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1 Введение

‘âà¥¬¨â¥«ì−ë© ¯à®£à¥áá ª®¬¯ìîâ¥à−ëå â¥å−®«®£¨©, ¯à®£à�¬¬−ëå áà¥¤áâ¢
¨ ¢§àë¢−®¥ à�§¢¨â¨¥ £«®¡�«ì−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�, ¢®§−¨ªè¥£®
á ¯®ï¢«¥−¨¥¬ ˆ−â¥à−¥â�, ®¡ê¥¤¨−¨¢è¥£® ¬¥¦¤ã á®¡®© ª®¬¯ìîâ¥à−ë¥ á¥â¨ ¢®
¢á¥¬¨à−ãî á¨áâ¥¬ã ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ á ¯®¬®éìî ¨−ä®à¬�æ¨®−−®-¢ëç¨á-
«¨â¥«ì−ëå à¥áãàá®¢, | ¢á¥ íâ® ®§−�¬¥−®¢�«® ¢áâã¯«¥−¨¥ ç¥«®¢¥ç¥áâ¢� ¢ −®¢ãî
íàã ¡®«ìè¨å ¤�−−ëå (Big Data). ‚ ª�ç¥áâ¢¥ ®¤−®£® ¨§ −�¨¡®«¥¥ ¢¯¥ç�â«ïîé¨å

∗‘â�âìï à¥ª®¬¥−¤®¢�−� ª ¯ã¡«¨ª�æ¨¨ ¢ ¦ãà−�«¥ �à®£à�¬¬−ë¬ ª®¬¨â¥â®¬ ª®−ä¥à¥−æ¨¨ ú�«¥ª-
âà®−−ë¥ ¡¨¡«¨®â¥ª¨: ¯¥àá¯¥ªâ¨¢−ë¥ ¬¥â®¤ë ¨ â¥å−®«®£¨¨, í«¥ªâà®−−ë¥ ª®««¥ªæ¨¨û (\Digital
Libraries: Advanced Methods and Technologies," RCDL-2014), £. „ã¡−�, 13{16 ®ªâï¡àï 2014 £.
÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 14-07-00215).
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Œ®¤¥«¨à®¢�−¨¥ £à¨¤ ¨ ®¡«�ç−ëå á¥à¢¨á®¢ ª�ª ¢�¦−ë© íâ�¯ ¨å à�§à�¡®âª¨

¯à¨¬¥à®¢ ¡®«ìè¨å ¤�−−ëå ¯à¨¢®¤ïâ ¯®â®ª¨ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå ä¨-
§¨ª¨ ¢ëá®ª¨å í−¥à£¨©, ¯®áâã¯�îé¨¥ á �®«ìè®£® �¤à®−−®£® ª®««�©¤¥à� (��Š)
¢ –…÷�¥ [1]. ‡� ¢à¥¬ï ¯¥à¢®£® §�¯ãáª� ��Š ¢ 2012 £. ç¥âëà¥ íªá¯¥à¨¬¥−â�«ì−ë¥
ãáâ�−®¢ª¨ −� −¥¬ ALICE, ATLAS, CMS ¨ LHCb ¢ë¤�¢�«¨ ª�¦¤ãî á¥ªã−¤ã ®¤¨−
¯¥â�¡�©â (108 ¡�©â) ¤�−−ëå. ‡�¯®¬−¨âì â�ª®¥ ª®«¨ç¥áâ¢® ¤�−−ëå −¥¢®§¬®¦−® −¨
−� ª�ª®© ¨§ á®¢à¥¬¥−−ëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬. �®íâ®¬ã ¯®á«¥ á¢¥àå¡ëáâà®©
á«®¦−®© í«¥ªâà®−−®© ¯à¥¤®¡à�¡®âª¨, ®áâ�¢«ï¢è¥© â®«ìª® ®¤−® ¯®«¥§−®¥ ä¨§¨ç¥-
áª®¥ á®¡ëâ¨¥ ¨§ 10 âëáïç, ¢ë¯®«−ï«áï ¨å �−�«¨§ ¢ –…÷�®¢áª®¬ ª®¬¯ìîâ¥à−®¬
æ¥−âà¥ ®¡à�¡®âª¨ ¨§ ¬−®£¨å âëáïç ¯à®æ¥áá®à®¢. �®á«¥ íâ®£® �−�«¨§� ®áâ�¢�«áï
â®«ìª® 1% á®¡ëâ¨©, ¢®§¬®¦−® á®¤¥à¦�é¨å ¨áª®¬ë© ä¨§¨ç¥áª¨© ä¥−®¬¥−. �®
¤�¦¥ ¯®á«¥ â�ª®£® à�¤¨ª�«ì−®£® á®ªà�é¥−¨ï ¯®â®ª� íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå
¢ ¬¨««¨®− à�§ ¤«ï íâ¨å ç¥âëà¥å ¡®«ìè¨å íªá¯¥à¨¬¥−â®¢ âà¥¡®¢�«®áì åà�−¨âì
¯®áâã¯�îé¨¥ ¢ £®¤ 25 ¯¥â�¡�©â ¤�−−ëå ¢ á¯¥æ¨�«ì−ëå à®¡®â¨§¨à®¢�−−ëå «¥−-
â®ç−ëå åà�−¨«¨é�å, â�ª ª�ª ª®¯¨¨ íâ¨å ¤�−−ëå ¯®¤«¥¦�â ¯¥à¥¤�ç¥ ¢ á®â−¨
ä¨§¨ç¥áª¨å æ¥−âà®¢ ¢ 36 áâà�−�å ¬¨à� ¤«ï ¡®«¥¥ âé�â¥«ì−®£® �−�«¨§� −� á®â-
−ïå âëáïç�å ª®¬¯ìîâ¥à®¢, ®¡ê¥¤¨−¥−−ëå ¢® ‚á¥¬¨à−ãî á¥âì à�á¯à¥¤¥«¥−−ëå
¢ëç¨á«¥−¨© | Worldwide LHC Computing Grid (WLCG). …¦¥¤−¥¢−® ¢ WLCG
®¡à�¡�âë¢�îâáï ¯®«â®à� ¬¨««¨®−� §�¤�−¨©, −� çâ® ®¤−®¬ã ¤�¦¥ á�¬®¬ã ¬®é-
−®¬ã á®¢à¥¬¥−−®¬ã ª®¬¯ìîâ¥àã ¯®âà¥¡®¢�«®áì ¡ë 600 «¥â. ‘à�¢−¥−¨¥ ��Š ¯®
®¡é¨¬ ®¡ê¥¬�¬ ¯¥à¥à�¡�âë¢�¥¬ëå ¢ 2012 £. ¤�−−ëå á â¥¬, çâ® ¢ë¯®«−ï¥âáï
¢ á®æ¨�«ì−ëå á¥âïå, ¯®¨áª®¢ëå á¨áâ¥¬�å, à�§−ëå ®âà�á«ïå ¡¨§−¥á�, ¬¥¤¨æ¨−ë,
ª«¨¬�â¨ç¥áª¨å ¯à®£−®§®¢ ¨ ¤à. −�£«ï¤−® ¯®ª�§ë¢�¥â, çâ® ¨áá«¥¤®¢�−¨ï ¢ –…÷�¥
¨¤ãâ ¢ ãá«®¢¨ïå ¡®«ìè¨å ¤�−−ëå.

�� â®à¦¥áâ¢¥ 4 ¨î«ï 2012 £. ¯® ¯®¢®¤ã ¯®«ãç¥−¨ï –…÷�®¬ �®¡¥«¥¢áª®©
¯à¥¬¨¨ §� ®âªàëâ¨¥ ¡®§®−� •¨££á� ¤¨à¥ªâ®à –…÷�� ÷®«ìä •®©¥à ¯àï¬® −�§¢�«
£à¨¤-â¥å−®«®£¨¨ ®¤−¨¬ ¨§ âà¥å áâ®«¯®¢ ãá¯¥å� (−�àï¤ã á ãáª®à¨â¥«¥¬ LHC (Large
Hadron Collider) ¨ ä¨§¨ç¥áª¨¬¨ ãáâ�−®¢ª�¬¨). �â®â ãá¯¥å â�ª¦¥ ¯®¤â¢¥à¦¤�¥â,
çâ® –…÷�, ¢®©¤ï ¢ íàã ¡®«ìè¨å ¤�−−ëå, ï¢«ï¥âáï ®¤−¨¬ ¨§ ¯à¨¬¥à®¢ (−�àï¤ã
á á®§¤�−¨¥¬ ¢ –…÷�¥ WWW | ‚á¥¬¨à−®© ¯�ãâ¨−ë), ª®£¤� à�§à�¡®âª¨ ¢ ®¡«�áâ¨
ä¨§¨ª¨ ç�áâ¨æ −�ç¨−�îâ ¢«¨ïâì −� ¨áá«¥¤®¢�−¨ï ¢ ¤àã£¨å −�ãç−ëå ®¡«�áâïå.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ 2015 £. ¯à¥¤áâ®¨â ¢â®à¨ç−ë© §�¯ãáª ��Š ¯®á«¥ ¥£®
áãé¥áâ¢¥−−®© ¬®¤¥à−¨§�æ¨¨, ª®£¤� ¯®â®ª ¤�−−ëå ¢®§à�áâ¥â ¢ 2,5 à�§� ¯à¨ ã¤¢®-
¥−¨¨ ¢à¥¬¥−¨ −� ¨å ®¡à�¡®âªã. ‚ á¢®¨å ¯«�−�å −� â�ª®¥ à�§¢¨â¨¥ ª®¬¯ìîâ¨−£�
¢ –…÷�¥ ¯®á«¥ 2015 £., ª®â®à®¥ á¬®£«® ¡ë ®¡¥á¯¥ç¨âì ¯®â¥−æ¨�«ì−® −®¢ãî ä¨-
§¨ªã, ¯®¬¨¬® §−�ç¨â¥«ì−®£® ã¢¥«¨ç¥−¨ï ¢ëç¨á«¨â¥«ì−ëå ¬®é−®áâ¥© ¨ à¥áãàá®¢
åà�−¥−¨ï ¤�−−ëå, á®¢¥àè¥−áâ¢®¢�−¨ï ¯à®£à�¬¬−ëå áà¥¤áâ¢ �−�«¨§� ¨ ¬®¤¥«¨-
à®¢�−¨ï, �ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï à�á¯à¥¤¥«¥−−ëå ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨©
¯à¥¤«�£�¥âáï ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬ ¢ëç¨á«¥−¨© −�
¡�§¥ WLCG ¯ãâ¥¬ á¨−â¥§� £à¨¤ ¨ ®¡«�ç−ëå â¥å−®«®£¨© [2].

’�ª¨¥ ¦¥ ¯«�−ë å�à�ªâ¥à−ë ¤«ï ¢¥¤ãé¨å ä¨§¨ç¥áª¨å æ¥−âà®¢ ¬¨à�, ¢ â®¬
ç¨á«¥ ¨ ¤«ï �ˆŸˆ.

†¥áâª�ï áâàãªâãà� á¨áâ¥¬ë £à¨¤ á®§¤�¢�«�áì ¤«ï ¨−â¥£à�æ¨¨ ã¦¥ áãé¥-
áâ¢ãîé¨å �¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå à¥áãàá®¢, §�ä¨ªá¨à®¢�−−ëå ¢ á¨áâ¥¬¥,
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‚. ‚. Š®à¥−ìª®¢, �. ‚. �¥ç�¥¢áª¨©, ƒ. �. �á®áª®¢ ¨ ¤à.

¢ â® ¢à¥¬ï ª�ª ®¡«�ç−�ï áâàãªâãà� à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© ®ª�§ë¢�¥âáï
¡®«¥¥ £¨¡ª®©, ¨á¯®«ì§ãï ¢¨àâã�«ì−ë¥ ª«�áâ¥àë. Š�ª ¡ë«® ¯®ª�§�−® ¢ −¥¤�¢−®
§�é¨é¥−−®© ¢ �ˆŸˆ ¤¨áá¥àâ�æ¨¨ �. �. Šãâ®¢áª®£®, ¢ª«îç¥−¨¥ ¢ £à¨¤ á ¥£®
¦¥áâª®© áâàãªâãà®©, ®à¨¥−â¨à®¢�−−®© −� ¨−â¥£à�æ¨î ã¦¥ áãé¥áâ¢ãîé¨å ¯à®-
æ¥áá®à−ëå ¨ ¯à®£à�¬¬−ëå à¥áãàá®¢, ®¡«�ç−ëå áâàãªâãà, ¡®«¥¥ £¨¡ª¨å §� áç¥â
¨á¯®«ì§®¢�−¨ï ¢¨àâã�«ì−ëå ª«�áâ¥à®¢ ¨§ ¢¨àâã�«ì−ëå ¢ëç¨á«¨â¥«¥©, ¯®§¢®«ï-
¥â á®ªà�â¨âì ¢à¥¬ï à¥è¥−¨ï è¨à®ª®£® ªàã£� §�¤�ç ¢ ®¡«�áâ¨ ä¨§¨ª¨ ¢ëá®ª¨å
í−¥à£¨© ¨ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢ [3].

�à¨¬¥à®¬ ã¦¥ ¨¬¥îé¥©áï â¥å−®«®£¨¨, à¥�«¨§ãîé¥© ¯®¤®¡−ë© á¨−â¥§ ¤«ï
à�¡®âë á ¡®«ìè¨¬¨ ¤�−−ë¬¨, ï¢«ï¥âáï á¨áâ¥¬� PanDA (Production and Dis-
tributed Analysis | ®¡à�¡®âª� ¤�−−ëå ¨ à�á¯à¥¤¥«¥−−ë© �−�«¨§) íªá¯¥à¨¬¥−â�
�TLAS −� LHC. ‘¥£®¤−ï PanDA à�áá¬�âà¨¢�¥âáï ª�ª ¢®§¬®¦−�ï á¨áâ¥¬� ¤«ï
à®áá¨©áª®£® ¬¥£�¯à®¥ªâ� NICA ¢ �¡ê¥¤¨−¥−−®¬ ¨−áâ¨âãâ¥ ï¤¥à−ëå ¨áá«¥¤®¢�-
−¨© (£. „ã¡−�) [4].

‘«¥¤ã¥â ¯®¤ç¥àª−ãâì, çâ® ¢ á¨«ã á¢®¥© á«®¦−®áâ¨ ¨ ¢ëá®ª®© áâ®¨¬®áâ¨
à�§à�¡®âª� â�ª¨å á«®¦−¥©è¨å £à¨¤-®¡«�ç−ëå á¨áâ¥¬ á¡®à�, ¯¥à¥¤�ç¨ ¨ à�á-
¯à¥¤¥«¥−−®© ®¡à�¡®âª¨ á¢¥àå¡®«ìè¨å ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ âà¥¡ã¥â ¡®«ìè¨å
¯à¥¤¢�à¨â¥«ì−ëå ¨áá«¥¤®¢�−¨© ¯® ¢ë¡®àã ¨å ®¯â¨¬�«ì−®© áâàãªâãàë á ãç¥â®¬
áâ®¨¬®áâ¨ ¨ ¯à¥¤¯®«�£�¥¬ëå à¥áãàá®¢ ¨ §�£àã§ª¨. �®¤®¡−ë¥ ¨áá«¥¤®¢�−¨ï ¤®«¦-
−ë ®á−®¢ë¢�âìáï −� âé�â¥«ì−®¬ ¬®¤¥«¨à®¢�−¨¨ ª�ª ¯®â®ª� §�¤�−¨© á ãç¥â®¬ ¨å
â¨¯®¢ ¨ áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ® à�á¯à¥¤¥«¥−¨¨ ¢à¥¬¥−¨ ¨å ¯®áâã¯«¥−¨ï ¨ âà¥-
¡ã¥¬ëå ª®¬¯ìîâ¥à−ëå à¥áãàá®¢ ¤«ï ¨å ¢ë¯®«−¥−¨ï, â�ª ¨ á®áâ�¢� ¬®¤¥«¨àã¥¬®©
£à¨¤-áâàãªâãàë.

��áâ®ïé�ï à�¡®â� ¯®á¢ïé¥−� à�§à�¡�âë¢�¥¬®© ¢ ‹ˆ’ �ˆŸˆ −®¢®© á¨áâ¥-
¬¥ ¬®¤¥«¨à®¢�−¨ï £à¨¤ ¨ ®¡«�ç−ëå á¥à¢¨á®¢, ®à¨¥−â¨à®¢�−−®© −� ¯®¢ëè¥−¨¥
íää¥ªâ¨¢−®áâ¨ ¨å à�§à�¡®âª¨ ¯ãâ¥¬ ãç¥â� ª�ç¥áâ¢� à�¡®âë ã¦¥ äã−ªæ¨®−¨àã-
îé¥© á¨áâ¥¬ë ¢ ¯à®£−®§�å −� ¥¥ ¤�«ì−¥©è¥¥ à�§¢¨â¨¥. �â® ¯à¥¤«�£�¥âáï á¤¥«�âì
§� áç¥â ®¡ê¥¤¨−¥−¨ï á�¬®© ¯à®£à�¬¬ë ¬®¤¥«¨à®¢�−¨ï á á¨áâ¥¬®© ¬®−¨â®à¨−-
£� à¥�«ì−®£® (¨«¨ ¬®¤¥«ì−®£®) £à¨¤-®¡«�ç−®£® á¥à¢¨á� ç¥à¥§ á¯¥æ¨�«ì−ãî ¡�§ã
¤�−−ëå, ®áãé¥áâ¢«ïîéãî á¡®à ¨ áâ�â¨áâ¨ç¥áª¨© �−�«¨§ ¯® ¢ëç¨á«¥−¨î à�á¯à¥-
¤¥«¥−¨© ¤�−−ëå ¬®−¨â®à¨−£�, ¨á¯®«ì§ã¥¬ëå §�â¥¬ ¤«ï ¤¨−�¬¨ç¥áª®© ª®àà¥ªæ¨¨
¯�à�¬¥âà®¢ ¬®¤¥«¨à®¢�−¨ï.

2 Вычислительный центр ЛИТ ОИЯИ и его специфика

�¡áã¦¤�¥¬�ï à�¡®â� ¢ë¯®«−ï¥âáï á®âàã¤−¨ª�¬¨ ‚– ‹ˆ’ �ˆŸˆ [5]. ‚ë-
ç¨á«¨â¥«ì−ë© æ¥−âà ‹ˆ’ ¨¬¥¥â àï¤ ®á®¡¥−−®áâ¥©. „¨−�¬¨ª� ¯�à�¬¥âà®¢ æ¥−âà�
¯à¨¢¥¤¥−� ¢ â�¡«. 1. …á«¨ à�áá¬�âà¨¢�âì á â®çª¨ §à¥−¨ï ¢ëç¨á«¨â¥«ì−®©
¬®é−®áâ¨, ¨«¨ ®¡ê¥¬®¢ åà�−¥−¨ï ¨−ä®à¬�æ¨¨, ¨«¨ ç¨á«� ¯®«ì§®¢�â¥«¥©, â®
‚– −¥«ì§ï ®â−¥áâ¨ ª ¡®«ìè¨¬ ¢ëç¨á«¨â¥«ì−ë¬ ãáâ�−®¢ª�¬, â�ª¨¬ ª�ª –¥−âà
¢ëç¨á«¥−¨© –…÷�� [6]. �â«¨ç¨¥¬ ‚– ‹ˆ’ ®â ¬−®£¨å ¤àã£¨å æ¥−âà®¢, ®à¨¥−â¨-
à®¢�−−ëå −� ®¡à�¡®âªã −�ãç−®© ¨−ä®à¬�æ¨¨, ï¢«ï¥âáï à�§−®®¡à�§¨¥ �àå¨â¥ªâãà
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’�¡«¨æ� 1 ��à�¬¥âàë ¢ëç¨á«¨â¥«ì−®£® æ¥−âà� ‹ˆ’ �ˆŸˆ ¯® £®¤�¬

Š®¬¯®−¥−âë à¥áãàá−®£® ãà®¢−ï 2010 2011 2012 2013 2014 2015
��à�é¨¢�−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ –ˆ‚Š:
CPUkSI2K 2500 4000 4000 7000 7000 10 000

��à�é¨¢�−¨¥ ¤¨áª®¢®© á¨áâ¥¬ë åà�−¥−¨ï,
’� 1200 2000 2000 4000 4000 8 000

��à�é¨¢�−¨¥ á¨áâ¥¬ë ¬�áá®¢®© ¯�¬ïâ¨,
’� 500 2000 2000 5000 5000 10 000

¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, â¨¯®¢ ¯®â®ª®¢ §�¤�ç ¨ âà¥¡®¢�−¨© ¯®«ì§®¢�â¥«¥©. �à¨
íâ®¬ −�à�é¨¢�−¨¥ ¬®é−®áâ¥© ‚– ¤¥¬®−áâà¨àã¥â å®à®è¨© à®áâ.

‘«¥¤ã¥â ãª�§�âì, çâ® ¨§¬¥−¥−¨ï �àå¨â¥ªâãàë ¨ ¯®â®ª®¢ §�¤�ç ¢ëå®¤ïâ §�
à�¬ª¨ á«®¦¨¢è¨åáï ¢ IT â¨¯®¢ëå æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå (–�„). ‡� ¯®á«¥¤-
−¨¥ 3 £®¤� ¢ á®áâ�¢ æ¥−âà� ¢®è«¨ ®¡«�ç−ë© ª«�áâ¥à, GPU-ä¥à¬�, à�§¢®à�ç¨-
¢�¥âáï –�„ ãà®¢−ï Tier1 WLCG [7], ¯à¨ íâ®¬ á®åà�−ï¥âáï á�©â Tier2 [8], çâ®
ï¢«ï¥âáï −¥áâ�−¤�àâ−ë¬ à¥è¥−¨¥¬.

�à¨¢¥¤¥−−ë¥ ¢ëè¥ ä�ªâë £®¢®àïâ ® â®¬, çâ® á®âàã¤−¨ª¨ æ¥−âà� ¨¬¥îâ
¡®«ìè®© ®¯ëâ ¯à®¥ªâ¨à®¢�−¨ï, íªá¯«ã�â�æ¨¨ ¨ à�§¢¨â¨ï ¢ëç¨á«¨â¥«ì−ëå ãáâ�-
−®¢®ª. �� ®á−®¢�−¨¨ íâ®£® ®¯ëâ� ¬®¦−® ãâ¢¥à¦¤�âì, çâ® ¯à®æ¥áá íªá¯«ã�â�æ¨¨
¨ à�§¢¨â¨ï âà¥¡ã¥â á®§¤�−¨ï á¯¥æ¨�«¨§¨à®¢�−−®£® ¨−áâàã¬¥−â�, ª®â®àë© ¯®-
§¢®«¨â ¯à¥¤áª�§ë¢�âì ¯®á«¥¤áâ¢¨ï ¯à¨−¨¬�¥¬ëå â¥å−¨ç¥áª¨å à¥è¥−¨©. �â®â
¯®¤å®¤ −¥ ¯à®â¨¢®à¥ç¨â −�ª®¯«¥−−®¬ã ®¯ëâã ¯à®¥ªâ¨à®¢�−¨ï –�„, ®âà�¦¥−-
−®¬ã ¢ áâ�−¤�àâ�å [9]. ‚ â® ¦¥ ¢à¥¬ï à�§à�¡®âª� ¥¤¨−®£® ¯¥àá¯¥ªâ¨¢−®£® ¯«�−�
à�§¢¨â¨ï æ¥−âà� à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ £à¨¤-®¡«�ç−ëå
â¥å−®«®£¨© ¢àï¤ «¨ ¬®¦¥â ¡ëâì à¥è¥−� ¢ ¤�−−®¬ á«ãç�¥ −� ®á−®¢�−¨¨ áâ�−¤�àâ®¢,
¯à¨¬¥−ï¥¬ëå ¤«ï ®âà�á«¥¢ëå æ¥−âà®¢ ¨«¨ ®à¨¥−â¨à®¢�−−ëå −� ®¯à¥¤¥«¥−−ë©
á¥£¬¥−â àë−ª�, ¢ á¨«ã −¥áâ�−¤�àâ−®áâ¨ §�¤�ç, ª®â®àë¥ à¥è�¥â ‚–. ’à¥¡ã¥âáï −®-
¢ë© ¨−áâàã¬¥−â ¤«ï �−�«¨§� ¯à®¥ªâ−ëå à¥è¥−¨© −� ®á−®¢�−¨¨ ¢ëç¨á«¨â¥«ì−®£®
íªá¯¥à¨¬¥−â�, ¢ ª®â®à®¬ ¬®¤¥«¨àãîâáï ¨ áâàãªâãà� æ¥−âà�, ¨ ¯à¥¤¯®«�£�¥¬ë¥
§�£àã§ª¨. ’�ª®© ¯®¤å®¤ ï¢«ï¥âáï ®¡ëç−ë¬ ¤«ï ®âà�á«¥©, £¤¥ á®§¤�îâáï ¨ íªá-
¯«ã�â¨àãîâáï á«®¦−ë¥ ¤®à®£®áâ®ïé¨¥ ¨«¨ ®¯�á−ë¥ ¢ íªá¯«ã�â�æ¨¨ ®¡ê¥ªâë.
‚ à�¬ª�å íâ®£® ¯®¤å®¤� ¯�à�««¥«ì−® á ®¡ê¥ªâ®¬ −� ¢á¥å íâ�¯�å ¥£® áãé¥áâ¢®¢�-
−¨ï á®§¤�¥âáï ¬®¤¥«ì, ¬�â¥¬�â¨ç¥áª�ï, í«¥ªâà®−−�ï ¨«¨ ¯à®£à�¬¬−�ï, ª®â®à�ï
¢¬¥áâ¥ á ®¡ê¥ªâ®¬ ¬®¤¥à−¨§¨àã¥âáï. ‚ ¯à�ªâ¨ª¥ íªá¯«ã�â�æ¨¨ ‚– ‹ˆ’ â�ª®©
¯®¤å®¤ ¯à¥¤«�£�¥âáï ¢¯¥à¢ë¥.

3 Подход к моделированию

�à¥¤«�£�¥¬ë© ¯®¤å®¤ á®áâ®¨â ¢ ¨¬¨â�æ¨®−−®¬ ¬®¤¥«¨à®¢�−¨¨, ®¡ê¥¤¨−¥−-
−®¬ á ¬®−¨â®à¨−£®¬ ¯à®æ¥áá®¢ ¯à®å®¦¤¥−¨ï §�¤�ç ¨ ¯¥à¥¤�ç¨ ¤�−−ëå. �ää¥ª-
â¨¢−®áâì íâ®© ª®−æ¥¯æ¨¨ á®áâ®¨â ¢ â®¬, çâ® â¥å−¨ç¥áª®¥ à¥è¥−¨¥ ¯à®¢¥àï¥âáï
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−� ¬®¤¥«¨ ¯à¥¦¤¥, ç¥¬ ®¡áã¦¤�¥âáï ¥£® ä�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï. ÷�§¢¥à−ãâ®¥
®¡®á−®¢�−¨¥ ¯à¥¤«�£�¥¬®£® ¯®¤å®¤�, � â�ª¦¥ ®¯¨á�−¨¥ äã−ªæ¨© ¬®−¨â®à¨−£�,
¨á¯®«ì§ã¥¬ëå ¯à¨ ¬®¤¥«¨à®¢�−¨¨, ¤�−® ¢ [10], ¯®íâ®¬ã ®â¬¥â¨¬ §¤¥áì, çâ®
¬®¤¥«ì ¤®«¦−� à�áá¬�âà¨¢�âìáï ª�ª −¥®âê¥¬«¥¬�ï ç�áâì á¨áâ¥¬ë ®¡à�¡®âª¨ ¤�−-
−ëå, � ¤�−−ë¥ ¬®−¨â®à¨−£� | ª�ª ¢å®¤−ë¥ ¤«ï ¬®¤¥«¨à®¢�−¨ï. �â® ¯®§¢®«¨â
¯à¨−¨¬�âì ®¡®á−®¢�−−ë¥ ¯à®¥ªâ−ë¥ à¥è¥−¨ï ¯à¨ à�§¢¨â¨¨ á¨áâ¥¬ë.

–¥−âà�«ì−ë¬ ª®¬¯®−¥−â®¬ â�ª®© ¯à®æ¥¤ãàë ¯à¨−ïâ¨ï à¥è¥−¨ï ¯® à�§¢¨-
â¨î ¢ëç¨á«¨â¥«ì−®© ãáâ�−®¢ª¨ ï¢«ï¥âáï ¨¬¨â�æ¨®−−�ï ¬®¤¥«ì ¢ëç¨á«¨â¥«ì−®©
áâàãªâãàë, ¢ ª®â®àãî ¢ ª�ç¥áâ¢¥ ¢å®¤−®© ¯®áâã¯�¥â ¨−ä®à¬�æ¨ï, −�ª�¯«¨¢�¥¬�ï
¢ å®¤¥ ¬®−¨â®à¨−£� áãé¥áâ¢ãîé¥© ãáâ�−®¢ª¨ ¢ á¯¥æ¨�«ì−®© ¡�§¥ ¤�−−ëå, £¤¥ ®−�
¬®¤¨ä¨æ¨àã¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ¯«�−�¬¨ à�§¢¨â¨ï ¬®¤¥«¨àã¥¬®© £à¨¤-®¡«�ç−®©
áâàãªâãàë.

÷¨á. 1 ‘å¥¬� ¯à®£à�¬¬ë SyMSim, ¯à¥¤−�§−�ç¥−−®© ¤«ï ¬®¤¥«¨à®¢�−¨ï á¨áâ¥¬ë
à�á¯à¥¤¥«¥−−ëå ¢ëç¨á«¥−¨© á ãç¥â®¬ ¤�−−ëå ¬®−¨â®à¨−£� íâ®© á¨áâ¥¬ë: Œ®−¨â®à¨−£:
1 | ®â¯à�¢ª� §�¤�−¨© −� á¥à¢¥à; 2 | §�¯à®á §�¤�−¨ï; 3 | ®â¯à�¢ª� §�¤�−¨ï −�
¨á¯®«−¥−¨¥; 4 | §�¯¨áì áâ�â¨áâ¨ª¨. Œ®¤¥«¨à®¢�−¨¥: 5 | ¬®¤¥«ì á¨áâ¥¬ë á ãç¥â®¬
à¥�«ì−ëå ¤�−−ëå ¬®−¨â®à¨−£�, £¥−¥à�æ¨ï ¢å®¤−ëå ¤�−−ëå ¤«ï ¬®¤¥«¨; 6 | ¨¬¨â�æ¨ï
¯®â®ª� §�¤�−¨©; 7 | §�¯à®á §�¤�−¨ï; 8 | ®â¯à�¢ª� §�¤�−¨ï −� ¨á¯®«−¥−¨¥; 9 | �−�«¨§
à¥§ã«ìâ�â®¢ à�¡®âë, §�¯¨áì áâ�â¨áâ¨ª¨
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‘å¥¬� ¯à®£à�¬¬ë SyMSim (Synthesis of Monitorng and Simulation | ‘¨−â¥§
Œ®−¨â®à¨−£� ¨ Œ®¤¥«¨à®¢�−¨ï), à¥�«¨§ãîé¥© ¨¤¥î á¨−â¥§� ¯à®æ¥áá®¢ ¬®−¨â®-
à¨−£� ¨ ¬®¤¥«¨à®¢�−¨ï, ¯à¥¤áâ�¢«¥−� −� à¨á. 1.

4 Область моделирования

�¡ê¥ªâ�¬¨ ¬®¤¥«¨à®¢�−¨ï ï¢«ïîâáï ¢ëç¨á«¨â¥«ì−ë¥ ãáâ�−®¢ª¨, ¯à¥¤−�§−�-
ç¥−−ë¥ ¤«ï ®¡à�¡®âª¨ ¯®â®ª®¢ ¨−ä®à¬�æ¨¨ ®¡ê¥¬®¬ ¤® ¤¥áïâª®¢ ¯¥â�¡�©â®¢
¢ £®¤, ¯®áâã¯�îé¥© á ¤¥â¥ªâ®à®¢, ª®â®àë¥ ¯à®¨§¢®¤ïâ ãáª®à¨â¥«¨ §�àï¦¥−−ëå
ç�áâ¨æ | ª�ª áãé¥áâ¢ãîé¨¥ LHC-CMS [11], LHC-Atlas [12], â�ª ¨ −�å®¤ïé¨-
¥áï ¢ ¯à®æ¥áá¥ á®§¤�−¨ï ¨«¨ ¯à®¥ªâ¨à®¢�−¨ï FAIR-PANDA [13], BES-III [14],
NICA-MPD [15]. Š�ª ®â¬¥ç�«®áì ¢ëè¥, ®¯ëâ ¬¨à®¢ëå ä¨§¨ç¥áª¨å íªá¯¥à¨¬¥−-
â�«ì−ëå æ¥−âà®¢ ¯®ª�§ë¢�¥â, çâ® ¥¤¨−áâ¢¥−−® ¢®§¬®¦−ë¬ á¯®á®¡®¬ åà�−¥−¨ï
®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨, ¯à®¨§¢®¤¨¬ëå â�ª¨¬¨ ¤¥â¥ªâ®à�¬¨, ï¢«ï¥âáï ¨á¯®«ì§®-
¢�−¨¥ à®¡®â¨§¨à®¢�−−ëå ¡¨¡«¨®â¥ª. „�−−ë¥ §�â¥¬ ®¡à�¡�âë¢�îâáï −� ä¥à¬�å,
¢ª«îç�îé¨å âëáïç¨ ¯à®æ¥áá®à®¢. Š�ª ¯à�¢¨«®, áâàãªâãàë ®¡à�¡®âª¨ ¤�−−ëå
¢ë¯®«−ïîâáï ¢ ¯�à�¤¨£¬¥ £à¨¤ ¨ ¢ª«îç�îâ ¢ á¥¡ï æ¥−âàë á ®¡«�ç−®© �àå¨â¥ª-
âãà®©. ‘¯¥æ¨ä¨ª� ¤�−−ëå §�ª«îç�¥âáï ¢ â®¬, çâ® ¯®â®ª ¬®¦¥â ¡ëâì à�§¡¨â −�
á®¡ëâ¨ï, ª�¦¤®¥ ¨§ ª®â®àëå ®¡à�¡�âë¢�¥âáï −¥§�¢¨á¨¬® ®â ®áâ�«ì−ëå.

��¡®à ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¬®¤¥«¨ á®§¤�¥âáï ¢ â¥ç¥−¨¥ −¥áª®«ìª¨å «¥â.
…á«¨ −� ¯¥à¢®¬ íâ�¯¥ à�áá¬�âà¨¢�«®áì ¬®¤¥«¨à®¢�−¨¥ á¨áâ¥¬, ¯®áâà®¥−−ëå
¢ ¯�à�¤¨£¬¥ £à¨¤, â® ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®¥ªâ á®áà¥¤®â®ç¥− −� ¬®¤¥«¨à®¢�−¨¨
®¡«�ç−ëå áâàãªâãà, ¨−â¥£à¨à®¢�−−ëå ¢ £«®¡�«ì−ë¥ £à¨¤-áâàãªâãàë.

Š�ª íâ® ¯à¨−ïâ® ¯à¨ ¨¬¨â�æ¨®−−®¬ ¬®¤¥«¨à®¢�−¨¨ ¯®â®ª� ¤¨áªà¥â−ëå á®-
¡ëâ¨©, ¯à®¨áå®¤ïé¨¥ ¢ ¬®¤¥«¨ á®¡ëâ¨ï ¯à¨¢ï§ë¢�îâáï ª ¢−ãâà¥−−¥¬ã ¢à¥¬¥−¨.
÷¥§ã«ìâ�â®¬ à�¡®âë ¬®¤¥«¨ ï¢«ï¥âáï ¢¥«¨ç¨−� ¢à¥¬¥−¨ ®¡à�¡®âª¨ ¯�ª¥â� ¨ ¯®-
−¨¬�−¨¥ â®£®, ª�ª áâàãªâãà� ¢ëç¨á«¨â¥«ì−®© ãáâ�−®¢ª¨ ¨ ¯à®¨§¢®¤¨â¥«ì−®áâì
®â¤¥«ì−ëå ¥¥ ç�áâ¥© ¢«¨ïîâ −� íâ® ¢à¥¬ï. „àã£®© ¢®¯à®á, −� ª®â®àë© ¯®«ãç�îâ
®â¢¥â ¯à¨ ¬®¤¥«¨à®¢�−¨¨: ª�ª¨¬¨ à¥§¥à¢�¬¨ ®¡«�¤�¥â ¢ëç¨á«¨â¥«ì−�ï ãáâ�−®¢-
ª�, â. ¥. ª�ª®¢� ¢¥àå−ïï £à�−¨æ� ¨−â¥−á¨¢−®áâ¨ ¯®â®ª� §�¤�ç ¨«¨ ¤�−−ëå ¨ ª�ª¨¥
ª®¬¯®−¥−âë ãáâ�−®¢ª¨ ®ª�§ë¢�îâ −� −¥¥ áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥?

�¡ê¥ªâë ¬®¤¥«¨ ¢ª«îç�îâ §�¤�ç¨, ¯à®æ¥áá®àë, ä�©«ë, «¥−âë, ¤¨áª®¢ë¥
åà�−¨«¨é�, «¨−¨¨ ¯¥à¥¤�ç¨ ¤�−−ëå, à®¡®â¨§¨à®¢�−−ë¥ ¡¨¡«¨®â¥ª¨. ‘¯¨á®ª
á®¡ëâ¨©, ¯à®¨áå®¤ïé¨å á ®¡ê¥ªâ�¬¨, ¢ª«îç�¥â: ¯®áâã¯«¥−¨¥ §�¤�ç¨ ¢ ®ç¥-
à¥¤ì, ¨§¢«¥ç¥−¨¥ §�¤�ç¨ ¨§ ®ç¥à¥¤¨, §�−ïâ¨¥ ¨«¨ ®á¢®¡®¦¤¥−¨¥ ¢ëç¨á«¨â¥«ì−®£®
à¥áãàá�, ¯¥à¥¤�çã ä�©«�, ¨§¢«¥ç¥−¨¥ «¥−âë ¨§ åà�−¨«¨é�, ¥¥ ¬®−â¨à®¢�−¨¥,
çâ¥−¨¥/§�¯¨áì −� «¥−âã ¨ ¤à. Œ®¤¥«ì ¯®áâà®¥−� ¢ ¢¨¤¥ ¯à®£à�¬¬ë ¨¬¨â�æ¨¨
¯®â®ª� ¤¨áªà¥â−ëå á®¡ëâ¨© −� ®á−®¢¥ ¡¨¡«¨®â¥ª¨ GridSim [16].

�àå¨â¥ªâãà� ¨¬¨â�æ¨®−−®© ¬®¤¥«¨ ¡ë«� �¤�¯â¨à®¢�−� ¨§ à�á¯à®áâà�−ï¥¬®£®
¯® «¨æ¥−§¨¨ LGPL (Lesser General Public License) ª®¤� ¯à®¥ªâ� Alea [17].

�â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî ¯à¥¤«�£�¥¬®© á¨áâ¥¬ë ¬®¤¥«¨à®¢�−¨ï ï¢«ï¥âáï
¥¥ ¨−â¥£à�æ¨ï á á¨áâ¥¬�¬¨ ¬®−¨â®à¨−£� ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�. ‚ ç�áâ−®áâ¨,
¨á¯®«ì§ã¥âáï ¬®−¨â®à¨−£ á¨áâ¥¬ë §�¯ãáª� §�¤�−¨© PanDA [18].
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5 Компоненты модели, архитектура программы, входные и выходные
данные

ˆ¬¨â�æ¨®−−�ï ¬®¤¥«ì á®áâ®¨â ¨§ ¡«®ª®¢, á®áâ�¢ ¨ á¢ï§¨ ª®â®àëå ¯®ª�§�−ë
−� à¨á. 2.

�à¥¤áâ�¢«¥−−�ï áâàãªâãà� ¢ £«�¢−ëå ç¥àâ�å ®âà�¦�¥â §�¤�ç¨, à¥è�¥¬ë¥
¯à¨ −�ª®¯«¥−¨¨ ¨−ä®à¬�æ¨¨ á ¥¥ ¯�à�««¥«ì−®© ®¡à�¡®âª®©, ¨ á®®â¢¥âáâ¢ã¥â
áâàãªâãà¥ æ¥−âà� ãà®¢−ï ’ier1.

�¡ê¥ªâë à¥�«¨§ãîâáï ¢ ¢¨¤¥ ª«�áá®¢ JAVA, ¯à¨ íâ®¬ ¯®«ì§®¢�â¥«ì â®«ìª®
§�¤�¥â ¢−¥è−¥¥ ®¯¨á�−¨¥ ¨å ª®«¨ç¥áâ¢� ¨ á¢ï§¥© ¬¥¦¤ã −¨¬¨, −® −¥ ¨§¬¥−ï¥â
á®¡áâ¢¥−−® â¥ªáâ ¯à®£à�¬¬ë. ‚ íâ®¬ áãé¥áâ¢¥−−®¥ ®â«¨ç¨¥ à�áá¬�âà¨¢�¥¬®©
¯à®£à�¬¬ë ®â −�¡®à� ¡¨¡«¨®â¥ª, ª®â®àë¥ âà¥¡ãîâ ®â ¯®«ì§®¢�â¥«ï ¯à®£à�¬¬−ëå
ãá¨«¨©.

‘à¥¤áâ¢® ®¯¨á�−¨ï ¢ëç¨á«¨â¥«ì−®© áâàãªâãàë à¥�«¨§®¢�−® ª�ª ¡�§� ¤�−-
−ëå á ¢¥¡-¨−â¥àä¥©á®¬. �¯¨á�−¨î ¯à¨á¢�¨¢�¥âáï ¨¤¥−â¨ä¨ª�â®à, ª®â®àë©
¯®«ì§®¢�â¥«ì ¤®«¦¥− ãª�§�âì ¢ ¯�à�¬¥âà�å §�¯ãáª� ¬®¤¥«¨. Œ®¤¥«ì áç¨âë¢�¥â
¨−ä®à¬�æ¨î ¨§ ¡�§ë ¨ áâà®¨â ¢ ¯�¬ïâ¨ ®¯¨á�−¨¥ ¢ëç¨á«¨â¥«ì−®© áâàãªâãàë.
„àã£¨¬¨ ¤�−−ë¬¨ ï¢«ïîâáï å�à�ªâ¥à¨áâ¨ª¨ ¯®â®ª� §�¤�ç, ª®â®àë¥ ¯®¤«¥¦�â
®¡à�¡®âª¥, ¨ ¨−ä®à¬�æ¨ï. �«®ª ®¯¨á�−¨ï ¯®â®ª� §�¤�−¨© | −�¡®à ãâ¨«¨â,
ª®â®àë© ¯®§¢®«ï¥â áâ�â¨áâ¨ç¥áª¨ ¯à®�−�«¨§¨à®¢�âì à¥§ã«ìâ�âë ¬®−¨â®à¨−£�

÷¨á. 2 ‘å¥¬� ¯à®å®¦¤¥−¨ï §�¤�−¨© ç¥à¥§ SyMSim
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Œ®¤¥«¨à®¢�−¨¥ £à¨¤ ¨ ®¡«�ç−ëå á¥à¢¨á®¢ ª�ª ¢�¦−ë© íâ�¯ ¨å à�§à�¡®âª¨

¨ áä®à¬¨à®¢�âì ¯®â®ª §�¤�−¨©, �−�«®£¨ç−ë© ¨«¨ ®â«¨ç�îé¨©áï ®â ¯à®�−�«¨§¨-
à®¢�−−®£® −� ã¯à�¢«ï¥¬®¥ ¢®§¤¥©áâ¢¨¥ ¯®«ì§®¢�â¥«ï, ¢ ¢¨¤¥ ã¯®àï¤®ç¥−−®© ¯®
¢à¥¬¥−¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ §�¯¨á¥© ¢ ¡�§¥ ¤�−−ëå. „«ï ®¡¥á¯¥ç¥−¨ï á®¢¬¥áâ¨-
¬®áâ¨ á á¨áâ¥¬�¬¨ ¬®−¨â®à¨−£� ä®à¬�â ¡�§ë ¤�−−ëå ¡ë« ¢ë¡à�− á®¢¯�¤�îé¨¬
á PanDA | á¨áâ¥¬®© ã¯à�¢«¥−¨ï ¯®â®ª®¬ §�¤�ç íªá¯¥à¨¬¥−â� Atlas. ’�ª�ï
á®¢¬¥áâ¨¬®áâì ¤�¥â ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì à¥§ã«ìâ�âë ¬®−¨â®à¨−£� ¯®â®ª�
¡¥§ ¨§¬¥−¥−¨ï ¥£® ¯�à�¬¥âà®¢.

‘ãé¥áâ¢ã¥â ¬−®¦¥áâ¢® á¨áâ¥¬ ã¯à�¢«¥−¨ï, ¢ë¡®à PanDA ®¡ãá«®¢«¥− â¥¬, çâ®
íâ� á¨áâ¥¬� ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï à�áá¬�âà¨¢�¥âáï ª�ª ¯¥àá¯¥ªâ¨¢−�ï ¤«ï −¥áª®«ìª¨å
−®¢ëå ¨«¨ ¬®¤¥à−¨§¨àã¥¬ëå íªá¯¥à¨¬¥−â®¢. „«ï â®£® çâ®¡ë −¥ £¥−¥à¨à®¢�âì
¯®â®ª §�¤�−¨© ¢áïª¨© à�§, ª®£¤� −¥®¡å®¤¨¬® ¨§¬¥−¨âì ¥£® ¨−â¥−á¨¢−®áâì ¡¥§ ¨§¬¥-
à¥−¨ï à�á¯à¥¤¥«¥−¨ï â¨¯®¢ §�¤�ç, ¢® ¢å®¤−ëå ¯�à�¬¥âà�å ¯à®£à�¬¬ë ®¯à¥¤¥«¥−
¯�à�¬¥âà ª®¬¯à¥áá¨¨ ¯®â®ª�. �� íâ®â ª®íää¨æ¨¥−â ã¬−®¦�¥âáï ú¢à¥¬¥−−‚®¥
à�ááâ®ï−¨¥û ¬¥¦¤ã ¯®áâã¯�îé¨¬¨ ¢ á¨áâ¥¬ã §�¤�ç�¬¨. �−�«®£¨ç−ë© á¯®á®¡
¨á¯®«ì§ã¥âáï ¤«ï §�¤�−¨ï ¨−â¥−á¨¢−®áâ¨ ¯®â®ª� ¨−ä®à¬�æ¨¨.

6 Внутренняя структура программы моделирования

Ÿ¤à®¬ ¬®¤¥«¨ ï¢«ï¥âáï ¯«�−¨à®¢é¨ª | ¬®¤ã«ì, ª®â®àë© ¢ ¯à®£à�¬¬¥ ®â¢¥-
ç�¥â §� ¯à¨¥¬ §�¤�−¨© −� ®¡à�¡®âªã ¨ ú§�¯ãáªû ¨å −� ¯à®æ¥áá®à�å. �«�−¨à®¢é¨ª
ã¯à�¢«ï¥â ®ç¥à¥¤ï¬¨, á®åà�−ï¥â ¨−ä®à¬�æ¨î ® §�−ïâëå ¨ á¢®¡®¤−ëå ¢ ¤�−-
−ë© ¬®¬¥−â ¯à®æ¥áá®à�å. ’¥ªáâ ¯«�−¨à®¢é¨ª� §�¨¬áâ¢®¢�− ¨§ ¯à®¥ªâ� Alea
á áãé¥áâ¢¥−−ë¬¨ ¬®¤¨ä¨ª�æ¨ï¬¨ ¨ á®ªà�é¥−¨¥¬ äã−ªæ¨©.

„àã£®© áãé¥áâ¢¥−−ë© ¯® ®¡ê¥¬ã −�¡®à ª«�áá®¢ ®¯¨áë¢�¥â ¬¨£à�æ¨î ¨−ä®à-
¬�æ¨¨ ¢ á¨áâ¥¬¥. �â®â −�¡®à ¡ë« á®§¤�− ª�ª à�áè¨à¥−¨¥ ¡¨¡«¨®â¥ª¨ GridSim.
�à¨ ¥£® á®§¤�−¨¨ �¢â®àë ®âª�§�«¨áì ®â ¤¥â�«¨§�æ¨¨ ¯à®æ¥áá� ¯¥à¥¤�ç¨ ¨−ä®à-
¬�æ¨¨ −� ãà®¢−¥ ¯�ª¥â®¢ ¢ ¯®«ì§ã ¬®¤¥«¨à®¢�−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ á®¡ëâ¨©
¬�−¨¯ã«ïæ¨¨ á ä�©«�¬¨: §�¯à®á{®âªàëâ¨¥{¯¥à¥¤�ç�{§�ªàëâ¨¥. �à¨ íâ®¬ à�á-
áç¨âë¢�¥âáï ãà®¢¥−ì −�£àã§ª¨ −� áà¥¤ã ¯¥à¥¤�ç¨, � −¥ ¢à¥¬ï ¯®áâã¯«¥−¨ï ¯�ª¥â�
−� ã§¥«.

÷¥§ã«ìâ�â®¬ à�¡®âë ¯à®£à�¬¬ë ¬®¤¥«¨à®¢�−¨ï á«ã¦¨â ä�©« (¨«¨ ¯®á«¥¤®-
¢�â¥«ì−®áâì §�¯¨á¥© ¢ ¡�§¥ ¤�−−ëå, ®âà�¦�îé�ï ¢á¥ á®¡ëâ¨ï, ¯à®¨áå®¤ïé¨¥
¢ á¨áâ¥¬¥). Š −¨¬ ®â−®á¨âáï, −�¯à¨¬¥à, ¯®áâã¯«¥−¨¥ §�¤�−¨ï, −�ç�«® ¨ ª®−¥æ
®¡à�¡®âª¨ §�¤�−¨ï, −�ç�«® ¨ ª®−¥æ ¯¥à¥¤�ç¨ ä�©«�, ¬�−¨¯ã«ïæ¨¨ á «¥−â�¬¨
¨ â. ¤. ‚á¥ á®¡ëâ¨ï ®¯¨áë¢�îâáï ¢ ¥¤¨−®¬ ä®à¬�â¥. ‡�¯¨áì ¯à¨¢ï§ë¢�¥âáï
ª ¢−ãâà¥−−¥¬ã ¢à¥¬¥−¨.

�® å®¤ã à�§¢¨â¨ï ¯à®¥ªâ� ¨§ â¥ªáâ� ¬®¤¥«¨ ¡ë«¨ ã¤�«¥−ë ¢á¥ ¬®¤ã«¨ á¡®à�
áâ�â¨áâ¨ª¨. �¥®¡å®¤¨¬®áâì â�ª®£® ¯®¤å®¤� ¢ëïá−¨«�áì ¯®á«¥ â®£®, ª�ª �¢â®-
àë áâ�«¨ �−�«¨§¨à®¢�âì à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¯à®¥ªâ� NICA-MPD [10,
18]. �®áª®«ìªã −¥¢®§¬®¦−® �¯à¨®à¨ áä®à¬ã«¨à®¢�âì ¢¥áì á¯¨á®ª ¯�à�¬¥âà®¢,
¯®¤«¥¦�é¨å �−�«¨§ã, æ¥«¥á®®¡à�§−® á®áà¥¤®â®ç¨âìáï −� ¯®«ãç¥−¨¨ ¨−ä®à¬�æ¨¨
® á®¡ëâ¨ïå, á¢ï§�−−ëå á ¯à®å®¦¤¥−¨¥¬ ª�¦¤®£® §�¤�−¨ï ç¥à¥§ ¢ëç¨á«¨â¥«ì-
−ãî áâàãªâãàã, � áâ�â¨áâ¨ç¥áª¨¥ §�ª®−®¬¥à−®áâ¨ íâ®£® ¯à®æ¥áá� �−�«¨§¨àãîâáï
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¨ ¢¨§ã�«¨§¨àãîâáï ®â¤¥«ì−®. ‚ ¤�−−®¬ á«ãç�¥ ¤«ï íâ®£® ¡ë«¨ ¨á¯®«ì§®¢�−ë
â�¡«¨æë Excel. „«ï ¡®«ìè¥£® ã¤®¡áâ¢� ¯«�−¨àã¥âáï à�áè¨à¨âì ¯à®¥ªâ ®â-
¤¥«ì−ë¬ ¬®¤ã«¥¬, ¯à¥¤®áâ�¢«ïîé¨¬ ¤®áâã¯ ª à¥§ã«ìâ�â�¬ ¬®¤¥«¨à®¢�−¨ï ç¥à¥§
¢¥¡-¨−â¥àä¥©á.

�¥à¥¤ ¯à®¥ªâ¨à®¢é¨ª�¬¨ ¢ëç¨á«¨â¥«ì−ëå ãáâ�−®¢®ª ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬
¢áâ�¥â ¢®¯à®á, ª�ª ®¡¥á¯¥ç¨âì ¬�áèâ�¡¨àã¥¬®áâì, â. ¥. á¯®á®¡−®áâì ãáâ�−®¢ª¨
á®åà�−ïâì à�¡®â®á¯®á®¡−®áâì ¯à¨ ã¢¥«¨ç¥−¨¨ ¯®â®ª®¢ ¤�−−ëå ¨ §�¤�ç. ‚ SyMSim
−�áâà®©ª� â®¯®«®£¨¨ ãáâ�−®¢ª¨ ¨ å�à�ªâ¥à¨áâ¨ª ¥¥ ã§«®¢ ª®−ä¨£ãà¨àã¥âáï ç¥à¥§
¢−¥è−¨¥ ¯�à�¬¥âàë, çâ® ¯®§¢®«ï¥â «¥£ª® −�áâà�¨¢�âì ¬®¤¥«ì ¯®¤ à�§«¨ç−ë¥
¢�à¨�−âë ¯®â®ª®¢. ��¨¡®«¥¥ ¯à®áâ®© ¯�à�¬¥âà ¯à¨ −�áâà®©ª¥ | íâ® ª®«¨ç¥áâ¢®
áç¥â−ëå ã§«®¢. �¤−�ª® ãâ¢¥à¦¤�âì, çâ® áª®à®áâì ®¡à�¡®âª¨ ¯®â®ª� §�¤�−¨©
¡ã¤¥â «¨−¥©−® §�¢¨á¥âì ®â −¥£®, −¥¢¥à−®. �� áª®à®áâì ¡ã¤ãâ ®ª�§ë¢�âì ¢«¨ï−¨¥
â�ª¦¥ ¯à®¯ãáª−�ï á¯®á®¡−®áâì ª�−�«®¢ ¨ ¯à®¨§¢®¤¨â¥«ì−®áâì ®¡®àã¤®¢�−¨ï,
−� ª®â®à®¬ åà�−ïâáï ¨áå®¤−ë¥ ¤�−−ë¥. ‚®§¬®¦−®áâì ãç¥â� íâ¨å ä�ªâ®à®¢
§�«®¦¥−� ¢ SyMSim, −® âà¥¡ã¥â ¤�«ì−¥©è¥£® à�§¢¨â¨ï. ��¯à¨¬¥à, ¢ ¯à®£à�¬¬¥
−¥¢®§¬®¦−® ãç¥áâì ¤¥£à�¤�æ¨î áª®à®áâ¨ ¯¥à¥¤�ç¨ ¯à¨ ã¢¥«¨ç¥−¨¨ §�£àã§ª¨
ª�−�«�. �®áª®«ìªã §�¢¨á¨¬®áâì íâ� −¥«¨−¥©−�ï, â® ¢®¯à®á âà¥¡ã¥â à�áè¨à¥−¨ï
äã−ªæ¨¨ SyMSim.

�à¨ á®§¤�−¨¨ ¬®¤¥«¨ −�¤® â�ª¦¥ ®¡à�é�âì ¢−¨¬�−¨¥ −� ¯à¥¤¯®«�£�¥¬ë©
áà®ª á«ã¦¡ë ®¡®àã¤®¢�−¨ï. ��¯à¨¬¥à, áç¥â−ë¥ ã§«ë ¬®£ãâ §�¬¥−ïâìáï ¢ â¥ç¥−¨¥
−¥áª®«ìª¨å «¥â, � à®¡®â¨§¨à®¢�−−ë¥ ¡¨¡«¨®â¥ª¨ ¨á¯®«ì§ãîâáï −¥áª®«ìª® ¯ïâ¨-
«¥â¨©. ‘«¥¤®¢�â¥«ì−®, −� ¬®¤¥«¨à®¢�−¨¨ ¯à®æ¥áá®¢ ¢ −¨å ¤®«¦¥− ¡ëâì á¤¥«�−
®á®¡ë© �ªæ¥−â.

„àã£�ï ¯à®¡«¥¬�, ª®â®à�ï áâ®¨â ¯¥à¥¤ à�§à�¡®âç¨ª�¬¨, | íâ® ®¡¥á¯¥ç¥−¨¥
−�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï. Š�ª ¯à�¢¨«®, â�ª¨¥ §�¤�ç¨ à¥è�îâáï à¥§¥à¢¨-
à®¢�−¨¥¬ ®¡®àã¤®¢�−¨ï ¨ ¬®¤¥«¨à®¢�−¨¥¬ ¥£® ®âª�§®¢. ‚ ®¡«�ç−ëå áâàãªâãà�å
¢®¯à®á à¥§¥à¢¨à®¢�−¨ï à¥è�¥âáï §� áç¥â ¨á¯®«ì§®¢�−¨ï ¬¥å�−¨§¬� ¢¨àâã�«¨§�-
æ¨¨, ª®£¤� ¯à®æ¥áá ¬®¦¥â ¡ëâì ¯¥à¥−¥á¥− −� à¥¯«¨ªã ®¡®àã¤®¢�−¨ï ¡¥§ áãé¥-
áâ¢¥−−ëå §�âà�â. ‚ £à¨¤-áâàãªâãà�å ¤«ï ®¡¥á¯¥ç¥−¨ï ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�
¨á¯®«ì§ãîâáï ¤¥áïâª¨ á«ã¦¡, ®âª�§ «î¡®© ¨§ −¨å ¯à¨¢®¤¨â ª −¥¢®§¬®¦−®áâ¨ §�-
¯ãáª� §�¤�−¨©, ¯® ªà�©−¥© ¬¥à¥, ®â ®â¤¥«ì−ëå ¢¨àâã�«ì−ëå ®à£�−¨§�æ¨©. �âª�§
¬®¦¥â ¯à®¨áå®¤¨âì ª�ª ¯® ¯à¨ç¨−¥ á¡®ï ®¡®àã¤®¢�−¨ï, â�ª ¨ ¯® ¯à¨ç¨−¥ ®è¨¡ª¨
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï. �®íâ®¬ã ¢ ¯¥àá¯¥ªâ¨¢¥ ¢ SyMSim ¤«ï ¬®¤¥«¨à®¢�-
−¨ï £à¨¤-áâàãªâãà −¥®¡å®¤¨¬® ¤®¡�¢¨âì ª«�ááë, ®¯¨áë¢�îé¨¥ £à¨¤-á«ã¦¡ë ª�ª
®¡¥á¯¥ç¨¢�îé¨¥ ¯à®æ¥áá ¢ëç¨á«¥−¨© ¢ æ¥«®¬, ¨ ¬®¤¥«¨à®¢�âì ®âª�§ íâ¨å ã§«®¢
ª�ª ¯à®£à�¬¬−®-�¯¯�à�â−ë© á¡®©.

7 Пример принятия решения на основе результатов моделирования,
выполненного в SyMSim

„«ï ¨««îáâà�æ¨¨ ¯à¥¨¬ãé¥áâ¢, ª®â®àë¥ ¤�¥â ¬®¤¥«¨à®¢�−¨¥ ¯à¨ ¯à®¥ªâ¨-
à®¢�−¨¨ á¨áâ¥¬ ®¡à�¡®âª¨, ¯à®�−�«¨§¨àã¥¬ ¯�à�¬¥âàë, §�¤�−−ë¥ ¤«ï á¨áâ¥¬ë
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Œ®¤¥«¨à®¢�−¨¥ £à¨¤ ¨ ®¡«�ç−ëå á¥à¢¨á®¢ ª�ª ¢�¦−ë© íâ�¯ ¨å à�§à�¡®âª¨

’�¡«¨æ� 2 ��à�¬¥âàë ®¡®àã¤®¢�−¨ï ¢ ¬®¤¥«¨

–¥−âà ®¡à�¡®âª¨
Š®«¨ç¥áâ¢®
ï¤¥à, èâ.

�ãä¥à,
’�

Š®«¨ç¥áâ¢®
¤à�©¢®¢, èâ.

Š®«¨ç¥áâ¢®
RAW-¤à�©¢®¢, èâ.

Tier0 500 5 0 0
Tier1 500 5 12 2

’�¡«¨æ� 3 ��à�¬¥âàë à®¡®â¨§¨à®¢�−−®© ¡¨¡«¨®â¥ª¨

��à�¬¥âà ‡−�ç¥−¨¥ …¤¨−¨æ� ¨§¬¥à¥−¨ï
…¬ª®áâì ®¡é�ï 5 ��
’¨¯ −�ª®¯¨â¥«ï LTO6
…¬ª®áâì ª�àâà¨¤¦� 3 ’�
‘ª®à®áâì §�¯¨á¨ 200 Œ�/á
‚à¥¬ï ¬®−â¨à®¢�−¨ï «¥−âë 20 c
‚à¥¬ï ¯®¤�ç¨ «¥−âë ¢ −�ª®¯¨â¥«ì 6 c

á¡®à� ¨ åà�−¥−¨ï ¤�−−ëå ¤¥â¥ªâ®à� ç�áâ¨æ. ˆáå®¤−ë¥ ¤�−−ë¥ ¢®§ì¬¥¬ ¨§
¯à¥¤«®¦¥−¨ï ¯® ª®−æ¥¯âã�«ì−®¬ã ¤¨§�©−ã NICA-MPD [15]. �â� ãáâ�−®¢ª�
ï¢«ï¥âáï â¨¯¨ç−®© ¤«ï ª«�áá� á¯¥ªâà®¬¥âà®¢ ï¤¥à−®© ä¨§¨ª¨. ÷�áá¬®âà¨¬ ¯à®-
æ¥áá ¯¥à¥¤�ç¨ ¨ á®åà�−¥−¨ï úáëàëå ¤�−−ëåû, ª®â®àë¥ âà�¤¨æ¨®−−® ¨¬¥−ãîâáï
RAW-ä�©«�¬¨. �ãáâì æ¥−âà ®¡à�¡®âª¨ ¨ åà�−¥−¨ï á®áâ®¨â ¨§ ¤¢ãå ãà®¢−¥©:
Tier0 ¨ Tier1. “à®¢¥−ì Tier0 ¯à¥¤−�§−�ç¥− â®«ìª® ¤«ï ¯à¨¥¬� ¨−ä®à¬�æ¨¨
á ¤¥â¥ªâ®à� ¨ ¥¥ ¢à¥¬¥−−®£® åà�−¥−¨ï. “à®¢¥−ì Tier1 ®¡¥á¯¥ç¨¢�¥â ¤«¨â¥«ì−®¥
åà�−¥−¨ï ¨−ä®à¬�æ¨¨ ¨ ®¤−®¢à¥¬¥−−® ¥¥ ®¡à�¡®âªã. ��à�¬¥âàë ®¡®àã¤®¢�−¨ï
¯à¨¢¥¤¥−ë ¢ â�¡«. 2.

Šà®¬¥ íâ®£® æ¥−âà ’ier1 ®á−�é¥− à®¡®â¨§¨à®¢�−−®© ¡¨¡«¨®â¥ª®© [19] á ¯�à�-
¬¥âà�¬¨, ¯à¨¢¥¤¥−−ë¬¨ ¢ â�¡«. 3.

„«ï à�áç¥â� ¨á¯®«ì§ã¥¬ §−�ç¥−¨ï ¯®â®ª� ¨−ä®à¬�æ¨¨ ¨§ â�¡«. 4.
‚ ¯¥à¥áç¥â¥ −� ç�á ®¡ê¥¬ ¨−ä®à¬�æ¨¨ | 1750 ƒ�. �à¨ â�ª®¬ ¯®â®ª¥

¤�−−ëå −¥®¡å®¤¨¬® 3 «¥−â®ç−ëå ¤à�©¢�, çâ®¡ë −¥ ¤®¯ãáâ¨âì ¯¥à¥¯®«−¥−¨ï
¡ãä¥à�. �â¨ à�áç¥âë −¥ ãç¨âë¢�îâ ¢®§¬®¦−®© ª®¬¯à¥áá¨¨ á®åà�−ï¥¬ëå ¤�−−ëå,

’�¡«¨æ� 4 ��à�¬¥âàë ¯®â®ª� ¤�−−ëå

��à�¬¥âà ‡−�ç¥−¨¥ …¤¨−¨æ� ¨§¬¥à¥−¨ï
‘ª®à®áâì ¯®áâã¯«¥−¨ï ¨−ä®à¬�æ¨¨ á ¤¥â¥ªâ®à� 4,7 ƒ�/á
„«¨â¥«ì−®áâì ¯¥à¨®¤� −�¡®à� ¤�−−ëå 120 ¤−¥© ¢ £®¤ã
�ää¥ªâ¨¢−®áâì á¡®à� ¤�−−ëå 60 %
�®«−ë© ®¡ê¥¬ ¨áå®¤−®© ¨−ä®à¬�æ¨¨ 8,4 ��/£®¤
�¡ê¥¬ §�¯¨á¨ §� áãâª¨ 4,6 ’�
÷�§¬¥à ä�©«� RAW 6 ƒ�
”�©«®¢ §�¯¨á�−® ¢ ç�á 32
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’�¡«¨æ� 5 ‡�¢¨á¨¬®áâì ¢à¥¬¥−¨ ¯à®å®¦¤¥−¨ï ¯®â®ª®¢ §�¤�−¨©
®â ¨−â¥−á¨¢−®áâ¨ á¡®à� ¤�−−ëå

�ªá¯¥à¨¬¥−â “à®¢¥−ì §�£àã§ª¨, % ‚à¥¬ï ¢ë¯®«−¥−¨ï, á
1 10 21 000
2 20 20 821
3 40 20 470
4 60 20 460

ª®â®à�ï ¬®¦¥â ¡ëâì §−�ç¨â¥«ì−®©. ÷�áç¥âë −�ç−¥¬ á ¯®â®ª� ¤�−−ëå ¢ 10% ®â
¬�ªá¨¬�«ì−®£® ¨ ¡ã¤¥¬ áç¨â�âì, çâ® ª®¬¯à¥áá¨¨ −¥ ¯à®¨§¢®¤¨âáï.

”�©«ë RAW ¤®«¦−ë ¡ëâì §�¯¨á�−ë −� «¥−âë à®¡®â¨§¨à®¢�−−®© ¡¨¡«¨®â¥ª¨.
��à�««¥«ì−® íâ®¬ã ¯à®æ¥ááã −� Tier1 ¢ë¯®«−ïîâáï §�¤�−¨ï ®¡à�¡®âª¨. �ã¤¥¬
�−�«¨§¨à®¢�âì ¯®â®ª ¨§ 1000 §�¤�−¨©. Š�¦¤®¥ §�¤�−¨¥ âà¥¡ã¥â ¥¤¨−áâ¢¥−−ë©
ä�©«, ª®¯¨ï ª®â®à®£® ¬®¦¥â −�å®¤¨âìáï −� ¤¨áª®¢®¬ ¬�áá¨¢¥ ¨«¨ −� «¥−â¥.
‚ ¯®á«¥¤−¥¬ á«ãç�¥ ®− ¤®«¦¥− ¡ëâì §�£àã¦¥− −� ¤¨áª �¢â®¬�â¨ç¥áª¨, ª®£¤�
ª −¥¬ã ®¡à�é�¥âáï §�¤�−¨¥. Š®¯¨¨ ä�©«®¢ −� ¤¨áª®¢ëå −�ª®¯¨â¥«ïå ¬®£ãâ
áâ¨à�âìáï á¡®àé¨ª®¬ ¬ãá®à�, ¥á«¨ ª −¨¬ ¤®«£®¥ ¢à¥¬ï −¥â ®¡à�é¥−¨©. ’�ª®©
�«£®à¨â¬ à�¡®âë á ä�©«�¬¨ à¥�«¨§®¢�− ¢ á¨áâ¥¬¥ dCache [20].

�à®�−�«¨§¨àã¥¬ ãà®¢¥−ì §�£àã§ª¨ ¯ã«®¢ Tier0 ¨ Tier1, � â�ª¦¥ −�£àã§ªã
−� ãáâà®©áâ¢® á¬¥−ë «¥−â ¡¨¡«¨®â¥ª¨. „«ï íâ®£® ¬®¤¥«¨àã¥¬ ¯à®æ¥áá §�¯¨á¨
ä�©«®¢ −� «¥−âë ¢ ãá«®¢¨ïå, ª®£¤� ¨−â¥−á¨¢−®áâì á¡®à� ¤�−−ëå ¢®§à�áâ�¥â
®â 10% ¤® 60% ¬�ªá¨¬�«ì−®© ¨−â¥−á¨¢−®áâ¨. ‚à¥¬ï ¯à®å®¦¤¥−¨ï ¯®â®ª� ¨§
1000 §�¤�−¨© ãª�§�−® ¢ â�¡«. 5.

�à¨ §�¤�−−®© ª®−ä¨£ãà�æ¨¨ æ¥−âà®¢ Tier0 ¨ Tier1 §�£àã§ª� ¨ §�¯¨áì ä�©«®¢
−¥ ®ª�§ë¢�îâ ¢«¨ï−¨ï −� ¯à®æ¥áá ¢ë¯®«−¥−¨ï. �à¨ç¨−� íâ®£® áâ�−®¢¨âáï
¯®−ïâ−�, ¥á«¨ ¯à®�−�«¨§¨à®¢�âì §�£àã§ªã ãáâà®©áâ¢� á¬¥−ë «¥−â.

ˆ−â¥−á¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ãáâà®©áâ¢� á¬¥−ë «¥−â ¢ëç¨á«ï¥âáï ª�ª ®â-
−®è¥−¨¥ ç¨á«� §�£àã§®ª §� ¯¥à¨®¤ ¢à¥¬¥−¨ ª ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¬ã §� íâ®â
¯¥à¨®¤.

÷¥§ã«ìâ�â ¬®¤¥«¨à®¢�−¨ï ¯à¨¢¥¤¥− −� à¨á. 3 ¢ ¯à®æ¥−â�å ®â ¬�ªá¨¬�«ì−®©
§�£àã§ª¨.

�� £à�ä¨ª¥ à¨á. 3 ¢¨¤−®, çâ® §�£àã§ª¨ á ã¢¥«¨ç¥−¨¥¬ ¨−â¥−á¨¢−®áâ¨ ¯®â®ª�
¨−ä®à¬�æ¨¨ à�áâãâ, −® §�¯�á §−�ç¨â¥«ì−ë©. ’¥¯¥àì ¨áá«¥¤ã¥¬ ª®«¨ç¥áâ¢®
á¢®¡®¤−®£® ¬¥áâ� ¢ ¡ãä¥à−®© ¯�¬ïâ¨ Tier0. ÷�áá¬®âà¨¬ ¨−â¥−á¨¢−®áâì ¯®â®ª�
¢ 10% ¨ 40%.

ƒà�ä¨ª −� à¨á. 4 ¯®ª�§ë¢�¥â, çâ® á¨áâ¥¬� á¯à�¢«ï¥âáï á ¯®â®ª®¬ ¤�−−ëå,
¥á«¨ ®− −¥¡®«ìè®©, ¨ ã¦¥ ¯à¨ ¯®â®ª�å ¢ 40% ®â ¬�ªá¨¬ã¬� −�ç¨−�îâáï §�¤¥à¦ª¨
¢ ¯¥à¥¤�ç¥. �−¨ á¢ï§�−ë á â¥¬, çâ® á¡®àé¨ª ¬ãá®à� Tier0 −¥ ¬®¦¥â ã¤�«¨âì ä�©-
«ë, ª®â®àë¥ ¥é¥ −¥ ¯¥à¥¤�−ë −� Tier1 ¨ −¥ §�¯¨á�−ë −� «¥−âë. ‘«¥¤®¢�â¥«ì−®,
−�¤® �−�«¨§¨à®¢�âì æ¥¯®çªã ¯¥à¥¤�ç¨, ¢ª«îç�ï ¯à®¯ãáª−ãî á¯®á®¡−®áâì ª�−�-
«®¢, ª®«¨ç¥áâ¢® −�ª®¯¨â¥«¥© −� «¥−â�å ¨ ¢¥«¨ç¨−ã ¤¨áª®¢®£® ¡ãä¥à�. ÷¥è¥−¨¥¬
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Œ®¤¥«¨à®¢�−¨¥ £à¨¤ ¨ ®¡«�ç−ëå á¥à¢¨á®¢ ª�ª ¢�¦−ë© íâ�¯ ¨å à�§à�¡®âª¨

÷¨á. 3 ÷¥§ã«ìâ�â ¬®¤¥«¨à®¢�−¨ï §�£àã§ª¨
«¥−â®ç−®£® à®¡®â� ¢ §�¢¨á¨¬®áâ¨ ®â ¨−â¥−-
á¨¢−®áâ¨ ¯®â®ª�: 1 | 10%; 2 | 20%, 3 |
30%, 4 | 40%

÷¨á. 4 ��«¨ç¨¥ á¢®¡®¤−®£® ¬¥áâ� ¢ ¡ã-
ä¥à−®© ¯�¬ïâ¨ ¢ ¯à®æ¥−â�å ª ¬�ªá¨¬ã-
¬ã ¢ §�¢¨á¨¬®áâ¨ ®â ¨−â¥−á¨¢−®áâ¨ ¯®â®ª�:
1 | 10%, 2 | 40%

¯à®¡«¥¬ë ¬®¦¥â áâ�âì ª�ª ã¢¥«¨ç¥−¨¥ ª®«¨ç¥áâ¢� à¥áãàá®¢, â�ª ¨ ¨§¬¥−¥−¨¥
¯à®æ¥¤ãàë §�¯¨á¨. ‚ ç�áâ−®áâ¨, ¢®§¬®¦−®, á«¥¤ã¥â ®âª�§�âìáï ®â §�«®¦¥−−®©
¢ TDR ¯à®æ¥¤ãàë ¨ ¯¥à¥©â¨ ª ¯àï¬®© §�¯¨á¨ ¤�−−ëå −� «¥−âã.

�à¨¢¥¤¥−−ë© ¯à¨¬¥à −�£«ï¤−® ¤¥¬®−áâà¨àã¥â, çâ® è¨à¨−� ª�−�«� §�¯¨á¨
RAW-ä�©«®¢ −¥¤®áâ�â®ç−� ¤«ï á®åà�−¥−¨ï ¢á¥© ¨−ä®à¬�æ¨¨, ®¦¨¤�¥¬®© á ¤¥-
â¥ªâ®à�. �¥á¬®âàï −� â® çâ® ¤�−−ë© ¯à¨¬¥à ï¢«ï¥âáï ¤®áâ�â®ç−® âà¨¢¨�«ì−ë¬,
®− ¤¥¬®−áâà¨àã¥â, çâ® ¬®¤¥«¨à®¢�−¨¥ ¬®¦¥â ®â¢¥â¨âì −� ¢®¯à®á, ª�ª®© ¯�à�¬¥âà
®ª�¦¥â áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ −� ¯à®æ¥áá á®åà�−¥−¨ï ¨−ä®à¬�æ¨¨. „«ï ¡®«¥¥
£«ã¡®ª®£® �−�«¨§� ¯à®æ¥áá®¢ á¡®à� ¨ åà�−¥−¨ï ¤�−−ëå −� ª®−ªà¥â−®© ãáâ�−®¢ª¥
−¥®¡å®¤¨¬® ¯à®¢®¤¨âì §�à�−¥¥ á¯«�−¨à®¢�−−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ íªá¯¥à¨¬¥−âë.
�â� â¥¬� ¢ëå®¤¨â ¤�«¥ª® §� à�¬ª¨ ¤�−−®© à�¡®âë.

÷�§ã¬¥¥âáï, −¥¢®§¬®¦−® ¯à¨−ïâì à¥è¥−¨¥ ® ª®−ä¨£ãà�æ¨¨ á¨áâ¥¬ë åà�−¥−¨ï
¨ ®¡à�¡®âª¨ ¤�−−ëå â®«ìª® −� ®á−®¢�−¨¨ ¢ëç¨á«¥−−ëå ¢ ¯à®æ¥áá¥ ¬®¤¥«¨à®¢�-
−¨ï ¯�à�¬¥âà®¢. „«ï ®¯â¨¬�«ì−®£® ¢ë¡®à� −¥®¡å®¤¨¬® ãç¨âë¢�âì ¬−®¦¥áâ¢®
ä�ªâ®à®¢, â�ª¨å ª�ª −�¤¥¦−®áâì, à�á¯®«�£�¥¬ë¥ ä¨−�−á®¢ë¥ à¥áãàáë. �® ¯à¨-
¢¥¤¥−−ë© ¯à¨¬¥à ¤¥¬®−áâà¨àã¥â, ª�ª á ¯®¬®éìî SyMSim ¬®¦−® á−ïâì ä�ªâ®à
−¥®¯à¥¤¥«¥−−®áâ¨, ª®â®àë© ª�á�¥âáï ¯�à�¬¥âà®¢ ¯à®æ¥áá®¢ ®¡à�¡®âª¨.

8 Заключение

÷�§à�¡®âª� £à¨¤-®¡«�ç−ëå á¨áâ¥¬ á¡®à�, ¯¥à¥¤�ç¨ ¨ à�á¯à¥¤¥«¥−−®© ®¡à�¡®â-
ª¨ ¨−ä®à¬�æ¨¨ âà¥¡ã¥â âé�â¥«ì−®£® ¬®¤¥«¨à®¢�−¨ï, ª®â®à®¥ ¡ã¤¥â íää¥ªâ¨¢-
−ë¬, â®«ìª® ¥á«¨ ®−® ¡ã¤¥â ãç¨âë¢�âì ª�ç¥áâ¢® à�¡®âë ã¦¥ äã−ªæ¨®−¨àãîé¥©
á¨áâ¥¬ë ¢ ¯à®£−®§�å −� ¥¥ ¤�«ì−¥©è¥¥ à�§¢¨â¨¥. �®¢¨§−� ¯®¤å®¤�, ¯à¥¤«®¦¥−-
−®£® �¢â®à�¬¨, á®áâ®¨â ¢ á®¥¤¨−¥−¨¨ ¯à®æ¥áá®¢ ¬®¤¥«¨à®¢�−¨ï ¨ ¬®−¨â®à¨−£�
¢ à�¬ª�å ®¤−®£® ¯à®¥ªâ�.
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‚. ‚. Š®à¥−ìª®¢, �. ‚. �¥ç�¥¢áª¨©, ƒ. �. �á®áª®¢ ¨ ¤à.

�à¥¤«®¦¥−−ë© ¯®¤å®¤ ª ¬®¤¥«¨à®¢�−¨î ¨ �−�«¨§ã ¢ëç¨á«¨â¥«ì−ëå £à¨¤-®¡-
«�ç−ëå áâàãªâãà ¨−äà�áâàãªâãàë íªá¯¥à¨¬¥−â� NICA ®á−®¢�− −� ãç¥â¥ ¤�−−ëå
¬®−¨â®à¨−£�, ¨á¯®«ì§ã¥¬ëå §�â¥¬ ¤«ï ¤¨−�¬¨ç¥áª®© ª®àà¥ªæ¨¨ ¯�à�¬¥âà®¢ ¬®-
¤¥«¨à®¢�−¨ï.

„�«ì−¥©è¥¥ à�§¢¨â¨¥ á¨áâ¥¬ë ¯à¥¤¯®«�£�¥â ¢−¥á¥−¨¥ ¤®¯®«−¥−¨© ¤«ï ¬®-
¤¥«¨à®¢�−¨ï ®à¨£¨−�«ì−ëå �«£®à¨â¬®¢ −�§−�ç¥−¨ï ¯ã«®¢ dCache. ‘âàãªâãà�
¬®¤¥«¨àãîé¥© ¯à®£à�¬¬ë ¤®áâ�â®ç−® ®¡é�ï, çâ®¡ë ¢ ¤�«ì−¥©è¥¬ §�¬¥−ïâì
ã¯à®é¥−¨ï, ¤®¯ãé¥−−ë¥ −� ¯à¥¤¢�à¨â¥«ì−®¬ íâ�¯¥, −� ¡®«¥¥ à¥�«ì−ë¥ ãá«®-
¢¨ï. ’�ª¦¥ −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ ¯®«−®¬�áèâ�¡−ë¥ ¨á¯ëâ�−¨ï ¬®¤¥«¨ á æ¥«ìî
¢ëï¢«¥−¨ï ¥¥ ®è¨¡®ª.
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GRID AND CLOUD SERVICES SIMULATION AS AN IMPORTANT
STEP OF THEIR DEVELOPMENT
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and A. V. Uzhinskiy
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Abstract: A new system for grid and cloud services simulation is described. It is
focused on improving the efficiency of grid-cloud systems development by using
work quality indicators of a real system to design and predict its evolution. For
these purposes, the simulation program is combined with a real monitoring system
of a grid-cloud service through a special database. The simulation principles
and their implementation in the SyMSim software package are described. An
example of using the program to simulate a general cloud structure is given.
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КОМБИНИРОВАНИЕ ТЕЗАУРУСНЫХ И КОРПУСНЫХ
ЗНАНИЙ ДЛЯ ИЗВЛЕЧЕНИЯ ОЦЕНОЧНЫХ СЛОВ∗

Н. В. Лукашевич1, И. И. Четверкин2

�−−®â�æ¨ï: �¯¨á�− ª®¬¡¨−¨à®¢�−−ë© ¯®¤å®¤ ª ¨§¢«¥ç¥−¨î ®æ¥−®ç−ëå á«®¢
¢ §�¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨. �� ¯¥à¢®¬ íâ�¯¥ ã¯®àï¤®ç¥−−ë© á¯¨á®ª
®æ¥−®ç−ëå á«®¢ ¨§¢«¥ª�¥âáï ¨§ â¥ªáâ®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ −� ®á−®¢¥ ¬¥â®¤®¢
¬�è¨−−®£® ®¡ãç¥−¨ï. �� ¢â®à®¬ íâ�¯¥ ¯®«ãç¥−−ë© á¯¨á®ª ãâ®ç−ï¥âáï §� áç¥â
¯à¨¢«¥ç¥−¨ï «¥ªá¨ç¥áª¨å §−�−¨©, ®¯¨á�−−ëå ¢ â¥§�ãàãá¥ àãááª®£® ï§ëª�.
„�−−�ï ª®¬¡¨−¨à®¢�−−�ï ¬®¤¥«ì ¡ë«� ®¡ãç¥−� −� ¯à¥¤¬¥â−®© ®¡«�áâ¨ ®â§ë¢®¢
® ä¨«ì¬�å, � §�â¥¬ ¡ë«� ¯¥à¥−¥á¥−� −� ¤àã£¨¥ ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨. Šà®¬¥
â®£®, −� ®á−®¢¥ ®¡ê¥¤¨−¥−¨ï ®æ¥−®ç−ëå á¯¨áª®¢ ¤�−−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©
¡ë« ¯®«ãç¥− ã«ãçè¥−−ë© á¯¨á®ª ®æ¥−®ç−ëå á«®¢ ¢ è¨à®ª®© ®¡«�áâ¨ â®¢�à®¢
¨ ãá«ã£ ProductSentiRus+.
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1 Введение

�¢â®¬�â¨ç¥áª¨© �−�«¨§ â®−�«ì−®áâ¨ â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥, ¯®¤-
à�§ã¬¥¢�îé¨© �¢â®¬�â¨ç¥áª®¥ ®¯à¥¤¥«¥−¨¥ ®â−®è¥−¨ï �¢â®à� (¯®«®¦¨â¥«ì−®¥,
®âà¨æ�â¥«ì−®¥) ª â¥¬¥ â¥ªáâ�, ï¢«ï¥âáï ®¤−¨¬ ¨§ �ªâ¨¢−® à�§¢¨¢�îé¨åáï −�¯à�¢-
«¥−¨© ¢ áä¥à¥ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢.

‚�¦−®© §�¤�ç¥© ¢ à�¬ª�å íâ®£® −�¯à�¢«¥−¨ï ï¢«ï¥âáï §�¤�ç� �¢â®¬�â¨§�-
æ¨¨ á®§¤�−¨ï ¨ ã«ãçè¥−¨ï ª�ç¥áâ¢� á«®¢�à¥© ®æ¥−®ç−ëå á«®¢ ¨ ¢ëà�¦¥−¨©.
‚ −�áâ®ïé¥¥ ¢à¥¬ï ¤«ï ¬−®£¨å ï§ëª®¢ á®§¤�îâáï â�ª®£® à®¤� à¥áãàáë ®æ¥-
−®ç−®© «¥ªá¨ª¨ [1, 2]. „«ï àãááª®£® ï§ëª� ®¯ã¡«¨ª®¢�− ¨ á¢®¡®¤−® ¤®áâã¯¥−
«¨èì ®¤¨− �¢â®¬�â¨ç¥áª¨© ¯®à®¦¤¥−−ë© á«®¢�àì ®æ¥−®ç−ëå á«®¢ ¨ ¢ëà�¦¥−¨©
ProductSentiRus [3].

Šà®¬¥ â®£®, �−�«¨§ â®−�«ì−®áâ¨ â¥ªáâ®¢ ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨, −�¯à¨¬¥à
®â§ë¢®¢ ¯®«ì§®¢�â¥«¥© −¥ª®â®à®£® ¯à®¤ãªâ�, âà¥¡ã¥â �¤�¯â�æ¨¨ á¨áâ¥¬ �−�«¨§�
â®−�«ì−®áâ¨ ª â¥ªáâ�¬ íâ®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ [4]. ’�ª, −¥ª®â®àë¥ á«®¢� ¬®£ãâ

∗‘â�âìï à¥ª®¬¥−¤®¢�−� ª ®¯ã¡«¨ª®¢�−¨î ¢ ¦ãà−�«¥ �à®£à�¬¬−ë¬ ª®¬¨â¥â®¬ ª®−ä¥à¥−æ¨¨
ú�«¥ªâà®−−ë¥ ¡¨¡«¨®â¥ª¨: ¯¥àá¯¥ªâ¨¢−ë¥ ¬¥â®¤ë ¨ â¥å−®«®£¨¨, í«¥ªâà®−−ë¥ ª®««¥ªæ¨¨û (\Dig-
ital Libraries: Advenced Methods and Technologies," RCDL-2014),£. „ã¡−�, 13{16 ®ªâï¡àï 2014 £.
÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 14-07-00682).
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Š®¬¡¨−¨à®¢�−¨¥ â¥§�ãàãá−ëå ¨ ª®à¯ãá−ëå §−�−¨© ¤«ï ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢

â¥àïâì á¢®î ¯®«ïà−®áâì ¢ ª®−ªà¥â−ëå ®¡«�áâïå. ��¯à¨¬¥à, â�ª®¥ á«®¢®, ª�ª §«®,
¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ®â§ë¢®¢ ® ä¨«ì¬�å ®¡ëç−® ®â−®á¨âáï ª áî¦¥âã ä¨«ì¬�
¨ −¨ç¥£® −¥ £®¢®à¨â ®¡ ®â−®è¥−¨¨ ¯®«ì§®¢�â¥«ï ª ¤�−−®¬ã ä¨«ì¬ã.

„àã£¨¥ á«®¢� ¬®£ãâ ¯à¨®¡à¥áâ¨ −¥ª®â®àãî â®−�«ì−®áâì ¢ ª®−ªà¥â−®© ¯à¥¤¬¥â-
−®© ®¡«�áâ¨. ��¯à¨¬¥à, á«®¢® ª¨−®è−ë© ¬®¦¥â ¨¬¥âì −¥£�â¨¢−ãî ¯®«ïà−®áâì,
¯¥à¥¤�¢�ï §−�ç¥−¨¥ ú¤�«¥ª¨© ®â à¥�«ì−®© ¦¨§−¨û. „àã£®© ¯à¨¬¥à | á«®-
¢® �â¬®áä¥à−ë©, ª®â®à®¥ ¢ ®¡«�áâ¨ ®â§ë¢®¢ ® ä¨«ì¬�å −¥ ¨¬¥¥â ®â−®è¥−¨ï
ª �â¬®áä¥à¥ ¯«�−¥â, � −¥á¥â ¯®«®¦¨â¥«ì−ãî â®−�«ì−®áâì á®§¤�−¨ï å®à®è¥£® −�-
áâà®¥−¨ï, çã¢áâ¢�. „�−−®¥ §−�ç¥−¨¥ á«®¢� �â¬®áä¥à−ë© ï¢«ï¥âáï ®â−®á¨â¥«ì−®
−®¢ë¬ ¢ àãááª®¬ ï§ëª¥, −¥ ®¯¨á�−® −¨ ¢ ª�ª¨å àãááª¨å â®«ª®¢ëå á«®¢�àïå.

�¢â®¬�â¨ç¥áª®¥ ¨§¢«¥ç¥−¨¥ ®æ¥−®ç−ëå á«®¢ ¬®¦¥â ®áãé¥áâ¢«ïâìáï −� ®á−®¢¥
â¥ªáâ®¢ëå ª®à¯ãá®¢ ¨«¨ á«®¢�à−ëå à¥áãàá®¢ (â®«ª®¢ëå á«®¢�à¥©, â¥§�ãàãá®¢
¨ â. ¯.). ‚ íâ®© áâ�âì¥ ®¯¨áë¢�¥âáï ª®¬¡¨−¨à®¢�−−ë© ¯®¤å®¤ ª ¨§¢«¥ç¥−¨î
á«®¢�àï ®æ¥−®ç−®© «¥ªá¨ª¨. �� ¯¥à¢®¬ è�£¥ á«®¢�àì ®æ¥−®ç−®© «¥ªá¨ª¨ á®-
§¤�¥âáï −� ®á−®¢¥ ¨§¢«¥ç¥−¨ï ¯à¨§−�ª®¢ á«®¢ ¢ −¥áª®«ìª¨å â¥ªáâ®¢ëå ª®à¯ãá�å
¨ ¯®á«¥¤ãîé¥£® ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï ¤«ï ª®¬¡¨−¨à®¢�−¨ï
íâ¨å ¯à¨§−�ª®¢. ‘«®¢�àì ¯à¥¤áâ�¢«¥− ª�ª á¯¨á®ª á«®¢, ã¯®àï¤®ç¥−−ë© ¯® ¬¥à¥
á−¨¦¥−¨ï ¢¥à®ïâ−®áâ¨ á«®¢� ¡ëâì ®æ¥−®ç−ë¬. �� íâ®¬ íâ�¯¥ ¬®¦−® ¨§¢«¥çì
®æ¥−®ç−ë¥ á«®¢�, ª®â®àë¥ ®âáãâáâ¢ãîâ ¢ á«®¢�àïå ¨«¨ ¨¬¥îâ â®−�«ì−®áâì â®«ìª®
¢ â¥ªãé¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨. �æ¥−®ç−ë¥ á«®¢� ¨§¢«¥ª�îâáï ¡¥§ ¨å ¯®«®¦¨-
â¥«ì−®© ¨«¨ ®âà¨æ�â¥«ì−®© ®æ¥−ª¨, ¯®áª®«ìªã íâ®â íâ�¯ à�áá¬�âà¨¢�¥âáï ª�ª
¯¥à¢ë© è�£ ¢ ¯®à®¦¤¥−¨¨ ®æ¥−®ç−®£® á«®¢�àï ¯à¥¤¬¥â−®© ®¡«�áâ¨.

�� ¢â®à®¬ íâ�¯¥ ¯à®¨§¢®¤¨âáï ã«ãçè¥−¨¥ ª�ç¥áâ¢� ¯®«ãç¥−−®£® á¯¨áª� ®æ¥-
−®ç−ëå á«®¢ −� ®á−®¢¥ á®¯®áâ�¢«¥−¨ï ¥£® á −¥¤�¢−® ®¯ã¡«¨ª®¢�−−ë¬ â¥§�ãàãá®¬
àãááª®£® ï§ëª� ÷ã’¥§. Œ®¤¥«ì ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢ −� ®á−®¢¥ ª®à¯ãá®¢
¨ â¥§�ãàãá� −�áâà�¨¢�¥âáï −� ®¡«�áâ¨ ®â§ë¢®¢ ® ä¨«ì¬�å. ‡�â¥¬ ¯®áâà®¥−−�ï
¬®¤¥«ì ¨á¯®«ì§ã¥âáï ¤«ï ¯®à®¦¤¥−¨ï ®æ¥−®ç−ëå á«®¢�à¥© ¢ ç¥âëà¥å ¤àã£¨å
®¡«�áâïå. ��ª®−¥æ, á®§¤�−−ë¥ á«®¢�à¨ ®æ¥−®ç−ëå á«®¢ ¨§ ¯ïâ¨ ®¡«�áâ¥© ª®¬¡¨-
−¨àãîâáï, çâ®¡ë ¯®à®¤¨âì ¥¤¨−ë© á«®¢�àì ®æ¥−®ç−ëå á«®¢ ¢ è¨à®ª®© ®¡«�áâ¨
â®¢�à®¢ ¨ ãá«ã£ (ProductSentiRus+).

„�−−�ï áâ�âìï ¨¬¥¥â á«¥¤ãîéãî áâàãªâãàã. ‚® ¢â®à®¬ à�§¤¥«¥ à�áá¬�âà¨¢�-
îâáï ¬¥â®¤ë ¯®à®¦¤¥−¨ï á«®¢�à¥© ®æ¥−®ç−®© «¥ªá¨ª¨. ‚ âà¥âì¥¬ à�§¤¥«¥ ªà�âª®
¯à¥¤áâ�¢«¥−� áâàãªâãà� â¥§�ãàãá� àãááª®£® ï§ëª� ÷ã’¥§, ¯à¥¤−�§−�ç¥−−®£® ¤«ï
�¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢. —¥â¢¥àâë© à�§¤¥« ¯à¥¤áâ�¢«ï¥â ¯®¤å®¤ ª ¨§-
¢«¥ç¥−¨î ®æ¥−®ç−®© «¥ªá¨ª¨ ¢ §�¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨. �ïâë© à�§¤¥«
à�áá¬�âà¨¢�¥â ¯®à®¦¤¥−¨¥ ®¡®¡é¥−−®£® á«®¢�àï ®æ¥−®ç−®© «¥ªá¨ª¨ ¢ ®¡«�áâ¨
â®¢�à®¢ ¨ ãá«ã£ ProductSentiRus+. �®«ãç¥−−ë© á«®¢�àì â¥áâ¨àã¥âáï ¢ §�¤�ç¥
ª«�áá¨ä¨ª�æ¨¨ â¢¨â®¢ −� ®¡ê¥ªâ¨¢−ë¥ ¨ áã¡ê¥ªâ¨¢−ë¥.

2 Близкие работы

‘ãé¥áâ¢ãîâ ¤¢� ¯®¤å®¤� ª á®§¤�−¨î á«®¢�à¥© ®æ¥−®ç−®© «¥ªá¨ª¨: ®¤¨−
®á−®¢�− −� â¥ªáâ®¢ëå ª®à¯ãá�å, � ¤àã£®© | −� á«®¢�à−ëå à¥áãàá�å.
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Š®à¯ãá−ë¥ ¬¥â®¤ë ¨á¯®«ì§ãîâ á®¢¬¥áâ−ãî ¢áâà¥ç�¥¬®áâì á«®¢ [5{7] ¨«¨ ¯®-
ï¢«¥−¨¥ ¨å ¢ §�¤�−−ëå ª®−â¥ªáâ�å ¨«¨ «¥ªá¨ª®-á¨−â�ªá¨ç¥áª¨å è�¡«®−�å [8].
‘®¢à¥¬¥−−ë¥ ª®à¯ãá−ë¥ ¬¥â®¤ë ®¡à�¡�âë¢�îâ ¡®«ìè¨¥ ®¡ê¥¬ë ¤�−−ëå, −�¯à¨-
¬¥à ¬¨««¨®−ë ¢¥¡-áâà�−¨æ [6] ¨«¨ á®â−¨ âëáïç ®â§ë¢®¢ ¯®«ì§®¢�â¥«¥© [9].

‘«®¢�à−ë¥ ¬¥â®¤ë ¨§¢«¥ª�îâ −ã¦−ãî ¨−ä®à¬�æ¨î ¨§ áãé¥áâ¢ãîé¨å á«®-
¢�à¥© ¨«¨ â¥§�ãàãá®¢ ¨ ®¡ëç−® −�ç¨−�îâ á¢®î à�¡®âã á −¥ª®â®à®£® −�ç�«ì−®£®
¬−®¦¥áâ¢� ¨§¢¥áâ−ëå ®æ¥−®ç−ëå á«®¢ (¯«®å®©, å®à®è¨©, ®â«¨ç−ë©, ®â¢à�â¨-
â¥«ì−ë© ¨ ¤à.). ‚ [10] ®¯¨áë¢�¥âáï à¥áãàá SentiWordNet, ª®â®àë© ¡ë« ¯®«ãç¥−
¢ à¥§ã«ìâ�â¥ �¢â®¬�â¨ç¥áª®© à�§¬¥âª¨ â¥§�ãàãá� �−£«¨©áª®£® ï§ëª� WordNet [11]
¨ ¢ ª®â®à®¬ ª�¦¤®¬ã á¨−á¥âã WordNet (−�¡®àã á¨−®−¨¬®¢) á®¯®áâ�¢«ï¥âáï âà¨
ç¨á«®¢ëå ¢¥á�, ®âà�¦�îé¨å ¤®«î ¯®§¨â¨¢−®áâ¨, −¥£�â¨¢−®áâ¨ ¨ −¥©âà�«ì−®áâ¨
á«®¢ á¨−á¥â�. ’�ª¨¬ ®¡à�§®¬, à�§«¨ç−ë¥ §−�ç¥−¨ï ®¤−®£® ¨ â®£® ¦¥ á«®¢�, ¢å®-
¤ïé¨¥ ¢ à�§−ë¥ á¨−á¥âë, ¬®£ãâ ¨¬¥âì à�§«¨ç−ë¥ á®®â−®è¥−¨ï ¢¥á®¢ ¯®«ïà−®áâ¨.

‚ [12] �¢â®àë ¨áá«¥¤ãîâ à�§«¨ç−ë¥ ¯®¤å®¤ë á ç�áâ¨ç−ë¬ ®¡ãç¥−¨¥¬ ¤«ï à�§-
¬¥âª¨ ¯®«ïà−®áâ¨ á«®¢ ¢ £à�ä¥ «¥ªá¨ç¥áª¨å ®â−®è¥−¨© WordNet. ‚ ç�áâ−®áâ¨,
¯à¨¬¥−ïîâáï â�ª¨¥ ¬¥â®¤ë, ª�ª MinCut, Randomized MinCut, Label Propaga-
tion [13]; ¢ à�¡®â¥ ¯®ª�§�−®, çâ® �«£®à¨â¬ Label Propagation ¤®áâ¨£�¥â «ãçè¨å
à¥§ã«ìâ�â®¢. �â¨ ¨ ¯®¤®¡−ë¥ �«£®à¨â¬ë −� £à�ä�å ¨á¯®«ì§ãîâáï ¨ ¢ á®ç¥â�−¨¨
á ®¡à�¡®âª®© ¨−ä®à¬�æ¨¨, ¨§¢«¥ª�¥¬®© ¨§ â¥ªáâ®¢ëå ª®à¯ãá®¢.

‚® ¬−®£¨å ¨áá«¥¤®¢�−¨ïå á«®¢�à¨ ®æ¥−®ç−®© «¥ªá¨ª¨ ¤«ï §�¤�−−®© ¯à¥¤-
¬¥â−®© ®¡«�áâ¨ á®§¤�îâáï −� ®á−®¢¥ ª®à¯ãá−ëå ¯®¤å®¤®¢ á ¨á¯®«ì§®¢�−¨¥¬ à�§-
«¨ç−ëå â¨¯®¢ à�á¯à®áâà�−¥−¨ï à�§¬¥âª¨, ¨áå®¤ïé¥© ¨§ −�ç�«ì−®£® ¬−®¦¥áâ¢�
¨§¢¥áâ−ëå ®æ¥−®ç−ëå á«®¢ [9]. ‘¥àì¥§−®© ¯à®¡«¥¬®© â�ª¨å ¯®¤å®¤®¢ ï¢«ï¥âáï
®¯à¥¤¥«¥−¨¥ ¯®¤å®¤ïé¥£® à�§¬¥à� ¨ á®áâ�¢� −�ç�«ì−®£® ¬−®¦¥áâ¢� á«®¢, çâ®
¬®¦¥â §�¢¨á¥âì ®â ª®−ªà¥â−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨.

‚ ¤�−−®¬ ¨áá«¥¤®¢�−¨¨ á®§¤�¥âáï ®æ¥−®ç−ë© á«®¢�àì ¤«ï §�¤�−−®© ¯à¥¤-
¬¥â−®© ®¡«�áâ¨ −� ®á−®¢¥ −¥áª®«ìª¨å â¥ªáâ®¢ëå ª®à¯ãá®¢. ‡�â¥¬ ¯®«ãç¥−−ë©
á«®¢�àì ã«ãçè�¥âáï −� ®á−®¢¥ à�§¬¥âª¨ ¯®−ïâ¨© â¥§�ãàãá� á ¨á¯®«ì§®¢�−¨¥¬
¤«ï ¢á¥å ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¬¨−¨¬�«ì−®£® ¨§−�ç�«ì−® §�¤�−−®£® ¬−®¦¥áâ¢�
®æ¥−®ç−ëå á«®¢, á®áâ®ïé¥£® ¨§ á«®¢ ¯«®å®© ¨ å®à®è¨©.

3 Лингвистическая онтология РуТез

‚ ¤�−−®¬ ¨áá«¥¤®¢�−¨¨ ¨á¯®«ì§ã¥âáï â¥§�ãàãá àãááª®£® ï§ëª� ÷ã’¥§ [14].
÷ã’¥§ | íâ® â�ª −�§ë¢�¥¬�ï «¨−£¢¨áâ¨ç¥áª�ï ®−â®«®£¨ï, â. ¥. ®−â®«®£¨ï, ¯®-
¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® ¯®−ïâ¨© ª®â®à®© ®á−®¢�−® −� §−�ç¥−¨ïå à¥�«ì−® áã-
é¥áâ¢ãîé¨å ï§ëª®¢ëå ¢ëà�¦¥−¨© (á«®¢ ¨ á«®¢®á®ç¥â�−¨©). ÷ã’¥§ á®§¤�¢�«áï
¢àãç−ãî ¨ ¢ â¥ç¥−¨¥ ¤®«£®£® ¢à¥¬¥−¨ ¨á¯®«ì§®¢�«áï ¢ à�§«¨ç−ëå ¯à®¥ªâ�å
�¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢ ¨ ¨−ä®à¬�æ¨®−−®£® ¯®¨áª�. ’¥¯¥àì ÷ã’¥§
¤®áâã¯¥− ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ¨áá«¥¤®¢�â¥«ìáª¨å æ¥«ïå. �¯ã¡«¨ª®¢�−−�ï ¢¥à-
á¨ï ÷ã’¥§ á®¤¥à¦¨â ®ª®«® 100 âëáïç á«®¢ ¨ ¢ëà�¦¥−¨© (http://www. labinform.
ru/pub/ruthes/index.htm).
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Š®¬¡¨−¨à®¢�−¨¥ â¥§�ãàãá−ëå ¨ ª®à¯ãá−ëå §−�−¨© ¤«ï ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢

’¥§�ãàãá ÷ã’¥§ ®â«¨ç�¥âáï ®â â¥§�ãàãá®¢ â¨¯� WordNet â¥¬, çâ® ¥£® áâàãªâãà�
¯à¥¤áâ�¢«ï¥â á®¡®© ¥¤¨−ãî ¨¥à�àå¨ç¥áªãî á¥âì ¯®−ïâ¨©, ¢ ª®â®à®© ¯à¥¤áâ�¢«¥−ë
§−�ç¥−¨ï à�§−ëå ç�áâ¥© à¥ç¨ (áãé¥áâ¢¨â¥«ì−ëå, ¯à¨«�£�â¥«ì−ëå, £«�£®«®¢).
Š�¦¤®¥ ¯®−ïâ¨¥ ¢ â¥§�ãàãá¥ ¨¬¥¥â ã−¨ª�«ì−®¥ ®¤−®§−�ç−®¥ ¨¬ï. �®−ïâ¨ï
á®¥¤¨−ïîâáï ¬¥¦¤ã á®¡®© −¥áª®«ìª¨¬¨ â¨¯�¬¨ ®â−®è¥−¨©. Š�¦¤®¬ã ¯®−ïâ¨î
á®®â¢¥âáâ¢ã¥â á®¢®ªã¯−®áâì â¥ªáâ®¢ëå ¢ëà�¦¥−¨©, ª®â®àë¬¨ ¤�−−®¥ ¯®−ïâ¨¥
¬®¦¥â ¢ëà�¦�âìáï ¢ â¥ªáâ�å (â¥ªáâ®¢ë¥ ¢å®¤ë ¯®−ïâ¨ï). ’¥ªáâ®¢ë¥ ¢å®¤ë
¢ª«îç�îâ ¢ á¥¡ï ª�ª ®â¤¥«ì−ë¥ á«®¢�, â�ª ¨ ¡®«ìè®¥ ª®«¨ç¥áâ¢® á«®¢®á®ç¥â�−¨©.
�á®¡¥−−®áâìî â¥§�ãàãá� ÷ã’¥§ ï¢«ï¥âáï ¨ â®, çâ® ®− ¢ª«îç�¥â â¥à¬¨−ë â�ª
−�§ë¢�¥¬®© ®¡é¥áâ¢¥−−®-¯®«¨â¨ç¥áª®© ®¡«�áâ¨, è¨à®ª®© ¯à¥¤¬¥â−®© ®¡«�áâ¨
¦¨§−¨ á®¢à¥¬¥−−®£® ®¡é¥áâ¢�, ¢ª«îç�îé¥© â�ª¨¥ ¯®¤®¡«�áâ¨, ª�ª ¯®«¨â¨ª�,
íª®−®¬¨ª�, ¯à�¢®, á¯®àâ ¨ ¤à.

Œ−®£®§−�ç−ë¥ á«®¢� ®¯¨á�−ë ¢ ÷ã’¥§ â�ª ¦¥, ª�ª ¨ ¢ â¥§�ãàãá¥ WordNet,
� ¨¬¥−−® ®â−¥á¥−ë ª à�§−ë¬ ¯®−ïâ¨ï¬ â¥§�ãàãá�. ��¯à¨¬¥à, ¢ â¥ªãé¥© ¢¥àá¨¨
â¥§�ãàãá� ÷ã’¥§ á«®¢® ¯à¥á−ë© ¯à¨¯¨á�−® âà¥¬ ¯®−ïâ¨ï¬:

{ �÷…‘��Ÿ ‚�„�;

{ �÷…‘�›‰, �…‡‚Š“‘�›‰;

{ �÷…‘�›‰ (�…ˆ�’…÷…‘�›‰).

�¥à¢®¥ ¯®−ïâ¨¥ −¥©âà�«ì−® ¨ −¥ ®â−®á¨âáï ª ®¡«�áâ¨ ®â§ë¢®¢ ® ä¨«ì¬�å.
‚â®à®¥ ¯®−ïâ¨¥ −¥£�â¨¢−®, −® â�ª¦¥ −¥ ®â−®á¨âáï ª íâ®© ®¡«�áâ¨. �®á«¥¤−¥¥
¯®−ïâ¨¥ −¥£�â¨¢−® ¨ à¥«¥¢�−â−® ®â§ë¢�¬ ® ä¨«ì¬�å.

4 Извлечение оценочных словарей на основе комбинированных
знаний

�«£®à¨â¬ ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢ ¢ §�¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¯®¤-
à�§¤¥«ï¥âáï −� ¤¢� íâ�¯�, ª®â®àë¥ ¡ã¤ãâ à�áá¬®âà¥−ë −¨¦¥. Œ®¤¥«ì ¨§¢«¥ç¥−¨ï
á«®¢ áâà®¨âáï ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ®â§ë¢®¢ ® ä¨«ì¬�å, � §�â¥¬ ¯¥à¥−®á¨âáï
¢ ¤àã£¨¥ ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨.

4.1 Этап 1. Извлечение оценочного словаря предметной области из текстовой
коллекции

�� ¯¥à¢®¬ íâ�¯¥ ¤«ï ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢ ¢ ª�¦¤®© ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨á¯®«ì§ãîâáï âà¨ â¥ªáâ®¢ë¥ ª®««¥ªæ¨¨.

�á−®¢−®© ª®««¥ªæ¨¥© ï¢«ï¥âáï ®¡«�áâì ®â§ë¢®¢ ¯®«ì§®¢�â¥«¥© ¢ §�¤�−−®©
¯à¥¤¬¥â−®© ®¡«�áâ¨ (æ¥«¥¢�ï ª®««¥ªæ¨ï | DOM), ¡®«ìè¨−áâ¢ã ®â§ë¢®¢ ¯à¨¯¨-
á�−� ç¨á«®¢�ï ®æ¥−ª�, á®®¡é�îé�ï ®â−®è¥−¨¥ ¯®«ì§®¢�â¥«ï ª ä¨«ì¬ã, ®¡áã¦¤�-
¥¬®¬ã ¢ ¤�−−®¬ ®â§ë¢¥. ’�ª�ï ª®««¥ªæ¨ï á®¤¥à¦¨â §−�ç¨â¥«ì−®¥ ª®«¨ç¥áâ¢® ª�ª
®æ¥−®ç−ëå á«®¢, â�ª ¨ â¥à¬¨−®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ (�ªâ¥à, à¥¦¨áá¥à, ª�áâ¨−£
¨ ¤à.).
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’�¡«¨æ� 1 Š®«¨ç¥áâ¢® ¤®ªã¬¥−â®¢ ¯® ¯à¥¤¬¥â−ë¬ ®¡«�áâï¬, ¨á¯®«ì-
§®¢�¢è¨åáï ¢ íªá¯¥à¨¬¥−â�å

�¡«�áâì Š®«¨ç¥áâ¢® ®â§ë¢®¢ Š®«¨ç¥áâ¢® ®¯¨á�−¨©
”¨«ì¬ë 28 773 17 680
Š−¨£¨ 23 883 22 321
ˆ£àë 7 928 1 853
–¨äà®¢ë¥ ª�¬¥àë 10 208 920
Œ®¡¨«ì−ë¥ â¥«¥ä®−ë 30 620 890

„«ï ¤�−−®£® íªá¯¥à¨¬¥−â� ¨á¯®«ì§®¢�«¨áì ª®««¥ªæ¨¨ ®â§ë¢®¢, á®¡à�−−ë¥
á ®−«�©−®¢ëå á¥à¢¨á®¢ imhonet.ru ¨ market.yandex.ru ¢ ¯ïâ¨ ¯à¥¤¬¥â−ëå ®¡«�-
áâïå: ä¨«ì¬ë, ª−¨£¨, ª®¬¯ìîâ¥à−ë¥ ¨£àë, ¬®¡¨«ì−ë¥ â¥«¥ä®−ë ¨ æ¨äà®¢ë¥
ª�¬¥àë (â�¡«. 1).

‚ ª�ç¥áâ¢¥ ¢â®à®© ª®««¥ªæ¨¨, ®â−®áïé¥©áï ª ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¢ë¡à�−�
®¡«�áâì ®¯¨á�−¨© ®¡ê¥ªâ®¢ ®â§ë¢� (ª®««¥ªæ¨ï ®¯¨á�−¨© | DESCR). „«ï ®¡«�áâ¨
ä¨«ì¬®¢ ¨ ª−¨£ íâ® ®¯¨á�−¨ï ¨å áî¦¥â®¢, ¤«ï ®â§ë¢®¢ ® â¥å−¨ç¥áª¨å ãáâà®©-
áâ¢�å | ®¯¨á�−¨ï íâ¨å â¥å−¨ç¥áª¨å ãáâà®©áâ¢. ‚ íâ®© ª®««¥ªæ¨¨ á®¤¥à¦�âáï
−¥¡®«ìè�ï ¤®«ï ®æ¥−®ç−ëå á«®¢ ¨ ¬−®¦¥áâ¢® á«®¢, ®â−®áïé¨åáï ª ¯à¥¤¬¥â−®©
®¡«�áâ¨. ’�ª¨¬ ®¡à�§®¬, â�ª®© ª®à¯ãá ¬®¦¥â ¨á¯®«ì§®¢�âìáï ª�ª ª®−âà�áâ−ë©
ª®à¯ãá ª ª®««¥ªæ¨¨ ®â§ë¢®¢ (á¬. â�¡«. 1).

‚ ª�ç¥áâ¢¥ ¤àã£®£® ª®−âà�áâ−®£® ª®à¯ãá� ¨á¯®«ì§ã¥âáï ª®««¥ªæ¨ï −®¢®áâ¥©
(−®¢®áâ−�ï ª®««¥ªæ¨ï | NEWS) | 1 ¬«− ¤®ªã¬¥−â®¢. ‚ íâ®¬ ª®à¯ãá¥ á®¤¥à¦¨âáï
®â−®á¨â¥«ì−® −¨§ª�ï ¤®«ï ª�ª ®æ¥−®ç−ëå, â�ª ¨ ¯à¥¤¬¥â−®-®à¨¥−â¨à®¢�−−ëå
á«®¢ ¨§ ®â§ë¢®¢.

�� ®á−®¢¥ íâ¨å ª®««¥ªæ¨© ¤«ï ª�¦¤®£® §−�¬¥−�â¥«ì−®£® á«®¢� w (áãé¥-
áâ¢¨â¥«ì−®£®, ¯à¨«�£�â¥«ì−®£®, £«�£®«�, −�à¥ç¨ï), ¢áâà¥ç�îé¥£®áï ¢ ª®««¥ªæ¨¨
®â§ë¢®¢, ¢ëç¨á«ï¥âáï á®¢®ªã¯−®áâì ¯à¨§−�ª®¢, ®¯¨áë¢�îé¨å ú¯®¢¥¤¥−¨¥û á«®¢�
¢ ¢ëè¥¯¥à¥ç¨á«¥−−ëå ª®««¥ªæ¨ïå.

�¥à¢®© £àã¯¯®© ¯à¨§−�ª®¢ ï¢«ïîâáï ç�áâ®â−ë¥ ¯à¨§−�ª¨, ¢ëç¨á«¥−−ë¥ ¯®
ª�¦¤®© ¨§ â¥ªáâ®¢ëå ª®««¥ªæ¨©. ’�ª¨¥ ¯à¨§−�ª¨ ¢ª«îç�îâ:

{ ®¡é¨¥ ç�áâ®âë ¢áâà¥ç�¥¬®áâ¨ á«®¢ ¢ à�§−ëå ª®««¥ªæ¨ïå (tfw);
{ ¤®ªã¬¥−â−ë¥ ç�áâ®âë (dfw) | ç¨á«® ¤®ªã¬¥−â®¢, ¢ ª®â®àëå ã¯®âà¥¡«ï«®áì

á«®¢® w;
{ ç�áâ®â� ã¯®âà¥¡«¥−¨ï á«®¢ á ¡®«ìè®© ¡ãª¢ë (¯à¥¤¯®«�£�¥âáï, çâ® ®æ¥−®ç−ë¥

á«®¢� ®¡ëç−® −¥ ï¢«ïîâáï ¨¬¥−�¬¨ á®¡áâ¢¥−−ë¬¨);
{ ç�áâ®â� ¢áâà¥ç�¥¬®áâ¨ á«®¢� á® á«®¢�¬¨-®¯¥à�â®à�¬¨, ãá¨«¨¢�îé¨¬¨ ¨«¨

¬¥−ïîé¨¬¨ â®−�«ì−®áâì á«®¢� −� ¯à®â¨¢®¯®«®¦−ãî, −�¯à¨¬¥à −¥ ®ç¥−ì.

�à¨§−�ª¨ ¢â®à®© £àã¯¯ë | ª®−âà�áâ−ë¥ ¯à¨§−�ª¨ | áç¨â�îâáï ¯® à�§−ë¬
ª®à¯ãá�¬. ‚ ¨å á®áâ�¢ ¢å®¤¨â ¯à¨§−�ª Câà�−−®áâì [15] ¨ ¨§¢¥áâ−ë© ¢ ¨−ä®à-
¬�æ¨®−−®¬ ¯®¨áª¥ ¯à¨§−�ª tf.idf. �¡� â¨¯� ¯à¨§−�ª®¢ ¯à¨§¢�−ë §�ä¨ªá¨à®¢�âì
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Š®¬¡¨−¨à®¢�−¨¥ â¥§�ãàãá−ëå ¨ ª®à¯ãá−ëå §−�−¨© ¤«ï ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢

¡®«¥¥ ¢ëá®ªãî ¤®«î ®æ¥−®ç−ëå á«®¢ ¢ æ¥«¥¢®¬ ª®à¯ãá¥ DOM ¯® áà�¢−¥−¨î
á ª®−âà�áâ−ë¬¨ ª®à¯ãá�¬¨.

�à¨§−�ª ‘âà�−−®áâì ¢ëç¨á«ï¥âáï −� ¤¢ãå ª®à¯ãá�å, ®¤¨− ¨§ ª®â®àëå |
ª®à¯ãá ®â§ë¢®¢ DOM, � ¢â®à®© | ª®−âà�áâ−ë©: DESCR ¨«¨ NEWS.

óÔÒÁÎÎÏÓÔØ =
ws/ts
wg/tg

,

£¤¥ ws | ç�áâ®â� ã¯®âà¥¡«¥−¨ï á«®¢� ¢ ª®à¯ãá¥ s; ts | ®¡é¥¥ ª®«¨ç¥áâ¢®
á«®¢ ¢ ª®à¯ãá¥ s; wg | ç�áâ®â� ã¯®âà¥¡«¥−¨ï á«®¢� ¢ ª®−âà�áâ−®¬ ª®à¯ãá¥ g;
tg | ®¡é¥¥ ª®«¨ç¥áâ¢® á«®¢ ¢ ª®−âà�áâ−®¬ ª®à¯ãá¥ g. ‚¬¥áâ® ª®«¨ç¥áâ¢�
ã¯®âà¥¡«¥−¨© á«®¢� ¢ ª®««¥ªæ¨¨ (tfw) ¤«ï ¢ëç¨á«¥−¨ï ¤�−−®£® ¯à¨§−�ª� ¬®¦¥â
¡ëâì ¨á¯®«ì§®¢�−� ¨ ¤®ªã¬¥−â−�ï ç�áâ®â� dfw.

’�ª¨¬ ®¡à�§®¬, ¤�−−ë© â¨¯®¢®© ¯à¨§−�ª ¯®à®¦¤�¥â âà¨ ª®−ªà¥â−ëå
¯à¨§−�ª� óÔÒÁÎÎÏÓÔØdf −� ¯�à�å ª®à¯ãá®¢ DOM{DESCR, DOM{NEWS
¨ óÔÒÁÎÎÏÓÔØtf −� ¯�à¥ ª®à¯ãá®¢ DOM{DESCR.

�à¨§−�ª tf.idf ®¡ëç−® ¨á¯®«ì§ã¥âáï ¤«ï ¢ëç¨á«¥−¨ï ¢¥á� á«®¢� ¢ ¤®ªã¬¥−â¥
¯à¨ ¨−ä®à¬�æ¨®−−®¬ ¯®¨áª¥: tf | íâ® ®¡ëç−® ç�áâ®â� ã¯®¬¨−�−¨ï á«®¢� ¢ ®â-
¤¥«ì−®¬ ¤®ªã¬¥−â¥, idf | íâ® ®¡à�â−�ï ¤®ªã¬¥−â−�ï ç�áâ®â� df ã¯®¬¨−�−¨ï á«®¢
¢ â¥ªáâ®¢®© ª®««¥ªæ¨¨, ¢ ª®â®à®© ¯à®¨§¢®¤¨âáï ¯®¨áª.

‚ ®¯¨áë¢�¥¬ëå íªá¯¥à¨¬¥−â�å ¨á¯®«ì§ã¥âáï tfw | ç�áâ®â� á«®¢� ¢ æ¥«¥¢®©
ª®««¥ªæ¨¨ DOM, � dfw ¢ëç¨á«ï¥âáï ¯® ª®−âà�áâ−ë¬ ª®««¥ªæ¨ï¬.

‚ «¨â¥à�âãà¥ ¢áâà¥ç�îâáï à�§«¨ç−ë¥ ä®à¬ã«ë ¤«ï ¢ëç¨á«¥−¨ï tf.idf. ‚ ¤�−-
−®© à�¡®â¥ ¨á¯®«ì§®¢�«�áì ä®à¬ã«� ¨§ [16]:

tf.idf = β + (1− β) · tf · idf ,

£¤¥

tf (l) =
freq (l)

freq (l) + 0,5 + 1,5dl/avg dl
; idf (l) =

log ((|c|+ 0,5) /df (l))
log(|c| + 1) ,

£¤¥ freq (l)| ç�áâ®â� ¢å®¦¤¥−¨ï á«®¢� l ¢ æ¥«¥¢ãî ª®««¥ªæ¨î; dl | ª®«¨ç¥áâ¢®
á«®¢®ã¯®âà¥¡«¥−¨© ¢ æ¥«¥¢®© ª®««¥ªæ¨¨; avg dl | áà¥¤−ïï ¤«¨−� ¤®ªã¬¥−â�;
df (l)| ª®«¨ç¥áâ¢® ¤®ªã¬¥−â®¢ ¢ ª®−âà�áâ−®© ª®««¥ªæ¨¨, ¢ ª®â®àëå ¢áâà¥ç�¥âáï
á«®¢® l; β = 0,4; |c| | ®¡é¥¥ ç¨á«® ¤®ªã¬¥−â®¢ ¢ ª®−âà�áâ−®© ª®««¥ªæ¨¨.

�®áª®«ìªã ®æ¥−®ç−ë¥ á«®¢�à¨ á®§¤�îâáï −� ®á−®¢¥ ®â§ë¢®¢ ¯®«ì§®¢�â¥«¥©,
ª®â®àë¥ ®¡ëç−® á®¯à®¢®¦¤�îâáï ç¨á«®¢®© ®æ¥−ª®© ¢ ¡�««�å, â® â�ª¦¥ ¢®§¬®¦−®
¨á¯®«ì§®¢�âì íâ¨ ¤�−−ë¥ ¤«ï á®§¤�−¨ï ®â¤¥«ì−®© £àã¯¯ë ¯à¨§−�ª®¢ −� ®á−®¢¥
®æ¥−®ª ¯®«ì§®¢�â¥«¥©.

‚ á®áâ�¢ íâ¨å ¯à¨§−�ª®¢ ¢å®¤¨â ¯à¨§−�ª ®âª«®−¥−¨ï ®â áà¥¤−¥© ®æ¥−ª¨. �−
¢ëç¨á«ï¥âáï ª�ª à�§−¨æ� ¬¥¦¤ã áà¥¤−¥© ®æ¥−ª®© ®â§ë¢®¢, ¢ ª®â®àëå ã¯®¬¨−�«®áì
á«®¢®, ¨ áà¥¤−¥© ®æ¥−ª®© ®â§ë¢�:
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dev (l) =

∣

∣

∣

∣

∣

∣

∑n

i=1
miki

k
−
∑n

i=1
mi

n

∣

∣

∣

∣

∣

∣

,
n
∑

i=1

ki = k ,

£¤¥ l | à�áá¬�âà¨¢�¥¬®¥ á«®¢®; n | ®¡é¥¥ ç¨á«® ®â§ë¢®¢ ¢ ª®««¥ªæ¨¨; mi |
®æ¥−ª� i-£® ®â§ë¢�; ki | ç�áâ®â� ã¯®¬¨−�−¨ï á«®¢� ¢ i-¬ ®â§ë¢¥ (¬®¦¥â ¡ëâì
à�¢−®© 0); k | ç�áâ®â� á«®¢� ¢ ª®««¥ªæ¨¨.

‚â®à®© ¯à¨§−�ª ¢ íâ®© £àã¯¯¥ | íâ® ¤¨á¯¥àá¨ï ®æ¥−ª¨ á«®¢�. �â®â ¯à¨§−�ª
¯®ª�§ë¢�¥â, −�áª®«ìª® §−�ç¨â¥«ì−® à�§«¨ç�îâáï ®æ¥−ª¨ ®â§ë¢®¢, ¢ ª®â®àëå
ã¯®¬¨−�¥âáï á«®¢®. �à¥¤¯®«�£�¥âáï, çâ® ¥á«¨ á«®¢® ã¯®¬¨−�¥âáï ¢ à�§«¨ç−ëå
®â§ë¢�å á ¯®å®¦¨¬¨ ®æ¥−ª�¬¨, â® íâ®, áª®à¥¥ ¢á¥£®, ®æ¥−®ç−®¥ á«®¢®:

var (l) =

∑n

i=1
m2i ki

k
−





∑n

i=1
miki

k





2

,

n
∑

i=1

ki = k .

�â¤¥«ì−ãî £àã¯¯ã ¯à¨§−�ª®¢ á®áâ�¢«ïîâ «¨−£¢¨áâ¨ç¥áª¨¥ ¯à¨§−�ª¨,
¢ª«îç�îé¨¥ ¡¨−�à−ë¥ ¯à¨§−�ª¨ ç�áâ¨ à¥ç¨, ¬−®£®§−�ç−®áâ¨ ç�áâ¨ à¥ç¨ ¤«ï
á«®¢�, ¯à¨§−�ª −�«¨ç¨ï ¯à¨áâ�¢ª¨ ¨§ ¯à¥¤®¯à¥¤¥«¥−−®£® á¯¨áª� ¯à¨áâ�¢®ª,
ç�áâ® ¢áâà¥ç�îé¨åáï ¢ á®áâ�¢¥ ®æ¥−®ç−ëå á«®¢ (−¥, ¡¥§, ¡¥á ¨ ¤à.).

„«ï ®¡ãç¥−¨ï �«£®à¨â¬� ¡ë«¨ à�§¬¥ç¥−ë ¢á¥ á«®¢� á ç�áâ®â®© ¢áâà¥ç�¥¬®áâ¨
¡®«¥¥ 3 ¢ ª®««¥ªæ¨¨ ®â§ë¢®¢ ® ä¨«ì¬�å. ÷�§¬¥âª� ¡ë«� á¤¥«�−� ¤¢ã¬ï à�§¬¥âç¨-
ª�¬¨. …á«¨ ¢®§−¨ª�«® −¥á®£«�á¨¥ ¬¥¦¤ã à�§¬¥âç¨ª�¬¨, â® à¥è¥−¨¥ ¯à¨−¨¬�«®áì
−� ®á−®¢¥ á®¢¬¥áâ−®£® ®¡áã¦¤¥−¨ï. ‚ à¥§ã«ìâ�â¥ ¡ë«® à�§¬¥ç¥−® 4079 â®−�«ì−ëå
á«®¢. ‹ãçè¥¥ ª�ç¥áâ¢® ¢ §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨ −� ¤¢� ª«�áá� (®æ¥−®ç−®¥ á«®¢® vs.
−¥®æ¥−®ç−®¥ á«®¢®) ¡ë«® ¤®áâ¨£−ãâ® −� ®á−®¢¥ −�¡®à� ª«�áá¨ä¨ª�â®à®¢ Logistic
Regression, LogitBoost ¨ Random Forest ¨§ ¯à®£à�¬¬−®£® ¯�ª¥â� WEKA. „«ï
íâ®£® ¢¥à®ïâ−®áâ¨ ®æ¥−®ç−®áâ¨ á«®¢, ¢ë¤�¢�¥¬ë¥ ®â¤¥«ì−ë¬¨ ª«�áá¨ä¨ª�â®à�-
¬¨, ãáà¥¤−ï«¨áì.

÷¥§ã«ìâ�â®¬ ¯à¨¬¥−¥−¨ï ®¯¨á�−−®£® ¬¥â®¤� áâ�« á¯¨á®ª á«®¢, ã¯®àï¤®ç¥−−ë©
¯® ®æ¥−¨¢�¥¬®© ¢¥à®ïâ−®áâ¨ ¨å ®æ¥−®ç−®áâ¨ | ®æ¥−®ç−ë¬ ¢¥á�¬. �â®â �«£®à¨â¬
à�á¯®«�£�¥â ®æ¥−®ç−ë¥ á«®¢� ¡«¨¦¥ ª −�ç�«ã á¯¨áª� ¨ ¯à¨á¢�¨¢�¥â ¨¬ ¢ëá®ª¨¥
®æ¥−®ç−ë¥ ¢¥á�, � −¥©âà�«ì−ë¥ á«®¢� á −¨§ª¨¬¨ ®æ¥−®ç−ë¬¨ ¢¥á�¬¨ | ¡«¨¦¥
ª ª®−æã á¯¨áª�.

‚ ¨â®£¥ ¤«ï ®â§ë¢®¢ ® ä¨«ì¬�å ¡ë« ¯®«ãç¥− á¯¨á®ª ¨§ ¡®«¥¥ ç¥¬ 18 âëá. á«®¢.
�� ¯¥à¢ëå ¯®§¨æ¨ïå á¯¨áª� ®ª�§�«¨áì á«®¢�: −¥−�¯àï¦−ë©, −¥á¬¥è−®©, −¥¯®¤à�-
¦�¥¬ë©, −¥¢−ïâ−ë©, −¥¯à�¢¤®¯®¤®¡−ë©, −¥¨−â¥à¥á−ë©, −¥¦−ë©, ®â«¨ç−¥©è¨©,
−¥á¯¥è−ë©, ¡¥§¤�à−ë© ¨ ¤à.

‘«®¢® �â¬®áä¥à−ë© à�á¯®«�£�¥âáï −� ¤®áâ�â®ç−® ¢ëá®ª®© 830-© ¯®§¨æ¨¨
¢ ¯®à®¦¤¥−−®¬ á¯¨áª¥. �ç¥¢¨¤−ë¥ ®æ¥−®ç−ë¥ ¯à¨«�£�â¥«ì−ë¥ ¢ ®¡«�áâ¨ ®â-
§ë¢®¢ ® ä¨«ì¬�å ¡¥§¢ªãá−ë© ¨ ¯à¥á−ë© §�−¨¬�îâ ªã¤� ¡®«¥¥ ¢ëá®ª¨¥ ¯®§¨æ¨¨:
139-î ¨ 193-î. �® ®¡à�§®¢�−−ë¥ ®â −¨å áãé¥áâ¢¨â¥«ì−ë¥ ¯à¥á−®áâì, ¡¥§¢ªãá¨¥,
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Š®¬¡¨−¨à®¢�−¨¥ â¥§�ãàãá−ëå ¨ ª®à¯ãá−ëå §−�−¨© ¤«ï ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢

’�¡«¨æ� 2 ’®ç−®áâì ®æ¥−®ç−ëå á¯¨áª®¢ ¢ ¯à¥¤¬¥â−ëå ®¡«�áâïå −� ãà®¢−¥ 100 ¨ 1000
¯¥à¢ëå á«®¢

�à¥¤¬¥â−�ï ®¡«�áâì
��§®¢ë© ãà®¢¥−ì

P@100
+÷ã’¥§
P@100

��§®¢ë© ãà®¢¥−ì
P@1000

+÷ã’¥§
P@1000

”¨«ì¬ë 99% 100% 81,5% 85,5%
Š−¨£¨ 99% 100% 86,0% 86,2%
ˆ£àë 97% 100% 72,2% 73,1%
–¨äà®¢ë¥ ª�¬¥àë 85% 92% 65,8% 66,3%
Œ®¡¨«ì−ë¥ â¥«¥ä®−ë 85% 97% 73,2% 78,6%
�¡®¡é¥−−�ï ®¡«�áâì ¯à®¤ãªâ®¢ 100% 100% 90,5% 95,2%

¡¥§¢ªãá−®áâì ¢®®¡é¥ ®âáãâáâ¢ãîâ ¢ á¯¨áª¥ ¨§-§� á¢®¥© ¬�«®© ç�áâ®âë ã¯®âà¥¡«¥-
−¨ï ¢ ®â§ë¢�å, � ¡¥§¢ªãá¨æ� §�−¨¬�¥â 1515-î ¯®§¨æ¨î. �®íâ®¬ã ¢¨¤−®, çâ® ãç¥â
â¥§�ãàãá−ëå á¢ï§¥© ¬®¦¥â ã«ãçè¨âì ã¯®àï¤®ç¥−¨¥ ®æ¥−®ç−ëå á«®¢ ¢ á¯¨áª¥.

�à¥¤«®¦¥−−�ï ¬®¤¥«ì ¡ë«� ¯¥à¥−¥á¥−� −� ¤àã£¨¥ ç¥âëà¥ ®¡«�áâ¨ ®â§ë¢®¢
(ª−¨£¨, ¨£àë, æ¨äà®¢ë¥ ª�¬¥àë ¨ ¬®¡¨«ì−ë¥ â¥«¥ä®−ë) ¡¥§ ¤®¯®«−¨â¥«ì−ëå
§�âà�â −� ®¡ãç¥−¨¥. Š�ç¥áâ¢® ¨§¢«¥ç¥−−ëå ®æ¥−®ç−ëå á«®¢�à¥© ¯à¥¤áâ�¢«¥−®
¢ â�¡«. 2 ¢ ª®«®−ª�å ¯®¤ −�§¢�−¨¥¬ ��§®¢ë© ãà®¢¥−ì. �à¥¤áâ�¢«¥−® ¤¢�
¯®ª�§�â¥«ï â®ç−®áâ¨: â®ç−®áâì −� ãà®¢−¥ ¯¥à¢ëå 100 á«®¢ ¢ á¯¨áª¥ (��§®¢ë©
ãà®¢¥−ì P@100) ¨ â®ç−®áâì −� ãà®¢−¥ ¯¥à¢ëå 1000 á«®¢ ¢ á¯¨áª¥ (��§®¢ë©
ãà®¢¥−ì P@1000).

4.2 Улучшение оценочного словаря предметной области на основе тезауруса
РуТез

„«ï ã«ãçè¥−¨ï ª�ç¥áâ¢� ¯®à®¦¤�¥¬®£® á¯¨áª� ®æ¥−®ç−ëå á«®¢ ¯à¨¬¥−ï¥âáï
â¥§�ãàãá àãááª®£® ï§ëª� ÷ã’¥§. �� ¢å®¤ �«£®à¨â¬� ¯®áâã¯�¥â á¯¨á®ª á«®¢,
ã¯®àï¤®ç¥−−ëå ¯® ¬¥à¥ ¢¥à®ïâ−®áâ¨ ¨å ®æ¥−®ç−®áâ¨. ‘¯¨á®ª ¯®«ãç¥− −� ®á−®¢¥
¯à¨¬¥−¥−¨ï ¬¥â®¤� ¬�è¨−−®£® ®¡ãç¥−¨ï, ®¯¨á�−−®£® ¢ ¯à¥¤ë¤ãé¥¬ ¯®¤à�§¤¥«¥.

‘«®¢�, á®¤¥à¦�é¨¥áï ¢ á¯¨áª¥, ¨¬¥îâ à�§«¨ç−ë© áâ�âãá ®â−®á¨â¥«ì−® â¥§�-
ãàãá� ÷ã’¥§. —�áâì á«®¢ −¥ á®¤¥à¦¨âáï ¢ â¥§�ãàãá¥, −�¯à¨¬¥à âà¨ ¨§ −�¨¡®«¥¥
¢¥à®ïâ−ëå ®æ¥−®ç−ëå á«®¢ ¢ ®¡«�áâ¨ ä¨«ì¬®¢ −¥ á®¤¥à¦�âáï ¢ â¥§�ãàãá¥. ‚â®-
à�ï ç�áâì á«®¢ ®¯¨á�−� ¢ â¥§�ãàãá¥ ¨ à®¢−® ¢ â¥å §−�ç¥−¨ïå, ¢ ª®â®àëå á«®¢�
ã¯®âà¥¡«ïîâáï ¢ ®â§ë¢�å. �®á«¥¤−ïï ç�áâì á«®¢ (â�ª¨å ª�ª á«®¢® �â¬®áä¥à-
−ë©) ¯à¥¤áâ�¢«¥−� ¢ â¥§�ãàãá¥ ®¤−�ª® ¢ ®â§ë¢�å ® ä¨«ì¬�å ¨ ª−¨£�å íâ¨ á«®¢�
ã¯®âà¥¡«ïîâáï ¢ ¤àã£®¬ §−�ç¥−¨¨ ¨ ¨¬¥îâ ¤àã£ãî â®−�«ì−®áâì. ’�ª¨¬ ®¡à�§®¬,
®¯¨á�−¨ï á«®¢ ¢ â¥§�ãàãá¥ ÷ã’¥§ ¤®«¦−ë ¨á¯®«ì§®¢�âìáï â�ª, çâ®¡ë −¥ ãåã¤è¨âì
¨áå®¤−ë© á¯¨á®ª.

�á−®¢−�ï ¨¤¥ï �«£®à¨â¬� ãâ®ç−¥−¨ï ®æ¥−®ç−®£® «¥ªá¨ª®−� | íâ® �¢â®¬�â¨-
ç¥áª®¥ à�§¤¥«¥−¨¥ ¯®−ïâ¨© â¥§�ãàãá� −� ®æ¥−®ç−ë¥ ¨ −¥©âà�«ì−ë¥ ¨ ¤�«ì−¥©è¥¥
¨á¯®«ì§®¢�−¨¥ ¯®«ãç¥−−®© à�§¬¥âª¨ ¤«ï ¯¥à¥à�−¦¨à®¢�−¨ï á¯¨áª� ®æ¥−®ç−ëå
á«®¢. �â®â ¯à®æ¥áá, ¢ ¯à®â¨¢®¯®«®¦−®áâì ¢ëè¥ã¯®¬ï−ãâ®¬ã �«£®à¨â¬ã Label
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Propagation, à¥£ã«¨àã¥âáï ¯®áà¥¤áâ¢®¬ à�−¥¥ ¯®«ãç¥−−ëå ¢¥á®¢ ®æ¥−®ç−®áâ¨
á«®¢.

