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МЕТОД ПОВЫШЕНИЯ ПЕРТИНЕНТНОСТИ ИНФОРМАЦИИ
В РЕКОМЕНДАТЕЛЬНЫХ СИСТЕМАХ ПОДДЕРЖКИ

ЖИЗНЕОБЕСПЕЧЕНИЯ НА ОСНОВЕ НЕЯВНЫХ ДАННЫХ∗

С. А. Филиппов1, В. Н. Захаров2

�−−®â�æ¨ï: ‘¥£®¤−ï, ª®£¤� ¬¥â®¤ë à¥«¥¢�−â−®£® ¯®¨áª� ¯à�ªâ¨ç¥áª¨ ¤®áâ¨£-
«¨ á¢®¨å ¯à¥¤¥«®¢, ¢á¥ ¡®«ìè¥¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï ¯®¢ëè¥−¨î ¯¥àâ¨−¥−â-
−®áâ¨ ¨−ä®à¬�æ¨¨. �á®¡¥−−® íâ® á¯à�¢¥¤«¨¢® ¢ ®¡«�áâ¨ á¨áâ¥¬ ¯®¤¤¥à¦-
ª¨ ¦¨§−¥®¡¥á¯¥ç¥−¨ï, á¢ï§�−−ëå á à®§−¨ç−®© â®à£®¢«¥© â®¢�à�¬¨ ¨ (¨«¨)
ãá«ã£�¬¨ ¢ ˆ−â¥à−¥â¥, £¤¥ ¯à®¨áå®¤¨â á¥àì¥§−�ï ¡®àì¡� §� ¨−â¥à¥á ¯®ªã¯�-
â¥«ï. �à�ªâ¨ç¥áª¨ ¢á¥ á®¢à¥¬¥−−ë¥ ªàã¯−ë¥ ¨−â¥à−¥â-¬�£�§¨−ë áâ�à�îâáï
�¤�¯â¨à®¢�âì ¢−¥è−¨© ¢¨¤ ¨ á®¤¥à¦¨¬®¥ á¢®¨å áâà�−¨æ ¯®¤ −ã¦¤ë ª®−ªà¥â-
−ëå ¯®«ì§®¢�â¥«¥©, ¢ ®á−®¢−®¬ á ¯à¨¬¥−¥−¨¥¬ ª®««�¡®à�â¨¢−®© ä¨«ìâà�æ¨¨
(collaborative filtering, CF). �à¥¨¬ãé¥áâ¢�¬¨ ¤�−−®£® ¯®¤å®¤� ï¢«ïîâáï
ã¢¥«¨ç¥−¨¥ ¢®¢«¥ç¥−−®áâ¨ ¯®á¥â¨â¥«¥©, ã«ãçè¥−¨¥ ¯®«ì§®¢�â¥«ìáª®£® ®¯ëâ�
¨ ¯®¢ëè¥−¨¥ ª®−¢¥àá¨¨. ‚ ¤�−−®© à�¡®â¥ ¯à¥¤áâ�¢«¥−® ®¯¨á�−¨¥ ¬¥â®¤�
¯®¢ëè¥−¨ï ¯¥àâ¨−¥−â−®áâ¨ ¨−ä®à¬�æ¨¨, ®¯¨à�îé¥£®áï −� −¥ï¢−ë¥ ¤�−−ë¥,
â. ¥. −� à¥§ã«ìâ�âë ®¡à�¡®âª¨ �ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«¥©, á¢ï§�−−ëå á ¯à®æ¥á-
á®¬ ¯à¨−ïâ¨ï à¥è¥−¨ï, � −¥ á ¥£® à¥§ã«ìâ�â®¬ (ª�ª ¢ á«ãç�¥ ®¡à�¡®âª¨ ï¢−ëå
¤�−−ëå). ‚ ®á−®¢¥ ¬¥â®¤� «¥¦¨â ª®¬¡¨−¨à®¢�−−®¥ ¨á¯®«ì§®¢�−¨¥ ¯®¤å®¤®¢
Item{Item CF ¨ User{User CF, ¯®§¢®«ïîé¥¥ ¯à¥¤«�£�âì ¯®á¥â¨â¥«î ¯¥à-
â¨−¥−â−®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à¥¤«®¦¥−¨¥ ¤�¦¥ ¢ á¨âã�æ¨ïå, ª®£¤� á¢¥¤¥−¨ï
® ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨ ®âáãâáâ¢ãîâ ¨«¨ ¬�«®¨−ä®à¬�â¨¢−ë. ‚®§-
¬®¦−®áâ¨ ¯à¥¤«®¦¥−−®£® ¬¥â®¤� ¯à®¢¥à¥−ë á ¯®¬®éìî íªá¯¥à¨¬¥−â�«ì−®£®
®¡à�§æ� ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ¯®¢ëè¥−¨ï ¯¥àâ¨−¥−â−®áâ¨ ¨−ä®à¬�æ¨¨,
ãáâ�−®¢«¥−−®£® −� ¤¥©áâ¢ãîé¨© ¨−â¥à−¥â-¬�£�§¨− Thaisoap. �®«ãç¥−−ë¥
à¥§ã«ìâ�âë ¯®¤â¢¥à¦¤�îâ, çâ® ¤�¦¥ ®£à�−¨ç¥−−®¥ ¯à¨¬¥−¥−¨¥ ¬¥â®¤� ¤®áâ�-
â®ç−® á¥àì¥§−® ¤«ï í«¥ªâà®−−®© ª®¬¬¥àæ¨¨ ã«ãçè�¥â ¯®«ì§®¢�â¥«ìáª¨© ®¯ëâ
¨ ¤®å®¤ë ¢«�¤¥«ìæ�.

Š«îç¥¢ë¥ á«®¢�: ¯¥àâ¨−¥−â−®áâì; ª®««�¡®à�â¨¢−�ï ä¨«ìâà�æ¨ï; ¨−â¥à−¥â-
¬�£�§¨−; à¥ª®¬¥−¤�â¥«ì−�ï á¨áâ¥¬�; −¥ï¢−ë¥ ¤�−−ë¥

DOI: 10.14357/08696527160401

1 Введение

�¤−¨¬ ¨§ á®¢à¥¬¥−−ëå âà¥−¤®¢ ¢ à�§¢¨â¨¨ á¥â¨ ˆ−â¥à−¥â ï¢«ï¥âáï ¯¥àá®-
−�«¨§�æ¨ï | á¯®á®¡ ¯®¤�ç¨ ¨−ä®à¬�æ¨¨ −� á�©â�å, ª®â®àë© ¯®¤áâà�¨¢�¥âáï

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ Œ¨−¨áâ¥àáâ¢� ®¡à�§®¢�−¨ï ¨ −�ãª¨ ÷” (ã−¨ª�«ì−ë©
¨¤¥−â¨ä¨ª�â®à ¯à®¥ªâ� RFMEFI60414X0139).

1ˆ−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, stanislav@philippov.ru

2ˆ−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, vzakharov@ipiran.ru
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Œ¥â®¤ ¯®¢ëè¥−¨ï ¯¥àâ¨−¥−â−®áâ¨ ¨−ä®à¬�æ¨¨ ¢ á¨áâ¥¬�å ¯®¤¤¥à¦ª¨ ¦¨§−¥®¡¥á¯¥ç¥−¨ï

¯®¤ ã−¨ª�«ì−ë¥ ¯®âà¥¡−®áâ¨ ª®−ªà¥â−ëå ¯®á¥â¨â¥«¥©. ‘®¢à¥¬¥−−ë¥ ¯®¨áª®¢ë¥
á¨áâ¥¬ë, á®æ¨�«ì−ë¥ á¥â¨, ä®àã¬ë, −®¢®áâ−ë¥ à¥áãàáë ¨ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨
¦¨§−¥®¡¥á¯¥ç¥−¨ï (§¤¥áì ¨ ¤�«¥¥ ¯®¤ â�ª¨¬¨ á¨áâ¥¬�¬¨ ¯®¤à�§ã¬¥¢�îâáï á¨áâ¥¬ë
í«¥ªâà®−−®© ª®¬¬¥àæ¨¨, ¨−â¥à−¥â-¬�£�§¨−ë) áâ�à�îâáï �¤�¯â¨à®¢�âì ¢−¥è−¨©
¢¨¤ ¨ á®¤¥à¦¨¬®¥ (ª®−â¥−â) á¢®¨å áâà�−¨æ ¯®¤ −ã¦¤ë ª®−ªà¥â−ëå ¯®«ì§®¢�â¥-
«¥©. �® à¥§ã«ìâ�â�¬ ¨áá«¥¤®¢�−¨ï ª®¬¯�−¨¨ Evergage, ¢ 2015 £. ¯¥àá®−�«¨§�æ¨î
¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ¨á¯®«ì§®¢�«¨ 44% ¢¥¡-á�©â®¢, 17% ¬®¡¨«ì−ëå á�©â®¢,
13% ¢¥¡-¯à¨«®¦¥−¨© ¨ 9% ¬®¡¨«ì−ëå ¯à¨«®¦¥−¨© [1]. �à¨ íâ®¬ 78% â¥å, ªâ®
−¥ ¨á¯®«ì§ã¥â ¯¥àá®−�«¨§�æ¨î á¥©ç�á, ãâ¢¥à¦¤�îâ, çâ® ¯«�−¨àãîâ −�ç�âì ¥¥ ¨á-
¯®«ì§®¢�âì ¢ â¥ç¥−¨¥ á«¥¤ãîé¨å 12 ¬¥á. “¢¥«¨ç¥−¨¥ ¢®¢«¥ç¥−−®áâ¨ ¯®á¥â¨â¥«¥©,
ã«ãçè¥−¨¥ ¯®«ì§®¢�â¥«ìáª®£® ®¯ëâ� ¨ ¯®¢ëè¥−¨¥ ª®−¢¥àá¨¨ áç¨â�îâáï á�¬ë¬¨
¢�¦−ë¬¨ à¥§ã«ìâ�â�¬¨ ¥¥ ¯à¨¬¥−¥−¨ï.

‚ áä¥à¥ í«¥ªâà®−−®© ª®¬¬¥àæ¨¨ ®á−®¢−ë¬ ¨−áâàã¬¥−â®¬ ¯¥àá®−�«¨§�æ¨¨
ª®−â¥−â� á«ã¦�â à¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¨¥ �¢â®¬�â¨ç¥áªãî
®¡à�¡®âªã ¤�−−ëå ® ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨ ¨ ¢ëà�¡®âªã à¥ª®¬¥−¤�æ¨© −�
â®¢�àë ¨ ãá«ã£¨, ª®â®àë¥ ¬®£ãâ ¡ëâì ¨−â¥à¥á−ë ª®−ªà¥â−ë¬ ¯®«ì§®¢�â¥«ï¬ [2].
ˆáå®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï �−�«¨§� ¯®¢¥¤¥−¨ï ¯®«ì§®¢�â¥«¥© ï¢«ïîâáï á¢¥¤¥−¨ï ®¡
¨å �ªâ¨¢−®áâ¨, ª®â®àë¥ ¬®£ãâ á®¡¨à�âìáï ï¢−ë¬ ¨«¨ −¥ï¢−ë¬ ®¡à�§®¬. Ÿ¢−ë¬
®¡à�§®¬ ¯®«ãç�îâ ¯¥àá®−�«ì−ë¥ ¤�−−ë¥ ¯à¨ à¥£¨áâà�æ¨¨, ¯®ªã¯ª�å, ¢ëáâ�¢-
«¥−¨¨ ¯®«ì§®¢�â¥«¥¬ ®æ¥−®ª â¥¬ ¨«¨ ¨−ë¬ ®¡ê¥ªâ�¬ −� á�©â�å, ¢ à¥§ã«ìâ�â¥
£®«®á®¢�−¨© ¨ ®¯à®á®¢, ¤àã£¨¥ ¤�−−ë¥, á¢ï§�−−ë¥ á ã¦¥ ¯à¨−ïâë¬¨ ¯®«ì§®¢�â¥-
«¥¬ à¥è¥−¨ï¬¨. �à¨ íâ®¬ á¥£®¤−ï ¯à�ªâ¨ç¥áª¨ −¥ ã¤¥«ï¥âáï ¢−¨¬�−¨ï −¥ï¢−ë¬
¤�−−ë¬, â�ª¨¬ ª�ª, −�¯à¨¬¥à, ¢à¥¬ï ¯à¥¡ë¢�−¨ï ¯®á¥â¨â¥«¥© −� ®â¤¥«ì−ëå
áâà�−¨æ�å, ª®¯¨à®¢�−¨¥ ¤�−−ëå á® áâà�−¨æ, ¢ë¤¥«¥−¨¥ ®â¤¥«ì−ëå å�à�ªâ¥à¨-
áâ¨ª â®¢�à®¢ ¨ â. ¯. ‡�ç�áâãî íâ® á¢ï§�−® á â¥¬, çâ® â�ª¨¥ ¤�−−ë¥ á®áâ�¢«ïîâ
®£à®¬−ë¥ ¬�áá¨¢ë, ª®â®àë¥ ï¢«ïîâáï −¥®¤−®à®¤−ë¬¨ ¨ ¤®áâ�â®ç−® á«®¦−ë¬¨
¤«ï ¨−â¥à¯à¥â�æ¨¨. �®«¥¥ â®£®, ¨å åà�−¥−¨¥ ¢ à¥«ïæ¨®−−ëå ¡�§�å ¤�−−ëå ä�ª-
â¨ç¥áª¨ −¥¢®§¬®¦−® [3]. �®íâ®¬ã, ª�ª ¯à�¢¨«®, ¨á¯®«ì§ãîâáï â�ª −�§ë¢�¥¬ë¥
NoSQL á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¤�−−ë¬¨ (HBase, Cassandra). ˆå å�à�ªâ¥à−ë¬¨
®á®¡¥−−®áâï¬¨ ï¢«ïîâáï ®âª�§ ®â âà�−§�ªæ¨©, ¯à�ªâ¨ç¥áª¨ «¨−¥©−�ï ¬�áèâ�-
¡¨àã¥¬®áâì, ¢ëá®ª�ï áª®à®áâì ®¡à�¡®âª¨ §�¯à®á®¢, ®âáãâáâ¢¨¥ ¦¥áâª®© áå¥¬ë
¤�−−ëå.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® �¤�¯â�æ¨ï ¯®¤ ª®−ªà¥â−®£® ¯®«ì§®¢�â¥«ï | ¢¥áì¬�
á«®¦−�ï §�¤�ç�, ¯®áª®«ìªã ¤«ï ¥¥ à¥è¥−¨ï −¥®¡å®¤¨¬® ¯à¨−¨¬�âì ¢® ¢−¨¬�−¨¥
ª�ª ¯à¨áãé¨¥ ç¥«®¢¥ªã −¥®¯à¥¤¥«¥−−®áâì ¨ á¯®−â�−−®áâì ¢ à�¬ª�å ª®−ªà¥â−®£®
¨−â¥à−¥â-à¥áãàá�, â�ª ¨ ¬−®¦¥áâ¢® −¥®¯à¥¤¥«¥−−®áâ¥©, á¢ï§�−−ëå á ®á®¡¥−−®-
áâï¬¨ äã−ªæ¨®−¨à®¢�−¨ï á¥â¨ ˆ−â¥à−¥â. ‚ ª®−â¥ªáâ¥ ¯à®¡«¥¬ë ¯¥àá®−�«¨§�æ¨¨
ª®−â¥−â� (� â�ª¦¥ ¯à®£−®§¨à®¢�−¨ï, ¢ëï¢«¥−¨ï ¯à¥¤¯®çâ¥−¨© ¨ £àã¯¯ áå®¦¨å
à¥áãàá®¢) ¢áâ�¥â §�¤�ç� ®¡à�¡®âª¨ á®¡à�−−ëå ¤�−−ëå ¨ ¢ëï¢«¥−¨ï ®¯à¥¤¥«¥−−ëå
§�ª®−®¬¥à−®áâ¥©, ¯®§¢®«ïîé¨å á¤¥«�âì ¢ë¢®¤ë ® ª®−ªà¥â−ëå ¯à¥¤¯®çâ¥−¨ïå
¯®«ì§®¢�â¥«¥©. ’�ª¨¬ ®¡à�§®¬, ®á−®¢−®© æ¥«ìî ®¡à�¡®âª¨ ¤�−−ëå ® ¯®«ì§®¢�-
â¥«ìáª®© �ªâ¨¢−®áâ¨ ï¢«ï¥âáï ¨§¢«¥ç¥−¨¥ ¯®«¥§−®© ¨−ä®à¬�æ¨¨, ª®â®à�ï ¬®¦¥â,
¢ á¢®î ®ç¥à¥¤ì, ¨á¯®«ì§®¢�âìáï ¤«ï à¥è¥−¨ï á«¥¤ãîé¨å §�¤�ç [4]:
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‘. �. ”¨«¨¯¯®¢, ‚. �. ‡�å�à®¢

(1) ª«�áâ¥à¨§�æ¨ï à¥áãàá®¢. ƒàã¯¯¨à®¢�−¨¥ áå®¦¨å ¯® ¬−®¦¥áâ¢ã ¯®á¥â¨â¥«¥©
à¥áãàá®¢ ¢ −¥áª®«ìª® ª«�áâ¥à®¢ (£àã¯¯) à¥áãàá®¢. Š«�áâ¥à¨§�æ¨ï ¯®§¢®«ï¥â
áâà®¨âì ª�â�«®£¨ à¥áãàá®¢, � â�ª¦¥ ¢ëï¢«ïâì −¥¤®áâ�âª¨ áãé¥áâ¢ãîé¨å
â¥¬�â¨ç¥áª¨å ª�â�«®£®¢;

(2) ª«�áâ¥à¨§�æ¨ï ¯®«ì§®¢�â¥«¥©. ƒàã¯¯¨à®¢�−¨¥ áå®¦¨å ¯®«ì§®¢�â¥«¥© ¢ ª«�á-
â¥àë �−�«®£¨ç−® ª«�áâ¥à¨§�æ¨¨ à¥áãàá®¢. �®§¢®«ï¥â ¢ëï¢«ïâì £àã¯¯ë
¯®«ì§®¢�â¥«¥© á® áå®¦¨¬¨ ¨−â¥à¥á�¬¨;

(3) ¯®áâà®¥−¨¥ ãáâ®©ç¨¢ëå ¯®¢¥¤¥−ç¥áª¨å ¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥© ¢ ¢¨¤¥ ¯¥-
à¥ç−ï £àã¯¯ à¥áãàá®¢, ¯®á¥é�¥¬ëå ª�ª ¤�−−ë¬ ¯®«ì§®¢�â¥«¥¬, â�ª ¨ áå®-
¦¨¬¨ á −¨¬ ¯®«ì§®¢�â¥«ï¬¨;

(4) ¯®áâà®¥−¨¥ à�áè¨à¥−−ëå ¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥©, ¢ª«îç�îé¨å á®æ¨�«ì-
−®-¤¥¬®£à�ä¨ç¥áª¨¥ ¤�−−ë¥ (�−ª¥âë), ®¯¨á�â¥«ì−ë¥ áâ�â¨áâ¨ª¨ ¨ ¯®¢¥-
¤¥−ç¥áª¨¥ ¯à®ä¨«¨. ÷�áè¨à¥−−ë¥ ¯à®ä¨«¨ ¯®§¢®«ïîâ ª«�áá¨ä¨æ¨à®¢�âì
−®¢ëå ¯®«ì§®¢�â¥«¥©, ¢ëï¢«ïâì §�¢¨á¨¬®áâ¨ ¬¥¦¤ã ¯®«ì§®¢�â¥«ìáª¨¬ ¯®-
¢¥¤¥−¨¥¬ ¨ á®æ¨�«ì−®-¤¥¬®£à�ä¨ç¥áª¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨;

(5) á¥£¬¥−â�æ¨ï ª«¨¥−âáª®© ¡�§ë −� ®á−®¢¥ à�áè¨à¥−−ëå ¯à®ä¨«¥© ¯®§¢®«ï¥â
¢ë¤¥«ïâì á¥£¬¥−âë ª�ª ¯® �−ª¥â−ë¬ ¤�−−ë¬ ª«¨¥−â®¢, â�ª ¨ ¯® ¨å ¯®¢¥¤¥-
−¨î. �â� ¨−ä®à¬�æ¨ï ¨á¯®«ì§ã¥âáï ¯à¨ ¬�àª¥â¨−£®¢ëå ¨áá«¥¤®¢�−¨ïå;

(6) ¯¥àá®−�«¨§�æ¨ï ª®−â¥−â�. �à¥¤áâ�¢«¥−¨¥ ª�¦¤®¬ã ¯®«ì§®¢�â¥«î á�©â� −�¨-
¡®«¥¥ ¨−â¥à¥á−®© ¤«ï −¥£® ¨−ä®à¬�æ¨¨ ¢ −�¨¡®«¥¥ ã¤®¡−®¬ ¤«ï −¥£® ¢¨¤¥.
‡−�−¨¥ ¨−ä®à¬�æ¨®−−ëå ¯à¥¤¯®çâ¥−¨© ¯®«ì§®¢�â¥«ï ¯®§¢®«ï¥â ¤¨−�¬¨ç¥-
áª¨ ¯¥à¥áâà�¨¢�âì ª®−â¥−â á�©â�;

(7) ¯®áâà®¥−¨¥ ª�àâ áå®¤áâ¢� à¥áãàá®¢ ¨ ¯®«ì§®¢�â¥«¥©. �®§¢®«ï¥â ®â®¡à�¦�âì
¬−®¦¥áâ¢� −�¨¡®«¥¥ ¯®á¥é�¥¬ëå à¥áãàá®¢ ¨ −�¨¡®«¥¥ �ªâ¨¢−ëå ¯®«ì§®-
¢�â¥«¥© ¢ ¢¨¤¥ â®ç¥ç−®£® £à�ä¨ª�. ‘å®¦¨¬ à¥áãàá�¬ (¯®«ì§®¢�â¥«ï¬)
á®®â¢¥âáâ¢ãîâ ¡«¨§ª¨¥ â®çª¨ −� ª�àâ¥. Š�àâã áå®¤áâ¢� ¬®¦−® ¨á¯®«ì§®¢�âì
ª�ª £à�ä¨ç¥áª®¥ áà¥¤áâ¢® −�¢¨£�æ¨¨.

‘ãé¥áâ¢ãîâ à�§«¨ç−ë¥ ¬¥â®¤ë ¨ ¯®¤å®¤ë, ¨á¯®«ì§ã¥¬ë¥ −� ¯à�ªâ¨ª¥ ¯à¨
à¥è¥−¨¨ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ §�¤�ç. ‚¥áì ª«�áá íâ¨å ¬¥â®¤®¢, ª®â®àë¥ ¯à¨−ïâ®
−�§ë¢�âì ¬¥â®¤�¬¨ ª®««�¡®à�â¨¢−®© ä¨«ìâà�æ¨¨, ¨ à�áá¬®âà¥− ¤�«¥¥.

2 Методы коллаборативной фильтрации

‚ ®á−®¢¥ ¬¥â®¤®¢ ª®««�¡®à�â¨¢−®© ä¨«ìâà�æ¨¨ «¥¦¨â ¯à¥¤¯®«®¦¥−¨¥ ® ª®−-
á¥à¢�â¨¢−®áâ¨ ¯®«ì§®¢�â¥«ìáª¨å ¯à¥¤¯®çâ¥−¨© (â. ¥. ¯®«ì§®¢�â¥«¨, ®¤¨−�ª®¢®
®æ¥−¨¢�îé¨¥ ®¯à¥¤¥«¥−−ë¥ ®¡ê¥ªâë, áª®à¥¥ ¢á¥£®, �−�«®£¨ç−ë¬ ®¡à�§®¬ ¡ã¤ãâ
®æ¥−¨¢�âì ¨ −®¢ë¥ ®¡ê¥ªâë á® áå®¤−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨) [5]. �® áãé¥áâ¢ã,
à¥ª®¬¥−¤�æ¨¨ ¡�§¨àãîâáï −� �¢â®¬�â¨ç¥áª®¬ á®âàã¤−¨ç¥áâ¢¥ ¬−®¦¥áâ¢� ¯®«ì-
§®¢�â¥«¥© ¨ −� ¢ë¤¥«¥−¨¨ (¬¥â®¤®¬ ä¨«ìâà�æ¨¨) â¥å ¯®«ì§®¢�â¥«¥©, ª®â®àë¥
¤¥¬®−áâà¨àãîâ áå®¦¨¥ ¯à¥¤¯®çâ¥−¨ï ¨«¨ è�¡«®−ë ¯®¢¥¤¥−¨ï. ’�ª¨¬ ®¡à�§®¬,
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Œ¥â®¤ ¯®¢ëè¥−¨ï ¯¥àâ¨−¥−â−®áâ¨ ¨−ä®à¬�æ¨¨ ¢ á¨áâ¥¬�å ¯®¤¤¥à¦ª¨ ¦¨§−¥®¡¥á¯¥ç¥−¨ï

¬¥â®¤ë ª®««�¡®à�â¨¢−®© ä¨«ìâà�æ¨¨ ¢ëà�¡�âë¢�îâ à¥ª®¬¥−¤�æ¨¨, ®á−®¢�−-
−ë¥ −� ¬®¤¥«¨ ¯à¥¤è¥áâ¢ãîé¥£® ¯®¢¥¤¥−¨ï ¯®«ì§®¢�â¥«ï ¨ á ãç¥â®¬ ¯®¢¥¤¥−¨ï
¯®«ì§®¢�â¥«¥© á® áå®¦¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨.

��¨¡®«ìè¥¥ à�á¯à®áâà�−¥−¨¥ ¢ áä¥à¥ í«¥ªâà®−−®© ª®¬¬¥àæ¨¨ ¯®«ãç¨«¨
à¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë, ¨á¯®«ì§ãîé¨¥ á«¥¤ãîé¨¥ ¬¥â®¤ë ª®««�¡®à�â¨¢−®©
ä¨«ìâà�æ¨¨:

{ ª®««�¡®à�â¨¢−�ï ä¨«ìâà�æ¨ï ¯®áà¥¤áâ¢®¬ �−�«¨§� ¯à¥¤¯®çâ¥−¨© £àã¯¯ ¯®«ì-
§®¢�â¥«¥© á® áå®¦¨¬¨ ¨−â¥à¥á�¬¨ (User{User CF);

{ ª®««�¡®à�â¨¢−�ï ä¨«ìâà�æ¨ï ¯®áà¥¤áâ¢®¬ �−�«¨§� ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã ¨−-
ä®à¬�æ¨®−−ë¬¨ ¥¤¨−¨æ�¬¨ (Item{Item CF).

�à¨ íâ®¬ ¯® ®â¤¥«ì−®áâ¨ ¬¥â®¤ë Item{Item CF ¨ User{User CF ¨á¯®«ì§ãîâ
â®«ìª® ç�áâì á®¡¨à�¥¬®© à¥ª®¬¥−¤�â¥«ì−ë¬¨ á¨áâ¥¬�¬¨ ¨−ä®à¬�æ¨¨ ® ¯®«ì§®-
¢�â¥«ìáª®© �ªâ¨¢−®áâ¨ ¨ ¯à¥¤¯®çâ¥−¨ïå ¯à¨ ¢ëà�¡®âª¥ à¥ª®¬¥−¤�æ¨©. �®«¥¥
íää¥ªâ¨¢−ë¬ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−¨¥ £¨¡à¨¤−ëå ¯®¤å®¤®¢. ’�ª, −�¯à¨¬¥à,
¢ à�¡®â¥ [6] ¯à¥¤«�£�¥âáï �«£®à¨â¬ ª®¬¡¨−¨à®¢�−−®© ä¨«ìâà�æ¨¨, ®á−®¢−�ï ¨¤¥ï
ª®â®à®£® §�ª«îç�¥âáï ¢ ¯®«ãç¥−¨¨ ®æ¥−ª¨ −¥¨§¢¥áâ−®£® à¥©â¨−£� ª�ª ¢§¢¥è¥−−®©
áã¬¬ë ®æ¥−®ª −� ®á−®¢�−¨¨ ä¨«ìâà�æ¨¨ ¯® âà�−§�ªæ¨ï¬, ä¨«ìâà�æ¨¨ ¯® â®¢�à�¬
¨ á¬¥è�−−®© ä¨«ìâà�æ¨¨ (−� ®á−®¢�−¨¨ à¥©â¨−£®¢ ¯®å®¦¨å â®¢�à®¢ ¢ ¯®å®¦¨å
âà�−§�ªæ¨ïå).

3 Обзор метода повышения пертинентности информации

�¢â®à�¬¨ ¤�−−®© à�¡®âë ¯® ¨â®£�¬ ¯à®¢¥¤¥−−ëå ¯à¨ª«�¤−ëå −�ãç−ëå ¨á-
á«¥¤®¢�−¨© ¯à¥¤«�£�¥âáï á®¡áâ¢¥−−ë© ¬¥â®¤ ¯®¢ëè¥−¨ï ¯¥àâ¨−¥−â−®áâ¨ ¨−ä®à-
¬�æ¨¨, á®ç¥â�îé¨© á¨«ì−ë¥ áâ®à®−ë ®¡®¨å à�áá¬®âà¥−−ëå ¢ëè¥ ¬¥â®¤®¢ ª®«-
«�¡®à�â¨¢−®© ä¨«ìâà�æ¨¨ ¨ ¯®§¢®«ïîé¨© ¡®«¥¥ ¯®«−® ¨á¯®«ì§®¢�âì ¤®áâã¯−ãî
¨−ä®à¬�æ¨î ® ¯®«ì§®¢�â¥«ïå ¨ ¨−ä®à¬�æ¨®−−ëå ¥¤¨−¨æ�å, ¢ ¯¥à¢ãî ®ç¥à¥¤ì
−¥ï¢−ë¥ ¤�−−ë¥ ® ¯®«ì§®¢�â¥«¥.

‘ãâì ¯à¥¤«�£�¥¬®£® ¬¥â®¤� §�ª«îç�¥âáï ¢ á®¢¬¥áâ−®¬ ¨á¯®«ì§®¢�−¨¨ ¯à¨
¢ëà�¡®âª¥ à¥ª®¬¥−¤�æ¨© ®æ¥−®ª, ¯®«ãç¥−−ëå á ¨á¯®«ì§®¢�−¨¥¬ ª�ª ¬¥â®¤�
Item{Item CF, â�ª ¨ ¬¥â®¤� User{User CF. „«ï −®¢ëå ¯®«ì§®¢�â¥«¥© ¨«¨
¯®«ì§®¢�â¥«¥© á −¥à¥¯à¥§¥−â�â¨¢−®© ¨áâ®à¨¥© ¯®á¥é¥−¨© ¯à¥¤«�£�¥âáï £¥−¥à¨-
à®¢�âì à¥ª®¬¥−¤�æ¨¨, ¡�§¨àãïáì −� ¤�−−ëå ® ¯®¤®¡¨¨ ¨−ä®à¬�æ¨®−−ëå ¥¤¨−¨æ
(¬¥â®¤ Item{Item CF). ’�ª¨¬ ®¡à�§®¬ à¥è�¥âáï ¯à®¡«¥¬� úå®«®¤−®£® áâ�àâ�û
¨ ¯®¢ëè�¥âáï ª�ç¥áâ¢® à¥ª®¬¥−¤�æ¨© ¤«ï ¬�«®�ªâ¨¢−ëå ¯®«ì§®¢�â¥«¥©, � â�ª¦¥
¯®«ì§®¢�â¥«¥© á® á«�¡® ¢ëà�¦¥−−ë¬¨ ¯à¥¤¯®çâ¥−¨ï¬¨. �® ¬¥à¥ −�ª®¯«¥−¨ï
¤�−−ëå ® ¯®«ì§®¢�â¥«ìáª¨å ¯à¥¤¯®çâ¥−¨ïå ¨ ä®à¬¨à®¢�−¨¨ ¥£® ¯®¢¥¤¥−ç¥áª®£®
¯à®ä¨«ï ¯à¨®à¨â¥â ¯à¥¤«�£�¥âáï ®â¤�¢�âì ®æ¥−ª�¬, ¯®«ãç¥−−ë¬ á ¨á¯®«ì§®-
¢�−¨¥¬ ¬¥â®¤� User{User CF, ¨áå®¤ï ¨§ £¨¯®â¥§ë ® â®¬, çâ® ¯à¨ −�«¨ç¨¨
ª�ç¥áâ¢¥−−ëå ¯®¢¥¤¥−ç¥áª¨å ¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥© ¤�−−ë© ¬¥â®¤ ¯®§¢®«ï¥â
¡®«¥¥ â®ç−® ¯à¥¤áª�§ë¢�âì ¨å ¯à¥¤¯®çâ¥−¨ï. �à¨ íâ®¬ ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨
à¥ª®¬¥−¤�æ¨¨, ¯®«ãç¥−−ë¥ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� User{User CF, ¬®£ãâ ¤®-
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‘. �. ”¨«¨¯¯®¢, ‚. �. ‡�å�à®¢

¯®«−ïâìáï ¯à¥¤«®¦¥−¨ï¬¨ ¨−ä®à¬�æ¨®−−ëå ¥¤¨−¨æ, ¯®«ãç¥−−ë¬¨ −� ®á−®¢¥ ¨å
à¥©â¨−£� ¯®¯ã«ïà−®áâ¨.

‚ëáª�§�−−ë¥ £¨¯®â¥§ë ¨ à�¡®â®á¯®á®¡−®áâì ¬¥â®¤� ¡ë«¨ íªá¯¥à¨¬¥−â�«ì-
−® ¨áá«¥¤®¢�−ë ¢ á®áâ�¢¥ ¤¥©áâ¢ãîé¥£® ¨−â¥à−¥â-¬�£�§¨−� Thaisoap. Œ�£�§¨−
®à¨¥−â¨à®¢�− −� ¯à®¤�¦ã −�âãà�«ì−®© â�©áª®© ª®á¬¥â¨ª¨ ¨ ª®ª®á®¢®£® ¬�á«�.
Š�â�«®£ â®¢�à®¢ ¬�£�§¨−� á®¤¥à¦¨â ¡®«¥¥ 1 500 −�¨¬¥−®¢�−¨© â®¢�à®¢, à�§¡¨âëå
−� 180 ª«�áá®¢ (44 ª®à−¥¢ëå ª«�áá�, 136 ¯®¤ª«�áá®¢). …¦¥¤−¥¢−® ¯® ¤�−−ë¬
§� 2015 £. ¬�£�§¨− ¯®á¥é�îâ ¢ áà¥¤−¥¬ ®ª®«® 1 500 ¯®á¥â¨â¥«¥© ¨ ¯à®¢®¤ïâ −� −¥¬
¢ áà¥¤−¥¬ 11 ¬¨− ª�¦¤ë© (−� ª�¦¤®£® ¯®á¥â¨â¥«ï ¯à¨å®¤¨âáï ¢ áà¥¤−¥¬ 28 ¯¥-
à¥å®¤®¢ ¯® ááë«ª�¬). „«ï â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¨á¯®«ì§®¢�«�áì â¥áâ®¢�ï
¢ë¡®àª� ¤�−−ëå §� IV ª¢�àâ�« 2015 £., íªá¯¥à¨¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¯à®-
¢¥¤¥−ë ¢ ä¥¢à�«¥{¬�¥ 2016 £. ‚ ®¡®¨å á«ãç�ïå ª�â�«®£ â®¢�à®¢ ¡ë« −¥¨§¬¥−¥−.
„®¯®«−¨â¥«ì−® ¨á¯®«ì§®¢�«¨áì áâ�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥ �−�«¨â¨ç¥áª®© á¨áâ¥¬ë
Ÿ−¤¥ªá.Œ¥âà¨ª� (http://metrika.yandex.ru).

4 Определение подобия информационных единиц по неявным
пользовательским предпочтениям

‚ æ¥«ïå à¥è¥−¨ï §�¤�ç¨ ä®à¬¨à®¢�−¨ï à¥ª®¬¥−¤�æ¨¨ á ã¬¥áâ−®© ¨−ä®à¬�-
æ¨¥© ¢ ãá«®¢¨ïå −¥¤®áâ�â®ç−®áâ¨ §−�−¨© ® ¯à¨áâà�áâ¨ïå ¯®«ì§®¢�â¥«¥© �¢â®à�¬¨
¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¬¥â®¤, ¢ ®á−®¢¥ ª®â®à®£® «¥¦¨â à�áç¥â ¡«¨§®áâ¨ ¯�à
¨ ¯®á«¥¤ãîé�ï £àã¯¯¨à®¢ª� (ª«�áâ¥à¨§�æ¨ï) ¨−ä®à¬�æ¨®−−ëå ¥¤¨−¨æ −� ®á−®¢¥
¤�−−ëå ¯®«ì§®¢�â¥«¥©, ¯®á«¥¤®¢�â¥«ì−® ¯à®á¬�âà¨¢�îé¨å −¥áª®«ìª® â®¢�à®¢.
�à¨ ®âáãâáâ¢¨¨ ¤�−−ëå ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ®¡ëç−ë¥ ª«�áá¨ä¨ª�â®àë
á ãç¥â®¬ æ¥−ë ¨ ¯�à�¬¥âà®¢ ®¡ê¥ªâ®¢, á¯¨á®ª ú�®¢¨−ª¨û, � â�ª¦¥ ¬�âà¨æã
ú‘ íâ¨¬ â®¢�à®¬ ¯®ªã¯�îâû (�ªá¥ááã�àë, ¤®¯®«−ïîé¨¥ ®á−®¢−ãî ¯®ªã¯ªã). �à¨
¤�−−®¬ ¯®¤å®¤¥ ï¢−®¥ ãç�áâ¨¥ ¯®«ì§®¢�â¥«¥© ¨−â¥à−¥â-¬�£�§¨−� ¢ ä®à¬¨à®¢�−¨¨
à¥©â¨−£� â®¢�à®¢ −¥ âà¥¡ã¥âáï.

�¥à¢ë¬ è�£®¬ �«£®à¨â¬� ï¢«ï¥âáï ¯®áâà®¥−¨¥ ¬�âà¨æë ¯®¤®¡¨ï ¨−ä®à-
¬�æ¨®−−ëå ¥¤¨−¨æ, £¤¥ ¨ ¯® ¢¥àâ¨ª�«¨, ¨ ¯® £®à¨§®−â�«¨ ¯à¨áãâáâ¢ãîâ ¢á¥
¨−ä®à¬�æ¨®−−ë¥ ¥¤¨−¨æë ¨−â¥à−¥â-¬�£�§¨−�. ‡�¯®«−¥−¨¥ ¬�âà¨æë ¯à®¨áå®¤¨â
¯® á«¥¤ãîé¥¬ã ¯à�¢¨«ã: ¥á«¨ ¯®«ì§®¢�â¥«ì ¯®á«¥¤®¢�â¥«ì−® ¯à®á¬®âà¥« ¤¢�
â®¢�à�, â® ¢¥á ¯®¤®¡¨ï ¢ ¬�âà¨æ¥ ¤«ï íâ¨å ¤¢ãå â®¢�à®¢ ã¢¥«¨ç¨¢�¥âáï −� 1. „«ï
®¡à�¡®âª¨ ¬�âà¨æë ¢ æ¥«ïå ¢ëï¢«¥−¨ï £àã¯¯ ¨−ä®à¬�æ¨®−−ëå ¥¤¨−¨æ, ª®â®àë¥
ï¢«ïîâáï ¡«¨§ª¨¬¨ ¯® á¢®¨¬ ®æ¥−ª�¬ ¯®¤®¡¨ï, ¨§ ¢á¥å ¨§¢¥áâ−ëå �«£®à¨â¬®¢
ª«�áâ¥à¨§�æ¨¨ ¢ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−®£® ¬®¤¥«¨à®¢�−¨ï ¡ë« ¢ë¡à�− á®¢à¥¬¥−-
−ë© ¯à®¨§¢®¤¨â¥«ì−ë© �«£®à¨â¬ Affinity Propagation. �¤−¨¬ ¨§ ¯à¥¨¬ãé¥áâ¢
¤�−−®£® �«£®à¨â¬� ï¢«ï¥âáï ®âáãâáâ¢¨¥ −¥®¡å®¤¨¬®áâ¨ ¯à¥¤¢�à¨â¥«ì−®© ®æ¥−ª¨
®¯â¨¬�«ì−®£® ª®«¨ç¥áâ¢� ª«�áâ¥à®¢ [7].

‘ ¯®¬®éìî áâ�â¨áâ¨ç¥áª®£® ¯�ª¥â� R ¡ë«� ¯à®¢¥¤¥−� ®¡à�¡®âª� â¥áâ®¢®£®
¬�áá¨¢� ¤�−−ëå ¨−â¥à−¥â-¬�£�§¨−� Thaisoap: ¯®áâà®¥−� ¬�âà¨æ� ¯®¤®¡¨ï ¯®
¢á¥¬ã ¤®áâã¯−®¬ã ¢à¥¬¥−−‚®¬ã ¯¥à¨®¤ã ¨ ¯à®¢¥¤¥−� ¥¥ ®¡à�¡®âª� ¯® �«£®à¨â¬ã
Affinity Propagation.
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ID: 51.
Š®ª®á®¢®¥ ¬�á«® −¥à�ä¨−¨à®¢�−−®¥ Tropicana ¢ �¯â¥-
ª�àáª®¬ ä«�ª®−¥, 90 ¬«
ID: 466.
‚®ááâ�−�¢«¨¢�îé¨© ª®ª®á®¢ë© ‹�‘œ�� ¤«ï â¥«�
Tropicana úSweet Coconutû (¡¥§ ¯�à�¡¥−®¢), 200 ¬«
ID: 624.
Œ�áª�-íªáä®«¨�−â ¤«ï «¨æ� úŒ®àáª®© ª®««�£¥−û Ar-
tiscent, 100 ¬«
ID: 1234.
Œ¨−¨−�¡®à è�¬¯ã−ì ¨ ª®−¤¨æ¨®−¥à ¤«ï ¢®«®á ú‡®-
«®â®© è¥«ª á íªáâà�ªâ®¬ è¥«ª®¢¨æëû

‚á¥£® �«£®à¨â¬ ¢ë¤¥«¨« 64 ª«�áâ¥à�, −�¨¡®«¥¥ ªàã¯−ë¬¨ ¨§ ª®â®àëå ®ª�-
§�«¨áì ª«�áâ¥àë á −®¬¥à�¬¨ 5 (75 ®¡ê¥ªâ®¢), 8 (44 ®¡ê¥ªâ�), 10 (30 ®¡ê¥ªâ®¢),
19 (27 ®¡ê¥ªâ®¢) ¨ 55 (31 ®¡ê¥ªâ). Š�ç¥áâ¢® à�¡®âë �«£®à¨â¬� ¬®¦−® ®æ¥-
−¨âì −� ¯à¨¬¥à¥ ª«�áâ¥à� −®¬¥à 5, ®¯¨á�−¨¥ ª®â®à®£® ¯à¥¤áâ�¢«¥−® ¢ â�¡«¨æ¥.
‚ ç�áâ−®áâ¨, ¢¨¤−®, çâ® ¤«ï à¥ä¥à¥−á−®© ¨−ä®à¬�æ¨®−−®© ¥¤¨−¨æë ú¬�áá�¦−®¥
ª®ª®á®¢®¥ ¬�á«®û ¢ ª«�áâ¥à ¯®¤®¡¨ï ¯®¯�«¨ â®¢�àë −� ®á−®¢¥ ª®ª®á®¢®£® ¬�á«�
¨«¨ ª®á¢¥−−® �áá®æ¨¨àãîé¨¥áï á ªà¥¬�¬¨ ¨ ¬�á«�¬¨ ¤«ï ãå®¤� §� â¥«®¬.

÷�áá¬®âà¥−¨¥ ¤àã£¨å ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ à�¡®âë �«£®à¨â¬� ª«�áâ¥à®¢
¯®ª�§ë¢�¥â, çâ® ¢ ®â¤¥«ì−ë¥ £àã¯¯ë ¡ë«¨ ¢ë¤¥«¥−ë â®¢�àë, ¨¬¥îé¨¥ áå®¦¨¥
¯®âà¥¡¨â¥«ìáª¨¥ å�à�ªâ¥à¨áâ¨ª¨. ’�ª, −�¯à¨¬¥à, ª«�áâ¥à −®¬¥à 55 (ú‘¨−¨© â�©-
áª¨© ¡�«ì§�¬ ®â ¢�à¨ª®§�û) áä®à¬¨à®¢�− ¯à¥¨¬ãé¥áâ¢¥−−® ¡�«ì§�¬�¬¨ (ú’à�-
¤¨æ¨®−−ë© ¬�«ë© Š÷�‘�›‰ â�©áª¨© ¡�«ì§�¬ (¤«ï æ¥«¥¡−®£® ¬�áá�¦�) Korn
Herbû ¨ â. ¯.) ¨ «�ª�¬¨ (ú�à®â¨¢®£à¨¡ª®¢ë© «�ª ú„¥¬¨ªâ¥−û ¨ â. ¯.) ¨¬¥îé¨-
¬¨ «¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áªãî −�¯à�¢«¥−−®áâì. ‚ ª«�áâ¥à −®¬¥à 10 (ú��¡®à
ú‡¤®à®¢ë¥ ¢®«®áëû Tropicanaû) ¯®¯�«¨ â®¢�àë ¤«ï ¢®«®á ¨ â¥«� (ú‘ë¢®à®â-
ª� ¤«ï ¢®«®á úRomanceûû, ú��¡®à ú÷®áª®è−ë¥ ¢®«®áëû Tropicanaû ¨ â. ¯.).
‚ ª�ç¥áâ¢¥ à¥ä¥à¥−á−®© ¨−ä®à¬�æ¨®−−®© ¥¤¨−¨æë ¬®¦¥â ¢ëáâã¯�âì â®¢�à, ª®-
â®àë© §�¨−â¥à¥á®¢�« ¯®â¥−æ¨�«ì−®£® ¯®ªã¯�â¥«ï ¢ ª�â�«®£¥ ¨−â¥à−¥â-¬�£�§¨−�.
�à¥¤«®¦¥−¨ï ¦¥ à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë ¢ íâ®¬ á«ãç�¥ ¡ã¤ãâ ä®à¬¨à®¢�âìáï,
¨á¯®«ì§ãï â®¢�àë á ®æ¥−ª�¬¨ ¯®¤®¡¨ï, −�¨¡®«¥¥ ¡«¨§ª¨¬¨ ª à¥ä¥à¥−á−®¬ã â®-
¢�àã (â. ¥. ¢å®¤ïé¨¥ ¢ á®®â¢¥âáâ¢ãîé¨© ª«�áâ¥à ¯®¤®¡¨ï). ’�ª¨¬ ®¡à�§®¬, ¥á«¨
−®¢ë© ¯®á¥â¨â¥«ì ¢ë¡¥à¥â ¢ ª�â�«®£¥ ¬�áá�¦−®¥ ª®ª®á®¢®¥ ¬�á«® úCitronellaû
Tropicana, â® à¥ª®¬¥−¤�â¥«ì−�ï á¨áâ¥¬� ¯à¥¤«®¦¨â ¥¬ã ¯®á¬®âà¥âì ª®ª®á®¢®¥
¬�á«® Tropicana, ª®ª®á®¢®¥ ¬�á«® −¥à�ä¨−¨à®¢�−−®¥ Tropicana ¢ �¯â¥ª�àáª®¬
ä«�ª®−¥, ¢®ááâ�−�¢«¨¢�îé¨© ª®ª®á®¢ë© ‹�‘œ�� ¤«ï â¥«� Tropicana ¨ â. ¤.
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‚ §�¢¨á¨¬®áâ¨ ®â ª®−ä¨£ãà�æ¨¨ à¥ª®¬¥−¤�â¥«ì−®£® á¥à¢¨á� ¯à¥¤«®¦¥−¨ï â®¢�-
à®¢ (−� ¡�§¥ ¬¥â®¤� Item{Item CF) ¬®£ãâ ¤®¯®«−ïâìáï −�¨¡®«¥¥ ¯®¯ã«ïà−ë¬¨ −�
â¥ªãé¨© ¬®¬¥−â â®¢�à�¬¨ ¨«¨ −®¢ë¬¨ â®¢�à�¬¨, âà¥¡ãîé¨¬¨ ¯à®¤¢¨¦¥−¨ï (−�-
¯à¨¬¥à, ¨§ ¯ïâ¨ á«®â®¢ ¤«ï à¥ª®¬¥−¤®¢�−−ëå â®¢�à®¢ ®¤¨− ¬®¦¥â ¡ëâì ®â¢¥¤¥−
¤«ï ¯à®¤¢¨¦¥−¨ï −®¢ëå ¯à®¤ãªâ®¢ ¨§ «¨−¥©ª¨ ¬�áá�¦−ëå ¬�á¥«).

‚ æ¥«®¬ −¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤� Item{Item CF,
®á−®¢�−−®£® −� ®æ¥−ª¥ ¡«¨§®áâ¨ ¨−ä®à¬�æ¨®−−ëå ¥¤¨−¨æ, ¯®§¢®«ï¥â ¯®«ãç¨âì
à¥ª®¬¥−¤�æ¨¨, ¨−âã¨â¨¢−® ¯®−ïâ−ë¥ ¯®á¥â¨â¥«ï¬ ¬�£�§¨−�, −¥ ¨¬¥ï ¤�−−ëå ®¡
¨å ¯à¥¤¯®çâ¥−¨ïå. ’�ª, −�¯à¨¬¥à, ¯à¨ ¢ë¡®à¥ ¡�«ì§�¬� ®â ¢�à¨ª®§� à¥ª®¬¥−-
¤�â¥«ì−�ï á¨áâ¥¬� ¯à¥¤«®¦¨â ¯®á¬®âà¥âì âà�¤¨æ¨®−−ë© ¡�«ì§�¬ ¤«ï æ¥«¥¡−®£®
¬�áá�¦� ¨ ¯à®â¨¢®£à¨¡ª®¢ë© «�ª, çâ® ¢ æ¥«®¬ ¡ã¤¥â ¤®áâ�â®ç−® â®ç−® á®®â-
¢¥âáâ¢®¢�âì §�¤�−−®© ¯®á¥â¨â¥«ï¬¨ â¥¬�â¨ª¥ ¯®¨áª� («¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨¥
áà¥¤áâ¢� −� ®á−®¢¥ ª®ª®á®¢®£® ¬�á«�).

5 Формирование поведенческих профилей и выявление групп
пользователей со схожими характеристиками

�® ¬¥à¥ −�ª®¯«¥−¨ï ¤�−−ëå ® ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨ ¯®ï¢«ï¥âáï ¢®§-
¬®¦−®áâì ä®à¬¨à®¢�−¨ï ¯®¢¥¤¥−ç¥áª¨å ¯à®ä¨«¥© ¨ ¨á¯®«ì§®¢�−¨ï ¬¥â®¤� User{
User CF ¤«ï £¥−¥à�æ¨¨ à¥ª®¬¥−¤�æ¨©, ¡®«¥¥ ¯®«−® á®®â¢¥âáâ¢ãîé¨å ¯à¥¤¯®-
çâ¥−¨ï¬ ª®−ªà¥â−ëå ¯®«ì§®¢�â¥«¥©. ‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−®£® ¨¬¨â�æ¨®−−®£®
¬®¤¥«¨à®¢�−¨ï ¡ë«® ãáâ�−®¢«¥−®, çâ® −�¨¡®«¥¥ ¯®¤å®¤ïé¨¬ á ãç¥â®¬ áãé¥áâ¢ã-
îé¨å ¤«ï à�¡®âë ®£à�−¨ç¥−¨© ¯® áª®à®áâ¨ ¨ ®¡ê¥¬�¬ ®¡à�¡®âª¨ ¤�−−ëå ¤«ï
¢ëï¢«¥−¨ï £àã¯¯ ¯®«ì§®¢�â¥«¥© á® áå®¦¨¬¨ ¯à¥¤¯®çâ¥−¨ï¬¨ (User{User CF)
ï¢«ï¥âáï ¬¥â®¤ ª«�áâ¥à¨§�æ¨¨ Š-áà¥¤−¨å (K-means). ‚ æ¥«®¬ ¤�−−ë© áâ�â¨-
áâ¨ç¥áª¨© ¬¥â®¤ ¯à®áâ ¢ à¥�«¨§�æ¨¨ ¨ ï¢«ï¥âáï å®à®è® ¬�áèâ�¡¨àã¥¬ë¬ [8].
‚ëç¨á«¨â¥«ì−�ï á«®¦−®áâì �«£®à¨â¬� | O(nkl), £¤¥ n | ç¨á«® ®¡ê¥ªâ®¢; k |
ç¨á«® ª«�áâ¥à®¢; l | ç¨á«® ¨â¥à�æ¨©. �¤−¨¬ ¨§ −¥¤®áâ�âª®¢ ¤�−−®£® ¬¥â®¤�
ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì §�à�−¥¥ §�¤�¢�âì ç¨á«® ª«�áâ¥à®¢ ¤«ï à�§¡¨¥−¨ï. ’¥¬ −¥
¬¥−¥¥ ®¯â¨¬�«ì−®¥ ¤«ï à�§¡¨¥−¨ï ç¨á«® ª«�áâ¥à®¢ ¤®áâ�â®ç−® ¯à®áâ® ¯®«ãç¨âì
¯®áà¥¤áâ¢®¬ ¬¨−¨¬¨§�æ¨¨ áã¬¬ë ¢−ãâà¨ª«�áâ¥à−ëå à�ááâ®ï−¨©. „àã£¨¬ −¥¤®-
áâ�âª®¬ �«£®à¨â¬� Š-áà¥¤−¨å ï¢«ï¥âáï ¯àï¬�ï §�¢¨á¨¬®áâì ¯à®¨§¢®¤¨â¥«ì−®áâ¨
�«£®à¨â¬� ®â ç¨á«� ¨â¥à�æ¨©. —¨á«® ¨â¥à�æ¨© ¬®¦¥â ¡ëâì ã¬¥−ìè¥−® §�¤�−¨-
¥¬ ¡«¨§ª¨å ª ®¯â¨¬�«ì−ë¬ −�ç�«ì−ëå §−�ç¥−¨© æ¥−âà®¨¤®¢ ª«�áâ¥à®¢ (¤�−−ë©
¯®¤å®¤ ¨á¯®«ì§ã¥âáï ¢ ¬®¤¨ä¨æ¨à®¢�−−®¬ ¬¥â®¤¥ Š-áà¥¤−¨å | K-means++).

�¥à¢ë¬ è�£®¬ �«£®à¨â¬� ï¢«ï¥âáï ¯®áâà®¥−¨¥ ¬�âà¨æë �ªâ¨¢−®áâ¨ ¯®«ì§®-
¢�â¥«¥©. ‚ â¥áâ®¢®¬ ¬�áá¨¢¥ ¤�−−ëå ¡ë«® ¤®áâã¯−® â®«ìª® ª®«¨ç¥áâ¢® ®¡à�é¥-
−¨© ª ª®−ªà¥â−®© ª�â¥£®à¨¨ â®¢�à®¢. ’�ª¨¬ ®¡à�§®¬, ª�¦¤�ï áâà®ª� ¬�âà¨æë
�ªâ¨¢−®áâ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ¢¥ªâ®à ®æ¥−®ª, á®®â¢¥âáâ¢ãîé¨å à�§«¨ç−ë¬ ª�-
â¥£®à¨ï¬ â®¢�à®¢ (â¥¬�â¨ç¥áª¨© ¯à®ä¨«ì ¯®«ì§®¢�â¥«ï). �à®ä¨«ì ¯®«ì§®¢�â¥«ï
å�à�ªâ¥à¨§ã¥â áâ¥¯¥−ì ¥£® ¨−â¥à¥á� ª ª�¦¤®© £àã¯¯¥ â®¢�à®¢.

‘«¥¤ãîé¨¬ è�£®¬ (¯¥à¥¤ ¢ëï¢«¥−¨¥¬ £àã¯¯ ¯®«ì§®¢�â¥«¥© á® áå®¦¨¬¨ å�-
à�ªâ¥à¨áâ¨ª�¬¨ ¬¥â®¤�¬¨ ª«�áâ¥à¨§�æ¨¨) ï¢«ï¥âáï ®¡à�¡®âª� ¯®«ãç¥−−®© ¬�âà¨-
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Œ¥â®¤ ¯®¢ëè¥−¨ï ¯¥àâ¨−¥−â−®áâ¨ ¨−ä®à¬�æ¨¨ ¢ á¨áâ¥¬�å ¯®¤¤¥à¦ª¨ ¦¨§−¥®¡¥á¯¥ç¥−¨ï

æë �ªâ¨¢−®áâ¨ á æ¥«ìî ¢ë-

÷¨á. 1 ƒ¨áâ®£à�¬¬� à�ááâ®ï−¨©

÷¨á. 2 �−�«¨§ ª®«¨ç¥áâ¢� ª«�áâ¥à®¢

ç¨á«¥−¨ï ¯®¯�à−ëå à�ááâ®ï-
−¨© ¬¥¦¤ã ¥¥ í«¥¬¥−â�¬¨.
‚ ª�ç¥áâ¢¥ ¬¥âà¨ª¨ à�ááâ®ï−¨ï
(äã−ªæ¨ï áå®¤áâ¢�) ¡ë«® ¨á-
¯®«ì§®¢�−® à�ááâ®ï−¨¥ …¢ª«¨-
¤� (£¥®¬¥âà¨ç¥áª®¥ à�ááâ®ï−¨¥
¢ ¬−®£®¬¥à−®¬ ¯à®áâà�−áâ¢¥),
ª®â®à®¥ ï¢«ï¥âáï ®¤−®© ¨§ −�¨-
¡®«¥¥ ¯à®áâëå ¤«ï à¥�«¨§�æ¨¨
¨ ç�áâ® ¨á¯®«ì§ã¥¬ëå −� ¯à�ª-
â¨ª¥ ¬¥âà¨ª −� á¥£®¤−ïè−¨©
¤¥−ì. �� à¨á. 1 ¯à¥¤áâ�¢-
«¥−� £¨áâ®£à�¬¬� à�ááâ®ï−¨©,
¯®«ãç¥−−�ï ¢ à¥§ã«ìâ�â¥ ®¡à�-
¡®âª¨ ¬�âà¨æë á ¯®¯�à−ë¬¨
à�ááâ®ï−¨ï¬¨ ¬¥¦¤ã ®¡ê¥ªâ�-
¬¨ á ¯®¬®éìî áâ�â¨áâ¨ç¥áª®-
£® ¯�ª¥â� R. �à¥¤¢�à¨â¥«ì−®¥
à�áá¬®âà¥−¨¥ à¥§ã«ìâ�â®¢ ¯®§-
¢®«ï¥â á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ®
¯à¥¤¯®çâ¥−¨ï (¢¥ªâ®àë �ªâ¨¢-
−®áâ¨) ¯®«ì§®¢�â¥«¥© ¨−â¥à-
−¥â-¬�£�§¨−� Thaisoap −¥ á¨«ì-
−® ®â«¨ç�îâáï (â. ¥., áª®à¥¥
¢á¥£®, ¡®«ìè¨−áâ¢® ¯®«ì§®¢�-
â¥«¥© ¨−â¥à¥áãîâáï áå®¦¨¬¨
ª�â¥£®à¨ï¬¨ â®¢�à®¢).

�¤−¨¬ ¨§ ¨áå®¤−ëå ¯�à�¬¥âà®¢ ¤«ï ¯à¨¬¥−¥−¨ï ¬¥â®¤� Š-áà¥¤−¨å ï¢«ï¥âáï
ç¨á«® ª«�áâ¥à®¢, −� ª®â®à®¥ −¥®¡å®¤¨¬® à�§¡¨âì ¨áá«¥¤ã¥¬ë© ¬�áá¨¢ ¤�−−ëå.
„«ï ®¯à¥¤¥«¥−¨ï ®¯â¨¬�«ì−®£® ç¨á«� ª«�áâ¥à®¢ ¡ë«® ¯à®¢¥¤¥−® á¯¥æ¨�«ì−®¥
¨áá«¥¤®¢�−¨¥. ‚ ª�ç¥áâ¢¥ ªà¨â¥à¨ï ¨á¯®«ì§®¢�«�áì ¢−ãâà¨ª«�áâ¥à−�ï áã¬¬�
ª¢�¤à�â®¢ à�ááâ®ï−¨©, ª®â®àãî −¥®¡å®¤¨¬® ¡ë«® ¬¨−¨¬¨§¨à®¢�âì. �� à¨á. 2
¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë à�áç¥â� ¢−ãâà¨ª«�áâ¥à−®© áã¬¬ë ª¢�¤à�â®¢ à�ááâ®ï−¨©
¯® ¬¥â®¤ã «®ªâï (Elbow method). ‚ à¥§ã«ìâ�â¥ ¨áá«¥¤®¢�−¨ï â¥áâ®¢®£® −�¡®à�
¤�−−ëå ¡ë«® ®¯à¥¤¥«¥−® ®¯â¨¬�«ì−®¥ ¤«ï ¤�−−®£® â¥áâ®¢®£® ¬�áá¨¢� ç¨á«®
ª«�áâ¥à®¢, à�¢−®¥ 30.

’�ª¨¬ ®¡à�§®¬, ¡ë«¨ ¯®«ãç¥−ë ¢á¥ −¥®¡å®¤¨¬ë¥ ¯�à�¬¥âàë ¤«ï ¯à®¢¥¤¥−¨ï
ª«�áâ¥à¨§�æ¨¨ ¤�−−ëå ¯® ¬�âà¨æ¥ �ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«¥©. ÷¥§ã«ìâ�â à�¡®âë
�«£®à¨â¬� ª«�áâ¥à¨§�æ¨¨ ¯®§¢®«¨« ¢ë¤¥«¨âì −¥áª®«ìª® −�¨¡®«¥¥ ªàã¯−ëå ª«�á-
â¥à®¢ ¯®«ì§®¢�â¥«¥© á −®¬¥à�¬¨ 1, 9, 20, 21 ¨ 22. �®«ì§®¢�â¥«¨ ¨§ ª«�áâ¥à� ¯®¤
−®¬¥à®¬ 1 (à�§¬¥à ª«�áâ¥à� 1384) ¤¥¬®−áâà¨àãîâ á«�¡®¥ ¯à¥¤¯®çâ¥−¨¥ ª® ¢á¥¬
ª�â¥£®à¨ï¬ â®¢�à®¢. ‚®§¬®¦−®, çâ® ¢ ª«�áâ¥à á −®¬¥à®¬ 1 ¯®¯�«¨ ¯®á¥â¨â¥«¨
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á�©â�, ª®â®àë¥ ¯à¨è«¨ ¡¥§ ª®−ªà¥â−®© æ¥«¨, −�¯à¨¬¥à ¯à®áâ® ®§−�ª®¬¨âìáï
á ¯à¥¤«�£�¥¬ë¬ �áá®àâ¨¬¥−â®¬ â®¢�à®¢. �®«ì§®¢�â¥«¨ ¨§ ª«�áâ¥à� −®¬¥à 9
(à�§¬¥à 180) ¤¥¬®−áâà¨àãîâ ï¢−®¥ ¯à¥¤¯®çâ¥−¨¥ ª ª�â¥£®à¨¨ cat9 (ú‹¨æ®û).
�®«ì§®¢�â¥«¨ ¨§ ª«�áâ¥à� −®¬¥à 20 (à�§¬¥à 1366) ¤¥¬®−áâà¨àãîâ ¯à¥¤¯®çâ¥−¨¥
ª ª�â¥£®à¨¨ cat7 (úŠ®ª®á®¢®¥ ¬�á«®û). ‘ã¬¬� ª¢�¤à�â®¢ à�ááâ®ï−¨© ®â−®á¨â¥«ì−®
¤àã£¨å ª«�áâ¥à®¢ ¬�«�, çâ® £®¢®à¨â ® −¥¡®«ìè®¬ à�§«¨ç¨¨ ®¡ê¥ªâ®¢ ¢−ãâà¨
ª«�áâ¥à�. �®«ì§®¢�â¥«¨ ¨§ ª«�áâ¥à� −®¬¥à 21 (à�§¬¥à 622) ¤¥¬®−áâà¨àãîâ â�ª¦¥
¯à¥¤¯®çâ¥−¨¥ ª ª�â¥£®à¨¨ cat7 (úŠ®ª®á®¢®¥ ¬�á«®û). �®«ì§®¢�â¥«¨ ¨§ ª«�áâ¥à�
−®¬¥à 22 (à�§¬¥à 180) ¤¥¬®−áâà¨àãîâ ¯à¥¤¯®çâ¥−¨¥ ª ª�â¥£®à¨ï¬ cat47 (úMUST
HAVE ‡¨¬� 2016û) ¨ cat49 (ú•ˆ’› −�è¥£® ¬�£�§¨−�û). �à®¢¥¤¥−¨¥ à�áç¥â®¢
−� ®á−®¢�−¨¨ ¤�−−ëå §� ¤àã£¨¥ −¥¤¥«¨ ¤�«® ¯®å®¦¨¥ à¥§ã«ìâ�âë.

’�ª¨¬ ®¡à�§®¬, ¤�−−ë¥, ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ ®¡à�¡®âª¨ ¨áå®¤−ëå ¤�−-
−ëå ® ¯®«ì§®¢�â¥«ìáª®© �ªâ¨¢−®áâ¨ ª«�áâ¥à�, ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï
ä®à¬¨à®¢�−¨ï ¯à¥¤«®¦¥−¨© à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬®©. Š�ç¥áâ¢® à¥ª®¬¥−¤�-
æ¨© ¡ã¤¥â §�¢¨á¥âì ®â �¤¥ª¢�â−®áâ¨ ¤�−−ëå ® ¯®«ì§®¢�â¥«ìáª¨å ¯à¥¤¯®çâ¥−¨ïå
(¤àã£¨¬¨ á«®¢�¬¨, ª�ç¥áâ¢� áä®à¬¨à®¢�−−ëå ¯®¢¥¤¥−ç¥áª¨å ¯à®ä¨«¥©). ÷¥-
ª®¬¥−¤®¢�âìáï ¯®«ì§®¢�â¥«ï¬ ¡ã¤ãâ ¨−ä®à¬�æ¨®−−ë¥ ¥¤¨−¨æë, ¨¬¥îé¨¥ −�¨-
¬¥−ìè¥¥ §−�ç¥−¨¥ ¬¥âà¨ª¨ à�ááâ®ï−¨ï ¯® ®â−®è¥−¨î ª à¥ä¥à¥−á−®¬ã â®¢�àã
(¢ ª�ç¥áâ¢¥ à¥ä¥à¥−á−®£® à�áá¬�âà¨¢�¥âáï â®¢�à, ª®â®àë© §�¨−â¥à¥á®¢�« ¯®á¥-
â¨â¥«ï ¢ ª®−ªà¥â−ë© ¬®¬¥−â ¢à¥¬¥−¨). �à¨ −¥®¡å®¤¨¬®áâ¨ à¥ª®¬¥−¤�æ¨¨ ¬®£ãâ
¡ëâì ¤®¯®«−¥−ë ¯à¥¤«®¦¥−¨ï¬¨ ¨−ä®à¬�æ¨®−−ëå ¥¤¨−¨æ, ¨¬¥îé¨å ¡«¨§ª¨¥
®æ¥−ª¨ ¯®¤®¡¨ï (¬¥â®¤ Item{Item CF). �¥®¡å®¤¨¬®áâì ¤®¯®«−¥−¨ï à¥ª®¬¥−¤�-
æ¨©, ¯®«ãç¥−−ëå ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬¥â®¤� User{User CF, ¡ã¤¥â ¢®§−¨ª�âì,
ª�ª ¯à�¢¨«®, ¤«ï ¯®«ì§®¢�â¥«¥©, −¥ ¨¬¥îé¨å ç¥âª® ¢ëà�¦¥−−ëå ¯à¥¤¯®çâ¥−¨©.
�à®¢¥¤¥−−ë¥ ¨áá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® ¢ æ¥«®¬ ¯à¥¤«®¦¥−−ë© ¯®¤å®¤ ª à¥-
è¥−¨î §�¤�ç¨ ¢ëà�¡®âª¨ à¥ª®¬¥−¤�æ¨© á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� User{User CF
(−� ¡�§¥ ¨á¯®«ì§®¢�−¨ï ¬¥â®¤®¢ ª«�áâ¥à−®£® �−�«¨§�) ¯®§¢®«ï¥â ä®à¬¨à®¢�âì
à¥ª®¬¥−¤�æ¨¨, á®®â¢¥âáâ¢ãîé¨¥ ®¦¨¤�−¨ï¬ ¯®«ì§®¢�â¥«¥©. ’�ª, −�¯à¨¬¥à, ¡®-
«¥¥ 70% à¥£ã«ïà−® ¯®á¥é�îé¨å ¨−â¥à−¥â-¬�£�§¨− Thaisoap ¯®«ì§®¢�â¥«¥© (¯®
à¥§ã«ìâ�â�¬ íªá¯¥à¨¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©) ¢®á¯®«ì§®¢�«¨áì ¯à¥¤«®¦¥−¨ï-
¬¨ à¥ª®¬¥−¤�â¥«ì−®£® á¥à¢¨á� (á®¢¥àè¨«¨ ¯¥à¥å®¤ë ¯® ¯à¥¤«�£�¥¬ë¬ á¥à¢¨á®¬
à¥ª®¬¥−¤�â¥«ì−ë¬ ááë«ª�¬ ¨«¨ ¤®¡�¢«ï«¨ à¥ª®¬¥−¤®¢�−−ë¥ â®¢�àë ¢ ª®à§¨−ã).

6 Оценка эффективности метода повышения пертинентности
информации

�¤−¨¬ ¨§ −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ëå ¯®¤å®¤®¢ ª ®¯à¥¤¥«¥−¨î íää¥ªâ¨¢-
−®áâ¨ ¬¥â®¤®¢, ¯à¨¬¥−ï¥¬ëå ¢ à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬�å ¨−â¥à−¥â-¬�£�§¨−®¢,
ï¢«ï¥âáï ®æ¥−ª� áà¥¤−¥© −�¯®«−¥−−®áâ¨ ¯®ªã¯�â¥«ìáª®© ª®à§¨−ë ¤® ¨ ¯®á«¥
¨á¯®«ì§®¢�−¨ï à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë. ‘ãé¥áâ¢ãîé¨¥ ¨áá«¥¤®¢�−¨ï ¤�îâ
¤®¢®«ì−® ¡®«ìè®© à�§¡à®á à¥§ã«ìâ�â®¢ ¨§¬¥à¥−¨©. �® áå®¤ïâáï ¢á¥ ®−¨ −�
â®¬, çâ® ¢ «î¡ëå á«ãç�ïå −�¡«î¤�¥âáï à®áâ áà¥¤−¥© −�¯®«−¥−−®áâ¨ ¯®ªã¯�â¥«ì-
áª®© ª®à§¨−ë, ª®â®àë© ¬®¦¥â á®áâ�¢«ïâì 12%{60% [9], ¯à¨ íâ®¬ −�¡«î¤�¥âáï
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§−�ç¨â¥«ì−�ï ¤¨ää¥à¥−æ¨�æ¨ï ¯® â¨¯�¬ â®¢�à®¢. ’�ª, ¤«ï ¡ëâ®¢®© â¥å−¨ª¨
¨ í«¥ªâà®−¨ª¨ íää¥ªâ ¨á¯®«ì§®¢�−¨ï à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬, ª�ª ¯à�¢¨«®,
¬¨−¨¬�«¥−. „«ï ª−¨£ ¨ á¯®àâ¨¢−ëå â®¢�à®¢, −�¯à®â¨¢, íää¥ªâ ¡«¨§®ª ª ¬�ª-
á¨¬�«ì−®¬ã. �¥¯®áà¥¤áâ¢¥−−® −� íää¥ªâ¨¢−®áâì ¢«¨ï¥â â�ª®© ¯�à�¬¥âà, ª�ª
¯®ªàëâ¨¥, ®¯à¥¤¥«ïîé¨©, −�áª®«ìª® ¯®«−® ¨¬¥îé¨©áï �áá®àâ¨¬¥−â â®¢�à®¢
¨ ãá«ã£ ®å¢�âë¢�¥âáï ¯à¨ ¢ëà�¡®âª¥ à¥ª®¬¥−¤�æ¨©. Š®á¢¥−−®¥ ¢«¨ï−¨¥ −�
íää¥ªâ¨¢−®áâì ®ª�§ë¢�¥â ª�ç¥áâ¢® à�¡®âë à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë. —¥¬ ¡®-
«¥¥ ¯®«¥§−ë¥ à¥ª®¬¥−¤�æ¨¨ ¢ëà�¡�âë¢�îâáï, â¥¬ ¡®«ìè¥ ¤®¢¥à¨¥ ¨ «®ï«ì−®áâì
¯®«ì§®¢�â¥«¥© ª ¨−â¥à−¥â-¬�£�§¨−ã. „®¢¥à¨¥ ¯®«ì§®¢�â¥«¥© ï¢«ï¥âáï ä�ªâ®à®¬,
ª®â®àë© ¬®¦¥â ¨£à�âì áãé¥áâ¢¥−−ãî à®«ì ¢ ¤®«£®áà®ç−®© ¯¥àá¯¥ªâ¨¢¥.

„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë, ¯®áâà®¥−−®© −� ¡�§¥
¯à¥¤«®¦¥−−®£® ª®¬¡¨−¨à®¢�−−®£® ¯®¤å®¤�, ¡ë« ¯à®¢¥¤¥− áà�¢−¨â¥«ì−ë© �−�«¨§
ç¥âëà¥å áæ¥−�à¨¥¢ à�¡®âë íªá¯¥à¨¬¥−â�«ì−®£® ®¡à�§æ� ¯à®£à�¬¬−®£® ª®¬¯«¥ªá�
¯®¢ëè¥−¨ï ¯¥àâ¨−¥−â−®áâ¨ ¨−ä®à¬�æ¨¨ ¢ á®áâ�¢¥ ¨−â¥à−¥â-¬�£�§¨−� Thaisoap.
�¥à¢ë© áæ¥−�à¨© −¥ ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨ï à¥ª®¬¥−¤�â¥«ì−®£® á¥à¢¨á�,
¯®ªã¯�â¥«¨ ¨á¯®«ì§ãîâ â®«ìª® ª�â�«®£ â®¢�à®¢ ¨ áâ�−¤�àâ−ë¥ áà¥¤áâ¢� ¯®¨áª�
¤«ï ¢ë¡®à� â®¢�à®¢. ‚â®à®© áæ¥−�à¨© ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ à¥ª®¬¥−¤�-
â¥«ì−®£® á¥à¢¨á�, à¥�«¨§ãîé¥£® â®«ìª® ¬¥â®¤ Item{Item CF. ’à¥â¨© áæ¥−�à¨©
�−�«®£¨ç¥− ¢â®à®¬ã, â®«ìª® ¨á¯®«ì§ã¥âáï ¬¥â®¤ User{User CF. ‚ ç¥â¢¥àâ®¬
áæ¥−�à¨¨ ¨á¯®«ì§ã¥âáï à¥ª®¬¥−¤�â¥«ì−ë© á¥à¢¨á, ¯®«−®áâìî ¨á¯®«ì§ãîé¨© á®-
§¤�−−ë© ¬¥â®¤ ¯®¢ëè¥−¨ï ¯¥àâ¨−¥−â−®áâ¨ ¨−ä®à¬�æ¨¨ −� ¡�§¥ ¯à¥¤«®¦¥−−®£®
ª®¬¡¨−¨à®¢�−−®£® ¯®¤å®¤� (Item{Item CF + User{User CF). ‚ ª�¦¤®¬ ¨§ à�á-
á¬®âà¥−−ëå áæ¥−�à¨¥¢ ¡à�«áï ¢à¥¬¥−−®© ¯¥à¨®¤, à�¢−ë© ®¤−®¬ã ¬¥áïæã. �à¨
íâ®¬ ª�â�«®£ â®¢�à®¢ ®áâ�¢�«áï −¥¨§¬¥−−ë¬ (â. ¥. −¥ ¨§¬¥−ï«�áì −®¬¥−ª«�âãà�
â®¢�à®¢, ¯à¥¤«�£�¥¬ëå ¯®á¥â¨â¥«ï¬ ¬�£�§¨−�). �¤−¨¬ ¨§ ãá«®¢¨© ¯à®¢¥¤¥−¨ï
áà�¢−¨â¥«ì−®£® �−�«¨§� ï¢«ï«�áì à�¡®â� úá ç¨áâ®£® «¨áâ�û, â. ¥. ¢ −�ç�«¥ ª�¦¤®£®
¬¥áïç−®£® ®âà¥§ª� ¢à¥¬¥−¨ −¥ ¨á¯®«ì§®¢�«¨áì ¤�−−ë¥ ® ¯®«ì§®¢�â¥«ìáª¨å ¯à¥¤-
¯®çâ¥−¨ïå ¨«¨ à¥©â¨−£�å ¨−ä®à¬�æ¨®−−ëå ¥¤¨−¨æ, −�ª®¯«¥−−ë¥ §� ¯à¥¤ë¤ãé¨¥
¯¥à¨®¤ë ¢à¥¬¥−¨.

‚ ¯¥à¢®¬ áæ¥−�à¨¨ ¡ë«® ¢ëï¢«¥−® 1860 ¯®á¥â¨â¥«¥©, ¨§ ª®â®àëå 140 ç¥«.
á®¢¥àè¨«¨ ¯®ªã¯ª¨ (ª®−¢¥àá¨ï 7,5%). ‘à¥¤−ïï −�¯®«−¥−−®áâì ª®à§¨−ë ¯à¨
íâ®¬ á®áâ�¢¨«� 1,5 â®¢�à�. �à¨ −�¢¨£�æ¨¨ ¯® á�©âã ¯®á¥â¨â¥«¨ á®¢¥àè�«¨
¢ áà¥¤−¥¬ 36 ª«¨ª®¢ ¢ à�¬ª�å ®¤−®© á¥áá¨¨ ¨ ¯à®¢®¤¨«¨ −� á�©â¥ ¢ áà¥¤−¥¬
¯®àï¤ª� 16 ¬¨−. ‚® ¢â®à®¬ áæ¥−�à¨¨ ¡ë«® ¢ëï¢«¥−® 1908 ¯®á¥â¨â¥«¥©, ¨§
ª®â®àëå ¯®ªã¯ª¨ á®¢¥àè¨«¨ 164 ç¥«. (ª®−¢¥àá¨ï 8,6%). ‘à¥¤−ïï −�¯®«−¥−−®áâì
ª®à§¨−ë ¯à¨ íâ®¬ á®áâ�¢¨«� 2,1 â®¢�à�. �à¨ −�¢¨£�æ¨¨ ¯® á�©âã ¯®á¥â¨â¥«¨
á®¢¥àè�«¨ ¢ áà¥¤−¥¬ 31 ª«¨ª ¢ à�¬ª�å ®¤−®© á¥áá¨¨ ¨ ¯à®¢®¤¨«¨ −� á�©â¥
¢ áà¥¤−¥¬ ®ª®«® 12 ¬¨−. ‚ âà¥âì¥¬ áæ¥−�à¨¨ ¡ë«® ¢ëï¢«¥−® 1873 ¯®á¥â¨â¥«ï, ¨§
ª®â®àëå 145 ç¥«. á®¢¥àè¨«¨ ¯®ªã¯ª¨ (ª®−¢¥àá¨ï 7,7%). ‘à¥¤−ïï −�¯®«−¥−−®áâì
ª®à§¨−ë ¯à¨ íâ®¬ á®áâ�¢¨«� 1,9 â®¢�à�. �à¨ −�¢¨£�æ¨¨ ¯® á�©âã ¯®á¥â¨â¥«¨
á®¢¥àè�«¨ ¢ áà¥¤−¥¬ 32 ª«¨ª� ¢ à�¬ª�å ®¤−®© á¥áá¨¨ ¨ ¯à®¢®¤¨«¨ −� á�©â¥
¢ áà¥¤−¥¬ ®ª®«® 14 ¬¨−. ‚ ¯®á«¥¤−¥¬ áæ¥−�à¨¨ ¡ë«® ¢ëï¢«¥−® 2011 ¯®á¥â¨â¥«¥©,
¨§ ª®â®àëå 183 ç¥«. á®¢¥àè¨«¨ ¯®ªã¯ª¨ (ª®−¢¥àá¨ï 9,1%). ‘à¥¤−ïï −�¯®«−¥−-
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−®áâì ª®à§¨−ë ¯à¨ íâ®¬ á®áâ�¢¨«� 2,4 â®¢�à�. �à¨ −�¢¨£�æ¨¨ ¯® á�©âã ¯®á¥â¨â¥«¨
á®¢¥àè�«¨ ¢ áà¥¤−¥¬ 28 ª«¨ª®¢ ¢ à�¬ª�å ®¤−®© á¥áá¨¨ ¨ ¯à®¢®¤¨«¨ −� á�©â¥
¢ áà¥¤−¥¬ ®ª®«® 11 ¬¨−.

�−�«¨§ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¨áá«¥¤®¢�−¨ï ¯®§¢®«ï¥â á¤¥«�âì á«¥¤ãîé¨¥
®á−®¢−ë¥ ¢ë¢®¤ë.

1. ˆá¯®«ì§®¢�−¨¥ à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë ¢ à�áá¬�âà¨¢�¥¬ëå áæ¥−�à¨ïå
¯®§¢®«¨«® ¯®¢ëá¨âì áà¥¤−îî −�¯®«−¥−−®áâì ª®à§¨−ë ¨ á®ªà�â¨âì ¢à¥¬ï,
§�âà�ç¨¢�¥¬®¥ ¯®á¥â¨â¥«ï¬¨ −� ¯®¨áª ¨−â¥à¥áãîé¨å ¨å â®¢�à®¢. ’�ª,
áà¥¤−¥¥ ¢à¥¬ï ¯à¥¡ë¢�−¨ï ¯®á¥â¨â¥«¥© −� á�©â¥ á®ªà�é�«®áì ¢ à�§«¨ç−ëå
áæ¥−�à¨ïå á 16 ¤® 14{11 ¬¨−, ¯à¨ íâ®¬ ¢ áæ¥−�à¨ïå á ¨á¯®«ì§®¢�−¨¥¬
à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë ã¢¥«¨ç¨¢�«�áì áà¥¤−ïï −�¯®«−¥−−®áâì ª®à§¨−ë,
çâ® −�¯àï¬ãî ¢«¨ï«® −� áà¥¤−îî ¢¥«¨ç¨−ã ç¥ª� ¨ −¥¯®áà¥¤áâ¢¥−−ë¥ ¤®å®¤ë
¬�£�§¨−�.

2. Œ¥â®¤ User{User CF ¯®ª�§�« á¥¡ï ¬�«®íää¥ªâ¨¢−ë¬ −� à�áá¬�âà¨¢�¥¬®¬
¨−â¥à¢�«¥ ¢à¥¬¥−¨ (®¤¨− ¬¥áïæ). �á−®¢−®© ¯à¨ç¨−®© íâ®£® áâ�«® −¨§ª®¥
ª�ç¥áâ¢® à¥ª®¬¥−¤�æ¨©, á¢ï§�−−®¥ á −¥¤®áâ�â®ç−®áâìî ¤�−−ëå ® ¯®«ì§®¢�-
â¥«ìáª¨å ¯à¥¤¯®çâ¥−¨ïå.

3. Œ¥â®¤ Item{Item CF ¯®ª�§�« á¥¡ï ¤®áâ�â®ç−® íää¥ªâ¨¢−ë¬ §� áç¥â ãá¯¥è-
−®£® à¥è¥−¨ï ¯à®¡«¥¬ë úå®«®¤−®£® áâ�àâ�û. �® áà�¢−¥−¨î á ¯¥à¢ë¬
áæ¥−�à¨¥¬ ª®−¢¥àá¨ï ã¢¥«¨ç¨«�áì ¡®«¥¥ ç¥¬ −� 1%, áà¥¤−ïï −�¯®«−¥−−®áâì
ª®à§¨−ë ã¢¥«¨ç¨«�áì á 1,5 ¤® 2,1.

4. ÷¥ª®¬¥−¤�â¥«ì−�ï á¨áâ¥¬� −� ¡�§¥ ª®¬¡¨−¨à®¢�−−®£® ¯®¤å®¤� ¯®§¢®«¨«� ¯®-
«ãç¨âì −�¨¡®«ìè¨© ¯à¨à®áâ à�áá¬�âà¨¢�¥¬ëå ¯®ª�§�â¥«¥©. ’�ª, ª®−¢¥àá¨ï
¢ëà®á«� ¡®«¥¥ ç¥¬ −� 1,5% ¯® áà�¢−¥−¨î á ¯¥à¢ë¬ áæ¥−�à¨¥¬, � áà¥¤−ïï
−�¯®«−¥−−®áâì ª®à§¨−ë ¢ëà®á«� á 1,5 ¤® 2,4 (â. ¥. ¡®«¥¥ ç¥¬ −� 35%).

‚ æ¥«®¬ −¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® íää¥ªâ¨¢−®áâì à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥-
¬ë á¨«ì−® §�¢¨á¨â ª�ª ®â â¨¯®¢ ¯à®¤�¢�¥¬ëå â®¢�à®¢, â�ª ¨ ®â ®á®¡¥−−®áâ¥©
¨á¯®«ì§ã¥¬ëå �«£®à¨â¬®¢ ¨ ª�ç¥áâ¢� à¥�«¨§�æ¨¨ à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë.
‚ ®¯à¥¤¥«¥−−ëå á¨âã�æ¨ïå à¥ª®¬¥−¤�â¥«ì−�ï á¨áâ¥¬� ¬®¦¥â −¥ ¤�¢�âì §�¬¥â−®£®
¯®¢ëè¥−¨ï ¯®ª�§�â¥«¥© ª®−¢¥àá¨¨ ¨ áà¥¤−¥© −�¯®«−¥−−®áâ¨ â®¢�à−®© ª®à§¨−ë.
’¥¬ −¥ ¬¥−¥¥ ®−� ®áâ�¥âáï ¯®«¥§−®©, â�ª ª�ª ¯à¥¤«�£�¥â ¡®«¥¥ ã¤®¡−ë© ¨ ¯à®áâ®©
¤«ï ¯®á¥â¨â¥«¥© á¯®á®¡ ¯®¨áª� ¨−â¥à¥áãîé¨å ¨å â®¢�à®¢, â¥¬ á�¬ë¬ á®§¤�¢�ï
ã¤®¡−®¥ ®ªàã¦¥−¨¥ ¨ ¯®¢ëè�ï «®ï«ì−®áâì ¯®á¥â¨â¥«¥© ª ¨−â¥à−¥â-à¥áãàáã, çâ®
ã¦¥ ¢ áà¥¤−¥áà®ç−®© ¯¥àá¯¥ªâ¨¢¥ ¬®¦¥â ®¡¥á¯¥ç¨âì ¢®§¢à�âë ¯®«ì§®¢�â¥«¥©,
ä®à¬¨à®¢�−¨¥ ¯ã«� ¯®áâ®ï−−ëå ¯®ªã¯�â¥«¥©, ®¡¥á¯¥ç¨¢�îé¨å áâ�¡¨«ì−ë© à®áâ
¢ëàãçª¨ ¨−â¥à−¥â-¬�£�§¨−�.

7 Заключение

‚ ¤�−−®© à�¡®â¥ ¯à¥¤áâ�¢«¥−® ®¯¨á�−¨¥ ¬¥â®¤� ¯®¢ëè¥−¨ï ¯¥àâ¨−¥−â−®áâ¨
¨−ä®à¬�æ¨¨, ®á−®¢�−−®£® −� ª®¬¡¨−¨à®¢�−−®¬ ¨á¯®«ì§®¢�−¨¨ ¬¥â®¤®¢ Item{
Item CF ¨ User{User CF á ¯à¨¬¥−¥−¨¥¬ −¥ï¢−ëå ¤�−−ëå.
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1. „«ï −®¢ëå ¯®«ì§®¢�â¥«¥© ¨«¨ ¯®«ì§®¢�â¥«¥© á −¥¯à¥§¥−â�¡¥«ì−®© ¨áâ®-
à¨¥© ¯®á¥é¥−¨© ¯à¥¤¯®«�£�¥âáï £¥−¥à¨à®¢�âì à¥ª®¬¥−¤�æ¨¨, ¡�§¨àãïáì −�
à¥©â¨−£�å ¨−ä®à¬�æ¨®−−ëå ¥¤¨−¨æ (¬¥â®¤ Item{Item CF). ’�ª¨¬ ®¡à�§®¬
à¥è�¥âáï ¯à®¡«¥¬� úå®«®¤−®£® áâ�àâ�û ¨ ¯®¢ëè�¥âáï ª�ç¥áâ¢® à¥ª®¬¥−-
¤�æ¨© ¤«ï ¬�«®�ªâ¨¢−ëå ¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ¯®«ì§®¢�â¥«¥© á® á«�¡®
¢ëà�¦¥−−ë¬¨ ¯à¥¤¯®çâ¥−¨ï¬¨.

2. �® ¬¥à¥ −�ª®¯«¥−¨ï ¯à¥§¥−â�¡¥«ì−ëå ¤�−−ëå ® ¯®«ì§®¢�â¥«ìáª¨å ¯à¥¤¯®-
çâ¥−¨ïå ¨ ä®à¬¨à®¢�−¨¨ ¥£® ¯®¢¥¤¥−ç¥áª®£® ¯à®ä¨«ï ¯à¥¤¯®çâ¥−¨¥ ¯à¥¤«�-
£�¥âáï ®â¤�¢�âì ®æ¥−ª�¬, ¯®«ãç¥−−ë¬ á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� User{User
CF. �à¨ −�«¨ç¨¨ ª�ç¥áâ¢¥−−ëå ¯®¢¥¤¥−ç¥áª¨å ¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥©
¤�−−ë© ¬¥â®¤ ¯®§¢®«ï¥â ¡®«¥¥ â®ç−® ¯à¥¤áª�§ë¢�âì ¨å ¯à¥¤¯®çâ¥−¨ï. �à¨
íâ®¬ ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ à¥ª®¬¥−¤�æ¨¨, ¯®«ãç¥−−ë¥ á ¨á¯®«ì§®¢�−¨¥¬
¬¥â®¤� User{User CF, ¬®£ãâ ¤®¯®«−ïâìáï ¯à¥¤«®¦¥−¨ï¬¨ ¨−ä®à¬�æ¨®−−ëå
¥¤¨−¨æ, ¯®«ãç¥−−ë¬¨ −� ®á−®¢¥ ¨å à¥©â¨−£� ¯®¯ã«ïà−®áâ¨.

’�ª¨¬ ®¡à�§®¬, ¯à¥¤«�£�¥¬ë© ¬¥â®¤ ¯®§¢®«ï¥â ¡®«¥¥ ¯®«−® ¨á¯®«ì§®¢�âì
¤®áâã¯−ãî ¨−ä®à¬�æ¨î ® ¯®«ì§®¢�â¥«ïå ¨ ¨−ä®à¬�æ¨®−−ëå ¥¤¨−¨æ�å, � â�ª¦¥
−¨¢¥«¨à®¢�âì −¥¤®áâ�âª¨ ®¡®¨å ¬¥â®¤®¢.

�à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï ¯à¥¤«®¦¥−−®£® ¬¥â®¤� ¢ ¢¨¤¥ íªá¯¥à¨¬¥−â�«ì−®£®
®¡à�§æ� ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ¯®¢ëè¥−¨ï ¯¥àâ¨−¥−â−®áâ¨ ¨−ä®à¬�æ¨¨ íªá¯¥-
à¨¬¥−â�«ì−® ¯à®¢¥à¥−� ¢ á®áâ�¢¥ ¨−â¥à−¥â-¬�£�§¨−� Thaisoap. �−�«¨§ ¦ãà−�«®¢
�ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«¥© ¢ ¯¥à¨®¤ íªá¯¥à¨¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© ¯®ª�§�«,
çâ® ¡®«¥¥ 70% ¯®á¥â¨â¥«¥© ¬�£�§¨−� ¨á¯®«ì§ãîâ ¡«®ª¨ à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë
¤«ï ¯®¨áª� ¨−â¥à¥áãîé¨å ¨å â®¢�à®¢. �à¨ íâ®¬ ¯à®æ¥−â ¨á¯®«ì§®¢�−¨ï ¡«®ª®¢
à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë ¯®á¥â¨â¥«ï¬¨, á®¢¥àè¨¢è¨¬¨ ¯®ªã¯ª¨ §� ãª�§�−−ë©
¯¥à¨®¤ ¢à¥¬¥−¨, ¯à¥¢ëè�¥â 80%. ‘à�¢−¨â¥«ì−ë© �−�«¨§ à�§«¨ç−ëå áæ¥−�-
à¨¥¢ ¯®ª�§ë¢�¥â, çâ® ¨á¯®«ì§®¢�−¨¥ ª®¬¡¨−¨à®¢�−−®£® ¯®¤å®¤� ¯à¨ ¯®áâà®¥−¨¨
à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë ¯®§¢®«¨«® ¯®¢ëá¨âì ª®−¢¥àá¨î ¡®«¥¥ ç¥¬ −� 1,5%, á®-
ªà�â¨âì áà¥¤−¥¥ ¢à¥¬ï ¯à¥¡ë¢�−¨ï ¯®á¥â¨â¥«¥© −� á�©â¥ (á 16 ¤® 11 ¬¨−), � â�ª¦¥
ã¢¥«¨ç¨âì áà¥¤−îî −�¯®«−¥−−®áâì â®¢�à−®© ª®à§¨−ë (á 1,5 ¤® 2,4 â®¢�à�).

’�ª¦¥ −¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¯à¥¤«®¦¥−−ë© �¢â®à�¬¨ ¬¥â®¤ £�à�−â¨à®-
¢�−® ¯®ª�§ë¢�¥â «ãçè¨¥ à¥§ã«ìâ�âë, ç¥¬ ¨§¢¥áâ−ë¥ ¨ ¯à¨¬¥−ï¥¬ë¥ −� á¥£®¤−ï
¬¥â®¤ë Item{Item CF ¨ User{User CF. ‚ ç�áâ−®áâ¨, íâ® ¬®¦−® á¢ï§�âì á ãç¥â®¬
−¥ï¢−ëå ¤�−−ëå, ¯®§¢®«ïîé¨å ¡®«¥¥ ¯®«−® ¨ ¡ëáâà® ¢ëï¢¨âì ¯®«ì§®¢�â¥«ìáª¨¥
¯à¥¤¯®çâ¥−¨ï, −¥®¡å®¤¨¬ë¥ ¤«ï ä®à¬¨à®¢�−¨ï à¥ª®¬¥−¤�æ¨©, çâ® ®á®¡¥−−®
¢�¦−® á¥£®¤−ï, ª®£¤� ¡®«ìè�ï ç�áâì ¯®á¥â¨â¥«¥© ¯à¨å®¤¨â ¨§ ¯®¨áª®¢®© á¨áâ¥¬ë
¨ §�â¥¬ ¡®«¥¥ −¨ª®£¤� −¥ ¢®§¢à�é�¥âáï.
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METHOD OF INCREASING INFORMATION PERTINENCE
FOR E-COMMERCE RECOMMENDER SYSTEMS

BASED ON IMPLICIT DATA

S. A. Philippov and V. N. Zakharov

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

Abstract: The paper describes the method of increasing pertinence of information
in e-commerce recommender systems based on implicit data, i. e., due to the
processing of user activity associated with the decision-making process. The
method works successfully in situations where information about user activity is
absent or little informative. Practical application of this method in e-commerce
systems can improve their efficiency through targeted supply of goods and services
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Method of increasing information pertinence for e-commerce recommender systems

to consumers. The main feature of the proposed method is the combined use of
Item{Item CF (collaborative filtering) and User{User CF methods taking into
account the implicit data collected. The features of the proposed method are
verified by a prototype software that is installed on the existing online store
Thaisoap.

Keywords: pertinence search; collaborative filtering; e-commerce recommender
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МОДЕЛИ ОТКАЗОУСТОЙЧИВЫХ САМОСИНХРОННЫХ СХЕМ

Ю. А. Степченков1, А. Н. Каменских2, С. Ф. Тюрин3, Ю. В. Рождественский4

�−−®â�æ¨ï: ÷�§à�¡®âª� �¯¯�à�âãàë ¤«ï æ¨äà®¢ëå ¢ëç¨á«¨â¥«ì−ëå á¨á-
â¥¬, ®â«¨ç�îé¥©áï ª�ª ¢ëá®ª®© −�¤¥¦−®áâìî, â�ª ¨ í−¥à£®íää¥ªâ¨¢−®áâìî,
ï¢«ï¥âáï ®¤−®© ¨§ ¢�¦−¥©è¨å §�¤�ç XXI ¢. ˆá¯®«ì§®¢�−¨¥ á�¬®á¨−åà®−−ëå
(CC) áå¥¬ ¯®§¢®«ï¥â ¯®¢ëá¨âì ¨å í−¥à£®íää¥ªâ¨¢−®áâì. �¤−�ª® ã¢¥«¨ç¥−¨¥
�¯¯�à�â−ëå §�âà�â ¯à¨ CC-¨á¯®«−¥−¨¨ ®¡ëç−®©, −¥®âª�§®ãáâ®©ç¨¢®© �¯¯�-
à�âãàë ¯à¨¢®¤¨â ª á−¨¦¥−¨î ¥¥ −�¤¥¦−®áâ¨. C�¬®á¨−åà®−−®¥ ¨á¯®«−¥−¨¥
®âª�§®ãáâ®©ç¨¢®© �¯¯�à�âãàë ¯®§¢®«ï¥â ¯®¢ëá¨âì −¥ â®«ìª® ¥¥ −�¤¥¦−®áâì,
−® ¨ ã«ãçè¨âì ª®¬¯«¥ªá−ë© ¯®ª�§�â¥«ì úí−¥à£®§�âà�âë{−�¤¥¦−®áâìû. „�«ì-
−¥©è¥¥ à�§¢¨â¨¥ ¬¥â®¤®¢ ®¡¥á¯¥ç¥−¨ï ®âª�§®ãáâ®©ç¨¢®áâ¨ CC-áå¥¬ á ãç¥â®¬
¨å á¯¥æ¨ä¨ª¨ ¯®§¢®«¨â ª®¬¯¥−á¨à®¢�âì ¨å −¥¤®áâ�âª¨, â�ª¨¥ ª�ª á«®¦−®áâì
¯à®¥ªâ¨à®¢�−¨ï, §� áç¥â §−�ç¨â¥«ì−® «ãçè¨å ª®¬¯«¥ªá−ëå ¯®ª�§�â¥«¥© íä-
ä¥ªâ¨¢−®áâ¨. ‚ áâ�âì¥ à�§à�¡�âë¢�îâáï ¬®¤¥«¨ ¨ �«£®à¨â¬ë ®¡−�àã¦¥−¨ï
−¥¨á¯à�¢−®áâ¥© ¤«ï ¬¥â®¤®¢ ®¡¥á¯¥ç¥−¨ï �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâ¨, çâ®
¯®§¢®«ï¥â ¯®¢ëá¨âì ¤®áâ®¢¥à−®áâì äã−ªæ¨®−¨à®¢�−¨ï („”) ¨ ª®íää¨æ¨¥−â
£®â®¢−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: −�¤¥¦−®áâì; í−¥à£®íää¥ªâ¨¢−®áâì; í−¥à£®§�âà�âë{−�¤¥¦-
−®áâì; á�¬®á¨−åà®−−�ï áå¥¬�; ®âª�§®ãáâ®©ç¨¢®áâì; á�¬®à¥¬®−â

DOI: 10.14357/08696527160402

1 Введение

‘�¬®á¨−åà®−−ë¥ áå¥¬ë §�à¥ª®¬¥−¤®¢�«¨ á¥¡ï ª�ª å®à®è¥¥ à¥è¥−¨¥ ¤«ï æ¥-
«¥© ¯®¢ëè¥−¨ï í−¥à£®íää¥ªâ¨¢−®áâ¨ æ¨äà®¢ëå ãáâà®©áâ¢ [1{3]. ˆ¤¥ï ‘‘-áå¥¬
§�ª«îç�¥âáï ¢ ®âª�§¥ ®â â�ªâ¨à®¢�−¨ï ãáâà®©áâ¢, ¡«�£®¤�àï ç¥¬ã á−¨¦�¥âáï
í−¥à£®¯®âà¥¡«¥−¨¥, ®á®¡¥−−® ¢® ¢à¥¬ï ¯à®áâ®ï. Œ¥â®¤ë ¯à®¥ªâ¨à®¢�−¨ï ‘‘-
áå¥¬ §�«®¦¥−ë ¢ à�¡®â�å „. …. Œ�««¥à� (á¬., −�¯à¨¬¥à, [4]) ¨ §�ª«îç�îâáï
¢ ¨á¯®«ì§®¢�−¨¨ á¯¥æ¨�«ì−ëå í«¥¬¥−â®¢ | ¨−¤¨ª�â®à®¢, ¯®§¢®«ïîé¨å ®¯à¥¤¥-
«ïâì ¬®¬¥−â ®ª®−ç�−¨ï ¢á¥å ¯¥à¥å®¤−ëå ¯à®æ¥áá®¢ ¢ áå¥¬¥. ‚ ª−¨£¥ [5] ¡ë«®
¯à¥¤«®¦¥−® à�áé¥¯«ïâì ¢å®¤−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ −� ¤¢¥ ä�§ë | �ªâ¨¢−ãî

1ˆ−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, YStepchenkov@ipiran.ru

2�¥à¬áª¨© −�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ¯®«¨â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â,
kamenskikh.anton@gmail.com

3�¥à¬áª¨© −�æ¨®−�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© ¯®«¨â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â,
tyurinsergfeo@yandex.ru

4ˆ−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, YRogdest@ipiran.ru
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ā. �. ‘â¥¯ç¥−ª®¢, �. �. Š�¬¥−áª¨å, ‘. ”. ’îà¨−, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨©

(à�¡®çãî) ¨ −¥�ªâ¨¢−ãî (á¯¥©á¥à), ®¡¥á¯¥ç¨¢�ï â¥¬ á�¬ë¬ ¬®−®â®−−®áâì ¢á¥å ¯¥-
à¥å®¤®¢ ¢ ¯®á«¥¤®¢�â¥«ì−®áâïå [6]. ÷¥�«¨§�æ¨ï ¤�−−®£® ¯à¥¤«®¦¥−¨ï ¯®§¢®«ï¥â
¨á¯®«ì§®¢�âì ã−¨ä¨æ¨à®¢�−−ë© â¨¯ ‘‘-ª®¤¨à®¢�−¨ï ¤«ï ¢á¥å ª«�áá®¢ áå¥¬.

ˆ−¤¨ª�â®àë ®ª®−ç�−¨ï ¯¥à¥å®¤−ëå ¯à®æ¥áá®¢ ¯®§¢®«ïîâ ¢ ¤�«ì−¥©è¥¬ ®¯¥-
à�â¨¢−® ®¡−�àã¦¨âì ¨ «®ª�«¨§®¢�âì ª®−áâ�−â−ë¥ ª®−á¥à¢�â¨¢−ë¥ −¥¨á¯à�¢−®áâ¨
(ŠŠ�) ¢ ãáâà®©áâ¢¥, � §�â¥¬ ¯à®¢¥áâ¨ ¢®ááâ�−®¢«¥−¨¥ (á�¬®à¥¬®−â) á ¨á¯®«ì§®-
¢�−¨¥¬ ¬¥â®¤®¢ �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâ¨. ”ã−ªæ¨®−�«ì−®áâì ¨−¤¨ª�â®à®¢
‘‘-áå¥¬ ¡«¨§ª� ª ¨§¢¥áâ−ë¬ ¬¥â®¤�¬ à�¡®ç¥£® ª®−âà®«ï [7].

’¥®à¥â¨ç¥áª¨¥ ®á−®¢ë ¤¨�£−®áâ¨ª¨ ¨ ¯®¢ëè¥−¨ï −�¤¥¦−®áâ¨ ‘‘-áå¥¬ §�-
«®¦¥−ë ¢ à�¡®â�å ‚. ˆ. ‚�àè�¢áª®£® á á®�¢â., ¢ ç�áâ−®áâ¨ íâ®© ¯à®¡«¥¬�â¨ª¥
¯®á¢ïé¥−� £«. 10 ¬®−®£à�ä¨¨ [8]. ˆáá«¥¤®¢�−¨ï ¯® íâ®© â¥¬¥ ¯à®¢®¤¨«¨áì
¢ à�¡®â�å ®â¥ç¥áâ¢¥−−ëå [9, 10] ¨ §�àã¡¥¦−ëå [11{13] ãç¥−ëå.

�¤−�ª® áãé¥áâ¢ãîé¨¥ ¬¥â®¤ë ®¡−�àã¦¥−¨ï −¥¨á¯à�¢−®áâ¥© ¢ ‘‘-áå¥¬�å
¨á¯®«ì§ãîâ ¢ ª�ç¥áâ¢¥ ¯à¨§−�ª� −¥¨á¯à�¢−®£® á®áâ®ï−¨ï §�âï£¨¢�−¨¥ ¯¥à¥å®¤-
−®£® ¯à®æ¥áá� ¤® ¬®¬¥−â� áà�¡�âë¢�−¨ï á¯¥æ¨�«ì−® ¢¢®¤¨¬®£® â�©¬-�ãâ�. ’�ª®©
¯®¤å®¤ ¯à®â¨¢®à¥ç¨â á�¬®© ¨¤¥¥ ‘‘-áå¥¬, ª®â®àë¥ ®â−®áïâáï ª ª«�ááã ¡¥áâ�ªâ®-
¢ëå (clockless) áå¥¬, ¢ ª®â®àëå ¤«¨â¥«ì−®áâì ¯¥à¥å®¤−®£® ¯à®æ¥áá� ¬®¦¥â ¡ëâì
¯à®¨§¢®«ì−®©, −® ª®−¥ç−®© ¢¥«¨ç¨−®©. ˆá¯®«ì§®¢�−¨¥ ¦¥ £¥−¥à�â®à� â�ªâ®-
¢ëå ¨¬¯ã«ìá®¢ ¨ áç¥âç¨ª� ¢à¥¬¥−¨ ¢ ®âª�§®ãáâ®©ç¨¢ëå ¢�à¨�−â�å ¨á¯®«−¥−¨ï
‘‘-áå¥¬ ¯à¨¢®¤¨â ª ¨å ¢ë¢®¤ã ¨§ ª«�áá� ¡¥áâ�ªâ®¢ëå áå¥¬ ¨ ª à®áâã í−¥à£®¯®-
âà¥¡«¥−¨ï. �®«¥¥ â®£®, â�ª®© ¯®¤å®¤ ¢−®á¨â áãé¥áâ¢¥−−ãî §�¤¥à¦ªã −� íâ�¯¥
®¡−�àã¦¥−¨ï −¥¨á¯à�¢−®áâ¨ ¨ ¤¥«�¥â −¥¢®§¬®¦−ë¬ ¥£® ¨á¯®«ì§®¢�−¨¥ ¤«ï àï¤�
ªà¨â¨ç¥áª¨å ®¡«�áâ¥© ¯à¨¬¥−¥−¨ï [14].

‚ −�áâ®ïé¥© áâ�âì¥ ¡ã¤ãâ ¯à¥¤«®¦¥−ë −®¢ë¥ ¬¥â®¤ë ®¡−�àã¦¥−¨ï −¥¨á¯à�¢-
−®áâ¥© ¢ ‘‘-áå¥¬�å, «¨è¥−−ë¥ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ −¥¤®áâ�âª®¢.

