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ПРЕДИСЛОВИЕ

‚−¨¬�−¨î ç¨â�â¥«¥© ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯à¥¤«�-
£�¥âáï â¥¬�â¨ç¥áª¨© ¢ë¯ãáª ú�à®¡«¥¬ë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ −�-
¤¥¦−®áâ¨ á¨áâ¥¬ ¨−ä®à¬�â¨ª¨û. ‚ á¡®à−¨ª¥ ¯à¥¤áâ�¢«¥−ë áâ�âì¨ á®âàã¤−¨ª®¢
ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ˆ−áâ¨âãâ� â®ç−®©
¬¥å�−¨ª¨ ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨¬. ‘. �. ‹¥¡¥¤¥¢� ÷®áá¨©áª®© �ª�¤¥-
¬¨¨ −�ãª, ä�ªã«ìâ¥â� ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œƒ“ ¨¬.
Œ. ‚. ‹®¬®−®á®¢�, Œ®áª®¢áª®£® ä¨§¨ª®-â¥å−¨ç¥áª®£® ¨−áâ¨âãâ�, “«ìï−®¢áª®£®
£®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�, –¥−âà� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ á¨áâ¥¬
®à£�−®¢ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ (–ˆ’ˆ‘), –¥−âà� ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨©
ª®¬¯ìîâ¥à−ëå á¥â¥© (‘ª®«ª®¢®).

�¤−¨¬ ¨§ £«�¢−ëå ¯à¨«®¦¥−¨© ¬�â¥¬�â¨ª¨ ¢ ¢®¯à®á�å ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ ï¢«ï¥âáï ªà¨¯â®£à�ä¨ï. �¤−�ª® ¬�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë ¢ ªà¨¯â®-
£à�ä¨¨ ¡ë«¨ ¯à¨−ïâë á¯¥æ¨�«¨áâ�¬¨ ¤�«¥ª® −¥ áà�§ã, ¨ ¯®âà¥¡®¢�«®áì ¤¥áïâ¨-
«¥â¨¥ ¯®á«¥ ¯®ï¢«¥−¨ï ¨§¢¥áâ−®© à�¡®âë ˜¥−−®−�, ¯à¥¦¤¥ ç¥¬ ¬�â¥¬�â¨ç¥áª¨¥
¬¥â®¤ë áâ�«¨, á ®¤−®© áâ®à®−ë, ¡�§®© ¤«ï ®¡®á−®¢�−¨ï §�é¨é¥−−®áâ¨ è¨äà®¢, �
á ¤àã£®© | ®á−®¢−ë¬ ¨−áâàã¬¥−â®¬ ¢ ªà¨¯â®�−�«¨§¥. �áâà®â� ¯à®¡«¥¬ ª®¬¯ìî-
â¥à−®© ¡¥§®¯�á−®áâ¨ ¢ë§¢�«� ¯®−�ç�«ã ¯®ï¢«¥−¨¥ ¬−®¦¥áâ¢� à�¡®â, ¯®á¢ïé¥−−ëå
¬®¤¥«ï¬ §�é¨âë. �® ¢ ¤�«ì−¥©è¥¬ ¢®áâà¥¡®¢�−−®áâì â�ª¨å à�¡®â §−�ç¨â¥«ì−®
á−¨§¨«�áì. �á−®¢−ãî à®«ì ¢ ª®¬¯ìîâ¥à−®© ¨ á¥â¥¢®© ¡¥§®¯�á−®áâ¨, ¢ à�§à�¡®âª¥
¨ à¥�«¨§�æ¨¨ �â�ª −� ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë áâ�«¨ ¨£à�âì ¯à®£à�¬¬¨áâë ¨ á¯¥-
æ¨�«¨áâë ¢ ®¡«�áâ¨ §−�−¨ï �¯¯�à�â−ëå ¯«�âä®à¬ ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.
“¢¥«¨ç¨¢�îé�ïáï á«®¦−®áâì �¯¯�à�â−ëå ¯«�âä®à¬ ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥-
−¨ï, ª�ª ¯à�¢¨«®, −¥ ¯®§¢®«ï¥â â�ª¨¬ á¯¥æ¨�«¨áâ�¬ ®á¢�¨¢�âì ¬�â¥¬�â¨ç¥áª¨¥
¬¥â®¤ë ¨ ¯à¨¬¥−ïâì ¨å ¢ §�¤�ç�å ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ‚¬¥áâ¥ á
â¥¬ ¯à�ªâ¨ç¥áª�ï áâ®©ª®áâì (¢ ®¯à¥¤¥«¥−¨¨ ˜¥−−®−�) ªà¨¯â®á¨áâ¥¬ ¯®«−®áâìî
¯¥à¥−®á¨âáï −� ¬−®£¨¥ ¯à®¡«¥¬ë ª®¬¯ìîâ¥à−®© ¨ á¥â¥¢®© §�é¨âë.

�¡é¨¬ ¢® ¬−®£¨å §�¤�ç�å ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ï¢«ï¥âáï â®, çâ®
íää¥ªâ¨¢−®¥ à¥è¥−¨¥ §�¤�ç áãé¥áâ¢ã¥â, −® á«®¦−®áâì íâ®£® à¥è¥−¨ï ¤¥«�¥â ¥£®
−¥¤®áâ¨¦¨¬ë¬ −� á®¢à¥¬¥−−®¬ ãà®¢−¥ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ �«£®à¨â¬®¢,
à�§à�¡®â�−−ëå ¤«ï à¥è¥−¨ï íâ¨å §�¤�ç. ‚¬¥áâ¥ á â¥¬ ¨áá«¥¤®¢�−¨¥ ¢®§¬®¦−®áâ¨
á−¨¦¥−¨ï á«®¦−®áâ¨ §�¤�ç ¨ à�§à�¡®âª� ¡ëáâà® ¢ëç¨á«¨¬ëå �«£®à¨â¬®¢ |
íâ® ®á−®¢−ë¥ §�¤�ç¨ ¤¨áªà¥â−®© ¨ ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨. �â®¡à�¦¥−¨¥
á«®¦−ëå á¨áâ¥¬ ¢ ¡®«¥¥ ¯à®áâë¥ á á®åà�−¥−¨¥¬ ¢ ¬®¤¥«ïå −¥®¡å®¤¨¬ëå á¢®©áâ¢ |
íâ® §�¤�ç� �«£¥¡à�¨ç¥áª®£® �−�«¨§� á«®¦−ëå á¨áâ¥¬.
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�à¥¤¨á«®¢¨¥

„�−−ë© â¥¬�â¨ç¥áª¨© á¡®à−¨ª ¢ª«îç�¥â àï¤ áâ�â¥© á¯¥æ¨�«¨áâ®¢ à�§−ëå −�-
¯à�¢«¥−¨© ¨ ª¢�«¨ä¨ª�æ¨© ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ¢ ª®â®àëå
¯à¥¤áâ�¢«¥−ë �ªâã�«ì−ë¥ §�¤�ç¨, à¥è�¥¬ë¥ á ®¯®à®© −� ¯à¨¬¥−¥−¨¥ ¬�â¥¬�â¨-
ç¥áª¨å ¬¥â®¤®¢.

�−�«¨§ ¨ ¢ëï¢«¥−¨¥ áªàëâëå ª�−�«®¢ ï¢«ï¥âáï ¯à¨¬¥à®¬ ¨á¯®«ì§®¢�−¨ï
¬¥â®¤®¢ ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¢ ¯à®¡«¥¬�å ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨. �−�«®£¨ç−ë¥ §�¤�ç¨ ¢®§−¨ª�îâ ¯à¨ ¢ëï¢«¥−¨¨ �−®¬�«¨© ¢ ¯®¢¥¤¥−¨¨
¯®«ì§®¢�â¥«¥© ¨«¨ á¨áâ¥¬ë. �à¥¤¯®«®¦¨¬, çâ® ¨¬¥îâáï ®£à®¬−ë¥ ¢ëç¨á«¨â¥«ì-
−ë¥ à¥áãàáë ¨ ¢®§¬®¦−®áâì �−�«¨§¨à®¢�âì ¢á¥ ¯¥à¥¤�¢�¥¬ë¥ ¯® á¥â¨ ¤�−−ë¥.
ˆ¬¥ï â�ª¨¥ ¢®§¬®¦−®áâ¨, ¬®¦−® ¢®ááâ�−�¢«¨¢�âì ¯¥à¥¤�¢�¥¬ë¥ á®®¡é¥−¨ï ¨
�−�«¨§¨à®¢�âì ¨å −� ¯à¨−�¤«¥¦−®áâì «¥£�«ì−®¬ã ï§ëªã, ¨á¯®«ì§ã¥¬®¬ã ¢ ¯¥à¥-
¯¨áª¥. ’¥ á®®¡é¥−¨ï, ª®â®àë¥ −¥ ï¢«ïîâáï ¢ëà�¦¥−¨¥¬ ¢ «¥£�«ì−ëå ï§ëª�å ¨«¨
á®¤¥à¦�â −¥¯à�¢®¬¥à−ë© ª®−â¥−â, ¬®¦−® ¢ë¤¥«ïâì ¨ ®â¡à�áë¢�âì ¨§ á¥â¥¢®£®
âà�ä¨ª�. …á«¨ ¡ë ã¤�«®áì â�ª ¯®áâã¯¨âì, íää¥ªâ¨¢−®áâì ¡®àì¡ë á® áªàëâë¬¨
ª�−�«�¬¨, á ¯®¨áª®¬ �−®¬�«ì−®£® ¯®¢¥¤¥−¨ï à¥§ª® ¯®¢ëá¨«�áì ¡ë. �¥¢®§-
¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï â�ª®£® ¯®¤å®¤� −� ¯à�ªâ¨ª¥ á¢ï§�−� á ¢ëç¨á«¨â¥«ì−®©
á«®¦−®áâìî ãª�§�−−®£® à¥è¥−¨ï ¨ ®âáãâáâ¢¨¥¬ íää¥ªâ¨¢−ëå �«£®à¨â¬®¢, ¯®§¢®-
«ïîé¨å à¥è�âì ¤�−−ãî §�¤�çã. „®áâ¨çì ¯®«−®© à¥�«¨§�æ¨¨ ãª�§�−−®£® ¯®¤å®¤�
−¥¢®§¬®¦−®, −® ¬®¦−® ¯®áâ�¢¨âì ¬�â¥¬�â¨ç¥áªãî §�¤�çã ¯® á−¨¦¥−¨î á«®¦−®áâ¨
¨ ¯®¢ëè¥−¨î íää¥ªâ¨¢−®áâ¨ §�¤�ç¨ ¯®¨áª� áªàëâëå ª�−�«®¢ ¨ �−®¬�«ì−®£® ¯®-
¢¥¤¥−¨ï. ‚ á¡®à−¨ª¥ −�¯à�¢«¥−¨¥ ¯® �−�«¨§ã áªàëâëå ª�−�«®¢ ¯à¥¤áâ�¢«¥−®
à�¡®â®© �. �. ƒàãè®. ‚ íâ®© à�¡®â¥ ¯à®¢¥¤¥− �−�«¨§ −®¢®£® ª«�áá� áªàëâëå ª�-
−�«®¢ ¢ ª®¬¯ìîâ¥à−®© á¨áâ¥¬¥. �®áâà®¥−−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ¯®§¢®«¨«¨
á¤¥«�âì ¢ë¢®¤, çâ® ¨áá«¥¤ã¥¬ë¥ áªàëâë¥ ª�−�«ë ®¡«�¤�îâ ¢ëá®ª®© ¯à®¯ãáª−®©
á¯®á®¡−®áâìî ¨ å®à®è¥© −¥¢ëï¢«ï¥¬®áâìî.

‚�¦−®¥ §−�ç¥−¨¥ ¨¬¥¥â §�¤�ç� ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ ª®¤�å ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï. �¤−¨¬ ¨§ íää¥ªâ¨¢−ëå á¯®á®¡®¢ ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ SCADA-
á¨áâ¥¬�å ï¢«ï¥âáï ¯®¤�ç� ú¬ãá®à�û −� ¢å®¤ ¨ «®ª�«¨§�æ¨ï ¬¥áâ, ¯à¨¢®¤ïé¨å
ª §�¢¨á�−¨î á¨áâ¥¬ë (fuzzing). „�−−ë© ¬¥â®¤ ¨ ¬−®£¨¥ ¥¬ã ¯®¤®¡−ë¥ ¬®¦−®
à�áá¬�âà¨¢�âì ª�ª ¯à®áâ¥©è¨¥ à¥�«¨§�æ¨¨ á«¥¤ãîé¥£® £¨¯®â¥â¨ç¥áª®£® ¯®¤å®¤�.
Š�¦¤®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë á ¯®¬®éìî
¢ëç¨á«¨â¥«ï ®£à®¬−®© ¬®é−®áâ¨ ¯à®á¬�âà¨¢�¥âáï −� ¯à¥¤¬¥â â®£®, ª�ª¨¥ −�-
àãè¥−¨ï ¢ ï§ëª¥ ¢§�¨¬®¤¥©áâ¢¨ï −¥¤®¯ãáâ¨¬ë ¨ ¢ë§ë¢�îâ á¡®© ª®¬¯®−¥−âë,
¯®«ãç�îé¥© §�¤�−¨¥ ®â ¯à¥¤è¥áâ¢¥−−¨ª�.

‹¥£ª® ¢¨¤¥âì, çâ® ¯®¨áª â�ª¨å á¡®¥¢ íª¢¨¢�«¥−â¥− ¯à®¢¥àª¥ ¤®¯ãáâ¨¬®áâ¨
¢å®¤−ëå á«®¢ ¤«ï ª®¬¯®−¥−â ¢ ¨å �¢â®¬�â−®¬ ¯à¥¤áâ�¢«¥−¨¨. ‚¥à®ïâ−®áâ−®-áâ�-
â¨áâ¨ç¥áª�ï âà�ªâ®¢ª� íâ®© §�¤�ç¨ â�ª®¢�. �à¥¤¯®«®¦¨¬, çâ® ¨§¢¥áâ−® ¬−®¦¥áâ¢®
−¥¤®¯ãáâ¨¬ëå á«®¢ −� ¢å®¤¥ ª®¬¯®−¥−âë ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë. ƒ¥−¥à¨àã¥âáï
á«ãç�©−�ï ¯®á«¥¤®¢�â¥«ì−®áâì ¨ ¨áá«¥¤ã¥âáï á«ãç�©−®¥ ¢à¥¬ï ®¦¨¤�−¨ï ¯®¯�¤�-
−¨ï −� §�¯à¥é¥−−®¥ á«®¢® (§�¯à¥â). Œ�â¥¬�â¨ª� ¬®¦¥â ¤�âì ¢®§¬®¦−®áâì ®æ¥−¨âì
á«®¦−®áâì ¤�−−®© §�¤�ç¨ ¨ ¯®áâà®¨âì �«£®à¨â¬ë, ¯®§¢®«ïîé¨¥ íää¥ªâ¨¢−® ¢

4 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 23 −®¬¥à 1 2013



�à¥¤¨á«®¢¨¥

ª�ª®¬-â® á¬ëá«¥ à¥è�âì ¯®¤®¡−ë¥ §�¤�ç. �â® −�¯à�¢«¥−¨¥ ¯à¥¤áâ�¢«¥−® ¢ à�-
¡®â�å Œ. ‚. ‹¥¢ëª¨−� ¨ �. ˆ. Œ¨é¥−ª®. ‚ −¨å à�áá¬�âà¨¢�¥âáï §�¤�ç� ¯®¨áª�
ãï§¢¨¬®áâ¥© ¢ ®¯¥à�æ¨®−−ëå á¨áâ¥¬�å. �®áâà®¥−−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨
¯®§¢®«ïîâ íää¥ªâ¨¢−® ã¯®àï¤®ç¨âì ¯ãâ¨ à�á¯à®áâà�−¥−¨ï �â�ª ¨ â¥¬ á�¬ë¬
á®ªà�â¨âì ¢à¥¬ï ¯®¨áª� ¯® áà�¢−¥−¨î á ¯®«−ë¬ ¯¥à¥¡®à®¬.

‚ à�¡®â¥ �. �. ’¨¬®−¨−®© ¨ …. …. ’¨¬®−¨−®© à�áá¬�âà¨¢�¥âáï −®¢ë© ª«�áá
�â�ª −� æ¥−âà�«¨§®¢�−−ë¥ á¨áâ¥¬ë §�é¨âë ¢ ª®à¯®à�â¨¢−ëå á¨áâ¥¬�å ¨ ®¡«�ª�å.
‚ ª�ç¥áâ¢¥ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ¯à¥¤«�£�¥âáï á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï
á −¥â¥à¯¥«¨¢ë¬¨ §�ï¢ª�¬¨.

÷�¡®â� …. ‚. �¨áª®¢áª®£® ¯®á¢ïé¥−� ¤¢ãåä�ªâ®à−®© �ãâ¥−â¨ä¨ª�æ¨¨, ¨ ¢
−¥© ¤¥«�¥âáï ¯®¯ëâª� ¯®áâà®¥−¨ï ¬®¤¥«¨ ¤«ï ®æ¥−ª¨ áâ®©ª®áâ¨ â�ª¨å á¨áâ¥¬.
‡�¤�ç� ¯®áâà®¥−¨ï ª®¤®¢ �ãâ¥−â¨ä¨ª�æ¨¨ á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬ à�áá¬®âà¥−�
¢ à�¡®â¥ ‘. Œ. ÷�æ¥¥¢�.

�à®¡«¥¬� á®ªà�é¥−¨ï ¢à¥¬¥−¨ ¯®¨áª� á¯¥æ¨�«ì−®© á¥â¥¢®© ¨−ä®à¬�æ¨¨ á
¯®¬®éìî ¯¥à¥−¥á¥−¨ï ®á−®¢−®© ¢ëç¨á«¨â¥«ì−®© −�£àã§ª¨ −� ¯à¥¤¢�à¨â¥«ì−ãî
®¡à�¡®âªã ¨áá«¥¤ã¥âáï ¢ à�¡®â¥ Œ. ˆ. ‡�¡¥¦�©«®. ‚ à�¡®â¥ Œ. �. ‘�¬®©«®¢�
¨ ¤à. à�áá¬�âà¨¢�¥âáï §�¤�ç� ¯®¨áª� ¯à¨§−�ª®¢ ¢à¥¤®−®á−®£® ª®¤� ¢ á¥â¥¢®¬
âà�ä¨ª¥ −� ®á−®¢¥ ¬¨ªà®¯à®æ¥áá®à−ëå à¥è¥−¨©. �â� áâ�âìï ¨¬¥¥â áã£ã¡®
¯à¨ª«�¤−®¥ §−�ç¥−¨¥, ®¤−�ª® ¯®§¢®«ï¥â «ãçè¥ à�§®¡à�âìáï ¢ â¥¬�â¨ª¥ ¨ ¯®−ïâì
áâ�âìî Œ. ˆ. ‡�¡¥¦�©«®. Šà®¬¥ â®£®, ¢ íâ®© áâ�âì¥ ï¢−® ä®à¬ã«¨àã¥âáï §�¤�ç�
¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¯®¨áª� á¯¥æ¨�«ì−ëå ¤�−−ëå ¢ áª®à®áâ−ëå ¯®â®ª�å
¨−ä®à¬�æ¨¨.

Šà®¬¥ ¢ëè¥¯¥à¥ç¨á«¥−−ëå ¢ á¡®à−¨ª ¢ª«îç¥− àï¤ áâ�â¥© ¯® ¤àã£¨¬ ¢®¯à®-
á�¬ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ −�¤¥¦−®áâ¨ á¨áâ¥¬ ¨−ä®à¬�â¨ª¨. ‚ à�-
¡®â¥ ˆ. �. ‘¨−¨æë−� ¨ ¤à. à�áá¬�âà¨¢�îâáï ¬®¤¥«¨ ¤«ï �−�«¨§� −�¤¥¦−®áâ¨
á¯¥æ¨�«¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. ‚ áâ�âì¥ �. ÷. Š®à¥¯�−®¢� à�á-
á¬�âà¨¢�îâáï ¢®¯à®áë à�§¢¨â¨ï â¥å−®«®£¨© â®−ª®£® ª«¨¥−â� ¤«ï à®áá¨©áª¨å
§�é¨é¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ®á−®¢�−−ë¥ −� ¬¨à®¢®¬ ®¯ëâ¥ á®§¤�−¨ï
¨−äà�áâàãªâãàë ¢¨àâã�«¨§�æ¨¨ ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢ (VDI) ¨ ¨á¯®«ì-
§®¢�−¨¨ �¯¯�à�â−ëå áã¯¥àâ®−ª¨å ª«¨¥−â®¢. ‘â�âìï �. �. ‡�æ�à¨−−®£® ¨ ¤à.
¯®á¢ïé¥−� à�áá¬®âà¥−¨î ®á®¡¥−−®áâ¥© ¬�â¥à¨�«ì−®£® ®¡¥á¯¥ç¥−¨ï �¢â®¬�â¨-
§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨. ‚ à�¡®â¥
‚. ā. Š®à®«¥¢� ®¯¨á�−ë −¥ª®â®àë¥ ªà¨â¥à¨¨ ¯à¥ªà�é¥−¨ï ¨á¯ëâ�−¨© ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï −� −�¤¥¦−®áâì, ®¯â¨¬¨§¨àãîé¨¥ ª�ª ¢¥à®ïâ−®áâ¨ ®è¨-
¡®ç−ëå à¥è¥−¨©, â�ª ¨ �¯®áâ¥à¨®à−ë¥ ¢¥à®ïâ−®áâ¨ ®è¨¡®ª. ‚ áâ�âì¥ ‚. �. ‡�-
å�à®¢� ¨ �. �. •®à®è¨«®¢� à�áá¬®âà¥−� ¯à®¡«¥¬� ¤®áâã¯−®áâ¨ §�é¨é¥−−®©
¨−ä®à¬�æ¨¨ ¢ ãá«®¢¨ïå ¯®áâ®ï−−® ¢®§à�áâ�îé¨å ®¡ê¥¬®¢ åà�−ïé¥©áï ®âà�á-
«¥¢®© ¨ ¢¥¤®¬áâ¢¥−−®© ¨−ä®à¬�æ¨¨, ¯à¥¦¤¥ ¢á¥£® ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¢ë¯®«-
−¥−¨ï ®¯¥à�â¨¢−®£® �−�«¨§� á®¤¥à¦�−¨ï ¯®áâã¯�îé¥© ¨−ä®à¬�æ¨¨ ¨§ à�§−ëå
¨áâ®ç−¨ª®¢. ÷�áá¬�âà¨¢�¥âáï §�¤�ç� −�£«ï¤−®£® ¨ áâàãªâãà¨à®¢�−−®£® ¯à¥¤-
áâ�¢«¥−¨ï á®¤¥à¦�−¨ï ®¤−®£® ¨«¨ æ¥«®© ª®««¥ªæ¨¨ í«¥ªâà®−−ëå ¤®ªã¬¥−â®¢
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�à¥¤¨á«®¢¨¥

¢¨§ã�«ì−ë¬ ¯à¥¤áâ�¢«¥−¨¥¬ ¢§�¨¬®á¢ï§¥© ®¡ê¥ªâ®¢, á®¡ëâ¨© ¨«¨ â¥¬ ¤®ªã-
¬¥−â®¢.

÷¥¤�ªæ¨®−−�ï ª®««¥£¨ï ¦ãà−�«� ¢ëà�¦�¥â −�¤¥¦¤ã, çâ® ¤�−−ë© â¥¬�â¨ç¥-
áª¨© ¢ë¯ãáª ¡ã¤¥â ¨−â¥à¥á¥− á¯¥æ¨�«¨áâ�¬ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á-
−®áâ¨ ¨ −�¤¥¦−®áâ¨ ¨−ä®à¬�æ¨®−−ëå ¨ â¥å−¨ç¥áª¨å á¨áâ¥¬.

ƒ«�¢−ë© à¥¤�ªâ®à ¦ãà−�«�
ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û
¤¨à¥ªâ®à ˆ�ˆ ÷��, �ª�¤¥¬¨ª ˆ. �. ‘®ª®«®¢

÷¥¤�ªâ®à-á®áâ�¢¨â¥«ì â¥¬�â¨ç¥áª®£® ¢ë¯ãáª�,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ�ˆ ÷��,
¯à®ä¥áá®à ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨
ä�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®¢�,
¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
ç«¥−-ª®àà¥á¯®−¤¥−â �ª�¤¥¬¨¨ ªà¨¯â®£à�ä¨¨ ÷” �. �. ƒàãè®
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СКРЫТЫЕ КАНАЛЫ, ПОРОЖДЕННЫЕ МЕТКАМИ

Н. А. Грушо1

�−−®â�æ¨ï: ˆáá«¥¤ã¥âáï ¢®§¬®¦−®áâì ¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢ á ¯®-
¬®éìî ¬¥â®ª, ®¯à¥¤¥«ï¥¬ëå ¤®¯ãáâ¨¬ë¬¨ ¨§¬¥−¥−¨ï¬¨ ä®à¬ë í«¥ªâà¨ç¥-
áª¨å á¨£−�«®¢. �®ª�§�−® áãé¥áâ¢®¢�−¨¥ ¨¤¥−â¨ä¨æ¨àã¥¬ëå ¤®¯ãáâ¨¬ëå
¨§¬¥−¥−¨© ä®à¬ë í«¥ªâà¨ç¥áª¨å á¨£−�«®¢. ÷�áá¬®âà¥− �«£®à¨â¬ ¯®áâà®¥−¨ï
áªàëâ®£® ª�−�«� á ª®−âà®«ì−®© £àã¯¯®©, á−¨¦�îé¥© ¢¥à®ïâ−®áâì −¥¯à�¢¨«ì-
−®£® ¤¥ª®¤¨à®¢�−¨ï áªàëâ®© ¯¥à¥¤�ç¨. �®ª�§�−®, çâ® ç¨á«® ¯¥à¥¤�¢�¥¬ëå
áªàëâëå á®®¡é¥−¨© á®¨§¬¥à¨¬® á ç¨á«®¬ á®®¡é¥−¨© ¢ «¥£�«ì−®© ¯¥à¥¤�ç¥.

Š«îç¥¢ë¥ á«®¢�: áªàëâë¥ ª�−�«ë; áâ�−¤�àâë ¯¥à¥¤�ç¨ ¤�−−ëå á ¯®¬®éìî
í«¥ªâà¨ç¥áª¨å á¨£−�«®¢; ¯à®¯ãáª−�ï á¯®á®¡−®áâì áªàëâëå ª�−�«®¢

1 Введение

‚¯¥à¢ë¥ ®¯à¥¤¥«¥−¨¥ áªàëâ®£® ª�−�«� ¤�−® ¢ à�¡®â¥ ‹í¬¯á®−� [1] ¢ 1973 £.
„¥â�«ì−®¬ã �−�«¨§ã áªàëâëå ª�−�«®¢ ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å ¯®á¢ïé¥−�
®¤−� ¨§ ª−¨£ úà�¤ã¦−®© á¥à¨¨û [2]. ‚ íâ®© à�¡®â¥, ¢ ç�áâ−®áâ¨, ¯à¨¢¥¤¥−ë
¯à¨¬¥àë ¨á¯®«ì§®¢�−¨ï «¥£�«ì−®© ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¤«ï áªàëâ®© ¯¥à¥¤�ç¨
¨−ä®à¬�æ¨¨.

‚ ¯®á«¥¤−¨¥ £®¤ë ¤�−−�ï â¥¬� ¢−®¢ì áâ�«� �ªâã�«ì−®© ¢ á¢ï§¨ á ¯®ï¢«¥−¨¥¬
à�¡®â [3, 4], ¢ ª®â®àëå ®¡®á−®¢ë¢�¥âáï −�«¨ç¨¥ �¯¯�à�â−ëå ú§�ª«�¤®ªû ¢ ¬¨ªà®-
¯à®æ¥áá®à�å. �ää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï ¬¨ªà®¯à®æ¥áá®à−ëå ú§�ª«�¤®ªû,
¢áâà®¥−−ëå ¯à®¨§¢®¤¨â¥«¥¬, áãé¥áâ¢¥−−ë¬ ®¡à�§®¬ §�¢¨á¨â ®â ¢®§¬®¦−®áâ¥©
áªàëâ®£® ¢§�¨¬®¤¥©áâ¢¨ï â�ª¨å ú§�ª«�¤®ªû ¬¥¦¤ã á®¡®©. ‚ ç�áâ−®áâ¨, ¯à¨
−�«¨ç¨¨ á¥â¥¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë (¢ëå®¤� ¢ £«®¡�«ì−ãî
á¥âì) ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ¬¨ªà®¯à®æ¥áá®à−ëå ú§�ª«�¤®ªû à�§«¨ç−ëå
ãáâà®©áâ¢ ®¯à¥¤¥«ï¥âáï ¢®§¬®¦−®áâìî ¨å ¢§�¨¬®¤¥©áâ¢¨ï á ú§�ª«�¤ª�¬¨û ¢ á¥-
â¥¢®¬ ®¡®àã¤®¢�−¨¨, � â�ª¦¥ ¢®§¬®¦−®áâìî ú§�ª«�¤®ªû ¢ á¥â¥¢®¬ ®¡®àã¤®¢�−¨¨
¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢ ¢ á¥â¨.

�â¨ ¢®§¬®¦−®áâ¨ ¨áá«¥¤®¢�«¨áì ¢ æ¥«®¬ àï¤¥ à�¡®â [5{9].
‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�îâáï ¢®¯à®áë ¯®áâà®¥−¨ï áªàëâëå ª�−�«®¢

¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å ¬¥¦¤ã ¬¨ªà®¯à®æ¥áá®à�¬¨, ¨¬¥îé¨¬¨ ¢áâà®¥−−ë¥
ú§�ª«�¤ª¨û. �â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî ¤�−−®£® ª«�áá� áªàëâëå ª�−�«®¢
ï¢«ï¥âáï â®, çâ® −®á¨â¥«¥¬ áªàëâ®© ¨−ä®à¬�æ¨¨ ï¢«ï¥âáï ¯®á«¥¤®¢�â¥«ì−®áâì

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, info@itake.ru
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�. �. ƒàãè®

«¥£�«ì−® ¯¥à¥¤�¢�¥¬ëå §−�ª®¢. � ¨¬¥−−®: áªàëâ�ï ¨−ä®à¬�æ¨ï ¯¥à¥¤�¥âáï
¢ «¥£�«ì−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ á ¯®¬®éìî à�§¤¥«¨â¥«ì−ëå ¬¥â®ª, ª®â®àë¥
¢ë¤¥«ïîâ ¢ «¥£�«ì−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ æ¥¯®çª¨ §−�ª®¢. „«¨−ë íâ¨å æ¥¯®ç¥ª
¯à¥¤áâ�¢«ïîâáï k-§−�ç−ë¬¨ ç¨á«�¬¨, ª®â®àë¥, á®¡áâ¢¥−−®, ¨ −¥áãâ áªàëâãî
¨−ä®à¬�æ¨î. „«¨−ë ¯à®¬¥¦ãâª®¢ ¬¥¦¤ã ¬¥âª�¬¨ áªàëâ®© ¯¥à¥¤�ç¨ ¡ã¤¥¬
−�§ë¢�âì ª®¤®¢ë¬¨ á«®¢�¬¨. ’�ª¨¬ ®¡à�§®¬, ¯à¨ «î¡®¬ ¯à®â®ª®«¥, ¢ ª®â®à®¬
®¯à¥¤¥«¥−� ¯®á«¥¤®¢�â¥«ì−®áâì §−�ª®¢ «¥£�«ì−®© ¯¥à¥¤�ç¨, á ¯®¬®éìî ¬¥â®ª
¢®§¬®¦−� ¯¥à¥¤�ç� áªàëâ®© ¨−ä®à¬�æ¨¨ á® áª®à®áâìî, ª®â®à�ï á®¯®áâ�¢¨¬� á®
áª®à®áâìî «¥£�«ì−®© ¯¥à¥¤�ç¨. Š�¦¤�ï ¬¥âª� −¥á¥â ¯®«ã¡¨â ¨−ä®à¬�æ¨¨ ¨
á¢ï§�−� á ä¨§¨ç¥áª¨¬ ¯à¥¤áâ�¢«¥−¨¥¬ ¯¥à¥¤�¢�¥¬ëå §−�ª®¢ ¢ ª�−�«¥ á¢ï§¨.

‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï à�§«¨ç−ë¥ ¢�à¨�−âë ¯®áâà®¥−¨ï ¬¥â®ª, −¥ ¨§¬¥−ï-
îé¨å «¥£�«ì−ãî ¯®á«¥¤®¢�â¥«ì−®áâì ¯¥à¥¤�¢�¥¬ëå ¤�−−ëå, � â�ª¦¥ âà¥¡®¢�−¨ï
ª ú§�ª«�¤ª�¬û, ª®â®àë¥ ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬ë ¤«ï ¯®áâà®¥−¨ï áªàëâëå ª�−�-
«®¢ ¨ á¥â¥© áªàëâ®© á¢ï§¨ ¢§�¨¬®¤¥©áâ¢ãîé¨å ú§�ª«�¤®ªû. �®ª�§�−ë á¯®á®¡ë
®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ ¯¥à¥¤�ç¨ áªàëâ®© ¨−ä®à¬�æ¨¨ ¨ á¯®á®¡ë ¬�áª¨à®¢ª¨
áªàëâëå ¯¥à¥¤�ç, §�âàã¤−ïîé¨å ¨å ¢ëï¢«¥−¨¥.

2 Избыточная информация при передаче данных

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï ¯¥à¥¤�ç� ¤�−−ëå, ®áãé¥áâ¢«ï¥¬�ï á ¯®-
¬®éìî í«¥ªâà®á¢ï§¨. �¥à¥¤�ç� ¨−ä®à¬�æ¨¨ ¯® «¥£�«ì−®¬ã ª�−�«ã ¢¥¤¥âáï §−�-
ª�¬¨, ¯à¥¤áâ�¢«¥−−ë¬¨ ¢ ª�−�«¥ −¥¯à¥àë¢−ë¬¨ äã−ªæ¨ï¬¨, ¯à¥¤−�§−�ç¥−−ë¬¨
¤«ï ®¡à�¡®âª¨ â¥å−¨ç¥áª¨¬¨ áà¥¤áâ¢�¬¨. ’�ªãî ¨−ä®à¬�æ¨î, ¯à¥¤áâ�¢«¥−−ãî
§−�ª�¬¨, −�§ë¢�îâ ¤�−−ë¬¨.

‘¨£−�« (¢ â¥®à¨¨ ¨−ä®à¬�æ¨¨ ¨ á¢ï§¨) | ¬�â¥à¨�«ì−ë© −®á¨â¥«ì ¨−ä®à¬�-
æ¨¨, ¨á¯®«ì§ã¥¬ë© ¤«ï ¯¥à¥¤�ç¨ á®®¡é¥−¨© ¢ á¨áâ¥¬¥ á¢ï§¨. ‘¨£−�«®¬ ¬®¦¥â
¡ëâì «î¡®© ä¨§¨ç¥áª¨© ¯à®æ¥áá, ¯�à�¬¥âàë ª®â®à®£® ¨§¬¥−ïîâáï ¢ á®®â¢¥âáâ¢¨¨
á ¯¥à¥¤�¢�¥¬ë¬ á®®¡é¥−¨¥¬.

‘¨£−�« ®¯¨áë¢�îâ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«ìî, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â á®¡®©
−¥¯à¥àë¢−ãî äã−ªæ¨î, å�à�ªâ¥à¨§ãîéãî ¨§¬¥−¥−¨¥ ¯�à�¬¥âà®¢ á¨£−�«�. Œ�-
â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¯à¥¤áâ�¢«¥−¨ï á¨£−�«� ª�ª −¥¯à¥àë¢−®© äã−ªæ¨¨ ¢à¥¬¥−¨
ï¢«ï¥âáï ®á−®¢®¯®«�£�îé¥© ª®−æ¥¯æ¨¥©. �®¬¨¬® á¨£−�«�, ª®â®àë© −¥á¥â ¯®-
«¥§−ãî ¨−ä®à¬�æ¨î, ¯à®æ¥áá ¯¥à¥¤�ç¨ á®¯à®¢®¦¤�¥âáï èã¬®¬, ª®â®àë© ¢§�¨-
¬®¤¥©áâ¢ã¥â á á¨£−�«®¬ (−�¯à¨¬¥à, ¯ãâ¥¬ á«®¦¥−¨ï), ¨áª�¦�ï ¥£®. �á−®¢−®©
§�¤�ç¥© â¥å−¨ç¥áª¨å ãáâà®©áâ¢ −� ¯à¨¥¬−®¬ ª®−æ¥ ï¢«ï¥âáï ¨§¢«¥ç¥−¨¥ ¤�−−ëå
¨§ á¨£−�«� á ®¡ï§�â¥«ì−ë¬ ãç¥â®¬ èã¬�.

�®áª®«ìªã èã¬ ®¡ëç−® ï¢«ï¥âáï á«ãç�©−®© äã−ªæ¨¥© ¢à¥¬¥−¨, â® â¥å−¨ç¥-
áª®¥ ãáâà®©áâ¢® −� ¯à¨¥¬−®¬ ª®−æ¥ ¢®ááâ�−�¢«¨¢�¥â ¤�−−ë¥, ¤®¯ãáª�ï à�§«¨ç−ë¥
¨§¬¥−¥−¨ï ¢ ¯à¥¤áâ�¢«¥−¨¨ á¨£−�«�, ä®à¬¨àã¥¬®£® −� ¯¥à¥¤�îé¥¬ ãáâà®©áâ¢¥.
�âáî¤� ¢®§−¨ª�¥â ¨§¡ëâ®ç−®áâì ¢ ¯à¥¤áâ�¢«¥−¨¨ ®¤−¨å ¨ â¥å ¦¥ ¤�−−ëå à�§«¨ç-
−ë¬¨ í«¥ªâà¨ç¥áª¨¬¨ á¨£−�«�¬¨.
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‘ªàëâë¥ ª�−�«ë, ¯®à®¦¤¥−−ë¥ ¬¥âª�¬¨

„«ï ¯¥à¥¤�ç¨ ¤�−−ëå ¢ ä¨§¨ç¥áª®© áà¥¤¥ ¬¥¦¤ã ãáâà®©áâ¢�¬¨ áãé¥áâ¢ã-
îâ áâ�−¤�àâë, ®¯¨áë¢�îé¨¥ ä®à¬ë í«¥ªâà¨ç¥áª¨å á¨£−�«®¢, ¨å ¢®§¬®¦−ë¥
®âª«®−¥−¨ï (¡¥§ ¨áª�¦¥−¨ï ¯¥à¥¤�¢�¥¬ëå ¤�−−ëå).

‘¥¬¥©áâ¢® áâ�−¤�àâ®¢ 802.3 (Ethernet) ®¯à¥¤¥«ïîâ ¯à®¢®¤−ë¥ á®¥¤¨−¥−¨ï
¨ í«¥ªâà¨ç¥áª¨¥ á¨£−�«ë −� ä¨§¨ç¥áª®¬ ãà®¢−¥, ä®à¬�â ª�¤à®¢ ¨ ¯à®â®ª®«ë
ã¯à�¢«¥−¨ï ¤®áâã¯®¬ ª áà¥¤¥.

‘â�−¤�àâ RS-485 (Recommended Standard 485 ¨«¨ EIA/TIA-485-A) | à¥-
ª®¬¥−¤®¢�−−ë© áâ�−¤�àâ ¯¥à¥¤�ç¨ ¤�−−ëå ¯® ¤¢ãå¯à®¢®¤−®¬ã ¯®«ã¤ã¯«¥ªá−®¬ã
¬−®£®â®ç¥ç−®¬ã ¯®á«¥¤®¢�â¥«ì−®¬ã á¨¬¬¥âà¨ç−®¬ã ª�−�«ã á¢ï§¨, á®¢¬¥áâ−�ï
à�§à�¡®âª� �áá®æ¨�æ¨© Electronic Industries Alliance (EIA) ¨ Telecommunications
Industry Association (TIA). ‘â�−¤�àâ ®¯¨áë¢�¥â â®«ìª® ä¨§¨ç¥áª¨¥ ãà®¢−¨ ¯¥-
à¥¤�ç¨ á¨£−�«®¢ (â. ¥. â®«ìª® 1-© ãà®¢¥−ì ¬®¤¥«¨ ¢§�¨¬®á¢ï§¨ ®âªàëâëå á¨áâ¥¬
OSI | Open System Interconnection). �− −¥ ®¯¨áë¢�¥â ¯à®£à�¬¬−ãî ¬®¤¥«ì
®¡¬¥−� ¨ ¯à®â®ª®«ë ®¡¬¥−�. ‘â�−¤�àâ RS-485 á®§¤�¢�«áï ¤«ï à�áè¨à¥−¨ï
ä¨§¨ç¥áª¨å ¢®§¬®¦−®áâ¥© ¨−â¥àä¥©á� RS-232 ¯® ¯¥à¥¤�ç¥ ¤¢®¨ç−ëå ¤�−−ëå.

�¯¨á�−¨¥ SPI (Serial Peripheral Bus) −¥ ï¢«ï¥âáï áâ�−¤�àâ®¬, −® ¯à¨ íâ®¬
íâ� è¨−� ¯¥à¥¤�ç¨ ¤�−−ëå ï¢«ï¥âáï ®¤−®© ¨§ á�¬ëå à�á¯à®áâà�−¥−−ëå ¢ ¬¨ª-
à®í«¥ªâà®−¨ª¥. �âáãâáâ¢¨¥ áâ�−¤�àâ� ¯®§¢®«ï¥â ¯à®¨§¢®¤¨â¥«ï¬ ¢−®á¨âì á¢®¨
¤®¯®«−¥−¨ï ¢ ¯à®â®ª®« ¯¥à¥¤�ç¨ ¤�−−ëå, � â�ª¦¥, −�¯à¨¬¥à, á−¨¬�¥â ®£à�−¨ç¥-
−¨ï ¯® ¯à®¯ãáª−®© á¯®á®¡−®áâ¨.

„«ï ª®àà¥ªâ−®£® ¢§�¨¬®¤¥©áâ¢¨ï ãáâà®©áâ¢ ¢ ¯à®æ¥áá¥ ¯¥à¥¤�ç¨ ¤�−−ëå
áâ�−¤�àâ�¬¨ ¯à¥¤ãá¬®âà¥−ë ¯�à�¬¥âàë í«¥ªâà¨ç¥áª¨å á¨£−�«®¢. �â¨¬¨ ¯�-
à�¬¥âà�¬¨ ï¢«ïîâáï, −�¯à¨¬¥à, ¢à¥¬ï −�à�áâ�−¨ï äà®−â�, ¢à¥¬ï ¢ë¤¥à¦ª¨
á¨£−�«�, −�¯àï¦¥−¨¥ «®£¨ç¥áª¨å ãà®¢−¥©, ¤®¯ãáâ¨¬ë© ãà®¢¥−ì èã¬� ¨ â. ¤. �à¨
¤¥â�«ì−®¬ à�áá¬®âà¥−¨¨ ¯�à�¬¥âà®¢ ¬®¦−® ¢ë¤¥«¨âì ®¡«�áâ¨ á¨£−�«�, ª®â®àë¥
¬®¦−® ¬®¤¨ä¨æ¨à®¢�âì. ’�ª�ï ¬®¤¨ä¨ª�æ¨ï ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥−� «¨¡®
ä®à¬¨àãîé¨¬ ®á−®¢−®© á¨£−�« ª®−âà®««¥à®¬, «¨¡® ¤®¯®«−¨â¥«ì−ë¬ ¢−¥è−¨¬
£¥−¥à�â®à®¬, «¨¡® èã¬®¬. �â® ¯®¤â¢¥à¦¤¥−® íªá¯¥à¨¬¥−â�«ì−®.

�� ¯à¨¥¬−®¬ ª®−æ¥ íâ®â ¬®¤¨ä¨æ¨à®¢�−−ë© á¨£−�« ¬®¦¥â ¡ëâì ¢ë¤¥«¥−
¯�à�««¥«ì−® á ¢®ááâ�−®¢«¥−¨¥¬ ¯¥à¥¤�¢�¥¬ëå ¤�−−ëå. �â® â�ª¦¥ ¯®¤â¢¥à¦¤¥−®
íªá¯¥à¨¬¥−â�«ì−®.

’�ª¨¬ ®¡à�§®¬, ¬®¦−® ¯¥à¥¤�¢�âì ¤®¯®«−¨â¥«ì−ë¥ ¤�−−ë¥, −¥ ¨§¬¥−ïï ¯à®-
â®ª®« ¨ −¥ á−¨¦�ï ¯à®¯ãáª−ãî á¯®á®¡−®áâì ª�−�«� ¯¥à¥¤�ç¨ ¤�−−ëå.

�à¨¢¥¤¥¬ ¯à¨¬¥àë ¤®¯ãáâ¨¬ëå ®âª«®−¥−¨© ä®à¬ë á¨£−�«�, ª®â®àë¥ ¬®£ãâ
¡ëâì ¨á¯®«ì§®¢�−ë ª�ª ¬¥âª¨, ¯¥à¥¤�¢�¥¬ë¥ ®â ¯¥à¥¤�âç¨ª� ª ¯à¨¥¬−¨ªã.

‘â�−¤�àâ RS-232 ¯à¥¤ãá¬�âà¨¢�¥â −�¯àï¦¥−¨¥ ¯¥à¥¤�ç¨ ®â+5 ¤®+15 ‚ ¤«ï
«®£¨ç¥áª®© ú1û ¨ ®â −5 ¤® −15 ‚ ¤«ï «®£¨ç¥áª®£® ú0û, −�¯àï¦¥−¨¥ ¯à¨¥¬� ®â
+3 ¤® +13 ‚ ¤«ï «®£¨ç¥áª®© ú1û, ®â −3 ¤® −13 ‚ ¤«ï «®£¨ç¥áª®£® ú0û. „«ï
RS-485 ¢®§¬®¦−� �−�«®£¨ç−�ï à¥�«¨§�æ¨ï.

�¥à¥¤�ç� ¤�−−ëå I2C (Inter-Integrated Circuit) (áå®¦¥ á SPI) ®áãé¥áâ¢«ï¥âáï
¯® ¤¢ã¬ ¯à®¢®¤−¨ª�¬, ®¤¨− ¨§ ª®â®àëå ¯¥à¥¤�¥â á¨£−�« á¨−åà®−¨§�æ¨¨ (clock),
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÷¨á. 1 ‘¨£−�« ¯® áâ�−¤�àâã RS-232 ¢ ¨áå®¤−®¬ (�) ¨ ¬®¤¨ä¨æ¨à®¢�−−®¬ ¢¨¤¥ (¡)

÷¨á. 2 ‘¨£−�« ¯® ¯à®â®ª®«ã I2C ¢ ¨áå®¤−®¬ (�) ¨ ¬®¤¨ä¨æ¨à®¢�−−®¬ ¢¨¤¥ (¡)

� ¤àã£®© | ¤�−−ë¥. “à®¢¥−ì ¢å®¤� «®£¨ç¥áª®£® ú0û | ®â Unum · 0,3 ‚, �
«®£¨ç¥áª®© ú1û | Unum · 0,7 ‚, ¤¨�¯�§®− U | ®â 2,7 ¤® 3,6 ‚ −� ¯à¨¬¥à¥
¬¨ªà®áå¥¬ ¯�¬ïâ¨ Atmel. „«ï ª®−âà®««¥à®¢, ¯®¤¤¥à¦¨¢�îé¨å SPI/I2C, |
ãà®¢¥−ì, áâ�−¤�àâ−ë© ¤«ï âà�−§¨áâ®à−®-âà�−§¨áâ®à−®© «®£¨ª¨.

Š�ª ¢¨¤−® −� à¨á. 1 ¨ 2, −�«¨ç¨¥ ¯¨ª®¢ −� äà®−â�å ¤®¯ãáâ¨¬®, â�ª ª�ª
¨å −�¯àï¦¥−¨¥ ãª«�¤ë¢�¥âáï ¢ ®â¢¥¤¥−−ë© áâ�−¤�àâ®¬ ¤¨�¯�§®−. ’�ª¨¬ ®¡à�-
§®¬, ¢®§¬®¦−� ¬®¤¨ä¨ª�æ¨ï ¯¥à¥¤�¢�¥¬®£® á¨£−�«� á ¯®¬®éìî ¯®¢ëè¥−¨ï ¨«¨
¯®−¨¦¥−¨ï −�¯àï¦¥−¨© «®£¨ç¥áª¨å ú0û ¨«¨ ú1û ¢ à�¬ª�å ¯à¥¤ãá¬®âà¥−−®£®
¤¨�¯�§®−�. Œ®¤¨ä¨ª�æ¨ï ¬®¦¥â ¯à®¨§¢®¤¨âìáï, −�¯à¨¬¥à, ®¤¨− à�§ −� N ¡¨â ¢
¯®á«¥¤®¢�â¥«ì−®áâ¨. ’�ª�ï ¬®¤¨ä¨ª�æ¨ï −¥ ¡ã¤¥â ¢®á¯à¨−ïâ� ª®−âà®««¥à®¬ ¨«¨
¤à�©¢¥à®¬ «¨−¨¨ ª�ª −¥¤®¯ãáâ¨¬ë© á¨£−�«.
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��¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¥ áâ�−¤�àâë Ethernet, RS-232/485, SPI, I2C,
CAN (Controller Area Network), LIN (Local Interconnect Network), USB (Univer-
sal Serial Bus), ¨á¯®«ì§ã¥¬ë¥ ¢ í«¥ªâà®−−ëå ãáâà®©áâ¢�å, ¬®£ãâ ¡ëâì ¨á¯®«ì§®-
¢�−ë ¤«ï ¯¥à¥¤�ç¨ ¤®¯®«−¨â¥«ì−ëå ¤�−−ëå (¬¥â®ª) ¡¥§ ã¬¥−ìè¥−¨ï ¯à®¯ãáª−®©
á¯®á®¡−®áâ¨ ª�−�«�.

3 Скрытые каналы, основанные на метках

�¯à¥¤¥«¨¬ áªàëâë© ª�−�«, ®á−®¢�−−ë© −� ¢®§¬®¦−®áâ¨ ¢ëç¨á«¥−¨ï ç¨á«�
§−�ª®¢ «¥£�«ì−®© ¯¥à¥¤�ç¨, −�å®¤ïé¨åáï ¬¥¦¤ã áªàëâë¬¨ ¬¥âª�¬¨ (¬�àª¥à�¬¨)
¯à¨ ä¨§¨ç¥áª®© ¯¥à¥¤�ç¥ í«¥ªâà¨ç¥áª¨å á¨£−�«®¢. �¤−�ª® ¤«ï ®à£�−¨§�æ¨¨
áªàëâëå ª�−�«®¢ ¬¥¦¤ã ú§�ª«�¤ª�¬¨û ®¤−®© ¨¤¥¨ −¥¤®áâ�â®ç−®. �ãáâì M =
= (m1, . . . ,mN ) | ¬−®¦¥áâ¢® ¬¥â®ª. �®«ãç�â¥«ì ¨−ä®à¬�æ¨¨ ¬®¦¥â à�áá¬�â-
à¨¢�âì ¢á¥ ¬¥âª¨ ª�ª ®¤¨− á¨¬¢®«, ¢ë¤¥«ïîé¨© ¤�−−ë© §−�ª ¯¥à¥¤�¢�¥¬ëå
¤�−−ëå. ’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§®¢�−¨¥ ¬−®¦¥áâ¢� ¬¥â®ª ¬®¦¥â §−�ç¨â¥«ì−®
§�âàã¤−¨âì ¢ëï¢«¥−¨¥ áªàëâ®£® ª�−�«�.

÷�áá¬®âà¨¬ âà¥¡®¢�−¨ï ª ®à£�−¨§�æ¨¨ áªàëâ®£® ª�−�«� ¬¥¦¤ã ¤¢ã¬ï ú§�-
ª«�¤ª�¬¨û ®â A ª B. Ÿá−®, çâ® −�«¨ç¨¥ â�ª®£® ª�−�«� ¢®§¬®¦−® â®«ìª® ¯à¨
áãé¥áâ¢®¢�−¨¨ «¥£�«ì−®© ¯¥à¥¤�ç¨ ®â ¬¨ªà®¯à®æ¥áá®à−®© á¨áâ¥¬ë, á®¤¥à¦�-
é¥© A, ª ¬¨ªà®¯à®æ¥áá®à−®© á¨áâ¥¬¥, á®¤¥à¦�é¥© B. ú‡�ª«�¤ª�û A ¤«ï −�ç�«�
¢§�¨¬®¤¥©áâ¢¨ï á ú§�ª«�¤ª®©û B ¤®«¦−� ¨¬¥âì ã−¨ª�«ì−ë© ¨¤¥−â¨ä¨ª�â®à.
�â®â ¨¤¥−â¨ä¨ª�â®à ¬®¦¥â ¡ëâì §�«®¦¥− ¯à®¨§¢®¤¨â¥«¥¬ ¨«¨ ¢ëà�¡®â�− −�
®á−®¢¥ ª�ª®£®-â® á«ãç�©−®£® ¯à®æ¥áá� ¢ ¬¨ªà®¯à®æ¥áá®à¥, á®¤¥à¦�é¥¬ A.

