£®−®ªû ¬¥¦¤ã á¨£−�«�¬¨, ãáâ®©ç¨¢ë¬ äã−ª-
æ¨®−¨à®¢�−¨¥¬ ¯à¨ «î¡ëå ãá«®¢¨ïå íªá¯«ã�â�æ¨¨, −¥§�¢¨á¨¬®áâìî ¯®¢¥¤¥−¨ï
áå¥¬ë ®â à¥�«ì−ëå §�¤¥à¦¥ª ¥¥ í«¥¬¥−â®¢, ®âáãâáâ¢¨¥¬ ú¤¥à¥¢�û £«®¡�«ì−®©
á¨−åà®−¨§�æ¨¨, «ãçè¥© ãáâ®©ç¨¢®áâìî ª «®£¨ç¥áª¨¬ á¡®ï¬ [4] ¨ ¤à.

‚ â® ¦¥ ¢à¥¬ï ‘‘-áå¥¬ë ¨¬¥îâ ¨ àï¤ −¥¤®áâ�âª®¢ [3], ª ç¨á«ã ª®â®àëå
®â−®áïâáï ¨§¡ëâ®ç−ë¥ �¯¯�à�â−ë¥ §�âà�âë, ¢ àï¤¥ á«ãç�¥¢ ãåã¤è¥−¨¥ ¡ëáâà®-
¤¥©áâ¢¨ï ¨§-§� ¤¢ãåä�§−®© ¤¨áæ¨¯«¨−ë à�¡®âë ¨ −�«¨ç¨ï ¨−¤¨ª�â®à−®© ¯®¤-
áå¥¬ë, ®¡¥á¯¥ç¨¢�îé¥© ª®−âà®«ì ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï ‘‘-áå¥¬ë ¢ ª�¦¤ãî
ä�§ã à�¡®âë. �¤−�ª® ¢ ªà¨â¨ç¥áª¨å ®¡«�áâïå ¯à¨¬¥−¥−¨ï −¥¤®áâ�âª¨ ‘‘-áå¥¬
ª®¬¯¥−á¨àãîâáï ¨å ¯à¥¨¬ãé¥áâ¢�¬¨.

�¥ª®¬¯¥â¥−â−ë© «®£¨ç¥áª¨© á¨−â¥§ ‘‘-áå¥¬ë á¯®á®¡¥− ¯à¨¢¥áâ¨ ª á¢¥àå¨§-
¡ëâ®ç−ë¬ �¯¯�à�â−ë¬ §�âà�â�¬ ¨ ¤®¯®«−¨â¥«ì−®¬ã á−¨¦¥−¨î ¡ëáâà®¤¥©áâ¢¨ï.
–¨äà®¢ë¥ ãáâà®©áâ¢� á à¥£ã«ïà−®© áâàãªâãà®© æ¥«¥á®®¡à�§−® ¢áâ�¢«ïâì ¢ ¯à®-
¥ªâ¨àã¥¬ãî ‘‘-áå¥¬ã ¢ ¢¨¤¥ £®â®¢ëå á«®¦−ëå äã−ªæ¨®−�«ì−ëå ¡«®ª®¢, á¯¥æ¨-
ä¨æ¨à®¢�−−ëå ¯®¤ ª®−ªà¥â−®¥ ¯à¨¬¥−¥−¨¥ [5, 6]. „�−−ë© ¯®¤å®¤ ®¡¥á¯¥ç¨¢�¥â
à¥�«¨§�æ¨î ‘‘-áå¥¬ë ¯à®¨§¢®«ì−®£® â¨¯� á ¬¨−¨¬�«ì−ë¬¨ �¯¯�à�â−ë¬¨ §�-
âà�â�¬¨ /̈̈ «¨ ¬�ªá¨¬�«ì−ë¬ ¡ëáâà®¤¥©áâ¢¨¥¬ ¢ ¯à¥¤¥«�å íª¢¨åà®−−®© §®−ë [7]
¢ ¯à®¨§¢®«ì−®¬ «®£¨ç¥áª®¬ ¡�§¨á¥.

‚ á¢ï§¨ á íâ¨¬ áâ�−®¢¨âáï �ªâã�«ì−®© §�¤�ç� à�§à�¡®âª¨ â¨¯®¢ëå áå¥¬®-
â¥å−¨ç¥áª¨å à¥è¥−¨© ‘‘-à¥£¨áâà®¢ á¤¢¨£�. ‚ ¤�−−®© áâ�âì¥ ®¡®á−®¢ë¢�¥âáï
¡�§®¢ë© −�¡®à ‘‘-à¥£¨áâà®¢ á¤¢¨£�, ¯à¥¤«�£�îâáï ¢�à¨�−âë ¨å áå¥¬®â¥å−¨ç¥-
áª®© à¥�«¨§�æ¨¨ ¨ ¤�¥âáï áà�¢−¨â¥«ì−ë© �−�«¨§ ¨å å�à�ªâ¥à¨áâ¨ª.

2 Типовые самосинхронные регистры сдвига

÷¥£¨áâàë á¤¢¨£� ¨á¯®«ì§ãîâáï ¤«ï à¥�«¨§�æ¨¨ ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì-
−ëå ¯®àâ®¢, ¨−â¥àä¥©á®¢ ¯®á«¥¤®¢�â¥«ì−®© ¯¥à¥¤�ç¨ ¤�−−ëå (FIFO) ¯®á«¥¤®-
¢�â¥«ì−ëå ãáâà®©áâ¢ ¬−®£®à�§àï¤−®£® á¤¢¨£�. ‚ á¨−åà®−−®© áå¥¬®â¥å−¨ª¥ ®−¨
à�¡®â�îâ ¯® ¯à¨−æ¨¯ã ¯®á«¥¤®¢�â¥«ì−®© ¯¥à¥¤�ç¨ ¡¨â� ¨−ä®à¬�æ¨¨ ¯® æ¥¯®çª¥
¤¢ãåâ�ªâ−ëå D-âà¨££¥à®¢. ‚ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨ ª�¦¤ë© D-âà¨££¥à á®¤¥à¦¨â
¡¨â ¨−ä®à¬�æ¨¨.

‚ ‘‘-áå¥¬®â¥å−¨ª¥ â¨¯®¢®© ÷‘ ¬®¦¥â ¡ëâì ®à£�−¨§®¢�− �−�«®£¨ç−® á¨−-
åà®−−®¬ã �−�«®£ã | −� ¤¢ãåâ�ªâ−®¬ D-âà¨££¥à¥ (D0RE24, à¨á. 1, �) ¨«¨ RS-
âà¨££¥à¥ (S0RRE2, à¨á. 1, ¡). ��®«ìè�ï á«®¦−®áâì âà¨££¥à� D0RE24 (54 ª®¬¯«¥-
¬¥−â�à−ëå ¬¥â�««{¤¨í«¥ªâà¨ª{¯®«ã¯à®¢®¤−¨ª (ŠŒ„�) âà�−§¨áâ®à®¢ ¯à®â¨¢ 48
ã S0RRE2) ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì á®ªà�é¥−¨ï ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢
¢ áå¥¬¥ §� áç¥â ¨á¯®«ì§®¢�−¨ï ã−�à−®£® ¨−ä®à¬�æ¨®−−®£® ¢å®¤� ¢¬¥áâ® ¯�à�ä�§-
−®£® ¨«¨ ¡¨ä�§−®£® [2].

÷¥�«¨§�æ¨¨ âà¥åà�§àï¤−®£® ÷‘ −� D- ¨ RS-âà¨££¥à¥ ¯à¥¤áâ�¢«¥−ë −� à¨á. 2.
‚ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ �−�«®£�¬¨ ®−¨ ¨¬¥îâ ¤®¯®«−¨â¥«ì−ë© ¨−¤¨ª�â®à-
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÷¨á. 1 ”ã−ªæ¨®−�«ì−ë¥ áå¥¬ë à�§àï¤� ‘‘-à¥£¨áâà� á¤¢¨£� −� D-âà¨££¥à¥ (�) ¨ −�
RS-âà¨££¥à¥ (¡)

−ë© í«¥¬¥−â | âà¥å¢å®¤®¢ë© ƒ-âà¨££¥à GI3 [8]. �à¨ ¯®áâà®¥−¨¨ à¥£¨áâà®¢
á ç¨á«®¬ à�§àï¤®¢ ¡®«ìè¥ âà¥å ¨−¤¨ª�æ¨ï à¥�«¨§ã¥âáï ¯¨à�¬¨¤�«ì−®© áå¥¬®©
¨§ ƒ-âà¨££¥à®¢.

‚®§¬®¦−ë¬ à¥è¥−¨¥¬ ï¢«ï¥âáï à¥�«¨§�æ¨ï ÷‘ −� ƒ-âà¨££¥à�å. �à®â®â¨¯®¬
â�ª®£® ÷‘ á«ã¦¨â ‘‘-ª®−¢¥©¥à, ¢ ª®â®à®¬ åà�−¥−¨¥ ¨−ä®à¬�æ¨¨ ®ª�§ë¢�¥âáï
¯®«ã¯«®â−ë¬. ‘å¥¬� à�§àï¤� ÷‘ −� ƒ-âà¨££¥à�å ¯à¨¢¥¤¥−� −� à¨á. 3. …¥
á«®¦−®áâì à�¢−� 32 âà�−§¨áâ®à�¬. ‚å®¤ RT ãáâ�−�¢«¨¢�¥â ®¡� ƒ-âà¨££¥à�
¢ −ã«¥¢®© á¯¥©á¥à ¯à¨ RT = 0. �� à¨á. 4 ¯®ª�§�−� áå¥¬� âà¥åà�§àï¤−®£® ÷‘ −�
ƒ-âà¨££¥à�å.

�«£®à¨â¬ à�¡®âë ÷‘ −� ƒ-âà¨££¥à�å §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬:

{ ¢−�ç�«¥ ¢á¥ à�§àï¤ë ÷‘ ãáâ�−�¢«¨¢�îâáï ¢ −ã«¥¢®© á¯¥©á¥à (RT = 0);

{ −� ¯�à�ä�§−ë© ¢å®¤ (X, XB) ¯®¤�¥âáï à�¡®ç¥¥ á®áâ®ï−¨¥, ®−® §�¯¨áë¢�¥âáï
¯® æ¥¯®çª¥ ¢® ¢á¥ à�§àï¤ë, §�¯®«−ïï ¢á¥ í«¥¬¥−âë à¥£¨áâà� D1{D6;
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 2 ‘å¥¬� âà¥åà�§àï¤−®£® ‘‘-à¥£¨áâà� á¤¢¨£� −� D-âà¨££¥à¥ (�) ¨ −� RS-âà¨££¥à¥ (¡)

÷¨á. 3 ‘å¥¬� à�§àï¤� ‘‘-à¥£¨áâà� á¤¢¨£� −� ƒ-âà¨££¥à�å

{ −� ¢å®¤ (•, •‚) ¯®áâã¯�¥â −ã«¥¢®© á¯¥©á¥à, ª®â®àë© à�á¯à®áâà�−ï¥âáï ¯®
í«¥¬¥−â�¬ D1{D5, −® í«¥¬¥−â D6 á®åà�−ï¥â á¢®¥ à�¡®ç¥¥ á®áâ®ï−¨¥;

{ −®¢®¥ à�¡®ç¥¥ á®áâ®ï−¨¥, ¯®áâã¯�îé¥¥ −� ¢å®¤ (•, •‚), §�¯¨è¥âáï ¢ ¯¥à¢ë¥
ç¥âëà¥ í«¥¬¥−â� à¥£¨áâà� (D1{D4);
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÷¨á. 4 ‘å¥¬� âà¥åà�§àï¤−®£® ‘‘-à¥£¨áâà� á¤¢¨£� −� ƒ-âà¨££¥à�å

{ ¤�«ì−¥©è¥¥ ç¥à¥¤®¢�−¨¥ á¯¥©á¥à� ¨ à�¡®ç¥£® á®áâ®ï−¨ï −� ¢å®¤¥ (•, •‚)
¯à¨¢¥¤¥â ª §�¯®«−¥−¨î à¥£¨áâà� âà¥¬ï à�¡®ç¨¬¨ á®áâ®ï−¨ï¬¨ ¢ í«¥¬¥−â�å
D2, D4 ¨ D6 ¨ á¯¥©á¥à®¬ ¢ í«¥¬¥−â�å D1, D3 ¨ D5;

{ ¯¥à¥ª«îç¥−¨¥ ¢å®¤� ã¯à�¢«¥−¨ï … ¨§ ú1û ¢ ú0û à�§à¥è¨â í«¥¬¥−âã D6
¯¥à¥©â¨ ¢ á¯¥©á¥à, çâ®, ¢ á¢®î ®ç¥à¥¤ì, à�§à¥è¨â à�¡®ç¥¬ã á®áâ®ï−¨î ¨§ D4
§�¯¨á�âìáï ¢ D5, §�â¥¬ á¯¥©á¥àã ¨§ D3 §�¯¨á�âìáï ¢ D4 ¨ â. ¤. ‚ à¥§ã«ìâ�â¥
¡¨âë ¨−ä®à¬�æ¨¨, åà�−¨¬ë¥ à¥£¨áâà®¬, á¤¢¨−ãâáï −� ®¤¨− í«¥¬¥−â à¥£¨áâà�
¨ ¡ã¤¥â à�§à¥è¥−� §�¯¨áì −®¢®£® ¡¨â� ¨−ä®à¬�æ¨¨ ¢ í«¥¬¥−â D1.

÷¥£¨áâà −� à¨á. 4 äã−ªæ¨®−¨àã¥â ª�ª ú¯®«ã¯«®â−®¥ FIFOû [9]. „«ï à¥�-
«¨§�æ¨¨ n-à�§àï¤−®£® ÷‘ âà¥¡ã¥âáï 2n à�§àï¤®¢, ¨ ®¡é¨¥ �¯¯�à�â−ë¥ §�âà�âë
−� à¨á. 4 ®ª�§ë¢�îâáï ¢ 1,2{1,3 à�§� ¡®«ìè¥, ç¥¬ ¢ à¥£¨áâà�å −� à¨á. 2. …£®
¯à¥¨¬ãé¥áâ¢� ¢ áà�¢−¥−¨¨ á −¨¬¨: ¯�à�ä�§−®¥ ª®¤¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå
¢å®¤®¢ ¨ ¢ëå®¤®¢ ¨ «ãçè¥¥ ¢ 2,2 à�§� ¡ëáâà®¤¥©áâ¢¨¥.

�¤−® ¨§ ¯à�ªâ¨ç¥áª¨å ¯à¨¬¥−¥−¨© ÷‘ | à¥�«¨§�æ¨ï ¯®á«¥¤®¢�â¥«ì−®£®
¢ëå®¤−®£® ¨−â¥àä¥©á�. �−® âà¥¡ã¥â ¯�à�««¥«ì−®© §�¯¨á¨ ¯¥à¥¤�¢�¥¬®© ¨−ä®à-
¬�æ¨¨ ¢ à¥£¨áâà ¯¥à¥¤ −�ç�«®¬ ¯¥à¥¤�ç¨.

3 Самосинхронный регистр сдвига с параллельной записью

“áâà®©áâ¢� ¯®á«¥¤®¢�â¥«ì−®£® ¢ëå®¤−®£® ¨−â¥àä¥©á� ®á−®¢�−ë −� ¯�à�«-
«¥«ì−®© §�¯¨á¨ ¢ ÷‘ ¨−ä®à¬�æ¨¨ ¨ ú¢ëâ�«ª¨¢�−¨¨û ¥¥ ¯® ¯®á«¥¤®¢�â¥«ì−®¬ã
ª�−�«ã. �� à¨á. 5 ¯®ª�§�−� à¥�«¨§�æ¨ï à�§àï¤� ÷‘ á ¯�à�««¥«ì−®© §�¯¨áìî.
�− ®â«¨ç�¥âáï ®â à�§àï¤� ÷‘ −� à¨á. 1, ¡ −�«¨ç¨¥¬ ¢å®¤®¢ à�§à¥è¥−¨ï ¯�à�«-
«¥«ì−®© §�¯¨á¨ WE (WE = 1 | à�§à¥è¥−¨¥ §�¯¨á¨; WE = 0 | ®âáãâáâ¢¨¥
§�¯¨á¨, à¥¦¨¬ á¤¢¨£�), ‘‘-ãáâ�−®¢ª¨ ÷ (ò = 1 | ãáâ�−®¢ª� ¢ëå®¤� à�§àï¤�
÷‘ ¢ á®áâ®ï−¨¥ Q = 1, QB = 0; P = 0 | ®âáãâáâ¢¨¥ ãáâ�−®¢ª¨), ‘‘-á¡à®-
á� ‘ (ó = 1 | á¡à®á ¢ëå®¤� à�§àï¤� à¥£¨áâà� ¢ á®áâ®ï−¨¥ Q = 0, QB = 1;
ó = 0 | ®âáãâáâ¢¨¥ á¡à®á�) ¨ ¤®¯®«−¨â¥«ì−®£® ¢ëå®¤� IW, ¨−¤¨æ¨àãîé¥£®
ãá¯¥è−®¥ §�¢¥àè¥−¨¥ ‘‘-§�¯¨á¨ (IW = 0 | §�¯¨áì §�¢¥àè¥−�; IW = 1 |
§�¯¨áì ®âáãâáâ¢ã¥â). �¯¯�à�â−ë¥ §�âà�âë à�§àï¤� à¥£¨áâà� −� à¨á. 5 á®áâ�¢«ïîâ
64 ŠŒ„�-âà�−§¨áâ®à�.

�� à¨á. 6 ¯®ª�§�−� à¥�«¨§�æ¨ï âà¥åà�§àï¤−®£® ÷‘ á ¯�à�««¥«ì−®© ‘‘-§�-
¯¨áìî, à�§àï¤ë ª®â®à®£® à¥�«¨§®¢�−ë áå¥¬®© −� à¨á. 5. �«¥¬¥−â D7 ä®à¬¨àã¥â
®¡é¨© ¨−¤¨ª�â®à−ë© ¢ëå®¤ II à¥£¨áâà� á ãç¥â®¬ à¥¦¨¬� ¥£® à�¡®âë.
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 5 ‘å¥¬� ®¤−®£® à�§àï¤� ÷‘ á ‘‘ ¯�à�««¥«ì−®© §�¯¨áìî

÷¨á. 6 ‘å¥¬� âà¥åà�§àï¤−®£® ÷‘ á ‘‘ ¯�à�««¥«ì−®© §�¯¨áìî

‚ à¥¦¨¬¥ á¤¢¨£� ¢å®¤ à�§à¥è¥−¨ï §�¯¨á¨ WE = 0 ¨ æ¥¯¨ ¯�à�««¥«ì−®©
§�¯¨á¨ −¥ ¢«¨ïîâ −� ¨−¤¨ª�â®à−ë© ¢ëå®¤ II. ��à�««¥«ì−�ï §�¯¨áì ¢ à¥£¨áâà
¢ë¯®«−ï¥âáï ¯à¨ å = 0 ¯ãâ¥¬ ¯®¤�ç¨ −� ¢å®¤ë ãáâ�−®¢ª¨Ci ¨ Pi âà¥¡ã¥¬ëå §−�-
ç¥−¨© (Ci = 1 ¨Pi = 0 ¤«ï ãáâ�−®¢ª¨ ¢ i-¬ à�§àï¤¥ à¥£¨áâà� ú0û;Ci = 0 ¨Pi = 1
¤«ï ãáâ�−®¢ª¨ ¢ i-¬ à�§àï¤¥ à¥£¨áâà� ú1û) ¨ §�¤�−¨¨WE = 1. ‘¨£−�« WE ¤®«-
¦¥− ¨−¤¨æ¨à®¢�âì ¢å®¤ë ãáâ�−®¢ª¨ à¥£¨áâà�. �¯¯�à�â−ë¥ §�âà�âë ‘‘-à¥£¨áâà�
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÷¨á. 7 „¨�£à�¬¬� à�¡®âë ‘‘-à¥£¨áâà� á¤¢¨£� á ¯�à�««¥«ì−®© ‘‘-§�¯¨áìî

÷¨á. 8 ‘å¥¬� ®¤−®£® à�§àï¤� ÷‘ −� ƒ-âà¨££¥à�å á ¯�à�««¥«ì−®© §�¯¨áìî

−� à¨á. 6 á®áâ�¢«ïîâ 232 ŠŒ„�-âà�−§¨áâ®à�. ÷¨áã−®ª 7 ¯®ª�§ë¢�¥â ¢à¥-
¬¥−−�ãî ¤¨�£à�¬¬ã à�¡®âë ‘‘-à¥£¨áâà� á¤¢¨£� ¢ â¥à¬¨−�å ¢å®¤®¢ ã¯à�¢«¥−¨ï
¨ §�¯¨á¨ ¨ ¨−¤¨ª�â®à−ëå ¢ëå®¤®¢. ’®−ª¨¥ «¨−¨¨ á® áâà¥«ª�¬¨ ¯®ª�§ë¢�îâ
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ §�¢¨á¨¬®áâ¨ ¬¥¦¤ã á¨£−�«�¬¨ áå¥¬ë à¥£¨áâà�.

÷�§àï¤ ÷‘ −� ƒ-âà¨££¥à�å á ¯�à�««¥«ì−®© §�¯¨áìî ¯®ª�§�− −� à¨á. 8.
�− ãáâ�−�¢«¨¢�¥âáï ¢ −ã«¥¢®© á¯¥©á¥à ¯à¨ R = RB = RT = S = SB = 0,
§�¯¨áë¢�¥â ¡¨â ú0û ¯à¨ R = RB = 1 ¨ RT = S = SB = 0 ¨«¨ ¡¨â ú1û ¯à¨
R = RB = RT = 0 ¨ S = SB = 1.
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 9 ÷¥£¨áâà á¤¢¨£� −� ƒ-âà¨££¥à�å á ¯�à�««¥«ì−®© §�¯¨áìî

��à�««¥«ì−�ï §�¯¨áì ¢ë¯®«−ï¥âáï ¯®á«¥ ¯¥à¥ª«îç¥−¨ï à�§àï¤� ÷‘ ¢ á¯¥©á¥à
(Q = QB = 0). �®á«¥ ¨−¨æ¨�æ¨¨ ¯�à�««¥«ì−®© §�¯¨á¨ WE = 1 ¨ ¯®¤�ç¨
á¨£−�«®¢ RT = 0 ¨ âà¥¡ã¥¬®© ª®¬¡¨−�æ¨¨ ¢å®¤®¢ R, RB, S ¨ SB ¯¥à¥ª«îç¥−¨¥
¢ëå®¤� IW ¢ §−�ç¥−¨¥ IW = 1 ¯®¤â¢¥à¤¨â ãá¯¥è−®¥ ®ª®−ç�−¨¥ ¯�à�««¥«ì−®©
§�¯¨á¨ ¢ à�§àï¤ ÷‘. “áâ�−®¢ª� WE = 0 ¨ §�â¥¬ RT = 1 ¨ R = S = 0,
RB = SB = 1 ¢®§¢à�é�¥â à�§àï¤ ÷‘ ¢ á¯¥©á¥à. ‘«®¦−®áâì à¥�«¨§�æ¨¨ áå¥¬ë
á®áâ�¢«ï¥â 76 ŠŒ„�-âà�−§¨áâ®à®¢. �� à¨á. 9 ¯®ª�§�− 3-à�§àï¤−ë© ‘‘-à¥£¨áâà
á¤¢¨£� á ¯�à�««¥«ì−®© §�¯¨áìî −� ƒ-âà¨££¥à�å.

ˆ−¤¨ª�â®à−�ï ¯®¤áå¥¬�, ¢ª«îç�îé�ï í«¥¬¥−âë D4{D6, ¯®¤â¢¥à¦¤�¥â
ãá¯¥è−®¥ ®ª®−ç�−¨¥ ¯�à�««¥«ì−®© §�¯¨á¨ ¢ à¥£¨áâà. ‚ à¥§ã«ìâ�â¥ ®¡é�ï
á«®¦−®áâì à¥�«¨§�æ¨¨ ‘‘-à¥£¨áâà� á¤¢¨£� −� à¨á. 9 á®áâ�¢«ï¥â 252 ŠŒ„�-
âà�−§¨áâ®à�, çâ® −� 9% ¢ëè¥ á«®¦−®áâ¨ à¥£¨áâà� −� à¨á. 6.

‘ ãç¥â®¬ â®£®, çâ® ¤«ï ¯�à�««¥«ì−®© §�¯¨á¨ ¢ à¥£¨áâà −� à¨á. 9 âà¥¡ã¥âáï
áä®à¬¨à®¢�âì ¢¤¢®¥ ¡®«ìè¥ á¨£−�«®¢ ¯à¥¤ãáâ�−®¢ª¨ R∗ ¨ S∗, áã¬¬�à−ë¥ §�âà�âë
¢�à¨�−â� à¥£¨áâà� −� ƒ-âà¨££¥à�å ®ª�¦ãâáï ¥é¥ åã¦¥ ¢ áà�¢−¥−¨¨ á §�âà�â�¬¨
¢�à¨�−â� −� RS-âà¨££¥à¥ (á¬. à¨á. 6).

�¤−�ª® ¬®¤¥«¨à®¢�−¨¥ ¢�à¨�−â®¢ ‘‘-à¥£¨áâà� á¤¢¨£�, ¨§®¡à�¦¥−−ëå −�
à¨á. 6 ¨ 9 á ãç¥â®¬ ¨å ®ªàã¦¥−¨ï, ®¡¥á¯¥ç¨¢�îé¥£® à�¡®âã ÷‘ ¢ à¥¦¨¬�å
¯�à�««¥«ì−®© ‘‘-§�¯¨á¨ ¨ ‘‘-á¤¢¨£�, ¯®ª�§ë¢�¥â, çâ® áã¬¬�à−�ï ¤«¨â¥«ì−®áâì
à�¡®ç¥© ¨ á¯¥©á¥à−®© ä�§ ¢ ÷‘ −� à¨á. 6 ¢ 1,5 à�§� ¡®«ìè¥, ç¥¬ ¢ à¥£¨áâà¥ −�
à¨á. 9.

’�ª¨¬ ®¡à�§®¬, ÷‘ á ¯�à�««¥«ì−®© §�¯¨áìî (¯�à�««¥«ì−®-¯®á«¥¤®¢�â¥«ì-
−ë© ¯®àâ) −� RS-âà¨££¥à¥ (á¬. à¨á. 6) ®¡¥á¯¥ç¨¢�¥â ¬¨−¨¬�«ì−ãî á«®¦−®áâì,
� à¥£¨áâà −� ƒ-âà¨££¥à�å (á¬. à¨á. 9) £�à�−â¨àã¥â «ãçè¥¥ ¡ëáâà®¤¥©áâ¢¨¥.

4 Заключение

÷�áá¬®âà¥−−ë¥ ¢�à¨�−âë à¥�«¨§�æ¨¨ à�§àï¤� ‘‘-à¥£¨áâà� á¤¢¨£� ¨ á�¬®£®
‘‘-à¥£¨áâà� á¤¢¨£� −¥ ¨áç¥à¯ë¢�îâ ¢á¥£® ¬−®£®®¡à�§¨ï á¤¢¨£®¢ëå ‘‘-à¥£¨áâ-
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à®¢. ‚¢®¤ ¢ ®¯¨á�−−ë¥ áå¥¬ë ¢å®¤®¢ �á¨−åà®−−®© ¨«¨ ‘‘-¯à¥¤ãáâ�−®¢ª¨
¯®§¢®«ï¥â ¯®«ãç¨âì è¨à®ªãî −®¬¥−ª«�âãàã ¯à�ªâ¨ç¥áª¨ §−�ç¨¬ëå à¥�«¨§�æ¨©
‘‘-à¥£¨áâà� á¤¢¨£�.

‘�¬®á¨−åà®−−ë© ÷‘ â¨¯� FIFO ¨«¨ ¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−ë© ¯®àâ
æ¥«¥á®®¡à�§−® à¥�«¨§®¢ë¢�âì −� ƒ-âà¨££¥à�å á ¯à¥¤ãáâ�−®¢ª®© á¯¥©á¥à�, ¥á«¨
âà¥¡ã¥âáï ¬¨−¨¬�«ì−�ï «�â¥−â−®áâì ¨ ¯�à�ä�§−®¥ ª®¤¨à®¢�−¨¥ ¯�à�««¥«ì−®£®
¢ëå®¤� à¥£¨áâà�. ‚ ¯à®â¨¢−®¬ á«ãç�¥ «ãçè¨¬ à¥è¥−¨¥¬ ¡ã¤¥â ¨á¯®«ì§®¢�−¨¥
¤¢ãåâ�ªâ−®£® RS-âà¨££¥à�.

‘�¬®á¨−åà®−−ë© ÷‘ á ¯�à�««¥«ì−®© §�¯¨áìî æ¥«¥á®®¡à�§−® áâà®¨âì −�
RS-âà¨££¥à�å á ‘‘-ãáâ�−®¢ª®© ¨ á¡à®á®¬, ¥á«¨ æ¥«¥¢ë¬ ªà¨â¥à¨¥¬ á«ã¦¨â ¬¨-
−¨¬�«ì−�ï á«®¦−®áâì áå¥¬ë. �−�«®£¨ç−ë© à¥£¨áâà −� ƒ-âà¨££¥à�å ®ª�§ë¢�¥âáï
¢ 1,09 à�§� á«®¦−¥¥, ®¤−�ª® ¯®á«¥¤−¨© ®¡«�¤�¥â ¢ 1,5 à�§� «ãçè¨¬ ¡ëáâà®¤¥©-
áâ¢¨¥¬.
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Abstract: The paper discusses the problems of designing and using self-timed
(ST) shift registers. Self-timed circuits have their specifics: two-phase work
discipline, redundant information coding, etc. Due to this, they have some
advantages compared with synchronous counterparts: independence of behavior
from cell delays, detection of any stuck faults, etc. The article considers
implementation options for the ST shift register with various options, including
setting to a spacer and presetting a fixed value in each bit of the shift register.
The proposed options have different functionality, complexity, and performance.
Shift registers based on RS-flip-flops have minimal hardware costs, while shift
registers based on hysteretic triggers have better performance. The article analyzes
shift register's characteristics and substantiates recommendations for their use
as a serial-to-parallel port, parallel-to-serial port, or FIFO (First Input, First
Output).
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МЕТОДЫ ПОИСКА ИМПЛИЦИТНЫХ
ЛОГИКО-СЕМАНТИЧЕСКИХ ОТНОШЕНИЙ

В МОНОЯЗЫЧНЫХ ТЕКСТАХ∗

А. А. Гончаров1

�−−®â�æ¨ï: �−�«¨§¨àã¥âáï ¯à®¡«¥¬� æ¥«¥−�¯à�¢«¥−−®£® ¯®¨áª� äà�£¬¥−â®¢
á ¨¬¯«¨æ¨â−ë¬¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨¬¨ ®â−®è¥−¨ï¬¨ (‹‘�) ¢ ¬®−®ï§ëç-
−ëå â¥ªáâ�å −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥. —â®¡ë ®â¢¥â¨âì −� ¢®¯à®á ® â®¬, ¢®§¬®¦¥−
«¨ â�ª®© ¯®¨áª, ¡ë« ¯à®¢¥¤¥− ®¡§®à à�¡®â á à¥§ã«ìâ�â�¬¨ ¨áá«¥¤®¢�−¨© ¨¬-
¯«¨æ¨â−ëå ‹‘�. –¥«ì ®¡§®à� | ¢ëï¢«¥−¨¥ ¬¥â®¤®¢, ª®â®àë¥ ¯à¨¬¥−ïîâáï
¢ íâ¨å à�¡®â�å ¤«ï á®§¤�−¨ï ¬�áá¨¢®¢ â¥ªáâ®¢ëå äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨
‹‘�. �®ª�§�−®, çâ® ¨á¯®«ì§ãîâáï ¢ ®á−®¢−®¬ ¤¢� ¬¥â®¤�: (1) �¢â®¬�â¨ç¥áª�ï
£¥−¥à�æ¨ï äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� −� ®á−®¢¥ äà�£¬¥−â®¢ á íªá¯«¨-
æ¨â−ë¬¨ ‹‘�; (2) ¢ë£àã§ª� äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� ¨§ â¥ªáâ®¢ëå
ª®à¯ãá®¢, à�§¬¥ç¥−−ëå ¢àãç−ãî. �¨ ®¤¨− ¨§ íâ¨å ¬¥â®¤®¢ −¥ ¬®¦¥â áç¨â�âìáï
¬¥â®¤®¬ á®¡áâ¢¥−−® ¯®¨áª�, â�ª ª�ª −¥ ¯®¤à�§ã¬¥¢�¥â ¢ëï¢«¥−¨ï äà�£¬¥−â®¢
á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� ¢ ¥áâ¥áâ¢¥−−®¬ â¥ªáâ¥ ¨ ¨å ¯®á«¥¤ãîé¥£® ¨§¢«¥ç¥−¨ï.
’�ª¨¬ ®¡à�§®¬, ¬®¦−® ª®−áâ�â¨à®¢�âì, çâ® ¤«ï ¬®−®ï§ëç−ëå â¥ªáâ®¢ §�¤�ç�
æ¥«¥−�¯à�¢«¥−−®£® ¯®¨áª� â�ª¨å äà�£¬¥−â®¢ −� ¤�−−ë© ¬®¬¥−â, ¢ áãé−®áâ¨,
−¥ à¥è¥−�.

Š«îç¥¢ë¥ á«®¢�: ¨¬¯«¨æ¨â−®áâì; ¨¬¯«¨æ¨â−ë¥ «®£¨ª®-á¥¬�−â¨ç¥áª¨¥ ®â−®-
è¥−¨ï; æ¥«¥−�¯à�¢«¥−−ë© ¯®¨áª; ®¡à�¡®âª� ¥áâ¥áâ¢¥−−®£® ï§ëª�; ¨§¢«¥ç¥−¨¥
¨−ä®à¬�æ¨¨

DOI: 10.14357/08696527220309

1 Введение

‚ 2021 £. ¯®¤ í£¨¤®© �áá®æ¨�æ¨¨ ¯® ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¥ (Association
for Computational Linguistics, ACL) ¢¯¥à¢ë¥ ¯à®è¥« á¥¬¨−�à, ¯®«−®áâìî ¯®-
á¢ïé¥−−ë© ï¢«¥−¨ï¬ ¨¬¯«¨æ¨â−®áâ¨ ¨ −¥¤®á¯¥æ¨ä¨ª�æ¨¨ ¢ ï§ëª¥ (implicit and
underspecified phenomena in language): \UnImplicit 2021: 1st Workshop on Un-
derstanding Implicit and Underspecified Language" [1]. Œ¥à®¯à¨ïâ¨¥, ¯® ¢á¥©
¢¨¤¨¬®áâ¨, ¨¬¥¥â è�−áë áâ�âì ¥¦¥£®¤−ë¬: ¢ 2022 £. á¥¬¨−�à á®áâ®ï«áï ¢® ¢â®à®©
à�§ [2]. ‚® ¢¢¥¤¥−¨¨ ª á¡®à−¨ªã áâ�â¥©, ¯à¥¤áâ�¢«¥−−ëå −� á¥¬¨−�à¥, ®â¬¥ç�-
¥âáï, çâ® á«®¦−®áâì ¨¬¯«¨æ¨â−®áâ¨ ¨ −¥¤®á¯¥æ¨ä¨ª�æ¨¨ ®¡ãá«®¢«¥−� â¥¬, çâ®

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® á ¨á¯®«ì§®¢�−¨¥¬ –Š� úˆ−ä®à¬�â¨ª�û ”ˆ– ˆ“ ÷��.
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, a.gonch48@gmail.com
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Œ¥â®¤ë ¯®¨áª� ¨¬¯«¨æ¨â−ëå «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¢ ¬®−®ï§ëç−ëå â¥ªáâ�å

¤«ï ¨å ®¡à�¡®âª¨ ¬®¦¥â ¡ëâì −¥®¡å®¤¨¬®: (1) �−�«¨§¨à®¢�âì è¨à®ª¨© ª®−â¥ªáâ;
(2) ¨á¯®«ì§®¢�âì «®£¨ç¥áª¨© ¢ë¢®¤ (symbolic inference); (3) ¨á¯®«ì§®¢�âì à�ááã¦-
¤¥−¨ï −� ®á−®¢¥ §¤à�¢®£® á¬ëá«� (common-sense reasoning); (4) �−�«¨§¨à®¢�âì
−¥ª®¬¯®§¨æ¨®−�«ì−ë¥ ¨ −¥ ¢ëà�¦¥−−ë¥ −� ãà®¢−¥ «¥ªá¨ª¨ §−�ç¥−¨ï [1, á. III].
�®ï¢«¥−¨¥ ¯®¤®¡−®£® á¥¬¨−�à� á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® á®§¤�−¨¥ ¬¥â®¤®¢ à�¡®-
âë á ¨¬¯«¨æ¨â−®© ¨−ä®à¬�æ¨¥© áâ�−®¢¨âáï ¢á¥ ¡®«¥¥ �ªâã�«ì−ë¬ −�¯à�¢«¥−¨¥¬
¨áá«¥¤®¢�−¨© ¢ áä¥à¥ ®¡à�¡®âª¨ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ ¨ ª®¬¯ìîâ¥à−®©
«¨−£¢¨áâ¨ª¨.

��áâ®ïé�ï áâ�âìï ¯®á¢ïé¥−� ®¤−®© ¨§ ä®à¬ ¨¬¯«¨æ¨â−®áâ¨ | ¨¬¯«¨æ¨â−ë¬
‹‘� ¢ â¥ªáâ¥ (¯®¤à®¡−¥¥ ®¡ íâ®¬ ¯®−ïâ¨¨ á¬. [3]). �®¤ ‹‘� ¯®−¨¬�îâáï
®â−®è¥−¨ï á¢ï§−®áâ¨ ¬¥¦¤ã −¥¡®«ìè¨¬¨ äà�£¬¥−â�¬¨ â¥ªáâ�, ¯®â¥−æ¨�«ì−®
á¯®á®¡−ë¥ ¨¬¥âì ¯®ª�§�â¥«ì (¯à¥¦¤¥ ¢á¥£® ª®−−¥ªâ®à)1. Š�ª ¯à�¢¨«®, ¯à¨
¯®¬®é¨ ‹‘� á¢ï§ë¢�îâáï äà�£¬¥−âë á ¯à®¯®§¨æ¨®−�«ì−ë¬2 á®¤¥à¦�−¨¥¬; ¤«ï
ã¯à®é¥−¨ï ¢ ª�ç¥áâ¢¥ â�ª¨å äà�£¬¥−â®¢ ¬®£ãâ à�áá¬�âà¨¢�âìáï ¯à¥¤«®¦¥−¨ï.
’�ª, ¯à¨¬¥à (1) ¨««îáâà¨àã¥â íªá¯«¨æ¨â−®¥ ‹‘� ¯à¨ç¨−ë: ¬¥¦¤ã äà�£¬¥−â�¬¨
ú®− ®¯®§¤�«û ¨ ú�¢â®¡ãá� ¤®«£® −¥ ¡ë«®û, ¤«ï −�£«ï¤−®áâ¨ §�ª«îç¥−−ë¬¨
¢ ª¢�¤à�â−ë¥ áª®¡ª¨, ¥áâì ª®−−¥ªâ®à ú¯®â®¬ã çâ®û, ¢ëà�¦�îé¨© íâ® ‹‘�:

(1) [�− ®¯®§¤�«,] ¯®â®¬ã çâ® [�¢â®¡ãá� ¤®«£® −¥ ¡ë«®.]

�à¨¬¥à (2) ¨««îáâà¨àã¥â ¨¬¯«¨æ¨â−®¥ ‹‘� ¯à¨ç¨−ë: á¢ï§ë¢�¥¬ë¥ äà�£-
¬¥−âë á®¢¯�¤�îâ á â¥¬¨, çâ® ¯à¨¢¥¤¥−ë ¢ (1), ¨, å®âï ª®−−¥ªâ®à ¬¥¦¤ã −¨¬¨
®âáãâáâ¢ã¥â, ‹‘� ¯à¨ç¨−ë ¬®¦¥â ¡ëâì ¢ë¢¥¤¥−® ç¨â�îé¨¬ ¢ å®¤¥ ¨−â¥à¯à¥â�-
æ¨¨ á¬ëá«®¢®£® á®®â−®è¥−¨ï äà�£¬¥−â®¢:

(2) [�− ®¯®§¤�«,] [�¢â®¡ãá� ¤®«£® −¥ ¡ë«®.]

”à�£¬¥−âë â¥ªáâ�, á¢ï§�−−ë¥ −¥ª®â®àë¬ ‹‘�, ¡ã¤¥¬ −�§ë¢�âì �à£ã¬¥−â�¬¨
‹‘�; ®âà¥§®ª â¥ªáâ�, ¢ª«îç�îé¨© �à£ã¬¥−âë ‹‘� ¨ ¥£® ¯®ª�§�â¥«ì (¥á«¨
â�ª®¢®© ¨¬¥¥âáï), ¡ã¤¥¬ −�§ë¢�âì äà�£¬¥−â®¬ á ‹‘�. ‚ §�¢¨á¨¬®áâ¨ ®â −�«¨ç¨ï
¯®ª�§�â¥«ï äà�£¬¥−âë á ‹‘� ¤¥«ïâáï −� ¤¢� â¨¯�: äà�£¬¥−âë á íªá¯«¨æ¨â−ë¬¨
‹‘� ¨ äà�£¬¥−âë á ¨¬¯«¨æ¨â−ë¬¨ ‹‘�.