�¡®§−�ç¨¬ ¯®«ãç¥−−ë© −� ¢å®¤¥ «¥ªá¨ª®−, ¢ ª®â®à®¬ á«®¢� ã¯®àï¤®ç¥−ë ¯®
¨å ®æ¥−®ç−®¬ã ¢¥áã (sw), ª�ª WD. ‘−�ç�«� �«£®à¨â¬ ä®à¬¨àã¥â ¤¢� ¬−®¦¥áâ¢�
â¥§�ãàãá−ëå ¯®−ïâ¨©, ¨á¯®«ì§ãï á«®¢�, à�á¯®«®¦¥−−ë¥ −� ®¡®¨å ª®−æ�å á¯¨áª�:
Ls | ¯®−ïâ¨ï, ª®â®àë¥ ¯à¥¤¯®«�£�îâáï ®æ¥−®ç−ë¬¨, ¨ Ln | −¥©âà�«ì−ë¥
¯®−ïâ¨ï. „«ï íâ®£® ¢ëç¨á«ïîâáï áà¥¤−¨¥ ®æ¥−®ç−ë¥ ¢¥á� ¯®−ïâ¨© csw ¯®
¨å â¥ªáâ®¢ë¬ ¢å®¤�¬ ¨§ á¯¨áª� WD. ‡�â¥¬ �«£®à¨â¬ ¢−®á¨â ¢ Ls ¯®−ïâ¨ï
á ¢ëá®ª¨¬ áà¥¤−¨¬ ¢¥á®¬ (csws > csws0), â�ª¦¥ ¢ íâ® ¬−®¦¥áâ¢® ¢−®áïâáï
¯®−ïâ¨ï, á®®â¢¥âáâ¢ãîé¨¥ á«®¢�¬ ¯«®å®© ¨ å®à®è¨©. �®−ïâ¨ï á −¨§ª¨¬ áà¥¤−¨¬
¢¥á®¬ (cswn < cswn0) ¤®¡�¢«ïîâáï ª ¬−®¦¥áâ¢ã −¥©âà�«ì−ëå ¯®−ïâ¨© Ln,
ª®â®à®¥ ä®à¬¨àã¥âáï ¡¥§ ¢áïª¨å ¤®¯®«−¨â¥«ì−ëå ¯à¥¤®¯à¥¤¥«¥−−ëå ¯®−ïâ¨©.
‚ íªá¯¥à¨¬¥−â�å ¡ë«¨ ¯®«ãç¥−ë á«¥¤ãîé¨¥ §−�ç¥−¨ï: csws0 = 0,85 ¨ cswn0 =
= 0,05.

„�«¥¥ ª�¦¤®¥ ¬−®¦¥áâ¢® (Ls ¨ Ln) ¨â¥à�â¨¢−® ¯®¯®«−ï¥âáï ¯®−ïâ¨ï¬¨ −�
®á−®¢¥ ¯à®¢¥àª¨ ¤¢ãå ãá«®¢¨©: ¯®à®£®¢ ¤«ï ª�¦¤®£® ¬−®¦¥áâ¢� −� ®æ¥−®ç−ë¥ ¢¥á�
¯®−ïâ¨© ¨ ç¨á«� ¯àï¬ëå ®â−®è¥−¨© ¢ â¥§�ãàãá¥ ¬¥¦¤ã ¯®−ïâ¨¥¬ ¨ ¬−®¦¥áâ¢�¬¨.

”®à¬�«ì−® Ls ¨ Ln ¨â¥à�â¨¢−® −�¡¨à�îâáï, ª�ª ¯®ª�§�−® ¢ ¯á¥¢¤®ª®¤¥
�«£®à¨â¬ 1.

�«£®à¨â¬ 1

Input: á¯¨á®ª ¯®−ïâ¨© WD á ¢¥á�¬¨ csw
Output: Ls, Ln

Ls = {Cbad, Cgood} ∪ Chigh, Chigh = {Ci : csw (Ci) > 0.85},
Ln = Ln ∪ Clow, Clow = {Ci : csw (Ci) < 0.05}
θ = 0.1, Nlink = 3, Ls iter = Ls, Ln iter = Ln

while θ < 0.6
for C ∈ Adj (Ls)
if nlink (C, Ls) > Nlink&&csw (C) > 0.7− θ
then Include (C, Ls);
end

for C ∈ Adj (Ln)
if nlink (C, Ln) > Nlink&&csw (C) < θ
then Include (C, Ln);
end

if Ln == Ln iter&&Ls == Ls iter

then Nlink = Nlink− 1;
if Nlink == 0
then θ = θ + 0.05, Nlink = 3;

Ln = Ln iter, Ls = Ls iter

end
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Š®¬¡¨−¨à®¢�−¨¥ â¥§�ãàãá−ëå ¨ ª®à¯ãá−ëå §−�−¨© ¤«ï ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢

�«£®à¨â¬ ¨á¯®«ì§ã¥â á«¥¤ãîéãî −®â�æ¨î:

{ Adj(L)| íâ® ¬−®¦¥áâ¢® ¯®−ïâ¨©, á¢ï§�−−ëå −¥¯®áà¥¤áâ¢¥−−ë¬¨ ®â−®è¥−¨-
ï¬¨ á ¯®−ïâ¨ï¬¨ ¨§ ¬−®¦¥áâ¢� L;

{ nlink(C,L) | íâ® äã−ªæ¨ï, ¢®§¢à�é�îé�ï ç¨á«® ¯àï¬ëå â¥§�ãàãá−ëå
®â−®è¥−¨© ¬¥¦¤ã ¯®−ïâ¨¥¬ C ¨ ¬−®¦¥áâ¢®¬ L.

�� ¯®á«¥¤−¥¬ è�£¥ ¢¥á� sw ¢á¥å á«®¢, á®®â¢¥âáâ¢ãîé¨å ¯®−ïâ¨ï¬ ¨§ ¬−®-
¦¥áâ¢� Ls, ¬®¤¨ä¨æ¨àãîâáï ã¬−®¦¥−¨¥¬ ¨å −� ¬−®¦¨â¥«ì k1 (k1 > 1), � ¢¥á�
sw ¢á¥å á«®¢, ®â−®áïé¨åáï ª ¯®−ïâ¨ï¬ ¨§ Ln, ¤®¬−®¦�îâáï −� ¬−®¦¨â¥«ì k2
(0 < k2 < 1). �æ¥−®ç−ë© á¯¨á®ª á«®¢ ¯¥à¥ã¯®àï¤®ç¨¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨
á −®¢ë¬¨ ¢¥á�¬¨.

‚ à¥§ã«ìâ�â¥ à�¡®âë �«£®à¨â¬� ¤«ï ¢á¥å ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¡ë«® ¯®«ãç¥−®
ã«ãçè¥−¨¥ ª�ç¥áâ¢� ®æ¥−®ç−ëå á«®¢�à¥© (á¬. â�¡«. 2, ª®«®−ª¨ ¯®¤ −�§¢�−¨¥¬
ú+÷ã’¥§û).

5 Улучшение словаря обобщенной области продуктов и услуг

�¥á¬®âàï −� áãé¥áâ¢ãîé¨¥ à�§«¨ç¨ï ¬¥¦¤ã á«®¢�àï¬¨ ®æ¥−®ç−®© «¥ªá¨ª¨
¢ ª®−ªà¥â−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå, ¬®¦−® ¯à¥¤¯®«®¦¨âì, çâ® á«®¢�à¨ ®æ¥−®ç−®©
«¥ªá¨ª¨ ¤«ï è¨à®ª®© ®¡«�áâ¨ ¯à®¤ãªâ®¢ ¨ ãá«ã£ ¨¬¥îâ ¨ ¤®áâ�â®ç−® ¬−®£® ®¡é¥£®
¬¥¦¤ã á®¡®©. ’�ª, ®¡ê¥¤¨−¥−¨¥¬ ®æ¥−®ç−ëå á«®¢�à¥© −¥áª®«ìª¨å ¯à¥¤¬¥â−ëå
®¡«�áâ¥© ¢ ¥¤¨−ë© á«®¢�àì ¡ë« á®§¤�− á«®¢�àì ProductSentiRus1.

‚ ¤�−−®¬ ¨áá«¥¤®¢�−¨¨ ®¡−®¢«¥−−ë¥ ®æ¥−®ç−ë¥ á«®¢�à¨ ª®−ªà¥â−ëå ¯à¥¤-
¬¥â−ëå ®¡«�áâ¥© â�ª¦¥ áã¬¬¨àãîâáï ¯®áà¥¤áâ¢®¬ ä®à¬ã«ë, ª®â®à�ï ¯®¢ëè�¥â
à¥©â¨−£ á«®¢, ¢áâà¥ç�îé¨åáï ¢ ®æ¥−®ç−ëå á«®¢�àïå à�§−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©
¨ ¨¬¥îé¨å ¢ëá®ª¨© ®æ¥−®ç−ë© ¢¥á ¢ ª�¦¤®© ¨§ −¨å.

�¡ê¥¤¨−¥−−ë© ¢¥á ®æ¥−®ç−®£® á«®¢� áç¨â�¥âáï ¯® á«¥¤ãîé¥© ä®à¬ã«¥:

R(w) = max

(

probd
d∈D

(w)

)

∑

d∈D

1

|D|

(

1− posd(w)|d|

)

,

£¤¥ D | −�¡®à ¯à¥¤¬¥â−ëå ®¡«�áâ¥© (¢ ¤�−−®¬ á«ãç�¥ ¯ïâì ¯à¥¤¬¥â−ëå ®¡«�áâ¥©);
d | íâ® ã¯®àï¤®ç¥−−ë© á¯¨á®ª ®æ¥−®ç−ëå á«®¢ ¢ ª®−ªà¥â−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨;
|d| | íâ® ®¡é¥¥ ª®«¨ç¥áâ¢® á«®¢ ¢ ¤�−−®¬ á¯¨áª¥. ”ã−ªæ¨¨ probd(w) ¨ posd(w)
®âà�¦�îâ ®æ¥−®ç−ë© ¢¥á ¨ ¯®§¨æ¨î á«®¢� ¢ á¯¨áª¥ d.

’®ç−®áâì −� ãà®¢−¥ 1000 P@1000 á¯¨áª� ProductSentiRus ¡ë«� ®æ¥−¥−� ª�ª
90,5%. Š®¬¡¨−�æ¨ï ã«ãçè¥−−ëå á¯¨áª®¢ ®æ¥−®ç−ëå á«®¢ ¢ á«®¢�àì ProductSen-
tiRus+ ¤�¥â 95,2% ¢ â¥à¬¨−�å P@1000 (á¬. â�¡«. 2).

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� ProductSentiRus+ ¢ §�¤�ç¥ �−�«¨§� â®−�«ì−®áâ¨ ¨§ −¥£®
¡ë«¨ ¨§¢«¥ç¥−ë ¯¥à¢ë¥ 5000 ®æ¥−®ç−ëå á«®¢ (â® ¦¥ á�¬®¥ ª®«¨ç¥áâ¢®, çâ® ¨ ¨§
¯à¥¤ë¤ãé¥© ¢¥àá¨¨).

1http://www.cir.ru/SentiLexicon/ProductSentiRus.txt.
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’�¡«¨æ� 3 Š�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨ â¢¨â®¢ −� ®¡ê¥ªâ¨¢−ë¥ ¨ áã¡ê¥ªâ¨¢−ë¥

‘«®¢�àì ®æ¥−®ç−ëå á«®¢
’®ç−®áâì

ª«�áá¨ä¨ª�æ¨¨
�®«−®â�

ª«�áá¨ä¨ª�æ¨¨ F1-¬¥à�

‘«®¢�àì ®æ¥−®ç−ëå á«®¢,
�¢â®¬�â¨ç¥áª¨ ¯®à®¦¤¥−−ë© ¯® â¢¨â�¬ [5] | | 61,0

ProductSentiRus (¯® ¤�−−ë¬ [5]) | | 61,0
ProductSentiRus+ 58,5 84,7 69,2

�æ¥−ª� ª�ç¥áâ¢� á¯¨áª� ¡�§¨à®¢�«�áì −� â¥áâ®¢®© ª®««¥ªæ¨¨ TEST, ®¯¨á�−-
−®© ¢ à�¡®â¥ [5], ª®â®à�ï ¢ª«îç�«� 2000 â¢¨â®¢ −� àãááª®¬ ï§ëª¥. �à¥¤¯®«�-
£�«®áì, çâ® ProductSentiRus+ á®¤¥à¦¨â §−�ç¨â¥«ì−ë© ®¡ê¥¬ ®æ¥−®ç−ëå á«®¢,
ã¯®âà¥¡«ï¥¬ëå ¢ ˆ−â¥à−¥â¥ ¤«ï ®æ¥−ª¨ ®¡ê¥ªâ®¢ ¨ á®¡ëâ¨©. ’¢¨â à�áá¬�âà¨¢�«-
áï ª�ª áã¡ê¥ªâ¨¢−ë©, ¥á«¨ ¢ −¥¬ á®¤¥à¦�«®áì å®âï ¡ë ®¤−® á«®¢® ¨§ §�¤�−−®£®
−� ¢å®¤¥ á«®¢�àï. ’�¡«¨æ� 3 ¯®ª�§ë¢�¥â, çâ® ª�ç¥áâ¢® ®¯à¥¤¥«¥−¨ï (F1-¬¥-
à�) ®æ¥−®ç−ëå â¢¨â®¢ −� ®á−®¢¥ á«®¢�àï ProductSentiRus+ ¯à¥¢ëè�¥â ª�ç¥áâ¢®,
¯®«ãç¥−−®¥ −� ®á−®¢¥ ¤àã£¨å á«®¢�à−ëå à¥áãàá®¢.

6 Заключение

‚ áâ�âì¥ ®¯¨á�− ª®¬¡¨−¨à®¢�−−ë© ¯®¤å®¤ ª ¨§¢«¥ç¥−¨î ®æ¥−®ç−ëå á«®¢�à¥©
¢ à�§−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå. �� ¯¥à¢®¬ íâ�¯¥ ¤«ï á®§¤�−¨ï ®æ¥−®ç−®£®
á«®¢�àï ¨á¯®«ì§ã¥âáï −¥áª®«ìª® â¥ªáâ®¢ëå ª®««¥ªæ¨©, ¨§ ª®â®àëå ¨§¢«¥ª�îâáï
¯à¨§−�ª¨ á«®¢, ¨ á®§¤�¥âáï ¬®¤¥«ì ¨§¢«¥ç¥−¨ï á«®¢ −� ®á−®¢¥ ¬¥â®¤®¢ ¬�è¨−−®£®
®¡ãç¥−¨ï. �� ¢â®à®¬ íâ�¯¥ ã¯®àï¤®ç¥−−ë© á¯¨á®ª ®æ¥−®ç−ëå á«®¢ ãâ®ç−ï¥âáï
−� ®á−®¢¥ ¨−ä®à¬�æ¨¨ ® «¥ªá¨ç¥áª¨å ®â−®è¥−¨ïå ¬¥¦¤ã á«®¢�¬¨, ®¯¨á�−−ëå
¢ â¥§�ãàãá¥ àãááª®£® ï§ëª� ÷ã’¥§.

Š®¬¡¨−¨à®¢�−−�ï ¬®¤¥«ì ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢ ¡ë«� ¯à¨¬¥−¥−� ª −¥-
áª®«ìª¨¬ ¯à¥¤¬¥â−ë¬ ®¡«�áâï¬, ¯®«ãç¥−® ã«ãçè¥−¨¥ ª�ç¥áâ¢� ®æ¥−®ç−®£® á¯¨áª�
¤«ï íâ¨å ¯à¥¤¬¥â−ëå ®¡«�áâ¥©.

�®à®¦¤¥−−ë¥ á¯¨áª¨ ®æ¥−®ç−ëå á«®¢ ¡ë«¨ á¢¥¤¥−ë ¢ ¥¤¨−ë© á¯¨á®ª ®æ¥-
−®ç−ëå á«®¢ ¤«ï ¯à®¤ãªâ®¢ ¨ ãá«ã£, ¢ à¥§ã«ìâ�â¥ ¡ë« ¯®«ãç¥− −®¢ë© á¯¨á®ª
®æ¥−®ç−ëå á«®¢ ProductSentiRus+, ª®â®àë© ¯à¥¤áâ�¢«ï¥â á®¡®© ã«ãçè¥−−ãî
¢¥àá¨î à�−¥¥ ®¯ã¡«¨ª®¢�−−®£® á¯¨áª� ProductSentiRus. „�−−ë© ¯®¤å®¤ ª ¨§-
¢«¥ç¥−¨î á«®¢ ¬®¦¥â ¡ëâì ¯à¨¬¥−¥− ¤«ï ¤àã£¨å ï§ëª®¢ ¨ ¨á¯®«ì§®¢�âì ¤àã£¨¥
â¥§�ãàãá−ë¥ à¥áãàáë.

Литература

1. Mihalcea R., Banea C., Wiebe J. Learning multilingual subjective language via
cross-lingual projections // 45th Annual Meeting of the Association of Computational
Linguistics (ACL-2007) Proceedings. | Prague, Czech Republic, 2007. P. 976{983.

2. Steinberger J., Lenkova P., Ebrahim M., Ehrmann M., Hurriyetogly A., Kabad-
jov M., Steinberger R., Tanev H., Zavarella V., Vazquez S. Creating sentiment

30 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015



Š®¬¡¨−¨à®¢�−¨¥ â¥§�ãàãá−ëå ¨ ª®à¯ãá−ëå §−�−¨© ¤«ï ¨§¢«¥ç¥−¨ï ®æ¥−®ç−ëå á«®¢

dictionaries via triangulation // 2nd Workshop on Computational Approaches to Sub-
jectivity and Sentiment Analysis (ACL-HLT-2011) Proceedings. | Portland, Oregon,
USA, 2011. P. 28{36.

3. Chetviorkin I., Loukachevitch N. Extraction of Russian sentiment lexicon for prod-
uct meta-domain // 24th Conference (International) on Computational Linguistics
(COLING-2012) Proceedings. | Mumbai, India, 2012. P. 593{610.

4. Choi Y., Cardie C. Adapting a polarity lexicon using integer linear programming
for domain-specific sentiment classification // Conference on Empirical Methods in
Natural Language Processing (EMNLP-2009) Proceedings. | Edinburgh, Scotland,
U.K., 2009. Vol. 2. P. 590{598.

5. Hatzivassiloglou V., McKeown K. Predicting the semantic orientation of adjectives //
35th Annual Meeting of the Association for Computational Linguistics (ACL-97)
Proceedings. | Madrid, Spain, 1997. P. 174{181.

6. Velikovich L., Blair-Goldensohn S., Hannan K., McDonald R. The viability of web-
derived polarity lexicons // 11th Annual Conference of the North American Chapter
of the Association for Computational Linguistics (NAACL-2010) Proceedings. | Los
Angeles, CA, USA, 2010. P. 777{785.

7. Volkova S., Wilson Th., Yarowsky D. Exploring sentiment in social media: Bootstrap-
ping subjectivity clues from multilingual twitter streams // 51st Annual Meeting of the
Association of Computational Linguistics (ACL-13) Proceedings. | Sofia, Bulgaria,
2013. P. 505{510.

8. Feng S., Kang J. S. , Kuznetsova P., Choi Y. Connotation Lexicon: A dash of
sentiment beneath the surface meaning // 51th Annual Meeting of the Association
for Computational Linguistics (ACL-2013) Proceedings. | Sofia, Bulgaria, 2013.
P. 1774{1784.

9. Lau R., Lai C., Bruza P., Wong K.-F. Leveraging web 2.0 data for scalable
semi-supervised learning of domain-specific sentiment lexicons // 20th ACM Con-
ference (International) on Information and Knowledge Management (CIKM-2011)
Proceedings. | New York, NY, USA: ACM, 2011. P. 2457{2460.

10. Esuli A., Sebastiani F. Senti-wordnet: A publicly available lexical resource for opinion
mining // 5th Conference on Language Resources and Evaluation (LREC-2006)
Proceedings. | Genoa, Italy, 2006. P. 417{422.

11. Fellbaum Ch. WordNet: An Electronic Lexical Database. | Cambridge, MA, USA:
MIT Press, 1998.

12. Rao D., Ravichandran D. Semi-supervised polarity lexicon induction // 12th Con-
ference of the European Chapter of the ACL (EACL-2009) Proceedings. | Athens,
Greece, 2009. P. 675{682.

13. Zhu X., Ghahramani Z. Learning from labeled and unlabeled data with label prop-
agation. | Pittsburg: Carnegie Mellon University, 2002. Technical Report CMU-
CALD-02-107.

14. Loukachevitch N., Dobrov B. RuThes Linguistic Ontology vs. Russian Wordnets //
7th Global Wordnet Conference (GWC-2014) Proceedings. | Tartu, Estonia, 2014.
P. 154{162.

15. Ahmad K., Gillam L., Tostevin L. University of Surrey participation in Trec8:
Weirdness indexing for logical documents extrapolation and retrieval // 8th Text
Retrieval Conference (TREC-8) Proceedings. | Gaithersburg, MD, USA: NIST,
1999. P. 717{724.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015 31



N. V. Loukachevitch and I. I. Chetviorkin

16. Callan J. P., Croft W. B., Harding S. M. The INQUERY retrieval system // 3rd
Conference (International) on Database and Expert System Applications (DEXA-92)
Proceedings. | New York: Springer Verlag, 1992. P. 78{93.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 20.01.15

COMBINING CORPUS AND THESAURUS INFORMATION
FOR EXTRACTING SENTIMENT WORDS

N. V. Loukachevitch and I. I. Chetviorkin

Research Computing Center, M. V. Lomonosov Moscow State University, 4 Lenin-
skie Gory, Moscow 119991, Russian Federation

Abstract: The paper describes a combined approach to extraction of a domain-
specific sentiment lexicon. At first, an initial version of a domain-specific lexicon
is obtained by application of a supervised model. At the second stage, the ordered
list of sentiment words is refined using the thesaurus information. This combined
model is applied to several domains and at last, the domain-specific sentiment
lexicons are united to create an improved version of the Russian sentiment lexicon
in the generalized domain of products.

Keywords: sentiment analysis; domain adaptation; natural language processing;
thesaurus

DOI: 10.14357/08696527150102

Acknowledgments

The work was partly supported by the Russian Foundation for Basic Research
(project 14-07-00682).

References

1. Mihalcea, R., C. Banea, and J. Wiebe. 2007. Learning multilingual subjective
language via cross-lingual projections. 45th Annual Meeting of the Association of
Computational Linguistics ACL-2007 Proceedings. Prague, Czech Republic. 976{983.

2. Steinberger, J., P. Lenkova, M. Ebrahim, M. Ehrmann, A. Hurriyetogly, M. Kabad-
jov, R. Steinberger, H. Tanev, V. Zavarella, and S. Vazquez. 2011. Creating sentiment
dictionaries via triangulation. 2nd Workshop on Computational Approaches to Subjec-
tivity and Sentiment Analysis, ACL-HLT-2011 Proceedings. Oregon. 28{36.

3. Chetviorkin, I., and N. Loukachevitch. 2012. Extraction of Russian sentiment lexicon
for product meta-domain. COLING-2012 Proceedings. Mumbai. 593{610.

4. Choi, Y., and C. Cardie. 2009. Adapting a polarity lexicon using integer linear
programming for domain-specific sentiment classification. Conference on Empirical
Methods in Natural Language Processing EMNLP-2009 Proceedings. Edinburgh.
2:590{598.

32 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2015 vol 25 no 1



Combining corpus and thesaurus information for extracting sentiment words

5. Hatzivassiloglou, V., and K. McKeown. 1997. Predicting the semantic orientation of
adjectives. 35th Annual Meeting of the Association for Computational Linguistics,
ACL-1 997 Proceedings. 174{181.

6. Velikovich, L., S. Blair-Goldensohn, K. Hannan, and R. McDonald. 2010. The
viability of web-derived polarity lexicons. NAACL-2010 Proceedings. Los Angeles,
CA. 777{785.

7. Volkova, S., Th. Wilson, and D. Yarowsky. 2013. Exploring sentiment in social
media: Bootstrapping subjectivity clues from multilingual twitter streams. 51st Annual
Meeting of the Association of Computational Linguistics, ACL-13 Proceedings. Sofia,
Bulgaria. 505{510.

8. Feng, S., J. S. Kang, P. Kuznetsova, and Y. Choi. 2013. Connotation Lexicon: A dash
of sentiment beneath the surface meaning. 51th Annual Meeting of the Association for
Computational Linguistics ACL-2013 Proceedings. Sofia, Bulgaria. 1774{1784.

9. Lau, R., C. Lai, P. Bruza, and K.-F. Wong. 2011. Leveraging web 2.0 data for
scalable semi-supervised learning of domain-specific sentiment lexicons. 20th ACM
Conference (International) on Information and Knowledge Management CIKM-2011
Proceedings. New York, N.Y.: ACM. 2457{2460.

10. Esuli, A., and F. Sebastiani. 2006. SentiWordnet: A publicly available lexical resource
for opinion mining. LREC-2006 Proceedings. Genoa. 417{422.

11. Fellbaum, Ch. 1998. WordNet: An Electronic Lexical Database. Cambridge, MA:
MIT Press.

12. Rao, D., and D. Ravichandran. 2009. Semi-supervised polarity lexicon induction. 12th
Conference of the European Chapter of the ACL, EACL-2009 Proceedings. Athens.
675{682.

13. Zhu, X., and Z. Ghahramani. 2002. Learning from labeled and unlabeled data with
label propagation. Pittsburg: Carnegie Mellon University. Technical Report CMU-
CALD-02-107.

14. Loukachevitch, N., and B. Dobrov. 2014, RuThes Linguistic Ontology vs. Russian
Wordnets. Global Wordnet Conference GWC-2014 Proceedings. Tartu, Estonia. 154{
162.

15. Ahmad, K., Gillam L., and L. Tostevin. 1999. University of Surrey participation in
Trec8: Weirdness indexing for logical documents extrapolation and retrieval. 8th Text
Retrieval Conference TREC-8 Proceedings. Gaithersburg, MD: NIST. 717{724.

16. Callan, J. P., W. B. Croft, and S. M. Harding. 1992. The INQUERY retrieval
system. 3rd Conference (International) on Database and Expert Systems Applications
DEXA-92 Proceedings. New York: Springer Verlag. 78{93.

Received January 20, 2015

Contributors

Loukachevitch Natalia V. (b. 1964) | Candidate of science (PhD) in physics
and mathematics, leading scientist, Research Computing Center, M. V. Lomonosov
Moscow State University, 4 Leninskie Gory, Moscow 119991, Russian Federation;
louk nat@mail.ru
Chetviorkin Ilia I. (b. 1988) | programmer, Research Computing Center,
M. V. Lomonosov Moscow State University, 119991, Moscow, 4 Leninskie Gory,
Moscow 119991, Russian Federation; ilia2010@yandex.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2015 vol 25 no 1 33



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2015. ’. 25. ü 1. ‘. 34{53

МНОГОКРИТЕРИАЛЬНЫЙ МЕТОД ВЫЯВЛЕНИЯ НЕЧЕТКИХ
ДУБЛИКАТОВ В ПОТОКЕ ТЕКСТОВЫХ СООБЩЕНИЙ∗

А. М. Андреев1, Д. В. Березкин2, И. А. Козлов3, К. В. Симаков4

�−−®â�æ¨ï: ÷�áá¬®âà¥−� §�¤�ç� ®¡−�àã¦¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ ¢ ¯®â®ª¥
â¥ªáâ®¢ëå á®®¡é¥−¨©. �à¥¤«®¦¥−� ¬®¤¥«ì ¤®ªã¬¥−â�, ¨¬¥îé�ï ¢®§¬®¦−®áâì
£¨¡ª®© −�áâà®©ª¨ −� à�§«¨ç−ë¥ ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨. �à¥¤áâ�¢«¥− ¬−®£®ªà¨-
â¥à¨�«ì−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï ¤ã¡«¨àãîé¨åáï ¤®ªã¬¥−â®¢ −� ®á−®¢¥ ¡¨−�à−®©
ª«�áá¨ä¨ª�æ¨¨ á ¯®¬®éìî ¬¥â®¤� ®¯®à−ëå ¢¥ªâ®à®¢. �à¥¤«®¦¥− á¯®á®¡
®¡¥á¯¥ç¥−¨ï ¢ëá®ª®£® ¡ëáâà®¤¥©áâ¢¨ï ¬¥â®¤� ¯®áà¥¤áâ¢®¬ ¯à¥¤¢�à¨â¥«ì−®-
£® ®â¡®à� ª�−¤¨¤�â®¢ ¢ ¤ã¡«¨ª�âë. �à®¢¥¤¥−� íªá¯¥à¨¬¥−â�«ì−�ï ®æ¥−ª�
¯à¥¤«®¦¥−−®£® ¬¥â®¤�, ¤¥¬®−áâà¨àãîé�ï ¥£® ¯à�ªâ¨ç¥áªãî ¯à¨¬¥−¨¬®áâì.

Š«îç¥¢ë¥ á«®¢�: ®¡−�àã¦¥−¨¥ −¥ç¥âª¨å ¤ã¡«¨ª�â®¢; ¬¥à� ¡«¨§®áâ¨; ¡¨−�à-
−�ï ª«�áá¨ä¨ª�æ¨ï
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢® ¬−®£¨å ¯à¥¤¬¥â−ëå ®¡«�áâïå áãé¥áâ¢ã¥â ¯®âà¥¡−®áâì
¢ ä®à¬¨à®¢�−¨¨ ¡®«ìè¨å â¥ªáâ®¢ëå ª®««¥ªæ¨©. �à¨ íâ®¬ ¯à®¨§¢®¤¨âáï á¡®à
â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ ¨§ ®âªàëâëå ¨−â¥à−¥â-¨áâ®ç−¨ª®¢, � â�ª¦¥ á¯¥æ¨�«¨-
§¨à®¢�−−ëå à¥áãàá®¢. �á−®¢−®© ®¡«�áâìî ¨á¯®«ì§®¢�−¨ï á®§¤�¢�¥¬ëå â�ª¨¬
®¡à�§®¬ åà�−¨«¨é ¤®ªã¬¥−â®¢ ï¢«ï¥âáï ¨−â¥««¥ªâã�«ì−�ï ®¡à�¡®âª� â¥ªáâ®¢,
ª®â®àãî, ª�ª ¯à�¢¨«®, ¬®¦−® ®â−¥áâ¨ ª ª«�ááã Text Mining.

‘ à®áâ®¬ ª®«¨ç¥áâ¢� à�§−®®¡à�§−ëå ¨áâ®ç−¨ª®¢ ¤�−−ëå ¢ á¥â¨ ˆ−â¥à−¥â
(−®¢®áâ−ë¥ á�©âë, ¡«®£¨, á®æ¨�«ì−ë¥ á¥â¨) ¢á¥ ¡®«¥¥ á¥àì¥§−®© ¯à®¡«¥¬®© áâ�−®-
¢¨âáï ¤ã¡«¨à®¢�−¨¥ ¨−ä®à¬�æ¨¨. ‘®®¡é¥−¨ï, ¯ã¡«¨ªã¥¬ë¥ ®¤−¨¬ ¨áâ®ç−¨ª®¬,
§�ç�áâãî ¬−®£®ªà�â−® ¯¥à¥¯¥ç�âë¢�îâáï ¤àã£¨¬¨ (¢ ¨áå®¤−®¬ ¢¨¤¥ ¨«¨ á −¥-
¡®«ìè¨¬¨ ¨§¬¥−¥−¨ï¬¨). ‚ à¥§ã«ìâ�â¥ ¯à¨ ¢ë¯®«−¥−¨¨ �¢â®¬�â¨ç¥áª®£® á¡®à�

∗‘â�âìï à¥ª®¬¥−¤®¢�−� ª ¯ã¡«¨ª�æ¨¨ ¢ ¦ãà−�«¥ �à®£à�¬¬−ë¬ ª®¬¨â¥â®¬ ª®−ä¥à¥−æ¨¨ ú�«¥ª-
âà®−−ë¥ ¡¨¡«¨®â¥ª¨: ¯¥àá¯¥ªâ¨¢−ë¥ ¬¥â®¤ë ¨ â¥å−®«®£¨¨, í«¥ªâà®−−ë¥ ª®««¥ªæ¨¨û (\Digital
Libraries: Advanced Methods and Technologies," RCDL-2014), £. „ã¡−�, 13{16 ®ªâï¡àï 2014 £.
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Œ−®£®ªà¨â¥à¨�«ì−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ ¢ ¯®â®ª¥ á®®¡é¥−¨©

¤®ªã¬¥−â®¢ ¨§ ¬−®£®ç¨á«¥−−ëå ¨áâ®ç−¨ª®¢ ¢ ä®à¬¨àã¥¬®© â¥ªáâ®¢®© ª®««¥ªæ¨¨
−�ª�¯«¨¢�îâáï ¨¤¥−â¨ç−ë¥ ¨«¨ ¡«¨§ª¨¥ ¯® á®¤¥à¦�−¨î ¤®ªã¬¥−âë | ¤ã¡«¨ª�-
âë. ‚ −¥ª®â®àëå §�¤�ç�å −�«¨ç¨¥ ¤ã¡«¨ª�â®¢ ¤®«¦−® ãç¨âë¢�âìáï | −�¯à¨¬¥à,
¯à¨ ®¯à¥¤¥«¥−¨¨ §−�ç¨¬®áâ¨ á®®¡é¥−¨© [1]. �® ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¯®¯�¤�−¨¥
â�ª¨å ¤®ªã¬¥−â®¢ ¢ ª®««¥ªæ¨î á−¨¦�¥â ¥¥ ª�ç¥áâ¢® [2].

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï à¥è¥−¨¥ §�¤�ç¨ ®¡−�àã¦¥−¨ï ¤ã¡«¨ª�â®¢
¢ ¯®â®ª¥ â¥ªáâ®¢ëå á®®¡é¥−¨©. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï ®¡¥á¯¥ç¥−¨î ¢®§-
¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï à�§à�¡®â�−−®£® ¬¥â®¤� ¤«ï ®¡à�¡®âª¨ ¤®ªã¬¥−â®¢ ¨§
à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©.

2 Постановка задачи

2.1 Функционирование системы сбора и обработки новостной информации

‚ à�¡®â¥ [3] �¢â®à�¬¨ ¡ë«® ¯à¥¤«®¦¥−® à¥è¥−¨¥ §�¤�ç¨ ª�ç¥áâ¢¥−−®£® �¢â®-
¬�â¨ç¥áª®£® á¡®à� −®¢®áâ−ëå ¤�−−ëå ¨§ ¨−â¥à−¥â-¨áâ®ç−¨ª®¢, ¯à¥¤¯®«�£�îé¥£®
¨§¢«¥ç¥−¨¥ á ¢¥¡-áâà�−¨æë â¥ªáâ� −®¢®áâ¨, � â�ª¦¥ á®¯ãâáâ¢ãîé¨å ¬¥â�¤�−-
−ëå, ¢ª«îç�îé¨å −�§¢�−¨¥, ¤�âã ¯ã¡«¨ª�æ¨¨, �¢â®à� −®¢®áâ¨ ¨ ¤à. ’¥ªáâ®-
¢ë¥ ¤�−−ë¥, ¨§¢«¥ç¥−−ë¥ á ¢¥¡-á�©â®¢, ¯®¤¢¥à£�îâáï ¯®á«¥¤ãîé¥© ®¡à�¡®âª¥
à�§«¨ç−ë¬¨ ¬¥â®¤�¬¨ ¨−â¥««¥ªâã�«ì−®£® �−�«¨§�, â�ª¨¬¨ ª�ª �¢â®¬�â¨ç¥áª�ï
ª«�áá¨ä¨ª�æ¨ï ¨ ª«�áâ¥à¨§�æ¨ï ¤®ªã¬¥−â®¢, ¨§¢«¥ç¥−¨¥ §−�−¨© ¨ ä�ªâ®¢ ¨§
¥áâ¥áâ¢¥−−®-ï§ëª®¢ëå â¥ªáâ®¢ ¨ ¯à®£−®§ à�§¢¨â¨ï á¨âã�æ¨©.

„«ï íää¥ªâ¨¢−®£® ¯à¨¬¥−¥−¨ï íâ¨å ¬¥â®¤®¢ −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì ª�ç¥áâ¢®
�−�«¨§¨àã¥¬®© ª®««¥ªæ¨¨ ¤®ªã¬¥−â®¢, ¢ ç�áâ−®áâ¨ | ãáâà�−¨âì ¨§ −¥¥ ¤ã¡«¨ª�-
âë. �®íâ®¬ã ¢ á¨áâ¥¬ã á¡®à� âà¥¡ã¥âáï ¢áâà®¨âì ¯®¤á¨áâ¥¬ã, ¢ë¯®«−ïîéãî ¨å
®¯¥à�â¨¢−®¥ ®¡−�àã¦¥−¨¥ ¨ ã¤�«¥−¨¥ (à¨á. 1). �−� ¤®«¦−� áà�¢−¨¢�âì ª�¦¤ë©
§�£àã¦�¥¬ë© ¤®ªã¬¥−â á ¯®«ãç¥−−ë¬¨ à�−¥¥ −®¢®áâï¬¨ ¨ ã¤�«ïâì ¥£®, ¥á«¨ ®−
ï¢«ï¥âáï ¤ã¡«¨ª�â®¬ ®¤−®© ¨§ −¨å.

2.2 Особенности решаемой задачи

…á«¨ ¯à®¡«¥¬� ®¡−�àã¦¥−¨ï ¨ ã¤�«¥−¨ï ¯®«−ëå ¤ã¡«¥© âà¨¢¨�«ì−�, â® ¯à¨
−¥®¡å®¤¨¬®áâ¨ à�á¯®§−�¢�âì −¥ç¥âª¨¥ ¤ã¡«¨ª�âë (â. ¥. ¤®ªã¬¥−âë, ¨¬¥îé¨¥ à�§-
«¨ç−ë© â¥ªáâ, −® ¡«¨§ª¨¥ ¯® á®¤¥à¦�−¨î) ¢®§−¨ª�îâ §−�ç¨â¥«ì−ë¥ á«®¦−®áâ¨.

‚ á¢ï§¨ á ï¢«¥−¨¥¬ ç�áâ¨ç−®£® ¤ã¡«¨à®¢�−¨ï ¢ à�¡®â¥ [4] ¯à¥¤«�£�¥âáï
¯®−ïâ¨¥ ¨−ä®à¬�â¨¢−®© −¥®¡å®¤¨¬®áâ¨ í«¥¬¥−â� ¢ëáª�§ë¢�−¨ï: ú‚áïª¨© ç�á-
â¨ç−®-¤ã¡«¥â−ë© í«¥¬¥−â, ¥á«¨ ®− ®â¢¥ç�¥â ª®¬¬ã−¨ª�â¨¢−®© §�¤�ç¥ ¢ëáª�§ë-
¢�−¨ï, ¯à¨§−�¥âáï ¨−ä®à¬�â¨¢−®-−¥®¡å®¤¨¬ë¬ ¢ â®© ¦¥ ¬¥à¥, çâ® ¨ ¯à®ç¨¥,
−¥¤ã¡«¥â−ë¥ í«¥¬¥−âë à¥ç¨: â�ª®© í«¥¬¥−â ¨−ä®à¬�â¨¢−® −¥®¡å®¤¨¬ ¯®áâ®«ìªã,
¯®áª®«ìªã ¢−®á¨â á¢®© ã−¨ª�«ì−ë©, −¥¯®¢â®à¨¬ë© ¢ ¤àã£¨å í«¥¬¥−â�å, ¢ª«�¤
¢ áã¬¬�à−ãî ¨−ä®à¬�æ¨î, ¯¥à¥¤�¢�¥¬ãî ¢ëáª�§ë¢�−¨¥¬û. ’�ª¨¬ ®¡à�§®¬,
§�¤�ç� ®¡−�àã¦¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ á®áâ®¨â ¢ à�á¯®§−�¢�−¨¨ ¨ ã¤�«¥−¨¨
á®®¡é¥−¨©, −¥ ï¢«ïîé¨åáï ¨−ä®à¬�â¨¢−®-−¥®¡å®¤¨¬ë¬¨.
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÷¨á. 1 Œ¥áâ® ¯®¤á¨áâ¥¬ë ®¡−�àã¦¥−¨ï ¤ã¡«¨ª�â®¢ ¢ á¨áâ¥¬¥ �¢â®¬�â¨§¨à®¢�−−®£®
á¡®à� ¨ �−�«¨§� −®¢®áâ−®© ¨−ä®à¬�æ¨¨

“áâ�−®¢¨âì ¨−ä®à¬�â¨¢−ãî −¥®¡å®¤¨¬®áâì ¨ æ¥−−®áâì −¥ª®â®à®£® ¢ëáª�§ë-
¢�−¨ï ¬®¦−® â®«ìª® á ãç¥â®¬ á®®â¢¥âáâ¢ãîé¥£® á¨âã�â¨¢−®£® ª®−â¥ªáâ�. ’�ª,
¯à¨ àãç−®© ¯à®¢¥àª¥ ¤®ªã¬¥−â®¢ íªá¯¥àâ, ®¯à¥¤¥«ïï −�«¨ç¨¥ ¨«¨ ®âáãâáâ¢¨¥
¤ã¡«¨à®¢�−¨ï, ¯à¨−¨¬�¥â à¥è¥−¨¥ á ãç¥â®¬ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ å�à�ªâ¥à�
¤®ªã¬¥−â®¢, á®áâ�¢«ïîé¨å �−�«¨§¨àã¥¬ãî ª®««¥ªæ¨î. ��¯à¨¬¥à, ¯à¨ à�¡®â¥
á îà¨¤¨ç¥áª¨¬¨ ¤®ªã¬¥−â�¬¨ ®á®¡®¥ ¢−¨¬�−¨¥ ¤®«¦−® ã¤¥«ïâìáï ¬¥â�¤�−−ë¬ |
¤«ï â¥ªáâ®¢ â�ª®£® â¨¯� ¤¢� ¤®ªã¬¥−â� á ¯à�ªâ¨ç¥áª¨ ¨¤¥−â¨ç−ë¬ á®¤¥à¦�−¨-
¥¬, −® à�§«¨ç�îé¨¬¨áï −�§¢�−¨ï¬¨ ¨ ¤�â�¬¨ ¯ã¡«¨ª�æ¨¨ −¥ ¬®£ãâ áç¨â�âìáï
¤ã¡«ï¬¨. „àã£®© ¯®¤å®¤ ¨á¯®«ì§ã¥âáï ¯à¨ �−�«¨§¥ íª®−®¬¨ç¥áª¨å −®¢®áâ¥©,
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Œ−®£®ªà¨â¥à¨�«ì−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ ¢ ¯®â®ª¥ á®®¡é¥−¨©

−�¯à¨¬¥à á¢®¤®ª ® á®áâ®ï−¨¨ ä®−¤®¢®£® àë−ª�, | ¤ã¡«¨ª�â�¬¨ −¥ ¤®«¦−ë
¯à¨§−�¢�âìáï ¤®ªã¬¥−âë, ¨¬¥îé¨¥ ®¤−® ¨ â® ¦¥ −�§¢�−¨¥ ¨ ®¤¨−�ª®¢ë© â¥ªáâ,
−® à�§«¨ç�îé¨¥áï ç¨á«®¢ë¬¨ ¤�−−ë¬¨ (§−�ç¥−¨ï¬¨ ªãàá®¢ ¢�«îâ).

’�ª¨¬ ®¡à�§®¬, ¢ à�§−ëå á«ãç�ïå íªá¯¥àâ áà�¢−¨¢�¥â ¤®ªã¬¥−âë á â®çª¨
§à¥−¨ï à�§«¨ç−ëå ªà¨â¥à¨¥¢ (¡«¨§®áâì â¥ªáâ®¢®£® á®¤¥à¦�−¨ï, áå®¤áâ¢® −�-
§¢�−¨©, à�§−¨æ� ¢® ¢à¥¬¥−¨ ¯ã¡«¨ª�æ¨¨), â. ¥. ¨á¯®«ì§ã¥â à�§«¨ç−ë¥ ¬®¤¥«¨
à�á¯®§−�¢�−¨ï ¤ã¡«¨ª�â®¢ ¢ §�¢¨á¨¬®áâ¨ ®â ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ ª®−â¥ªáâ�
ª®¬¬ã−¨ª�æ¨®−−ëå á®®¡é¥−¨©. �®íâ®¬ã −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬ ¢ëà�-
¡®â�âì ¥¤¨−ãî á¨áâ¥¬ã ¯à�¢¨« ¤«ï ®¡−�àã¦¥−¨ï −¥ç¥âª®£® ¤ã¡«¨à®¢�−¨ï áà�§ã
¤«ï ¢á¥å á«ãç�¥¢. ‘«¥¤®¢�â¥«ì−®, à�§à�¡�âë¢�¥¬�ï ¯®¤á¨áâ¥¬� ¤®«¦−� ¨¬¥âì
¢®§¬®¦−®áâì £¨¡ª®© −�áâà®©ª¨ −� à�§−ë¥ ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨, çâ® ¯®§¢®«¨â ¥©
¬®¤¥«¨à®¢�âì ¤¥ïâ¥«ì−®áâì íªá¯¥àâ� ¯® à�á¯®§−�¢�−¨î ¤ã¡«¥© á ¨á¯®«ì§®¢�−¨¥¬
à�§«¨ç−ëå ¬®¤¥«¥©. �®áª®«ìªã á¨áâ¥¬� á¡®à� ¢ë¯®«−ï¥â ¨§¢«¥ç¥−¨¥ ¤®ªã-
¬¥−â®¢ ¨§ ¬−®¦¥áâ¢� ¨áâ®ç−¨ª®¢, ª®â®àë¥ ®â−®áïâáï ª à�§«¨ç−ë¬ ¯à¥¤¬¥â−ë¬
®¡«�áâï¬, −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì ¢®§¬®¦−®áâì à�¡®âë á −¥áª®«ìª¨¬¨ ¬®¤¥«ï¬¨
à�á¯®§−�¢�−¨ï ¤ã¡«¨ª�â®¢ ®¤−®¢à¥¬¥−−®.

…é¥ ®¤−®© ¯à®¡«¥¬®©, á ª®â®à®© ¯à¨å®¤¨âáï áâ�«ª¨¢�âìáï ¯à¨ à¥è¥−¨¨ §�-
¤�ç¨ ãáâà�−¥−¨ï ¤ã¡«¨ª�â®¢, ï¢«ï¥âáï ¡®«ìè®© ®¡ê¥¬ ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå.
��«¨ç¨¥ ¢ ª®««¥ªæ¨¨ á®â¥− âëáïç ¤®ªã¬¥−â®¢ ¤¥«�¥â ¢¥áì¬� âàã¤®¥¬ª¨¬ �−�«¨§
ª�¦¤®£® −®¢®£® á®®¡é¥−¨ï ¯ãâ¥¬ áà�¢−¥−¨ï ¥£® á ª�¦¤ë¬ ¨§ à�−¥¥ §�£àã¦¥−−ëå.
�â� ¯à®¡«¥¬� ¬®¦¥â ¡ëâì à¥è¥−� á ¯®¬®éìî ¯à¨¡«¨¦¥−−ëå ¬¥â®¤®¢, −® ¨å ¯à¨-
¬¥−¥−¨¥ ¢¥¤¥â ª á−¨¦¥−¨î ª�ç¥áâ¢� ®¡−�àã¦¥−¨ï ¤ã¡«¨ª�â®¢, â. ¥. ã¬¥−ìè¥−¨î
â®ç−®áâ¨ ¨ ¯®«−®âë [2]. �à¨ à�§à�¡®âª¥ ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� à¥è�«�áì §�¤�ç�
á®¢¬¥é¥−¨ï ¢ëá®ª®£® ª�ç¥áâ¢� ¨ −¨§ª®© ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ ¯à®¢¥àª¨
¤®ªã¬¥−â®¢.

3 Обзор методов обнаружения дублей

3.1 Однокритериальные методы

�®«ìè¨−áâ¢® ¬¥â®¤®¢, ¨á¯®«ì§ã¥¬ëå ¯à¨ ¢ëï¢«¥−¨¨ ¤ã¡«¨à®¢�−¨ï á®®¡é¥-
−¨©, ®á−®¢�−® −� ®¡é¥© ¨¤¥¥ | ¯®¯�à−®¬ á®¯®áâ�¢«¥−¨¨ ¤®ªã¬¥−â®¢ á ¨á¯®«ì-
§®¢�−¨¥¬ ¢ë¡à�−−®© ¬¥àë ¡«¨§®áâ¨. �à¨ íâ®¬ ¤®ªã¬¥−âë di ¨ dj áç¨â�îâáï
¤ã¡«¨ª�â�¬¨, ¥á«¨ §−�ç¥−¨¥ íâ®© ¬¥àë ¤«ï −¨å ¯à¥¢®áå®¤¨â §�¤�−−ãî ¯®à®£®¢ãî
¢¥«¨ç¨−ã: sim (di, dj) > Tr. Œ¥â®¤ë, ¯à¥¤«�£�¥¬ë¥ ¨áá«¥¤®¢�â¥«ï¬¨, à�§«¨ç�-
îâáï á¯®á®¡®¬ ¯à¥¤áâ�¢«¥−¨ï ¤®ªã¬¥−â®¢ ¨ ¨á¯®«ì§ã¥¬ë¬¨ ¬¥à�¬¨ ¡«¨§®áâ¨.

��¨¡®«¥¥ íää¥ªâ¨¢−ë¬ á â®çª¨ §à¥−¨ï ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ ï¢«ï-
îâáï ¯à¥¤áâ�¢«¥−¨¥ ¤®ªã¬¥−â� ®¤−¨¬ ç¨á«®¢ë¬ §−�ç¥−¨¥¬ | úá¨£−�âãà®©û |
¨ ®¯à¥¤¥«¥−¨¥ ¤ã¡«¨à®¢�−¨ï á®®¡é¥−¨© −� ®á−®¢�−¨¨ á®¢¯�¤¥−¨ï ¨å á¨£−�âãà.
‚ ª�ç¥áâ¢¥ á¨£−�âãà ¨á¯®«ì§ãîâáï:

{ ª®−âà®«ì−�ï áã¬¬� áâà®ª¨, ¯®«ãç¥−−®© ¨§ −¥áª®«ìª¨å áæ¥¯«¥−−ëå ¢ �«ä�-
¢¨â−®¬ ¯®àï¤ª¥ á«®¢ ¤®ªã¬¥−â� á −�¨¡®«ìè¨¬¨ §−�ç¥−¨ï¬¨ ¢¥á®¢ (¤«ï à�áç¥â�
¢¥á®¢ ¨á¯®«ì§ãîâáï ¬¥â®¤ë TF (term frequency), TF-IDF (inverse document
frequency) ¨ OptFreq (optimal frequency)) [2];
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{ ª®−âà®«ì−�ï áã¬¬� áâà®ª¨, ¯®«ãç¥−−®© ¨§ −¥áª®«ìª¨å −�¨¡®«¥¥ ¤«¨−−ëå ¨«¨
§−�ç¨¬ëå (â. ¥. á®áâ®ïé¨å ¨§ á«®¢ á −�¨¡®«ìè¨¬ áã¬¬�à−ë¬ §−�ç¥−¨¥¬ ¢¥á®¢)
¯à¥¤«®¦¥−¨© ¤®ªã¬¥−â� [2];

{ ª®−âà®«ì−�ï áã¬¬� áâà®ª¨, ¯®«ãç¥−−®© ¨§ á«®¢ â¥ªáâ�, ¯à¨−�¤«¥¦�é¨å
§�¤�−−®¬ã á«®¢�àî (á®¤¥à¦�é¥¬ã á«®¢� á® áà¥¤−¨¬¨ §−�ç¥−¨ï¬¨ IDF) [5];

{ ¡¨â®¢ë© ¢¥ªâ®à, ª�¦¤ë© í«¥¬¥−â ª®â®à®£® á®®â¢¥âáâ¢ã¥â á«®¢ã ¨§ §�¤�−−®£®
á«®¢�àï ¨ à�¢¥− 1, ¥á«¨ ç�áâ®â� ¢áâà¥ç�¥¬®áâ¨ íâ®£® á«®¢� ¢ ¤®ªã¬¥−â¥
¯à¥¢ëè�¥â ¯®à®£®¢®¥ §−�ç¥−¨¥, ¨ 0 ¢ ¯à®â¨¢−®¬ á«ãç�¥ [6].

„àã£®© ¯®¯ã«ïà−ë© ¯®¤å®¤ á®áâ®¨â ¢ ¯à¥¤áâ�¢«¥−¨¨ ¤®ªã¬¥−â� ¬−®¦¥áâ¢®¬
í«¥¬¥−â®¢. �«¨§®áâì ¬−®¦¥áâ¢, á®®â¢¥âáâ¢ãîé¨å ¤¢ã¬ á®®¡é¥−¨ï¬, à�ááç¨âë-
¢�¥âáï, ª�ª ¯à�¢¨«®, á ¯®¬®éìî ª®íää¨æ¨¥−â� †�ªª�à�. ‚ ª�ç¥áâ¢¥ í«¥¬¥−â®¢
¬−®¦¥áâ¢ ¨á¯®«ì§ãîâáï:

{ ¯à¥¤«®¦¥−¨ï ¤®ªã¬¥−â� [7];

{ ª«îç¥¢ë¥ â¥à¬ë (á«®¢�, −�¨¡®«¥¥ §−�ç¨¬ë¥ á â®çª¨ §à¥−¨ï «¨−£¢®áâ�â¨áâ¨-
ç¥áª¨å ªà¨â¥à¨¥¢) [1];

{ è¨−£«ë (¢á¥¢®§¬®¦−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ä¨ªá¨à®¢�−−®© ¤«¨−ë k, á®áâ®-
ïé¨¥ ¨§ á®á¥¤−¨å á«®¢ ¤®ªã¬¥−â�) [8];

{ N-£à�¬¬ë (¢á¥¢®§¬®¦−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨, á®áâ®ïé¨¥ ¨§ N á®á¥¤−¨å
á¨¬¢®«®¢ ¤®ªã¬¥−â�) [9].

˜¨à®ª® ¯à¨¬¥−ïîâáï ¢¥ªâ®à−ë¥ ¬®¤¥«¨ ¤®ªã¬¥−â®¢, ¢ ª®â®àëå ª�¦¤®¥ á®®¡-
é¥−¨¥ ¯à¥¤áâ�¢«ï¥âáï ¢¥ªâ®à®¬ ¢ ¬−®£®¬¥à−®¬ ¯à¨§−�ª®¢®¬ ¯à®áâà�−áâ¢¥. ‚ ª�-
ç¥áâ¢¥ í«¥¬¥−â®¢ ¢¥ªâ®à� ®¡ëç−® ¨á¯®«ì§ãîâáï á«®¢�, ¢áâà¥ç�îé¨¥áï ¢ â¥ªáâ�å
ª®««¥ªæ¨¨ [10]. �à¨ íâ®¬ §−�ç¥−¨ï¬¨ í«¥¬¥−â®¢ ï¢«ïîâáï ¢¥á� á®®â¢¥âáâ¢ãîé¨å
á«®¢, ®âà�¦�îé¨¥ ¨å §−�ç¨¬®áâì ¤«ï ¤®ªã¬¥−â�. ‚ ª�ç¥áâ¢¥ ¯à¨§−�ª®¢ ¬®£ãâ
¯à¨¬¥−ïâìáï ¨ ¤àã£¨¥ å�à�ªâ¥à¨áâ¨ª¨ â¥ªáâ®¢, −�¯à¨¬¥à ç�áâ®â� ¯®ï¢«¥−¨ï à�§-
«¨ç−ëå ¯�à á¨¬¢®«®¢ ¨«¨ ç�áâ®â� ¯®ï¢«¥−¨ï â¥å ¨«¨ ¨−ëå ç�áâ¥© à¥ç¨ [11]. „«ï
áà�¢−¥−¨ï ¢¥ªâ®à®¢ ç�áâ® ¨á¯®«ì§ã¥âáï ª®á¨−ãá−�ï ¬¥à� ¨«¨ ¥¥ ¬®¤¨ä¨ª�æ¨¨ [10].

‘ãé¥áâ¢ã¥â −¥áª®«ìª® ¬¥â®¤®¢, ¢ ª®â®àëå í«¥¬¥−â�¬¨ ¢¥ªâ®à� ï¢«ïîâáï á¨£-
−�âãàë, ¯®«ãç¥−−ë¥ à�§«¨ç−ë¬¨ á¯®á®¡�¬¨. �à¨ íâ®¬ ¤«ï áà�¢−¥−¨ï ¢¥ªâ®à®¢
¨á¯®«ì§ã¥âáï à�ááâ®ï−¨¥ •í¬¬¨−£�. ’�ª, ¢ [12] ¯à¥¤«®¦¥−� ¬®¤¨ä¨ª�æ¨ï á¨£-
−�âãà−®£® ¬¥â®¤� [5], ¯à¥¤¯®«�£�îé�ï ¨á¯®«ì§®¢�−¨¥ −¥áª®«ìª¨å á«®¢�à¥©, ¤«ï
ª�¦¤®£® ¨§ ª®â®àëå ¢ëç¨á«ï¥âáï á¢®ï á¨£−�âãà�. „àã£¨¬ ¯à¨¬¥à®¬ íâ®£® ¯®¤-
å®¤� á«ã¦¨â ¬¥â®¤, à�§¢¨¢�îé¨© ¨¤¥î �«£®à¨â¬� è¨−£«®¢ [8, 13]. �− á®áâ®¨â
¢ ¯à¨¬¥−¥−¨¨ ª í«¥¬¥−â�¬ ¬−®¦¥áâ¢� è¨−£«®¢ à�§«¨ç−ëå åíè-äã−ªæ¨© ¨ ¢ë¡®à¥
¤«ï ª�¦¤®© ¨§ −¨å è¨−£«�, ¬¨−¨¬¨§¨àãîé¥£® ¥¥ §−�ç¥−¨¥. ˆ§ ¢ë¡à�−−ëå è¨−-
£«®¢ ä®à¬¨àãîâáï £àã¯¯ë, ¨¬¥−ã¥¬ë¥ úáã¯¥àè¨−£«�¬¨û, ª®â®àë¥ ¨ ï¢«ïîâáï
í«¥¬¥−â�¬¨ ¢¥ªâ®à�, ¯à¥¤áâ�¢«ïîé¥£® ¤®ªã¬¥−â.

��ª®−¥æ, ¢ [14] ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¢ ª�ç¥áâ¢¥ ¬®¤¥«¨ ¤®ªã¬¥−â�
ã¯®àï¤®ç¥−−ãî ¯®á«¥¤®¢�â¥«ì−®áâì á¨¬¢®«®¢. „«ï áà�¢−¥−¨ï ¢ íâ®¬ á«ãç�¥
¨á¯®«ì§ãîâáï à¥¤�ªæ¨®−−ë¥ à�ááâ®ï−¨ï, â�ª¨¥ ª�ª à�ááâ®ï−¨¥ ‹¥¢¥−èâ¥©−�.
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Œ−®£®ªà¨â¥à¨�«ì−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ ¢ ¯®â®ª¥ á®®¡é¥−¨©

3.2 Многокритериальные методы

‚ ®â«¨ç¨¥ ®â ¢ëè¥¯¥à¥ç¨á«¥−−ëå ¯®¤å®¤®¢ ¬¥â®¤ë, ®¯¨á�−−ë¥ ¢ [14, 15],
®á−®¢�−ë −� ®æ¥−ª¥ áå®¦¥áâ¨ ¤®ªã¬¥−â®¢ á â®çª¨ §à¥−¨ï −¥áª®«ìª¨å ªà¨â¥à¨¥¢
®¤−®¢à¥¬¥−−®. �â® á¢ï§�−® á â¥¬, çâ® �−�«¨§¨àã¥¬ë¥ ¤�−−ë¥ ¢ íâ¨å à�¡®â�å
á®áâ®ïâ ¨§ ¬−®¦¥áâ¢� ¯®«¥© ¨ ¤«ï ª�¦¤®£® ¯®«ï §−�ç¥−¨¥ ¡«¨§®áâ¨ §�¯¨á¥©
à�ááç¨âë¢�¥âáï ®â¤¥«ì−® (¯à¨ íâ®¬ ¤«ï à�§−ëå ¯®«¥© ¬®£ãâ ¨á¯®«ì§®¢�âìáï
à�§«¨ç−ë¥ ¬¥àë ¡«¨§®áâ¨). ‚ à¥§ã«ìâ�â¥ ¯�à� §�¯¨á¥© ¯à¥¤áâ�¢«ï¥âáï ¢¥ªâ®-
à®¬, ª�¦¤ë© í«¥¬¥−â ª®â®à®£® á®®â¢¥âáâ¢ã¥â áå®¦¥áâ¨ á®®â¢¥âáâ¢ãîé¨å ¯®«¥©
¤®ªã¬¥−â®¢. ��àë, ®â¬¥ç¥−−ë¥ ¢ ®¡ãç�îé¥© ¢ë¡®àª¥ ª�ª ú¤ã¡«¨ª�âëû ¨«¨
ú−¥¤ã¡«¨ª�âëû, ¯à¥¤áâ�¢«¥−ë ¤¢ã¬ï ª«�áâ¥à�¬¨ â®ç¥ª ¬−®£®¬¥à−®£® ¯à®áâà�−-
áâ¢�. ’�ª¨¬ ®¡à�§®¬, §�¤�ç� ®¡−�àã¦¥−¨ï ¤ã¡«¥© á¢®¤¨âáï ª ®â−¥á¥−¨î ¢¥ªâ®à�,
á®®â¢¥âáâ¢ãîé¥£® �−�«¨§¨àã¥¬®© ¯�à¥ ¤®ªã¬¥−â®¢, ª ®¤−®¬ã ¨§ íâ¨å ª«�áâ¥à®¢.
‚ [14] ¤«ï à¥è¥−¨ï íâ®© §�¤�ç¨ ¨á¯®«ì§ã¥âáï ¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢, ¢ [15]
¢ë¡¨à�¥âáï ª«�áâ¥à, æ¥−âà®¨¤ ª®â®à®£® −�å®¤¨âáï ¡«¨¦¥ ª ¢¥ªâ®àã.

4 Предложенный подход к обнаружению дубликатов

‚ æ¥«ïå ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ¯à¨¬¥−¥−¨ï à�§à�¡�âë¢�¥¬®£® ¯®¤å®¤�
ª ®¡à�¡®âª¥ á®®¡é¥−¨© ¨§ à�§−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¬®¤¥«ì ¤®ªã¬¥−â� ¤®«¦−�
¯à¥¤ãá¬�âà¨¢�âì ¢®§¬®¦−®áâì áà�¢−¥−¨ï á®®¡é¥−¨© ¯® à�§«¨ç−ë¬ ¯à¨§−�ª�¬
(á¬. ¯. 2.2). �ª®−ç�â¥«ì−®¥ ¦¥ à¥è¥−¨¥ ¤®«¦−® ¯à¨−¨¬�âìáï −� ®á−®¢¥ �−�«¨§�
¯�àë ¤®ªã¬¥−â®¢ á â®çª¨ §à¥−¨ï ¢á¥å ªà¨â¥à¨¥¢. ˆáå®¤ï ¨§ íâ®£®, ã¤®¡−®
¯à¥¤áâ�¢¨âì ¯�àã ¤®ªã¬¥−â®¢ (di, dj) ¢¥ªâ®à®¬, í«¥¬¥−â�¬¨ ª®â®à®£® ï¢«ïîâáï
à¥§ã«ìâ�âë áà�¢−¥−¨ï ¤®ªã¬¥−â®¢ ¯® á®®â¢¥âáâ¢ãîé¨¬ ¯à¨§−�ª�¬:

ρi,j =
(

ρ1i,j, ρ
2
i,j , . . . , ρ

k
i,j

)

,

£¤¥ ρk
i,j å�à�ªâ¥à¨§ã¥â áå®¤áâ¢® ¤®ªã¬¥−â®¢ di ¨ dj ¯® k-¬ã ªà¨â¥à¨î. �� ®á−®¢¥

íâ®£® ¢¥ªâ®à� ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® −�«¨ç¨¨ ¨«¨ ®âáãâáâ¢¨¨ ¤ã¡«¨à®¢�−¨ï.
„«ï íâ®£® −¥®¡å®¤¨¬® §�¤�âì äã−ªæ¨î, ¢ë¯®«−ïîéãî ¨−â¥à¯à¥â�æ¨î ρi,j, â. ¥.
®¯à¥¤¥«ïîéãî ¥£® ¢ ®¤¨− ¨§ ¤¢ãå ª«�áá®¢, ®¤¨− ¨§ ª®â®àëå ®§−�ç�¥â −�«¨ç¨¥
¤ã¡«¨à®¢�−¨ï (®¡®§−�ç¨¬ ¥£® M+), ¤àã£®© | ®âáãâáâ¢¨¥ (M−):

D(ρi,j) =

{

1 , ρi,j ∈ M+ ;

0 , ρi,j ∈ M− .
(1)

‘ ãç¥â®¬ ¢ë¡à�−−®£® ¯®¤å®¤� ¯à®æ¥áá ®¡−�àã¦¥−¨ï ¤ã¡«¥© ¬®¦−® à�§¡¨âì
−� á«¥¤ãîé¨¥ íâ�¯ë (à¨á. 2):

(1) ¯®áâà®¥−¨¥ ¬®¤¥«¨ ¤®ªã¬¥−â�, ®âà�¦�îé¥© å�à�ªâ¥à¨áâ¨ª¨ −®¢®áâ−®£® á®-
®¡é¥−¨ï á â®çª¨ §à¥−¨ï ª�¦¤®£® ¨§ ¢ë¡à�−−ëå ªà¨â¥à¨¥¢;

(2) áà�¢−¥−¨¥ ¬®¤¥«¥© ¤¢ãå ¤®ªã¬¥−â®¢ ¨ ¯®«ãç¥−¨¥ ¢¥ªâ®à� ρi,j;
(3) ¨−â¥à¯à¥â�æ¨ï ¢¥ªâ®à� á ¯®¬®éìî à¥è�îé¥© äã−ªæ¨¨ D(ρi,j).
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÷¨á. 2 �â�¯ë ®¡−�àã¦¥−¨ï ¤ã¡«¨ª�â®¢

5 Модель документа

‚�¦−ë¬ íâ�¯®¬ à¥è¥−¨ï §�¤�ç¨ ï¢«ï¥âáï ¢ë¡®à ªà¨â¥à¨¥¢ ¤«ï áà�¢−¥−¨ï
¤®ªã¬¥−â®¢. ��¡®à ªà¨â¥à¨¥¢ ¤®«¦¥− ¡ëâì ¤®áâ�â®ç−® ¢ëà�§¨â¥«ì−ë¬, çâ®¡ë
®¡¥á¯¥ç¨¢�âì ¢®§¬®¦−®áâì £¨¡ª®© −�áâà®©ª¨ ¬®¤¥«¨ ¢ á®®â¢¥âáâ¢¨¨ á® á¯¥æ¨-
ä¨ª®© à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©. „«ï ®¯à¥¤¥«¥−¨ï −�¡®à� ªà¨â¥à¨¥¢
¡ë«® ¯à®¢¥¤¥−® ¨áá«¥¤®¢�−¨¥ ¢ë¡®àª¨ â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢, �¢â®¬�â¨ç¥áª¨
á®¡¨à�¥¬ëå ¨§ à�§«¨ç−ëå ¨−â¥à−¥â-¨áâ®ç−¨ª®¢.

‚ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª®¢ ¡ë«¨ ¢ë¡à�−ë 35 á�©â®¢ ¯® à�§«¨ç−®© â¥¬�â¨ª¥:
®á−®¢−ë¥ −®¢®áâ−ë¥ á�©âë, ¯ã¡«¨ªãîé¨¥ ¬�â¥à¨�«ë ®¡é¥áâ¢¥−−®-¯®«¨â¨ç¥áª®©
¨ íª®−®¬¨ç¥áª®© â¥¬�â¨ª¨, ®ä¨æ¨�«ì−ë¥ á�©âë ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�á-
â¨ ÷”, −¥ª®â®àë¥ á�©âë ®à£�−®¢ §�ª®−®¤�â¥«ì−®© ¨ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨
áã¡ê¥ªâ®¢ ÷”. ’�ª®© −�¡®à á�©â®¢ ¯®§¢®«¨« ®å¢�â¨âì §−�ç¨â¥«ì−®¥ ç¨á«® â¥¬
¨ â¨¯®¢ ¨−ä®à¬�æ¨®−−ëå á®®¡é¥−¨© («¥−âë −®¢®áâ¥©, �−�«¨â¨ç¥áª¨¥ áâ�âì¨
¨ ®¡§®àë, ¤®ªã¬¥−âë ¯à�¢®¢®£® å�à�ªâ¥à�, ¤®ªã¬¥−âë, á®¤¥à¦�é¨¥ ä¨−�−á®¢®-
íª®−®¬¨ç¥áª¨¥ ¯®ª�§�â¥«¨).

�¤−� âëáïç� ¤¢¥áâ¨ ¯�à ¤®ªã¬¥−â®¢ ¡ë«¨ ¯à®�−�«¨§¨à®¢�−ë íªá¯¥àâ�¬¨
¢àãç−ãî. ‚ à¥§ã«ìâ�â¥ ¢ë¯®«−¥−−®£® �−�«¨§� ¡ë«¨ ¢ëï¢«¥−ë á«¥¤ãîé¨¥ ªà¨-
â¥à¨¨, å�à�ªâ¥à¨§ãîé¨¥ ¬®¤¥«ì à�á¯®§−�¢�−¨ï ¤ã¡«¨ª�â®¢.

5.1 Содержание текста

‚ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ®¯à¥¤¥«ïîé¥¥ §−�ç¥−¨¥ ¨¬¥¥â ¡«¨§®áâì â¥ªáâ®¢.
�à¥¦¤¥ ¢á¥£® íâ® å�à�ªâ¥à−® ¤«ï ®¡é¥áâ¢¥−−®-¯®«¨â¨ç¥áª¨å −®¢®áâ¥©, ¢ª«�¤
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Œ−®£®ªà¨â¥à¨�«ì−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ ¢ ¯®â®ª¥ á®®¡é¥−¨©

ª®â®àëå ¢ áã¬¬�à−ãî ¨−ä®à¬�æ¨î, ¯¥à¥¤�¢�¥¬ãî −®¢®áâ−ë¬ ¯®â®ª®¬, ®¯à¥¤¥-
«ï¥âáï ®à¨£¨−�«ì−®áâìî ¨å â¥ªáâ®¢®£® á®¤¥à¦�−¨ï.

„«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ áà�¢−¥−¨ï á®áâ�¢®¢ á«®¢ ¤®ªã¬¥−â®¢ ¬®¤¥«ì
¢ª«îç�¥â ¢¥ªâ®à−®¥ ¯à¥¤áâ�¢«¥−¨¥ â¥ªáâ� á®®¡é¥−¨ï

dw
i =

(

w1i , w
2
i , . . . , w

Nw

i

)

,

£¤¥ Nw | ®¡é¥¥ ª®«¨ç¥áâ¢® à�§«¨ç−ëå á«®¢ ¢® ¢á¥å ¤®ªã¬¥−â�å; wj
i | ¢¥á j-£®

á«®¢� ¢ i-¬ ¤®ªã¬¥−â¥. …á«¨ á«®¢® −¥ ¢áâà¥ç�¥âáï ¢ ¤®ªã¬¥−â¥, ¥£® ¢¥á à�¢¥−
−ã«î. „«ï ®áâ�«ì−ëå á«®¢ ¢¥á à�ááç¨âë¢�¥âáï ¯® ¬¥â®¤ã TF-IDF.

‚¥ªâ®à−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¤«ï áà�¢−¥−¨ï â¥ªáâ®¢
¯à®áâë¥ �«£¥¡à�¨ç¥áª¨¥ ¬¥â®¤ë, â�ª¨¥ ª�ª ª®á¨−ãá−�ï ¬¥à�. �−� ®æ¥−¨¢�¥â
¡«¨§®áâì ¢¥ªâ®à®¢ −� ®á−®¢�−¨¨ §−�ç¥−¨ï ª®á¨−ãá� ã£«� ¬¥¦¤ã −¨¬¨. �à¨ ¨á-
¯®«ì§®¢�−¨¨ −¥®âà¨æ�â¥«ì−ëå ¢¥á®¢ á«®¢ ª®á¨−ãá−�ï ¬¥à� ¯à¨−¨¬�¥â §−�ç¥−¨ï
¢ ¨−â¥à¢�«¥ [0, 1], ¯®íâ®¬ã ¢ ª�ç¥áâ¢¥ ®æ¥−ª¨ à�§«¨ç¨ï ¢¥ªâ®à®¢ ¨á¯®«ì§ã¥âáï

§−�ç¥−¨¥ ρw
i,j = 1− simcos

(

dw
i , dw

j

)

.

5.2 Содержание заголовка

�â¤¥«ì−® ¯à¨ ¯à¨−ïâ¨¨ à¥è¥−¨ï ãç¨âë¢�îâáï §�£®«®¢ª¨, ¯à¨ç¥¬ ¨å à®«ì
§−�ç¨â¥«ì−® ¢�àì¨àã¥âáï ¢ §�¢¨á¨¬®áâ¨ ®â ¯à¥¤¬¥â−®© ®¡«�áâ¨. �à¨ ¯¥à¥¯¥ç�âª¥
¯®«¨â¨ç¥áª¨å −®¢®áâ¥© á ®¤−®£® á�©â� −� ¤àã£®© −¥à¥¤ª® ¨§¬¥−ï¥âáï â®«ìª®
§�£®«®¢®ª, ¯à¨ç¥¬ ¨−®£¤� | ¢¥áì¬� áãé¥áâ¢¥−−®. ‚ â�ª®¬ á«ãç�¥ −�«¨ç¨¥
¤ã¡«¨à®¢�−¨ï ¬®¦¥â ¡ëâì ®¡−�àã¦¥−® −� ®á−®¢¥ ¡«¨§®áâ¨ ®áâ�«ì−®£® â¥ªáâ�
−®¢®áâ¥©. �¤−�ª® ¤«ï á®®¡é¥−¨© ¤àã£®£® â¨¯� (−�¯à¨¬¥à, ¯à�¢®¢®£® å�à�ªâ¥à�)
à�§«¨ç¨¥ §�£®«®¢ª®¢ ¨¬¥¥â à¥è�îé¥¥ §−�ç¥−¨¥, ¨ â�ª¨¥ ¤®ªã¬¥−âë −¥ ¤®«¦−ë
¯à¨§−�¢�âìáï ¤ã¡«¨ª�â�¬¨, −¥á¬®âàï −� ¡«¨§ª®¥ á®¤¥à¦�−¨¥.

‚ ¬®¤¥«¨ ¤®ªã¬¥−â� §�£®«®¢®ª â¥ªáâ� dt
i ¯à¥¤áâ�¢«ï¥âáï �−�«®£¨ç−® ®á−®¢−®¬ã

â¥ªáâã, � ®¯à¥¤¥«¥−¨¥ ¡«¨§®áâ¨ §�£®«®¢ª®¢ ρt
i,j ¢ë¯®«−ï¥âáï ¨¤¥−â¨ç−® áà�¢−¥−¨î

á®¤¥à¦�−¨ï ¤®ªã¬¥−â®¢.

5.3 Предложения и абзацы

�®¬¨¬® ®æ¥−ª¨ ¡«¨§®áâ¨ â¥ªáâ®¢®£® á®¤¥à¦�−¨ï ¤®ªã¬¥−â®¢ ¢ æ¥«®¬ íªá¯¥àâ
®¡à�é�¥â ®á®¡®¥ ¢−¨¬�−¨¥ −� −�«¨ç¨¥ ¢ á®®¡é¥−¨ïå ¨¤¥−â¨ç−ëå áâàãªâãà−ëå
í«¥¬¥−â®¢ â¥ªáâ®¢ | ¯à¥¤«®¦¥−¨© ¨ �¡§�æ¥¢. �â® á¢ï§�−® á â¥¬, çâ® ¯à¨
¯¥à¥¯¥ç�âª¥ −¥ª®â®àë¬ ¨áâ®ç−¨ª®¬ à�−¥¥ ®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â� ¬−®£¨¥ ¨§
íâ¨å í«¥¬¥−â®¢ ¯¥à¥−®áïâáï ¢ â¥ªáâ-¤ã¡«¨ª�â ¡¥§ ¨§¬¥−¥−¨©.

„«ï ãç¥â� íâ¨å ªà¨â¥à¨¥¢ ¤®ªã¬¥−â ¯à¥¤áâ�¢«ï¥âáï ¬−®¦¥áâ¢®¬ á¢®¨å ¯à¥¤-
«®¦¥−¨©

dc
i =

{

c1i , c
2
i , . . . , c

Nc
i

i

}

,

£¤¥ N c
i | ª®«¨ç¥áâ¢® ¯à¥¤«®¦¥−¨© ¢ i-¬ ¤®ªã¬¥−â¥. ‚¥á ¯à¥¤«®¦¥−¨ï ω(c)

®¯à¥¤¥«ï¥âáï ª�ª áã¬¬� ¢¥á®¢ á®áâ�¢«ïîé¨å ¥£® á«®¢.
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�à¨ ¢ë¡®à¥ ¬¥àë ¡«¨§®áâ¨ −ã¦−® ãç¥áâì, çâ® ®−� ¤®«¦−� ¡ëâì −¥á¨¬¬¥âà¨ç-
−®©: ¥á«¨ ®¤¨− ¨§ ¤®ªã¬¥−â®¢ ¯®«ãç¥− ¨§ ¤àã£®£® ¯ãâ¥¬ ã¤�«¥−¨ï −¥áª®«ìª¨å
¯à¥¤«®¦¥−¨©, â® «¨èì ®¤−® á®®¡é¥−¨¥ ¯�àë á®¤¥à¦¨â ¤®¯®«−¨â¥«ì−ãî ¨−-
ä®à¬�æ¨î ®â−®á¨â¥«ì−® ¢â®à®£®, −® −¥ −�®¡®à®â. „«ï ãç¥â� íâ®£® âà¥¡®¢�−¨ï
¢ ª�ç¥áâ¢¥ ¬¥àë áå®¤áâ¢� ¡ë«� ¢ë¡à�−� ¢§¢¥è¥−−�ï ¬¥à� ¢ª«îç¥−¨ï:

simc
inc

(

dc
i , d

c
j

)

=

∑

c∈|dc
i∩dc

j |

ω(c)

∑

c∈dc
i

ω(c)
.

„«ï ®æ¥−ª¨ à�§«¨ç¨ï ¤®ªã¬¥−â®¢ á â®çª¨ §à¥−¨ï ¯à¥¤«®¦¥−¨© ¨á¯®«ì§ãîâáï

§−�ç¥−¨ï ρc
i,j = 1− simc

inc

(

dc
i , d

c
j

)

¨ ρc
j,i = 1− simc

inc

(

dc
j , d

c
i

)

.

�®áâà®¥−¨¥ ¬®¤¥«¨ ¬−®¦¥áâ¢� �¡§�æ¥¢ dp
i ¨ ®¯à¥¤¥«¥−¨¥ ¬¥à à�§«¨ç¨ï ¤®ªã-

¬¥−â®¢ á â®çª¨ §à¥−¨ï �¡§�æ¥¢ ρp
i,j ¨ ρp

j,i ¢ë¯®«−ï¥âáï �−�«®£¨ç−®.

5.4 Числовые данные

Šà®¬¥ ¤®ªã¬¥−â®¢, á®¤¥à¦�é¨å â®«ìª® â¥ªáâ®¢ãî ¨−ä®à¬�æ¨î, ç�áâ® ¢áâà¥-
ç�îâáï ¨ â¥, ª®â®àë¥ ¢ª«îç�îâ ç¨á«®¢ë¥ ¤�−−ë¥. ‚ àï¤¥ á«ãç�¥¢ ¤�¦¥ −¥§−�-
ç¨â¥«ì−®¥ ¨§¬¥−¥−¨¥ íâ¨å ¤�−−ëå ¬®¦¥â áãé¥áâ¢¥−−® ¯®¢«¨ïâì −� á®¤¥à¦�−¨¥
á®®¡é¥−¨ï. �à¨¬¥à®¬ â�ª¨å ¤®ªã¬¥−â®¢ ï¢«ïîâáï −®¢®áâ−ë¥ á®®¡é¥−¨ï ¨§
®¡«�áâ¨ íª®−®¬¨ª¨ (−®¢®áâ¨ ® á®áâ®ï−¨¨ ä®−¤®¢®£® àë−ª�) ¨«¨ á¯®àâ� (á®®¡-
é¥−¨ï ® à¥§ã«ìâ�â�å á®à¥¢−®¢�−¨©). ’�ª¨¥ ¤®ªã¬¥−âë −¥ ¤®«¦−ë ¯à¨§−�¢�âìáï
¤ã¡«¨ª�â�¬¨ ¤�¦¥ ¯à¨ ¯®«−®¬ á®¢¯�¤¥−¨¨ ¨å â¥ªáâ�.

„«ï ãç¥â� íâ®£® ¯à¨§−�ª� á®®¡é¥−¨ï ¯à¥¤áâ�¢«ïîâáï ¬−®¦¥áâ¢�¬¨ ç¨á¥«,
¨§¢«¥ç¥−−ëå ¨§ â¥ªáâ�:

dn
i =

{

n1i , n
2
i , . . . , n

N
nd
i

i

}

,

£¤¥ Nnd

i | ª®«¨ç¥áâ¢® à�§«¨ç−ëå ç¨á¥« ¢ i-¬ ¤®ªã¬¥−â¥. „«ï ¢ë¯®«−¥−¨ï ®æ¥−ª¨
áå®¤áâ¢� â�ª¨å −�¡®à®¢ â�ª¦¥ ¨á¯®«ì§ã¥âáï ¬¥à� ¢ª«îç¥−¨ï, ®¤−�ª® í«¥¬¥−âë
áà�¢−¨¢�¥¬ëå ¬−®¦¥áâ¢ −¥ ï¢«ïîâáï ¢§¢¥è¥−−ë¬¨, � ¯®â®¬ã ãç¨âë¢�¥âáï «¨èì
ª®«¨ç¥áâ¢® ®¤¨−�ª®¢ëå ¨ à�§«¨ç�îé¨åáï ç¨á«®¢ëå §−�ç¥−¨©:

simn
inc

(

dn
i , dn

j

)

=
|dn

i ∩ dn
j |

|dn
i |

.

�â«¨ç¨¥ ®¤−®£® ¤®ªã¬¥−â� ®â ¤àã£®£® ®¯à¥¤¥«ï¥âáï ª�ª ρn
i,j = 1 −

− simn
inc

(

dn
i , dn

j

)

.

„«ï −¥ª®â®àëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¢�¦¥− −¥ â®«ìª® á®áâ�¢ −�¡®à� ç¨á¥«,
−® ¨ ¯®àï¤®ª ¨å á«¥¤®¢�−¨ï ¢ â¥ªáâ¥ ¤®ªã¬¥−â�. �â® ®â−®á¨âáï, ¢ ç�áâ−®áâ¨,
ª á¯®àâ¨¢−ë¬ −®¢®áâï¬, £¤¥ à�§−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¤−¨å ¨ â¥å ¦¥ ç¨á¥«
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Œ−®£®ªà¨â¥à¨�«ì−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ ¢ ¯®â®ª¥ á®®¡é¥−¨©

¬®£ãâ á®®â¢¥âáâ¢®¢�âì à�§«¨ç−ë¬ à¥§ã«ìâ�â�¬ á®à¥¢−®¢�−¨© (−�¯à¨¬¥à, ¤¢� á¥â�
¢ â¥−−¨á−®¬ ¬�âç¥, §�¢¥àè¨¢è¨¥áï á® áç¥â®¬ 6:4 ¨ 4:6). ‚ â�ª®¬ á«ãç�¥ ¤«ï

¯à¥¤áâ�¢«¥−¨ï á®®¡é¥−¨ï ¨á¯®«ì§ã¥âáï ª®àâ¥¦ dn
i =

(

n1i , n
2
i , . . . , n

Nna
i

i

)

, £¤¥

Nna

i | ®¡é¥¥ ª®«¨ç¥áâ¢® ç¨á¥« ¢ i-¬ ¤®ªã¬¥−â¥, � ¤«ï áà�¢−¥−¨ï ¤®ªã¬¥−â®¢ |

à�ááâ®ï−¨¥ „�¬¥à�ã{‹¥¢¥−èâ¥©−� ρn
i,j = distDL

(

dn
i , dn

j

)

.

5.5 Фотографии и ссылки

ˆ−ä®à¬�æ¨ï ¢ á®®¡é¥−¨¨ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� −¥ â®«ìª® â¥ªáâ®¬ ¨«¨
ç¨á«®¢ë¬¨ ¤�−−ë¬¨, −® ¨ à�§«¨ç−ë¬¨ ®¡ê¥ªâ�¬¨, ¢ª«îç¥−−ë¬¨ ¢ â¥ªáâ ¤®-
ªã¬¥−â� | ä®â®£à�ä¨ï¬¨, ¢¨¤¥®à®«¨ª�¬¨, ááë«ª�¬¨ −� áâ®à®−−¨¥ ¨áâ®ç−¨ª¨.
�à¨áãâáâ¢¨¥ ¢ ¤®ªã¬¥−â¥ ¤®¯®«−¨â¥«ì−ëå ä®â®- ¨ ¢¨¤¥®¬�â¥à¨�«®¢ §−�ç¨â¥«ì−®
¯®¢ëè�¥â ¢¥à®ïâ−®áâì ¥£® ®à¨£¨−�«ì−®áâ¨, � −�«¨ç¨¥ ááë«®ª, −�¯à®â¨¢, ¬®¦¥â
£®¢®à¨âì ® §�¨¬áâ¢®¢�−¨¨ ¨−ä®à¬�æ¨¨ ¨§ ¯¥à¢®¨áâ®ç−¨ª®¢. �®íâ®¬ã ¢ ¬®¤¥«ì
¢ª«îç�îâáï ª®¬¯®−¥−âë, ®âà�¦�îé¨¥ ª®«¨ç¥áâ¢® ¯à¨áãâáâ¢ãîé¨å ¢ â¥ªáâ¥ á®-
®¡é¥−¨ï ä®â®£à�ä¨© dimi ¨ ááë«®ª dh

i . ÷�§«¨ç¨¥ ¤®ªã¬¥−â®¢ á â®çª¨ §à¥−¨ï íâ¨å
ªà¨â¥à¨¥¢ ®¯à¥¤¥«ï¥âáï ª�ª à�§−®áâì á®®â¢¥âáâ¢ãîé¨å §−�ç¥−¨©:

ρimi,j = dimi − dimj ; ρh
i,j = dh

i − dh
j .

5.6 Дата и время публикации

‘ãé¥áâ¢¥−−ë¬ ä�ªâ®à®¬, ¢«¨ïîé¨¬ −� ¯à¨−ïâ¨¥ à¥è¥−¨ï ® −�«¨ç¨¨ ¨«¨
®âáãâáâ¢¨¨ ¤ã¡«¨à®¢�−¨ï, ï¢«ï¥âáï à�§−¨æ� ¢® ¢à¥¬¥−¨ ¯ã¡«¨ª�æ¨¨ á®®¡é¥−¨©.
’�ª, ¯à¨ ¤ã¡«¨à®¢�−¨¨ −®¢®áâ−ëå áâ�â¥© ¯¥à¥¯¥ç�âë¢�−¨î ®¡ëç−® ¯®¤¢¥à£�îâáï
á¢¥¦¨¥ −®¢®áâ¨, −¥¤�¢−® ®¯ã¡«¨ª®¢�−−ë¥ −� á�©â¥ ¯¥à¢®¨áâ®ç−¨ª�. ‘ ã¢¥«¨-
ç¥−¨¥¬ ¨−â¥à¢�«� ¬¥¦¤ã ¬®¬¥−â�¬¨ ¯®ï¢«¥−¨ï ¤®ªã¬¥−â®¢ ¢ á¥â¨ ¢¥à®ïâ−®áâì
¤ã¡«¨à®¢�−¨ï ¡ëáâà® ã¡ë¢�¥â.

‚ ¬®¤¥«¨ íâ� å�à�ªâ¥à¨áâ¨ª� á®®¡é¥−¨ï ¯à¥¤áâ�¢«¥−� ¯®áà¥¤áâ¢®¬ POSIX-
¢à¥¬¥−¨ ¬®¬¥−â� ¯ã¡«¨ª�æ¨¨ (ª®â®à®¥ ®¯à¥¤¥«ï¥âáï ª�ª ª®«¨ç¥áâ¢® á¥ªã−¤,
¯à®è¥¤è¨å á ¯®«ã−®ç¨ 1 ï−¢�àï 1970 £. ¤® ¬®¬¥−â�, ª®£¤� ¤®ªã¬¥−â ¡ë«
®¯ã¡«¨ª®¢�− ¨áâ®ç−¨ª®¬): ddti . ÷�§«¨ç¨¥ ¬¥¦¤ã ¤®ªã¬¥−â�¬¨ ®¯à¥¤¥«ï¥âáï ª�ª
à�§−®áâì ¬¥¦¤ã ¬®¬¥−â�¬¨ ¯ã¡«¨ª�æ¨¨ á®®¡é¥−¨© ¢ á¥ªã−¤�å:

ρdti,j = ddti − ddtj .

5.7 Авторитетность источника

�à¨ �−�«¨§¥ ¤®ªã¬¥−â®¢ íªá¯¥àâë ®¡à�é�îâ ¢−¨¬�−¨¥ −� ¨áâ®ç−¨ª¨ á®®¡-
é¥−¨©. ‘â�âìï ¨§ �¢â®à¨â¥â−®£® ¨áâ®ç−¨ª� (ª®â®àë© ®¡ëç−® ¯ã¡«¨ªã¥â ®à¨£¨-
−�«ì−ë¥ ¬�â¥à¨�«ë) ¨¬¥¥â áãé¥áâ¢¥−−® ¬¥−ìèãî ¢¥à®ïâ−®áâì ¡ëâì ¯à¨§−�−−®©
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¤ã¡«¨ª�â®¬, ç¥¬ ¤®ªã¬¥−â, ¯®«ãç¥−−ë© ¨§ ¨áâ®ç−¨ª�, à¥£ã«ïà−® §�−¨¬�îé¥£®áï
¯¥à¥¯¥ç�âª®© çã¦¨å á®®¡é¥−¨©.

‚ ¬®¤¥«ì ¤®ªã¬¥−â� ¢ª«îç�¥âáï ª®¬¯®−¥−â, ®âà�¦�îé¨© �¢â®à¨â¥â−®áâì
¨áâ®ç−¨ª�, ®¯ã¡«¨ª®¢�¢è¥£® íâ® á®®¡é¥−¨¥: da

i ∈ [0, 1]. �â® §−�ç¥−¨¥ ¬®¦¥â
¡ëâì §�¤�−® íªá¯¥àâ®¬ ¢àãç−ãî ¨«¨ ¯®«ãç¥−® −� ®á−®¢¥ ®¡ãç�îé¥© ¢ë¡®àª¨
ª�ª ®â−®è¥−¨¥ ç¨á«� ®à¨£¨−�«ì−ëå ¤®ªã¬¥−â®¢, ¯®áâã¯¨¢è¨å ®â ¨áâ®ç−¨ª�,
ª ®¡é¥¬ã ç¨á«ã ®¯ã¡«¨ª®¢�−−ëå ¨¬ á®®¡é¥−¨©.

’�ª¨¬ ®¡à�§®¬, ¬®¤¥«ì ¤®ªã¬¥−â� ¯à¥¤áâ�¢«ï¥â á®¡®© á®¢®ªã¯−®áâì ª®¬¯®-
−¥−â®¢, å�à�ªâ¥à¨§ãîé¨å á®®¡é¥−¨¥ á â®çª¨ §à¥−¨ï à�§«¨ç−ëå ªà¨â¥à¨¥¢:

di =
(

dw
i , dt

i, d
n
i , dc

i , d
p
i , d
im
i , dh

i , ddti , da
i

)

.

6 Метод обнаружения дубликатов

6.1 Интерпретация результата сравнения

�®á«¥ ¯®«ãç¥−¨ï ¬®¤¥«¥© di ¨ dj ¤¢ãå ¤®ªã¬¥−â®¢ −¥®¡å®¤¨¬® áà�¢−¨âì ¨å
¨ ¢ë−¥áâ¨ à¥è¥−¨¥ ® â®¬, ï¢«ïîâáï «¨ ¤®ªã¬¥−âë −¥ç¥âª¨¬¨ ¤ã¡«¨ª�â�¬¨. „«ï
íâ®£® ¢ë¯®«−ï¥âáï �−�«¨§ áå®¦¥áâ¨ á®®¡é¥−¨© ¯® ª�¦¤®¬ã ¨§ ªà¨â¥à¨¥¢. ÷¥-
§ã«ìâ�â®¬ áà�¢−¥−¨ï ¤®ªã¬¥−â®¢ á â®çª¨ §à¥−¨ï −¥ª®â®à®£® ªà¨â¥à¨ï k ï¢«ï¥âáï
§−�ç¥−¨¥ ρk

i,j. ‚ë¯®«−¨¢ ¯®¯�à−® áà�¢−¥−¨¥ ª®¬¯®−¥−â®¢ ¬®¤¥«¥© ¤«ï ª�¦¤®£®
¨§ ªà¨â¥à¨¥¢, ¯®«ãç¨¬ ¢¥ªâ®à

ρi,j =
(

ρw
i,j , ρ

t
i,j, ρ

n
i,j , ρ

c
i,j, ρ

p
i,j , ρ

im
i,j , ρ

h
i,j, ρ

dt
i,j , ρ

a
i,j

)

.

‚¢¨¤ã ¢ëè¥ãª�§�−−®© −¥á¨¬¬¥âà¨ç−®áâ¨ ¬¥à áå®¤áâ¢�, ¨á¯®«ì§ã¥¬ëå ¤«ï
−¥ª®â®àëå ªà¨â¥à¨¥¢, à¥§ã«ìâ�â®¬ áà�¢−¥−¨ï ¤¢ãå ¤®ªã¬¥−â®¢ ï¢«ïîâáï ¤¢�
à�§«¨ç−ëå ¢¥ªâ®à� ρi,j ¨ ρj,i, å�à�ªâ¥à¨§ãîé¨¥ áâ¥¯¥−ì ®â«¨ç¨ï ¯¥à¢®£® ¨ ¢â®-
à®£® á®®¡é¥−¨ï ¤àã£ ®â ¤àã£�. Š�¦¤ë© ¨§ íâ¨å ¢¥ªâ®à®¢ ¨−â¥à¯à¥â¨àã¥âáï
á ¯®¬®éìî äã−ªæ¨¨ D(ρ) (1).

„«ï ¨−â¥à¯à¥â�æ¨¨ à¥§ã«ìâ�â� áà�¢−¥−¨ï −¥®¡å®¤¨¬® à¥è¨âì §�¤�çã ¡¨−�à-
−®© ª«�áá¨ä¨ª�æ¨¨, â. ¥. ®â−¥áâ¨ ¢¥ªâ®à ª ª«�ááã M+ ¨«¨ M−. „«ï −�áâà®©ª¨
¯�à�¬¥âà®¢ ª«�áá¨ä¨ª�â®à� ¨á¯®«ì§ã¥âáï ®¡ãç�îé�ï ¢ë¡®àª� | −�¡®à ¢¥ªâ®-
à®¢, ª�¦¤ë© ¨§ ª®â®àëå á−�¡¦¥− ¬¥âª®© m ∈ {M+,M−}, ®¡®§−�ç�îé¥© ª«�áá,
ª ª®â®à®¬ã ¯à¨−�¤«¥¦¨â íâ®â ¢¥ªâ®à.

‡�¤�ç� ¡¨−�à−®© ª«�áá¨ä¨ª�æ¨¨ á®áâ®¨â ¢ â®¬, çâ®¡ë ¤«ï ¢−®¢ì ¯®áâã¯¨¢è¥-
£® −� ¨áá«¥¤®¢�−¨¥ ¢¥ªâ®à� ρ =

(

ρ1, ρ2, . . . , ρK
)

®¯à¥¤¥«¨âì ª«�áá, ª ª®â®à®¬ã ®−
¯à¨−�¤«¥¦¨â, â. ¥. §−�ç¥−¨¥ m. „«ï ¥¥ à¥è¥−¨ï ¢ ¤�−−®© à�¡®â¥ ¨á¯®«ì§®¢�«áï
¬¥â®¤ ®¯®à−ëå ¢¥ªâ®à®¢ (SVM | support vector machine). �â®â ¬¥â®¤ ®á−®-
¢�− −� ¯®áâà®¥−¨¨ ¢ K-¬¥à−®¬ ¯à®áâà�−áâ¢¥ (K − 1)-¬¥à−®© £¨¯¥à¯«®áª®áâ¨,
à�§¤¥«ïîé¥© ®¡ê¥ªâë ª«�áá®¢ M+ ¨ M−. ‚ §�¢¨á¨¬®áâ¨ ®â à�á¯®«®¦¥−¨ï ¢¥ª-
â®à� ρ ®â−®á¨â¥«ì−® íâ®© £¨¯¥à¯«®áª®áâ¨ ¢ë¯®«−ï¥âáï ¥£® ®â−¥á¥−¨¥ ª ®¤−®¬ã ¨§
ª«�áá®¢.
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Œ−®£®ªà¨â¥à¨�«ì−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ ¢ ¯®â®ª¥ á®®¡é¥−¨©

‚®§¬®¦−ë á«¥¤ãîé¨¥ à¥§ã«ìâ�âë ¨−â¥à¯à¥â�æ¨¨:

{ D(ρi,j) = D(ρj,i) = 0. �¡� ¤®ªã¬¥−â� ¯à¨§−�îâáï ®à¨£¨−�«ì−ë¬¨;

{ D(ρi,j) 6= D(ρj,i). �¤¨− ¨§ ¤®ªã¬¥−â®¢ ï¢«ï¥âáï ®à¨£¨−�«®¬, � ¢â®à®© |
¤ã¡«¥¬;

{ D(ρi,j) = D(ρj,i) = 1. �¡� ¤®ªã¬¥−â� ï¢«ïîâáï ¤ã¡«ï¬¨ ¤àã£ ®â−®á¨â¥«ì−®
¤àã£�, â. ¥. −¨ ®¤¨− ¨§ −¨å −¥ á®¤¥à¦¨â ®à¨£¨−�«ì−ëå ¤�−−ëå ®â−®á¨â¥«ì−®
¤àã£®£®.

�� ®á−®¢¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® ¤�«ì−¥©è¨å ¤¥©-
áâ¢¨ïå ¢ ®â−®è¥−¨¨ ¤®ªã¬¥−â®¢. ’�ª, ¢ à�§à�¡®â�−−®© á¨áâ¥¬¥ à¥è�«�áì §�¤�ç�
¯à®¢¥àª¨ ¤®ªã¬¥−â®¢ ¢ ¬®¬¥−â ¨å ¯®áâã¯«¥−¨ï ®â ¨áâ®ç−¨ª�, ¯à¨ íâ®¬ §�£àã-
¦�¥¬ë¥ á®®¡é¥−¨ï áà�¢−¨¢�«¨áì −� ¯à¥¤¬¥â ¤ã¡«¨à®¢�−¨ï á ¤®ªã¬¥−â�¬¨, ã¦¥
§�£àã¦¥−−ë¬¨ ¢ ¡�§ã. �®íâ®¬ã ¨−â¥à¥á ¯à¥¤áâ�¢«ï« «¨èì ®¤¨− ¨§ à¥§ã«ì-
â�â®¢ ¨−â¥à¯à¥â�æ¨¨ | ï¢«ï¥âáï «¨ §�£àã¦�¥¬ë© ¤®ªã¬¥−â ¤ã¡«¨ª�â®¬ à�−¥¥
¯®«ãç¥−−®£® á®®¡é¥−¨ï. �¤−�ª® ¯à¨ ®¡à�¡®âª¥ £®â®¢®© ª®««¥ªæ¨¨ ¤®ªã¬¥−â®¢
á æ¥«ìî ®¡−�àã¦¥−¨ï ¨ ãáâà�−¥−¨ï ¤ã¡«¨ª�â®¢ ¢�¦−® ¢ëï¢¨âì ¢á¥ ¯�àë á®®¡é¥-
−¨©, ¢ ª®â®àëå ¨¬¥¥â ¬¥áâ® ¤ã¡«¨à®¢�−¨¥, ¤«ï ç¥£® âà¥¡ã¥âáï ¨á¯®«ì§®¢�âì ®¡�
à¥§ã«ìâ�â�.

6.2 Метод предварительного отбора кандидатов

�à¥¤«®¦¥−−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ ¯®¤à�§ã¬¥¢�¥â, çâ®
ª�¦¤®¥ −®¢®¥ á®®¡é¥−¨¥ ¯®¤¢¥à£�¥âáï áà�¢−¥−¨î á® ¢á¥¬¨ à�−¥¥ §�£àã¦¥−−ë¬¨
¨ ¯à¨ ª�¦¤®¬ áà�¢−¥−¨¨ ¢ë¯®«−ï¥âáï à�áç¥â ¡«¨§®áâ¨ ¤®ªã¬¥−â®¢ ¯® ¬−®¦¥áâ¢ã
ªà¨â¥à¨¥¢. �� ¯à�ªâ¨ª¥ −�¯àï¬ãî ¯à¨¬¥−ïâì â�ª®© ¯®¤å®¤ −¥ ¯à¥¤áâ�¢«ï¥â-
áï ¢®§¬®¦−ë¬ ¨§-§� ¥£® ¢ëá®ª®© ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨. „«ï ã¢¥«¨ç¥−¨ï
¡ëáâà®¤¥©áâ¢¨ï ¬¥â®¤� −¥®¡å®¤¨¬® ¨áª«îç�âì ¨§ à�áá¬®âà¥−¨ï ¯�àë −®¢®áâ¥©,
ª®â®àë¥ á«¨èª®¬ á¨«ì−® ®â«¨ç�îâáï ¤àã£ ®â ¤àã£�. ‘ íâ®© æ¥«ìî ¢ëè¥®¯¨-
á�−−ë© ¬¥â®¤ ¯à¥¤¢�àï¥âáï ¯à®æ¥¤ãà®© ®â¡®à� ¯�à ¤®ªã¬¥−â®¢, ï¢«ïîé¨åáï
¯®â¥−æ¨�«ì−ë¬¨ ¤ã¡«¨ª�â�¬¨:

F (di, dj) =

{

1, ¥á«¨ ¤®ªã¬¥−âë | ¯®â¥−æ¨�«ì−ë¥ ¤ã¡«¨ª�âë;
0, ¥á«¨ ¤®ªã¬¥−âë −¥ ï¢«ïîâáï ¤ã¡«¨ª�â�¬¨.

��àë, ¯à¨§−�−−ë¥ ¯à®æ¥¤ãà®© ª�−¤¨¤�â�¬¨ ¢ ¤ã¡«¨ª�âë, ¤®«¦−ë ¯à®¢¥-
àïâìáï ®á−®¢−ë¬ ¬¥â®¤®¬, ®áâ�«ì−ë¥ ¦¥ á®®¡é¥−¨ï ¤�«¥¥ −¥ à�áá¬�âà¨¢�îâáï
(à¨á. 3).

�â� ¯à®æ¥¤ãà�, ¯® áãâ¨, â�ª¦¥ à¥è�¥â §�¤�çã ®¡−�àã¦¥−¨ï ¤ã¡«¨ª�â®¢, ¯à¨-
ç¥¬ ®á−®¢−ë¬¨ âà¥¡®¢�−¨ï¬¨, ¯à¥¤êï¢«ï¥¬ë¬¨ ª −¥©, ï¢«ïîâáï ¬¨−¨¬�«ì−�ï
¢ëç¨á«¨â¥«ì−�ï á«®¦−®áâì, ¬�ªá¨¬�«ì−�ï ¯®«−®â�, � â�ª¦¥ ¢ëá®ª�ï íää¥ª-
â¨¢−®áâì (¯®¤ íää¥ªâ¨¢−®áâìî ¯®−¨¬�¥âáï ®â−®è¥−¨¥ ç¨á«� ¯�à ¤®ªã¬¥−â®¢,
®â¡à®è¥−−ëå −� íâ�¯¥ ¯à¥¤¢�à¨â¥«ì−®£® ®â¡®à�, ª ¨áå®¤−®¬ã ç¨á«ã ¯�à).
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÷¨á. 3 „¢ãåíâ�¯−ë© ¯®¤å®¤ ª ®¡−�àã¦¥−¨î ¤ã¡«¨ª�â®¢

‚¢¨¤ã −�«¨ç¨ï ¬−®¦¥áâ¢ ¢§¢¥è¥−−ëå á«®¢ ¤®ªã¬¥−â®¢ ¡ë«® à¥è¥−® ¯®«®-
¦¨âì ¢ ®á−®¢ã ¯à®æ¥¤ãàë áà�¢−¥−¨¥ −�¡®à®¢ −�¨¡®«¥¥ §−�ç¨¬ëå á«®¢: s =
=
{

s1, s2, . . . , sA
}

, £¤¥ A | ¬®é−®áâì áà�¢−¨¢�¥¬ëå −�¡®à®¢, ®¯à¥¤¥«ï¥¬�ï
®¯ëâ−ë¬ ¯ãâ¥¬. �à¨ íâ®¬ ¤®ªã¬¥−âë ¯à¨§−�îâáï ª�−¤¨¤�â�¬¨ ¢ ¤ã¡«¨ª�âë,
¥á«¨ ¬®é−®áâì ¯¥à¥á¥ç¥−¨ï ¨å −�¡®à®¢ −¥ ¬¥−ìè¥ §�¤�−−®£® ¯®à®£®¢®£® §−�ç¥−¨ï:

F (di, dj) =

{

1, |si ∩ sj| ≥ T ;

0, |si ∩ sj| < T .

Œ®é−®áâì −�¡®à� A ¨ ¯®à®£®¢®¥ §−�ç¥−¨¥ T ∈ [0; A] ï¢«ïîâáï −�áâà�¨¢�-
¥¬ë¬¨ ¯�à�¬¥âà�¬¨, ¢ë¡¨à�¥¬ë¬¨ ¨áå®¤ï ¨§ ¦¥«�¥¬ëå ¯®ª�§�â¥«¥© ¯®«−®âë
¨ íää¥ªâ¨¢−®áâ¨.

7 Экспериментальная проверка метода

‚ à�¬ª�å ¤�−−®© à�¡®âë ¡ë«¨ ¯à®¢¥¤¥−ë íªá¯¥à¨¬¥−âë, −�¯à�¢«¥−−ë¥ −�
�−�«¨§ ª�ç¥áâ¢� à�¡®âë à�§à�¡®â�−−®© ¯®¤á¨áâ¥¬ë ®¡−�àã¦¥−¨ï ¤ã¡«¨ª�â®¢,
à¥�«¨§ãîé¥© ¯à¥¤«®¦¥−−ë© ¬¥â®¤. ‚á¥ íªá¯¥à¨¬¥−âë ¯à®¢®¤¨«¨áì −� ��‚Œ
á® á«¥¤ãîé¨¬¨ ®á−®¢−ë¬¨ ¯�à�¬¥âà�¬¨: ¯à®æ¥áá®à Intel Core 2 Duo 2,2 ƒƒæ,
®¡ê¥¬ �‡“ | 2 ƒ�.

–¥«ìî ¯¥à¢®£® íªá¯¥à¨¬¥−â� ¡ë«� ®æ¥−ª� ª�ç¥áâ¢� ¬¥â®¤� ¯à¥¤¢�à¨â¥«ì−®£®
®â¡®à� ¯®â¥−æ¨�«ì−ëå ¤ã¡«¨ª�â®¢ ¢ §�¢¨á¨¬®áâ¨ ®â ¯�à�¬¥âà®¢ A ¨ T −� ¯à¨-
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Œ−®£®ªà¨â¥à¨�«ì−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ ¢ ¯®â®ª¥ á®®¡é¥−¨©

�æ¥−ª� ª�ç¥áâ¢� ¬¥â®¤� ®â¡®à� ª�−¤¨¤�â®¢

Š®−ä¨-
£ãà�æ¨ï A T

÷�á¯®-
§−�−−ë¥
¤ã¡«¨-
ª�âë

‹®¦−ë¥
áà�¡�âë-

¢�−¨ï

�à®¯ã-
é¥−−ë¥
¤ã¡«¨-
ª�âë

�®«−®â� ’®ç−®áâì
�ää¥ªâ¨¢-

−®áâì

1 2 2 352 482 324 52,1% 42,2% 99,99%
2 6 2 625 4231 51 92,4% 12,8% 99,98%
3 8 2 651 8724 25 96,3% 6,9% 99,96%

¬¥à¥ �−�«¨§� ®¡é¥áâ¢¥−−®-¯®«¨â¨ç¥áª¨å −®¢®áâ¥©. ’¥áâ¨à®¢�−¨¥ ¯à®¢®¤¨«®áì
¢ â¥ç¥−¨¥ áãâ®ª. ‚ ª�ç¥áâ¢¥ ¢å®¤−ëå ¤�−−ëå ¨á¯®«ì§®¢�«¨áì 1 427 ¤®ªã¬¥−â®¢,
¨§¢«¥ç¥−−ëå á 20 −®¢®áâ−ëå á�©â®¢. Š�¦¤ë© ¨§ ¤®ªã¬¥−â®¢ ¯®¤¢¥à£�«áï áà�¢-
−¥−¨î á 17 835 §�£àã¦¥−−ë¬¨ à�−¥¥ á®®¡é¥−¨ï¬¨. ‚ ®¡é¥© á«®¦−®áâ¨ ¡ë«®
®¡à�¡®â�−® 25 450 545 ¯�à ¤®ªã¬¥−â®¢, ¨§ ª®â®àëå 676 ¡ë«¨ ¤ã¡«¨ª�â�¬¨.

‚ â�¡«¨æ¥ ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë à�¡®âë ¬¥â®¤� ¯à¥¤¢�à¨â¥«ì−®£® ®â¡®à�
¯à¨ ¨á¯®«ì§®¢�−¨¨ âà¥å ª®−ä¨£ãà�æ¨© ¯�à�¬¥âà®¢ ¯à®æ¥¤ãàë.

ˆá¯®«ì§®¢�−¨¥ ¡®«¥¥ ¬ï£ª¨å ªà¨â¥à¨¥¢ ä¨«ìâà�æ¨¨ (ª®−ä¨£ãà�æ¨ï 3) ¯à¥¤-
áª�§ã¥¬® ¯à¨¢®¤¨â ª ã¢¥«¨ç¥−¨î ¯®«−®âë à�á¯®§−�¢�¥¬ëå ¤ã¡«¨ª�â®¢ ¨ ª ã¬¥−ì-
è¥−¨î íää¥ªâ¨¢−®áâ¨ ¯à®æ¥¤ãàë ¯® áà�¢−¥−¨î á ¦¥áâª¨¬¨ −�áâà®©ª�¬¨ (ª®−-
ä¨£ãà�æ¨ï 1). ˆáå®¤ï ¨§ âà¥¡®¢�−¨© ª ¯à®æ¥¤ãà¥, ®¯â¨¬�«ì−®© ¡ë«� ¯à¨§−�−�
ª®−ä¨£ãà�æ¨ï 3: áà�¢−¥−¨î ¤®«¦−ë ¯®¤¢¥à£�âìáï 8 −�¨¡®«¥¥ §−�ç¨¬ëå á«®¢
¤®ªã¬¥−â�, ¯à¨ á®¢¯�¤¥−¨¨ 2 ¨ ¡®«¥¥ ¤®ªã¬¥−âë áç¨â�îâáï ª�−¤¨¤�â�¬¨ ¢ ¤ã¡«¨-
ª�âë. ’�ª¨¥ ¯�à�¬¥âàë ¯®§¢®«ïîâ ¯®«ãç¨âì ¢ëá®ªãî ¯®«−®âã, à�¢−ãî 96,3%,
¯à¨ íâ®¬ ¤�«ì−¥©è�ï ¯à®¢¥àª� ®á−®¢−ë¬ ¬¥â®¤®¬ âà¥¡ã¥âáï «¨èì ¤«ï 0,04% ®â
®¡é¥£® ç¨á«� ¯�à.

�à¨ â�ª¨å −�áâ®©ª�å ¤ã¡«¨ª�âë á®áâ�¢«ïîâ «¨èì 6,9% ¯�à, ¯à®è¥¤è¨å
®â¡®à. ‘â®«ì −¨§ª�ï â®ç−®áâì ¯à®æ¥¤ãàë ¤®ª�§ë¢�¥â −¥®¡å®¤¨¬®áâì ¤®¯®«−¨-
â¥«ì−®£® �−�«¨§� ®â®¡à�−−ëå ¯�à á ¯®¬®éìî ®á−®¢−®£® ¬¥â®¤�.

‚ à�¬ª�å ¢â®à®£® íªá¯¥à¨¬¥−â� ¢ë¯®«−ï«�áì ®æ¥−ª� ª�ç¥áâ¢� ®á−®¢−®£®
¬¥â®¤�. „«ï â¥áâ¨à®¢�−¨ï ¨á¯®«ì§®¢�«¨áì 26 036 ¤®ªã¬¥−â®¢, ¨§¢«¥ç¥−−ëå
á 20 −®¢®áâ−ëå á�©â®¢. ‘ ¯®¬®éìî ¬¥â®¤� ä¨«ìâà�æ¨¨ ¡ë«® ®â®¡à�−® 2650 ¯�à-
ª�−¤¨¤�â®¢, ª�¦¤�ï ¨§ ª®â®àëå ¡ë«� ¯à®�−�«¨§¨à®¢�−� íªá¯¥àâ�¬¨ −� ¯à¥¤¬¥â
−�«¨ç¨ï ¤ã¡«¨à®¢�−¨ï. —�áâì ¯�à ¨á¯®«ì§®¢�«�áì ¤«ï ®¡ãç¥−¨ï, −� ®áâ�«ì-
−ëå ¢ë¯®«−ï«®áì â¥áâ¨à®¢�−¨¥ ¬¥â®¤�. –¥«ìî íªá¯¥à¨¬¥−â� ¡ë«® ®¯à¥¤¥«¥−¨¥
§�¢¨á¨¬®áâ¨ ¯®ª�§�â¥«¥© ª�ç¥áâ¢� (â®ç−®áâ¨, ¯®«−®âë ¨ F -¬¥àë) ®â ¬®é−®áâ¨
®¡ãç�îé¥© ¢ë¡®àª¨ ¨ ®â ãç¨âë¢�¥¬ëå ªà¨â¥à¨¥¢. �®«ãç¥−−ë¥ §�¢¨á¨¬®áâ¨
¯à¥¤áâ�¢«¥−ë −� à¨á. 4.

Š�ª ¢¨¤−® ¨§ à¨á. 4, ¯à¨ ¨á¯®«ì§®¢�−¨¨ 400 ®¡ãç�îé¨å ¯à¨¬¥à®¢ ¯à®¨áå®¤¨â
−�áëé¥−¨¥ ¨ á ¤�«ì−¥©è¨¬ ã¢¥«¨ç¥−¨¥¬ ®¡ãç�îé¥© ¢ë¡®àª¨ ª�ç¥áâ¢® à�¡®âë
¬¥â®¤� −¥ ã«ãçè�¥âáï. ’�ª¨¬ ®¡à�§®¬, ¤«ï ®¡ãç¥−¨ï á¨áâ¥¬ë ¤®áâ�â®ç−® 400 ¯�à
¤®ªã¬¥−â®¢, à�§¬¥ç¥−−ëå íªá¯¥àâ�¬¨.
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÷¨á. 4 ‡�¢¨á¨¬®áâì â®ç−®áâ¨ (1), ¯®«−®âë (2) ¨ F -¬¥àë (3) ®â ¬®é−®áâ¨ ®¡ãç�îé¥©
¢ë¡®àª¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ à�§«¨ç−ëå −�¡®à®¢ ªà¨â¥à¨¥¢: (�) ¨á¯®«ì§®¢�−¨¥ ¡«¨§®áâ¨
á®áâ�¢®¢ á«®¢; (¡) ¨á¯®«ì§®¢�−¨¥ áå®¦¥áâ¨ �¡§�æ¥¢; (¢) ¨á¯®«ì§®¢�−¨¥ ¢á¥å ªà¨â¥à¨¥¢

�à®¢¥¤¥−−ë© íªá¯¥à¨¬¥−â ¤®ª�§ë¢�¥â æ¥«¥á®®¡à�§−®áâì ¬−®£®ªà¨â¥à¨�«ì−®-
£® áà�¢−¥−¨ï ¤®ªã¬¥−â®¢: ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¢á¥å ªà¨â¥à¨¥¢ ¤®áâ¨£�îâáï ¡®«¥¥
¢ëá®ª¨¥ ¯®ª�§�â¥«¨ ª�ç¥áâ¢� (F -¬¥à� ¢ §®−¥ −�áëé¥−¨ï à�¢−� 0,82), ç¥¬ ¯à¨
�−�«¨§¥ ¤®ªã¬¥−â®¢ â®«ìª® á â®çª¨ §à¥−¨ï á«®¢ (0,67) ¨«¨ �¡§�æ¥¢ (0,64).

�à¨ ¡®«¥¥ ¯®¤à®¡−®¬ �−�«¨§¥ ¯à¨¬¥à®¢, −� ª®â®àëå ¬¥â®¤ á®¢¥àè�¥â ®è¨¡-
ªã, ®ª�§�«®áì, çâ® ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ (76%) ®è¨¡ª� á¢ï§�−� á ç¥«®¢¥ç¥áª¨¬
ä�ªâ®à®¬: ª�¦¤ë© íªá¯¥àâ, ãç�áâ¢®¢�¢è¨© ¢ ¯®¤£®â®¢ª¥ ®¡ãç�îé¥© ¨ â¥áâ®¢®©
¢ë¡®à®ª, ¨¬¥¥â á¢®¥ ¯à¥¤áâ�¢«¥−¨¥ ® â®¬, ª�ª¨¥ ¤®ªã¬¥−âë ï¢«ïîâáï ¨−ä®à¬�-
â¨¢−® −¥®¡å®¤¨¬ë¬¨, � ª�ª¨¥ | −¥â, çâ® ¯à¨¢®¤¨â ª ª®−ä«¨ªâ�¬ ¢ áã¦¤¥−¨ïå
íªá¯¥àâ®¢. ‹¨èì ¢ 24% á«ãç�¥¢ ®è¨¡®ç−®áâì à¥è¥−¨ï, ¯à¨−ïâ®£® ¬¥â®¤®¬, −¥
¢ë§ë¢�«� á®¬−¥−¨©.

�à®¢¥¤¥−−ë© íªá¯¥à¨¬¥−â â�ª¦¥ ¯®ª�§�«, çâ® áà¥¤−¥¥ ¢à¥¬ï, §�âà�ç¨¢�¥¬®¥
−� �−�«¨§ ¯�àë ¤®ªã¬¥−â®¢ ®á−®¢−ë¬ ¬¥â®¤®¬, á®áâ�¢«ï¥â 5 ¬á. ‘ ãç¥â®¬ ¢ëá®ª®©
íää¥ªâ¨¢−®áâ¨ ¯à®æ¥¤ãàë ä¨«ìâà�æ¨¨ íâ® ®§−�ç�¥â, çâ® á¨áâ¥¬� á¯®á®¡−� ®¡à�-
¡�âë¢�âì 10 000 ¤®ªã¬¥−â®¢ ¢ ç�á ¯à¨ −�«¨ç¨¨ ¢ ¡�§¥ 200 000 à�−¥¥ §�£àã¦¥−−ëå
á®®¡é¥−¨©, á ª®â®àë¬¨ âà¥¡ã¥âáï áà�¢−¨¢�âì −®¢ë¥ ¤®ªã¬¥−âë.
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Œ−®£®ªà¨â¥à¨�«ì−ë© ¬¥â®¤ ¢ëï¢«¥−¨ï −¥ç¥âª¨å ¤ã¡«¨ª�â®¢ ¢ ¯®â®ª¥ á®®¡é¥−¨©

8 Направления дальнейших исследований

�®¬¨¬® ®¡−�àã¦¥−¨ï ¨ ãáâà�−¥−¨ï ¤ã¡«¨ª�â®¢, ¯à¥¤«�£�¥¬ë© ¬¥â®¤ ¬®¦¥â
¡ëâì ¨á¯®«ì§®¢�− ¤«ï à¥è¥−¨ï ¤àã£¨å §�¤�ç ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� â¥ª-
áâ®¢. �à¨ á®®â¢¥âáâ¢ãîé¥© −�áâà®©ª¥ −�¡®à� ãç¨âë¢�¥¬ëå ªà¨â¥à¨¥¢ ¨ ¯®à®£�
¡«¨§®áâ¨ ¤®ªã¬¥−â®¢, −¥®¡å®¤¨¬®£® ¤«ï ¢ë−¥á¥−¨ï à¥è¥−¨ï ® −�«¨ç¨¨ ¤ã¡«¨-
à®¢�−¨ï, ¬¥â®¤ ¬®¦¥â ¡ëâì ¯à¨¬¥−¥− ¤«ï à¥è¥−¨ï ®¡é¥© §�¤�ç¨ ®¡−�àã¦¥−¨ï
¤®ªã¬¥−â®¢, ¡«¨§ª¨å ¯® á®¤¥à¦�−¨î ª §�¤�−−®¬ã. �â® ¯®§¢®«¨â, ¢ ç�áâ−®áâ¨,
¢ë¯®«−ïâì ä®à¬¨à®¢�−¨¥ ¯®¤¡®à®ª â¥¬�â¨ç¥áª¨ ¡«¨§ª¨å ¤®ªã¬¥−â®¢, � â�ª¦¥
á®®¡é¥−¨©, ª®â®àë¥ á ¡®«ìè®© ¤®«¥© ¢¥à®ïâ−®áâ¨ á¢ï§�−ë á ®¡é¨¬ á®¡ëâ¨¥¬.

…é¥ ®¤−¨¬ ¯¥àá¯¥ªâ¨¢−ë¬ −�¯à�¢«¥−¨¥¬ à�§¢¨â¨ï ¬¥â®¤� ï¢«ï¥âáï á−�¡¦¥-
−¨¥ ¥£® ¢®§¬®¦−®áâìî −¥ â®«ìª® ®¡−�àã¦¥−¨ï −�«¨ç¨ï ¨«¨ ®âáãâáâ¢¨ï ¤ã¡«¨à®-
¢�−¨ï, −® ¨ ¢ë¤¥«¥−¨ï ¢ â¥ªáâ¥ ¡«¨§ª¨å ¯® á®¤¥à¦�−¨î á®®¡é¥−¨© äà�£¬¥−â®¢
á ®à¨£¨−�«ì−®© (−¥¤ã¡«¨à®¢�−−®©) ¨−ä®à¬�æ¨¥©.

9 Заключение

‚ à�¡®â¥ ¯à¥¤«®¦¥− ¬¥â®¤ ®¡−�àã¦¥−¨ï ¨ ãáâà�−¥−¨ï −¥ç¥âª®£® ¤ã¡«¨à®¢�−¨ï
¢ ¯®â®ª¥ â¥ªáâ®¢ëå á®®¡é¥−¨©. ‚ ¥£® ®á−®¢¥ «¥¦¨â ®â−¥á¥−¨¥ ¯�à ¤®ªã¬¥−â®¢
ª ª«�ááã ¤ã¡«¨ª�â®¢ ¨«¨ −¥¤ã¡«¨ª�â®¢ á ¯®¬®éìî ¬¥â®¤� ®¯®à−ëå ¢¥ªâ®à®¢.

�à¥¤«�£�¥¬ë© ¬¥â®¤ ®¡«�¤�¥â ¢ëá®ª®© £¨¡ª®áâìî ¡«�£®¤�àï ¢®§¬®¦−®áâ¨ ¥£®
−�áâà®©ª¨ ¤«ï ®¡à�¡®âª¨ á®®¡é¥−¨© ¨§ à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©. �â®
¤®áâ¨£�¥âáï ¯®áà¥¤áâ¢®¬ ¢ª«îç¥−¨ï ¢ ¬®¤¥«ì ¤®ªã¬¥−â� ª®¬¯®−¥−â®¢, ®âà�¦�-
îé¨å ªà¨â¥à¨¨, ª®â®àë¬¨ àãª®¢®¤áâ¢ãîâáï íªá¯¥àâë ¯à¨ �−�«¨§¥ â¥ªáâ®¢ëå
ª®««¥ªæ¨© ¢àãç−ãî.

„«ï ®¡¥á¯¥ç¥−¨ï −¨§ª®© ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ ¯à¥¤«®¦¥−� ¯à®æ¥¤ãà�
®â¡®à� ¯�à-ª�−¤¨¤�â®¢ −� ®á−®¢¥ áà�¢−¥−¨ï −�¡®à®¢ −�¨¡®«¥¥ §−�ç¨¬ëå â¥à¬®¢
¤®ªã¬¥−â®¢. �â® ¯®§¢®«ï¥â ¯à¨¬¥−ïâì ®á−®¢−®© ¬¥â®¤ «¨èì ª ¯�à�¬ ¤®ªã¬¥−â®¢,
¯à®è¥¤è¨¬ ®â¡®à.

�à¥¤áâ�¢«¥−−ë© ¬¥â®¤ ¡ë« �¯à®¡¨à®¢�− ¯à¨ à¥è¥−¨¨ §�¤�ç¨ �−�«¨§� ¯®â®ª�
â¥ªáâ®¢ëå á®®¡é¥−¨©, §�£àã¦�¥¬ëå ¨§ ®âªàëâëå ¨−â¥à−¥â-¨áâ®ç−¨ª®¢, á æ¥«ìî
ãáâà�−¥−¨ï ¤®ªã¬¥−â®¢, ï¢«ïîé¨åáï ¤ã¡«¨ª�â�¬¨ à�−¥¥ §�£àã¦¥−−ëå ¬�â¥à¨�-
«®¢.
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Multicriteria method for detecting near-duplicates in a stream of text messages
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Abstract: The problem of near-duplicate detection in a stream of text messages
is considered. A model of a text document and a multicriteria duplicate
identification method is proposed. The model provides flexible adjustment for
different domains. The method is based on binary classification using support
vector machine. The paper also provides a method of candidates prefiltration
in order to ensure high efficiency of the approach. Several experiments with
data obtained from a stream of news articles were carried out. The results show
feasibility of the suggested approach.
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ƒ¥−¥à�æ¨ï â¥áâ®¢®£® −�¡®à� −� ®á−®¢¥ ¯®â®ª� ã¯à�¢«¥−¨ï

á¢®©áâ¢ ¬®¤¥«¨ ¯à®£à�¬¬ë, §�¤�−−®© −� ª�ª®¬-«¨¡® ä®à¬�«ì−®¬ ï§ëª¥. ‚ á¨«ã
â®£®, çâ® ¯à¨ ¤�−−®¬ ¯®¤å®¤¥ ¯à®¢¥àï¥âáï −¥ à¥�«¨§�æ¨ï ¯à¨«®¦¥−¨ï, � â®«ìª®
¥£® ¬®¤¥«ì, áâ�−®¢¨âáï ®ç¥¢¨¤−ë¬, çâ® ®¤−®© «¨èì ¯à®¢¥àª¨ −� ¬®¤¥«¨ −¥¤®-
áâ�â®ç−®, � −¥®¡å®¤¨¬® â�ª¦¥ ¯à®¢¥¤¥−¨¥ â¥áâ¨à®¢�−¨ï −� ®á−®¢¥ à¥§ã«ìâ�â®¢
¢¥à¨ä¨ª�æ¨¨. ’�ª®© ¯®¤å®¤ −®á¨â −�§¢�−¨¥ â¥áâ¨à®¢�−¨ï −� ®á−®¢¥ ¬®¤¥«¥©.
�¤−�ª® ¯®¤®¡−®¥ â¥áâ¨à®¢�−¨¥ á®¯àï¦¥−® á® á«¥¤ãîé¨¬¨ á«®¦−®áâï¬¨:

{ ¬®é−®áâì ¨−áâàã¬¥−â®¢ ¢¥à¨ä¨ª�æ¨¨ ¯®§¢®«ï¥â ¯®«ãç¨âì ®£à®¬−®¥ ª®«¨-
ç¥áâ¢® áæ¥−�à¨¥¢ (âà�áá), ®¯¨áë¢�îé¨å ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë. �®«ãç¥−−ë¥
âà�ááë ¨á¯®«ì§ãîâáï ¤«ï £¥−¥à�æ¨¨ â¥áâ®¢. �¤−�ª® ¨á¯®«ì§®¢�−¨¥ íâ®£®
¬−®¦¥áâ¢� ®£à�−¨ç¥−® ¢®§¬®¦−®áâï¬¨ ¯® ¯à®£®−ã â¥áâ®¢ −� â¥áâ¨àã¥¬®¬
¯à¨«®¦¥−¨¨, ¨ ¥á«¨ ¢ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï ¨−áâàã¬¥−â� ¢¥à¨ä¨ª�æ¨¨ ¯®-
«ãç¥−¨¥ 100 000 âà�áá −¥ ï¢«ï¥âáï ¯à®¡«¥¬®©, â® ¯à®£®− â�ª®£® ª®«¨ç¥áâ¢�
â¥áâ®¢ −¥¢®§¬®¦¥− ¢ á¨«ã ®£à�−¨ç¥−−®áâ¨ ¢à¥¬¥−¨, ®â¢¥¤¥−−®£® −� æ¨ª«
â¥áâ¨à®¢�−¨ï;

{ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¨−áâàã¬¥−â� ¢¥à¨ä¨ª�æ¨¨ ¤«ï £¥−¥à�æ¨¨ â¥áâ®¢ ¯à®-
£à�¬¬−ëå á¨áâ¥¬ ¢®§−¨ª�¥â ¢§àë¢ ç¨á«� á®áâ®ï−¨©, ¯®¤«¥¦�é¨å ®¡å®¤ã
¯à¨ ¯®«ãç¥−¨¨ â¥áâ®¢®£® áæ¥−�à¨ï. �â® ®¡ãá«®¢«¥−® â¥¬, çâ® á®áâ®ï−¨¥
ä®à¬¨àã¥âáï ª�ª á®¢®ªã¯−®áâì §−�ç¥−¨© ¢á¥å ¯¥à¥¬¥−−ëå, ¨á¯®«ì§ã¥¬ëå
¢ â¥áâ¨àã¥¬®¬ ¯à¨«®¦¥−¨¨ (¨å ª®«¨ç¥áâ¢® ¬®¦¥â ¡ëâì ®£à®¬−ë¬), ¯®íâ®-
¬ã, ®¡¥á¯¥ç¨¢�ï ¯¥à¥¡®à §−�ç¥−¨©, ¨−áâàã¬¥−â ¢¥à¨ä¨ª�æ¨¨ áâ�«ª¨¢�¥âáï
á −¥®¡å®¤¨¬®áâìî à�áá¬®âà¥−¨ï ®£à®¬−®£® ª®«¨ç¥áâ¢� á®áâ®ï−¨©.

„�−−�ï à�¡®â� ¯®á¢ïé¥−� à�áá¬®âà¥−¨î ¯®¤å®¤�, ¯®§¢®«ïîé¥£® à¥è¨âì ¢ë-
è¥ãª�§�−−ë¥ ¯à®¡«¥¬ë §� áç¥â ¨á¯®«ì§®¢�−¨ï ¬®¤¥«¨ ¯®â®ª� ã¯à�¢«¥−¨ï, ®¯¨-
á�−−®© −� ¢ëá®ª®ãà®¢−¥¢®¬ £à�ä¨ç¥áª®¬ ï§ëª¥ ¬®¤¥«¨à®¢�−¨ï. �à¥¤«�£�¥¬ë©
¯®¤å®¤ ¯®§¢®«ï¥â ¢ë¤¥«¨âì ¯®¤¬−®¦¥áâ¢® â¥áâ®¢ ¢ á®®â¢¥âáâ¢¨¨ á à�§«¨ç−ë¬¨
ªà¨â¥à¨ï¬¨ â¥áâ¨à®¢�−¨ï, � â�ª¦¥ áãé¥áâ¢¥−−® á®ªà�â¨âì ¯à®áâà�−áâ¢® á®áâ®ï-
−¨© ¯à¨ à�¡®â¥ ¢¥à¨ä¨ª�â®à�.

2 Формальные модели

ˆ−¤ãáâà¨ï ¯à®¬ëè«¥−−®£® ¯à®¨§¢®¤áâ¢� ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ ¢ −�áâ®-
ïé¥¥ ¢à¥¬ï ¤®áâ¨£«� â�ª¨å ¬�áèâ�¡®¢, çâ® ¤«ï ®¡¥á¯¥ç¥−¨ï á®®â¢¥âáâ¢ãîé¥£®
ª�ç¥áâ¢� ã¦¥ −¥¤®áâ�â®ç−® âà�¤¨æ¨®−−ëå á¯®á®¡®¢ àãç−®£® â¥áâ¨à®¢�−¨ï: ¨−¤ã-
áâà¨ï âà¥¡ã¥â ª�ª ¢ëá®ª®£® ª�ç¥áâ¢� â¥áâ¨à®¢�−¨ï, â�ª ¨ ¤®áâ�â®ç−®£® ãà®¢−ï
¥£® �¢â®¬�â¨§�æ¨¨. ’¥áâ¨à®¢�−¨¥ −� ®á−®¢¥ ¬®¤¥«¥© á¯®á®¡−® ¯à¥¤®áâ�¢¨âì
¯à¨¥¬«¥¬ë© ãà®¢¥−ì ª�ç¥áâ¢� ¨ �¢â®¬�â¨§�æ¨¨.

‘®§¤�−¨¥ «î¡®© á¨áâ¥¬ë −�ç¨−�¥âáï á ¯®áâà®¥−¨ï ¬®¤¥«¨ ¨ ¨§ãç¥−¨ï ¥¥
á¢®©áâ¢. Œ®¤¥«¨, ª®â®àë¥ ®¯¨áë¢�îâ áâàãªâãàã á¨áâ¥¬ë, ç�áâ® −�§ë¢�îâ
�àå¨â¥ªâãà−ë¬¨, � ¬®¤¥«¨, ª®â®àë¥ ®¯¨áë¢�îâ ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë | ¯®¢¥-
¤¥−ç¥áª¨¬¨. Œ®¤¥«ì | ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ áâàãªâãàë ¨ ¯®¢¥¤¥−¨ï
á¨áâ¥¬ë [1]. Œ®¤¥«ì ¬®¦¥â ®¯¨áë¢�âìáï ¢ â¥à¬¨−�å á®áâ®ï−¨ï á¨áâ¥¬ë, ¢å®¤−ëå
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�. ‚. ‚®¨−®¢, �. „. „à®¡¨−æ¥¢, ‚. �. Š®â«ïà®¢ ¨ ¤à.

¢®§¤¥©áâ¢¨© −� −¥¥, ª®−¥ç−ëå á®áâ®ï−¨©, ¯®â®ª®¢ ¤�−−ëå ¨ ¯®â®ª®¢ ã¯à�¢«¥−¨ï,
¢®§¢à�é�¥¬ëå á¨áâ¥¬®© à¥§ã«ìâ�â®¢ ¨ â. ¤.

�®«ìè®¥ ç¨á«® ®è¨¡®ª ¯à¨ á®áâ�¢«¥−¨¨ âà¥¡®¢�−¨© ¢®§−¨ª�¥â ¨§-§� −¥®¤−®-
§−�ç−®© ¨−â¥à¯à¥â�æ¨¨ ¨å §�ª�§ç¨ª®¬ ¨ à�§à�¡®âç¨ª®¬. —â®¡ë ¨§¡¥¦�âì â�ª¨å
®è¨¡®ª, ¨á¯®«ì§ãîâ ä®à¬�«ì−ë¥ á¯¥æ¨ä¨ª�æ¨¨. ”®à¬�«ì−�ï á¯¥æ¨ä¨ª�æ¨ï
¯à¥¤áâ�¢«ï¥â á®¡®© §�ª®−ç¥−−®¥ ®¯¨á�−¨¥ ¬®¤¥«¨ á¨áâ¥¬ë ¨ âà¥¡®¢�−¨© ª ¥¥
¯®¢¥¤¥−¨î ¢ â¥à¬¨−�å â®© ¨«¨ ¨−®© ä®à¬�«ì−®© −®â�æ¨¨. „«ï ®¯¨á�−¨ï å�à�ª-
â¥à¨áâ¨ª á¨áâ¥¬ë ¬®¦−® ¨á¯®«ì§®¢�âì −¥áª®«ìª® ¬®¤¥«¥© ¢ à�¬ª�å −¥áª®«ìª¨å
ä®à¬�«¨§¬®¢. �¡ëç−® ç¥¬ ¡®«¥¥ �¡áâà�ªâ−®© ï¢«ï¥âáï −®â�æ¨ï ¬®¤¥«¨à®¢�−¨ï,
â¥¬ ¡®«ìè¥ âàã¤−®áâ¥© ¢®§−¨ª�¥â ¯à¨ �¢â®¬�â¨§�æ¨¨ â¥áâ¨à®¢�−¨ï ¯à®£à�¬¬ë −�
®á−®¢¥ ¬®¤¥«¨/á¯¥æ¨ä¨ª�æ¨¨, ®¯¨á�−−®© ¢ íâ®© −®â�æ¨¨. �¤−¨ −®â�æ¨¨ ¨ ï§ë-
ª¨ ¡®«ìè¥ ®à¨¥−â¨à®¢�−ë −� ¤®áâã¯−®áâì ¨ ¯à®§à�ç−®áâì ®¯¨á�−¨ï, ¤àã£¨¥ |
−� ¯®á«¥¤ãîé¨© �−�«¨§ ¨ âà�−á«ïæ¨î, ¢ ç�áâ−®áâ¨ âà�−á«ïæ¨î á¯¥æ¨ä¨ª�æ¨¨
¢ â¥áâ.