�áâ�−®¢¨¬áï −� ¨á¯®«ì§®¢�−¨¨ ®¤−®© ¬¥âª¨. �¡®§−�ç¨¬ ¥¥ m. …á«¨ m −¥
¬®¦¥â ¯®ï¢«ïâìáï á«ãç�©−® ¢ «¥£�«ì−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨, â® áªàëâ�ï ¯¥à¥-
¤�ç� ¨¤¥−â¨ä¨æ¨àã¥âáï ®¤−®§−�ç−®. ��¯à¨¬¥à, ¥á«¨ ¤�−−ë© ¬¨ªà®¯à®æ¥áá®à
ï¢«ï¥âáï âà�−§¨â−ë¬ ¨ m ¢®§−¨ª�¥â â®«ìª® ¢ áªàëâ®© ¯¥à¥¤�ç¥, â® áà�¢−¥−¨¥
¢å®¤ïé¨å ¨ ¨áå®¤ïé¨å ¯¥à¥¤�ç ®¤−®§−�ç−® ¢®ááâ�−�¢«¨¢�¥â áªàëâ®¥ á®®¡é¥−¨¥,
� ªà¨¯â®£à�ä¨ç¥áª¨¥ ¬¥â®¤ë �−�«¨§� ¯®§¢®«ïîâ ¥£® ¯à®ç¨â�âì. �®íâ®¬ã ¬¥âª¨
−¥ ¤®«¦−ë ®¤−®§−�ç−® ¢ëï¢«ïâìáï á¨áâ¥¬®© ª®−âà®«ï, −® ¬®£ãâ â�ª¦¥ ¢®§−¨ª�âì
¢ á¨áâ¥¬¥ ¯¥à¥¤�ç á«ãç�©−®.

�ãáâì x = (xi0 , . . . , xiN+1) | íâ® ®âà¥§®ª «¥£�«ì−®© ¯¥à¥¤�ç¨ ¨§ (N + 2)
§−�ª®¢, ¢ ª®â®à®¬ xi0, . . . , xiN+1 ¢ë¤¥«¥−ë ¬¥âª�¬¨ áªàëâ®© ¯¥à¥¤�ç¨. �à¥¤¯®-
«®¦¨¬, çâ® á«ãç�©−ë¥ ¬¥âª¨ ¢®§−¨ª�îâ −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£� á ®¤¨−�ª®¢®©
¢¥à®ïâ−®áâìî p. ’®£¤� ¢¥à®ïâ−®áâì −¥¯®ï¢«¥−¨ï «®¦−ëå ¬¥â®ª −� ¤�−−®¬ ¢¥ª-
â®à¥ à�¢−� (1 − p)N , � ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï à®¢−® k «®¦−ëå ¬¥â®ª à�¢−�(
N
k

)
pk(1 − p)N−k. „�¦¥ ¯à¨ ¬�«ëå p ¢ á¨«ã â®£®, çâ® à�§¬−®¦�¥âáï ®è¨¡ª�,

¯¥à¥¤�ç� áâ�−®¢¨âáï −¥−�¤¥¦−®©. ’®£¤� ¢®§−¨ª�¥â §�¤�ç� ®¤−®§−�ç−®áâ¨ ¤¥ª®¤¨-
à®¢�−¨ï áªàëâ®© ¯¥à¥¤�ç¨, â�ª ª�ª −� ¯à¨¥¬−®¬ ª®−æ¥ −¥ ®¯à¥¤¥«¥−®, ï¢«ï¥âáï
«¨ ¯®ï¢¨¢è�ïáï ¬¥âª� ª®−æ®¬ áªàëâ®© ¯¥à¥¤�ç¨ ¨«¨ ®−� ¯®ï¢¨«�áì á«ãç�©-
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−®. ÷¥è¥−¨¥ íâ®© §�¤�ç¨ âà¥¡ã¥â ¢−¥á¥−¨ï −¥ª®â®à®© ¨§¡ëâ®ç−®áâ¨. �à¨¢¥¤¥¬
á«¥¤ãîé¨© ¯à¨¬¥à.

�à¨¬¥à. ‚ −�ç�«¥ ®ç¥à¥¤−®£® ª®¤®¢®£® á«®¢� áªàëâ®© ¯¥à¥¤�ç¨ −¥á«ãç�©−® ãáâ�-
−�¢«¨¢�¥âáï ¤®¯®«−¨â¥«ì−�ï ¬¥âª�. �−� ¢ë¤¥«ï¥â ª®−âà®«ì−ãî £àã¯¯ã §−�ª®¢.
—¨á«® §−�ª®¢ ¢ ª®−âà®«ì−®© £àã¯¯¥ ¬¥¦¤ã −�ç�«®¬ «¥£�«ì−®© ¯®á«¥¤®¢�â¥«ì-
−®áâ¨, ®¯à¥¤¥«ïîé¥© ®ç¥à¥¤−®¥ ª®¤®¢®¥ á«®¢®, ¨ ¤�−−®© ¬¥âª®© á®¢¯�¤�¥â á
¯®á«¥¤−¨¬ §−�ª®¬ à�§«®¦¥−¨ï ª®¤®¢®£® á«®¢� ¯® ¬®¤ã«î s. „�«¥¥ ¤«ï ¯à®áâ®âë
¡ã¤¥¬ áç¨â�âì, çâ® ¯�à�¬¥âà s = 8, â. ¥. ¬¥âª� ¬®¦¥â á®¢¯�áâì á «î¡ë¬ ¨§
«¥£�«ì−ëå §−�ª®¢, −�å®¤ïé¨åáï −� ¬¥áâ�å 1{8 (¯®á«¥ ¯¥à¢®£® §−�ª�).

�¤−�ª® â�ª®© ¬¥â®¤ ¢−¥á¥−¨ï ¨§¡ëâ®ç−®áâ¨ ®¡«¥£ç�¥â ¢ëï¢«ï¥¬®áâì áªàëâ®©
¯¥à¥¤�ç¨, ¥á«¨ ¯à®â¨¢−¨ª §−�¥â ¯�à�¬¥âà s. Šà®¬¥ â®£®, ¥áâì −¥−ã«¥¢�ï ¢¥à®ïâ-
−®áâì, çâ® ª®−âà®«ì−�ï £àã¯¯� ¡ã¤¥â ¨á¯®àç¥−� á«ãç�©−®© ¬¥âª®©. „�−−ë© ¬¥â®¤
à�á¯à®áâà�−ï¥â ®è¨¡ªã, â�ª ª�ª ®¤−® ¨á¯®àç¥−−®¥ á«®¢® ¯®à®¦¤�¥â ¨áª�¦¥−¨¥
¤�«ì−¥©è¥© áªàëâ®© ¯¥à¥¤�ç¨.

�ãáâì ¤®¯®«−¨â¥«ì−�ï ¬¥âª� ®¯à¥¤¥«ï¥â ¯®á«¥¤−îî æ¨äàã ¤«¨−ë à�áá¬�â-
à¨¢�¥¬®£® ãç�áâª� ¢ ¢®áì¬¥à¨ç−®© á¨áâ¥¬¥, â. ¥. N + 2 = 8q + r. ‚â®à�ï
¨áªãááâ¢¥−−�ï ¬¥âª� ¯®á«¥ −�ç�«� ª®¤®¢®£® á«®¢� −�å®¤¨âáï −� (r + 1)-¬ ¬¥áâ¥.
��©¤¥¬ ç¨á«® â®ç¥ª −� ®âà¥§ª¥ ¤«¨−ë N ¬¥¦¤ã −¥á«ãç�©−ë¬¨ ¬¥âª�¬¨, ª®â®àë¥
¨¬¥îâ âã ¦¥ ¯®á«¥¤−îî æ¨äàã r ¢ à�§«®¦¥−¨¨ ¤«¨−ë. �¡®§−�ç¨¬ íâ® ç¨á«®
ç¥à¥§ q1. ’®£¤� N − r + 1 = 8q1 + r. �âáî¤� ¢¥à®ïâ−®áâì â®£®, çâ® ª®−âà®«ì
áà�¡®â�¥â, à�¢−� (1 − p)r+q1−1, £¤¥ ¬−®¦¨â¥«ì (1 − p)r−1 | íâ® ¢¥à®ïâ−®áâì
â®£®, çâ® −¥ ¢®§−¨ª−¥â á«ãç�©−�ï ¬¥âª� ¢ ª®−âà®«ì−®© £àã¯¯¥, � (1− p)q1 | íâ®
¢¥à®ïâ−®áâì â®£®, çâ® á«ãç�©−�ï ¬¥âª� −¥ ®¯à¥¤¥«¨â «®¦−ãî ¤«¨−ã.

�æ¥−¨¬ ª®«¨ç¥áâ¢® á®®¡é¥−¨©, ª®â®àë¥ ¬®¦−® ¯¥à¥¤�¢�âì á ¯®¬®éìî áªàë-
â®£® ª�−�«� −� ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤�−−ëå ¤«¨−ë n. „«ï ¯à®áâ®âë à�áç¥â®¢ −¥
¡ã¤¥¬ ãç¨âë¢�âì ª®−âà®«ì−ãî £àã¯¯ã. ’®£¤� ç¨á«® á®®¡é¥−¨©, ª®â®àë¥ ¬®¦−®
¯¥à¥¤�âì ¢ ¤¢®¨ç−®© ä®à¬¥ ®âà¥§ª®¬ ¤�−−ëå ¤«¨−ë n, à�¢−® 2n. ��©¤¥¬ ç¨á«®
á®®¡é¥−¨©, ª®â®àë¥ ¬®¦−® ¯¥à¥¤�âì ¤«¨−�¬¨ ®âà¥§ª®¢, ¯®«ãç¥−−ëå à�§¡¨¥−¨¥¬
¬¥âª�¬¨ ®âà¥§ª� ¤«¨−ë n −� ç�áâ¨ −¥−ã«¥¢®© ¤«¨−ë. —¨á«® à�§¡¨¥−¨© ®âà¥§ª�

−� k ãç�áâª®¢ −¥−ã«¥¢®© ¤«¨−ë à�¢−®

(
n− 1
k − 1

)
. ‘ã¬¬¨àãï ¯® k ®â 1 ¤® n, ¯®-

«ãç�¥¬ 2n−1. �âáî¤� á«¥¤ã¥â, çâ® ®¡ê¥¬ ¨−ä®à¬�æ¨¨, ª®â®àë© ¬®¦−® ¯¥à¥¤�âì
á ¯®¬®éìî ¬¥â®ª, −¥ −�¬−®£® ¬¥−ìè¥, ç¥¬ ®¡ê¥¬ ¨−ä®à¬�æ¨¨, ª®â®àë© ¬®¦−®
¯¥à¥¤�âì ¢ «¥£�«ì−®© ¯¥à¥¤�ç¥.

4 Заключение

‚ à�¡®â¥ ¯à®¢¥¤¥− �−�«¨§ áªàëâ®£® ª�−�«� −� ¡�§¥ ¬¥â®ª, ä®à¬¨àã¥¬ëå á
¯®¬®éìî ¬®¤¨ä¨ª�æ¨¨ ä®à¬ë í«¥ªâà¨ç¥áª®£® á¨£−�«�, ¨ à�ááç¨â�−ë −¥ª®â®àë¥
å�à�ªâ¥à¨áâ¨ª¨ â�ª®£® ª�−�«�. �¥®¡å®¤¨¬® ®â¬¥â¨âì ¯à®áâ®âã ¯®áâà®¥−¨ï â�ª®£®
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áªàëâ®£® ª�−�«�, çâ® ¤®ª�§ë¢�¥â ¢®§¬®¦−®áâì ®à£�−¨§�æ¨¨ áªàëâ®© á¢ï§¨ ¬¥¦¤ã
ú§�ª«�¤ª�¬¨û ¢ ¬¨ªà®¯à®æ¥áá®à�å.
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НОВЫЕ ПРИНЦИПЫ МОДЕЛИРОВАНИЯ АВТОНОМНЫХ
САМОРАСПРОСТРАНЯЮЩИХСЯ СИСТЕМ

М. В. Левыкин1

�−−®â�æ¨ï: �à®¢¥¤¥−−ë¥ ¨áá«¥¤®¢�−¨ï ¢à¥¤®−®á−ëå ¯à®£à�¬¬ ¯®§¢®«¨«¨
¢ëï¢¨âì, çâ® á®¢à¥¬¥−−ë¥ ª®¬¯ìîâ¥à−ë¥ ç¥à¢¨ ¯à¥¤áâ�¢«ïîâ á®¡®© �¢â®−®¬-
−ë¥ á�¬®à�á¯à®áâà�−ïîé¨¥áï ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë. �à¨−æ¨¯ë ¯®áâà®-
¥−¨ï ¨ ®¡®¡é¥−¨¥ ¬®¤¥«¨ �¢â®−®¬−®£® á�¬®à�á¯à®áâà�−¥−¨ï â�ª¨å á¨áâ¥¬
¯à¥¤áâ�¢«ïîâ ®á®¡ë© ¨−â¥à¥á.

Š«îç¥¢ë¥ á«®¢�: á¥â¥¢®© ç¥à¢ì; ¢à¥¤®−®á−�ï ¯à®£à�¬¬�; ¬®¤¥«ì �¢â®−®¬−®£®
à�á¯à®áâà�−¥−¨ï; ª®¬¯ìîâ¥à−�ï á¥âì

1 Введение

–¥«ìî ¤�−−®© à�¡®âë ï¢«ï¥âáï ¨áá«¥¤®¢�−¨¥ −®¢ëå ¯à¨−æ¨¯®¢ ¯®áâà®¥−¨ï
¬®¤¥«¥© �¢â®−®¬−®£® á�¬®à�á¯à®áâà�−¥−¨ï ¢à¥¤®−®á−ëå á¨áâ¥¬ ¢ ª®¬¯ìîâ¥à-
−ëå á¥âïå. „«ï ¤®áâ¨¦¥−¨ï ¯®áâ�¢«¥−−®© æ¥«¨ à¥è�îâáï á«¥¤ãîé¨¥ §�¤�ç¨:
¤�¥âáï ä®à¬�«ì−®¥ ®¯¨á�−¨¥ áà¥¤ë à�á¯à®áâà�−¥−¨ï; ¯à¥¤áâ�¢«ï¥âáï ®¡§®à ¨§-
¢¥áâ−ëå ¯à¨−æ¨¯®¢ ¯®áâà®¥−¨ï á�¬®à�á¯à®áâà�−ïîé¨åáï �£¥−â®¢; ¨áá«¥¤ãîâáï
−®¢ë¥ ¯à¨−æ¨¯ë ¯®áâà®¥−¨ï ¢à�¦¤¥¡−ëå á�¬®à�á¯à®áâà�−ïîé¨åáï ¬−®£®�£¥−â-
−ëå á¨áâ¥¬ (‚‘Œ�‘); ä®à¬¨àã¥âáï ®¡é�ï ¬®¤¥«ì �¢â®−®¬−®£® à�á¯à®áâà�−¥−¨ï
‚‘Œ�‘ ¢ á®¢à¥¬¥−−ëå ª®¬¯ìîâ¥à−ëå á¥âïå; ¤�¥âáï ¢¥à®ïâ−®áâ−�ï ®æ¥−ª� á�-
¬®à�á¯à®áâà�−¥−¨ï ¨áá«¥¤®¢�−−®© −®¢®© ¬®¤¥«¨.

2 Среда распространения

�®¤ áà¥¤®© à�á¯à®áâà�−¥−¨ï ¯®−¨¬�îâáï ãá«®¢¨ï äã−ªæ¨®−¨à®¢�−¨ï ª®¬-
¯ìîâ¥à−ëå á¥â¥©. ‚ëç¨á«¨â¥«ì−ãî á¥âì ¢ ®¡é¥¬ ¢¨¤¥ ¬®¦−® ¯à¥¤áâ�¢¨âì ª�ª
¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã (ˆ‘). ’®£¤� ¢®¯à®áë ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨
á¥â¨ ¡ã¤ãâ ®¯¨áë¢�âìáï à�§£à�−¨ç¥−¨¥¬ ¤®áâã¯� ¢ −¥© [1]. �ç¥àâ¨¬ â¨¯ë ª®¬-
¯ìîâ¥à−ëå á¥â¥©, ¨áá«¥¤ã¥¬ëå ¢ ¤�−−®© à�¡®â¥. �â® −¥®¡å®¤¨¬® á¤¥«�âì, â�ª ª�ª
¢ §�¢¨á¨¬®áâ¨ ®â â¨¯� á¥â¨ ¢ −¥© ¡ã¤¥â ¯®-à�§−®¬ã à¥�«¨§®¢�−� ¨−ä®à¬�æ¨®−−�ï
¡¥§®¯�á−®áâì. ‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�îâáï ¤¢� â¨¯� á¥â¥©: «®ª�«ì−ë¥
¢ëç¨á«¨â¥«ì−ë¥ á¥â¨ (‹‚‘) ¨ ª®à¯®à�â¨¢−ë¥ á¥â¨. ƒ«®¡�«ì−�ï á¥âì ˆ−â¥à−¥â −¥
ï¢«ï¥âáï ¯à¥¤¬¥â®¬ ¨áá«¥¤®¢�−¨ï á â®çª¨ §à¥−¨ï á�¬®à�á¯à®áâà�−¥−¨ï, ®¤−�ª®
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�®¢ë¥ ¯à¨−æ¨¯ë ¬®¤¥«¨à®¢�−¨ï �¢â®−®¬−ëå á�¬®à�á¯à®áâà�−ïîé¨åáï á¨áâ¥¬

¢ à�¡®â¥ à�áá¬�âà¨¢�îâáï −¥ª®â®àë¥ ¯à¨−æ¨¯ë ¨ ¬¥å�−¨§¬ë á�¬®à�á¯à®áâà�−¥-
−¨ï, å�à�ªâ¥à−ë¥ ¤«ï £«®¡�«ì−®© á¥â¨.

‹®ª�«ì−�ï ¢ëç¨á«¨â¥«ì−�ï á¥âì ¯à¥¤áâ�¢«ï¥â á®¡®© ¨−ä®à¬�æ¨®−−ãî á¨á-
â¥¬ã, á®áâ®ïéãî ¨§ −�¡®à� ®â¤¥«ì−ëå ¯®¤á¨áâ¥¬. Š�¦¤�ï ¯®¤á¨áâ¥¬� ¨¬¥¥â
á®¡áâ¢¥−−ãî ¯®«¨â¨ªã ¡¥§®¯�á−®áâ¨, à¥£«�¬¥−â¨àãîéãî ª®−âà®«ì ¤®áâã¯� ¬¥¦-
¤ã áã¡ê¥ªâ�¬¨ ¨ ®¡ê¥ªâ�¬¨ íâ®© ¯®¤á¨áâ¥¬ë. „«ï ®à£�−¨§�æ¨¨ «®ª�«ì−ëå á¥â¥©
¨á¯®«ì§ãîâ á¯¥æ¨�«ì−ë¥ ¯à®â®ª®«ë, −¥®¡å®¤¨¬ë¥ ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã
ã§«�¬¨ á¥â¨. ’à¥¡ã¥âáï ®â¬¥â¨âì, çâ®, å®âï ¤�−−ë¥ ¯à®â®ª®«ë ï¢«ïîâáï á¢ï§ã-
îé¨¬ §¢¥−®¬ ¬¥¦ã ã§«�¬¨ á¥â¨, ¯à�¢¨«� ¤®áâã¯� ª ®¡ê¥ªâ�¬ ®¯à¥¤¥«ïîâáï −�
ª�¦¤®¬ ã§«¥ á�¬®áâ®ïâ¥«ì−®. ’�ª�ï ®¡é−®áâì ¯®¤á¨áâ¥¬ ï¢«ï¥âáï ˆ‘ «®ª�«ì−®©
¢ëç¨á«¨â¥«ì−®© á¥â¨.

�®¤ ª®à¯®à�â¨¢−®© á¥âìî ¢ à�¬ª�å ¤�−−®© à�¡®âë ¯®−¨¬�¥âáï ª«¨¥−â-á¥à-
¢¥à−�ï �àå¨â¥ªâãà� á¥â¨. „«ï ®à£�−¨§�æ¨¨ â�ª®© á¥â¨ ¨á¯®«ì§ã¥âáï á«ã¦¡�
ª�â�«®£®¢ ¨«¨ ¯à®â®ª®« LDAP (Lightweight Directory Access Protocol). �â®â â¨¯
á¥â¥© ¯à¥¤áâ�¢«ï¥â á®¡®© ¥¤¨−ãî ¨−ä®à¬�æ¨®−−® á¨áâ¥¬ã á £àã¯¯®¢®© ¯®«¨â¨ª®©
¡¥§®¯�á−®áâ¨ ¤«ï ¢á¥å ª®¬¯®−¥−â®¢ á¥â¨, â. ¥. ¤«ï ¢á¥© ˆ‘. „«ï ®à£�−¨§�æ¨¨
äã−ªæ¨®−¨à®¢�−¨ï ¨ ¡¥§®¯�á−®áâ¨ ¤�−−®£® â¨¯� ˆ‘ ¨á¯®«ì§ãîâáï ®â«¨ç−ë¥ ®â
‹‚‘ ¯à®â®ª®«ë ¨ â¥å−¨ç¥áª¨¥ à¥è¥−¨ï.

3 Принципы построения враждебных самораспространяющихся
систем

3.1 Принцип многоагентности

�®¤ ¤�−−ë¬ ¯à¨−æ¨¯®¬ ¯®−¨¬�¥âáï ¬®¤¥«ì ¯®áâà®¥−¨ï ¬−®£®�£¥−â−ëå á¨á-
â¥¬. ’�ª¨¥ á¨áâ¥¬ë ¯à¥¤áâ�¢«ïîâ á®¡®© ¬®¤ã«ì−ë¥ áâàãªâãàë. Š�¦¤ë© ¬®-
¤ã«ì íâ®£® �£¥−â� ï¢«ï¥âáï á�¬®áâ®ïâ¥«ì−ë¬ áã¡ê¥ªâ®¬ ˆC, ª®â®àë© −¥®¡å®¤¨¬
¢à�¦¤¥¡−®© ¬−®£®�£¥−â−®© á¨áâ¥¬¥ ¤«ï à¥è¥−¨ï −¥ª®â®àëå §�¤�ç. �à¨¢¥¤¥¬
á«¥¤ãîé¨© ¯à¨¬¥à: ç¥à¢ì TDSS. �â®â ç¥à¢ì á®¤¥à¦¨â ¢ á¥¡¥ bootkit [2] | ¤«ï
áªàëâ¨ï ä�ªâ� §�£àã§ª¨ �£¥−â®¢ ç¥à¢ï ¯à¨ §�£àã§ª¥ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë (�‘),
rootkit | ¤«ï áªàëâ¨ï ä�ªâ� áãé¥áâ¢®¢�−¨ï ç¥à¢ï ¢ �‘, ¬®¤ã«ì à�á¯à®áâà�−¥-
−¨ï | ¤«ï ¯à®−¨ª−®¢¥−¨ï ¢ ¤àã£¨¥ �‘, � â�ª¦¥ ¬®¤ã«ì ú¯®«¥§−®© −�£àã§ª¨û.
‚ á¢®î ®ç¥à¥¤ì, ª�¦¤ë© ¨§ ¬®¤ã«¥© ¬®¦¥â ¡ëâì à�§¤¥«¥− −� ¯®¤¬®¤ã«¨ ¨ â. ¤.

3.2 Принцип невидимости

�®¤ ¤�−−ë¬ ¯à¨−æ¨¯®¬ ¯®−¨¬�¥âáï ¬®¤¥«ì −¥¢«¨ï−¨ï. ‚ ¯®á«¥¤−¨¥ £®¤ë
(2009{2012 ££.) ¤«ï áªàëâ¨ï −�«¨ç¨ï ¢ á¨áâ¥¬¥ á�¬®à�á¯à®áâà�−ïîé¨åáï �£¥−â®¢
¨á¯®«ì§ã¥âáï rootkit-â¥å−®«®£¨ï. ��«¨ç¨¥ ¢ ª®¬¯®−¥−â�å �£¥−â� ¬®¤ã«ï rootkit
¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì áªàëâ¨¥ ¤àã£¨å ª®¬¯®−¥−â®¢, ¢å®¤ïé¨å ¢ á®áâ�¢ �£¥−â�.
Œ®¤ã«ì −¥¢¨¤¨¬®áâ¨ §¨¦¤¥âáï −� ãá«®¢¨¨ −¥¢«¨ï−¨ï. �à¨ ¢ë¯®«−¥−¨¨ íâ®£®
ãá«®¢¨ï ¬®¦−® ¤®ª�§ã¥¬® ¯®áâà®¨âì −¥¢¨¤¨¬®£® ¤«ï áà¥¤áâ¢ §�é¨âë �£¥−â� [3].
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Œ. ‚. ‹¥¢ëª¨−

3.3 Принцип изменчивости

‚ á«ãç�¥ ª®−âà®«ï á¥â¨ ¢ æ¥«®¬ ¢®§−¨ª�¥â ¢¥à®ïâ−®áâì ®¡−�àã¦¥−¨ï á�¬®-
à�á¯à®áâà�−ïîé¥©áï á¨áâ¥¬ë §� áç¥â −�«¨ç¨ï ¢ −¥© ¯®¢â®àï¥¬ëå ª®¬¯®−¥−â®¢.
ˆ−�ç¥ £®¢®àï, ®¤−¨¬ ¨§ ¤¥¬�áª¨àãîé¨å ¯à¨§−�ª®¢ â�ª®© á¨áâ¥¬ë ï¢«ï¥âáï −�-
«¨ç¨¥ ®¤¨−�ª®¢ëå ¥¥ í«¥¬¥−â®¢ −� ¢á¥å §�à�¦¥−−ëå ª®¬¯®−¥−â�å á¥â¨. �à¨ íâ®¬
úã¬−ë¥û á¨áâ¥¬ë ®¡−�àã¦¥−¨ï ¢â®à¦¥−¨ï á¯®á®¡−ë á®¡¨à�âì ¨ �−�«¨§¨à®¢�âì
¤�−−ë¥ á® ¢á¥å ª®¬¯®−¥−â®¢ á¥â¨ ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨. �®¬¨¬® íâ®£®,
â�ª¨¥ á¨áâ¥¬ë ¯à®â¨¢®¤¥©áâ¢¨ï à�á¯à®áâà�−¥−¨î ¢à¥¤®−®á−®£® ª®¤� á¯®á®¡−ë
¯à®¢®¤¨âì −¥ â®«ìª® ä®à¬�«ì−ë© �−�«¨§ áªàëâëå ¨−ä®à¬�æ¨®−−ëå ¢®§¤¥©-
áâ¢¨© ¢ á¥â¨ (á¨£−�âãà−ë© ¯®¨áª, �−�«¨§ á¥â¥¢®£® âà�ä¨ª� ¨ ¯à.), � â�ª¦¥ �−�«¨§
¬¥â®¤®¢ à�á¯à®áâà�−¥−¨ï (í¢à¨áâ¨ç¥áª¨© �−�«¨§�). �ää¥ªâ¨¢−ë¬ á¯®á®¡®¬
¯à®â¨¢®¤¥©áâ¢¨ï â�ª®¬ã ®¡−�àã¦¥−¨î ï¢«ï¥âáï ¨§¬¥−¥−¨¥ ¯à®£à�¬¬−®£® ª®¤� ¢
à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨ | ®¡äãáª�æ¨ï.

3.4 Принцип кратковременности

�®«ìè¨−áâ¢® ª®¬¯ìîâ¥à−ëå ç¥à¢¥© ¤®¢®«ì−® ¡ëáâà® ¯®¤¢¥à£�îâáï �−�«¨§ã.
‘ª®à®áâì ¨å �−�«¨§� ¨ ®¡−�àã¦¥−¨ï §�¢¨á¨â ®â á«®¦−®áâ¨ ¯®áâà®¥−¨ï á¨áâ¥¬ë
à�á¯à®áâà�−¥−¨ï ¨ àï¤� ¤àã£¨å ¢−¥è−¨å ¯à¨ç¨−. ‚ áà¥¤−¥¬ áà®ª ¦¨§−¨ ç¥à¢ï
¢ áªàëâ®¬ á®áâ®ï−¨¨ á®áâ�¢«ï¥â −¥áª®«ìª¨å ¬¥áïæ¥¢. ‡� íâ®â áà®ª ç¥à¢ì ¤®«¦¥−
−�©â¨ ¨áª®¬ë© ®¡ê¥ªâ ¨ ¯à®¢¥áâ¨ �â�ªã −� −¥£®. ‚ ¯à®â¨¢−®¬ á«ãç�¥ ¥£®
¨á¯®«ì§®¢�−¨¥ −¥ ¨¬¥¥â á¬ëá«�. ‚ á¢ï§¨ á íâ¨¬ ¢ á�¬®à�á¯à®áâà�−ïîéãîáï
á¨áâ¥¬ã §�ª«�¤ë¢�¥âáï ®¯à¥¤¥«¥−−ë© äã−ªæ¨®−�« ¨ áà®ª ¦¨§−¨. ‘à®ª ¦¨§−¨
¢ë¡¨à�¥âáï â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¢ á«ãç�¥, ¥á«¨ æ¥«ì á¨áâ¥¬ë −¥ ¤®áâ¨£−ãâ�,
á¨áâ¥¬� ã−¨çâ®¦¨«� ¡ë á�¬ã á¥¡ï ¤® ª®¬¯à®¬¥â�æ¨¨.

3.5 Принцип эксплуатации уязвимостей

�ªá¯«®©â | íâ® ¯à®£à�¬¬−ë© ª®¤, íªá¯«ã�â¨àãîé¨© ãï§¢¨¬®áâì ¤«ï ¢ë-
¯®«−¥−¨ï ¢à¥¤®−®á−®£® ª®¤�. �à¨¬¥−¨â¥«ì−® ª á¨áâ¥¬�¬ á�¬®à�á¯à®áâà�−¥−¨ï
íªá¯«®©â | íâ® ¯à®£à�¬¬−ë© ª®¤, íªá¯«ã�â¨àãîé¨© ãï§¢¨¬®áâì −� ã¤�«¥−−®©
á¨áâ¥¬¥ ¤«ï ¢ë¯®«−¥−¨ï à�á¯à®áâà�−¥−¨ï ¢ −¥¥. �®«ìè¨−áâ¢® á®¢à¥¬¥−−ëå
á¨áâ¥¬ á�¬®à�á¯à®áâà�−¥−¨ï ¢ ª�ç¥áâ¢¥ ®á−®¢−®© â¥å−®«®£¨¨ à�á¯à®áâà�−¥−¨ï
¨á¯®«ì§ãîâ ã¤�«¥−−ë¥ íªá¯«®©âë, â. ¥. ¢ë¯®«−ïîâ ª®¤, ¨á¯®«ì§ãîé¨© ãï§¢¨-
¬®áâì ã¤�«¥−−®© á«ã¦¡ë ¤«ï à�á¯à®áâà�−¥−¨ï ¢ ã¤�«¥−−®© á¨áâ¥¬¥.

3.6 Принцип вариативности распространения

�¥à¢ë¥ á�¬®à�á¯à®áâà�−ïîé¥¥áï á¨áâ¥¬ë ¨¬¥«¨ ¢ á¢®¥¬ á®áâ�¢¥ ®¤¨− á¯®á®¡
à�á¯à®áâà�−¥−¨ï (íªá¯«ã�â¨à®¢�«¨ ®¤−ã ãï§¢¨¬®áâì). ‘®¢à¥¬¥−−ë¥ á�¬®à�á¯à®-
áâà�−ïîé¥¥áï �£¥−âë ¨¬¥îâ ¢ á¢®¥¬ �àá¥−�«¥ −¥áª®«ìª® íªá¯«®©â®¢. �â®â ä�ªâ
á¨«ì−® ã¢¥«¨ç¨¢�¥â ¢¥à®ïâ−®áâì ã¤�ç−®£® à�á¯à®áâà�−¥−¨ï. ‚®®¡é¥ £®¢®àï,
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�®¢ë¥ ¯à¨−æ¨¯ë ¬®¤¥«¨à®¢�−¨ï �¢â®−®¬−ëå á�¬®à�á¯à®áâà�−ïîé¨åáï á¨áâ¥¬

á�¬®à�á¯à®áâà�−¥−¨¥ ¢à¥¤®−®á−ëå á¨áâ¥¬ −®á¨â ¢¥à®ïâ−®áâ−ë© å�à�ªâ¥à. �â�
¢¥«¨ç¨−� §�¢¨á¨â ®â ¬−®¦¥áâ¢� ä�ªâ®à®¢, −�¯à¨¬¥à ®â ªà¨â¨ç¥áª¨å ®¡−®¢«¥−¨©,
−�áâà®©ª¨ á¨áâ¥¬ë §�é¨âë, −�«¨ç¨ï á¨áâ¥¬ë ¯à¥¤®â¢à�é¥−¨ï ¢â®à¦¥−¨© ¨ â. ¤.
—¥¬ ¡®«ìè¥ íªá¯«®©â®¢ á®¤¥à¦¨âáï ¢ á¨áâ¥¬¥ à�á¯à®áâà�−¥−¨ï, â¥¬ ¡®«ìè¥
¢¥à®ïâ−®áâì ãá¯¥å�.

3.7 Принцип социальной инженерии

‘®¢à¥¬¥−−ë¥ á¨áâ¥¬ë à�á¯à®áâà�−¥−¨ï à�ááç¨â�−ë −¥ â®«ìª® −� íªá¯«ã�-
â�æ¨î ãï§¢¨¬®áâ¥©, −® ¨ −� ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ á®æ¨�«ì−®© ¨−¦¥−¥à¨¨. —¥-
«®¢¥ç¥áª¨© ä�ªâ®à −¥«ì§ï ¨áª«îç¨âì ¨§ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë. �� íâ®¬
¯à¨−æ¨¯¥ á®§¤�îâáï ç¥à¢¨, à�á¯à®áâà�−ïîé¨¥áï −¥ â®«ìª® ¯® á¥â¨, −® â�ª¦¥ −�
−®á¨â¥«ïå ¨−ä®à¬�æ¨¨, ä�©«®¢ëå ä®à¬�â�å ¨ â. ¯. ÷�áá¬®âà¨¬, −�¯à¨¬¥à, á¥âì
¡¥§ ¢ëå®¤� ¢ ˆ−â¥à−¥â. —¥à¢ì, à�á¯à®áâà�−ïïáì ¯® £«®¡�«ì−®© á¥â¨, ¯®¯�¤�¥â
−� ¤®¬�è−¥¥ à�¡®ç¥¥ ¬¥áâ® �¤¬¨−¨áâà�â®à� á¥â¨, §�à�¦�¥â áê¥¬−ë© −®á¨â¥«ì.
�®á¨â¥«ì á ¯®¬®éìî �¤¬¨−¨áâà�â®à� ¯®¯�¤�¥â ¢ §�ªàëâãî á¥âì, � ¢¬¥áâ¥ á −¨¬
¨ ç¥à¢ì. ‘î¤� ¦¥ ¬®¦−® ®â−¥áâ¨ à�á¯à®áâà�−¥−¨¥ á ¯®¬®éìî á®æ¨�«ì−ëå á¥â¥©,
â�ª¨å ª�ª Facebook ¨ Twitter.

3.8 Принцип комбинирования

�â®â ¯à¨−æ¨¯ ¯®§¢®«ï¥â ®¡ê¥¤¨−ïâì à�§«¨ç−ë¥ ¯à¨−æ¨¯ë ¯à¨ à�§à�¡®âª¥
á�¬®à�á¯à®áâà�−ïîé¥©áï á¨áâ¥¬ë. �¡ê¥¤¨−¥−¨¥ ¤®«¦−® ¡�§¨à®¢�âìáï −� ¢ë¡®à¥
«ãçè¨å á¯®á®¡®¢ à�á¯à®áâà�−¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â ãá«®¢¨© íªá¯«ã�â�æ¨¨ �£¥−â�
á¨áâ¥¬ë ¢ ª�ª®¬-«¨¡® ª®¬¯®−¥−â¥ á¥â¨.

4 Новые принципы построения самораспространяющихся агентов

4.1 Принцип легализации

�®¤ ¯à¨−æ¨¯®¬ «¥£�«¨§�æ¨¨ ¯®−¨¬�îâáï ¬¥â®¤ë ¬�áª¨à®¢�−¨ï à�á¯à®áâà�-
−¥−¨ï ¢à¥¤®−®á−®£® ª®¤� ¯®¤ «¥£�«ì−ë¥ á¨áâ¥¬−ë¥ ¤¥©áâ¢¨ï. ÷�áá¬®âà¨¬ ¡®«¥¥
¯®¤à®¡−® ¬¥â®¤ «¥£�«¨§�æ¨¨. �ãáâì áãé¥áâ¢ã¥â ˆ‘ I (á¥âì, ª�ª ã¦¥ ¡ë«® ®¯à¥-
¤¥«¥−®, ¯à¥¤áâ�¢«ï¥â á®¡®© ˆ‘); O | ¬−®¦¥áâ¢® ®¡ê¥ªâ®¢ ¢ íâ®© á¨áâ¥¬¥; S |
¬−®¦¥áâ¢® áã¡ê¥ªâ®¢. �ãáâì U | ¬−®¦¥áâ¢® ¯®«ì§®¢�â¥«¥©. ‚ á¨áâ¥¬¥ §�¤�−�
¤¨áªà¥æ¨®−−�ï ¨«¨ à�§£à�−¨ç¨â¥«ì−�ï ¯®«¨â¨ª� ¡¥§®¯�á−®áâ¨. ‘«¥¤®¢�â¥«ì−®,
§�¤�−® ®â®¡à�¦¥−¨¥ own: O → U . ‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬ ®â®¡à�¦¥−¨¥¬ ª�¦¤ë©
®¡ê¥ªâ ®¡êï¢«ï¥âáï á®¡áâ¢¥−−®áâìî á®®â¢¥âáâ¢ãîé¥£® ¯®«ì§®¢�â¥«ï. �®«ì§®¢�-
â¥«ì, ï¢«ïîé¨©áï á®¡áâ¢¥−−¨ª®¬ ®¡ê¥ªâ�, ¨¬¥¥â ¢á¥ ¯à�¢� ¤®áâã¯� ª −¥¬ã (r |
çâ¥−¨¥; w | §�¯¨áì; e | ¨á¯®«−¥−¨¥ ¨«¨ ¢ë§®¢; o | −�§−�ç¥−¨¥ á®¡áâ¢¥−−¨ª�).
Šà®¬¥ â®£®, á®¡áâ¢¥−−¨ª ®¡ê¥ªâ� ®¯à¥¤¥«ï¥â ¯à�¢� ¤®áâã¯� ¤àã£¨å áã¡ê¥ªâ®¢ ª
á¢®¥¬ã ®¡ê¥ªâã. Œ−®¦¥áâ¢® ¯®«ì§®¢�â¥«¥© U à�§¤¥«¥−® −� ¤¢� ¯®¤¬−®¦¥áâ¢�:
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U1| ¯à¨¢¨«¥£¨à®¢�−−ë¥ ¯®«ì§®¢�â¥«¨ ¨ U2 | −¥¯à¨¢¨«¥£¨à®¢�−−ë¥. ÷�§«¨ç¨¥
¬¥¦¤ã U1 ¨ U2 §�ª«îç�¥âáï ¢ â®¬, çâ® ¯®«ì§®¢�â¥«¨ ¯¥à¢®£® ¨¬¥îâ ¯à�¢® ¤®áâã¯�
ª® ¢á¥¬ ®¡ê¥ªâ�¬ á¨áâ¥¬ëO, � ¯®«ì§®¢�â¥«¨ ¢â®à®£® ¯®¤¬−®¦¥áâ¢� ¨¬¥îâ ¤®áâã¯
¨áª«îç¨â¥«ì−® ª á¢®¨¬ á®¡áâ¢¥−−ë¬ ®¡ê¥ªâ�¬. ‚ á¢®î ®ç¥à¥¤ì, ¯®¤¬−®¦¥áâ¢®
¯®«ì§®¢�â¥«¥© U2 à�§¤¥«¥−® −� ¤¢¥ £àã¯¯ë: U21 ¨ U22. �¥à¢�ï £àã¯¯� ¯à¥¤-
áâ�¢«ï¥â á®¡®© ¤®¢¥à¥−−ëå, ¨«¨ èâ�â−ëå, ¯®«ì§®¢�â¥«¥© ˆ‘. ‚â®à�ï £àã¯¯�
¯à¥¤áâ�¢«ï¥â á®¡®© ®¡ëç−ëå ¯®«ì§®¢�â¥«¥© á¨áâ¥¬ë. ‚ ˆ‘ ¯à¨áãâáâ¢ã¥â ª®−-
âà®«¥à K. �â®â ª®−âà®«¥à á®¤¥à¦¨â ¢ á¥¡¥ á®¡áâ¢¥−−ë¥ «¨áâë ª®−âà®«ï ¤®áâã¯�
¤«ï ¢á¥å ®¡ê¥ªâ®¢ á¨áâ¥¬ë. ‚ ª�¦¤®¬ «¨áâ¥ á®¤¥à¦¨âáï á¯¨á®ª ¢á¥å áã¡ê¥ªâ®¢,
¨¬¥îé¨å ¯à�¢® ¤®áâã¯� ª íâ®¬ã ®¡ê¥ªâã. ’�ª¦¥ ª®−âà®«¥à á®¤¥à¦¨â ¤®¯®«-
−¨â¥«ì−ë¥ á¥−á®àë ¡¥§®¯�á−®áâ¨, à¥�«¨§ãîé¨¥ á¨£−�âãà−ë© ¨ í¢à¨áâ¨ç¥áª¨©
�−�«¨§ë.

�ãáâì ç�áâìî ¬−®£®�£¥−â−®© á¨áâ¥¬ë §«®ã¬ëè«¥−−¨ª� ï¢«ï¥âáï áã¡ê¥ªâ Si,
á®¡áâ¢¥−−¨ª®¬ ª®â®à®£® ï¢«ï¥âáï ¯®«ì§®¢�â¥«ìUi ∈ U1. –¥«ìî §«®ã¬ëè«¥−−¨ª�
ï¢«ï¥âáï ¤®áâã¯ ª ®¡ê¥ªâã Om, ¯à¨−�¤«¥¦�é¥¬ã Um ∈ U2. „®áâã¯ ª Om,
á®£«�á−® á¯¨áªã ª®−âà®«ï ¤®áâã¯� ª®−âà®«¥à� K, ¨¬¥îâ â®«ìª® áã¡ê¥ªâë Sm,
¯à¨−�¤«¥¦�é¨¥ Um. ‘ã¡ê¥ªâ Sj â�ª¦¥ ï¢«ï¥âáï ç�áâìî ¬−®£®�£¥−â−®© á¨áâ¥¬ë
¨ à¥�«¨§ã¥â ¤®áâã¯ ª ®¡ê¥ªâãOm, â�ª ª�ª á®¡áâ¢¥−−¨ª®¬ íâ®£® áã¡ê¥ªâ� ï¢«ï¥âáï
¯®«ì§®¢�â¥«ì Ui ∈ U1. �®¤ ¬¥â®¤®¬ «¥£�«¨§�æ¨¨ ¯®−¨¬�¥âáï ¨−¨æ¨�«¨§�æ¨ï
áã¡ê¥ªâ®¬ Si ¢ë§®¢� áã¡ê¥ªâ� Sj ®â ¨¬¥−¨ ¯®«ì§®¢�â¥«ï Um, â. ¥. á®§¤�−¨¥
Sj → Sm.

÷¨á. 1 �à¥¤áâ�¢«¥−¨¥ ¬¥â®¤� «¥£�«¨§�æ¨¨ á ¯®¬®éìî ¬�âà¨æ ¤®áâã¯�
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�®¢ë¥ ¯à¨−æ¨¯ë ¬®¤¥«¨à®¢�−¨ï �¢â®−®¬−ëå á�¬®à�á¯à®áâà�−ïîé¨åáï á¨áâ¥¬

ƒà�ä¨ç¥áª¨ íâ®â ¬¥â®¤ ¯à¥¤áâ�¢«¥− −� à¨á. 1. �� à¨á. 1, � ¯à¥¤áâ�¢«¥−�
¬�âà¨æ� ¤®áâã¯�. ‘®£«�á−® íâ®© ¬�âà¨æ¥, Sj −¥ ¨¬¥¥â ¤®áâã¯� ª ®¡ê¥ªâã Om.
�¤−�ª® Si ¨¬¥¥â ¯®«−ë¥ ¯à�¢� ¤®áâã¯� ª Sm, Sj. ‘«¥¤®¢�â¥«ì−®, Si ¬®¦¥â
¤®¡�¢¨âì áã¡ê¥ªâ Sj ª áã¡ê¥ªâã Sm. ’�ª¨¬ ®¡à�§®¬, ¯à¨ §�¯ãáª¥ Sm ¡ã¤¥â
¢ë§¢�− Sj, ª®â®àë© ¯®«ãç¨â ¯à�¢� ¤®áâã¯� ª æ¥«¥¢®¬ã ®¡ê¥ªâã Om, çâ® ¯®ª�§�−®
−� à¨á. 1, ¡.

4.2 Принцип архитектурного распространения

„�−−ë© ¯à¨−æ¨¯ ª®−æ¥−âà¨àã¥â à�á¯à®áâà�−¥−¨¥ −� ®á®¡¥−−®áâïå ®à£�−¨-
§�æ¨¨ á¥â¨, � −¥ −� ãï§¢¨¬®áâïå ®â¤¥«ì−ëå ¥¥ ª®¬¯®−¥−â®¢. ÷¥§ã«ìâ�â®¬ â�ª¨å
¤¥©áâ¢¨© ï¢«ï¥âáï á®§¤�−¨¥ ãáâ®©ç¨¢®© áå¥¬ë à�á¯à®áâà�−¥−¨ï ¢ ®¯à¥¤¥«¥−−ëå
ãá«®¢¨ïå. ��¯à¨¬¥à, ¢ á«ãç�¥ à�§à�¡®âª¨ á¯®á®¡� á�¬®à�á¯à®áâà�−¥−¨ï, ®á−®-
¢�−−®£® −� à¥�«¨§�æ¨¨ ¯à®â®ª®«� NetBIOS ¨«¨ LDAP, ¢®§¬®¦−® ¥£® ¯à¨¬¥−¥−¨¥
¢® ¢á¥å «®ª�«ì−ëå á¥âïå, ¯®¤¤¥à¦¨¢�îé¨å ¤�−−ãî à¥�«¨§�æ¨î ¯à®â®ª®«�.

„àã£¨¬ ¯à¨¬¥à®¬ ¬®¦¥â ¡ëâì á®§¤�−¨¥ áå¥¬ë à�á¯à®áâà�−¥−¨ï á ¯®¬®éìî
¬¥â®¤� «¥£�«¨§�æ¨¨. „®¯ãáâ¨¬, ¡ë«¨ ¯®«ãç¥−ë ¯à�¢� �¤¬¨−¨áâà�â®à� ª®à¯®à�-
â¨¢−®© á¥â¨ á ¯®¬®éìî ¯¥à¢¨ç−®© ãï§¢¨¬®áâ¨ ¨«¨ á®æ¨�«ì−®© ¨−¦¥−¥à¨¨. ’®£¤�
¢á¥ ¤¥©áâ¢¨ï ®â ¥£® ¨¬¥−¨ ï¢«ïîâáï «¥£�«ì−ë¬¨ á®£«�á−® £àã¯¯®¢®© ¯®«¨â¨ª¥
¡¥§®¯�á−®áâ¨. ‘«¥¤®¢�â¥«ì−®, ¬®¦−® á®§¤�âì áå¥¬ã «¥£�«ì−®£® à�á¯à®áâà�−¥−¨ï
¢ ¤®¬¥−−®© á¥â¨, ¬¥−ïï ¢ ¥¥ à¥�«¨§�æ¨¨ â®«ìª® ¬®¤ã«ì ¯¥à¢¨ç−®£® §�å¢�â� ¯à�¢.
„�−−ë© ¯à¨−æ¨¯ ¡�§¨àã¥âáï −� ¬¥â®¤�å §�å¢�â� á«ã¦¡ ¨«¨ à¥áãàá®¢ ®¡é¥£®
¤®áâã¯� ¨«¨ ¯à�¢ ¤®áâã¯�.

4.3 Принцип многоэтапности

�®¤ ¤�−−ë¬ ¯à¨−æ¨¯®¬ ¯®−¨¬�¥âáï ¨§¬¥−¥−¨¥ ¬¥â®¤� ¨«¨ á¯®á®¡� à�á¯à®-
áâà�−¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â íâ�¯� ¯à®−¨ª−®¢¥−¨ï ¢ á¥âì. Œ−®£®�£¥−â−�ï á¨áâ¥¬�
®¯à¥¤¥«ï¥â á ¯®¬®éìî á¢®¥© ¡�§ë §−�−¨© ãï§¢¨¬ë© ª®¬¯®−¥−â á¥â¨, ¯®á«¥ ç¥£®
�â�ªã¥â ¥£®. ‡�â¥¬ à�á¯à®áâà�−¥−¨¥ ¤®«¦−® ¯à®¤®«¦�âìáï. �¤−�ª® ®ªàã¦¥−¨¥
§�å¢�ç¥−−®£® ª®¬¯®−¥−â� ãáâ®©ç¨¢® ª ¯à¥¤ë¤ãé¥¬ã á¯®á®¡ã �â�ª¨. ‚ íâ®¬ á«ãç�¥
á¨áâ¥¬� ¨§¢«¥ª�¥â ¨§ á¢®¥© ¡�§ë §−�−¨© ¯®¤å®¤ïé¨© á¯®á®¡ �â�ª¨ ¨ ¯à®¤®«¦�¥â
à�á¯à®áâà�−¥−¨¥.

�â«¨ç¨¥ ¤�−−®£® ¯à¨−æ¨¯� ®â ¯à¨−æ¨¯� ¢�à¨�â¨¢−®áâ¨ §�ª«îç�¥âáï ¢ â®¬,
çâ® ¯à¨ áâ�à®¬ ¯à¨−æ¨¯¥ ¨á¯®«ì§ãîâáï ¢á¥ á¯®á®¡ë �â�ª¨ ®¤−®¢à¥¬¥−−®. ‚ ¯à¥¤-
«®¦¥−−®¬ −®¢®¬ ¯à¨−æ¨¯¥ ¢�à¨�â¨¢−®áâì §�¢¨á¨â ®â ãá«®¢¨© íªá¯«ã�â�æ¨¨.
„�−−ë© ¯à¨−æ¨¯ ã¬¥−ìè�¥â ¢¥à®ïâ−®áâì ®¡−�àã¦¥−¨ï á�¬®à�á¯à®áâà�−ïîé¥©áï
á¨áâ¥¬ë, ¯®â®¬ã çâ® ¤«ï ª�¦¤®£® ®¡ê¥ªâ� ¢ë¡¨à�¥âáï á¢®© á¯®á®¡ à�á¯à®áâà�−¥-
−¨ï. ‚ á«ãç�¥ ®¤−®¢à¥¬¥−−®© �â�ª¨ ¯® ¢á¥¬ −�¯à�¢«¥−¨ï¬ ¢ëï¢«¥−¨¥ ¥¥ ¡®«¥¥
¢¥à®ïâ−®.
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5 Общая модель автономного самораспространения многоагентной
системы

Š�ª ¡ë«® ®¯à¥¤¥«¥−® ¢ëè¥, á¥âì, ¢ ª®â®à®© ¯à®¨áå®¤¨â à�á¯à®áâà�−¥−¨¥,
¢®á¯à¨−¨¬�¥âáï ª�ª ˆ‘ I. “ç¨âë¢�ï ¯à¨−æ¨¯ë, ®¯¨á�−−ë¥ ¢ëè¥, íâã ˆ‘ ¬®¦−®
¯à¥¤áâ�¢¨âì ª�ª ®¡é−®áâì ¢§�¨¬®á¢ï§�−−ëå íâ�¯®¢ ¨«¨ è�£®¢ (à�á¯à®áâà�−¥−¨ï),
ª®â®àë¥ −¥®¡å®¤¨¬® ¯à¥®¤®«¥âì ¢ à¥§ã«ìâ�â¥ à�á¯à®áâà�−¥−¨ï. Š�¦¤ë© íâ�¯ |
íâ® ª�−�« ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ª®¬¯®−¥−â�¬¨ ˆ‘. �®¤ ª®¬¯®−¥−â�¬¨ ˆ‘
¯®−¨¬�¥âáï ¬−®¦¥áâ¢® ®¡ê¥ªâ®¢ íâ®© á¨áâ¥¬ë O. Œ−®¦¥áâ¢® áã¡ê¥ªâ®¢ S ¢å®¤¨â
¢ ¬−®¦¥áâ¢® ®¡ê¥ªâ®¢. �®¤ ª�−�«®¬ ¢§�¨¬®¤¥©áâ¢¨ï ¯®−¨¬�îâáï −¥ â®«ìª®
á¥â¥¢ë¥ ¯à®â®ª®«ë, −® ¨ á¢ï§¨ ¬¥¦¤ã áã¡ê¥ªâ�¬¨ ¨ ®¡ê¥ªâ�¬¨ ¢ à�¬ª�å ®â¤¥«ì−®
¢§ïâ®© ˆ‘ ¨ â. ¤.