…á«¨ ¯à¨ ¯®¨áª¥ ¨ ®¯à¥¤¥«¥−¨¨ á¥¬�−â¨ª¨ íªá¯«¨æ¨â−ëå ‹‘� ¨áá«¥¤®¢�â¥-
«¨ ¨¬¥îâ ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì ¤«ï à¥è¥−¨ï íâ¨å §�¤�ç ¯®ª�§�â¥«¨ ‹‘�,
â® ¯à¨ à�¡®â¥ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� íâ� ¢®§¬®¦−®áâì ®ç¥¢¨¤−ë¬ ®¡à�§®¬ −¥-
¤®áâã¯−�. Œ¥¦¤ã â¥¬ ¤®«ï äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� ¢ ®¡é¥© ¬�áá¥
äà�£¬¥−â®¢ á ‹‘� ¢¥áì¬� ¢ëá®ª�, å®âï ¨ ¢�àì¨àã¥â ¢ §�¢¨á¨¬®áâ¨ ®â â¨¯� �−�-
«¨§¨àã¥¬ëå â¥ªáâ®¢ ¨ ¬¥â®¤®¢ �−�«¨§�: â�ª, ¯® ¤�−−ë¬ [7, á. 587], ®−� á®áâ�¢«ï¥â
≈ 69% ¢ ª®à¯ãá¥ ãáâ−ëå â¥ªáâ®¢ ¨ ≈ 57% ¢ ª®à¯ãá¥ áâ�â¥© ¨§ £�§¥âë \Wall Street

1‚ à�¡®â�å, £¤¥ à�áá¬�âà¨¢�îâáï â�ª¨¥ ®â−®è¥−¨ï, ¤«ï ¨å ®¡®§−�ç¥−¨ï ¨á¯®«ì§ãîâáï à�§-
−®®¡à�§−ë¥ â¥à¬¨−ë: ®â−®è¥−¨ï á¢ï§−®áâ¨, à¨â®à¨ç¥áª¨¥, ¤¨áªãàá¨¢−ë¥ ¨«¨ à¨â®à¨ª®-á¥-
¬�−â¨ç¥áª¨¥ ®â−®è¥−¨ï; â�ª¦¥ ¤àã£ ®â ¤àã£� á¨«ì−® ®â«¨ç�îâáï −�¡®àë íâ¨å ®â−®è¥−¨© (á¬.
¯®¤à®¡−¥¥ [4]). �á−®¢�−¨ï ª«�áá¨ä¨ª�æ¨© ®â−®è¥−¨©, ª®â®àë¥ ¢ ¤�−−®© áâ�âì¥ −�§ë¢�îâáï
«®£¨ª®-á¥¬�−â¨ç¥áª¨¬¨, ¯®¤à®¡−® ¯à®�−�«¨§¨à®¢�−ë ¢ [5].

2‘¬. ®¡ íâ®¬ ¯®−ïâ¨¨ [6, á. 401].
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Journal"; ¯® ¤�−−ë¬ [8, á. 5], ®−� à�¢−� ≈ 45%1 (¢ ª®à¯ãá¥, â�ª¦¥ ¢ª«îç�îé¥¬
áâ�âì¨ ¨§ £�§¥âë \Wall Street Journal").

–¥«ì −�áâ®ïé¥© áâ�âì¨ á®áâ®¨â ¢ ¯®¨áª¥ ®â¢¥â� −� ¢®¯à®á ® â®¬, ¢®§¬®¦−® «¨
æ¥«¥−�¯à�¢«¥−−® ¨áª�âì äà�£¬¥−âë á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� ¢ ¬®−®ï§ëç−ëå â¥ª-
áâ�å. „«ï ®â¢¥â� −� íâ®â ¢®¯à®á ¯à®¢®¤¨âáï ®¡§®à à�¡®â, ¢ ª®â®àëå ®¯¨áë¢�îâáï
à�§«¨ç−ë¥ íªá¯¥à¨¬¥−âë ¯® ®¡à�¡®âª¥ ¨¬¯«¨æ¨â−ëå ‹‘� áà¥¤áâ¢�¬¨ ¨−ä®à¬�-
â¨ª¨. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï ¬¥â®¤�¬ ä®à¬¨à®¢�−¨ï ¬�áá¨¢®¢ äà�£¬¥−â®¢
á ¨¬¯«¨æ¨â−ë¬¨ ‹‘�.

2 Предыстория

�¤−®© ¨§ −�¨¡®«¥¥ à�−−¨å à�¡®â, ®ª�§�¢è¨å §−�ç¨â¥«ì−®¥ ¢«¨ï−¨¥ −� ¯®-
á«¥¤ãîé¨¥ ¨áá«¥¤®¢�−¨ï ¨¬¯«¨æ¨â−ëå ‹‘�, áâ�«� ®¯ã¡«¨ª®¢�−−�ï ¢ 2002 £.
à�¡®â� [9], −�¯¨á�−−�ï „. Œ�àªã ¨ �. �ç¨å�¡¨, ¨áá«¥¤®¢�â¥«ï¬¨ ¨§ ˆ−áâ¨âã-
â� ¨−ä®à¬�æ¨®−−ëå −�ãª (Information Sciences Institute) “−¨¢¥àá¨â¥â� ā¦−®©
Š�«¨ä®à−¨¨. –¥«ìî �¢â®à®¢ ¡ë«� à�§à�¡®âª� ¯®¤å®¤� ª à�á¯®§−�¢�−¨î ç¥âëà¥å
‹‘� (ª�ª íªá¯«¨æ¨â−ëå, â�ª ¨ ¨¬¯«¨æ¨â−ëå) ¢ â¥ªáâ¥, â. ¥. ¨¬¯«¨æ¨â−ë¥ ‹‘�
®â¤¥«ì−® ¨¬¨ −¥ à�áá¬�âà¨¢�«¨áì.

ˆáå®¤ï ¨§ â®£® çâ®, á ®¤−®© áâ®à®−ë, −¥ ¢á¥ ‹‘� ¢ â¥ªáâ¥ ¨¬¥îâ ¯®ª�§�â¥«¨,
� á ¤àã£®© áâ®à®−ë, −¥ áãé¥áâ¢ã¥â −¨ −�¤¥¦−ëå áà¥¤áâ¢ á¥¬�−â¨ç¥áª®© ¨−â¥à-
¯à¥â�æ¨¨, −¨ ¡�§ §−�−¨© ®¡é¥£® −�§−�ç¥−¨ï (general purpose knowledge bases),
ª®â®àë¥ ¯®§¢®«¨«¨ ¡ë á¤¥«�âì −ã¦−ë¥ ã¬®§�ª«îç¥−¨ï ¨ à�á¯®§−�âì −¥ª®â®à®¥
‹‘� ¢ â¥ªáâ¥ ¢ ®âáãâáâ¢¨¥ ¯®ª�§�â¥«ï, „. Œ�àªã ¨ �. �ç¨å�¡¨ à¥è¨«¨ à�§à�-
¡®â�âì â�ªãî â¥å−®«®£¨î, ª®â®à�ï ¤�¢�«� ¡ë ¢®§¬®¦−®áâì ®¯à¥¤¥«¨âì á¥¬�−â¨ªã
‹‘�, −® −¥ ®¯¨à�«�áì ¡ë ¨áª«îç¨â¥«ì−® −� ¨å ¯®ª�§�â¥«¨. ‚å®¤−ë¬¨ ¤�−−ë¬¨
¤®«¦−ë ¡ë«¨ á«ã¦¨âì äà�£¬¥−âë á ‹‘� (íªá¯«¨æ¨â−ë¬¨ ¨«¨ ¨¬¯«¨æ¨â−ë¬¨);
¢ëå®¤−ë¬¨ | íâ¨ äà�£¬¥−âë, á−�¡¦¥−−ë¥ ¬¥âª®©, ãª�§ë¢�îé¥© −� á¥¬�−â¨ªã
‹‘�, ª®â®àë¬ á¢ï§�−ë �à£ã¬¥−âë, á®áâ�¢«ïîé¨¥ ª�¦¤ë© ¨§ äà�£¬¥−â®¢, ¨«¨
¬¥âª®©, ãª�§ë¢�îé¥© −� ®âáãâáâ¢¨¥ ª�ª®£®-«¨¡® ‹‘�.

�¢â®àë ¢ë¤¢¨−ã«¨ £¨¯®â¥§ã ® â®¬, çâ® áãé¥áâ¢ãîâ ú¯�àë «¥ªá¨ç¥áª¨å
¥¤¨−¨æ, ª®â®àë¥ ¬®£ãâ ¤�¢�âì ¯®¤áª�§ª¨ ®â−®á¨â¥«ì−® ‹‘� ¬¥¦¤ã äà�£¬¥−â�¬¨,
¢ ª®â®àëå ã¯®âà¥¡«¥−ë íâ¨ «¥ªá¨ç¥áª¨¥ ¥¤¨−¨æëû2 [9, á. 372]. ‚ ª�ç¥áâ¢¥
¨««îáâà�æ¨¨ ®−¨ ¯à¨¢¥«¨ ¯à¨¬¥à (3), £¤¥ ‹‘� ¯à®â¨¢®¯®áâ�¢«¥−¨ï (Contrast)
¨¬¯«¨æ¨â−®, −® ® ¥£® −�«¨ç¨¨ á¢¨¤¥â¥«ìáâ¢ã¥â â®â ä�ªâ, çâ® ¯¥à¢ë© �à£ã¬¥−â
‹‘� á®¤¥à¦¨â á«®¢® good, � ¢â®à®© | fails; §−�−¨¥ ® â�ª¨å ¯�à�å ¨ ¤®«¦−®
¡ë«® ¡ë ¯®§¢®«¨âì ®¯à¥¤¥«ïâì á¥¬�−â¨ªã ‹‘� ¤�¦¥ ¢ ®âáãâáâ¢¨¥ ¯®ª�§�â¥«ï:

(3) John is good in math and sciences. Paul fails almost every class he takes.

1„®«ï ¢ëç¨á«ï«�áì −� ®á−®¢¥ ¤�−−ëå ¨§ â�¡«¨æë, ¯à¨¢¥¤¥−−®© ¢ [8, á. 5], £¤¥ ®¡é¨¬ ç¨á«®¬
äà�£¬¥−â®¢ á ‹‘� áç¨â�«�áì áã¬¬� ç¨á¥« ¨§ áâà®ª Explicit, Implicit, AltLex ¨ AltLexC (áâ®«¡æë
Intra-S PDTB-3 ¨ Inter-S PDTB-3), � ®¡é¨¬ ç¨á«®¬ äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� | áã¬¬�
ç¨á¥« ¨§ áâà®ª¨ Implicit (â¥ ¦¥ áâ®«¡æë).

2‡¤¥áì ¨ ¤�«¥¥ ¯¥à¥¢®¤ ¬®©. | �. ƒ.
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Œ¥â®¤ë ¯®¨áª� ¨¬¯«¨æ¨â−ëå «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¢ ¬®−®ï§ëç−ëå â¥ªáâ�å

`„¦®− á¨«¥− ¢ ¬�â¥¬�â¨ª¥ ¨ ¥áâ¥áâ¢¥−−ëå −�ãª�å. �®« −¥ ãá¯¥¢�¥â ¯®çâ¨
¯® ¢á¥¬ ¯à¥¤¬¥â�¬, ª®â®àë¥ ®− ¨§ãç�¥â'.

Š�ª á«¥¤áâ¢¨¥, ¡ë«® −¥®¡å®¤¨¬®:

(1) ¯®«ãç¨âì ¬�áá¨¢ ¤�−−ëå, £¤¥ ¬®¦−® ¡ã¤¥â ¨áª�âì â�ª¨¥ ¯�àë;

(2) à�§à�¡®â�âì áà¥¤áâ¢�, ª®â®àë¥ ¯®§¢®«ïâ ®¯à¥¤¥«ïâì, ª�ª¨¥ ¯�àë «¥ªá¨ç¥-
áª¨å ¥¤¨−¨æ á ¢ëá®ª®© ¢¥à®ïâ−®áâìî ¢áâà¥ç�îâáï ¢® äà�£¬¥−â�å á −¥ª®â®-
àë¬ ‹‘�;

(3) à�§à�¡®â�âì áà¥¤áâ¢�, ª®â®àë¥ ¯®§¢®«ïâ ®¯à¥¤¥«ïâì á¥¬�−â¨ªã ‹‘� ¬¥¦¤ã
�à£ã¬¥−â�¬¨ á ¨á¯®«ì§®¢�−¨¥¬ ¢ëï¢«¥−−ëå ¯�à.

„«ï ¯®«ãç¥−¨ï ¬�áá¨¢� ¤�−−ëå �¢â®àë ¨áå®¤¨«¨ ¨§ ¯à¥¤¯®«®¦¥−¨ï, á®£«�á-
−® ª®â®à®¬ã ¬¥¦¤ã ¯®ª�§�â¥«¥¬ ¨ ‹‘� ¬®¦−® ãáâ�−�¢«¨¢�âì ¯àï¬ãî á¢ï§ì (å®âï
¨ ¯à¨§−�¢�«¨, çâ® ¯à¨ â�ª®¬ ¯®¤å®¤¥ ç�áâì ¯à¨¬¥à®¢ −¥¨§¡¥¦−® ®ª�¦ãâáï ®è¨-
¡®ç−ë¬¨), çâ® ¢® ¬−®£®¬ ®¡ãá«®¢«¨¢�«®áì è¨à®ª®© á¥¬�−â¨ª®© à�áá¬�âà¨¢�¥¬ëå
‹‘�1. „¥©áâ¢¨â¥«ì−®, á�¬¨ �¢â®àë ®â¬¥ç�«¨: ú�à¥¨¬ãé¥áâ¢® à�¡®âë á £àã¡®
®¯à¥¤¥«¥−−ë¬¨ ¤¨áªãàá¨¢−ë¬¨ ®â−®è¥−¨ï¬¨ [= ‹‘�] á®áâ®¨â ¢ â®¬, çâ® ®−¨
¯®§¢®«ïîâ −�¬ �¢â®¬�â¨ç¥áª¨ á®§¤�¢�âì −�¡®àë ¤�−−ëå, á®¤¥à¦�é¨¥ ¤®¢®«ì−®
¬�«® èã¬� ¨ ¯®¤å®¤ïé¨¥ ¤«ï ®¡ãç¥−¨ïû [9, á. 370]. ˆá¯®«ì§ã¥¬ë© á¯¨á®ª ‹‘�
¢ª«îç�«:

(1) Contrast (¯à®â¨¢®¯®áâ�¢«¥−¨¥);

(2) Cause{Explanation{Evidence (¯à¨ç¨−�{®¡êïá−¥−¨¥{®¡®á−®¢�−¨¥);

(3) Condition (ãá«®¢¨¥);

(4) Elaboration (¤¥â�«¨§�æ¨ï) [9, á. 370{371].

�¡à�â−�ï áâ®à®−� ¨á¯®«ì§®¢�−¨ï ‹‘� á® áâ®«ì è¨à®ª®© á¥¬�−â¨ª®© |
−¨§ª�ï ¨−ä®à¬�â¨¢−®áâì ¯®«ãç�¥¬ëå ¤�−−ëå. ’�ª, á ¯®§¨æ¨¨ ¤àã£¨å â¥®-
à¨© á¢ï§−®áâ¨ â¥ªáâ�, ¬−®¦¥áâ¢® ¯à¨¬¥à®¢, ®â−®á¨¬ëå ¢ ®¯¨áë¢�¥¬®¬ ¯®¤å®¤¥
ª ‹‘� Contrast, ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª −¥áª®«ìª® á�¬®áâ®ïâ¥«ì−ëå ¬−®-
¦¥áâ¢: ¬−®¦¥áâ¢® ¯à¨¬¥à®¢ −� ‹‘� ¯à®â¨¢®¯®áâ�¢«¥−¨ï, −� ‹‘� ãáâã¯ª¨, −�
‹‘� á®¯®áâ�¢«¥−¨ï ¨ â. ¯.; â® ¦¥ ¨ ¤«ï ¤àã£¨å ‹‘� ¨§ [9].

ˆâ�ª, ¤«ï ç¥âëà¥å ¢ëè¥¯¥à¥ç¨á«¥−−ëå ®â−®è¥−¨© �¢â®àë áä®à¬¨à®¢�«¨
á¯¨á®ª ú®¤−®§−�ç−ëåû ¯®ª�§�â¥«¥© ¨ á®§¤�«¨ á ¨å ¨á¯®«ì§®¢�−¨¥¬ è�¡«®−ë ¤«ï
¨§¢«¥ç¥−¨ï äà�£¬¥−â®¢ á ‹‘�. Š ¯à¨¬¥àã, ¯à¨−ï¢ but (`−®') §� ®¤−®§−�ç−ë©

1‚ â®¬ ¦¥ ª«îç¥ ¤¥©áâ¢®¢�«¨ ¨ �¢â®àë à�¡®âë [10]. ˆá¯®«ì§ãï −�¡®à ¨§ ç¥âëà¥å ‹‘� á è¨à®ª®©
á¥¬�−â¨ª®©, ®−¨ ãáâ�−®¢¨«¨, çâ® ¬−®£¨¥ ¯®ª�§�â¥«¨ ‹‘� ¬®£ãâ áç¨â�âìáï ®¤−®§−�ç−ë¬¨, ®¤−�ª®
¤�−−ëå ® â®¬, −�áª®«ìª® ®¤−®§−�ç−ë¬¨ ®ª�¦ãâáï íâ¨ ¯®ª�§�â¥«¨, ¥á«¨ ¨á¯®«ì§®¢�âì ¡®«ìè¥¥
ç¨á«® ‹‘� á ¡®«¥¥ ã§ª®© á¥¬�−â¨ª®©, ¢ à�¡®â¥ −¥ ¯à¨¢®¤¨âáï. �à®¡«¥¬¥ ¬−®£®§−�ç−®áâ /̈®¤-
−®§−�ç−®áâ¨ ¯®ª�§�â¥«¥© ‹‘� ¯®á¢ïé¥−� ®¡è¨à−�ï «¨â¥à�âãà�, ®¤−�ª® ¥¥ ®¡áã¦¤¥−¨¥ ¢ëå®¤¨â
§� à�¬ª¨ −�áâ®ïé¥© áâ�âì¨. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� «¨−£¢¨áâ¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, £¤¥ ¯à®¢®¤¨âáï
á¥¬�−â¨ç¥áª¨© �−�«¨§ è¥áâ¨ àãááª¨å ¨ ®¤−®£® äà�−æã§áª®£® ¯®ª�§�â¥«ï ‹‘�, ¬®¦−® ¯à¨¢¥áâ¨
¬®−®£à�ä¨î [11]. ‘ â¥®à¥â¨ç¥áª¨å ¯®§¨æ¨©, ª®â®àëå ¯à¨¤¥à¦¨¢�îâáï �¢â®àë íâ®© ¬®−®£à�ä¨¨,
¢á¥ à�áá¬�âà¨¢�¥¬ë¥ ¨¬¨ ¯®ª�§�â¥«¨ ®ª�§ë¢�îâáï ¬−®£®§−�ç−ë¬¨.
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�. �. ƒ®−ç�à®¢

¯®ª�§�â¥«ì ®â−®è¥−¨ï ¯à®â¨¢®¯®áâ�¢«¥−¨ï (Contrast), á ¨á¯®«ì§®¢�−¨¥¬ è�¡«®−�
ú[��ç�«® �à¥¤«®¦¥−¨ï. . . Š®−¥æ �à¥¤«®¦¥−¨ï] [��ç�«® �à¥¤«®¦¥−¨ï But. . .
Š®−¥æ �à¥¤«®¦¥−¨ï]û ®−¨ ¨§¢«¥ª�«¨ äà�£¬¥−âë á íâ¨¬ ‹‘�. �−�«®£¨ç−ë¬
®¡à�§®¬ ¬�â¥à¨�« ®â¡¨à�«áï ¤«ï ¢á¥å à�áá¬�âà¨¢�¥¬ëå ®â−®è¥−¨©.

„«ï ¢ëï¢«¥−¨ï ¯�à «¥ªá¨ç¥áª¨å ¥¤¨−¨æ, §−�ç¨¬ëå ¤«ï ®¯à¥¤¥«¥−¨ï á¥¬�−-
â¨ª¨ ‹‘�, ¡ë« à�§à�¡®â�− −�¡®à −�¨¢−ëå ¡�©¥á®¢áª¨å ª«�áá¨ä¨ª�â®à®¢ (Naive
Bayes classifiers), ª®â®àë¥ â¥áâ¨à®¢�«¨áì −� ª�¦¤®© ¯�à¥ ‹‘� (â. ¥. ¨á¯®«ì-
§®¢�«áï ¬¥â®¤ ¡¨−�à−®© ª«�áá¨ä¨ª�æ¨¨), � ¬�áá¨¢ë ¢ª«îç�«¨ à�¢−®¥ ç¨á«®
¯à¨¬¥à®¢ (â. ¥. ¨á¯®«ì§®¢�«¨áì ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ë¥ ¤�−−ë¥). „«ï â®£®
çâ®¡ë ¯®«ãç¥−−ë¥ ¯�àë «¥ªá¨ç¥áª¨å ¥¤¨−¨æ −¥ ¢ª«îç�«¨ á�¬¨ ¯®ª�§�â¥«¨, á ¯®-
¬®éìî ª®â®àëå ä®à¬¨à®¢�«áï ¬�áá¨¢ ¤�−−ëå (but `−®', although `å®âï', because
`¯®â®¬ã çâ®', thus `á«¥¤®¢�â¥«ì−®', if `¥á«¨', if . . . then `¥á«¨. . . â®', for example
`−�¯à¨¬¥à' ¨ ¤à.), ¢á¥ íâ¨ ¯®ª�§�â¥«¨ ¡ë«¨ ã¤�«¥−ë �¢â®à�¬¨ ¨§ ¯�à äà�£¬¥−â®¢,
¢å®¤ïé¨å ¢ ®¡ãç�îéãî ¢ë¡®àªã. �á®¡¥−−® ¢�¦−® ¡ë«® á¤¥«�âì íâ® ¢ á«ãç�¥
¤¢ãåª®¬¯®−¥−â−ëå ¯®ª�§�â¥«¥©, â�ª¨å ª�ª if . . . then.

ˆ¬¥−−® ¯®á«¥¤−¨© ¯ã−ªâ | ã¤�«¥−¨¥ ¨§ äà�£¬¥−â®¢ á ‹‘� â¥å ¯®ª�§�â¥«¥©,
ª®â®àë¥ ¨á¯®«ì§®¢�«¨áì ¤«ï ¨§¢«¥ç¥−¨ï íâ¨å äà�£¬¥−â®¢ ¨§ ª®à¯ãá�, | ¨¬¥¥â
ª«îç¥¢®¥ §−�ç¥−¨¥ ¤«ï ¯®−¨¬�−¨ï â®£®, ª�ª à�§¢¨¢�«¨áì ¬¥â®¤ë ¨áá«¥¤®¢�−¨ï
¨¬¯«¨æ¨â−ëå ‹‘� ¢ ¯®á«¥¤ãîé¨¥ £®¤ë.

3 Современное состояние

�à¥¦¤¥ ¢á¥£® −¥®¡å®¤¨¬® ¯®¤ç¥àª−ãâì, çâ®, ¯à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ æ¥«ì
à�¡®âë [9] | ¯®¨áª ¯�à «¥ªá¨ç¥áª¨å ¥¤¨−¨æ, ª®â®àë¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï
¤«ï ®¯à¥¤¥«¥−¨ï á¥¬�−â¨ª¨ ‹‘�, ¥á«¨ ®−® −¥ ¨¬¥¥â ®¤−®§−�ç−®£® ¯®ª�§�â¥«ï,
ã¤�«¥−¨¥ ¯®ª�§�â¥«¥© ‹‘� ¨§ ®¡à�¡�âë¢�¥¬®£® ¬�áá¨¢� äà�£¬¥−â®¢ á íâ¨¬¨
‹‘� ¡ë«® ¢¯®«−¥ ®¯à�¢¤�−−®. �¤−�ª® ¢¯®á«¥¤áâ¢¨¨ ¢ æ¥«®¬ àï¤¥ à�¡®â íâ®â
¬¥â®¤ áâ�« ¨á¯®«ì§®¢�âìáï ¤«ï ä®à¬¨à®¢�−¨ï ¬�áá¨¢®¢ äà�£¬¥−â®¢ á ¨¬¯«¨-
æ¨â−ë¬¨ ‹‘� (á¬., −�¯à¨¬¥à, [12{15]), â�ª ª�ª, ¯® ¬−¥−¨î �¢â®à®¢ íâ¨å
à�¡®â, ®− ¯®§¢®«ï« à¥è�âì ¯à®¡«¥¬ã −¥¤®áâ�â®ç−®£® ®¡ê¥¬� ¬�áá¨¢®¢ äà�£-
¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘�, à�§¬¥ç¥−−ëå ¢àãç−ãî. �â¨ ¬�áá¨¢ë ¤�−−ëå,
−�§¢�−−ëå úá¨−â¥â¨ç¥áª¨¬¨û [16, á. 431], ª�ª ¯à�¢¨«®, ¨á¯®«ì§®¢�«¨áì ¢ á®ç¥â�-
−¨¨ á ¬�áá¨¢�¬¨ ú¥áâ¥áâ¢¥−−ëåû ¤�−−ëå | −�©¤¥−−ëå ¨ à�§¬¥ç¥−−ëå ¢àãç−ãî
(¯à¥¦¤¥ ¢á¥£® íâ® ¡ë«¨ ¤�−−ë¥ �¥−á¨«ì¢�−áª®£® ¤¨áªãàá¨¢−® �−−®â¨à®¢�−−®-
£® ª®à¯ãá�, Penn Discourse Treebank [17]). ’¥¬ −¥ ¬¥−¥¥ á�¬� ¨¤¥ï ®â¡¨à�âì
äà�£¬¥−âë á ú¨¬¯«¨æ¨â−ë¬¨û ‹‘� ¨§ ¬®−®ï§ëç−ëå â¥ªáâ®¢ ¨¬¥−−® â�ª¨¬
á¯®á®¡®¬ ¢ ¨â®£¥ áâ�«� ®¤−®© ¨§ ¤®¬¨−¨àãîé¨å ¢ ¨áá«¥¤®¢�−¨ïå ¨¬¯«¨æ¨â−ëå
‹‘�.

�à¨¬¥ç�â¥«ì−®, çâ® ¨¤¥ï ¨á¯®«ì§®¢�−¨ï á¨−â¥â¨ç¥áª¨å ¤�−−ëå ¢ ª�ç¥áâ¢¥
®¡ãç�îé¨å ¯à¨ à�§à�¡®âª¥ áà¥¤áâ¢, ¯®§¢®«ïîé¨å ®¯à¥¤¥«¨âì á¥¬�−â¨ªã ‹‘�,
¡ë«� ¤¥â�«ì−® à�áá¬®âà¥−� ¢ ®¯ã¡«¨ª®¢�−−®© ¥é¥ ¢ 2008 £. à�¡®â¥ [18], −�-
¯¨á�−−®© Š. ‘¯®à«¥¤¥à ¨ �. ‹�áª�à¨¤¥á, á¯¥æ¨�«¨áâ�¬¨ ¯® ¨−ä®à¬�â¨ª¥ ¨§
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Œ¥â®¤ë ¯®¨áª� ¨¬¯«¨æ¨â−ëå «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¢ ¬®−®ï§ëç−ëå â¥ªáâ�å

’¨«¡ãà£áª®£® ¨ �¤¨−¡ãà£áª®£® ã−¨¢¥àá¨â¥â®¢. �â¨ ¨áá«¥¤®¢�â¥«¨ ¯à¨è«¨ ª ¢ë-
¢®¤ã, çâ® ¨á¯®«ì§®¢�−¨¥ á¨−â¥â¨ç¥áª¨å ¤�−−ëå | −¥¯à®¤ãªâ¨¢−�ï áâà�â¥£¨ï,
¯à¨ç¥¬ ª�ª ¬¨−¨¬ã¬ ¯® ¤¢ã¬ ¯à¨ç¨−�¬.

1. Œ®¤¥«¨, ®¡ãç¥−−ë¥ −� â�ª¨å ¤�−−ëå, ¯«®å® ¯¥à¥−®áïâáï −� ¥áâ¥áâ¢¥−−ë¥
¤�−−ë¥, â�ª ª�ª ¯à¨¬¥àë, £¤¥ ‹‘� ¡ë«® íªá¯«¨æ¨â−ë¬, −® ¯®ª�§�â¥«ì ¢¯®-
á«¥¤áâ¢¨¨ ¡ë« ã¤�«¥−, á «¨−£¢¨áâ¨ç¥áª®© â®çª¨ §à¥−¨ï á¨«ì−® ®â«¨ç�îâáï
®â ¯à¨¬¥à®¢, £¤¥ ¯®ª�§�â¥«ï ¨§−�ç�«ì−® −¥ ¡ë«®1.

2. —�áâì £¥−¥à¨àã¥¬ëå ¯à¨¬¥à®¢ −¥¤®¯ãáâ¨¬® ¨á¯®«ì§®¢�âì ¥é¥ −� íâ�¯¥ á®-
§¤�−¨ï ¬®¤¥«¨, â�ª ª�ª ¢ àï¤¥ á«ãç�¥¢ ¯®á«¥ ã¤�«¥−¨ï ¯®ª�§�â¥«ï á¥¬�−â¨ª�
‹‘� ¬¥−ï¥âáï (â®£¤� ª�ª, á®£«�á−® ¬¥â®¤¨ª¥ ¯®¤£®â®¢ª¨ ¤�−−ëå, ¬¥âª�, ãª�-
§ë¢�îé�ï −� á¥¬�−â¨ªã ‹‘�, ¯®«−®áâìî ®¡ãá«®¢«¥−� â¥¬, ª�ª®© ¯®ª�§�â¥«ì
¡ë« ¨á¯®«ì§®¢�− ¢® äà�£¬¥−â¥).

‚á¥ íâ® −¥£�â¨¢−® áª�§ë¢�¥âáï −� à¥§ã«ìâ�â�å, ¯®«ãç�¥¬ëå ¯à¨ ¯à®¢¥¤¥−¨¨
íªá¯¥à¨¬¥−â®¢ á ¨á¯®«ì§®¢�−¨¥¬ á¨−â¥â¨ç¥áª¨å äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨
‹‘�. �®«¥¥ â®£®, Š. ‘¯®à«¥¤¥à ¨ �. ‹�áª�à¨¤¥á ¯à¨è«¨ ª ¢ë¢®¤ã, çâ®
¨á¯®«ì§ãï §−�ç¨â¥«ì−® ¬¥−ìè¨© ®¡ê¥¬ à�§¬¥ç¥−−ëå ¢àãç−ãî ¤�−−ëå, ¬®¦−®
¯®«ãç¨âì ªã¤� ¡®«¥¥ ¢ëá®ª¨¥ à¥§ã«ìâ�âë, ç¥¬ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¡®«ìè®£®
¬�áá¨¢� ¤�−−ëå, á£¥−¥à¨à®¢�−−ëå �¢â®¬�â¨ç¥áª¨: ú¢®§¬®¦−®, «ãçè¥ ¢«®¦¨âìáï
¢ àãç−ãî à�§¬¥âªã ®â−®á¨â¥«ì−® −¥¡®«ìè®£® −�¡®à� ¤�−−ëå ¨ ¨á¯®«ì§®¢�âì íâ®â
−�¡®à ¤«ï ®¡ãç¥−¨ï ª«�áá¨ä¨ª�â®à�. . .û [18, á. 407].

„¥©áâ¢¨â¥«ì−®, ¢ æ¥«®¬ àï¤¥ à�¡®â á¨−â¥â¨ç¥áª¨¥ ¤�−−ë¥ ¯à¨ ¨áá«¥¤®¢�−¨¨
¨¬¯«¨æ¨â−ëå ‹‘� −¥ ¯à¨¢«¥ª�«¨áì: íªá¯¥à¨¬¥−âë ¯à®¢®¤¨«¨áì ¨áª«îç¨â¥«ì−®
−� ¤�−−ëå, à�§¬¥ç¥−−ëå ¢àãç−ãî, ¯à¥¦¤¥ ¢á¥£® −� ¤�−−ëå, ¯®«ãç¥−−ëå ¨§
ª®à¯ãá� PDTB [19{22].

’�ª¨¬ ®¡à�§®¬, ¬®¦−® ª®−áâ�â¨à®¢�âì, çâ® ¢ à�áá¬®âà¥−−ëå ¨áá«¥¤®¢�−¨ïå
¨á¯®«ì§®¢�«¨áì ¤¢� ¬¥â®¤� ®â¡®à� äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘�:

(1) £¥−¥à�æ¨ï á¨−â¥â¨ç¥áª¨å ¯à¨¬¥à®¢ (®¯à¥¤¥«¥−¨¥ ú®¤−®§−�ç−ëåû ¯®ª�§�â¥-
«¥© ‹‘�; ¯®¨áª äà�£¬¥−â®¢ á â�ª¨¬¨ ‹‘� −� ®á−®¢¥ íâ¨å ¯®ª�§�â¥«¥©;
ã¤�«¥−¨¥ ¨§ −�©¤¥−−ëå äà�£¬¥−â®¢ ¢á¥å ¯®ª�§�â¥«¥©, ¨á¯®«ì§®¢�¢è¨åáï ¤«ï
¨å ¯®¨áª�; ¯à®áâ�¢«¥−¨¥ ¬¥â®ª, ãª�§ë¢�îé¨å −� á¥¬�−â¨ªã ‹‘�, ®á−®¢�−-
−®¥ −� â®¬, ª ª�ª®¬ã ‹‘� ¡ë« ¯à¨¯¨á�− ¯®ª�§�â¥«ì, ¨á¯®«ì§®¢�¢è¨©áï ¤«ï
¯®¨áª�);

(2) ¢ë£àã§ª� ¯à¨¬¥à®¢ ¨§ ª®à¯ãá®¢, à�§¬¥ç¥−−ëå ¢àãç−ãî.

�¨ ®¤¨− ¨§ −¨å −¥ ¬®¦¥â áç¨â�âìáï ¤¥©áâ¢¨â¥«ì−® ¬¥â®¤®¬ ¯®¨áª�, ¯®áª®«ìªã
−®¢ë¥ äà�£¬¥−âë á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� ¨§ â¥ªáâ®¢ −¥ ¨§¢«¥ª�îâáï.

1ˆ¬¥−−® ¯à®¡«¥¬� ¯¥à¥−®á� ¬®¤¥«¨, ®¡ãç¥−−®© −� ®¤−®¬ â¨¯¥ ¤�−−ëå, −� ¤�−−ë¥ ¤àã£®£®
â¨¯� ®ª�§�«�áì ¢ æ¥−âà¥ ¢−¨¬�−¨ï ¢ à�¡®â�å [13{15], £¤¥ á¨−â¥â¨ç¥áª¨¥ ¨ ¥áâ¥áâ¢¥−−ë¥ ¤�−−ë¥
¨á¯®«ì§®¢�«¨áì ¯à¨ ¨áá«¥¤®¢�−¨¨ ¨¬¯«¨æ¨â−ëå ‹‘� ¢® äà�−æã§áª®¬ ï§ëª¥.
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4 Заключение

‚ë¢®¤, ª®â®àë© ¬®¦−® á¤¥«�âì ¯® ¨â®£�¬ ¯à®¢¥¤¥−−®£® ¢ áâ�âì¥ �−�«¨-
§�: ¢ ¨áá«¥¤®¢�−¨ïå, £¤¥ ¨¬¯«¨æ¨â−ë¥ ‹‘� à�áá¬�âà¨¢�îâáï −� ¬®−®ï§ëç−®¬
¬�â¥à¨�«¥, áâ�¢¨âáï ¯à¥¦¤¥ ¢á¥£® æ¥«ì ®¡à�¡®â�âì ¬�áá¨¢ äà�£¬¥−â®¢ á ¨¬¯«¨-
æ¨â−ë¬¨ ‹‘� (ª�ª ¯à�¢¨«®, ¬¥â®¤�¬¨ ¬�è¨−−®£® ®¡ãç¥−¨ï), çâ®¡ë −� ¢ëå®¤¥
¯®«ãç¨âì ¬�áá¨¢, £¤¥ ª�¦¤®¬ã äà�£¬¥−âã ¨§ íâ®£® ¬�áá¨¢� ¡ã¤¥â ¯à¨¯¨á�−� ¬¥âª�,
á®¤¥à¦�é�ï ãª�§�−¨¥ −� â®, ª�ª®¢� á¥¬�−â¨ª� ‹‘� ¢ ¤�−−®¬ äà�£¬¥−â¥. ‡�¤�ç�
æ¥«¥−�¯à�¢«¥−−®£® ¯®¨áª� äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� ¢ ¬®−®ï§ëç−ëå
â¥ªáâ�å −� á¥£®¤−ïè−¨© ¤¥−ì −¥ à¥è¥−�.

‡�ª®−®¬¥à−ë¬ ®¡à�§®¬ ¢®§−¨ª�¥â ¢®¯à®á ® â®¬, ª�ª®© ¥é¥ ¬�â¥à¨�« ¬®¦¥â
¡ëâì ¨á¯®«ì§®¢�− ¤«ï æ¥«¥−�¯à�¢«¥−−®£® ¯®¨áª� äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë-
¬¨ ‹‘�. ’�ª¨¬ ¬�â¥à¨�«®¬ ®ª�§�«¨áì ¯�à�««¥«ì−ë¥ â¥ªáâë. Œ¥â®¤ë ¯®¨á-
ª� ¨¬¯«¨æ¨â−ëå ‹‘� ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ¯«�−¨àã¥âáï ¯à®�−�«¨§¨à®¢�âì
¢ à�¬ª�å ®â¤¥«ì−®© áâ�âì¨.
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RELATIONS FROM MONOLINGUAL TEXTS
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Abstract: The paper focuses on the problem of targeted retrieval of fragments
with implicit logical-semantic relations (LSRs) from monolingual natural lan-
guage texts. In order to answer the question whether such retrieval is possible,
a survey of works with the results of implicit LSRs studies has been conducted.
The aim of the survey is to identify the methods used in these works to create
arrays of text fragments with implicit LSRs. It was revealed that mainly two
methods are used: (i) automatic generation of fragments with implicit LSRs
using fragments with explicit LSRs; and (ii) exporting of fragments with implicit
LSRs from manually annotated text corpora. Neither of these techniques can be
considered as a retrieval method because they do not imply detection of fragments
with implicit LSRs in the natural language text and their subsequent extraction.
Therefore, it can be stated that for monolingual texts, the task of targeted
retrieval of such fragments currently remains unsolved.
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ИНТЕРФЕЙС ПОЛЬЗОВАТЕЛЯ НАДКОРПУСНОЙ БАЗЫ
ДАННЫХ ИЕРАРХИЙ ЛОГИКО-СЕМАНТИЧЕСКИХ

ОТНОШЕНИЙ∗

А. А. Дурново1, О. Ю. Инькова2, Н. А. Попкова3

�−−®â�æ¨ï: �¯¨áë¢�îâáï ¯®«ì§®¢�â¥«ìáª¨¥ ¢®§¬®¦−®áâ¨ ��¤ª®à¯ãá−®©
¡�§ë ¤�−−ëå ¨¥à�àå¨¨ (��„ˆ) «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© (‹‘�),
−®¢®£® ¨−áâàã¬¥−â� ¤«ï �−−®â�æ¨¨ ¤¨áªãàá¨¢−ëå ®â−®è¥−¨©, à�§à�¡®â�−−®-
£® ¢ ”ˆ– ˆ“ ÷��. �¥à¥ç¨á«¥−ë íâ�¯ë ¯®áâà®¥−¨ï �−−®â�æ¨© ¢ ��„ˆ
‹‘�: ¢ë¡®à ª®−â¥ªáâ� ¤«ï �−−®â¨à®¢�−¨ï, ¥£® ¢®§¬®¦−ë¥ ¬®¤¨ä¨ª�æ¨¨,
�−−®â¨à®¢�−¨¥ ¯®ª�§�â¥«ï ‹‘� ¨ á�¬®£® ‹‘�. ‘ä®à¬¨à®¢�−−ë¥ �−−®â�æ¨¨
−¥ â®«ìª® ®âà�¦�îâ ¢ ¥¤¨−®© �−−®â�æ¨¨ âà¨ ¢�¦−ëå â¥®à¥â¨ç¥áª¨å �á¯¥ªâ�
¤¨áªãàá¨¢−®£® �−�«¨§�: ¯®ª�§�â¥«ì ‹‘� (¨«¨ ¥£® ®âáãâáâ¢¨¥), ¨¥à�àå¨î
‹‘� ¨ £à�−¨æë äà�£¬¥−â®¢ â¥ªáâ�, −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−−ëå ‹‘�. ˆ−-
â¥àä¥©á ��„ˆ ‹‘� ¯®§¢®«ï¥â à¥¤�ªâ¨à®¢�âì, ¤®¯®«−ïâì ¨ ä¨«ìâà®¢�âì
�−−®â¨à®¢�−−ãî ¨−ä®à¬�æ¨î: á®åà�−ïâì ¯à¥¤ë¤ãé¨¥ á®áâ®ï−¨ï �−−®â�æ¨©
¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¢®§¢à�é�âìáï ª ®¤−®¬ã ¨§ −¨å, ¢®ááâ�−�¢«¨¢�âì ã¤�-
«¥−−ë¥ �−−®â�æ¨¨, ¨á¯®«ì§®¢�âì á®§¤�−−ë¥ �−−®â�æ¨¨ ¤«ï á®§¤�−¨ï −®¢ëå.
�®«ãç¥−−ë¥ á ¯®¬®éìî ��„ˆ ‹‘� à¥§ã«ìâ�âë ã¦¥ ¯®§¢®«¨«¨ ãâ®ç−¨âì −¥-
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1 Вводные замечания

�¥à¥¤ á®§¤�â¥«ï¬¨ «¨−£¢¨áâ¨ç¥áª¨å à¥áãàá®¢, ¯®§¢®«ïîé¨å ¨áá«¥¤®¢�âì
¤¨áªãàá¨¢−ë¥, ¨«¨, ¢ à�áá¬�âà¨¢�¥¬®¬ ¯®¤å®¤¥, «®£¨ª®-á¥¬�−â¨ç¥áª¨¥, ®â−®è¥-
−¨ï, ¨£à�îé¨¥ ¢�¦−ãî à®«ì ¢ ®¡¥á¯¥ç¥−¨¨ á¢ï§−®áâ¨ â¥ªáâ� [1], áâ®ïâ á«¥¤ãîé¨¥
®á−®¢−ë¥ §�¤�ç¨.