�¤−®© ¨§ á¥àì¥§−ëå ¯à®¡«¥¬ ¯à¨ á®§¤�−¨¨ ä®à¬�«ì−®© ¬®¤¥«¨ á¨áâ¥¬ë −�
®á−®¢¥ −¥ä®à¬�«¨§®¢�−−ëå ¨áå®¤−ëå âà¥¡®¢�−¨© ï¢«ï¥âáï ¨å −¥®¤−®§−�ç−�ï
¨−â¥à¯à¥â�æ¨ï §�ª�§ç¨ª®¬ ¨ à�§à�¡®âç¨ª®¬. �� −�ç�«ì−®¬ íâ�¯¥ à�§à�¡®âª¨
�� ª�ª ã §�ª�§ç¨ª�, â�ª ¨ ã ¨á¯®«−¨â¥«¥© ¬®¦¥â ®âáãâáâ¢®¢�âì ç¥âª®¥ ¯à¥¤-
áâ�¢«¥−¨¥ ®¡ �àå¨â¥ªâãà¥ ¡ã¤ãé¥© á¨áâ¥¬ë, ¥áâì «¨èì ®¡é¥¥ ¯à¥¤áâ�¢«¥−¨¥ ® ¥¥
¯®¢¥¤¥−¨¨. �® ã¦¥ −� −�ç�«ì−®¬ íâ�¯¥ ¤¨§�©−� −¥®¡å®¤¨¬® −�å®¤¨âì ¢®§¬®¦−ë¥
®è¨¡ª¨ ¨ −¥á®®â¢¥âáâ¢¨ï âà¥¡®¢�−¨ï¬. �®«ìè¨−áâ¢® ¨−áâàã¬¥−â®¢ â¥áâ¨à®¢�−¨ï
−� ®á−®¢¥ ¬®¤¥«¥© ¨á¯®«ì§ãîâ ä®à¬�«ì−ë¥ −®â�æ¨¨ ¤®áâ�â®ç−® −¨§ª®£® ãà®¢−ï.
’�ª¨¥ −®â�æ¨¨, ª�ª Specification Description Language (SDL) [2], Unified Mod-
eling Language (UML) [3], ª®−¥ç−ë¥ �¢â®¬�âë ¨ ¤à., ¢ë−ã¦¤�îâ ¯®«ì§®¢�â¥«ï
áà�§ã à�§à�¡�âë¢�âì ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë −� ¤®áâ�â®ç−® ¤¥â�«ì−®¬ ãà®¢−¥. Š�ª
¯®ª�§ë¢�¥â ¯à�ªâ¨ª�, ¨á¯®«ì§®¢�−¨¥ ¯®¤®¡−ëå −®â�æ¨© ¤«ï ª®−âà®«ï §�ª�§ç¨ª®¬
íâ�¯� ¤¨§�©−� ¯à®¥ªâ¨àã¥¬®© á¨áâ¥¬ë ®ª�§ë¢�¥âáï −¥ã¤®¡−ë¬, � ¤¥â�«¨§�æ¨ï |
á«¨èª®¬ −¨§ª®ãà®¢−¥¢®© (¨§¡ëâ®ç−®©).

÷¥è¥−¨¥¬ ¤�−−®© ¯à®¡«¥¬ë ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ¡®«¥¥ ¢ëá®ª®ãà®¢−¥¢®©
ä®à¬�«ì−®© −®â�æ¨¨, ª®â®à�ï ¡ë áâ�«� á¢ï§ãîé¨¬ §¢¥−®¬ ¬¥¦¤ã ¨áå®¤−ë¬¨
âà¥¡®¢�−¨ï¬¨ ¨ ä®à¬�«ì−®© ¬®¤¥«ìî, á ª®â®à®© −¥¯®áà¥¤áâ¢¥−−® à�¡®â�îâ
¬¥â®¤ë ¢¥à¨ä¨ª�æ¨¨ ¨ â¥áâ¨à®¢�−¨ï −� ®á−®¢¥ ¬®¤¥«¥© [4].

3 Методы создания тестовых сценариев на основе модели

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬¥â®¤ë â¥áâ¨à®¢�−¨ï −� ®á−®¢¥ ¬®¤¥«¥© ¨á¯®«ì§ãîâ
¬−®¦¥áâ¢® â¨¯®¢ ¬®¤¥«¥© ¨ â¥å−¨ª, ª®â®àë¥ ¬®¦−® ãá«®¢−® à�§¤¥«¨âì −� âà¨
£àã¯¯ë [5].

3.1 Методы проверки согласованности автоматов и систем переходов

’�ª¨¥ ¬¥â®¤ë ®â−®áïâáï ª ®¤−®¬ã ¨§ âà¥å â¨¯®¢ ¢ §�¢¨á¨¬®áâ¨ ®â ¨á¯®«ì§ã-
¥¬ëå ¬®¤¥«¥©.
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ƒ¥−¥à�æ¨ï â¥áâ®¢®£® −�¡®à� −� ®á−®¢¥ ¯®â®ª� ã¯à�¢«¥−¨ï

{ �¡ëç−ë¥ ¨ à�áè¨à¥−−ë¥ �¢â®¬�âë [6, 7]. Œ¥â®¤ë ¯®áâà®¥−¨ï â¥áâ®¢
−� ®á−®¢¥ ª®−¥ç−ëå �¢â®¬�â®¢ −�¨¡®«¥¥ £«ã¡®ª® à�§à�¡®â�−ë, ¨§¢¥áâ−ë ¨å
â®ç−ë¥ ®£à�−¨ç¥−¨ï ¨ £�à�−â¨¨ ¯®«−®âë ¢ë¯®«−ï¥¬ëå ¯à®¢¥à®ª. Œ¥â®¤ë,
¨á¯®«ì§ãîé¨¥ à�áè¨à¥−−ë¥ �¢â®¬�âë, á¢®¤ïâ ¨å ª ®¡ëç−ë¬, −® ¯à¨¬¥−ïîâ
¡®«¥¥ ¤¥â�«ì−ë¥ ªà¨â¥à¨¨ ¯®ªàëâ¨ï, ®á−®¢�−−ë¥ −� ¨á¯®«ì§®¢�−¨¨ ¤�−−ëå
¢ à�áè¨à¥−−ëå �¢â®¬�â�å. ��¨¡®«¥¥ ¨§¢¥áâ−ë¬¨ ¨−áâàã¬¥−â�¬¨ á®§¤�−¨ï
â¥áâ®¢ −� ®á−®¢¥ â�ª¨å ¬®¤¥«¥© ï¢«ïîâáï BZ-TT [7, 8], ¨á¯®«ì§ãîé¨©
¬®¤¥«¨, ®¯¨á�−−ë¥ −� ï§ëª¥ B [9], ¨ GOTCHA-TC Beans [10, 11], ¨«¨ UML
State charts ¢ à�¬ª�å −�¡®à� ¨−áâàã¬¥−â®¢ Telelogic [12].

{ ‘¨áâ¥¬ë ¯¥à¥å®¤®¢. ’�ª¨¥ ¬¥â®¤ë ç�é¥ ¨á¯®«ì§ãîâáï ¯à¨ â¥áâ¨à®¢�−¨¨
à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬, ¯®áª®«ìªã ¬®¤¥«¨à®¢�−¨¥ â�ª¨å á¨áâ¥¬ á ¯®¬®éìî
ª®−¥ç−ëå �¢â®¬�â®¢ ®ç¥−ì âàã¤®¥¬ª®. �®«ìè¨−áâ¢® íâ¨å ¬¥â®¤®¢ −¥ ®¯à¥-
¤¥«ïîâ ¯à�ªâ¨ç¥áª¨ ¯à¨¬¥−¨¬ëå ªà¨â¥à¨¥¢ ¯®«−®âë ¨ −¥ ¤�îâ ª®−¥ç−ëå
â¥áâ®¢ëå −�¡®à®¢ ¤«ï à¥�«ì−ëå á¨áâ¥¬, ¯®íâ®¬ã ¨á¯®«ì§ãîé¨¥ ¨å ¨−áâàã-
¬¥−âë ®¯¨à�îâáï −� â¥ ¨«¨ ¨−ë¥ í¢à¨áâ¨ª¨ ¤«ï ®¡¥á¯¥ç¥−¨ï ª®−¥ç−®áâ¨
−�¡®à� â¥áâ®¢. �¥à¢ë¥ ¬¥â®¤ë ¯®áâà®¥−¨ï â¥áâ®¢ ¯® LTS (Label Transition
Systems) ¬®¤¥«ï¬ ¡ë«¨ à�§à�¡®â�−ë ¢ à�¡®â�å �à¨−ªá¬ë [13] ¨ ’à¨â¬�−-
á� [14]. ��¨¡®«¥¥ ¨§¢¥áâ−ë ¨§ ¨−áâàã¬¥−â®¢, á®§¤�−−ëå −� ®á−®¢¥ à¥§ã«ìâ�â®¢
’à¨âá¬�−á�, TorX [15] ¨ TGV [16]. �®¬¨¬® ®¡ëç−ëå á¨áâ¥¬ ¯¥à¥å®¤®¢ ¨á-
¯®«ì§ãîâáï ¨ ¢à¥¬¥−−‚ë¥ (à�áè¨à¥−−ë¥ á ¯®¬®éìî â�©¬¥à®¢), ¯®áâà®¥−¨¥
â¥áâ®¢ −� ¨å ®á−®¢¥ ¢®§¬®¦−® á ¨á¯®«ì§®¢�−¨¥¬ ¨−áâàã¬¥−â� UPAAL [17].
�à¨¬¥à�¬¨ ¨−áâàã¬¥−â�«ì−®© ¯®¤¤¥à¦ª¨ â�ª¨å ¬¥â®¤®¢ á«ã¦�â ¨−áâàã¬¥−-
âë â¥å−®«®£¨¨ UniTESK [18, 19], á®§¤�−−®© ¢ ˆ‘� ÷��, ¨ ¨−áâàã¬¥−â
SpecExplorer [20, 21], à�§à�¡®â�−−ë© ¢ Microsoft Research.

3.2 Методы построения тестов на основе формального анализа свойств
программного обеспечения

„�−−ë¥ ¬¥â®¤ë ¨á¯®«ì§ãîâ ä®à¬�«ì−ë© �−�«¨§ ¤«ï ª«�áá¨ä¨ª�æ¨¨ â¥áâ®¢ëå
á¨âã�æ¨© ¨ −�æ¥«¥−−®© £¥−¥à�æ¨¨ â¥áâ®¢.

{ Œ¥â®¤ë −� ®á−®¢¥ ª«�áá®¢ íª¢¨¢�«¥−â−®áâ¨ [22{24]. ‚ â�ª¨å ¬¥â®¤�å
â¥áâ®¢ë¥ á¨âã�æ¨¨ ¢ë¡¨à�îâáï ª�ª ¯à¥¤áâ�¢¨â¥«¨ ª«�áá®¢ íª¢¨¢�«¥−â−®áâ¨,
§�¤�¢�¥¬ëå ªà¨â¥à¨¥¬ ¯®ªàëâ¨ï. —�áâ® §� ®á−®¢ã à�§¡¨¥−¨ï ¢ë¡¨à�¥âáï ¨á-
¯®«ì§ã¥¬ë© ªà¨â¥à¨© ¯®ªàëâ¨ï, � á¨âã�æ¨¨, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ®¤−®¬ã
¯®ªàë¢�¥¬®¬ã í«¥¬¥−âã ¢ à�¬ª�å íâ®£® ªà¨â¥à¨ï, áç¨â�îâ íª¢¨¢�«¥−â−ë-
¬¨. „�«¥¥ â¥áâë áâà®ïâáï â�ª, çâ®¡ë ¢ ª�¦¤®¬ ª«�áá¥ íª¢¨¢�«¥−â−®áâ¨ ¡ë«
å®âï ¡ë ®¤¨− â¥áâ. Š ¤�−−®¬ã ª«�ááã ¬¥â®¤®¢ ®â−®á¨âáï, −�¯à¨¬¥à, ¬¥â®¤
äã−ªæ¨®−�«ì−ëå ¤¨�£à�¬¬ Œ�©¥àá� [25].

{ Œ¥â®¤ë −� ®á−®¢¥ ¤¥¤ãªâ¨¢−®£® �−�«¨§� (á¬., −�¯à¨¬¥à, [26]). ‚ íâ¨å ¬¥â®-
¤�å ¢ë¡¨à�¥¬ë¥ â¥áâ®¢ë¥ á¨âã�æ¨¨ á®®â¢¥âáâ¢ãîâ ®á®¡ë¬ á«ãç�ï¬ ¢ ¤¥¤ãª-
â¨¢−®¬ �−�«¨§¥ á¢®©áâ¢ â¥áâ¨àã¥¬®© á¨áâ¥¬ë. Œ¥â®¤ ¤¥¤ãªâ¨¢−®£® �−�«¨§�
(theorem proving) | ¯à®¢¥àª� â®£®, çâ® −�¡®à ãâ¢¥à¦¤¥−¨©, ¯à¥¤áâ�¢«ïîé¨©
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á¯¥æ¨ä¨ª�æ¨î, ä®à¬�«ì−® ¢ë¢®¤¨âáï ¨§ à¥�«¨§�æ¨¨ ¨, ¡ëâì ¬®¦¥â, ª�ª¨å-
â® £¨¯®â¥§ ® ¯®¢¥¤¥−¨¨ ®ªàã¦¥−¨ï á¨áâ¥¬ë, áä®à¬ã«¨à®¢�−−ëå ¢ â®¬ ¦¥
ä®à¬�«¨§¬¥, çâ® ¨ à¥�«¨§�æ¨ï [3].

3.3 Методы построения тестов с помощью символьного выполнения
(symbolic execution)

�¡ëç−® ¯®¤®¡−ë¥ ¬¥â®¤ë ¨á¯®«ì§ãîâ á¨¬¢®«ì−®¥ ®¯¨á�−¨¥ ¯ãâ¨, á®¤¥à¦�-
é¥¥ −�¡®àë ¯à¥¤¨ª�â®¢. „�−−ë© ¯ãâì ¯à®å®¤¨â ¢® ¢à¥¬ï ¢ë¯®«−¥−¨ï â¥áâ� ¯®
ª®¤ã ¯à®£à�¬¬ë (¨«¨ ¯ãâ¨ ¯® ¯à®¢¥àï¥¬ë¬ ä®à¬�«ì−ë¬ á¯¥æ¨ä¨ª�æ¨ï¬). ’�ª®¥
®¯¨á�−¨¥ ¯®§¢®«ï¥â ¢ë¡¨à�âì −®¢ë¥ â¥áâ®¢ë¥ á¨âã�æ¨¨ â�ª, çâ®¡ë ®−¨ ¯®ªàë¢�«¨
¤àã£¨¥ ¯ãâ¨, ¨ áâà®¨âì â¥áâë á ¯®¬®éìî â¥å−¨ª à�§à¥è¥−¨ï ®£à�−¨ç¥−¨© (con-
straint solving) [27, 28]. ‘¨¬¢®«ì−®¥ ¢ë¯®«−¥−¨¥ ¢ ª®¬¡¨−�æ¨¨ á ª®−ªà¥â¨§�æ¨¥©
â¥áâ®¢ëå ¤�−−ëå ¨á¯®«ì§ã¥âáï ¨ ¤«ï ¯®áâà®¥−¨ï â¥áâ®¢, −�æ¥«¥−−ëå −� â¨¯¨ç−ë¥
¤¥ä¥ªâë, â�ª¨¥ ª�ª ¨á¯®«ì§®¢�−¨¥ −¥¨−¨æ¨�«¨§¨à®¢�−−ëå ®¡ê¥ªâ®¢, âã¯¨ª¨ ¨«¨
£®−ª¨ ¯�à�««¥«ì−ëå ¯®â®ª®¢ [29].

�®«¥¥ ¤¥â�«ì−�ï ¨−ä®à¬�æ¨ï ® ¬¥â®¤�å â¥áâ¨à®¢�−¨ï −� ®á−®¢¥ ¬®¤¥«¥©
á®¤¥à¦¨âáï ¢ [30, 31].

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® −�¨¡®«¥¥ à�§¢¨âë ¬¥â®¤ë â¥áâ¨à®¢�−¨ï −� ®á−®¢¥ ¬®-
¤¥«¥© ¯¥à¢®© ¨§ ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ £àã¯¯. �®¤¤¥à¦¨¢�îé¨¥ ¨å ¨−áâàã¬¥−âë
¢á¥ è¨à¥ ¨á¯®«ì§ãîâáï ¢ ¯à®¬ëè«¥−−ëå ¯à®¥ªâ�å. Œ¥â®¤ë ¯®áâà®¥−¨ï â¥á-
â®¢ −� ®á−®¢¥ ¯à®¢¥àª¨ ¬®¤¥«¥© ¨ −� ®á−®¢¥ á¨¬¢®«ì−®£® ¢ë¯®«−¥−¨ï �ªâ¨¢−®
à�§¢¨¢�îâáï ¨ à¥�«¨§ãîâáï ¢ ¨−áâàã¬¥−â�«ì−ëå áà¥¤áâ¢�å.

4 Предлагаемый подход

÷�áá¬®âà¨¬ ¡®«¥¥ ¤¥â�«ì−® íâ�¯ë à�¡®âë ¬¥â®¤®¢ â¥áâ¨à®¢�−¨ï −� ®á−®¢¥
¬®¤¥«¨ á ¯à¨¬¥−¥−¨¥¬ ¬¥â®¤®¢ ¢¥à¨ä¨ª�æ¨¨. �à¨ ¨á¯®«ì§®¢�−¨¨ ¢¥à¨ä¨ª�-
æ¨¨ −� ¯¥à¢®¬ íâ�¯¥ ¯à®¢¥àïîâáï á¢®©áâ¢� à�§à�¡®â�−−®© ä®à¬�«ì−®© ¬®¤¥«¨
�� ¨ −� ¡�§¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¢−®áïâáï ª®àà¥ªâ¨à®¢ª¨ ¢ âà¥¡®¢�−¨ï
¨ ¯à®£à�¬¬−ë© ª®¤. �® áãâ¨, ¯à®¨áå®¤¨â ä®à¬�«ì−ë© �−�«¨§ §�¤�−−ëå á¢®©áâ¢
��, ®¯¨á�−−ë© ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥. ‚ ¯à®æ¥áá¥ �−�«¨§� ¡®«ìè¨−áâ¢®
áà¥¤áâ¢ ¢¥à¨ä¨ª�æ¨¨ ¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï â�ª −�§ë¢�¥¬®£®
ª®−âà¯à¨¬¥à�, ª®â®àë© ®¯¨áë¢�¥â ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë, ¯à¨¢®¤ïé¥¥ ª −�àãè¥−¨î
§�¤�−−®£® ¯®«ì§®¢�â¥«¥¬ á¢®©áâ¢�. „�−−ë© ª®−âà¯à¨¬¥à ¯®«¥§−® ¨á¯®«ì§®¢�âì
¯à¨ â¥áâ¨à®¢�−¨¨ ¤«ï ¯à®¢¥àª¨ â®£® ä�ªâ�, çâ® ¢−¥á¥−−ë¥ ¢ ª®¤ á¨áâ¥¬ë −� ®á−®-
¢¥ à¥§ã«ìâ�â®¢ ¢¥à¨ä¨ª�æ¨¨ ¨§¬¥−¥−¨ï ¯à¨¢¥«¨ ª ¨á¯à�¢«¥−¨î ¥¥ ¯®¢¥¤¥−¨ï
¨ §�¤�−−®¥ á¢®©áâ¢® ¡®«ìè¥ −¥ −�àãè�¥âáï ¯à¨ äã−ªæ¨®−¨à®¢�−¨¨ ��. ’¥-
áâ¨à®¢�−¨¥ á ¯®¬®éìî ª®−âà¯à¨¬¥à®¢ ¯®§¢®«ï¥â ¯®«ãç¨âì â¥áâë, ¯à®¢¥àïîé¨¥
¤®áâ�â®ç−® ã§ª¨© ª«�áá ¯®¢¥¤¥−¨© ¨ −¥ ®¡¥á¯¥ç¨¢�îé¨¥ ¯®«−®âë ¯®ªàëâ¨ï. ’�-
ª¨¬ ®¡à�§®¬, ¤�−−ë¥ â¥áâë à�æ¨®−�«ì−¥¥ ¢á¥£® ¨á¯®«ì§®¢�âì ª�ª ¤®¯®«−¥−¨¥
ª à¥£à¥áá¨®−−®¬ã â¥áâ¨à®¢�−¨î, ¯à®¢®¤¨¬®¬ã ¯®á«¥ ¢−¥á¥−¨ï ¢ ª®¤ á¨áâ¥¬ë
¨á¯à�¢«¥−¨©, ¢ë§¢�−−ëå �−�«¨§®¬ −�àãè¥−¨ï ¥¥ á¢®©áâ¢.
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ƒ¥−¥à�æ¨ï â¥áâ®¢®£® −�¡®à� −� ®á−®¢¥ ¯®â®ª� ã¯à�¢«¥−¨ï

�«ìâ¥à−�â¨¢−ë¬ ¯®¤å®¤®¬ ª ¯®«ãç¥−¨î â¥áâ®¢ ï¢«ï¥âáï ¨å £¥−¥à�æ¨ï ¢ ¯à®-
æ¥áá¥ ®¡å®¤� ¤¥à¥¢� ¯®¢¥¤¥−¨ï á¨áâ¥¬ë, ¯à¨ íâ®¬ ¤«ï á®ªà�é¥−¨ï ç¨á«� £¥-
−¥à¨àã¥¬ëå â¥áâ®¢ ç�áâ® ¨á¯®«ì§ãîâáï ¬¥â®¤ë á¨¬¢®«ì−®© ¢¥à¨ä¨ª�æ¨¨, ¯®-
§¢®«ïîé¨¥ ¯®«ãç�âì ¢ ¯�à�¬¥âà�å â¥áâ� −¥ ª®−ªà¥â−ë¥ §−�ç¥−¨ï ¯¥à¥¬¥−−ëå,
� ¨å ¤®¯ãáâ¨¬ë¥ ¤¨�¯�§®−ë. �¤−®© ¨§ ®á−®¢−ëå §�¤�ç ¯à¨ ¨á¯®«ì§®¢�−¨¨
¯®¤®¡−®© £¥−¥à�æ¨¨ ï¢«ï¥âáï §�¤�ç� ®¯à¥¤¥«¥−¨ï ªà¨â¥à¨¥¢, ª®â®àë¬ ¤®«¦−ë
á®®â¢¥âáâ¢®¢�âì â¥áâë ¤«ï ®¡¥á¯¥ç¥−¨ï −¥®¡å®¤¨¬®£® ¯®ªàëâ¨ï.

‚ à�áá¬�âà¨¢�¥¬®¬ ¢ à�¬ª�å à�¡®âë ¯®¤å®¤¥ ¨á¯®«ì§ã¥âáï £¥−¥à�æ¨ï â¥áâ®¢
¯®áà¥¤áâ¢®¬ ®¡å®¤� ¤¥à¥¢� ¯®¢¥¤¥−¨ï á¨áâ¥¬ë −� ®á−®¢¥ ¬®¤¥«¨ ¯®â®ª� ã¯à�¢«¥-
−¨ï á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ á¨¬¢®«ì−®© ¢¥à¨ä¨ª�æ¨¨ ¨ ®£à�−¨ç¥−¨¥¬ ç¨á«�
â¥áâ®¢ áâàãªâãà−ë¬¨ ªà¨â¥à¨ï¬¨.

�� ¢â®à®¬ íâ�¯¥ ¯à®¢®¤¨âáï â¥áâ¨à®¢�−¨¥ ª®¤� á ¯®¬®éìî â¥áâ®¢, ¯®«ãç¥−-
−ëå −� ¯à¥¤ë¤ãé¥¬ íâ�¯¥. „«ï ¤�−−®£® íâ�¯� å�à�ªâ¥à−ë¬¨ §�¤�ç�¬¨ ï¢«ïîâáï
ª®−ªà¥â¨§�æ¨ï ¯�à�¬¥âà®¢ â¥áâ� ¢ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï á¨¬¢®«ì−®© ¢¥à¨ä¨-
ª�æ¨¨, ®¡¥á¯¥ç¥−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï â¥áâ� á ¯à¨«®¦¥−¨¥¬ ¨ �−�«¨§ à¥§ã«ìâ�â®¢
¢ë¯®«−¥−¨ï â¥áâ®¢.

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ãá«®¢−® ¬®¦−® à�§¤¥«¨âì −� á«¥¤ãîé¨¥ á®áâ�¢−ë¥
ç�áâ¨:

{ àãç−�ï ä®à¬�«¨§�æ¨ï ¬®¤¥«¨ ¢ ¢ëá®ª®ãà®¢−¥¢®© £à�ä¨ç¥áª®© −®â�æ¨¨.
�à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ï§ëª UCM, ¯®§¢®«ïîé¨© ä®à¬�«ì−® ®¯à¥¤¥-
«¨âì ¯®â®ª¨ ã¯à�¢«¥−¨ï ¢ ¬®¤¥«¨ ¨ ¢ â® ¦¥ ¢à¥¬ï ï¢«ïîé¨©áï ¤®áâ�â®ç−®
¢ëá®ª®ãà®¢−¥¢ë¬ ï§ëª®¬, ¤®áâã¯−ë¬ ¤«ï ¯®−¨¬�−¨ï á¯¥æ¨�«¨áâ�¬¨ ¨§ ¯à¥¤-
¬¥â−ëå ®¡«�áâ¥© à�§à�¡�âë¢�¥¬®£® ��;

{ ¢¥à¨ä¨ª�æ¨ï ¬®¤¥«¨ ¨ ¥¥ ª®àà¥ªâ¨à®¢ª�. �� ¤�−−®¬ íâ�¯¥ ¨á¯®«ì§ã¥âáï
á¨áâ¥¬� ¢¥à¨ä¨ª�æ¨¨ VRS (Verification Requirements System) [32], ¯®§¢®«ï-
îé�ï ¯à®¢®¤¨âì ¢¥à¨ä¨ª�æ¨î á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� ¯à®¢¥àª¨ −� ¬®¤¥«¨
¨ á¨¬¢®«ì−®© ¢¥à¨ä¨ª�æ¨¨;

{ £¥−¥à�æ¨ï â¥áâ®¢ëå áæ¥−�à¨¥¢ ¯® ¬®¤¥«¨. �� ®á−®¢¥ ®¡å®¤� ¤¥à¥¢� ¯®¢¥¤¥−¨ï
¯à®¢®¤¨âáï £¥−¥à�æ¨ï á¨¬¢®«ì−ëå â¥áâ®¢ ¢ á®®â¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥−−ë¬
¯®«ì§®¢�â¥«¥¬ áâàãªâãà−ë¬ ªà¨â¥à¨¥¬. ’¥áâë £¥−¥à¨àãîâáï −� ï§ëª¥ MSC
(Message Sequence Charts) [33], ¯à¥¤áâ�¢«ïîé¥¬ á®¡®© ¤¨�£à�¬¬ë ®¡¬¥−�
¯®á«¥¤®¢�â¥«ì−®áâï¬¨ á®®¡é¥−¨©;

{ £¥−¥à�æ¨ï ¨á¯®«−ï¥¬ëå â¥áâ®¢. ÷�§¤¥«ï¥âáï −� ¤¢� íâ�¯�: −� ¯¥à¢®¬, ¯®¤£®â®-
¢¨â¥«ì−®¬, ¯à®¨áå®¤¨â ª®−ªà¥â¨§�æ¨ï â¥áâ®¢ á®®â¢¥âáâ¢ãîé¨¬¨ §−�ç¥−¨ï¬¨
¯¥à¥¬¥−−ëå, −� ¢â®à®¬ ¯à®¨áå®¤¨â £¥−¥à�æ¨ï â¥áâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ á¨áâ¥-
¬ë â¥áâ¨à®¢�−¨ï TAT [32] −� æ¥«¥¢®© ï§ëª;

{ ¨á¯®«−¥−¨¥ â¥áâ®¢ ¨ ®æ¥−ª� à¥§ã«ìâ�â®¢. „�−−ë© íâ�¯ á¢ï§�− á ¨á¯®«−¥−¨¥¬
â¥áâ®¢ ¨ �−�«¨§®¬ ¯®«ãç¥−−ëå «®£®¢, ¯à¥¤áâ�¢«¥−−ëå ¢ ä®à¬�â¥ MSC.
÷¥�«¨§�æ¨ï ®¯¨á�−−®£® ¯®¤å®¤� ¯à¨¢¥¤¥−� −� à¨á. 1 ¢ ¢¨¤¥ â¥å−®«®£¨ç¥áª®©

æ¥¯®çª¨, ®¯¨áë¢�îé¥© á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ ¨−áâàã¬¥−â®¢ VRS ¨ TAT
(Thematic Apperception Test). ‚ à�¬ª�å æ¥¯®çª¨ ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥
®á−®¢−ë¥ íâ�¯ë:
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ƒ¥−¥à�æ¨ï â¥áâ®¢®£® −�¡®à� −� ®á−®¢¥ ¯®â®ª� ã¯à�¢«¥−¨ï

1. �® ¨áå®¤−ë¬ âà¥¡®¢�−¨ï¬ (1) ¢àãç−ãî á®§¤�¥âáï ä®à¬�«ì−�ï ¬®¤¥«ì á¨áâ¥-
¬ë ¢ −®â�æ¨¨ UCM (2).

2. ‘ ¯®¬®éìî ¨−áâàã¬¥−â� UCM2BP [2] ¯à®¨§¢®¤¨âáï âà�−á«ïæ¨ï UCM-
¯à®¥ªâ� ¢ −�¡®à ¡�§®¢ëå ¯à®â®ª®«®¢ [32] (í«¥¬¥−â�à−ëå MSC-¤¨�£à�¬¬,
ª�¦¤�ï ¨§ ª®â®àëå ®¯¨áë¢�¥â §�ª®−ç¥−−®¥ ¤¥©áâ¢¨¥ ¢ ¯à®áâà�−áâ¢¥ ¯®¢¥¤¥−¨ï
¬®¤¥«¨) (5), ä�©«ë ®¯¨á�−¨ï á¨£−�«®¢ (4) ¨ ®ªàã¦¥−¨ï (3).

3. ‘à¥¤áâ¢�¬¨ VRS ®áãé¥áâ¢«ï¥âáï ¢¥à¨ä¨ª�æ¨ï ¬®¤¥«¨ (6).
4. ‚ á«ãç�¥ −�å®¦¤¥−¨ï ®è¨¡®ª ¨«¨ −¥â®ç−®áâ¥© ¢ ¬®¤¥«¨ (−�¯à¨¬¥à, −¥¤¥â¥à-

¬¨−¨à®¢�−−®£® ¯®¢¥¤¥−¨ï, âã¯¨ª®¢ëå ¨«¨ −¥¤®áâ¨¦¨¬ëå á®áâ®ï−¨© ¨ â. ¯.)
âà¥¡®¢�−¨ï ¨á¯à�¢«ïîâ, çâ® ¯à¨¢®¤¨â ª ¨§¬¥−¥−¨ï¬ ¢ ä®à¬�«ì−®© ¬®¤¥«¨.

5. ‘ ¯®¬®éìî ¨−áâàã¬¥−â� UCM2MSC ¯à®¨§¢®¤¨âáï £¥−¥à�æ¨ï MSC-¤¨�-
£à�¬¬ (7), ª®â®àë¥ âà�−á«¨àãîâáï ¢ £¨¤ë [34], ¯à¨£®¤−ë¥ ¤«ï ¨−áâàã¬¥−â�
VRS.

6. �® ¢¥à¨ä¨æ¨à®¢�−−®© ¬®¤¥«¨ (10) ¨ £¨¤�¬ (7) £¥−¥à¨àãîâáï âà�ááë (12).
7. …á«¨ âà�ááë á®¤¥à¦�«¨ á¨¬¢®«¨ç¥áª¨¥ ¯�à�¬¥âàë, ®áãé¥áâ¢«ï¥âáï ¯®¤áâ�-

−®¢ª� ª®−ªà¥â−ëå §−�ç¥−¨© (16).
8. ‘à¥¤áâ¢�¬¨ TAT ¢ë¯®«−ï¥âáï £¥−¥à�æ¨ï â¥áâ®¢ (19) ¯® −�¡®àã âà�áá (17)

¨ ¨á¯®«−¥−¨¥ â¥áâ®¢ (20) á ¯®á«¥¤ãîé¨¬ �−�«¨§®¬ à¥§ã«ìâ�â®¢ â¥áâ¨à®¢�-
−¨ï (21).

„«ï á®ªà�é¥−¨ï ¯à®áâà�−áâ¢� á®áâ®ï−¨© �−�«¨§¨àã¥¬®© ¬®¤¥«¨ ¡ã¤ãé¥£®
�� ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�−¨¥ £¨¤®¢. ƒ¨¤ë ®¯à¥¤¥«ï¥â â¥ â®çª¨ ¯®¢¥¤¥−¨ï
á¨áâ¥¬ë, ª®â®àë¥ −�¨¡®«¥¥ ¨−â¥à¥á−ë ¯®«ì§®¢�â¥«î, ¨ â�ª¨¬ ®¡à�§®¬ á¨áâ¥¬�
¢¥à¨ä¨ª�æ¨¨ ¯®«ãç�¥â ¯®¤áª�§ªã, ¤�îéãî ¨−ä®à¬�æ¨î ® â®¬, ç¥à¥§ ª�ª¨¥ â®çª¨
¯®¢¥¤¥−¨ï ¤®«¦−� ¯à®©â¨ á¨¬¢®«ì−�ï âà�áá�. �¤−¨¬ ¨§ −�¨¡®«¥¥ íää¥ªâ¨¢−ëå
¬¥â®¤®¢ �¢â®¬�â¨ç¥áª®£® ®¯à¥¤¥«¥−¨ï £¨¤®¢ ï¢«ï¥âáï ¨å £¥−¥à�æ¨ï −� ®á−®¢¥
áâàãªâãà−ëå ªà¨â¥à¨¥¢ ¯®ªàëâ¨ï, −�¯à¨¬¥à ªà¨â¥à¨ï ¢¥â¢¥© [35]. �à¨ íâ®¬
UCM-¬®¤¥«ì á¨áâ¥¬ë ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ª�ª ¬®¤¥«ì ¯®â®ª� ã¯à�¢«¥-
−¨ï. „�−−ë¥ ¬¥â®¤ë, ¯®§¢®«ïîé¨¥ ®áãé¥áâ¢«ïâì �¢â®¬�â¨ç¥áªãî £¥−¥à�æ¨î
£¨¤®¢, à¥�«¨§ãîâáï −� 5-¬ è�£¥ ®¯¨á�−−®© â¥å−®«®£¨ç¥áª®© æ¥¯®çª¨, � ¨¬¥−−®
¢ ¨−áâàã¬¥−â¥ UCM2MS‘.

Š�ª ¡ë«® ãª�§�−® ¢ëè¥, £¥−¥à�æ¨ï £¨¤®¢ ¯à®¨§¢®¤¨âáï ¯® ä®à¬�«ì−®© ¬®¤¥-
«¨ á¨áâ¥¬ë ¢ −®â�æ¨¨ UCM, −® â�ª ª�ª £¥−¥à�æ¨ï â¥áâ®¢ëå âà�áá ¯à®¨§¢®¤¨âáï
¢ ¢¥à¨ä¨ª�â®à¥ VRS, â® £¨¤ë à¥�«¨§ãîâáï ¢ â¥à¬¨−�å ¬®¤¥«¨ ¡�§®¢ëå ¯à®-
â®ª®«®¢. „«ï íâ®£® ¨á¯®«ì§ã¥âáï ¨−áâàã¬¥−â UCM2BP, ª®â®àë© ®â¢¥ç�¥â §�
âà�−á«ïæ¨î UCM-−®â�æ¨¨ ¢ −®â�æ¨î ¡�§®¢ëå ¯à®â®ª®«®¢. ÷�áá¬®âà¨¬ ®á®¡¥−-
−®áâ¨ ¨á¯®«ì§®¢�−¨ï −®â�æ¨¨ UCM ¤«ï à¥�«¨§�æ¨¨ ¬®¤¥«¨ ¯®â®ª� ã¯à�¢«¥−¨ï.

5 Модель потока управления в нотации UCM

ˆá¯®«ì§®¢�−¨¥ UCM ¤«ï á®§¤�−¨ï ä®à¬�«ì−®© ¬®¤¥«¨ ¯®¢¥¤¥−¨ï á¨áâ¥¬ë
¯®¤à�§ã¬¥¢�¥â ®¯¨á�−¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨©, ª®â®àë¥ ¬®¦¥â ¯à®¨§¢®-
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�. ‚. ‚®¨−®¢, �. „. „à®¡¨−æ¥¢, ‚. �. Š®â«ïà®¢ ¨ ¤à.

¤¨âì á¨áâ¥¬� ¢ ®â¢¥â −� ¢−¥è−¨¥ ¢®§¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥© ¨«¨ á¨áâ¥¬ ®ªàã¦¥-
−¨ï. ‚�à¨�−âë ¨á¯®«ì§®¢�−¨ï ®âà�¦�îâ −¥ â®«ìª® äã−ªæ¨®−�«ì−®áâì á¨áâ¥¬ë
á â®çª¨ §à¥−¨ï ®¯¨á�−¨ï ¥¥ �àå¨â¥ªâãàë, −® ¨ ®¯à¥¤¥«ïîâ ®á®¡¥−−®áâ¨ ¯®â®ª�
ã¯à�¢«¥−¨ï, «¥¦�é¥£® ¢ ®á−®¢¥ ¡ã¤ãé¥£® ¯à¨«®¦¥−¨ï. Ÿ¢−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¢�-
à¨�−â®¢ (à¥¦¨¬®¢ äã−ªæ¨®−¨à®¢�−¨ï) ¯®¢¥¤¥−¨ï ¯à¨«®¦¥−¨ï ¯à¨¢−®á¨â ¢�¦−ãî
¨−ä®à¬�æ¨î ¢ ¯à®æ¥áá à�§à�¡®âª¨ ¯à®£à�¬¬−ëå á¨áâ¥¬ [36]:

{ §�¯®«−ï¥â ¯à®¬¥¦ãâ®ª ¬¥¦¤ã á«®¢¥á−ë¬ ®¯¨á�−¨¥¬ âà¥¡®¢�−¨© ¨ ¤¥â�«ì−ë¬
¤¨§�©−®¬ á¨áâ¥¬ë;

{ ¯®§¢®«ï¥â à�§à�¡®â�âì �àå¨â¥ªâãàã á¨áâ¥¬ë −� ¢ëá®ª®¬ ãà®¢−¥ �¡áâà�ªæ¨¨,
� â�ª¦¥ §�¤�âì ¯®¢¥¤¥−¨¥ á¨áâ¥¬ë −� ¯®«ãç¥−−®© �àå¨â¥ªâãà¥;

{ ¯®¬®£�¥â à�§à�¡®âç¨ªã ¯à¥¤áª�§ë¢�âì ¯®¢¥¤¥−¨¥ á«®¦−ëå á¨áâ¥¬;

{ ¯à¥¤®áâ�¢«ï¥â ã¤®¡−ãî −®â�æ¨î, ¯®§¢®«ïîéãî ¨§®¡à�¦�âì −� ¤¨�£à�¬¬¥
¯�à�««¥«ì−ë¥ ¯à®æ¥ááë, â�©¬¥àë, â®çª¨ ¯à¥àë¢�−¨ï, �á¯¥ªâë.

„¨§�©− á¨áâ¥¬ë ¢ −®â�æ¨¨ UCM ¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à ¢§�¨¬®¤¥©áâ¢ã-
îé¨å ¬¥¦¤ã á®¡®© ¤¨�£à�¬¬. ‚ á¢®î ®ç¥à¥¤ì, ª�¦¤�ï ¨§ ¤¨�£à�¬¬ á®áà¥¤®â®ç¥−�
−� ®¯¨á�−¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢ (�£¥−â®¢, ¯à®æ¥áá®¢ á¨áâ¥¬ë), ®¡ê¥ª-
â®¢, −�¡«î¤�â¥«¥© ¨ ¯®¤á¨áâ¥¬. Š�¦¤ë© ª®¬¯®−¥−â ¨«¨ ¯®¤á¨áâ¥¬� á®¤¥à¦¨â
í«¥¬¥−âë ®â¢¥âáâ¢¥−−®áâ¨ (responsibilities), á®®â¢¥âáâ¢ãîé¨¥ á®¡ëâ¨ï¬ ¢ á¨áâ¥-
¬¥, � â�ª¦¥ ã¯®àï¤®ç¥−−ãî ¯®á«¥¤®¢�â¥«ì−®áâì ¨å ¢®§−¨ª−®¢¥−¨ï, ª®â®à�ï, ¯®
áãâ¨, ï¢«ï¥âáï ®¯¨á�−¨¥¬ ¯®â®ª� ã¯à�¢«¥−¨ï. ’�ª¨¬ ®¡à�§®¬, á®¢®ªã¯−®áâì ª®¬-
¯®−¥−â®¢ ¨ ¤¨�£à�¬¬ ¤�¥â ¯®«ì§®¢�â¥«î −�£«ï¤−®¥ ¯à¥¤áâ�¢«¥−¨¥ ® ¯®¢¥¤¥−¨¨
á¨áâ¥¬ë ¨ ¢§�¨¬®¤¥©áâ¢¨¨ ¬¥¦¤ã ¥¥ ª®¬¯®−¥−â�¬¨. ÷�§à�¡®âª� UCM-¤¨�£à�¬¬
®áãé¥áâ¢«ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ £à�ä¨ç¥áª®£® à¥¤�ªâ®à� UCMNavigator [37].

”®à¬�«¨§�æ¨ï ¯®¢¥¤¥−¨ï á¨áâ¥¬ë ¤®¯®«−ï¥âáï ¨á¯®«ì§®¢�−¨¥¬ ¬¥â�¤�−-
−ëå [2], ª®â®àë¥ ¬®£ãâ ¡ëâì ¤®¡�¢«¥−ë ¯à�ªâ¨ç¥áª¨ ª® ¢á¥¬ í«¥¬¥−â�¬ UCM-
¤¨�£à�¬¬ë. Œ¥â�¤�−−ë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© −�¡®à ¤�−−ëå ä®à¬�â�: úŒ�à-
ª¥àû { ú’¥ªáâ®¢�ï ¨−ä®à¬�æ¨ï §�¤�−−®£® â¨¯�û, ¢ à�¬ª�å ª®â®à®£® ¯à®¨áå®¤¨â
®¯à¥¤¥«¥−¨¥ ®¯¥à�æ¨© á ¯¥à¥¬¥−−ë¬¨ ¬®¤¥«¨, � â�ª¦¥ ¯à¨¥¬ ¨ ¯¥à¥¤�ç� á¨£−�«®¢
¤«ï ®¡¬¥−� á ®ªàã¦¥−¨¥¬.

6 Инструментальная реализация

‚ â¥å−®«®£¨ç¥áª®© æ¥¯®çª¥ VRS/TAT §� £¥−¥à�æ¨î â¥áâ®¢ëå âà�áá ®â¢¥ç�¥â
¨−áâàã¬¥−â VRS. ’¥å−®«®£¨ï VRS ¨á¯®«ì§ã¥â −®â�æ¨î ¡�§®¢ëå ¯à®â®ª®«®¢, çâ®
−¥ ®¡¥á¯¥ç¨¢�¥â UCMNavigator.

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ¨á¯®«ì§ã¥â ¨−áâàã¬¥−â UCM2BP, ®â¢¥ç�îé¨© §�
�¢â®¬�â¨ç¥áªãî âà�−á«ïæ¨î UCM-¯à®¥ªâ� ¢ −®â�æ¨î ¡�§®¢ëå ¯à®â®ª®«®¢.
UCM2BP ¯®§¢®«ï¥â ¯®«ãç¨âì −�¡®à ¡�§®¢ëå ¯à®â®ª®«®¢, ª®â®àë¥ ¨á¯®«ì§ã-
îâáï ¢ ª�ç¥áâ¢¥ è�£®¢ MSC-áæ¥−�à¨ï.

UCM-¤¨�£à�¬¬� ¯à¥¤áâ�¢«ï¥â á®¡®© áâàãªâãà¨à®¢�−−ë© £à�ä. ‡�¤�ç� ®¡-
å®¤� UCM-¤¨�£à�¬¬ë ¨ ¯®áâà®¥−¨ï MSC-áæ¥−�à¨¥¢ á¢®¤¨âáï ª ®¡å®¤ã £à�ä�.
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ƒ¥−¥à�æ¨ï â¥áâ®¢®£® −�¡®à� −� ®á−®¢¥ ¯®â®ª� ã¯à�¢«¥−¨ï

�à¨ ã¢¥«¨ç¥−¨¨ à�§¬¥à� UCM-¯à®¥ªâ� ç¨á«® ¢®§¬®¦−ëå áæ¥−�à¨¥¢ à�áâ¥â íªá-
¯®−¥−æ¨�«ì−®, çâ® ¯à¨¢®¤¨â ª â�ª −�§ë¢�¥¬®© ¯à®¡«¥¬¥ ú¢§àë¢� á®áâ®ï−¨©û.
„«ï à¥è¥−¨ï ¤�−−®© ¯à®¡«¥¬ë ¢ à�§à�¡®â�−−®¬ ¯®¤å®¤¥ ¨á¯®«ì§ãîâáï:

{ áâàãªâãà−ë© ªà¨â¥à¨© ¯®ªàëâ¨ï: ªà¨â¥à¨© ¢¥â¢¥©;

{ £¨¤ë á £«ã¡¨−®©.

6.1 Критерий покрытия

‘®¢à¥¬¥−−ë¥ ¬¥â®¤ë â¥áâ¨à®¢�−¨ï ®¡ëç−® ®æ¥−¨¢�îâ ¯®«−®âã ¯®ªàëâ¨ï
â¥áâ®¢ë¬ −�¡®à®¬ ¯® â�ª¨¬ ªà¨â¥à¨ï¬, ª�ª ç¨á«® ¢ë¯®«−¥−−ëå ®¯¥à�â®à®¢
¯à®£à�¬¬ë, ¢¥â¢¥©, ¯ãâ¥©, ¯à®¢¥à¥−−ëå §−�ç¥−¨© ¤�−−ëå, ¯®ªàëâ¨¥ £à�−¨ç−ëå
§−�ç¥−¨© äã−ªæ¨¨, ¯¥à¥å®¤®¢ ¬¥¦¤ã á®áâ®ï−¨ï¬¨ ¨ â. ¤. ‚ à�§à�¡®â�−−®¬
¯®¤å®¤¥ ¤«ï �¢â®¬�â¨ç¥áª®© £¥−¥à�æ¨¨ −�¡®à� MSC-áæ¥−�à¨¥¢ ¨á¯®«ì§ã¥âáï
áâàãªâãà−ë© ªà¨â¥à¨© ¢¥â¢¥©.

‘âàãªâãà−ë¥ ªà¨â¥à¨¨ ¯®ªàëâ¨ï ®¡¥á¯¥ç¨¢�îâ ®æ¥−ªã ¯®«−®âë â¥áâ¨à®¢�−¨ï
¨ ®á−®¢�−ë −� áâàãªâãà¥ â¥áâ¨àã¥¬®© á¨áâ¥¬ë. ‚ ®á−®¢¥ áâàãªâãà−ëå ªà¨â¥à¨¥¢
¯®«−®âë «¥¦¨â ¯à®áâ�ï ¨¤¥ï: ¥á«¨ ®è¨¡ª� −�å®¤¨âáï ¢ ª�ª®©-â® ª®−áâàãªæ¨¨
ª®¤� ¨«¨ ª®¬¯®−¥−â¥ â¥áâ¨àã¥¬®© á¨áâ¥¬ë, â® â¥áâ, ¨−¨æ¨¨à®¢�¢è¨© ¢ë¯®«−¥−¨¥
íâ®© ª®−áâàãªæ¨¨ ¨«¨ ª®¬¯®−¥−âë, áª®à¥¥ ¢á¥£®, á¬®¦¥â ¥¥ ®¡−�àã¦¨âì.

“á«®¢¨¥ ªà¨â¥à¨ï â¥áâ¨à®¢�−¨ï ¢¥â¢¥© (ªà¨â¥à¨© P2 [35]) | −�¡®à â¥áâ®¢
¢ á®¢®ªã¯−®áâ¨ ¤®«¦¥− ®¡¥á¯¥ç¨âì ¯à®å®¦¤¥−¨¥ ª�¦¤®© ¢¥â¢¨ −¥ ¬¥−¥¥ ®¤−®£®
à�§�. �â® ¤®áâ�â®ç−® á¨«ì−ë© ¨ ¯à¨ íâ®¬ íª®−®¬¨ç−ë© ªà¨â¥à¨©, ¯®áª®«ìªã
¬−®¦¥áâ¢® ¢¥â¢¥© â¥áâ¨àã¥¬®© á¨áâ¥¬ë ª®−¥ç−® ¨ −¥ â�ª ã¦ ¢¥«¨ª®. UCM-
−®â�æ¨ï ¯®§¢®«ï¥â ®á¬ëá«¥−−® ¢ë¤¥«¨âì ¢¥â¢¨ −� ¤¨�£à�¬¬¥ | ãç�áâª¨ ¯ãâ¨
¬¥¦¤ã ®¯¥à�â®à�¬¨ ¢¥â¢«¥−¨© (OrFork, OrJoin, AndFork, AndJoin, Waiting
place, Timer), � â�ª¦¥ áâ�àâ®¢ë¬¨ (StartPoint) ¨ ª®−¥ç−ë¬¨ (EndPoint) UCM-
í«¥¬¥−â�¬¨.

‚ë¡®à ªà¨â¥à¨ï ¯®ªàëâ¨ï ¯® ¢¥â¢ï¬ ¯®§¢®«ï¥â ¯à®¨§¢®¤¨âì £¥−¥à�æ¨î ª®-
−¥ç−®£® ç¨á«� â¥áâ®¢ëå áæ¥−�à¨¥¢, ¯à¨ç¥¬ ª®«¨ç¥áâ¢® ¯®«ãç¥−−ëå áæ¥−�à¨¥¢
¬¥−ìè¥ ¨«¨ à�¢−® ®¡é¥¬ã ç¨á«ã ¢¥â¢¥© ¢á¥© á¨áâ¥¬ë. ’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â
¤®¡¨âìáï �¤¥ª¢�â−®áâ¨ −�¡®à� â¥áâ®¢ ¨ å®à®è¥© áª®à®áâ¨ £¥−¥à�æ¨¨ â¥áâ®¢ëå
áæ¥−�à¨¥¢.

6.2 Использование гидов

ˆá¯®«ì§®¢�−¨¥ £¨¤®¢ ¯®§¢®«ï¥â ¯®«ì§®¢�â¥«î §�¤�¢�âì −�¯à�¢«¥−¨¥ ¯®¨áª�
âà�áá ¤«ï â¥áâ®¢ëå áæ¥−�à¨¥¢ ¯à¨ ®¡å®¤¥ ¯à®áâà�−áâ¢� ¯®¢¥¤¥−¨ï ¬®¤¥«¨. Œ¥â®¤
¯®¤à�§ã¬¥¢�¥â −�«®¦¥−¨¥ ®£à�−¨ç¥−¨© −� à�§¬¥à â¥áâ®¢®£® áæ¥−�à¨ï, çâ® ¤�¥â
¢®§¬®¦−®áâì ¯à®¢¥à¨âì ¥£® ¤®¯ãáâ¨¬®áâì. Šà¨â¥à¨¨ ¯®ªàëâ¨ï ä®à¬ã«¨àãîâ
¤®¯®«−¨â¥«ì−ë¥ ®£à�−¨ç¥−¨ï −� ¯®¨áª, ®âá¥ª�ï ¢¥â¢¨ ¯®¢¥¤¥−¨ï ¬®¤¥«¨, −¥
ã¤®¢«¥â¢®àïîé¨¥ â¥áâ®¢®¬ã áæ¥−�à¨î. �®¤à®¡−®¥ ®¯¨á�−¨¥ ª®−æ¥¯æ¨¨ ¨ à¥�«¨-
§�æ¨¨ ¬¥â®¤� £¨¤®¢ ¯à¨¢¥¤¥−® ¢ [34].
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�. ‚. ‚®¨−®¢, �. „. „à®¡¨−æ¥¢, ‚. �. Š®â«ïà®¢ ¨ ¤à.

÷¨á. 2 �à¨¬¥−¥−¨¥ £¨¤®¢ ¯à¨ ®¡å®¤¥ ¤¥à¥¢� ¯®¢¥¤¥−¨ï

�á−®¢−�ï ¨¤¥ï ¯à¥¤áâ�¢«¥−� −� à¨á. 2, £¤¥ ¨§®¡à�¦¥−® ¤¥à¥¢® ¯®¢¥¤¥−¨ï
¬®¤¥«¨, ¯®áâà®¥−−®¥ −� ®á−®¢�−¨¨ ¬−®¦¥áâ¢� ¡�§®¢ëå ¯à®â®ª®«®¢, ®¯¨áë¢�îé¨å
¬®¤¥«ì (¢¥àè¨−ë | á®áâ®ï−¨ï ¬®¤¥«¨, ¯¥à¥å®¤ë | ¡�§®¢ë¥ ¯à®â®ª®«ë).

�®«ì§®¢�â¥«ì, §−�ï, ª�ª¨¥ ¨¬¥−−® í«¥¬¥−âë ¤¥à¥¢� ¯®¢¥¤¥−¨ï ¬®¤¥«¨ (á¨£−�-
«ë, ¨§¬¥−¥−¨ï �âà¨¡ãâ®¢ ¨ á®áâ®ï−¨© ¨ â. ¯.) ¤®«¦−ë ¡ëâì ¢ª«îç¥−ë ¢ â¥áâ®¢ë©
áæ¥−�à¨©, çâ®¡ë á®®â¢¥âáâ¢ãîé¥¥ âà¥¡®¢�−¨¥ ¡ë«® ¯®ªàëâ®, ¬®¦¥â ãª�§�âì
®¯à¥¤¥«¥−−ë¥ á®áâ®ï−¨ï ¨ ¯¥à¥å®¤ë, â. ¥. §�¤�âì ¯à®¬¥¦ãâ®ç−ë¥ â®çª¨ (®â¬¥-
ç¥−ë ªàã¦ª�¬¨), ç¥à¥§ ª®â®àë¥ ®áãé¥áâ¢«ï¥âáï âà�áá®¢�ï £¥−¥à�æ¨ï. ’�ª¨¬
®¡à�§®¬ áãé¥áâ¢¥−−® ®£à�−¨ç¨¢�¥âáï ¯à®áâà�−áâ¢® ¯®¨áª� ®â ®¤−®£® á®¡ëâ¨ï
(¯à®¬¥¦ãâ®ç−®© æ¥«¨) ¢ â¥áâ®¢®¬ áæ¥−�à¨¨ ¤® ¤àã£®£®. �à¨ −¥®¡å®¤¨¬®áâ¨ ¯ãâì
®â −�ç�«ì−®£® á®¡ëâ¨ï ¤® ª®−¥ç−®£® ¬®¦¥â ¡ëâì ãâ®ç−¥− ¤®¯®«−¨â¥«ì−ë¬¨ á®-
¡ëâ¨ï¬¨ (®â¬¥ç¥−ë ª¢�¤à�â�¬¨ −� à¨á. 2), ª®−ªà¥â¨§¨àãîé¨¬¨ ¯ãâì −� ¤¥à¥¢¥
¯®¢¥¤¥−¨©. ÷�§à�¡®â�−−ë¥ ¬¥â®¤ë ¯®§¢®«ïîâ á®§¤�¢�âì £¨¤ë ¯® UCM-¤¨�£à�¬-
¬�¬. ‘ ¯®¬®éìî UCM2BP UCM-¤¨�£à�¬¬ë âà�−á«¨àãîâáï ¢ −�¡®à ¡�§®¢ëå
¯à®â®ª®«®¢, � ¨¬¥−� á®®â¢¥âáâ¢ãîé¨å UCM-í«¥¬¥−â�¬ ¯à®â®ª®«®¢ ¨á¯®«ì§ãîâ-
áï ¤«ï ¯®áâà®¥−¨ï £¨¤®¢.

—â®¡ë ¯®«ãç¨âì ¦¥«�¥¬ë¥ âà�ááë, ¢ ¨−áâàã¬¥−â¥ VRS ¨á¯®«ì§ãîâáï á®§¤�−-
−ë¥ £¨¤ë. ƒ¨¤ë §�¤�îâ −�¯à�¢«¥−¨¥, ¢ ª®â®à®¬ VRS ®¡å®¤¨â ¤¥à¥¢® ¯®¢¥¤¥−¨ï
á¨áâ¥¬ë. VRS ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì £«ã¡¨−ë ¢ £¨¤�å, â. ¥. §�¤�¢�âì ãç�áâª¨
âà�ááë, −� ª®â®àëå ¯¥à¥å®¤ ®â ®¤−®£® ¡�§®¢®£® ¯à®â®ª®«� ª ¤àã£®¬ã ¢®§¬®¦¥−
á ¨á¯®«ì§®¢�−¨¥¬ −¥áª®«ìª¨å ¯ãâ¥©, á®¤¥à¦�é¨å ¬¥¦¤ã ¨áª®¬ë¬¨ ¡�§®¢ë¬¨
¯à®â®ª®«�¬¨ −¥áª®«ìª® ¯à®¬¥¦ãâ®ç−ëå ¯à®â®ª®«®¢, ç¨á«® ª®â®àëå ®£à�−¨ç¨¢�-
¥âáï £«ã¡¨−®©.

ˆá¯®«ì§®¢�−¨¥ £«ã¡¨− ¢®§¬®¦−® ¢ −¥áª®«ìª¨å á¨âã�æ¨ïå:

{ ¤«ï á®ªàëâ¨ï �«ìâ¥à−�â¨¢−®£® ¢ë¡®à�;
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÷¨á. 3 �à¨¬¥à ¨á¯®«ì§®¢�−¨ï £«ã¡¨−ë ¢ £¨¤�å

{ ¤«ï á®ªàëâ¨ï æ¨ª«�;

{ ¤«ï á®ªàëâ¨ï ¯�à�««¥«¨§¬�.

�à¨¬¥à ¨á¯®«ì§®¢�−¨ï £¨¤®¢ ¯à¨¢¥¤¥− −� à¨á. 3. …á«¨ áãé¥áâ¢ã¥â −¥-
®¡å®¤¨¬®áâì á£¥−¥à¨à®¢�âì áæ¥−�à¨©, ª®â®àë© −�¯à�¢«¥− −� ¯®ªàëâ¨¥ ¢¥â¢¨,
á®¤¥à¦�é¥© í«¥¬¥−â R6, â® ¡¥§ �−�«¨§� ¬¥â�¤�−−ëå −¥¨§¢¥áâ−®, ª�ª®© í«¥¬¥−â
¡ã¤¥â ¨á¯®«ì§®¢�−: R1 ¨«¨ R2, � â�ª¦¥ ¡ã¤¥â «¨ §�¤¥©áâ¢®¢�− æ¨ª« R5. ‚ â�ª®¬
á«ãç�¥, çâ®¡ë ãç¥áâì ¢á¥ ¢�à¨�−âë ¯ãâ¥©, ª®â®àë¥ ¬®£ãâ ¯à¨¢¥áâ¨ ª ¯à¨¬¥−¥-
−¨î R6, −¥®¡å®¤¨¬® ¯®áâà®¨âì 4 £¨¤�:

(1) R0, R1, R3, R4, R6;

(2) R0, R1, R3, R4, R5, R4, R6;

(3) R0, R2, R3, R4, R6;

(4) R0, R2, R3, R4, R5, R4, R6.

�¤−�ª® ¥á«¨ ãª�§�âì £«ã¡¨−ë ¢ £¨¤¥, â® ¬®¦−® ¯®áâà®¨âì «¨èì ®¤¨− £¨¤: R0,
R3#2, R6#3 (# | à�§¤¥«¨â¥«ì ¨¬¥−¨ í«¥¬¥−â� ¨ ¢¥«¨ç¨−ë £«ã¡¨−ë). „�−−ë©
£¨¤ ãª�§ë¢�¥â −�¯à�¢«¥−¨¥ −� ¤¥à¥¢¥ ¯®¢¥¤¥−¨ï ¨ ¨−â¥à¯à¥â¨àã¥âáï á«¥¤ãîé¨¬
®¡à�§®¬: ¯à¨¬¥−¨âì R0, §�â¥¬ ¨á¯®«ì§®¢�âì −¥ ¡®«¥¥ ®¤−®£® ¯à®â®ª®«�, ¯à¥¦¤¥
ç¥¬ ¯à¨¬¥−¨âì R3, � §�â¥¬ ¯à¨¬¥−¨âì R6, ¨á¯®«ì§®¢�¢ ¯à¨ íâ®¬ −¥ ¡®«¥¥ âà¥å
¯à®â®ª®«®¢, ¢ë¡®à ª®â®àëå ®áãé¥áâ¢«ï¥â á¨áâ¥¬� ¢¥à¨ä¨ª�æ¨¨.

’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§®¢�−¨¥ ªà¨â¥à¨ï ¢¥â¢¥© ¨ £¨¤®¢ á £«ã¡¨−®© ¯®§¢®«ï¥â
¯®«ãç¨âì −�¡®à áæ¥−�à¨¥¢, £¤¥ ª�¦¤®© ¢¥â¢¨ á®®â¢¥âáâ¢ã¥â ®¤¨− £¨¤, ¯® ª®â®à®¬ã
¡ã¤¥â á£¥−¥à¨à®¢�−� ®¤−� âà�áá�. ’�ª®© ¯®¤å®¤ à¥è�¥â ¯à®¡«¥¬ã ú¢§àë¢�
á®áâ®ï−¨©û, � â�ª¦¥ áãé¥áâ¢¥−−® á®ªà�é�¥â ¢à¥¬ï £¥−¥à�æ¨¨ áæ¥−�à¨¥¢.

6.3 Автоматическая генерация на основе критерия ветвей

1. ƒ¥−¥à�æ¨ï ¡�§®¢ëå ¯à®â®ª®«®¢ ¯® UCM-¯à®¥ªâã.

2. ‘®¯®áâ�¢«¥−¨¥ ¡�§®¢ëå ¯à®â®ª®«®¢ ¨ í«¥¬¥−â®¢ UCM-¤¨�£à�¬¬ë.

3. ‚ë¤¥«¥−¨¥ ¢¥â¢¥© ¢ áâàãªâãà¥ UCM.

4. ƒ¥−¥à�æ¨ï £¨¤� ¤«ï ª�¦¤®© ¢¥â¢¨.

5. �à®¢¥¤¥−¨¥ ®¯â¨¬¨§�æ¨¨ | ã¤�«¥−¨¥ ¨§¡ëâ®ç−ëå ¤¨�£à�¬¬.
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÷¨á. 4 �à¨¬¥à UCM-¤¨�£à�¬¬ë

ˆá¯®«ì§®¢�−¨¥ ¯à®£à�¬¬−ëå ®¡ê¥ªâ®¢ ¡�§®¢ëå ¯à®â®ª®«®¢ ¯à¨ £¥−¥à�æ¨¨
á ¯®¬®éìî UCM2BP ¯®§¢®«ï¥â á®åà�−¨âì áâàãªâãàã UCM. �à®£à�¬¬−ë¥ ®¡ê-
¥ªâë ¡�§®¢ëå ¯à®â®ª®«®¢ á®¤¥à¦�â ááë«ª¨ −� ¯à¥¤ë¤ãé¨¥ ¨ ¯®á«¥¤ãîé¨¥ ¯à®-
â®ª®«ë, á£¥−¥à¨à®¢�−−ë¥ ¢ á®®â¢¥âáâ¢¨¨ á® áâàãªâãà®© UCM-¤¨�£à�¬¬ë. ’�ª¦¥
®−¨ á®¤¥à¦�â ááë«ª¨ −� í«¥¬¥−âë UCM. ‚á¥ íâ® ¯®§¢®«ï¥â ®¤−®§−�ç−® ¨−â¥à-
¯à¥â¨à®¢�âì áâàãªâãàã UCM-¯à®¥ªâ� ¯à¨ £¥−¥à�æ¨¨ MSC-¤¨�£à�¬¬ ¢ â¥à¬¨−�å
¬®¤¥«¨ ¡�§®¢ëå ¯à®â®ª®«®¢.

UCM-¤¨�£à�¬¬�, ¯à¨¢¥¤¥−−�ï −� à¨á. 4, á®áâ®¨â ¨§ á«¥¤ãîé¨å ¢¥â¢¥©: R1,
R2, R3, R4, R5, R6, R7.

„«ï ª�¦¤®© ¢¥â¢¨ £¥−¥à¨àã¥âáï £¨¤, ª®â®àë© á®¤¥à¦¨â ¢ á¥¡¥ ¯ãâì ®â
áâ�àâ®¢®£® á®áâ®ï−¨ï á¨áâ¥¬ë ¤® ¤�−−®© ¢¥â¢¨. „«ï ¯à¨¬¥à� −� à¨á. 4 ¡ã¤ãâ
á£¥−¥à¨à®¢�−ë á«¥¤ãîé¨¥ £¨¤ë:

{ R1;

{ R1, R2;

{ R1, R3;

{ R1, R4;

{ R1, R5(#2);

{ R1, R5(#2), R6;

{ R1, R5(#2), R7.

�â¬¥â¨¬, çâ® ¯®«ãç¨¢è¨©áï −�¡®à £¨¤®¢ ï¢«ï¥âáï ¨§¡ëâ®ç−ë¬, â�ª ª�ª
£«�¢−®© §�¤�ç¥© ¯à¨ ¨á¯®«ì§®¢�−¨¨ ªà¨â¥à¨ï ¢¥â¢¥© ï¢«ï¥âáï ¯®ªàëâ¨¥ ª�¦¤®©
¢¥â¢¨ −¥ ¬¥−¥¥ ®¤−®£® à�§�. ’�ª ª�ª −¥ª®â®àë¥ ¢¥â¢¨ ¯®ªàë¢�îâáï ¢ −¥áª®«ìª¨å
£¨¤�å, â® á«¥¤ã¥â ¯à®¢¥áâ¨ ®¯â¨¬¨§�æ¨î ¨ ã¤�«¨âì £¨¤ë á ¯®¢â®àïîé¨¬¨áï
¢¥â¢ï¬¨. ’�ª¨¬ ®¡à�§®¬, ¯®á«¥ ®¯â¨¬¨§�æ¨¨, á®áâ®ïé¥© ¨§ ã¤�«¥−¨ï ¨§¡ëâ®ç−ëå
£¨¤®¢, ¡ã¤¥â ¯®«ãç¥− á«¥¤ãîé¨© −�¡®à:

{ R1, R2;

{ R1, R3;

{ R1, R4;

{ R1, R5(#2), R6;

{ R1, R5(#2), R7.
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„�−−®£® −�¡®à� £¨¤®¢ ¤®áâ�â®ç−® ¤«ï £¥−¥à�æ¨¨ â¥áâ®¢ëå âà�áá, ã¤®¢«¥â¢®-
àïîé¨å áâàãªâãà−®¬ã ªà¨â¥à¨î ¯®ªàëâ¨ï ¯® ¢¥â¢ï¬. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ®
¨á¯®«ì§®¢�−¨¥ ¢¥à¨ä¨æ¨à®¢�−−®© ¬®¤¥«¨ ¡�§®¢ëå ¯à®â®ª®«®¢ ¤«ï £¥−¥à�æ¨¨
âà�áá ¤�¥â ã¢¥à¥−−®áâì ¢ ª®àà¥ªâ−®áâ¨ à¥§ã«ìâ�â�.

�¥á«®¦−® §�¬¥â¨âì, çâ® −¥ª®â®àë¥ ¨§ ¯®«ãç¥−−ëå £¨¤®¢ −¥ ¢¥¤ãâ ¯à®æ¥áá
£¥−¥à�æ¨¨ âà�áá ¤® ª®−¥ç−ëå á®áâ®ï−¨© á¨áâ¥¬ë. ‚ â® ¦¥ ¢à¥¬ï ¯®«ãç¥−¨¥
ú¤«¨−−®£®û £¨¤� (¤® ª®−¥ç−®£® á®áâ®ï−¨ï) ¤�¥â ¢®§¬®¦−®áâì ä®à¬¨à®¢�−¨ï â¥áâ�,
¯à¨¢®¤ïé¥£® á¨áâ¥¬ã ¢ §�à�−¥¥ ¨§¢¥áâ−®¥ á®áâ®ï−¨¥, ®¯à¥¤¥«ïîé¥¥ ®ª®−ç�−¨¥
à�¡®âë á¨áâ¥¬ë. �®¤®¡−�ï £¥−¥à�æ¨ï â�ª¦¥ ¬®¦¥â ¡ëâì �¢â®¬�â¨§¨à®¢�−�. „«ï
à�áá¬�âà¨¢�¥¬®£® ¯à¨¬¥à� −�¡®à ú¤«¨−−ëåû £¨¤®¢ ¡ã¤¥â á«¥¤ãîé¨¬:

{ R1, R2, R5, R6;

{ R1, R2, R5, R7;

{ R1, R3, R5, R6;

{ R1, R3, R5, R7;

{ R1, R4, R5, R6;

{ R1, R4, R5, R7;

{ R1, R5(#2), R6;

{ R1, R5(#2), R7.

Š®«¨ç¥áâ¢® £¨¤®¢ ã¢¥«¨ç¨«®áì. �â® ®¡êïá−ï¥âáï â¥¬, çâ® −� ãà®¢−¥ £¥−¥à�-
æ¨¨ £¨¤ë ¡¥§ �−�«¨§� ¬¥â�¤�−−ëå −¥ ¤�îâ ¢®§¬®¦−®áâ¨ ®¯à¥¤¥«¨âì, ¢ ª�ª®¥ ¨§
�«ìâ¥à−�â¨¢−ëå ª®−¥ç−ëå á®áâ®ï−¨© ¯à¨¤¥â á¨áâ¥¬�. �®íâ®¬ã ¤«ï á®åà�−¥−¨ï
¯®ªàëâ¨ï ¯® ªà¨â¥à¨î ¢¥â¢¥© úª®à®âª¨¥û £¨¤ë ¯à®¤«¥¢�îâáï ¤® ¢á¥å ¢®§¬®¦−ëå
ª®−¥ç−ëå á®áâ®ï−¨©. „�−−�ï ®á®¡¥−−®áâì ¯à¨¢®¤¨â ª á¨âã�æ¨¨, ª®£¤� ª®«¨ç¥áâ¢®
£¨¤®¢ áâ�−®¢¨âáï ¨§¡ëâ®ç−ë¬, ¯à¨ç¥¬ −¥ ¢á¥ ¨§ −¨å ¬®£ãâ ¡ëâì ¯®ªàëâë á®®â¢¥â-
áâ¢ãîé¨¬¨ âà�áá�¬¨. �â® ¯à®¨áå®¤¨â ¨§-§� −¥á®®â¢¥âáâ¢¨ï ¯®â®ª� ã¯à�¢«¥−¨ï,
®¯¨á�−−®£® −� ¤¨�£à�¬¬¥, ¬¥â�¤�−−ë¬, ãª�§�−−ë¬ ¢ í«¥¬¥−â�å responsibility.
‚ à¥§ã«ìâ�â¥ ¨§¡ëâ®ç−ë¥ £¨¤ë, ¯® ª®â®àë¬ −¥ á£¥−¥à¨àã¥âáï âà�áá�, ¤®«¦−ë
¡ëâì ¨áª«îç¥−ë ¨§ â¥áâ®¢®£® −�¡®à�.

‚ à¥§ã«ìâ�â¥ �¢â®¬�â¨ç¥áª®© £¥−¥à�æ¨¨ −� ®á−®¢¥ �−�«¨§� ¬®¤¥«¨ ¯®â®ª�
ã¯à�¢«¥−¨ï ¯®«ãç�¥âáï −�¡®à â¥áâ®¢, ª®â®àë¥ −�¯à�¢«¥−ë −� ®¡−�àã¦¥−¨¥ ®è¨-
¡®ª ¨ ã¤®¢«¥â¢®àïîâ áâàãªâãà−®¬ã ªà¨â¥à¨î ¯®ªàëâ¨ï ¢¥â¢¥©.

7 Результаты применения подхода

÷¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï ®¯¨á�−−®£® ¯®¤å®¤� ¢ ç¥âëà¥å ¯à®¥ªâ�å áà¥¤−¥£®
à�§¬¥à� ¯® à�§à�¡®âª¥ ¬®¤ã«¥© â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ¯à¨«®¦¥−¨© ¯à¨¢¥¤¥−ë
¢ â�¡«¨æ¥. ‚ ª�ç¥áâ¢¥ ¤®ªã¬¥−â�æ¨¨ −� ¯à®¥ªâ ¡ë«¨ ¨á¯®«ì§®¢�−ë UCM-¤¨�-
£à�¬¬ë, � ¢ëå®¤®¬ ï¢«ï«áï £®â®¢ë© â¥áâ®¢ë© −�¡®à ¤«ï ¯à®£®−� −� à¥�«ì−®¬
ª®¤¥ ¯à¨«®¦¥−¨ï.
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÷¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï ¯®¤å®¤�

�à®¥ªâ
Š®«¨ç¥áâ¢®

¡�§®¢ëå
¯à®â®ª®«®¢

Š®«¨ç¥áâ¢®¢®
¢¥â¢¥©

Š®«¨ç¥áâ¢®¢®
£¨¤®¢

Š®«¨ç¥áâ¢®
á£¥−¥à¨à®¢�−−ëå
á¨¬¢®«ì−ëå âà�áá

1 358 149 437 372
2 163 240 139 131
3 191 111 87 72
4 214 200 118 104

‚á¥ à¥§ã«ìâ�âë ¯® ¯à®¥ªâ�¬ ¡ë«¨ ¯®«ãç¥−ë á ¯®¬®éìî �¢â®¬�â¨ç¥áª®£®
à¥¦¨¬� ¤«ï ¯®«ãç¥−¨ï −�¡®à� âà�áá, ¯®ªàë¢�îé¨å ¬®¤¥«ì ¯® ªà¨â¥à¨î ¢¥â¢¥©
á ¨á¯®«ì§®¢�−¨¥¬ ú¤«¨−−ëåû £¨¤®¢, çâ® ¯®§¢®«¨«® ãáª®à¨âì à�§à�¡®âªã â¥áâ®¢ëå
áæ¥−�à¨¥¢ ¢ 250 à�§ ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë¬ àãç−ë¬ ¯®¤å®¤®¬.

‚ â® ¦¥ ¢à¥¬ï à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¢ à�¬ª�å ¯à¨¬¥−¥−¨ï ®¯¨á�−−®£®
¯®¤å®¤�, á¢¨¤¥â¥«ìáâ¢ãîâ ® ¡®«¥¥ ç¥¬ 70%-−®¬ á®ªà�é¥−¨¨ ¢à¥¬¥−−‚ëå §�âà�â ¯®
áà�¢−¥−¨î á ¯®¤å®¤®¬, ®á−®¢�−−®¬ −� ¯à®áâ®¬ ®¡å®¤¥ ¤¥à¥¢� ¯®¢¥¤¥−¨ï á¨áâ¥¬ë
¡¥§ ¨á¯®«ì§®¢�−¨ï £¨¤®¢.
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АНАЛИЗ ПОКРЫТИЯ UCM-МОДЕЛИ ТЕСТОВЫМИ
СЦЕНАРИЯМИ∗

Н. В. Воинов1, П. Д. Дробинцев2, В. П. Котляров3, И. В. Никифоров4

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¯®¤å®¤ë ª �−�«¨§ã ¯®ªàëâ¨ï UCM (Use Case
Maps) ¬®¤¥«¥© â¥áâ®¢ë¬¨ áæ¥−�à¨ï¬¨, á£¥−¥à¨à®¢�−−ë¬¨ ¯® ¨−â¥£à�«ì−ë¬
ªà¨â¥à¨ï¬ ¯®ªàëâ¨ï. „�− ®¡§®à áãé¥áâ¢ãîé¨å ªà¨â¥à¨¥¢ �¢â®¬�â¨ç¥áª®©
£¥−¥à�æ¨¨ â¥áâ®¢ëå áæ¥−�à¨¥¢ ¯® ¢ëá®ª®ãà®¢−¥¢ë¬ UCM-á¯¥æ¨ä¨ª�æ¨ï¬.
�à¥¤«®¦¥−ë ¤¢� ¯®¤å®¤� �−�«¨§� ¯®ªàëâ¨ï UCM-¬®¤¥«¨: �¢â®¬�â¨ç¥áª¨©,
ª®â®àë© ¯à¥¤®áâ�¢«ï¥â ¨−ä®à¬�æ¨î ® ¯®ªàëâëå ¨ −¥¯®ªàëâëå í«¥¬¥−â�å,
¢¥â¢ïå ¨ ¯ãâïå ¢ á¢®¤−®© ä®à¬¥, ¨ ¢¨§ã�«ì−ë©, ª®â®àë© ¯®§¢®«ï¥â ¯®«ì-
§®¢�â¥«î −�£«ï¤−® ã¤®áâ®¢¥à¨âìáï ¢ ¯®ªàëâ¨¨ UCM-¬®¤¥«¨. �¯¨á�−−ë¥
¯®¤å®¤ë ¨ ª®−æ¥¯æ¨¨ à¥�«¨§®¢�−ë ¢ ¨−áâàã¬¥−â¥ �−�«¨§�, ª®â®àë© §−�-
ç¨â¥«ì−® á®ªà�é�¥â ¢à¥¬ï ä®à¬¨à®¢�−¨ï ¯®ªàë¢�îé¥£® ¬−®¦¥áâ¢� â¥áâ®¢.
„�−® −�¯à�¢«¥−¨¥ ¡ã¤ãé¨å à�¡®â ¯® �−�«¨§ã ¯®ªàëâ¨ï á¨£−�«®¢ UCM-¬®-
¤¥«¨.

Š«îç¥¢ë¥ á«®¢�: ªà¨â¥à¨¨ £¥−¥à�æ¨¨; â¥áâ®¢ë¥ áæ¥−�à¨¨; UCM; á¯¥æ¨ä¨-
ª�æ¨¨; �−�«¨§
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1 Введение

‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ¨§¬¥−ï¥âáï âà�¤¨æ¨®−−�ï ¬¥â®¤®«®£¨ï à�§à�¡®âª¨ ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��), ¢ ª®â®àãî ¢ª«îç�îâáï íâ�¯ë ¤¥â�«ì−®£® �−�«¨§�
¨áå®¤−ëå âà¥¡®¢�−¨© ¨ ¢ëá®ª®ãà®¢−¥¢®£® ¤¨§�©−� −� à�−−¨å áâ�¤¨ïå à�§à�¡®â-
ª¨. ’�ª®¥ −�¯à�¢«¥−¨¥ à�§¢¨â¨ï á¢ï§�−® á ¯®¢ëè¥−¨¥¬ âà¥¡®¢�−¨© ª ª�ç¥áâ¢ã
�� ¯à¨ ãá«®¢¨¨ ã¤®¢«¥â¢®à¥−¨ï ¨áå®¤−ë¬ á¯¥æ¨ä¨ª�æ¨ï¬. „«ï á®ªà�é¥−¨ï
¢à¥¬¥−¨ ¯à®¢¥àª¨ ª®àà¥ªâ−®áâ¨ âà¥¡®¢�−¨© ¯à¨¬¥−ïîâ à�§«¨ç−ë¥ â¥å−®«®£¨¨
�¢â®¬�â¨§�æ¨¨ ¢¥à¨ä¨ª�æ¨¨ ¨ â¥áâ¨à®¢�−¨ï, ª®â®àë¥ ®á−®¢�−ë −� ä®à¬�«ì-
−®¬ ¯à¥¤áâ�¢«¥−¨¨ ¨áå®¤−ëå á¯¥æ¨ä¨ª�æ¨© −� ï§ëª�å, ¨á¯®«ì§ãîé¨åáï ª�ª
¢å®¤−ë¥ ¤«ï ¤®ª�§�â¥«ì−ëå ¨−áâàã¬¥−â�«ì−ëå áà¥¤áâ¢.

∗‘â�âìï à¥ª®¬¥−¤®¢�−� ª ¯ã¡«¨ª�æ¨¨ ¢ ¦ãà−�«¥ �à®£à�¬¬−ë¬ ª®¬¨â¥â®¬ ª®−ä¥à¥−æ¨¨ úTools
& Methods of Program Analysisû (úˆ−áâàã¬¥−âë ¨ ¬¥â®¤ë �−�«¨§� ¯à®£à�¬¬û, TMPA-2014),
£. Š®áâà®¬�, 14{15 −®ï¡àï 2014 £.

1‘�−ªâ-�¥â¥à¡ãà£áª¨© £®áã¤�àáâ¢¥−−ë© ¯®«¨â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â,
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4‘�−ªâ-�¥â¥à¡ãà£áª¨© £®áã¤�àáâ¢¥−−ë© ¯®«¨â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â,
igor.nikiforovv@gmail.com
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�−�«¨§ ¯®ªàëâ¨ï UCM-¬®¤¥«¨ â¥áâ®¢ë¬¨ áæ¥−�à¨ï¬¨

�¤−¨¬ ¨§ −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ëå ï§ëª®¢ ®¯¨á�−¨ï âà¥¡®¢�−¨© ï¢«ï¥âáï
ï§ëª UCM [1]. …£® ®â«¨ç¨â¥«ì−ë¥ ®á®¡¥−−®áâ¨ | ¯à®áâ®â� £à�ä¨ç¥áª®© −®-
â�æ¨¨ ¨ ®à¨¥−â¨à®¢�−−®áâì −� á®§¤�−¨¥ ¯®¢¥¤¥−ç¥áª¨å áæ¥−�à¨¥¢ á¨áâ¥¬. Ÿ§ëª
¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ¤«ï ®¯¨á�−¨ï âà¥¡®¢�−¨© ª�ª á«®¦−ëå ¯à®£à�¬¬−ëå
¯à®¤ãªâ®¢, â�ª ¨ ¨å ¬®¤ã«¥©. �à¨ íâ®¬ ï§ëª UCM ¨á¯®«ì§ã¥âáï −� à�−−¥© áâ�-
¤¨¨ ¤¨§�©−� ¯¥à¥¤ ¨á¯®«ì§®¢�−¨¥¬ â�ª¨å ï§ëª®¢, ª�ª SDL (System Description
Language), MSC (Message Sequence Charts), UML (Unified Modeling Language).
�� á¥£®¤−ïè−¨© ¤¥−ì ®¤−®© ¨§ −�¨¡®«¥¥ ¬®é−ëå â¥å−®«®£¨© �¢â®¬�â¨§�æ¨¨ ¢¥-
à¨ä¨ª�æ¨¨ ¨ â¥áâ¨à®¢�−¨ï, ª®â®àë¥ ¨á¯®«ì§ãîâ ï§ëª UCM ª�ª ¨áå®¤−ë© ï§ëª
®¯¨á�−¨ï á¯¥æ¨ä¨ª�æ¨© −� á¨áâ¥¬ã, ï¢«ï¥âáï â¥å−®«®£¨ï VRS/TAT (Verifica-
tion Requirements Specification/Test Automation Toolset) [2].

�â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî â¥å−®«®£¨¨ VRS/TAT ï¢«ï¥âáï ¢®§¬®¦−®áâì
�¢â®¬�â¨§¨à®¢�âì ¢¥à¨ä¨ª�æ¨î ä®à¬�«ì−®© ¬®¤¥«¨ ¨ ¯® ¯à®¢¥à¥−−®© ¬®¤¥«¨ �¢-
â®¬�â¨ç¥áª¨ á£¥−¥à¨à®¢�âì ¬−®¦¥áâ¢® â¥áâ®¢ëå áæ¥−�à¨¥¢. ƒ¥−¥à�æ¨ï â¥áâ®¢ëå
áæ¥−�à¨¥¢ ®áãé¥áâ¢«ï¥âáï ¯® ®¯à¥¤¥«¥−−®¬ã ªà¨â¥à¨î ¯®ªàëâ¨ï ä®à¬�«ì−®©
¬®¤¥«¨. ‘ íâ¨¬ á¢ï§�−� ¯à®¡«¥¬� ®æ¥−ª¨ ¨ �−�«¨§� ¯®ªàëâ¨ï ¨áå®¤−®© ä®à-
¬�«ì−®© ¬®¤¥«¨ â¥áâ®¢ë¬¨ áæ¥−�à¨ï¬¨.

–¥«ìî −�áâ®ïé¥© à�¡®âë ï¢«ï¥âáï à�§à�¡®âª� ¢ à�¬ª�å â¥å−®«®£¨¨
VRS/TAT �¢â®¬�â¨ç¥áª¨å ¯®¤å®¤®¢ �−�«¨§� ¯®ªàëâ¨ï ä®à¬�«ì−®© UCM-¬®-
¤¥«¨ â¥áâ®¢ë¬¨ áæ¥−�à¨ï¬¨ ¤«ï á®ªà�é¥−¨ï ¢à¥¬¥−¨ ä®à¬¨à®¢�−¨ï ª®−¥ç−®£®
¬−®¦¥áâ¢� ¯®ªàë¢�îé¨å â¥áâ®¢.

2 Анализ технологий повышения качества программного продукта
на основе UCM-спецификаций

‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ãîâ â¥å−®«®£¨¨ ¯à®¥ªâ¨à®¢�−¨ï ä®à¬�«ì−ëå
á¨áâ¥¬, ¨á¯®«ì§ãîé¨å áâ�−¤�àâ¨§®¢�−−ë© ï§ëª UCM [1]. Š â�ª¨¬ â¥å−®«®£¨ï¬
®â−®áïâáï â¥å−®«®£¨¨ SPEC-VALUe [3], TR TROOP [4], USHLTD [5], UCM
CPN (Colored Petri Nets) [6] ¨ VRS/TAT [2].

‘à�¢−¥−¨¥ â¥å−®«®£¨© ¯à®¥ªâ¨à®¢�−¨ï UCM-á¯¥æ¨ä¨ª�æ¨© ¯à®¢¥¤¥−® ¯®
á«¥¤ãîé¨¬ ªà¨â¥à¨ï¬:

(1) á®®â¢¥âáâ¢¨¥ ¨áå®¤−®£® ï§ëª� á¯¥æ¨ä¨ª�æ¨©, â. ¥. ï§ëª� á¯¥æ¨ä¨ª�æ¨©,
¨á¯®«ì§ã¥¬®£® ¢ â¥å−®«®£¨¨ ¤«ï ¯¥à¥å®¤� ®â â¥ªáâ®¢®£® −¥ä®à¬�«ì−®£®
®¯¨á�−¨ï âà¥¡®¢�−¨© ª ¢ëá®ª®ãà®¢−¥¢®¬ã ¤¨§�©−ã á¨áâ¥¬ë, §�¤�ç�¬ â¥áâ¨-
à®¢�−¨ï;

(2) ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï æ¥«¥¢®£® ï§ëª� ä®à¬�«ì−®© ¬®¤¥«¨, â. ¥. ä®à-
¬�«ì−®£® ï§ëª�, ¤«ï ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ ¤®ª�§�â¥«ìáâ¢� ª®àà¥ªâ−®áâ¨
¨ áà¥¤áâ¢ £¥−¥à�æ¨¨ ¨á¯®«−¨¬®£® ª®¤� ¨ â¥áâ®¢ëå áæ¥−�à¨¥¢;

(3) ¯à¨¬¥−¥−¨¥ ¢ áà�¢−¨¢�¥¬ëå â¥å−®«®£¨ïå ¨â¥à�â¨¢−®£® ¯à®æ¥áá� à�§à�¡®â-
ª¨. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯à®æ¥áá à�§à�¡®âª¨ ¬®¦¥â ¡ëâì «¨−¥©−ë¬, â. ¥.
á®¤¥à¦�âì áâà®£ãî ¯®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨©, ¡¥§ ¢−¥á¥−¨ï ¨§¬¥−¥−¨©
¢ ¨áå®¤−ãî ¬®¤¥«ì ¤® ¬®¬¥−â� â¥áâ¨à®¢�−¨ï á£¥−¥à¨à®¢�−−®£® ¯® ¬®¤¥«¨
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ª®¤�. � ¬®¦¥â ¡ëâì ¨â¥à�â¨¢−ë¬, å�à�ªâ¥à¨§ã¥¬ë¬ ¢®§¬®¦−®áâìî ª®àà¥ª-
â¨à®¢ª¨ −� íâ�¯¥ á®§¤�−¨ï ä®à¬�«ì−®© ¬®¤¥«¨, ª®£¤� �−�«¨§, ¢ëï¢«¥−¨¥
®è¨¡®ª ¨ ¨á¯à�¢«¥−¨¥ ¨áå®¤−ëå á¯¥æ¨ä¨ª�æ¨© ¯à¨¢®¤ïâ ª ¯®¢â®à¥−¨î
¯à®æ¥áá� ¤®ª�§�â¥«ìáâ¢� ª®àà¥ªâ−®áâ¨ ¨ ¯¥à¥£¥−¥à�æ¨¨ ¬®¤¥«¨;

(4) ãà®¢¥−ì �¢â®¬�â¨§�æ¨¨ à�¡®â ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨. ’¥å−®«®£¨ï ¬®¦¥â ¡ëâì
àãç−®©, ¯®«ã�¢â®¬�â¨ç¥áª®© «¨¡® �¢â®¬�â¨§¨à®¢�−−®© ¨ ¨§¡�¢«¥−−®© ®â
àãç−®© à�¡®âë ¯® �−�«¨§ã ¨ ¨á¯à�¢«¥−¨î −�©¤¥−−ëå ®è¨¡®ª;

(5) ¢®§¬®¦−®áâì ¢¥à¨ä¨ª�æ¨¨, å�à�ªâ¥à¨§ã¥¬�ï −�«¨ç¨¥¬ ¯®¤¤¥à¦ª¨ ¢¥à¨ä¨-
ª�æ¨¨ ¬®¤¥«¥© ¢ à�áá¬�âà¨¢�¥¬®© â¥å−®«®£¨¨;

(6) ¢®§¬®¦−®áâì £¥−¥à�æ¨¨ ¨á¯®«−¨¬®£® ª®¤�: ¯®¤¤¥à¦¨¢�¥â «¨ â¥å−®«®£¨ï
£¥−¥à�æ¨î ¨á¯®«−¨¬®£® ª®¤� á¨áâ¥¬ë −� ®á−®¢¥ ä®à¬�«ì−®£® ®¯¨á�−¨ï
¬®¤¥«¨;

(7) −�«¨ç¨¥ ¢ â¥å−®«®£¨¨ ®¯æ¨¨ £¥−¥à�æ¨¨ â¥áâ®¢ëå áæ¥−�à¨¥¢, ¢ëà�¦�îé¥©-
áï ¢ ¢®§¬®¦−®áâ¨ ¯®¤¤¥à¦ª¨ â¥å−®«®£¨¥© £¥−¥à�æ¨¨ â¥áâ®¢ëå áæ¥−�à¨¥¢,
¨á¯®«ì§ã¥¬ëå ¤«ï â¥áâ¨à®¢�−¨ï ª�ª ¬®¤¥«¨, â�ª ¨ ª®−¥ç−®© á¨áâ¥¬ë;

(8) ¢®§¬®¦−®áâì �¢â®¬�â¨ç¥áª®£® ¨á¯®«−¥−¨ï â¥áâ®¢ëå áæ¥−�à¨¥¢;

(9) áâ¥¯¥−ì ¯®¤¤¥à¦ª¨ â¥å−®«®£¨¥© �¢â®¬�â¨ç¥áª®£® �−�«¨§� à¥§ã«ìâ�â®¢ ¢¥à¨-
ä¨ª�æ¨¨ ¨ â¥áâ®¢®© £¥−¥à�æ¨¨, â. ¥. ¨¬¥¥â «¨ â¥å−®«®£¨ï �¢â®¬�â¨§¨à®¢�−-
−ë¥ áà¥¤áâ¢� �−�«¨§� à¥§ã«ìâ�â®¢ â¥áâ¨à®¢�−¨ï ¨ ¢¥à¨ä¨ª�æ¨¨ ¨ ®¡à�â−®£®
®â®¡à�¦¥−¨ï à¥§ã«ìâ�â®¢ �−�«¨§� −� ¨áå®¤−ãî ¬®¤¥«ì;

(10) −�«¨ç¨¥ ¢ â¥å−®«®£¨¨ �¢â®¬�â¨§¨à®¢�−−®£® ¬¥å�−¨§¬� ®â«�¤ª¨ ¯à®æ¥áá�
£¥−¥à�æ¨¨ â¥áâ®¢ëå áæ¥−�à¨¥¢.

‘¢¥¤¥−¨ï ® à�áá¬®âà¥−−ëå ¢ à�§¤¥«¥ â¥å−®«®£¨ïå ¯® ¯à¥¤«®¦¥−−ë¬ ªà¨â¥-
à¨ï¬ ¯à¥¤áâ�¢«¥−ë ¢ â�¡«¨æ¥.

‘à�¢−¥−¨¥ ¯® ¯¥à¢®¬ã ªà¨â¥à¨î ¯®ª�§�«®, çâ® −� à�−−¨å íâ�¯�å à�§à�¡®âª¨
¢�¦−ë¬ ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ¢ëá®ª®ãà®¢−¥¢®© −®â�æ¨¨ ¤«ï ®¯¨á�−¨ï ¬®¤¥«¨
á¯¥æ¨ä¨ª�æ¨©. ‚á¥ à�áá¬®âà¥−−ë¥ â¥å−®«®£¨¨ ¨á¯®«ì§ãîâ UCM ª�ª ¨áå®¤−ë©
ä®à¬�«ì−ë© ï§ëª á¯¥æ¨ä¨ª�æ¨©.

�−�«¨§ ¯® ¢â®à®¬ã ªà¨â¥à¨î, ¯à®¢®¤¨¬ë© á æ¥«ìî ¢ëïá−¥−¨ï, ª�ª®© æ¥«¥¢®©
ï§ëª ¨á¯®«ì§ã¥âáï ¢ â¥å−®«®£¨¨, ®¯à¥¤¥«ï¥â ¢®§¬®¦−®áâ¨ ¤�«ì−¥©è¥© à�¡®âë á®
á¯¥æ¨ä¨ª�æ¨ï¬¨. Ÿ§ëª LOTOS −¥ ¯®¤¤¥à¦¨¢�¥â ¢®§¬®¦−®áâì £¥−¥à�æ¨¨ ª®¤�
á¨áâ¥¬ë, −® ¯®§¢®«ï¥â ¯à®¢®¤¨âì ¢¥à¨ä¨ª�æ¨î ¨áå®¤−ëå á¯¥æ¨ä¨ª�æ¨©. Ÿ§ëª
SDL ¯®§¢®«ï¥â ¯à®¢®¤¨âì ª�ª ¢¥à¨ä¨ª�æ¨î, â�ª ¨ £¥−¥à�æ¨î ¨á¯®«−¨¬®£® ª®-
¤�, −® ¥£® ¨á¯®«ì§®¢�−¨¥ §�âàã¤−ï¥âáï á«®¦−®áâìî ¯®−¨¬�−¨ï á£¥−¥à¨à®¢�−−®©
¬®¤¥«¨ á¨áâ¥¬ë, � â�ª¦¥ á«®¦−®áâìî ®âá«¥¦¨¢�−¨ï ¨ ®â®¡à�¦¥−¨ï áæ¥−�à¨¥¢
¯®¢¥¤¥−¨ï á¨áâ¥¬ë −� ¨áå®¤−ë¥ ¬®¤¥«¨. Ÿ§ëª ¡�§®¢ëå ¯à®â®ª®«®¢ [7], ª®â®-
àë© ¯à¥¤áâ�¢«ï¥â á®¡®© âà®©ªã •®�à�, á®áâ®ïéãî ¨§ ¯à¥¤ãá«®¢¨ï, ¤¥©áâ¢¨ï,
¢ë¯®«−ï¥¬®£® á¨áâ¥¬®©, ¨ ¯®áâãá«®¢¨ï, ¢ ª®â®à®¥ ¯¥à¥å®¤¨â á¨áâ¥¬�, ¯®§¢®«ï¥â
¯à®¢®¤¨âì ª�ª ¢¥à¨ä¨ª�æ¨î ¬®¤¥«¨, â�ª ¨ £¥−¥à�æ¨î â¥áâ®¢ëå áæ¥−�à¨¥¢ ¢ ä®à-
¬�â¥ MSC [8], ª®â®àë¥ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë −¥ â®«ìª® ¤«ï â¥áâ¨à®¢�−¨ï, −®
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�−�«¨§ â¥å−®«®£¨© à�¡®âë á UCM-á¯¥æ¨ä¨ª�æ¨ï¬¨
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1 2 3 4 5 6 7 8 9 10
CPEC-VALUe UCM LOTOS + ∓ + − + + − ∓
RT-TROOP UCM MSC/SDL + ∓ + + − − − ∓
UCM/SDL
HLTD UCM SDL + ∓ + + + − ∓ ∓

VRS/TAT UCM
��§®¢ë¥

¯à®â®ª®«ë + ∓ + + + + ∓ ∓
UCM CPN UCM CPN + ± + − − − ∓ −

“á«®¢−ë¥ ®¡®§−�ç¥−¨ï: ú−û | −¥ ¯®¤¤¥à¦¨¢�¥âáï; ú∓û | ¯®¤¤¥à¦¨¢�¥âáï ç�áâ¨ç−®;
ú+û | ¯®«−®áâìî ¯®¤¤¥à¦¨¢�¥âáï.

¨ ¤«ï £¥−¥à�æ¨¨ ¨á¯®«−¨¬®£® ª®¤� [9]. ‘ãé¥áâ¢ãîé¨¥ ¨−áâàã¬¥−â�«ì−ë¥ à¥�«¨-
§�æ¨¨ à�áªà�è¥−−ëå á¥â¥© �¥âà¨ (CPN) ¯®§¢®«ïîâ ¯à®¢®¤¨âì �−�«¨§ á¨áâ¥¬ë,
−® −¥ ¯®§¢®«ïîâ £¥−¥à¨à®¢�âì ¨á¯®«−¨¬ë© ª®¤.

‘à�¢−¥−¨¥ â¥å−®«®£¨© ¯® âà¥âì¥¬ã ªà¨â¥à¨î ¯®ª�§�«®, çâ® ¢á¥ ¯à®æ¥ááë
ï¢«ïîâáï ¨â¥à�â¨¢−ë¬¨. ‚á¥ â¥å−®«®£¨¨ ¯®§¢®«ïîâ ¯®á«¥ �−�«¨§� ¬®¤¥«¨
¢ëï¢¨âì −¥¤®ç¥âë, ¢−¥áâ¨ ¢ −¥¥ ¨§¬¥−¥−¨ï ¨ §� −¥áª®«ìª® ¨â¥à�æ¨© ¤®¡¨âìáï
−¥®¡å®¤¨¬®© áâ¥¯¥−¨ ª®àà¥ªâ−®áâ¨.

�−�«¨§ â¥å−®«®£¨© ¯® ç¥â¢¥àâ®¬ã ªà¨â¥à¨î ¯®ª�§ë¢�¥â, çâ® ¢á¥ ¯®¤å®¤ë
¢ â¥å−®«®£¨ïå ï¢«ïîâáï ¯®«ã�¢â®¬�â¨ç¥áª¨¬¨, â�ª ª�ª âà¥¡ãîâ «¨¡® àãç−®-
£® �−�«¨§� à¥§ã«ìâ�â®¢ ¢¥à¨ä¨ª�æ¨¨ (â¥å−®«®£¨¨ SPEC-VALUe, UCM CPN
¨ UCM/SDL HLTD), «¨¡® ¯®«−®© �¢â®¬�â¨§�æ¨¨ ¯à¥®¡à�§®¢�−¨ï ¨áå®¤−®£®
ï§ëª� ¢ æ¥«¥¢®© (â¥å−®«®£¨¨ VRS/TAT).

„�−−ë¥ áà�¢−¨â¥«ì−®© â�¡«¨æë ¯® ¯ïâ®¬ã ªà¨â¥à¨î ¯®§¢®«ïîâ á¤¥«�âì
¢ë¢®¤, çâ® ¢á¥ â¥å−®«®£¨¨ ¯®¤¤¥à¦¨¢�îâ ¢®§¬®¦−®áâì ¢¥à¨ä¨ª�æ¨¨ ¬®¤¥«¥©.

ˆ§ ¤�−−ëå â�¡«¨æë ¯® è¥áâ®¬ã ªà¨â¥à¨î á«¥¤ã¥â, çâ® −¥ ¢á¥ ¯¥à¥ç¨á«¥−−ë¥
â¥å−®«®£¨¨ ¯®§¢®«ïîâ £¥−¥à¨à®¢�âì ¨á¯®«−¨¬ë© ª®¤ á¨áâ¥¬ë. ˆá¯®«ì§®¢�−¨¥
SDL ¨ á¨áâ¥¬ë Telelogic ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì £¥−¥à�æ¨î ¨á¯®«−¨¬®£® ª®¤�
á¨áâ¥¬ë, ¨á¯®«ì§®¢�−¨¥ ï§ëª� ¡�§®¢ëå ¯à®â®ª®«®¢ á®¢¬¥áâ−® á ¯à¥®¡à�§®¢�-
â¥«¥¬ ¢ MSC â�ª¦¥ ¯®§¢®«ï¥â ¯¥à¥©â¨ ª SDL-¬®¤¥«¨. �¤−�ª® â¥å−®«®£¨¨
SPEC-VALUe ¨ UCM CPN −¥ ¯®¤¤¥à¦¨¢�îâ â�ª®© ¢®§¬®¦−®áâ¨, â�ª ª�ª ®−¨
−�¯à�¢«¥−ë −� ¢¥à¨ä¨ª�æ¨î ¨ £¥−¥à�æ¨î â¥áâ®¢ëå áæ¥−�à¨¥¢, � −¥ −� ¨á¯®«−¨-
¬ë© ª®¤ á¨áâ¥¬ë.
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‘¥¤ì¬®¬ã ªà¨â¥à¨î ã¤®¢«¥â¢®àïîâ â®«ìª® âà¨ â¥å−®«®£¨¨ | SPEC-VALUe,
VSR/TAT ¨ UCM/SDL HLTD. �−¨ ¯®¤¤¥à¦¨¢�îâ ¢®§¬®¦−®áâì £¥−¥à�æ¨¨
â¥áâ®¢ëå áæ¥−�à¨¥¢. �áâ�«ì−ë¥ à�áá¬�âà¨¢�¥¬ë¥ â¥å−®«®£¨¨ −�¯à�¢«¥−ë â®«ìª®
−� á®§¤�−¨¥ ¢¥à¨ä¨æ¨àã¥¬ëå ¬®¤¥«¥© á¨áâ¥¬.

…é¥ ¡®«¥¥ á«®¦−�ï á¨âã�æ¨ï ¢®§−¨ª�¥â ¯à¨ áà�¢−¥−¨¨ â¥å−®«®£¨© ¯® ¢®áì¬®-
¬ã ªà¨â¥à¨î. �â®¬ã ªà¨â¥à¨î ®â¢¥ç�îâ â®«ìª® ¤¢¥ â¥å−®«®£¨¨ ¨§ à�áá¬®âà¥−-
−ëå | SPEC-VALUe ¨ VRS/TAT. �� ¨å ®á−®¢¥ ¬®¦−® ¯à®¨§¢®¤¨âì �¢â®¬�â¨-
ç¥áª®¥ ¨á¯®«−¥−¨¥ â¥áâ®¢. �áâ�«ì−ë¥ â¥å−®«®£¨¨ áãé¥áâ¢¥−−® ¯à®¨£àë¢�îâ ¯®
íâ®¬ã ªà¨â¥à¨î.

‘à�¢−¥−¨¥ â¥å−®«®£¨© ¯® ¤¥¢ïâ®¬ã ªà¨â¥à¨î ¯®ª�§�«®, çâ® â®«ìª® âà¨ ¨§ −¨å:
UCM/SDL HLTD, UCM CPN ¨ VRS/TAT | ¯®§¢®«ïîâ ®áãé¥áâ¢¨âì �−�«¨§
à¥§ã«ìâ�â®¢ £¥−¥à�æ¨¨, −® ¯à¨ íâ®¬ ¤�−−ë© �−�«¨§ −¥ ¯®«−®áâìî �¢â®¬�â¨§¨à®¢�−
¨ âà¥¡ã¥â àãç−®© à�¡®âë. �áâ�«ì−ë¥ â¥å−®«®£¨¨ (UCM/SDL HLTD ¨ UCM
CPN) −¥ ¯®¤¤¥à¦¨¢�îâ ª®−æ¥¯æ¨î �−�«¨§� à¥§ã«ìâ�â®¢ −� ãà®¢−¥ ¨áå®¤−®©
¬®¤¥«¨ ¢®®¡é¥ «¨¡® −¥ ï¢«ïîâáï ¤�¦¥ ç�áâ¨ç−® �¢â®¬�â¨§¨à®¢�−−ë¬¨.

�−�«¨§ ¯à¨−ïâëå ¢ â¥å−®«®£¨ïå ¯®¤å®¤®¢ ¯® ¤¥áïâ®¬ã ªà¨â¥à¨î ãª�§ë¢�¥â
−� â®, çâ® ¢á¥ ®−¨, ªà®¬¥ UCM CPN, ¯®¤¤¥à¦¨¢�îâ ¬¥å�−¨§¬ ®â«�¤ª¨ ¯à®æ¥áá�
£¥−¥à�æ¨¨, −® ¢® ¢á¥å á«ãç�ïå ®− ¤¥«�¥âáï ¢àãç−ãî ¨ −¥ ¨¬¥¥â ¯®¤ á®¡®©
¨−áâàã¬¥−â�«ì−®© ¯®¤¤¥à¦ª¨.

�à®¢¥¤¥−−ë© áà�¢−¨â¥«ì−ë© �−�«¨§ ¯ïâ¨ â¥å−®«®£¨© à�¡®âë á UCM-á¯¥æ¨-
ä¨ª�æ¨ï¬¨ ç¥âª® ãª�§ë¢�¥â −� â®, çâ® â¥å−®«®£¨ï VRS/TAT ï¢«ï¥âáï −�¨¡®«¥¥
¬®é−®© ¨§ ¢á¥å à�áá¬®âà¥−−ëå, â�ª ª�ª ¯®§¢®«ï¥â −¥ â®«ìª® ¯à®¢®¤¨âì ¢¥-
à¨ä¨ª�æ¨î ¬®¤¥«¨, −® ¨ �¢â®¬�â¨§¨à®¢�âì £¥−¥à�æ¨î ¨ ¨á¯®«−¥−¨¥ â¥áâ®¢ëå
áæ¥−�à¨¥¢.

3 Критерии генерации тестовых сценариев

‚ë¤¥«¨¬ ®á−®¢−ë¥ ªà¨â¥à¨¨ £¥−¥à�æ¨¨ â¥áâ®¢ëå áæ¥−�à¨¥¢, ª®â®àë¥ ¨á¯®«ì-
§ãîâáï ¢ â¥å−®«®£¨¨ VRS/TAT.

3.1 Критерий покрытия UCM-элементов

‘®£«�á−® ¤�−−®¬ã ªà¨â¥à¨î ¯®ªàëâ¨¥ ¤®«¦−® ¯à®¨áå®¤¨âì ¯® ¢á¥¬ í«¥¬¥−-
â�¬ UCM-¬®¤¥«¨ [1]. ÷¥£¨áâà¨àã¥âáï −�«¨ç¨¥ ª�¦¤®£® í«¥¬¥−â� UCM-¬®¤¥«¨
¢ â¥áâ®¢®¬ áæ¥−�à¨¨ å®âï ¡ë ®¤¨− à�§. �â®â ªà¨â¥à¨© ¯®§¢®«ï¥â ¯à®¢¥à¨âì ¢á¥
á®áâ®ï−¨ï ¯à®£à�¬¬−®£® ¯à®¤ãªâ�, −® ®− ï¢«ï¥âáï −�¨¡®«¥¥ á«�¡ë¬ ªà¨â¥à¨¥¬,
â�ª ª�ª −¥ £�à�−â¨àã¥â ¯à®¢¥àª¨ âà¥¡®¢�−¨©.

3.2 Критерий покрытия ветвей UCM-модели

�â®â ªà¨â¥à¨© ¯®§¢®«ïâ á£¥−¥à¨à®¢�âì ¬−®¦¥áâ¢® â¥áâ®¢ëå áæ¥−�à¨¥¢, ª®â®-
à®¥ ¢ á®¢®ªã¯−®áâ¨ ¯®ªàë¢�¥â ¢á¥ ¢¥â¢¨ UCM-¬®¤¥«¨. �®¤ ¢¥â¢ìî UCM-¬®¤¥«¨
¯®−¨¬�¥âáï «¨−¥©−ë© ãç�áâ®ª ¯®¢¥¤¥−¨ï, −� £à�−¨æ�å ª®â®à®£® ¯à¨áãâáâ¢ãîâ
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í«¥¬¥−âë −�ç�«� ¨«¨ ª®−æ� áæ¥−�à¨ï (StartPoint, EndPoint), í«¥¬¥−âë �«ìâ¥à-
−�â¨¢−®£® ¯®¢¥¤¥−¨ï (OrFork, OrJoin, FailurePoint), í«¥¬¥−âë ¬−®£®¯®â®ç−®£®
¯®¢¥¤¥−¨ï (AndFork, AndJoin) ¨ ¬¥¦¤ã £à�−¨æ�¬¨ ¯à¨áãâáâ¢ãîâ í«¥¬¥−âë, ¢ë-
à�¦�îé¨¥ ¤¥©áâ¢¨ï á¨áâ¥¬ë (Responsibility).

ƒ¥−¥à�æ¨ï â¥áâ®¢ëå áæ¥−�à¨¥¢, ã¤®¢«¥â¢®àïîé¨å íâ®¬ã ªà¨â¥à¨î, ¬®¦¥â
¡ëâì ®áãé¥áâ¢«¥−� �¢â®¬�â¨ç¥áª¨ ¯® ¨áå®¤−®© UCM-¬®¤¥«¨ ¡¥§ ¤®¯®«−¨â¥«ì−®©
¨−ä®à¬�æ¨¨ ®â ¯®«ì§®¢�â¥«ï.

3.3 Критерий покрытия путей UCM-модели

�â® ªà¨â¥à¨© ¯à®å®¦¤¥−¨ï ¢á¥å ¢®§¬®¦−ëå ¢�à¨�−â®¢ ¯®¢¥¤¥−¨ï ¬®¤¥«¨.
Šà¨â¥à¨© ¯ãâ¥© ¢ ®¡é¥¬ á«ãç�¥ −¥ ¬®¦¥â ¡ëâì ¢ë¯®«−¥− ¨§-§� −�«¨ç¨ï ¡¥áª®-
−¥ç−®£® ç¨á«� ¢�à¨�−â®¢ ¯®¢¥¤¥−¨ï á¨áâ¥¬ë [10]. ‚ â¥å−®«®£¨¨ VRS/TAT íâ®â
ªà¨â¥à¨© ¨á¯®«ì§ã¥âáï á ®£à�−¨ç¥−¨¥¬ ¯® ç¨á«ã ¨â¥à�æ¨© æ¨ª«�, ®£à�−¨ç¥−¨ï¬¨
−� ¨−â¥à«¨¢¨−£, � â�ª¦¥ ¢ë¡®à®¬ â®«ìª® ¨−â¥à¥áãîé¨å ¯®¢¥¤¥−¨© ¯®«ì§®¢�â¥«ï.
’�ª¨¬ ®¡à�§®¬, ¤«ï ¢ë¯®«−¥−¨ï ¤�−−®£® ªà¨â¥à¨ï ®â ¯®«ì§®¢�â¥«ï âà¥¡ã¥âáï
ä®à¬¨à®¢�−¨¥ ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨ ® ¯ãâïå, ª®â®àë¥ ¤®«¦−ë ¯à¨áãâ-
áâ¢®¢�âì ¢ â¥áâ®¢ëå áæ¥−�à¨ïå.

3.4 Критерий покрытия по GDL-формулам

�â® ¯®«ì§®¢�â¥«ìáª¨© ªà¨â¥à¨© ¯®ªàëâ¨ï, §�¤�¢�¥¬ë© −� ï§ëª¥ GDL (Guides
Definition Language). GDL | ï§ëª ¯®«ì§®¢�â¥«ìáª¨å äã−ªæ¨©, á®§¤�−−ë© ¤«ï
−�¯à�¢«¥−−®© £¥−¥à�æ¨¨ â¥áâ®¢ëå áæ¥−�à¨¥¢ ¯® ¤¥à¥¢ã ¯®¢¥¤¥−¨ï á¨áâ¥¬ë [11].

÷�áá¬®âà¨¬ ï§ëª GDL ¯®¤à®¡−¥¥. �− ¯®áâà®¥− −� ®á−®¢¥ ®¯à¥¤¥«¥−¨ï
¯®«ì§®¢�â¥«¥¬ ä®à¬ã« ç¥âëà¥å à�§«¨ç−ëå â¨¯®¢: úMû, úRû, úSû ¨ úTû.

”®à¬ã«ë úMû ¯®§¢®«ïîâ ®¯à¥¤¥«¨âì UCM-¯®¤¬®¤¥«ì ¯ãâ¥¬ ãª�§�−¨ï ¬−®-
¦¥áâ¢� í«¥¬¥−â®¢ UCM-¤¨�£à�¬¬ë. ’�ª¨¬ ®¡à�§®¬, ä®à¬ã«� M ®¯¨áë¢�¥â â¥
í«¥¬¥−âë, ª®â®àë¥ ¡ã¤ãâ ¨á¯®«ì§®¢�−ë ¯à¨ ®¡å®¤¥ UCM-¤¨�£à�¬¬ë.

”®à¬ã«ë �«ìâ¥à−�â¨¢−®£® ¢ë¡®à� (úSû) ¯®§¢®«ïîâ §�¤�âì ¯®¤¬−®¦¥áâ¢®
í«¥¬¥−â®¢ ãª�§�−¨¥¬ ®¤−®£® í«¥¬¥−â�.

”®à¬ã«ë ¯®«ì§®¢�â¥«ìáª¨å ¯®á«¥¤®¢�â¥«ì−®áâ¥© (úRû) ®¯à¥¤¥«ïîâ ¯®á«¥-
¤®¢�â¥«ì−®áâ¨ UCM-í«¥¬¥−â®¢, ª®â®àë¥ ¤®«¦−ë ¡ëâì ¯à¥¤áâ�¢«¥−ë ¢ £¥−¥à¨-
àã¥¬®¬ áæ¥−�à¨¨.

”®à¬ã«ë ú’û ®¯à¥¤¥«ïîâ á®¢®ªã¯−®áâì ¯à�¢¨«, ®¯¨á�−−ëå ¢ ä®à¬ã«�å
â¨¯� úMû, úSû ¨ úRû, ª®â®àë¥ ¡ã¤¥â ¨á¯®«ì§®¢�−ë ¯à¨ £¥−¥à�æ¨¨ ª®−ªà¥â−®£®
â¥áâ®¢®£® −�¡®à�.

GDL-ä®à¬ã«ë ¯®§¢®«ïîâ ¢ ªà�âª®© ä®à¬¥ ®¯¨á�âì −�¡®à ¨−â¥à¥áãîé¨å
¯®«ì§®¢�â¥«ï ¯®¢¥¤¥−¨© á¨áâ¥¬ë ¨ ¯à®¨§¢¥áâ¨ £¥−¥à�æ¨î â¥áâ®¢ëå áæ¥−�à¨¥¢,
ã¤®¢«¥â¢®àïîé¨å ¤�−−ë¬ ¯®¢¥¤¥−¨ï¬.

�à®æ¥áá £¥−¥à�æ¨¨ â¥áâ®¢ëå áæ¥−�à¨¥¢ ®áãé¥áâ¢«ï¥âáï �¢â®¬�â¨ç¥áª¨, −¥§�-
¢¨á¨¬® ®â ¢ë¡à�−−®£® ªà¨â¥à¨ï £¥−¥à�æ¨¨, −® ¯à¨ íâ®¬ ®áâ�¥âáï −¥®¡å®¤¨¬®áâì
¯à®¢¥áâ¨ �−�«¨§ ¯®«ãç¨¢è¥£®áï â¥áâ®¢®£® −�¡®à� ¤«ï ¢ëï¢«¥−¨ï −¥¯®ªàëâëå
ç�áâ¥© UCM-¬®¤¥«¨.
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4 Анализ покрытия UCM-модели тестовыми сценариями

‚ à�¡®â¥ ¯à¥¤«�£�¥âáï ¤¢� á¯®á®¡� ¯à®¢¥¤¥−¨ï �−�«¨§� ¯®ªàëâ¨ï UCM-¬®¤¥-
«¨ â¥áâ®¢ë¬¨ áæ¥−�à¨ï¬¨. �¥à¢ë© á¯®á®¡ §�ª«îç�¥âáï ¢ �¢â®¬�â¨ç¥áª®¬ ®¡å®¤¥
â¥áâ®¢ëå áæ¥−�à¨¥¢, á¡®à¥ ¨−ä®à¬�æ¨¨ ® ¯®ªàëâëå UCM-í«¥¬¥−â�å, UCM-¢¥â-
¢ïå ¨ UCM-¯ãâïå ¨áå®¤−®© ä®à¬�«ì−®© ¬®¤¥«¨ ¨ ¯à¥¤áâ�¢«¥−¨¨ −¥¯®ªàëâëå
ç�áâ¥© ¬®¤¥«¨ ¢ á¢®¤−®© ä®à¬¥. ‚â®à®© ¯®¤å®¤ §�ª«îç�¥âáï ¢ ¢¨§ã�«ì−®¬
®â®¡à�¦¥−¨¨ â¥áâ®¢ëå áæ¥−�à¨¥¢ −� UCM-¬®¤¥«¨ ¤«ï â®£®, çâ®¡ë ¯®«ì§®¢�â¥«ì
¬®£ −�£«ï¤−® ã¤®áâ®¢¥à¨âìáï ¢ ¯®ªàëâ¨¨ UCM-¬®¤¥«¨.

4.1 Автоматический анализ

„«ï ¯à®¢¥¤¥−¨ï �¢â®¬�â¨ç¥áª®£® �−�«¨§� ¯®ªàëâ¨ï UCM-¬®¤¥«¨ ¡ë« à�§à�-
¡®â�− �«£®à¨â¬ (à¨á. 1), ¢å®¤®¬ ª®â®à®£® ï¢«ï¥âáï ¬−®¦¥áâ¢® â¥áâ®¢ëå áæ¥−�à¨¥¢
¨ ¨áå®¤−�ï ä®à¬�«ì−�ï UCM-¬®¤¥«ì.

1. �¥à¢ë¬ íâ�¯®¬ �«£®à¨â¬� ï¢«ï¥âáï ®¡å®¤ UCM-¬®¤¥«¨ ¨ ä®à¬¨à®¢�−¨¥ ®¡-
é¥£® ¬−®¦¥áâ¢� UCM-í«¥¬¥−â®¢ ¨ UCM-¢¥â¢¥©. ��§®¢¥¬ íâ¨ ¬−®¦¥áâ¢� U
¨ B á®®â¢¥âáâ¢¥−−®.

÷¨á. 1 �«£®à¨â¬ ä®à¬¨à®¢�−¨ï á¢®¤−®© â�¡«¨æë ® −¥¯®ªàëâëå í«¥¬¥−â�å ¨ ¢¥â¢ïå
UCM-¬®¤¥«¨

80 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015



�−�«¨§ ¯®ªàëâ¨ï UCM-¬®¤¥«¨ â¥áâ®¢ë¬¨ áæ¥−�à¨ï¬¨

2. ‚â®àë¬ íâ�¯®¬ �«£®à¨â¬� ï¢«ï¥âáï ®¡å®¤ ¢á¥å â¥áâ®¢ëå áæ¥−�à¨¥¢ ¨ ä®à¬¨-
à®¢�−¨¥ ¬−®¦¥áâ¢� UCM-í«¥¬¥−â®¢ ¨ UCM-¢¥â¢¥©, á®¤¥à¦�é¨åáï ¢ â¥áâ®-
¢ëå áæ¥−�à¨ïå. ��§®¢¥¬ íâ¨ ¬−®¦¥áâ¢� TÜÌ ¨ T×Ô á®®â¢¥âáâ¢¥−−®.
�â¨ ¤¢� ¬−®¦¥áâ¢� å�à�ªâ¥à¨§ãîâ ¯®ªàëâ¨¥ UCM-¬®¤¥«¨ ¯® ªà¨â¥à¨î
í«¥¬¥−â®¢ ¨ ¢¥â¢¥©.
”®à¬�«ì−® íâ¨ ¬−®¦¥áâ¢� ¬®¦−® §�¯¨á�âì ª�ª

TÜÌ =

N
∑

i=0

M
∑

j=0

(Eij ∈ U) ; T×Ô =

N
∑

i=1

M
∑

j=0

(Bij ∈ B) ,

£¤¥ N | ç¨á«® â¥áâ®¢ëå áæ¥−�à¨¥¢; M | ª®«¨ç¥áâ¢® UCM-í«¥¬¥−â®¢
â¥áâ®¢®£® áæ¥−�à¨ï; i ¨ j | ¯®àï¤ª®¢ë¥ −®¬¥à� â¥áâ®¢®£® áæ¥−�à¨ï ¨ UCM-
í«¥¬¥−â� á®®â¢¥âáâ¢¥−−®; U | ¬−®¦¥áâ¢® ¢á¥å UCM-í«¥¬¥−â®¢ ¯à®¥ªâ�;
B | ¬−®¦¥áâ¢® ¢á¥å UCM-¢¥â¢¥© ¯à®¥ªâ�, áä®à¬¨à®¢�−−ëå −� íâ�¯¥ 1.

3. ’à¥â¨© è�£ �«£®à¨â¬� §�ª«îç�¥âáï ¢ ¯®¨áª¥ à�§−¨æë ¬¥¦¤ã ¬−®¦¥áâ¢®¬
¢á¥å UCM-í«¥¬¥−â®¢ ¯à®¥ªâ� (U ) ¨ ¬−®¦¥áâ¢®¬ ¯®ªàëâëå UCM-í«¥¬¥−-
â®¢ (TÜÌ) â¥áâ®¢ëå áæ¥−�à¨¥¢, � â�ª¦¥ ¬¥¦¤ã ¬−®¦¥áâ¢®¬ ¢á¥å UCM-¢¥â-
¢¥© (B) ¨ ¬−®¦¥áâ¢®¬ ¢á¥å ¯®ªàëâëå â¥áâ®¢ë¬¨ áæ¥−�à¨ï¬¨ UCM-¢¥â¢¥©
(T×Ô). ’�ª�ï à�§−¨æ� ¬−®¦¥áâ¢ ¨ ¯®ª�§ë¢�¥â −¥¯®ªàëâë¥ í«¥¬¥−âë ¯à®¥ªâ�.
��§®¢¥¬ íâ¨ ¤¢� ¬−®¦¥áâ¢� SÜÌ ¨ S×Ô á®®â¢¥âáâ¢¥−−®.
”®à¬�«ì−® íâ¨ à�§−¨æë ¬®¦−® §�¯¨á�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

SÜÌ = U − TÜÌ ; S×Ô = B − T×Ô .

4. �®á«¥¤−¨©, ç¥â¢¥àâë©, íâ�¯ �«£®à¨â¬� §�ª«îç�¥âáï ¢ ä®à¬¨à®¢�−¨¨ á¢®¤−®©
â�¡«¨æë ¯® ¯®ªàëâë¬ ¨ −¥¯®ªàëâë¬ í«¥¬¥−â�¬ ¨ ¢¥â¢ï¬ ¬®¤¥«¨.

�à¥¤áâ�¢«¥−−ë© ä®à¬�«ì−ë© �«£®à¨â¬ ¢ëç¨á«¥−¨ï −¥¯®ªàëâëå í«¥¬¥−â®¢
¨ ¢¥â¢¥© ¯®§¢®«ï¥â �¢â®¬�â¨§¨à®¢�âì ¯à®æ¥áá �−�«¨§� ¨ ä®à¬¨à®¢�−¨ï á¢®¤−®©
¨−ä®à¬�æ¨¨ ® ¯®ªàëâ¨¨. �à¥¤«®¦¥−−ë© �«£®à¨â¬ á¯à�¢¥¤«¨¢ ¤«ï �−�«¨§�
¯®ªàëâ¨ï ¯® ªà¨â¥à¨ï¬ UCM-í«¥¬¥−â®¢ ¨ UCM-¢¥â¢¥©.

÷�áá¬®âà¨¬ ¯à�¢¨«� �−�«¨§� ¯®ªàëâ¨ï ¯® ªà¨â¥à¨î ¯ãâ¥© ¨ ªà¨â¥à¨î GDL-
ä®à¬ã«. Š�ª ã¦¥ £®¢®à¨«®áì, íâ¨ ¤¢� ªà¨â¥à¨ï ¢ ®¡é¥¬ á«ãç�¥ −¥¤®áâ¨¦¨¬ë,
¯®íâ®¬ã ®â ¯®«ì§®¢�â¥«ï âà¥¡ã¥âáï ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï ® §�¤�−¨¨ ¨−â¥-
à¥áãîé¨å ¥£® ¯®¢¥¤¥−¨©. „�−−ë¥ ¯®¢¥¤¥−¨ï §�¤�îâáï ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨
ª«îç¥¢ëå UCM-í«¥¬¥−â®¢, −�«¨ç¨¥ ª®â®àëå ¢ â¥áâ®¢®¬ áæ¥−�à¨¨ ®¡¥á¯¥ç¨¢�¥â
¯®ªàëâ¨¥ ¤�−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨. ’�ª¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ −�§ë¢�îâáï
£¨¤�¬¨ [12].

�à�¢¨«®. …á«¨ ¢á¥ §�¤�−−ë¥ ¯®«ì§®¢�â¥«¥¬ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¡¥á¯¥ç¥−ë
â¥áâ®¢ë¬¨ áæ¥−�à¨ï¬¨, â® áç¨â�¥âáï, çâ® ¢ë¡à�−−ë© ªà¨â¥à¨© £¥−¥à�æ¨¨ ã¤®¢«¥-
â¢®à¥−, ¨−�ç¥ | −¥ ã¤®¢«¥â¢®à¥−.
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”®à¬�«ì−® íâ® ¯à�¢¨«® ¬®¦−® §�¯¨á�âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

∀ Gi ∈ G ∃ Tj ∈ T ⇒ K ,

£¤¥ G | ¬−®¦¥áâ¢® £¨¤®¢; Gi | i-© £¨¤; T | ¬−®¦¥áâ¢® â¥áâ®¢ëå áæ¥−�à¨¥¢;
Tj | j-© â¥áâ®¢ë© áæ¥−�à¨©; K | ¢ë¡à�−−ë© ªà¨â¥à¨© £¥−¥à�æ¨¨.

�¢â®¬�â¨§�æ¨ï �−�«¨§� ¯® à�áá¬�âà¨¢�¥¬ë¬ ªà¨â¥à¨ï¬ ¢®§¬®¦−� §� áç¥â ¨á-
¯®«ì§®¢�−¨ï �«£®à¨â¬� ¯®¨áª� ¢å®¦¤¥−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ ª«îç¥¢ëå UCM-
í«¥¬¥−â®¢ £¨¤� ¢ ¯®á«¥¤®¢�â¥«ì−®áâì UCM-í«¥¬¥−â®¢ âà�ááë.

�â−®è¥−¨¥ ¢å®¦¤¥−¨ï ®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ á®¡ëâ¨© ¢ ¤àã£ãî ¡ë«®
¤�−® ¢ à�¡®â¥ [13] ¨ §�¤�¥âáï ¢ëà�¦¥−¨¥¬:

Um ⊂ Un ⇔ (m ≤ n) ∧ (∀ i : (1 ≤ i ≤ m)

∃ ji : ((j0 = 0) ∧ (ji > ji−1)) ∧ (U i
m = U ji

n )) ,

£¤¥ Um | á®¡ëâ¨ï ªà¨â¥à¨�«ì−®© æ¥¯®çª¨; Un | á®¡ëâ¨ï âà�ááë.
’¥å−®«®£¨ï VRS/TAT ¯®¤¤¥à¦¨¢�¥â ç¥âëà¥ ªà¨â¥à¨ï £¥−¥à�æ¨¨ â¥áâ®¢ëå

áæ¥−�à¨¥¢ ¨ ¯®§¢®«ï¥â �¢â®¬�â¨ç¥áª¨ ¯à®¢¥à¨âì ¨å ¢ë¯®«−¥−¨¥ −� ª®−¥ç−®¬
â¥áâ®¢®¬ −�¡®à¥.

4.2 Визуальный анализ

�¥á¬®âàï −� −�«¨ç¨¥ �¢â®¬�â¨§¨à®¢�−−®£® ¯®¤å®¤� ¢ëç¨á«¥−¨ï −¥¯®ªàë-
âëå í«¥¬¥−â®¢ ¨ ¢¥â¢¥© UCM-¬®¤¥«¨, −¥®¡å®¤¨¬® ¯à¥¤®áâ�¢¨âì ¯®«ì§®¢�â¥«î
¢®§¬®¦−®áâì ¢¨§ã�«ì−®£® ª®−âà®«ï ¯®ªàëâ¨ï −¥¯®áà¥¤áâ¢¥−−® −� UCM-¤¨�-
£à�¬¬�å. Š�¦¤®¬ã â¥áâ®¢®¬ã áæ¥−�à¨î ¬®¦−® §�¤�âì ã−¨ª�«ì−ë© æ¢¥â, ª®â®àë¬
®− ¡ã¤¥â ¯®¤á¢¥ç¥− −� ¤¨�£à�¬¬�å ¨áå®¤−®© ¬®¤¥«¨. ’�ª¨¬ ®¡à�§®¬ ¬®¦−®
¯®¤á¢¥â¨âì −� UCM-¤¨�£à�¬¬¥ ¢¥áì â¥áâ®¢ë© −�¡®à ¤«ï ®æ¥−ª¨ ¥£® ¯®ªàëâ¨ï.

�� à¨á. 2 ¯à¥¤áâ�¢«¥−� UCM-¤¨�£à�¬¬� á ¯®¤á¢¥ç¥−−ë¬ áæ¥−�à¨¥¬ (®−
¨§®¡à�¦¥− ¯ã−ªâ¨à®¬), ª®â®àë© ¯à®å®¤¨â ¯® ¤¢ã¬ ãà®¢−ï¬ ¯à®¥ªâ�, ®à£�−¨§®-
¢�−−ë¬ ç¥à¥§ áâàãªâãà−ë© í«¥¬¥−â Stub [1].

‚®§¬®¦−®áâì ¢¨§ã�«ì−®£® ¨§®¡à�¦¥−¨ï áæ¥−�à¨¥¢ −� à�§−ëå ãà®¢−ïå �¡-
áâà�ªæ¨© á¨áâ¥¬ë ¤¥«�¥â â¥áâ®¢ë© −�¡®à −�£«ï¤−ë¬, çâ® �ªâã�«ì−® ¤«ï ¯à®¥ªâ®¢
«î¡®© á«®¦−®áâ¨, � â�ª¦¥ á¯®á®¡áâ¢ã¥â àãç−®¬ã �−�«¨§ã ¨ ¯®−¨¬�−¨î UCM-
¬®¤¥«¨.

5 Проверка покрытия требований тестовыми сценариями

‚ à�§¤. 3 ¨ 4 à�áá¬®âà¥−ë ªà¨â¥à¨¨ £¥−¥à�æ¨¨ â¥áâ®¢ëå áæ¥−�à¨¥¢ ¨ á¯®á®¡ë
�¢â®¬�â¨ç¥áª®£® ¨ ¢¨§ã�«ì−®£® �−�«¨§� ¯®ªàëâ¨ï. �® â¥áâ¨à®¢�−¨¥ ¢ ¯¥à¢ãî
®ç¥à¥¤ì −�¯à�¢«¥−® −� ¯à®¢¥àªã ã¤®¢«¥â¢®à¥−¨ï à�§à�¡�âë¢�¥¬®© á¨áâ¥¬ë ¨á-
å®¤−ë¬ á¯¥æ¨ä¨ª�æ¨ï¬. �®íâ®¬ã ¢�¦−®© ®á®¡¥−−®áâìî à�§à�¡®âª¨ â¥áâ®¢ ï¢«ï-
¥âáï ¢®§¬®¦−®áâì á®§¤�−¨ï â¥áâ®¢ëå áæ¥−�à¨¥¢, ®¡¥á¯¥ç¨¢�îé¨å áâ®¯à®æ¥−â−®¥
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÷¨á. 2 ‚¨§ã�«¨§�æ¨ï â¥áâ®¢®£® áæ¥−�à¨ï −� UCM-¤¨�£à�¬¬¥

¯®ªàëâ¨¥ âà¥¡®¢�−¨©. „«ï íâ®£® ¨á¯®«ì§ã¥âáï ¬�âà¨æ� ®âá«¥¦¨¢�−¨ï [14],
¯à¥¤áâ�¢«¥−−�ï −� à¨á. 3.

Œ�âà¨æ� ®âá«¥¦¨¢�−¨ï á®¤¥à¦¨â ¢ á¥¡¥ ª�ª ¬¨−¨¬ã¬ á«¥¤ãîéãî ¨−ä®à¬�-
æ¨î:

{ ¨¤¥−â¨ä¨ª�â®à âà¥¡®¢�−¨ï (áâ®«¡¥æ 1);

{ −¥ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ âà¥¡®¢�−¨ï (áâ®«¡¥æ 2);

{ áæ¥−�à¨© ¯à®¢¥àª¨ âà¥¡®¢�−¨ï (áâ®«¡¥æ 3);

{ ¨¤¥−â¨ä¨ª�â®à áæ¥−�à¨ï ¯à®¢¥àª¨ âà¥¡®¢�−¨ï (áâ®«¡¥æ 4);

{ ªà¨â¥à¨�«ì−ãî æ¥¯®çªã [15] á®¡ëâ¨© (áâ®«¡¥æ 5).

�® −¥ä®à¬�«ì−®¬ã ®¯¨á�−¨î âà¥¡®¢�−¨© ¢ë¤¥«ïîâáï áæ¥−�à¨¨ ¯à®¢¥àª¨,
á®£«�áã¥¬ë¥ á §�ª�§ç¨ª®¬. ‘æ¥−�à¨¨ ¯à®¢¥àª¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ¯®á«¥¤®¢�-
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1 2 3 4 5

ˆ¤¥−â¨ä¨ª�â®à
âà¥¡®¢�−¨ï

ˆáå®¤−ë©
â¥ªáâ

âà¥¡®¢�−¨ï

‘æ¥−�à¨©
¯à®¢¥àª¨

âà¥¡®¢�−¨ï

ˆ¤¥−â¨-
ä¨ª�â®à
áæ¥−�à¨ï

Šà¨â¥à¨�«ì−ë¥
æ¥¯®çª¨

TRS 18081-2210 [7]

Š®£¤� ãáâ�−®¢«¥−�
®¯æ¨ï ú�¥ ¡¥á¯®-
ª®¨âìû, ¯®«ì§®¢�-
â¥«ìáª¨© áâ�âãá
®â¯à�¢«ï¥âáï −�
á¥à¢¥à á á®®¡é¥−¨-
¥¬ ú�¥ ¡¥á¯®ª®-
¨âìû

scen#064:
1. “áâ�−®¢¨âì ®¯æ¨î
úDo not Disturbû ¢ ¬¥−î
KPTT MyStatus ¨ −�¦�âì
LSK \Select" ¨«¨
\Center Select"
2. �à®¢¥à¨âì, çâ®
KPTT Confirmation Notice
®â®¡à�§¨«®áì ¢ ¬¥−î

scen#064
: TRS 18081 2209
KPTT MyStatus06
KPTT Confirmation N

TRS 18081-2209 [6]

…á«¨ ãáâ�−®¢«¥−�
®¯æ¨ï ú�¥ ¡¥á¯®-
ª®¨âìû, â® ã ¯®«ì-
§®¢�â¥«ï −¥ ¤®«¦−®
¡ëâì ¢®§¬®¦−®áâ¨
®à£�−¨§®¢�âì PTT

scen#128:
1. �à®¢¥à¨âì á®áâ®ï−¨¥
¢ ¬¥−î DnD
2. �¥à¥©â¨ −�
KPTT Contacts ¢ ¬¥−î,
¢ë¡à�âì ª®−â�ªâ
3. ��¦�âì −� ª−®¯ªã PTT

scen#128
: TRS 18081 2212
KPTT Contacts39

÷¨á. 3 �à¨¬¥à ¬�âà¨æë ®âá«¥¦¨¢�−¨ï

â¥«ì−®áâ¨ ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«ï ¨ ®âª«¨ª®¢ á¨áâ¥¬ë −� ¢å®¤−ë¥ ¢®§¤¥©áâ¢¨ï,
ª®â®àë¥ −¥®¡å®¤¨¬® ®áãé¥áâ¢¨âì ¨ −�¡«î¤�âì ¤«ï ¤®ª�§�â¥«ìáâ¢� ª®àà¥ªâ−®áâ¨
âà¥¡®¢�−¨ï.