�¡®§−�ç¨¬ ¬−®¦¥áâ¢® íâ�¯®¢ ç¥à¥§ E. Š�¦¤ë© íâ�¯ á®áâ®¨â ¨§ âà¥å ¯®¤-
íâ�¯®¢ ¤«ï ¢á¥© ˆ‘: �−�«¨§, �â�ª�, ¢ë¯®«−¥−¨¥ ¯®«¥§−®© −�£àã§ª¨. �−�«¨§
¯à®¨§¢®¤¨âáï á æ¥«ìî −�å®¦¤¥−¨ï ãï§¢¨¬®£® ®¡ê¥ªâ� ˆ‘. �â�ª� ¯à®¨§¢®¤¨â
à�á¯à®áâà�−¥−¨¥ −� ã¤�«¥−−ë© ®¡ê¥ªâ ˆ‘. �®¤ ¢ë¯®«−¥−¨¥¬ ¯®«¥§−®© −�£àã§ª¨
¯®−¨¬�¥âáï «¨¡® ¯¥à¥å®¤ −� −®¢ë© íâ�¯, «¨¡® ¤®áâ¨¦¥−¨¥ æ¥«¨, â. ¥. ®¡−�àã-

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

20 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 23 −®¬¥à 1 2013



�®¢ë¥ ¯à¨−æ¨¯ë ¬®¤¥«¨à®¢�−¨ï �¢â®−®¬−ëå á�¬®à�á¯à®áâà�−ïîé¨åáï á¨áâ¥¬

¦¥−¨¥ ®¡ê¥ªâ�, ®â¢¥ç�îé¥£® ªà¨â¥à¨ï¬¨ ¯®¨áª�. ’à¥¡ã¥âáï ®â¬¥â¨âì ®á®¡®,
çâ® ¬−®¦¥áâ¢® íâ�¯®¢ à�á¯à®áâà�−¥−¨ï à�§¤¥«¥−® −� £àã¯¯ë. Š�¦¤�ï £àã¯¯�
¨á¯®«ì§ã¥â á¢®© á®¡áâ¢¥−−ë© á¯®á®¡ à�á¯à®áâà�−¥−¨ï. ‚ §�¢¨á¨¬®áâ¨ ®â á«®¦-
−®áâ¨ á¯®á®¡� ¬®¦−® ¢¥áâ¨ ª�â¥£®à¨ç−®áâì íâ�¯®¢ ¤«ï ¢¥à®ïâ−®áâ−®© ®æ¥−ª¨
à�á¯à®áâà�−¥−¨ï.

–¥¯®çª¨ íâ�¯®¢ à�á¯à®áâà�−¥−¨ï á®áâ�¢«ïîâ ¬�àèàãâ ®â −�ç�«ì−®© â®çª¨
à�á¯à®áâà�−¥−¨ï ¢ ˆ‘ ¤® â®çª¨ −�§−�ç¥−¨ï. Œ−®¦¥áâ¢® â�ª¨å æ¥¯®ç¥ª |
C. Š�¦¤�ï æ¥¯®çª� á®áâ®¨â ¨§ áã¬¬ë íâ�¯®¢. ’®çª� −�§−�ç¥−¨ï ®¯à¥¤¥«ï¥âáï
ªà¨â¥à¨ï¬¨ ¨«¨ ¯à¨§−�ª�¬¨ ¯à¨ ä®à¬¨à®¢�−¨¨ á¨áâ¥¬ë á�¬®à�á¯à®áâà�−¥−¨ï.
–¥¯®çª�, ¢¥¤ãé�ï ®â −�ç�«ì−®© â®çª¨ ª −�§−�ç¥−−®©, ï¢«ï¥âáï ¨áª®¬®©. �¡®§−�-
ç¨¬ ¬−®¦¥áâ¢® ¨áª®¬ëå æ¥¯®ç¥ª ç¥à¥§U . �à¥¤áâ�¢¨¬ ®¯¨á�−−ë© ¢ëè¥ ¬�â¥à¨�«
¢ ¢¨¤¥ £à�ä� −� à¨á. 2.

�ãáâì â®çª¨ £à�ä� | íâ® ®¡ê¥ªâë ¨«¨ áã¡ê¥ªâë ˆ‘. „ã£¨ £à�ä� | íâ®
ª�−�«ë ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã áã¡ê¥ªâ�¬¨ ¨ ®¡ê¥ªâ�¬¨ á¨áâ¥¬ë [4]. „ã£¨,
¢ë¤¥«¥−−ë¥ á¥àë¬ æ¢¥â®¬, ï¢«ïîâáï íâ�¯�¬¨ à�á¯à®áâà�−¥−¨ï. ˜âà¨å®¢ë¬¨
«¨−¨ï¬¨ ¢ë¤¥«¥−ë æ¥¯®çª¨ íâ�¯®¢ à�á¯à®áâà�−¥−¨ï. �ã−ªâ¨à−ë¬¨ «¨−¨ï¬¨
¢ë¤¥«¥−ë ¨áª®¬ë¥ æ¥¯®çª¨ ¢§�¨¬®¤¥©áâ¢¨ï. –¨äà�¬¨ ®¡®§−�ç¥−ë íâ�¯ë ¨á-

÷¨á. 3 ƒà�ä, ®¯¨áë¢�îé¨© à�á¯à®áâà�−¥−¨¥ á ¯®¬®éìî ®¤−®© ãï§¢¨¬®áâ¨
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÷¨á. 4 ƒà�ä á�¬®à�á¯à®áâà�−¥−¨ï ¢ ª®à¯®à�â¨¢−®© á¥â¨

ª®¬®© æ¥¯®çª¨ (¢ ¯à¨¬¥à¥ ®−� ®¤−�), ¡ãª¢�¬¨ | ª�â¥£®à¨ï á«®¦−®áâ¨ íâ�¯�.
ƒàã¯¯ë á«®¦−®áâ¨ íâ�¯®¢ ã¯®àï¤®ç¥−ë ¢ �«ä�¢¨â−®¬ ¯®àï¤ª¥ ¯® ¢®§à�áâ�−¨î:
A | á�¬�ï á«�¡�ï £àã¯¯�, Ÿ | á�¬�ï á¨«ì−�ï. —¥à−ë¬ æ¢¥â®¬ ¢ë¤¥«¥− áã¡ê¥ªâ
−�ç�«ì−®£® à�á¯à®áâà�−¥−¨ï, á¥àë¬ | ª®−¥ç−�ï æ¥«ì. –¥¯®çª� 1�{2ƒ{3�{4� |
íâ® ¬�àèàãâ ¤«ï ¤®áâ¨¦¥−¨ï ª®−¥ç−®© æ¥«¨.

„® −¥¤�¢−¥£® ¢à¥¬¥−¨ ç¥à¢¨ ¨á¯®«ì§®¢�«¨ â®«ìª® ®¤−ã ãï§¢¨¬®áâì ¤«ï à�á-
¯à®áâà�−¥−¨ï. �à¨ â�ª®¬ ¯®¤å®¤¥ ª�¦¤ë© íâ�¯ | íâ® ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã
¤¢ã¬ï ã§«�¬¨ á¥â¨. �à¨ íâ®¬ £à�ä, ¯à¥¤áâ�¢«¥−−ë© −� à¨á. 2, ¢ë£«ï¤¥« ¡ë,
ª�ª −� à¨á. 3. ‚ ¤�−−®¬ á«ãç�¥ â�ª�ï æ¥¯®çª� ¢§�¨¬®¤¥©áâ¢¨ï ¨¬¥¥â ¢¨¤:
1�{2�{3�{4�.

÷�áá¬®âà¨¬ ¥é¥ ®¤¨− ¯à¨¬¥à, ¯à¥¤áâ�¢«¥−−ë© ¢ ¢¨¤¥ £à�ä�, ¨§®¡à�¦¥−−®£®
−� à¨á. 4.

„�−−ë© ¯à¨¬¥à ¤¥¬®−áâà¨àã¥â á«¥¤ãîé¨¥ íâ�¯ë à�á¯à®áâà�−¥−¨ï.

�â�¯ 1ƒ. ‘�¬®à�á¯à®áâà�−ïîé�ïáï á¨áâ¥¬�, ¨á¯®«ì§ãï äã−ªæ¨¨ ¨−â¥àä¥©á�
á¨áâ¥¬−ëå ¢ë§®¢®¢ [5], ®¯à¥¤¥«ï¥â â¥ªãé¨¥ á¥â¥¢ë¥ ¯à�¢� ¤®áâã¯�. �â¨å ¯à�¢
−¥¤®áâ�â®ç−® ¤«ï ®¡é¥£® à�á¯à®áâà�−¥−¨ï ¢® ¢á¥© ª®à¯®à�â¨¢−®© á¥â¨. �áãé¥-
áâ¢«ï¥¬ ¯®¨áª ãï§¢¨¬®áâ¥©, � ¨¬¥−−®: �−�«¨§ á¥â¨ ¢ ¯®¨áª�å ãï§¢¨¬®© á«ã¦¡ë.
�®¨áª ãï§¢¨¬ëå ª®¬¯®−¥−â®¢ á¥â¨ ¢¥¤¥âáï á ¯®¬®éìî á®¯®áâ�¢«¥−¨ï á«ã¦¡ ¨
à¥áãàá®¢ ¢ ª®à¯®à�â¨¢−®© á¥â¨ ¨ ¬®¤ã«¥© ãï§¢¨¬®áâ¥©. ‘¯¨á®ª ¬®¤ã«¥© íªá¯«ã-
�â�æ¨¨ ãï§¢¨¬®áâ¥© á®¤¥à¦¨âáï ¢ íâ®¬ �−�«¨§�â®à¥. ‘¯¨á®ª á¥â¥¢ëå á«ã¦¡ ¨
à¥áãàá®¢ á®áâ�¢«ï¥âáï ¢ à¥§ã«ìâ�â¥ ¢ë§®¢� äã−ªæ¨¨ ¨−â¥àä¥©á� á¨áâ¥¬−ëå ¢ë-
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�®¢ë¥ ¯à¨−æ¨¯ë ¬®¤¥«¨à®¢�−¨ï �¢â®−®¬−ëå á�¬®à�á¯à®áâà�−ïîé¨åáï á¨áâ¥¬

§®¢®¢. ‚ á«ãç�¥ ®¡−�àã¦¥−¨ï ãï§¢¨¬®£® ª®¬¯®−¥−â� á¥â¨ (á«ã¦¡ë ¨«¨ à¥áãàá�)
¤«ï −¥£® ¢ë§ë¢�¥âáï á®®â¢¥âáâ¢ãîé¨© íªá¯«®©â. „®¯ãáâ¨¬, â�ª�ï á«ã¦¡� ¡ë«�
®¡−�àã¦¥−� | á«ã¦¡� ¯¥ç�â¨. „�«¥¥ ¯à®¢¥¤¥−� �â�ª� ¨ ¥¥ §�å¢�â [6, 7].

�â�¯ 2„. �� íâ®¬ íâ�¯¥ á�¬®à�á¯à®áâà�−ïîé�ïáï á¨áâ¥¬� ®â ¨¬¥−¨ á«ã¦¡ë
¯¥ç�â¨ ®áãé¥áâ¢«ï¥â §�å¢�â á«ã¦¡ë ®¡¬¥−� í«¥ªâà®−−®© ¯®çâ®©, ª®â®à�ï ®¡«�¤�¥â
−ã¦−ë¬¨ ¯à�¢�¬¨ ¤®áâã¯�. ‡�â¥¬ ã¯à�¢«¥−¨¥ ¯¥à¥¤�¥âáï −� á«¥¤ãîé¨© íâ�¯
à�á¯à®áâà�−¥−¨ï.

�â�¯ 3�. �� íâ®¬ íâ�¯¥ á�¬®à�á¯à®áâà�−ïîé�ïáï á¨áâ¥¬� ®¡«�¤�¥â ¯à�¢�¬¨
¤®áâã¯� ª®à¯®à�â¨¢−®© á¥â¨ ¨ ¬®¦¥â «¥£�«ì−ë¬ ®¡à�§®¬ ¯à®¨§¢®¤¨âì à�á¯à®-
áâà�−¥−¨¥ ¢® ¢á¥ à�¡®ç¨¥ áâ�−æ¨¨ á¥â¨, ®â¢¥ç�îé¨¥ ªà¨â¥à¨ï¬ ¯®¨áª�.

6 Оценка модели автономного распространения

�¤−®© ¨§ §�¤�ç ¬®¤¥«¨à®¢�−¨ï ï¢«ï¥âáï ®æ¥−ª� íää¥ªâ¨¢−®áâ¨. �®¤ íä-
ä¥ªâ¨¢−®áâìî à�á¯à®áâà�−¥−¨ï ¯®−¨¬�¥âáï áâ®¨¬®áâì ¤®áâ¨¦¥−¨ï ª®−¥ç−®© æ¥«¨
�â�ª¨. „«ï â®£® çâ®¡ë ®¯à¥¤¥«¨âì áâ®¨¬®áâì �â�ª¨, ¢¢¥¤¥¬ −¥áª®«ìª® ¯®−ïâ¨©.

Œ¥à� §�é¨âë | íâ® ¤¥©áâ¢¨¥ ¨«¨ ª®¬¯«¥ªá ¤¥©áâ¢¨©, −�¯à�¢«¥−−ëå −�
ãáâà�−¥−¨¥ ãï§¢¨¬®áâ¨.

Œ¥à� §�é¨âë ¤®«¦−� ®¡«�¤�âì áâ®¨¬®áâìî ¨«¨ ¢¥á®¬, â. ¥. ª®«¨ç¥áâ¢¥−−ë¬
¯®ª�§�â¥«¥¬, á ¯®¬®éìî ª®â®à®£® ¬®¦−® ®æ¥−¨âì à¥áãàáë, §�âà�ç¥−−ë¥ −�
ãáâà�−¥−¨¥ ãï§¢¨¬®áâ¨. ’�ª¨¬ ¯®ª�§�â¥«¥¬ ¬®¦¥â ¡ëâì áâ®¨¬®áâì à�¡®âë ¢
ç¥«®¢¥ª®-ç�á�å ¯® ãáâà�−¥−¨î ãï§¢¨¬®áâ¨, áâ®¨¬®áâì ªà¨â¨ç¥áª®£® ®¡−®¢«¥−¨ï
¨ â. ¤.

‡� ®¤−ã ¨§ ¬¥à ®æ¥−ª¨ ¬®¤¥«¨ �¢â®−®¬−®£® à�á¯à®áâà�−¥−¨ï ¬®¦−® ¢§ïâì ¢¥á
(¨«¨ áâ®¨¬®áâì ¬¥à) ¯® ãáâà�−¥−¨î ãï§¢¨¬®áâ¥© ¨«¨ ¯ãâ¥© â�ª®£® à�á¯à®áâà�−¥-
−¨ï.

‘®£«�á−® ®¯¨á�−−®© ¬®¤¥«¨ á�¬®à�á¯à®áâà�−¥−¨ï, ¬−®¦¥áâ¢® ¨áª®¬ëå æ¥¯®-
ç¥ª ï¢«ï¥âáï ª®−¥ç−ë¬ à¥§ã«ìâ�â®¬. Š�¦¤�ï æ¥¯®çª� á®áâ®¨â ¨§ íâ�¯®¢ à�á¯à®-
áâà�−¥−¨ï. ˆáª®¬�ï æ¥¯®çª� | íâ® ¬�àèàãâ ®â ¨áâ®ç−¨ª� à�á¯à®áâà�−¥−¨ï ç¥à¥§
¢á¥ íâ�¯ë ª æ¥«¨ à�á¯à®áâà�−¥−¨ï. �¡é�ï áâ®¨¬®áâì, ¨«¨ ¢¥á ¨áª®¬®© æ¥¯®çª¨,
¯à¨−¨¬�¥âáï §� ªà¨â¥à¨© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á�¬®à�á¯à®áâà�−¥−¨ï | Bc.
�â®â ®¡é¨© ¢¥á à�¢¥− áã¬¬¥ ¢¥á®¢ à�á¯à®áâà�−¥−¨ï −� ª�¦¤®¬ íâ�¯¥, â. ¥.

Bc = B1a + B2a +B3h + · · ·+ Bnd ,

£¤¥ ‚ix | íâ® ¢¥á ¯à¥®¤®«¥−¨ï i-£® íâ�¯� ª�â¥£®à¨¨ á«®¦−®áâ¨ x, ª®â®àë©
à�¢¥− ¢ á¤¥«�−−®¬ ¢ëè¥ ¯à¥¤¯®«®¦¥−¨¨ áâ®¨¬®áâ¨ ¬¥à ¯® ãáâà�−¥−¨î ¤�−−®©
ãï§¢¨¬®áâ¨.

’¥¯¥àì −¥®¡å®¤¨¬® ®æ¥−¨âì ¢¥á ª�¦¤®£® íâ�¯�. „«ï íâ®£® ¢¥à−¥¬áï ª ¯®−ïâ¨î
íâ�¯� à�á¯à®áâà�−¥−¨ï. �â�¯ | íâ® è�£ á�¬®à�á¯à®áâà�−¥−¨ï, −� ª®â®à®¬ �£¥−â
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−�å®¤¨â ãï§¢¨¬ë© á¥à¢¨á ¨ �â�ªã¥â ¥£®. ‚ à¥§ã«ìâ�â¥ �â�ª¨ �£¥−â à�á¯à®áâà�−ï-
¥âáï −� �â�ª®¢�−−ë© á¥à¢¨á. ‚¥á ãá¯¥è−®áâ¨ �â�ª¨ ï¢«ï¥âáï áâ®¨¬®áâìî ¬¥à ¯®
ãáâà�−¥−¨î ¢®§¬®¦−®áâ¨ áãé¥áâ¢®¢�−¨ï íâ®£® íâ�¯� à�á¯à®áâà�−¥−¨ï.

�¤−�ª® íâ®£® −¥¤®áâ�â®ç−®. „«ï ¡®«¥¥ ¯®«−®© ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¬®¤¥«¨
−¥®¡å®¤¨¬® à�áá¬®âà¥âì ¯®−ïâ¨¥ ¢¥á� �â�ª¨ −¥ â®«ìª® á â®çª¨ §à¥−¨ï áâ®¨¬®áâ¨
¬¥à ¯® ¥¥ ãáâà�−¥−¨î | ¢¥á� ¯à¥¤®â¢à�é¥−¨ï, −® ¨ á ¯®¬®éìî ®æ¥−ª¨ ¬¥à ¯®
¥¥ à¥�«¨§�æ¨¨ | ¢¥á� à¥�«¨§�æ¨¨. ’�ª�ï ®æ¥−ª� ã¯à®é¥−−® à�¢−� äã−ªæ¨¨ ®â
á«®¦−®áâ¨ ª�â¥£®à¨¨ ãï§¢¨¬®áâ¨ ¨ ¢à¥¬¥−¨ ¥¥ áãé¥áâ¢®¢�−¨ï, â. ¥.

Bix = F (x, t) ,

£¤¥ t | ¢à¥¬ï áãé¥áâ¢®¢�−¨ï ãï§¢¨¬®áâ¥©; x | á«®¦−®áâì ãï§¢¨¬®áâ¨; F |
äã−ªæ¨¨ ®â ¢à¥¬¥−¨ ¨ á«®¦−®áâ¨. �®−ïâ−®, çâ® ¯®áâà®¥−¨¥ â�ª®© äã−ªæ¨¨
¤®«¦−® ¡ëâì ®á−®¢�−® −� áâ�â¨áâ¨ç¥áª¨å ¤�−−ëå ¯® ¯à¨¬¥−¥−¨î à�§«¨ç−ëå
¢¨¤®¢ íªá¯«®©â®¢ ¢ à¥�«ì−ëå á¨âã�æ¨ïå. ‚ ¬®¬¥−â, ª®£¤� ãï§¢¨¬®áâì â®«ìª®
−�©¤¥−� ¨ −¨ª®¬ã −¥ ¨§¢¥áâ−�, ¢¥à®ïâ−®áâì ãá¯¥è−®£® ¥¥ ¯à¨¬¥−¥−¨ï áâà¥¬¨âáï ª
¥¤¨−¨æ¥, â�ª ª�ª ¯à�ªâ¨ç¥áª¨ −¥â á¯®á®¡®¢ ¨ áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ¥©. ‚ íâ®©
á¨âã�æ¨¨ ¢¥á ¯à®â¨¢®¤¥©áâ¢¨ï ¡¥áª®−¥ç−® ¢¥«¨ª, â�ª ª�ª −¥ áãé¥áâ¢ã¥â ¬¥à ¯®
¯à¥¤®â¢à�é¥−¨î −¥ ¨§¢¥áâ−®© −¨ª®¬ã ãï§¢¨¬®áâ¨, â®£¤� ª�ª ¢¥á ¥¥ à¥�«¨§�æ¨¨
−¨çâ®¦−® ¬�«. �®á«¥ ¥¥ ¯ã¡«¨ª�æ¨¨ íâ� ¢¥à®ïâ−®áâì −�ç¨−�¥â á−¨¦�âìáï ¢
§�¢¨á¨¬®áâ¨ ®â ¢à¥¬¥−¨. —¥¬ ¡®«ìè¥ ãï§¢¨¬®áâì ¨§¢¥áâ−�, â¥¬ ¡®«¥¥ ¢¥à®ïâ−®,
çâ® ®−� ú§�ªàëâ�û, â. ¥. ¢¥á ¯à¥¤®â¢à�é¥−¨ï ã¬¥−ìè�¥âáï á â¥ç¥−¨¥¬ ¢à¥¬¥−¨,
â®£¤� ª�ª ¢¥á à¥�«¨§�æ¨¨ à�áâ¥â.

Š�¦¤�ï ãï§¢¨¬®áâì | íâ® −®¢�ï ¡à¥èì ¢ á¨áâ¥¬¥ §�é¨âë, ¯®íâ®¬ã ¯à®¢¥áâ¨
íªá¯¥à¨¬¥−â�«ì−ë© �−�«¨§ á ¤®áâ�â®ç−ë¬ ª®«¨ç¥áâ¢®¬ ®¯ëâ®¢ −¥ ¯à¥¤áâ�¢«ï-
¥âáï ¢®§¬®¦−ë¬. �¤−�ª® −� ®á−®¢�−¨¨ ®âªàëâëå ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨ ¨
æ¥−âà®¢ á¥àâ¨ä¨ª�æ¨¨ ãï§¢¨¬®áâ¥© ¬®¦−® ¤«ï ®¯à¥¤¥«¥−−ëå ª«�áá®¢ ãï§¢¨-
¬®áâ¥© ¯®áâà®¨âì áâ�â¨áâ¨ç¥áª¨¥ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï, ª®â®àë¥ ¯®§¢®«ïâ
¢ëï¢¨âì ª®íää¨æ¨¥−âë á«®¦−®áâ¨ ¤«ï ª�â¥£®à¨© ãï§¢¨¬®áâ¥©. ‚ §�¢¨á¨¬®áâ¨
®â á«®¦−®áâ¨ ª�â¥£®à¨¨ −�å®¤¨âáï ¢¥á ãï§¢¨¬®áâ¨.

÷�áá¬®âà¨¬ á«¥¤ãîé¨© ¯à¨¬¥à ¯®«ãç¥−¨ï ®æ¥−ª¨ á«®¦−®áâ¨, ¨«¨ ¢¥á�, ¤«ï
®¯à¥¤¥«¥−−®© ª�â¥£®à¨¨ ãï§¢¨¬®áâ¥©. ÷�áá¬�âà¨¢�îâáï ãï§¢¨¬®áâ¨ ¯® ã¤�«¥−-
−®¬ã ¢ë¯®«−¥−¨î ª®¤� ¤«ï �‘ Windows XP [8]. �æ¥−¨¢�¥âáï ¢à¥¬ï ¯ã¡«¨ª�æ¨¨
ãï§¢¨¬®áâ¨, ¢à¥¬ï ¢ëå®¤� §�é¨âë ®â ãï§¢¨¬®áâ¨, ¢à¥¬ï à�á¯à®áâà�−¥−¨ï ¢ë-
è¥¤è¥£® ®¡−®¢«¥−¨ï −� à�¡®ç¨¥ áâ�−æ¨¨, ¢à¥¬ï ¢ª«îç¥−¨ï ¢ ¤¨áâà¨¡ãâ¨¢ �‘
¨á¯à�¢«¥−¨ï, ãáâà�−ïîé¥£® íâã ãï§¢¨¬®áâì. �� ®á−®¢�−¨¨ íâ¨å ¤�−−ëå áâà®¨âáï
£à�ä¨ª ¢¥à®ïâ−®áâ¨ ¯à¨¬¥−¥−¨ï ®â ¢à¥¬¥−¨, çâ® ¯®§¢®«ï¥â ¢ëï¢¨âì ª®íää¨æ¨¥−â
á«®¦−®áâ¨ ¤«ï ¤�−−®© ª�â¥£®à¨¨.

’�ª¨¬ ®¡à�§®¬, ¬®¦−® à�áá¬®âà¥âì ¢á¥ ª�â¥£®à¨¨ ãï§¢¨¬®áâ¥© ¨ á®áâ�¢¨âì
¤«ï −¨å −¥®¡å®¤¨¬ë¥ äã−ªæ¨¨ ®â ¢à¥¬¥−¨. ˆá¯®«ì§ãï íâ¨ äã−ªæ¨¨, ¬®¦−®
®æ¥−¨¢�âì á«®¦−®áâì ¬¥à ¯® à¥�«¨§�æ¨¨ ãï§¢¨¬®áâ¥© ¨ íâ�¯®¢. � íâ® ¯®§¢®«ï¥â
®æ¥−¨¢�âì ®¡é¨© ¢¥á æ¥¯®çª¨ à�á¯à®áâà�−¥−¨ï á â®çª¨ §à¥−¨ï áâ®¨¬®áâ¨ à¥�«¨-
§�æ¨¨ ãï§¢¨¬®áâ¥© | ®¡é¨© ¢¥á à¥�«¨§�æ¨¨. ‘ â®çª¨ §à¥−¨ï áâ®¨¬®áâ¨ ¬¥à ¯®
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�®¢ë¥ ¯à¨−æ¨¯ë ¬®¤¥«¨à®¢�−¨ï �¢â®−®¬−ëå á�¬®à�á¯à®áâà�−ïîé¨åáï á¨áâ¥¬

ãáâà�−¥−¨î íâ¨å ãï§¢¨¬®áâ¥© ¯®«ãç�¥¬ ®¡é¨© ¢¥á ¯® ¯à¥¤®â¢à�é¥−¨î ¤�−−®©
æ¥¯®çª¨. ÷�§−¨æ� ¬¥¦¤ã ¤�−−ë¬¨ ¢¥á�¬¨ ï¢«ï¥âáï ®æ¥−ª®© íää¥ªâ¨¢−®áâ¨ ¢á¥©
‚‘Œ�‘.

‚ ¯à�ªâ¨ç¥áª®¬ ¯à¨¬¥−¥−¨¨ ¤�−−�ï â�¡«¨æ� ª®íää¨æ¨¥−â®¢ á«®¦−®áâ¨, ¨−�-
ç¥ £®¢®àï ¢¥á®¢ ¤«ï ª�â¥£®à¨© (¨«¨ ª«�áá®¢) ãï§¢¨¬®áâ¨, ¨¬¥¥â ¢�¦−®¥ §−�ç¥−¨¥
¯à¨ ¯®áâà®¥−¨¨ ˆ‘, � £«�¢−®¥ | ¯à¨ ¨å �ã¤¨â¥. �¯¨á�−−ë© ¯®¤å®¤ ¯®§¢®-
«ï¥â á®§¤�âì �¢â®¬�â¨§¨à®¢�−−ãî á¨áâ¥¬ã �−�«¨§� ˆ‘. ’�ª�ï á¨áâ¥¬� á¡®à�
¤�−−ëå ¬®¦¥â ¯à®¢¥áâ¨ ú¢¥á®¢ãîû ®æ¥−ªã −� ®á−®¢¥ ãáâ�−®¢«¥−−®£® ¯à®£à�¬¬-
−®£® ®¡¥á¯¥ç¥−¨ï (��), ¯à�¢¨« ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨, � â�ª¦¥ ª�â¥£®à¨ç−®áâ¨
ãï§¢¨¬®áâ¥©. �� ®á−®¢�−¨¨ íâ®© ®æ¥−ª¨ ¬®¦−® ¯à®¢¥áâ¨ £àã¯¯¨à®¢ªã ãï§¢¨-
¬®áâ¥© ¢ ¨áá«¥¤ã¥¬®© ˆ‘ ¯® ¢¥á�¬. �â� ®æ¥−ª� ¡ã¤¥â á®¤¥à¦�âì á®®â−®è¥−¨¥
¢¥á®¢ ¯® ¯à¥¤®â¢à�é¥−¨î ¨ ¢¥á®¢ ¯® à¥�«¨§�æ¨¨, ®á−®¢ë¢�ïáì −� ª�â¥£®à¨ç−®áâ¨
ãï§¢¨¬®áâ¥©, â. ¥. −� ª®íää¨æ¨¥−â�å á«®¦−®áâ¨ ¤«ï ¢á¥å ª�â¥£®à¨© −�©¤¥−−ëå
ãï§¢¨¬®áâ¥© ¢ íâ®© ˆ‘. „�−−ë© ¯®¤å®¤ ¤�¥â ¢®§¬®¦−®áâì ¢ë¤¥«¨âì £àã¯¯ë −�¨-
¡®«¥¥ ®¯�á−ëå ãï§¢¨¬®áâ¥©, � £«�¢−®¥ ®¤−®¢à¥¬¥−−® ¯®«ãç¨âì (¢¥á®¢ãî) ®æ¥−ªã
¬¥à ¯® ãáâà�−¥−¨î íâ¨å ãï§¢¨¬®áâ¥©, çâ® ï¢«ï¥âáï ¯à�ªâ¨ç¥áª¨¬ à¥§ã«ìâ�â®¬
�−�«¨§�. �®«ãç¥−¨¥ â�ª®£® à¥§ã«ìâ�â� ¢àãç−ãî ¤«ï ª�¦¤®© ˆ‘ âà¥¡ã¥â ¯à®-
¢¥¤¥−¨ï á¯¥æ¨�«ì−ëå ¬¥à®¯à¨ïâ¨© ¢ à�¬ª�å ¤�−−®© á¨áâ¥¬ë á ¯à¨¢«¥ç¥−¨¥¬
áâ®à®−−¨å á¯¥æ¨�«¨áâ®¢ ¨ á¯¥æ¨�«ì−®£® ��. ‚ −�áâ®ïé¨© ¬®¬¥−â áãé¥áâ¢ãîâ
á¨áâ¥¬ë �−�«¨§� ˆ‘ −� ¯à¥¤¬¥â −�«¨ç¨ï ãï§¢¨¬®áâ¥©. �¤−�ª® íâ¨ á¨áâ¥¬ë
â®«ìª® ª®−áâ�â¨àãîâ −�«¨ç¨¥ ãï§¢¨¬®£® ��, −¥ ¤�¢ ¯à¨ íâ®¬ ®æ¥−ªã ªà¨â¨ç-
−®áâ¨ (áâ®¨¬®áâ¨) íâ¨å ãï§¢¨¬®áâ¥©. “áâà�−¥−¨ï ¦¥ ¢á¥å ãï§¢¨¬®áâ¥© ¢ à�¬ª�å
ˆ‘ ¨−®£¤� −¥¢®§¬®¦−® ¢ á¨«ã ãá«®¢¨© íªá¯«ã�â�æ¨¨, ®âáãâáâ¢¨ï à¥áãàá®¢ ¨ â. ¤.
‚ íâ®¬ á«ãç�¥ ¯à¥¤«�£�¥¬�ï á¨áâ¥¬� �−�«¨§� ˆ‘ −� ®á−®¢¥ ¢¥á®¢ëå ®æ¥−®ª
¤�¥â ¢®§¬®¦−®áâì ¢ë¤¥«¨âì ªà¨â¨ç¥áª¨¥ ãï§¢¨¬®áâ¨, −¥áãé¨¥ −�¨¡®«ìèãî ®¯�á-
−®áâì, ¨ ãáâà�−¨âì ¨å, á¯«�−¨à®¢�¢ á®®â¢¥âáâ¢ãîé¨¥ â¥å−¨ç¥áª¨¥ ¬¥à®¯à¨ïâ¨ï
−� ®á−®¢�−¨¨ ®æ¥−ª¨ ¢¥á®¢ ãï§¢¨¬®áâ¥©. ‘«¥¤ã¥â ¯®¤ç¥àª−ãâì, çâ® �¢â®¬�â¨§�æ¨ï
â�ª®£® ¯à®æ¥áá� ¢®§¬®¦−� â®«ìª® ¡«�£®¤�àï à�§à�¡®âª¥ áâ�â¨áâ¨ç¥áª¨å ª®íää¨-
æ¨¥−â®¢ á«®¦−®áâ¨ ¤«ï ª«�áá®¢ ãï§¢¨¬®áâ¥©, çâ® ï¢«ï¥âáï â¥¬®© ¤�«ì−¥©è¨å
¨áá«¥¤®¢�−¨©.

7 Заключение

‚ ¤�−−®© à�¡®â¥ −� ®á−®¢�−¨¨ ¨áá«¥¤®¢�−¨© ¯à¨−æ¨¯®¢ ¯®áâà®¥−¨ï áãé¥áâ¢ã-
îé¨å á�¬®à�á¯à®áâà�−ïîé¨åáï á¨áâ¥¬ áä®à¬¨à®¢�−� −®¢�ï ¬®¤¥«ì �¢â®−®¬−®£®
á�¬®à�á¯à®áâà�−¥−¨ï. „�−−�ï ¬®¤¥«ì ¯à¥¤¯®«�£�¥â ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï
®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ á�¬®à�á¯à®áâà�−¥−¨ï á â®çª¨ §à¥−¨ï áâ®¨¬®áâ¨ ¬¥à ¯®
¥¥ ¯à¥¤®â¢à�é¥−¨î ¨ à¥�«¨§�æ¨¨. ’�ª¦¥ −� ®á−®¢�−¨¨ �−�«¨§� á®¢à¥¬¥−−ëå
ª®¬¯ìîâ¥à−ëå ç¥à¢¥© ¡ë«¨ ¢ë¤¥«¥−ë −®¢ë¥ ¯à¨−æ¨¯ë ¨å ¯®áâà®¥−¨ï.

‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−−ëå ¨áá«¥¤®¢�−¨© ¬®¦−® á¤¥«�âì á«¥¤ãîé¨© ¢ë-
¢®¤: á®¢à¥¬¥−−ë¥ �¢â®−®¬−ë¥ á�¬®à�á¯à®áâà�−ïîé¨¥áï ¢à¥¤®−®á−ë¥ ¯à®£à�¬¬ë
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¯à¥¤áâ�¢«ïîâ á®¡®© ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë, ¨á¯®«ì§ãîé¨¥ ¬−®£®íâ�¯−ë¥ áå¥¬ë
á�¬®à�á¯à®áâà�−¥−¨ï. ’�ª¨¥ áå¥¬ë à�á¯à®áâà�−¥−¨ï á®áâ®ïâ ¨§ æ¥¯®ç¥ª �â�ª.
”®à¬�«¨§�æ¨ï ¨ ®¡®¡é¥−¨¥ ¤�−−®© ¬®¤¥«¨ à�á¯à®áâà�−¥−¨ï ¯®§¢®«ï¥â ¯®«ãç�âì
¢¥à®ïâ−®áâ−ãî ®æ¥−ªã ¢®§¬®¦−®áâ¨ à�á¯à®áâà�−¥−¨ï ¢−ãâà¨ ª®¬¯ìîâ¥à−®© á¥â¨.
�¤−�ª® ¯®«ãç¥−¨¥ â�ª®© ®æ¥−ª¨ ¡�§¨àã¥âáï −� á®§¤�−¨¨ ã−¨¢¥àá�«ì−®© ª«�á-
á¨ä¨ª�æ¨¨ ãï§¢¨¬®áâ¥© á ãª�§�−¨¥¬ ¨å ¢¥á®¢, çâ® ï¢«ï¥âáï æ¥«ìî ¤�«ì−¥©è¨å
¨áá«¥¤®¢�−¨©.
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МЕХАНИЗМЫ ПОИСКА УЯЗВИМОСТЕЙ В ОПЕРАЦИОННЫХ
СИСТЕМАХ, ПОСТРОЕННЫХ НА БАЗЕ ЯДРА LINUX

А. И. Мищенко1

�−−®â�æ¨ï: �à¥¤«®¦¥− ¬¥å�−¨§¬ �¢â®¬�â¨§�æ¨¨ ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ ®¯¥-
à�æ¨®−−ëå á¨áâ¥¬�å (�‘), ¯®áâà®¥−−ëå −� ¡�§¥ ï¤à� Linux, ãç¨âë¢�îé¨©
®á®¡¥−−®áâ¨ ¤�−−®£® á¥¬¥©áâ¢� �‘. �à®¨§¢¥¤¥−� â¥®à¥â¨ç¥áª�ï ®æ¥−ª� íä-
ä¥ªâ¨¢−®áâ¨ ¯à¥¤«®¦¥−−®£® �«£®à¨â¬�.

Š«îç¥¢ë¥ á«®¢�: ¯®¨áª ãï§¢¨¬®áâ¥©; ¢¥à¨ä¨ª�æ¨ï; ¨−ä®à¬�æ¨®−−�ï ¡¥§-
®¯�á−®áâì; �� á ®âªàëâë¬ ¨áå®¤−ë¬ ª®¤®¬

1 Введение

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï §�¤�ç� ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ �‘, ¯®áâà®-
¥−−®© −� ®á−®¢¥ ï¤à� Linux. ‘−�ç�«� ¯à®¢®¤¨âáï �−�«¨§ á®¢à¥¬¥−−ëå áà¥¤áâ¢
�¢â®¬�â¨§�æ¨¨ ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ �‘ á ãª�§�−¨¥¬ ¨å ®á−®¢−ëå ¢®§¬®¦−®-
áâ¥©. �� íâ®© ®á−®¢¥ ¯à¥¤«�£�¥âáï ¬¥å�−¨§¬ �¢â®¬�â¨§�æ¨¨ ¯®¨áª� ãï§¢¨¬®áâ¥© ¢
�‘ −� ®á−®¢¥ ï¤à� Linux, ãç¨âë¢�îé¨© ª«îç¥¢ë¥ ®á®¡¥−−®áâ¨ ¤�−−ëå á¨áâ¥¬.
„�«¥¥ ¯®¤à®¡−® ®¯¨áë¢�¥âáï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì, ¨á¯®«ì§ã¥¬�ï ¤«ï à�−¦¨-
à®¢�−¨ï á¥à¢¨á®¢ �−�«¨§¨àã¥¬®© �‘ ¢ ¯®àï¤ª¥ −¥¢®§à�áâ�−¨ï úãï§¢¨¬®áâ¨û.

2 Обзор современных средств поиска уязвимостей в операционных
системах

‘®¢à¥¬¥−−ë¥ à¥è¥−¨ï ª�ª ®âªàëâë¥, â�ª ¨ ª®¬¬¥àç¥áª¨¥, ¯à®¨§¢®¤ïâ ¢−¥è-
−¨© �−�«¨§ à�¡®â�îé¥© á¨áâ¥¬ë | â¥áâ¨à®¢�−¨¥ −� ¯à®−¨ª−®¢¥−¨¥. ’�ª®©
�−�«¨§ á®áâ®¨â ¨§ −¥áª®«ìª¨å íâ�¯®¢:

{ �¢â®¬�â¨ç¥áª®¥ ®¯à¥¤¥«¥−¨¥ ¤®áâã¯−ëå á¥à¢¨á®¢ �−�«¨§¨àã¥¬®© á¨áâ¥¬ë;

{ �¢â®¬�â¨ç¥áª�ï ¯à®¢¥àª� ®¡−�àã¦¥−−ëå á¥à¢¨á®¢ −� −�«¨ç¨¥ ãï§¢¨¬®áâ¥©:

• ®¯à¥¤¥«¥−¨¥ ¢¥àá¨¨ á¥à¢¨á�;

• ¯®¯ëâª� ¯à¨¬¥−¥−¨ï á®®â¢¥âáâ¢ãîé¨å ¢¥àá¨¨ á¥à¢¨á� ¨§¢¥áâ−ëå ãï§¢¨-
¬®áâ¥© (¡¥àãâáï ¨§ ®âªàëâëå ¨«¨ §�ªàëâëå ¡�§ ãï§¢¨¬®áâ¥©).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, alximi@gmail.com
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’�ª¦¥ á®¢à¥¬¥−−ë¥ �−�«¨§�â®àë á®¤¥à¦�â ¬−®¦¥áâ¢® ãâ¨«¨â ¤«ï ¢ë¯®«−¥-
−¨ï àãç−®£® �−�«¨§� ¨−â¥à¥áãîé¥£® á¥à¢¨á� à�¡®â�îé¥© á¨áâ¥¬ë. ��¯à¨¬¥à,
è¨à®ª® ¨§¢¥áâ−ë á«¥¤ãîé¨¥ áà¥¤áâ¢� �¢â®¬�â¨§�æ¨¨ ¯®¨áª� ãï§¢¨¬®áâ¥©:

{ Metasploit Framework | ¯«�âä®à¬� ¤«ï á®§¤�−¨ï, â¥áâ¨à®¢�−¨ï ¨ ¨á¯®«ì§®-
¢�−¨ï íªá¯«®©â®¢ [1];

{ Nessus | áª�−¥à ãï§¢¨¬®áâ¥© [2].

�® ª�¦¤®¬ã ¨§ ãª�§�−−ëå áà¥¤áâ¢ áãé¥áâ¢ã¥â −¥¬�«® ®¯¨á�−¨© ¨å ¨á¯®«ì§®-
¢�−¨ï ¨ ¢−ãâà¥−−¥£® ãáâà®©áâ¢�. „«ï ¤�−−®© áâ�âì¨ ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â â®, çâ®
ãª�§�−−ë¥ áà¥¤áâ¢�:

{ à�¡®â�îâ ¯® ¡�§�¬ ¨§¢¥áâ−ëå ãï§¢¨¬®áâ¥© ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��);

{ ¢® ¢à¥¬ï ¯à®¢¥¤¥−¨ï �−�«¨§� −¥ ãç¨âë¢�îâ ¢®§¬®¦−®áâì ¤®áâã¯−®áâ¨ ¯à®-
æ¥áá� à�§à�¡®âª¨ ª®¬¯®−¥−â®¢ �−�«¨§¨àã¥¬®© �‘;

{ −¥ ¯à¥¤−�§−�ç¥−ë ¤«ï ¯®¨áª� −®¢ëå ãï§¢¨¬®áâ¥© áà¥¤¨ ¬−®¦¥áâ¢� á¥à¢¨á®¢,
−�å®¤ïé¨åáï ¢ �−�«¨§¨àã¥¬®© �‘.

’¥ ¦¥ á�¬ë¥ ãâ¢¥à¦¤¥−¨ï à�á¯à®áâà�−ïîâáï ¨ −� ¤àã£¨¥ áãé¥áâ¢ãîé¨¥
áà¥¤áâ¢� ª®¬¯«¥ªá−®£® �−�«¨§� �‘.

3 Внутренний анализ систем, построенных на базе ядра Linux

Š�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, áãé¥áâ¢ãîé¨¥ áà¥¤áâ¢� �−�«¨§� ãï§¢¨¬®áâ¥© �‘
¢® ¢à¥¬ï ¯à®¢¥¤¥−¨ï �−�«¨§� −¥ ãç¨âë¢�îâ ¢�¦−ë¥ �á¯¥ªâë ®âªàëâ®£® ��:
®âªàëâ®áâì ¨áå®¤−®£® ª®¤� ¨ à�§à�¡®âª¨ ª®¬¯®−¥−â®¢, −�å®¤ïé¨åáï ¢ �−�«¨§¨-
àã¥¬®© �‘. �� ®á−®¢�−¨¨ íâ¨å �á¯¥ªâ®¢ ¬®¦−® ¯®áâà®¨âì �¢â®¬�â¨§�æ¨î ¯®¨áª�
−®¢ëå ãï§¢¨¬®áâ¥© ¢ á¨áâ¥¬�å, á®áâ®ïé¨å ¨§ ª®¬¯®−¥−â®¢, ¤«ï ª®â®àëå ¤®áâã¯¥−
¯à®æ¥áá ¨å à�§à�¡®âª¨. „«ï ¢ë¯®«−¥−¨ï ¤¥â�«ì−®£® �−�«¨§� á¨áâ¥¬ ¯à¥¤«�£�¥âáï
á«¥¤ãîé¨© ¬¥å�−¨§¬:

(1) á¡®à áâ�â¨áâ¨ª¨ ®¡® ¢á¥å á¥à¢¨á�å, −�å®¤ïé¨åáï ¢ á®áâ�¢¥ ¤�−−®© á¡®àª¨
�‘ Linux;

(2) ã¯®àï¤®ç¥−¨¥ ¢á¥å á¥à¢¨á®¢ á¨áâ¥¬ë á ¨á¯®«ì§®¢�−¨¥¬ á®¡à�−−®© áâ�â¨áâ¨ª¨
®â −�¨¡®«¥¥ ãï§¢¨¬ëå ª −�¨¬¥−¥¥ ãï§¢¨¬ë¬;

(3) ¤¥â�«ì−�ï ¯à®¢¥àª� á¥à¢¨á®¢ �‘ ¢ ¯®àï¤ª¥, ãáâ�−®¢«¥−−®¬ −� ¯à¥¤ë¤ãé¥¬
è�£¥.

÷�áá¬®âà¨¬ ª�¦¤ë© ¨§ íâ�¯®¢ ¡®«¥¥ ¯®¤à®¡−®.

1. „«ï á¡®à� áâ�â¨áâ¨ª¨ ® à�§à�¡®âª¥ ª�¦¤®£® á¥à¢¨á� ¨á¯®«ì§ã¥âáï áà¥¤áâ¢®
�¢â®¬�â¨§�æ¨¨ à�§¡®à� ¯®¯ã«ïà−ëå á¨áâ¥¬ ®âá«¥¦¨¢�−¨ï ®è¨¡®ª, áà¥¤¨
ª®â®àëå Bugzilla, Trac, Mantis, Redmine.

2. ‘®¡¨à�¥¬�ï áâ�â¨áâ¨ª� ® à�§à�¡®âª¥ ®â¤¥«ì−®£® á¥à¢¨á� ¬®¦¥â ¢ª«îç�âì ¢
á¥¡ï á«¥¤ãîéãî ¨−ä®à¬�æ¨î:
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Œ¥å�−¨§¬ë ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ �‘, ¯®áâà®¥−−ëå −� ¡�§¥ ï¤à� Linux

{ ®¡ê¥¬ ª®¤®¢®© ¡�§ë (Š�);

{ ®¡ê¥¬ ¨§¬¥−¥−¨© Š� (®¡é¨© ®¡ê¥¬ áç¨â�¥âáï ª�ª áã¬¬� ®¡ê¥¬®¢ ®â¤¥«ì-
−ëå ª®¬¬¨â®¢);

{ áà®ª¨ ®âªàëâ¨ï ¨ §�ªàëâ¨ï ª�¦¤®© ãï§¢¨¬®áâ¨ (á ¤¥«¥−¨¥¬ ¯® ¢�¦-
−®áâ¨ | ªà¨â¨ç−ë¥, ¢�¦−ë¥ ¨ â. ¯.).

3. „«ï ¯à®¢¥¤¥−¨ï ¤¥â�«ì−®© ¯à®¢¥àª¨ á¥à¢¨á®¢ ¢ë¯®«−ï¥âáï á«¥¤ãîé�ï ¯®-
á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨©:

{ ¯à®¢¥àª� �ªâã�«ì−®áâ¨ ¢¥àá¨¨ á¥à¢¨á� (¢¥àá¨ï ¢ á¡®àª¥ ®â−®á¨â¥«ì−®
¯®á«¥¤−¥© áâ�¡¨«ì−®© ¢¥àá¨¨ ¢ à¥¯®§¨â®à¨¨ à�§à�¡®âª¨);

{ ¯à®¢¥àª� −�«¨ç¨ï ¨§¢¥áâ−ëå ãï§¢¨¬®áâ¥© ¤«ï ¤�−−®© ¢¥àá¨¨ á¥à¢¨á�;

{ �¢â®¬�â¨§�æ¨ï ¯®¨áª� −¥¨§¢¥áâ−ëå ãï§¢¨¬®áâ¥© ¤�−−®£® á¥à¢¨á�:

• ¨á¯®«ì§®¢�−¨¥ áâ�â¨ç¥áª¨å �−�«¨§�â®à®¢ ¨áå®¤−®£® ª®¤� ¤«ï ¤�−−®£®
á¥à¢¨á�;

• ¯à®ä¨«¨à®¢�−¨¥ á¥à¢¨á� ¢® ¢à¥¬ï ¢ë¯®«−¥−¨ï;

• ¯à®¢¥¤¥−¨¥ fuzz-â¥áâ¨à®¢�−¨ï á¥à¢¨á�.

‘â®¨â ã¯®¬ï−ãâì ® áãé¥áâ¢ãîé¨å ¯®¤å®¤�å ª �−�«¨§ã �� −� ®á−®¢¥ ¨−-
ä®à¬�æ¨¨ ® ¥£® à�§à�¡®âª¥. ‚ à�¡®â¥ [3] ¡ë« ¯à¥¤«®¦¥− �«£®à¨â¬ FixCache
¤«ï ®¯à¥¤¥«¥−¨ï ¯®â¥−æ¨�«ì−® −�¨¡®«¥¥ ãï§¢¨¬ëå ¬¥áâ à�§à�¡�âë¢�¥¬®£® ��,
� ¢ [4] ¯à®¤¥¬®−áâà¨à®¢�−� íää¥ªâ¨¢−®áâì ¤�−−®£® ¯®¤å®¤�. ‚ à�¡®â¥ [5] ¡ë«
¯à¥¤«®¦¥− �«£®à¨â¬ BugCache. •®âï ¤�−−ë© �«£®à¨â¬ ¯à®é¥ ¢ à¥�«¨§�æ¨¨, ç¥¬
FixCache, −� ¯à�ªâ¨ª¥ ª�ç¥áâ¢® ¥£® �−�«¨§� ®ª�§�«®áì −¥ åã¦¥. ‡�¬¥â¨¬, çâ® ¢
¤�−−ëå à�¡®â�å ¯à®¨§¢®¤¨âáï �−�«¨§ ®¤−®£® ¯à®¥ªâ� −� ¯à¥¤¬¥â ¯®â¥−æ¨�«ì−®
ãï§¢¨¬ëå ¬¥áâ. �¤−�ª®, à�áè¨à¨¢ ®¯¨á�−−ë¥ ¯®¤å®¤ë, ¬®¦−® à¥�«¨§®¢�âì ã¯®-
àï¤®ç¥−¨¥ á¥à¢¨á®¢ �‘ ¯® ãï§¢¨¬®áâ¨ (¢â®à®© ¯ã−ªâ ¯à¥¤«®¦¥−−®£® ¬¥å�−¨§¬�),
� â�ª¦¥ ¨á¯®«ì§®¢�âì ¨å ¢® ¢à¥¬ï �−�«¨§� ª®−ªà¥â−®£® á¥à¢¨á� �‘.

‚ á«¥¤ãîé¥© ç�áâ¨ áâ�âì¨ ¡ã¤¥â ®¯¨á�−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì, ¨á¯®«ì§ã-
¥¬�ï ¤«ï à�−¦¨à®¢�−¨ï ¯® úãï§¢¨¬®áâ¨û á¥à¢¨á®¢ �−�«¨§¨àã¥¬®© �‘.

4 Математическая модель

�à¥¤¯®«®¦¨¬, çâ® −�¡®à á¥à¢¨á®¢ �−�«¨§¨àã¥¬®© �‘ ®¯à¥¤¥«¥−. �¡®§−�ç¨¬
¥£® ª�ª {sk}. �ãáâì ¤«ï ª�¦¤®£® �−�«¨§¨àã¥¬®£® á¥à¢¨á� sk ¡ë«� á®¡à�−�
¨−ä®à¬�æ¨ï ® áãé¥áâ¢ãîé¨å ãï§¢¨¬®áâïå:

bugsk = {(i, toi
, tci
)} .

’�ª¨¬ ®¡à�§®¬, bugk | ¬−®¦¥áâ¢® ¨§¢¥áâ−ëå ãï§¢¨¬®áâ¥© á¥à¢¨á� sk. ‡�¬¥-
â¨¬, çâ® ª�¦¤�ï ãï§¢¨¬®áâì ®¯¨áë¢�¥âáï âà®©ª®© (i, toi

, tci
), £¤¥ i| ¯®àï¤ª®¢ë©
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−®¬¥à ãï§¢¨¬®áâ¨; toi
| ¢à¥¬ï ®âªàëâ¨ï ãï§¢¨¬®áâ¨; tci

| ¢à¥¬ï §�ªàëâ¨ï
ãï§¢¨¬®áâ¨.

„«ï ®âªàëâëå ãï§¢¨¬®áâ¥© −� ¬®¬¥−â ¯à®¢¥¤¥−¨ï �−�«¨§� tci
¯à¨−¨¬�¥âáï

à�¢−ë¬+∞. �¡®§−�ç¨¬Nk = |bugsk|. ’®£¤� ¤«ï ¬−®¦¥áâ¢� bugsk ¢ë¯®«−ïîâáï
á«¥¤ãîé¨¥ á¢®©áâ¢�:

∀i ∈ {1, . . . , Nk} : toi
< tci

;

∀i, j ∈ {1, . . . , Nk} , i < j : toi
< toj

.

’�ª¦¥ áâ®¨â ®â¬¥â¨âì, çâ®:

{ ¢á¥ ¬−®¦¥áâ¢� sk ä®à¬¨àãîâáï −� −�ç�«ì−®¬ íâ�¯¥ ¯à®¢¥¤¥−¨ï �−�«¨§�;

{ ¤«ï ª�¦¤®£® á¥à¢¨á� ¢à¥¬ï −®à¬�«¨§ã¥âáï â�ª¨¬ ®¡à�§®¬, çâ®¡ë 0 á®®â¢¥â-
áâ¢®¢�« −�ç�«ã à�§à�¡®âª¨ á¥à¢¨á�, � 1 | ¢à¥¬¥−¨ §�¯ãáª� �−�«¨§�, â. ¥.
∀to, tc ∈ R[0, 1].