1. ÷�§¬¥âª� ¢ ¥¤¨−®© �−−®â�æ¨¨ ª�ª á�¬¨å ‹‘�, â�ª ¨ ¨å ¯®ª�§�â¥«¥© á ãç¥â®¬
ä®à¬�«ì−®£® ¨ äã−ªæ¨®−�«ì−®£® à�§−®®¡à�§¨ï ¯®á«¥¤−¨å [2]1.

2. ÷�§¬¥âª� ‹‘�, −¥ ¨¬¥îé¨å ¯®ª�§�â¥«ï, â�ª −�§ë¢�¥¬ëå ¨¬¯«¨æ¨â−ëå
‹‘� [3].

3. �â®¡à�¦¥−¨¥ £à�−¨æ äà�£¬¥−â®¢ â¥ªáâ�, −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−−ëå ‹‘�;
á¬. ¯à¨¬¥à:

[(ˆ¤¥�«ì−® á¤¥«�−®)p, ª«ï−ãáì ¡®£®¬, | £®¢®à¨« ‹�à¨®á¨ª. (Š�ª −¥
¨¤¥�«ì−®!)q]t [‚¥éì (¯®¤ àãª�¬¨) r ¨ ¢ â® ¦¥ ¢à¥¬ï (¢−¥ ª¢�àâ¨àë) s]u
[Œ¨å�¨« �ã«£�ª®¢. �¥«�ï £¢�à¤¨ï (1924)].

4. �â®¡à�¦¥−¨¥ ¨¥à�àå¨¨ ‹‘�, â. ¥. â¥å á«ãç�¥¢, ª®£¤� ®¤−® ‹‘� ª�ª ¡ë
¢ª«�¤ë¢�¥âáï ¢ ¤àã£®¥, −�àãè�ï «¨−¥©−®áâì ¨−â¥à¯à¥â�æ¨¨ â¥ªáâ�; á¬.
¯à¨¢¥¤¥−−ë© ¯à¨¬¥à.

5. •à�−¥−¨¥ ¨ ¢¨§ã�«¨§�æ¨ï �−−®â�æ¨© ¢ ã¤®¡−®¬ ¤«ï ¯®«ì§®¢�â¥«ï ä®à¬�â¥
á ¢®§¬®¦−®áâìî ¯®¨áª� ¯® §�¤�−−ë¬ ¨áá«¥¤®¢�â¥«ï¬¨ ¯�à�¬¥âà�¬ ¨ ¯®«ãç¥-
−¨ï ª®«¨ç¥áâ¢¥−−ëå ¤�−−ëå ¯® ª�¦¤®¬ã ¨§ −¨å.

‚ ¯à¨¢¥¤¥−−®¬ ¯à¨¬¥à¥ ‹‘� ¨««®ªãâ¨¢−®© ¯à¨ç¨−ë, á ¯®¬®éìî ª®â®à®£®
£®¢®àïé¨© ®¡®á−®¢ë¢�¥â ¨áâ¨−−®áâì áª�§�−−®£® ¨¬ [1], á¢ï§ë¢�¥â ¡¥§ ¨á¯®«ì§®-
¢�−¨ï ª�ª®£®-«¨¡® ¯®ª�§�â¥«ï äà�£¬¥−âë â¥ªáâ� t ¨ u (¢ ª¢�¤à�â−ëå áª®¡ª�å).
”à�£¬¥−â t á®¤¥à¦¨â, ¢ á¢®î ®ç¥à¥¤ì, äà�£¬¥−âë p ¨ q, á¢ï§�−−ë¥ ‹‘� ¯¥à¥ä®à-
¬ã«¨à®¢�−¨ï (£®¢®àïé¨© £®¢®à¨â ®¤−® ¨ â® ¦¥, −® à�§−ë¬¨ á«®¢�¬¨). ƒà�−¨æë p
¨ q ®¡®§−�ç¥−ë ¯à¨ ¯®¬®é¨ ªàã£«ëå áª®¡®ª, � â¥ªáâ, ª®â®àë© −¥¯®áà¥¤áâ¢¥−−®
−¥ §�¤¥©áâ¢®¢�− ¢ ¤�−−®¬ ‹‘�, ¢ë¤¥«¥− á¥àë¬ æ¢¥â®¬. ‚® äà�£¬¥−â¥ u â�ª¦¥
¥áâì ‹‘� (¢à¥¬¥−−�®¥), ¢ëà�¦¥−−®¥ ¯®ª�§�â¥«¥¬ ¨ ¢ â® ¦¥ ¢à¥¬ï ¨ á®¥¤¨−ïîé¥¥
¯à¥¤¨ª�âë (¡ëâì) ¯®¤ àãª�¬¨ ¨ (¡ëâì) ¢−¥ ª¢�àâ¨àë á ®¡é¨¬ ¯®¤«¥¦�é¨¬ ¢¥éì.
�® ®â−®è¥−¨î ª ‹‘� ¨««®ªãâ¨¢−®© ¯à¨ç¨−ë ‹‘� ¯¥à¥ä®à¬ã«¨à®¢�−¨ï ¨ ¢à¥-
¬¥−¨ ï¢«ïîâáï ¢áâà®¥−−ë¬¨, ¯®áª®«ìªã ®−¨ −�å®¤ïâáï ¢® äà�£¬¥−â�å â¥ªáâ�,

1�¥ ¢¤�¢�ïáì ¢ ¤¥â�«¨, ¬®¦−® áª�§�âì, çâ® ‹‘� ãáâ�−�¢«¨¢�îâáï ¢ â¥ªáâ¥ ¬¥¦¤ã ¤¨áªãàá¨¢-
−ë¬¨ ¥¤¨−¨æ�¬¨, ¨¬¥îé¨¬¨, ª�ª ¯à�¢¨«®, ¯à®¯®§¨æ¨®−�«ì−®¥ á®¤¥à¦�−¨¥ ¨ á«¥¤ãîé¨¬¨ ¤àã£
§� ¤àã£®¬. ��¯à¨¬¥à, �¥âï §�¡®«¥«, ¯®íâ®¬ã ®− −¥ ¯à¨è¥«. ‘ ä®à¬�«ì−®© â®çª¨ §à¥−¨ï,
¯®ª�§�â¥«¨ ‹‘� ¬®£ãâ ¡ëâì ®¤−®á«®¢−ë¬¨ (¯®íâ®¬ã, á«¥¤®¢�â¥«ì−®) ¨ −¥®¤−®á«®¢−ë¬¨ (â�ª ª�ª,
−¥á¬®âàï −� â® çâ®, å®âï. . . −®). ‘ äã−ªæ¨®−�«ì−®© â®çª¨ §à¥−¨ï, ¢ë¤¥«ïîâáï ¯®ª�§�â¥«¨,
ãáâ�−�¢«¨¢�îé¨¥ ‹‘� −� ¯à®¯®§¨æ¨®−�«ì−®¬ ãà®¢−¥, −� ãà®¢−¥ ¢ëáª�§ë¢�−¨ï (−�¯à¨¬¥à, ¯à¨
®¡®á−®¢�−¨¨ áª�§�−−®£®, ª�ª ¢ ‡�¬®«ç¨, ¨«¨ ï â¥¡ï −�ª�¦ã) ¨«¨ −� ãà®¢−¥ ®à£�−¨§�æ¨¨ â¥ªáâ�
(¢®-¯¥à¢ëå, ¢®-¢â®àëå ¨ ¤à.).
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ˆ−â¥àä¥©á ¯®«ì§®¢�â¥«ï ��¤ª®à¯ãá−®© ¡�§ë ¤�−−ëå ¨¥à�àå¨© ‹‘�

á¢ï§�−−ëå íâ¨¬ ‹‘�. ˆ¥à�àå¨ï á¥¬�−â¨ç¥áª®© áâàãªâãàë ¯à¨¢¥¤¥−−®£® ¯à¨¬¥-
à�, £à�−¨æë á®¥¤¨−ï¥¬ëå ‹‘� äà�£¬¥−â®¢, � â�ª¦¥ −�«¨ç¨¥ ¨«¨ ®âáãâáâ¢¨¥ ¥£®
¯®ª�§�â¥«ï ¤®«¦−ë ¡ëâì ¢ ¨¤¥�«¥ ®âà�¦¥−ë ¢ �−−®â�æ¨¨.

‘ãé¥áâ¢ãîé¨¥ à¥áãàáë à¥è�îâ íâ¨ ¯à®¡«¥¬ë «¨èì ®âç�áâ¨ (á¬.
Ru-RSTreebank [4], �¥−á¨«ì¢�−áª¨© ¤¨áªãàá¨¢−® �−−®â¨à®¢�−−ë© ª®à¯ãá [5])
¨«¨ ¯à¥¤®áâ�¢«ïîâ ®£à�−¨ç¥−−ë¥ ¢®§¬®¦−®áâ¨ ¤«ï ¤�«ì−¥©è¥£® ¨á¯®«ì§®¢�−¨ï
�−−®â�æ¨© (á¬. RST Signaling Corpus [6] ¨«¨ GUM [7]); ¯®¤à®¡−¥¥ ®¡ �−−®â¨à®-
¢�−¨¨ â¥ªáâ®¢ëå ®â−®è¥−¨© á ¯®¬®éìî íâ¨å à¥áãàá®¢ á¬. [8{10].

��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¨¥à�àå¨© ‹‘� á®§¤�−� ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ˆ�ˆ ÷�� á æ¥«ìî à�áè¨à¥−¨ï ¢®§¬®¦−®áâ¥© �−−®â¨à®¢�−¨ï
‹‘� ¨ ¨å ¯®ª�§�â¥«¥©, ¯à¥¤®áâ�¢«ï¥¬ëå ��¤ª®à¯ãá−®© ¡�§®© ¤�−−ëå ª®−−¥ª-
â®à®¢ (��„Š), â�ª¦¥ á®§¤�−−®© ¢ ˆ�ˆ ÷�� [11]. Š�ª ¨ ¯®á«¥¤−ïï, ��„ˆ
‹‘� ¨á¯®«ì§ã¥â â¥ªáâë ¯�à�««¥«ì−ëå äà�−æã§áª¨å ¨ ¨â�«ìï−áª¨å ¯®¤ª®à¯ãá®¢
��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª� [12] ®¡é¨¬ ®¡ê¥¬®¬ á¢ëè¥ 11 ¬«− á«®-
¢®ã¯®âà¥¡«¥−¨©, � â�ª¦¥ �−−®â�æ¨¨ ��„Š. ‚ à�¡®â¥ [8] ®¯¨á�−� �àå¨â¥ªâãà�
��„ˆ ‹‘�, ¢ íâ®¬ ¨áá«¥¤®¢�−¨¨ ¯®ª�§�−®, ª�ª ¢ −¥© à¥è�îâáï áä®à¬ã«¨à®-
¢�−−ë¥ ¢ëè¥ §�¤�ç¨.

2 Аннотирование: построение графа

2.1 Выбор текста для аннотирования и работа с ним

‹®£¨ª®-á¥¬�−â¨ç¥áª¨¬¨ ®â−®è¥−¨ï¬¨ áç¨â�îâáï â�ª¨¥ ¤¨áªãàá¨¢−ë¥ ®â−®-
è¥−¨ï, ª®â®àë¥ ¬®£ãâ ¡ëâì ¯®â¥−æ¨�«ì−® ¢ëà�¦¥−ë ª®−−¥ªâ®à�¬¨, ¢ëáâã¯�-
îé¨¬¨, á«¥¤®¢�â¥«ì−®, ¨å ¯®ª�§�â¥«ï¬¨ [3, á. 311]. Š ª®−−¥ªâ®à�¬ ®â−®áïâáï
á®ç¨−¨â¥«ì−ë¥ ¨ ¯®¤ç¨−¨â¥«ì−ë¥ á®î§ë (¨«¨, å®âï, ¯®â®¬ã çâ® ¨ ¤à.), −�à¥ç¨ï,
−�§ë¢�¥¬ë¥ ¢ àãááª®© £à�¬¬�â¨ç¥áª®© âà�¤¨æ¨¨ ú�−�«®£�¬¨ á®î§®¢û (−�¯à¨¬¥à,
®¤−�ª®, ¬¥¦¤ã â¥¬, ¢¯à®ç¥¬ ¨ ¤à.), ¨ −¥ª®â®àë¥ ¯à¥¤«®£¨ (−¥á¬®âàï −�, ¯®á«¥
¨ ¤à.) [13]. Š ¯®ª�§�â¥«ï¬ ‹‘� á«¥¤ã¥â ¤®¡�¢¨âì ¤¢� á¥¬�−â¨ç¥áª¨ §−�ç¨¬ëå
§−�ª� ¯à¥¯¨−�−¨ï: ¤¢®¥â®ç¨¥ ¨ â¨à¥, á®¢¬¥áâ¨¬ë¥, ¢ ®â«¨ç¨¥ ®â ¤àã£¨å §−�ª®¢
¯à¥¯¨−�−¨ï, á ®£à�−¨ç¥−−ë¬ −�¡®à®¬ ‹‘� (¢ ®á−®¢−®¬ ¯à¨ç¨−ë ¨ á¯¥æ¨ä¨-
ª�æ¨¨). ˆáå®¤ï ¨§ íâ®© â¥®à¥â¨ç¥áª®© ¯à¥¤¯®áë«ª¨, ¯à¥¤¬¥â®¬ �−−®â¨à®¢�−¨ï
¢ ��„ˆ ‹‘� ¯à¥¦¤¥ ¢á¥£® á«¥¤ã¥â áç¨â�âì ¯®ª�§�â¥«ì ‹‘� ¢ â¥ªáâ¥ ®à¨£¨−�«�
¨«¨ ¢ â¥ªáâ¥ ¯¥à¥¢®¤�1.

1‚ â¥ªáâ¥ ¯¥à¥¢®¤� ª®−−¥ªâ®à ¬®¦¥â ¨¬¥âì −ã«¥¢®© íª¢¨¢�«¥−â; áà.: �â® ¡«�£®à®¤−®, â® ¥áâì
ï å®â¥« áª�§�âì, £ã¬�−−®! [”. Œ. „®áâ®¥¢áª¨©. �à¥áâã¯«¥−¨¥ ¨ −�ª�§�−¨¥ (1866)] | C'est noble, je

voulais dire humain! [Tr. par �E. Guertik]. ÷ãááª®¬ã ª®−−¥ªâ®àã â® ¥áâì ¢ ¯¥à¥¢®¤¥ −¥ á®®â¢¥âáâ¢ã¥â
−¨ª�ª®© ¯®ª�§�â¥«ì. ‚®§¬®¦−� ¨ ®¡à�â−�ï á¨âã�æ¨ï: ª®−−¥ªâ®à ¢ ¯¥à¥¢®¤¥ ¨¬¥¥â −ã«¥¢®© áâ¨¬ã«:
Ÿ ¥¬ã á®¢¥â®¢�«�: ú‘�èª�, −�©¤¨ å®à®èãî ¦¥−é¨−ã. ‘®¯ì¥èìáïû [‘. �«¥ªá¨¥¢¨ç. ‚à¥¬ï á¥ª®−¤
åí−¤ (2013)] | Moi, Sacha, je lui donnais des conseils: úTrouve-toi une gentille femme, sinon tu
vas te mettre �a boireû [Tr. par S. Benech]. ˆ¬¯«¨æ¨â−®¬ã ‹‘� ®âà¨æ�â¥«ì−®© �«ìâ¥à−�â¨¢ë
¢ ®à¨£¨−�«¥ á®®â¢¥âáâ¢ã¥â ¯®ª�§�â¥«ì íâ®£® ‹‘� sinon ¢ ¯¥à¥¢®¤¥. ’�ª¨¥ á«ãç�¨ ��„ˆ ‹‘�
¯®§¢®«ï¥â �−−®â¨à®¢�âì. �� íâ®¬ ¢®¯à®á¥ −¥ ¡ã¤¥¬ ®áâ�−�¢«¨¢�âìáï ¯®¤à®¡−®; á¬. [3].
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÷¨á. 1 ”à�£¬¥−â áâà�−¨æë £«�¢−®£® ¬¥−î ��„ˆ ‹‘�

÷¨á. 2 �à¨¬¥àë ¤¥à¥¢ì¥¢ á à�áè¨à¥−−ë¬ ª®−â¥ªáâ®¬

…¤¨−¨æ¥© åà�−¥−¨ï ¨−ä®à¬�æ¨¨ ¢ ��„ˆ ‹‘� á«ã¦¨â �−−®â�æ¨ï, ¨¬¥-
îé�ï ä®à¬ã ¤¥à¥¢�, â. ¥. ®à¨¥−â¨à®¢�−−®£® á¢ï§−®£® �æ¨ª«¨ç¥áª®£® £à�ä�,
¯®§¢®«ïîé¥£® ®âà�§¨âì ¨¥à�àå¨ç¥áªãî áâàãªâãàã â¥ªáâ�. ‘®§¤�−¨¥ −®¢®£® ¤¥à¥¢�
−�ç¨−�¥âáï −� áâà�−¨æ¥ £«�¢−®£® ¬¥−î ��„ˆ ‹‘� −�¦�â¨¥¬ ª−®¯ª¨ ú‘®§¤�âì
−®¢®¥ ¤¥à¥¢®û (à¨á. 1).

‘ãé¥áâ¢ãîâ ¤¢¥ ¢®§¬®¦−®áâ¨: ¨á¯®«ì§®¢�âì �−−®â�æ¨î, ã¦¥ á®§¤�−−ãî
¢ ��„Š ¤«ï ¢ë¡à�−−®£® ª®−−¥ªâ®à�, ãª�§�¢ ¥¥ −®¬¥à, ¨«¨ �−−®â¨à®¢�âì úá −ã-
«ïû, ¢ë¡à�¢ ª®−â¥ªáâ ã¯®âà¥¡«¥−¨ï ª®−−¥ªâ®à� ¨§ ª®à¯ãá� â¥ªáâ®¢ ¯® ¨¤¥−â¨ä¨-
ª�æ¨®−−®¬ã −®¬¥àã. �®á«¥ −�¦�â¨ï −� ª−®¯ªã úˆáª�âìû ¢ ®ª−¥ ú‚ë¡à�−−ë©
â¥ªáâû ¯®ï¢«ï¥âáï á®®â¢¥âáâ¢ãîé¨© äà�£¬¥−â.

�� á«¥¤ãîé¥¬ íâ�¯¥ �−−®â¨à®¢�−¨ï «¨−£¢¨áâ ®¯à¥¤¥«ï¥â £à�−¨æë äà�£¬¥−-
â®¢ â¥ªáâ�, á¢ï§�−−ëå ª®−−¥ªâ®à®¬. „«ï íâ®£® ª â¥ªáâã ¢ ®ª−¥ ú‚ë¡à�−−ë© â¥ªáâû
¬®¦−® ¤®¡�¢¨âì â¥ªáâ ¨§ «¥¢®£® ¨«¨ ¯à�¢®£® ª®−â¥ªáâ� ª®−−¥ªâ®à�. ’�ª, −� à¨á. 2
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ˆ−â¥àä¥©á ¯®«ì§®¢�â¥«ï ��¤ª®à¯ãá−®© ¡�§ë ¤�−−ëå ¨¥à�àå¨© ‹‘�

÷¨á. 3 ˆ−ä®à¬�æ¨ï, ¯®«ãç�¥¬�ï ¤«ï ª®−â¥ªáâ� ü 1 −� à¨á. 1 −�¦�â¨¥¬ ª−®¯ª¨
ú�ªàã¦¥−¨¥û

¢ ¤¥à¥¢¥ 29 ¤«ï ª®àà¥ªâ−®© à�§¬¥âª¨ −® ¤®¡�¢«¥− â¥ªáâ, ¯à¥¤è¥áâ¢ãîé¨© �®
�ª�ª¨© �ª�ª¨¥¢¨ç. . .

‘ ¯®¬®éìî ª−®¯ª¨ ú�ªàã¦¥−¨¥û ¬®¦−® ¢ë§¢�âì ¨−ä®à¬�æ¨î ®¡ ã¦¥ á®-
§¤�−−ëå ¢ ��„Š �−−®â�æ¨© á ¤�−−ë¬ ª®−−¥ªâ®à®¬ ¨ á®§¤�−−ë¬¨ ¤«ï −¨å
£à�ä�¬¨ ¢ ��„ˆ ‹‘� á £¨¯¥àááë«ª�¬¨ −� ª�¦¤ë© ¨§ −¨å (à¨á. 3).

2.2 Аннотирование коннектора и создание узлов графа

�®á«¥ â®£® ª�ª â¥ªáâ ¢ë¡à�− ¨ ®¯à¥¤¥«¥−ë «¥¢ë© ¨ ¯à�¢ë© ª®−â¥ªáâë
ª®−−¥ªâ®à�, «¨−£¢¨áâ ¯à¨áâã¯�¥â −¥¯®áà¥¤áâ¢¥−−® ª á®§¤�−¨î £à�ä� (à¨á. 4).

��¦�¢ −� â¥ªáâ ¤¥à¥¢�, à�§¬¥âç¨ª ¬®¦¥â ¯à®¢®¤¨âì á«¥¤ãîé¨¥ ®¯¥à�æ¨¨:
ú�â¬¥−¨âìû, ú÷¥¤�ªâ¨à®¢�âìû, ú“¤�«¨âìû, ú÷�§¤¥«¨âì −� ¤¢�û ¨ ú÷�§¤¥«¨âì
−� −¥áª®«ìª®û, ú‚áâ�¢¨âì ¯à®¬¥¦ãâ®ç−ë©û, ú÷�§¬¥â¨âìû, ú�â¤¥«ì−®¥ ¤¥à¥¢®û
(à¨á. 5).

Š−®¯ª¨ ú÷�§¤¥«¨âì −� ¤¢�û, ú÷�§¤¥«¨âì −� −¥áª®«ìª®û ¨ ú÷�§¬¥â¨âìû á«ã¦�â
¤«ï á®§¤�−¨ï áâàãªâãàë ¤¥à¥¢�, � ¨å ¨á¯®«ì§®¢�−¨¥ §�¢¨á¨â ®â â®£®, ª ª�ª®¬ã
ª«�ááã ¯à¨−�¤«¥¦¨â ª®−−¥ªâ®à [2]: ®¤−®ª®¬¯®−¥−â−ë©, â. ¥. −�å®¤ïé¨©áï ¢ ®¤−®¬
¨§ äà�£¬¥−â®¢ â¥ªáâ�, ¤¢ãå- ¨«¨ ¬−®£®ª®¬¯®−¥−â−ë©, â. ¥. −�å®¤ïé¨©áï ¢ ª�¦-

÷¨á. 4 ��ç�«ì−ë© íâ�¯ ¯®áâà®¥−¨ï £à�ä�-¤¥à¥¢�
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÷¨á. 5 �¯¥à�æ¨¨ á ã§«®¬ ¤¥à¥¢�

¤®¬ ¨§ á®¥¤¨−ï¥¬ëå äà�£¬¥−â®¢ â¥ªáâ�, ª�ª, −�¯à¨¬¥à, ¥á«¨. . . â® ¢ ü 2 −�
à¨á. 1. „«ï −¥£® ¡ã¤¥â ¨á¯®«ì§®¢�−� ª−®¯ª� ú÷�§¤¥«¨âì −� ¤¢�û.

„®¯®«−¨â¥«ì−® áãé¥áâ¢ãîâ á«¥¤ãîé¨¥ äã−ªæ¨¨:

{ ª−®¯ª� ú�â¬¥−¨âìû ¢®§¢à�é�¥â ®¡à�â−® ¢ ®ª−® ú„¥à¥¢® ª®−â¥ªáâ®¢û;

{ ª−®¯ª� ú÷¥¤�ªâ¨à®¢�âìû ¯®§¢®«ï¥â à¥¤�ªâ¨à®¢�âì â¥ªáâ ã§«�, ã¤�«ïâì ª®−-
â¥ªáâ, −¥¯®áà¥¤áâ¢¥−−® −¥ §�¤¥©áâ¢®¢�−−ë© ¢ ãáâ�−®¢«¥−¨¨ ‹‘�;

{ ª−®¯ª� ú“¤�«¨âìû ¢ë§ë¢�¥â ã¤�«¥−¨¥ á®®â¢¥âáâ¢ãîé¥£® ã§«� (¨ ¢á¥å −¨¦¥-
áâ®ïé¨å) ¨ ¢®§¢à�â ª à¥¦¨¬ã ¯à®á¬®âà� ¤¥à¥¢�;

{ ú‚áâ�¢¨âì ¯à®¬¥¦ãâ®ç−ë©û á«ã¦¨â ¤«ï ¢áâ�¢ª¨ ¯à®¬¥¦ãâ®ç−®£® ¨¥à�àå¨-
ç¥áª®£® ãà®¢−ï;

{ ú�â¤¥«ì−®¥ ¤¥à¥¢®û ¯®§¢®«ï¥â á®§¤�âì ®â¤¥«ì−®¥ ¤¥à¥¢®, £¤¥ â¥ªãé¨© ã§¥«
áâ�−¥â £«�¢−ë¬.

�®á«¥ â®£® ª�ª ®¯à¥¤¥«¥−®, −� ª�ª®¥ ç¨á«® äà�£¬¥−â®¢ ¤®«¦¥− ¡ëâì à�§¡¨â
â¥ªáâ, «¨−£¢¨áâ à�§¬¥ç�¥â á�¬ ª®−−¥ªâ®à. „«ï íâ®£® ¥¬ã −ã¦−® ®¯à¥¤¥«¨âì,
¥áâì «¨ ¤àã£¨¥ ª®−−¥ªâ®àë ¢ �−−®â¨àã¥¬®¬ â¥ªáâ¥, ¨, ¢ íâ®¬ á«ãç�¥, ï¢«ï¥âáï
«¨ �−−®â¨àã¥¬ë© ª®−−¥ªâ®à ¢áâà�¨¢�îé¨¬ ¨«¨ ¢áâà®¥−−ë¬1. ‚ ü 2 −� à¨á. 1
ª®−−¥ªâ®à ¥á«¨. . . â® | ¢áâà�¨¢�îé¨©, ¯®áª®«ìªã ¢ ¯¥à¢®¬ ¨§ á®¥¤¨−ï¥¬ë¬
¨¬ äà�£¬¥−â®¢ â¥ªáâ� −�å®¤ïâáï ¤àã£¨¥ ª®−−¥ªâ®àë: � ¯®â®¬ ¨ �, ª®â®àë¥,
á®®â¢¥âáâ¢¥−−®, ï¢«ïîâáï ¯® ®â−®è¥−¨î ª −¥¬ã ¢áâà®¥−−ë¬¨, ¯à¨ç¥¬ � ¯®â®¬
®ª�§ë¢�¥âáï, ¢ á¢®î ®ç¥à¥¤ì, ¢áâà�¨¢�îé¨¬ ¯® ®â−®è¥−¨î ª �. �â® ¡ã¤¥â
®âà�¦¥−® ¢ áâàãªâãà¥ ¤¥à¥¢�, � ¨¬¥−−® ¢ ¨¥à�àå¨¨ ¥£® ã§«®¢.

„«ï �−−®â¨à®¢�−¨ï ª®−−¥ªâ®à� ¨ ¢ëà�¦�¥¬®£® ¨¬ ‹‘� «¨−£¢¨áâ ¨á¯®«ì§ã¥â
ª−®¯ªã ú‚ë¡®à ª®−−¥ªâ®à� ¨ ®â−®è¥−¨ïû, ª®â®à�ï ¢ë§ë¢�¥â á®®â¢¥âáâ¢ãîé¨©
á¯¨á®ª. „«ï ¢ë¡®à� ª®−−¥ªâ®à� ¢ ®ª−¥ ú��©â¨ áãé¥áâ¢ãîé¨© â¨¯û á«¥¤ã¥â
¢¢¥áâ¨ ª®−−¥ªâ®à ¨«¨ ¥£® ç�áâì ¨ −�¦�âì ª−®¯ªã úˆáª�âìû. ‘ä®à¬¨àã¥âáï á¯¨á®ª
¢ �«ä�¢¨â−®¬ ¯®àï¤ª¥ ¨§ 30 ¯®ª�§�â¥«¥©, ª®â®àë¥ ¢ª«îç�îâ ¢¢¥¤¥−−®¥ §−�ç¥−¨¥.
�®á«¥ ¢ë¡®à� ª®−−¥ªâ®à� ¢ ¯®«¥ ú÷¥§ã«ìâ�âû �¢â®¬�â¨ç¥áª¨ ¤®¡�¢«ï¥âáï â®

1‚áâà�¨¢�îé¨¬ −�§ë¢�¥âáï ª®−−¥ªâ®à, ¢ áä¥à¥ ¤¥©áâ¢¨ï ª®â®à®£® −�å®¤¨âáï ¥é¥ ®¤¨− ª®−-
−¥ªâ®à, −�§ë¢�¥¬ë© ¢áâà®¥−−ë¬. ‘à.: Œ¥¦¤ã −�¬¨ ã¦¥ ¡ë«® −¥ â�ª, ª�ª à�−ìè¥, â® ¥áâì ¬ë
¤àã¦¨«¨, −® ¢á¥ ¡®«ìè¥ ï −� −¥¥ ¯®ªà¨ª¨¢�«� [‘. �«¥ªá¨¥¢¨ç. ‚à¥¬ï á¥ª®−¤ åí−¤ (2013)]. ‚ áä¥à¥
¤¥©áâ¢¨ï ª®−−¥ªâ®à� â® ¥áâì (¢ ¥£® ¯à�¢®¬ ª®−â¥ªáâ¥, ¢ª«îç�îé¥¬ äà�£¬¥−â ú¬ë ¤àã¦¨«¨, −®
¢á¥ ¡®«ìè¥ ï −� −¥¥ ¯®ªà¨ª¨¢�«�û) −�å®¤¨âáï ª®−−¥ªâ®à −®. ’® ¥áâì ï¢«ï¥âáï §¤¥áì ¢áâà�¨¢�îé¨¬
ª®−−¥ªâ®à®¬, −® | ¢áâà®¥−−ë¬. ‘¬. â�ª¦¥ ¯à¨¢¥¤¥−−ë© ¯à¨¬¥à.
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ˆ−â¥àä¥©á ¯®«ì§®¢�â¥«ï ��¤ª®à¯ãá−®© ¡�§ë ¤�−−ëå ¨¥à�àå¨© ‹‘�

÷¨á. 6 ÷�§¡¨¢ª� äà�£¬¥−â� ¨ ã¤�«¥−¨¥ â¥ªáâ�

‹‘�, ª®â®à®¥ −�¨¡®«¥¥ ç�áâ® ¢ëà�¦�¥âáï ¤�−−ë¬ ª®−−¥ªâ®à®¬ ¢ ��„Š. ’�ª¨¬
®¡à�§®¬, ¤�−−ë¥ ® ª®−−¥ªâ®à�å ¨ ® ç�áâ®â−®áâ¨ ¢ëà�¦�¥¬®£® ¨¬ ‹‘� ¢ ®¤−®©
−�¤ª®à¯ãá−®© ¡�§¥ ¤�−−ëå ¨á¯®«ì§ãîâáï ¤«ï �¢â®¬�â¨§�æ¨¨ ®¤−®© ¨§ ®¯¥à�æ¨©
¢ ¤àã£®©. �à¨ ®âáãâáâ¢¨¨ −¥®¡å®¤¨¬®£® ª®−−¥ªâ®à� ¨«¨ ¢ëà�¦�¥¬®£® ¨¬ ‹‘�
¨å ¬®¦−® ¤®¡�¢¨âì ¢ á®®â¢¥âáâ¢ãîé¨¥ á¯¨áª¨.

�®á«¥ �−−®â¨à®¢�−¨ï ª®−−¥ªâ®à� ¨ ‹‘� â¥ªáâ à�§¡¨¢�¥âáï −� äà�£¬¥−âë
�¢â®¬�â¨ç¥áª¨ ¨«¨ ¢àãç−ãî á ¯®¬®éìî á®®â¢¥âáâ¢ãîé¨å ª−®¯®ª. �� íâ®¬
íâ�¯¥ «¨−£¢¨áâ ¬®¦¥â ã¤�«¨âì â¥ªáâ, ª®â®àë© −¥¯®áà¥¤áâ¢¥−−® −¥ ãç�áâ¢ã¥â
¢ ãáâ�−®¢«¥−¨¨ ‹‘�; á¬. ¯à¨¢¥¤¥−−ë© à�−¥¥ ¯à¨¬¥à ¨ à¨á. 6 ¤«ï ¯�àë ü 2
á à¨á. 1, £¤¥ ¯à¨ ¯®áâà®¥−¨¨ £à�ä� ¤«ï ª®−−¥ªâ®à� ¥á«¨. . . â® ¯à¥¤è¥áâ¢ãîé¨©
¥á«¨ â¥ªáâ ‘«ãè�©, ƒ«¥¡, ¬−¥ ª�ª-â® ��áîª £®¢®à¨«, çâ® ¡ã¤¥â ã¡à�−1.

…á«¨ ®¤¨− ¨§ ª®−â¥ªáâ®¢ ú¯ãáâ®©û (á®¤¥à¦¨â â®«ìª® ª®−−¥ªâ®à ¨, −�¯à¨¬¥à,
¬−®£®â®ç¨¥), ¢ −ã¦−®¬ ®ª−¥ ¥áâì ¢®§¬®¦−®áâì −�¦�âì £�«®çªã ú¯ãáâ®©û. �â�
äã−ªæ¨ï −¥¤®áâã¯−� ¢ áãé¥áâ¢ãîé¨å à¥áãàá�å.

�®á«¥ á®åà�−¥−¨ï à¥§ã«ìâ�â®¢ �−−®â¨à®¢�−¨ï −� áâà�−¨æ¥ ú„¥à¥¢® ª®−â¥ª-
áâ®¢û ¬®¦−® ã¢¨¤¥âì ª®à−¥¢®© ã§¥« ¨ ã§«ë ¯¥à¢®£® ãà®¢−ï (à¨á. 7). �−−®â¨-
à®¢�−¨¥ ¢áâà®¥−−ëå ª®−−¥ªâ®à®¢ ¯à¨¢®¤¨â ª á®§¤�−¨î ã§«®¢ ¢â®à®£® ¨ âà¥âì¥£®
ãà®¢−ï (à¨á. 8).

1��áª®«ìª® ¨§¢¥áâ−® �¢â®à�¬, −¨ ®¤¨− ¨§ áãé¥áâ¢ãîé¨å à¥áãàá®¢ ¤¨áªãàá¨¢−®£® �−−®â¨-
à®¢�−¨ï −¥ ¯®§¢®«ï¥â ¢¨¤®¨§¬¥−ïâì äà�£¬¥−âë â¥ªáâ�, á¢ï§�−−ë¥ ‹‘�. …¤¨−áâ¢¥−−ë© à¥áãàá,
� ¨¬¥−−® PDTB, â®ç−® ãª�§ë¢�¥â £à�−¨æë äà�£¬¥−â®¢ â¥ªáâ� ¯à¨ ¯®¬®é¨ æ¢¥â®¢®© à�§¬¥âª¨.
�®¤à®¡−¥¥ á¬. [9].
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÷¨á. 7 ‘®§¤�−¨¥ ª®à−¥¢®£® ã§«�

÷¨á. 8 �−−®â¨à®¢�−¨¥ ¨¥à�àå¨¨ ‹‘�

÷¥¤�ªâ¨à®¢�âì ã§¥« ¬®¦−® −� «î¡®¬ íâ�¯¥ á ¯®¬®éìî ª−®¯ª¨ ú÷¥¤�ªâ¨à®-
¢�âìû, −® −¥«ì§ï ã¤�«¨âì â¥ªáâ, ª®â®àë© ¨á¯®«ì§ã¥âáï ¢ ã§«¥ −� ãà®¢−¥ −¨¦¥.
“¤�«¥−¨¥ ã§«� ¯à¨¢®¤¨â ª ã¤�«¥−¨î ¢á¥å ã§«®¢ −� ãà®¢−ïå −¨¦¥.

3 Аннотирование: переключение между состояниями, функция
«копировать» и «встроить»

�®á«¥ á®§¤�−¨ï ¤¥à¥¢� ¨−â¥àä¥©á ��„ˆ ‹‘� ¯®§¢®«ï¥â à¥è¨âì −¥áª®«ìª®
§�¤�ç ¯® à¥¤�ªâ¨à®¢�−¨î ¨ ¤®¯®«−¥−¨î �−−®â¨à®¢�−−®© ¨−ä®à¬�æ¨¨.
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ˆ−â¥àä¥©á ¯®«ì§®¢�â¥«ï ��¤ª®à¯ãá−®© ¡�§ë ¤�−−ëå ¨¥à�àå¨© ‹‘�

3.1 Необходимо вернуться к предыдущему состоянию дерева
или переключиться на следующее

Š�¦¤®¥ á®áâ®ï−¨¥ ¤¥à¥¢� ¯à¨¢ï§�−® ª® ¢à¥¬¥−¨ ¢−¥á¥−−®£® ¨§¬¥−¥−¨ï ¨ ª ¨¬¥-
−¨ ¯®«ì§®¢�â¥«ï, ª®â®àë© ¥£® ¢−¥á. Œ®¦−® ¢ë¡à�âì −ã¦−®¥ á®áâ®ï−¨¥ ¨§ á¯¨áª�
£¨¯¥àááë«®ª, ¢ë§ë¢�¥¬®£® á ¯®¬®éìî ª−®¯ª¨ úˆáâ®à¨ï ¤¥à¥¢�û. ‚ë¡à�¢
®¤−® ¨§ á®áâ®ï−¨©, ¬®¦−® ú‚¥à−ãâìáï ª â¥ªãé¥¬ã á®áâ®ï−¨îû, ú‚¥à−ãâìáï
ª ¨áâ®à¨¨û, ú�®ª�§�âì ¯à¥¤ë¤ãé¥¥ á®áâ®ï−¨¥û, ú‘à�¢−¨âì á ¯à¥¤ë¤ãé¨¬û,
ú�®ª�§�âì ¯®á«¥¤ãîé¥¥û, � â�ª¦¥ ú‘¤¥«�âì â¥ªãé¨¬û (â¥ªãé¥¥ á®áâ®ï−¨¥ ¤¥à¥-
¢� §�ä¨ªá¨àã¥âáï ª�ª ¯®áâ®ï−−®¥, ¨ á −¨¬ ¬®¦−® à�¡®â�âì ¤�«¥¥). �â¨ äã−ªæ¨¨
¯®§¢®«ïîâ ãç¨âë¢�âì í¢®«îæ¨î à�§¬¥âª¨, á¢ï§�−−ãî, ¢ ç�áâ−®áâ¨, á ¯®«ãç¥−¨¥¬
«¨−£¢¨áâ�¬¨ −®¢ëå §−�−¨© ®¡ ‹‘� ¨ ¨å ¯®ª�§�â¥«ïå (à¨á. 9).

÷¨á. 9 �¤−� ¨§ ¢¥àá¨© ¤¥à¥¢� á ãª�§�−¨¥¬ ¢à¥¬¥−¨ ¨ ¤�âë ¢−¥á¥−−ëå ¨§¬¥−¥−¨©

3.2 Разметка узла более высокого или более низкого иерархического уровня

…á«¨ á−�ç�«� ¡ë« à�§¬¥ç¥− ¢áâà®¥−−ë© ª®−−¥ªâ®à, â® ¤«ï ¢áâà�¨¢�îé¥£®
ª®−−¥ªâ®à� ¨á¯®«ì§ã¥âáï äã−ªæ¨ï úŠ®¯¨à®¢�âìû | ú‚áâà®¨âìû, ¯®§¢®«ïîé�ï
¨§¡¥¦�âì ¤ã¡«¨à®¢�−¨ï ¯à¨ �−−®â¨à®¢�−¨¨. �®á«¥ ª®¯¨à®¢�−¨ï ã¦¥ á®§¤�−−®£®
¤¥à¥¢� −¥®¡å®¤¨¬® ¯¥à¥©â¨ ¢ ®ª−® à�¡®âë −�¤ ¤¥à¥¢®¬ ¤«ï ¢áâà�¨¢�îé¥£®
ª®−−¥ªâ®à� ¨ −�¦�âì ú‚áâà®¨âìû. ˆ −�®¡®à®â: ¬®¦¥â ¡ëâì á®§¤�−® ú�â¤¥«ì−®¥
¤¥à¥¢®û ¤«ï ¢áâà®¥−−®£® ª®−−¥ªâ®à� (â�ª�ï äã−ªæ¨ï ¬®¦¥â ¡ëâì −¥®¡å®¤¨¬�
¤«ï ¯®«ãç¥−¨ï áâ�â¨áâ¨ª¨). ‚ íâ®¬ á«ãç�¥ ã§¥«, á ª®â®àë¬ à�¡®â�« à�§¬¥âç¨ª,
¢ −®¢®¬ ¤¥à¥¢¥ áâ�−¥â £«�¢−ë¬.