‡�â¥¬ ¯® áæ¥−�à¨ï¬ ¯à®¢¥àª¨ ®áãé¥áâ¢«ï¥âáï à�§à�¡®âª� ªà¨â¥à¨�«ì−ëå
æ¥¯®ç¥ª, ª®â®àë¥ ï¢«ïîâáï ¯®á«¥¤®¢�â¥«ì−®áâï¬¨ ®á−®¢−ëå á®¡ëâ¨©, −�¡«î¤�-
¥¬ëå ¢ ¯®¢¥¤¥−¨¨ á¨áâ¥¬ë ¯à¨ ¯à®¢¥àª¥ −¥ª®â®à®£® ª®−ªà¥â−®£® âà¥¡®¢�−¨ï.
Šà¨â¥à¨�«ì−ë¥ æ¥¯®çª¨ −¥ â®«ìª® ä®à¬�«¨§ãîâ âà¥¡®¢�−¨¥ ¨ áæ¥−�à¨© ¥£®
¯à®¢¥àª¨ ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á®¡ëâ¨©, −® ¨ ï¢«ïîâáï ªà¨â¥à¨¥¬ ¥£® ¯à®¢¥àª¨.

�®á«¥ â®£® ª�ª ¢ ¬�âà¨æ¥ ®âá«¥¦¨¢�−¨ï ¯®ï¢¨«¨áì ªà¨â¥à¨�«ì−ë¥ æ¥¯®ç-
ª¨ ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ UCM-í«¥¬¥−â®¢, ¬®¦−® ¯¥à¥å®¤¨âì ª ¯à®æ¥ááã
£¥−¥à�æ¨¨ â¥áâ®¢ëå áæ¥−�à¨¥¢ ¯® ç�áâ¨ç−®¬ã ªà¨â¥à¨î ¯ãâ¥©. ’�ª®© ¯¥à¥-
å®¤ áâ�−®¢¨âáï ¢®§¬®¦−ë¬, â�ª ª�ª ªà¨â¥à¨�«ì−ë¥ æ¥¯®çª¨ §�¤�îâ ¬−®¦¥áâ¢®
¯®¢¥¤¥−¨©, ª®â®àë¥ ¯®«ì§®¢�â¥«ì ¤®«¦¥− ¯à®¢¥à¨âì ¢ á¨áâ¥¬¥.

’�ª¨¬ ®¡à�§®¬, ¬®¦−® −�¡«î¤�âì á¢ï§ì ¬¥¦¤ã ç�áâ¨ç−ë¬ ªà¨â¥à¨¥¬ ¯ãâ¥©
¨ ¬�âà¨æ¥© ®âá«¥¦¨¢�−¨ï, çâ® ¢ á¢®î ®ç¥à¥¤ì ®¡¥á¯¥ç¨¢�¥â áâ®¯à®æ¥−â−ãî ¯à®-
¢¥àªã âà¥¡®¢�−¨© ¨ ¯®§¢®«ï¥â �¢â®¬�â¨ç¥áª¨ ¯à®¢¥áâ¨ £¥−¥à�æ¨î ¯®ªàë¢�îé¥£®
â¥áâ®¢®£® −�¡®à�.

6 Инструментальная реализация анализа покрытия

„«ï à¥è¥−¨ï §�¤�ç �−�«¨§� ¯®ªàëâ¨ï à¥�«¨§®¢�− −�¡®à ¯à®£à�¬¬−ëå
áà¥¤áâ¢, ¨−â¥£à¨à®¢�−−ëå ¢ ¨−áâàã¬¥−â �¢â®¬�â¨ç¥áª®£® �−�«¨§� UCM GA
(Guides Analyzer). ˆ−áâàã¬¥−â ¢−¥¤à¥− ¢ �¢â®¬�â¨ç¥áªãî æ¥¯®çªã â¥áâ¨à®¢�-
−¨ï VRS/TAT á æ¥«ìî ¯®«ãç¥−¨ï −�¡®à� â¥áâ®¢ëå áæ¥−�à¨¥¢, ¯®ªàë¢�îé¨å
äã−ªæ¨®−�«ì−ë¥ âà¥¡®¢�−¨ï −� ¯à®¥ªâ¨àã¥¬ãî á¨áâ¥¬ã.
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�−�«¨§ ¯®ªàëâ¨ï UCM-¬®¤¥«¨ â¥áâ®¢ë¬¨ áæ¥−�à¨ï¬¨

�−�«¨§�â®à UCM GA à¥�«¨§ã¥â ¯®¤å®¤ë ¯à®¢¥àª¨ ¯®ªàëâ¨ï ¯®¢¥¤¥−ç¥áª®©
UCM-¬®¤¥«¨ â¥áâ®¢ë¬¨ áæ¥−�à¨ï¬¨. �− ¯®§¢®«ï¥â −¥ â®«ìª® �¢â®¬�â¨ç¥áª¨, −®
¨ ¢¨§ã�«ì−® ®æ¥−¨âì ¯®ªàëâ¨¥ ¯®¢¥¤¥−ç¥áª®© ¬®¤¥«¨ −� ãà®¢−¥ UCM-¤¨�£à�¬¬.
ˆá¯®«ì§®¢�−¨¥ �−�«¨§�â®à� UCM GA ¯®§¢®«ï¥â á®ªà�â¨âì ¢à¥¬ï ä®à¬¨à®¢�−¨ï
¯®ªàë¢�îé¥£® ¬−®¦¥áâ¢� â¥áâ®¢ëå áæ¥−�à¨¥¢ ¢ 3 à�§� [16].

7 Направление будущих работ

�à¨ â¥áâ¨à®¢�−¨¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ ®á−®¢®¯®«�£�îé¨¬ á¯®-
á®¡®¬ ®¡¬¥−� ¨−ä®à¬�æ¨¥© ï¢«ïîâáï âà�−§�ªæ¨¨ ¨ á«®¦−ë¥ á¨£−�«ë. ��
á¥£®¤−ïè−¨© ¤¥−ì ¢ �−�«¨§�â®à¥ ¯®ªàëâ¨ï UCM GA ®âáãâáâ¢ã¥â ¢®§¬®¦−®áâì
¯à®¢¥à¨âì −�«¨ç¨¥ ¢á¥å á«®¦−ëå á¨£−�«®¢ à�§à�¡�âë¢�¥¬®© á¨áâ¥¬ë ¨ ª®¬¡¨-
−�æ¨© ¨å ¯�à�¬¥âà®¢ ¢ â¥áâ®¢®¬ −�¡®à¥, ¯®íâ®¬ã ¢ −�¯à�¢«¥−¨¨ ¡ã¤ãé¨å à�¡®â
áâ�¢¨âáï §�¤�ç� á®§¤�âì ¬¥â®¤ �−�«¨§� ¯®ªàëâ¨ï á«®¦−ëå á¨£−�«®¢ UCM-¬®¤¥-
«¨, à¥�«¨§®¢�âì ¥£® ¢ ¨−áâàã¬¥−â¥ �¢â®¬�â¨ç¥áª®£® �−�«¨§� ¨ ¢¨§ã�«¨§¨à®¢�âì
â®çª¨ ®¡¬¥−� á®®¡é¥−¨ï¬¨ −� ãà®¢−¥ UCM-¬®¤¥«¨.
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ANALYSIS OF UCM-MODEL COVERAGE BY TEST SCENARIOS
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Petersburg 195251, Russian Federation

Abstract: The article observes approaches to analysis of UCM-models coverage
by test scenarios generated based on integral coverage criteria. Existing criteria
for automatic generation of test scenarios from high-level UCM-specifications
are reviewed. Two approaches to analysis of UCM-model coverage are proposed:
the automatic one which provides information about covered and uncovered
elements, branches, and paths in one view, and the visual one which allows the
user to explicitly make sure that a UCM-model is covered by test scenarios. The
described approaches are implemented in the analysis tool which significantly
reduces the time needed to create a test set which covers an UCM-model. Future
plans on coverage analysis improvement are also mentioned.
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ОБОБЩЕННЫЙ ТАБЛИЧНЫЙ LL-АНАЛИЗ∗

С. В. Григорьев1, А. К. Рагозина2

�−−®â�æ¨ï: ‘¨−â�ªá¨ç¥áª¨© �−�«¨§ ï¢«ï¥âáï ¢�¦−ë¬ è�£®¬ �−�«¨§� ª®-
¤�. „«ï à�¡®âë á −¥®¤−®§−�ç−ë¬¨ £à�¬¬�â¨ª�¬¨ ¨á¯®«ì§ãîâáï ®¡®¡é¥−−ë¥
�«£®à¨â¬ë á¨−â�ªá¨ç¥áª®£® �−�«¨§�: Generalized LR (GLR) ¨ Generalized
LL (GLL). „«ï à�¡®âë á® ¢áâà®¥−−ë¬¨ ï§ëª�¬¨ | ¯®¤¤¥à¦ª¨ ¨å ¢ IDE
(Integrated Development Environment), �−�«¨§� ¢ æ¥«ïå à¥¨−¦¨−¨à¨−£� ¨«¨
¯®¨áª� ãï§¢¨¬®áâ¥© (SQL-¨−ê¥ªæ¨©) | ¨á¯®«ì§ã¥âáï �¡áâà�ªâ−ë© á¨−â�ªá¨-
ç¥áª¨© �−�«¨§, ®á−®¢�−−ë© −� ª«�áá¨ç¥áª®¬ â�¡«¨ç−®¬ �−�«¨§¥. ÷�−¥¥ ¡ë«
¯à¥¤«®¦¥− �«£®à¨â¬ ®¡®¡é¥−−®£® −¨áå®¤ïè¥£® �−�«¨§� ¡¥§ ¨á¯®«ì§®¢�−¨ï
¯à¥¤¨ªâ¨¢−ëå â�¡«¨æ �−�«¨§�. ‚ ¤�−−®© áâ�âì¥ ®¯¨á�− ¯®¤å®¤ ª á®§¤�−¨î
â�¡«¨ç−®£® GLL-�−�«¨§�â®à� −� ®á−®¢¥ ¯à¥¤«®¦¥−−®£® �«£®à¨â¬�, ª®â®àë©
¢ ¤�«ì−¥©è¥¬ ¡ã¤¥â ¨á¯®«ì§®¢�âìáï ¤«ï ¯®«ãç¥−¨ï �¡áâà�ªâ−®£® �−�«¨§�-
â®à�. ’�ª¦¥ ¢ áâ�âì¥ ®¯¨á�− �«£®à¨â¬ ®¡®¡é¥−−®£® −¨áå®¤ïé¥£® �−�«¨§�,
¬®¤¨ä¨ª�æ¨¨, ª®â®àë¬ ®− ¯®¤¢¥à£áï, ¨ à¥§ã«ìâ�âë áà�¢−¥−¨ï á �«£®à¨â¬®¬
®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® �−�«¨§�, ª®â®àë© ¡ë« à¥�«¨§®¢�− à�−¥¥.

Š«îç¥¢ë¥ á«®¢�: á¨−â�ªá¨ç¥áª¨© �−�«¨§; GLL; ®¡®¡é¥−−ë© �−�«¨§;
RNGLR; �¡áâà�ªâ−ë© �−�«¨§; ¢áâà®¥−−ë¥ ï§ëª¨
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1 Введение

‘ãé¥áâ¢ã¥â ¬−®¦¥áâ¢® áà¥¤áâ¢ �¢â®¬�â¨ç¥áª®© ¨ �¢â®¬�â¨§¨à®¢�−−®© ®¡à�-
¡®âª¨ ¨áå®¤−®£® ª®¤� ¯à®£à�¬¬. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−® ¯à¨¢¥áâ¨ ª®¬-
¯¨«ïâ®àë, ¢¥à¨ä¨ª�â®àë, áà¥¤áâ¢� �−�«¨§� ¨áå®¤−®£® ª®¤�. Œ−®£¨¥ ¨§ −¨å
¯à¥¤¯®«�£�îâ ¯¥à¥¢®¤ ª®¤� ¨§ â¥ªáâ®¢®£® ¯à¥¤áâ�¢«¥−¨ï ¢ á¯¥æ¨�«ì−®¥ áâàãªâãà-
−®¥ ¯à¥¤áâ�¢«¥−¨¥ | �¡áâà�ªâ−®¥ á¨−â�ªá¨ç¥áª®¥ ¤¥à¥¢®, ¯à¥¤−�§−�ç¥−−®¥ ¤«ï
¤�«ì−¥©è¥© ®¡à�¡®âª¨. „«ï â�ª®£® ¯à¥®¡à�§®¢�−¨ï ¨áå®¤−®£® ª®¤� ¢ �¡áâà�ªâ−®¥
á¨−â�ªá¨ç¥áª®¥ ¤¥à¥¢® ®¡ëç−® ¨á¯®«ì§ã¥âáï á¨−â�ªá¨ç¥áª¨© �−�«¨§, ¤«ï à¥�«¨-
§�æ¨¨ ª®â®à®£® áãé¥áâ¢ã¥â ¡®«ìè®¥ ª®«¨ç¥áâ¢® �«£®à¨â¬®¢, à�§«¨ç�îé¨åáï
ª«�áá®¬ ®¡à�¡�âë¢�¥¬ëå ï§ëª®¢. „«ï à�¡®âë á −¥®¤−®§−�ç−ë¬¨ ¨ −¥¤¥â¥à¬¨−¨-
à®¢�−−ë¬¨ £à�¬¬�â¨ª�¬¨ áãé¥áâ¢ãîâ �«£®à¨â¬ë ®¡®¡é¥−−®£® á¨−â�ªá¨ç¥áª®£®
�−�«¨§�: GLR ¨ GLL. „�−−ë¥ �«£®à¨â¬ë �−�«¨§¨àãîâ ¢á¥ ¢®§¬®¦−ë¥ ¢�à¨�−âë
à�§¡®à� ¨ áâà®ïâ ¢á¥ ¤¥à¥¢ìï. �«£®à¨â¬ ®¡®¡é¥−−®£® −¨áå®¤ïé¥£® �−�«¨§� (GLL)
®â«¨ç�¥âáï á¢®¥© ¯à®áâ®â®© ¨ ¯àï¬®«¨−¥©−®áâìî ¨§-§� â¥á−®© á¢ï§¨ á £à�¬¬�-

∗‘â�âìï à¥ª®¬¥−¤®¢�−� ª ¯ã¡«¨ª�æ¨¨ ¢ ¦ãà−�«¥ �à®£à�¬¬−ë¬ ª®¬¨â¥â®¬ ª®−ä¥à¥−æ¨¨ úTools
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â¨ª®©, ¢ â® ¢à¥¬ï ª�ª �«£®à¨â¬ ®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® �−�«¨§� (GLR) ¨¬¥¥â
¡®«¥¥ á«®¦−ãî áâàãªâãàã.

Œ−®£¨¥ ï§ëª¨ ¯à®£à�¬¬¨à®¢�−¨ï ¯®§¢®«ïîâ ª®−áâàã¨à®¢�âì ¢ëà�¦¥−¨ï −�
¤àã£¨å ï§ëª�å, −�§ë¢�¥¬ëå ¢áâà®¥−−ë¬¨, ¨§ áâà®ª®¢ëå «¨â¥à�«®¢ ¨ §�â¥¬ ¯¥-
à¥¤�¢�âì ¨å −� ¢ë¯®«−¥−¨¥ á®®â¢¥âáâ¢ãîé¥¬ã ®ªàã¦¥−¨î. —�é¥ ¢á¥£® â�ª®©
¯®¤å®¤ ¨á¯®«ì§ã¥âáï ¤«ï £¥−¥à�æ¨¨ HTML-áâà�−¨æ ¨ SQL-§�¯à®á®¢. ’àã¤-
−®áâì ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¢áâà®¥−−ëå ¢ëà�¦¥−¨© §�ª«îç�¥âáï ¢ â®¬, çâ® ®è¨¡ª¨
¢ −¨å ¬®£ãâ ¡ëâì ®¡−�àã¦¥−ë â®«ìª® ¢® ¢à¥¬ï ¢ë¯®«−¥−¨ï. �â® ¤¥«�¥â á¨á-
â¥¬ã, á®§¤�−−ãî á ¨á¯®«ì§®¢�−¨¥¬ â�ª®£® ¯®¤å®¤�, −¥−�¤¥¦−®© ¨ ãï§¢¨¬®©.
…é¥ ®¤−� ¯à®¡«¥¬�, ª®â®à�ï ¯®ï¢«ï¥âáï ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¢áâà®¥−−ëå ï§ë-
ª®¢ | SQL-¨−ê¥ªæ¨¨, ¢ à¥§ã«ìâ�â¥ ª®â®àëå ¬®£ãâ ¡ëâì ¢ë¯®«−¥−ë ¤¥©áâ¢¨ï,
−¥ ¯à¥¤ãá¬®âà¥−−ë¥ á®§¤�â¥«¥¬ áªà¨¯â�. �â� á¨âã�æ¨ï ¢®§−¨ª�¥â ¨§-§� ®âáãâ-
áâ¢¨ï ä¨«ìâà�æ¨¨ ¢−¥è−¨å ¢å®¤−ëå ¤�−−ëå, ¯®áâã¯�îé¨å −� á¥à¢¥à. ‹®£¨ª�
§�¯à®á� ¬¥−ï¥âáï â�ª¨¬ ®¡à�§®¬, çâ® §«®ã¬ëè«¥−−¨ª ¬®¦¥â ¯®«ãç¨âì ¤�−−ë¥
¨§ â�¡«¨æ ¨«¨ ¤�¦¥ ¨§¬¥−¨âì çâ®-â® ¢ ¡�§¥ ¤�−−ëå. „«ï ®¡à�¡®âª¨ ¢áâà®¥−−ëå
ï§ëª®¢ ¨á¯®«ì§ã¥âáï áâ�â¨ç¥áª¨© �−�«¨§ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ëå ¢ëà�¦¥−¨©
(�¡áâà�ªâ−ë© á¨−â�ªá¨ç¥áª¨© �−�«¨§) [1].

–¥«ìî ¤�−−®© à�¡®âë ï¢«ï¥âáï ¯®«ãç¥−¨¥ â�¡«¨ç−®£® á¨−â�ªá¨ç¥áª®£® �−�-
«¨§�â®à� −� ®á−®¢¥ �«£®à¨â¬� GLL, ª®â®àë© áâ�−¥â ®á−®¢®© ¤«ï �¡áâà�ªâ−®£®
�−�«¨§�â®à� ¢ ¤�«ì−¥©è¥¬. ‘ãé¥áâ¢ã¥â −¥áª®«ìª® ¯®¤å®¤®¢ ª á®§¤�−¨î �¡-
áâà�ªâ−ëå á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢. ’�ª ª�ª ¢ �¡áâà�ªâ−®¬ �−�«¨§¥ ¯à®æ¥áá
à�§¡®à� á¨«ì−® §�¢¨á¨â ®â áâàãªâãàë ¢å®¤−ëå ¤�−−ëå, ª®â®à�ï −¥ ï¢«ï¥âáï
«¨−¥©−ë¬ ¢å®¤−ë¬ ¯®â®ª®¬, â® ¨á¯®«ì§®¢�−¨¥ ï¢−®© £¥−¥à�æ¨¨ ª®¤� �−�«¨-
§�â®à� §�âàã¤−¥−®. ‚ áâ�âì¥ [1] ®¯¨á�− �¡áâà�ªâ−ë© �−�«¨§ −� ®á−®¢¥ ª«�á-
á¨ç¥áª®£® �«£®à¨â¬� á¨−â�ªá¨ç¥áª®£® �−�«¨§� LALR. ÷�−¥¥ ¢ à�¬ª�å ¯à®¥ªâ�
YaccConstructor [2] ¡ë« à¥�«¨§®¢�− �«£®à¨â¬ ®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® �−�«¨§�
RNGLR (Right Nulled GLR) [3], � ¯®§¦¥ −� ¥£® ®á−®¢¥ ¡ë« á®§¤�− �¡áâà�ªâ−ë©
â�¡«¨ç−ë© �−�«¨§�â®à [4]. “¯à�¢«ïîé¨¥ â�¡«¨æë á¨−â�ªá¨ç¥áª®£® �−�«¨§�â®à�
¯à¨ ¯¥à¥å®¤¥ ª �¡áâà�ªâ−®¬ã �−�«¨§ã −¥ ¬¥−ïîâáï: ¤®áâ�â®ç−® ¬®¤¨ä¨æ¨à®¢�âì
â®«ìª® ¨−â¥à¯à¥â�â®à â�¡«¨æ. ’�ª¨¬ ®¡à�§®¬, çâ®¡ë ¯®«ãç¨âì ¢®§¬®¦−®áâì
¨á¯®«ì§®¢�âì GLL-�«£®à¨â¬ ¤«ï �¡áâà�ªâ−®£® �−�«¨§�, −¥®¡å®¤¨¬® ¨§¬¥−¨âì
¯à®æ¥áá ¯®áâà®¥−¨ï �−�«¨§�â®à� ¯® £à�¬¬�â¨ª¥, â�ª ª�ª ¢ ®à¨£¨−�«ì−®¬ �«£®à¨â-
¬¥ GLL −¥ ¨á¯®«ì§ãîâáï â�¡«¨æë á¨−â�ªá¨ç¥áª®£® �−�«¨§�, � ª®¤ �−�«¨§�â®à�
£¥−¥à¨àã¥âáï ï¢−®. ‚ ¤�−−®© à�¡®â¥ ®¯¨á�− �«£®à¨â¬ ®¡®¡é¥−−®£® −¨áå®¤ïé¥£®
�−�«¨§� ¨ ¬®¤¨ä¨ª�æ¨¨, ª®â®àë¥ ¡ë«¨ ¢−¥á¥−ë ¢ −¥£® ¤«ï ¯®«ãç¥−¨ï â�¡«¨ç−®£®
�−�«¨§�â®à�. ’�ª¦¥ ®¡áã¦¤�îâáï ®á®¡¥−−®áâ¨ à¥�«¨§�æ¨¨ â�¡«¨ç−®£® GLL-�−�-
«¨§�â®à�.

2 Обобщенный синтаксический анализ

‘¨−â�ªá¨ç¥áª¨¥ �−�«¨§�â®àë ¬®¦−® à�§¤¥«¨âì −� ¤¢� ª«�áá� | −¨áå®¤ïé¨¥
¨ ¢®áå®¤ïé¨¥, ª�¦¤ë© ¨§ ª®â®àëå ¨¬¥¥â ª�ª ¯à¥¨¬ãé¥áâ¢�, â�ª ¨ −¥¤®áâ�âª¨.
‘âàãªâãà� −¨áå®¤ïé¨å ¯�àá¥à®¢ ¯®«−®áâìî á®®â¢¥âáâ¢ã¥â áâàãªâãà¥ £à�¬¬�â¨ª¨,
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�¡®¡é¥−−ë© â�¡«¨ç−ë© LL-�−�«¨§

çâ® ã¯à®é�¥â ¯à®æ¥áá ¨å −�¯¨á�−¨ï ¨ ®â«�¤ª¨. ‘ãé¥áâ¢¥−−ë¬ −¥¤®áâ�âª®¬ â�-
ª¨å á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢ ï¢«ï¥âáï â®, çâ® ª«�áá ï§ëª®¢, ®¡à�¡�âë¢�¥¬ëå
¨¬¨, ¢¥áì¬� ®£à�−¨ç¥−. �à¨ç¨−� íâ¨å ®£à�−¨ç¥−¨© §�ª«îç�¥âáï ¢ â®¬, çâ® «î¡�ï
LL(k)-£à�¬¬�â¨ª� ¤®«¦−� ¡ëâì ®¤−®§−�ç−®©, −® ¤�«¥ª® −¥ ¢á¥ ï§ëª¨ ¯à®£à�¬¬¨-
à®¢�−¨ï ®¤−®§−�ç−ë. ��¯à¨¬¥à, «¥¢®à¥ªãàá¨¢−ë¥ £à�¬¬�â¨ª¨ −¥ ¯à¨−�¤«¥¦�â
ª«�ááã LL(k) −¨ ¤«ï ª�ª®£® k. ˆ−®£¤� ã¤�¥âáï ¯à¥®¡à�§®¢�âì −¥LL-£à�¬¬�â¨-
ªã ¢ íª¢¨¢�«¥−â−ãî ¥© LL-£à�¬¬�â¨ªã á ¯®¬®éìî ä�ªâ®à¨§�æ¨¨ ¨ ãáâà�−¥−¨ï
«¥¢®© à¥ªãàá¨¨, −® ¯à®¡«¥¬� áãé¥áâ¢®¢�−¨ï íª¢¨¢�«¥−â−®© LL(k)-£à�¬¬�â¨ª¨
¤«ï ¯à®¨§¢®«ì−®© −¥LL(k)-£à�¬¬�â¨ª¨ −¥à�§à¥è¨¬� [5]. ÷�áè¨à¨âì ª«�áá ®¡à�-
¡�âë¢�¥¬ëå ï§ëª®¢ ¯®§¢®«ï¥â ¨á¯®«ì§®¢�−¨¥ ¢®áå®¤ïé¨å LR-�−�«¨§�â®à®¢ [6].
’�ª¨¥ �−�«¨§�â®àë ¯®§¢®«ïîâ ®¡à�¡�âë¢�âì ¡®«¥¥ è¨à®ª¨© ª«�áá £à�¬¬�â¨ª, −®
¨¬¥îâ ¡®«¥¥ á«®¦−ãî áâàãªâãàã. ‚®áå®¤ïé¨¥ �−�«¨§�â®àë ¯®§¢®«ïîâ à�¡®â�âì á
«¥¢®à¥ªãàá¨¢−ë¬¨ £à�¬¬�â¨ª�¬¨, −® ¤�¦¥ ®−¨ −¥ ¬®£ãâ ¡®à®âìáï á® áªàëâ®© «¥-
¢®© à¥ªãàá¨¥© [7]. Š á®¦�«¥−¨î, ãá«®¦−¥−¨¥ áâàãªâãàë ¯�àá¥à� ç�áâ® ¯à¨¢®¤¨â
ª á−¨¦¥−¨î áª®à®áâ¨ ¥£® à�¡®âë ¨ ãá«®¦−ï¥â ¯à®æ¥áá ¤¨�£−®áâ¨ª¨ ®è¨¡®ª.

‘ãé¥áâ¢ã¥â ¥é¥ ®¤¨− ª«�áá á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢ | ®¡®¡é¥−−ë¥
�−�«¨§�â®àë, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¤«ï à�¡®âë á −¥®¤−®§−�ç−ë¬¨ £à�¬¬�â¨-
ª�¬¨. Š íâ®¬ã ª«�ááã ®â−®áïâáï �«£®à¨â¬ë ®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® (GLR)
¨ −¨áå®¤ïé¥£® (GLL) �−�«¨§� [8]. �«£®à¨â¬ ®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® �−�«¨§�
è¨à®ª® ¨§¢¥áâ¥− ¨ ¢¯¥à¢ë¥ ¡ë« ¯à¥¤«®¦¥− ’®¬¨â®© [9]. Š«�áá¨ç¥áª¨© ¢�à¨�−â
�«£®à¨â¬� −¥ á¯®á®¡¥− ®¡à�¡�âë¢�âì «î¡ë¥ ª®−â¥ªáâ−®-á¢®¡®¤−ë¥ £à�¬¬�â¨ª¨.
‚ ¤�«ì−¥©è¥¬ ¡ë«® ®¯¨á�−® ¬−®¦¥áâ¢® ¬®¤¨ä¨ª�æ¨© ¤�−−®£® �«£®à¨â¬�, ®¤−�ª®
¯à¨−æ¨¯ à�¡®âë ¢á¥£¤� ®áâ�¢�«áï áå®¦¨¬: ¤«ï ª®−ªà¥â−®© £à�¬¬�â¨ª¨ GLR-�«-
£®à¨â¬ ®¡à�¡�âë¢�¥â ¢á¥ ¢®§¬®¦−ë¥ ¢�à¨�−âë à�§¡®à� ¢å®¤−®© ¯®á«¥¤®¢�â¥«ì-
−®áâ¨, ¨á¯®«ì§ãï ®¡å®¤ £à�ä� ¢ è¨à¨−ã. GLR-�−�«¨§�â®àë ¨á¯®«ì§ãîâ â�¡«¨æë
á¨−â�ªá¨ç¥áª®£® �−�«¨§� ¯®¤®¡−® LR-�−�«¨§�â®à�¬. �â«¨ç¨¥ â�ª¨å â�¡«¨æ ®â
ª«�áá¨ç¥áª¨å á®áâ®¨â ¢ â®¬, çâ® ¤®¯ãáª�¥âáï −¥áª®«ìª® ¯¥à¥å®¤®¢ ¢ à�§«¨ç−ë¥
á®áâ®ï−¨ï, ª®â®àë¥ ®¯à¥¤¥«ïîâáï ¯® ¨áå®¤−®¬ã á®áâ®ï−¨î ¯�àá¥à� ¨ ¢å®¤−®¬ã
â¥à¬¨−�«ì−®¬ã á¨¬¢®«ã. �â® ®¡ãá«®¢«¥−® â¥¬, çâ® ¢ £à�¬¬�â¨ª¥ ¬®£ãâ ¯à¨áãâ-
áâ¢®¢�âì −¥®¤−®§−�ç−®áâ¨ ¨ ¢å®¤−�ï ¯®á«¥¤®¢�â¥«ì−®áâì ¬®¦¥â ¨¬¥âì −¥áª®«ìª®
¢�à¨�−â®¢ à�§¡®à�. ‚ à¥§ã«ìâ�â¥ ¢ ¯à®æ¥áá¥ à�¡®âë ¬®£ãâ ¢®§−¨ª�âì ª®−ä«¨ªâë
¢¨¤� á¤¢¨£/á¢¥àâª� (shift/reduce) ¨ á¢¥àâª�/á¢¥àâª� (reduce/reduce). ‚ â�ª¨å
ª®−ä«¨ªâ−ëå á¨âã�æ¨ïå á«¥¤ã¥â «¨¡® ¢ë¡à�âì ®¤¨− ¢�à¨�−â à�§¡®à�, çâ® ¬®¦¥â
¯à¨¢¥áâ¨ ª ¯®«ãç¥−¨î −¥ª®àà¥ªâ−®£® à¥§ã«ìâ�â�, «¨¡® à�áá¬®âà¥âì ¢á¥ ¢�à¨-
�−âë à�§¡®à�, çâ® ¨ ¯à®¨áå®¤¨â ¢ ¯à®æ¥áá¥ à�¡®âë �«£®à¨â¬�. �à¨ ®¡à�¡®âª¥
ª�¦¤®© ª®−ä«¨ªâ−®© á¨âã�æ¨¨ −¥®¡å®¤¨¬® á®§¤�¢�âì −®¢ë© áâ¥ª, ¢¥àå−¥¥ á®áâ®-
ï−¨¥ ª®â®à®£® á®®â¢¥âáâ¢ã¥â ¢®§¬®¦−®¬ã ¯¥à¥å®¤ã, ®¤−�ª® åà�−¥−¨¥ ¡®«ìè®£®
ç¨á«� áâ¥ª®¢ âà¥¡ã¥â á«¨èª®¬ ¡®«ìè®£® ®¡ê¥¬� ¯�¬ïâ¨. „«ï íª®−®¬¨¨ ¯�¬ïâ¨
®¡é¨¥ ç�áâ¨ áâ¥ª®¢ ¯¥à¥¨á¯®«ì§ãîâáï, � ¢ ¬¥áâ�å ¢®§−¨ª−®¢¥−¨ï ª®−ä«¨ªâ®¢
¯à®¨áå®¤¨â à�§¢¥â¢«¥−¨¥ áâ¥ª�. ‚ á«ãç�¥ ª®£¤� −� ¢¥àè¨−�å à�§−ëå ¢¥â¢¥©
−�å®¤ïâáï ®¤¨−�ª®¢ë¥ á®áâ®ï−¨ï, ¢¥â¢¨ ¬®£ãâ ¡ëâì ®¡ê¥¤¨−¥−ë. ’�ª¨¬ ®¡à�§®¬,
áâ¥ª ®à£�−¨§ã¥âáï ¢ ¢¨¤¥ £à�ä�, ¨ â�ª�ï áâàãªâãà� ¤�−−ëå −�§ë¢�¥âáï Graph
Structured Stack (GSS) [9]. …á«¨ ¤«ï ª�ª®©-«¨¡® ¢¥àè¨−ë áâ¥ª� ¨ ¢å®¤−®£® á¨¬-
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¢®«� ¢ â�¡«¨æ¥ ¯�àá¥à� −¥ áãé¥áâ¢ã¥â −¨ ®¤−®£® ¯¥à¥å®¤�, â® á®®â¢¥âáâ¢ãîé�ï
¢¥âª� à�§¡®à� áç¨â�¥âáï ®è¨¡®ç−®© ¨ ®â¡à�áë¢�¥âáï.

’®â ¦¥ ¯à¨−æ¨¯ à�¡®âë «¥¦¨â ¨ ¢ ®á−®¢¥ �«£®à¨â¬� ®¡®¡é¥−−®£® −¨áå®¤ïé¥£®
�−�«¨§�. ‚ ¯à®æ¥áá¥ à�¡®âë ¯�àá¥à� à�áá¬�âà¨¢�îâáï ¢á¥ ¢®§¬®¦−ë¥ ¢�à¨�−âë,
çâ® ®áãé¥áâ¢«ï¥âáï §� áç¥â ¨á¯®«ì§®¢�−¨ï ¤¥áªà¨¯â®à®¢. „¥áªà¨¯â®à | ç¥â¢¥à-
ª�, ®¯¨áë¢�îé�ï â¥ªãé¥¥ á®áâ®ï−¨¥ �−�«¨§�â®à�: ¨−¤¥ªá ¢® ¢å®¤−®¬ ¯®â®ª¥,
¬¥âª� äã−ªæ¨¨ à�§¡®à�, â¥ªãé�ï ¢¥àè¨−� áâ¥ª� ¨ äà�£¬¥−â ¤¥à¥¢� ¢ë¢®¤�, ª®â®-
à®¥ ¡ë«® ¯®áâà®¥−® −� ¬®¬¥−â á®§¤�−¨ï ¤¥áªà¨¯â®à�. ’�ª®© �«£®à¨â¬ ¢ åã¤è¥¬
á«ãç�¥ à�¡®â�¥â §� ªã¡¨ç¥áª®¥ ¢à¥¬ï ®â ¤«¨−ë ¢å®¤−®© æ¥¯®çª¨, � ¤«ï LL-£à�¬-
¬�â¨ª [8] | §� «¨−¥©−®¥. ‘¨−â�ªá¨ç¥áª¨¥ �−�«¨§�â®àë, ¯®áâà®¥−−ë¥ á ¯®¬®éìî
â�ª®£® �«£®à¨â¬�, ¯®§¢®«ïîâ ®¡à�¡�âë¢�âì £à�¬¬�â¨ª¨ ª�ª á® áªàëâ®©, â�ª
¨ á ®¡ëç−®© «¥¢®© à¥ªãàá¨¥©, §−�ç¨â¥«ì−® à�áè¨àïï ª«�áá ®¡à�¡�âë¢�¥¬ëå
−¨áå®¤ïé¨¬¨ á¨−â�ªá¨ç¥áª¨¬¨ �−�«¨§�â®à�¬¨ ï§ëª®¢.

3 Подходы к генерации синтаксических анализаторов

„«ï �¢â®¬�â¨ç¥áª®£® á®§¤�−¨ï á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢ áãé¥áâ¢ã¥â −¥-
áª®«ìª® ¯®¤å®¤®¢. ‚ à�¬ª�å ¯¥à¢®£® ¯®¤å®¤� ¢¥áì ª®¤ ¯�àá¥à� £¥−¥à¨àã¥âáï ¯®
£à�¬¬�â¨ª¥. —�é¥ ¢á¥£® â�ª®© ¯®¤å®¤ ¨á¯®«ì§ã¥âáï ¯à¨ £¥−¥à�æ¨¨ �−�«¨§�â®à®¢,
¯®áâà®¥−−ëå ¬¥â®¤®¬ à¥ªãàá¨¢−®£® á¯ãáª�. �à¨ £¥−¥à�æ¨¨ −¨áå®¤ïé¨å �−�«¨§�-
â®à®¢ ¤«ï ª�¦¤®£® −¥â¥à¬¨−�«� £¥−¥à¨àãîâáï äã−ªæ¨¨, ª®â®àë¥ ¯®á«¥¤®¢�â¥«ì−®
¢ë§ë¢�îâáï ¢ ¯à®æ¥áá¥ à�§¡®à�. �¥á¬®âàï −� â® çâ® −¨áå®¤ïé¨¥ �−�«¨§�â®àë
¯à®áâë ¤«ï −�¯¨á�−¨ï ¨ ®â«�¤ª¨ ¨ ¯®íâ®¬ã ç�é¥ ¢á¥£® á®§¤�îâáï ¢àãç−ãî,
áãé¥áâ¢ãîâ ¨−áâàã¬¥−âë ¤«ï �¢â®¬�â¨ç¥áª®© £¥−¥à�æ¨¨ â�ª¨å �−�«¨§�â®à®¢.
��¯à¨¬¥à, ¨−áâàã¬¥−â ANTLR (Another Tool for Language Recognition) [10] |

÷¨á. 1 ‘âàãªâãà� £¥−¥à�â®à� á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢: £¥−¥à¨àãîé¥£® ¢¥áì
�−�«¨§�â®à (�) ¨ â®«ìª® ¤®¯®«−¨â¥«ì−ãî ¨−ä®à¬�æ¨î (¡)
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£¥−¥à�â®à ¯�àá¥à®¢, ¯®§¢®«ïîé¨© �¢â®¬�â¨ç¥áª¨ á®§¤�¢�âì �−�«¨§�â®àë −� ®¤-
−®¬ ¨§ æ¥«¥¢ëå ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï ¯® ®¯¨á�−¨î LL(*)-£à�¬¬�â¨ª¨ −�
ï§ëª¥, ¡«¨§ª®¬ ª EBNF (Extended Backus{Naur Form). ‘âàãªâãà� £¥−¥à�â®à®¢
â�ª®£® â¨¯� ¨§®¡à�¦¥−� −� à¨á. 1, �.

‘ãé¥áâ¢ã¥â ¥é¥ ®¤¨− ¯®¤å®¤ ª £¥−¥à�æ¨¨ á¨−â�ªá¨ç¥áª¨å �−�«¨§�â®à®¢,
ª®â®àë© ¨á¯®«ì§ã¥âáï ¤«ï ¯®«ãç¥−¨ï â�¡«¨ç−ëå �−�«¨§�â®à®¢. �â¤¥«ì−® á®-
§¤�¥âáï ¨−â¥à¯à¥â�â®à, ª®â®àë© á®¤¥à¦¨â ¢ á¥¡¥ ®á−®¢−ãî «®£¨ªã �«£®à¨â¬�.
ˆ−â¥à¯à¥â�â®à ¯¨è¥âáï ¢àãç−ãî ¨ ¯®áâ®ï−−® ¯¥à¥¨á¯®«ì§ã¥âáï. �® £à�¬¬�â¨-
ª¥ ª�¦¤ë© à�§ £¥−¥à¨àã¥âáï ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï, ª®â®à�ï −¥®¡å®¤¨¬�
¨−â¥à¯à¥â�â®àã ¢ ¯à®æ¥áá¥ à�¡®âë. ‘âàãªâãà� â�ª®£® £¥−¥à�â®à� ¯à¥¤áâ�¢«¥−�
−� à¨á. 1, ¡. —�é¥ ¢á¥£® ¢ ª�ç¥áâ¢¥ ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨ £¥−¥à¨àãîâáï
â�¡«¨æë á¨−â�ªá¨ç¥áª®£® �−�«¨§�, ã¯à�¢«ïîé¨¥ ¯à®æ¥áá®¬ à�§¡®à�.

4 Основные принципы обобщенного LL-анализа

ƒàã¯¯� ãç¥−ëå ¢® £«�¢¥ á Elizabeth Scott ¨ Adrian Johnstone §�−¨¬�¥âáï à�§-
à�¡®âª®© �«£®à¨â¬®¢ á¨−â�ªá¨ç¥áª®£® �−�«¨§�. ˆ¬¨ ¡ë«® ¯à¥¤«®¦¥−® −¥áª®«ìª®
�«£®à¨â¬®¢ −� ®á−®¢¥ ®¡®¡é¥−−®£® ¢®áå®¤ïé¥£® �−�«¨§� [3, 11, 12] ¨ �«£®à¨â¬
®¡®¡é¥−−®£® −¨áå®¤ïé¥£® �−�«¨§� GLL, ® ª®â®à®¬ ¨ ¯®©¤¥â à¥çì ¢ ¤�−−®© áâ�âì¥.

‘¨−â�ªá¨ç¥áª¨¥ �−�«¨§�â®àë, à¥�«¨§®¢�−−ë¥ á ¯®¬®éìî ¬¥â®¤� à¥ªãàá¨¢-
−®£® á¯ãáª�, ¯à¥¤áâ�¢«ïîâ á®¡®© −�¡®à äã−ªæ¨©, ª�¦¤�ï ¨§ ª®â®àëå á®¤¥à¦¨â
¢ á¥¡¥ ª®¤ ¤«ï ®¡à�¡®âª¨ â®© ¨«¨ ¨−®© �«ìâ¥à−�â¨¢ë. ‚ �«£®à¨â¬¥ ®¡®¡é¥−−®£®
−¨áå®¤ïé¥£® �−�«¨§� ¤«ï ª�¦¤®£® −¥â¥à¬¨−�«� £¥−¥à¨àã¥âáï äã−ªæ¨ï, á®¤¥à-
¦�é�ï ¢ á¥¡¥ ª®¤ ¤«ï ¥£® à�§¡®à�. …á«¨ ª�ª®©-â® −¥â¥à¬¨−�« ¬®¦¥â ¡ëâì
à�§®¡à�− −¥áª®«ìª¨¬¨ á¯®á®¡�¬¨, â® ¤«ï −¥£® £¥−¥à¨àã¥âáï −¥áª®«ìª® äã−ªæ¨©,
¯®¬¥ç¥−−ëå à�§−ë¬¨ ¬¥âª�¬¨. �â® ¬¥âª¨ ¯¥à¢®£® â¨¯�, ª®â®àë¥ ¨á¯®«ì§ãîâáï
¢ �«£®à¨â¬¥. Šà®¬¥ â®£®, ¡ë¢�îâ ¬¥âª¨ ¢â®à®£® â¨¯� | ¢®§¢à�â−ë¥. �â¨¬¨
¬¥âª�¬¨ ¯®¬¥ç�îâáï äà�£¬¥−âë ª®¤�, ª®â®àë¥ ¤®«¦−ë ¡ëâì ¢ë§¢�−ë ¯®á«¥ â®£®,
ª�ª −¥â¥à¬¨−�« ¡ë« ®¡à�¡®â�−. „«ï â®£® çâ®¡ë §�¯®¬¨−�âì ¢á¥ ¢®§¬®¦−ë¥
¢�à¨�−âë à�§¡®à�, ¨á¯®«ì§ãîâáï ¤¥áªà¨¯â®àë, á®¤¥à¦�é¨¥ ¬¥âªã äã−ªæ¨¨, ª®-
â®à�ï ¤®«¦−� ¡ëâì ¢ë§¢�−�, ¯®§¨æ¨î ¢® ¢å®¤−®¬ ¯®â®ª¥, áâ¥ª ¨ ¤¥à¥¢® à�§¡®à�.
„¥áªà¨¯â®àë åà�−ïâáï ¢ ®ç¥à¥¤¨, ¨ ¢ë¯®«−¥−¨¥ ª�¦¤ë© à�§ ¢®§®¡−®¢«ï¥âáï
á â®çª¨, ª®â®à�ï ®¯¨á�−� ¢ â¥ªãé¥¬ ¤¥áªà¨¯â®à¥. �®¢ë¥ ¤¥áªà¨¯â®àë ¤®¡�¢«ï-
îâáï ¢ ®ç¥à¥¤ì ¢ ¯à®æ¥áá¥ à�¡®âë á¨−â�ªá¨ç¥áª®£® �−�«¨§�â®à� ¯¥à¥¤ ®¡à�¡®âª®©
−¥â¥à¬¨−�«®¢ ¨«¨ ¯®á«¥ â®£®, ª�ª ¯à�¢¨«® ¡ë«® à�§®¡à�−® ¤® ª®−æ�. …á«¨
¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï ®¤¨− ¨§ ¢�à¨�−â®¢ à�§¡®à� −¥ ¬®¦¥â ¡ëâì §�¢¥àè¥−, â®
¢¬¥áâ® §�¢¥àè¥−¨ï ¯à®æ¥áá� à�¡®âë ¯�àá¥à� á ®è¨¡ª®© ¨§ ®ç¥à¥¤¨ ¨§¢«¥ª�¥â-
áï á«¥¤ãîé¨© ¤¥áªà¨¯â®à, ¨ ¯à®æ¥áá ¯à®¤®«¦�¥âáï. ÷�§¡®à §�¢¥àè�¥âáï, ª�ª
â®«ìª® ®ç¥à¥¤ì áâ�−®¢¨âáï ¯ãáâ®©. ÷�¡®â� ¯�àá¥à� ª®−âà®«¨àã¥âáï á ¯®¬®éìî
ã¯à�¢«ïîé¥© äã−ªæ¨¨, ª®â®à�ï ¢ë¯®«−ï¥â á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï:

{ ¯à®¢¥àï¥â, çâ® ®ç¥à¥¤ì ¤¥áªà¨¯â®à®¢ −¥ ¯ãáâ�;

{ ¨§¢«¥ª�¥â ¤¥áªà¨¯â®à;
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{ ¯à¨á¢�¨¢�¥â §−�ç¥−¨¥ £«®¡�«ì−ë¬ ¯¥à¥¬¥−−ë¬, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¢ ¯à®-
æ¥áá¥ à�§¡®à�: ¯®§¨æ¨ï ¢® ¢å®¤−®¬ ¯®â®ª¥, áâ¥ª ¨ ¤¥à¥¢®;

{ ¢ë§ë¢�¥â äã−ªæ¨î á ¬¥âª®©, ¨§êïâ®© ¨§ ¤¥áªà¨¯â®à�.

�� ª�¦¤®¬ è�£¥ à�¡®âë �«£®à¨â¬� åà�−¨âáï ¤¢� ãª�§�â¥«ï: ®¤¨− | ¢ £à�¬-
¬�â¨ª¥ (á«®â), � ¢â®à®© | ¢® ¢å®¤−®¬ ¯®â®ª¥. ‘«®âë ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:
X::=x1 · · · xi • xi+1 · · · xq, £¤¥ • ãª�§ë¢�¥â ¯®§¨æ¨î ¯¥à¥¤ á¨¬¢®«®¬ xi + 1. ��
ª�¦¤®¬ íâ�¯¥ à�§¡®à� ¨¬¥îâáï á«®â ¢¨¤� X::=a • Xb ¨«¨ x::=a• ¨ ¯®§¨æ¨ï ¢®
¢å®¤−®¬ ¯®â®ª¥ i. ‚ ¯à®æ¥áá¥ à�§¡®à� à�áá¬�âà¨¢�îâáï á«¥¤ãîé¨¥ á¨âã�æ¨¨.

1. …á«¨ â¥ªãé¨© á¨¬¢®« ¢ £à�¬¬�â¨ª¥ ï¢«ï¥âáï â¥à¬¨−�«®¬ x ¨ á®¢¯�¤�¥â
á â¥ªãé¨¬ á¨¬¢®«®¬ ¢® ¢å®¤−®¬ ¯®â®ª¥, â® ãª�§�â¥«ì ¢ £à�¬¬�â¨ª¥ −ã¦−®
á¤¢¨−ãâì −� ®¤−ã ¯®§¨æ¨î ¢¯à�¢®, X::=ax • b, ¨ ã¢¥«¨ç¨âì ãª�§�â¥«ì ¢®
¢å®¤−®¬ ¯®â®ª¥ −� ¥¤¨−¨æã. �¨ª�ª¨å ¤®¯®«−¨â¥«ì−ëå ¤¥©áâ¢¨© á® áâ¥ª®¬
¯à¨ íâ®¬ −¥ ¯à®¨§¢®¤¨âáï. ˆ−�ç¥, ¥á«¨ â¥à¬¨−�« X −¥ á®¢¯�¤�¥â á â¥ªãé¨¬
á¨¬¢®«®¬ ¢® ¢å®¤−®¬ ¯®â®ª¥, â¥ªãé�ï ¢¥âª� à�§¡®à� áç¨â�¥âáï ®è¨¡®ç-
−®©, ®â¡à�áë¢�¥âáï ¨ à�§¡®à ¯à®¤®«¦�¥âáï á ¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¥£®
¤¥áªà¨¯â®à�.

2. …á«¨ â¥ªãé¨© á¨¬¢®« ¢ £à�¬¬�â¨ª¥ ï¢«ï¥âáï −¥â¥à¬¨−�«®¬ A, â® −¥®¡å®¤¨¬®
¢ áâ¥ª §�¯¨á�âì á«®â, ¯® ª®â®à®¬ã ¯à®¤®«¦¨âì à�§¡®à ¯®á«¥ â®£®, ª�ª ¯à�¢¨«®
¤«ï a ¡ã¤¥â à�§®¡à�−®. “ª�§�â¥«ì ¢ £à�¬¬�â¨ª¥ ¯¥à¥¬¥é�¥âáï −� A::= • b,
� ãª�§�â¥«ì ¢® ¢å®¤−®¬ ¯®â®ª¥ ®áâ�¥âáï ¡¥§ ¨§¬¥−¥−¨©.

3. …á«¨ ãª�§�â¥«ì ¢ £à�¬¬�â¨ª¥ ¨¬¥¥â ¢¨¤ X::=a• ¨ áâ¥ª −¥ ¯ãáâ, â® á«®â
Y ::=bX • c, ª®â®àë© åà�−¨âáï −� ¢¥àè¨−¥ áâ¥ª�, ¨§¢«¥ª�¥âáï ¨ áâ�−®¢¨âáï
â¥ªãé¨¬.

4. …á«¨ â¥ªãé¨© á«®â ¨¬¥¥â ¢¨¤ S::=c• ¨ ¢¥áì ¢å®¤−®© ¯®â®ª à�áá¬®âà¥−,
â® ¢®§¢à�é�¥âáï ¤¥à¥¢®, ¯®áâà®¥−−®¥ ¢ ¯à®æ¥áá¥ à�§¡®à�, ¨−�ç¥ à�§¡®à
§�ª�−ç¨¢�¥âáï ®è¨¡ª®©.

�à®æ¥áá à�¡®âë á¨−â�ªá¨ç¥áª®£® �−�«¨§�â®à� −¥ ¤¥â¥à¬¨−¨à®¢�−, ¨ ¬®¦¥â
¢®§−¨ª−ãâì á¨âã�æ¨ï, ª®£¤� ®¤¨− ¨ â®â ¦¥ ¤¥áªà¨¯â®à ¡ã¤¥â á®§¤�¢�âìáï á−®¢�
¨ á−®¢�. �®¢â®à−®¥ á®§¤�−¨¥ ¤¥áªà¨¯â®à� ¯à¨¢¥¤¥â ª â®¬ã, çâ® ¯à®æ¥áá §�æ¨ª-
«¨âáï ¨ −¨ª®£¤� −¥ §�¢¥àè¨âáï. „«ï â®£® çâ®¡ë ¨§¡¥¦�âì á®§¤�−¨ï ®¤¨−�ª®¢ëå
¤¥áªà¨¯â®à®¢, ®â¤¥«ì−® ¯®¤¤¥à¦¨¢�¥âáï ¬−®¦¥áâ¢® U , á®¤¥à¦�é¥¥ à�−¥¥ á®-
§¤�−−ë¥ ¤¥áªà¨¯â®àë. Š�¦¤ë© à�§, ¯à¥¦¤¥ ç¥¬ ¤®¡�¢¨âì −®¢ë© ¤¥áªà¨¯â®à
¢ ®ç¥à¥¤ì ¤¥áªà¨¯â®à®¢, ¢ë¯®«−ï¥âáï ¯à®¢¥àª� â®£®, −¥ ¡ë« «¨ ®− ã¦¥ ¤®¡�¢«¥−
¢ ¬−®¦¥áâ¢® U .

4.1 Организация стека

Š�ª ã¯®¬¨−�«®áì à�−¥¥, ¢ â�¡«¨æ�å á¨−â�ªá¨ç¥áª®£® �−�«¨§� ¤«ï �«£®à¨â¬�
®¡®¡é¥−−®£® �−�«¨§� ¢ ª�¦¤®© ïç¥©ª¥ ¬®¦¥â åà�−¨âìáï −¥áª®«ìª® �«ìâ¥à−�â¨¢
¤«ï à�§¡®à� −¥â¥à¬¨−�«�. ‚ â�ª¨å á¨âã�æ¨ïå ª�¦¤ë© à�§ á®§¤�îâáï −®¢ë¥
áâ¥ª¨, ¢¥àå−¥¥ á®áâ®ï−¨¥ ª®â®àëå á®®â¢¥âáâ¢ã¥â ª�¦¤®¬ã ¢®§¬®¦−®¬ã ¯¥à¥å®¤ã.
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÷¨á. 2 �¥à¥¨á¯®«ì§®¢�−¨¥ ®¡é¨å í«¥¬¥−â®¢ áâ¥ª®¢

�à®¡«¥¬� â�ª®£® ¯®¤å®¤� á®áâ®¨â ¢ â®¬, çâ® ¤«ï «¥¢®à¥ªãàá¨¢−ëå £à�¬¬�â¨ª
ç¨á«® áâ¥ª®¢ ¬®¦¥â íªá¯®−¥−æ¨�«ì−® §�¢¨á¥âì ®â ¢å®¤−®£® ¯®â®ª�. Š�¦¤ë© à�§
¯à¨ á®§¤�−¨¨ −®¢®£® ¤¥áªà¨¯â®à� ¡ã¤¥â á®§¤�¢�âìáï −®¢ë© áâ¥ª. �¥®¡å®¤¨¬®áâ¨
¯®«−®áâìî ª®¯¨à®¢�âì ¨ ª�¦¤ë© à�§ åà�−¨âì ®â¤¥«ì−® ª�¦¤ë© áâ¥ª −¥â, â�ª ª�ª
ã −¨å ¥áâì ®¡é¨¥ ç�áâ¨. ÷¥è¥−¨¥¬ ¯à®¡«¥¬ë ï¢«ï¥âáï ª®¬¡¨−¨à®¢�−¨¥ áâ¥ª®¢
¢ ®¤¨− á ¨á¯®«ì§®¢�−¨¥¬ áâàãªâãàë ¤�−−ëå GSS (Generic Security Services).
‘ ¯®¬®éìî íâ®© áâàãªâãàë ¬®¦−® ¯à¥¤áâ�¢¨âì áâ¥ª ¢ ¢¨¤¥ £à�ä�. �â® ¯®§¢®«ï¥â
¢¬¥áâ® åà�−¥−¨ï ¢á¥£® áâ¥ª� æ¥«¨ª®¬ åà�−¨âì â®«ìª® ®â¤¥«ì−ãî ¢¥àè¨−ã £à�ä�.
„«ï à�¡®âë á® áâ¥ª®¬ ¨á¯®«ì§ã¥âáï ¤¢¥ äã−ªæ¨¨: create( ) ¤«ï á®§¤�−¨ï −®¢ëå
¢¥àè¨− ¨ pop( ) ¤«ï ¨§êïâ¨ï ¢¥àè¨− á® áâ¥ª�. �� ¢¥àè¨−�å áâ¥ª� åà�−ïâáï
¢®§¢à�â−ë¥ ¬¥âª¨, ¯® ª®â®àë¬ −ã¦−® ¯à®¤®«¦¨âì à�§¡®à ¯®á«¥ â®£®, ª�ª −¥-
â¥à¬¨−�« ¡ã¤¥â à�§®¡à�−. �� à¥¡à�å åà�−ïâáï äà�£¬¥−âë ¤¥à¥¢�, ª®â®à®¥ ¡ë«®
¯®áâà®¥−® −� ¬®¬¥−â á®§¤�−¨ï −®¢®© ¢¥àè¨−ë áâ¥ª�. Š�¦¤�ï ¢¥àè¨−� á®§¤�¥âáï
«¨èì ®¤−�¦¤ë ¨ −¨ª®£¤� −¥ ã¤�«ï¥âáï ¢ ¯à®æ¥áá¥ à�¡®âë �«£®à¨â¬�. �à¨¬¥à
¯¥à¥¨á¯®«ì§®¢�−¨ï ®¡é¨å ç�áâ¥© áâ¥ª®¢ ¯à¥¤áâ�¢«¥− −� à¨á. 2: ¢ à¥§ã«ìâ�â¥
®¡ê¥¤¨−¥−¨ï áâ¥ª®¢ S1, S2 ¨ S3 ¡ã¤¥â ¯®«ãç¥− áâ¥ª S4.

4.2 Компактное представление леса разбора

÷¥§ã«ìâ�â®¬ à�¡®âë ª«�áá¨ç¥áª®£® á¨−â�ªá¨ç¥áª®£® �−�«¨§�â®à� ¤«ï ®¤−®-
§−�ç−ëå £à�¬¬�â¨ª ï¢«ï¥âáï �¡áâà�ªâ−®¥ á¨−â�ªá¨ç¥áª®¥ ¤¥à¥¢®, ª®à¥−ì ª®â®à®£®
¯®¬¥ç¥− áâ�àâ®¢ë¬ −¥â¥à¬¨−�«®¬, � «¨áâìï | â¥à¬¨−�«�¬¨. �â® ¤¥à¥¢® ¨á¯®«ì-
§ã¥âáï ¢ ¤�«ì−¥©è¥¬ ¤«ï �−�«¨§� ¨«¨ âà�−á«ïæ¨¨. Š�ª ã¯®¬¨−�«®áì à�−¥¥, ¤«ï
−¥®¤−®§−�ç−ëå £à�¬¬�â¨ª ¤«ï ®¤−®© ¨ â®© ¦¥ ¢å®¤−®© æ¥¯®çª¨ ¬®¦¥â áãé¥-
áâ¢®¢�âì −¥áª®«ìª® ¤¥à¥¢ì¥¢ à�§¡®à�. „«ï −¥ª®â®àëå £à�¬¬�â¨ª ç¨á«® ¤¥à¥¢ì¥¢
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¬®¦¥â íªá¯®−¥−æ¨�«ì−® §�¢¨á¥âì ®â à�§¬¥à� ¢å®¤�. „«ï â®£® çâ®¡ë ã¬¥−ìè¨âì
®¡ê¥¬ âà¥¡ã¥¬®© ¤«ï åà�−¥−¨ï ¤¥à¥¢ì¥¢ ¯�¬ïâ¨, ¨á¯®«ì§ã¥âáï áâàãªâãà� Shared
Packed Parse Forests (SPPF) [13], ª®â®à�ï ¯®§¢®«ï¥â åà�−¨âì ¤¥à¥¢ìï ¡®«¥¥
ª®¬¯�ªâ−®. ‚ SPPF ã§«ë, ª®â®àë¥ ¨¬¥îâ ®¤¨−�ª®¢ë¥ ¯®¤¤¥à¥¢ìï ¯®¤ −¨¬¨,
¯¥à¥¨á¯®«ì§ãîâáï, � ã§«ë, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ à�§−®¬ã ¢ë¢®¤ã ®¤−®© ¨ â®©
¦¥ æ¥¯®çª¨ ¨§ ®¤−®£® ¨ â®£® ¦¥ −¥â¥à¬¨−�«�, ª®¬¡¨−¨àãîâáï ¢ ã¯�ª®¢�−−ë©
ã§¥«.

‚ �«£®à¨â¬¥ GLL ¨á¯®«ì§ã¥âáï ¡¨−�à¨§¨à®¢�−−�ï ¢¥àá¨ï SPPF [14], ¢ ª®â®-
à®© ¥áâì ¯à®¬¥¦ãâ®ç−ë¥ ã§«ë. ’�ª¨¥ ¯à®¬¥¦ãâ®ç−ë¥ ã§«ë ¯®¬¥ç¥−ë á«®â�¬¨,
â. ¥. ¯à�¢®© ç�áâìî ¯à�¢¨«� £à�¬¬�â¨ª¨ á ãª�§�−¨¥¬ ¯®§¨æ¨¨ ¢ −¥¬. ’�ª¨¬ ®¡à�-
§®¬, ¢ ¡¨−�à¨§¨à®¢�−−®© ¢¥àá¨¨ SPPF áãé¥áâ¢ãîâ ã§«ë âà¥å ¢¨¤®¢: á¨¬¢®«ì−ë¥
ã§«ë ¤«ï â¥à¬¨−�«®¢ ¨«¨ −¥â¥à¬¨−�«®¢, ¯à®¬¥¦ãâ®ç−ë¥ ã§«ë, ¯®¬¥ç¥−−ë¥ á«®-
â�¬¨, ¨ ã¯�ª®¢�−−ë¥ ã§«ë, ª®â®àë¥ ¯®§¢®«ïîâ ¯à¥¤áâ�¢«ïâì −¥áª®«ìª® ¤¥à¥¢ì¥¢
¤«ï ®¤−®© ¨ â®© ¦¥ æ¥¯®çª¨. “ â¥à¬¨−�«ì−ëå ã§«®¢ −¥â ¯®â®¬ª®¢, � ¯®â®¬ª�¬¨
−¥â¥à¬¨−�«ì−ëå ã§«®¢ ï¢«ïîâáï ã¯�ª®¢�−−ë¥ ã§«ë.

4.3 Пример работы алгоритма

—â®¡ë ¯à®¨««îáâà¨à®¢�âì à�¡®âã ®à¨£¨−�«ì−®£® �«£®à¨â¬� ¨ ¯®ª�§�âì, ª�ª
áâà®ïâáï áâ¥ª ¨ «¥á à�§¡®à� ¢ ¯à®æ¥áá¥ ¥£® à�¡®âë, ®¡à�â¨¬áï ª ¯à®áâ®¬ã ¯à¨¬¥àã.
÷�áá¬®âà¨¬ −¥®¤−®§−�ç−ãî £à�¬¬�â¨ªã G0 ¢¨¤�

0 : S ::= S S
1 : S ::= b
2 : START ::= S

‚ à¥§ã«ìâ�â¥ à�¡®âë £¥−¥à�â®à� ¤«ï â�ª®© £à�¬¬�â¨ª¨ ¡ã¤¥â ¯®«ãç¥− á«¥¤ã-
îé¨© ª®¤ (¡®«¥¥ ¯®¤à®¡−® ® £¥−¥à�æ¨¨ ª®¤� ¨§«®¦¥−® ¢ áâ�âì¥ [15]):

read the input into I and set I[m] = $
create GSS node u0 = (L0, 0)
index = 0
GSSNode = u0
cN = emptyAST
cR = emptyAST
setR = empty
setP = empty
goto L_START
L0:
if (IsNotEmpty(setR)) {
Óontext = setR.Dequeue()
index = context.Index
GSSNode = context.Vertex
label = context.Label
cN = context.AST
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cR = dummyAST
} else {
if (there is an SPPF node (START, 0, m)){
report success
} else {report failure}
}

L_START:
if (test(I[index], S, b)) {
add(LS, GSSNode, index, emptyAST)}
L_S:
if (test(I[index], S, b)) {
add(LS1, GSSNode, index, emptyAST)}
if (test(I[index], S, SS)) {
add(LS2, GSSNode, index, emptyAST)}
goto L0
LS1 :
cN = getNodeT(b, index)
index = index + 1
pop(GSSNode, index, cN)
goto L0
LS2 :
GSSNode = create(RS1, GSSNode, index, cN)
goto LS
RS1 :
if (test(I[currentIndex], S, S)) {
GSSNode = create(RS2, GSSNode, index, cN)
goto LS
} else { goto L0 }
RS2 :
pop(GSSNode, index, cN)
goto L0

�� ¢å®¤ â�ª®¬ã á¨−â�ªá¨ç¥áª®¬ã �−�«¨§�â®àã ¯®¤�¥âáï æ¥¯®çª� bbb. �®-
áâà®¥−−ë© ¢ ¯à®æ¥áá¥ à�¡®âë áâ¥ª ¨§®¡à�¦¥− −� à¨á. 3, �. �� ¢¥àè¨−�å áâ¥ª�
åà�−ïâáï ¢®§¢à�â−ë¥ ¬¥âª¨ ¨ ¨−¤¥ªá ¢® ¢å®¤−®¬ ¯®â®ª¥ −� ¬®¬¥−â á®§¤�−¨ï ¢¥à-
è¨−ë. �â¨ ¤¢� ¯�à�¬¥âà� ¯®§¢®«ïîâ ã−¨ª�«ì−® ®¯à¥¤¥«¨âì ¢¥àè¨−ã. �� à¥¡à�å
áâ¥ª� «¥¦�â ç�áâ¨ ¤¥à¥¢�, ª®â®àë¥ ¡ë«¨ ¯®«ãç¥−ë ¤® â®£®, ª�ª −�ç�«áï à�§¡®à
¤�−−®£® −¥â¥à¬¨−�«�. ‚ ¤�−−®¬ ¯à¨¬¥à¥ −� à¥¡à�å «¥¦�â ¤¥à¥¢ìï â®«ìª® â�ª®£®
¢¨¤�, ª�ª ¯®ª�§�−® −� à¨á. 3, ¡. „¥à¥¢ìï, ¯®«ãç�¥¬ë¥ ¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï
äã−ªæ¨¨ pop( ) ¨«¨ create( ), ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ª®â®àëå ¬®¦−® ¯®á¬®âà¥âì
¢ ®à¨£¨−�«ì−®© áâ�âì¥ [14], ¯à¥¤áâ�¢«¥−ë −� à¨á. 3, ¢. (�� à¨á. 3 −� à¥¡à�å
«¥¦¨â null ¤«ï ¯ãáâëå ¤¥à¥¢ì¥¢ ¨«¨ −¥â¥à¬¨−�« á ãª�§�−¨¥¬ á®®â¢¥âáâ¢ãîé¥£®
¨−â¥à¢�«� ¢® ¢å®¤−®¬ ¯®â®ª¥.)
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÷¨á. 3 �à®æ¥áá ¢ë¢®¤� æ¥¯®çª¨ bbb ¨ £à�¬¬�â¨ª¨ G0: (�) GSS; (¡) ¤¥à¥¢ìï, åà�−ïé¨¥áï
−� áâ¥ª¥; (¢) ¤¥à¥¢ìï, ¯®«ãç�¥¬ë¥ ¢ à¥§ã«ìâ�â¥ ®¯¥à�æ¨© pop( ) ¨«¨ create( )

÷¥§ã«ìâ�â®¬ à�¡®âë �−�«¨§�â®à� ï¢«ï¥âáï «¥á à�§¡®à�. ‚ ¤�−−®¬ á«ãç�¥
«¥á à�§¡®à� á®áâ®¨â ¨§ ¤¢ãå ¤¥à¥¢ì¥¢, çâ® ¯à®¨««îáâà¨à®¢�−® −� à¨á. 4. ��
à¨áã−ª¥ ¬¥áâ� −¥®¤−®§−�ç−®áâ¥© ®â¬¥ç¥−ë á¥àë¬ æ¢¥â®¬. �¥â¥à¬¨−�«ì−ë¥
ïç¥©ª¨ ¯®¬¥ç¥−ë ¡ãª¢®© n ¨ ¨¬¥−¥¬ −¥â¥à¬¨−�«�, � ¯®¤ −¨¬¨ −�å®¤ïâáï ã§«ë
á −®¬¥à�¬¨ ¯à®¤ãªæ¨©, ¯® ª®â®àë¬ æ¥¯®çª� ¡ë«� ¢ë¢¥¤¥−�. ’¥à¬¨−�«ì−ë¥
ïç¥©ª¨ ¯®¬¥ç¥−ë ¡ãª¢®© t ¨ â¥à¬¨−�«®¬ ¨ −¥ ¨¬¥îâ ¯®â®¬ª®¢.
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÷¨á. 4 ‘¦�â¨¥ «¥á� à�§¡®à� ¢ SPPF

5 Абстрактный синтаксический анализ

�¡áâà�ªâ−ë© á¨−â�ªá¨ç¥áª¨© �−�«¨§ ¨á¯®«ì§ã¥âáï ¤«ï à�¡®âë á® ¢áâà®¥−−ë-
¬¨ ï§ëª�¬¨ | â�ª¨¬¨ ï§ëª�¬¨, ¢ëà�¦¥−¨ï −� ª®â®àëå á®¡¨à�îâáï ¨§ áâà®ª
¢® ¢à¥¬ï ¨á¯®«−¥−¨ï ¯à®£à�¬¬ë ¨ §�â¥¬ ¯¥à¥¤�îâáï á®®â¢¥âáâ¢ãîé¥¬ã ®ªàã-
¦¥−¨î ¤«ï ¢ë¯®«−¥−¨ï. ‚ëà�¦¥−¨ï −� â�ª¨å ï§ëª�å −�§ë¢�îâáï ¤¨−�¬¨ç¥áª¨
ä®à¬¨àã¥¬ë¬¨ ¢ëà�¦¥−¨ï¬¨, â�ª ª�ª ¤¥©áâ¢¨â¥«ì−®¥ §−�ç¥−¨¥, ¯¥à¥¤�¢�¥¬®¥
−� ¢ë¯®«−¥−¨¥, ¡ã¤¥â ¯®«ãç¥−® â®«ìª® ¢® ¢à¥¬ï ¢ë¯®«−¥−¨ï ®á−®¢−®© ¯à®£à�¬-
¬ë. ��¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¥ ¯à¨¬¥àë ¢áâà®¥−−ëå ï§ëª®¢ | £¥−¥à�æ¨ï
HTML-áâà�−¨æ, ¢áâà®¥−−ë© (¢ C#, Java, PHP) SQL, ¤¨−�¬¨ç¥áª¨© SQL.

’�ª ª�ª ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬ë¥ ¢ëà�¦¥−¨ï | â®¦¥ ª®¤ −� −¥ª®â®à®¬
ï§ëª¥ ¯à®£à�¬¬¨à®¢�−¨ï, â® ¤«ï ®¡¥á¯¥ç¥−¨ï ¥£® −�¤¥¦−®áâ¨ (®âáãâáâ¢¨ï ®è¨-
¡®ª, ®âáãâáâ¢¨ï ¬¥áâ ¯®â¥−æ¨�«ì−ëå ¨−ê¥ªæ¨©), â�ª ¦¥ ª�ª ¨ ¤«ï ®¡ëç−®£® ª®¤�,
−¥®¡å®¤¨¬® ¢ë¯®«−¥−¨¥ à�§«¨ç−ëå �−�«¨§®¢, ¯¥à¢ë¬ è�£®¬ ¬−®£¨å ¨§ ª®â®àëå
ï¢«ï¥âáï á¨−â�ªá¨ç¥áª¨© �−�«¨§. ‡�¤�ç� ®á«®¦−ï¥âáï â¥¬, çâ® �−�«¨§¨à®¢�âì
ª�¦¤®¥ ¢®§¬®¦−®¥ §−�ç¥−¨¥ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£® ¢ëà�¦¥−¨ï −¥æ¥«¥á®-
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®¡à�§−® ¨ ç�áâ® −¥¢®§¬®¦−®, â�ª ª�ª ª®«¨ç¥áâ¢® â�ª¨å §−�ç¥−¨© ¬®¦¥â ¡ëâì
¡¥áª®−¥ç−ë¬. �®íâ®¬ã ¯à¥¤«�£�îâáï ¯®¤å®¤ë, ª®â®àë¥ ¯®§¢®«ïîâ ¯à®¢®¤¨âì
�−�«¨§ −¥ª®â®à®£® ª®¬¯�ªâ−®£® ¯à¥¤áâ�¢«¥−¨ï ¬−®¦¥áâ¢� §−�ç¥−¨© ¢ëà�¦¥−¨ï:
dataflow ãà�¢−¥−¨ï [1], à¥£ã«ïà−®£® ¢ëà�¦¥−¨ï [1].

‘ãé¥áâ¢ã¥â −¥áª®«ìª® ¯®¤å®¤®¢ ª á®§¤�−¨î �¡áâà�ªâ−ëå á¨−â�ªá¨ç¥áª¨å
�−�«¨§�â®à®¢, −® ç�é¥ ¢á¥£® ¨á¯®«ì§ã¥âáï â�¡«¨ç−ë© ¯®¤å®¤. ‚ áâ�âì¥ [1] ®¯¨á�−
¯à¨¬¥à á®§¤�−¨ï â�¡«¨ç−®£® �¡áâà�ªâ−®£® �−�«¨§�â®à� −� ®á−®¢¥ LR-â�¡«¨æ.
‚ áâ�âì¥ [4] ®¯¨á�−® à¥è¥−¨¥, ¯®§¢®«ïîé¥¥ á®§¤�âì �¡áâà�ªâ−ë© �−�«¨§�â®à
−� ®á−®¢¥ ®¡®¡é¥−−®£® �«£®à¨â¬� RNGLR. �®ª�§�−®, çâ® ¨á¯®«ì§®¢�−¨¥ ®¡®¡-
é¥−−®£® �−�«¨§� ¯®§¢®«ï¥â ã«ãçè¨âì �¡áâà�ªâ−ë© �−�«¨§. �â® ¤®áâ¨£�¥âáï ¢®
¬−®£®¬ ¡«�£®¤�àï ¨á¯®«ì§®¢�−¨î áâàãªâãà ¤�−−ëå ¨ á¯®á®¡®¢ ã¯à�¢«¥−¨ï ¨¬¨,
á¢®©áâ¢¥−−ëå ®¡®¡é¥−−®¬ã �−�«¨§ã. GSS ¯®§¢®«ï¥â ¯¥à¥¨á¯®«ì§®¢�âì áâ¥ª¨ ¤«ï
®¡é¨å ç�áâ¥© ¤¨−�¬¨ç¥áª¨ áä®à¬¨à®¢�−−®£® ¢ëà�¦¥−¨ï, � á ¯®¬®éìî SPPF
¬®¦−® ª®¬¯�ªâ−® åà�−¨âì «¥á à�§¡®à�. �â® ¯®§¢®«ï¥â áãé¥áâ¢¥−−® á−¨§¨âì
à�áå®¤ ¯�¬ïâ¨, â�ª ª�ª ¢ ®¡é¥¬ á«ãç�¥ ¯à¨ �−�«¨§¥ ¤¨−�¬¨ç¥áª¨ ä®à¬¨àã¥¬®£®
¢ëà�¦¥−¨ï ¤®«¦−® ¡ëâì ¯®«ãç¥−® ¤¥à¥¢® à�§¡®à� ¤«ï ª�¦¤®£® ¢®§¬®¦−®£® §−�-
ç¥−¨ï ¢ëà�¦¥−¨ï. �¤−�ª® −� ¯à�ªâ¨ª¥ ç�áâ® ®ª�§ë¢�¥âáï, çâ® ¤¥à¥¢ìï ¨¬¥îâ
¬−®£® ®¡é¨å ç�áâ¥©, ª®â®àë¥ ¬®¦−® ¯¥à¥¨á¯®«ì§®¢�âì.

�� ®á−®¢¥ íâ®£® ¦¥ ¯à¨−æ¨¯� ¬®¦−® ¯®áâà®¨âì �¡áâà�ªâ−ë© �−�«¨§�â®à
á ¨á¯®«ì§®¢�−¨¥¬ LL-â�¡«¨æ ¨ �«£®à¨â¬� GLL. …£® ¯à¨¬¥−¥−¨¥ ¤�¥â á«¥¤ãîé¨¥
¯à¥¨¬ãé¥áâ¢�:

(1) ¢ëá®ªãî áª®à®áâì à�¡®âë ¤«ï «¥¢®à¥ªãàá¨¢−ëå £à�¬¬�â¨ª;

(2) ¢®§¬®¦−®áâì ¡®«¥¥ ª�ç¥áâ¢¥−−®© ¨ ¯à®áâ®© ¤¨�£−®áâ¨ª¨ ¨ ¢®ááâ�−®¢«¥−¨ï
¯®á«¥ ®è¨¡®ª.

‚â®à®© ¯ã−ªâ ï¢«ï¥âáï ®á®¡¥−−® ¢�¦−ë¬, â�ª ª�ª ª�ç¥áâ¢¥−−�ï ¨ ¯®−ïâ−�ï ¤«ï
¯®«ì§®¢�â¥«ï ¤¨�£−®áâ¨ª� ®è¨¡®ª ¢ �¡áâà�ªâ−®¬ �−�«¨§¥ áãé¥áâ¢¥−−® §�âàã¤−¥−�
á«®¦−®áâìî áâàãªâãàë ¢å®¤−ëå ¤�−−ëå. �® íâ®© ¯à¨ç¨−¥ ã¯à®é¥−¨¥ ¬¥å�−¨§¬�
¤¨�£−®áâ¨ª¨ ®è¨¡®ª ¯à¨ á®åà�−¥−¨¨ ¨«¨ ¯®¢ëè¥−¨¨ ª�ç¥áâ¢� | ¢�¦−�ï §�¤�ç�.

„«ï ¯®«ãç¥−¨ï ¯¥à¥ç¨á«¥−−ëå ¯à¥¨¬ãé¥áâ¢ ¡ë«� ¯®áâ�¢«¥−� §�¤�ç� á®§¤�−¨ï
â�¡«¨ç−®£® �−�«¨§�â®à� á ¨á¯®«ì§®¢�−¨¥¬ �«£®à¨â¬� ®¡®¡é¥−−®£® −¨áå®¤ïé¥£®
á¨−â�ªá¨ç¥áª®£® �−�«¨§�.

6 Описание модификаций

�®áª®«ìªã ¢ à�¬ª�å à�¡®âë −¥®¡å®¤¨¬® ¡ë«® à¥�«¨§®¢�âì â�¡«¨ç−ë© �−�-
«¨§�â®à, ¯à®æ¥áá à�¡®âë ª®â®à®£® ®â«¨ç�¥âáï ®â ®¯¨á�−−®£® ¢ áâ�âìïå [8, 15],
¢ �«£®à¨â¬ ¡ë«¨ ¢−¥á¥−ë −¥ª®â®àë¥ ¨§¬¥−¥−¨ï.

ƒà�¬¬�â¨ª� ¯¥à¥¤ −�ç�«®¬ à�¡®âë á¨−â�ªá¨ç¥áª®£® �−�«¨§�â®à� ¯à¥¤áâ�¢-
«ï¥âáï ¢ ã¤®¡−®© ¤«ï à�¡®âë á −¥© ä®à¬¥. Š�¦¤®¬ã á¨¬¢®«ã £à�¬¬�â¨ª¨
á®¯®áâ�¢«ï¥âáï ç¨á«®; ¯à�¢¨«� åà�−ïâáï ª�ª ¯�à� ¬�áá¨¢®¢ («¥¢ë¥ ¨ ¯à�¢ë¥
ç�áâ¨). ‚ ª�ç¥áâ¢¥ ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨, ª®â®à�ï −¥®¡å®¤¨¬� ¨−â¥à¯à¥-
â�â®àã ¢ ¯à®æ¥áá¥ à�¡®âë, £¥−¥à¨àãîâáï äã−ªæ¨¨ ¤«ï à�¡®âë á £à�¬¬�â¨ª®©,
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−�¯à¨¬¥à, á®¯®áâ�¢«ïîé¨¥ ç¨á«�¬ ¨å áâà®ª®¢®¥ ¯à¥¤áâ�¢«¥−¨¥, ¨ â�¡«¨æë á¨−-
â�ªá¨ç¥áª®£® �−�«¨§�. ’�¡«¨æë, ª�ª ¨ ¢ ª«�áá¨ç¥áª®¬ LL-�−�«¨§¥, ¨á¯®«ì§ãîâáï
¤«ï ®¯à¥¤¥«¥−¨ï �«ìâ¥à−�â¨¢ë, ¯® ª®â®à®© ¡ã¤¥â ®áãé¥áâ¢«ïâìáï à�§¡®à. ‚ §�-
¢¨á¨¬®áâ¨ ®â á¨¬¢®«� ¢® ¢å®¤−®¬ ¯®â®ª¥ ¨ â¥ªãé¥£® −¥â¥à¬¨−�«� ¢ë¡¨à�¥âáï
�«ìâ¥à−�â¨¢� ¨ ¢ ®ç¥à¥¤ì ¤®¡�¢«ï¥âáï −®¢ë© ¤¥áªà¨¯â®à. ‚ ¬¥áâ�å ª®−ä«¨ªâ®¢
á®§¤�¥âáï ¨ §�¯¨áë¢�¥âáï ¤¥áªà¨¯â®à ¤«ï ª�¦¤®© ¨§ �«ìâ¥à−�â¨¢. ‚ ïç¥©ª�å
â�¡«¨æë åà�−ïâáï −®¬¥à� ¯à®¤ãªæ¨©, ¯® ª®â®àë¬ ®áãé¥áâ¢«ï¥âáï à�§¡®à. ‚ ¤¥-
áªà¨¯â®à�å ¢¬¥áâ® ¬¥âª¨ äã−ªæ¨¨, ª®â®àãî −¥®¡å®¤¨¬® ¢ë§¢�âì, åà�−¨âáï ¯�à�
ç¨á¥«: −®¬¥à ¯à�¢¨«� ¨ ¯®§¨æ¨ï ¢ −¥¬. ’�ª¨¬ ®¡à�§®¬, ¯®á«¥¤®¢�â¥«ì−ë© ¢ë§®¢
äã−ªæ¨© §�¬¥−ï¥âáï −� ®¡å®¤ £à�¬¬�â¨ª¨ á ¨á¯®«ì§®¢�−¨¥¬ ¢å®¤−®© æ¥¯®çª¨.
‚¬¥áâ® −¥áª®«ìª¨å äã−ªæ¨©, á®®â¢¥âáâ¢ãîé¨å −¥â¥à¬¨−�«�¬, ¨á¯®«ì§ã¥âáï ¯�-
à� ¢§�¨¬−® à¥ªãàá¨¢−ëå äã−ªæ¨©: ã¯à�¢«ïîé�ï dispatcher( ) ¨ ®¡à�¡�âë¢�îé�ï
processing( ). ”ã−ªæ¨ï dispatcher( ) ¢ë¯®«−ï¥â âã ¦¥ à®«ì, çâ® ¨ à�−ìè¥: ¨§¢«¥-
ª�¥â ¤¥áªà¨¯â®àë ¨§ ®ç¥à¥¤¨, ãáâ�−�¢«¨¢�¥â §−�ç¥−¨¥ «®ª�«ì−ëå ¯¥à¥¬¥−−ëå
(¯®§¨æ¨ï ¢ £à�¬¬�â¨ª¥, ¯®§¨æ¨ï ¢® ¢å®¤−®¬ ¯®â®ª¥, áâ¥ª ¨ ¤¥à¥¢®) ¨ ¢ë§ë¢�¥â
®¡à�¡�âë¢�îéãî äã−ªæ¨î. �¡à�¡�âë¢�îé�ï ¦¥ äã−ªæ¨ï á®áâ®¨â ¨§ ¯®á«¥-
¤®¢�â¥«ì−®áâ¨ ¨−áâàãªæ¨© if-then-else, ¢ â¥«�å ª®â®àëå á®¤¥à¦¨âáï ª®¤ ¤«ï
®¡à�¡®âª¨ ¢á¥å ¢®§¬®¦−ëå á¨âã�æ¨©.

1. …á«¨ â¥ªãé¨© à�áá¬�âà¨¢�¥¬ë© á¨¬¢®« ¢ £à�¬¬�â¨ª¥ x = A, £¤¥ A |
â¥à¬¨−�«, â® −¥®¡å®¤¨¬® ¯¥à¥©â¨ ª à�áá¬®âà¥−¨î á«¥¤ãîé¥£® á¨¬¢®«�
¢ ¯à�¢¨«¥, � ãª�§�â¥«ì ¢® ¢å®¤−®¬ ¯®â®ª¥ ã¢¥«¨ç¨âì −� ¥¤¨−¨æã.

2. …á«¨ x | íâ® −¥â¥à¬¨−�«ì−ë© á¨¬¢®«, â® ¢ áâ¥ª §�¯¨áë¢�¥âáï â¥ªãé¥¥
¯à�¢¨«® ¨ §�¯®¬¨−�¥âáï ¯®§¨æ¨ï ¢ −¥¬. ‘ ¨á¯®«ì§®¢�−¨¥¬ íâ®© ¨−ä®à¬�-
æ¨¨ ¡ã¤¥â ®áãé¥áâ¢«ïâìáï ®¡à�¡®âª� ¯®á«¥ â®£®, ª�ª −¥â¥à¬¨−�« x ¡ã¤¥â
®¡à�¡®â�− ¤® ª®−æ�. � à�áá¬�âà¨¢�¥¬ë¬ áâ�−®¢¨âáï ¯à�¢¨«®, ¯® ª®â®à®-
¬ã à�áªàë¢�¥âáï x ¢ §�¢¨á¨¬®áâ¨ ®â â¥ªãé¥£® á¨¬¢®«� ¢® ¢å®¤−®¬ ¯®â®ª¥.
“ª�§�â¥«ì ¢® ¢å®¤−®¬ ¯®â®ª¥ ®áâ�¥âáï ¡¥§ ¨§¬¥−¥−¨©.

3. …á«¨ ª�ª®¥-â® ¯à�¢¨«® à�áá¬®âà¥−® ¤® ª®−æ� ¨ â¥ªãé¨© áâ¥ª −¥ ¯ãáâ, â®
¨§¢«¥ª�¥âáï ¤¥áªà¨¯â®à á ¢¥àè¨−ë áâ¥ª� ¨ ¯à®¤®«¦�¥âáï à�¡®â� á íâ¨¬¨
¤�−−ë¬¨.

’�ª¨¬ ®¡à�§®¬, ®¡à�¡�âë¢�îé�ï äã−ªæ¨ï ¯à®áâ® ¢ë¯®«−ï¥â à�§−ë¥ ¤¥©áâ¢¨ï
¢ §�¢¨á¨¬®áâ¨ ®â á¨âã�æ¨¨. ‚ ¤¥áªà¨¯â®à�å ¢¬¥áâ® åà�−¥−¨ï ¬¥âª¨ äã−ªæ¨¨,
¯® ª®â®à®© ¡ã¤¥â ®áãé¥áâ¢«ïâìáï à�§¡®à, â¥¯¥àì åà�−¨âáï ¯�à� ç¨á¥«: −®¬¥à
¯à�¢¨«� ¨ ¯®§¨æ¨ï ¢ −¥¬. ‚ ¯à®æ¥áá¥ à�§¡®à� ãª�§�â¥«ì ¢ £à�¬¬�â¨ª¥ á¤¢¨£�¥âáï.

‚ «¨áâ¨−£¥, ¯à¨¢¥¤¥−−®¬ −¨¦¥, ¯à¥¤áâ�¢«¥− ª®¤ ¯®«ãç¨¢è¥£®áï ¨−â¥à¯à¥â�-
â®à�. ‚á¯®¬®£�â¥«ì−ë¥ äã−ªæ¨¨, â�ª¨¥ ª�ª pop( ), getNodeP( ), getNodeT, add( )
¨ create( ), ®¯¨á�−ë ¢ áâ�âì¥ [15].

ˆ−¨æ¨�«¨§�æ¨ï £«®¡�«ì−ëå ¯¥à¥¬¥−−ëå:

read the input into I and set I[m] := $
label = (startRule, 0)
GSSNode = create dummy GSS

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015 101



‘. ‚. ƒà¨£®àì¥¢, �. Š. ÷�£®§¨−�

cN = dummyAST
cR = dummyAST
setR = empty
setP = empty
condition = false
stop = false
index = 0

“¯à�¢«ïîé�ï äã−ªæ¨ï, ª®â®à�ï ¯à¨ £¥−¥à�æ¨¨ ª®¤� −®á¨«� −�§¢�−¨¥
L Dispatch, ¢ë¯®«−ï¥â ¢á¥ â¥ ¦¥ ¤¥©áâ¢¨ï, çâ® ¨ à�−¥¥:

let rec dispatcher () =
if setR.Count <> 0
then
currentContext := setR.Dequeue()
currentIndex := currentContext.Value.Index
currentGSSNode := currentContext.Value.Vertex
currentLabel := currentContext.Value.Label
currentN := currentContext.Value.Ast
currentR := dummyAST
condition := false

else
stop := true

�¡à�¡�âë¢�îé�ï äã−ªæ¨ï, ¢ë¯®«−ïîé�ï à�§«¨ç−ë¥ ¤¥©áâ¢¨ï ¢ §�¢¨á¨¬®áâ¨
®â á¨âã�æ¨¨:

and processing () =
condition := true
if length rule = 0
then pop !currentGSSNode !currentIndex !currentN
elif length rule <> position
then
if !currentIndex < inputLength
then
if isTerminal curSymbol
then
if curSymbol = curToken
then
if !currentN = dummyAST
then currentN := getNodeT !currentIndex
else currentR := getNodeT !currentIndex
currentIndex := !currentIndex + 1
currentLabel := createNewLabel rule (position + 1)
if !currentR <> dummyAST
then currentN := getNodeP !currentLabel !currentN !currentR
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condition := false
else
let rules = table[curSymbol][curToken]
currentGSSNode :=
create (createNewLabel rule (position + 1))

!currentGSSNode !currentIndex !currentN
if Array.length rules <> 0
then
for rule in rules do
let newLabel = createNewLabel rule 0
addContext newLabel !currentIndex !currentGSSNode dummyAST

else condition := true
else
let curRight = !currentN
let extension = curRight.extension
let resTree = findTree key fam
if key = finalExtension
then resultAST := Some resTree
pop !currentGSSNode !currentIndex resTree

currentN.Value.extension
let control () =
while not !stop do
if !condition then dispatcher() else processing()

control()

’�ª¨¬ ®¡à�§®¬, ¢ �«£®à¨â¬¥ à�áá¬®âà¥−ë ¢á¥ ¢®§¬®¦−ë¥ á¨âã�æ¨¨, ª®â®àë¥
¬®£ãâ ¢®§−¨ª−ãâì ¢® ¢à¥¬ï à�§¡®à�. ‚¬¥áâ® ç�áâ−®£® ¯®¢¥¤¥−¨ï äã−ªæ¨©,
¯®áâà®¥−−ëå ¯® £à�¬¬�â¨ª¥, ¡ë«¨ ¢ë¤¥«¥−ë ®¡é¨¥ á¨âã�æ¨¨.

7 Обсуждение

‚ ¤�−−®© à�¡®â¥ ®¯¨á�− ¯®¤å®¤ ª á®§¤�−¨î â�¡«¨ç−®£® �−�«¨§�â®à� −� ®á−®¢¥
�«£®à¨â¬� GLL. ‚ à�¬ª�å ¯à®¥ªâ� YaccConstructor [2] −� ï§ëª¥ ¯à®£à�¬¬¨à®-
¢�−¨ï F# [16] á®§¤�−� à�¡®ç�ï ¢¥àá¨ï �−�«¨§�â®à�, ª®â®à�ï á¯®á®¡−� à�¡®â�âì
á «¥¢®©, ¯à�¢®© ¨ áªàëâë¬¨ à¥ªãàá¨ï¬¨. Š á®¦�«¥−¨î, ¥£® ¯à®¨§¢®¤¨â¥«ì-
−®áâì −� ¤�−−®¬ íâ�¯¥ −¨¦¥, ç¥¬ ã ¨¬¥îé¥©áï à¥�«¨§�æ¨¨ �«£®à¨â¬� RNGLR.
‚ [17] ¯à¨¢¥¤¥−® áà�¢−¥−¨¥ �−�«¨§�â®à®¢, á®§¤�−−ëå á ¨á¯®«ì§®¢�−¨¥¬ à�§−ëå
�«£®à¨â¬®¢ ®¡®¡é¥−−®£® �−�«¨§�, ¤¥¬®−áâà¨àãîé¥¥, çâ® ¯à®¨§¢®¤¨â¥«ì−®áâì
GLL-�−�«¨§�â®à� §−�ç¨â¥«ì−® ¢ëè¥, ç¥¬ ¯à®¨§¢®¤¨â¥«ì−®áâì RNGLR-�−�«¨§�-
â®à�. ‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï ®¯â¨¬¨§�æ¨ï áâàãªâãà ¤�−−ëå ¤«ï ã«ãçè¥−¨ï
¯à®¨§¢®¤¨â¥«ì−®áâ¨ �−�«¨§�â®à�. ‚ áâ�âì¥, ®¯¨áë¢�îé¥© â¥å−¨ç¥áª¨¥ ¤¥â�-
«¨ à¥�«¨§�æ¨¨ �«£®à¨â¬� GLL, ¯à¥¤áâ�¢«¥−ë ¤®áâ�â®ç−® á«®¦−ë¥ áâàãªâãàë
¤�−−ëå ¤«ï åà�−¥−¨ï ¤¥à¥¢ì¥¢ ¨ áâ¥ª�, ¨á¯®«ì§®¢�−¨¥ ª®â®àëå ¨ ¯«�−¨àã¥âáï
¢ ¤�«ì−¥©è¥¬.
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�� ¤�−−®¬ íâ�¯¥ ã¦¥ ¡ë«¨ ¯à®-

÷¨á. 5 ‘à�¢−¥−¨¥ GLL-�−�«¨§�â®à� (1)
¨ RNGLR-�−�«¨§�â®à� (2)

¨§¢¥¤¥−ë −¥ª®â®àë¥ ®¯â¨¬¨§�æ¨¨, çâ®
¯®§¢®«¨«® §−�ç¨â¥«ì−® ã«ãçè¨âì áª®-
à®áâì à�¡®âë á�¬®© ¯¥à¢®© ¢¥àá¨¨ �−�-
«¨§�â®à�. „«ï åà�−¥−¨ï ¬¥â®ª, −�-
¯à¨¬¥à, ¨á¯®«ì§ãîâáï á¦�âë¥ ç¨á«�,
çâ® ¯®§¢®«ï¥â ¡ëáâà® áà�¢−¨¢�âì ¨å.
„«ï à�¡®âë á ¢¥àè¨−�¬¨ áâ¥ª� â�ª-
¦¥ ¨á¯®«ì§ãîâáï ¤¢� á¦�âëå ç¨á«� |
ª®®à¤¨−�âë ¢ â�¡«¨æ¥. �â® ¯®§¢®«ï¥â
¡ëáâà® ®áãé¥áâ¢«ïâì ¯®¨áª ¨ ®¡à�é¥-
−¨¥ ª −ã¦−®© ¢¥àè¨−¥, � áà�¢−¥−¨¥
¢¥àè¨− ¯à¥¢à�é�¥âáï ¢ ®¡ëç−®¥ áà�¢-
−¥−¨¥ ç¨á¥«. �� à¨á. 5 ®â®¡à�¦¥−ë
à¥§ã«ìâ�âë áà�¢−¥−¨ï ¯à®¨§¢®¤¨â¥«ì-

−®áâ¨ RNGLR-�−�«¨§�â®à� ¨ GLL-�−�«¨§�â®à� −� −¥®¤−®§−�ç−®© «¥¢®à¥ªãàá¨¢-
−®© £à�¬¬�â¨ª¥ G0, ª®â®à�ï à�−¥¥ à�áá¬�âà¨¢�«�áì ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à�.

�®á«¥ íâ®£® −� ¡�§¥ ª«�áá¨ç¥áª®£® �−�«¨§�â®à� −¥®¡å®¤¨¬® ¯®«ãç¨âì �¡-
áâà�ªâ−ë© �−�«¨§�â®à ¤«ï à�¡®âë á® ¢áâà®¥−−ë¬¨ ï§ëª�¬¨. �«£®à¨â¬ RNGLR
¨¬¥¥â á«®¦−®áâ¨ á ¤¨�£−®áâ¨ª®© ®è¨¡®ª, � ¢ �¡áâà�ªâ−®¬ �−�«¨§¥ ¯à®æ¥áá à�-
¡®âë ¨ áâàãªâãà� �−�«¨§�â®à� ãá«®¦−ïîâáï, çâ® ¤¥«�¥â ¤¨�£−®áâ¨ªã ®è¨¡®ª
−¥â®ç−®© [18]. „¨�£−®áâ¨ª� ®è¨¡®ª ¢ ª«�áá¨ç¥áª®¬ LL-�−�«¨§¥ £®à�§¤® ¡®«¥¥
ª�ç¥áâ¢¥−−�ï ¨ ¯à®áâ�ï, ç¥¬ ¢ LR-�−�«¨§¥. �−�«¨§�â®à −� ®á−®¢¥ GLL −�á«¥¤ã¥â
¯à¥¨¬ãé¥áâ¢� LL-�−�«¨§�â®à®¢, ¨ ¯à¥¤¯®«�£�¥âáï, çâ® â�ª¨å ¯à®¡«¥¬ −¥ ¢®§−¨ª-
−¥â ¢ �¡áâà�ªâ−®¬ GLL-�−�«¨§�â®à¥. �¤−�ª® ¤�−−ë© ¢®¯à®á âà¥¡ã¥â ®â¤¥«ì−ëå
¨áá«¥¤®¢�−¨©.
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GENERALIZED TABLE-BASED LL-PARSING

S. V. Grigorev and A. K. Ragozina

Saint-Petersburg State University, 7-9 Universitetskaya Nab., St. Peters-
burg199034, Russian Federation

Abstract: Syntax analysis is an important step of code analysis. The problem is
that the grammars have to be in a form which is deterministic, or at least near-
deterministic for the chosen parsing technique. Generalized parsing algorithms |
Generalized LR and Generalized LL (GLL) | make it possible to remove these
restrictions. Abstract analysis makes it possible to parse embedded languages for
supporting them in IDE, reengineering tasks, or finding vulnerabilities (SQL-
injection). Abstract syntax analysis is based on the classic table-based analysis.
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The generalized algorithm of top-down parsing without the use of predictive
tables was described earlier in order to extend the class of languages processed by
descent analyzers. This paper describes an approach to creation of a table-based
GLL-analyzer based on the proposed algorithm, which will be used later for an
abstract analyzer. This article describes the algorithm of generalized top-down
analysis, its modifications, and the results of comparison with the generalized
bottom-up parsing algorithm, which was implemented earlier.

Keywords: generalized parsing; GLL; RNGLR; abstract parsing; string-
embedded languages

DOI: 10.14357/08696527150106

References

1. Kyung-Goo, D., K. Hyunha, and D. A. Schmidt. 2009. Abstract parsing: Static
analysis of dynamically generated string output using LR-Parsing technology. 16th
Symposium (International) on Static Analysis Proceedings. Berlin: Springer-Verlag.
256{272.

2. YaccConstructor. Available at: http://yaccconstructor.github.io/YaccConstructor/
(accessed February 03, 2015).

3. Scott, E., and A. Johnstone. 2006. Right nulled GLR parsers. ACM Trans. Program.
Lang. Syst. 28(4):577{618. doi: 10.1145/1146809.1146810.

4. Grigoriev, S. V., and I. A. Kirilenko. 2013. GLR-based abstract parsing. 9th Central
& Eastern European Software Engineering Conference in Russia Proceedings. New
York, NY, USA. Article No. 5. 1{9.

5. Rosenkrantz, D. J., and R. E. Stearns. 1969. Properties of deterministic top down
grammars. 1st Annual Symposium on Theory of Computing Proceedings. New York,
NY, USA: ACM. 165{180.

6. Aho, A. V., M. S. Lam, R. Sethi, and J. D. Ullman. 2006. Compilers: Principles,
techniques, and tools. 2nd ed. Boston: Addison-Wesley Longman Publs. Co., Inc.
1184 p.

7. Nederhof, M.-J., and J. J. Sarbo. 1993. Increasing the applicability of LR parsing. 3rd
Workshop (International) on Parsing Technologies. Tilburg. 187{201.

8. Scott, E., and A. Johnstone. 2010. GLL parsing. Electronic Notes Theoretical Com-
puter Sci. 253(7):177{189. doi: 10.1016/j.entcs.2010.08.041.

9. Tomita, M. 1985. Efficient parsing for natural language: A fast algorithm for practical
systems. Norwell: Kluwer Academic Publs. 201 p.

10. ANTLR. Available at: http://www.antlr.org/ (accessed February 03, 2015).
11. Scott, E., and A. Johnstone. 2005. Generalized bottom up parsers with reduced stack

activity. Comput. J. 48(5):565{587. doi: 10.1093/comjnl/bxh102.
12. Scott, E., A. Johnstone., and R. Economopoulos. 2007. BRNGLR: A cubic Tomita-

style GLR parsing algorithm. Acta Inform. 44(6):427{461. doi: 10.1007/s00236-007-
0054-z.

13. Rekers, J. G. 1992. Parser generation for interactive environments. Amsterdam: Uni-
versty of Amsterdam. PhD Thesis. 174 p.

106 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2015 vol 25 no 1



Generalized table-based LL-parsing

14. Scott, E., and A. Johnstone. 2013. GLL parse-tree generation. Sci. Comput. Program.
78(10):1828{1844. doi: 10.1016/j.scico.2012.03.005.

15. Johnstone, A., and E. Scott. 2010. Modelling GLL parser implementations. 3rd
Conference (International) on Software Language Engineering. Berlin: Springer-
Verlag. 42{61.

16. Syme, D., A. Granicz, and A. Cisternino. 2007. Expert F#. New York, NY, USA:
Apress. 609 p.

17. Economopoulos, R. G. 2006. Generalised LR parsing algorithms. London: Department
of Computer Science, Royal Holloway, University of London. PhD Thesis. 232 p.

18. Verbitskaya, E. A. 2014. Diagnostika oshibok pri analize vstroennykh yazykov [Er-
ror detection in string-embedded languages]. St. Petersburg: Saint-Petersburg State
University. Course work. 18 p.

Received January 20, 2015

Contributors

Grigorev Semen V. (b. 1989) | PhD student, Saint-Petersburg State Uni-
versity, 7-9 Universitetskaya Nab., St. Petersburg 199034, Russian Federation;
Semen.Grigorev@jetbrains.com
Ragozina Anastasiya K. (b. 1992) | student, Saint-Petersburg State Uni-
versity, 7-9 Universitetskaya Nab., St. Petersburg 199034, Russian Federation;
ragozina.anastasiya@gmail.com

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2015 vol 25 no 1 107



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2015. ’. 25. ü 1. ‘. 108{126

СИНТЕЗ УСТОЙЧИВЫХ ЛИНЕЙНЫХ ФИЛЬТРОВ
И ЭКСТРАПОЛЯТОРОВ ПУГАЧЁВА ДЛЯ СТОХАСТИЧЕСКИХ

СИСТЕМ С МУЛЬТИПЛИКАТИВНЫМИ
ШИРОКОПОЛОСНЫМИ ШУМАМИ

И. Н. Синицын1, Э. Р. Корепанов2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� â¥®à¨¨ �−�«¨â¨ç¥áª®£® á¨−â¥§� −¥¯à¥àë¢−ëå
¨ ¤¨áªà¥â−ëå à�¢−®¬¥à−® �á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ëå ãá«®¢−®-®¯â¨¬�«ì−ëå
«¨−¥©−ëå ä¨«ìâà®¢ ¨ íªáâà�¯®«ïâ®à®¢ �ã£�çñ¢� (‹”� ¨ ‹��) ¤«ï «¨−¥©−ëå
¤¨ää¥à¥−æ¨�«ì−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ (‘â‘) á «¨−¥©−ë¬¨ ¬ã«ìâ¨¯«¨ª�-
â¨¢−ë¬¨ £�ãáá®¢áª¨¬¨ è¨à®ª®¯®«®á−ë¬¨ èã¬�¬¨, ®¯¨áë¢�îé¨å á®áâ®ï−¨¥
¨ −�¡«î¤¥−¨ï. �à¥¤¯®«�£�¥âáï, çâ® −�¡«î¤¥−¨¥ ¢å®¤¨â ª�ª ¢ ãà�¢−¥−¨¥ á®áâ®-
ï−¨ï, â�ª ¨ ¢ ãà�¢−¥−¨¥ −�¡«î¤¥−¨ï. „®ª�§�−ë â¥®à¥¬ë, «¥¦�é¨¥ ¢ ®á−®¢¥
�«£®à¨â¬®¢ á¨−â¥§� −¥¯à¥àë¢−ëå ãáâ®©ç¨¢ëå ‹”� ¨ ‹��. „®áâ�â®ç−ë¥
ãá«®¢¨ï à�¢−®¬¥à−®© �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ áä®à¬ã«¨à®¢�−ë ¢ ¢¨-
¤¥ âà¥¡®¢�−¨© ¯®«®¦¨â¥«ì−®© ®¯à¥¤¥«¥−−®áâ¨ ¨ à�¢−®¬¥à−®© áâ®å�áâ¨ç¥áª®©
®£à�−¨ç¥−−®áâ¨ −¥ª®â®àëå ¬�âà¨æ, ®âà�¦�îé¨å á¢®©áâ¢� −�¡«î¤�¥¬®áâ¨
¨ ã¯à�¢«ï¥¬®áâ¨. ˆ§«®¦¥−� â¥®à¨ï �−�«¨â¨ç¥áª®£® á¨−â¥§� −¥¯à¥àë¢−ëå
à�¢−®¬¥à−® �á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ëå ‹”� ¨ ‹�� ¯à¨ �¢â®ª®àà¥«¨à®¢�−-
−®¬ è¨à®ª®¯®«®á−®¬ èã¬¥ ¢ −�¡«î¤¥−¨ïå. ÷�áá¬®âà¥−ë �«£®à¨â¬ë á¨−â¥§�
¤¨áªà¥â−ëå à�¢−®¬¥à−® �á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ëå ‹”� ¨ ‹�� ª�ª ¤«ï
¤¨áªà¥â−ëå, â�ª ¨ ¤«ï −¥¯à¥àë¢−ëå ‘â‘ á «¨−¥©−ë¬¨ ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨
èã¬�¬¨. �à¨¢¥¤¥− ¨««îáâà�â¨¢−ë© ¯à¨¬¥à. ‘ä®à¬ã«¨à®¢�−ë −¥ª®â®àë¥
®¡®¡é¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¬ã«ìâ¨¯«¨ª�â¨¢−ë© �¢â®ª®àà¥«¨à®¢�−−ë© è¨à®ª®¯®«®á-
−ë© èã¬; áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬� (‘â‘); â®ç−®áâì ¨ ãáâ®©ç¨¢®áâì ‹”�
¨ ‹��; ãà�¢−¥−¨¥ ÷¨ªª�â¨; ãá«®¢−®-®¯â¨¬�«ì−ë© «¨−¥©−ë© ä¨«ìâà ¨ íªá-
âà�¯®«ïâ®à �ã£�çñ¢� (‹”� ¨ ‹��)

DOI: 10.14357/08696527150107

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï â¥®à¨ï ‹”� ¨ ‹�� ¤«ï «¨−¥©−ëå −¥¯à¥àë¢−ëå ¨ ¤¨á-
ªà¥â−ëå ‘â‘ á �¤¤¨â¨¢−ë¬¨ £�ãáá®¢áª¨¬¨ ¨ −¥£�ãáá®¢áª¨¬¨ è¨à®ª®¯®«®á−ë¬¨
èã¬�¬¨ ¯®¤à®¡−® à�§à�¡®â�−� ¨ à¥�«¨§®¢�−� ¢ ã−¨¢¥àá�«ì−ëå ¨ á¯¥æ¨�«ì−ëå
¯à®£à�¬¬−ëå áà¥¤áâ¢�å (á¬., −�¯à¨¬¥à, [1{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, sinitsin@dol.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, ekorepanov@ipiran.ru
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‘¨−â¥§ ãáâ®©ç¨¢ëå ‹”� ¨ ‹�� ¤«ï ‘â‘ á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ èã¬�¬¨

„«ï ‘â‘ á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ (¯�à�¬¥âà¨ç¥áª¨¬¨) ¡¥«ë¬¨ èã¬�¬¨ ¢ ãà�¢-
−¥−¨ïå á®áâ®ï−¨ï ¨ −�¡«î¤¥−¨ï ¢ [4] ¤«ï ‹”� ¨ ‹�� ¯®«ãç¥−ë á®®â¢¥âáâ¢ã-
îé¨¥ ¬�â¥¬�â¨ç¥áª¨¥ ãà�¢−¥−¨ï ÷¨ªª�â¨ ¤«ï ®æ¥−ª¨ â®ç−®áâ¨ ä¨«ìâà�æ¨¨
¨ íªáâà�¯®«ïæ¨¨.

÷�áá¬�âà¨¢�¥âáï à�§¢¨â¨¥ [4] −� á«ãç�© è¨à®ª®¯®«®á−ëå èã¬®¢ ¤«ï ‹”�
¨ ‹��. �� ®á−®¢¥ ¨§¢¥áâ−ëå á¢®©áâ¢ ¬�âà¨ç−ëå ãà�¢−¥−¨© ÷¨ªª�â¨ ¯®«ãç¥−ë
¤®áâ�â®ç−ë¥ ãá«®¢¨ï à�¢−®¬¥à−®© �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ −¥¯à¥àë¢−ëå
¨ ¤¨áªà¥â−ëå ‹”� ¨ ‹�� ¨ �«£®à¨â¬ë ¨å á¨−â¥§�. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−®
á«ãç�î �¢â®ª®àà¥«¨à®¢�−−ëå èã¬®¢ ¢ −�¡«î¤¥−¨ïå. �à¨¢®¤¨âáï ¯à¨¬¥à.

2 Синтез устойчивых линейных фильтров Пугачёва

÷�áá¬®âà¨¬ −�¡«î¤�¥¬ãî −¥¯à¥àë¢−ãî ‘â‘ á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ ¨ �¤¤¨-
â¨¢−ë¬¨ −¥£�ãáá®¢áª¨¬¨ è¨à®ª®¯®«®á−ë¬¨ èã¬�¬¨, ®¯¨áë¢�¥¬ãî á«¥¤ãîé¨¬¨
áâ®å�áâ¨ç¥áª¨¬¨ ¤¨ää¥à¥−æ¨�«ì−ë¬¨ ãà�¢−¥−¨ï¬¨ ˆâ®:

‘Xt = aYt + a1Xt + a0 +

(

c10 +

ny
∑

r=1

c1rYr +

nx
∑

r=1

c1,ny+rXr

)

Ut, Xt0 = X0; (1)

‘Yt = bYt + b1Xt + b0 +

(

c20 +

ny
∑

r=1

c2rYr +

nx
∑

r=1

c2,ny+rXr

)

Ut, Yt0 = Y0, (2)

£¤¥ Xt ¨ Yt | ¢¥ªâ®àë á®áâ®ï−¨ï ¨ −�¡«î¤¥−¨ï (dimXt = nx, dimYt = ny); a0,
b0, a, a1, b, b1 ¨ cij (i = 1, 2, j = 1, . . . , nx)| ¢¥ªâ®à−®-¬�âà¨ç−ë¥ äã−ªæ¨¨ t,

−¥ §�¢¨áïé¨¥ ®â Xt = [X1 · · ·Xnx ]
T ¨ Yt =

[

Y1 · · ·Yny

]T
; Vt | ¢¥ªâ®à−ë©

£�ãáá®¢áª¨© è¨à®ª®¯®«®á−ë© èã¬ (dimUt = nU ), ®¡«�¤�îé¨© ª®−¥ç−ë¬¨
ª®¢�à¨�æ¨®−−ë¬¨ ¬®¬¥−â�¬¨ KU (t, t′).

’®£¤�, á«¥¤ãï [1, 2], §�¬¥−¨¢ áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá (‘â�) Ut íª¢¨¢�-
«¥−â−ë¬ (¯® ªà¨â¥à¨î á®¢¯�¤¥−¨ï ª®¢�à¨�æ¨®−−ëå ¬®¬¥−â®¢) ¡¥«ë¬ èã¬®¬ VÜ
á ¨−â¥−á¨¢−®áâìî νÜ:

Ut = VÜ , νÜ = νÜ(t) =

∞
∫

−∞

KU (t, t′) dt′ , (3)

¯à¨¤¥¬ ª á«¥¤ãîé¨¬ à¥§ã«ìâ�â�¬:

‘�
tX =
(

aYt + a1 �Xt + a0

)

+ βt

[

‘Yt −
(

bYt + b1 �Xt + b0

)]

; (4)

βt =
(

Rtb
T
1 + σ12

)

σ−1
22 ; (5)

‘Rt = a1Rt +Rta
T
1 −

(

Rtb
T
1 + σ12

)

σ−1
22 (b1Rt + σ21) + σ11 ; (6)
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σ11 =

(

c10 +

ny+nx
∑

r=1

c1rmr

)

νÜ

(

cT10 +

ny+nx
∑

r=1

cT1rmr

)

+

ny+nx
∑

r,s=1

c1rνíc
T
1skrs ; (7)

σ12 =

(

c10 +

ny+nx
∑

r=1

c1rmr

)

νÜ

(

cT20 +

ny+nx
∑

r=1

cT2rmr

)

+

ny+nx
∑

r,s=1

c1rνíc
T
2skrs ; (8)

σ22 =

(

c20 +

ny+nx
∑

r=1

c2rmr

)

νÜ

(

cT20 +

ny+nx
∑

r=1

cT2rmr

)

+

ny+nx
∑

r=1

c2rνÜc
T
2skrs ; (9)

σ21 =

(

cT20 +

ny+nx
∑

r=1

cT2rmr

)

νí

(

cT10 +

ny+nx
∑

r=1

cT1rmr

)

+

ny+nx
∑

r,s=1

c2rνíc
T
1skrs , (10)

£¤¥ �Xt | ®æ¥−ª� Xt; Rt | ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� ®è¨¡ª¨ ä¨«ìâà�æ¨¨ “Xτ =

= �Xτ − Xt.
�à¨ íâ®¬ ¢¥à®ïâ−®áâ−ë¥ ¬®¬¥−âë ¯¥à¢®£® ¨ ¢â®à®£® ¯®àï¤ª� mt = [mr],

Kt = [krs] á®áâ�¢−®£® ¢¥ªâ®à�
[

�X1 · · · �XnxY1 · · · Yny

]T
(r, s = 1, . . . , ny + nx)

®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨ ãà�¢−¥−¨ï¬¨:

‘mt = amt + a0 ; (11)

‘Kt = aKt +Kta
T + c0νÜc

T
0 +

ny+nx
∑

r=1

(

c0νíc
T
r + crνíc

T
0

)

mr +

+

ny+nx
∑

r,s=1

crνÜc
T
s (mrms + krs) , (12)

£¤¥

a =

[

b b1
a a1

]

; a0 =

[

b0
a0

]

; cr =

[

c2r
a1r

]

; r = 0, 1, . . . , ny + nx .

„�«¥¥, ¯à¨¬¥−ïï ¨§¢¥áâ−®¥ ¬�âà¨ç−®¥ −¥à�¢¥−áâ¢® [2, 5{7] ª ãà�¢−¥−¨î ÷¨ªª�-
â¨ (6), ¯®«ãç¨¬ ∀t ≥ t0

0 ≤ Rt(R0, t0) ≤ u(t, t0)R0u
T(t, t0) +

t
∫

t0

u(t, τ)�σ11u(t, τ)
T dτ =

= u(t, t0)R0u(t, t0)
T +W(t0, t) .

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï: R0 = Rt0; u(t, t0) | äã−¤�¬¥−â�«ì−�ï
¬�âà¨æ� ãà�¢−¥−¨ï
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‘¨−â¥§ ãáâ®©ç¨¢ëå ‹”� ¨ ‹�� ¤«ï ‘â‘ á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ èã¬�¬¨

‘Z = �a1Z , �a1 = a1 − σ12σ
−1
22 b1 ; (13)

W(t − t′, t) =

t
∫

t−t′

u(t, τ)�σ11(τ)u(t, τ)
T dτ ; (14)

�σ11 = σ11 − σ12σ
−1
22 σ21 .

��ª®−¥æ, ®¡®¡é�ï ¯®−ïâ¨ï à�¢−®¬¥à−®© −�¡«î¤�¥¬®áâ¨ ¨ ã¯à�¢«ï¥¬®áâ¨ [2,
5{7], ¢¢¥¤¥¬ ¯®−ïâ¨¥ à�¢−®¬¥à−®© ®£à�−¨ç¥−−®áâ¨

0 < α1In ≤ W(t − t′, t) ≤ α2In ∀ t ≥ t0 + t′ , (15)

£¤¥ α1, α2 ¨ t′ | ¯®áâ®ï−−ë¥; n = ny + nx; In | ¥¤¨−¨ç−�ï ¬�âà¨æ�.
’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ �−�«¨â¨ç¥áª®£® á¨−â¥§� à�¢−®¬¥à−® �á¨¬¯â®â¨ç¥áª¨

ãáâ®©ç¨¢®£® ‹”� «¥¦¨â á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 2.1. �ãáâì ¯à®æ¥ááë Xt ¨ Yt ¢ ¤¨ää¥à¥−æ¨�«ì−®© ‘â‘ (1){(3)
®¡«�¤�îâ ª®−¥ç−ë¬¨ ª®¢�à¨�æ¨®−−ë¬¨ ¬®¬¥−â�¬¨, � ¬�âà¨æ� σ22 (9) −¥
¢ëà®¦¤¥−� (det σ22 6= 0). ’®£¤� ‹”� (4) ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ (5){(12),
� ¥£® â®ç−®áâì | ¬�âà¨ç−ë¬ ãà�¢−¥−¨¥¬ ÷¨ªª�â¨ (6). „«ï ®¡¥á¯¥ç¥−¨ï

à�¢−®¬¥à−®© �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ‹”� (4) ¯à¨ Yt = 0, ‘Yt = 0
(â. ¥. ãáâ®©ç¨¢®áâ¨ ®¤−®à®¤−®£® ãà�¢−¥−¨ï (13)) ¤®áâ�â®ç−® ¯®«®¦¨â¥«ì−®©
®¯à¥¤¥«¥−−®áâ¨ ¬�âà¨æë (14) ¨ ¥¥ à�¢−®¬¥à−®© ®£à�−¨ç¥−−®áâ¨ (15).

‡�¬¥ç�−¨¥ 2.1. ”¨«ìâà, ®¯à¥¤¥«ï¥¬ë© ãà�¢−¥−¨¥¬ (4), ®¯â¨¬�«¥− ¢ ª«�áá¥ ¢á¥å
«¨−¥©−ëå ä¨«ìâà®¢, ¯à¨ç¥¬ ‹”� ï¢«ï¥âáï ®¯â¨¬�«ì−ë¬ ¨ ¢ ¡®«¥¥ è¨à®ª®¬
ª«�áá¥ ¢á¥å «¨−¥©−ëå ä¨«ìâà®¢. ‚ ç�áâ−®¬ á«ãç�¥ «¨−¥©−®© ‘â‘ (1) ¨ (2) ¡¥§
¬ã«ìâ¨¯«¨ª�â¨¢−ëå èã¬®¢ ãà�¢−¥−¨ï (4) ¨ (6) á®¢¯�¤�îâ á ãà�¢−¥−¨ï¬¨ â¥®à¨¨
®¯â¨¬�«ì−®© «¨−¥©−®© ä¨«ìâà�æ¨¨ [1, 3]. „«ï ¢¨−¥à®¢áª®£® ¯à®æ¥áá� W0(t)
¯à¨ ®âáãâáâ¢¨¨ ¬ã«ìâ¨¯«¨ª�â¨¢−ëå èã¬®¢ ‹”� ®ª�§ë¢�¥âáï ®¯â¨¬�«ì−ë¬
¨ ¢ ª«�áá¥ ¢á¥å ¢®§¬®¦−ëå ä¨«ìâà®¢.

‡�¬¥ç�−¨¥ 2.2. �á®¡¥−−®áâìî ‹”� ï¢«ï¥âáï â® ®¡áâ®ïâ¥«ìáâ¢®, çâ® mr = mrt,
Kr = Krt ¨ R = Rt ¬®£ãâ ¡ëâì ¢ëç¨á«¥−ë §�à�−¥¥ ¢® ¢à¥¬ï á¨−â¥§� ‹”�, â�ª
ª�ª −¥ âà¥¡ãîâ §−�−¨ï à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨©.

‘«ãç�© −¥§�¢¨á¨¬ëå �¤¤¨â¨¢−ëå ¨ ¬ã«ìâ¨¯«¨ª�â¨¢−ëå £�ãáá®¢áª¨å ¡¥«ëå
èã¬®¢ VÜ1 ¨ VÜ2 á®®â¢¥âáâ¢¥−−® ¢ ãà�¢−¥−¨ïå á®áâ®ï−¨ï ¨ −�¡«î¤¥−¨ï ¯®«ãç�¥âáï
−� ®á−®¢¥ ãà�¢−¥−¨© (1) ¨ (2), ¥á«¨ ¯à¨−ïâì

VÜ =
[

V TÜ1V
T
Ü2

]T
; νÜ =

[

νÜ1 0
0 νÜ2

]

; (16)
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(

ci0 +

ny
∑

r=1

cirYr +

nx
∑

s=1

ci,ny+rXr

)

VÜ =

=

(

c′i0 +

ny
∑

r=1

c′irYr +

nx
∑

s=1

c′i,ny+rXr

)

VÜi ; (17)

σii =

(

c′i0 +

ny+nx
∑

r=1

c′irmr

)

νÜi

(

c
′T
i0 +

ny+nx
∑

r=1

c
′T
ir mr

)

, σij = σji = 0 (i 6= j) ;

�σ11 = σ11 ; (18)

βt = Rtb
T
1 σ−1
22 . (19)

’®£¤� ¡ã¤¥â ¨¬¥âì ¬¥áâ®

’¥®à¥¬� 2.2. �ãáâì ¯à®æ¥ááë Xt ¨ Yt ¢ á¨áâ¥¬¥ (1){(3) ¯à¨ ãá«®¢¨ïå (16), (17)
®¡«�¤�îâ ª®−¥ç−ë¬¨ ª®¢�à¨�æ¨®−−ë¬¨ ¬®¬¥−â�¬¨, � ¬�âà¨æ� σ22 −¥ ¢ëà®¦¤¥-
−� (det σ22 6= 0). ’®£¤� «¨−¥©−ë© ãá«®¢−®-®¯â¨¬�«ì−ë© ä¨«ìâà ®¯à¥¤¥«ï¥âáï
ãà�¢−¥−¨¥¬ (5) ¯à¨ ãá«®¢¨¨ (19), � ¥£® â®ç−®áâì | ¬�âà¨ç−ë¬ ãà�¢−¥−¨-
¥¬ (9). „«ï ®¡¥á¯¥ç¥−¨ï à�¢−®¬¥à−®© �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ‹”� (4)
¤®áâ�â®ç−® ¯®«®¦¨â¥«ì−®© ®¯à¥¤¥«¥−−®áâ¨ ¬�âà¨æë (14) ¯à¨ ãá«®¢¨ïå (18)
¨ (15).

‡�¬¥ç�−¨¥ 2.3. „«ï á¨−â¥§� áâ�æ¨®−�à−ëå ‹”� á®£«�á−® �«£®à¨â¬�¬ â¥®-
à¥¬ 2.1 ¨ 2.2 ¨á¯®«ì§ã¥âáï áâ�æ¨®−�à−®¥ ãà�¢−¥−¨¥ ÷¨ªª�â¨, ¯®«ãç�¥¬®¥ ¨§ (6)
¯à¨ Rt = R∗, � â�ª¦¥ mt = m∗, Kt = K∗.

3 Синтез устойчивых линейных экстраполяторов Пугачёва

�¡®¡é�ï [1, 3] −� á«ãç�© è¨à®ª®¯®«®á−ëå èã¬®¢ U1t ¨ U2t ¢¨¤� (3) ¨ á ãç¥â®¬
â¥®à¥¬ë 2.2, ¯à¨¤¥¬ ª á«¥¤ãîé¥¬ã ãâ¢¥à¦¤¥−¨î.

’¥®à¥¬� 3.1. �ãáâì ¯à®æ¥ááë Xt, Yt ¢ ãà�¢−¥−¨ïå

‘Xt = a1Xt + a0 +

(

c10 +

nx
∑

r=1

c1,ny+rXr

)

U1t , Xt0 = X0 ;

‘Yt = bYt + b1Xt + b0 +

(

c20 +

ny
∑

r=1

c2rYr +

nx
∑

r=1

c2,ny+rXr

)

U2t , Yt0 = Y0 ,

£¤¥ Uit (i = 1, 2) | −¥§�¢¨á¨¬ë¥ è¨à®ª®¯®«®á−ë¥ £�ãáá®¢áª¨¥ ‘â�, ¤«ï
ª®â®àëå ¨−â¥−á¨¢−®áâ¨ νÜi = νÜi(t) ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬ (3) ¨ ¨¬¥îâ
ª®−¥ç−ë¥ ª®¢�à¨�æ¨®−−ë¥ ¬®¬¥−âë. ’®£¤� ãà�¢−¥−¨ï ‹�� ¨¬¥îâ ¢¨¤:
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‘�Xt =
[

a1(t+–) �Xt + a0(t+–)
]

+

+ βt

[

‘Yt − (bYt + b1ε
−1
t
�Xt + b0 − b1ε

−1
t ht)

]

; (20)

εt = u(t+–, t) , (21)

£¤¥ u(t, τ) | äã−¤�¬¥−â�«ì−�ï ¬�âà¨æ� ãà�¢−¥−¨ï

‘ut = a1(t)ut ;

ht = h(t) =

t+–
∫

t

u(t+–, τ)a0(τ) dτ . (22)

�¥®¡å®¤¨¬ë¥ ¤«ï ¢ëç¨á«¥−¨ï σ22 ¯® ä®à¬ã«�¬ (9) ¨ βt ¯® ä®à¬ã«�¬ (6) ¢¥-
à®ïâ−®áâ−ë¥ ¬®¬¥−âë ¬®¦−® −�©â¨ ¨§ ãà�¢−¥−¨© (11), (12) ¤«ï á®áâ�¢−®£®

¢¥ªâ®à�
[

Y Tt XTt �X
T
t

]T
. ÷®«ì ¬�âà¨æ c1r, c2r ¨£à�îâ ¬�âà¨æë [0 c1r] ¨ [c2r 0],

� ¬�âà¨æ� ν ¤¨�£®−�«ì−�. �à¨ íâ®¬ â®ç−®áâì íªáâà�¯®«ïæ¨¨ ®¯à¥¤¥«ï¥âáï
¯ãâ¥¬ ¨−â¥£à¨à®¢�−¨ï á«¥¤ãîé¥£® ãà�¢−¥−¨ï:

‘RÜt = A–RÜt +RÜtA
T
– +RÜtB–RÜt + C– .

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

A– = a1(t+–) ; B– = bT1 σ22,2σ
T
22,2b1 ;

C– =



c10(t+–) +

ny+nx
∑

r=ny+1

c12(t+–)mr(t+–)



×

× νÜ2(t+–)



c10(t+–)
T +

ny+1
∑

r=ny+1

c12(t+–)
Tmr(t+–)



+

+

ny+nx
∑

r=ny+1

c1r(t+–)νÜ2(t+–)c1s(t+–)
Tkrs ;

σ22,2 =

(

c20 +

ny+nx
∑

r=1

c2rmr

)

νÜ2

(

cT20 +

ny+nx
∑

r=1

cT2rmr

)

+

ny+nx
∑

r=1

c2rνÜ2c
T
2srrs, (23)

¯à¨ç¥¬ ¤«ï ®¡¥á¯¥ç¥−¨ï à�¢−®¬¥à−®© �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ¤®áâ�-
â®ç−® ¢ë¯®«−¥−¨ï ãá«®¢¨©:

0 < α1In ≤ W–
(

t − t′, t
)

≤ α2In .
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‡¤¥áì

W–(t − t′, t) =

t
∫

t−t′

u–(t, τ)C(τ)u–(t, τ)T dτ ,

£¤¥ u–(t, τ) | äã−¤�¬¥−â�«ì−�ï ¬�âà¨æ� ¤«ï ãà�¢−¥−¨ï

‘Z = A–Z . (24)

‡�¬¥ç�−¨¥ 3.1. ˆ§ (20) ¢¨¤−®, çâ® ‹�� ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¯®á«¥¤®-
¢�â¥«ì−®£® ‹”�, ãá¨«¨â¥«ï á ª®íää¨æ¨¥−â®¬ ãá¨«¥−¨ï εt (21) ¨ áã¬¬�â®à�,
¢¢®¤ïé¥£® −¥á«ãç�©−®¥ á«�£�¥¬®¥ ht (22). ��©¤¥−−ë© ‹�� ®¯â¨¬�«¥− ¢ ª«�áá¥
¢á¥å «¨−¥©−ëå íªáâà�¯®«ïâ®à®¢ [1{3].

‡�¬¥ç�−¨¥ 3.2. ‘à�¢−¨¢�ï (12) ¨ (24), §�ª«îç�¥¬, çâ® ¤«ï ãáâ®©ç¨¢®áâ¨ ‹��
¤®áâ�â®ç−® ãáâ®©ç¨¢®áâ¨ ‹”�.

4 Синтез устойчивых линейных фильтров Пугачёва
при автокоррелированном шуме в наблюдениях

‘«¥¤ãï [1, 3] á ãç¥â®¬ (3), à�áá¬®âà¨¬ −¥¯à¥àë¢−ãî ¤¨ää¥à¥−æ¨�«ì−ãî ‘â‘
á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ è¨à®ª®¯®«®á−ë¬¨ èã¬�¬¨ ¯à¨ �¢â®ª®àà¥«¨à®¢�−−®¬
èã¬¥ ¢ −�¡«î¤¥−¨ïå, ®á−®¢ë¢�ïáì −� á«¥¤ãîé¨å ãà�¢−¥−¨ïå:

‘Xt = a11Yt + a12Xt + a13Nt + a10 +

+

(

c10 +

ny
∑

r=1

c1rYr +

nx
∑

r=1

c1,ny+rXr +

nN
∑

r=1

c1,ny+nx+rNr

)

Ut ; (25)

‘Yt = b11Yt + b12Xt + b13Nt + b10 ; (26)
‘Nt = a21Yt + a22Xt + a23Nt + a23 +

+

(

c20 +

ny
∑

r=1

c2rYr +

nx
∑

r=1

c2,ny+rXr +

nN
∑

r=1

c2,ny+nx+rNr

)

Ut ;

(27)

‘�Xt = αt

[

Y
(1)T
t · · ·Y (s)Tt Y Tt �X

T
t

]T
+ βt

‘Y
(s)
t + γt . (28)

‡¤¥áì Ut | £�ãáá®¢áª¨© è¨à®ª®¯®«®á−ë© èã¬, ®¯à¥¤¥«¥−−ë© ¢ à�§¤. 2. ˆá-
¯®«ì§ãï à¥§ã«ìâ�âë [1, 3], ®¯à¥¤¥«¨¬ ¯à®¨§¢®¤−ë¥

Y
(k)
t = bk1Yt + bk2Xt + bk3Nt + bk0 (k = 1, . . . , s) ; (29)
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‘Y
(k)
t = bs+1,1Yt + bs+1,2Xt + bs+1,3Nt + bs+1,0 +

+

(

c30 +

ny
∑

r=1

c3rYr +

nx
∑

r=1

c3,ny+rXr +

nN
∑

r=1

c3,ny+nx+rNr

)

VÜ , (30)

£¤¥ VÜ | íª¢¨¢�«¥−â−ë© £�ãáá®¢áª¨© ¡¥«ë© èã¬, � äã−ªæ¨¨ ¢à¥¬¥−¨ bkl ®¯à¥¤¥-
«ïîâáï à¥ªãàà¥−â−®© ä®à¬ã«®©

bk+1,l = bk1b1l + bk2a1l + bk3a2l + ‘bkl (l = 0, 1, 2, 3; k = 1, . . . , s) , (31)

�

csr = bs2c1r + bs3c2r (r = 0, 1, . . . , ny + nx + nN ) ;

Zt =
[

Y
(1)T
t · · · Y (s)Tt

]T
= �b1Yt +�b2Xt +�b3Nt +�b0 ;

�bl =
[

bT1l · · · bTsl
]T
(l = 0, 1, 2, 3) . (32)

ˆ§ (27) ¨ (30), ãç¨âë¢�ï −¥á¬¥é¥−−®áâì ®æ¥−ª¨ �Xt ¨ à�¢¥−áâ¢� Kxy = K�xy,
Kx�x = K�x, −�©¤¥¬

βt =
[

Rtb
T
s+1,2 + (Kxn − K�xn)b

T
s1,3 + ζ13

]

ζ−133 . (33)

‡¤¥áì Rt = Kx −K�x | ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� ®è¨¡ª¨ ä¨«ìâà�æ¨¨ á á®®â¢¥â-
áâ¢ãîé¨¬¨ ¨−¤¥ªá�¬¨. ÷�áá¬®âà¨¬ ª®¢�à¨�æ¨®−−ë¥ ¨ ¢§�¨¬−ë¥ ª®¢�à¨�æ¨®−-
−ë¥ ¬�âà¨æë á«¥¤ãîé¨å á«ãç�©−ëå ¢¥ªâ®à®¢:

ζij = ci0νÜc
T
j0 +

ny+nx+nN
∑

r=1

(cirνÜc
T
j0 + ci0νÜc

T
jr)mr +

+

ny+nx+nN
∑

r=1

cirνÜc
T
jq(mrmq + krq) (i, j = 1, 2, 3) ,

£¤¥ mr ¨ krq (r, q = 1, . . . , ny+nx+nN)| ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï ª®¬¯®−¥−â

á«ãç�©−®£® ¢¥ªâ®à�
[

Y Tt XTt NTt
]T

¨ í«¥¬¥−âë ¥£® ª®¢�à¨�æ¨®−−®© ¬�âà¨æë.
Œ�âà¨æ� αt = [α1α2α3] ¢ (4) ®¯à¥¤¥«ï¥âáï ¨§ à�¢¥−áâ¢ Kzx = K�xz, Kxy =

= K�xy, Kx�x = K�x á ãç¥â®¬

κ11 =





Kz Kzy Kz�x

Kyz Ky Ky�x

K�xz K�xy K�x





¨§ á¨áâ¥¬ë ãà�¢−¥−¨©
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α1Kz + α2Kyz + α3K�xz =

= (a11 − βtbs+1,1)Kyz + (a12 − βtbs+1,2)K�xz + (a13 − βtbs+1,3)Knz ;

α1Kzy + α2Ky + α3K�xy =

= (a11 − βtbs+1,1)Ky + (a12 − βtbs+1,2)K�xy + (a13 − βtbs+1,3)Kny ;
α1Kz�x + α2Ky�x + α3K�x =

= (a11 − βtbs+1,1)Ky�x + (a12 − βtbs+1,2)K�x + (a13 − βtbs+1,3)Kn�x .







































(34)

��ª®−¥æ, ãç¨âë¢�ï á®®â−®è¥−¨ï

Kzy = �b1Ky +�b2K�xy +�b3Kny ,

Kz�x = �b1Ky�x +�b2K�x +�b3Kn�x ;

}

(35)

Kz = Kzy
�bT1 +Kz�x

�bT2 +Kzn
�bT3 ; Kyz = Ky

�bT1 +Ky�x
�bT2 +Kyn

�bT3 ;

K�xz = K�xy
�bT1 +K�x�b

T
2 +K�xn

�bT3 ; Knz = Kny
�bT1 +Kn�x

�bT2 +Kn
�bT3 ;

Kzx = Kz�x ; Kyx = Ky�x ; Kx�x = K�x ;

α1(�b3 �Kn
�bT3 − �b2Rt

�bT2 ) = (a13 − βtbs+1,3)
[

�Kn
�bT3 + (Knx − Kn�x)�b

T
2

]

; (36)

�Kn = Kn − [Kyn K�xn] �κ
−1
11

[

KTyn KT�xn

]T
; (37)

�κ11 =

[

Ky Ky�x

K�xy K�x

]

; (38)

[

α2 + α1�b1 α3 + α1�b2
]

= [(a11 − βtbs+1,1)a12 − bs+1,2] +

+ (a13 − α1�b3 − βtbs+1,3) [Kny Kn�x] �κ
−1
11 ; (39)

γt = a10 − βtbs+1,0 + (a13 − βtbs+1,3 − α1�b3) �mn , (40)

£¤¥

�mn = mn − [Kyn K�xn] �κ
−1
11

[

mTy mTx

]

; (41)

Kt =





Ky Kyx Kyn

Kxy Kx Kxn

Kny Knx Kn



 ; K�xn = Kn�x ; (42)

‘mt = Amt +A0 ; (43)
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‘Kt = AKt +KtA
T + c0νÜc

T
0 +

ny+nx+nN
∑

r=1

(c0νÜc
T
r + crνÜc

T
0 )mr +

+

ny+nx+nN
∑

r,q=1

crνÜc
T
q (mrmq + krq) , (44)

�

A =

[

b11 b12 b13
a11 a12 a13
a21 a22 a23

]

; A0 =

[

b10
a10
a20

]

; cr =

[

0
c1r
c2r

]

r = 0, 1, . . . , ny + nx + nN ,

¯®«ãç¨¬ ¨áª®¬ë¥ ãà�¢−¥−¨ï ‹”�. �à¨ íâ®¬ ¤«ï −�å®¦¤¥−¨ï ãà�¢−¥−¨ï ¤«ï
ª®¢�à¨�æ¨®−−®© ¬�âà¨æë ®è¨¡ª¨ Rt ¯®«ãç�¥¬ ãà�¢−¥−¨¥

‘Rt = a12Rt+Rta
T
12+a13(Knx −Kn�x)+ (Kxn −K�xn)a

T
13−βtζ33β

T
t + ζ11 . (45)

��ª®−¥æ, ¤«ï −�å®¦¤¥−¨ï ãà�¢−¥−¨ï ¤«ï K�xn á«¥¤ã¥â á®áâ�¢¨âì ãà�¢−¥−¨¥ ¤«ï

ª®¢�à¨�æ¨®−−®© ¬�âà¨æë á®áâ�¢−®£® ¢¥ªâ®à�
[

Y Tt XTt NTt �X
T
t

]T
:

‘K�xn = α3K�xn +K�xnaT23 + (Kx − Rt)a
T
22 +Kxya

T
21 +

+ (α2 + α1�b1 + βtbs+1,1)Kyn + (α1�b2 + βtbs+1,2)Kxn +

+ (α1�b3 + βtbs+1,3)Kn + βtσ22 . (46)

�à¨ íâ®¬ ãçâ¥−®, çâ® K�x = Kx − Rt; K�xy = Kxy.
’�ª¨¬ ®¡à�§®¬, ¯ãâ¥¬ ®¡®¡é¥−¨ï [1, 3] −� á«ãç�© −¥£�ãáá®¢áª®£® ¡¥«®£®

èã¬� (3) ¨ �¢â®ª®àà¥«¨à®¢�−−®£® èã¬� ¢ −�¡«î¤¥−¨ïå ¯à¨å®¤¨¬ ª ãâ¢¥à¦¤¥−¨î,
®¯à¥¤¥«ïîé¥¬ã �«£®à¨â¬ á¨−â¥§� ‹”�.