„�«¥¥ ¡ã¤ãâ ¨á¯®«ì§®¢�−ë á«¥¤ãîé¨¥ ¢á¯®¬®£�â¥«ì−ë¥ ¬−®¦¥áâ¢� ¨ äã−ª-
æ¨¨:

{ ¬−®¦¥áâ¢® ¢à¥¬¥−¨: T = R
+ ∪ {0};

{ ¬−®¦¥áâ¢® ¢á¥¢®§¬®¦−ëå −�¡®à®¢ ãï§¢¨¬®áâ¥©: BUGS = P(N × T × T).
‡�¬¥â¨¬, çâ® ∀k ∈ {1, . . . , |{sk}|} : bugsk ∈ BUGS;

{ äã−ªæ¨ï bugs at : BUGS×T×T → BUGS, ¤«ï −�ç�«ì−®£® ¬−®¦¥áâ¢� ãï§-
¢¨¬®áâ¥© ¨ ¢à¥¬¥−−®£® ¨−â¥à¢�«� ¢®§¢à�é�îé�ï ¯®¤¬−®¦¥áâ¢® ãï§¢¨¬®áâ¥©,
ª®â®àë¥ ¡ë«¨ ®âªàëâë¬¨ ¢ ãª�§�−−®¥ ¢à¥¬ï:

bugs at (B, t1, t2) = {(i, toi
, tci
)|(i, toi

, tci
) ∈ B ∪ tci

≥ t1 ∪ tci
≤ t2} ,

£¤¥ B ∈ BUGS ∪ t1, t2 ∈ T;

{ ¬−®¦¥áâ¢® äã−ªæ¨© ¤«ï {sk}, ¢®§¢à�é�îé¨å ¯®¤¬−®¦¥áâ¢® ¯®á«¥¤−¨å ãï§-
¢¨¬®áâ¥© §�–t ¤«ï á®®â¢¥âáâ¢ãîé¥£® á¥à¢¨á�:

lastbugsk(–t) = bugs at(bugsk, 1−–t,+∞) .

’¥¯¥àì ¬®¦−® ¢¢¥áâ¨ ¬¥âà¨ªã ãï§¢¨¬®áâ¨ á¥à¢¨á� sk §� ¯®á«¥¤−¨© ¯à®¬¥¦ãâ®ª
¢à¥¬¥−¨ –t:

|sk|–t =
∑

(i,toi
,tci
)∈bugsk

(min (tci
, max (toi

+–tc, 1))− toi
)

1

1 + e10(1−tci
)
.

�®ïá−¨¬ á®áâ�¢«ïîé¨¥ ç�áâ¨ ¤�−−®© ¬¥âà¨ª¨:
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Œ¥å�−¨§¬ë ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ �‘, ¯®áâà®¥−−ëå −� ¡�§¥ ï¤à� Linux

{ –tc | �ªâã�«ì−®¥ áà¥¤−¥¥ ¢à¥¬ï §�ªàëâ¨ï ãï§¢¨¬®áâ¨, ®¯à¥¤¥«ï¥¬®¥ ª�ª

–tc =

∑

(i,toi
,tci
)∈lastbugsk(–tnorm)

(tci
− toi

)

|lastbugsk(–tnorm)|
,

£¤¥ –tnorm | −®à¬�«¨§®¢�−−®¥ ¤«ï ¤�−−®£® á¥à¢¨á� –t;

{ ä�ªâ¨ç¥áª�ï ¨«¨ ¯à¥¤¯®«�£�¥¬�ï ¯à®¤®«¦¨â¥«ì−®áâì −�«¨ç¨ï ¨§¢¥áâ−®© ãï§-
¢¨¬®áâ¨ i:

min (tci
, max (toi

+–tc, 1))− toi
;

{ ¢¥á ãï§¢¨¬®áâ¨ i: 1/(1 + e10(1−tci
)). „�−−ë© ª®íää¨æ¨¥−â ¨á¯®«ì§ã¥âáï ¤«ï

¯®−¨¦¥−¨ï ¢ª«�¤� ¤�¢−® §�ªàëâëå ãï§¢¨¬®áâ¥© ¢ ¨â®£®¢ãî áã¬¬ã.

�ã¤¥¬ áç¨â�âì, çâ® á¥à¢¨á si ¬¥−¥¥ ãï§¢¨¬, ç¥¬ á¥à¢¨á sj §� ¯®á«¥¤−¨©
¯à®¬¥¦ãâ®ª ¢à¥¬¥−¨ –t, â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� |si|–t ≤ |sj|–t. ’�ª¨¬
®¡à�§®¬ ¬®¦−® á®áâ�¢¨âì á¯¨á®ª á¥à¢¨á®¢ �−�«¨§¨àã¥¬®© �‘, ã¯®àï¤®ç¥−−ë©
¯® −¥¢®§à�áâ�−¨î ãï§¢¨¬®áâ¨.

�â¬¥â¨¬, çâ® ¢ ®¯¨á�−−®© ¬®¤¥«¨ −¥â à�§¤¥«¥−¨ï ãï§¢¨¬®áâ¥© ¯® ¨å ú¢�¦-
−®áâ¨û. …á«¨ ¢ íâ®¬ ¥áâì −¥®¡å®¤¨¬®áâì, â® ãª�§�−−ë¬ ¢ëè¥ á¯®á®¡®¬ ¬®¦−®
§�¤�âì ¢á¯®¬®£�â¥«ì−ë¥ ¬¥âà¨ª¨ ¤«ï ª�¦¤®£® ¨§ ¢¨¤®¢ ãï§¢¨¬®áâ¥© ¨ ¢ë¢¥áâ¨
¨â®£®¢ãî ¬¥âà¨ªã ª�ª ª®¬¡¨−�æ¨î ¢á¯®¬®£�â¥«ì−ëå.

‚ ¨â®£¥ áä®à¬¨à®¢�−−ë© ã¯®àï¤®ç¥−−ë© á¯¨á®ª á¥à¢¨á®¢ ¡ã¤¥â ¨á¯®«ì§®¢�−
¤«ï âà¥âì¥£® íâ�¯� ¬¥å�−¨§¬�, ¯à¥¤«®¦¥−−®£® ¢ âà¥âì¥© ç�áâ¨ ¤�−−®© áâ�âì¨.

5 Теоретическая оценка эффективности

‘à�¢−¨¬ â¥®à¥â¨ç¥áªãî íää¥ªâ¨¢−®áâì ¯®¨áª� ãï§¢¨¬®áâ¨ ¢ �‘ á ¨á¯®«ì§®-
¢�−¨¥¬ ¯à¥¤«®¦¥−−®£® �«£®à¨â¬� à�−¦¨à®¢�−¨ï á¥à¢¨á®¢ ¨ ¡¥§ −¥£®. �à¥¤¯®«®-
¦¨¬, çâ® ¡¥§ ¨á¯®«ì§®¢�−¨ï à�−¦¨à®¢�−¨ï á¥à¢¨áë �‘ ¤«ï �−�«¨§� ¢ë¡¨à�îâáï
á«ãç�©−ë¬ á¯®á®¡®¬ á à�¢−®¬¥à−ë¬ à�á¯à¥¤¥«¥−¨¥¬. ‡�¬¥â¨¬, çâ® ¢ à�¬ª�å
¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ −¥¢®§¬®¦−® ãç¥áâì ¢á¥ �á¯¥ªâë ¯à®æ¥¤ãàë ¯®¨áª� ãï§-
¢¨¬®áâ¨ ¢ ª�ª®¬-«¨¡® ��. �®íâ®¬ã ¡ã¤¥¬ áç¨â�âì, çâ® ¤«ï «î¡®£® á¥à¢¨á� ¨§
{sk} ¯à®æ¥¤ãà� ¯®¨áª� ãï§¢¨¬®áâ¨ ¢ë¯®«−ï¥âáï ®¤¨−�ª®¢®, ¨ ¯à¨ ¯à®¢¥¤¥−¨¨
áà�¢−¥−¨ï íää¥ªâ¨¢−®áâ¨ −¥ ¡ã¤¥¬ ãç¨âë¢�âì ¢«¨ï−¨¥ íâ®© ¯à®æ¥¤ãàë. “á«®¢¨ï
¤«ï áà�¢−¥−¨ï ¯®¤å®¤®¢ á«¥¤ãîé¨¥:

{ ¢à¥¬ï ¯®¨áª� ãï§¢¨¬®áâ¨ ¢ �‘ à�¢−® –t;

{ ¯à¨ ¯®¨áª¥ ãï§¢¨¬®áâ¨ ¢ �‘ ¤«ï �−�«¨§� ¢ë¡¨à�¥âáï ®¤¨− ¨§ á¥à¢¨á®¢ {sk};

{ à¥§ã«ìâ�â®¬ ¯à®¢¥¤¥−−®£® �−�«¨§� �‘ áç¨â�¥âáï à¥§ã«ìâ�â ¯®¨áª� ãï§¢¨¬®áâ¨
¢ ¢ë¡à�−−®¬ á¥à¢¨á¥.
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�¯à¥¤¥«¨¬ ¢¥à®ïâ−®áâ¨ −�å®¦¤¥−¨ï ãï§¢¨¬®áâ¨ ¢ á¥à¢¨á�å {sk} §� ¯à®¬¥-
¦ãâ®ª ¢à¥¬¥−¨ –t ª�ª {pk}. ‚ ¨â®£¥ ¯®«ãç¨¬ á«¥¤ãîé¨¥ à¥§ã«ìâ�âë:

1. �à¨ á«ãç�©−®¬ ¢ë¡®à¥ á¥à¢¨á� ¤«ï �−�«¨§� ¢¥à®ïâ−®áâì −�å®¦¤¥−¨ï ãï§¢¨-
¬®áâ¨ à�¢−�

∑
pk/n.

2. �à¨ ¯à®¢¥¤¥−¨¨ �−�«¨§� à¥�«ì−ëå á¥à¢¨á®¢ ¡ë«® §�¬¥ç¥−®, çâ® ¯®ï¢«¥−¨¥
−®¢ëå ¨§¢¥áâ−ëå ãï§¢¨¬®áâ¥© ¢ −¨å −�¯àï¬ãî ª®àà¥«¨àã¥â á ®¯¨á�−−ë¬
¢ëè¥ ¯®−ïâ¨¥¬ úãï§¢¨¬®áâ¨û á¥à¢¨á�. ˆ â�ª ª�ª ¢ ¤�−−®¬ áà�¢−¥−¨¨ −¥
ãç¨âë¢�¥âáï ¯à®æ¥¤ãà� ¯®¨áª� ãï§¢¨¬®áâ¨, ¬®¦−® áç¨â�âì, çâ® pk â¥¬ ¢ëè¥,
ç¥¬ ¡®«ìè¥ §−�ç¥−¨¥ ¬¥âà¨ª¨ |sk|–t. �®íâ®¬ã ¢¥à®ïâ−®áâì −�å®¦¤¥−¨ï
ãï§¢¨¬®áâ¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ à�−¦¨à®¢�−¨ï à�¢−� max(pk).

’�ª¨¬ ®¡à�§®¬, ¯®«ãç�¥¬, çâ® ¨á¯®«ì§®¢�−¨¥ à�−¦¨à®¢�−¨ï ¯®¢ëè�¥â ¢¥à®-
ïâ−®áâì ®¡−�àã¦¥−¨ï ãï§¢¨¬®áâ¨ ¢ �‘.

6 Заключение

‚ ¤�−−®© áâ�âì¥ ¡ë«� à�áá¬®âà¥−� §�¤�ç� �¢â®¬�â¨§�æ¨¨ ¯®¨áª� ãï§¢¨¬®-
áâ¥© ¢ �‘, ¯®áâà®¥−−®© −� ¡�§¥ ï¤à� Linux. ‘−�ç�«� ¡ë«¨ à�áá¬®âà¥−ë ã¦¥
áãé¥áâ¢ãîé¨¥ áà¥¤áâ¢� ¨ ¯®ª�§�−®, çâ® ®−¨:

{ −¥ ¯à¥¤−�§−�ç¥−ë ¤«ï ®¡−�àã¦¥−¨ï −®¢ëå ãï§¢¨¬®áâ¥© ¢ �‘;

{ −¥ ãç¨âë¢�îâ ¤®áâã¯−®áâì ¯à®æ¥áá� à�§à�¡®âª¨ �−�«¨§¨àã¥¬®© �‘.

‡�â¥¬ ¡ë« ¯à¥¤«®¦¥− ¬¥å�−¨§¬ �¢â®¬�â¨§�æ¨¨ ¯®¨áª� ãï§¢¨¬®áâ¥© ¢ �‘
á ¤®áâã¯−ë¬ ¯à®æ¥áá®¬ à�§à�¡®âª¨. �®á«¥ íâ®£® ¡ë«� ¯à¨¢¥¤¥−� ä®à¬�«ì−�ï
¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì, ®¯¨áë¢�îé�ï ¯à®æ¥áá à�−¦¨à®¢�−¨ï á¥à¢¨á®¢ �−�«¨§¨-
àã¥¬®© �‘ ¢ ¯®àï¤ª¥ −¥¢®§à�áâ�−¨ï úãï§¢¨¬®áâ¨û.
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АТАКИ НА ЦЕНТРАЛИЗОВАННЫЕ СИСТЕМЫ
ОБНАРУЖЕНИЯ ВТОРЖЕНИЙ

А. А. Тимонина1, Е. Е. Тимонина2

�−−®â�æ¨ï: ‘®§¤�−¨¥ ¬®é−ëå æ¥−âà�«¨§®¢�−−ëå æ¥−âà®¢ ®¡−�àã¦¥−¨ï �â�ª,
¨ ¯à¨ íâ®¬ ®¡á«ã¦¨¢�îé¨å ¡®«ìè®¥ ç¨á«® ª«¨¥−â®¢, ®¡«�¤�¥â ®ç¥¢¨¤−ë¬¨
¯®«®¦¨â¥«ì−ë¬¨ á¢®©áâ¢�¬¨. �¤−�ª® â�ª¨¥ á¨áâ¥¬ë ¯®à®¦¤�îâ −®¢ë© ª«�áá
�â�ª, á¢ï§�−−ëå á −¥®¡å®¤¨¬®áâìî ®¡á«ã¦¨¢�âì ¯®â®ª ¨−æ¨¤¥−â®¢ ¡¥§®¯�á-
−®áâ¨, ¯®áâã¯�îé¨å ®â à�§«¨ç−ëå ª«¨¥−â®¢. �â®â ¯®â®ª ¬®¦¥â ¯®à®¦¤�âì
®ç¥à¥¤ì, ¯à¥¯ïâáâ¢ãîéãî íää¥ªâ¨¢−®¬ã ¢ëï¢«¥−¨î �â�ª¨. ’�ª¨¥ §�¤�ç¨
®¯¨áë¢�îâáï ¬®¤¥«ï¬¨ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï. �¥ª®â®àë¥ à¥§ã«ìâ�âë ¬®-
¤¥«¨à®¢�−¨ï �â�ª á ¯®¬®éìî á¨áâ¥¬ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¯à¨¢¥¤¥−ë ¢
¤�−−®© à�¡®â¥.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã-
¦¨¢�−¨ï; ®¡−�àã¦¥−¨¥ ¢â®à¦¥−¨©

1 Введение

‚ à�á¯à¥¤¥«¥−−ëå ª®à¯®à�â¨¢−ëå á¨áâ¥¬�å, −�¯à¨¬¥à ¢ ¡�−ª®¢áª¨å á¨áâ¥-
¬�å, ®à£�−¨§ã¥âáï ¬®−¨â®à¨−£ ¨−æ¨¤¥−â®¢ ¡¥§®¯�á−®áâ¨. ’�ª®© ¬®−¨â®à¨−£
¯®§¢®«ï¥â ®à£�−¨§®¢�âì á¢®¥¢à¥¬¥−−®¥ ®¡−�àã¦¥−¨¥ (IDS |- Intrusion Detec-
tion System) ¨ ¯à¥¤ã¯à¥¦¤¥−¨¥ (IPS | Intrusion Prevention System) ¢â®à¦¥−¨©.
•®à®è¨¥ á¨áâ¥¬ë ¬®−¨â®à¨−£� ¯®§¢®«ïîâ á¢®¥¢à¥¬¥−−® à¥�£¨à®¢�âì −� �â�ª¨,
¨¤¥−â¨ä¨æ¨à®¢�âì �â�ª¨ ¯® á¨£−�âãà�¬, â. ¥. ®â¢¥ç�âì −� ¢®¯à®á, −� çâ® −�¯à�¢«¥-
−� �â�ª�, ®âªã¤� ®−� ¨áå®¤¨â ¨ ª�ª¨¥ ¬¥àë á«¥¤ã¥â ¯à¨−ïâì ¤«ï ¯à¥¤®â¢à�é¥−¨ï
ãé¥à¡�. Š�ª ®â¬¥ç¥−® ¢ [1], úá�¬�ï á«®¦−�ï ¯à®¡«¥¬� | íâ® «®¦−�ï âà¥¢®£�û.
‚â®à�ï ¢�¦−¥©è�ï ¯à®¡«¥¬� | úíâ® á¢®¥¢à¥¬¥−−®¥ ¯à¥¤ã¯à¥¦¤¥−¨¥ ®¡ �â�ª¥û.
�â¨ ¯à®¡«¥¬ë á¢ï§�−ë ¬¥¦¤ã á®¡®© [1]: ú¥á«¨ á¨áâ¥¬� ®è¨¡�¥âáï («®¦−ë¥
âà¥¢®£¨) á«¨èª®¬ ç�áâ®, ¢ë ¯¥à¥áâ�¥â¥ ¯à¨á«ãè¨¢�âìáï ª −¨¬û.

‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï íâ¨å ä�ªâ®à®¢
¤«ï ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ �â�ª. � ¨¬¥−−®: ¯à¥¤¯®«®¦¨¬, çâ® ¯à®â¨¢−¨ª
¨¬¥¥â ¢®§¬®¦−®áâì £¥−¥à¨à®¢�âì ¨−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë, á®¤¥à¦�é¨¥ á®-
¡ëâ¨ï, å�à�ªâ¥à−ë¥ ¤«ï ¨−æ¨¤¥−â®¢ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �� á�¬®¬

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

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, eltimon@yandex.ru
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¤¥«¥ �â�ª −¥â, ®¤−�ª® á¨áâ¥¬� ¬®−¨â®à¨−£� ¨ á¨áâ¥¬� ®¡à�¡®âª¨ ¨−æ¨¤¥−â®¢
¡¥§®¯�á−®áâ¨ ¯®«ãç�¥â á¨£−�«ë ® ¯®¤®¡−ëå á®¡ëâ¨ïå ¨ ¤®«¦−� ¯à®¢®¤¨âì �−�-
«¨§ á®®â¢¥âáâ¢ãîé¨å ¯à®æ¥áá®¢ −� ¯à¥¤¬¥â ¢®§¬®¦−®áâ¨ à¥�«¨§�æ¨¨ �â�ª¨, ¢
ª®â®à®© ¬®£ãâ ¯®ï¢¨âìáï ¤�−−ë¥ á®¡ëâ¨ï.

�á−®¢−�ï ¨¤¥ï à�áá¬�âà¨¢�¥¬®£® ª«�áá� �â�ª á®áâ®¨â ¢ á«¥¤ãîé¥¬. ‘ ¯®-
¬®éìî ¢áâà�¨¢�¥¬ëå á®¡ëâ¨© §�£àã§¨âì á¨áâ¥¬ã ¬®−¨â®à¨−£� ¨ �−�«¨§� ¨−æ¨-
¤¥−â®¢ ¡¥§®¯�á−®áâ¨ −�áâ®«ìª®, çâ®¡ë à¥�«ì−® ®à£�−¨§®¢�−−�ï �â�ª� −¥ ãá¯¥«�
¯®¤¢¥à£−ãâìáï �−�«¨§ã á¨áâ¥¬®© ¡¥§®¯�á−®áâ¨. „®áâ¨£−ã¢ â�ª®£® à¥§ã«ìâ�â�,
á¨áâ¥¬� �−�«¨§� ¨−æ¨¤¥−â®¢ ¡¥§®¯�á−®áâ¨ áâ�−®¢¨âáï −¥−ã¦−®©, â�ª ª�ª �â�ª�
ã¦¥ ®áãé¥áâ¢«¥−� ¨ ãé¥à¡ −�−¥á¥−.

‚ áâ�âì¥ à�áá¬�âà¨¢�¥âáï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¨ ¯ãâ¨ à�áç¥â� ¤«ï ¯à®¢¥-
¤¥−¨ï �â�ª ãª�§�−−®£® â¨¯�.

2 Системы мониторинга и анализа инцидентов безопасности

÷�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−® ®¯¥à�æ¨¨, ª®â®àë¥ ®áãé¥áâ¢«ï¥â á¨áâ¥¬� ¡¥§-
®¯�á−®áâ¨ ¢ ¤�−−®¬ á«ãç�¥.

‹î¡�ï �â�ª� −¥ ï¢«ï¥âáï ®¤−®à�§®¢ë¬ á®¡ëâ¨¥¬, � ¯à¥¤áâ�¢«ï¥â á®¡®© á¨á-
â¥¬ã ¢§�¨¬®á¢ï§�−−ëå á®¡ëâ¨©, ª®â®àë¥ −¥®¡å®¤¨¬® ¯à®¨áå®¤ïâ ¢ ¯à®æ¥áá¥
¯®«ãç¥−¨ï ¤®áâã¯� ¨ à¥�«¨§�æ¨¨ ãé¥à¡�. Œ−®£¨¥ á®¡ëâ¨ï ¯à¨áãâáâ¢ãîâ ¢
à�§«¨ç−ëå â¨¯�å �â�ª, â�ª ª�ª à�§«¨ç−ë¥ �â�ª¨ ç�áâ¨ç−® ®¯¨à�îâáï −� ®¤−¨ ¨
â¥ ¦¥ ãï§¢¨¬®áâ¨ ¨ âà¥¡ãîâ à¥�«¨§�æ¨¨ ®¤−¨å ¨ â¥å ¦¥ äã−ªæ¨©. ‚ à�¡®â¥ [1]
¢¢¥¤¥−® ¯®−ïâ¨¥ ú¤¥à¥¢® �â�ªû. ˆ¤¥ï ¤¥à¥¢� �â�ª á®áâ®¨â ¢ â®¬, çâ® ¢®§¬®¦−ë¥
−�¯�¤¥−¨ï −� á¨áâ¥¬ã ¨§®¡à�¦�îâáï ¢ ¢¨¤¥ ¤à¥¢®¢¨¤−®© áå¥¬ë. �á−®¢−�ï
æ¥«ì ¯®¬¥é�¥âáï ¢ ª®à¥−ì, � ¯ãâ¨ ¤®áâ¨¦¥−¨ï æ¥«¨ (¯à®¬¥¦ãâ®ç−ë¥ á®¡ëâ¨ï)
¨§®¡à�¦�îâáï ¢ ¢¨¤¥ ¢¥â¢¥© ¨ «¨áâì¥¢. ‹î¡�ï �â�ª� á ª®−ªà¥â−®© æ¥«ìî ¬®¦¥â
¡ëâì ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥ ¤¥à¥¢�. ‚ëá®â� ¤¥à¥¢� ®¯à¥¤¥«ï¥â ¬�ªá¨¬�«ì−®¥ ç¨á«®
è�£®¢, ª®â®àë¥ −¥®¡å®¤¨¬® ¯®á«¥¤®¢�â¥«ì−® ¢ë¯®«−¨âì ¯à¨ à¥�«¨§�æ¨¨ �â�ª¨.
„�¦¥ ¥á«¨ ¯à¥¤¯®«®¦¨âì, çâ® à�§«¨ç−ë¥ ¢¥â¢¨, −¥®¡å®¤¨¬ë¥ ¤«ï à¥�«¨§�æ¨¨
�â�ª¨, ¢ë¯®«−ïîâáï ¯�à�««¥«ì−®, ¤®áâ¨¦¥−¨¥ æ¥«¨ −¥ ¬®¦¥â ¯à®¨§®©â¨ à�−ìè¥,
ç¥¬ ®áãé¥áâ¢¨âáï æ¥¯®çª� ¬�ªá¨¬�«ì−®© ¤«¨−ë ¢ ¤¥à¥¢¥ �â�ª¨. �â® á¢®©áâ¢®
¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï ¯à¥¤ã¯à¥¦¤¥−¨ï ¨ ®¡−�àã¦¥−¨ï �â�ª¨.

÷¥è¥−¨¥ íâ¨å §�¤�ç ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ¬®−¨â®à¨−£� á®¡ëâ¨©, ãç�áâ-
¢ãîé¨å ¢ ¤¥à¥¢¥ �â�ª¨, ¨ ª®àà¥«ïæ¨¨ ¯®«ãç¥−−ëå äà�£¬¥−â®¢ ¤¥à¥¢� �â�ª¨ á
¨−ä®à¬�æ¨¥© ¢ ¡�§¥ ¤�−−ëå IDS ¨ IPS.

‚ −�áâ®ïé¥¥ ¢à¥¬ï á¨áâ¥¬ë ¬®−¨â®à¨−£� à¥�«¨§®¢�−ë ¢ ¢¨¤¥ á¯¥æ¨�«ì−ëå
¯à®£à�¬¬−ëå ¨ ¯à®£à�¬¬−®-�¯¯�à�â−ëå á¨áâ¥¬ (SIEM (Security Information and
Event Management) á¨áâ¥¬ë). „«ï ¬®−¨â®à¨−£� ¨á¯®«ì§ãîâáï Based Monitoring
Systems ¨ Based Network Behavior Systems.
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3 Представление IDS и IPS как систем массового обслуживания

‘¨áâ¥¬ã ¬®−¨â®à¨−£� ¨ á¨áâ¥¬ã ª®àà¥«ïæ¨¨ ¬®¦−® à�áá¬�âà¨¢�âì ª�ª −¥-
ª®â®àãî á¨áâ¥¬ã ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï. ‘®¡ëâ¨ï, ®âá«¥¦¨¢�¥¬ë¥ á¨áâ¥¬®©
¬®−¨â®à¨−£�, ¬®¦−® âà�ªâ®¢�âì ª�ª §�ï¢ª¨ −� ®¡á«ã¦¨¢�−¨¥. ‚à¥¬ï, −¥®¡-
å®¤¨¬®¥ −� ®âá«¥¦¨¢�−¨¥, ¤®áâ�¢ªã ¨ ®¡à�¡®âªã á®¡ëâ¨© ¡¥§®¯�á−®áâ¨, ¬®¦−®
®¯à¥¤¥«¨âì ª�ª ¢à¥¬ï ®¡á«ã¦¨¢�−¨ï. ‚ á«ãç�¥ ®¡−�àã¦¥−¨ï �â�ª¨, ª�ª ¯à�¢¨-
«®, ¯à®¨áå®¤¨â «¨¡® ¡«®ª¨à®¢�−¨¥ −¥ª®â®àëå ¯à®æ¥áá®¢, «¨¡® ¯à¥¤ã¯à¥¦¤¥−¨¥
�¤¬¨−¨áâà�â®à� ® à¥�«¨§�æ¨¨ �â�ª¨ ®¯à¥¤¥«¥−−®£® â¨¯� á ¯à¥¤«®¦¥−¨¥¬ ®áãé¥-
áâ¢«¥−¨ï −¥®¡å®¤¨¬ëå ¬¥à §�é¨âë.

’�ª¨¬ ®¡à�§®¬, á¨áâ¥¬� ®¡á«ã¦¨¢�−¨ï §�ï¢®ª ®¡«�¤�¥â ®¯à¥¤¥«¥−−®© ¨−¥àâ-
−®áâìî, ª®â®àãî ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï ®à£�−¨§�æ¨¨ ãª�§�−−®© ¢® ¢¢¥¤¥−¨¨
�â�ª¨. � ¨¬¥−−®: ¯®á«¥¤®¢�â¥«ì−®áâì á®¡ëâ¨© ¡¥§®¯�á−®áâ¨ ¢ëáâà�¨¢�¥âáï ¢
®ç¥à¥¤ì −� ®¡á«ã¦¨¢�−¨¥ á¨áâ¥¬®© ¬®−¨â®à¨−£� ¨ �−�«¨§� ¢−¥ §�¢¨á¨¬®áâ¨ ®â
â®£®, ãá¯¥¥â «¨ á¨áâ¥¬� §�é¨âë áà¥�£¨à®¢�âì −� ¯®«ãç¥−−ë¥ §�ï¢ª¨ ¤® â®£®,
ª�ª ¡ã¤¥â −�−¥á¥− ãé¥à¡. ‡−�ç¨â, ¯à¨ ®¯à¥¤¥«¥−−®© ¤«¨−¥ ®ç¥à¥¤¨ ¢−®¢ì ¯®-
áâã¯¨¢è¨¥ §�ï¢ª¨ ¡ã¤ãâ ®¡á«ã¦¨¢�âìáï ¯®á«¥ â®£®, ª�ª −¥®¡å®¤¨¬®áâì ¢ â�ª®¬
®¡á«ã¦¨¢�−¨¨ ¯à®¯�¤¥â. �â® à�¢−®á¨«ì−® ¬®¤¥«¨ â¥®à¨¨ ¬�áá®¢®£® ®¡á«ã¦¨-
¢�−¨ï á −¥â¥à¯¥«¨¢ë¬¨ §�ï¢ª�¬¨. Œ®¦−® áç¨â�âì, çâ® à�áá¬®âà¥−−�ï á¨âã�æ¨ï
íª¢¨¢�«¥−â−� â®¬ã, çâ® ¢−®¢ì ¯à¨è¥¤è�ï §�ï¢ª� ®âª�§ë¢�¥âáï ¦¤�âì ®ç¥à¥¤¨ −�
®¡á«ã¦¨¢�−¨¥.

�à¥¤áâ�¢«ïï á¨áâ¥¬ã ¬®−¨â®à¨−£� ¨ �−�«¨§� ª�ª á¨áâ¥¬ã ¬�áá®¢®£® ®¡á«ã-
¦¨¢�−¨ï á −¥â¥à¯¥«¨¢ë¬¨ §�ï¢ª�¬¨, ¬®¦−® áç¨â�âì, çâ® ¯à®¯ãé¥−−�ï �â�ª�
à�¢−®á¨«ì−� ¯®ï¢«¥−¨î å®âï ¡ë ®¤−®© −¥â¥à¯¥«¨¢®© §�ï¢ª¨. �âáî¤� ¢®§−¨ª�¥â
§�¤�ç� ¨áá«¥¤®¢�−¨ï à�áá¬�âà¨¢�¥¬®£® â¨¯� �â�ª ª�ª á¨áâ¥¬ ¬�áá®¢®£® ®¡á«ã¦¨-
¢�−¨ï á −¥â¥à¯¥«¨¢ë¬¨ §�ï¢ª�¬¨. �á−®¢−ë¬ ¯�à�¬¥âà®¬ ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï
¢à¥¬ï §�−ïâ®áâ¨ á¨áâ¥¬ë.

ˆ§¢¥áâ−ë© ¢ á¨áâ¥¬�å ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï ¯�à�¬¥âà | ¢à¥¬ï ®¦¨¤�−¨ï
−¥â¥à¯¥«¨¢®© §�ï¢ª¨ | â®¦¤¥áâ¢¥−−® ¢ −�è¥© ¨−â¥à¯à¥â�æ¨¨ ¢à¥¬¥−¨ ¯à®¢¥-
¤¥−¨ï ãá¯¥è−®© �â�ª¨. ‚à¥¬ï, −� ª®â®à®¥ ¬®¦¥â à�ááç¨âë¢�âì ¯à®â¨¢−¨ª ¯à¨
¯à®¢¥¤¥−¨¨ �â�ª¨, ¨−â¥à¯à¥â¨àã¥âáï ª�ª ¯¥à¨®¤ §�−ïâ®áâ¨ á¨áâ¥¬ë ®¡á«ã¦¨¢�-
−¨ï. ‘®§¤�−¨¥ «®¦−ëå á®¡ëâ¨© ¡¥§®¯�á−®áâ¨ á¢ï§�−® á â¥¬, çâ® ¢ á¨áâ¥¬¥ ¨¬¥¥âáï
−¥ª®â®à®¥ ª®«¨ç¥áâ¢® áã¡ê¥ªâ®¢, −�å®¤ïé¨åáï ¯®¤ ª®−âà®«¥¬ ¨«¨ ¢ á£®¢®à¥ á
¨−¨æ¨�â®à®¬ �â�ª¨. �ãáâì íâ¨ áã¡ê¥ªâë ¬®£ãâ ¯®à®¤¨âì ν á®¡ëâ¨© ¡¥§®¯�á−®áâ¨,
−¥ á¢ï§�−−ëå á �â�ª�¬¨. �¤−�ª® á¨áâ¥¬� ¬®−¨â®à¨−£� ®âá«¥¦¨¢�¥â íâ¨ á®¡ëâ¨ï
¨ áâ�¢¨â ¨å ¢ ®ç¥à¥¤ì ¤«ï �−�«¨§�. ’¥¬ á�¬ë¬ ¯à®â¨¢−¨ª ¬®¦¥â ¯®¢ëá¨âì ¢à¥¬ï
§�−ïâ®áâ¨ á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ �−�«¨§� ¨áªãááâ¢¥−−®. �®ª� á¨áâ¥¬� §�−ïâ�,
¯à®â¨¢−¨ª ¡ã¤¥â ¯ëâ�âìáï ¯à®¢¥áâ¨ ¨áâ¨−−ãî �â�ªã.

÷�áá¬®âà¨¬, ª�ª¨¬¨ ¯�à�¬¥âà�¬¨ ¬®¦¥â àãª®¢®¤áâ¢®¢�âìáï −�¯�¤�îé¨©.
�− ¤®«¦¥− ¡ëâì ã¢¥à¥−, çâ® ¢® ¢à¥¬ï ¨áâ¨−−®© �â�ª¨ á¨áâ¥¬� ¬®−¨â®à¨−£� ¨
ª®−âà®«ï §�−ïâ� ¨ ¨¬¥¥â ®ç¥à¥¤ì ¤«¨−®© −¥ ¬¥−¥¥ ν. �− ¤®«¦¥− ¡ëâì ã¢¥à¥−,
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çâ® ¢® ¢à¥¬ï ¨áâ¨−−®© �â�ª¨ τ −¥ ¯à¥¢®áå®¤¨â ¢à¥¬¥−¨ §�−ïâ®áâ¨ á¨áâ¥¬ë ¬®−¨-
â®à¨−£� ¨ ª®−âà®«ï, â�ª ª�ª ®á¢®¡®¦¤¥−¨¥ â�ª®© á¨áâ¥¬ë ®§−�ç�¥â, çâ® á¨áâ¥¬�
¡¥§®¯�á−®áâ¨ §−�¥â ®¡ �â�ª¥. ‚ á¢ï§¨ á íâ¨¬ ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á ¨áá«¥¤®¢�−¨¥
¢à¥¬¥−¨ §�−ïâ®áâ¨ á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï, ®¯¨áë¢�îé¥© á¨áâ¥¬ã ¬®-
−¨â®à¨−£� ¨ ª®−âà®«ï, ¯à¨ à�§«¨ç−ëå ¯à¥¤¯®«®¦¥−¨ïå ® à�á¯à¥¤¥«¥−¨¨ ¢à¥¬¥−¨
®¡á«ã¦¨¢�−¨ï á¨áâ¥¬ë ¬®−¨â®à¨−£� ¨ ª®−âà®«ï.

4 Математическая модель

÷�áá¬®âà¨¬ á¨áâ¥¬ã ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï, á®áâ®ïéãî ¨§ ®¤−®£® ¯à¨¡®à�,
−� ª®â®àë© ¯®áâã¯�¥â ¯ã�áá®−®¢áª¨© ¯®â®ª §�ï¢®ª á ¨−â¥−á¨¢−®áâìî λ. —¥à¥§
{V (t), t ≥ 0} ®¡®§−�ç¨¬ ¢¨àâã�«ì−®¥ ¢à¥¬ï ®¦¨¤�−¨ï ¢ ¬®¬¥−â ¢à¥¬¥−¨ t á¨á-
â¥¬ë M/G/1, â. ¥. ¢à¥¬ï, ª®â®à®¥ ¦¤�«� ¡ë ¤® −�ç�«� ®¡á«ã¦¨¢�−¨ï §�ï¢ª�,
¯®áâã¯¨¢è�ï ¢ á¨áâ¥¬ã ¢ ¬®¬¥−â ¢à¥¬¥−¨ t. ‡�ï¢ª�, ¯®áâã¯¨¢è�ï ¢ á¨áâ¥¬ã,
®¯à¥¤¥«ï¥âáï ¢¥ªâ®à®¬ (Xn, Un), á®áâ®ïé¨¬ ¨§ ¤¢ãå á«ãç�©−ëå ¢¥«¨ç¨−, £¤¥
Xn | ¤«¨−� âà¥¡ã¥¬®£® ®¡á«ã¦¨¢�−¨ï; Un | ¢à¥¬ï ®¦¨¤�−¨ï ®¡á«ã¦¨¢�−¨ï.
�à¥¤¯®«®¦¨¬, çâ® (X1,X2, . . .) ¨ (U1, U2, . . .) | ¤¢¥ −¥§�¢¨á¨¬ë¥ ¯®á«¥¤®¢�-
â¥«ì−®áâ¨, á®áâ®ïé¨¥ ¨§ −¥§�¢¨á¨¬ëå, ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ëå á«ãç�©−ëå
¢¥«¨ç¨−. ”ã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï Xi ¨ Ui ®¡®§−�ç¨¬ ç¥à¥§ F ¨ G á®®â¢¥âáâ¢¥−-
−®. ’�ª¦¥ ç¥à¥§ f ¨ g ®¡®§−�ç¨¬ ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨© F ¨G á®®â¢¥âáâ¢¥−−®.
�ãáâì V (t) | ¢¨àâã�«ì−ë© ¯à®æ¥áá ®¦¨¤�−¨ï. …á«¨ ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ¢
á¨áâ¥¬ã ¯®áâã¯�¥â n-ï §�ï¢ª� ¨ ¢ íâ®â ¬®¬¥−â ¢à¥¬¥−¨ §�£àã§ª� á¨áâ¥¬ë à�¢−�
V (t−), â® §�ï¢ª� ¢áâ�¥â ¢ ®ç¥à¥¤ì â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� V (t−) ≤ Un.
‚ íâ®¬ á«ãç�¥ V (t) = V (t−) +Xn, ¨−�ç¥, ¥á«¨ V (t−) > Un, â® V (t) = V (t−).

÷�áá¬®âà¨¬ à�á¯à¥¤¥«¥−¨¥ ¤«¨−ë ¯¥à¨®¤� §�−ïâ®áâ¨ B ¢ á¨áâ¥¬¥ ¬�áá®¢®£®
®¡á«ã¦¨¢�−¨ï M/G/1 á −¥â¥à¯¥«¨¢ë¬¨ §�ï¢ª�¬¨. ‚ à�¡®â¥ [2] ¤®ª�§�−®, çâ®
P{B <∞} = 1, ¥á«¨ E(X1) <∞.

�ãáâì B = inf {t > 0|V (t) = 0} | ¯à®¤®«¦¨â¥«ì−®áâì ¯¥à¢®£® ¯¥à¨®¤�
§�−ïâ®áâ¨, −�ç¨−�îé¥£®áï ¢ ¬®¬¥−â ¢à¥¬¥−¨ t = 0, £¤¥ −�ç�«ì−�ï −�£àã§ª�
á¨áâ¥¬ë à�¢−� V (0) = ν. �¯à¥¤¥«¨¬

P (t, ν) = P{B > t|V (0) = ν} , t ≥ 0 , ν ≥ 0 .

�à¥®¡à�§ã¥¬ ¤�−−®¥ ãà�¢−¥−¨¥:

P (t, ν) = e−λtI{ν>t}+λ

min(t,ν)∫

0

e−λsG(ν−s)

∞∫

0

P (t−s, ν−s+x)f(x) dxds+

+ λ

min(t,ν)∫

0

e−λsG(ν − s)P (t− s, ν − s) ds , (1)
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£¤¥ G = 1 − G. ’à¨ á«�£�¥¬ëå ¢ ¯à�¢®© ç�áâ¨ (1) á®®â¢¥âáâ¢ãîâ âà¥¬ á«ã-
ç�ï¬:

(i) ¢ ¨−â¥à¢�« ¢à¥¬¥−¨ [0,min(t, ν)] §�ï¢ª¨ −¥ ¯®áâã¯�îâ ¢ á¨áâ¥¬ã;

(ii) ¯¥à¢®¥ ¯®áâã¯«¥−¨¥ §�ï¢ª¨ ¯à®¨áå®¤¨â ¢ −¥ª®â®àë© ¬®¬¥−â ¢à¥¬¥−¨ s ∈
∈ [0,min(t, ν)], ¤®¡�¢«ïï −�£àã§ªã x < ν − s;

(iii) ¯®áâã¯�¥â §�ï¢ª� á −�£àã§ª®© x ≥ ν − s, çâ® ¯à¨¢®¤¨â ª ®âª�§ã.

‚¢¥¤¥¬ ¯à¥®¡à�§®¢�−¨¥ ‹�¯«�á�:

P ∗(θ, ν) =

∞∫

0

e−θtP (t, ν) dt . (2)

„®ª�¦¥¬ â¥à¥¬ã, ¯à¨¢¥¤¥−−ãî ¢ [2] ¡¥§ ¤®ª�§�â¥«ìáâ¢�.

’¥®à¥¬�. „«ï ¤�−−®© ¬®¤¥«¨ á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á¯à�¢¥¤«¨¢®
¨−â¥£à�«ì−®-¤¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ ¤«ï P ∗(θ, ·):

d

dν
P ∗(θ, ν) =

= −(λ+ θ)P ∗(θ, ν) + 1 + λG(ν)

∞∫

ν

f(y − ν)P ∗(θ, y) dy + λG(ν)P ∗(θ, ν) . (3)

„ ® ª � § � â ¥ « ì á â ¢ ® . �à¥®¡à�§®¢�−¨¥ ‹�¯«�á� ¢ëà�¦¥−¨ï (1) ¯à¨¢®¤¨â ª ä®à-
¬ã«¥

P ∗(θ, ν) = I1 + I2 + I3 ,

£¤¥

I1 =

∞∫

0

e−θt
(
e−λtI{ν>t}

)
dt ;

I2 =

∞∫

0

e−θt


λ

min(t,ν)∫

0

e−λsG(ν − s)

∞∫

0

P (t− s, ν − s+ x)f(x) dxds


 dt =

= λ

∞∫

0

min(t,ν)∫

0

e−λsG(ν − s)

∞∫

0

e−θtP (t− s, ν − s+ x)f(x) dxdydt ;
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I3 =

∞∫

0

e−θt


λ

min(t,ν)∫

0

e−λsG(ν − s)P (t− s, ν − s) ds


 dt =

= λ

∞∫

0

min(t,ν)∫

0

e−θte−λsG(ν − s)P (t− s, ν − s) dsdt .

ˆ−â¥£à�« I1 ¢ëç¨á«ï¥âáï −¥¯®áà¥¤áâ¢¥−−®:

I1 =

∞∫

0

e−θt
(
e−λtI{ν>t}

)
dt =

∞∫

0

e−(θ+λ)t dt =
1

λ+ θ

(
1− e−(θ+λ)ν

)
.

„«ï ¢ëç¨á«¥−¨ï ¨−â¥£à�«®¢ I2 ¨ I3 á¤¥«�¥¬ §�¬¥−ã ¯¥à¥¬¥−−ëå t− s = t′ ¨
¯®¬¥−ï¥¬ ¯®àï¤®ª ¨−â¥£à¨à®¢�−¨ï, â®£¤�

I2 = λ

ν∫

0

e−λsG(ν − s)

∞∫

0

f(x)

∞∫

0

e−θ(t′+s)P (t′, ν − s+ x) dt′dxds =

= λ

ν∫

0

e−(λ+θ)sG(ν − s)

∞∫

0

f(x)

∞∫

0

e−θtP (t, ν − s+ x) dtdxds ;

I3 = λ

ν∫

0

e−λsG(ν − s)

∞∫

0

e−θ(t′+s)P (t′, ν − s) dt′ds =

= λ

ν∫

0

e−(λ+θ)sG(ν − s)

∞∫

0

e−θtP (t, ν − s) dtds .

�®á«¥ §�¬¥−ë ¯¥à¥¬¥−−ëå ν − s+ x = y ¢ I2 ¯®«ãç¨¬:

I2 = λ

ν∫

0

e−(λ+θ)sG(ν − s)

∞∫

ν−s

f(y − (ν − x))

∞∫

0

e−θtP (t, y) dtdxds .

…é¥ ®¤−� §�¬¥−� ¯¥à¥¬¥−−ëå ν − s = z ¨ ¯à¨¬¥−¥−¨¥ ä®à¬ã«ë (2) ¯à¨¢®¤¨â
ª á«¥¤ãîé¨¬ à¥§ã«ìâ�â�¬:
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I2 = λe
−(λ+θ)ν

ν∫

0

e(λ+θ)zG(z)

∞∫

z

f(y − z)P ∗(θ, y) dydz ;

I3 = λe
−(λ+θ)ν

ν∫

0

e(λ+θ)zG(z)P ∗(θ, y) dz .

�ª®−ç�â¥«ì−® ¨¬¥¥¬:

P ∗(θ, ν) =
1

λ+ θ

(
1− e−(θ+λ)ν

)
+

+ λe−(λ+θ)ν




ν∫

0

e(λ+θ)zG(z)

∞∫

z

f(y − z)P ∗(θ, y) dydz +

+

ν∫

0

e(λ+θ)zG(z)P ∗(θ, y) dz


 . (4)

�¥¯®áà¥¤áâ¢¥−−®¥ ¤¨ää¥à¥−æ¨à®¢�−¨¥ (4) ¯® ¯¥à¥¬¥−−®© ν ¯à¨¢®¤¨â ª á«¥-
¤ãîé¥¬ã ãà�¢−¥−¨î:

d

dν
P ∗(θ, ν) =

d

dν

[
1

λ+ θ

(
1− e−(θ+λ)ν

)]
+

+
d

dν


λe−(λ+θ)ν




ν∫

0

e(λ+θ)zG(z)

∞∫

z

f(y − z)P ∗(θ, y) dydz +

+

ν∫

0

e(λ+θ)zG(z)P ∗(θ, y) dz




 =

= e−(θ+λ)ν +
d

dν

(
λe−(λ+θ)ν

)



ν∫

0

e(λ+θ)zG(z)

∞∫

z

f(y − z)P ∗(θ, y) dydz +

+

ν∫

0

e(λ+θ)zG(z)P ∗(θ, y) dz


+

+
(
λe−(λ+θ)ν

) d

dν




ν∫

0

e(λ+θ)zG(z)

∞∫

z

f(y − z)P ∗(θ, y) dydz +
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+

ν∫

0

e(λ+θ)zG(z)P ∗(θ, y) dz


 =

= e−(θ+λ)ν − λ(λ+ θ)e−(θ+λ)ν




ν∫

0

e(λ+θ)zG(z)

∞∫

z

f(y − z)P ∗(θ, y) dydz +

+

ν∫

0

e(λ+θ)zG(z)P ∗(θ, y) dz


 +

+
(
λe−(λ+θ)ν

)
e(λ+θ)νG(ν)




ν∫

0

f(y − z)P ∗(θ, y) dy + e(λ+θ)zG(z)P ∗(θ, y)


. (5)

‡�¬¥â¨¬, çâ® ¨§ (4) á«¥¤ã¥â

P ∗(θ, ν)−
1

λ+ θ

(
1− e−(θ+λ)ν

)
=

= λe−(λ+θ)ν

ν∫

0

e(λ+θ)z


G(z)

∞∫

z

f(y − z)P ∗(θ, y) dy +G(z)P ∗(θ, y)


 dz .

�®á«¥ ¯®¤áâ�−®¢ª¨ ¯®á«¥¤−¥£® à�¢¥−áâ¢� ¢ (5) ¯®«ãç¨¬:

d

dν
P ∗(θ, ν) =

= −(λ+ θ)P ∗(θ, ν) + 1 + λG(ν)

∞∫

ν

f(y − ν)P ∗(θ, y) dy + λG(ν)P ∗(θ, ν) ,

çâ® ¨ âà¥¡®¢�«®áì ¤®ª�§�âì.

5 Пример экспоненциального терпения

÷�áá¬®âà¨¬ ¯à¨¬¥à ¨á¯®«ì§®¢�−¨ï ãà�¢−¥−¨ï (3) ¢ á«ãç�¥ íªá¯®−¥−æ¨�«ì−®£®
®£à�−¨ç¥−¨ï −� ¢à¥¬ï ®¦¨¤�−¨ï G(ν) = 1− e−ξν, ν > 0.
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�â�ª¨ −� æ¥−âà�«¨§®¢�−−ë¥ á¨áâ¥¬ë ®¡−�àã¦¥−¨ï ¢â®à¦¥−¨©

‚ à�¡®â¥ [2] ¯®ª�§�−®, çâ® ¢ íâ®¬ á«ãç�¥ á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãà�¢−¥−¨¥:

(α+ θ)π(θ, α) = −λπ(θ, α+ ξ) +
1

α
+

+
λ

2πi

α+i∞∫

α−i∞

π(θ, s)

∞∫

ν

e−(α+ξ)ν

∞∫

y=ν

f(y − ν)eys dydνds , (6)

£¤¥ π(θ, α) ®¯à¥¤¥«ï¥âáï ¤¢®©−ë¬ ¯à¥®¡à�§®¢�−¨¥¬ ‹�¯«�á�:

π(θ, α) =

∞∫

0

e−ανP ∗(θ, ν) dν .

÷�áá¬®âà¨¬ á«ãç�© [2], ª®£¤� ¯«®â−®áâì à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥−¨ ®¡á«ã¦¨¢�-
−¨ï ï¢«ï¥âáï £¨¯¥àíªá¯®−¥−æ¨�«ì−®©, â. ¥.

f(y) =

N∑

i=1

piµie
−µiy , pi > 0 , i = 1, 2, . . . , N ,

N∑

i=1

pi = 1 ;

f(y − ν) =
N∑

i=1

piµie
−µi(y−ν) .

‚ íâ®¬ á«ãç�¥ (6) ¯à¨¢®¤¨âáï ª ãà�¢−¥−¨î:

π(θ, α) =
1

α(α + θ)
−

λ

α+ θ

(
1 +

N∑

i=1

pi
µi

α+ ξ − µi

)
π(θ, α+ ξ) +

+
λ

α+ θ

N∑

i=1

pi
µi

α+ ξ − µi
π(θ, µi) .

�®«ãç¥−−ë¥ ä®à¬ã«ë ¤�îâ â¥®à¥â¨ç¥áª¨¥ ®æ¥−ª¨ ¤«ï ¢à¥¬¥−¨, ¤®áâã¯−®£®
¯à®â¨¢−¨ªã ¤«ï ¯à®¢¥¤¥−¨ï �â�ª¨.

6 Заключение

‚ à�¡®â¥ ¯à®¢¥¤¥− �−�«¨§ æ¥−âà�«¨§®¢�−−®£® ¯®¤å®¤� ª §�¤�ç¥ ®¡−�àã¦¥-
−¨ï ¢â®à¦¥−¨© ¤«ï ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¡®«ìè®£® ç¨á«�
ª«¨¥−â®¢. �®áâà®¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï,
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�. �. ’¨¬®−¨−�, …. …. ’¨¬®−¨−�

®¯¨áë¢�îé�ï â�ª®© æ¥−âà�«¨§®¢�−−ë© ¯®¤å®¤. ��©¤¥− −®¢ë© ª«�áá �â�ª −� ª®¬-
¯ìîâ¥à−ë¥ á¨áâ¥¬ë á æ¥−âà�«¨§®¢�−−ë¬ ®¡−�àã¦¥−¨¥¬ ¢â®à¦¥−¨©. �â¨ �â�ª¨
á¢ï§�−ë á á®§¤�−¨¥¬ ¨áªãááâ¢¥−−®© ®ç¥à¥¤¨, ®¡¥á¯¥ç¨¢�îé¥© ¡¥á¯à¥¯ïâáâ¢¥−−ãî
à¥�«¨§�æ¨î �â�ª¨ −� ®¤−®£® ¨§ ª«¨¥−â®¢.
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ОБ ОДНОМ МЕТОДЕ ДОСТОВЕРНОЙ ДОСТАВКИ
И ВЕРИФИКАЦИИ ИНФОРМАЦИИ В РАМКАХ

КЛИЕНТ-СЕРВЕРНОГО ВЗАИМОДЕЙСТВИЯ ПО ОТКРЫТОМУ
КОММУНИКАЦИОННОМУ КАНАЛУ

Е. В. Писковский1

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¤¢¥ ¬®¤¥«¨ ª«¨¥−â-á¥à¢¥à−®£® ¢§�¨¬®¤¥©áâ¢¨ï:
¬®¤¥«ì, ®¯¨áë¢�îé�ï ¤®áâ®¢¥à−ãî ¯¥à¥¤�çã ¨−ä®à¬�æ¨¨ ¯® ®âªàëâ®¬ã ª�-
−�«ã, ¨ ¬®¤¥«ì, ®¯¨áë¢�îé�ï ¢¥à¨ä¨ª�æ¨î ¨áâ®ç−¨ª� ¨−ä®à¬�æ¨¨. Œ®¤¥«¨
¯®áâà®¥−ë −� ®á−®¢¥ −�¡®à� ¯à�¢¨«, à¥£«�¬¥−â¨àãîé¨å ¯®àï¤®ª à�§à¥è¥−¨ï
ª®−ä«¨ªâ®¢ ¯à¨ ®¡à�é¥−¨¨ −¥áª®«ìª¨å ª«¨¥−â®¢ ª ®¤−®¬ã á¥à¢¥àã. ‚ ª�ç¥-
áâ¢¥ ¯à®¢¥àª¨ à�¡®â®á¯®á®¡−®áâ¨ ¬®¤¥«¥© ¯à¥¤«®¦¥−� ¯à®£à�¬¬−®-�¯¯�à�â-
−�ï à¥�«¨§�æ¨ï ª�ª ¤®¯ãáª�îé�ï ª®−ªãà¥−â−ë© ¤®áâã¯ −¥áª®«ìª¨å ª«¨¥−â®¢
ª á¥à¢¥àã, â�ª ¨ ¡«®ª¨àãîé�ï ®¡à�é¥−¨¥ ª á¥à¢¥àã ¡®«¥¥ ®¤−®£® ª«¨¥−â�.