3.3 Восстановить удаленное дерево и найти существующее

�� à¨á. 1 ¯®ª�§�−® £«�¢−®¥ ¬¥−î. �à¨ −�¦�â¨¨ −� ª−®¯ªã ú‘¯¨á®ª ã¤�«¥−-
−ëå ¤¥à¥¢ì¥¢û ®âªàë¢�¥âáï á¯¨á®ª ¤¥à¥¢ì¥¢, ª®â®àë¥ ¡ë«¨ ¯®áâà®¥−ë, � §�â¥¬
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ã¤�«¥−ë, | «î¡®¥ ¨§ −¨å ¬®¦¥â ¡ëâì ¢®ááâ�−®¢«¥−®. Š−®¯ª� ú”¨«ìâà®¢�âìû
¨á¯®«ì§ã¥âáï ¤«ï ®â¡®à� ¤¥à¥¢ì¥¢ ¯® â¥ªáâã, −� ®á−®¢¥ ª®â®à®£® ®−¨ ¡ë«¨ áä®à-
¬¨à®¢�−ë. ”¨«ìâà à�¡®â�¥â ¤¢ã¬ï á¯®á®¡�¬¨:

(1) ¥á«¨ ¢¢¥áâ¨ ç�áâì â¥ªáâ�, §�ª«îç¥−−ãî ¢ ª�¢ëçª¨, −�¯à¨¬¥à ú−¨çâ® −¥
−�¯®¬¨−�«® áâ�à¨ªãû, ¡ã¤ãâ −�©¤¥−ë ¤¥à¥¢ìï, á®¤¥à¦�é¨¥ äà�£¬¥−â â¥ªá-
â� −¨çâ® −¥ −�¯®¬¨−�«® áâ�à¨ªã;

(2) ¥á«¨ ¢¢¥áâ¨ â¥ªáâ ¡¥§ ª�¢ëç¥ª, −�¯à¨¬¥à −¨çâ® −¥ −�¯®¬¨−�«® áâ�à¨-
ªã, ¡ã¤ãâ −�©¤¥−ë ¤¥à¥¢ìï, ª�¦¤®¥ ¨§ ª®â®àëå á®¤¥à¦¨â ¢á¥ ãª�§�−−ë¥
á«®¢®ä®à¬ë (−¨çâ®, −¥, −�¯®¬¨−�«® ¨ áâ�à¨ªã), ¯à¨ç¥¬ ¢ «î¡®¬ ¯®àï¤ª¥.

4 Заключение

ˆ−â¥àä¥©á ��„ˆ ‹‘� ¯®§¢®«ï¥â ¯®«ì§®¢�â¥«î-«¨−£¢¨áâã á®§¤�¢�âì £à�-
äë ¤«ï ‹‘� ¨ ¨å ¯®ª�§�â¥«¥©. ‘ä®à¬¨à®¢�−−ë¥ £à�äë ®âà�¦�îâ ¢ ¥¤¨−®©
�−−®â�æ¨¨ âà¨ ¢�¦−ëå â¥®à¥â¨ç¥áª¨å �á¯¥ªâ� ¤¨áªãàá¨¢−®£® �−�«¨§�: ¯®ª�§�-
â¥«ì ‹‘� (¨«¨ ¥£® ®âáãâáâ¢¨¥), ¨¥à�àå¨î ‹‘� ¨ £à�−¨æë äà�£¬¥−â®¢ â¥ªáâ�,
−¥¯®áà¥¤áâ¢¥−−® á¢ï§�−−ëå ‹‘�. Šà®¬¥ â®£®, ¯®áª®«ìªã ��„ˆ ‹‘� ¨á-
¯®«ì§ã¥â ¯�à�««¥«ì−ë¥ ª®à¯ãá� â¥ªáâ®¢, á ¯®¬®éìî ®¯¨á�−−®£® ¨−â¥àä¥©á�
«¨−£¢¨áâ ¬®¦¥â á®§¤�âì ¤¢ãï§ëç−ãî �−−®â�æ¨î. �®«ãç¥−−ë¥ á ¯®¬®éìî ��„ˆ
‹‘� à¥§ã«ìâ�âë ã¦¥ ¯®§¢®«¨«¨ ãâ®ç−¨âì −¥ª®â®àë¥ â¥®à¥â¨ç¥áª¨¥ ¯®«®¦¥−¨ï,
¢ ç�áâ−®áâ¨ áä®à¬ã«¨à®¢�−−ë¥ ¢ −�¨¡®«¥¥ ¯®¯ã«ïà−®© â¥®à¨¨ à¨â®à¨ç¥áª®©
áâàãªâãàë [14]; ¯®¤à®¡−¥¥ á¬. [9,10]. „�«ì−¥©è¨© �−�«¨§ ¬�â¥à¨�«� ¨ áâ�â¨áâ¨-
ç¥áª¨¥ ¢®§¬®¦−®áâ¨ ��„ˆ ‹‘� ¯®§¢®«ïâ ãáâ�−®¢¨âì §�ª®−®¬¥à−®áâ¨ ¢ £«ã¡¨−¥
¨¥à�àå¨¨ ‹‘�: áª®«ìª® ¬�ªá¨¬�«ì−® ãà®¢−¥© ¬®¦¥â ¡ëâì ¢ á¥¬�−â¨ç¥áª®©
áâàãªâãà¥ â¥ªáâ� ¯à¨ −�«¨ç¨¨ ¨ ¯à¨ ®âáãâáâ¢¨¨ ¯®ª�§�â¥«ï ‹‘�. �â� ¨−ä®à¬�-
æ¨ï ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á ¤«ï ª®£−¨â¨¢−ëå ¨áá«¥¤®¢�−¨© | ª�ª ¬®−®ï§ëç−ëå,
â�ª ¨ ª®−âà�áâ¨¢−ëå, � â�ª¦¥ ¤«ï �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ� ¨ à�§à�¡®âª¨
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.
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DATABASE OF HIERARCHIES OF LOGICAL-SEMANTIC
RELATIONS: USER INTERFACE
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Abstract: The paper describes user features of the Database of Hierarchies of
Logical-Semantic Relations (SBDH LSR), a new tool for annotating discourse
relations, developed at FRC CSC RAS. The article lists annotations stages in
the SBDH LSR: selection of the context for annotation, possible modifications,
annotation of the LSR marker and of LSR itself. In a single annotation, the
formed annotations reflect three important theoretical aspects of discourse anal-
ysis: the LSR marker (or its absence); the hierarchy of LSR; and the boundaries
of text fragments directly connected by LSR. The database's interface allows
one to edit, complete, or filter the annotated information: to save annotations'
previous states and, if necessary, go back to one of them, to recover deleted
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annotations, to use already created annotations to form the new ones. The
results obtained with the SBDH LSR have already allowed us to clarify some
theoretical points, in particular, those formulated by the Rhetorical Structure
Theory. Further analysis of the examples and statistical capabilities of the SBDH
LSR will make it possible to establish regularities in the deep LSR hierarchies.
This information might be used in cognitive research, both monolingual and
contrastive, as well as for automatic text processing and artificial intelligence
development.

Keywords: supracorpora database; corpus of text annotations; discourse rela-
tions; connector
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СТРАТЕГИЯ ЕВРОПЕЙСКОГО КОМПЬЮТЕРНОГО
ОБРАЗОВАНИЯ: ТЕОРЕТИЧЕСКИЕ ОСНОВАНИЯ

ПОСТРОЕНИЯ∗

И. М. Зацман1

�−−®â�æ¨ï: �−�«¨§¨àã¥âáï áâà�â¥£¨ï …¢à®¯¥©áª®£® ª®¬¯ìîâ¥à−®£® ®¡à�§®-
¢�−¨ï (…Š�), ¯à¨ ä®à¬¨à®¢�−¨¨ ª®â®à®© ¨á¯®«ì§®¢�«¨áì à¥§ã«ìâ�âë ¤¢ãå-
«¥â−¥£® ¬®−¨â®à¨−£� á®áâ®ï−¨ï á¨áâ¥¬ ¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨ ¢ à¥£¨®−�å
¨ áâà�−�å …¢à®¯ë, ¢ª«îç�ï ÷”, � â�ª¦¥ ¢ ˆ§à�¨«¥. �®áª®«ìªã �¢â®àë áâà�-
â¥£¨¨ −� ®á−®¢¥ ¤�−−ëå ¬®−¨â®à¨−£� �−�«¨§¨à®¢�«¨ á®áâ®ï−¨¥ ¯à¥¯®¤�¢�−¨ï
¨−ä®à¬�â¨ª¨, ¨¬ ¯®âà¥¡®¢�«®áì ¤�âì á®¢à¥¬¥−−®¥ ®¯¨á�−¨¥ íâ®© ¤¨áæ¨¯«¨−ë.
‚ áâà�â¥£¨¨ ¨á¯®«ì§ã¥âáï ¯®¤å®¤ ª ¯®§¨æ¨®−¨à®¢�−¨î ¨−ä®à¬�â¨ª¨ ¢ á¨áâ¥¬¥
á®¢à¥¬¥−−®£® −�ãç−®£® ¯®§−�−¨ï, ãç¨âë¢�îé¨© ®âáãâáâ¢¨¥ ª®−¢¥−æ¨®−�«ì−®-
£® ®¯à¥¤¥«¥−¨ï ¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨. –¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ íâ®£®
¯®¤å®¤�, ¢ª«îç�îé¥£® ¤¢¥ áâ�¤¨¨. �� ¯¥à¢®© áâ�¤¨¨ ¯à¨¢®¤¨âáï á¯¨á®ª
¯®«®¦¥−¨©, ª®â®àë¥ ¤�îâ ¯à¨¡«¨§¨â¥«ì−®¥ ®¯¨á�−¨¥ ¨−ä®à¬�â¨ª¨ ª�ª ®¡à�-
§®¢�â¥«ì−®© ¤¨áæ¨¯«¨−ë, −¥ ¯à¥â¥−¤ãîé¥¥ −� ¥¥ áâà®£®¥ ®¯à¥¤¥«¥−¨¥. ��
¢â®à®© áâ�¤¨¨ ¯¥à¥ç¨á«ïîâáï âà¨ ¯ã¡«¨ª�æ¨¨, ª®â®àë¥ ¤�îâ ª®¬¯«¥¬¥−â�à-
−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨−ä®à¬�â¨ª¨. �â¨ ¯ã¡«¨ª�æ¨¨ à�áá¬�âà¨¢�îâáï ¢ áâ�âì¥
ª�ª âà¨ ¨áâ®ç−¨ª� â¥®à¥â¨ç¥áª¨å ®á−®¢�−¨© �−�«¨§¨àã¥¬®© áâà�â¥£¨¨.

Š«îç¥¢ë¥ á«®¢�: ª®¬¯ìîâ¥à−®¥ ®¡à�§®¢�−¨¥; ¬®−¨â®à¨−£ á¨áâ¥¬ ¯à¥¯®¤�-
¢�−¨ï; ¨−ä®à¬�â¨ª� ª�ª äã−¤�¬¥−â�«ì−�ï −�ãª�; ¨−ä®à¬�â¨ª� ª�ª ®¡à�§®-
¢�â¥«ì−�ï ¤¨áæ¨¯«¨−�; áâà�â¥£¨ï ¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨

DOI: 10.14357/08696527220311

1 Введение

�¯à¥«ìáª¨© −®¬¥à ¦ãà−�«� Communications of the ACM §� 2019 £. ¢ª«îç�¥â
á¯¥æ¨�«ì−ë© à�§¤¥« úˆ−ä®à¬�â¨ª� ¢ …¢à®¯¥û, á®áâ®ïé¨© ¨§ áâ�â¥©, ¯®á¢ïé¥−-
−ëå �ªâã�«ì−ë¬ â¥¬�¬ ¢ áä¥à¥ ¨−ä®à¬�â¨ª¨ ª�ª −�ãª¨, ¢®¯à®á�¬ ¥¥ ¯à¥¯®¤�-
¢�−¨ï ¨ áà¥¤áâ¢�¬ à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’) [1]. ÷�§¤¥«
á®áâ®¨â ¨§ 14 áâ�â¥©, ¢ ª®â®àëå, ¢ ç�áâ−®áâ¨, ¤�−® ®¯¨á�−¨¥:

{ ä�ªâ®à®¢, ®¯à¥¤¥«ïîé¨å −�¯à�¢«¥−¨ï ¯¥àá¯¥ªâ¨¢−ëå ¥¢à®¯¥©áª¨å ¨áá«¥¤®-
¢�−¨© ¨ à�§à�¡®â®ª [2];

{ ª�¤à®¢®£® «�−¤è�äâ� ¥¢à®¯¥©áª®£® á¥ªâ®à� ˆ’ [3];

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® á ¨á¯®«ì§®¢�−¨¥¬ –Š� úˆ−ä®à¬�â¨ª�û ”ˆ– ˆ“ ÷��.
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, izatsman@yandex.ru
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{ ¯®¤å®¤� ª ¯®§¨æ¨®−¨à®¢�−¨î ¨−ä®à¬�â¨ª¨ ª�ª äã−¤�¬¥−â�«ì−®© −�ãª¨
¢ á¨áâ¥¬¥ á®¢à¥¬¥−−®£® −�ãç−®£® ¯®§−�−¨ï ¨ ¯®áâà®¥−¨î áâà�â¥£¨¨ …¢à®¯¥©-
áª®£® ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï [4].

�® ¬−¥−¨î �¢â®à®¢ ¯®á«¥¤−¥© áâ�âì¨, ¨−ä®à¬�â¨ªã á«¥¤ã¥â à�áá¬�âà¨¢�âì
ª�ª ¤¨áæ¨¯«¨−ã, −¥ ¬¥−¥¥ ¢�¦−ãî ¢ á¨áâ¥¬¥ ®¡à�§®¢�−¨ï, ç¥¬ ¬�â¥¬�â¨ª�,
¥áâ¥áâ¢¥−−ë¥ −�ãª¨ ¨ ¨−®áâà�−−ë¥ ï§ëª¨. ‚ −¥© �−�«¨§¨àã¥âáï ú�¥à¢ë© ¯«�−
¤¥©áâ¢¨© ¢ ®¡«�áâ¨ æ¨äà®¢®£® ®¡à�§®¢�−¨ïû, ®¤®¡à¥−−ë© …¢à®ª®¬¨áá¨¥© (…Š)
¢ 2018 £. [5, 6]1, � â�ª¦¥ ®âç¥â ® ¯à¥¯®¤�¢�−¨¨ ¨−ä®à¬�â¨ª¨ ¢ ¥¢à®¯¥©áª®¬
à¥£¨®−¥, ¢ª«îç�ï ÷”, � â�ª¦¥ ¢ ˆ§à�¨«¥ [8].

‚ íâ®¬ ®âç¥â¥ áä®à¬ã«¨à®¢�− àï¤ à¥ª®¬¥−¤�æ¨©, ª®â®àë¥ ®à¨¥−â¨à®¢�−ë
−� ã«ãçè¥−¨¥ á¨âã�æ¨¨ á ¨§ãç¥−¨¥¬ ¨−ä®à¬�â¨ª¨ ¢ …¢à®¯¥ −� ¢á¥å ãà®¢−ïå
®¡à�§®¢�−¨ï. �� ®á−®¢¥ ¬�â¥à¨�«®¢ ®âç¥â� ¡ë« ¯®¤£®â®¢«¥− ¤®ª«�¤ á ®¯¨á�−¨-
¥¬ ¯à¥¤«�£�¥¬®© áâà�â¥£¨¨ …Š� (European digital education). „®ª«�¤ ®¤®¡à¥−
…¢à®¯¥©áª¨¬ ª®¬¨â¥â®¬ ¯® ¨−ä®à¬�â¨ª¥ (The Informatics Europe Board) ¨ …¢à®-
¯¥©áª¨¬ á®¢¥â®¬ ACM (The ACM Europe Council). ‚ −¥¬ ¨−ä®à¬�â¨ª� ¯®§¨-
æ¨®−¨àã¥âáï ª�ª äã−¤�¬¥−â�«ì−�ï −�ãª� á á®¡áâ¢¥−−ë¬¨ −�ãç−ë¬¨ ¬®¤¥«ï¬¨,
¬¥â®¤�¬¨ ¨ ¯®¤å®¤�¬¨ [9].

‚® ¬−®£¨å ®â−®è¥−¨ïå ®á−®¢−ë¥ ¯®§¨æ¨¨ íâ®£® ¤®ª«�¤� á®¢¯�¤�îâ á ¨−¨æ¨�-
â¨¢®© �à¥§¨¤¥−â� ‘˜� ®â 2016 £. [10]. �à¨−æ¨¯¨�«ì−® ¨−�ï ¯®§¨æ¨ï …¢à®¯¥©-
áª®£® ¤®ª«�¤� [9], ª®â®à�ï ®â«¨ç�¥â ¥£® ®â íâ®© ¨−¨æ¨�â¨¢ë, | íâ® ¤¨�¤¨ç¥áª¨©
¯®¤å®¤ ª ¯®áâà®¥−¨î áâà�â¥£¨¨ …Š� (two-tier strategy) ¨ ¯à¥¯®¤�¢�−¨î, á ®¤-
−®© áâ®à®−ë, ¨−ä®à¬�â¨ª¨ ª�ª á�¬®áâ®ïâ¥«ì−®£® ¯à¥¤¬¥â�, á ¤àã£®© áâ®à®−ë,
¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨, ¨−â¥£à¨à®¢�−−ëå ¢ ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨ ¤àã£¨å
−�ãª.

‚ ¬�â¥à¨�«�å ®âç¥â� [8], ¯®á«ã¦¨¢è¨å ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï ¯®¤£®â®¢ª¨
¤®ª«�¤� [9], £®¢®à¨âáï, çâ® ¨−ä®à¬�â¨ª� ª�à¤¨−�«ì−® ¨§¬¥−¨«�áì §� ¯®á«¥¤−¨¥
50 «¥â, çâ® á®¢à¥¬¥−−ãî ¨−ä®à¬�â¨ªã á«®¦−® ã«®¦¨âì ¢ ú¯à®ªàãáâ®¢® «®¦¥û
¥áâ¥áâ¢¥−−ëå ¨«¨ â¥å−¨ç¥áª¨å −�ãª: ú‚ â® ¢à¥¬ï ª�ª ¥áâ¥áâ¢¥−−ë¥ −�ãª¨ ®¯à¥-
¤¥«ïîâáï ¯à¨¬¥−¨â¥«ì−® ª ¬¨àã (world), ¢ ª®â®à®¬ ¬ë ¦¨¢¥¬, ¨−ä®à¬�â¨ªã
ª�ª −�ãç−ãî ¤¨áæ¨¯«¨−ã ®¯à¥¤¥«¨âì á«®¦−¥¥; ã −¥¥ −¥â í¬¯¨à¨ç¥áª¨å ®á−®¢ ª�ª
ã ¥áâ¥áâ¢¥−−ëå −�ãª; íâ® −¥çâ® ¡®«ìè¥¥, ç¥¬ ¨á¯®«ì§®¢�−¨¥ â®«ìª® «®£¨ç¥áª¨å
¢ë¢®¤®¢ (ª�ª ¢ ¬�â¥¬�â¨ª¥); ¨ íâ® ¤�«¥ª® −¥ â®«ìª® á®ç¥â�−¨¥ ¨−¦¥−¥à−ëå ¯à¨−-
æ¨¯®¢ ¨ â¥å−®«®£¨©. �® íâ¨¬ ¯à¨ç¨−�¬ ¬ë £®¢®à¨¬ ®¡ ®¯¨á�−¨¨ ¨−ä®à¬�â¨ª¨
ª�ª ¤¨áæ¨¯«¨−ë, −® −¥ ® ¥¥ ®¯à¥¤¥«¥−¨¨û [8, á. 7]. ’�ª¨¬ ®¡à�§®¬, �¢â®àë íâ®£®
®âç¥â� −¥ ¯à¥â¥−¤ãîâ −� áâà®£®¥ ®¯à¥¤¥«¥−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨
¨ ¯à¥¤«�£�îâ â®«ìª® ¯à¨¡«¨§¨â¥«ì−®¥ ¥¥ ®¯¨á�−¨¥. Šà®¬¥ â®£®, ¢ ®âç¥â¥ ®−¨
¯¥à¥ç¨á«ïîâ âà¨ ¯ã¡«¨ª�æ¨¨ [11{13], ª®â®àë¥ á®¤¥à¦�â ª®¬¯«¥¬¥−â�à−ë¥ å�-
à�ªâ¥à¨áâ¨ª¨ ¨−ä®à¬�â¨ª¨. �â¨ ¯ã¡«¨ª�æ¨¨ à�áá¬�âà¨¢�îâáï ¢ áâ�âì¥ ª�ª âà¨
¨áâ®ç−¨ª� ¯®áâà®¥−¨ï â¥®à¥â¨ç¥áª¨å ®á−®¢�−¨© áâà�â¥£¨¨ …Š�.

–¥«ì áâ�âì¨ á®áâ®¨â ¢ ªà�âª®¬ ®¯¨á�−¨¨ âà¥å ¯ã¡«¨ª�æ¨© (à�§¤. 2) ¨ ¤¨�¤¨-
ç¥áª®£® ¯®¤å®¤� ª ¯®áâà®¥−¨î áâà�â¥£¨¨ …Š� (à�§¤. 3).

1…áâì −®¢ë© ¢�à¨�−â ¯«�−� ¤¥©áâ¢¨© …Š ¢ ®¡«�áâ¨ æ¨äà®¢®£® ®¡à�§®¢�−¨ï (2021{2027) [7].
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2 Три источника

�� ¯¥à¢ëå íâ�¯�å áâ�−®¢«¥−¨ï ¨−ä®à¬�â¨ª¨ ®¡ê¥ªâ�¬¨ ¥¥ ¨áá«¥¤®¢�−¨© ¡ë-
«¨ ¢ ®á−®¢−®¬ ª®¬¯ìîâ¥àë ¨ ®ªàã¦�îé¨¥ ¨å ï¢«¥−¨ï. ��¯à¨¬¥à, ¢ 1967 £.
�. �ìîí««, �. „¦. �¥à«¨á ¨ •. �. ‘�©¬®− ¯¨á�«¨: ú�¡ê¥ªâ�¬ ¨ ï¢«¥−¨ï¬
á®®â¢¥âáâ¢ãîâ â¥ −�ãª¨, ª®â®àë¥ ¨å ¨§ãç�îâ. �®ï¢¨«¨áì ª®¬¯ìîâ¥àë. ‘«¥¤®-
¢�â¥«ì−®, −�§−�ç¥−¨¥ ¨−ä®à¬�â¨ª¨ | íâ® ¨§ãç¥−¨¥ ª®¬¯ìîâ¥à®¢û [14]. ’�ª®©
¯®¤å®¤ ª ®¯à¥¤¥«¥−¨î ¨−ä®à¬�â¨ª¨ ª�ª ª®¬¯ìîâ¥à−®© −�ãª¨ ¤®«£¨¥ £®¤ë ¡ë«
¤®¬¨−¨àãîé¨¬ ¢ á¨áâ¥¬¥ ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï.

‚ à�¡®â¥ [11]1 ¡ë« ¯à¥¤«®¦¥− ª®−æ¥¯âã�«ì−® −®¢ë© ¯®å®¤ ª ®¯à¥¤¥«¥−¨î
¨−ä®à¬�â¨ª¨ ª�ª äã−¤�¬¥−â�«ì−®© −�ãª¨. ‚â®à®© à�§¤¥« The definition of the
term \informatics" íâ®© à�¡®âë ¯®á¢ïé¥− ®¯à¥¤¥«¥−¨î â¥à¬¨−� ú¨−ä®à¬�â¨ª�û.
‚ íâ®¬ à�§¤¥«¥ Šà¨áâ¥− �î£®à ¯¨è¥â: ú’¥à¬¨− \computer science" á«¥¤ã¥â
§�¬¥−¨âì −� \informatics". �¥áª®«ìª® «¥â −�§�¤ ¢ë¡®à ¬¥¦¤ã íâ¨¬¨ ¤¢ã¬ï
â¥à¬¨−�¬¨ ª�§�«áï, áª®à¥¥ ¢á¥£®, −¥áãé¥áâ¢¥−−ë¬. �¡áã¦¤¥−¨ï â¥à¬¨−®«®£¨¨
ç�áâ® áç¨â�îâ ¯à�§¤−ë¬¨, −® ¨−®£¤� ®−¨ ¬®£ãâ ®âà�¦�âì ª«îç¥¢ë¥ à�§«¨ç¨ï
¢® ¬−¥−¨ïå. . . ‘¥£®¤−ï, ª á®¦�«¥−¨î, ¨á¯®«ì§ã¥âáï â¥à¬¨− \computer science".
�â®â â¥à¬¨− ¨¬¥¥â â¥−¤¥−æ¨î ¯®¤¤¥à¦¨¢�âì á«¨èª®¬ ã§ª®¥ ¯à¥¤áâ�¢«¥−¨¥ ®¡
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å, ª®â®àë¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï á¢ï§ë¢�îâ ª®««¥ªâ¨¢ë
«î¤¥© ¨ ¨−â¥£à¨àãîâ à�§−®®¡à�§−ë¥ áà¥¤áâ¢� ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨. �à¨ íâ®¬
ª®««¥ªâ¨¢ë ¢§�¨¬®¤¥©áâ¢ãîâ ª�ª ¯®áà¥¤áâ¢®¬ ¬¥¦«¨ç−®áâ−ëå á¢ï§¥© «î¤¥©, â�ª
¨ á ¨á¯®«ì§®¢�−¨¥¬ í«¥ªâà®−−ëå ª�−�«®¢ á¢ï§¨û [11].

�®á«¥ ª®−áâ�â�æ¨¨ ¢�¦−®áâ¨ ç¥âª®£® ®¯à¥¤¥«¥−¨ï â¥à¬¨−®¢ ú¨−ä®à¬�â¨ª�û
¨ ú¨−ä®à¬�æ¨ïû ¤«ï ä®à¬¨à®¢�−¨ï �¤¥ª¢�â−®£® ¯à¥¤áâ�¢«¥−¨ï ®¡ ¨−ä®à¬�-
æ¨®−−ëå á¨áâ¥¬�å Š. �î£®à ¯à¥¤«�£�¥â á¢®î ¤¥ä¨−¨æ¨î ¯¥à¢®£® â¥à¬¨−�:
úˆ−ä®à¬�â¨ª� | íâ® −�ãª�, ª®â®à�ï ¨¬¥¥â á¢®¥© ®¡«�áâìî [¨áá«¥¤®¢�−¨©] ¨−-
ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë ¨ á¢ï§�−−ë¥ á −¨¬¨ ä¥−®¬¥−ë ¢ �àâ¥ä�ªâ�å, ®¡é¥áâ¢¥
¨ ¯à¨à®¤¥ (ªãàá¨¢ ¤®¡�¢«¥−. | ˆ. ‡.)û [11]. „�«¥¥ ¤�¥âáï ááë«ª� −� ®¯à¥¤¥«¥−¨¥
¯®−ïâ¨ï úä¥−®¬¥−û ¢ á«®¢�à¥ Webster 1960 £. (ú«î¡®© ä�ªâ, ®¡áâ®ïâ¥«ìáâ¢®
¨«¨ á®¡ëâ¨¥, ª®â®àë¥ á¥−á®à−® ¢®á¯à¨−¨¬�îâáï ¨ ª®â®àë¥ ¬®£ãâ ¡ëâì −�ãç−®
®¯¨á�−ë ¨«¨ ®æ¥−¥−ëû [15]).

‡�â¥¬ Š. �î£®à ¤�¥â à�áè¨à¥−−®¥ â®«ª®¢�−¨¥ íâ®£® ¯®−ïâ¨ï, ª®â®à®¥ ª�à-
¤¨−�«ì−® ®â«¨ç�¥âáï ®â ®¯à¥¤¥«¥−¨ï ¢ á«®¢�à¥ Webster 1960 £. [15]: ú‚�¦−ë¬¨
¯à¨¬¥à�¬¨ ä¥−®¬¥−®¢ ï¢«ïîâáï: ¦¨¢ë¥ ®à£�−¨§¬ë, −¥®¤ãè¥¢«¥−−ë¥ ®¡ê¥ª-
âë (¢ª«îç�ï �àâ¥ä�ªâë, â�ª¨¥ ª�ª, −�¯à¨¬¥à, ¬�è¨−ë), á®¡ëâ¨ï ¨ ¯à®æ¥ááë
(−�¯à¨¬¥à, ¢ë¯®«−¥−¨¥ ª®¬¯ìîâ¥à−ëå ¯à®£à�¬¬). Œë â�ª¦¥ ¬®¦¥¬ £®¢®à¨âì
® ª®£−¨â¨¢−ëå ä¥−®¬¥−�å, ¯à®¨áå®¤ïé¨å ¢ á®§−�−¨¨ «î¤¥©, ¢ ®â«¨ç¨¥ ®â ï¢-
−ëå [á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ëå] ä¥−®¬¥−®¢, −�å®¤ïé¨åáï ¢−¥ á®§−�−¨ï (ªãàá¨¢
¤®¡�¢«¥−. | ˆ. ‡.)û [11].

1�¥à¢ë© ¨§ âà¥å ¨áâ®ç−¨ª®¢ | íâ® ¤®ª«�¤ Šà¨áâ¥−� �î£®à� (“−¨¢¥àá¨â¥â �á«®), ª®â®àë© ¡ë«
¯à®ç¨â�− ¨¬ −� ‚á¥¬¨à−®¬ ª®−£à¥áá¥ IFIP (International Federation of Information Processing |
Œ¥¦¤ã−�à®¤−�ï ä¥¤¥à�æ¨ï ¯® ®¡à�¡®âª¥ ¨−ä®à¬�æ¨¨) ¢ „ã¡«¨−¥ ¢ 1986 £.
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‘âà�â¥£¨ï …Š�: â¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï ¯®áâà®¥−¨ï

’®«ª®¢�−¨¥ Š. �î£®à� á ¤¥«¥−¨¥¬ ä¥−®¬¥−®¢, á¢ï§�−−ëå á ¨−ä®à¬�æ¨®−−ë¬¨
¯à®æ¥áá�¬¨, −� ª®£−¨â¨¢−ë¥, ¯à®¨áå®¤ïé¨¥ ¢ á®§−�−¨¨ «î¤¥© ¨ ä®à¬¨àãîé¨¥
ª®−æ¥¯âë §−�−¨ï ç¥«®¢¥ª�, ¨ á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ë¥ (−�¯à¨¬¥à, â¥ªáâë),
áãé¥áâ¢ãîé¨¥ ¢−¥ á®§−�−¨ï, ï¢«ï¥âáï ª®−æ¥¯âã�«ì−® −®¢ë¬ ¯®¤å®¤®¬ ª ®¯à¥¤¥-
«¥−¨î ¨−ä®à¬�â¨ª¨ ª�ª −�ãª¨. �â¬¥â¨¬, çâ® â®«ª®¢�−¨¥ ¯®−ïâ¨ï úä¥−®¬¥−û,
à�áè¨à¥−−®¥ ¯® ®¡ê¥¬ã ¥£® §−�ç¥−¨ï, ¯®§¦¥ ¡ë«® ¢ª«îç¥−® ¨ ¢ á®¢à¥¬¥−−ë©
®−«�©−-á«®¢�àì Merriam-Webster1 (¢ −®¢®¬ ®¯à¥¤¥«¥−¨¨ ã¤�«¥−� á¥−á®à−�ï ¢®á-
¯à¨−¨¬�¥¬®áâì ¤«ï ä¥−®¬¥−®¢, ¯®¤¤�îé¨åáï −�ãç−®¬ã ®¯¨á�−¨î).

Œ®¦−® ¯à¥¤¯®«®¦¨âì, çâ® ¢ë¡®à �¢â®à�¬¨ ®âç¥â� [8] à�¡®âë [11], ®¯ã¡«¨ª®-
¢�−−®© ¡®«¥¥ 35 «¥â −�§�¤, ¡ë« ®¡ãá«®¢«¥− ¢ª«îç¥−¨¥¬ ¢ ¯à¥¤¬¥â−ãî ®¡«�áâì
¨−ä®à¬�â¨ª¨ è¨à®ª®£® á¯¥ªâà� ä¥−®¬¥−®¢, á¢ï§�−−ëå á ¨−ä®à¬�æ¨®−−ë¬¨
¯à®æ¥áá�¬¨ ¢ â¥å−¨ç¥áª¨å, ¦¨¢ëå ¨ á®æ¨�«ì−ëå á¨áâ¥¬�å.

ˆ§ âà¥å ¯ã¡«¨ª�æ¨©, ¢ë¡à�−−ëå �¢â®à�¬¨ ®âç¥â�, ¢â®à®© ¨áâ®ç−¨ª | íâ®
ª−¨£� „í¢¨¤� •�à¥«� (��ãç−ë© ¨−áâ¨âãâ ‚¥©æ¬�−�), ®¯ã¡«¨ª®¢�−−�ï ¢ 1987 £.,
á ¨§«®¦¥−¨¥¬ ®á−®¢ ¨−ä®à¬�â¨ª¨, àï¤� ¢�¦−ëå ¨ ¡�§®¢ëå ¥¥ â¥¬ á �«£®à¨â-
¬¨ç¥áª®© â®çª¨ §à¥−¨ï. ‚ ª−¨£¥ ¯®¤ç¥àª¨¢�¥âáï äã−¤�¬¥−â�«ì−ë© å�à�ªâ¥à
¨−ä®à¬�â¨ª¨ ¨ �−�«¨§¨àãîâáï âà¨ ¢¨¤� á«®¦−®áâ¨ ¯à®¡«¥¬ íâ®© −�ãª¨: ¢ëç¨á-
«¨â¥«ì−�ï, á¨áâ¥¬−�ï ¨ ª®£−¨â¨¢−�ï [12].

„«ï ®¯à¥¤¥«¥−¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ áãé¥áâ¢¥−−ë© ¨−â¥à¥á
¯à¥¤áâ�¢«ï¥â á«®¦−®áâì âà¥âì¥£® ¢¨¤� | ª®£−¨â¨¢−�ï, ª®â®à�ï ¯®à®¦¤�¥âáï
¨á¯®«ì§®¢�−¨¥¬ ¢ ˆ’ áãé−®áâ¥©, ¯à¨−�¤«¥¦�é¨å ¬¥−â�«ì−®© áà¥¤¥ (ª®−æ¥¯âë
§−�−¨ï ¢ á®§−�−¨¨ «î¤¥©), ¨«¨ áãé−®áâ¥© ¤¢®©−®© ¯à¨à®¤ë, ¯à¨−�¤«¥¦�é¨å ¥¥
£à�−¨æ�¬ á ¤àã£¨¬¨ áà¥¤�¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ [17, 18]. �â®â
¢¨¤ á«®¦−®áâ¨ á¢ï§�− á §�¤�ç�¬¨, ª®â®àë¥ −¥ ã¤�¥âáï à¥è¨âì á ¯à¨¬¥−¥−¨¥¬
ä®à¬�«ì−ëå �«£®à¨â¬®¢, â�ª ª�ª ç�áâ® ®−¨ −¥ ¯®¤¤�îâáï â®ç−®© ¯®áâ�−®¢ª¥,
� áãé−®áâï¬, §�âà�£¨¢�¥¬ë¬ ¢ ¯à®æ¥áá¥ ¨å ¯®áâ�−®¢ª¨ ¨ à¥è¥−¨ï, âàã¤−® ¤�âì
ä®à¬�«ì−ë¥ ®¯à¥¤¥«¥−¨ï. �à¨¬¥à®¬ â�ª®© §�¤�ç¨ ¬®¦¥â á«ã¦¨âì ¯®¨áª −®¢ëå
§−�ç¥−¨© ï§ëª®¢ëå ¥¤¨−¨æ ¢ â¥ªáâ�å [19].

„í¢¨¤ •�à¥« −�§ë¢�¥â â�ª¨¥ §�¤�ç¨ ú¯á¥¢¤®�«£®à¨â¬¨ç¥áª¨¬¨û ¯à®¡«¥¬�-
¬¨ (pseudoalgorithmic problems), ¯®¤ç¥àª¨¢�ï ¢ á¢®¥© ª−¨£¥, çâ® ®− á«¥¤ã¥â
ä®à¬�«ì−®© âà�ªâ®¢ª¥ â¥à¬¨−� ú�«£®à¨â¬û. ƒ«�¢−ë© ¢®¯à®á ¯à¨ à¥è¥−¨¨ ¯®-
¤®¡−ëå ¯à®¡«¥¬: ª�ª¨¬ ®¡à�§®¬ ¯à¥¤áâ�¢¨âì á«®¦−®¥ §−�−¨¥ ç¥«®¢¥ª� â�ª, çâ®¡ë
¥£® ¯à¥¤áâ�¢«¥−¨¥ ¯®¤¤�¢�«®áì �«£®à¨â¬¨ç¥áª®© ®¡à�¡®âª¥, ¯à¨¬¥−¥−¨î á¨áâ¥¬
¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨ ¤«ï ¨å à¥è¥−¨ï [12, á. 402].

ˆ§ âà¥å ¯ã¡«¨ª�æ¨©, ¢ë¡à�−−ëå �¢â®à�¬¨ ®âç¥â� [8], âà¥âìï à�¡®â�, ª®¬¯«¥-
¬¥−â�à−�ï á [11, 12], | íâ® áâ�âìï �¨â¥à� „¥−−¨−£� ¨ �®«� ÷®§¥−¡«î¬� [13].
‚ −¥© ¯à¥¤«®¦¥− −®¢ë© ¢�à¨�−â ¯®§¨æ¨®−¨à®¢�−¨ï ¨−ä®à¬�â¨ª¨ ¢ á¨áâ¥¬¥
á®¢à¥¬¥−−®£® −�ãç−®£® ¯®§−�−¨ï ¨ ®¡®á−®¢�−� −¥®¡å®¤¨¬®áâì áãé¥áâ¢¥−−®£®
à�áè¨à¥−¨ï ¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨.

1‚ á®¢à¥¬¥−−®¬ ®−«�©−-á«®¢�à¥ Merriam-Webster ¯à¨¢®¤¨âáï á«¥¤ãîé�ï ¤¥ä¨−¨æ¨ï â¥à¬¨−�
úä¥−®¬¥−û: ú”�ªâ ¨«¨ á®¡ëâ¨¥, ¯à¥¤áâ�¢«ïîé¨¥ −�ãç−ë© ¨−â¥à¥á, ¯®¤¤�îé¨¥áï −�ãç−®¬ã
®¯¨á�−¨î ¨ ®¡êïá−¥−¨îû [16]. �−� á®®â¢¥âáâ¢ã¥â â®«ª®¢�−¨î Š. �î£®à�, −® −¥ á®¤¥à¦¨â ï¢−®£®
¤¥«¥−¨ï ä¥−®¬¥−®¢ −� ª®£−¨â¨¢−ë¥ ¨ á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ë¥.
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�¤¨− ¨§ ¯®¤å®¤®¢ ª ¥¥ à�áè¨à¥−¨î ¨ ¯à¥¤«�£�¥¬�ï ¯�à�¤¨£¬� ¤¥«¥−¨ï ¯à¥¤-
¬¥â−®© ®¡«�áâ¨ −� áà¥¤ë à�§«¨ç−®© ¯à¨à®¤ë ¯à¨¢¥¤¥−ë ¢ à�¡®â�å [17,18,20,21].
‚ ¯¥à¢ëå ¤¢ãå à�¡®â�å ¯® à�§¢¨â¨î ¢�à¨�−â� �. „¥−−¨−£� ¨ �. ÷®§¥−¡«î¬� ¡ë«¨
®¯¨á�−ë ¯ïâì áà¥¤ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ („�Š-áà¥¤�, −¥©à®áà¥¤�,
¬¥−â�«ì−�ï, ¨−ä®à¬�æ¨®−−�ï ¨ æ¨äà®¢�ï áà¥¤ë) ¨ £à�−¨æë ¬¥¦¤ã −¨¬¨. �â¬¥-
â¨¬, çâ® ¯à¥¤«�£�¥¬®¥ à�§¢¨â¨¥ íâ®£® ¢�à¨�−â� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ ª«îç¥¢ë¥
¨¤¥¨ ¨ Š. �î£®à�, ¨ „. •�à¥«�:

{ ¤¥«¥−¨¥ ä¥−®¬¥−®¢, á¢ï§�−−ëå á ¨−ä®à¬�æ¨®−−ë¬¨ ¯à®æ¥áá�¬¨, −� ª®£−¨-
â¨¢−ë¥, ¯à®¨áå®¤ïé¨¥ ¢ á®§−�−¨¨ «î¤¥© (¬¥−â�«ì−�ï áà¥¤�), ¨ á¥−á®à−®
¢®á¯à¨−¨¬�¥¬ë¥ (¨−ä®à¬�æ¨®−−�ï áà¥¤�), −�å®¤ïé¨¥áï ¢−¥ á®§−�−¨ï, çâ®
¨¬¯«¨æ¨â−® ã¦¥ ¢¢®¤¨â ¢ ¯à¥¤¬¥â−ãî ®¡«�áâì ¨−ä®à¬�â¨ª¨ ª�ª äã−¤�¬¥−-
â�«ì−®© −�ãª¨ áãé−®áâ¨ à�§−®© ¯à¨à®¤ë [11];

{ ®¯à¥¤¥«¥−¨¥ ª«�áá� ¯à®¡«¥¬ ª®£−¨â¨¢−®© á«®¦−®áâ¨, ¤«ï à¥è¥−¨ï ª®â®-
àëå á ¯à¨¬¥−¥−¨¥¬ á¨áâ¥¬ ¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨ −¥®¡å®¤¨¬® ¯à¥¤áâ�¢¨âì
á«®¦−®¥ §−�−¨¥ â�ª, çâ®¡ë ®−® ¯®¤¤�¢�«®áì �«£®à¨â¬¨ç¥áª®© ®¡à�¡®âª¥
¢ æ¨äà®¢®© áà¥¤¥ [12].