2 Математические модели для расчета параметров надежности
самосинхронных схем с активной отказоустойчивостью

�®áâà®¨¬ £à�ä ¬�àª®¢áª®© æ¥¯¨ ¤«ï à�áç¥â� ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨
¯®á«¥¤®¢�â¥«ì−®-¯�à�««¥«ì−®£® ¯®àâ� (��-¯®àâ�) á �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨-
¢®áâìî [14]. ‘�¬®á¨−åà®−−®¥ ãáâà®©áâ¢® á �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâìî ¬®¦¥â
−�å®¤¨âìáï ¢ âà¥å á®áâ®ï−¨ïå | ¨á¯à�¢−®¥ (0), à�¡®â®á¯®á®¡−®¥ (1) ¨«¨ −¥à�¡®-
â®á¯®á®¡−®¥ (2). ˆ−â¥−á¨¢−®áâì w1 ®¯à¥¤¥«ï¥âáï á«®¦−®áâìî −¥¢®ááâ�−�¢«¨¢�-
¥¬®£® ®¡®àã¤®¢�−¨ï, w2 | á«®¦−®áâìî ®á−®¢−®© á¨áâ¥¬ë, µ | ¨−â¥−á¨¢−®áâì
¢®ááâ�−®¢«¥−¨ï (à¨á. 1).

÷¨á. 1 ƒà�ä ¬�àª®¢áª®© æ¥¯¨ ��-¯®àâ� á �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâìî
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Œ®¤¥«¨ ®âª�§®ãáâ®©ç¨¢ëå á�¬®á¨−åà®−−ëå áå¥¬

�¥®¡å®¤¨¬® ãç¥áâì, çâ® ¢ ¨−â¥−á¨¢−®áâì ¢å®¤ïâ â®«ìª® ®âª�§ë, ¯à¨¢®¤¨¬ë¥
ª ª«�ááã ŠŠ�, ¯®íâ®¬ã ¢ ª®íää¨æ¨¥−â¥ £®â®¢−®áâ¨ kÇ −¥®¡å®¤¨¬® ãç¥áâì ¨å
¤®«î (ϕ). �ç¥¢¨¤−®, çâ® −�¤¥¦−®áâì á¨áâ¥¬ë ¬®¦−® ¯®¢ëá¨âì, ¯à¨¡«¨¦�ï
á®®â−®è¥−¨¥ w1/w2 ª −ã«î.

÷�áç¥â ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¤«ï ��-¯®àâ� ‘‘-¬¨ªà®ï¤à� [14] ¯®ª�§�«,
çâ® ¢ ‘‘-áå¥¬�å, ¡«�£®¤�àï −¥¡®«ìè¨¬ §�âà�â�¬¢à¥¬¥−¨ −� ®¡−�àã¦¥−¨¥ ¨ «®ª�-
«¨§�æ¨î −¥¨á¯à�¢−®áâ¨, ¨−â¥−á¨¢−®áâì ®âª�§®¢w1 ®¯à¥¤¥«ï¥â ¨â®£®¢®¥ §−�ç¥−¨¥
ª®íää¨æ¨¥−â� £®â®¢−®áâ¨. ’�ª¨¬ ®¡à�§®¬, ®¤−®© ¨§ ¢�¦−ëå §�¤�ç ï¢«ï¥âáï ¯®-
¢ëè¥−¨¥ −�¤¥¦−®áâ¨ ¤®¯®«−¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï („�) | ¬ã«ìâ¨¯«¥ªá®à®¢,
ãáâà®©áâ¢ ã¯à�¢«¥−¨ï ¨ «¨−¨© á¢ï§¨:

kÇ =
µ

w2 + µ
∼= 1 ;

k∗Ç =
µ

w2 + µ
e−w1t ∼= e−w1t . (1)

Šà®¬¥ â®£®, −�¤¥¦−®áâì ¬®¦−® ¯®¢ëá¨âì, ã¢¥«¨ç¨¢ ¨−â¥−á¨¢−®áâì ¢®ááâ�−®¢-
«¥−¨ï, ª®â®à�ï ®¯à¥¤¥«ï¥âáï −� ®á−®¢¥ ¢à¥¬¥−¨ −� ®¡−�àã¦¥−¨¥, «®ª�«¨§�æ¨î
¨ ¯®á«¥¤ãîé¨© à¥¬®−â −¥¨á¯à�¢−®áâ¨. ’�ª¨¬ ®¡à�§®¬, −�¤¥¦−®áâì ‘‘-áå¥¬
¬®¦−® ¯®¢ëá¨âì, à�§à�¡®â�¢ ¬®¤¥«¨, ¯®§¢®«ïîé¨¥ ã¬¥−ìè¨âì ¢à¥¬ï −� ®¡−�àã-
¦¥−¨¥ ¨ «®ª�«¨§�æ¨î −¥¨á¯à�¢−®áâ¥©.

’�ª ª�ª ¢ ‘‘-áå¥¬�å ®¡−�àã¦¨¢�îâáï â®«ìª® −¥¨á¯à�¢−®áâ¨ â¨¯� ŠŠ�,
−¥®¡å®¤¨¬® ®¯à¥¤¥«ïâì −¥ â®«ìª® ª®íää¨æ¨¥−â £®â®¢−®áâ¨, −® ¨ „”. „®áâ®¢¥à-
−®áâì äã−ªæ¨®−¨à®¢�−¨ï | á¢®©áâ¢® á¨áâ¥¬ë, ®¡ãá«®¢«¨¢�îé¥¥ ¡¥§®è¨¡®ç−®áâì
¯à®¨§¢®¤¨¬ëå ¥î ¯à¥®¡à�§®¢�−¨© ¨−ä®à¬�æ¨¨ [15]. „®áâ®¢¥à−®áâì äã−ªæ¨®-
−¨à®¢�−¨ï áª«�¤ë¢�¥âáï ¨§ ¢¥à®ïâ−®áâ¨ ¡¥§®è¨¡®ç−®© à�¡®âë ¨ ¢¥à®ïâ−®áâ¨
¢®§−¨ª−®¢¥−¨ï ®¡−�àã¦¨¢�¥¬®© ®è¨¡ª¨. ‚ á«ãç�¥ ‘‘-áå¥¬ë ®¡−�àã¦¨¢�îâáï
â®«ìª® ®è¨¡ª¨ â¨¯� ŠŠ�, â®ç−�ï ¤®«ï ª®â®àëå −¥¨§¢¥áâ−� ¨, ªà®¬¥ â®£®, §�-
¢¨á¨â ®â ¬−®¦¥áâ¢� ä�ªâ®à®¢: í«¥¬¥−â−®© ¡�§ë, â¥å−®«®£¨¨ ¨§£®â®¢«¥−¨ï ¨ â. ¤.
�®íâ®¬ã ¢ [16] ¡ë«® ¯à¥¤«®¦¥−® ¨á¯®«ì§®¢�âì ª®íää¨æ¨¥−â ϕ, ®â®¡à�¦�îé¨©
¤®«î ®è¨¡®ª â¨¯� ŠŠ� áà¥¤¨ ¢á¥å ¢®§¬®¦−ëå ®è¨¡®ª (à¨á. 2).

÷¨á. 2 Š«�áá¨ä¨ª�æ¨ï á®¡ëâ¨©, ®¯à¥¤¥«ïîé¨å „”
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�à¨ ¨¤¥�«ì−®¬ áà¥¤áâ¢¥ ª®−âà®«ï „” ®¯à¥¤¥«ï¥âáï ª�ª áã¬¬� ¢¥à®ïâ-
−®áâ¨ ¡¥§®âª�§−®© à�¡®âë (‚�÷) ¨ ¢¥à®ïâ−®áâ¨ ¢®§−¨ª−®¢¥−¨ï ®¡−�àã¦¨¢�¥¬®£®
®âª�§�:

D(t) = P1(t) + P2(t) = P1 + ϕ (1− P1) = e
−nλt + ϕ

(

1− e−nλt
)

.

�à¨ −¥¨¤¥�«ì−®¬ áà¥¤áâ¢¥ ª®−âà®-

÷¨á. 3 ÷�áç¥â „”: 1 | ϕ = 70%; 2 |
ϕ = 20%

«ï −¥®¡å®¤¨¬® ãç¥áâì ‚�÷ ãáâà®©áâ¢�
ª®−âà®«ï ¨ ®áâ�«ì−®£® ¤®¯®«−¨â¥«ì−®£®
®¡®àã¤®¢�−¨ï („�):

D∗(t)=
[

e−nλt+ϕ
(

1− e−nλt
)]

e−Lλt,

£¤¥ L | á«®¦−®áâì „�.
‚á¥ à�áç¥âë ¤®áâ®¢¥à−®áâ¨ ¯à®¢®-

¤¨«¨áì á ¯®ª�§�â¥«ï¬¨ á«®¦−®áâ¨ n =
= 2000 (ïç¥¥ª �ŒŠ | ¡�§®¢ëå ¬�â-
à¨ç−ëå ªà¨áâ�««®¢) ¨ ¨−â¥−á¨¢−®áâ¨ ®â-
ª�§®¢, á ãç¥â®¬ á¡®¥¢, λ = 10−9 1/ç
(à¨á. 3).

3 Модель и алгоритм обнаружения неисправности
для отказоустойчивого самосинхронного устройства
с физическим тайм-аутом

Œ®¤¥«ì ®¡−�àã¦¥−¨ï −¥¨á¯à�¢−®áâ¨:
(

tÐ/Ð > tÜ
)

→ Err ,

£¤¥ tÐ/Ð | ¢à¥¬ï ¯¥à¥å®¤−®£® ¯à®æ¥áá�; tÜ | íâ�«®−−®¥ ¢à¥¬ï; Err | á¨£−�«
®è¨¡ª¨.

’�ª�ï ¬®¤¥«ì å®à®è® á®£«�áã¥âáï á ®¯à¥¤¥«¥−¨¥¬ ŠŠ� ¨ ¨á¯®«ì§ã¥â ä�ª-
â®à ¢à¥¬¥−¨, ¯®íâ®¬ã ¢ ¤�«ì−¥©è¥¬ ¡ã¤¥¬ −�§ë¢�âì ¥¥ ú¢à¥¬¥−−‚®©û ¬®¤¥«ìî
®¡−�àã¦¥−¨ï −¥¨á¯à�¢−®áâ¨.

�¤¨− ¨§ −¥¤®áâ�âª®¢ ¢à¥¬¥−−‚®© ¬®¤¥«¨ §�ª«îç�¥âáï ¢ â®¬, çâ® ¢ àï¤¥ á«ãç�¥¢
−¥¨á¯à�¢−®áâì ®¡−�àã¦¨¢�¥âáï â®«ìª® ¢ ä�§¥, á«¥¤ãîé¥© §� ä�§®© ¢®§−¨ª−®¢¥-
−¨ï; â�ª¨¬ ®¡à�§®¬, ®áâ�¥âáï ¢¥à®ïâ−®áâì ¢®§−¨ª−®¢¥−¨ï áªàëâ®© −¥¨á¯à�¢−®áâ¨
á ¯¥à¥å®¤®¬ ¢ á®áâ®ï−¨¥ �−â¨á¯¥©á¥à� ¢ à�¡®ç¥© ä�§¥. �«£®à¨â¬ ª®−âà®«ï
®è¨¡ª¨, ãç¨âë¢�îé¨© íâ® ®¡áâ®ïâ¥«ìáâ¢®, ¯à¨¢¥¤¥− −� à¨á. 4:

(1) ®¯à¥¤¥«ï¥âáï, ¢ ª�ª®¬ á®áâ®ï−¨¨ −�å®¤¨âáï áå¥¬�. …á«¨ áå¥¬� ¢ ãáâ®©ç¨¢®¬
á®áâ®ï−¨¨, áç¥âç¨ª ¢à¥¬¥−¨ ¯à¨−ã¤¨â¥«ì−® ãáâ�−�¢«¨¢�¥âáï ¢ −�ç�«®; ¯à¨
¯®ï¢«¥−¨¨ �−â¨á¯¥©á¥à� áà�§ã ä®à¬¨àã¥âáï á¨£−�« ®è¨¡ª¨. …á«¨ áå¥¬�
¢ ¯¥à¥å®¤−®¬ á®áâ®ï−¨¨, â® ¯¥à¥å®¤ ª áç¥âã;
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Œ®¤¥«¨ ®âª�§®ãáâ®©ç¨¢ëå á�¬®á¨−åà®−−ëå áå¥¬

(2) áà�¢−¨¢�¥âáï §−�ç¥−¨¥ áç¥âç¨ª� ¢à¥¬¥−¨ á ¯®à®£®¢ë¬ §−�ç¥−¨¥¬. …á«¨ ®−¨
à�¢−ë, ¢ë¤�¥âáï á¨£−�« ®è¨¡ª¨ ¨ ®áâ�−�¢«¨¢�¥âáï áç¥â. …á«¨ §−�ç¥−¨¥
áç¥âç¨ª� ¬¥−ìè¥ ¯®à®£®¢®£® §−�ç¥−¨ï, â® ¢®§¢à�â ¢ −�ç�«® �«£®à¨â¬�.

’�ª¨¬ ®¡à�§®¬, ª®£¤� ¨−¤¨ª�â®à

÷¨á. 4 �«£®à¨â¬ ®¡−�àã¦¥−¨ï −¥¨á¯à�¢-
−®áâ¨

ª®−âà®«¨àã¥â ¯¥à¥å®¤−®¥ á®áâ®ï−¨¥
¢ áå¥¬¥, â® §� ª�¦¤ë© æ¨ª« à�¡®âë
áç¥âç¨ª ã¢¥«¨ç¨¢�¥â á¢®¥ §−�ç¥−¨¥ −�
¥¤¨−¨æã, ¯®ª� −¥ ¤®áâ¨£−¥â ¯®à®£�. �®
¤®áâ¨¦¥−¨¨ ¯®à®£� áç¥â ®áâ�−�¢«¨¢�-
¥âáï. …á«¨ ¢® ¢à¥¬ï áç¥â� ª®−âà®«¨-
àã¥¬�ï áå¥¬� ¯¥à¥©¤¥â ¢ ãáâ®©ç¨¢®¥
á®áâ®ï−¨¥, áç¥âç¨ª ¯à¨−ã¤¨â¥«ì−® ¡ã-
¤¥â á¡à®è¥− ¢ ¨áå®¤−®¥ á®áâ®ï−¨¥ [17].

‘¨−åà®−−ë© áç¥âç¨ª ¯®§¢®«ï¥â
¨§¬¥àïâì ¤«¨â¥«ì−®áâì ¯¥à¥å®¤−®©
ä�§ë â�ªâ�¬¨ á ¨§¢¥áâ−®© §�¤¥à¦ª®©,
â. ¥. ¬®¦¥â ¡ëâì §�¤�−® ãá«®¢¨¥ | ¢ë-
¤�¢�âì á¨£−�« ®è¨¡ª¨, ¥á«¨ ¯¥à¥å®¤-
−®¥ á®áâ®ï−¨¥ ¤«¨âáï ¡®«¥¥ 500 −á.
�¤−�ª® ¢ à¥�«ì−ëå áå¥¬�å âà¥¡ã¥â-
áï ‘‘-áç¥âç¨ª: ¤«ï ®¡¥á¯¥ç¥−¨ï ª®à-
à¥ªâ−®© à�¡®âë ¯à¨ ¤¨ää¥à¥−æ¨à®¢�−−ëå §−�ç¥−¨ïå ¯¨â�îé¥£® −�¯àï¦¥−¨ï
¢å®¤ë ¯¨â�−¨ï áç¥âç¨ª� ¨ ª®−âà®«¨àã¥¬®© áå¥¬ë ¤®«¦−ë ¡ëâì ¯®¤ª«îç¥−ë
ª ®¤−®© è¨−¥. ’®£¤� ¨§¬¥à¥−¨¥ §�¤¥à¦ª¨ ¡ã¤¥â ¯à®å®¤¨âì ¢ ‘‘ â�ªâ�å, ¤«¨â¥«ì-
−®áâì ª®â®àëå §�¢¨á¨â ®â ¢−¥è−¨å ãá«®¢¨©.

�®¬¨¬® â�©¬-�ãâ� (§�¢¨á�−¨ï ¢ ä�§¥) −¥®¡å®¤¨¬® ª®−âà®«¨à®¢�âì ¯®ï¢«¥−¨¥
§�¯à¥é¥−−®£® −�¡®à� (�−â¨á¯¥©á¥à�) −� ¢ëå®¤¥ áå¥¬ë. ‘¤¥«�âì íâ® ¬®¦−®
à�§−ë¬¨ á¯®á®¡�¬¨: ¬®¦−® ¯®¤ª«îç�âì á¨£−�« ®è¨¡ª¨ −�¯àï¬ãî −� ¢ëå®¤

÷¨á. 5 ”ã−ªæ¨®−�«ì−�ï áå¥¬� ãáâà®©áâ¢� ®¡−�àã¦¥−¨ï −¥¨á¯à�¢−®áâ¨ ‘‘-áå¥¬ë: S |
§�¯à®á; I | ¨−¤¨ª�â®à−ë© ¢ëå®¤ ãáâà®©áâ¢� (®â¢¥â�); F0 ¨ F1 | ¢ëå®¤ë ãáâà®©áâ¢�
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ERR «¨¡® ç¥à¥§ ¯à¥¤ãáâ�−®¢ªã áç¥âç¨ª�. ”ã−ªæ¨®−�«ì−�ï áå¥¬� ¯à¥¤«�£�¥¬®£®
áç¥âç¨ª� ¯à¨¢¥¤¥−� −� à¨á. 5.

‡� á«®¦−®áâì â¨¯®¢®£® áç¥âç¨ª� ¢à¥¬¥−¨ ¯à¨¬¥¬ á«®¦−®áâì 4-à�§àï¤−®£®
‘‘-áç¥âç¨ª�. ‚ ª�ç¥áâ¢¥ ¡�§®¢®£® à�§àï¤� ¢®§ì¬¥¬ âà¨££¥à C0R [18] á«®¦-

−®áâìî 8 ïç¥¥ª �ŒŠ, ªà®¬¥ â®£®,

÷¨á. 6 ÷�áç¥â „” ¯à¨ n = 228, L = 85,
λ = 10−8: 1 | ¡¥§ ãç¥â� ‚�÷ „�; 2 |
á ãç¥â®¬ ‚�÷ „�

−¥®¡å®¤¨¬ë «®£¨ç¥áª¨¥ í«¥¬¥−âë ¤«ï
®¡ê¥¤¨−¥−¨ï ¢ëå®¤®¢ áç¥âç¨ª�. ˆâ®-
£® á«®¦−®áâì áç¥âç¨ª� ¢à¥¬¥−¨ nÓ ≈
≈ 35 ïç¥¥ª �ŒŠ.

‘«®¦−®áâì ®áâ�«ì−®£® „� §�¢¨-
á¨â ®â ¬−®¦¥áâ¢� ä�ªâ®à®¢ | ç¨á-
«� ¢å®¤®¢/¢ëå®¤®¢, ª®«¨ç¥áâ¢� à¥§¥à¢-
−ëå í«¥¬¥−â®¢ ¨ â. ¤. �ç¥¢¨¤−®, çâ®
¯à¨ á«®¦−®áâ¨ ãáâà®©áâ¢� n, §−�ç¨-
â¥«ì−® ¡®«ìè¥© (¡®«¥¥ ¤¢ãå ¯®àï¤ª®¢),
ç¥¬ á«®¦−®áâì áç¥âç¨ª� ¢à¥¬¥−¨ nÓ,
¢«¨ï−¨¥¬ „� ¬®¦−® ¯à¥−¥¡à¥çì. �¤-
−�ª® ¯à¨ á«®¦−®áâ¨ n, áà�¢−¨¬®© (®â 1
¤® 10 à�§ ¡®«ìè¥) á® á«®¦−®áâìî „�,
á−¨¦¥−¨¥ „” ¡ã¤¥â ¢¥áì¬� §−�ç¨â¥«ì-
−ë¬ (à¨á. 6).

Š®íää¨æ¨¥−â £®â®¢−®áâ¨ ¯® (1), c ãç¥â®¬ ϕ, ¯à¨ λ = 10−8 ¨ t = 105

á®áâ�¢«ï¥â

K∗

Ç =
µ

w2 + µ
w1 ∼=

(

P ∗

äï ∨ (ϕ)P2
)

= 0,86 ,

£¤¥ P ∗

äï | ¢¥à®ïâ−®áâì ®âª�§� „�.

4 Исследование модели обнаружения неисправности
на основе логического тайм-аута

‚ íâ®¬ à�§¤¥«¥ ¯à®¢¥¤¥¬ �−�«¨§ ‘‘-áå¥¬ á æ¥«ìî ¢ëà�¡®âª¨ ¬®¤¥«¨, ¯®§¢®-
«ïîé¥© ®¡−�àã¦¨âì −¥¨á¯à�¢−®áâì ¡¥§ ¨á¯®«ì§®¢�−¨ï ä�ªâ®à� ¢à¥¬¥−¨. ‚ ¯à®-
áâ¥©è¥¬ á«ãç�¥ â�ª¨¥ ¬®¤¥«¨ ¨§¢¥áâ−ë | íâ® ª®−âà®«ì ç¥â−®áâ¨. „«ï á«ãç�ï
−¥à¥§¥à¢¨à®¢�−−ëå ‘‘-áå¥¬ á®áâ®ï−¨¥ �−â¨á¯¥©á¥à� â�ª¦¥ ®¤−®§−�ç−® á¢¨¤¥-
â¥«ìáâ¢ã¥â ® −�«¨ç¨¨ −¥¨á¯à�¢−®áâ¨. ‚ −�áâ®ïé¥¬ à�§¤¥«¥ ¡ã¤ãâ à�áá¬®âà¥−ë
¡®«¥¥ á«®¦−ë¥ ¬¥å�−¨§¬ë ®¡−�àã¦¥−¨ï −¥¨á¯à�¢−®áâ¥© ¢ ‘‘-áå¥¬�å.

Š®−áâ�−â−�ï ª®−á¥à¢�â¨¢−�ï −¥¨á¯à�¢−®áâì | −¥¨á¯à�¢−®áâì, ¯à¨ ª®â®à®©
§�¤¥à¦ª� ¢ í«¥¬¥−â¥ áâ�−®¢¨âáï ¡¥áª®−¥ç−®© (tÐ/Ð = ∞). Œ®¤¥«ì «®£¨ç¥áª®£®
â�©¬-�ãâ� ¤®«¦−� ¡ëâì äã−ªæ¨®−�«ì−® íª¢¨¢�«¥−â−� ¢à¥¬¥−−‚®© ¬®¤¥«¨, â. ¥. à¥-
�£¨à®¢�âì â®«ìª® −� −¥¨á¯à�¢−®áâ¨ â¨¯� ŠŠ�, ¨−�ç¥ ¢ëá®ª� ¢¥à®ïâ−®áâì «®¦−®£®
áà�¡�âë¢�−¨ï âà¨££¥à� −¥¨á¯à�¢−®áâ¨. ��¯à¨¬¥à, ¥á«¨ ¯à¨¢ï§ë¢�âì áà�¡�âë¢�-
−¨¥ âà¨££¥à� ª ¯¥à¥ª«îç¥−¨ï¬ ¢ ®¤−®¬ ¨§ ª�−�«®¢, −¥ ¤�¢�ï ¯à¨ íâ®¬ ¢à¥¬¥−¨
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Œ®¤¥«¨ ®âª�§®ãáâ®©ç¨¢ëå á�¬®á¨−åà®−−ëå áå¥¬

’�¡«¨æ� ¨áâ¨−−®áâ¨ ‘‘-áå¥¬ë ¤«ï á¯¥©á¥à®¢ 0 ¨ 1

F1 F1B F2 F2B
‘¯¥©á¥à 0 ‘¯¥©á¥à 1

�è¨¡ª� Š®¬¬¥−â�à¨© �è¨¡ª� Š®¬¬¥−â�à¨©
0 0 0 0 0 ‘¯¥©á¥à 0 1 �−â¨á¯¥©á¥à
0 0 0 1 0 ‡�¤¥à¦ª� 1 �è¨¡ª� 1-£® â¨¯�
0 0 1 0 0 ‡�¤¥à¦ª� 1 �è¨¡ª� 1-£® â¨¯�
0 0 1 1 1 �−â¨á¯¥©á¥à 1 �−â¨á¯¥©á¥à
0 1 0 0 0 ‡�¤¥à¦ª� 1 �è¨¡ª� 1-£® â¨¯�
0 1 0 1 0 Data0 0 Data0
0 1 1 0 | �è¨¡ª� 2-£® â¨¯� | �è¨¡ª� 2-£® â¨¯�
0 1 1 1 1 �è¨¡ª� 1-£® â¨¯� 0 ‡�¤¥à¦ª�
1 0 0 0 0 ‡�¤¥à¦ª� 1 �è¨¡ª� 1-£® â¨¯�
1 0 0 1 | �è¨¡ª� 2-£® â¨¯� | �è¨¡ª� 2-£® â¨¯�
1 0 1 0 0 Data1 0 Data1
1 0 1 1 1 �è¨¡ª� 1-£® â¨¯� 0 ‡�¤¥à¦ª�
1 1 0 0 1 �−â¨á¯¥©á¥à 1 �−â¨á¯¥©á¥à
1 1 0 1 1 �è¨¡ª� 1-£® â¨¯� 0 ‡�¤¥à¦ª�
1 1 1 0 1 �è¨¡ª� 1-£® â¨¯� 0 ‡�¤¥à¦ª�
1 1 1 1 1 �−â¨á¯¥©á¥à 0 ‘¯¥©á¥à 1

§�¢¥àè¨âì ¢á¥ ¯¥à¥å®¤−ë¥ ¯à®æ¥ááë ¢® ¢â®à®¬, ¢ëá®ª� ¢¥à®ïâ−®áâì ®âª«îç¨âì
à�¡®â®á¯®á®¡−ë© ª�−�« â®«ìª® ¯® ¯à¨ç¨−¥ ¯à®¥ªâ−ëå (ä¨§¨ç¥áª¨å) à�§«¨ç¨©
¢ à¥�«¨§�æ¨¨ ‘‘-áå¥¬, � −¥ ¢á«¥¤áâ¢¨¥ −�«¨ç¨ï ªà¨â¨ç¥áª®© −¥¨á¯à�¢−®áâ¨
¢ ®¤−®¬ ¨§ ª�−�«®¢.

�à¥¤«�£�¥âáï ª«�áá¨ä¨ª�æ¨ï −¥¨á¯à�¢−®áâ¥©, ª®â®à�ï ¯®§¢®«ï¥â ®¡®¡é¨âì
¨¬¥îé¨¥áï ¤�−−ë¥ ¯® â¨¯�¬ −¥¨á¯à�¢−®áâ¥© ‘‘-áå¥¬:

{ �−â¨á¯¥©á¥à | ®âª�§ ¢ ®¤−®¬ ¨§ ª�−�«®¢, ¬ãâ�−â−�ï −¥¨á¯à�¢−®áâì;
{ ®è¨¡ª� 1-£® â¨¯� | −¥¨á¯à�¢−®áâì â¨¯� ŠŠ�;
{ ®è¨¡ª� 2-£® â¨¯� | −¥¢®§¬®¦−® ®¯à¥¤¥«¨âì ®âª�§�¢è¨© ª�−�«, ¬ãâ�−â−�ï

−¥¨á¯à�¢−®áâì;
{ §�¤¥à¦ª� ¯¥à¥å®¤−®£® ¯à®æ¥áá� −¥ ï¢«ï¥âáï −¥¨á¯à�¢−®áâìî ¢ ç¨áâ®¬ ¢¨¤¥,

®¤−�ª® ¬®¦¥â ¢®§−¨ª�âì ª�ª á«¥¤áâ¢¨¥ ¯à®¨§¢®¤áâ¢¥−−ëå ¤¥ä¥ªâ®¢, ä¨§¨ç¥-
áª¨å à�§«¨ç¨©, ¯�à�¬¥âà¨ç¥áª¨å ®âª�§®¢ ¨ â. ¤.

�à®�−�«¨§¨àã¥¬ â�¡«¨æã ¨áâ¨−−®áâ¨ á æ¥«ìî ¢ëï¢¨âì ¯à¨§−�ª¨ −¥¨á¯à�¢-
−®áâ¥©, ¯à¨ íâ®¬ ¡ã¤¥¬ ãç¨âë¢�âì ä�ªâ®à ¢à¥¬¥−¨ ¨ ¢®§¬®¦−®áâì −¥§�¢¥àè¥−¨ï
¯¥à¥å®¤−®£® ¯à®æ¥áá� ¢ ®¤−®¬ ¨§ ª�−�«®¢.

�®«ãç¨¬ ¡ã«¥¢ë ãà�¢−¥−¨ï ®è¨¡®ª:

g(f) = F1F1B ∨ F2F2B = Err1 .
‘ ãç¥â®¬ ®è¨¡®ª 2-£® â¨¯�

g∗(f) = Err1 ∨ F1F2B ∨ F2F1B = Err . (2)
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ā. �. ‘â¥¯ç¥−ª®¢, �. �. Š�¬¥−áª¨å, ‘. ”. ’îà¨−, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨©

‘ãé¥áâ¢¥−−ë¬ −¥¤®áâ�âª®¬ ¯à¥¤«�-

÷¨á. 7 ÷�áç¥â „” ¯à¨ n = 228, L1 =
= 85, L2 = 54, λ = 10−8: 1 | ä¨§¨ç¥-
áª¨© â�©¬-�ãâ; 2 | «®£¨ç¥áª¨© â�©¬-�ãâ

£�¥¬®© ¬®¤¥«¨ ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥
−�£àã¦¥−−®£® à¥§¥à¢¨à®¢�−¨ï. �¤−�ª®
á«®¦−®áâì ãáâà®©áâ¢� ®¡−�àã¦¥−¨ï −¥-
¨á¯à�¢−®áâ¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯à¥¤-
«�£�¥¬®© ¬®¤¥«¨ §−�ç¨â¥«ì−® −¨¦¥;
á«¥¤®¢�â¥«ì−®, −�¤¥¦−®áâì ‘‘-ãáâà®©-
áâ¢� á �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâìî
¨ ¯à¥¤«�£�¥¬®© ¬®¤¥«ìî ®¡−�àã¦¥−¨ï
−¥¨á¯à�¢−®áâ¨ ¡ã¤¥â ¢ëè¥. ‘«®¦−®áâì
ãáâà®©áâ¢� ª®−âà®«ï, à¥�«¨§ãîé¥£®
äã−ªæ¨î (2), á®áâ�¢«ï¥â 4 ïç¥©ª¨ ¯®«ï
�ŒŠ. ÷�ááç¨â�¥¬ ª®íää¨æ¨¥−â £®â®¢-
−®áâ¨ ¯® ä®à¬ã«¥ (1) ¨ „” c ãç¥â®¬ ϕ
¯à¨ λ = 10−8, t = 105, L = 54 (à¨á. 7):

k∗Ç =
µ

w2 + µ
w1 ∼=

(

P ∗

äï ∨ (ϕ)P2
)

= 0,89 .

5 Заключение

�à®¢¥¤¥− �−�«¨§ ‘‘-áå¥¬ á �ªâ¨¢−®© ®âª�§®ãáâ®©ç¨¢®áâìî. „«ï �−�«¨§�
¨á¯®«ì§®¢�«¨áì ¬®¤¥«ì Œ�àª®¢� ¨ ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤«ï à�áç¥â� ¤®áâ®-
¢¥à−®áâ¨ ‘‘-áå¥¬. �¡®¡é¥− ¬�â¥à¨�« ¯® ¨¬¥îé¨¬áï ¬®¤¥«ï¬ ®¡−�àã¦¥−¨ï
−¥¨á¯à�¢−®áâ¥© ¢ ‘‘-áå¥¬�å, à¥§ã«ìâ�âë ä®à¬�«¨§®¢�−ë ¢ ¢¨¤¥ ¬®¤¥«¨ ¨ �«£®-
à¨â¬�. �à¥¤«®¦¥−� ¬®¤¥«ì ®¡−�àã¦¥−¨ï −¥¨á¯à�¢−®áâ¨ −� ®á−®¢¥ «®£¨ç¥áª®£®
â�©¬-�ãâ�. �à¨¬¥−¥−¨¥ ¬®¤¥«¨ ¯®§¢®«ï¥â á®ªà�â¨âì �¯¯�à�â−ë¥ §�âà�âë −�
„�, â¥¬ á�¬ë¬ ¯®§¢®«ïï ¯®¢ëá¨âì −�¤¥¦−®áâì (ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ¨ „”)
‘‘-áå¥¬.

‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï à�§¢¨¢�âì ¨¤¥î «®£¨ç¥áª®£® â�©¬-�ãâ� á æ¥«ìî
®¡−�àã¦¨¢�âì −¥ â®«ìª® −¥¨á¯à�¢−®áâ¨ ª«�áá� ŠŠ�, −® ¨ ¤àã£¨å ª«�áá®¢.
�®â¥−æ¨�«ì−® ¬¥â®¤ «®£¨ç¥áª®£® â�©¬-�ãâ� á¯®á®¡¥− ®¡−�àã¦¨¢�âì −¥ â®«ìª®
®¤−®ªà�â−ë¥ ¨ ¬−®£®ªà�â−ë¥ ŠŠ�, −® â�ª¦¥ ¨ ¬ãâ�−â−ë¥ −¥¨á¯à�¢−®áâ¨.
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Abstract: The development of both the reliable and the energy-efficient com-
puting systems is one of most important tasks in the XXI century. The usage of
self-timed circuits makes it possible to improve energy-efficiency of a computing
system. However, the complexity increase in not fault-tolerant self-timed circuits
leads to decrease of reliability. The fault-tolerant self-timed implementation of
digital devices makes it possible to increase not only reliability but also the
complex index \energy{consumption/reliability." The further development of
synthesis methods of fault-tolerant self-timed circuits will allow to compensate
the negative effects of self-timed circuit's development by the positive effect of
complex index increasing. The paper describes the models and algorithms of
fault detection which are developed to improve validity and reliability of actively
fault-tolerant self-timed circuits.
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ОЦЕНКА ЗАЩИЩЕННОСТИ В БЕЗОПАСНЫХ АРХИТЕКТУРАХ
РАСПРЕДЕЛЕННЫХ ИНФОРМАЦИОННЫХ СИСТЕМ∗

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

�−−®â�æ¨ï: �¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ ¡¥§®¯�á−®áâ¨ �àå¨â¥ªâãàë à�á¯à¥¤¥«¥−-
−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ (÷ˆ‚‘) ï¢«ï¥âáï ¢®§¬®¦−®áâì
íää¥ªâ¨¢−®£® ¯¥à¥ç¨á«¥−¨ï ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢ (ˆ�) ¨ �−�«¨§ ¨å
á®¤¥à¦�−¨ï. �®«−®â� �−�«¨§� §�é¨é¥−−®áâ¨ ÷ˆ‚‘ á¢®¤¨âáï ª ¯®«−®â¥
¯¥à¥ç¨á«¥−¨ï ˆ� ¯®â®ª®¢ ¨ ¢®§¬®¦−®áâ¨ �−�«¨§� ¨å á®¤¥à¦�−¨ï. �à®â¨¢®-
à¥ç¨¢®áâì ¡¥§®¯�á−®© �àå¨â¥ªâãàë ÷ˆ‚‘ ¬®¦¥â ¢®§−¨ª−ãâì, ¥á«¨ ¯®ï¢ïâáï
−¥à�§à¥è¥−−ë© ˆ� «¨¡® §�¯à¥â −� à�§à¥è¥−−ë© ˆ� ¨«¨ ¯à®¯ãáª á¡®ï. �à¨-
¢¥¤¥− ¯à¨¬¥à �àå¨â¥ªâãàë ÷ˆ‚‘, ¢ ª®â®à®© �−�«¨§ ¢§�¨¬®¤¥©áâ¢¨© ª®¬¯®-
−¥−â®¢ ¯à¥¤áâ�¢«ï¥â á«®¦−ãî ¢ëç¨á«¨â¥«ì−ãî §�¤�çã, ¨ ¯à¨¬¥à ¡¥§®¯�á−®©
�àå¨â¥ªâãàë, ª®£¤� ¬®¦−® íää¥ªâ¨¢−® �−�«¨§¨à®¢�âì ¢á¥ ¢§�¨¬®¤¥©áâ¢¨ï
¢ ÷ˆ‚‘.
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1 Введение

÷�á¯à¥¤¥«¥−−�ï ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−�ï á¨áâ¥¬� à�áá¬�âà¨¢�¥âáï
ª�ª ¥¤¨−�ï á¨áâ¥¬�, ¯®§¢®«ïîé�ï á®§¤�¢�âì ¨ «¨ª¢¨¤¨à®¢�âì «î¡®¥ ç¨á«® ¢¨à-
âã�«ì−ëå ¬�è¨−. ”ã−ªæ¨®−�« ¢ ÷ˆ‚‘ ®¡¥á¯¥ç¨¢�¥âáï ¬−®¦¥áâ¢®¬ ¢§�¨¬®-
¤¥©áâ¢ãîé¨å ª®¬¯®−¥−â®¢ (¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ (ˆ’), §�¤�ç¨, å®áâë
¨ ¤àã£¨¥ á¥â¥¢ë¥ áãé−®áâ¨, ã¯à�¢«ïîé¨¥ á¨áâ¥¬ë). Š®¬¯®−¥−âë ÷ˆ‚‘ ¬®¦−®
¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ −¥ª®â®à®© ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨ [1, 2].

‚ ÷ˆ‚‘ ¤®¯ãáª�¥âáï áãé¥áâ¢®¢�−¨¥ ª®¬¯®−¥−â®¢, á¢ï§�−−ëå á £«®¡�«ì−ë¬¨
á¥âï¬¨, −�¯à¨¬¥à ˆ−â¥à−¥â®¬, ¨«¨ ¨¬¥îé¨å ª�ª®¥-â® ¤àã£®¥ ¢§�¨¬®¤¥©áâ¢¨¥
á ®ªàã¦¥−¨¥¬ [3{5]. ‚ á¢ï§¨ á íâ¨¬ ¢®§−¨ª�îâ à¨áª¨ ¢à¥¤®−®á−®£® ¢®§¤¥©áâ¢¨ï,
ª®â®à®¥ á®áâ®¨â ¢ §�å¢�â¥ å®áâ®¢ ¢à¥¤®−®á−ë¬ ª®¤®¬ (‚Š).

∗÷�¡®â� ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 15-07-02053).
1ˆ−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, grusho@yandex.ru
2ˆ−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, info@itake.ru
3ˆ−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, eltimon@yandex.ru
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�¨§−¥á-¯à®æ¥ááë à�§¢¨¢�îâáï ¢® ¢à¥¬¥−¨, §�¤¥©áâ¢ãï ¨«¨ ®á¢®¡®¦¤�ï ª®¬-
¯®−¥−âë ÷ˆ‚‘, ¯à¨ íâ®¬ ç¨á«® ª®¬¯®−¥−â®¢ ®£à�−¨ç¥−®.

‚à¥¤®−®á−ë© ª®¤ ¨¬¥¥â ®£à�−¨ç¥−−ë© ¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ (ˆˆ), ¯®íâ®-
¬ã �¤�¯â�æ¨ï ¢ ¨§¬¥−ïîé¥©áï áà¥¤¥ ¯®à®¦¤�¥â §�¤¥à¦ª¨ ¥£® äã−ªæ¨®−¨à®¢�−¨ï,
¨−®£¤� ¯à¥¢ëè�îé¨¥ ¢à¥¬ï áâ�¡¨«ì−®© à�¡®âë ª®¬¯®−¥−â®¢.

‚ ÷ˆ‚‘ −�å®¤¨âáï æ¥−−�ï ¨−ä®à¬�æ¨ï (–ˆ), ª®â®à�ï ¨á¯®«ì§ã¥âáï ¢ ª®¬¯®-
−¥−â�å ¨ â¥¬ á�¬ë¬ ¬®¦¥â ¯¥à¥¤�¢�âìáï ¢ à¥§ã«ìâ�â�å ¢ë¯®«−¥−¨ï äã−ªæ¨®−�«�
÷ˆ‚‘ ®â ®¤−®£® ª®¬¯®−¥−â� ª ¤àã£®¬ã.

„«ï –ˆ ã£à®§�¬¨ ï¢«ïîâáï:

{ ãâ¥çª� –ˆ ¢ ®ªàã¦¥−¨¥;
{ ã−¨çâ®¦¥−¨¥ ¨«¨ −¥á�−ªæ¨®−¨à®¢�−−�ï ¬®¤¨ä¨ª�æ¨ï;
{ ¡«®ª¨à®¢�−¨¥ ª®¬¯®−¥−â®¢ ¨«¨ ¨å «¥£�«ì−®£® ¢§�¨¬®¤¥©áâ¢¨ï.

„«ï ¯¥à¥¤�ç¨ –ˆ ¢ ã§¥«, á¢ï§�−−ë© á ®ªàã¦¥−¨¥¬, −¥®¡å®¤¨¬® ¨¬¥âì ¯ãâì,
ª®â®àë© ¬®¦¥â ¯®âà¥¡®¢�âì âà�−§¨â−ë¥ ã§«ë, â. ¥. ¤®«¦¥− ¢®§−¨ª−ãâì ˆ� ®â
ã§«�-¨áâ®ç−¨ª� ª ã§«ã, ¨¬¥îé¥¬ã ¤®áâã¯ ª ®ªàã¦¥−¨î. �à£�−¨§�æ¨ï â�ª®£®
¯ãâ¨, ¢ â®¬ ç¨á«¥ á âà�−§¨â−ë¬¨ ã§«�¬¨, | íâ® á«®¦−�ï §�¤�ç� ¤«ï ‚Š.

�àå¨â¥ªâãà� ÷ˆ‚‘ −¥ ¤®«¦−� ¤®¯ãáª�âì −¥¯®áà¥¤áâ¢¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
á à¨áª®¢ë¬¨ ã§«�¬¨ ª®¬¯®−¥−â®¢ á –ˆ [1, 2], ¯®íâ®¬ã ¤«ï ¯®ï¢«¥−¨ï –ˆ ¢ ã§«�å,
á¢ï§�−−ëå á ®ªàã¦¥−¨¥¬, ®â ‚Š âà¥¡ã¥âáï á®§¤�−¨¥ á¯¥æ¨�«ì−ëå ¯ãâ¥©, ª®â®àë¥
−¥ ¤®«¦−ë ¡ëâì «¥£�«ì−ë¬¨. …á«¨ á¨áâ¥¬� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (ˆ�)
÷ˆ‚‘ ª®−âà®«¨àã¥â ˆ�, â® â�ª¨¥ ¯ãâ¨ ¬®£ãâ ¡ëâì á®§¤�−ë «¨¡® §� áç¥â áªàëâëå
ª�−�«®¢ (¢ íâ®© à�¡®â¥ −¥ à�áá¬�âà¨¢�îâáï), «¨¡® á ¨á¯®«ì§®¢�−¨¥¬ «¥£�«ì−ëå
¢§�¨¬®¤¥©áâ¢¨©. �à¥¤¯®«®¦¨¬, çâ® ¢ ÷ˆ‚‘ −¥¢®§¬®¦−® ¨á¯®«ì§®¢�−¨¥ £¨¯¥à-
¢¨§®à®¢, àãâª¨â®¢ ¨ ¤àã£¨å ãï§¢¨¬®áâ¥© ª®¬¯ìîâ¥à−ëå ¨ á¥â¥¢ëå ãáâà®©áâ¢ ¤«ï
¯®áâà®¥−¨ï ãâ¥çª¨ –ˆ −� â¥å−¨ç¥áª¨å ãà®¢−ïå ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯ìîâ¥à−ëå
á¨áâ¥¬.

ˆ§ íâ®£® ¯à¥¤¯®«®¦¥−¨ï á«¥¤ã¥â, çâ® ¬®¦−® à�áá¬�âà¨¢�âì â®«ìª® «¥£�«ì−ë¥
¢§�¨¬®¤¥©áâ¢¨ï ¨ ¨áª�âì ¢ −¨å ¨áâ®ç−¨ª¨ −�àãè¥−¨ï ˆ�.

�æ¥−ª� §�é¨é¥−−®áâ¨ | íâ® ®æ¥−ª� ¢®§¬®¦−®áâ¥© ¯à®â¨¢−¨ª� ¢ à¥�«¨§�-
æ¨¨ ã£à®§. �®áª®«ìªã à¥�«¨§�æ¨ï ã£à®§ á¢ï§�−� á ¯®áâà®¥−¨¥¬ −¥ª®â®àëå ˆ�
¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ ª®¬¯®−¥−â®¢ ÷ˆ‚‘, â® �−�«¨§ §�é¨é¥−−®áâ¨ ¢ ãª�§�−-
−ëå ¯à¥¤¯®«®¦¥−¨ïå á¢®¤¨âáï ª �−�«¨§ã ¢§�¨¬®¤¥©áâ¢¨© ª®¬¯®−¥−â®¢ ÷ˆ‚‘.
�à¨ íâ®¬ ¬¥â®¤ë �−�«¨§� §�é¨é¥−−®áâ¨ ¢ à�áá¬�âà¨¢�¥¬ëå ¯à¥¤¯®«®¦¥−¨ïå
ï¢«ïîâáï ¬¥â®¤�¬¨ �−�«¨§� ¢§�¨¬®¤¥©áâ¢¨© ª®¬¯®−¥−â®¢ ÷ˆ‚‘. �¤−�ª® �−�«¨§
¢§�¨¬®¤¥©áâ¢¨© ª®¬¯®−¥−â®¢ ÷ˆ‚‘ ¨ ¯®à®¦¤�¥¬ëå ¨¬¨ ˆ� | íâ® á«®¦−�ï §�-
¤�ç�. ˆ¬¥−−® ¢ ¯®¯ëâª�å ª�ª-â® à¥è¨âì íâã §�¤�çã ¡ë«¨ à�§à�¡®â�−ë ¯®«¨â¨ª¨
¡¥§®¯�á−®áâ¨ MLS (multilevel security) ¨ ��©¡� [6].

‘ãé¥áâ¢¥−−ãî à®«ì ¢ ¢®§¬®¦−®áâ¨ íää¥ªâ¨¢−®£® à¥è¥−¨ï ¤�−−®© §�¤�ç¨
¨£à�¥â �àå¨â¥ªâãà� ÷ˆ‚‘. �¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ ¡¥§®¯�á−®áâ¨ �àå¨â¥ªâãàë
÷ˆ‚‘ ï¢«ï¥âáï ¢®§¬®¦−®áâì íää¥ªâ¨¢−®£® ¯¥à¥ç¨á«¥−¨ï ˆ� ¨ �−�«¨§ ¨å
á®¤¥à¦�−¨ï. ’�ª¨¬ ®¡à�§®¬, ¯®«−®â� �−�«¨§� §�é¨é¥−−®áâ¨ ÷ˆ‚‘ á¢®¤¨âáï
ª ¯®«−®â¥ ¯¥à¥ç¨á«¥−¨ï ˆ� ¨ ¢®§¬®¦−®áâ¨ �−�«¨§� ¨å á®¤¥à¦�−¨ï.
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�æ¥−ª� §�é¨é¥−−®áâ¨ ¢ ¡¥§®¯�á−ëå �àå¨â¥ªâãà�å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

�à®â¨¢®à¥ç¨¢®áâì ¡¥§®¯�á−®© �àå¨â¥ªâãàë ÷ˆ‚‘ [7] ¬®¦¥â ¢®§−¨ª−ãâì,
¥á«¨ ¯®ï¢ïâáï −¥à�§à¥è¥−−ë© ˆ� ¨«¨ §�¯à¥â −� à�§à¥è¥−−ë© ˆ�, ¯à®¯ãáª
á¡®ï.

‚ á«¥¤ãîé¨å à�§¤¥«�å ¯à¨¢¥¤¥−ë ¯à¨¬¥àë �àå¨â¥ªâãàë ÷ˆ‚‘, ¢ ª®â®à®©
�−�«¨§ ¢§�¨¬®¤¥©áâ¢¨© ª®¬¯®−¥−â®¢ ¯à¥¤áâ�¢«ï¥â á«®¦−ãî ¢ëç¨á«¨â¥«ì−ãî §�-
¤�çã, ¨ ¡¥§®¯�á−®© �àå¨â¥ªâãàë, ª®£¤� ¬®¦−® íää¥ªâ¨¢−® �−�«¨§¨à®¢�âì ¢á¥
¢§�¨¬®¤¥©áâ¢¨ï ¢ ÷ˆ‚‘.

2 Пример архитектуры распределенной
информационно-вычислительной системы
с труднорешаемой задачей анализа взаимодействий

�ãáâì ª®à¯®à�â¨¢−�ï á¥âì ¯à¥¤¯à¨ïâ¨ï á®áâ®¨â ¨§ n = 100 á¢ï§�−−ëå ¢ «®-
ª�«ì−ãî á¥âì ª®¬¯ìîâ¥à®¢ ¨ á¥â¥¢®£® ®¡®àã¤®¢�−¨ï, ¯à¨ç¥¬ ª�¦¤ë© ª®¬¯ìîâ¥à
¬®¦¥â á¢ï§�âìáï á ª�¦¤ë¬ (¢ª«îç�ï ®¡à�é¥−¨ï ª á¥à¢¥à�¬). �à¥¤¯®«®¦¨¬, çâ®
ˆ� ¬¥¦¤ã «î¡ë¬¨ ¤¢ã¬ï ã§«�¬¨ ¢®§−¨ª�¥â ª�ª ¯ã�áá®−®¢áª¨© ¯à®æ¥áá á ¨−â¥−-
á¨¢−®áâìî λ = 0,1, â. ¥. ¢ áà¥¤−¥¬ ª�¦¤�ï ¯�à� ª®¬¯ìîâ¥à®¢ á®¥¤¨−ï¥âáï 1 à�§
¢ â¥ç¥−¨¥ à�¡®ç¥£® ¤−ï T (T = 10 ç). ’®£¤� áà¥¤−¥¥ ç¨á«® ˆ� ¢ ¤¥−ì à�¢−® 9900.
�à®¢¥áâ¨ �−�«¨§ á®¤¥à¦�−¨ï â�ª®£® ª®«¨ç¥áâ¢� á¥áá¨© ¢ áãâª¨ ç¥«®¢¥ª −¥ ¬®-
¦¥â. …á«¨ ¤«ï ¢ëå®¤� ¢ ˆ−â¥à−¥â ¨¬¥¥âáï à�§à¥è¥−¨¥ ã ª�¦¤®£® á®âàã¤−¨ª�
¨«¨ ª�¦¤ë© á®âàã¤−¨ª ¬®¦¥â ¨á¯®«ì§®¢�âì á¢®© á®¡áâ¢¥−−ë© −®á¨â¥«ì ¯�¬ïâ¨,
â® §�é¨â� ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨−ä®à¬�æ¨¨ ¢ â�ª®© á¥â¨ ¯à¥¤¯à¨ïâ¨ï ®âáãâ-
áâ¢ã¥â, � æ¥«®áâ−®áâì | ¯à®¡«¥¬�â¨ç−�. ‚ á«ãç�¥ ¢®§−¨ª−®¢¥−¨ï ¨−æ¨¤¥−â�
¡¥§®¯�á−®áâ¨ ¢ëï¢«¥−¨¥ −�àãè¨â¥«ï ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−®.

3 Пример архитектуры распределенной
информационно-вычислительной системы,
обеспечивающей полный контроль взаимодействий
компонентов и содержания информационных потоков

�ãáâì âà¥¡®¢�−¨ï ˆ� ¢ ÷ˆ‚‘ ®¯¨áë¢�îâáï ¬−®¦¥áâ¢®¬ �âà¨¡ãâ®¢ ¡¥§-
®¯�á−®áâ¨ A1, . . . , Am. ‘î¤� ¢å®¤ïâ ®¡ï§�â¥«ì−ë¥ �âà¨¡ãâë ˆ�, â�ª¨¥ ª�ª
¯�à�¬¥âàë ¨¤¥−â¨ä¨ª�æ¨¨, � â�ª¦¥ �âà¨¡ãâë, ®¡¥á¯¥ç¨¢�îé¨¥ ¨¤¥−â¨ä¨ª�æ¨î
¨áå®¤−ëå ¤�−−ëå §�¤�ç, ¨ ãá«®¢¨ï à�á¯à®áâà�−¥−¨ï à¥§ã«ìâ�â®¢ à¥è¥−¨ï §�¤�ç.
Š�¦¤ë© �âà¨¡ãâ ®¯¨áë¢�¥âáï ¤®¬¥−®¬ ¢®§¬®¦−ëå §−�ç¥−¨© íâ®£® �âà¨¡ãâ�.

�à¥¤¯®«®¦¨¬, çâ® ¤«ï ª�¦¤®© §�¤�ç¨ B áãé¥áâ¢ã¥â ¯à¨«®¦¥−¨¥ D(B),
ª®â®à®¥ á¯®á®¡−® ¯à®¢®¤¨âì �−�«¨§ �âà¨¡ãâ®¢ ˆ� §�¤�ç¨ B. ‡�¤�ç� B ¨ ¯à¨-
«®¦¥−¨¥ D(B) à¥�«¨§ãîâáï −� à�§−ëå ¢¨àâã�«ì−ëå ¬�è¨−�å, ¯à¨ç¥¬ «î¡®¥
¢§�¨¬®¤¥©áâ¢¨¥ á B ®áãé¥áâ¢«ï¥âáï ç¥à¥§ D(B). �â® ¯à¨«®¦¥−¨¥ â�ª¦¥ ®à£�-
−¨§ã¥â à¥�«¨§�æ¨î ¢á¥å ¢§�¨¬®¤¥©áâ¢¨© ¤«ï §�¤�ç¨ B. ’®£¤� ¯�à� (B,D(B))
®¯à¥¤¥«ï¥â äã−ªæ¨®−�«ì−ë© ¨ §�é¨â−ë© ª®¬¯®−¥−âë §�¤�ç¨ B. ÷�áá¬®âà¨¬
ª®à−¥¢®¥ ¤¥à¥¢® R, ª®à¥−ì ª®â®à®£® ï¢«ï¥âáï ª®¬¯®−¥−â®¬ ã¯à�¢«¥−¨ï á¨áâ¥¬ë
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¨ ®¡®§−�ç�¥âáïB0, � ¢¥â¢¨ áâà®ïâáï, ¨áå®¤ï ¨§ ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨ ¢á¥å
ˆ’ ®à£�−¨§�æ¨¨, â. ¥. ª�¦¤�ï ˆ’ à¥¤ãæ¨àã¥âáï ¢® ¬−®¦¥áâ¢® §�¤�ç, ®¡à�§ãîé¨å
¢â®à®© á«®© ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨. �â¨ §�¤�ç¨ ¯®à®¦¤�îâ ¯®¤§�¤�ç¨,
ª®â®àë¥ ä®à¬¨àãîâ á«¥¤ãîé¨¥ á«®¨ ¤¥à¥¢�. �®«ãç¥−−®¥ ¤¥à¥¢® −�§®¢¥¬ ¨−ä®à-
¬�æ¨®−−ë¬ ¤¥à¥¢®¬ ®à£�−¨§�æ¨¨.

„¥à¥¢® R ®¯à¥¤¥«ï¥â ¯®«ãà¥è¥âªã, ¢ ª®â®à®© ¤«ï ª�¦¤®© ¯�àë ¢¥àè¨−
áãé¥áâ¢ã¥â −�¨¬¥−ìè�ï ¢¥àå−ïï £à�−ì. �ãâì ª®¬¬ãâ¨àãîé¨å ¢¥àè¨− ¤¥à¥¢�
¯à®å®¤¨â â®«ìª® ¯® à¥¡à�¬ R. …á«¨ ¤¢¥ §�¤�ç¨ ¨¬¥îâ «¥£�«ì−®¥ ¯à�¢® ®¡-
¬¥−¨¢�âìáï ¨−ä®à¬�æ¨¥©, â® ¨å á¢ï§ì à¥�«¨§ã¥âáï ç¥à¥§ ¥¤¨−áâ¢¥−−ë© ¯ãâì,
á®¥¤¨−ïîé¨© íâ¨ ¢¥àè¨−ë ¤¥à¥¢�.

÷�áá¬®âà¨¬ ª®¬¬ã−¨ª�æ¨î á¬¥¦−ëå §�¤�ç B1 ¨ B2. ‡�¯à®á −� ª®¬¬ã−¨-
ª�æ¨î ¨ ¤�−−ë¥ ¤«ï ®¡¬¥−� ¯¥à¥¤�îâáï ¯® ¢−ãâà¥−−¨¬ á¢ï§ï¬ §�¤�ç B1 ¨ B2
á ¯à¨«®¦¥−¨ï¬¨ D(B1) ¨ D(B2). �à¨«®¦¥−¨ï D(B1) ¨ D(B2) à�áá¬�âà¨¢�îâ
§�¤�çã ¢®§¬®¦−®áâ¨ ¨ −¥®¡å®¤¨¬®áâ¨ §�âà¥¡®¢�−−®© ¯¥à¥¤�ç¨ ¤�−−ëå. �à¨
¯®«®¦¨â¥«ì−®¬ à¥è¥−¨¨ ®−¨ ¨−¨æ¨¨àãîâ á¢ï§ì ¬¥¦¤ãD(B1) ¨D(B2) á ¨á¯®«ì-
§®¢�−¨¥¬ �âà¨¡ãâ®¢ ¡¥§®¯�á−®áâ¨ §�¤�ç B1 ¨ B2.

‘¢ï§ì ¯à®¨§¢®«ì−ëå §�¤�ç B1 ¨ B2 ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ¥¤¨−áâ¢¥−−ãî
¯®á«¥¤®¢�â¥«ì−®áâì á®¥¤¨−¥−¨©, ®¯à¥¤¥«ï¥¬ëå à¥¡à�¬¨ ¤¥à¥¢� R, ¯à¨ç¥¬ ¤«ï
ª�¦¤®© ¯�àë á¬¥¦−ëå ¢¥àè¨− ¢®¯à®á ® ¢®§¬®¦−®áâ¨ ¨ −¥®¡å®¤¨¬®áâ¨ á®¥¤¨−¥-
−¨ï à¥è�¥âáï, ª�ª íâ® ¡ë«® ®¯¨á�−® ¢ëè¥. �¥à¥¤�ç� ¨−ä®à¬�æ¨¨ ®â ®¤−®© ˆ’
ª ¤àã£®© âà¥¡ã¥â à�áá¬®âà¥−¨ï §−�ç¨â¥«ì−® ¬¥−ìè¥£® ç¨á«� �âà¨¡ãâ®¢ ¡¥§®¯�á-
−®áâ¨, ¢ â® ¢à¥¬ï ª�ª á¢ï§ì §�¤�ç ¢−ãâà¨ íâ¨å â¥å−®«®£¨© âà¥¡ã¥â à�áá¬®âà¥−¨ï
¡®«ìè¥£® ç¨á«� �âà¨¡ãâ®¢ ¡¥§®¯�á−®áâ¨.

�®áâà®¥−−�ï ¢ëè¥ �àå¨â¥ªâãà� ¯®§¢®«ï¥â ª®−âà®«¨à®¢�âì ¨ �−�«¨§¨à®¢�âì
¢á¥ ˆ� ¢ á¨áâ¥¬¥, ¯à¨ íâ®¬ äã−ªæ¨®−¨à®¢�−¨¥ ¡¨§−¥á-§�¤�ç −¥ á¢ï§�−® á äã−ªæ¨-
ï¬¨ ˆ�, â�ª ª�ª ¨§®«ïæ¨ï ¨ ª®−âà®«ì ¢á¥å á¢ï§¥© ®¯à¥¤¥«ï¥âáï äã−ªæ¨¥© D(·).
“â¢¥à¦¤¥−¨¥ 1. „«ï ¯®áâà®¥−−®© �àå¨â¥ªâãàë ÷ˆ‚‘ á¯à�¢¥¤«¨¢ë á«¥¤ãîé¨¥
ãâ¢¥à¦¤¥−¨ï:

(1) −¥ ¬®¦¥â ¢®§−¨ª−ãâì −¥à�§à¥è¥−−ë© ˆ� ¬¥¦¤ã §�¤�ç�¬¨;

(2) −¥ ¬®¦¥â ¨áç¥§−ãâì à�§à¥è¥−−ë© ˆ�;

(3) ¬¥áâ� á¡®¥¢ ¨¤¥−â¨ä¨æ¨àãîâáï ®¤−®§−�ç−®.

„ ® ª � § � â ¥ « ì á â ¢ ® . Š�¦¤ë© −¥à�§à¥è¥−−ë© ˆ� ¨¬¥¥â ®â«¨ç¨ï ¢ �âà¨¡ãâ�å
ˆ� §�¤�ç¨ B (−�¯à¨¬¥à, ¢ §−�ç¥−¨ïå åíè-äã−ªæ¨¨, §�¢¨áïé¥© ®â ª«îç�),
¯®íâ®¬ã D(B) −¥ ¤®¯ãáâ¨â áãé¥áâ¢®¢�−¨ï â�ª®£® ˆ�. …á«¨ ¢á¥ �âà¨¡ãâë ˆ�
á®¢¯�¤�îâ á «¥£�«ì−ë¬¨ �âà¨¡ãâ�¬¨, á®®â¢¥âáâ¢ãîé¨¬¨ §�¤�ç¥ B, â® −� è�£¥,
¯à¥¤è¥áâ¢ãîé¥¬ D(B), ¯à®¨áå®¤¨â áà�¢−¨¢�−¨¥ ¯¥à¥ç−ï §�¤�ç á à¥è�¥¬ë¬¨
¢ −�áâ®ïé¥¥ ¢à¥¬ï, â. ¥. ¢ëï¢«ïîâáï ¤®¯ãáâ¨¬ë¥ ¤«ï à¥è�¥¬®© §�¤�ç¨ ˆ�. …á«¨
¢á¥ ¤�−−ë¥ á®¢¯�¤�îâ, â® −¥«¥£�«ì−ë© ˆ� à¥�«¨§ã¥âáï áªàëâë¬ ª�−�«®¬, −¥
à�áá¬�âà¨¢�¥¬ë¬ ¢ ¤�−−®© áâ�âì¥.

…á«¨ «¥£�«ì−ë© ˆ� ¨áç¥§�¥â, â® «î¡®¥ ¨§ ª®−âà®«¨àãîé¨å ¯à¨«®¦¥-
−¨©D(·), ¯à¥¤è¥áâ¢ãîé¨åD(B), −¥ ¯®«ãç�¥â ®â¢¥â� ¢ â¥ç¥−¨¥ á®®â¢¥âáâ¢ãîé¥£®
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�æ¥−ª� §�é¨é¥−−®áâ¨ ¢ ¡¥§®¯�á−ëå �àå¨â¥ªâãà�å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬

â�©¬-�ãâ�. �â� ¨−ä®à¬�æ¨ï ¯¥à¥¤�¥âáï ¢ ¡«®ª ã¯à�¢«¥−¨ï, £¤¥ ¢ëç¨á«ï¥âáï ¬¥áâ®
á¡®ï.

“â¢¥à¦¤¥−¨¥ 2. ÷�áá¬�âà¨¢�¥¬�ï ¤à¥¢®¢¨¤−�ï â®¯®«®£¨ï ÷ˆ‚‘ ï¢«ï¥âáï
¥¤¨−áâ¢¥−−®© �àå¨â¥ªâãà®©, ¤«ï ª®â®à®© ¢ë¯®«−ï¥âáï ãâ¢¥à¦¤¥−¨¥ 1.

„ ® ª � § � â ¥ « ì á â ¢ ® . �à¥¤¯®«®¦¨¬, çâ® �àå¨â¥ªâãà� ¤®¯ãáª�¥â ¤¢� ¯ãâ¨ ¨§
§�¤�ç¨ B1 ¢ §�¤�çã B2. �� à�§−ëå ¯ãâïå, ¯à®å®¤ïé¨å ç¥à¥§ à�§−ë¥ ¢¥àè¨−ë,
¢®§¬®¦−® ®âáâ�¢�−¨¥ ¯¥à¥¤�¢�¥¬ëå ¯�ª¥â®¢ ¤�−−ëå. ’®£¤� ¢®§¬®¦−� ª®««¨§¨ï
¤�−−ëå ¢ §�¤�ç¥ B2, á®áâ®ïé�ï ¢ â®¬, çâ® ¯à¨è¥¤è¨¥ ¯¥à¢ë¬¨ ¨á¯à�¢«¥−−ë¥
¤�−−ë¥ ¡ã¤ãâ §�¬¥−¥−ë −� ¯à¨è¥¤è¨¥ ¢â®àë¬¨ −¥¯à�¢¨«ì−ë¥ ¤�−−ë¥.

‚®§−¨ª�¥â ¢®¯à®á, §�ç¥¬ −¥®¡å®¤¨¬ë ¯à¨«®¦¥−¨ï D(·) −� ¢å®¤−ëå ¨ ¯à®-
¬¥¦ãâ®ç−ëå ¢¥àè¨−�å ¯ãâ¨. ’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ¨¤¥−â¨ä¨æ¨à®¢�âì §�¤�ç¨
¨ ¯®¤§�¤�ç¨ ¯à¨ à¥�«¨§�æ¨¨ ˆ’, çâ® ¯à¥¤®â¢à�é�¥â, ª�ª ¡ë«® ®â¬¥ç¥−® ¢ ¤®-
ª�§�â¥«ìáâ¢¥ ãâ¢¥à¦¤¥−¨ï 1, ¯®ï¢«¥−¨¥ −¥«¥£�«ì−ëå ¯®â®ª®¢, −¥ á¢ï§�−−ëå
á à¥�«¨§�æ¨¥© ª®−ªà¥â−®© ˆ’, ¨ ¢ëï¢«ï¥â ®è¨¡ª¨ ¨ á¡®¨. …á«¨ ¢á¥ ¯à¨«®¦¥-
−¨ïD(·) á¢¥áâ¨ ª ®¤−®¬ã ¢å®¤−®¬ã ¢ ˆ’ íªà�−ã, â® ¢®§¬®¦−ë −¥ª®−âà®«¨àã¥¬ë¥
á¡®¨ ¨ −¥«¥£�«ì−ë¥ ¯®â®ª¨ ¢−ãâà¨ ˆ’.

‚ á«ãç�¥ ¨¤¥−â¨ä¨ª�æ¨¨ á¡®ï ¢®§¬®¦−® á®§¤�−¨¥ −®¢®£® ãç�áâª� ¯ãâ¨ ¢ ¢¨à-
âã�«ì−®© áà¥¤¥ á ®âª«îç¥−¨¥¬ ãç�áâª�, ¢ ª®â®à®¬ ¯à®¨§®è¥« á¡®©. �®¢�ï ˆ’
§�¯ãáª�¥âáï ª�ª á¨áâ¥¬� ¢¨àâã�«ì−ëå ¬�è¨−, −�ç¨−�ï á ¯à¨«®¦¥−¨ï D(·) ®â
íâ®© â¥å−®«®£¨¨, â. ¥. áâà®¨âáï ¯®¤¤¥à¥¢® ®â ª®à−ï. ‡�¢¥àè¥−¨¥ §�¤�ç¨ ¨«¨ ˆ’
á®®â¢¥âáâ¢ã¥â ã−¨çâ®¦¥−¨î ¢¨àâã�«ì−ëå ¬�è¨− §�¤�ç¨ ¨ á®®â¢¥âáâ¢ãîé¥£® ¥©
¯à¨«®¦¥−¨ï D(·) ¢¯«®âì ¤® ¢á¥£® ¯®¤¤¥à¥¢� á®®â¢¥âáâ¢ãîé¥© ˆ’.

4 Заключение

‚ à�¡®â¥ ¯à¥¤«®¦¥− ¯®¤å®¤, ®¡¥á¯¥ç¨¢�îé¨© á«¥¤ãîé¨¥ à¥è¥−¨ï ¯® ˆ�
ˆ’ ¨ §�¤�ç:

(1) ¨§®«ïæ¨ï ¤®¬¥−®¢ ¢á¥å ª®¬¯®−¥−â®¢ ˆ’ ¨ §�¤�ç (ªà®¬¥ å®áâ®¢ ¨ ä¨§¨ç¥áª®£®
®¡®àã¤®¢�−¨ï);

(2) ¢®§¬®¦−®áâì à�á¯à¥¤¥«¥−−®£® ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� ¤�−−ëå ¤«ï à¥-
è¥−¨ï §�¤�ç ˆ�;

(3) ¢®§¬®¦−®áâì ª®−âà®«ï ¢á¥å ˆ� ¬¥¦¤ã ˆ’ ¨ §�¤�ç�¬¨.
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SECURITY EVALUATION IN SECURE ARCHITECTURE
OF DISTRIBUTED INFORMATION SYSTEMS
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Institute of Informatics Problems, Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119333,
Russian Federation

Abstract: The necessary condition of secure architecture of distributed infor-
mation systems is the possibility of effective enumerating of information flows
and the analysis of their contents. Completeness of the analysis of security of
distributed information systems comes down to completeness of enumerating of
information flows and possibility of the analysis of their contents. Contradictions
of secure architecture of distributed information systems can arise if there is
a forbidden information flow, or a ban on an allowed information flow, or an
admission of failure is possible. The paper gives an example of architecture of dis-
tributed information systems in which the analysis of interactions of components
represents a complex computing problem and an example of secure architecture
when it is possible to effectively analyze all interactions in distributed information
systems.

Keywords: secure architecture of distributed information systems; methods of
the analysis of security of distributed information systems
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НЕКОТОРЫЕ СИСТЕМОТЕХНИЧЕСКИЕ
И НОРМАТИВНО-МЕТОДИЧЕСКИЕ ВОПРОСЫ

ОБЕСПЕЧЕНИЯ ЗАЩИТЫ ИНФОРМАЦИИ
В АВТОМАТИЗИРОВАННЫХ ИНФОРМАЦИОННЫХ

СИСТЕМАХ НА ОБЛАЧНЫХ ТЕХНОЛОГИЯХ
С ИСПОЛЬЗОВАНИЕМ МЕТОДОВ ИСКУССТВЕННОГО

ИНТЕЛЛЕКТА∗

В. Е. Гаврилов1, А. А. Зацаринный2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¢®¯à®á�¬ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨
¢ ®¡«�ç−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬�å (�‚‘) ¨ ¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï
â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (ˆˆ) ¢ á¨áâ¥¬�å §�é¨âë ¨−ä®à¬�æ¨¨.
�à®¢¥¤¥− �−�«¨§ ®á−®¢−ëå ¯à®¡«¥¬ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ �‚‘.
÷�áá¬®âà¥−ë ®á−®¢−ë¥ ª®¬¯®−¥−âë á¨áâ¥¬ë §�é¨âë ¨−ä®à¬�æ¨¨, ¢ ª®â®àëå
¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ â®© ¨«¨ ¨−®© ¬¥à¥ ¨á¯®«ì§ãîâáï â¥å−®«®£¨¨ ˆˆ. „�−ë
¯à¥¤«®¦¥−¨ï ¯® à�áè¨à¥−¨î ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï íâ¨å â¥å−®«®£¨© ¢ æ¥«ïå
§�é¨âë ¨−ä®à¬�æ¨¨. �à®�−�«¨§¨à®¢�−� áãé¥áâ¢ãîé�ï −®à¬�â¨¢−�ï ¡�§� ¯®
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ �‚‘.

Š«îç¥¢ë¥ á«®¢�: �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë; ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á-
−®áâì; ®¡«�ç−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ á¨áâ¥¬ë; ¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ; áâ�−-
¤�àâë; ã£à®§ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨

DOI: 10.14357/08696527160404

1 Введение

�á−®¢−ë¥ ¯®¤å®¤ë ¨ ¬¥â®¤ë §�é¨âë ¨−ä®à¬�æ¨¨ áä®à¬¨à®¢�«¨áì ¢ ª®−æ¥
1980-å ££., ª®£¤� ¯®«ãç¨«¨ à�á¯à®áâà�−¥−¨¥ ¬−®£®¯®«ì§®¢�â¥«ìáª¨¥ �¢â®¬�â¨§¨-
à®¢�−−ë¥ á¨áâ¥¬ë (�‘) ¨ ¬−®£®§�¤�ç−ë¥ ®¯¥à�æ¨®−−ë¥ á¨áâ¥¬ë. „® ¯®ï¢«¥−¨ï
íâ¨å â¥å−®«®£¨© §�é¨â� ¨−ä®à¬�æ¨¨ ¢ �‘ ®¡¥á¯¥ç¨¢�«�áì, ¢ ®á−®¢−®¬, §� áç¥â
¨á¯®«ì§®¢�−¨ï ¤®¢¥à¥−−®£® ¯®«ì§®¢�â¥«ìáª®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¨ á®-
¯ãâáâ¢ãîé¨å ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¬¥à. ‚ −®à¬�â¨¢−®¬ ¯«�−¥ ¬¥â®¤ë
§�é¨âë ¨−ä®à¬�æ¨¨ −�è«¨ ®âà�¦¥−¨¥ ¢ ¤®ªã¬¥−â�å â�ª −�§ë¢�¥¬®© úà�¤ã¦−®©
á¥à¨¨û ¨ ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¢ ú�à�−¦¥¢®© ª−¨£¥û [1], −� ®á−®¢¥ ª®â®àëå ¡ë«¨
à�§à�¡®â�−ë àãª®¢®¤ïé¨¥ ¤®ªã¬¥−âë ƒ®áâ¥åª®¬¨áá¨¨ ‘‘‘÷ [2, 3] ¯® §�é¨â¥
¨−ä®à¬�æ¨¨ ®â −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã¯�.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-29-07981 ®ä¨-¬).
1ˆ−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, vegavrilov@yandex.ru
2ˆ−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, AZatsarinny@ipiran.ru

38



�¥ª®â®àë¥ ¢®¯à®áë ®¡¥á¯¥ç¥−¨ï §�é¨âë ¨−ä®à¬�æ¨¨ ¢ �ˆ‘ �’

�¥á¬®âàï −� ¨−â¥−á¨¢−®¥ à�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’), ®á−®¢-
−ë¥ ¯®«®¦¥−¨ï íâ¨å ¤®ªã¬¥−â®¢ á ®¯à¥¤¥«¥−−ë¬¨ ®£®¢®àª�¬¨ �ªâã�«ì−ë ¨ ¢ −�-
áâ®ïé¥¥ ¢à¥¬ï. �à¨ íâ®¬ ª®−æ¥¯âã�«ì−® á¨áâ¥¬� §�é¨âë ¨−ä®à¬�æ¨¨ ¡�§¨àã¥âáï
−� á«¥¤ãîé¨å ®á−®¢−ëå ¯à¨−æ¨¯�å:

{ §�¯à¥é�¥âáï ¢á¥, ªà®¬¥ ï¢−® §�¤�−−ëå ¯®«−®¬®ç¨© ¯®«ì§®¢�â¥«ï;
{ §�é¨â� ®â ã£à®§ á® áâ®à®−ë ¢−¥è−¨å −�àãè¨â¥«¥© (§�é¨â� ¯¥à¨¬¥âà� �‘);
{ á®§¤�−¨¥ ¤®¢¥à¥−−®©, äã−ªæ¨®−�«ì−® §�¬ª−ãâ®© áà¥¤ë äã−ªæ¨®−¨à®¢�−¨ï;
{ ®¡¥á¯¥ç¥−¨¥ ª®−âà®«ï æ¥«®áâ−®áâ¨ áà¥¤ë äã−ªæ¨®−¨à®¢�−¨ï;
{ ®¡¥á¯¥ç¥−¨¥ ª®−âà®«ï ¤¥©áâ¢¨© �¢â®à¨§®¢�−−ëå ¯®«ì§®¢�â¥«¥©;
{ ®£à�−¨ç¥−¨¥ ¢®§¬®¦−®áâ¥© ¯®«ì§®¢�â¥«¥© ¯® ®à£�−¨§�æ¨¨ �â�ª á® áâ®à®−ë

¯®â¥−æ¨�«ì−®£® ¢−ãâà¥−−¥£® −�àãè¨â¥«ï.

�à¨¢¥¤¥−−ë¥ ¢ëè¥ ¯à¨−æ¨¯ë ¨ ¯®¤å®¤ë ¯à¨¬¥−ï«¨áì −� ¯à®âï¦¥−¨¨ ¬−®-
£¨å «¥â ¢ à�§«¨ç−ëå ¢�à¨�−â�å, ãç¨âë¢�îé¨å ª�ª á¯¥æ¨ä¨ªã ¯à¨¬¥−¥−¨ï �‘
¯®«ì§®¢�â¥«¥¬, â�ª ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï. �â¨ ¯à¨−æ¨¯ë, ¯® áãé¥áâ¢ã,
®¡ãá«®¢«¨¢�îâ äã−ªæ¨®−¨à®¢�−¨¥ �‘ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ (�‘‡ˆ) ª�ª
¢§�¨¬®¤¥©áâ¢¨¥ ¯®¨¬¥−®¢�−−ëå áã¡ê¥ªâ®¢ ¨ ®¡ê¥ªâ®¢ ¢ §�¬ª−ãâ®© ¤®¢¥à¥−−®©
áà¥¤¥ ¢ á®®â¢¥âáâ¢¨¨ á ãáâ�−®¢«¥−−ë¬¨ ¯à�¢¨«�¬¨ ¨ âà¥¡®¢�−¨ï¬¨.

‚¬¥áâ¥ á â¥¬ ¨−â¥−á¨¢−®¥ à�§¢¨â¨¥ ˆ’ ¢ §−�ç¨â¥«ì−®© ¬¥à¥ ®£à�−¨ç¨¢�¥â à¥-
�«¨§�æ¨î ãª�§�−−ëå ¢ëè¥ ¯à¨−æ¨¯®¢ §�é¨âë ¨−ä®à¬�æ¨¨. Œ®¦−® ãâ¢¥à¦¤�âì,
çâ® ¢ −�áâ®ïé¥¥ ¢à¥¬ï à�§¢¨â¨¥ ˆ’ ®¯¥à¥¦�¥â à�§¢¨â¨¥ ¬¥â®¤®¢ ¨ â¥å−®«®£¨©
§�é¨âë ¨−ä®à¬�æ¨¨.

‚ −�áâ®ïé¥© áâ�âì¥ �¢â®à�¬¨ á¤¥«�−� ¯®¯ëâª� ¢ ®¯à¥¤¥«¥−−®© áâ¥¯¥−¨ ¢®á-
¯®«−¨âì íâ®â à�§àë¢. ‚ áâ�âì¥ à�áá¬®âà¥−ë á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¨ ¬¥â®¤¨ç¥áª¨¥
¢®¯à®áë ®¡¥á¯¥ç¥−¨ï §�é¨âë ¨−ä®à¬�æ¨¨ ¢ �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−-
−ëå á¨áâ¥¬�å, ¯®áâà®¥−−ëå á ¨á¯®«ì§®¢�−¨¥¬ â�ª −�§ë¢�¥¬ëå ®¡«�ç−ëå â¥å−®-
«®£¨© (¤�«¥¥ | �ˆ‘ �’).

2 Анализ особенностей системы защиты информации
в автоматизированных информационных системах
на облачных технологиях

‚ â¥à¬¨−�å àãª®¢®¤ïé¨å ¤®ªã¬¥−â®¢ [3] �ˆ‘ �’ ¯à¥¤áâ�¢«ï¥â á®¡®© ¬−®-
£®¯®«ì§®¢�â¥«ìáªãî â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ãî �‘ á à�§«¨ç−ë¬¨ ¯à�¢�¬¨
¯®«ì§®¢�â¥«¥© ¯® ¤®áâã¯ã ª ¨−ä®à¬�æ¨¨. ‘®®â¢¥âáâ¢ãîé¨¥ âà¥¡®¢�−¨ï −®à-
¬�â¨¢−ëå ¤®ªã¬¥−â®¢ ¨ á¥àâ¨ä¨æ¨à®¢�−−ë¥ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨ ¤«ï
¯®áâà®¥−¨ï á¨áâ¥¬ë §�é¨âë ¢ â�ª®© �‘ ¨¬¥îâáï. ‚¬¥áâ¥ á â¥¬ àï¤ ®á®¡¥−−®-
áâ¥© �‚‘ áãé¥áâ¢¥−−® §�âàã¤−ïîâ ¯®áâà®¥−¨¥ âà�¤¨æ¨®−−®© á¨áâ¥¬ë §�é¨âë
¨−ä®à¬�æ¨¨ ¢¯«®âì ¤® ¯®«−®© −¥¢®§¬®¦−®áâ¨ à¥�«¨§�æ¨¨ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥
®á−®¢−ëå ¯à¨−æ¨¯®¢.

÷�áá¬®âà¨¬ −¥ª®â®àë¥ ¨§ íâ¨å ®á®¡¥−−®áâ¥©.
÷�§¬ëâ¨¥ ¯¥à¨¬¥âà� �ˆ‘ �’. “á«®¢¨ï íªá¯«ã�â�æ¨¨ á¥£¬¥−â®¢ �ˆ‘ �’

®â¤¥«ì−ë¬¨ ãç�áâ−¨ª�¬¨, ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨, ¢®§¬®¦−®áâ¨ ãç�áâ−¨ª®¢ ¯®
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¯à¨¬¥−¥−¨î ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¬¥à §�é¨âë −�áâ®«ìª® ¬−®£®®¡à�§−ë,
çâ® ã à�§à�¡®âç¨ª� á¨áâ¥¬ë §�é¨âë ¢ë§ë¢�¥â §−�ç¨â¥«ì−ë¥ âàã¤−®áâ¨ ¤�¦¥
à�§à�¡®âª� ¥¤¨−®© ¬®¤¥«¨ ã£à®§ ¨ −�àãè¨â¥«ï [4].

��àãè¥−¨¥ äã−ªæ¨®−�«ì−®© §�¬ª−ãâ®áâ¨ �ˆ‘ �’. ‚ ãá«®¢¨ïå �ˆ‘ �’
¯à�ªâ¨ç¥áª¨ ¨áª«îç�¥âáï æ¥−âà�«¨§®¢�−−ë© ª®−âà®«ì á®áâ�¢� ¨ ¡¥§®¯�á−®áâ¨
«®ª�«ì−®£® ¯®«ì§®¢�â¥«ìáª®£® ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. ˆá-
¯®«ì§®¢�−¨¥ ¤�−−ëå ®â ¢−¥è−¨å ¨áâ®ç−¨ª®¢, −¥ åà�−¨¬ëå ¢ á¥£¬¥−â�å �ˆ‘
�’ ¨ ç�áâ® ¯à¥¤áâ�¢«¥−−ëå ¢ ä®à¬�â�å, á®¤¥à¦�é¨å ¨á¯®«−ï¥¬ë© ª®¤, ¤¥«�¥â
¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−®© à¥�«¨§�æ¨î ¯à¨−æ¨¯� äã−ªæ¨®−¨à®¢�−¨ï ¢ §�¬ª−ãâ®©
æ¥«®áâ−®© ¯à®£à�¬¬−®-�¯¯�à�â−®© áà¥¤¥.

‘«®¦−®áâ¨ æ¥−âà�«¨§®¢�−−®£® �¤¬¨−¨áâà¨à®¢�−¨ï ¯®¤á¨áâ¥¬ë ã¯à�¢«¥-
−¨ï ¤®áâã¯®¬. ‘ à®áâ®¬ ¬�áèâ�¡� �‘ íªá¯®−¥−æ¨�«ì−® à�áâ¥â á«®¦−®áâì
æ¥−âà�«¨§®¢�−−®£® �¤¬¨−¨áâà¨à®¢�−¨ï ¯®¤á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¤®áâã¯®¬ §�-
à¥£¨áâà¨à®¢�−−ëå ¯®«ì§®¢�â¥«¥©, ï¢−®¥ §�¤�−¨¥ ¨å ¯®«−®¬®ç¨© ¢ ¬�−¤�â−®©
¨ ¤¨áªà¥æ¨®−−®© ¬®¤¥«ïå ¤®áâã¯�. ÷¥�«¨§�æ¨ï ¯à¨−æ¨¯� úà�§à¥è¥−® â®«ìª®
â®, çâ® ï¢−® §�¤�−® ¯à�¢¨«�¬¨ à�§£à�−¨ç¥−¨ï ¤®áâã¯�û áâ�−®¢¨âáï ¯à�ªâ¨ç¥áª¨
−¥¢ë¯®«−¨¬®©. Šà®¬¥ â®£®, ¢ ãá«®¢¨ïå ¬�áèâ�¡−®© �ˆ‘ �’ áâ�−®¢¨âáï ¯à�ªâ¨-
ç¥áª¨ −¥¢®§¬®¦−ë¬ æ¥−âà�«¨§®¢�−−ë© ª®−âà®«ì §� ¤¥©áâ¢¨ï¬¨ ¯®«ì§®¢�â¥«¥© ¯®
ãáâ�−®¢ª¥ ¤®¯®«−¨â¥«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¢ â®¬ ç¨á«¥ á®¤¥à¦�é¥£®
ãï§¢¨¬®áâ¨, à�áè¨àïîé¨¥ ¢®§¬®¦−®áâ¨ ¯® ¯à®¢¥¤¥−¨î ª®¬¯ìîâ¥à−ëå �â�ª.

—�é¥ ¢á¥£® ãª�§�−−ë¥ ¯à®¡«¥¬ë à¥è�îâáï §� áç¥â á¥£¬¥−â�æ¨¨ �ˆ‘ �’
á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ¢¨àâã�«¨§�æ¨¨ [5], ®¤−�ª® −�¤¥¦−®áâì íâ®© â¥å−®«®£¨¨
¢ ãá«®¢¨ïå ¬�áá®¢®£® ¯à¨¬¥−¥−¨ï −¥¤®¢¥à¥−−ëå ¯à®£à�¬¬−®-�¯¯�à�â−ëå áà¥¤áâ¢
§�àã¡¥¦−®£® ¯à®¨§¢®¤áâ¢� ¢ë§ë¢�¥â ®¯à¥¤¥«¥−−ë¥ ®¯�á¥−¨ï. „�¦¥ ¨á¯®«ì§®-
¢�−¨¥ á¥àâ¨ä¨æ¨à®¢�−−ëå £¨¯¥à¢¨§®à®¢ ®â¥ç¥áâ¢¥−−®£® ¯à®¨§¢®¤áâ¢� −¥ £�à�−-
â¨àã¥â, çâ® ®−¨ ¯®«ãç�â ã¯à�¢«¥−¨¥ à�−ìè¥, ç¥¬ ¢áâà®¥−−ë¥ ¯à®¨§¢®¤¨â¥«¥¬
¢ BIOS ¨á¯®«ì§ã¥¬ëå áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨. Šà®¬¥ â®£®, æ¥−âà�«¨-
§®¢�−−®¥ �¤¬¨−¨áâà¨à®¢�−¨¥ ¡¥§®¯�á−®áâ¨ �‘‡ˆ −� ®á−®¢¥ �‚‘ ¯®¤¬¥−ï¥âáï
¯®á¥£¬¥−â−ë¬, çâ® ¯à¨¢®¤¨â ª ¢®§¬®¦−ë¬ −¥áª®®à¤¨−¨à®¢�−−ë¬ ¤¥©áâ¢¨ï¬ �¤-
¬¨−¨áâà�â®à®¢ á¥£¬¥−â®¢ ¨, ¯® áãé¥áâ¢ã, ª úà�§¬ë¢�−¨îû ®â¢¥âáâ¢¥−−®áâ¨ §�
�¤¬¨−¨áâà¨à®¢�−¨¥ �ˆ‘ �’ ¢ æ¥«®¬.

’�ª¨¬ ®¡à�§®¬, áãé¥áâ¢ãîé�ï −®à¬�â¨¢−�ï ¡�§� ¨ á¥àâ¨ä¨æ¨à®¢�−−ë¥ áà¥¤-
áâ¢� §�é¨âë ¢ ¯®«−®© ¬¥à¥ −¥ ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ ¨ âà¥¡®¢�−¨ï¬ á®§¤�−¨ï
á¨áâ¥¬ë §�é¨âë ¨−ä®à¬�æ¨¨ ¢ �ˆ‘ �’. �à¨¬¥−¨â¥«ì−® ª ªàã¯−®¬�áèâ�¡−ë¬
â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ë¬ �‘ á à�§«¨ç−ë¬¨ ãá«®¢¨ï¬¨ íªá¯«ã�â�æ¨¨
¯à®¡«¥¬� á®§¤�−¨ï á¨áâ¥¬ë §�é¨âë áâ�−®¢¨âáï ¥é¥ ¡®«¥¥ á«®¦−®©.

3 Особенности обеспечения защиты автоматизированных
информационных систем на облачных технологиях
с использованием методов искусственного интеллекта

�®-¢¨¤¨¬®¬ã, ¯à¨è«® ¢à¥¬ï ¤«ï ¯¥à¥á¬®âà� ¯�à�¤¨£¬ë §�é¨âë ¨−ä®à¬�æ¨¨
¯à¨¬¥−¨â¥«ì−® ª �ˆ‘ �’. ‘®¢à¥¬¥−−ë¥ â¥å−¨ç¥áª¨¥ áà¥¤áâ¢� (SDN-á¥â¨ ¨ ¤à.)
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�¥ª®â®àë¥ ¢®¯à®áë ®¡¥á¯¥ç¥−¨ï §�é¨âë ¨−ä®à¬�æ¨¨ ¢ �ˆ‘ �’

¯à¥¤®áâ�¢«ïîâ ¢®§¬®¦−®áâ¨ ¤«ï á®§¤�−¨ï −®¢ëå ¬¥å�−¨§¬®¢ §�é¨âë ¨−ä®à¬�-
æ¨¨ á ¯®¬®éìî ¤¨−�¬¨ç¥áª®© á¨áâ¥¬ë ª®−âà®«ï ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢ [6].
�à¥¤áâ�¢«ï¥âáï, çâ® ¢ ¡®«ìè¨å â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå �‘, ¯®áâà®-
¥−−ëå −� ®á−®¢¥ ®¡«�ç−ëå ¢ëç¨á«¥−¨© (ª�ª ¯à�¢¨«®, −� −�ç�«ì−®¬ íâ�¯¥ −¥
¨á¯®«ì§ãîé¨åáï ¤«ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, á®¤¥à¦�é¥© á¢¥¤¥−¨ï, á®áâ�¢«ï-
îé¨¥ £®áã¤�àáâ¢¥−−ãî â�©−ã), æ¥−âà âï¦¥áâ¨ ¯à¨ ¯®áâà®¥−¨¨ á¨áâ¥¬ë §�é¨âë
¨−ä®à¬�æ¨¨ ¤®«¦¥− á¬¥é�âìáï ®â áãé¥áâ¢ãîé¥£® ®£à�−¨ç¨â¥«ì−®-§�¯à¥â¨â¥«ì-
−®£® ¯®¤å®¤� ª −®¢®¬ã, ®á−®¢�−−®¬ã −� ¬®−¨â®à¨−£¥ ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«¥©,
á®áâ�¢� ¨ á®áâ®ï−¨ï ¯à®£à�¬¬−®-â¥å−¨ç¥áª¨å áà¥¤áâ¢ [7]. �à¨ íâ®¬ áà¥¤áâ¢�
¬®−¨â®à¨−£� á ãç¥â®¬ â®£®, çâ® ªà¨â¥à¨¨ ¯®â¥−æ¨�«ì−® ®¯�á−ëå á®¡ëâ¨© âàã¤-
−® ä®à¬�«¨§ã¥¬ë, ¤®«¦−ë à�§à�¡�âë¢�âìáï á ¨á¯®«ì§®¢�−¨¥¬ ¢®§¬®¦−®áâ¥©
â¥å−®«®£¨© ˆˆ [8, 9].

÷�áá¬®âà¨¬ −¥ª®â®àë¥ ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ ˆˆ ¢ á¨áâ¥¬¥ §�é¨âë ¨−ä®à-
¬�æ¨¨.

�−â¨¢¨àãá−�ï §�é¨â�. ��àï¤ã á âà�¤¨æ¨®−−ë¬¨ ¬¥â®¤�¬¨ §�é¨âë ¨−-
ä®à¬�æ¨¨, ¯à¥¤ãá¬®âà¥−−ë¬¨ −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª¨¬¨ ¤®ªã¬¥−â�¬¨, −¥®¡-
å®¤¨¬®© á®áâ�¢−®© ç�áâìî á¨áâ¥¬ë §�é¨âë ¨−ä®à¬�æ¨¨ ï¢«ï¥âáï �−â¨¢¨àãá−�ï
§�é¨â�. Š�ª ¯à�¢¨«®, áà¥¤áâ¢� �−â¨¢¨àãá−®© §�é¨âë ¡�§¨àãîâáï −� ¬¥â®¤�å
á¨£−�âãà−®£® ¯®¨áª� ãç�áâª®¢ ¨á¯®«ì§ã¥¬®£® ª®¤�, á®¢¯�¤�îé¨å á ª�ª¨¬-«¨-
¡® ¨§ ¨¬¥îé¨åáï ®¡à�§æ®¢ ¢¨àãá®¢. �ää¥ªâ¨¢−®áâì â�ª®© §�é¨âë ¯®«−®áâìî
®¯à¥¤¥«ï¥âáï ¯®«−®â®© á®®â¢¥âáâ¢ãîé¥© ¡�§ë ¤�−−ëå ¨ á¢®¥¢à¥¬¥−−®áâìî ¥¥
¯®¯®«−¥−¨ï ¨ −¥ ®¡¥á¯¥ç¨¢�¥â §�é¨âã ®â −®¢ëå ®¡à�§æ®¢ ¢¨àãá®¢ ¨ ãï§¢¨¬®áâ¥©
ú−ã«¥¢®£® ¤−ïû [10]. ‚ å®¤¥ ¯à®â¨¢®áâ®ï−¨ï �â�ªãîé¥© ¨ §�é¨é�îé¥©áï áâ®à®−
¯®ï¢¨«¨áì á�¬®¬®¤¨ä¨æ¨àãîé¨¥áï ¢¨àãáë, ¢¨àãáë á §�è¨äà®¢�−−ë¬ ª®¤®¬,
ª®â®àë¥ −¥ ¢ëï¢«ïîâáï á¨£−�âãà−ë¬ ¬¥â®¤®¬. ‘®®â¢¥âáâ¢¥−−®, ¢ −�¨¡®«¥¥
à�§¢¨âëå �−â¨¢¨àãá−ëå áà¥¤áâ¢�å áâ�«¨ ¯à¨¬¥−ïâìáï â�ª −�§ë¢�¥¬ë¥ ¯à®�ª-
â¨¢−ë¥ ¬¥â®¤ë, ª®â®àë¥ ¢ëï¢«ïîâ ¢®§¬®¦−ë¥ ¢¨àãá−ë¥ �â�ª¨ ¯® ª®á¢¥−−ë¬
¯à¨§−�ª�¬, ¢®§¬®¦−ë¬ áæ¥−�à¨ï¬ ¢−¥¤à¥−¨ï ¨ �ªâã�«¨§�æ¨¨ ¢¨àãá−®£® ª®¤�.
‘ â®çª¨ §à¥−¨ï â¥®à¨¨ ˆˆ íâ¨ ¬¥â®¤ë ¡«¨§ª¨ ª íªá¯¥àâ−ë¬ á¨áâ¥¬�¬, � ¨å
íää¥ªâ¨¢−®áâì áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ §�¢¨á¨â ®â ª¢�«¨ä¨ª�æ¨¨ ¯à¨¢«¥ª�¥¬ëå
íªá¯¥àâ®¢, á¢®¥¢à¥¬¥−−®áâ¨ ¯®¯®«−¥−¨ï á®®â¢¥âáâ¢ãîé¥© ¡�§ë §−�−¨© ¨ ¢ æ¥-
«®¬ ®â äã−ªæ¨®−¨à®¢�−¨ï ¢á¥© ¨−äà�áâàãªâãàë, ®¡¥á¯¥ç¨¢�îé¥© ¤®áâã¯−®áâì
¨ á¢®¥¢à¥¬¥−−ãî �ªâã�«¨§�æ¨î â�ª®© ¡�§ë §−�−¨©.

‚á¥ áª�§�−−®¥ ®â−®á¨âáï ¨ ª á¨áâ¥¬¥ ¯à¥¤ã¯à¥¦¤¥−¨ï ¨ ®¡−�àã¦¥−¨ï ª®¬-
¯ìîâ¥à−ëå �â�ª, ª®â®à�ï â�ª¦¥ áâà®¨âáï −� ®á−®¢¥ á¨£−�âãà−®£® ¨ ¯à®�ªâ¨¢−®£®
¬¥â®¤®¢. �à¨ íâ®¬ ª®¬¯ìîâ¥à−�ï �â�ª� ®â«¨ç�¥âáï �ªâ¨¢−ë¬ ãç�áâ¨¥¬ −�àãè¨â¥-
«ï −� ¢á¥å íâ�¯�å ¥¥ à¥�«¨§�æ¨¨ ¨, á«¥¤®¢�â¥«ì−®, ¡®«ìè¥© £¨¡ª®áâìî áæ¥−�à¨¥¢
�â�ª ¢ §�¢¨á¨¬®áâ¨ ®â áª«�¤ë¢�îé¥©áï ®¡áâ�−®¢ª¨.

…é¥ ®¤−� ¢®§¬®¦−�ï ®¡«�áâì ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ ˆˆ | ¬®−¨â®à¨−£ ¤¥©-
áâ¢¨© ¯®«ì§®¢�â¥«¥© �‘ | ¨¬¥¥â áãé¥áâ¢¥−−ë¥ ®â«¨ç¨ï. „¥©áâ¢¨â¥«ì−®, ¥á«¨
á¨áâ¥¬� ®¡−�àã¦¥−¨ï ¨ ¯à¥¤ã¯à¥¦¤¥−¨ï ª®¬¯ìîâ¥à−ëå �â�ª ¨ �−â¨¢¨àãá−�ï
§�é¨â� ¡�§¨àãîâáï −� ®¡®¡é¥−−®¬ §−�−¨¨ íªá¯¥àâ−®£® á®®¡é¥áâ¢�, �ªªã¬ã«¨-
àãîé¥¬áï ¢ á®®â¢¥âáâ¢ãîé¨å ¡�§�å §−�−¨©, â® áæ¥−�à¨© ¤®¯ãáâ¨¬ëå ¤¥©áâ¢¨©
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§�à¥£¨áâà¨à®¢�−−®£® ¯®«ì§®¢�â¥«ï, ª®â®àë© ¢ ®¡é¥¬ ¢¨¤¥ ¤®«¦¥− ¡ëâì ¯®«®-
¦¥− ¢ ®á−®¢ã ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨, −�¯àï¬ãî §�¢¨á¨â ®â äã−ªæ¨®−�«ì−®£®
−�§−�ç¥−¨ï �‘ ¨ ®ç¥−ì âàã¤−® ä®à¬�«¨§ã¥âáï. �¯ëâ á®§¤�−¨ï á¨áâ¥¬ §�é¨âë
¨−ä®à¬�æ¨¨ ¯®ª�§ë¢�¥â, çâ® ®ç¥−ì ç�áâ®, ¯® ¬−¥−¨î §�ª�§ç¨ª�, −�¨¡®«ìèãî
®¯�á−®áâì ¯à¥¤áâ�¢«ïîâ ¤¥©áâ¢¨ï ¨−á�©¤¥à®¢ (§�à¥£¨áâà¨à®¢�−−ëå ¯®«ì§®¢�-
â¥«¥©), ä®à¬�«ì−® −¥ ¢ëå®¤ïé¨¥ §� à�¬ª¨ ¯à¥¤®áâ�¢«¥−−ëå ¯®«−®¬®ç¨©, −®
¢ë¯®«−ï¥¬ë¥ ¢ ¨−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨, á −¥®¡ëç−®© ç�áâ®â®© ¨ ¤à.

‘®áâ�¢−®© ç�áâìî ¯®¤á¨áâ¥¬ë ¬®−¨â®à¨−£� ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«ï ¬®¦¥â
áâ�âì ¨−â¥««¥ªâã�«ì−�ï ¯®¤á¨áâ¥¬� ª®−â¥−â−®£® �−�«¨§� ¨−ä®à¬�æ¨®−−ëå ¯®â®-
ª®¢ [11], ¯®§¢®«ïîé�ï ¢ àï¤¥ á«ãç�¥¢ ¢ëï¢«ïâì ¨«¨ ¯à¥¤ã¯à¥¦¤�âì −¥á�−ªæ¨®-
−¨à®¢�−−ë¥ ¤¥©áâ¢¨ï ¨−á�©¤¥à®¢. �à¨ à�§à�¡®âª¥ â�ª®© á¨áâ¥¬ë ¬®−¨â®à¨−£�
−� ¯¥à¢ë© ¯«�− ¢ëå®¤¨â á¢®©áâ¢® á�¬®®¡ãç�¥¬®áâ¨ ¨ ª�ç¥áâ¢¥−−® ¯à®¢¥¤¥−−�ï
à�¡®â� ¯® ¥¥ −�áâà®©ª¥, −�¯à¨¬¥à −� íâ�¯¥ ®¯ëâ−®© íªá¯«ã�â�æ¨¨ á ãç�áâ¨¥¬
¯à¥¤áâ�¢¨â¥«¥© §�ª�§ç¨ª�, ¢«�¤¥îé¨å ¥£® ¡¨§−¥á-¯à®æ¥áá�¬¨.

�â−®á¨â¥«ì−® −®¢®¥ −�¯à�¢«¥−¨¥ §�é¨âë á¢ï§�−® á ã£à®§®© ãâ¥çª¨ §�é¨é�-
¥¬®© ¨−ä®à¬�æ¨¨ ¯® áªàëâë¬ «®£¨ç¥áª¨¬ ª�−�«�¬ ¯¥à¥¤�ç¨, ®¡à�§ã¥¬ë¬ ¯ãâ¥¬
¬®¤ã«ïæ¨¨ ª�ª¨å-«¨¡® «¥£�«ì−® ¯¥à¥¤�¢�¥¬ëå ¢ ª�−�« á¢ï§¨ á¨£−�«®¢, −�¯à¨¬¥à
á«ã¦¥¡−®© ¨−ä®à¬�æ¨¨ á¢ï§−ëå ¯à®â®ª®«®¢. ‘«ãç�¥¬ â�ª®£® ª�−�«� ï¢«ï¥âáï
áªàëâë© ª�−�«, ®á−®¢�−−ë© −� ¬¥âª�å [12]. �à¥¤áâ�¢«ï¥âáï, çâ® ¤«ï ¢ëï¢«¥−¨ï
áªàëâëå «®£¨ç¥áª¨å ª�−�«®¢ ¯¥à¥¤�ç¨ ¬®£«¨ ¡ë ¡ëâì ¯®«¥§−ë ¬¥â®¤ë ˆˆ,
¢ëï¢«ïîé¨¥ �−®¬�«¨¨ ¢ ª�−�«¥ á¢ï§¨ ¯®á«¥ ®¯à¥¤¥«¥−−®£® ¯¥à¨®¤� ®¡ãç¥−¨ï.

…é¥ ®¤−® ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ ˆˆ ¢ á¨áâ¥¬¥ §�é¨âë ¨−ä®à¬�æ¨¨ ¬®¦¥â
¡ëâì á¢ï§�−® á á®§¤�−¨¥¬ ¨−áâàã¬¥−â�à¨ï, ®¡«¥£ç�îé¥£® �¤¬¨−¨áâà¨à®¢�−¨¥
®â¤¥«ì−ëå ¯®¤á¨áâ¥¬ §�é¨âë. ‚ ¬�áèâ�¡−ëå â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå
�‘ §�¤�ç� ¯®áâà®¥−¨ï −¥¯à®â¨¢®à¥ç¨¢®© ¬�âà¨æë ¤®áâã¯� áâ�−®¢¨âáï −¥âà¨-
¢¨�«ì−®©, ®á®¡¥−−® á ãç¥â®¬ −¥®¡å®¤¨¬®áâ¨ ¥¥ á®£«�á®¢�−¨ï á à�á¯à¥¤¥«¥−¨-
¥¬ ªà¨¯â®£à�ä¨ç¥áª¨å ª«îç¥© è¨äà®¢�−¨ï, à�¡®â®© ã¤®áâ®¢¥àïîé¥£® æ¥−âà�,
®¡¥á¯¥ç¨¢�îé¥£® ¨á¯®«ì§®¢�−¨¥ í«¥ªâà®−−®© ¯®¤¯¨á¨, ¨ â. ¯. ‘®§¤�−¨¥ â�ª®£®
¨−áâàã¬¥−â�à¨ï ª�¦¥âáï ¢¥áì¬� �ªâã�«ì−ë¬, â�ª ª�ª á«®¦−®áâì �¤¬¨−¨áâà¨à®¢�-
−¨ï ¡®«ìè¨å á¨áâ¥¬ ¯à®¢®æ¨àã¥â �¤¬¨−¨áâà�â®à� ¡¥§®¯�á−®áâ¨ −� ¨á¯®«ì§®¢�−¨¥
¥¤¨−ëå ª«îç¥© è¨äà®¢�−¨ï, −¥®¡®á−®¢�−−®¥ à�áè¨à¥−¨¥ ¯®«−®¬®ç¨© ¯®«ì§®-
¢�â¥«¥©, −¥á¢®¥¢à¥¬¥−−®¥ ¨§¬¥−¥−¨¥ íâ¨å ¯®«−®¬®ç¨© ¨ ¤à.

�à¨ ¨á¯®«ì§®¢�−¨¨ â¥å−®«®£¨© ˆˆ ¡®«ìèãî ¯à®¡«¥¬ã ¯à¥¤áâ�¢«ï¥â â�ª
−�§ë¢�¥¬ë© íää¥ªâ úíªá¯®−¥−æ¨�«ì−®£® ¯à®ª«ïâ¨ïû, á¢ï§�−−ë© á ¡®«ìè¨¬
®¡ê¥¬®¬ ¢ëç¨á«¥−¨©, ª®â®àë¥ ¤®«¦−ë ¢ë¯®«−ïâìáï ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥-
−¨. ÷�§à¥è¥−¨¥ íâ®© ¯à®¡«¥¬ë, ¢®§¬®¦−®, ¤®áâ¨£�¥âáï §� áç¥â ¨á¯®«ì§®¢�−¨ï
á¯¥æ¢ëç¨á«¨â¥«¥© −� ®á−®¢¥ �áá®æ¨�â¨¢−®© ¯�¬ïâ¨, ¢ ª®â®à®© á¨áâ¥¬� �¤à¥á�-
æ¨¨ ®¯¨à�¥âáï −¥¯®áà¥¤áâ¢¥−−® −� åà�−¨¬ë¥ ¤�−−ë¥, � ïç¥©ª¨ ¯�¬ïâ¨ á¯®á®¡−ë
¢ë¯®«−ïâì «®£¨ç¥áª¨¥ ®¯¥à�æ¨¨. ‚ íâ®¬ −�¯à�¢«¥−¨¨ ¤®áâ¨£−ãâ® ®¯à¥¤¥«¥−−®¥
¯à®¤¢¨¦¥−¨¥ ¢ ¯®á«¥¤−¨¥ £®¤ë. ’�ª, ¨áá«¥¤®¢�â¥«¨ ¨§ Š®à®«¥¢áª®£® â¥å−®-
«®£¨ç¥áª®£® ¨−áâ¨âãâ� ¢ Œ¥«ì¡ãà−¥ (Royal Melbourne Institute of Technology,
RMIT, �¢áâà�«¨ï) à�§à�¡®â�«¨ −®¢ë© ¢¨¤ ¬¥¬à¨áâ®à®¢, −� ¡�§¥ ª®â®àëå ¡ë«¨
á®§¤�−ë â®−ª®¯«¥−®ç−ë¥ ãáâà®©áâ¢� á¢¥àåáª®à®áâ−®© �−�«®£®¢®© ¯�¬ïâ¨, ïç¥©ª¨
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ª®â®à®© ¬®£ãâ ¯à¨−¨¬�âì ®ç¥−ì ¡®«ìè®¥ ª®«¨ç¥áâ¢® §−�ç¥−¨© [13]. Œ¥¬à¨áâ®àë
ï¢«ïîâáï ¤®áâ�â®ç−® ¬�«®£�¡�à¨â−ë¬¨ ¨ áà�¢−¨â¥«ì−® −¥¤®à®£¨¬¨ ¤«ï á®§¤�−¨ï
−� ¨å ¡�§¥ −®¢ëå ¢ëç¨á«¨â¥«ì−ëå ¯«�âä®à¬, äã−ªæ¨®−¨àãîé¨å ¯®¤®¡−® ¬®§£ã,
ª®â®àë¥ ¡ã¤ãâ ®¡«�¤�âì á¢®©áâ¢®¬ á�¬®®¡ãç¥−¨ï ¨ ¢®§¬®¦−®áâìî ¨á¯®«ì§®¢�−¨ï
ª®¬¯ìîâ¥à−®£® �−�«®£� ç¥«®¢¥ç¥áª®© ¨−âã¨æ¨¨.