“à�¢−¥−¨ï (45) ¨ (46) ¤«ï á®áâ�¢−®© ¬�âà¨æë �R = [RÜtR
′
t] (R

′
t = K�xn) ¨¬¥îâ

á«¥¤ãîé¨© ¢¨¤:
‘�Rt = �A �Rt + �Rt

�AT + �Rt
�B �Rt + �C , (47)

£¤¥ �A, �B ¨ �C | á®®â¢¥âáâ¢ãîé¨¥ ¬�âà¨æë. „«ï à�¢−®¬¥à−®© �á¨¬¯â®â¨ç¥áª®©
ãáâ®©ç¨¢®áâ¨ ‹”� ¤®áâ�â®ç−® ¢ë¯®«−¥−¨ï ãá«®¢¨© â¥®à¥¬ë 2.1 ¤«ï ¬�âà¨æë �A.
‚ ®¡é¥¬ á«ãç�¥ íâ¨ ãá«®¢¨ï ®ç¥−ì £à®¬®§¤ª¨ ¨ ¢ áâ�âì¥ −¥ ¯à¨¢®¤ïâáï. ‘«¥¤ã¥â
¨á¯®«ì§®¢�âì ç¨á«¥−−ãî ¯à®¢¥àªã.

’�ª¨¬ ®¡à�§®¬, ¨¬¥¥¬ á«¥¤ãîé¨© �«£®à¨â¬ á¨−â¥§� ‹”�.
’¥®à¥¬� 4.1. �ãáâì ãà�¢−¥−¨ï (25){(27), (3) ¤®¯ãáª�îâ áãé¥áâ¢®¢�−¨¥ ª®-
¢�à¨�æ¨®−−ëå ¬®¬¥−â®¢. ’®£¤� ãà�¢−¥−¨¥ ‹”� ¨¬¥¥â ¢¨¤ (28). �à¨ íâ®¬,
¨−â¥£à¨àãï ãà�¢−¥−¨ï (45) ¨ (46) ¯à¨ á®®â¢¥âáâ¢ãîé¨å −�ç�«ì−ëå ãá«®¢¨ïå á βt

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015 117



ˆ. �. ‘¨−¨æë−, �. ÷. Š®à¥¯�−®¢

¨ αt, ®¯à¥¤¥«ï¥¬ëå (33), (36){(39), −�©¤¥¬ αt ¨ βt, ¯®á«¥ ç¥£® γt ®¯à¥¤¥«ï¥âáï
á®£«�á−® (40) á ãç¥â®¬ (42){(44). „«ï ®¡¥á¯¥ç¥−¨ï à�¢−®¬¥à−®© �á¨¬¯â®â¨ç¥-
áª®© ãáâ®©ç¨¢®áâ¨ ‹”� ¤®áâ�â®ç−® ¢ë¯®«−¥−¨ï ãá«®¢¨© â¥®à¥¬ë 2.1 ¤«ï
¬�âà¨æë �A ¢ (47).
‡�¬¥ç�−¨¥ 4.1. „«ï ¯®«ãç¥−¨ï ¯à¨¡«¨¦¥−−ëå ªà¨â¥à¨¥¢ ãáâ®©ç¨¢®áâ¨ ‹”�
¬®¦−®, á®£«�á−® [1, 3], ¨á¯®«ì§®¢�âì ª¢�§¨«¨−¥©−ë© ä¨«ìâà �ã£�çñ¢�, ¯®«ãç�-
¥¬ë© ¯ãâ¥¬ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ ãà�¢−¥−¨© (25){(27) ª�ª ¡¨«¨−¥©−®©
á¨áâ¥¬ë á®¢¬¥áâ−® á ãà�¢−¥−¨¥¬ ¤«ï ä®à¬¨àãîé¥£® ä¨«ìâà�, á¢ï§ë¢�îé¥£® Ut

á ¡¥«ë¬ èã¬®¬. �à¨ íâ®¬ £�ãáá®¢®áâì −¥ ®¡ï§�â¥«ì−�.

5 Синтез устойчивых линейных экстраполяторов Пугачёва
при автокоррелированном шуме в наблюдениях

�−�«®£¨ç−®, ®¡®¡é�ï [1, 3] −� á«ãç�© è¨à®ª®¯®«®á−ëå èã¬®¢, ¡ã¤¥¬ ®á−®-
¢ë¢�âìáï −� ãà�¢−¥−¨ïå ¢¨¤�:

‘Xt = a12Xt + a10 +

(

c10 +
nx
∑

r=1

c1rXr

)

U1t ; (48)

‘Yt = b11Yt + b12Xt + b13Nt + b10 ;

‘Nt = a23Nt + a20 +

(

c20 +

nN
∑

r=1

c2rNr

)

U2t , (49)

� ª«�áá ¤®¯ãáâ¨¬ëå íªáâà�¯®«ïâ®à®¢ ®¯à¥¤¥«ïâì á ¯®¬®éìî ãà�¢−¥−¨ï (28),
¢ ª®â®à®¬ b1, b2, b3 ¨ b0 −�å®¤ïâáï ¯® ä®à¬ã«�¬ (31) ¨ (32) ¯à¨ a11 = 0, a12 = 0,
a21 = 0 ¨ a22 = 0. Š®íää¨æ¨¥−âë csr (r = 0, 1, . . . , nN ) ®¯à¥¤¥«ïîâáï ¢ íâ®¬
á«ãç�¥ ¯® ä®à¬ã«¥ c3r = bs3c2r, � bs2c1r = 0 (r = 0, , . . . , nx). ‡¤¥áì ¯à¨−ïâë
á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

κ22 = bs2σ22,2b
T
s2 ,

£¤¥ σ22,2 ¢ëç¨á«ï¥âáï á®£«�á−® (23); εt = u(t + –, t); u(t, τ) | à¥è¥−¨¥ ®¤−®-
à®¤−®£® ãà�¢−¥−¨ï du/dt = a12u ¯à¨ −�ç�«ì−®¬ ãá«®¢¨¨ u(τ, τ) = I;

ζ22 = c20νÜ2c
T
20 +

nN
∑

r=1

(c20νÜ2c
T
2r + c20νÜ2c

T
20)mny+nx+r +

+

nN
∑

r,q=1

c2rνÜ2c
T
2q(mny+nx+rmny+nx+q + kny+nx+r,ny+nx+q) ; (50)

βt =
{

(εtKx − Kx�x)b
T
s+1,2 + (εtKxn − K�xn)b

T
s+1,3

}

/(bs2ζ22b
T
s2)

−1 ;

K�xz = εtKxz ; K�xy = εtKxy ; K�x = εtKx�x .
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‘¨áâ¥¬� ãà�¢−¥−¨© ¤«ï αt = [α1α2α3] ¨¬¥¥â ¢¨¤:

α1Kz + α2Kyz + α3K�xz =

= −βtbs+1,1Kyz +
{

a12(t+–)− βtbs+1,2ε
−1
t

}

K�xz − βtbs+1,3Knz ;

α1Kzy + α2Ky + α3K�xy =

= −βtbs+1,1Ky +
{

a12(t+–)− βtbs+1,2ε
−1
t

}

K�xy − βtbs+1,3Kny ,

α1Kz�x + α2Ky�x + α3K�x =

= −βtbs+1,1Ky�x +
{

a12(t+–)− βtbs+1,2ε
−1
t

}

K�x − βtbs+1,3Kn�x .

�â� á¨áâ¥¬� ãà�¢−¥−¨© ¬®¦¥â ¡ëâì ¯®«ãç¥−� ¨§ (34), ¥á«¨ §�¬¥−¨âì a11 ¨ a13 −ã-
«ï¬¨, � a12 ¨ βs+1,2 | ¢¥«¨ç¨−�¬¨ a12(t+–) ¨ bs+1,2ε

−1
t . �®íâ®¬ã ®¯â¨¬�«ì−ë¥

α1, α2 ¨ α3 ¬®¦−® ®¯à¥¤¥«¨âì ¯® ä®à¬ã«�¬ (36) ¨ (39) á â�ª®© ¦¥ §�¬¥−®©. �à¨
íâ®¬ ãà�¢−¥−¨¥ ¤«ï γt ¨¬¥¥â ¢¨¤:

γt = a10(t+–)− (α1�b3 + βtbs+1,3) �mn + [a12(t+–)− α3]ht ,

£¤¥ �mn ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥ (41), ¯à¨ç¥¬

mx(t+–) = εtmx(t) + h(t) = εtmx + ht ;

ht = h(t) =

t+–
∫

t

u(t+–, τ)a10(τ) dτ .

„«ï −�å®¦¤¥−¨ï αt, βt ¨ γt ¯® ¯®«ãç¥−−ë¬ ä®à¬ã«�¬ −¥®¡å®¤¨¬® §−�âì
¢¥«¨ç¨−ë mt, Kt, Rt, K�x ¨ K�xn. ’�ª ª�ª ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ mt

¨ ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� Kt á«ãç�©−®£® ¢¥ªâ®à�
[

Y Tt XTt NTt
]

®¯à¥¤¥«ïîâáï
ãà�¢−¥−¨ï¬¨ (43) ¨ (44), ¢ ª®â®àëå

A =

[�b1 �b2 �b3
0 a12 0
0 0 a23

]

; A0 =

[ �b0
a10
a20

]

; c30 =

[

0 0
c10 0
0 c20

]

;

c3r =











































0 , r = 0, 1, . . . , ny ;




0 0

c1,r−ny 0

0 0



 , r = ny + 1, . . . , ny + nx ;





0 0

0 0

0 c2,r−ny−nx



 , r = ny + nx + 1, . . . , ny + nx + nN ;
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m�x(t) = mx(t+–) , Rt = εtKxεTt − K�x ,

¯®«ãç¨¬ á«¥¤ãîé¥¥ ãà�¢−¥−¨¥ ¤«ï Rt:

‘Rt = a12(t+–)Rt +Rta12(t+–)
T − βtbs2ζ22bs2β

T
t + ζ11(t+–) . (51)

‡¤¥áì ζ22 ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥ (50), �

ζ11 = c10νÜ1c
T
10 +

nx
∑

r=1

(c10νÜ1c
T
1r + c1rνÜ1c

T
10)mny+r +

+

nx
∑

r,q=1

c1rνÜ1c
T
1q(mny+rmny+q + kny+r,ny+q) . (52)

‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥ ¬�âà¨æ� K�xn ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨¥¬

‘K�xn = α3K�xn +K�xnaT23 + (α2 + α1�b1 + βtbs+1,1)Kyn +

+ (α1�b2 + βtbs+1,2)Kxn + (α1�b3 + βtbs+1,3)Kn . (53)

��©¤¥−−ë© ‹�� ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®£® á®¥¤¨-
−¥−¨ï ‹”�, ãá¨«¨â¥«ï á ª®íää¨æ¨¥−â®¬ ãá¨«¥−¨ï εt ¨ áã¬¬�â®à�, ¢¢®¤ïé¥£®
−¥á«ãç�©−®¥ á«�£�¥¬®¥ ht.

‚ á¨«ã (51) ¨ (53), �−�«®£¨ç−® â¥®à¥¬¥ 4.1, ¤«ï ¯à®¢¥àª¨ ãáâ®©ç¨¢®áâ¨
á®áâ�¢«ï¥âáï ãà�¢−¥−¨¥ ¤«ï á®áâ�¢−®© ¬�âà¨æë �Rt = [RtR

′
t] (R

′
t = K�xn):

‘�Rt =
��A �Rt + �Rt

��AT + �Rt
��B �Rt +

��C , (54)

£¤¥ ��A, ��B ¨ ��C | á®®â¢¥âáâ¢ãîé¨¥ ¬�âà¨æë.
’�ª¨¬ ®¡à�§®¬, ¯à¨å®¤¨¬ ª á«¥¤ãîé¥¬ã �«£®à¨â¬ã á¨−â¥§� ‹��.

’¥®à¥¬� 5.1. �ãáâì ¯à®æ¥ááë Xt ¨ Yt ã¤®¢«¥â¢®àïîâ ãà�¢−¥−¨ï¬ (48) ¨ (49)
¨ ¨¬¥îâ ª®−¥ç−ë¥ ª®¢�à¨�æ¨®−−ë¥ ¬®¬¥−âë. ’®£¤� −¥¯à¥àë¢−ë© ‹�� ¨¬¥-
¥â ¢¨¤ (28), ¢ ª®â®à®¬ �b0, �b1, �b2 ¨ �b3 −�å®¤ïâáï á®£«�á−® (31) ¨ (32) ¯à¨
a11 = a12 = a21 = a22 = 0 ¨ c3r = bs3c2r, bs2c1,r = 0. �à¨ íâ®¬ ¨−â¥£à¨à®¢�-
−¨¥ (43), (44), (51) ¨ (52) ¯à®¢®¤¨âáï ¯à¨ á®®â¢¥âáâ¢ãîé¨å −�ç�«ì−ëå ãá«®¢¨ïå
¨ á ãç¥â®¬ ¯®«ãç¥−−ëå ª®íää¨æ¨¥−â®¢ αt, βt ¨ γt. „«ï ®¡¥á¯¥ç¥−¨ï à�¢−®-
¬¥à−®© �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ‹�� ¤®áâ�â®ç−® ¢ë¯®«−¥−¨ï ãá«®¢¨©

â¥®à¥¬ë 2.1 ¤«ï ¬�âà¨æë ��A ¢ (54).
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6 Синтез устойчивых линейных фильтров и экстраполяторов
Пугачёва для дискретных стохастических систем

÷�áá¬®âà¨¬ á−�ç�«� ¤¨áªà¥â−ãî −�¡«î¤�¥¬ãî «¨−¥©−ãî ‘â‘ á ¬ã«ìâ¨¯«¨-
ª�â¨¢−ë¬¨ ¤¨áªà¥â−ë¬¨ è¨à®ª®¯®«®á−ë¬¨ ¡¥«ë¬¨ èã¬�¬¨ á«¥¤ãîé¥£® ¢¨-
¤� [1, 3]:

Xk+1 = akXk + a0k +

(

c0k +

n
∑

r=1

crkXkr

)

Ud
k ; (55)

Yk = bkXk + b0k +

(

l0k +
n
∑

r=1

lrkXkr

)

Ud
k . (56)

‡¤¥áì n = nx = ny; Xkr ¨ Ykr | r-¥ ª®¬¯®−¥−âë ¢¥ªâ®à®¢ Xk ¨ Yk; c0k, l0k,
crk ¨ lrk | ¯®áâ®ï−−ë¥ ª®íää¨æ¨¥−âë; Ud

k | ¢¥ªâ®à−ë© £�ãáá®¢áª¨© è¨à®-
ª®¯®«®á−ë© èã¬ á ª®¢�à¨�æ¨®−−®© ¬�âà¨æ¥© νd

k ¨ ¬�âà¨æ¥© ª®¢�à¨�æ¨®−−ëå
äã−ªæ¨© νd

kh, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î ¢¨¤� (3):

Ud
k = V Üdk ; νd

k = νd
Ük ; νd

Ük =
∑

h

νkh . (57)

‘«¥¤ãï [1, 3], ¢ ª�ç¥áâ¢¥ ª«�áá� ¤®¯ãáâ¨¬ëå ‹”� ¢ë¡¥à¥¬ ª«�áá «¨−¥©−ëå
ä¨«ìâà®¢ á«¥¤ãîé¥£® ¢¨¤�:

�Xk+1 = ak
�Xk + a0k + δ2k(Yk − bk

�Xk − b0k) ; (58)

δ2k = (akRkb
T
k +Hk12)σ

−1
22 ; (59)

Hk11 = c0kνd
Ükc
T
0k +

n
∑

r=1

mkr(c0kν
d
Ükc
T
rk + crkν

d
Ükc
T
0k) +

+
n
∑

r,s=1

(mkrmks + kkrs)crkν
d
Ükc
T
sk ,

Hk12 = c0kνd
Ükl
T
0k +

n
∑

r=1

mkr(c0kνd
Ükl
T
rk + crkν

d
Ükl
T
0k) +

+

n
∑

r,s=1

(mkrmks + kkrs)crkν
d
Ükl
T
sk ,

Hk22 = l0kν
d
Ükl
T
0k +

n
∑

r=1

mkr(l0kνd
Ükl
T
rk + lrkν

d
Ükl
T
0k) +

+

n
∑

r,s=1

(mkrmks + kkrs)lrkν
d
Ükl
T
sk ,
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σ22 = bkRkb
T
k +Hk22 ; (61)

mk+1 = akmk + a0k ; (62)

Kk+1 = akKka
T
k +Hk11 ; (63)

Rk+1 = akRka
T
k − δ2k(bkRka

T
k +HTk12) +Hk11 . (64)

‡�¬¥ç�−¨¥ 6.1. “à�¢−¥−¨ï (62) ¨ (63) «¨−¥©−ë ®â−®á¨â¥«ì−® mk ¨ Kk, ¢ â® ¢à¥¬ï
ª�ª (64) −¥«¨−¥©−® ®â−®á¨â¥«ì−® Rk ¢ á¨«ã §�¢¨á¨¬®áâ¨ δ2k ®â Rk. ‘®£«�á−®
â¥®à¨¨ ä¨«ìâà®¢ Š�«¬�−� ¨ �ã£�çñ¢� mk, Kk, Rk ¨ δ2k ¬®£ãâ ¡ëâì ¢ëç¨á«¥−ë
§�à�−¥¥ ¢® ¢à¥¬ï á¨−â¥§� ä¨«ìâà�, ¯®áª®«ìªã (58) ¨ (62) −¥ á®¤¥à¦�â à¥§ã«ìâ�â®¢
−�¡«î¤¥−¨©. ‹¨−¥©−ë© ä¨«ìâà (57) ¢ á«ãç�¥, ª®£¤� X1, . . . , Xk−1 ¢å®¤ïâ ¢ −¥£®
â®«ìª® ¯®áà¥¤áâ¢®¬ �Xk, ï¢«ï¥âáï áà¥¤−¥ª¢�¤à�â¨ç¥áª¨¬ ®¯â¨¬�«ì−ë¬ ä¨«ìâà®¬
áà¥¤¨ ¢á¥å ¢®§¬®¦−ëå «¨−¥©−ëå ä¨«ìâà®¢.

„«ï ®¡¥á¯¥ç¥−¨ï à�¢−®¬¥à−®© �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ‹”� (5), �−�-
«®£¨ç−® ãá«®¢¨ï¬ â¥®à¥¬ë 2.1, ¤®áâ�â®ç−® ¢ë¯®«−¥−¨ï ãá«®¢¨© ¯®«®¦¨â¥«ì−®©
®¯à¥¤¥«¥−−®áâ¨ ¨ à�¢−®¬¥à−®© ®£à�−¨ç¥−−®áâ¨:

Wd(n − n′, n) =
∑

j=n−n′

ud
A(n, j)�σd

11u
d
A(n, j)T ; (65)

�σd
11 = σd

11 − σd
12(σ

d
22)

−1σd
21 ; (66)

0 < α1In ≤ Wd(n − n′, n) ≤ α2In (∀ n > n0 + n′) . (67)

’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢ã á¨−â¥§� à�¢−®¬¥à−® �á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ëå
‹”� ¬®¦¥â ¡ëâì ¯®«®¦¥−® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.
’¥®à¥¬� 6.1. �ãáâì ¯à®æ¥ááë Xk ¨ Yk, ®¯à¥¤¥«ï¥¬ë¥ ¢ ¤¨áªà¥â−®© ‘â‘ (55)
¨ (56), ¨¬¥îâ ª®−¥ç−ë¥ ª®¢�à¨�æ¨®−−ë¥ ¬®¬¥−âë ¢â®à®£® ¯®àï¤ª�, ¯à¨ç¥¬
¬�âà¨æ� σ22 (61) −¥ ¢ëà®¦¤¥−�. ’®£¤� ãà�¢−¥−¨ï à�¢−®¬¥à−® �á¨¬¯â®â¨ç¥áª¨
ãáâ®©ç¨¢®£® ‹”� ¨¬¥îâ ¢¨¤ (57){(60) ¯à¨ ãá«®¢¨ïå (65) ¨ (67).

�−�«®£¨ç−® á®áâ�¢«ïîâáï �«£®à¨â¬ë á¨−â¥§� ¤¨áªà¥â−ëå ‹”� ¨ ‹�� ¤«ï
è¨à®ª®¯®«®á−ëå èã¬®¢, � â�ª¦¥ è¨à®ª®¯®«®á−ëå �¢â®ª®àà¥«¨à®¢�−−ëå èã¬®¢
¢ −�¡«î¤¥−¨ïå ¯ãâ¥¬ §�¬¥−ë νd

k −� νd
Ük.

��ª®−¥æ, ®â¬¥â¨¬, çâ® ¤¨áªà¥â−ë¥ ‹”� ¨ ‹�� ¬®£ãâ ¡ëâì á¨−â¥§¨à®¢�−ë
¤«ï −¥¯à¥àë¢−ëå ‘â‘ á £�ãáá®¢áª¨¬¨ ¨ −¥£�ãáá®¢áª¨¬¨ ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨
èã¬�¬¨ ¬¥â®¤�¬¨ ¤¨áªà¥â¨§�æ¨¨ −� ®á−®¢¥ ®¡®¡é¥−−®© ä®à¬ã«®© ˆâ® [2, 8, 9].

7 Пример

÷�áá¬®âà¨¬ á«ãç�©, ª®£¤� áª�«ïà−ë¥ ãà�¢−¥−¨ï (1) ¨ (2) á®¤¥à¦�â −¥§�¢¨á¨-
¬ë¥ è¨à®ª®¯®«®á−ë¥ èã¬ë U1t ¨ U2t:

‘Xt = aYt + a1Xt + a0 + (c10 + c11Xt + c12Yt)U1t ;

‘Yt = bYt + b1Xt + b0 + (c20 + c21Xt + c22Yt)U2t .
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�¡à�â¨¬ ¢−¨¬�−¨¥ −� â®, çâ® c1r ¨ c2r §¤¥áì −¥ â¥, çâ® ¢ ãà�¢−¥−¨ïå (1) ¨ (2). �−¨
¯à¥¤áâ�¢«ïîâ á®¡®© á®®â¢¥âáâ¢¥−−® ¯¥à¢ë¥ ¨ ¢â®àë¥ í«¥¬¥−âë ¬�âà¨æ-áâà®ª, −�
ª®â®àë¥ ã¬−®¦�¥âáï ¢¥ªâ®à [U1tU2t]T ¢ (1) ¨ (2). „«ï ¯à®áâ®âë ®áâ�¢«ï¥¬ ¤«ï
−¨å ®¡®§−�ç¥−¨ï c1r ¨ c2r.

„«ï ¤¢ãå â¨¯®¢ëå áª�«ïà−ëå è¨à®ª®¯®«®á−ëå ‘â� íª¢¨¢�«¥−â−ë¥ ¨−â¥−-
á¨¢−®áâ¨ ¡¥«ëå èã¬®¢ ®¯à¥¤¥«ïîâáï ä®à¬ã«�¬¨ [1, 3]:

k(τ) = K(t, t+ τ) = D exp(α|τ |) ; νÜ = 2Dα−1 ;

k(τ) = K(t, t+ τ) = D exp(−α|τ |)(cos ω0τ + γ sinω0|τ |) ;
νÜ = 2D(γω0 + α)β−2

(

β2 = ω20 + α2
)

.

’®£¤� ¢ ä®à¬ã«�å (5) ¨ (9) ¨¬¥¥¬:

βt = σ−1
22 b1Rt ;

σÜ22 = νÜ2 (c20 + c21m1 + c22m2)
2 + νÜ2

(

c221k11 + 2c22c21k21 + c222k22
)

.

�à¨ íâ®¬ ãà�¢−¥−¨ï â¥®à¥¬ë 2.1, ®¯à¥¤¥«ïîé¨¥ m1, m2, k11, k12, k21, k22
¨ Rt, ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

‘m1 = a1m1 + am2 + a0 ; ‘m2 = b1m1 + bm2 + b0 ;

‘k11 = 2 (a1k11 + ak12) + νÜ1
(

c11m
2
1 + c12m2 + c10

)2
+

+ νÜ1
(

c211k11 + 2c12c11k12 + c212k22
)

;

‘k12 = (a1 + b)k12 + b1k11 + ak22 ;
‘k22 = 2(b1k12 + bk22) + νÜ2 (c21m1 + c22m2 + c20)

2 +

+ νÜ2
(

c221k11 + 2c22c21k12 + c222k22
)

;

‘Rt = 2a1Rt − σ−1
22 b21R

2
t + νÜ1 (c11m1 + c12m2 + c10)

2 +

+ νÜ2
(

c211k11 + 2c11c12k12 + c212k22
)

.

�à¨ íâ®¬ �σÜ11, ¢å®¤ïé�ï ¢ ãá«®¢¨ï ãáâ®©ç¨¢®áâ¨ ‹”� (â¥®à¥¬� 3.1), ®¯à¥¤¥-
«ï¥âáï ä®à¬ã«®©:

�σÜ11 = νÜ1 (c11m1 + c12m2 + c10) + νÜ1
(

c211k11 + 2c11c12k12 + c212k22
)

.

�à¨ a = a0 = c12 = 0, a1 = const ‹�� ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì-
−®¥ á®¥¤¨−¥−¨¥ ‹”� ¨ ãá¨«¨â¥«ï á ª®íää¨æ¨¥−â®¬ ε = exp(a1–).

�à¨à�¢−¨¢�ï ¯à�¢ë¥ ç�áâ¨ (29){(31) −ã«î, −�©¤¥¬ ãá«®¢¨ï ¤«ï á¨−â¥§�
áâ�æ¨®−�à−ëå ‹”� ¨ ‹�� á ¯®áâ®ï−−ë¬¨ βt = β∗, Rt = R∗ ¨ εt = ε∗. „«ï
à�¢−®¬¥à−®© �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ ‹”� ¤®áâ�â®ç−® −¥®âà¨æ�â¥«ì−®áâ¨
ª®íää¨æ¨¥−â�

A = a1 −
b21R

∗

σ∗
22

< 0 .
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8 Заключение

�®«ãç¥−® ®¡®¡é¥−¨¥ ¨§¢¥áâ−ëå à¥§ã«ìâ�â®¢ ¯® á¨−â¥§ã −¥¯à¥àë¢−ëå ¨ ¤¨á-
ªà¥â−ëå à�¢−®¬¥à−® �á¨¬¯â®â¨ç¥áª¨ ãáâ®©ç¨¢ëå ‹”� ¨ ‹�� ¤«ï á«ãç�ï −�-
¡«î¤�¥¬ëå ¤¨ää¥à¥−æ¨�«ì−ëå ¨ ¤¨áªà¥â−ëå ‘â‘ á ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ £�ãá-
á®¢áª¨¬¨ è¨à®ª®¯®«®á−ë¬¨ èã¬�¬¨. �á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ‹”� ¨ ‹��
¯à¨ �¢â®ª®àà¥«¨à®¢�−−®© ¯®¬¥å¥ ¢ −�¡«î¤¥−¨ïå. �à¨¢®¤¨âáï ¨««îáâà�â¨¢−ë©
¯à¨¬¥à.

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¨ ¤«ï á¨−â¥§� ¤¨áªà¥â−ëå
‹”� ¨ ‹�� ¤«ï −¥¯à¥àë¢−ëå ‘â‘, ¥á«¨ ¢®á¯®«ì§®¢�âìáï ç¨á«¥−−ë¬¨ ¬¥-
â®¤�¬¨ ¯à¨¢¥¤¥−¨ï −¥«¨−¥©−ëå áâ®å�áâ¨ç¥áª¨å ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©
ª à�§−®áâ−ë¬.

�à�ªâ¨ç¥áª¨© ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â §�¤�ç� á¨−â¥§� ãáâ®©ç¨¢ëå ‹”� ¨ ‹��
¯® ªà¨â¥à¨ï¬ ãáâ®©ç¨¢®áâ¨, ®â«¨ç−ë¬ ®â ªà¨â¥à¨ï à�¢−®¬¥à−®© �á¨¬¯â®â¨ç¥áª®©
ãáâ®©ç¨¢®áâ¨.
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Synthesis of stable linear Pugachev filters and extrapolators for StS with wide band noises

SYNTHESIS OF STABLE LINEAR PUGACHEV FILTERS
AND EXTRAPOLATORS FOR STOCHASTIC SYSTEMS

WITH WIDE BAND MULTIPLICATIVE NOISES

I. N. Sinitsyn and E. R. Korepanov

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

Abstract: The article is dedicated to the analytical synthesis of continuous and
discrete uniquely asymptotically stable conditionally optimal linear Pugachev
filters and extrapolators (LPF and LPE) for stochastic systems (StS) with wide
band multiplicative Gaussian noises. It is supposed that observation is part
of the state and observation equations. The theorems serving as the basis for
the algorithms of synthesis of continuous uniquely asymptotical stable LPF and
LPE are proven. Continuous LPF and LPE for StS with wide band Gaussian
autocorrelated noises are presented. Discrete LPF and LPE for continuous and
discrete StS with wide band multiplicative Gaussian noises are considered. An
illustrative example is given. Some generalizations are considered.

Keywords: accuracy; continuous stochastic system; discrete stochastic system;
linear Pugachev extrapolator; linear Pugachev filter; multiplicative noises;
Riccati equation; unique asymptotical stability; wide band gaussian
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О СХОДИМОСТИ СЛУЧАЙНЫХ СУММ НЕЗАВИСИМЫХ
СЛУЧАЙНЫХ ВЕКТОРОВ К МНОГОМЕРНЫМ

ОБОБЩЕННЫМ ДИСПЕРСИОННЫМ
ГАММА-РАСПРЕДЕЛЕНИЯМ∗

А. Ю. Корчагин1

�−−®â�æ¨ï: –¥«ì ¤�−−®© à�¡®âë | ®¯¨á�âì ãá«®¢¨ï áå®¤¨¬®áâ¨ à�á¯à¥-
¤¥«¥−¨© áã¬¬ á«ãç�©−®£® ç¨á«� −¥§�¢¨á¨¬ëå −¥®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ëå
¬−®£®¬¥à−ëå á«ãç�©−ëå ¢¥«¨ç¨− ª ¬−®£®¬¥à−ë¬ ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ë¬
á¬¥áï¬ −®à¬�«ì−ëå §�ª®−®¢ ¨, ¢ ç�áâ−®áâ¨, ª ¬−®£®¬¥à−ë¬ ®¡®¡é¥−−ë¬
£¨¯¥à¡®«¨ç¥áª¨¬ ¨«¨ ¬−®£®¬¥à−ë¬ ®¡®¡é¥−−ë¬ ¤¨á¯¥àá¨®−−ë¬ £�¬¬�-à�á-
¯à¥¤¥«¥−¨ï¬ (GVG | generalized variance-gamma).

Š«îç¥¢ë¥ á«®¢�: á«ãç�©−�ï áã¬¬�; ¬−®£®¬¥à−�ï ¤¨á¯¥àá¨®−−®-á¤¢¨£®-
¢�ï á¬¥áì −®à¬�«ì−ëå §�ª®−®¢; ¬−®£®¬¥à−®¥ ®¡®¡é¥−−®¥ £¨¯¥à¡®«¨ç¥áª®¥
à�á¯à¥¤¥«¥−¨¥; ¬−®£®¬¥à−®¥ ®¡®¡é¥−−®¥ ¤¨á¯¥àá¨®−−®¥ £�¬¬�-à�á¯à¥¤¥«¥-
−¨¥; ®¡®¡é¥−−®¥ ®¡à�â−®¥ £�ãáá®¢áª®¥ à�á¯à¥¤¥«¥−¨¥; ®¡®¡é¥−−®¥ £�¬¬�-à�á-
¯à¥¤¥«¥−¨¥
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1 Введение. Обозначения и вспомогательные результаты

�à¨ à¥è¥−¨¨ ¬−®£¨å §�¤�ç áâ�â¨áâ¨ç¥áª®£® �−�«¨§� à�§¬¥à ¢ë¡®àª¨, ¤®áâã¯-
−®© ¨áá«¥¤®¢�â¥«î, −¥ ï¢«ï¥âáï §�à�−¥¥ ®¯à¥¤¥«¥−−ë¬ ¨ ¬®¦¥â à�áá¬�âà¨¢�âìáï
ª�ª á«ãç�©−ë©. ‚ â�ª¨å á¨âã�æ¨ïå ®¡ê¥¬ ¢ë¡®àª¨ á�¬ áâ�−®¢¨âáï −�¡«î¤¥−¨-
¥¬, â. ¥. áâ�â¨áâ¨ª®©. �� ¥áâ¥áâ¢¥−−®áâì â�ª®£® ¯®¤å®¤�, ¢ ç�áâ−®áâ¨, ®¡à�â¨«
¢−¨¬�−¨¥ �. ‚. ƒ−¥¤¥−ª® ¢ à�¡®â¥ [1], ¢ ª®â®à®© ¡ë«® ¯à®¤¥¬®−áâà¨à®¢�−®, çâ®
¯à¨ §�¬¥−¥ −¥á«ãç�©−®£® ®¡ê¥¬� ¢ë¡®àª¨ á«ãç�©−®© ¢¥«¨ç¨−®© �á¨¬¯â®â¨ç¥áª¨¥
á¢®©áâ¢� áâ�â¨áâ¨ª ¬®£ãâ à�¤¨ª�«ì−® ¨§¬¥−¨âìáï. Š ¯à¨¬¥àã, ¢¬¥áâ® ®¦¨¤�¥¬®-
£® ¢ á®®â¢¥âáâ¢¨¨ á ª«�áá¨ç¥áª®© â¥®à¨¥© −®à¬�«ì−®£® §�ª®−� ¬®£ãâ ¢®§−¨ª�âì
à�á¯à¥¤¥«¥−¨ï á ¯à®¨§¢®«ì−® âï¦¥«ë¬¨ å¢®áâ�¬¨.

‘¢®©áâ¢� áâ�â¨áâ¨ª, ¯®áâà®¥−−ëå ¯® ¢ë¡®àª�¬ á«ãç�©−®£® ®¡ê¥¬�, à�áá¬�â-
à¨¢�«¨áì ¢ ¤¥áïâª�å à�¡®â. �¤−�ª® ãá«®¢¨ï áå®¤¨¬®áâ¨ à�á¯à¥¤¥«¥−¨© â�ª¨å
áâ�â¨áâ¨ª ª ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ë¬ á¬¥áï¬ −®à¬�«ì−ëå §�ª®−®¢ ¡ë«¨ −�©¤¥−ë
«¨èì −¥¤�¢−® [2, 3]. ‚ à�¡®â¥ [4] ¯à¨¢¥¤¥−ë ªà¨â¥à¨¨ áå®¤¨¬®áâ¨ à�á¯à¥¤¥«¥-
−¨© áâ�â¨áâ¨ª, ¯®áâà®¥−−ëå ¯® ¢ë¡®àª�¬ á«ãç�©−®£® ®¡ê¥¬�, ª ¬−®£®¬¥à−ë¬

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® §� áç¥â £à�−â� ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� (¯à®¥ªâ 14-11-00397).
1”�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨-

¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�, sasha.korchagin@gmail.com
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®¡®¡é¥−−ë¬ £¨¯¥à¡®«¨ç¥áª¨¬ §�ª®−�¬. Š�ª ¯®ª�§�−® ¢ íâ®© áâ�âì¥, ãª�§�−−�ï
áå®¤¨¬®áâì ¨¬¥¥â ¬¥áâ® â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� á«ãç�©−�ï ¨−â¥−á¨¢−®áâì ¯®-
â®ª� ¨−ä®à¬�â¨¢−ëå á®¡ëâ¨©, ¢ à¥§ã«ìâ�â¥ ª®â®àëå −�ª�¯«¨¢�îâáï −�¡«î¤¥−¨ï,
ä®à¬¨àãîé¨¥ ¢ë¡®àªã, ¨¬¥¥â �á¨¬¯â®â¨ç¥áª¨ ®¡®¡é¥−−®¥ ®¡à�â−®¥ £�ãáá®¢áª®¥
à�á¯à¥¤¥«¥−¨¥.

‚ −¥ª®â®àëå á«ãç�ïå áâ�â¨áâ¨ç¥áª¨¥ §�ª®−®¬¥à−®áâ¨ ¯®¢¥¤¥−¨ï −�¡«î¤�¥¬ëå
¢¥«¨ç¨− «ãçè¥ ®¯¨áë¢�îâáï ®¡®¡é¥−−ë¬¨ £�¬¬�-à�á¯à¥¤¥«¥−¨ï¬¨ á íªá¯®−¥−-
æ¨�«ì−®-áâ¥¯¥−−ë¬¨ å¢®áâ�¬¨. Š�ª ¯®ª�§�−® ¢ à�¡®â¥ [5], �á¨¬¯â®â¨ç¥áª®¥
¯®¢¥¤¥−¨¥ å¢®áâ®¢ á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢ ¢ ®¯à¥¤¥«¥−−®¬ á¬ëá«¥ á®¢¯�¤�-
¥â á �−�«®£¨ç−ë¬ ¯®¢¥¤¥−¨¥¬ å¢®áâ®¢ á¬¥è¨¢�îé¨å §�ª®−®¢. ‘«¥¤®¢�â¥«ì−®,
�−�«®£¨ç−�ï �á¨¬¯â®â¨ª� ¤®«¦−� ¡ëâì ¯à¨áãé� å¢®áâ�¬ à�á¯à¥¤¥«¥−¨© ¨−â¥−-
á¨¢−®áâ¥© ¯®â®ª®¢ ¨−ä®à¬�â¨¢−ëå á®¡ëâ¨©. „¥©áâ¢¨â¥«ì−®, ª�ª ®ª�§�«®áì,
®¡®¡é¥−−ë¥ £�¬¬�-à�á¯à¥¤¥«¥−¨ï §�¬¥â−® «ãçè¥ á®£«�áãîâáï á í¬¯¨à¨ç¥áª¨¬¨
à�á¯à¥¤¥«¥−¨ï¬¨ ç¨á«� á®¡ëâ¨© ¢ ª−¨£�å §�ï¢®ª ¢ ¢ëá®ª®ç�áâ®â−ëå á¨áâ¥¬�å
í«¥ªâà®−−®© â®à£®¢«¨ −� ä¨−�−á®¢ëå àë−ª�å (P -§−�ç¥−¨ï ¯à¨ ¯à®¢¥àª¥ á®£«�á¨ï
á ¯®¬®éìî ªà¨â¥à¨ï å¨-ª¢�¤à�â ¯à¨¬¥à−® à�¢−ë 0,8), −¥¦¥«¨ ®¡®¡é¥−−ë¥ ®¡à�â-
−ë¥ £�ãáá®¢áª¨¥ à�á¯à¥¤¥«¥−¨ï, ¤«ï ª®â®àëå �−�«®£¨ç−ë¥ P -§−�ç¥−¨ï ¯à¨¬¥à−®
à�¢−ë 0,2 (á¬. à¨áã−®ª). �®íâ®¬ã ¯®¨áª ªà¨â¥à¨¥¢ áå®¤¨¬®áâ¨ ª ¬−®£®¬¥à−ë¬
¤¨á¯¥àá¨®−−ë¬ £�¬¬�-à�á¯à¥¤¥«¥−¨ï¬ ¯à¥¤áâ�¢«ï¥â á®¡®© ¢¥áì¬� ¯¥àá¯¥ªâ¨¢-
−ãî §�¤�çã.

–¥«ì ¤�−−®© à�¡®âë | ãâ®ç−¨âì à¥§ã«ìâ�âë áâ�âì¨ [4] ¤«ï á¨âã�æ¨¨, ª®£¤�
à�áá¬�âà¨¢�¥¬ë¥ áâ�â¨áâ¨ª¨ ¨¬¥îâ ¢¨¤ á«ãç�©−ëå áã¬¬. •®âï «¨â¥à�âãà� ¯®
�á¨¬¯â®â¨ç¥áª¨¬ á¢®©áâ¢�¬ á«ãç�©−ëå áã¬¬ á«ãç�©−ëå ¢¥«¨ç¨− ®¡è¨à−�, ãá«®-
¢¨ï áå®¤¨¬®áâ¨ à�á¯à¥¤¥«¥−¨© áã¬¬ á«ãç�©−®£® ç¨á«� −¥§�¢¨á¨¬ëå −¥®¤¨−�ª®¢®
à�á¯à¥¤¥«¥−−ëå ¬−®£®¬¥à−ëå á«ãç�©−ëå ¢¥«¨ç¨− ª ¬−®£®¬¥à−ë¬ ¤¨á¯¥àá¨-
®−−®-á¤¢¨£®¢ë¬ á¬¥áï¬ −®à¬�«ì−ëå §�ª®−®¢ ¨, ¢ ç�áâ−®áâ¨, ª ¬−®£®¬¥à−ë¬
®¡®¡é¥−−ë¬ £¨¯¥à¡®«¨ç¥áª¨¬ ¨«¨ ¬−®£®¬¥à−ë¬ ®¡®¡é¥−−ë¬ ¤¨á¯¥àá¨®−−ë¬
£�¬¬�-à�á¯à¥¤¥«¥−¨ï¬ ¥é¥ −¥ ®¯¨á�−ë. ��áâ®ïé�ï à�¡®â� ¢®á¯®«−ï¥â íâ®â
¯à®¡¥«.

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï, ª®â®àë¥ ¢ ¤�«ì−¥©è¥¬ ¡ã¤ãâ ¨á¯®«ì§®¢�âìáï ¡¥§ ¤®-

¯®«−¨â¥«ì−ëå ª®¬¬¥−â�à¨¥¢. �ãáâì m ∈ N. ‚¥ªâ®àë x =
(

x(1), . . . , x(m)
)⊤

áç¨â�îâáï í«¥¬¥−â�¬¨ m-¬¥à−®£® ¥¢ª«¨¤®¢� ¯à®áâà�−áâ¢� R
m, ¢¥àå−¨© ¨−¤¥ªá

⊤ ®§−�ç�¥â âà�−á¯®−¨à®¢�−¨¥ ¢¥ªâ®à� ¨«¨ ¬�âà¨æë. ‘ª�«ïà−®¥ ¯à®¨§¢¥¤¥−¨¥
¢ R

m ¡ã¤¥â ®¡®§−�ç�âìáï 〈·, ·〉: 〈x, y〉 = x⊤y = x(1)y(1) + · · · + x(m)y(m).
Š�ª ®¡ëç−®, ¥¢ª«¨¤®¢� −®à¬� ¢¥ªâ®à� x ®¡®§−�ç�¥âáï ‖x‖ = 〈x, x〉1/2. …á«¨
A | ¢¥é¥áâ¢¥−−�ï ª¢�¤à�â−�ï (m × m)-¬�âà¨æ�, â® ¥¥ ®¯à¥¤¥«¨â¥«ì ®¡®§−�-
ç�¥âáï det(A). ’®¦¤¥áâ¢¥−−�ï (¥¤¨−¨ç−�ï) (m × m)-¬�âà¨æ� ®¡®§−�ç�¥âáï I.
—â®¡ë à�§«¨ç�âì ç¨á«® −ã«ì ¨ −ã«¥¢®© ¢¥ªâ®à, ¨á¯®«ì§ãîâáï ®¡®§−�ç¥−¨ï 0 ∈ R

¨ 0 = (0, . . . , 0)⊤ ∈ R
m.

’®â ä�ªâ, çâ® á«ãç�©−ë© ¢¥ªâ®à X ¨¬¥¥â m-¬¥à−®¥ −®à¬�«ì−®¥ à�á¯à¥¤¥-
«¥−¨¥ á ¢¥ªâ®à®¬ áà¥¤−¨å a ¨ ª®¢�à¨�æ¨®−−®© ¬�âà¨æ¥© ›, ¡ã¤¥¬ ®¡®§−�ç�âì
X ∼ Na,›. �â® ®§−�ç�¥â, çâ® áãé¥áâ¢ãîâ ¢¥ªâ®à a ∈ R

m ¨ −¥®âà¨æ�â¥«ì−®
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� áå®¤¨¬®áâ¨ á«ãç�©−ëå áã¬¬ −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥ªâ®à®¢

ƒ¨áâ®£à�¬¬ë ¨ £à�ä¨ª¨ ¯®¤®£−�−−ëå ¯«®â−®áâ¥© ®¡®¡é¥−−®£® £�¬¬�- (�) ¨ ®¡®¡é¥−−®£®
®¡à�â−®£® £�ãáá®¢áª®£® (¡) à�á¯à¥¤¥«¥−¨ï ç¨á«� á®¡ëâ¨© ¢ ª−¨£¥ §�ï¢®ª (äìîç¥àáë ÷’‘)
§� ¯ïâ−�¤æ�â¨á¥ªã−¤−ë¥ ¨−â¥à¢�«ë

®¯à¥¤¥«¥−−�ï á¨¬¬¥âà¨ç−�ï ¬�âà¨æ� › à�§¬¥à−®áâ¨ m × m, â�ª¨¥ çâ® å�à�ªâ¥-
à¨áâ¨ç¥áª�ï äã−ªæ¨ï fX ¢¥ªâ®à� X ¨¬¥¥â ¢¨¤:

fX(t) = E exp{i〈t, X〉} = exp{ia⊤t − 1
2

t⊤›t} , t ∈ R
m .

�«®â−®áâì −¥¢ëà®¦¤¥−−®£® −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï Na,› ¨¬¥¥â ¢¨¤:

φa,›(x) =
1

(2π)m/2|›|1/2
exp{−1

2
(x − a)⊤›−1(x − a)} , x ∈ R

m ,

£¤¥ |›| | ®¯à¥¤¥«¨â¥«ì ¬�âà¨æë›, �›−1| ¬�âà¨æ�, ®¡à�â−�ï ª›. �¤−®¬¥à−�ï
áâ�−¤�àâ−�ï −®à¬�«ì−�ï äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï ®¡®§−�ç�¥âáï �(x),

�(x) =
1√
2π

x
∫

−∞

e−y2/2 dy, x ∈ R .
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�ã¤¥¬ áç¨â�âì, çâ® ¢á¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë ¨ ¢¥ªâ®àë, ã¯®¬¨−�¥¬ë¥ −¨¦¥,
§�¤�−ë −� ®¤−®¬ ¨ â®¬ ¦¥ ¢¥à®ïâ−®áâ−®¬ ¯à®áâà�−áâ¢¥ (Ÿ, F, P). ‘¨¬¢®«ë Bm

¨ B+ á®®â¢¥âáâ¢¥−−® ®¡®§−�ç�îâ ¡®à¥«¥¢áª¨¥ σ-�«£¥¡àë ¯®¤¬−®¦¥áâ¢ Rm ¨ R+ ≡
≡ [0,∞). ‘¨¬¢®«�¬¨

d
= ¨ =⇒ á®®â¢¥âáâ¢¥−−® ¡ã¤ãâ ®¡®§−�ç�âìáï á®¢¯�¤¥−¨¥

à�á¯à¥¤¥«¥−¨© ¨ áå®¤¨¬®áâì ¯® à�á¯à¥¤¥«¥−¨î. ÷�á¯à¥¤¥«¥−¨¥ á«ãç�©−®£®
¢¥ªâ®à� X ¡ã¤¥â ®¡®§−�ç�âìáï L(X).

‘¥¬¥©áâ¢® {Xj}j∈N R
m-§−�ç−ëå á«ãç�©−ëå ¢¥ªâ®à®¢ −�§ë¢�¥âáï á«�¡® ®â-

−®á¨â¥«ì−® ª®¬¯�ªâ−ë¬, ¥á«¨ ª�¦¤�ï ¯®á«¥¤®¢�â¥«ì−®áâì ¥£® í«¥¬¥−â®¢ á®¤¥à-
¦¨â ¯®¤¯®á«¥¤®¢�â¥«ì−®áâì, áå®¤ïéãîáï ¯® à�á¯à¥¤¥«¥−¨î. ˆ−®£¤� ¢¬¥áâ®
úá«�¡�ï ®â−®á¨â¥«ì−�ï ª®¬¯�ªâ−®áâìû ¡ã¤¥â ¨á¯®«ì§®¢�âìáï â¥à¬¨− úá«�¡�ï
ª®¬¯�ªâ−®áâìû. ‚ ª®−¥ç−®¬¥à−®¬ á«ãç�¥, à�áá¬�âà¨¢�¥¬®¬ ¢ ¤�−−®© à�¡®â¥,
á«�¡�ï ®â−®á¨â¥«ì−�ï ª®¬¯�ªâ−®áâì á¥¬¥©áâ¢� {Xj}j∈N íª¢¨¢�«¥−â−� ¥£® ¯«®â-
−®áâ¨ (tightness) (á¬., −�¯à¨¬¥à, [6]):

lim
R→∞

sup
n∈N

P(‖Xn‖ > R) = 0 .

�ãáâì

{

Sn,k =
(

S
(1)
n,k, . . . , S

(m)
n,k

)⊤
}

, n, k ∈ N, | ¯®á«¥¤®¢�â¥«ì−®áâì á¥-

à¨© R
m-§−�ç−ëå á«ãç�©−ëå ¢¥ªâ®à®¢. „«ï n, k ∈ N ¯ãáâì an,k =

(

a
(1)
n,k, . . .

. . . , a
(m)
n,k

)⊤
∈ R

m | −¥á«ãç�©−ë¥ ¢¥ªâ®àë ¨ bn,k ∈ R | ¯®«®¦¨â¥«ì−ë¥ ç¨á«�.

��§−�ç¥−¨¥ ¢¥ªâ®à®¢ an,k ¨ ç¨á¥« bn,k | ®¡¥á¯¥ç¨âì á«�¡ãî ®â−®á¨â¥«ì−ãî

ª®¬¯�ªâ−®áâì á¥¬¥©áâ¢� á«ãç�©−ëå ¢¥ªâ®à®¢
{

Yn,k ≡ b−1n,k (Sn,k − an,k)
}

n,k∈N

,

ª®£¤� íâ® âà¥¡ã¥âáï.
÷�áá¬®âà¨¬ á¥¬¥©áâ¢® {Nn}n∈N −¥®âà¨æ�â¥«ì−ëå á«ãç�©−ëå ¢¥«¨ç¨−, â�ª¨å

çâ® ¯à¨ ª�¦¤®¬ n, k ∈ N á«ãç�©−ë¥ ¢¥«¨ç¨−ë Nn −¥§�¢¨á¨¬ë ®â á«ãç�©−ëå
¢¥ªâ®à®¢ Sn,k. �á®¡® §�¬¥â¨¬, çâ® ú¯®áâà®ç−�ïû −¥§�¢¨á¨¬®áâì á«ãç�©−ëå

¢¥ªâ®à®¢ {Sn,k}k>1 −¥ âà¥¡ã¥âáï. �ãáâì cn =
(

c
(1)
n , . . . , c

(m)
n

)⊤
∈ R

m |

−¥á«ãç�©−ë¥ ¢¥ªâ®àë ¨ dn | ¯®«®¦¨â¥«ì−ë¥ ç¨á«�, n ∈ N. ��è� æ¥«ì | ¨§ãç¨âì
�á¨¬¯â®â¨ç¥áª®¥ ¯®¢¥¤¥−¨¥ á«ãç�©−ëå ¢¥ªâ®à®¢ Zn ≡ d−1n (Sn,Nn − cn) ¯à¨ n →
→ ∞, ã¤¥«¨¢ ®á®¡®¥ ¢−¨¬�−¨¥ á¨âã�æ¨¨, ¢ ª®â®à®© ¯à¥¤¥«ì−ë¥ à�á¯à¥¤¥«¥−¨ï
¤«ï Zn ¨¬¥îâ ¢¨¤ ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ëå á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢.

•�à�ªâ¥à¨áâ¨ç¥áªãî äã−ªæ¨î á«ãç�©−®£® ¢¥ªâ®à� Yn,k ®¡®§−�ç¨¬ hn,k(t),
t ∈ R

m. �ãáâì Y | R
m-¬¥à−ë© á«ãç�©−ë© ¢¥ªâ®à, å�à�ªâ¥à¨áâ¨ç¥áª�ï äã−ª-

æ¨ï ª®â®à®£® ¡ã¤¥â ®¡®§−�ç�âìáï h(t), t ∈ R
m. ‚¢¥¤¥¬ á«ãç�©−ë¥ ¢¥«¨ç¨−ë Un =

= d−1n bn,Nn. �ãáâì Vn =
(

V
(1)
n , . . . , V

(m)
n

)⊤
, £¤¥ V

(k)
n = d−1n

(

a
(k)
n,Nn

− c
(k)
n

)

|

k-ï ª®¬¯®−¥−â� á«ãç�©−®£® ¢¥ªâ®à� d−1n (an,Nn − cn). ‚ ¤�«ì−¥©è¥¬ á¨¬-
¢®« Wn ¡ã¤¥â ®¡®§−�ç�âì (m + 1)-¬¥à−ë© á«ãç�©−ë© ¢¥ªâ®à Wn =

=
(

Un, V⊤
n

)⊤
=
(

Un, V
(1)
n , . . . , V

(m)
n

)⊤
.
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„«ï à�ááâ®ï−¨ï ¯®«−®© ¢�à¨�æ¨¨ ¬¥¦¤ã à�á¯à¥¤¥«¥−¨ï¬¨ á«ãç�©−ëå ¢¥ªâ®-
à®¢ X ¨ Y ¡ã¤¥¬ ¨á¯®«ì§®¢�âì ®¡®§−�ç¥−¨¥ –(X, Y ):

–(X, Y ) =

∫

Rm

|L(X)− L(Y )|(dx) .

�®−ïâ¨¥ ¬−®£®¬¥à−®© ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢®© á¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢
¡ë«® ¢¢¥¤¥−® ¢ à�¡®â�å �. …. ��à−¤®àää-�¨«ìá¥−� ¨ ¥£® ª®««¥£ [7{9]. ��¯®¬-
−¨¬, à�á¯à¥¤¥«¥−¨¥ R

m-§−�ç−®£® á«ãç�©−®£® ¢¥ªâ®à� X ï¢«ï¥âáï ¬−®£®¬¥à−®©

¤¨á¯¥àá¨®−−®-á¤¢¨£®¢®© á¬¥áìî −®à¬�«ì−ëå §�ª®−®¢, ¥á«¨ X
d
= a + Ub +

+
√

UAY , £¤¥ a, b ∈ R
m; A | ¢¥é¥áâ¢¥−−�ï (m×m)-¬�âà¨æ�, â�ª�ï çâ® ¬�âà¨æ�

› ≡ AA⊤ ¯®«®¦¨â¥«ì−® ®¯à¥¤¥«¥−�; Y | á«ãç�©−ë© ¢¥ªâ®à á® áâ�−¤�àâ−ë¬
m-¬¥à−ë¬ −®à¬�«ì−ë¬ à�á¯à¥¤¥«¥−¨¥¬ N0,I; U | −¥®âà¨æ�â¥«ì−�ï á«ãç�©−�ï
¢¥«¨ç¨−�, −¥§�¢¨á¨¬�ï ®â Y . �ª¢¨¢�«¥−â−®, ¡ã¤¥¬ £®¢®à¨âì, çâ® ¢¥à®ïâ−®áâ−�ï
¬¥à� F −� (Rm, Bm) ï¢«ï¥âáï ¬−®£®¬¥à−®© ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢®© á¬¥áìî
−®à¬�«ì−ëå §�ª®−®¢, ¥á«¨

F (dx) =

∞
∫

0

Nb+za, z›(dx)G(dz) , (1)

£¤¥ á¬¥è¨¢�îé¨¬ à�á¯à¥¤¥«¥−¨¥¬ G ï¢«ï¥âáï ¢¥à®ïâ−®áâ−�ï ¬¥à� −� (R+, B+).
�â®â ä�ªâ ¡ã¤¥¬ §�¯¨áë¢�âì ¢ ¢¨¤¥ F = Nb+za, z› ◦ G. �¡à�â¨¬ ¢−¨¬�−¨¥,
çâ® ¢ á®®â−®è¥−¨¨ (1) á¬¥è¨¢�−¨¥ ¯à®¨áå®¤¨â ®¤−®¢à¥¬¥−−® ¨ ¯® ¯�à�¬¥âà�¬
á¤¢¨£�, ¨ ¯® ¯�à�¬¥âà�¬ ¬�áèâ�¡�, −® â�ª ª�ª íâ¨ ¯�à�¬¥âàë ¢ (1) á¢ï§�−ë
¦¥áâª®© §�¢¨á¨¬®áâìî, ¯à¨ ª®â®à®© ¯�à�¬¥âàë ¯®«®¦¥−¨ï (á¤¢¨£�) á¬¥è¨¢�¥¬ëå
−®à¬�«ì−ëå §�ª®−®¢ ¯à®¯®àæ¨®−�«ì−ë ¨å ¤¨á¯¥àá¨ï¬, â® ä�ªâ¨ç¥áª¨ á¬¥áì (1)
ï¢«ï¥âáï ®¤−®¯�à�¬¥âà¨ç¥áª®©. ˆ¬¥−−® ¯®íâ®¬ã á¬¥á¨ ¢¨¤� (1) −�§ë¢�îâáï
¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ë¬¨.

…á«¨ ¢ á®®â−®è¥−¨¨ (1) äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï G(z) = PGIG(z), £¤¥
PGIG(z) | äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï ®¡®¡é¥−−®£® ®¡à�â−®£® £�ãáá®¢áª®£® §�-
ª®−� [10], á®®â¢¥âáâ¢ãîé�ï ¯«®â−®áâ¨

pGIG(x; ν, µ, λ) =
λν/2

2µν/2Kν

(

√

µλ
) xν−1 exp

{

−1
2

(

µ

x
+ λx

)}

, x > 0 ,

â® á®®â−®è¥−¨¥ (1) §�¤�¥â ¬−®£®¬¥à−®¥ ®¡®¡é¥−−®¥ £¨¯¥à¡®«¨ç¥áª®¥ à�á¯à¥¤¥«¥-
−¨¥ [7{9]. ‡¤¥áì ν ∈ R,

µ > 0, λ > 0, ¥á«¨ ν < 0 ;

µ > 0, λ > 0, ¥á«¨ ν = 0 ;

µ > 0, λ > 0, ¥á«¨ ν > 0 ;
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Kν(z)| ¬®¤¨ä¨æ¨à®¢�−−�ï ¡¥áá¥«¥¢� äã−ªæ¨ï âà¥âì¥£® à®¤� ¯®àï¤ª� ν,

Kν(z) =
1

2

∞
∫

0

yν−1 exp

{

−z

2

(

y +
1

y

)}

dy , z ∈ C , Re z > 0 .

…á«¨ ¢ á®®â−®è¥−¨¨ (1) äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï G(z) = PGG(z), £¤¥
PGG(z) | äã−ªæ¨ï ®¡®¡é¥−−®£® £�¬¬�-à�á¯à¥¤¥«¥−¨ï [11], á®®â¢¥âáâ¢ãîé�ï
¯«®â−®áâ¨

pGG(x; ν, κ, δ) =











|ν|
δk|ν|•(κ)

xκν−1 exp

{

− xν

δ|ν|

}

, x > 0 ;

0 , x < 0 ,

â® á®®â−®è¥−¨¥ (1) §�¤�¥â ¬−®£®¬¥à−®¥ ®¡®¡é¥−−®¥ ¤¨á¯¥àá¨®−−®¥ £�¬¬�-à�á¯à¥-
¤¥«¥−¨¥ [3, 12]. ‡¤¥áì ¯�à�¬¥âàë ν ∈ R, κ, δ ∈ R

+ ®â¢¥ç�îâ á®®â¢¥âáâ¢¥−−® §�
áâ¥¯¥−ì, ä®à¬ã ¨ ¬�áèâ�¡, •(κ)| í©«¥à®¢� £�¬¬�-äã−ªæ¨ï:

•(κ) =

∞
∫

0

xκ−1e−x dx .

2 Условия сходимости распределений многомерных случайных
последовательностей с независимыми случайными индексами

—â®¡ë ¯®«ãç¨âì −¥âà¨¢¨�«ì−ë¥ ¯à¥¤¥«ì−ë¥ à�á¯à¥¤¥«¥−¨ï ¤«ï Zn ¢ áå¥¬¥ á¥-
à¨©, à�áá¬�âà¨¢�¥¬®© ¢ ¤�−−®¬ à�§¤¥«¥, ¯®âà¥¡ã¥âáï á«¥¤ãîé¥¥ ¤®¯®«−¨â¥«ì−®¥
ãá«®¢¨¥ á®£«�á®¢�−−®áâ¨: ¤«ï «î¡®£® T ∈ (0,∞)

lim
n→∞

E sup
‖t‖6T

|hn,Nn(t)− h(t)| = 0 . (2)

�¥á«®¦−® ã¡¥¤¨âìáï, çâ® ãá«®¢¨¥ á®£«�á®¢�−−®áâ¨ (2) ¢ëâ¥ª�¥â ¨§ ãá«®¢¨ï

lim
n→∞

E–(Yn,Nn , Y ) = 0 .

„¥©áâ¢¨â¥«ì−®,

E sup
‖t‖6T

|hn,Nn(t)− h(t)| =
∞
∑

k=1

P(Nn = k) sup
‖t‖6T

|hn,k(t)− h(t)| =

=

∞
∑

k=1

P(Nn = k) sup
‖t‖6T

∣

∣

∣

∣

∣

∣

∫

Rm

ei〈t,x〉L(Yn,k)(dx)−
∫

Rm

ei〈t,x〉L(Y )(dx)

∣

∣

∣

∣

∣

∣

=
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=
∞
∑

k=1

P(Nn = k) sup
‖t‖6T

∣

∣

∣

∣

∣

∣

∫

Rm

ei〈t,x〉 [L(Yn,k)− L(Y )] (dx)

∣

∣

∣

∣

∣

∣

6

6

∞
∑

k=1

P(Nn = k)

∫

Rm

|L(Yn,k)− L(Y)| (dx) = E–(Yn,Nn , Y ) .

‘«¥¤ãï à�¡®â¥ [4], ¤«ï ä¨ªá¨à®¢�−−ëå á«ãç�©−ëå ¢¥ªâ®à®¢ Z ¨ Y á å�à�ª-
â¥à¨áâ¨ç¥áª¨¬¨ äã−ªæ¨ï¬¨ f(t) ¨ h(t) ¢¢¥¤¥¬ ¬−®¦¥áâ¢® W(Z|Y), á®¤¥à¦�é¥¥
¢á¥ (m + 1)-¬¥à−ë¥ á«ãç�©−ë¥ ¢¥ªâ®àë W = (U, V⊤)⊤ á U ∈ R ¨ V ∈ R

m,
â�ª¨¥ çâ® å�à�ªâ¥à¨áâ¨ç¥áª�ï äã−ªæ¨ï f(t) ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥:

f(t) = Eh(Ut)ei〈t,V〉 , t ∈ R
m , (3)

¨ P(U > 0) = 1. Š�ª¨¬¨ ¡ë −¨ ¡ë«¨ á«ãç�©−ë¥ ¢¥ªâ®àë Z ¨ Y , ¬−®¦¥áâ¢®
W(Z|Y ) ¢á¥£¤� −¥ ¯ãáâ®, ¯®áª®«ìªã ®−® ®ç¥¢¨¤−® á®¤¥à¦¨â ¢¥ªâ®à (0, Z⊤)⊤.
Œ−®¦¥áâ¢® W(Z|Y ) ¬®¦¥â á®¤¥à¦�âì ¡®«¥¥ ®¤−®£® í«¥¬¥−â�. �¥á«®¦−® ¢¨¤¥âì,

çâ® ¯à¥¤áâ�¢«¥−¨¥ (3) íª¢¨¢�«¥−â−® â®¬ã, çâ® Z
d
= UY +V .

�ãáâì ˜(X1, X2) | «î¡�ï ¢¥à®ïâ−®áâ−�ï ¬¥âà¨ª�, ¬¥âà¨§ãîé�ï á«�¡ãî
áå®¤¨¬®áâì ¢ ¯à®áâà�−áâ¢¥ (m + 1)-¬¥à−ëå á«ãç�©−ëå ¢¥ªâ®à®¢. �à¨¬¥à®¬
â�ª®© ¬¥âà¨ª¨ ï¢«ï¥âáï à�ááâ®ï−¨¥ ‹¥¢¨{�à®å®à®¢� (á¬., −�¯à¨¬¥à, [13, 14]).
’¥®à¥¬� 1 [4]. �ãáâì á¥¬¥©áâ¢® á«ãç�©−ëå ¢¥«¨ç¨− {Un}n∈N á«�¡® ®â−®á¨-
â¥«ì−® ª®¬¯�ªâ−®. �à¥¤¯®«®¦¨¬, çâ® ¢ë¯®«−¥−® ãá«®¢¨¥ á®£«�á®¢�−−®áâ¨ (2).
’®£¤� á«�¡�ï áå®¤¨¬®áâì −®à¬¨à®¢�−−ëå á«ãç�©−ëå ¢¥ªâ®à®¢ á −¥§�¢¨á¨¬ë¬¨
á«ãç�©−ë¬¨ ¨−¤¥ªá�¬¨

Zn =⇒ Z (n → ∞) (4)

ª −¥ª®â®à®¬ã á«ãç�©−®¬ã ¢¥ªâ®àã Z ¨¬¥¥â ¬¥áâ® ¯à¨ −¥ª®â®àëå cn ∈ R
m

â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� áãé¥áâ¢ã¥â á«�¡® ®â−®á¨â¥«ì−® ª®¬¯�ªâ−�ï
¯®á«¥¤®¢�â¥«ì−®áâì á«ãç�©−ëå ¢¥ªâ®à®¢ W∗

n ≡ (U∗
n, (V∗

n)
⊤)⊤ ∈ W(Z|Y ),

n ∈ N, â�ª�ï çâ®
lim

n→∞
˜(W∗

n, Wn) = 0 .

3 Общая теорема о сходимости распределений сумм случайного числа
независимых неодинаково распределенных многомерных случайных
величин

÷�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì á¥à¨© {Xn,j}j>1, n ∈ N, −¥§�¢¨á¨¬ëå, −®
−¥ ®¡ï§�â¥«ì−® ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ëå ¢ ª�¦¤®© á¥à¨¨ á«ãç�©−ëå ¢¥«¨ç¨−.
„«ï n, k ∈ N ¯®«®¦¨¬

Sn,k = Xn,1 + · · · +Xn,k .
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Š�ª ¡ã¤¥â ¯®ª�§�−® ¢ ¤�−−®¬ à�§¤¥«¥, ¥á«¨ Sn,k | áã¬¬� −¥§�¢¨á¨¬ëå á«ãç�©-
−ëå ¢¥«¨ç¨−, â® ãá«®¢¨¥ á«�¡®© ®â−®á¨â¥«ì−®© ª®¬¯�ªâ−®áâ¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨
{Un}n∈N, ¨á¯®«ì§®¢�−−®¥ ¢ëè¥ ¤«ï ®¯¨á�−¨ï ®¡é¥£® á«ãç�ï, ¬®¦¥â ¡ëâì §�-
¬¥−¥−®, ¢®®¡é¥ £®¢®àï, ¬¥−¥¥ ®£à�−¨ç¨â¥«ì−ë¬ ãá«®¢¨¥¬ á«�¡®© ®â−®á¨â¥«ì−®©
ª®¬¯�ªâ−®áâ¨ á¥¬¥©áâ¢� {Yn,k}n,k∈N. „¥©áâ¢¨â¥«ì−®, ¯ãáâì, ª ¯à¨¬¥àã, −®à¬ë
á«ãç�©−ëå ¢¥ªâ®à®¢ Sn,k ¨¬¥îâ ¬®¬¥−âë −¥ª®â®à®£® ¯®àï¤ª� δ > 0. ’®£¤� ¥á«¨
¯®«®¦¨âì bn,k = (E‖Sn,k − an,k‖δ)1/δ, â® ¯® −¥à�¢¥−áâ¢ã Œ�àª®¢�

lim
R→∞

sup
n,k∈N

P (‖Y n,k‖ > R) 6 lim
R→∞

1

R δ
= 0,

â. ¥. á¥¬¥©áâ¢® {Yn,k}n,k∈N á«�¡® ®â−®á¨â¥«ì−® ª®¬¯�ªâ−®.

’¥®à¥¬� 2. �ãáâì á«ãç�©−ë¥ ¢¥ªâ®àë Sn,k ¨¬¥îâ ¢¨¤ (5). �à¥¤¯®«®¦¨¬, çâ®
á¥¬¥©áâ¢® á«ãç�©−ëå ¢¥ªâ®à®¢ {Yn,k}n,k∈N á«�¡® ®â−®á¨â¥«ì−® ª®¬¯�ªâ−®,
¯à¨ç¥¬ ¢ë¯®«−¥−® ãá«®¢¨¥ á®£«�á®¢�−−®áâ¨ (2). ’®£¤� áå®¤¨¬®áâì (4) −®à¬¨à®-
¢�−−ëå ¬−®£®¬¥à−ëå á«ãç�©−ëå áã¬¬ Zn ª −¥ª®â®à®¬ã á«ãç�©−®¬ã ¢¥ªâ®àã Z
¨¬¥¥â ¬¥áâ® á −¥ª®â®àë¬¨ cn ∈ R

m ¢ â®¬ ¨ â®«ìª® ¢ â®¬ á«ãç�¥, ª®£¤�
áãé¥áâ¢ã¥â á«�¡® ®â−®á¨â¥«ì−® ª®¬¯�ªâ−�ï ¯®á«¥¤®¢�â¥«ì−®áâì á«ãç�©−ëå
¢¥ªâ®à®¢ W∗

n ≡ (U∗
n, (V ∗

n)
⊤)⊤ ∈ W(Z|Y ), n ∈ N, â�ª�ï çâ®

lim
n→∞

˜(W∗
n, Wn) = 0 . (5)

„ ® ª � § � â ¥ « ì á â ¢ ® . „®áâ�â®ç−® ¯®ª�§�âì, çâ® ¢ à�áá¬�âà¨¢�¥¬®© á¨âã�æ¨¨
ãá«®¢¨¥ (4) ¢«¥ç¥â á«�¡ãî ®â−®á¨â¥«ì−ãî ª®¬¯�ªâ−®áâì á¥¬¥©áâ¢� {Un}n∈N ¨ á®-
á«�âìáï −� ¯à¨¢¥¤¥−−ãî ¢ëè¥ â¥®à¥¬ã 1. ‚ ¤�«ì−¥©è¥¬ á¨¬¬¥âà¨§�æ¨î á«ãç�©-
−®£® ¢¥ªâ®à� X ¡ã¤¥¬ ®¡®§−�ç�âì X(s), X(s) = X − X′, £¤¥ X′ | á«ãç�©−ë©

¢¥ªâ®à, −¥§�¢¨á¨¬ë© ®â X ¨ â�ª®©, çâ® X′ d
= X. „«ï q ∈ (0, 1) ¯ãáâì ℓn(q) |

â®ç−�ï −¨¦−ïï £à�−ì q-ª¢�−â¨«¥© á«ãç�©−®© ¢¥«¨ç¨−ë Nn, n ∈ N. �à¥¤¯®-

«®¦¨¬, çâ® ¯à¨ ª�¦¤®¬ n á«ãç�©−ë¥ í«¥¬¥−âë Nn,X
(s)
n,1,X

(s)
n,2, . . . −¥§�¢¨á¨¬ë

¢ á®¢®ªã¯−®áâ¨ ¨ ¢¢¥¤¥¬ á«ãç�©−ë¥ ¢¥ªâ®àë

Qn =
1

dn

Nn
∑

j=1

X
(s)
n,j , n ∈ N .

ˆá¯®«ì§ãï í«¥¬¥−â�à−® ¤®ª�§ë¢�¥¬®¥ −¥à�¢¥−áâ¢® á¨¬¬¥âà¨§�æ¨¨

P
(

X(s) > R
)

6 2P

(

‖X − a‖ >
R

2

)

,

á¯à�¢¥¤«¨¢®¥ ¤«ï «î¡®£® á«ãç�©−®£® ¢¥ªâ®à� X ¨ «î¡ëå a ∈ R
m, R > 0 (á¬.,

−�¯à¨¬¥à, [15]), ¤«ï «î¡ëå R > 0 ¨ n ∈ N ¯®«ãç�¥¬
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P(‖Qn‖ > R) =
∞
∑

k=1

P(Nn = k)P





∥

∥

∥

∥

∥

∥

1

dn

k
∑

j=1

X
(s)
n,j

∥

∥

∥

∥

∥

∥

> R



 6

6 2

∞
∑

k=1

P(Nn = k)P





∥

∥

∥

∥

∥

∥

1

dn





k
∑

j=1

Xn,j − cn





∥

∥

∥

∥

∥

∥

>
R

2



 =

= 2P





∥

∥

∥

∥

∥

∥

1

dn





Nn
∑

j=1

Xn,j − cn





∥

∥

∥

∥

∥

∥

>
R

2



 .

�®íâ®¬ã

lim
R→∞

sup
n
P(‖Qn‖ > R) 6 2 lim

R→∞
sup

n
P





∣

∣

∣

∣

∣

∣

1

dn





Nn
∑

j=1

Xn,j − cn





∥

∥

∥

∥

∥

∥

>
R

2



 = 0

¢ á¨«ã (4). ‘«¥¤®¢�â¥«ì−®, ¯®á«¥¤®¢�â¥«ì−®áâì á«ãç�©−ëå ¢¥ªâ®à®¢ {Qn}n∈N

á«�¡® ®â−®á¨â¥«ì−® ª®¬¯�ªâ−�.
’¥¯¥àì ¤®ª�¦¥¬, çâ®

C(q) ≡ sup
n

bn,ℓn(q)

dn
< ∞ (6)

¤«ï ª�¦¤®£® q ∈ (0, 1). ‘ íâ®© æ¥«ìî ¨á¯®«ì§ã¥¬ ¬−®£®¬¥à−ë© �−�«®£ −¥à�¢¥−-
áâ¢� ‹¥¢¨

P



 max
16m6k

∥

∥

∥

∥

∥

∥

m
∑

j=1

X
(s)
j

∥

∥

∥

∥

∥

∥

> R



 6 2P





∥

∥

∥

∥

∥

∥

k
∑

j=1

X
(s)
j

∥

∥

∥

∥

∥

∥

> R



 ,

á¯à�¢¥¤«¨¢®£® ¤«ï «î¡ëå −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥ªâ®à®¢ X1, . . . , Xk ¨ «î¡®£®
R > 0 (á¬., −�¯à¨¬¥à, [16, á. 455]), á ¯®¬®éìî ª®â®à®£® ¤«ï ¯à®¨§¢®«ì−®£® q ∈
∈ (0, 1) ¯®«ãç¨¬ á«¥¤ãîéãî æ¥¯®çªã −¥à�¢¥−áâ¢:

2P(‖Qn‖ > R) = 2

∞
∑

k=1

P(Nn = k)P





∥

∥

∥

∥

∥

∥

1

dn

k
∑

j=1

X
(s)
n,j

∥

∥

∥

∥

∥

∥

> R



 >

> 2
∑

k≥ℓn(q)

P(Nn = k)P





∥

∥

∥

∥

∥

∥

1

dn

k
∑

j=1

X
(s)
n,j

∥

∥

∥

∥

∥

∥

> R



 >
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>
∑

k>ℓn(q)

P(Nn = k)P





∥

∥

∥

∥

∥

∥

1

dn

ℓn(q)
∑

j=1

X
(s)
n,j

∥

∥

∥

∥

∥

∥

> R



 =

= P(Nn > ℓn(q))P





∥

∥

∥

∥

∥

∥

1

dn

ℓn(q)
∑

j=1

X
(s)
n,j

∥

∥

∥

∥

∥

∥

> R



 = (1−q)P





∣

∣

∣

∣

∣

∣

1

dn

ℓn(q)
∑

j=1

X
(s)
n,j

∥

∥

∥

∥

∥

∥

> R



.

’�ª¨¬ ®¡à�§®¬, á«�¡�ï ª®¬¯�ªâ−®áâì á¥¬¥©áâ¢� á«ãç�©−ëå ¢¥ªâ®à®¢ {Qn}n∈N,
ãáâ�−®¢«¥−−�ï ¢ëè¥, ¯à¨ ª�¦¤®¬ q ∈ (0, 1) ¢«¥ç¥â á«�¡ãî ª®¬¯�ªâ−®áâì á¥¬¥©-
áâ¢� {Q(q)n }n∈N, £¤¥

Q(q)n =
1

dn

ℓn(q)
∑

j=1

X
(s)
n,j , n ∈ N .

�à¥¤¯®«®¦¨¬, çâ® (6) −¥ ¨¬¥¥â ¬¥áâ�. ‚ â�ª®¬ á«ãç�¥ áãé¥áâ¢ãîâ −¥ª®â®à®¥
q∗ ∈ (0, 1) ¨ −¥ª®â®à�ï ¯®á«¥¤®¢�â¥«ì−®áâì N −�âãà�«ì−ëå ç¨á¥«, â�ª¨¥ çâ®

bn,ℓn(q∗)

dn
−→ ∞ , n → ∞ , n ∈ N . (7)

‚ á®®â¢¥âáâ¢¨¨ á ãá«®¢¨ï¬¨ â¥®à¥¬ë á¥¬¥©áâ¢® á«ãç�©−ëå ¢¥ªâ®à®¢
{Yn,k = (Sn,k − an,k)/bn,k}n,k∈N

á«�¡® ®â−®á¨â¥«ì−® ª®¬¯�ªâ−®. �®íâ®¬ã ¬®¦-
−® ¢ë¡à�âì ¯®¤¯®á«¥¤®¢�â¥«ì−®áâì N1 ⊆ N â�ª, çâ®¡ë

Yn,ℓn(q∗) =
1

bn,ℓn(q∗)





ℓn(q∗)
∑

j=1

Xn,j − an,ℓn(q∗)



 =⇒ Y , n → ∞, n ∈ N1 , (8)

£¤¥ Y | −¥ª®â®àë© á«ãç�©−ë© ¢¥ªâ®à. �¡®§−�ç¨¬ r-¥ ª®¬¯®−¥−âë á«ãç�©−ëå

¢¥ªâ®à®¢ Q(q
∗)

n , Y
(s)
n,ℓn(q∗)

¨ Y (s) ç¥à¥§ Q
(q∗)
n;r , Y

(s)
n,ℓn(q∗);r

¨ Y
(s)
r á®®â¢¥âáâ¢¥−−®:

Q(q
∗)

n =
(

Q
(q∗)
n;1 , . . . , Q(q

∗)
n;m

)⊤
;

Y
(s)
n,ℓn(q∗)

=
(

Y
(s)
n,ℓn(q∗);1

, . . . , Y
(s)
n,ℓn(q∗);m

)⊤
;

Y (s) =
(

Y
(s)
1 , . . . , Y (s)m

)⊤
.

’®£¤� ¨§ (7) ¨ (8) ¢ëâ¥ª�¥â, çâ® ¤«ï «î¡®£® R ∈ R ¨ «î¡®£® r ∈ {1, . . . ,m}

P(Q(q
∗)

n;r 6 R) = P

(

Y
(s)
n,ℓn(q∗);r

6
dnR

bn,ℓn(q∗)

)

−→ P(Y (s)r 6 0) >
1

2
,

n → ∞ , n ∈ N1 ,
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� áå®¤¨¬®áâ¨ á«ãç�©−ëå áã¬¬ −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥ªâ®à®¢

çâ® ¯à®â¨¢®à¥ç¨â á«�¡®© ®â−®á¨â¥«ì−®© ª®¬¯�ªâ−®áâ¨ á¥¬¥©áâ¢� {Q(q
∗)

n }, ãáâ�-
−®¢«¥−−®© ¢ëè¥. ’�ª¨¬ ®¡à�§®¬, ãá«®¢¨¥ (6) ¢ë¯®«−¥−® ¤«ï «î¡®£® q ∈ (0, 1).

�¥á«®¦−® ã¡¥¤¨âìáï, çâ® Nn
d
= ℓn(υ), £¤¥ υ | á«ãç�©−�ï ¢¥«¨ç¨−� á à�¢−®-

¬¥à−ë¬ à�á¯à¥¤¥«¥−¨¥¬ −� (0, 1). �®íâ®¬ã á ãç¥â®¬ (6) ¤«ï «î¡ëå R > 0 ¨ n ∈ N

¨¬¥¥¬

P(Un > R) = P

(

bn,ℓn(υ)

dn
> R

)

=

1
∫

0

I

(

bn,ℓn(q)

dn
> R

)

dq 6

6

1
∫

0

I (C(q) > R) dq = P (C (υ) > R) ,

â�ª çâ®
lim

R→∞
sup

n
P (Un > R) = lim

R→∞
P (C(υ) > R) = 0 ,

â. ¥. ¯®á«¥¤®¢�â¥«ì−®áâì {Un}n∈N á«�¡® ª®¬¯�ªâ−�. ’¥¬ á�¬ë¬ â¥®à¥¬� ¤®ª�§�−�.

4 Сходимость распределений сумм случайного числа независимых
неодинаково распределенных многомерных случайных величин
к дисперсионно-сдвиговым смесям, в частности к многомерным
обобщенным дисперсионным гамма-распределениям

ˆ§ãç¨¬ ¢®¯à®á ® â®¬, ¯à¨ ª�ª¨å ãá«®¢¨ïå ¯à¥¤¥«ì−ë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨
¤«ï áã¬¬ á«ãç�©−®£® ç¨á«� −¥§�¢¨á¨¬ëå −¥®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ëå ¬−®£®¬¥à-
−ëå á«ãç�©−ëå ¢¥«¨ç¨− ¬®£ãâ ¡ëâì ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ë¥ á¬¥á¨ −®à¬�«ì−ëå
§�ª®−®¢ ¨, ¢ ç�áâ−®áâ¨, ¬−®£®¬¥à−ë¥ GVG-à�á¯à¥¤¥«¥−¨ï.

��¯®¬−¨¬, çâ® å�à�ªâ¥à¨áâ¨ç¥áª�ï äã−ªæ¨ï m-¬¥à−®£® −®à¬�«ì−®£® à�á-
¯à¥¤¥«¥−¨ï á −ã«¥¢ë¬ ¢¥ªâ®à®¬ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¨ ª®¢�à¨�æ¨®−−®©
¬�âà¨æ¥© › ¨¬¥¥â ¢¨¤:

f0,›(t) = exp

{

−1
2

t⊤›t

}

, t ∈ R
m .

�à¥¤¯®«®¦¨¬, çâ® áã¬¬ë Sn,k −¥á«ãç�©−®£® ç¨á«� á«ãç�©−ëå ¢¥ªâ®à®¢ �á¨¬-
¯â®â¨ç¥áª¨ −®à¬�«ì−ë ¢ â®¬ á¬ëá«¥, çâ® áãé¥áâ¢ã¥â ¯®«®¦¨â¥«ì−® ®¯à¥¤¥«¥−−�ï
á¨¬¬¥âà¨ç−�ï (m × m)-¬�âà¨æ� › â�ª�ï, çâ® ¤«ï «î¡®£® T ∈ (0,∞)

lim
n→∞

E sup
‖t‖6T

∣

∣

∣

∣

hn,Nn(t)− exp
{

−1
2

t⊤›t

}∣

∣

∣

∣

= 0 , (9)

£¤¥ hn,k(t) | å�à�ªâ¥à¨áâ¨ç¥áª�ï äã−ªæ¨ï −®à¬¨à®¢�−−ëå ¨ æ¥−âà¨à®¢�−−ëå
áã¬¬ Yn,k = b−1n,k(Sn,k − an,k).

�à¥¤¯®«®¦¨¬, çâ® æ¥−âà¨àãîé¨¥ ¢¥ªâ®àë an,k ¨ cn ¢ ®¯à¥¤¥«¥−−®¬ á¬ëá«¥
¯à®¯®àæ¨®−�«ì−ë −®à¬¨àãîé¨¬ ª®−áâ�−â�¬ bn,k ¨ dn. � ¨¬¥−−®: ¯à¥¤¯®«®¦¨¬,
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çâ® áãé¥áâ¢ãîâ ¢¥ªâ®àë an ∈ R
m ¨ bn ∈ R

m â�ª¨¥, çâ® ¤«ï ¢á¥å n, k ∈ N

á¯à�¢¥¤«¨¢ë á®®â−®è¥−¨ï:

an,k = d−1n b2n,kan ; cn = dnbn , (10)

¯à¨ç¥¬ áãé¥áâ¢ãîâ ¯à¥¤¥«ë:
a = lim

n→∞
an ; b = lim

n→∞
bn . (11)

’¥®à¥¬� 3. �à¥¤¯®«®¦¨¬, çâ® á¥¬¥©áâ¢® á«ãç�©−ëå ¢¥ªâ®à®¢ {Yn,k}n,k∈N á«�-
¡® ®â−®á¨â¥«ì−® ª®¬¯�ªâ−®, æ¥−âà¨àãîé¨¥ ¢¥ªâ®àë ¨¬¥îâ ¢¨¤ (10) ¨ ã¤®¢«¥-
â¢®àïîâ ãá«®¢¨î (11). �à¥¤¯®«®¦¨¬, çâ® áã¬¬ë Sn,k −¥á«ãç�©−®£® ç¨á«� á«ã-
ç�©−ëå ¢¥ªâ®à®¢ �á¨¬¯â®â¨ç¥áª¨ −®à¬�«ì−ë ¢ á¬ëá«¥ (9). ’®£¤� à�á¯à¥¤¥«¥−¨ï
æ¥−âà¨à®¢�−−ëå ¨ −®à¬¨à®¢�−−ëå á«ãç�©−ëå áã¬¬ áå®¤ïâáï ª à�á¯à¥¤¥«¥−¨î
−¥ª®â®à®£® á«ãç�©−®£® ¢¥ªâ®à� Z :

Zn =⇒ Z (n → ∞)
â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� áãé¥áâ¢ã¥â äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï G, â�ª�ï
çâ® G(0) = 0, à�á¯à¥¤¥«¥−¨¥ F á«ãç�©−®£® ¢¥ªâ®à� Z ¨¬¥¥â ¢¨¤:

F = Nb+za, z› ◦ G

¨
P(U2n < x) =⇒ G(x) (n → ∞) .

„ ® ª � § � â ¥ « ì á â ¢ ® . ‚ë¢¥¤¥¬ â¥®à¥¬ã 3 ¢ ª�ç¥áâ¢¥ á«¥¤áâ¢¨ï â¥®à¥¬ë 2.
‚®-¯¥à¢ëå, §�¬¥â¨¬, çâ® ãá«®¢¨¥ (9) | íâ® −¥ çâ® ¨−®¥, ª�ª ãá«®¢¨¥ á®£«�á®¢�−-
−®áâ¨ (2) á h(t) ≡ exp{−(1/2)t⊤›t}.

‚®-¢â®àëå, §�¬¥â¨¬, çâ® ®ç¥¢¨¤−ë¬ ®¡à�§®¬ ª�¦¤�ï ®¤−®¬¥à−�ï ¯à®¥ªæ¨ï
¬−®£®¬¥à−®© ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢®© á¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢ ï¢«ï¥âáï ®¤−®-
¬¥à−®© ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢®© á¬¥áìî −®à¬�«ì−ëå §�ª®−®¢. �¥¤�¢−® ¢ à�¡®-
â¥ [2] ¡ë«® ¯®ª�§�−®, çâ® ®¤−®¬¥à−ë¥ ¤¨á¯¥àá¨®−−®-á¤¢¨£®¢ë¥ á¬¥á¨ −®à¬�«ì−ëå
§�ª®−®¢ ¨¤¥−â¨ä¨æ¨àã¥¬ë, â. ¥. ¥á«¨ a ∈ R, σ > 0, P(Y < x) ≡ �(x), � U1
¨ U2 | ¤¢¥ −¥®âà¨æ�â¥«ì−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë, â® â®¦¤¥áâ¢®

E�

(

x − aU21
σU1

)

≡ E�
(

x − aU22
σU2

)

¢«¥ç¥â, çâ® U1
d
= U2. ‘«¥¤®¢�â¥«ì−®, ¬−®¦¥áâ¢® W(Z|Y ) á®¤¥à¦¨â −¥ ¡®«¥¥

®¤−®£® ¢¥ªâ®à� ¢¨¤� W =
(

σU, (U2a+ b)⊤
)⊤

. �â® ®§−�ç�¥â, çâ® ¢ à�áá¬�âà¨-
¢�¥¬®¬ á«ãç�¥ ãá«®¢¨¥ (5) á¢®¤¨âáï ª (10). ’¥®à¥¬� ¤®ª�§�−�.

‚ ª�ç¥áâ¢¥ í«¥¬¥−â�à−®£® á«¥¤áâ¢¨ï â¥®à¥¬ë 3 ¯®«ãç�¥âáï ãâ¢¥à¦¤¥−¨¥, ®¯¨-
áë¢�îé¥¥ ãá«®¢¨ï áå®¤¨¬®áâ¨ à�á¯à¥¤¥«¥−¨© á«ãç�©−ëå áã¬¬ ª ¤¨á¯¥àá¨®−−ë¬
£�¬¬�-à�á¯à¥¤¥«¥−¨ï¬ ¨«¨ ®¡®¡é¥−−ë¬ £¨¯¥à¡®«¨ç¥áª¨¬ à�á¯à¥¤¥«¥−¨ï¬.
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� áå®¤¨¬®áâ¨ á«ãç�©−ëå áã¬¬ −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥ªâ®à®¢

’¥®à¥¬� 4. �à¥¤¯®«®¦¨¬, çâ® á¥¬¥©áâ¢® á«ãç�©−ëå ¢¥ªâ®à®¢ {Yn,k}n,k∈N á«�-
¡® ®â−®á¨â¥«ì−® ª®¬¯�ªâ−®, æ¥−âà¨àãîé¨¥ ¢¥ªâ®àë ¨¬¥îâ ¢¨¤ (10) ¨ ã¤®¢«¥-
â¢®àïîâ ãá«®¢¨î (11). �à¥¤¯®«®¦¨¬, çâ® áã¬¬ë Sn,k −¥á«ãç�©−®£® ç¨á«�
á«ãç�©−ëå ¢¥ªâ®à®¢ �á¨¬¯â®â¨ç¥áª¨ −®à¬�«ì−ë ¢ á¬ëá«¥ (9).

(a) ÷�á¯à¥¤¥«¥−¨ï æ¥−âà¨à®¢�−−ëå ¨ −®à¬¨à®¢�−−ëå á«ãç�©−ëå áã¬¬ áå®-
¤ïâáï ª ¬−®£®¬¥à−®¬ã ®¡®¡é¥−−®¬ã ¤¨á¯¥àá¨®−−®¬ã £�¬¬�-à�á¯à¥¤¥«¥−¨î
F (dx;a, b,›, ν, κ, δ) ¯à¨ n → ∞ â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤�

P(U2n < x) =⇒ PGG(x; ν, κ, δ) (n → ∞) .
(b) ÷�á¯à¥¤¥«¥−¨ï æ¥−âà¨à®¢�−−ëå ¨ −®à¬¨à®¢�−−ëå á«ãç�©−ëå áã¬¬ áå®-

¤ïâáï ª ¬−®£®¬¥à−®¬ã ®¡®¡é¥−−®¬ã £¨¯¥à¡®«¨ç¥áª®¬ã à�á¯à¥¤¥«¥−¨î
F (dx;a, b,›, ν, µ, λ) ¯à¨ n → ∞ â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤�

P(U2n < x) =⇒ PGIG(x; ν, µ, λ) (n → ∞) .
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ПРОГНОЗИРОВАНИЕ ОБЪЕМОВ ЖЕЛЕЗНОДОРОЖНЫХ
ГРУЗОПЕРЕВОЗОК ПО ПАРАМ ВЕТОК∗

Р. К. Газизуллина1, М. М. Стенина2, В. В. Стрижов3

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� ¨áá«¥¤®¢�−¨î �«£®à¨â¬� −¥¯�à�¬¥âà¨ç¥áª®£®
¯à®£−®§¨à®¢�−¨ï ®¡ê¥¬®¢ ¦¥«¥§−®¤®à®¦−ëå £àã§®¯¥à¥¢®§®ª. ÷¥è�¥âáï §�-
¤�ç� ¯à®£−®§¨à®¢�−¨ï ç¨á«� ¢�£®−®¢ á à�§«¨ç−ë¬¨ £àã§�¬¨, á«¥¤ãîé¨å ¯®
à�§«¨ç−ë¬ ¬�àèàãâ�¬. ‡�¤�−� â®¯®«®£¨ï ¦¥«¥§−®¤®à®¦−®© á¥â¨ | ¤«ï ¢á¥å
¢®§¬®¦−ëå ¯�à ¦¥«¥§−®¤®à®¦−ëå ¢¥â®ª ¤�−� ¨−ä®à¬�æ¨ï ® ¢á¥å ¡«®ª�å ¢�-
£®−®¢, á®¢¥àè¨¢è¨å ¯¥à¥¥§¤ á ®¤−®© ¢¥âª¨ −� ¤àã£ãî, ¢ª«îç�ï ç¨á«® ¢�£®−®¢
¢ ¡«®ª¥, ¢¨¤ £àã§� ¨ ¤�âã ¯à®å®¦¤¥−¨ï ¬�àèàãâ�. „«ï ¯®áâà®¥−¨ï ¯à®£−®-
§� ¨á¯®«ì§ã¥âáï �«£®à¨â¬, ®á−®¢�−−ë© −� á¢¥àâª¥ í¬¯¨à¨ç¥áª®© ¯«®â−®áâ¨
à�á¯à¥¤¥«¥−¨ï §−�ç¥−¨© ¢à¥¬¥−−‚®£® àï¤� á äã−ªæ¨¥© ¯®â¥àì. ÷�−¥¥ ¯à®£−®§
¢ë¯®«−ï«áï ¤«ï ª�¦¤®£® ¦¥«¥§−®¤®à®¦−®£® ã§«� ¢ ®â¤¥«ì−®áâ¨. �à¥¤«�£�¥â-
áï ¯®¢ëá¨âì ª�ç¥áâ¢® ¯à®£−®§� §� áç¥â ¯à®£−®§¨à®¢�−¨ï ¯® ¯�à�¬ ¢¥â®ª ¢¬¥áâ®
¯à®£−®§¨à®¢�−¨ï ®â¯à�¢«¥−¨ï ¢á¥å ¢�£®−®¢ á ¤�−−®£® ã§«�. �«£®à¨â¬ ¯à®¨«-
«îáâà¨à®¢�− ¯®áãâ®ç−ë¬¨ ¤�−−ë¬¨ §� ¯®«â®à� £®¤� ® ¯¥à¥¢®§ª�å 38 â¨¯®¢
£àã§®¢.

Š«îç¥¢ë¥ á«®¢�: ¯à®£−®§¨à®¢�−¨¥; −¥¯�à�¬¥âà¨ç¥áª¨© ¬¥â®¤; §�£àã¦¥−-
−®áâì ¦¥«¥§−®¤®à®¦−®£® ã§«�; äã−ªæ¨ï ¯®â¥àì; í¬¯¨à¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥;
á¢¥àâª�
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1 Введение

�®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ âà�−á¯®àâ¨à®¢ª¨ £àã§®¢ ¯® ¦¥«¥§−®¤®à®¦−ë¬
¯ãâï¬ âà¥¡ã¥â à¥è¥−¨ï §�¤�ç¨ ¯à®£−®§¨à®¢�−¨ï ®¡ê¥¬®¢ ¨ ¢à¥¬¥−¨ ¯¥à¥¢®§®ª
£àã§®¢ á ¢¥âª¨ −� ¢¥âªã ¨ §�£àã¦¥−−®áâ¨ ¦¥«¥§−®¤®à®¦−ëå ã§«®¢ −� ®á−®¢�−¨¨
¤�−−ëå ® ¢à¥¬¥−¨ ¯à¨¡ëâ¨ï ¨ ®â¯à�¢«¥−¨ï ¢�£®−®¢. ÷¥è¥−¨¥ íâ®© §�¤�ç¨ −¥®¡-
å®¤¨¬® ¤«ï ¯®¢ëè¥−¨ï ª�ç¥áâ¢� ã¯à�¢«¥−¨ï ¢ á«®¦−ëå ¨−ä®ª®¬¬ã−¨ª�â¨¢−ëå
áà¥¤�å [1]. “¯à�¢«¥−ç¥áª¨¥ à¥è¥−¨ï ¯à¨−¨¬�îâáï −� ®á−®¢�−¨¨ à�¡®âë á¨áâ¥¬
á¡®à� áâ�â¨áâ¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¢ëá®ª®© â®ç−®áâ¨ ¨ ¤®áâã¯−®áâ¨ [2, 3]. „�−−�ï
à�¡®â� à�áè¨àï¥â ¨ ãâ®ç−ï¥â ¬¥â®¤ à¥è¥−¨ï §�¤�ç¨ ¯à®£−®§¨à®¢�−¨ï, ¨§«®¦¥−-
−ë© ¢ áâ�âì¥ [4]. ˆá¯®«ì§ã¥¬ë© ¢ −¥© �«£®à¨â¬ ®á−®¢�− −� �«£®à¨â¬¥ ª¢�−â¨«ì−®©

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 14-07-31046).
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�à®£−®§¨à®¢�−¨¥ ®¡ê¥¬®¢ ¦¥«¥§−®¤®à®¦−ëå £àã§®¯¥à¥¢®§®ª ¯® ¯�à�¬ ¢¥â®ª

à¥£à¥áá¨¨ [5, 6], ¬®¤¨ä¨æ¨à®¢�−−®¬ á¢¥àâª®© £¨áâ®£à�¬¬ë á äã−ªæ¨¥© ¯®â¥àì,
çâ® ¯®§¢®«ï¥â ãç¨âë¢�âì áâ®¨¬®áâì ®è¨¡®ª ¢ à¥�«ì−®© §�¤�ç¥.

„«ï ¯®«ãç¥−¨ï ¯à®£−®§� ¯® ¢à¥¬¥−−‚®¬ã àï¤ã ¯à¥¤«�£�¥âáï ¯®áâà®¨âì £¨á-
â®£à�¬¬ã. �à®£−®§¨àã¥¬®¥ §−�ç¥−¨¥ (¯®á«¥¤ãîé¨© í«¥¬¥−â ¢à¥¬¥−−®£® àï¤�)
¨é¥âáï ª�ª §−�ç¥−¨¥, á®®â¢¥âáâ¢ãîé¥¥ ®¯â¨¬�«ì−®¬ã §−�ç¥−¨î á¢¥àâª¨ £¨áâ®-
£à�¬¬ë ¨ äã−ªæ¨¨ ¯®â¥àì, ª®â®à�ï §�¤�−� ¨áå®¤ï ¨§ íªá¯¥àâ−ëå ¯à¥¤¯®«®¦¥−¨©
®¡ íª®−®¬¨ç¥áª¨å ¯®â¥àïå ¯à¨ −¥¤®áâ�â®ç−®¬ ¨«¨ ¨§¡ëâ®ç−®¬ −�«¨ç¨¨ á®áâ�¢®¢
−� ¦¥«¥§−®¤®à®¦−®¬ ã§«¥. ‚ à�¡®â¥ [4] ¯®ª�§�−®, çâ® ¤�−−®¥ à¥è¥−¨¥ −�å®¤¨â
¡®«¥¥ â®ç−ë¥ ¯à®£−®§ë ¢ áà�¢−¥−¨¨ á �«£®à¨â¬®¬ ARMA (autoregressive{moving-
average) [7, 8], â�ª¦¥ ¨á¯®«ì§ã¥¬ë¬ ¤«ï à¥è¥−¨ï ¯®¤®¡−ëå §�¤�ç. Šà®¬¥ â®£®,
¤�−−®¥ à¥è¥−¨¥ ¯®§¢®«ï¥â ¢ −¥ª®â®àëå á«ãç�ïå à¥è¨âì §�¤�çã, ª®£¤� �«£®à¨â¬
ARMA −¥ ¬®¦¥â à�¡®â�âì.

‘®£«�á−® à�¡®â¥ [9], ¢ −�áâ®ïé¥¥ ¢à¥¬ï −�áç¨âë¢�¥âáï á¢ëè¥ 100 ª«�áá®¢ ¬®-
¤¥«¥© ¯à®£−®§¨à®¢�−¨ï, ¢ á¢ï§¨ á ç¥¬ ¢®§−¨ª�¥â §�¤�ç� ¢ë¡®à� ¬®¤¥«¥©, ª®â®àë¥
¤�¢�«¨ ¡ë �¤¥ª¢�â−ë¥ ¯à®£−®§ë ¤«ï ¨§ãç�¥¬ëå ¯à®æ¥áá®¢ ¨«¨ á¨áâ¥¬. �¤−¨¬¨
¨§ ®á−®¢−ëå ¬¥â®¤®¢ à¥è¥−¨ï ¯®¤®¡−ëå §�¤�ç ï¢«ïîâáï ¬¥â®¤ë −¥¯�à�¬¥âà¨-
ç¥áª®© à¥£à¥áá¨¨ ¨ ¬®¤¨ä¨ª�æ¨¨, â�ª¨¥ ª�ª ï¤¥à−®¥ á£«�¦¨¢�−¨¥, á£«�¦¨¢�−¨¥
á¯«�©−�¬¨, �¢â®à¥£à¥áá¨ï, áª®«ì§ïé¥¥ áà¥¤−¥¥ ¨ ¤à., ®¯¨á�−−ë¥ ¢ [10{13]. �−¨
§�ª«îç�îâáï ¢ ª®¬¡¨−�æ¨¨ ¢§¢¥è¥−−ëå §−�ç¥−¨© í«¥¬¥−â®¢ ¢à¥¬¥−−‚®£® àï¤� ¤«ï
¯®«ãç¥−¨ï ¯à®£−®§�. ’�ª¦¥ ¤«ï à¥è¥−¨ï ¯®¤®¡−ëå §�¤�ç ¯à¨¬¥−ïîâ −¥©à®−−ë¥
á¥â¨ [14, 15].

„�−−ë¥, ®¯¨áë¢�îé¨¥ ®¡ê¥¬ë £àã§®¯¥à¥¢®§®ª, ¨¬¥îâ á«¥¤ãîé¨© ä®à¬�â.
„«ï ª�¦¤®© áâ�−æ¨¨ ¤«ï ª�¦¤®£® ¤−ï §�¯¨áì á®¤¥à¦¨â ç¨á«® ¢�£®−®¢ á £àã§�¬¨
à�§«¨ç−®£® â¨¯� á ãª�§�−¨¥¬ ¢¥âª¨ ¯à¨¡ëâ¨ï ¨ ®â¯à�¢«¥−¨ï. „«ï ¯®áâà®¥−¨ï
¯à®£−®§®¢ ¨á¯®«ì§ãîâáï ¢à¥¬¥−−‚ë¥ àï¤ë ¤¢ãå â¨¯®¢:

(1) ç¨á«® ®â¯à�¢«¥−−ëå á ¢¥âª¨ ¢�£®−®¢ á £àã§®¬ ª®−ªà¥â−®£® â¨¯�;
(2) ç¨á«® ®â¯à�¢«¥−−ëå −� §�¤�−−ãî ¢¥âªã ¢�£®−®¢ á £àã§®¬ ª®−ªà¥â−®£® â¨¯�.

�á−®¢−®© ¨¤¥¥© ¨ −®¢¨§−®© à�¡®âë ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ¤«ï ¯à®£−®§�
¢à¥¬¥−−‚ëå àï¤®¢ £àã§®¯¥à¥¢®§®ª ¯® ¯�à�¬ ¢¥â®ª, ¢ ®â«¨ç¨¥ ®â à�−¥¥ ¯à¥¤«®¦¥−-
−®£® ¬¥â®¤�, ¨á¯®«ì§®¢�¢è¥£® £àã§®¯¥à¥¢®§ª¨ ¯® ®¤−®¬ã ã§«ã. �â® ¯®§¢®«ï¥â
â®ç−¥¥ ®âá«¥¦¨¢�âì ®á®¡¥−−®áâ¨ £àã§®¯¥à¥¢®§®ª ¬¥¦¤ã à�§«¨ç−ë¬¨ ¯�à�¬¨ ¢¥â®ª
¨, ª�ª á«¥¤áâ¢¨¥, â®ç−¥¥ ¯à¥¤áª�§ë¢�âì ¡ã¤ãé¨¥ ¯¥à¥¢®§ª¨. ‚ ¤�−−®© à�¡®â¥
¯à¥¤¯®«�£�¥âáï, çâ® ¡«�£®¤�àï à�áá¬®âà¥−¨î ¡®«¥¥ ¤¥â�«¨§¨à®¢�−−ëå ¤�−−ëå
¯® ¯¥à¥¢®§ª�¬ ã¤�áâáï ¢ëï¢¨âì âà¥−¤ë ¨ ¯¥à¨®¤¨ç−®áâì. ‘ ¤àã£®© áâ®à®−ë,
à¥è¥−¨¥ íâ®© §�¤�ç¨ ¬®¦¥â á¤¥«�âì ¢¥áì ¯à®£−®§ ¢ æ¥«®¬ ¡®«¥¥ â®ç−ë¬.

2 Постановка задачи гистограммного прогнозирования

‡�¤�− −�¡®à ¢à¥¬¥−−‚ëå àï¤®¢, ¢ ª®â®à®¬ ¢à¥¬¥−−®© àï¤ x = {xi}T
i=1,

¨ £®à¨§®−â ®âáà®çª¨ ¯à®£−®§� h (ç¨á«® ®âáç¥â®¢ ®â ª®−æ� ¢à¥¬¥−−‚®£® àï¤� ¤® â®çª¨
¯à®£−®§� ¢ª«îç¨â¥«ì−®). ’à¥¡ã¥âáï á¯à®£−®§¨à®¢�âì á«¥¤ãîéãî â®çªã xT+1

¢à¥¬¥−−‚®£® àï¤� x â�ª, çâ®¡ë ¢ë¯®«−ï«®áì ãá«®¢¨¥ ®¯â¨¬�«ì−®áâ¨ äã−ªæ¨¨
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¯®â¥àì (2) ¨ á¢¥àâª¨ £¨áâ®£à�¬¬ë (1), ¯®áâà®¥−−®© ¯® §−�ç¥−¨ï¬ ¢à¥¬¥−−‚®£®
àï¤�.

ƒ¨áâ®£à�¬¬� H | −�¡®à ¯�à

H = {(yk, gk)}K
k=1, (1)

£¤¥ K | ç¨á«® ¨−â¥à¢�«®¢
[

ymink , ymaxk

]

á® áà¥¤−¨¬ §−�ç¥−¨¥¬ yk, −� ª®â®àë¥
à�§¡¨â� ®áì §−�ç¥−¨© àï¤� x; gk | ¢ëá®â� áâ®«¡æ� £¨áâ®£à�¬¬ë −� ¨−â¥à¢�«¥ �yk,
à�¢−�ï ¢§¢¥è¥−−®© áã¬¬¥ ª®«¨ç¥áâ¢� â®ç¥ª àï¤�, ¯®¯�¢è¨å ¢ íâ®â ¨−â¥à¢�«.

�à¥¤¯®«�£�¥âáï, çâ® àï¤ x = {xi}T
i=1 áâ�æ¨®−�à¥−, â. ¥. á®¢¬¥áâ−®¥ à�á¯à¥¤¥-

«¥−¨¥ ¢¥à®ïâ−®áâ¥© T −�¡«î¤¥−¨© x1, x2, x3, . . . , xT á®¢¯�¤�¥â á à�á¯à¥¤¥«¥−¨¥¬
x1+τ , x2+τ , x3+τ . . . , xT+τ ¯à¨ «î¡ëå T ¨ τ .

‚¢¥¤¥¬ äã−ªæ¨î ¯®â¥àì L(�y, y)| èâà�ä §� −¥á®®â¢¥âáâ¢¨¥ ¯à®£−®§¨àã¥¬®£®
§−�ç¥−¨ï �y ¨áâ®à¨ç¥áª®¬ã §−�ç¥−¨î y. ��¯à¨¬¥à:

(1) L(z, x) = (z − x)2;
(2) L(z, x) = |z − x|;

(3) L(z, x) =

{

0, ¥á«¨|z − x| < a ;

|z − x| − a, ¥á«¨|z − a| ≥ a ,
£¤¥ a > 0| íªá¯¥àâ−® §�¤�−−ë© ¯�à�¬¥âà.

‚ ¤�−−®© à�¡®â¥ ¨á¯®«ì§ã¥âáï äã−ªæ¨ï

L(z, x) = |z − x| . (2)

‡�¤�ç� −�å®¦¤¥−¨ï ¯à®£−®§¨àã¥¬®£® §−�ç¥−¨ï �y ¢à¥¬¥−−‚®£® àï¤� á ¨á¯®«ì-
§®¢�−¨¥¬ äã−ªæ¨¨ L ¨¬¥¥â ¢¨¤:

�y = argmin
z∈N

K
∑

k=1

L(z, yk) ,

£¤¥ á¢ï§�−−�ï ¯¥à¥¬¥−−�ï z ¯à¨−�¤«¥¦¨â ¬−®¦¥áâ¢ã −�âãà�«ì−ëå ç¨á¥«, â�ª ª�ª
âà¥¡ã¥âáï á¯à®£−®§¨à®¢�âì ç¨á«® ¢�£®−®¢.

�ãáâì ¯®áâà®¥− ¯à®£−®§ §−�ç¥−¨© àï¤� { �y1, �y2, . . . , �yk} ¢ −¥ª®â®àëå â®çª�å,
¯à¨ íâ®¬ à¥�«ì−ë¥ §−�ç¥−¨ï àï¤� x ¢ íâ¨å ¦¥ â®çª�å à�¢−ë {y1, y2, . . . yk}. �â¨
§−�ç¥−¨ï −¥ ¨á¯®«ì§®¢�«¨áì ¯à¨ ¯®áâà®¥−¨¨ ¯à®£−®§� ¨ −ã¦−ë ¤«ï ¯®«ãç¥−¨ï
à¥âà®á¯¥ªâ¨¢−®© ®æ¥−ª¨ ª�ç¥áâ¢� ¯à®£−®áâ¨ç¥áª®© ¬®¤¥«¨. ‚ëç¨á«¨¬ áà¥¤−îî
®è¨¡ªã à¥âà®á¯¥ªâ¨¢−®£® ¯à®£−®§�:

MeanError =
1

k

k
∑

i=1

L( �yi, yi)→ min
�y1,..., �yk

. (3)

—¥¬ ¬¥−ìè¥ áà¥¤−ïï ®è¨¡ª�, â¥¬ â®ç−¥¥ ¯à®£−®§. ’�ª¨¬ ®¡à�§®¬, âà¥¡ã-
¥âáï à¥è¨âì §�¤�çã ¬¨−¨¬¨§�æ¨¨ áà¥¤−¥© ®è¨¡ª¨ ¯à®£−®§¨à®¢�−¨ï, â. ¥. −�©â¨
§−�ç¥−¨ï { �y1, �y2, . . . , �yk} â�ª¨¥, çâ® §−�ç¥−¨¥ MeanError ¬¨−¨¬�«ì−®.
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3 Алгоритм прогнозирования

�¥à¢ë¬ è�£®¬ à�¡®âë �«£®à¨â¬� ï¢«ï¥âáï à�§¡¨¥−¨¥ ¨áå®¤−ëå ¤�−−ëå ¤«ï
¯®«ãç¥−¨ï ¢à¥¬¥−−‚ëå àï¤®¢. „«ï ª�¦¤®£® ¤−ï τ ¤«ï ¢á¥å ¢®§¬®¦−ëå ª®¬¡¨−�æ¨©
â¨¯� £àã§� G, ¢¥â®ª ®â¯à�¢«¥−¨ï ¨ ¯à¨¡ëâ¨ï L ¨ A áç¨â�¥âáï ç¨á«® ¢�£®−®¢
á £àã§®¬ G, ®â¯à�¢«¥−−ëå ¢ ¤¥−ì τ á ¢¥âª¨ L −� ¢¥âªã A. �à¨ ä¨ªá¨à®¢�−−ëå
§−�ç¥−¨ïå G, L ¨ A ¯®«ãç�¥¬ §�¢¨á¨¬®áâì ç¨á«� ¢�£®−®¢ ®â ¤−ï τ , â. ¥. ¢à¥¬¥−−‚®©
àï¤ x. …á«¨ ¯à¨ ä¨ªá¨à®¢�−−ëå §−�ç¥−¨ïå G ¨ L ¯à®áã¬¬¨à®¢�âì ¢à¥¬¥−−‚ë¥
àï¤ë ¤«ï à�§−ëå ¢¥â®ª ¯à¨¡ëâ¨ï A, â® ¯®«ãç¨¬ ¢à¥¬¥−−®© àï¤, á®®â¢¥âáâ¢ãîé¨©
áã¬¬�à−®¬ã ª®«¨ç¥áâ¢ã ®â¯à�¢«¥−−ëå £àã§®¢ ®¯à¥¤¥«¥−−®£® â¨¯� á ¢¥âª¨ L.

‚â®àë¬ è�£®¬ à�¡®âë ï¢«ï¥âáï ¯à¨¬¥−¥−¨¥ ¡�§®¢®£® �«£®à¨â¬� ª ¯®«ãç¥−−ë¬
−� ¯¥à¢®¬ íâ�¯¥ ¢à¥¬¥−−‚ë¬ àï¤�¬ ¤«ï ¯®áâà®¥−¨ï ¯à®£−®§®¢. ��§®¢ë© �«£®à¨â¬
®á−®¢�− −� ®¯¨á�−−®¬ ¢ [4] �«£®à¨â¬¥ −¥¯�à�¬¥âà¨ç¥áª®£® ¯à®£−®§¨à®¢�−¨ï ¢à¥-
¬¥−−‚®£® àï¤�. „«ï ¯®áâà®¥−¨ï £¨áâ®£à�¬¬ë (1) ¤«ï ª�¦¤®© â®çª¨ i ¢à¥¬¥−−‚®£®
àï¤� x ®¯à¥¤¥«¨¬ ¥¥ ¢¥á ª�ª ¯à®¨§¢¥¤¥−¨¥ wi = wF

i wH
i . ‘®¬−®¦¨â¥«ì wF

i §�¤�¥â
¯®ª�§�â¥«ì−ãî ¢¥á®¢ãî äã−ªæ¨î

wF
i = v(−i+T+h)/F ∈ (0 , 1] , (4)

ã¡ë¢�îéãî ª −�ç�«ã ¢à¥¬¥−−‚®£® àï¤� ¨ à�¢−ãî 1 ¢ â®çª¥ ¯à®£−®§�. ‘®¬−®¦¨-
â¥«ì wH

i §�¤�− ª�ª

wH
i =

{

K(iH , PH) , ¥á«¨ H > 0 ;

1 , ¥á«¨ H = 0 ,
(5)

£¤¥ ¨−¤¥ªá H ¢ëç¨á«ï¥âáï ¢ à¥§ã«ìâ�â¥ à¥è¥−¨ï ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨

iH = min
n=0,...,floor((T+h)/P )

|T +H − nP − i| . (6)

�â� ä®à¬ã«� §�¤�¥â ¢¥á i-© â®çª¨, á®®â¢¥âáâ¢ãîé¥© £®¤®¢®© á¥§®−−®áâ¨. Ÿ¤à®
§�¤�¥âáï ¢ëà�¦¥−¨¥¬:

K(x, z) =











(

1−
(

x

z

)2
)2

, ¥á«¨ |x| < z ;

0 ¨−�ç¥.

‚§¢¥è¥−−ë¥ â®çª¨ xiwi ¨á¯®«ì§ãîâáï ¤«ï ¯®áâà®¥−¨ï (1) £¨áâ®£à�¬¬ë H.
��áâà�¨¢�¥¬ë¥ ¯�à�¬¥âàë: v ∈ [0, 1] ¢ ¢ëà�¦¥−¨¨ (4) | ¯�à�¬¥âà ¯®ª�§�-

â¥«ì−®£® ¢§¢¥è¨¢�−¨ï â®ç¥ª àï¤�, ¯�à�¬¥âà ú§�¡ë¢�−¨ïû; H ∈ [0, 0, 5] ¢ ¢ë-
à�¦¥−¨ïå (5) ¨ (6) | ¯�à�¬¥âà ï¤à� ¢¥á®¢®© äã−ªæ¨¨ ¤«ï £®¤®¢®© á¥§®−−®áâ¨,
¯®«®¢¨−� è¨à¨−ë úè�¯ª¨û £®¤®¢®© á¥§®−−®áâ¨.

�¥−�áâà�¨¢�¥¬ë¥ ¯�à�¬¥âàë: P ¢ ¢ëà�¦¥−¨ïå (5) ¨ (6) | ¤«¨−� £®¤®¢®£®
á¥§®−−®£® ¯¥à¨®¤� (®¡ëç−® P = 365); wmin ¢ ¢ëà�¦¥−¨¨ (7) | ¬¨−¨¬�«ì−ë©
¤®¯ãáâ¨¬ë© ¢¥á; F ¢ ¢ëà�¦¥−¨¨ (4) | −®à¬¨à®¢®ç−�ï ª®−áâ�−â� ú§�¡ë¢�−¨ïû.
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�à¥¤«�£�¥âáï ¢ë¡à�âì F á«¥¤ãîé¨¬ ®¡à�§®¬: F = (T + H)ε log10(0, 1), £¤¥
ε = 10−3.

‚ë¡¥à¥¬ £à�−¨æë £¨áâ®£à�¬¬ë, ç¨á«® áâ®«¡æ®¢ ¨ à�§¡¨¥−¨¥ −� áâ®«¡æë
á«¥¤ãîé¨¬ ®¡à�§®¬:

(1) ¯ãáâì n | ç¨á«® â®ç¥ª xi, ¤«ï ª®â®àëå wi > wmin;

(2) ¢ë¡¥à¥¬ ç¨á«® áâ®«¡æ®¢ (®¡®á−®¢�−¨¥ á¬. ¢ [16]) K = ⌈3 3√n ⌉; ¥á«¨ K < 5,
â® K = 5, ¥á«¨ K > 100, â® K = 100;

(3) £à�−¨æë y1 = min
i:wi>wmin

(xi), yk = max
i:wi>wmin

(xi);

(4) áâ®«¡æë ¢ë¡¨à�îâáï à�¢−®© è¨à¨−ë.

„«ï ª�¦¤®£® k = 1, . . . ,K ¢ëá®â� áâ®«¡æ� £¨áâ®£à�¬¬ë gk à�¢−�

gk =

T
∑

i=1

wi [xi ∈ yk]
[

wi > wmin
]

, (7)

£¤¥ ¢ëà�¦¥−¨¥ [·] à�¢−® 1, ¥á«¨ ¢ áª®¡ª�å áâ®¨â ¨áâ¨−−®¥ «®£¨ç¥áª®¥ ¢ëà�¦¥−¨¥,
¨ 0 ¢ ¯à®â¨¢−®¬ á«ãç�¥.

�à®£−®§¨àã¥¬®¥ §−�ç¥−¨¥ àï¤� xT+h −�å®¤¨âáï ª�ª §−�ç¥−¨¥ �y ∈
∈ {y1, . . . , yK}, á®®â¢¥âáâ¢ãîé¥¥ ®¯â¨¬�«ì−®¬ã §−�ç¥−¨î á¢¥àâª¨ à�á¯à¥¤¥«¥−¨ï
{gk}K

k=1 ¨ äã−ªæ¨¨ ¯®â¥àì L:

�y = argmin
z∈{y1,...,yK}

K
∑

k=1

gkL(z, yk) .

4 Эксперимент

–¥«ì íªá¯¥à¨¬¥−â�. ‘¤¥«�âì ¯à®£−®§ ¤«ï §�¤�−−ëå ª®¬¡¨−�æ¨© ú¯�à� ¢¥-
â®ª { £àã§ëû, ¯à®¢¥à¨âì, çâ® à�§¡¨¥−¨¥ ¤�−−ëå ¯® ¢¥âª�¬ ¯®¢ëè�¥â ª�ç¥áâ¢®
¯à®£−®§� ¡�§®¢®£® �«£®à¨â¬�.

‚ íªá¯¥à¨¬¥−â¥ ¨á¯®«ì§®¢�−ë ¤�−−ë¥ ® ¯®áãâ®ç−®© §�£àã¦¥−−®áâ¨ ¦¥«¥§−®-
¤®à®¦−ëå ã§«®¢ á 1 ï−¢�àï 2007 £. ¯® 22 �¯à¥«ï 2008 £. ‚ â�¡«. 1 ¯à¨¢¥¤¥−
¯à¨¬¥à §�¯¨á¨.

Š®¤ë áâ�−æ¨© ¯à¥¤áâ�¢«ïîâ á®¡®© è¥áâ¨§−�ç−ë¥ ç¨á«�. ‘â�−æ¨¨, ¢ ª®¤¥
ª®â®àëå ¤¢¥ ¯¥à¢ë¥ æ¨äàë á®¢¯�¤�îâ, ¢å®¤ïâ ¢ ®¤−ã ¦¥«¥§−®¤®à®¦−ãî ¢¥âªã.
‘â�−æ¨© ®â¯à�¢«¥−¨ï | 1566, áâ�−æ¨© −�§−�ç¥−¨ï | 1902, ¢¥â®ª | 99. Š®¤

’�¡«¨æ� 1 ‚¨¤ §�¯¨á¨ ¡�§ë ¤�−−ëå ¦¥«¥§−®¤®à®¦−ëå ¯¥à¥¢®§®ª

„�â�
¯®£àã§ª¨

‘â�−æ¨ï
®â¯à�¢«¥−¨ï

‘â�−æ¨ï
−�§−�ç¥−¨ï

Š®«¨ç¥áâ¢®
¢�£®−®¢

Š®¤
£àã§�

÷®¤
¢�£®−�

‘ã¬¬�à−ë©
¢¥á £àã§�

�à¨§−�ª
¬�àèàãâ−®©

®â¯à�¢ª¨
2007-01-01 020108 932902 1 1 216 56 9
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£àã§� | −�âãà�«ì−®¥ ç¨á«® ®â 1 ¤® 43; â�ª¦¥ ¨¬¥îâáï ¯¥à¥¢®§ª¨, £¤¥ ª®¤ £àã§�
−¥ ãª�§�−. ÷®¤ ¢�£®−� | −�âãà�«ì−®¥ ç¨á«®, ¢ ¨¬¥îé¨åáï ¤�−−ëå 75 à�§«¨ç−ëå
â¨¯®¢ ¢�£®−®¢.

„«ï íªá¯¥à¨¬¥−â®¢ ¡ë«¨ ¢ë¡à�−ë ¤�−−ë¥ ®¡ ®â¯à�¢«¥−¨¨ ¯®¥§¤®¢ á 83-©
¢¥âª¨ −� ¢á¥ ¤àã£¨¥. ‚¥áì ¢à¥¬¥−−®© àï¤ à�§¡¨¢�«áï â�ª, çâ® ¯®á«¥¤−¨¥ 100 ¤−¥©
®¡à�§®¢ë¢�«¨ ª®−âà®«ì−ãî ¢ë¡®àªã, � ¯¥à¢ë¥ 300 | ®¡ãç�îéãî.

�ë«® ¯à®¢¥¤¥−® ¤¢� íªá¯¥à¨¬¥−â�, ¢ ª®â®àëå ®¡à�¡�âë¢�«¨áì ®¤−¨ ¨ â¥ ¦¥
¤�−−ë¥ ¨ ¢ë¯®«−ï«¨áì ®¤−¨ ¨ â¥ ¦¥ �«£®à¨â¬ë, −® ¢ ª®â®àëå ¯à¥á«¥¤®¢�«¨áì à�§-
«¨ç−ë¥ æ¥«¨: ¢ ®¡®¨å ¨áá«¥¤®¢�«¨áì ¤�−−ë¥ ® ª®«¨ç¥áâ¢¥ £àã§®¢, ®â¯à�¢«¥−−ëå
á 83-© ¢¥âª¨ −� ¤àã£¨¥. „�−−ë¥ ¢ ®¡®¨å á«ãç�ïå ¡ë«¨ à�§¡¨âë â�ª¨¬ ®¡à�§®¬:
¢à¥¬¥−−‚ë¥ àï¤ë áâà®¨«¨áì ¤«ï ç¨á«� ¢�£®−®¢ á â®¢�à�¬¨, ®â¯à�¢«¥−−ëå á 83-©
¢¥âª¨ −� ¤àã£¨¥ ª®−ªà¥â−ë¥ ¢¥âª¨. „«ï −¨å ¡ë« §�¯ãé¥− �«£®à¨â¬ ¨ −�©¤¥−ë
§−�ç¥−¨ï ¯à®£−®§� ¨ áà¥¤−¥© ®è¨¡ª¨. ‚ ¯¥à¢®¬ íªá¯¥à¨¬¥−â¥ ¨áá«¥¤®¢�«¨áì
¤�−−ë¥ ®¡ ®â¯à�¢«¥−−ëå £àã§�å −� −¥ª®â®àë¥ ª®−ªà¥â−ë¥ ¢¥âª¨ ¤«ï ¢á¥å ¢¨¤®¢
£àã§®¢ (¯à¨ íâ®¬ £à�ä¨ª¨, ®â®¡à�¦�îé¨¥ −¥ª®â®àë¥ §�¢¨á¨¬®áâ¨, ¯à¥¤áâ�¢«¥−ë

÷¨á. 1 ƒà�ä¨ª¨ ¢à¥¬¥−−‚ëå àï¤®¢ ç¨á«� ®â¯à�¢«¥−−ëå ¢�£®−®¢ á −¥äâìî á 83-© ¢¥âª¨
á ¯à®£−®§®¬, ¢ë¯®«−¥−−ë¬ ¤«ï ¯à®¬¥¦ãâª� ¢ 16 ¬¥á.: (�) −� ¢á¥ ¢¥âª¨; (¡) −� ¢¥âªã 96;
(¢) −� ¢¥âªã 97; (£) −� ¢¥âªã 98
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â®«ìª® ¤«ï −¥ª®â®àëå £àã§®¢), � â�ª¦¥ ® áã¬¬�à−®¬ ª®«¨ç¥áâ¢¥ à�§«¨ç−ëå ®â-
¯à�¢«¥−−ëå £àã§®¢ −� ¢á¥ ¢¥âª¨, | §�¤�ç¥© ¡ë«® ¢¨§ã�«¨§¨à®¢�âì §�¢¨á¨¬®áâì
¯à®£−®§� ¨ ®è¨¡®ª ¤«ï à�§−ëå àï¤®¢. ‚â®à®© íªá¯¥à¨¬¥−â ¡ë« ¯à®¢¥¤¥− ¤«ï ¢á¥å
¢¨¤®¢ £àã§®¢, ®â¯à�¢«¥−−ëå −� ¢á¥ ¢¥âª¨, | æ¥«ìî ¡ë«® ¤«ï ª�¦¤®£® ¢¨¤� £àã§�
¢ëç¨á«¨âì áà¥¤−¥¥ ¨ ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨ï ãáà¥¤−¥−−®© ®è¨¡ª¨ ¯® ¢á¥¬ ¢¥âª�¬
¨ áà�¢−¨âì ¨å á® áà¥¤−¥© ®è¨¡ª®© ¤«ï áã¬¬�à−®£® ª®«¨ç¥áâ¢� ®â¯à�¢«¥−−ëå
£àã§®¢ íâ®£® â¨¯�.

�¥à¥©¤¥¬ ª ®¯¨á�−¨î ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢. ��ç−¥¬ á ¯¥à¢®£® íªá¯¥à¨-
¬¥−â�. �� à¨á. 1 ¨§®¡à�¦¥−ë £à�ä¨ª¨ ¢à¥¬¥−−‚ëå àï¤®¢ | á ¤�â®© ¯® ®á¨ X
¨ ç¨á«®¬ ¢�£®−®¢ ¯® ®á¨ Y . ƒà�ä¨ª¨ ¯à¨¢¥¤¥−ë ª�ª ¤«ï ¯®«−®£® ç¨á«� ®â-
¯à�¢«¥−−ëå ¢�£®−®¢, â�ª ¨ ¤«ï ¢�£®−®¢, ®â¯à�¢«¥−−ëå −� −¥ª®â®àë¥ ª®−ªà¥â−ë¥
¢¥âª¨. ‚¥âª¨ ¢ë¡¨à�«¨áì â�ª¨¬ ®¡à�§®¬, çâ®¡ë ®âà�§¨âì à�§«¨ç−ë¥ ¢�à¨�−âë
å�à�ªâ¥à¨áâ¨ª ¢à¥¬¥−−ëå àï¤®¢.

�ªá¯¥à¨¬¥−âë â�ª¦¥ ¡ë«¨ ¯à®¢¥¤¥−ë ¤«ï ¢á¥å £àã§®¢, ®â¯à�¢«¥−−ëå á 83-©
¢¥âª¨. „«ï ª�¦¤®£® ¢ëç¨á«¥−¨ï (â. ¥. ¤«ï ª�¦¤®© ®â¤¥«ì−®© ¢¥âª¨ ¯à¨¡ëâ¨ï
£àã§�, � â�ª¦¥ ¤«ï áã¬¬�à−®£® ª®«¨ç¥áâ¢� ®â¯à�¢«¥−−ëå £àã§®¢) ¡ë«� −�©¤¥−�
áà¥¤−ïï ®â−®á¨â¥«ì−�ï ®è¨¡ª� (3). �� à¨á. 2 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë íâ¨å

÷¨á. 2 ‘à¥¤−ïï ®è¨¡ª� ¯à®£−®§� ¤«ï ¢á¥å â¨¯®¢ £àã§®¢: (�) ¢á¥ ¢¥âª¨; (¡) ¢¥âª� 96;
(¢) ¢¥âª� 97; (£) ¢¥âª� 98
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¢ëç¨á«¥−¨© ¤«ï ¯®«−®£® ª®«¨ç¥áâ¢� ®â¯à�¢«¥−−ëå £àã§®¢ (à¨á. 2, �) ¨ ¤«ï âà¥å
à�§«¨ç−ëå ¢¥â®ª (à¨á. 2, ¡ { 2, £). �� à¨á. 2 ®â®¡à�¦¥−� §�¢¨á¨¬®áâì áà¥¤−¥©
®â−®á¨â¥«ì−®© ®è¨¡ª¨ ®â ¢¨¤� £àã§�.

„«ï áà�¢−¥−¨ï à¥§ã«ìâ�â®¢ ¯à®£−®§¨à®¢�−¨ï á ¡�§®¢ë¬ �«£®à¨â¬®¬ (¡¥§
à�§¡¨¢ª¨ ¯® ¢¥âª�¬) ¤«ï −¥ª®â®àëå â¨¯®¢ £àã§®¢ ¡ë«¨ ¯à®¤¥«�−ë á«¥¤ãîé¨¥
¢ëç¨á«¥−¨ï: −�©¤¥−� áà¥¤−ïï ®è¨¡ª� ¯à¨ ¯à®£−®§¥ ç¨á«� ¢�£®−®¢ á −¥äâìî,
®â¯à�¢«¥−−ëå á 83-© ¢¥âª¨ −� ª�¦¤ãî ¤àã£ãî, � â�ª¦¥ áà¥¤−ïï ®è¨¡ª� ¯à¨

÷¨á. 3 ‘à�¢−¥−¨¥ áà¥¤−¥© ®è¨¡ª¨ á ®è¨¡ª®© ¡�§®¢®£® �«£®à¨â¬�: (�) £àã§ 2; (¡) £àã§ 4;
(¢) £àã§ 12; (£) £àã§ 13; (¤) £àã§ 15
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¯à®£−®§¥ áã¬¬�à−®£® ç¨á«� ¢�-

÷¨á. 4 Œ¨−¨¬�«ì−�ï (1), áà¥¤−ïï (2) ¨ ¬�ªá¨-
¬�«ì−�ï (3) ®è¨¡ª¨ ¯® ¢á¥¬ ¢¥âª�¬ ¢ áà�¢−¥−¨¨
á ®è¨¡ª®© ¡�§®¢®£® �«£®à¨â¬� (4)

£®−®¢ á −¥äâìî, ®â¯à�¢«¥−−ëå
á 83-© ¢¥âª¨. ÷¥§ã«ìâ�âë íâ¨å
¢ëç¨á«¥−¨© ¯à¥¤áâ�¢«¥−ë ¢ ¢¨-
¤¥ £à�ä¨ª®¢ §�¢¨á¨¬®áâ¨ ®è¨¡ª¨
®â ¢¥âª¨. ‚ ª�ç¥áâ¢¥ ®à¨¥−â¨-
à� £®à¨§®−â�«ì−®© èâà¨å®¢®© «¨-
−¨¥© ®â®¡à�¦¥− ãà®¢¥−ì ®è¨¡ª¨
¤«ï áã¬¬�à−®£® ª®«¨ç¥áâ¢� £àã-
§®¢. ÷¥§ã«ìâ�âë ¯à¥¤áâ�¢«¥−ë −�
à¨á. 3.

„�«¥¥ à�áá¬®âà¨¬ à¥§ã«ìâ�-
âë ¢â®à®£® íªá¯¥à¨¬¥−â�. „«ï
ª�¦¤®£® ¢¨¤� £àã§� ¢ëç¨á«¥−®
áà¥¤−¥¥, ¬¨−¨¬�«ì−®¥ (−¥−ã«¥-
¢®¥) ¨ ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥

ãáà¥¤−¥−−®© ®è¨¡ª¨ ¯® ¢á¥¬ ¢¥âª�¬ ¯à¨¡ëâ¨ï, ¯®áâà®¥−ë £à�ä¨ª¨ §�¢¨á¨-
¬®áâ¨ íâ¨å §−�ç¥−¨© ®â ¢¨¤� £àã§� (à¨á. 4). „«ï −¥ª®â®àëå £àã§®¢ íâ¨ ¤�−−ë¥
¢ë¯¨á�−ë ¢ â�¡«. 2.

’�¡«¨æ� 2 Œ¨−¨¬�«ì−�ï, áà¥¤−ïï ¨ ¬�ªá¨¬�«ì−�ï ®è¨¡ª� ¯® ¢á¥¬ ¢¥âª�¬
¢ áà�¢−¥−¨¨ á ®è¨¡ª®© ¡�§®¢®£® �«£®à¨â¬�

’¨¯
£àã§�

Œ¨−¨¬�«ì−�ï
®è¨¡ª�

‘à¥¤−ïï
®è¨¡ª�

Œ�ªá¨¬�«ì−�ï
®è¨¡ª�

�è¨¡ª�
¡�§®¢®£® �«£®à¨â¬�

1 0,001 0,003 0,010 0,004
2 0,005 0,010 0,150 0,150
3 0,003 0,010 0,130 0,120
4 0,010 0,040 0,190 0,130
5 0,001 0,002 0,006 0,009
6 0,001 0,009 0,040 0,030
7 0,020 0,050 0,080 0,080
8 0,010 0,013 0,030 0,010

5 Оценка результатов

�� à¨á. 2 ¯®ª�§�−®, çâ® áà¥¤−ïï ®â−®á¨â¥«ì−�ï ®è¨¡ª� ¯à®£−®§� ¤«ï à�§−ëå
¢¥â®ª ¯®çâ¨ ¢á¥£¤� ¬¥−ìè¥, ç¥¬ ®è¨¡ª� ¯à®£−®§� ¤«ï áã¬¬�à−®£® ç¨á«� ¢�£®−®¢.
�â® ®§−�ç�¥â, çâ® ¯à®£−®§ ª®«¨ç¥áâ¢� ®â¯à�¢«¥−−ëå £àã§®¢ −� ®¯à¥¤¥«¥−−ãî
¢¥âªã ¢ áà¥¤−¥¬ â®ç−¥¥, ç¥¬ ¯à®£−®§ áã¬¬�à−®£® ç¨á«� ¢�£®−®¢. �¤−�ª® ¥áâì
¨ £àã§ë, ¤«ï ª®â®àëå áà¥¤−ïï ®è¨¡ª� ¯à®£−®§� ¤«ï −¥ª®â®à®© ª®−ªà¥â−®© ¢¥âª¨
¯à¥¢®áå®¤¨â ®è¨¡ªã ¯à®£−®§� áã¬¬�à−®£® ç¨á«� ®â¯à�¢«¥−−ëå ¢�£®−®¢.

�â® ¦¥ ¯®¤â¢¥à¦¤�îâ £à�ä¨ª¨ −� à¨á. 3, ª®â®àë¥ ¤�îâ ¡®«¥¥ ¯®¤à®¡−ãî
¨−ä®à¬�æ¨î ® áà¥¤−¥© ®è¨¡ª¥ ¯à®£−®§¨à®¢�−¨ï ¤«ï −¥ª®â®àëå £àã§®¢. ‚ æ¥«®¬,
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�à®£−®§¨à®¢�−¨¥ ®¡ê¥¬®¢ ¦¥«¥§−®¤®à®¦−ëå £àã§®¯¥à¥¢®§®ª ¯® ¯�à�¬ ¢¥â®ª

áà¥¤−ïï ®â−®á¨â¥«ì−�ï ®è¨¡ª� ¤«ï ¢¥â®ª ¬¥−ìè¥, ç¥¬ ãà®¢¥−ì ®è¨¡ª¨ ¤«ï
áã¬¬�à−®£® ª®«¨ç¥áâ¢�. ’¥¬ −¥ ¬¥−¥¥ ¥áâì ¨ §−�ç¥−¨ï ®è¨¡®ª, ¡‚®«ìè¨¥ ãà®¢−ï
®è¨¡ª¨ ¤«ï áã¬¬�à−®£® ª®«¨ç¥áâ¢�. ‘ ¤àã£®© áâ®à®−ë, ¢¨¤−®, çâ® ¢¥â®ª, ¤«ï
ª®â®àëå áà¥¤−ïï ®è¨¡ª� ¯à®£−®§� ¯à¥¢®áå®¤¨â ®è¨¡ªã ¤«ï ¯à®£−®§� áã¬¬�à−®£®
ª®«¨ç¥áâ¢� £àã§®¢, −¥¬−®£® (â�ª¨å −¥â ¤«ï £àã§� 2, ¨ 5{10 ¤«ï ®áâ�«ì−ëå
à�áá¬®âà¥−−ëå â¨¯®¢ £àã§®¢).