÷�áá¬®âà¥−−ë¥ à�¡®âë Š. �î£®à�, „. •�à¥«�, �. „¥−−¨−£� ¨ �. ÷®§¥−¡«î¬�
¨ Š�á¯¥àá¥−� á á®�¢â., ®¡áã¦¤�îé¨¥ ¢®¯à®áë ¯®§¨æ¨®−¨à®¢�−¨ï ¨−ä®à¬�â¨ª¨
¢ á¨áâ¥¬¥ á®¢à¥¬¥−−®£® −�ãç−®£® ¯®§−�−¨ï, ¡ë«¨ ®¯ã¡«¨ª®¢�−ë ¢ ¯¥à¨®¤ á 1986
¯® 2019 ££. ‚ −�áâ®ïé¥¥ ¢à¥¬ï íâ¨ ¢®¯à®áë á®åà�−ïîâ á¢®î �ªâã�«ì−®áâì
¨ ¯à®¤®«¦�¥âáï ¨å �ªâ¨¢−®¥ ®¡áã¦¤¥−¨¥, ¢ â®¬ ç¨á«¥ á ¯®§¨æ¨¨ ª®¬¯ìîâ¥à−®£®
®¡à�§®¢�−¨ï, ª�ç¥áâ¢® ª®â®à®£® áãé¥áâ¢¥−−® §�¢¨á¨â ®â ¨å à¥è¥−¨ï [22].

‚ §�ª«îç¥−¨¥ íâ®£® à�§¤¥«� ®â¬¥â¨¬, çâ® ¢ ã¯®¬ï−ãâ®© áâ�âì¥ [22] Œ�ââ¨
’¥¤à¥ ¨ „¦®− ��î−¥− −¥ â®«ìª® à�áá¬®âà¥«¨ ª�¬−¨ ¯à¥âª−®¢¥−¨ï ¨ ¯à®¡«¥¬−ë¥
¬¥áâ� ¢ ¤¨áªãáá¨ïå ® ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ â¥®à¥â¨ç¥áª¨å ®á−®¢�−¨ïå ¨−ä®à-
¬�â¨ª¨ á ¯®§¨æ¨¨ ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï. �−¨ â�ª¦¥ áä®à¬ã«¨à®¢�«¨
−¥áª®«ìª® ª®−áâàãªâ¨¢−ëå ¯®«®¦¥−¨©, ®à¨¥−â¨à®¢�−−ëå −� à¥è¥−¨¥ àï¤� �ªâã-
�«ì−ëå ¢®¯à®á®¢ ¥¥ ¯à¥¯®¤�¢�−¨ï.

‚®-¯¥à¢ëå, ¤«ï ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï ®−¨ ¯à¥¤«�£�îâ ¨á¯®«ì§®¢�âì
¢ ª�ç¥áâ¢¥ â¥®à¥â¨ç¥áª¨å ®á−®¢�−¨© â¥ ª«îç¥¢ë¥ ¬®¤¥«¨, ª®â®àë¥ å�à�ªâ¥à−ë
¨¬¥−−® ¤«ï ¨−ä®à¬�â¨ª¨.

‚®-¢â®àëå, ¯®áª®«ìªã â�ª¨¥ à�¡®âë, ª�ª ¯à®¥ªâ¨à®¢�−¨¥, à�§à�¡®âª� á¨áâ¥¬
¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨ á ãç¥â®¬ á®æ¨�«ì−ëå �á¯¥ªâ®¢, ã¦¥ ¢ª«îç�îâáï ¢ ¯à®-
£à�¬¬ë ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï, â® §−�ç¥−¨¥ â®© ¨«¨ ¨−®© â¥®à¨¨ ¢ ¯à®æ¥áá¥
¯à¥¯®¤�¢�−¨ï ¤®«¦−® ®æ¥−¨¢�âìáï ¯® ªà¨â¥à¨ï¬ ä¨«®á®ä¨¨ ¯à®¥ªâ¨à®¢�−¨ï,
à�§à�¡®âª¨ á¨áâ¥¬ ¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨ á ãç¥â®¬ á®æ¨�«ì−ëå �á¯¥ªâ®¢, � −¥
á ¯®§¨æ¨© ä¨«®á®ä¨¨ ¥áâ¥áâ¢¥−−ëå −�ãª.

‚-âà¥âì¨å, ¢¬¥áâ® â®£® çâ®¡ë −�¢ï§ë¢�âì −¥à¥«¥¢�−â−ë¥ ¯®«®¦¥−¨ï ¨áá«¥-
¤®¢�â¥«ìáª¨å ¯�à�¤¨£¬ ¨§ ¤àã£¨å ®âà�á«¥© §−�−¨ï, ä¨«®á®ä¨ï ª®¬¯ìîâ¥à−®£®
®¡à�§®¢�−¨ï ¤®«¦−� áâà¥¬¨âìáï ª à�§à�¡®âª¥ á¢®¥© ¯�à�¤¨£¬ë ¯à¥¯®¤�¢�−¨ï
¨ ®¯¨á�−¨î ¥¥ á¢ï§¥© á ¨−ä®à¬�â¨ª®© ª�ª äã−¤�¬¥−â�«ì−®© −�ãª®© ¢ á®¡áâ¢¥−-
−®© á¨áâ¥¬¥ â¥à¬¨−®¢ [22].
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3 Диадический подход к построению стратегии
Европейского компьютерного образования

Š�ª ®â¬¥ç¥−® ¢® ¢¢¥¤¥−¨¨, ¢ ¤®ª«�¤¥ Informatics for All. The Strategy ¤�−®
®¯¨á�−¨¥ áâà�â¥£¨¨ …Š�, ®¤®¡à¥−−®© …¢à®¯¥©áª¨¬ ª®¬¨â¥â®¬ ¯® ¨−ä®à¬�â¨ª¥
¨ …¢à®¯¥©áª¨¬ á®¢¥â®¬ ACM, ª®â®à�ï ¢ë¤¥«ï¥â ¤¢� −�¯à�¢«¥−¨ï ¯à¥¯®¤�¢�−¨ï
¨−ä®à¬�â¨ª¨ −� ¢á¥å ãà®¢−ïå ®¡à�§®¢�−¨ï [9]. ‚ à�¬ª�å ¯¥à¢®£® −�¯à�¢«¥−¨ï,
¯®«ãç¨¢è¥£® −�§¢�−¨¥ úá¯¥æ¨�«¨§�æ¨ïû, ¨−ä®à¬�â¨ª� ¨§ãç�¥âáï ª�ª á�¬®áâ®-
ïâ¥«ì−ë© ¯à¥¤¬¥â. ‚ à�¬ª�å ¢â®à®£® −�¯à�¢«¥−¨ï, ¯®«ãç¨¢è¥£® −�§¢�−¨¥
ú¨−â¥£à�æ¨ïû, ¬¥â®¤ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨ ¨−â¥£à¨àãîâáï ¢ ¯à¥¤¬¥â−ë¥
®¡«�áâ¨ ¤àã£¨å −�ãª ç¥à¥§ ¨å ãç¥¡−ë¥ ¯à®£à�¬¬ë.

‚ áâà�â¥£¨¨ …Š� ¢ ¯à®æ¥áá¥ ¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨ ¯à¥¤«�£�¥âáï ãç¨-
âë¢�âì áãé¥áâ¢¥−−®¥ à�áè¨à¥−¨¥ ¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨. �� ¯¥à¢ëå íâ�¯�å
áâ�−®¢«¥−¨ï ®á−®¢−ë¬¨ ®¡ê¥ªâ�¬¨ ¥¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¡ë«¨ ª®¬¯ìîâ¥à−ë¥
ª®¤ë, ¨å £¥−¥à�æ¨ï ¨ ¯à¥®¡à�§®¢�−¨ï ¢ æ¨äà®¢®© áà¥¤¥, � â�ª¦¥ ï¢«¥−¨ï,
®ªàã¦�îé¨¥ ª®¬¯ìîâ¥àë.

‚ ª®−æ¥ ¯à®è«®£® áâ®«¥â¨ï ¨§ãç¥−¨¥ ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¢ ¦¨-
¢ëå á¨áâ¥¬�å áâ�«¨ â�ª¦¥ ®â−®á¨âì ª ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¢¬¥á-
â¥ á £¥−¥à�æ¨¥© ¨ ¯à¥®¡à�§®¢�−¨ï¬¨ ª®¬¯ìîâ¥à−ëå ª®¤®¢ ¢ æ¨äà®¢®© áà¥¤¥.
ˆá¯®«ì§®¢�−¨¥ á«®¢� computing ¢ �−£«®ï§ëç−®© «¨â¥à�âãà¥ ¢¬¥áâ® ¤¢ãå á«®¢
computer science áâ�«® ¯®¤ç¥àª¨¢�âì ¡®«¥¥ è¨à®ªãî ¯à¥¤¬¥â−ãî ®¡«�áâì ¨−ä®à-
¬�â¨ª¨. �® á«®¢�¬ �. „¥−−¨−£�, ú¯¥à¢®−�ç�«ì−®¥ ®¯à¥¤¥«¥−¨¥ ¨−ä®à¬�â¨ª¨
[ª�ª ª®¬¯ìîâ¥à−®© −�ãª¨]. . . á¥©ç�á ãáâ�à¥«®. �−� ¨§ãç�¥â ¨ ¥áâ¥áâ¢¥−−ë¥, ¨ ¨á-
ªãááâ¢¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë. ˆ−ä®à¬�â¨ª� ¢ª«îç�¥â ª®¬¯ìîâ¥à−ãî
−�ãªã, à�§à�¡®âªã ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ¨−-
ä®à¬�æ¨®−−ãî −�ãªã ¨ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ëû [23].

’�ª®¥ à�áè¨à¥−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ®¡ãá«®¢«¨¢�¥â ¨ ¯¥à¥-
á¬®âà ¯®−ïâ¨ï computation. ‘®£«�á−® ƒ. ÷®§¥−¡¥à£ã, ú−�¬ ¯à¨¤¥âáï ¯¥à¥á¬®âà¥âì
¯®−ïâ¨¥ computation, ª®â®à®¥ ¤®«¦−® ¡ëâì ¢ á®áâ®ï−¨¨ ãç¨âë¢�âì â�ª¦¥ ¨ ®¡-
à�¡®âªã ¨−ä®à¬�æ¨¨, ¯à®¨áå®¤ïéãî ¢ ¯à¨à®¤¥. . . �� á�¬®¬ ¤¥«¥ ¨áá«¥¤®¢�−¨ï
¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¢ ¦¨¢ëå á¨áâ¥¬�å ã¦¥ ¯à¨¢¥«¨ ª ¯¥à¥á¬®âàã
àï¤� ¯�à�¤¨£¬, «¥¦�é¨å ¢ ®á−®¢¥ âà�¤¨æ¨®−−®£® ¯®−ïâ¨ï computationû [24].

’�ª¨¬ ®¡à�§®¬, ¯à¥¤¬¥â−�ï ®¡«�áâì ¨−ä®à¬�â¨ª¨ ¯à¨−æ¨¯¨�«ì−® ¨§¬¥−¨«�áì
á ¬®¬¥−â� ¯ã¡«¨ª�æ¨¨ ¢ 1967 £. áâ�âì¨ [14]. •�à�ªâ¥à¨§ãï íâ® ¨§¬¥−¥−¨¥ ¢ áâà�-
â¥£¨¨ …Š�, �¢â®àë [14] ¯®§¨æ¨®−¨àãîâ ¨−ä®à¬�â¨ªã ª�ª ®á−®¢®¯®«�£�îéãî
(foundational) ¤¨áæ¨¯«¨−ã, ª®â®à�ï ¨£à�¥â ª«îç¥¢ãî à®«ì ¢ á¨áâ¥¬¥ ®¡à�§®-
¢�−¨ï XXI ¢. −�àï¤ã á ¬�â¥¬�â¨ª®©, ¥áâ¥áâ¢¥−−ë¬¨ −�ãª�¬¨ ¨ ¨−®áâà�−−ë¬¨
ï§ëª�¬¨.

�¤−®¢à¥¬¥−−® á ¨§¬¥−¥−¨¥¬ ¯à¥¤¬¥â−®© ®¡«�áâ¨ á�¬®© ¨−ä®à¬�â¨ª¨ ®−�
áâ�«� ®ª�§ë¢�âì áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ ¨ −� ¯à¥¯®¤�¢�−¨¥ ¤àã£¨å ¤¨áæ¨¯«¨−,
¯®íâ®¬ã ¢ áâà�â¥£¨î …Š� ¢ª«îç¥−® ¢â®à®¥ −�¯à�¢«¥−¨¥ ¯à¥¯®¤�¢�−¨ï, ¨−â¥-
£à¨àãîé¥¥ ¬¥â®¤ë ¨ ¬®¤¥«¨ ¨−ä®à¬�â¨ª¨ ¢ ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨ ¤àã£¨å −�ãª
ç¥à¥§ ¨å ãç¥¡−ë¥ ¯à®£à�¬¬ë. ‚�¦−® ®â¬¥â¨âì, çâ® íâ® ¢«¨ï−¨¥ ¨−ä®à¬�â¨ª¨ −�
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ˆ. Œ. ‡�æ¬�−

¯à¥¯®¤�¢�−¨¥ ¤àã£¨å ¤¨áæ¨¯«¨− ¡ë«® ®¡ãá«®¢«¥−® ª�à¤¨−�«ì−ë¬ ¨§¬¥−¥−¨¥¬ ¥¥
à®«¨ ¢ á¨áâ¥¬¥ á®¢à¥¬¥−−®£® −�ãç−®£® ¯®§−�−¨ï.

�¯¨á�−¨î −®¢®© à®«¨ ¨−ä®à¬�â¨ª¨ ¡ë« ¯®á¢ïé¥− �−�«¨â¨ç¥áª¨© ®âç¥â ¯®
¢®¯à®á�¬ ®¡¥á¯¥ç¥−¨ï ª®−ªãà¥−â®á¯®á®¡−®áâ¨ ‘˜� ¢ XXI ¢., ¯®¤£®â®¢«¥−−ë©
¢ 2005 £. Š®−áã«ìâ�â¨¢−ë¬ ª®¬¨â¥â®¬ ¯® ¨−ä®à¬�æ¨®−−ë¬ â¥å−®«®£¨ï¬ ¯à¨
�à¥§¨¤¥−â¥ ‘˜� [25]. ‚ íâ®¬ ®âç¥â¥ £®¢®à¨âáï ® à¥¢®«îæ¨®−−®¬ ¨§¬¥−¥−¨¨
¯�à�¤¨£¬ë −�ãç−ëå ¨áá«¥¤®¢�−¨©: ¥á«¨ à�−ìè¥ ú¤à¥¢® ¯®§−�−¨ïû ¤¥à¦�«®áì −�
ú¤¢ãå ª¨â�åû (¢ ®à¨£¨−�«¥ pillar | áâ®«¯, ®¯®à�, ®á−®¢�−¨¥) | â¥®à¨ï ¨ íªá-
¯¥à¨¬¥−â, â® á¥©ç�á ¢® ¢á¥å ®âà�á«ïå −�ãª¨ ®−® ¤¥à¦¨âáï −� úâà¥å ª¨â�åû |
â¥®à¨ï, íªá¯¥à¨¬¥−â, ¬¥â®¤ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, ¢ª«îç�ï ˆ’, ®¡¥á¯¥ç¨¢�-
îé¨¥ ¯à®¢¥¤¥−¨¥ íªá¯¥à¨¬¥−â�. ’�ª®¥ ¨§¬¥−¥−¨¥ ¯�à�¤¨£¬ë ¯à�ªâ¨ç¥áª¨ «î¡®£®
−�ãç−®£® ¨áá«¥¤®¢�−¨ï ¨ ®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì ¢® ¢â®à®¬ −�¯à�¢«¥−¨¨
áâà�â¥£¨¨ …Š�.

‚ §�ª«îç¥−¨¥ íâ®£® à�§¤¥«� ®â¬¥â¨¬, çâ® ¢ ®¯ã¡«¨ª®¢�−−®© ¢ 2016 £. ¨−¨-
æ¨�â¨¢¥ �à¥§¨¤¥−â� ‘˜� [10] à¥¢®«îæ¨®−−®¥ ¨§¬¥−¥−¨¥ ¯�à�¤¨£¬ë −�ãç−ëå
¨áá«¥¤®¢�−¨© (§�ä¨ªá¨à®¢�−−®¥ ¥é¥ ¢ 2005 £. Š®−áã«ìâ�â¨¢−ë¬ ª®¬¨â¥â®¬ ¯®
¨−ä®à¬�æ¨®−−ë¬ â¥å−®«®£¨ï¬ ¯à¨ �à¥§¨¤¥−â¥ ‘˜� [25]) −¥ −�è«® á¢®¥£® ®â-
à�¦¥−¨ï. ‚ áâà�â¥£¨¨ …Š� ¤¥«¥−¨¥ ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï −� ¤¢� −�¯à�¢-
«¥−¨ï [4] ®¡ãá«®¢«¥−® ª�à¤¨−�«ì−ë¬ ¨§¬¥−¥−¨¥¬ à®«¨ ¨−ä®à¬�â¨ª¨ ¢ á¨áâ¥¬¥
á®¢à¥¬¥−−®£® −�ãç−®£® ¯®§−�−¨ï.

4 Заключение

�âç¥â [8] á®¤¥à¦¨â à¥§ã«ìâ�âë ¬®−¨â®à¨−£� á®áâ®ï−¨ï á¨áâ¥¬ ®¡à�§®¢�−¨ï
¢ ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨1, � â�ª¦¥ à¥§ã«ìâ�âë á®¯®áâ�¢¨â¥«ì−®£® �−�«¨§� íâ¨å
á¨áâ¥¬ ¤«ï 55 �¤¬¨−¨áâà�â¨¢−ëå ¥¤¨−¨æ (�…) …¢à®¯ë, ¢ª«îç�ï ÷”, � â�ª¦¥
ˆ§à�¨«ì2. ‚ �à¨«®¦¥−¨¨ C íâ®£® ®âç¥â� ¯à¨¢¥¤¥−ë áå¥¬ë ¨ ª�àâë á à¥§ã«ìâ�â�-
¬¨ ¬®−¨â®à¨−£� ¨ á®¯®áâ�¢¨â¥«ì−®£® �−�«¨§�, ¯®§¢®«ïîé¨¥ áà�¢−¨âì á®áâ®ï−¨¥
á¨áâ¥¬ ®¡à�§®¢�−¨ï ¢ ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¢ à�§−ëå �… ¬¥¦¤ã á®¡®©. Š�¦-
¤�ï ª�àâ� ¨«¨ áå¥¬� ®âà�¦�¥â, ª�ª ¯à�¢¨«®, ®¤−ã å�à�ªâ¥à¨áâ¨ªã á®áâ®ï−¨ï
á®¯®áâ�¢«ï¥¬ëå á¨áâ¥¬. ‚ �à¨«®¦¥−¨¨ D ®âç¥â� ¯à¨¢¥¤¥−® áâàãªâãà¨à®¢�−−®¥
®¯¨á�−¨¥ á®áâ®ï−¨ï á¨áâ¥¬ë ®¡à�§®¢�−¨ï ¢ ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¤«ï ª�¦¤®©
¨§ 55 �… ¯® ª®¬¯«¥ªáã å�à�ªâ¥à¨áâ¨ª3.

�®áª®«ìªã �¢â®àë ®âç¥â� −� ®á−®¢¥ ¤�−−ëå ¬®−¨â®à¨−£� �−�«¨§¨à®¢�«¨
á®áâ®ï−¨¥ ¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨, ¨¬ ¯®âà¥¡®¢�«®áì ¤�âì ®¯à¥¤¥«¥−¨¥ íâ®©

1�®¤£®â®¢ª� ª ¬®−¨â®à¨−£ã −�ç�«�áì ¢ 2013 £. �� á¡®à ¤�−−ëå ãè«® ¤¢� £®¤�. �� ®á−®¢¥
à¥§ã«ìâ�â®¢ ¬®−¨â®à¨−£� ¢ 2017 £. ¡ë« ®¯ã¡«¨ª®¢�− ®âç¥â [8].

2…á«¨ ¢ áâà�−¥ ¥¤¨−�ï á¨áâ¥¬� ®¡à�§®¢�−¨ï ¢ ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨, â® �… | íâ® áâà�−�. …á«¨
¢ áâà�−¥ à¥£¨®−ë á �¢â®−®¬−ë¬¨ á¨áâ¥¬�¬¨ ®¡à�§®¢�−¨ï, â® �… | à¥£¨®− íâ®© áâà�−ë, −�¯à¨¬¥à
��¢�à¨ï. ‚ �¥«ì£¨¨ | 3 à¥£¨®−�, ‘®¥¤¨−¥−−®¬ Š®à®«¥¢áâ¢¥ | 4, ˆá¯�−¨¨ | 15, ¢ ƒ¥à¬�−¨¨ |
16.

3‘âàãªâãà¨à®¢�−−®¥ ®¯¨á�−¨¥ á®áâ®ï−¨ï á¨áâ¥¬ë ®¡à�§®¢�−¨ï ¢ ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¢ ÷”
¯à¨¢¥¤¥−® ¢ [8, á. 196{197].
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¤¨áæ¨¯«¨−ë. �ç¥¢¨¤−®, çâ® á¥£®¤−ï ®âáãâáâ¢ã¥â ª®−¢¥−æ¨®−�«ì−®¥ ®¯à¥¤¥«¥−¨¥
¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨, ¯®íâ®¬ã ¯¥à¥¤ �¢â®à�¬¨ ®âç¥â� ¢áâ�«� ¢¥áì¬�
âàã¤−�ï §�¤�ç�. ˆå §�á«ã¦¨¢�îé¨© ¢−¨¬�−¨ï ¯®¤å®¤ ¢ª«îç�¥â ¤¢¥ áâ�¤¨¨ ¥¥
¯à¥¤¢�à¨â¥«ì−®£® ¨ ¢¥áì¬� á®¤¥à¦�â¥«ì−®£® à¥è¥−¨ï.

‘−�ç�«� �¢â®àë ®âç¥â� ¤�îâ −¥ ®¯à¥¤¥«¥−¨¥ ¨−ä®à¬�â¨ª¨, � ¯à¨¢®¤ïâ ¥¥
¯à¨¡«¨§¨â¥«ì−®¥ ®¯¨á�−¨¥, ¢ª«îç�îé¥¥ á«¥¤ãîé¨¥ ¯®«®¦¥−¨ï:

{ ¨−ä®à¬�â¨ª� ª�à¤¨−�«ì−® ¨§¬¥−¨«�áì §� ¯®á«¥¤−¨¥ 50 «¥â, ¨ ¯®íâ®¬ã à�−¥¥
¨á¯®«ì§ã¥¬ë¥ ¥¥ ®¯à¥¤¥«¥−¨ï ãáâ�à¥«¨ (® ç¥¬ ¢ 2007 £., â. ¥. §� 10 «¥â ¤®
¯ã¡«¨ª�æ¨¨ ®âç¥â� [8], −�¯¨á�« �. „¥−−¨−£ [23]);

{ á®¢à¥¬¥−−ãî ¨−ä®à¬�â¨ªã á«®¦−® ã«®¦¨âì ¢ ú¯à®ªàãáâ®¢® «®¦¥û ¥áâ¥áâ¢¥−-
−ëå ¨«¨ â¥å−¨ç¥áª¨å −�ãª;

{ ¯® áà�¢−¥−¨î á ¥áâ¥áâ¢¥−−ë¬¨ −�ãª�¬¨ ¨−ä®à¬�â¨ªã ª�ª −�ãç−ãî ¤¨á-
æ¨¯«¨−ã ®¯à¥¤¥«¨âì á«®¦−¥¥, â�ª ª�ª ã −¥¥ −¥â í¬¯¨à¨ç¥áª¨å ®á−®¢ ª�ª
ã ¥áâ¥áâ¢¥−−ëå −�ãª;

{ ¨−ä®à¬�â¨ª� | íâ® −¥çâ® ¡®«ìè¥¥, ç¥¬ ¨á¯®«ì§®¢�−¨¥ â®«ìª® «®£¨ç¥áª¨å
¢ë¢®¤®¢ (ª�ª ¢ ¬�â¥¬�â¨ª¥);

{ ¨−ä®à¬�â¨ª� | íâ® ¤�«¥ª® −¥ â®«ìª® á®ç¥â�−¨¥ ¨−¦¥−¥à−ëå ¯à¨−æ¨¯®¢
¨ â¥å−®«®£¨©.

�¥à¥ç¨á«¥−−ë¥ ¯®«®¦¥−¨ï ¨á¯®«ì§ãîâáï −� ¯¥à¢®© áâ�¤¨¨ ¯à¨¡«¨§¨â¥«ì−®£®
®¯¨á�−¨ï ¨−ä®à¬�â¨ª¨ ª�ª ®¡à�§®¢�â¥«ì−®© ¤¨áæ¨¯«¨−ë, ª®â®à®¥ −¥ ¯à¥â¥−¤ã¥â
−� ¥¥ áâà®£®¥ ®¯à¥¤¥«¥−¨¥ [8]. �� ¢â®à®© áâ�¤¨¨ ¯¥à¥ç¨á«ïîâáï âà¨ ¯ã¡«¨ª�-
æ¨¨ [11{13], ª®â®àë¥ á®¤¥à¦�â ª®¬¯«¥¬¥−â�à−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨−ä®à¬�â¨ª¨.
�â¨ ¯ã¡«¨ª�æ¨¨ à�áá¬�âà¨¢�îâáï ¢ áâ�âì¥ ª�ª âà¨ ¨áâ®ç−¨ª� â¥®à¥â¨ç¥áª¨å
®á−®¢�−¨© áâà�â¥£¨¨ …Š�.
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МУЛЬТИВАЛЮТНАЯ ЦИФРОВАЯ ПЛАТЕЖНАЯ СИСТЕМА:
ОСНОВЫ ТЕХНОЛОГИЧЕСКОГО ОБЕСПЕЧЕНИЯ∗

В. Д. Ильин1

�−−®â�æ¨ï: ‘¨¬¢®«ì−�ï ¬®¤¥«ì (s-¬®¤¥«ì) −®à¬�«¨§®¢�−−®© ¬ã«ìâ¨¢�«îâ-
−®© æ¨äà®¢®© ¯«�â¥¦−®© á¨áâ¥¬ë (�Œ–�-á¨áâ¥¬ë) à�áá¬�âà¨¢�¥âáï ª�ª á®-
áâ�¢«ïîé�ï s-¬®¤¥«¨ −®à¬�«¨§®¢�−−®£® íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� (��Œ).
’¥å−®«®£¨¨ �Œ–�-á¨áâ¥¬ë ®â−®áïâáï ª â¥å−®«®£¨ï¬ â®¢�à−®-¤¥−¥¦−®£®
®¡à�é¥−¨ï ��Œ. Ÿ¤à® s-¬®¤¥«¨ �Œ–�-á¨áâ¥¬ë ¯à¥¤áâ�¢«¥−® á¨âã�æ¨®−−®
¨§¬¥−ï¥¬ë¬¨ ®¡ï§�â¥«ì−ë¬¨ ¨ ®à¨¥−â¨àãîé¨¬¨ âà¥¡®¢�−¨ï¬ ª á¢®©áâ¢�¬
¨ äã−ªæ¨®−¨à®¢�−¨î á¨áâ¥¬ë. “ç�áâ−¨ª¨ �Œ–�-á¨áâ¥¬ë ¨¤¥−â¨ä¨æ¨àã-
îâáï ¯® ˆ�� ¨ ª®¬¯ìîâ¥à−ë¬ ãáâà®©áâ¢�¬, §�à¥£¨áâà¨à®¢�−−ë¬ ¢ á¨áâ¥¬¥
¤«ï ®−«�©−-¢§�¨¬®¤¥©áâ¢¨ï ¯à¨ á®¢¥àè¥−¨¨ ¯«�â¥¦¥©. �� ª�¦¤®¬ ®âà¥§ª¥
¢à¥¬¥−¨ ¤«ï ãç�áâ−¨ª®¢ ®¯à¥¤¥«¥−ë ¬−®¦¥áâ¢� ¤®¯ãáâ¨¬ëå â®à£®¢ëå á¤¥-
«®ª, ¢�«îâ, ¯à¨¬¥−¨¬ëå ¤«ï à�áç¥â®¢, ¨ ¯à�¢¨«� â®à£®¢ëå á¡®à®¢. �«�â¥¦
á ¯®¬®éìî �Œ–�-á¨áâ¥¬ë ¬®¦¥â ¡ëâì á®¢¥àè¥− ¢ «î¡®© ¢�«îâ¥ ¨§ á¯¨áª�,
ï¢«ïîé¥£®áï ¯¥à¥á¥ç¥−¨¥¬ ¬−®¦¥áâ¢ ¢�«îâ, à�§à¥è¥−−ëå ¡�−ª�¬¨-à¥£ã«ï-
â®à�¬¨ £®áã¤�àáâ¢, ª ª®â®àë¬ ®â−®áïâáï ãç�áâ−¨ª¨ â®à£®¢®© á¤¥«ª¨.

Š«îç¥¢ë¥ á«®¢�: ¬ã«ìâ¨¢�«îâ−�ï ¯«�â¥¦−�ï á¨áâ¥¬�; −®à¬�«¨§®¢�−−ë©
íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬; ¯¥àá®−�«ì−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨; ª®à¯®à�â¨¢−ë¥
í«¥ªâà®−−ë¥ ¡�−ª¨; ®−«�©−-á¥à¢¨áë
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1 Введение

‚ 2009 £. ¡ë«� ®¡®á−®¢�−� −¥®¡å®¤¨¬®áâì ¯«�−®¢®© �¤�¯â�æ¨¨ íª®−®¬¨ç¥-
áª®£® ¬¥å�−¨§¬� ¯® ¬¥à¥ ¨§¬¥−¥−¨© á®æ¨�«ì−®-íª®−®¬¨ç¥áª¨å ®â−®è¥−¨© ¨ â¥å-
−®«®£¨ç¥áª®© áà¥¤ë [1]. ‚ íâ®© ¦¥ áâ�âì¥ [1, á. 131] ¯à¨¢¥¤¥−� �à£ã¬¥−â�æ¨ï
−¥®¡å®¤¨¬®áâ¨ ¯à¨¬¥−¥−¨ï −�æ¨®−�«ì−ëå ¢�«îâ ¢® ¢−¥è−¥â®à£®¢ëå à�áç¥â�å:

ú‚−¥è−¥â®à£®¢ë¥ á¤¥«ª¨ ¤®«¦−ë ®áãé¥áâ¢«ïâìáï ¯à¨ ¢ë¯®«−¥−¨¨ á«¥¤ã-
îé¨å ãá«®¢¨©:

{ ¯à¨¬¥−¨¬ë ¤¥−ì£¨ â®«ìª® áâà�−, ãç�áâ¢ãîé¨å ¢ á¤¥«ª¥;

{ ¢ë¯®«−ïîâáï ®£à�−¨ç¥−¨ï −� ¯¥à¥ç¥−ì â®¢�à®¢, ®¡ê¥¬ë íªá¯®àâ� ¨ ¨¬¯®àâ�
¨ ¤à., ª®â®àë¥ ®¯à¥¤¥«¥−ë £®áã¤�àáâ¢¥−−ë¬¨ §�ª®−�¬¨ ¨ −®à¬�â¨¢−ë¬¨
�ªâ�¬¨ ®¡¥¨å áâà�−û.

∗÷¥§ã«ìâ�âë ¯®«ãç¥−ë ¯à¨ ¢ë¯®«−¥−¨¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© à�¡®âë úŒ®¤¥«¨à®¢�−¨¥
á®æ¨�«ì−ëå, íª®−®¬¨ç¥áª¨å ¨ íª®«®£¨ç¥áª¨å ¯à®æ¥áá®¢û (ü 0063-2016-0005), ¢ë¯®«−ï¥¬®© ¢ á®-
®â¢¥âáâ¢¨¨ á £®áã¤�àáâ¢¥−−ë¬ §�¤�−¨¥¬ ”��� ÷®áá¨¨ ¤«ï ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷��.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, vdilyin@yandex.ru
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Œã«ìâ¨¢�«îâ−�ï æ¨äà®¢�ï ¯«�â¥¦−�ï á¨áâ¥¬�: ®á−®¢ë â¥å−®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï

‘�−ªæ¨®−−�ï ®£à�−¨ç¥−−®áâì ¯à¨¬¥−¨¬®áâ¨ ¤«ï à®áá¨©áª¨å ¯®«ì§®¢�â¥«¥©
¬¥¦¤ã−�à®¤−ëå ¯«�â¥¦−ëå á¨áâ¥¬ Visa ¨ Mastercard (á ¬�àâ� 2022 £.) [2] ¥é¥
à�§ ¯®¤â¢¥à¤¨«� ¡¥§®â«�£�â¥«ì−®áâì á®§¤�−¨ï £®áã¤�àáâ¢¥−−®© −®à¬�«¨§®¢�−−®©
¬ã«ìâ¨¢�«îâ−®© æ¨äà®¢®© ¯«�â¥¦−®© á¨áâ¥¬ë (�Œ–�-á¨áâ¥¬ë), ¯à¨£®¤−®©
¤«ï á®¢¥àè¥−¨ï ¢−ãâà¥−−¨å ¨ ¢−¥è−¨å â®à£®¢ëå á¤¥«®ª.

‘®§¤�−¨¥ íâ®© á¨áâ¥¬ë æ¥«¥á®®¡à�§−® à¥�«¨§®¢�âì ª�ª ¯¥à¢®®ç¥à¥¤−®© ¯à®¥ªâ
æ¨äà®¢¨§�æ¨¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ [3{7].

‚ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨©
¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï áà¥¤áâ¢� ï§ëª� TSM-ª®¬¯«¥ªá� (TSM: textual sym-
bolic modeling), à�§à�¡®â�−−®£® ¤«ï ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï â¥ªáâ®¢ëå ¬®-
¤¥«¥©1 [8].

‚ áâ�âì¥ ¯à¨¬¥−¥−ë á«¥¤ãîé¨¥ áà¥¤áâ¢� ¢ë¤¥«¥−¨ï äà�£¬¥−â®¢ â¥ªáâ�:
� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ãâ¢¥à¦¤¥−¨¥ (®¯à¥¤¥«¥−¨¥, �ªá¨®¬� ¨ ¤à.) (§¤¥áì

¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â á«®¢® ú®§−�ç�¥âû);
♦ 〈äà�£¬¥−â ®¯¨á�−¨ï〉 ♦ ≈ §�¬¥ç�−¨¥;
© 〈äà�£¬¥−â ®¯¨á�−¨ï〉 © ≈ ¯à¨¬¥à.
Šãàá¨¢®¬ ¢ë¤¥«¥−ë ¯¥à¢ë¥ ¢å®¦¤¥−¨ï −�§¢�−¨© ¯®−ïâ¨© ¨ äà�£¬¥−âë ®¯¨-

á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.
�¡áã¦¤�¥¬ë¥ à¥§ã«ìâ�âë. ‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−ë §�¬¥ç�−¨ï ®¡ ®á−®¢�å

â¥å−®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï �Œ–�-á¨áâ¥¬ë. —â®¡ë ¡¥§ ªà�©−¥© −¥®¡å®¤¨-
¬®áâ¨ −¥ ®âáë«�âì ç¨â�â¥«ï ª à�−¥¥ ®¯ã¡«¨ª®¢�−−ë¬ áâ�âìï¬ �¢â®à�, ¢ â¥ªáâ¥
¯à¨¢¥¤¥−� ç�áâì ª«îç¥¢ëå ®¯à¥¤¥«¥−¨©, ®â−®áïé¨åáï ª ¬®¤¥«¨ −®à¬�«¨§®¢�−−®£®
íª®−®¬¨ç¥áª®£® ¬¥å�−¨§¬� [9, 10].

2 Нормализованная мультивалютная цифровая платежная система:
технологическое ядро

� –¨äà®¢®© â¥å−®«®£¨¥© íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¡ã¤¥¬ −�§ë¢�âì á®-
¢®ªã¯−®áâì ¬¥â®¤®¢, áà¥¤áâ¢ ¨ ¯à�¢¨« à¥�«¨§�æ¨¨ íâ®© ¤¥ïâ¥«ì−®áâ¨ ¯®áà¥¤-
áâ¢®¬ ®−«�©−-á¥à¢¨á®¢, äã−ªæ¨®−¨àãîé¨å ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢ (Digital
Twins2). �

♦ „�«¥¥ ¯®¤ â¥å−®«®£¨¥© ¯®−¨¬�¥âáï æ¨äà®¢�ï â¥å−®«®£¨ï. ♦

�à¨ª«�¤−®© á¬ëá« ª®−ªà¥â−®© â¥å−®«®£¨¨ ®¯à¥¤¥«¥− á¨áâ¥¬®© ¯à�¢¨«, −�-
¯à�¢«ïîé¨å ¨ ª®−âà®«¨àãîé¨å ¤¥©áâ¢¨ï ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì-
−®áâ¨ (í¤-ãç�áâ−¨ª®¢).

� –¨äà®¢®© ¤¢®©−¨ª (DT) | æ¨äà®¢�ï s-¬®¤¥«ì [8] −¥ª®â®à®£® ®¡ê¥ªâ�
(â¥å−¨ç¥áª®£® ãáâà®©áâ¢�, ¤¥ïâ¥«ì−®áâ¨ ¨«¨ ®à£�−¨§�æ¨¨), ¯à¥¤−�§−�ç¥−−�ï ¤«ï
�−�«¨§� ¨ á®¢¥àè¥−áâ¢®¢�−¨ï s-¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ�. �

1ˆ«ì¨− ‚. „. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï (í«¥ªâà®−−�ï
¢¥àá¨ï). http://bigenc.ru/technology and technique/text/4010980.

2The new age of manufacturing: Digital Twin technology & IIoT. https://medium.com/
@lior.kitain/the-new-age-of-manufacturing-digital-twin-technology-iiot-494acee5572a.
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DT-â¥å−®«®£¨ï æ¨äà®¢®£® s-¬®¤¥«¨à®¢�−¨ï ¯à¥¤¯®«�£�¥â −¥®¡å®¤¨¬®áâì ¯®-
«ãç¥−¨ï ¤�−−ëå ® ¯®¢¥¤¥−¨¨ ®¡ê¥ªâ� (¯ãâ¥¬ ¨§¬¥à¥−¨ï §−�ç¥−¨© ®¯à¥¤¥«¥−−®©
á®¢®ªã¯−®áâ¨ ¯�à�¬¥âà®¢). ‘ ¬®¬¥−â� á¢®¥£® á®§¤�−¨ï (ª�ª ®¡à�§� ®¡ê¥ªâ�)
DT −�ª�¯«¨¢�¥â ¨ ®¡à�¡�âë¢�¥â ¤�−−ë¥ ® á¢®¥¬ ¯à®®¡à�§¥, ®¡¬¥−¨¢�ïáì á −¨¬
á®®¡é¥−¨ï¬¨ ¨ ®¡−®¢«ïïáì.

‘ 2010-å ££. −�¡«î¤�¥âáï ¨−â¥−á¨¢−®¥ á®¢¥àè¥−áâ¢®¢�−¨¥ â¥å−®«®£¨ç¥áª®©
¨−äà�áâàãªâãàë æ¨äà®¢¨§�æ¨¨ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, ¢ª«îç�îé¥© â¥å-
−®«®£¨¨ æ¨äà®¢ëå ¤¢®©−¨ª®¢, M2M-â¥å−®«®£¨¨ (Machine-to-Machine), â¥å−®-
«®£¨¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨© (Cloud Computing) ¨ í«¥ªâà®−−ëå á¥à¢¨á®¢, ¨−â¥à-
−¥â� ¢¥é¥© (Internet of Things, IoT) [11{16]. ‚á¥ ¡®«ìè¥¥ §−�ç¥−¨¥ ¯à¨®¡à¥â�îâ
â¥å−®«®£¨¨ ¯®«ãç¥−¨ï ¨ á¢®¥¢à¥¬¥−−®© (¨áª«îç�îé¥© ¯à¥¢ëè¥−¨¥ ¤®¯ãáâ¨¬ëå
§�¤¥à¦¥ª) ¯¥à¥¤�ç¨ ¡®«ìè¨å ®¡ê¥¬®¢ ¡ëáâà® ¨§¬¥−ïîé¨åáï ¤�−−ëå. ‚ −�è¨ ¤−¨
â¥å−®«®£¨ï á¢ï§¨ 5G [17] ¯à®¤®«¦�¥â ãá¯¥è−® ¤®ª�§ë¢�âì á¢®î íää¥ªâ¨¢−®áâì
¢ á®¢¥àè¥−áâ¢®¢�−¨¨ à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨, á¢ï§�−−ëå á ®¡à�¡®âª®©
¡®«ìè¨å ¤�−−ëå, ¯à¨¬¥−¥−¨¥¬ á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ¯à®¬ëè-
«¥−−®£® ¨−â¥à−¥â� ¢¥é¥© ¨ ¤à. (© ¨−â¥««¥ªâã�«ì−ë¥ á¥â¨ í−¥à£®á−�¡¦¥−¨ï;
á¨−¥à£¥â¨ç¥áª¨¥ âà�−á¯®àâ−ë¥ á¨áâ¥¬ë â¨¯� ú¬�è¨−�{¤®à®£�û; á¨áâ¥¬ë úã¬−ë©
¯®àâû ¨ ¤à. ©).