’�ª¨¬ ®¡à�§®¬, −¥®¡å®¤¨¬®áâì ãç¥â� ¡®«ìè®£® ª®«¨ç¥áâ¢� à�§−®®¡à�§−ëå
ä�ªâ®à®¢, ¢«¨ïîé¨å −� á®áâ�¢ ¨ á®¤¥à¦�−¨¥ ¢®§¬®¦−ëå ã£à®§ ¨−ä®à¬�æ¨®−-
−®© ¡¥§®¯�á−®áâ¨, áãé¥áâ¢¥−−ë¥ à�§«¨ç¨ï ¢ ãá«®¢¨ïå íªá¯«ã�â�æ¨¨ ®â¤¥«ì−ëå
á¥£¬¥−â®¢ �‘, −¥¢®§¬®¦−®áâì ã−¨ä¨ª�æ¨¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¬¥à
§�é¨âë ¢ íâ¨å á¥£¬¥−â�å ¨ ¤à. âà¥¡ãîâ ª�ç¥áâ¢¥−−®£® ¨§¬¥−¥−¨ï ¯®¤å®¤®¢ ª ¯à®-
¥ªâ¨à®¢�−¨î �ˆ‘ �’. �¤−® ¨§ â�ª¨å ¨§¬¥−¥−¨© á®áâ®¨â ¢ −¥®¡å®¤¨¬®áâ¨
á®¢¥àè¥−áâ¢®¢�−¨ï áãé¥áâ¢ãîé¥© −®à¬�â¨¢−®© ¡�§ë ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ á ãç¥â®¬ ¯¥à¥ç¨á«¥−−ëå ®á®¡¥−−®áâ¥© �’.

4 Некоторые вопросы нормативного обеспечения защиты
информации в автоматизированных информационных системах
на облачных технологиях

�â®© à�¡®â®© ¢ −�áâ®ïé¥¥ ¢à¥¬ï §�−¨¬�¥âáï æ¥«ë© àï¤ ¬¥¦¤ã−�à®¤−ëå
¨ −�æ¨®−�«ì−ëå ®à£�−¨§�æ¨© ¯® áâ�−¤�àâ¨§�æ¨¨ ¢ ®¡«�áâ¨ ˆ’. �à¨ íâ®¬, ª�ª
¨ ¢ àï¤¥ ¤àã£¨å ¯à¨¬¥−¥−¨©, ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ è¨à®-
ª®¥ à�á¯à®áâà�−¥−¨¥ ¯®«ãç¨« ¯®¤å®¤, ¯à¨ ª®â®à®¬ ®¡®¡é�îâáï, �¤�¯â¨àãîâáï
¨ ã§�ª®−¨¢�îâáï áâ�−¤�àâë, ¤¥-ä�ªâ® ¢ëà�¡®â�−−ë¥ á ãç¥â®¬ «ãçè¨å ¯à�ªâ¨ª
à�§à�¡®âç¨ª®¢. �¯à¥¤¥«¥−−®¥ ¢«¨ï−¨¥ −� á®áâ�¢ ¨ á®¤¥à¦�−¨¥ à�§à�¡�âë¢�-
¥¬ëå ä®à¬�«ì−ëå áâ�−¤�àâ®¢ á ãç¥â®¬ ¯®âà¥¡−®áâ¥© ª®−¥ç−ëå ¯®âà¥¡¨â¥«¥©
(§�ª�§ç¨ª®¢ ¨ à�§à�¡®âç¨ª®¢ ®¡«�ç−ëå á¨áâ¥¬) ®ª�§ë¢�¥â ‘®¢¥â §�ª�§ç¨ª®¢ ¯®
®¡«�ç−ë¬ áâ�−¤�àâ�¬ (Cloud Standards Customer Council, CSCC). ‚ íâ®â á®¢¥â
¢®è«¨ ã¦¥ ¡®«¥¥ 400 ªàã¯−¥©è¨å ¬¨à®¢ëå ª®¬¯�−¨© ¨§ à�§−ëå ®âà�á«¥©. ‘à¥¤¨
¬−®£®®¡à�§¨ï áâ�−¤�àâ®¢, á¢ï§�−−ëå á á®§¤�−¨¥¬ ¨ äã−ªæ¨®−¨à®¢�−¨¥¬ �ˆ‘
�’, ¬®¦−® ¢ë¤¥«¨âì ¤¢¥ ¡®«ìè¨¥ £àã¯¯ë, ®¯à¥¤¥«ïîé¨¥ ¡¨§−¥á- ¨ â¥å−¨ç¥áª¨©
¯®¤å®¤ë.

�áâ�−®¢¨¬áï ¯®¤à®¡−¥¥ −� â¥å−¨ç¥áª¨å ¯®¤å®¤�å. European Telecommuni-
cations Standards Institute (ETSI) ¢ë¤¥«ï¥â −¥áª®«ìª® ª�â¥£®à¨© â¥å−¨ç¥áª¨å
áâ�−¤�àâ®¢ | áâ�−¤�àâë ¡¥§®¯�á−®áâ¨ (security), á®¢¬¥áâ¨¬®áâ¨ (interoperabili-
ty), ¯¥à¥−®á� ¤�−−ëå (data portability) ¨ ®¡à�â¨¬®áâ¨ (reversibility). „«ï ã¤®¡áâ¢�
®à¨¥−â¨à®¢�−¨ï ¯®âà¥¡¨â¥«¥© ¨ ª®®à¤¨−�æ¨¨ ®¡«�ç−ëå áâ�−¤�àâ®¢ ETSI á®áâ�-
¢¨« ª�àâã ®¡«�ç−ëå áâ�−¤�àâ®¢ (cloud standards map), ®¯¨áë¢�îéãî ¤¥©áâ¢¨ï
§�ª�§ç¨ª� ¨ ¯à®¢�©¤¥à� ®¡«�ç−ëå ãá«ã£ ¯® ä�§�¬ à¥�«¨§�æ¨¨ ¯à®¥ªâ�.

‚ à�¬ª�å −�áâ®ïé¥© áâ�âì¨ ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á à�áá¬®âà¥âì ¢®¯à®áë áâ�−-
¤�àâ¨§�æ¨¨ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ �ˆ‘ �’. ‚ …¢à®¯¥©áª®¬
‘®î§¥ íâ®© à�¡®â®© §�−¨¬�¥âáï �£¥−âáâ¢® …¢à®¯¥©áª®£® ‘®î§� ¯® á¥â¥¢®© ¨ ¨−-
ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (ENISA, European Union Agency for Network and
Information Security). ‚ áä¥àã à¥£ã«¨à®¢�−¨ï ENISA ¢å®¤ïâ â�ª¨¥ �á¯¥ªâë
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®¡«�ç−®© ¡¥§®¯�á−®áâ¨, ª�ª ã£à®§ë ¡¥§®¯�á−®áâ¨ ªà¨â¨ç¥áª®© ¨−ä®à¬�æ¨®−−®©
¨−äà�áâàãªâãàë, ¬¥å�−¨§¬ë §�é¨âë ¤®¢¥à¥−−ëå á¥à¢¨á-¯à®¢�©¤¥à®¢ (TSPs,
Trust Service Providers), ®à£�−¨§�æ¨ï ¤¥ïâ¥«ì−®áâ¨ ¢ á«ãç�¥ ª¨¡¥àªà¨§¨á®¢,
£®áã¤�àáâ¢¥−−®-ç�áâ−®¥ ¯�àâ−¥àáâ¢® ¢ ®¡«�áâ¨ ª¨¡¥à¡¥§®¯�á−®áâ¨, ¯®àï¤®ª à�á-
á«¥¤®¢�−¨ï ¨−æ¨¤¥−â®¢, ¡¥§®¯�á−®áâì £®áã¤�àáâ¢¥−−ëå ®¡«�ª®¢, à�á¯à®áâà�−¥-
−¨¥ «ãçè¨å ¯à�ªâ¨ª à�§à�¡®âç¨ª®¢ ¨ â. ¤. �® ¢á¥¬ íâ¨¬ ¢®¯à®á�¬ ¢ëà�¡®â�−ë
á®®â¢¥âáâ¢ãîé¨¥ áâ�−¤�àâë.

„«ï ¯à¨−ïâ¨ï à¥è¥−¨© ®¡ ¨á¯®«ì§®¢�−¨¨ ®¡«�ç−ëå á¥à¢¨á®¢ ¢ ¨−â¥à¥á�å £®á-
áâàãªâãà ¯à¥¤−�§−�ç¥−® àãª®¢®¤áâ¢® ENISA ú�¥§®¯�á−®áâì ¨ ¦¨§−¥á¯®á®¡−®áâì
¢ £®áã¤�àáâ¢¥−−ëå ®¡«�ª�å: ¯à¨−ïâ¨¥ ¢§¢¥è¥−−ëå à¥è¥−¨©û [14]. �á−®¢−�ï §�-
¤�ç� íâ®£® ¤®ªã¬¥−â� | ®ª�§�−¨¥ ¬¥â®¤¨ç¥áª®© ¯®¬®é¨ £®áã¤�àáâ¢¥−−ë¬ ®à£�−�¬
¢ ¯à¨−ïâ¨¨ ®¡®á−®¢�−−ëå à¥è¥−¨© −� ®á−®¢¥ ®æ¥−ª¨ à¨áª®¢ ¢ ®¡«�áâ¨ ¡¥§®¯�á-
−®áâ¨ ¤�−−ëå, −¥¯à¥àë¢−®áâ¨ ¯®«ãç¥−¨ï ãá«ã£ ¨ ¨á¯®«−¥−¨ï áãé¥áâ¢ãîé¨å
§�ª®−®¤�â¥«ì−® −®à¬�â¨¢−ëå âà¥¡®¢�−¨©.

�¢â®àë àãª®¢®¤áâ¢� áç¨â�îâ, çâ® ç�áâ−ë¥ ¨ ª®««¥ªâ¨¢−ë¥ ®¡«�ª� −�¨«ãçè¨¬
®¡à�§®¬ á®®â¢¥âáâ¢ãîâ ¯®âà¥¡−®áâï¬ £®áã¤�àáâ¢¥−−ëå ®à£�−®¢, ª®â®àë¬ −¥®¡-
å®¤¨¬® ¤®áâ¨çì ¬�ªá¨¬�«ì−® ¢ëá®ª®£® ãà®¢−ï ã¯à�¢«¥−¨ï ¤�−−ë¬¨. �¤−�ª®
¢ −�áâ®ïé¥¥ ¢à¥¬ï ¥£® ¨á¯®«ì§®¢�−¨¥ ¤®«¦−® ®£à�−¨ç¨¢�âìáï ¯à¨«®¦¥−¨ï¬¨, −¥
âà¥¡ãîé¨¬¨ ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨−ä®à¬�æ¨¨ ¨/¨«¨ −¥ ï¢«ïîé¨¬¨áï ªà¨â¨-
ç¥áª¨ ¢�¦−ë¬¨.

‡�á«ã¦¨¢�¥â ¢−¨¬�−¨ï â¥å−¨ç¥áª¨© ®âç¥â ú�¡«�ª� | ‘®£«�è¥−¨ï ® ª�ç¥áâ¢¥
ãá«ã£ ¤«ï ®¡«�ç−ëå á¥à¢¨á®¢û [15], ®¯ã¡«¨ª®¢�−−ë© …¢à®¯¥©áª¨¬ ¨−áâ¨âãâ®¬
â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå áâ�−¤�àâ®¢ (ETSI). �®áª®«ìªã ¯¥à¥å®¤ −� ¨á¯®«ì§®-
¢�−¨¥ ®¡«�ç−ëå ãá«ã£ ¯®â¥−æ¨�«ì−® −¥á¥â á¥àì¥§−ë¥ à¨áª¨ ¤«ï ®¯¥à�â¨¢−®©
¤¥ïâ¥«ì−®áâ¨ ¨ ã¯à�¢«¥−¨ï, â® ®âáãâáâ¢¨¥ ïá−®áâ¨ ®â−®á¨â¥«ì−® ¤¥â�«¥© ¯à¥¤-
«�£�¥¬ëå ãá«ã£ ¯à¥¤áâ�¢«ï¥â ¯à®¡«¥¬ã. „®ªã¬¥−â §�¤ã¬�− ª�ª ú¯à�ªâ¨ç¥áª®¥
¯®á®¡¨¥, ¯®¬®£�îé¥¥ àãª®¢®¤¨â¥«ï¬, ¯à¨−¨¬�îé¨¬ ¢ ®à£�−¨§�æ¨ïå à¥è¥−¨ï ¯®
¡¨§−¥á- ¨ ˆ’-¢®¯à®á�¬, �−�«¨§¨à®¢�âì ¨ ãç¨âë¢�âì á®£«�è¥−¨ï ® ª�ç¥áâ¢¥ ®¡-
á«ã¦¨¢�−¨ï, ¯à¥¤«�£�¥¬ë¥ à�§«¨ç−ë¬¨ ¯®áâ�¢é¨ª�¬¨ ®¡«�ç−ëå ãá«ã£û. ‚ −¥¬
¯à¨¢®¤ïâáï ¯à®¡«¥¬ë, á ª®â®àë¬¨ áâ�«ª¨¢�îâáï ¯®â¥−æ¨�«ì−ë¥ ¯®âà¥¡¨â¥«¨
®¡«�ç−ëå ãá«ã£. �á−®¢−®© ã¯®à ¤¥«�¥âáï −� ãá«ã£¨, á¢ï§�−−ë¥ á ¯à¥¤®áâ�¢«¥-
−¨¥¬ ä¨§¨ç¥áª¨å åà�−¨«¨é, ¢ëç¨á«¨â¥«ì−ëå ¨ á¥â¥¢ëå à¥áãàá®¢, å®âï ®âç�áâ¨
¯®«®¦¥−¨ï ®âç¥â� ¯à¨¬¥−¨¬ë ¨ ª ¤àã£¨¬ ¬®¤¥«ï¬ ¯à¥¤®áâ�¢«¥−¨ï ®¡«�ç−ëå
ãá«ã£.

�®«ìèãî ¯®¤£®â®¢¨â¥«ì−ãî à�¡®âã ¯à®¢®¤¨â �«ìï−á ®¡«�ç−®© ¡¥§®¯�á−®áâ¨
(CSA, Cloud Security Alliance), ª®â®àë© ®¡ê¥¤¨−ï¥â ª®¬¯�−¨¨ ¤«ï á®¢¬¥áâ−®©
¢ëà�¡®âª¨ «ãçè¨å ¯à�ªâ¨ª ¢ ®¡«�áâ¨ ®¡«�ç−®© ¡¥§®¯�á−®áâ¨.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® å®âï áâ�−¤�àâë á®¢¬¥áâ¨¬®áâ¨ (interoperability),
¯¥à¥−®á� ¤�−−ëå (data portability) ¨ ®¡à�â¨¬®áâ¨ (reversibility) −�¯àï¬ãî −¥
á®¤¥à¦�â à¥ª®¬¥−¤�æ¨© ¯® ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ®−¨, â¥¬ −¥ ¬¥−¥¥,
¤®«¦−ë ãç¨âë¢�âìáï à�§à�¡®âç¨ª®¬ á¨áâ¥¬ë §�é¨âë �‚‘, â�ª ª�ª ®−¨ ¯à¥¤¯®-
«�£�îâ §−�ç¨â¥«ì−®¥ à�áè¨à¥−¨¥ äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© á¨áâ¥¬ë, ¢ â®¬
ç¨á«¥ −¥áãé¨å −®¢ë¥ ã£à®§ë ¡¥§®¯�á−®áâ¨.
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÷ï¤ áâ�−¤�àâ®¢ ¯® ®¡«�ç−ë¬ ¢ëç¨á«¥−¨ï¬ à�§à�¡®â�«� Œ¥¦¤ã−�à®¤−�ï ®à-
£�−¨§�æ¨ï ¯® áâ�−¤�àâ¨§�æ¨¨ | International Organization for Standardization
(ISO). �¥ª®â®àë¥ ¨§ −¨å, ª�á�îé¨¥áï ¢®¯à®á®¢ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨, à�áá¬®âà¨¬ −¨¦¥.

�á−®¢−ë¬, á¯¥æ¨�«ì−® à�§à�¡®â�−−ë¬ ¤«ï ¯à¨¬¥−¥−¨ï ¢ �‚‘, ï¢«ï¥âáï
áâ�−¤�àâ ISO/IEC TS 27017 úˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ | ÷ãª®¢®¤áâ¢® ¯®
¬¥à�¬ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¤«ï ¨á¯®«ì§®¢�−¨ï á¥à¢¨á�¬¨ ®¡«�ç−ëå
¢ëç¨á«¥−¨©, ®á−®¢�−−®¥ −� áâ�−¤�àâ¥ ISO/IEC 27002û [16]. �− á®¤¥à¦¨â
à¥ª®¬¥−¤�æ¨¨ ¯® ®¡¥á¯¥ç¥−¨î ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯à¨ ®¡«�ç−ëå ¢ë-
ç¨á«¥−¨ïå. ‘â�−¤�àâ ®¯¨à�¥âáï −� ¯¥à¥á¬®âà¥−−ãî ¢¥àá¨î ISO/IEC 27002 [17]
¨ á®¤¥à¦¨â à¥ª®¬¥−¤�æ¨¨ ¯® à¥�«¨§�æ¨¨ ¬−®£¨å ®¯¨á�−−ëå ¢ íâ®¬ ¤®ªã¬¥−â¥ ¬¥à
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ á ãç¥â®¬ ®á®¡¥−−®áâ¥© ®à£�−¨§�æ¨¨ ®¡«�ç−ëå ¢ë-
ç¨á«¥−¨©. ÷�§à�¡®âª� ®â¤¥«ì−®£® áâ�−¤�àâ�, ¯®á¢ïé¥−−®£® á¨áâ¥¬¥ ¬¥−¥¤¦¬¥−â�
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ ®¡«�ª¥, −¥ ¯«�−¨àã¥âáï, ¯®áª®«ìªã áç¨â�¥âáï,
çâ® ¤®áâ�â®ç−® áãé¥áâ¢ãîé¥£® áâ�−¤�àâ� ISO/IEC 27001 [18]. ‘®®â¢¥âáâ¢¥−−®
−¥ ¯à¥¤¯®«�£�¥âáï ®â¤¥«ì−®© á¥àâ¨ä¨ª�æ¨¨ à¥è¥−¨© ¯® ¨−ä®à¬�æ¨®−−®© ¡¥§-
®¯�á−®áâ¨ ã ¯®áâ�¢é¨ª®¢ ®¡«�ç−ëå ¢ëç¨á«¥−¨©. ‘â�−¤�àâ ¢ëè¥« ¢ ¯�à¥ á ¤àã£¨¬
áâ�−¤�àâ®¬ | ISO/IEC 27018 ú‘¢®¤ ¯à�ªâ¨ª ¯® ¬¥à�¬ §�é¨âë ¯¥àá®−�«ì−ëå
¤�−−ëå ¯à¨ ®ª�§�−¨¨ ¯ã¡«¨ç−ëå ®¡«�ç−ëå ãá«ã£û [19], ¢ ª®â®à®¬ à�áá¬�âà¨-
¢�îâáï ¢®¯à®áë §�é¨âë ¯¥àá®−�«ì−ëå ¤�−−ëå ¯à¨ ¨á¯®«ì§®¢�−¨¨ ®¡«�ç−ëå
¢ëç¨á«¥−¨©. ‘â�−¤�àâ ISO/IEC 27018 ¯à¥¤−�§−�ç¥− ¤«ï ¯®áâ�¢é¨ª®¢ ãá«ã£
ú¯ã¡«¨ç−®£® ®¡«�ª�û, ª®â®àë¥ ¢¥¤ãâ ®¡à�¡®âªã ¯¥àá®−�«ì−ëå ¤�−−ëå (¨ ¬®£ãâ
¡ëâì ®¯¥à�â®à�¬¨ ¯¥àá®−�«ì−ëå ¤�−−ëå). �− á®¤¥à¦¨â à¥ª®¬¥−¤�æ¨¨ ¯® à�§-
«¨ç−ë¬ ¢®¯à®á�¬ ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¯¥àá®−�«ì−ëå ¤�−−ëå ¢ ¯ã¡«¨ç−®¬
®¡«�ª¥. ‘â�−¤�àâ ¤®¯®«−ï¥â à¥ª®¬¥−¤�æ¨¨ áâ�−¤�àâ� ISO/IEC 27002 ¢ ç�áâ¨
æ¥«¥© ¨ ¬¥à ª®−âà®«ï ¨ ã¯à�¢«¥−¨ï, á¢ï§�−−ëå á §�é¨â®© ¯¥àá®−�«ì−ëå ¤�−−ëå
¢ ®¡«�ç−®© áà¥¤¥.

‘ ãç¥â®¬ è¨à®ª®£® à�á¯à®áâà�−¥−¨ï �’ ¤«ï á®§¤�−¨ï æ¥−âà®¢ ®¡à�¡®â-
ª¨ ¤�−−ëå, ¨á¯®«ì§ã¥¬ëå ¢ ª�ç¥áâ¢¥ ¯ã¡«¨ç−ëå åà�−¨«¨é ¯®«ì§®¢�â¥«ìáª®©
¨−ä®à¬�æ¨¨, §�á«ã¦¨¢�¥â ã¯®¬¨−�−¨ï â�ª¦¥ áâ�−¤�àâ ISO/IEC 27040 úˆ−-
ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ | �¥§®¯�á−®áâì åà�−¥−¨ï ¤�−−ëåû [20]. ‘â�−¤�àâ
á®¤¥à¦¨â ¯®¤à®¡−ë¥ â¥å−¨ç¥áª¨¥ à¥ª®¬¥−¤�æ¨¨ ¯® á−¨¦¥−¨î à¨áª®¢ §� áç¥â
¯«�−¨à®¢�−¨ï, à�§à�¡®âª¨ ¨ à¥�«¨§�æ¨¨ á¨áâ¥¬ë ¡¥§®¯�á−®áâ¨ ¯à¨ åà�−¥−¨¨
¤�−−ëå. ‘â�−¤�àâ ¯à¨¬¥−¨¬ ¯à¨ ®¡¥á¯¥ç¥−¨¨ ¡¥§®¯�á−®áâ¨ ãáâà®©áâ¢ ¨ −®-
á¨â¥«¥© ¨−ä®à¬�æ¨¨ ¨ ®â−®áïé¥©áï ª −¨¬ ã¯à�¢«¥−ç¥áª®© ¤¥ïâ¥«ì−®áâ¨; ¯à¨
®¡¥á¯¥ç¥−¨¨ ¡¥§®¯�á−®áâ¨ ¯à¨«®¦¥−¨© ¨ á¥à¢¨á®¢. �â®â áâ�−¤�àâ ¨¬¥¥â ª®á-
¢¥−−®¥ ®â−®è¥−¨¥ ª ®¡«�ç−ë¬ ¢ëç¨á«¥−¨ï¬, â�ª ª�ª ¢®¯à®áë åà�−¥−¨ï ¤�−−ëå
¢ ®¡«�ª�å ¢ ¤àã£¨å áâ�−¤�àâ�å ¯à�ªâ¨ç¥áª¨ −¥ à�áá¬�âà¨¢�îâáï.

…é¥ ®¤−¨¬ ªàã¯−ë¬ ãç�áâ−¨ª®¬ à�¡®âë ¯® áâ�−¤�àâ¨§�æ¨¨ ï¢«ï¥âáï ��æ¨®-
−�«ì−ë© ¨−áâ¨âãâ áâ�−¤�àâ®¢ ¨ â¥å−®«®£¨© ‘˜� (National Institute of Standards
and Technology, NIST), à�§à�¡®â�¢è¨© áâ�−¤�àâ NIST SP 800{144 ú÷ãª®¢®¤áâ¢®
¯® ®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨ ¨ §�é¨âë ¯¥àá®−�«ì−ëå ¤�−−ëå ¯à¨ ¨á¯®«ì§®¢�−¨¨
¯ã¡«¨ç−ëå ®¡«�ç−ëå ¢ëç¨á«¥−¨©û [21]. ÷ãª®¢®¤áâ¢® á®¤¥à¦¨â ®¡§®à ¯à®¡«¥¬
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‚. …. ƒ�¢à¨«®¢, �. �. ‡�æ�à¨−−ë©

¡¥§®¯�á−®áâ¨ ¨ §�é¨âë ¯¥àá®−�«ì−ëå ¤�−−ëå ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯ã¡«¨ç−ëå
®¡«�ª®¢ ¨ à¥ª®¬¥−¤�æ¨¨ ®à£�−¨§�æ¨ï¬ ¯à¨ �ãâá®àá¨−£¥ ¤�−−ëå, ¯à¨«®¦¥−¨©
¨ ¨−äà�áâàãªâãàë ¢ áà¥¤ã ¯ã¡«¨ç−®£® ®¡«�ª�. ‚ �−−®â�æ¨¨ ®â¬¥ç�¥âáï: ú„�−-
−ë© ¤®ªã¬¥−â ¤�¥â ¯à¥¤áâ�¢«¥−¨¥ ®¡ ã£à®§�å, â¥å−®«®£¨ç¥áª¨å à¨áª�å ¨ ¬¥à�å
¯à¥¤®áâ®à®¦−®áâ¨, á¢ï§�−−ëå á® áà¥¤®© ¯ã¡«¨ç−ëå ®¡«�ç−ëå ¢ëç¨á«¥−¨©. �â®
¤®«¦−® ¯®¬®çì ®à£�−¨§�æ¨ï¬ ¯à¨−¨¬�âì ®¡®á−®¢�−−ë¥ à¥è¥−¨ï ®â−®á¨â¥«ì-
−® ¨á¯®«ì§®¢�−¨ï íâ®© â¥å−®«®£¨¨û. �®á«¥¤−¥¥ ãâ¢¥à¦¤¥−¨¥ ¯à¥¤áâ�¢«ï¥âáï
®á®¡¥−−® �ªâã�«ì−ë¬, â�ª ª�ª ®â¢¥âáâ¢¥−−®áâì §� ¡¥§®¯�á−®áâì ¨ §�é¨âã ¯¥àá®-
−�«ì−ëå ¤�−−ëå ¢ ¯ã¡«¨ç−®¬ ®¡«�ª¥ −¥ ¬®¦¥â ¡ëâì ¤¥«¥£¨à®¢�−� ¯®áâ�¢é¨ªã
®¡«�ç−ëå ãá«ã£ ¨ ®áâ�¥âáï ®¡ï§�−−®áâìî ®¯¥à�â®à� ¯¥àá®−�«ì−ëå ¤�−−ëå ¨/¨«¨
®¡«�¤�â¥«ï ¨−®© ¨−ä®à¬�æ¨¨, ¯®¤«¥¦�é¥© §�é¨â¥.

‚ à�¬ª�å ä¥¤¥à�«ì−®© ¯à®£à�¬¬ë ã¯à�¢«¥−¨ï à¨áª�¬¨ ¨ �¢â®à¨§�æ¨¥© (Au-
thorization Management Program, FedRAMP), ¯à¥¤−�§−�ç¥−−®© ¤«ï ®â¡®à� ¯®-
áâ�¢é¨ª®¢ ãá«ã£ ®¡«�ç−ëå ¢ëç¨á«¥−¨© ¤«ï £®áã¤�àáâ¢¥−−ëå ®à£�−®¢, ¯à�¢¨â¥«ì-
áâ¢® ‘˜� ãáâ�−®¢¨«® ¯®àï¤ª� 170 ¬¥à ¯® ®¡¥á¯¥ç¥−¨î ¡¥§®¯�á−®áâ¨, ª®â®àë¥
−�è«¨ ®âà�¦¥−¨¥ ¢ áâ�−¤�àâ¥ NIST SP 800{53 ú÷¥ª®¬¥−¤ã¥¬ë¥ ¬¥àë ¡¥§®¯�á-
−®áâ¨ ¤«ï ä¥¤¥à�«ì−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¨ ®à£�−¨§�æ¨©û [22] ¤«ï á¨áâ¥¬,
¨−æ¨¤¥−âë ¢ ª®â®àëå á¯®á®¡−ë ®ª�§�âì −¥¡®«ìè®¥ ¨«¨ ã¬¥à¥−−®¥ ¢®§¤¥©áâ¢¨¥
−� ¤¥ïâ¥«ì−®áâì ¨ �ªâ¨¢ë £®áã¤�àáâ¢¥−−ëå ®à£�−®¢. —â®¡ë ¯®«ãç¨âì à�§à¥è¥-
−¨¥ −� ®ª�§�−¨¥ ®¡«�ç−ëå ãá«ã£ ä¥¤¥à�«ì−ë¬ ®à£�−�¬ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨,
¯®áâ�¢é¨ª¨ ®¡ï§�−ë à¥�«¨§®¢�âì ã á¥¡ï íâ¨ ¬¥àë ¡¥§®¯�á−®áâ¨.

�®àï¤®ª à¥�«¨§�æ¨¨ ¬¥à ¡¥§®¯�á−®áâ¨ ¤¥â�«¨§¨à®¢�− â�ª¦¥ ¢ àï¤¥ ¤®ªã¬¥−-
â®¢: �«�− ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ á¨áâ¥¬ë (System Security Plan); ˜�¡«®−
¯«�−� ®æ¥−ª¨ ¡¥§®¯�á−®áâ¨ (Security Assessment Plan); ˜�¡«®− ®âç¥â� ®¡ ®æ¥−-
ª¥ ¡¥§®¯�á−®áâ¨ (Security Assessment Report), à¥£«�¬¥−â¨àãîé¨å ¨á¯®«ì§®¢�−¨¥
ãá«ã£ ¯®áâ�¢é¨ª� ®¡«�ç−ëå ¢ëç¨á«¥−¨© â®«ìª® ¯®á«¥ ¯à¥¤áâ�¢«¥−¨ï ¨¬ ú¤®ª�§�-
â¥«ìáâ¢ â®£®, çâ® ¥£® ¬¥àë ¡¥§®¯�á−®áâ¨ ¯à®¢¥à¥−ë ¨ ®¤®¡à¥−ë �ªªà¥¤¨â®¢�−−®©
¯à¨ ¯à®£à�¬¬¥ ®à£�−¨§�æ¨¥©û.

÷�áá¬®âà¥−−ë¥ ¬¥¦¤ã−�à®¤−ë¥ −®à¬�â¨¢−ë¥ ¤®ªã¬¥−âë, ®¯à¥¤¥«ïîé¨¥
®¡¥á¯¥ç¥−¨¥ ¡¥§®¯�á−®áâ¨ ¨−ä®à¬�æ¨¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ �’, á ¡®«ìè¥© ¨«¨
¬¥−ìè¥© áâ¥¯¥−ìî ¤¥â�«¨§�æ¨¨ ®¯à¥¤¥«ïîâ ã£à®§ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨, æ¥«¨ ¨ §�¤�ç¨ §�é¨âë ¨−ä®à¬�æ¨¨ ¢ �ˆ‘ �’. �¥à¥ç¥−ì â�ª¨å ¤®ªã-
¬¥−â®¢ ¬®¦¥â ¡ëâì ¤®¯®«−¥− −¥ª®â®àë¬ ª®«¨ç¥áâ¢®¬ �−�«®£¨ç−ëå ¤®ªã¬¥−â®¢
−�æ¨®−�«ì−ëå ®à£�−®¢ ¯® áâ�−¤�àâ¨§�æ¨¨. �¤−�ª® ¯à¨−æ¨¯¨�«ì−® íâ® −¥ ¬¥−ï-
¥â ®¡é¥© ª�àâ¨−ë | ª®−ªà¥â−ë¥ â¥å−¨ç¥áª¨¥ âà¥¡®¢�−¨ï ¨ ªà¨â¥à¨¨ ¯®«−®âë
¨ ¤®áâ�â®ç−®áâ¨ ª®¬¯«¥ªá� ¯à¨¬¥−ï¥¬ëå ¯à®£à�¬¬−®-â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ ¬¥à
¢ áãé¥áâ¢ãîé¨å ¤®ªã¬¥−â�å −¥ á®¤¥à¦�âáï. ’¥¬ ¡®«¥¥ ¢ ¤®áâã¯−ëå −®à¬�â¨¢−ëå
¤®ªã¬¥−â�å −¥ ®¡−�àã¦¥−® ª�ª¨å-«¨¡® ã¯®¬¨−�−¨© ® ¯à¨¬¥−¥−¨¨ ¬¥â®¤®¢ ˆˆ
¢ æ¥«ïå §�é¨âë ¨−ä®à¬�æ¨¨.

5 Заключение

1. ˜¨à®ª®¥ ¯à¨¬¥−¥−¨¥ â¥å−®«®£¨¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨© ¢ �‘‡ˆ ¯®à®¦-
¤�¥â −®¢ë¥ ã£à®§ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ âà¥¡ã¥â áãé¥áâ¢¥−-
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�¥ª®â®àë¥ ¢®¯à®áë ®¡¥á¯¥ç¥−¨ï §�é¨âë ¨−ä®à¬�æ¨¨ ¢ �ˆ‘ �’

−®£® ¨§¬¥−¥−¨ï ¯®¤å®¤®¢ ¨ ¯à¨−æ¨¯®¢ ®¡¥á¯¥ç¥−¨ï §�é¨âë ¨−ä®à¬�-
æ¨¨.

2. ˆá¯®«ì§®¢�−¨¥ ¬¥â®¤®¢ ˆˆ ¯®§¢®«ï¥â ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì −¥ª®â®àëå
ª®¬¯®−¥−â®¢ á¨áâ¥¬ë §�é¨âë ¢ �ˆ‘ �’. ‘ æ¥«ìî ¯à¥®¤®«¥−¨ï íää¥ªâ�
úíªá¯®−¥−æ¨�«ì−®£® ¯à®ª«ïâ¨ïû, å�à�ªâ¥à−®£® ¤«ï â¥å−®«®£¨© ˆˆ, æ¥«¥á®-
®¡à�§−® ¨áá«¥¤®¢�âì ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï á¯¥æ¢ëç¨á«¨â¥«¥© −� ®á−®¢¥
ú�áá®æ¨�â¨¢−®© ¯�¬ïâ¨û ¨ ¬¥¬à¨áâ®à®¢.

3. ‘ãé¥áâ¢ãîé�ï −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª�ï ¡�§� ¯® ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨, ®à¨¥−â¨à®¢�−−�ï −� ¯à¨¬¥−¥−¨¥ �’, á®¤¥à¦¨â «¨èì á�¬ë¥ ®¡é¨¥
à¥ª®¬¥−¤�æ¨¨ ¯® á®áâ�¢ã ¨ á®¤¥à¦�−¨î áà¥¤áâ¢ ¨ ¬¥â®¤®¢ §�é¨âë ¨ −ã¦-
¤�¥âáï ¢ ª®−ªà¥â¨§�æ¨¨. ‚ à�¡®â¥ ¯® ¥¥ á®¢¥àè¥−áâ¢®¢�−¨î æ¥«¥á®®¡à�§−®
ãç¥áâì ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï ¢ á¨áâ¥¬¥ §�é¨âë ¨−ä®à¬�æ¨¨ ¬¥â®¤®¢ ˆˆ.

Литература

1. DoD 5200.28-STD. Department of Defense Trusted Computer System Evaluation
Criteria. Orange Book, 1983.

2. ‘à¥¤áâ¢� ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨. ‡�é¨â� ®â −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã¯� ª ¨−-
ä®à¬�æ¨¨. �®ª�§�â¥«¨ §�é¨é¥−−®áâ¨ ®â −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã¯� ª ¨−ä®à-
¬�æ¨¨. | Œ.: ”‘’�Š ÷®áá¨¨, 1998.

3. �¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë. ‡�é¨â� ®â −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã¯� ª ¨−-
ä®à¬�æ¨¨. Š«�áá¨ä¨ª�æ¨ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¨ âà¥¡®¢�−¨ï ¯® §�é¨â¥
¨−ä®à¬�æ¨¨. | Œ.: ”‘’�Š ÷®áá¨¨, 1998.

4. ƒàãè® �. �., ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ’¨¬®−¨−� …. …. ˆ−â¥««¥ªâã�«ì−ë©
�−�«¨§ ¤�−−ëå ¢ ®¡¥á¯¥ç¥−¨¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ®¡«�ç−ëå ¢ëç¨á«¥-
−¨© // ‘ã¯¥àª®¬¯ìîâ¥à−ë¥ â¥å−®«®£¨¨: Œ�â-«ë 4-© ‚á¥à®áá. −�ãç−.-â¥å−¨ç.
ª®−ä. | ÷®áâ®¢-−�-„®−ã: ā”“, 2016. ’. 2. ‘. 149{153.

5. ƒàãè® �. �., ƒàãè® �. �., ’¨¬®−¨−� …. …., ˜®à£¨− ‘. Ÿ. ‚®§¬®¦−®áâ¨ ¯®áâà®-
¥−¨ï ¡¥§®¯�á−®© �àå¨â¥ªâãàë ¤«ï ¤¨−�¬¨ç¥áª¨ ¨§¬¥−ïîé¥©áï ¨−ä®à¬�æ¨®−−®©
á¨áâ¥¬ë // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2015. ’. 25. ü 3. ‘. 78{93.

6. ƒàãè® �. �., ‡�¡¥¦�©«® Œ ˆ., ‡�æ�à¨−−ë© �. �. Š®−âà®«ì ¨ ã¯à�¢«¥−¨¥ ¨−ä®à-
¬�æ¨®−−ë¬¨ ¯®â®ª�¬¨ ¢ ®¡«�ç−®© áà¥¤¥ // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2015.
’. 9. ‚ë¯. 4. ‘. 95{101.

7. ƒàãè® �. �., ƒàãè® �. �., ’¨¬®−¨−� …. …., ˜®à£¨− ‘. Ÿ. �¥§®¯�á−ë¥ �àå¨â¥ªâãàë
à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2014. ’. 24. ü 3.
‘. 18{31.

8. ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ‡�æ�à¨−−ë© �. �., �¨áª®¢áª¨© ‚. �., �®à®-
å®¢ ‘. ‚. � ¢®§¬®¦−®áâïå ¯à¨«®¦¥−¨© ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� ¤�−−ëå ¢ §�¤�ç�å
®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ®¡«�ç−ëå áà¥¤ // ��ãç−®-â¥å−¨ç¥áª�ï
¨−ä®à¬�æ¨ï. ‘¥à. 2: ˆ−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë ¨ á¨áâ¥¬ë, 2015. ü 11. ‘. 1{11.

9. Grusho A., Grusho N., Timonina E. Detection of anomalies in non-numerical data //
8th Congress (International) on Ultra Modern Telecommunications and Control Systems
and Workshops Proceedings, 2016 (¢ ¯¥ç�â¨).

10. ƒàãè® �. �., ‘¬¨à−®¢ „. ‚. ‡�é¨â� ¡¨§−¥á-«®£¨ª¨ ®â �â�ª −ã«¥¢®£® ¤−ï // ‘¨áâ¥¬ë
¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2016. ’. 26. ü 3. ‘. 60{73.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 4 2016 47



V. E. Gavrilov and A. A. Zatsarinny

11. Grusho A., Grusho N., Timonina E. Content analysis in information flows // AIP
Conference Proceedings, 2016. Vol. 1738. P. 220002-1{220002-4.

12. ƒàãè® �. �., ƒàãè® �. �., ’¨¬®−¨−� …. …. �−�«¨§ ¬¥â®ª ¢ áªàëâëå ª�−�«�å //
ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2014. ’. 8. ‚ë¯. 4. ‘. 12{16.

13. ‘®§¤�−ë ¬¥¬à¨áâ®àë −®¢®£® â¨¯�, á¯®á®¡−ë¥ íää¥ªâ¨¢−® ¨¬¨â¨à®¢�âì −¥©à®−ë
£®«®¢−®£® ¬®§£� // DailyTechInfo, 31.05.2015. http://www.dailytechinfo.org/
infotech/7051-sozdany-memristory-novogo-tipa-sposobnye-e¨ektivno-imitirovat-
neyrony-golovnogo-mozga.html.

14. Security & Resilience in Governmental Clouds: Making an Informed Decision. |
European Network and Information Security Agency (ENISA), Jan. 2011.

15. Cloud; SLAs for Cloud services. Technical Report ETSI TR 103 125.
16. ISO/IEC TS 27017. Information technology | Security techniques | Information

security management | Guidelines on information security controls for the use of cloud
computing services based on ISO/IEC 27002.

17. ISO/IEC 27002:2005. Information technology | Security techniques | Code of
practice for information security management.

18. ISO 27001:2005. Information technology | Security techniques | Information
security management systems | Requirements.

19. ISO/IEC 27018. Code of practice for data protection controls for public cloud
computing services.

20. ISO/IEC 27040. Information technology | Security techniques | Storage security.
21. NIST SP 800{144. Guidelines on Security and Privacy in Public Cloud Computing.
22. NIST SP 800-53 R3. Recommended Security Controls for Federal Information Systems

and Organizations.
�®áâã¯¨«� ¢ à¥¤�ªæ¨î 14.09.16

ON SYSTEM-TECHNICAL
AND REGULATORY-METHODOLOGICAL PROBLEMS OF DATA
SECURITY IN CLOUD AUTOMATED INFORMATION SYSTEMS

USING ARTIFICIAL INTELLIGENCE TECHNOLOGIES

V. E. Gavrilov and A. A. Zatsarinny

Institute of Informatics Problems, Federal Research Center \Computer Science and
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Russian Federation

Abstract: The article focuses on information security in cloud automated
information systems (AIS) and the possibility of using artificial intelligence in
data protection systems. Major problems of data protection in cloud computer
systems are analyzed. General components of a data protection system are
considered. Presently, artificial intelligence is used in data protection systems to
some extent. The authors propose to extend the area of application of artificial
intelligence in order to protect data. The article contains an analysis of the
current regulatory base regarding information security in the cloud computer
systems.
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МЕТОДОЛОГИЯ СОЗДАНИЯ ВЕБ-СЕРВИСНОГО
ИНФОРМАЦИОННОГО ВЗАИМОДЕЙСТВИЯ В СИСТЕМЕ

РАСПРЕДЕЛЕННЫХ СИТУАЦИОННЫХ ЦЕНТРОВ

К. И. Волович1, С. А. Денисов2, В. А. Кондрашев3, А. П. Сучков4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ¢§�-
¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ à�á¯à¥¤¥«¥−−®© á¨áâ¥¬ë á¨âã�æ¨®−−ëå
æ¥−âà®¢ (‘–). �à¥¤«�£�¥âáï �àå¨â¥ªâãà� á¨áâ¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï −� ®á−®¢¥
SOA (service-oriented architecture) á ¨á¯®«ì§®¢�−¨¥¬ ¢¥¡-â¥å−®«®£¨¨ ¢ ª�-
ç¥áâ¢¥ ¡�§®¢®£® ¨−áâàã¬¥−â� ®¡à�é¥−¨ï ª á¥à¢¨á�¬, � â�ª¦¥ à�áè¨à¥−¨¥
¢®§¬®¦−®áâ¥© ¯®áâà®¥−¨ï ¡¨§−¥á-¯à®æ¥áá®¢ §� áç¥â ¯à¨¬¥−¥−¨ï â¥å−®«®£¨¨
EDA (event-driven architecture) ¨ ®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢
á¨áâ¥¬ë á ¨á¯®«ì§®¢�−¨¥¬ ª®à¯®à�â¨¢−®© è¨−ë ESB (enterprise service bus).

Š«îç¥¢ë¥ á«®¢�: á¨âã�æ¨®−−ë© æ¥−âà; á¥à¢¨á; SOA; EDA; ESB; ¢¥¡-á¥à¢¨á

DOI: 10.14357/08696527160405

‘¨áâ¥¬� à�á¯à¥¤¥«¥−−ëå ‘– (‘÷‘–) à�áá¬�âà¨¢�¥âáï ¢ áâ�âì¥ ª�ª à�á¯à¥¤¥-
«¥−−�ï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� (ˆ�‘), ¢ à�¬ª�å ª®â®à®© à¥�«¨-
§ãîâáï ¯à®æ¥¤ãàë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¨ ã¯à�¢«¥−¨ï, ®áãé¥áâ¢«ï¥âáï
¢§�¨¬®¤¥©áâ¢¨¥ «®ª�«ì−ëå à¥£¨®−�«ì−ëå ¨ ¢¥¤®¬áâ¢¥−−ëå ˆ�‘, ®¡¥á¯¥ç¨¢�-
îé¨å á�¬®áâ®ïâ¥«ì−ë© á¡®à ¨ ®¡à�¡®âªã ¨−ä®à¬�æ¨¨ ª�ª ¢ á®¡áâ¢¥−−ëå ¨−-
â¥à¥á�å, â�ª ¨ ¢ ¨−â¥à¥á�å æ¥−âà�«ì−ëå ®à£�−®¢ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ [1].
�à£�−¨§�æ¨ï ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ®áãé¥áâ¢«ï¥âáï ¢ áà¥¤¥ ¢§�¨¬®-
¤¥©áâ¢¨ï ¢á¥å á®áâ�¢«ïîé¨å ª®¬¯®−¥−â®¢ ‘÷‘–.

‘¨áâ¥¬� à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢, á®§¤�¢�¥¬�ï −� ¡�§¥ äã−ª-
æ¨®−¨àãîé¨å ¨ ¯à®¥ªâ¨àã¥¬ëå ˆ�‘ ãç�áâ−¨ª®¢ ‘¨áâ¥¬ë, ¯à¥¤áâ�¢«ï¥â á®¡®©
¬−®£®ãà®¢−¥¢ãî, â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ãî ¨ ¨−â¥£à¨à®¢�−−ãî ¢ á®®â¢¥â-
áâ¢¨¨ á ¥¤¨−ë¬ à¥£«�¬¥−â®¬ ¢§�¨¬®¤¥©áâ¢¨ï áâàãªâãàã, ®á−®¢−ë¬¨ ãç�áâ−¨ª�¬¨
ª®â®à®© ï¢«ïîâáï ‘– à�§«¨ç−®© ¯à¨−�¤«¥¦−®áâ¨.

1ˆ−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, KVolovich@frccsc.ru

2ˆ−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, SDenisov@frccsc.ru

3ˆ−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, VKondrashev@frccsc.ru

4ˆ−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, ASuchkov@frccsc.ru
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“ç�áâ−¨ª�¬¨ ‘÷‘– ï¢«ïîâáï îà¨¤¨ç¥áª¨¥ «¨æ� (ä¥¤¥à�«ì−ë¥ ®à£�−ë ¨á-
¯®«−¨â¥«ì−®© ¢«�áâ¨, ®à£�−ë £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ áã¡ê¥ªâ®¢ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨, ¨−ë¥ £®áã¤�àáâ¢¥−−ë¥ ¨ −¥£®áã¤�àáâ¢¥−−ë¥ ®à£�−ë ¨ ®à£�−¨§�æ¨¨),
§�ª«îç¨¢è¥¥ á®£«�è¥−¨¥ á ®¯¥à�â®à®¬ ‘¨áâ¥¬ë ¯® ®à£�−¨§�æ¨¨ ¨−ä®à¬�æ¨®−-
−®£® ¢§�¨¬®¤¥©áâ¢¨ï á æ¥«ìî à¥�«¨§�æ¨¨ §�¤�ç ‘¨áâ¥¬ë:

{ ä¥¤¥à�«ì−ë© ãà®¢¥−ì | ®¡ê¥ªâë ¢ëáè¥£® àãª®¢®¤áâ¢� áâà�−ë (‘– �à¥§¨-
¤¥−â�, ‘– �à�¢¨â¥«ìáâ¢�, ‘– �¤¬¨−¨áâà�æ¨¨, ‘– ‘®¢¥â� �¥§®¯�á−®áâ¨,
‘– �®«−®¬®ç−ëå ¯à¥¤áâ�¢¨â¥«¥© �à¥§¨¤¥−â� ÷”);

{ ¢¥¤®¬áâ¢¥−−ë© ãà®¢¥−ì | ®¡ê¥ªâë ¬¨−¨áâ¥àáâ¢ ¨ ¢¥¤®¬áâ¢ (‘– Œ¨−®¡®-
à®−ë, ‘– ”‘�, ‘– Œ—‘, ‘– ”‘�, ‘– ¢−ãâà¥−−¨å ¢®©áª Œ‚„, ‘–
Œ¨−íª®−®¬à�§¢¨â¨ï, ‘– Œ¨−¯à®¬â®à£�, ‘– ÷®áª®¬−�¤§®à�, ‘– ÷®áª®¬-
¯à¨à®¤ë ¨ ¤à.);

{ à¥£¨®−�«ì−ë© ãà®¢¥−ì | ‘– £«�¢ áã¡ê¥ªâ®¢ ÷”, � â�ª¦¥ ‘– £«�¢ ®â¤¥«ì−ëå
¬ã−¨æ¨¯�«ì−ëå ®¡à�§®¢�−¨© ÷”;

{ ª®à¯®à�â¨¢−ë© ãà®¢¥−ì | ‘– £®áã¤�àáâ¢¥−−ëå ª®à¯®à�æ¨© (��Š, �‘Š,
÷®áâ¥å−®«®£¨¨, ÷®á−�−®â¥å ¨ ¤à.);

{ ¡¨§−¥á-ãà®¢¥−ì | ‘– ªàã¯−ëå ª®¬¬¥àç¥áª¨å ®à£�−¨§�æ¨© (ƒ�§¯à®¬, ÷†„,
÷®á−¥äâì, ÷®áâ¥«¥ª®¬, Œ¥£�ä®− ¨ ¤à.).

Š�¦¤ë© ãç�áâ−¨ª ‘¨áâ¥¬ë ¬®¦¥â ¢ëáâã¯�âì ¢ ª�ç¥áâ¢¥ ¯®áâ�¢é¨ª� ¨ ¯®âà¥-
¡¨â¥«ï ¨−ä®à¬�æ¨¨.

‘®áâ�¢ ¡¨§−¥á-¯à®æ¥áá®¢ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ æ¥−âà�«ì−®¬
ã§«¥ ‘÷‘– à¥�«¨§ã¥â á«¥¤ãîé¨¥ â¥å−¨ç¥áª¨¥ à¥è¥−¨ï:

{ ¢¢®¤ ä�©«®¢ ¨/¨«¨ ä®à¬ ¤�−−ëå, áä®à¬¨à®¢�−−ëå ‘– | ¨áâ®ç−¨ª�¬¨
¤�−−ëå, á ¬�è¨−−ëå −®á¨â¥«¥©;

{ á¡®à ¤�−−ëå, ¯®¤£®â®¢«¥−−ëå ‘– | ¨áâ®ç−¨ª�¬¨ ¤�−−ëå;

{ ª®−âà®«ì ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå, áä®à¬¨à®¢�−−ëå ‘– | ¨áâ®ç−¨ª�¬¨ ¤�−-
−ëå;

{ ¢å®¤−®© ª®−âà®«ì ä�©«®¢ ¨/¨«¨ ä®à¬, ¯®«ãç¥−−ëå ¨§ ‘– | ¨áâ®ç−¨ª®¢
¤�−−ëå;

{ ä®à¬�â®-«®£¨ç¥áª¨© ª®−âà®«ì ä�©«®¢ ¨/¨«¨ ä®à¬ ¨ ¤�−−ëå, ¯®«ãç¥−−ëå
®â ‘– | ¨áâ®ç−¨ª®¢ ¤�−−ëå, ¢ ç�áâ¨ ®¡à�¡�âë¢�¥¬ëå ‘÷‘– ¤�−−ëå;

{ ¯à¨¢¥¤¥−¨¥, ¯à¨ −¥®¡å®¤¨¬®áâ¨, ¤�−−ëå ª ä®à¬�â�¬, ¨á¯®«ì§ã¥¬ë¬ ‘÷‘–;

{ ®¯¥à�â¨¢−®¥ ã¢¥¤®¬«¥−¨¥ ¯¥àá®−�«� ® −�àãè¥−¨ïå ¯à¥¤ãá¬®âà¥−−®£® ¯à®-
â®ª®«�¬¨ à¥£«�¬¥−â� ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ‘– | ¨áâ®ç−¨ª�¬¨ ¤�−−ëå,
� â�ª¦¥ ®¯¥à�â¨¢−®¥ ã¢¥¤®¬«¥−¨¥ ®¡ ®¡−�àã¦¥−¨¨ ®è¨¡®ª ¢ å®¤¥ ¯à¥¤ã-
á¬®âà¥−−ëå ¯à®â®ª®«�¬¨ ¢å®¤−®£® ¨ ä®à¬�â®-«®£¨ç¥áª®£® ª®−âà®«ï ä�©«®¢
¨/¨«¨ ä®à¬ ¨ ¤�−−ëå;
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Œ¥â®¤®«®£¨ï á®§¤�−¨ï ¢¥¡-á¥à¢¨á−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ ‘÷‘–

{ åà�−¥−¨¥ ¢ ®¯¥à�â¨¢−®¬ ¤®áâã¯¥ ¯à¨−ïâëå ¨§ ‘– | ¨áâ®ç−¨ª®¢ ¤�−−ëå
ä�©«®¢ ¨/¨«¨ ä®à¬ ¨ ¤�−−ëå ¤® ¬®¬¥−â� §�¢¥àè¥−¨ï ¨å ®¡à�¡®âª¨ ‘÷‘–
(§�¢¥àè¥−¨ï ¨å à�§¬¥é¥−¨ï −� åà�−¥−¨¥ ¢ ‘÷‘–);

{ ¯à¥¤®â¢à�é¥−¨¥ ¯®¢â®à−®© ¯¥à¥¤�ç¨ ¢ ‘÷‘– á¨áâ¥¬®© | ¨áâ®ç−¨ª®¬ ¤�−−ëå
®¡ ®¤−¨å ¨ â¥å ¦¥ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ�å §� ®¤¨− ¨ â®â ¦¥ ®âç¥â−ë© ¯¥à¨®¤
¢à¥¬¥−¨;

{ ä®à¬¨à®¢�−¨¥ ®¯¥à�â¨¢−®£® ã¢¥¤®¬«¥−¨ï ¤«ï ‘÷‘– ® −�«¨ç¨¨ £®â®¢ëå ¤«ï
¯¥à¥¤�ç¨ ä�©«®¢ ¨/¨«¨ ä®à¬ ¨ ¤�−−ëå;

{ ¨å ¯¥à¥¤�ç� ¨«¨ ¯à¥¤®áâ�¢«¥−¨¥ ‘÷‘– ¢ á®®â¢¥âáâ¢¨¨ á ¯à®â®ª®«®¬;

{ ¯à®â®ª®«¨à®¢�−¨¥ á®¡ëâ¨© á¡®à� ä�©«®¢ ¨/¨«¨ ä®à¬ ¨ ¤�−−ëå ®â ‘– |
¨áâ®ç−¨ª®¢ ¤�−−ëå, � â�ª¦¥ ¯à®â®ª®«¨à®¢�−¨¥ ¤¥©áâ¢¨© ¯¥àá®−�«� ‘÷‘–
¨ ¢ë¤�ç¨ ¥¬ã ‘÷‘– á¢¥¤¥−¨© (ã¢¥¤®¬«¥−¨©, á¯à�¢®ª ¨ â. ¯.), ¢¥¤¥−¨¥ ¦ãà−�«�
íâ¨å á®¡ëâ¨© ¨ ¤¥©áâ¢¨©;

{ ¯à¥¤®áâ�¢«¥−¨¥ ¤«ï ¯à®á¬®âà� �¤¬¨−¨áâà�â®à�¬ ‘÷‘– ¤®áâã¯� ª ¤�−−ë¬
¯à®â®ª®«¨à®¢�−¨ï (ª ¦ãà−�«ã á®¡ëâ¨© ¨ ¤¥©áâ¢¨©);

{ ¯à®â®ª®«¨à®¢�−¨¥ á®¡ëâ¨© ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ (ˆ�) ¤«ï ‘÷‘–
¢¥¤¥−¨¥ ¦ãà−�«�(®¢) á®¡ëâ¨© ˆ�, ¯à¥¤®áâ�¢«¥−¨¥ ¤«ï ¯à®á¬®âà� �¤¬¨−¨-
áâà�â®à�¬ ¡¥§®¯�á−®áâ¨ ‘÷‘– ¤®áâã¯� ª ¤�−−ë¬ ¯à®â®ª®«¨à®¢�−¨ï (ª ¦ãà-
−�«ã(�¬) á®¡ëâ¨© ˆ�);

{ à�á¯®§−�¢�−¨¥ ¨ ®âà�¡®âª� −¥èâ�â−ëå á¨âã�æ¨©;

{ ¢¥¤¥−¨¥ «®ª�«ì−ëå á¯à�¢®ç−¨ª®¢ ¯à®áâ®© («¨−¥©−®©) áâàãªâãàë.

‚ å®¤¥ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ®¡¥á¯¥ç¨¢�îâáï á«¥¤ãîé¨¥ äã−ª-
æ¨¨:

{ äã−ªæ¨¨ ¬�àèàãâ¨§�æ¨¨ ¨ á®®¡é¥−¨©;

{ äã−ªæ¨¨ ã¯à�¢«¥−¨ï ¯®«ì§®¢�â¥«ï¬¨;

{ äã−ªæ¨¨ ã¯à�¢«¥−¨ï «®ª�«ì−ë¬¨ á¯à�¢®ç−¨ª�¬¨;

{ ¢ë¯®«−¥−¨¥ á®¯ãâáâ¢ãîé¨å â¥å−®«®£¨ç¥áª¨å ®¯¥à�æ¨©, −¥®¡å®¤¨¬ëå ¤«ï
®áãé¥áâ¢«¥−¨ï ¯à®æ¥áá� ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã �¤�¯â¥à�¬¨-¨áâ®ç−¨ª�¬¨
¨ ‘÷‘–.

„«ï ¢ë¡®à� �àå¨â¥ªâãàë ¨ ¡�§®¢ëå â¥å−®«®£¨© ¯®áâà®¥−¨ï ‘÷‘– ¢ à�¬ª�å
¤�−−®© à�¡®âë á«¥¤ã¥â ¨áå®¤¨âì ¨§ â®£®, çâ® ‘÷‘– ®¡«�¤�¥â á«¥¤ãîé¨¬¨
á¢®©áâ¢�¬¨:

{ ‘÷‘– ¯à®¨§¢®¤¨â ®¡à�¡®âªã ¯¥à¢¨ç−ëå à�§−®à®¤−ëå ¢å®¤−ëå ¤�−−ëå ¢ �¢-
â®¬�â¨ç¥áª®¬ à¥¦¨¬¥;

{ ¢ å®¤¥ ®¡à�¡®âª¨ ¯¥à¢¨ç−ëå ¤�−−ëå £¥−¥à¨àãîâáï á®¡ëâ¨ï, ®¡à�¡�âë¢�¥¬ë¥
ª®¬¯®−¥−â�¬¨ ‘÷‘–;
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{ ¢ á®áâ�¢¥ ‘÷‘– ¨¬¥îâáï ª®¬¯®−¥−âë, ®¡à�¡�âë¢�îé¨¥ ¨ ¯à¥®¡à�§ãîé¨¥
á®¡ëâ¨ï ¢ í«¥¬¥−âë ®¡áâ�−®¢ª¨ (¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë, ®¯¨áë¢�îé¨¥
á®áâ®ï−¨ï ª�ª®©-«¨¡® áãé−®áâ¨);

{ ¢ á®áâ�¢¥ ‘÷‘– ¨¬¥îâáï ª®¬¯®−¥−âë ¢¨§ã�«¨§�æ¨¨ í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨
¢ ã¤®¡−®¬ ¤«ï ç¥«®¢¥ª� ¢¨¤¥;

{ à¥�«¨§ã¥¬ë¥ ¢ å®¤¥ äã−ªæ¨®−¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ‘÷‘–
¡¨§−¥á-¯à®æ¥ááë ¯à¥¤ãá¬�âà¨¢�îâ ¢ëà�¡®âªã à¥è¥−¨© (ª�ª �¢â®¬�â¨§¨à®-
¢�−−ãî, â�ª ¨ á ãç�áâ¨¥¬ íªá¯¥àâ®¢ ‘÷‘–).

’�ª¨¬ ®¡à�§®¬, ¢ á¨áâ¥¬¥ ®¡à�¡®âª¨ ¨ ®¡¬¥−� ¨−ä®à¬�æ¨¥© ãç�áâ¢ãîâ ª®¬¯®-
−¥−âë, ¨á¯®«ì§ãîé¨¥ ª�ª ¨−â¥àä¥©á â¨¯� ú¬�è¨−�{¬�è¨−�û, â�ª ¨ ¨−â¥àä¥©á
â¨¯� úç¥«®¢¥ª{¬�è¨−�û.

“ç¨âë¢�ï áä®à¬ã«¨à®¢�−−ë¥ ¢ëè¥ á¢®©áâ¢� ‘÷‘–, ¯à¨ á®§¤�−¨¨ ‘÷‘–
æ¥«¥á®®¡à�§−® ®á−®¢ë¢�âìáï −� ª®−£«®¬¥à�â¥ ¯�à�¤¨£¬ á«¥¤ãîé¨å �àå¨â¥ªâãà:

{ SOA | á¥à¢¨á−®-®à¨¥−â¨à®¢�−−�ï �àå¨â¥ªâãà� [2, 3];

{ EDA | á®¡ëâ¨©−® ã¯à�¢«ï¥¬�ï �àå¨â¥ªâãà� [4];

{ ESB | ª®à¯®à�â¨¢−�ï á¥à¢¨á−�ï è¨−� [5].

‘®¢à¥¬¥−−ë© ¯®¯ã«ïà−ë© ¯®¤å®¤ ª ¯®áâà®¥−¨î á«®¦−ëå ¨−ä®à¬�æ¨®−−®-
â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬, ®á−®¢�−−ë© −� �àå¨â¥ªâãà¥ SOA, ¯à¥¤¯®«�£�¥â
¨á¯®«ì§®¢�−¨¥ ¯à¨−æ¨¯� ¢ë¤¥«¥−¨ï í«¥¬¥−â�à−ëå á¥à¢¨á®¢ ¢ ¨−ä®à¬�æ¨®−−®©
á¨áâ¥¬¥ ¨ ¯®áâà®¥−¨ï ¡¨§−¥á-¯à®æ¥áá®¢ −� ®á−®¢¥ ®¡¬¥−� ¤�−−ë¬¨ ¨ ¯à¥¤®-
áâ�¢«¥−¨ï ãá«ã£ ¢ à�¬ª�å ¢ë¤¥«¥−−ëå á¥à¢¨á®¢, çâ® ¤«ï ¬−®£®¢¥¤®¬áâ¢¥−−®©
¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© −�¤á¨áâ¥¬ë à�á¯à¥¤¥«¥−−ëå ‘– ï¢«ï¥âáï ®ç¥−ì
¯à¨¢«¥ª�â¥«ì−ë¬. ‚ à�¬ª�å ãª�§�−−®£® ¯®¤å®¤� ¢®§¬®¦−® ¯®áâà®¥−¨¥ á«®¦−ëå
à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, í«�áâ¨ç−ëå ª ¨§¬¥−¥−¨î ¡¨§-
−¥á-¯à®æ¥áá®¢ ¯®¤á¨áâ¥¬, ¯®ï¢«¥−¨î −®¢ëå §�¤�ç, ¬®¤¨ä¨ª�æ¨¨ áãé¥áâ¢ãîé¨å
¯à®æ¥áá®¢.

SOA ¯à¥¤¯®«�£�¥â, çâ® ¢ ‘÷‘– ¯à®¥ªâ¨àã¥âáï £àã¯¯� −¥§�¢¨á¨¬ëå (á«�¡®-
á¢ï§�−−ëå) ¨−ä®à¬�æ¨®−−ëå á¥à¢¨á®¢, ª®â®àë¥ ¢ë¯®«−ïîâ äã−ªæ¨¨ ®¡à�¡®âª¨
¨−ä®à¬�æ¨¨ ¢ ª®−£«®¬¥à�â¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. „«ï ¢§�¨¬®¤¥©áâ¢¨ï
á á¥à¢¨á�¬¨ ç¥âª® ®¯à¥¤¥«ï¥âáï ¨−â¥àä¥©á ¨ ¯à®â®ª®«ë ¢§�¨¬®¤¥©áâ¢¨ï; â�-
ª¨¬ ®¡à�§®¬, «î¡®© áã¡ê¥ªâ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬®¦¥â ¯®«ãç¨âì
¤®áâã¯ ª á¥à¢¨áã ¯ãâ¥¬ ¢ë¯®«−¥−¨ï ¯à�¢¨« ®¯¨á�−−®£® ¨ ®¯ã¡«¨ª®¢�−−®£® ¨−-
â¥àä¥©á�.

SOA −¥ ¯à¨¢ï§ë¢�¥âáï ª ®¯à¥¤¥«¥−−®© â¥å−®«®£¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¨ ¬®¦¥â
¨á¯®«ì§®¢�âì «î¡®© ¬¥å�−¨§¬ ®¡à�é¥−¨ï ª á¥à¢¨á�¬, −�¯à¨¬¥à REST, DCOM,
¢¥¡-á¥à¢¨áë.

�á−®¢ã SOA á®áâ�¢«ïîâ á¥à¢¨áë. �®¤ á¥à¢¨á®¬ ¬®¦−® ¯®−¨¬�âì −¥ªãî
á�¬®áâ®ïâ¥«ì−ãî äã−ªæ¨î, ª®â®à�ï ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¯®âà¥¡¨â¥«¥¬.
’�ª®© äã−ªæ¨¥© ¬®¦¥â ¡ëâì ª�ª ®â¤¥«ì−�ï äã−ªæ¨ï, â�ª ¨ á®¢®ªã¯−®áâì äã−ª-
æ¨©, ä®à¬¨àãîé�ï −¥ª¨© ¯à®æ¥áá. �� à¨áã−ª¥ ¯à¥¤áâ�¢«¥−� ®¡é�ï ª®−æ¥¯æ¨ï
à�§¬¥é¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï á¥à¢¨á®¢ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å −� ¡�§¥ SOA.
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Œ¥â®¤®«®£¨ï á®§¤�−¨ï ¢¥¡-á¥à¢¨á−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ ‘÷‘–

�¡é�ï ª®−æ¥¯æ¨ï à¥�«¨§�æ¨¨ ¨ ¨á¯®«ì§®¢�−¨ï á¥à¢¨á� ¢ ‘÷‘–

‚ à�¬ª�å ª®−æ¥¯æ¨¨ SOA á¥à¢¨á ‘÷‘– å�à�ªâ¥à¨§ã¥âáï á«¥¤ãîé¨¬¨ á¢®©-
áâ¢�¬¨:

{ ¢®§¬®¦−®áâì ¬−®£®ªà�â−®£® ¯à¨¬¥−¥−¨ï;

{ ãá«ã£� ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−� ®¤−¨¬ ¨«¨ −¥áª®«ìª¨¬¨ â¥å−®«®£¨ç¥áª¨ −¥§�-
¢¨á¨¬ë¬¨ ¨−â¥àä¥©á�¬¨;

{ ¢ë¤¥«¥−−ë¥ ãá«ã£¨ á«�¡® á¢ï§�−ë ¬¥¦¤ã á®¡®©, ¨ ª�¦¤�ï ¨§ −¨å ¬®¦¥â
¡ëâì ¢ë§¢�−� ¯®áà¥¤áâ¢®¬ ª®¬¬ã−¨ª�æ¨®−−ëå ¯à®â®ª®«®¢, ®¡¥á¯¥ç¨¢�îé¨å
¢®§¬®¦−®áâì ¢§�¨¬®¤¥©áâ¢¨ï ãá«ã£ ¬¥¦¤ã á®¡®©.

‚ æ¥«®¬ ¤«ï ¯®áâà®¥−¨ï á¨áâ¥¬ë ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ‘÷‘–
�àå¨â¥ªâãà� SOA ¬®¦¥â ¡ëâì ¯à¨−ïâ� ª�ª ¡�§®¢�ï, à¥�«¨§ãîé�ï á¥à¢¨á−ë© ¯®¤-
å®¤ ¯à¨¬¥−¨â¥«ì−® ª ¤�−−®© á¨áâ¥¬¥ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ‘÷‘–.

ˆá¯®«ì§®¢�−¨¥ SOA ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì á«¥¤ãîé¨¥ ¢®§¬®¦−®áâ¨:

{ ¨−â¥£à¨à®¢�âì ¢ á¨áâ¥¬ã �¢â®−®¬−ë¥ (−¥ á¢ï§�−−ë¥ á ¤àã£¨¬¨) ª®¬¯®−¥−âë,
¯®§¢®«ïîé¨¥ à¥�«¨§®¢ë¢�âì âã ¨«¨ ¨−ãî í«¥¬¥−â�à−ãî (�â®¬�à−ãî) äã−ª-
æ¨î á¨áâ¥¬ë;

{ á®§¤�¢�âì ¬¥å�−¨§¬ë, á¢ï§ë¢�îé¨¥ �â®¬�à−ë¥ ª®¬¯®−¥−âë ¢ ¥¤¨−ë© ¡¨§-
−¥á-¯à®æ¥áá;

{ ¯à¥¤®áâ�¢«ïâì ª®¬¯®−¥−â�¬ ¥¤¨−ë© ¨−â¥àä¥©á ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã á®¡®©,
¯à¥¤ãá¬�âà¨¢�îé¨© ª�ª ®¡¬¥− ¤�−−ë¬¨ ¬¥¦¤ã ¯à¨«®¦¥−¨ï¬¨, â�ª ¨ ¬¥¦¤ã
¯à¨«®¦¥−¨¥¬ ¨ ç¥«®¢¥ª®¬.

‚ ¤®¯®«−¥−¨¥ ª ¢®§¬®¦−®áâï¬ �àå¨â¥ªâãàë SOA, à¥�«¨§®¢�−−ë¬ á ¨á¯®«ì-
§®¢�−¨¥¬ ¢¥¡-á¥à¢¨á®¢, ¯à¨ á®§¤�−¨¨ á¨áâ¥¬ë ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
‘÷‘– æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì �àå¨â¥ªâãàã EDA.

SOA ¨ EDA ï¢«ïîâáï ¢§�¨¬−® ¤®¯®«−ïîé¨¬¨ ¯®¤å®¤�¬¨ ¨ ¯®§¢®«ïîâ ¨á-
¯®«ì§®¢�âì á¥à¢¨á SOA −¥ â®«ìª® ¢ à¥¦¨¬¥ ú§�¯à®á{®â¢¥âû, −® ¨ ¢ ®â«®¦¥−−®¬
à¥¦¨¬¥ á ¯à®¬¥¦ãâ®ç−ë¬ åà�−¥−¨¥¬ ¤�−−ëå. ’�ª�ï �àå¨â¥ªâãà� ¤¥«�¥â á¨áâ¥¬ã
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á«�¡®á¢ï§�−−®© ¯® ¢à¥¬¥−¨, çâ® ¢ á¢®î ®ç¥à¥¤ì ¯®§¢®«ï¥â à¥�«¨§®¢�âì (á ¨á¯®«ì-
§®¢�−¨¥¬ ¯®àâ�«ì−ëå ¨ ¢¥¡-â¥å−®«®£¨©) è¨à®ª¨© á¯¥ªâà ¡¨§−¥á-¯à®æ¥áá®¢, à�−¥¥
−¥¢®§¬®¦−ëå ¢ ¤�−−®© �àå¨â¥ªâãà¥ ¨§-§� ¢à¥¬¥−−‚ëå §�¤¥à¦¥ª ¢ å®¤¥ ¨á¯®«−¥−¨ï
¡¨§−¥á-¯à®æ¥áá®¢.

Œ®¦−® áç¨â�âì, çâ® EDA ï¢«ï¥âáï ®¯à¥¤¥«¥−−ë¬ íâ�¯®¬ à�§¢¨â¨ï �àå¨-
â¥ªâãàë SOA ¨ ¯à¥¤®áâ�¢«ï¥â −®¢ë¥ ¢®§¬®¦−®áâ¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ á¥à¢¨á®¢
¢ à�¬ª�å ®à£�−¨§�æ¨¨ ¡¨§−¥á-¯à®æ¥áá®¢ ®¡à�¡®âª¨ ¢å®¤−ëå ¤�−−ëå, ®â®¡à�¦¥-
−¨ï ®¡áâ�−®¢ª¨ ¨ ¯à®æ¥¤ãàë ¯à¨−ïâ¨ï à¥è¥−¨©.

÷¥�«¨§�æ¨ï �àå¨â¥ªâãà SOA/EDA ¯à¥¤¯®«�£�¥â �ªâ¨¢−®¥ ¢§�¨¬®¤¥©áâ¢¨¥
á¥à¢¨á®¢ ¬¥¦¤ã á®¡®© ¨ á ¢−¥è−¨¬¨ ®¡ê¥ªâ�¬¨.

�à¨¬¥−¨â¥«ì−® ª á¨áâ¥¬¥ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ‘÷‘– −¥®¡å®-
¤¨¬® �ªæ¥−â¨à®¢�âì ¢−¨¬�−¨¥ −� å�à�ªâ¥à¥ ¢§�¨¬®¤¥©áâ¢¨ï: ¨−ä®à¬�æ¨®−−ë©
®¡¬¥− ¨ ¡¨§−¥á-¯à®æ¥ááë á¨áâ¥¬ë ¨á¯®«ì§ãîâ ª�ª �¢â®¬�â¨§¨à®¢�−−ë© ®¡¬¥−
¤�−−ë¬¨ ¬¥¦¤ã ¯à¨«®¦¥−¨ï¬¨, â�ª ¨ ¢§�¨¬®¤¥©áâ¢¨¥ ¯®«ì§®¢�â¥«ï á ¯à¨«®¦¥-
−¨ï¬¨.

ˆáå®¤ï ¨§ íâ®£® âà¥¡®¢�−¨ï, æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì â¥å−®«®£¨î ¢§�¨-
¬®¤¥©áâ¢¨ï, ¨§−�ç�«ì−® ®à¨¥−â¨à®¢�−−ãî −� ¯à¥¤®áâ�¢«¥−¨¥ ¨−â¥àä¥©á®¢ ú¬�-
è¨−�{¬�è¨−�û ¨ úç¥«®¢¥ª{¬�è¨−�û.

‚ −�áâ®ïé¥¥ ¢à¥¬ï â�ª®© â¥å−®«®£¨¥© ï¢«ï¥âáï â¥å−®«®£¨ï ¢¥¡-á¥à¢¨á®¢.
„�−−�ï â¥å−®«®£¨ï ¯®§¢®«ï¥â á®§¤�¢�âì ¯®àâ�«ì−ë¥ ¢¥¡-á¨áâ¥¬ë, ¯à¥¤®áâ�¢«ï-
îé¨¥ è¨à®ª¨¥ ¢®§¬®¦−®áâ¨ ¯® ®¡¬¥−ã ¤�−−ë¬¨ ¬¥¦¤ã ç¥«®¢¥ª®¬ ¨ ¨−ä®à¬�æ¨-
®−−®© á¨áâ¥¬®©, ¨ ¢¥¡-á¥à¢¨áë | ¯à¨«®¦¥−¨ï, ¨á¯®«ì§ãîé¨¥ â®â ¦¥ ¯à®â®ª®«,
çâ® ¨ ¯®àâ�«, −® −¥ ¨¬¥îé¨¥ £à�ä¨ç¥áª®£® ¨−â¥àä¥©á� ¨ ¯®§¢®«ïîé¨¥ ¯à¨«®¦¥-
−¨ï¬ ®¡¬¥−¨¢�âìáï ¤�−−ë¬¨.

’�ª¨¬ ®¡à�§®¬, ¢ à�¬ª�å SOA/EDA ¬®¦−® à¥�«¨§®¢�âì �â®¬�à−ë¥ á¥à¢¨áë,
¡�§¨àãîé¨¥áï −� ¢¥¡-â¥å−®«®£¨ïå, ¯®§¢®«ïîé¨¥ à¥è�âì ¡�§®¢ë¥ §�¤�ç¨ ¡¨§−¥á-
¯à®æ¥áá®¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ‘÷‘–.

‘®¢à¥¬¥−−ë¬ ¯®¤å®¤®¬ ª ®à£�−¨§�æ¨¨ â�ª®£® ¢§�¨¬®¤¥©áâ¢¨ï ®áâ�¥âáï ¨á-
¯®«ì§®¢�−¨¥ ª®à¯®à�â¨¢−®© á¥à¢¨á−®© è¨−ë ESB.

ESB ãáâ�−�¢«¨¢�¥â ¥¤¨−ë¥ ¯à�¢¨«� ¯ã¡«¨ª�æ¨¨ á¥à¢¨á®¢, ã¯à�¢«¥−¨ï ¨ ¨−-
ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¯à¨«®¦¥−¨ï¬¨ à�§«¨ç−ëå á¨áâ¥¬, ¢å®-
¤ïé¨å ¢ á®áâ�¢ ¨−â¥£à¨à®¢�−−®© á¨áâ¥¬ë.

‘¥à¢¨á−�ï è¨−� ¯à¥¤®áâ�¢«ï¥â ¨−äà�áâàãªâãàã ¤«ï ®¡¬¥−� á®®¡é¥−¨ï¬¨
¬¥¦¤ã ª®¬¯®−¥−â�¬¨ á¨áâ¥¬ë ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ‘÷‘–:

{ �¤à¥á�æ¨ï, ¬�àèàãâ¨§�æ¨ï, á«ã¦¡� £�à�−â¨à®¢�−−®© ¤®áâ�¢ª¨ á®®¡é¥−¨©,
âà�−§�ªæ¨®−−®áâì, �ã¤¨â, ¬®−¨â®à¨−£ ¨ ã¯à�¢«¥−¨¥;

{ −�«¨ç¨¥ �¤�¯â¥à®¢ ª ¢−¥è−¨¬ á¨áâ¥¬�¬, ¯®§¢®«ïîé¥¥ ¨−â¥£à¨à®¢�âì ¨−ä®à-
¬�æ¨®−−ë© ®¡¬¥− á¨áâ¥¬ë ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ‘÷‘– á ¢−¥è-
−¨¬¨ ¯® ®â−®è¥−¨î ª −¥© á¨áâ¥¬�¬¨;

{ ¬�áèâ�¡¨à®¢�−¨¥: ª�ª ¢¥àâ¨ª�«ì−®¥ | §� áç¥â ¤®¡�¢«¥−¨ï −®¢ëå ¢¥¡-á¥à¢¨-
á®¢, â�ª ¨ £®à¨§®−â�«ì−®¥ | §� áç¥â −�à�é¨¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå ¬®é−®-
áâ¥©.
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Œ¥â®¤®«®£¨ï á®§¤�−¨ï ¢¥¡-á¥à¢¨á−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¢ ‘÷‘–

‚�¦−®© ®á®¡¥−−®áâìî ESB ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ ¯à¨−æ¨¯� á«�¡®© á¢ï§�−-
−®áâ¨ á¥à¢¨á®¢, ¯®«®¦¥−−®£® ¢ ®á−®¢ã �àå¨â¥ªâãà SOA/EDA ¨ ¡�§¨àãîé¥©áï
−� −¥© �àå¨â¥ªâãàë á¨áâ¥¬ë ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ‘÷‘–.

‚ ª�ç¥áâ¢¥ ¡�§®¢ëå áà¥¤áâ¢ ¤«ï ®¯¨á�−¨ï ¨ à¥�«¨§�æ¨¨ ¡¨§−¥á-¯à®æ¥áá�
¢ à�¬ª�å SOA/EDA æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì â�ª¨¥ ¯�à�¤¨£¬ë ª®à¯®à�â¨¢-
−®© á¥à¢¨á−®© è¨−ë ESB, ª�ª ¡à®ª¥à ¨ ®àª¥áâà®¢ª�.

Œ¥å�−¨§¬ë ¡à®ª¥à� (®àª¥áâà®¢®ª) ¯®§¢®«ïîâ á®§¤�¢�âì −� ¡�§¥ �â®¬�à−ëå
á¥à¢¨á®¢ ¯à¨ª«�¤−ë¥ ¡¨§−¥á-¯à®æ¥ááë à¥è¥−¨ï §�¤�ç, ã¯à�¢«ïâì ¢ë¯®«−¥−¨¥¬
¡¨§−¥á-¯à®æ¥áá®¢ ¨ ®¡¥á¯¥ç¨¢�âì ®¡¬¥− ¤�−−ë¬¨ ¬¥¦¤ã ¢á¥¬¨ ãç�áâ−¨ª�¬¨ ¡¨§-
−¥á-¯à®æ¥áá�.

„«ï ®à£�−¨§�æ¨¨ ®¡ê¥¤¨−¥−¨ï �â®¬�à−ëå á¥à¢¨á®¢ ¢ æ¥¯®çª¨ (£à�äë), à¥�«¨-
§ãîé¨¥ ¡¨§−¥á-¯à®æ¥ááë, ¢ â¥à¬¨−�å SOA á®§¤�¥âáï ª®¬¯®§¨â−®¥ ¯à¨«®¦¥−¨¥.

Š®¬¯®§¨â−®¥ (á®áâ�¢−®¥) ¯à¨«®¦¥−¨¥ ¤«ï ‘÷‘– | ¯à®£à�¬¬−®¥ à¥è¥−¨¥
ª®−ªà¥â−®© ¯à¨ª«�¤−®© ¯à®¡«¥¬ë, ª®â®à®¥ á¢ï§ë¢�¥â ¯à¨ª«�¤−ãî «®£¨ªã ¯à®-
æ¥áá� á ¨áâ®ç−¨ª�¬¨ ¤�−−ëå ¨ ¨−ä®à¬�æ¨®−−ëå ãá«ã£, åà�−ïé¨åáï −� £¥â¥à®£¥−-
−®¬ ¬−®¦¥áâ¢¥ ¡�§®¢ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. ’�ª®¥ ª®¬¯®§¨â−®¥ ¯à¨«®¦¥−¨¥
�áá®æ¨¨à®¢�−® á ¯à®æ¥áá�¬¨ ¤¥ïâ¥«ì−®áâ¨ ‘÷‘– ¨ ¬®¦¥â ®¡ê¥¤¨−ïâì à�§«¨ç−ë¥
íâ�¯ë ¥¥ ¯à®æ¥áá®¢ (¢ â®¬ ç¨á«¥ ¯à®æ¥áá®¢ ¯®¤á¨áâ¥¬), ¯à¥¤áâ�¢«ïï ¨å ¯®«ì-
§®¢�â¥«î ç¥à¥§ ¥¤¨−ë© ¨−â¥àä¥©á. „«ï à¥�«¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¢ à�¬ª�å
ª®¬¯®§¨â−®£® ¯à¨«®¦¥−¨ï ‘÷‘– æ¥«¥á®®¡à�§−® â�ª¦¥ ¯à¨¬¥−ïâì â¥å−®«®£¨¨
¡à®ª¥à®¢ ¨§ á®áâ�¢� ª®à¯®à�â¨¢−®© á¥à¢¨á−®© è¨−ë ESB.

ˆá¯®«ì§®¢�−¨¥ â�ª®£® ¯®¤å®¤� ¯à¨ ¯®áâà®¥−¨¨ �àå¨â¥ªâãàë á¨áâ¥¬ë ¨−ä®à-
¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ‘÷‘– ¯®§¢®«ï¥â:

{ á®§¤�âì á¨áâ¥¬ã ª®¬¯®§¨â−ëå ¯à¨«®¦¥−¨©, ®á−®¢�−−ëå −� â¥å−®«®£¨¨ ¢¥¡-
á¥à¢¨á®¢, ®¡¥á¯¥ç¨¢�îé¨å à¥è¥−¨¥ ¯à¨ª«�¤−ëå §�¤�ç ‘÷‘–;

{ ®à£�−¨§®¢�âì ¨−â¥£à�æ¨î ¯à¨«®¦¥−¨©, ¡¨§−¥á-¯à®æ¥áá®¢ á �¢â®¬�â¨§�æ¨¥©
¡¨§−¥á-¯à®æ¥áá®¢;

{ ¨á¯®«ì§®¢�âì ¯à®£à�¬¬−ë¥ �¤�¯â¥àë ¤«ï ¤®áâã¯� ª á¬¥¦−ë¬ á¨áâ¥¬�¬, ¡�-
§¨àãîé¨¬áï −� ¯à®â®ª®«�å, ®â«¨ç−ëå ®â ¢¥¡;

{ ã−¨ä¨æ¨à®¢�âì â¥å−®«®£¨î à�§à�¡®âª¨ −®¢ëå ¯à¨«®¦¥−¨©, à¥�«¨§ãîé¨å
−®¢ë¥ ¡¨§−¥á-¯à®æ¥ááë ¢ à�¬ª�å áãé¥áâ¢ãîé¥© ¨−ä®à¬�æ¨®−−®© áà¥¤ë,
¯®¢ëá¨âì áª®à®áâì à�§à�¡®âª¨ ¯à¨ª«�¤−ëå ¯à¨«®¦¥−¨© ¨ á−¨§¨âì §�âà�âë
−� íâ¨ æ¥«¨.

�«�£®¤�àï ã−¨ä¨ª�æ¨¨ áà¥¤ë äã−ªæ¨®−¨à®¢�−¨ï ¨ ¢§�¨¬®¤¥©áâ¢¨ï á−¨-
¦�¥âáï ¯®âà¥¡−®áâì ¢ ª®¤¨à®¢�−¨¨ −®¢ëå ¯à®£à�¬¬; ¯®¢â®à−®¥ ¨á¯®«ì§®¢�−¨¥
á¥à¢¨á®¢ á®ªà�é�¥â §�âà�âë ¢à¥¬¥−¨ −� à�§à�¡®âªã; à�æ¨®−�«¨§�æ¨ï ã−�á«¥-
¤®¢�−−ëå ¯à®æ¥áá®¢ ¯®¬®£�¥â ã¬¥−ìè¨âì ®¡é¥¥ ç¨á«® ¯à®æ¥áá®¢, âà¥¡ãîé¨å
íªáª«î§¨¢−ëå ¬¥â®¤®¢ ã¯à�¢«¥−¨ï; ¡«�£®¤�àï ¨á¯®«ì§®¢�−¨î ¯à®áâëå ¯à®â®ª®-
«®¢ §−�ç¨â¥«ì−® á®ªà�é�îâáï âàã¤®§�âà�âë −� ¯®¤¤¥à¦ªã ¯à¨«®¦¥−¨©.

�à¨ ¯®áâà®¥−¨¨ ¨ ¢−¥¤à¥−¨¨ �àå¨â¥ªâãàë á¨áâ¥¬ë ¨−ä®à¬�æ¨®−−®£® ¢§�¨-
¬®¤¥©áâ¢¨ï ‘÷‘– −� ®á−®¢¥ SOA á®§¤�¥âáï ¥¤¨−�ï ¨−äà�áâàãªâãà� ®¯¨á�−¨ï
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á¥à¢¨á®¢ (à¥¯®§¨â®à¨© á¥à¢¨á®¢), à�§à¥è¥−−ëå ¯à®â®ª®«®¢ ¤®áâã¯� ¨ ®¡¬¥−�
á®®¡é¥−¨ï¬¨, ä®à¬�â®¢ á®®¡é¥−¨©. ‘®¡áâ¢¥−−ë¥ á¥à¢¨áë áâà®ïâáï −� ®á−®¢¥
¢¥¡-â¥å−®«®£¨¨, â�ª¦¥ ¯à¥¤ãá¬�âà¨¢�îâáï á¥à¢¨áë −� ®á−®¢¥ ¨−ëå â¥å−®«®£¨©,
®¡¥á¯¥ç¨¢�îé¨å á¢ï§¨ á ¤àã£¨¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ (è«î§ë).
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Abstract: The article considers the questions of information interaction between
components of a system of distributed situational centers. The authors propose
an architecture of the system's interaction based on SOA (service-oriented
architecture) using the web technology as the underlying instrument for service
invocation, as well as the expansion and development of business processes
through the application of the EDA (event-driven architecture) technology
and the organization of interaction of the system's components using the ESB
(enterprise service bus).
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ПРИМЕНЕНИЕ АРХИТЕКТУРЫ CUDA
ПРИ РЕАЛИЗАЦИИ СЕТОЧНЫХ АЛГОРИТМОВ

ДЛЯ МЕТОДА СКОЛЬЗЯЩЕГО РАЗДЕЛЕНИЯ СМЕСЕЙ∗

А. К. Горшенин1, В. Ю. Кузьмин2

�−−®â�æ¨ï: �à¥¤«�£�¥âáï ª®−æ¥¯æ¨ï à¥�«¨§�æ¨¨ á¥â®ç−ëå �«£®à¨â¬®¢ ¯®¨á-
ª� ®æ¥−®ª ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¢ á¬¥è�−−ëå ¢¥à®ïâ−®áâ−ëå ¬®¤¥«ïå
á ¨á¯®«ì§®¢�−¨¥¬ ¯à®£à�¬¬−ëå à¥è¥−¨© ¤«ï ¢ë¯®«−¥−¨ï ¢ëç¨á«¥−¨© −� £à�-
ä¨ç¥áª¨å ¯à®æ¥áá®à�å á ¯à¨¢«¥ç¥−¨¥¬ â¥å−®«®£¨¨ NVIDIA CUDA. �¯¨á�−�
¨¥à�àå¨ç¥áª�ï áâàãªâãà� ª«�áá®¢, ¯à¥¤«®¦¥− ¯®¤å®¤ ª ¯¥à¢®−�ç�«ì−®¬ã ®æ¥-
−¨¢�−¨î ¨ ¤�«ì−¥©è¥© ¬®¤¨ä¨ª�æ¨¨ ¯�à�¬¥âà¨ç¥áª®© á¥âª¨, −� â¥áâ®¢ëå
àï¤�å ¯à®¢¥¤¥−® ¨áá«¥¤®¢�−¨¥ áª®à®áâ¨ áå®¤¨¬®áâ¨ à�§à�¡®â�−−ëå ¬¥â®¤®¢.
Š«îç¥¢ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¬¥â®¤�, ¢ª«îç�ï ¨§¬¥−¥−¨¥ ®è¨¡ª¨ �¯¯à®ªá¨¬�-
æ¨¨ ¢ ¬¥âà¨ª¥ l1 ¨ ã¬¥−ìè¥−¨¥ ç¨á«� ª®¬¯®−¥−â ¢ ¯à®æ¥áá¥ ¨â¥à�æ¨®−−ëå
è�£®¢, ¯à®¤¥¬®−áâà¨à®¢�−ë á ¯®¬®éìî £à�ä¨ª®¢. ’�ª¦¥ ®¡áã¦¤�¥âáï ¢®¯à®á
¨−â¥£à�æ¨¨ à�§à�¡®â�−−ëå ¯à®£à�¬¬−ëå ¬®¤ã«¥© ¢ á¯¥æ¨�«¨§¨à®¢�−−ãî ®−-
«�©−-á¨áâ¥¬ã ®¡à�¡®âª¨ à¥�«ì−ëå ¤�−−ëå MSM Tools.

Š«îç¥¢ë¥ á«®¢�: CUDA; GPU; á¥â®ç−ë¥ ¬¥â®¤ë; á¬¥è�−−ë¥ ¢¥à®ïâ−®áâ-
−ë¥ ¬®¤¥«¨; ¬¥â®¤ áª®«ì§ïé¥£® à�§¤¥«¥−¨ï á¬¥á¥©; ®−«�©−-ª®¬¯«¥ªá

DOI: 10.14357/08696527160406

1 Введение

‘âà¥¬¨â¥«ì−ë© à®áâ ¯®¯ã«ïà−®áâ¨ à¥è¥−¨© −� ¡�§¥ ¯«�âä®à¬, ®à¨¥−â¨à®-
¢�−−ëå −� §�¤¥©áâ¢®¢�−¨¥ ¢ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï ¢ëç¨á«¥−¨© á¯¥æ¨�«¨§¨à®-
¢�−−ëå £à�ä¨ç¥áª¨å ¢¨¤¥®ª�àâ (GPU, ®â graphics processing unit), −�¡«î¤�¥âáï
¢ è¨à®ª®¬ á¯¥ªâà¥ �ªâã�«ì−ëå ¨áá«¥¤®¢�â¥«ìáª¨å ®¡«�áâ¥©. ��¯à¨¬¥à, ¬®¦−®
¢ë¤¥«¨âì ¨å ¨á¯®«ì§®¢�−¨¥ ¢ ¬¥¤¨æ¨−¥ ¤«ï à¥ª®−áâàãªæ¨¨ ¨§®¡à�¦¥−¨© [1],
¯à¨¬¥−¥−¨¥ ¢ §�¤�ç�å £¥®áâ�â¨áâ¨ç¥áª®£® ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¤«ï
¨§ãç¥−¨ï §�¯�á®¢ −¥äâ¨ ¨ £�§� [2], ¢−¥¤à¥−¨¥ ¢ à�¬ª�å ä�à¬�ª®ª¨−¥â¨ç¥áª®£®
�−�«¨§� ¤�−−ëå [3]. „�«¥¥ à�áá¬®âà¨¬ ¡®«¥¥ ¯®¤à®¡−® àï¤ à�¡®â, ¨¬¥îé¨å ®â-
−®è¥−¨¥ ª ¯à¨¬¥−¥−¨î á¬¥è�−−ëå ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥© (−�¯à¨¬¥à, −� ®á−®¢¥
ª®−¥ç−ëå á¬¥á¥© −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©).

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 15-37-20851 ¬®« � ¢¥¤ ¨ 14-07-00041).
1ˆ−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, agorshenin@frccsc.ru
2��� ú‚�©2ƒ¥®û, shadesilent@yandex.ru
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�à¨¬¥−¥−¨¥ �àå¨â¥ªâãàë CUDA ¯à¨ à¥�«¨§�æ¨¨ á¥â®ç−ëå �«£®à¨â¬®¢

‚ à�¡®â¥ [4] à�áá¬�âà¨¢�¥âáï ¨á¯®«ì§®¢�−¨¥ à¥è¥−¨© −� ¡�§¥ �àå¨â¥ªâãàë
NVIDIA CUDA (Compute Unified Device Architecture) ¢ á¨áâ¥¬�å à�á¯®§−�¢�−¨ï
à¥ç¨ ¤«ï ¢ëç¨á«¥−¨ï §−�ç¥−¨© äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï. ‡−�ç¥−¨ï −�å®¤ïâáï
ª�ª áª�«ïà−ë¥ ¯à®¨§¢¥¤¥−¨ï, à¥�«¨§�æ¨ï ª®â®àëå −� £à�ä¨ç¥áª¨å ¯à®æ¥áá®à�å
¤®áâ�â®ç−® íää¥ªâ¨¢−�, ¯®íâ®¬ã �¢â®àë −�¡«î¤�îâ ¯à¨à®áâ ¯à®¨§¢®¤¨â¥«ì−®áâ¨
¢ 35%. ˆáá«¥¤®¢�−¨ï ¢ ¤�−−®© ®¡«�áâ¨ ¯à®¤®«¦�«¨áì ¨ ¤�«¥¥ (á¬., −�¯à¨¬¥à,
¤®ª«�¤ [5] ¨ áâ�âìî [6]).

�¢â®àë à�¡®âë [7] ¯à¥¤áâ�¢¨«¨ à¥�«¨§�æ¨î ª«�áá¨ç¥áª®£® EM (expectation-
maximization) �«£®à¨â¬� [8] á ¨á¯®«ì§®¢�−¨¥¬ à¥è¥−¨© CUDA ¢ à�¬ª�å ¨¤¥®«®£¨¨
SIMT (®¤−� ª®¬�−¤�, ¬−®¦¥áâ¢® −¨â¥©, single instruction, multiple thread), ª®-
â®à�ï ¯®§¢®«¨«� ãáª®à¨âì à�¡®âã ¬¥â®¤� −� −¥áª®«ìª® ¯®àï¤ª®¢ ¯® áà�¢−¥−¨î
á ¯à®£à�¬¬−ë¬ ª®¤®¬ −� ï§ëª¥ C, ¤«ï ª®â®à®£® ¨á¯®«ì§®¢�«�áì ®¤−� −¨âì ¨ ¢ë-
ç¨á«¥−¨ï ¡ë«¨ ®á−®¢�−ë −� à�¡®â¥ á æ¥−âà�«ì−ë¬ ¯à®æ¥áá®à®¬ (–�, CPU, central
processing unit).

‚ à�¡®â¥ [9] ¯à¥¤áâ�¢«¥−® ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ¯à®£à�¬¬−®£® à¥è¥−¨ï | ¡¨¡-
«¨®â¥ª� BEAGLE ¤«ï ¯à®¢¥¤¥−¨ï áâ�â¨áâ¨ç¥áª¨å ä¨«®£¥−¥â¨ç¥áª¨å ¨áá«¥¤®¢�−¨©,
¢ â®¬ ç¨á«¥ á ¨á¯®«ì§®¢�−¨¥¬ ¯®¨áª� §−�ç¥−¨© äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï −� ¡�§¥
¢ëç¨á«¥−¨© −� £à�ä¨ç¥áª¨å ¯à®æ¥áá®à�å á ¯®¤¤¥à¦ª®© NVIDIA CUDA.

�¤−¨¬ ¨§ ¢¥áì¬� ¯¥àá¯¥ªâ¨¢−ëå ¯ãâ¥© ¨á¯®«ì§®¢�−¨ï GPU ¤«ï ¯®¢ëè¥-
−¨ï ¢ëç¨á«¨â¥«ì−®© íää¥ªâ¨¢−®áâ¨ ï¢«ï¥âáï ¨å ¢−¥¤à¥−¨¥ ¯à¨ à¥�«¨§�æ¨¨ â�ª
−�§ë¢�¥¬ëå á¥â®ç−ëå ¬¥â®¤®¢ ¯®¨áª� ®æ¥−®ª ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¢ ¢¥-
à®ïâ−®áâ−ëå ¬®¤¥«ïå (¯®¤à®¡−¥¥ á¬., −�¯à¨¬¥à, ª−¨£ã [10]). ‚ à�¡®â¥ [11] ¡ë«�
à�áá¬®âà¥−� ª®−æ¥¯æ¨ï à¥�«¨§�æ¨¨ á¥â®ç−ëå ¬¥â®¤®¢ ¯®¤®¡−®£® à®¤� á ¯®¬®éìî
¯à®£à�¬¬−ëå à¥è¥−¨© ¤«ï £à�ä¨ç¥áª¨å ¢¨¤¥®ª�àâ á æ¥«ìî ¯à¥®¤®«¥−¨ï ¢ë-
ç¨á«¨â¥«ì−ëå á«®¦−®áâ¥©, å�à�ªâ¥à−ëå ¤«ï à�¡®âë á −¨¬¨. ‘¥â®ç−ë¥ ¬¥â®¤ë
®¡«�¤�îâ å®à®è¨¬¨ �−�«¨â¨ç¥áª¨¬¨ á¢®©áâ¢�¬¨ á â®çª¨ §à¥−¨ï áå®¤¨¬®áâ¨,
¯®§¢®«ïîâ à¥�«¨§®¢ë¢�âì ¤®áâ�â®ç−® ¡ëáâàë¥ �«£®à¨â¬ë ®âëáª�−¨ï ¯�à�¬¥â-
à®¢, ®¡«�¤�îâ è¨à®ª¨¬¨ ¢®§¬®¦−®áâï¬¨ ¢ ®¡«�áâ¨ �−�«¨§� ¨−ä®à¬�æ¨®−−ëå
¯®â®ª®¢ [12]. �¤−�ª® ªà¨â¨ç¥áª¨ ¢�¦−�ï §�¤�ç� ¯®áâà®¥−¨ï íää¥ªâ¨¢−®© á¥âª¨
¤«ï â�ª¨å �«£®à¨â¬®¢ −� ¯à�ªâ¨ª¥ ¢¥áì¬� á«®¦−�, ¯®íâ®¬ã −¥ã¤�ç−ë© ¢ë¡®à
−�¡®à� ã§«®¢ −¥«ì§ï ª®¬¯¥−á¨à®¢�âì ¢ëç¨á«¨â¥«ì−ë¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ ¬¥â®-
¤�. „�«¥¥ ªà�âª® à�áá¬®âà¨¬ ¢®§¬®¦−ãî áå¥¬ã à¥�«¨§�æ¨¨ á¥â®ç−ëå ¬¥â®¤®¢
á ¢ëç¨á«¥−¨¥¬ −� £à�ä¨ç¥áª¨å ¯à®æ¥áá®à�å (à¨á. 1).

�� ¯¥à¢®¬ è�£¥ ¤�−−ë¥ (¢ë¡®àª�, ¢à¥¬¥−−®© àï¤) £®â®¢ïâáï ª ®¡à�¡®â-
ª¥: ¯à®¨§¢®¤¨âáï ¨å −®à¬�«¨§�æ¨ï, ¢ë¡®à ¤¨�¯�§®−®¢ §−�ç¥−¨©, ¯à®à¥¦¨¢�−¨¥
(¯à¨ −¥®¡å®¤¨¬®áâ¨). „�−−ë© ¯à®æ¥áá −¥ âà¥¡ã¥â §�¤¥©áâ¢®¢�−¨ï £à�ä¨ç¥áª¨å
¯à®æ¥áá®à®¢, ®¤−�ª® ¯®¤£®â®¢«¥−−ë¥ â�ª¨¬ ®¡à�§®¬ §−�ç¥−¨ï �−�«¨§¨àã¥¬®£®
àï¤� ¯®¬¥é�îâáï ¢ ¯�¬ïâì GPU. �� ¢â®à®¬ è�£¥ §�¯ãáª�¥âáï ®¤−� ¨§ ¬®¤¨ä¨-
ª�æ¨© EM-�«£®à¨â¬� (−�¯à¨¬¥à, ª«�áá¨ç¥áª�ï ¢¥àá¨ï á ã¬¥à¥−−®© â®ç−®áâìî
¢ëç¨á«¥−¨©) á æ¥«ìî ®¯à¥¤¥«¥−¨ï ¤¨�¯�§®−®¢ ¤«ï ¯�à�¬¥âà®¢, ª®â®àë¥ §�â¥¬
¨á¯®«ì§ãîâáï ¯à¨ ¯®áâà®¥−¨¨ á¥âª¨ ¨ ¢ ª�ç¥áâ¢¥ ¡�§®¢®© ®æ¥−ª¨ ç¨á«� ª®¬¯®−¥−â
¢ á¬¥á¨. �� á«¥¤ãîé¥¬ íâ�¯¥ ¢ë¡¨à�¥âáï á¥âª� (¡¥§ ¨á¯®«ì§®¢�−¨ï £à�ä¨ç¥áª®£®
¯à®æ¥áá®à�), ª®â®à�ï â�ª¦¥ ¯¥à¥¤�¥âáï ¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà®¢ ¢ ¯�¬ïâì GPU. ‘ç¨-
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÷¨á. 1 „¨�£à�¬¬� ¯®â®ª®¢ ¤�−−ëå ¬¥¦¤ã –� ¨ ¢¨¤¥®ª�àâ®©

â�¥âáï, çâ® ¯à¥¤¢�à¨â¥«ì−® ¡ë«¨ §�£àã¦¥−ë ¢ à�§¤¥«ï¥¬ãî ¯�¬ïâì £à�ä¨ç¥áª®£®
¯à®æ¥áá®à� −�ç�«ì−ë¥ ¢¥á� ã§«®¢ á¥âª¨ (¨, ¢®§¬®¦−®, ªíè-â�¡«¨æ� ¤«ï §−�ç¥−¨©
á¯¥æ¨�«¨§¨à®¢�−−ëå äã−ªæ¨©, −�¯à¨¬¥à £�¬¬�-äã−ªæ¨¨). Š�ª â®«ìª® ¤�−−ë¥
¡ã¤ãâ ¯¥à¥¤�−ë, á¥â®ç−ë© ¬¥â®¤ ¬®¦¥â ¡ëâì §�¯ãé¥− −� GPU. �®á«¥ ¯à®¢¥¤¥−¨ï
¢ëç¨á«¥−¨© à¥§ã«ìâ�âë ¢®§¢à�é�îâáï –� ¤«ï ¯à®¢¥àª¨ ãá«®¢¨© ®áâ�−®¢�. …á«¨
íâ¨ ãá«®¢¨ï −¥ ¢ë¯®«−¥−ë, â® ¯à®æ¥áá ¯®áâà®¥−¨ï á¥âª¨ (¯®¨áª� −¥¨§¢¥áâ−ëå
¯�à�¬¥âà®¢) ¯®¢â®àï¥âáï §�−®¢®. �â®â �«£®à¨â¬ ¬¨−¨¬¨§¨àã¥â ¯¥à¥−®á ¤�−−ëå
¬¥¦¤ã æ¥−âà�«ì−ë¬ ¨ £à�ä¨ç¥áª¨¬ ¯à®æ¥áá®à�¬¨, â�ª ª�ª ®¡−®¢«ïîâáï â®«ìª®
ã§«ë á¥âª¨, −® −¥ ¤�−−ë¥ ¨ ªíè-â�¡«¨æë.