Š«îç¥¢ë¥ á«®¢�: ª«¨¥−â-á¥à¢¥à−®¥ ¢§�¨¬®¤¥©áâ¢¨¥; ¤¢ãåä�ªâ®à−�ï �ã-
â¥−â¨ä¨ª�æ¨ï; ¢¥à¨ä¨ª�æ¨ï ¨áâ®ç−¨ª� ¨−ä®à¬�æ¨¨; ¤®áâ®¢¥à−�ï ¯¥à¥¤�ç�
¨−ä®à¬�æ¨¨; ®âªàëâë© ª�−�« á¢ï§¨

1 Введение

„«ï §�é¨âë ¨−ä®à¬�æ¨¨ ¨ á¢ï§�−−ëå á −¥© à¥áãàá®¢ ¯à¨¬¥−ï¥âáï −�¡®à
−®à¬, ¯à�¢¨«, ¬¥â®¤¨ª ¨ ¯à�ªâ¨ç¥áª¨å ¯à¨¥¬®¢, à¥£ã«¨àãîé¨å ã¯à�¢«¥−¨¥ æ¥−-
−®© ¨−ä®à¬�æ¨¥©, ¥¥ §�é¨âã ¨ à�á¯à¥¤¥«¥−¨¥. ’�ª®© −�¡®à −�§ë¢�îâ ¯®«¨â¨ª®©
¡¥§®¯�á−®áâ¨ [1{3].

‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬�âà¨¢�¥âáï á«¥¤ãîé�ï ¯®«¨â¨ª� ¡¥§®¯�á−®áâ¨:
¯®«ì§®¢�â¥«ì �¢â®à¨§ã¥âáï ¢ á¨áâ¥¬¥ ¯®áà¥¤áâ¢®¬ ¤¢ãáâ®à®−−¥© (¢§�¨¬−®©) �ã-
â¥−â¨ä¨ª�æ¨¨ [2, 3], ¨¬¥¥â ¤®áâã¯ â®«ìª® ª á¢®¨¬ ¤�−−ë¬ ¨ −¥ ®¡¬¥−¨¢�¥âáï
¤�−−ë¬¨ á ¤àã£¨¬¨ ¯®«ì§®¢�â¥«ï¬¨, ¢®§¬®¦−� ¯®¤¤¥à¦ª� −¥áª®«ìª¨å á¥�−á®¢
¤«ï ®¤−®£® ¯®«ì§®¢�â¥«ï, ®¡¬¥− ¤�−−ë¬¨ ¢ë¯®«−ï¥âáï ¯® ®âªàëâ®¬ã ª�−�«ã.
�®«¥¥ ¯®¤à®¡−® ¯®«¨â¨ª� ¡¥§®¯�á−®áâ¨ áä®à¬ã«¨à®¢�−� −¨¦¥.

�� ¯à�ªâ¨ª¥ è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¯®«ãç¨«¨ â�ª −�§ë¢�¥¬ë¥ á¨áâ¥¬ë
¤¢ãåä�ªâ®à−®© �ãâ¥−â¨ä¨ª�æ¨¨. ‚ á¨áâ¥¬�å ¤¢ãåä�ªâ®à−®© �ãâ¥−â¨ä¨ª�æ¨¨
¨á¯®«ì§ãîâáï ¤¢� ¨§ ¯¥à¥ç¨á«¥−−ëå −¨¦¥ á¯®á®¡®¢ ¯à®¢¥àª¨ ¯®¤«¨−−®áâ¨ ¯®«ì-
§®¢�â¥«ï:

1Œ®áª®¢áª¨© ä¨§¨ª®-â¥å−¨ç¥áª¨© ¨−áâ¨âãâ (ƒ“), evgeny.piskovsky@gmail.com
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…. ‚. �¨áª®¢áª¨©

(1) ¯à®¢¥àª� ¨−ä®à¬�æ¨¨, ¨§¢¥áâ−®© ¯®«ì§®¢�â¥«î (¯�à®«ì, ¯¥àá®−�«ì−ë©
¨¤¥−â¨ä¨ª�æ¨®−−ë© −®¬¥à (�ˆ�));

(2) ¯à®¢¥àª� ãáâà®©áâ¢ ¢ à�á¯®àï¦¥−¨¨ ¯®«ì§®¢�â¥«ï (á¬�àâ-ª�àâ�, ¬®¡¨«ì−®¥
áà¥¤áâ¢® á¢ï§¨ ¨ â. ¤.);

(3) ¯à®¢¥àª� ¡¨®¬¥âà¨ç¥áª¨å ¤�−−ëå (á¬., −�¯à¨¬¥à, [4]).

„«ï à¥�«¨§�æ¨¨ ¤¢ãåä�ªâ®à−®© �ãâ¥−â¨ä¨ª�æ¨¨ §�ç�áâãî ¨á¯®«ì§ã¥âáï
¨¤¥−â¨ä¨ª�æ¨ï ª«¨¥−â� −� á¥à¢¥à¥ ¯® ¨¬¥−¨ ¨ ¯�à®«î (¯. 1) ¨ ¨−â¥««¥ªâã�«ì−�ï
ª�àâ� (¯. 2) [5]. ‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬®âà¥−ë ¤¢� ¯®¤å®¤�, ®á−®¢�−−ë¥
−� ã¯®¬ï−ãâ®¬ ¬¥å�−¨§¬¥ à¥�«¨§�æ¨¨ ¤¢ãåä�ªâ®à−®© ¢¥à¨ä¨ª�æ¨¨. ‡¤¥áì ¨
¤�«¥¥ ¢§�¨¬®¤¥©áâ¢¨¥ ª«¨¥−â� ¨ á¥à¢¥à� à�áá¬�âà¨¢�¥âáï ª�ª ¢§�¨¬®¤¥©áâ¢¨¥
å®áâ-¬�è¨−ë (¬�è¨−ë-ª«¨¥−â�) ¨ â�à£¥â-¬�è¨−ë (á¥à¢¥à�) (á¬., −�¯à¨¬¥à, [6]).
÷�áá¬�âà¨¢�¥¬ë¥ ¯®¤å®¤ë ¨á¯®«ì§ãîâ ¯¥à¢ë¥ ¤¢� á¯®á®¡� ¯à®¢¥àª¨ ¯®¤«¨−-
−®áâ¨ ¯®«ì§®¢�â¥«ï:

(1) �¢â®à¨§�æ¨ï ª«¨¥−â� −� á¥à¢¥à¥ ¯® ¨¬¥−¨ ¨ ¯�à®«î;
(2) ¢§�¨¬®¤¥©áâ¢¨¥ á ãáâà®©áâ¢�¬¨, −�å®¤ïé¨¬¨áï ¢ à�á¯®àï¦¥−¨¨ ¯®«ì§®¢�-

â¥«ï.

�à¥¤áâ�¢«¥−−ë¥ ¬®¤¥«¨ ¨ ¨å à¥�«¨§�æ¨ï ®â¢¥ç�îâ á«¥¤ãîé¨¬ âà¥¡®¢�−¨ï¬
¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨:

{ ®¡¥á¯¥ç¥−¨¥ ¯¥à¨®¤¨ç¥áª®£® ¤®áâã¯� ª à¥áãàá�¬ â�à£¥â-¬�è¨−ë;
{ ®¡¥á¯¥ç¥−¨¥ ¯¥à¨®¤¨ç¥áª®© ¨§¬¥−ç¨¢®áâ¨ ¯¥à¥¤�¢�¥¬ëå ¯® ª®¬¬ã−¨ª�æ¨®−-

−®¬ã ª�−�«ã ¤�−−ëå ¬¥¦¤ã å®áâ-¬�è¨−®© ¨ â�à£¥â-¬�è¨−®© á æ¥«ìî áªàëâ¨ï
ä�ªâ� ¯¥à¥¤�ç¨ §�é¨é�¥¬®© ¨−ä®à¬�æ¨¨;

{ à¥�«¨§�æ¨ï ª®−ªãà¥−â−®£® ¤®áâã¯� −¥áª®«ìª¨å ª«¨¥−â®¢ ª á¥à¢¥àã;
{ ®¡¥á¯¥ç¥−¨¥ −¥¯à¥àë¢−®© à�¡®âë ª«¨¥−â�, ®âáãâáâ¢¨¥ §�¢¨á¨¬®áâ¨ ®â ¯à®-

¨§¢®¤¨â¥«ì−®áâ¨ á¥à¢¥à� ¨ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª®¬¬ã−¨ª�æ¨®−−®£® ª�-
−�«�;

{ ®âáãâáâ¢¨¥ §�¢¨á¨¬®áâ¨ à¥�«¨§�æ¨¨ ¬¥â®¤� ®â ª®−ä¨£ãà�æ¨¨ ãáâà®©áâ¢�-ª«¨-
¥−â�.

2 Модель двухфакторной аутентификации клиента и источника
информации

‚ −�áâ®ïé¥¥ ¢à¥¬ï è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¯®«ãç¨«¨ ãáâà®©áâ¢�, ¯®áâà®-
¥−−ë¥ −� á¬�àâ-ª�àâ�å (£¥−¥à�â®àë ®¤−®à�§®¢ëå ¯�à®«¥©, −�¯à¨¬¥à, è¨à®ª®
¯à¨¬¥−ï«¨áì ã¦¥ ¢ −�ç�«¥ 1980-å ££. ¯à®è«®£® áâ®«¥â¨ï) [7]. �®¤®¡−ë¥ ãáâà®©-
áâ¢� ¤®¡�¢«ïîâ ¥é¥ ®¤¨− ãà®¢¥−ì ¯à®¢¥àª¨ ¯®¤«¨−−®áâ¨ ãç�áâ−¨ª®¢ ®¡¬¥−�
¤�−−ë¬¨.

‘®£«�á−® âà¥¡®¢�−¨ï¬ ¯®«¨â¨ª¨ ¡¥§®¯�á−®áâ¨ ¢ −�ç�«¥ á¥�−á� á¢ï§¨ −¥-
®¡å®¤¨¬® ¢ë¯®«−¨âì ¯à®æ¥áá ¯à®¢¥àª¨ ¯®¤«¨−−®áâ¨ áâ®à®−. „«ï ¯à®¢¥àª¨
¯®¤«¨−−®áâ¨ ¯à¨¬¥−ïîâ á«¥¤ãîé¨¥ ¬¥å�−¨§¬ë [2]:
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�¡ ®¤−®¬ ¬¥â®¤¥ ¤®áâ®¢¥à−®© ¤®áâ�¢ª¨ ¨ ¢¥à¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨¨

{ ¬¥å�−¨§¬ ¢à¥¬¥−−‚®© ®â¬¥âª¨ (ª«îç¨, á¥ªà¥â−ë¥ ¯�à®«¨ ¨¬¥îâ ¢à¥¬¥−−®©
¨−â¥à¢�«, ¢ ª®â®à®¬ ®−¨ ¯à¨¬¥−¨¬ë);

{ ¬¥å�−¨§¬ §�¯à®á{®â¢¥â.

‚ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ ¡«®ª¨ ¤�−−ëå, ¨á¯®«ì§ã¥¬ë¥ ¤«ï �ãâ¥−â¨ä¨ª�æ¨¨
áâ®à®−, à�§«¨ç−ë ¤«ï ª�¦¤®© ¯à®¢¥àª¨ (â. ¥. ï¢«ïîâáï ®¤−®à�§®¢ë¬¨), � á�¬�
�ãâ¥−â¨ä¨ª�æ¨ï ¢ë¯®«−ï¥âáï á ¯¥à¨®¤®¬, áà�¢−¨¬ë¬ á® ¢à¥¬¥−¥¬, −¥®¡å®¤¨¬ë¬
¤«ï ¯à®å®¦¤¥−¨ï ¯à®æ¥¤ãàë �ãâ¥−â¨ä¨ª�æ¨¨ ¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨. ’�ª
à¥�«¨§ã¥âáï ¬¥å�−¨§¬ ¢à¥¬¥−−‚®© ®â¬¥âª¨. �¨¦¥ ®¯¨á�−� à¥�«¨§�æ¨ï ¬¥å�−¨§¬�
§�¯à®á{®â¢¥â.

Š«¨¥−â ¯¥à¥¤�¥â −� á¥à¢¥à ¨¬ï ¯®«ì§®¢�â¥«ï ¨ ¯�à®«ì. …á«¨ ¨¬ï ¯®«ì§®¢�â¥«ï
¨ ¯�à®«ì ¢¥à−ë, −� å®áâ-¬�è¨−¥ ä®à¬¨àã¥âáï ¯�ª¥â ¤�−−ëåX, á ¯�ª¥â®¬ ¤�−−ëå
¢ë¯®«−ï¥âáï −¥ª®â®à®¥ ¤¥©áâ¢¨¥ Y = ϕ(X), � à¥§ã«ìâ�â ¯¥à¥¤�¥âáï â�à£¥â-¬�-
è¨−¥ (á¥à¢¥àã). ‘¥à¢¥à ¢ë¯®«−ï¥â â�ª®¥ ¯à¥®¡à�§®¢�−¨¥ ψ(X), çâ® ψ(X) = X ′.
÷¥§ã«ìâ�â ¯à¥®¡à�§®¢�−¨ï ψ(X) ¯¥à¥¤�¥âáï −� áâ®à®−ã å®áâ-¬�è¨−ë (ª«¨¥−â�).
�®«ãç¥−−ë© −�¡®à ¤�−−ëå X ′ áà�¢−¨¢�¥âáï á ¨áå®¤−ë¬ X. �à®¢¥àª� ãá¯¥è−�
¢ â®¬ á«ãç�¥, ª®£¤� ¯à¥®¡à�§®¢�−¨¥ ψ(Y ) â�ª®¢®, çâ® ψ(ϕ(X)) = X. ’�ª¨¬
®¡à�§®¬, à¥�«¨§ã¥âáï ¤¢ãåä�ªâ®à−�ï �ãâ¥−â¨ä¨ª�æ¨ï ¨áâ®ç−¨ª� ¨−ä®à¬�æ¨¨
(â. ¥. á¥à¢¥à�).

‚§�¨¬®¤¥©áâ¢¨¥ ª«¨¥−â� ¨ á¥à¢¥à� ¢ë¯®«−ï¥âáï ¯® ®âªàëâ®¬ã ª�−�«ã. �¥à¨-
®¤¨ç¥áª®¥ ¢ë¯®«−¥−¨¥ �ãâ¥−â¨ä¨ª�æ¨¨, ®¯¨á�−−®© ¢ëè¥, ¯®§¢®«ï¥â ¯à®¢®¤¨âì
¯à®¢¥àªã ®âªàëâ®£® ª�−�«� ¢ å®¤¥ ¢§�¨¬®¤¥©áâ¢¨ï ª«¨¥−â� ¨ á¥à¢¥à�.

‚ ¯à¥¤áâ�¢«¥−−®© ¬®¤¥«¨ ¢ë¯®«−ï¥âáï ¤¢ãáâ®à®−−ïï �ãâ¥−â¨ä¨ª�æ¨ï [2, 3]
ª«¨¥−â� (å®áâ-¬�è¨−ë) ¨ ¯à®¢¥àï¥âáï ¯®¤«¨−−®áâì â�à£¥â-¬�è¨−ë (¯®áà¥¤áâ¢®¬
¢ë¯®«−¥−¨ï ¯à¥®¡à�§®¢�−¨ï −�¤ ¯�ª¥â®¬ Y â�à£¥â-¬�è¨−®©).

3 Модель достоверной передачи информации

‚ íâ®¬ à�§¤¥«¥ à�áá¬�âà¨¢�¥âáï §�¤�ç� â�©−®© ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¬¥¦¤ã
â�à£¥â- ¨ å®áâ-¬�è¨−�¬¨ ¯® ®âªàëâ®¬ã ª�−�«ã. ‡�ç�áâãî à¥è¥−¨¥ ¯®¤®¡−®©
§�¤�ç¨ ¢ á«ãç�¥, ª®£¤� ¤�−−ë¥ ¯¥à¥¤�îâáï ¯® ®âªàëâ®¬ã ª�−�«ã, á¢®¤¨âáï ª ¤¢ã¬
¢®§¬®¦−®áâï¬ [8]:

(1) áªàëâì ä�ªâ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨;

(2) ¯¥à¥¤�âì ¨−ä®à¬�æ¨î ¢ ¯à¥®¡à�§®¢�−−®¬ ¢¨¤¥, â�ª çâ®¡ë â®«ìª® −� áâ®à®−¥
å®áâ-¬�è¨−ë (¨«¨ â�à£¥â-¬�è¨−ë) ¬®¦−® ¡ë«® ¢®ááâ�−®¢¨âì ¨−ä®à¬�æ¨î
¢ ¨áå®¤−®¬ ¢¨¤¥.

‚ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ æ¥−−ë¥ ¤�−−ë¥ ¯¥à¥¤�îâáï ç�áâï¬¨ | ¢ ¯�ª¥â¥,
à�§¬¥à®¬ ¯à¥¢®áå®¤ïé¨¬ à�§¬¥à ç�áâ¨ ¯¥à¥¤�¢�¥¬ëå ¤�−−ëå. —�áâì ¯�ª¥â�, −¥
§�−ïâ�ï æ¥−−®© ¨−ä®à¬�æ¨¥©, §�¯®«−ï¥âáï −�¡®à®¬ á«ãç�©−ëå ç¨á¥«, £¥−¥à¨-
àã¥¬ëå ®â¤¥«ì−® ¤«ï ª�¦¤®© âà�−§�ªæ¨¨. ‡�â¥¬ ¯®«ãç¥−−ë© ¯�ª¥â è¨äàã¥âáï
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¨ ¯¥à¥¤�¥âáï −� áâ®à®−ã ª«¨¥−â�. „«ï à¥�«¨§�æ¨¨ ¢â®à®£® ¯ã−ªâ� ¤�−−ë¥ §�-
è¨äà®¢ë¢�îâáï á ¯®¬®éìî ¡«®ç−®£® �«£®à¨â¬�, åà�−ïâáï ¢ §�è¨äà®¢�−−®¬
¢¨¤¥, ¯¥à¥¤�îâáï â�ª¦¥ ¢ §�è¨äà®¢�−−®¬ ¢¨¤¥, −® ç�áâï¬¨, çâ® §�âàã¤−ï¥â
¢®ááâ�−®¢«¥−¨¥ ¨−ä®à¬�æ¨¨ ¢ ¨áå®¤−®¬ ¢¨¤¥ ¢ á«ãç�¥ ¯¥à¥å¢�â� ¯�ª¥â�.

Š«¨¥−â ¯à®å®¤¨â ¤¢ãåä�ªâ®à−ãî �ãâ¥−â¨ä¨ª�æ¨î ¨ −�¯à�¢«ï¥â −� á¥à¢¥à
§�¯à®á −� çâ¥−¨¥ ä�©«�, åà�−ïé¥£®áï −� á¥à¢¥à¥. „�−−ë¥ ¢ ä�©«¥, ª®â®àë¥
à�ááç¨âë¢�¥â ¯®«ãç¨âì ª«¨¥−â, §�è¨äà®¢�−ë á ¯®¬®éìî −¥ª®â®à®£® �«£®à¨â¬�.
�®«ãç¥−−ë¥ ¤�−−ë¥ à�áè¨äà®¢ë¢�îâáï ¨ ®¡à�¡�âë¢�îâáï. „¢ãåä�ªâ®à−ãî
�ãâ¥−â¨ä¨ª�æ¨î ª«¨¥−â ¯à®å®¤¨â ¯¥à¨®¤¨ç¥áª¨, â�ª¨¬ ®¡à�§®¬ ¢ ¯¥à¥¤�¢�¥¬ë¥
¯® ®âªàëâ®¬ã ª�−�«ã ¤�−−ë¥ ¢−®á¨âáï èã¬, çâ® á¯®á®¡áâ¢ã¥â áªàëâ¨î ä�ªâ�
¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨.

4 Устойчивость к несанкционированному перехвату и модификации
ценной информации

÷�áá¬�âà¨¢�¥âáï á«¥¤ãîé�ï ¬®¤¥«ì ¯à®â¨¢−¨ª� (á¬., −�¯à¨¬¥à, [9]). �à¥¤-
¯®«®¦¨¬, çâ®

{ ¯à®â¨¢−¨ª §−�¥â, ª�ª¨¥ �«£®à¨â¬ë ¨á¯®«ì§ãîâáï ¤«ï è¨äà®¢�−¨ï æ¥−−®©
¨−ä®à¬�æ¨¨;

{ ¯à®â¨¢−¨ª ¬®¦¥â ¯¥à¥å¢�â¨âì «î¡®¥ á®®¡é¥−¨¥, ¯¥à¥¤�¢�¥¬®¥ ¯® ª�−�«ã,
¯®«ãç�âì ¨ ¯¥à¥¤�¢�âì á®®¡é¥−¨ï;

{ ¯à®â¨¢−¨ª −¥ ¬®¦¥â ®â«¨ç¨âì ¡«®ª¨ ¤�−−ëå, ®â−®áïé¨¥áï ª ¯¥à¥¤�ç¥ æ¥−−®©
¨−ä®à¬�æ¨¨, ®â ¡«®ª®¢ ¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï ¯à®æ¥¤ãàë ¤¢ãåä�ªâ®à−®©
�ãâ¥−â¨ä¨ª�æ¨¨ ª«¨¥−â�;

{ §«®ã¬ëè«¥−−¨ª −¥ ¨¬¥¥â ¤®áâã¯� ª ¯�¬ïâ¨ á¥à¢¥à� ¨ ª«¨¥−â�.

�®¤£®â®¢ª� ¯�ª¥â®¢ ¤«ï ¢¥à¨ä¨ª�æ¨¨ ¨áâ®ç−¨ª� ¨−ä®à¬�æ¨¨ ¨ ¯¥à¥¤�ç¨
æ¥−−®© ¨−ä®à¬�æ¨¨ ¢ª«îç�¥â ¢ á¥¡ï §�¯®«−¥−¨¥ ç�áâ¨ ¨«¨ ¢á¥£® ¯�ª¥â� −�¡®à®¬
á«ãç�©−ëå ¤�−−ëå. �®á«¥¤−¥¥ ¯®¬®£�¥â ®¡¥á¯¥ç¨âì ãáâ®©ç¨¢®áâì ª �â�ª¥ §�-
¤¥à¦ª®© ¯¥à¥¤�ç¨ á®®¡é¥−¨ï, â�ª ª�ª ¢ á«ãç�¥ ¤®«£®© §�¤¥à¦ª¨ ¡ã¤¥â à�§àãè¥−
ª�−�« á¢ï§¨, � ª®à®âª�ï §�¤¥à¦ª� −¥ ¯à¨¢¥¤¥â ª −¥¦¥«�â¥«ì−ë¬ ¯®á«¥¤áâ¢¨ï¬.

�à�¢¨«� ¢§�¨¬®¤¥©áâ¢¨ï â�à£¥â- ¨ å®áâ-¬�è¨− â�ª®¢ë, çâ® ¯�ª¥âë ¢ −�-
¯à�¢«¥−¨¨ ®â å®áâ-¬�è¨−ë ª â�à£¥â-¬�è¨−¥ ®â«¨ç�îâáï ®â ¯�ª¥â®¢, ¯¥à¥¤�-
îé¨åáï ¢ ®¡à�â−®¬ −�¯à�¢«¥−¨¨. ’�ª¨¬ ®¡à�§®¬, ¤�−−ë¥ ¬®¤¥«¨ ®ª�§ë¢�îâáï
ãáâ®©ç¨¢ë¬¨ ª �â�ª¥ ®âà�¦¥−¨ï (â. ¥. ¯¥à¥¤�ç¨ �¤à¥á�âã à�−¥¥ ¯¥à¥¤�−−ëå ¨¬
á®®¡é¥−¨©) [9]. �â�ª� á ¯®¬®éìî ¯�à�««¥«ì−®£® á¥�−á� [9] âàã¤−® à¥�«¨§ã¥¬�
¢ á¨«ã â¥å−¨ç¥áª¨å ®á®¡¥−−®áâ¥© â�à£¥â-¬�è¨−ë (−¥«ì§ï ®âªàëâì −®¢ë© á¥�−á,
¥á«¨ â¥ªãé¨© á¥�−á −¥ §�¢¥àè¥−).

‚ å®¤¥ �â�ª¨ ¯®¤¬¥−ë §«®ã¬ëè«¥−−¨ª ¬®¦¥â ¯à®©â¨ �ãâ¥−â¨ä¨ªæ¨î ¢
ª�ç¥áâ¢¥ å®áâ-¬�è¨−ë, â�ª ª�ª −� áâ®à®−¥ å®áâ-¬�è¨−ë ¢ë¯®«−ï¥âáï â®«ìª®
áà�¢−¥−¨¥ à¥§ã«ìâ�â� ¯à¥®¡à�§®¢�−¨ï, ¢ë¯®«−¥−−®£® −� â�à£¥â-¬�è¨−¥, −® −¥
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á¬®¦¥â ¯à®©â¨ ¢¥à¨ä¨ª�æ¨î ¢ ª�ç¥áâ¢¥ â�à£¥â-¬�è¨−ë (¨áâ®ç−¨ª� ¨−ä®à¬�-
æ¨¨), â�ª ª�ª ¤«ï íâ®£® −¥®¡å®¤¨¬® §−�âì á¥ªà¥â−ë© ª«îç, ¨á¯®«ì§ã¥¬ë© ¤«ï
¯à¥®¡à�§®¢�−¨ï ψ(Y ) −� áâ®à®−¥ â�à£¥â-¬�è¨−ë.

Š�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, æ¥−−ë¥ ¤�−−ë¥ åà�−ïâáï ¢ §�è¨äà®¢�−−®¬ ¢¨¤¥.
�à¥¤¯®«�£�¥¬ë© §«®ã¬ëè«¥−−¨ª −¥ ¨¬¥¥â ¤®áâã¯� ª ¯�¬ïâ¨ á¥à¢¥à�, ¯®íâ®¬ã
¥¤¨−áâ¢¥−−ë© á¯®á®¡ ¯®«ãç¨âì ¨−ä®à¬�æ¨î | ¯¥à¥å¢�â á®®¡é¥−¨©, ¯¥à¥¤�¢�-
¥¬ëå ®â á¥à¢¥à� ª ª«¨¥−âã. „«ï §«®ã¬ëè«¥−−¨ª� §�¤�ç� §�âàã¤−ï¥âáï â¥¬, çâ®
æ¥−−ë¥ ¤�−−ë¥ ¯¥à¥¤�îâáï ¯® ç�áâï¬ ¢ §�è¨äà®¢�−−ëå ¯�ª¥â�å, á®¤¥à¦�é¨å
á«ãç�©−ë¥ ¤�−−ë¥.

‚ á¨«ã á¤¥«�−−ëå §�¬¥ç�−¨© ¬®¦−® áä®à¬ã«¨à®¢�âì á«¥¤ãîé¥¥ ¯à¥¤¯®«®-
¦¥−¨¥:

�à¥¤«®¦¥−−ë¥ ¬®¤¥«¨ ãáâ®©ç¨¢ë ¯® ®â−®è¥−¨î ª �â�ª¥ ¯®¤¬¥−ë, �â�ª¥ á
¯®¬®éìî ¯�à�««¥«ì−®£® á¥�−á�, �â�ª¥ §�¤¥à¦ª®© ¯¥à¥¤�ç¨ á®®¡é¥−¨ï ¨ �â�ª¥
®âà�¦¥−¨¥¬.

5 Цель разработки

–¥«ìî ï¢«ï¥âáï à�§à�¡®âª� ¬¥â®¤� ®à£�−¨§�æ¨¨ ¤®¢¥à¨â¥«ì−®© ¤®áâ�¢ª¨
¤�−−ëå ¯à¨«®¦¥−¨î á ¨á¯®«ì§®¢�−¨¥¬ ä«¥è-ª«îç�.

‚ à�¬ª�å −�áâ®ïé¥© à¥�«¨§�æ¨¨ ¨á¯®«ì§®¢�−ë ä«¥è-ª«îç¨, ¨§£®â®¢«¥−−ë¥
−� ¡�§¥ á¯¥æ¨�«¨§¨à®¢�−−®£® ¬¨ªà®¯à®æ¥áá®à� ¨ ®¡«�¤�îé¨¥ ¯®áâ®ï−−ë¬ §�¯®-
¬¨−�îé¨¬ ãáâà®©áâ¢®¬. ‚ ¯�¬ïâ¨ ª«îç� ¯®¤¤¥à¦¨¢�¥âáï ¢−ãâà¥−−ïï ä�©«®¢�ï
áâàãªâãà�. ‚−ãâà¥−−¥¥ ¯à®áâà�−áâ¢® ª«îç� à�§¤¥«ï¥âáï ¤¨à¥ªâ®à¨ï¬¨. ‚á¥ ¢§�-
¨¬®¤¥©áâ¢¨ï ª«îç� (á¥à¢¥à�) ¨ ª«¨¥−â� (íª§¥¬¯«ïà� ¯à®æ¥áá�, §�¯ãé¥−−®£® −�
å®áâ-¬�è¨−¥) ®¡¥á¯¥ç¨¢�îâáï ¨á¯®«−¥−¨¥¬ −� ¬¨ªà®ª®−âà®««¥à¥ ª«îç� ª®¤� ¤«ï
¬¨ªà®¯à®æ¥áá®à� ª«îç�. ��¯à¨¬¥à, çâ¥−¨¥ ¤�−−ëå ¨§ ¯�¬ïâ¨ ª«îç� −�¯àï¬ãî
á å®áâ-¬�è¨−ë −¥¢®§¬®¦−®, � ¤«ï â®£® çâ®¡ë ¯à®ç¨â�âì ¤�−−ë¥, á®¤¥à¦�é¨¥áï
¢ ä�©«¥ ¢ ¯�¬ïâ¨ ª«îç�, −¥®¡å®¤¨¬® §�¯ãáâ¨âì ¯à®£à�¬¬ã −� ¬¨ªà®¯à®æ¥áá®à¥
ª«îç�.

6 Описание оборудования

”«¥è-ª«îç¨, ¯à¨¬¥−ï¥¬ë¥ ¢ −�áâ®ïé¥© à�¡®â¥, á®¤¥à¦�â:

{ 16-à�§àï¤−ë© ¯à®æ¥áá®à, à�¡®â�îé¨© −� ç�áâ®â¥ 16 ƒæ;

{ £¥−¥à�â®à á«ãç�©−ëå ç¨á¥«;

{ ¨−â¥àä¥©á USB;

{ í−¥à£®−¥§�¢¨á¨¬ãî ¯�¬ïâì.

‚áïª�ï ¯®¯ëâª� ä¨§¨ç¥áª¨ ¨§¢«¥çì ¬¨ªà®ç¨¯ ª«îç� ¢ë¢®¤¨â ¨§ áâà®ï ¤�−-
−®¥ ãáâà®©áâ¢® ¡¥§ ¢®§¬®¦−®áâ¨ ¢®ááâ�−®¢¨âì ª�ªãî-«¨¡® äã−ªæ¨®−�«ì−®áâì.
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�á®¡¥−−®áâìî ¤�−−®£® ãáâà®©áâ¢� ï¢«ï¥âáï â®, çâ® ¯à®£à�¬¬�, ¨á¯®«−ï¥¬�ï −�
¬¨ªà®¯à®æ¥áá®à¥ ª«îç�, −¥ ¬®¦¥â ®â¢¥ç�âì −� ®¤−®¢à¥¬¥−−ë¥ §�¯à®áë.

6.1 Чтение файла из памяти флеш-ключа

�¥à¥¤ §�¯¨áìî ¢ ¯�¬ïâì ä«¥è-ª«îç� ä�©« á ¤�−−ë¬¨ è¨äàã¥âáï �«£®à¨â¬®¬
SAFER [10]. „«ï â®£® çâ®¡ë ¯®«ãç¨âì ä�©«, ¯à¨«®¦¥−¨¥ −� å®áâ-¬�è¨−¥
(¯®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨© ®â®¡à�¦¥−� −� áå¥¬¥, ¯à¥¤áâ�¢«¥−−®© −� à¨á. 1):

(1) ®¯à�è¨¢�¥â ¯®àâë USB −� −�«¨ç¨¥ ä«¥è-ª«îç¥©;

(2) �¢â®à¨§ã¥âáï ¯® �ˆ� á ¯à�¢�¬¨ ¯®«ì§®¢�â¥«ï ¨ ¯¥à¥¤�¥â ¬�áá¨¢ à�§¬¥à®¬
N = d+ n ¡�©â −� ª«îç.

÷¨á. 1 �®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨©, −¥®¡å®¤¨¬ëå ¤«ï ¯®«ãç¥−¨ï ¤�−−ëå ¨§ ä�©«�,
á®¤¥à¦�é¥£®áï ¢ ¯�¬ïâ¨ ª«îç�: 1 | ¯à®£à�¬¬� −� å®áâ-¬�è¨−¥; 2 | ¯à®£à�¬¬� −�
ä«¥è-ª«îç¥

�®á«¥ íâ®£® −� ¬¨ªà®¯à®æ¥áá®à¥ ª«îç� §�¯ãáª�¥âáï ¯®¤¯à®£à�¬¬�, ¢ë¯®«-
−ïîé�ï á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï:

(3) ¯¥à¢ë¥ n ¡�©â ¡ãä¥à� §�¯®«−ïîâáï á«ãç�©−®© ¯®á«¥¤®¢�â¥«ì−®áâìî1, ¢ ¯®-
á«¥¤−¨¥ d ¡�©â ª®¯¨àãîâáï d ¡�©â §�è¨äà®¢�−−®£® ä�©«�2 ¨§ ¯�¬ïâ¨ ª«îç�
(¥á«¨ d ¬¥−ìè¥ à�§¬¥à� ä�©«�, ¡ãä¥à §�¯®«−ï¥âáï −ã«ï¬¨ ¤® à�§¬¥à� d),
áª®¬¯®−®¢�−−®¥ á®®¡é¥−¨¥ è¨äàã¥âáï;

(4) ¯¥à¥¤�ç� N ¡�©â ¤�−−ëå ç¥à¥§ ª®¬¬ã−¨ª�æ¨®−−ë© ª�−�«.

�®«ãç¨¢ ¤�−−ë¥, ¯à®£à�¬¬� −� å®áâ-¬�è¨−¥:

(5) à�áè¨äà®¢ë¢�¥â ¯®«ãç¥−−®¥ á®®¡é¥−¨¥ ¨, ¨£−®à¨àãï ¯¥à¢ë¥ n ¡�©â, ª®¯¨-
àã¥â ¯®á«¥¤ãîé¨¥ d ¡�©â ¢ ¡ãä¥à ¢ ¯�¬ïâ¨ å®áâ-¬�è¨−ë.

1‚ å®¤¥ à�¡®âë ¯à®£à�¬¬ë ¢−®á¨âáï èã¬ ¢ ¯¥à¥¤�¢�¥¬ë¥ ¤�−−ë¥. „«ï íâ®£® ¡ãä¥à, ¯¥à¥¤�-
¢�¥¬ë© ¯® ª®¬¬ã−¨ª�æ¨®−−®¬ã ª�−�«ã ¬¥¦¤ã à�¡®ç¥© áâ�−æ¨¥© ¨ ª«îç®¬, ç�áâ¨ç−® §�¯®«−ï¥âáï
¯®á«¥¤®¢�â¥«ì−®áâìî á«ãç�©−ëå ç¨á¥«.

2÷�§¬¥à §�è¨äà®¢�−−®£® ä�©«� s = kd+ r, £¤¥ k > 1, 0 < r < d.
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÷¨á. 2 ‘å¥¬� ¢§�¨¬®¤¥©áâ¢¨ï å®áâ/â�à£¥â á¨áâ¥¬

�®¤ ã¯à�¢«¥−¨¥¬ ¯à¨«®¦¥−¨ï, §�¯ãé¥−−®£® −� å®áâ-¬�è¨−¥, ¢ æ¨ª«¥ ¢ë-
¯®«−ïîâáï ¤¥©áâ¢¨ï 3{5 ¤® â¥å ¯®à, ¯®ª� −¥ ¡ã¤¥â ¯¥à¥¤�− ¢¥áì ä�©«. ‡�â¥¬
−� å®áâ-¬�è¨−¥ ¯à®¨§¢®¤¨âáï

(6) à�áè¨äà®¢ª� §�¯®«−¥−−®£® ¢ à¥§ã«ìâ�â¥ ¤¥©áâ¢¨© 1{5 ¡ãä¥à�.

�� à¨á. 2 áå¥¬�â¨ç−® ¨§®¡à�¦¥−® ¢§�¨¬®¤¥©áâ¢¨¥ å®áâ- ¨ â�à£¥â-á¨áâ¥¬ −�
íâ�¯¥ 2.

6.2 Получение даты и верификация наличия флеш-ключа

�¯¨è¥¬ ¬®¤¥«ì ª«¨¥−â-á¥à¢¥à−®£® ¢§�¨¬®¤¥©áâ¢¨ï, ¢ à�¬ª�å ª®â®à®© ¢ë¯®«-
−ï¥âáï ¯à®¢¥àª� ®âªàëâ®£® ª�−�«� ¯¥à¥¤�ç¨ ¤�−−ëå ¬¥¦¤ã á¥à¢¥à®¬ ¨ ª«¨¥−â®¬.

‚ ª�ç¥áâ¢¥ ¯à®¢¥àª¨ ¯à¥¤«�£�¥âáï ¯à®¨§¢®¤¨âì ¤¢� ¢§�¨¬®®¡à�â−ëå ¯à¥®¡à�-
§®¢�−¨ï −� â�à£¥â-¬�è¨−¥ (¯àï¬®¥ ¯à¥®¡à�§®¢�−¨¥) ¨ −� å®áâ-¬�è¨−¥ (®¡à�â−®¥
¯à¥®¡à�§®¢�−¨¥) −�¤ ¤�−−ë¬¨, ¯®«ãç¥−−ë¬¨ ®â ª«¨¥−â�, � §�â¥¬ áà�¢−¨¢�âì
¯®«ãç¥−−ë© −�¡®à ¤�−−ëå á ¨áå®¤−ë¬ −�¡®à®¬ −� áâ®à®−¥ ª«¨¥−â�. „«ï ¢¥à¨ä¨-
ª�æ¨¨ −�«¨ç¨ï ª«îç� −�¡®à ¤�−−ëå ¡ã¤¥â ¬¥−ïâìáï ®â ®¤−®£® æ¨ª«� ¢¥à¨ä¨ª�æ¨¨
ª ¤àã£®¬ã.

6.3 Программно-аппаратная реализация верификации открытого канала
между сервером и клиентом

÷�áá¬®âà¨¬ ¯à®æ¥¤ãàã ¢¥à¨ä¨ª�æ¨¨. Š�ª ¨ ¢ á«ãç�¥ çâ¥−¨ï, −¥®¡å®¤¨¬®:

(1) ¯à®©â¨ �¢â®à¨§�æ¨î −� á¥à¢¥à¥;

(2) áä®à¬¨à®¢�âì ¤¢� íª§¥¬¯«ïà� ¤�−−ëå −� áâ®à®−¥ ª«¨¥−â�;

(3) ¯¥à¥¤�âì −� á¥à¢¥à ®¤¨− ¨§ íª§¥¬¯«ïà®¢ ¯® ª®¬¬ã−¨ª�æ¨®−−®¬ã ª�−�«ã.

�à®£à�¬¬� −� ª«îç¥ §�¯ãáª�¥â ¯®¤¯à®£à�¬¬ã −� ¬¨ªà®¯à®æ¥áá®à¥ ª«îç�,
ª®¯¨àãîéãî ¢ ¯®á«¥¤−¨¥ ç¥âëà¥ ¡�©â� ¯®«ãç¥−−®£® ¬�áá¨¢� â¥ªãéãî ¤�âã (¯. 4
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÷¨á. 3 �®á«¥¤®¢�â¥«ì−®áâì ¤¥©áâ¢¨©, −¥®¡å®¤¨¬ëå ¤«ï ¢¥à¨ä¨ª�æ¨¨ −�«¨ç¨ï ª«îç�
¨ ¯®«ãç¥−¨ï ¤�âë: 1 | ¯à®£à�¬¬� −� å®áâ-¬�è¨−¥; 2 | ¯à®£à�¬¬� −� ä«¥è-ª«îç¥

−� ¤¨�£à�¬¬¥ à¨á. 3) ¨ è¨äàãîéãî ¯®«ãç¥−−ë© ¬�áá¨¢ �«£®à¨â¬®¬ TDES (Triple
Data Encryption Standard) [11] (¯. 5). ‡�â¥¬ ¯®«ãç¥−−ë© ¬�áá¨¢ ¯¥à¥¤�¥âáï −�
å®áâ-¬�è¨−ã (¯. 6), £¤¥:

(7) ¬�áá¨¢ à�áè¨äà®¢ë¢�¥âáï;

(8) à¥§ã«ìâ�â à�áè¨äà®¢ª¨ áà�¢−¨¢�¥âáï á ¨áå®¤−ë¬ ¬�áá¨¢®¬, §� ¨áª«îç¥−¨¥¬
¯®á«¥¤−¨å ç¥âëà¥å ¡�©â®¢, á®¤¥à¦�é¨å ¤�âã.

‚¥áì ¯à®æ¥áá 1{8 ¯¥à¨®¤¨ç¥áª¨ ¯®¢â®àï¥âáï §� ¢à¥¬ï à�¡®âë ¯à®£à�¬¬ë −�
å®áâ-¬�è¨−¥.

÷¨á. 4 ‘å¥¬� ¢§�¨¬®¤¥©áâ¢¨ï å®áâ/â�à£¥â á¨áâ¥¬
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�¡ ®¤−®¬ ¬¥â®¤¥ ¤®áâ®¢¥à−®© ¤®áâ�¢ª¨ ¨ ¢¥à¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨¨

�� à¨á. 4 ¯à¥¤áâ�¢«¥−� áå¥¬� ¢§�¨¬®¤¥©áâ¢¨ï ¯à®£à�¬¬ë, §�¯ãé¥−−®© −�
å®áâ-á¨áâ¥¬¥, ¨ ¯à®£à�¬¬ë, §�¯ãé¥−−®© −� â�à£¥â-á¨áâ¥¬¥.

7 Конкурентный доступ к серверу

‚ á«ãç�¥, ª®£¤� −� å®áâ-¬�è¨−¥ §�¯ãé¥−® −¥áª®«ìª® íª§¥¬¯«ïà®¢ ¯à®æ¥á-
á�, ¢§�¨¬®¤¥©áâ¢ãîé¨å á â�à£¥â-¬�è¨−®© (ª«îç®¬), ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì
®à£�−¨§®¢�âì à�§¤¥«¥−¨¥ à¥áãàá®¢ â�à£¥â-¬�è¨−ë ¨ ¯à¥¤ã¯à¥¤¨âì ¢®§¬®¦−ë¥
ª®−ä«¨ªâë ¯à¨ ®¡à�é¥−¨¨ ª ª«îçã −¥áª®«ìª¨å ¯à®æ¥áá®¢ ®¤−®¢à¥¬¥−−®.

—�áâ¨ç−® §�¤�ç� à¥è�¥âáï â¥¬, çâ® ¯®á«¥ ª�¦¤®£® ®¡à�é¥−¨ï ª á¥à¢¥àã
á¥�−á á¢ï§¨ ¬¥¦¤ã ª«¨¥−â®¬ ¨ á¥à¢¥à®¬ §�ªàë¢�¥âáï. �¤−�ª® á à®áâ®¬ ç¨á«�
íª§¥¬¯«ïà®¢ ¯à®æ¥áá�, ®¡à�é�îé¨åáï ª ª«îçã, ¢à¥¬¥−−‚ë¥ ¨−â¥à¢�«ë à�¡®âë á
ª«îç®¬ ¯¥à¥á¥ª�îâáï ¨ ¢®§−¨ª�îâ ª®««¨§¨¨. ÷¥§ã«ìâ�â®¬ ª®««¨§¨¨ ¬®¦¥â áâ�âì
¢®§−¨ª−®¢¥−¨¥ ®è¨¡®ª.

„«ï à¥è¥−¨ï ¯à®¡«¥¬ë à�§¤¥«¥−¨ï à¥áãàá®¢ á¥à¢¥à� ¬¥¦¤ã ª«¨¥−â�¬¨ −¥-
®¡å®¤¨¬® à�§¤¥«¨âì §�¯à®áë ¯® ¢à¥¬¥−¨. „«ï íâ®£® á«¥¤ã¥â ãç¥áâì, çâ® ç¨á«®
ª«¨¥−â®¢ §�à�−¥¥ −¥¨§¢¥áâ−®. ÷�§¤¥«¥−¨¥ ®¡à�é¥−¨© ¯® ¢à¥¬¥−¨ ¤®áâ¨£�¥âáï
¡«�£®¤�àï �¤�¯â�æ¨¨ í«¥¬¥−â®¢ ¯à®â®ª®«� TCP/IP (â�©¬-�ãâ ¯®¢â®à−®© ¯¥à¥-
áë«ª¨, á¬., −�¯à¨¬¥à, [12, 13]): ¯à¨ −¥ã¤�ç−®© ¯®¯ëâª¥ ¯®«ãç¨âì ®â¢¥â ®â á¥à¢¥à�
§�¯à®á ¯®¢â®àï¥âáï ¯®§¦¥ ¢ ¯à®¨§¢®«ì−ë© ¬®¬¥−â ¢à¥¬¥−¨, ¢ë¡à�−−ë© ¢−ãâà¨
−¥ª®â®à®£® ¢à¥¬¥−−‚®£® ¨−â¥à¢�«� ä¨ªá¨à®¢�−−®© ¤«¨−ë.

…á«¨ −¥®¡å®¤¨¬®, −�®¡®à®â, ®£à�−¨ç¨âì ¤®áâã¯ ¡®«¥¥ ç¥¬ ®¤−®£® íª§¥¬¯«ïà�
¯à®æ¥áá� ª à¥áãàá�¬ â�à£¥â-á¨áâ¥¬ë, ¯à¥¤«�£�¥âáï ¨−¨æ¨¨à®¢�âì ¤®áâã¯ íª§¥¬-
¯«ïà� ¯à®æ¥áá� ª ª«îçã ¢ §�ªàëâ®¬ à¥¦¨¬¥ (â. ¥. â�ª, çâ®¡ë ¤®áâã¯ ª à¥áãàá�¬
â�à£¥â-á¨áâ¥¬ë ¡ë« â®«ìª® ã ®¤−®£® íª§¥¬¯«ïà� ¯à®æ¥áá�) ¨ −¥ §�ªàë¢�âì á¥�−á
á¢ï§¨ ¤® §�¢¥àè¥−¨ï à�¡®âë íª§¥¬¯«ïà� ¯à®æ¥áá�.

8 Эффективность работы приложения

‚áï ¯à®æ¥¤ãà�, ®â¢¥¤¥−−�ï ¤«ï à�¡®âë á ¢−¥è−¨¬ ãáâà®©áâ¢®¬, ¢ë−¥á¥−�
¢ ®â¤¥«ì−ë© ¯®â®ª ¯�à�««¥«ì−®£® ¯à¨«®¦¥−¨ï. ’�ª¨¬ ®¡à�§®¬, ®âáãâáâ¢ã¥â
§�¤¥à¦ª� ¢ à�¡®â¥ ¯à®£à�¬¬ë −� å®áâ-á¨áâ¥¬¥ ¨§-§� −¨§ª®© ¯à®¨§¢®¤¨â¥«ì-
−®áâ¨ ¯à®æ¥áá®à� ä«¥è-ª«îç� ¢ áà�¢−¥−¨¨ á ¯à®¨§¢®¤¨â¥«ì−®áâìî á®¢à¥¬¥−−ëå
à�¡®ç¨å áâ�−æ¨©.

9 Заключение

‘®§¤�− ¯à®£à�¬¬−®-�¯¯�à�â−ë© ª®¬¯«¥ªá, ¢ë¯®«−ïîé¨© ¯¥à¥¤�çã ¨ ®¡à�-
¡®âªã ¤�−−ëå ¯® ®âªàëâ®¬ã ª�−�«ã. �¯¯�à�â−�ï ç�áâì ª®¬¯«¥ªá� ¢ë¯®«−¥−�
¢ ¢¨¤¥ å®áâ/â�à£¥â á¨áâ¥¬ë, á®áâ®ïé¥© ¨§ ç¨¯� USB-ª«îç� ¨ å®áâ-¬�è¨−ë
(¯¥àá®−�«ì−®£® ª®¬¯ìîâ¥à�). Š®¤ë ¯à®£à�¬¬, à¥�«¨§ãîé¨å ¯à¨¥¬, ¯¥à¥¤�çã ¨
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®¡à�¡®âªã ¤�−−ëå ¤«ï ¬¨ªà®¯à®æ¥áá®à� ä«¥è-ª«îç� ¨ ¯à®æ¥áá®à� å®áâ-¬�è¨-
−ë, −�¯¨á�−ë −� ï§ëª¥ C/C++ á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª, ¯à¥¤®áâ�¢«¥−−ëå
¯à®¨§¢®¤¨â¥«¥¬ ç¨¯� USB-ª«îç�.

�¢â®à ¡«�£®¤�à¥− Š. ā. �®£�ç¥¢ã §� ¯®áâ�−®¢ªã §�¤�ç¨, àãª®¢®¤áâ¢® ¨
®¡áã¦¤¥−¨ï ¢ å®¤¥ −�¯¨á�−¨ï −�áâ®ïé¥© à�¡®âë ¨ à¥è¥−¨ï §�¤�ç¨ ¨ �. �. ƒàãè®
§� ¯®«¥§−ë¥ ®¡áã¦¤¥−¨ï.
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ОБ ОПТИМАЛЬНЫХ КОДАХ АУТЕНТИФИКАЦИИ

С. М. Рацеев1

�−−®â�æ¨ï: �à¨¢¥¤¥−ë ª®−áâàãªæ¨¨ ®¯â¨¬�«ì−ëå ª®¤®¢ �ãâ¥−â¨ä¨ª�æ¨¨ á
−¥®£à�−¨ç¥−−ë¬ ª«îç®¬.

Š«îç¥¢ë¥ á«®¢�: è¨äà; ª®¤ �ãâ¥−â¨ä¨ª�æ¨¨; ¨¬¨â�æ¨ï á®®¡é¥−¨ï; å¥è-
äã−ªæ¨ï

�ãáâì h : K × X → Vm | ª«îç¥¢�ï ªà¨¯â®£à�ä¨ç¥áª�ï å¥è-äã−ªæ¨ï,
£¤¥ X | ª®−¥ç−®¥ ¬−®¦¥áâ¢® á®®¡é¥−¨©; K | ª®−¥ç−®¥ ¬−®¦¥áâ¢® ª«îç¥©.
��¯®¬−¨¬, çâ® ª®¤®¬ �ãâ¥−â¨ä¨ª�æ¨¨ (¡¥§ á®ªàëâ¨ï) −�§ë¢�¥âáï ç¥â¢¥àª�
(X,K, Vm, h), ¤«ï ª®â®à®© ¢ë¯®«−¥−® à�¢¥−áâ¢®:

Vm =
⋃

k∈K

hk(X) .

‡�¬¥â¨¬, çâ® ¯®â¥−æ¨�«ì−ë© ¯à®â¨¢−¨ª ¬®¦¥â ®áãé¥áâ¢«ïâì −¥ â®«ìª® ¯�á-
á¨¢−ë¥ ¤¥©áâ¢¨ï ®â−®á¨â¥«ì−® ¯¥à¥¤�¢�¥¬ëå ¯® ª�−�«ã á¢ï§¨ á®®¡é¥−¨©, ª®â®àë¥
§�ª«îç�îâáï, −�¯à¨¬¥à, ¢ ¯®¤á«ãè¨¢�−¨¨ ¨«¨ ¯¥à¥å¢�â¥ á®®¡é¥−¨©, −® â�ª¦¥ ¨
�ªâ¨¢−ë¥ �â�ª¨, §�ª«îç�îé¨¥áï ¢ ¨¬¨â�æ¨¨ ¨«¨ ¯®¤¬¥−¥ á®®¡é¥−¨ï.

�ãáâì ª�−�« á¢ï§¨ £®â®¢ ª à�¡®â¥ ¨ −� ¯à¨¥¬¥ ãáâ�−®¢«¥−ë ¤¥©áâ¢ãîé¨¥
ª«îç¨ k ∈ K, −® ¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨ −¨ª�ª®£® á®®¡é¥−¨ï ¢¨¤� (x, y), £¤¥
y = hk(x), −¥ ¯¥à¥¤�¥âáï. ‚ íâ®¬ á«ãç�¥ ¯à®â¨¢−¨ª®¬ ¬®¦¥â ¡ëâì ¯à¥¤¯à¨−ïâ�
¯®¯ëâª� ¨¬¨â�æ¨¨ á®®¡é¥−¨ï ¯�à®© (x̃, ỹ) ∈ X × Vm.