’¥å−®«®£¨¨ á¢ï§¨ 5G ¢�¦−ë ¨ ¤«ï ¨−äà�áâàãªâãà−®£® â¥å−®«®£¨ç¥áª®£®
®¡¥á¯¥ç¥−¨ï �Œ–�-á¨áâ¥¬ë, ¢ ª®â®à®© ¯à®£à�¬¬−®-�¯¯�à�â−ë¬¨ áà¥¤áâ¢�¬¨
¯®«ì§®¢�â¥«¥© á«ã¦�â ¬®¡¨«ì−ë¥ ª®¬¯ìîâ¥à−ë¥ ãáâà®©áâ¢� (á¬�àâä®−ë, ¯«�−-
è¥âë ¨ ¤à.). ‚ â�ª¨å ãáâà®©áâ¢�å ãáâ�−®¢«¥−ë ª®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥
¡�−ª¨ (Š��ë) ¤«ï îà¨¤¨ç¥áª¨å «¨æ ¨«¨ ¯¥àá®−�«ì−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨
(���ë) ¤«ï ä¨§¨ç¥áª¨å «¨æ [9, 10], ¨á¯®«ì§ã¥¬ë¥ ¤«ï á®¢¥àè¥−¨ï ®¯¥à�æ¨©
¢ �Œ–�-á¨áâ¥¬¥.

♦ ˆáå®¤¨¬ ¨§ â®£®, çâ® â¥å−®«®£¨¨ �Œ–�-á¨áâ¥¬ë ¯à¨ «î¡®© ¯®¯ëâª¥
−�àãè¨âì §�¤�−−ë¥ ¨ ª®−âà®«¨àã¥¬ë¥ ¨¬¨ ¯à�¢¨«� ®áâ�¢«ïîâ áâ®«ìª® ¦¥ è�−á®¢
−� ãá¯¥å, áª®«ìª® ¨¬¥¥â ¯®¯ëâª� á¤¥«�âì −¥¤®¯ãáâ¨¬ë© å®¤ ¢ ¨£à¥ á è�å¬�â−®©
¯à®£à�¬¬®©. ♦

� �®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬ | ç¥«®¢¥ª®-¬�è¨−−�ï á¨áâ¥-
¬�, á¢ï§�−−�ï á £®áã¤�àáâ¢¥−−ë¬ ¬¥å�−¨§¬®¬ ®â−®è¥−¨ï¬¨ ª®®à¤¨−�æ¨¨ ¨ ¯®¤-
ç¨−¥−¨ï [18]. �®à¬�«¨§®¢�−−ë© íª®−®¬¨ç¥áª¨© ¬¥å�−¨§¬ à�¡®â�¥â −� ®á−®¢¥
®−«�©−-á¥à¢¨á®¢, äã−ªæ¨®−¨àãîé¨å ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢. “áâà®©áâ¢®
��Œ ¨ ¯à�¢¨«� ¥£® äã−ªæ¨®−¨à®¢�−¨ï áâ¨¬ã«¨àãîâ (¯®áà¥¤áâ¢®¬ −�«®£®¢,
¯®è«¨− ¨ ¤àã£¨å íª®−®¬¨ç¥áª¨å ¨−áâàã¬¥−â®¢) ¢¥¤¥−¨¥ å®§ï©áâ¢¥−−®© ¤¥ïâ¥«ì-
−®áâ¨, ®à¨¥−â¨à®¢�−−®© −� §�é¨âã ¨ à�§¢¨â¨¥ ¯®â¥−æ¨�«� áâà�−ë [18]. �

� �Œ–�-á¨áâ¥¬� | á®áâ�¢«ïîé�ï á¨áâ¥¬ë â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï
(’„�-á¨áâ¥¬ë) ��Œ, £¤¥ á¤¥«ª¨ á®¢¥àè�îâáï ¢ á®®â¢¥âáâ¢¨¨ á á¨âã�æ¨®−−ë¬¨
æ¨äà®¢ë¬¨ ¤®£®¢®à�¬¨ (‘–„), ¢ë¯®«−¥−¨¥ ª®â®àëå ª®−âà®«¨àã¥âáï á ¯®¬®éìî
á¨âã�æ¨®−−®© ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë (‘–„-á¨áâ¥¬ë) [19]. �

�à�¢¨«� ¨á¯®«−¥−¨ï ª�¦¤®£® ¤®£®¢®à� ª®−âà®«¨àãîâáï ¯à®£à�¬¬−® ¢® ¢§�¨-
¬®¤¥©áâ¢¨¨ á æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨, ®âá«¥¦¨¢�îé¨¬¨ á®¡ëâ¨ï, ®¯à¥¤¥«¥−−ë¥
¢ ¤®£®¢®à¥. ‚ë¯®«−¥−¨¥ ª�¦¤®£® ‘–„ ¯à¥¤áâ�¢«¥−® á¯¥æ¨ä¨ª�æ¨ï¬¨ á®¡ëâ¨©,
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¤«ï ª®â®àëå ®¯à¥¤¥«¥−ë ¯®àâà¥âë á¨âã�æ¨©, åà�−ïé¨¥áï ¢ ¯�¬ïâ¨ ‘–„-á¨á-
â¥¬ë. �®àâà¥âë á¨âã�æ¨©, ¢®§−¨ª�îé¨å ¯à¨ ¢ë¯®«−¥−¨¨ ¤®£®¢®à�, áâà®ïâáï
‘–„-á¨áâ¥¬®© −� ®á−®¢¥ ¤�−−ëå, ¯®áâ�¢«ï¥¬ëå æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨.

�¥à¥¬¥é¥−¨¥ â®¢�à®¢ ¨ ¯«�â¥¦¥© ¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï ’„�-á¤¥«ª¨, á®-
¯à®¢®¦¤�¥¬®¥ ¯¥à¥¬¥é¥−¨¥¬ á®®â¢¥âáâ¢ãîé¨å æ¨äà®¢ëå ª®¤®¢, ®âà�¦�¥âáï
¢ ¯�¬ïâ¨ æ¨äà®¢®© á¨áâ¥¬ë ãç¥â� ¢¥«¨ç¨− ¨¬ãé¥áâ¢¥−−®£® ¯à�¢� ãç�áâ−¨ª®¢
’„�-á¤¥«®ª, à¥�«¨§ã¥¬®© −� ®á−®¢¥ ¨−ä®à¬�æ¨®−−®-¡¥§®¯�á−ëå ¡�−ª®¢áª¨å
®−«�©−-á¥à¢¨á®¢ [9, 10].

� Š�¦¤®¬ã â®¢�àã ¯®áâ�¢«¥−� ¢ á®®â¢¥âáâ¢¨¥ í«¥ªâà®−−�ï ã−¨ä¨æ¨à®¢�−−�ï
á¯¥æ¨ä¨ª�æ¨ï, á®¤¥à¦�é�ï −�¨¬¥−®¢�−¨¥ â®¢�à�, −�§−�ç¥−¨¥ ¨ ¤àã£¨¥ á¢¥¤¥−¨ï,
−¥®¡å®¤¨¬ë¥ ¤«ï ¥£® ¨¤¥−â¨ä¨ª�æ¨¨ ¯à¨ á®¢¥àè¥−¨¨ ’„�-á¤¥«®ª. �

� “−¨ª�«ì−ë¥ ¬ã«ìâ¨¢�«îâ−ë¥ áç¥â� ãç�áâ−¨ª®¢ ’„�-á¤¥«®ª, ®âªàë¢�¥¬ë¥
¨ ¯à®£à�¬¬−® ª®−âà®«¨àã¥¬ë¥ á ¯®¬®éìî ®−«�©−-á¥à¢¨á®¢ ¡�−ª�-à¥£ã«ïâ®à�,
à�§¬¥é�îâáï ¢ ����å (¤«ï ä¨§¨ç¥áª¨å «¨æ) ¨ ¢ Š���å (¤«ï îà¨¤¨ç¥áª¨å
«¨æ) [9, 10]. �

� ‘¨áâ¥¬� ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ (¨á-á¨áâ¥¬�) | á¨áâ¥¬� æ¨äà®¢®-
£® ¯à¥¤áâ�¢«¥−¨ï ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ ãç�áâ−¨ª®¢ íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì-
−®áâ¨ (í¤-ãç�áâ−¨ª®¢), à¥�«¨§ã¥¬�ï −� ®á−®¢¥ ®−«�©−-á¥à¢¨á®¢ ��Œ. „¥−¥¦−�ï
á®áâ�¢«ïîé�ï ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ ¯à¥¤áâ�¢«¥−� §−�ç¥−¨ï¬¨ áã¬¬ −®à¬�«¨-
§®¢�−−ëå ¤¥−¥£ ¢ à�§¤¥«�å ã−¨ª�«ì−ëå ¬ã«ìâ¨¢�«îâ−ëå áç¥â®¢ í¤-ãç�áâ−¨ª®¢
(¨á-áç¥â®¢). �¥¤¥−¥¦−�ï | ¤®ªã¬¥−â�¬¨, ¯®¤â¢¥à¦¤�îé¨¬¨ ¯à�¢® á®¡áâ¢¥−-
−®áâ¨ −� −¥¤¢¨¦¨¬®áâì, âà�−á¯®àâ ¨ ¤àã£®¥ ¨¬ãé¥áâ¢®, ª®â®à®¥ ¯à¨ −¥®¡å®¤¨-
¬®áâ¨ ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª §�«®£®¢®¥. �

� ˆá-áç¥â | ã−¨ª�«ì−ë© æ¨äà®¢®© ¬ã«ìâ¨¢�«îâ−ë© ¡�−ª®¢áª¨© áç¥â,
à�§¬¥é¥−−ë© ¢ ���¥ ä¨§¨ç¥áª®£® «¨æ� ¨«¨ Š��¥ îà¨¤¨ç¥áª®£® «¨æ�. �

� ˆ§¬¥−¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â� â¥å−¨ç¥áª¨ −¥¢®§¬®¦−® ¡¥§ ¤®ªã¬¥−â¨àã-
¥¬®£® §�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï ¢«�¤¥«ìæ� ¨á-áç¥â� (� ¢ −¥®à¤¨−�à−ëå
á¨âã�æ¨ïå | ¯®á«¥ ¤®ªã¬¥−â¨àã¥¬®£® §�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï ®¯à¥¤¥-
«¥−−®£® §�ª®−®¬ £®áã¤�àáâ¢¥−−®£® ®à£�−�). �

♦ ˆ§¬¥−¥−¨¥ á®áâ®ï−¨ï ¨á-áç¥â� ®áãé¥áâ¢¨¬® â®«ìª® ¯®á«¥ ¯®«ãç¥−¨ï ®−-
«�©−-ã¤®áâ®¢¥à¥−¨ï ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨¨ −�¤ ¨á-áç¥â®¬. “¤®áâ®¢¥à¥−¨¥ ¢ë-
¤�¥â á¯¥æ¨�«ì−ë© ®−«�©−-á¥à¢¨á ¡�−ª�-à¥£ã«ïâ®à�. �á−®¢�−¨¥¬ ¤«ï ¯®«ãç¥−¨ï
ã¤®áâ®¢¥à¥−¨ï á«ã¦�â ¤�−−ë¥ á¯¥æ¨ä¨ª�æ¨¨ á®¢¥àè�¥¬®© ®¯¥à�æ¨¨ (© ¯«�â¥¦
¯à¨ á¤¥«ª¥ ªã¯«¨-¯à®¤�¦¨, ã¯«�â¥ £®áã¤�àáâ¢¥−−®£® á¡®à� ¨«¨ ¤à. ©). ’�ª¨¬
á¯®á®¡®¬ ¨áª«îç�îâáï ¢®§¬®¦−®áâ¨ −�àãè¥−¨ï ãáâ�−®¢«¥−−ëå §�ª®−®¬ ¯à�¢¨«
â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï (−¥¤®¯ãáâ¨¬ë¥ íª®−®¬¨ç¥áª¨¥ á¤¥«ª¨, −¥ã¯«�â�
ãáâ�−®¢«¥−−ëå §�ª®−®¬ £®áã¤�àáâ¢¥−−ëå á¡®à®¢ ¨ ¤à.). ♦

��−ª®¢áª�ï á¨áâ¥¬� ��Œ ¢ª«îç�¥â ���ë, Š��ë, ¡�−ª¨-¯à®¢�©¤¥àë
¨ ¡�−ª-à¥£ã«ïâ®à, ¯®¤ ã¯à�¢«¥−¨¥¬ ª®â®à®£® äã−ªæ¨®−¨àãîâ ¢á¥ ¤àã£¨¥ ¡�−-
ª¨ [9, 10].

� ’¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© | á®¢®ªã¯−®áâì ¬¥â®¤®¢, áà¥¤áâ¢ ¨ ¯à�-
¢¨« à¥�«¨§�æ¨¨ −�§−�ç¥−−ëå ¯«�â¥¦¥© [20] ¢ �Œ–�-á¨áâ¥¬¥. �â� â¥å−®«®£¨ï
®¡¥á¯¥ç¨¢�¥â £�à�−â¨à®¢�−−ãî ®¯«�âã §�ª�§�−−ëå â®¢�à®¢, ¯à�¢¨«� à¥�«¨§�æ¨¨
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ª®â®à®© ¦¥áâª® á¢ï§�−ë á ¯à�¢¨«�¬¨ ¨á¯®«−¥−¨ï §�ª�§�, ®¯à¥¤¥«¥−−ë¬¨ ¢ ‘–„.
‘ã¬¬� −�§−�ç¥−−®£® ¯«�â¥¦� ¯¥à¥¢®¤¨âáï −� áç¥â ¯®«ãç�â¥«ï áà�§ã ¯®á«¥ â®£®,
ª�ª §�ª�§ç¨ª ¯®¤â¢¥à¤¨« ¨á¯®«−¥−¨¥ §�ª�§�. ‚ á«ãç�¥ −¥¨á¯®«−¥−¨ï §�ª�§�
−�§−�ç¥−−ë© ¯«�â¥¦ ®â¬¥−ï¥âáï. �

� ’¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© ¤«ï ¯®«ì§®¢�â¥«¥© �Œ–�-á¨áâ¥¬ë
¨§ áâà�−, à¥�«¨§ãîé¨å �−â¨à®áá¨©áª¨¥ íª®−®¬¨ç¥áª¨¥ á�−ªæ¨¨: (1) ¢�«îâ−ë¥
¯«�â¥¦¨ §� à®áá¨©áª¨¥ â®¢�àë �ªªã¬ã«¨àãîâáï −� á¯¥æ¨�«ì−®¬ ¬ã«ìâ¨¢�«îâ−®¬
áç¥â¥ –¥−âà�«ì−®£® ¡�−ª� ÷®áá¨¨; (2) á íâ®£® áç¥â� �Œ–�-á¨áâ¥¬� á¯¨áë¢�¥â
¢�«îâ−ë¥ áà¥¤áâ¢� â®«ìª® ¤«ï à�áç¥â®¢ §� â®¢�àë, ¯à®¤�¢�¥¬ë¥ à®áá¨©áª¨¬
¯®ªã¯�â¥«ï¬ ¯à®¤�¢æ�¬¨ ¨§ ã¯®¬ï−ãâëå áâà�−. �

� ’¥å−®«®£¨ï ¤®«£®¢®© â®à£®¢«¨ ¯®§¢®«ï¥â ®âáà®ç¥−−ãî ç�áâì ®¯«�âë â®¢�à�
®ä®à¬¨âì ª�ª ¤®«£ ¯®ªã¯�â¥«ï ¯à®¤�¢æã (−¥ ¡�−ªã!), ¨¬¥îé¥¬ã Š�� ¨«¨ ���.
�à¨¬¥−¨â¥«ì−® ª ¤®«£�¬, ®¡à�§®¢�¢è¨¬áï ¢ à¥§ã«ìâ�â¥ ¯à®¤�¦¨ ¯à¨®à¨â¥â−ëå
â®¢�à®¢, ¬®£ãâ ¤¥©áâ¢®¢�âì ¯à�¢¨«� ¤®áà®ç−®£® ¢®§¢à�â� ¤®«£®¢ ¯à®¤�¢æ�¬ ¨§
áà¥¤áâ¢ ¡�−ª�-à¥£ã«ïâ®à� [21]. �

♦ „®áà®ç−ë¬ ¢®§¢à�â®¬ ¤®«£®¢ ¯à®¤�¢æ�¬ ¯à¨®à¨â¥â−ëå â®¢�à®¢ ¡�−ª-à¥-
£ã«ïâ®à à¥�«¨§ã¥â £®áã¤�àáâ¢¥−−ë¥ ¯à®£à�¬¬ë ¯®¤¤¥à¦ª¨ ¯à®¨§¢®¤áâ¢� ¨ à¥�-
«¨§�æ¨¨ â�ª¨å â®¢�à®¢. ♦

3 Заключение

‚ �Œ–�-á¨áâ¥¬¥ â¥å−®«®£¨ï ¯«�â¥¦¥© à¥�«¨§ã¥âáï ¨áå®¤ï ¨§ â®£®, çâ® ¤«ï
í¤-ãç�áâ−¨ª®¢ (¨¤¥−â¨ä¨æ¨àã¥¬ëå ¯® ˆ�� ¨ ãáâà®©áâ¢�¬, §�à¥£¨áâà¨à®¢�−−ë¬
¢ á¨áâ¥¬¥) −� ª�¦¤®¬ ®âà¥§ª¥ ¢à¥¬¥−¨ ®¯à¥¤¥«¥−® −¥ª®â®à®¥ ¬−®¦¥áâ¢® â®¢�à®¢,
¬−®¦¥áâ¢® ¯à¨¬¥−¨¬ëå ¤«ï à�áç¥â®¢ ¢�«îâ, â�¬®¦¥−−ë¥ ¯à�¢¨«� ¨ ¯à�¢¨«�
¢−¥è−¥â®à£®¢ëå á¡®à®¢. „«ï ª�¦¤®£® â¨¯� â®¢�à� í¤-ãç�áâ−¨ª¨ ¨¬¥îâ ¢®§¬®¦-
−®áâì á®¢¥àè�âì á¤¥«ª¨ ¢ «î¡®© ¢�«îâ¥ ¨§ á¯¨áª�, ï¢«ïîé¥£®áï ¯¥à¥á¥ç¥−¨¥¬
¬−®¦¥áâ¢ ¢�«îâ, à�§à¥è¥−−ëå ¡�−ª�¬¨-à¥£ã«ïâ®à�¬¨ £®áã¤�àáâ¢, ª ª®â®àë¬
®â−®áïâáï ãç�áâ−¨ª¨ á¤¥«ª¨.

Литература

1. ˆ«ì¨− ‚. „. Œ®¤¥«ì −®à¬�«¨§®¢�−−®© íª®−®¬¨ª¨ (��ª-¬®¤¥«ì): ®á−®¢ë ª®−æ¥¯-
æ¨¨ // “¯à�¢«¥−¨¥ ¡®«ìè¨¬¨ á¨áâ¥¬�¬¨, 2009. ‚ë¯. 25. ‘. 116{138.

2. ‘¨áâ¥¬ë Mastercard ¨ Visa §�ï¢¨«¨ ® ¯à¨®áâ�−®¢ª¥ à�¡®âë ¢ ÷®áá¨¨ // ÷ˆ�
�®¢®áâ¨, 06.03.2022. https://ria.ru/20220306/sistemy-1776871743.html.

3. Tapscott D. The digital economy: Promise and peril in the age of networked intelli-
gence. | New York, NY, USA: McGraw-Hill, 1996. 342 p.

4. Christensen C. M. The innovator's dilemma: When new technologies cause great firms
to fail. | Boston, MA, USA: Harvard Business School Press, 1997. 288 p.

5. The New Digital Economy: How it will transform business. | Oxford, U.K.: Oxford
Economics, 2015. 34 p. http://www.pwc.com/mt/en/publications/assets/the-new-
digital-economy.pdf.

132 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 3 2022



Œã«ìâ¨¢�«îâ−�ï æ¨äà®¢�ï ¯«�â¥¦−�ï á¨áâ¥¬�: ®á−®¢ë â¥å−®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï

6. G20 digital economy development and cooperation initiative // G20 Summit, 2016.
http://en.kremlin.ru/supplement/5111.

7. –¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨: �à®£à�¬¬�, ãâ¢¥à¦¤¥−−�ï à�á¯®-
àï¦¥−¨¥¬ �à�¢¨â¥«ìáâ¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 28 ¨î«ï 2017 £. ü 1632-à.
http://d-russia.ru/wpcontent/ uploads/2017/07/programma-tsifrov-econ.pdf.

8. Ilyin V. D. Symbolic modeling (s-modeling): An introduction to theory // Artificial
intelligence trends in systems / Ed. R. Silhavy. | Lecture notes in networks and
systems ser. | Cham: Springer, 2022. Vol. 502. P. 585{591. doi: 10.1007/978-3-
031-09076-9 54.

9. Ilyin A. V., Ilyin V. D. Towards a normalized economic mechanism based on
e-services // Agris on-line Papers in Economics and Informatics, 2014. Vol. 6.
Iss. 3. P. 39{49.

10. Ilyin A. V., Ilyin V. D. The normalized economic mechanism in the digital environ-
ment // Int. J. Open Information Technologies, 2019. Vol. 7. Iss. 12. P. 77{83.

11. Armbrust M., Fox A., Griffith R., et al. A view of cloud computing // Commun.
ACM, 2010. Vol. 53. No. 4. P. 50{58.

12. Wei Y., Blake M. B. Service-oriented computing and cloud computing: Challenges
and opportunities // IEEE Internet Comput., 2010. Vol. 14. Iss. 6. P. 72{75.

13. Lien S. Y., Liau T. H., Kao C. Y., et al. Cooperative access class barring for
machine-to-machine communications // IEEE T. Wirel. Commun., 2012. Vol. 11.
No. 1. P. 27{32.

14. Kim R. Y. Efficient wireless communications schemes for machine to machine commu-
nications // Comm. Com. Inf. Sc., 2011. Vol. 181. No. 3. P. 313{323.

15. Perera C., Liu C. H., Jayawardena S. The emerging Internet of Things marketplace
from an industrial perspective: A survey // IEEE T. Emerging Topics Computing,
2015. Vol. 3. No. 4. P. 585{598.

16. Jede A., Teuteberg F. Understanding socio-technical impacts arising from software-
as-a-service usage in companies // Bus. Inf. Syst. Eng., 2016. Vol. 58. No. 3.
P. 161{176.

17. �®ç¥¬ã 5G −�§ë¢�îâ äã−¤�¬¥−â®¬ æ¨äà®¢®© íª®−®¬¨ª¨ // C-News, 19.06.2020.
https://www.cnews.ru/articles/2020-06-16 pochemu 5g nazyvayut fundamentom
tsifrovoj.

18. ˆ«ì¨− ‚. „. ’¥å−®«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢ //
‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2018. ’. 28. ü 3. ‘. 227{235. doi: 10.14357/
08696527180318.

19. Ilyin A. V., Ilyin V. D. E-trade with direct lending and normalized money // Agris
on-line Papers in Economics and Informatics, 2015. Vol. 7. Iss. 4. P. 57{64.

20. ˆ«ì¨− ‚. „. �á−®¢�−¨ï á¨âã�æ¨®−−®© ¨−ä®à¬�â¨§�æ¨¨. | Œ.: ��ãª�, ”¨§¬�â«¨â,
1996. 180 á.

21. ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. ‘¨âã�æ¨®−−�ï ¬®¤¥«ì ã−¨¢¥àá�«ì−®£® ¤®£®¢®à� ¢ æ¨äà®-
¢®© áà¥¤¥ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2020. ’. 30. ü 3. ‘. 154{162.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 13.07.22

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 3 2022 133



V. D. Ilyin

MULTICURRENCY DIGITAL PAYMENT SYSTEM:
FUNDAMENTALS OF TECHNOLOGICAL SUPPORT

V. D. Ilyin

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: The symbolic model (s-model) of the normalized multicurrency digital
payment (NMDP) system is considered as a component of the s-model of the
normalized economic mechanism (NEM). The technologies of the NMDP-system
relate to the technologies of commodity-money circulation of NEM. The core
of the s-model of the NMDP-system is represented by situationally changeable
mandatory and orienting requirements for the properties and functioning of the
system. The participants of the NMDP-system are identified by individual tax
numbers and computer devices registered in the system for online interaction
when making payments. At each time interval, the sets of acceptable trade
transactions, the currencies used for settlements, and the rules of trade fees are
defined. The NCSP-payment can be made in any currency from the list which is
the intersection of currencies sets allowed by central banks of the states to which
the participants in the trade transaction belong.

Keywords: multicurrency payment system; normalized economic mechanism;
personal electronic banks; corporate electronic banks; online services

DOI: 10.14357/08696527220312

Acknowledgments
The results were obtained in the course of the research work \Modeling of social,
economic, and ecological processes" (No. 0063-2016-0005) carried out in accordance
with the state assignment of FANO of Russia for the Federal Research Center
\Computer Science and Control" of the Russian Academy of Sciences.

References
1. Ilyin, V. D. 2009. Model' normalizovannoy ekonomiki (NEk-model'): osnovy kontsep-

tsii [The model of normalized economics (NEc-model): Basics of framework]. Upravlenie
bol'shimi sistemami [Large-Scale Systems Control] 25:116{138.

2. RIA Novosti [RIA News]. 06.03.2022. Sistemy Mastercard i Visa zayavili o priostanovke
raboty v Rossii [Mastercard and Visa systems announced the suspension of work in
Russia]. Available at: https:// ria.ru/20220306/sistemy-1776871743.html (accessed
August 12, 2022).

3. Tapscott, D. 1996. The digital economy: Promise and peril in the age of networked
intelligence. New York, NY: McGraw-Hill. 342 p.

4. Christensen, C. M. 1997. The innovator's dilemma: When new technologies cause
great firms to fail. Boston, MA: Harvard Business School Press. 288 p.

5. The new digital economy: How it will transform business. 2015. Oxford, U.K.: Oxford
Economics. 34 p. Available at: http://www.pwc.com/mt/en/publications/assets/the-
new-digital-economy.pdf (accessed August 12, 2022).

6. G20 digital economy development and cooperation initiative. 2016. G20 Summit.
Available at: http://en.kremlin.ru/supplement/5111 (accessed August 12, 2022).

134 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2022 vol 32 no 3



Multicurrency digital payment system: Fundamentals of technological support

7. Tsifrovaya ekonomika Rossiyskoy Federatsii: Programma, utverzhdennaya rasporyazhe-
niem Pravitel'stva Rossiyskoy Federatsii ot 28 iyulya 2017 g. No. 1632-r [Digi-
tal economy of the Russian Federation: Program approved by Order No. 1632-r
dated July 28, 2017 of the Government of the Russian Federation]. Available
at: http://d-russia.ru/wpcontent/ uploads/2017/07/programma-tsifrov-econ.pdf (ac-
cessed August 12, 2022).

8. Ilyin, V. D. 2022. Symbolic modeling (s-modeling): An introduction to theory. Arti-
ficial intelligence trends in systems. Ed. R. Silhavy. Lecture notes in networks and
systems ser. Cham: Springer. 502:585{591. doi: 10.1007/978-3-031-09076-9 54.

9. Ilyin, A. V., and V. D. Ilyin. 2014. Towards a normalized economic mechanism based
on e-services. Agris on-line Papers in Economics and Informatics 6(3):39{49.

10. Ilyin, A. V., and V. D. Ilyin. 2019. The normalized economic mechanism in the digital
environment. Int. J. Open Information Technologies 7(12):77{83.

11. Armbrust, M., A. Fox, R. Griffith, et al. 2010. A view of cloud computing. Commun.
ACM 53(4):50{58.

12. Wei, Y., and M. B. Blake. 2010. Service-oriented computing and cloud computing:
Challenges and opportunities. IEEE Internet Comput. 14:72{75.

13. Lien, S. Y., T. H. Liau, C. Y. Kao, et al. 2012. Cooperative access class barring for
machine-to-machine communications. IEEE T. Wirel. Commun. 11(1):27{32.

14. Kim, R. Y. 2011. Efficient wireless communications schemes for machine to machine
communications. Comm. Com. Inf. Sc. 181 (3):313{323.

15. Pereyra, C., C. H. Liu, and S. Jayawardena. 2015. The emerging Internet of Things
marketplace from an industrial perspective: A survey. IEEE T. Emerging Topics
Computing 3(4):585{598.

16. Jede, A., and F. Teuteberg. 2016. Understanding socio-technical impacts arising from
software-as-a-service usage in companies. Bus. Inf. Syst. Eng. 58(3):161{176.

17. C-News. 19.06.2020. Pochemu 5G nazyvayut fundamentom tsifrovoy ekonomiki [Why
5G is called the foundation of the digital economy]. Available at: https://www.cnews.
ru/articles/2020-06-16 pochemu 5g nazyvayut fundamentom tsifrovoj (accessed Au-
gust 12, 2022).

18. Ilyin, V. D. 2018. Tekhnologiya naznachennykh platezhey v srede tsifrovykh dvoynikov
[Designated payments technology in digital twins environment]. Sistemy i Sredstva
Informatiki | Systems and Means of Informatics 28(3):227{235. doi: 10.14357/
08696527180318.

19. Ilyin, A. V., and V. D. Ilyin. 2015. E-trade with direct lending and normalized money.
Agris on-line Papers in Economics and Informatics 7(4):57{64.

20. Ilyin, V. D. 1996. Osnovaniya situatsionnoy informatizatsii [Fundamentals of situa-
tional informatization]. Moscow: Nauka, Fizmatlit. 180 p.

21. Ilyin, A. V., and V. D. Ilyin. 2020. Situatsionnaya model' universal'nogo dogovora
v tsifrovoy srede [Situational model of universal agreement in a digital environment].
Sistemy i Sredstva Informatiki | Systems and Means of Informatics 30(3):154{162.

Received July 13, 2022
Contributor
Ilyin Vladimir D. (b. 1937) | Doctor of Science in technology, professor, leading
scientist, A. A. Dorodnicyn Computing Center, Federal Research Center \Computer
Science and Control" of the Russian Academy of Sciences, 40 Vavilov Str., Moscow
119333, Russian Federation; vdilyin@yandex.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2022 vol 32 no 3 135



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2022. ’. 32. ü 3. ‘. 136{146

ПОДХОД К ПОИСКУ АНОМАЛИЙ
В КОНКРЕТНО-ИСТОРИЧЕСКИХ ДАННЫХ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå â¥å−®«®£¨¨ ¯®¤-
¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�Šˆˆ). ’¥å−®«®£¨ï ¯®áâà®-
¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ ªà�ã¤á®àá¨−£� ¨ ®à¨¥−â¨à®¢�−� −� è¨à®ª¨©
ªàã£ −¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®-
¢�â¥«¥©. ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î â¥å−®«®£¨¨ §� áç¥â ¨−â¥-
£à�æ¨¨ ¢ −¥¥ ¬¥å�−¨§¬� �¢â®¬�â¨§¨à®¢�−−®£® ¯®¨áª� �−®¬�«¨© ¢ ª®−ªà¥â−®-
¨áâ®à¨ç¥áª¨å ¤�−−ëå. �à®¢¥¤¥− �−�«¨§ áãé¥áâ¢ãîé¥£® ¯®¤å®¤� ª ¯®¨áªã
¯à®â¨¢®à¥ç¨© ¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ä�ªâ�å, ¢ëï¢«¥−ë ¥£® ®£à�−¨ç¥−¨ï
¨ −¥¤®áâ�âª¨. ‚ à�¬ª�å à�§¢¨â¨ï íâ®£® ¯®¤å®¤� ®¡®á−®¢�−� æ¥«¥á®®¡à�§−®áâì
¯¥à¥å®¤� ®â ¯®¨áª� ï¢−ëå ¯à®â¨¢®à¥ç¨© ª ¯®¨áªã �−®¬�«¨©. �à®�−�«¨-
§¨à®¢�−ë ¯à¨ç¨−ë ¢®§−¨ª−®¢¥−¨ï �−®¬�«¨©, ¢ë¯®«−¥−� ¨å ª«�áá¨ä¨ª�æ¨ï,
®¯à¥¤¥«¥−ë ®á®¡¥−−®áâ¨ �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå. �à®¢¥-
¤¥− �−�«¨§ ¨§¢¥áâ−ëå ¬¥â®¤®¢ ®¡−�àã¦¥−¨ï â®ç¥ç−ëå �−®¬�«¨©, ®¡®á−®¢�−�
−¥¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ¢ â¥å−®«®£¨¨ ¬¥â®¤®¢, ®á−®¢�−−ëå −� à�á¯®-
§−�¢�−¨¨ á ãç¨â¥«¥¬, � â�ª¦¥ ¬¥âà¨ç¥áª¨å ¬¥â®¤®¢. �ë« ®¯à¥¤¥«¥− −�¨¡®«¥¥
¯¥àá¯¥ªâ¨¢−ë© ¬¥â®¤, ®á−®¢�−−ë© −� ª«�áâ¥à¨§�æ¨¨, ¨ −�¬¥ç¥−ë ¤�«ì−¥©è¨¥
è�£¨ ¯® ¥£® à¥�«¨§�æ¨¨. �¯¨á�−ë ¨ ®¡®á−®¢�−ë −¥®¡å®¤¨¬ë¥ ¨§¬¥−¥−¨ï
®¡ê¥ªâ−®© ¬®¤¥«¨ â¥å−®«®£¨¨.

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; �−®¬�«¨ï; ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨© ä�ªâ; �¢â®¬�â¨§¨à®¢�−−�ï
¯à®æ¥¤ãà�

DOI: 10.14357/08696527220313

1 Введение

�®¤¤¥à¦ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© áâ�«� ®¤−®© ¨§ �ªâã�«ì-
−ëå §�¤�ç á®¢à¥¬¥−−®áâ¨ ¢ á¢ï§¨ á ¢®¢«¥ç¥−¨¥¬ ¢ ¨áá«¥¤®¢�â¥«ìáª¨© ¯à®æ¥áá −¥
â®«ìª® ç«¥−®¢ ¯à®ä¥áá¨®−�«ì−®£® ¨áâ®à¨ç¥áª®£® á®®¡é¥áâ¢�, −® ¨ á�¬ëå è¨à®-
ª¨å á«®¥¢ −¥¯à®ä¥áá¨®−�«®¢ ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ¨−â¥à¥á®¬ ª ç�áâ−®©,
á¥¬¥©−®© ¨áâ®à¨¨ [1].

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, Adam@amsd.com

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, Volkov@amsd.com
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�®¤å®¤ ª ¯®¨áªã �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå

‚ [2, 3] ®¯¨á�−� à�§à�¡®â�−−�ï ¢ ”ˆ– ˆ“ ÷�� à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï
�Šˆˆ, ®á−®¢�−−�ï −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£� (¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨-
à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©). „�−−ë¥
â¥å−®«®£¨¨ ®à£�−¨§®¢�−ë ¢ ä®à¬¥ á¥¬�−â¨ç¥áª®© á¥â¨. “§«ë á¥â¨ ¯à¥¤áâ�¢«ïîâ
á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�ááë ®¡ê¥ªâ®¢. ”�ªâë §�¤�îâáï §−�ç¥−¨-
ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. ‘¢ï§¨ −�á«¥¤ãîâáï ¨§ á¥â¨
ª«�áá®¢ [4].

‘¯¥æ¨ä¨ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ â®¬, çâ® ä�ªâë,
ª®â®àë¬¨ ®¯¥à¨àã¥â ¨áá«¥¤®¢�â¥«ì (¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨¥ ä�ªâë), ®¡«�¤�îâ
á¢®©áâ¢®¬ äà�£¬¥−â�à−®áâ¨ ¨ ¯à®â¨¢®à¥ç¨¢®áâ¨. �®«ãç¥−¨¥ íâ¨å ä�ªâ®¢ |
−¥®¡å®¤¨¬�ï ¨ −�¨¡®«¥¥ âàã¤®¥¬ª�ï áâ�¤¨ï ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, á®-
áâ®ïé�ï ¢ à�¡®â¥ ¢ �àå¨¢�å ¨ ¯à®á¬®âà¥ ®£à®¬−®£® ç¨á«� ¤®ªã¬¥−â®¢. ÷�¡®â�
¨áá«¥¤®¢�â¥«ï −� ¢â®à®¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ á®¯®áâ�¢«¥−¨¨ ¢ëï¢«¥−-
−ëå ä�ªâ®¢ á à¥£«�¬¥−â¨àãîé¨¬¨ ¯à�¢¨«�¬¨, §�ª®−�¬¨, âà�¤¨æ¨ï¬¨ ¨ â. ¯.
(−®à¬�«ï¬¨) ¨ ¬¥¦¤ã á®¡®© á æ¥«ìî ¢§�¨¬®ã¢ï§ë¢�−¨ï ¨ à�§à¥è¥−¨ï ¯à®â¨¢®-
à¥ç¨© [5]. �à¨ íâ®¬ ¯à®â¨¢®à¥ç¨¥ −¥ ®§−�ç�¥â �¢â®¬�â¨ç¥áª¨ ®è¨¡ª¨ ¢ ¤�−−ëå,
¯®áª®«ìªã «î¡�ï −®à¬�«ì ¬®¦¥â ¨¬¥âì ª�ª áà®ª¨ ¤¥©áâ¢¨ï, â�ª ¨ ¬−®¦¥áâ¢®
¨áª«îç¥−¨© ¨ à¥¤�ªæ¨©. �®íâ®¬ã ¢ëï¢«¥−¨¥ ä�ªâ� ¯à®â¨¢®à¥ç¨ï −¥ áâ�−®¢¨âáï
¯®¢®¤®¬ ®â¡à®á¨âì ïª®¡ë ®è¨¡®ç−ë¥ ¤�−−ë¥, ª�ª ¯à¥¤¯®«�£�¥â âà�¤¨æ¨®−−ë©
¯®¤å®¤ ª §�¤�ç¥ ¢ëï¢«¥−¨ï ¯à®â¨¢®à¥ç¨©, � á«ã¦¨â ¯®¢®¤®¬ áª®−æ¥−âà¨à®¢�âìáï
−� ¯®¨áª¥ á¢¨¤¥â¥«ìáâ¢ −�«¨ç¨ï ®á−®¢�−¨© ¤«ï ¨áª«îç¥−¨©. ’�ª¨¬ ®¡à�§®¬, ¥áâì
¢ëï¢«¥−¨¥ ¯à®â¨¢®à¥ç¨ï ¢¬¥áâ® áã¦¥−¨ï ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¤�¥â −®¢ë© ¨¬-
¯ã«ìá ¨áá«¥¤®¢�−¨î, çâ® ¨««îáâà¨àã¥â á¯¥æ¨ä¨ç−®áâì ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï.

�®¤å®¤ ª ¯®¨áªã ¯à®â¨¢®à¥ç¨© ¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ä�ªâ�å, ãç¨âë¢�-
îé¨© á¯¥æ¨ä¨ªã ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ®¯¨á�− ¢ [6]. �à®¢¥¤¥-
−� ª«�áá¨ä¨ª�æ¨ï ¢¨¤®¢ ¯à®â¨¢®à¥ç¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨,
®¯¨á�−ë ¨ ®¡®á−®¢�−ë −¥®¡å®¤¨¬ë¥ ¨§¬¥−¥−¨ï ®¡ê¥ªâ−®© ¬®¤¥«¨ â¥å−®«®£¨¨,
¯à¨¢¥¤¥−® ¯®¤à®¡−®¥ ®¯¨á�−¨¥ �«£®à¨â¬�, ®¯à¥¤¥«¥−ë ¯à®æ¥¤ãàë ®¡à�¡®âª¨
à¥§ã«ìâ�â®¢ ¯®¨áª�.

�®¤å®¤ §�ª«îç�¥âáï ¢ à�áá¬®âà¥−¨¨ ¤¢ãå á«ãç�¥¢.

1. �®¨áª ¯®â¥−æ¨�«ì−®£® ¯à®â¨¢®à¥ç¨ï ¬¥¦¤ã £àã¯¯®© ä�ªâ®¢ ¨ á¢ï§ë¢�îé¨å
¨å −®à¬�«¥©.