‚ −�áâ®ïé¥© à�¡®â¥ ¡ã¤¥â à�áá¬®âà¥−� ®¤−� ¨§ ¢®§¬®¦−ëå ¯à®£à�¬¬−ëå
à¥�«¨§�æ¨© ®¯¨á�−−®© ¢ëè¥ ¯à®æ¥¤ãàë. Šà®¬¥ â®£®, ®¡áã¦¤�îâáï ¢®¯à®áë
¨−â¥£à�æ¨¨ ¯®«ãç¥−−ëå ¯à®£à�¬¬−ëå ¬®¤ã«¥© ¢ ª®¬¯«¥ªáë ®¡à�¡®âª¨ à¥�«ì-
−ëå ¤�−−ëå, � ¨¬¥−−® | ¢áâà�¨¢�−¨¥ à�§à�¡®â�−−ëå à¥è¥−¨© ¢ áâàãªâãàã
®−«�©−-á¨áâ¥¬ë ¤«ï à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨©, ® ª®â®à®© £®¢®à¨âáï, −�¯à¨-
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¬¥à, ¢ à�¡®â�å [13, 14]. �â¬¥â¨¬, çâ® à¥�«¨§�æ¨¨ á¥â®ç−ëå ¬¥â®¤®¢ ¯®¨áª�
®æ¥−®ª ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¢ ¢¥à®ïâ−®áâ−ëå ¬®¤¥«ïå á ¯à¨¢«¥ç¥−¨-
¥¬ â¥å−®«®£¨© NVIDIA CUDA ¢ ª�ª®¬-«¨¡® ¢¨¤¥ ¢ à�¬ª�å ¡¨¡«¨®£à�ä¨ç¥áª®£®
¯®¨áª� ¢ ¡�§¥ Web of Science ®¡−�àã¦¥−ë −¥ ¡ë«¨.

2 Программная реализация сеточного метода с помощью CUDA

‚ ª�ç¥áâ¢¥ ï§ëª� à�§à�¡®âª¨ ¡ë« ¨á¯®«ì§®¢�− C# ¢ à�¬ª�å áà¥¤ë
Microsoft Visual Studio 2013. ÷¥�«¨§�æ¨ï ¢ëç¨á«¥−¨© −� £à�ä¨ç¥áª¨å
¯à®æ¥áá®à�å áãé¥áâ¢¥−−® ®à¨¥−â¨à®¢�−� −� ¢®§¬®¦−®áâ¨ −�¡®à� à�áè¨à¥−¨©
NVIDIA CUDA Toolkit.

2.1 Иерархическая структура классов

�á−®¢−ë¬ à�¡®ç¨¬ ª«�áá®¬ ¯à®£à�¬¬ë ï¢«ï¥âáï ®ª−® Window. „®¯®«−¨â¥«ì-
−® ¯à®£à�¬¬� ¢ª«îç�¥â ¢ á¥¡ï á«ã¦¥¡−ë¥ ª«�ááë ¯®á«¥¤®¢�â¥«ì−®áâ¨ Sequence,
� â�ª¦¥ ¨−áâàã¬¥−â�à¨© ¤«ï çâ¥−¨ï (ª«�áá Reader) ¨ §�¯¨á¨ (Writer) ¤�−−ëå ¤®
¨ ¯®á«¥ ®¡à�¡®âª¨. �à¥¤ãá¬®âà¥−� ¨ ¢®§¬®¦−®áâì ¤�«ì−¥©è¥£® à�§¢¨â¨ï äã−ª-
æ¨®−�«� ¯à®£à�¬¬ë: −�¯à¨¬¥à, ®â ª«�áá� �¡áâà�ªâ−®£® ®ª−� ¬®¦−® ã−�á«¥¤®¢�âì
ª«�áá ®ª−� ¤«ï à�¡®âë á ª®−ªà¥â−ë¬ á¥¬¥©áâ¢®¬ à�á¯à¥¤¥«¥−¨©, � ®â −¥£® |
ª«�áá ¤«ï à�¡®âë á íâ¨¬ á¥¬¥©áâ¢®¬ à�á¯à¥¤¥«¥−¨© ¨ á¯¥æ¨ä¨ç¥áª®© à¥�«¨§�æ¨-
¥© EM-�«£®à¨â¬�. Š«�ááë ¤«ï çâ¥−¨ï ¨ §�¯¨á¨ á®§¤�−ë ¢ à�¬ª�å �−�«®£¨ç−®©
¯�à�¤¨£¬ë.

‚®§¬®¦−ë á«¥¤ãîé¨¥ ä®à¬�âë à�¡®âë á ¤�−−ë¬¨:

{ â�¡«¨æë ¢ ¡�§¥ ¤�−−ëå mySQL;
{ «®ª�«ì−ë¥ json-®¡ê¥ªâë;
{ json-®¡ê¥ªâë, ¤®áâã¯−ë¥ ¯® ¯à®â®ª®«ã http;
{ ä�©«ë ä®à¬�â� CSV (comma-separated values).

Š«�áá Sequence ®¡¥á¯¥ç¨¢�¥â åà�−¥−¨¥ ¢¢¥¤¥−−ëå ¤�−−ëå ¨ ï¢«ï¥âáï ¨−â¥à-
ä¥©á®¬ ¬¥¦¤ã ª«�áá�¬¨ çâ¥−¨ï/§�¯¨á¨ ¨ ª«�áá®¬ ®ª−� Window. �à¨ á®§¤�−¨¨
ª«�áá� Window ¢ −¥£® ¯¥à¥¤�¥âáï ç�áâì àï¤� ¨§ Sequence, ¢¥áì ¤�«ì−¥©è¨©
�−�«¨§ ¤�−−ëå ¯à®¨áå®¤¨â ¢ à�¬ª�å íâ®£® ª«�áá�. ��§®¢ë¬ ª«�áá®¬ ï¢«ï¥âáï
AbstractWindow, −¥ ¯à¨¢ï§�−−ë© ª ª®−ªà¥â−®¬ã ¢¨¤ã á¬¥á¨ à�á¯à¥¤¥«¥−¨©
«¨¡® à¥�«¨§�æ¨¨ �«£®à¨â¬�. �− á®¤¥à¦¨â äã−ªæ¨¨ ¤«ï à�¡®âë á ¢ë¡®àª®©,
áâàãªâãàë ¤«ï åà�−¥−¨ï ¨ ®¡à�¡®âª¨ ª®¬¯®−¥−â á¬¥á¨, � â�ª¦¥ àï¤ á«ã¦¥¡−ëå
äã−ªæ¨©, â�ª¨å ª�ª ¡ëáâàë© ¯®¨áª ª®¬¯®−¥−âë á ¬¨−¨¬�«ì−ë¬ ¢¥á®¬ áà¥¤¨
¢á¥å, −®à¬�«¨§�æ¨ï ¢¥á®¢, á®åà�−¥−¨¥ ¯à®¬¥¦ãâ®ç−ëå à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨
¤�−−ëå ¤«ï ¢®§¬®¦−®áâ¨ ¯à®¢¥àª¨ £¨¯®â¥§ ® ç¨á«¥ ª®¬¯®−¥−â ¨«¨ áâàãªâãà¥
á¥âª¨ ¨ â. ¤.

�â AbstractWindow −�á«¥¤ãîâáï ª«�ááë,¯à¥¤−�§−�ç¥−−ë¥ ¤«ï à�¡®âë á à�§-
«¨ç−ë¬¨ á¥¬¥©áâ¢�¬¨ à�á¯à¥¤¥«¥−¨© (−®à¬�«ì−ë¥, £�¬¬�- ¨ â. ¤.). ‚ −¨å à¥-
�«¨§®¢�−ë äã−ªæ¨¨ ¤«ï ¯¥à¢¨ç−®© ®¡à�¡®âª¨ àï¤�: ¢ëç¨á«¥−¨¥ ¢ë¡®à®ç−ëå
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å�à�ªâ¥à¨áâ¨ª ¨ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï, §�¤�−¨¥ �«ìâ¥à−�â¨¢−ëå ¬¥âà¨ª ¤«ï
ªà¨â¥à¨ï ®áâ�−®¢�. Šà®¬¥ â®£®, ¢ −¨å ä®à¬�«¨§®¢�−ë áâàãªâãàë ¤«ï åà�−¥−¨ï
ª®¬¯®−¥−â á¬¥á¨.

’à¥âì¨¬ ãà®¢−¥¬ −�á«¥¤®¢�−¨ï ï¢«ïîâáï ª«�ááë ¤«ï à�¡®âë á ª®−ªà¥â−®©
à¥�«¨§�æ¨¥© ¬¥â®¤� áª®«ì§ïé¥£® à�§¤¥«¥−¨ï á¬¥á¥© (á¬., −�¯à¨¬¥à, [10]). �−¨
à¥�«¨§ãîâ äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ ¤«ï ¯®áâà®¥−¨ï −�ç�«ì−®© á¬¥á¨ à�á-
¯à¥¤¥«¥−¨© ¨ ¢ë¯®«−¥−¨ï ¨â¥à�æ¨®−−ëå è�£®¢ �«£®à¨â¬�. ‚ íâ¨å ¦¥ ª«�áá�å
à¥�«¨§®¢�−® ä®à¬�â¨à®¢�−¨¥ ¤�−−ëå ¯¥à¥¤ ¨å ¢ë¢®¤®¬. �â íâ®£® ª«�áá� −�-
á«¥¤ã¥âáï ª«�áá ¤«ï à�¡®âë á CUDA, ¯¥à¥®¯à¥¤¥«ïîé¨© ç�áâì äã−ªæ¨© á æ¥«ìî
¯®áâà®¥−¨ï ªíè-â�¡«¨æ.

‚ á«¥¤ãîé¨å à�§¤¥«�å à�áá¬®âà¨¬ à¥�«¨§�æ¨î á¥â®ç−®£® �«£®à¨â¬� á à�¢-
−®¬¥à−®© á«ãç�©−®© á¥âª®© ¤«ï à�§¤¥«¥−¨ï ª®−¥ç−ëå á¬¥á¥© −®à¬�«ì−ëå à�á-
¯à¥¤¥«¥−¨©.

2.2 Построение параметрической сетки и критерии останова

„«ï ¯®áâà®¥−¨ï ¯�à�¬¥âà¨ç¥áª®© á¥âª¨ ¢ëç¨á«ïîâáï ¢ë¡®à®ç−ë¥ ¬�â¥¬�â¨-
ç¥áª®¥ ®¦¨¤�−¨¥ E ¨ áà¥¤−¥ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥ σ ¤«ï ®ª−�, ¯à¥¤áâ�¢«ï-
îé¥£® á®¡®© ¯®¤¢ë¡®àªã −¥ª®â®à®© ¤«¨−ë ¨§ �−�«¨§¨àã¥¬®£® àï¤� (¯®¤à®¡−¥¥
á¬. ª−¨£ã [10]). ‚ ¯�à�¬¥âà¨ç¥áª®¬ ¯à®áâà�−áâ¢¥ ¢ë¡¨à�¥âáï ¯àï¬®ã£®«ì−¨ª
[c1 ·E, c2 ·E]× [c3 ·σ, c4 · σ], ª®â®àë© ¨á¯®«ì§ã¥âáï ¤«ï ¯®áâà®¥−¨ï á¥âª¨ á ã§«�-
¬¨, à�¢−®¬¥à−® à�á¯à¥¤¥«¥−−ë¬¨ ¯® ª�¦¤®¬ã ¨§¬¥à¥−¨î. Š®−áâ�−âë c1, . . . , c4,
®¯à¥¤¥«ïîé¨¥ à�§¬¥à ¯àï¬®ã£®«ì−¨ª�, ¬®£ãâ ¡ëâì ¨§¬¥−¥−ë ¤«ï «ãçè¥£® ãç¥-
â� áâàãªâãàë ¤�−−ëå. �à¨ â¥áâ¨à®¢�−¨¨ ¤«ï á«ãç�ï ¡«¨§ª® à�á¯®«®¦¥−−ëå
ª®¬¯®−¥−â ¨á¯®«ì§®¢�«¨áì á«¥¤ãîé¨¥ §−�ç¥−¨ï: c1 = 0,5; c2 = 5,5; c3 = 0,3
¨ c4 = 2,8. �� ¯®áâà®¥−−®© á¥âª¥ á«ãç�©−ë¬ ®¡à�§®¬ §�¤�îâáï ¢¥á� ã§«®¢,
¯®á«¥ ç¥£® ¯à®¢®¤¨âáï ¯à®æ¥¤ãà� −®à¬�«¨§�æ¨¨ á¥âª¨ | áã¬¬� ¢¥á®¢ ¢á¥å ã§«®¢
¯à¨¢®¤¨âáï ª ¥¤¨−¨æ¥ ¯ãâ¥¬ −®à¬¨à®¢ª¨.

„«ï ªà¨â¥à¨¥¢ ®áâ�−®¢� ¨ á¡®à� áâ�â¨áâ¨ª¨ ® à�¡®â¥ �«£®à¨â¬� ¨á¯®«ì§ãîâáï
¤¢¥ ®á−®¢−ë¥ ¢¥«¨ç¨−ë | ¬¥âà¨ª� l1 ¨ äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï.

‚¥«¨ç¨−� D1, ®á−®¢�−−�ï −� ¬¥âà¨ª¥ l1 [15], ¯à¨¬¥−ï¥âáï ¤«ï ¯®¤áç¥â�
à�ááâ®ï−¨ï ¬¥¦¤ã ¤¢ã¬ï á¥âª�¬¨ á ®¤¨−�ª®¢ë¬ ç¨á«®¬ ã§«®¢:

D1 = min





∑

i,j

(|pi − pj|+ |Ei − Ej |+ |σi − σj|)



 ,

i = 1, . . . , n ; j = 1, . . . , n, (1)

£¤¥ áã¬¬¨à®¢�−¨¥ ¢¥¤¥âáï ¯® ã§«�¬ á¥â®ª; pi ¨ pj | ¢¥á� á®®â¢¥âáâ¢ãîé¨å
ã§«®¢; Ei, Ej, σi ¨ σj | ¯�à�¬¥âàë ã§«®¢ ¢ á«ãç�¥ −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©
(¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï ¨ áà¥¤−¥ª¢�¤à�â¨ç¥áª¨¥ ®âª«®−¥−¨ï á®®â¢¥âáâ¢¥−−®).
„�−−�ï ¢¥«¨ç¨−� ¨á¯®«ì§ã¥âáï ¤«ï ¯à®¢¥àª¨ ¨§¬¥−¥−¨ï á¥âª¨ ¯®á«¥ ®ç¥à¥¤−®£®
¨â¥à�æ¨®−−®£® è�£�.
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‹®£�à¨ä¬ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¤«ï k-ª®¬¯®−¥−â−®© á¬¥á¨ −¥§�¢¨á¨¬ëå
à�á¯à¥¤¥«¥−¨© ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:

n
∑

j=1

log

(

k
∑

i=1

piψi(xj ; ti)

)

, (2)

£¤¥ x1, . . . , xn | ¢ë¡®àª� §−�ç¥−¨© −�¡«î¤�¥¬®© á«ãç�©−®© ¢¥«¨ç¨−ë;
p1, . . . , pk | ¢¥á� ª®¬¯®−¥−â á¬¥á¨; t1, . . . , tk | ¯�à�¬¥âàë ª®¬¯®−¥−â á¬¥á¨;
ψi | ¯«®â−®áâì á®®â¢¥âáâ¢ãîé¥£® á¥¬¥©áâ¢� à�á¯à¥¤¥«¥−¨ï.

‚ á«ãç�¥ ª®−¥ç−ëå á¬¥á¥© −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨© ¢ëà�¦¥−¨¥ (2) ¯à¨−¨-
¬�¥â á«¥¤ãîé¨© ¢¨¤:

ψi(x; ti) =
1

σi

√
2π

e−(x−ai)2/(2σ2i ) .

ˆ§¢¥áâ−®, çâ® á¥â®ç−ë© ¬¥â®¤ ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï, à¥�«¨§®¢�−-
−ë© á ¯®¬®éìî �«£®à¨â¬� ãá«®¢−®£® £à�¤¨¥−â�, áå®¤¨âáï ª â®çª¥ £«®¡�«ì−®£®
¬�ªá¨¬ã¬� úá¥â®ç−®©û äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï (á¬., −�¯à¨¬¥à, à�¡®âã [16]). �â®
®§−�ç�¥â, çâ® «®£�à¨ä¬ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ª�ª ¤«ï
�−�«¨§� ª�ç¥áâ¢� ¯®áâà®¥−−®£® à¥è¥−¨ï −� á¥âª¥, â�ª ¨ ¢ ª�ç¥áâ¢¥ ¤®¯®«−¨â¥«ì-
−®£® ªà¨â¥à¨ï ®áâ�−®¢� | ¢ à¥§ã«ìâ�â¥ à�¡®âë �«£®à¨â¬� «®£�à¨ä¬ äã−ªæ¨¨
¯à�¢¤®¯®¤®¡¨ï ¤®«¦¥− áãé¥áâ¢¥−−® ¢ëà�áâ¨. Šà®¬¥ â®£®, ¯®¤®¡−�ï ¬¥âà¨ª�
¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï ®æ¥−ª¨ ®¯â¨¬�«ì−®áâ¨ ã¬¥−ìè¥−¨ï ç¨á«� ª®¬¯®−¥−â
«¨¡® ¤«ï ¨§¬¥−¥−¨ï ¯�à�¬¥âà®¢ ã§«®¢ á¥âª¨.

2.3 Шаги вычислительного алгоритма

�®á«¥ ¯®áâà®¥−¨ï ®ª−� ¤«ï CUDA-¬¥â®¤®¢ ¯à®¢®¤¨âáï §�¯®«−¥−¨¥ ªíè-â�¡-
«¨æ ¢ ¯�¬ïâ¨ ¢¨¤¥®�¤�¯â¥à�. ‚ −¨å ¢å®¤¨â ¬�âà¨æ� ¢á¯®¬®£�â¥«ì−ëå ¯�à�¬¥âà®¢
à�§¬¥à�M ×N , £¤¥M | ç¨á«® ã§«®¢ á¥âª¨; N | ç¨á«® −�¡«î¤¥−¨©. ‘â®¨â ®â-
¬¥â¨âì, çâ® −�¨¡®«ìè¥© ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâìî ®¡«�¤�¥â ¨¬¥−−® íâ� ç�áâì,
¯®áª®«ìªã ¤«ï ¯®¤áç¥â� ª�¦¤®£® ¨§ ¢á¯®¬®£�â¥«ì−ëå ¯�à�¬¥âà®¢ −¥®¡å®¤¨¬®
®¯à¥¤¥«¨âì §−�ç¥−¨¥ äã−ªæ¨¨ ¯«®â−®áâ¨ −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¢ ®¯à¥¤¥-
«¥−−®© â®çª¥. �à¨ íâ®¬ ¢á¯®¬®£�â¥«ì−ë¥ ¯�à�¬¥âàë −¥ §�¢¨áïâ ®â ¢¥á®¢ ã§«®¢
á¥âª¨ ¨ ¤®«¦−ë ¡ëâì ¯¥à¥áç¨â�−ë â®«ìª® ¯à¨ ¨§¬¥−¥−¨¨ á¥âª¨.

�®á«¥ íâ®£® ¯à®¨áå®¤¨â ¨â¥à�æ¨®−−ë© ¯à®æ¥áá ®¯à¥¤¥«¥−¨ï ¢¥á®¢ ã§«®¢
á¥âª¨, ¯à¥¤áâ�¢«ïîé¨å á®¡®© ¢¥à®ïâ−®áâ¨ á®®â¢¥âáâ¢ãîé¨å ª®¬¯®−¥−â á¬¥á¨.
‡−�ç¥−¨ï ¯�à�¬¥âà®¢ ä¨ªá¨à®¢�−−ëå ª®¬¯®−¥−â −¥ ¨§¬¥−ïîâáï ¢ ¯à®æ¥áá¥ ¨â¥-
à�æ¨¨, �«£®à¨â¬ à�¡®â�¥â â®«ìª® á ¢¥á�¬¨. �®¢â®à−�ï −®à¬�«¨§�æ¨ï á¥âª¨ ¯®á«¥
ª�¦¤®£® è�£� −¥ âà¥¡ã¥âáï, çâ® §−�ç¨â¥«ì−® ãáª®àï¥â �«£®à¨â¬.

ˆâ¥à�â¨¢−ë© ¯à®æ¥áá ¯à®¨§¢®¤¨âáï ®¯à¥¤¥«¥−−®¥ ç¨á«® à�§ (¤�−−®¥ §−�ç¥−¨¥
ï¢«ï¥âáï ¯�à�¬¥âà®¬ ¬¥â®¤�), ¯®á«¥ íâ®£® áà�¢−¨¢�îâáï ¬¥¦¤ã á®¡®© §−�ç¥−¨ï
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«®£�à¨ä¬� äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¤«ï à¥§ã«ìâ¨àãîé¥© ¨ á®åà�−¥−−®© á¥â®ª.
–¨ª« ¨â¥à�æ¨© áç¨â�¥âáï ãá¯¥è−ë¬, ¥á«¨ §−�ç¥−¨¥ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï
ã¢¥«¨ç¨«®áì. ‚ ¯à®â¨¢−®¬ á«ãç�¥ á®åà�−¥−−�ï −� ¯à¥¤ë¤ãé¥¬ è�£¥ ¯�à�¬¥âà¨-
ç¥áª�ï á¥âª� ï¢«ï¥âáï à¥§ã«ìâ¨àãîé¥©.

�à®¢¥àïîâáï ªà¨â¥à¨¨ ®áâ�−®¢�, ¯®á«¥ ç¥£® ¢ëç¨á«ï¥âáï à�ááâ®ï−¨¥ D1 (1)
¬¥¦¤ã à�ááç¨â�−−®© ¨ á®åà�−¥−−®© ¤® íâ®£® á¥âª�¬¨. …á«¨ D1 ¤®áâ�â®ç−® ¬�«®
(ª®−ªà¥â−�ï ¢¥«¨ç¨−� §�¤�¥âáï ¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà� ¬¥â®¤�), â® áç¨â�¥âáï, çâ®
á¥âª� áâ�¡¨«¨§¨à®¢�«�áì −� ¤�−−®© ª®−ä¨£ãà�æ¨¨ §−�ç¨¬ëå ª®¬¯®−¥−â. …á«¨ ¨å
ç¨á«® ¯à¥¢®áå®¤¨â §�à�−¥¥ §�¤�−−ë© ãà®¢¥−ì K, ¢¥á ã§«� á −�¨¬¥−ìè¨¬ ¢¥á®¬
¯à¨à�¢−¨¢�¥âáï ª −ã«î, ¯à®¨áå®¤¨â ¯¥à¥−®à¬¨à®¢ª� á¥âª¨, ¯à®¢¥àï¥âáï ä�ªâ
ã¢¥«¨ç¥−¨ï §−�ç¥−¨ï äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï. �à¨ ãá¯¥è−®¬ ®¡−ã«¥−¨¨ ª®¬-
¯®−¥−âë ¨â¥à�æ¨®−−ë© æ¨ª« §�¯ãáª�¥âáï §�−®¢®. ‚ á«ãç�¥ ã¬¥−ìè¥−¨ï äã−ªæ¨¨
¯à�¢¤®¯®¤®¡¨ï ¯à¨ ®¡−ã«¥−¨¨ «î¡®© ¨§ ª®¬¯®−¥−â �«£®à¨â¬ â�ª¦¥ ®áâ�−�¢«¨¢�-
¥âáï. …á«¨ −� ®¯à¥¤¥«¥−−®¬ è�£¥ á¥âª� áâ�¡¨«¨§¨à®¢�«�áì ¨ ç¨á«® ª®¬¯®−¥−â −¥
¯à¥¢®áå®¤¨â §�à�−¥¥ ¢ë¡à�−−®¥ §−�ç¥−¨¥K (¯�à�¬¥âà ¬¥â®¤�), íâ® â�ª¦¥ £®¢®à¨â
® ¯®«ãç¥−¨¨ à¥è¥−¨ï. ’�ª¨¬ ®¡à�§®¬, à¥§ã«ìâ�â®¬ à�¡®âë ï¢«ï¥âáï á¥âª�, ¤«ï
ª®â®à®© §−�ç¥−¨¥ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¬�ªá¨¬�«ì−®. �â¬¥â¨¬, çâ® â¥å−¨-
ª� ¢ë¡®à� à¥è¥−¨ï ¯® �−�«¨§ã äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ï¢«ï¥âáï ¤®áâ�â®ç−®
à�á¯à®áâà�−¥−−®© ¢ à�¬ª�å à�¡®âë ¬¥â®¤� áª®«ì§ïé¥£® à�§¤¥«¥−¨ï á¬¥á¥© (á¬.,
−�¯à¨¬¥à, áâ�âìî [17], ¢ ª®â®à®© áà�¢−¨¢�îâáï à¥§ã«ìâ�âë à�¡®âë −¥áª®«ìª¨å
¬®¤¨ä¨ª�æ¨© −� ¯à¨¬¥à¥ EM-�«£®à¨â¬�).

�à¨ ã¤�«¥−¨¨ ª®¬¯®−¥−â ¯à®¢¥àï¥âáï ¨§¬¥−¥−¨¥ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï.
…á«¨ ã¤�«¥−¨¥ «î¡®© ª®¬¯®−¥−âë ¯à¨¢®¤¨â ª ã¬¥−ìè¥−¨î ¥¥ §−�ç¥−¨ï, â® á¬¥áì
−¥ ¨§¬¥−ï¥âáï. �� áâ�¡¨«¨§¨à®¢�¢è¥©áï á¥âª¥ «®ª�«ì−ë© ¬�ªá¨¬ã¬ áç¨â�¥âáï
−�©¤¥−−ë¬ | ¨ �«£®à¨â¬ §�¢¥àè�¥â à�¡®âã.

2.4 Модификация параметрической сетки

‘ãé¥áâ¢ã¥â ¯®£à¥è−®áâì á¥â®ç−®£® ¬¥â®¤�, −�¯àï¬ãî §�¢¨áïé�ï ®â −�ç�«ì-
−®£® ¢ë¡®à� á¥âª¨. „�¦¥ ¯à¨ −�«¨ç¨¨ §−�ç¨â¥«ì−ëå ¢ëç¨á«¨â¥«ì−ëå ¬®é−®áâ¥©
−� ä¨ªá¨à®¢�−−®© á¥âª¥ −¥ ¢á¥£¤� ¢®§¬®¦−® ¯®«ãç¥−¨¥ ª®àà¥ªâ−®£® à¥§ã«ìâ�-
â� (â�ª ª�ª àï¤ ª®¬¯®−¥−â ¬®¦¥â ¡ëâì à�á¯®«®¦¥− ¢−¥ ¤¨�¯�§®−� ¯®áâà®¥−−®©
á¥âª¨).

�¤¨− ¨§ á¯®á®¡®¢ à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ®c−®¢�− −� ¯®áâà®¥−¨¨ á¥âª¨ á ¯®-
¬®éìî ¯à¨¬¥−¥−¨ï −¥ª®â®à®© ¢¥àá¨¨ EM-�«£®à¨â¬�. ‚ íâ®¬ á«ãç�¥ á¥â®ç−ë©
�«£®à¨â¬ ¡ã¤¥â ¨á¯®«ì§®¢�− ¤«ï ãâ®ç−¥−¨ï à¥§ã«ìâ�â®¢ à�¡®âë ¨ −¥¨§¢¥áâ−ëå
¢¥á®¢, � ã§«ë á¥âª¨ áâà®ïâáï ¢®ªàã£ −�©¤¥−−ëå ª®¬¯®−¥−â á¬¥á¨.

”ã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï ¤�¥â ¢®§¬®¦−®áâì ®æ¥−¨¢�âì ª�ç¥áâ¢® �¯¯à®ªá¨¬¨-
àãîé¥© á¬¥á¨, ¯®íâ®¬ã ¥é¥ ®¤−¨¬ á¯®á®¡®¬ à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ï¢«ï¥âáï −¥-
ª®â®à�ï á¯¥æ¨�«ì−�ï ¬®¤¨ä¨ª�æ¨ï ¯�à�¬¥âà¨ç¥áª®© á¥âª¨. �à¨ ¥¥ áâ�¡¨«¨§�æ¨¨
«¨¡® ¯à¨ −¥¢®§à�áâ�−¨¨ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¯®á«¥ ®ç¥à¥¤−®£® ¨â¥à�æ¨®−-
−®£® æ¨ª«� ¬®¦−® ¯à®¨§¢¥áâ¨ −¥ª®â®àãî ¢�à¨�æ¨î ¯�à�¬¥âà®¢ ã§«®¢ á¥âª¨ ¯à¨
á®åà�−¥−¨¨ ¨å ¢¥á®¢ ¨ ¯¥à¥áç¨â�âì äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï. ‚ á«ãç�¥ ¥¥ ã¢¥«¨-
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�à¨¬¥−¥−¨¥ �àå¨â¥ªâãàë CUDA ¯à¨ à¥�«¨§�æ¨¨ á¥â®ç−ëå �«£®à¨â¬®¢

ç¥−¨ï ¯à®¨§¢®¤¨âáï §�¯ãáª −®¢®£® ¨â¥à�æ¨®−−®£® æ¨ª«� −� ¬®¤¨ä¨æ¨à®¢�−−®©
á¥âª¥.

�®á«¥¤−¥¥ à¥è¥−¨¥ ¢ë§ë¢�¥â àï¤ ¯à®¡«¥¬, á¢ï§�−−ëå á ¯¥à¥áâà®©ª®© ªíè-
â�¡«¨æ, ¨ âà¥¡ã¥â ¨§¬¥−¥−¨ï �«£®à¨â¬� ¨å ¯®áâà®¥−¨ï, −® ¢ ®¡é¥¬ á«ãç�¥
ãâ®ç−¥−¨¥ ®æ¥−ª¨ â�ª¨¬ ®¡à�§®¬ ¬®¦¥â ï¢«ïâìáï áãé¥áâ¢¥−−ë¬ ¯à¥¨¬ãé¥áâ¢®¬.

2.5 Тестирование скорости сходимости

‚ à�¬ª�å à�áá¬�âà¨¢�¥¬®© à¥�«¨§�æ¨¨ ¡ë«¨ á®§¤�−ë ¯à®£à�¬¬−ë¥ à¥è¥−¨ï
¤«ï àï¤� ¬®¤¨ä¨ª�æ¨© EM-�«£®à¨â¬� ¤«ï ª®−¥ç−ëå á¬¥á¥© −®à¬�«ì−ëå à�á¯à¥-
¤¥«¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ CUDA. ÷�§à�¡®â�−−�ï á¨áâ¥¬� −�á«¥¤®¢�−¨ï ¯®§¢®«ï¥â
áà�¢−¨¢�âì à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ á ¯à¨¬¥−¥−¨¥¬ ¤�−−®© �àå¨â¥ªâãàë, á ª«�á-
á¨ç¥áª¨¬ ¯®¤å®¤®¬ −� ®á−®¢¥ ¨á¯®«ì§®¢�−¨ï ¨áª«îç¨â¥«ì−® ¢®§¬®¦−®áâ¥© –�.
�á−®¢−ë¬ ä�ªâ®à®¬, −� ª®â®àë© −¥®¡å®¤¨¬® ®¡à�â¨âì ¢−¨¬�−¨¥ (¢ ãá«®¢¨-
ïå ¨¤¥−â¨ç−®áâ¨ �¯¯à®ªá¨¬¨àãîé¨å á¬¥á¥©, ¯®«ãç¥−−ëå à�§−ë¬¨ ¬¥â®¤�¬¨),
ï¢«ï¥âáï áª®à®áâì à�¡®âë á ¯«�âä®à¬®© CUDA. �à¨ íâ®¬ −¥®¡å®¤¨¬® ãç¨âë¢�âì
àï¤ á¯¥æ¨ä¨ç¥áª¨å ä�ªâ®à®¢ | −�¯à¨¬¥à, ¢ à�¬ª�å ¨á¯®«ì§ã¥¬®© �àå¨â¥ªâãàë
á�¬®© ¬¥¤«¥−−®© ç�áâìî ¯à®£à�¬¬ë ï¢«ï¥âáï ¯à®æ¥áá ¯¥à¥¤�ç¨ ¤�−−ëå ¨§ ®¯¥à�-
â¨¢−®© ¯�¬ïâ¨ ¢ ¯�¬ïâì ¢¨¤¥®�¤�¯â¥à� ¨ ®¡à�â−®. ‚«¨ï−¨¥ íâ®£® íää¥ªâ� ¬®¦¥â
¡ëâì ç�áâ¨ç−® ã¬¥−ìè¥−® §� áç¥â ¨á¯®«ì§®¢�−¨ï ªíè-â�¡«¨æ, ®¤−�ª® ¯®«−®áâìî
ãáâà�−¨âì ¥£® −¥¢®§¬®¦−®.

„«ï á¥â®ç−ëå ¬¥â®¤®¢ á«®¦−®áâì �«£®à¨â¬� ¬®¦−® ¯à¥¤áâ�¢¨âì ª�ª
O(mn3/2), £¤¥ m | ç¨á«® −�¡«î¤¥−¨© (à�§¬¥à) ®ª−�; n | ç¨á«® ã§«®¢ ¢ á¥âª¥.
�®áª®«ìªã ¨â¥à�æ¨®−−ë¥ è�£¨ EM-�«£®à¨â¬� ¬®£ãâ ¡ëâì ãá¯¥è−® à�á¯�à�«-
«¥«¥−ë (¯à¨ ãá«®¢¨¨ ¤®áâ�â®ç−®£® ®¡ê¥¬� ¯�¬ïâ¨ ¢¨¤¥®�¤�¯â¥à�), ¯à¨ à®áâ¥
á«®¦−®áâ¨ �«£®à¨â¬� ¤® ®¯à¥¤¥«¥−−®£® ¬®¬¥−â� ã¢¥«¨ç¨¢�¥âáï ¨ ¯à¥¨¬ãé¥áâ¢®
¯® áà�¢−¥−¨î á® áâ�−¤�àâ−®© �àå¨â¥ªâãà®©. �¬¯¨à¨ç¥áª¨ ¡ë«® ãáâ�−®¢«¥−®,
çâ® −� â¥áâ®¢ëå ¢ë¡®àª�å ¤«ï íää¥ªâ¨¢−®£® ¯à¨¬¥−¥−¨ï à¥è¥−¨© −� ¡�§¥ CUDA
¤®áâ�â®ç−® ¢ë¡à�âì §−�ç¥−¨ï ¯�à�¬¥âà®¢m ¨ n, ã¤®¢«¥â¢®àïîé¨¥ ãá«®¢¨ï¬m >
> 100 ¨ n > 25 (â. ¥. à�§¬¥à ¯�à�¬¥âà¨ç¥áª®© á¥âª¨ ¤®«¦¥− ¡ëâì −¥ ¬¥−¥¥ 5× 5).

„«ï áà�¢−¥−¨ï á à¥§ã«ìâ�â�¬¨ à�¡®âë ª«�áá¨ç¥áª®£® EM-�«£®à¨â¬� ¡ë«¨
¢ë¡à�−ë á«¥¤ãîé¨¥ −�áâà®©ª¨ ¬¥â®¤�: à�§¬¥à áª®«ì§ïé¥£® ®ª−� | 120 í«¥-
¬¥−â®¢; á¤¢¨£ ®ª−� ¯à®¨§¢®¤¨«áï −� 1 í«¥¬¥−â; ¬�ªá¨¬�«ì−®¥ ç¨á«® ª®¬¯®−¥−â
(¨áå®¤ï ¨§ §−�−¨ï áâàãªâãàë â¥áâ®¢®© ¢ë¡®àª¨) ¡ë«® ¢ë¡à�−® à�¢−ë¬ 4. �ëáâà®-
¤¥©áâ¢¨¥ ¯à®¢¥àï«®áì −� −®ãâ¡ãª¥ á® á«¥¤ãîé¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨: ¯à®æ¥áá®à
Intel Core i7-4800MQ, 16GB RAM, ¢¨¤¥®ª�àâ� GeForce GTX 850M (á ç¨á«®¬
ï¤¥à NVIDIA CUDA, à�¢−ë¬ 640). ‚ â�¡«¨æ¥ −� c. 68 ¯à¨¢¥¤¥−® ¢à¥¬ï ®¡à�¡®âª¨
¤�−−ëå −� ®¤−®¬ ®ª−¥.

�à¨ �−�«¨§¥ 500 000 −�¡«î¤¥−¨© −� á¥âª¥ à�§¬¥à®¬ 11 × 11 á ®ª−®¬
¢ 200 −�¡«î¤¥−¨© ¤�−−�ï à¥�«¨§�æ¨ï ®ª�§�«�áì ¡ëáâà¥¥ �−�«®£� ¡¥§ ¯�à�«-
«¥«¨§�æ¨¨ ¢ 1,5 à�§�. �à¨ ã¢¥«¨ç¥−¨¨ ç¨á«� ã§«®¢ −�¡«î¤�¥âáï ¥é¥ ¡®«¥¥
§−�ç¨â¥«ì−ë© à®áâ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¬¥â®¤� | áª®à®áâì ¢ëç¨á«¥−¨ï ¤«ï á¥â-
ª¨ à�§¬¥à®¬ 23× 23 −� ®ª−¥ ¢ 25 000 −�¡«î¤¥−¨© −� CUDA ¢®§à®á«� −� ¯®àï¤®ª.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 4 2016 67



�. Š. ƒ®àè¥−¨−, ‚. ā. Šã§ì¬¨−

’�ª¨¬ ®¡à�§®¬, ¤�¦¥ −¥ ¯à¨¢«¥ª�ï −�¨¡®-
‚à¥¬ï ®¡à�¡®âª¨ ¤�−−ëå −�
®¤−®¬ ®ª−¥

÷�§¬¥à ’®ç−®áâì
á¥âª¨ 10−4 10−8

5× 5 0,58 á 0,63 á
11× 11 4,83 á 4,86 á
15× 15 13,67 á 13,69 á
23× 23 67,86 á 71,60 á

«¥¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ à¥è¥−¨ï ®â NVIDIA,
¬®¦−® á ¢ëá®ª®© â®ç−®áâìî ®¡à�¡�âë¢�âì, −�¯à¨-
¬¥à, ¬¨−ãâ−ë¥ ¤�−−ë¥ ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥-
¬¥−¨ (¨«¨ ¢ ¡«¨§ª®¬ ª −¥¬ã). ’�ª®¥ ãáª®à¥−¨¥
¬®¦¥â ®ª�§�âìáï ¢¥áì¬� ¯®«¥§−ë¬ ¤«ï ä¨−�−á®¢ëå
¢ëá®ª®ç�áâ®â−ëå ¤�−−ëå, â�ª ª�ª �−�«¨§ â¥ªãé¥©
á¨âã�æ¨¨ á â®çª¨ §à¥−¨ï ¯à®£−®§¨à®¢�−¨ï ¨ ¯à¨−ï-
â¨ï à¥è¥−¨© ¤®«¦¥− ®áãé¥áâ¢«ïâìáï ¬�ªá¨¬�«ì−®
¡ëáâà® (á¬., −�¯à¨¬¥à, áâ�âìî [18]).

2.6 Графическое представление результатов

‚ à�¬ª�å á®§¤�−¨ï ®¯¨áë¢�¥¬ëå à¥è¥−¨© −¥ áâ�¢¨«�áì §�¤�ç� à�§à�¡®âª¨
á®¡áâ¢¥−−®£® ¯®«ì§®¢�â¥«ìáª®£® ¨−â¥àä¥©á�, � â�ª¦¥ ¬®¤ã«ï £à�ä¨ç¥áª®£® ¢ë¢®-
¤�, ¯®íâ®¬ã ¢ íâ®¬ ¯®¤à�§¤¥«¥ ¯à®¤¥¬®−áâà¨à®¢�−ë à¥§ã«ìâ�âë, á®¤¥à¦�â¥«ì−�ï
ç�áâì ª®â®àëå ¡ë«� ¯®«ãç¥−� á ¯®¬®éìî à�§à�¡®â�−−®£® ¯à®£à�¬¬−®£® ¬®¤ã«ï,
� ¢¨§ã�«ì−�ï á®áâ�¢«ïîé�ï á®§¤�−� ¢ áà¥¤¥ MATLAB. ‚ ª�ç¥áâ¢¥ â¥áâ®¢®£® à¥¦¨¬�
¨á¯®«ì§®¢�−� á¥âª� à�§¬¥à� 9× 9.

�� à¨á. 2 ¯à¥¤áâ�¢«¥− £à�ä¨ª ¨§¬¥−¥−¨ï §−�ç¥−¨© «®£�à¨ä¬� äã−ªæ¨¨
¯à�¢¤®¯®¤®¡¨ï −� ª�¦¤®¬ è�£¥, á®áâ®ïé¥¬ ¨§ ¬−®¦¥áâ¢� ¨â¥à�æ¨©. ‡¤¥áì
ª�¦¤®¥ ã¢¥«¨ç¥−¨¥ §−�ç¥−¨ï −� £à�ä¨ª¥ á®®â¢¥âáâ¢ã¥â á¨âã�æ¨¨ á ®â¡à�áë¢�−¨¥¬
®¤−®© ª®¬¯®−¥−âë ¢ á¬¥á¨. „® ®¯à¥¤¥«¥−−®£® ¬®¬¥−â� (â®çª�, á®®â¢¥âáâ¢ãîé�ï
è�£ã −®¬¥à 76 −� £à�ä¨ª¥ ¯® ®á¨ �¡áæ¨áá) äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï ¢®§à�áâ�¥â,
¯®íâ®¬ã ¨â¥à�æ¨®−−ë¥ è�£¨ á ®â¡à�áë¢�−¨¥¬ ª®¬¯®−¥−â −¥®¡å®¤¨¬® ¯à®¤®«¦�âì,
®¤−�ª® §�â¥¬ ¤®áâ¨£�¥âáï ¬�ªá¨¬ã¬, ª®â®àë© ¨ ®¡êï¢«ï¥âáï à¥§ã«ìâ�â®¬ à�¡®âë
�«£®à¨â¬�.

�� à¨á. 3 ¤¥¬®−áâà¨àã¥âáï ¨§¬¥−¥−¨¥ ç¨á«� ª®¬¯®−¥−â ¢ à�¬ª�å ¨â¥à�æ¨©.
Š�¦¤ë© à�§àë¢ ªãá®ç−®-¯®áâ®ï−−®© äã−ªæ¨¨, ¨§®¡à�¦¥−−®© −� à¨á. 3, á®®â-

÷¨á. 2 ˆ§¬¥−¥−¨¥ §−�ç¥−¨© «®£�à¨ä-
¬� äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¯à¨ ¨§¬¥−¥−¨¨
¯�à�¬¥âà¨ç¥áª®© á¥âª¨

÷¨á. 3 ˆ§¬¥−¥−¨¥ ç¨á«� ª®¬¯®−¥−â ¢ á¬¥-
á¨ ¢ ¯à®æ¥áá¥ à�¡®âë �«£®à¨â¬�
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�à¨¬¥−¥−¨¥ �àå¨â¥ªâãàë CUDA ¯à¨ à¥�«¨§�æ¨¨ á¥â®ç−ëå �«£®à¨â¬®¢

¢¥âáâ¢ã¥â ã¤�«¥−¨î ®¤−®© ª®¬¯®−¥−âë, � ¨å ç¨á«® á®¢¯�¤�¥â á® §−�ç¥−¨ï¬¨ ¯®
®á¨ �¡áæ¨áá −� à¨á. 2. „�−−ë© £à�ä¨ª ¯®§¢®«ï¥â ¯à®�−�«¨§¨à®¢�âì, ª�ª®¥ ç¨á«®
ª®¬¯®−¥−â ®áâ�¥âáï ¢ �¯¯à®ªá¨¬¨àãîé¥© á¬¥á¨, ¯®áâà®¥−−®© −� ®á−®¢¥ ¢ë¡®à�
¬�ªá¨¬�«ì−®£® §−�ç¥−¨ï äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï. ‚ à�¬ª�å à�áá¬�âà¨¢�¥¬®£®
¯à¨¬¥à� ç¨á«® ª®¬¯®−¥−â ã¬¥−ìè¨«®áì á 81 ¤® 3.

3 Интеграция с онлайн-сервисом MSM Tools

‚áâà�¨¢�−¨¥ à�§à�¡®â�−−ëå à¥è¥−¨© ¢ áâàãªâãàã ®−«�©−-á¨áâ¥¬ë ¤«ï à�á-
¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© [13] ¬®¦¥â ®ª�§�âìáï ¢¥áì¬� ¯®«¥§−ë¬ ¤«ï ¨áá«¥¤®-
¢�â¥«¥©, ¨á¯®«ì§ãîé¨å £à�ä¨ç¥áª¨¥ ª�àâë ®â ¤àã£¨å ¯à®¨§¢®¤¨â¥«¥© («¨¡® −¥
¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ®áãé¥áâ¢«¥−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå ¢ëç¨á«¥−¨©), ¢ â®
¢à¥¬ï ª�ª ¢ ®−«�©−-á¨áâ¥¬¥ ¢®§¬®¦−® §�¤¥©áâ¢®¢�âì à¥è¥−¨ï, ®á−®¢�−−ë¥ −�
á�¬ëå á®¢à¥¬¥−−ëå �àå¨â¥ªâãà�å (−�¯à¨¬¥à, NVIDIA Pascal), ¯à¨ íâ®¬ −¥
¯à¥¤êï¢«ïï ª�ª¨å-«¨¡® ¤®¯®«−¨â¥«ì−ëå âà¥¡®¢�−¨© ª ®¡®àã¤®¢�−¨î ¨ −�¢ëª�¬
¯®«ì§®¢�â¥«ï.

’�ª�ï ¨−â¥£à�æ¨ï ¡ë«� ¯à®¨§¢¥¤¥−� ¢ â¥áâ®¢®¬ à¥¦¨¬¥. ‚ ¤�−−®¬ à�§-
¤¥«¥ ¯à®¤¥¬®−áâà¨à®¢�−ë ¯à¨¬¥àë £à�ä¨ç¥áª®£® ¢ë¢®¤� ¢ ®−«�©−-á¥à¢¨á¥
MSM Tools (¤®áâã¯¥− ¢ ¡¥â�-à¥¦¨¬¥ ¯® �¤à¥áã http://msm-analysis.com). ’�ª,
à¨á. 4 ï¢«ï¥âáï ¯®«−ë¬ �−�«®£®¬ à¨á. 2, −® á®§¤�− ¢ ®−«�©−-á¨áâ¥¬¥ MSM Tools.

÷¨áã−®ª 5 ¤¥¬®−áâà¨àã¥â ¨§¬¥−¥−¨¥ ¢¥«¨ç¨−ë D1 (á ¯à®¨§¢¥¤¥−−ë¬ «®£�-
à¨ä¬¨ç¥áª¨¬ ¯à¥®¡à�§®¢�−¨¥¬ §−�ç¥−¨©) ¢ ¯à®æ¥áá¥ ¨â¥à�æ¨®−−ëå è�£®¢. �à¨
íâ®¬ úáª�çª¨û ¢¢¥àå á®®â¢¥âáâ¢ãîâ á¨âã�æ¨¨ ®â¡à�áë¢�−¨ï ®¤−®© ¨§ ª®¬¯®−¥−â
¨ á®®â¢¥âáâ¢ãîé¥© ¯¥à¥áâà®©ª¨ á¥âª¨. “¡ë¢�−¨¥ ¯à®¨áå®¤¨â ¤® ®¯à¥¤¥«¥−−®£®
§�¤�−−®£® ¯®à®£� (¯�à�¬¥âà ¬¥â®¤�), ¯®á«¥ ¤®áâ¨¦¥−¨ï ª®â®à®£® ¨ ¯à®¢¥àï¥â-
áï −¥®¡å®¤¨¬®áâì ¨§¬¥−¥−¨ï ç¨á«� ª®¬¯®−¥−â ¢ á¬¥á¨ ¯® §−�ç¥−¨ï¬ äã−ªæ¨¨
¯à�¢¤®¯®¤®¡¨ï. �â¬¥â¨¬, çâ® ¤�−−ë© £à�ä¨ª â�ª¦¥ á®§¤�− ¢ ®−«�©−-á¨áâ¥¬¥
MSM Tools.

÷¨á. 4 ˆ§¬¥−¥−¨¥ §−�ç¥−¨© «®£�à¨ä-
¬� äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¯à¨ ¨§¬¥−¥−¨¨
¯�à�¬¥âà¨ç¥áª®© á¥âª¨

÷¨á. 5 ˆ§¬¥−¥−¨¥ «®£�à¨ä¬� ¢¥«¨ç¨-
−ë D1 ¢ ¯à®æ¥áá¥ ¨â¥à�æ¨®−−ëå è�£®¢
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4 Заключение

‘®§¤�−−ë© ¯à®£à�¬¬−ë© ¬®¤ã«ì ¡ë« §�à¥£¨áâà¨à®¢�− ¢ ”¥¤¥à�«ì−®© á«ã¦-
¡¥ ¯® ¨−â¥««¥ªâã�«ì−®© á®¡áâ¢¥−−®áâ¨ (ƒ®àè¥−¨− �. Š., Š®à®«¥¢ ‚. ā., Šã§ì-
¬¨− ‚. ā. �à®£à�¬¬−ë© ¬®¤ã«ì à�§¤¥«¥−¨ï ª®−¥ç−ëå á¬¥á¥© −®à¬�«ì−ëå
à�á¯à¥¤¥«¥−¨© á ä¨ªá¨à®¢�−−ë¬¨ ª®¬¯®−¥−â�¬¨ á ¨á¯®«ì§®¢�−¨¥¬ �àå¨â¥ªâãàë
CUDA. ü 2016614287 ®â 20.04.2016). „�«ì−¥©è¨¥ ¨áá«¥¤®¢�−¨ï ¡ã¤ãâ −�¯à�¢-
«¥−ë −� ®áãé¥áâ¢«¥−¨¥ ¯®«−®æ¥−−®© ¨−â¥£à�æ¨¨ á á¥à¢¨á®¬ MSM Tools, à�§¢¨-
â¨¥ ¨ ®âà�¡®âªã ¢ëç¨á«¨â¥«ì−ëå �«£®à¨â¬®¢, íää¥ªâ¨¢−® à¥�«¨§ãîé¨å ¬¥â®¤
áª®«ì§ïé¥£® à�§¤¥«¥−¨ï á¬¥á¥© −� ¡�§¥ �àå¨â¥ªâãàë CUDA, áà�¢−¥−¨¥ áª®à®áâ¨
¨ â®ç−®áâ¨ à�¡®âë à�§«¨ç−ëå ¬®¤¨ä¨ª�æ¨©, � â�ª¦¥ ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥
á®§¤�−−ëå à¥è¥−¨© ª �−�«¨§ã à¥�«ì−ëå ¤�−−ëå à�§«¨ç−®© ¯à¨à®¤ë.

�¢â®àë ¢ëà�¦�îâ ¯à¨§−�â¥«ì−®áâì ¤®ªâ®àã ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®àã ‚¨ªâ®àã āàì¥¢¨çã Š®à®«¥¢ã §� ¯®«¥§−ë¥ ®¡áã¦¤¥−¨ï ¢ à�¬-
ª�å ¯à®¢¥¤¥−¨ï á®¢¬¥áâ−ëå ¨áá«¥¤®¢�−¨©.
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Abstract: The paper presents the implementation of the grid methods for finding
maximum likelihood estimators in the mixed probability models based on the
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software solutions for the computations on GPUs using the NVIDIA CUDA
technology. The hierarchy of programming classes is described, an approach
to the initial estimation and further modification of the parametric grids is
proposed, and the convergence speed and other characteristics of the developed
methods are examined by the test data sets. The key characteristics of the method
including the change of approximation error by the l1 metric and reducing the
number of components under the iterative steps are demonstrated by the graphs.
The integration of the implemented software modules with the specialized online
service for real data processingMSM Tools is also discussed.

Keywords: CUDA; GPU; grid methods; mixed probability models; moving
separation of mixtures; online software
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МАКСИМИЗАЦИЯ ДОХОДА СИСТЕМЫ МАССОВОГО
ОБСЛУЖИВАНИЯ ТИПА G/M/1НА МНОЖЕСТВЕ

ПОРОГОВЫХ СТРАТЕГИЙ С ДВУМЯ ТОЧКАМИ
ПЕРЕКЛЮЧЕНИЯ∗

Я. М. Агаларов1, М. Я. Агаларов2, В. С. Шоргин3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� ¬�ªá¨¬¨§�æ¨¨ áà¥¤−¥£® ¤®å®¤� á¨áâ¥¬ë
¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï (‘Œ�) â¨¯�G/M/1 ¢ ¥¤¨−¨æã ¢à¥¬¥−¨ −� ¬−®¦¥áâ¢¥
áâ�æ¨®−�à−ëå ¯®à®£®¢ëå áâà�â¥£¨© ®£à�−¨ç¥−¨ï ¤®áâã¯� á ¤¢ã¬ï úâ®çª�¬¨
¯¥à¥ª«îç¥−¨ïû. –¥«¥¢�ï äã−ªæ¨ï §�¢¨á¨â ®â áâ®¨¬®áâ¨ ¢à¥¬¥−¨ §�¤¥à¦ª¨ §�-
ï¢ª¨, èâà�ä� §� ®âª«®−¥−¨¥ §�ï¢ª¨, ¯«�âë §� ®¡á«ã¦¨¢�−¨¥ §�ï¢ª¨, áâ®¨¬®áâ¨
¯à®áâ®ï ¯à¨¡®à� ®¡á«ã¦¨¢�−¨ï, áâ®¨¬®áâ¨ â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï á¨áâ¥-
¬ë. ‘ä®à¬ã«¨à®¢�−ë ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï ª®−¥ç−®£® à¥è¥−¨ï §�¤�ç¨ −�
¯®¤¬−®¦¥áâ¢¥ ¯®à®£®¢ëå áâà�â¥£¨© ¯à¨ ä¨ªá¨à®¢�−−®¬ §−�ç¥−¨¨ à�ááâ®ï−¨ï
¬¥¦¤ã ¢¥àå−¨¬ ¨ −¨¦−¨¬ ¯®à®£�¬¨ ¨ ¯®«ãç¥−ë −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥
ãá«®¢¨ï ®¯â¨¬�«ì−®áâ¨ ¯®à®£®¢®© áâà�â¥£¨¨ −� íâ®¬ ¯®¤¬−®¦¥áâ¢¥. ÷�§à�-
¡®â�− ¬¥â®¤ ¯®¨áª� ®¯â¨¬�«ì−®© áâà�â¥£¨¨ ¨ �«£®à¨â¬ à�áç¥â� ¯�à�¬¥âà®¢
®¯â¨¬�«ì−®© áâà�â¥£¨¨ ¨ á®®â¢¥âáâ¢ãîé¥£® §−�ç¥−¨ï æ¥«¥¢®© äã−ªæ¨¨.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï; ¯®à®£®¢�ï áâà�â¥£¨ï;
®¯â¨¬¨§�æ¨ï
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ®¯ã¡«¨ª®¢�−® ¬−®¦¥áâ¢® áâ�âì¥©, ¢ ª®â®àëå á ¯®¬®éìî
¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥© ¯à®¢¥¤¥−� ®æ¥−ª� íää¥ªâ¨¢−®áâ¨ à�§«¨ç−ëå ¬®¤¨ä¨-
ª�æ¨© ¯®à®£®¢ëå áâà�â¥£¨©, ¯à¥¤−�§−�ç¥−−ëå ¤«ï ¯à¥¤®â¢à�é¥−¨ï ¯¥à¥£àã§®ª
ª�−�«®¢ á¢ï§¨ ¢ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬�å ¯¥à¥¤�ç¨ ¯�ª¥â®¢. ��¨¡®«¥¥
ã¯®¬¨−�¥¬ë¬¨ ¢ íâ¨å à�¡®â�å ï¢«ïîâáï ¬®¤¨ä¨ª�æ¨¨ Tail-Drop (ú®â¡à�áë¢�−¨ï
å¢®áâ�û) [1{3], RED (Random Early Detection) [1, 4], FRED (Flow Random Early
Drop) [5], WRED (Weighted RED) [6], Blue [6], SFB (Stochastic Fair Blue) [7],
CBT (Class-Based Threshold) [8], CHOKe (CHOose and Keep for responsible
flows, CHOose and Kill for unresponsible flows) [9] ¨ ¤à. ‘ãâì ¯®à®£®¢ëå áâà�-
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â¥£¨© §�ª«îç�¥âáï ¢ â®¬, çâ® ¤«ï ¯�à�¬¥âà� â¥ªãé¥© §�£àã¦¥−−®áâ¨ á¨áâ¥¬ë
−�§−�ç�¥âáï ®¤−® ¨«¨ −¥áª®«ìª® ¯®à®£®¢ëå §−�ç¥−¨© (ª®−âà®«ì−ëå â®ç¥ª ¯¥à¥-
ª«îç¥−¨ï) ¨, ª®£¤� §�£àã¦¥−−®áâì ¤®áâ¨£�¥â ª�ª®£®-«¨¡® ¯®à®£®¢®£® §−�ç¥−¨ï,
¢ á¨áâ¥¬¥ ¬¥−ïîâáï ®¯à¥¤¥«¥−−ë¬ ®¡à�§®¬ ¯à�¢¨«� á¡à®á� ¯®áâã¯�îé¨å ¯�ª¥â®¢
á æ¥«ìî ¯à¥¤®â¢à�é¥−¨ï ¯¥à¥£àã§ª¨ á¨áâ¥¬ë ¨ ®¡¥á¯¥ç¥−¨ï ¢ë¯®«−¥−¨ï âà¥-
¡®¢�−¨© ª ª�ç¥áâ¢ã ®¡á«ã¦¨¢�−¨ï (QoS | quality of service). ˆá¯®«ì§®¢�−¨¥
−¥áª®«ìª¨å ¯®à®£®¢ëå §−�ç¥−¨© ¢ë§¢�−® −¥®¡å®¤¨¬®áâìî ãç¥â� −¥áª®«ìª¨å ãà®¢-
−¥© âà¥¡®¢�−¨© ª ª�ç¥áâ¢ã ®¡á«ã¦¨¢�−¨ï à�§«¨ç−ëå â¨¯®¢ §�ï¢®ª ¨ ¯®¯ëâª®©
¢ëå®¤� ¨§ á®áâ®ï−¨ï ¯¥à¥£àã§ª¨ á ¬¨−¨¬�«ì−ë¬¨ ¯®â¥àï¬¨ ª�ç¥áâ¢� ®¡á«ã¦¨¢�-
−¨ï. ��¯à¨¬¥à, áâà�â¥£¨ï Tail-Drop ¨¬¥¥â ®¤¨− ¯®à®£ ¨ ®â¡à�áë¢�−¨¥ ¯�ª¥â®¢
¯à®¨áå®¤¨â ¡¥§ ãç¥â� ¨å â¨¯� ¯® ¤®áâ¨¦¥−¨¨ ¤«¨−−®© ®ç¥à¥¤¨ íâ®£® ¯®à®£�; ®¤¨−
¨§ ¥¥ ®á−®¢−ëå −¥¤®áâ�âª®¢ | ¢ë§ë¢�¥â íää¥ªâ £«®¡�«ì−®© á¨−åà®−¨§�æ¨¨, çâ®
¯à¨¢®¤¨â ª −¥íää¥ªâ¨¢−®¬ã ¨á¯®«ì§®¢�−¨î ¯®«®áë ¯à®¯ãáª�−¨ï ¨ ã¢¥«¨ç¥−¨î
§�¤¥à¦¥ª ¯�ª¥â®¢. ‚ áâà�â¥£¨¨ RED §�¤�¥âáï ¤¢� ¯®à®£� | −¨¦−¨© ¨ ¢¥àå-
−¨©; ¥á«¨ áà¥¤−ïï ¤«¨−� ®ç¥à¥¤¨ (¢ëç¨á«ï¥¬�ï ¯® §�¤�−−®© ä®à¬ã«¥) ¢ â¥ªãé¨©
¬®¬¥−â ¬¥−ìè¥ −¨¦−¥£® ¯®à®£�, â® ¯®áâã¯¨¢è¨© ¯�ª¥â ¯à¨−¨¬�¥âáï ¢ ¡ãä¥à;
¥á«¨ áà¥¤−ïï ¤«¨−� ®ç¥à¥¤¨ ¢ â¥ªãé¨© ¬®¬¥−â à�¢−� ¢¥àå−¥¬ã ¯®à®£ã, â® ¯®-
áâã¯¨¢è¨© ¯�ª¥â ®â¡à�áë¢�¥âáï, ¨−�ç¥ ¯�ª¥â ¯à¨−¨¬�¥âáï ¢ ¡ãä¥à á §�¤�−−®©
¢¥à®ïâ−®áâìî (¢ëç¨á«ï¥¬®© ¯® §�¤�−−®© ä®à¬ã«¥). •®âï RED §−�ç¨â¥«ì−®
á−¨¦�¥â íää¥ªâ £«®¡�«ì−®© á¨−åà®−¨§�æ¨¨, ®−� ¨¬¥¥â −¥áª®«ìª® −¥¤®áâ�âª®¢:
¯®«�£�¥âáï â®«ìª® −� ¤«¨−ã ®¡é¥© ®ç¥à¥¤¨, −¥ ãç¨âë¢�¥â −�«¨ç¨¥ à�§−ëå ãà®¢−¥©
QoS. �¥®¡å®¤¨¬®áâì ®¡¥á¯¥ç¥−¨ï −¥áª®«ìª¨å ãà®¢−¥© ª�ç¥áâ¢� ®¡á«ã¦¨¢�−¨ï
¯à¨¢¥«� ª à�§à�¡®âª¥ ¯®à®£®¢ëå áâà�â¥£¨© á ¡®«¥¥ á«®¦−®© áâàãªâãà®©, â�ª¨å
ª�ª FRED, WRED, Blue, SFB ¨ ¤à.

Œ−®¦¥áâ¢® ¨áá«¥¤®¢�−¨© ¯®ª�§ë¢�¥â, çâ® ¯à®áâë¥ áâà�â¥£¨¨ (−�¯à¨¬¥à,
RED) ¨¬¥îâ ®£à�−¨ç¥−−ãî ¯à¨¬¥−¨¬®áâì ¯à¨ à�á¯à¥¤¥«¥−−®¬ ¢§�¨¬®¤¥©áâ¢¨¨
ª®¬¬ãâ�æ¨®−−ëå ã§«®¢ (¬�àèàãâ¨§�â®à®¢), ¢ â® ¦¥ ¢à¥¬ï á«®¦−ë¥ áâà�â¥£¨¨
íää¥ªâ¨¢−ë â®«ìª® ¯à¨ �ªªãà�â−®¬ ¢ë¡®à¥ ¯�à�¬¥âà®¢ áâà�â¥£¨¨, çâ® ï¢«ï¥â-
áï §�¤�ç¥© −¥¬�«®© á«®¦−®áâ¨. �ç¥¢¨¤−®, íää¥ªâ ®â ¨á¯®«ì§®¢�−¨ï ¯®à®£®-
¢®© áâà�â¥£¨¨ §�¢¨á¨â ®â ¯à¥¤êï¢«ï¥¬ëå âà¥¡®¢�−¨© ª ª�ç¥áâ¢ã ®¡á«ã¦¨¢�−¨ï,
¯�à�¬¥âà®¢ áâà�â¥£¨¨ (§−�ç¥−¨ï ¯®à®£®¢, ä®à¬ã«ë à�áç¥â� ¢¥à®ïâ−®áâ¨ ®â¡à�-
áë¢�−¨ï ¯�ª¥â®¢, ä®à¬ã«ë à�áç¥â� áà¥¤−¥© ¤«¨−ë ®ç¥à¥¤¨ ¨ â. ¤.), ¢−¥è−¨å
¯�à�¬¥âà®¢ (¢å®¤−®£® ¯®â®ª� ¯�ª¥â®¢, ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ª�−�«®¢ á¢ï§¨ ¨ â. ¤.).
‡�¤�ç� ®¯â¨¬¨§�æ¨¨ ¯®à®£®¢®© áâà�â¥£¨¨ âàã¤−®à¥è�¥¬�ï, ¨ «¨èì ¤«ï á�¬ëå
¯à®áâëå ¬®¤¥«¥© ª�−�«®¢ á¢ï§¨ ¯à¥¤«®¦¥−ë ¯à¨¥¬«¥¬ë¥ ¤«ï ¯à�ªâ¨ç¥áª¨å à�á-
ç¥â®¢ �−�«¨â¨ç¥áª¨¥ ¨«¨ �«£®à¨â¬¨ç¥áª¨¥ à¥è¥−¨ï. �¥ª®â®àë¥ à¥§ã«ìâ�âë
¯® ¤�−−®© â¥¬¥, ¯®«ãç¥−−ë¥ ®â¥ç¥áâ¢¥−−ë¬¨ ¨áá«¥¤®¢�â¥«ï¬¨, ®¯ã¡«¨ª®¢�−ë
¢ à�¡®â�å [10{14].

�¨¦¥ ¯à®¢®¤¨âáï ¨áá«¥¤®¢�−¨¥ §�¤�ç¨ ®¯â¨¬¨§�æ¨¨ ã¯à�¢«¥−¨ï ®ç¥à¥¤ìî
ª�−�«� á¢ï§¨ −� ¬−®¦¥áâ¢¥ ¯®à®£®¢ëå áâà�â¥£¨© á ¤¢ã¬ï â®çª�¬¨ ¯¥à¥ª«îç¥-
−¨ï, ¯à¥¤áâ�¢«¥−−®© ¢ ¢¨¤¥ §�¤�ç¨ ¬�ªá¨¬¨§�æ¨¨ ¤®å®¤� ‘Œ� â¨¯� G/M/1
á ã¯à�¢«ï¥¬®© ®ç¥à¥¤ìî, ¨ ¯à¨¢®¤ïâáï ¬¥â®¤ ¨ �«£®à¨â¬ ®¯â¨¬¨§�æ¨¨ ¯®à®£®¢ëå
§−�ç¥−¨©.
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2 Постановка задачи

÷�áá¬�âà¨¢�¥âáï ‘Œ� â¨¯� G/M/1 á −�ª®¯¨â¥«¥¬ −¥®£à�−¨ç¥−−®© ¥¬ª®áâ¨
¨ ®¤−¨¬ ¯à¨¡®à®¬ ®¡á«ã¦¨¢�−¨ï, −� ª®â®àãî ¯®áâã¯�¥â à¥ªãàà¥−â−ë© ¯®â®ª
§�ï¢®ª á äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© A(t). ‚à¥¬ï ®¡á«ã¦¨¢�−¨ï
§�ï¢ª¨ ¯à¨¡®à®¬ −¥ §�¢¨á¨â ®â ¯à¨®à¨â¥â� ¨ à�á¯à¥¤¥«¥−® ¯® íªá¯®−¥−æ¨�«ì−®¬ã
§�ª®−ã á ¯�à�¬¥âà®¬ µ > 0. „®áâã¯ ¢ −�ª®¯¨â¥«ì á¨áâ¥¬ë ®áãé¥áâ¢«ï¥âáï
á ¯®¬®éìî ¯®à®£®¢®© áâà�â¥£¨¨ (¯®à®£®¢®£® �«£®à¨â¬�). �à®æ¥áá ¯à¨¥¬� §�ï¢®ª
á®£«�á−® ¯®à®£®¢®© áâà�â¥£¨¨ ¤®áâã¯� ¯à®¨áå®¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬: á ¬®¬¥−â�
−�ç�«� à�¡®âë ¯®áâã¯�îé¨¥ §�ï¢ª¨ ¯à¨−¨¬�îâáï ¢ −�ª®¯¨â¥«ì á¨áâ¥¬ë ¡¥§
®£à�−¨ç¥−¨ï ¤®áâã¯� ¯®ª� k ≤ h1 − 1 (k | ç¨á«® §�ï¢®ª ¢ á¨áâ¥¬¥), � á ¬®¬¥−â�,
ª®£¤� k = h1, ¯®ª� k ≤ h2 − 1, ¯®áâã¯¨¢è�ï §�ï¢ª� ¯à¨−¨¬�¥âáï ¢ −�ª®¯¨â¥«ì
á ¢¥à®ïâ−®áâìî α ¨ ®âª«®−ï¥âáï (â¥àï¥âáï) á ¢¥à®ïâ−®áâìî (1 − α). �à¨ k =
= h2 §�ï¢ª¨ ¢ á¨áâ¥¬ã −¥ ¯à¨−¨¬�îâáï (â¥àïîâáï). ‚ ¤�«ì−¥©è¥¬ ¯�àã (h1, h2)
®¡®§−�ç¨¬ ç¥à¥§ H ¨ −�§®¢¥¬ ¯®à®£®¢®© áâà�â¥£¨¥©; ¬−®¦¥áâ¢® â�ª¨å áâà�â¥£¨©
®¡®§−�ç¨¬ ç¥à¥§ Ÿ.

…á«¨ §�ï¢ª� ¤®¯ãé¥−� ¢ −�ª®¯¨â¥«ì, ®−� §�−¨¬�¥â «î¡®¥ á¢®¡®¤−®¥ ¬¥áâ®
¢ −�ª®¯¨â¥«¥ ¨ ®¡á«ã¦¨¢�¥âáï −� ¯à¨¡®à¥ ¢ ¯®àï¤ª¥ ¯®áâã¯«¥−¨ï. ‡�ï¢ª�
¯®ª¨¤�¥â á¨áâ¥¬ã â®«ìª® ¯à¨ §�¢¥àè¥−¨¨ ®¡á«ã¦¨¢�−¨ï, ®á¢®¡®¤¨¢ ®¤−®¢à¥¬¥−−®
¯à¨¡®à ¨ −�ª®¯¨â¥«ì, � −� ®á¢®¡®¤¨¢è¨©áï ¯à¨¡®à ¯®áâã¯�¥â ®ç¥à¥¤−�ï §�ï¢ª�
¨§ −�ª®¯¨â¥«ï (¥á«¨ â�ª�ï ¥áâì).

‘¨áâ¥¬� ¯®«ãç�¥â ¤®å®¤, ª®â®àë© ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬¨ á®áâ�¢«ï-
îé¨¬¨:

C0 ≥ 0| ¯«�â�, ¯®«ãç�¥¬�ï á¨áâ¥¬®©, ¥á«¨ ¯®áâã¯¨¢è�ï §�ï¢ª� ¡ã¤¥â ®¡á«ã-
¦¥−� á¨áâ¥¬®© (¯à¨−ïâ� ¢ −�ª®¯¨â¥«ì);

C1 ≥ 0| ¢¥«¨ç¨−� èâà�ä�, ª®â®àë© ¯«�â¨â á¨áâ¥¬�, ¥á«¨ ¯®áâã¯¨¢è�ï §�ï¢ª�
®âª«®−¥−�;

C2 ≥ 0| áâ®¨¬®áâì ¥¤¨−¨æë ¢à¥¬¥−¨ ®¦¨¤�−¨ï §�ï¢ª¨ ¢ á¨áâ¥¬¥;
C3 ≥ 0| áâ®¨¬®áâì ¥¤¨−¨æë ¢à¥¬¥−¨ ¯à®áâ®ï ¯à¨¡®à�;
C4 ≥ 0| áâ®¨¬®áâì ¥¤¨−¨æë ¢à¥¬¥−¨ â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï á¨áâ¥¬ë.

‚áî¤ã −¨¦¥ ¯®¤ ¤®å®¤®¬ á¨áâ¥¬ë ¡ã¤¥¬ ¯®−¨¬�âì áã¬¬�à−ë© ¤®å®¤ á ãç¥â®¬
¢á¥å ¢ëè¥ãª�§�−−ëå á®áâ�¢«ïîé¨å.

�â¬¥â¨¬, çâ® ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï §�ï¢®ª ¢ ¤�−−®© á¨áâ¥¬¥ ®¯¨áë¢�¥âáï
æ¥¯ìî M�àª®¢� (á¬., −�¯à¨¬¥à, [15, 16]), £¤¥ ¯¥à¥å®¤ë æ¥¯¨ ®¯à¥¤¥«ïîâáï
¬®¬¥−â�¬¨ ¯®áâã¯«¥−¨ï §�ï¢®ª, � á®áâ®ï−¨¥ æ¥¯¨ | ç¨á«®¬ §�ï¢®ª, −�å®¤ïé¨åáï
¢ á¨áâ¥¬¥ ¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï. �â¬¥â¨¬ â�ª¦¥, çâ® ¯à¨ §�¤�−−®© áâà�â¥£¨¨ H
ãª�§�−−�ï æ¥¯ì Œ�àª®¢� ¨¬¥¥â ®¤¨− ¯®«®¦¨â¥«ì−ë© ¢®§¢à�â−ë© ª«�áá á®áâ®ï−¨©
{0, h2}.

‚¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

v | ¯¥à¢ë© ¬®¬¥−â äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï A(t), 0 < v <∞;

QH | ¯à¥¤¥«ì−®¥ áà¥¤−¥¥ §−�ç¥−¨¥ ¤®å®¤� á¨áâ¥¬ë ¢ ¥¤¨−¨æã ¢à¥¬¥−¨;
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{πH
i , 0 ≤ i ≤ h2} | áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© æ¥¯¨ ¯à¨
áâà�â¥£¨¨ H (πH

i | áâ�æ¨®−�à−�ï ¢¥à®ïâ−®áâì â®£®, çâ® æ¥¯ì −�å®¤¨âáï
¢ á®áâ®ï−¨¨ i);

gH | ¯à¥¤¥«ì−®¥ áà¥¤−¥¥ §−�ç¥−¨¥ áã¬¬�à−®£® ¤®å®¤� á¨áâ¥¬ë, ãáà¥¤−¥−−®£®
¯® ç¨á«ã ¯®áâã¯¨¢è¨å §�ï¢®ª;

qH
i | áà¥¤−¨© ¤®å®¤, ¯®«ãç�¥¬ë© á¨áâ¥¬®© ¢ á®áâ®ï−¨¨ i ¯à¨ áâà�â¥£¨¨ H.
�à¥¤¥«ì−®¥ áà¥¤−¥¥ §−�ç¥−¨¥ áã¬¬�à−®£® ¤®å®¤� á¨áâ¥¬ë, ãáà¥¤−¥−−®£® ¯®

ç¨á«ã ¯®áâã¯¨¢è¨å §�ï¢®ª ¯à¨ áâà�â¥£¨¨ H, à�¢−® ¯à¥¤¥«ã:

gH = lim
T→∞

N×È(T )
∑

n=1

dH
n

N×È(T )
,

£¤¥ dH
n | ¤®å®¤, ¯®«ãç¥−−ë© á¨áâ¥¬®© ¯à¨ áâà�â¥£¨¨ H §� n-î ¯®áâã¯¨¢èãî

§�ï¢ªã; N×È(T )| ç¨á«® ¯®áâã¯¨¢è¨å §� ®âà¥§®ª ¢à¥¬¥−¨ [0, T ] §�ï¢®ª.
�à¥¤¥«ì−®¥ áà¥¤−¥¥ §−�ç¥−¨¥ ¤®å®¤� á¨áâ¥¬ë ¢ ¥¤¨−¨æã ¢à¥¬¥−¨ ¯à¨ áâà�â¥-

£¨¨ H à�¢−® ¯à¥¤¥«ã:

QH = lim
T→∞

N×È(T )
∑

n=1

dH
n

T
= lim

T→∞

N×È(T )

T

N×È(T )
∑

n=1

dH
n

N×È(T )
=

= lim
T→∞

N×È(T )

T
lim

T→∞

N×È(T )
∑

n=1

dH
n

N×È(T )
=
gH

v
.

ˆ§ ®¯à¥¤¥«¥−¨ï ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢� á«¥¤ã¥â:

gH =

h2
∑

i=0

πH
i q

H
i .

‘â�¢¨âáï §�¤�ç� ¬�ªá¨¬¨§�æ¨¨ äã−ªæ¨¨ QH −� ¬−®¦¥áâ¢¥ áâà�â¥£¨© Ÿ,
ª®â®à�ï íª¢¨¢�«¥−â−� §�¤�ç¥: −�©â¨ ®¯â¨¬�«ì−ãî áâà�â¥£¨î H∗ ∈ Ÿ â�ªãî, çâ®

max
H∈Ÿ

gH = gH∗

. (1)

‚ ¤�«ì−¥©è¥¬ ¤«ï ã¯à®é¥−¨ï §�¤�ç¨ à�áá¬�âà¨¢�¥¬ â®«ìª® áâà�â¥£¨¨ ¢¨¤�
H = (h1, h2) ∈ Ÿ, £¤¥ h2 = h1 + a, h1 ≥ 1, a = const, ¨ ¬−®¦¥áâ¢® ¯®à®£®¢ëå
áâà�â¥£¨© H, ã¤®¢«¥â¢®àïîé¨å íâ®¬ã ãá«®¢¨î, ®¡®§−�ç¨¬ ç¥à¥§ Ÿa ⊆ Ÿ. Š�ª
¢¨¤−®, áâà�â¥£¨ï H ∈ Ÿa ®¤−®§−�ç−® §�¤�¥âáï ®¤−¨¬ ¨§ ¯®à®£®¢ h1 ¨«¨ h2.
�ãáâì H1 = (h

′

1, h
′

1 + a), H2 = (h′′1 , h
′′

1 + a), H = (h1, h1 + a), k | æ¥«®¥
¯®«®¦¨â¥«ì−®¥ ç¨á«®. ‚¢¥¤¥¬ á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï −�¤ §−�ç¥−¨ï¬¨ ¯®à®£®¢:
H = k, ¥á«¨ H = (k, k + a); H1 > H2, ¥á«¨ h′1 > h′′1; H1 = H2, ¥á«¨ h′1 = h′′1;
H + k = (h1 + k, h1 + k + a), H1 +H2 = (h′1 + h

′′

1 , h
′

1 + h
′′

1 + a).
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3 Метод решения

‚ë¯¨è¥¬ ¢ëà�¦¥−¨ï ¤«ï áâ�æ¨®−�à−ëå ¢¥à®ïâ−®áâ¥© πH
i , H = (h1, h2) ∈

∈ ŸH . „«ï ¢¥à®ïâ−®áâ¥© ¯¥à¥å®¤®¢ pH
i,j ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢� á¯à�¢¥¤«¨¢ë

ä®à¬ã«ë [15, 16]:

pH
i,j =























































































ri+1−j, 0 ≤ i ≤ h1 − 1, 1 ≤ j ≤ i+ 1 ;

αri+1−j + (1− α)ri−j , h1 ≤ i ≤ h2 − 1, 1 ≤ j ≤ i+ 1 ;

rh2−j, i = h2, 1 ≤ j ≤ h2 ;

1−
i
∑

m=0

rm, i ≤ h1 − 1, j = 0 ;

1− α

i
∑

m=0

rm − (1− α)

i−1
∑

m=0

rm, h1 ≤ i ≤ h2 − 1, j = 0 ;

1−
h2−1
∑

m=0

rm, i = h2, j = 0 ;

0 ¢ ®áâ�«ì−ëå á«ãç�ïå,

(2)

£¤¥

rm =

∞
∫

0

(µt)m

m!
e−µt dA(t) ¯à¨ m ≥ 0 .

„«ï à�áá¬�âà¨¢�¥¬®© æ¥¯¨ Œ�àª®¢� ¯à¨ áâà�â¥£¨¨ H áâ�æ¨®−�à−®¥ à�á¯à¥¤¥-
«¥−¨¥ ¢¥à®ïâ−®áâ¥© ï¢«ï¥âáï ¥¤¨−áâ¢¥−−ë¬ à¥è¥−¨¥¬ á¨áâ¥¬ë ãà�¢−¥−¨© [15,
16]:

πH
0 =

h2−1
∑

i=0

πH
i p

H
i,0 + π

H
h2p

H
h2,0 ;

πH
j =

h2−1
∑

i=j−1

πH
i p

H
i,j + π

H
h2p

H
h2,j , 1 ≤ j ≤ h2 − 1 ;

πH
h2
= πH

h2−1
pH

h2−1,h2
+ πH

h2
pH

h2,h2
;

h2
∑

i=0

πH
i = 1 , π

H
i > 0, 0 ≤ i ≤ h2 .































































(3)

�âáî¤�, ¯®¤áâ�¢¨¢ (2), ¯®«ãç¨¬:
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πH
0 =

h1−1
∑

i=0

πH
i

∞
∑

m=i+1

rm +

h2−1
∑

i=h1

πH
i

[

α

∞
∑

m=i+1

rm + (1− α)

∞
∑

m=i

rm

]

+

+ πH
h2

∞
∑

m=h2

rm ;

πH
j =











































h1−1
∑

i=j−1

πH
i ri+1−j +

h2−1
∑

i=h1

πH
i [αri+1−j + (1− α)ri−j ] +

+ πH
h2
rh2−j , 1 ≤ j ≤ h1 ;

α

h2−1
∑

i=j−1

πH
i ri+1−j + (1− α)

h2−1
∑

i=j

πH
i ri−j +

+ πH
h2
rh2−j , h1 < j ≤ h2 − 1 ;

πH
h2
= απH

h2−1
r0 + π

H
h2
r0 ;

h2
∑

i=0

πH
i = 1 , π

H
i > 0 , 0 ≤ i ≤ h2 .











































































































(4)

‚áî¤ã ¯® ã¬®«ç�−¨î ¯®«�£�¥¬ à�¢−ë¬¨ −ã«î ¢¥«¨ç¨−ë á ®âà¨æ�â¥«ì−ë¬¨
¨−¤¥ªá�¬¨ ¨ áã¬¬ë á −¨¦−¥© £à�−¨æ¥© áã¬¬¨à®¢�−¨ï ¡®«ìè¥, ç¥¬ ¢¥àå−ïï. ˆá-
ª«îç¨¢ ¢ ª�¦¤®¬ ãà�¢−¥−¨¨ ¢ (4) (ªà®¬¥ ¯¥à¢®£®) ¯¥à¥¬¥−−ãî πH

k á −�¨¬¥−ìè¨¬
§−�ç¥−¨¥¬ ¨−¤¥ªá� k, ãà�¢−¥−¨ï (3) ¯à¨¢®¤¨¬ ª ¢¨¤ã:

πH
j−1 =































































πH
j (1− r1)−

∑h1−1

i=j+1
πH

i ri+1−j

r0
−

−

∑h2−1

i=h1
πH

i [αri+1−j + (1− α)ri−j ]− πH
h2rh2−j

r0
, 1 ≤ j ≤ h1 − 1 ;

πH
j [1− αr1 − (1− α)r0]

αr0
−

−

∑h2−1

i=j+1
πH

i [αri+1−j + (1− α)ri−j ]− πH
h2rh2−j

αr0
, h1 < j ≤ h2 − 1;

πH
h1−1 =

πH
h1[1− αr1 − (1− α)r0]

r0
−

−

∑h2−1

i=h1+1
πH

i [αri+1−h1 + (1− α)ri−h1 ]− πH
h2rh2−h1

r0
;

πH
h2−1 =

1− r0
αr0

πH
h2 .
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�âáî¤� ¨ ¨§ ¯®á«¥¤−¥£® ãà�¢−¥−¨ï á¨áâ¥¬ë (4), ¯®¤áâ�¢¨¢ ¢ ãà�¢−¥−¨ï πH
j =

= RH
j π

H
h2

¨ ¨áª«îç¨¢ ¯®á«¥¤®¢�â¥«ì−® ¢ ¯®àï¤ª¥ ã¡ë¢�−¨ï ¨−¤¥ªá� j ¨§ á®®â-
¢¥âáâ¢ãîé¨å ãà�¢−¥−¨© ¯¥à¥¬¥−−ãî RH

j , ¯®«ãç¨¬ à¥ªãàà¥−â−ë¥ ä®à¬ã«ë ¤«ï
¢ëç¨á«¥−¨ï áâ�æ¨®−�à−ëå ¢¥à®ïâ−®áâ¥© á®áâ®ï−¨© πH

j , 0 ≤ j ≤ h2:

RH
h2 = 1 ; RH

h2−1 =
1− r0
αr0

;

RH
j−1 =

RH
j [1− αr1 − (1− α)r0]

αr0
−

−

∑h2−1

i=j+1
RH

i [αri+1−j + (1− α)ri−j ]−RH
h2rh2−j

αr0
, h1 + 1 ≤ j ≤ h2 − 1 ;

RH
h1−1 =

RH
h1[1− αr1 − (1− α)r0]

r0
−

−

∑h2−1

i=h1+1
RH

i [αri+1−h1 + (−α)ri−h1 ]−RH
h2rh2−h1

r0
;

RH
j−1 =

RH
j (1− r1)−

∑h1−1

i=j+1
RH

i ri+1−j

r0
−

−

∑h2−1

i=h1
RH

i [αri+1−j + (1− α)ri−j ]−RH
h2rh2−j

r0
, 1 ≤ j ≤ h1 − 1 .

„«ï áâ�æ¨®−�à−ëå ¢¥à®ïâ−®áâ¥© ¯®«ãç�¥¬ ä®à¬ã«ë:

πH
j =

RH
j

∑h2

i=0
RH

i

, 0 ≤ j ≤ h2 .

�à¨¢¥¤¥¬ −¥áª®«ìª® ¢á¯®¬®£�â¥«ì−ëå «¥¬¬ (¤®ª�§�â¥«ìáâ¢� «¥¬¬ ¤�−ë ¢ ¯à¨-
«®¦¥−¨¨ ª áâ�âì¥ [17]). �ãáâì H = (h1, h2).
‹¥¬¬� 1. ‘à¥¤−¥¥ §−�ç¥−¨¥ ¤®å®¤�, ¯®«ãç�¥¬®£® á¨áâ¥¬®© ¯à¨ áâà�â¥£¨¨ H
¢ á®áâ®ï−¨¨ i, à�¢−®:

qH
i =







di + C0 , 0 ≤ i ≤ h1 − 1 ;
α(di + C0) + (1− α)(di−1 −C1) , h1 ≤ i ≤ h2 − 1 ;
dh2−1 − C1 , i = h2 ,
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£¤¥

di =
C2
µ

[

1

2

i+1
∑

m=1

(m− 1)mrm − i

i+1
∑

m=1

mrm − 1
2
i(i + 1)

∞
∑

m=i+2

rm

]

−

− C3
µ

∞
∑

m=i+2

(m− i− 1)rm −C4v , 0 ≤ i ≤ h2 − 1 .

‹¥¬¬� 2. ‘¯à�¢¥¤«¨¢ë á«¥¤ãîé¨¥ à�¢¥−áâ¢�:

dk+1 = dk +
C3
µ

∞
∑

m=k+2

rm − C2
µ

k+1
∑

m=1

mrm − C2(k + 1)

µ

∞
∑

m=k+2

rm , k ≥ 0 ;

πH+1
i+1 =

(

1− πH+1
0

)

πH
i , 0 ≤ i ≤ h2 .

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï W (H), B(H) ¨ G(H):

W (H) = v − 1
µ

{

h1−1
∑

i=0

πH
i

∞
∑

m=i+2

(m− i− 1)rm +

+

h2−1
∑

i=h1

πH
i

[

α
∞
∑

m=i+2

(m− i− 1)rm + (1− α)
∞
∑

m=i+1

(m− i)rm

]

+

+ πH
h2

∞
∑

m=h2+1

(m− h2) rm

}

; (5)

B(H) =

h1−1
∑

i=0

πH
i

∞
∑

m=i+2

rm +

h2−1
∑

i=h1

πH
i

[

α

∞
∑

m=i+2

rm + (1− α)

∞
∑

m=i+1

rm

]

+

+ πH
h2

∞
∑

m=h2+1

rm ;

G(H) =
C3r0
µ

− C2r0
W (H)

B(H)
+ qH+1
0 . (6)

�¡à�â¨¬ ¢−¨¬�−¨¥, çâ® ¢¥«¨ç¨−� (v−W (H)) ¢ (5) ï¢«ï¥âáï áà¥¤−¨¬ ¢à¥¬¥−¥¬
¯à®áâ®ï ¯à¨¡®à� (á¬. ¯. 4 ¢ [17]).
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‹¥¬¬� 3. ‘¯à�¢¥¤«¨¢® á®®â−®è¥−¨¥:

gH − gH+1 = πH+1
0

[

gH −G(H)
]

. (7)

‹¥¬¬� 4. ”ã−ªæ¨ï G(H) ¢®§à�áâ�¥â ¯® H.

�ãáâì H∗ | à¥è¥−¨¥ §�¤�ç¨ (1) (¥á«¨ ®−® áãé¥áâ¢ã¥â). „®ª�¦¥¬ á«¥¤ãîéãî
â¥®à¥¬ã.
’¥®à¥¬�. ‘¯à�¢¥¤«¨¢ë á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï:

(1) ¥á«¨ inf
H>0

G(H) < sup
H>0

gH , â® ¯à¨ «î¡ëå §−�ç¥−¨ïå ¯�à�¬¥âà®¢ Ci ≥
≥ 0, i = 0, 1, 3, 4, C2 > 0 áãé¥áâ¢ã¥â áâà�â¥£¨ï H∗ < ∞; ¨−�ç¥, ¥á«¨
g1 < G(1), â® H∗ =∞;

(2) ¥á«¨ g1 ≥ G(1), â® H∗ = 1;

(3) ¥á«¨ C2 = 0 ¨ g1 < G(1), â® H∗ =∞;

(4) ãá«®¢¨ï gH−1 < gH ¨ gH+1 ≥ gH ï¢«ïîâáï −¥®¡å®¤¨¬ë¬¨ ¨ ¤®áâ�â®ç-
−ë¬¨ ¤«ï H = H∗, 1 < H∗ <∞.

„ ® ª � § � â ¥ « ì á â ¢ ® . ÷�áá¬®âà¨¬ ¯®¢¥¤¥−¨¥ äã−ªæ¨¨ gH ¯à¨ ¯®á«¥¤®¢�â¥«ì−®¬
ã¢¥«¨ç¥−¨¨ §−�ç¥−¨ï H > 0. Š�ª á«¥¤ã¥â ¨§ (7), −¥à�¢¥−áâ¢� gH ≤ gH+1

¨ gH ≤ G(H) íª¢¨¢�«¥−â−ë. �âáî¤� á«¥¤ã¥â, çâ® ¥á«¨ ¯à¨ §−�ç¥−¨¨ H > 0
¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢® gH < G(H), â® ¯à¨ §−�ç¥−¨¨ H + 1 ¢ë¯®«−ï¥âáï
−¥à�¢¥−áâ¢® gH+1 > gH , ¨ −�®¡®à®â: ¥á«¨ ¯à¨ §−�ç¥−¨¨ H > 0 ¢ë¯®«−ï¥âáï
−¥à�¢¥−áâ¢® gH > G(H), â® ¯à¨ §−�ç¥−¨¨ H + 1 ¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢®
gH+1 ≤ gH , � ¯à¨ gH = G(H) ¢ë¯®«−ï¥âáï à�¢¥−áâ¢® gH+1 = gH .

÷�áá¬®âà¨¬ á−�ç�«� á«ãç�© C2 > 0. �ãáâì H1 = (h′1, h
′

2) | ¯à®¨§¢®«ì−�ï
áâà�â¥£¨ï, 1 ≤ H1 <∞. ÷�áá¬®âà¨¬ ¤¢� �«ìâ¥à−�â¨¢−ëå á«ãç�ï:

(1) gH1 ≥ G(H1) ;

(2) gH1 < G(H1) .

�ãáâì gH1 ≥ G(H1). ’®£¤� ¥á«¨ gH1 > G(H1), â® á®£«�á−® (7) (â�ª ª�ª
0 < πH+1

0 < 1) ¢ë¯®«−ï¥âáï gH1+1 > G(H1), � â�ª ª�ª G(H) −¥ ¢®§à�áâ�¥â ¯®
H > 0 (á®£«�á−® «¥¬¬¥ 4), ¢ë¯®«−ï¥âáï gH1+1 > G(H1 + 1). ‘«¥¤®¢�â¥«ì−®,
gH > G(H), H ≥ H1 ¨, á®£«�á−® à�ááã¦¤¥−¨ï¬ ¢ −�ç�«¥ ¤®ª�§�â¥«ìáâ¢�,
¯®á«¥¤®¢�â¥«ì−®áâì {gH : H = H1,H1+1, . . .} ï¢«ï¥âáï ã¡ë¢�îé¥©, â. ¥. gH <
< gH1, H > H1, ®âªã¤� á«¥¤ã¥â, çâ® áãé¥áâ¢ã¥â H∗ = (h∗1, h

∗

2) ≤ H1. …á«¨
gH1 = G(H1), â® ¨§ (7) ¨ «¥¬¬ë 4 á«¥¤ã¥â «¨¡® gH = G(H) = gH1 , H > H1,
«¨¡® áãé¥áâ¢ã¥â ∞ > H2 = (h

′′

1 , h
′′

2) > H1 â�ª®¥, çâ® gH = G(H) = gH1,
H1 < H ≤ H2, gH2 > G(H2). ’®£¤� ¢ ¯¥à¢®¬ á«ãç�¥ H∗ ≤ H1, ¢® ¢â®à®¬
á«ãç�¥, ª�ª ã¦¥ ¤®ª�§�−®, áãé¥áâ¢ã¥â H∗ ≤ H2 ¨, â�ª ª�ª gH = gH1, H1 ≤
≤ H ≤ H2, â® H∗ ≤ H1, â. ¥. ¯à¨ gH1 ≥ G(H1) ãâ¢¥à¦¤¥−¨¥ 1 ¢ ä®à¬ã«¨à®¢ª¥
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â¥®à¥¬ë á¯à�¢¥¤«¨¢®. �à¨ íâ®¬ ¥á«¨ H1 = 1, â® H∗ = 1 â. ¥. ¢ë¯®«−ï¥âáï
ãâ¢¥à¦¤¥−¨¥ 2 ¢ ä®à¬ã«¨à®¢ª¥ â¥®à¥¬ë. ‡�¬¥â¨¬ â�ª¦¥, çâ® ¯à¨ H∗ > 1
¢ë¯®«−ï¥âáï ãâ¢¥à¦¤¥−¨¥ 4 â¥®à¥¬ë.

�ãáâì gH1 < G(H1). ’®£¤� á®£«�á−® (7) ¨§ gH1 < G(H1) á«¥¤ã¥â gH1+1 >

> gH1 ¨ gH1+1 < G(H1) (â�ª ª�ª 0 < πk+1
0 < 1). ’�ª ª�ª G(H) −¥ ¢®§à�áâ�¥â ¯®

H > 0, â® «¨¡® gH1+1 < G(H1 + 1), «¨¡® gH1+1 ≥ G(H1 + 1). ‘«¥¤®¢�â¥«ì−®,
¥á«¨ inf

H>0
G(H) < sup

H>0
gH , â® áãé¥áâ¢ã¥â∞ > H2 > H1 â�ª®¥, çâ® gH2 ≥ G(H2),

gH < G(H), H1 ≤ H ≤ H2 − 1. ‚ íâ®¬ á«ãç�¥ H∗ = H2 (íâ® á«¥¤ã¥â ¨§ â®£®,
çâ® H∗ ≤ H2 ¨ gH < G(H), H1 ≤ H ≤ H2 − 1), â. ¥. ãâ¢¥à¦¤¥−¨¥ 1 â¥®à¥¬ë
á¯à�¢¥¤«¨¢®. ‡�¬¥â¨¬ â�ª¦¥, çâ® ¯à¨ H∗ > 1 ¢ë¯®«−ï¥âáï ¨ ãâ¢¥à¦¤¥−¨¥ 4
â¥®à¥¬ë. …á«¨ inf

H>0
G(H) ≥ sup

H>0
gH , â® gH < G(H), H ≥ H1 ¨ ¢ íâ®¬ á«ãç�¥

H∗ =∞.
÷�áá¬®âà¨¬ â¥¯¥àì á«ãç�© C2 = 0. ˆ§ (6) á«¥¤ã¥â G(H) = const, H > 0.

÷�ááã¦¤�ï, ª�ª ¢ á«ãç�¥ C2 > 0, «¥£ª® ¤®ª�§�âì, çâ® ¯®á«¥¤®¢�â¥«ì−®áâì
{gHi : Hi = Hi + 1, i = 1, . . . ,H1 = (1, a + 1)} ã¤®¢«¥â¢®àï¥â −¥à�¢¥−áâ¢�¬
gH1 ≥ gH2 ≥ · · · ≥ gHn ≥ · · · ≥ const ¯à¨ ãá«®¢¨¨ gH1 ≥ const ¨ −¥à�¢¥−-
áâ¢�¬ gH1 < gH2 < · · · < gHn < · · · < const ¯à¨ ãá«®¢¨¨ gH1 < const. Š�ª
¢¨¤¨¬, H∗ = 1 ¯à¨ gH1 ≥ const ¨ H∗ = ∞ ¯à¨ gH1 < const. ‘«¥¤®¢�â¥«ì−®,
ãâ¢¥à¦¤¥−¨¥ 3 â¥®à¥¬ë ¢¥à−®.

ˆ§ â¥®à¥¬ë ¢ëâ¥ª�¥â á«¥¤ãîé¨© �«£®à¨â¬ ¯®¨áª� áâà�â¥£¨¨ H∗ = (h∗1, h
∗

1 +
+ a).

1. ‚ëç¨á«¨âì c = g1 ¨ b = G(1).
2. …á«¨ C2 = 0 ¨ b > c, â® ¯®«®¦¨âì h∗1 =∞ ¨ ¯¥à¥©â¨ ª ¯. 14.
3. …á«¨ c ≥ b, â® ¯®«®¦¨âì h∗1 = 1 ¨ ¯¥à¥©â¨ ª ¯. 14.
4. �®«®¦¨âì h1 = 1.
5. ‚ë¡à�âì §−�ç¥−¨¥ ¯à¨à�é¥−¨ï – ≥ 1 (–| æ¥«®¥ ç¨á«®).
6. �®«®¦¨âì h1 = h1 +–.
7. ‚ëç¨á«¨âì c = gH , b = G(H), H = (h1, h1 + a).
8. …á«¨ b > c, â® ¯¥à¥©â¨ ª ¯. 6, ¨−�ç¥ ¯®«®¦¨âì h′1 = h1 −–, h′′1 = h1.
9. ‚ëç¨á«¨âì h1 = [(h′1 + h

′′

1)/2] £¤¥ [·] | æ¥«�ï ç�áâì ç¨á«� ¢ ª¢�¤à�â−ëå
áª®¡ª�å.

10. �®«®¦¨âì H = (h1, h1 + a), ¢ëç¨á«¨âì a = gH , b = G(H).
11. …á«¨ b > c, â® ¯®«®¦¨âì h′1 = h1, ¨−�ç¥ ¯®«®¦¨âì h′′1 = h1.
12. …á«¨ h′′1 − h′1 > 1, â® ¯¥à¥©â¨ ª ¯. 9.
13. …á«¨ b > c, â® ¯®«®¦¨âì h∗1 = h

′′

1, ¨−�ç¥ ¯®«®¦¨âì h∗1 = h
′

1.
14. Š®−¥æ �«£®à¨â¬�.

’àã¤®¥¬ª®áâì �«£®à¨â¬� á®áâ�¢«ï¥â ∼ ([h∗1/–] + log2–) ¢ëç¨á«¥−¨© äã−ª-
æ¨© gH ¨ G(H).
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4 Пример

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¨¬ ‘Œ� Hn/M/1 á äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï
¢å®¤−®£® ¯®â®ª� A(t) = f1(1 − e−λ1t) + f2(1 − e−λ2t), fi > 0, λi > 0, i = 1, 2,
f1 + f2 = 1.

�� à¨á. 1 á ¯®¬®éìî £à�ä¨ª®¢ äã−ªæ¨© gH ¨ G(H) ¯à®¨««îáâà¨à®¢�−®
®â−®è¥−¨¥ íª¢¨¢�«¥−â−®áâ¨ ãá«®¢¨© gH+1 > gH ¨ gH < G(H), ï¢«ïîé¥¥áï
á«¥¤áâ¢¨¥¬ á®®â−®è¥−¨ï (7). ƒà�ä¨ª¨ ¢ëç¨á«¥−ë ¯à¨ §−�ç¥−¨ïå ¯�à�¬¥âà®¢
C0 = 20; C1 = 0; C2 = 0,1; C3 = C4 = 0,01; µ = 1; n = 2; f1 = 0,3; f2 = 0,7;
v1 = 2; v2 = 1; a = h2 − h1 = 5. �¯â¨¬�«ì−ë© ¯®à®£ −� à¨á. 1 ®¡®§−�ç¥−
ç¥à¥§ H∗.

÷¨á. 1 �®¢¥¤¥−¨¥ äã−ªæ¨© gH (1)
¨ G(H) (2) ¯à¨ ¨§¬¥−¥−¨¨ §−�ç¥−¨ï ¢¥àå-
−¥£® ¯®à®£�

÷¨á. 2 ‡�¢¨á¨¬®áâì ®¯â¨¬�«ì−®£® §−�ç¥-
−¨ï ¤®å®¤� gH

∗

(1) ¨ ®¯â¨¬�«ì−®£® §−�ç¥-
−¨ï ¢¥àå−¥£® ¯®à®£� h∗

2
(2) ®â a = h2 − h1

�� à¨á. 2 ¯à¨ ãª�§�−−ëå ¢ëè¥ §−�ç¥−¨ïå ¯�à�¬¥âà®¢ C0, C1, C2, C3,
C4, µ, n ¨ A(t) ¯à¨¢¥¤¥−ë §�¢¨á¨¬®áâ¨ ®¯â¨¬�«ì−®£® ¢¥àå−¥£® ¯®à®£� h∗2
¨ ®¯â¨¬�«ì−®£® ¤®å®¤� gH∗

®â §−�ç¥−¨ï a = h2−h1. Š�ª ¯®ª�§�«¨ à�áç¥âë, ¤«¨−�
®âà¥§ª� á®áâ®ï−¨© á¨áâ¥¬ë [h1, h2], ¢¢¥¤¥−−®£® ¤«ï à�−−¥£® ¯à¥¤ã¯à¥¦¤¥−¨ï
¯¥à¥£àã§ª¨ (¨ ¨áª«îç¥−¨ï íää¥ªâ� £«®¡�«ì−®© á¨−åà®−¨§�æ¨¨) ¯à¨ ®¯â¨¬�«ì−®¬
¢ë¡®à¥ ¢¥àå−¥£® ¯®à®£� ¯®çâ¨ −¥ ¢«¨ï¥â −� ¢¥«¨ç¨−ã ¤®å®¤� á¨áâ¥¬ë, ¯à¨
íâ®¬ §�¢¨á¨¬®áâì ®¯â¨¬�«ì−®£® ¢¥àå−¥£® ¯®à®£� ®â ¤«¨−ë íâ®£® ®âà¥§ª� ¡«¨§ª�
ª «¨−¥©−®©.

5 Заключение

‚ à¥§ã«ìâ�â¥ ¨áá«¥¤®¢�−¨ï à�áá¬�âà¨¢�¥¬®© §�¤�ç¨ ¬�ªá¨¬¨§�æ¨¨ ¯®«ãç¥−ë:

{ ¬�â¥¬�â¨ç¥áª�ï ¯®áâ�−®¢ª� §�¤�ç¨ ¬�ªá¨¬¨§�æ¨¨ ¤®å®¤�, §�¤�¢�¥¬®£® ¢ ¢¨-
¤¥ áâ®¨¬®áâ−®© æ¥«¥¢®© äã−ªæ¨¨, §�¢¨áïé¥© ®â ¢à¥¬¥−¨ §�¤¥à¦ª¨ §�ï¢®ª,
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Œ�ªá¨¬¨§�æ¨ï ¤®å®¤� ‘Œ� â¨¯� G/M/1 −� ¬−®¦¥áâ¢¥ ¯®à®£®¢ëå áâà�â¥£¨©

¨−â¥−á¨¢−®áâ¨ ¯®â®ª� ®âª«®−ï¥¬ëå §�ï¢®ª, ¯«�âë §� ®¡á«ã¦¨¢�−¨¥ §�ï¢-
ª¨, ¯à®áâ®ï ¯à¨¡®à� ®¡á«ã¦¨¢�−¨ï, ¯«�âë §� â¥å−¨ç¥áª®¥ ®¡á«ã¦¨¢�−¨¥
á¨áâ¥¬ë;

{ −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥ ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï £«®¡�«ì−®£® ®¯â¨¬ã¬�
æ¥«¥¢®© äã−ªæ¨¨;

{ ¬¥â®¤ à¥è¥−¨ï §�¤�ç¨ ¬�ªá¨¬¨§�æ¨¨;
{ �«£®à¨â¬ ¯®¨áª� à¥è¥−¨ï §�¤�ç¨ −� ¬−®¦¥áâ¢¥ áâà�â¥£¨© â¨¯� Ÿa (âàã¤®¥¬-

ª®áâì ∼ ϑh∗1(a+ h
∗

1), ϑ = const).
÷¥§ã«ìâ�âë ¤�−−®© à�¡®âë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï ¯®¨áª� ®¯â¨¬�«ì−ëå

¯®à®£®¢ëå áâà�â¥£¨© ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¢ á¨áâ¥¬�å, ¬®¤¥«¨àã¥¬ëå á ¯®¬®éìî
‘Œ� â¨¯� G/M/1 (G/M/1/r).
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PROFIT MAXIMIZATION IN G/M/1QUEUING SYSTEM
ON A SET OF THRESHOLD STRATEGIES

WITH TWO SWITCH POINTS

Ya. M. Agalarov1, M. Ya. Agalarov2, and V. S. Shorgin1

1Institute of Informatics Problems, Federal Research Center \Computer Science
and Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow
119333, Russian Federation
2PromsvyazBank OJSC, 10 Smirnovskaya Str., Moscow 109052, Russian Federa-
tion

Abstract: The problem of maximizing the average profit per time in G/M/1
queuing system is considered on a set of stationary access restriction threshold
strategies with one \switch point." The objective function depends on the
following measures: service fee, hardware maintenance fee, cost of service delay,
fine for unhandled requests, and fine for system idle. The authors have formulated
the necessary conditions of existence of finite problem solution on a subset of
threshold strategies with fixed distance between the upper and lower thresholds
and have got necessary and sufficient conditions for optimality of threshold
strategy on this subset. The authors have also developed a method of finding
the optimal strategy and algorithm for calculating the parameters of the optimal
strategy and the corresponding value of the objective function.

86 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2016 vol 26 no 4



Profit maximization in G/M/1 queuing system on a set of threshold strategies

Keywords: queuing system; threshold strategy; optimization

DOI: 10.14357/08696527160407

Acknowledgments

The work was supported by the Russian Foundation for Basic Research (project
15-07-03406).

References

1. Floyd, S., and V. Jacobson. 1993. Random early detection gateways for congestion
avoidance. IEEE ACM Trans. Network. 1:397{413.

2. Kabra, M., S. Saha, and B. Lin. 2006. Fast buffer memory with deterministic packet
departures. 14th IEEE Symposium on High-Performance Interconnects Proceedings.
Stanford, CA. 67{72.

3. Zheng, B., and M. Atiquzzaman. 2008. A framework to determine the optimal weight
parameter of RED in next-generation Internet routers. Int. J. Commun. Syst. 21:987{
1008.

4. Reddy, T. B., A. Ahammed, and R. Banu. 2009. Performance comparison of active
queue management techniques. Int. J. Computer Sci. Network Security 9(2):405{408.

5. Lin, D., and R. Morris. 1997. Dynamics of random early detection. ACM
SIGCOMM'97 Conference on Applications, Technologies, Architectures, and Pro-
tocols for Computer Communication Proceedings. ACM. 127{137.

6. Feng, W.-C., K. G. Shin, D. D. Kandlur, and D. Saha. 2002. The BLUE active
queue management algorithms. IEEE ACM Trans. Network. 10(4):513{528.

7. Feng, W.-C., D. D. Kandlur, D. Saha, and K. G. Shin. 2001. Stochastic Fair Blue:
A queue management algorithm for enforcing fairness. INFOCOM 2001. 20th Annual
Joint Conference of the IEEE Computer and Communications Societies. IEEE.
3:1520{1529.