÷�áá¬®âà¨¬ ¢¥à®ïâ−®áâ−®¥ ¯à®áâà�−áâ¢® (Ÿ = K,FK , PK). ‡�ä¨ªá¨àã¥¬
í«¥¬¥−â (x, y) ∈ X × Vm. �¡®§−�ç¨¬ ç¥à¥§ K(x, y) á«¥¤ãîé¥¥ ¬−®¦¥áâ¢®:

K(x, y) = {k ∈ K |hk(x) = y} .

�®¤ ®¡®§−�ç¥−¨¥¬ K(x, y) ¡ã¤¥¬ â�ª¦¥ ¯®−¨¬�âì á®¡ëâ¨¥ ¨§ �«£¥¡àë á®¡ëâ¨©
FK , §�ª«îç�îé¥¥áï ¢ â®¬, çâ® ¯à¨ á«ãç�©−®¬ ¢ë¡®à¥ ª«îç� k ∈ K ¡ã¤¥â ¢ë-
¯®«−¥−® à�¢¥−áâ¢® hk(x) = y. ’®£¤� á®¡ëâ¨î K(x, y) ¡ã¤ãâ ¡«�£®¯à¨ïâáâ¢®¢�âì
¢á¥ í«¥¬¥−âë ¨§ ¬−®¦¥áâ¢� K(x, y) ¨ â®«ìª® ®−¨. �®íâ®¬ã

P (K(x, y)) =
∑

k∈K(x,y)

PK(k) .

1“«ìï−®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, RatseevSM@mail.ru
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�®áª®«ìªã ¯à®â¨¢−¨ª ¨¬¥¥â ¢®§¬®¦−®áâì ¢ë¡®à� (x, y) ∈ X × Vm, ¥£® è�−áë −�
ãá¯¥å ¨¬¨â�æ¨¨ á®®¡é¥−¨ï ¢ëà�¦�îâáï â�ª®© ¢¥«¨ç¨−®©:

Pim = max
(x,y)∈X×Vm

P (K(x, y)) .

…á«¨ ¦¥ ¢ ¤�−−ë© ¬®¬¥−â ¯¥à¥¤�¥âáï −¥ª®â®à®¥ á®®¡é¥−¨¥ (x, y) ∈ X × Vm,
y = hk(x), â® ¯à®â¨¢−¨ª ¬®¦¥â §�¬¥−¨âì ¥£® −� (x̃, ỹ) ∈ X × Vm, x̃ 6= x.
�à¨ íâ®¬ ®− ¡ã¤¥â à�ááç¨âë¢�âì −� â®, çâ® −� ¤¥©áâ¢ãîé¥¬ ª«îç¥ k ¯à¨
¯à®¢¥àª¥ ¡ã¤¥â ¢ë¯®«−¥−® à�¢¥−áâ¢® ỹ = hk(x̃). —¥¬ ¡®«ìè¥ ¢¥à®ïâ−®áâì
íâ®£® á®¡ëâ¨ï, â¥¬ ãá¯¥è−¥¥ ¡ã¤¥â ¯®¯ëâª� ¯®¤¬¥−ë. �ãáâì K(x̃, ỹ) |K(x, y)|
á®¡ëâ¨¥, §�ª«îç�îé¥¥áï ¢ ¯®¯ëâª¥ ¯®¤¬¥−ë á®®¡é¥−¨ï (x, y) á®®¡é¥−¨¥¬ (x̃, ỹ).
�à¨¬¥−ïï â¥®à¥¬ã ® ¯à®¨§¢¥¤¥−¨¨ ¢¥à®ïâ−®áâ¥©, ¯®«ãç�¥¬, çâ®

P (K(x̃, ỹ) |K(x, y)) =
P (K(x, y) ∩K(x̃, ỹ))

P (K(x, y))
.

’®£¤� ¢¥à®ïâ−®áâì ãá¯¥å� ¯®¤¬¥−ë á®®¡é¥−¨ï ¡ã¤¥â ¢ëç¨á«ïâìáï ¯® á«¥¤ãîé¥©
ä®à¬ã«¥:

Ppodm = max
x,x̃∈X, y ,ỹ∈Vm x 6=x̃

P (K(x̃, ỹ) |K(x, y)) .

’¥®à¥¬� 1 [1]. „«ï «î¡®£® ª®¤� �ãâ¥−â¨ä¨ª�æ¨¨ (X,K, Vm, h) á¯à�¢¥¤«¨¢ë
á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï:
(i) Pim ≥ 2−m, ¯à¨ç¥¬ −¨¦−ïï £à�−¨æ� ¤®áâ¨£�¥âáï â®£¤� ¨ â®«ìª® â®£¤�,

ª®£¤� ¤«ï ¢á¥å (x, y) ∈ X × Vm ¢ë¯®«−¥−® à�¢¥−áâ¢® P (K(x, y)) = 2−m;
(ii) Ppodm ≥ 2−m, ¯à¨ç¥¬ −¨¦−ïï £à�−¨æ� ¤®áâ¨£�¥âáï â®£¤� ¨ â®«ìª®

â®£¤�, ª®£¤� ¤«ï «î¡ëå x, x̃ ∈ X, x 6= x̃, y, ỹ ∈ Vm ¢ë¯®«−¥−® à�¢¥−áâ¢®
P (K(x̃, ỹ) |K(x, y)) = 2−m;
(iii) Pim ¨ Ppodm ®¤−®¢à¥¬¥−−® ¤®áâ¨£�îâ −¨¦−¥© £à�−¨æë â®£¤� ¨ â®«ìª®

â®£¤�, ª®£¤� ¤«ï «î¡ëå x, x̃ ∈ X, x 6= x̃, y, ỹ ∈ Vm ¢ë¯®«−¥−® à�¢¥−áâ¢®
P (K(x, y) ∩K(x̃, ỹ)) = 2−2m.

�®«ìè®© ¨−â¥à¥á ¯à¥¤áâ�¢«ïîâ ª®¤ë �ãâ¥−â¨ä¨ª�æ¨¨ á® á¢®©áâ¢®¬ Pim =
= Ppodm = 2

−m. ’�ª¨¥ ª®¤ë −�§ë¢�îâáï ®¯â¨¬�«ì−ë¬¨ ª®¤�¬¨ �ãâ¥−â¨ä¨ª�-
æ¨¨. „«ï ®¯¨á�−¨ï â�ª¨å ª®¤®¢ ¨á¯®«ì§ã¥âáï ¯®−ïâ¨¥ ®àâ®£®−�«ì−®© â�¡«¨æë [2].
�àâ®£®−�«ì−®© â�¡«¨æ¥© OA(n, s) −�¤ ¬−®¦¥áâ¢®¬ Y = {y1, . . . , yn} −�§ë¢�-
¥âáï ¬�âà¨æ� ¯®àï¤ª� n2 × s −�¤ ¬−®¦¥áâ¢®¬ Y á â¥¬ ãá«®¢¨¥¬, çâ® «î¡ë¥
¤¢� áâ®«¡æ� ¤�−−®© ¬�âà¨æë á®¤¥à¦�â ¢á¥ ã¯®àï¤®ç¥−−ë¥ ¯�àë í«¥¬¥−â®¢ ¢¨¤�
(yi, yj) ∈ Y × Y .

’¥®à¥¬� 2 [1]. �ãáâì ª®¤ �ãâ¥−â¨ä¨ª�æ¨¨ (X,K, Vm, h) ï¢«ï¥âáï ®¯â¨¬�«ì-
−ë¬. ’®£¤� ¢¥à−ë á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï:
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(i) |K| ≥ 22m;

(ii) |K| = 22m â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� â�¡«¨ç−®¥ §�¤�−¨¥ å¥è-äã−ª-
æ¨¨ h ¯à¥¤áâ�¢«ï¥â á®¡®© ®àâ®£®−�«ì−ãî â�¡«¨æã OA(|Vm|, |X|) ¨
à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© P (K) ï¢«ï¥âáï à�¢−®¬¥à−ë¬.

‘«¥¤áâ¢¨¥ 1. �ãáâì ¤«ï −¥ª®â®à®£® ª®¤� �ãâ¥−â¨ä¨ª�æ¨¨ (X,K, Vm, h)
¢ë¯®«−¥−® à�¢¥−áâ¢® |K| = 22m. ’®£¤� ª®¤ �ãâ¥−â¨ä¨ª�æ¨¨ (X,K, Vm, h)
ï¢«ï¥âáï ®¯â¨¬�«ì−ë¬ â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¢ë¯®«−¥−ë á«¥¤ãîé¨¥
ãá«®¢¨ï:

(i) â�¡«¨ç−®¥ §�¤�−¨¥ å¥è-äã−ªæ¨¨ h ¯à¥¤áâ�¢«ï¥â á®¡®© ®àâ®£®−�«ì−ãî
â�¡«¨æã OA(|Vm|, |X|);

(ii) à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© −� ¬−®¦¥áâ¢¥ K à�¢−®¬¥à−®.

Š −¥¤®áâ�âª�¬ ¤�−−®© ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ª®¤� �ãâ¥−â¨ä¨ª�æ¨¨ ¬®¦−®
®â−¥áâ¨ ®£à�−¨ç¥−¨ï, −�ª«�¤ë¢�¥¬ë¥ −� ¬®é−®áâ¨ ¬−®¦¥áâ¢ X ¨ K. �®áâà®¨¬
¬�â¥¬�â¨ç¥áªãî ¬®¤¥«ì ª®¤� �ãâ¥−â¨ä¨ª�æ¨¨ ¡¥§ íâ¨å ®£à�−¨ç¥−¨©. „�−−�ï
¬®¤¥«ì ¡ã¤¥â �−�«®£®¬ ¬®¤¥«¨ è¨äà� §�¬¥−ë á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬, ¯à¨¢¥-
¤¥−−®© ¢ à�¡®â¥ [3]. ’�ª�ï ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¨¬¥¥â àï¤ ¯®«¥§−ëå á¢®©áâ¢;
−�¯à¨¬¥à, ®−� ¯®§¢®«ï¥â áâà®¨âì ¬®¤¥«¨ á®¢¥àè¥−−ëå (�¡á®«îâ−® áâ®©ª¨å)
è¨äà®¢, áâ®©ª¨å ª ¨¬¨â�æ¨¨ ¨ ¯®¤¬¥−¥ [4].

�ãáâì U ¨ V | á®®â¢¥âáâ¢¥−−® ª®−¥ç−ë¥ ¬−®¦¥áâ¢� ¢®§¬®¦−ëå úª®¤¢¥«¨-
ç¨−û ¨ úª®¤®¡®§−�ç¥−¨©û (ª�ª �−�«®£¨ï úè¨äà¢¥«¨ç¨−û ¨ úè¨äà®¡®§−�ç¥−¨©û
¢ ¬®¤¥«¨ è¨äà� §�¬¥−ë á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬). �¥à¥¤ ¢ëà�¡®âª®© ª®¤�
�ãâ¥−â¨ä¨ª�æ¨¨ á®®¡é¥−¨¥ x ∈ X ¯à¥¤¢�à¨â¥«ì−® ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ¯®á«¥-
¤®¢�â¥«ì−®áâ¨ úª®¤¢¥«¨ç¨−û, ª®â®àë¥ ¢ ¯à®æ¥áá¥ ¢ëà�¡®âª¨ ª®¤� �ãâ¥−â¨ä¨ª�-
æ¨¨ §�¬¥−ïîâáï −� úª®¤®¡®§−�ç¥−¨ïû. �ãáâì â�ª¦¥ ¨¬¥¥âáï ª®−¥ç−®¥ ¬−®¦¥áâ¢®
ª«îç¥© K ¨ ª«îç¥¢�ï å¥è-äã−ªæ¨ï h : K × U → V. �à®æ¥áá ¢ëà�¡®âª¨ ª®¤�
�ãâ¥−â¨ä¨ª�æ¨¨ ¤«ï á®®¡é¥−¨ï x = u1 · · · ul −� ª«îç¥ k1 · · · kl §�ª«îç�¥âáï ¢ §�-
¬¥−¥ ª�¦¤®© úª®¤¢¥«¨ç¨−ëû ui −� úª®¤®¡®§−�ç¥−¨¥û vi ¢ á®®â¢¥âáâ¢¨¨ á ª«îç®¬
ki, i = 1, . . . , l.

�¯®à−ë¬ ª®¤®¬ �ãâ¥−â¨ä¨ª�æ¨¨ −�§®¢¥¬ á®¢®ªã¯−®áâì

–0H = (U,K, V, h) ,

¤«ï ª®â®à®© ¢ë¯®«−¥−® à�¢¥−áâ¢®:

V =
⋃

k∈K

hk(U) .

l-© áâ¥¯¥−ìî ®¯®à−®£® ª®¤�–0H −�§®¢¥¬ á®¢®ªã¯−®áâì

–l
H = (U

l,K l, V l, h(l)) ,
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£¤¥ U l,K l, V l | ¤¥ª�àâ®¢ë áâ¥¯¥−¨ á®®â¢¥âáâ¢ãîé¨å ¬−®¦¥áâ¢ U , K, V ;

¬−®¦¥áâ¢® h(l) á®áâ®¨â ¨§ ®â®¡à�¦¥−¨© hk : U
l → V l, k ∈ K l, â�ª¨å çâ® ¤«ï

«î¡ëå u = u1 · · · ul ∈ U l, k = k1 · · · kl ∈ K l ¢ë¯®«−¥−® à�¢¥−áâ¢®:

hk(u) = hk1(u1) · · · hkl
(ul) = v1 · · · vl ∈ V l .

Š®¤®¬ �ãâ¥−â¨ä¨ª�æ¨¨ á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬ −�§®¢¥¬ á¥¬¥©áâ¢®

–H = (–
l
H , l ∈ N; ψc) ,

£¤¥ ψc | á«ãç�©−ë© £¥−¥à�â®à ª«îç¥¢®£® ¯®â®ª�.
�ã¤¥¬ £®¢®à¨âì, çâ® ª®¤ �ãâ¥−â¨ä¨ª�æ¨¨ á −¥®£à�−¨ç¥−−ë¬ ª«îç®¬ –H

ï¢«ï¥âáï ®¯â¨¬�«ì−ë¬, ¥á«¨ ª®¤–l
H ®¯â¨¬�«¥− ¤«ï «î¡®£® l ∈ N.

’¥®à¥¬� 3 (¤®áâ�â®ç−ë¥ ãá«®¢¨ï ®¯â¨¬�«ì−®áâ¨ ª®¤� –H ). �ãáâì ¤«ï ª®¤�
�ãâ¥−â¨ä¨ª�æ¨¨ –H ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ ãá«®¢¨ï:
(i) |K| = |V |2;
(ii) ¤«ï «î¡ëå u1, u2 ∈ U , v1, v2 ∈ V áãé¥áâ¢ã¥â, ¨ ¯à¨â®¬ ¥¤¨−áâ¢¥−−ë©,

ª«îç k ∈ K, ¤«ï ª®â®à®£® ¢ë¯®«−¥−ë à�¢¥−áâ¢� hk(u1) = v1 ¨ hk(u2) = v2
(¤�−−®¥ ãá«®¢¨¥ íª¢¨¢�«¥−â−® â®¬ã, çâ® â�¡«¨ç−®¥ §�¤�−¨¥ å¥è-äã−ªæ¨¨ h
¯à¥¤áâ�¢«ï¥â á®¡®© ®àâ®£®−�«ì−ãî â�¡«¨æã OA(|V |, |U |));
(iii) à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© −� ¬−®¦¥áâ¢¥ K à�¢−®¬¥à−®.
’®£¤� ª®¤ �ãâ¥−â¨ä¨ª�æ¨¨ –H ï¢«ï¥âáï ®¯â¨¬�«ì−ë¬.

„ ® ª � § � â ¥ « ì á â ¢ ® . ‡�ä¨ªá¨àã¥¬ ¯à®¨§¢®«ì−®¥ −�âãà�«ì−®¥ ç¨á«® l. ˆ§
ãá«®¢¨ï (i) á«¥¤ã¥â à�¢¥−áâ¢® |K l| = |V l|2.

�ãáâì a, b ∈ U l, x, y ∈ V l. ’®£¤� ¨§ ãá«®¢¨ï (ii) á«¥¤ã¥â, çâ® áãé¥áâ¢ã¥â, ¨

¯à¨â®¬ ¥¤¨−áâ¢¥−−ë©, ª«îç¥¢®© ¯®â®ª k ∈ K l, â�ª®© çâ® hk(a) = x, hk(b) = y.

� ¨§ ãá«®¢¨ï (iii) á«¥¤ã¥â à�¢−®¬¥à−®áâì à�á¯à¥¤¥«¥−¨ï −� ¬−®¦¥áâ¢¥ K l (¢
á¨«ã á¢®©áâ¢ á«ãç�©−®£® £¥−¥à�â®à�). �®íâ®¬ã ª®¤ �ãâ¥−â¨ä¨ª�æ¨¨–H ï¢«ï¥âáï
®¯â¨¬�«ì−ë¬ ¢ á¨«ã á«¥¤áâ¢¨ï 1. ’¥®à¥¬� ¤®ª�§�−�.

‘«¥¤áâ¢¨¥ 2. …á«¨ ¤«ï ª®¤� �ãâ¥−â¨ä¨ª�æ¨¨ –H ¢ë¯®«−¥−® à�¢¥−áâ¢® |K| =
= |V |2, â® ®− ï¢«ï¥âáï ®¯â¨¬�«ì−ë¬ â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¢ë¯®«−¥−ë
á«¥¤ãîé¨¥ ãá«®¢¨ï:
(i) ¤«ï «î¡ëå u1, u2 ∈ U , v1, v2 ∈ V áãé¥áâ¢ã¥â, ¨ ¯à¨â®¬ ¥¤¨−áâ¢¥−−ë©,

ª«îç k ∈ K, â�ª®© çâ® hk(u1) = v1, hk(u2) = v2;
(ii) à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥© −� ¬−®¦¥áâ¢¥ K à�¢−®¬¥à−®.

„«ï ª®¤� �ãâ¥−â¨ä¨ª�æ¨¨ –l
H, l ∈ N, ®¡®§−�ç¨¬ ç¥à¥§ P l

im ¢¥à®ïâ−®áâì

ãá¯¥å� ¨¬¨â�æ¨¨, � ç¥à¥§ P l
podm(s)| ¢¥à®ïâ−®áâì ãá¯¥å� ¯®¤¬¥−ë ¢ á®®¡é¥−¨¨
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�¡ ®¯â¨¬�«ì−ëå ª®¤�å �ãâ¥−â¨ä¨ª�æ¨¨

¤«¨−ë l à®¢−® s á¨¬¢®«®¢ ¬−®¦¥áâ¢� V . ’®£¤� ¥á«¨ ª®¤ �ãâ¥−â¨ä¨ª�æ¨¨ –H

ï¢«ï¥âáï ®¯â¨¬�«ì−ë¬, â®

P l
im =

1

|V |l
; P l

podm(s) =
1

|V |s
,

â. ¥. P l
im → 0 ¯à¨ l → ∞, P l

podm(s)→ 0 ¯à¨ s→ ∞.
ˆ§ ª®−áâàãªæ¨¨ ª®¤� �ãâ¥−â¨ä¨ª�æ¨¨ –H ¢¨¤−®, çâ® ¤«¨−� á®®¡é¥−¨ï

á®¢¯�¤�¥â á ¤«¨−®© á¢¥àâª¨ ¨ á ¤«¨−®© ª«îç¥¢®£® ¯®â®ª�. �®íâ®¬ã, ª�ª ¨
á®¢¥àè¥−−ë¥ è¨äàë, íâ� ª®−áâàãªæ¨ï ¯à¥¤−�§−�ç¥−� ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¤«ï
®á®¡® ¢�¦−ëå á«ãç�¥¢. �à¨ íâ®¬ à�§¬¥à−®áâì ®àâ®£®−�«ì−®© â�¡«¨æë, ª®â®à�ï
¯à¥¤áâ�¢«ï¥â §�¤�−¨¥ å¥è-äã−ªæ¨¨ h, −¥ §�¢¨á¨â ®â ¤«¨−ë ¨áå®¤−®£® á®®¡é¥−¨ï,
� áâà®¨âáï «¨èì ¤«ï ®¯®à−®£® ª®¤� �ãâ¥−â¨ä¨ª�æ¨¨–0H .

�®áâà®¨¬ ¯à¨¬¥à ®¯â¨¬�«ì−®£® ª®¤� �ãâ¥−â¨ä¨ª�æ¨¨ á −¥®£à�−¨ç¥−−ë¬
ª«îç®¬. �ãáâì U = V = Zn, K = Zn2 ¨ á«ãç�©−ë© £¥−¥à�â®à ª«îç¥¢ëå ¯®á«¥-
¤®¢�â¥«ì−®áâ¥© φc ¨§ ª®−áâàãªæ¨¨ ª®¤� �ãâ¥−â¨ä¨ª�æ¨¨ –H ¨¬¥¥â à�¢−®¬¥à−®¥
à�á¯à¥¤¥«¥−¨¥. �ãáâì â�ª¦¥ â�¡«¨ç−®¥ §�¤�−¨¥ å¥è-äã−ªæ¨¨ h ¯à¥¤áâ�¢«ï¥â
á®¡®© ®àâ®£®−�«ì−ãî â�¡«¨æã OA(|V |, |U |). ’®£¤� ª®¤ �ãâ¥−â¨ä¨ª�æ¨¨ –H

ï¢«ï¥âáï ®¯â¨¬�«ì−ë¬ (á«¥¤áâ¢¨¥ 2).
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К ЗАДАЧЕ АНАЛИЗА ВЛОЖИМОСТИ ПОДСЛОВ В ЗАГОЛОВКИ
ПАКЕТОВ ДАННЫХ

М. И. Забежайло1

�−−®â�æ¨ï: �¡áã¦¤�îâáï ¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï â¥å−®«®£¨© ¯à®£à�¬-
¬−®-ª®−ä¨£ãà¨àã¥¬ëå á¥â¥© (�Š‘-â¥å−®«®£¨©) ¢ ®¯â¨¬¨§�æ¨¨ ã¯à�¢«¥−¨ï
á¥â¥¢ë¬ âà�ä¨ª®¬. �à¥¤«®¦¥−� �«£¥¡à�¨ç¥áª�ï ä®à¬�«¨§�æ¨ï §�¤�ç¨ ¢«®-
¦¨¬®áâ¨ ¯®¤á«®¢ ¢ á«®¢� §�¤�−−®£® �«ä�¢¨â�. ‘ä®à¬ã«¨à®¢�−ë ãá«®¢¨ï ¨
¯à¥¤«®¦¥−ë �«£®à¨â¬ë, ¯®§¢®«ïîé¨¥ ®¯â¨¬¨§¨à®¢�âì ¯à®æ¥¤ãàë ¯à®¢¥àª¨
¢«®¦¨¬®áâ¨ ¯®¤á«®¢ ®£à�−¨ç¥−−®© ¤«¨−ë ¢ áâà®ª¨ â�¡«¨æ ª®¬¬ãâ�æ¨¨ ¡®«ì-
è¨å à�§¬¥à®¢. �®ª�§�−ë ¢®§¬®¦−®áâ¨ ¤®¯®«−¨â¥«ì−®£® ãáª®à¥−¨ï ®¡à�¡®âª¨
¯�ª¥â®¢ ¤�−−ëå ¢ ª®¬¯ìîâ¥à−ëå á¥âïå á ¨á¯®«ì§®¢�−¨¥¬ �Š‘-â¥å−®«®£¨©.

Š«îç¥¢ë¥ á«®¢�: ¯à®£à�¬¬−®-ª®−ä¨£ãà¨àã¥¬ë¥ á¥â¨; �−�«¨§ §�£®«®¢ª®¢
¯�ª¥â®¢ ¤�−−ëå ¢ ª®¬¯ìîâ¥à−ëå á¥âïå; ¬�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë �−�«¨§� ¤�−-
−ëå

1 Введение

�¤−¨¬¨ ¨§ ª«îç¥¢ëå í«¥¬¥−â®¢ á®¢à¥¬¥−−®£® ª®¬¯«¥ªá� â¥å−®«®£¨© ¯¥à¥-
¤�ç¨ ¤�−−ëå ¢ ª®¬¯ìîâ¥à−ëå á¥âïå ï¢«ïîâáï ¯à®æ¥¤ãàë ¯à®¢¥àª¨ ¢«®¦¨¬®áâ¨
á¨¬¢®«ì−ëå −�¡®à®¢ §�¤�−−®£® ¢¨¤� ¢ â¥ ¨«¨ ¨−ë¥ ®¡ê¥ªâë. ‘à¥¤¨ −¨å â�ª¨¥
¯à®æ¥¤ãàë, ª�ª ¯à®¢¥àª� ¢áâà¥ç�¥¬®áâ¨ §�£®«®¢ª� ª®−ªà¥â−®£® ¯�ª¥â� ¤�−−ëå ¢
á®®â¢¥âáâ¢ãîé¥© â�¡«¨æ¥ ª®¬¬ãâ�æ¨¨, ¯à®¢¥àª� ¢áâà¥ç�¥¬®áâ¨ ¯®¤á«®¢ §�¤�−-
−®£® ¢¨¤� ¢ ¯¥à¥¤�¢�¥¬ëå ¤�−−ëå ¨ â. ¯. (á¬., −�¯à¨¬¥à, [1]).

‚ ç�áâ−®áâ¨, ¢«®¦¨¬®áâì ¯®¤á«®¢ §�¤�−−®£® ¢¨¤� ¢ §�£®«®¢®ª ¯¥à¥¤�¢�¥¬®£®
¯® á¥â¨ ¯�ª¥â� ¤�−−ëå ¬®¦¥â ®¯à¥¤¥«ïâì ª®−ªà¥â−ë© ¢¨¤ −�¡®à� ¯à®æ¥¤ãà ®¡à�-
¡®âª¨ íâ®£® ¯�ª¥â� ¢ á®®â¢¥âáâ¢ãîé¨å ã§«�å á¥â¨. �à¨ íâ®¬ ¡ëáâà®â� ¢ë¤¥«¥−¨ï
á®®â¢¥âáâ¢ãîé¥£® −�¡®à� ¯à®æ¥¤ãà ®¡à�¡®âª¨ | áãé¥áâ¢¥−−ë© í«¥¬¥−â, ¢«¨-
ïîé¨© −� áª®à®áâì ¯à®å®¦¤¥−¨ï ¤�−−ëå ¢ á¥â¨. „àã£®© −¥ ¬¥−¥¥ çã¢áâ¢¨â¥«ì−®©
(¢ ç�áâ¨ ®¡¥á¯¥ç¥−¨ï −®à¬�«ì−®£® à¥¦¨¬� äã−ªæ¨®−¨à®¢�−¨ï ª®¬¯ìîâ¥à−ëå
á¨áâ¥¬ ¨ á¥â¥©) ¯à®æ¥¤ãà®© ï¢«ï¥âáï ¡ëáâà®¥ ®¯®§−�−¨¥ (¢ë¤¥«¥−¨¥ ¢ â¥«¥ ¯¥à¥-
¤�¢�¥¬®£® ¯�ª¥â� ¤�−−ëå) â�ª −�§ë¢�¥¬ëå á¨£−�âãà ¢à¥¤®−®á−®£® ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï (��). ‘¥£®¤−ï ¯à¨ ª®«¨ç¥áâ¢¥ ¨§¢¥áâ−ëå ª®¬¯ìîâ¥à−ëå ¢¨àãá®¢,
®æ¥−¨¢�¥¬®¬ ¢ ¤¥áïâª¨ âëáïç ¥¤¨−¨æ, ®¡ê¥¬ ¡�§ë å�à�ªâ¥à¨§ãîé¨å ¨å á¨£−�-
âãà ®æ¥−¨¢�¥âáï ã¦¥ ¢ á®â−¨ âëáïç ¥¤¨−¨æ, � å�à�ªâ¥à−ë¥ ¢à¥¬¥−� �¤¥ª¢�â−®©

1–¥−âà ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨© ª®¬¯ìîâ¥à−ëå á¥â¥©, ‘ª®«ª®¢®, MZabezhailo@arccn.ru
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Š §�¤�ç¥ �−�«¨§� ¢«®¦¨¬®áâ¨ ¯®¤á«®¢ ¢ §�£®«®¢ª¨ ¯�ª¥â®¢ ¤�−−ëå

(®¡¥á¯¥ç¨¢�îé¨å §�é¨âã) à¥�ªæ¨¨ á®®â¢¥âáâ¢ãîé¨å �−â¨¢¨àãá−ëå á«ã¦¡ −� ¢ë-
ï¢«¥−¨¥ â®£® ¨«¨ ¨−®£® ¢à¥¤®−®á−®£® �� | ¤¥áïâª¨ ç�á®¢ (¢ â® ¢à¥¬ï ª�ª ®æ¥−ª¨
å�à�ªâ¥à−®£® ¢à¥¬¥−¨ ¢®§¬®¦−®£® §�à�¦¥−¨ï áãé¥áâ¢¥−−ëå ¯® ®¡ê¥¬�¬ äà�£-
¬¥−â®¢ á¥â¨ ˆ−â¥à−¥â ®ª�§ë¢�îâáï −� ¯®àï¤®ª ¬¥−ìè¥ | ¤¥áïâª¨ ¬¨−ãâ). ’�ª¨¬
®¡à�§®¬, ¢ á¨âã�æ¨¨, ª®£¤� ¯à®æ¥¤ãàë ®¡áã¦¤�¥¬®£® â¨¯� ¨á¯®«ì§ãîâáï ¯®áâ®-
ï−−® ¨ ¬−®£®ªà�â−®, ¯à�ªâ¨ç¥áª¨ «î¡ë¥ −�à�¡®âª¨ ¯® ®¯â¨¬¨§�æ¨¨ à¥�«¨§ã¥¬ëå
¢ −¨å �«£®à¨â¬®¢ ¬®£ãâ à�áá¬�âà¨¢�âìáï ª�ª �ªâã�«ì−ë¥.

Œ�áá®¢ë© å�à�ªâ¥à ¨á¯®«ì§®¢�−¨ï â�ª¨å ¯à®æ¥¤ãà ¢ë¤¢¨£�¥â ¤®áâ�â®ç−®
¦¥áâª¨¥ âà¥¡®¢�−¨ï ª ¨å ®à£�−¨§�æ¨¨: ¯à®¡«¥¬� íää¥ªâ¨¢−®áâ¨ (®æ¥−¨¢�¥¬®©
¯à¥¦¤¥ ¢á¥£® á â®çª¨ §à¥−¨ï á«®¦−®áâ¨ ¢ëç¨á«¥−¨©, á¬., −�¯à¨¬¥à, [2]) ¯¥à¥å®¤¨â
¢ æ¥−âà ¢−¨¬�−¨ï à�§à�¡®âç¨ª®¢ ¨ íªá¯«ã�â�æ¨®−−ëå á«ã¦¡.

�®¢ë¥ ¢®§¬®¦−®áâ¨ ¢ ®à£�−¨§�æ¨¨ ®¡áã¦¤�¥¬ëå ¯à®æ¥¤ãà ®âªàë¢�¥â ¨á-
¯®«ì§®¢�−¨¥ â�ª −�§ë¢�¥¬ëå Open Flow â¥å−®«®£¨© (á¬., −�¯à¨¬¥à, [3{7]).
„«ï ®¡®§−�ç¥−¨ï íâ¨å â¥å−®«®£¨© â�ª¦¥ ¨á¯®«ì§ã¥âáï â¥à¬¨− Software Defined
Networks (SDN) | ¯à®£à�¬¬−®-ª®−ä¨£ãà¨àã¥¬ë¥ á¥â¨. ÷�§¢¨¢�¥¬ë© §¤¥áì ¯®¤-
å®¤ ¯®§¢®«ï¥â à�§¤¥«¨âì ãà®¢−¨ á®¡áâ¢¥−−® âà�ä¨ª� ¨ ã¯à�¢«¥−¨ï âà�ä¨ª®¬ ¢
ª®¬¯ìîâ¥à−®© á¥â¨, ¯à¥¤®áâ�¢«ïï ¤®¯®«−¨â¥«ì−ë¥ ¢®§¬®¦−®áâ¨ ¢ ç�áâ¨ ¯®á«¥¤-
−¥£® ¢ë−¥á¥−¨¥¬ §−�ç¨â¥«ì−®£® ®¡ê¥¬� á®®â¢¥âáâ¢ãîé¨å äã−ªæ¨© −� ¢−¥è−¨©
ª®−âà®««¥à (®â¤¥«ì−ë© ¢ëç¨á«¨â¥«ì−ë© ª®¬¯«¥ªá, ¢§�¨¬®¤¥©áâ¢ãîé¨© á® áâ�−-
¤�àâ−ë¬¨ á¥â¥¢ë¬¨ ãáâà®©áâ¢�¬¨ | ª®¬¬ãâ�â®à�¬¨, ¬�àèàãâ¨§�â®à�¬¨ ¨ â. ¯. |
ç¥à¥§ á¯¥æ¨�«ì−ë© ®âªàëâë© ¯à®â®ª®«). ’�ª¨¬ ®¡à�§®¬ ã¤�¥âáï áãé¥áâ¢¥−−®
¯®¢ëá¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì (¨ ¯à®¯ãáª−ãî á¯®á®¡−®áâì) ª®¬¬ã−¨ª�æ¨®−−®£®
®¡®àã¤®¢�−¨ï, §�¤¥©áâ¢®¢�−−®£® −� ãà®¢−¥ á¥â¥¢®£® âà�ä¨ª�, ¢ë¢®¤ï ú¨−â¥««¥ª-
âã�«ì−ë¥û äã−ªæ¨¨ �−�«¨§� ¤�−−ëå ¨ ã¯à�¢«¥−¨ï −� ¢−¥è−¨© ¯à®¡«¥¬−®-®à¨-
¥−â¨à®¢�−−ë© �Š‘-ª®−âà®««¥à.

�¥ª®â®àë¥ �«£®à¨â¬¨ç¥áª¨¥ �á¯¥ªâë à�á¯à¥¤¥«¥−¨ï ¢ à�¬ª�å �Š‘-¯®¤å®-
¤� äã−ªæ¨®−�«ì−®áâ¨ ¯à¥¤áâ�¢«¥−−ëå ¢ëè¥ ¯à®æ¥¤ãà (¯à®¢¥àª¨ ¢«®¦¨¬®áâ¨
á¨¬¢®«ì−ëå −�¡®à®¢ §�¤�−−®£® ¢¨¤� ¢ â¥ ¨«¨ ¨−ë¥ ®¡ê¥ªâë) ¬¥¦¤ã ãà®¢−ï¬¨
¨á¯®«−¥−¨ï âà�ä¨ª� ¨ ã¯à�¢«¥−¨ï âà�ä¨ª®¬ ¨ áâ�−ãâ ¯à¥¤¬¥â®¬ ¤�«ì−¥©è¥£®
à�áá¬®âà¥−¨ï.

2 Основные понятия и обозначения

‡�£®«®¢ª®¬ ¯�ª¥â� (¤�«¥¥ | §�£®«®¢ª®¬) ¡ã¤¥¬ −�§ë¢�âì ¡ã«¥¢áª¨© ¢¥ªâ®à
h = 〈α1, α2, . . . , αn〉 ä¨ªá¨à®¢�−−®© ¤«¨−ë n (£¤¥ ¤«ï ª�¦¤®£® i ¨§ ¬−®¦¥áâ¢�
{1, 2, . . . , n} §−�ç¥−¨¥ αi ∈ {0, 1}). ��àã ¢¥ªâ®à®¢ {h0i,h1i} â�ª¨å, çâ® −� ¢á¥å
¯®§¨æ¨ïå, ªà®¬¥ ¯®§¨æ¨¨ −®¬¥à i, ã −¨å à�á¯®«®¦¥−ë ®¤¨−�ª®¢ë¥ §−�ç¥−¨ï
αj ∈ {0, 1}, � ªà®¬¥ â®£®, −� ¯®§¨æ¨¨ −®¬¥à i ¯¥à¢ë© ¨§ −¨å ¨¬¥¥â 0, � ¢â®à®© |
1, ¡ã¤¥¬ ®¡®§−�ç�âì ¯®áà¥¤áâ¢®¬ hxi. ��ª®−¥æ, hxI ¥áâì ª®¬¯�ªâ−�ï §�¯¨áì ¤«ï
¬−®¦¥áâ¢� ¢á¥å ¯�à ¢¥ªâ®à®¢ ¢¨¤� hxi, £¤¥ I ¥áâì −¥ª®â®à®¥ §�¤�−−®¥ ¬−®¦¥áâ¢®
§−�ç¥−¨© ¨−¤¥ªá®¢ i ¢ §�£®«®¢ª¥ h. „àã£¨¬¨ á«®¢�¬¨, ¢ (¬¥â�)§�£®«®¢ª¥ hxI −�
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¢á¥å1 ¯®§¨æ¨ïå á −®¬¥à�¬¨ i ¨§ ¬−®¦¥áâ¢� I (¨ â®«ìª® ¢ −¨å!) à�á¯®«®¦¥−ë
§−�ç¥−¨ï x:

hxI = 〈β1, β2, . . . , βn〉 ,

£¤¥ βj ∈ {0, 1, x} ¨ j ∈ {1, 2, . . . , n}.
÷�áá¬®âà¨¬ �«ä�¢¨â

U∗ = {a01, a11, a02, a12, . . . , a0n, a1n} ,

®¡à�§®¢�−−ë© à®¢−® 2n à�§«¨ç−ë¬¨ á¨¬¢®«�¬¨ (¡ãª¢�¬¨, ®¡à�§ãîé¨¬¨). Š�¦-
¤®¬ã §�£®«®¢ªã h = 〈α1, α2, . . . , αn〉 ¤«¨−ë n, ¯®áâà®¥−−®¬ã «¨èì á ¯®¬®éìî
á¨¬¢®«®¢ 0 ¨ 1, á®¯®áâ�¢¨¬ ¬−®¦¥áâ¢® h = {a1, a2, . . . , ak} â�ª®¥, çâ® ¢ ª�ç¥áâ¢¥
í«¥¬¥−â� (®¡à�§ãîé¥©) ai ¢ë¡¨à�¥âáï a0i, ¥á«¨ αi = 0, ¨ a1i, ¥á«¨ αi = 1. „�«¥¥,
¤«ï hxI = 〈β1, β2, . . . , βn〉 ¯® ª�¦¤®© ¯®§¨æ¨¨ ¨§ ¬−®¦¥áâ¢� I (â. ¥. ¯®§¨æ¨¨,
−� ª®â®à®© ¢ hxI −�å®¤¨âáï âà¥âì¥ §−�ç¥−¨¥ | x) ¢ë¡¥à¥¬ ¢ á®®â¢¥âáâ¢ãîé¥¥
¬−®¦¥áâ¢® h ®¤−®¢à¥¬¥−−® ®¡¥ ®¡à�§ãîé¨¥ a0i ¨ a1i. ’�ª¨¬ ®¡à�§®¬, ¯®ï¢«ï-
¥âáï ¢®§¬®¦−®áâì ¢§�¨¬−®-®¤−®§−�ç−® ª®¤¨à®¢�âì ¯à¥¤áâ�¢«¥−−ë¥ ª®àâ¥¦�¬¨
§�£®«®¢ª¨ ¢¨¤� h á ¯®¬®éìî ¬−®¦¥áâ¢ ¢¨¤� h.

�ã¤¥¬ −�§ë¢�âì â�¡«¨æ¥© ª®¬¬ãâ�æ¨¨ ¬−®¦¥áâ¢®2 K = {h1, h2, . . . , hm},
¯¥à¥ç¨á«ïîé¥¥ ¯®á«¥¤®¢�â¥«ì−® §�¤�−−ë¥ §�£®«®¢ª¨ h1, h2, . . . , hm (¯¥à¥ä®à¬ã-
«¨à®¢�−−ë¥ ¯® ¯à¥¤áâ�¢«¥−−®¬ã ¢ëè¥ �«£®à¨â¬ã ¢ �«ä�¢¨â¥U∗).

3 Некоторые полезные свойства таблиц коммутации

„«ï ã¤®¡áâ¢� ¯®á«¥¤ãîé¨å ®¯¥à�æ¨© á® áâà®ª�¬¨ ª®¬¬ãâ�æ¨®−−®© â�¡«¨æë
®¯à¥¤¥«¨¬ á«¥¤ãîé¥¥

�à�¢¨«®. �ãáâì §�¤�− §�£®«®¢®ª h = {a1, a2, . . . , an}, ¢ ª®â®à®¬ −� ¯®§¨æ¨-
ïå i1, i2, . . . , is (0 ≤ s < n) à�§¬¥é�îâáï á¨¬¢®«ë x (â. ¥. ¢ ª�¦¤®© ¨§ íâ¨å ¯®§¨-
æ¨© ¬®¦−® à�§¬¥áâ¨âì ª�ª 0, â�ª ¨ 1). Œ−®¦¥áâ¢® h∗ = {h, h10, h11, . . . , hs0, hs1}
áâà®¨âáï â�ª, çâ® ¤«ï ª�¦¤®£® §−�ç¥−¨ï i ¨§ ¨¬¥îé¥£®áï ¬−®¦¥áâ¢� {i1, i2, . . . , is}
−®¬¥à®¢ ¯®§¨æ¨© á¨¬¢®«� x ¢ §�£®«®¢ª¥ h ª�¦¤�ï ¯�à� hi0, hi1 ¯®à®¦¤�¥âáï ¨§
¨áå®¤−®£® §�£®«®¢ª� h §�¬¥−®© x −� á®®â¢¥âáâ¢ãîé¥© ¯®§¨æ¨¨ ®¤¨− à�§ −� 0, �
¤àã£®© | −� 1 (á¬. â�¡«¨æã).

1�à¨ íâ®¬ á«ãç�©, ª®£¤� −� ª�¦¤®© ¨§ n ¯®§¨æ¨© ¢¥ªâ®à� h à�á¯®«®¦¥−® §−�ç¥−¨¥ x, −¥
à�áá¬�âà¨¢�¥âáï ¯® á®¤¥à¦�â¥«ì−ë¬ á®®¡à�¦¥−¨ï¬.

2ƒ®¢®àï ¡®«¥¥ �ªªãà�â−®, á«¥¤®¢�«® ¡ë ¯®¤¬−®¦¥áâ¢�¬ ¬−®¦¥áâ¢� K §�£®«®¢ª®¢ −� ¢å®¤¥
à�áá¬�âà¨¢�¥¬®© ª®¬¬ãâ�æ¨®−−®© â�¡«¨æë á®¯®áâ�¢¨âì −®¬¥à� á®®â¢¥âáâ¢ãîé¨å¢ëå®¤−ëå ¯®àâ®¢
(ª®¬¬ãâ�â®à�, ¨á¯®«ì§ãîé¥£® íâã ª®¬¬ãâ�æ¨®−−ãî â�¡«¨æã). ’¥¬ −¥ ¬¥−¥¥, ¬®¦−® (¡¥§ ¯®â¥à¨
®¡é−®áâ¨), −�¯à¨¬¥à, áç¨â�âì, çâ® ¢á¥ §�£®«®¢ª¨ ¬−®¦¥áâ¢� K �¤à¥áãîâáï −� ®¤¨− ¯®àâ, �
á¢®¤−�ï â�¡«¨æ� ª®¬¬ãâ�æ¨¨ ä®à¬¨àã¥âáï ®¡ê¥¤¨−¥−¨¥¬ á®®â¢¥âáâ¢ãîé¨å ¯®¤â�¡«¨æ ¯® ¢á¥¬
§�¤¥©áâ¢®¢�−−ë¬ ¯®àâ�¬ ª®¬¬ãâ�â®à�.
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�à¥¤áâ�¢«¥−¨ï §�£®«®¢ª®¢

α1 α2 · · · αi · · · αj · · · αn−1 αn

a01, a11 a01, a12 · · · a0i, a1i · · · a0j , a1j · · · a0n−1, a1n−1 a0n, a1n
h a1 a1 · · · x · · · x · · · an−1 an

hi0 a1 a2 · · · 0 · · · x · · · an−1 an

hi1 a1 a2 · · · 1 · · · x · · · an−1 an

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·
hj0 a1 a2 · · · x · · · 0 · · · an−1 an

hj1 a1 a2 · · · x · · · 1 · · · an−1 an

÷¥§ã«ìâ�â®¬ ¯à¨¬¥−¥−¨ï ¢¢¥¤¥−−®£® ¯à�¢¨«� ª §�¤�−−®© â�¡«¨æ¥ ª®¬-
¬ãâ�æ¨¨ K ¡ã¤¥â à�áè¨à¥−−�ï á®®â¢¥âáâ¢ãîé¨¬ ®¡à�§®¬ â�¡«¨æ� K∗ =
= {h1, h2, . . . , hM}.

“â¢¥à¦¤¥−¨¥ 1. �à¨ §�¤�−−®¬ n | à�§¬¥à−®áâ¨ �−�«¨§¨àã¥¬ëå §�£®-
«®¢ª®¢ h | ¯®áâà®¥−¨¥ á ¯à¨¬¥−¥−¨¥¬ ¢¢¥¤¥−−®£® ¯à�¢¨«� ¯® ¨áå®¤−®©
â�¡«¨æ¥ K = {h1, h2, . . . , hm} à�áè¨à¥−−®© â�¡«¨æë ª®¬¬ãâ�æ¨¨ K∗ =
= {h1, h2, . . . , hM} âà¥¡ã¥â −¥ ¡®«¥¥ ç¥¬ O(n) ®¯¥à�æ¨© (â. ¥. â�¡«¨æ� K∗

áâà®¨âáï ¯® â�¡«¨æ¥ K ¯®«¨−®¬¨�«ì−® ¡ëáâà®).

„ ® ª � § � â ¥ « ì á â ¢ ® . ÷�áè¨à¥−−�ï â�¡«¨æ� ª®¬¬ãâ�æ¨¨K∗ = {h1, h2, . . . , hM}
¯®à®¦¤�¥âáï ¨§ ¨áå®¤−®© â�¡«¨æë ª®¬¬ãâ�æ¨¨ ¤®¡�¢«¥−¨¥¬ −¥ ¡®«¥¥ ç¥¬

M − n = 2s < 2n = O(n)

¤®¯®«−¨â¥«ì−ëå −®¢ëå áâà®ª (à�§¬¥à� à®¢−® n ª�¦¤�ï).
�¡ê¥ªâ®¬ ¤�«ì−¥©è¥£® ®¡áã¦¤¥−¨ï ¡ã¤ãâ ú¢−ãâà¥−−¨¥ ¢§�¨¬®á¢ï§¨û ª�ª ¢

áâàãªâãà�å à�áá¬�âà¨¢�¥¬ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© (§�£®«®¢ª®¢ ¯�ª¥â®¢), â�ª ¨
¢ §�à�−¥¥ §�¤�−−ëå ¯®¤¯®á«¥¤®¢�â¥«ì−®áâïå á¨¬¢®«®¢, âà¥¡ãîé¨å ¯à®¢¥àª¨ −�
¢«®¦¨¬®áâì (¢ â�ª¨¥ §�£®«®¢ª¨). ”�ªâ¨ç¥áª¨ à¥çì ¯®©¤¥â ® ¬−®¦¥áâ¢�å ¯à¨¬¥à®¢
(ª®−ªà¥â−ëå íª§¥¬¯«ïà®¢) §�£®«®¢ª®¢, � â�ª¦¥ ® ª®−¥ç−ëå �«ä�¢¨â�å �â®¬�à−ëå
á¨¬¢®«®¢ (®¡à�§ãîé¨å), ¨á¯®«ì§ã¥¬ëå ¤«ï úª®¤¨à®¢�−¨ïû ¯®ï¢«¥−¨ï ¥¤¨−¨æ ¨
−ã«¥© −� á®®â¢¥âáâ¢ãîé¨å ¯®§¨æ¨ïå ¨ ¢ §�£®«®¢ª�å, ¨ ¢ (âà¥¡ãîé¨å ¯à®¢¥àª¨ −�
¢«®¦¨¬®áâì ¢ íâ¨ §�£®«®¢ª¨) §�¤�−−ëå −�¡®à�å ¯®¤¯®á«¥¤®¢�â¥«ì−®áâ¥© −ã«¥© ¨
¥¤¨−¨æ. ‡¤¥áì ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¡ã¤ãâ ¯à¥¤áâ�¢«ïâì ¨−â¥à¥á á«¥¤ãîé¨¥ ¯�àë
®¡ê¥ªâ®¢: ¬−®¦¥áâ¢® ¢á¥å ¯à¨¬¥à®¢, ¢ ª®â®àë¥ ¢å®¤ïâ í«¥¬¥−âë §�¤�−−®£® ¯®¤-
¬−®¦¥áâ¢� ®¡à�§ãîé¨å, ¨ ¬−®¦¥áâ¢® ¢á¥å ®¡à�§ãîé¨å, ®¤−®¢à¥¬¥−−® ¢å®¤ïé¨å
¢® ¢á¥ í«¥¬¥−âë §�¤�−−®£® ¬−®¦¥áâ¢� ¯à¨¬¥à®¢.

�¥à¥©¤¥¬ ª ¡®«¥¥ ä®à¬�«ì−®¬ã ®¯¨á�−¨î ¯à¥¤áâ�¢«¥−−ëå ¯�à ¬−®¦¥áâ¢.
÷�á¯®«�£�ï ¬−®¦¥áâ¢�¬¨U∗ ¨K∗, ®¯à¥¤¥«¨¬ ¤¢� ®â®¡à�¦¥−¨ï f ¨ ϕ:

∀A ∈ P (U∗) f(A) = {h ∈ K∗ â�ª¨å, çâ® ¤«ï ∀a ∈ A ¨¬¥¥â ¬¥áâ a ∈ h} ;

∀B ∈ P (K∗)ϕ(B) = {a ∈ U∗ â�ª¨å, çâ® ¤«ï ∀h ∈ B ¨¬¥¥â ¬¥áâ a ∈ h} .
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�à¨ íâ®¬ P (X) | ¬−®¦¥áâ¢® ¢á¥å ¯®¤¬−®¦¥áâ¢ ¬−®¦¥áâ¢� X (¯®«�£�ï X ∈
∈ {U∗,K∗}) . �¥á«®¦−® ã¡¥¤¨âìáï, çâ® ¯�à� ®â®¡à�¦¥−¨© 〈f, ϕ〉 ¯à¥¤áâ�¢«ï¥â
á®¡®© á®®â¢¥âáâ¢¨¥ ƒ�«ã� (á¬., −�¯à¨¬¥à, [8, 9]), � ¨å ¯à®¨§¢¥¤¥−¨ï f(ϕ(B))
¨ ϕ(f(A)) | á®®â¢¥âáâ¢ãîé¨¥ §�¬ëª�−¨ï ƒ�«ã� [8, 9]. —¥à¥§ GCf,ϕ(K

∗) ¨
GCϕ,f (U

∗) ¡ã¤¥¬ ®¡®§−�ç�âì ¬−®¦¥áâ¢� −¥¯®¤¢¨¦−ëå â®ç¥ª á®®â¢¥âáâ¢ãîé¨å
§�¬ëª�−¨© ƒ�«ã�:

GCf,ϕ(K
∗) = {B ∈ P (K∗) â�ª¨å, çâ® f(ϕ(B)) = B} ;

GCϕ,f (U
∗) = {A ∈ P (U∗) â�ª¨å, çâ® ϕ(f(A)) = A} .

Š�¦¤®¥ ¨§ íâ¨å ¬−®¦¥áâ¢ ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ç�áâ¨ç−® ã¯®àï¤®ç¥−−®¥ ¢
á®®â¢¥âáâ¢¨¨ ª�ª á® ¢§�¨¬−ë¬ ¢«®¦¥−¨¥¬ á®®â¢¥âáâ¢ãîé¨å ¬−®¦¥áâ¢ §�£®«®¢ª®¢
(¡ã¤¥¬ â�ª¦¥ −�§ë¢�âì ¨å ®¡ê¥ªâ�¬¨), â�ª ¨ ¯®¤¬−®¦¥áâ¢ ®¡à�§ãîé¨å.

�ã¤¥¬ £®¢®à¨âì, çâ® á«®¢® (� ¢ ¤�−−®¬ á«ãç�¥ | ¨ ¬−®¦¥áâ¢® ¡ãª¢1) w1 =
= 〈β11, β21, . . . , βp〉 ¢ à�áè¨à¥−−®¬ �«ä�¢¨â¥ U∗ ∪ {x} ¢ª«�¤ë¢�¥âáï ¢ á«®¢®
w2 = 〈β12, β22, . . . , βq〉 (¢ íâ®¬ ¦¥ �«ä�¢¨â¥) â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ®¤−®-
¢à¥¬¥−−®

(i) q ≥ p;

(ii) ¤«ï ª�¦¤®£® á®®â¢¥âáâ¢ãîé¥£®2 (−�å®¤ïé¥£®áï −� á®®â¢¥âáâ¢ãîé¥© ¯®-
§¨æ¨¨) §−�ç¥−¨ï βj1 ¨ βi2 ¨§ ¬−®¦¥áâ¢� {0, 1} ¢ ª�¦¤®¬ ¨§ íâ¨å á«®¢
βj1 = βi2 (â. ¥. ¨á¯®«ì§ã¥âáï ®¤¨− ¨ â®â ¦¥ á¨¬¢®« at ∈ U

∗);

(iii) ¤«ï á®®â¢¥âáâ¢ãîé¨å βj1 ¨ βi2 ¨§ w1 ¨ w2 ¥á«¨ βi2 á®¯®áâ�¢«ï¥âáï
§−�ç¥−¨î x, â® βj1 á®¯®áâ�¢«ï¥âáï ®¤−®¬ã ¨§ ¯®¤å®¤ïé¨å at ∈ U∗ (¤«ï
¯à¥¤áâ�¢«¥−¨ï §−�ç¥−¨© ¨§ ¬−®¦¥áâ¢� {0, 1}) «¨¡® ¯®¤å®¤ïé¥© ¯�à¥ ¢¨¤�
a0t, a1t (¤«ï ¯à¥¤áâ�¢«¥−¨ï §−�ç¥−¨ï x).