�à®â¨¢®à¥ç¨¥ ¢ íâ®¬ á«ãç�¥ à�áá¬�âà¨¢�¥âáï ª�ª ¯®â¥−æ¨�«ì−®¥, ¯®áª®«ìªã
¢ à¥§ã«ìâ�â¥ ¯à®¢¥àª¨ ¯®«ì§®¢�â¥«¥¬ ¤�−−®¥ á®ç¥â�−¨¥ ä�ªâ®¢ ¬®¦¥â −�©â¨
ª�ª®¥-â® à�æ¨®−�«ì−®¥ ®¡êïá−¥−¨¥. �®íâ®¬ã ¢¬¥áâ® ¯à®â¨¢®à¥ç¨ï á«¥¤ã¥â
£®¢®à¨âì ®¡ ®¡−�àã¦¥−¨¨ �−®¬�«ì−®£® á®ç¥â�−¨ï ä�ªâ®¢ ¨«¨ ®¡ �−®¬�«ì−®¬
®¡ê¥ªâ¥, �âà¨¡ãâ�¬¨ ª®â®à®£® ¢ëáâã¯�îâ à�áá¬�âà¨¢�¥¬ë¥ ä�ªâë. �à¥¤«®-
¦¥−−ë© ¯®¤å®¤ ¯à¥¤¯®«�£�¥â ¢ëï¢«¥−¨¥ â�ª¨å �−®¬�«¨© §� áç¥â �¢â®¬�â¨-
ç¥áª®£® áà�¢−¥−¨ï á â�ª −�§ë¢�¥¬ë¬¨ ¯à¥æ¥¤¥−â�¬¨, â. ¥. á �−�«®£¨ç−ë¬¨
á®ç¥â�−¨ï¬¨ ä�ªâ®¢ ¨ −®à¬�«¥©, ã¦¥ ¯à®á¬®âà¥−−ëå ¯®«ì§®¢�â¥«ï¬¨ ¨ ¯®-
¬¥ç¥−−ëå ¨¬¨ ª�ª �−®¬�«ì−ë¥. �¥¤®áâ�â®ª íâ®£® ¯®¤å®¤� §�ª«îç�¥âáï
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¢ −¥¢®§¬®¦−®áâ¨ �¢â®¬�â¨ç¥áª®£® ¢ëï¢«¥−¨ï ã−¨ª�«ì−ëå �−®¬�«ì−ëå ®¡ê-
¥ªâ®¢, � â�ª¦¥ �−®¬�«ì−ëå ®¡ê¥ªâ®¢, ¯à¥æ¥¤¥−â ¤«ï ª®â®àëå ¥é¥ −¥ ¢ëï¢«¥−
¯®«ì§®¢�â¥«ï¬¨.

2. �®¨áª ï¢−®£® ¯à®â¨¢®à¥ç¨ï ¬¥¦¤ã ¤¢ã¬ï ä�ªâ�¬¨.

„«ï íâ®£® á«ãç�ï ¢ [6] á¤¥«�− ¢ë¢®¤, çâ® ¢ â¥å−®«®£¨¨ �Šˆˆ ¤�−−�ï
§�¤�ç� á¢®¤¨âáï ª áà�¢−¥−¨î à�§«¨ç−ëå §−�ç¥−¨© ®¤−®£® �âà¨¡ãâ� ®¤−®-
£® ®¡ê¥ªâ�; â�ª®¥ ¯à®â¨¢®à¥ç¨¥ ¢¨¤−® ¨áá«¥¤®¢�â¥«î −¥¯®áà¥¤áâ¢¥−−® ¨ −¥
−ã¦¤�¥âáï ¢ �¢â®¬�â¨§�æ¨¨, ª�ª�ï-«¨¡® ¤®à�¡®âª� â¥å−®«®£¨¨ ¢ íâ®¬ á«ãç�¥
−¥ âà¥¡ã¥âáï. „�−−ë© ¢ë¢®¤ ¢¥à¥− â®«ìª® ¢ á¨âã�æ¨¨, ª®£¤� ¨áá«¥¤®¢�â¥«ì
®áãé¥áâ¢«ï¥â àãç−®¥ ¢−¥á¥−¨¥ ¨ ®¡à�¡®âªã ä�ªâ®¢, çâ®, ¡¥§ãá«®¢−®, ï¢«ï¥âáï
®¤−®© ¨§ ®á−®¢−ëå ä®à¬ ä®à¬¨à®¢�−¨ï ¨áâ®à¨ç¥áª¨å ¤�−−ëå ¢ á¢ï§¨ á ¡®«ì-
è®© á«®¦−®áâìî ¨å ¯®¨áª�. �® ¢ â¥å−®«®£¨î �Šˆˆ ¨−â¥£à¨à®¢�−� á¨áâ¥¬�
’-¯�àá¥à [7], ®áãé¥áâ¢«ïîé�ï �¢â®¬�â¨ç¥áª®¥, �¤�¯â¨à®¢�−−®¥ ª á¯¥æ¨ä¨ª¥
¡¨®£à�ä¨ç¥áª®£® ¯®¨áª� ¨§¢«¥ç¥−¨¥ ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨-
ç¥áª®© −�¯à�¢«¥−−®áâ¨ ¨ à¥è�îé�ï §�¤�ç¨ ä�ªâ®£à�ä¨ç¥áª®£® ¨−¤¥ªá¨à®-
¢�−¨ï −®¬¨−�â¨¢−ëå (á®¤¥à¦�é¨å ¯¥àá®−�«ì−ãî ¨−ä®à¬�æ¨î á ãª�§�−¨¥¬
¨¬¥−¨ á®¡áâ¢¥−−®£®) ¨ −�àà�â¨¢−ëå (¯®¢¥áâ¢®¢�â¥«ì−ëå) ¨áâ®ç−¨ª®¢ ¨ ¨å
á¥¬�−â¨ç¥áª®© à�§¬¥âª¨ (¢ëç«¥−¥−¨ï §−�ç¨¬ëå äà�£¬¥−â®¢ ¨ ®á−�é¥−¨ï ¨å
¬¥â�¤�−−ë¬¨). �¢â®¬�â¨ç¥áª�ï ®¡à�¡®âª� â¥ªáâ®¢ëå ¨áâ®ç−¨ª®¢ ª®−ªà¥â−®-
¨áâ®à¨ç¥áª¨å ¤�−−ëå ¬®¦¥â ¯®à®¦¤�âì ¡®«ìè®¥ ç¨á«® ã§«®¢ á¥¬�−â¨ç¥áª®©
á¥â¨, àãç−®© ¯®¨áª �−®¬�«¨© ¢ ª®â®à®© ¬®¦¥â ¡ëâì ®ç¥−ì âàã¤®¥¬®ª. ’�ª¦¥
ª −¥¤®áâ�âª�¬ ¯à¥¤«®¦¥−−®£® ¯®¤å®¤� á«¥¤ã¥â ®â−¥áâ¨ ¢®§¬®¦−®áâì ¢¨§ã-
�«ì−®£® ¢ëï¢«¥−¨ï ®è¨¡®ç−®£® §−�ç¥−¨ï �âà¨¡ãâ� â®«ìª® §� áç¥â áà�¢−¥−¨ï
á ª®àà¥ªâ−ë¬ §−�ç¥−¨¥¬ íâ®£® ¦¥ �âà¨¡ãâ�. �® §−�ç¥−¨¥ ¤�−−®£® �âà¨¡ãâ�
¬®¦¥â ¡ëâì ¥¤¨−áâ¢¥−−ë¬, â. ¥. ®¡ê¥ªâ, ª ª®â®à®¬ã íâ®â �âà¨¡ãâ ®â−®á¨âáï,
¬®¦¥â ¡ëâì �−®¬�«ì−ë¬, −® −¥ á®¤¥à¦�âì ï¢−®£® ¯à®â¨¢®à¥ç¨ï ¢ §−�ç¥−¨ïå
�âà¨¡ãâ®¢.

‚ á¢ï§¨ á íâ¨¬ áâ�−®¢¨âáï �ªâã�«ì−®© §�¤�ç� �¢â®¬�â¨ç¥áª®£® ¯®¨áª� �−®¬�-
«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå, á¢®¡®¤−®£® ®â ãª�§�−−ëå ¢ëè¥ −¥¤®áâ�â-
ª®¢ ¨ ¤®¯®«−ïîé¥£® ¯à¥¤«®¦¥−−ë© ¢ [6] ¯®¤å®¤.

2 Аномалии в конкретно-исторических данных

�¡ëç−® ¢ë¤¥«ïîâ á«¥¤ãîé¨¥ ¢®§¬®¦−ë¥ ¨áâ®ç−¨ª¨ �−®¬�«ì−ëå −�¡«î¤¥-
−¨© [8].

1. �¥ã¬ëè«¥−−�ï ®è¨¡®ç−�ï §�¯¨áì §−�ç¥−¨ï −�¡«î¤�¥¬®£® ¯®ª�§�â¥«ï.

2. ÷¥§ª®¥ ¨§¬¥−¥−¨¥ ¢−¥è−¨å ¨ ¢−ãâà¥−−¨å ãá«®¢¨©, á¢ï§�−−ëå á ä®à¬¨à®¢�-
−¨¥¬ à¥§ã«ìâ�â� −�¡«î¤¥−¨ï.

3. ÷¥§ª¨¥ ®â«¨ç¨ï ¯®ª�§�−¨© ®¡ê¥ªâ®¢ ¨áá«¥¤®¢�−¨ï, −¥®ç¥¢¨¤−® −�å®¤ïé¨åáï
¢ à�§−ëå ãá«®¢¨ïå (¤¥©áâ¢¨¥ áªàëâëå ä�ªâ®à®¢).

4. “¬ëè«¥−−®¥ ¨áª�¦¥−¨¥ á ®¯à¥¤¥«¥−−®© æ¥«ìî à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨©.
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�®¤å®¤ ª ¯®¨áªã �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå

�à¨¬¥−¨â¥«ì−® ª ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨¬ ¤�−−ë¬ ãª�§�−−ë¥ ¢ëè¥ ¯à¨ç¨−ë
¢®§−¨ª−®¢¥−¨ï �−®¬�«ì−ëå ¤�−−ëå ¬®¦−® áä®à¬ã«¨à®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬.

1. �¥ã¬ëè«¥−−�ï ®è¨¡ª�, ¯à¨ç¨−®© ª®â®à®© ¬®£ãâ ¡ëâì:

{ ®è¨¡ª� ä®à¬¨à®¢�−¨ï ¤�−−ëå (−¥¯à¥¤−�¬¥à¥−−�ï ®è¨¡ª� ¢ ¨áå®¤−®¬
¤®ªã¬¥−â¥-¨áâ®ç−¨ª¥, çâ® ¢áâà¥ç�¥âáï ¢¥áì¬� ç�áâ®);

{ ®è¨¡ª� �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï ¡�§ë ¤�−−ëå (�„) â¥å−®«®£¨¨,
¢ë§¢�−−�ï −¥á®¢¥àè¥−áâ¢®¬ �«£®à¨â¬� ’-¯�àá¥à� (−¥¢¥à−ë¥ §−�ç¥−¨ï
ã§«®¢ ¨ −¥¢¥à−ë¥ á¢ï§¨ ¬¥¦¤ã ã§«�¬¨ á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨);

{ ®è¨¡ª� ¯®«ì§®¢�â¥«ï â¥å−®«®£¨¨ ¯à¨ àãç−®¬ §�−¥á¥−¨¨ ¨−ä®à¬�æ¨¨
¢ �„.

2. “¬ëè«¥−−®¥ ¨áª�¦¥−¨¥ ¨−ä®à¬�æ¨¨:

{ ¯à¨ á®§¤�−¨¨ ¤®ªã¬¥−â�-¨áâ®ç−¨ª�, −�¯à¨¬¥à: ¨áª�¦¥−¨¥ ¢®§à�áâ�
á æ¥«ìî ¨§¡¥¦�âì ¯à¨§ë¢� −� ¢®¥−−ãî á«ã¦¡ã, á®ªàëâ¨¥ −¥¯à¨£«ï¤-
−ëå ä�ªâ®¢ ¡¨®£à�ä¨¨, ¨á¯®«ì§®¢�−¨¥ −¥¯à®¢¥à¥−−®© ¨−ä®à¬�æ¨¨;

{ ¯à¨ ä®à¬¨à®¢�−¨¨ �„ â¥å−®«®£¨¨ á æ¥«ìî ä�«ìá¨ä¨ª�æ¨¨ ¨áâ®à¨¨ [9].

3. �−®¬�«¨ï, ¢ë§¢�−−�ï à¥�«ì−ë¬, −® à¥¤ª¨¬ á®ç¥â�−¨¥¬ ¯à¨§−�ª®¢. �è¨¡ª®©
−¥ ï¢«ï¥âáï. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ ¬®¦−® ¯à¨¢¥áâ¨ −¥á®¢¥àè¥−−®«¥â−¥£®
ƒ¥à®ï ‘®¢¥âáª®£® ‘®î§� ‚�«î Š®â¨ª�; �ª�¤¥¬¨ª�, −¥ ¨¬¥îé¥£® ¤¨¯«®¬�
® ¢ëáè¥¬ ®¡à�§®¢�−¨¨, ˆ. Œ. ƒ¥«ìä�−¤� ¨ â. ¯.

4. ‘¨«ì−ë¥ ®â«¨ç¨ï ¬¥¦¤ã ®¡ê¥ªâ�¬¨, ¢ë§¢�−−ë¥ ¨§¬¥−¥−¨¥¬ ¢−¥è−¨å ãá«®-
¢¨©. �à¨ ®âáãâáâ¢¨¨ ¢ �„ â¥å−®«®£¨¨ −� ª�ª®¬-â® íâ�¯¥ ¥¥ §�¯®«−¥−¨ï
¡®«ìè®£® ®¡ê¥¬� ¯à¨¬¥à®¢, ®â−®áïé¨åáï ª −¥ª®â®à®© á¯¥æ¨ä¨ç¥áª®© á¨âã-
�æ¨¨ ¨«¨ £àã¯¯¥, â�ª¨¥ à¥¤ª¨¥ ®¡ê¥ªâë ¡ã¤ãâ ¢®á¯à¨−¨¬�âìáï ª�ª ï¢−ë¥
¢ë¡à®áë, å®âï ®è¨¡ª®© −¥ ï¢«ïîâáï. ˆ§ íâ®£® á«¥¤ã¥â, çâ® ¤«ï ª®àà¥ªâ−®£®
®¯à¥¤¥«¥−¨ï �−®¬�«¨©, â. ¥. ¢ëï¢«¥−¨ï ®¡ê¥ªâ®¢ á −¥â¨¯¨ç−ë¬ á®ç¥â�−¨-
¥¬ ¯à¨§−�ª®¢, ®ç¥−ì ¢�¦−® ¯à�¢¨«ì−®¥ ®¯à¥¤¥«¥−¨¥ ª®−â¥ªáâ�, ¯®áª®«ìªã
¯®−ïâ¨¥ â¨¯¨ç−®áâ¨ −¥ ï¢«ï¥âáï ã−¨¢¥àá�«ì−ë¬.

3 Типы аномалий в данных

‘®£«�á−® [10], �−®¬�«¨¨ ¢ ¤�−−ëå ¬®£ãâ ¡ëâì ®â−¥á¥−ë ª ®¤−®¬ã ¨§ âà¥å
®á−®¢−ëå â¨¯®¢.

1. ’®ç¥ç−ë¥ �−®¬�«¨¨ ¢®§−¨ª�îâ ¢ á¨âã�æ¨¨, ª®£¤� ®â¤¥«ì−ë© íª§¥¬¯«ïà ¤�−-
−ëå ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª �−®¬�«ì−ë© ¯® ®â−®è¥−¨î ª ®áâ�«ì−ë¬
¤�−−ë¬. „�−−ë© ¢¨¤ �−®¬�«¨© −�¨¡®«¥¥ «¥£ª® à�á¯®§−�¢�¥¬, ¡®«ìè¨−-
áâ¢® áãé¥áâ¢ãîé¨å ¬¥â®¤®¢ á®§¤�−® ¨¬¥−−® ¤«ï à�á¯®§−�¢�−¨ï â®ç¥ç−ëå
�−®¬�«¨©.
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2. Š®−â¥ªáâã�«ì−ë¥ �−®¬�«¨¨ −�¡«î¤�îâáï, ª®£¤� íª§¥¬¯«ïà ¤�−−ëå �−®¬�-
«¥− «¨èì ¢ ®¯à¥¤¥«¥−−®¬ ª®−â¥ªáâ¥ (¤�−−ë© ¢¨¤ �−®¬�«¨© â�ª¦¥ −�§ë¢�¥âáï
ãá«®¢−ë¬). „«ï ®¯à¥¤¥«¥−¨ï �−®¬�«¨© íâ®£® â¨¯� ®á−®¢−ë¬ ï¢«ï¥âáï ¢ë¤¥-
«¥−¨¥ ª®−â¥ªáâã�«ì−ëå ¨ ¯®¢¥¤¥−ç¥áª¨å �âà¨¡ãâ®¢. Š®−â¥ªáâã�«ì−ë¥ �âà¨-
¡ãâë ¨á¯®«ì§ãîâáï ¤«ï ®¯à¥¤¥«¥−¨ï ª®−â¥ªáâ� (¨«¨ ®ªàã¦¥−¨ï) ¤«ï ª�¦¤®£®
íª§¥¬¯«ïà�. �®¢¥¤¥−ç¥áª¨¥ �âà¨¡ãâë ®¯à¥¤¥«ïîâ −¥ª®−â¥ªáâã�«ì−ë¥ å�-
à�ªâ¥à¨áâ¨ª¨, ®â−®áïé¨¥áï ª ª®−ªà¥â−®¬ã íª§¥¬¯«ïàã ¤�−−ëå. �−®¬�«ì−®¥
¯®¢¥¤¥−¨¥ ®¯à¥¤¥«ï¥âáï ¯®áà¥¤áâ¢®¬ §−�ç¥−¨© ¯®¢¥¤¥−ç¥áª¨å �âà¨¡ãâ®¢ ¨á-
å®¤ï ¨§ ª®−ªà¥â−®£® ª®−â¥ªáâ�. ’�ª¨¬ ®¡à�§®¬, íª§¥¬¯«ïà ¤�−−ëå ¬®¦¥â
¡ëâì ª®−â¥ªáâã�«ì−®© �−®¬�«¨¥© ¯à¨ ¤�−−ëå ãá«®¢¨ïå, −® ¯à¨ â�ª¨å ¦¥
¯®¢¥¤¥−ç¥áª¨å �âà¨¡ãâ�å áç¨â�âìáï −®à¬�«ì−ë¬ ¢ ¤àã£®¬ ª®−â¥ªáâ¥.

3. Š®««¥ªâ¨¢−ë¥ �−®¬�«¨¨ ¢®§−¨ª�îâ, ª®£¤� ¯®á«¥¤®¢�â¥«ì−®áâì á¢ï§�−−ëå
íª§¥¬¯«ïà®¢ ¤�−−ëå ®ª�§ë¢�¥âáï �−®¬�«ì−®© ¯® ®â−®è¥−¨î ª æ¥«®¬ã −�¡®àã
¤�−−ëå. �â¤¥«ì−ë© íª§¥¬¯«ïà ¤�−−ëå ¢ â�ª®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¬®¦¥â −¥
¡ëâì ®âª«®−¥−¨¥¬, ®¤−�ª® á®¢¬¥áâ−®¥ ¯®ï¢«¥−¨¥ â�ª¨å íª§¥¬¯«ïà®¢ ï¢«ï¥âáï
ª®««¥ªâ¨¢−®© �−®¬�«¨¥©. Š®««¥ªâ¨¢−ë¥ �−®¬�«¨¨ −�¡«î¤�îâáï â®«ìª® ¢ â¥å
−�¡®à�å ¤�−−ëå, £¤¥ ¯®á«¥¤−¨¥ á¢ï§�−ë ¬¥¦¤ã á®¡®©.

�®, ª�ª ¯®ª�§�−® ¢ [11], â®ç¥ç−ë¥ ¨«¨ ª®««¥ªâ¨¢−ë¥ �−®¬�«¨¨ ¬®£ãâ ¢ â® ¦¥
¢à¥¬ï ¡ëâì ¨ ª®−â¥ªáâã�«ì−ë¬¨. �®íâ®¬ã á«¥¤ã¥â à�áá¬�âà¨¢�âì ª«�áá¨ä¨ª�æ¨î
â¨¯®¢ �−®¬�«¨© ¯® ¤¢ã¬ −¥§�¢¨á¨¬ë¬ ¡¨−�à−ë¬ ¯à¨§−�ª�¬: úâ®ç¥ç−ë¥{ª®««¥ª-
â¨¢−ë¥û ¨ úª®−â¥ªáâã�«ì−ë¥{−¥ª®−â¥ªáâã�«ì−ë¥û.

�−®¬�«¨¨ ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå, ¡¥§ãá«®¢−®, ï¢«ïîâáï â®ç¥ç-
−ë¬¨ ¨, ª�ª ¯®ª�§�−® ¢ëè¥, ª®−â¥ªáâã�«ì−ë¬¨.

÷�§¤¥«¥−¨¥ �âà¨¡ãâ®¢ −� ª®−â¥ªáâã�«ì−ë¥ ¨ ¯®¢¥¤¥−ç¥áª¨¥ ¢ â¥å−®«®£¨¨
�Šˆˆ ï¢«ï¥âáï á«®¦−®© §�¤�ç¥© ¨ −¥ ¬®¦¥â ¡ëâì ¯à®¢¥¤¥−® §�à�−¥¥, ¯®áª®«ìªã
á®áâ�¢ �âà¨¡ãâ®¢ ä®à¬¨àã¥âáï ¢ ¯à®æ¥áá¥ §�¯®«−¥−¨ï á¥¬�−â¨ç¥áª®© á¥â¨ −¥§�-
¢¨á¨¬ë¬¨ ¯®«ì§®¢�â¥«ï¬¨. ’®«ìª® ¯®«ì§®¢�â¥«ì, ¢¢®¤ï −®¢ë© �âà¨¡ãâ, ¬®¦¥â
¨¬¥âì ¯à¥¤áâ�¢«¥−¨¥ ® â®¬, ï¢«ï¥âáï «¨ ®− ª®−â¥ªáâã�«ì−ë¬. „«ï íâ®£® ®¡ê¥ªâ-
−�ï ¬®¤¥«ì â¥å−®«®£¨¨ ¤®«¦−� ¯à¥¤ãá¬�âà¨¢�âì ¢®§¬®¦−®áâì ãáâ�−®¢¨âì ¯à¨§−�ª
ª®−â¥ªáâã�«ì−®áâ¨ ¤«ï �âà¨¡ãâ�. �à¨¬¥à�¬¨ ª®−â¥ªáâã�«ì−ëå �âà¨¡ãâ®¢ ¢ â¥å-
−®«®£¨¨ �Šˆˆ ¬®£ãâ á«ã¦¨âì: ¢à¥¬¥−−®© ¯¥à¨®¤, á®á«®¢−�ï ¯à¨−�¤«¥¦−®áâì,
−�æ¨®−�«ì−®áâì ¢ á¢ï§¨ á áãé¥áâ¢®¢�¢è¨¬¨ ®£à�−¨ç¥−¨ï¬¨ ¤«ï ú¨−®à®¤æ¥¢û
¨ â. ¯.

4 Методы обнаружения точечных аномалий

‚ [11] ¯®¤à®¡−® à�áá¬®âà¥−ë áãé¥áâ¢ãîé¨¥ ¬¥â®¤¨ª¨ ¯®¨áª� �−®¬�«¨©.
÷�á¯®§−�¢�−¨¥ �−®¬�«¨© ¬®¦¥â ¢ë¯®«−ïâìáï ¢ ®¤−®¬ ¨§ ¯¥à¥ç¨á«¥−−ëå −¨¦¥
à¥¦¨¬®¢.

1. ÷¥¦¨¬ à�á¯®§−�¢�−¨ï á ãç¨â¥«¥¬ (supervised anomaly detection).

Œ¥â®¤¨ª¨, ¨á¯®«ì§ãîé¨¥ ¤�−−ë© à¥¦¨¬ à�á¯®§−�¢�−¨ï, âà¥¡ãîâ −�«¨ç¨ï
®¡ãç�îé¥© ¢ë¡®àª¨, ¯®«−®æ¥−−® ¯à¥¤áâ�¢«ïîé¥© á¨áâ¥¬ã ¨ ¢ª«îç�îé¥©
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�®¤å®¤ ª ¯®¨áªã �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå

íª§¥¬¯«ïàë ¤�−−ëå −®à¬�«ì−®£® ¨ �−®¬�«ì−®£® ª«�áá®¢. ÷�¡®â� �«£®à¨â¬�
¯à®å®¤¨â ¢ ¤¢� íâ�¯�: ®¡ãç¥−¨¥ ¨ à�á¯®§−�¢�−¨¥.

2. ÷¥¦¨¬ à�á¯®§−�¢�−¨ï ç�áâ¨ç−® á ãç¨â¥«¥¬ (semisupervised anomaly detec-
tion).

�¡ãç�îé�ï ¢ë¡®àª� ¯à¨ íâ®¬ ¯®¤å®¤¥ ¯à¥¤áâ�¢«ï¥â â®«ìª® −®à¬�«ì−ë©
ª«�áá. �¡ãç¨¢è¨áì −� ®¤−®¬ ª«�áá¥, á¨áâ¥¬� ¬®¦¥â ®¯à¥¤¥«ïâì ¯à¨−�¤«¥¦-
−®áâì −®¢ëå ¤�−−ëå ª −¥¬ã, â�ª¨¬ ®¡à�§®¬ ®¯à¥¤¥«ïï ¯à®â¨¢®¯®«®¦−ë©.
‘®§¤�−¨¥ ®¡ãç�îé¥© ¯à®¬�àª¨à®¢�−−®© ¢ë¡®àª¨ ®¡ëç−® ¯à®¢®¤¨âáï ¢àãç-
−ãî ¨ ï¢«ï¥âáï âàã¤®¥¬ª¨¬ ¨ ¤®à®£®áâ®ïé¨¬ ¯à®æ¥áá®¬.

3. ÷¥¦¨¬ à�á¯®§−�¢�−¨ï ¡¥§ ãç¨â¥«ï (unsupervised anomaly detection).

„�−−ë© à¥¦¨¬ ¯à¨¬¥−ï¥âáï ¯à¨ ®âáãâáâ¢¨¨ �¯à¨®à−®© ¨−ä®à¬�æ¨¨ ® ¤�−-
−ëå. �«£®à¨â¬ë à�á¯®§−�¢�−¨ï ¢ à¥¦¨¬¥ ¡¥§ ãç¨â¥«ï ¡�§¨àãîâáï −� ¯à¥¤-
¯®«®¦¥−¨¨ ® â®¬, çâ® �−®¬�«ì−ë¥ íª§¥¬¯«ïàë ¢áâà¥ç�îâáï £®à�§¤® à¥¦¥
−®à¬�«ì−ëå. „�−−ë¥ ®¡à�¡�âë¢�îâáï, −�¨¡®«¥¥ ®â¤�«¥−−ë¥ ®¯à¥¤¥«ïîâáï
ª�ª �−®¬�«¨¨.

�¨¦¥ ¯à¨¢¥¤¥−ë áãé¥áâ¢ãîé¨¥ ¬¥â®¤¨ª¨ à�á¯®§−�¢�−¨ï �−®¬�«¨©.

1. Š«�áá¨ä¨ª�æ¨ï.

÷¥�«¨§�æ¨ï ¤�−−®£® ¬¥â®¤� ®á−®¢�−� −� ¯à¥¤¯®«®¦¥−¨¨ ® â®¬, çâ® −®à-
¬�«ì−®¥ ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë ¬®¦¥â ®¯à¥¤¥«ïâìáï ®¤−¨¬ ¨«¨ −¥áª®«ìª¨¬¨
ª«�áá�¬¨. ’�ª¨¬ ®¡à�§®¬, íª§¥¬¯«ïà, −¥ ¯à¨−�¤«¥¦�é¨© −¨ ª ®¤−®¬ã ¨§
ª«�áá®¢, áç¨â�¥âáï ®âª«®−¥−¨¥¬. �®¨áª �−®¬�«¨© ¯à®å®¤¨â ¢ à¥¦¨¬¥ su-
pervised ¨«¨ semisupervised. Š −�¨¡®«¥¥ è¨à®ª® ¯à¨¬¥−ï¥¬ë¬ ¬¥å�−¨§¬�¬
à¥�«¨§�æ¨¨ à�á¯®§−�¢�−¨ï �−®¬�«¨© á ¯®¬®éìî ª«�áá¨ä¨ª�æ¨¨ ®â−®áïâáï:
−¥©à®−−ë¥ á¥â¨, ¡�©¥á®¢áª¨¥ á¥â¨, ¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢ ¨ ¬¥â®¤ −� ®á−®¢¥
¯à�¢¨«.

2. Š«�áâ¥à¨§�æ¨ï.

„�−−�ï ¬¥â®¤¨ª� ¯à¥¤¯®«�£�¥â £àã¯¯¨à®¢ªã ¯®å®¦¨å íª§¥¬¯«ïà®¢ ¢ ª«�á-
â¥àë ¨ −¥ âà¥¡ã¥â §−�−¨© ® á¢®©áâ¢�å ¢®§¬®¦−ëå ®âª«®−¥−¨©. ‚ëï¢«¥−¨¥
�−®¬�«¨© ®áãé¥áâ¢«ï¥âáï ¢ à¥¦¨¬¥ unsupervised ¨ áâà®¨âáï −� ®¤−®¬ ¨§
á«¥¤ãîé¨å ¯à¥¤¯®«®¦¥−¨©:

{ −®à¬�«ì−ë¥ íª§¥¬¯«ïàë ¤�−−ëå ®â−®áïâáï ª ª«�áâ¥àã ¤�−−ëå, ¢ â® ¢à¥¬ï
ª�ª �−®¬�«¨¨ −¥ ¯à¨−�¤«¥¦�â −¨ ª ®¤−®¬ã ¨§ ª«�áâ¥à®¢;

{ −®à¬�«ì−ë¥ ¤�−−ë¥ ¡«¨¦¥ ª æ¥−âàã ª«�áâ¥à�, � �−®¬�«ì−ë¥ | §−�ç¨-
â¥«ì−® ¤�«ìè¥.

�¤−� ¨§ ¯à®áâ¥©è¨å à¥�«¨§�æ¨© ¯®¤å®¤� −� ®á−®¢¥ ª«�áâ¥à¨§�æ¨¨ | �«£®-
à¨â¬ k-means [12].

3. ‘â�â¨áâ¨ç¥áª¨© �−�«¨§.

�à¨ ¨á¯®«ì§®¢�−¨¨ íâ®£® ¯®¤å®¤� ¨áá«¥¤ã¥âáï ¯à®æ¥áá, áâà®¨âáï ¥£® ¯à®-
ä¨«ì (¬®¤¥«ì), ª®â®àë© §�â¥¬ áà�¢−¨¢�¥âáï á à¥�«ì−ë¬ ¯®¢¥¤¥−¨¥¬. …á«¨
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à�§−¨æ� ¢ à¥�«ì−®¬ ¨ ¯à¥¤¯®«�£�¥¬ ¯®¢¥¤¥−¨¨ á¨áâ¥¬ë, ®¯à¥¤¥«ï¥¬�ï §�¤�−-
−®© äã−ªæ¨¥© �−®¬�«ì−®áâ¨, ¢ëè¥ ãáâ�−®¢«¥−−®£® ¯®à®£�, ¤¥«�¥âáï ¢ë¢®¤
® −�«¨ç¨¨ ®âª«®−¥−¨©. �à¨¬¥−ï¥âáï ¯à¥¤¯®«®¦¥−¨¥ â®¬, çâ® −®à¬�«ì−®¥
¯®¢¥¤¥−¨¥ á¨áâ¥¬ë ¡ã¤¥â −�å®¤¨âìáï ¢ §®−¥ ¢ëá®ª®© ¢¥à®ïâ−®áâ¨, ¢ â® ¢à¥¬ï
ª�ª ¢ë¡à®áë | ¢ §®−¥ −¨§ª®©. Œ¥â®¤ë áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¯®¤à�§¤¥-
«ïîâáï −� ¯�à�¬¥âà¨ç¥áª¨¥ ¨ −¥¯�à�¬¥âà¨ç¥áª¨¥ ¨ à¥�«¨§ãîâáï ¢ à¥¦¨¬¥
semisupervised.

4. �«£®à¨â¬ ¡«¨¦�©è¥£® á®á¥¤�.

„«ï ¨á¯®«ì§®¢�−¨ï ¤�−−®© ¬¥â®¤¨ª¨, ®áãé¥áâ¢«ï¥¬®© ¢ à¥¦¨¬¥ unsuper-
vised, −¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì ¯®−ïâ¨¥ à�ááâ®ï−¨ï (¬¥àë ¯®å®¦¥áâ¨) ¬¥¦¤ã
®¡ê¥ªâ�¬¨. ‚ à�¬ª�å ¬¥â®¤¨ª¨ áãé¥áâ¢ãîâ ¤¢� ¯®¤å®¤� ª ®¯à¥¤¥«¥−¨î
�−®¬�«¨¨:

(�) íª§¥¬¯«ïà, áç¨â�îé¨©áï ¢ë¡à®á®¬, −�¨¡®«¥¥ ®â¤�«¥− ®â ¡«¨¦�©è¥£®
á®á¥¤�;

(¡) íª§¥¬¯«ïà, áç¨â�îé¨©áï ¢ë¡à®á®¬, −�å®¤¨âáï ¢ ®ªà¥áâ−®áâ¨ á −¨§ª®©
¯«®â−®áâìî.

5. ‘¯¥ªâà�«ì−ë¥ ¨ £¨¡à¨¤−ë¥ ¬¥â®¤ë.

ƒ¨¡à¨¤−ë¥ ¬¥â®¤¨ª¨ à�á¯®§−�¢�−¨ï �−®¬�«¨© ¯®§¢®«ïîâ á®ç¥â�âì ¯à¥¨¬ã-
é¥áâ¢� à�§«¨ç−ëå ¯®¤å®¤®¢. �à¨ íâ®¬ à�§−ë¥ â¥å−¨ª¨ ¬®£ãâ ¯à¨¬¥−ïâìáï
ª�ª ¯®á«¥¤®¢�â¥«ì−®, â�ª ¨ ¯�à�««¥«ì−® ¤«ï ¤®áâ¨¦¥−¨ï ãáà¥¤−¥−−ëå à¥-
§ã«ìâ�â®¢. ‘®¢¬¥áâ−® á ¤àã£¨¬¨ �«£®à¨â¬�¬¨ ¤«ï ¯à¥¤®¡à�¡®âª¨ ¤�−−ëå
ç�áâ® ¯à¨¬¥−ïîâáï á¯¥ªâà�«ì−ë¥ ¬¥â®¤ë, ®á−®¢�−−ë¥ −� á«¥¤ãîé¥¬ ¯à¥¤-
¯®«®¦¥−¨¨: ¤�−−ë¥ ¬®£ãâ ¡ëâì ¢«®¦¥−ë ¢ ¯®¤¯à®áâà�−áâ¢® ¬¥−ìè¥© à�§-
¬¥à−®áâ¨, ¢ ª®â®à®¬ −®à¬�«ì−®¥ á®áâ®ï−¨¥ ¨ �−®¬�«¨¨ ¯à®ï¢«ïîâáï ¨−�ç¥.

‘¯¥æ¨ä¨ª� ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ä�ªâ� á®áâ®¨â ¢ â®¬, çâ® ¢ëï¢«ï¥¬ë¥
¢ ¯à®æ¥áá¥ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¤�−−ë¥ ®â«¨ç�îâáï ¡®«ìè¨¬
¬−®£®®¡à�§¨¥¬ ª�ª ¯® á®áâ�¢ã å�à�ªâ¥à¨áâ¨ª, â�ª ¨ ¯® á¢ï§ï¬ ¬¥¦¤ã −¨¬¨ [5].
�®áª®«ìªã ª â®¬ã ¦¥ â¥å−®«®£¨ï �Šˆˆ ï¢«ï¥âáï à�á¯à¥¤¥«¥−−®©, � ¥¥ ¤�−−ë¥
¯®¯®«−ïîâáï −¥§�¢¨á¨¬® −¥ á¢ï§�−−ë¬¨ ¬¥¦¤ã á®¡®î ¨áá«¥¤®¢�â¥«ï¬¨, ¬®¦-
−® á¤¥«�âì ¢ë¢®¤, çâ® �¯à¨®à−ë¥ §−�−¨ï ® å�à�ªâ¥à¥ �−®¬�«¨© ¢ íâ¨å ¤�−−ëå
¯à¨−æ¨¯¨�«ì−® −¥¢®§¬®¦−ë. �â®â ¢ë¢®¤ ®âá¥ª�¥â ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤¨ª, ®áã-
é¥áâ¢«ï¥¬ëå ¢ à¥¦¨¬�å supervised ¨«¨ semisupervised, ¯®áª®«ìªã ¨ ¡¥§ â®£®
¢¥áì¬� âàã¤®¥¬ª�ï §�¤�ç� á®§¤�−¨ï ®¡ãç�îé¥© ¢ë¡®àª¨ áâ�−®¢¨âáï ¢ íâ®¬ á«ãç�¥
−¥à¥è�¥¬®©. “ç¨âë¢�ï â�ª¦¥ −¥¢®§¬®¦−®áâì ®¯à¥¤¥«¥−¨ï ¥¤¨−®© ¬¥âà¨ª¨ (¬¥àë
¯®å®¦¥áâ¨) −� áâ®«ì à�§−®à®¤−ëå ¤�−−ëå, ¬¥â®¤ë á ®¯®à®© −� �«£®à¨â¬ ¡«¨¦�©-
è¥£® á®á¥¤� â�ª¦¥ ¢ íâ®¬ á«ãç�¥ −¥ ¯à¨¬¥−¨¬ë. �®íâ®¬ã ¥¤¨−áâ¢¥−−ë¬ ¯®¤å®¤®¬
ª ¯®¨áªã �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå, §�á«ã¦¨¢�îé¨¬ ®á®¡®£®
¢−¨¬�−¨ï, ®áâ�¥âáï ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤®¢ ª«�áâ¥à−®£® �−�«¨§�, á¢®¡®¤−ëå ®â
¢ëï¢«¥−−ëå ¢ëè¥ −¥¤®áâ�âª®¢.
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�®¤å®¤ ª ¯®¨áªã �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå

5 Выводы

ˆ−â¥£à�æ¨ï ¢ â¥å−®«®£¨î �Šˆˆ ¬¥å�−¨§¬� ¯®¨áª� �−®¬�«¨© ¢ ª®−ªà¥â−®-
¨áâ®à¨ç¥áª¨å ¤�−−ëå ¬®¦¥â áãé¥áâ¢¥−−® ã¯à®áâ¨âì ¨ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì
â�ª®© ¯«®å® ä®à¬�«¨§ã¥¬®© ¨ ®ç¥−ì âàã¤®¥¬ª®© ä�§ë ª®−ªà¥â−®-¨áâ®à¨ç¥áª®-
£® ¨áá«¥¤®¢�−¨ï, ª�ª ¢§�¨¬®ã¢ï§ë¢�−¨¥ −�©¤¥−−®© ¨−ä®à¬�æ¨¨ ¨ ¯®¨áª ¢ −¥©
¯à®â¨¢®à¥ç¨©. �®ª�§�−� ¯à¨−æ¨¯¨�«ì−�ï ¢®§¬®¦−®áâì ¨ ¯¥àá¯¥ªâ¨¢−®áâì ¯®-
áâà®¥−¨ï íâ®£® ¬¥å�−¨§¬� −� ¡�§¥ ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨. ÷¥�«¨§�æ¨ï ¤�−−®£®
¯®¤å®¤� âà¥¡ã¥â ¤�«ì−¥©è¥© ¯à®à�¡®âª¨ ª�ª ¢ ç�áâ¨ ¢ë¡®à� ª®−ªà¥â−®£® �«£®-
à¨â¬� ¨ ¥£® �¤�¯â�æ¨¨ ¯®¤ á¯¥æ¨ä¨ªã ¤�−−ëå â¥å−®«®£¨¨ �Šˆˆ, â�ª ¨ ¢ ç�áâ¨
¨á¯®«ì§®¢�−¨ï ª®−â¥ªáâã�«ì−ëå �âà¨¡ãâ®¢ á á®®â¢¥âáâ¢ãîé¥© ¬®¤¨ä¨ª�æ¨¥©
®¡ê¥ªâ−®© ¬®¤¥«¨ â¥å−®«®£¨¨.

�ªâã�«ì−®áâì ¤�«ì−¥©è¥£® à�§¢¨â¨ï ¢ à�áá¬®âà¥−−®¬ −�¯à�¢«¥−¨¨ â¥å−®«®-
£¨¨ �Šˆˆ, ®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨© ªàã£ −¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®-
−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥«¥©, ¢ëâ¥ª�¥â ¨§ ¢á¥ ¢®§à�áâ�îé¥£®
®¡é¥áâ¢¥−−®£® ¨−â¥à¥á� ª ç�áâ−®©, á¥¬¥©−®© ¨áâ®à¨¨.
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AN APPROACH TO SEARCHING FOR ANOMALIES
IN CONCRETE HISTORICAL DATA
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of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: The article continues the series of works devoted to the technology
of concrete historical research supporting. The technology is based on the
principles of co-creation and crowdsourcing and is designed for a wide range
of users which are not professional historians and biographers. The article
is devoted to the further development of the technology by integrating the
mechanism of automated search for anomalies in concrete-historical information.
The analysis of the existing approach to the search for contradictions in historical
and biographical facts has been carried out and its limitations and shortcomings
have been revealed. The expediency of the transition from the search for obvious
contradictions to the search for anomalies is justified within the development of
this approach. The causes of anomalies have been analyzed, their classification
has been carried out, and the features of anomalies in concrete-historical data
have been determined. The analysis of the known methods for point anomalies
detecting has been carried out and the impossibility of using the methods based
on supervised learning as well as metric methods in the technology has been
justified. The most promising method based on clustering has been found and
further steps for its implementation have been determined. The necessary changes
to the technology object model are described and justified.