8. Parris, M., K. Jeffay, and F. D. Smith. 1999. Lightweight active router-queue
management for multimedia networking. Multimedia computing and networking. Eds.
D. D. Kandlur, K. Jeffay, and T. Roscoe. Proc. SPIE ser. San Jose, CA: SPIE.
3654:162{174. doi: 10.1117/12.333807.

9. Pan, R., B. Prabhakar, and K. Psounis. 2000. CHOKe: A stateless active queue
management scheme for approximating fair bandwidth allocation. INFOCOM 2000:
19th Annual Joint Conference of the IEEE Computer and Communications Societies
Proceedings. Piscataway, NJ: IEEE. 2:942{951.

10. Zhernovyj, Ju. V. 2010. Reshenie zadach optimal'nogo sinteza dlya nekotorykh
markovskikh modeley obsluzhivaniya [Solution of optimum synthesis problem for
some Markov models of service]. Informatsionnye Processy [Information Processses]
10(3):257{274.

11. Konovalov, M. G. 2013. Ob odnoy zadache optimal'nogo upravleniya nagruzkoy na
server [About one task of overload control]. Informatika i ee Primeneniya | Inform.
Appl. 7(4):34{43.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2016 vol 26 no 4 87



Ya. M. Agalarov, M. Ya. Agalarov, and V. S. Shorgin

12. Agalarov, Ya. M. 2015. Porogovaya strategiya ogranicheniya dostupa k resursam
v sisteme massovogo obsluzhivaniya M/D/1 s funktsiey shtrafov za nesvoevremennoe
obsluzhivanie zayavok [The threshold strategy for restricting access in the M/D/1
queueing system with penalty function for late service]. Informatika i ee Primeneniya |
Inform. Appl. 9(3):55{64.

13. Grishunina, Yu. B. 2015. Optimal'noe upravlenie ochered'yu v sisteme M/G/1/∞
s vozmozhnost'yu ogranicheniya priema zayavok [Optimal control of queue in the
M/G/1/∞ system with possibility of customer admission restriction]. Avtomatika
i Telemekhanika [Automation and Remote Control] 3:79{93.

14. Agalarov, Ya. M., M. Ya. Agalarov, and V. S. Shorgin. 2016. Ob optimal'nom
porogovom znachenii dliny ocheredi v odnoy zadache maksimizatsii dokhoda sistemy
massovogo obsluzhivaniya tipa M/G/1 [About the optimal threshold of queue length
in particular problem of profit maximization in M/G/1 queuing system]. Informatika
i ee Primeneniya | Inform. Appl. 10(2):70{79.

15. Karlin, S. 1968. A first course in stochastic processes. New York { London: Academic
Press. 502 p.

16. Bocharov, P. P., and A. V. Pechinkin. 1995. Teoriya massovogo obsluzhivaniya [Queue-
ing theory]. Moscow: RUDN. 529 p.

17. Agalarov, Ya. M., M. Ya. Agalarov, and V. S. Shorgin. Appendix to the paper \Profit
maximization in G/M/1 queuing system on the set of threshold strategies with two
switch points." Available at: http://www.ipiran.ru/publications/Pril Agalarov.docx
(accessed August 29, 2016).

Received April 29, 2016

Contributors

Agalarov Yaver M. (b. 1952) | Candidate of Science (PhD) in technology,
associate professor; leading scientist, Institute of Informatics Problems, Federal Re-
search Center \Computer Science and Control" of the Russian Academy of Sciences,
44-2 Vavilov Str., Moscow 119333, Russian Federation; agglar@yandex.ru
Agalarov Murad Ya. (b. 1987) | Head of System Analysis Department,
PromsvyazBank OJSC, 10 Smirnovskaya Str., Moscow 109052, Russian Fed-
eration; murad-agalarov@yandex.ru
Shorgin Vsevolod S. (b. 1978) | Candidate of Science (PhD) in technology, senior
scientist, Institute of Informatics Problems, Federal Research Center \Computer
Science and Control" of Russian Academy of Sciences, 44-2 Vavilov Str., Moscow
119333, Russian Federation; VShorgin@ipiran.ru

88 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2016 vol 26 no 4



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2016. ’. 26. ü 4. ‘. 89{99

МЕТОД ВЗВЕШЕННЫХ ДИСКРИМИНАНТНЫХ СИСТЕМ
ДЛЯ КЛАССИФИКАЦИИ ОБЪЕКТОВ
С ПРОПУЩЕННЫМИ ДАННЫМИ∗

Т. В. Захарова1, C. Е. Кинжитаева2

�−−®â�æ¨ï: ÷�§à�¡®â�− ¬¥â®¤ ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ á ¯à®¯ãé¥−−ë¬¨ ¨«¨
ç�áâ¨ç−® ¨§¢¥áâ−ë¬¨ ¤�−−ë¬¨. ‡�¤�ç¨, á¢ï§�−−ë¥ á ®¡à�¡®âª®© −¥¯®«−ëå
¤�−−ëå, ç�áâ® ¢áâà¥ç�îâáï, −�¯à¨¬¥à, ¢ ¬¥¤¨æ¨−¥. „�−−ë¥ ¯�æ¨¥−â®¢ ¬®-
£ãâ á®¤¥à¦�âì ¯à®¯ãáª¨ ¨«¨ ®âáãâáâ¢®¢�âì. �®¢ë¬ ¬¥â®¤®¬ ¡ë«� ¯à®¢¥¤¥−�
ª«�áá¨ä¨ª�æ¨ï ¯�æ¨¥−â®¢ á à�§«¨ç−®© áâ¥¯¥−ìî âï¦¥áâ¨ è¨§®äà¥−¨¨. ˜¨-
§®äà¥−¨ï ®â−®á¨âáï ª £¥−¥â¨ç¥áª¨¬ §�¡®«¥¢�−¨ï¬, ¯®íâ®¬ã ¢�¦−®© ï¢«ï¥âáï
§�¤�ç� ¨áá«¥¤®¢�−¨ï £¥−¥â¨ç¥áª®© ¯à¥¤à�á¯®«®¦¥−−®áâ¨ ç¥«®¢¥ª� ª ¤�−−®©
¡®«¥§−¨. „«ï íâ®£® ¯à®¢®¤¨âáï �−�«¨§ �áá®æ¨�æ¨© ¬¥¦¤ã ¯®«¨¬®àä¨§¬®¬
£¥−®¢. �â«¨ç¨â¥«ì−®© ç¥àâ®© ¯à¥¤®áâ�¢«¥−−ëå ¬¥¤¨æ¨−áª¨å ¤�−−ëå ¡ë«� ¨å
−¥§�¯®«−¥−−®áâì ¡®«¥¥ ç¥¬ −� 70%. �à¨ ¯à¨¬¥−¥−¨¨ −®¢®£® ¬¥â®¤� ª«�áá¨ä¨-
ª�æ¨¨ ¡ë«� áãé¥áâ¢¥−−® á−¨¦¥−� à�§¬¥à−®áâì ¤¨áªà¨¬¨−�−â−ëå ¯à¨§−�ª®¢
¨ ¯®«ãç¥−� ¢ëá®ª�ï ¤®áâ®¢¥à−®áâì ¯à®£−®§¨à®¢�−¨ï à�§¢¨â¨ï §�¡®«¥¢�−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¤¨áªà¨¬¨−�−â−ë© �−�«¨§; ¯à®¯ãé¥−−ë¥ ¤�−−ë¥; ª«�áá¨-
ä¨ª�æ¨®−−ë¥ äã−ªæ¨¨; £¥−¥â¨ç¥áª¨¥ §�¡®«¥¢�−¨ï
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1 Введение

˜¨à®ª¨© ªàã£ §�¤�ç, ¢®§−¨ª�îé¨å −� ¯à�ªâ¨ª¥ ¨ á¢ï§�−−ëå á ª«�áá¨ä¨-
ª�æ¨¥©, ¬®¦−® à¥è¨âì ¬¥â®¤�¬¨ ¤¨áªà¨¬¨−�−â−®£® �−�«¨§�, â¨¯¨ç−ë¥ ®¡«�áâ¨
¯à¨¬¥−¥−¨ï ª®â®àëå | íª®−®¬¨ª�, £¥®«®£¨ï, ¬¥¤¨æ¨−�, ã¯à�¢«¥−¨¥ ¯à®¨§¢®¤-
áâ¢®¬, ª®−âà®«ì ª�ç¥áâ¢�. Œ¥â®¤ë ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ¨á¯®«ì§ãîâáï
¢ à¥è¥−¨¨ �ªâã�«ì−ëå §�¤�ç ¢ ¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�−¨ïå, ¢ à¥è¥−¨¨ íª®−®-
¬¨ç¥áª¨å ¯à®¡«¥¬. ‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� ª«�áá¨ä¨ª�æ¨¨
¤�−−ëå ¨ ¯à®£−®§¨à®¢�−¨ï à�§¢¨â¨ï £¥−¥â¨ç¥áª¨å §�¡®«¥¢�−¨©. ‚ëï¢«¥−¨¥
¯à¥¤à�á¯®«®¦¥−−®áâ¨ ª £¥−¥â¨ç¥áª¨¬ §�¡®«¥¢�−¨ï¬ ®â−®á¨âáï ª ®¤−®© ¨§ á«®¦-
−ëå ¨ ¢¥á®¬ëå §�¤�ç ¢ ¬¥¤¨æ¨−¥. �à®¢¥¤¥−−®¥ ¨áá«¥¤®¢�−¨¥ ¡ë«® ®á−®¢�−® −�
¬¥â®¤�å ¤¨áªà¨¬¨−�−â−®£® �−�«¨§�, ª®â®àë© ¯®§¢®«ï¥â à¥è�âì ¬−®£¨¥ ¯à¨ª«�¤-

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 15-07-02652).
1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì-

−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨; 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, lsa@cs.msu.ru

2Œ®áª®¢áª¨© ä¨§¨ª®-â¥å−¨ç¥áª¨© ¨−áâ¨âãâ (£®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â),
saniya150195@gmail.com

89



’. ‚. ‡�å�à®¢�, C. …. Š¨−¦¨â�¥¢�

−ë¥ áâ�â¨áâ¨ç¥áª¨¥ §�¤�ç¨, á¢ï§�−−ë¥ á à�á¯®§−�¢�−¨¥¬, ¨ ¢ â®¬ ç¨á«¥ ¢ëï¢«ïâì
§�¡®«¥¢�−¨¥ −� −�ç�«ì−®© áâ�¤¨¨ [1, 2].

Š�ª íâ® ç�áâ® ¡ë¢�¥â ¢ ¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�−¨ïå, ®á®¡¥−−®áâìî �−�«¨§¨àã-
¥¬ëå ¤�−−ëå ï¢«ï«®áì −�«¨ç¨¥ ã ¢á¥å ¯�æ¨¥−â®¢ à�§«¨ç−®£® à®¤� ¯à®¯ãé¥−−ëå
¤�−−ëå. Œ¥¤¨æ¨−áª¨¥ ¤�−−ë¥ ¡ë«¨ ¯à¥¤®áâ�¢«¥−ë ”¥¤¥à�«ì−ë¬ £®áã¤�àáâ¢¥−-
−ë¬ ¡î¤¦¥â−ë¬ −�ãç−ë¬ ãçà¥¦¤¥−¨¥¬ ú��ãç−ë© æ¥−âà ¯á¨å¨ç¥áª®£® §¤®à®¢ìïû
(”ƒ��“ �–�‡). �®«¥¥ 70% ¤�−−ëå ¡ë«® ¯à®¯ãé¥−®, ¯®íâ®¬ã âà�¤¨æ¨®−−ë¥
¬¥â®¤ë ®¡à�¡®âª¨ ¯à®¯ãé¥−−ëå ¤�−−ëå, â�ª¨¥ ª�ª ¬¥â®¤ ¨áª«îç¥−¨ï −¥ª®¬-
¯«¥ªâ−ëå ®¡ê¥ªâ®¢, à�§«¨ç−ë¥ ¬¥â®¤ë á §�¯®«−¥−¨¥¬, ¡ë«¨ −¥¯à¨£®¤−ë.

‚ ¤�−−®© à�¡®â¥ à¥è�«�áì §�¤�ç� ¢ëï¢«¥−¨ï ¯à¨§−�ª®¢, ¯® ª®â®àë¬ ã ¯�-
æ¨¥−â®¢ ¬®¦−® ¯à¥¤¯®«®¦¨âì −�«¨ç¨¥ £¥−¥â¨ç¥áª®£® §�¡®«¥¢�−¨ï −� à�−−¨å
áâ�¤¨ïå, ¨ ¯à®£−®§¨à®¢�−¨ï à�§¢¨â¨ï £¥−¥â¨ç¥áª®£® §�¡®«¥¢�−¨ï. ”ƒ��“
�–�‡ ¯à¥¤®áâ�¢¨« ¤�−−ë¥ ¯�æ¨¥−â®¢ á ¤¨�£−®áâ¨à®¢�−−ë¬ £¥−¥â¨ç¥áª¨¬ §�-
¡®«¥¢�−¨¥¬ | è¨§®äà¥−¨¥©. ’à¥¡®¢�«®áì áà�¢−¨âì âà¨ £àã¯¯ë −�¡«î¤�¥¬ëå
«î¤¥©: 1-ï £àã¯¯� | ¡®«ì−ë¥ á à�§−ë¬¨ ¢�à¨�−â�¬¨ ¯�à�−®¨¤−®© è¨§®äà¥−¨¨
(¤¨�£−®§ë F20.00, F20.01, F20.02, F20.03 ¨ F20.04); 2-ï £àã¯¯� | ¡®«ì−ë¥
−� −�ç�«ì−®© áâ�¤¨¨ §�¡®«¥¢�−¨ï ¨ á ¯¥à¨®¤®¬ −�¡«î¤¥−¨ï ¬¥−¥¥ £®¤� (¤¨�£−®§
F20.09); 3-ï £àã¯¯� | §¤®à®¢ë¥ «î¤¨.

�à¥¤«�£�¥¬ë© ¬¥â®¤ ª«�áá¨ä¨ª�æ¨¨ á®áâ®ï« ¢ á«¥¤ãîé¥¬. ”¨ªá¨àã¥âáï
¤¨áªà¨¬¨−�−â−ë© ¯à¨§−�ª, ¯® −¥¬ã ®¯à¥¤¥«ï¥âáï £àã¯¯� ¯�æ¨¥−â®¢, ã ª®â®àëå
íâ®â ¯à¨§−�ª §�¯®«−¥−. „«ï â�ª®© £àã¯¯ë ¢ë¡¨à�¥âáï ®¡é¨© −�¡®à ¤¨áªà¨¬¨-
−�−â−ëå ¯à¨§−�ª®¢, ¯® ª®â®àë¬ áâà®ïâáï ª«�áá¨ä¨ª�æ¨®−−ë¥ äã−ªæ¨¨. „«ï
ªà�âª®áâ¨ ¨§«®¦¥−¨ï −�§®¢¥¬ ¤¨áªà¨¬¨−�−â−®© á¨áâ¥¬®©: ®¯à¥¤¥«ïîé¨© ¤¨á-
ªà¨¬¨−�−â−ë© ¯à¨§−�ª, á®®â¢¥âáâ¢ãîéãî ¥¬ã £àã¯¯ã ¯�æ¨¥−â®¢, ®¡é¨¥ ¤¨á-
ªà¨¬¨−�−â−ë¥ ¯à¨§−�ª¨ £àã¯¯ë ¨ ª«�áá¨ä¨ª�æ¨®−−ë¥ äã−ªæ¨¨. ÷�−¥¥ ¯®−ïâ¨¥
¤¨áªà¨¬¨−�−â−�ï á¨áâ¥¬� ã¦¥ ¡ë«® ¢¢¥¤¥−® ¢ à�¡®â¥ [3]. —¨á«® −�¡®à®¢ ¤¨áªà¨-
¬¨−�−â−ëå á¨áâ¥¬ §�¢¨á¨â ®â §�¯®«−¥−−®áâ¨ ¤�−−ëå: ç¥¬ ¡®«ìè¥ ¯®â¥àï−−ëå
¤�−−ëå, â¥¬ ¡®«ìè¥ ç¨á«® à�§«¨ç−ëå −�¡®à®¢. �®¢ë© ¯�æ¨¥−â á® á¢®¨¬ −�¡®à®¬
¯à¨§−�ª®¢ ª«�áá¨ä¨æ¨àã¥âáï ª�¦¤®© ¤¨áªà¨¬¨−�−â−®© á¨áâ¥¬®© ¨ ®â−®á¨âáï
ª â®© £àã¯¯¥, ¤«ï ª®â®à®© ¡ë«® ¯®«ãç¥−® ¬�ªá¨¬�«ì−®¥ ç¨á«® á®¢¯�¤¥−¨© ª«�á-
á¨ä¨ª�æ¨¨. ’�ª�ï ¬−®£®áâã¯¥−ç�â�ï ª«�áá¨ä¨ª�æ¨ï ª®¬¯¥−á¨àã¥â, ¢ −¥ª®â®à®¬
á¬ëá«¥, ¬�«ë© ®¡ê¥¬ ¢ë¡®àª¨ ¨ ¬�ªá¨¬�«ì−® ¨á¯®«ì§ã¥â ¨−ä®à¬�æ¨î ® ª�¦-
¤®¬ ¯�æ¨¥−â¥. ÷�−¥¥ ¯®å®¦¨¥ §�¤�ç¨ à¥è�«¨áì ¢ à�¡®â�å [3{5]. ”®à¬�«¨§ã¥¬
−�áâ®ïéãî ¯®áâ�−®¢ªã §�¤�ç¨.

2 Постановка задачи

�ãáâì §�¤�−® ¯à®áâà�−áâ¢® ¯à¨§−�ª®¢ X à�§¬¥à−®áâìî p > 1, í«¥¬¥−â�¬¨
íâ®£® ¯à®áâà�−áâ¢� ï¢«ïîâáï ¢¥ªâ®àë X = {X1, . . . ,Xi, . . . ,Xp}, £¤¥ Xi |
§−�ç¥−¨ï i-£® ¯à¨§−�ª� ª®−ªà¥â−®£® ¯�æ¨¥−â�. ˆáå®¤−�ï â�¡«¨æ� −�¡«î¤¥−¨©
á®áâ®¨â ¨§ N áâà®ª, £¤¥ ª�¦¤®¬ã ¢¥ªâ®àã X ¯®áâ�¢«¥−� ¢ á®®â¢¥âáâ¢¨¥ −¥ª®â®à�ï
£àã¯¯� á −®¬¥à®¬ k, k = 1, 2, . . . , n, ¯à¨ç¥¬ «î¡®© ¨§ n £àã¯¯ ¯à¨−�¤«¥¦¨â −¥
¬¥−¥¥ ®¤−®£® ®¡ê¥ªâ�.
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Œ¥â®¤ ¢§¢¥è¥−−ëå ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬ ¤«ï ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢

‡�¤�ç� ª«�áá¨ä¨ª�æ¨¨ á®áâ®¨â ¢ ®â−¥á¥−¨¨ −¥ª®â®à®£® ¨−¤¨¢¨¤ãã¬� X ª ®¤-
−®© ¨§ n £àã¯¯ −� ®á−®¢¥ ¨§¬¥à¥−¨ï p ¯�à�¬¥âà®¢ X1,X2, . . . ,Xp.

‹¨−¥©−�ï äã−ªæ¨ï

dk = ak
0 + a

k
1X

k
1 + a

k
2X

k
2 + · · · + ak

jX
k
j + · · · + ak

pX
k
p

¯à¨ k = 1, n −�§ë¢�¥âáï ¤¨áªà¨¬¨−�−â−®© äã−ªæ¨¥© á −¥¨§¢¥áâ−ë¬¨ ª®íää¨æ¨-
¥−â�¬¨ ak

j , ª®â®à�ï ¨−®£¤� â�ª¦¥ ¨¬¥−ã¥âáï ª«�áá¨ä¨æ¨àãîé¥© äã−ªæ¨¥©, p |
ç¨á«® ¤¨áªà¨¬¨−�−â−ëå ¯¥à¥¬¥−−ëå, ¯à¨ç¥¬ 0 < p < N − 2.

�¥®¡å®¤¨¬® à�ááç¨â�âì n «¨−¥©−ëå ¤¨áªà¨¬¨−�−â−ëå äã−ªæ¨©, ¯®á«¥ ç¥£®
á ¨á¯®«ì§®¢�−¨¥¬ ª®íää¨æ¨¥−â®¢ ak

j ¨ ¯®áâ®ï−−®© ak
0 ¬®¦−® ¯à®¢¥áâ¨ ª«�áá¨-

ä¨ª�æ¨î «î¡®£® ¯à®¨§¢®«ì−®£® −�¡«î¤¥−¨ï. „«ï íâ®£® −¥®¡å®¤¨¬® ¯®¤áâ�¢¨âì
§−�ç¥−¨ï ¯¥à¥¬¥−−ëå ¢¥ªâ®à� X ¢ ¤¨áªà¨¬¨−�−â−ë¥ äã−ªæ¨¨ ¤«ï ª�¦¤®© k-©
£àã¯¯ë ¨ à�ááç¨â�âì §−�ç¥−¨ï ®æ¥−®ª ®âª«¨ª�, k = 1, 2, . . . , n. ‚¥ªâ®àX ª«�áá¨-
ä¨æ¨àã¥âáï ª�ª ¯à¨−�¤«¥¦�é¨© â®¬ã ª«�ááã k, ¤«ï ª®â®à®£® ¢¥«¨ç¨−� dk ¨¬¥¥â
¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥.

„«ï à�áç¥â� ª®íää¨æ¨¥−â®¢ ¤¨áªà¨¬¨−�−â−ëå äã−ªæ¨© −ã¦¥− áâ�â¨áâ¨-
ç¥áª¨© ªà¨â¥à¨©, ®æ¥−¨¢�îé¨© à�§«¨ç¨ï ¬¥¦¤ã £àã¯¯�¬¨. Š«�áá¨ä¨ª�æ¨ï
¯¥à¥¬¥−−ëå ¡ã¤¥â ®áãé¥áâ¢«ïâìáï â¥¬ «ãçè¥, ç¥¬ ¬¥−ìè¥ à�áá¥ï−¨¥ â®ç¥ª ®â−®-
á¨â¥«ì−® æ¥−âà®¨¤� ¢−ãâà¨ £àã¯¯ë ¨ ç¥¬ ¡®«ìè¥ à�ááâ®ï−¨¥ ¬¥¦¤ã æ¥−âà®¨¤�¬¨
£àã¯¯. �¤¨− ¨§ ¬¥â®¤®¢ ¯®¨áª� −�¨«ãçè¥© ¤¨áªà¨¬¨−�æ¨¨ ¤�−−ëå §�ª«îç�¥âáï
¢ −�å®¦¤¥−¨¨ â�ª¨å ¤¨áªà¨¬¨−�−â−ëå äã−ªæ¨© dk, ª®â®àë¥ ¡ë«¨ ¡ë ®á−®¢�−ë
−� ¬�ªá¨¬ã¬¥ ®â−®è¥−¨ï ¬¥¦£àã¯¯®¢®© ¢�à¨�æ¨¨ ª ¢−ãâà¨£àã¯¯®¢®©.

‚¢¥¤¥¬ −¥ª®â®àë¥ ®¡®§−�ç¥−¨ï. ‘¨¬¢®«®¬ Xk
i ®¡®§−�ç¨¬ áà¥¤−¥¥ §−�ç¥−¨¥

¯à¨§−�ª� i, à�ááç¨â�−−®£® ¤«ï ¯à¥¤áâ�¢¨â¥«¥© £àã¯¯ë k, á¨¬¢®«®¬Xi | áà¥¤−¥¥
§−�ç¥−¨¥ ¯à¨§−�ª� i ¯® ¢á¥¬ ¯�æ¨¥−â�¬ áà�§ã ¨§ ¢á¥å £àã¯¯. —¥à¥§Xk,l

i ®¡®§−�ç¨¬
i-© ¯à¨§−�ª ã l-£® ¯�æ¨¥−â� ¢ £àã¯¯¥ k.

ˆá¯®«ì§ãï ¢¢¥¤¥−−ë¥ ®áà¥¤−¥−¨ï, ®¯à¥¤¥«¨¬ ª¢�¤à�â−ë¥ ¬�âà¨æë W ¨ T :

W = (wij)
p,p
i=1,j=1 , wij =

n
∑

k=1

N
∑

l=1

(

Xk,l
i −Xk

i

)

(Xk,l
j −Xk

j ) ;

T = (tij)
p,p
i=1,j=1 , tij =

n
∑

k=1

N
∑

l=1

(

Xk,l
i −Xi

)(

Xk,l
j −Xj

)

.

Œ�âà¨æ� W −�§ë¢�¥âáï ¢−ãâà¨£àã¯¯®¢®© ¢ë¡®à®ç−®© ¢�à¨�æ¨®−−®© ¬�âà¨-
æ¥© ¯à¨§−�ª®¢ i ¨ j. Œ�âà¨æ� T −�§ë¢�¥âáï ¬�âà¨æ¥© à�áá¥ï−¨ï ®¡ê¥¤¨−¥−−ëå
¤�−−ëå, á«¥¤ã¥â ®â¬¥â¨âì, çâ® ®−� ï¢«ï¥âáï ª¢�¤à�â−®© á¨¬¬¥âà¨ç−®© ¬�âà¨-
æ¥©. …á«¨ à�§¤¥«¨âì ª�¦¤ë© í«¥¬¥−â ¬�âà¨æë T −� (N − 1), ¯®«ãç�¥âáï
ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� C, £¤¥ N | ®¡é¥¥ ç¨á«® ®¡ê¥ªâ®¢ ¢á¥å ª«�áá®¢. „«ï
¯®«ãç¥−¨ï ª®àà¥«ïæ¨®−−®© ¬�âà¨æë R á«¥¤ã¥â ª�¦¤ë© í«¥¬¥−â ¬�âà¨æë T
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à�§¤¥«¨âì −� ª¢�¤à�â−ë© ª®à¥−ì ¯à®¨§¢¥¤¥−¨ï á®®â¢¥âáâ¢ãîé¨å ¤¨�£®−�«ì−ëå
í«¥¬¥−â®¢ tij/

√
tiitjj. …á«¨ í«¥¬¥−âë ¬�âà¨æë W à�§¤¥«¨âì −� (N − n), â®

¯®«ãç¨âáï ¢−ãâà¨£àã¯¯®¢�ï ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� S, £¤¥ N | ®¡é¥¥ ç¨á«®
®¡ê¥ªâ®¢ ¢á¥å ª«�áá®¢. Œ�âà¨æë W ¨ T á®¤¥à¦�â ¢áî ®á−®¢−ãî ¨−ä®à¬�æ¨î
® §�¢¨á¨¬®áâ¨ ¢−ãâà¨ £àã¯¯ ¨ ¬¥¦¤ã £àã¯¯�¬¨.

„«ï £à�ä¨ç¥áª®£® ¨§®¡à�¦¥−¨ï à�á¯®«®¦¥−¨ï £àã¯¯ ¡ã¤¥â ¨á¯®«ì§®¢�âìáï
ª�−®−¨ç¥áª¨© ¤¨áªà¨¬¨−�−â−ë© �−�«¨§. �− ï¢«ï¥âáï ¡®«¥¥ á«®¦−ë¬ ¢ ¬�â¥¬�-
â¨ç¥áª®¬ ®â−®è¥−¨¨, â�ª ª�ª ¨éãâáï −¥§�¢¨á¨¬ë¥ ¨«¨ ®àâ®£®−�«ì−ë¥ äã−ªæ¨¨,
¢ª«�¤ë ª®â®àëå ¢ à�§¤¥«¥−¨¥ á®¢®ªã¯−®áâ¥© −¥ ¡ã¤ãâ ¯¥à¥ªàë¢�âìáï. ’�-
ª¨¥ äã−ªæ¨¨ ¯à¨−ïâ® −�§ë¢�âì ª�−®−¨ç¥áª¨¬¨ ¤¨áªà¨¬¨−�−â−ë¬¨ äã−ªæ¨ï¬¨,
®−¨ â�ª¦¥ ï¢«ïîâáï «¨−¥©−®© ª®¬¡¨−�æ¨¥© ¤¨áªà¨¬¨−�−â−ëå ¯¥à¥¬¥−−ëå, −®
ã¤®¢«¥â¢®àïîâ ®¯à¥¤¥«¥−−ë¬ ãá«®¢¨ï¬ ¨ ¨¬¥îâ á«¥¤ãîé¥¥ ¬�â¥¬�â¨ç¥áª®¥ ¯à¥¤-
áâ�¢«¥−¨¥:

fk
i = u0 + u1X

k
1i + u2X

k
2i + · · · + unX

k
ni ,

£¤¥ fk
i | §−�ç¥−¨¥ ª�−®−¨ç¥áª®© ¤¨áªà¨¬¨−�−â−®© äã−ªæ¨¨ ¤«ï i-£® ®¡ê¥ªâ�

¢ £àã¯¯¥ k; Xk
ji | §−�ç¥−¨¥ ¯à¨§−�ª� Xj ¤«ï i-£® ®¡ê¥ªâ� ¢ £àã¯¯¥ k; uj |

ª®íää¨æ¨¥−âë, ®¡¥á¯¥ç¨¢�îé¨¥ ¢ë¯®«−¥−¨¥ âà¥¡ã¥¬ëå ãá«®¢¨©.
’�ª ª�ª ¤¨áªà¨¬¨−�−â−ë¥ äã−ªæ¨¨ −�å®¤ïâáï ¯® ¢ë¡®à®ç−ë¬ ¤�−−ë¬, ®−¨

−ã¦¤�îâáï ¢ ¯à®¢¥àª¥ áâ�â¨áâ¨ç¥áª®© §−�ç¨¬®áâ¨. „«ï íâ®£® ¬®¦¥â ¡ëâì ¨á-
¯®«ì§®¢�−� áâ�â¨áâ¨ª� “¨«ªá� (¨«¨ «ï¬¡¤� “¨«ªá�), ª®â®à�ï ¢ëç¨á«ï¥âáï ª�ª
®â−®è¥−¨¥ ¤¥â¥à¬¨−�−â®¢ ¬�âà¨æë ¢−ãâà¨£àã¯¯®¢®© ª®¢�à¨�æ¨¨ W ¨ ¯®«−®©
ª®¢�à¨�æ¨®−−®© ¬�âà¨æë T :

U =
det (W )

det (T )
.

‹ï¬¡¤� “¨«ªá� ¨á¯®«ì§ã¥âáï ¤«ï ®¡®§−�ç¥−¨ï áâ�â¨áâ¨ç¥áª®© §−�ç¨¬®áâ¨
¬®é−®áâ¨ ¤¨áªà¨¬¨−�æ¨¨ ¢ â¥ªãé¥© ¬®¤¥«¨. ‡−�ç¥−¨¥ áâ�â¨áâ¨ª¨ “¨«ªá�
«¥¦¨â ¢ ¨−â¥à¢�«¥ [0, 1]. …¥ à�¢¥−áâ¢® −ã«î ®§−�ç�¥â ¯®«−ãî ¤¨áªà¨¬¨−�æ¨î,
� à�¢¥−áâ¢® ¥¤¨−¨æ¥ ®§−�ç�¥â ®âáãâáâ¢¨¥ ¢áïª®© ¤¨áªà¨¬¨−�æ¨¨ ¢ ¤�−−®© ¬®¤¥«¨.

��¨¡®«¥¥ ®¡é¨¬ ¯à¨−æ¨¯®¬ ¯à¨¬¥−¥−¨ï ¤¨áªà¨¬¨−�−â−®£® �−�«¨§� ï¢«ï¥âáï
¢ª«îç¥−¨¥ ¢ ¨áá«¥¤®¢�−¨¥ ¯® ¢®§¬®¦−®áâ¨ ¡®«ìè¥£® ç¨á«� ¯¥à¥¬¥−−ëå á æ¥«ìî
®¯à¥¤¥«¥−¨ï â¥å ¨§ −¨å, ª®â®àë¥ −�¨«ãçè¨¬ ®¡à�§®¬ à�§¤¥«ïîâ ¢ë¡®àª¨ ¬¥¦-
¤ã á®¡®©. �à¨ à¥è¥−¨¨ à�áá¬�âà¨¢�¥¬®© §�¤�ç¨ ¤¨áªà¨¬¨−�æ¨¨ ¯�æ¨¥−â®¢,
¡®«ì−ëå è¨§®äà¥−¨¥©, ¨ §¤®à®¢ëå «î¤¥© ¨á¯®«ì§®¢�«áï ¯à¨−æ¨¯ ¯®è�£®¢®£®
¢ª«îç¥−¨ï.

3 Решение задачи

3.1 Первичная обработка данных

‚á¥ ¨áå®¤−ë¥ ¤�−−ë¥ ¡ë«¨ ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ â�¡«¨æë. ˆ§−�ç�«ì−®
¤�−−ë¥ á®áâ®ï«¨ ¨§ −�¡«î¤¥−¨© −�¤ 3600 ¯�æ¨¥−â�¬¨ ¯® 220 ¯à¨§−�ª�¬. �¡ê¥¬
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Œ¥â®¤ ¢§¢¥è¥−−ëå ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬ ¤«ï ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢

¢ë¡®àª¨ ¡ë« ®ç¥−ì ¡®«ìè¨¬, −® á�-

÷¨á. 1 Š«�áá¨ä¨ª�æ¨ï −�ç�«ì−ëå ¤�−-
−ëå ¯® ¢á¥© á®¢®ªã¯−®áâ¨ ¯à¨§−�ª®¢: 1 |
¡®«ì−ë¥; 2 | ¡®«ì−ë¥, ¯¥à¨®¤ −�¡«î¤¥-
−¨ï < 1 £®¤�; 3 | §¤®à®¢ë¥

¬� ¢ë¡®àª� ï¢«ï«�áì ¬�«®¨−ä®à¬�-
â¨¢−®©, â�ª ª�ª ®¡ê¥¬ ¯à®¯ãé¥−−ëå
¤�−−ëå ¡ë« á«¨èª®¬ ¢¥«¨ª. ‚ ¨á-
å®¤−ëå ¤�−−ëå ¯à¨áãâáâ¢®¢�«® 76%
−¥§�¯®«−¥−−ëå §−�ç¥−¨©. �à�ªâ¨-
ç¥áª¨ ã ª�¦¤®£® ¯�æ¨¥−â� ®âáãâáâ¢®-
¢�« àï¤ −�¡«î¤¥−¨©, ª®â®àë¥ −¥
¯®¤«¥¦�«¨ ¢®ááâ�−®¢«¥−¨î. ‚ íâ¨å
ãá«®¢¨ïå ¯à®¢¥áâ¨ ¯à�¢¨«ì−ãî ª«�á-
á¨ä¨ª�æ¨î ¯® ¯®«−®© á®¢®ªã¯−®áâ¨
¯à¨§−�ª®¢ −¥ ã¤�«®áì, çâ® ¢¨¤−® ¨§
à¨á. 1.

—�áâì à�áá¬�âà¨¢�¥¬ëå ¯à¨§−�-
ª®¢ ¡ë«� ã¤�«¥−� áà�§ã ¢¢¨¤ã â®£®,
çâ® §−�ç¥−¨ï ¯à¨§−�ª®¢ ¡ë«¨ ®¤¨−�-
ª®¢ë¬¨ ¢® ¢á¥å £àã¯¯�å ¨ ¯®íâ®¬ã −¥
−¥á«¨ −¨ª�ª®© ¨−ä®à¬�æ¨¨ ® ¤¨áªà¨¬¨−�æ¨¨. ‚ ®á−®¢−®¬ íâ¨ ¯à¨§−�ª¨ ï¢«ï«¨áì
¡¨−�à−ë¬¨. …é¥ ®¤−� ç�áâì ¯à¨§−�ª®¢ á«ã¦¨«� ª�ç¥áâ¢¥−−®© å�à�ªâ¥à¨áâ¨ª®©,
¯®íâ®¬ã íâ¨ ¯à¨§−�ª¨ ¡ë«¨ ¯¥à¥¢¥¤¥−ë ¢ ç¨á«®¢ãî ä®à¬ã á ¯®¬®éìî ®¤−®£® ¨§
á¯®á®¡®¢ ª®¤¨à®¢�−¨ï ¯®¤ −�§¢�−¨¥¬ dummy-ª®¤¨à®¢�−¨¥. Dummy-ª®¤¨à®¢�−¨¥
§�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬.

�à¥¤¯®«®¦¨¬, çâ® −¥ª¨© ¯à¨§−�ª Xj ¬®¦¥â ¯à¨−¨¬�âì w §−�ç¥−¨©:
a1, . . . , aw. ’®£¤� ¤«ï ª�¦¤®£® ®¡ê¥ªâ� Xi ¯à¨§−�ª Xj

i §�¬¥−ï¥âáï −� w ¡¨-
−�à−ëå ¯à¨§−�ª®¢ ¢ ¢¨¤¥:

Zal

i = I
[

Xj
i = al

]

, k ∈ {1, . . . , w} , (1)

£¤¥ I[A]| ¨−¤¨ª�â®à á®¡ëâ¨ï A, â. ¥.

I[A] =

{

1 , ¥á«¨ A ¨áâ¨−−® ;
0 , ¥á«¨ A «®¦−®.

(2)

�® ¢ á¨«ã â®£®, çâ® ®¡ê¥ªâë −¥ ¢á¥£¤� ¨¬¥«¨ −�¡«î¤¥−¨ï ¯® ª�ª®¬ã-«¨¡®
¯à¨§−�ªã, ¯à¨ ª®¤¨à®¢�−¨¨ ¤®¡�¢«ï«áï ¥é¥ ®¤¨− ¡¨−�à−ë© ¯à¨§−�ª, ®â¢¥ç�îé¨©
§� ¯à¨áãâáâ¢¨¥-®âáãâáâ¢¨¥ −�¡«î¤¥−¨ï ¯® ¤�−−®¬ã ¯à¨§−�ªã. ’�ª¨¬ ®¡à�§®¬,
¯à¨ ª®¤¨à®¢�−¨¨ ¯à¨§−�ª� ¨áå®¤−®© ¬�âà¨æë ¤�−−ëå ¯®«ãç�¥¬ ¢¬¥áâ® ®¤−®£®
ª�ç¥áâ¢¥−−®£® w + 1 ¡¨−�à−ëå ¯à¨§−�ª®¢.

3.2 Алгоритм классификации

‘ ¬¥¤¨æ¨−áª®© â®çª¨ §à¥−¨ï ¯à¥¤®áâ�¢«¥−−ë¥ ¯à¨§−�ª¨ ¬®¦−® ¡ë«® ¯®¤à�§-
¤¥«¨âì −� −¥ª¨¥ ¯®¤£àã¯¯ë ¯® â¨¯ã á®¤¥à¦�é¥©áï ¢ −¨å ¨−ä®à¬�æ¨¨. ��¯à¨¬¥à,
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¡ë«¨ £àã¯¯ë ¯à¨§−�ª®¢, ®â¢¥ç�îé¨å §� à¥§ã«ìâ�âë ¯á¨å®«®£¨ç¥áª¨å â¥áâ®¢, â�-
ª¨å ª�ª MMPI (�−£«. Minnesota Multiphasic Personality Inventory), PANSS (�−£«.
Positive and Negative Syndrome Scale), EPI (�−£«. Eysenck Personality Inventory),
¡ë«¨ £àã¯¯ë ¯à¨§−�ª®¢, ®â¢¥ç�îé¨å §� í«¥ªâà®¬�£−¨â−ë¥ á¨£−�«ë −� à�§«¨ç-
−ëå ãç�áâª�å ¬®§£�, â�ª¦¥ ¡ë«� £àã¯¯� ¯¥à¥¬¥−−ëå, ®â¢¥ç�îé¨å §� à�§«¨ç−ë¥
§−�ç¥−¨ï ¬−®£®ç¨á«¥−−ëå £¥−®¢. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¨ ãà®¢¥−ì §�¯®«−¥−¨ï
íâ¨å ¯à¨§−�ª®¢ §�¢¨á¥« ®â ¯®¤£àã¯¯ë, ª ª®â®à®© ¯à¨−�¤«¥¦�« ¯à¨§−�ª.

„«ï ¢ë¡®à� ª®¬¡¨−�æ¨© ¤¨áªà¨¬¨−�−â−ëå ¯à¨§−�ª®¢ ¯à®¢®¤¨«áï â�ª®© �«-
£®à¨â¬ ®âá¥¨¢�−¨ï: ¢ë¡¨à�«áï −¥ª®â®àë© ¯à¨§−�ª ¨ ã¤�«ï«¨áì ¯�æ¨¥−âë, −¥
¨¬¥îé¨¥ −�¡«î¤¥−¨© ¯® ¤�−−®¬ã ¯à¨§−�ªã, §�â¥¬ ¤«ï áä®à¬¨à®¢�−−®© £àã¯¯ë
¯�æ¨¥−â®¢ ã¤�«ï«¨áì ¯à¨§−�ª¨, ª®â®àë¥ ¡ë«¨ §�¯®«−¥−ë ¬¥−¥¥ ç¥¬ −� 30%.
‡�â¥¬ ¢ë¡¨à�«áï −�¨¬¥−¥¥ §�¯®«−¥−−ë© ¯à¨§−�ª ¨ ®¯ïâì ã¤�«ï«¨áì ¯�æ¨¥−-
âë, −¥ ¨¬¥îé¨¥ −�¡«î¤¥−¨© ¯® ¤�−−®¬ã ¯à¨§−�ªã. …á«¨ ¢ £àã¯¯¥ ®áâ�¢�«®áì
¬¥−¥¥ 20 ¯�æ¨¥−â®¢, â® ¢ë¡¨à�«áï −®¢ë© ¯à¨§−�ª. ˆ−�ç¥ ®â¡®à ¯à®¤®«¦�«áï
¨ ã¤�«ï«¨áì ¯à¨§−�ª¨, ãà®¢¥−ì §�¯®«−¥−¨ï ª®â®àëå áâ�« ¬¥−ìè¥ 30% ¢® ¢−®¢ì
®¡à�§®¢�−−®© £àã¯¯¥ ¯�æ¨¥−â®¢. ‚ ¨â®£¥ ¡ë« ¯®«ãç¥− −�¡®à ¯à¨§−�ª®¢, §−�ç¥−¨¥
ª®â®àëå ¡ë«® §�à¥£¨áâà¨à®¢�−® ã £àã¯¯ë ¯�æ¨¥−â®¢. …á«¨ ¢ íâ®© £àã¯¯¥ ®áâ�¢�-
«®áì ¡®«¥¥ 20 ¯�æ¨¥−â®¢, â® á®§¤�−¨¥ ª®¬¡¨−�æ¨© ¯à¨§−�ª®¢ ¬®¦−® ¡ë«® áç¨â�âì
ãá¯¥è−ë¬, ¨−�ç¥ à¥§ã«ìâ�â −¥ ãç¨âë¢�«áï ¨ ¯à®¨áå®¤¨« ¯¥à¥å®¤ ª ¤àã£®¬ã
¯à¨§−�ªã.

’�¡«¨æ� 1 —¨á«® ¯¥à¥¬¥−−ëå ¨ à�§¬¥à−®áâì ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬

�®¬¥à
¤¨áªà¨¬¨−�−â−®© —¨á«® ®¡ê¥ªâ®¢

—¨á«®
¯à¨§−�ª®¢

á¨áâ¥¬ë ƒàã¯¯� 1 ƒàã¯¯� 2 ƒàã¯¯� 3 ¢ ¬®¤¥«¨
1 25 12 29 23
2 77 20 68 17
3 26 10 14 28
4 35 16 14 23

‚ å®¤¥ ¯à¨¬¥−¥−¨ï ¤�−−®£® �«£®à¨â¬� ®âá¥¨¢�−¨ï ¡ë«® ¢ë¤¥«¥−® ®ª®«®
¤¥áïâª� à�§«¨ç−ëå ª®¬¡¨−�æ¨© ¯à¨§−�ª®¢ ¨ ¯®«ãç¥−® áâ®«ìª® ¦¥ ¤¨áªà¨¬¨-
−�−â−ëå á¨áâ¥¬. �® −¥ ¢á¥ ¤¨áªà¨¬¨−�−â−ë¥ á¨áâ¥¬ë ®â«¨ç�«¨áì å®à®è¥©
ª«�áá¨ä¨ª�æ¨¥©, ¢ −¥ª®â®àëå á«ãç�ïå ®¯à¥¤¥«¥−−ë¥ ª®¬¡¨−�æ¨¨ ¯à¨§−�ª®¢ ¯®-
ª�§ë¢�«¨ ¯«®å®© à¥§ã«ìâ�â. ’�ª¨¥ ¤¨áªà¨¬¨−�−â−ë¥ á¨áâ¥¬ë ¨¬¥«¨ áâ�â¨áâ¨ªã
“¨«ªá�, ¡«¨§ªãî ª ¥¤¨−¨æ¥, ¯®íâ®¬ã ®−¨ ¡ë«¨ ¨áª«îç¥−ë ¨§ ª®−âà®«ì−®£®
−�¡®à� ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬. Œ®¦−® ®â¬¥â¨âì, çâ® ¢ ª�¦¤®© ¨§ ®áâ�¢è¨åáï
¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬ ç¨á«® ¯à¨§−�ª®¢ ¨ à�§¬¥à−®áâì ¢ë¡®àª¨ ®â«¨ç�«¨áì
¤àã£ ®â ¤àã£� (â�¡«. 1).

„�«¥¥ ¤«ï ª�¦¤®© ®â®¡à�−−®© ¤¨áªà¨¬¨−�−â−®© á¨áâ¥¬ë ®¯à¥¤¥«ï«áï ¢¥á®¢®©
ª®íää¨æ¨¥−â ti, £¤¥ i = 1, k ¨ k | ç¨á«® ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬. ‚¥á®¢®©
ª®íää¨æ¨¥−â i-© ¤¨áªà¨¬¨−�−â−®© á¨áâ¥¬ë ¢ëç¨á«ï«áï ¯® ¯à�¢¨«ã:

94 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 4 2016



Œ¥â®¤ ¢§¢¥è¥−−ëå ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬ ¤«ï ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢

ti =
λ−1i

∑k

j=1
λ−1j

,

£¤¥ λi | «ï¬¡¤�-áâ�â¨áâ¨ª� “¨«ªá� i-© ¤¨áªà¨¬¨−�−â−®© á¨áâ¥¬ë.
Š�ª ã¦¥ ®â¬¥ç�«®áì, «ï¬¡¤� “¨«ªá� å�à�ªâ¥à¨§ã¥â áâ�â¨áâ¨ç¥áªãî §−�ç¨-

¬®áâì ¬®é−®áâ¨ ¤¨áªà¨¬¨−�−â−®© ¬®¤¥«¨, ¯®íâ®¬ã æ¥«¥á®®¡à�§−® §�¤�âì ¡®«ì-
è¨© ¢¥á®¢®© ª®íää¨æ¨¥−â á¨áâ¥¬¥ á «ãçè¥© ¤¨áªà¨¬¨−�æ¨¥©.

„«ï ª«�áá¨ä¨ª�æ¨¨ −®¢®£® ®¡ê¥ªâ� ª�¦¤�ï ¤¨áªà¨¬¨−�−â−�ï á¨áâ¥¬� ¢ë¤�¥â
á¢®© ¯à®£−®§. �¡ê¥ªâ ¡ã¤¥â ®â−¥á¥− ª â®© £àã¯¯¥, ¤«ï ª®â®à®© áã¬¬� ¢¥á®¢ëå
ª®íää¨æ¨¥−â®¢ ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬, ®â−®áïé¨å ®¡ê¥ªâ ª ®¤−®© ¨ â®© ¦¥
£àã¯¯¥, ¡ã¤¥â ¬�ªá¨¬�«ì−®©.

��¯à¨¬¥à, ¯à¨ ª«�áá¨ä¨ª�æ¨¨ ¯�æ¨¥−â� ¢ ®¤−ã ¨§ âà¥å £àã¯¯ à¥è�¥âáï á«¥¤ã-
îé�ï §�¤�ç�. Š�¦¤�ï ¤¨áªà¨¬¨−�−â−�ï á¨áâ¥¬� ¤¥«�¥â ¯à®£−®§ ® à�á¯à¥¤¥«¥−¨¨
¯�æ¨¥−â� ¢ ª�ªãî-«¨¡® £àã¯¯ã. ‡�−ã¬¥àã¥¬ ¤¨áªà¨¬¨−�−â−ë¥ á¨áâ¥¬ë ®â 1 ¤® k.
�à¥¤¯®«®¦¨¬, çâ® ¢ ¯¥à¢ãî £àã¯¯ã ¯�æ¨¥−â� à�á¯à¥¤¥«¨«¨ ¯¥à¢ë¥ k1 á¨áâ¥¬,
¢® ¢â®àãî £àã¯¯ã ¯�æ¨¥−â� à�á¯à¥¤¥«¨«¨ á«¥¤ãîé¨¥ k2 á¨áâ¥¬, ¢ âà¥âìî £àã¯¯ã
¯�æ¨¥−â� à�á¯à¥¤¥«¨«¨ k3 á¨áâ¥¬. „�«¥¥ à�ááç¨âë¢�îâáï áã¬¬ë pi:

p1 = t1 + · · ·+ tk1 ;
p2 = tk1+1 + · · · + tk1+k2 ;

p3 = tk1+k2+1 + · · ·+ tk ,

£¤¥ ti | ¢¥á� ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬. ‡�â¥¬ ®¯à¥¤¥«ï¥âáï ¬�ªá¨¬�«ì−®¥ ¨§
ç¨á¥« p1, p2, p3. ˆ−¤¥ªá ¬�ªá¨¬�«ì−®© áã¬¬ë á®®â¢¥âáâ¢ã¥â −®¬¥àã £àã¯¯ë,
¢ ª®â®àãî ¡ã¤¥â ª«�áá¨ä¨æ¨à®¢�− ®¡ê¥ªâ.

3.3 Верификация предложенного метода

�à¨ ®¡à�¡®âª¥ ¨áå®¤−ëå ¤�−−ëå ®¯¨á�−−ë¬ ¢ëè¥ ¬¥â®¤®¬ ¡ë«® ¯®«ãç¥−®
¯à®áâà�−áâ¢® ¨§ 160 ¯à¨§−�ª®¢ ¨ ¯à®¢¥¤¥− ®â¤¥«ì−ë© �−�«¨§ ¤«ï ª�¦¤®© ¨§
ç¥âëà¥å ¯®«ãç¥−−ëå ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬. „®¯®«−¨â¥«ì−® ¡ë«� ¯à®¢¥¤¥−�
¯à®¢¥àª� £¨¯®â¥§ë ® −®à¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨ ¯à¨§−�ª®¢ ¤¨áªà¨¬¨−�−â−ëå
á¨áâ¥¬. —¨á«® ¯à¨§−�ª®¢, ã¤®¢«¥â¢®àïîé¨å £¨¯®â¥§¥ ® −®à¬�«ì−®¬ à�á¯à¥¤¥«¥-
−¨¨, ¡ë«® ®ª®«® 70 (â�¡«. 2). �à¨§−�ª�¬¨, à�á¯à¥¤¥«¥−¨ï ª®â®àëå ®â«¨ç�«¨áì
®â −®à¬�«ì−ëå, ï¢«ï«¨áì ¯¥à¥ª®¤¨à®¢�−−ë¥ ¨§ ª�ç¥áâ¢¥−−ëå, ¨å ¡ë«® ®ª®«® 90.
�® ç�áâë á«ãç�¨, ª®£¤� �−�«¨§¨àã¥¬ë¥ ¯¥à¥¬¥−−ë¥ −¥ ï¢«ïîâáï ¢ë¡®àª®© ¨§
¬−®£®¬¥à−®£® −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï, â¥¬ −¥ ¬¥−¥¥ ª −¨¬ ãá¯¥è−® ¯à¨¬¥-
−ïîâáï ¬¥â®¤ë ¤¨áªà¨¬¨−�−â−®£® �−�«¨§� [6, 7].

„�«¥¥ ¡ë«¨ ¢ëç¨á«¥−ë ¢¥á� ¢á¥å ç¥âëà¥å ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬, ª®â®-
àë¥ ®¯¨á�−ë ¢ â�¡«. 3. ˆ§ â�¡«. 4, á®¤¥à¦�é¥© ª«�áá¨ä¨ª�æ¨®−−ãî ¬�âà¨æã,
¢¨¤−®, çâ® ®¡ê¥¬ �−�«¨§¨àã¥¬ëå ¤�−−ëå ã¢¥«¨ç¨«áï ¨ ¤®«ï ª®àà¥ªâ−® ª«�áá¨-
ä¨æ¨à®¢�−−ëå ¤�−−ëå ¢¯®«−¥ ¢ëá®ª� ¢ áà�¢−¥−¨¨ á −�ç�«ì−ë¬ �−�«¨§®¬, £¤¥
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’�¡«¨æ� 2 �à¨§−�ª¨, ¨¬¥îé¨¥ −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥

�à¨§−�ª H �à¨§−�ª H �à¨§−�ª H �à¨§−�ª H
‚®§à�áâ N PANS-P N PANS-N N PANS-OP N
EPI-E N EPI-N N EPI-L N MMPI-L N
MMPI-F N MMPI-K N Mania N Pd N
Hs N Mf N Si N Sc N
D N Pa N At N n1-n7 N
Hy N Pt N p1-p7 N g1-g16 N
F7 N F4 N T3 N CZ N
C4 N F3 N F8 N C3 N
T4 N PZ N F7-am N F4-am N
F8-am N P3 N P4 N F3-am N
T3-am N Czam N T4am N Pzam N
P4am N C3am N C4am N P3am N
AMP T3 N AMP CZ N AMP T4 N AMP PZ N
AMP P4 N AMP C3 N AMP C4 N AMP P3 N
LP F7 N LPF4 N LP T3 N LP CZ N
LP C4 N LP F3 N LPF8 N LPC3 N
LP T4 N LP PZ N AMP F7 N AMP F4 N
AMP F8 N LP P3 N LP P4 N AMP F3 N

’�¡«¨æ� 3 „¨áªà¨¬¨−�−â−ë¥ á¨áâ¥¬ë, ¢®è¥¤è¨¥ ¢ �−�«¨§

ü Š®¬¡¨−�æ¨¨ ¯�à�¬¥âà®¢
‡−�ç¥−¨¥

λ-áâ�â¨áâ¨ª¨ ‚¥á

1 X1, X2, X8, X9, X73 −X82, X116 −X122 0,05 0,52
2 X1 −X16, X47 −X52, X65 −X72 0,24 0,11
3 X1, X2, X12 −X18, X23 −X28, X33 −X36 0,12 0,22
4 X20 −X32, X47 −X64 0,18 0,15

’�¡«¨æ� 4 Š«�áá¨ä¨ª�æ¨®−−�ï ¬�âà¨æ� ¯®á«¥ ¯à¨¬¥−¥-
−¨ï ¬®¤¨ä¨æ¨à®¢�−−®£® ¬¥â®¤�

ƒàã¯¯� „®«ï, %
ƒàã¯¯�

1 2 3
1 77,08333 259 54 23
2 85,23985 32 231 8
3 90,03165 26 37 569

ˆâ®£® 85,47215 317 322 600
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÷¨á. 2 Š«�áá¨ä¨ª�æ¨ï ¤�−−ëå 1-© (�) ¨ 2-© (¡) ¤¨áªà¨¬¨−�−â−ë¬¨ á¨áâ¥¬�¬¨: 1 |
¡®«ì−ë¥; 2 | ¡®«ì−ë¥, ¯¥à¨®¤ −�¡«î¤¥−¨ï < 1 £®¤�; 3 | §¤®à®¢ë¥

¤®«ï ª®àà¥ªâ−® ª«�áá¨ä¨æ¨à®¢�−−ëå ¤�−−ëå á®áâ�¢«ï«� ¬¥−¥¥ 30%. �� à¨á. 2
¯à¨¢¥¤¥− ¯à¨¬¥à ª«�áá¨ä¨ª�æ¨¨ ¤¢ã¬ï ¯®áâà®¥−−ë¬¨ ¤¨áªà¨¬¨−�−â−ë¬¨ á¨áâ¥-
¬�¬¨.

4 Выводы

ƒ¥−®¬ ç¥«®¢¥ª� (â. ¥. „�Š) | íâ® á®¢®ªã¯−®áâì −�á«¥¤áâ¢¥−−®£® ¬�â¥à¨�«�,
§�ª«îç¥−−®£® ¢ ª«¥âª¥ ç¥«®¢¥ª�. �� ¢á¥¬ ¯à®âï¦¥−¨¨ £¥−®¬� à�á¯®«®¦¥−ë
ãç�áâª¨, −�§ë¢�¥¬ë¥ ¯®«¨¬®àä−ë¬¨, ¢ ª®â®àëå ®¤¨− −ãª«¥®â¨¤ ¬®¦¥â ¡ëâì
§�¬¥−¥− −� ¤àã£®©. �®«¨¬®àä−ë¥ ãç�áâª¨ áà�¢−¨¢�îâ ¢ ¯®¯ã«ïæ¨¨ §¤®à®-
¢ëå «î¤¥© ¨ ¢ ¯®¯ã«ïæ¨¨ ¯�æ¨¥−â®¢ á §�¡®«¥¢�−¨¥¬. �á−®¢−ë¬¨ âàã¤−®áâï¬¨
¤«ï ¨á¯®«ì§®¢�−¨ï ª«�áá¨ç¥áª®£® ¬¥â®¤� ¤¨áªà¨¬¨−�æ¨¨ ï¢«ï¥âáï −¥¤®áâ�â®ç-
−®áâì ¨ −¥¯®«−®â� ¤�−−ëå, ¬�«ë© ®¡ê¥¬ ¢ë¡®àª¨. �à¨¬¥−¥−−ë© −®¢ë© ¬¥â®¤
¢§¢¥è¥−−ëå ¤¨áªà¨¬¨−�−â−ëå á¨áâ¥¬ ¯®§¢®«¨« ã«ãçè¨âì ª�ç¥áâ¢® ª«�áá¨ä¨-
ª�æ¨¨ £¥−¥à�«ì−®© á®¢®ªã¯−®áâ¨ ¤�−−ëå ¨ â¥¬ á�¬ë¬ ãáâ�−®¢¨âì −¥ª®â®àë¥
á®¢®ªã¯−®áâ¨ ¬¥¤¨æ¨−áª¨å ¨§¬¥à¥−¨©, ª®â®àë¥ ¢¯®á«¥¤áâ¢¨¨ á¬®£ãâ ¯®¬®çì ¯à¨
¯®áâ�−®¢ª¥ ¨ ¢ëï¢«¥−¨¨ ª®−ªà¥â−®£® ¤¨�£−®§�.
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Abstract: The authors describe a method of classification of objects with missing
or partially known data. The tasks related to the processing of incomplete data
are common in medicine. Patient data can contain gaps or missing. Information
classification of patients with varying degrees of schizophrenia was carried out
using the new method. Schizophrenia is a genetic disease; so, important is the
task of studying the genetic predisposition of a person to the disease. Analysis
of associations between polymorphisms of genes was performed. A distinctive
feature of the provision of medical data is its emptiness by more than 70%. The
dimension of discriminant signs was significantly reduced and high reliability of
forecasting has been received.
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à�ááã¦¤¥−¨© à�§à�¡®â�−� ä®à¬�«¨§®¢�−−�ï ¬®¤¥«ì ¢¨§ã�«ì−ëå ï§ëª®¢, ®á−®-
¢�−−�ï −� ¯®−ïâ¨¨ á¥¬¨®â¨ç¥áª®© á¨áâ¥¬ë ¯® „. �. �®á¯¥«®¢ã, ¨ ¯à¥¤«®¦¥−ë
¯à¨−æ¨¯ë ¨å ®¡ê¥¤¨−¥−¨ï ¢ £¥â¥à®£¥−−®¬ ¢¨§ã�«ì−®¬ ¯®«¥.
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â�å �. �. �®à¨á®¢�, �. ‚. ƒ�¢à¨«®¢�, ‚. ”. �®−®¬�à¥¢�, �. ‚. Š®«¥á−¨ª®¢�,
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Œ®¤¥«¨à®¢�−¨¥ ¢¨§ã�«ì−ëå à�ááã¦¤¥−¨© ¢ äã−ªæ¨®−�«ì−ëå ƒ¨ˆ‘

à�ááã¦¤�âì ¢ à�¬ª�å �¡áâà�ªâ−ëå æ¥¯®ç¥ª á¨¬¢®«®¢, á ª®â®àë¬¨ á¢ï§�−ë −¥ª®-
â®àë¥ á¥¬�−â¨ç¥áª¨¥ ¨ ¯à�£¬�â¨ç¥áª¨¥ ¯à¥¤áâ�¢«¥−¨ï.

‚ 2009{2012 ££. ˆ. �. ”®¬¨−ëå ¯à¥¤«®¦¨« ä®à¬�«¨§¬ ƒ¨ˆ‘ ª�ª ª®¬-
¡¨−�æ¨¨ â¥¬¯®à�«ì−ëå «®£¨ç¥áª¨å ¬®¤¥«¥© ¨ ¨−¦¥−¥à¨¨ ®¡à�§®¢, à�áá¬®âà¥¢
−¥©à®íªá¯¥àâ−ë¥ á¨áâ¥¬ë á á¨−¥à£¥â¨ç¥áª¨¬ ¢§�¨¬®¤¥©áâ¢¨¥¬ ®¡à�§−ëå ¨ á¨¬-
¢®«ì−®-«®£¨ç¥áª¨å ¬¥å�−¨§¬®¢ ¯à¨−ïâ¨ï à¥è¥−¨ï, ¥é¥ à�§ ¯®¤â¢¥à¤¨¢, çâ®
á®ç¥â�−¨¥ ¥áâ¥áâ¢¥−−®£® ¨ ¢¨§ã�«ì−®£® ï§ëª®¢ ¢ «®£¨ª®-¬�â¥¬�â¨ç¥áª¨å ¨ ¢¨§ã-
�«ì−®-¯à®áâà�−áâ¢¥−−ëå, ¯à�¢®áâ®à®−−¨å à�ááã¦¤¥−¨ïå à¥«¥¢�−â−® ä¥−®¬¥−ã
ç¥«®¢¥ç¥áª®£® ¬ëè«¥−¨ï.

2 Полиязыковой коллективный интеллект

“¯à�¢«¥−¨¥ ª�ª ¢§�¨¬®¤¥©áâ¢¨¥ áã¡ê¥ªâ� ¨ ®¡ê¥ªâ� ¬®¦¥â ®áãé¥áâ¢«ïâìáï
â®«ìª® á ¨á¯®«ì§®¢�−¨¥¬ −¥ª®â®à®£® ¬¥å�−¨§¬� ®¡¥á¯¥ç¥−¨ï â�ª®£® ¢§�¨¬®¤¥©-
áâ¢¨ï | ï§ëª�. �− ä®à¬¨àã¥â ¨§ãç¥−−ë© ¢ −�ãª¥ ¨−áâàã¬¥−â�à¨© ª�ª ¯®¢á¥-
¤−¥¢−®©, â�ª ¨ ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ç¥«®¢¥ª� ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï.
�ã¤ãç¨ ®¤−®¢à¥¬¥−−® áà¥¤áâ¢®¬ ¬ëá«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¨ ¬®¤¥«ìî ¢−¥è-
−¥£® ¬¨à�, ï§ëª ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨ (Ÿ�„) | ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï
¢ å®¤¥ £¨¡à¨¤¨§�æ¨¨.

’à�¤¨æ¨®−−® Ÿ�„ à�áá¬�âà¨¢�«¨áì ª�ª á¨¬¢®«ì−ë¥ á¨áâ¥¬ë: ãà®¢−¥¢�ï
¬®¤¥«ì ï§ëª� (�. �¥−¢¥−¨áâ, ‘. ‹í¬, ƒ. ƒ«¨á®−, ˆ. �. ÷�á¯®¯®¢), ¯®«¥¢�ï ¬®¤¥«ì
ï§ëª� (‚. ƒ. �¤¬®−¨, �. ‚. �®−¤�àª®, ƒ. ‘. ™ãà), ¬−®£®á«®©−�ï ¬®¤¥«ì ï§ëª�
(„. ‹. ‘¯¨¢�ª), �áá®æ¨�â¨¢−®-¢¥à¡�«ì−�ï á¥âì (ā. �. Š�à�ã«®¢), ¤¨−�¬¨ç¥áª�ï
¬®¤¥«ì ï§ëª� (‡. „. �®¯®¢�, ˆ. �. ‘â¥à−¨−), ª®−æ¥¯â®áä¥à� (‡. „. �®¯®¢�,
ˆ. �. ‘â¥à−¨−) ¨ ¤à. [1].

‘ ¯®§¨æ¨¨ á¥¬¨®â¨ª¨ ï§ëª à�áá¬�âà¨¢�¥âáï ª�ª §−�ª®¢�ï á¨áâ¥¬� ¢ âà¥å
¨§¬¥à¥−¨ïå: á¨−â�ªá¨ç¥áª®¬ (®â−®è¥−¨ï §−�ª®¢ ¤àã£ ª ¤àã£ã), á¥¬�−â¨ç¥áª®¬
(®â−®è¥−¨ï §−�ª®¢ ª ¨å ®¡ê¥ªâ�¬) ¨ ¯à�£¬�â¨ç¥áª®¬ (®â−®è¥−¨ï §−�ª®¢ ª ¨å
¨−â¥à¯à¥â�â®à�¬). Š«�áá¨ç¥áª¨¬¨ ¢ íâ®© ®¡«�áâ¨ áç¨â�îâáï à�¡®âë á«¥¤ãîé¨å
¨áá«¥¤®¢�â¥«¥©: —. ‘. �¨àá�, —. “. Œ®àà¨á�, ”. ¤¥ ‘®ááîà�, ‹. …«ì¬á«¥¢�,
÷. �. Ÿª®¡á®−�, Ÿ. āªáªî««ï, �. Š�áá¨à¥à�, Š. �î«¥à�, ÷. ��àâ�, ’. �. ‘¥-
¡¥®ª�, “. �ª®, ā. Œ. ‹®â¬�−� [2]. �á−®¢−ë¥ äã−ªæ¨¨ Ÿ�„ ¢ íâ®¬ á«ãç�¥:
ä®à¬�«¨§�æ¨ï ¯à�¢¨« ¯®áâà®¥−¨ï ¢ëáª�§ë¢�−¨©, ¯à¥¤áâ�¢«¥−¨¥ §−�−¨© ¤«ï
¢ë¯®«−¥−¨ï à�ááã¦¤¥−¨© ¨ ®¡¥á¯¥ç¥−¨¥ ª®¬¬ã−¨ª�æ¨¨ −®á¨â¥«¥© ï§ëª�.

’à�¤¨æ¨®−−® ª ï§ëª®¢ë¬ §−�ª�¬ ®â−®áïâ §−�ç¨¬ë¥ ¥¤¨−¨æë ï§ëª� | ¬®àä¥-
¬ë, á«®¢�, ¯à¥¤«®¦¥−¨ï ¥áâ¥áâ¢¥−−®£® ï§ëª�. �¤−�ª® ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ Ÿ�„
¢á¥ è¨à¥ ¨á¯®«ì§ã¥âáï ¢¨§ã�«¨§�æ¨ï ¨−ä®à¬�æ¨¨, íªá¯¥àâë-á®¢¥â−¨ª¨ ¨ «¨æ®,
¯à¨−¨¬�îé¥¥ à¥è¥−¨ï (‹�÷), áâ�«¨ ú¢¨§ã�«ì−ë¬¨ ¬ëá«¨â¥«ï¬¨û, ¢ ¨−ä®à¬�-
â¨ª¥ �ªâ¨¢−® íªá¯«ã�â¨àãîâáï â¥à¬¨−ë ú¢¨§ã�«ì−®¥ ã¯à�¢«¥−¨¥û, ú¢¨§ã�«ì−®¥
¬ëè«¥−¨¥û, ú¢¨§ã�«¨§�æ¨ï ¤�−−ëåû, ú¢¨§ã�«ì−�ï ä�á¨«¨â�æ¨ïû, úáªà�©¡¨−£û,
úª®£−¨â¨¢−�ï £à�ä¨ª�û, ú¢¨§ã�«ì−®¥ ¯à®£à�¬¬¨à®¢�−¨¥û ¨ ¤à. [1]. ‚¨§ã�«ì−®¥
¯à¥¤áâ�¢«¥−¨¥ ã«ãçè�¥â ¯®−¨¬�−¨¥ ¤�−−ëå, ¨−ä®à¬�æ¨¨ ¨ §−�−¨© á¯¥æ¨�«¨áâ�-
¬¨, çâ®, ¢ á¢®î ®ç¥à¥¤ì, ¯®¢ëè�¥â íää¥ªâ¨¢−®áâì ¯à®æ¥áá� ¯à¨−ïâ¨ï à¥è¥−¨©
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�. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ‘. �. ÷ã¬®¢áª�ï, ‚. ˆ. „�−¨è¥¢áª¨©

¢ æ¥«®¬ [3]. ”¥−®¬¥− ç¥«®¢¥ç¥áª®£® ¢¨§ã�«ì−®£® ¢®á¯à¨ïâ¨ï §�ª«îç�¥âáï ¢ â®¬,
çâ® ®− á¯®á®¡¥− ¢®á¯à¨−¨¬�âì ®¡à�§ æ¥«¨ª®¬, � −¥ −�¡®à ®â¤¥«ì−ëå, −¥§�¢¨á¨¬ëå
®¡ê¥ªâ®¢ [3]. �â® ï¢«¥−¨¥ ¡ë«® ¨§ãç¥−® â¥®à¥â¨ª�¬¨ ƒ¥èâ�«ìâ� Œ. ‚¥àâå¥©-
¬¥à®¬ (M. Wertheimer), ‚. Š¥å«¥à®¬ (W. K�ohler) ¨ Š. Š®ääª� (K. Koffka),
®¯à¥¤¥«¨¢è¨¬¨ ¢à®¦¤¥−−ë¥ ã¬áâ¢¥−−ë¥ §�ª®−ë ¢®á¯à¨ïâ¨ï ®¡ê¥ªâ®¢.

�� ¯à�ªâ¨ª¥ ¨á¯®«ì§ãîâáï ¡®«¥¥ á®â−¨ ¢¨§ã�«ì−ëå ï§ëª®¢, çâ® ®¡ãá«®¢«¥−®
áãé¥áâ¢¥−−ë¬¨ à�§«¨ç¨ï¬¨ ¢ ¯à¨à®¤¥, ®á®¡¥−−®áâïå ¨ á¢®©áâ¢�å §−�−¨© ® à�§-
«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå. ‚ íâ®© á¢ï§¨ �ªâã�«ì−® ¯®áâà®¥−¨¥ ä®à¬�«¨§®-
¢�−−ëå ¬®¤¥«¥© ¢¨§ã�«ì−ëå ï§ëª®¢ ¤«ï ¬®¤¥«¨à®¢�−¨ï à�ááã¦¤¥−¨© íªá¯¥àâ®¢
−� ¨å ®á−®¢¥. ÷�áá¬®âà¨¬ ¯®¤à®¡−¥¥ íâ® ¯®−ïâ¨¥ ¨ ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï
â�ª¨å ï§ëª®¢ ¯à¨ ¯®áâà®¥−¨¨ ƒ¨ˆ‘.

3 Понятие визуального языка

‡� ¯®á«¥¤−¨¥ −¥áª®«ìª® ¤¥áïâ¨«¥â¨© ¢¨§ã�«ì−ë¬ ï§ëª�¬ ¨ á¨áâ¥¬�¬, à�á-
áã¦¤�îé¨¬ −� ¨å ®á−®¢¥, ¯®á¢ïé¥−® ¬−®£® à�¡®â. �á®¡¥−−®áâ¨ ¢¨§ã�«ì−ëå
ï§ëª®¢ ¨ ¢®§¬®¦−®áâ¨ ¨å ä®à¬�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï à�áá¬�âà¨¢�«¨áì
â�ª¨¬¨ á¯¥æ¨�«¨áâ�¬¨, ª�ª „. ‚. Šã¤àï¢æ¥¢, ’. �. ƒ�¢à¨«®¢�, ‘. ‘. Šãà¡�-
â®¢, ƒ. Š. •�å�«¨−, �. ƒ. �¥à¥áâ−¥¢�, „. ‘¨¡¡¥â, “. �®ã¬¥−, �. ƒ. ��à�ï−�−,
÷. •ã¡è¥à, Š. ‡í−£ ¨ ¤à. �ã¦−® §�¬¥â¨âì, çâ® ¢¨§ã�«ì−ë¥ ï§ëª¨ −¥ §�¬¥−ïîâ
âà�¤¨æ¨®−−ë¥ á¨¬¢®«ì−ë¥ ï§ëª¨. ‚ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ®−¨ ¨−â¥£à¨àãîâ
â¥ªáâ ¨ £à�ä¨ªã ¢ ®¤−®© ª®¬¬ã−¨ª�æ¨®−−®© ¥¤¨−¨æ¥, ®¡ê¥¤¨−ïï ¤®áâ®¨−áâ¢�
®¡®¨å ¢¨¤®¢ ¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨.

Š�ª ¨ «î¡®© ¤àã£®©, ú¢¨§ã�«ì−ë© ï§ëªû, ¯® „. ‘¨¡¡¥âã [4], ¨«¨ úï§ëª
¢¨§ã�«ì−ëå ®¡à�§®¢û, ¯® “. �®ã¬¥−ã [5], ¨¬¥¥â á¢®¨ à¥áãàáë ¨ ¢®§¬®¦−®áâ¨:
á«®¢�àì í«¥¬¥−â®¢ ä®à¬ë, £à�¬¬�â¨ªã ¯à®áâà�−áâ¢¥−−®© ®à£�−¨§�æ¨¨, ¨¤¨®¬ë
®¡ê¥¬−®© ¯¥àá¯¥ªâ¨¢ë ¨ á¨−â�ªá¨á äà�§¨à®¢ª¨ ®¡à�§®¢. ‚ [6] ¢ë¤¥«¥−® −¥áª®«ì-
ª® �á¯¥ªâ®¢ ¨á¯®«ì§®¢�−¨ï ¢¨§ã�«ì−ëå ï§ëª®¢: −¥¯®áà¥¤áâ¢¥−−®¥ ã¯à�¢«¥−¨¥,
ª®£¤� ¤«ï ¢ë¯®«−¥−¨ï ¤¥©áâ¢¨© −�¤ ®¡ê¥ªâ®¬ −¥ âà¥¡ãîâáï â¥ªáâ®¢ë¥ ª®¬�−¤ë,
¤®áâ�â®ç−® ¢ë¯®«−¨âì ¤¥©áâ¢¨¥ −�¤ £à�ä¨ç¥áª¨¬ ¯à¥¤áâ�¢«¥−¨¥¬ ®¡ê¥ªâ�; ¢¨-
§ã�«¨§�æ¨ï ¨−ä®à¬�æ¨¨, ¯®§¢®«ïîé�ï −�¡«î¤�â¥«î ®¡−�àã¦¨âì §�¢¨á¨¬®áâ¨
¨ å�à�ªâ¥à¨áâ¨ª¨, áªàëâë¥ ¯à¨ â¥ªáâ®¢®¬ ¯à¥¤áâ�¢«¥−¨¨.

‚ [6] ¢ë¤¥«¥−ë á«¥¤ãîé¨¥ ª®¬¯®−¥−âë ¢¨§ã�«ì−®£® ï§ëª�: ¯à¥¤¬¥â−�ï
®¡«�áâì, áâ�â¨ç¥áª¨© á¨−â�ªá¨á, áâ�â¨ç¥áª�ï á¥¬�−â¨ª�, ¤¨−�¬¨ç¥áª¨© á¨−â�ª-
á¨á, ¤¨−�¬¨ç¥áª�ï á¥¬�−â¨ª�. �¯¨á�−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ á®áâ®¨â ¨§ ¬−®¦¥áâ¢
®¡ê¥ªâ®¢, �âà¨¡ãâ®¢, ®â−®è¥−¨© ¤«ï ®¯¨á�−¨ï á®áâ®ï−¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ ¤®¯ãáâ¨¬ëå ¯¥à¥å®¤®¢ ¬¥¦¤ã á®áâ®ï−¨ï¬¨.

‘â�â¨ç¥áª¨© á¨−â�ªá¨á ¢¨§ã�«ì−®£® ï§ëª� ®¯à¥¤¥«ï¥âáï �¢â®à�¬¨ [6] ª�ª
¬−®¦¥áâ¢® ¯à�¢¨«ì−ëå ¢¨§ã�«ì−ëå ¯à¥¤«®¦¥−¨©. ”®à¬�«ì−�ï á¯¥æ¨ä¨ª�æ¨ï
áâ�â¨ç¥áª®£® á¨−â�ªá¨á� ®¯¨áë¢�¥âáï £à�¬¬�â¨ª®©, £¥−¥à¨àãîé¥© ¯à�¢¨«ì−ë¥
¢¨§ã�«ì−ë¥ ¯à¥¤«®¦¥−¨ï, ¨«¨ −�¡®à®¬ ¯à�¢¨«, ¯®§¢®«ïîé¨å ®æ¥−¨âì ¤®¯ãáâ¨-
¬®áâì ¯à¥¤«®¦¥−¨ï. �à¨¬¥àë ¢¨§ã�«ì−ëå £à�¬¬�â¨ª ¯à¥¤áâ�¢«¥−ë ¢ ¨áá«¥¤®-
¢�−¨ïå [7{9]. ‚ [8] ¤«ï ®¯¨á�−¨ï ¢¨§ã�«ì−®£® ï§ëª� SIBTRAN, ¯à¥¤«®¦¥−−®£®
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Œ®¤¥«¨à®¢�−¨¥ ¢¨§ã�«ì−ëå à�ááã¦¤¥−¨© ¢ äã−ªæ¨®−�«ì−ëå ƒ¨ˆ‘

„. ‘¨¡¡¥â®¬, ¯à¨¬¥−ï¥âáï ¢¨§ã�«ì−�ï ª®−â¥ªáâ−®-−¥§�¢¨á¨¬�ï £à�¬¬�â¨ª�, á®-
áâ®ïé�ï ¨§ á«®¢�àï â¥à¬¨−�«ì−ëå á¨¬¢®«®¢, á«®¢�àï −¥â¥à¬¨−�«ì−ëå á¨¬¢®«®¢,
áâ�àâ®¢®£® á¨¬¢®«� ¨ ¬−®¦¥áâ¢� ¯à®¤ãªæ¨®−−ëå ¯à�¢¨«. �¢â®à�¬ [8] ã¤�-
«®áì ¯à¥¤áâ�¢¨âì ¯¥à¢ë¥ âà¨ ª®¬¯®−¥−â� ¢¨§ã�«ì−®© £à�¬¬�â¨ª¨ ¢ ¢¨§ã�«ì−®©
ä®à¬¥ | −®â�æ¨¨ ¢¨§ã�«ì−®© £à�¬¬�â¨ª¨. ‘«®¢�àì («¥ªá¨ª�) â¥à¬¨−�«ì−ëå
á¨¬¢®«®¢ á®áâ®¨â ¨§ ¬−®¦¥áâ¢� ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢, å�à�ªâ¥à¨§ãîé¨åáï
¬−®¦¥áâ¢®¬ ¢¨§ã�«ì−ëå ¨§¬¥à¥−¨©, â�ª¨å ª�ª ¯®§¨æ¨ï, ®à¨¥−â�æ¨ï, à�§¬¥à,
ä®à¬�, æ¢¥â, â¥ªáâãà�, � â�ª¦¥ ¬−®¦¥áâ¢®¬ ¢¨§ã�«ì−ëå ®â−®è¥−¨©, ª®â®àë¥
¬®£ãâ ¡ëâì ãáâ�−®¢«¥−ë ¬¥¦¤ã ®¤−¨¬ ¨ ¡®«¥¥ ¯à¨¬¨â¨¢�¬¨ [6].

‘â�â¨ç¥áª�ï á¥¬�−â¨ª� á«ã¦¨â ¤«ï ®¯¨á�−¨ï á®®â¢¥âáâ¢¨ï ¢¨§ã�«ì−ëå ¯à¥¤-
«®¦¥−¨© ¨ á®áâ®ï−¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨, ª®â®àë¥ ®−¨ ®¯¨áë¢�îâ. Š�¦¤®¥
á®áâ®ï−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ®¯¨áë¢�¥¬®¥ ¢ â¥à¬¨−�å ®¡ê¥ªâ®¢, á¢®©áâ¢ ¨ ®â-
−®è¥−¨©, ¬®¦¥â á®®â¢¥âáâ¢®¢�âì ®¤−®¬ã ¨«¨ −¥áª®«ìª¨¬ ¢¨§ã�«ì−ë¬ ¯à¥¤«®¦¥-
−¨ï¬, á®áâ®ïé¨¬ ¨§ £à�ä¨ç¥áª¨å ¯à¨¬¨â¨¢®¢, ¢¨§ã�«ì−ëå ¨§¬¥à¥−¨© ¨ ¢¨§ã�«ì-
−ëå ®â−®è¥−¨©. ‘®®â¢¥âáâ¢¨¥ ¬®¦¥â ¡ëâì à�§−ëå â¨¯®¢: ®¤¨− ª ®¤−®¬ã, ®¤¨− ª®
¬−®£¨¬, ¬−®£¨¥ ª ®¤−®¬ã, ¬−®£¨¥ ª® ¬−®£¨¬.

„¨−�¬¨ç¥áª¨© á¨−â�ªá¨á ®¯¨áë¢�¥â, ª�ª¨¬ ®¡à�§®¬ ¢¨§ã�«ì−ë¥ ¯à¥¤«®¦¥−¨ï
¬®£ãâ âà�−áä®à¬¨à®¢�âìáï. �− ¢ª«îç�¥â ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¨§¬¥−¥−¨© ¢¨-
§ã�«ì−ëå ¯à¨¬¨â¨¢®¢, ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¨§¬¥−¥−¨© ¢¨§ã�«ì−ëå �âà¨¡ãâ®¢
¨ ¬−®¦¥áâ¢® ¨§¬¥−¥−¨© ¢¨§ã�«ì−ëå ®â−®è¥−¨©. —�áâ® ¤¨−�¬¨ç¥áª¨© á¨−â�ªá¨á
ï¢−® á¯¥æ¨ä¨æ¨àã¥âáï ¯à®æ¥¤ãà�¬¨ £à�ä¨ç¥áª®© âà�−áä®à¬�æ¨¨, ª�ª ¢ á«ãç�¥
ª®¬¯ìîâ¥à−®© �−¨¬�æ¨¨, ¢ë¯®«−ï¥¬®© á¨áâ¥¬�¬¨ ¢¨§ã�«¨§�æ¨¨ ¢ £à�ä¨ç¥áª¨å
¯®«ì§®¢�â¥«ìáª¨å ¨−â¥àä¥©á�å.

„¨−�¬¨ç¥áª�ï á¥¬�−â¨ª�, á®£«�á−® [6], ®¯¨áë¢�¥â á¢ï§¨ ¬¥¦¤ã ¨§¬¥−¥−¨-
ï¬¨ ¢¨§ã�«ì−ëå ¯à¥¤«®¦¥−¨© ¨ ¨§¬¥−¥−¨ï¬¨ á®áâ®ï−¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨.
“á«®¢¨ï, ¯à¨ ª®â®àëå ¨§¬¥−ïîâáï á®áâ®ï−¨ï, ¨ â®, ª�ª íâ® ¢«¨ï¥â −� ®¡ê¥ªâë,
¨å á¢®©áâ¢� ¨ ®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨, ¤®«¦−ë á®®â¢¥âáâ¢®¢�âì ãá«®¢¨ï¬, ¯à¨
ª®â®àëå ¨§¬¥−ïîâáï ¢¨§ã�«ì−ë¥ ¯à¥¤«®¦¥−¨ï.

‚¨§ã�«ì−ë© ï§ëª ¢ ¤�−−®© ¨−â¥à¯à¥â�æ¨¨ | á¥¬¨®«®£¨ç¥áª�ï á¨áâ¥¬� ¯®
”. ¤¥ ‘®ááîàã, â. ¥. ®¯¨áë¢�îé�ï á¢ï§¨ ®§−�ç�îé¥£® ¨ ®§−�ç�¥¬®£® §−�ª®¬
á¨−â�ªá¨á� ¨ á¥¬�−â¨ª¨ ï§ëª�. �à¨ íâ®¬ ã¯ãáª�¥âáï ¨§ ¢¨¤ã ª®−â¥ªáâ ¢ëáª�§ë-
¢�−¨ï, ¢§�¨¬®®â−®è¥−¨ï ®â¯à�¢¨â¥«ï ¨ ¯®«ãç�â¥«ï ¢¨§ã�«ì−®£® ¢ëáª�§ë¢�−¨ï,
â. ¥. ¯à�£¬�â¨ç¥áª¨© �á¯¥ªâ ï§ëª�.

�à�£¬�â¨ª� ®¯¨à�¥âáï −� ¯à¥¤áâ�¢«¥−¨¥ ® ï§ëª¥ ª�ª ® á¨áâ¥¬¥ áà¥¤áâ¢ ¨ ¯à�-
¢¨«, −® ¤¥«�¥â �ªæ¥−â −� ª®¬¬ã−¨ª�â¨¢−ëå ¯à®æ¥áá�å ¨ ª®−â¥ªáâã�«ì−®-§�¢¨á¨-
¬ëå ¯à¨−æ¨¯�å ¨á¯®«ì§®¢�−¨ï íâ®© á¨áâ¥¬ë ¢® ¬−®¦¥áâ¢¥ à�§−®®¡à�§−ëå �ªâ®¢
ï§ëª®¢®£® ®¡é¥−¨ï. ‚ ¯®−¨¬�−¨¨ �. „. �àãâî−®¢®©, ¢ ªàã£ ¯à®¡«¥¬, ¨§ãç�¥¬ëå
¢ ¯à�£¬�â¨ª¥, ¢ª«îç�îâáï â¥, ª®â®àë¥ á¢ï§�−ë: á £®¢®àïé¨¬ áã¡ê¥ªâ®¬, á ¥£®
�¤à¥á�â®¬, á® ¢§�¨¬®¤¥©áâ¢¨¥¬ £®¢®àïé¥£® ¨ �¤à¥á�â�, á á¨âã�æ¨¥© ®¡é¥−¨ï [2].
�®¤ ¯à�£¬�â¨ª®© ¯®−¨¬�¥âáï ®â−®è¥−¨¥ ¨−â¥à¯à¥â�â®à� §−�−¨© ª §−�ª®¢®© á¨á-
â¥¬¥, ¨á¯®«ì§ã¥¬®© ¤«ï ¯à¥¤áâ�¢«¥−¨ï íªá¯¥àâ−ëå §−�−¨© ¢ ¨−â¥««¥ªâã�«ì−ëå
á¨áâ¥¬�å, ¢ ç�áâ−®áâ¨ ¢®á¯à¨ïâ¨¥ ¢ëà�¦¥−¨© −� ¯à¨−ïâ®¬ ï§ëª¥ ¯à¥¤áâ�¢«¥−¨ï
§−�−¨© [10]. ‚ íâ®¬ á«ãç�¥ ¬−®£®§−�ç−ë¥ «®£¨ª¨ ¬®£ãâ á«ã¦¨âì ¢ ª�ç¥áâ¢¥
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�. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ‘. �. ÷ã¬®¢áª�ï, ‚. ˆ. „�−¨è¥¢áª¨©

¯®«¥§−®© �¯¯à®ªá¨¬�æ¨¨ «®£¨ç¥áª®© áâàãªâãàë ï§ëª� [11]. „«ï íâ¨å æ¥«¥© ¢ [12]
¢¢¥¤¥−� «®£¨ª� §−�ç¥−¨ï ¨ ª®−â¥ªáâ�, £¤¥ ¯à®¬¥¦ãâ®ç−ë¥ ¨áâ¨−−®áâ−ë¥ §−�ç¥-
−¨ï, ®â«¨ç−ë¥ ®â ¨áâ¨−ë ¨ «¦¨, ¯®−¨¬�«¨áì «¨¡® ª�ª −¥¯®«−®â� ¨−ä®à¬�æ¨¨,
«¨¡® ª�ª ¥¥ −¥§−�ç¨¬®áâì. ‚ á¥à¥¤¨−¥ 1970-å ££. ¯®ï¢¨«áï â¥à¬¨− ú¯à�£¬�â¨-
ç¥áª¨¥ «®£¨ª¨û [13, 14]. Š«�áá¨ç¥áª¨¥ ¯à¨¬¥àë â�ª¨å «®£¨ª | ¨−¤ãªâ¨¢−�ï
¨ ¢¥à®ïâ−®áâ−�ï «®£¨ª¨; ª −¨¬ ¦¥ ®â−®áïâáï «®£¨ª¨ ®æ¥−®ª, −®à¬, ¯à¥¤¯®çâ¥−¨©,
¯à¨−ïâ¨ï à¥è¥−¨©, ®¡é¥−¨ï ¨ ¨««®ªãâ¨¢−ë¥ [11].

’�ª¨¬ ®¡à�§®¬, ¢¨§ã�«ì−ë© ï§ëª vl ¬®¦−® ®¯à¥¤¥«¨âì ª�ª á¥¬¨®â¨ç¥áªãî
á¨áâ¥¬ã ¯® „. �. �®á¯¥«®¢ã [15]:

vl = 〈VT,VS,VA,VP, υτ, υσ, υα, υπ〉 , (1)

£¤¥ VT, VS ¨ VA | ¬−®¦¥áâ¢� ®á−®¢−ëå á¨¬¢®«®¢, á¨−â�ªá¨ç¥áª¨å ¯à�¢¨«
¨ §−�−¨© ® ¯à¥¤¬¥â−®© ®¡«�áâ¨ (á¥¬�−â¨ç¥áª¨å ¯à�¢¨«) á®®â¢¥âáâ¢¥−−®; VP |
¬−®¦¥áâ¢® ¯à�¢¨« ¢ë¢®¤� à¥è¥−¨© (¯à�£¬�â¨ç¥áª¨å ¯à�¢¨«); υτ | ¯à�¢¨«�
¨§¬¥−¥−¨ï ¬−®¦¥áâ¢� VT; υσ | ¯à�¢¨«� ¨§¬¥−¥−¨ï ¬−®¦¥áâ¢� VS; υα |
¯à�¢¨«� ¨§¬¥−¥−¨ï ¬−®¦¥áâ¢� VA; υπ | ¯à�¢¨«� ¨§¬¥−¥−¨ï ¬−®¦¥áâ¢� VP.
Œ−®¦¥áâ¢� VT, VS, VA, VP, υτ , υσ, υα ¨ υπ ¨§ (1) ®¯à¥¤¥«¨¬ á«¥¤ãîé¨¬¨
¢ëà�¦¥−¨ï¬¨:

VT = 〈P,D,VRn〉 ; (2)
VS = 〈VT,VN,PRU〉 ; (3)

VA = 〈DO, GO, GA, GR〉 ; (4)
VP = {〈AG, act,M,W 〉} ; (5)
υτ = 〈–P,–D,–VRn〉 ; (6)
υσ = 〈υτ,–VN,–PRU〉 ; (7)

υα = 〈–DO, G–O, G–A, G–R〉 ; (8)
υπ = {〈–AG,–act,–M,–W 〉} . (9)

‡¤¥áì

DO = 〈O,A,Rn〉 ; GO : O → P ; GA : A→ D ; GR : Rn → VRn ;

–DO = 〈–O,–A,–Rn〉 ;
G–O : –O → –P ; G–A : –A→ –D ; G–R : –Rn → –VRn ,

£¤¥P | ¬−®¦¥áâ¢® ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢;D| ¬−®¦¥áâ¢® ¢¨§ã�«ì−ëå ¨§¬¥à¥-
−¨©, å�à�ªâ¥à¨§ãîé¨å ¢¨§ã�«ì−ë¥ ¯à¨¬¨â¨¢ë; VRn | ¬−®¦¥áâ¢® ¢¨§ã�«ì−ëå
®â−®è¥−¨© ¬¥¦¤ã ®¤−¨¬ ¨ ¡®«¥¥ ¯à¨¬¨â¨¢�¬¨ [6]; VN | á«®¢�àì −¥â¥à¬¨−�«ì-
−ëå á¨¬¢®«®¢; PRU | ¬−®¦¥áâ¢® ¯à®¤ãªæ¨®−−ëå ¯à�¢¨«; O | ¬−®¦¥áâ¢®
®¡ê¥ªâ®¢; A | ¬−®¦¥áâ¢® �âà¨¡ãâ®¢; Rn | ¬−®¦¥áâ¢® ®â−®è¥−¨©; AG |
¬−®¦¥áâ¢® −®á¨â¥«¥© ï§ëª� (íªá¯¥àâ®¢, í«¥¬¥−â®¢, �£¥−â®¢), ª®â®àë¬ �¤à¥á®¢�−�
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Œ®¤¥«¨à®¢�−¨¥ ¢¨§ã�«ì−ëå à�ááã¦¤¥−¨© ¢ äã−ªæ¨®−�«ì−ëå ƒ¨ˆ‘

−®à¬� ¯®¢¥¤¥−¨ï (à�§«¨ç−ë¥ á®æ¨�«ì−ë¥ §�¯à¥âë ¨ ®£à�−¨ç¥−¨ï, −�ª«�¤ë¢�¥¬ë¥
á®®¡é¥áâ¢®¬ −� ®â¤¥«ì−®£® −®á¨â¥«ï); act ∈ ACT | ¤¥©áâ¢¨¥, ®¯à¥¤¥«¥−−®¥ −�
¬−®¦¥áâ¢¥ ¤¥©áâ¢¨© ACT ¨ ï¢«ïîé¥¥áï ®¡ê¥ªâ®¬ −®à¬�â¨¢−®© à¥£ã«ïæ¨¨ (á®¤¥à-
¦�−¨¥ −®à¬ë); M | ¬−®¦¥áâ¢® á¨áâ¥¬ ¬®¤�«ì−®áâ¥©, á¢ï§�−−ëå á ¤¥©áâ¢¨¥¬,
−�¯à¨¬¥à á¨áâ¥¬� −®à¬, ¢ëà�¦¥−−ëå ¤¥®−â¨ç¥áª¨¬¨ ¬®¤�«ì−®áâï¬¨: MN =
= {ï,ò,â,ú}, O | ú®¡ï§�â¥«ì−®û, P | úà�§à¥è¥−®û, � | ú¡¥§à�§«¨ç−®û,
‡ | ú§�¯à¥é¥−®û;W | ¬−®¦¥áâ¢® ¬¨à®¢, ¢ ª®â®àëå ¯à¨¬¥−¨¬� −®à¬� (ãá«®¢¨ï
¯à¨«®¦¥−¨ï, ®¡áâ®ïâ¥«ìáâ¢�, ¢ ª®â®àëå ¤®«¦−® ¨«¨ −¥ ¤®«¦−® ¢ë¯®«−ïâìáï ¤¥©-
áâ¢¨¥) [11];–P | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¨§¬¥−¥−¨© ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢ P ,
−�¯à¨¬¥à ¨å á®§¤�−¨¥, ã¤�«¥−¨¥ ¨«¨ ¨§¬¥−¥−¨¥; –D | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå
¨§¬¥−¥−¨© ¢¨§ã�«ì−ëå �âà¨¡ãâ®¢ D; –VRn | ¬−®¦¥áâ¢® ¨§¬¥−¥−¨ï ¢¨§ã-
�«ì−ëå ®â−®è¥−¨© VRn; –VN | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¨§¬¥−¥−¨© á«®¢�àï
−¥â¥à¬¨−�«ì−ëå á¨¬¢®«®¢ VN; –PRU | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¨§¬¥−¥−¨©
¬−®¦¥áâ¢� ¯à®¤ãªæ¨®−−ëå ¯à�¢¨« PRU;–O | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¨§¬¥−¥-
−¨© ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢ (á®§¤�−¨¥, ã¤�«¥−¨¥, ¬®¤¨ä¨ª�æ¨ï); –A | ¬−®¦¥áâ¢®
¤®¯ãáâ¨¬ëå ¨§¬¥−¥−¨© ¬−®¦¥áâ¢� �âà¨¡ãâ®¢; –Rn | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå
¨§¬¥−¥−¨© ¬−®¦¥áâ¢� ®â−®è¥−¨©; –AG | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¨§¬¥−¥−¨©
¬−®¦¥áâ¢� −®á¨â¥«¥© ï§ëª� AG; –act | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¨§¬¥−¥−¨© á®-
¤¥à¦�−¨ï −®à¬ë act;–M | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¨§¬¥−¥−¨© ¬−®¦¥áâ¢� á¨áâ¥¬
¬®¤�«ì−®áâ¥©; –W | ¬−®¦¥áâ¢® ¤®¯ãáâ¨¬ëå ¨§¬¥−¥−¨© ¬−®¦¥áâ¢� ¬¨à®¢.

”®à¬�«ì−®¥ ®¯¨á�−¨¥ í«¥¬¥−â®¢ ¢¨§ã�«ì−ëå ï§ëª®¢ (1){(9) ¤¥«�¥â ¢®§¬®¦−®©
à¥�«¨§�æ¨î �¢â®¬�â¨§¨à®¢�−−ëå à�ááã¦¤¥−¨© ¢ ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬�å.
�¥à¢ë© è�£ â�ª®£® ®¯¨á�−¨ï ¢¨§ã�«ì−®£® ï§ëª� áªà�©¡¨−£� á¤¥«�− ¢ [1] ¤«ï
ª®−æ¥¯âã�«ì−®-¢¨§ã�«ì−®£® ï¤à� â¥®à¨¨ à®«¥¢ëå ¢¨§ã�«ì−ëå ¬®¤¥«¥©, ãáâ�−�¢-
«¨¢�îé¥£® á®®â¢¥âáâ¢¨ï ¬−®¦¥áâ¢� ¢¨§ã�«ì−ëå ¯à¨¬¨â¨¢®¢ VT ¨ ¬−®¦¥áâ¢�
®¡ê¥ªâ®¢ O, �âà¨¡ãâ®¢ A ¨ ®â−®è¥−¨© Rn, çâ® ®¯à¥¤¥«ï¥â í«¥¬¥−âë VT ¨ VA
¢ (1).

4 Концептуально-визуальное ядро теории ролевых визуальных
моделей

‚ ®á−®¢ã ª®−æ¥¯âã�«ì−®-¢¨§ã�«ì−®£® ï¤à� â¥®à¨¨ à®«¥¢ëå ¢¨§ã�«ì−ëå ¬®¤¥-
«¥© (¢ æ¥−âà¥ −� à¨á. 1) ¯®«®¦¥− âà¥ã£®«ì−¨ª �. ˆ. “ñ¬®¢� ú¢¥éì{á¢®©áâ¢®{®â-
−®è¥−¨¥û, ®£à�−¨ç¨¢ ¬−®¦¥áâ¢® ¢¥é¥© ¢¥é�¬¨-à¥áãàá�¬¨ (à¥áãàá�¬¨), â�ª ª�ª
¯à�£¬�â¨ç−ë ¢¥é¨ ¨§ �àá¥−�«� ‹�÷ ¤«ï à¥è¥−¨ï §�¤�ç [1].

ƒà�ä¨ç¥áª¨ −� à¨á. 1 ¢¨§ã�«ì−ë© ¡�§¨á ¯à¥¤áâ�¢«¥− ª�ª á¥àë© ªàã£ (¬¥-
â�ä®à� ¥¤¨−áâ¢� ¨ æ¥«®áâ−®áâ¨ ¢¨§ã�«ì−®£® ¡�§¨á�), ¢ ª®â®àë© §�ª«îç¥− ú¯®-
à®¦¤�îé¨©û âà¥ã£®«ì−¨ª úà¥áãàá{á¢®©áâ¢®{®â−®è¥−¨¥û. ÷¥áãàá | ä®à¬�,
¨§®¡à�¦�îé�ï ¢¥éì, ¯à¥¤¬¥â, ¨¬¥îé¨©áï ã áã¡ê¥ªâ� ¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï
¤«ï à¥è¥−¨ï §�¤�ç¨. ‘¢®©áâ¢® | ä®à¬�, ¨§®¡à�¦�îé�ï ¨¬ï, ª�ç¥áâ¢® ¨ ä¨§¨-
ç¥áª¨¥ á¢®©áâ¢�. �â−®è¥−¨¥ | ä®à¬®®¡à�§ãîé�ï ª�â¥£®à¨ï, â®, çâ® ®¡à�§ã¥â
à¥áãàá ¨§ í«¥¬¥−â®¢ (á¢®©áâ¢ ¨«¨ à¥áãàá®¢). �â−®è¥−¨¥ | â®, çâ®, ¡ã¤ãç¨
ãáâ�−®¢«¥−−ë¬ ¬¥¦¤ã ä®à¬�¬¨ à¥áãàá®¢, ®¡à�§ã¥â −®¢ë¥ ä®à¬ë à¥áãàá®¢.
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÷¨á. 1 Š®−æ¥¯âã�«ì−®-¢¨§ã�«ì−ë© ¡�§¨á â¥®à¨¨ à®«¥¢ëå ¢¨§ã�«ì−ëå ¬®¤¥«¥©: ‚¥ |
¢¥éì; ‘¢ | á¢®©áâ¢®; �â | ®â−®è¥−¨¥; ÷¥ | à¥áãàá; „¥ | ¤¥©áâ¢¨¥; �� | ¯�à�¬¥âà;
�æ | ®æ¥−ª�; •� | å�à�ªâ¥à¨áâ¨ª�; ˆ¬ | ¨¬ï; ‡− | §−�ç¥−¨¥; ‘® | á®áâ®ï−¨¥

�® ¢−ãâà¥−−¥© áâ®à®−¥ ®ªàã¦−®áâ¨ à�á¯®«®¦¥−ë ®¡é¥¯à¨§−�−−ë¥ ¡�§®¢ë¥
ä®à¬ë (¯® ç�á®¢®© áâà¥«ª¥: âà¥ã£®«ì−¨ª, â®çª�, ªã¡, ª¢�¤à�â, ¯àï¬®ã£®«ì−¨ª,
ä¨£ãà� ç¥«®¢¥ª�, æ¨«¨−¤à, «¨−¨ï, áâà¥«ª�, á¯¨à�«ì, ä¨£ãà−�ï áâà¥«ª�), ª®â®-
àëå ¢ á®ç¥â�−¨¨ á ¯«®áª®áâìî, æ¢¥â®¬ ¨ â¥ªáâãà®© “. �®ã¬¥−ã [5] ¤®áâ�â®ç−®
¤«ï ¢¨§ã�«ì−®£® ¢ëáª�§ë¢�−¨ï «î¡®© á«®¦−®áâ¨ ¢ â¥å−¨ª¥ áªà�©¡¨−£�. ��§®¢ë¥
ä®à¬ë úâï£®â¥îâû ª ª�â¥£®à¨ï¬, à�á¯®«®¦¥−−ë¬ ¢ ¢¥àè¨−�å ú¯®à®¦¤�îé¥£®
âà¥ã£®«ì−¨ª�û. �¡é¥¯à¨−ïâ® à�áá¬�âà¨¢�âì ¢¥é¨-à¥áãàáë ª�ª −¥çâ® §¥¬−®¥,
®£à�−¨ç¥−−®¥ ª�ç¥áâ¢¥−−ë¬ ¯®−¨¬�−¨¥¬ ¢ ¯à®áâà�−áâ¢¥, çâ® −� ¬¥−â�«ì−®¬
ãà®¢−¥ á®®â¢¥âáâ¢ã¥â ä¨£ãà¥ úª¢�¤à�âû. ‘ ¢¥àè¨−®© úá¢®©áâ¢®û àï¤®¬ ä®à¬�
úâà¥ã£®«ì−¨ªû. ”ã−¤�¬¥−â�«ì−®áâì ¨ ¯¥à¢®¯à¨ç¨−−®áâì íâ®© ä®à¬ë-®¡à�§�
¯à¥ªà�á−® á®ç¥â�îâáï á ª�ç¥áâ¢¥−−ë¬ ¯®−¨¬�−¨¥¬ ¢¥é¥©-à¥áãàá®¢ ¢ ä¨«®á®-
ä¨¨, «®£¨ª¥ ¨ á¨áâ¥¬−®¬ �−�«¨§¥. Š®¬¯®§¨æ¨¨, ®â−®è¥−¨ï âà¥ã£®«ì−ëå ä®à¬
«¥£ª® ®¡à�§ãîâ ª�ª ¯à®áâë¥ ¡�§®¢ë¥ ä®à¬ë úª¢�¤à�âû, úªàã£û, â�ª ¨ á«®¦−ë¥
£à�ä¨ç¥áª¨¥ ¢ëáª�§ë¢�−¨ï. ÷�á¯®«®¦¥−¨¥ ¡�§®¢ëå ä®à¬ ®ª®«® ¢¥àè¨−ë ú®â−®-
è¥−¨¥û ¤¢®©áâ¢¥−−®. �¡é¥¯à¨−ïâ® (â¥®à¨ï £à�ä®¢, ¬®¤¥«¨à®¢�−¨¥, �«£®à¨â¬ë,
¯à¥§¥−â�æ¨¨, à¨áã−ª¨, ¤¨�£à�¬¬ë, áå¥¬ë ¨ ¤à.) ®â−®è¥−¨î á®¯®áâ�¢«ïâì «¨−¨¨,
®âà¥§ª¨, áâà¥«ª¨, ä®à¬ë-®¡à�§ë á¢ï§¥© ¢¥é¥©-à¥áãàá®¢, ¨å ¢§�¨¬®¤¥©áâ¢¨ï
¢ ¯à®áâà�−áâ¢¥ ¨ ¢à¥¬¥−¨. ˆ¬¯«¨æ¨â−®áâì ¢¨§ã�«¨§�æ¨¨ ®â−®è¥−¨© ¢ £à�ä¨ç¥-
áª¨å ¢ëáª�§ë¢�−¨ïå ¯®ª�§ë¢�¥âáï á¯¥æ¨�«ì−ë¬¨ ¯à¨¥¬�¬¨.

‚¨§ã�«ì−ë© ¡�§¨á (ªàã£) §�ª«îç¥− ¢ ®¡®«®çªã ª®−æ¥¯âã�«ì−®£® ¡�§¨á� (ª¢�¤-
à�â) â¥®à¨¨. �â® ¯®ª�§�−® ¨¬¯«¨æ¨â−ë¬ à®«¥¢ë¬ ®â−®è¥−¨¥¬ | ªàã£ ¢−ãâà¨
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Œ®¤¥«¨à®¢�−¨¥ ¢¨§ã�«ì−ëå à�ááã¦¤¥−¨© ¢ äã−ªæ¨®−�«ì−ëå ƒ¨ˆ‘

ª¢�¤à�â�. ÷�§−¨æ� ä¨£ãà ¯®¤ç¥àª−ãâ� æ¢¥â®¬. �à¨¬¥−¥−¨¥ ®â−®è¥−¨ï á ¨¬¥-
−¥¬ ¢−ãâà¨ á®£«�áã¥âáï á á®®â−®è¥−¨¥¬ ï§ëª� ¨ ¬ëè«¥−¨ï ¢ ª®−æ¥¯â®áä¥à¥
‡. „. �®¯®¢®© ¨ ˆ. �. ‘â¥à−¨−�. Š®−æ¥¯âã�«ì−ë© ¡�§¨á | á«®¢�àì «¥ªá¥¬
§−�ª®¢ëå ¢ëáª�§ë¢�−¨© ¯®«¨ï§ëª� ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨, ¢ ª®â®àë©
¯¥à¥ª®¤¨àãîâáï £à�ä¨ç¥áª¨¥ ¢ëáª�§ë¢�−¨ï ã−¨¢¥àá�«ì−®£® ¯à¥¤¬¥â−®£® ª®¤�
(¢ á¬ëá«¥ ‡. „. �®¯®¢®© ¨ ˆ. �. ‘â¥à−¨−�).