÷¥§ã«ìâ�âë ¢â®à®£® íªá¯¥à¨¬¥−â� | −� à¨á. 4. ’�¡«¨æ� 2 â�ª¦¥ ¯®¤â¢¥à¦¤�¥â
â®â ä�ªâ, çâ® áà¥¤−ïï ®è¨¡ª� ¤«ï ¯à®£−®§� ª®«¨ç¥áâ¢� £àã§®¢, ®â¯à�¢«¥−−ëå
−� ª®−ªà¥â−ë¥ ¢¥âª¨, ¬¥−ìè¥, ç¥¬ â�ª�ï ¦¥ ®è¨¡ª� ¤«ï ¯à®£−®§� áã¬¬�à−®£®
ª®«¨ç¥áâ¢� ®â¯à�¢«¥−−ëå £àã§®¢. �¤−�ª® áà¥¤−ïï ®è¨¡ª� ¢ −¥ª®â®àëå á«ãç�ïå
¬¥−ìè¥ ¬¨−¨¬�«ì−®© | ¬¨−¨¬ã¬ ¡à�«áï ¯® ¢á¥¬ −¥−ã«¥¢ë¬ §−�ç¥−¨ï¬, ¨−�ç¥
®− ¡ë« ¡ë à�¢¥− −ã«î ¤«ï ¢á¥å £àã§®¢, ¯®áª®«ìªã ¤«ï ª�¦¤®£® £àã§� ¥áâì ¢¥âª�,
−� ª®â®àãî â�ª®© £àã§ á 83-© ¢¥âª¨ −¥ ¯à¨¡ë¢�¥â ¢ â¥ç¥−¨¥ à�áá¬�âà¨¢�¥¬®£®
¯¥à¨®¤�. ÷¨áã−®ª 4 −�£«ï¤−® ¤¥¬®−áâà¨àã¥â, çâ®, ¢®-¯¥à¢ëå, ãáà¥¤−¥−−�ï
¯® ¢á¥¬ ¢¥âª�¬ ¯®¤áç¨â�−−�ï ®è¨¡ª� áãé¥áâ¢¥−−® ¬¥−ìè¥, ç¥¬ ®è¨¡ª� ¤«ï
áã¬¬�à−®£® ª®«¨ç¥áâ¢� £àã§®¢. ‚®-¢â®àëå, ¬�ªá¨¬�«ì−�ï ®è¨¡ª� ¯® ¢¥âª�¬ ¥á«¨
¨ ¯à¥¢®áå®¤¨â ®è¨¡ªã ¤«ï áã¬¬ë, â® −¥−�¬−®£® | ¡®«¥¥ â®£®, ¬®¦−® §�¬¥â¨âì,
çâ® ®−¨ §�ç�áâãî á®¢¯�¤�îâ ¨«¨ ®ç¥−ì ¡«¨§ª¨.

6 Заключение

�®áâ�¢«¥− ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â, ª®â®àë© ¯®¤â¢¥à¤¨« ¯à¥¤¯®«®¦¥-
−¨¥ ® â®¬, çâ® ¯à®£−®§ ¤«ï ®â¤¥«ì−ëå ¢¥â®ª â®ç−¥¥, ç¥¬ ¯à®£−®§ áã¬¬�à−®£®
ç¨á«� ®â¯à�¢«¥−−ëå ¢�£®−®¢. �à¨¢¥¤¥−−ë¥ à¥§ã«ìâ�âë ¯®¤â¢¥à¦¤�îâ ¢ë¤¢¨-
−ãâ®¥ ¯à¥¤¯®«®¦¥−¨¥. „�«ì−¥©è¨¥ ¨áá«¥¤®¢�−¨ï ¤�−−®© §�¤�ç¨ ¬®£ãâ ¡ëâì
¯à®¤®«¦¥−ë ¢ á«¥¤ãîé¨å −�¯à�¢«¥−¨ïå: ¢®-¯¥à¢ëå, ¤«ï ¯à®£−®§� ª®«¨ç¥áâ¢�
®â¯à�¢«¥−−ëå £àã§®¢ ¬®¦−® ¯®¯ëâ�âìáï ¢ à�áá¬�âà¨¢�¥¬ëå ¢à¥¬¥−−‚ëå àï¤�å
¢ë¤¥«ïâì âà¥−¤ ¨, ¥á«¨ ¢®§¬®¦−®, ¨áª�âì ¯¥à¨®¤¨ç¥áªãî ª®¬¯®−¥−âã. ‚®-¢â®-
àëå, ¤«ï ¯®áâà®¥−¨ï ¯à®£−®§� ¯à¥¤«�£�¥âáï ¯à¨¬¥−¨âì à�§«¨ç−ë¥ ¢�à¨�−âë
�«£®à¨â¬�. ��¯à¨¬¥à, ¨á¯®«ì§®¢�âì ¢�à¨�æ¨î á® áª®«ì§ïé¨¬ áà¥¤−¨¬.
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LARGE CAPACITY OF RAILWAY CARGO TRANSPORTATION
FORECASTING
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Abstract: The article is devoted to research of the algorithm of nonparametric
forecasting of railway cargo transportation capacity. The problem considered is
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Large capacity of railway cargo transportation forecasting

forecasting the number of wagons with various goods, following various routes.
The topology of the railway network is given | for all possible pairs of railway
lines, information about all blocks of wagons, which have moved from one line
to another, including the number of wagons in a block, the type of cargo, and
the date of the route, is provided. The algorithm, based on convolution of the
empirical density distribution of the values of time series with the loss function
is used for prediction. Previously, forecasting was carried out for each railway
junction separately. It is proposed to be improved by the quality of forecasting
predicting by pairs of lines instead of predicting departure of all wagons from the
given junction. The algorithm is illustrated by the daily data on transportation
of 38 types of cargo collected during a year and a half.

Keywords: forecasting; nonparametric method; railroad station occupancy; loss
function; empirical distribution; compression
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НЕКОТОРЫЕ ПОДХОДЫ К ФОРМИРОВАНИЮ
НОРМАТИВНО-ТЕХНИЧЕСКОЙ БАЗЫ ЕДИНОГО

ИНФОРМАЦИОННОГО ПРОСТРАНСТВА РОССИИ
В ЧАСТИ ИНФОРМАЦИОННЫХ РЕСУРСОВ

А. А. Зацаринный1, Э. В. Киселев2

�−−®â�æ¨ï: ‚ áâ�âì¥ à�§¢¨¢�îâáï ¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�-
−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë ¤«ï á®§¤�−¨ï ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£®
¯à®áâà�−áâ¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ (…ˆ� ÷”) ¢ ç�áâ¨ ¢®¯à®á®¢ á¨áâ¥-
¬�â¨§�æ¨¨ ¨ ¢§�¨¬®¤¥©áâ¢¨ï ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ (ˆ÷). ‚ á®áâ�¢¥
ä¥¤¥à�«ì−®£® ãà®¢−ï …ˆ� ÷” ª�ª ¬¥£�á¨áâ¥¬ë ¯à¥¤«�£�¥âáï á®§¤�−¨¥ ¤¢ãå
æ¥−âà�«¨§®¢�−−ëå ª®¬¯®−¥−â®¢ á á®¡áâ¢¥−−ë¬¨ ˆ÷ | æ¥−âà� ã¯à�¢«¥−¨ï
(–“) ¨ æ¥−âà� ¢§�¨¬®¤¥©áâ¢¨ï á ¬¨à®¢ë¬ ¨−ä®à¬�æ¨®−−ë¬ ¯à®áâà�−áâ¢®¬
(–‚ Œˆ�). �à¥¤«®¦¥−� ®¡®¡é¥−−�ï ¬®¤¥«ì ä®à¬¨à®¢�−¨ï ¨ ¢§�¨¬®¤¥©-
áâ¢¨ï §�é¨é¥−−ëå ˆ÷ (‡ˆ÷) ¢ á®áâ�¢¥ ¥¤¨−®£® ¯à®áâà�−áâ¢�. ˆ§«®¦¥−
®¡é¨© ¯®¤å®¤ ª ä®à¬¨à®¢�−¨î, ¢§�¨¬®¤¥©áâ¢¨î ¨ ¨á¯®«ì§®¢�−¨î ‡ˆ÷ −�
áâ®à®−¥ ãç�áâ−¨ª� ¬¥£�á¨áâ¥¬ë. �à¥¤«®¦¥−� ®¡®¡é¥−−�ï ¬®¤¥«ì ãç�áâ−¨ª�,
¢ª«îç�îé�ï ®¡é¨© ª®−âãà ‡ˆ÷, ¢ ª®â®àë© ¢å®¤ïâ âà¨ á�¬®áâ®ïâ¥«ì−ëå
ª®−âãà� á®®â¢¥âáâ¢¥−−® ¤«ï ®âªàëâëå, ª®−ä¨¤¥−æ¨�«ì−ëå ¨ §�ªàëâëå ˆ÷.
�¯à¥¤¥«¥−ë −¥ª®â®àë¥ ¢®¯à®áë ¯à®¥ªâ¨à®¢�−¨ï ¯à®ä¨«¥© áà¥¤ ®âªàëâëå
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1 Информационные ресурсы единого информационного
пространства Российской Федерации
и собственные централизованные компоненты

ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë …ˆ� ÷” â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−ë ¯® ¬−®-
£®ç¨á«¥−−ë¬ ãç�áâ−¨ª�¬, ¢å®¤ïé¨¬ ¢ íâ® ¯à®áâà�−áâ¢® [1]. Š�¦¤ë© ãç�áâ−¨ª
¢ à�¬ª�å …ˆ� ÷” ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ ¯¥à¥¤�¥â ¨−ä®à¬�æ¨î ¨§ á¢®¨å ˆ÷ ¤àã-
£¨¬ ãç�áâ−¨ª�¬ ¨ á®®â¢¥âáâ¢¥−−® ¯®«ãç�¥â ®â −¨å −¥®¡å®¤¨¬ãî ¥¬ã ¨−ä®à¬�æ¨î.
…áâ¥áâ¢¥−−®, −¥®¡å®¤¨¬ë −¥ª®â®àë¥ ª®¬¯®−¥−âë, ª®â®àë¥ ¤®«¦−ë ª®®à¤¨−¨-
à®¢�âì ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ãç�áâ−¨ª�¬¨, ®áãé¥áâ¢«ïâì ª®−âà®«ì ¨ ã¯à�¢«ïâì
äã−ªæ¨®−¨à®¢�−¨¥¬ …ˆ� ÷” ¢ æ¥«®¬.

„«ï ª®®à¤¨−�æ¨¨, ª®−âà®«ï ¨ ã¯à�¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨¥¬ …ˆ� ÷”
¯à¥¤«�£�¥âáï á®§¤�−¨¥ ¢ á®áâ�¢¥ ä¥¤¥à�«ì−®£® ãà®¢−ï ¤�−−®© ¬¥£�á¨áâ¥¬ë ¤¢ãå
á®¡áâ¢¥−−ëå æ¥−âà�«¨§®¢�−−ëå ª®¬¯®−¥−â®¢:

{ –“ …ˆ� ÷”, ¢ª«îç�îé¥£® ®¯à¥¤¥«¥−−ë© −�¡®à á®¡áâ¢¥−−ëå ‡ˆ÷ íâ®£®
æ¥−âà�;

{ –‚ Œˆ�. ‘®®â¢¥âáâ¢¥−−® –‚ Œˆ� ¤®«¦¥− ¨¬¥âì ®¯à¥¤¥«¥−−ë© á®áâ�¢
‡ˆ÷ –‚ Œˆ�, ª®â®àë¥ ç¥à¥§ è«î§ë ¡¥§®¯�á−®£® ¢§�¨¬®¤¥©áâ¢¨ï (˜�‚)
¤®«¦−ë ®¡¬¥−¨¢�âìáï ¤®áâã¯−ë¬¨ ˆ÷ á ¬¨à®¢ë¬ ¨−ä®à¬�æ¨®−−ë¬ ¯à®-
áâà�−áâ¢®¬.

–¥−âà ã¯à�¢¤¥−¨ï …ˆ� ÷” ¨ –‚ Œˆ� ¯à¥¤−�§−�ç¥−ë −¥¯®áà¥¤áâ¢¥−−®
¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ¨−â¥à¥á�å …ˆ� ÷”. Šà®¬¥ â®£®, íâ¨ ª®¬¯®−¥−âë ¬®£ãâ
íää¥ªâ¨¢−® ¨á¯®«ì§®¢�âìáï ¨ ¢ ¤àã£¨å á«ãç�ïå, −�¯à¨¬¥à [2]:

{ ¯à¨ à¥è¥−¨¨ ¯à®¡«¥¬ë ¯¥à¥å®¤� −� á¨áâ¥¬ã £®áã¤�àáâ¢¥−−®£® áâà�â¥£¨ç¥áª®-
£® ¯«�−¨à®¢�−¨ï ¨ ª®à¥−−®£® ¨§¬¥−¥−¨ï á¨âã�æ¨¨ ¢ ®¡«�áâ¨ ¨á¯®«ì§®¢�−¨ï
¨−â¥««¥ªâã�«ì−®£® ¯®â¥−æ¨�«� áâà�−ë;

{ ¯à¨ æ¥−âà�«¨§�æ¨¨ ã¯à�¢«¥−¨ï −�ãç−®-â¥å−¨ç¥áª¨¬ à�§¢¨â¨¥¬ ÷®áá¨¨;

{ ¯à¨ á®§¤�−¨¨ ¨ ¢¢®¤¥ ¢ ¤¥©áâ¢¨¥ ª®¬¯«¥ªá−®© á¨áâ¥¬ë ¬®−¨â®à¨−£� −�æ¨®-
−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷®áá¨¨.

�¨¦¥ ªà�âª® à�áá¬�âà¨¢�îâáï ‡ˆ÷ –“ ¢ ¨−â¥à¥á�å …ˆ� ÷”: ª®−ä¨£ãà�-
æ¨®−−�ï ¡�§� ¤�−−ëå (Š�„) ¨ í«¥ªâà®−−�ï ¡¨¡«¨®â¥ª� ¤®ªã¬¥−â�æ¨¨ (��„).

Š®−ä¨£ãà�æ¨®−−�ï ¡�§� ¤�−−ëå ¨§ á®áâ�¢� ‡ˆ÷ –“ á®¤¥à¦¨â á¢¥¤¥−¨ï ®¡®
¢á¥å (¨«¨ ¯¥à¢®−�ç�«ì−® ® −�¨¡®«¥¥ §−�ç¨¬ëå) á®áâ�¢−ëå ç�áâïå ¨−äà�áâàãªâã-
àë …ˆ� ÷” ¨ ¢§�¨¬®á¢ï§ïå ¬¥¦¤ã −¨¬¨. ‚ Š�„ ¯® «¨−¨¨ ãç�áâ−¨ª®¢ …ˆ�
÷” ¬®£ãâ ¡ëâì ¢−¥á¥−ë: á¥à¢¥àë ¨ −�¨¡®«¥¥ ¢�¦−ë¥ à�¡®ç¨¥ ¬¥áâ�; á¨áâ¥¬−ë¥
á¥à¢¨áë (á¥à¢¥àë ¡�§ ¤�−−ëå, HTTP-á¥à¢¥àë, Microsoft Exchange ¨ â. ¯.); −�¨-
¡®«¥¥ ¢�¦−ë¥ ¡�§ë, ª�â�«®£¨ ¨ ¤àã£¨¥ åà�−¨«¨é� ¤�−−ëå; �¢â®¬�â¨§¨à®¢�−−ë¥
á¨áâ¥¬ë, ¨å ¯®¤á¨áâ¥¬ë ¨ �¢â®¬�â¨§¨à®¢�−−ë¥ à�¡®ç¨¥ ¬¥áâ�, à®«¨ ¯®«ì§®¢�-
â¥«¥©. ‚ ª�ç¥áâ¢¥ −®à¬�â¨¢−®-á¯à�¢®ç−®© ¨−ä®à¬�æ¨¨ ¢ Š�„ ¢−®áïâ á¢¥¤¥−¨ï
® áâàãªâãà−ëå ¯®¤à�§¤¥«¥−¨ïå, ¯à®æ¥áá�å, ®¯¥à�æ¨ïå.
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë …ˆ� ÷”

�� ®á−®¢¥ Š�„ ¬®¦−® �¢â®¬�â¨ç¥áª¨ ä®à¬¨à®¢�âì à�§«¨ç−ë¥ ¤®ªã¬¥−âë,
¢ â®¬ ç¨á«¥ ä®à¬ã«ïàë ¨ ®¡é¨¥ ®¯¨á�−¨ï á¨áâ¥¬ ãç�áâ−¨ª®¢ …ˆ� ÷”. �à¨
−�«¨ç¨¨ ¢ Š�„ â¥ªáâ®¢ëå ®¯¨á�−¨© ¯®â¥−æ¨�«ì−® ¢®§−¨ª�¥â ¢®§¬®¦−®áâì �¢â®-
¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï ¨−áâàãªæ¨© ¯® íªá¯«ã�â�æ¨¨ ª®¬¯«¥ªá®¢ â¥å−¨ç¥áª¨å
áà¥¤áâ¢, â¥å−®«®£¨ç¥áª¨å ¨−áâàãªæ¨© ¨ ¯à®£à�¬¬−®© ¤®ªã¬¥−â�æ¨¨.

‚â®à®© á®áâ�¢−®© ç�áâìî ï¢«ï¥âáï ��„ ¨§ á®áâ�¢� ‡ˆ÷ –“ ¤«ï ª®««¥ª-
â¨¢−®£® ¤®áâã¯� ¨ ¨á¯®«ì§®¢�−¨ï ¢á¥¬¨ ãç�áâ−¨ª�¬¨ …ˆ� ÷”.

�«¥ªâà®−−�ï ¡¨¡«¨®â¥ª� ¤®ªã¬¥−â�æ¨¨ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¢á¥¬ ¯®«ì§®¢�-
â¥«ï¬ ¤®ªã¬¥−â�æ¨¨ á«¥¤ãîé¥¥:

{ −�£«ï¤−®áâì áâàãªâãàë ¤®ªã¬¥−â�æ¨¨, ¢®§¬®¦−®áâì ¯®−ïâì á® áâ®à®−ë ãç�áâ-
−¨ª®¢ …ˆ� ÷”, ª�ª®© ¤®ªã¬¥−â −ã¦¥− ¯®«ì§®¢�â¥«î;

{ ¢®§¬®¦−®áâì ¡ëáâà® −�©â¨ «î¡®© −ã¦−ë© ¤®ªã¬¥−â;

{ ã¢¥à¥−−®áâì ¢ â®¬, çâ® −�©¤¥−−ë© ¤®ªã¬¥−â á®¤¥à¦¨â �ªâã�«ì−ãî ¨−ä®à¬�-
æ¨î.

‚ à�¬ª�å –“ ¬®¦¥â ¡ëâì à�áá¬®âà¥− ¢®¯à®á á®§¤�−¨ï í«¥ªâà®−−®© ¡¨¡«¨®-
â¥ª¨, ¨−â¥£à¨à®¢�−−®© á Š�„.

2 Предложения по формированию и взаимодействию
информационных ресурсов в составе единого
информационного пространства Российской Федерации

�á−®¢ã …ˆ� ÷” á®áâ�¢«ï¥â á®¢®ªã¯−®áâì ˆ÷ ¬−®£®ç¨á«¥−−ëå ãç�áâ−¨ª®¢,
¢å®¤ïé¨å ¢ íâ® ¯à®áâà�−áâ¢®. ‚ [1] ®¯à¥¤¥«¥−®, çâ® …ˆ� ÷” ®¯¥à¨àã¥â
¨áª«îç¨â¥«ì−® ‡ˆ÷. ‘®®â¢¥âáâ¢¥−−®, ¢á¥ ¯à¥¤«®¦¥−¨ï ¯® ä®à¬¨à®¢�−¨î ˆ÷
¨ ¢§�¨¬®¤¥©áâ¢¨î ˆ÷ ¢ á®áâ�¢¥ …ˆ� ÷” ®à¨¥−â¨à®¢�−ë â®«ìª® −� ‡ˆ÷.

�à¥¤«�£�¥âáï ®¡®¡é¥−−�ï ¬®¤¥«ì ä®à¬¨à®¢�−¨ï ¨ ¢§�¨¬®¤¥©áâ¢¨ï ‡ˆ÷
¢ à�¬ª�å …ˆ� ÷” (à¨á. 1). „�−−�ï ¬®¤¥«ì ®å¢�âë¢�¥â ä¥¤¥à�«ì−ë© ¨ à¥£¨®-
−�«ì−ë© ãà®¢−¨ …ˆ� ÷”, −� ª®â®àëå ä®à¬¨àãîâáï ¨ äã−ªæ¨®−¨àãîâ ‡ˆ÷
¬−®£®ç¨á«¥−−ëå ãç�áâ−¨ª®¢ ¨§ ç¨á«� £®áã¤�àáâ¢¥−−ëå ¨ −¥£®áã¤�àáâ¢¥−−ëå
áâàãªâãà ÷®áá¨¨.

“ªàã¯−¥−−® ä¥¤¥à�«ì−ë© ãà®¢¥−ì …ˆ� ÷” ¢ª«îç�¥â á«¥¤ãîé¨¥ £®áã¤�à-
áâ¢¥−−ë¥ ‡ˆ÷ ãç�áâ−¨ª®¢:

{ à¥áãàáë ¢ëáè¨å ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ (‡ˆ÷ ‚�ƒ‚) ÷”. ‘î-
¤� ¢å®¤ïâ ‡ˆ÷: �à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨; ‘®¢¥â� ”¥¤¥à�æ¨¨
¨ ƒ®áã¤�àáâ¢¥−−®© „ã¬ë ”¥¤¥à�«ì−®£® ‘®¡à�−¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨;
�à�¢¨â¥«ìáâ¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨; ¢ëáè¨å áã¤¥¡−ëå ®à£�−®¢ ÷®áá¨©-
áª®© ”¥¤¥à�æ¨¨; ä¥¤¥à�«ì−ëå ®à£�−®¢ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨;

{ à¥áãàáë ¨−ëå áâàãªâãà ä¥¤¥à�«ì−®£® ãà®¢−ï (‘”“), ¢ª«îç�ï ®à£�−ë £®áã-
¤�àáâ¢¥−−®© ¢«�áâ¨ (‡ˆ÷ ‘”“ �ƒ‚);
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë …ˆ� ÷”

{ à¥áãàáë í«¥ªâà®−−®£® ¯à�¢¨â¥«ìáâ¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ (‡ˆ÷ �� ÷”);

{ à¥áãàáë –“ …ˆ� ÷” (‡ˆ÷ –“ …ˆ� ÷”);

{ à¥áãàáë –‚ Œˆ� (‡ˆ÷ –‚ Œˆ�).

–¥−âà ¢§�¨¬®¤¥©áâ¢¨ï á ¬¨à®¢ë¬ ¨−ä®à¬�æ¨®−−ë¬ ¯à®áâà�−áâ¢®¬ ¢ë¯®«−ï-
¥â äã−ªæ¨¨ ¯®áà¥¤−¨ª� ¬¥¦¤ã …ˆ� ÷” ¨ ¬¨à®¢ë¬ ¨−ä®à¬�æ¨®−−ë¬ ¯à®áâà�−-
áâ¢®¬. ‡�é¨é¥−−ë¥ ˆ÷ ¨§ á®áâ�¢� …ˆ� ÷”, ¯®¤«¥¦�é¨¥ ¯¥à¥¤�ç¥ ¢ ¬¨à®¢®¥
¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢®, �ªªã¬ã«¨àãîâáï ¢ ‡ˆ÷ –‚ Œˆ�, £¤¥ ®−¨ ¯à®-
å®¤ïâ −¥®¡å®¤¨¬ë¥ ¯à®¢¥àª¨, ª®àà¥ªæ¨î ¨ ä¨«ìâà�æ¨î, ¯®á«¥ ç¥£® ç¥à¥§ ˜�‚
¢ë¤�îâáï ¢ ¬¨à®¢®¥ ¨−ä®à¬�æ¨®−−®¥ ¯à®áâà�−áâ¢®. ‚ ®¡à�â−®¬ −�¯à�¢«¥−¨¨
ˆ÷, ¯®áâã¯�îé¨¥ ç¥à¥§ ˜�‚ ¨§ ¬¨à®¢®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�,
�ªªã¬ã«¨àãîâáï ¢ –‚ Œˆ�, ¯à®å®¤ïâ −¥®¡å®¤¨¬ë¥ ¯à®¢¥àª¨, ®¡à�¡®âªã, ª®à-
à¥ªæ¨î ¨ ä¨«ìâà�æ¨î, ¯à¥®¡à�§ãîâáï ¢ ‡ˆ÷ –‚ Œˆ� ¨ ¤�«¥¥ ¢ë¤�îâáï
�¤à¥á−® ¢ á®®â¢¥âáâ¢ãîé¨¥ ‡ˆ÷ ¨§ á®áâ�¢� …ˆ� ÷”.

÷¥£¨®−�«ì−ë© ãà®¢¥−ì …ˆ� ÷” ãªàã¯−¥−−® ¢ª«îç�¥â ‡ˆ÷ ãç�áâ−¨ª®¢
¢ à�¬ª�å ª�¦¤®£® áã¡ê¥ªâ� ÷”, ¢ â®¬ ç¨á«¥:

{ ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ (�ƒ‚) á®®â¢¥âáâ¢ãîé¥£® áã¡ê¥ªâ� ÷”. ‘®-
®â¢¥âáâ¢¥−−® ®−¨ ¨¬¥îâ ‡ˆ÷ �ƒ‚ íâ®£® áã¡ê¥ªâ� ÷”;

{ ®à£�−®¢ ¬¥áâ−®£® á�¬®ã¯à�¢«¥−¨ï (�Œ‘“) ¤�−−®£® áã¡ê¥ªâ� ÷”. ‘®®â-
¢¥âáâ¢¥−−® ®−¨ ¨¬¥îâ ‡ˆ÷ �Œ‘“ áã¡ê¥ªâ� ÷”, ª®â®àë¥ ¯à¥¤«�£�¥âáï
¯à¨à�¢−ïâì ª £®áã¤�àáâ¢¥−−ë¬ ‡ˆ÷ ¤�−−®£® áã¡ê¥ªâ� ÷”.

“ç¨âë¢�ï ¡®«ìè®¥ ç¨á«® áã¡ê¥ªâ®¢ ÷” (¡®«¥¥ 80), æ¥«¥á®®¡à�§−® ¨ íª®−®¬¨-
ç¥áª¨ ªà�©−¥ ¢ë£®¤−® ª®−á®«¨¤¨à®¢�âì â¥ ¨ ¤àã£¨¥ ‡ˆ÷ ¢ à�¬ª�å …ˆ� ¤�−−®£®
áã¡ê¥ªâ� ÷”. ˆ¬¥−−® â�ª®© ¢�à¨�−â ¯®ª�§�− −� à¨á. 1, £¤¥ ª®−á®«¨¤¨à®¢�−−ë¥
‡ˆ÷ ®¡®§−�ç¥−ë ª�ª ‡ˆ÷ áã¡ê¥ªâ� ÷”.

�¥£®áã¤�àáâ¢¥−−ë¥ áâàãªâãàë (�ƒ‘) ¢ ª�ç¥áâ¢¥ ãç�áâ−¨ª®¢ …ˆ� ÷”
¯à¨áãâáâ¢ãîâ −� ä¥¤¥à�«ì−®¬ ¨ à¥£¨®−�«ì−®¬ ãà®¢−ïå. ‘®®â¢¥âáâ¢¥−−® ‡ˆ÷
�ƒ‘ ¯®¤ª«îç�îâáï ª â®¬ã ¨«¨ ¤àã£®¬ã ãà®¢−î | ¢ §�¢¨á¨¬®áâ¨ ®â ¨å âï£®â¥−¨ï
(−�¯à¨¬¥à, â¥àà¨â®à¨�«ì−®£® âï£®â¥−¨ï).

‚áî á®¢®ªã¯−®áâì ¬−®£®ç¨á«¥−−ëå ¨−ä®à¬�æ¨®−−ëå ¢§�¨¬®¤¥©áâ¢¨© ¢ á®-
áâ�¢¥ …ˆ� ÷” ¯à¥¤«�£�¥âáï à¥�«¨§®¢�âì ¯®áà¥¤áâ¢®¬ ¢−®¢ì á®§¤�¢�¥¬®© ®¡é¥-
à®áá¨©áª®© á¨áâ¥¬ë í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï (�‘�‚).

�¡é¥à®áá¨©áª�ï á¨áâ¥¬� í«¥ªâà®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï, ¡ã¤ãç¨ ¢�¦−¥©è¨¬
ª®¬¬ã−¨ª�æ¨®−−ë¬ ª®¬¯®−¥−â®¬ £«®¡�«ì−®£® ¬�áèâ�¡�, ä�ªâ¨ç¥áª¨ ¯®¤¤¥à¦¨-
¢�¥â äã−ªæ¨®−¨à®¢�−¨¥ ¢á¥£® …ˆ� ÷”. Š �‘�‚ ¯®¤ª«îç�îâáï −� ¯à�¢�å ¥¥
�¡®−¥−â®¢ ‡ˆ÷ ¢á¥å ãç�áâ−¨ª®¢ …ˆ� ÷”. �¡é¥à®áá¨©áª�ï á¨áâ¥¬� í«¥ªâà®−-
−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¤®«¦−� ¡�§¨à®¢�âìáï −� ¬®é−®¬ úá¢ï§−®¬ äã−¤�¬¥−â¥û
¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥©, á¨áâ¥¬ ¨ á¥â¨ ˆ−â¥à−¥â.

�à®â®â¨¯®¬ �‘�‚ ¬®¦¥â á«ã¦¨âì á¨áâ¥¬� ¬¥¦¢¥¤®¬áâ¢¥−−®£® í«¥ªâà®−-
−®£® ¢§�¨¬®¤¥©áâ¢¨ï (‘Œ�‚). �â� á¨áâ¥¬� ¡ë«� á®§¤�−� ��� ú÷®áâ¥«¥ª®¬û
¤«ï ä¥¤¥à�«ì−®£® ãà®¢−ï ¨−äà�áâàãªâãàë í«¥ªâà®−−®£® ¯à�¢¨â¥«ìáâ¢� (ˆ��)
÷” ¢ à�¬ª�å ”–� ú�«¥ªâà®−−�ï ÷®áá¨ïû [3]. �ë«¨ à�§à�¡®â�−ë ¬�â¥à¨�«ë
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â¥å−¨ç¥áª®£® ¯à®¥ªâ� ¯® ˆ�� ÷” (7 ª−¨£), ®á−®¢−ë¬ á®¨á¯®«−¨â¥«¥¬ ª®â®àëå
¡ë« ˆ�ˆ ÷��. ‚ ç�áâ−®áâ¨, â�¬ à¥ª®¬¥−¤®¢�«®áì à�áè¨à¨âì ‘Œ�‚ ¤® à¥-
£¨®−�«ì−®£® ãà®¢−ï. ’�ª¨¬ ®¡à�§®¬, ¤«ï ¯®íâ�¯−®£® á®§¤�−¨ï �‘�‚ ¨¬¥¥âáï
®¯à¥¤¥«¥−−ë© §�¤¥« ¢ ¢¨¤¥ ‘Œ�‚. ƒ«�¢−�ï à®«ì ¢ á®§¤�−¨¨ �‘�‚, ¡¥§ãá«®¢−®,
¤®«¦−� ¯à¨−�¤«¥¦�âì £®áã¤�àáâ¢ã.

3 Общий подход к формированию, взаимодействию и использованию
защищенных информационных ресурсов на стороне участника
единого информационного пространства Российской Федерации

�¡é¨© ¯®¤å®¤ ¨áå®¤¨â ¨§ ¬−®£®ç¨á«¥−−®áâ¨ ãç�áâ−¨ª®¢ ¨ ¯à¥¤¯®«�£�¥â −�
áâ®à®−¥ ãç�áâ−¨ª� ¯à�¢¨«ì−®¥ áâàãªâãà¨à®¢�−¨¥ ‡ˆ÷, ª®â®àë¥ ¡ã¤ãâ ¨á¯®«ì§®-
¢�âìáï ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ á ¤àã£¨¬¨ ãç�áâ−¨ª�¬¨ ¢ à�¬ª�å …ˆ� ÷”. �à¨ íâ®¬
®á®¡®¥ ¢−¨¬�−¨¥ á«¥¤ã¥â ã¤¥«¨âì −¥®¡å®¤¨¬®© áâ¥¯¥−¨ §�é¨é¥−−®áâ¨ á�¬¨å ‡ˆ÷
ãç�áâ−¨ª�. �à¥¤«�£�¥âáï ®¡®¡é¥−−�ï ¬®¤¥«ì ä®à¬¨à®¢�−¨ï ¨ ¢§�¨¬®¤¥©áâ¢¨ï
‡ˆ÷ −� áâ®à®−¥ ãç�áâ−¨ª� …ˆ� ÷” (à¨á. 2).

÷¨á. 2 �¡®¡é¥−−�ï ¬®¤¥«ì ä®à¬¨à®¢�−¨ï ¨ ¢§�¨¬®¤¥©áâ¢¨ï ‡ˆ÷ ãç�áâ−¨ª� …ˆ� ÷”
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�� áâ®à®−¥ ãç�áâ−¨ª� …ˆ� ÷” ®à£�−¨§ã¥âáï ®¡é¨© ª®−âãà ‡ˆ÷. ‚ ¯à¥-
¤¥«�å íâ®£® ®¡é¥£® ª®−âãà� á®áà¥¤®â®ç¥−ë ¢á¥ ‡ˆ÷, ª®â®àë¥ −¥®¡å®¤¨¬ë ¯à¨
¢§�¨¬®¤¥©áâ¢¨¨ á ¤àã£¨¬¨ ãç�áâ−¨ª�¬¨ …ˆ� ÷”.

�¡é¨© ª®−âãà ¬�ªá¨¬�«ì−®© ª®−ä¨£ãà�æ¨¨ ¢ª«îç�¥â âà¨ á�¬®áâ®ïâ¥«ì−ëå
ª®−âãà�:

(1) ª®−âãà ®âªàëâëå ‡ˆ÷ (O-ª®−âãà). ‚ −¥¬ á®¡¨à�¥âáï, ®¡à�¡�âë¢�¥âáï,
åà�−¨âáï ¨ ¢ë¤�¥âáï ¤«ï ¨á¯®«ì§®¢�−¨ï ®âªàëâ�ï ¨−ä®à¬�æ¨ï;

(2) ª®−âãà ª®−ä¨¤¥−æ¨�«ì−ëå ‡ˆ÷ (Š-ª®−âãà). ‚ −¥¬ á®¡¨à�¥âáï, ®¡à�-
¡�âë¢�¥âáï, åà�−¨âáï ¨ ¢ë¤�¥âáï ¤«ï ¨á¯®«ì§®¢�−¨ï ª®−ä¨¤¥−æ¨�«ì−�ï
¨−ä®à¬�æ¨ï;

(3) ª®−âãà §�ªàëâëå ‡ˆ÷ (‡-ª®−âãà). ‚ −¥¬ á®¡¨à�¥âáï, ®¡à�¡�âë¢�¥âáï,
åà�−¨âáï ¨ ¢ë¤�¥âáï ¤«ï ¨á¯®«ì§®¢�−¨ï §�ªàëâ�ï ¨−ä®à¬�æ¨ï.

�à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ®¡é¨© ª®−âãà á®ªà�é¥−−®£® á®-
áâ�¢�, ¢ª«îç�îé¨©:

{ ¤¢� á�¬®áâ®ïâ¥«ì−ëå ª®−âãà�: �-ª®−âãà ¨ Š-ª®−âãà; Š-ª®−âãà ¨ ‡-ª®−âãà;
�-ª®−âãà ¨ ‡-ª®−âãà;

{ ®¤¨− á�¬®áâ®ïâ¥«ì−ë© ª®−âãà: â®«ìª® �-ª®−âãà; â®«ìª® Š-ª®−âãà; â®«ìª®
‡-ª®−âãà.

Š�¦¤ë© ª®−âãà ¨¬¥¥â ¢ á¢®¥¬ á®áâ�¢¥:

{ ¡�−ª ¤�−−ëå (�-¡�−ª, Š-¡�−ª, ‡-¡�−ª). �− ¯à¥¤áâ�¢«ï¥â á®¡®© ã¯®àï-
¤®ç¥−−ãî á®¢®ªã¯−®áâì ¤�−−ëå, á¢®¤ −¥®¡å®¤¨¬®© ¨−ä®à¬�æ¨¨ ¤«ï ¨−-
ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨ ª®««¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï ¬−®£¨¬¨
¯®âà¥¡¨â¥«ï¬¨. ��−ª ¤�−−ëå á®§¤�¥âáï á ¯à¨¬¥−¥−¨¥¬ à�§«¨ç−ëå á¨áâ¥¬
åà�−¥−¨ï ¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ (−�¯à¨¬¥à, ¥¤¨−®© ¨−ä®à¬�æ¨®−−®© ¨«¨
¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë ãç�áâ−¨ª�);

{ �àå¨¢ ¨−ä®à¬�æ¨¨ (�-�àå¨¢, Š-�àå¨¢, ‡-�àå¨¢);

{ ®¤−®−�¯à�¢«¥−−ë¥ è«î§ë, ®¡¥á¯¥ç¨¢�îé¨¥ ®¤−®−�¯à�¢«¥−−ãî ¯¥à¥¤�çã ¨−-
ä®à¬�æ¨¨ (¨§ ¨áâ®ç−¨ª®¢ ¯¥à¢¨ç−®© ®âªàëâ®© ¨−ä®à¬�æ¨¨ ¢ �-ª®−âãà; ¨§
�-ª®−âãà� ¢ Š-ª®−âãà; ¨§ Š-ª®−âãà� ¢ ‡-ª®−âãà).

ˆ−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ®¡é¨å ª®−âãà®¢ ‡ˆ÷ ãç�áâ−¨ª®¢ …ˆ�
÷” ®áãé¥áâ¢«ï¥âáï ç¥à¥§ ãª�§�−−ë¥ ¡�−ª¨ ¤�−−ëå (á ãç¥â®¬ ¯à�¢ −� ¤®áâã¯, ¯®
á®£«�á®¢�−−ë¬ à¥£«�¬¥−â�¬):

{ ‡ˆ÷ ª®−ªà¥â−®£® ãç�áâ−¨ª� á ‡ˆ÷ ¤àã£¨å ãç�áâ−¨ª®¢ ¢ à�¬ª�å …ˆ� ÷”
(ç¥à¥§ �‘�‚ | ®á−®¢−®¥ −�¯à�¢«¥−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï);

{ ‡ˆ÷ ª®−ªà¥â−®£® ãç�áâ−¨ª� á ¤àã£¨¬¨ ˆ÷ ¯à¨ ¢§�¨¬®¤¥©áâ¢¨¨ ¢−ãâà¨
¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë íâ®£® ãç�áâ−¨ª�;

{ ‡ˆ÷ ª®−ªà¥â−®£® ãç�áâ−¨ª� á ˆ÷ ¤àã£¨å áâàãªâãà ÷” (¢−¥ à�¬®ª …ˆ�
÷”).
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”�ªâ¨ç¥áª¨ ®¡é¨© ª®−âãà ‡ˆ÷ ãç�áâ−¨ª� …ˆ� ÷” á«¥¤ã¥â á®§¤�¢�âì
−� ®á−®¢¥ …ˆ‘ ¨«¨ ¥¤¨−®© ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë
(…ˆ’Š‘) ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨, ª®â®à�ï ¤®«¦−� á®®â¢¥âáâ¢®¢�âì ®¡é¨¬
âà¥¡®¢�−¨ï¬ …ˆ� ÷”.

‘ãé¥áâ¢¥−−ë¬ ¤«ï …ˆ‘ ¨ …ˆ’Š‘ ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ â¨¯¨§¨à®¢�−−®£®
¨−â¥àä¥©á� (¢®§¬®¦−® −¥áª®«ìª¨å ¨−â¥àä¥©á®¢) ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©-
áâ¢¨ï, � â�ª¦¥ â¨¯¨§¨à®¢�−−ëå à¥£«�¬¥−â®¢ ¨−ä®à¬�æ¨®−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
¢ à�¬ª�å …ˆ� ÷”.

4 Некоторые вопросы проектирования профилей сред
для открытых систем участников в составе единого
информационного пространства Российской Федерации

‚ [1] ¡ë«® ®¯à¥¤¥«¥−®, çâ® ¯®â¥−æ¨�«ì−®¬ã ãç�áâ−¨ªã −¥®¡å®¤¨¬® áà®ç−®
®âª�§ë¢�âìáï ®â ú«®áªãâ−®©û ¨−ä®à¬�â¨§�æ¨¨. Š®«¨ç¥áâ¢® �¢â®−®¬−ëå ¨−ä®à-
¬�æ¨®−−ëå á¨áâ¥¬ ã −¥£® ¤®«¦−® ª�à¤¨−�«ì−® á®ªà�é�âìáï, ¨−ä®à¬�â¨§�æ¨ï
¤®«¦−� ¯¥à¥©â¨ ¢ −®¢®¥ ª�ç¥áâ¢® á â�ª¨¬ à�áç¥â®¬, çâ®¡ë ¡ë«� á®§¤�−� …ˆ‘ ¨«¨
…ˆ’Š‘.

�� ¯ãâ¨ á®§¤�−¨ï …ˆ‘ (…ˆ’Š‘) ¯®â¥−æ¨�«ì−®¬ã ãç�áâ−¨ªã, ¡¥§ãá«®¢−®,
−¥®¡å®¤¨¬® ¢ëà�¡®â�âì ¥¤¨−ë¥ â¥å−¨ç¥áª¨¥ ¯®¤å®¤ë (¯®«¨â¨ªã), ¢ª«îç�ï ®¡ï§�-
â¥«ì−ãî áâ�−¤�àâ¨§�æ¨î. �â® ¤®«¦−® ¯®§¢®«¨âì ®áãé¥áâ¢«ïâì ¯¥à¢®áâ¥¯¥−−ãî
¯à®à�¡®âªã ¢®¯à®á®¢ á®§¤�−¨ï …ˆ‘ (…ˆ’Š‘).

…¤¨−�ï â¥å−¨ç¥áª�ï ¯®«¨â¨ª� ãç�áâ−¨ª� ¯®§¢®«ï¥â áä®à¬¨à®¢�âì ¥¤¨−ë©
¢§£«ï¤ −� á¨áâ¥¬ã, ¥¥ �àå¨â¥ªâãàã ¨ à�§à�¡®â�âì ®¡é¨© ï§ëª ¤«ï ¥¥ ®¯à¥¤¥«¥-
−¨ï ¨ ®¯¨á�−¨ï, � â�ª¦¥ ®¯à¥¤¥«ï¥â ¢®§¬®¦−®áâì á®¯àï¦¥−¨ï ¨ íää¥ªâ¨¢−®£®
¢§�¨¬®¤¥©áâ¢¨ï à�§«¨ç−ëå ¯®¤á¨áâ¥¬/ª®¬¯®−¥−â®¢ ¢ à�¬ª�å ¥¤¨−®© á¨áâ¥¬ë.

‘ ¯à�ªâ¨ç¥áª®© â®çª¨ §à¥−¨ï ¥¤¨−�ï â¥å−¨ç¥áª�ï ¯®«¨â¨ª� ¤®«¦−� ¯à¥¤áâ�¢-
«ïâì á®¡®© ¯à®ä¨«ì áâ�−¤�àâ®¢, ®¡ï§�â¥«ì−ëå ¤«ï ¢á¥å ¡¥§ ¨áª«îç¥−¨ï ¯®¤à�§-
¤¥«¥−¨© ãç�áâ−¨ª� …ˆ� ÷”, � â�ª¦¥ ¢á¥å ¨á¯®«−¨â¥«¥© à�¡®â ¤«ï ãç�áâ−¨ª�.
…¤¨−�ï â¥å−¨ç¥áª�ï ¯®«¨â¨ª� ¤®«¦−� ¯à¥¤®â¢à�é�âì ú¢®«î−â�à¨§¬û ¢ ¢ë¡®à¥
¯à¨−¨¬�¥¬ëå à¥è¥−¨© ¨ á¢®¤¨âì −� −¥â ¯®¯ëâª¨ ú−¥á�−ªæ¨®−¨à®¢�−−®© à�æ¨®−�-
«¨§�æ¨¨û, ¯¥à¨®¤¨ç¥áª¨ ¯à¥¤¯à¨−¨¬�¥¬ë¥ â¥å−¨ç¥áª¨¬¨ á¯¥æ¨�«¨áâ�¬¨ −� ¬¥-
áâ�å, ª®â®àë¥ ¯ëâ�îâáï ¢¥à−ãâìáï ª ¯à¥á«®¢ãâ®© ú«®áªãâ−®©û ¨−ä®à¬�â¨§�æ¨¨.

‘®¢à¥¬¥−−�ï ¨−ä®à¬�æ¨®−−�ï ¨−äà�áâàãªâãà�, ¢ª«îç�îé�ï ¨−ä®à¬�æ¨-
®−−ë¥, ¢ëç¨á«¨â¥«ì−ë¥ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ à¥áãàáë, ¯à¥¤áâ�¢«ï¥â á®¡®©
£¥â¥à®£¥−−ãî ¯à®£à�¬¬−®-�¯¯�à�â−ãî áà¥¤ã, ¨á¯®«ì§ãîéãî à�§−®à®¤−ë¥ �¯¯�-
à�â−ë¥ ¨ ¯à®£à�¬¬−ë¥ ª®¬¯®−¥−âë. �à¨ íâ®¬ ¢®§−¨ª�¥â ¯à®¡«¥¬� á®¢¬¥áâ¨¬®áâ¨
¢ íâ®© áà¥¤¥, â. ¥. à¥�«¨§�æ¨¨ âà¥å ®á−®¢−ëå ª�ç¥áâ¢: ¯¥à¥−®á¨¬®áâ¨ ¯à¨«®¦¥−¨©
¬¥¦¤ã à�§«¨ç−ë¬¨ ¯«�âä®à¬�¬¨, ¢§�¨¬®¤¥©áâ¢¨ï á¨áâ¥¬ ¨ ¨å ¬�áèâ�¡¨àã-
¥¬®áâ¨.

‘à¥¤�, ®¡«�¤�îé�ï á®ç¥â�−¨¥¬ íâ¨å âà¥å ª�ç¥áâ¢, ®¯à¥¤¥«ï¥âáï ¢ ¬¥¦¤ã−�-
à®¤−ëå áâ�−¤�àâ�å ª�ª áà¥¤� ®âªàëâ®© á¨áâ¥¬ë (‘�‘). ‘à¥¤� ®âªàëâ®© á¨áâ¥¬ë
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®¯¨áë¢�¥â äã−ªæ¨®−�«ì−ë¥ ®á®¡¥−−®áâ¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, −¥®¡å®¤¨¬ë¥
¤«ï ®¡¥á¯¥ç¥−¨ï ¯¥à¥−®á¨¬®áâ¨ ¨ äã−ªæ¨®−�«ì−®© á®¢¬¥áâ¨¬®áâ¨ ¯à¨«®¦¥−¨©
¢ £¥â¥à®£¥−−ëå (à�§−®à®¤−ëå) á¥âïå, ®¡ê¥¤¨−ïîé¨å �¯¯�à�â−ë¥ ¨ ¯à®£à�¬¬−ë¥
¯«�âä®à¬ë à�§«¨ç−ëå â¨¯®¢.

�âªàëâ®áâì áà¥¤ë ¤®áâ¨£�¥âáï ¨á¯®«ì§®¢�−¨¥¬ á®£«�á®¢�−−®£® −�¡®à� áâ�−-
¤�àâ®¢ (¯à®ä¨«ï) −� ¢á¥ ¯à®£à�¬¬−®-�¯¯�à�â−ë¥ ª®¬¯®−¥−âë. �¡¥á¯¥ç¥−¨¥ ®â-
ªàëâ®áâ¨ | ¤®áâ�â®ç−® á«®¦−�ï −�ãç−®-¬¥â®¤¨ç¥áª�ï §�¤�ç�, ¯®áª®«ìªã ç¨á«®
áâ�−¤�àâ®¢ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¤®áâ�â®ç−® ¢¥«¨ª® ¨ ¯®áâ®-
ï−−® à�áâ¥â á ¯®ï¢«¥−¨¥¬ −®¢ëå â¥å−®«®£¨©. Š â®¬ã ¦¥ ª�¦¤ë© ãç�áâ−¨ª …ˆ�
÷” ¨¬¥¥â á¢®î á¯¥æ¨ä¨ªã.

�¤−®© ¨§ ¢�¦−¥©è¨å §�¤�ç ¢ à¥è¥−¨¨ ¯à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï ®âªàëâ®áâ¨
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ï¢«ï¥âáï á®§¤�−¨¥ ¬¥â®¤¨ª¨ ¯®áâà®¥−¨ï ¯à®ä¨«¥© ª�ª
−¥®âê¥¬«¥¬®© ç�áâ¨ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë «î¡®£® ãà®¢−ï.

�à®ä¨«ì ‘�‘ ¯à¥¤áâ�¢«ï¥â á®¡®© á¯¥æ¨�«ì−® ¯®¤®¡à�−−ë© −�¡®à ¡�§®¢ëå
áâ�−¤�àâ®¢ ¨ ãáâ�−�¢«¨¢�¥¬ëå ¢ −¨å ¢�à¨�−â®¢ âà¥¡®¢�−¨© (®¯æ¨©), ª®â®àë¬¨
¤«ï ª®−ªà¥â−®£® ª«�áá� ¨«¨ ®¡«�áâ¨ ¯à¨«®¦¥−¨© ®¯à¥¤¥«ïîâ −� ï§ëª¥ äã−ª-
æ¨®−�«ì−ëå âà¥¡®¢�−¨©, ¯à®â®ª®«®¢, ¨−â¥àä¥©á®¢, ä®à¬�â®¢ ¤�−−ëå ¨ ¤à.
äã−ªæ¨®−¨à®¢�−¨¥ ¯à¨«®¦¥−¨© ¯à¨ ¨å ¢§�¨¬®¤¥©áâ¢¨¨ ¬¥¦¤ã á®¡®©. ‡� ¯®á«¥¤-
−¨¥ £®¤ë ¯à�ªâ¨ª� ¯à®¥ªâ¨à®¢�−¨ï ¯à®ä¨«¥© �ªâ¨¢−® à�§¢¨¢�«�áì, á«®¦¨«®áì
¤®áâ�â®ç−® ç¥âª®¥ ¯à¥¤áâ�¢«¥−¨¥ ® ¯à®æ¥áá�å ¦¨§−¥−−®£® æ¨ª«� ¯à®ä¨«¥© ¨ ¨å
á®¤¥à¦�−¨ï, á«¥¤áâ¢¨¥¬ íâ®£® ä�ªâ� áâ�«� à�§à�¡®âª� ¨ ¯à¨−ïâ¨¥ à¥ª®¬¥−¤�æ¨©
−� ¬¨à®¢®¬ ãà®¢−¥ áâ�−¤�àâ¨§�æ¨¨, � §�â¥¬ ¨ ¢ ÷®áá¨¨.

�à¥¨¬ãé¥áâ¢� ®â ¨á¯®«ì§®¢�−¨ï ¯à®ä¨«¥© ‘�‘ á«¥¤ãîé¨¥:

{ −¥§�¢¨á¨¬®áâì ®â ¯®áâ�¢é¨ª�;

{ ¢®§¬®¦−®áâì ¯®¤¤¥à¦ª¨ «î¡®£® â¥å−®«®£¨ç¥áª®£® ®¡à�§æ�;

{ ®¡¥á¯¥ç¥−¨¥ ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã ¤¥«®¢®© (®á−®¢−®©) ¤¥ïâ¥«ì−®áâìî ª®−ªà¥â-
−®© ®à£�−¨§�æ¨¨ (¢ −�è¥¬ á«ãç�¥ ãç�áâ−¨ª� …ˆ� ÷”) ¨ ¯à¨¬¥−ï¥¬ë¬¨
¨−ä®à¬�æ¨®−−ë¬¨ â¥å−®«®£¨ï¬¨;

{ ®¡¥á¯¥ç¥−¨¥ ¨−â¥£à�æ¨¨ ¨ äã−ªæ¨®−�«ì−®© á®¢¬¥áâ¨¬®áâ¨;

{ ®¡¥á¯¥ç¥−¨¥ à¥�«¨§�æ¨¨ áâàãªâãàë ¨−¢¥áâ¨æ¨©, ¤�îé¥© ¬�ªá¨¬�«ì−ãî ®â-
¤�çã ®â ¢«®¦¥−¨© ¢ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨;

{ ®¡¥á¯¥ç¥−¨¥ −�£«ï¤−®© ¨ ¯®«−®© ¨−ä®à¬�æ¨¨ ® à¥§ã«ìâ�â�å ¤¥ïâ¥«ì−®áâ¨
ª®−ªà¥â−®© ®à£�−¨§�æ¨¨.

��¨¡®«¥¥ ¯®¤å®¤ïé¨¬¨ ï¢«ïîâáï à¥ª®¬¥−¤�æ¨¨ ¯® áâ�−¤�àâ¨§�æ¨¨, à�§à�¡®-
â�−−ë¥ á ãç¥â®¬ âà¥¡®¢�−¨© áâ�−¤�àâ� IEEE Std 1003.23-98 ú‘â�−¤�àâ ¨−áâ¨âãâ�
¨−¦¥−¥à®¢ ¯® í«¥ªâà®â¥å−¨ª¥ ¨ í«¥ªâà®−¨ª¥. ÷ãª®¢®¤áâ¢® ¯® ¯à®¥ªâ¨à®¢�−¨î
¯à®ä¨«¥© áà¥¤ë ®âªàëâ®© á¨áâ¥¬ë ®à£�−¨§�æ¨¨-¯®«ì§®¢�â¥«ïû. �â¥ç¥áâ¢¥−−ë¥
à¥ª®¬¥−¤�æ¨¨ ¯® áâ�−¤�àâ¨§�æ¨¨ ÷ 50.1.041-2002 úˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®-
£¨¨. ÷ãª®¢®¤áâ¢® ¯® ¯à®¥ªâ¨à®¢�−¨î ¯à®ä¨«¥© áà¥¤ë ®âªàëâ®© á¨áâ¥¬ë (‘�‘)
®à£�−¨§�æ¨¨-¯®«ì§®¢�â¥«ïû [4], à�§à�¡®â�−−ë¥ −� ®á−®¢¥ ãª�§�−−®£® áâ�−¤�àâ�,
¢¢¥¤¥−ë ¢ ¤¥©áâ¢¨¥ 1 ï−¢�àï 2004 £.
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�. �. ‡�æ�à¨−−ë©, �. ‚. Š¨á¥«¥¢

÷¨á. 3 Œ®¤¥«ì ¯à®æ¥áá� á®§¤�−¨ï ¯à®ä¨«ï ‘�‘ | …ˆ‘ ãç�áâ−¨ª� …ˆ� ÷” −� ¡�§¥
àãª®¢®¤áâ¢� ÷ 50.1.041-2002

÷¥ª®¬¥−¤�æ¨¨ àãª®¢®¤áâ¢� ÷ 50.1.041-2002 ¯à¥¤−�§−�ç¥−ë ®ª�§ë¢�âì á®¤¥©-
áâ¢¨¥ ¯®«ì§®¢�â¥«ï¬, ¯à®¥ªâ¨à®¢é¨ª�¬, §�ª�§ç¨ª�¬ ¨ á¯¥æ¨�«¨áâ�¬ ¯® ¯à¨¬¥−¥-
−¨î ¨ íªá¯«ã�â�æ¨¨ á«®¦−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¯à¨ á®§¤�−¨¨ ¯à®ä¨«¥©
‘�‘ ®à£�−¨§�æ¨¨-¯®«ì§®¢�â¥«ï, ª®â®àë¥ ãáâ�−�¢«¨¢�îâ âà¥¡®¢�−¨ï ®à£�−¨§�-
æ¨© ª ®¡à�¡®âª¥ ¨−ä®à¬�æ¨¨ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨ï¬. ‚ §�¢¨á¨¬®áâ¨ ®â æ¥«®£®
àï¤� ä�ªâ®à®¢, ¢ª«îç�ï äã−ªæ¨¨, ¯à®æ¥ááë ¨ §�¤�ç¨, ¢ë¯®«−ï¥¬ë¥ ®à£�−¨§�-
æ¨¥©, ¬®¦¥â ¡ëâì ¯à¨−ïâ à�§«¨ç−ë© ¯®¤å®¤ ª ¯à®¥ªâ¨à®¢�−¨î ¯à®ä¨«¥© ‘�‘.
�â¨ à¥ª®¬¥−¤�æ¨¨ −¥ á®¤¥à¦�â ¢á¥å −¥®¡å®¤¨¬ëå á¢¥¤¥−¨© ¤«ï á®§¤�−¨ï ¯à®-
ä¨«ï ‘�‘, ®−¨ ãáâ�−�¢«¨¢�îâ ¬¥â®¤®«®£¨î ¢ë¡®à� áâ�−¤�àâ®¢ ¨ ¯à®æ¥¤ãàë
¯à®¥ªâ¨à®¢�−¨ï ¯à®ä¨«¥© ‘�‘ ®à£�−¨§�æ¨¨-¯®«ì§®¢�â¥«ï ¨ ¯à¨ ¯à�ªâ¨ç¥áª®¬
¯à¨¬¥−¥−¨¨ ¤®«¦−ë ¡ëâì ¤®¯®«−¥−ë ¤àã£¨¬¨ â¥å−®«®£¨ï¬¨, ¨¬¥îé¨¬¨ ®â−®-
è¥−¨¥ ª á®§¤�−¨î ¯à®ä¨«¥© ‘�‘ á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ª®−ªà¥â−®© ®à£�−¨§�æ¨¨.

�¡é�ï ¬®¤¥«ì à�§à�¡®âª¨ ¯à®ä¨«ï ‘�‘ ®à£�−¨§�æ¨¨-¯®«ì§®¢�â¥«ï ï¢«ï-
¥âáï à�áè¨à¥−¨¥¬ íâ�¯®¢ ãáâ�−®¢«¥−¨ï âà¥¡®¢�−¨© ¨ ¯à®¥ªâ¨à®¢�−¨ï ¯à®ä¨«ï
¢ á®®â¢¥âáâ¢¨¨ á ¢§�¨¬®á¢ï§ìî ¬¥¦¤ã áâà�â¥£¨¥© ¤¥«®¢®© (®á−®¢−®©) áä¥àë ¤¥ï-
â¥«ì−®áâ¨ ®à£�−¨§�æ¨¨ ¨ âà¥¡®¢�−¨ï¬¨ ª äã−ªæ¨®−�«ì−ë¬ ¢®§¬®¦−®áâï¬ …ˆ‘
(…ˆ’Š‘) ¨ ¯à®¥ªâ¨à®¢�−¨î ¯à®ä¨«ï ‘�‘.

Œ®¤¥«ì ¯à®æ¥áá� á®§¤�−¨ï ¯à®ä¨«ï ‘�‘ | …ˆ‘ ãç�áâ−¨ª� …ˆ� ÷” −�
¡�§¥ àãª®¢®¤áâ¢� ÷ 50.1.041-2002 ¯®ª�§�−� −� à¨á. 3.

‘®£«�á−® à¥ª®¬¥−¤�æ¨ï¬ àãª®¢®¤áâ¢� ÷ 50.1.041-2002 ¬®¤¥«ì ¯à®æ¥áá� á®-
§¤�−¨ï ¯à®ä¨«ï ‘�‘ ¢ª«îç�¥â ¤¢¥ ¯®á«¥¤®¢�â¥«ì−ë¥ áâ�¤¨¨:

(1) ú�¯à¥¤¥«¥−¨¥ âà¥¡®¢�−¨©û, ¢ ª®â®àãî ¢å®¤ïâ íâ�¯ë ú�¡«�áâì ¤¥©áâ¢¨ïû
¨ ú�−�«¨§ âà¥¡®¢�−¨©û;

(2) ú�à®¥ªâ¨à®¢�−¨¥ ¯à®ä¨«ïû, ¢ª«îç�îéãî âà¨ ¯®á«¥¤ãîé¨å íâ�¯� ú‹®£¨-
ç¥áª¨© ¯à®¥ªâû, ú”¨§¨ç¥áª¨© ¯à®¥ªâû ¨ ú�ªá¯«ã�â�æ¨®−−ë© ¯à®¥ªâû.
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�¥ª®â®àë¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î −®à¬�â¨¢−®-â¥å−¨ç¥áª®© ¡�§ë …ˆ� ÷”

‘â�¤¨ï ú�¯à¥¤¥«¥−¨¥ âà¥¡®¢�−¨©û ¡�§¨àã¥âáï −� ¨á¯®«ì§®¢�−¨¨:

{ áâà�â¥£¨¨ áä¥àë ®á−®¢−®© ¤¥ïâ¥«ì−®áâ¨ ãç�áâ−¨ª� …ˆ� ÷”;

{ áâà�â¥£¨¨ ¨−ä®à¬�â¨§�æ¨¨ ãç�áâ−¨ª� …ˆ� ÷”;

{ âà¥¡®¢�−¨© ãç�áâ−¨ª� …ˆ� ÷” | ¯®«ì§®¢�â¥«ï …ˆ‘ (…ˆ’Š‘);

{ âà¥¡®¢�−¨© á¯¥æ¨�«¨áâ®¢ ¯® ¨−ä®à¬�æ¨®−−ë¬ â¥å−®«®£¨ï¬.

‘â�¤¨ï ú�à®¥ªâ¨à®¢�−¨¥ ¯à®ä¨«ïû ¡�§¨àã¥âáï −� ¨á¯®«ì§®¢�−¨¨:

{ áâà�â¥£¨¨ ¨−ä®à¬�â¨§�æ¨¨ ãç�áâ−¨ª� …ˆ� ÷”;

{ äã−ªæ¨®−�«ì−ëå ª�ç¥áâ¢ ¨−ä®à¬�â¨§�æ¨¨ ãç�áâ−¨ª� …ˆ� ÷”;

{ âà¥¡®¢�−¨© ãç�áâ−¨ª� …ˆ� ÷” | ¯®«ì§®¢�â¥«ï …ˆ‘ (…ˆ’Š‘);

{ âà¥¡®¢�−¨© á¯¥æ¨�«¨áâ®¢ ¯® ¨−ä®à¬�æ¨®−−ë¬ â¥å−®«®£¨ï¬.

Š®−¥ç−ë¬ à¥§ã«ìâ�â®¬ ¢ë¯®«−¥−¨ï ®¡¥¨å áâ�¤¨©, ¢ë¯®«−¥−−ëå ¯® à¥ª®-
¬¥−¤�æ¨ï¬ àãª®¢®¤áâ¢� ÷ 50.1.041-2002, ï¢«ï¥âáï ¯à®ä¨«ì …ˆ‘ (…ˆ’Š‘)
ãç�áâ−¨ª� ª�ª ®âªàëâ®© á¨áâ¥¬ë. ’�ª�ï á¨áâ¥¬� ¯®á«¥ à¥�«¨§�æ¨¨ á®£«�á−® ¯à®-
ä¨«î á¯®á®¡−� ®à£�−¨ç−® ¢ª«îç�âìáï ¢ …ˆ� ÷”, ¢§�¨¬®¤¥©áâ¢®¢�âì á ¤àã£¨¬¨
ãç�áâ−¨ª�¬¨ ¨ ®¡¬¥−¨¢�âìáï ˆ÷.

5 Заключение

‚ áâ�âì¥ ®¡®á−®¢�−ë −¥ª®â®àë¥ ¯à¥¤«®¦¥−¨ï ¯® á®¢¥àè¥−áâ¢®¢�−¨î −®à¬�-
â¨¢−®-â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï …ˆ� ÷”:

1. „«ï ª®®à¤¨−�æ¨¨, ª®−âà®«ï ¨ ã¯à�¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨¥¬ …ˆ� ÷”
¯à¥¤«®¦¥−® á®§¤�−¨¥ æ¥«¥¢ë¬ −�§−�ç¥−¨¥¬ ¢ á®áâ�¢¥ ä¥¤¥à�«ì−®£® ãà®¢−ï
¤�−−®© ¬¥£�á¨áâ¥¬ë ¤¢ãå á®¡áâ¢¥−−ëå æ¥−âà�«¨§®¢�−−ëå ª®¬¯®−¥−â®¢:

(�) –“ …ˆ� ÷”, ¨¬¥îé¥£® ®¯à¥¤¥«¥−−ë© −�¡®à á®¡áâ¢¥−−ëå ‡ˆ÷;

(¡) –‚ Œˆ�, ¢ª«îç�îé¥£® ®¯à¥¤¥«¥−−ë© á®áâ�¢ ‡ˆ÷.

2. ÷�§à�¡®â�−� ®¡®¡é¥−−�ï ¬®¤¥«ì ä®à¬¨à®¢�−¨ï ¨ ¢§�¨¬®¤¥©áâ¢¨ï ‡ˆ÷
¢ à�¬ª�å …ˆ� ÷”.

3. �¡®á−®¢�− ®¡é¨© ¯®¤å®¤ ª ä®à¬¨à®¢�−¨î, ¢§�¨¬®¤¥©áâ¢¨î ¨ ¨á¯®«ì§®¢�-
−¨î ‡ˆ÷ −� áâ®à®−¥ ãç�áâ−¨ª� …ˆ� ÷”. �à¥¤«®¦¥−� ®¡®¡é¥−−�ï ¬®¤¥«ì,
¢ª«îç�îé�ï ®¡é¨© ª®−âãà ‡ˆ÷, ¢ ª®â®àë© ¢å®¤ïâ âà¨ á�¬®áâ®ïâ¥«ì−ëå
ª®−âãà�: ®âªàëâëå ‡ˆ÷ (�-ª®−âãà); ª®−ä¨¤¥−æ¨�«ì−ëå ‡ˆ÷ (Š-ª®−âãà);
§�ªàëâëå ‡ˆ÷ (‡-ª®−âãà).

4. �¯à¥¤¥«¥−ë −¥ª®â®àë¥ ¢®¯à®áë ¯à®¥ªâ¨à®¢�−¨ï ¯à®ä¨«¥© áà¥¤ ¤«ï ®âªàë-
âëå á¨áâ¥¬ ãç�áâ−¨ª®¢ ¢ á®áâ�¢¥ …ˆ� ÷”. �à¥¤«®¦¥−� ¤«ï ¨á¯®«ì§®¢�−¨ï
¬®¤¥«ì ¯à®æ¥áá� á®§¤�−¨ï ¯à®ä¨«ï ‘�‘ | …ˆ‘ (…ˆ’Š‘) ãç�áâ−¨ª� …ˆ�
÷” −� ¡�§¥ à®áá¨©áª®£® àãª®¢®¤áâ¢� ÷ 50.1.041-2002.
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SOME APPROACHES TO FORMING THE REGULATORY
AND TECHNICAL BASE FOR THE UNIFIED INFORMATION SPACE

OF RUSSIA IN THE FIELD OF INFORMATION RESOURCES

A. A. Zatsarinny and E. V. Kiselev

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

Abstract: The methodical approaches to forming the regulatory and technical
base for the unified information space of the Russian Federation (UIS RF) in the
field of systematization and interaction of information resources are developed.
It is proposed to create two centralized components of the UIS RF federal level
as a mega system with their own information resources: the control center and
the world information space interaction center. The authors suggest a generalized
model of forming and interaction for secured information resources included in
the unified information space. The general approach to creation, interaction, and
usage of secured information resources at the site of a mega system participant
is described as well. There is a participant-generalized model which includes
a secured information resources general circuit. The circuit includes three
independent circuits for open, confidential, and enclosed information resources.
Some issues of design of profiles of open system environments for participants
of the unified information space are determined. Finally, a model of the process
of creation of an open system environment profile for a participant of the
unified information system is suggested on the basis of the Russian guidance
R 50.1.041-2002.

Keywords: secured information resources; UIS RF control center; world
information space interaction center; UIS RF secured interaction gateways;
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All-Russian System of Electronic Interaction; participant's secured information
resources circuits; participant's databank; participant's information archive;
participant's unified information (information and telecommunication) secured
system; participant's open system environment profile design
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ТЕХНОЛОГИЯ ПРЕДОТВРАЩЕНИЯ ДУБЛИРОВАНИЯ
БИБЛИОГРАФИЧЕСКИХ ОПИСАНИЙ В БАЗЕ ДАННЫХ

НАУЧНЫХ ПУБЛИКАЦИЙ БИАС ИПИ РАН

М. Ю. Заикин1, В. С. Долгополов2, О. Л. Обухова3, И. В. Соловьев4

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−� â¥å−®«®£¨ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï ¡¨¡-
«¨®£à�ä¨ç¥áª¨å ®¯¨á�−¨© (��), à�§à�¡®â�−−�ï ¤«ï −�ãç−®© ¡�§ë ¤�−−ëå
(�„) ¡¨¡«¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© á¨áâ¥¬ë (�ˆ�‘)
ˆ�ˆ ÷�� (á ä¥¢à�«ï 2015 £. | ¢ á®áâ�¢¥ ”ˆ– ˆ“ ÷��). �à¨¢¥¤¥−
�−�«¨§ ¯à¨ç¨−, ¯®à®¦¤�îé¨å ¤ã¡«¨à®¢�−¨¥ §�¯¨á¥©. ÷�§à�¡®â�−−�ï â¥å−®-
«®£¨ï ®¯¨à�¥âáï −� ¯à¨¬¥−¥−¨¥ ¯à®£à�¬¬−ëå ¬®¤ã«¥© ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨,
¨á¯®«ì§ãîé¨å ¬¥â®¤ë −¥ç¥âª®£® ¯®¨áª� ¯® �«£®à¨â¬ã �«¨¢¥à�, ¨ áà¥¤áâ¢ ¢¨-
§ã�«¨§�æ¨¨ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢, ª®â®àë¥ ¢áâà®¥−ë ¢ á¨áâ¥¬ã −� ãà®¢−¥
ä®à¬¨à®¢�−¨ï ª®−â¥−â� �„. ‚¢¥¤¥−® ¯®−ïâ¨¥ ¨−¤¥ªá� áå®¦¥áâ¨, ¨á¯®«ì-
§ã¥¬®¥ ¢ �«£®à¨â¬�å ¯®¨áª� ¤ã¡«¨àãîé¨å ��. �à¥¤áâ�¢«¥−� ä®à¬�«ì−�ï
¬®¤¥«ì ¤�−−ëå, §�«®¦¥−−�ï ¢ ®á−®¢ã ¯®áâà®¥−¨ï �„, ¡�§¨àãîé�ïáï −�
¯à¨−æ¨¯�å ä�á¥â−®© −�¢¨£�æ¨¨, à�§à�¡®â�−−®© �¢â®à�¬¨. ˆáá«¥¤®¢�−¨¥
ä®à¬�«ì−®© ¬®¤¥«¨ ¯®§¢®«¨«® à�§à�¡®â�âì �«£®à¨â¬ë, −� ª®â®àëå áâà®¨«�áì
â¥å−®«®£¨ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï ��. �à¨¬¥−¥−¨¥ à�§à�¡®â�−−ëå
¯à®£à�¬¬−ëå áà¥¤áâ¢ ¤�«® ¢®§¬®¦−®áâì ®¡−�àã¦¨âì ¨ ã¤�«¨âì ¤ã¡«¨àãîé¨¥
�� ¢ �„ −�ãç−ëå ¯ã¡«¨ª�æ¨© �ˆ�‘ ˆ�ˆ ÷��.

Š«îç¥¢ë¥ á«®¢�: ¯à®£à�¬¬−ë¥ ¬®¤ã«¨ ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨; ¨−¤¥ªá áå®-
¦¥áâ¨; ¬¥â®¤ −¥ç¥âª®£® ¯®¨áª� ¯® �«£®à¨â¬ã �«¨¢¥à�; ä�á¥â−�ï −�¢¨£�æ¨ï
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1 Введение

�á−®¢−®© æ¥«ìî á®§¤�−¨ï �ˆ�‘ ˆ�ˆ ÷�� [1] (á ä¥¢à�«ï 2015 £. ˆ�ˆ
÷�� | ¢ á®áâ�¢¥ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷��) ¡ë«� à�§à�¡®âª� ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ¤«ï á¡®à�, åà�-
−¥−¨ï ¨ �−�«¨§� ¡¨¡«¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ® −�ãç−ëå ¯ã¡«¨ª�æ¨ïå á®-
âàã¤−¨ª®¢. „«ï §�¯®«−¥−¨ï �„ �ˆ�‘ ¨á¯®«ì§ãîâáï à¥ä¥à�â¨¢−ë¥ ¡�§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, maxim@amsd.com

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, slava@amsd.com

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, obuhova@amsd.com

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, soloviev@amsd.com
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’¥å−®«®£¨ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï �� ¢ �„ �ˆ�‘ ˆ�ˆ ÷��

ãç−®£® æ¨â¨à®¢�−¨ï Web of Science (WoS), Scopus, ÷®áá¨©áª®£® ¨−¤¥ªá� −�ãç−®£®
æ¨â¨à®¢�−¨ï (÷ˆ�–) −� ¯«�âä®à¬¥ eLibrary, â¥¬�â¨ç¥áª¨¥ ¨−â¥à−¥â-à¥áãà-
áë, −�å®¤ïé¨¥áï ¢ ®âªàëâ®¬ ¤®áâã¯¥, � â�ª¦¥ ¤®ªã¬¥−â�«ì−® ¯®¤â¢¥à¦¤¥−−ë¥
á¢¥¤¥−¨ï ®â �¢â®à®¢. Š�¦¤�ï −�ãç−�ï áâ�âìï ¢ �ˆ�‘ ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥ �� [2].

‚ §�¤�ç¨ �ˆ�‘ ¢å®¤¨â ¯à¥¤®áâ�¢«¥−¨¥ ¯®«ì§®¢�â¥«ï¬ ¯®¨áª®¢®-á¯à�¢®ç−ëå
á¥à¢¨á®¢. ÷¥�«¨§®¢�− ¯®¨áª ¯ã¡«¨ª�æ¨© ¯® á®¢®ªã¯−®áâ¨ ¯�à�¬¥âà®¢ ¢ ¯à®¨§-
¢®«ì−ëå á®ç¥â�−¨ïå. ’�ª¦¥ ¢ á¨áâ¥¬¥ ¯®¤¤¥à¦¨¢�îâáï ¬¥å�−¨§¬ë á¢ï§ë¢�−¨ï
®¯¨á�−¨© æ¨â¨àãîé¥© ¨ æ¨â¨àã¥¬®© ¯ã¡«¨ª�æ¨©, çâ® ¯®§¢®«ï¥â á®§¤�¢�âì ª�àâë
á¢ï§¨ ¯ã¡«¨ª�æ¨©, ®¯à¥¤¥«ïï â¥¬ á�¬ë¬ −¥ä®à¬�«ì−ë¥ −�ãç−ë¥ ª®««¥ªâ¨¢ë,
à�¡®â�îé¨¥ −�¤ ®¯à¥¤¥«¥−−®© â¥¬�â¨ª®©. Š ã¤®¡−ë¬ ¢®§¬®¦−®áâï¬ ®â−®á¨âáï
®¡ê¥¤¨−¥−¨¥ ¯®áà¥¤áâ¢®¬ ¢§�¨¬−ëå ááë«®ª ®¯¨á�−¨ï áâ�âì¨ ¨ ¥¥ ¯¥à¥¢®¤−®©
¢¥àá¨¨ ¢ ¨−®áâà�−−®¬ ¨§¤�−¨¨. �à¨¬¥àë �� àãááª®ï§ëç−ëå áâ�â¥© ¨ ¨å ¯¥à¥¢®-
¤®¢, ®¡ê¥¤¨−¥−−ëå á®®â¢¥âáâ¢ãîé¨¬¨ ááë«ª�¬¨ ¢¨¤� ú¯ã¡«¨ª�æ¨ï { ¯¥à¥¢®¤−�ï
¢¥àá¨ïû, ¯à¥¤áâ�¢«¥−ë −� à¨á. 1.

�¤−� ¨§ ¢�¦−ëå æ¥«¥© á®§¤�−¨ï �ˆ�‘ ˆ�ˆ ÷�� | �−�«¨§ ¯ã¡«¨ª�æ¨-
®−−®© �ªâ¨¢−®áâ¨ �¢â®à®¢. �¨¡«¨®£à�ä¨ç¥áª¨© �−�«¨§ æ¨â¨à®¢�−¨ï ¯®§¢®«ï¥â

ˆ§¤�−¨¥:

Theory of Probability &
’¥®à¨ï�−£«¨©áª®¥

Its Applications
¢¥à®ïâ−®áâ¥©−�§¢�−¨¥/

¨ ¥ñ ¯à¨¬¥−¥−¨ïàãááª®¥
−�§¢�−¨¥

�¤à¥á
¦ãà−�«� ¢
ˆ−â¥à−¥â¥

http://epubs.siam.org/loi/tprbau
http://www.mathnet.ru/php/
archive.phtml?jrnid=tvp&

wshow=contents&option lang=rus
�¤à¥á
áâ�âì¨

¢ �ˆ�‘

http://bias.ipiran.ru/database/
article/view/id/193.html ⇔ http://bias.ipiran.ru/database/

article/view/id/198.html

(�)

ˆ§¤�−¨¥:

Automation and remote �¢â®¬�â¨ª�
�−£«¨©áª®¥

control ¨ â¥«¥¬¥å�−¨ª�
−�§¢�−¨¥/

àãááª®¥
−�§¢�−¨¥

�¤à¥á
¦ãà−�«� ¢
ˆ−â¥à−¥â¥

http://link.springer.com/
journal/10513

http://www.mathnet.ru/php/
archive.phtml?jrnid=at&wshow=
contents&option lang=rus

�¤à¥á
áâ�âì¨ ¢
�ˆ�‘

http://bias.ipiran.ru/database/
article/view/id/2602.html ⇔ http://bias.ipiran.ru/database/

article/view/id/1868.html

(¡)

÷¨á. 1 �à¨¬¥àë ®¡ê¥¤¨−¥−¨ï �� ¢ ¯¥à¥¢®¤−ëå ¨§¤�−¨ïå
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÷¨á. 2 ”à�£¬¥−â ¯¥à¥ç−ï ¯ã¡«¨ª�æ¨© �¢â®à� á ãª�§�−¨¥¬ ç¨á«� æ¨â¨à®¢�−¨© ª�¦¤®©
áâ�âì¨ ¯® ¢¥àá¨ï¬ WoS ¨ ÷ˆ�–

®¯à¥¤¥«¨âì ãà®¢¥−ì ¢®áâà¥¡®¢�−−®áâ¨ ¨ §−�ç¨¬®áâ¨ −�ãç−®© à�¡®âë. ‚ëç¨á«ï-
¥¬ë¥ ¡¨¡«¨®£à�ä¨ç¥áª¨¥ ¯®ª�§�â¥«¨ á«ã¦�â ª®«¨ç¥áâ¢¥−−®© å�à�ªâ¥à¨áâ¨ª®©
¯à®¤ãªâ¨¢−®áâ¨ ãç¥−®£®. „«ï ¢ë¯®«−¥−¨ï íâ®© §�¤�ç¨ ¢ �„ �ˆ�‘ ¢¥¤ãâáï
á¯¨áª¨ æ¨â¨à®¢�−¨© ¯ã¡«¨ª�æ¨© �¢â®à®¢ ¨−áâ¨âãâ�. “ç¨âë¢�îâáï æ¨â¨à®¢�−¨ï,
¯à®¨−¤¥ªá¨à®¢�−−ë¥ ¢ WoS ¨ ÷ˆ�– −� ¯«�âä®à¬¥ eLibrary. �� à¨á. 2 ¯à¥¤-
áâ�¢«¥− ¯à¨¬¥à äà�£¬¥−â� ¯¥à¥ç−ï ¯ã¡«¨ª�æ¨© �¢â®à� á ãª�§�−¨¥¬ ª®«¨ç¥áâ¢�
æ¨â¨à®¢�−¨© ª�¦¤®© áâ�âì¨ ¯® ¢¥àá¨¨ WoS ¨ ÷ˆ�–. Š®«¨ç¥áâ¢® æ¨â¨à®¢�−¨©
ï¢«ï¥âáï ááë«ª®© −� ®¯¨á�−¨ï æ¨â¨àãîé¨å áâ�â¥©.

Š æ¥«ï¬ á®§¤�−¨ï �ˆ�‘ ®â−®á¨âáï ¯®¤£®â®¢ª� áâ�â¨áâ¨ç¥áª¨å ®âç¥â®¢ ® ¯ã¡-
«¨ª�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨ ˆ�ˆ ÷�� ¤«ï à�§«¨ç−ëå á¨áâ¥¬ ãç¥â�. ’à¥¡®¢�−¨ï
®âç¥â−®áâ¨ �à¥§¨¤¨ã¬� ÷��, ”¥¤¥à�«ì−®£® �£¥−âáâ¢� −�ãç−ëå ®à£�−¨§�æ¨©,
Œ¨−¨áâ¥àáâ¢� ®¡à�§®¢�−¨ï ¨ −�ãª¨ à�§«¨ç�îâáï á®ç¥â�−¨¥¬ ¯�à�¬¥âà®¢, ®â®¡à�-
¦�îé¨å ¯ã¡«¨ª�æ¨®−−ãî �ªâ¨¢−®áâì ¨−áâ¨âãâ�. Š ¯à¨¬¥àã, ¢ ®¤−¨å á«ãç�ïå
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’¥å−®«®£¨ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï �� ¢ �„ �ˆ�‘ ˆ�ˆ ÷��

−¥®¡å®¤¨¬ë¬ ¯®ª�§�â¥«¥¬ ï¢«ï¥âáï ª®«¨ç¥áâ¢® ¯ã¡«¨ª�æ¨© á®âàã¤−¨ª®¢ ˆ�ˆ
÷�� §� 2008{2013 ££., ª®â®àë¥ æ¨â¨àãîâáï ¢ −�ãç−ëå à�¡®â�å, ¢ ¤àã£¨å |
ª®«¨ç¥áâ¢® æ¨â¨àãîé¨å áâ�â¥©, ®¯ã¡«¨ª®¢�−−ëå ¢ 2008{2013 ££. „«ï �¢â®¬�â¨-
§�æ¨¨ ¯®¤£®â®¢ª¨ ®âç¥â®¢ ¨á¯®«ì§ãîâáï á®®â¢¥âáâ¢ãîé¨¥ ¯à®£à�¬¬−ë¥ ¬®¤ã«¨
�ˆ�‘ ˆ�ˆ ÷��.

2 Исследование причин множественности библиографических
описаний публикаций

‚ �„ �ˆ�‘ ª�¦¤�ï ¯ã¡«¨ª�æ¨ï ¯à¥¤áâ�¢«¥−� ��, á®áâ®ïé¨¬ ¨§ (®á−®¢-
−ëå) ¯®«¥©: ú��§¢�−¨¥ ¯ã¡«¨ª�æ¨¨û, úˆ§¤�−¨¥û, úƒ®¤û ¨ ú�¢â®àëû. ��
¯¥à¢®−�ç�«ì−®¬ íâ�¯¥ §�¯®«−¥−¨ï �„ à�§à�¡®âç¨ª¨ ¨áå®¤¨«¨ ¨§ â®£®, çâ® ��
¢§�¨¬−® ®¤−®§−�ç−® ®¯à¥¤¥«ï¥â ¯ã¡«¨ª�æ¨î. �® ¢áª®à¥ ¡ë«� ®¡−�àã¦¥−� ¯à®-
¡«¥¬�, á¢ï§�−−�ï á â¥¬, çâ® �� ®¤−®© ¨ â®© ¦¥ ¯ã¡«¨ª�æ¨¨ ¢ à�§−ëå à¥áãàá�å
¬®£ãâ ®â«¨ç�âìáï §−�ç¥−¨ï¬¨ ¢ ®¤−®¬ ¨«¨ −¥áª®«ìª¨å ¯®«ïå. Š�ª á«¥¤áâ¢¨¥,
§�−¥á¥−¨¥ ¡¨¡«¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ | ¡¥§ ¯à¨-
¬¥−¥−¨ï á¯¥æ¨�«ì−ëå áà¥¤áâ¢ ª®−âà®«ï | ¯à¨¢®¤¨«® ª â®¬ã, çâ® à�§−ë¥ ��
¢ �„ ®¯à¥¤¥«ï«¨ ®¤−ã ¨ âã ¦¥ ¯ã¡«¨ª�æ¨î. „«ï ª®àà¥ªâ−®£® ä®à¬¨à®¢�−¨ï
âàã¤®¢ á®âàã¤−¨ª®¢ ˆ�ˆ ÷�� −¥®¡å®¤¨¬® ¡ë«® à¥è¨âì ¯à®¡«¥¬ã, á¢ï§�−-
−ãî á ¤ã¡«¨à®¢�−¨¥¬ ¯à¥¤áâ�¢«¥−¨ï ¯ã¡«¨ª�æ¨© ¢ ä®à¬¥ �� ¢ �„ −�ãç−ëå
¯ã¡«¨ª�æ¨©.

�à¨ç¨−�¬¨ ¯®ï¢«¥−¨ï à�§−ëå �� ®¤−®© ¨ â®© ¦¥ áâ�âì¨ ï¢«ïîâáï á«¥¤ãîé¨¥
®¡áâ®ïâ¥«ìáâ¢�:

(1) ¡�§ë ¨−¤¥ªá�æ¨¨ −�ãç−ëå áâ�â¥© âà�−áä®à¬¨àãîâ ä®à¬ã«ë, ¨á¯®«ì§ã¥¬ë¥
¢ −�§¢�−¨ïå ¯ã¡«¨ª�æ¨©, ¢ á¢®¨ ¢−ãâà¥−−¨¥ áâ�−¤�àâë, ª®â®àë¥, ¢ ®¡é¥¬
á«ãç�¥, ®â«¨ç�îâáï ®â ¯¥à¢®−�ç�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï;

(2) ¯à¨ æ¨â¨à®¢�−¨¨ ¯ã¡«¨ª�æ¨© ¢ ¯¥à¥¢®¤−ëå ¨§¤�−¨ïå �¢â®àë ¨á¯®«ì§ãîâ
à�§−ë¥ ¢¥àá¨¨ ¯¥à¥¢®¤®¢;

(3) ª ¢¥áì¬� à�á¯à®áâà�−¥−−ë¬ á¨âã�æ¨ï¬ ®â−®áïâáï −¥â®ç−®áâ¨ ¨ ¨áª�¦¥−¨ï
¢ ®¯¨á�−¨ïå æ¨â¨àã¥¬ëå ¯ã¡«¨ª�æ¨©.

÷�áá¬®âà¨¬ −¥áª®«ìª® ¯à¨¬¥à®¢ ¯®à®¦¤¥−¨ï ¤ã¡«¨àãîé¨å (â. ¥. ®¯à¥¤¥«ï-
îé¨å ®¤−ã ¨ âã ¦¥ áâ�âìî) ��, §�−¥á¥−−ëå ¢ �„ −�ãç−ëå ¯ã¡«¨ª�æ¨© ¨§ à�§−ëå
¨áâ®ç−¨ª®¢.

2.1 Использование формул в названиях публикаций

‚ á«ãç�¥ ¥á«¨ �¢â®àë ¢ë−®áïâ ¢ −�§¢�−¨¥ ¯ã¡«¨ª�æ¨¨ ä®à¬ã«ë á ¨á¯®«ì-
§®¢�−¨¥¬ ¢¥àå−¨å ¨«¨ −¨¦−¨å ¨−¤¥ªá®¢, à�§−ë¥ �„ −�ãç−®£® æ¨â¨à®¢�−¨ï
¨−¤¥ªá¨àãîâ íâ¨ áâ�âì¨ ¢ á¢®¥¬ ¢−ãâà¥−−¥¬ áâ�−¤�àâ¥.

Š ¯à¨¬¥àã, áâ�âìï, ®¯ã¡«¨ª®¢�−−�ï ¢ ¦ãà−�«¥ úAutomation and Remote
Controlû, 2011, â®¬ 72, ü 1, �¢â®àë: �¥ç¨−ª¨− �. ‚., ˜®à£¨− ‘. Ÿ. ¨ ¤à., ¯®¤
−�§¢�−¨¥¬: úGeom/G/1/n system with LIFO discipline without interrupts and
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constrained total amount of customersû, ¯à®¨−¤¥ªá¨à®¢�−� ¢ à�§«¨ç−ëå á¨áâ¥¬�å
á«¥¤ãîé¨¬ ®¡à�§®¬:

{ ¢ WoS ¯®¤ −�§¢�−¨¥¬ úGeo(m)/G/1/n system with LIFO discipline without
interrupts and constrained total amount of customersû;

{ ¢ eLibrary ¯®¤ −�§¢�−¨¥¬ úGEOM/G/1/N system with LIFO discipline
without interrupts and constrained total amount of customersû.

”®à¬�«ì−® ¢ ¤�−−®¬ ¯à¨¬¥à¥ ¯à¥¤áâ�¢«¥−ë à�§−ë¥ ��, çâ® ¯à¨¢®¤¨â ª ¤ã¡-
«¨à®¢�−¨î ¯à¥¤áâ�¢«¥−¨ï ®¤−®© ¨ â®© ¦¥ áâ�âì¨ ¢ �„.

2.2 Использование переводных версий научных журналов

�á®¡ãî á«®¦−®áâì ¯à¥¤áâ�¢«ïîâ ¯ã¡«¨ª�æ¨¨, �� ª®â®àëå ä®à¬¨àã¥âáï
¨§ ¯à¨áâ�â¥©−ëå á¯¨áª®¢ ¨á¯®«ì§ã¥¬®© «¨â¥à�âãàë. „«ï ¤®áâ¨¦¥−¨ï ¯®«−®âë
−�¯®«−¥−¨ï �„ �ˆ�‘ ¨á¯®«ì§ãîâáï á¯¨áª¨ æ¨â¨à®¢�−¨©, ï¢«ïîé¨¥áï ®¡ï§�-
â¥«ì−®© ç�áâìî «î¡®© áâ�âì¨, ¤®áâã¯−ë¥ ¢ â�ª¨å à¥áãàá�å, ª�ª Web of Science,
Springer Link [3], eLibrary. �® ¨§¢«¥ç¥−¨¥ ¡¨¡«¨®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨§
á¯¨áª®¢ æ¨â¨àã¥¬ëå ¨áâ®ç−¨ª®¢ ¬®¦¥â ¯à¨¢¥áâ¨ ª ¬−®¦¥áâ¢¥−−®áâ¨ ¯à¥¤áâ�¢«¥-
−¨ï ®¤−®© ¯ã¡«¨ª�æ¨¨ ¢ �„ �ˆ�‘. ˆá¯®«ì§®¢�−¨¥ ¢ ááë«ª�å à�§−ëå ¢¥àá¨©
¯¥à¥¢®¤−ëå ¨§¤�−¨© ¯à¨¢®¤¨â ª ®¡à�§®¢�−¨î ¤¢ãå ¨ ¡®«¥¥ �� ®¤−®© ¨ â®© ¦¥
áâ�âì¨. “ç¨âë¢�ï, çâ® ¯¥à¥¢®¤−ë¥ ¢¥àá¨¨ à®áá¨©áª¨å −�ãç−ëå ¦ãà−�«®¢ ¢ë¯®«-

÷¨á. 3 �à¨¬¥à ¨á¯®«ì§®¢�−¨ï ¢ ááë«ª�å à�§−ëå ¢¥àá¨© ¯¥à¥¢®¤−ëå ¨§¤�−¨©
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’¥å−®«®£¨ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï �� ¢ �„ �ˆ�‘ ˆ�ˆ ÷��

−ïîâ à�§−ë¥ ¯¥à¥¢®¤ç¨ª¨, ¢®§−¨ª−®¢¥−¨¥ â�ª¨å ª®««¨§¨© | à�á¯à®áâà�−¥−−ë©
á«ãç�©.

�à®¨««îáâà¨àã¥¬ íâ® −� ¯à¨¬¥à¥, ¯à¨¢¥¤¥−−®¬ −� à¨á. 3.

2.3 Неточности и искажения в цитированиях публикаций

„«ï ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ® �� ¯ã¡«¨ª�æ¨© á®âàã¤−¨ª®¢ ˆ�ˆ ÷�� ¨§
�„ ÷ˆ�– (−� ¯«�âä®à¬¥ eLibrary) ¨á¯®«ì§®¢�«áï ¯à®£à�¬¬−ë© ¨−â¥àä¥©á
¤«ï ¤®áâã¯� ª ¤�−−ë¬. ‚ eLibrary ¯®¤¤¥à¦¨¢�¥âáï ¢®§¬®¦−®áâì ¢ª«îç¥−¨ï
¢ ¯¥à¥ç¥−ì −�ãç−ëå áâ�â¥© �¢â®à� ¯ã¡«¨ª�æ¨© ¨§ á¯¨áª®¢ æ¨â¨à®¢�−¨ï. �®
ä®à¬�«ì−®© ®¡à�¡®âª¨ −� ¤®áâ®¢¥à−®áâì ¤�−−®¥ ¢ª«îç¥−¨¥ −¥ ¯à®å®¤¨â. ‚¥áì¬�
à�á¯à®áâà�−¥−−®© ï¢«ï¥âáï á¨âã�æ¨ï ®è¨¡®ç−®£® æ¨â¨à®¢�−¨ï: ¨áª�¦�îâáï −�-
§¢�−¨ï áâ�â¥©, ¤®¯ãáª�îâáï ®è¨¡ª¨ ¢ ãª�§�−¨¨ ¢ëå®¤−ëå ¤�−−ëå ¨§¤�−¨ï. �â®
á«ã¦¨â ¨áâ®ç−¨ª®¬ ¯®ï¢«¥−¨ï −¥ª®àà¥ªâ−ëå ¢�à¨�−â®¢ ¯ã¡«¨ª�æ¨©.

Š ¯à¨¬¥àã, áâ�âìï ‘¨−¨æë−� ˆ. �., ®¯ã¡«¨ª®¢�−−�ï ¢ ¦ãà−�«¥ úDoklady
Physicsû, 2002, â®¬ 47, ¢ë¯ãáª 7, ®ª�§�«�áì ¢ �„ ¢ âà¥å ¢�à¨�−â�å:

{ úStochastic Model of Motion of the Pole of Deformable Earthû;
{ úStochastic Model of the Pole's Motion for Deformable Earthû;
{ úA Stochastic Model of the Motion of the Deformable-Earth Poleû.

3 Технология обнаружения дублирующих библиографических
описаний

‚ëï¢«¥−¨¥ ¯à¨ç¨− ¤ã¡«¨à®¢�−¨ï �� á®§¤�«® ¯à¥¤¯®áë«ª¨ ¤«ï à¥è¥−¨ï
á«¥¤ãîé¨å §�¤�ç:

(1) ¢ëï¢«¥−¨¥ ¨ ã¤�«¥−¨¥ ¨§ �„ ¤ã¡«¨àãîé¨å ��;
(2) à�§à�¡®âª� â¥å−®«®£¨¨ ¯à¥¤®â¢à�é¥−¨ï ¯®ï¢«¥−¨ï ¢ �„ ¤ã¡«¨àãîé¨å ��.

�®¤ â¥à¬¨−®¬ â¥å−®«®£¨ï ¯®¤à�§ã¬¥¢�¥âáï ¯à¨¬¥−¥−¨¥ ª®¬¯«¥ªá� ¯à®-
£à�¬¬−ëå ¬®¤ã«¥©, à¥è�îé¨å ¯®áâ�¢«¥−−ãî §�¤�çã ¢ á®¥¤¨−¥−¨¨ á® áà¥¤áâ¢�¬¨
¢¨§ã�«¨§�æ¨¨ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢. �®áª®«ìªã ®á−®¢−�ï ¯à¨ç¨−� ¯®ï¢«¥−¨ï
¤ã¡«¨àãîé¨å �� á¢ï§�−� á ¨áª�¦¥−¨ï¬¨ ¢ −�§¢�−¨ïå ¯ã¡«¨ª�æ¨©, â® −� ¯¥à¢®¬
íâ�¯¥ ®¡ê¥ªâ®¬ ¨áá«¥¤®¢�−¨ï áâ�«® ¯®«¥ ú��§¢�−¨¥ ¯ã¡«¨ª�æ¨¨û (ª�ª ç�áâ¨ ��).

3.1 Применение методов нечеткого поиска для обнаружения искажений
в названиях публикаций

„«ï �−�«¨§� ¨áª�¦¥−¨© ¢ ¯®«¥ −�§¢�−¨ï ¯ã¡«¨ª�æ¨¨ ¨á¯®«ì§®¢�«áï ¯®¨áª
¯® áå®¤áâ¢ã (fuzzy string search) ¯® �«£®à¨â¬ã �«¨¢¥à�, ®¯¨á�−−®¬ã ¢ à�¡®â¥ [4].
‚ à�¬ª�å ¤�−−®© áâ�âì¨ −¥ à�áá¬�âà¨¢�îâáï ¯à¨ç¨−ë ¯à¥¤¯®çâ¥−¨ï ¬¥â®¤� −�-
å®¦¤¥−¨ï −�¨¡®«ìè¥© ®¡é¥© ¯®¤¯®á«¥¤®¢�â¥«ì−®áâ¨ (LCS | longest common
subsequence) ¤àã£¨¬ à�á¯à®áâà�−¥−−ë¬ ¬¥â®¤�¬, ª ¯à¨¬¥àã, à¥�«¨§ãîé¨¬ �«£®-
à¨â¬ ‹¥¢¥−èâ¥©−� [5]. ‚®¯à®áë ¯à¥¨¬ãé¥áâ¢� ¢ë¡à�−−®£® ¬¥â®¤� áâ�−ãâ â¥¬®©
á«¥¤ãîé¥© áâ�âì¨.
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�à¨¬¥−¥−¨¥ �«£®à¨â¬� �«¨¢¥à� ¯®§¢®«ï¥â −�å®¤¨âì ¢ ¤¢ãå áâà®ª�å á®¢¯�-
¤�îé¨¥ äà�£¬¥−âë ¨ ¢ëç¨á«ïâì ¢ ¯à®æ¥−â�å ®â−®è¥−¨¥ ¨å ¤«¨−ë ª áã¬¬�à−®©
¤«¨−¥ áà�¢−¨¢�¥¬ëå áâà®ª. �«£®à¨â¬ �«¨¢¥à� à¥�«¨§®¢�− ¢ ¢¨¤¥ áâ�−¤�àâ−®©
PHP-äã−ªæ¨¨ similar_text. �à¨¢¥¤¥¬ à¥�«¨§�æ¨î íâ®£® �«£®à¨â¬� −� C#:
float similar_text (String first, String second)
{
int sim = similar(first.ToLower(), second.ToLower());
return (float)(sim * 200) / (first.Length + second.Length);
}
int similar(String first, String second)

{
int p, q, l, sum;
int pos1 = 0, pos1 = 0, max = 0;
char[] arr1 = first.ToCharArray();
char[] arr2 = second.ToCharArray();
int firstLength = arr1.Length;
int secondLength = arr2.Length;
for (p = 0; p < firstLength; p++)
{
for (q = 0; q < secondLength; q++)
{
for (l = 0; (p + l < firstLength) && (q + l < secondLength)
&& (arr1[p + l] == arr2[q + l]); l++) ;
if (l > max)
{
max = l;
pos1 = p;
pos2 = q;

}
}
}
sum = max;
if (sum > 0)
{
if (pos1 > 0 && pos2 > 0)
{
sum += similar(first.Substring(0, pos1 >
firstLength ? firstLength : pos1), second.Substring(0,

pos2 > secondLength ? secondLength : pos2));
}
if ((pos1 + max < firstLength) && (pos2 + max < secondLength))
{
sum += similar(first.Substring(pos1 + max),
second.Substring(pos2 + max));

}
}
return sum;
}
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�¯à¥¤¥«¥−¨¥. ‚¢¥¤¥¬ ®¡®§−�ç¥−¨¥ ¨−¤¥ªá� áå®¦¥áâ¨ ¤¢ãå áâà®ª Ind_Sim, ï¢«ï-
îé¥£®áï à¥§ã«ìâ�â®¬ ¢ë¯®«−¥−¨ï äã−ªæ¨¨ similar_text. „¨�¯�§®− §−�ç¥−¨©:
0% ≤ Ind_Sim ≤ 100%.

�à®¨««îáâà¨àã¥¬ à�¡®âã äã−ªæ¨¨ similar_text −� ¯à¨¬¥à¥ ®¯¨á�−−®£®
¢ëè¥ á«ãç�ï, ª®£¤� ¤«ï ¨áå®¤−®© ¯ã¡«¨ª�æ¨¨ úA Stochastic Model of the Motion
of the Deformable-Earth Poleû ¢ �„ ¡ë«¨ §�−¥á¥−ë ¨áª�¦¥−−ë¥ ¢�à¨�−âë
−�§¢�−¨ï ¯ã¡«¨ª�æ¨¨.

�à®â®ª®« 1.

String first = a stochastic model of the motion
of the deformable-earth pole
String second = stochastic model of motion
of the pole of deformable earth

similar(61,58)
f=(a stochastic model of the motion
of the deformable-earth pole)
s=(stochastic model of motion of the pole of deformable earth)
max=20, pos1=2, pos2=0
similar(39,38)
f=(the motion of the deformable-earth pole)
s=(motion of the pole of deformable earth)
max=14, pos1=4, pos2=0
similar(21,24)
f=(deformable-earth pole)
s=(pole of deformable earth)
max=10, pos1=0, pos2=8
similar(11,6)
f=(-earth pole)
s=( earth)
max=5, pos1=1, pos2=1
similar(1,1)
f=(-)
s=( )
max=0, pos1=0, pos2=0

Ind_Sim = 82,35%.

�à®â®ª®« 2.

String first = a stochastic model of the motion
of the deformable-earth pole
String second = stochastic model of the pole£s motion
for deformable earth
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similar(61,58)
f=(a stochastic model of the motion of the deformable-earth pole)
s=(stochastic model of the pole£s motion for deformable earth)
max=24, pos1=2, pos2=0
similar(35,34)
f=(motion of the deformable-earth pole)
s=(pole£s motion for deformable earth)
max=11, pos1=13, pos2=17
similar(13,17)
f=(motion of the)
s=(pole£s motion for)
max=7, pos1=0, pos2=7
similar(6,3)
f=(of the)
s=(for)
max=1, pos1=0, pos2=1
similar(5,1)
f=(f the)
s=(r)
max=0, pos1=0, pos2=0
similar(11,6)
f=(-earth pole)
s=( earth)
max=5, pos1=1, pos2=1
similar(1,1)
f=(-)
s=( )
max=0, pos1=0, pos2=0

Ind_Sim = 80,67%.
‡�¬¥â¨¬, çâ® §−�ç¥−¨¥ ¨−¤¥ªá� áå®¦¥áâ¨ ¨áå®¤−®© áâ�âì¨ ¨ ¥¥ ¬®¤¨ä¨ª�æ¨©

¢ à�áá¬�âà¨¢�¥¬®¬ ¯à¨¬¥à¥ −¥ ¬¥−ìè¥ 80,67%.

3.2 Этапы проверки базы данных

‚ë¡à�−−�ï ¬¥â®¤¨ª� ¨ à�§à�¡®â�−−ë¥ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¯®§¢®«¨«¨ ¯à®-
¢¥áâ¨ à¥¢¨§¨î �„ ¤«ï ¢ëï¢«¥−¨ï ¤ã¡«¨àãîé¨å ��. �à®â®ª®«ë à�¡®âë ¯à®-
£à�¬¬ ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨, ¢ëç¨á«ïîé¨å Ind_Sim −�§¢�−¨© áâ�â¥©, ¯à¥¤®-
áâ�¢«ï«¨áì ¬®¤¥à�â®à�¬ á¨áâ¥¬ë, ª®â®àë¥ ¯à¨−¨¬�«¨ à¥è¥−¨¥ ® ¤®áâ®¢¥à−®áâ¨
â®© ¨«¨ ¨−®© ¨−ä®à¬�æ¨¨. „«ï ã¤®¡áâ¢� à�¡®âë ¨á¯®«ì§®¢�«¨áì áà¥¤áâ¢� ¢¨§ã-
�«¨§�æ¨¨ à¥§ã«ìâ�â®¢ à�¡®âë äã−ªæ¨¨ similar_text:

{ ¤«ï ¢â®à®© áâà®ª¨ ªà�á−ë¬ æ¢¥â®¬ ¯®¤á¢¥ç¨¢�îâáï ã¤�«¥−−ë¥ á«®¢� ¨«¨
á¨¬¢®«ë;

{ §¥«¥−ë¬ æ¢¥â®¬ | ¤®¡�¢«¥−−ë¥ á«®¢� ¨«¨ á¨¬¢®«ë;

{ ¤«ï ®¡¥¨å áâà®ª ãª�§ë¢�îâáï ááë«ª¨ −� á®®â¢¥âáâ¢ãîé¥¥ �� ¢ �„ �ˆ�‘.

”à�£¬¥−âë ¯à®â®ª®«®¢ à�¡®âë ¯à®£à�¬¬ ¯à¥¤áâ�¢«¥−ë −� à¨á. 4.
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÷¨á. 4 ”à�£¬¥−âë ¯à®â®ª®«®¢ à�¡®âë ¯à®£à�¬¬ ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨ ¤«ï 95% ≤
≤ Ind Sim ≤ 100% (�) ¨ 75% ≤ Ind Sim ≤ 95% (¡)

�â�¯ 1. „¨�¯�§®− 95% ≤ Ind_Sim ≤ 100%.
�� íâ®¬ íâ�¯¥ ¡ë«¨ ¢ëï¢«¥−ë á«ãç�¨, ª®â®àë¥ ¬®¦−® ®â−¥áâ¨ ª ®è¨¡ª�¬

¯à�¢®¯¨á�−¨ï.
�â�¯ 2. „¨�¯�§®− 75% ≤ Ind_Sim ≤ 95%.
�� íâ®¬ íâ�¯¥ ®¡ê¥ªâ®¬ ¢−¨¬�−¨ï ¡ë«¨ �� ¯ã¡«¨ª�æ¨©, −�§¢�−¨ï ª®â®àëå

à�§«¨ç�«¨áì −� −¥ª®â®à®¥ ª®«¨ç¥áâ¢® â¥à¬¨−®¢. ��¤® §�¬¥â¨âì, çâ® ¢ íâ®â
¤¨�¯�§®− ¯®¯�¤�îâ ¨ ¢á¥ ¯ã¡«¨ª�æ¨¨, á®®â−®áïé¨¥áï á ®¤−®© â¥¬�â¨ª®©. Š�ª
¯à�¢¨«®, ¢ íâ®¬ á«ãç�¥ �¢â®àë ¤�îâ −�§¢�−¨¥ ¯ã¡«¨ª�æ¨© ¯ãâ¥¬ ª®¬¡¨−�æ¨¨
®¤−¨å ¨ â¥å ¦¥ â¥à¬¨−®¢.

�à®¨««îáâà¨àã¥¬ íâ® −� ¯à¨¬¥à¥ ¤¢ãå áâ�â¥© ˜¥¢æ®¢®© ˆ. ƒ., ®¯ã¡«¨ª®-
¢�−−ëå ¢ ¦ãà−�«¥ ú„®ª«�¤ë �ª�¤¥¬¨¨ −�ãªû, 2012, â®¬ 443, ¢ë¯ãáª 6: ú� â®ç-
−®áâ¨ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ ¤«ï áã¬¬ −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨−û
¨ ú� â®ç−®áâ¨ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ ¤«ï áã¬¬ −¥§�¢¨á¨¬ëå á¨¬¬¥âà¨ç−ëå
á«ãç�©−ëå ¢¥«¨ç¨−û.

„«ï íâ¨å áâ�â¥© Ind_Sim = 91,92%.
�−�«¨§ ¯à®â®ª®«®¢ à�¡®âë ¯à®£à�¬¬ ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨ ¯®§¢®«¨« ¯®«ã-

ç¨âì ¤¢� à¥§ã«ìâ�â�:

(1) ¨§ �„ ¡ë«® ã¤�«¥−® ∼ 6% ��;

(2) ¡ë«® ãáâ�−®¢«¥−®, çâ® §−�ç¥−¨¥ ¨−¤¥ªá� áå®¦¥áâ¨ < 75% ¬®¦¥â −¥ à�áá¬�â-
à¨¢�âìáï ¯à¨ ¯®¨áª¥ ¤ã¡«¨à®¢�−¨ï ��. ‚ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ §−�ç¥−¨¥
Ind_Sim ¬¥−¥¥ 75% ®§−�ç�¥â §�¬¥−ã ¤¢ãå ¨«¨ ¡®«¥¥ â¥à¬¨−®¢ ¢ −�§¢�−¨ïå
¯ã¡«¨ª�æ¨©. “ç¨âë¢�ï á¯¥æ¨ä¨ªã �„ �ˆ�‘, ¢ ª®â®à®© −�§¢�−¨ï ¯ã¡-
«¨ª�æ¨© á®áâ®ïâ ¢ áà¥¤−¥¬ ¨§ 9 á«®¢ (−� ¤�−−ë© ¬®¬¥−â ¬�ªá¨¬�«ì−�ï
¤«¨−� −�§¢�−¨ï á®áâ�¢«ï¥â 46 á«®¢), §�¬¥−� ¤¢ãå{âà¥å â¥à¬¨−®¢ ¯à¨¢®¤¨â
ª ¨§¬¥−¥−¨î á¬ëá«®¢®£® §−�ç¥−¨ï.
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4 Технология предотвращения дублирования библиографических
описаний

�«£®à¨â¬ à�¡®âë ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨ â¥å−®«®£¨¨ ¯à¥¤áâ�¢¨¬ −� ï§ëª¥
®¯¨á�−¨ï ä®à¬�«ì−®© ¬®¤¥«¨ ¤�−−ëå, ª®â®à�ï §�«®¦¥−� ¢ áâàãªâãàã �„ �ˆ�‘
ˆ�ˆ ÷��.

4.1 Формальная модель данных

Š®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¤�−−ëå ¯®¤à®¡−® ®¯¨á�−� ¢ [6]. ”®à¬�«ì−®¥ ¯à¥¤áâ�-
¢«¥−¨¥ �� −�ãç−ëå ¯ã¡«¨ª�æ¨© ¡�§¨àã¥âáï −� ¯à¨−æ¨¯�å �¤�¯â¨¢−®© ä�á¥â−®©
−�¢¨£�æ¨¨, à�§à�¡®â�−−®© �¢â®à�¬¨ [7], ¢ ª®â®à®© ¨á¯®«ì§ã¥âáï ®¯¨á�−¨¥ ®¡ê¥ªâ�
ª�ª ¬−®¦¥áâ¢® á®¢®ªã¯−®áâ¥©: {ä�á¥â−ë© ¯à¨§−�ª: á¯¨á®ª §−�ç¥−¨©} [8].

”�á¥â−ë© ¯à¨§−�ª ®¯à¥¤¥«ï¥âáï ª®¬¯®−¥−â®¬ ��, ª ¯à¨¬¥àã: Ftitle| −�§¢�-
−¨¥ ¯ã¡«¨ª�æ¨¨; Fjournal | −�§¢�−¨¥ ¨§¤�−¨ï; Fyear | £®¤ ¨§¤�−¨ï; Fauthors |
�¢â®à. ‚ à�¬ª�å ¤�−−®© áâ�âì¨ ®¯ãáª�¥âáï ¬−®¦¥áâ¢® ¤àã£¨å ä�á¥â−ëå ¯à¨§−�ª®¢
ª�ª −¥ �ªâã�«ì−ëå ¤«ï ¤�−−®£® ¨áá«¥¤®¢�−¨ï. �®íâ®¬ã ¯à¥¤áâ�¢«ïîé¨© ¨−â¥à¥á
äà�£¬¥−â �� ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ á«¥¤ãîé¥© ä®à¬ã«ë ®¯à¥¤¥«¥−¨ï ��:
� = {Ftitle = §−�ç¥−¨¥
+ Fjournal = ¨¤¥−â¨ä¨ª�â®àjournal
+ Fvolum = §−�ç¥−¨¥
+ Fnumber = §−�ç¥−¨¥
+ Fyear = §−�ç¥−¨¥
+ Fauthors = ááë«ª� −� á¯¨á®ª ®¡ê¥ªâ®¢ â¨¯� ú�¢â®àû}.

4.2 Алгоритм работы программного модуля предотвращения дублирования
библиографических описаний

–¥«ìî à�¡®âë ¯à®£à�¬¬−®£® ¬®¤ã«ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï ��
ï¢«ï¥âáï ¢ëï¢«¥−¨¥ â¥å á«ãç�¥¢, ª®â®àë¥ ¬®£ãâ ¯à¨¢¥áâ¨ ª ª®««¨§¨ï¬ ¨ âà¥-
¡ãîâ ¢¬¥è�â¥«ìáâ¢� ¬®¤¥à�â®à®¢ á¨áâ¥¬ë. Œ®¤¥à�â®à�¬ á¨áâ¥¬ë ¤®áâã¯−ë
¯¥à¢®¨áâ®ç−¨ª¨ −�ãç−ëå ¦ãà−�«®¢, ¯® ª®â®àë¬ ¬®¦−® ãáâ�−®¢¨âì ¨áâ¨−−®¥ ��
¯ã¡«¨ª�æ¨¨.

ˆá¯®«ì§ã¥¬ ®¡®§−�ç¥−¨ï:

{ �new | −®¢®¥ ��;

{ �∃ | áãé¥áâ¢ãîé¥¥ −� â¥ªãé¨© ¬®¬¥−â ¢ ¡�§¥ ¤�−−ëå ��.

�� à¨á. 5 ¯à¥¤áâ�¢«¥− �«£®à¨â¬ à�¡®âë ¬®¤ã«ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�-
−¨ï ��. ‡¤¥áì Ind_Sim| ¨−¤¥ªá áå®¦¥áâ¨ F newtitle ¨ F ∃

title, � ID | ã−¨ª�«ì−ë©
¨¤¥−â¨ä¨ª�â®à, ª®â®àë© ¯à¨á¢�¨¢�¥âáï ª�¦¤®¬ã ¨§ ¢®§¬®¦−ëå §−�ç¥−¨© ®¯à¥-
¤¥«¥−−®£® ¯à¨§−�ª� −� íâ�¯¥ ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨.
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÷¨á. 5 �«£®à¨â¬ à�¡®âë ¬®¤ã«ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï ��

4.3 Программная реализация

–¥−âà�«ì−®© ç�áâìî à�§à�¡®â�−−®© â¥å−®«®£¨¨ ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ¯à®-
£à�¬¬−®£® ¬®¤ã«ï ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨, ®¡à�é¥−¨¥ ª ª®â®à®¬ã ¯à®¨áå®¤¨â
¯à¨ §�−¥á¥−¨¨ −®¢®© ¡¨¡«¨®£à�ä¨ç¥áª®© §�¯¨á¨ ¯®áà¥¤áâ¢®¬ ¢ë§®¢� äã−ª-
æ¨¨ ú�à®¢¥à¨âì −�§¢�−¨¥ ¯ã¡«¨ª�æ¨¨ −� ¯®å®¦¨¥û. ÷¥§ã«ìâ�â®¬ ¥¥ à�¡®âë
ï¢«ï¥âáï á¯¨á®ª �� ¯ã¡«¨ª�æ¨©, −�§¢�−¨ï ª®â®àëå ã¤®¢«¥â¢®àïîâ ãá«®¢¨î
75% ≤ Ind_Sim ≤ 100%.

‘¯¨á®ª ä®à¬¨àã¥âáï á ¨á¯®«ì§®¢�−¨¥¬ í«¥¬¥−â®¢ ¢¨§ã�«¨§�æ¨¨ à�¡®âë ¯à®-
£à�¬¬−ëå ¬®¤ã«¥©. �à¨ à�§à�¡®âª¥ â¥å−®«®£¨¨ ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï
¡®«ìè®¥ ¢−¨¬�−¨¥ ¡ë«® ã¤¥«¥−® áà¥¤áâ¢�¬ ¢¨§ã�«¨§�æ¨¨ ¯à®â®ª®«®¢ à�¡®âë
¯à®£à�¬¬−®£® ¬®¤ã«ï ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨. �â® á¢ï§�−® á â¥¬, çâ® à¥§ã«ìâ�âë
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÷¨á. 6 ÷¥§ã«ìâ�â à�¡®âë ¯à®£à�¬¬−®£® ¬®¤ã«ï ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨

à�¡®âë íâ¨å ¬®¤ã«¥© −¥®¡å®¤¨¬ë ¬®¤¥à�â®à�¬ á¨áâ¥¬ë ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨ï,
ª�ª®¥ ¨§ á«¥¤ãîé¨å ¢®§¬®¦−ëå ¤¥©áâ¢¨© −�¤® ¢ë¯®«−¨âì:

1. ‡�−¥áâ¨ −®¢ãî §�¯¨áì.

2. �à®¨£−®à¨à®¢�âì −®¢ãî §�¯¨áì ª�ª ®è¨¡®ç−ãî.

3. �è¨¡®ç−®© ï¢«ï¥âáï áãé¥áâ¢ãîé�ï §�¯¨áì, ¥¥ −¥®¡å®¤¨¬® §�¬¥−¨âì −®¢®©.

—â®¡ë ®¯à¥¤¥«¨âì, ª�ª®¥ ¤¥©áâ¢¨¥ −¥®¡å®¤¨¬® ¢ë¯®«−¨âì, ¬®¤¥à�â®àë ¤®«¦-
−ë ¨áá«¥¤®¢�âì ¯¥à¢®¨áâ®ç−¨ª¨, � ¨¬¥−−®: ª�â�«®£¨ ¦ãà−�«®¢, ¢ ª®â®àëå ®¯ã¡-
«¨ª®¢�−� �−�«¨§¨àã¥¬�ï áâ�âìï. �®íâ®¬ã ®áâ�−®¢¨¬áï −� ¯à¨¬¥−ï¥¬ëå áà¥¤áâ¢�å
¢¨§ã�«¨§�æ¨¨. „«ï ¨««îáâà�æ¨¨ ¤¥©áâ¢ãîé¨å ¬¥å�−¨§¬®¢ ¯à¨¢¥¤¥¬ −¥áª®«ìª®
¯à¨¬¥à®¢, ¨á¯®«ì§ãï ®¯¨á�−−ë© ¢ëè¥ á«ãç�© ¬−®¦¥áâ¢¥−−®áâ¨ �� ¯ã¡«¨ª�æ¨¨
ˆ. �. ‘¨−¨æë−�.

1. ��§¢�−¨¥ −®¢®© ¯ã¡«¨ª�æ¨¨ úA stochastic model of the motion of the
deformable-Earth poleû. ‘¯¨á®ª �� ¯à¥¤áâ�¢«¥− −� à¨á. 6.
Ind_Sim á áãé¥áâ¢ãîé¨¬ �� à¥�«ì−®© ¯ã¡«¨ª�æ¨¨ à�¢¥− 100%.
Šà�á−ë¬ æ¢¥â®¬ ¯®¤á¢¥ç¨¢�îâáï ã¤�«¥−−ë¥ á¨¬¢®«ë ¯® ®â−®è¥−¨î ª ®à¨£¨-
−�«ã, §¥«¥−ë¬ | −®¢ë¥ á¨¬¢®«ë. ‹¥¢ë© áâ®«¡¥æ ®¯à¥¤¥«ï¥â ¨¤¥−â¨ä¨ª�â®à
¯ã¡«¨ª�æ¨¨ ¢ �„, ª®â®àë© á«ã¦¨â ááë«ª®© ¤«ï ¯¥à¥å®¤� ª ®¯¨á�−¨î ¤�−−®©
¯ã¡«¨ª�æ¨¨.

2. ��§¢�−¨¥ −®¢®© ¯ã¡«¨ª�æ¨¨ (¨áª�¦¥−−®¥) úStochastic Model of the Pole's
Motion for Deformable Earthû. ‘¯¨á®ª �� ¯à¥¤áâ�¢«¥− −� à¨á. 7.
Ind Sim á áãé¥áâ¢ãîé¨¬ �� à¥�«ì−®© ¯ã¡«¨ª�æ¨¨ à�¢¥− 79,3%.

3. ��§¢�−¨¥ −®¢®© ¯ã¡«¨ª�æ¨¨ (¨áª�¦¥−−®¥) úStochastic Model of Motion of
the Pole of Deformable Earthû. ‘¯¨á®ª �� ¯à¥¤áâ�¢«¥− −� à¨á. 8.
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’¥å−®«®£¨ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï �� ¢ �„ �ˆ�‘ ˆ�ˆ ÷��

÷¨á. 7 ÷¥§ã«ìâ�â à�¡®âë ¯à®£à�¬¬−®£® ¬®¤ã«ï ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨

÷¨á. 8 ÷¥§ã«ìâ�â à�¡®âë ¯à®£à�¬¬−®£® ¬®¤ã«ï ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨

÷¨á. 9 ÷¥§ã«ìâ�â à�¡®âë ¯à®£à�¬¬−®£® ¬®¤ã«ï ®¯à¥¤¥«¥−¨ï áå®¦¥áâ¨
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Œ. ā. ‡�¨ª¨−, ‚. ‘. „®«£®¯®«®¢, �. ‹. �¡ãå®¢�, ˆ. ‚. ‘®«®¢ì¥¢

Ind_Sim á áãé¥áâ¢ãîé¨¬ �� à¥�«ì−®© ¯ã¡«¨ª�æ¨¨ à�¢¥− 82,3%.
‹î¡®¯ëâ−®, çâ® ¤«ï ¤�−−®£® ¯à¨¬¥à� ¡®«¥¥ ¢ëá®ª¨© Ind_Sim| á ¯ã¡«¨ª�-
æ¨¥© ü 6315 úStochastic correlation models for the motion of the pole of the
deformable earthû, ®¯ã¡«¨ª®¢�−−®© ¢ 2004 £. �® â�ª ª�ª á íâ®© ¯ã¡«¨ª�æ¨¥©
ã ¨áª®¬®© à�§«¨ç�îâáï Fjournal = IDjournal ¨ Fyear = IDyear, â® ¨áª®¬®©
ï¢«ï¥âáï ¯ã¡«¨ª�æ¨ï ü 951.

��¤® §�¬¥â¨âì, çâ® §−�ç¥−¨¥ ¨−¤¥ªá� áå®¦¥áâ¨ ¯à�¢¨«ì−®© áâ�âì¨ ¨ ¥¥
¬®¤¨ä¨ª�æ¨© «¥¦¨â ¢ ¯à¥¤¥«�å 79,3% ≤ Ind_Sim ≤ 100%, çâ® ¬®¦−® ã¢¨¤¥âì
−� à¨á. 9.

5 Заключение

�®¬¨¬® �„ −�ãç−®£® æ¨â¨à®¢�−¨ï Web of Science, Scopus, ÷ˆ�– áã-
é¥áâ¢¥−−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¤«ï §�¯®«−¥−¨ï �„ �ˆ�‘ ï¢«ïîâáï ��
æ¨â¨àã¥¬ëå ¯ã¡«¨ª�æ¨©, ãª�§�−−ë¥ ¢ ¯à¨áâ�â¥©−ëå á¯¨áª�å ¨á¯®«ì§ã¥¬®© «¨â¥-
à�âãàë. �â¨ ¨áâ®ç−¨ª¨ ¨−ä®à¬�æ¨¨ ¯à¥¤áâ�¢«ïîâ ®á®¡ë© ¨−â¥à¥á ¢ á¢ï§¨ á â¥¬,
çâ® ¢ëè¥¯¥à¥ç¨á«¥−−ë¥ á¨áâ¥¬ë ¨−¤¥ªá¨àãîâ â®«ìª® ¦ãà−�«ì−ë¥ ¯ã¡«¨ª�æ¨¨
¨, −¥ ¢ ¯®«−®¬ ®¡ê¥¬¥, âàã¤ë ª®−ä¥à¥−æ¨©. „«ï ä®à¬¨à®¢�−¨ï ¯®«−®£® ¯¥à¥ç−ï
−�ãç−ëå âàã¤®¢ á®âàã¤−¨ª®¢ ¨−áâ¨âãâ�, ¢ª«îç�îé¥£® ª−¨£¨, ¬®−®£à�ä¨¨, ¤®-
ª«�¤ë −� ª®−ä¥à¥−æ¨ïå, ¯à®¨§¢®¤¨âáï �−�«¨§ æ¨â¨àã¥¬ëå ¨áâ®ç−¨ª®¢ á æ¥«ìî
¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ ®¡® ¢á¥å ¯ã¡«¨ª�æ¨ïå �¢â®à®¢ ˆ�ˆ ÷��. �® ®è¨¡ª¨
¨ á¯¥æ¨ä¨ç¥áª¨¥ ®á®¡¥−−®áâ¨ ®ä®à¬«¥−¨ï �� æ¨â¨àã¥¬ëå ¨áâ®ç−¨ª®¢ á®§¤�îâ
¬−®¦¥áâ¢® ª®««¨§¨©, ¯®à®¦¤¥−−ëå ¯®ï¢«¥−¨¥¬ ¢ �„ −¥áª®«ìª¨å ®è¨¡®ç−ëå
�� ®¤−®© ¨ â®© ¦¥ ¯ã¡«¨ª�æ¨¨.

„«ï ¤®áâ¨¦¥−¨ï ¤®áâ®¢¥à−®áâ¨ −�¯®«−¥−¨ï �„ −�ãç−ëå ¯ã¡«¨ª�æ¨© �ˆ�‘
ˆ�ˆ ÷�� ¡ë«� à�§à�¡®â�−� â¥å−®«®£¨ï ¯à¥¤®â¢à�é¥−¨ï ¤ã¡«¨à®¢�−¨ï ��,
®¯¨à�îé�ïáï −� ¨á¯®«ì§®¢�−¨¥ ¤¢ãå ª®¬¯®−¥−â®¢: ¯à®£à�¬¬−ëå ¬®¤ã«¥© ®¯à¥-
¤¥«¥−¨ï áå®¦¥áâ¨ ¯® �«£®à¨â¬ã �«¨¢¥à� ¨ áà¥¤áâ¢ ¢¨§ã�«¨§�æ¨¨ ¯®«ãç¥−−ëå
à¥§ã«ìâ�â®¢. ‘«®¦−®áâì �«£®à¨â¬� �«¨¢¥à� á®áâ�¢«ï¥â O(N3), £¤¥ N | ¤«¨−�
¡®«¥¥ ¤«¨−−®© ¨§ ¤¢ãå áâà®ª. ‘à�¢−¥−¨¥ íâ�«®−� −¥®¡å®¤¨¬® ¢ë¯®«−¨âì ¤«ï
ª�¦¤®© ã−¨ª�«ì−®© áâ�âì¨. �®íâ®¬ã ¢ à�§à�¡®â�−−®© â¥å−®«®£¨¨ á«®¦−®áâì
�«£®à¨â¬� ®¯à¥¤¥«ï¥âáï ª�ª K ·O(N3), £¤¥ K | ç¨á«® ã−¨ª�«ì−ëå áâ�â¥© ¢ �„.
�à¨ ª®−ä¨£ãà�æ¨¨ á¥à¢¥à�:

{ ¯à®æ¥áá®à Intel Xeon E5420 2,5 ƒƒæ,

{ ¯�¬ïâì 8 ƒ��©â,

{ MS SQL 2005

¨ ª®«¨ç¥áâ¢¥ §�¯¨á¥© ¢ �„ = 10 000 áà¥¤−¥¥ ¢à¥¬ï ¢ëç¨á«¥−¨ï ¨−¤¥ªá� áå®¦¥áâ¨
¯à¨ §�−¥á¥−¨¨ −®¢®© §�¯¨á¨ = 130 ¬á, ¬�ªá¨¬�«ì−®¥ ¢à¥¬ï = 466 ¬á.

‚¨§ã�«¨§�æ¨ï ¯à®â®ª®«®¢ à�¡®âë ¯à®£à�¬¬−ëå á¨áâ¥¬ ¯®§¢®«ï¥â ¬®¤¥à�â®-
à�¬ �ˆ�‘ ˆ�ˆ ÷�� ¯®«ãç�âì ¯®«−ãî ¨−ä®à¬�æ¨î ¢ ä®à¬¥, ã¤®¡−®© ª�ª
¤«ï ¯à¨−ïâ¨ï à¥è¥−¨©, â�ª ¨ ¤«ï à�¡®â ¯® ¤�«ì−¥©è¥¬ã ãáâà�−¥−¨î ¢®§−¨ªè¨å

182 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015



Technology for prevention of duplication of bibliographic descriptions in BIAS IPI RAS

ª®««¨§¨© ¢ �„. �à¥¤®¯à¥¤¥«¥−−ë¥ ¯®«ï ¢¨§ã�«¨§�æ¨¨ ¯à®â®ª®«®¢ ¯®§¢®«ïîâ
¯¥à¥©â¨ −� �� ¯ã¡«¨ª�æ¨¨ ¢ à¥¦¨¬¥ à¥¤�ªâ¨à®¢�−¨ï. ˆá¯®«ì§®¢�−¨¥ íâ®© â¥å-
−®«®£¨¨ £�à�−â¨àã¥â â®, çâ® ¨−ä®à¬�æ¨ï ¢ �„ �ˆ�‘ ˆ�ˆ ÷�� ¡ã¤¥â ¯®«−®©
¨ ¤®áâ®¢¥à−®©, çâ® á®®â¢¥âáâ¢ã¥â ®á−®¢−ë¬ âà¥¡®¢�−¨¥¬ ª �„.
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TECHNOLOGY FOR PREVENTION OF DUPLICATION
OF BIBLIOGRAPHIC DESCRIPTIONS IN THE SCIENTIFIC

DATABASE BIAS IPI RAS

M. Yu. Zaikin, V. S. Dolgopolov, O. L. Obuhova, and I. V. Soloviev

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

Abstract: The paper considers the developed technology aimed at avoiding
duplication of bibliographic descriptions in the scientific database Bibliographic
Information-Analytical System (BIAS) of IPI RAS. The analysis of the reasons
of duplications is given. The constituent parts of the developed software are the
modules of definition of similarity using the methods of fuzzy search based on
the Oliver algorithm and the modules of visualization of the results which are
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built into the system at the level of formation of the database content. Program
modules of visualization allow moderators of BIAS IPI RAS to receive full
information about the conflicts. They will be able to decide on further action
using additional information. The concept of similarity index used in the software
modules of definition of similarity is introduced. The paper considers the formal
data model underlying construction of the database, built on the principles of
facet navigation. Application of the developed software made it possible to detect
and remove duplicate bibliographic descriptions in the scientific database.

Keywords: similarity index; software modules of definition of similarity; method
of fuzzy search on the Oliver algorithm; facet navigation
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ПОСТРОЕНИЕ СИСТЕМЫ УПРАВЛЕНИЯ ПОТОКАМИ
ПАЦИЕНТОВ

Г. Я. Илюшин1, В. И. Лиманский2

�−−®â�æ¨ï: ÷�áá¬®âà¥−� ®à£�−¨§�æ¨®−−�ï ¬®¤¥«ì á¨áâ¥¬ë §¤à�¢®®åà�−¥−¨ï
¢ ç�áâ¨ ®ª�§�−¨ï −�á¥«¥−¨î ¯¥à¢¨ç−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¨ áª«�¤ë¢�îé�-
ïáï ¢ ¯à®æ¥áá¥ ¥¥ à¥ä®à¬¨à®¢�−¨ï ¨¥à�àå¨ç¥áª�ï âà¥åãà®¢−¥¢�ï áâàãªâãà�
«¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨å ãçà¥¦¤¥−¨© (‹�“). ‚ë¯®«−¥− �−�«¨§ áãé¥áâ¢ã-
îé¨å á¯®á®¡®¢ ¬�àèàãâ¨§�æ¨¨ ¯�æ¨¥−â®¢, ¢ª«îç�ï á�¬®§�¯¨áì ¯�æ¨¥−â®¢
¢ ‹�“ ¯¥à¢®£® ãà®¢−ï (¯à¨ªà¥¯«ï¥¬ë© ª®−â¨−£¥−â), ¯¥à¥−�¯à�¢«¥−¨¥ ¯�-
æ¨¥−â®¢ ¢ ‹�“ ¢â®à®£® ¨ âà¥âì¥£® ãà®¢−ï á ¯®¬®éìî ¢ë¤�¢�¥¬ëå ¢à�ç�¬¨
â�«®−®¢ ¨ −�¯à�¢«¥−¨©. �à¥¤áâ�¢«¥− �−�«¨§ ¯à¥¨¬ãé¥áâ¢ ¨ −¥¤®áâ�âª®¢ íâ¨å
á¯®á®¡®¢. ÷�áá¬®âà¥−ë ¯à¨¬¥−ï¥¬ë¥ ¤«ï ¬�àèàãâ¨§�æ¨¨ ¯�æ¨¥−â®¢ í«¥ª-
âà®−−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢ ¨ −¥ª®â®àë¥ ¯à®¡«¥¬ë ¨å
¢−¥¤à¥−¨ï, ¢ ç�áâ−®áâ¨ ¢−¥¤à¥−¨¥ ú…¤¨−®© ¬¥¤¨æ¨−áª®© ¨−ä®à¬�æ¨®−−®-�−�-
«¨â¨ç¥áª®© á¨áâ¥¬ëû (…Œˆ�‘) ¢ £. Œ®áª¢¥. �à®¢¥¤¥− �−�«¨§ í«¥ªâà®−−ëå
á¨áâ¥¬ ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢ (‘“��), ¢ë¤¥«¥−ë ¨å ®á−®¢−ë¥ ª®¬-
¯®−¥−âë ¨ ¯à¥¤«®¦¥−� áâàãªâãà� ¯®áâà®¥−¨ï â�ª®© á¨áâ¥¬ë, ®á−®¢�−−�ï −�
¯à¨−æ¨¯�å ¥¤¨−®© â®çª¨ ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢ à�á¯à¥¤¥«¥−−ëå á¨á-
â¥¬. ÷�áá¬®âà¥−ë ¯à®æ¥ááë, ¯à®â¥ª�îé¨¥ ¢ á¨áâ¥¬¥ ¯à¨ à¥�«¨§�æ¨¨ ®á−®¢-
−ëå ¯à¥æ¥¤¥−â®¢, ¨ ®¯à¥¤¥«¥−ë ¯®â®ª¨ ¤�−−ëå ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ á¨áâ¥¬ë,
¢®§−¨ª�îé¨¥ ¯à¨ ¨á¯®«−¥−¨¨ íâ¨å ¯à®æ¥áá®¢. ÷�áá¬®âà¥−ë â�ª¦¥ ¯®¤å®¤ë
ª ®à£�−¨§�æ¨¨ í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â� ¬¥¦¤ã ‹�“ á ¨á¯®«ì§®¢�−¨¥¬
í«¥ªâà®−−ëå −�¯à�¢«¥−¨©.

Š«îç¥¢ë¥ á«®¢�: ¬¥¤¨æ¨−áª¨¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë (Œˆ‘); á¨áâ¥¬ë
ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢ (‘“��); «¥ç¥¡−®-¯à®ä¨«�ªâ¨ç¥áª¨¥ ãçà¥¦-
¤¥−¨ï (‹�“); à�á¯à¥¤¥«¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë; ¤¨�£à�¬¬ë ¯®á«¥-
¤®¢�â¥«ì−®áâ¥©
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1 Введение

�¥à¢¨ç−�ï ¬¥¤¨ª®-á�−¨â�à−�ï ¯®¬®éì ï¢«ï¥âáï ®á−®¢®© á¨áâ¥¬ë ®ª�§�−¨ï
¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¨ ¢ª«îç�¥â ¢ á¥¡ï ¬¥à®¯à¨ïâ¨ï ¯® ¯à®ä¨«�ªâ¨ª¥, ¤¨�-
£−®áâ¨ª¥, «¥ç¥−¨î §�¡®«¥¢�−¨© ¨ á®áâ®ï−¨©, ¬¥¤¨æ¨−áª®© à¥�¡¨«¨â�æ¨¨. ‘ã-
é¥áâ¢®¢�¢è�ï ®à£�−¨§�æ¨®−−�ï ¬®¤¥«ì −¥ ¬®£«� ¢ ¯®«−®© ¬¥à¥ ®¡¥á¯¥ç¨âì ¢®§-
¬®¦−®áâ¨ ¯®«ãç¥−¨ï ¯�æ¨¥−â�¬¨ ª�ç¥áâ¢¥−−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨. ‚ à�¬ª�å
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�®áâà®¥−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢

à¥ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë §¤à�¢®®åà�−¥−¨ï ®áãé¥áâ¢«ï¥âáï ¯®íâ�¯−®¥ ä®à¬¨à®-
¢�−¨¥ âà¥åãà®¢−¥¢®© á¨áâ¥¬ë ®ª�§�−¨ï ¯¥à¢¨ç−®© ¬¥¤¨ª®-á�−¨â�à−®© ¯®¬®é¨
¢ £. Œ®áª¢¥ [1].