Keywords: concrete historical investigation; distributed technology; anomaly;
historical-biographical fact; automated procedure
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О СРАВНИТЕЛЬНОМ ГЕНЕЗИСЕ БАЗИСНЫХ
ИНФОРМАЦИОННЫХ ТЕХНОЛОГИЙ

И ОБЩЕСТВЕННО-ЭКОНОМИЧЕСКИХ ФОРМАЦИЙ
ЧЕЛОВЕЧЕСТВА

С. Н. Гринченко1

�−−®â�æ¨ï: ‘ ¯®§¨æ¨© ¨−ä®à¬�â¨ª®-ª¨¡¥à−¥â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®-
æ¥áá� à�§¢¨â¨ï á�¬®ã¯à�¢«ïîé¥©áï ¨¥à�àå®á¥â¥¢®© á¨áâ¥¬ë —¥«®¢¥ç¥áâ¢�
à�áá¬®âà¥− ¯�à�««¥«¨§¬ ¯à®æ¥áá®¢ £¥−¥§¨á� ¡�§¨á−ëå ¨−ä®à¬�æ¨®−−ëå â¥å-
−®«®£¨© (�ˆ’) ¨ ®¡é¥áâ¢¥−−®-íª®−®¬¨ç¥áª¨å ä®à¬�æ¨© (��”) —¥«®¢¥-
ç¥áâ¢�. �¥à¨®¤ã ä®à¬¨à®¢�−¨ï �ˆ’ á¨£−�«ì−ëå ¯®§/§¢ãª®¢/¤¢¨¦¥−¨©
(ú¯à¥¤-¯à¥¤-ç¥«®¢¥ª®¬û Hominoidea) á®®â¢¥âáâ¢ã¥â ��” á à�¡®ç¨¬ −�§¢�−¨-
¥¬ ú¯à¥¤-¯à¥¤-¯¥à¢®¡ëâ−®-®¡é¨−−ë© áâà®©û, ¯¥à¨®¤ã ä®à¬¨à®¢�−¨ï �ˆ’
¬¨¬¨ª /̈¦¥áâ®¢ (ú¯à¥¤-ç¥«®¢¥ª®¬û Homo erectus) | ��” ú¯à¥¤-¯¥à¢®-
¡ëâ−®-®¡é¨−−ë© áâà®©û, ¯¥à¨®¤ã ä®à¬¨à®¢�−¨ï �ˆ’ à¥ç /̈ï§ëª� (ç¥«®-
¢¥ª®¬ Homo sapiens-1) | ��” ú¯¥à¢®¡ëâ−®-®¡é¨−−ë© áâà®©-1û (��‘),
¯¥à¨®¤ã ä®à¬¨à®¢�−¨ï �ˆ’ ¯¨áì¬¥−−®áâ /̈çâ¥−¨ï (Homo sapiens-2) |
��” úä¥®¤�«¨§¬-1 + ��‘-2û, ¯¥à¨®¤ã ä®à¬¨à®¢�−¨ï �ˆ’ â¨à�¦¨à®¢�-
−¨ï â¥ªáâ®¢/ª−¨£®¯¥ç�â�−¨ï (Homo sapiens-3) | ��” úª�¯¨â�«¨§¬-1 + ä¥®-
¤�«¨§¬-2 + ��‘-3û, ¯¥à¨®¤ã ä®à¬¨à®¢�−¨ï �ˆ’ «®ª�«ì−ëå ª®¬¯ìîâ¥à®¢
(Homo sapiens-4) | ��” úα-æ¨äà�«¨§¬-1 + ª�¯¨â�«¨§¬-2 + ä¥®¤�-
«¨§¬-3 + ��‘-4û, ¯¥à¨®¤ã ä®à¬¨à®¢�−¨ï �ˆ’ â¥«¥ª®¬¬ã−¨ª�æ¨©/á¥-
â¥© (Homo sapiens-5) | ��” úβ-æ¨äà�«¨§¬-1 + α-æ¨äà�«¨§¬-2 + ª�¯¨-
â�«¨§¬-3 + ä¥®¤�«¨§¬-4 + ��‘-5û, ¯¥à¨®¤ã ä®à¬¨à®¢�−¨ï ¯¥àá¯¥ªâ¨¢−®©
−�−®-�ˆ’ (Homo sapiens-6) | ��” úγ-æ¨äà�«¨§¬-1 + β-æ¨äà�-
«¨§¬-2 + α-æ¨äà�«¨§¬-3 + ª�¯¨â�«¨§¬-4 + ä¥®¤�«¨§¬-5 + ��‘-6û ¨ â. ¤.
�à¨¢®¤ïâáï å�à�ªâ¥à¨áâ¨ª¨ á®®â¢¥âáâ¢ãîé¨å ã¯à�¢«¥−ç¥áª¨å áâàãª-
âãà: ®â ú¯à¥¤-¯à¥¤-¤¥¬®ªà�â¨¨û ¢ à�¬ª�å á¥¬ì¨ ¤® ¯¥àá¯¥ªâ¨¢-
−®© ú¤¥¬®ªà�â®-6{�¢â®ªà�â®-5{®«¨£�àå®-4{α-�à¨ä¬®ªà�â®-3{β-�à¨ä¬®-
ªà�â®-2{γ-�à¨ä¬®ªà�â¨¨-1û ¢ à�¬ª�å �à®¬¥¦ãâ®ç−®£® Š®á¬®á�.
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‘. �. ƒà¨−ç¥−ª®

®¡é¥−¨ï ¬¥¦¤ã «î¤ì¬¨, áãé¥áâ¢¥−−® à�§«¨ç�îé¨åáï áã¡áâà�â®¬ (áà¥¤áâ¢�¬¨)
á¢®¥© à¥�«¨§�æ¨¨ [1].

‚ á¢®î ®ç¥à¥¤ì, í−æ¨ª«®¯¥¤¨ç¥áª�ï ä®à¬ã«¨à®¢ª� ®¡é¥áâ¢¥−−®-íª®−®¬¨ç¥-
áª®© ä®à¬�æ¨¨ ®¯à¥¤¥«ï¥â ¥¥ ª�ª ú. . .¨áâ®à¨ç¥áª¨ ®¯à¥¤¥«¥−−ë© â¨¯ ®¡é¥áâ¢�,
¯à¥¤áâ�¢«ïîé¨© á®¡®© ®á®¡ãî áâã¯¥−ì ¢ ¥£® à�§¢¨â¨¨; \. . .®¡é¥áâ¢®, −�å®¤ïé¥-
¥áï −� ®¯à¥¤¥«¥−−®© áâã¯¥−¨ ¨áâ®à¨ç¥áª®£® à�§¢¨â¨ï, ®¡é¥áâ¢® á á¢®¥®¡à�§−ë¬
®â«¨ç¨â¥«ì−ë¬ å�à�ªâ¥à®¬" (Œ�àªá Š., á¬. Œ�àªá Š. ¨ �−£¥«ìá ”. ‘®ç.,
2-¥ ¨§¤., â. 6, á. 442)û [2]. ‚ á¢®¨å à�−−¨å à�¡®â�å Š. Œ�àªá ¢ë¤¥«ï« ¯ïâì â�ª¨å
á¬¥−ïîé¨å ¤àã£ ¤àã£� ä®à¬�æ¨©: ¯¥à¢®¡ëâ−®-®¡é¨−−ãî, à�¡®¢«�¤¥«ìç¥áªãî,
ä¥®¤�«ì−ãî, ª�¯¨â�«¨áâ¨ç¥áªãî ¨ ª®¬¬ã−¨áâ¨ç¥áªãî. �� á¥£®¤−ï áç¨â�¥âáï,
çâ® úà�¡®¢«�¤¥«ìç¥áª�ï ¨ ä¥®¤�«ì−�ï \áâ�¤¨¨" á®áâ�¢«ïîâ ¢ ¤¥©áâ¢¨â¥«ì−®áâ¨
«¨èì ®¤−ã ¥¤¨−ãî á®á«®¢−®-ª«�áá®¢ãî ®¡é¥áâ¢¥−−ãî ä®à¬�æ¨îû [3, á. 113].

‚®§−¨ª�¥â ¢®¯à®á: �¤¥ª¢�â−® «¨ á®¯®áâ�¢«¥−¨¥ á¨áâ¥¬−®£® £¥−¥§¨á� �ˆ’
¨ ��” ª�ª ¢ ¨áâ®à¨ç¥áª®¬ ¯à®è«®¬ —¥«®¢¥ç¥áâ¢�, â�ª ¨ ¢ ¡ã¤ãé¥¬?

Š�ª ¯à¥¤áâ�¢«ï¥âáï, á¨áâ¥¬−ë© £¥−¥§¨á �ˆ’, à�¢−® ª�ª ¨ á¨áâ¥¬−ë© £¥−¥§¨á
��”, ®¯¨áë¢�¥âáï ¢ â¥à¬¨−�å íâ�¯®¢ £«®¡�«ì−®£® í¢®«îæ¨®−¨§¬� á�¬®ã¯à�¢«ï-
îé¥©áï ¨¥à�àå®á¥â¥¢®© á¨áâ¥¬ë —¥«®¢¥ç¥áâ¢� ª�ª ¥¤¨−®£® á�¬®à�§¢¨¢�îé¥£®áï
æ¥«®£® [4, 5]. …£® ®á−®¢� | â¥á−¥©è�ï á¢ï§ª� ¨−ä®à¬�æ¨®−−ëå, ¯à®¨§¢®¤áâ¢¥−-
−ëå ¨ ¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨©, ¨á¯®«ì§ã¥¬ëå ãá«®¦−ïîé¨¬¨áï ¨−¤¨¢¨-
¤�¬¨ ¢ å®¤¥ ¨áâ®à¨ç¥áª®£® à�§¢¨â¨ï ®â ¤à¥¢−¥©è¨å ¢à¥¬¥− ¤® −�è¨å ¤−¥© ¨ ¤�«¥¥.
‘®£«�á−® ¨−ä®à¬�â¨ª®-ª¨¡¥à−¥â¨ç¥áª®© ¬®¤¥«¨ (ˆŠŒ), ªà¨â¨ç¥áª¨¬¨ â®çª�-
¬¨ íâ¨å ¯à®æ¥áá®¢ áç¨â�îâáï á¨áâ¥¬−ë¥ ¯¥à¥¢®à®âë ¢ ¨áâ®à¨¨ —¥«®¢¥ç¥áâ¢�,
¬�àª¥à�¬¨ ª®â®àëå ¢ëáâã¯�îâ á®®â¢¥âáâ¢ãîé¨¥ ¨−ä®à¬�æ¨®−−ë¥ ¯¥à¥¢®à®âë,
â. ¥. áâ�àâë −®¢ëå �ˆ’, á ¬®¤¥«ì−ë¬¨ à�áç¥â−ë¬¨ ¤�â¨à®¢ª�¬¨1 ∼ 28230{
1860{123{8,1 âëá. «¥â −�§�¤{1446{1946{1979{1981{1981 ££.{. . ., á á¨áâ¥¬−®©
á¨−£ã«ïà−®áâìî íâ®£® àï¤� ®ª®«® 1981 £. [7,8].

‡¤¥áì ã¬¥áâ−® ®â¬¥â¨âì, çâ® ¢�¦−¥©è¥© ®á®¡¥−−®áâìî ˆŠŒ ï¢«ï¥âáï ¯à¨−-
æ¨¯ á¨áâ¥¬−®© ªã¬ã«ïæ¨¨, á®£«�á−® ª®â®à®¬ã ¢®§−¨ª−®¢¥−¨¥ ¢ ¨¥à�àå¨ç¥áª¨å
¯à¨à®¤−ëå á¨áâ¥¬�å −®¢ëå ¯®¤á¨áâ¥¬ −¥ ®§−�ç�¥â í«¨¬¨−�æ¨¨ à�−¥¥ ¢®§−¨ªè¨å
(¢á¥ ®−¨ á®áãé¥áâ¢ãîâ, �ªâ¨¢−® ¢§�¨¬®¤¥©áâ¢ãîâ ¨ ª®í¢®«îæ¨®−¨àãîâ), � â�ª¦¥
¯à¨−æ¨¯ á¨áâ¥¬−®© á®£«�á®¢�−−®áâ¨, £«�áïé¨©, çâ® ¢®§−¨ª−®¢¥−¨¥ ¢ å®¤¥ í¢®-
«îæ¨¨ á¨áâ¥¬ë —¥«®¢¥ç¥áâ¢� −®¢ëå ¯®¤á¨áâ¥¬ á®¯à®¢®¦¤�¥âáï ª�à¤¨−�«ì−ë¬¨
¯¥à¥¬¥−�¬¨ ¢ áâàãªâãà¥ ¨ å�à�ªâ¥à¥ ¯à¨á¯®á®¡¨â¥«ì−®£® ¯®¢¥¤¥−¨ï ¯®¤á¨áâ¥¬,
à�−¥¥ ¢®§−¨ªè¨å (å®âï ¨å ¢ª«�¤ ¢ ®¡é¨© å®¤ á¨áâ¥¬−®£® ¯à¨á¯®á®¡¨â¥«ì−®£®
¯®¢¥¤¥−¨ï ã¬¥−ìè�¥âáï) [9].

‘®¯®áâ�¢«ïï íâ¨ ¤�â¨à®¢ª¨ á £¥−¥§¨á®¬ ��”, á«¥¤ã¥â ãª�§�âì, çâ® à�¡®-
â�îé¨¥ ¢ à�¬ª�å £ã¬�−¨â�à−®-ä¨«®á®äáª¨å −�ãª �¢â®àë −¥ ¯à¨¢®¤ïâ ª®«¨ç¥-
áâ¢¥−−ëå ¢à¥¬¥−− �ëå ®æ¥−®ª å®¤� íâ®£® ¯à®æ¥áá�, ¤�¢�ï «¨èì ª�ç¥áâ¢¥−−ë¥ ¥£®
å�à�ªâ¥à¨áâ¨ª¨. Œ®¤¥«ì−ë© ¯®¤å®¤ ¤�¥â ¢®§¬®¦−®áâì ¢¢¥áâ¨ ¢ ¯à¥¤áâ�¢«¥-

1‚à¥¬¥−− �ë¥ ¨ ¯à®áâà�−áâ¢¥−−ë¥ ª®«¨ç¥áâ¢¥−−ë¥ ¯�à�¬¥âàë ˆŠŒ ¡�§¨àãîâáï −� £¥®¬¥âà¨ç¥-
áª®© ¯à®£à¥áá¨¨ á® §−�¬¥−�â¥«¥¬ ee

= 15,15426. . ., ¢ëï¢«¥−−®© �. ‚. †¨à¬ã−áª¨¬ ¨ ‚. ˆ. Šã§ì-
¬¨−ë¬ ¯à¨ ¨áá«¥¤®¢�−¨¨ ªà¨â¨ç¥áª¨å ãà®¢−¥© ¢ à�§¢¨â¨¨ ¡¨®«®£¨ç¥áª¨å á¨áâ¥¬ [6].
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� áà�¢−¨â¥«ì−®¬ £¥−¥§¨á¥ �ˆ’ ¨ ��” —¥«®¢¥ç¥áâ¢�

−¨¥ ® £¥−¥§¨á¥ ��” á®®â¢¥âáâ¢ãîé¨¥ ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−− �ë¥ ª®®à¤¨−�âë,
� â�ª¦¥ æ¥«ë© àï¤ −®¢ëå (à�¡®ç¨å) â¥à¬¨−®¢, ®âà�¦�îé¨å ª�ª á®¤¥à¦�â¥«ì−ãî
áâ®à®−ã íâ®£® á¨áâ¥¬−®£® ¯à®æ¥áá�, â�ª ¨ íâ�¯ë ¥£® ãá«®¦−¥−¨ï, ¬�àª¨àã¥¬ë¥
á®®â¢¥âáâ¢ãîé¨¬¨ ¢®§¬®¦−®áâï¬¨ ˆŠŒ (á¬. â�¡«¨æã ¨ à¨áã−®ª). ‚ ç�áâ−®áâ¨,
â�ª¨¥ â¥à¬¨−ë, ª�ª:

(1) ú�à¥¤-¯à¥¤-¯¥à¢®¡ëâ−®-®¡é¨−−ë© áâà®©û á ¥£® �ˆ’ á¨£−�«ì−ëå
¯®§/§¢ãª®¢/¤¢¨¦¥−¨©, ¤«ï ª®â®à®£® å�à�ªâ¥à−� ¯à¥¢�«¨àãîé�ï ®¡é¥-
áâ¢¥−−�ï ã¯à�¢«¥−ç¥áª�ï áâàãªâãà� | á¥¬¥©−�ï ú¯à¥¤-¯à¥¤-¤¥¬®ªà�â¨ïû
(−� â¥àà¨â®à¨ïå ú¤¢®à®¢û);

(2) ú�à¥¤-¯¥à¢®¡ëâ−®-®¡é¨−−ë© áâà®©û á ¥£® �ˆ’ ¬¨¬¨ª /̈¦¥áâ®¢, ¤«ï
ª®â®à®£® å�à�ªâ¥à−� à®¤®¯«¥¬¥−−�ï ú¯à¥¤-¤¥¬®ªà�â¨ïû (−� â¥àà¨â®à¨ïå
ú¯®á¥«¥−¨©û);

(3) ú�¥à¢®¡ëâ−®-®¡é¨−−ë© áâà®©-1û (��‘-1: ¥¤¨−¨æ� ®¡®§−�ç�¥â ä�ªâ
¯¥à¢¨ç−®áâ¨ §¤¥áì íâ®© ä®à¬�æ¨¨, ¨¬¥ï ¢ ¢¨¤ã ãá«®¦−¥−¨¥ ¥¥ ¯à®ï¢«¥−¨©
¢ ¡ã¤ãé¥¬) á ¥£® �ˆ’ à¥ç /̈ï§ëª� ¨ ú¤¥¬®ªà�â¨¥©-1û (−� â¥àà¨â®à¨ïå
ú®ªà�ã£û);

(4) ú”¥®¤�«¨§¬-1û á äà�£¬¥−â�à−ë¬¨ ¯à®ï¢«¥−¨ï¬¨ ��‘-2, á ¥£® �ˆ’
¯¨áì¬¥−−®áâ /̈çâ¥−¨ï ¨ −�æ¨®−�«ì−®© ú¤¥¬®ªà�â®-2{�¢â®ªà�â¨¥©-1û (−�
â¥àà¨â®à¨ïå úá¢¥àåà�©®−®¢û | −�æ¨®−�«ì−ëå £®áã¤�àáâ¢);

(5) úŠ�¯¨â�«¨§¬-1û á äà�£¬¥−â�à−ë¬¨ ¯à®ï¢«¥−¨ï¬¨ ä¥®¤�«¨§¬�-2
¨ ��‘-3, á ¥£® �ˆ’ â¨à�¦¨à®¢�−¨ï â¥ªáâ®¢/ª−¨£®¯¥ç�â�−¨ï ¨ ¨¬¯¥à-
áª®© ú¤¥¬®ªà�â®-3{�¢â®ªà�â®-2{®«¨£�àå¨¥©-1û (−� â¥àà¨â®à¨ïå úá¢¥àå-
áâà�−û | ¤¥à¦�¢, ¨¬¯¥à¨©, ¤à.);.

(6) úα-–¨äà�«¨§¬-1û (á®æ¨�«¨§¬, £®áª�¯¨â�«¨§¬, ¯®áâ¨−¤ãáâà¨�«ì−®¥ ®¡é¥-
áâ¢® ¨ ¤à.) á äà�£¬¥−â�à−ë¬¨ ¯à®ï¢«¥−¨ï¬¨ ª�¯¨â�«¨§¬�-2, ä¥®¤�«¨§¬�-3
¨ ��‘-4, á ¥£® �ˆ’ «®ª�«ì−ëå ª®¬¯ìîâ¥à®¢, −�ç�«ì−®£® íâ�¯� à�§¢¨â¨ï
á®§¤�¢�¥¬®£® ç¥«®¢¥ª®¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� [10, 11] ¨ ¯«�−¥â�à-
−®© (£«®¡�«ì−®©) ú¤¥¬®ªà�â®-4{�¢â®ªà�â®-3{®«¨£�àå®-2{α-�à¨ä¬®ªà�â¨-
¥©-1û;

(7) úβ-–¨äà�«¨§¬-1û (úª�áâ®¢ë©û á®æ¨�«¨§¬ (?), ú¨−ª«î§¨¢−ë©û ª�¯¨-
â�«¨§¬ (?) ¨ â. ¯.) á äà�£¬¥−â�à−ë¬¨ ¯à®ï¢«¥−¨ï¬¨ α-æ¨äà�«¨§¬�-2,
ª�¯¨â�«¨§¬�-3, ä¥®¤�«¨§¬�-4 ¨ ��‘-5, á ¥£® �ˆ’ â¥«¥ª®¬¬ã−¨ª�æ¨©/á¥-
â¥©, ¢®§à�áâ�îé¥© à®«ìî ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¨ ú¤¥¬®ªà�â®-5{�¢â®-
ªà�â®-4{®«¨£�àå®-3{α-�à¨ä¬®ªà�â®-2{β-�à¨ä¬®ªà�â¨¥©-1û �ª®«®§¥¬−®-
£® Š®á¬®á�;

(8) úγ-–¨äà�«¨§¬-1û (ª®¬¬ã−¨§¬ (?), ª�¯¨â�«¨§¬ áâ¥©ªå®«¤¥à®¢ (?) ¨ â. ¯.)
á äà�£¬¥−â�à−ë¬¨ ¯à®ï¢«¥−¨ï¬¨ β-æ¨äà�«¨§¬�-2, α-æ¨äà�«¨§¬�-3, ª�-
¯¨â�«¨§¬�-4, ä¥®¤�«¨§¬�-5 ¨ ��‘-6, á ¥£® ¯¥àá¯¥ªâ¨¢−®© −�−®�¯¯�-
à�â−® ¯®¤¤¥à¦¨¢�¥¬®© �ˆ’, ¢¥¤ãé¥© à®«ìî ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
¨ ú¤¥¬®ªà�â®-6{�¢â®ªà�â®-5{®«¨£�àå®-4{α-�à¨ä¬®ªà�â®-3{β-�à¨ä¬®ªà�-
â®-2{γ-�à¨ä¬®ªà�â¨¥©-1û �à®¬¥¦ãâ®ç−®£® Š®á¬®á� ¨ â. ¤.
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‘®¯®áâ�¢«¥−¨¥ £¥−¥§¨á®¢ �ˆ’ [4] ¨ ��” ¢ á¨áâ¥¬¥ —¥«®¢¥ç¥áâ¢�

�ˆ’.
‘ã¡ê¥ªâ

‚à¥¬ï
áâ�àâ�
¨ ªã«ì-
¬¨−�æ¨¨

�à¥�«
(à�¤¨ãá íª¢¨-

¢�«¥−â−®£®
ªàã£�)

ú”®à¬�æ¨ï/áâà®©û.
’¨¯

®¡é¥áâ¢¥−−®£®
å®§ï©áâ¢�

�à¥¢�«¨àãîé�ï
â¥àà¨â®à¨�«ì−�ï
ã¯à�¢«¥−ç¥áª�ï

áâàãªâãà�
1 ‘¨£−�«ì−ë¥

¯®§ë/§¢ãª /̈
¤¢¨¦¥−¨ï.
Hominoidea

∼ 28,2 ¨
∼ 9,26 ¬«−
«¥â −�§�¤

„® 64 ¬,
ú¤¢®àû

ú�à¥¤-¯à¥¤-¯¥à¢®¡ëâ−®-
®¡é¨−−ë© áâà®©û.
�à¨á¢�¨¢�îé¥¥ ú¯à¥¤-
¯à¥¤-å®§ï©áâ¢®û

‘¥¬¥©−�ï ú¯à¥¤-
¯à¥¤-¤¥¬®ªà�â¨ïû
−� â¥àà¨â®à¨¨ ú¤¢®-
à�û

2 Œ¨¬¨ª�/
¦¥áâë.
Homo erectus

∼ 1,86 ¨
∼ 0,612 ¬«−
«¥â −�§�¤

„® 1 ª¬,
ú¯®á¥«¥−¨¥û

ú�à¥¤-¯¥à¢®¡ëâ−®-®¡-
é¨−−ë© áâà®©û.
�à¨á¢�¨¢�îé¥¥ ú¯à¥¤-
å®§ï©áâ¢®û

÷®¤®-¯«¥¬¥−−�ï
ú¯à¥¤-¤¥¬®ªà�â¨ïû
−� â¥àà¨â®à¨¨ ú¯®-
á¥«¥−¨ïû

3 ÷¥çì/ï§ëª.
Homo
sapiens-1

∼ 123 ¨
∼ 40,3 âëá.
«¥â −�§�¤

„® 15 ª¬,
ú®ªà�ã£�û

�¥à¢®¡ëâ−®-®¡é¨−−ë©
áâà®©-1 (��‘-1).
�à¨á¢�¨¢�îé¥¥ å®§ï©áâ¢®

ú„¥¬®ªà�â¨ï-1û −�
â¥àà¨â®à¨¨ ú®ªà�ã-
£¨û

4 �¨áì¬¥−-
−®áâì/çâ¥−¨¥.
Homo
sapiens-2

∼ 8,1 ¨
∼ 2,7 âëá.
«¥â −�§�¤

„® 223 ª¬,
úá¢¥àåà�©®−û

��‘-2 + ä¥®¤�«¨§¬-1.
Œ¥«ª®¥ −�âãà�«ì−®¥ ¯à®-
¨§¢®¤áâ¢®

��æ¨®−�«ì−�ï ú¤¥-
¬®ªà�â®-2{�¢â®ªà�-
â¨ï-1û −� â¥àà¨â®-
à¨¨ úá¢¥àåà�©®−�û
(−�æ¨®−�«ì−ë¥ £®áã-
¤�àáâ¢�)

5 ’¨à�¦¨à®¢�-
−¨¥ â¥ªáâ®¢.
Homo
sapiens-3

∼ 1446 ¨
∼ 1806 ££.

„® 3370 ª¬,
úá¢¥àåáâà�−�û

��‘-3 + ä¥®¤�«¨§¬-2 +
+ ª�¯¨â�«¨§¬-1.
Šàã¯−®¥ â®¢�à−®¥ ¯à®¨§-
¢®¤áâ¢®

ˆ¬¯¥àáª�ï ú¤¥¬®-
ªà�â®-3{�¢â®ªà�-
â®-2{®«¨£�àå¨ï-1û
−� â¥àà¨â®à¨¨
úá¢¥àåáâà�−ëû (¨¬-
¯¥à¨¨, ¤¥à¦�¢ë, ¤à.)

6 ‹®ª�«ì−ë©
ª®¬¯ìîâ¥à.
Homo
sapiens-4

∼ 1946 ¨
∼ 1970 ££.

„® 51 âëá. ª¬,
¯«�−¥â� ‡¥¬«ï

��‘-4 + ä¥®¤�«¨§¬-3 +
+ ª�¯¨â�«¨§¬-2 +
+ α-æ¨äà�«¨§¬-1: á®æ¨�-
«¨§¬, £®áª�¯¨â�«¨§¬ ¨ ¤à.
�à®¨§¢®¤áâ¢® âà�−á−�-
æ¨®−�«ì−ëå ª®à¯®à�æ¨©

�«�−¥â�à−�ï (£«®-
¡�«ì−�ï) ú¤¥¬®ªà�-
â®-4{�¢â®ªà�â®-3{
®«¨£�àå®-2{α-�à¨ä-
¬®ªà�â¨ï-1û −� â¥à-
à¨â®à¨¨ ¯«�−¥âë

7 ’¥«¥ª®¬¬ã-
−¨ª�æ¨ /̈
á¥â¨.
Homo
sapiens-5

∼ 1979 ¨
∼ 2003 ££.

„® 773 âëá. ª¬,
�ª®«®§¥¬−ë©
Š®á¬®á

��‘-5 + ä¥®¤�«¨§¬-4 +
+ ª�¯¨â�«¨§¬-3 + α-æ¨ä-
à�«¨§¬-2 + β-æ¨äà�-
«¨§¬-1: úª�áâ®¢ë©û á®-
æ¨�«¨§¬ (?), ú¨−ª«î§¨¢-
−ë©û ª�¯¨â�«¨§¬ (?) ¨ ¤à.
�à®¨§¢®¤áâ¢® âà�−áª®−-
â¨−¥−â�«ì−ëå ª®à¯®à�æ¨©

ú„¥¬®ªà�â®-5{�¢â®-
ªà�â®-4{®«¨£�àå®-
3{α-�à¨ä¬®ªà�-
â®-2{β-�à¨ä¬®ªà�-
â¨ï-1û ¢ ¯à®áâà�−-
áâ¢¥−−®¬ ®¡ê¥¬¥
�ª®«®§¥¬−®£® Š®á-
¬®á�

8 ��−®-ˆ’.
Homo
sapiens-6

∼ 1981 ¨
∼ 2341 ££.

„® 11,7 ¬«− ª¬,
�à®¬¥¦ãâ®ç-
−ë© Š®á¬®á

��‘-6 + ä¥®¤�«¨§¬-5 +
+ ª�¯¨â�«¨§¬-4 + α-æ¨ä-
à�«¨§¬-3 + β-æ¨äà�-
«¨§¬-2 + γ-æ¨äà�-
«¨§¬-1: ª®¬¬ã−¨§¬ (?),
ª�¯¨â�«¨§¬ áâ¥©ªå®«¤¥-
à®¢ (?) ¨ ¤à.
�à®¨§¢®¤áâ¢® âà�−á¯«�-
−¥â�à−ëå ª®à¯®à�æ¨©

ú„¥¬®ªà�â®-6{�¢â®-
ªà�â®-5{®«¨£�à-
å®-4{α-�à¨ä¬®ªà�-
â®-3{β-�à¨ä¬®ªà�-
â®-2{γ-�à¨ä¬®ªà�-
â¨ï-1û ¢ ¯à®áâà�−-
áâ¢¥−−®¬ ®¡ê¥¬¥
�à®¬¥¦ãâ®ç−®£®
Š®á¬®á�

· · · · · · · · · · · · · · · · · ·
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� áà�¢−¨â¥«ì−®¬ £¥−¥§¨á¥ �ˆ’ ¨ ��” —¥«®¢¥ç¥áâ¢�

„¨�£à�¬¬� ®á−®¢−ëå íâ�¯®¢ £¥−¥§¨á®¢ �ˆ’ ¨ ��” ¢ á�¬®ã¯à�¢«ïîé¥©áï á¨áâ¥¬¥
—¥«®¢¥ç¥áâ¢� (¤¢®©−®© «®£�à¨ä¬¨ç¥áª¨© ¬�áèâ�¡)
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‘. �. ƒà¨−ç¥−ª®

’�ª¨¬ ®¡à�§®¬, ¯à¥¤«�£�¥¬�ï ¬®¤¥«ì ¯�à�««¥«¨§¬� ¢ £«®¡�«ì−®© í¢®«îæ¨¨
�ˆ’ ¨ ��” á¨áâ¥¬ë —¥«®¢¥ç¥áâ¢�, ¢¥à¨ä¨ª�æ¨ï ®á−®¢−ëå ¯®«®¦¥−¨© ª®â®à®©
¯à®¢¥¤¥−� −� ¨¬¥îé¨åáï ¨áâ®à¨ª®-�àå¥®«®£¨ç¥áª¨å ¤�−−ëå [12{14], ¬®¦¥â ¡ëâì
¯®«®¦¥−� ¢ ®á−®¢ã −®¢ëå ¯®¤å®¤®¢ ª ¨§ãç¥−¨î áãé−®áâ¨ —¥«®¢¥ª� ¨ —¥«®¢¥ç¥áâ¢�
ª�ª ¨¬¬�−¥−â−ëå á®áâ�¢«ïîé¨å Œ¨à®§¤�−¨ï.
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ON THE COMPARATIVE GENESIS OF BASIC INFORMATION
TECHNOLOGIES AND SOCIOECONOMIC FORMATIONS

OF THE HUMANKIND

S. N. Grinchenko

Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: From the standpoint of informatics-cybernetic modeling of the
development process of the self-controlling hierarchical-network system of
Humankind, the parallelism of the processes of the genesis of basic information
technologies (BIT) and socioeconomic formations (SEF) of Humankind is
considered. The period of the formation of BIT signal poses/sounds/movements
(\pre-pre-human" Hominoidea) corresponds to the SEF with the working title
\pre-pre-primitive communal formation," the period of the formation of BIT
mimics/gestures (\pre-human" Homo erectus) | SEF \pre-primitive communal
formation," the period of formation of BIT of speech/language (human Homo
sapiens-1) | SEF \primitive communal formation-1" (PCF), the period of forma-
tion of BIT writing/reading (Homo sapiens-2) | SEF \Feudalism-1 + PCF-2,"
the period of formation of BIT of replicating texts/printing (Homo
sapiens-3) | SEF \Capitalism-1 + Feudalism-2 + PCF-3," the peri-
od of formation of BIT local computers (Homo sapiens-4) | SEF
\α-Digitalism-1 + Capitalism-2 + Feudalism-3 + PCF-4," the period of
formation of BIT of telecommunications/networks (Homo sapiens-5) |
SEF \β-Digitalism-1 + α-Digitalism-2 + Capitalism-3 + Feudalism-4 +
+ PCF-5," the period of formation of a promising nano-BIT (Homo
sapiens-6) | SEF \γ-Digitalism-1 + β-Digitalism-2 + α-Digitalism-3 +
+ Capitalism-4 + Feudalism-5 + PCF-6," etc. The characteristics of the corre-
sponding management structures are given: from \pre-pre-democracy" within
the family to the promising \democrat{autocrat{oligarch{γ-arithmocrat-3{
β-arithmocrat-2{α-arithmocracy-1" within the Intermediate Space.

Keywords: basic information technologies; socioeconomic formations;
informatics-cybernetic model; self-controlling hierarchical-network system of
Humankind; systemic genesis; systemic cumulation principle; systemic consis-
tency principle
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�¥£¨è¥¢ ‚ïç¥á«�¢ �«¥£®¢¨ç (à. 1988) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©-
áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢
‚®«ª®¢ �«¥£ ˆ£®à¥¢¨ç (à. 1964) | ¢¥¤ãé¨© ¯à®£à�¬¬¨áâ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒ�¢à¨«®¢ ‚¨ªâ®à …¢¤®ª¨¬®¢¨ç (à. 1950) | £«�¢−ë© á¯¥æ¨�«¨áâ ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒ®−ç�à¥−ª® ‚«�¤¨á«�¢ ‚«�¤¨¬¨à®¢¨ç (à. 1994) | �á¯¨à�−â Œ®áª®¢áª®£® ä¨-
§¨ª®-â¥å−¨ç¥áª®£® ¨−áâ¨âãâ�
ƒ®−ç�à®¢ �«¥ªá�−¤à �−�â®«ì¥¢¨ç (à. 1994) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒà¨£®àï− ÷�ä�í«ì Š�à¥−®¢¨ç (à. 1992) | �á¯¨à�−â ¡¨®«®£¨ç¥áª®£® ä�ªã«ìâ¥â�
Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�; −¥©à®ä¨-
§¨®«®£ «�¡®à�â®à¨¨ −¥©à®ä¨§¨®«®£¨¨ ¨ −¥©à®ª®¬¯ìîâ¥à−ëå ¨−â¥àä¥©á®¢ ���
ú�¥©à¨û
ƒà¨−ç¥−ª® ‘¥à£¥© �¨ª®«�¥¢¨ç (à. 1946) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
„ãà−®¢® �«¥ªá�−¤à �¤à¨�−®¢¨ç (à. 1949) | ¢¥¤ãé¨© ¯à®£à�¬¬¨áâ ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
„ìïç¥−ª® „¥−¨á āàì¥¢¨ç (à. 1987) | ¨−¦¥−¥à-¨áá«¥¤®¢�â¥«ì ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
„ìïç¥−ª® āà¨© ƒ¥®à£¨¥¢¨ç (à. 1958) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−â-
à� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�æ¬�− ˆ£®àì Œ®¨á¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª

ˆ−ìª®¢� �«ì£� āàì¥¢−� (à. 1965) | ¤®ªâ®à ä¨«®«®£¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®-
¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª;
á®âàã¤−¨ª “−¨¢¥àá¨â¥â� †¥−¥¢ë

ˆ®−¥−ª®¢ āà¨© ‘¥à£¥¥¢¨ç (à. 1956) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Š¨à¨ª®¢ ˆ£®àì �«¥ªá�−¤à®¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤¨-
à¥ªâ®à Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Œ�«�è¥−ª® āà¨© …¢£¥−ì¥¢¨ç (à. 1946) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

��§�à®¢� ˆà¨−� �«¥ªá�−¤à®¢−� (à. 1966) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�-
â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�¥©ç¥¢ ÷�¤®á«�¢ ƒ¥®à£¨¥¢ (à. 1994) | �á¯¨à�−â Œ®áª®¢áª®£® ä¨§¨ª®-â¥å−¨-
ç¥áª®£® ¨−áâ¨âãâ�

�¨ª¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

�®¯ª®¢� ��â�«¨ï �«¥ªá�−¤à®¢−� (à. 1992) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

÷®¦¤¥áâ¢¥−áª¨© āà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1952) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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÷ã¬®¢áª�ï ‘®ä¨ï �®à¨á®¢−� (à. 1985) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, −�ãç−ë©
á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘�¬®å¨−� �«¨−� Œ�ªá¨¬®¢−� (à. 1996) | �á¯¨à�−â Œ®áª®¢áª®£® ä¨§¨ª®-â¥å-
−¨ç¥áª®£® ¨−áâ¨âãâ�
‘â¥¯�−®¢ �¨ª¨â� ‚ïç¥á«�¢®¢¨ç (à. 1996) | �áá¨áâ¥−â ª�ä¥¤àë ¨−ä®ª®¬¬ã−¨-
ª�æ¨®−−ëå â¥å−®«®£¨© ¨ á¨áâ¥¬ á¢ï§¨ ‘�−ªâ-�¥â¥à¡ãà£áª®£® £®áã¤�àáâ¢¥−−®£®
ã−¨¢¥àá¨â¥â� �íà®ª®á¬¨ç¥áª®£® ¯à¨¡®à®áâà®¥−¨ï
‘â¥¯ç¥−ª®¢ „¬¨âà¨© āàì¥¢¨ç (à. 1973) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ã-
é¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�-
â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘âà¨¦®¢ ‚�¤¨¬ ‚¨ªâ®à®¢¨ç (à. 1967) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
’îà«¨ª®¢ �−¤à¥© Œ¨å�©«®¢¨ç (à. 1957) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à, §�¢¥¤ãîé¨© ª�ä¥¤à®© ¨−ä®ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© ¨ á¨áâ¥¬
á¢ï§¨ ‘�−ªâ-�¥â¥à¡ãà£áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� �íà®ª®á¬¨ç¥áª®£®
¯à¨¡®à®áâà®¥−¨ï
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;

{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-
â¥©;

{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.

�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.

�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 10 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | New York, NY,
USA: Wiley, 1974. 521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. New York, NY: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).

�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. Moscow. D.Sc. Diss.
272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.

�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.

�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��

’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: ssi@frccsc.ru (‘âà¨£¨−� ‘¢¥â«�−� �¨ª®«�¥¢−�)

http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.
Author(s) signature(s): (name(s), address(es), date)."
This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
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may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.

7. The recommended typesetting instructions for manuscript.

Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.

Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.

The recommended manuscript size: not more than 10 pages of the specified format. If
the specified size exceeded, the editorial board is entitled to require the author to reduce
the manuscript.

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.

All pages of the manuscript should be numbered.

The templates for the manuscript typesetting are presented on site:

http://www.ipiran.ru/publication/collected/template.doc

8. Articles should enclose data both in Russian and English:

{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp and
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ abstract (not less than 100 words) both in Russian and in English. Abstract is
a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.
Important! Keywords must not be sentences.

{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.net/ru/bgn/).

Please take into account the following examples of Russian references appearance:

Article in journal:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

Journal article in electronic format:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
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exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

Conference proceedings:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

Books and other monographs:

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

Dissertation and Thesis:

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. Moscow: IPI RAN. PhD Thesis. 23 p.

State standards and patents:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. M.: Standardinform Publs. 10 p.

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

References in Latin transcription are presented in the original language.

References in the text are numbered according to the order of their first appearance;
the number is placed in square brackets. All items from the reference list should be cited.

10. Manuscripts and additional materials are not returned to Authors by the Editorial
Board.

11. Submissions of files by e-mail must include:

{ the journal title and author's name in the \Subject" field;
{ an article and additional materials have to be attached using the \attach" function;
{ an electronic version of the article should contain the file with the text and a sepa-

rate file with figures.

12. \System and Means of Informatics" journal is not a profit publication. There are no
charges for the authors as well as there are no royalties.

Editorial Board address:
FRC CSC RAS, 44, block 2, Vavilov Str., Moscow 119333, Russia

Ph.: +7 (499) 135 86 92, Fax: +7 (495) 930 45 05

e-mail: ssi@frccsc.ru (to Svetlana Strigina)

http://www.ipiran.ru/english/journal systems.asp
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