‚ ª¢�¤à�â | ¬¥â�ä®àã «¥ªá¨ç¥áª®£® ¡�§¨á� Ÿ�„ | ¢¯¨á�−� ä¨£ãà� | ª®−-
æ¥¯âã�«ì−ë© £à�ä úŠ®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¢ëà�¦¥−¨© Ÿ�„û [16], | ®á−®¢−�ï
ç�áâì ª®â®à®© | âà¥ã£®«ì−�ï ä®à¬� á ¢¥àè¨−�¬¨, ®¡®§−�ç¥−−ë¬¨ ª�ª úà¥áãàá{
á¢®©áâ¢®{¤¥©áâ¢¨¥û, | ®¯¨á�−� ¢®ªàã£ ®ªàã¦−®áâ¨ | ¬¥â�ä®àë ¢¨§ã�«ì−®£®
¡�§¨á� (¯¥â«¨ ¯à¨ ¢¥àè¨−�å ®¯ãé¥−ë). ’à¥ã£®«ì−¨ª úà¥áãàá{á¢®©áâ¢®{¤¥©áâ-
¢¨¥û −�á«¥¤ã¥â ª�â¥£®à¨�«ì−ë© ¡�§¨á ®â âà¥ã£®«ì−¨ª� �. ˆ. “ñ¬®¢�, ¯®ª�§�−−®£®
¢ æ¥−âà¥ ä¨£ãàë −� à¨á. 1. �¥¯®áà¥¤áâ¢¥−−®¥ ¯à¨¬¥−¥−¨¥ ï¤à� ú¢¥éì{á¢®©áâ-
¢®{®â−®è¥−¨¥û ª �−�«¨§ã Ÿ�„ §�âàã¤−¨â¥«ì−® ¢ á¨«ã −¥áª®«ìª¨å ¯à¨ç¨− [16],
¢ á¢ï§¨ á ç¥¬ ¬−®¦¥áâ¢® ¢¥é¥© ®£à�−¨ç¥−® ¢¥é�¬¨-à¥áãàá�¬¨ (à¥áãàá�¬¨), ¯®-
áª®«ìªã ¯à�£¬�â¨ç−ë ¢¥é¨ ¨§ �àá¥−�«� ‹�÷ ¤«ï à¥è¥−¨ï §�¤�ç, � ¬−®¦¥áâ¢®
®â−®è¥−¨© | ®â−®è¥−¨ï¬¨-¤¥©áâ¢¨ï¬¨ (¤¥©áâ¢¨ï¬¨).

Š®−æ¥¯âã�«ì−ë© £à�ä úŠ®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¢ëà�¦¥−¨© Ÿ�„û | ¢¨§ã-
�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ áå¥¬ à®«¥¢ëå ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© [16] ¤«ï ª®−áâàã-
¨à®¢�−¨ï §−�ª®¢-¢ëáª�§ë¢�−¨© VN ¢ (3). �− ¤�¥â ¯à®áâ®¥ ¨ ¯à®§à�ç−®¥ áâàãª-
âãà¨à®¢�−¨¥ ¢−¥è−¥£® ¬¨à�, ãâ¢¥à¦¤�ï, çâ® íâ® ¥áâì ¬¨à à¥áãàá®¢, ¤¥©áâ¢¨©,
¨å á¢®©áâ¢ ¨ ¤¥¢ïâ¨ ª«�áá®¢ ®â−®è¥−¨© úà¥áãàá{à¥áãàáû, ú¤¥©áâ¢¨¥{¤¥©áâ¢¨¥û,
úá¢®©áâ¢®{á¢®©áâ¢®û, úà¥áãàá{á¢®©áâ¢®û ¨ úá¢®©áâ¢®{à¥áãàáû, úà¥áãàá{¤¥©áâ-
¢¨¥û ¨ ú¤¥©áâ¢¨¥{à¥áãàáû, � â�ª¦¥ ú¤¥©áâ¢¨¥{á¢®©áâ¢®û ¨ úá¢®©áâ¢®{¤¥©áâ¢¨¥û.
�á®¡¥−−®áâ¨ íâ®© ¬®¤¥«¨ | à®«¥¢®© å�à�ªâ¥à ¨ ¨−¢�à¨�−â−®áâì ª á¯¥æ¨ä¨ª¥
¯à¥¤¬¥â−®© ®¡«�áâ¨. �� à¨á. 1 ¯®ª�§�−® ¨ à�áè¨à¥−¨¥ ª�â¥£®à¨�«ì−®£® ï¤à�
ª®−æ¥¯âã�«ì−®£® ¬®¤¥«¨à®¢�−¨ï: ¬¥à�¬¨, §−�ç¥−¨ï¬¨, á®áâ®ï−¨ï¬¨, ®æ¥−ª�¬¨,
¯�à�¬¥âà�¬¨, å�à�ªâ¥à¨áâ¨ª�¬¨, ¨¬¥−�¬¨.

Š®−æ¥¯âã�«ì−®-¢¨§ã�«ì−ë© ¡�§¨á | â®«ìª® ®¤¨− á«®© (ãà®¢¥−ì, �á¯¥ªâ).
‡¤¥áì áãé¥áâ¢ãîâ ¨ ¢−ãâà¨ãà®¢−¥¢ë¥ á¢ï§¨ ¬¥¦¤ã ¡�§¨á−ë¬¨ ä®à¬�¬¨ ¨ «¥ªá¥-
¬�¬¨, ª®â®àë¥ ¯à¥¤áâ®¨â ®¯à¥¤¥«¨âì ¨ ä®à¬�«¨§®¢�âì. ��¤ ¡�§¨á−ë¬ ãà®¢−¥¬
(®¡®§−�ç¥− −� à¨á. 2 −®¬¥à®¬ ®¤¨−) ª®−áâàã¨àãîâáï á¥¬ì ãà®¢−¥© §−�ª®¢ëå ¨ £à�-
ä¨ç¥áª¨å ¢ëáª�§ë¢�−¨©, ä®à¬¨àãîé¨å £¥â¥à®£¥−−®¥ ¢¨§ã�«ì−®¥ ï¤à® ¨ ï§ë-
ª®¢ãî ®¡®«®çªã. Œ¥¦ãà®¢−¥¢ë¥ á¢ï§¨ −¥ ¯®ª�§�−ë, çâ®¡ë −¥ §�£à®¬®¦¤�âì
à¨áã−®ª. �â−®è¥−¨ï ¤«ï §−�ª®¢®-ï§ëª®¢®© ®¡®«®çª¨ Ÿ�„ ¨áá«¥¤®¢�−ë −� ¯à¨-
¬¥à¥ −¥áª®«ìª¨å ¯à¥¤¬¥â−ëå ®¡«�áâ¥©, � ®â−®è¥−¨ï ¢ ®¡à�§−®-¢¨§ã�«ì−®¬ ï¤à¥
¥é¥ ¯à¥¤áâ®¨â ¨§ãç¨âì ¨ ä®à¬�«¨§®¢�âì.

“−¨¢¥àá�«ì−®£® ¢¨§ã�«ì−®£® ï§ëª� ¤«ï ®¯¨á�−¨ï «î¡®© ¯à¥¤¬¥â−®© ®¡«�áâ¨
−¥ áãé¥áâ¢ã¥â, ¯à¨ à¥è¥−¨¨ ¯à�ªâ¨ç¥áª¨å §�¤�ç −¥®¡å®¤¨¬® ¨å ª®¬¡¨−¨à®¢�âì
¨ ®¯à¥¤¥«ïâì á®®â¢¥âáâ¢¨ï ¬¥¦¤ã í«¥¬¥−â�¬¨ à�§«¨ç−ëå ï§ëª®¢, −�áª®«ìª® íâ®
¢®§¬®¦−®. ‚ íâ®© á¢ï§¨ ¤«ï ¬®¤¥«¨à®¢�−¨ï ¢¨§ã�«ì−®-®¡à�§−ëå à�ááã¦¤¥−¨©
¢ ƒ¨ˆ‘ �ªâã�«ì−� à�§à�¡®âª� £¥â¥à®£¥−−®£® ¢¨§ã�«ì−®£® ¯®«ï, ®¡¥á¯¥ç¨¢�îé¥£®
¢§�¨¬®¤¥©áâ¢¨¥ í«¥¬¥−â®¢ ƒ¨ˆ‘, à�ááã¦¤�îé¨å −� à�§−ëå ¢¨§ã�«ì−ëå ï§ëª�å.
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÷¨á. 2 ƒ¥â¥à®£¥−−®¥ ¢¨§ã�«ì−®-®¡à�§−®¥ ï¤à® ¢ £¥â¥à®£¥−−®© §−�ª®¢®-ï§ëª®¢®© ®¡®«®ç-
ª¥. “à®¢−¨ §−�ª®¢ëå ¨ £à�ä¨ç¥áª¨å ¢ëáª�§ë¢�−¨©: 1 | ª®−æ¥¯âã�«ì−®£® ¨ ¢¨§ã�«ì−®£®
¡�§¨á�; 2 | ® à¥áãàá�å, ¤¥©áâ¢¨ïå ¨ á¢®©áâ¢�å; 3 | ®¡ ¨¥à�àå¨ïå à¥áãàá®¢, ¤¥©áâ¢¨©,
á¢®©áâ¢; 4 | ® ¯à®áâà�−áâ¢¥−−ëå ¨ ¯à®¨§¢®¤áâ¢¥−−ëå áâàãªâãà�å; 5 | ® á®áâ®ï−¨¨, á¨-
âã�æ¨ïå ¨ á®¡ëâ¨ïå; 6 | ® §�¤�ç�å ¨ ¯à®¡«¥¬�å; 7 | ® ¬®¤¥«ïå à�ááã¦¤¥−¨© íªá¯¥àâ®¢;
8 | ®¡ ¨−â¥£à¨à®¢�−−®© ¬®¤¥«¨ à�ááã¦¤¥−¨© ª®««ªâ¨¢−®£® ¨−â¥««¥ªâ�

”®à¬�«ì−® £¥â¥à®£¥−−®¥ ¢¨§ã�«ì−®¥ ¯®«¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−® ¢ ¢¨¤¥:

GVF = 〈VL,CORVL〉 ;
VL = {vl1, . . . , vlNvl} ;

CORVL = 〈GVT, GVS, GVA, GVP, Gυτ , Gυσ , Gυα, Gυπ〉 ;
GVTij : VTi → VTj , GVTij ⊆ GVT ;

GVSij : VSi → VSj , GVSij ⊆ GVS ;

GVAij : VAi → VAj , GVAij ⊆ GVA ;

GVPij : VPi → VPj , GVPij ⊆ GVP ;

Gυτ
ij : υτi → υτj , Gυτ

ij ⊆ Gυτ ;

Gυσ
ij : υσi → υσj , Gυσ

ij ⊆ Gυσ ;

Gυα
ij : υαi → υαj , Gυα

ij ⊆ Gυα ;

Gυπ
ij : υπi → υπj , Gυπ

ij ⊆ Gυπ , i, j ∈ [1, NVL] , i 6= j ,
£¤¥ VL | ¬−®¦¥áâ¢® ¢¨§ã�«ì−ëå ï§ëª®¢ £¥â¥à®£¥−−®£® ¢¨§ã�«ì−®£® ¯®«ï;
CORVL | ¬−®¦¥áâ¢® á®®â¢¥âáâ¢¨© í«¥¬¥−â®¢ à�§−ëå ¢¨§ã�«ì−ëå ï§ëª®¢. ÷�á-
á¬®âà¨¬ áâàãªâãàã ƒ¨ˆ‘, à�ááã¦¤�îé¥© −�¤ £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬.

5 Модель визуальных рассуждений в гибридных интеллектуальных
системах

‘å¥¬� à�ááã¦¤¥−¨© −�¤ £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬ ¢ ƒ¨ˆ‘ ¯®ª�§�−�
−� à¨á. 3. ƒ¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï á¨áâ¥¬� á®áâ®¨â ¨§ í«¥¬¥−â�-‹�÷, í«¥-
¬¥−â®¢-íªá¯¥àâ®¢, åà�−¨«¨é� ¢¨§ã�«ì−ëå è�¡«®−®¢ ¨ à�¡®ç¥£® ¯®«ï, ª®â®àë¥
¢§�¨¬®¤¥©áâ¢ãîâ, ®¡¬¥−¨¢�ïáì, ¯®¬¨¬® ¯à®ç¥£®, ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¥©. �«¥-
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Œ®¤¥«¨à®¢�−¨¥ ¢¨§ã�«ì−ëå à�ááã¦¤¥−¨© ¢ äã−ªæ¨®−�«ì−ëå ƒ¨ˆ‘

÷¨á. 3 ÷�ááã¦¤¥−¨ï −�¤ £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬: 1 | ®â−®è¥−¨¥ ¢§�¨¬®-
¤¥©áâ¢¨ï í«¥¬¥−â®¢; 2 | ®â−®è¥−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï í«¥¬¥−â®¢ ¨ à�¡®ç¥£® ¯®«ï; 3 |
®â−®è¥−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï í«¥¬¥−â®¢ ¨ åà�−¨«¨é� ¢¨§ã�«ì−ëå è�¡«®−®¢ ¨ ®¡à�§®¢;
4 | ¯®¤á¨áâ¥¬� ¢®á¯à¨ïâ¨ï ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¨; 5 | ¯®¤á¨áâ¥¬� à�ááã¦¤¥−¨©;
6 | ¯®¤á¨áâ¥¬� £¥−¥à�æ¨¨ ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¨

¬¥−â-‹�÷ ¬®¤¥«¨àã¥â à�¡®âã à¥�«ì−®£® ‹�÷ ¯® ¤¥ª®¬¯®§¨æ¨¨ §�¤�ç¨, à�á¯à¥-
¤¥«¥−¨î ¯®¤§�¤�ç ¯® í«¥¬¥−â�¬-íªá¯¥àâ�¬ ¢ á®®â¢¥âáâ¢¨¨ á ¨å ¢®§¬®¦−®áâï¬¨,
¨−â¥£à�æ¨¨ ç�áâ−ëå à¥è¥−¨© í«¥¬¥−â®¢-íªá¯¥àâ®¢. �®á«¥¤−¨¥ ¯à¥¤áâ�¢«ïîâ
á®¡®© ª®¬¯ìîâ¥à−ë¥ ¬®¤¥«¨ §−�−¨© à¥�«ì−ëå íªá¯¥àâ®¢, ¯à¨ íâ®¬, ¢ ®â«¨ç¨¥ ®â
í«¥¬¥−â®¢-íªá¯¥àâ®¢ ª«�áá¨ç¥áª¨å ƒ¨ˆ‘, ®−¨ ¬®£ãâ ®¡¬¥−¨¢�âìáï ¢¨§ã�«ì−®©
¨−ä®à¬�æ¨¥©. „«ï íâ¨å æ¥«¥© ¢ á®áâ�¢ ª�¦¤®£® í«¥¬¥−â� ƒ¨ˆ‘ ¯®¬¨¬® ¯®¤á¨-
áâ¥¬ë à�ááã¦¤¥−¨© ¢ª«îç¥−ë ¯®¤á¨áâ¥¬ë ¢®á¯à¨ïâ¨ï ¨ £¥−¥à�æ¨¨ ¢¨§ã�«ì−®©
¨−ä®à¬�æ¨¨.

�®¤á¨áâ¥¬� ¢®á¯à¨ïâ¨ï ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¨, ú¢¨àâã�«ì−®¥ §à¥−¨¥û,
à�á¯®§−�¥â ¢å®¤ïé¨© ¢¨§ã�«ì−ë© ®¡à�§. „�«¥¥ ¤�−−ë¥ ¯®áâã¯�îâ ¢ ¯®¤á¨áâ¥¬ã
à�ááã¦¤¥−¨©, ®¡à�¡�âë¢�îâáï ¬¥â®¤�¬¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ¬®¤¥«¨àã-
îé¨¬¨ ¯®¢¥¤¥−¨¥ ¨ à¥§ã«ìâ�â | ¬−¥−¨¥ íªá¯¥àâ�. „�«¥¥ ¥£® à¥è¥−¨¥ ¯®áâã¯�¥â
¢ ¯®¤á¨áâ¥¬ã £¥−¥à�æ¨¨ ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¨. „�−−�ï ¯®¤á¨áâ¥¬� ®¡à�é�-
¥âáï ª åà�−¨«¨éã ¢¨§ã�«ì−ëå è�¡«®−®¢, á®¤¥à¦�é¥¬ã ¢á¥ ¤®áâã¯−ë¥ ¢ íâ®©
á¨áâ¥¬¥ ¬¥â®¤ë ¢¨§ã�«¨§�æ¨¨ ¨−ä®à¬�æ¨¨, ¨å å�à�ªâ¥à¨áâ¨ª¨ ¨ ª«�áá¨ä¨ª�æ¨¨
¢ á®®â¢¥âáâ¢¨¨ á ªà¨â¥à¨ï¬¨ [17], á æ¥«ìî ¢ë¡à�âì à¥«¥¢�−â−ë© è�¡«®− ¢¨§ã�«¨-
§�æ¨¨ à¥è¥−¨ï. �� ®á−®¢¥ è�¡«®−� £¥−¥à¨àã¥âáï ¢¨§ã�«ì−ë© ®¡à�§ ¨ ¯¥à¥¤�¥âáï
¤àã£¨¬ í«¥¬¥−â�¬ ƒ¨ˆ‘.
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�. ‚. Š®«¥á−¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ‘. �. ÷ã¬®¢áª�ï, ‚. ˆ. „�−¨è¥¢áª¨©

�«¥¬¥−âë ƒ¨ˆ‘ á £¥â¥à®£¥−−ë¬ ¢¨§ã�«ì−ë¬ ¯®«¥¬ ¬®£ãâ ¢§�¨¬®¤¥©áâ¢®¢�âì
¨ ®¡¬¥−¨¢�âìáï ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¥© ª�ª −�¯àï¬ãî ¤àã£ á ¤àã£®¬, â�ª ¨ ç¥-
à¥§ ®¡é¥¥ à�¡®ç¥¥ ¯®«¥, ¯à¥¤áâ�¢«ïîé¥¥ á®¡®© ú¤®áªã ®¡êï¢«¥−¨©û, ¤®áâã¯−ãî
¢á¥¬ í«¥¬¥−â�¬. ‚ë¢¥è¨¢�ï −� −¥¥ á¢®¨ ç�áâ−ë¥ à¥è¥−¨ï, í«¥¬¥−âë ƒ¨ˆ‘ ¬®-
¤¨ä¨æ¨àãîâ ¯¥à¢®−�ç�«ì−ãî ¯®áâ�−®¢ªã §�¤�ç¨, ¬¥−ïîâ ¥¥ ¢®á¯à¨ïâ¨¥ ¤àã£¨¬¨
í«¥¬¥−â�¬¨, ª®−áâàã¨àãîâ ®¡é¥¥, ¨−â¥£à¨à®¢�−−®¥ à¥è¥−¨¥.

6 Заключение

‚ à�¡®â¥ à�áá¬®âà¥−® ¯®−ïâ¨¥ ¢¨§ã�«ì−®£® ï§ëª�, ¯®áâà®¥−� ¥£® ä®à¬�«¨§®-
¢�−−�ï ¬®¤¥«ì, ¯à¥¤áâ�¢«¥−® ®¯¨á�−¨¥ ª®−æ¥¯âã�«ì−®-¢¨§ã�«ì−®£® ¡�§¨á� â¥®à¨¨
à®«¥¢ëå ¢¨§ã�«ì−ëå ¬®¤¥«¥©. �à¥¤«®¦¥−� ä®à¬�«ì−�ï ¬®¤¥«ì £¥â¥à®£¥−−®£®
¢¨§ã�«ì−®£® ¯®«ï ª�ª ®á−®¢� ¤«ï �¢â®¬�â¨§¨à®¢�−−®£® à¥è¥−¨ï á«®¦−ëå §�¤�ç
á ¨á¯®«ì§®¢�−¨¥¬ ¢¨§ã�«ì−ëå ®¡à�§®¢ ¨ ¬®¤¥«ì ¢¨§ã�«ì−ëå à�ááã¦¤¥−¨© ¢ ƒ¨ˆ‘
−�¤ −¨¬.

ˆá¯®«ì§®¢�−¨¥ ¯à¥¤«®¦¥−−ëå ¬®¤¥«¥© ¤�¥â ¢®§¬®¦−®áâì à¥�«¨§®¢�âì ƒ¨ˆ‘,
á¯®á®¡−ë¥ ¤¨−�¬¨ç¥áª¨ á¨−â¥§¨à®¢�âì ¨−â¥£à¨à®¢�−−ãî ¬®¤¥«ì ¨ ¬¥â®¤ −�¤ £¥-
â¥à®£¥−−ë¬¨ ¬®¤¥«ì−ë¬ ¨ ¢¨§ã�«ì−ë¬ ¯®«ï¬¨ ¨ ¨¬¨â¨à®¢�âì á®âàã¤−¨ç¥áâ¢®,
®â−®á¨â¥«ì−®áâì ¨ ¤®¯®«−¨â¥«ì−®áâì ª®««¥ªâ¨¢−®£® ¨−â¥««¥ªâ� ¤«ï ¯®¨áª� à¥-
è¥−¨© −� á¨¬¢®«ì−ëå ¨ ¢¨§ã�«ì−ëå ï§ëª�å. ÷�§à�¡®âª� â�ª¨å ƒ¨ˆ‘ ¯®§¢®-
«¨â ¯®«ãç¨âì −®¢ë¥ â¥®à¥â¨ç¥áª¨¥, ¬¥â®¤®«®£¨ç¥áª¨¥ ¨ â¥å−®«®£¨ç¥áª¨¥ §−�−¨ï
® ª®««¥ªâ¨¢−®¬ ¨−â¥««¥ªâ¥ ¯® ¨−ä®ª®¬¬ã−¨ª�æ¨®−−ë¬ â¥å−®«®£¨ï¬ ¢¨§ã�«ì−®£®
ã¯à�¢«¥−¨ï.
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VISUAL REASONING MODELING
IN A FUNCTIONAL HYBRID INTELLIGENT SYSTEM

A. V. Kolesnikov1,2, S. V. Listopad2, S. B. Rumovskaya2, and V. I. Danishevsky1

1Immanuel Kant Baltic Federal University, 14 A. Nevskogo Str., Kaliningrad
236041, Russian Federation
2Kaliningrad Branch of the Federal Research Center\Computer Science and Con-
trol" of the Russian Academy of Sciences, 5 Gostinaya Str., Kaliningrad
236000, Russian Federation

Abstract: Hybrid intelligent systems have been successfully used to solve the
problems with high modeling complexity due to combination of multiple methods
of simulation of human intellectual activity and compensation of some methods'
shortcomings by advantages of the other. Most hybrid intelligent systems are
based on the interaction of elements of the symbolic-logical model of knowledge,
which limits their opportunities in comparison with the groups of experts,
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operating character-logical and visual-imaginative knowledge. Modeling of the
collective visual-imaginative reasoning is proposed for implementation in a new
class of intelligent systems | hybrid intelligent systems with heterogeneous
visual field. To implement such reasoning, the formalized model of visual
languages, based on the concept of the semiotic system by D. A. Pospelov, and
the principles of their combination in the heterogeneous visual field are proposed.

Keywords: hybrid intelligent system; heterogeneous visual field; visual lan-
guage; semiotic system

DOI: 10.14357/08696527160409

Acknowledgments

The research was supported by the Russian Foundation for Basic Research (project
No. 16-07-00271a).

References

1. Kolesnikov, A. V., and S. V. Listopad. 2016. Kontseptual'no-vizual'nye osnovy virtu-
al'nykh geterogennykh kollektivov, podderzhivayushchikh prinyatie resheniy [Concep-
tual and visual basics of virtual heterogeneous teams supporting decision-making]. Gib-
ridnye i sinergeticheskie intellektual'nye sistemy: Mat-ly III Vseross. Pospelovskoy
konf. s mezhdunarodnym uchastiem [3rd All-Russia Pospelov Conference with In-
ternational Participation \Hybrid and Synergistic Intelligent Systems" Proceedings].
Kaliningrad: IKBFU Publ. 8{56.

2. Susov, I. P. 2006. Lingvisticheskaya pragmatika [Linguistic pragmatics]. Moscow:
Vostok{Zapad. 200 p.

3. Mazza, R. 2009. Introduction to information visualization. London: Springer-Verlag
London Limited. 139 p.

4. Sibbet, D. 2013. Visual leaders: New tools for visioning, management, and organiza-
tion change. Hoboken, NJ: Wiley. 229 p.

5. Bowman, W. J. 1968. Graphic communication. New York, NY: John Wiley. 210 p.
6. Narayanan, N. H., and R. Hubscher. 1998. Visual language theory: Towards a human{

computer interaction perspective. Visual language theory. New York, NY: Springer-
Verlag. 81{128.

7. Fitrianie, S., and L. J. M. Rothkrantz. Two-dimensional visual language grammar.
Available at: http://mmi.tudelft.nl/pub/siska/TSD2DVisLangGrammar.pdf (accessed
September 5, 2016).

8. Lakin, F. 1987. Visual grammars for visual languages. 6th National Conference on
Artificial Intelligence Proceedings. Menlo Park, CA: AAAI Press. 683{688.

9. Kremer, R. Visual languages for knowledge representation. Available at: http://
ksi.cpsc.ucalgary.ca/KAW/KAW98/kremer/ (accessed September 5, 2016).

10. Mishin, A. V., and S. A. Mishin. 2014. Sostav logicheskikh komponent pragmatiki
intellektual'noy sistemy [The composition of the logical components of pragmatics of the
intelligent system]. Vestnik Voronezhskogo instituta MVD Rossii [Vestnik of Voronezh
Institute of the Ministry of Internal Affairs of Russia] 3:73{80.

11. Tarasov, V. B. 2015. Problema ponimaniya: nastoyashchee i budushchee iskusstvennogo
intellekta [The problem of understanding: The present and the future of artificial

112 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2016 vol 26 no 4



Visual reasoning modeling in a functional hybrid intelligent system

intelligence]. 5th Scientific and Technical Conference (International) \Open Semantic
Technologies for Intelligent Systems" Proceedings. Minsk: BSUIR. 25{42.

12. Goddard, L., and R. Routley. 1973. The logic of significance and context. Edinburgh:
Scottish Academic Press. 641 p.

13. Budbaeva, S. P., and B. N. Pyatnitsyn. 1974. K issledovaniyu i postroeniyu prag-
maticheskikh logik [On the study and construction of pragmatic logic]. Filosofiya
v sovremennom mire. Filosofiya i logika [The philosophy of the modern world. Philos-
ophy and logic]. Moscow: Nauka. 220{278.

14. Ivin, A. A. 1997. Osnovy teorii argumentatsii [Fundamentals of the theory of argumen-
tation]. Moscow: VLADOS. 352 p.

15. Osipov, G. S. 2002. Ot situatsionnogo upravleniya k prikladnoy semiotike [From situ-
ational management to applied semiotics]. Novosti iskusstvennogo intellekta [Artificial
Intelligence News] 6(54):3{7.

16. Kolesnikov, A. V. 2001. Gibridnye intellektual'nye sistemy. Teoriya i tekhnologiya
razrabotki [Hybrid intelligent systems: Theory and technology of development]. St.
Petersburg: SPbGTU Publ. 711 p.

17. Kolesnikov, A. V., S. V. Listopad, V. I. Danishevskiy, and K. V. Suvorov. 2016.
Tekhnologii vizual'nogo upravleniya i kognitivnoy grafiki v funktsional'nykh gibrid-
nykh intellektual'nykh sistemakh podderzhki prinyatiya resheniy [Visual management
and cognitive graphics technologies in the functional hybrid intelligent decision support
systems]. Gibridnye i sinergeticheskie intellektual'nye sistemy: Mat-ly III Vseross.
Pospelovskoy konf. s mezhdunarodnym uchastiem [3rd All-Russia Pospelov Confer-
ence with International Participation \Hybrid and Synergistic Intelligent Systems"
Proceedings]. Kaliningrad: IKBFU Publ. 166{173.

Received September 15, 2016

Contributors

Kolesnikov Alexander V. (b. 1948) | Doctor of Sciences in technology; professor,
Department of Telecommunications, Immanuel Kant Baltic Federal University,
14 A. Nevskogo Str., Kaliningrad 236041, Russian Federation; senior scientist,
Kaliningrad Branch of the Federal Research Center \Computer Science and Control"
of the Russian Academy of Sciences, 5 Gostinaya Str., Kaliningrad 236000, Russian
Federation; avkolesnikov@yandex.ru
Listopad Sergey V. (b. 1984) | Candidate of Sciences (PhD) in technology; senior
scientist, Kaliningrad Branch of the Federal Research Center \Computer Science
and Control" of the Russian Academy of Sciences, 5 Gostinaya Str., Kaliningrad
236000, Russian Federation; ser-list-post@yandex.ru
Rumovskaya Sophiya B. (b. 1985) | programmer I, Kaliningrad Branch of
the Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 5 Gostinaya Str., Kaliningrad 236000, Russian Federation,
sophiyabr@gmail.com
Danishevsky Vladislav I. (b. 1992) | PhD student, Immanuel Kant Baltic
Federal University, 14 A. Nevskogo Str., Kaliningrad 236041, Russian Federation,
danishevskii.v.i@mail.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2016 vol 26 no 4 113



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2016. ’. 26. ü 4. ‘. 114{123

АЛГОРИТМИЧЕСКОЕ ОБЕСПЕЧЕНИЕ
ОПТИМИЗАЦИОННОЙ ЗАДАЧИ ДОСТАВКИ ГРУЗА

ВОДНЫМ ТРАНСПОРТОМ

Е. М. Бронштейн1, И. Е. Копылов2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� ¯®áâà®¥−¨ï ®¯â¨¬�«ì−®£® ¬�àèàãâ�
¤®áâ�¢ª¨ ®¤−®à®¤−®£® £àã§� ®â á¥¬¥©áâ¢� ¯à®¨§¢®¤¨â¥«¥© á¥¬¥©áâ¢ã ¯®âà¥¡¨-
â¥«¥© áã¤−®¬ ®£à�−¨ç¥−−®© ¢¬¥áâ¨¬®áâ¨ ¯à¨ à�á¯®«®¦¥−¨¨ ¯ã−ªâ®¢ ¯à®¨§-
¢®¤áâ¢� ¨ ¯®âà¥¡«¥−¨ï −� à�§−ëå ¡¥à¥£�å à¥ª¨. ‡�¤�ç¨ â�ª®£® â¨¯� ¢®§−¨-
ª�îâ, ¢ ç�áâ−®áâ¨, ¯à¨ ¤®áâ�¢ª¥ ¯¨â�−¨ï ¨ ¯à¥¤¬¥â®¢ ¯¥à¢®© −¥®¡å®¤¨¬®áâ¨
¦¥àâ¢�¬ −�¢®¤−¥−¨ï. �®áâà®¥−� á®®â¢¥âáâ¢ãîé�ï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì.
„«ï à¥è¥−¨ï ¯à¥¤«®¦¥−® −¥áª®«ìª® �«£®à¨â¬®¢ (â®ç−ë© �«£®à¨â¬ ¢¥â¢¥©
¨ £à�−¨æ, ¦�¤−ë© �«£®à¨â¬ ¨ ¤¢� ®à¨£¨−�«ì−ëå í¢à¨áâ¨ç¥áª¨å �«£®à¨â¬�,
ãç¨âë¢�îé¨å á¯¥æ¨ä¨ªã §�¤�ç¨). ‘ ¯®¬®éìî à�§à�¡®â�−−®£® ¯à®£à�¬¬−®£®
¯à®¤ãªâ� ¯à®¢¥¤¥− ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â −� ¬®¤¥«ì−ëå ¤�−−ëå, ª®-
â®àë© ¯®§¢®«¨« ¯à®¢¥áâ¨ áà�¢−¨â¥«ì−ë© �−�«¨§ íää¥ªâ¨¢−®áâ¨ �«£®à¨â¬®¢.
�¢à¨áâ¨ç¥áª¨¥ �«£®à¨â¬ë ¯®§¢®«¨«¨ −�å®¤¨âì à¥è¥−¨¥ ¯à¨ ç¨á«¥ ¯ã−ªâ®¢,
à�¢−®¬ 50.

Š«îç¥¢ë¥ á«®¢�: âà�−á¯®àâ−�ï «®£¨áâ¨ª�; ®¯â¨¬¨§�æ¨ï; í¢à¨áâ¨ª¨; �«£®-
à¨â¬ ¢¥â¢¥© ¨ £à�−¨æ

DOI: 10.14357/08696527160410

1 Введение

‚ áâ�âì¥ à�áá¬�âà¨¢�¥âáï §�¤�ç� ¤®áâ�¢ª¨ ®¤−®à®¤−®£® £àã§� ¢ á¨âã�æ¨¨,
ª®£¤� ¯ã−ªâë ¯à®¨§¢®¤áâ¢� −�å®¤ïâáï −� ®¤−®¬ ¡¥à¥£ã à¥ª¨, � ¯ã−ªâë ¯®âà¥¡«¥-
−¨ï | −� ¤àã£®¬. ‚ ç�áâ−®áâ¨, â�ª�ï á¨âã�æ¨ï ¢®§−¨ª�¥â ¯à¨ −¥®¡å®¤¨¬®áâ¨
¤®áâ�¢ª¨ £àã§®¢ ¯®áâà�¤�¢è¨¬ ®â −�¢®¤−¥−¨ï, ª®£¤� ¯ã−ªâë á £àã§®¬ −�å®¤ïâáï
−� ¢ëá®ª®¬ −¥§�â®¯«¥−−®¬ ¡¥à¥£ã à¥ª¨, � ¯ã−ªâë ¯®âà¥¡«¥−¨ï | −�á¥«¥−−ë¥
¯ã−ªâë, ¯®áâà�¤�¢è¨¥ ®â −�¢®¤−¥−¨ï, | −�å®¤ïâáï −� ¤àã£®¬ ¡¥à¥£ã.

‚ à�áá¬�âà¨¢�¥¬®© á¨âã�æ¨¨ ¥áâì ¯®âà¥¡−®áâì ¢ �«£®à¨â¬¨ç¥áª®¬ ¨ ¯à®£à�¬-
¬−®¬ ®¡¥á¯¥ç¥−¨¨, ª®â®à®¥ ¯®§¢®«¨â à�ááç¨â�âì ¬¨−¨¬�«ì−ãî ¤«¨−ã ¬�àèàãâ�
¤«ï áª®à¥©è¥© ¤®áâ�¢ª¨ £àã§®¢ ¯®áâà�¤�¢è¨¬. Š®−¥ç−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨
¬®£ãâ ¢ëáâã¯�âì á«ã¦¡ë, ®â¢¥ç�îé¨¥ §� ãáâà�−¥−¨¥ ¯®á«¥¤áâ¢¨© çà¥§¢ëç�©−ëå
á¨âã�æ¨©. �®¤®¡−�ï §�¤�ç� ¢ ¤®áâã¯−®© �¢â®à�¬ «¨â¥à�âãà¥ −¥ à�áá¬�âà¨¢�«�áì.

‘ä®à¬ã«¨à®¢�−−�ï §�¤�ç� ï¢«ï¥âáï ª®¬¡¨−�æ¨¥© ¤¢ãå ¨§¢¥áâ−ëå.
�¥à¢�ï | §�¤�ç� ª®¬¬¨¢®ï¦¥à� á® á¯¥æ¨�«ì−ë¬ à�á¯®«®¦¥−¨¥¬ ¯ã−ªâ®¢.

‚ [1] ¨áá«¥¤®¢�−� §�¤�ç� á à�á¯®«®¦¥−¨¥¬ ¯ã−ªâ®¢ −� −¥áª®«ìª¨å £«�¤ª¨å ªà¨-
¢ëå. ‚ [2] ¯à¥¤¯®«�£�«®áì à�á¯®«®¦¥−¨¥ ¯ã−ªâ®¢ −� ®áïå x ¨ y ¥¢ª«¨¤®¢®©

1“ä¨¬áª¨© £®áã¤�àáâ¢¥−−ë© �¢¨�æ¨®−−ë© â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â, bro-efim@yandex.ru
2“ä¨¬áª¨© £®áã¤�àáâ¢¥−−ë© �¢¨�æ¨®−−ë© â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â, kopilya@gmail.com
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�«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ ¤®áâ�¢ª¨ £àã§� âà�−á¯®àâ®¬

¯«®áª®áâ¨. ‚ [3{6] à�áá¬®âà¥−� §�¤�ç� ª®¬¬¨¢®ï¦¥à�, ¢ ª®â®à®© ¯ã−ªâë à�á¯®-
«�£�îâáï −� −¥áª®«ìª¨å ¯�à�««¥«ì−ëå «¨−¨ïå.

‚â®à�ï ¨áå®¤−�ï §�¤�ç� | ¢�à¨�−â §�¤�ç¨ VRP (vehicle routing problem),
¢ ª®â®à®¬ ®¯â¨¬¨§¨àã¥âáï ¬�àèàãâ ¤®áâ�¢ª¨ ®¤−®à®¤−®£® £àã§� ®â ¬−®¦¥áâ¢�
¯à®¨§¢®¤¨â¥«¥© ª ¬−®¦¥áâ¢ã ¯®âà¥¡¨â¥«¥© ¯à¨ ®£à�−¨ç¥−¨¨ −� ¢¬¥áâ¨¬®áâì
âà�−á¯®àâ−®£® áà¥¤áâ¢� (á¬., −�¯à¨¬¥à, [7]). ‘ 1959 £., ª®£¤� ¢¯¥à¢ë¥ ¡ë«� ¯®-
áâ�¢«¥−� §�¤�ç� VRP [8], áä®à¬ã«¨à®¢�−® ¬−®¦¥áâ¢® ¯®¤®¡−ëå §�¤�ç, ¢ ª®â®àëå
ãç¨âë¢�«¨áì à�§«¨ç−ë¥ ®£à�−¨ç¥−¨ï, ¢ â®¬ ç¨á«¥ −� ¢¬¥áâ¨¬®áâì âà�−á¯®àâ−®£®
áà¥¤áâ¢�, −� ç¨á«® âà�−á¯®àâ−ëå áà¥¤áâ¢, −� ¢à¥¬ï ¤®áâ�¢ª¨ £àã§®¢, −� à�á¯®«®-
¦¥−¨¥ ¯ã−ªâ®¢ ¨ â. ¤. ‚ [9] à�áá¬®âà¥−� §�¤�ç� ¬�àèàãâ¨§�æ¨¨ á à�á¯®«®¦¥−¨¥¬
¯ã−ªâ®¢ −� ®ªàã¦−®áâ¨ ¡¥§ ®£à�−¨ç¥−¨ï −� ¢¬¥áâ¨¬®áâì âà�−á¯®àâ−®£® áà¥¤áâ¢�.
‚ [10] à�áá¬®âà¥−� §�¤�ç�, ¢ ª®â®à®© ¯ã−ªâë −�å®¤¨«¨áì −� ®¤−®© ¤®à®£¥ (¢ â®¬
ç¨á«¥ −� ª®«ìæ¥¢®©). Š«�áá¨ä¨ª�æ¨ï ®¯â¨¬¨§�æ¨®−−ëå §�¤�ç âà�−á¯®àâ−®©
«®£¨áâ¨ª¨ ¯à¨¢¥¤¥−� ¢ [11].

–¥«ìî à�¡®âë ï¢«ï¥âáï ä®à¬�«¨§�æ¨ï §�¤�ç¨, à�§à�¡®âª� �«£®à¨â¬¨ç¥áª®£®
®¡¥á¯¥ç¥−¨ï ¨ áà�¢−¨â¥«ì−ë© �−�«¨§ íää¥ªâ¨¢−®áâ¨ ®¤−®£® â®ç−®£® ¨ −¥áª®«ì-
ª¨å í¢à¨áâ¨ç¥áª¨å �«£®à¨â¬®¢.

2 Математическая модель

�à¥¤¯®«�£�¥âáï, çâ® áã¤−® −�ç¨−�¥â ¤¢¨¦¥−¨¥ á ¡�§ë (®¤¨− ¨§ ¯ã−ªâ®¢ ¯à®-
¨§¢®¤áâ¢�). �®á«¥ ¤®áâ�¢ª¨ £àã§®¢ áã¤−® ¤®«¦−® ¢¥à−ãâìáï −� ¡�§ã. ‚¬¥áâ¨¬®áâì
áã¤−� ®£à�−¨ç¥−�. �¯¥à�æ¨¨ §�£àã§ª¨ ¨ ¢ë£àã§ª¨ ï¢«ïîâáï ¢¥áì¬� âàã¤®¥¬ª¨-
¬¨, ¯®íâ®¬ã ®¡á«ã¦¨¢�−¨¥ ª�¦¤®£® ¯ã−ªâ� (â. ¥. §�£àã§ª� ¢ ¯ã−ªâ¥ ¯à®¨§¢®¤áâ¢�
¨ à�§£àã§ª� ¢ ¯ã−ªâ¥ ¯®âà¥¡«¥−¨ï) ¯à®¨§¢®¤¨âáï ®¤¨− à�§.

‘ã¤−® ¬®¦¥â §�¡¨à�âì £àã§ ¨§ ¯ã−ªâ� ¯à®¨§¢®¤áâ¢�, ¥á«¨ ®−® −¥ ¤®£àã¦¥−®
−� á®®â¢¥âáâ¢ãîé¨© ®¡ê¥¬ £àã§�. …áâ¥áâ¢¥−−®, ¢ë£àã§ªã ¢ ¯ã−ªâ¥ ¯®âà¥¡«¥−¨ï
¬®¦−® ¯à®¨§¢®¤¨âì, ¥á«¨ £àã§� −� áã¤−¥ ¤®áâ�â®ç−®. �à¥¤¯®«�£�¥âáï, çâ®
áã¤−® ¬®¦¥â ¯à®å®¤¨âì ¢¤®«ì «î¡®£® ¨§ ¡¥à¥£®¢ ¨ ¯¥à¥á¥ª�âì à¥ªã ¯® «î¡®¬ã
¯àï¬®«¨−¥©−®¬ã ®âà¥§ªã. �®á«¥¤−¥¥ ãá«®¢¨¥ ¬®¦−® ®á«�¡¨âì. …á«¨ ¯® â¥¬ ¨«¨
¨−ë¬ ¯à¨ç¨−�¬ ¯àï¬®«¨−¥©−®¥ ¯¥à¥á¥ç¥−¨¥ −¥¢®§¬®¦−®, â® ¬®¦−® ¨á¯®«ì§®¢�âì
¤®¯ãáâ¨¬ë¥ à�ááâ®ï−¨ï ¬¥¦¤ã ¯ã−ªâ�¬¨, ¯à¨ íâ®¬ ¬¥â®¤ë à¥è¥−¨ï −¥ âà¥¡ãîâ
¨§¬¥−¥−¨©.

�ãáâì ®¡é¥¥ ç¨á«® ¯ã−ªâ®¢ à�¢−® n (áç¨â�¥¬ ¡�§ã −ã«¥¢ë¬ ¯ã−ªâ®¬), ¢ â®¬
ç¨á«¥ p ¯ã−ªâ®¢ ¯à®¨§¢®¤áâ¢� ¨ (n− p) ¯ã−ªâ®¢ ¯®âà¥¡«¥−¨ï; t(i)| ª®®à¤¨−�â�
i-£® ¯ã−ªâ� ¢¤®«ì ¡¥à¥£®¢®© «¨−¨¨ (¯®«�£�¥¬, çâ® ¡�§� ¨¬¥¥â ª®®à¤¨−�âã 0), w |
è¨à¨−� à¥ª¨.

÷�ááâ®ï−¨¥ cij ¬¥¦¤ã i-¬ ¨ j-¬ ¯ã−ªâ�¬¨ ¢ëç¨á«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

cij =



















|t(i) − t(j)| , ¥á«¨ 0 ≤ i, j < p ¨«¨ p ≤ i, j < n ;

√

(t(i) − t(j))2 + w2 , ¥á«¨ 0 ≤ i < p, p ≤ j < n

¨«¨ p ≤ i < n, 0 ≤ j ≤ p .
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…. Œ. �à®−èâ¥©−, ˆ. …. Š®¯ë«®¢

‚¥á £àã§� (¨«¨ ¯®âà¥¡−®áâì ¢ £àã§¥) ¢ i-¬ ¯ã−ªâ¥ ®¡®§−�ç¨¬ ç¥à¥§ a(i): a(i) >
> 0, ¥á«¨ i-© ¯ã−ªâ | ¯ã−ªâ ¯à®¨§¢®¤áâ¢�, â. ¥. ¯à¨ i < p; a(i) < 0, ¥á«¨ i-©
¯ã−ªâ | ¯ã−ªâ ¯®âà¥¡«¥−¨ï, â. ¥. ¯à¨ p ≤ i.

‘ç¨â�¥¬, çâ® §�¤�ç� á¡�«�−á¨à®¢�−� (
∑n

i=0 a(i) = 0). ‚¬¥áâ¨¬®áâì áã¤−�
®¡®§−�ç¨¬ ç¥à¥§ Q.

‡�¤�ç� ª®¬¬¨¢®ï¦¥à� á à�á¯®«®¦¥−¨¥¬ ¯ã−ªâ®¢ −� −¥áª®«ìª¨å £«�¤ª¨å ªà¨-
¢ëå ¯®«¨−®¬¨�«ì−® à�§à¥è¨¬� [1]. ‚ â® ¦¥ ¢à¥¬ï à�áá¬�âà¨¢�¥¬�ï §�¤�ç�
®â−®á¨âáï ª ª«�ááã NP-âàã¤−ëå. ‚ ç�áâ−®áâ¨, NP-¯®«−®© ï¢«ï¥âáï §�¤�ç�
à�á¯®§−�¢�−¨ï ¢®§¬®¦−®áâ¨ ¤®áâ�¢ª¨.

„«ï ¤®ª�§�â¥«ìáâ¢� ®â¬¥â¨¬, çâ® §� ¯®«¨−®¬¨�«ì−®¥ ¢à¥¬ï ¬®¦−® ¯à®¢¥à¨âì
¢®§¬®¦−®áâì ¤®áâ�¢ª¨ ¯® §�¤�−−®¬ã ¬�àèàãâã, â. ¥. §�¤�ç� ®â−®á¨âáï ª ª«�ááã NP.

„«ï ¤®ª�§�â¥«ìáâ¢� NP-¯®«−®âë ¢®á¯®«ì§ã¥¬áï ¬¥â®¤®¬ áã¦¥−¨ï [12, á. 85],
â. ¥. ¢ë¤¥«¨¬ ¯®¤ª«�áá à�áá¬�âà¨¢�¥¬ëå §�¤�ç, ª®â®àë© á®¢¯�¤�¥â á ¨§¢¥áâ−®©
NP-¯®«−®© §�¤�ç¥©. ‚®á¯®«ì§ã¥¬áï ¤«ï íâ®£® §�¤�ç¥© ú3-à�§¡¨¥−¨¥û [12, á. 383].
‘ã¦¥−¨¥ §�ª«îç�¥âáï ¢ ®à£�−¨§�æ¨¨ ¤®áâ�¢ª¨ £àã§®¢ ¨§ ®¤−®£® ¯ã−ªâ� ¯à®¨§-
¢®¤áâ¢� áã¤−®¬ ¢¬¥áâ¨¬®áâ¨ S ¢ 3m ¯ã−ªâ®¢, ¯®âà¥¡−®áâì ¢ ª�¦¤®¬ ¨§ ª®â®àëå
¯à¨−�¤«¥¦¨â ¨−â¥à¢�«ã (S/4, S/2). ‚®§¬®¦−®áâì ¤®áâ�¢ª¨ à�¢−®á¨«ì−� áãé¥-
áâ¢®¢�−¨î à�§¡¨¥−¨ï ¬−®¦¥áâ¢� ç¨á¥« −� âà®©ª¨ á à�¢−ë¬¨ áã¬¬�¬¨ | §�¤�ç�
ú3-à�§¡¨¥−¨¥û, ª®â®à�ï ®â−®á¨âáï ª ª«�ááã NP-¯®«−ëå ¢ á¨«ì−®¬ á¬ëá«¥.

�ãáâì k | −®¬¥à ¯ã−ªâ� ¢ ¯®àï¤ª¥ ¯à®å®¦¤¥−¨ï (k = 0, 1, . . . , n), i(k) |
¨áå®¤−ë© −®¬¥à ¯ã−ªâ�. �¥®¡å®¤¨¬® −�©â¨ ¯®á«¥¤®¢�â¥«ì−®áâì ®¡á«ã¦¨¢�−¨ï
¯ã−ªâ®¢, ¬¨−¨¬¨§¨àãîéãî ¯ãâì áã¤−�.

„®«¦−ë ¢ë¯®«−ïâìáï á«¥¤ãîé¨¥ ãá«®¢¨ï:

(1) i(0) = 0 (¤¢¨¦¥−¨¥ −�ç¨−�¥âáï ®â ¡�§ë);

(2) 0 ≤∑s
k=0 a[i(k)] ≤ Q (s = 0, 1, . . . , n− 1) (®£à�−¨ç¥−¨¥ −� ¢¬¥áâ¨¬®áâì);

(3) i(k) 6= i(s) ¤«ï k 6= s (k, s = 0, 1, . . . , n − 1) (ª�¦¤ë© ¯ã−ªâ ®¡á«ã¦¨¢�¥âáï
®¤¨− à�§);

(4)
∑n−1

k=0 ci(k),i(k+1) + ci(n),0 → min (¤«¨−� ¬�àèàãâ� ¤®«¦−� ¡ëâì ¬¨−¨¬�«ì-
−®©).

�à¨ ¯à®¨§¢®«ì−ëå ¨áå®¤−ëå ¤�−−ëå §�¤�ç� ¬®¦¥â −¥ ¨¬¥âì à¥è¥−¨ï. „«ï
§�¤�ç¨ á ¯à®¨§¢®«ì−ë¬ à�á¯®«®¦¥−¨¥¬ ¯ã−ªâ®¢ ¢ [7] ¤®ª�§�−®, çâ® ¯à¨ ¢ë¯®«-
−¥−¨¨ ãá«®¢¨ï Q ≥ 2max

i
|a(i)| §�¤�ç� ¨¬¥¥â à¥è¥−¨¥. �â� ®æ¥−ª� ¢ ®¡é¥¬

á«ãç�¥ −¥ ã«ãçè�¥¬�ï | ¢ â®¬ á¬ëá«¥, çâ® ¤«ï «î¡®£® ε > 0 áãé¥áâ¢ãîâ â�ª¨¥
¢¥«¨ç¨−ë n, a(1), . . . , a(n), ¯à¨ ª®â®àëå ¤®áâ�¢ª� £àã§®¢ −¥¢®§¬®¦−� ¯à¨ ¢¬¥á-
â¨¬®áâ¨ âà�−á¯®àâ−®£® áà¥¤áâ¢� 2(1 − ε)max

i
|a(i)|. ‚ [7] â�ª¦¥ ¤®ª�§�−®, çâ®

¯à¨ ¢¬¥áâ¨¬®áâ¨ 2max
i

|a(i)| «î¡®© ¤®¯ãáâ¨¬ë© ¬�àèàãâ, á®¤¥à¦�é¨© −¥ ¢á¥

¯ã−ªâë, ¬®¦¥â ¡ëâì ¯à®¤®«¦¥−.
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�«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ ¤®áâ�¢ª¨ £àã§� âà�−á¯®àâ®¬

3 Алгоритмы решения задачи

„«ï à¥è¥−¨ï §�¤�ç¨ ¢ à�¡®â¥ ¯à¨¬¥−ïîâáï ®¤¨− â®ç−ë© ¨ âà¨ í¢à¨áâ¨ç¥áª¨å
�«£®à¨â¬�. ‚ ª�ç¥áâ¢¥ â®ç−®£® ¨á¯®«ì§ã¥âáï �«£®à¨â¬ ¢¥â¢¥© ¨ £à�−¨æ, ª®â®àë©
¨§¢¥áâ¥− á 1960 £. ¨ ¯à¨¬¥−ï¥âáï ¤«ï à¥è¥−¨ï à�§−®®¡à�§−ëå §�¤�ç æ¥«®ç¨á-
«¥−−®£® ¯à®£à�¬¬¨à®¢�−¨ï. ’�ª¦¥ ¯à¨¬¥−ï¥âáï ¨§¢¥áâ−ë© ¦�¤−ë© �«£®à¨â¬.
�à¥¤«®¦¥−−ë¥ ¢ áâ�âì¥ �«£®à¨â¬ë ¯®á«¥¤®¢�â¥«ì−®© §�£àã§ª¨ ¨á¯®«ì§ãîâ á¯¥-
æ¨ä¨ªã ¯®áâ�¢«¥−−®© §�¤�ç¨.

3.1 Алгоритм ветвей и границ

�¯à¨®à−�ï ¢¥àå−ïï £à�−¨æ� −�å®¤¨âáï á ¯®¬®éìî �«£®à¨â¬� ¯®á«¥¤®¢�â¥«ì-
−®© §�£àã§ª¨ ¡¥§ ¨§¬¥−¥−¨ï −�¯à�¢«¥−¨ï ¤¢¨¦¥−¨ï áã¤−� (á¬. ¯®¤à�§¤. 3.3).
‚ �«£®à¨â¬¥ ¨á¯®«ì§ã¥âáï áâ¥ª ¢¥â¢¥© (¯®¨áª ¢ £«ã¡¨−ã ¯® ¤¥à¥¢ã ¯ãâ¥©). ‚−�-
ç�«¥ ä®à¬¨àã¥âáï ®¤−� ¢¥â¢ì à¥è¥−¨ï: â¥ªãé¨© ¯ã−ªâ, £¤¥ −�å®¤¨âáï áã¤−®, |
¡�§�, á«¥¤ãîé¨© ®¡á«ã¦¨¢�¥¬ë© ¯ã−ªâ −¥ §�¤�−, ¤«¨−� ¬�àèàãâ� à�¢−� −ã«î,
áâ¥ª ¢¥â¢¥© ¯ãáâ®©.

�¯¥à�æ¨ï úà�ááç¨â�âì ¤«¨−ã ¬�àèàãâ�û ¢ â¥ªãé¥© ¢¥â¢¨ à¥è¥−¨ï ª ¤«¨−¥
¬�àèàãâ� ¯à¨¡�¢«ï¥â à�ááâ®ï−¨¥ ¬¥¦¤ã â¥ªãé¨¬ ¯ã−ªâ®¬ ¨ á«¥¤ãîé¨¬ ®¡á«ã-
¦¨¢�¥¬ë¬ ¯ã−ªâ®¬.

1. �¡á«ã¦¨âì â¥ªãé¨© ¯ã−ªâ.

2. ��©â¨ ¢á¥ ¯ã−ªâë, ª®â®àë¥ ¬®¦−® ®¡á«ã¦¨âì. …á«¨ −¨ ®¤¨− ¯ã−ªâ −¥
−�©¤¥−, ¯¥à¥©â¨ ª è�£ã 7.

3. „«ï ª�¦¤®£® −�©¤¥−−®£® ¯ã−ªâ� á®§¤�âì ¢¥â¢ì à¥è¥−¨ï, ¢ ª®â®à®© −�©¤¥−−ë©
¯ã−ªâ | á«¥¤ãîé¨© ®¡á«ã¦¨¢�¥¬ë© ¯ã−ªâ. ‚á¥ −®¢ë¥ ¢¥â¢¨ à¥è¥−¨ï
¤®¡�¢¨âì ¢ áâ¥ª. ‚ëç¥àª−ãâì ¤�−−ãî ¢¥â¢ì ¨§ à�áá¬®âà¥−¨ï.

4. …á«¨ ¢ áâ¥ª¥ ¥áâì ¢¥â¢¨, â® ¨§¢«¥çì ¨§ áâ¥ª� ¯®á«¥¤−îî ¤®¡�¢«¥−−ãî ¢¥â¢ì
¨ ¯¥à¥©â¨ ª è�£ã 5. ˆ−�ç¥ ª®−¥æ.

5. ÷�ááç¨â�âì ¤«¨−ã ¬�àèàãâ�. ‘«¥¤ãîé¨© ®¡á«ã¦¨¢�¥¬ë© ¯ã−ªâ á¤¥«�âì
â¥ªãé¨¬ ¯ã−ªâ®¬.

6. …á«¨ ¤«¨−� ¬�àèàãâ� ¯à¥¢ëè�¥â ¢¥àå−îî £à�−¨æã, ¢¥â¢ì ¨áª«îç¨âì ¨§
à�áá¬®âà¥−¨ï, ¯¥à¥©â¨ ª è�£ã 4. ˆ−�ç¥ ¯¥à¥©â¨ ª è�£ã 1.

7. ‚ ª�ç¥áâ¢¥ á«¥¤ãîé¥£® ®¡á«ã¦¨¢�¥¬®£® ¯ã−ªâ� ãáâ�−®¢¨âì ¡�§ã, à�ááç¨â�âì
¤«¨−ã ¬�àèàãâ�.

8. …á«¨ ¤«¨−� ¬�àèàãâ� ¬¥−ìè¥ ¢¥àå−¥© £à�−¨æë, ¯à¨á¢®¨âì ¢¥àå−¥© £à�−¨æ¥
§−�ç¥−¨¥, à�¢−®¥ ¤«¨−¥ ¬�àèàãâ�.

9. Œ�àèàãâ á®åà�−¨âì ¢ ¯�¬ïâ¨. ‚ëç¥àª−ãâì ¤�−−ãî ¢¥â¢ì ¨§ à�áá¬®âà¥−¨ï.
�¥à¥©â¨ ª è�£ã 3.
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3.2 Жадный алгоритм

�� −ã«¥¢®¬ è�£¥ §�¡¨à�¥âáï £àã§ á ¡�§ë. ‚ ¦�¤−®¬ �«£®à¨â¬¥ (greedy
algorithm) −� ª�¦¤®¬ è�£¥ ¤¥«�¥âáï ¢ë¡®à, ª®â®àë© ï¢«ï¥âáï «ãçè¨¬ ¢ ¤�−−ë©
¬®¬¥−â («®ª�«ì−�ï ®¯â¨¬¨§�æ¨ï) [13, 14], â. ¥. áã¤−® ¤¢¨¦¥âáï ¢ ¡«¨¦�©è¨© ¯ã−ªâ
¯à®¨§¢®¤áâ¢� ¨«¨ ¯®âà¥¡«¥−¨ï, ª®â®àë© ¬®¦¥â ®¡á«ã¦¨âì. �®á«¥ ®¡á«ã¦¨¢�−¨ï
¢á¥å ¯ã−ªâ®¢ áã¤−® ¢®§¢à�é�¥âáï −� ¡�§ã.

3.3 Алгоритм последовательной загрузки
без изменения направления движения судна

“áâ�−�¢«¨¢�¥âáï −�¯à�¢«¥−¨¥ ¤¢¨¦¥−¨ï áã¤−� ¢¤®«ì ¡¥à¥£� ¯® ¢®§à�áâ�−¨î
¨«¨ ã¡ë¢�−¨î ª®®à¤¨−�âë t(i).

�� −ã«¥¢®¬ è�£¥ á ¡�§ë §�¡¨à�¥âáï £àã§.

1. …á«¨ ¨§ á®á¥¤−¥£® ¯ã−ªâ� ¯à®¨§¢®¤áâ¢� ¯® −�¯à�¢«¥−¨î ¤¢¨¦¥−¨ï £àã§
¬®¦−® §�¡à�âì, áã¤−® ®¡á«ã¦¨¢�¥â íâ®â ¯ã−ªâ, ¢®§¢à�â ª è�£ã 1.

1.1 ‚¥¤¥âáï ¯®¨áª ¡«¨¦�©è¥£® ¯ã−ªâ� ¯à®¨§¢®¤áâ¢� ¯® −�¯à�¢«¥−¨î ¤¢¨-
¦¥−¨ï, ª®â®àë© ¬®¦−® ®¡á«ã¦¨âì. …á«¨ ¯ã−ªâ −�©¤¥−, ®− ®¡á«ã¦¨¢�-
¥âáï, ¯¥à¥å®¤ ª è�£ã 1.

1.2 ˆé¥âáï ¡«¨¦�©è¨© ¯ã−ªâ ¯®âà¥¡«¥−¨ï ¯® −�¯à�¢«¥−¨î ¤¢¨¦¥−¨ï,
¢ ª®â®àë© ¬®¦−® ¤®áâ�¢¨âì £àã§. …á«¨ ¯ã−ªâ ¯®âà¥¡«¥−¨ï −¥ −�©¤¥−,
¬¥−ï¥¬ −�¯à�¢«¥−¨¥ ¤¢¨¦¥−¨ï, ¯¥à¥å®¤ ª è�£ã 1.

2. …á«¨ ¢ á®á¥¤−¨© ¯ã−ªâ ¯®âà¥¡«¥−¨ï ¯® −�¯à�¢«¥−¨î ¤¢¨¦¥−¨ï ¬®¦−® ¤®áâ�-
¢¨âì £àã§, áã¤−® ®¡á«ã¦¨¢�¥â íâ®â ¯ã−ªâ, ¢®§¢à�â ª è�£ã 2.

2.1 ‚¥¤¥âáï ¯®¨áª ¡«¨¦�©è¥£® ¯ã−ªâ� ¯®âà¥¡«¥−¨ï ¯® −�¯à�¢«¥−¨î ¤¢¨¦¥-
−¨ï, ª®â®àë© ¬®¦−® ®¡á«ã¦¨âì. …á«¨ ¯ã−ªâ −�©¤¥−, ®− ®¡á«ã¦¨¢�¥âáï,
¯¥à¥å®¤ ª è�£ã 2.

2.2 �® −�¯à�¢«¥−¨î ¤¢¨¦¥−¨ï ¨é¥âáï ¡«¨¦�©è¨© ¯ã−ªâ ¯à®¨§¢®¤áâ¢�,
¨§ ª®â®à®£® ¬®¦−® §�¡à�âì £àã§. …á«¨ ¯ã−ªâ ¯à®¨§¢®¤áâ¢� −¥ −�©¤¥−,
¬¥−ï¥¬ −�¯à�¢«¥−¨¥ ¤¢¨¦¥−¨ï, ¯¥à¥å®¤ ª è�£ã 2. …á«¨ ¯ã−ªâ −�©¤¥−,
¯¥à¥å®¤ ª è�£ã 1.

3.4 Алгоритм последовательной загрузки
с изменением направления движения судна

“áâ�−�¢«¨¢�¥âáï −�¯à�¢«¥−¨¥ ¤¢¨¦¥−¨ï áã¤−� ¢¤®«ì ¡¥à¥£� ¯® ¢®§à�áâ�−¨î
¨«¨ ã¡ë¢�−¨î ª®®à¤¨−�âë t(i).

�� −ã«¥¢®¬ è�£¥ á ¡�§ë §�¡¨à�¥âáï £àã§.

1. …á«¨ ¨§ á®á¥¤−¥£® ¯ã−ªâ� ¯à®¨§¢®¤áâ¢� ¯® −�¯à�¢«¥−¨î ¤¢¨¦¥−¨ï ¬®¦−®
§�¡à�âì £àã§, áã¤−® −�¯à�¢«ï¥âáï ¢ −¥£® ¨ ®¡á«ã¦¨¢�¥â, ¢®§¢à�â ª è�£ã 1.

1.1. ‚¥¤¥âáï ¯®¨áª ¡«¨¦�©è¥£® ¯ã−ªâ� ¯à®¨§¢®¤áâ¢� ¯® −�¯à�¢«¥−¨î ¤¢¨-
¦¥−¨ï, ª®â®àë© ¬®¦−® ®¡á«ã¦¨âì. …á«¨ ¯ã−ªâ −�©¤¥−, ®− ®¡á«ã¦¨-
¢�¥âáï, ¯¥à¥å®¤ ª è�£ã 1.
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1.2. ˆé¥âáï ¡«¨¦�©è¨© ¯ã−ªâ ¯®âà¥¡«¥−¨ï ¢ −�¯à�¢«¥−¨¨, ¯à®â¨¢®¯®-
«®¦−®¬ −�¯à�¢«¥−¨î ¤¢¨¦¥−¨ï áã¤−� (¢ �«£®à¨â¬¥ 3.3 ¯®¨áª ¯ã−ªâ�
¢¥¤¥âáï ¯® −�¯à�¢«¥−¨î ¤¢¨¦¥−¨ï), ¢ ª®â®àë© ¬®¦−® ¤®áâ�¢¨âì £àã§.
…á«¨ ¯ã−ªâ ¯®âà¥¡«¥−¨ï −¥ −�©¤¥−, ¬¥−ï¥¬ −�¯à�¢«¥−¨¥ ¤¢¨¦¥−¨ï,
¯¥à¥å®¤ ª è�£ã 1.

2. …á«¨ ¢ á®á¥¤−¨© ¯ã−ªâ ¯®âà¥¡«¥−¨ï ¯® −�¯à�¢«¥−¨î ¤¢¨¦¥−¨ï ¬®¦−® ¤®áâ�-
¢¨âì £àã§, áã¤−® ®¡á«ã¦¨¢�¥â íâ®â ¯ã−ªâ, ¯¥à¥å®¤ ª è�£ã 2.
2.1. ‚¥¤¥âáï ¯®¨áª ¡«¨¦�©è¥£® ¯ã−ªâ� ¯®âà¥¡«¥−¨ï ¯® −�¯à�¢«¥−¨î ¤¢¨-

¦¥−¨ï, ª®â®àë© ¬®¦−® ®¡á«ã¦¨âì. …á«¨ ¯ã−ªâ −�©¤¥−, ®− ®¡á«ã¦¨-
¢�¥âáï, ¯¥à¥å®¤ ª è�£ã 2.

2.2. ‚ −�¯à�¢«¥−¨¨, ¯à®â¨¢®¯®«®¦−®¬ −�¯à�¢«¥−¨î ¤¢¨¦¥−¨ï áã¤−�,
¨é¥âáï ¡«¨¦�©è¨© ¯ã−ªâ ¯à®¨§¢®¤áâ¢�, ¨§ ª®â®à®£® ¬®¦−® §�¡à�âì
£àã§ (¢ �«£®à¨â¬¥ 3.3 ¯®¨áª ¯ã−ªâ� ¢¥¤¥âáï ¯® −�¯à�¢«¥−¨î ¤¢¨¦¥−¨ï).
…á«¨ ¯ã−ªâ ¯à®¨§¢®¤áâ¢� −¥ −�©¤¥−, ¬¥−ï¥¬ −�¯à�¢«¥−¨¥ ¤¢¨¦¥−¨ï,
¯¥à¥å®¤ ª è�£ã 2. …á«¨ ¯ã−ªâ −�©¤¥−, ¯¥à¥å®¤ ª è�£ã 1.

4 Вычислительный эксперимент

�¯¨á�−−ë¥ �«£®à¨â¬ë ¡ë«¨ à¥�«¨§®¢�−ë á ¯®¬®éìî ï§ëª� c#. �ªá¯¥à¨¬¥−â
¯à®¢®¤¨«áï −� ª®¬¯ìîâ¥à¥ á ¯à®æ¥áá®à®¬ Intel Core i7-3612QM CPU 2.10 ƒƒæ
á ®¯¥à�â¨¢−®© ¯�¬ïâìî 8 ƒ�.

÷¥è�«®áì ¯® 30 á«ãç�©−® á£¥−¥à¨à®¢�−−ëå ¯à¨¬¥à®¢ ¤«ï ç¨á«� ¯ã−ªâ®¢ ®â 5
¤® 50. ‡�¤�ç¨ á ç¨á«®¬ ¯ã−ªâ®¢, ¯à¥¢ëè�îé¨¬ 17, à¥è¨âì �«£®à¨â¬®¬ ¢¥â¢¥©
¨ £à�−¨æ −¥ ã¤�«®áì ¨§-§� ¯¥à¥¯®«−¥−¨ï ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ¯¥àá®−�«ì−®£®
ª®¬¯ìîâ¥à�, ¯®íâ®¬ã ¤«ï 20, 30, 40 ¨ 50 ¯ã−ªâ®¢ ¯à®¢®¤¨«áï áà�¢−¨â¥«ì−ë©
�−�«¨§ â®«ìª® í¢à¨áâ¨ç¥áª¨å �«£®à¨â¬®¢. ‚® ¢á¥å ¯à¨¬¥à�å ¯®«�£�«®áì, çâ®
Q = 2max

i
|a(i)|, â. ¥. ¬¨−¨¬�«ì−®¬ã §−�ç¥−¨î, ¯à¨ ª®â®à®¬ §�¤�ç� −�¢¥à−ïª�

¨¬¥¥â à¥è¥−¨¥.

4.1 Генерация примеров

‚ ¤¨�¯�§®−¥ ®â −20 ¤® +20 á«ãç�©−® £¥−¥à¨à®¢�«¨áì §−�ç¥−¨ï ¢¥á� £àã§�
¤«ï (n − 1) ¯ã−ªâ�. ‚¥á £àã§� ¤«ï n-£® ¯ã−ªâ� ®¯à¥¤¥«ï«áï ¨§ ¡�«�−á®¢®£®
á®®â−®è¥−¨ï.

Š®®à¤¨−�â� t(i) ª�¦¤®£® ¯ã−ªâ� £¥−¥à¨à®¢�«�áì á«ãç�©−ë¬ ®¡à�§®¬ ¢ ¤¨�¯�-
§®−¥ [−2n, 2n], £¤¥ n | ç¨á«® ¯ã−ªâ®¢. Š®®à¤¨−�â� ¡�§ë à�¢−ï«�áì 0. ˜¨à¨−�
à¥ª¨ ¢ë¡¨à�«�áì á«ãç�©−® ¨§ ¤¨�¯�§®−� [10, 20].

4.2 Результаты вычислительного эксперимента

÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 1 ¨ 2. „�−−ë¥ ¢ â�¡«¨æ�å |
áà¥¤−¨¥ §−�ç¥−¨ï ¢à¥¬¥−¨ à�¡®âë ¯à®£à�¬¬ë ¨ ®âª«®−¥−¨ï §−�ç¥−¨© æ¥«¥¢®©
äã−ªæ¨¨ ®â íâ�«®−�. ‚ â�¡«. 1 §� íâ�«®−−ë¥ ¯à¨−ïâë à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥
¯à¨ ¨á¯®«ì§®¢�−¨¨ �«£®à¨â¬� ¢¥â¢¥© ¨ £à�−¨æ.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 4 2016 119



…. Œ. �à®−èâ¥©−, ˆ. …. Š®¯ë«®¢

÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¤«ï 5{17 ¯ã−ªâ®¢ ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 1.
„«ï ç¨á«� ¯ã−ªâ®¢ 20, 30, 40, 50 ¨á¯®«ì§®¢�«¨áì â®«ìª® í¢à¨áâ¨ç¥áª¨¥

�«£®à¨â¬ë. †�¤−ë© �«£®à¨â¬ ¢ áà¥¤−¥¬ ¤�« «ãçè¨¥ à¥§ã«ìâ�âë, ®−¨ ¡ë«¨
¯à¨−ïâë §� íâ�«®−−ë¥.

÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¤«ï ç¨á«� ¯ã−ªâ®¢ 20{50 ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 2.

’�¡«¨æ� 1 ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¤«ï ç¨á«� ¯ã−ªâ®¢, −¥ ¯à¥¢ëè�îé¥£® 17

—¨á«® ¯ã−ªâ®¢ �«£®à¨â¬ë 3.1 3.2 3.3 3.4

5
‚à¥¬ï, á 0,3 0,0016 0,0001 0,0001
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 7,54 3,12 6,56

6
‚à¥¬ï, á 0,3 0,0015 0,0003 0,0003
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 10,25 3,92 7,69

7
‚à¥¬ï, á 0,32 0,0015 0,0003 0,0003
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 13,20 4,02 9,47

8
‚à¥¬ï, á 0,42 0,0015 0,0005 0,0005
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 13,10 2,88 11,23

9
‚à¥¬ï, á 1,29 0,0013 0,0007 0,0007
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 12,65 6,17 13,79

10
‚à¥¬ï, á 3,24 0,0015 0,0031 0,0035
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 14,72 6,25 14,94

11
‚à¥¬ï, á 5,81 0,0016 0,0034 0,0034
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 14,42 14,37 27,57

12
‚à¥¬ï, á 5,13 0,0016 0,0012 0,0012
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 17,83 8,72 14,28

13
‚à¥¬ï, á 35,11 0,0015 0,0035 0,0034
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 20,91 10,10 21,09

14
‚à¥¬ï, á 119,97 0,0018 0,0013 0,0012
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 15,32 10,71 19,54

15
‚à¥¬ï, á 513,05 0,0012 0,0055 0,0033
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 21,27 19,86 35,26

16
‚à¥¬ï, á 1773,41 0,0013 0,0037 0,0048
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 23,91 17,82 31,02

17
‚à¥¬ï, á 6428,2 0,0015 0,0024 0,0013
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 20,71 21,05 31,06

’�¡«¨æ� 2 ÷¥§ã«ìâ�âë íªá¯¥à¨¬¥−â� ¤«ï 20, 30, 40 ¨ 50 ¯ã−ªâ®¢

—¨á«® ¯ã−ªâ®¢ �«£®à¨â¬ë 3.2 3.3 3.4

20
‚à¥¬ï, á 0,14 0,0015 0,0051
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 0,35 17,67

30
‚à¥¬ï, á 0,21 0,0089 0,0016
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 8,92 15,46

40
‚à¥¬ï, á 0,30 0,0019 0,0052
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 22,13 42,09

50
‚à¥¬ï, á 0,37 0,0083 0,0051
�âª«®−¥−¨¥ à¥§ã«ìâ�â®¢, % 0 23,20 40,12
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5 Заключение

‚ à�¡®â¥ ¯à¥¤«®¦¥−ë �«£®à¨â¬ë ¯®áâà®¥−¨ï ®¯â¨¬�«ì−®£® ¬�àèàãâ� ¤®-
áâ�¢ª¨ ®¤−®à®¤−®£® £àã§� áã¤−®¬ á ®£à�−¨ç¥−−®© ¢¬¥áâ¨¬®áâìî ¤«ï ¯ã−ªâ®¢
¯à®¨§¢®¤áâ¢� ¨ ¯®âà¥¡«¥−¨ï, à�á¯®«®¦¥−−ëå −� ¤¢ãå ¯�à�««¥«ì−ëå ¡¥à¥£�å
à¥ª¨. ÷�§à�¡®â�− ¯à®£à�¬¬−ë© ¯à®¤ãªâ, ª®â®àë© −� ®á−®¢¥ ¯à¥¤«®¦¥−−ëå �«-
£®à¨â¬®¢ ¯®§¢®«ï¥â à¥è�âì ¯®áâ�¢«¥−−ãî §�¤�çã ¤®áâ�¢ª¨ £àã§� ¢ ª®−ªà¥â−ëå
ãá«®¢¨ïå.

�� á£¥−¥à¨à®¢�−−ëå ¨áå®¤−ëå ¤�−−ëå ¯à®¢¥¤¥− ¬�áèâ�¡−ë© ¢ëç¨á«¨â¥«ì-
−ë© íªá¯¥à¨¬¥−â ¤«ï áà�¢−¨â¥«ì−®£® �−�«¨§� íää¥ªâ¨¢−®áâ¨ ¯à¨¬¥−¥−¨ï �«-
£®à¨â¬� ¢¥â¢¥© ¨ £à�−¨æ, ¦�¤−®£® �«£®à¨â¬�, �«£®à¨â¬®¢ ¯®á«¥¤®¢�â¥«ì−®© §�-
£àã§ª¨ ¡¥§ ¨§¬¥−¥−¨ï −�¯à�¢«¥−¨ï ¤¢¨¦¥−¨ï áã¤−� ¨ á ¨§¬¥−¥−¨¥¬ −�¯à�¢«¥−¨ï
¤¢¨¦¥−¨ï áã¤−�.

„«ï ç¨á«� ¯ã−ªâ®¢, −¥ ¯à¥¢ëè�îé¥£® 17, −�¨¬¥−ìè¥¥ ®âª«®−¥−¨¥ ¤«¨−ë
¯ãâ¨ ®â ¯®«ãç¥−−®£® �«£®à¨â¬®¬ ¢¥â¢¥© ¨ £à�−¨æ ¤�« �«£®à¨â¬ ¯®á«¥¤®¢�â¥«ì−®©
§�£àã§ª¨ ¡¥§ ¨§¬¥−¥−¨ï −�¯à�¢«¥−¨ï ¤¢¨¦¥−¨ï áã¤−�. �® ¢à¥¬¥−¨ à�¡®âë
í¢à¨áâ¨ç¥áª¨¥ �«£®à¨â¬ë ¯®ª�§�«¨ ¡«¨§ª¨¥ à¥§ã«ìâ�âë.

�à¨ ç¨á«¥ ¯ã−ªâ®¢, à�¢−®¬ 20, 30, 40, 50, ¦�¤−ë© �«£®à¨â¬ ¤�« «ãçè¨¥
à¥§ã«ìâ�âë, −¥¦¥«¨ ¤àã£¨¥ í¢à¨áâ¨ª¨, ãáâã¯�ï ¨¬ ¯® ¢à¥¬¥−¨ à�¡®âë. �«£®à¨â¬
¡¥§ ¨§¬¥−¥−¨ï −�¯à�¢«¥−¨ï ¢ áà¥¤−¥¬ ¯®ª�§�« ¡®«¥¥ ¢ëá®ª®¥ ª�ç¥áâ¢® à¥è¥−¨ï
®â−®á¨â¥«ì−® �«ìâ¥à−�â¨¢−®£® á ¨§¬¥−¥−¨¥¬ −�¯à�¢«¥−¨ï, −¥áª®«ìª® ãáâã¯�ï ¯®
¢à¥¬¥−¨.
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ALGORITHMIC SOFTWARE OF THE OPTIMIZATION PROBLEM
FOR CARGO DELIVERING BY WATER TRANSPORT
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Abstract: The paper considers the problem of constructing an optimal route of
homogeneous cargo delivery from a family of producers to a family of consumers
with the location of points on two riverbanks by a ship with limited capacity.
Problems of this type arise, in particular, for the delivery of food and essential
items to flood victims. The corresponding mathematical model is constructed.
Several algorithms are suggested for solution of this problem (the exact algorithm
of branch and bound, the greedy algorithm and two original heuristic algorithms
that take into account the specific features of the problem). A computer
experiment on simulated data was conducted using the developed software.
A comparative analysis of the efficiency of the algorithms was conducted by the
experiment. Heuristic algorithms make it possible to solve the problem with the
number of points equal to 50.
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КРОССЛИНГВИСТИЧЕСКАЯ БАЗА ДАННЫХ
ДЛЯ АННОТИРОВАНИЯ ЛОГИКО-СЕМАНТИЧЕСКИХ

ОТНОШЕНИЙ В ТЕКСТЕ∗

А. А. Дурново1, И. М. Зацман2, Е. Ю. Лощилова3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� ¯à®¥ªâ¨à®¢�−¨ï ªà®áá«¨−£¢¨áâ¨ç¥áª®©
¡�§ë ¤�−−ëå (Š�„) ¤«ï �−−®â¨à®¢�−¨ï ¯®ª�§�â¥«¥© «®£¨ª®-á¥¬�−â¨ç¥áª¨å
®â−®è¥−¨© (‹‘�) ¬¥¦¤ã ç�áâï¬¨ ¯à¥¤«®¦¥−¨©, ¯à¥¤«®¦¥−¨ï¬¨ ¨ äà�£¬¥−-
â�¬¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢ −� ¤¢ãå ¨ ¡®«¥¥ ï§ëª�å. �¤−®© ¨§ æ¥«¥© ¥¥
¯à®¥ªâ¨à®¢�−¨ï ï¢«ï¥âáï ¨−ä®à¬�æ¨®−−®-ª®¬¯ìîâ¥à−®¥ ®¡¥á¯¥ç¥−¨¥ ¯®áâà®-
¥−¨ï «¨−£¢¨áâ�¬¨ ª«�áá¨ä¨ª�æ¨®−−®© áå¥¬ë ‹‘�, ª®â®à�ï −¥ §�¢¨á¨â ®â
ï§ëª�, −� ª®â®à®¬ â¥ªáâë −�¯¨á�−ë. �á®¡¥−−®áâì à�áá¬�âà¨¢�¥¬®© §�¤�ç¨
¯à®¥ªâ¨à®¢�−¨ï §�ª«îç�¥âáï ¢ â®¬, çâ® «¨−£¢¨áâë �−−®â¨àãîâ ‹‘� á ¨á-
¯®«ì§®¢�−¨¥¬ àã¡à¨ª −¥ª®â®à®£® á¯¨áª� (¢ ®¡é¥¬ á«ãç�¥, ª«�áá¨ä¨ª�æ¨®−−®©
áå¥¬ë), ª®â®àë© ä®à¬¨àã¥âáï ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï á ¯®¬®éìî Š�„.
�® á¢®¨¬ äã−ªæ¨ï¬ íâ� ¡�§� ¤�−−ëå ®â−®á¨âáï ª ª�â¥£®à¨¨ −�¤ª®à¯ãá−ëå. …¥
íªá¯¥à¨¬¥−â�«ì−ë© ¢�à¨�−â ¯®§¢®«¨« «¨−£¢¨áâ�¬ áä®à¬¨à®¢�âì ®¤−®¢à¥¬¥−-
−® ¨ −¥áª®«ìª® âëáïç �−−®â�æ¨©, ¨ á¯¨á®ª àã¡à¨ª, ¨á¯®«ì§ã¥¬ëå ¢ ¯à®æ¥áá¥
�−−®â¨à®¢�−¨ï.
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«¥«ì−ë¥ â¥ªáâë; ª®à¯ãá−�ï «¨−£¢¨áâ¨ª�; «®£¨ª®-á¥¬�−â¨ç¥áª¨¥ ®â−®è¥−¨ï
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1 Введение

�à®¥ªâ¨à®¢�−¨¥ Š�„ ¤«ï �−−®â¨à®¢�−¨ï ¯®ª�§�â¥«¥© ‹‘� ¬¥¦¤ã ç�áâï¬¨
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á¯®á®¡®¢ ¢ëà�¦¥−¨ï «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¢ àãááª®¬, äà�−æã§áª®¬
¨ ¨â�«ìï−áª®¬ ï§ëª�åû, ª®â®àë© ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢ë¯®«−ï¥âáï ¢ ˆ−áâ¨âã-
â¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷��. �¤−®© ¨§ æ¥«¥© ¥¥ ¯à®¥ªâ¨à®¢�−¨ï
¨ ¯®á«¥¤ãîé¥£® �−−®â¨à®¢�−¨ï ï¢«ï¥âáï ¯®áâà®¥−¨¥ ª«�áá¨ä¨ª�æ¨®−−®© áå¥¬ë
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Šà®áá«¨−£¢¨áâ¨ç¥áª�ï ¡�§� ¤�−−ëå ¤«ï �−−®â¨à®¢�−¨ï ‹‘� ¢ â¥ªáâ¥

‹‘�, ¢ª«îç�ï ¢à¥¬¥−−‚ë¥, ¯à¨ç¨−−ë¥, ¯à®â¨¢¨â¥«ì−ë¥, á®¥¤¨−¨â¥«ì−ë¥, á®-
¯®áâ�¢¨â¥«ì−ë¥, ãá«®¢−ë¥, ¬¥à¥®«®£¨ç¥áª¨¥ ¨ ¤àã£¨¥ ¢¨¤ë ®â−®è¥−¨©, ª®â®à�ï
−¥ §�¢¨á¨â ®â ï§ëª�, −� ª®â®à®¬ −�¯¨á�− â¥ªáâ. �¡ �ªâã�«ì−®áâ¨ ¯®áâà®¥−¨ï
â�ª®© áå¥¬ë £®¢®à¨â á�¬ ä�ªâ à�§à�¡®âª¨ áâ�−¤�àâ� ISO ¯® áå¥¬¥ ¨ ¬¥â®¤¨ª¥
�−−®â¨à®¢�−¨ï ‹‘� [1, 2].

�à¨¬¥−ï¥¬ë¥ ¢ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¥ ¯®¤å®¤ë ª ¯®áâà®¥−¨î ª«�áá¨-
ä¨ª�æ¨®−−ëå áå¥¬ ‹‘� ¨ ¤àã£¨å ¨áá«¥¤ã¥¬ëå ï§ëª®¢ëå ®¡ê¥ªâ®¢ (ï¢«¥−¨©)
¬®¦−® ãá«®¢−® à�§¤¥«¨âì −� ¤¢¥ ®á−®¢−ë¥ ª�â¥£®à¨¨ ¢ §�¢¨á¨¬®áâ¨ ®â ®á−®¢−®©
æ¥«¨ ¨ á¯®á®¡®¢ ¯®áâà®¥−¨ï áå¥¬. ‚ ¯®¤å®¤�å ¯¥à¢®© ª�â¥£®à¨¨ áâ�¢¨âáï §�¤�ç�
¯®áâà®¥−¨ï ¨«¨ ãâ®ç−¥−¨ï ª«�áá¨ä¨ª�æ¨®−−®© áå¥¬ë ¢ ¯à®æ¥áá¥ á¥¬�−â¨ç¥áª®£®
�−−®â¨à®¢�−¨ï ¨áá«¥¤ã¥¬ëå ï§ëª®¢ëå ®¡ê¥ªâ®¢ (Ÿ�), −�¯à¨¬¥à «¨−£¢®á¯¥æ¨-
ä¨ç−ëå ¥¤¨−¨æ, £«�£®«ì−ëå ª®−áâàãªæ¨© ¨«¨ ª®−−¥ªâ®à®¢ ª�ª áà¥¤áâ¢ ¢ëà�¦¥-
−¨ï ‹‘� [3{8]. ’�ª¨¥ ¬¥â®¤ë ¡ã¤¥¬ −�§ë¢�âì íªá¯¥àâ−ë¬¨. �−−®â¨à®¢�−¨¥
¢ë¯®«−ï¥âáï ª®««¥ªâ¨¢®¬ «¨−£¢¨áâ®¢ ¢ ¯à®æ¥áá¥ á¥¬�−â¨ç¥áª®£® �−�«¨§� â¥ª-
áâ®¢ −¥ª®â®à®£® ª®à¯ãá�, ª®â®àë© ¬®¦¥â ¡ëâì ¬®−®- ¨«¨ ¯®«¨ï§ëç−ë¬, ¢ æ¥«ïå
¯®áâà®¥−¨ï ¨«¨ ãâ®ç−¥−¨ï ª«�áá¨ä¨ª�æ¨®−−®© áå¥¬ë ‹‘� [9{11] ¨«¨ ¤àã£¨å
¢¨¤®¢ Ÿ�.

�à¨ ¨á¯®«ì§®¢�−¨¨ áãé¥áâ¢ãîé¨å íªá¯¥àâ−ëå ¯®¤å®¤®¢ ª ¯®áâà®¥−¨î ª«�á-
á¨ä¨ª�æ¨®−−ëå áå¥¬ ¤® −�ç�«� �−−®â¨à®¢�−¨ï Ÿ� ¢ë¡¨à�¥âáï â®â ¨«¨ ¨−®©
¨áå®¤−ë© ¢�à¨�−â ¯¥à¥ç−ï àã¡à¨ª, ®¡®§−�ç�îé¨å ¢¨¤ë Ÿ�. �®á«¥ §�¢¥àè¥−¨ï
à�¡®â ¯® �−−®â¨à®¢�−¨î ¢ë¡à�−−ë© ¯¥à¥ç¥−ì ãâ®ç−ï¥âáï, −® ¢ ¯à®æ¥áá¥ �−−®â¨-
à®¢�−¨ï ®− ®áâ�¥âáï −¥¨§¬¥−−ë¬ [12]. ‚®§¬®¦−®áâì −¥ ãâ®ç−¥−¨ï, � ä®à¬¨à®-
¢�−¨ï á¯¨áª� ¨«¨ áå¥¬ë àã¡à¨ª á úç¨áâ®£® «¨áâ�û −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥
�−−®â¨à®¢�−¨ï ¨áá«¥¤ã¥¬ëå ‹‘� ¨«¨ ¤àã£¨å ¢¨¤®¢ Ÿ� ï¢«ï¥âáï ®â«¨ç¨â¥«ì−®©
ç¥àâ®© ¯à®¥ªâ¨àã¥¬®© Š�„.

‚ ¯®¤å®¤�å ¢â®à®© ª�â¥£®à¨¨ áâ�¢¨âáï §�¤�ç� �¢â®¬�â¨ç¥áª®£®, â. ¥. ¡¥§ ãç�á-
â¨ï íªá¯¥àâ�, ¨§¢«¥ç¥−¨ï ª«�áá¨ä¨ª�æ¨®−−ëå áå¥¬ ¨§ â¥ªáâ®¢. ‘ íâ®© æ¥«ìî
á®§¤�îâáï ¯à®£à�¬¬ë ¤«ï �−�«¨§� â¥ªáâ®¢ëå äà�£¬¥−â®¢, ¢ â®¬ ç¨á«¥ −� ®á−®¢¥
¬¥â®¤¨ª, ¯à�¢¨« ¨«¨ �«£®à¨â¬®¢, ¯®«ãç¥−−ëå ¢ à�¬ª�å ¯®¤å®¤®¢ ¯¥à¢®© ª�-
â¥£®à¨¨. ˆ−�ç¥ £®¢®àï, ¯®¤å®¤ë ¢â®à®© ª�â¥£®à¨¨, ª®â®àë¥ ¡ã¤¥¬ −�§ë¢�âì
ª®¬¯ìîâ¥à−ë¬¨, á®§¤�îâáï, ª�ª ¯à�¢¨«®, −� ®á−®¢¥ ¬¥â®¤®¢ ¨§¢«¥ç¥−¨ï, ¯à¥¤-
áâ�¢«¥−¨ï ¨ ®à£�−¨§�æ¨¨ ª®−¢¥−æ¨®−�«ì−ëå ¨ −®¢ëå «¨−£¢¨áâ¨ç¥áª¨å §−�−¨©,
à�§à�¡®â�−−ëå ¢ ¯à®æ¥áá¥ á¥¬�−â¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢ [13{15].

Š�¦¤ë© ¨§ ¤¢ãå ¯®¤å®¤®¢ (íªá¯¥àâ−ë© ¨ ª®¬¯ìîâ¥à−ë©) ¬®¦¥â ¡ëâì, ¢ á¢®î
®ç¥à¥¤ì, à�§¤¥«¥− −� ¤¢¥ ¯®¤ª�â¥£®à¨¨: ®¤−®ï§ëç−ë© ¨ ¬−®£®ï§ëç−ë©. ‚â®à�ï
¯®¤ª�â¥£®à¨ï ¯à¥¤¯®«�£�¥â ¯à®¢¥¤¥−¨¥ ª®−âà�áâ¨¢−®£® �−�«¨§� ¯�à�««¥«ì−ëå
â¥ªáâ®¢ −� ¤¢ãå ¨«¨ ¡®«¥¥ ï§ëª�å á ¯®¬®éìî íªá¯¥àâ−ëå ¨«¨ ª®¬¯ìîâ¥à−ëå
â¥å−®«®£¨©. �à¨¬¥à íªá¯¥àâ−®£® ¬−®£®ï§ëç−®£® ¯®¤å®¤� ª �−−®â¨à®¢�−¨î ¯�-
à�««¥«ì−ëå â¥ªáâ®¢ −� ¯ïâ¨ ï§ëª�å à�áá¬®âà¥− ¢ à�¡®â¥ [11], £¤¥ �−�«¨§¨àãîâáï
ç¥âëà¥ ª®−−¥ªâ®à� �−£«¨©áª®£® ï§ëª�: although, because, also ¨ if, | � â�ª¦¥
á¯®á®¡ë ¨å ¯¥à¥¢®¤� −� −¨¤¥à«�−¤áª¨©, −¥¬¥æª¨©, äà�−æã§áª¨© ¨ ¨á¯�−áª¨©
ï§ëª¨. �à¥¤«�£�¥¬ë© ¯®¤å®¤ ª �−−®â¨à®¢�−¨î ¯�à�««¥«ì−ëå â¥ªáâ®¢ á æ¥«ìî
ª«�áá¨ä¨ª�æ¨¨ ‹‘� ®â«¨ç�¥âáï â¥¬, çâ® §�à�−¥¥ −¥ ä¨ªá¨àã¥âáï á¯¨á®ª ¨á-
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�. �. „ãà−®¢®, ˆ. Œ. ‡�æ¬�−, …. ā. ‹®é¨«®¢�

á«¥¤ã¥¬ëå ª®−−¥ªâ®à®¢ ª�ª áà¥¤áâ¢ ¢ëà�¦¥−¨ï ‹‘�. �â® ¢®§¬®¦−® ¡«�£®¤�àï
â®¬ã, çâ® ¢ ¯à¥¤«�£�¥¬®¬ ¯®¤å®¤¥ á¯¨á®ª ¨«¨ áå¥¬� àã¡à¨ª ¤«ï ¢¨¤®¢ ‹‘�
ï¢«ïîâáï ®âªàëâë¬¨ ¨ ¯®¯®«−ï¥¬ë¬¨ «¨−£¢¨áâ�¬¨ á ¯®¬®éìî Š�„. ˆ−�ç¥ £®-
¢®àï, ã «¨−£¢¨áâ®¢ ¨¬¥¥âáï ¢®§¬®¦−®áâì ¤®¡�¢¨âì −®¢ë© ¨áá«¥¤ã¥¬ë© ª®−−¥ªâ®à
¨/¨«¨ −®¢ë© ¢¨¤ ‹‘�.

�á−®¢−�ï æ¥«ì áâ�âì¨ §�ª«îç�¥âáï ¢ ®¯¨á�−¨¨:

{ ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� ª ¯à®¥ªâ¨à®¢�−¨î Š�„;

{ à�§à�¡®â�−−®£® ¢�à¨�−â� Š�„ ¨ à¥§ã«ìâ�â®¢ íªá¯¥à¨¬¥−â� ¯® �−−®â¨à®¢�−¨î
‹‘� á ¥£® ¯®¬®éìî.

‘«¥¤ãîé¨© à�§¤¥« á®¤¥à¦¨â ªà�âª®¥ ®¯¨á�−¨¥ −�¨¡®«¥¥ ¡«¨§ª®£® �−�«®£�
Š�„ ¨ ®¡§®à ®á−®¢−ëå ¯®«®¦¥−¨© ¯à¥¤«�£�¥¬®£® ¯®¤å®¤�. ‚ âà¥âì¥¬ à�§¤¥«¥
à�áá¬�âà¨¢�¥âáï à�§à�¡®â�−−ë© ¢�à¨�−â Š�„, ¨««îáâà¨àãîé¨© ¥¥ ®â«¨ç¨â¥«ì-
−ë¥ ç¥àâë, ¨ §�â¥¬ á«¥¤ã¥â §�ª«îç¥−¨¥.

2 Аннотированные корпуса и надкорпусные базы данных

��¨¡®«¥¥ ¡«¨§ª¨¬ �−�«®£®¬ Š�„ ï¢«ï¥âáï �−−®â¨à®¢�−−ë© ª®à¯ãá â¥ªáâ®¢
−� �−£«¨©áª®¬ ï§ëª¥ Penn Discourse Treebank (PDTB) [9]. �− ¡ë« à�§à�¡®â�−
¤«ï ¨áá«¥¤®¢�−¨ï ‹‘� ¨ áà¥¤áâ¢ ¨å ¢ëà�¦¥−¨ï ª�ª ¢−ãâà¨ ¯à¥¤«®¦¥−¨ï,
â�ª ¨ ¬¥¦¤ã ¯à¥¤«®¦¥−¨ï¬¨. ‹¨−£¢¨áâ�¬¨ ¡ë«® ¢ë¯®«−¥−® �−−®â¨à®¢�−¨¥
â¥ªáâ®¢ íâ®£® ª®à¯ãá�, á®¤¥à¦�é¥£® ¢ë¡®àªã áâ�â¥© Wall Street Journal, ®¡ê¥¬
ª®â®à®© ¯à¥¢ëè�¥â 1 ¬«− á«®¢®ã¯®âà¥¡«¥−¨©.

‚ à¥§ã«ìâ�â¥ �−−®â¨à®¢�−¨ï ¢á¥£® ¡ë«® ®¯¨á�−® 18 459 á«ãç�¥¢ á ï¢−® ¢ë-
à�¦¥−−ë¬¨ ‹‘� ¨ 16 224 á«ãç�¥¢ á −¥ï¢−ë¬¨ ‹‘�. �à¨ íâ®¬ ãç¨âë¢�«®áì,
çâ® ¬−®£¨¥ ª®−−¥ªâ®àë ¯®«¨á¥¬¨ç−ë, â. ¥. ®¤¨− ¨ â®â ¦¥ ª®−−¥ªâ®à ¬®¦¥â ¡ëâì
áà¥¤áâ¢®¬ ¢ëà�¦¥−¨ï ¡®«¥¥ ®¤−®£® ¢¨¤� ®â−®è¥−¨© (â�¡«. 1).

‚¨¤ë ‹‘� ¯®¬¥ç�«¨áì ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï c ¯®¬®éìî á¯¥æ¨�«ì−ëå
¬¥â®ª (â¥£®¢) ®â−®è¥−¨©. ‚á¥ ¬¥âª¨ ¢¨¤®¢ ‹‘� ®¡à�§ãîâ âà¥åãà®¢−¥¢ãî ¨¥-
à�àå¨î àã¡à¨ª (à¨á. 1). ‚ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ãç¨âë¢�«¨áì á«ãç�¨, ª®£¤�
−¥¢®§¬®¦−® ®¤−®§−�ç−® ®¯à¥¤¥«¨âì ®â−®è¥−¨¥, ¢ëà�¦�¥¬®¥ ¬−®£®§−�ç−ë¬ ª®−-
−¥ªâ®à®¬. ��¯à¨¬¥à, á ¯®¬®éìî íâ®© á¨áâ¥¬ë ¬¥â®ª íªá¯¥àâë �−−®â¨à®¢�«¨ âà¨
à�§−ëå ¢¨¤� ‹‘�, ¢ëà�¦¥−−ëå á ¯®¬®éìî since, ¢ª«îç�ï á«ãç�© ¬−®£®§−�ç-
−®áâ¨ ª®−−¥ªâ®à� [9].

Œ¥â®¤¨ª� �−−®â¨à®¢�−¨ï ¨§ à�¡®âë [3], ª®â®à�ï ¯à¨¬¥−ï«�áì ¯à¨ ®¡à�¡®âª¥
�−£«¨©áª¨å â¥ªáâ®¢ ª®à¯ãá� PDTB, ¨á¯®«ì§®¢�«�áì ¨ ¤«ï â¥ªáâ®¢ −� ¤àã£¨å
ï§ëª�å. ‘ ¯®¬®éìî íâ®© ¬¥â®¤¨ª¨ ¡ë«® ¯à®¢¥¤¥−® �−−®â¨à®¢�−¨¥ ªà®¬¥ �−£«¨©-
áª®£® ¥é¥ ¯ïâ¨ ª®à¯ãá®¢ â¥ªáâ®¢: −� �à�¡áª®¬, ª¨â�©áª®¬, âãà¥æª®¬, ç¥èáª®¬
ï§ëª�å, � â�ª¦¥ −� å¨−¤¨ [10].

‚ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ¡ë«¨ ®â¬¥ç¥−ë ¤¢¥ ®á−®¢−ë¥ ®â«¨ç¨â¥«ì−ë¥ ç¥à-
âë, ª®â®àë¬¨ ¤®«¦¥− ®¡«�¤�âì ¯à¥¤«�£�¥¬ë© ¯®¤å®¤ ª ¯à®¥ªâ¨à®¢�−¨î Š�„
¤«ï �−−®â¨à®¢�−¨ï ‹‘� ¨ ¨å ¯®ª�§�â¥«¥© á â®çª¨ §à¥−¨ï «¨−£¢¨áâ®¢ ª�ª ¥¥
¯®«ì§®¢�â¥«¥©:
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’�¡«¨æ� 1 „¥áïâì −�¨¡®«¥¥ ¯®«¨á¥¬¨ç−ëå ª®−−¥ªâ®à®¢ �−£«¨©áª®£® ï§ëª� ¨ á®®â¢¥â-
áâ¢ãîé¨¥ ¨¬ ‹‘� [9] (¢ áª®¡ª�å ãª�§�−� ç�áâ®â−®áâì ¢¨¤� ‹‘� ¢ ª®à¯ãá¥ PDTB)

Š®−−¥ªâ®à ‹‘�
After Succession (523), succession-reason (50), other (4)
Since Reason (94), succession (78), succession-reason (10), other (2)

When
Synchrony (477), succession (157), general (100), succession-reason (65),
synchrony-general (50), synchrony-reason (39), hypothetical (11), implicit
assertion (11), synchrony-hypothetical (10), other (69)

While

Juxtaposition (182), synchrony (154), contrast (120), expectation (79), op-
position (78), conjunction (39), synchrony-juxtaposition (26), synchrony-
conjunction (21), synchrony-contrast (22), comparison (18), synchrony-
opposition (11), other (31)

Meanwhile
Synchrony-conjunction (92), synchrony (26), conjunction (25), synchrony-
juxtaposition (15), other (35)

But
Contrast (1609), juxtaposition (636), contra-expectation (494), compar-
ison (260), opposition (174), conjunction (63), conjunction-pragmatic
contrast (14), pragmatic-contrast (14), other (32)

However
Contrast (254), juxtaposition (89), contra-expectation (70), compari-
son (49), opposition (31), other (12)

Although
Expectation (132), contrast (114) juxtaposition (34), contra-
expectation (21), comparison (16), opposition (9), other (2)

And
Conjunction (2543), list (210), result-conjunction (138), result (38),
precedence-conjunction (30), juxtaposition (11), other (30)

If
Hypothetical (682), general (175), unreal present (122), factual
present (73), unreal past (53), expectation (34), implicit assertion (29),
relevance (20), other (31)

(1) ¢®§¬®¦−®áâì ä®à¬¨à®¢�−¨ï ¯¥à¥ç−ï àã¡à¨ª á úç¨áâ®£® «¨áâ�û −¥¯®áà¥¤-
áâ¢¥−−® ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ¨áá«¥¤ã¥¬ëå ‹‘� ¨ ª®−−¥ªâ®à®¢ ª�ª
«¥ªá¨ç¥áª¨å áà¥¤áâ¢ ¨å ¢ëà�¦¥−¨ï;

(2) ¢®§¬®¦−®áâì §�à�−¥¥ −¥ ä¨ªá¨à®¢�âì ¨ ¯®¯®«−ïâì á¯¨á®ª ¨áá«¥¤ã¥¬ëå
ª®−−¥ªâ®à®¢.

Š®−æ¥¯æ¨ï ¯à®¥ªâ¨à®¢�−¨î Š�„ ª�ª ç�áâ−®£® á«ãç�ï −�¤ª®à¯ãá−®© ¡�§ë
¤�−−ëå (��„) ¡ë«� ¢ë¡à�−� ¨áå®¤ï ¨§ íâ¨å ¤¢ãå ¯®«®¦¥−¨©, � â�ª¦¥ ¨§
−¥®¡å®¤¨¬®áâ¨ �−−®â¨à®¢�−¨ï ‹‘� ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å −� ¤¢ãå ¨ ¡®«¥¥
ï§ëª�å.

„«ï −�¯®«−¥−¨ï Š�„ ¨á¯®«ì§®¢�«¨áì ã¦¥ ¢ëà®¢−¥−−ë¥ ¯�à�««¥«ì−ë¥ â¥ª-
áâë ��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª� á ¬®àä®«®£¨ç¥áª®© à�§¬¥âª®©, ª®-
â®à�ï ¯®«−®áâìî á®åà�−ï¥âáï ¯à¨ ¨å ª®¯¨à®¢�−¨¨ ¢ Š�„. ‚ à¥§ã«ìâ�â¥ Š�„
á®¤¥à¦¨â ®à¨£¨−�«ì−ë¥ â¥ªáâë, ¯®¯�à−® ¢ëà®¢−¥−−ë¥ á ®¤−¨¬ ¨«¨ −¥áª®«ìª¨¬¨
¯¥à¥¢®¤�¬¨: ú¯à¥¤«®¦¥−¨¥(ï) ®à¨£¨−�«� { ¯¥à¥¢®¤û. �«�£®¤�àï ¬®àä®«®£¨ç¥-
áª®© à�§¬¥âª¥ ª�¦¤®© á«®¢®ä®à¬¥ ¢ ®à¨£¨−�«¥ ¨ ¯¥à¥¢®¤¥ á®®â¢¥âáâ¢ã¥â ¥¥ ®á−®¢�
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÷¨á. 1 Š«�áá¨ä¨ª�æ¨®−−�ï áå¥¬� ‹‘� ¨§ à�¡®âë [9]

¨ ¬−®¦¥áâ¢® ¬®àä®«®£¨ç¥áª¨å ¯à¨§−�ª®¢. ‚ á«ãç�¥ ®¬®−¨¬¨¨ â�ª¨å ®á−®¢ ¬®¦¥â
¡ëâì −¥áª®«ìª®. ’�ª�ï à�§¬¥âª� ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì ¯®¨áª ¢ Š�„ ª�ª ¯®
á«®¢®ä®à¬�¬ ¨ ®á−®¢�¬, â�ª ¨ ¯® ¬®àä®«®£¨ç¥áª¨¬ ¯à¨§−�ª�¬.

�¥à¥ç¨á«¨¬ ®á−®¢−ë¥ ª®−æ¥¯âã�«ì−ë¥ ¯®«®¦¥−¨ï ¯à®¥ªâ¨à®¢�−¨ï Š�„,
ª®â®àë¥ ¯®¤à®¡−® ¡ë«¨ à�áá¬®âà¥−ë ¢ à�¡®â¥ [16], �¤�¯â¨àãï ¨å ª §�¤�ç¥
�−−®â¨à®¢�−¨ï ‹‘�.

�®«®¦¥−¨¥ 1. �−−®â�æ¨¨ ¯®ª�§�â¥«¥© ‹‘� ¨ ¨å ª®−â¥ªáâë ¨§ ¯�à�««¥«ì−ëå
â¥ªáâ®¢ åà�−ïâáï ¢ á¢ï§�−−ëå â�¡«¨æ�å ��„, ª®â®à�ï á«ã¦¨â à¥«ïæ¨®−−®© ¡�§®©
¤�−−ëå.