�¥à¢ë© ãà®¢¥−ì ¯à¥¤áâ�¢«¥− �¬¡ã«�â®à−®-¯®«¨ª«¨−¨ç¥áª¨¬¨ ãçà¥¦¤¥−¨ï-
¬¨, ®ª�§ë¢�îé¨¬¨ ¯¥à¢¨ç−ãî ¢à�ç¥¡−ãî ¬¥¤¨ª®-á�−¨â�à−ãî ¯®¬®éì ¨ −�¨¡®«¥¥
¢®áâà¥¡®¢�−−ë¥ ¢¨¤ë ¯¥à¢¨ç−®© á¯¥æ¨�«¨§¨à®¢�−−®© ¯®¬®é¨. �â¨ ãçà¥¦¤¥−¨ï
¨¬¥îâ ¯à¨ªà¥¯«¥−−®¥ −�á¥«¥−¨¥ ¨ à�¡®â�îâ ¯® â¥àà¨â®à¨�«ì−®-ãç�áâª®¢®¬ã
¯à¨−æ¨¯ã. ‚ −¨å ®ª�§ë¢�¥âáï ¬¥¤¨æ¨−áª�ï ¯®¬®éì ¯® á¯¥æ¨�«ì−®áâï¬ â¥à�¯¨ï,
å¨àãà£¨ï, −¥¢à®«®£¨ï, ª�à¤¨®«®£¨ï, ®â®à¨−®«�à¨−£®«®£¨ï, ®äâ�«ì¬®«®£¨ï, í−-
¤®ªà¨−®«®£¨ï, ¨−ä¥ªæ¨®−−ë¥ ¡®«¥§−¨, ¢ë¯®«−ïîâáï «�¡®à�â®à−ë¥ ¨ ¨−áâàã-
¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¨ ¤àã£¨¥ ¬¥¤¨æ¨−áª¨¥ ¯à®æ¥¤ãàë.

‚â®à®© ãà®¢¥−ì | �¬¡ã«�â®à−®-¯®«¨ª«¨−¨ç¥áª¨¥ ãçà¥¦¤¥−¨ï, ®ª�§ë¢�îé¨¥
¯¥à¢¨ç−ãî á¯¥æ¨�«¨§¨à®¢�−−ãî ¬¥¤¨ª®-á�−¨â�à−ãî ¯®¬®éì. �â¨ ãçà¥¦¤¥−¨ï
®á−�é¥−ë ®¡®àã¤®¢�−¨¥¬ íªá¯¥àâ−®£® ª«�áá�, ¨¬¥îâ ¢ á¢®¥¬ á®áâ�¢¥ ¤−¥¢−ë¥
áâ�æ¨®−�àë, �¬¡ã«�â®à−®-å¨àãà£¨ç¥áª¨¥ æ¥−âàë ¨ ¤àã£¨¥ á¯¥æ¨�«¨§¨à®¢�−−ë¥
¯®¤à�§¤¥«¥−¨ï. „«ï ¤�−−ëå ãçà¥¦¤¥−¨© ¢ë¡à�− â¥à¬¨− ú�¬¡ã«�â®à−ë© æ¥−âàû.
‡� ª�¦¤ë¬ �¬¡ã«�â®à−ë¬ æ¥−âà®¬ äã−ªæ¨®−�«ì−® §�ªà¥¯«¥−ë −¥áª®«ìª® ãçà¥¦-
¤¥−¨© ¯¥à¢®£® ãà®¢−ï á ãç¥â®¬ âà�−á¯®àâ−®© ¨ â¥àà¨â®à¨�«ì−®© ¤®áâã¯−®áâ¨.
“çà¥¦¤¥−¨ï ¯¥à¢®£® ãà®¢−ï ¯®«ãç¨«¨ áâ�âãá ä¨«¨�«®¢ �¬¡ã«�â®à−®£® æ¥−âà�.

’à¥â¨© ãà®¢¥−ì ®¡à�§ãîâ ª®−áã«ìâ�â¨¢−®-¤¨�£−®áâ¨ç¥áª¨¥ ®â¤¥«¥−¨ï ¢ £®-
à®¤áª¨å áâ�æ¨®−�à�å. ˆå ®á−®¢−ë¥ äã−ªæ¨¨ | ®ª�§�−¨¥ ª®−áã«ìâ�â¨¢−®©
¯®¬®é¨, ¯à¨−ïâ¨¥ á®£«�á®¢�−−ëå à¥è¥−¨© ¯® −�¯à�¢«¥−¨î ¯�æ¨¥−â®¢ ¤«ï ®ª�§�-
−¨ï áâ�æ¨®−�à−®© á¯¥æ¨�«¨§¨à®¢�−−®© ¯®¬®é¨, ®¡¥á¯¥ç¥−¨¥ ¬¥¤¨æ¨−áª¨å ãá«ã£
¨ ¤¨�£−®áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ®âáãâáâ¢ãîé¨å ¢ �¬¡ã«�â®à−ëå æ¥−âà�å.

‘å®¤−ë¥ ¯à®æ¥ááë à¥ä®à¬¨à®¢�−¨ï á¨áâ¥¬ë «¥ç¥¡−ëå ãçà¥¦¤¥−¨© ¤«ï ®¯â¨-
¬¨§�æ¨¨ ¯à®æ¥áá®¢ ®ª�§�−¨ï �¬¡ã«�â®à−®-¯®«¨ª«¨−¨ç¥áª®© ¯®¬®é¨ −�á¥«¥−¨î
¯ãâ¥¬ á¯¥æ¨�«¨§�æ¨¨ ‹�“ −� ®ª�§�−¨¥ ª®−ªà¥â−ëå ¢¨¤®¢ ¬¥¤¨æ¨−áª¨å ãá«ã£
¯à®¨áå®¤ïâ ¨ ¢ ¤àã£¨å à¥£¨®−�å ÷”. ‚ à�áá¬®âà¥−−®© âà¥åãà®¢−¥¢®© á¨áâ¥¬¥
®ª�§�−¨ï ¯¥à¢¨ç−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨ ¤®à®£®áâ®ïé¥¥ ¬¥¤¨æ¨−áª®¥ ®¡®àã-
¤®¢�−¨¥ ª®−æ¥−âà¨àã¥âáï ¢ ®â¤¥«ì−ëå ¬¥¤¨æ¨−áª¨å ãçà¥¦¤¥−¨ïå, ¢ ®á−®¢−®¬
¢ �¬¡ã«�â®à−ëå ¨ ¤¨�£−®áâ¨ç¥áª¨å æ¥−âà�å, çâ® á¯®á®¡áâ¢ã¥â ¡®«¥¥ à�æ¨®−�«ì-
−®¬ã ¥£® ¨á¯®«ì§®¢�−¨î ¨ á−¨¦¥−¨î §�âà�â −� ®ª�§�−¨¥ ¬¥¤¨æ¨−áª¨å ãá«ã£ ¯à¨
á®åà�−¥−¨¨ ¤®«¦−®£® ãà®¢−ï ¨å ª�ç¥áâ¢�.

‚ á®®â¢¥âáâ¢¨¨ á §�ª®−®¤�â¥«ìáâ¢®¬ [2] ¯¥à¢¨ç−�ï ¬¥¤¨ª®-á�−¨â�à−�ï ¯®¬®éì
®ª�§ë¢�¥âáï £à�¦¤�−�¬ ¯® â¥àà¨â®à¨�«ì−®-ãç�áâª®¢®¬ã ¯à¨−æ¨¯ã ¢ ®¯à¥¤¥«¥−-
−ëå ¬¥¤¨æ¨−áª¨å ®à£�−¨§�æ¨ïå. ‚ à¥§ã«ìâ�â¥ ¯�æ¨¥−â ®ª�§ë¢�¥âáï ¯à¨ªà¥¯«¥−-
−ë¬ ª ®¯à¥¤¥«¥−−®© ¨ ¯à¨ íâ®¬ â®«ìª® ª ®¤−®© ¥¤¨−áâ¢¥−−®© ¯®«¨ª«¨−¨ª¥, ªã¤�
®− ¬®¦¥â á�¬®áâ®ïâ¥«ì−® ®¡à�â¨âìáï ¤«ï ¯®«ãç¥−¨ï ¬¥¤¨æ¨−áª¨å ãá«ã£ ¯® á¨áâ¥-
¬¥ ®¡ï§�â¥«ì−®£® ¬¥¤¨æ¨−áª®£® áâà�å®¢�−¨ï (�Œ‘) ¢ á®®â¢¥âáâ¢¨¨ á ¯¥à¥ç−¥¬
á¯¥æ¨�«ì−®áâ¥© ¢à�ç¥©, ®âªàëâëå ¯�æ¨¥−â�¬ ¤«ï á�¬®§�¯¨á¨. �� á¯¥æ¨�«ì−®áâ¨
¨ ¯à®æ¥¤ãàë, §�ªàëâë¥ ¤«ï á�¬®§�¯¨á¨ ¢ ¬¥¤¨æ¨−áª¨å ®à£�−¨§�æ¨ïå ¯¥à¢®£®
ãà®¢−ï, ¢ ¬¥¤¨æ¨−áª¨¥ ®à£�−¨§�æ¨¨ ¢â®à®£® ¨ âà¥âì¥£® ãà®¢−¥© (�¬¡ã«�â®à−ë¥
¨ ¤¨�£−®áâ¨ç¥áª¨¥ æ¥−âàë) ¨«¨ ¢ ¤àã£¨¥ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¬¥¤¨æ¨−áª¨¥ ®à-
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£�−¨§�æ¨¨, ãç�áâ¢ãîé¨¥ ¢ ¯à®æ¥áá¥ ®ª�§�−¨ï ¯¥à¢¨ç−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨,
¯�æ¨¥−â á�¬®áâ®ïâ¥«ì−® §�¯¨á�âìáï −¥ ¬®¦¥â. ��¯à�¢¨âì ¯�æ¨¥−â� ª á¯¥æ¨�-
«¨áâ�¬ ¢ ãª�§�−−ë¥ ¬¥¤¨æ¨−áª¨¥ ®à£�−¨§�æ¨¨ ¨«¨, ª�ª ç�áâ® £®¢®àïâ, ª ã§ª®-
¯à®ä¨«ì−ë¬ á¯¥æ¨�«¨áâ�¬ ¬®¦¥â â®«ìª® ¢à�ç ¯®«¨ª«¨−¨ª¨, ª ª®â®à®© ¯�æ¨¥−â
¯à¨ªà¥¯«¥−.

2 Применение талонов и направлений для маршрутизации пациентов

Œ�àèàãâ¨§�æ¨ï ¯�æ¨¥−â®¢ ¬¥¦¤ã ‹�“ ¢ ¯à®æ¥áá¥ ®ª�§�−¨ï ¯¥à¢¨ç−®© ¬¥¤¨-
æ¨−áª®© ¯®¬®é¨ ®áãé¥áâ¢«ï¥âáï −� ¡�§¥ ¬¥¤¨æ¨−áª¨å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬
(Œˆ‘) ‹�“ á ¨á¯®«ì§®¢�−¨¥¬ à�§«¨ç−ëå á¨áâ¥¬ ¨ ¯à¨«®¦¥−¨© ã¯à�¢«¥−¨ï
¯®â®ª�¬¨ ¯�æ¨¥−â®¢. ‘¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢ à¥è�îâ §�¤�ç¨
á�¬®§�¯¨á¨ ¯�æ¨¥−â®¢ ¢ ‹�“ ¯¥à¢®£® ãà®¢−ï ¨ −�¯à�¢«¥−¨ï ¢à�ç�¬¨ ¯�æ¨¥−â®¢
ª ã§ª®¯à®ä¨«ì−ë¬ á¯¥æ¨�«¨áâ�¬. ‘�¬®§�¯¨áì ¯�æ¨¥−â®¢ ¢ ‹�“ ¯¥à¢®£® ãà®¢-
−ï, ª ª®â®àë¬ íâ¨ ¯�æ¨¥−âë ¯à¨ªà¥¯«¥−ë, ¬®¦¥â ®áãé¥áâ¢«ïâìáï à�§«¨ç−ë¬¨
á¯®á®¡�¬¨, ¢ â®¬ ç¨á«¥:

{ ç¥à¥§ à�¡®â−¨ª®¢ à¥£¨áâà�âãàë ¯®«¨ª«¨−¨ª¨ ¯à¨ −¥¯®áà¥¤áâ¢¥−−®© ï¢ª¥
¯�æ¨¥−â� ¢ ‹�“ ¨«¨ ¯® â¥«¥ä®−−®¬ã §¢®−ªã;

{ ¯à¨ ¯®á¥é¥−¨¨ à�©®−−®£® ¬−®£®äã−ªæ¨®−�«ì−®£® æ¥−âà� (Œ”–) ¨«¨ ¤àã£®©
â®çª¨ ¯à¥¤®áâ�¢«¥−¨ï £®áãá«ã£;

{ á ¯®¬®éìî ¨−ä®à¬�æ¨®−−ëå ª¨®áª®¢, ãáâ�−®¢«¥−−ëå ¢ ‹�“;

{ á ¨á¯®«ì§®¢�−¨¥¬ ¯ã¡«¨ç−ëå á�©â®¢, ®áãé¥áâ¢«ïîé¨å á�¬®§�¯¨áì ¯�æ¨¥−â®¢
¢ ‹�“ ¤�−−®£® £®à®¤� ¨«¨ à¥£¨®−� (−�¯à¨¬¥à, ¯®àâ�«� £®áãá«ã£);

{ á ¯®¬®éìî ¬®¡¨«ì−ëå ¯à¨«®¦¥−¨©, ãáâ�−�¢«¨¢�¥¬ëå −� ¬®¡¨«ì−ëå ãáâà®©-
áâ¢�å ¯�æ¨¥−â®¢ (á¬�àâä®−�å, ¯«�−è¥â�å ¨ ¤àã£¨å £�¤¦¥â�å).

��¯à�¢«¥−¨¥ ¢à�ç®¬ ¯�æ¨¥−â®¢ ª ã§ª®¯à®ä¨«ì−ë¬ á¯¥æ¨�«¨áâ�¬ ¤�−−®£® ¨«¨
¤àã£®£® ‹�“ ¬®¦¥â ®áãé¥áâ¢«ïâìáï ¯ãâ¥¬ ¢ë¤�ç¨ â�«®−®¢ −� ¯à¨¥¬, £¤¥ ãª�§�−ë
¤�â� ¨ ¢à¥¬ï ¯®á¥é¥−¨ï á¯¥æ¨�«¨áâ�. ’�ª®© á¯®á®¡ −�¯à�¢«¥−¨ï ¯�æ¨¥−â®¢
−� ¯à¨¥¬ ª ã§ª®¯à®ä¨«ì−ë¬ á¯¥æ¨�«¨áâ�¬ −¥ ¢á¥£¤� ã¤®¡¥− ª�ª ¢à�ç�¬, â�ª
¨ ¯�æ¨¥−â�¬ ¯® á«¥¤ãîé¨¬ ¯à¨ç¨−�¬:

(1) ¢à�ç ¯à¨ ¢ë¤�ç¥ â�«®−� ¢ë−ã¦¤¥− ®â¢«¥ª�âìáï ®â «¥ç¥¡−®£® ¯à®æ¥áá� ¨ âà�-
â¨âì ¤®¯®«−¨â¥«ì−®¥ ¢à¥¬ï −� ®ä®à¬«¥−¨¥ â�«®−� ¢ ãá«®¢¨ïå ¦¥áâª®£®
«¨¬¨â� ¢à¥¬¥−¨ ¯à¨¥¬� (ª�ª ¯à�¢¨«®, 12{15 ¬¨− −� ¯�æ¨¥−â�), ®− ¤®«¦¥−
§�¯à®á¨âì ¢ á¨áâ¥¬¥ à�á¯¨á�−¨¥ ¯à¨¥¬� ¯® −ã¦−®© á¯¥æ¨�«ì−®áâ¨, á®£«�-
á®¢�âì ¤�âã ¨ ¢à¥¬ï ¯à¨¥¬� á ¯�æ¨¥−â®¬. Šà®¬¥ â®£®, §�¯¨áì ¯�æ¨¥−â�
ª −ã¦−®¬ã á¯¥æ¨�«¨áâã −� âà¥¡ã¥¬ãî ¯à®æ¥¤ãàã ¨«¨ ¨áá«¥¤®¢�−¨¥ ¢ ¬®¬¥−â
¯à¨¥¬� ¯�æ¨¥−â� ¬®¦¥â ®ª�§�âìáï −¥¢®§¬®¦−®© ¢¢¨¤ã ®âáãâáâ¢¨ï á¢®¡®¤−ëå
â�«®−®¢. ‚ íâ®¬ á«ãç�¥ ¢à�ç ¢ë−ã¦¤¥− ¯à¨£«�á¨âì ¯�æ¨¥−â� −� −®¢ë©
¯à¨¥¬ «¨¡® ¯à¨−ïâì −� á¥¡ï ®¡ï§�â¥«ìáâ¢� ¢ë¯¨á�âì â�«®− ¯�æ¨¥−âã ¢ ¥£®
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�®áâà®¥−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢

®âáãâáâ¢¨¥. ‚ ¯®á«¥¤−¥¬ á«ãç�¥ ¤�âã ¨ ¢à¥¬ï ¯à¨¥¬� ¢à�ç ¢ë¡¨à�¥â á�¬®-
áâ®ïâ¥«ì−®, ¡¥§ á®£«�á®¢�−¨ï á ¯�æ¨¥−â®¬, � ¯�æ¨¥−â â¥¬ ¨«¨ ¨−ë¬ á¯®á®¡®¬
¤®«¦¥− ®âá«¥¦¨¢�âì ¯®ï¢«¥−¨¥ ¤«ï −¥£® −®¢®£® â�«®−� −� ¯à¨¥¬;

(2) ¯�æ¨¥−â ¯à¨ ¢ë¤�ç¥ â�«®−� ¢à�ç®¬ −¥ ¢¨¤¨â ¢á¥å ¢®§¬®¦−ëå ¢�à¨�−â®¢ ¢à¥-
¬¥−¨ ¯®á¥é¥−¨ï −ã¦−®£® á¯¥æ¨�«¨áâ� ¨ ¢ë−ã¦¤¥− á®£«�è�âìáï á ®¤−¨¬ ¨§
¢�à¨�−â®¢, ¯à¥¤«®¦¥−−ë¬ ¥¬ã ¢à�ç®¬, ¨, ª�ª á«¥¤áâ¢¨¥, −¥ ¬®¦¥â ¢ë¡à�âì
−�¨¡®«¥¥ ã¤®¡−®¥ ¥¬ã ¢à¥¬ï ¯®á¥é¥−¨ï á¯¥æ¨�«¨áâ�. …á«¨ ¢¯®á«¥¤áâ¢¨¨
¢ëïá−¨âáï, çâ® ¯�æ¨¥−â ¯® ª�ª¨¬-«¨¡® ¯à¨ç¨−�¬ −¥ ¬®¦¥â ¯®á¥â¨âì ¢à�ç�
¢ ãª�§�−−®¥ ¢ â�«®−¥ ¢à¥¬ï, ¯�æ¨¥−â ¡ã¤¥â ¢ë−ã¦¤¥− íâ®â â�«®− �−−ã«¨-
à®¢�âì ¨ á−®¢� ¨¤â¨ −� ¯à¨¥¬ ª ¢à�çã §� −®¢ë¬ â�«®−®¬, âà�âï á¢®¥ ¢à¥¬ï
¨ á®§¤�¢�ï ¨§¡ëâ®ç−ãî −�£àã§ªã ¤«ï ¢à�ç�.

„àã£®© ¨§¢¥áâ−ë© á¯®á®¡ ¯¥à¥−�¯à�¢«¥−¨ï ¢à�ç®¬ ¯�æ¨¥−â®¢ ª ã§ª®¯à®-
ä¨«ì−ë¬ á¯¥æ¨�«¨áâ�¬ | ¯ãâ¥¬ ¢ë¤�ç¨ í«¥ªâà®−−ëå −�¯à�¢«¥−¨© | á¢®¡®¤¥−
®â ¯¥à¥ç¨á«¥−−ëå −¥¤®áâ�âª®¢. ‚ í«¥ªâà®−−®¬ −�¯à�¢«¥−¨¨ ãª�§ë¢�¥âáï â®«ì-
ª® ‹�“ ¨ ¯à®ä¨«ì á¯¥æ¨�«¨áâ�, ª®â®à®£® ¯�æ¨¥−â ¤®«¦¥− ¯®á¥â¨âì, � ¤�âã
¨ ¢à¥¬ï ¯à¨¥¬� ¯�æ¨¥−â, ¯®«ãç¨¢ −�¯à�¢«¥−¨¥, ¢ë¡¥à¥â ¯®§¦¥ ¯à¨ á�¬®áâ®ïâ¥«ì-
−®¬ ®ä®à¬«¥−¨¨ â�«®−� −� ¯à¨¥¬. ˆ−ë¬¨ á«®¢�¬¨, í«¥ªâà®−−®¥ −�¯à�¢«¥−¨¥
ú®âªàë¢�¥âû ¯�æ¨¥−âã ¯à®ä¨«¨ á¯¥æ¨�«¨áâ®¢, à�−¥¥ −¥¤®áâã¯−ë¥ ¥¬ã ¤«ï á�¬®-
§�¯¨á¨. ‚ ¤�−−®¬ á«ãç�¥ ¢à�ç, ¢ë¤�îé¨© −�¯à�¢«¥−¨¥, −¥ ®â¢«¥ª�¥âáï −� «¨è−¨¥
àãâ¨−−ë¥ ¯à®æ¥¤ãàë, � ¢®§¬®¦−®áâì ¢ë¤�ç¨ −�¯à�¢«¥−¨ï −¥ §�¢¨á¨â ®â −�«¨ç¨ï
¨«¨ ®âáãâáâ¢¨ï ¢ â®â ¬®¬¥−â á¢®¡®¤−ëå ¬¥áâ −� ¯à¨¥¬ ã −ã¦−®£® á¯¥æ¨�«¨áâ�.
…á«¨ ¢¯®á«¥¤áâ¢¨¨ ¯�æ¨¥−â ¯® ª�ª¨¬-«¨¡® ¯à¨ç¨−�¬ �−−ã«¨àã¥â ¯®«ãç¥−−ë©
â�«®−, â® ®− á¬®¦¥â ¯®¢â®à−® §�¯¨á�âìáï −� ¯à¨¥¬ ª −ã¦−®¬ã ã§ª®¯à®ä¨«ì−®¬ã
á¯¥æ¨�«¨áâã, ¨á¯®«ì§ãï â® ¦¥ á�¬®¥ í«¥ªâà®−−®¥ −�¯à�¢«¥−¨¥.

‚ à�§«¨ç−ëå £®à®¤�å ¨ à¥£¨®−�å áâà�−ë à¥�«¨§ãîâáï á¢®¨ ‘“��, ¢ Œ®áª¢¥
¨ Œ®áª®¢áª®© ®¡«�áâ¨ | íâ® …Œˆ�‘, ¢ �¥à¬áª®¬ ªà�¥ ¨ ‚®«£®£à�¤áª®© ®¡-
«�áâ¨ | íâ® ú�«¥ªâà®−−�ï à¥£¨áâà�âãà�û, ¢ ÷¥á¯ã¡«¨ª¥ Œ®à¤®¢¨ï ¨ �ãàïâ¨ï |
íâ® ú…¤¨−�ï í«¥ªâà®−−�ï à¥£¨áâà�âãà�û ¨ â. ¤. ‚ ®¤−¨å á¨áâ¥¬�å à¥�«¨§®¢�−ë
â®«ìª® äã−ªæ¨¨ á�¬®§�¯¨á¨ ¯�æ¨¥−â®¢, ¢ ¤àã£¨å ¯®¬¨¬® íâ®£® | äã−ªæ¨¨
¯¥à¥−�¯à�¢«¥−¨ï ¢à�ç�¬¨ ¯�æ¨¥−â®¢ ¯ãâ¥¬ ¢ë¤�ç¨ â�«®−®¢, ¢ âà¥âì¨å | ¢ë¤�ç�
(¢à�ç�¬¨) ¨ §�¯¨áì −� ¯à¨¥¬ (¯�æ¨¥−â�¬¨) ¯® í«¥ªâà®−−ë¬ −�¯à�¢«¥−¨ï¬.

‘¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢ ï¢«ïîâáï à�á¯à¥¤¥«¥−−ë¬¨ ¬−®-
£®ª®¬¯®−¥−â−ë¬¨ á¨áâ¥¬�¬¨. ‚ ¨å á®áâ�¢ ¢å®¤ïâ ª�ª −®¢ë¥, á¯¥æ¨�«ì−® á®-
§¤�¢�¥¬ë¥ ¤«ï íâ®© á¨áâ¥¬ë ª®¬¯®−¥−âë | â®çª¨ ¤®áâã¯� ¯�æ¨¥−â®¢ ª á¨áâ¥-
¬¥, à¥�«¨§ã¥¬ë¥ ¢ ¢¨¤¥ ¯ã¡«¨ç−ëå ¨−â¥à−¥â-á�©â®¢ ¨ ¯à¨«®¦¥−¨© ¬®¡¨«ì−ëå
ãáâà®©áâ¢, â�ª ¨ ã−�á«¥¤®¢�−−ë¥ ª®¬¯®−¥−âë | Œˆ‘ ‹�“, ¯à¥¤®áâ�¢«ïîé¨¥
¤®áâã¯ ª á¨áâ¥¬¥ ¢à�ç�¬ ¨ à�¡®â−¨ª�¬ à¥£¨áâà�âãà ‹�“. ‚á¥ ª®¬¯®−¥−âë ‘“��
á®¢¬¥áâ−® ãç�áâ¢ãîâ ¢ à¥�«¨§�æ¨¨ ¯à®æ¥áá®¢ á®§¤�−¨ï, ¨á¯®«ì§®¢�−¨ï ¨ «¨ª¢¨-
¤�æ¨¨ ®á−®¢−ëå �àâ¥ä�ªâ®¢ (â�«®−®¢ ¨ í«¥ªâà®−−ëå −�¯à�¢«¥−¨©), −�å®¤ïé¨åáï
¯®¤ ã¯à�¢«¥−¨¥¬ áã¡ê¥ªâ®¢ ¤¢ãå ª�â¥£®à¨© | ¢à�ç¥© ¨ ¯�æ¨¥−â®¢. ‚ â�ª¨å
á¨áâ¥¬�å −¥®¡å®¤¨¬® âé�â¥«ì−® ®¯à¥¤¥«ïâì ¯®â®ª¨ ¤�−−ëå ¬¥¦¤ã ª®¬¯®−¥−â�¬¨
á¨áâ¥¬ë ¨ ¯à®æ¥ááë ã¯à�¢«¥−¨ï íâ¨¬¨ ¯®â®ª�¬¨. �¥ã¤�ç−ë¥ ¨«¨ ¯«®å® ¯à®¤ã-
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¬�−−ë¥ à¥è¥−¨ï ¬®£ãâ ¯à¨¢¥áâ¨ ª âã¯¨ª®¢ë¬ á¨âã�æ¨ï¬ ¯à¨ à�§¢¨â¨¨ á¨áâ¥¬ë,
¯®âà¥¡®¢�âì ¥¥ ¯¥à¥¯à®¥ªâ¨à®¢�−¨ï.

�®ª�§�â¥«¥− ¢ íâ®¬ á¬ëá«¥ ¯à®æ¥áá ¢−¥¤à¥−¨ï …Œˆ�‘. �� ¯¥à¢®¬ íâ�¯¥
¥¥ ¢−¥¤à¥−¨ï (2013 £.) ¡ë«® à¥�«¨§®¢�−® ¤¢� ¢¨¤� â®ç¥ª ¤®áâã¯�, à¥�«¨§ãîé¨å
äã−ªæ¨¨ á�¬®§�¯¨á¨ ¯�æ¨¥−â®¢ −� ¯à¨¥¬ ª ¢à�ç�¬: ¯ã¡«¨ç−ë¥ ¨−â¥à−¥â-á�©-
âë ¨ ¨−ä®à¬�æ¨®−−ë¥ ª¨®áª¨, ãáâ�−�¢«¨¢�¥¬ë¥ ¢ ‹�“. �� á«¥¤ãîé¥¬ íâ�¯¥
(¢â®à�ï ¯®«®¢¨−� 2013 £.) ¯�æ¨¥−â�¬ ¢ ª�ç¥áâ¢¥ −®¢®£® â¨¯� â®çª¨ ¤®áâã¯� ¡ë«®
¯à¥¤«®¦¥−® ¬®¡¨«ì−®¥ ¯à¨«®¦¥−¨¥, à¥�«¨§ãîé¥¥ ¯®¬¨¬® äã−ªæ¨¨ á�¬®§�¯¨á¨
äã−ªæ¨î §�¯¨á¨ −� ¯à¨¥¬ ¯® ¢ë¤�¢�¥¬ë¬ ¢à�ç�¬¨ í«¥ªâà®−−ë¬ −�¯à�¢«¥−¨ï¬.
‚ ®ç¥à¥¤−®© ¢¥àá¨¨ ¬®¡¨«ì−®£® ¯à¨«®¦¥−¨ï …Œˆ�‘ (¢¥àá¨ï 3.0 ®â 30 �¯à¥-
«ï 2014 £.) ¯® à¥§ã«ìâ�â�¬ ¦�«®¡ ¯®«ì§®¢�â¥«¥© −� −¥¯à�¢¨«ì−ãî à�¡®âã ¯à¨-
«®¦¥−¨ï äã−ªæ¨ï §�¯¨á¨ ¯® í«¥ªâà®−−®¬ã −�¯à�¢«¥−¨î ¡ë«� ¨áª«îç¥−�. …á«¨
§� ¯®«£®¤� −¥ ã¤�«®áì ãáâà�−¨âì ®è¨¡ª¨, â® §¤¥áì, ¢¥à®ïâ−®, ¯à®¡«¥¬� ªà®¥âáï
−¥ â®«ìª® ¢ ¤¥ä¥ªâ�å á�¬®£® ¬®¡¨«ì−®£® ¯à¨«®¦¥−¨ï. „�«¥¥ à�áá¬�âà¨¢�¥âáï
¢®§¬®¦−�ï áâàãªâãà� ‘“��, ®à£�−¨§�æ¨ï ¢ −¥© ¯®â®ª®¢ ¤�−−ëå ¨ ¡¨§−¥á-¯à®-
æ¥áá®¢.

3 Особенности реализации системы управления потоками пациентов

‘¨áâ¥¬� ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢ −�å®¤¨âáï ¯®¤ ã¯à�¢«¥−¨¥¬ áã¡ê¥ª-
â®¢ ¤¢ãå ª�â¥£®à¨© | íâ® ¢à�ç¨ ¨ ¯�æ¨¥−âë. ‚à�ç¨ ¢ë¯®«−ïîâ á¢®¨ äã−ªæ¨¨ ¯®
¬�àèàãâ¨§�æ¨¨ ¯�æ¨¥−â®¢ (¢ë¤�ç� â�«®−®¢ ¨ í«¥ªâà®−−ëå −�¯à�¢«¥−¨©), ¨á¯®«ì-
§ãï äã−ªæ¨®−�« à�¡®ç¨å ¬¥áâ Œˆ‘. ��æ¨¥−âë ®áãé¥áâ¢«ïîâ ¯®«ãç¥−¨¥ â�«®−®¢
−� ¯à¨¥¬ ¢ à¥¦¨¬¥ á�¬®§�¯¨á¨ ¨«¨ ¯® í«¥ªâà®−−ë¬ −�¯à�¢«¥−¨ï¬ ¢ à�§«¨ç−ëå
â®çª�å ¤®áâã¯� ª ‘“�� «¨¡® −¥¯®áà¥¤áâ¢¥−−® | á ¯®¬®éìî ¯ã¡«¨ç−ëå á�©â®¢,
¬®¡¨«ì−ëå ¯à¨«®¦¥−¨© ¨«¨ ¨−ä®à¬�æ¨®−−ëå ª¨®áª®¢, «¨¡® ®¯®áà¥¤®¢�−−® |
ç¥à¥§ à�¡®â−¨ª®¢ à¥£¨áâà�âãà ‹�“ ¨ á®âàã¤−¨ª®¢ æ¥−âà®¢ ®¡á«ã¦¨¢�−¨ï −�-
á¥«¥−¨ï. ÷�¡®â−¨ª¨ à¥£¨áâà�âãàë ¯à¨ ¢ë¯®«−¥−¨¨ á¢®¨å äã−ªæ¨© ¨á¯®«ì§ãîâ
äã−ªæ¨®−�« à�¡®ç¨å ¬¥áâ Œˆ‘ ‹�“, � á®âàã¤−¨ª¨ æ¥−âà®¢ ãá«ã£ | á¯¥æ¨�-
«¨§¨à®¢�−−ë¥ á�©âë ¨«¨ ¨−ë¥ ¯à¨«®¦¥−¨ï. ’�ª¨¬ ®¡à�§®¬, ¢ á®áâ�¢ á¨áâ¥¬ë
ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢ ¢å®¤ïâ á«¥¤ãîé¨¥ ª®¬¯®−¥−âë:

{ Œˆ‘ ‹�“;
{ ¯ã¡«¨ç−ë¥ ¨ á¯¥æ¨�«¨§¨à®¢�−−ë¥ á�©âë;
{ ¬®¡¨«ì−ë¥ ¯à¨«®¦¥−¨ï.

ˆ−ä®à¬�æ¨®−−ë¥ ª¨®áª¨, à�á¯®«�£�¥¬ë¥ ¢ ¢¥áâ¨¡î«ïå ‹�“, −¥ ï¢«ïîâáï
á�¬®áâ®ïâ¥«ì−ë¬¨ ®¡ê¥ªâ�¬¨, ¯®áª®«ìªã äã−ªæ¨®−¨àãîâ ¢ à�¬ª�å Œˆ‘ á®®â-
¢¥âáâ¢ãîé¨å ‹�“, ¨ ¬®£ãâ à�áá¬�âà¨¢�âìáï ª�ª á¢®¥®¡à�§−ë¥ à�¡®ç¨¥ ¬¥áâ�
¯�æ¨¥−â®¢ íâ¨å Œˆ‘.

��æ¨¥−âë ¨ ¢à�ç¨ á®§¤�îâ â�«®−ë ¢® ¢§�¨¬®¤¥©áâ¢¨¨ á Œˆ‘ â¥å ‹�“,
£¤¥ ¢¯®á«¥¤áâ¢¨¨ ¡ã¤ãâ ®ª�§�−ë §�ª�§�−−ë¥ ¬¥¤¨æ¨−áª¨¥ ãá«ã£¨ ¨ £¤¥ íâ¨ ¢−®¢ì
á®§¤�−−ë¥ â�«®−ë á®åà�−ïîâáï. ‚ à¥§ã«ìâ�â¥ â�«®−ë ®¤−®£® ¯�æ¨¥−â� ®ª�§ë¢�-
îâáï, ¢ ®¡é¥¬ á«ãç�¥, à�ááà¥¤®â®ç¥−ë ¯® ¬−®£¨¬ ‹�“. Œ¥¦¤ã â¥¬ ¯�æ¨¥−âã,

190 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015



�®áâà®¥−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢

®¡à�â¨¢è¥¬ãáï ª ‘“�� ç¥à¥§ «î¡ãî â®çªã ¤®áâã¯� (á�©â, ¬®¡¨«ì−®¥ ¯à¨«®¦¥-
−¨¥, ¨−ä®à¬�æ¨®−−ë© ª¨®áª), ¤®«¦¥− ¯à¥¤®áâ�¢«ïâìáï �ªâã�«ì−ë© á¯¨á®ª ¢á¥å
¨¬¥îé¨åáï ã −¥£® −� ¤�−−ë© ¬®¬¥−â â�«®−®¢, á â¥¬ çâ®¡ë ®− ¬®£ ¯à®á¬®âà¥âì
íâ¨ â�«®−ë (ªã¤� ¨ ª®£¤� −�¤® ¨¤â¨ −� ¯à¨¥¬), à�á¯¥ç�â�âì ¨«¨ �−−ã«¨à®¢�âì
¨å. �®å®¦�ï á¨âã�æ¨ï áª«�¤ë¢�¥âáï ¨ á í«¥ªâà®−−ë¬¨ −�¯à�¢«¥−¨ï¬¨. Šà®¬¥
â®£®, í«¥ªâà®−−ë¥ −�¯à�¢«¥−¨ï, ª®â®àë¥ á®§¤�îâáï ¢ ‹�“, −�¯à�¢«ïîé¨å ¯�-
æ¨¥−â�, ¤®«¦−ë ¡ëâì ¯¥à¥¤�−ë ¢ ‹�“ ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£, á â¥¬ çâ®¡ë Œˆ‘
íâ¨å ‹�“ ¬®£«¨ −� ®á−®¢�−¨¨ íâ¨å −�¯à�¢«¥−¨© ¢ë¤�âì ¯�æ¨¥−â�¬ −ã¦−ë¥
â�«®−ë, ¯®£�á¨âì á®®â¢¥âáâ¢ãîé¨¥ −�¯à�¢«¥−¨ï ¯®á«¥ ¢ë¤�ç¨ ¯® −¨¬ â�«®−®¢
¨«¨ ¢®§®¡−®¢¨âì ¤¥©áâ¢¨¥ −�¯à�¢«¥−¨© ¯à¨ �−−ã«¨à®¢�−¨¨ ¯®«ãç¥−−ëå ¯® −¨¬
â�«®−®¢.

‘ä®à¬¨à®¢�âì �ªâã�«ì−ë¥ á¯¨áª¨ â�«®−®¢ ¨ í«¥ªâà®−−ëå −�¯à�¢«¥−¨© ¯ãâ¥¬
¯®á«¥¤®¢�â¥«ì−®£® ®¯à®á� Œˆ‘ ¢á¥å ‹�“, à�á¯®«®¦¥−−ëå ¢ �à¥�«¥ ¤¥©áâ¢¨ï
á¨áâ¥¬ë (¢ −¥ª®â®à®¬ à¥£¨®−¥, à�©®−¥ ¨«¨ £®à®¤¥), ªà�©−¥ §�âà�â−®, ¤®«£®
¨ ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−®. �®íâ®¬ã ¢ á¨áâ¥¬¥ −¥®¡å®¤¨¬® á®§¤�âì ¥é¥ ®¤¨−
ª®¬¯®−¥−â | á¥à¢¥à-−�ª®¯¨â¥«ì, −�§−�ç¥−¨¥¬ ª®â®à®£® ¡ã¤¥â åà�−¥−¨¥ ¨ ¯®¤-
¤¥à¦�−¨¥ �ªâã�«ì−®£® á®áâ®ï−¨ï á¯¨áª®¢ ¢á¥å �àâ¥ä�ªâ®¢, ¢ë¤�−−ëå ¯�æ¨¥−â�¬
¢ íâ®© á¨áâ¥¬¥.

ˆ§ áª�§�−−®£® á«¥¤ã¥â, çâ® Œˆ‘ ‹�“, äã−ªæ¨®−¨àãîé¨¥ ¢ à�¬ª�å ‘“��,
¤®«¦−ë ¢§�¨¬®¤¥©áâ¢®¢�âì á ¤àã£¨¬¨ Œˆ‘ íâ®© á¨áâ¥¬ë, á ¯à¨«®¦¥−¨ï¬¨
ª®−¥ç−ëå ¯®«ì§®¢�â¥«¥©, à¥�«¨§ãîé¨å äã−ªæ¨®−�« â®ç¥ª ¤®áâã¯� ¯�æ¨¥−â®¢
¢ á¨áâ¥¬ã, ¨ á á¥à¢¥à®¬-−�ª®¯¨â¥«¥¬. �à¨«®¦¥−¨ï ª®−¥ç−ëå ¯®«ì§®¢�â¥«¥©
(á�©âë ¨ ¬®¡¨«ì−ë¥ ¯à¨«®¦¥−¨ï) ¤®«¦−ë ¢§�¨¬®¤¥©áâ¢®¢�âì á á¥à¢¥à®¬-−�-
ª®¯¨â¥«¥¬ ¨ ¢á¥¬¨ Œˆ‘, ¢å®¤ïé¨¬¨ ¢ á¨áâ¥¬ã. •�à�ªâ¥à ¢§�¨¬®¤¥©áâ¢¨ï
ª®¬¯®−¥−â®¢ â�ª®© á¨áâ¥¬ë ¬®¦−® ®¯à¥¤¥«¨âì, ¥á«¨ −¥ ª�ª ú¢á¥ á® ¢á¥¬¨û, â®
¢® ¢áïª®¬ á«ãç�¥ ª�ª ú¬−®£¨¥ ª® ¬−®£¨¬û. “ç¨âë¢�ï, çâ® Œˆ‘ ‹�“ ¬®£ãâ
¯à¥¤«�£�âì ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï à�§«¨ç−ë¥ ¯à®£à�¬¬−ë¥ ¨−â¥àä¥©áë, ¯®áª®«ìªã
¯® ®â−®è¥−¨î ª á®§¤�¢�¥¬®© ‘“�� ï¢«ïîâáï ã−�á«¥¤®¢�−−ë¬¨, à¥�«¨§®¢�âì
¢§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®−¥−â®¢ â�ª®© á¨áâ¥¬ë ¡ë«® ¡ë ªà�©−¥ âï¦¥«®, � á�¬�
á¨áâ¥¬� ¯®«ãç¨«�áì ¡ë −¥ã¯à�¢«ï¥¬®© ¨ −¥ãáâ®©ç¨¢®©. ˆáå®¤ï ¨§ áª�§�−−®£®,
¢§�¨¬®¤¥©áâ¢¨¥ ª®¬¯®−¥−â®¢ â�ª®© á¨áâ¥¬ë æ¥«¥á®®¡à�§−® ®áãé¥áâ¢«ïâì ç¥à¥§
á¯¥æ¨�«ì−ë© è«î§ ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨−æ¨¯�¬¨ ¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ ç¥à¥§ ú¥¤¨−ë© ã§¥«û [3]. ”ã−ªæ¨¨ â�ª®£® è«î§� ¬®¦−® ¢®§«®¦¨âì −�
¢¢¥¤¥−−ë© à�−¥¥ ¢ á¨áâ¥¬ã á¥à¢¥à-−�ª®¯¨â¥«ì, ª®â®àë© ¯®á«¥ íâ®£® ¬®¦¥â ¨¬¥−®-
¢�âìáï ª�ª è«î§-−�ª®¯¨â¥«ì ‘“��. �à®â®ª®«ë ¢§�¨¬®¤¥©áâ¢¨ï c ¬®¡¨«ì−ë¬¨
¯à¨«®¦¥−¨ï¬¨ ¨ �−�«®£¨ç−ë¥ ¯à®â®ª®«ë ¢§�¨¬®¤¥©áâ¢¨ï á ¯ã¡«¨ª�æ¨®−−ë¬¨
á�©â�¬¨, ª�ª ¯à�¢¨«®, ®â«¨ç�îâáï ¯® ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨. �âã äã−ªæ¨î
â�ª¦¥ ¬®¦−® ¢®§«®¦¨âì −� è«î§-−�ª®¯¨â¥«ì ‘“��. ‘âàãªâãà−�ï áå¥¬� â�ª®©
á¨áâ¥¬ë ¯à¨¢¥¤¥−� −� à¨á. 1.

–¨äàë −� áâà¥«ª�å −� à¨á. 1 ®¡®§−�ç�îâ à�§−ë¥ ¢¨¤ë ¢§�¨¬®¤¥©áâ¢¨© ¬¥¦¤ã
ª®¬¯®−¥−â�¬¨ á¨áâ¥¬ë:

‚§�¨¬®¤¥©áâ¢¨¥ ¢¨¤� 1 ®áãé¥áâ¢«ï¥âáï ¬¥¦¤ã ¯à¨«®¦¥−¨ï¬¨ ª®−¥ç−ëå
¯®«ì§®¢�â¥«¥© ¨ Œˆ‘ ‹�“ ¢ ¯à®æ¥áá¥ ¯®«ãç¥−¨ï ¯�æ¨¥−â�¬¨ â�«®−®¢ −�
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÷¨á. 1 ‘âàãªâãà−�ï áå¥¬� ‘“��

¯à¨¥¬ ¢ à¥¦¨¬¥ á�¬®§�¯¨á¨ ¨«¨ ¯® í«¥ªâà®−−ë¬ −�¯à�¢«¥−¨ï¬. �à¨ ¤�−−®¬
¢¨¤¥ ¢§�¨¬®¤¥©áâ¢¨ï è«î§-−�ª®¯¨â¥«ì ¢ë¯®«−ï¥â äã−ªæ¨¨ ª®¬¬ãâ�æ¨¨ ¬¥¦¤ã
¯à¨«®¦¥−¨ï¬¨ ¨ Œˆ‘, ®áãé¥áâ¢«ï¥â ¯à¥®¡à�§®¢�−¨¥ ¯à®£à�¬¬−ëå ¯à®â®ª®«®¢,
®áâ�¢�ïáì ¯à®§à�ç−ë¬ ¤«ï áâ®à®− ¢§�¨¬®¤¥©áâ¢¨ï.

‚§�¨¬®¤¥©áâ¢¨¥ ¢¨¤� 2 ®áãé¥áâ¢«ï¥âáï ¬¥¦¤ã Œˆ‘ ¨ è«î§®¬-−�ª®¯¨â¥«¥¬
¯à¨ á®§¤�−¨¨ ¨ �ªâã�«¨§�æ¨¨ á¯¨áª®¢ �àâ¥ä�ªâ®¢. �à¨ ¤�−−®¬ ¢¨¤¥ ¢§�¨¬®¤¥©-
áâ¢¨ï Œˆ‘ ¯¥à¥¤�îâ è«î§ã-−�ª®¯¨â¥«î ¢−®¢ì á®§¤�¢�¥¬ë¥ â�«®−ë ¨ í«¥ªâà®−-
−ë¥ −�¯à�¢«¥−¨ï, � â�ª¦¥ ¨−ä®à¬�æ¨î ®¡ �−−ã«¨à®¢�−¨¨ â�«®−®¢, ¯®£�è¥−¨¨
−�¯à�¢«¥−¨© ¨ ¢®§®¡−®¢«¥−¨¨ ¨å ¤¥©áâ¢¨ï. Šà®¬¥ íâ®£® è«î§-−�ª®¯¨â¥«ì ®áãé¥-
áâ¢«ï¥â ¤®áâ�¢ªã í«¥ªâà®−−ëå −�¯à�¢«¥−¨© Œˆ‘ ‹�“ ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£¨,
¯®«ãç�¥¬ë¥ ¨¬ ®â ‹�“, á®§¤�îé¨å íâ¨ −�¯à�¢«¥−¨ï.

‚§�¨¬®¤¥©áâ¢¨¥ ¢¨¤� 3 ®áãé¥áâ¢«ï¥âáï ¬¥¦¤ã ¯à¨«®¦¥−¨ï¬¨ ª®−¥ç−ëå
¯®«ì§®¢�â¥«¥© ¨ è«î§®¬-−�ª®¯¨â¥«¥¬ ¯à¨ §�¯à®á¥ ¯à¨«®¦¥−¨ï¬¨ �ªâã�«ì−ëå
á¯¨áª®¢ â�«®−®¢ ¨ í«¥ªâà®−−ëå −�¯à�¢«¥−¨©. Šà®¬¥ â®£®, ¤�−−ë© ¢¨¤ ¢§�¨¬®-
¤¥©áâ¢¨ï ®áãé¥áâ¢«ï¥âáï ¯à¨ �¢â®à¨§�æ¨¨ ¯à¨«®¦¥−¨© ¢ ‘“��.

�á−®¢−ë¬¨ ¤¥©áâ¢¨ï¬¨, ¢ë¯®«−ï¥¬ë¬¨ ¯�æ¨¥−â®¬ ¢ ‘“��, ¨«¨, ¯®«ì§ãïáì
â¥à¬¨−®«®£¨¥© ã−¨¢¥àá�«ì−®£® ¯à®æ¥áá� ¯à®¥ªâ¨à®¢�−¨ï (Unified Process) [4],
®á−®¢−ë¬¨ ¯à¥æ¥¤¥−â�¬¨ (Use case), ï¢«ïîâáï §�¯¨áì ¯�æ¨¥−â®¬ −� ¯à¨¥¬ ª ¢à�çã
¢ à¥¦¨¬¥ á�¬®§�¯¨á¨ ¨«¨ ¯® í«¥ªâà®−−ë¬ −�¯à�¢«¥−¨ï¬. �â¨ ¤¢� ¯à¥æ¥¤¥−â�
®ç¥−ì ¯®å®¦¨, ®â«¨ç¨¥ §�ª«îç�¥âáï ¢ â®¬, çâ® ¢ á«ãç�¥ á�¬®§�¯¨á¨ ¯�æ¨¥−â
á−�ç�«� ¢ë¡¨à�¥â ‹�“, §�â¥¬ §�¯à�è¨¢�¥â á¯¨á®ª ¯à®ä¨«¥© ¬¥¤¨æ¨−áª¨å á¯¥-
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�®áâà®¥−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢

�à¥æ¥¤¥−â: CreateCouponOnAssignment
Šà�âª®¥ ®¯¨á�−¨¥: ‘®§¤�−¨¥ â�«®−� ¯® −�¯à�¢«¥−¨î
ƒ«�¢−ë¥ �ªâ¥àë: ��æ¨¥−â
‚â®à®áâ¥¯¥−−ë¥ �ªâ¥àë: �¥â
�à¥¤ãá«®¢¨ï:

1. �«¥ªâà®−−®¥ −�¯à�¢«¥−¨¥ ¢ë¤�−® ¯�æ¨¥−âã

�á−®¢−®© ¯®â®ª:
1. ��æ¨¥−â §�¯à�è¨¢�¥â ã ‘“�� á¯¨á®ª ¤¥©áâ¢ãîé¨å −�¯à�¢«¥−¨©
2. ��æ¨¥−â §�¯à�è¨¢�¥â ¨§ ‹�“ á¯¨á®ª ¢à�ç¥©
3. ��æ¨¥−â §�¯à�è¨¢�¥â ¨§ ‹�“ ¤�âë ¨ ¢à¥¬ï ¯à¨¥¬� ¢ë¡à�−−®£® ¢à�ç�
4. ��æ¨¥−â ¤�¥â ª®¬�−¤ã −� á®§¤�−¨¥ â�«®−�, Œˆ‘ ¯à®¢¥àï¥â ¯�à�¬¥âàë ¤«ï

á®§¤�−¨ï â�«®−�
5. Œˆ‘ á®§¤�¥â â�«®− −� ¯à¨¥¬ ª ¢à�çã ¨ §�−®á¨â â�«®− ¨ í«¥ªâà®−−®¥

−�¯à�¢«¥−¨¥ ¢ à¥¥áâà ‹�“
6. Œˆ‘ ¯¥à¥¤�¥â â�«®− −� åà�−¥−¨¥ è«î§ã-−�ª®¯¨â¥«î ‘“��

�®áâãá«®¢¨ï:
1. ’�«®− §�−¥á¥− ¢ à¥¥áâà ‹�“

�«ìâ¥à−�â¨¢−ë¥ ¯®â®ª¨: CouponCancel

÷¨á. 2 ‘¯¥æ¨ä¨ª�æ¨ï ¯à¥æ¥¤¥−â� §�¯¨á¨ ¯�æ¨¥−â� −� ¯à¨¥¬ ª ¢à�çã ¯® í«¥ªâà®−−®¬ã
−�¯à�¢«¥−¨î

æ¨�«¨áâ®¢ ¨ ¤�«¥¥ | á¯¨á®ª ¢à�ç¥© ¯® ¢ë¡à�−−®© á¯¥æ¨�«ì−®áâ¨. ‚ á«ãç�¥
§�¯¨á¨ −� ¯à¨¥¬ ¯® −�¯à�¢«¥−¨î ¯à®æ¥áá ¯®«ãç¥−¨ï â�«®−� −�ç¨−�¥âáï áà�§ã
á §�¯à®á� á¯¨áª� ¢à�ç¥©, ¯®áª®«ìªã ‹�“ ¨ ¯à®ä¨«ì ¬¥¤¨æ¨−áª®£® á¯¥æ¨�«¨-
áâ� ã¦¥ §�¤�−ë ¢ í«¥ªâà®−−®¬ −�¯à�¢«¥−¨¨. ‘¯¥æ¨ä¨ª�æ¨ï ¯à¥æ¥¤¥−â� §�¯¨á¨
¯�æ¨¥−â� −� ¯à¨¥¬ ª ¢à�çã ¯® í«¥ªâà®−−®¬ã −�¯à�¢«¥−¨î ¯à¨¢¥¤¥−� −� à¨á. 2.

Š�ª ¢¨¤−® ¨§ ®¯¨á�−¨ï ®á−®¢−®£® ¯®â®ª� ¯à¥æ¥¤¥−â�, −� ¯ïâ®¬ è�£¥ ¯à®¨á-
å®¤¨â á®§¤�−¨¥ â�«®−� −� ¯à¨¥¬, ª®â®àë© ¢¬¥áâ¥ á í«¥ªâà®−−ë¬ −�¯à�¢«¥−¨¥¬,
−� ®á−®¢�−¨¨ ª®â®à®£® íâ®â â�«®− ¡ë« á®§¤�−, §�−®á¨âáï ¢ à¥¥áâà Œˆ‘ ‹�“,
� §�â¥¬ ¢−®¢ì á®§¤�−−ë© â�«®− (è�£ 6 ®á−®¢−®£® ¯®â®ª�) ¯¥à¥¤�¥âáï −� á®åà�−¥−¨¥
¢ åà�−¨«¨é¥ è«î§�-−�ª®¯¨â¥«ï. ‚ á«ãç�¥, ª®£¤� ª ¬®¬¥−âã ¯®¯ëâª¨ á®§¤�−¨ï
â�«®−� ¢à¥¬ï ¯à¨¥¬� ã §�¤�−−®£® ¢à�ç� ®ª�§ë¢�¥âáï §�−ïâ® ¤àã£¨¬ ¯�æ¨¥−â®¬,
ª®â®àë© ãá¯¥« ¯®«ãç¨âì â�«®− −� íâ® ¦¥ ¢à¥¬ï, ¢ë¯®«−¥−¨¥ ®á−®¢−®£® ¯®â®ª�
¯à¥àë¢�¥âáï ¨ ¢®§−¨ª�¥â �«ìâ¥à−�â¨¢−ë© ¯®â®ª CouponCancel. ‚ íâ®¬ á«ã-
ç�¥ â�«®− −¥ á®§¤�¥âáï, � á®®â¢¥âáâ¢ãîé¥¥ í«¥ªâà®−−®¥ −�¯à�¢«¥−¨¥ ®áâ�¥âáï
¢ åà�−¨«¨é¥ è«î§�-−�ª®¯¨â¥«ï.

„¨�£à�¬¬� ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨© (sequence diagram) ‘“�� ¯à®æ¥áá�
à¥�«¨§�æ¨¨ ¯à¥æ¥¤¥−â� §�¯¨á¨ ¯�æ¨¥−â� −� ¯à¨¥¬ ¯® í«¥ªâà®−−®¬ã −�¯à�¢«¥−¨î
¯à¨¢¥¤¥−� −� à¨á. 3.

�à¨ −�¬¥à¥−¨¨ ¯�æ¨¥−â� §�¯¨á�âìáï ¢ ‹�“ ¯® −�¯à�¢«¥−¨î ¯à¨«®¦¥−¨¥
®¡à�é�¥âáï ª è«î§ã-−�ª®¯¨â¥«î á §�¯à®á®¬ á¯¨áª� ¢ë¤�−−ëå ¯�æ¨¥−âã í«¥ª-
âà®−−ëå −�¯à�¢«¥−¨©. ˜«î§-−�ª®¯¨â¥«ì ¢ë¡¨à�¥â ¨§ á¢®¨å ¡�§ ¤�−−ëå (�„)
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÷¨á. 3 „¨�£à�¬¬� ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨© ¢ ¯à®æ¥áá¥ §�¯¨á¨ ¯�æ¨¥−â� −� ¯à¨¥¬
¯® í«¥ªâà®−−®¬ã −�¯à�¢«¥−¨î

¢á¥ −�¯à�¢«¥−¨ï ¤�−−®£® ¯�æ¨¥−â�, áà®ª ¤¥©áâ¢¨ï ª®â®àëå −¥ ¨áâ¥ª, ¨ ¢®§¢à�-
é�¥â ¯®«ãç¥−−ë© á¯¨á®ª ¯à¨«®¦¥−¨î. �®á«¥ ¢ë¡®à� ¯�æ¨¥−â®¬ ª®−ªà¥â−®£®
−�¯à�¢«¥−¨ï ¯à¨«®¦¥−¨¥ ¨−¨æ¨¨àã¥â §�¯à®á −� ¯à®¢¥àªã ¯à�¢®¬¥à−®áâ¨ ®¡à�-
é¥−¨ï ¯�æ¨¥−â� ¢ ¤�−−®¥ ‹�“ ¤«ï ¯®«ãç¥−¨ï ãá«ã£ ¯® −�¯à�¢«¥−¨î. �� ¤�−−®©
¤¨�£à�¬¬¥ ¯à®æ¥áá §�¯¨á¨ ¯�æ¨¥−â� −� ¯à¨¥¬ −�ç¨−�¥âáï áà�§ã á §�¯à®á� á¯¨á-
ª� ¬¥¤¨æ¨−áª¨å á¯¥æ¨�«¨áâ®¢, ¯®áª®«ìªã ¯à®ä¨«ì −¥®¡å®¤¨¬®© ¬¥¤¨æ¨−áª®©
ãá«ã£¨ §�¤�− ¢ í«¥ªâà®−−®¬ −�¯à�¢«¥−¨¨.

�� ¯®á«¥¤−¥¬ íâ�¯¥ à¥�«¨§�æ¨¨ ¯à®æ¥áá� §�¯¨á¨ −� ¯à¨¥¬, ¯à¨ á®§¤�−¨¨
¢ Œˆ‘ ‹�“ â�«®−� −� ¯à¨¥¬, ¢¬¥áâ¥ á â�«®−®¬ §�−®á¨âáï ¯®«ãç¥−−®¥ ®â è«î-
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�®áâà®¥−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯®â®ª�¬¨ ¯�æ¨¥−â®¢

§�-−�ª®¯¨â¥«ï −�¯à�¢«¥−¨¥. �®«ãç¨¢ ®â Œˆ‘ ‹�“ ¢−®¢ì á®§¤�−−ë© â�«®−,
è«î§-−�ª®¯¨â¥«ì ¯®¬¥ç�¥â −�¯à�¢«¥−¨¥, ¯® ª®â®à®¬ã íâ®â â�«®− ¡ë« á®§¤�−, ª�ª
¨á¯®«ì§®¢�−−®¥, � á�¬ â�«®− ¯®¬¥é�¥â ¢ á¢®î �„. ’�ª¨¬ ®¡à�§®¬, è«î§-−�ª®-
¯¨â¥«ì ¢á¥£¤� åà�−¨â �ªâã�«ì−ë¥ á¯¨áª¨ í«¥ªâà®−−ëå −�¯à�¢«¥−¨© ¨ â�«®−®¢ −�
¯à¨¥¬, ¢ë¤�−−ëå ¯�æ¨¥−â�¬ ¢ «î¡ëå ‹�“ �à¥�«� ¤¥©áâ¢¨ï ‘“��, ¨ ¬®¦¥â
¯à¥¤®áâ�¢¨âì ¨å ¯à¨«®¦¥−¨ï¬ ¯à¨ §�¯à®á¥ ¨§ «î¡®© â®çª¨ ¤®áâã¯� ‘“��.

�à¨ ¯¥à¥−�¯à�¢«¥−¨¨ ¯�æ¨¥−â� ª ¤àã£®¬ã á¯¥æ¨�«¨áâã ¢à�ç ¤®«¦¥− ®¡¥á¯¥-
ç¨âì ¯�æ¨¥−âã −¥ â®«ìª® ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï â�«®−� −� ¯à¨¥¬, −® ¨ ¯¥à¥¤�âì
¬¥¤¨æ¨−áª®¬ã á¯¥æ¨�«¨áâã, à¥�«¨§ãîé¥¬ã âà¥¡ã¥¬ãî ãá«ã£ã, −¥ªãî ¤®¯®«−¨-
â¥«ì−ãî ¨−ä®à¬�æ¨î, ¢ â®¬ ç¨á«¥: ¤¨�£−®§, ®¯¨á�−¨¥ âà¥¡ã¥¬®© ãá«ã£¨ ¨ ¢á¥
−¥®¡å®¤¨¬ë¥ ¤«ï ãá¯¥è−®£® ¢ë¯®«−¥−¨ï íâ®© ãá«ã£¨ á¢¥¤¥−¨ï. �®á«¥ ®ª�§�−¨ï
ãá«ã£¨ ¨−ä®à¬�æ¨ï ® ¥¥ à¥§ã«ìâ�â�å | ãâ®ç−¥−−ë© ¤¨�£−®§, ¢ë¤�−−ë¥ à¥ª®-
¬¥−¤�æ¨¨ ¨«¨ à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© | ¤®«¦−� ¡ëâì ¯¥à¥¤�−� −�¯à�¢¨¢è¥¬ã
¯�æ¨¥−â� ¢à�çã. ‚ −�áâ®ïé¥¥ ¢à¥¬ï íâ®â ¢¨¤ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ¢à�ç�¬¨
−�¯à�¢«ïîé¥© ¨ ¯à¨−¨¬�îé¥© áâ®à®−ë ¢ë¯®«−ï¥âáï, ¥á«¨ áã¤¨âì ¯® ¤®áâã¯−ë¬
¢ ˆ−â¥à−¥â¥ ¯ã¡«¨ª�æ¨ï¬ ¨ á®®¡é¥−¨ï¬, á ¯®¬®éìî ¢ë¯¨á®ª ¨§ í«¥ªâà®−−®©
¡®«¥§−¨ ¯�æ¨¥−â� −� ¡ã¬�¦−ëå −®á¨â¥«ïå, � ¢ ª�ç¥áâ¢¥ ªãàì¥à� ¨á¯®«ì§ã¥â-
áï, ª�ª ¯à�¢¨«®, á�¬ ¯�æ¨¥−â. �ã¬�¦−ë© ¤®ªã¬¥−â®®¡®à®â ¨á¯®«ì§ã¥âáï ¤�¦¥
¢ â¥å á«ãç�ïå, ª®£¤� ¨ −�¯à�¢«ïîé�ï, ¨ ¯à¨−¨¬�îé�ï áâ®à®−ë ®á−�é¥−ë Œˆ‘,
� ¬�àèàãâ¨§�æ¨ï ¯�æ¨¥−â®¢ ¬¥¦¤ã ‹�“ ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî í«¥ªâà®−−ëå
‘“��.

Œ¥¦¤ã â¥¬ −¥âàã¤−® §�¬¥â¨âì, çâ® í«¥ªâà®−−ë¥ −�¯à�¢«¥−¨ï, ¢ë¤�¢�¥¬ë¥
¢à�ç�¬¨, ¯¥à¥¤�îâáï ¯à¨ ¯®«ãç¥−¨¨ ¯�æ¨¥−â�¬¨ â�«®−®¢ −� ¯à¨¥¬ ¢ ‹�“
¯à¥¤®áâ�¢«¥−¨ï ãá«ã£¨ ¨ áâ�−®¢ïâáï ¤®áâã¯−ë¬¨ ¬¥¤¨æ¨−áª¨¬ á¯¥æ¨�«¨áâ�¬,
®ª�§ë¢�îé¨¬ ¯�æ¨¥−â�¬ ãá«ã£¨. ‚ ¤�−−®¬ á«ãç�¥ æ¥«¥á®®¡à�§−® ¤«ï ¯¥à¥¤�ç¨
¢á¥© −¥®¡å®¤¨¬®© á®¯à®¢®¤¨â¥«ì−®© ¬¥¤¨æ¨−áª®© ¨−ä®à¬�æ¨¨ ®â ¢à�ç�, −�¯à�¢-
«ïîé¥£® ¯�æ¨¥−â� ª á¯¥æ¨�«¨áâã, ®ª�§ë¢�îé¥¬ã §�âà¥¡®¢�−−ë¥ ãá«ã£¨, ¢¢¥áâ¨
¢ á®áâ�¢ −�¯à�¢«¥−¨ï 2{3 ¤®¯®«−¨â¥«ì−ëå ¯®«ï á á®®â¢¥âáâ¢ãîé¥© ¨−ä®à¬�-
æ¨¥©. ‚ í«¥ªâà®−−®¬ −�¯à�¢«¥−¨¨ ®¡ï§�â¥«ì−® á®¤¥à¦¨âáï ú®¡à�â−ë© �¤à¥áû,
¢ á®®â¢¥âáâ¢¨¨ á ª®â®àë¬, ¯® §�¢¥àè¥−¨¨ ®ª�§�−¨ï ãá«ã£¨, ¨−¨æ¨�â®àã ãá«ã£¨
¤®«¦−ë ¡ëâì ¯¥à¥¤�−ë ¥¥ à¥§ã«ìâ�âë ¨ ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥ ¢−¥á¥−ë ¢ �¬-
¡ã«�â®à−ãî ª�àâã ¯�æ¨¥−â�. ’�ª¨¬ ®¡à�§®¬, í«¥ªâà®−−®¥ −�¯à�¢«¥−¨¥ ¬®¦¥â
¡ëâì ¨á¯®«ì§®¢�−® −¥ â®«ìª® ¢ ª�ç¥áâ¢¥ áà¥¤áâ¢� ¬�àèàãâ¨§�æ¨¨ ¯�æ¨¥−â®¢,
−® ¨ ¢ ª�ç¥áâ¢¥ ª®−â¥©−¥à� ¤«ï ¤®áâ�¢ª¨ ¨−ä®à¬�æ¨¨ ®â ¢à�ç� | ¨−¨æ¨�â®à�
ãá«ã£¨ (¢à�ç�, ¢ë¤�¢è¥£® ¯�æ¨¥−âã í«¥ªâà®−−®¥ −�¯à�¢«¥−¨¥) ª ¨á¯®«−¨â¥«î
ãá«ã£¨ (¬¥¤à�¡®â−¨ªã, à¥�«¨§ãîé¥¬ã §�ª�§�−−ãî ãá«ã£ã ¢ ¨−â¥à¥á�å ¯�æ¨¥−â�)
¨ ®¡à�â−®.

4 Заключение

�à®¢¥¤¥− �−�«¨§ áª«�¤ë¢�îé¥©áï ¢ å®¤¥ à¥ä®à¬ë á¨áâ¥¬ë §¤à�¢®®åà�−¥−¨ï
÷” âà¥åãà®¢−¥¢®© á¨áâ¥¬ë ®à£�−¨§�æ¨¨ ‹�“ ¯à¨ ®ª�§�−¨¨ ¯�æ¨¥−â�¬ ¯¥à-
¢¨ç−®© ¬¥¤¨æ¨−áª®© ¯®¬®é¨. ÷�áá¬®âà¥−ë á¯®á®¡ë ¬�àèàãâ¨§�æ¨¨ ¯�æ¨¥−â®¢
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¯ãâ¥¬ á�¬®§�¯¨á¨ ¢ ¯à¨ªà¥¯«¥−−ë¥ ‹�“ ¨ ¯¥à¥−�¯à�¢«¥−¨ï ¢à�ç�¬¨ ¯�æ¨¥−â®¢
¢ �¬¡ã«�â®à−ë¥ ¨ ¤¨�£−®áâ¨ç¥áª¨¥ æ¥−âàë ¯ãâ¥¬ ¢ë¤�ç¨ ¨¬ â�«®−®¢ ¨ í«¥ªâà®−-
−ëå −�¯à�¢«¥−¨©.

‘ä®à¬ã«¨à®¢�−ë ¯à¥¤«®¦¥−¨ï ¯® à¥�«¨§�æ¨¨ í«¥ªâà®−−ëå ‘“�� ¢ á®®â-
¢¥âáâ¢¨¨ á ¯à¨−æ¨¯�¬¨ ú¥¤¨−®© â®çª¨û ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯®−¥−â®¢ á¨áâ¥¬ë,
®¯à¥¤¥«¥−ë ¨ ª«�áá¨ä¨æ¨à®¢�−ë ¯®â®ª¨ ¤�−−ëå, ¢®§−¨ª�îé¨¥ ¯à¨ äã−ªæ¨®−¨-
à®¢�−¨¨ á¨áâ¥¬ë ¬¥¦¤ã ¥¥ ª®¬¯®−¥−â�¬¨. �à¨¢¥¤¥−® ®¯¨á�−¨¥ ¡¨§−¥á-¯à®æ¥áá®¢,
¯à®â¥ª�îé¨å ¢ ‘“�� ¯à¨ §�¯¨á¨ ¯�æ¨¥−â� −� ¯à¨¥¬ ¢ «¥ç¥¡−ë¥ ãçà¥¦¤¥−¨ï
á ãç�áâ¨¥¬ ¢à�ç� ¨ ¯�æ¨¥−â�. �á−®¢−ë¥ à¥è¥−¨ï ¯® à¥�«¨§�æ¨¨ ¯à¥¤«�£�¥¬®©
‘“�� �¯à®¡¨à®¢�−ë ¯à¨ á®§¤�−¨¨ ¬�ª¥â� á¨áâ¥¬ë á ¨á¯®«ì§®¢�−¨¥¬ ¢ ª�ç¥áâ¢¥
â®çª¨ ¤®áâã¯� ¬®¡¨«ì−®£® ¯à¨«®¦¥−¨ï ¤«ï á¬�àâä®−� ¨ ¯«�−è¥â�.
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CREATION OF PATIENT FLOWS CONTROL SYSTEM

G. Y. Ilushin and V. I. Limansky

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

Abstract: This article deals with the health care system organizational model
regarding rendering of primary medical care to the population and the hierarchical
three-level structure of medical institutions formed during the process of its
reforming. The analysis of the existing ways of patient routing is carried out,
including patient booking in medical institutions of the first level (the attached
contingent), the redirection of patients to medical institutions of the second and
the third levels by means of coupons and electronic assignments issued by doctors.
The analysis of advantages and disadvantages of these ways is presented. The
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Creation of patient flows control system

electronic control systems of patient flows used for patient routing are examined
as well as some problems of their implementation, in particular, implementation
of EMIAS in Moscow. The analysis of electronic control systems of patient flows
is given. Their main components are defined. The structure of this system based
on the principles of a single point of distributed systems components interaction
is suggested. The processes taking place in the system during realization of the
main precedents are examined. The data flows between components of the system
arising during these processes are defined. The paper also deals with approaches
to organization of electronic documents flow between the medical institutions
based on application of electronic appointments.

Keywords: medical information systems (MIS); electronic control systems of
patient flows; distributed information systems; sequence diagram
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ИНФОРМАЦИОННЫЕ РЕСУРСЫ КОНТРАСТИВНЫХ
ЛИНГВИСТИЧЕСКИХ ИССЛЕДОВАНИЙ:

ТИПОЛОГИЧЕСКИЕ БАЗЫ ДАННЫХ∗

М. Г. Кружков1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë, ¨á¯®«ì§ãîé¨¥áï
¢ ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå, ¨ ¨å ®á−®¢−ë¥ å�à�ªâ¥-
à¨áâ¨ª¨. �á−®¢−ë¬¨ ¢¨¤�¬¨ â�ª¨å ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ï¢«ïîâáï
â¨¯®«®£¨ç¥áª¨¥ ¡�§ë ¤�−−ëå (’�„) ¨ í«¥ªâà®−−ë¥ ª®à¯ãá� â¥ªáâ®¢. ‚ à�¬ª�å
¤�−−®© à�¡®âë ®á−®¢−®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï ’�„. ‘à¥¤¨ ’�„ ¢ë¤¥«ïîâáï
’�„ è¨à®ª®£® ¯à®ä¨«ï ¨ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ’�„. ’¨¯®«®£¨ç¥áª¨¥ ¡�§ë
¤�−−ëå è¨à®ª®£® ¯à®ä¨«ï (¨«¨ úå�à�ªâ¥à¨áâ¨ç¥áª¨¥û ’�„) ¯à¥¤áâ�¢«ïîâ
á®¡®© ã−¨¢¥àá�«ì−ë¥ åà�−¨«¨é� ¤�−−ëå ® è¨à®ª®¬ á¯¥ªâà¥ å�à�ªâ¥à¨áâ¨ª
à�§«¨ç−ëå ¥áâ¥áâ¢¥−−ëå ï§ëª®¢; ®−¨ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ª�ª á¯à�¢®ç−ë¥
¨−áâàã¬¥−âë, � â�ª¦¥ ¯à¨ à¥è¥−¨¨ §�¤�ç, á¢ï§�−−ëå á ª«�áá¨ä¨ª�æ¨¥© ï§ë-
ª®¢. ‘¯¥æ¨�«¨§¨à®¢�−−ë¥ ’�„ ¨á¯®«ì§ãîâáï ¯à¨ ¤¥â�«ì−®¬ ¨áá«¥¤®¢�−¨¨
®â¤¥«ì−ëå ï§ëª®¢ëå ï¢«¥−¨© −� ¯à¨¬¥à¥ ®£à�−¨ç¥−−ëå −�¡®à®¢ ï§ëª®¢: ®−¨
âé�â¥«ì−® ¬®¤¥«¨àãîâ áâàãªâãàã íâ¨å ï¢«¥−¨© ¨ ¢ª«îç�îâ ¯à¨¬¥àë, ¨«-
«îáâà¨àãîé¨¥ ¨å äã−ªæ¨®−¨à®¢�−¨¥ ¢ à�áá¬�âà¨¢�¥¬ëå ï§ëª�å. ‚ áâ�âì¥
â�ª¦¥ ã¤¥«ï¥âáï ¢−¨¬�−¨¥ ¯à®¡«¥¬�¬, á¢ï§�−−ë¬ á ä®à¬¨à®¢�−¨¥¬ ’�„
¨ ¨−â¥£à�æ¨¥© ¤�−−ëå ¨§ −¥áª®«ìª¨å ’�„ á à�§«¨ç−®© áâàãªâãà®©.

Š«îç¥¢ë¥ á«®¢�: ª®−âà�áâ¨¢−�ï «¨−£¢¨áâ¨ª�; ¡�§ë ¤�−−ëå; â¨¯®«®£¨ç¥áª¨¥
¡�§ë ¤�−−ëå; í«¥ªâà®−−ë¥ ª®à¯ãá� â¥ªáâ®¢

DOI: 10.14357/08696527150113

1 Введение

Š®−âà�áâ¨¢−�ï «¨−£¢¨áâ¨ª� ï¢«ï¥âáï ®¤−¨¬ ¨§ −�¯à�¢«¥−¨© á®¢à¥¬¥−−®©
«¨−£¢¨áâ¨ª¨, ª®â®à®¥ áâ�¢¨â ¯¥à¥¤ á®¡®© §�¤�çã áà�¢−¥−¨ï ï§ëª®¢ëå ï¢«¥−¨©,
−�¡«î¤�¥¬ëå ¢ à�§«¨ç−ëå ¥áâ¥áâ¢¥−−ëå ï§ëª�å. Š®−âà�áâ¨¢−ë¥ «¨−£¢¨áâ¨ç¥-
áª¨¥ ¨áá«¥¤®¢�−¨ï, ¢á¥ ¡®«¥¥ ¯®¯ã«ïà−ë¥ ¢ ¯®á«¥¤−¨¥ ¤¥áïâ¨«¥â¨ï, ¨¬¥îâ ª�ª
â¥®à¥â¨ç¥áª®¥, â�ª ¨ ¯à¨ª«�¤−®¥ §−�ç¥−¨¥, ¯®§¢®«ïï ¢ëï¢«ïâì ®¡é¨¥ ®á®¡¥−−®-
áâ¨ ï§ëª®¢ ¨ á¯¥æ¨ä¨ç−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®â¤¥«ì−ëå ï§ëª®¢. ‘ ®¤−®© áâ®à®−ë,
ª®−âà�áâ¨¢−�ï «¨−£¢¨áâ¨ª� ¤�¥â ¬�â¥à¨�« ¤«ï ï§ëª®¢®© â¨¯®«®£¨¨ ¨ ¤«ï ¢ë-
ï¢«¥−¨ï ï§ëª®¢ëå ã−¨¢¥àá�«¨©, á ¤àã£®© áâ®à®−ë, ®−� −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−�

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 13-06-00403).
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, magnit75@yandex.ru
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ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©: ’�„

á à�§«¨ç−ë¬¨ ®¡à�§®¢�â¥«ì−ë¬¨ ¤¨áæ¨¯«¨−�¬¨, â�ª¨¬¨ ª�ª ¯à¥¯®¤�¢�−¨¥ ¨−®-
áâà�−−ëå ï§ëª®¢, â¥®à¨ï ¨ ¯à�ªâ¨ª� ¯¥à¥¢®¤� [1], � â�ª¦¥ ¨á¯®«ì§ã¥âáï ¯à¨
á®§¤�−¨¨ á¨áâ¥¬ ¬�è¨−−®£® ¯¥à¥¢®¤�.

‚ «¨−£¢¨áâ¨ª¥ âà�¤¨æ¨®−−ë© àãç−®© á¡®à ¨áå®¤−ëå ¤�−−ëå, ª®â®àë¥ −¥-
®¡å®¤¨¬ë ¤«ï ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©, ç�áâ® ï¢«ï¥âáï
âàã¤®¥¬ª¨¬ ¨ ¤®à®£®áâ®ïé¨¬ íâ�¯®¬ à�¡®âë. ”®à¬¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ¢ ä®à¬¥ ª®à¯ãá®¢ ¨ ¡�§ ¤�−−ëå (�„) ¯®§¢®«ï¥â áãé¥áâ¢¥−−® íª®−®¬¨âì
¢à¥¬ï ¤«ï ¯à®¢¥¤¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨© [2{5], çâ® ¢ ®á®¡¥−−®áâ¨
�ªâã�«ì−® ¤«ï §�¤�ç ª®−âà�áâ¨¢−®© «¨−£¢¨áâ¨ª¨, ¢ ¯à®æ¥áá¥ à¥è¥−¨ï ª®â®àëå
á®¯®áâ�¢«ïîâáï â¥ªáâë −� à�§−ëå ï§ëª�å.

‚ ª®−æ¥ ¯à®è«®£® ¢¥ª� áä®à¬¨à®¢�«�áì ¯®âà¥¡−®áâì ¢ à�§¢¨â¨¨ á¨áâ¥¬
¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨, ¯®§¢®«ïîé¨å, á ®¤−®© áâ®à®−ë, íää¥ªâ¨¢−® åà�−¨âì
¨ ®¡à�¡�âë¢�âì ¡®«ìè¨¥ ®¡ê¥¬ë â¥ªáâ®¢ −� à�§−ëå ï§ëª�å ¨, á ¤àã£®© áâ®à®−ë,
ä¨ªá¨à®¢�âì à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�«ì−ëå ¨ â¥®à¥â¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¯®-
«ãç�¥¬ë¥ «¨−£¢¨áâ�¬¨ ¢ ¯à®æ¥áá¥ ª®−âà�áâ¨¢−®£® �−�«¨§�. �¤−¨¬ ¨§ −�¨¡®«¥¥
íää¥ªâ¨¢−ëå áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨, ¨á¯®«ì§ã¥¬ëå ¤«ï à¥è¥−¨ï íâ¨å §�¤�ç,
ï¢«ïîâáï �„. �à¨ íâ®¬ −�¨¡®«¥¥ ¢®áâà¥¡®¢�−ë �„ á«¥¤ãîé¨å ¤¢ãå ¢¨¤®¢:

(1) ª®¬¯ìîâ¥à−ë¥ �„, à�§à�¡®â�−−ë¥ ¢ æ¥«ïå ¯à®¢¥¤¥−¨ï â¨¯®«®£¨ç¥áª¨å ¨á-
á«¥¤®¢�−¨© (’�„). ’�ª¨¥ �„ ¯à¥¤áâ�¢«ïîâ á®¡®© áâàãªâãà¨à®¢�−−ë¥ á¨á-
â¥¬�â¨§¨à®¢�−−ë¥ á¢¥¤¥−¨ï ®¡ ®¯à¥¤¥«¥−−ëå å�à�ªâ¥à¨áâ¨ª�å à�§«¨ç−ëå
¥áâ¥áâ¢¥−−ëå ï§ëª®¢;

(2) í«¥ªâà®−−ë¥ ª®à¯ãá� â¥ªáâ®¢, �ªâ¨¢−® ¨á¯®«ì§ãîé¨¥áï ¯à¨ ¯à®¢¥¤¥−¨¨
íªá¯¥à¨¬¥−â�«ì−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, áà¥¤¨ ª®â®àëå ¢ ®á®-
¡¥−−®áâ¨ á«¥¤ã¥â ¢ë¤¥«¨âì ¯�à�««¥«ì−ë¥1 ¨ á®¯®áâ�¢¨¬ë¥2 ª®à¯ãá�. �â®â
¢¨¤ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¡ã¤¥â ¯®¤à®¡−® à�áá¬®âà¥− ¢ ®â¤¥«ì−®©
à�¡®â¥, � ¢ à�¬ª�å ¤�−−®© áâ�âì¨ á®áà¥¤®â®ç¨¬ ¢−¨¬�−¨¥ −� ’�„.

’¨¯®«®£¨ç¥áª¨¥ �„ á®¤¥à¦�â ¨−ä®à¬�æ¨î ® á¢®©áâ¢�å ¨ å�à�ªâ¥à¨áâ¨ª�å
à�§«¨ç−ëå ï§ëª®¢, −�¯à¨¬¥à ç¨á«¥ £à�¬¬�â¨ç¥áª¨å à®¤®¢, −�¡«î¤�¥¬ëå ¢ ï§ë-
ª�å. …áâì ï§ëª¨, ¢ ª®â®àëå à®¤ ®âáãâáâ¢ã¥â, � ¥áâì á ¤¢ã¬ï (¬ã¦áª®©, ¦¥−áª¨©),
âà¥¬ï (¬ã¦áª®©, ¦¥−áª¨©, áà¥¤−¨©) ¨ ¡‚®«ìè¨¬ ç¨á«®¬ £à�¬¬�â¨ç¥áª¨å à®¤®¢.
ˆ−ä®à¬�æ¨ï, ¢ª«îç�¥¬�ï ¢ ’�„, ¨§¢«¥ª�¥âáï ¨áá«¥¤®¢�â¥«ï¬¨ ¨§ ®¯¨á�−¨©
£à�¬¬�â¨ª á®®â¢¥âáâ¢ãîé¨å ï§ëª®¢, £¥−¥à¨àã¥âáï ¢ à¥§ã«ìâ�â¥ ¢§�¨¬®¤¥©áâ¢¨ï
á −®á¨â¥«ï¬¨ íâ¨å ï§ëª®¢ ¨«¨ ¯à¥¤®áâ�¢«ï¥âáï íªá¯¥àâ�¬¨, á¢®¡®¤−® ¨¬¨ ¢«�-
¤¥îé¨¬¨. ’�ª¦¥ íâ� ¨−ä®à¬�æ¨ï ¬®¦¥â £¥−¥à¨à®¢�âìáï ¢ à¥§ã«ìâ�â¥ àãç−®£®
¨«¨ �¢â®¬�â¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢ −� íâ¨å ï§ëª�å (¢ â®¬ ç¨á«¥, ¢®§¬®¦−®,
á ¨á¯®«ì§®¢�−¨¥¬ â¥ªáâ®¢ í«¥ªâà®−−ëå ª®à¯ãá®¢). ’¨¯®«®£¨ç¥áª¨¥ �„ ¬®£ãâ ®â-
«¨ç�âìáï ¯® ª®«¨ç¥áâ¢ã ¨ á®áâ�¢ã à�áá¬�âà¨¢�¥¬ëå ï§ëª®¢, � â�ª¦¥ ¯® ¯à¨à®¤¥,

1��à�««¥«ì−ë¥ (¯¥à¥¢®¤−ë¥) ª®à¯ãá� ¯à¥¤áâ�¢«ïîâ á®¡®© á®¡à�−¨ï ®à¨£¨−�«ì−ëå â¥ªáâ®¢
−� ®¤−®¬ ¨§ áà�¢−¨¢�¥¬ëå ï§ëª®¢, ¤®¯®«−¥−−ë¥ ¯¥à¥¢®¤®¬ −� ¤àã£®© ï§ëª (¨«¨ −¥áª®«ìª¨¬¨
¯¥à¥¢®¤�¬¨ −� ®¤¨− ¨«¨ −¥áª®«ìª® ï§ëª®¢).

2‘®¯®áâ�¢¨¬ë¥ ª®à¯ãá� ¯à¥¤áâ�¢«ïîâ á®¡®© á¡�«�−á¨à®¢�−−ë¥ á®¡à�−¨ï ®à¨£¨−�«ì−ëå â¥ªáâ®¢
−� áà�¢−¨¢�¥¬ëå ï§ëª�å.
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Œ. ƒ. Šàã¦ª®¢

ª®«¨ç¥áâ¢ã, á®áâ�¢ã ¨ áâàãªâãà¥ ¢ª«îç¥−−ëå ¢ −¨å ¯à¨§−�ª®¢, å�à�ªâ¥à¨§ãîé¨å
ª�¦¤ë© ï§ëª ¢ æ¥«®¬ ¨«¨ ®â¤¥«ì−ë¥ ï§ëª®¢ë¥ ï¢«¥−¨ï.

�«¥ªâà®−−ë¥ ª®à¯ãá� ¨ ’�„ ï¢«ïîâáï íää¥ªâ¨¢−ë¬¨ áà¥¤áâ¢�¬¨ ¤«ï ¯à®-
¢¥¤¥−¨ï ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, −® íâ® ¯à¨−æ¨¯¨�«ì−®
à�§−ë¥ ¨−áâàã¬¥−âë. ’¨¯®«®£¨ç¥áª¨¥ �„ ¢ª«îç�îâ ¢ á¥¡ï á¯à�¢®ç−ãî ¨−-
ä®à¬�æ¨î ® á¢®©áâ¢�å ¨ å�à�ªâ¥à¨áâ¨ª�å à�§«¨ç−ëå ï§ëª®¢ «¨¡® ®â¤¥«ì−ëå
ï§ëª®¢ëå ¥¤¨−¨æ. �«¥ªâà®−−ë¥ ª®à¯ãá� ¯à¥¤áâ�¢«ïîâ á®¡®©, á ®¤−®© áâ®à®−ë,
(¯®¯®«−ï¥¬ë¥) åà�−¨«¨é� â¥ªáâ®¢ëå ¨ ï§ëª®¢ëå ¤�−−ëå, á ¤àã£®© áâ®à®−ë,
¨−áâàã¬¥−âë, á ¯®¬®éìî ª®â®àëå ¬®£ãâ ¡ëâì ¯®«ãç¥−ë −®¢ë¥ «¨−£¢¨áâ¨ç¥áª¨¥
§−�−¨ï.

–¥«ì ¤�−−®© áâ�âì¨ á®áâ®¨â ¢ â®¬, çâ®¡ë à�áá¬®âà¥âì áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨,
¨á¯®«ì§ã¥¬ë¥ ¤«ï ä®à¬¨à®¢�−¨ï ’�„ (à�§¤. 2), � â�ª¦¥ ®¯¨á�âì ¤¢� ®á−®¢−ëå
¢¨¤� ’�„, ¨á¯®«ì§ã¥¬ëå ¢ ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå:

(1) å�à�ªâ¥à¨áâ¨ç¥áª¨¥ ’�„, á®¤¥à¦�é¨¥ ¤�−−ë¥ ® è¨à®ª®¬ á¯¥ªâà¥ ï§ëª®¢ëå
ï¢«¥−¨© (à�§¤. 3);

(2) á¯¥æ¨�«¨§¨à®¢�−−ë¥ ’�„, á®§¤�¢�¥¬ë¥ ¤«ï ¤¥â�«ì−®£® ¨áá«¥¤®¢�−¨ï ®â-
¤¥«ì−ëå ï§ëª®¢ëå ï¢«¥−¨© (à�§¤. 4).

÷�áá¬�âà¨¢�îâáï ®á−®¢−ë¥ á¢®©áâ¢� ’�„ íâ¨å ¤¢ãå ¢¨¤®¢ ¨ à¥è�¥¬ë¥ á ¨å
¨á¯®«ì§®¢�−¨¥¬ §�¤�ç¨.

2 Особенности создания типологических баз данных

�� á¥£®¤−ïè−¨© ¤¥−ì á¨áâ¥¬ë ã¯à�¢«¥−¨ï �„ (‘“�„) ï¢«ïîâáï −�¨¡®«¥¥
à�á¯à®áâà�−¥−−ë¬ ¨−áâàã¬¥−â®¬, ¯®§¢®«ïîé¨¬ áâàãªâãà¨à®¢�âì ¨ á¨áâ¥¬�â¨§¨-
à®¢�âì ï§ëª®¢ë¥ ¤�−−ë¥, � â�ª¦¥ ®¡¥á¯¥ç¨âì ª −¨¬ ã¤®¡−ë© ¤®áâã¯ ¨ ¢®§¬®¦−®áâì
¯®¨áª�. �¤−�ª® «¨−£¢¨áâë ç�áâ® −¥ ¨¬¥îâ ¤®áâ�â®ç−ëå −�¢ëª®¢ à�¡®âë á ‘“�„,
¢ à¥§ã«ìâ�â¥ ¨¬ −¥à¥¤ª® ¯à¨å®¤¨âáï åà�−¨âì á¢®¨ ¤�−−ë¥ ¢ í«¥ªâà®−−ëå â�¡«¨æ�å
¨«¨ ¤�¦¥ ¢ ä�©«�å ª�ª â¥ªáâ®¢ë¥ ¤®ªã¬¥−âë.

Dimitriadis ¨ Musgrave á¤¥«�«¨ ¯®¯ëâªã ãáâà�−¨âì íâ®â ¯à®¡¥«, ¯à¥¤áâ�¢¨¢
®¡§®à ®á®¡¥−−®áâ¥© ¯®áâà®¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï à¥«ïæ¨®−−ëå1 �„, ¯à¥¤−�§−�-
ç¥−−ë© á¯¥æ¨�«ì−® ¤«ï «¨−£¢¨áâ®¢ [6]. ‚ −¥¬ ®−¨ ®á¢¥é�îâ â�ª¨¥ ¢®¯à®áë, ª�ª
®á−®¢−ë¥ ¯à¥¨¬ãé¥áâ¢� �„, ¨å ¬®¤¥«¨, ‘“�„, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ã¯à�¢«¥−¨ï
¤�−−ë¬¨, ¢¨¤ë �„ ¨ ¯«�âä®à¬, ®á−®¢ë áâàãªâãà¨à®¢�−−®£® ®¯¨á�−¨ï ¤�−−ëå,
ï§ëª� §�¯à®á®¢ SQL (structured query language), ®á®¡¥−−®áâ¨ åà�−¥−¨ï ¤�−−ëå
à�§−ëå â¨¯®¢ ¨ â. ¤.

�à¨ à�áá¬®âà¥−¨¨ ¢®¯à®á� ¯®áâà®¥−¨ï áå¥¬ë à¥«ïæ¨®−−®© �„ (¨«¨ à¥«ïæ¨-
®−−®© áâàãªâãàë) ®â¬¥ç�¥âáï, çâ®, å®âï −¥ áãé¥áâ¢ã¥â ã−¨¢¥àá�«ì−®£® á¯®á®¡�
¯®áâà®¥−¨ï áå¥¬ë, −¥®¡å®¤¨¬®, çâ®¡ë ®−� ®âà�¦�«� «®£¨ç¥áªãî ®à£�−¨§�æ¨î

1÷¥«ïæ¨®−−�ï �„ ¯à¥¤áâ�¢«ï¥â á®¡®© ¬−®¦¥áâ¢® â�¡«¨æ, á¢ï§�−−ëå ¤àã£ á ¤àã£®¬ ®â−®è¥−¨ï¬¨
(¨å −�§¢�−¨¥ ¯à®¨áâ¥ª�¥â ®â �−£«¨©áª®£® á«®¢� relation | ®â−®è¥−¨¥).
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ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©: ’�„

®¡à�¡�âë¢�¥¬ëå ¤�−−ëå. …á«¨ íâ® ãá«®¢¨¥ ¢ë¯®«−ï¥âáï, â® ¤�−−ë¥ ¢ ’�„ ¡ã¤ãâ
¯®§¢®«ïâì ¯®¤¤¥à¦¨¢�âì à¥è¥−¨¥ «¨−£¢¨áâ¨ç¥áª¨å §�¤�ç −� ®á−®¢¥ íâ¨å ¤�−−ëå.

�â¬¥ç�¥âáï, çâ® áå¥¬� íää¥ªâ¨¢−®© �„ ¤®«¦−� ¡ëâì ¤®áâ�â®ç−® £¨¡ª®©,
çâ®¡ë ¨¬¥âì ¢®§¬®¦−®áâì �¤�¯â¨à®¢�âìáï ª ¢®§¬®¦−ë¬ ¡ã¤ãé¨¬ ¯®âà¥¡−®áâï¬
¨áá«¥¤®¢�â¥«¥©, ¨ ®¤−®¢à¥¬¥−−® ¬�ªá¨¬�«ì−® ¯à®áâ®©, ¯®§¢®«ïï ¯à¨ íâ®¬ ¯®¤-
¤¥à¦¨¢�âì à¥è¥−¨¥ â¨¯®«®£¨ç¥áª¨å §�¤�ç, ª®â®àë¥ ¬®£ãâ ¢áâ�¢�âì ¯¥à¥¤ ¨áá«¥¤®-
¢�â¥«ï¬¨. ‘®§¤�â¥«¨ ’�„ ¤®«¦−ë ¨¬¥âì ç¥âª®¥ ¯à¥¤áâ�¢«¥−¨¥ ® â®¬, ª�ª ¨¬¥−−®
¡ã¤¥â ¨á¯®«ì§®¢�âìáï ¨å �„ ¢ «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå, ¨ ¥é¥ −� íâ�¯¥
à�§à�¡®âª¨ áå¥¬ë áâà¥¬¨âìáï ®¡¥á¯¥ç¨âì à¥�«¨§�æ¨î −¥®¡å®¤¨¬ëå «¨−£¢¨áâ�¬
äã−ªæ¨©. �à¨ íâ®¬ −¥®¡å®¤¨¬® ãç¨âë¢�âì à�§«¨ç¨ï ¢ â¥®à¥â¨ç¥áª¨å ¯à¥¤¯®-
áë«ª�å, ª®â®àëå ¬®£ãâ ¯à¨¤¥à¦¨¢�âìáï «¨−£¢¨áâë ª�ª ¡ã¤ãé¨¥ ¯®«ì§®¢�â¥«¨
’�„, ¨ ¢ §�¤�ç�å, ª®â®àë¥ ®−¨ ¯¥à¥¤ á®¡®© áâ�¢ïâ. �â® ®§−�ç�¥â, çâ® «¨−£¢¨áâë
¤®«¦−ë ¯à¨−¨¬�âì �ªâ¨¢−®¥ ãç�áâ¨¥ ¢ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï �„.

ˆ−®£¤� ¢®§−¨ª�¥â ¯®âà¥¡−®áâì ¢ ¨−â¥£à�æ¨¨ â¨¯®«®£¨ç¥áª¨å ï§ëª®¢ëå ¤�−-
−ëå ¨§ à�§«¨ç−ëå ¢−¥è−¨å ¨áâ®ç−¨ª®¢. �à®¡«¥¬ë, ¢®§−¨ª�îé¨¥ ¯à¨ ¨−â¥£à�-
æ¨¨, ¨ ¯ãâ¨ ¨å à¥è¥−¨ï à�áá¬�âà¨¢�îâáï ¢ à�¡®â¥ [7]. �¢â®àë [7] à�§à�¡®â�«¨
ª®−æ¥¯æ¨î ã−¨ä¨æ¨à®¢�−−®© á¨áâ¥¬ë ’�„ (Typological Database System, TDS),
ª®â®à�ï ¢ª«îç�¥â ¢ á¥¡ï £«®¡�«ì−ãî ®−â®«®£¨î «¨−£¢¨áâ¨ç¥áª¨å ¯®−ïâ¨© ¨ −�¡®à
«®ª�«ì−ëå ®−â®«®£¨© | ¯® ®¤−®© ¤«ï ª�¦¤®© �„, ¨−â¥£à¨à®¢�−−®© ¢ á¨áâ¥¬ã.
‚ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨ ª®−æ¥¯æ¨¨ ¢ëïá−¨«®áì, çâ® ®á−®¢−�ï âàã¤−®áâì á¢ï§�−�
−¥ á §�¤�ç¥© ¨−â¥£à�æ¨¨ ï§ëª®¢ëå ¤�−−ëå, åà�−ïé¨åáï ¢ à�§«¨ç−ëå ä®à¬�â�å
¨ ¢ à�§«¨ç−ëå ¯à®£à�¬¬−ëå áà¥¤�å, � á® á«¥¤ãîé¨¬¨ ¤¢ã¬ï ¯à®¡«¥¬�¬¨.

‚®-¯¥à¢ëå, íâ® −¥®¡å®¤¨¬®áâì ®¯¨á�âì ¨ ¯®¤¤¥à¦¨¢�âì ¢ TDS, � â�ª¦¥
¢¨§ã�«¨§¨à®¢�âì ®£à®¬−®¥ ç¨á«® ®¯¨á�â¥«ì−ëå ¯�à�¬¥âà®¢. ‚®-¢â®àëå, çâ®
®ª�§�«®áì −�¨¡®«¥¥ á«®¦−®© ¯à®¡«¥¬®©, íâ® à�§«¨ç¨ï ¢ áâàãªâãà�å, â¥à¬¨−®«®-
£¨¨ ¨ â¥®à¥â¨ç¥áª¨å ¯®¤å®¤�å, ¨á¯®«ì§®¢�¢è¨åáï ¯à¨ á®§¤�−¨¨ à�§«¨ç−ëå ’�„,
¨−â¥£à¨àã¥¬ëå ¢ TDS. �â¨ à�§«¨ç¨ï ®¡ãá«®¢«¥−ë â¥¬, çâ® à�§−ë¥ ’�„ à�§à�¡�-
âë¢�«¨áì −¥§�¢¨á¨¬ë¬¨ ª®««¥ªâ¨¢�¬¨ á à�§−ë¬¨ ª®−æ¥¯âã�«ì−ë¬¨ ¯®¤å®¤�¬¨,
§�¤�ç�¬¨, −�ãç−ë¬¨ ¯�à�¤¨£¬�¬¨ ¨ ¨−â¥à¥á�¬¨.

ˆáå®¤ï ¨§ ®¯ëâ� ¨−â¥£à�æ¨¨ �„, �¢â®àë à�¡®âë [7] ¤�îâ à�§à�¡®âç¨ª�¬
’�„ àï¤ á®¢¥â®¢, ¢ ç�áâ−®áâ¨, ®−¨ à¥ª®¬¥−¤ãîâ:

{ ¤®ªã¬¥−â¨à®¢�âì ¢á¥ â¥®à¥â¨ç¥áª¨¥ ¯à¥¤¯®áë«ª¨ ¨ ¯à®æ¥¤ãàë, çâ®¡ë ¨¬¥âì
¢®§¬®¦−®áâì «¥£ª® ¢®ááâ�−®¢¨âì ¯à¨−æ¨¯ë, −� ª®â®àëå áâà®¨«�áì ’�„;

{ ä¨ªá¨à®¢�âì ¢á¥ ¨áâ®ç−¨ª¨ ¨−ä®à¬�æ¨¨, ¨á¯®«ì§®¢�−−ë¥ ¯à¨ á®§¤�−¨¨ ’�„,
çâ® ¯®¬®£�¥â ¯à¨ ¢ë¢¥àª¥ ¨ ¤®¯®«−¥−¨¨ á®¤¥à¦¨¬®£® ’�„;

{ ¨á¯®«ì§®¢�âì áâ�−¤�àâë ¤«ï â¥å ¯®«¥©, ¤«ï ª®â®àëå ®−¨ áãé¥áâ¢ãîâ (¢ ç�áâ-
−®áâ¨, áâ�−¤�àâ ISO 639-3 [8] ¤«ï ®¤−®§−�ç−®© ¨¤¥−â¨ä¨ª�æ¨¨ ï§ëª®¢);

{ ¨§¡¥£�âì ¨á¯®«ì§®¢�−¨ï ¯®«¥© á â¥ªáâ®¢ë¬¨ ª®¬¬¥−â�à¨ï¬¨, ¯® ¢®§¬®¦−®áâ¨
§�¬¥−ïï ¨å ç¥âª® áâàãªâãà¨à®¢�−−ë¬¨ ¯®«ï¬¨;

{ ¨§¡¥£�âì ¨á¯®«ì§®¢�−¨ï Null-§−�ç¥−¨© ¢ ’�„ ¨§-§� −¥®¤−®§−�ç−®áâ¨ ¨å
¨−â¥à¯à¥â�æ¨¨ [9].
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3 «Характеристические» типологические базы данных широкого
профиля

Ÿ¤à® áå¥¬ë ’�„ ¬®¦¥â ¨¬¥âì ®â−®á¨â¥«ì−® ¯à®áâãî ú¬�âà¨ç−ãîû áâàãª-
âãàã, ¢ ª®â®à®© ¤«ï n §�¤�−−ëå ï§ëª®¢ ¨ m ¨å ¯à¨§−�ª®¢ ¢ ¨¤¥�«ì−®¬ á«ãç�¥
−¥®¡å®¤¨¬® ¯à®áâ�¢¨âì n · m §−�ç¥−¨© íâ¨å ¯à¨§−�ª®¢; ¨−�ç¥ £®¢®àï, n ï§ëª®¢
å�à�ªâ¥à¨§ãîâáï ¬�ªá¨¬ã¬ ¯® m ¯à¨§−�ª�¬. ’¨¯®«®£¨ç¥áª¨¥ �„, ¢ ®á−®¢¥
ª®â®àëå «¥¦¨â ¯®¤®¡−ë© ¯à¨−æ¨¯ ¯®áâà®¥−¨ï áå¥¬ë, ¬®¦−® ãá«®¢−® −�§¢�âì
úå�à�ªâ¥à¨áâ¨ç¥áª¨¬¨û.

�á−®¢−ë¬¨ ®â«¨ç¨â¥«ì−ë¬¨ ®á®¡¥−−®áâï¬¨ úå�à�ªâ¥à¨áâ¨ç¥áª¨åû ’�„
ï¢«ïîâáï ¯¥à¥ç−¨ á®¯®áâ�¢«ï¥¬ëå ï§ëª®¢ ¨ −�¡®àë ¯à¨§−�ª®¢ ¤«ï ®¯¨á�−¨ï
ï§ëª®¢. ‚ −¥ª®â®àëå ’�„ íâ¨ −�¡®àë ®â−®á¨â¥«ì−® −¥¢¥«¨ª¨ | ¨áá«¥¤®¢�â¥-
«¨ ®£à�−¨ç¨¢�îâ á¢®î §�¤�çã ã§ª¨¬¨ á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ −�¡®à�¬¨ á¢®©áâ¢
¨ −¥¡®«ìè®© £àã¯¯®© ï§ëª®¢. ’¨¯®«®£¨ç¥áª¨¥ �„ ®¡ëç−® á®§¤�îâáï −¥¡®«ì-
è¨¬¨ ¨áá«¥¤®¢�â¥«ìáª¨¬¨ £àã¯¯�¬¨ ¤«ï ¨áá«¥¤®¢�−¨ï ª®−ªà¥â−ëå ï§ëª®¢ëå
ï¢«¥−¨© [10]. ��¡®àë ¯à¨§−�ª®¢ ®¯à¥¤¥«ïîâáï ¢ á®®â¢¥âáâ¢¨¨ á æ¥«ï¬¨ ¨áá«¥-
¤®¢�−¨ï, −�¡®àë ï§ëª®¢ | ¢ á®®â¢¥âáâ¢¨¨ á ¬�áèâ�¡®¬ ¨áá«¥¤ã¥¬®£® ï§ëª®¢®£®
ï¢«¥−¨ï «¨¡® á æ¥«ï¬¨ ¨ §�¤�ç�¬¨ ¨áá«¥¤®¢�−¨ï. …á«¨ ¤�−−®¥ ï§ëª®¢®¥ ï¢«¥−¨¥
¨áá«¥¤ã¥âáï ¢ £«®¡�«ì−®¬ ¬�áèâ�¡¥, â® ¢ë¡®àª� ï§ëª®¢ ®¡ëç−® ¤¥«�¥âáï á ãç¥â®¬
¬�ªá¨¬�«ì−®© �à¥�«ì−®© ¨ £¥−¥â¨ç¥áª®© ¯à¥¤áâ�¢¨â¥«ì−®áâ¨, â. ¥. ¨áá«¥¤®¢�â¥-
«¨ áâà¥¬ïâáï ¢ª«îç¨âì ¢ ’�„ ¬�ªá¨¬ã¬ ¯à¥¤áâ�¢¨â¥«¥© à�§«¨ç−ëå ï§ëª®¢ëå
£àã¯¯ ¨ à¥£¨®−®¢. �¤−�ª® ’�„ â�ª¦¥ ¬®£ãâ ®å¢�âë¢�âì ®â−®á¨â¥«ì−® −¥¡®«ìè¨¥
£àã¯¯ë ï§ëª®¢, −�¯à¨¬¥à à®¬�−áª¨¥ (¯® à®¤®¢®¬ã ¯à¨−æ¨¯ã) ¨«¨ �äà¨ª�−áª¨¥
(¯® £¥®£à�ä¨ç¥áª®¬ã ¯à¨−æ¨¯ã). ��ª®−¥æ, ¨−®£¤� �¢â®àë ’�„ ®£à�−¨ç¨¢�îâáï
ï§ëª�¬¨, ¤«ï ª®â®àëå ¤®áâã¯−ë á®®â¢¥âáâ¢ãîé¨¥ ¤�−−ë¥ (−�¯à¨¬¥à, ¢ ¢¨¤¥
®¯ã¡«¨ª®¢�−−ëå £à�¬¬�â¨ª), | ¢ íâ®¬ á«ãç�¥ −�¡®à ï§ëª®¢ ç�áâ® −¥ ï¢«ï¥âáï
£¥−¥â¨ç¥áª¨ ¨«¨ �à¥�«ì−® á¡�«�−á¨à®¢�−−ë¬.

‘ãé¥áâ¢ãîâ ¯® ªà�©−¥© ¬¥à¥ ¤¢� ¤®áâ�â®ç−® �¬¡¨æ¨®§−ëå ¯à®¥ªâ�, ¢ à�¬ª�å
ª®â®àëå −� ¯à®âï¦¥−¨¨ ¬−®£¨å «¥â à�§à�¡�âë¢�îâáï ’�„, ¯®¤¤¥à¦¨¢�îé¨¥
®¡è¨à−ë¥ ¬�áá¨¢ë ¯à¨§−�ª®¢ ¤«ï ¡®«ìè¨å £àã¯¯ ï§ëª®¢.

’¨¯®«®£¨ç¥áª�ï �„ World Atlas of Language Structures (WALS) −� 27 ¤¥-
ª�¡àï 2014 £. á®¤¥à¦�«� ¨−ä®à¬�æ¨î ® 2679 ï§ëª�å, å�à�ªâ¥à¨§ã¥¬ëå ¬�ªá¨-
¬ã¬ 192 ¯à¨§−�ª�¬¨ [11]. ˆ−ë¬¨ á«®¢�¬¨, −¥ ¤«ï ª�¦¤®£® ï§ëª� ®¡ï§�â¥«ì−®
ãª�§�−ë ¢á¥ 192 ¯à¨§−�ª�, −�¯à¨¬¥à ¤«ï àãááª®£® ï§ëª� ¯à¨¢¥¤¥−ë §−�ç¥−¨ï
¤«ï 156 ¨§ −¨å [12].

‚â®à�ï ®¡è¨à−�ï ª®««¥ªæ¨ï ¯à¨§−�ª®¢ ï§ëª®¢ á®¤¥à¦¨âáï ¢ �„ úŸ§ëª¨
Œ¨à�û (ŸŒ), ¢ª«îç�îé¥© ¨−ä®à¬�æ¨î ® 3821 ¯à¨§−�ª¥ ¤«ï 315 ï§ëª®¢ [13].

‚¨¤−®, çâ® ¢ ¯®¤®¡−ëå ¬�áèâ�¡−ëå ¯à®¥ªâ�å �ªæ¥−â ¤¥«�¥âáï «¨¡® −� è¨-
à®ª¨© á¯¥ªâà ï§ëª®¢ (¯à¨ ®£à�−¨ç¥−−®¬ −�¡®à¥ ¯à¨§−�ª®¢ | WALS), «¨¡® −�
®¡è¨à−ë¥ −�¡®àë ¯à¨§−�ª®¢ (¯à¨ ®£à�−¨ç¥−−®¬ −�¡®à¥ ï§ëª®¢ | ŸŒ). �¤−�ª®
¤�¦¥ ¯à¨ â�ª¨å ®£à�−¨ç¥−¨ïå ¢ à�¬ª�å íâ¨å ¯à®¥ªâ®¢ ç�áâ® −¥ ¯à¥¤áâ�¢«ï¥â-
áï ¢®§¬®¦−ë¬ §�¯®«−¨âì á®®â¢¥âáâ¢ãîé¨¬¨ §−�ç¥−¨ï¬¨ ¢á¥ ïç¥©ª¨ ¯à¨§−�ª®¢
’�„. ’�ª, ¢ WALS ¢ 2009 £. ¨§ 360 960 ïç¥¥ª ¡ë«® §�¯®«−¥−® ®ª®«® 58 000 (16%),

202 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015



ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©: ’�„

â. ¥. ¤«ï ª�¦¤®£® ¯à¨§−�ª� ¡ë«¨ ¯à®áâ�¢«¥−ë §−�ç¥−¨ï ¢ áà¥¤−¥¬ ¤«ï 400 ï§ëª®¢
¨§ 2560 [11].

’¥¬¯ë í¢®«îæ¨¨ ’�„ ¨««îáâà¨àã¥â á«¥¤ãîé¨© ¯à¨¬¥à. ‚ 2009 £. ’�„
WALS ¢ª«îç�«� ¨−ä®à¬�æ¨î ® 141 ¯à¨§−�ª¥ ¤«ï 2560 ï§ëª®¢, â. ¥. §� 5 «¥â
ç¨á«® ï§ëª®¢ ã¢¥«¨ç¨«®áì −� 119, � ¬�ªá¨¬�«ì−®¥ ç¨á«® ¯à¨§−�ª®¢ | −� 51. „«ï
¯®¤®¡−®£® ¯®¯®«−¥−¨ï ¨−®£¤� −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ âàã¤®¥¬ªãî ¨ ¤®à®£®áâ®ïéãî
à�¡®âã, ª®â®à�ï ¬®¦¥â ¢ª«îç�âì ¢ á¥¡ï, ¢ â®¬ ç¨á«¥, ¯à®¢¥¤¥−¨¥ «¨−£¢¨áâ¨ç¥-
áª¨å íªá¯¥¤¨æ¨© ¤«ï −¥¯®áà¥¤áâ¢¥−−®£® ®¡é¥−¨ï á −®á¨â¥«ï¬¨ á®®â¢¥âáâ¢ãîé¨å
ï§ëª®¢.

÷¥§ã«ìâ�âë ¯à®¥ªâ� WALS ¨§−�ç�«ì−® ¡ë«¨ ®¯ã¡«¨ª®¢�−ë ¢ ¢¨¤¥ ª−¨£¨
á ª�àâ�¬¨ ¬¨à�, ¯®ª�§ë¢�îé¨¬¨ £«®¡�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ ï§ëª®¢ëå ¯à¨§−�-
ª®¢ [14]. �� ª�àâ�å ª�¦¤ë© ï§ëª ®¡®§−�ç¥− ¬−®¦¥áâ¢®¬ £¥®£à�ä¨ç¥áª¨ à�á¯à¥¤¥-
«¥−−ëå ªàã¦ª®¢, � ¤«ï ¢¨§ã�«¨§�æ¨¨ §−�ç¥−¨© ¯à¨§−�ª®¢ ¨á¯®«ì§ãîâáï à�§−ë¥
æ¢¥â� ªàã¦ª®¢. Š�¦¤ë© ¯à¨§−�ª ¨§−�ç�«ì−® ¬®£ ¨¬¥âì ®â 2 ¤® 9 ¢®§¬®¦−ëå
§−�ç¥−¨©, ¯®áª®«ìªã ¡®«ìè¥ ç¥¬ ¤¥¢ïâì æ¢¥â®¢ âàã¤−® ¡ë«® ç¥âª® ¯¥à¥¤�âì −�
ª�àâ¥. ‚ ¨§¤�−¨¥ ¢−¥á«¨ á¢®© ¢ª«�¤ ¡®«¥¥ ç¥¬ 40 �¢â®à®¢. ˆå §�¤�ç� á®áâ®-
ï«� ¢ á¡®à¥ ¨−ä®à¬�æ¨¨ ¨§ à�§«¨ç−ëå ¨§¤�−¨© (á¯à�¢®ç−¨ª®¢ ¯® £à�¬¬�â¨ª¥,
á«®¢�à¥©, −�ãç−ëå áâ�â¥©). Šà®¬¥ íâ¨å ¨áâ®ç−¨ª®¢ ¨á¯®«ì§®¢�«�áì ¨−ä®à¬�-
æ¨ï, ª®â®à�ï ¡ë«� ¯®«ãç¥−� ¡«�£®¤�àï ¨å «¨ç−ë¬ á¢ï§ï¬ á íªá¯¥àâ�¬¨ ¨«¨
−®á¨â¥«ï¬¨ á®®â¢¥âáâ¢ãîé¨å ï§ëª®¢. ‚ ª−¨£¥ �¢â®àë ¯à¨¢®¤ïâ â¥ªáâ®¢®¥ ®¯¨á�-
−¨¥ ª�¦¤®£® ¯à¨§−�ª� (¢¬¥áâ¥ á ¥£® §−�ç¥−¨ï¬¨), ¤�îâ ¯®ïá−¥−¨ï ®â−®á¨â¥«ì−®
¥£® â¥®à¥â¨ç¥áª®© §−�ç¨¬®áâ¨ ¨ ª®¬¬¥−â¨àãîâ ®á®¡¥−−®áâ¨ ¥£® £¥®£à�ä¨ç¥áª®£®
à�á¯à¥¤¥«¥−¨ï.

‚¬¥áâ¥ á ª−¨£®© ¡ë«� ¢ë¯ãé¥−� â�ª¦¥ ¥¥ í«¥ªâà®−−�ï ¢¥àá¨ï −� ª®¬¯�ªâ-
¤¨áª¥. �®«ì§®¢�â¥«¨ ª®¬¯ìîâ¥à®¢ ¬®£«¨ ¯à®á¬�âà¨¢�âì ª�àâë, ®¯ã¡«¨ª®¢�−−ë¥
−� ¤¨áª¥, � â�ª¦¥ ¤¥«�âì á®¡áâ¢¥−−ë¥ §�¯à®áë ª WALS, −�¯à¨¬¥à: ª�ª¨¥ ª®à-
à¥«ïæ¨¨ áãé¥áâ¢ãîâ ¬¥¦¤ã áâàãªâãà−ë¬¨ ¯à¨§−�ª�¬¨ ¢ à�§«¨ç−ëå ®¡«�áâïå
£à�¬¬�â¨ª¨, � â�ª¦¥ ª�ª £¥®£à�ä¨ç¥áª¨ à�á¯à¥¤¥«ïîâáï â¥ ¨«¨ ¨−ë¥ ¯à¨§−�ª¨.
�®¨áª ª®àà¥«ïæ¨© ¬®¦−® ®áãé¥áâ¢«ïâì ª�ª á ¯à¨¢ï§ª®©, â�ª ¨ ¡¥§ ¯à¨¢ï§ª¨
ª £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨. �à¨ íâ®¬ á®¢¬¥áâ−®¥ ¨áá«¥¤®¢�−¨¥ ¯à¨§−�-
ª®¢ ¨ �à¥�«ì−ëå ¬®¤¥«¥© ®ª�§�«®áì ¯à®¤ãªâ¨¢−ë¬ ¤«ï ®¡−�àã¦¥−¨ï §−�ç¨¬ëå
ª®àà¥«ïæ¨©, ¢�¦−ëå ¤«ï ¯®−¨¬�−¨ï £¥®£à�ä¨ç¥áª¨å ®á®¡¥−−®áâ¥© â¨¯®«®£¨¨
ï§ëª®¢ [15].

‘ 2008 £. WALS áâ�«� ¤®áâã¯−� ç¥à¥§ ˆ−â¥à−¥â [16]. �−«�©−-¢¥àá¨ï WALS
¯à®¤®«¦�¥â á®¢¥àè¥−áâ¢®¢�âìáï ª�ª ¢ ¯«�−¥ ¯®¯®«−¥−¨ï ’�„ −®¢ë¬¨ ¤�−−ë¬¨,
â�ª ¨ ¢ ¯«�−¥ à�áè¨à¥−¨ï ¥¥ äã−ªæ¨®−�«ì−®áâ¨. ‚ −¥© ¯®ï¢«ïîâáï −®¢ë¥
ú£«�¢ëû, ¯®á¢ïé¥−−ë¥ −®¢ë¬ ¯à¨§−�ª�¬ (ª�ª ¡ë«® ®â¬¥ç¥−®, −� 27.12.2014 ¨å
ç¨á«® ¤®áâ¨£«® 192). ’�ª¦¥ ¯®ï¢¨«�áì äã−ªæ¨ï ®¡à�â−®© á¢ï§¨, ¯®§¢®«ïîé�ï
¯®«ì§®¢�â¥«ï¬ ª®¬¬¥−â¨à®¢�âì ¨ ®¡áã¦¤�âì ª�ª á�¬¨ ¯à¨§−�ª¨, â�ª ¨ §−�ç¥−¨ï
íâ¨å ¯à¨§−�ª®¢, ¯à®áâ�¢«¥−−ë¥ ¤«ï ª®−ªà¥â−ëå ï§ëª®¢.

�ë«¨ á−ïâë −¥ª®â®àë¥ ®£à�−¨ç¥−¨ï, −�«®¦¥−−ë¥ −� áâàãªâãàã WALS ¢ −�ç�-
«¥ ¯à®¥ªâ�. ��¯à¨¬¥à, ®£à�−¨ç¥−¨¥ −� ç¨á«® ¢®§¬®¦−ëå §−�ç¥−¨© ¯à¨§−�ª®¢ (9)
¯à¨¢®¤¨«® ª â®¬ã, çâ® −� ¬−®£¨å ª�àâ�å ¡ë«® §�¤¥©áâ¢®¢�−® −¨§ª®¨−ä®à¬�â¨¢-
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−®¥ §−�ç¥−¨¥ ú¤àã£®©û ¨«¨ úá¬¥è�−−ë©û. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬�ªá¨¬�«ì−®¥
ç¨á«® ¢®§¬®¦−ëå §−�ç¥−¨© ¯à¨§−�ª®¢ ã¢¥«¨ç¥−® ¤® 28. �à¨ íâ®¬ ¨−â¥à�ª-
â¨¢−ë© ¯®«ì§®¢�â¥«ìáª¨© ¨−â¥àä¥©á ¯®§¢®«ï¥â ¯à¨ −¥®¡å®¤¨¬®áâ¨ �£à¥£¨à®¢�âì
−¥áª®«ìª® §−�ç¥−¨© ¢¬¥áâ¥, â�ª¨¬ ®¡à�§®¬ ¯®«ì§®¢�â¥«ì ¬®¦¥â á¢¥áâ¨ −¥áª®«ìª®
§−�ç¥−¨© ª�ª®£®-«¨¡® ç¨á«®¢®£® ¯à¨§−�ª� ª â�ª¨¬ −®¬¨−�â¨¢−ë¬ §−�ç¥−¨ï¬,
ª�ª úáà¥¤−¥¥û, ú−¨¦¥ áà¥¤−¥£®û ¨ ú¢ëè¥ áà¥¤−¥£®û. ’�ª¦¥ ¯®«ì§®¢�â¥«¨ ¬®£ãâ
á®§¤�¢�âì á¢®¨ á®¡áâ¢¥−−ë¥ á®áâ�¢−ë¥ ¯à¨§−�ª¨ ¯ãâ¥¬ ª®¬¡¨−¨à®¢�−¨ï §−�ç¥−¨©
¤¢ãå ¨«¨ ¡®«¥¥ à�§«¨ç−ëå ¯à¨§−�ª®¢.

‚�¦−® ®â¬¥â¨âì, çâ® ¢ WALS ª®−æ¥¯æ¨ï ¨á¯®«ì§®¢�−¨ï ¯à¨§−�ª®¢ ¨ ¨å
§−�ç¥−¨© −¥ ã−¨ä¨æ¨à®¢�−�, � ¨á¯®«ì§ã¥¬ë¥ â¥à¬¨−ë −¥ ¨¬¥îâ ®¤−®£® ¨ â®£® ¦¥
§−�ç¥−¨ï ¢ à�§−ëå £«�¢�å, â. ¥. WALS −¥ ¨¬¥¥â ®¡é¥© ®−â®«®£¨¨, � «¨−£¢¨áâ¨ç¥-
áª¨¥ â¥à¬¨−ë ®¯à¥¤¥«ïîâáï §�−®¢® ¢ ª�¦¤®© £«�¢¥ ¥¥ �¢â®à�¬¨. �â®â −¥¤®áâ�â®ª
á®åà�−ï¥âáï ¨ ¢ í«¥ªâà®−−®© ¢¥àá¨¨ ’�„ WALS, ¯®áª®«ìªã ¥£® £®à�§¤® âàã¤−¥¥
ãáâà�−¨âì, ç¥¬ ¤àã£¨¥, ã¦¥ ã¯®¬ï−ãâë¥ ¢ëè¥.

C −�ç�«� 1980-å ££. ¢ ˆ−áâ¨âãâ¥ ï§ëª®§−�−¨ï ÷�� ¢¥¤¥âáï à�¡®â� −�¤ ’�„
ŸŒ [17]. ˆ§−�ç�«ì−® ®−� à�§à�¡�âë¢�«�áì ª�ª ª®¬¯ìîâ¥à−ë© á¯à�¢®ç−ë© �¯¯�-
à�â ¤«ï í−æ¨ª«®¯¥¤¨¨ úŸ§ëª¨ ¬¨à�û, ¨§¤�îé¥©áï á 1993 £. ¯® −�áâ®ïé¥¥ ¢à¥¬ï
(−� á¥£®¤−ï ®¯ã¡«¨ª®¢�−® 20 â®¬®¢ [18]). ‚ ¤�«ì−¥©è¥¬ ¨¤¥ï âà�−áä®à¬¨à®¢�«�áì
¢ ¯à®¥ªâ ¯® à�§à�¡®âª¥ �„, á®§¤�¢�¥¬®© −� ®á−®¢¥ í−æ¨ª«®¯¥¤¨¨, ¯®§¢®«ïîé¥©
¨§¢«¥ª�âì á¢¥¤¥−¨ï «¨−£¢®-â¨¯®«®£¨ç¥áª®£® å�à�ªâ¥à� ¡¥§ −¥¯®áà¥¤áâ¢¥−−®£®
®¡à�é¥−¨ï ª á�¬®¬ã í−æ¨ª«®¯¥¤¨ç¥áª®¬ã ¨§¤�−¨î.

�à¨§−�ª¨ ï§ëª®¢ ¢ ŸŒ ª«�áá¨ä¨æ¨à®¢�−ë ¢ à�¬ª�å ¥¤¨−®© ¨¥à�àå¨ç¥áª®©
áâàãªâãàë (¬®¤¥«¨). �¥à¢®¬ã ãà®¢−î ¨¥à�àå¨¨ á®®â¢¥âáâ¢ãîâ −�¨¬¥−®¢�−¨ï
ª«�áá®¢ ï§ëª®¢ëå ï¢«¥−¨©, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ª«�áá�¬, á®¤¥à¦�é¨¬áï
¢ áå¥¬�å áâ�â¥© í−æ¨ª«®¯¥¤¨¨ úŸ§ëª¨ ¬¨à�û. ‚−ãâà¨ ª«�áá®¢ ¢ë¤¥«ïîâáï
¢®§¬®¦−ë¥ �á¯¥ªâë à�áá¬®âà¥−¨ï ¤�−−®£® ª«�áá�, −� ¡®«¥¥ −¨§ª¨å áâã¯¥−ïå ¬®-
¦¥â à�á¯®«�£�âìáï −¥áª®«ìª® ãà®¢−¥© ¯®¤�á¯¥ªâ®¢, � í«¥¬¥−âë, à�á¯®«®¦¥−−ë¥
−� ¯®á«¥¤−¥¬ ãà®¢−¥, −�§ë¢�îâáï å�à�ªâ¥à¨áâ¨ª�¬¨. ‚−ãâà¨ �á¯¥ªâ� ¬®¦¥â
á®¤¥à¦�âìáï ¤® ¯ïâ¨ ãà®¢−¥© ¨¥à�àå¨¨, ¯®á«¥¤−¨© ¨§ ª®â®àëå (á�¬ë© −¨§ª¨©)
¯à¥¤áâ�¢«¥− å�à�ªâ¥à¨áâ¨ª�¬¨, � ¢á¥ ¯à®¬¥¦ãâ®ç−ë¥ ¯® ®¯à¥¤¥«¥−¨î ï¢«ïîâáï
¯®¤�á¯¥ªâ�¬¨. ��¯à¨¬¥à: ª«�áá | ú¯à®á®¤¨ç¥áª¨¥ ï¢«¥−¨ïû, �á¯¥ªâ | úã¤�-
à¥−¨¥û, ¯®¤�á¯¥ªâ | úâ¨¯ ã¤�à¥−¨ïû, å�à�ªâ¥à¨áâ¨ª¨ | ú−¥ä®−®«®£¨ç¥áª®¥û,
úä®−®«®£¨ç¥áª®¥û.

�® á¢®¥© à®«¨ áâàãªâãà−ë¥ í«¥¬¥−âë ¤¥«ïâáï −� ª«�áá¨ä¨æ¨àãîé¨¥ ¨ ä�ª-
â®£à�ä¨ç¥áª¨¥. Š«�áá¨ä¨æ¨àãîé¨¥ í«¥¬¥−âë (ª«�ááë, �á¯¥ªâë ¨ ¯®¤�á¯¥ªâë)
¨£à�îâ ¢á¯®¬®£�â¥«ì−ãî à®«ì, ®−¨ á«ã¦�â á¢®¥£® à®¤� ª®®à¤¨−�â�¬¨, §�¤�-
îé¨¬¨ ¬¥áâ® â®© ¨«¨ ¨−®© å�à�ªâ¥à¨áâ¨ª¨ ¢ ®¡é¥© ¬®¤¥«¨. Š® ¢â®à®¬ã â¨¯ã
®â−®áïâáï á�¬¨ å�à�ªâ¥à¨áâ¨ª¨. ‚ ¬®¤¥«ì ¨¥à�àå¨ç¥áª®© áâàãªâãàë ¢ª«îç�¥âáï
¯¥à¥ç¥−ì −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ëå å�à�ªâ¥à¨áâ¨ª, −® ¥á«¨ ¯à¨ ®¯¨á�−¨¨ ª®−-
ªà¥â−®£® ï§ëª� −�¡«î¤�îâáï ï¢«¥−¨ï, ª®â®àë¥ −¥ ®¯¨áë¢�îâáï áâ�−¤�àâ−ë¬¨
å�à�ªâ¥à¨áâ¨ª�¬¨ ¬®¤¥«¨, ä®à¬ã«¨àã¥âáï −®¢�ï å�à�ªâ¥à¨áâ¨ª�, �−�«®£¨ç−�ï
¯® á¢®¨¬ ¯�à�¬¥âà�¬ å�à�ªâ¥à¨áâ¨ª�¬, ¯à¨áãâáâ¢ãîé¨¬ ¢ ¬®¤¥«¨. ’�ª¨¬ ®¡à�-
§®¬, ’�„ ŸŒ ¯à¨¬¥ç�â¥«ì−� â¥¬, çâ® ¢ −¥©, ¢ ®â«¨ç¨¥, −�¯à¨¬¥à, ®â ’�„
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ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©: ’�„

WALS, à¥�«¨§®¢�−� ¥¤¨−�ï ®−â®«®£¨ï ¤«ï ®¯¨á�−¨ï «¨−£¢¨áâ¨ç¥áª¨å ï¢«¥-
−¨©.

‘�¬ë¬ ®ç¥¢¨¤−ë¬ ¢�à¨�−â®¬ ¨á¯®«ì§®¢�−¨ï úå�à�ªâ¥à¨áâ¨ç¥áª¨åû ’�„
è¨à®ª®£® ¯à®ä¨«ï ï¢«ï¥âáï ¯®¨áª á¯à�¢®ç−®© ¨−ä®à¬�æ¨¨ ® ï§ëª�å ¨ ® ï§ë-
ª®¢ëå ª®−áâàãªæ¨ïå. �¤−�ª® ã −¨å ¥áâì ¨ ¤àã£¨¥ ¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï,
ª®â®àë¥ à�áá¬�âà¨¢�îâáï ¢ [17]. �−¨ ¬®£ãâ ¯à¨¬¥−ïâìáï ¢ ¯à®æ¥áá¥ à¥è¥−¨ï
§�¤�ç, á¢ï§�−−ëå á ª«�áá¨ä¨ª�æ¨¥© ï§ëª®¢, −�¯à¨¬¥à, ¯à¨ ¢ëïá−¥−¨¨ áâ¥¯¥−¨
¡«¨§®áâ¨ ï§ëª®¢, ª®â®à�ï ¬®¦¥â ¢ëç¨á«ïâìáï ¯® à�§«¨ç−ë¬ �«£®à¨â¬�¬ −� ®á−®¢¥
¤�−−ëå úå�à�ªâ¥à¨áâ¨ç¥áª¨åû ’�„. �®¤®¡−ë¥ §�¤�ç¨ ¬®£ãâ ¨¬¥âì �à¥�«ì−ãî,
£¥−¥â¨ç¥áªãî ¨«¨ ¤�¦¥ ¨áâ®à¨ç¥áªãî ®à¨¥−â�æ¨î, ¯®áª®«ìªã áâ¥¯¥−ì ¡«¨§®áâ¨
ï§ëª®¢ ¬®¦¥â ®¡êïá−ïâìáï ª�ª £¥−¥â¨ç¥áª¨¬¨, â�ª ¨ �à¥�«ì−ë¬¨ ä�ªâ®à�¬¨, � −�
®á−®¢¥ ¨−ä®à¬�æ¨¨ ® £¥−¥â¨ç¥áª¨å ¨/¨«¨ �à¥�«ì−ëå á¢ï§ïå ¬¥¦¤ã ï§ëª�¬¨
¬®£ãâ ¡ëâì á¤¥«�−ë ¢ë¢®¤ë ® ¯ãâïå ¬¨£à�æ¨¨ ç¥«®¢¥ç¥áâ¢� ¯à¨ à�áá¥«¥−¨¨ ¯®
¯«�−¥â¥. ÷¥§ã«ìâ�âë £¥−¥â¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨ ï§ëª®¢ −� ®á−®¢¥ ’�„ WALS
¨ ŸŒ á®¯®áâ�¢«ïîâáï ¢ à�¡®â¥ [19]. �® ¬−¥−¨î �¢â®à®¢ íâ®© à�¡®âë, à¥§ã«ìâ�âë
£¥−¥â¨ç¥áª®£® �−�«¨§�, ¯®«ãç¥−−ë¥ −� ®á−®¢¥ ¤�−−ëå WALS, −¥ á®¢á¥¬ â®ç−®
®âà�¦�îâ áâ¥¯¥−ì ¡«¨§®áâ¨ ï§ëª®¢, ¢ â® ¢à¥¬ï ª�ª à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ −�
®á−®¢¥ ŸŒ, ¤�îâ ¢®§¬®¦−®áâì ¯à�¢¨«ì−® ¢ë¤¥«¨âì −¥áª®«ìª® £àã¯¯ ï§ëª®¢.
Œ®¦−® ¯à¥¤¯®«®¦¨âì, çâ® íâ®â à¥§ã«ìâ�â ®¡ãá«®¢«¥− ¡®«¥¥ ®¡è¨à−ë¬ ¯à®áâà�−-
áâ¢®¬ ¯à¨§−�ª®¢ ¢ ŸŒ ¨ −�«¨ç¨¥¬ ¥¤¨−®© ¨¥à�àå¨ç¥áª®© á¨áâ¥¬ë ª«�áá¨ä¨ª�æ¨¨
íâ¨å ¯à¨§−�ª®¢.

4 Специализированные типологические базы данных

‚ ®â«¨ç¨¥ ®â ç¨áâ® úå�à�ªâ¥à¨áâ¨ç¥áª¨åû ’�„ è¨à®ª®£® ¯à®ä¨«ï, ¬−®£¨¥
á¯¥æ¨�«¨§¨à®¢�−−ë¥ ’�„ ¬®£ãâ â�ª¦¥ ¢ª«îç�âì ¢ á¥¡ï ¡®«¥¥ ¨«¨ ¬¥−¥¥ è¨à®-
ª¨¥ −�¡®àë ¨áå®¤−®£® ï§ëª®¢®£® ¬�â¥à¨�«�, â. ¥. −¥ª®â®àë¥ ª®−áâàãªæ¨¨ ¨«¨
â¥ªáâ®¢ë¥ äà�£¬¥−âë, −� ®á−®¢�−¨¨ �−�«¨§� ª®â®àëå ¨áá«¥¤®¢�â¥«¨ §�â¥¬ å�à�ª-
â¥à¨§ãîâ ¨ ª«�áá¨ä¨æ¨àãîâ á®®â¢¥âáâ¢ãîé¨¥ ï§ëª¨. ’�ª¨¥ ’�„ ¬®£ãâ ¨¬¥âì
¡®«¥¥ á«®¦−ãî áâàãªâãàã, ª®â®à�ï à�§à�¡�âë¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á æ¥«ï¬¨
¨ â¥®à¥â¨ç¥áª¨¬¨ ¯à¥¤¯®áë«ª�¬¨ ¨áá«¥¤®¢�â¥«¥©, à�¡®â�îé¨å −�¤ ª®−ªà¥â−ë¬¨
¯à®¥ªâ�¬¨.

��¯à¨¬¥à, ú’�„ «¨ç−ëå ¨ ãª�§�â¥«ì−ëå ¬¥áâ®¨¬¥−¨©û (’�„ ‹“Œ) [20]
¯®¬¨¬® ®¡é¥© ï§ëª®¢®© ¨−ä®à¬�æ¨¨ ¢ª«îç�¥â ¢ á¥¡ï −�¡®àë ¬¥áâ®¨¬¥−¨©
¤«ï 109 â¨¯®«®£¨ç¥áª¨ à�§«¨ç−ëå ï§ëª®¢, ¢ª«îç�ï ¨å ¯�à�¤¨£¬ë, � â�ª¦¥
à¥§î¬¥ ¬¥áâ®¨¬¥−−ëå á¨áâ¥¬ ¤«ï ª�¦¤®£® ¨§ íâ¨å ï§ëª®¢. �à¨ íâ®¬ ª�¦¤®¥
¬¥áâ®¨¬¥−¨¥ ª«�áá¨ä¨æ¨à®¢�−® ¢ á®®â¢¥âáâ¢¨¨ á §�¤�−−ë¬ −�¡®à®¬ ¬®àä®á¨−-
â�ªá¨ç¥áª¨å �âà¨¡ãâ®¢.

–¥«ìî ¯®¤®¡−ëå ’�„, ª�ª ¯à�¢¨«®, ï¢«ï¥âáï ¢ëï¢«¥−¨¥ â¨¯®«®£¨ç¥áª¨å
â¥−¤¥−æ¨© ¨ â¨¯®«®£¨ç¥áª¨ −¥®¡ëç−ëå ï¢«¥−¨© (â. ¥. ¨áª«îç¥−¨© ¨§ íâ¨å
â¥−¤¥−æ¨©). ��¯à¨¬¥à, ¢ à¥§ã«ìâ�â¥ �−�«¨§� á®¤¥à¦�−¨ï ’�„ ‹“Œ ¡ë«® ãáâ�-
−®¢«¥−®, çâ® ¥¥ ¤�−−ë¥ á®®â¢¥âáâ¢ãîâ ¨§¢¥áâ−ë¬ «¨−£¢¨áâ¨ç¥áª¨¬ ã−¨¢¥àá�«¨ï¬
¬®àä®á¨−â�ªá¨ç¥áª¨å �âà¨¡ãâ®¢, ¢ ç�áâ−®áâ¨, á®¢¬¥áâ¨¬ë á ¨¥à�àå¨¥© ¯�¤¥¦¥©,

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015 205



Œ. ƒ. Šàã¦ª®¢

ãáâ�−®¢«¥−−®© Blake [21], ¢ ª®â®à®© £à�¬¬�â¨ç¥áª¨å ¯�¤¥¦¥© ¡®«ìè¥, ç¥¬ «®-
ª�«ì−ëå, � «®ª�«ì−ëå, ¢ á¢®î ®ç¥à¥¤ì, ¡®«ìè¥, ç¥¬ ¯�¤¥¦¥© ¤àã£¨å â¨¯®¢.
‚¬¥áâ¥ á â¥¬ ¡ë«® ¯®ª�§�−®, −�¯à¨¬¥à, çâ® â�©áª¨¥ ¬¥áâ®¨¬¥−¨ï ®â«¨ç�îâáï ®â
¬¥áâ®¨¬¥−¨©, áãé¥áâ¢ãîé¨å ¢ ¤àã£¨å ï§ëª�å, −�áâ®«ìª® áãé¥áâ¢¥−−®, çâ® ¢áâ�¥â
¢®¯à®á ® â®¬, ï¢«ïîâáï «¨ ®−¨ ¢ ¤¥©áâ¢¨â¥«ì−®áâ¨ «¨ç−ë¬¨ ¬¥áâ®¨¬¥−¨ï¬¨ ¨«¨
¨å á«¥¤ã¥â ®â−¥áâ¨ ª ª«�ááã áãé¥áâ¢¨â¥«ì−ëå. ’�ª¨¬ ®¡à�§®¬, à�¡®â� −�¤ ’�„
‹“Œ ¯®áâ�¢¨«� ¯¥à¥¤ ¨áá«¥¤®¢�â¥«ï¬¨ â�ª¨¥ äã−¤�¬¥−â�«ì−ë¥ ¢®¯à®áë, ª�ª
çâ® ¦¥, á®¡áâ¢¥−−®, ï¢«ï¥âáï «¨ç−ë¬ ¬¥áâ®¨¬¥−¨¥¬ ¨ ¤¥©áâ¢¨â¥«ì−® «¨ «¨ç−ë¥
¬¥áâ®¨¬¥−¨ï áãé¥áâ¢ãîâ ¢® ¢á¥å ï§ëª�å.