’¥¯¥àì ¯ãáâì
h = {a1, a2, . . . , ak} | §�£®«®¢®ª ¢ à�áè¨à¥−−®¬ �«ä�¢¨â¥ U∗ =

= {a01, a11, a02, a12, . . . , a0n, a1n};
K = {h1, h2, . . . , hm} | â�¡«¨æ� ª®¬¬ãâ�æ¨¨ (£¤¥ hi | ¥¥ áâà®ª¨, � i ∈

∈ {1, 2, . . . ,m}), ¯¥à¥ä®à¬ã«¨à®¢�−−�ï â�ª¦¥ ¢ �«ä�¢¨âU∗;
K∗ = {h1, h2, . . . , hM} | â�¡«¨æ� ª®¬¬ãâ�æ¨¨ K, à�áè¨à¥−−�ï ¤«ï ª�¦-

¤®£® §�£®«®¢ª� ¨§ ¬−®¦¥áâ¢� {h1, h2, . . . , hm}, á®¤¥à¦�é¥£® á®®â¢¥âáâ¢ãîéãî
âà¥âì¥¬ã §−�ç¥−¨î x ¨§ ¬−®¦¥áâ¢� {0, 1, x} ¢ ¯®§¨æ¨¨ −®¬¥à i ¯�àã {a0i, a1i},
¤®¯®«−¨â¥«ì−ë¬¨ §�£®«®¢ª�¬¨, ¯®à®¦¤�¥¬ë¬¨ ¯® ¢¢¥¤¥−−®¬ã ¢ëè¥ ¯à�¢¨«ã;

1Š�ª ã¦¥ ¡ë«® ¯®ª�§�−® à�−¥¥, −®¬¥à ¯®§¨æ¨¨ ª�¦¤®£® á¨¬¢®«� βj ¢ íâ®¬ á«®¢¥, � â�ª¦¥ ¢ë¡®à 0
¨«¨ 1 ¢ ª�ç¥áâ¢¥ §−�ç¥−¨ï βj ¬®¦¥â ¡ëâì §�ª®¤¨à®¢�− −®¬¥à®¬ á®®â¢¥âáâ¢ãîé¥© ®¡à�§ãîé¥© |
a0j ¨«¨ a1j . „«ï ª®¤¨à®¢ª¨ ¢ë¡®à� âà¥âì¥£® §−�ç¥−¨ï x ¨§ ¬−®¦¥áâ¢� {0, 1, x} ¢ ª�ç¥áâ¢¥
§−�ç¥−¨ï ¤«ï βj ¨á¯®«ì§ã¥¬ ®¤−®¢à¥¬¥−−® ¯�àã a0j , a1j .

2��¯®¬−¨¬, çâ® ¢ ª�¦¤®¬ ¨§ á«®¢ w1 ¨ w2 ¯à¨ ª®¤¨à®¢ª¥ á¨¬¢®«�¬¨ à�áè¨à¥−−®£® �«ä�¢¨â�
U

∗ ∪{x} ¨á¯®«ì§ãîâáï ®¡à�§ãîé¨¥ ¢¨¤� ars, ®âà�¦�îé¨¥ ¢ â®¬ ç¨á«¥ ¯®§¨æ¨¨ á®®â¢¥âáâ¢ãîé¨å
á¨¬¢®«®¢ ¨ ¢ á«®¢¥ ¬�ªá¨¬�«ì−®© ¤«¨−ë 2n.
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[b]K,U∗ | ®¯à¥¤¥«¥−−®¥ à�−¥¥ §�¬ëª�−¨¥ ƒ�«ã� (áä®à¬¨à®¢�−−®¥ á ãç¥â®¬
U∗ ª�ª ¨áå®¤−®£® �«ä�¢¨â� ¨ K = {h1, h2, . . . , hm} ª�ª ¨áå®¤−® §�¤�−−®£®
¬−®¦¥áâ¢� ®¡ê¥ªâ®¢) ¤«ï ¬−®¦¥áâ¢� b;
GC(H,U∗)| ¬−®¦¥áâ¢® ¢á¥å §�¬ëª�−¨© ƒ�«ã� (§�¤�−−ëå ¯® ¯à¥¤áâ�¢«¥−-

−®© ¢ëè¥ áå¥¬¥), ¯®à®¦¤¥−−ëå −� §�¤�−−®¬ ¬−®¦¥áâ¢¥ ®¡ê¥ªâ®¢ H, ¢ á¢®î
®ç¥à¥¤ì áä®à¬¨à®¢�−−ëå á ¯®¬®éìî ®¡à�§ãîé¨å ¨§ ¬−®¦¥áâ¢�U∗.

“â¢¥à¦¤¥−¨¥ 2. ‡�£®«®¢®ª h ¢ª«�¤ë¢�¥âáï ¢ ®¤−ã ¨§ áâà®ª ª®¬¬ãâ�æ¨®−−®©
â�¡«¨æë K (¨ ¯à¨ íâ®¬ â�ª¦¥ á®¤¥à¦¨âáï ¢ ¬−®¦¥áâ¢¥ GC(K∗,U∗) §�-
¬ëª�−¨© ƒ�«ã�, ¯®áâà®¥−−ëå −� à�áè¨à¥−−®© ª®¬¬ãâ�æ¨®−−®© â�¡«¨æ¥ K∗)
â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤�

k⋃

i=1

[{ai}]K,U∗ = [h]K,U∗ = [{a1, a2, . . . , ak}]K,U∗ =

[
k⋃

i=1

{ai}

]

K,U∗

=

= {a1, a2, . . . , ak} . (1)

„ ® ª � § � â ¥ « ì á â ¢ ® . �à¥¦¤¥ ¢á¥£® ¯à¥¤áâ�¢¨¬ ãá«®¢¨¥ ¤®ª�§ë¢�¥¬®£® ãâ¢¥à-
¦¤¥−¨ï ¢ ¡®«¥¥ ¯à®áâ®¬ ¢¨¤¥:

h ∈ GC(H,U∗) â®£¤� ¨ â®«ìª®, ª®£¤�

k⋃

i=1

[{ai}]K,U∗ = h . (2)

„�«¥¥ ãçâ¥¬, çâ® ä®à¬ã«� h ∈ GC(H,U∗) ¢ á®®â−®è¥−¨¨ (2) ¥áâì ãª�§�−¨¥ −�
â®, çâ® h| íâ® −¥¯®¤¢¨¦−�ï â®çª� §�¬ëª�−¨ï ƒ�«ã� [ ]K,U∗:

[h]K,U∗ = [{a1, a2, . . . , ak}]K,U∗ = {a1, a2, . . . , ak} .

Šà®¬¥ â®£®, ¯® ®¯à¥¤¥«¥−¨î §�¬ëª�−¨ï ƒ�«ã� [ ]K,U∗ ¤«ï ¢áïª®£® h0 ¨¬¥¥â ¬¥áâ®

h ⊆ [h]K,U∗ . (3)

’�ª¨¬ ®¡à�§®¬, ¢®§¬®¦−ë ¢á¥£® ¤¢� ¢�à¨�−â� ¤«ï [h]K,U∗:

h = {a1, a2, . . . , ak} =
k⋃

i=1

[{ai}]K,U∗ (4)

¨«¨

h = {a1, a2, . . . , ak} ⊂

k⋃

i=1

[{ai}]K,U∗ . (5)
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‚ á«ãç�¥ (5) ¢ ¬−®¦¥áâ¢¥
k⋃

i=1
[{ai}]K,U∗ ¯®¬¨¬® í«¥¬¥−â®¢ a1, a2, . . . , ak á®¤¥à-

¦¨âáï â�ª¦¥ −¥ª®â®àë© í«¥¬¥−â b0 ¨§U∗, â�ª®© çâ®

b0 6∈ h = {a1, a2, . . . , ak} , (6)

¯à¨ íâ®¬ å®âï ¡ë ®¤−® ¨§ ¬−®¦¥áâ¢ [{ai}]K,U∗ (i = 1, 2, . . . , k) â�ª¦¥ á®¤¥à¦¨â
íâ®â í«¥¬¥−â b0. �ãáâì íâ® ¡ã¤¥â −¥ª®â®à®¥ ¬−®¦¥áâ¢® [{a0}]K,U∗ . ’®£¤� ¯®
®¯à¥¤¥«¥−¨î §�¬ëª�−¨ï ƒ�«ã� [ ]K,U∗ ®¡à�§ãîé�ï a0 ¢å®¤¨â ¢ á®®â¢¥âáâ¢ãî-
é¨¥ ®¡ê¥ªâë ¨§ K â®«ìª® ¢ ¯�à¥ á ®¡à�§ãîé¥© b0. „àã£¨¬¨ á«®¢�¬¨, â�ª
ª�ª [{a1, a2, . . . , ak}]K,U∗ ¥áâì ¬−®¦¥áâ¢® ¢á¥å ®¡à�§ãîé¨å ¨§ U∗, ª®â®àë¥
®¤−®¢à¥¬¥−−® ¢å®¤ïâ ¢ á®®â¢¥âáâ¢ãîé¥¥ ¯®¤¬−®¦¥áâ¢®

Ka1,a2,...,ak
⊆ K , (7)

â® ª�¦¤ë© á®¤¥à¦�é¨© a0 ®¡ê¥ªâ h0 ¨§ íâ®£® ¯®¤¬−®¦¥áâ¢�Ka1,a2,...,ak
á®¤¥à¦¨â

â�ª¦¥ ¨ b0, â. ¥. ¢ íâ®¬ á«ãç�¥

({a1, a2, . . . , ak} ∪ {b0}) ⊆ [{a1, a2, . . . , ak}]K,U∗ , (8)

®âªã¤� á«¥¤ã¥â
{a1, a2, . . . , ak} ⊂ [{a1, a2, . . . , ak}]K,U∗ . (9)

’�ª¨¬ ®¡à�§®¬, ¢ íâ®¬ á«ãç�¥ h = {a1, a2, . . . , ak} −¥ ï¢«ï¥âáï −¥¯®¤¢¨¦−®©
â®çª®© §�¬ëª�−¨ï ƒ�«ã� [ ]K,U∗:

h 6∈ GC(H,U∗) . (10)

’¥¯¥àì ¨¬¥îâáï ¢ −�«¨ç¨¨ ¢á¥ −¥®¡å®¤¨¬ë¥ ¨−áâàã¬¥−âë, çâ®¡ë ¯®ª�§�âì á¯à�-
¢¥¤«¨¢®áâì ãâ¢¥à¦¤¥−¨ï (1), ¯¥à¥ä®à¬ã«¨à®¢�−−®£® ª ¢¨¤ã (2).

�¥®¡å®¤¨¬®áâì. �®«®¦¨¬, çâ® ¢ë¯®«−ï¥âáï ä®à¬ã«� h ∈ GC(H,U∗). ‚ íâ®¬
á«ãç�¥ ¢ë¯®«−ï¥âáï «¨èì ®¤−® ¨§ á®®â−®è¥−¨© (4) ¨«¨ (5) . �ãáâì íâ® ¡ã¤¥â (5),
−® â®£¤� ¯à®¤¢¨¦¥−¨¥ ¯® æ¥¯®çª¥ à�ááã¦¤¥−¨© (6){(10) ¯à¨¢®¤¨â ª ¯à®â¨¢®à¥ç¨î
á ¨áå®¤−ë¬ ¤®¯ãé¥−¨¥¬ ® â®¬, çâ® h ∈ GC(H,U∗). ’�ª¨¬ ®¡à�§®¬, ®áâ�¥âáï
«¨èì ¢�à¨�−â (4).

„®áâ�â®ç−®áâì. �®«®¦¨¬, çâ® ¢ë¯®«−¥−® á®®â−®è¥−¨¥

k⋃

i=1

[{ai}]K,U∗ = h . (11)

’®£¤�, ¯à¥¤¯®«®¦¨¢, çâ®
h 6∈ GC(H,U∗) , (12)
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¨ ¯à¨−¨¬�ï ¢® ¢−¨¬�−¨¥, çâ® ¢ë¯®«−¨¬®áâì (12) á¨£−�«¨§¨àã¥â ® −�«¨ç¨¨ áà¥¤¨
í«¥¬¥−â®¢ ¬−®¦¥áâ¢� a1, a2, . . . , ak â�ª®£® a0, çâ® ¥£® §�¬ëª�−¨¥ [{a0}]K,U∗

á®¤¥à¦¨â â�ª¦¥ −¥ª®â®àë© í«¥¬¥−â b0 â�ª®©, çâ® ¤«ï −¥£® ¢−®¢ì ¢ë¯®«−ï¥âáï
ãá«®¢¨¥ (6):

b0 6∈ h = {a1, a2, . . . , ak} .

„�«¥¥ ¯® á®®¡à�¦¥−¨ï¬, ãç¨âë¢�¢è¨¬áï à�−¥¥ ¢ æ¥¯®çª¥ à�ááã¦¤¥−¨© (6){(10),
−¥á«®¦−® ¯à¨©â¨ ª á®®â−®è¥−¨î:

(
k⋃

i=1

[{ai}]K,U∗

)
⊃ h ,

ª®â®à®¥ ¯à®â¨¢®à¥ç¨â ¨áå®¤−® á¤¥«�−−®¬ã ¤®¯ãé¥−¨î (11).
‚ §�ª«îç¥−¨¥ ®¡à�â¨¬ ¢−¨¬�−¨¥ −� −¥âà¨¢¨�«ì−ë© å�à�ªâ¥à á®®â−®è¥-

−¨ï (11), ¢ à�¬ª�å ª®â®à®£® −¥ âà¥¡ã¥âáï, çâ®¡ë ª�¦¤�ï ¨å ¢å®¤ïé¨å ¢ h
®¡à�§ãîé¨å á®®â¢¥âáâ¢®¢�«� ¡ë −¥¯®¤¢¨¦−®© â®çª¥ §�¬ëª�−¨ï ƒ�«ã� [ ]K,U∗.
’à¥¡ã¥âáï, çâ®¡ë ®¡ê¥¤¨−¥−¨¥ §�¬ëª�−¨© ¢á¥å ¢å®¤ïé¨å ¢ h ®¡à�§ãîé¨å
a1, a2, . . . , ak −¥ ¢ë¢®¤¨«® ¡ë à¥§ã«ìâ�â §� ¯à¥¤¥«ë ¬−®¦¥áâ¢� ®¡à�§ãîé¨å
{a1, a2, . . . , ak} = h.

�à¨¬¥à. �®«®¦¨¬U∗ = {a1, a2, a3, a4, a5, a6, a7}, �K = {h1, h2, h3, h4}, £¤¥

h1 = {a1, a2, a4} ;

h2 = {a1, a2, a5} ;

h3 = {a1, a3, a6} ;

h4 = {a1, a3, a7} .

�¥á«®¦−® ã¡¥¤¨âìáï, çâ®

[{a1}]K,U∗ = {a1} ;

[{a2}]K,U∗ = {a1, a2} ⊃ {a2} ;

[{a3}]K,U∗ = {a1, a3} ⊃ {a3} ;

â¥¬ −¥ ¬¥−¥¥,

h1 = [{a1, a2, a4}]K,U∗ = [{a4}]K,U∗ = {a1, a2, a4} ⊃ {a4} ;

h2 = [{a1, a2, a5}]K,U∗ = [{a5}]K,U∗ = {a1, a2, a5} ⊃ {a5} ;

h3 = [{a1, a3, a6}]K,U∗ = [{a6}]K,U∗ = {a1, a3, a5} ⊃ {a6} ;

h4 = [{a1, a3, a7}]K,U∗ = [{a7}]K,U∗ = {a1, a3, a7} ⊃ {a7} .

’�ª¨¬ ®¡à�§®¬, ¤«ï ¯à®¢¥àª¨ ¯à¨áãâáâ¢¨ï §�£®«®¢ª� h ¢ ª®¬¬ãâ�æ¨®−−®©
â�¡«¨æ¥ K á«¥¤ã¥â ã¡¥¤¨âìáï, çâ® h ¥áâì −¥¯®¤¢¨¦−�ï â®çª� á®®â¢¥âáâ¢ãîé¥£®
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§�¬ëª�−¨ï ƒ�«ã� [ ]K,U∗, â. ¥. [h]K,U∗ = [{a1, a2, . . . , ak}]K,U∗ = [h]K,U∗ =
= {a1, a2, . . . , ak}. �à¨ íâ®¬ �«£®à¨â¬¨ç¥áª¨ íâ® ¬®¦−® á¤¥«�âì, ¯à®¢¥à¨¢,
−�¯à¨¬¥à, ¢ë¯®«−¥−¨¥ ãá«®¢¨ï:

{a1, a2, . . . , ak} =

k⋃

i=1

[{ai}]K,U∗ . (13)

‡�¬¥ç�−¨¥ 1. ‘®®â−®è¥−¨¥ (13) ¯à¨ ¤¨�£−®áâ¨ª¥ ¢áâà¥ç�¥¬®áâ¨ ¯®¯�¤�îé¨å −�
¢å®¤ §�£®«®¢ª®¢ h ¢ ª®¬¬ãâ�æ¨®−−®© â�¡«¨æ¥K ¯®§¢®«ï¥â:

{ ®¤¨− à�§ à�ááç¨â�âì −¥®¡å®¤¨¬ë¥ §−�ç¥−¨ï ¤«ï §�¬ëª�−¨© (¢ á¬ëá«¥ â¥ªãé¥£®
á®áâ®ï−¨ï ª®¬¬ãâ�æ¨®−−®© â�¡«¨æëK) ¢á¥å í«¥¬¥−â®¢ �«ä�¢¨â�U∗;

{ ¨á¯®«ì§®¢�âì íâ¨ à�áç¥âë ¬−®£®ªà�â−® (¢ á«ãç�¥ ®âáãâáâ¢¨ï ¨§¬¥−¥−¨© ¢ â�¡-
«¨æ¥ K) ¤«ï ¤¨�£−®áâ¨ª¨ ¢áâà¥ç�¥¬®áâ¨ ¢ −¥© §�£®«®¢ª®¢ ¢−®¢ì ¯à¨å®¤ïé¨å
−� ¢å®¤ ¯�ª¥â®¢.

‡�¬¥ç�−¨¥ 2. ‘®®â−®è¥−¨¥ (13) ¯àï¬® −¥ §�¢¨á¨â ®â ¯�à�¬¥âà� m | ç¨á«�
áâà®ª ¢ â�¡«¨æ¥ ª®¬¬ãâ�æ¨¨ K, çâ® ¯®§¢®«ï¥â ¯à®¢®¤¨âì (¯®á«¥ ®¤−®ªà�â−®£®
¢ëç¨á«¥−¨ï §�¬ëª�−¨© ¤«ï í«¥¬¥−â®¢ ¬−®¦¥áâ¢�U∗) ¤¨�£−®áâ¨ªã ¢áâà¥ç�¥¬®áâ¨
¢−®¢ì ¯®¯�¤�îé¨å −� ¢å®¤ §�£®«®¢ª®¢ h §� −¥ §�¢¨áïé¥¥ ®â à�§¬¥à®¢ â�¡«¨æëK
¢à¥¬ï T = const(m).

�à¨ íâ®¬ à�§¬¥à (ç¨á«® áâà®ª) â�¡«¨æë K áãé¥áâ¢¥− «¨èì ¯à¨ ¢ëç¨á«¥−¨¨
§�¬ëª�−¨© ®¡à�§ãîé¨å ¨§ ¬−®¦¥áâ¢� U∗ á ãç¥â®¬ ®¡ê¥ªâ®¢ ¨§ ¬−®¦¥áâ¢� K =
= {h1, h2, . . . , hm}, ¢ ª®â®àë¥ íâ¨ ®¡à�§ãîé¨¥ ¢å®¤ïâ.

4 Задача о вложимости слов и алгоритм ее решения

’¥¯¥àì ®¡à�â¨¬áï á®¡áâ¢¥−−® ª §�¤�ç¥ ® ¯à®¢¥àª¥ ¢«®¦¨¬®áâ¨ §�¤�−−®£®
−�¡®à� á«®¢ ¢ â¥ªãé¥¥ á«®¢® (−�¯à¨¬¥à, ¢ §�£®«®¢®ª ¯�ª¥â�, ¯®áâã¯�îé¥£® −�
¢å®¤ á¥â¥¢®£® ãáâà®©áâ¢�). �ãáâì P = {p1,p2, . . . ,pr} | −¥ª®â®à®¥ ¬−®¦¥áâ¢®
á«®¢ ¢¨¤� pi = 〈α1i, α2i, . . . , αk(i)〉, ª�¦¤®¥ á®®â¢¥âáâ¢ãîé¥© ¤«¨−ë k(i) < n,
¯®áâà®¥−−ëå «¨èì á ¯®¬®éìî á¨¬¢®«®¢ 0 ¨ 1.

�®à¬�«¨§®¢�−−ë¬ ¢¨¤®¬ ª�¦¤®£® pi −�§®¢¥¬ ¥£® à�áè¨à¥−¨¥ pi ¢ �«ä�¢¨-
â¥U∗ ¤® á«®¢� ¤«¨−ë l = k(i)+2(n−k(i)) = 2n−k(i), ¢ ª®â®à®¬ ®áâ�¢è¨¥áï ¤®
úáâ�−¤�àâ−®£®û à�§¬¥à� §�£®«®¢ª®¢ h (ú−¥§�−ïâë¥û) ¯®§¨æ¨¨ á¯¥à¢� ¤®¯®«−¥−ë
§−�ç¥−¨ï¬¨ x, ª�¦¤®¥ ¨§ ª®â®àëå ¤�«¥¥ (¢ −®à¬�«¨§®¢�−−®© §�¯¨á¨ ¤«ï ª�¦¤£®
á«®¢� pi) §�¬¥−¥−® −� á®®â¢¥âáâ¢ãîéãî ¯�àã á¨¬¢®«®¢ ¢¨¤� {a0i, a1i} ¨§ U∗.
’�ª¨¬ ®¡à�§®¬ ¬−®¦¥áâ¢® á«®¢ P ¯à¥®¡à�§ã¥âáï ¢ −®à¬�«¨§®¢�−−®¥ ¬−®¦¥áâ¢®
á«®¢ P = {p1,p2, . . . ,pr} ¢ �«ä�¢¨â¥U∗.

�®áâà®¨¬ ¯® P = {p1,p2, . . . ,pr} á ¯à¨¬¥−¥−¨¥¬ ãáâ�−®¢«¥−−®£® ¢ëè¥
¯à�¢¨«� à�áè¨à¥−−®¥ ¬−®¦¥áâ¢® P∗ = {p1,p2, . . . ,pR}.
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“â¢¥à¦¤¥−¨¥ 3. Œ−®¦¥áâ¢® P∗ ¯® ¬−®¦¥áâ¢ã P áâà®¨âáï ¯®«¨−®¬¨�«ì−®
¡ëáâà®. �â® ®ç¥¢¨¤−®¥ á«¥¤áâ¢¨¥ ãâ¢¥à¦¤¥−¨ï 1.

“â¢¥à¦¤¥−¨¥ 4. „«ï ª�¦¤®£® ¨áå®¤−® §�¤�−−®£® á«®¢� pi = 〈α1i, α2i, . . . , αk(i)〉
¨§ ¬−®¦¥áâ¢� P = {p1,p2, . . . ,pr} ¢ ¬−®¦¥áâ¢¥ ¢á¥å §�¬ëª�−¨© ƒ�«ã�
GC(P∗,U∗), ¯®áâà®¥−−ëå −� ®¡ê¥ªâ�å ¨§ P∗ = {p1,p2, . . . ,pR} −�©¤ãâ-
áï ¢á¥ ¥£® ¢®§¬®¦−ë¥ ú¤®¯®«−¥−¨ïû (¢ á¬ëá«¥ à�ááâ�−®¢ª¨ 0 ¨ 1 ¢ ú−¥§�−ïâë¥û
á¨¬¢®«�¬¨ α1i, α2i, . . . , αk(i) ¯®§¨æ¨¨ ú®¡ê¥¬«îé¥£®û á«®¢® pi ¡ã«¥¢áª®£® ¢¥ª-

â®à� ¤«¨−ë n).

„ ® ª � § � â ¥ « ì á â ¢ ® . ‚ë¡¥à¥¬ ¨§ ¬−®¦¥áâ¢� P = {p1,p2, . . . ,pr} ¯à®¨§¢®«ì-
−ë© í«¥¬¥−â p0. „«ï ª�¦¤®£® ¤®¯®«−ïîé¥£® p0 ¤® úª�−®−¨ç¥áª®©û ¤«¨−ë n
§−�ç¥−¨ï x ¢ ¯®§¨æ¨¨ i0 ¢®á¯®«ì§ã¥¬áï ®¡ê¥ªâ�¬¨ p0 ¨ pi0

0 , � â�ª¦¥ ®¡ê¥ªâ�¬¨ p0
¨ pi1
0 (á¬. â�¡«¨æã), çâ®¡ë ¯®«ãç¨âì á ¨å ¯®¬®éìî ®¡� ú¯à®¤®«¦¥−¨ïû á«®¢� p0,

¨¬¥îé¨å á®®â¢¥âáâ¢¥−−® 0 ¨ 1 ¢ ¯®§¨æ¨¨ i0. �à®¤¥«�¢ íâã ®¯¥à�æ¨î ¤«ï ª�¦¤®©
¨§ á®®â¢¥âáâ¢ãîé¨å x-¯®§¨æ¨© (ú¢®ªàã£û ¨áå®¤−ëå ®¡à�§ãîé¨å á«®¢� p0) ¨
¢®á¯®«ì§®¢�¢è¨áì ¯®«ãç¥−−ë¬¨ ú¯®ª®®à¤¨−�â−ë¬¨û §�¬¥−�¬¨ §−�ç¥−¨© x −� 0
¨ 1 ¤«ï ã¤�«¥−¨ï ¢á¥å ¨¬¥¢è¨åáï x-§−�ç¥−¨© ¨§ á®®â¢¥âáâ¢ãîé¨å à�áè¨à¥−¨©
á«®¢� p0 ¤® ¡ã«¥¢áª®£® ¢¥ªâ®à� ¤«¨−ë n, ¯®«ãç�¥¬ (ã¦¥ ¢ à�¬ª�å ¬−®¦¥áâ¢�
GC(P∗,U∗)) ª�¦¤®¥ ¨§ ¨áª®¬ëå à�áè¨à¥−¨©.

’¥¯¥àì ¤«ï ¯à®¢¥àª¨ ¢«®¦¨¬®áâ¨ á«®¢ ¨§ §�¤�−−®£® ¬−®¦¥áâ¢� P =
= {p1,p2, . . . ,pr} ¢ §�¤�−−ë© ¡ã«¥¢áª¨© ¢¥ªâ®à h = 〈α1, α2, . . . , αn〉 ¤«¨−ë n
¤®áâ�â®ç−® (á«¥¤ãï “â¢¥à¦¤¥−¨î 2) à¥�«¨§®¢�âì á«¥¤ãîé¨© �«£®à¨â¬:

(1) ¯®áâà®¨âì −� ®¡ê¥ªâ�å ¬−®¦¥áâ¢� P∗ §�¬ëª�−¨ï ƒ�«ã� ¤«ï ª�¦¤®© ¨§
®¡à�§ãîé¨å ¨§ ¬−®¦¥áâ¢�U∗;

(2) ¯¥à¥ª®¤¨à®¢�âìh ¢ �«ä�¢¨âU∗ ¯® ã¦¥ ®¡áã¦¤�¢è¨¬áï ¯à�¢¨«�¬ (¯à¥¢à�â¨¢
¥£® ¢ á®®â¢¥âáâ¢ãîé¥¥ ¬−®¦¥áâ¢® ®¡à�§ãîé¨å ¨§U∗);

(3) ¯à®¢¥à¨âì ¢ë¯®«−¥−¨¥ ãá«®¢¨ï (13) ª�ª á«¥¤áâ¢¨ï ãâ¢¥à¦¤¥−¨ï 2;

(4) ¢ë¤¥«¨âì (¨¤¥−â¨ä¨æ¨à®¢�¢ ¢«®¦¨¬®áâì ¬−®¦¥áâ¢� h, ¯®à®¦¤¥−−®£® ¯® h

¯¥à¥ª®¤¨à®¢ª®© ¢ �«ä�¢¨â U∗, ¢ á®®â¢¥âáâ¢ãîé¨¥ áâà®ª¨ â�¡«¨æë P∗)
¢ª«�¤ë¢�îé¨¥áï ¢ h á«®¢� ¨§ ¬−®¦¥áâ¢� P.

�à¨ íâ®¬ (−� ®á−®¢�−¨¨ ‡�¬¥ç�−¨© 1 ¨ 2) ¯à®æ¥¤ãà� ¯®¨áª� ®â¢¥â� −� ¯®-
áâ�¢«¥−−ë© ¢®¯à®á ® ¢«®¦¨¬®áâ¨ ¯®¤á«®¢ ¨§ ¬−®¦¥áâ¢� P ¢ â¥ªãé¥¥ á«®¢®
(§�£®«®¢®ª) h ¯®á«¥ ®¤−®ªà�â−®£® ¯®à®¦¤¥−¨ï á®®â¢¥âáâ¢ãîé¨å §�¬ëª�−¨© ƒ�«ã�
−� ¢á¥å ®¡à�§ãîé¨å ¨§ ¬−®¦¥áâ¢�U∗ ¬®¦¥â ¨á¯®«−ïâìáï §� ¢à¥¬ï, −¥ §�¢¨áïé¥¥
®â à�§¬¥à®¢ ¬−®¦¥áâ¢� P.

5 Заключение

’�ª¨¬ ®¡à�§®¬, ¯à¨ ¨á¯®«ì§®¢�−¨¨ �Š‘-â¥å−®«®£¨© ¨¬¥¥âáï ¢®§¬®¦−®áâì,
¢ë−®áï ¢ëç¨á«¥−¨ï á®®â¢¥âáâ¢ãîé¨å §�¬ëª�−¨© ƒ�«ã� −� ¢−¥è−¨© �Š‘-ª®−â-
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Œ. ˆ. ‡�¡¥¦�©«®

à®««¥à, � â�ª¦¥ ¨á¯®«ì§ãï ’‘�Œ (Ternary Content Addressible Memory) ¤«ï
¯à®¢¥àª¨ ãá«®¢¨ï (13) ª�ª á«¥¤áâ¢¨ï ãâ¢¥à¦¤¥−¨ï 2 (¯®§¢®«ïîé¥£® ã¡¥¤¨âì-
áï, çâ® ¢ë ¤¥©áâ¢¨â¥«ì−® ¨¬¥¥â¥ ¤¥«® á á®®â¢¥âáâ¢ãîé¥© −¥¯®¤¢¨¦−®© â®çª®©
¯®áâà®¥−−®£® §�¬ëª�−¨ï ƒ�«ã�), ®¯à¥¤¥«¥−−ë¬ ®¡à�§®¬ á®ªà�â¨âì ¢à¥¬ï ®¡à�-
¡®âª¨ ¢å®¤−ëå á®®¡é¥−¨© −� ¨á¯®«ì§ã¥¬ëå á¥â¥¢ëå ãáâà®©áâ¢�å. �¯à¥¤¥«¥−−ë¥
®á−®¢�−¨ï ®¦¨¤�âì ãáª®à¥−¨ï à�¡®âë á¥â¨ ¢ à�¬ª�å ¯à¥¤«�£�¥¬®£® ¯®¤å®¤�
¤�¥â ®¤−®ªà�â−®¥ (¯à¨ ä¨ªá¨à®¢�−−®© áâàãªâãà¥ ¨á¯®«ì§ã¥¬®© â�¡«¨æë ª®¬-
¬ãâ�æ¨¨) ¯®áâà®¥−¨¥ GC-ú¡�§¨á�û | ¬−®¦¥áâ¢� §�¬ëª�−¨© ®¤−®í«¥¬¥−â−ëå
¯®¤¬−®¦¥áâ¢ ®¡à�§ãîé¨å ¨§ �«ä�¢¨â� U∗, ¬−®£®ªà�â−® ¨á¯®«ì§ã¥¬®£® §�â¥¬
¤«ï ú¤¨�£−®áâ¨ª¨û §�£®«®¢ª®¢ ¢−®¢ì ¯à¨å®¤ïé¨å ¢å®¤−ëå ¯�ª¥â®¢ á®®¡é¥−¨©.
��ª®−¥æ, ¨¬¥îé¨¥áï §¤¥áì â�ª¦¥ ¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�âì −� á®®â¢¥âáâ¢ãîé¥¬
�Š‘-ª®−âà®««¥à¥ ¯�à�««¥«ì−ë¥ ¢ëç¨á«¥−¨ï (¢ ç�áâ−®áâ¨, ¯à¨ �−�«¨§¥ ®â−¥á¥-
−¨ï ¢å®¤−ëå ¯�ª¥â®¢ ª à�§−ë¬ ¯®àâ�¬ ª®¬¬ãâ�â®à� ¨«¨ ¦¥ ¯à¨ ¢ëç¨á«¥−¨¨
§�¬ëª�−¨© ƒ�«ã� ¤«ï ª�¦¤®£® ¨§ í«¥¬¥−â®¢ ¬−®¦¥áâ¢� ®¡à�§ãîé¨å U∗) ¯®§¢®-
«ïîâ −�¤¥ïâìáï −� ®¯à¥¤¥«¥−−®¥ ¤®¯®«−¨â¥«ì−®¥ ãáª®à¥−¨¥ ¯à®æ¥áá� ®¡à�¡®âª¨
á®®¡é¥−¨© ¢ ª®¬¯ìîâ¥à−ëå á¥âïå −� ¡�§¥ �Š‘-â¥å−®«®£¨©.
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ОСОБЕННОСТИ РЕАЛИЗАЦИИ АНАЛИЗАТОРА СЕТЕВОГО
ТРАФИКА С ЦЕЛЬЮ ОБНАРУЖЕНИЯ ВРЕДОНОСНОГО

ИСПОЛНИМОГО КОДА НА РЕКОНФИГУРИРУЕМОМ
ВЫЧИСЛИТЕЛЕ

М. Н. Самойлов1, Д. Ю. Гамаюнов2, С. О. Беззубцев3, М. А. Булгаков4

�−−®â�æ¨ï: ÷�áá¬®âà¥− ®¤¨− ¨§ ¬¥â®¤®¢ ã«ãçè¥−¨ï áãé¥áâ¢ãîé¥£® �«£®-
à¨â¬� ä¨«ìâà�æ¨¨ ¢à¥¤®−®á−®£® á¥â¥¢®£® âà�ä¨ª� ¤«ï ¨á¯®«ì§®¢�−¨ï −� ¢ë-
á®ª®áª®à®áâ−ëå ª�−�«�å ¯¥à¥¤�ç¨ ¤�−−ëå. �«£®à¨â¬ Racewalk ¨á¯®«ì§ã¥âáï
ª�ª ¡�§®¢ë©. ƒ«�¢−�ï ¨¤¥ï ã«ãçè¥−¨ï á®áâ®¨â ¢ ¯¥à¥−®á¥ ç�áâ¨ ¢ëç¨á«¥−¨©
−� á¯¥æ¨�«¨§¨à®¢�−−®¥ ãáâà®©áâ¢®. �à¨¢¥¤¥−ë à¥§ã«ìâ�âë íªá¯¥à¨¬¥−â�«ì-
−®£® â¥áâ¨à®¢�−¨ï −� ®¡®àã¤®¢�−¨¨ á FPGA (field-programmable gate array |
¯à£à�¬¬¨àã¥¬�ï ¯®«ì§®¢�â¥«¥¬ ¢¥−â¨«ì−�ï ¬�âà¨æ�) Virtex 6 ¤«ï ª�−�«� á
¯à®¯ãáª−®© á¯®á®¡−®áâìî 1 ƒ¡¨â/á, ª®â®àë¥ ¤�îâ ®á−®¢�−¨¥ ¯®«�£�âì, çâ®
¤�−−ë© ¬¥â®¤ ¬®¦−® ¯à¨¬¥−ïâì ¤«ï ¡®«¥¥ áª®à®áâ−ëå ¨−â¥àä¥©á®¢.

Š«îç¥¢ë¥ á«®¢�: Racewalk; ä¨«ìâà�æ¨ï âà�ä¨ª�; �‹ˆ‘; è¥««ª®¤ë;
á¥â¥¢®© âà�ä¨ª

1 Введение

�¡¥á¯¥ç¥−¨¥ ¡¥§®¯�á−®áâ¨ á¥â¥¢®£® ®¡¬¥−� | ®¤−� ¨§ §�¤�ç, ¢®§−¨ª�îé¨å
¢ à�¬ª�å á«®¦−ëå (¢ â®¬ ç¨á«¥ ¨ á¥â¥¢ëå) ¢ëç¨á«¨â¥«ì−ëå ª®¬¯«¥ªá®¢, �
â�ª¦¥ ¢ á¥â¨ ˆ−â¥à−¥â. „«ï ¥¥ à¥è¥−¨ï ¯à¨¬¥−ï¥âáï ä¨«ìâà�æ¨ï ¨ ®âá¥ç¥−¨¥
¢à¥¤®−®á−®£® á¥â¥¢®£® âà�ä¨ª�.

Š ®¤−®¬ã ¨§ ¢¨¤®¢ ¢à¥¤®−®á−®£® âà�ä¨ª� ®â−®áïâáï â�ª −�§ë¢�¥¬ë¥ è¥««ª®-
¤ë (shellcodes) [1]. ˜¥««ª®¤ | íâ® ¯®á«¥¤®¢�â¥«ì−®áâì ¨á¯®«−¨¬®£® ¬�è¨−−®£®
ª®¤�, íªá¯«ã�â¨àãîé�ï ãï§¢¨¬®áâì ¯¥à¥¯®«−¥−¨ï ¡ãä¥à� à¥á¨¢¥à� ¯à®£à�¬¬ë,
à¥�«¨§ãîé¥© á¥â¥¢®© á¥à¢¨á, á æ¥«ìî −�àãè¥−¨ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨, æ¥«®áâ-
−®áâ¨ ¨«¨ ¤®áâã¯−®áâ¨ á¥à¢¨á� ¨«¨ ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬ë.

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, samoylov@lvk.cs.msu.su

2Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, gamajun@cs.msu.su

3ˆ−áâ¨âãâ â®ç−®© ¬¥å�−¨ª¨ ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨¬. ‘. �. ‹¥¡¥¤¥¢� ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, stas.bezzubtsev@gmail.com

4Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®©
¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨, bulgakov@lvk.cs.msu.su
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Œ. �. ‘�¬®©«®¢, „. ā. ƒ�¬�î−®¢, ‘. �. �¥§§ã¡æ¥¢, Œ. �. �ã«£�ª®¢

�à¨¬¥−ï¥¬ë¥ ¬¥â®¤ë ä¨«ìâà�æ¨¨ è¥««ª®¤®¢ á«®¦−ë ¢ ¢ëç¨á«¨â¥«ì−®¬, �
−¥ª®â®àë¥ ¨ ¢ ¯à®áâà�−áâ¢¥−−®¬, ¯«�−¥ (á¬., −�¯à¨¬¥à, [2, 3]). �¡−�àã¦¥−¨¥
è¥««ª®¤®¢ ¤«ï á¥â¥¢ëå ª�−�«®¢ á ¯à®¯ãáª−®© á¯®á®¡−®áâìî ¡®«¥¥ 1 ƒ¡¨â/á á ¨á-
¯®«ì§®¢�−¨¥¬ ¢ëç¨á«¨â¥«¥© ®¡é¥£® −�§−�ç¥−¨ï [4, 5] §�âàã¤−¥−® ¨«¨ −¥¢®§¬®¦−®
¢ á¨«ã ®á®¡¥−−®áâ¥© ®à£�−¨§�æ¨¨ ¢−ãâà¥−−¨å è¨− ¨ ¨å ¯à®¯ãáª−ëå ¢®§¬®¦−®-
áâ¥©, ®á®¡¥−−®áâ¥© ®à£�−¨§�æ¨¨ ¤®áâã¯� ¯à®æ¥áá®à®¢ ª ®¯¥à�â¨¢−®© ¯�¬ïâ¨, �
â�ª¦¥ á®¯ãâáâ¢ãîé¨å −�ª«�¤−ëå à�áå®¤®¢, á¢ï§�−−ëå á à�¡®â®© ®¯¥à�æ¨®−−®©
á¨áâ¥¬ë (�‘) ¨ ®à£�−¨§�æ¨¥© ¢¢®¤�{¢ë¢®¤�.

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï ®¤¨− ¨§ ¬¥â®¤®¢ à¥è¥−¨ï §�¤�ç¨ ®¡−�àã¦¥-
−¨ï è¥««ª®¤®¢ ¨ ä¨«ìâà�æ¨¨ á¥â¥¢®£® âà�ä¨ª� ¨ ¥£® à¥�«¨§�æ¨ï −� ¯à®£à�¬¬¨àã-
¥¬ëå «®£¨ç¥áª¨å ¨−â¥£à�«ì−ëå áå¥¬�å (�‹ˆ‘) Xilinx Virtex-6. ÷�§à�¡®â�−−ë©
ä¨«ìâà ¬®¦¥â ¡ëâì ¯à¨á¯®á®¡«¥− ¤«ï ä¨«ìâà�æ¨¨ ¢à¥¤®−®á−ëå ¨á¯®«−ï¥¬ëå ¯®-
á«¥¤®¢�â¥«ì−®áâ¥© ¢ â�ª¨å ¯à®æ¥áá®à−ëå �àå¨â¥ªâãà�å, ª�ª IA-64, MIPS, ARM,
SPARC, JVM, çâ® ¯®§¢®«¨â à¥�«¨§®¢�âì ä¨«ìâà�æ¨î ¢à¥¤®−®á−®£® âà�ä¨ª� ¤«ï
¬®¡¨«ì−ëå ãáâà®©áâ¢ ®¯¥à�â®à�¬¨ ¬®¡¨«ì−®© á¢ï§¨.

2 Фильтрация сетевого трафика

�à¨ à¥�«¨§�æ¨¨ ä¨«ìâà� á¥â¥¢®£® âà�ä¨ª� −� ¡�§¥ í«¥ªâà®−−®© ¢ëç¨á«¨-
â¥«ì−®© ¬�è¨−ë (�‚Œ) ®¡é¥£® −�§−�ç¥−¨ï ¢®§−¨ª�îâ á«¥¤ãîé¨¥ ¯à®¡«¥¬ë:

1. �à¨¥¬ ¨ ¯¥à¥¤�ç� á¥â¥¢®£® âà�ä¨ª� −� �‚Œ à¥�«¨§ã¥âáï ¯¥à¨ä¥à¨©−ë¬¨
ãáâà®©áâ¢�¬¨ ¢¢®¤�{¢ë¢®¤�. �¡á«ã¦¨¢�−¨¥ ¯¥à¨ä¥à¨©−®£® ãáâà®©áâ¢� á®
áâ®à®−ë �‘ á¢®¤¨âáï ª ¯¥à¥¤�ç¥ ¤�−−ëå ¨§ ¡ãä¥à� à¥á¨¢¥à� á¥â¥¢®£®
ãáâà®©áâ¢� ¢ ®¯¥à�â¨¢−ãî ¯�¬ïâì �‚Œ, ®à£�−¨§�æ¨¨ ¤®áâã¯� ª ¤�−−ë¬
¨§ ¯à¨ª«�¤−®© ¯à®£à�¬¬ë �−�«¨§�â®à�, �−�«¨§ã ¯®«ãç¥−−ëå ¤�−−ëå, �
â�ª¦¥ ª á¢ï§�−−ë¬ á íâ¨¬ ®¯¥à�æ¨ï¬ �‘ ¯® ¯«�−¨à®¢�−¨î ¯à®æ¥áá®¢ ¨
¯¥à¥ª«îç¥−¨î ¬¥¦¤ã −¨¬¨, ®¡à�¡®âª¥ ¤�−−ëå.

2. ‚ëç¨á«¨â¥«¨ ®¡é¥£® −�§−�ç¥−¨ï ¦¥áâª® ¯à¨¢ï§�−ë ª ®¯à¥¤¥«¥−−®¬ã (¯ãáâì
¨ ¯®«−®¬ã á â®çª¨ §à¥−¨ï ¢ëç¨á«¥−¨©) −�¡®àã ª®¬�−¤, ª®â®àë© ä¨§¨ç¥áª¨ −¥
¬®¦¥â ¯à¥¤®áâ�¢¨âì ª®¬�−¤ë ¤«ï íää¥ªâ¨¢−®© à¥�«¨§�æ¨¨ á¯¥æ¨ä¨ç¥áª®©
®¡à�¡®âª¨ ¤�−−ëå ¢ ¯à¨ª«�¤−ëå ¯à®£à�¬¬�å (−�¯à¨¬¥à, ¯®¤áç¥â ª®−âà®«ì-
−®© áã¬¬ë §� ®¤−ã ®¯¥à�æ¨î ¯à®æ¥áá®à�). �¥ ¬¥−¥¥ áãé¥áâ¢¥−−ë¬¨ ®£à�−¨-
ç¥−¨ï¬¨ á«ã¦�â ¦¥áâª�ï áâàãªâãà� ¨ −¥¡®«ìè®© ®¡ê¥¬ ¢áâà®¥−−®© ¯�¬ïâ¨
(à¥£¨áâà®¢) ¯à®æ¥áá®à®¢ ®¡é¥£® −�§−�ç¥−¨ï. „�−−�ï ®á®¡¥−−®áâì −¥ ¯®§¢®-
«ï¥â íää¥ªâ¨¢−® à¥�«¨§®¢�âì ®¡à�¡®âªã ¯®â®ª®¢ëå ¤�−−ëå ¨§-§� ¢ëá®ª®£®
¯à®æ¥−â� ª¥è-¯à®¬�å®¢, ¯à¨¢®¤ïé¨å ª ¯�¤¥−¨î ä�ªâ¨ç¥áª®© íää¥ªâ¨¢−®©
¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à®æ¥áá®à� ¤® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ®¯¥à�â¨¢−®© ¯�¬ïâ¨.

ˆ§ ¢ëè¥¨§«®¦¥−−®£® ¬®¦−® §�ª«îç¨âì, çâ® ¥áâ¥áâ¢¥−−®¥ ¦¥«�−¨¥ à¥�«¨§®-
¢�âì �−�«¨§ á¥â¥¢®£® âà�ä¨ª� ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨ −� áª®à®áâ¨ ª�−�«�
âàã¤−® à¥�«¨§ã¥¬® −� �àå¨â¥ªâãà�å �‚Œ ®¡é¥£® −�§−�ç¥−¨ï ¯® ¯à¨ç¨−¥ ¢ëá®-
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�á®¡¥−−®áâ¨ à¥�«¨§�æ¨¨ �−�«¨§�â®à� á¥â¥¢®£® âà�ä¨ª�

ª¨å −�ª«�¤−ëå à�áå®¤®¢ ¨ −¥¤¥â¥à¬¨−¨§¬� ¯®¢¥¤¥−¨ï ¯à®£à�¬¬−®-�¯¯�à�â−®£®
ª®¬¯«¥ªá�, ª®¬¯®−¥−â®¢ �‘.

�¥«ì§ï −¥ ®â¬¥â¨âì, çâ® á¨áâ¥¬ë −� ¡�§¥ ¢ëç¨á«¨â¥«¥© ®¡é¥£® −�§−�ç¥−¨ï
§�−¨¬�îâ ä¨§¨ç¥áª¨ ¡®«ìè¥ ¬¥áâ�, � ¨å í−¥à£®¯®âà¥¡«¥−¨¥, ª�ª ¯à�¢¨«®, ¢ à�§ë
¢ëè¥, ç¥¬ ã ¢áâà®¥−−ëå á¨áâ¥¬, ®à¨¥−â¨à®¢�−−ëå −� à¥è¥−¨¥ ª®−ªà¥â−®© §�¤�ç¨
¨ ¯®ª�§ë¢�îé¨å å�à�ªâ¥à¨áâ¨ª¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à¨ ¨å à¥è¥−¨¨ −¥ −¨¦¥,
ç¥¬ �‚Œ.

3 Обзор

’¨¯¨ç−ë© è¥««ª®¤ à¥�«¨§ã¥â �â�ªã −� ãï§¢¨¬®áâì ¯�¬ïâ¨ ¢ −¥ª®â®à®¬ ¯à¨-
«®¦¥−¨¨, −�¯à¨¬¥à �â�ªã −� ¯¥à¥¯®«−¥−¨¥ áâ¥ª�, ªãç¨, ¨, ª�ª á«¥¤áâ¢¨¥, ¨¬¥¥â
¢¯®«−¥ ®¯à¥¤¥«¥−−ãî áâàãªâãàã, ¯à¥¤®¯à¥¤¥«¥−−ãî â¨¯®¬ ¨á¯®«ì§ã¥¬®© ãï§¢¨-
¬®áâ¨. ‘®¢à¥¬¥−−ë¥ �‘ á®¤¥à¦�â á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¬¥å�−¨§¬ë §�é¨âë ®â
�â�ª −� ¯¥à¥¯®«−¥−¨¥ ¡ãä¥à�, â�ª¨¥ ª�ª ASLR (address space layout random-
ization), §�¯à¥â ¨á¯®«−¥−¨ï áâ¥ª�, à�−¤®¬¨§�æ¨ï �¤à¥á®¢ äã−ªæ¨© ¡¨¡«¨®â¥ª.
‚ á¨«ã íâ®£® ¤«ï ª®−ªà¥â−®© ãï§¢¨¬®áâ¨ ç�é¥ ¢á¥£® −¥«ì§ï â®ç−® ¯à¥¤áª�§�âì
�¤à¥á, ¯® ª®â®à®¬ã ¡ã¤¥â §�£àã¦¥−® â¥«® è¥««ª®¤�. „«ï ã¢¥«¨ç¥−¨ï ¢¥à®ïâ−®áâ¨
ãá¯¥è−®© íªá¯«ã�â�æ¨¨ ãï§¢¨¬®áâ¨ ¢ è¥««ª®¤ ¢−¥¤àïîâ ¡®«ìè¨¥ ¯®á«¥¤®¢�-
â¥«ì−®áâ¨ ¨−áâàãªæ¨©, ª®â®àë¥ ú−¨ç¥£® −¥ ¤¥«�îâû, | ¨å ¥¤¨−áâ¢¥−−®¥ ¯à¥¤-
−�§−�ç¥−¨¥ §�ª«îç�¥âáï ¢ â®¬, çâ®¡ë ¯à¨ ¯¥à¥¤�ç¥ ã¯à�¢«¥−¨ï ¢ «î¡ãî â®çªã
¢−ãâà¨ â�ª®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¨á¯®«−¥−¨¥ ª®¤� ¤®è«® ¤® ú¯®«¥§−®© −�£àã§-
ª¨û è¥««ª®¤�. ’�ª¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ −�§ë¢�îâ NOP-á«¥¤®¬. Š�ª ¯à�¢¨«®,
NOP-á«¥¤ ¨¬¥¥â §−�ç¨â¥«ì−ãî ¤«¨−ã ¢ á®â−¨ ¨«¨ ¤�¦¥ âëáïç¨ ¡�©â®¢, ª®àà¥ªâ−®
¤¨§�áá¥¬¡«¨àã¥âáï á ª�¦¤®£® ¡�©â� (¨−ë¬¨ á«®¢�¬¨, ¯®á«¥¤®¢�â¥«ì−®áâì ¡�©â®¢,
¯®«ãç¥−−�ï ¯ãâ¥¬ ®â¡à�áë¢�−¨ï «î¡®£® ç¨á«� ¡�©â®¢ ¨§ −�ç�«� ¨áå®¤−®© ¯®á«¥-
¤®¢�â¥«ì−®áâ¨, ¯à¥¤áâ�¢«ï¥â á®¡®© ª®àà¥ªâ−ãî ¯®á«¥¤®¢�â¥«ì−®áâì ¨−áâàãªæ¨©
æ¥«¥¢®£® ¢ëç¨á«¨â¥«ï).

‡�¤�çã ¯®¨áª� ¢à¥¤®−®á−ëå è¥««ª®¤®¢ ¬®¦−® á¢¥áâ¨ ª §�¤�ç¥ ¯®¨áª� ¯®¤-
áâà®ª á¯¥æ¨�«ì−®£® ¢¨¤� ¢® ¢å®¤−®© áâà®ª¥.

�� ¯à�ªâ¨ª¥ ¨á¯®«ì§ã¥âáï âà¨ ª«�áá� �«£®à¨â¬®¢, à¥è�îé¨å §�¤�çã ®¡−�-
àã¦¥−¨ï è¥««ª®¤®¢: áâ�â¨ç¥áª¨© �−�«¨§, ¤¨−�¬¨ç¥áª¨© �−�«¨§ ¨ £¨¡à¨¤−ë¥
�«£®à¨â¬ë, á®ç¥â�îé¨¥ ¢ á¥¡¥ í«¥¬¥−âë ®¡®¨å ¯®¤å®¤®¢.