�®«®¦¥−¨¥ 2. ‚ ¨−â¥àä¥©á¥ ��„ á¢ï§¨ ¬¥¦¤ã â�¡«¨æ�¬¨ ¯à¥¤áâ�¢«¥−ë á¨áâ¥-
¬®© ááë«®ª. �−¨ á®¥¤¨−ïîâ áä®à¬¨à®¢�−−ë¥ «¨−£¢¨áâ�¬¨ �−−®â�æ¨¨, á ®¤−®©
áâ®à®−ë, á ª®−−¥ªâ®à�¬¨, ¢ëà�¦�îé¨¬¨ ‹‘�, ¨å ª®−â¥ªáâ�¬¨, � â�ª¦¥ á ¯¥à¥-
¢®¤−ë¬¨ íª¢¨¢�«¥−â�¬¨ ª®−−¥ªâ®à®¢ ¨ ¨å ª®−â¥ªáâ�¬¨ ¢ ¯¥à¥¢®¤�å, � á ¤àã£®©
áâ®à®−ë | á á®®â¢¥âáâ¢ãîé¨¬¨ àã¡à¨ª�¬¨ ¯®¯®«−ï¥¬®£® á¯¨áª� ¨«¨ áå¥¬ë ¢¨-
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¤®¢ ‹‘�. �â� á¨áâ¥¬� ááë«®ª ¯®§¢®«ï¥â ¯à®á«¥¤¨âì ¨ ®¡à�â−ë¥ á¢ï§¨ àã¡à¨ª
á ª®−−¥ªâ®à�¬¨ ¨ �−−®â�æ¨ï¬¨.

ˆ§ íâ®£® ¯®«®¦¥−¨ï á«¥¤ã¥â, çâ® ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ä®à¬¨àã¥âáï
á¨áâ¥¬� ¬−®¦¥áâ¢¥−−ëå ááë«®ª ®â àã¡à¨ª ª �−−®â�æ¨ï¬ ¨ ª®−−¥ªâ®à�¬.

�®«®¦¥−¨¥ 3. …á«¨ ¨á¯®«ì§ã¥¬ë¥ ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ¯�à�««¥«ì−ë¥
â¥ªáâë ï¢«ïîâáï ¯®«¨¢�à¨�−â−ë¬¨, â. ¥. ®¤−®¬ã ®à¨£¨−�«ì−®¬ã â¥ªáâã á®®â¢¥â-
áâ¢ã¥â −¥áª®«ìª® ¥£® ¯¥à¥¢®¤®¢, â® á¨áâ¥¬� ááë«®ª ¯®§¢®«ï¥â ¢ëï¢¨âì á¢ï§¨
áä®à¬¨à®¢�−−ëå «¨−£¢¨áâ�¬¨ �−−®â�æ¨© á ª®−−¥ªâ®à�¬¨, ¢ëà�¦�îé¨¬¨ ‹‘�,
¨å ª®−â¥ªáâ�¬¨, � â�ª¦¥ á® ¢á¥¬¨ ¯¥à¥¢®¤−ë¬¨ íª¢¨¢�«¥−â�¬¨ ª®−−¥ªâ®à®¢ ¨ ¨å
ª®−â¥ªáâ�¬¨ ¢ ¯�à�««¥«ì−ëå ¯®«¨¢�à¨�−â−ëå â¥ªáâ�å.
�®«®¦¥−¨¥ 4. ��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¬®¦¥â ¯à¨¬¥−ïâìáï ª�ª ¤«ï á¯«®è−®£®
�−−®â¨à®¢�−¨ï ‹‘�, â�ª ¨ ¤«ï ¢ë¡®à®ç−®£® ¨å �−−®â¨à®¢�−¨ï. ‚® ¢â®à®¬
á«ãç�¥ «¨−£¢¨áâë á−�ç�«� ä®à¬¨àãîâ ¬�áá¨¢ â¥ªáâ®¢ëå äà�£¬¥−â®¢ ¨§ ®¤−®£®
¨«¨ −¥áª®«ìª¨å ¯à¥¤«®¦¥−¨© á ª®−−¥ªâ®à�¬¨, ª®â®àë¥ ¢ëà�¦�îâ ¢ë¡à�−−ë©
¢¨¤ ‹‘�, §�¤�¢�ï −¥ª®â®àë© ªà¨â¥à¨© ¨å ®â¡®à�.

�¥à¥ç¨á«¥−−ë¥ ª®−æ¥¯âã�«ì−ë¥ ¯®«®¦¥−¨ï «¥£«¨ ¢ ®á−®¢ã ¯à®¥ªâ¨à®¢�−¨ï
Š�„. ‚ á«¥¤ãîé¥¬ à�§¤¥«¥ à�áá¬�âà¨¢�îâáï äã−ªæ¨¨ à�§à�¡®â�−−®£® ¢�à¨�−â�
Š�„, ¨««îáâà¨àãîé¨¥ ¥¥ ®â«¨ç¨â¥«ì−ë¥ ç¥àâë.

3 Кросслингвистическая база данных

�®¯®«−¥−¨¥ ¯¥à¥ç−ï àã¡à¨ª −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ®¡¥á-
¯¥ç¨¢�¥âáï á ¯®¬®éìî ¢áâà®¥−−®£® à¥¤�ªâ®à�, ª®â®àë© ¯®§¢®«ï¥â ä®à¬¨à®¢�âì
¨ «¨−¥©−ë¥ á¯¨áª¨, ¨ ¤¥à¥¢ìï àã¡à¨ª, ª®â®àë¥ åà�−ïâáï ¢ â�¡«¨æ�å. Š�¦¤�ï
â�¡«¨æ� ¨¬¥¥â ¯®«¥ ú��¨¬¥−®¢�−¨¥ àã¡à¨ª¨û, á«ã¦¥¡−ë¥ ¨ ª«îç¥¢ë¥ ¯®«ï ¤«ï
á¢ï§¨ á ¤àã£¨¬¨ â�¡«¨æ�¬¨, ¢ ç�áâ−®áâ¨ á â�¡«¨æ�¬¨ àã¡à¨ª ¤àã£¨å ãà®¢−¥©.
‹¨−£¢¨áâ ¬®¦¥â ¢ë¡à�âì ¤«ï �−−®â¨à®¢�−¨ï á¯¨á®ç−®¥ ¨«¨ ¨¥à�àå¨ç¥áª®¥ åà�-
−¥−¨¥ àã¡à¨ª ¢ Š�„. …á«¨ ¢ë¡¨à�¥âáï ¯¥à¢ë© ¢�à¨�−â, â® ¯à¥¤¯®«�£�¥âáï, çâ®
¯®á«¥ §�¢¥àè¥−¨ï �−−®â¨à®¢�−¨ï ‹‘� «¨−£¢¨áâ�¬¨ ¢ Š�„ ¡ã¤¥â ¯®áâà®¥−®
¤¥à¥¢® àã¡à¨ª, � ¢® ¢â®à®¬ ¢�à¨�−â¥ «¨−£¢¨áâë ä®à¬¨àãîâ ¥£® −¥¯®áà¥¤áâ¢¥−−®
¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï.

‚ à�§à�¡®â�−−®¬ ¢�à¨�−â¥ Š�„ ¤«ï �−−®â¨à®¢�−¨ï ‹‘� ¡ë«® ¢ë¡à�−® á¯¨-
á®ç−®¥ åà�−¥−¨¥ ¤«ï ¯®¯®«−ï¥¬®£® ¯¥à¥ç−ï àã¡à¨ª ¨ ¨¥à�àå¨ç¥áª®¥ åà�−¥−¨¥ ¤«ï
ª®−−¥ªâ®à®¢, ¢ëà�¦�îé¨å ‹‘�. ‘ ¯®¬®éìî íâ®£® ¢�à¨�−â� Š�„ «¨−£¢¨áâ�¬¨
¡ë«® áä®à¬¨à®¢�−® 4202 �−−®â�æ¨¨ ¯® á®áâ®ï−¨î −� 30 ¨î−ï 2016 £., ¨§ −¨å
¤«ï 2618 ¯à®áâ�¢«¥−ë àã¡à¨ª¨ ‹‘�, ç¨á«® ª®â®àëå −� â®â ¬®¬¥−â ¢à¥¬¥−¨ ¡ë«®
à�¢−® 23, ¢ª«îç�ï á¯¥æ¨�«ì−ãî àã¡à¨ªã ú�â−®è¥−¨¥ ¯®¤«¥¦¨â ®¯à¥¤¥«¥−¨îû,
ª®â®à�ï ¯à®áâ�¢«¥−� ¢ 1311 �−−®â�æ¨ïå (â�¡«. 2). �â� àã¡à¨ª� ¤�¥â ¢®§¬®¦−®áâì
«¨−£¢¨áâ�¬ ®â¬¥â¨âì â¥ �−−®â�æ¨¨ ¨, á®®â¢¥âáâ¢¥−−®, â¥ äà�£¬¥−âë â¥ªáâ®¢, ¤«ï
ª®â®àëå ¢ ¬®¬¥−â �−−®â¨à®¢�−¨ï ¢¨¤ ‹‘� −¥ ¡ë« ¨¬¨ ®¯à¥¤¥«¥−. ˆá¯®«ì§ãï
íâã àã¡à¨ªã ¢ ¯®¨áª®¢ëå §�¯à®á�å, ®−¨ ¢ «î¡®© ¬®¬¥−â ¢à¥¬¥−¨ ¬®£ãâ ¢¥à−ãâìáï
ª â�ª¨¬ �−−®â�æ¨ï¬ ¨ ¯à®¤®«¦¨âì «¨−£¢¨áâ¨ç¥áª¨© �−�«¨§ ¢¨¤� ‹‘�. �â¬¥â¨¬,
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’�¡«¨æ� 2 ��§¢�−¨ï 23 àã¡à¨ª ¤«ï ¢¨¤®¢ ‹‘� ¨ ç¨á«® �−−®â�-
æ¨© ¯® ª�¦¤®© àã¡à¨ª¥

ü ÷ã¡à¨ª¨ ‹‘� —¨á«® �−−®â�æ¨©
1 ‚à¥¬¥−−‚ë¥ ®â−®è¥−¨ï 287
2 �â−®è¥−¨¥ �«ìâ¥à−�â¨¢ë 1
3 �â−®è¥−¨¥ �−�«®£¨¨ 2
4 �â−®è¥−¨¥ £¥−¥à�«¨§�æ¨¨ 190
5 �â−®è¥−¨¥ ¨áª«îç¥−¨ï 16
6 �â−®è¥−¨¥ −¥¥¤¨−áâ¢¥−−®áâ¨ 133
7 �â−®è¥−¨¥ ¯®¤«¥¦¨â ®¯à¥¤¥«¥−¨î 1311
8 �â−®è¥−¨¥ ¯à®â¨¢®¯®áâ�¢«¥−¨ï 131
9 �â−®è¥−¨¥ á«¥¤áâ¢¨ï 1

10 �â−®è¥−¨¥ á¯¥æ¨ä¨ª�æ¨¨ 32
11 �â−®è¥−¨¥ §�¬¥é¥−¨ï 38
12 �â−®è¥−¨¥ ª®àà¥ªæ¨¨ 20
13 �âà¨æ�−¨¥ â®¦¤¥áâ¢� 2
14 �à¨á®¥¤¨−¨â¥«ì−ë¥ ®â−®è¥−¨ï 5
15 �à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ ®â−®è¥−¨ï 45
16 �à¨ç¨−−ë¥ ®â−®è¥−¨ï 3
17 �à®â¨¢¨â¥«ì−ë¥ ®â−®è¥−¨ï 87
18 ‘®¥¤¨−¨â¥«ì−ë¥ ®â−®è¥−¨ï 4
19 ‘®¯®áâ�¢¨â¥«ì−ë¥ ®â−®è¥−¨ï 4
20 ‘à�¢−¨â¥«ì−ë¥ ®â−®è¥−¨ï 4
21 “á«®¢−ë¥ ®â−®è¥−¨ï 264
22 “áâã¯¨â¥«ì−ë¥ ®â−®è¥−¨ï 38
23 –¥«¥¢ë¥ ®â−®è¥−¨ï 0

çâ® −®«ì ¢ ¯®á«¥¤−¥© áâà®ª¥ ¯®á«¥¤−¥£® áâ®«¡æ� â�¡«. 2 £®¢®à¨â ® â®¬, çâ® ¢¨¤
‹‘� ú–¥«¥¢ë¥ ®â−®è¥−¨ïû −¨ à�§ã −¥ ¡ë« −�©¤¥− ¯à¨ ä®à¬¨à®¢�−¨¨ 4202 �−-
−®â�æ¨©, −® «¨−£¢¨áâë ¢ª«îç¨«¨ ¢ á¯¨á®ª àã¡à¨ªã ¤«ï íâ®£® ¢¨¤� ‹‘� §�à�−¥¥.
�à¨¬¥à �−−®â�æ¨¨ á ¯à®áâ�¢«¥−−ë¬¨ àã¡à¨ª�¬¨ ‹‘� ¯à¨¢¥¤¥− ¢ â�¡«. 3.

Š�ª ¢¨¤−® ¨§ â�¡«. 3, �−−®â�æ¨ï, ªà®¬¥ ‹‘� ú�â−®è¥−¨¥ �−�«®£¨¨û,
ª®â®à®¥ ¢ëà�¦¥−® ª®−−¥ªâ®à®¬ ª�ª‖â�ª‖â�ª‖¨, ¨ ‹‘� ú‘à�¢−¨â¥«ì−ë¥ ®â−®-
è¥−¨ïû, ª®â®à®¥ ¢ëà�¦¥−® ª®−−¥ªâ®à®¬ comme, ¢ª«îç�¥â àï¤ «¨−£¢¨áâ¨ç¥áª¨å
¯à¨§−�ª®¢, ª®â®àë¥ ¡ë«¨ ®¯¨á�−ë ¢ à�¡®â¥ [16], ¯®íâ®¬ã ®£à�−¨ç¨¬áï ªà�âª¨¬
®¯¨á�−¨¥¬ â®«ìª® ¯à¨§−�ª®¢ ¯®á«¥¤−¥£® áâ®«¡æ�:

{ ¯à¨§−�ª 〈−�ç�«ì−�ï〉 £®¢®à¨â ® â®¬, çâ® ª®−−¥ªâ®à comme áâ®¨â ¢ −�ç�«ì−®©
¯®§¨æ¨¨ ¢ ¬�àª¨àã¥¬®¬ ¨¬ äà�£¬¥−â¥ â¥ªáâ�;

{ 〈¡¥§ ¯à¥¤¨ª�æ¨¨〉 £®¢®à¨â ® â®¬, çâ® ª®−−¥ªâ®à comme ¬�àª¨àã¥â ç�áâì
¯à¥¤«®¦¥−¨ï ¡¥§ ¯à¥¤¨ª�æ¨¨;

{ 〈p CNT q〉 £®¢®à¨â ® ¯®àï¤ª¥ á«¥¤®¢�−¨ï á®¥¤¨−ï¥¬ëå ª®−−¥ªâ®à®¬ äà�£¬¥−-
â®¢ â¥ªáâ�;
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’�¡«¨æ� 3 „¢ãï§ëç−�ï �−−®â�æ¨ï −� àãááª®¬ ¨ äà�−æã§áª®¬ ï§ëª�å

’¥ªáâ −�
àãááª®¬ ï§ëª¥

�®«ï �−−®â�æ¨¨
¤«ï àãááª®£® â¥ªáâ�

�¥à¥¢®¤
−� äà�−æã§áª¨©

ï§ëª

�®«ï �−−®â�æ¨¨
¤«ï ¯¥à¥¢®¤�

Š�ª çâ® ¤¥«�«®áì
¯à¨ ¤¥¤�å ¨ ®â-
æ�å, â�ª ¤¥«�«®áì
¯à¨ ®âæ¥ ˆ«ì¨
ˆ«ì¨ç�, â�ª, ¬®-
¦¥â ¡ëâì, ¤¥«�-
¥âáï ¥é¥ ¨ â¥¯¥àì
¢ �¡«®¬®¢ª¥.

ª�ª‖â�ª‖â�ª‖¨
〈CNT〉
〈„¨áâ�−â〉
〈CNT p CNT q
[= CNT r, CNT s . . . ]〉
〈�â−®è¥−¨¥ �−�«®£¨¨〉

Bref, tout se
faisait, du temps
d'Ilia Ilitch,
comme du temps
de son p �ere et
de son arri �ere-
grand-p �ere. . .

comme
〈−�ç�«ì−�ï〉
〈¡¥§ ¯à¥¤¨ª�æ¨¨〉
〈p CNT q〉
〈CNT〉
〈‘à�¢−¨â¥«ì−ë¥
®â−®è¥−¨ï〉

’�¡«¨æ� 4 ��§¢�−¨ï ç¥âëà¥å àã¡à¨ª ¯¥à¢®£® ãà®¢−ï

÷ã¡à¨ª�
¯¥à¢®£® ãà®¢−ï

¤«ï ª«�áá¨ä¨ª�æ¨¨
ª®−−¥ªâ®à®¢

àãááª®£® ï§ëª�

—¨á«®
àã¡à¨ª
¢â®à®£®
ãà®¢−ï

—¨á«®
áä®à¬¨à®¢�−−ëå

�−−®â�æ¨©
¯® àã¡à¨ª¥

¯¥à¢®£® ãà®¢−ï
1. �¤−®ª®¬¯®−¥−â−ë¥ 56 3024
2. Œ−®£®ª®¬¯®−¥−â−ë¥ 319 2604
3. „¢ãå¬¥áâ−ë¥ 189 938
4. Œ−®£®¬¥áâ−ë¥ 22 32

{ 〈CNT〉 £®¢®à¨â ® â®¬, çâ® �−−®â�æ¨ï á®§¤�−� ¤«ï ª®−−¥ªâ®à�, � −¥ ¤«ï ¥£®
á®áâ�¢«ïîé¨å1.

‚ à�§à�¡®â�−−®¬ ¢�à¨�−â¥ Š�„ ¤«ï ª®−−¥ªâ®à®¢, ¢ëà�¦�îé¨å ‹‘�, ¡ë«®
¢ë¡à�−® ¨¥à�àå¨ç¥áª®¥ åà�−¥−¨¥ −� ¤¢ãå ãà®¢−ïå. ��§¢�−¨ï àã¡à¨ª ¯¥à¢®£®
(¢¥àå−¥£®) ãà®¢−ï ¤«ï ª«�áá¨ä¨ª�æ¨¨ ª®−−¥ªâ®à®¢, � â�ª¦¥ ç¨á«® àã¡à¨ª ¢â®à®£®
ãà®¢−ï ¨ ç¨á«® áä®à¬¨à®¢�−−ëå �−−®â�æ¨© ¯® ª�¦¤®© àã¡à¨ª¥ ¯¥à¢®£® ãà®¢−ï
¯à¨¢¥¤¥−ë ¢ â�¡«. 4. �â¨ ¤�−−ë¥ ãª�§�−ë ¯® á®áâ®ï−¨î −� 17 �¢£ãáâ� 2016 £.

‚áâà®¥−−ë© à¥¤�ªâ®à ¯®§¢®«ï¥â ¨§¬¥−ïâì ¤¥à¥¢® àã¡à¨ª ¤«ï ª«�áá¨ä¨ª�æ¨¨
ª®−−¥ªâ®à®¢ ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï. �� à¨á. 2 ¯®ª�§�− äà�£¬¥−â ¨−â¥àä¥©á�,
á ¯®¬®éìî ª®â®à®£® «¨−£¢¨áâë ¬®£ãâ ®âà¥¤�ªâ¨à®¢�âì −�§¢�−¨¥ àã¡à¨ª¨, ã¤�«¨âì
áãé¥áâ¢ãîéãî ¨«¨ ¤®¡�¢¨âì −®¢ãî àã¡à¨ªã ¯¥à¢®£® ãà®¢−ï. �â®â à¨áã−®ª
¨««îáâà¨àã¥â ¤®¡�¢«¥−¨¥ −®¢®© àã¡à¨ª¨ úƒ«�£®«ë à¥ç¨û ¤«ï â�ª¨å ª®−−¥ªâ®à®¢,
ª�ª ú¢®®¡é¥ £®¢®àïû, ú£®¢®àï ¢®®¡é¥û, ú¨«¨ «ãçè¥ áª�§�âìû. �â¬¥â¨¬, çâ®
¯¥à¥¤ ã¤�«¥−¨¥¬ «î¡®© àã¡à¨ª¨ âà¥¡ã¥âáï ¯¥à¥ª«�áá¨ä¨ª�æ¨ï â¥å �−−®â�æ¨©,
¢ ª®â®àëå ®−� ¨á¯®«ì§ã¥âáï.

1ˆá¯®«ì§ã¥¬ë© ¢ Š�„ ¯®¤å®¤ ¯®§¢®«ï¥â �−−®â¨à®¢�âì ®â¤¥«ì−ë¥ á®áâ�¢«ïîé¨¥ ª®−−¥ªâ®à�
¨ ¨å ¯¥à¥¢®¤ë [16].
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÷¨á. 2 ”à�£¬¥−â ¨−â¥àä¥©á� ¤«ï à¥¤�ªâ¨à®¢�−¨ï àã¡à¨ª ¯¥à¢®£® ãà®¢−ï ¤«ï ª®−−¥ª-
â®à®¢

’�ª¨¬ ®¡à�§®¬, á ¯®¬®éìî ¯®¤®¡−ëå ¨−â¥àä¥©á®¢ ¢áâà®¥−−®£® à¥¤�ªâ®à�
«¨−£¢¨áâë ¬®£ãâ ä®à¬¨à®¢�âì ¢ Š�„ −ã¦−ë¥ ¨¬ á¯¨áª¨ ¨ áå¥¬ë àã¡à¨ª ‹‘�,
ª®−−¥ªâ®à®¢, ¤àã£¨å ï§ëª®¢ëå ¥¤¨−¨æ ¨ ï¢«¥−¨© −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥
�−−®â¨à®¢�−¨ï.

4 Заключение

�® áà�¢−¥−¨î á ª®à¯ãá®¬ â¥ªáâ®¢ PDTB [9], ª®â®àë© ï¢«ï¥âáï ®¤−¨¬ ¨§
á�¬ëå ¡®«ìè¨å �−−®â¨à®¢�−−ëå ®¤−®ï§ëç−ëå ª®à¯ãá®¢, ¢ Š�„ ç¨á«® àã¡à¨ª
¢â®à®£® ãà®¢−ï ¤«ï ª®−−¥ªâ®à®¢, ¤«ï ª®â®àëå áä®à¬¨à®¢�−ë �−−®â�æ¨¨, ¯à¥¢ë-
è�¥â ¡®«¥¥ ç¥¬ ¢ 6 à�§ �−�«®£¨ç−ë© ¯®ª�§�â¥«ì PDTB (−¥¬−®£¨¬ ¡®«¥¥ 100 àã¡-
à¨ª ¢ PDTB ¨ ¡®«¥¥ 600 ¢ Š�„). �¡é¥¥ ç¨á«® á«®¢®ã¯®âà¥¡«¥−¨© ¢ Š�„
(¡®«¥¥ 2,5 ¬«−) ¢ 2,5 à�§� ¯à¥¢ëè�¥â ®¡ê¥¬ â¥ªáâ®¢ ¢ PDTB. ‘ãé¥áâ¢¥−−® ¡®«ì-
è¨© ®¡ê¥¬ â¥ªáâ� −� àãááª®¬ ï§ëª¥ ®¡¥á¯¥ç¨¢�¥â −�«¨ç¨¥ �−−®â�æ¨© ¢ ª�¦¤®©
àã¡à¨ª¥ ¤«ï ª®−−¥ªâ®à®¢ ª�ª ¢ ®à¨£¨−�«ì−®¬ àãááª®¬ â¥ªáâ¥ (á¬. â�¡«. 4), â�ª
¨ ¢ ¥£® ¯¥à¥¢®¤�å, â�ª ª�ª �−−®â�æ¨¨ Š�„ ï¢«ïîâáï ¤¢ãï§ëç−ë¬¨ (á¬. â�¡«. 3).
‘®ç¥â�−¨¥ ¡®«ìè®£® ®¡ê¥¬� â¥ªáâ®¢, �−−®â¨àã¥¬ëå ª®−−¥ªâ®à®¢ ¨ ¤¢ãï§ëç−®áâ¨
�−−®â�æ¨¨ ¯®§¢®«ï¥â £®¢®à¨âì á¥£®¤−ï ® Š�„ ª�ª ®¡ ã−¨ª�«ì−®¬ «¨−£¢¨áâ¨ç¥-
áª®¬ ¨−ä®à¬�æ¨®−−®-ª®¬¯ìîâ¥à−®¬ à¥áãàá¥, ®â−®áïé¥¬áï ª ª�â¥£®à¨¨ ��„.

”®à¬¨à®¢�−¨¥ íâ®£® à¥áãàá� ¢® ¬−®£®¬ áâ�«® ¢®§¬®¦−ë¬ ¡«�£®¤�àï à�§-
à�¡®â�−−®¬ã ¯®¤å®¤ã ª ¯à®¥ªâ¨à®¢�−¨î Š�„ ¤«ï �−−®â¨à®¢�−¨ï ‹‘� ¨ ¨å
¯®ª�§�â¥«¥© ¬¥¦¤ã ç�áâï¬¨ ¯à¥¤«®¦¥−¨©, ¯à¥¤«®¦¥−¨ï¬¨ ¨ äà�£¬¥−â�¬¨ ¯�à�«-
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’�¡«¨æ� 5 „¨−�¬¨ª� à®áâ� ç¨á«� �−−®â�æ¨© ¤«ï ¤¢ãå ¬®¬¥−â®¢ ¢à¥¬¥−¨

„�â� —¨á«® àã¡à¨ª
�¡é¥¥
ç¨á«®

�−−®â�æ¨©

—¨á«®
�−−®â�æ¨©
á «î¡®©

àã¡à¨ª®© ‹‘�,
¢ª«îç�ï TBD

—¨á«®
�−−®â�æ¨©

á àã¡à¨ª®© TBD

30.06.2016 23 4202 2618 1311
20.09.2016 24 7739 5311 2418

«¥«ì−ëå â¥ªáâ®¢. ÷¥�«¨§ã¥¬®áâì íâ®£® ¯®¤å®¤� ¡ë«� ¯à®¢¥à¥−� íªá¯¥à¨¬¥−â�«ì−®
¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ‹‘� ¨ ª®−−¥ªâ®à®¢ ª�ª áà¥¤áâ¢ ¨å ¢ëà�¦¥−¨ï ¢ â¥ªáâ¥.

„¨−�¬¨ª� à®áâ� ®¡é¥£® ç¨á«� �−−®â�æ¨©, � â�ª¦¥ �−−®â�æ¨© á «î¡ë¬¨
àã¡à¨ª�¬¨ ‹‘�, ªà®¬¥ ú�â−®è¥−¨¥ ¯®¤«¥¦¨â ®¯à¥¤¥«¥−¨îû (to be defined |
TBD), ¨ ®â¤¥«ì−® á àã¡à¨ª®© TBD ¯à¥¤áâ�¢«¥−� ¢ â�¡«. 5.

�à®¢¥¤¥−−ë© íªá¯¥à¨¬¥−â ¯®ª�§�«, çâ® ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï «¨−£¢¨áâë
¬®£ãâ ä®à¬¨à®¢�âì á¯¨áª¨ ¨ áå¥¬ë àã¡à¨ª, −�ç¨−�ï ¯à�ªâ¨ç¥áª¨ á úç¨áâ®£® «¨á-
â�û. Š�¦¤�ï àã¡à¨ª� «®£¨ç¥áª¨ ï¢«ï¥âáï £¨¯¥àááë«ª®© −� á¯¨á®ª â¥å �−−®â�æ¨©,
¢ ª®â®àëå íâ� àã¡à¨ª� ¯à®áâ�¢«¥−� «¨−£¢¨áâ�¬¨. �à¨ íâ®¬ ª�¦¤�ï �−−®â�æ¨ï
¨¬¥¥â ááë«ªã −� ª®−â¥ªáâ ¯�à�««¥«ì−ëå â¥ªáâ®¢, −� ®á−®¢¥ �−�«¨§� ª®â®à®£®
®−� ¡ë«� áä®à¬¨à®¢�−�, çâ® ®¡¥á¯¥ç¨¢�¥â ¢¥à¨ä¨æ¨àã¥¬®áâì ª�¦¤®© àã¡à¨ª¨
á −¥−ã«¥¢ë¬ ç¨á«®¬ ááë«®ª −� �−−®â�æ¨¨. ‚®§¬®¦−®áâì ä®à¬¨à®¢�−¨ï ¯¥à¥ç−ï
àã¡à¨ª á úç¨áâ®£® «¨áâ�û −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ï¢«ï¥âáï
áãé¥áâ¢¥−−ë¬ í«¥¬¥−â®¬ −®¢¨§−ë ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� ª ¯à®¥ªâ¨à®¢�−¨î
Š�„ ¤«ï �−−®â¨à®¢�−¨ï ‹‘� ¨ à�§à�¡®â�−−®© −� ¥£® ®á−®¢¥ ¨−ä®à¬�æ¨®−−®©
â¥å−®«®£¨¨ ä®à¬¨à®¢�−¨ï íâ®© ¡�§ë ¤�−−ëå.
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Abstract: The problem of designing a cross-lingual database is described. The
purpose of such a database is annotating logical-semantic relations between
fragments of parallel texts in two or more languages. One of the objectives of
its design is the information and computer provision of constructing by linguists
a classification scheme of logical and semantic relationships not depending on
the text language. A point of this design problem is that linguists annotate
logical-semantic relations using a list of rubrics, which is being formed in the
process of annotating by means of the cross-lingual database. According to its
functions, the database can by classified as a supracorpora database. Its pilot
version allowed linguists to form, at the same time, thousands of annotations and
a list of rubrics to be used in the annotating process.
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1 Введение

�¤−®© ¨§ ¤®¬¨−¨àãîé¨å â¥−¤¥−æ¨© á®¢à¥¬¥−−®£® íâ�¯� à�§¢¨â¨ï æ¨¢¨«¨-
§�æ¨¨ ï¢«ï¥âáï £«®¡�«ì−�ï ¨−ä®à¬�â¨§�æ¨ï ®¡é¥áâ¢� −� ®á−®¢¥ è¨à®ª®£® ¨á-
¯®«ì§®¢�−¨ï −®¢ëå ¨−ä®à¬�æ¨®−−ëå ¨ ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© (ˆŠ’).
�® ¬−¥−¨î àï¤� �¢â®à¨â¥â−ëå ¨áá«¥¤®¢�â¥«¥© [1], ¬¨à®¢®¥ á®®¡é¥áâ¢® ¢áâã¯¨«®
¢ −®¢ãî, ¨−ä®à¬�æ¨®−−ãî í¯®åã á¢®¥£® à�§¢¨â¨ï, ª®â®à�ï ¡ã¤¥â ¯à®¤®«¦�âìáï
¢ â¥ç¥−¨¥ ¢á¥£® XXI ¢. �à¨ íâ®¬ ¨−ä®à¬�â¨§�æ¨ï ®¡é¥áâ¢� | íâ® −¥ â®«ìª® ®¤−®
¨§ ª«îç¥¢ëå −�¯à�¢«¥−¨© à�§¢¨â¨ï á®¢à¥¬¥−−®© −�ãç−®-â¥å−®«®£¨ç¥áª®© à¥¢®-
«îæ¨¨, −® â�ª¦¥ ¨ ¢�¦−¥©è¨© á®æ¨�«ì−ë© ä�ªâ®à. �−� ®ª�§ë¢�¥â ¢®§¤¥©áâ¢¨¥
−� á®æ¨�«ì−ãî áâàãªâãàã ®¡é¥áâ¢� ¨ ¯®«®¦¥−¨¥ ¢ −¥¬ ®â¤¥«ì−ëå á®æ¨�«ì−ëå
£àã¯¯, � â�ª¦¥ −� á�¬®£® ç¥«®¢¥ª�, à�¤¨ª�«ì−ë¬ ®¡à�§®¬ ¨§¬¥−ïï ¥£® ®¡à�§
¦¨§−¨, âà�¤¨æ¨¨ ¨ ªã«ìâãà−ë¥ æ¥−−®áâ¨ [2].

�® áãé¥áâ¢ã, à¥çì ¨¤¥â ® £«ã¡®ª®© áâàãªâãà−®© âà�−áä®à¬�æ¨¨ á®¢à¥¬¥−−®£®
®¡é¥áâ¢�, ª®â®à�ï ¯à®¨áå®¤¨â â�ª ¡ëáâà®, çâ® ¥é¥ −¥¤®áâ�â®ç−® �¤¥ª¢�â−®
®á®§−�¥âáï ¨ ¯®íâ®¬ã −¥ −�å®¤¨â −¥®¡å®¤¨¬®£® ®âà�¦¥−¨ï ¢ áâà�â¥£¨¨ à�§¢¨â¨ï
®¡é¥áâ¢� ª�ª −� −�æ¨®−�«ì−®¬, â�ª ¨ −� £«®¡�«ì−®¬ ãà®¢−¥. �à¨¬¥à®¬ §¤¥áì
¬®¦¥â á«ã¦¨âì −®¢�ï ‘âà�â¥£¨ï ��� ¢ ®¡«�áâ¨ ãáâ®©ç¨¢®£® à�§¢¨â¨ï −� ¯¥à¨®¤
¤® 2030 £., ¯à¨−ïâ�ï ¢ 2015 £. −� 70-© á¥áá¨¨ ƒ¥−¥à�«ì−®© �áá�¬¡«¥¨ ���.
�−� á®¤¥à¦¨â 17 £«®¡�«ì−ëå æ¥«¥© ¨ 169 §�¤�ç, ª®â®àë¥ ¤®«¦−ë ¡ëâì à¥è¥−ë

1ˆ−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, kolinkk@mail.ru
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‘®æ¨�«ì−ë© ¯®â¥−æ¨�« ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ á®¢à¥¬¥−−®© ÷®áá¨¨

¬¨à®¢ë¬ á®®¡é¥áâ¢®¬ ¢ ¡«¨¦�©è¨¥ 15 «¥â, ®¤−�ª® ¨−ä®à¬�æ¨®−−ë¥ �á¯¥ªâë
à�§¢¨â¨ï æ¨¢¨«¨§�æ¨¨ ¢ −¥© ¤�¦¥ −¥ ã¯®¬ï−ãâë [3].

‚ á®¢à¥¬¥−−®© ¯®«¨â¨ª¥ á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨¨ ¢−¨¬�-
−¨¥ ª ¨á¯®«ì§®¢�−¨î ¯®â¥−æ¨�«� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¯®á«¥¤−¨¥ £®¤ë
â�ª¦¥ á−¨¦�¥âáï. “¦¥ −¥áª®«ìª® «¥â −¥ ¯à®¢®¤ïâáï §�á¥¤�−¨ï ‘®¢¥â� ¯® à�§-
¢¨â¨î ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� ¯à¨ �à¥§¨¤¥−â¥ ÷”, ¯à�ªâ¨ç¥áª¨ ¯à¥ªà�â¨«
á¢®î ¤¥ïâ¥«ì−®áâì ¨ ¥¦¥£®¤−ë© ’¢¥àáª®© ä®àã¬ úˆ−ä®à¬�æ¨®−−®¥ ®¡é¥áâ¢®û.
‚ á¨áâ¥¬¥ ®¡à�§®¢�−¨ï ÷®áá¨¨ á¥£®¤−ï −¥â −¨ ®¤−®£® ã−¨¢¥àá¨â¥â�, ®à¨¥−â¨à®-
¢�−−®£® −� ¯®¤£®â®¢ªã á¯¥æ¨�«¨áâ®¢ ¢ ®¡«�áâ¨ ˆŠ’, å®âï ¯®âà¥¡−®áâ¨ ¢ â�ª¨å
á¯¥æ¨�«¨áâ�å, ¯® ®æ¥−ª�¬ íªá¯¥àâ®¢, ã¤®¢«¥â¢®àïîâáï «¨èì −� 40%.

‚á¥ íâ® ¯®ª�§ë¢�¥â, çâ® ¯à®¡«¥¬� ¨á¯®«ì§®¢�−¨ï á®æ¨�«ì−®£® ¯®â¥−æ¨�«�
ˆŠ’ ¢ ÷®áá¨¨ ®ç¥−ì �ªâã�«ì−�, � ¥¥ ¨áá«¥¤®¢�−¨¥ −ã¦−® −�ç¨−�âì á �−�«¨§� à®«¨
íâ®£® ¯®â¥−æ¨�«� ¢ à¥è¥−¨¨ −�¨¡®«¥¥ ¢�¦−ëå ¯à®¡«¥¬ à®áá¨©áª®£® ®¡é¥áâ¢�,
çâ® ¨ ï¢«ï¥âáï æ¥«ìî ¤�−−®© à�¡®âë.

2 Структура социального потенциала информационных технологий

‘âàãªâãà� á®æ¨�«ì−®£® ¯®â¥−æ¨�«� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ãªàã¯-
−¥−−®¬ ¢¨¤¥ ¯à¥¤áâ�¢«¥−� ¢ â�¡«¨æ¥. …£® ®á−®¢−ë¥ ª®¬¯®−¥−âë à�á¯à¥¤¥«¥−ë ¯®
á¥¬¨ £àã¯¯�¬, ª�¦¤�ï ¨§ ª®â®àëå á¢ï§�−� á ®¯à¥¤¥«¥−−®© á®æ¨�«ì−®© ¯à®¡«¥¬®©
¨«¨ ¦¥ áä¥à®© ¤¥ïâ¥«ì−®áâ¨. ‚á¥£® ¢ë¤¥«¥−® 24 ª®¬¯®−¥−â�, � ¨å ªà�âª¨© �−�«¨§
¯à¨¢®¤¨âáï −¨¦¥.

3 Информационные аспекты качества жизни

÷®«ì ˆŠ’ ¢ à¥è¥−¨¨ ¯à®¡«¥¬ë ¯®¢ëè¥−¨ï ª�ç¥áâ¢� ¦¨§−¨ ¢ ãá«®¢¨ïå áâ�-
−®¢«¥−¨ï £«®¡�«ì−®£® ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� ï¢«ï¥âáï ®¯à¥¤¥«ïîé¥© [4].
‚¥¤ì ¨¬¥−−® ®−¨ ¤�îâ ç¥«®¢¥ªã ¢®§¬®¦−®áâì ã¤�«¥−−®£® ¨ ®¯¥à�â¨¢−®£® ¤®áâã¯�
ª á®æ¨�«ì−® §−�ç¨¬ë¬ ¨−ä®à¬�æ¨®−−ë¬ à¥áãàá�¬. �â� ¢®§¬®¦−®áâì ¤®«¦−�
à�áá¬�âà¨¢�âìáï ª�ª −®¢®¥ á®æ¨�«ì−®¥ ¡«�£® ¨ ¯®â®¬ã ¢á¥¬¥à−® ¯®¤¤¥à¦¨¢�âìáï
£®áã¤�àáâ¢¥−−®© ¨−ä®à¬�æ¨®−−®© ¯®«¨â¨ª®©. ‘ íâ®© æ¥«ìî £®áã¤�àáâ¢® ®¡ï§�−®
à�§¢¨¢�âì ¨−ä®à¬�æ¨®−−ãî ¨−äà�áâàãªâãàã áâà�−ë ¨ áâ¨¬ã«¨à®¢�âì ¤¥ïâ¥«ì-
−®áâì ¢ íâ®© ®¡«�áâ¨ áâàãªâãà ¡¨§−¥á� ¨ ®¡é¥áâ¢¥−−ëå ®à£�−¨§�æ¨©. ÷¥è¥−¨¥
íâ¨å §�¤�ç −¥®¡å®¤¨¬®, ¢ ç�áâ−®áâ¨, ¤«ï à�§¢¨â¨ï á®æ¨�«ì−ëå ¨−ä®à¬�æ¨®−−ëå
ª®¬¬ã−¨ª�æ¨©, � â�ª¦¥ ¤«ï ®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®© ¤¥ïâ¥«ì−®áâ¨ í«¥ªâà®−−ëå
áà¥¤áâ¢ ¬�áá®¢®© ¨−ä®à¬�æ¨¨.

�¤−®© ¨§ �ªâã�«ì−ëå ¯à®¡«¥¬ ¤«ï ÷®áá¨¨, ¨¬¥îé¥© ®¡è¨à−ãî â¥àà¨â®à¨î,
ï¢«ï¥âáï ¯à®¡«¥¬� è¨à®ª®¯®«®á−®£® ¤®áâã¯� ¯®«ì§®¢�â¥«¥© ¢ á¥âì ˆ−â¥à−¥â.
‘®¤¥à¦�−¨¥ íâ®© ¯à®¡«¥¬ë ¨ −¥ª®â®àë¥ ¯ãâ¨ ¥¥ à¥è¥−¨ï à�áá¬®âà¥−ë ¢ à�¡®-
â¥ [5].

�ç¥−ì ¢�¦−®© á®æ¨�«ì−®© §�¤�ç¥© ï¢«ï¥âáï á®§¤�−¨¥ ¢ ÷®áá¨¨ á¨áâ¥¬ë ®ª�-
§�−¨ï −�á¥«¥−¨î £®áã¤�àáâ¢¥−−ëå ¨−ä®à¬�æ¨®−−ëå ãá«ã£, ª®â®à�ï ¯®«ãç¨«�
−�§¢�−¨¥ ú�«¥ªâà®−−®£® ¯à�¢¨â¥«ìáâ¢�û. „«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ¯à�ªâ¨ç¥áª¨
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Š. Š. Š®«¨−

‘âàãªâãà� á®æ¨�«ì−®£® ¯®â¥−æ¨�«� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

�à®¡«¥¬� ¨«¨ áä¥à�
¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢� Š®¬¯®−¥−âë á®æ¨�«ì−®£® ¯®â¥−æ¨�«� ˆŠ’

1. �¡¥á¯¥ç¥−¨¥ ¤®áâã¯� ª ¨−ä®à¬�æ¨®−−ë¬ à¥áãàá�¬
I. Š�ç¥áâ¢® ¦¨§−¨ 2. ˆ−ä®à¬�æ¨®−−ë¥ ãá«ã£¨ −�á¥«¥−¨î

−�á¥«¥−¨ï 3. �®¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ ª®¬¬ã−¨ª�æ¨¨
4. �«¥ªâà®−−ë¥ áà¥¤áâ¢� ¬�áá®¢®© ¨−ä®à¬�æ¨¨
5. ‡�−ïâ®áâì −�á¥«¥−¨ï
6. �«¥ªâà®−−�ï â®à£®¢«ï (úá®æ¨�«ì−�ï ª®¬¬¥àæ¨ïû)

II. �ª®−®¬¨ª� ¨ âàã¤ 7. ˆ−ä®à¬�æ¨®−−ë© ¡¨§−¥á
8. ˆ−ä®à¬�æ¨®−−�ï ªã«ìâãà� ¯à®ä¥áá¨®−�«ì−®©

¤¥ïâ¥«ì−®áâ¨
III. ‘®æ¨�«ì−®-¯®«¨â¨ç¥áª�ï 9. ‘®æ¨�«ì−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¥â¨

áä¥à� ®¡é¥áâ¢� 10. ú�«¥ªâà®−−�ï ¤¥¬®ªà�â¨ïû
11. ˆ−ä®à¬�â¨§�æ¨ï ®¡à�§®¢�−¨ï

IV. �¡à�§®¢�−¨¥, −�ãª� 12. �âªàëâ®¥ ®¡à�§®¢�−¨¥ ¨ ¤¨áâ�−æ¨®−−®¥ ®¡ãç¥−¨¥
¨ ªã«ìâãà� 13. ÷�á¯à¥¤¥«¥−−ë¥ −�ãç−ë¥ ª®««¥ªâ¨¢ë

14. �«¥ªâà®−−ë¥ ¡¨¡«¨®â¥ª¨, ¬ã§¥¨ ¨ £�«¥à¥¨
15. ‚ë§®¢ á«ã¦¡ íªáâà¥−−®© ¯®¬®é¨

V. ‡¤à�¢®®åà�−¥−¨¥ 16. ˆ−ä®à¬�â¨§�æ¨ï ¬¥¤¨æ¨−áª®£® ®¡á«ã¦¨¢�−¨ï
¨ ¬¥¤¨æ¨−� −�á¥«¥−¨ï

17. ’¥«¥¬¥¤¨æ¨−�: ¤¨�£−®áâ¨ª� ¨ ª®−áã«ìâ�æ¨¨
18. Œ®−¨â®à¨−£ ã£à®§

VI. �¡é¥áâ¢¥−−�ï 19. ‘à¥¤áâ¢� ®¯®¢¥é¥−¨ï ®¡ ®¯�á−®áâ¨
¡¥§®¯�á−®áâì 20. ‚¨¤¥®−�¡«î¤¥−¨¥, ®åà�−� §¤�−¨© ¨ ¯®¬¥é¥−¨©

21. ‡�é¨â� ¯¥àá®−�«ì−ëå ¤�−−ëå
22. ‘à¥¤áâ¢� £«®¡�«ì−ëå ¨−ä®à¬�æ¨®−−ëå

ª®¬¬ã−¨ª�æ¨©VII. Œ¥¦¤ã−�à®¤−ë¥
23. �®¢ë¥ â¥å−®«®£¨¨ ª®¬¯ìîâ¥à−®£® ¯¥à¥¢®¤�ª®¬¬ã−¨ª�æ¨¨

â¥ªáâ®¢ ¨ à¥ç¨
24. –¨¢¨«¨§�æ¨®−−ë© ¨ ®¡à�§®¢�â¥«ì−ë© âãà¨§¬

¢® ¢á¥å à¥£¨®−�å áâà�−ë á®§¤�îâáï á¯¥æ¨�«¨§¨à®¢�−−ë¥ æ¥−âàë, ®á−�é¥−−ë¥
á®¢à¥¬¥−−®© â¥å−¨ª®© ¨ à�¡®â�îé¨¥ ¯® áâ�−¤�àâ¨§®¢�−−®¬ã à¥£«�¬¥−âã. �â® ¯®-
§¢®«ï¥â −�á¥«¥−¨î íª®−®¬¨âì ¡®«ìè®¥ ª®«¨ç¥áâ¢® ¢à¥¬¥−¨ ¯à¨ à¥è¥−¨¨ á�¬ëå
à�§«¨ç−ëå ¡ëâ®¢ëå, ä¨−�−á®¢ëå ¨ îà¨¤¨ç¥áª¨å ¯à®¡«¥¬. �®íâ®¬ã ¢®¯à®-
áë á®§¤�−¨ï ¤�−−®© á¨áâ¥¬ë −�å®¤ïâáï ¯®¤ «¨ç−ë¬ ª®−âà®«¥¬ �à¥¤á¥¤�â¥«ï
�à�¢¨â¥«ìáâ¢� ÷®áá¨¨.

4 Экономика и труд

‡�−ïâ®áâì −�á¥«¥−¨ï. ‚�¦−¥©è¥© á®æ¨�«ì−®-íª®−®¬¨ç¥áª®© ¯à®¡«¥¬®© á®-
¢à¥¬¥−−®áâ¨, ®â à¥è¥−¨ï ª®â®à®© §�¢¨á¨â á®æ¨�«ì−�ï áâ�¡¨«ì−®áâì ®¡é¥áâ¢� ¢®
¬−®£¨å áâà�−�å ¬¨à�, ï¢«ï¥âáï §�−ïâ®áâì −�á¥«¥−¨ï. „«ï ÷®áá¨¨, á ¥¥ ®£à®¬−®©
¯® ¯à®âï¦¥−−®áâ¨ â¥àà¨â®à¨¥© ¨ −¥¤®áâ�â®ç−® à�§¢¨â®© á¥âìî âà�−á¯®àâ−ëå ª®¬-
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‘®æ¨�«ì−ë© ¯®â¥−æ¨�« ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ á®¢à¥¬¥−−®© ÷®áá¨¨

¬ã−¨ª�æ¨©, íâ� ¯à®¡«¥¬� ¬®¦¥â ¡ëâì à¥è¥−� «¨èì ¯à¨ ãá«®¢¨¨ áãé¥áâ¢¥−−®£®
à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë áâà�−ë ¨ è¨à®ª®£® ¨á¯®«ì§®¢�−¨ï
á®¢à¥¬¥−−ëå ˆŠ’. �â® −¥®¡å®¤¨¬® ª�ª ¤«ï à�§¢¨â¨ï úá¥â¥¢®© íª®−®¬¨ª¨û,
â�ª ¨ ¤«ï ¡®«¥¥ íää¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï âàã¤®¢ëå à¥áãàá®¢ áâà�−ë ¯ãâ¥¬
á®§¤�−¨ï à�á¯à¥¤¥«¥−−ëå âàã¤®¢ëå ª®««¥ªâ¨¢®¢.

�¤−¨¬ ¨§ á®æ¨�«ì−ëå à¥§ã«ìâ�â®¢ â�ª®© áâà�â¥£¨¨ à�§¢¨â¨ï áâà�−ë ¤®«¦−®
áâ�âì á−¨¦¥−¨¥ â¥¬¯®¢ ãà¡�−¨§�æ¨¨ ®¡é¥áâ¢� ¨ ª®−æ¥−âà�æ¨¨ −�á¥«¥−¨ï ¢ ªàã¯-
−ëå £®à®¤�å, á®¤¥©áâ¢¨¥ à�§¢¨â¨î ¬�«ëå £®à®¤®¢ ¨ á¥«ìáª¨å ¯®á¥«¥−¨©, ¢ â®¬
ç¨á«¥ ¢ à�©®−�å „�«ì−¥£® ‚®áâ®ª� ¨ Šà�©−¥£® ‘¥¢¥à�. ‘®æ¨�«ì−®-íª®−®¬¨ç¥-
áª®¥ à�§¢¨â¨¥ íâ¨å â¥àà¨â®à¨© ï¢«ï¥âáï ®¤−¨¬ ¨§ áâà�â¥£¨ç¥áª¨å ¯à¨®à¨â¥â®¢
á®¢à¥¬¥−−®© ÷®áá¨¨.

��è¥© áâà�−¥ −¥®¡å®¤¨¬® áãé¥áâ¢¥−−® ¯®¢ëá¨âì ãà®¢¥−ì §�−ïâ®áâ¨ ¢ ¨−-
ä®à¬�æ¨®−−®© áä¥à¥ ®¡é¥áâ¢�. ‚¥¤ì ÷®áá¨ï ¨¬¥¥â ¡®«ìè®¥ ç¨á«® á¯¥æ¨�«¨áâ®¢
¢ ®¡«�áâ¨ −�ãç−®-â¥å−¨ç¥áª®© ¨ ®¡é¥áâ¢¥−−®-¯®«¨â¨ç¥áª®© ¨−ä®à¬�æ¨¨, ¨−â¥«-
«¥ªâã�«ì−ë© ¯®â¥−æ¨�« ª®â®àëå ¥é¥ −¥¤®áâ�â®ç−® ¨á¯®«ì§ã¥âáï. ÷�§¢¨â¨¥ ˆŠ’
¬®¦¥â á®¤¥©áâ¢®¢�âì à¥è¥−¨î íâ®© ¯à®¡«¥¬ë.

ˆ−ä®à¬�æ¨®−−®¥ −�¤®¬−¨ç¥áâ¢® (úâ¥«¥à�¡®â�û). ‘®¢à¥¬¥−−ë© ãà®¢¥−ì
à�§¢¨â¨ï ˆŠ’ ¯®§¢®«ï¥â ¬−®£¨¬ á¯¥æ¨�«¨áâ�¬ §−�ç¨â¥«ì−ãî ç�áâì ¢à¥¬¥−¨ à�-
¡®â�âì ¤®¬�, çâ® ¤�¥â áãé¥áâ¢¥−−ãî íª®−®¬¨î ¢à¥¬¥−¨ ¨ á®ªà�é�¥â −�£àã§ªã −�
âà�−á¯®àâ−ë¥ ª®¬¬ã−¨ª�æ¨¨, ª®â®à�ï ¢ ªàã¯−ëå £®à®¤�å áâ�−®¢¨âáï á¥àì¥§−®©
á®æ¨�«ì−®© ¯à®¡«¥¬®©. �®íâ®¬ã ¤�−−ë© ¢¨¤ ®à£�−¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ âàã-
¤®¢ëå ª®««¥ªâ¨¢®¢ ¯®«ãç�¥â ¢á¥ ¡®«ìè¥¥ à�á¯à®áâà�−¥−¨¥ ¢ á�¬ëå à�§«¨ç−ëå
®à£�−¨§�æ¨ïå. …£® ¢�¦−ë© á®æ¨�«ì−ë© �á¯¥ªâ á®áâ®¨â ¢ â®¬, çâ® ®− ¯®§¢®«ï¥â
®¡¥á¯¥ç¨âì ¯®«−ãî ¨«¨ ç�áâ¨ç−ãî §�−ïâ®áâì «î¤¥© á ®£à�−¨ç¥−−®© ¬®¡¨«ì−®áâìî
(¨−¢�«¨¤®¢, ¯¥−á¨®−¥à®¢, ¦¥−é¨−, ¢®á¯¨âë¢�îé¨å ¬�«¥−ìª¨å ¤¥â¥©), ª®â®àë¥
á®áâ�¢«ïîâ §−�ç¨â¥«ì−ãî ¤®«î −�á¥«¥−¨ï ÷®áá¨¨.

’�ª, −�¯à¨¬¥à, ç¨á«® ¨−¢�«¨¤®¢ ¢ 2015 £. ¯à¥¢ëá¨«® 12,8 ¬«−, â. ¥. á®áâ�¢«ï-
¥â 8,7% −�á¥«¥−¨ï áâà�−ë. „«ï ¬−®£¨å ¨§ −¨å ¢®§¬®¦−®áâì ¢ëå®¤� ¢ ˆ−â¥à−¥â
á ¤®¬�è−¥£® ª®¬¯ìîâ¥à� | íâ® ®ª−® ¢ ¬¨à, ª®â®à®¥ ¯®§¢®«ï¥â ç¥«®¢¥ªã à¥�-
«¨§®¢�âì á¢®© ¯®â¥−æ¨�« á®æ¨�«ì−®© �ªâ¨¢−®áâ¨, � â�ª¦¥ ¢�¦−®¥ áà¥¤áâ¢® ¤«ï
á�¬®®¡à�§®¢�−¨ï ¨ ¨−â¥««¥ªâã�«ì−®£® à�§¢¨â¨ï.

Š á®¦�«¥−¨î, íâ¨ ¢®§¬®¦−®áâ¨ ¥é¥ −¥¤®áâ�â®ç−® ¨á¯®«ì§ãîâáï á®æ¨�«ì−ë¬¨
á«ã¦¡�¬¨ ÷®áá¨¨.

�«¥ªâà®−−�ï â®à£®¢«ï ¨ ¡¨§−¥á. ‘®æ¨�«ì−�ï à®«ì ˆŠ’ ¢ ®¡«�áâ¨ í«¥ª-
âà®−−®© â®à£®¢«¨ á®áâ®¨â ¢ â®¬, çâ® ®−¨ ¯®§¢®«ïîâ ç¥«®¢¥ªã −�©â¨, ¢ë¡à�âì
¨ ¯à¨®¡à¥áâ¨ −¥®¡å®¤¨¬ë¥ ¥¬ã â®¢�àë −¥ â®«ìª® ¢ á¢®¥© áâà�−¥, −® ¨ §� àã-
¡¥¦®¬, ¯®íâ®¬ã ¯®¯ã«ïà−®áâì í«¥ªâà®−−®© â®à£®¢«¨ ¡ëáâà® ¢®§à�áâ�¥â. �¡ê¥¬
íâ®£® á¥ªâ®à� ¬¨à®¢®© íª®−®¬¨ª¨ ¢ 2015 £. á®áâ�¢¨« 1,77 âà«− ¤®««. ‘˜�,
� ª 2020 £., ¯® ¨¬¥îé¨¬áï ¯à®£−®§�¬, ¤®áâ¨£−¥â §−�ç¥−¨ï 6,7 âà«− ¤®««.
‘˜� (®ª®«® 20% ¢á¥£® ®¡ê¥¬� ¬¨à®¢®© â®à£®¢«¨). �à¨ íâ®¬ ®¦¨¤�¥âáï, çâ®
®á−®¢−ãî ¤®«î íâ®£® ®¡ê¥¬� á®áâ�¢ïâ ¯®ªã¯ª¨ á¥«ìáª®£® −�á¥«¥−¨ï. ‚®§¬®¦-
−®, ¯®íâ®¬ã ¤�−−ë© á¥ªâ®à íª®−®¬¨ª¨ ¨−®£¤� −�§ë¢�îâ úá®æ¨�«ì−®© ª®¬¬¥à-
æ¨¥©û.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 4 2016 141



Š. Š. Š®«¨−

„�¦¥ ¢ ¯¥à¨®¤ ¬¨à®¢®£® ä¨−�−á®¢®-íª®−®¬¨ç¥áª®£® ªà¨§¨á� í«¥ªâà®−−�ï
â®à£®¢«ï ¤¥¬®−áâà¨àã¥â ¢ëá®ª¨© ¨ ¤®áâ�â®ç−® ãáâ®©ç¨¢ë© à®áâ (¯®àï¤ª� 14%{
17% ¢ £®¤). ‚ 2015 £. ¢ ÷®áá¨¨ ®− á®áâ�¢¨« 10%.

ˆ−ä®à¬�æ¨®−−ë© ¡¨§−¥á ®¡¥á¯¥ç¨¢�¥â ¯à¥¤®áâ�¢«¥−¨¥ −�á¥«¥−¨î ¨−ä®à¬�-
æ¨®−−ëå ãá«ã£, á¯¥ªâà ª®â®àëå ¡ëáâà® à�áè¨àï¥âáï ¡«�£®¤�àï ª®−ªãà¥−æ¨¨
à�§«¨ç−ëå ª®¬¯�−¨©. �à¨ íâ®¬ áâ®¨¬®áâì ãá«ã£ ¯®áâ®ï−−® á−¨¦�¥âáï, � −¥ª®â®-
àë¥ ¨§ −¨å ®ª�§ë¢�îâáï ¡¥á¯«�â−®.

•�à�ªâ¥à−ë¬ ¯à¨¬¥à®¬ §¤¥áì ¬®¦¥â á«ã¦¨âì ¤®áâã¯ ¢ ˆ−â¥à−¥â ¢ ®¡é¥-
áâ¢¥−−ëå ¬¥áâ�å, � â�ª¦¥ â¥«¥ä®−−ë¥ ¯¥à¥£®¢®àë ¨ ¢¨¤¥®ª®¬¬ã−¨ª�æ¨¨ ç¥à¥§
á¨áâ¥¬ã Skype. �¥ ¢§¨¬�¥âáï ¢ ÷®áá¨¨ â�ª¦¥ ¨ �¡®−¥−âáª�ï ¯«�â� §� ¯®«ì§®¢�−¨¥
−�¢¨£�æ¨®−−ë¬¨ á¨áâ¥¬�¬¨ ƒ‹���‘‘ ¨ GPS, ª®â®àë¥ ¯®«ãç�îâ ¢á¥ ¡®«¥¥
è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ áà¥¤¨ −�á¥«¥−¨ï.

ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¢ íª®−®¬¨ª¥. �ã¦−® ®â¬¥â¨âì, çâ® ¬−®£¨¥
¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ®à¨¥−â¨à®¢�−−ë¥ −� ¤®áâ�â®ç−® è¨à®ª®¥ á®æ¨-
�«ì−®¥ ¨á¯®«ì§®¢�−¨¥, á¥£®¤−ï ï¢«ïîâáï â®¢�à®¬, ª®â®àë© ¬®¦−® ¯à¨®¡à¥áâ¨ §�
®¯à¥¤¥«¥−−ãî ¯«�âã ã á®®â¢¥âáâ¢ãîé¨å ˆŠ’-ª®¬¯�−¨©. �à¨¬¥à�¬¨ §¤¥áì ï¢«ï-
îâáï ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ §�é¨âë ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢ ¨ á¬�àâä®−®¢
®â ª®¬¯ìîâ¥à−ëå ¢¨àãá®¢, � â�ª¦¥ ª®¬¯ìîâ¥à−ë¥ ¨£àë, ¯®«ãç¨¢è¨¥ è¨à®ª®¥
à�á¯à®áâà�−¥−¨¥ ã ¬®«®¤¥¦¨.

ˆ−ä®à¬�æ¨®−−�ï ªã«ìâãà� ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨. ˆ−ä®à¬�-
æ¨®−−�ï ªã«ìâãà� ®¡é¥áâ¢� ¢ ¯®á«¥¤−¨¥ £®¤ë áâ�−®¢¨âáï ¢�¦−ë¬ ãá«®¢¨¥¬ ¥£®
ãá¯¥è−®£® à�§¢¨â¨ï [6]. �â® ®¤−� ¨§ ¤®«£®áà®ç−ëå â¥−¤¥−æ¨© à�§¢¨â¨ï á®¢à¥-
¬¥−−®© æ¨¢¨«¨§�æ¨¨. ‚ ¤�−−®¬ á«ãç�¥ à¥çì ¨¤¥â ®¡ ¨−ä®à¬�æ¨®−−®© ªã«ìâãà¥
¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨.

‘®æ¨�«ì−ë© �á¯¥ªâ íâ®© ¯à®¡«¥¬ë á®áâ®¨â ¢ â®¬, çâ® ®−� ¯à¥¤¯®«�£�¥â
−¥ â®«ìª® á®¢à¥¬¥−−ë© ãà®¢¥−ì ®á−�é¥−−®áâ¨ ãçà¥¦¤¥−¨© ¨−ä®à¬�æ¨®−−®©
â¥å−¨ª®©, −® â�ª¦¥ ¨ ®¯à¥¤¥«¥−−ë© ãà®¢¥−ì ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë ¨å
à�¡®â−¨ª®¢.

’à¥¡®¢�−¨ï ¢ íâ®© ®¡«�áâ¨ ¡ëáâà® ¢®§à�áâ�îâ. ‘®¢à¥¬¥−−ë© á¯¥æ¨�«¨áâ, ¥á-
«¨ ®− å®ç¥â ¡ëâì ª®−ªãà¥−â®á¯®á®¡−ë¬ −� àë−ª¥ âàã¤�, ¤®«¦¥− å®à®è® ¢«�¤¥âì
¯¥àá®−�«ì−ë¬ ª®¬¯ìîâ¥à®¬, ¯«�−è¥â®¬ ¨ á¬�àâä®−®¬, ¤àã£®© ¨−ä®à¬�æ¨®−-
−®© â¥å−¨ª®©. �® íâ®£® ¬�«®. �− ¤®«¦¥− â�ª¦¥ ®à¨¥−â¨à®¢�âìáï ¢ á¨áâ¥¬¥
−�æ¨®−�«ì−ëå ¨ ¬¨à®¢ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ã¬¥âì ¯®«ì§®¢�âìáï í«¥ª-
âà®−−ë¬¨ ¡¨¡«¨®â¥ª�¬¨ ¨ ª®¬¯ìîâ¥à−ë¬¨ á®æ¨�«ì−ë¬¨ á¥âï¬¨ ¯à¨¬¥−¨â¥«ì−®
ª áä¥à¥ á¢®¥© ¤¥ïâ¥«ì−®áâ¨.

‚á¥ íâ¨ §−�−¨ï ¨ ã¬¥−¨ï ï¢«ïîâáï �âà¨¡ãâ�¬¨ â®© −®¢®© ¯à®ä¥áá¨®−�«ì-
−®© ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë, ª®â®à�ï áâà¥¬¨â¥«ì−® ä®à¬¨àã¥âáï ¨ ï¢«ï¥âáï
−¥®¡å®¤¨¬®© ¯à�ªâ¨ç¥áª¨ ¢® ¢á¥å áä¥à�å á®æ¨�«ì−®© �ªâ¨¢−®áâ¨ ®¡é¥áâ¢�. Š á®-
¦�«¥−¨î, á®¢à¥¬¥−−�ï á¨áâ¥¬� ®¡à�§®¢�−¨ï ÷®áá¨¨ â�ª¨¥ §−�−¨ï ¨ ã¬¥−¨ï ä®à-
¬¨àã¥â ã á¯¥æ¨�«¨áâ®¢ ¢ ®ç¥−ì ®£à�−¨ç¥−−®¬ ®¡ê¥¬¥, ¨ íâ® ¢ë¤¢¨£�¥â −� ¯®¢¥áâªã
¤−ï §�¤�çã à�§¢¨â¨ï á®®â¢¥âáâ¢ãîé¨å −�¯à�¢«¥−¨© ®á−®¢−®£® ¨ ¤®¯®«−¨â¥«ì−®£®
®¡à�§®¢�−¨ï [7].
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‘®æ¨�«ì−ë© ¯®â¥−æ¨�« ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ á®¢à¥¬¥−−®© ÷®áá¨¨

5 Социально-политическая сфера общества

ˆá¯®«ì§®¢�−¨¥ ˆŠ’ ¢ ¤�−−®© áä¥à¥ ¯®«ãç¨«® −�¨¡®«¥¥ è¨à®ª®¥ à�§¢¨â¨¥
¢ ‘˜� ¨ áâà�−�å ‡�¯�¤−®© …¢à®¯ë. ÷¥�«¨§�æ¨ï ª®−æ¥¯æ¨¨ ¤¥¬®ªà�â¨§�æ¨¨
®¡é¥áâ¢� ¢ íâ¨å áâà�−�å ¢® ¬−®£®¬ ®¡¥á¯¥ç¨¢�¥âáï ¨¬¥−−® ¯®áà¥¤áâ¢®¬ ¨á¯®«ì-
§®¢�−¨ï í«¥ªâà®−−ëå áà¥¤áâ¢ ¬�áá®¢®© ¨−ä®à¬�æ¨¨ ¨ −®¢ëå ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨©. Œ�«® â®£®, ¯® §�ï¢«¥−¨ï¬ −¥ª®â®àëå á¯¥æ¨�«¨áâ®¢ ā�…‘Š�,
£«�¢−�ï æ¥«ì ä®à¬¨à®¢�−¨ï ¢ ®¡é¥áâ¢¥ −®¢®© ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë á®-
áâ®¨â ¢ â®¬, çâ®¡ë ¯®¢ëá¨âì ¥£® á®æ¨�«ì−®-¯®«¨â¨ç¥áªãî �ªâ¨¢−®áâì, ¢ª«îç�ï
ãç�áâ¨¥ ¢ à�§«¨ç−®£® à®¤� ¢ë¡®à−ëå ª®¬¯�−¨ïå ¨ à¥ä¥à¥−¤ã¬�å.

úƒ®«®á ª�¦¤®£® ¤®«¦¥− ¡ëâì ãá«ëè�−û | â�ª®¢ ®á−®¢−®© â¥§¨á ¤�−−®©
ª®−æ¥¯æ¨¨ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë ®¡é¥áâ¢�. �à¥¤áâ�¢«ï¥âáï, çâ®
íâ® á«¨èª®¬ ã§ª¨© ¢§£«ï¤ −� ¯à®¡«¥¬ã à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë, çâ®
¤®áâ�â®ç−® ã¡¥¤¨â¥«ì−® ¯®ª�§�−® ¢ à�¡®â�å [6, 8].

6 Образование, наука и культура

‘®æ¨�«ì−ë© �á¯¥ªâ −®¢ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© −�¨¡®«¥¥ §−�ç¨-
¬® ¯à®ï¢«ï¥âáï ¢ à�§¢¨â¨¨ á¨áâ¥¬ ®âªàëâ®£® ®¡à�§®¢�−¨ï ¨ ¤¨áâ�−æ¨®−−®£®
®¡ãç¥−¨ï. �® ®æ¥−ª�¬ á¯¥æ¨�«¨áâ®¢, ¢ ãá«®¢¨ïå áâ�−®¢«¥−¨ï £«®¡�«ì−®£® ¨−ä®à-
¬�æ¨®−−®£® ®¡é¥áâ¢� íâ¨ á¨áâ¥¬ë ¯®«ãç�â è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¨ ®¡¥á¯¥ç�â
¡®«¥¥ ¢ëá®ªãî ¯à®ä¥áá¨®−�«ì−ãî ¬®¡¨«ì−®áâì, ª®â®à�ï ¡ã¤¥â å�à�ªâ¥à−®© ç¥à-
â®© íâ®£® ®¡é¥áâ¢� [7].

—â® ¦¥ ª�á�¥âáï −�ãç−ëå ¨áá«¥¤®¢�−¨©, â® §¤¥áì ®ç¥−ì ¢�¦−ë¬ ï¢«ï¥âáï
®¡¥á¯¥ç¥−¨¥ ¤®áâã¯� ¨áá«¥¤®¢�â¥«¥© ª −¥®¡å®¤¨¬®© ¨¬ ¨−ä®à¬�æ¨¨ ¢ í«¥ªâà®−-
−ëå ¡¨¡«¨®â¥ª�å, � â�ª¦¥ ¢®§¬®¦−®áâì á®§¤�−¨ï à�á¯à¥¤¥«¥−−ëå â¢®àç¥áª¨å
ª®««¥ªâ¨¢®¢, ª®â®àë¥ ¬®£ãâ ¢ª«îç�âì ¢ á¥¡ï ãç¥−ëå ¨§ à�§−ëå áâà�− ¨ à¥£¨®−®¢
¬¨à�.

�¥ ¬¥−¥¥ ¢�¦−ë¬ ï¢«ï¥âáï ¨ ¯®¢ëè¥−¨¥ ®¯¥à�â¨¢−®áâ¨ ¯ã¡«¨ª�æ¨¨ à¥§ã«ì-
â�â®¢ ¨áá«¥¤®¢�−¨© ¢ í«¥ªâà®−−ëå −�ãç−ëå ¨§¤�−¨ïå, � â�ª¦¥ ¢®§¬®¦−®áâì
¤¨áâ�−æ¨®−−®£® ãç�áâ¨ï ¢ −�ãç−ëå ª®−ä¥à¥−æ¨ïå.

‚ áà¥¤−¥áà®ç−®© ¯¥àá¯¥ªâ¨¢¥ ¯à®£−®§¨àã¥âáï â�ª¦¥ ¨ à�§¢¨â¨¥ ª®««¥ªâ¨¢-
−ëå −�ãç−ëå æ¥−âà®¢, ®¡®àã¤®¢�−¨¥ ª®â®àëå ¡ã¤¥â ¨á¯®«ì§®¢�âìáï ¢ à¥¦¨¬¥
ã¤�«¥−−®£® ¤®áâã¯�.

‚ áä¥à¥ ªã«ìâãàë −®¢ë¥ ˆŠ’ á®§¤�îâ ¢®§¬®¦−®áâì ã¤�«¥−−®£® ¤®áâã¯�
−�á¥«¥−¨ï ª ¬¨à®¢ë¬ ªã«ìâãà−ë¬ æ¥−−®áâï¬ ç¥à¥§ í«¥ªâà®−−ë¥ ¡¨¡«¨®â¥ª¨,
¬ã§¥¨, åã¤®¦¥áâ¢¥−−ë¥ £�«¥à¥¨ ¨ ¢ëáâ�¢ª¨. �¦¨¤�¥âáï â�ª¦¥ ¨ ¯®ï¢«¥−¨¥
−®¢ëå ä®à¬ íªà�−−®© ªã«ìâãàë [6].

7 Здравоохранение и медицина

‡¤¥áì ¯à¥¦¤¥ ¢á¥£® á«¥¤ã¥â ®â¬¥â¨âì ¯à®¡«¥¬ã ®ª�§�−¨ï íªáâà¥−−®© ¬¥¤¨-
æ¨−áª®© ¯®¬®é¨ −�á¥«¥−¨î, ®á®¡¥−−® ¢ á¥«ìáª®© ¬¥áâ−®áâ¨. ‚ë§®¢ ¡à¨£�¤
áª®à®© ¯®¬®é¨, � â�ª¦¥ ¨å ®á−�é¥−¨¥ −¥®¡å®¤¨¬®© ¨−ä®à¬�æ¨®−−®© â¥å−¨ª®©
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¬¥¤¨æ¨−áª®£® −�§−�ç¥−¨ï ¯®§¢®«ïâ ¢ ¡ã¤ãé¥¬ áãé¥áâ¢¥−−® ¯®¢ëá¨âì ãà®¢¥−ì
¬¥¤¨æ¨−áª®£® ®¡á«ã¦¨¢�−¨ï −�á¥«¥−¨ï ¢® ¬−®£¨å áâà�−�å, ¢ â®¬ ç¨á«¥ ¢ ÷®áá¨¨.
„®áâ�â®ç−® ãª�§�âì, çâ® ã¦¥ á¥£®¤−ï ¢à¥¬ï ®â ¢ë§®¢� ¤® ¯à¨¡ëâ¨ï ¡à¨£�¤ë
áª®à®© ¯®¬®é¨ ¢ Œ®áª¢¥ á®áâ�¢«ï¥â −¥ ¡®«¥¥ 15 ¬¨−.

Œ®¦−® ®¦¨¤�âì, çâ® ¢ áà¥¤−¥áà®ç−®© ¯¥àá¯¥ªâ¨¢¥ ¨á¯®«ì§®¢�−¨¥ −®¢ëå
ˆŠ’ ¢ ¬¥¤¨æ¨−áª¨å ãçà¥¦¤¥−¨ïå ¯®§¢®«¨â áãé¥áâ¢¥−−® á®ªà�â¨âì ¡ã¬�£®â¢®à-
ç¥áâ¢® ¬¥¤¨æ¨−áª®£® ¯¥àá®−�«� ¨, á�¬®¥ £«�¢−®¥, á®ªà�â¨âì ¢à¥¬ï, §�âà�ç¨¢�¥¬®¥
¯�æ¨¥−â�¬¨ −� ¯®«ãç¥−¨¥ ¬¥¤¨æ¨−áª¨å ãá«ã£.

‚ ¤®«£®áà®ç−®© ¯¥àá¯¥ªâ¨¢¥ ®¦¨¤�¥âáï è¨à®ª®¥ ¢−¥¤à¥−¨¥ ¢ ¯à�ªâ¨ªã ¯¥à-
á®−�«ì−ëå í«¥ªâà®−−ëå ¬¥¤¨æ¨−áª¨å ª�àâ, � â�ª¦¥ à�§¢¨â¨¥ â¥«¥¬¥¤¨æ¨−ë,
¯®§¢®«ïîé¥© ®áãé¥áâ¢«ïâì ¤¨�£−®áâ¨ªã §�¡®«¥¢�−¨© ¨ ¯®«ãç�âì ª®−áã«ìâ�æ¨¨
á¯¥æ¨�«¨áâ®¢ ¢ à¥¦¨¬¥ ã¤�«¥−−®£® ¤®áâã¯�.

8 Общественная безопасность

‚ £«®¡�«ì−®¬ ¨−ä®à¬�æ¨®−−®¬ ®¡é¥áâ¢¥ ¯à®¡«¥¬� ®¡é¥áâ¢¥−−®© ¡¥§®¯�á-
−®áâ¨ ¯à¨®¡à¥â�¥â −®¢ãî áâàãªâãàã. �� ¯¥à¢ë© ¯«�− §¤¥áì ¢ë¤¢¨£�¥âáï ¨−ä®à-
¬�æ¨®−−�ï ¡¥§®¯�á−®áâì, ª®â®à�ï áâ�−®¢¨âáï ¢�¦−¥©è¨¬ ª®¬¯®−¥−â®¬ ¨ −¥®¡å®-
¤¨¬ë¬ ãá«®¢¨¥¬ −�æ¨®−�«ì−®© ¨ £«®¡�«ì−®© ¡¥§®¯�á−®áâ¨ [9].

‘®§¤�¢�ï ¢á¥ ¡®«¥¥ á«®¦−ãî ¨−ä®à¬�æ¨®−−ãî áà¥¤ã á¢®¥£® ®¡¨â�−¨ï, ç¥«®-
¢¥ª ¢á¥ ¡®«ìè¥ áâ�−®¢¨âáï ¥¥ §�«®¦−¨ª®¬. �− ã¦¥ −¥ ¬®¦¥â ¦¨âì ¨ à�¡®â�âì
¡¥§ ¨á¯®«ì§®¢�−¨ï íâ®© áà¥¤ë, ª®â®à�ï á®§¤�¥â ¤«ï −¥£® ¡¥á¯à¥æ¥¤¥−â−ë¥ −®¢ë¥
¢®§¬®¦−®áâ¨ ¨ ¢ â® ¦¥ ¢à¥¬ï ¤¥«�¥â ¥£® ¢á¥ ¡®«¥¥ ãï§¢¨¬ë¬ ¯® ®â−®è¥−¨î
ª ¢−¥è−¨¬ ¤¥áâàãªâ¨¢−ë¬ ¢®§¤¥©áâ¢¨ï¬. ˆáá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® íâ® ª�-
á�¥âáï −¥ â®«ìª® ç�áâ−®© ¦¨§−¨ «î¤¥©, −® â�ª¦¥ ¨ ¨å ä¨§¨ç¥áª®£® ¨ ¯á¨å¨ç¥áª®£®
§¤®à®¢ìï [10, 11].

‚ â® ¦¥ ¢à¥¬ï −®¢ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ −¥§�¬¥−¨¬ë ¢ à¥è¥−¨¨
§�¤�ç ¬®−¨â®à¨−£� à�§«¨ç−ëå ã£à®§ ¨ ®¯®¢¥é¥−¨ï −�á¥«¥−¨ï ®¡ íâ¨å ã£à®§�å,
� â�ª¦¥ §�¤�ç ¡®àì¡ë á ¯à¥áâã¯−®áâìî, ®åà�−ë §¤�−¨© ¨ ¯®¬¥é¥−¨©, ¢ë§®¢�
á«ã¦¡ íªáâà¥−−®© ¯®¬®é¨.

9 Международные информационные коммуникации

�® ¯à®£−®§�¬ á¯¥æ¨�«¨áâ®¢, ¬�áèâ�¡ë ¬¥¦¤ã−�à®¤−ëå ¨−ä®à¬�æ¨®−−ëå
ª®¬¬ã−¨ª�æ¨© ¢ XXI ¢. ¡ã¤ãâ −¥¯à¥àë¢−® ¢®§à�áâ�âì. �â® ®¡ãá«®¢«¥−® ª�ª
¯à®æ¥áá�¬¨ £«®¡�«¨§�æ¨¨ ®¡é¥áâ¢�, â�ª ¨ ¯®âà¥¡−®áâï¬¨ ¡®«¥¥ â¥á−®£® ¢§�¨¬®-
¤¥©áâ¢¨ï £à�¦¤�− à�§−ëå áâà�− ¬¥¦¤ã á®¡®© ¢ ®¡«�áâ¨ íª®−®¬¨ª¨, ®¡à�§®¢�−¨ï,
ªã«ìâãàë ¨ −�ãª¨.

‘®¢à¥¬¥−−ë© ¬¨à âà¥¡ã¥â −¥ â®«ìª® §−�−¨ï â®£®, çâ® ¯à®¨áå®¤¨â ¢ ¤àã£¨å
áâà�−�å, −® â�ª¦¥ ¨ ãç�áâ¨ï ¢ â¥å ¨«¨ ¨−ëå �á¯¥ªâ�å ¨å ¦¨§−¨ ¨ ¤¥ïâ¥«ì−®áâ¨.
� íâ® ¯à¥¤¯®«�£�¥â ¢®§¬®¦−®áâì ¯®−¨¬�−¨ï ¨−ä®à¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®© −�
¤àã£¨å ï§ëª�å, ¨, á«¥¤®¢�â¥«ì−®, âà¥¡ã¥â −®¢ëå áà¥¤áâ¢ ¬�è¨−−®£® ¯¥à¥¢®¤�
â¥ªáâ®¢ ¨ à¥ç¨. ˆ¬¥−−® ¯®íâ®¬ã ¯à®¡«¥¬� ¬−®£®ï§ëç¨ï ¢ ª¨¡¥à¯à®áâà�−áâ¢¥
ï¢«ï¥âáï ®¤−®© ¨§ ¢�¦−ëå á®æ¨�«ì−ëå ¯à®¡«¥¬ á®¢à¥¬¥−−®£® ®¡é¥áâ¢�, ª®â®à�ï
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‘®æ¨�«ì−ë© ¯®â¥−æ¨�« ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ á®¢à¥¬¥−−®© ÷®áá¨¨

¢®â ã¦¥ −¥áª®«ìª® «¥â −�å®¤¨âáï ¢ ¯®«¥ §à¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ā�…‘Š�. ‘®-
¤¥à¦�−¨¥ íâ®© ¯à®¡«¥¬ë ¨ −¥ª®â®àë¥ ¯ãâ¨ ¥¥ à¥è¥−¨ï −� ®á−®¢¥ −®¢ëå ¬¥â®¤®¢
ª®¬¯ìîâ¥à−®£® ¯¥à¥¢®¤� â¥ªáâ®¢ à�áá¬®âà¥−ë ¢ à�¡®â¥ [12].

�à¨¬¥−¥−¨¥ íâ¨å ¬¥â®¤®¢ ¡ã¤¥â áâ¨¬ã«¨à®¢�âì à�§¢¨â¨¥ âãà¨áâ¨ç¥áª¨å á¢ï-
§¥© ¬¥¦¤ã à�§«¨ç−ë¬¨ áâà�−�¬¨, ¢ â®¬ ç¨á«¥ â�ª¨å −®¢ëå ä®à¬ âãà¨§¬�, ª�ª
−�ãç−®-®¡à�§®¢�â¥«ì−ë© ¨ æ¨¢¨«¨§�æ¨®−−ë© âãà¨§¬. �¤−®© ¨§ ¯à¨ç¨− íâ®£®
ï¢«ï¥âáï ä®à¬¨à®¢�−¨¥ â�ª¨å −®¢ëå ªàã¯−ëå ¬¥¦¤ã−�à®¤−ëå ®¡ê¥¤¨−¥−¨©, ª�ª
�÷ˆŠ‘, ˜�−å�©áª�ï ®à£�−¨§�æ¨ï á®âàã¤−¨ç¥áâ¢� ¨ …¢à�§¨©áª¨© íª®−®¬¨ç¥-
áª¨© á®î§ [13].

10 Заключение

ˆ−ä®à¬�â¨§�æ¨ï ®¡é¥áâ¢� ï¢«ï¥âáï ®¤−¨¬ ¨§ áâà�â¥£¨ç¥áª¨å −�¯à�¢«¥−¨©
à�§¢¨â¨ï æ¨¢¨«¨§�æ¨¨ ¢ XXI ¢. “à®¢¥−ì ¨−ä®à¬�æ¨®−−®£® à�§¢¨â¨ï áâà�−ë
á¥£®¤−ï −¥ â®«ìª® ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ®¯à¥¤¥«ï¥â à�§¢¨â¨¥ ¥¥ íª®−®¬¨ª¨,
−�ãª¨ ¨ ®¡à�§®¢�−¨ï, −® â�ª¦¥ ¨ ª�ç¥áâ¢® ¦¨§−¨ −�á¥«¥−¨ï, ¯®«®¦¥−¨¥ áâà�−ë
¢ ¬¨à®¢®¬ á®®¡é¥áâ¢¥, ¥¥ ®¡®à®−®á¯®á®¡−®áâì ¨ −�æ¨®−�«ì−ãî ¡¥§®¯�á−®áâì.
ˆáá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ [14{16], çâ® ¢ ¡«¨¦�©è¨¥ £®¤ë íâ� â¥−¤¥−æ¨ï ¡ã¤¥â
â®«ìª® ¢®§à�áâ�âì. ‚ëè¥ ¡ë«® ¯®ª�§�−®, çâ® ¢�¦−ë¬ ä�ªâ®à®¬ ¨−ä®à¬�æ¨-
®−−®£® à�§¢¨â¨ï ®¡é¥áâ¢� ï¢«ï¥âáï íää¥ªâ¨¢−®¥ ¨á¯®«ì§®¢�−¨¥ á®æ¨�«ì−®£®
¯®â¥−æ¨�«� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. ‘¥£®¤−ï §−�ç¥−¨¥ íâ®£® ä�ªâ®à�
¢ £®áã¤�àáâ¢¥−−®© áâà�â¥£¨¨ à�§¢¨â¨ï ÷®áá¨¨ ãç¨âë¢�¥âáï ï¢−® −¥¤®áâ�â®ç−®.
�®¢ãî ¢®§¬®¦−®áâì ¤«ï ¨§¬¥−¥−¨ï íâ®© á¨âã�æ¨¨ á®§¤�¥â ä®à¬¨à®¢�−¨¥ ‘âà�â¥-
£¨¨ −�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ −� ¤®«£®áà®ç−ãî
¯¥àá¯¥ªâ¨¢ã, ª®â®à�ï ¢ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡�âë¢�¥âáï ¯® ¯®àãç¥−¨î �à¥§¨-
¤¥−â� ÷®áá¨¨ ¨ ¤®«¦−� ¡ëâì ¯à¨−ïâ� ¢ 2016 £. �à¥¤áâ�¢«ï¥âáï, çâ® íâ� ‘âà�â¥£¨ï
¤®«¦−� á®¤¥à¦�âì ®â¤¥«ì−ë© à�§¤¥«, ¯®á¢ïé¥−−ë© à�§¢¨â¨î ¨ ¨á¯®«ì§®¢�−¨î
á®æ¨�«ì−®£® ¯®â¥−æ¨�«� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �â� ¢�¦−¥©è�ï ¤«ï −�-
è¥© áâà�−ë ¯à®¡«¥¬� ¤®«¦−� −�©â¨ á¢®¥ ®âà�¦¥−¨¥ â�ª¦¥ ¨ ¢ £®áã¤�àáâ¢¥−−®©
¯®«¨â¨ª¥ ÷®áá¨¨ ¢ áä¥à¥ −�ãª¨, ®¡à�§®¢�−¨ï ¨ ªã«ìâãàë. ��ãç−ë© ¯®â¥−æ¨-
�« ÷®áá¨¨ ¯®§¢®«ï¥â ¥© §�−ïâì ¤®áâ®©−®¥ ¬¥áâ® ¢ £«®¡�«ì−®¬ ¨−ä®à¬�æ¨®−−®¬
®¡é¥áâ¢¥, ®¡¥á¯¥ç¨âì á¢®î −�æ¨®−�«ì−ãî ¡¥§®¯�á−®áâì ¨ áãé¥áâ¢¥−−® ¯®¢ë-
á¨âì ª�ç¥áâ¢® ¦¨§−¨ £à�¦¤�− ÷®áá¨¨. �¤−�ª® ¤«ï íâ®£® −¥®¡å®¤¨¬® ¯à¥¦¤¥
¢á¥£® ¯¥à¥á¬®âà¥âì áâà�â¥£¨î £®áã¤�àáâ¢¥−−® ®¡à�§®¢�â¥«ì−®© ¯®«¨â¨ª¨ á â¥¬,
çâ®¡ë ®¡¥á¯¥ç¨âì ¯®¤£®â®¢ªã á¯¥æ¨�«¨áâ®¢, á¯®á®¡−ëå à�§¢¨¢�âì ¨ íää¥ªâ¨¢-
−® ¨á¯®«ì§®¢�âì á®æ¨�«ì−ë© ¯®â¥−æ¨�« ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© | −®¢ë©
áâà�â¥£¨ç¥áª¨© à¥áãàá à�§¢¨â¨ï ®¡é¥áâ¢� ¢ ãá«®¢¨ïå ¥£® £«®¡�«ì−®© ¨−ä®à¬�-
â¨§�æ¨¨ [17].

Литература

1. Š�áâ¥«ìá Œ. ˆ−ä®à¬�æ¨®−−�ï í¯®å�. | Œ.: ƒ“ ‚˜�, 2000. 608 á.
2. Š®«¨− Š. Š. —¥«®¢¥ª ¢ ¨−ä®à¬�æ¨®−−®¬ ®¡é¥áâ¢¥: −®¢ë¥ §�¤�ç¨ ¤«ï ®¡à�§®¢�−¨ï,

−�ãª¨ ¨ ªã«ìâãàë // �âªàëâ®¥ ®¡à�§®¢�−¨¥, 2007. ü 5. ‘. 40{46.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 4 2016 145



Š. Š. Š®«¨−

3. Š®«¨− Š. Š. �®«®¢¨−ç�â�ï áâà�â¥£¨ï: ªà¨â¨ç¥áª¨© �−�«¨§ −®¢®© áâà�â¥£¨¨ ���
¢ ®¡«�áâ¨ ãáâ®©ç¨¢®£® à�§¢¨â¨ï // ��àâ−¥àáâ¢® æ¨¢¨«¨§�æ¨©, 2016. ü 1-2. ‘. 33{
41.

4. Š®«¨− Š. Š. Š�ç¥áâ¢® ¦¨§−¨ ¢ ¨−ä®à¬�æ¨®−−®¬ ®¡é¥áâ¢¥ // —¥«®¢¥ª ¨ âàã¤, 2010.
ü 1. ‘. 39{43.

5. Š®«¨− Š. Š. ˜¨à®ª®¯®«®á−ë© ¤®áâã¯ ¢ ˆ−â¥à−¥â ª�ª ªà¨â¨ç¥áª�ï â¥å−®«®£¨ï
à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� ¢ ÷®áá¨¨ // ‘®¢à¥¬¥−−ë¥ â¥«¥ª®¬¬ã−¨ª�æ¨¨
÷®áá¨¨, 2009. ü 9. ‘. 6{9.

6. Š®«¨− Š. Š., “àáã« �. „. ˆ−ä®à¬�æ¨ï ¨ ªã«ìâãà�: ¢¢¥¤¥−¨¥ ¢ ¨−ä®à¬�æ¨®−−ãî
ªã«ìâãà®«®£¨î. | Œ.: ‘âà�â¥£¨ç¥áª¨¥ ¯à¨®à¨â¥âë, 2015. 300 á.

7. ‘®ª®«®¢ ˆ. �., Š®«¨− Š. Š. �®¢ë© íâ�¯ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢� ¨ �ªâã�«ì−ë¥
¯à®¡«¥¬ë ®¡à�§®¢�−¨ï // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2008. ’. 2. ü 1. ‘. 67{
76.

8. Š®«¨− Š. Š. ƒ«®¡�«¨§�æ¨ï ¨ ªã«ìâãà�: £«®¡�«¨§�æ¨ï ®¡é¥áâ¢� ¨ ¥¥ ªã«ìâãà®«®-
£¨ç¥áª¨¥ ¯®á«¥¤áâ¢¨ï // ‚¥áâ−¨ª �¨¡«¨®â¥ç−®© �áá�¬¡«¥¨ …¢à�§¨¨, 2004. ü 1.
‘. 12{15.

9. ‘®ª®«®¢ ˆ. �., Š®«¨− Š. Š. ÷�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� ¢ ÷®áá¨¨ ¨ �ª-
âã�«ì−ë¥ ¯à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ // ˆ−ä®à¬�æ¨®−−®¥ ®¡é¥áâ¢®,
2009. ü 4-5. ‘. 98{107.

10. ‘¬®«« ƒ., ‚®à£�− ƒ. Œ®§£ ®−«�©−. —¥«®¢¥ª ¢ í¯®åã ˆ−â¥à−¥â� / �¥à á �−£«.
�. Š®§«®¢áª®£®. | Œ.: Š®«¨¡à¨, 2011. 352 á. (Small G. W., Vorgan G. iBrain:
Surviving the technological alteration of the modern mind. | William Morrow, 2008.
256 p.)

11. Š®«¨− Š. Š. ˆ−ä®à¬�æ¨®−−�ï �−âà®¯®«®£¨ï: ¯®ª®«¥−¨¥ NEXT ¨ ã£à®§� ¯á¨å®-
«®£¨ç¥áª®£® à�áá«®¥−¨ï ç¥«®¢¥ç¥áâ¢� ¢ ¨−ä®à¬�æ¨®−−®¬ ®¡é¥áâ¢¥ // ‚¥áâ−¨ª
—¥«ï¡¨−áª®© £®áã¤�àáâ¢¥−−®© �ª�¤¥¬¨¨ ªã«ìâãàë ¨ ¨áªãááâ¢, 2011. ’. 28. ü 4.
‘. 32{36.

12. Š®«¨− Š. Š., •®à®è¨«®¢ �. �. �à®¡«¥¬� ¬−®£®ï§ëç¨ï ¢ ¨−ä®à¬�æ¨®−−®¬ ®¡é¥-
áâ¢¥ ¨ −®¢ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ¯¥à¥¢®¤ç¥áª¨¥ â¥å−®«®£¨¨ // ˆ−ä®à¬�æ¨®−−®¥
®¡é¥áâ¢®, 2012. ü 1. ‘. 56{61.

13. �¥àá¯¥ªâ¨¢ë ¨ áâà�â¥£¨ç¥áª¨¥ ¯à¨®à¨â¥âë ¢®áå®¦¤¥−¨ï �÷ˆŠ‘ // ��ãç−ë©
¤®ª«�¤ ª VII á�¬¬¨âã �÷ˆŠ‘ / �®¤ à¥¤. ‚. �. ‘�¤®¢−¨ç¥£®, ā. ‚. Ÿª®¢æ�,
�. �. �ª�¥¢�. | Œ.: Œˆ‘Š-ˆ��‘-�Šˆ �÷ˆŠ‘, 2014. 392 á.

14. Š®«¨− Š. Š., ÷®¡¥àâ ˆ. ‚. ‘®æ¨�«ì−ë¥ �á¯¥ªâë ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï. |
Œ.: ˆ−áâ¨âãâ ®¡à�§®¢�−¨ï ÷��, ˆ�ˆ ÷��, 2004. 54 á.

15. Š®«¨− Š. Š. ÷®áá¨ï ¨ ¬¨à −� ¯ãâ¨ ª ¨−ä®à¬�æ¨®−−®¬ã ®¡é¥áâ¢ã // �âªàëâ®¥
®¡à�§®¢�−¨¥, 2006. ü 4. ‘. 89{96.

16. Š®«¨− Š. Š. ƒ«®¡�«ì−ë¥ ã£à®§ë à�§¢¨â¨î æ¨¢¨«¨§�æ¨¨ ¢ XXI ¢¥ª¥ // ‘âà�â¥£¨-
ç¥áª¨¥ ¯à¨®à¨â¥âë, 2014. ü 1. ‘. 6{30.

17. Š®«¨− Š. Š. ˆ−−®¢�æ¨®−−®¥ à�§¢¨â¨¥ ¢ ¨−ä®à¬�æ¨®−−®¬ ®¡é¥áâ¢¥ ¨ ª�ç¥áâ¢®
®¡à�§®¢�−¨ï // �âªàëâ®¥ ®¡à�§®¢�−¨¥, 2009. ü 3. ‘. 63{72.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 15.09.16

146 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 4 2016



Social potential of information technologies in modern Russia

SOCIAL POTENTIAL OF INFORMATION TECHNOLOGIES
IN MODERN RUSSIA

K. K. Kolin

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

Abstract: The article analyzes the social potential of information technologies
in the emerging global information society. The article describes the structure of
this potential and the role of its individual components in the solution of actual
problems of social and economic development of Russia. The article shows the
possibility of a more efficient use of this potential in the new Strategy of scientific
and technological development of the Russian Federation in the long term.

Keywords: information society; information culture; information technology;
quality of life; economy and work; education and health care; public safety;
international communication

DOI: 10.14357/08696527160412

References

1. Kastel's, M. 2000. Informatsionnaya epokha [The information age]. Moscow: GU
VShE. 608 p.

2. Kolin, K. K. 2007. Chelovek v informatsionnom obshchestve: Novye zadachi dlya
obrazovaniya, nauki i kul'tury [The man in the information society: New challenges for
education, science, and culture]. Otkrytoe obrazovanie [Open Education] 5:40{46.

3. Kolin, K. K. 2016. Polovinchataya strategiya: Kriticheskiy analiz novoy strategii OON
v oblasti ustoychivogo razvitiya [The half-hearted strategy: A critical analysis of the
new UN strategy on sustainable development]. Partnerstvo tsivilizatsiy [Partnership of
Civilizations] 1-2:33{41.

4. Kolin, K. K. 2010. Kachestvo zhizni v informatsionnom obshchestve [The quality of
life in the information society]. Chelovek i trud [Man and Labor] 1:39{43.

5. Kolin, K. K. 2009. Shirokopolosnyy dostup v Internet kak kriticheskaya tekhnologiya
razvitiya informatsionnogo obshchestva v Rossii [Broadband Internet access as a critical
technology of development of information society in Russia]. Sovremennye telekommu-
nikatsii Rossii [Modern Telecommunications in Russia] 9:6{9.

6. Kolin, K. K., and A. D. Ursul. 2015. Informatsiya i kul'tura: Vvedenie v informatsion-
nuyu kul'turologiyu [Information and culture: Introduction to information culturology].
Moscow: Strategicheskie prioritety [Strategic Priorities]. 300 p.

7. Sokolov, I. A., and K. K. Kolin. 2008. Novyy etap informatizatsii obshchestva i aktu-
al'nye problemy obrazovaniya [The new stage of the society informatization and actual
problems of education]. Informatika i ee Primeneniya | Inform. Appl. 2(1):67{76.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2016 vol 26 no 4 147



K. K. Kolin

8. Kolin, K. K. 2004. Globalizatsiya i kul'tura: Globalizatsiya obshchestva i ee
kul'turologicheskie posledstviya [Globalization and culture: The globalization of soci-
ety and its cultural effects]. Vestnik Bibliotechnoy Assamblei Evrazii [Bulletin of the
Library Assembly of Eurasia] 1:12{15.

9. Sokolov, I. A., and K. K. Kolin. 2009. Razvitie informatsionnogo obshchestva v Rossii
i aktual'nye problemy informatsionnoy bezopasnosti [Information society development in
Russia and problems of information security]. Informatsionnoe obshchestvo [Information
Society] 4-5:98{107.

10. Small, G. W., and G. Vorgan. 2008. iBrain: Surviving the technological alteration of
the modern mind. William Morrow. 256 p.

11. Kolin, K. K. 2011. Informatsionnaya antropologiya: Pokolenie NEXT i ugroza psikho-
logicheskogo rassloeniya chelovechestva v informatsionnom obshchestve [Information
anthropology: The NEXT generation and the threat of psychological stratification of
humanity in the information society]. Vestnik Chelyabinskoy gosudarstvennoy akademii
kul'tury i iskusstv [Bulletin of the Chelyabinsk State Academy of Culture and Arts]
28(4):32{36.

12. Kolin, K. K., and A. A. Khoroshilov. 2012. Problema mnogoyazychiya v informatsion-
nom obshchestve i novye intellektual'nye perevodcheskie tekhnologii [The problem of
multilingualism in the information society and the new intelligent translation technol-
ogy]. Informatsionnoe obshchestvo [Information Society] 1:56{61.

13. Sadovnichy, V. A., Y. V. Yakovets, and A. A. Akayev, eds. 2014. Perspektivy i strate-
gicheskie prioritety voskhozhdeniya BRIKS [Prospects and strategic priorities of the
BRICS ascent]. Nauchnyy doklad k VII Sammitu BRIKS [Scientific report to the
7th BRICS Summit]. Moscow: MISK-INES-NKI BRICS. 392 p.

14. Kolin, K. K., and I. V. Robert. 2004. Sotsial'nye aspekty informatizatsii obrazovaniya
[Social aspects of informatization of education]. Moscow: Institute of Education of
the Russian Academy of Education, Institute of Informatics Problems of the Russian
Academy of Sciences. 54 p.

15. Kolin, K. K. 2006. Rossiya i mir na puti k informatsionnomu obshchestvu [Russia
and the world on the way to the information society]. Otkrytoe obrazovanie [Open
Education] 4:89{96.

16. Kolin, K. K. 2014. Global'nye ugrozy razvitiyu tsivilizatsii v XXI veke [The global
threat to the development of civilization in the XXI century]. Strategicheskie prioritety
[Strategic Priorities] 1:6{30.

17. Kolin, K. K. 2009. Innovatsionnoe razvitie v informatsionnom obshchestve i kachestvo
obrazovaniya [Innovative development in the information society and the quality of
education]. Otkrytoe obrazovanie [Open Education] 3:63{72.

Received September 15, 2016

Contributors

Kolin Konstantin K. (b. 1935) | Doctor of Science in technology, professor, Hon-
ored scientist of RF, principal scientist, Institute of Informatics Problems, Federal
Research Center \Computer Sciences and Control" of the Russian Academy of Sci-
ences, 44-2 Vavilov Str., Moscow 119333, Russian Federation; kolinkk@mail.ru

148 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2016 vol 26 no 4



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2016. ’. 26. ü 4. ‘. 149{161

СОЗДАНИЕ ЧЕЛОВЕКО-МАШИННОЙ СРЕДЫ
РЕШЕНИЯ ЗАДАЧ

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� á®§¤�−¨ï ç¥«®¢¥ª®-¬�è¨−−®© áà¥-
¤ë à¥è¥−¨ï §�¤�ç ¬®¤¥«¨à®¢�−¨ï ¢ −�ãª¥ ¨ â¥å−¨ª¥, �¢â®¬�â¨§¨à®¢�−−®£®
¯à®¥ªâ¨à®¢�−¨ï, ã¯à�¢«¥−¨ï, ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï ¨ ¤à. �à¨¢¥¤¥−ë
à¥§ã«ìâ�âë �¢â®à®¢, ®â−®áïé¨¥áï ª à¥è¥−¨î íâ®© ¯à®¡«¥¬ë.

Š«îç¥¢ë¥ á«®¢�: ç¥«®¢¥ª®-¬�è¨−−�ï áà¥¤� à¥è¥−¨ï §�¤�ç; ¯à®£à�¬¬¨àã-
¥¬�ï ¬�è¨−�; §�¤�ç−ë© ª®−áâàãªâ¨¢−ë© ®¡ê¥ªâ; ®¡ï§�â¥«ì−ë¥ ¨ ®à¨¥−â¨àã-
îé¨¥ ¯à�¢¨«�; ®−«�©−-á¥à¢¨á

DOI: 10.14357/08696527160413

1 Введение

˜¥áâì¤¥áïâ «¥â −�§�¤ âàã¤−® ¡ë«® ¯à¥¤áâ�¢¨âì á®¢à¥¬¥−−ë¥ ¬�áèâ�¡ë ¬�á-
á®¢®£® ¯à¨¬¥−¥−¨ï í«¥ªâà®−−®© ¯®çâë, ‚¥¡�, ¯®¨áª®¢ëå á¨áâ¥¬, ¬¥áá¥−¤¦¥à®¢,
−�¢¨£�æ¨®−−ëå á¨áâ¥¬, á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï ¢ í«¥ªâà®-
−¨ª¥, ¬�è¨−®áâà®¥−¨¨ ¨ ¬−®£¨å ¤àã£¨å ®¡«�áâïå. ‚àï¤ «¨ ¬®¦−® ¡ë«® ¤�¦¥
¯à¨¡«¨§¨â¥«ì−® ®æ¥−¨âì ¬�áèâ�¡ë ¯¥à¥¬¥−, ª®â®àë¥ ¯à®¨§®©¤ãâ á ¬�áá®¢ë¬
¯à¨¬¥−¥−¨¥¬ ¯à®£à�¬¬¨àã¥¬ëå ¬�è¨− ¨ à�§¢¨â¨¥¬ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë
à¥è¥−¨ï §�¤�ç, ¨−äà�áâàãªâãà−®© ¯«�âä®à¬®© ª®â®à®© á«ã¦¨â ˆ−â¥à−¥â.

�à¨¬¥à�¬¨ à¥§ã«ìâ�â®¢, ¨¬¥îé¨å ¢�¦−®¥ §−�ç¥−¨¥ ¢ ¬¥â®¤®«®£¨ç¥áª®¬ ®¡¥á-
¯¥ç¥−¨¨ ¯®áâà®¥−¨ï ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç (à¨á. 1), ¬®£ãâ
á«ã¦¨âì: ¨§®¡à¥â¥−−�ï „¦®−®¬ ä®− �¥©¬�−®¬ ¬®¤¥«ì æ¨äà®¢®© í«¥ªâà®−-
−®© ¬�è¨−ë á åà�−¨¬®© ¯à®£à�¬¬®© (¨§¢¥áâ−�ï ª�ª ¬®¤¥«ì ä®− �¥©¬�−� (the
von Neumann model) ¨ �àå¨â¥ªâãà� ä®− �¥©¬�−� (the von Neumann architec-
ture)) [1]; ¨§®¡à¥â¥−−ë¥ á®§¤�â¥«¥¬ ‚¥¡� ’¨¬®â¨ „¦®−®¬ �¥à−¥àá-‹¨ (Timothy
John Berners-Lee) ¯à®â®ª®« HTTP (Hyper Text Transfer Protocol | ¯à®â®ª®«
¯¥à¥¤�ç¨ £¨¯¥àâ¥ªáâ�), ï¢«ïîé¨©áï ¯à®â®ª®«®¬ ¯à¨ª«�¤−®£® ãà®¢−ï, ®¯à¥¤¥-
«ïîé¨¬ ¯à�¢¨«� ¯¥à¥¤�ç¨ á®®¡é¥−¨© ¢ £¨¯¥à¬¥¤¨©−ëå á¨áâ¥¬�å, ¨ ã−¨ä¨æ¨-
à®¢�−−ë© ¨¤¥−â¨ä¨ª�â®à à¥áãàá� URI (Uniform Resource Identifier), áâ�¢è¨©
áâ�−¤�àâ®¬ §�¯¨á¨ �¤à¥á� à¥áãàá�, à�§¬¥é¥−−®£® ¢ á¥â¨ ˆ−â¥à−¥â [2, 3].

1ˆ−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, avilyin@ipiran.ru

2ˆ−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, vdilyin@yandex.ru
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÷¨á. 1 Œ¥â®¤®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¯®áâà®¥−¨ï ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï
§�¤�ç

1.1 О методологическом обеспечении

‚ â¥®à¨¨ á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï (s-¬®¤¥«¨à®¢�−¨ï) [4, 5] ¬¥â®¤®«®£¨ç¥-
áª®¥ ®¡¥á¯¥ç¥−¨¥ à�§¢¨â¨ï s-áà¥¤ë ¨ à¥�«¨§ã¥¬ëå −� ¥¥ ®á−®¢¥ ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© ¯à¥¤áâ�¢«¥−® ¢ ¢¨¤¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ª®¬¯«¥ªá®¢ à¥è¥−¨ï
¡�§®¢ëå §�¤�ç s-¬®¤¥«¨à®¢�−¨ï ¨ ä¨§¨ª®-â¥å−¨ç¥áª®£® ¢®¯«®é¥−¨ï s-¬�è¨−
¨ s-áà¥¤ë.

÷¥§ã«ìâ�âë ¯¥à¢®£® ª®¬¯«¥ªá� á«ã¦�â ®á−®¢�−¨¥¬ à�§à�¡®â®ª á¨áâ¥¬ á¨¬¢®-
«®¢ ¨ ª®¤®¢; ï§ëª®¢ á¯¥æ¨ä¨ª�æ¨©, §�¯à®á®¢ ¨ ¯à®£à�¬¬¨à®¢�−¨ï; �àå¨â¥ªâãà
s-¬�è¨− ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ á¨áâ¥¬ ¬�è¨−−ëå ª®¬�−¤; �áá¥¬¡«¥à®¢, ª®¬-
¯¨«ïâ®à®¢ ¨ ¨−â¥à¯à¥â�â®à®¢; ®¯¥à�æ¨®−−ëå á¨áâ¥¬ ¨ ¡¨¡«¨®â¥ª ¯à®£à�¬¬;
à¥¤�ªâ®à®¢ (â¥ªáâ®¢ëå, £à�ä¨ç¥áª¨å, �ã¤¨®-, ¢¨¤¥®- ¨ ¤à.) ¨ ¨−áâàã¬¥−â�«ì-
−ëå á¨áâ¥¬ ¯à®£à�¬¬¨à®¢�−¨ï; â¨¯®¢ ¨ áâàãªâãà ¤�−−ëå, á¨áâ¥¬ ã¯à�¢«¥−¨ï
¡�§�¬¨ ¤�−−ëå; á¨áâ¥¬ ¯�¬ïâ¨, −�ª®¯¨â¥«¥© ¨ ¯®¨áª®¢ëå á¨áâ¥¬; á¥â¥¢ëå �à-
å¨â¥ªâãà, ¯à®â®ª®«®¢ ¨ â¥å−®«®£¨© ®¡¬¥−� á®®¡é¥−¨ï¬¨; ¬¥â®¤®¢ ¨ â¥å−®«®£¨©
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨.