…é¥ ®¤¨− ¯à¨¬¥à ’�„ á ¨áå®¤−ë¬ ï§ëª®¢ë¬ ¬�â¥à¨�«®¬ | ú’�„ ¨−â¥−-
á¨ä¨ª�â®à®¢ ¨ ¢®§¢à�â−ëå ¬¥áâ®¨¬¥−¨©û (’�„ ˆ‚Œ) [22]. „«ï íâ®© ®â−®á¨-
â¥«ì−® −¥¡®«ìè®© ’�„ ¡ë«� à�§à�¡®â�−� á¯¥æ¨�«ì−�ï â¨¯®«®£¨ï ¢®§¢à�â−ëå
¬¥áâ®¨¬¥−¨©. ’¨¯®«®£¨ç¥áª�ï �„ ˆ‚Œ á®¤¥à¦¨â 689 ¯à¨¬¥à®¢ ¤«ï ¡®«¥¥
ç¥¬ 100 ï§ëª®¢, ¨ ª�¦¤ë© ¯à¨¬¥à ¯®¬¥ç¥− á®®â¢¥âáâ¢ãîé¨¬ â¨¯®¬, å�à�ªâ¥-
à¨§ãîé¨¬ ¨««îáâà¨àã¥¬ë© ¨−â¥−á¨ä¨ª�â®à ¨«¨ ¢®§¢à�â−®¥ ¬¥áâ®¨¬¥−¨¥, çâ®
¯®§¢®«¨«® �¢â®à�¬ á®§¤�âì ¯®¨áª®¢ë© ¨−â¥àä¥©á ¤«ï ¯®¨áª� −ã¦−ëå ¯à¨¬¥à®¢.
ˆ§-§� áªà®¬−®£® ®¡ê¥¬� ’�„ ˆ‚Œ ¥¥ −¥«ì§ï ¨á¯®«ì§®¢�âì ¢ áâ�â¨áâ¨ç¥áª¨å
¯à®æ¥¤ãà�å, ®−� ¨¬¥¥â, £«�¢−ë¬ ®¡à�§®¬, ®¯¨á�â¥«ì−ãî æ¥«ì.

—â®¡ë ¯®ª�§�âì, ª�ª ’�„ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ®¯¨á�−¨ï ï§ëª®¢ëå ®¡ê-
¥ªâ®¢ ¨ ï¢«¥−¨©, à�áá¬®âà¨¬ àï¤ ’�„, à�§à�¡®â�−−ëå ¬®àä®«®£¨ç¥áª®© £àã¯¯®©
ã−¨¢¥àá¨â¥â� ‘ãàà¥ï (‚¥«¨ª®¡à¨â�−¨ï) [10]. ‚®-¯¥à¢ëå, íâ® ’�„ ¯® á¨−ªà¥-
â¨§¬ã ¢ à�§«¨ç−ëå ï§ëª�å (’�„‘¨−). ‘¨−ªà¥â¨§¬ ®¡ëç−® ®¯à¥¤¥«ï¥âáï ª�ª
ú®â−®è¥−¨¥ ¬¥¦¤ã á«®¢�¬¨, ¨¬¥îé¨¬¨ ®¤¨−�ª®¢ãî ä®à¬ã ¯à¨ à�§«¨ç−ëå §−�-
ç¥−¨ïå ¬®àä®á¨−â�ªá¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ªû1 [23]. �¤−�ª® ¢ ¯à®æ¥áá¥ à�¡®âë
−�¤ ’�„‘¨− �¢â®à�¬ ¯à¨è«®áì ¤�âì ¡®«¥¥ â®ç−®¥ ®¯à¥¤¥«¥−¨¥ à�áá¬�âà¨¢�-
¥¬®¬ã ï¢«¥−¨î, ¯®áª®«ìªã ¢ëè¥¯à¨¢¥¤¥−−®¥ ®¯à¥¤¥«¥−¨¥ ¯®¤à�§ã¬¥¢�¥â, çâ®
áãé¥áâ¢ãîâ §�à�−¥¥ ®¯à¥¤¥«¥−−ë¥ −�¡®àë ¬®àä®«®£¨ç¥áª¨å ¨ á¨−â�ªá¨ç¥áª¨å
å�à�ªâ¥à¨áâ¨ª (¯à¨§−�ª®¢) ¨ ¨å ¢®§¬®¦−ëå §−�ç¥−¨© ¤«ï ª�¦¤®£® à�áá¬�âà¨-
¢�¥¬®£® ï§ëª�. �¤−�ª® à�§«¨ç−ë¥ ¨áá«¥¤®¢�â¥«¨ ¬®£ãâ ¯®-à�§−®¬ã ¢ë¤¥«ïâì
−�¡®àë â�ª¨å å�à�ªâ¥à¨áâ¨ª. ‚ á¢ï§¨ á íâ¨¬ �¢â®àë ¯à¨−ï«¨ ¡®«¥¥ áâà®-
£®¥ ®¯à¥¤¥«¥−¨¥ á¨−ªà¥â¨§¬�, ¤�−−®¥ −� ®á−®¢¥ à�á¯à¥¤¥«¨â¥«ì−®£® ¯à¨−æ¨¯�,
®¯¨á�−−®£® Comrie ¢ à�¡®â¥ [24].

�ç¥¢¨¤−®, çâ® á¨−ªà¥â¨§¬ | ¤®áâ�â®ç−® á«®¦−®¥ ¤«ï ®¯¨á�−¨ï ï¢«¥−¨¥.
‚ ’�„‘¨− ¢ë¤¥«ï¥âáï 10 ¢®§¬®¦−ëå −�¡®à®¢ å�à�ªâ¥à¨áâ¨ª ¤«ï ®¯¨á�−¨ï á¨−-
ªà¥â¨§¬®¢: ç¨á«®, ¯�¤¥¦, à®¤, ®¯à¥¤¥«¥−−®áâì, «¨æ®, ¢à¥¬ï, −�ª«®−¥−¨¥, §�«®£,
¢¨¤, −�«¨ç¨¥/®âáãâáâ¢¨¥ ®âà¨æ�−¨ï. ‡−�ç¥−¨ï íâ¨å å�à�ªâ¥à¨áâ¨ª £àã¯¯¨àã-
îâáï ¢ ª®¬¡¨−�æ¨¨ ¢ ®â¤¥«ì−®© â�¡«¨æ¥, � á�¬ á¨−ªà¥â¨§¬ ®¯¨áë¢�¥âáï ª�ª ¯�à�
â�ª¨å ª®¬¡¨−�æ¨©. ’¨¯®«®£¨ç¥áª�ï �„ ¯® á¨−ªà¥â¨§¬ã ¢ à�§«¨ç−ëå ï§ëª�å
¯à¥¤ãá¬�âà¨¢�¥â §�¯¨áì â®«ìª® ¡¨−�à−ëå á¨−ªà¥â¨§¬®¢; ¥á«¨ ¡®«¥¥ ¤¢ãå ª®¬-
¡¨−�æ¨© ¨¬¥îâ ®¡éãî ä®à¬ã, â® â�ª®© ¬−®£®¬¥áâ−ë© á¨−ªà¥â¨§¬ à�§¡¨¢�¥âáï

1��¯à¨¬¥à, ¯à¨«�£�â¥«ì−®¥ ¡®«ìè®© ¬®¦¥â ¨¬¥âì å�à�ªâ¥à¨áâ¨ª¨ {¬ã¦áª®© à®¤, ¨¬¥−¨â¥«ì-
−ë© ¯�¤¥¦}, {¦¥−áª¨© à®¤, â¢®à¨â¥«ì−ë© ¯�¤¥¦}, {¦¥−áª¨© à®¤, ¤�â¥«ì−ë© ¯�¤¥¦} ¨ â. ¤.
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ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©: ’�„

−� −¥áª®«ìª® ¡¨−�à−ëå1. ‚ â�¡«¨æ¥, ®¯¨áë¢�îé¥© ¯�à�¬¥âàë á¨−ªà¥â¨§¬�,
á®¤¥à¦¨âáï ááë«ª� −� ¢−¥è−¨© à¥áãàá, ¢ ª®â®à®¬ ¯à¨¢®¤ïâáï ¯�à�¤¨£¬ë, ¨««î-
áâà¨àãîé¨¥ ®¯¨á�−−ë© á¨−ªà¥â¨§¬ ¤«ï ¤�−−®£® ï§ëª�.

‘ãàà¥©áª�ï £àã¯¯� â�ª¦¥ à�§à�¡®â�«� ’�„ ¯® áã¯¯«¥â¨¢¨§¬ã ¢ à�§«¨ç−ëå
ï§ëª�å (’�„‘ã¯), â. ¥. ï¢«¥−¨î, ¯à¨ ª®â®à®¬ ¤¢¥ ä«¥ªâ¨¢−ë¥ ä®à¬ë ®¤−®©
«¥ªá¨ç¥áª®© ¥¤¨−¨æë −¥ ¨¬¥îâ ï¢−®© ä®−®«®£¨ç¥áª®© á¢ï§¨ (ª�ª, −�¯à¨¬¥à,
¢ ¯�à�å ç¥«®¢¥ª/«î¤¨, ¨¤â¨/è¥«). ‘ã¯¯«¥â¨¢¨§¬ | −¥à¥£ã«ïà−®¥ ï¢«¥−¨¥, ¯®-
íâ®¬ã ¤«ï −¥£® á«®¦−® ¯®áâà®¨âì à¥£ã«ïà−ãî ¬®¤¥«ì. �¢â®àë ¤«ï ¥£® ®¯¨á�−¨ï
¨á¯®«ì§ãîâ áå¥¬ã ¤�−−ëå, ª®â®à�ï ¢® ¬−®£®¬ ¯®¢â®àï¥â áå¥¬ã ’�„‘¨−. �−�
â�ª¦¥ ¢ª«îç�¥â ¢ á¥¡ï 10 â�¡«¨æ á −�¡®à�¬¨ ï§ëª®¢ëå å�à�ªâ¥à¨áâ¨ª (ç¨á«®,
¯�¤¥¦ ¨ â. ¤.), §−�ç¥−¨ï ª®â®àëå â�ª¦¥ £àã¯¯¨àãîâáï ¢ ª®¬¡¨−�æ¨¨ ¢ ®â¤¥«ì−®©
â�¡«¨æ¥. „�«¥¥ ¢ â�¡«¨æ¥ ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï ®á−®¢ë «¥ªá¨ç¥áª¨å ¥¤¨−¨æ
¯à¨¢ï§ë¢�îâáï ª ª®¬¡¨−�æ¨ï¬, ¢ ª®â®àëå ®−¨ ¯à®ï¢«ïîâáï, � §�â¥¬ ¢ â�¡«¨æ¥
¥é¥ ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï ª®−ªà¥â−�ï «¥ªá¥¬� ®¡ê¥¤¨−ï¥âáï á à�§«¨ç−ë¬¨ ®á−®-
¢�¬¨, −�å®¤ïé¨¬¨áï ¬¥¦¤ã á®¡®© ¢ ®â−®è¥−¨¨ áã¯¯«¥â¨¢¨§¬�. ’�ª¨¬ ®¡à�§®¬,
®¯¨áë¢�¥¬®¥ ¢ ’�„‘ã¯ ï¢«¥−¨¥ ¯à¥¤áâ�¢«ï¥â á®¡®© ¤à¥¢®¢¨¤−ãî «®£¨ç¥áªãî
áâàãªâãàã, ª®â®à�ï, â¥¬ −¥ ¬¥−¥¥, ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� á ¯®¬®éìî ¨¥à�àå¨¨
â�¡«¨æ à¥«ïæ¨®−−®© �„.

5 Заключение

‚ ¤�−−®© à�¡®â¥ ®¯¨á�−ë ’�„, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ¯®¤¤¥à¦ª¨ ª®−âà�áâ¨¢−ëå
«¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©. �ë«¨ à�áá¬®âà¥−ë ¯à®¡«¥¬ë, á¢ï§�−−ë¥ á ä®à-
¬¨à®¢�−¨¥¬ ¨ ¨−â¥£à�æ¨¥© ’�„, � â�ª¦¥ ¯®¤à®¡−® ®¯¨á�−ë ¤¢� ®á−®¢−ëå ¢¨¤�
’�„, � ¨¬¥−−®: å�à�ªâ¥à¨áâ¨ç¥áª¨¥ ’�„ è¨à®ª®£® ¯à®ä¨«ï ¨ á¯¥æ¨�«¨§¨à®-
¢�−−ë¥ ’�„.

„«ï ¤¢ãå −�¨¡®«¥¥ ¨§¢¥áâ−ëå ’�„ ¯¥à¢®£® ¢¨¤� ¯à®¢¥¤¥− á®¯®áâ�¢¨â¥«ì−ë©
�−�«¨§ (’�„ WALS ¨ ’�„ ŸŒ). ‚ à¥§ã«ìâ�â¥ áà�¢−¥−¨ï íâ¨å �„ ®â¬¥ç�¥âáï,
çâ® ’�„ WALS ¢ª«îç�¥â ¢ á¥¡ï §−�ç¨â¥«ì−® ¡®«ìè¥ ï§ëª®¢, ç¥¬ ’�„ ŸŒ,
¢ â® ¢à¥¬ï ª�ª ŸŒ á®¤¥à¦¨â §−�ç¨â¥«ì−® ¡®«¥¥ è¨à®ªãî ª®««¥ªæ¨î ¯à¨§−�ª®¢,
ç¥¬ WALS. Šà®¬¥ íâ®£®, ¢ ’�„ ŸŒ, ¢ ®â«¨ç¨¥ ®â ’�„ WALS, à¥�«¨§®¢�−�
£«®¡�«ì−�ï ®−â®«®£¨ï ¤«ï ®¯¨á�−¨ï «¨−£¢¨áâ¨ç¥áª¨å ¯®−ïâ¨©. �â¬¥ç�¥âáï, çâ®
’�„ è¨à®ª®£® ¯à®ä¨«ï ¨á¯®«ì§ãîâáï £«�¢−ë¬ ®¡à�§®¬ ¤«ï ¯®«ãç¥−¨ï á¯à�-
¢®ç−®© ¨−ä®à¬�æ¨¨ ® ï§ëª�å, � â�ª¦¥ ¢ §�¤�ç�å, á¢ï§�−−ëå á ª«�áá¨ä¨ª�æ¨¥©
ï§ëª®¢.

„«ï á®§¤�−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå ’�„ ®¡ëç−® âà¥¡ã¥âáï ¬¥−ìè¥ à¥áãàá®¢,
ç¥¬ ¤«ï á®§¤�−¨ï ’�„ è¨à®ª®£® ¯à®ä¨«ï, ¯®íâ®¬ã á¯¥æ¨�«¨§¨à®¢�−−ëå ’�„
áãé¥áâ¢ã¥â §−�ç¨â¥«ì−® ¡®«ìè¥ ¨ ®−¨ ¡®«¥¥ à�§−®®¡à�§−ë, ¯®áª®«ìªã ¯®á¢ïé¥-
−ë ¨áá«¥¤®¢�−¨î à�§−®¯«�−®¢ëå ï§ëª®¢ëå ï¢«¥−¨©. ‘¯¥æ¨�«¨§¨à®¢�−−ë¥ ’�„
¡®«¥¥ ¤¥â�«ì−® ¬®¤¥«¨àãîâ áâàãªâãàã ¨áá«¥¤ã¥¬ëå ï¢«¥−¨© ¨ ¨««îáâà¨àãîâ

1‚®§¬®¦−®, ¤«ï à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¡ë«® ¡ë ã¤®¡−® ¨á¯®«ì§®¢�âì ®â−®è¥−¨¥ ú¬−®£¨¥-ª®-
¬−®£¨¬û.
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¨å ¯à¨¬¥à�¬¨. �ë«® ¯®ª�§�−®, çâ® ¯®¬¨¬® á®¡áâ¢¥−−® §�¤�ç¨ ¬®¤¥«¨à®¢�-
−¨ï ¨áá«¥¤ã¥¬ëå ï§ëª®¢ëå ï¢«¥−¨© á¯¥æ¨�«¨§¨à®¢�−−ë¥ ’�„ ¬®£ãâ á«ã¦¨âì
¨−áâàã¬¥−â®¬ ¤«ï ¢ëï¢«¥−¨ï ªà®áá«¨−£¢¨áâ¨ç¥áª¨å â¥−¤¥−æ¨©, � â�ª¦¥ ¤«ï
®¡−�àã¦¥−¨ï ï¢«¥−¨©, ¢ëáâã¯�îé¨å ¨áª«îç¥−¨ï¬¨ ¨§ íâ¨å â¥−¤¥−æ¨©.

‚ ¯à®¤®«¦¥−¨¥ �−�«¨§� ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, ®¡¥á¯¥ç¨¢�îé¨å ¯à®¢¥-
¤¥−¨¥ ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¯«�−¨àã¥âáï à�áá¬®âà¥âì
¢®§¬®¦−®áâ¨ í«¥ªâà®−−ëå ª®à¯ãá®¢ â¥ªáâ®¢ ¢ à�¬ª�å ®â¤¥«ì−®© à�¡®âë. �«¥ª-
âà®−−ë¥ ª®à¯ãá� −¥ á®¤¥à¦�â ¢ ï¢−®¬ ¢¨¤¥ ¨−ä®à¬�æ¨î ® á¢®©áâ¢�å ï§ëª®¢
á®¤¥à¦�é¨åáï ¢ −¨å â¥ªáâ®¢, ®¤−�ª® ª®à¯ãá−ë© ¨−áâàã¬¥−â�à¨© ï¢«ï¥âáï ®¤−¨¬
¨§ íää¥ªâ¨¢−ëå áà¥¤áâ¢ ¯®«ãç¥−¨ï ¨ ¯à®¢¥àª¨ â�ª®© ¨−ä®à¬�æ¨¨. Šà®¬¥ íâ®£®,
á¥£®¤−ï ä®à¬¨àãîâáï �„ −®¢®£® ¢¨¤�, ª®â®àë¥ áãé¥áâ¢¥−−® à�áè¨àïîâ ¢®§¬®¦-
−®áâ¨ í«¥ªâà®−−ëå ª®à¯ãá®¢ ¨ ª®â®àë¥ ¯à¥¤«�£�¥âáï −�§ë¢�âì −�¤ª®à¯ãá−ë¬¨.
’�ª¨¥ �„ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¨á¯®«ì§ãîâáï, ¢ ç�áâ−®áâ¨, ¤«ï ª®−âà�áâ¨¢−®-
£® �−�«¨§� «¨−£¢®á¯¥æ¨ä¨ç−ëå ¥¤¨−¨æ. �¯¨á�−¨¥ ¯®¤®¡−ëå �„ ¯à¨¢®¤¨âáï
¢ à�¡®â¥ [25].
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INFORMATION RESOURCES FOR CONTRASTIVE STUDIES:
TYPOLOGICAL DATABASES
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Abstract: This article presents information resources used in contrastive lin-
guistic studies and their principle features. There are two main types of such
information resources: typological databases and electronic text corpora. The
attention is focused on typological databases, which can be subdivided in-
to general-purpose typological databases and specialized typological databases.
General-purpose typological databases act as repositories of a wide range of data
on a wide variety of languages. They may be utilized as reference resources
and may also be helpful while dealing with language classification problems.
Specialized typological databases are used for closer investigation of specific
language phenomena in restricted sets of languages. They supply detailed models
of such phenomena and include examples to illustrate their functioning in the
considered languages. The paper also looks into problems related to development
of typological databases and to integration of data from heterogeneous typological
databases.
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О ВКЛАДЕ АКАДЕМИКА И. А. МИЗИНА В ТЕОРИЮ
И ПРАКТИКУ СОЗДАНИЯ ОТЕЧЕСТВЕННЫХ

ИНФОРМАЦИОННО-ТЕЛЕКОММУНИКАЦИОННЫХ
СИСТЕМ:

К 80-ЛЕТИЮ СО ДНЯ РОЖДЕНИЯ

И. А. Соколов1, А. А. Зацаринный2, В. Н. Захаров3

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� 80-«¥â−¥¬ã î¡¨«¥î �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨-
−�, ¤¨à¥ªâ®à� ˆ�ˆ ÷�� ¢ ¯¥à¨®¤ 1989{1999 ££., ¢ë¤�îé¥£®áï ãç¥−®£®,
ª®−áâàãªâ®à� ¨ ¨−¦¥−¥à�. „�−� ªà�âª�ï ¡¨®£à�ä¨ç¥áª�ï á¯à�¢ª�, å�à�ªâ¥à¨-
§ãîé�ï −�ãç−®-¯à�ªâ¨ç¥áªãî ¤¥ïâ¥«ì−®áâì ˆ. �. Œ¨§¨−�. ‚ª«�¤ �ª�¤¥¬¨ª�
ˆ. �. Œ¨§¨−� ¢ â¥®à¨î ¨ ¯à�ªâ¨ªã á®§¤�−¨ï ®â¥ç¥áâ¢¥−−ëå ¨−ä®à¬�æ¨-
®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© à�áá¬�âà¨¢�¥âáï ¯à¨¬¥−¨â¥«ì−® ª âà¥¬
−�¯à�¢«¥−¨ï¬ ¥£® ¤¥ïâ¥«ì−®áâ¨. �¥à¢®¥ | à�§à�¡®âª� ¨ ¢−¥¤à¥−¨¥ á¨áâ¥¬ë
®¡¬¥−� ¤�−−ë¬¨ (‘�„) ¢ ¨−â¥à¥á�å �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï
(�‘“) ‚®®àã¦¥−−ëå ‘¨«, ¯¥à¢®© ®â¥ç¥áâ¢¥−−®© á¥â¨ á ¯�ª¥â−®© ª®¬¬ã-
â�æ¨¥©. ‚â®à®¥ −�¯à�¢«¥−¨¥ | ®¡®á−®¢�−¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
¤«ï á®§¤�−¨ï ªàã¯−ëå â¥àà¨â®à¨�«ì−ëå á¨áâ¥¬ ¯¥à¥¤�ç¨ ¤�−−ëå ¢ à¥£¨®−�å
÷®áá¨¨. ’à¥âì¥ −�¯à�¢«¥−¨¥ | á®§¤�−¨¥ ¨ à�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−ëå á¥â¥©
¢ ¨−â¥à¥á�å ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ á ãç¥â®¬ âà¥¡®¢�−¨© ¯® §�é¨â¥
¨−ä®à¬�æ¨¨.

Š«îç¥¢ë¥ á«®¢�: £«�¢−ë© ª®−áâàãªâ®à; �ª�¤¥¬¨ª; ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬-
¬ã−¨ª�æ¨®−−ë¥ á¥â¨; ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨; á¨áâ¥¬� ®¡¬¥−� ¤�−−ë¬¨;
¯�ª¥â−�ï ª®¬¬ãâ�æ¨ï; ¬¥â®¤ë ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨; §�é¨â� ¨−ä®à¬�æ¨¨;
ª�−�«ë á¢ï§¨; ¨á¯ëâ�−¨ï; ®à£�−ë £®áã¤�àáâ¢¥−−®© ¢«�áâ¨

DOI: 10.14357/08696527150114

1 Введение

12 �¯à¥«ï 2015 £. ¨á¯®«−ï¥âáï 80 «¥â á® ¤−ï à®¦¤¥−¨ï �ª�¤¥¬¨ª� ˆ. �. Œ¨-
§¨−�, ¤¨à¥ªâ®à� ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷�� ¢ ¯¥à¨®¤ 1989{1999 ££.
ˆ£®àì �«¥ªá�−¤à®¢¨ç ãè¥« ¨§ ¦¨§−¨ à�−®, ¢ ¢®§à�áâ¥ ¢á¥£® 64 «¥â, −® ¢−¥á
®£à®¬−ë© ¢ª«�¤ ª�ª ¢ à�§¢¨â¨¥ â¥®à¨¨ ®â¥ç¥áâ¢¥−−ëå ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬-
¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ (ˆ’‘), â�ª ¨ ¢ ¯à�ªâ¨ªã ¨å à�§à�¡®âª¨ ¨ ¢−¥¤à¥−¨ï.

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

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

3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, vzakharov@ipiran.ru
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ˆ. �. Œ¨§¨− à®¤¨«áï 12 �¯à¥«ï
1935 £. ¢ Œ®áª¢¥ ¢ á¥¬ì¥ ¢®¥−−®á«ã-
¦�é¥£®. ‚ 1952 £. á ®â«¨ç¨¥¬ ®ª®−-
ç¨« áà¥¤−îî èª®«ã ¨ ¯®áâã¯¨« ¢ ®¤-
−® ¨§ á�¬ëå ¯à¥áâ¨¦−ëå ¢®¥−−ëå
ãç¥¡−ëå §�¢¥¤¥−¨© | ‚®¥−−®-¢®§-
¤ãè−ãî �ª�¤¥¬¨î ¨¬¥−¨ �. …. †ã-
ª®¢áª®£®. �®á«¥ ®ª®−ç�−¨ï �ª�-
¤¥¬¨¨ ¢ 1959 £. ¯® á¯¥æ¨�«ì−®áâ¨
ú�ªá¯«ã�â�æ¨ï à�¤¨®â¥å−¨ç¥áª¨å
áà¥¤áâ¢ ‚‚‘û ˆ. �. Œ¨§¨− ¬®«®-
¤ë¬ «¥©â¥−�−â®¬ ¡ë« −�¯à�¢«¥−
¤«ï ¯à®å®¦¤¥−¨ï á«ã¦¡ë ¢ ®¤−ã
¨§ ¢¥¤ãé¨å ®à£�−¨§�æ¨© ¢®¥−−®-
¯à®¬ëè«¥−−®£® ª®¬¯«¥ªá� | �ˆˆ
�¢â®¬�â¨ç¥áª®© �¯¯�à�âãàë, ¢ ª®-
â®à®¬ ¯à®à�¡®â�« ¡®«¥¥ 30 «¥â,
¯®á«¥¤®¢�â¥«ì−® ¯à®©¤ï áâã¯¥−¨
ª�àì¥à−®£® à®áâ� ®â ¨−¦¥−¥à� ¤®
§�¬¥áâ¨â¥«ï ¤¨à¥ªâ®à�, àãª®¢®¤¨-
â¥«ï ªàã¯−®£® −�ãç−®-¯à®¨§¢®¤áâ-
¢¥−−®£® ª®««¥ªâ¨¢�, £«�¢−®£® ª®−-
áâàãªâ®à� ‘�„ [1, 2].

‚ 1966 £. §�é¨â¨« ª�−¤¨¤�âáªãî
¤¨áá¥àâ�æ¨î −� â¥¬ã ú÷�§à�¡®âª�
¬¥â®¤� ®¡¬¥−� ¨−ä®à¬�æ¨¥© ¯® §�-

ªàëâë¬ â¥«¥£à�ä−ë¬ ª�−�«�¬ á¢ï§¨ ¢ ª®¬�−¤−®© á¨áâ¥¬¥ ã¯à�¢«¥−¨ï á¯¥æ¨�«ì-
−®£® −�§−�ç¥−¨ïû, � ¢ 1972 £. | ¤®ªâ®àáªãî −� â¥¬ã ú‚®¯à®áë ¨áá«¥¤®¢�−¨ï
¨ à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå á¥â¥© â¥àà¨â®à¨�«ì−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨á-
â¥¬ ã¯à�¢«¥−¨ïû. ‚ 1975 £. ˆ. �. Œ¨§¨−ã ¯à¨á¢®¥−® ãç¥−®¥ §¢�−¨¥ ¯à®ä¥áá®à�
¯® ª�ä¥¤à¥ ú�¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ïû. ‚ 1984 £. ®− ¡ë«
¨§¡à�− ç«¥−®¬-ª®àà¥á¯®−¤¥−â®¬ �� ‘‘‘÷ ¯® á¯¥æ¨�«ì−®áâ¨ ú‚ëç¨á«¨â¥«ì−�ï
â¥å−¨ª�û.

‚ â¥ç¥−¨¥ ¯®á«¥¤−¨å 10 «¥â ¦¨§−¨ (1989{1999 ££.) ˆ. �. Œ¨§¨− | ¤¨à¥ªâ®à
ˆ�ˆ ÷��, £¥−¥à�«ì−ë© ª®−áâàãªâ®à à�¡®â ¯® ¬®¤¥à−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå
á¥â¥© ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨, £¥−¥à�«ì−ë© ª®−áâàãªâ®à �‘“ ‚®®àã-
¦¥−−ëå ‘¨« ÷”. ‚ 1997 £. ¡ë« ¨§¡à�− �ª�¤¥¬¨ª®¬ ÷�� ¯® á¯¥æ¨�«ì−®áâ¨
ú‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª� ¨ í«¥¬¥−â−�ï ¡�§�û.

‚�¦−®, çâ® −� ¢á¥å íâ�¯�å ¦¨§−¥−−®£® ¯ãâ¨ ˆ. �. Œ¨§¨− ã¬¥«® á®ç¥â�«
�ªâ¨¢−ãî à�¡®âã ¨−¦¥−¥à�-ª®−áâàãªâ®à� á¨áâ¥¬ ¨ ª®¬¯«¥ªá®¢ ¯¥à¥¤�ç¨ ¤�−−ëå
¢ ¨−â¥à¥á�å à�§«¨ç−ëå §�ª�§ç¨ª®¢ (¢ â®¬ ç¨á«¥ ¢ ª�ç¥áâ¢¥ £«�¢−®£® ª®−áâàãª-
â®à�) á £«ã¡®ª¨¬¨ â¥®à¥â¨ç¥áª¨¬¨ ¨áá«¥¤®¢�−¨ï¬¨ ¢ íâ®© ¯à¥¤¬¥â−®© ®¡«�áâ¨.
�− �¢â®à ¡®«¥¥ 190 −�ãç−ëå à�¡®â ¢ ®âªàëâ®© ¯¥ç�â¨, ¢ â®¬ ç¨á«¥ 12 ¬®−®-
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� ¢ª«�¤¥ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ â¥®à¨î ¨ ¯à�ªâ¨ªã á®§¤�−¨ï ®â¥ç¥áâ¢¥−−ëå ˆ’‘

£à�ä¨©, 12 ¨§®¡à¥â¥−¨©, ¡®«¥¥ áâ� ®âç¥â®¢ ¯® �ˆ÷, � â�ª¦¥ ®£à®¬−®£® ç¨á«�
§�ªàëâëå ¯à®¥ªâ®¢ ¯® á®§¤�−¨î á¨áâ¥¬ ¨ ª®¬¯«¥ªá®¢ à�§«¨ç−®£® −�§−�ç¥−¨ï.
��ãç−ë¥ à�¡®âë ˆ. �. Œ¨§¨−� ®â«¨ç�«¨áì £«ã¡¨−®© ¨ ®à¨£¨−�«ì−®áâìî à¥è¥-
−¨©, á®ç¥â�−¨¥¬ á¥àì¥§−®£® ¬�â¥¬�â¨ç¥áª®£® �¯¯�à�â� á ¨−¦¥−¥à−®© ¨−âã¨æ¨¥©
¨ ¯à�ªâ¨ç¥áª®© −�¯à�¢«¥−−®áâìî.

��¨¡®«¥¥ ¨§¢¥áâ−ë¥ à�¡®âë ˆ. �. Œ¨§¨−�:

{ �¥à¥¤�ç� ¨−ä®à¬�æ¨¨ ¢ á¥âïå á ª®¬¬ãâ�æ¨¥© á®®¡é¥−¨©. | Œ.: ‘¢ï§ì,
1972, 1977 (2-¥ ¨§¤., ¯¥à¥à�¡. ¨ ¤®¯.). ‘®¢¬¥áâ−® á “à¨−á®−®¬ ‹. ‘.,
•à�¬¥è¨−ë¬ ƒ. Š.

{ ‘¥â¨ ª®¬¬ãâ�æ¨¨ ¯�ª¥â®¢. | Œ.: ÷�¤¨® ¨ á¢ï§ì, 1986. ‘®¢¬¥áâ−® á �®£�âë-
à¥¢ë¬ ‚. �. ¨ Šã«¥è®¢ë¬ �. �.

{ �à®â®ª®«ë ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¥â¥©: ‘¯à�¢®ç−¨ª / �®¤ à¥¤.
ˆ. �. Œ¨§¨−�, �. �. Šã«¥è®¢�. | Œ.: ÷�¤¨® ¨ á¢ï§ì, 1990.

{ � ª®−æ¥¯æ¨¨ á®§¤�−¨ï à®áá¨©áª®© ®¡é¥£®áã¤�àáâ¢¥−−®© ¨ à¥£¨®−�«ì−ëå
¨−â¥£à¨à®¢�−−ëå á¥â¥© ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ // �«¥ªâà®á¢ï§ì, 1993. ü 12.

{ ‘®áâ®ï−¨¥ ¨ ¯¥àá¯¥ªâ¨¢ë à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−-
−ëå â¥å−®«®£¨© ¤«ï áä¥àë ®¡à�§®¢�−¨ï ¨ −�ãª¨ // �¡à�§®¢�−¨¥ ¨ ¨−ä®à-
¬�â¨ª�: „®ª«�¤ë II Œ¥¦¤ã−�à®¤−®£® ª®−£à¥áá� ā�…‘Š�, 1996.

{ �¥ª®â®àë¥ ¯à®¡«¥¬ë á®§¤�−¨ï ¥¤¨−®© ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨-
®−−®© á¨áâ¥¬ë ®¡é¥−�æ¨®−�«ì−®£® ¬�áèâ�¡� ª�ª ®á−®¢ë ¨−ä®à¬�â¨§�æ¨¨
áä¥àë ®¡à�§®¢�−¨ï ¢ ÷®áá¨¨ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨. ‚ë¯. 8.

{ ˆ−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ ¢ ®¡à�§®¢�−¨¨: ®â ª®¬¯ìîâ¥à−®© £à�¬®â−®áâ¨
ª ¨−ä®à¬�æ¨®−−®© ªã«ìâãà¥ ®¡é¥áâ¢�. | Œ.: ��ãª�, 1996. C. 114{124.
‘®¢¬¥áâ−® á Š¨á¥«¥¢ë¬ �. ‚., ‘®ª®«®¢ë¬ ˆ. �., ˜®à£¨−ë¬ ‘. Ÿ.

{ ‘®¢à¥¬¥−−®¥ á®áâ®ï−¨¥ ¯à®¡«¥¬�â¨ª¨ ¨−â¥£à¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−®-â¥-
«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ ¨ á¥â¥© // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨. |
Œ.: ��ãª�, 1999. ‚ë¯. 9. C. 11{23.

‚ −�áâ®ïé¥© áâ�âì¥ −�ãç−ë© ¨ ¯à�ªâ¨ç¥áª¨© ¢ª«�¤ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−�
à�áá¬�âà¨¢�¥âáï ¢ à�¬ª�å âà¥å −�¯à�¢«¥−¨© ¥£® −�ãç−®-¯à�ªâ¨ç¥áª®© ¤¥ïâ¥«ì-
−®áâ¨, á¢ï§�−−ëå á à�§à�¡®âª®© ¨ ¢−¥¤à¥−¨¥¬ ‘�„ á ¯�ª¥â−®© ª®¬¬ãâ�æ¨¥©
¢ ¨−â¥à¥á�å �‘“ ‚®®àã¦¥−−ëå ‘¨«, ®¡®á−®¢�−¨¥¬ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
¤«ï á®§¤�−¨ï ªàã¯−ëå â¥àà¨â®à¨�«ì−ëå á¨áâ¥¬ ¯¥à¥¤�ç¨ ¤�−−ëå ¨ á®§¤�−¨¥¬
¨−ä®à¬�æ¨®−−ëå á¥â¥© ¢ ¨−â¥à¥á�å ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨.

2 И. А. Мизин — создатель системы обмена данными в интересах
автоматизированной системы управления стратегического
назначения

‘â�−®¢«¥−¨¥ ˆ. �. Œ¨§¨−� ¨ ª�ª ¨−¦¥−¥à�-ª®−áâàãªâ®à�, ¨ ª�ª ãç¥−®£®
¯à®¨áå®¤¨«® ¢ áâ¥−�å �ˆˆ �¢â®¬�â¨ç¥áª®© �¯¯�à�âãàë (�ˆˆ ��), ¢¥¤ãé¥-
£® ¢ áâà�−¥ ¯à¥¤¯à¨ïâ¨ï ¢ ®¡«�áâ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï [3].
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‚ ¯¥à¢ë¥ £®¤ë ˆ. �. Œ¨§¨− §�−¨¬�«áï ¨áá«¥¤®¢�−¨ï¬¨ ¨ à�§à�¡®âª®© ¬¥â®¤®¢
¯®¢ëè¥−¨ï ¤®áâ®¢¥à−®áâ¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¯® ª�−�«�¬ á¢ï§¨ à�§«¨ç−®©
ä¨§¨ç¥áª®© ¯à¨à®¤ë, ¬¥â®¤®¢ ¯®¬¥å®ãáâ®©ç¨¢®£® ª®¤¨à®¢�−¨ï, ¢¥à®ïâ−®áâ−ëå
¬®¤¥«¥© ¤¨áªà¥â−ëå ª�−�«®¢ á¢ï§¨, ª®â®àë¥ ¡ë«¨ à¥�«¨§®¢�−ë ¢ −¥áª®«ìª¨å
ãáâà®©áâ¢�å ¯®¢ëè¥−¨ï ¤®áâ®¢¥à−®áâ¨ ¤«ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ á ¨áª�-
¦¥−¨ï¬¨. …£® æ¥«¥ãáâà¥¬«¥−−®áâì ¨ à�¡®â®á¯®á®¡−®áâì, � â�ª¦¥ ¤®áâ¨£−ãâë¥
ãá¯¥å¨ ¡ë«¨ ®â¬¥ç¥−ë àãª®¢®¤áâ¢®¬ ¨−áâ¨âãâ�: ¢ 1963 £. ®− −�§−�ç�¥âáï −�ç�«ì-
−¨ª®¬ «�¡®à�â®à¨¨ �¯¯�à�âãàë ¯¥à¥¤�ç¨ ¤�−−ëå.

‘ã¤ì¡®−®á−ë¬ ¤«ï ˆ. �. Œ¨§¨−� áâ�« 1967 £®¤. �®áâ�−®¢«¥−¨¥¬ –Š Š�‘‘
¨ ‘®¢¥â� Œ¨−¨áâà®¢ ¡ë«� §�¤�−� à�§à�¡®âª� �¢â®¬�â¨§¨à®¢�−−®© ª®¬�−¤−®©
á¨áâ¥¬ë ¡®¥¢®£® ã¯à�¢«¥−¨ï, � �ˆˆ �� ®¯à¥¤¥«¥− £®«®¢−®© ®à£�−¨§�æ¨¥© ¯®
á®§¤�−¨î íâ®© á¨áâ¥¬ë. �à¨ ä®à¬¨à®¢�−¨¨ ª®««¥ªâ¨¢� ¨á¯®«−¨â¥«¥© ˆ. �. Œ¨-
§¨− àãª®¢®¤áâ¢®¬ ¨−áâ¨âãâ� ¡ë« −�§−�ç¥− ƒ«�¢−ë¬ ª®−áâàãªâ®à®¬ ‘�„, ª®â®-
à�ï ¤®«¦−� ¡ë«� ®¡¥á¯¥ç¨âì ¡¥á¯à¥æ¥¤¥−â−® ¢ëá®ª¨¥ ¢¥à®ïâ−®áâ−®-¢à¥¬¥−−‚ë¥
å�à�ªâ¥à¨áâ¨ª¨ ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã ®¡ê¥ªâ�¬¨, à�á¯à¥¤¥-
«¥−−ë¬¨ ¯® â¥àà¨â®à¨¨ ¢á¥© áâà�−ë.

ú‚ â® ã¦¥ ¤�«¥ª®¥ ¢à¥¬ï, ª®£¤� ¢ 1967 £®¤ã ¢ �ˆˆ �¢â®¬�â¨ç¥áª®© �¯-
¯�à�âãàë ¡ë«� ¯®áâ�¢«¥−� §�¤�ç� á®§¤�âì â¥«¥ª®¬¬ã−¨ª�æ¨®−−ãî ‘�„ ¤«ï
¯à®¥ªâ¨àã¥¬®© â®£¤� ¡®«ìè®© â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®© �‘“, ¯à®¡«¥-
¬� ¥¥ ¯à®¥ªâ¨à®¢�−¨ï ¯à¥¤áâ�¢«ï«�áì ¬®«®¤®¬ã ª®««¥ªâ¨¢ã à�§à�¡®âç¨ª®¢ ¢®
£«�¢¥ á ¥£® àãª®¢®¤¨â¥«¥¬ ˆ. �. Œ¨§¨−ë¬ −¥ â�ª®© ã¦ á«®¦−®©. �¤−�ª® ¦¨§−ì
¡ëáâà® ®¯à®¢¥à£«� íâ® ¨§−�ç�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥, ¯®áª®«ìªã ¯à¥¤êï¢«¥−−ë¥
ª −¥© ®¯¥à�â¨¢−®-â¥å−¨ç¥áª¨¥ âà¥¡®¢�−¨ï ®ª�§�«¨áì ¢¥áì¬� ¦¥áâª¨¬¨ ª�ª
¢ ç�áâ¨ −�ãç−®-â¥®à¥â¨ç¥áª®© ¯à®à�¡®âª¨ á¨áâ¥¬−ëå ¢®¯à®á®¢, â�ª ¨ ¢ ¯«�−¥
¥¥ ª®−ªà¥â−®£® á¨áâ¥¬®â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï ¨ ¢−¥¤à¥−¨ï. �à�ªâ¨-
ç¥áª¨ ¯®¨áª ¯à¨¥¬«¥¬ëå −�ãç−ëå ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© ¯à¨è«®áì
−�ç¨−�âì ¯®çâ¨ á −ã«ïû, | ¢á¯®¬¨−�¥â ƒ. Š. •à�¬¥è¨−, ®¤¨− ¨§ ¡«¨¦�©è¨å
á®à�â−¨ª®¢ Œ¨§¨−� [4].

�à®¢¥¤¥−−ë¥ ¯à¥¤¯à®¥ªâ−ë¥ ¨áá«¥¤®¢�−¨ï ¯®ª�§�«¨, çâ® áâàãªâãà� á®§¤�¢�-
¥¬®© ‘�„ ¤®«¦−� áâà®¨âìáï −� −®¢ëå à¥è¥−¨ïå, ®â«¨ç−ëå ®â ¨á¯®«ì§ã¥¬ëå â®-
£¤� ¨¥à�àå¨ç¥áª¨å áâàãªâãà á −¥¯®áà¥¤áâ¢¥−−ë¬¨ á¢ï§ï¬¨ ã¯à�¢«ïîé¨å §¢¥−ì¥¢
�‘“ á ¬−®£®ç¨á«¥−−ë¬¨ ®¡ê¥ªâ�¬¨ ¥¥ −¨¦−¨å ãà®¢−¥© ã¯à�¢«¥−¨ï. ’�ªãî
áâàãªâãàã ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−® ¡ë«® à¥�«¨§®¢�âì ¨§-§� á«¨èª®¬ ¡®«ìè¨å
®¡ê¥¬®¢ â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¯¥à¥¤�ç¨-¯à¨¥¬� ¤�−−ëå −� ã¯à�¢«ïîé¨å ®¡ê¥ª-
â�å ®¡á«ã¦¨¢�¥¬®© �‘“, ª®â®àë¥ áâ�«¨ ¡ë ®ç¥−ì £à®¬®§¤ª¨¬¨ ¨ í−¥à£®¥¬ª¨¬¨,
� ‘�„ ¢ æ¥«®¬ ®ª�§�«�áì ¡ë á¨áâ¥¬®© á −¨§ª¨¬¨ ¯®ª�§�â¥«ï¬¨ −�¤¥¦−®áâ¨
äã−ªæ¨®−¨à®¢�−¨ï.

‚ á¢ï§¨ á íâ¨¬ ˆ. �. Œ¨§¨−ë¬ á®¢¬¥áâ−® á ‹. ‘. “à¨−á®−®¬ ¨ ƒ. Š. •à�¬¥-
è¨−ë¬ ¡ë« ¯à¥¤«®¦¥− ¯à¨−æ¨¯¨�«ì−® −®¢ë© ¢ â® ¢à¥¬ï ¢�à¨�−â áâàãªâãà−®£®
¯®áâà®¥−¨ï ‘�„ −� ®á−®¢¥ æ¥−âà®¢ ª®¬¬ãâ�æ¨¨ ¯�ª¥â®¢ (–Š�) ¤¢ãå ¬®¤¨ä¨-
ª�æ¨©: £«�¢−ëå | ¢ à�©®−�å à�§¬¥é¥−¨ï ®¡ê¥ªâ®¢ ¢ëáè¨å §¢¥−ì¥¢ �‘“ |
¨ â¥àà¨â®à¨�«ì−ëå, à�§¬¥é�¥¬ëå ¯® ¢á¥© â¥àà¨â®à¨¨ ‘‘‘÷ [5]. �¡ê¥ªâë
ã¯à�¢«¥−¨ï, ï¢«ïîé¨¥áï �¡®−¥−â�¬¨ ‘�„, ¯®¤ª«îç�îâáï ¤¢ã¬ï{âà¥¬ï ª�−�«�-
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� ¢ª«�¤¥ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ â¥®à¨î ¨ ¯à�ªâ¨ªã á®§¤�−¨ï ®â¥ç¥áâ¢¥−−ëå ˆ’‘

¬¨ á¢ï§¨ ª ¤¢ã¬{âà¥¬ ¡«¨¦�©è¨¬ –Š�. ’�ª®¥ ¯®áâà®¥−¨¥ ¯®§¢®«ï«® ®¡¥á¯¥ç¨âì
à¥§ª®¥ á®ªà�é¥−¨¥ −¥®¡å®¤¨¬®£® ª®«¨ç¥áâ¢� ª�−�«®¢ á¢ï§¨, ¢ëá®ªãî −�¤¥¦−®áâì
á¢ï§−®áâ¨ ¢á¥å �¡®−¥−â®¢-®¡ê¥ªâ®¢, −® ¢¬¥áâ¥ á â¥¬ ¯à¨¢®¤¨«® ª −¥®¡å®¤¨¬®áâ¨
à¥è¥−¨ï ª®¬¯«¥ªá� á«®¦−ëå ¢®¯à®á®¢ ®¡¥á¯¥ç¥−¨ï ¯à®æ¥áá®¢ ¨å ¨−ä®à¬�æ¨®−-
−®£® ¢§�¨¬®¤¥©áâ¢¨ï.

‚ à�¬ª�å â�ª®© ª®−æ¥¯æ¨¨ ¯®¤ −¥¯®áà¥¤áâ¢¥−−ë¬ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨-
§¨−� ¡ë« ¯à®à�¡®â�− ¨ ãá¯¥è−® à¥è¥− æ¥«ë© àï¤ −®¢ëå −�ãç−®-â¥®à¥â¨ç¥áª¨å
¨ á¨áâ¥¬®â¥å−¨ç¥áª¨å §�¤�ç, ®¡¥á¯¥ç¨¢è¨å ¢ë¯®«−¥−¨¥ ¬−®¦¥áâ¢� âà¥¡®¢�−¨©
¢ ¨−â¥à¥á�å �‘“. �á−®¢−ë¥ ¨§ íâ¨å §�¤�ç [3, 4]:

{ ®¡®á−®¢�−¨¥ áâàãªâãàë æ¨àªã«¨àãîé¨å ¢ ‘�„ á®®¡é¥−¨© ¨ á¨áâ¥¬ë ¨å
�¤à¥á®¢�−¨ï;

{ à�§à�¡®âª� á®¢®ªã¯−®áâ¨ (áâ¥ª�) �«£®à¨â¬®¢, ¯à®â®ª®«®¢ ¨ ¨−â¥àä¥©á®¢,
®¡¥á¯¥ç¨¢�îé¨å ¯¥à¥¤�çã ç¥à¥§ ‘�„ ¢á¥å −¥®¡å®¤¨¬ëå ¢¨¤®¢ ¨−ä®à¬�æ¨¨;

{ á®§¤�−¨¥ ¢ á®áâ�¢¥ ‘�„ ¯®¤á¨áâ¥¬ë ª®−âà®«ï äã−ªæ¨®−¨à®¢�−¨ï ¨ ã¯à�¢-
«¥−¨ï ¥¥ à�¡®â®©;

{ á®§¤�−¨¥ á¯¥æ¨�«¨§¨à®¢�−−ëå �¯¯�à�â−®-¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢ –Š�
¨ �¯¯�à�â−®-¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢ ®ª®−¥ç−ëå áà¥¤áâ¢, ãáâ�−�¢«¨¢�¥¬ëå
−� ®¡ê¥ªâ�å ã¯à�¢«¥−¨ï �‘“ | �¡®−¥−â�å ‘�„;

{ à�§à�¡®âª� ª®¬¯«¥ªá� ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¬¥à®¯à¨ïâ¨© ¯® §�é¨â¥
¨−ä®à¬�æ¨¨, æ¨àªã«¨àãîé¥© ¢ ‘�„.

“á¯¥è−®¥ à¥è¥−¨¥ íâ¨å §�¤�ç ¯®§¢®«¨«® ®¡¥á¯¥ç¨âì ¢ëá®ª¨¥ ¢¥à®ïâ−®áâ−®-
¢à¥¬¥−−‚ë¥ ¨ −�¤¥¦−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¤®¢¥¤¥−¨ï ¨−ä®à¬�æ¨¨, � â�ª¦¥
¯®ª�§�â¥«¨ ¤®áâ®¢¥à−®áâ¨ ¯¥à¥¤�ç¨ á®®¡é¥−¨© ¯® ª�−�«�¬ á¢ï§¨, ¢ â®¬ ç¨á«¥
−¨§ª®£® ª�ç¥áâ¢�.

Šà®¬¥ â®£®, ª®««¥ªâ¨¢®¬ ˆ. �. Œ¨§¨−� ¡ë« á¢®¥¢à¥¬¥−−® ¢ë¯®«−¥− ª®¬-
¯«¥ªá à�¡®â ¯® ¢¢®¤ã ‘�„ ¢ íªá¯«ã�â�æ¨î, ª®â®àë© ¢ª«îç�« ®â«�¤ªã áà¥¤áâ¢
¨ ª®¬¯«¥ªá®¢ −� ®¡ê¥ªâ�å íªá¯«ã�â�æ¨¨, ¯à®¢¥¤¥−¨¥ à�§«¨ç−ëå ¢¨¤®¢ ¨á¯ëâ�-
−¨© (�¢â®−®¬−ëå, ¯à¥¤¢�à¨â¥«ì−ëå, £®áã¤�àáâ¢¥−−ëå) ¯à®£à�¬¬−®-�¯¯�à�â−ëå
áà¥¤áâ¢, ª®¬¯«¥ªá®¢ ¨ ®¯ëâ−®£® ãç�áâª� ‘�„ ¢ æ¥«®¬, � â�ª¦¥ ¯®¤¤¥à¦�−¨¥
äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ¢ èâ�â−®¬ à¥¦¨¬¥.

‘à�¢−¨â¥«ì−® −¥¬−®£®ç¨á«¥−−ë© ª®««¥ªâ¨¢ ¨−¦¥−¥à®¢, ª®â®àë© ¢® ¢â®à®©
¯®«®¢¨−¥ 1960-å £®¤®¢ §�«®¦¨« ®á−®¢ë −®¢ëå á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© ¤«ï
á®§¤�−¨ï ‘�„ ¨ ¥¥ â¥å−¨ç¥áª¨å ª®¬¯«¥ªá®¢, ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨-
−� ¯®áâ®ï−−® à®á, ¯®¢ëè�« á¢®© −�ãç−®-â¥å−¨ç¥áª¨© ¯®â¥−æ¨�« ¨ ª ¬®¬¥−âã
¯®áâ�−®¢ª¨ á¨áâ¥¬ë −� ®¯ëâ−ãî íªá¯«ã�â�æ¨î (1980 £.) ¯à¥¢à�â¨«áï ¢ ¬®é-
−¥©è¨© ª®««¥ªâ¨¢ ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå ®¯ëâ−ëå ãç¥−ëå, ª®−áâàãªâ®à®¢,
¨−¦¥−¥à®¢ ¨ á¯¥æ¨�«¨áâ®¢.

‚ ¯à®æ¥áá¥ á®§¤�−¨ï ‘�„ ª®««¥ªâ¨¢, ¢®§£«�¢«ï¥¬ë© £«�¢−ë¬ ª®−áâàãª-
â®à®¬ ˆ. �. Œ¨§¨−ë¬, à�¡®â�« ¢ â¥á−®¬ ª®−â�ªâ¥ ª�ª á á®âàã¤−¨ª�¬¨ ¤àã£¨å
¯®¤à�§¤¥«¥−¨© ¨−áâ¨âãâ�, â�ª ¨ á ãç¥−ë¬¨ ¨ á¯¥æ¨�«¨áâ�¬¨ ¨−áâ¨âãâ®¢ ¨ §�¢®¤®¢
¢−¥è−¥© ª®®¯¥à�æ¨¨. �á−®¢−ë¥ ¨§ −¨å: ��� úŠà�á−�ï §�àïû (£. ‹¥−¨−£à�¤),
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢

�ˆˆ‘‘“ (£. Œ®áª¢�), �ˆˆ �¢â®¬�â¨ª¨ (£. Œ®áª¢�), …à¥¢�−áª¨© �ˆˆ ¬�â¥-
¬�â¨ç¥áª¨å ¬�è¨−, �¥−§¥−áª¨© �ˆˆ�ˆ, ’�¬¡®¢áª¨© §�¢®¤ ú’�¬¡®¢�¯¯�à�âû,
÷ï§�−áª¨© §�¢®¤ úŠà�á−®¥ §−�¬ïû, ƒ®àìª®¢áª¨© �ˆˆ÷‘, Š� §�¢®¤� ú‘¨£-
−�«û (£. Š¨è¨−¥¢), �«¥ªâà®¬¥å�−¨ç¥áª¨© §�¢®¤ (£. ‘¢¥à¤«®¢áª), ¬®−â�¦−ë¥
¯à¥¤¯à¨ïâ¨ï úŠ�áª�¤û ¨ ¤à. [3].

‚ á¢®¥© à�¡®â¥ ˆ. �. Œ¨§¨− ¨ ¥£® ª®««¥ªâ¨¢ à�§à�¡®âç¨ª®¢ ¯®áâ®ï−−®
¨ ª®−áâàãªâ¨¢−® ¢§�¨¬®¤¥©áâ¢®¢�«¨ á ƒ¥−¥à�«ì−ë¬ §�ª�§ç¨ª®¬ �‘“ (¬�àè�«
�. ˆ. �¥«®¢, £¥−¥à�«ë Š. �. ’à®ä¨¬®¢, �. �. ‡¨¬¥−ª®¢, ¯®«ª®¢−¨ª �. �. †ã-
ª®¢áª¨© ¨ ¤à.) ¨ á £®«®¢−ë¬¨ ¢®¥−−ë¬¨ �ˆˆ, ¯à¥¦¤¥ ¢á¥£® á 16 –�ˆˆˆ á¢ï§¨
¨ 27 –�ˆˆ [6, 7].

‘®§¤�−¨¥ ¯¥à¢®© ¢ ‘‘‘÷ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë á ª®¬¬ãâ�æ¨¥© ¯�-
ª¥â®¢ ¤«ï ª®¬�−¤−®© �‘“ ¨ ¥¥ ¯®áâ�−®¢ª� ¢ à¥¦¨¬ ªàã£«®áãâ®ç−®© íªá¯«ã�â�æ¨¨
áâ�«® ªàã¯−ë¬ −�ãç−®-â¥å−¨ç¥áª¨¬ ¤®áâ¨¦¥−¨¥¬ ®â¥ç¥áâ¢¥−−®© á¨áâ¥¬®â¥å−¨ª¨.
ˆ. �. Œ¨§¨−, ª�ª ƒ«�¢−ë© ª®−áâàãªâ®à, ¢ 1981 £. áâ�« «�ãà¥�â®¬ ‹¥−¨−áª®©
¯à¥¬¨¨ ‘‘‘÷, � àï¤ ¥£® á®âàã¤−¨ª®¢ ã¤®áâ®¥−ë ƒ®áã¤�àáâ¢¥−−®© ¯à¥¬¨¨ ‘‘‘÷,
−�£à�¦¤¥−ë ®à¤¥−�¬¨ ¨ ¬¥¤�«ï¬¨.

�®¢ë¥ à¥è¥−¨ï, §�«®¦¥−−ë¥ ¢ ®á−®¢ã ¯®áâà®¥−¨ï ‘�„, ®ª�§�«¨áì íä-
ä¥ªâ¨¢−ë¬¨ ¨ ¯¥àá¯¥ªâ¨¢−ë¬¨, ®¡¥á¯¥ç¨¢è¨¬¨ ¢®§¬®¦−®áâì ¥¥ í¢®«îæ¨®−−®£®
à�§¢¨â¨ï ¢ ¡�§®¢ãî ‘�„ (�‘�„) ª�ª ®á−®¢ë ®¡ê¥¤¨−¥−−®© ‘�„.

ˆ¬¥−−® ¯®íâ®¬ã �‘�„, ª®â®à�ï ¢ 1980 £. ¡ë«� ¯®áâ�¢«¥−� −� ®¯ëâ−ãî
íªá¯«ã�â�æ¨î, á 1985 £. ¢ à¥¦¨¬¥ ¡®¥¢®£® ¤¥¦ãàáâ¢� ¡®«¥¥ ç¥â¢¥àâ¨ ¢¥ª� ãá¯¥è−®
¢ë¯®«−ï«� §�¤�ç¨ ¯® ¨−ä®à¬�æ¨®−−®¬ã ®¡¬¥−ã ¢ ¨−â¥à¥á�å á®â¥− â¥àà¨â®à¨�«ì−®
ã¤�«¥−−ëå ®¡ê¥ªâ®¢ �‘“ áâà�â¥£¨ç¥áª®£® −�§−�ç¥−¨ï [8].

‘¥£®¤−ï ¬®¦−® á¬¥«® ãâ¢¥à¦¤�âì, çâ® ¬−®£¨¥ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï
¯® ¯®áâà®¥−¨î ¨ äã−ªæ¨®−¨à®¢�−¨î ‘�„, à�§à�¡®â�−−ë¥ ¨ ãá¯¥è−® ¢−¥-
¤à¥−−ë¥ ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨−�, ¯à¥¤¢®áå¨â¨«¨ àï¤ ¨¤¥©, ª®â®àë¥
¢ ¯®á«¥¤ãîé¥¬ «¥£«¨ ¢ ®á−®¢ã ¯¥à¥¤®¢ëå §�àã¡¥¦−ëå à�§à�¡®â®ª ¢ ®¡«�áâ¨
â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© ¨ â¥å−®«®£¨©. �â¨ à¥§ã«ìâ�âë ®áâ�«¨áì −¥¨§¢¥áâ-
−ë¬¨ ¬¥¦¤ã−�à®¤−®© −�ãç−®© ®¡é¥áâ¢¥−−®áâ¨ ¢ á¨«ã §�ªàëâ®£® å�à�ªâ¥à� à�¡®â
�ˆˆ ��.

3 Информационные технологии для создания крупных
территориальных телекоммуникационных сетей

ˆ. �. Œ¨§¨− ¡ë« ªàã¯−ë¬ ãç¥−ë¬ ¢ ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¨ ¢−¥á ¡®«ìè®©
¢ª«�¤ ¢ à�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå
á¨áâ¥¬ −¥ â®«ìª® á¯¥æ¨�«ì−®£®, −® ¨ ®¡é¥£®áã¤�àáâ¢¥−−®£® −�§−�ç¥−¨ï.

Š −�¨¡®«¥¥ §−�ç¨¬ë¬ ¤®áâ¨¦¥−¨ï¬ ¢ íâ®© ®¡«�áâ¨ á«¥¤ã¥â ®â−¥áâ¨ à�§-
¢¨â¨¥ â¥®à¥â¨ç¥áª¨å ®á−®¢ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©,
à�§à�¡®âªã ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¯®áâà®¥−¨ï ªàã¯−®¬�áèâ�¡−ëå ¨−-
ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå ¨ ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥©, � â�ª¦¥ á®§¤�−¨¥
¨ ¢−¥¤à¥−¨¥ ª®¬¯«¥ªá� ¡�§®¢ëå â¥å−¨ç¥áª¨å ¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢ [1, 2, 9].
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� ¢ª«�¤¥ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ â¥®à¨î ¨ ¯à�ªâ¨ªã á®§¤�−¨ï ®â¥ç¥áâ¢¥−−ëå ˆ’‘

…áâ¥áâ¢¥−−®, çâ® ¬¥â®¤®«®£¨ç¥áª®© ¡�§®© ¤«ï íâ¨å ¤®áâ¨¦¥−¨© áâ�«¨ â¥®-
à¥â¨ç¥áª¨¥ à¥§ã«ìâ�âë ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ¯® á®§¤�−¨î ‘�„ á ¨á-
¯®«ì§®¢�−¨¥¬ ¬¥â®¤� ¯�ª¥â−®© ª®¬¬ãâ�æ¨¨, à�§à�¡®â�−−ë¥ ¢ ¯¥à¨®¤ à�¡®âë
¢ �ˆˆ ��.

�®«ìè®¥ §−�ç¥−¨¥ ¤«ï à�§¢¨â¨ï ®â¥ç¥áâ¢¥−−®© ¨−ä®à¬�â¨ª¨ ¨¬¥«¨ ª®−-
æ¥¯âã�«ì−ë¥ à�¡®âë ˆ. �. Œ¨§¨−� ¯® á®áâ®ï−¨î ¨ ¯¥àá¯¥ªâ¨¢�¬ à�§¢¨â¨ï
â¥«eª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©. ‚ á¢®¥¬ ¤®ª«�¤¥ −� íâã â¥¬ã, á¤¥«�−−®¬
−� II Œ¥¦¤ã−�à®¤−®¬ ª®−£à¥áá¥ ā�…‘Š� ú�¡à�§®¢�−¨¥ ¨ ¨−ä®à¬�â¨ª�û
(1996 £.), ˆ. �. Œ¨§¨− ®¯à¥¤¥«¨« ®á−®¢−ë¥ íâ�¯ë à�§¢¨â¨ï â¥«¥ª®¬¬ã−¨ª�-
æ¨®−−ëå â¥å−®«®£¨© á«¥¤ãîé¨¬ ®¡à�§®¬: â¥«¥£à�ä−ë¥ ¨ â¥«¥ä®−−ë¥ á¥â¨
(¤®ª®¬¯ìîâ¥à−�ï í¯®å�); ¯¥à¥¤�ç� ¤�−−ëå ¬¥¦¤ã ®â¤¥«ì−ë¬¨ �¡®−¥−â�¬¨ ¯®
¢ë¤¥«¥−−ë¬ ¨ ª®¬¬ãâ¨àã¥¬ë¬ ª�−�«�¬ á ¨á¯®«ì§®¢�−¨¥¬ ¬®¤¥¬®¢; á¥â¨ ¯¥à¥-
¤�ç¨ ¤�−−ëå á ª®¬¬ãâ�æ¨¥© ¯�ª¥â®¢; «®ª�«ì−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ á¥â¨ (‹‚‘);
æ¨äà®¢ë¥ á¥â¨ ¨−â¥£à�«ì−®£® ®¡á«ã¦¨¢�−¨ï (ISDN | Integrated Services for
Digital Natwork) | ã§ª®¯®«®á−ë¥, � §�â¥¬ è¨à®ª®¯®«®á−ë¥; ¢ëá®ª®áª®à®áâ−ë¥
à�á¯à¥¤¥«¥−−ë¥ á¥â¨ | Frame Relay, SMDS (Switched Multimegabit Data Ser-
vice), ATM (Asynchronous Transfer Mode); ¢ëá®ª®áª®à®áâ−ë¥ «®ª�«ì−ë¥ á¥â¨ |
Fast Ethernet, FDDI (Fiber Distributed Data Interface), FDDI II; ¨−ä®à¬�æ¨®−-
−ë¥ áã¯¥à¬�£¨áâà�«¨. �à¨ íâ®¬ ¢ ª�ç¥áâ¢¥ −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨©
ˆ. �. Œ¨§¨− ®¯à¥¤¥«¨« à�á¯à¥¤¥«¥−−ë¥ á¥â¨ −� ®¯â®¢®«®ª−¥, ¡¥á¯à®¢®¤−ë¥ á¥â¨
¬®¡¨«ì−ëå �¡®−¥−â®¢, ˆ−â¥à−¥â ¨ í«¥ªâà®−−ãî ¯®çâã. �â¨ ®á−®¢®¯®«�£�îé¨¥
¢ë¢®¤ë ®áâ�îâáï �ªâã�«ì−ë¬¨ ¨ á¥£®¤−ï.

�á®¡®¥ ¢−¨¬�−¨¥ ˆ. �. Œ¨§¨− ã¤¥«ï« à�§¢¨â¨î ¨−ä®à¬�â¨ª¨ ¨ ¨−ä®à¬�-
æ¨®−−ëå â¥å−®«®£¨© á ãç¥â®¬ á¯¥æ¨ä¨ç¥áª¨å ãá«®¢¨© ÷®áá¨¨. �− ®â¬¥ç�«, çâ®
á®§¤�−¨¥ á®¢à¥¬¥−−®© â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë ÷®áá¨¨ ï¢«ï¥â-
áï á«®¦−®© ¬�áèâ�¡−®© §�¤�ç¥©, ¤«ï ãá¯¥è−®£® à¥è¥−¨ï ª®â®à®© −¥®¡å®¤¨¬®
ª®¬¯«¥ªá−®¥ ¯à®¢¥¤¥−¨¥ à�¡®â ¯® âà¥¬ −�¯à�¢«¥−¨ï¬: à¥�«¨§�æ¨ï ªàã¯−®¬�á-
èâ�¡−ëå ®¡é¥£®áã¤�àáâ¢¥−−ëå ¯à®¥ªâ®¢; à�§¢¨â¨¥ ¨ ¯®¤¤¥à¦ª� à¥£¨®−�«ì−ëå
â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ¯à®¥ªâ®¢; ¯®¤¤¥à¦ª� ¤¥ïâ¥«ì−®áâ¨ −¥£®áã¤�àáâ¢¥−−ëå
®à£�−¨§�æ¨© ¢ íâ®© ®¡«�áâ¨.

ˆ. �. Œ¨§¨−ë¬ ¡ë«� ¯®áâ�¢«¥−� §�¤�ç� ®¯¨á�−¨ï ª«�áá� ªàã¯−®¬�áèâ�¡-
−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ ¤¢®©−®£® ¯à¨¬¥−¥−¨ï ª�ª ¯®«−®á¢ï§−ëå
â¥àà¨â®à¨�«ì−® áâàãªâãà¨à®¢�−−ëå ¬ã«ìâ¨á¥â¥¢ëå á¨áâ¥¬ ®¡é¥−�æ¨®−�«ì−®£®
¬�áèâ�¡�, á®¢¬¥é�îé¨å äã−ªæ¨¨ á¯¥æ¨�«ì−ëå á¨áâ¥¬ ¨ á¨áâ¥¬ ®¡é¥£® ¯®«ì§®-
¢�−¨ï [9].

��ãç−ë¥ à�¡®âë ˆ. �. Œ¨§¨−� ®â«¨ç�«¨áì £«ã¡¨−®© ¨ ®à¨£¨−�«ì−®áâìî
à¥è¥−¨©, á®ç¥â�−¨¥¬ á¥àì¥§−®£® ¬�â¥¬�â¨ç¥áª®£® �¯¯�à�â� á ¨−¦¥−¥à−®© ¨−âã-
¨æ¨¥©, ¯à�ªâ¨ç¥áª®© −�¯à�¢«¥−−®áâìî. �− ¢á¥£¤� ã¤¥«ï« ¡®«ìè®¥ ¢−¨¬�−¨¥
−�ãç−®© ®¡®á−®¢�−−®áâ¨ ¯à¥¤«�£�¥¬ëå à¥è¥−¨©, ¢ ç�áâ−®áâ¨ ¬¥â®¤�¬ ¬�â¥¬�-
â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨ ®¯â¨¬¨§�æ¨¨ ˆ’‘. �® ¨−¨æ¨�â¨¢¥ ˆ. �. Œ¨§¨−�
¢ 1992 £. ¢ ˆ�ˆ ÷�� ¡ë« á®§¤�− −®¢ë© ®â¤¥« | ú�â¤¥« ¨áá«¥¤®¢�−¨©
¨ à�§à�¡®âª¨ ¯à¨−æ¨¯®¢ ¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬û,
®¤−®© ¨§ §�¤�ç ª®â®à®£® áâ�«® à¥è¥−¨¥ −�ãç−ëå §�¤�ç ¯® à�§à�¡®âª¥ ¬¥â®¤®¢
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¨ áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï à¥�«ì−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬. ‚ ç�áâ−®áâ¨,
¯à®¢®¤¨«¨áì äã−¤�¬¥−â�«ì−ë¥ â¥®à¥â¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï, à�§à�¡�âë¢�«¨áì
¬�â¥¬�â¨ç¥áª¨¥ ¨ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¨ ¬®¤¥«¨, ¨å íªá¯¥à¨¬¥−â�«ì−�ï �¯à®-
¡�æ¨ï, �−�«¨§ ¨ ®¯â¨¬¨§�æ¨ï å�à�ªâ¥à¨áâ¨ª ˆ’‘ (¯à®æ¥áá®¢ ¤®áâ�¢ª¨ ¨−ä®à-
¬�æ¨¨ á à�§−ë¬¨ ¤¨áæ¨¯«¨−�¬¨ ®¡á«ã¦¨¢�−¨ï ¨ ¢å®¤−ë¬¨ ¯®â®ª�¬¨, ¯à®æ¥áá®¢
ã¯à�¢«¥−¨ï ¨ ª®¬¯«¥ªá−®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨).

‚ íâ®© ®¡«�áâ¨ ¯®¤ àãª®¢®¤áâ¢®¬ ¨ ¯à¨ −¥¯®áà¥¤áâ¢¥−−®¬ ãç�áâ¨¨ ˆ. �. Œ¨-
§¨−� ¯®«ãç¥− æ¥«ë© àï¤ à¥§ã«ìâ�â®¢ [9]. ‘à¥¤¨ −�¨¡®«¥¥ §−�ç¨¬ëå à¥§ã«ìâ�â®¢
á«¥¤ã¥â ®â¬¥â¨âì ª®¬¯«¥ªá ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢, �«£®à¨â¬®¢ ¨ ¯à®£à�¬¬
¤«ï à�áç¥â� ®¡é¥á¥â¥¢ëå å�à�ªâ¥à¨áâ¨ª â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© ¡®«ìè®©
à�§¬¥à−®áâ¨, ãç¨âë¢�îé¨å à¥�«ì−ë¥ â¥å−®«®£¨¨, ®¯à¥¤¥«ï¥¬ë¥ ¤¥©áâ¢ãîé¨¬¨
¬¥¦¤ã−�à®¤−ë¬¨ áâ�−¤�àâ�¬¨ ¨ à¥ª®¬¥−¤�æ¨ï¬¨. �®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨-
§¨−� ª®««¥ªâ¨¢®¬ ˆ�ˆ ÷�� ¢ à�¬ª�å á®âàã¤−¨ç¥áâ¢� á ª®¬¯�−¨¥© SOTAS
(‘˜�) ¡ë«¨ à�§à�¡®â�−ë ª®−æ¥¯âã�«ì−�ï, ¬�â¥¬�â¨ç¥áª�ï ¨ ¯à®£à�¬¬−�ï ¬®-
¤¥«¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨, ¨á¯®«ì§ãîé¥© ¯®¯ã«ïà−ãî ¢ 1990-¥ ££. â¥å-
−®«®£¨î ¯¥à¥¤�ç¨ Frame Relay.

�á®¡® −¥®¡å®¤¨¬® ®â¬¥â¨âì ãá¨«¨ï ˆ. �. Œ¨§¨−� ¯® ¯à�ªâ¨ç¥áª®© à¥�«¨§�-
æ¨¨ ¯®«ãç¥−−ëå −�ãç−ëå à¥§ã«ìâ�â®¢. ’�ª, ¢ −�ç�«¥ 1990-å ££. ¢ ÷®áá¨¨ −�ç�«¨áì
¯à®æ¥ááë á®§¤�−¨ï â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥©, ®¡¥á¯¥ç¨¢�îé¨å ®£à�−¨ç¥−-
−ë© á¯¥ªâà ãá«ã£ ¨ ¯®áâà®¥−−ëå, ª�ª ¯à�¢¨«®, −� ®¡®àã¤®¢�−¨¨ §�àã¡¥¦−®£®
¯à®¨§¢®¤áâ¢�. ˆ. �. Œ¨§¨− ¯®«ãç¨« ¯à¥¤«®¦¥−¨¥ ®â ƒ®áã¤�àáâ¢¥−−®£® ª®¬¨-
â¥â� ¯® −�ãª¥ ¨ â¥å−¨ª¥ (ƒŠ�’) ¯®áâà®¨âì á¥âì ¯¥à¥¤�ç¨ ¤�−−ëå ¢ ¨−â¥à¥á�å
�¤¬¨−¨áâà�æ¨¨ �áª®¢áª®© ®¡«�áâ¨. Š ¬®¬¥−âã ¯®áâã¯«¥−¨ï â�ª®£® ¯à¥¤«®¦¥−¨ï
ª®««¥ªâ¨¢®¬ ˆ�ˆ ÷�� ¡ë« ®¡®á−®¢�− §�¬ëá¥« á®§¤�−¨ï ®â¥ç¥áâ¢¥−−®£® ª®¬-
¬ãâ�â®à�, à¥�«¨§ãîé¥£® ¯à®â®ª®« •.25 ¨ ¥£® ¬®¤¨ä¨ª�æ¨¨. �â®â ª®¬¬ãâ�â®à
¨ áâ�« â¥å−¨ç¥áª®© ®á−®¢®© à¥£¨®−�«ì−®© á¥â¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¢ �áª®¢áª®©
®¡«�áâ¨, ª®â®à�ï ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨−� ¢ ¯¥à¨®¤ 1994{1995 ££. ¡ë«�
à�§à�¡®â�−� ¨ ¢¢¥¤¥−� ¢ ¤¥©áâ¢¨¥ [10].

÷�áá¬�âà¨¢�ï ¢ª«�¤ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à¥è¥−¨¥ áâà�â¥£¨ç¥áª¨å
¯à®¡«¥¬ ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢� ¢ ÷®áá¨¨, −¥«ì§ï −¥ áª�§�âì ® à�§à�¡®â�−−®©
¢ ˆ�ˆ ÷�� ¯®¤ ¥£® −�ãç−ë¬ àãª®¢®¤áâ¢®¬ ª®−æ¥¯æ¨¨ á®§¤�−¨ï ¥¤¨−®© ˆ’‘
®¡é¥−�æ¨®−�«ì−®£® ¬�áèâ�¡� (…ˆ’‘). �á−®¢−ë¥ ¯®«®¦¥−¨ï íâ®© ª®−æ¥¯æ¨¨
¡ë«¨ ®¯ã¡«¨ª®¢�−ë ¥é¥ ¢ 1996 £., −® ¬−®£¨¥ ¨§ −¨å ®áâ�îâáï �ªâã�«ì−ë¬¨
¨ á¥£®¤−ï.

4 И. А. Мизин — Генеральный конструктор комплекса работ
по созданию информационных систем органов государственной
власти

�� −�ç�«® 1990-å ££. ¯à¨è¥«áï ¯¥à¥«®¬−ë© ¬®¬¥−â ¢ áâ�−®¢«¥−¨¨ ¨ ¨á¯®«ì-
§®¢�−¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ÷®áá¨¨ ¢ à�§«¨ç−ëå áä¥à�å: ¯à®¬ëè-
«¥−−®áâ¨, −�ãª¥, ®¡à�§®¢�−¨¨, � â�ª¦¥ ¢ £®áã¤�àáâ¢¥−−®¬ ã¯à�¢«¥−¨¨.
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� ¢ª«�¤¥ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ â¥®à¨î ¨ ¯à�ªâ¨ªã á®§¤�−¨ï ®â¥ç¥áâ¢¥−−ëå ˆ’‘

‚ á¥−âï¡à¥ 1994 £. ¢ëè¥« ãª�§ �à¥§¨¤¥−â� ÷”, ¯®áâ�¢¨¢è¨© �ªâã�«ì−¥©èãî
§�¤�çã ¬®¤¥à−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ ®à£�−®¢
£®áã¤�àáâ¢¥−−®© ¢«�áâ¨ −� ¡�§¥ ¨á¯®«ì§®¢�−¨ï ¯®á«¥¤−¨å ¤®áâ¨¦¥−¨© ¢ íâ®© ®â-
à�á«¨. �â¨¬ ¦¥ ãª�§®¬ ˆ. �. Œ¨§¨− ¡ë« −�§−�ç¥− ƒ¥−¥à�«ì−ë¬ ª®−áâàãªâ®à®¬,
� ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷�� ®¯à¥¤¥«¥− £®«®¢−®© ®à£�−¨§�æ¨¥©.

�à¥¤áâ®ï«� −¥ â®«ìª® á«®¦−�ï, −® ¨ ¢® ¬−®£®¬ ¯¨®−¥àáª�ï à�¡®â� [9]. �¥®¡å®-
¤¨¬® ¡ë«® á −®¢ëå ¯®§¨æ¨© ¨§ãç¨âì ¯à®æ¥ááë ã¯à�¢«¥−¨ï, ¢ëç«¥−¨âì ®á−®¢−ë¥
äã−ªæ¨®−�«ì−ë¥ §�¤�ç¨, áä®à¬ã«¨à®¢�âì ª®«¨ç¥áâ¢¥−−ë¥ ¨ ª�ç¥áâ¢¥−−ë¥ å�-
à�ªâ¥à¨áâ¨ª¨, −¥®¡å®¤¨¬ë© −�¡®à ¨áå®¤−®© ¨−ä®à¬�æ¨¨ ¨, −�ª®−¥æ, á®§¤�âì
ª®¬¯«¥ªáë �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ (¢ â®¬ ç¨á«¥ á¥â¥¢®£® ¨á¯®«−¥−¨ï),
¯®§¢®«ïîé¨¥ á âà¥¡ã¥¬ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ �¢â®¬�â¨§¨à®¢�âì íâ¨ ¯à®æ¥á-
áë. ‚ ¨â®£¥ âà¥¡®¢�«®áì á®§¤�âì ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© ¨ �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá®¢ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï.

‘ ®¤−®© áâ®à®−ë, âà¥¡®¢�«®áì ®¡¥á¯¥ç¨âì ¯à¥¥¬áâ¢¥−−®áâì ¢ ¨á¯®«ì§®¢�−¨¨
ã¦¥ ¨¬¥îé¥£®áï §�¤¥«�, á ¤àã£®© | ¢−¥¤à¨âì á�¬ë¥ á®¢à¥¬¥−−ë¥ ¨ ¯¥àá¯¥ª-
â¨¢−ë¥ â¥å−®«®£¨¨ ¨ áà¥¤áâ¢� ¤«ï ¥£® à¥�«¨§�æ¨¨. Œ�áèâ�¡ ¨ á«®¦−®áâì â�ª®©
§�¤�ç¨ ¬−®£¨¬ ¯à¥¤áâ�¢«ï«¨áì ®âªà®¢¥−−® ¯ã£�îé¨¬¨; −¥à¥¤ª¨ ¡ë«¨ £®«®á�,
¯à¥¤à¥ª�îé¨¥ ¯®«−ë© ªà�å §�¬ëá«� ¨ áª®à®¥ ¯à¥ªà�é¥−¨¥ à�¡®âë.

ˆ §¤¥áì ¢ ¯®«−®© ¬¥à¥ ¯à®ï¢¨«¨áì â�ª¨¥ ª�ç¥áâ¢� «¨ç−®áâ¨ ˆ. �. Œ¨§¨−�,
ª�ª ¬−®£®¯«�−®¢®áâì, è¨à®â� ¨ æ¥«¥ãáâà¥¬«¥−−®áâì. ‚ −¥¬ ®à£�−¨ç−® á®ç¥â�«¨áì
ª�ç¥áâ¢� ãç¥−®£®, á¯®á®¡−®£® ¢®á¯à¨−ïâì ¨ ¯à�¢¨«ì−® ®æ¥−¨âì −®¢®¥, ¨ ¨−¦¥−¥à�,
â®ç−® §−�îé¥£®, çâ® −¥®¡å®¤¨¬® ¤«ï ¤®áâ¨¦¥−¨ï æ¥«¨.

ˆ¬¥−−® ¢ ¯à®æ¥áá¥ íâ®© à�¡®âë ¡ë«¨ áä®à¬ã«¨à®¢�−ë äã−¤�¬¥−â�«ì−ë¥
¯à¨−æ¨¯ë �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá®¢ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï (¯à¨¬¥−¨â¥«ì-
−® ª ÷®áá¨¨), à�§à�¡®â�−ë á¨áâ¥¬−®-â¥å−¨ç¥áª¨¥ à¥è¥−¨ï (¢¯«®âì ¤® ª®−ªà¥â−ëå
�¯¯�à�â−®-¯à®£à�¬¬−ëå à¥è¥−¨©) ¯®áâà®¥−¨ï ¢á¥å ¢¨¤®¢ �¢â®¬�â¨§¨à®¢�−−ëå
á¨áâ¥¬, ª®â®àë¥ ¤®«£®¥ ¢à¥¬ï (¢¯«®âì ¤® −�è¨å ¤−¥©) ï¢«ïîâáï ª�â¥£®à¨ï¬¨
¯¥à¢®£® ¢ë¡®à� ¤«ï ¬−®£¨å à�§à�¡®âç¨ª®¢ ¢ −�è¥© áâà�−¥. Šà�âª® ®¡ ®á−®¢−ëå
¨§ íâ¨å à¥è¥−¨© [9].

‚ ª�ç¥áâ¢¥ ¯¥à¢®£® ¨§ −¨å á«¥¤ã¥â −�§¢�âì ¢ë¡®à �àå¨â¥ªâãàë ®¡ê¥ªâ®-
¢ëå ª®¬¯«¥ªá®¢ áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ (Š‘�), ¨«¨, ¢ â¥à¬¨−®«®£¨¨, ¯à¥¤-
«®¦¥−−®© ˆ. �. Œ¨§¨−ë¬, ª®¬¯«¥ªá®¢ áà¥¤áâ¢ ¨−ä®à¬�â¨§�æ¨¨ (Š‘ˆ). —â®
¯à¥¤¯®ç¥áâì | æ¥−âà�«¨§®¢�−−ãî �àå¨â¥ªâãàã, ®á−®¢�−−ãî −� ®¤−®¬ ¬®é−®¬
æ¥−âà�«ì−®¬ ¢ëç¨á«¨â¥«¥ á ¯®¤ª«îç¥−−ë¬¨ ª −¥¬ã â¥à¬¨−�«�¬¨, ¨«¨ ¤¥æ¥−âà�-
«¨§®¢�−−ãî ª«¨¥−â-á¥à¢¥à−ãî �àå¨â¥ªâãàã −� ¡�§¥ ¨−â¥««¥ªâã�«ì−ëå �¢â®¬�â¨-
§¨à®¢�−−ëå à�¡®ç¨å ¬¥áâ (�÷Œ) ¨ æ¥«¥¢ëå á¥à¢¥à®¢, ®¡ê¥¤¨−¥−−ëå ‹‚‘?

‚ à¥§ã«ìâ�â¥ ã£«ã¡«¥−−ëå �−�«¨â¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¨ ¯à�ªâ¨ç¥áª¨å íªá-
¯¥à¨¬¥−â®¢, ¢ª«îç�ï �−�«¨§ ®¯ëâ� ªàã¯−¥©è¨å §�àã¡¥¦−ëå ª®¬¯�−¨©, ¢ ª�-
ç¥áâ¢¥ à¥è¥−¨ï ¡ë«� ®¡®á−®¢�−� ª«¨¥−â-á¥à¢¥à−�ï �àå¨â¥ªâãà� ‹‚‘. �âª�§
®â ¬−®£®«¥â−¥© ¨ è¨à®ª® à�á¯à®áâà�−¥−−®© ¢ Œ¨−¨áâ¥àáâ¢¥ ®¡®à®−ë ¨ ¤àã-
£¨å á¨«®¢ëå ¢¥¤®¬áâ¢�å ¯à�ªâ¨ª¨ ¨á¯®«ì§®¢�−¨ï â¥à¬¨−�«ì−ëå á¥â¥© −� ¡�§¥
ã−¨¢¥àá�«ì−ëå �‚Œ (…‘ �‚Œ, IBM) ¡ë« ®¡ãá«®¢«¥− â¥¬, çâ® ¯à®¨§®è¥«
ª®à¥−−®© ¯¥à¥«®¬ ¢ ¨á¯®«ì§®¢�−¨¨ áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ â¥«¥-
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ª®¬¬ã−¨ª�æ¨©. ‘ãé¥áâ¢® íâ®£® ¯¥à¥«®¬� §�ª«îç�«®áì, ¢®-¯¥à¢ëå, ¢ â®¬, çâ®
¯®¤�¢«ïîé¥¬ã ¡®«ìè¨−áâ¢ã ¯®«ì§®¢�â¥«¥© áâ�«¨ ¤®áâã¯−ë ¬®é−ë¥ ¯¥àá®−�«ì-
−ë¥ �‚Œ (��‚Œ), � ¢®-¢â®àëå, ¢ â®¬, çâ® íâ¨ áà¥¤áâ¢� ¯¥à¥áâ�«¨ á«ã¦¨âì
â®«ìª® ¤«ï à¥è¥−¨ï ã§ª®á¯¥æ¨�«¨§¨à®¢�−−ëå §�¤�ç ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ë¬
¯¥àá®−�«®¬. �®íâ®¬ã ¯à¨ á®§¤�−¨¨ −�§¢�−−ëå ¢ëè¥ á¨áâ¥¬ §�¤�ç� á®áâ®ï«�
¢ ®¡¥á¯¥ç¥−¨¨ ¯®«ì§®¢�â¥«ï (á¯¥æ¨�«¨áâ�) ¢á¥¬ −�¡®à®¬ ¯à®£à�¬¬−ëå áà¥¤áâ¢,
¯®§¢®«ïîé¨å ¥¬ã §�−¨¬�âìáï á¢®¥© ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâìî. Šà�âª¨¥
áà®ª¨ á®§¤�−¨ï á¨áâ¥¬ë −¥ ¯®§¢®«ï«¨ −�ç¨−�âì ¢á¥ à�§à�¡®âª¨ äã−ªæ¨®−�«ì-
−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï úá −ã«ïû, � âà¥¡®¢�«¨ ¯à¨¬¥−¥−¨ï (�¤�¯â�æ¨¨)
ã¦¥ £®â®¢®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï −¥§�¢¨á¨¬ëå ¯à®¨§¢®¤¨â¥«¥©. �â®,
¢ á¢®î ®ç¥à¥¤ì, ®§−�ç�«®, çâ® ¯¥à¥¤ á®§¤�â¥«ï¬¨ á¨áâ¥¬ë áâ�¢¨«�áì −¥ â®«ì-
ª® §�¤�ç� ¨−â¥£à�æ¨¨ −� ®¤−®¬ �÷Œ á¨áâ¥¬−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
à�§«¨ç−ëå ¯à®¨§¢®¤¨â¥«¥© ¤«ï ¥£® á®¢¬¥áâ−®© à�¡®âë, −® ¨ §�¤�ç� ¯®¤¤¥à¦-
ª¨ ¯®á«¥¤ãîé¥£® à�áè¨à¥−¨ï ¯¥à¥ç−ï ãáâ�−�¢«¨¢�¥¬ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢.
ˆ¬¥¢è¨¥áï −� â¥ªãé¨© ¬®¬¥−â â¥−¤¥−æ¨¨ à�§¢¨â¨ï �àå¨â¥ªâãà ¯à®£à�¬¬−ëå
á¨áâ¥¬ ®¤−®§−�ç−® ãª�§ë¢�«¨ −� −¥®¡å®¤¨¬®áâì ¢ë¡®à� �àå¨â¥ªâãàë ¯à¨«®¦¥-
−¨ï, ¢ ª®â®à®© ¯à¨ª«�¤−ë¥ ¨ ¯®«ì§®¢�â¥«ìáª¨¥ á¥à¢¨áë à¥�«¨§®¢�−ë −� ª«¨¥−â-
áª®© à�¡®ç¥© áâ�−æ¨¨, � ¤�−−ë¥ æ¥−âà�«¨§®¢�−−® åà�−ïâáï ¨ ®¡à�¡�âë¢�îâáï −�
á¥à¢¥à¥.

„àã£¨¬ ¢�¦−ë¬ ¢®¯à®á®¬ ¡ë« ¢®¯à®á ¢ë¡®à� â¥å−®«®£¨¨ ®à£�−¨§�æ¨¨ ‹‚‘.
‚ ®â«¨ç¨¥ ®â á¥£®¤−ïè−¥© á¨âã�æ¨¨, ª®£¤� ¢á¥æ¥«® ¨ ¡¥§à�§¤¥«ì−® ú£®á¯®¤-

áâ¢ã¥âû ¯à®â®ª®« Ethernet, ¢ −�ç�«¥ 1990-å ££. −� à�¢−ëå ¯à¨¬¥−ï«¨áì ¨ Ethernet
(â®−ª¨© ¨ â®«áâë©), ¨ Token Ring, ¨ FDDI, ¨ àï¤ ¤àã£¨å ¯à®â®ª®«®¢.

�� ®á−®¢¥ �−�«¨§� ®â¥ç¥áâ¢¥−−®© ¨ §�àã¡¥¦−®© −�ãç−®-â¥å−¨ç¥áª®© «¨â¥-
à�âãàë ¯® ¤�−−®© ¯à®¡«¥¬�â¨ª¥, ¯à®¢¥¤¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
¨ áâ¥−¤®¢®£® ¬�ª¥â¨à®¢�−¨ï ¢ ª�ç¥áâ¢¥ −�¨¡®«¥¥ à�æ¨®−�«ì−®£® à¥è¥−¨ï ¡ë«�
¢ë¡à�−� â¥å−®«®£¨ï Ethernet, ¢ ¤�«ì−¥©è¥¬ á ¨á¯®«ì§®¢�−¨¥¬ ª®¬¬ãâ�â®à®¢
‹‚‘.

‚¬¥áâ¥ á â¥¬ áâ�«® ¯®−ïâ−®, çâ® íää¥ªâ¨¢−®áâì à¥è¥−¨ï ¯®áâ�¢«¥−−ëå §�¤�ç
¢® ¬−®£®¬ ¡ã¤¥â ®¯à¥¤¥«ïâìáï −¥ â®«ìª® �àå¨â¥ªâãà®© ¨ â¥å−®«®£¨¥© ‹‚‘, −®
¨ ®à£�−¨§�æ¨¥© åà�−¥−¨ï ¨−ä®à¬�æ¨¨, ¬¥â®¤�¬¨ ¥¥ ¯®¨áª� ¨ ¨§¢«¥ç¥−¨ï.

†¥áâª¨¥ ®£à�−¨ç¥−¨ï ¯® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à®æ¥áá®à®¢ −�ç�«� 1990-å ££.,
®£à�−¨ç¥−−ë¥ ®¡ê¥¬ë ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ à¥�«¨§�æ¨¨ á«®¦-
−¥©è¨å �«£®à¨â¬®¢ ®¡à�¡®âª¨ ¤�−−ëå ç�áâ® ¯à¨¢®¤¨«¨ ª®««¥ªâ¨¢ë à�§à�¡®â-
ç¨ª®¢ ª á®¡áâ¢¥−−ë¬ à¥è¥−¨ï¬ ¯® á¯®á®¡�¬ áâàãªâãà¨§�æ¨¨ ¤�−−ëå ¢ à�¬ª�å
á¥â¥¢®© ¬®¤¥«¨, ¯®áâà®¥−¨î ã−¨ª�«ì−ëå ¨−¤¥ªá−ëå á¨áâ¥¬, á®¡áâ¢¥−−ëå ï§ë-
ª®¢ ¬�−¨¯ã«¨à®¢�−¨ï ¤�−−ë¬¨, ¨å ¨−â¥à¯à¥â�â®à®¢ ¨ â. ¯. �á®¡¥−−® ®áâà® íâ¨
¯à®¡«¥¬ë áâ®ï«¨ ¯à¨ ®¡à�¡®âª¥ −¥ä®à¬�«¨§®¢�−−®© â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ −�
àãááª®¬ ï§ëª¥.

‚ íâ¨å ãá«®¢¨ïå, −¥á¬®âàï −� á¥àì¥§−ë¥ ¢®§à�¦¥−¨ï, ¡ë«¨ ®¡®á−®¢�−ë
áâà�â¥£¨ç¥áª¨¥ à¥è¥−¨ï ¯® ã−¨ä¨ª�æ¨¨ ¯®¤å®¤®¢ ª åà�−¥−¨î ¤�−−ëå ¢ à�¬ª�å
à¥«ïæ¨®−−®© ¬®¤¥«¨ ¨ ¨á¯®«ì§®¢�−¨î ï§ëª� SQL (Structured Query Language)
ª�ª ã−¨ä¨æ¨à®¢�−−®£® áà¥¤áâ¢� ¢§�¨¬®¤¥©áâ¢¨ï á á¨áâ¥¬�¬¨ ã¯à�¢«¥−¨ï ¡�§�¬¨
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� ¢ª«�¤¥ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ â¥®à¨î ¨ ¯à�ªâ¨ªã á®§¤�−¨ï ®â¥ç¥áâ¢¥−−ëå ˆ’‘

¤�−−ëå (‘“�„). ‚ à¥§ã«ìâ�â¥ íâ®© à�¡®âë ¯à¨ −�«¨ç¨¨ −¥áª®«ìª¨å ¤¥áïâª®¢
¢�à¨�−â®¢ ¢ 1995 £. ¢ ª�ç¥áâ¢¥ ®á−®¢−ëå ¡ë«¨ ¢ë¡à�−ë âà¨ «¨−¥©ª¨ ‘“�„:
‘“�„ Oracle (®¤¨− ¨§ «¨¤¥à®¢ àë−ª� −� â®â ¬®¬¥−â) ¤«ï ¬®é−ëå á¥à¢¥à®¢,
®¡à�¡�âë¢�îé¨å ¡®«ìè¨¥ ®¡ê¥¬ë ä�ªâ®£à�ä¨ç¥áª®© ¨ ¤®ªã¬¥−â�«ì−®© ¨−ä®à-
¬�æ¨¨ á ¨−â¥−á¨¢−ë¬ ¯®â®ª®¬ âà�−§�ªæ¨©; ¯¥àá®−�«ì−�ï ‘“�„ Microsoft Access
ª�ª �«ìâ¥à−�â¨¢� ¬−®£®ç¨á«¥−−ë¬ «¨−¥©ª�¬ ‘“�„ ä®à¬�â®¢ dBASE ¨ Paradox
¤«ï á®§¤�−¨ï ¡�§ ¤�−−ëå ¤«ï −¥¡®«ìè¨å £àã¯¯ ¯®«ì§®¢�â¥«¥©; ‘“�„ Microsoft
SQL Server ¤«ï â¥å−®«®£¨ç¥áª¨å ¨ ãç¥â−ëå ¡�§ ¤�−−ëå.

‚¯®á«¥¤áâ¢¨¨ −� ®á−®¢¥ íâ¨å ‘“�„ ¡ë«® à�§à�¡®â�−® ¬−®¦¥áâ¢® ¯à¨«®¦¥-
−¨©, ª®â®àë¥, á −¥¡®«ìè¨¬¨ ¨§¬¥−¥−¨ï¬¨, à�¡®â�îâ ¨ ¯®−ë−¥. ˆ á¥©ç�á, á¯ãáâï
¯®çâ¨ 20 «¥â, íâ¨ «¨−¥©ª¨ ‘“�„ ®áâ�îâáï ¤®¬¨−¨àãîé¨¬¨ ¢ á¢®¨å á¥£¬¥−-
â�å, � ¨å ¬−®£®ç¨á«¥−−ë¥ ª®−ªãà¥−âë (Sybase SQL, Watcom SQL, Informix,
Interbase, Paradox, FoxPro) ¯à�ªâ¨ç¥áª¨ ¨áç¥§«¨ á à®áá¨©áª®£® IT-àë−ª�.

’à¥âì¨¬ ¢�¦−¥©è¨¬ à¥§ã«ìâ�â®¬ áâ�«¨ à¥è¥−¨ï ¯® ª®−âà®«î á®áâ®ï−¨ï
á¨áâ¥¬, ã¯à�¢«¥−¨î ¨å äã−ªæ¨®−¨à®¢�−¨¥¬ ¨ íªá¯«ã�â�æ¨¥©. ‘®§¤�¢�¥¬ë¥
ªàã¯−®¬�áèâ�¡−ë¥ á¨áâ¥¬ë âà¥¡®¢�«¨ −®¢ëå, á®¢à¥¬¥−−ëå à¥è¥−¨© ¢ íâ®©
ç�áâ¨. ˆ. �. Œ¨§¨− äã−¤�¬¥−â�«ì−® ¯®¤®è¥« ª à¥è¥−¨î íâ¨å ¢®¯à®á®¢. ‡¤¥áì
−¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ®á®¡®¥ ¢−¨¬�−¨¥ ª íâ¨¬ ¢®¯à®á�¬ ¡ë«® ®¡ãá«®¢«¥−®
®¯ëâ®¬ ˆ£®àï �«¥ªá�−¤à®¢¨ç�, ¯à¨®¡à¥â¥−−ë¬ ¢ ¯¥à¨®¤ á®§¤�−¨ï ¯®¤ ¥£®
àãª®¢®¤áâ¢®¬ ‘�„. ÷�§à�¡®â�−−�ï ¢ ¥¥ à�¬ª�å á¨áâ¥¬� ª®−âà®«ï á®áâ®ï−¨ï
¨ ã¯à�¢«¥−¨ï áë£à�«� ®£à®¬−ãî à®«ì ¢ ®¡¥á¯¥ç¥−¨¨ ¤«¨â¥«ì−®£® −¥¯à¥àë¢−®£®
¨ íää¥ªâ¨¢−®£® äã−ªæ¨®−¨à®¢�−¨ï ‘�„.

‚ 1990-¥ ££. ¯®ï¢¨«áï æ¥«ë© àï¤ −®¢ëå ¯à®¤ãªâ®¢ −®¢®£® ª«�áá� | á¥â¥¢ëå
¯«�âä®à¬ ã¯à�¢«¥−¨ï (ª â®¬ã ¢à¥¬¥−¨ ã¦¥ ¡ë«¨ á¯¥æ¨ä¨æ¨à®¢�−ë ¨ ¯à¨−ïâë
¢ ª�ç¥áâ¢¥ ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢ ¯à®â®ª®«ë SNMP | Simple Network
Management Protocol)). ��¨¡®«¥¥ ¨§¢¥áâ−ë¬¨ ¡ë«¨ ¯à®¤ãªâë ä¨à¬ë Hewlett
Packard (HP) | «¨−¥©ª� ¯à®¤ãªâ®¢ HP Open View | ¨ Computer Associates
(CA) | ¯à®£à�¬¬−ë© ª®¬¯«¥ªá UniCenter. ˆ�ˆ ÷�� ¡ë«¨ ¯à¨®¡à¥â¥−ë
®¡� ¯à®¤ãªâ� ¨ ¯à®¢¥¤¥−ë ¢á¥áâ®à®−−¨¥ �−�«¨â¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï −� à�§«¨ç-
−ëå ª®−ä¨£ãà�æ¨ïå á¥à¢¥à−®£® ®¡®àã¤®¢�−¨ï ¨ áà¥¤áâ¢�å â¥«¥ª®¬¬ã−¨ª�æ¨©,
®¯¥à�æ¨®−−ëå á¨áâ¥¬�å, ‘“�„, à�§−®®¡à�§−®¬ ®¡é¥á¨áâ¥¬−®¬ ¨ ¯à¨ª«�¤−®¬
¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨. �®«¥¥ â®£®, á¯¥æ¨�«¨áâë ¨−áâ¨âãâ� ¯à®è«¨ ®¡ãç¥−¨¥
−� ªãàá�å ä¨à¬ HP ¨ ‘�.

‚ à¥§ã«ìâ�â¥ ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ à�§à�¡�âë¢�âì á®¡áâ¢¥−−ãî á¨áâ¥¬ã
ã¯à�¢«¥−¨ï á ¨á¯®«ì§®¢�−¨¥¬ ®â¤¥«ì−ëå ¬®¤ã«¥© ¨§ «¨−¥©ª¨ HP Open View
(¢ ç�áâ¨ ã¯à�¢«¥−¨ï �¯¯�à�â−ë¬¨ áà¥¤áâ¢�¬¨ ¨ ª®−âà®«ï âà�ä¨ª�) ¨ ¬®¤ã«¥©
¨§ á®áâ�¢� ¯à®¤ãªâ� UniCenter ¢ ç�áâ¨ ã¯à�¢«¥−¨ï ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥-
−¨¥¬.

…é¥ ®¤−® ¨§ ¢�¦−¥©è¨å −�¯à�¢«¥−¨© à�¡®â á¢ï§�−® á à¥è¥−¨ï¬¨ ¯® ®¡¥á-
¯¥ç¥−¨î á®¯àï¦¥−¨ï á¨áâ¥¬, á®§¤�¢�¥¬ëå −� ¡�§¥ á®¢à¥¬¥−−ëå â¥å−®«®£¨©,
¨ á¨áâ¥¬, ã¦¥ á®§¤�−−ëå ¨ äã−ªæ¨®−¨àãîé¨å −� â¥àà¨â®à¨¨ ÷”, á ãç¥â®¬
á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï ¨å ¯®â¥−æ¨�«� (−� á®¢à¥¬¥−−®¬ ï§ëª¥ | á®åà�−¥−¨ï
¨−¢¥áâ¨æ¨©).
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢

‡¤¥áì −¥®¡å®¤¨¬® ®â¬¥â¨âì ¤¢� ¢�¦−¥©è¨å â¥å−¨ç¥áª¨å à¥è¥−¨ï.
�¥à¢®¥ ¨§ −¨å | á®¯àï¦¥−¨¥ á −�¨¡®«¥¥ ¬�áá®¢ë¬¨ ¨ â¥àà¨â®à¨�«ì−® à�á¯à®-

áâà�−¥−−ë¬¨ á¥âï¬¨ â®£® ¢à¥¬¥−¨: â¥«¥£à�ä−ë¬¨ á¥âï¬¨ �’-50 ¨ ’¥«¥ªá. ’�ª®¥
à¥è¥−¨¥ ¯®§¢®«ï«® ¯®¢ëá¨âì ¢¥à®ïâ−®áâì ¤®¢¥¤¥−¨ï á®®¡é¥−¨© ®£à�−¨ç¥−−®£®
®¡ê¥¬� (ª®¬�−¤ë, á¨£−�«ë, à�á¯®àï¦¥−¨ï ¨ â. ¯.) á ãç¥â®¬ ã¢¥«¨ç¥−¨ï ¬−®¦¥áâ¢�
¢®§¬®¦−ëå ¯ãâ¥© ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ §� áç¥â à�§¢¥â¢«¥−−®áâ¨ â¥«¥£à�ä−®©
á¥â¨. ‘ ãç¥â®¬ â�ª¨å ¯®â¥−æ¨�«ì−ëå ¢®§¬®¦−®áâ¥© íâ¨å á¥â¥© ¢ ˆ�ˆ ÷�� ¡ë«
à�§à�¡®â�− á¯¥æ¨�«ì−ë© ª®¬¯«¥ªá á®¯àï¦¥−¨ï á á¥âï¬¨ �¡®−¥−âáª®£® â¥«¥£à�-
ä¨à®¢�−¨ï �’-50 ¨ ’¥«¥ªá ¤«ï ®¡¥á¯¥ç¥−¨ï ®¡¬¥−� â¥«¥£à�ä−ë¬¨ á®®¡é¥−¨ï¬¨
¬¥¦¤ã �¡®−¥−â�¬¨ ®¡ê¥ªâ®¢ëå ‹‚‘ (Ethernet) ¨ �¡®−¥−â�¬¨ â¥«¥£à�ä−ëå á¥â¥©
�’-50 ¨ ’¥«¥ªá.

‚â®à�ï à�¡®â� | á®¯àï¦¥−¨¥ á ®¡ê¥ªâ�¬¨ ã¯à�¢«¥−¨ï, ¯®¤ª«îç¥−−ë¬¨ ª ¡�-
§®¢®© ‘�„ ‚®®àã¦¥−−ëå ‘¨« ÷”, ª®â®à�ï ª −�ç�«ã 1990-å ££. ¡ë«� ®á−®¢−®©
âà�−á¯®àâ−®© á¥âìî ¤«ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï ƒ¥−¥à�«ì−®-
£® èâ�¡�, à�§«¨ç−ëå ¢¨¤®¢ ¢®®àã¦¥−−ëå á¨« ¨ à®¤®¢ ¢®©áª (�‘“ ‚‘ ÷”).
‘®¯àï¦¥−¨¥ ®¡¥á¯¥ç¨¢�«® ¢®§¬®¦−®áâì ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� á ®¡ê¥ªâ�¬¨
¢®¥−−ëå á¨áâ¥¬. „«ï à¥�«¨§�æ¨¨ â�ª®£® á®¯àï¦¥−¨ï ¯®âà¥¡®¢�«�áì à�§à�¡®âª�
á¯¥æ¨�«ì−®£® ª®¬¯«¥ªá� ¨ ¯à�¢¨« ¯® ¯à¥®¡à�§®¢�−¨î ¯à¨−ïâëå ¢ ¡�§®¢®© ‘�„
ä®à¬�â®¢ ª®¤®£à�¬¬ ¢ ä®à¬�âë ¯à®â®ª®«� Ethernet, çâ® ¯®§¢®«¨«® ®¡¥á¯¥ç¨âì
¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ �¡®−¥−â®¢ á¥â¨ Ethernet ¬®¤¥à−¨§¨àã¥¬®© á¨-
áâ¥¬ë ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ¨ �¡®−¥−â®¢ Š‘� �¢â®¬�â¨§¨à®¢�−−ëå
á¨áâ¥¬ ¢®¥−−®£® −�§−�ç¥−¨ï. ˆ â�ª®©, ¢¥áì¬� −¥¯à®áâ®©, ª®¬¯«¥ªá á®¯àï¦¥−¨ï
¡ë« á®§¤�−.

‚ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï ¡ë«® à�áá¬®âà¥−® −¥áª®«ìª® ¢�à¨�−â®¢ à¥�«¨§�-
æ¨¨ íâ®£® á®¯àï¦¥−¨ï, ¨ ¢ ª�ç¥áâ¢¥ ®á−®¢−®£® ¡ë« ¢ë¡à�− ¢�à¨�−â, ¯à¨ ª®â®à®¬
ª®¬¯«¥ªá á®¯àï¦¥−¨ï ¬®¤¥à−¨§¨àã¥¬®© á¨áâ¥¬ë ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨
¯®¤ª«îç�«áï ¯® ¢ë¤¥«¥−−ë¬ ª�−�«�¬ á¢ï§¨ ª æ¥−âà�¬ ª®¬¬ãâ�æ¨¨ ¡�§®¢®© ‘�„
¢ ¢¨¤¥ ¢¨àâã�«ì−®£® ®¡ê¥ªâ� ã¯à�¢«¥−¨ï, ®¡«�¤�îé¥£® −¥®¡å®¤¨¬ë¬¨ ¯à�¢�¬¨
¨ å�à�ªâ¥à¨áâ¨ª�¬¨.

…áâ¥áâ¢¥−−®, çâ® ãá¯¥è−®¬ã à¥è¥−¨î íâ®© §�¤�ç¨ á¯®á®¡áâ¢®¢�«® â®, çâ®
ˆ. �. Œ¨§¨− ª�ª ƒ«�¢−ë© ª®−áâàãªâ®à ‘�„ ¯à¥ªà�á−® ¢«�¤¥« áãé¥áâ¢®¬
¨ ®á®¡¥−−®áâï¬¨ â¥å−¨ç¥áª¨å à¥è¥−¨©, à¥�«¨§®¢�−−ëå ¢ ¡�§®¢®© ‘�„ �‘“
‚‘ ÷”.

‘®¢¥àè¥−−® −®¢ë¥ §�¤�ç¨ ª®««¥ªâ¨¢ã ˆ�ˆ ÷�� ¯®¤ àãª®¢®¤áâ¢®¬
ˆ. �. Œ¨§¨−� ¯à¨è«®áì à¥è�âì ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �¤-
−®¢à¥¬¥−−® á ä®à¬¨à®¢�−¨¥¬ −®à¬�â¨¢−®© ¡�§ë (á®¢¬¥áâ−® á ”��‘ˆ, ”‘�
¨ Œ¨−¨áâ¥àáâ¢®¬ ®¡®à®−ë) ¡ë«¨ �¯à®¡¨à®¢�−ë à�§«¨ç−ë¥ ¯®¤å®¤ë ¨ à¥è¥−¨ï,
¢ â®¬ ç¨á«¥ ¨ −¥ −�è¥¤è¨¥ ¤�«ì−¥©è¥£® ¯à¨¬¥−¥−¨ï. ‚ ª®−¥ç−®¬ ¨â®£¥ ¢ëè«¨ −�
¨á¯®«ì§®¢�−¨¥ à¥è¥−¨©, ª®â®àë¥ ®¯à¥¤¥«ïîâ á®¢à¥¬¥−−®¥ á®áâ®ï−¨¥ §�é¨é¥−-
−®áâ¨ ¨−ä®à¬�æ¨¨, á®¤¥à¦�é¥© £®áã¤�àáâ¢¥−−ãî â�©−ã, ¢ �¢â®¬�â¨§¨à®¢�−−ëå
á¨áâ¥¬�å. ÷�§à�¡®â�−−ë¥ áà¥¤áâ¢� ¯®§¢®«ïîâ ®¡¥á¯¥ç¨âì §�é¨âã ¨−ä®à¬�æ¨¨
¯à¨ à�¡®â¥ ¯®«ì§®¢�â¥«¥© ¢ ¤®¬¥−−®© áâàãªâãà¥, ®¡¬¥−¥ á®®¡é¥−¨ï¬¨ í«¥ªâà®−-
−®© ¯®çâë, ¤®áâã¯¥ ª ¨−ä®à¬�æ¨¨ ¢ ¡�§�å ¤�−−ëå ¨ ¯à¨ á®¢¬¥áâ−®© à�¡®â¥
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� ¢ª«�¤¥ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ â¥®à¨î ¨ ¯à�ªâ¨ªã á®§¤�−¨ï ®â¥ç¥áâ¢¥−−ëå ˆ’‘

−�¤ ¤®ªã¬¥−â�¬¨. ‘à¥¤áâ¢� ªà¨¯â®£à�ä¨ç¥áª®© §�é¨âë à¥�«¨§ãîâ è¨äà®¢�−¨¥
¨ ¨¬¨â®§�é¨âã ä�©«®¢, äã−ªæ¨¨ í«¥ªâà®−−®£® §�¬ª�, è¨äà®¢�−¨¥ ¢−ãâà¨á¥-
â¥¢®£® âà�ä¨ª� ¨ §�é¨âã ¢−¥è−¨å ª�−�«®¢ á¢ï§¨. ‚¯¥à¢ë¥ ¢ ¨§¤¥«¨ïå ¡ë«¨
à¥�«¨§®¢�−ë ªà¨¯â®�«£®à¨â¬ë á¥¬¥©áâ¢� úŒ¥â¥«ìû, à�§à�¡®â�−ë á¯¥æ¨�«ì−ë¥
áç¨âë¢�îé¨¥ ãáâà®©áâ¢�, ¢ ª�ç¥áâ¢¥ −®á¨â¥«¥© ª«îç¥¢®© ¨−ä®à¬�æ¨¨ ¯à¨¬¥−¥−�
÷®áá¨©áª�ï ¨−â¥««¥ªâã�«ì−�ï ª�àâ�, à¥�«¨§®¢�−ë à�§«¨ç−ë¥ â¨¯ë ¨−â¥àä¥©á®¢,
¢ª«îç�ï ¢ëá®ª®áª®à®áâ−ë¥ ®¯â®¢®«®ª®−−ë¥. ÷�§à�¡®â�−−ë¥ ¨§¤¥«¨ï ãá¯¥è−®
¯à®è«¨ á¥àâ¨ä¨ª�æ¨î ¢ ”‘� ¨ è¨à®ª® ¯à¨¬¥−ïîâáï ¢ §�é¨é¥−−ëå á¥âïå
®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ÷”.

�¯¥à�â¨¢−®áâì ¨ ¯à�¢¨«ì−®áâì ¯à¨−ïâ¨ï à¥è¥−¨© àãª®¢®¤áâ¢®¬ áâà�−ë ¢®
¬−®£®¬ §�¢¨á¨â ®â −�£«ï¤−®áâ¨ ¨ ª�ç¥áâ¢� ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå, çâ® ¯®âà¥¡®¢�-
«® è¨à®ª®£® ¢−¥¤à¥−¨ï â¥å−®«®£¨© £¥®¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ƒˆ‘), ¯®§¢®«ï-
îé¨å íää¥ªâ¨¢−® ¢§�¨¬®ã¢ï§�âì ª�àâ®£à�ä¨ç¥áªãî ®á−®¢ã ¨ ä�ªâ®£à�ä¨ç¥áª¨¥
¡�§ë ¤�−−ëå, � â�ª¦¥ ¡ëáâà® ®â®¡à�§¨âì ®£à®¬−ë© ®¡ê¥¬ −�ª®¯«¥−−ëå ¤�−−ëå
¢ ¯à¨£®¤−®¬ ¤«ï ¢®á¯à¨ïâ¨ï ¢¨¤¥. �ää¥ªâ¨¢−®áâì ƒˆ‘ ¢ ¯à®æ¥áá¥ ®¯¥à�â¨¢-
−®£® ¯à¨−ïâ¨ï à¥è¥−¨© ¡ë«� −�áâ®«ìª® ®ç¥¢¨¤−®©, çâ® ¯®¤ −¨å á®§¤�¢�«¨áì
á¯¥æ¨�«¨§¨à®¢�−−ë¥ áà¥¤áâ¢� ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨ | ú‚¨¤¥®áâ¥−ëû, ª®-
â®àë¥ ¯®§¢®«ï«¨ ¯®«ãç�âì ¯à¨¥¬«¥¬ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¯® à�§à¥è¥−¨î, ïàª®áâ¨
¨ à�§¬¥àã ª�àâ®£à�ä¨ç¥áª®£® ¨§®¡à�¦¥−¨ï ¯à¨ ¤®áâ�â®ç−® áªà®¬−ëå å�à�ªâ¥-
à¨áâ¨ª�å ¥¤¨−¨ç−®£® â¥å−¨ç¥áª®£® í«¥¬¥−â� (¯à®¥ªâ®à�, ¢¨¤¥®ªã¡�). ‚ á®áâ�¢
¨−â¥£à¨à®¢�−−®£® ¯à®£à�¬¬−®-�¯¯�à�â−®£® ª®¬¯«¥ªá�, à¥�«¨§ãîé¥£® äã−ªæ¨¨
¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨ï, ¢å®¤¨« íªà�− ª®««¥ªâ¨¢−®£®
¯®«ì§®¢�−¨ï ¯à®¥ªæ¨®−−®£® â¨¯� −� ¡�§¥ ¢¨¤¥®ªã¡®¢, ¨−¤¨¢¨¤ã�«ì−ë¥ áà¥¤áâ¢�
®â®¡à�¦¥−¨ï ¨ �¯¯�à�â−®-¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¯®¤¤¥à¦ª¨.

�®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨−� ¯à¨¬¥−¨â¥«ì−® ª §�¤�ç�¬ £®áã¤�àáâ¢¥−−®-
£® ã¯à�¢«¥−¨ï ¡ë«� ¯®ª�§�−� ¢�¦−®áâì á®§¤�−¨ï á¨âã�æ¨®−−ëå æ¥−âà®¢ (‘–).
‘¨âã�æ¨®−−ë© æ¥−âà ¤®«¦¥− ¯à¥¤áâ�¢«ïâì á®¡®© ª®¬¯«¥ªá, á®áâ®ïé¨© ¨§ �÷Œ
¤«ï àãª®¢®¤áâ¢� ¨ £àã¯¯ á¯¥æ¨�«¨áâ®¢, � â�ª¦¥ ¨§ ª®¬¯«¥ªá®¢ á¯¥æ¨�«ì−®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ®¯¥à�â¨¢−ë© �−�«¨§ á¨âã�-
æ¨¨, ú¯à®¨£àë¢�−¨¥û à�§«¨ç−ëå áæ¥−�à¨¥¢. ƒ«�¢−�ï §�¤�ç� ‘– | ¯®¤¤¥à¦�−¨¥
¨−ä®à¬�æ¨®−−®£® åà�−¨«¨é� ¤�−−ëå ¢ �ªâã�«ì−®¬ á®áâ®ï−¨¨ −� ®á−®¢¥ á¡®à�
¨−ä®à¬�æ¨¨ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢ ¨ á®§¤�−¨¥ ãá«®¢¨© ¤«ï ¨−â¥««¥ªâã�«ì−®©
¤¥ïâ¥«ì−®áâ¨ á¯¥æ¨�«¨áâ®¢ ¯® ¨−ä®à¬�æ¨®−−®© ¯®¤¤¥à¦ª¥ ¯à¨−ïâ¨ï ã¯à�¢«¥−-
ç¥áª¨å à¥è¥−¨© −� ®á−®¢¥ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

Š�ª ¢¨¤¨¬, ˆ. �. Œ¨§¨−ë¬ ¡ë«¨ ¯à¥¤ã£�¤�−ë ¨ áä®à¬ã«¨à®¢�−ë ®á−®¢−ë¥
¯à¨−æ¨¯ë ¨ â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ¤«ï è¨à®ç�©è¥£® ª«�áá� �¢â®¬�â¨§¨à®¢�−−ëå
á¨áâ¥¬ ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ÷”.

5 Заключение

‚áï −�ãç−®-¯à�ªâ¨ç¥áª�ï ¤¥ïâ¥«ì−®áâì �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� −� ¯à®âï-
¦¥−¨¨ ¡®«¥¥ 40 «¥â ¡ë«� á¢ï§�−� á ¯à®¡«¥¬�â¨ª®© ¨−ä®à¬�æ¨®−−ëå ¨ â¥«¥-
ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥©. �®¤ ¥£® àãª®¢®¤áâ¢®¬ ¨ ¯à¨ ¥£® −¥¯®áà¥¤áâ¢¥−−®¬
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢

ãç�áâ¨¨ ¡ë«¨ à¥è¥−ë ¬−®£¨¥ ¯à®¡«¥¬ë ¨−ä®à¬�â¨§�æ¨¨ ¯à®æ¥áá®¢ £®áã¤�à-
áâ¢¥−−®£® ã¯à�¢«¥−¨ï, à�§à�¡®â�−ë ª®−æ¥¯âã�«ì−ë¥ ¤®ªã¬¥−âë ¯® áâà�â¥£¨¨
¢§�¨¬®á®£«�á®¢�−−®£® à�§¢¨â¨ï á¨áâ¥¬ ¨ ª®¬¯«¥ªá®¢ á¢ï§¨ ¨ �¢â®¬�â¨§¨à®-
¢�−−®£® ã¯à�¢«¥−¨ï ¢®©áª�¬¨, á¨«�¬¨ ¨ ®àã¦¨¥¬ á ¯à¨¬¥−¥−¨¥¬ −®¢ëå ¨−-
ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¢ëà�¡®â�−ë ®à£�−¨§�æ¨®−−ë¥ ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨¥
¯à¨−æ¨¯ë ª®®à¤¨−�æ¨¨ à�¡®â ¯® �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï ¢® ¢á¥å
§¢¥−ìïå ‚®®àã¦¥−−ëå ‘¨« ÷”, ¢ë¯®«−¥− ªàã¯−ë© ª®¬¯«¥ªá à�¡®â ¯® á®§¤�-
−¨î ¡�§®¢ëå äã−ªæ¨®−�«ì−®-®à¨¥−â¨à®¢�−−ëå ¬¥¦¢¨¤®¢ëå ã−¨ä¨æ¨à®¢�−−ëå
�¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¤«ï ¯¥àá¯¥ªâ¨¢−ëå â¥-
«¥ª®¬¬ã−¨ª�æ¨®−−ëå ª®¬¯«¥ªá®¢ −®¢®£® ¯®ª®«¥−¨ï, à�§à�¡®â�−ë �«£®à¨â¬ë �¢-
â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ ¨ á¥«¥ªæ¨¨ à�§−®à®¤−ëå ¯®â®ª®¢ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨
¨ ¬®¤¥«¨à®¢�−¨ï ªà¨â¨ç¥áª¨å á¨âã�æ¨©, à�§−¥á¥−−ëå ¢® ¢à¥¬¥−¨ ¨ ¯à®áâà�−áâ¢¥,
á®§¤�−ë ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ á«®¦−ëå �¤�¯â¨¢−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå
á¥â¥©.

ˆ. �. Œ¨§¨− ¯®áâ®ï−−® ¢¥« ¡®«ìèãî −�ãç−®-®à£�−¨§�æ¨®−−ãî à�¡®âã. �−
¡ë« ¯à¥¤á¥¤�â¥«¥¬ á¥ªæ¨¨ ú’¥®à¨ï ¯¥à¥¤�ç¨ ¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨û ��ãç−®-
£® á®¢¥â� ¯® ª®¬¯«¥ªá−®© ¯à®¡«¥¬¥ úŠ¨¡¥à−¥â¨ª�û �� ‘‘‘÷, ç«¥−®¬ ª®¬¨áá¨¨
¯® ¢ëç¨á«¨â¥«ì−ë¬ æ¥−âà�¬ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï ¨ á¥âï¬ �‚Œ ¯à¨ �à¥-
§¨¤¨ã¬¥ �� ‘‘‘÷, ç«¥−®¬ ‘®¢¥â� àãª®¢®¤¨â¥«¥© �ª�¤¥¬á¥â¨, ç«¥−®¬ á®¢¥âáª®©
à�¡®ç¥© £àã¯¯ë ¬¥¦¤ã−�à®¤−®© ®à£�−¨§�æ¨¨ ¯® áâ�−¤�àâ¨§�æ¨¨, ¯à¥¤á¥¤�â¥«¥¬
��ãç−®£® á®¢¥â� ÷�� ¯® ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ë¬ á¥âï¬, ç«¥−®¬ �à¥-
§¨¤¨ã¬� −�ãç−®-â¥å−¨ç¥áª®£® á®¢¥â� ¯® ¯à®£à�¬¬¥ úˆ−ä®à¬�â¨§�æ¨ï ÷®áá¨¨û,
ç«¥−®¬ Š®®à¤¨−�æ¨®−−®£® á®¢¥â� ¯® ¨−ä®à¬�â¨§�æ¨¨ ¯à¨ �¤¬¨−¨áâà�æ¨¨ �à¥-
§¨¤¥−â� ÷”, ç«¥−®¬ −�ãç−ëå á®¢¥â®¢ ¯à¨ ‘®¢¥â¥ �¥§®¯�á−®áâ¨ ÷”, ‘®¢¥â¥
®¡®à®−ë ÷”, Œ¨−íª®−®¬¨ª¨ ÷”, ç«¥−®¬ �à¥§¨¤¨ã¬� �’‘ ¯à¨ �à�¢¨â¥«ìáâ¢¥
£. Œ®áª¢ë.

‘ 1996 £. ¨ ¤® ¯®á«¥¤−¨å ¤−¥© ˆ. �. Œ¨§¨− ¢¥« �ªâ¨¢−ãî à�¡®âã ª�ª ç«¥−
¡îà® �â¤¥«¥−¨ï ¨−ä®à¬�â¨ª¨, ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ �¢â®¬�â¨§�æ¨¨ ÷��.

ˆ. �. Œ¨§¨− ¬−®£® ¢−¨¬�−¨ï ã¤¥«ï« ¯®¤£®â®¢ª¥ −�ãç−ëå ¨ ¨−¦¥−¥à−ëå ª�¤-
à®¢. �− ¡ë« §�¢¥¤ãîé¨¬ ¡�§®¢ë¬¨ ª�ä¥¤à�¬¨ ¢ Œ®áª®¢áª®¬ £®áã¤�àáâ¢¥−−®¬
ã−¨¢¥àá¨â¥â¥ à�¤¨®â¥å−¨ª¨, í«¥ªâà®−¨ª¨ ¨ �¢â®¬�â¨ª¨ (Œˆ÷��) ¨ ¢ Œ®áª®¢-
áª®¬ â¥å−¨ç¥áª®¬ ã−¨¢¥àá¨â¥â¥ á¢ï§¨ ¨ ¨−ä®à¬�â¨ª¨ (Œ’“‘ˆ), ¯à¥¤á¥¤�â¥«¥¬
¤¢ãå á¯¥æ¨�«¨§¨à®¢�−−ëå á®¢¥â®¢ ¯® §�é¨â¥ ¤®ªâ®àáª¨å ¤¨áá¥àâ�æ¨©. �®¤£®â®-
¢¨« §−�ç¨â¥«ì−®¥ ç¨á«® ª�−¤¨¤�â®¢ ¨ ¤®ªâ®à®¢ â¥å−¨ç¥áª¨å −�ãª.

ˆ. �. Œ¨§¨− ®¡«�¤�« ã¤¨¢¨â¥«ì−®© á¯®á®¡−®áâìî á®§¤�¢�âì ¢ −�ãª¥ ¨ ¯à®-
¬ëè«¥−−®áâ¨ ãá¯¥è−® à�¡®â�îé¨¥ ¡®«ìè¨¥ ª®««¥ªâ¨¢ë á¯¥æ¨�«¨áâ®¢, ®¡ê¥¤¨-
−ïâì ¢®ªàã£ á¥¡ï â�«�−â«¨¢ãî ¬®«®¤¥¦ì.

�®á«¥ ¯à¨å®¤� ¢ ˆ�ˆ ÷�� ˆ. �. Œ¨§¨− ãáâ�−®¢¨« ¨ ¯®¤¤¥à¦¨¢�« �ªâ¨¢−ë¥
ª®−â�ªâë á §�àã¡¥¦−ë¬¨ ª®««¥£�¬¨. �− ¯®«ãç¨« ¬¥¦¤ã−�à®¤−ãî ¨§¢¥áâ−®áâì
¨ á−¨áª�« £«ã¡®ª®¥ ã¢�¦¥−¨¥ ¬−®£¨å ãç¥−ëå, ¯à®ä¥áá®à®¢ ¨ ¤¥«®¢ëå ¯�àâ−¥à®¢
¢ ‘˜�, ƒ¥à¬�−¨¨, ˆâ�«¨¨, áâà�−�å ā£®-‚®áâ®ç−®© �§¨¨.

��ãç−�ï, −�ãç−®-®à£�−¨§�æ¨®−−�ï ¨ ¯¥¤�£®£¨ç¥áª�ï ¤¥ïâ¥«ì−®áâì ˆ. �. Œ¨-
§¨−� ¡ë«� ¯® ¤®áâ®¨−áâ¢ã ®æ¥−¥−� −�è¥© ÷®¤¨−®©. �− ¡ë« «�ãà¥�â®¬ ‹¥−¨−áª®©
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� ¢ª«�¤¥ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ â¥®à¨î ¨ ¯à�ªâ¨ªã á®§¤�−¨ï ®â¥ç¥áâ¢¥−−ëå ˆ’‘

¨ ƒ®áã¤�àáâ¢¥−−®© ¯à¥¬¨©, −�£à�¦¤¥− ®à¤¥−®¬ ’àã¤®¢®£® Šà�á−®£® ‡−�¬¥−¨,
®à¤¥−®¬ ú‡� §�á«ã£¨ ¯¥à¥¤ �â¥ç¥áâ¢®¬û 4-© áâ¥¯¥−¨, ¬−®£¨¬¨ ¬¥¤�«ï¬¨.

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ã¬¥à ¢ à�áæ¢¥â¥ â¢®àç¥áª¨å á¨« 8 á¥−âï¡àï
1999 £. ¯®á«¥ âï¦¥«®© ¡®«¥§−¨. �− ¯®å®à®−¥− ¢ Œ®áª¢¥ −� ‚®áâàïª®¢áª®¬
ª«�¤¡¨é¥.

Š®««¥£¨ ¨ ãç¥−¨ª¨ ˆ. �. Œ¨§¨−� ¯à®¤®«¦�îâ −�ç�âë¥ ¨¬ à�¡®âë, à¥�«¨§ãï
¨ à�§¢¨¢�ï ¥£® −�ãç−ë¥ ¨¤¥¨ ¢ à�§«¨ç−ëå ®à£�−¨§�æ¨ïå ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, ¯à®¬ëè«¥−−®áâ¨ ¨ ¢ â¥å−¨ç¥áª¨å ã−¨¢¥àá¨â¥â�å.

Литература

1. ‡�å�à®¢ ‚. �., ‘®ª®«®¢ ˆ. �. �ª�¤¥¬¨ª ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− // ˆáâ®à¨ï
−�ãª¨ ¨ â¥å−¨ª¨, 2008. ü 7. ‘. 53{56.

2. ‡�æ�à¨−−ë© �. �., ‡�å�à®¢ ‚. �., ‘¨−¨æ¨− ˆ. �. ˆ�ˆ ÷�� ¨ á®§¤�−¨¥ ¨−ä®à¬�-
æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© ¢ ¨−â¥à¥á�å ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨
÷®áá¨©áª®© ”¥¤¥à�æ¨¨ (ª 25-«¥â¨î ˆ�ˆ ÷��) // ‚¥¤®¬áâ¢¥−−ë¥ ª®à¯®à�â¨¢−ë¥
á¥â¨, 2008. ü 2(47). ‘. 118{128.

3. �¢â®¬�â¨§�æ¨ï ã¯à�¢«¥−¨ï. ��è ¯ãâì: Š 50-«¥â¨î �ˆˆ �¢â®¬�â¨ç¥áª®© �¯¯�à�-
âãàë ¨¬. �ª�¤¥¬¨ª� ‚. ‘. ‘¥¬¥−¨å¨−�. | Œ.: �ˆˆ ��, 2006. 210 á.

4. •à�¬¥è¨− ƒ. Š. Œ¨§¨− | £«�¢−ë© ª®−áâàãªâ®à ¯¥à¢®© ¢ ‘‘‘÷ â¥«¥ª®¬¬ã−¨ª�-
æ¨®−−®© á¨áâ¥¬ë ®¡¬¥−� ¤�−−ë¬¨ −� ¯à¨−æ¨¯�å ª®¬¬ãâ�æ¨¨ ¯�ª¥â®¢. �á−®¢−ë¥
−�ãç−ë¥ ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¯à®¡«¥¬ë ¥¥ á®§¤�−¨ï // ˆ. �. Œ¨§¨− | ãç¥−ë©,
ª®−áâàãªâ®à, ç¥«®¢¥ª. | Œ.: ˆ�ˆ ÷��, 2010. ‘. 129{132.

5. ™ãª¨− ‹. �. ˆ. �. Œ¨§¨−: á¨áâ¥¬−®¥ ¬ëè«¥−¨¥, −®¢�â®àáâ¢®, æ¥«¥ãáâà¥¬«¥−-
−®áâì // ˆ. �. Œ¨§¨− | ãç¥−ë©, ª®−áâàãªâ®à, ç¥«®¢¥ª. | Œ.: ˆ�ˆ ÷��, 2010.
‘. 136{141.

6. ‡�æ�à¨−−ë© �. �. � à®«¨ ¨ ¢ª«�¤¥ ¨−áâ¨âãâ� ¢ á®§¤�−¨¥ ¨ à�§¢¨â¨¥ á¨áâ¥¬ë
®¡¬¥−� ¤�−−ë¬¨ �‘“ ‚‘ // ˆ−áâ¨âãâ ¢®¥−−®© á¢ï§¨. ˆáâ®à¨ï ¨ á®¢à¥¬¥−−®áâì.
1923{2008 ££. | Œëâ¨é¨, 2008. ‘. 230{237.

7. ‡�æ�à¨−−ë© �. �. �ª�¤¥¬¨ª ˆ. �. Œ¨§¨−: ¢®¥−−�ï −�ãª� ¨ ¯à�ªâ¨ª� // ˆ. �. Œ¨-
§¨− | ãç¥−ë©, ª®−áâàãªâ®à, ç¥«®¢¥ª. | Œ.: ˆ�ˆ ÷��, 2010. ‘. 96{128.

8. ‡�æ�à¨−−ë© �. �. �¯¯�à�âãà� á¨áâ¥¬ ¨ ª®¬¯«¥ªá®¢ ®¡¬¥−� ¤�−−ë¬¨ // ˆáâ®à¨ï
®â¥ç¥áâ¢¥−−ëå áà¥¤áâ¢ á¢ï§¨. | Œ.: ‘â®«¨ç−�ï í−æ¨ª«®¯¥¤¨ï, 2013. ‘. 501{506.

9. ‘®ª®«®¢ ˆ. �. ‚ª«�¤ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¥ ®â¥ç¥áâ¢¥−−ëå ¨−ä®à¬�-
æ¨®−−ëå â¥å−®«®£¨© ¨ á¨áâ¥¬ // ˆ. �. Œ¨§¨− | ãç¥−ë©, ª®−áâàãªâ®à, ç¥«®¢¥ª. |
Œ.: ˆ�ˆ ÷��, 2010. ‘. 85{95.

10. ƒ�©ª®¢¨ç ā. ‚. ÷¥£¨®−�«ì−ë¥ â¥«¥ª®¬¬ã−¨ª�æ¨¨ ®â Œ¨§¨−� // ˆ. �. Œ¨§¨− |
ãç¥−ë©, ª®−áâàãªâ®à, ç¥«®¢¥ª. | Œ.: ˆ�ˆ ÷��, 2010. ‘. 193{196.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 30.01.15

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 25 −®¬¥à 1 2015 227



I. A. Sokolov, A. A. Zatsarinny, and V. N. Zakharov

ABOUT ACADEMICIAN I. A. MIZIN’S CONTRIBUTION
TO THEORY AND PRACTICE OF DOMESTIC

INFORMATION-TELECOMMUNICATION SYSTEMS CREATION:
TO THE 80th ANNIVERSARY

I. A. Sokolov, A. A. Zatsarinny, and V. N. Zakharov

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

Abstract: The article is devoted to the 80th anniversary of academician
I. A. Mizin, head of IPI RAS during 1989{1999, outstanding scientist, designer
and engineer. A brief biography concerning his scientific work is presented. The
scientific and practical contribution of I. A. Mizin to the theory and its appli-
cations in creation of domestic information-telecommunication systems (ITS) is
considered in three directions of his work. The first direction is development
and implementation of the data communication system for the purposes of Armed
Force ACS (automated control system), which was the first domestic network
with packet commutation. The second direction is justification of information
technologies for creation of the huge territorial system of data communication in
the regions of Russia. The third direction is creation and development of informa-
tion networks for the purposes of government with requirements of information
protection.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;
{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-

â¥©;
{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.
�ã¡«¨ª�æ¨ï −¥ ¤®«¦−� −�àãè�âì §�ª®− ®¡ �¢â®àáª¨å ¯à�¢�å.
��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ ¢á¥ ¯à�¢� á®¡áâ¢¥−−¨ª®¢ ¤�−−®©
àãª®¯¨á¨ ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ −¥¨áª«îç¨â¥«ì−ë¥ ¯à�¢�
−� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥− ®â àãááª®-
£®) ¨ −� ¥¥ à�á¯à®áâà�−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. �¢â®àë ¤®«¦−ë ¯à¥¤®áâ�¢¨âì
¢ à¥¤�ªæ¨î ¯¨áì¬® ¢ á«¥¤ãîé¥© ä®à¬¥:
‘®£«�è¥−¨¥ ® ¯¥à¥¤�ç¥ ¯à�¢� −� ¯ã¡«¨ª�æ¨î:

úŒë, −¨¦¥¯®¤¯¨á�¢è¨¥áï, �¢â®àë àãª®¯¨á¨ ú. . . û, ¯¥à¥¤�¥¬ ãçà¥¤¨â¥«ï¬ ¨ à¥¤-
ª®««¥£¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û −¥¨áª«îç¨â¥«ì−®¥ ¯à�¢®
®¯ã¡«¨ª®¢�âì ¤�−−ãî àãª®¯¨áì áâ�âì¨ −� àãááª®¬ ï§ëª¥ ª�ª ¢ ¯¥ç�â−®©, â�ª
¨ ¢ í«¥ªâà®−−®© ¢¥àá¨ïå ¦ãà−�«�. Œë ¯®¤â¢¥à¦¤�¥¬, çâ® ¤�−−�ï ¯ã¡«¨ª�æ¨ï
−¥ −�àãè�¥â �¢â®àáª¨å ¯à�¢ ¤àã£¨å «¨æ ¨«¨ ®à£�−¨§�æ¨©, � â�ª¦¥ −¥ á®¤¥à¦¨â
á¢¥¤¥−¨©, §�¯à¥é¥−−ëå ª ®¯ã¡«¨ª®¢�−¨î ¢ ®âªàëâ®© ¯¥ç�â¨.

�®¤¯¨á¨ �¢â®à®¢: (ä. ¨. ®., ¤�â�, �¤à¥á)û.

�â® á®£«�è¥−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤®áâ�¢«¥−® ¢ ¡ã¬�¦−®¬ ¢¨¤¥ ¨«¨ ¢ ¢¨¤¥ ®âáª�−¨à®-
¢�−−®© ª®¯¨¨ (á ¯®¤¯¨áï¬¨ �¢â®à®¢).
÷¥¤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¥ 20 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
‘®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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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;

{ architecture and software of computational complexes and networks; and

{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
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