÷¥§ã«ìâ�âë ¢â®à®£® ª®¬¯«¥ªá� ¨á¯®«ì§ãîâáï ¢ á®§¤�−¨¨ í«¥¬¥−â−®© ¡�-
§ë ¨ �¯¯�à�â−ëå áà¥¤áâ¢ s-¬�è¨− ¨ ãáâà®©áâ¢, −¥®¡å®¤¨¬ëå ¤«ï ¯®áâà®¥−¨ï
s-áà¥¤ë.

‚ ¤�−−®© áâ�âì¥ à�áá¬®âà¥−ë −¥ª®â®àë¥ ¯®«ãç¥−−ë¥ �¢â®à�¬¨ à¥§ã«ìâ�âë,
®â−®áïé¨¥áï ª ¯¥à¢®¬ã ª®¬¯«¥ªáã §�¤�ç ¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¯®áâà®-
¥−¨ï s-áà¥¤ë [4{22].

150 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 26 −®¬¥à 4 2016



‘®§¤�−¨¥ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç

1.2 Выделение фрагментов текста статьи

„«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥
áà¥¤áâ¢�:

� 〈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®àë å®âïâ ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 Основные положения методологии построения s-среды

�S-áà¥¤� à�áá¬�âà¨¢�¥âáï ª�ª ®¡ê¥¤¨−¥−¨¥ ª®¬¯ìîâ¥à−ëå á¥â¥© ¨ ®â¤¥«ì−ëå
s-¬�è¨−, ¨á¯®«ì§ã¥¬ëå ¤«ï à¥è¥−¨ï à�§«¨ç−ëå §�¤�ç. ‘«ã¦¨â ¯«�âä®à¬®©
¨−ä®à¬�â¨§�æ¨¨ à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨. �

‚�¦−ë¬ á¢®©áâ¢®¬ s-áà¥¤ë ï¢«ï¥âáï ¥¥ á®®â¢¥âáâ¢¨¥ âà¥¡®¢�−¨ï¬ ¯à¥¤áâ�¢-
«¥−¨ï æ¨äà®¢ëå ª®¤®¢ s-¬®¤¥«¥© ¨ ¬�−¨¯ã«¨à®¢�−¨ï â�ª¨¬¨ ª®¤�¬¨ á ¯®¬®éìî
s-¬�è¨− [4, 5].

♦ ‚ ®á−®¢¥ á®¢à¥¬¥−−ëå æ¨äà®¢ëå â¥å−®«®£¨© à¥è¥−¨ï §�¤�ç á¢ï§¨, �¢-
â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï ¨ ¤à. «¥¦¨â ¨¤¥ï, §�ª«îç�îé�ïáï ¢ â®¬,
çâ®¡ë á¢¥áâ¨ ¢á¥ ¬−®£®®¡à�§¨¥ ¨á¯®«ì§ã¥¬ëå «î¤ì¬¨ ¢¨§ã�«ì−ëå, �ã¤¨®-, â�ª-
â¨«ì−ëå ¨ ¤àã£¨å á¨¬¢®«®¢ ª æ¨äà®¢ë¬ ª®¤�¬. � ¢á¥ ¬−®£®®¡à�§¨¥ æ¨äà®¢ëå
ª®¤®¢ | ª ¥¤¨−®¬ã æ¨äà®¢®¬ã ª®¤ã (ª®â®àë¬ ¢ −�è¨ ¤−¨ ¯à®¤®«¦�¥â ®áâ�¢�âìáï
¤¢®¨ç−ë© ª®¤), ¯à¨¬¥−ï¥¬®¬ã ¢ s-¬�è¨−�å, ®¡ê¥¤¨−¥−−ëå ¢ s-áà¥¤ã. ♦

2.1 Информационное взаимодействие

� ˆ−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¢ s-áà¥¤¥ ¨§ãç�¥âáï ª�ª á®¢®ªã¯−®áâì
¨−â¥àä¥©á®¢ â¨¯� úç¥«®¢¥ª{ç¥«®¢¥ªû, úç¥«®¢¥ª{¯à®£à�¬¬�û, úç¥«®¢¥ª { �¯¯�-
à�â−®¥ áà¥¤áâ¢® s-¬�è¨−ëû, ú¯à®£à�¬¬�{¯à®£à�¬¬�û, ú¯à®£à�¬¬� { �¯¯�à�â−®¥
áà¥¤áâ¢®û, ú�¯¯�à�â−®¥ áà¥¤áâ¢® { �¯¯�à�â−®¥ áà¥¤áâ¢®û. �

—¥«®¢¥ª ¢®á¯à¨−¨¬�¥â ¢å®¤−ë¥ �−�«®£®¢ë¥ á¨£−�«ë (á¢¥â®¢ë¥, §¢ãª®¢ë¥
¨ ¤à.) á ¯®¬®éìî §à¨â¥«ì−®£®, á«ãå®¢®£® ¨ ¤àã£¨å ¢å®¤−ëå ãáâà®©áâ¢ ¡¨®¨−â¥«-
«¥ªâ� (¡¨®«®£¨ç¥áª®© á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¥© äã−ªæ¨®−¨à®¢�−¨¥ ¨−â¥««¥ªâ�).
ˆ−â¥à¥áãîé¨¥ ¥£® á¨£−�«ë ®− ¯à¥®¡à�§ã¥â ¢ á¨¬¢®«ì−ë¥ ¢¨§ã�«ì−ë¥, �ã¤¨®-
¨ ¤àã£¨¥ ª®−áâàãªæ¨¨, ¨á¯®«ì§ã¥¬ë¥ ¢ ¯à®æ¥áá�å ¬ëè«¥−¨ï. ‚ëå®¤−ë¥ á¨£−�«ë
¡¨®¨−â¥««¥ªâ� à¥�«¨§ãîâáï ¯®áà¥¤áâ¢®¬ ¦¥áâ®¢ (© ¨á¯®«ì§ã¥¬ëå ¯à¨ ¢¢®¤¥ ¯®-
áà¥¤áâ¢®¬ ª«�¢¨�âãàë ¨ ¬ëè¨ ©), à¥ç¨ ¨ ¤à. [4, 5]. ‚å®¤®¬ ¨ ¢ëå®¤®¬ ¯à®£à�¬¬
á«ã¦�â ª®¤ë ¢å®¤−ëå ¤�−−ëå ¨ à¥§ã«ìâ�â�, � ¢å®¤®¬ ¨ ¢ëå®¤®¬ �¯¯�à�â−ëå
áà¥¤áâ¢ | á¨£−�«ë. ‚å®¤−ë¥ �−�«®£®¢ë¥ á¨£−�«ë ¯à¥®¡à�§ãîâáï ¢ æ¨äà®¢ë¥
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÷¨á. 2 ˆáá«¥¤®¢�−¨¥ ®¡¬¥−� á®®¡é¥−¨ï¬¨ ¢ s-áà¥¤¥

á ¯®¬®éìî �−�«®£®-æ¨äà®¢ëå ¯à¥®¡à�§®¢�â¥«¥© (�–�), � ¢ëå®¤−ë¥ æ¨äà®¢ë¥
¢ �−�«®£®¢ë¥ | á ¯®¬®éìî æ¨äà®�−�«®£®¢ëå ¯à¥®¡à�§®¢�â¥«¥© (–��).

‚ á®¢à¥¬¥−−®© (2016 £.) s-áà¥¤¥ ¯à¨à®¤−ë¥ áà¥¤áâ¢� ¢®á¯à¨ïâ¨ï á¨£−�«®¢
ç¥«®¢¥ª®¬, ¨å ®¡à�¡®âª¨ ¨ á®åà�−¥−¨ï ¤®¯®«−¥−ë ¨§®¡à¥â¥−−ë¬¨: æ¨äà®¢ë¬¨
ä®â®- ¨ ¢¨¤¥®ª�¬¥à�¬¨, á¬�àâä®−�¬¨ ¨ ¤à. ˜¨à®ª® ¨§¢¥áâ−�ï ç�áâì â¥å−®«®£¨©
¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¯à¥¤áâ�¢«¥−� ¡ëáâà® à�§¢¨¢�îé¨¬¨áï ¨−â¥à-
−¥â-á¥à¢¨á�¬¨. „«ï ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã «î¤ì¬¨ ¨á¯®«ì§ãîâáï í«¥ªâà®−−�ï
¯®çâ�, à�§«¨ç−ë¥ ¢¨¤ë IP-á¢ï§¨ [© IP-¢¨¤¥®â¥«¥ä®−¨ï (© Skype, FaceTime
¨ ¤à. ©), ¬¥áá¥−¤¦¥àë (© Telegram, Viber ¨ ¤à. ©)], á®æ¨�«ì−ë¥ á¥â¨ ¨ ¤à. ©].
„«ï ¢§�¨¬®¤¥©áâ¢¨ï ¨á¯®«ì§ã¥¬ëå «î¤ì¬¨ ¢¥é¥© (á¨áâ¥¬ ®á¢¥é¥−¨ï, ¯®¤¤¥à-
¦�−¨ï â¥¬¯¥à�âãàë ¨ ¤à.) ¬¥¦¤ã á®¡®© ¨ á ¢−¥è−¥© áà¥¤®© | ¨−ä®à¬�æ¨®−−ë¥
â¥å−®«®£¨¨ úˆ−â¥à−¥â� ¢¥é¥©û [The Internet of Things (IoT)] (à¨á. 2).

� ˆ−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï | ¯à®£à�¬¬−®-�¯¯�à�â−®-à¥�«¨§ã¥¬ë© ª®¬-
¯«¥ªá ¬¥â®¤®¢ ¨ áà¥¤áâ¢, ¯à¥¤−�§−�ç¥−−ë© ¤«ï à¥è¥−¨ï ®¤−®© ¨«¨ −¥áª®«ìª¨å
§�¤�ç ¢ s-áà¥¤¥. �

ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ à¥�«¨§ãîâáï −� ®á−®¢¥ s-¬�è¨− ¨ s-¬�è¨−−ëå
ãáâà®©áâ¢ (�–�, –��, á¥â¥¢ëå ¬�àèàãâ¨§�â®à®¢ ¨ ¤à.).

© �à¨¬¥−¥−¨¥ ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ á®§¤�−¨ï ¨ á®åà�−¥−¨ï í«¥ª-
âà®−−ëå â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢ ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ à¥¤�ªâ®à� â¥ªáâ®¢ëå ¤®ªã-
¬¥−â®¢ (Page, Word ¨«¨ ¤à.) ¨ −®ãâ¡ãª�, ¯«�−è¥â� ¨«¨ ¤àã£®© s-¬�è¨−ë. ©

Œ¥â®¤®«®£¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
¯à¥¤áâ�¢«¥−® ¬¥â®¤®«®£¨ï¬¨ ¯®áâà®¥−¨ï s-¬�è¨− ¨ ®¯¥à�æ¨®−−ëå á¨áâ¥¬; á¨áâ¥¬
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‘®§¤�−¨¥ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç

á¨¬¢®«®¢ ¨ ª®¤®¢; ï§ëª®¢ á¯¥æ¨ä¨ª�æ¨©, §�¯à®á®¢ ¨ ¯à®£à�¬¬¨à®¢�−¨ï; âà�−á-
«ïâ®à®¢ ¨ ¡¨¡«¨®â¥ª ¯à®£à�¬¬; à¥¤�ªâ®à®¢ (â¥ªáâ®¢ëå, £à�ä¨ç¥áª¨å, �ã¤¨®-,
¢¨¤¥®- ¨ ¤à.) ¨ ¨−áâàã¬¥−â�«ì−ëå á¨áâ¥¬ ¯à®£à�¬¬¨à®¢�−¨ï; â¨¯®¢ ¨ áâàãªâãà
¤�−−ëå, á¨áâ¥¬ ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå; á¨áâ¥¬ ¯�¬ïâ¨, −�ª®¯¨â¥«¥© ¨ ¯®¨á-
ª®¢ëå á¨áâ¥¬; á¥â¥¢ëå �àå¨â¥ªâãà ¨ á¥à¢¨á®¢, ¯à®â®ª®«®¢ ¨ â¥å−®«®£¨© ®¡¬¥−�
á®®¡é¥−¨ï¬¨; ¨−â¥àä¥©á®¢, áà¥¤áâ¢ ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨
¨ ¤à.

2.2 Информационные ресурсы

� ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ¢ s-áà¥¤¥ ¨§ãç�îâáï ª�ª á¯¥æ¨ä¨æ¨à®¢�−−ë¥
¤®ªã¬¥−âë, ª®¬¯ìîâ¥à−ë¥ ¯à®£à�¬¬ë ¨ ¤àã£¨¥ á®®¡é¥−¨ï, ¯à¥¤áâ�¢«¥−−ë¥
¢ ä®à¬¥, à�ááç¨â�−−®© −� åà�−¥−¨¥, −�ª®¯«¥−¨¥, ¯®¨áª, ¯¥à¥¤�çã, §�é¨âã
¨ ¯à¨¬¥−¥−¨¥ ¤«ï à¥è¥−¨ï §�¤�ç.

‘¯¥æ¨ä¨ª�æ¨ï ¨−ä®à¬�æ¨®−−®£® à¥áãàá� | ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥
®¡«�áâ¨ ¥£® ¯à¨¬¥−¥−¨ï, ¬¥áâ� åà�−¥−¨ï ¨ ¤àã£¨å á¢¥¤¥−¨©, −¥®¡å®¤¨¬ëå ¤«ï
¯®¨áª� ¨ ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−®£® à¥áãàá�. �

”®à¬¨à®¢�−¨¥ (© ®¡ê¥¤¨−¥−¨¥ ¢ ¡¨¡«¨®â¥ª¨ ©) ¨ ¯à¨¬¥−¥−¨¥ ¨−ä®à¬�-
æ¨®−−ëå à¥áãàá®¢ á®¯à®¢®¦¤�îâáï ¯à®æ¥áá�¬¨ ¬�−¨¯ã«¨à®¢�−¨ï á¯¥æ¨ä¨ª�-
æ¨ï¬¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¨ ®¡à�¡®âª¨ ¨å á®¤¥à¦¨¬®£® ¢ á®®â¢¥âáâ¢¨¨
á §�¤�−−ë¬ −�¡®à®¬ ¯à�¢¨«. ˆ§¢«¥ç¥−¨¥ ¨−ä®à¬�æ¨¨, á®¤¥à¦�é¥©áï ¢ á¯¥æ¨-
ä¨æ¨à®¢�−−®¬ á®®¡é¥−¨¨, ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî áà¥¤áâ¢ ¨−â¥à¯à¥â�æ¨¨,
®¯¨á�−−ëå ¢ á¯¥æ¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−®£® à¥áãàá�.

URI | ã−¨ä¨æ¨à®¢�−−ë© ¨¤¥−â¨ä¨ª�â®à à¥áãàá� (¢¥¡-áâà�−¨æë, ¨−â¥à−¥â-
á¥à¢¨á� ¨«¨ ¤à.) ¯à¥¤áâ�¢«¥− ä®à¬�«¨§®¢�−−®© ¯®á«¥¤®¢�â¥«ì−®áâìî â¥ªáâ®¢ëå
á¨¬¢®«®¢, ®¯¨áë¢�îé¥© áå¥¬ã ®¡à�é¥−¨ï ª ¨−ä®à¬�æ¨®−−®¬ã à¥áãàáã, ¨áâ®ç-
−¨ª, á®¤¥à¦�é¨© à¥áãàá, ¨ ¤à.

2.3 Системы символов, кодов и сигналов s-среды

‘¨¬¢®«ë, ª®¤ë ¨ á¨£−�«ë á¢ï§�−ë ¬¥¦¤ã á®¡®© ®â−®è¥−¨ï¬¨ ¯à¥®¡à�§®¢�−¨ï.
Š�¦¤®¬ã á¨¬¢®«ã ¨ á¨¬¢®«ì−®© ª®−áâàãªæ¨¨, à�ááç¨â�−−ë¬ −� ¢®á¯à¨ïâ¨¥
ç¥«®¢¥ª®¬ ¨«¨ à®¡®â®¬, ¬®£ãâ ¡ëâì ¯®áâ�¢«¥−ë ¢ ®¤−®§−�ç−®¥ á®®â¢¥âáâ¢¨¥
ª®¤ë, ¯à¥¤−�§−�ç¥−−ë¥ ¤«ï ¬�−¨¯ã«¨à®¢�−¨ï ¨¬¨ á ¯®¬®éìî ¯à®£à�¬¬−ëå
áà¥¤áâ¢ s-¬�è¨−.

� ‘¨¬¢®« | §�¬¥−¨â¥«ì ¯à¨à®¤−®£® ¨«¨ ¨§®¡à¥â¥−−®£® ®¡ê¥ªâ�, ®¡®§−�ç�-
îé¨© íâ®â ®¡ê¥ªâ ¨ ï¢«ïîé¨©áï í«¥¬¥−â®¬ ®¯à¥¤¥«¥−−®© á¨áâ¥¬ë ¯®áâà®¥−¨ï
á¨¬¢®«ì−ëå á®®¡é¥−¨© (â¥ªáâ®¢, −®â−ëå §�¯¨á¥© ¨«¨ ¤à.), à�ááç¨â�−−ëå −�
¢®á¯à¨ïâ¨¥ ç¥«®¢¥ª®¬ ¨«¨ à®¡®â®¬. �

© ÷ãááª¨© �«ä�¢¨â | á¨áâ¥¬� â¥ªáâ®¢ëå á¨¬¢®«®¢; ¡ãª¢� � ¢ íâ®© á¨áâ¥¬¥ |
á¨¬¢®«, §�¬¥−ïîé¨© á®®â¢¥âáâ¢ãîé¨© §¢ãª ¨§ á¨áâ¥¬ë à¥ç¥¢ëå �ã¤¨®á¨¬¢®«®¢
àãááª®£® ï§ëª�; ¡ãª¢¥ � á®®â¢¥âáâ¢ã¥â â�ªâ¨«ì−ë© ä�ªâãà−ë© á¨¬¢®« (¢®á¯à¨−¨-
¬�¥¬ë© ®áï§�−¨¥¬ ¯�«ìæ�¬¨ àãª) ¢ á¨áâ¥¬¥ ¯à¥¤áâ�¢«¥−¨ï â¥ªáâ®¢ëå á®®¡é¥−¨©
¤«ï á«¥¯ëå (¨§¢¥áâ−®© ª�ª á¨áâ¥¬� �à�©«ï). ©
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�. ‚. ˆ«ì¨−, ‚. „. ˆ«ì¨−

Œ−®¦¥áâ¢® ¢¨§ã�«ì−ëå, �ã¤¨®- ¨ ¤àã£¨å á¨¬¢®«®¢, ¢ë¡à�−−ëå ¤«ï ¯®áâà®¥-
−¨ï á®®¡é¥−¨© ®¯à¥¤¥«¥−−®£® â¨¯�, à�áá¬�âà¨¢�¥âáï ª�ª ¬−®¦¥áâ¢® í«¥¬¥−â�à-
−ëå ª®−áâàãªâ¨¢−ëå ®¡ê¥ªâ®¢, ª�¦¤ë© ¨§ ª®â®àëå −�¤¥«¥− −�¡®à®¬ �âà¨¡ãâ®¢
¨ á®¢®ªã¯−®áâìî ¤®¯ãáâ¨¬ëå ®¯¥à�æ¨©. ‘®§¤�−¨¥ ª®−áâàãªæ¨© ¨§ í«¥¬¥−â®¢
íâ®£® ¬−®¦¥áâ¢� ®¯à¥¤¥«¥−® á¨áâ¥¬®© ¯à�¢¨« ¯®áâà®¥−¨ï á¨¬¢®«ì−ëå ¬®¤¥«¥©.

� Š®¤ | §�¬¥−¨â¥«ì á¨¬¢®«� ¨«¨ á¨¬¢®«ì−®£® á®®¡é¥−¨ï, ¨á¯®«ì§ã¥¬ë©
¤«ï ¨å ¯à¥¤áâ�¢«¥−¨ï ¢ ª®¬¯ìîâ¥à�å, á¬�àâä®−�å ¨ ¤àã£¨å s-¬�è¨−�å ¨ ¯à¥¤−�-
§−�ç¥−−ë© ¤«ï ¯®áâà®¥−¨ï, á®åà�−¥−¨ï, ¯¥à¥¤�ç¨ ¨ ¨−â¥à¯à¥â�æ¨¨ á¨¬¢®«ì−ëå
á®®¡é¥−¨©. �

©HTML | ª®¤ ¢¥¡-áâà�−¨æë, ¯®«ãç¥−−ë© ¢¥¡-¡à�ã§¥à®¬ ®â ¢¥¡-á¥à¢¥à�.©
� ‘¨£−�« | ®¯â¨ç¥áª®¥, §¢ãª®¢®¥ ¨«¨ ¤àã£®¥ ¢®§¤¥©áâ¢¨¥, ¢®á¯à¨−¨¬�¥¬®¥

®à£�−�¬¨ çã¢áâ¢ ç¥«®¢¥ª� ¨«¨ á¥−á®à�¬¨ s-¬�è¨−ë, ¨«¨ ¯à¥¤áâ�¢«¥−¨¥ ª®¤�
¢ ¢¨¤¥ ç�áâ®âë í«¥ªâà®¬�£−¨â−®£® ¨§«ãç¥−¨ï, ª®¬¯®§¨æ¨© §−�ç¥−¨© í«¥ªâà¨ç¥-
áª®£® −�¯àï¦¥−¨ï ¨«¨ ¤à., à�ááç¨â�−−®¥ −� ¢®á¯à¨ïâ¨¥ �¯¯�à�â−ë¬¨ áà¥¤áâ¢�¬¨
s-¬�è¨−ë (© æ¥−âà�«ì−ë¬ ¯à®æ¥áá®à®¬ ª®¬¯ìîâ¥à�, ¬¨ªà®¯à®æ¥áá®à®¬ �¢â®¬®-
¡¨«ì−®£® −�¢¨£�â®à� ¨«¨ ¤à. ©) [4, 5]. �

2.4 Задачные конструктивные объекты (s-задачи) и конструирование
программ

� S-§�¤�ç� | ª®àâ¥¦ {Formul, Rulsys, Alg, Prog}, £¤¥ Formul | ¯®áâ�−®¢ª�
§�¤�ç¨; Rulsys | ¬−®¦¥áâ¢® á¨áâ¥¬ ®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å ¯à�¢¨«
à¥è¥−¨ï §�¤�ç¨ [11{13, 17, 18], ¯®áâ�¢«¥−−ëå ¢ á®®â¢¥âáâ¢¨¥ Formul; Alg |
®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢ �«£®à¨â¬®¢, ª�¦¤®¥ ¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â ®¤−®¬ã
í«¥¬¥−âã ¨§ Rulsys; Prog | ®¡ê¥¤¨−¥−¨¥ ¬−®¦¥áâ¢ ¯à®£à�¬¬, ª�¦¤®¥ ¨§ ª®â®àëå
¯®áâ�¢«¥−® ¢ á®®â¢¥âáâ¢¨¥ ®¤−®¬ã ¨§ í«¥¬¥−â®¢ Alg.

�®áâ�−®¢ª� §�¤�ç¨ Formul | ¯�à� {Mem, Rel}, £¤¥ Mem | ¬−®¦¥áâ¢®
¯®−ïâ¨© §�¤�ç¨, −� ª®â®à®¬ §�¤�−® à�§¡¨¥−¨¥Mem = Inp∨Out (Inp∧Out = 0)
¨ á®¢®ªã¯−®áâì Rel á¢ï§¥© ¬¥¦¤ã ¯®−ïâ¨ï¬¨, ®¯à¥¤¥«ïîé�ï ¡¨−�à−®¥ ®â−®è¥−¨¥
Rel, §�¤�−−®¥ −� ¬−®¦¥áâ¢�å Inp ¨ Out.

Œ−®¦¥áâ¢® Mem | ¯�¬ïâì §�¤�ç¨, � Inp ¨ Out | ¥¥ ¢å®¤ ¨ ¢ëå®¤, §−�ç¥−¨ï
ª®â®àëå ¯à¥¤¯®«�£�¥âáï á®®â¢¥âáâ¢¥−−® §�¤�¢�âì ¨ ¨áª�âì.

„«ï ª�¦¤®£® í«¥¬¥−â� ¨§ Rulsys, Alg ¨ Prog §�¤�−® ®¯¨á�−¨¥ ¯à¨¬¥−¥−¨ï.
�¯¨á�−¨ï ¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ Rulsys ¢ª«îç�îâ á¯¥æ¨ä¨ª�æ¨î â¨¯� à¥è�â¥«ï
§�¤�ç¨ (�¢â®−®¬−�ï s-¬�è¨−�, á¥â¥¢�ï ª®®¯¥à�æ¨ï s-¬�è¨−, ª®®¯¥à�æ¨ï ç¥«®¢¥ª{
s-¬�è¨−� ¨ ¤à.); âà¥¡®¢�−¨¥ ª ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ ¤à. �¯¨á�−¨ï
¯à¨¬¥−¥−¨ï í«¥¬¥−â®¢ ¨§ Alg ¢ª«îç�îâ ¤�−−ë¥ ® ¤®¯ãáâ¨¬ëå à¥¦¨¬�å à�¡®âë
à¥è�â¥«ï §�¤�ç¨ (�¢â®¬�â¨ç¥áª¨© «®ª�«ì−ë©, �¢â®¬�â¨ç¥áª¨© à�á¯à¥¤¥«¥−−ë©,
¨−â¥à�ªâ¨¢−ë© «®ª�«ì−ë© ¨ ¤à.), ® âà¥¡®¢�−¨ïå ª ¯®«ãç¥−−®¬ã à¥§ã«ìâ�âã
¨ ¤à. �¯¨á�−¨ï ¯à¨¬¥−¥−¨ï ¯à®£à�¬¬ ¢ª«îç�îâ ¤�−−ë¥ ® ï§ëª�å à¥�«¨§�æ¨¨,
®¯¥à�æ¨®−−ëå á¨áâ¥¬�å ¨ ¤à. �

� �«£®à¨â¬ | ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ ª®−¥ç−®£® −�¡®à� è�£®¢ à¥è¥−¨ï
§�¤�ç¨, á®®â¢¥âáâ¢ãîé¥£® ®¤−®¬ã ¨§ í«¥¬¥−â®¢ Rulsys ¨ ¯®§¢®«ïîé¥£® ¯®áâ�¢¨âì
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‘®§¤�−¨¥ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç

¢ ®¤−®§−�ç−®¥ á®®â¢¥âáâ¢¨¥ §�¤�−−®¬ã −�¡®àã ¤�−−ëå, ¯à¨−�¤«¥¦�é¥¬ã Inp,
à¥§ã«ìâ¨àãîé¨© −�¡®à, ¯à¨−�¤«¥¦�é¨© Out. �

� �à®£à�¬¬� | �«£®à¨â¬, à¥�«¨§®¢�−−ë© −� ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï ¢ë-
á®ª®£® ãà®¢−ï, ¬�è¨−−®-®à¨¥−â¨à®¢�−−®¬ ï§ëª¥ ¨/¨«¨ ¢ á¨áâ¥¬¥ ¬�è¨−−ëå
ª®¬�−¤. �à¥¤áâ�¢«¥−� ¢ ä®à¬¥ á®®¡é¥−¨ï, ®¯à¥¤¥«ïîé¥£® ¯®¢¥¤¥−¨¥ s-¬�-
è¨−−®£® à¥è�â¥«ï §�¤�ç¨ á §�¤�−−ë¬¨ á¢®©áâ¢�¬¨. ‘ãé¥áâ¢ã¥â ¢ á¨¬¢®«ì−®¬,
ª®¤®¢®¬ ¨ á¨£−�«ì−®¬ ¢®¯«®é¥−¨ïå, á¢ï§�−−ëå ®â−®è¥−¨ï¬¨ âà�−á«ïæ¨¨. �

♦ ‘¯¥æ¨ä¨ª�æ¨ï ¯à®£à�¬¬¨àã¥¬®© §�¤�ç¨ ¨ ¯à®£à�¬¬� á®®â−®áïâáï ª�ª,
−�¯à¨¬¥à, ¯à®¥ªâ−�ï ¤®ªã¬¥−â�æ¨ï ¨ ¨§£®â®¢«¥−−ë© ¯® −¥© áâ�−®ª, ¯à¨£®¤−®áâì
(¯à�¢¨«ì−®áâì) ª®â®à®£® ¬®¦−® ®¯à¥¤¥«¨âì â®«ìª® ¯ãâ¥¬ â¥áâ®¢, à�§à�¡®â�−−ëå
ª¢�«¨ä¨æ¨à®¢�−−ë¬¨ á¯¥æ¨�«¨áâ�¬¨, å®à®è® §−�îé¨¬¨, çâ® ¤®«¦¥− úã¬¥âìû
¨á¯ëâã¥¬ë© ¨ ª�ª¨¬¨ íªá¯«ã�â�æ¨®−−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ (¢ª«îç�ï ã¤®¡áâ¢®
¯®«ì§®¢�−¨ï ¨ −�¤¥¦−®áâì) ¤®«¦¥− ®¡«�¤�âì. ♦

S-§�¤�ç� ¨§ãç�¥âáï ª�ª §�¤�ç−ë© ª®−áâàãªâ¨¢−ë© ®¡ê¥ªâ, á¢®©áâ¢� ª®â®à®£®
¯à¥¤ãá¬�âà¨¢�îâ ¢®§¬®¦−®áâ¨ ¯®áâà®¥−¨ï â¨¯¨§¨à®¢�−−ëå §�¤�ç−ëå ª®−áâàãª-
æ¨© [6{10, 14{16, 19].

� ’¨¯ X ≈ ¬−®¦¥áâ¢® X, í«¥¬¥−âë ª®â®à®£® ¨¬¥îâ ä¨ªá¨à®¢�−−ë© −�¡®à
�âà¨¡ãâ®¢ ¨ á¥¬¥©áâ¢® ¤®¯ãáâ¨¬ëå ®¯¥à�æ¨©. Œ®¦¥â ¨¬¥âì ¯®¤â¨¯ë, −�§ë¢�¥¬ë¥
á¯¥æ¨�«¨§�æ¨ï¬¨ â¨¯� X, ¨ −�¤â¨¯ë, −�§ë¢�¥¬ë¥ ®¡®¡é¥−¨ï¬¨ â¨¯� X. �

� ‘¯¥æ¨�«¨§�æ¨ï â¨¯� X | ¯®à®¦¤¥−¨¥ ¯®¤â¨¯� X [::rule] (§¤¥áì á¤¢®¥−−®¥
¤¢®¥â®ç¨¥ ú::û | á¨¬¢®« á¯¥æ¨�«¨§�æ¨¨) á á¥¬¥©áâ¢®¬ á¢ï§¥©, à�áè¨à¥−−ë¬
¤®¡�¢«¥−¨¥¬ á¢ï§¨ rule. ‚ë¤¥«ï¥â ¯®¤¬−®¦¥áâ¢® X [::rule] ¬−®¦¥áâ¢� X. ‘¯¥-
æ¨�«¨§�æ¨¥© −�§ë¢�îâ ¨ à¥§ã«ìâ�â X [:: rule] íâ®£® ¯®à®¦¤¥−¨ï. �

‘¯¥æ¨�«¨§�æ¨ï â¨¯�, §�¤�−−�ï ¯®á«¥¤®¢�â¥«ì−®áâìî ¤®¡�¢«¥−−ëå á¢ï§¥©
X [::(rule1)::rule2], | á¯¥æ¨�«¨§�æ¨ï â¨¯� X [::rule1] ¯® á¢ï§¨ rule2. —¨á«®
á¯¥æ¨�«¨§¨àãîé¨å á¢ï§¥© ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ −¥ ®£à�−¨ç¥−®. �à¨ íâ®¬ ¨¬¥−�
á¢ï§¥©, ¯à¥¤è¥áâ¢ãîé¨¥ ¯®á«¥¤−¥¬ã, §�ª«îç¥−ë ¢ ªàã£«ë¥ áª®¡ª¨, � ¯¥à¥¤
®âªàë¢�îé¥© áª®¡ª®© ª�¦¤®© ¯�àë áª®¡®ª | á¤¢®¥−−®¥ ¤¢®¥â®ç¨¥.

� �¡®¡é¥−¨¥ â¨¯� Z | íâ® ¯®à®¦¤¥−¨¥ ¥£® −�¤â¨¯� Z [#rule] ¯ãâ¥¬
®á«�¡«¥−¨ï (§¤¥áì # | á¨¬¢®« ®á«�¡«¥−¨ï) á¢ï§¨ rule ¨§ á¥¬¥©áâ¢� á¢ï§¥©, á®®â-
¢¥âáâ¢ãîé¥£® â¨¯ãZ. ˆáª«îç¥−¨¥ á¢ï§¨ áç¨â�îâ ¥¥ ¯à¥¤¥«ì−ë¬ ®á«�¡«¥−¨¥¬. �

2.5 Классы базовых задач

�¯à¥¤¥«¥−¨ï ª«�áá®¢ ¡�§®¢ëå §�¤�ç, ¯à¨¢¥¤¥−−ë¥ ¢ [4, 5], §¤¥áì ãâ®ç−¥−ë.
„®¡�¢«¥− ª«�áá §�¤�ç ú‚§�¨¬®¤¥©áâ¢¨¥ ¢ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤¥ à¥è¥−¨ï
§�¤�çû.

1. �à¥¤áâ�¢«¥−¨¥ ¬®¤¥«¥© ¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢, à�ááç¨â�−−ëå −� ¢®á¯à¨-
ïâ¨¥ ç¥«®¢¥ª®¬ ¨ ¯à®£à�¬¬¨àã¥¬ë¬¨ ¬�è¨−�¬¨, á¢ï§�−® á ¨§®¡à¥â¥−¨¥¬
ï§ëª®¢ á®®¡é¥−¨©, ã¤®¢«¥â¢®àïîé¨å ®¯à¥¤¥«¥−−ë¬ âà¥¡®¢�−¨ï¬. ‚ íâ®¬
ª«�áá¥ ¨§ãç�îâáï á¨áâ¥¬ë á¨¬¢®«®¢ ¨ ª®¤®¢, ¨á¯®«ì§ã¥¬ë¥ á®®â¢¥âáâ¢¥−−®
¢ ç¥«®¢¥ª®- ¨ ¬�è¨−−®-®à¨¥−â¨à®¢�−−ëå ï§ëª�å. Š ¯¥à¢ë¬ ®â−¥á¥−ë ï§ëª¨
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á¯¥æ¨ä¨ª�æ¨©, ¯à®£à�¬¬¨à®¢�−¨ï, §�¯à®á®¢; ª® ¢â®àë¬ | á¨áâ¥¬ë ¬�è¨−-
−ëå ª®¬�−¤. �â®â ª«�áá ¢ª«îç�¥â â�ª¦¥ §�¤�ç¨ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå.
‚ −¥£® ¢å®¤ïâ §�¤�ç¨ ¯à¥¤áâ�¢«¥−¨ï ¬®¤¥«¥© á¨áâ¥¬ ¯®−ïâ¨©, −� ª®â®àëå
¨−â¥à¯à¥â¨àãîâáï á®®¡é¥−¨ï. �� ¢¥àå−¥¬ ãà®¢−¥ §�¤�ç−®© ¨¥à�àå¨¨ íâ®£®
ª«�áá� −�å®¤¨âáï ¯à¥¤áâ�¢«¥−¨¥ ¬®¤¥«¥© á¨áâ¥¬ §−�−¨©.

2. �à¥®¡à�§®¢�−¨¥ â¨¯®¢ ¨ ä®à¬ ¯à¥¤áâ�¢«¥−¨ï á¨¬¢®«ì−ëå ¬®¤¥«¥© ¯®§¢®-
«ï¥â ãáâ�−�¢«¨¢�âì á®®â¢¥âáâ¢¨ï ¬¥¦¤ã ¬®¤¥«ï¬¨. ‡�¤�ç¨ ¯à¥®¡à�§®¢�−¨ï
â¨¯®¢ (−�¯à¨¬¥à, à¥ç¥¢®© ¢ â¥ªáâ®¢ë© ¨ ®¡à�â−® ¨ ¤à.) ¨ ä®à¬ (© �−�«®£®¢®©
¢ æ¨äà®¢ãî ¨ ®¡à�â−®; −¥á¦�â®© ¢ á¦�âãî ¨ ®¡à�â−®; ®¤−®© ä®à¬ë ¯à¥¤-
áâ�¢«¥−¨ï ¤®ªã¬¥−â� ¢ ¤àã£ãî: *.doc ¢ *.pdf ©) | −¥®¡å®¤¨¬®¥ ¤®¯®«−¥−¨¥
ª §�¤�ç�¬ ¯à¥¤áâ�¢«¥−¨ï ¬®¤¥«¥©.

3. ÷�á¯®§−�¢�−¨¥ á®®¡é¥−¨ï ¯à¥¤¯®«�£�¥â −¥®¡å®¤¨¬®áâì ¥£® ¯à¥¤áâ�¢«¥−¨ï
¢ ä®à¬�â¥, ¨§¢¥áâ−®¬ ¯®«ãç�â¥«î. �à¨ ¢ë¯®«−¥−¨¨ íâ®£® ãá«®¢¨ï ¤«ï
à�á¯®§−�¢�−¨ï á®®¡é¥−¨ï à¥è�îâáï §�¤�ç¨ á®¯®áâ�¢«¥−¨ï á ¬®¤¥«ï¬¨-®¡-
à�§æ�¬¨, «¨¡® á®¯®áâ�¢«¥−¨ï á¢®©áâ¢ à�á¯®§−�¢�¥¬®© ¬®¤¥«¨ á® á¢®©áâ¢�¬¨
¬®¤¥«¥©-®¡à�§æ®¢. „�−−ë¥, ¯®áâã¯�îé¨¥ −� ¢å®¤ ¯à®£à�¬¬ë (¢å®¤−ë¥ ¤�−-
−ë¥), à�á¯®§−�îâáï ¯à®£à�¬¬®© ¢ á®®â¢¥âáâ¢¨¨ á ®¯¨á�−¨ï¬¨ â¨¯®¢ ¤�−−ëå
(ç¨á«®¢ëå, â¥ªáâ®¢ëå ¨ ¤à.) ¨ ä®à¬�â®¢ ¢¢®¤�, §�¤�−−ëå ¢ ¯à®£à�¬¬¥. ’¨¯
¤�−−ëå ®¯à¥¤¥«ï¥â ¬−®¦¥áâ¢® §−�ç¥−¨© ¤«ï í«¥¬¥−â®¢ ¤�−−ëå ¨ á®¢®ªã¯-
−®áâì ¤®¯ãáâ¨¬ëå ®¯¥à�æ¨© −�¤ ¤�−−ë¬¨. ÷¥§ã«ìâ�â ®¡à�¡®âª¨ ¯à¥¤áâ�¢«¥−
¢ëå®¤−ë¬¨ ¤�−−ë¬¨, ¤«ï ª®â®àëå â�ª¦¥ §�¤�−ë ®¯¨á�−¨ï â¨¯®¢. ‚ë¢®¤
à¥§ã«ìâ�â� (−� íªà�−, ¯¥ç�âì ¨«¨ ¤à.) ®áãé¥áâ¢«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ä®à-
¬�â�¬¨ ¢ë¢®¤�. © ‚ §�¤�ç¥ ¡¨®¬¥âà¨ç¥áª®© ¨¤¥−â¨ä¨ª�æ¨¨ ç¥«®¢¥ª� ¥£®
¡¨®¬¥âà¨ç¥áª¨¥ ¤�−−ë¥ (¢å®¤−®¥ á®®¡é¥−¨¥) á®¯®áâ�¢«ïîâáï á ¡¨®¬¥âà¨ç¥-
áª¨¬¨ ®¡à�§æ�¬¨ ¨§ ¡�§ë ¤�−−ëå ¡¨®¬¥âà¨ç¥áª®© á¨áâ¥¬ë. ©

4. Š®−áâàã¨à®¢�−¨¥ ¬®¤¥«¥© á¨áâ¥¬ ¯®−ïâ¨©, á¨áâ¥¬ §−�−¨©, ¨−â¥à¯à¥â�â®à®¢
á®®¡é¥−¨© −� ¬®¤¥«ïå á¨áâ¥¬ ¯®−ïâ¨©; ¬®¤¥«¥© §�¤�ç, ¯à®£à�¬¬¨à®¢�−¨ï,
¢§�¨¬®¤¥©áâ¢¨ï ¢ s-áà¥¤¥; ¬®¤¥«¥© �àå¨â¥ªâãà ¯à®£à�¬¬¨àã¥¬ëå ¬�è¨−,
ª®¬¯ìîâ¥à−ëå á¥â¥©, á¥à¢¨á-®à¨¥−â¨à®¢�−−ëå �àå¨â¥ªâãà; ¬®¤¥«¥© á®®¡-
é¥−¨© ¨ áà¥¤áâ¢ ¨å ¯®áâà®¥−¨ï, ¤®ªã¬¥−â®¢ ¨ ¤®ªã¬¥−â®®¡®à®â�. �� ¢¥àå−¥¬
ãà®¢−¥ ¨¥à�àå¨¨ íâ®£® ª«�áá� −�å®¤ïâáï §�¤�ç¨ ª®−áâàã¨à®¢�−¨ï ¬®¤¥«¥©
s-áà¥¤ë ¨ â¥å−®«®£¨© á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï.

5. ˆ−â¥à¯à¥â�æ¨ï á®®¡é¥−¨© (¨§¢«¥ç¥−¨¥ ¨−ä®à¬�æ¨¨) ¯à¥¤¯®«�£�¥â áãé¥-
áâ¢®¢�−¨¥ ¯à¨−ïâ®£® á®®¡é¥−¨ï, ¬®¤¥«¨ á¨áâ¥¬ë ¯®−ïâ¨©, −� ª®â®à®© ®−®
¤®«¦−® ¨−â¥à¯à¥â¨à®¢�âìáï, ¨ ¬¥å�−¨§¬� ¨−â¥à¯à¥â�æ¨¨. ÷¥è¥−¨¥ §�¤�ç
¢ s-áà¥¤¥ | ¨−â¥à¯à¥â�æ¨ï ¨áå®¤−ëå ¤�−−ëå (¢å®¤−®£® á®®¡é¥−¨ï) −� ¬®-
¤¥«¨ á¨áâ¥¬ë ¯®−ïâ¨©, ¯à¥¤áâ�¢«¥−−®© ¢ �«£®à¨â¬¥. ÷¥§ã«ìâ�â à¥è¥−¨ï |
¢ëå®¤−®¥ á®®¡é¥−¨¥ (¨−ä®à¬�æ¨ï, ¨§¢«¥ç¥−−�ï ¨§ ¢å®¤−®£® á®®¡é¥−¨ï).
…á«¨ ¨−â¥à¯à¥â�â®à®¬ á«ã¦¨â ¨á¯®«−ï¥¬�ï ¯à®£à�¬¬�, â® ¨áå®¤−ë¥ ¤�−-
−ë¥, ¯à®£à�¬¬� ¨ à¥§ã«ìâ�â à¥è¥−¨ï §�¤�ç¨ ¯à¥¤áâ�¢«¥−ë á®®â¢¥âáâ¢ãîé¨-
¬¨ ª®¤�¬¨. „«ï ¬¨ªà®¯à®æ¥áá®à� ¯à®£à�¬¬¨àã¥¬®© ¬�è¨−ë á®®¡é¥−¨ï,
¯®¤«¥¦�é¨¥ ¨−â¥à¯à¥â�æ¨¨, ¨ à¥§ã«ìâ�âë ¨−â¥à¯à¥â�æ¨¨ ¯à¥¤áâ�¢«¥−ë á¨£-
−�«�¬¨, á®®â¢¥âáâ¢ãîé¨¬¨ ª®¤�¬ ¬�è¨−−ëå ª®¬�−¤ ¨ ¤�−−ëå.
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‘®§¤�−¨¥ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç

© �à¨ áê¥¬ª�å æ¨äà®¢®© ä®â®ª�¬¥à®© á®®¡é¥−¨¥ (¢ ¢¨¤¥ á¢¥â®¢®£® á¨£−�-
«�) ¢®§¤¥©áâ¢ã¥â −� á¢¥â®çã¢áâ¢¨â¥«ì−ãî ¬�âà¨æã, à�á¯®§−�¥âáï ¥î, � §�â¥¬
¯à¥®¡à�§ã¥âáï ¢ æ¨äà®¢®© ª®¤ ¨§®¡à�¦¥−¨ï, ª®â®àë© ¨−â¥à¯à¥â¨àã¥âáï
¯à®£à�¬¬®©, ã«ãçè�îé¥© ª�ç¥áâ¢® ¨§®¡à�¦¥−¨ï. �®«ãç¥−−ë© à¥§ã«ìâ�â
¯à¥®¡à�§ã¥âáï ¨ §�¯¨áë¢�¥âáï (−� ¢áâà®¥−−ë© −�ª®¯¨â¥«ì ª�¬¥àë ¨«¨ ª�àâã
¯�¬ïâ¨) ª�ª £à�ä¨ç¥áª¨© ä�©«. ©

6. �¡¬¥− á®®¡é¥−¨ï¬¨: ¨§ãç�îâáï §�¤�ç¨ ®¡¬¥−� á®®¡é¥−¨ï¬¨ ¢ s-áà¥¤¥ à¥-
è¥−¨ï §�¤�ç (á â¨¯¨§�æ¨¥© ®â¯à�¢¨â¥«¥© ¨ ¯®«ãç�â¥«¥©; áà¥¤áâ¢ ®â¯à�¢ª¨,
¯¥à¥¤�ç¨ ¨ ¯®«ãç¥−¨ï á®®¡é¥−¨©; áà¥¤ ¯¥à¥¤�ç¨ á®®¡é¥−¨©). ˆ§®¡à¥â�îâ-
áï á¨áâ¥¬ë ¯à�¢¨« ®¡¬¥−� á®®¡é¥−¨ï¬¨ (á¥â¥¢ë¥ ¯à®â®ª®«ë); �àå¨â¥ªâãàë
á¥â¥©, á¥à¢¨á-®à¨¥−â¨à®¢�−−ë¥ �àå¨â¥ªâãàë; á¨áâ¥¬ë ¤®ªã¬¥−â®®¡®à®â�.
© ‘®®¡é¥−¨ï¬¨ ®¡¬¥−¨¢�îâáï ¯à®æ¥ááë ®¯¥à�æ¨®−−ëå á¨áâ¥¬. ©

7. ‘®åà�−¥−¨¥, −�ª®¯«¥−¨¥ ¨ ¯®¨áª: ¨§ãç�îâáï ¨ â¨¯¨§¨àãîâáï ¯�¬ïâì ¨ −�-
ª®¯¨â¥«¨, ¬¥å�−¨§¬ë ã¯à�¢«¥−¨ï ¨¬¨; ä®à¬ë á®åà�−¥−¨ï ¨ −�ª®¯«¥−¨ï;
−®á¨â¥«¨, ¬¥â®¤ë á®åà�−¥−¨ï, −�ª®¯«¥−¨ï ¨ ¯®¨áª�; ¡�§ë ¤�−−ëå ¨ ¡¨¡-
«¨®â¥ª¨ ¯à®£à�¬¬. ˆ§ãç�îâáï ¬®¤¥«¨ ¯à¥¤¬¥â� ¯®¨áª� (¯® ®¡à�§æã, ¯®
¯à¨§−�ª�¬, ¯® ®¯¨á�−¨î á¢®©áâ¢) ¨ ¬¥â®¤®¢ ¯®¨áª�.

8. ‚§�¨¬®¤¥©áâ¢¨¥ ¢ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤¥ à¥è¥−¨ï §�¤�ç: ¨§ãç�îâáï §�¤�-
ç¨ ¯®áâà®¥−¨ï ¨−â¥àä¥©á®¢ â¨¯� úç¥«®¢¥ª{ç¥«®¢¥ªû, úç¥«®¢¥ª{¯à®£à�¬¬�û,
úç¥«®¢¥ª { �¯¯�à�â−®¥ áà¥¤áâ¢® ¯à®£à�¬¬¨àã¥¬®© ¬�è¨−ëû, ú¯à®£à�¬¬�{
¯à®£à�¬¬�û, ú¯à®£à�¬¬� { �¯¯�à�â−®¥ áà¥¤áâ¢®û, ú�¯¯�à�â−®¥ áà¥¤áâ¢® {
�¯¯�à�â−®¥ áà¥¤áâ¢®û.

9. ˆ−ä®à¬�æ¨®−−�ï §�é¨â�: ¨§ãç�îâáï §�¤�ç¨ ¯à¥¤®â¢à�é¥−¨ï ¨ ®¡−�àã¦¥-
−¨ï ãï§¢¨¬®áâ¥©, ª®−âà®«ï ¤®áâã¯�, §�é¨âë ®â ¢â®à¦¥−¨©, ¢à¥¤®−®á−ëå
¯à®£à�¬¬, ¯¥à¥å¢�â� á®®¡é¥−¨© ¨ −¥á�−ªæ¨®−¨à®¢�−−®£® ¯à¨¬¥−¥−¨ï.

3 Заключение

÷�áá¬®âà¥−� ¯à®¡«¥¬� ¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï ¯®áâà®¥−¨ï ç¥«®¢¥ª®-
¬�è¨−−®© áà¥¤ë à¥è¥−¨ï §�¤�ç (s-áà¥¤ë) [4, 5]. �à¨¢¥¤¥−� ç�áâì ¯®«ãç¥−−ëå
�¢â®à�¬¨ à¥§ã«ìâ�â®¢, ®â−®áïé¨åáï ª ¬¥â®¤®«®£¨ç¥áª®¬ã ®¡¥á¯¥ç¥−¨î à�§¢¨â¨ï
s-áà¥¤ë:

{ ®á−®¢ë â¥®à¨¨ á¨¬¢®«ì−®£® ¬®¤¥«¨à®¢�−¨ï ¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢ ¢ ç¥«®-
¢¥ª®-¬�è¨−−®© áà¥¤¥ [4, 5];

{ ¯à¥¤áâ�¢«¥−¨¥ §−�−¨© ® ¯à®£à�¬¬¨àã¥¬ëå §�¤�ç�å ¨ ª®−áâàã¨à®¢�−¨¥ ¯à®-
£à�¬¬ [6{10, 14{16,19].
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï è¨à®ª¨¬ äà®−â®¬ ¨¤¥â ¯à®æ¥áá á®§¤�−¨ï ¨ ¯à�ªâ¨ç¥áª®£®
¨á¯®«ì§®¢�−¨ï ¢ £®áã¤�àáâ¢¥−−ëå ¨ ª®¬¬¥àç¥áª¨å ®à£�−¨§�æ¨ïå �‘“ ª«�á-
á� à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ á ®¯®à®© −�
¢§�¨¬®á¢ï§�−−ãî á®¢®ªã¯−®áâì æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå (–�„) á ¯à¥¤®áâ�¢«¥-
−¨¥¬ ¨−ä®à¬�æ¨¨ ¢ à�§«¨ç−®¬ ¢¨¤¥ ¢ á¨âã�æ¨®−−ë¥ æ¥−âàë (‘–) ¤«ï ¯à¨−ïâ¨ï
à¥è¥−¨ï àãª®¢®¤áâ¢®¬. ‘¥£®¤−ï ¤® 80% ¯®â®ª� ¢å®¤ïé¥© ¨−ä®à¬�æ¨¨, âà¥¡ã-
îé¥© �¢â®¬�â¨§¨à®¢�−−®© ®¡à�¡®âª¨, ¯à¥¤áâ�¢«ï¥â á®¡®© à�§−®à®¤−ãî ¨ à�§-
−®ä®à¬�â−ãî �‘ˆ. �¥á«ãç�©−®, çâ® ®¤−¨¬ ¨§ −�¨¡®«¥¥ ç�áâ® ã¯®¬¨−�¥¬ëå
á¥£®¤−ï â¥à¬¨−®¢ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© áâ�« Big Data, ª®â®-
àë© ®§−�ç�¥â −¥ â®«ìª® ¡®«ìè®© ®¡ê¥¬ ¤�−−ëå, −® ¨ ¨å á¬ëá«®¢ãî á«®¦−®áâì,
¢�à¨�−â−®áâì, â¥¬�â¨ç¥áªãî à�§−®à®¤−®áâì ¨ −¥áâàãªâãà¨à®¢�−−®áâì.

1ˆ−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, ibystrov@ipiran.ru

2ˆ−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, vkozichev@mail.ru

3ˆ−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, tarasov@npmodul.ru
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Š®−æ¥¯âã�«ì−ë¥ ®á−®¢ë �¢â®¬�â¨§¨à®¢�−−®© ®¡à�¡®âª¨ �‘ˆ ¢ ¯¥àá¯¥ªâ¨¢−ëå �‘“

2 Знание-ориентированный подход к обработке
неструктурированной информации

‘ãé¥áâ¢ãîé�ï ¯à�ªâ¨ª� á®§¤�−¨ï ¨ ¯à¨¬¥−¥−¨ï ª®−æ¥¯æ¨¨ ¡�§ ¨ ¡�−ª®¢ ¤�−-
−ëå ¯®ª�§�«� ¨å −¥¤®áâ�â®ç−ãî ¯à¨á¯®á®¡«¥−−®áâì ª ®¡à�¡®âª¥ ¡®«ìè¨å ®¡ê¥¬®¢
�‘ˆ ¨ à¥è¥−¨î ¬−®£¨å §�¤�ç, á¢ï§�−−ëå á £«ã¡¨−−ë¬ �−�«¨§®¬ ¨ á¨−â¥§®¬
á¬ëá«®¢®£® á®¤¥à¦�−¨ï ¨áå®¤−®© ¨−ä®à¬�æ¨¨. Š®−æ¥¯âã�«ì−®© ®á−®¢®© �¢-
â®¬�â¨§¨à®¢�−−®© ®¡à�¡®âª¨ �‘ˆ ï¢«ï¥âáï ¯à®¤ãªâ¨¢−®¥ ®á¬ëá«¥−¨¥ §−�−¨©,
á®¤¥à¦�é¨åáï ¢ …Ÿ-â¥ªáâ�å ¨áå®¤−®© ¨−ä®à¬�æ¨¨, á ¢ë¤¥«¥−¨¥¬ ¤¥ª«�à�â¨¢-
−®© ¨ ¯à®æ¥¤ãà−®© á®áâ�¢«ïîé¥© ¢ ¯à®æ¥áá¥ ¨å «®£¨ª®-á¥¬�−â¨ç¥áª®© ®¡à�¡®âª¨
¢ �‘“. ‚ ¯à®æ¥áá¥ á®§¤�−¨ï á¨áâ¥¬ë, á¯®á®¡−®© ®¡à�¡�âë¢�âì �‘ˆ, ¢�¦−®©
¬¥â®¤®«®£¨ç¥áª®© ¯à®¡«¥¬®© ï¢«ï¥âáï ¯à¨¤�−¨¥ �‘“ á¯®á®¡−®áâ¨ ¯®¤¤¥à¦¨¢�âì
âà¥¡ã¥¬®¥ á®®â−®è¥−¨¥ ¬¥¦¤ã ¤¥ª«�à�â¨¢−ë¬¨ ¨ ¯à®æ¥¤ãà−ë¬¨ ª®¬¯®−¥−â�¬¨
á¨áâ¥¬ë ¢ ¯à®æ¥áá¥ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ ¨áå®¤−ëå …Ÿ-â¥ªáâ®¢. Ÿ¤à®¬
á¨áâ¥¬ë, á¯®á®¡−®© ¢®á¯à¨−ïâì ¨ ¯¥à¥à�¡®â�âì ¯®â®ª¨ �‘ˆ, ï¢«ïîâáï ¬¥â®-
¤ë ¨ áà¥¤áâ¢� �¢â®¬�â¨§¨à®¢�−−®£® à�á¯®§−�¢�−¨ï, ¨§¢«¥ç¥−¨ï ¨ ä®à¬�«¨§�æ¨¨
§−�−¨©, á®¤¥à¦�é¨åáï ¢ ¨áå®¤−®© ¨−ä®à¬�æ¨¨. �âáî¤� ¢®§−¨ª�¥â âà¥¡®¢�-
−¨¥ ª ¯¥àá¯¥ªâ¨¢−ë¬ �‘“: ®−¨ ¤®«¦−ë ®¡«�¤�âì á¢®©áâ¢�¬¨ ‡� á¨áâ¥¬ë [1].
�¡à�¡®âª� �‘ˆ ¢ �‘“ á®¯àï¦¥−� á à¥è¥−¨¥¬ è¨à®ª®£® ªàã£� §�¤�ç, â�ª¨å
ª�ª àã¡à¨ª�æ¨ï ¨ ª«�áâ¥à¨§�æ¨ï ¤®ªã¬¥−â®¢, �¢â®¬�â¨ç¥áª®¥ �−−®â¨à®¢�−¨¥
¤®ªã¬¥−â®¢, ¢¢®¤¨¬ëå ¢ á¨áâ¥¬ã, ¯®¨áª ®â¢¥â®¢ −� §�¯à®áë ¯®«ì§®¢�â¥«¥©, á¥£-
¬¥−â¨à®¢�−¨¥ á®¤¥à¦�−¨ï ¤®ªã¬¥−â®¢ ¯à¨ ®à£�−¨§�æ¨¨ ¡¨¡«¨®â¥ª¨ í«¥ªâà®−−ëå
¬�áá¨¢®¢ ¨ ¬−®£®¥ ¤àã£®¥. ÷¥è¥−¨¥ íâ¨å §�¤�ç á¢ï§�−® á ®¡à�¡®âª®© «¨−£¢¨-
áâ¨ç¥áª¨å ¨ ®−â®«®£¨ç¥áª¨å §−�−¨©, ¨á¯®«ì§ã¥¬ëå ¢ ¯à¨«®¦¥−¨ïå ¨−ä®à¬�æ¨-
®−−®£® ¯®¨áª� ¨ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ á®¤¥à¦�−¨ï ¯®áâã¯�îé¨å ¢ á¨áâ¥¬ã
â¥ªáâ®¢.

�á−®¢®© á®§¤�−¨ï ¯¥àá¯¥ªâ¨¢−ëå ‡� �‘“ ï¢«ï¥âáï ¢ª«îç¥−¨¥ ¢ ¥¥ á®áâ�¢
ª®¬¯®−¥−â «¨−£¢¨áâ¨ç¥áª®£®, ¨−ä®à¬�æ¨®−−®£® ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï,
¯®¤¤¥à¦¨¢�îé¨å à¥è¥−¨¥ §�¤�ç �−�«¨§� §−�−¨©, á¨−â¥§ −®¢ëå §−�−¨© ¨ ã¯à�¢«¥-
−¨ï §−�−¨ï¬¨ ¢ ¯à®æ¥áá¥ ®¡é¥−¨ï ¯®«ì§®¢�â¥«ï á á¨áâ¥¬®©. ‚ à�¡®â¥ [2] ¯à®æ¥ááë,
®á−®¢�−−ë¥ −� ¯®à®¦¤¥−¨¨ −®¢ëå §−�−¨© −� ®á−®¢¥ á¥¬�−â¨ç¥áª®£® á¨−â¥§� ¨−-
ä®à¬�æ¨¨, −�§¢�−ë ¤¨−�¬¨ç¥áª¨¬¨. ‚ á¢ï§¨ á íâ¨¬ ¨áá«¥¤®¢�−¨ï ¤¨−�¬¨ç¥áª¨å
¨−ä®à¬�æ¨®−−ëå ¯à®æ¥áá®¢ ®¯à¥¤¥«ï¥â ¤�«ì−¥©è¨© ¯à®£à¥áá ¢ ®¡«�áâ¨ ¨−¤ã-
áâà¨¨ §−�−¨©. �à¨ ¢ë¡®à¥ á¯®á®¡� ¯à¨¤�−¨ï �‘“ ‡� á¢®©áâ¢ −¥®¡å®¤¨¬®
®¯à¥¤¥«¨âì â¨¯ ¬®¤¥«¨ ¯à¥¤áâ�¢«¥−¨ï §−�−¨©: ¯à®¤ãªæ¨®−−�ï, ä®à¬�«ì−®-«®£¨-
ç¥áª�ï, äà¥©¬®¢�ï ¨«¨ á¥¬�−â¨ª®-á¥â¥¢�ï. �� ®á−®¢¥ íâ®© ¬®¤¥«¨ á¨−â¥§¨àã¥âáï
®¡é�ï áå¥¬� ¢¢®¤� ¨ ®¡à�¡®âª¨ �‘ˆ, ¢ª«îç�îé�ï â¥ªáâ-¯à®æ¥áá¨−£ à�¡®âë á®
§−�−¨ï¬¨ ¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨© ¯®¤å®¤ ª ®¡à�¡®âª¥ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨.
�¡®¡é¥−−ë© ª«�áá §�¤�ç, à¥è¥−¨¥ ª®â®àëå ¤®«¦−ë ®¡¥á¯¥ç¨¢�âì ¯¥àá¯¥ªâ¨¢−ë¥
‡� �‘“, ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬:

{ â¥å−®«®£¨ç¥áª¨© ¤¥©â�¬�©−¨−£, ª®â®àë© ¯®§¢®«ï¥â ¨§¢«¥ª�âì §−�−¨ï (áªàë-
âë¥ §�ª®−®¬¥à−®áâ¨, ä�ªâë, −¥¨§¢¥áâ−ë¥ ¢§�¨¬®á¢ï§¨ ¨ â. ¯.) ¨§ ¡®«ìè¨å
®¡ê¥¬®¢ áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨, åà�−¨¬®© ¢ ¡�§¥ ¤�−−ëå (�„);
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{ â¥å−®«®£¨ç¥áª¨© â¥ªáâ®¬�©−¨−£, ª®â®àë© ¯®§¢®«ï¥â −�å®¤¨âì −®¢ë¥ §−�−¨ï
¢ −¥áâàãªâãà¨à®¢�−−ëå â¥ªáâ®¢ëå ¬�áá¨¢�å, â. ¥. ®áãé¥áâ¢«ïâì ¯¥à¥¢®¤ −¥-
áâàãªâãà¨à®¢�−−ëå â¥ªáâ®¢ëå ¬�áá¨¢®¢ ¢ áâàãªâãà¨à®¢�−−ë¥ §−�−¨ï ¨«¨
¤�−−ë¥ ¤«ï ¯®á«¥¤ãîé¥© ®¡à�¡®âª¨ á ¯®¬®éìî á¥¬�−â¨ç¥áª¨å ¯à®æ¥áá®à®¢
¨«¨ áâ�−¤�àâ−ëå ¬¥â®¤®¢ ¤¥©â�¬�©−¨−£�;

{ à�§à�¡®âª� �«£®à¨â¬®¢ ¨ ¬¥â®¤®¢ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¯® æ¥«¥á®-
®¡à�§−®¬ã ã¯à�¢«¥−¨î −� ®á−®¢¥ �−�«¨§� ¡®«ìè¨å ®¡ê¥¬®¢ �‘ˆ ¨ á«�¡®-
áâàãªâãà¨à®¢�−−ëå â¥ªáâ®¢;

{ �¢â®¬�â¨ç¥áª¨© ª®−æ¥¯âã�«ì−ë© �−�«¨§ á® á¬ëá«®¢®© ¨−â¥à¯à¥â�æ¨¥© ¤�−-
−ëå ¨ §−�−¨©, ¨§¢«¥ª�¥¬ëå ¨§ �‘ˆ;

{ á®§¤�−¨¥ áà¥¤áâ¢, ®¡¥á¯¥ç¨¢�îé¨å íää¥ªâ¨¢−®¥ ®¡é¥−¨¥ ç¥«®¢¥ª� á á¨áâ¥-
¬®© −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ ¢ ä®à¬¥ â¥ªáâã�«ì−®£® ¨«¨ à¥ç¥¢®£® ®¡¬¥−�;

{ à�§à�¡®âª� ¯à®£à�¬¬−ëå ¯à¨«®¦¥−¨© ä®à¬¨à®¢�−¨ï «®£¨ç¥áª¨å ¢ë¢®¤®¢
¨ ®¡êïá−¥−¨© ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢;

{ ¢®§¬®¦−®áâì �¢â®¬�â¨ç¥áª®£® ¯¥à¥¢®¤� â¥ªáâ®¢®© ¨ à¥ç¥¢®© ¨−ä®à¬�æ¨¨
á ¨−®áâà�−−®£® ï§ëª� −� ¥áâ¥áâ¢¥−−ë© àãááª¨© ï§ëª ¤«ï ¯à¥¤áâ�¢«¥−¨ï
¯®«ì§®¢�â¥«î ¨«¨ ®¡à�¡®âª¨ áâ�−¤�àâ−ë¬¨ ¬¥â®¤�¬¨ �‘“;

{ ¬®−¨â®à¨−£ ¨ �−�«¨§ ®¡áâ�−®¢ª¨ ¯® ¢®¯à®á�¬ á®æ¨�«ì−®£®, ¯®«¨â¨ç¥áª®-
£®, ¢®¥−−®£®, íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï: á¥¬�−â¨ç¥áª�ï ¨−â¥à®¯¥à�¡¥«ì−®áâì
�‘“ ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ −� ®á−®¢¥ «®£¨ª®-á¥¬�−â¨ç¥áª®£® �−�-
«¨§� ¢á¥© ¯®áâã¯�îé¥© ¢ –�„ ¨ ‘– â¥ªãé¥© ¨−ä®à¬�æ¨¨, ¥¥ ®¡®¡é¥−¨¥,
á®¯®áâ�¢«¥−¨¥ ¨ ¯à¥¤áâ�¢«¥−¨¥ §�¨−â¥à¥á®¢�−−ë¬ ¤®«¦−®áâ−ë¬ «¨æ�¬ ¢ á®-
®â¢¥âáâ¢¨¨ á ¨å âà¥¡®¢�−¨ï¬¨;

{ á¥¬�−â¨ç¥áª¨© ¯®¨áª ¯�àâ¨−¥−â−®áâ¨ ¨ à¥«¥¢�−â−®áâ¨ ¯®«−®â¥ªáâ®¢ëå ¤®ªã-
¬¥−â®¢ á¬ëá«ã §�¯à®á�. ��¯à¨¬¥à, ¯® â¨¯ã ã£«ã¡«¥−−®£® �−�«¨§� á®¤¥à¦�−¨ï
¤®ªã¬¥−â®¢, −�©¤¥−−ëå ¯® ¨−¤¥ªá�¬ á¥â¨ ˆ−â¥à−¥â.

3 Термосистема обработки неструктурированной информации

ˆ§ ¬−®¦¥áâ¢� ®á−®¢®¯®«�£�îé¨å ¯®−ïâ¨© ®¡à�¡®âª¨ §−�−¨© à�áá¬®âà¨¬
â®«ìª® ¡�§®¢ë¥ ¯®−ïâ¨ï, ¢ëà�¦�îé¨¥ ¢ −�¨¡®«ìè¥© áâ¥¯¥−¨ ¯à®¡«¥¬−®áâì ®¡-
«�áâ¨ ¯®áâà®¥−¨ï ‡� �‘“, ¯®¤¤¥à¦¨¢�îé¨å ®¡à�¡®âªã �‘ˆ. �á−®¢−ë¬¨ �à-
å¨«¥ªá¥¬�¬¨ §¤¥áì ï¢«ïîâáï: ¯à¥¤¬¥â−�ï ®¡«�áâì (��), â¥ªáâ, §−�−¨ï, ¤�−−ë¥,
¬¥â�¤�−−ë¥ ¨ ¬¥â�§−�−¨ï [3]. –¥−âà�«ì−ë¬ ¯®−ïâ¨¥¬ ¯à¨ á®§¤�−¨¨ ‡� �‘“
ï¢«ï¥âáï ¯®−ïâ¨¥ ú§−�−¨¥û. „«ï ¯à�ªâ¨ç¥áª¨å æ¥«¥© �¢â®¬�â¨§�æ¨¨ �� æ¥«¥-
á®®¡à�§−® ®¯à¥¤¥«¨âì ª�â¥£®à¨î §−�−¨ï ª®á¢¥−−® ç¥à¥§ á¢®©áâ¢® ä®à¬�«ì−®£®
®¯¨á�−¨ï á¬ëá«� â¥ªáâ�. �à¨¬¥−¨â¥«ì−® ª ‡� �‘“ ¢ ¯à¨ª«�¤−®¬ ¯«�−¥ æ¥«¥á®-
®¡à�§−® à�áá¬�âà¨¢�âì ¤¢¥ âà�ªâ®¢ª¨ â¥à¬¨−� ú§−�−¨¥û. �¥à¢�ï �ªæ¥−â¨à®¢�−�
−� ¯à�£¬�â¨ç¥áª¨å �á¯¥ªâ�å ¯à¥¤áâ�¢«¥−¨ï §−�−¨© ª�ª ¤�−−ëå, å�à�ªâ¥à¨§ã-
îé¨å ®¡ê¥ªâë, ¯à®æ¥ááë ¨ ï¢«¥−¨ï ��, ¯à¥¤áâ�¢«¥−−ë¥ ¢ ä®à¬�«¨§®¢�−−®¬
¢¨¤¥, ¯à¨£®¤−®¬ ¤«ï ®¡à�¡®âª¨ ¢ ‡� �‘“ áãé¥áâ¢ãîé¨¬¨ áà¥¤áâ¢�¬¨. ‚â®à�ï
â®çª� §à¥−¨ï �ªæ¥−â¨à®¢�−� −� á®¤¥à¦�â¥«ì−ëå �á¯¥ªâ�å −¥ä®à¬�«¨§®¢�−−®£®
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â¥ªáâ�, ª®£¤� §−�−¨ï ¯à¥¤áâ�¢«ïîâáï á®¢®ªã¯−®áâìî ¯®−ïâ¨© ®¡ ®¡ê¥ªâ¨¢−®áâ¨
¨ ¤¥©áâ¢¨â¥«ì−®áâ¨ ��. Š®−æ¥¯âã�«ì−®© ®á−®¢®© ¯®−ïâ¨ï ï¢«ï¥âáï â®, çâ® ®−®
¢®§−¨ª�¥â ¢ à¥§ã«ìâ�â¥ ¯à®¤ãªâ¨¢−®£® ®á¬ëá«¥−¨ï ¤¥ª«�à�â¨¢−®© ¨−ä®à¬�æ¨¨
® áãé−®áâïå �� ¨ ¯à¥®¡à�§®¢�−¨ï ¥¥ á ¯®¬®éìî ¨§¢¥áâ−ëå ¨ −¥®¡å®¤¨¬ëå
¯à�¢¨« [4].

Œ¥â®¤®«®£¨ç¥áªãî ®á−®¢ã ¯®áâà®¥−¨ï «¨−£¢¨áâ¨ç¥áª®£® ¨ ¨−ä®à¬�æ¨®−−®-
£® ®¡¥á¯¥ç¥−¨ï ‡� �‘“ á®áâ�¢«ïîâ â¥®à¨ï ¨ ¯à�ªâ¨ª� à�§à�¡®âª¨ ®−â®«®£¨¨
¨ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨. �−â®«®£¨ï, ¯® ®¯à¥¤¥«¥−¨î ƒàã¡¥à� [5], ¥áâì
á¯¥æ¨ä¨ª�æ¨ï ª®−æ¥¯âã�«¨§�æ¨¨, ä®à¬�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ®á−®¢−ëå
¯®−ïâ¨© ¨ á¢ï§¥© ¬¥¦¤ã −¨¬¨. �à¨¬¥−¥−¨¥ ®−â®«®£¨¨ ¢ ¯¥àá¯¥ªâ¨¢−ëå ‡�
�‘“, ®à¨¥−â¨à®¢�−−ëå −� ®¡à�¡®âªã ¡®«ìè¨å ®¡ê¥¬®¢ �‘ˆ (Big Data), �ªâ¨¢-
−® à�§¢¨¢�¥âáï, −® −�å®¤¨âáï −� áâ�¤¨¨ ú¯¥à¢®−�ç�«ì−®£® ¨§ãç¥−¨ïû ¨ à¥è¥−¨ï
¯à®¡«¥¬ë á¥¬�−â¨ç¥áª®© ¨−â¥à®¯¥à�¡¥«ì−®áâ¨. �−â®«®£¨ï ®¯à¥¤¥«ï¥â áâàãªâãàã
¨ á«®¢�à¨ áâ�â¨áâ¨ç¥áª¨å §−�−¨©, á¢ï§¨ ¬¥¦¤ã ¯®−ïâ¨ï¬¨, çâ® ¢ á®¢®ªã¯−®áâ¨
á® á¯¥æ¨�«ì−ë¬¨ ¯®−ïâ¨ï¬¨ ª®−ªà¥â−®£® â¥ªáâ� ®¯à¥¤¥«ï¥â ä®à¬�«¨§®¢�−−®¥
®¯¨á�−¨¥ á®¤¥à¦�−¨ï «¨−£¢¨áâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï. �� ¡�§¥ ®−â®«®£¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï �� ¢ ‡� �‘“ (–�„ ¨ ‘–) á®§¤�îâáï ¬�è¨−−ë¥ ª®¬¯®−¥−-
âë ¬�−¨¯ã«¨à®¢�−¨ï ¨ ã¯à�¢«¥−¨ï §−�−¨ï¬¨, ¡�§�¬¨ §−�−¨© (�‡), ¬¥â�¤�−−ë¬¨
¨ ¬¥â�§−�−¨ï¬¨ (®−â®«®£¨ç¥áª¨© ¨−¦¨−¨à¨−£ ¨ à¥¨−¦¨−¨à¨−£). ˆ−ë¬¨ á«®¢�¬¨,
íâ® á¨áâ¥¬� ¯®−ïâ¨©, ®¯¨áë¢�îé¨å á®¤¥à¦�−¨¥ �‘ˆ ¢ ä®à¬�â¥ �� ¤«ï ¯®á«¥¤ã-
îé¥© à¥�«¨§�æ¨¨ −� ãà®¢−¥ §�¤�ç. ‚ à�¡®â¥ [6] ¯à¥¤«�£�¥âáï áå¥¬� à�−¦¨à®¢�−¨ï
®−â®«®£¨¨ ¨ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ‡� �‘“.

�−â®«®£¨ç¥áª�ï ª®¬¯®−¥−â� ¢ ‡� �‘“ ®¡¥á¯¥ç¨¢�¥â ¯®¤¤¥à¦ªã �¢â®¬�â¨-
§¨à®¢�−−®£® à¥è¥−¨ï á«¥¤ãîé¨å «®£¨ª®-á¥¬�−â¨ç¥áª¨å §�¤�ç: á¥¬�−â¨ç¥áª®©
à�§¬¥âª¨ â¥ªáâ®¢ ª®−æ¥¯â�¬¨ ¨ ®â−®è¥−¨ï¬¨; ¨§¢«¥ç¥−¨ï §−�−¨© (¯®−ïâ¨©) ¨§
â¥ªáâ®¢ −� ®á−®¢¥ à�á¯®§−�¢�−¨ï ¨ à�§¬¥âª¨ ª®−æ¥¯âã�«ì−ëå í«¥¬¥−â®¢; ¯®¤-
¤¥à¦ª¨ «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§� (à�§à¥è¥−¨¥ £à�¬¬�â¨ç¥áª®© ¨ «¥ªá¨ç¥áª®©
¬−®£®§−�ç−®áâ¨); à�§à¥è¥−¨ï à¥ä¥à¥−æ¨©; ¯®¤¤¥à¦ª¨ ®¡êïá−¥−¨© ¨ ¢ë¢®¤®¢.

�−â®«®£¨ç¥áª¨© ¨−¦¨−¨à¨−£ á®áâ�¢«ï¥â ¬¥â®¤®«®£¨ç¥áªãî ®á−®¢ã ¤«ï ¢á¥£®
¯à®æ¥áá� ¯à®¥ªâ¨à®¢�−¨ï ª®¬¯«¥ªá−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬, â�ª ª�ª ®−
®¡ê¥¤¨−ï¥â ¤¢¥ ®á−®¢−ë¥ â¥å−®«®£¨¨: âà�¤¨æ¨®−−ãî â¥å−®«®£¨î ¯à®¥ªâ¨à®¢�−¨ï
�‘“ ¨ â¥å−®«®£¨î ¯®áâà®¥−¨ï ª®¬¯®−¥−â ‡� ®¡à�¡®âª¨ ¡®«ìè¨å ®¡ê¥¬®¢ �‘ˆ
¯à¨ áª®®à¤¨−¨à®¢�−−®¬ ¢§�¨¬®¤¥©áâ¢¨¨ ®−â®«®£¨ç¥áª¨å ¬®¤¥«¥© ¨ «¨−£¢¨áâ¨ç¥-
áª¨å ¬®¤¥«¥© ª®−ªà¥â−®£® â¥ªáâ�. �á−®¢−�ï §�¤�ç� ¯à¨¬¥−¥−¨ï ®−â®«®£¨ç¥áª®£®
¯®¤å®¤� ¯à¨ ®¡à�¡®âª¥ �‘ˆ ¢ ‡� �‘“ | ä®à¬�«¨§�æ¨ï §−�−¨©, á®¤¥à¦�-
é¨åáï ¢ ¨áå®¤−ëå â¥ªáâ�å, ¯ãâ¥¬ ¨å á¨áâ¥¬�â¨§�æ¨¨, á®§¤�−¨ï ¥¤¨−®© ¨¥à�àå¨¨
¯®−ïâ¨©, ã−¨ä¨ª�æ¨¨ â¥à¬¨−®¢ ¨ ¯à�¢¨« á¥¬�−â¨ç¥áª®£® ¯®¨áª� §−�−¨©, à¥-
«¥¢�−â−ëå á¬ëá«ã §�¯à®á�. �à¨ íâ®¬ ¤«ï ä®à¬�«¨§�æ¨¨ ®−â®«®£¨¨ ¯®¬¨¬®
¨§¢¥áâ−ëå ï§ëª®¢ ¯à¥¤áâ�¢«¥−¨ï §−�−¨© ¯à¨¬¥−ïîâáï á¯¥æ¨�«ì−ë¥ á¥¬�−â¨ç¥-
áª¨¥ ª®−áâàãªæ¨¨: ¨áç¨á«¥−¨ï ¬−®£®¬¥áâ−ëå ¯à¥¤¨ª�â®¢, ï§ëª¨ â¨¯� HTML
(HyperText Markup Language), XML (eXtensible Markup Language) ¨ ¤à. ��
à¨á. 1 ¯à¥¤áâ�¢«¥−� ®¡é�ï áå¥¬� ®−â®«®£¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï «¨−£¢¨áâ¨ç¥-
áª®£® ®¡¥á¯¥ç¥−¨ï ‡� �‘“ ¢ ¯à®æ¥áá¥ ®¡à�¡®âª¨.
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÷¨á. 1 �¡é�ï áå¥¬� ¯à¨¬¥−¥−¨ï ®−â®«®£¨ç¥áª®£® ¨−¦¨−¨à¨−£� ¤«ï ¯à®¥ªâ¨à®¢�−¨ï
‡� �‘“

�á−®¢−ë¬ ¨−áâàã¬¥−â�à¨¥¬ à¥�«¨§�æ¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª®© ª®¬¯®−¥−-
âë á«ã¦�â ¬¥â®¤ë ¨ áà¥¤áâ¢� ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨. Œ¥â®¤®«®£¨ç¥áª®©
®á−®¢®© ®¡à�¡®âª¨ �‘ˆ ï¢«ï¥âáï ª®−æ¥¯âã�«ì−�ï ¯�à�¤¨£¬� ®−â®«®£¨ç¥áª®£®
¯®¤å®¤� á æ¥«ìî ª®−æ¥¯âã�«¨§�æ¨¨ ¨§¢«¥ç¥−¨ï §−�−¨© ¨§ ¨−ä®à¬�æ¨¨ ¨áå®¤-
−ëå â¥ªáâ®¢ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, ¯à¥¤®áâ�¢«¥−¨ï §−�−¨© ¨ ¬�−¨¯ã«¨à®¢�−¨ï
¨¬¨ ¯à¨ ¯®¨áª¥ ¨ ®¡®¡é¥−¨¨ §−�−¨©, �¤¥ª¢�â−ëå âà¥¡®¢�−¨ï¬ ¯®«ì§®¢�â¥«ï ¯®
¢ëà�¡®âª¥ ®¡®á−®¢�−−ëå à¥è¥−¨©.

�� à¨á. 2 ®âà�¦¥−� á¢ï§ì ¬¥¦¤ã á®®â¢¥âáâ¢ãîé¨¬¨ ¯à®æ¥áá�¬¨, ¯®á«¥¤®-
¢�â¥«ì−®áâì ª®â®àëå á®áâ�¢«ï¥â ®á−®¢ã â¥ªáâ-¯à®æ¥áá¨−£� à�¡®âë á® §−�−¨ï¬¨
¨ «®£¨ª®-á¥¬�−â¨ç¥áª®£® ¯®¤å®¤� ä®à¬¨à®¢�−¨ï «¨−£¢¨áâ¨ç¥áª®£® ¨ ¨−ä®à¬�-
æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¢ ‡� �‘“.

‚ à�¡®â¥ [7] ¯à¨¢¥¤¥−� â¥å−®«®£¨ï ®−â®«¨−£¢¨áâ¨ç¥áª®£® ¯à®æ¥áá¨−£�, ¯à¥-
®¡à�§®¢�−¨ï â¥ªáâ®¢®£® ¯à¥¤áâ�¢«¥−¨ï ¤®ªã¬¥−â®¢ ¨áå®¤−®© �‘ˆ ¢ ¥¥ ä®à¬�-
«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ −� ®á−®¢¥ ¢ëï¢«¥−¨ï ¯®−ïâ¨© ¨§ â¥ªáâ�. �¡é�ï áå¥¬�
�«£®à¨â¬� ¢ëï¢«¥−¨ï −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¢ â¥ªáâ�å ¤®ªã¬¥−â®¢ ¯à¥¤áâ�¢«¥−�
−� à¨á. 3.
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÷¨á. 2 ‘¨−â¥§¨à®¢�−−�ï áå¥¬� à�¡®âë á® §−�−¨ï¬¨

‚ íâ®¬ �«£®à¨â¬¥ ¢ ª�ç¥áâ¢¥ ¡�§®¢®© â¥®à¥â¨ç¥áª®© ®á−®¢ë ¨á¯®«ì§ã¥â-
áï äà�§¥®«®£¨ç¥áª¨© ª®−æ¥¯âã�«ì−ë© �−�«¨§, ª®−áâ�â¨àãîé¨©, çâ® á¬ëá«®¢®¥
á®¤¥à¦�−¨¥ â¥ªáâ� ¢ëà�¦�¥âáï −�¨¡®«¥¥ ãáâ®©ç¨¢®© ¥¤¨−¨æ¥© á¬ëá«� | ¯®-
−ïâ¨¥¬. ˆáá«¥¤®¢�−¨ï á¢¨¤¥â¥«ìáâ¢ãîâ ® ¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï ¤�−−®£®
ª®−æ¥¯âã�«ì−®£® ¯®¤å®¤� ª ®¡à�¡®âª¥ ¡®«ìè¨å ®¡ê¥¬®¢ �‘ˆ á ¨á¯®«ì§®¢�−¨¥¬
â¥å−®«®£¨¨ Big Data ¢ ‡� �‘“, ¯®áâà®¥−−ëå −� ¡�§¥ �àå¨â¥ªâãàë á®¢à¥¬¥−-
−ëå áã¯¥àª®¬¯ìîâ¥à®¢. �¥à¥å®¤ ª ®¡à�¡®âª¥ §−�−¨© ¢ �‘“ âà¥¡ã¥â −¥ â®«ìª®
â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, −® ¨ á®§¤�−¨ï ¯¥àá¯¥ªâ¨¢−ëå ¬¥â®¤®«®£¨© ¯à®¢¥-
¤¥−¨ï ¬−®£®¤¨áæ¨¯«¨−�à−ëå −�ãç−ëå ¨áá«¥¤®¢�−¨© ¯® à¥è¥−¨î ¨−¦¥−¥à−ëå
§�¤�ç á®§¤�−¨ï ¯à®£à�¬¬−ëå ª®¬¯®−¥−â ¢ áâàãªâãà¥ ‡� �‘“, ¯®¤¤¥à¦¨¢�îé¨å
¯à¥¤áª�§�â¥«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ ¯à¨¬¥−¥−¨¥ ª®£−¨â¨¢−ëå ¬®¤¥«¥©. �¡é�ï
áå¥¬� ¨−â¥£à¨à®¢�−−®© ‡� �‘“ ¯à¥¤áâ�¢«¥−� −� à¨á. 4.
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÷¨á. 3 �¡é�ï áå¥¬� �«£®à¨â¬� ¢ëï¢«¥−¨ï −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¢ â¥ªáâ�å ¤®ªã¬¥−â®¢

’�ª�ï �àå¨â¥ªâãà� ¯à¨¬¥−¥−¨ï ‡� �‘“ ¯®§¢®«¨â à¥�«¨§®¢�âì â¥å−®«®£¨ç¥-
áªãî æ¥¯®çªã: ®−â®«®£¨ç¥áª¨© �−�«¨§ �� → ª®¬¯ìîâ¥à−�ï ®¡à�¡®âª� …Ÿ-â¥ªá-
â®¢ → ¯à¥¤áâ�¢«¥−¨¥ §−�−¨© → ®¡à�¡®âª� ¤�−−ëå ¨ §−�−¨© → ä®à¬¨à®¢�−¨¥
á¥¬�−â¨ç¥áª¨ �¤¥ª¢�â−ëå âà¥¡®¢�−¨ï¬ §�¯à®á� à¥§ã«ìâ�â®¢ ®¡à�¡®âª¨ à�§«¨ç-
−ëå ¢¨¤®¢ áâàãªâãà−®£® ¯à¥¤áâ�¢«¥−¨ï ¨áâ®ç−¨ª®¢ ¨áå®¤−®© ¨−ä®à¬�æ¨¨ ¤«ï
¯à¨−ïâ¨ï ®¡®á−®¢�−−ëå à¥è¥−¨©.

4 Заключение

�à®¢¥¤¥−−ë¥ �¢â®à�¬¨ ¨áá«¥¤®¢�−¨ï ¯®ª�§ë¢�îâ, çâ® ¤«ï ¯®áâà®¥−¨ï à¥�«ì-
−® ¯à¨¬¥−¨¬ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ −¥¤®áâ�â®ç−® à�§à�¡®â�âì −¥ª¨© −�¡®à
¯à®£à�¬¬−ëå ¯à¨«®¦¥−¨©, � −¥®¡å®¤¨¬® â�ª¦¥ ¬®¤¥à−¨§¨à®¢�âì ¢á¥ âà�¤¨æ¨-
®−−ë¥ ¡�§®¢ë¥ ª®¬¯®−¥−âë á®¢à¥¬¥−−ëå �‘“ −� ®á−®¢¥ á¨áâ¥¬−®£® ¯®¤å®¤�
ª ¯®áâà®¥−¨î ‡� �‘“. ÷�áá¬®âà¥−−ë© ¢ áâ�âì¥ ¯®¤å®¤ á®áâ�¢«ï¥â ®á−®¢ã ¬¥-
â®¤®«®£¨¨ ¯à®¥ªâ¨à®¢�−¨ï ‡� �‘“ á ®¡à�¡®âª®© ä®à¬�«¨§®¢�−−ëå §−�−¨©,
¨§¢«¥ª�¥¬ëå ¨§ �‘ˆ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥.
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÷¨á. 4 �¡é�ï áå¥¬� ¨−â¥£à¨à®¢�−−®© ‡� �‘“

‚ áâ�âì¥ ¨§«®¦¥−ë ª®−æ¥¯âã�«ì−ë¥ ®á−®¢ë á¨áâ¥¬−®£® ¯à®¥ªâ¨à®¢�−¨ï ®¡«¨-
ª� ‡� �‘“, ¯®¤¤¥à¦¨¢�îé¨¥ ¯à¥¤¢�à¨â¥«ì−ãî ®¡à�¡®âªã �‘ˆ á ä®à¬¨à®¢�-
−¨¥¬ −¥®¡å®¤¨¬ëå ¯à®æ¥áá®à−ëå ª®¬¯®−¥−â «¨−£¢¨áâ¨ç¥áª®£® ¨ ¨−ä®à¬�æ¨®−-
−®£® ®¡¥á¯¥ç¥−¨ï á ¨−â¥£à¨à®¢�−−ë¬ ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ®−â®«®£¨¨
¨ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨.
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§�¢¥¤ãîé¨© á¥ªâ®à®¬ 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
÷ã¬®¢áª�ï ‘®ä¨ï �®à¨á®¢−� (à. 1985) | ¯à®£à�¬¬¨áâ I ª�â¥£®à¨¨ Š�«¨-
−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥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, §�-
¢¥¤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
‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à 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
’�à�á®¢ �®à¨á ‚�á¨«ì¥¢¨ç (à. 1946) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤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
’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤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
’îà¨− ‘¥à£¥© ”¥®ä¥−â®¢¨ç (à. 1953) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à
�¥à¬áª®£® −�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ¯®«¨â¥å−¨ç¥áª®£® ã−¨¢¥àá¨â¥â�
”¨«¨¯¯®¢ ‘¥à£¥© �«¥ªá�−¤à®¢¨ç (à. 1980) | ª�−¤¨¤�â â¥å−¨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
˜®à£¨− ‚á¥¢®«®¤ ‘¥à£¥¥¢¨ç (à. 1978) | ª�−¤¨¤�â â¥å−¨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
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�£�¥¢ ”. �. á¬. ÷§�¥¢ ÷. ÷.
�£�«�à®¢ Œ. Ÿ. á¬. �£�«�à®¢ Ÿ. Œ.
�£�«�à®¢ Ÿ. Œ., �£�«�à®¢ Œ. Ÿ., ˜®à£¨− ‚. ‘. Œ�ªá¨¬¨§�æ¨ï

¤®å®¤� á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï â¨¯� G/M/1 −� ¬−®-
¦¥áâ¢¥ ¯®à®£®¢ëå áâà�â¥£¨© á ¤¢ã¬ï â®çª�¬¨ ¯¥à¥ª«îç¥−¨ï 4 74

�£�ä®−®¢ …. ‘. á¬. ‘¨−¨æë− ˆ. �.
�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ˆ¥à�àå¨ç¥áª�ï ä®à¬� ¯à¥¤áâ�¢«¥-

−¨ï ¡¨®£à�ä¨ç¥áª®£® ä�ªâ� 2 108
�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ’¥å−®«®£¨ï à�á¯à¥¤¥«¥−−®£® �¢â®-

¬�â¨§¨à®¢�−−®£® �−�«¨§� ¨áâ®à¨ç¥áª¨å â¥ªáâ®¢ 3 148
�¤�¬®¢¨ç ˆ. Œ., ‡¥¬áª®¢ „. ‚. ÷�§à¥¦¥−−ë¥ ¡ãä¥à� | ¨á¯®«ì-

§®¢�−¨¥ ¬¥å�−¨§¬� ¢¨àâã�«ì−®© ¯�¬ïâ¨ ¤«ï ã¬¥−ìè¥−¨ï à�áå®-
¤®¢�−¨ï ä¨§¨ç¥áª®© ¯�¬ïâ¨ ¨ íª®−®¬¨¨ ¯à®æ¥áá®à−®£® ¢à¥¬¥−¨ 1 4

�§�−®¢ ‚. ƒ. ‘âàãªâãà−®-äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì ã¯à�¢«¥−¨ï ¯®-
â®ª�¬¨ ¯�æ¨¥−â®¢ à¥£¨®−�«ì−®© ª®−áã«ìâ�â¨¢−®© ¯®«¨ª«¨−¨ª¨ 1 13

�−¤à¥¥¢ ‘. …. �«£®à¨â¬ ¨ ¯à®£à�¬¬−ë© ª®¬¯«¥ªá ¤«ï �−�«¨§� å�-
à�ªâ¥à¨áâ¨ª ¢ëå®¤−®£® ¨§«ãç¥−¨ï ¯«�§¬¥−−®£® à¥«ïâ¨¢¨áâáª®£®
£¥−¥à�â®à� á¢¥àå¢ëá®ª®© ç�áâ®âë 1 30

�−¨ª¨− ‚. ˆ., �−¨ª¨−� �. ‚., Š�à¬�−®¢� �. �. �ªá¯¥à¨¬¥−-
â�«ì−ë© �−�«¨§ ®¤−®£® ¬¥â®¤� ª«�áâ¥à¨§�æ¨¨ ¨ à�−¦¨à®¢�−¨ï
¬−®£®¬¥à−ëå ¤�−−ëå −¥©à®−−®© á¥âìî Š®å®−¥−� 1 44

�−¨ª¨−� �. ‚. á¬. �−¨ª¨− ‚. ˆ.
�−¨á¨¬®¢ ‚. ˆ., ƒà¨¤¨− ‚. �., ‚�á¨«ì¥¢ ‘. �. Œ¥â®¤ë ¯®áâà®-

¥−¨ï áå¥¬®â¥å−¨ç¥áª¨å á¨áâ¥¬ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®-
¢�−¨ï á ¨á¯®«ì§®¢�−¨¥¬ á¥à¢¨á-®à¨¥−â¨à®¢�−−®£® ¯®¤å®¤� −�
¡�§¥ ¯à®â®ª®«� WebSocket 2 136

�−¨á¨¬®¢ ‚. ˆ. á¬. ƒà¨¤¨− ‚. �.
�å¬�¤ �. „. á¬. ƒà¨¤¨− ‚. �.
��à§¥−ª®¢ �. ‚. á¬. Š¨à¨ª®¢ ˆ. �.
��åâ¥¥¢ �. ā., �®¯®¢� Œ. ‘., ‘âà¨¦®¢ ‚. ‚. ‘¨áâ¥¬ë ¨ áà¥¤áâ¢�

£«ã¡®ª®£® ®¡ãç¥−¨ï ¢ §�¤�ç�å ª«�áá¨ä¨ª�æ¨¨ 2 4
�¥«®ãá®¢ ‚. ‚. á¬. ‘¨−¨æë− ˆ. �.
�¥«®ãá®¢ ‚. ‚. á¬. ‘¨−¨æë− ˆ. �.
�¥«®ãá®¢ ‚. ‚. á¬. ‘¨−¨æë− ˆ. �.
�®£¤�−®¢� „. �. ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ ®¡à�§®¢�−¨¥ ¢ …¢-

à®á®î§¥: ä®à¬¨à®¢�−¨¥ −®¢ëå ¯à®ä¥áá¨®−�«®¢ 2 171
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�®£¤�−®¢� „. �. �¡ ®¡ãç¥−¨¨ ¨−ä®à¬�æ¨®−−®© ¨ ¬¥¤¨�£à�¬®â−®áâ¨
¢ à®áá¨©áª¨å −�ç�«ì−ëå èª®«�å 3 189

�à®−èâ¥©− …. Œ., Š®¯ë«®¢ ˆ. …. �«£®à¨â¬¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥
®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ ¤®áâ�¢ª¨ £àã§� ¢®¤−ë¬ âà�−á¯®àâ®¬ 4 114

�ëáâà®¢ ˆ. ˆ., Š®§¨ç¥¢ ‚. �., ’�à�á®¢ �. ‚. Š®−æ¥¯âã�«ì−ë¥
®á−®¢ë �¢â®¬�â¨§¨à®¢�−−®© ®¡à�¡®âª¨ −¥áâàãªâãà¨à®¢�−−®©
¨−ä®à¬�æ¨¨ ¢ ¯¥àá¯¥ªâ¨¢−ëå á¨áâ¥¬�å ã¯à�¢«¥−¨ï 4 162

‚�á¨«ì¥¢ ‘. �. á¬. �−¨á¨¬®¢ ‚. ˆ.
‚«�á®¢� ‘. �., Š�«¥−®¢ �. …. ˆ−ä®à¬�â¨ª� ¢ �ª�¤¥¬¨ç¥áª®© ¡¨¡-

«¨®â¥ª¥ 3 162
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«®¢¨ç Š. ˆ., „¥−¨á®¢ ‘. �., Š®−¤à�è¥¢ ‚. �., ‘ãçª®¢ �. �.

Œ¥â®¤®«®£¨ï á®§¤�−¨ï ¢¥¡-á¥à¢¨á−®£® ¨−ä®à¬�æ¨®−−®£® ¢§�¨-
¬®¤¥©áâ¢¨ï ¢ á¨áâ¥¬¥ à�á¯à¥¤¥«¥−−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢ 4 51

ƒ�¢à¨«®¢ ‚. …., ‡�æ�à¨−−ë© �. �. �¥ª®â®àë¥ á¨áâ¥¬®â¥å−¨ç¥áª¨¥
¨ −®à¬�â¨¢−®-¬¥â®¤¨ç¥áª¨¥ ¢®¯à®áë ®¡¥á¯¥ç¥−¨ï §�é¨âë ¨−-
ä®à¬�æ¨¨ ¢ �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å −�
®¡«�ç−ëå â¥å−®«®£¨ïå á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ ¨áªãááâ¢¥−-
−®£® ¨−â¥««¥ªâ� 4 38

ƒ�á¨«®¢ �. ‚. á¬. Ÿª®¢«¥¢ �. �.
ƒ®àè¥−¨− �. Š., Šã§ì¬¨− ‚. ā. �à¨¬¥−¥−¨¥ �àå¨â¥ªâãàë CUDA

¯à¨ à¥�«¨§�æ¨¨ á¥â®ç−ëå �«£®à¨â¬®¢ ¤«ï ¬¥â®¤� áª®«ì§ïé¥£®
à�§¤¥«¥−¨ï á¬¥á¥© 4 60

ƒ®àè¥−¨− �. Š., Šãç¨− �. ‘. �¡ ®¤−®© à¥�«¨§�æ¨¨ �¢â®¬�â¨§¨à®-
¢�−−®£® áà¥¤áâ¢� �ââ¥áâ�æ¨¨ 1 62

ƒ®îè®¢ �. ˆ. á¬. ÷§�¥¢ ÷. ÷.
ƒà¨£®àì¥¢ ‘. ‚. á¬. �®«ã¡¥«®¢� Œ. ˆ.
ƒà¨¤¨− ‚. �., �−¨á¨¬®¢ ‚. ˆ., �å¬�¤ �. „. �®áâà®¥−¨¥ ª«¨¥−â-

áª¨å .NET-¯à¨«®¦¥−¨© ¢ à�á¯à¥¤¥«¥−−ëå áå¥¬®â¥å−¨ç¥áª¨å
á¨áâ¥¬�å �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï 1 76

ƒà¨¤¨− ‚. �. á¬. �−¨á¨¬®¢ ‚. ˆ.
ƒàãè® �. �., ƒàãè® �. �., ’¨¬®−¨−� …. …. �æ¥−ª� §�é¨é¥−−®áâ¨

¢ ¡¥§®¯�á−ëå �àå¨â¥ªâãà�å à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ 4 31

ƒàãè® �. �., ƒàãè® �. �., ’¨¬®−¨−� …. …., ˜®à£¨− ‘. Ÿ. �àå¨-
â¥ªâãà−ë¥ ãï§¢¨¬®áâ¨ à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−®-¢ëç¨á-
«¨â¥«ì−ëå á¨áâ¥¬ 3 74

ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ‡�æ�à¨−−ë© �. �., �¨áª®¢-
áª¨© ‚. �. �¥§®¯�á−�ï �¢â®¬�â¨ç¥áª�ï à¥ª®−ä¨£ãà�æ¨ï ®¡«�ç-
−ëå ¢ëç¨á«¨â¥«ì−ëå áà¥¤ 3 83
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ƒàãè® �. �., ‘¬¨à−®¢ „. ‚. ‡�é¨â� ¡¨§−¥á-«®£¨ª¨ ®â �â�ª −ã«¥-
¢®£® ¤−ï 3 60

ƒàãè® �. �. á¬. ƒàãè® �. �.
ƒàãè® �. �. á¬. ƒàãè® �. �.
„�−¨è¥¢áª¨© ‚. ˆ. á¬. Š®«¥á−¨ª®¢ �. ‚.
„¥−¨á®¢ ‘. �. á¬. ‚®«®¢¨ç Š. ˆ.
„¦�¬�«®¢ ‡. ÷. á¬. ÷§�¥¢ ÷. ÷.
„ã¤�à®¢ ‘. �., ��¯�¥¢ �. ‹. ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ïç¥¥ç−®-

−¥©à®á¥â¥¢®£® ¬®¤¥«¨à®¢�−¨ï ¯®á«¥¤áâ¢¨© å¨¬¨ç¥áª¨å �¢�à¨©
−� ®¯�á−ëå ¯à®¨§¢®¤áâ¢¥−−ëå ®¡ê¥ªâ�å 2 123

„ã«¨− ‘. Š., „ã«¨−� �. ƒ., �¨ª¨è¨− „. �. �à®¡«¥¬ë ®¡¥á¯¥-
ç¥−¨ï á¥¬�−â¨ç¥áª®© £¥®¨−â¥à®¯¥à�¡¥«ì−®áâ¨ ¨ á®£«�á®¢�−¨ï
¯®−¨¬�−¨ï á¥¬�−â¨ª¨ £¥®¤�−−ëå 1 86

„ã«¨−� �. ƒ. á¬. „ã«¨− ‘. Š.
„ãà−®¢® �. �., ‡�æ¬�− ˆ. Œ., ‹®é¨«®¢� …. ā. Šà®áá«¨−£¢¨áâ¨-

ç¥áª�ï ¡�§� ¤�−−ëå ¤«ï �−−®â¨à®¢�−¨ï «®£¨ª®-á¥¬�−â¨ç¥áª¨å
®â−®è¥−¨© ¢ â¥ªáâ¥ 4 124

„ìïç¥−ª® ā. ƒ. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
…£®à®¢ ‚. �. �¥ª®â®àë¥ ¢®¯à®áë ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ª®−æ¥¯-

æ¨¨ SDN 1 109
‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.
‡�å�à®¢ ‚. �. á¬. ”¨«¨¯¯®¢ ‘. �.
‡�å�à®¢� ’. ‚., Š¨−¦¨â�¥¢� C. …. Œ¥â®¤ ¢§¢¥è¥−−ëå ¤¨áªà¨¬¨-

−�−â−ëå á¨áâ¥¬ ¤«ï ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ á ¯à®¯ãé¥−−ë¬¨
¤�−−ë¬¨ 4 89

‡�å�à®¢� ’. ‚., �®¤«¥á−ë© Œ. Œ. ‘¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢
¢ §�¤�ç¥ ¯®¨áª� ®¯®à−ëå â®ç¥ª ¯® á¨£−�«ã ¬¨®£à�¬¬ë 3 106

‡�æ�à¨−−ë© �. �., ˆ®−¥−ª®¢ ā. ‘. �¥ª®â®àë¥ �á¯¥ªâë ®æ¥−ª¨
íää¥ªâ¨¢−®áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬
−� à�§«¨ç−ëå áâ�¤¨ïå ¨å ¦¨§−¥−−®£® æ¨ª«� 3 122

‡�æ�à¨−−ë© �. �., Š®à®«ñ¢ ‚. ˆ. ˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì
á¨âã�æ¨®−−ëå æ¥−âà®¢ 1 121

‡�æ�à¨−−ë© �. �., Š®à®«ñ¢ ‚. ˆ. ‘¥£¬¥−â¨à®¢�−¨¥ ¨−ä®à¬�æ¨-
®−−®-â¥å−®«®£¨ç¥áª®© ¨−äà�áâàãªâãàë á¨âã�æ¨®−−®£® æ¥−âà�
¯® ¯à¨§−�ªã ª®−âãà®¢ ¡¥§®¯�á−®áâ¨ 3 136

‡�æ�à¨−−ë© �. �. á¬. ƒ�¢à¨«®¢ ‚. ….
‡�æ�à¨−−ë© �. �. á¬. ƒàãè® �. �.
‡�æ¬�− ˆ. Œ. á¬. „ãà−®¢® �. �.
‡¥¬áª®¢ „. ‚. á¬. �¤�¬®¢¨ç ˆ. Œ.
ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. ‘®§¤�−¨¥ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤ë

à¥è¥−¨ï §�¤�ç 4 149
ˆ«ì¨− ‚. „. �®à¬�«¨§�æ¨ï ¡�−ª®¢áª¨å ®−«�©−-á¥à¢¨á®¢ 2 147
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ˆ«ì¨− ‚. „. �¡ê¥ªâë −�ãç−®£® �¢â®àáâ¢� ¨ ®æ¥−ª� ¨å §−�ç¨¬®áâ¨ 3 179
ˆ«ì¨− ‚. „. á¬. ˆ«ì¨− �. ‚.
ˆ®−¥−ª®¢ ā. ‘. á¬. ‡�æ�à¨−−ë© �. �.
Š�«¥−®¢ �. …. á¬. ‚«�á®¢� ‘. �.
Š�«¨−¨− ā. �., •®à®è¨«®¢ �«-¤à �., •®à®è¨«®¢ �«-¥© �.

�à¨−æ¨¯ë á®§¤�−¨ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ �−�«¨§� ¬¨à®¢®£®
¯®â®ª� −�ãç−®-â¥å−¨ç¥áª®© ¨−ä®à¬�æ¨¨ 1 139

Š�¬¥−áª¨å �. �. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
Š�¬¥−áª¨å �. �. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
Š�à¬�−®¢� �. �. á¬. �−¨ª¨− ‚. ˆ.
Š¨−¦¨â�¥¢� C. …. á¬. ‡�å�à®¢� ’. ‚.
Š¨à¨ª®¢ ˆ. �., Š®«¥á−¨ª®¢ �. ‚., ÷ã¬®¢áª�ï ‘. �., ��à§¥−-

ª®¢ �. ‚., �¥âà¥−ª® …. ‚. Š®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¢¨àâã�«ì-
−ëå £¥â¥à®£¥−−ëå ª®««¥ªâ¨¢®¢ ¤«ï ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï £àã¯-
¯®¢ëå à¥è¥−¨© 3 93
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¨ ¤¨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®-
¯¨á¨ ¨ ¯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¥ 15 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/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 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.ru/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãááª®£® â¥ªáâ�
¢ «�â¨−¨æã, ¯à¨ íâ®¬ ¢ §�ª«�¤ª¥ ú¢�à¨�−âë. . . û á«¥¤ã¥â ¢ë¡à�âì ®¯æ¨î BNG.
‘¯¨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. Rus. 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. | N.Y.: 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. N.Y.: 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]. D.Sc. Diss. Moscow.
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: rust@ipiran.ru (‘¥©äã«ì-Œã«îª®¢ ÷ãáâ¥¬ ��¤à¨¥¢¨ç)
http://www.ipiran.ru/journal/collected
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