‘ãâì áâ�â¨ç¥áª®£® �−�«¨§� [1, 6] §�ª«îç�¥âáï ¢ ¯à¨−ïâ¨¨ à¥è¥−¨ï ® ¢à¥¤®-
−®á−®áâ¨ ¯à®¢¥àï¥¬®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ −� ®á−®¢¥ �−�«¨§� ¢å®¤−®© ¯®á«¥¤®-
¢�â¥«ì−®áâ¨ ª�ª â¥ªáâ� ¯à®£à�¬¬ë −� ¬�è¨−−®¬ ï§ëª¥ (¡¥§ ¨á¯®«−¥−¨ï). Š�ª
¯à�¢¨«®, ¢ å®¤¥ áâ�â¨ç¥áª®£® �−�«¨§� ¯à®¢¥àïîâáï −¥ª®â®àë¥ í¢à¨áâ¨ª¨. �à¨-
¬¥à®¬ â�ª®© í¢à¨áâ¨ª¨ ï¢«ï¥âáï −�«¨ç¨¥ ¢ �−�«¨§¨àã¥¬®© ¯®á«¥¤®¢�â¥«ì−®áâ¨
NOP-á«¥¤� [6], â. ¥. −¥ª®â®à®© ¯®¤¯®á«¥¤®¢�â¥«ì−®áâ¨, ª®â®àãî ¬®¦−® ª®à-
à¥ªâ−® ¤¨§�áá¥¬¡«¨à®¢�âì ¨ ¨á¯®«−¨âì á «î¡®£® á¬¥é¥−¨ï ®â−®á¨â¥«ì−® −�ç�«�
¯®¤¯®á«¥¤®¢�â¥«ì−®áâ¨. �à¥¨¬ãé¥áâ¢�¬¨ ¤�−−®£® ¯®¤å®¤� ï¢«ïîâáï ¤®áâ�â®ç−®

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 23 −®¬¥à 1 2013 71



Œ. �. ‘�¬®©«®¢, „. ā. ƒ�¬�î−®¢, ‘. �. �¥§§ã¡æ¥¢, Œ. �. �ã«£�ª®¢

−¨§ª�ï ª�ª ¢ëç¨á«¨â¥«ì−�ï, â�ª ¨ ¯à®áâà�−áâ¢¥−−�ï á«®¦−®áâì, ï¢−�ï ®à¨¥−-
â¨à®¢�−−®áâì −� ¯®â®ç−ãî ®¡à�¡®âªã ¤�−−ëå ¡¥§ −¥®¡å®¤¨¬®áâ¨ ¡ãä¥à¨§�æ¨¨.
Š −¥¤®áâ�âª�¬ ¬®¦−® ®â−¥áâ¨ ¢ëá®ª¨© ãà®¢¥−ì «®¦−ëå áà�¡�âë¢�−¨©.

‘ãâì ¤¨−�¬¨ç¥áª®£® �−�«¨§� [7] §�ª«îç�¥âáï ¢ í¬ã«ïæ¨¨ ¨«¨ ¨á¯®«−¥−¨¨
�−�«¨§¨àã¥¬®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ −� ¨á¯®«−¨â¥«¥ æ¥«¥¢®© �àå¨â¥ªâãàë ¨ ¢ë-
ç¨á«¥−¨¨ í¢à¨áâ¨ª ®â−®á¨â¥«ì−® ¯®¢¥¤¥−¨ï �−�«¨§¨àã¥¬®£® ª®¤�. „�−−ë© á¯®á®¡
ï¢«ï¥âáï ¡®«¥¥ â®ç−ë¬, −® ¨ ¡®«¥¥ ¢ëç¨á«¨â¥«ì−® á«®¦−ë¬ ¯® áà�¢−¥−¨î á® áâ�-
â¨ç¥áª¨¬ �−�«¨§®¬.

�à¨¬¥−¥−¨¥ ¢ëç¨á«¨â¥«ï, ®¯â¨¬¨§¨à®¢�−−®£® ¯®¤ −ã¦¤ë ª®−ªà¥â−®£® �«-
£®à¨â¬� �−�«¨§� ¤�−−ëå, ¯®§¢®«ï¥â á−ïâì ¡®«ìè¨−áâ¢® ¯à®¡«¥¬, á¢ï§�−−ëå á
à¥�«¨§�æ¨¥© á¥â¥¢ëå ä¨«ìâà®¢, ®à¨¥−â¨à®¢�−−ëå −� ¯®¨áª è¥««ª®¤®¢. �¤−®©
¨§ â¥å−®«®£¨©, ®¡¥á¯¥ç¨¢�îé¨å á®§¤�−¨¥ ¢ëç¨á«¨â¥«ï, á¯¥æ¨�«ì−® ¯à¨á¯®á®¡-
«¥−−®£® ¤«ï à¥è¥−¨ï ¯®«ì§®¢�â¥«ìáª¨å §�¤�ç, ï¢«ï¥âáï â¥å−®«®£¨ï �‹ˆ‘.

�à¨¬¥−¥−¨¥ �‹ˆ‘, ¢ á¨«ã ¢®§¬®¦−®áâ¨ á®§¤�−¨ï ¯®«−®áâìî á¯¥æ¨�«¨§¨à®-
¢�−−®© ¨ ®à¨¥−â¨à®¢�−−®© −� ª®−ªà¥â−ãî §�¤�çã �àå¨â¥ªâãàë, ¯®§¢®«ï¥â ®¡¥á¯¥-
ç¨âì ¢ëá®ª¨© ãà®¢¥−ì ¯�à�««¥«¨§¬� ¢ëç¨á«¥−¨©, ª®¬¯�ªâ−®áâì ¨ áà�¢−¨â¥«ì−®
−¨§ª®¥ í−¥à£®¯®âà¥¡«¥−¨¥ ¯® áà�¢−¥−¨î á úª«�áá¨ç¥áª¨¬¨û ¯à®æ¥áá®à�¬¨.

4 Формальная модель

‘¥â¥¢®© ®¡¬¥− ¯à¥¤áâ�¢¨¬ ¢ ¢¨¤¥ á«¥¤ãîé¥© ¬®¤¥«¨.
’à�ä¨ª | −¥®£à�−¨ç¥−−�ï ¯®á«¥¤®¢�â¥«ì−®áâì ¡�©â®¢ ¤�−−ëå, á«¥¤ãîé¨å ¢

®¤−®¬ −�¯à�¢«¥−¨¨: ®â ®â¯à�¢¨â¥«ï ª ¯®«ãç�â¥«î.
”à�£¬¥−â âà�ä¨ª� | ®£à�−¨ç¥−−�ï ¯®á«¥¤®¢�â¥«ì−®áâì ¡�©â®¢ ¤�−−ëå,

ï¢«ïîé�ïáï ¯®¤¯®á«¥¤®¢�â¥«ì−®áâìî á®®â¢¥âáâ¢ãîé¥£® âà�ä¨ª� ¨«¨ äà�£¬¥−â�
âà�ä¨ª�.

�ãáâ®© äà�£¬¥−â âà�ä¨ª� | ¯®á«¥¤®¢�â¥«ì−®áâì ¡�©â®¢ ¤�−−ëå, −¥ á®¤¥à-
¦�é¨å −¨ ®¤−®£® í«¥¬¥−â�.

‘¥â¥¢®© ¯�ª¥â | äà�£¬¥−â âà�ä¨ª�, á®áâ®ïé¨© ¨§ á«ã¦¥¡−ëå ¤�−−ëå
¨ ¯®«¥§−®© −�£àã§ª¨. ‚ à�¬ª�å ¤�−−®© ¬®¤¥«¨ ¯®¤ á«ã¦¥¡−ë¬¨ ¤�−−ë¬¨
¯®−¨¬�¥âáï äà�£¬¥−â âà�ä¨ª� á¥â¥¢®£® ¯�ª¥â� ä¨ªá¨à®¢�−−®© ¤«¨−ë, � ¯®¤
¯®«¥§−®© −�£àã§ª®© ¯®−¨¬�¥âáï äà�£¬¥−â âà�ä¨ª� á¥â¥¢®£® ¯�ª¥â�, ¢ª«îç�îé¨©
¢ á¢®© á®áâ�¢ ¢á¥ ¡�©âë ¤�−−ëå á¥â¥¢®£® ¯�ª¥â� §� ¢ëç¥â®¬ ¡�©â®¢ ¤�−−ëå,
¯à¨−�¤«¥¦�é¨å äà�£¬¥−âã á«ã¦¥¡−ëå ¤�−−ëå.

‘¥â¥¢®© âà�ä¨ª | âà�ä¨ª, á®áâ�¢«¥−−ë© ¨§ ¡�©â®¢ ¯®«¥§−®© −�£àã§ª¨ á¥â¥-
¢ëå ¯�ª¥â®¢, ¯à¨−�¤«¥¦�é¨å áâà®£® ®¤−®¬ã ¨áå®¤−®¬ã âà�ä¨ªã, ¯à¨ç¥¬ ¡�©âë
¤�−−ëå ¯®«¥§−®© −�£àã§ª¨ ã¯®àï¤®ç¥−ë ¢ á®®â¢¥âáâ¢¨¨ á ¨å ¯®àï¤ª®¬ á«¥¤®¢�−¨ï
¢ ¨áå®¤−®¬ âà�ä¨ª¥, � â�ª¦¥ á ¯®àï¤ª®¬ ¡�©â®¢ ¢ ª�¦¤®¬ á®®â¢¥âáâ¢ãîé¥¬ á¥â¥-
¢®¬ ¯�ª¥â¥. Š�¦¤ë© äà�£¬¥−â á¥â¥¢®£® âà�ä¨ª� ®â¢¥ç�¥â −¥ª®â®à®¬ã ¬−®¦¥áâ¢ã
á¥â¥¢ëå ¯�ª¥â®¢. Š�¦¤ë© á¥â¥¢®© ¯�ª¥â (¥£® ¯®«¥§−�ï −�£àã§ª�) ®â®¡à�¦�¥âáï −�
äà�£¬¥−â á¥â¥¢®£® âà�ä¨ª�.
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‚à¥¤®−®á−ë© äà�£¬¥−â âà�ä¨ª� | íâ® äà�£¬¥−â á¥â¥¢®£® âà�ä¨ª� −�¨-
¡®«ìè¥£® à�§¬¥à�, â�ª®© çâ® ¥£® ®¡à�¡®âª� −� §�¤�−−®© ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬¥
¯à¨¢®¤¨â ª −�àãè¥−¨î á¢®©áâ¢ æ¥«®áâ−®áâ¨, ¡¥§®¯�á−®áâ¨ ¨ ¤®áâã¯−®áâ¨ ¢ëç¨á-
«¨â¥«ì−®© á¨áâ¥¬ë. �à¨¬¥à ¢à¥¤®−®á−®£® äà�£¬¥−â� á¥â¥¢®£® âà�ä¨ª� | íâ®
è¥««ª®¤, ®â¯à�¢«¥−−ë© ¢ á®¤¥à¦�−¨¨ á¥â¥¢®£® ¯�ª¥â�.

‹¥£¨â¨¬−ë© (−¥¢à¥¤®−®á−ë©) äà�£¬¥−â (âà�ä¨ª�) | íâ® äà�£¬¥−â âà�-
ä¨ª� −¥ ï¢«ïîé¨©áï ¢à¥¤®−®á−ë¬.

�¥§®¯�á−ë© á¥â¥¢®© âà�ä¨ª | á¥â¥¢®© âà�ä¨ª, −¥ á®¤¥à¦�é¨© ¢ á¥¡¥
¢à¥¤®−®á−ëå äà�£¬¥−â®¢.

”¨«ìâà á¥â¥¢®£® âà�ä¨ª� | áãé−®áâì, ¯à¨−¨¬�îé�ï −� ¢å®¤ á¥â¥¢®©
âà�ä¨ª ¨ ¯à¥®¡à�§ãîé�ï ¥£® ¢ ç¨áâë© á¥â¥¢®© âà�ä¨ª ¯ãâ¥¬ ä®à¬¨à®¢�−¨ï
á¥â¥¢®£® âà�ä¨ª�, −¥ á®¤¥à¦�é¥£® äà�£¬¥−â®¢, −� ª®â®àë¥ ®â®¡à�¦�îâáï
á¥â¥¢ë¥ ¯�ª¥âë, ª®â®àë¬ ®â¢¥ç�îâ ®¡−�àã¦¥−−ë¥ ¢à¥¤®−®á−ë¥ äà�£¬¥−âë
á¥â¥¢®£® âà�ä¨ª�, ¨ á®¤¥à¦�é¥£® ®áâ�«ì−ë¥ äà�£¬¥−âë ¨áå®¤−®£® á¥â¥¢®£®
âà�ä¨ª�.

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�îâáï ®á®¡¥−−®áâ¨ à¥�«¨§�æ¨¨ ä¨«ìâà� á¥â¥¢®£®
âà�ä¨ª� −� ¬®¤ã«¥ �‹ˆ‘.

‘â®¨â ®â¬¥â¨âì, çâ® ®£à�−¨ç¥−¨¥ −� ä¨ªá¨à®¢�−−®áâì ¤«¨−ë á«ã¦¥¡−ëå
¤�−−ëå −¥ ï¢«ï¥âáï ¦¥áâª¨¬ ¨ ¬®¦¥â ¡ëâì á−ïâ®. �−® ¢¢¥¤¥−® «¨èì á æ¥«ìî
ã¯à®é¥−¨ï ®¯¨á�−¨ï §�¤�ç¨ ¨, ª�ª á«¥¤áâ¢¨¥, −¥ −�ª«�¤ë¢�¥â ®£à�−¨ç¥−¨© −�
®¡«�áâì ¯à¨¬¥−¨¬®áâ¨ ¯à¥¤«®¦¥−−®£® ¢ ¤�−−®© à�¡®â¥ ¬¥â®¤�.

5 Алгоритм решения

‚ ª�ç¥áâ¢¥ �«£®à¨â¬� à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨ ¢ ¤�−−®© à�¡®â¥ ¡ë«
¢ë¡à�− �«£®à¨â¬ áâ�â¨ç¥áª®£® �−�«¨§� á¥â¥¢®£® âà�ä¨ª� Racewalk [6]. �á−®¢-
−�ï ¨¤¥ï íâ®£® �«£®à¨â¬� á®áâ®¨â ¢ ¯®¨áª¥ ¨ ¢ë¤¥«¥−¨¨ NOP-íª¢¨¢�«¥−â−ëå
¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ ¢å®¤ïé¥£® ¯®â®ª� ¨ ¯®á«¥¤ãîé�ï ª«�áá¨ä¨ª�æ¨ï ª�-
¦¤®© ¢ëï¢«¥−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ á ¯®¬®éìî ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï
(à¨á. 1).

�®¨áª NOP-á«¥¤� à¥�«¨§ã¥âáï −� á¯¥æ¨�«¨§¨à®¢�−−®¬ ¢ëç¨á«¨â¥«¥ (−� ¡�§¥
�‹ˆ‘), ª�ª, −�¯à¨¬¥à, ¢ à�¡®â�å [2{5]. „«ï à¥è¥−¨ï §�¤�ç¨ ¯®¨áª� NOP-
á«¥¤� ¨á¯®«ì§ã¥âáï ¤¥ª®¤¨à®¢�−¨¥ ª®¬�−¤ ¯à®æ¥áá®à−®© �àå¨â¥ªâãàë IA-32 [8],
¢ à¥§ã«ìâ�â¥ ª®â®à®£® ¤«ï ª�¦¤®£® ãç�áâª� ¢å®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ãáâ�-
−�¢«¨¢�¥âáï â¨¯ ¨−áâàãªæ¨¨. …á«¨ ¢ à¥§ã«ìâ�â¥ ¯®á«¥¤®¢�â¥«ì−®áâì §�¤�−−®£®
à�§¬¥à� á ª�¦¤®£® á¬¥é¥−¨ï ¤¥ª®¤¨àã¥âáï ¢ ª®àà¥ªâ−ë¥ ¨−áâàãªæ¨¨, ¯à¨â®¬
−¥ ¢å®¤ïé¨¥ ¢ ç¨á«® ¯à¨¢¨«¥£¨à®¢�−−ëå ¨−áâàãªæ¨© ¯à®æ¥áá®à� x86, â® â�ª�ï
¯®á«¥¤®¢�â¥«ì−®áâì áç¨â�¥âáï NOP-á«¥¤®¬.

Š«�áá¨ä¨ª�æ¨ï ®¡−�àã¦¥−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ë¯®«−ï¥âáï −¥¯®áà¥¤-
áâ¢¥−−® −� �‚Œ. „«ï ª«�áá¨ä¨ª�æ¨¨ ¯à¨¬¥−ï¥âáï �«£®à¨â¬ ®¯®à−ëå ¢¥ªâ®à®¢
(SVM | support vector machine).
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÷¨á. 1 �«®ª-áå¥¬� �«£®à¨â¬� Racewalk
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6 Описание реализации

‚ à�¬ª�å ¤�−−®© à�¡®âë ¡ë«� ¯à®¨§¢¥¤¥−� ¯à®ä¨«¨à®¢ª� ¯à®£à�¬¬−®©
à¥�«¨§�æ¨¨ �«£®à¨â¬� Racewalk á æ¥«ìî ¢ëï¢«¥−¨ï ã§ª¨å ¬¥áâ ¨ ú¢ëá®ª®-
−�£àã¦¥−−ëåû (â. ¥. −�¨¡®«¥¥ ç�áâ® ¢ë¯®«−ïîé¨åáï) ãç�áâª®¢ ¯à®£à�¬¬−®©
à¥�«¨§�æ¨¨. �® à¥§ã«ìâ�â�¬ ¯à®¢¥¤¥−−®£® ¨áá«¥¤®¢�−¨ï ¡ë«� á¯à®¥ªâ¨à®¢�−�
¨ áª®−áâàã¨à®¢�−� ¯à®£à�¬¬−®-�¯¯�à�â−�ï à¥�«¨§�æ¨ï, ¯à¨§¢�−−�ï ãáª®à¨âì
à�¡®âã ¯à®£à�¬¬ë ¨ ®¯â¨¬¨§¨à®¢�âì ¯à®æ¥áá ¢ëç¨á«¥−¨© (à¨á. 2).

÷¨á. 2 �¡é�ï «®£¨ç¥áª�ï áå¥¬�

‚ ª�ç¥áâ¢¥ á¯¥æ¨�«¨§¨à®¢�−−®£® ¢ëç¨á«¨â¥«ï ¨á¯®«ì§®¢�«�áì ¯«�â� Xilinx
ML605 [9], ¯®áâà®¥−−�ï −� ¡�§¥ �‹ˆ‘ Xilinx Virtex-V6-240LXT, á−�¡¦¥−−�ï
á¥â¥¢ë¬ ¨−â¥àä¥©á®¬ áâ�−¤�àâ� Gigabit Ethernet ¨ á¨áâ¥¬−ë¬ ¨−â¥àä¥©á®¬
áâ�−¤�àâ� PCI-Express x8. ‚ à�¬ª�å à�¡®âë ¡ë« à¥�«¨§®¢�− ¤à�©¢¥à ¤«ï �‘
Linux, ¯à¥¤®áâ�¢«ïîé¨© ¨−â¥àä¥©áë á¥â¥¢®£® ãáâà®©áâ¢� ¨ ¢á¯®¬®£�â¥«ì−ë©
¨−â¥àä¥©á á¨¬¢®«ì−®£® ãáâà®©áâ¢� ¤«ï ã¯à�¢«¥−¨ï ä¨«ìâà®¬ ¨ á¡®à� áâ�â¨áâ¨ª¨.

÷�§à�¡®â�−−ë© ¤«ï �‹ˆ‘ ä¨«ìâà NOP-á«¥¤®¢ äã−ªæ¨®−¨àã¥â −� ç�áâ®â¥
250 Œƒæ ¨ à¥�«¨§ã¥â ¤¥ª®¤¨à®¢�−¨¥ ¢å®¤ïé¥£® ¯®â®ª� ¤�−−ëå. �à¨ íâ®¬
®¯à¥¤¥«¥−¨¥ â¨¯� ®¤−®© ¨−áâàãªæ¨¨ §�−¨¬�¥â 1 â�ªâ à�¡®âë ãáâà®©áâ¢�, â. ¥. −�
®¡−�àã¦¥−¨¥ 64-¡�©â−®£® è¥««ª®¤� âà�â¨âáï 64 â�ªâ� à�¡®âë ãáâà®©áâ¢� (á¬.
à¨á. 3 ¨ 4).

�¡−�àã¦¥−−ë© è¥««ª®¤ ¯®¬¥é�¥âáï ¢ ¡ãä¥à ®¡¬¥−�, ®âªã¤� ¯® ¨−â¥àä¥©-
áã PCI-Express áç¨âë¢�¥âáï ¯à¨«®¦¥−¨¥¬, ¢ë¯®«−ïîé¨¬áï −� �‚Œ ®¡é¥£®
−�§−�ç¥−¨ï.

„«ï à¥�«¨§�æ¨¨ äã−ªæ¨¨ ä¨«ìâà� §�¤¥©áâ¢ã¥âáï ¬¥−¥¥ 1% à¥áãàá� ¬�ªà®-
ïç¥¥ª ãª�§�−−®© �‹ˆ‘ ¨ ¬¥−¥¥ 1% à¥áãàá� ¢−ãâà¥−−¥© ¯�¬ïâ¨ �‹ˆ‘ Virtex-
6-240LXT.

7 Экспериментальное исследование реализации

’¥áâ¨à®¢�−¨¥ à�§à�¡®â�−−®£® ä¨«ìâà� ¯à®¨§¢®¤¨«®áì −� áâ¥−¤¥, á®áâ®ïé¥¬
¨§ �‚Œ ä¨«ìâà� ¨ ¢á¯®¬®£�â¥«ì−®© �‚Œ £¥−¥à�â®à�, ®¡ê¥¤¨−¥−−ëå ¢ á¥âì.
�«¥ªâà®−−�ï ¢ëç¨á«¨â¥«ì−�ï ¬�è¨−� ä¨«ìâà� | íâ® �‚Œ ®¡é¥£® −�§−�ç¥−¨ï
−� ¡�§¥ 6-ï¤¥à−®£® ¯à®æ¥áá®à� Intel Xeon E8350 á 8 ƒ� ®¯¥à�â¨¢−®© ¯�¬ïâ¨. ‘¥-
â¥¢®© âà�ä¨ª ä®à¬¨à®¢�«áï á ¯®¬®éìî ¢á¯®¬®£�â¥«ì−®© �‚Œ, ®¡®àã¤®¢�−−®©
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÷¨á. 3 ‘å¥¬� äã−ªæ¨®−¨à®¢�−¨ï �¯¯�à�â−®© à¥�«¨§�æ¨¨

á¥â¥¢®© ª�àâ®© Gigabit Ethernet. �� á¯¥æ¨�«¨§¨à®¢�−−®¬ ®¡®àã¤®¢�−¨¨ ä¨«ìâà�
¡ë« à¥�«¨§®¢�− ®¤¨− ä¨«ìâàãîé¨© í«¥¬¥−â. ‚ ª�ç¥áâ¢¥ æ¥«¥¢®© ¯à®æ¥áá®à−®©
�àå¨â¥ªâãàë ¨á¯®«−ï¥¬ëå ¤�−−ëå ¨á¯®«ì§®¢�«�áì â®«ìª® IA-32, à�áá¬�âà¨¢�-
«�áì ¬¨−¨¬�«ì−�ï ¤«¨−� ¯®á«¥¤®¢�â¥«ì−®áâ¨ | 64 ¡�©â�.
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�á®¡¥−−®áâ¨ à¥�«¨§�æ¨¨ �−�«¨§�â®à� á¥â¥¢®£® âà�ä¨ª�

÷¨á. 4 �à¨¬¥à äã−ªæ¨®−¨à®¢�−¨ï à¥�«¨§�æ¨¨
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„«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¯®«ãç¥−−®© à¥�«¨§�æ¨¨ ¡ë«® ¯à®¢¥¤¥−® â¥áâ¨-
à®¢�−¨¥ ¨ áà�¢−¥−¨¥ á ¯à®£à�¬¬−®© à¥�«¨§�æ¨¥©. ‘à�¢−¥−¨¥ ¯à®¢®¤¨«®áì ¯®
¤¢ã¬ ªà¨â¥à¨ï¬ | íª¢¨¢�«¥−â−®áâ¨ (â. ¥. áâ¥¯¥−¨ áå®¤áâ¢� à¥§ã«ìâ�â®¢ ¢ë¤�ç¨
−� ®¤¨−�ª®¢ëå ¢å®¤−ëå ¯®á«¥¤®¢�â¥«ì−®áâïå) ¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ (®â−®è¥−¨ï
ç¨á«� ®¡à�¡®â�−−ëå ¯�ª¥â®¢ ª ç¨á«ã ®â¯à�¢«¥−−ëå).

’¥áâ®¢ë¬ −�¡®à®¬ á«ã¦¨«® −¥áª®«ìª® á¯¥æ¨�«ì−® ¯®¤£®â®¢«¥−−ëå ¤�¬¯®¢
âà�ä¨ª� ¤®áâ�â®ç−® ¡®«ìè®£® à�§¬¥à� (®ª®«® 1,1 ƒ�, 200 000 ¯�ª¥â®¢). ’¥áâ®¢ë¥
−�¡®àë á®áâ�¢«ï«¨áì á ¯®¬®éìî −�¡®à� ãâ¨«¨â tcpdump [10] ¨ ¢ª«îç�«¨ ¢ á¢®©
á®áâ�¢:

(1) ¢à¥¤®−®á−ë© âà�ä¨ª | ¢ ª�¦¤®¬ ¨§ ¯�ª¥â®¢ (¤«¨−®© 1400 ¡�©â®¢) á®¤¥à¦�-
«®áì ¯® 3 à�§«¨ç−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ è¥««ª®¤®¢ ¤«¨−®© 64 ¡�©â�, á£¥−¥-
à¨à®¢�−−ë¥ á¯¥æ¨�«ì−ë¬¨ áà¥¤áâ¢�¬¨ Metasploit Framework ¢¥àá¨¨ 4.1 [11]
¨ ADMutate (¢ à�¢−ëå ¤®«ïå);

(2) «¥£¨â¨¬−ë© âà�ä¨ª | ¤�¬¯ ¯¥à¥¤�ç¨ ¯® á¥â¨ «¥£¨â¨¬−ëå ¨á¯®«−ï¥¬ëå
ä�©«®¢ (exe-ä�©«®¢), � â�ª¦¥ �àå¨¢®¢ á ¤�−−ë¬¨.

‚ ª�−�« ¡ë«® ¯¥à¥¤�−® 600 000 è¥««ª®¤®¢, ¢á¥ ®−¨ ¡ë«¨ ®¡−�àã¦¥−ë, ä®-
−®¢ë© âà�ä¨ª ®âáãâáâ¢®¢�«, â¥áâ¨à®¢�−¨¥ ¯à®¢®¤¨«®áì −� à�§«¨ç−ëå áª®à®áâïå
¯®â®ª� ¤�−−ëå (®â 4 ¤® 1000 Œ¡¨â/á) á® áª®à®áâìî ¯¥à¥¤�ç¨ ¤�−−ëå ¨−â¥àä¥©á�
1 ƒ¡¨â/á, �¯¯�à�â−®© à¥�«¨§�æ¨¥© ¡ë«¨ ®¡−�àã¦¥−ë ¢á¥ ¯¥à¥¤�−−ë¥ ¯à¨¬¥àë.

�à®¨§¢®¤¨â¥«ì−®áâì �¯¯�à�â−®© à¥�«¨§�æ¨¨ §−�ç¨â¥«ì−® ¯à¥¢§®è«� ¯®ª�-
§�â¥«¨ ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨ �«£®à¨â¬� (600 000 ®¡−�àã¦¥−−ëå è¥««ª®¤®¢
¯à®â¨¢ 19 000 −� áª®à®áâ¨ 1 ƒ�/á, à¨á. 5). �� «¥£¨â¨¬−®¬ âà�ä¨ª¥ ®¡¥
à¥�«¨§�æ¨¨ −¥ ¢ë¤�¢�«¨ «®¦−ëå áà�¡�âë¢�−¨©.

’¥®à¥â¨ç¥áª�ï ¯à®¯ãáª−�ï á¯®á®¡−®áâì á®¢¯�«� á ¯à®¯ãáª−®© á¯®á®¡−®áâìî
¨−â¥àä¥©á� Gigabit Ethernet. �æ¥−ª� «�â¥−â−®áâ¨ ä¨«ìâà� ¤�¥â ¯à�¢® ¯®«�£�âì,
çâ® −�«¨ç¨¥ −� ª�−�«¥ á¥â¥¢®£® ä¨«ìâà�, ¢ë¯®«−¥−−®£® á ¯à¨¬¥−¥−¨¥¬ ¨á¯®«ì§®-

÷¨á. 5 ‘à�¢−¥−¨¥ à¥�«¨§�æ¨©: 1 | �¯¯�à�â−®© (�‹ˆ‘ FPGA-®¡®àã¤®¢�−¨¥); 2 |
¯à®£à�¬¬−®© (Racewalk)
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�á®¡¥−−®áâ¨ à¥�«¨§�æ¨¨ �−�«¨§�â®à� á¥â¥¢®£® âà�ä¨ª�

¢�−−ëå ¬¥â®¤®¢, −¥ ¯à¨¢¥¤¥â ª §−�ç¨â¥«ì−®¬ã á−¨¦¥−¨î ¯à®¯ãáª−®© á¯®á®¡−®áâ¨
á¥â¥¢®£® ª�−�«� ¨, á®®â¢¥âáâ¢¥−−®, áª®à®áâ¨ ®¡¬¥−� ¤�−−ë¬¨.

8 Заключение

‚ à�¬ª�å ¤�−−®© à�¡®âë ¡ë« à�§à�¡®â�− ¨ à¥�«¨§®¢�− ¯à®£à�¬¬−®-�¯¯�à�â-
−ë© ª®¬¯«¥ªá ä¨«ìâà� á¥â¥¢®£® âà�ä¨ª� −� ¡�§¥ ¬®¤ã«ï �‹ˆ‘, ¯à®¢¥¤¥−� ¥£®
¯à®¢¥àª� ¨ −�£àã§®ç−®¥ â¥áâ¨à®¢�−¨¥.

�® à¥§ã«ìâ�â�¬ â¥áâ¨à®¢�−¨ï ¬®¦−® §�ª«îç¨âì, çâ® −� ¡�§¥ ¤�−−®© à¥�«¨-
§�æ¨¨ ¢®§¬®¦−� à�§à�¡®âª� ä¨«ìâà� ¤«ï ¨−â¥àä¥©á®¢ á ¡®«ìè®© ¯à®¯ãáª−®©
á¯®á®¡−®áâìî (10 ƒ¡/á ¨ ¢ëè¥) ¯à¨ á®åà�−¥−¨¨ ®á−®¢−ëå ¯®ª�§�â¥«¥©.
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НЕЛИНЕЙНОЕ КОРРЕЛЯЦИОННОЕ МОДЕЛИРОВАНИЕ
И АНАЛИЗ НАДЕЖНОСТИ СИСТЕМ ПОСЛЕПРОДАЖНОГО
ОБСЛУЖИВАНИЯ ИЗДЕЛИЙ НАУКОЕМКОЙ ПРОДУКЦИИ∗

И. Н. Синицын1, А. С. Шаламов2, А. А. Кулешов3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï à�§¢¨â¨¥ −¥«¨−¥©−ëå ª®àà¥«ïæ¨®−−ëå ¬¥â®¤®¢
�−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¢ á¨áâ¥¬�å ¯®á«¥¯à®¤�¦−®£® ®¡á«ã-
¦¨¢�−¨ï (‘���) ¨§¤¥«¨© −�ãª®¥¬ª®© ¯à®¤ãªæ¨¨ (ˆ��). �á®¡®¥ ¢−¨¬�−¨¥
ã¤¥«ï¥âáï ¬¥â®¤�¬, ®á−®¢�−−ë¬ −� ª�−®−¨ç¥áª¨å à�§«®¦¥−¨ïå á«ãç�©−ëå
äã−ªæ¨©. �à¨¢®¤¨âáï à¥è¥−¨¥ â¨¯®¢ëå §�¤�ç ¬®¤¥«¨à®¢�−¨ï ã¤�à−ëå ¯à®-
æ¥áá®¢ ã¯à�¢«¥−¨ï á áã¬¬¨àãîé¨¬¨ ¯à®æ¥áá�¬¨ ¤«ï ¤®áâ¨¦¥−¨ï §�¤�−−®£® ¨
¯¥à¥¬¥−−®£® ¯®à®£®¢®£® ãà®¢−ï −�¤¥¦−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: �−�«¨§ −�¤¥¦−®áâ¨; �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥; £¨¡-
à¨¤−�ï áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬�; ¨¬¯ã«ìá−ë© (ã¤�à−ë©) ¯à®æ¥áá; ª�−®−¨ç¥áª®¥
à�§«®¦¥−¨¥ á«ãç�©−®© äã−ªæ¨¨; −¥«¨−¥©−ë© ª®àà¥«ïæ¨®−−ë© �−�«¨§; ¯®â®ª;
á¨áâ¥¬� ¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï; áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá

1 Введение

Š�ª ¨§¢¥áâ−® [1], â¥®à¨ï ¨ ¯à�ªâ¨ª� ã¯à�¢«¥−¨ï á«®¦−ë¬¨ ®à£�−¨§�æ¨®−−®-
â¥å−¨ç¥áª¨¬¨ ¨ ®à£�−¨§�æ¨®−−®-íª®−®¬¨ç¥áª¨¬¨ á¨áâ¥¬�¬¨, ª ª®â®àë¬ ®â−®áïâ-
áï ‘��� ˆ��, ¯®ª�§ë¢�îâ, çâ® ã£«ã¡«ïîé¥¥áï ¯à®â¨¢®à¥ç¨¥ ¬¥¦¤ã à�áâãé¨¬
ª®«¨ç¥áâ¢®¬ ¨ á«®¦−®áâìî −®¢ëå §�¤�ç ¨ áâ�à®© (ú¡ã¬�¦−®©û) ¨−ä®à¬�æ¨®−−®©
â¥å−®«®£¨¥© (ˆ’) ã¯à�¢«¥−¨ï ¬®¦¥â ¯®«ãç¨âì ª�à¤¨−�«ì−®¥ à�§à¥è¥−¨¥ «¨èì
−� ¯ãâïå �¢â®¬�â¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ ã¯à�¢«¥−ç¥áª®£® ¯¥àá®−�«�. �â®â ¯à®æ¥áá
¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à¨®¡à¥â�¥â ¢á¥ ¡®«¥¥ è¨à®ª¨© à�§¬�å.

‚�¦−ë¬ íâ�¯®¬ �¢â®¬�â¨§�æ¨¨ ã¯à�¢«¥−ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¤®«¦−®áâ−ëå
«¨æ ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ ¨−â¥««¥ªâã�«ì−®© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©, ®á−®-
¢�−−®© −� �¯à¨®à−®© ¨−ä®à¬�æ¨¨ ® à¥è�¥¬®© äã−ªæ¨®−�«ì−®© §�¤�ç¥ ¨ â¥ªãé¥¬
á®áâ®ï−¨¨ ‘���, � â�ª¦¥ −� á®¤¥à¦�é¥©áï ¢ «®£¨áâ¨ç¥áª®© ¡�§¥ ¤�−−ëå ¨−ä®à-
¬�æ¨¨ ® ¤¨−�¬¨ª¥ ¯à®æ¥áá®¢ ‘��� (§−�ç¥−¨ïå ¯®ª�§�â¥«¥©, å�à�ªâ¥à¨§ãîé¨å
å®¤ ¢ë¯®«−¥−¨ï §�¤�ç¨, ¨§¬¥−¥−¨ïå ª�ç¥áâ¢¥−−®£® ¨ ª®«¨ç¥áâ¢¥−−®£® á®áâ�¢�

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ �à®£à�¬¬ë ��ˆ’ ÷�� úˆ−â¥««¥ªâã�«ì−ë¥
¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, á¨áâ¥¬−ë© �−�«¨§ ¨ �¢â®¬�â¨§�æ¨ïû (¯à®¥ªâ 1.7).

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sinitsin@dol.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, a-shal5@yandex.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, nordixsi@gmail.com
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�¥«¨−¥©−®¥ ª®àà¥«ïæ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ �−�«¨§ −�¤¥¦−®áâ¨ ‘��� ˆ��

¯�àª� ˆ�� ¨ â. ¤.), ® á®áâ®ï−¨¨ §�¯�á®¢ ¬�â¥à¨�«ì−ëå áà¥¤áâ¢, ª�ç¥áâ¢¥−−®¬ ¨
ª®«¨ç¥áâ¢¥−−®¬ á®áâ�¢¥ â¥å−¨ç¥áª®£® ¨ ã¯à�¢«¥−ç¥áª®£® ¯¥àá®−�«�.

�¥®¡å®¤¨¬® â�ª¦¥ ¨¬¥âì ¢ ¢¨¤ã, çâ® ¬�â¥¬�â¨ç¥áª®¥ ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥-
ç¥−¨¥ à¥è¥−¨ï ã¯®¬ï−ãâëå §�¤�ç á â®çª¨ §à¥−¨ï ª«�áá¨ç¥áª®© â¥®à¨¨ ã¯à�¢«¥-
−¨ï [2] ï¢«ï¥âáï á¯¥æ¨ä¨ç¥áª¨¬ ¨ ®âà�¦�¥â ®á®¡¥−−®áâ¨ ‘��� ª�ª ®¡ê¥ªâ®¢
ã¯à�¢«¥−¨ï. �á−®¢−�ï ®á®¡¥−−®áâì §�ª«îç�¥âáï ¢ â®¬, çâ® ¥á«¨ ®¡ê¥ªâ ã¯à�¢-
«¥−¨ï ¢ âà�¤¨æ¨®−−®¬ á¬ëá«¥, ª�ª ¯à�¢¨«®, ¯à®¥ªâ¨àãîâ ª�ª −¥ª®â®àãî ¬®−®-
áâàãªâãàã, −¥ ¨§¬¥−ï¥¬ãî ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï, â® ‘��� ï¢«ï¥âáï, ¯®
áãé¥áâ¢ã, ¬ã«ìâ¨áâàãªâãà−®©, á¯®á®¡−®© ¯à¨á¯®á�¡«¨¢�âìáï ¯®¤ −®¢ë¥ §�¤�ç¨.
� ®âáî¤� ¨ á¨áâ¥¬� ã¯à�¢«¥−¨ï ¤®«¦−� ¡ëâì á¯®á®¡−®© ¯¥à¥−�áâà�¨¢�âìáï −�
−®¢ë© ¢�à¨�−â ¢ á¢ï§¨ á ¨§¬¥−¨¢è¥©áï áâàãªâãà®© ‘���.

�¤�¯â�æ¨ï á�¬®© ‘��� ®áãé¥áâ¢«ï¥âáï §� áç¥â ¢à¥¬¥−−ëå ¨§¬¥−¥−¨© ®à-
£�−¨§�æ¨®−−®-èâ�â−®© áâàãªâãàë (�˜‘) −� ¢à¥¬ï à¥è¥−¨ï ¢−®¢ì ¢®§−¨ªè¥©
§�¤�ç¨, ¯¥à¥à�á¯à¥¤¥«¥−¨ï §�¯�á®¢ ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨ ¯à¨ −¥®¡-
å®¤¨¬®áâ¨ | ¨å ¯®¯®«−¥−¨ï. �à®æ¥áá, ¢ë§ë¢�îé¨© ¯®¤®¡−ãî ¯¥à¥áâà®©ªã, |
íâ®, ¯® áãé¥áâ¢ã, ¯¥à¥¯à®¥ªâ¨à®¢�−¨¥ á¨áâ¥¬ë. „�−−ë© ¯à®æ¥áá −�§ë¢�¥âáï
äã−ªæ¨®−�«ì−ë¬ ã¯à�¢«¥−¨¥¬, ¨ ®− ¬®¦¥â ¡ëâì ª�ª ¯à¥à®£�â¨¢®© ¢ëè¥áâ®ïé¨å
¨−áâ�−æ¨©, â�ª ¨ à¥§ã«ìâ�â®¬ ã¯à�¢«¥−ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¤®«¦−®áâ−ëå «¨æ
¢ à�¬ª�å á�¬®© ‘���. ‚ â®¬ ¨ ¤àã£®¬ á«ãç�¥ íâ®â ¯à®æ¥áá ï¢«ï¥âáï ¢¥áì¬�
®â¢¥âáâ¢¥−−ë¬ ¨ ¤®à®£®áâ®ïé¨¬, ¯®áª®«ìªã á¢ï§�− á ¨§¬¥−¥−¨¥¬ (¯¥à¥à�á¯à¥¤¥-
«¥−¨¥¬) äã−ªæ¨®−�«ì−ëå ®¡ï§�−−®áâ¥© ã¯à�¢«¥−ç¥áª®£® ¨ â¥å−¨ç¥áª®£® ¯¥àá®-
−�«�, ¯à¨¢¨â¨¥¬ −®¢ëå §−�−¨© ¨ ¯à�ªâ¨ç¥áª¨å −�¢ëª®¢. …áâ¥áâ¢¥−−®, çâ® â�ª�ï
¯¥à¥®à¨¥−â�æ¨ï ¤®«¦−� ¡ëâì ®¯â¨¬¨§¨à®¢�−�. ˆ−ë¬¨ á«®¢�¬¨, −¥®¡å®¤¨¬®
¢¥áâ¨ à¥çì ®¡ ®¯â¨¬¨§�æ¨¨ äã−ªæ¨®−�«ì−®£® ã¯à�¢«¥−¨ï.

�à¨ â®ç−®© �¯à¨®à−®© ¨−ä®à¬�æ¨¨ ® §�¤�ç¥ ã¯à�¢«¥−¨ï ¨ ¢á¥å ãá«®¢¨ïå ¥¥
à¥è¥−¨ï äã−ªæ¨®−�«ì−®¥ ã¯à�¢«¥−¨¥, ¢ëà�¦�îé¥¥áï ¢ §�¤�−¨¨ ¯à®£à�¬¬ë ¤¥©-
áâ¢¨© ¢ ¢¨¤¥ äã−ªæ¨®−�«ì−ëå ®¡ï§�−−®áâ¥© ¤®«¦−®áâ−ëå «¨æ ¨ ¨á¯®«−¨â¥«¥©
à�¡®â ¨ ®¡¥á¯¥ç¥−¨¨ á®®â¢¥âáâ¢ãîé¨¬¨ ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª¨¬¨ áà¥¤áâ¢�¬¨,
ï¢«ï¥âáï ¨áç¥à¯ë¢�îé¨¬, â. ¥. à¥�«¨§�æ¨ï ¥£® ¯à¨¢®¤¨â ª â®ç−®¬ã à¥è¥−¨î
§�¤�ç¨. ‚ ¤¥©áâ¢¨â¥«ì−®áâ¨ ¨§-§� −¥®¯à¥¤¥«¥−−®áâ¨ ¬−®£¨å ä�ªâ®à®¢, á¢ï§�−-
−ëå á ¢−¥è−¥© áà¥¤®© (á«ãç�©−ë¥ áà®ª¨ ¨ ®¡ê¥¬ë ¯®¯®«−¥−¨ï §�¯�á®¢, áà®ª¨
¯®áâã¯«¥−¨ï §�ï¢®ª −� ¨á¯®«ì§®¢�−¨¥ ˆ�� ¨ ¤à.) ¨ ¢−ãâà¥−−¥© (á«ãç�©−ë¥
¤«¨â¥«ì−®áâ¨ ¯®¤£®â®¢ª¨ ª ¨á¯®«ì§®¢�−¨î, ¯à®¢¥¤¥−¨ï à¥¬®−â−ëå à�¡®â ¨ ¤à.),
¬®£ãâ ¢®§−¨ª�âì ¯à¥¤¯®áë«ª¨ ª áàë¢ã ¯®áâ�¢«¥−−®© §�¤�ç¨, ª®â®àë¥ −�§ë¢�îâ
á¨âã�æ¨ï¬¨.

„«ï à�§à¥è¥−¨ï («¨ª¢¨¤�æ¨¨) á¨âã�æ¨© ¯à¥¤−�§−�ç¥−® ®¯¥à�â¨¢−®¥ (á¨âã-
�æ¨®−−®¥) ã¯à�¢«¥−¨¥ [3, 4], à¥�«¨§ã¥¬®¥ ¢ à�¬ª�å à�−¥¥ ¢ë¡à�−−®£® äã−ª-
æ¨®−�«ì−®£® ã¯à�¢«¥−¨ï. ÷�§à¥è¥−¨¥ á¨âã�æ¨© ®áãé¥áâ¢«ï¥âáï, ª�ª ¯à�¢¨«®,
§� áç¥â ¢−ãâà¥−−¨å à¥§¥à¢®¢ ä¨ªá¨à®¢�−−®© �˜‘ á ¯à¨¤�−−ë¬¨ ¥© ¬�â¥à¨-
�«ì−®-â¥å−¨ç¥áª¨¬¨ áà¥¤áâ¢�¬¨ ¨ ¯à®¨§¢®¤áâ¢¥−−ë¬¨ ä®−¤�¬¨. �à¨ ¢ë¡®à¥
¢�à¨�−â� äã−ªæ¨®−�«ì−®£® ã¯à�¢«¥−¨ï ¤®«¦¥− ®¡¥á¯¥ç¨¢�âìáï −¥ª®â®àë© §�¯�á
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−�¤¥¦−®áâ¨ (¯à®ç−®áâ¨), ¯®§¢®«ïîé¨© á ¤®áâ�â®ç−®© íää¥ªâ¨¢−®áâìî à¥è�âì
®¯¥à�â¨¢−ë¥ §�¤�ç¨. �âáî¤� â�ª¦¥ á«¥¤ã¥â, çâ® ¢ ¯à®æ¥áá¥ ®¯à¥¤¥«¥−¨ï äã−ª-
æ¨®−�«ì−®£® ã¯à�¢«¥−¨ï −¥®¡å®¤¨¬® à�á¯®§−�¢�âì ¨ ¯à®£−®§¨à®¢�âì ¢®§¬®¦−ë¥
á¨âã�æ¨¨ (¢à¥¬ï ¨å ¢®§−¨ª−®¢¥−¨ï ¨ áâ¥¯¥−ì á¥àì¥§−®áâ¨) ¨ å�à�ªâ¥à á�¬®£®
®¯¥à�â¨¢−®£® ã¯à�¢«¥−¨ï.

”ã−ªæ¨®−�«ì−ë¥ §�¤�ç¨ ¬®£ãâ ¡ëâì áâ�¡¨«ì−ë¬¨ ¢ â¥ç¥−¨¥ ¤«¨â¥«ì−®£®
¯¥à¨®¤� ¢à¥¬¥−¨, ¢à¥¬¥−¨ ¦¨§−¥−−®£® æ¨ª«� ¨§¤¥«¨© (†–ˆ), ¥á«¨ ®âáãâáâ¢ãîâ
á¯¥æ¨ä¨ç¥áª¨¥ à¥¦¨¬ë ¥¥ ¨á¯®«ì§®¢�−¨ï. ‚ íâ®¬ á«ãç�¥ ®á−®¢−ë¬ ¢¨¤®¬
ã¯à�¢«¥−¨ï ‘��� ï¢«ï¥âáï ®¯¥à�â¨¢−®¥ ã¯à�¢«¥−¨¥ ¯® à�§à¥è¥−¨î à�§«¨ç−ëå
á¨âã�æ¨©. ’�ª®¥ ¦¥ ¯®«®¦¥−¨¥ −�¡«î¤�¥âáï ¢ íª®−®¬¨ç¥áª®© áä¥à¥ [4], ¢
áä¥à¥ ¯«�−¨à®¢�−¨ï ¯à®¨§¢®¤áâ¢� ¨ íª®−®¬¨ª¨ [5], ª®£¤� ¯«�−, ¢ëà�¡®â�−−ë©
¢ ¢¥àå−¨å íè¥«®−�å ¢«�áâ¨, ¨¬¥¥â áâ�âãá §�ª®−� ¨ àãª®¢®¤¨â¥«ï¬ −� ¬¥áâ�å
®áâ�¥âáï §�−¨¬�âìáï â®«ìª® ¢®¯à®á�¬¨ ®¯¥à�â¨¢−®£® ã¯à�¢«¥−¨ï. �®-¢¨¤¨¬®-
¬ã, ¯® íâ®© ¯à¨ç¨−¥ ¢ íª®−®¬¨ç¥áª®© «¨â¥à�âãà¥ [5{7] ¢ ®á−®¢−®¬ ®âáãâáâ¢ã¥â
â¥¬�â¨ª�, ¯®á¢ïé¥−−�ï äã−ªæ¨®−�«ì−®¬ã ã¯à�¢«¥−¨î.

�à¨ á¯¥æ¨ä¨ç¥áª¨å à¥¦¨¬�å ¨á¯®«ì§®¢�−¨ï ˆ�� (−�¯à¨¬¥à, ¯à¨ «¨ª¢¨¤�-
æ¨¨ çà¥§¢ëç�©−ëå á¨âã�æ¨©, á¢ï§�−−ëå á ¯à¨à®¤−ë¬¨ ª�â�ª«¨§¬�¬¨) −� ¯¥à-
¢ë© ¯«�− ¢ëå®¤ïâ ¢®¯à®áë �¤�¯â�æ¨¨ ‘��� ª −®¢ë¬ ãá«®¢¨ï¬, ®¯à¥¤¥«¥−¨ï
¯à®£à�¬¬ë ¤¥©áâ¢¨© ¯® à¥è¥−¨î ª�¦¤®© ª®−ªà¥â−®© §�¤�ç¨. ‚ë¡®à äã−ª-
æ¨®−�«ì−®£® ã¯à�¢«¥−¨ï áâ�−®¢¨âáï ®¯à¥¤¥«ïîé¨¬ ¤«ï ®¡¥á¯¥ç¥−¨ï âà¥¡ã¥¬®©
íää¥ªâ¨¢−®áâ¨ á®®â¢¥âáâ¢ãîé¥© ‘���. „�«¥¥ ¢ ¯à¥¤¥«�å ¢−®¢ì ¢ë¡à�−−®£®
¢�à¨�−â� äã−ªæ¨®−�«ì−®£® ã¯à�¢«¥−¨ï à¥�«¨§ãîâáï ¯à®æ¥¤ãàë ®¯¥à�â¨¢−®£®
(á¨âã�æ¨®−−®£®) ã¯à�¢«¥−¨ï.

‘«¥¤®¢�â¥«ì−®, ®á−®¢ã �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë ¨−â¥««¥ªâã�«ì−®© ¯®¤-
¤¥à¦ª¨ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© ¤®«¦−®áâ−ëå «¨æ ‘��� ¤®«¦−ë á®áâ�¢«ïâì
�«£®à¨â¬ë ¨ ¯à®£à�¬¬ë ¤«ï ¨−ä®à¬�æ¨®−−®-ã¯à�¢«ïîé¥© á¨áâ¥¬ë, ®¡¥á¯¥ç¨-
¢�îé¨¥, ¢®-¯¥à¢ëå, ¢ à�¬ª�å äã−ªæ¨®−�«ì−®£® ã¯à�¢«¥−¨ï íää¥ªâ¨¢−ë© ¢ë¡®à
¢à¥¬¥−−®© �˜‘ ¨ á®®â¢¥âáâ¢ãîé¥© áâàãªâãàë ¯®â®ª®¢ ¬�â¥à¨�«ì−®-â¥å−¨ç¥-
áª¨å áà¥¤áâ¢ ¨, ¢®-¢â®àëå, ¢ à�¬ª�å ®¯¥à�â¨¢−®£® ã¯à�¢«¥−¨ï | ®¯à¥¤¥«¥−¨¥
−�¨«ãçè¨å á¯®á®¡®¢ à�§à¥è¥−¨ï ¢®§¬®¦−ëå á¨âã�æ¨©. Š�¦¤ë© �ªâ ã¯à�¢«¥-
−¨ï ¤®«¦¥− ¯à¥¤¢�àïâìáï ¯à®£−®§®¬ ¢®§¬®¦−ëå ¯®á«¥¤áâ¢¨©. �âáî¤� á«¥¤ã¥â
−¥¯à¥«®¦−ë© ¢ë¢®¤ ® â®¬, çâ® �«£®à¨â¬ë ¨ ¯à®£à�¬¬ë ¯® ¨−â¥««¥ªâã�«ì−®©
¯®¤¤¥à¦ª¥ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© ¤®«¦−ë ¡ëâì ®á−®¢�−ë −� ¨á¯®«ì§®¢�−¨¨
¯à®£−®§¨àãîé¨å ¬®¤¥«¥© ¯à®æ¥áá®¢, ¯à®â¥ª�îé¨å ¢ ‘��� ¯à¨ à¥è¥−¨¨ á®®â-
¢¥âáâ¢ãîé¨å §�¤�ç.

÷�áá¬®âà¨¬ á−�ç�«� áãé¥áâ¢ãîé¨¥ ¯®¤å®¤ë ª ¬®¤¥«¨à®¢�−¨î ‘���. ��¨-
¡®«¥¥ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ¯®«ãç¨«¨ ª®¬¯ìîâ¥à−ë¥ ¬¥â®¤ë á¨áâ¥¬−®£® �−�«¨§�,
®á−®¢�−−ë¥ −� ¨¬¨â�æ¨®−−®¬ ¨, ¢ ¯¥à¢ãî ®ç¥à¥¤ì, áâ�â¨áâ¨ç¥áª®¬ ¬®¤¥«¨à®¢�-
−¨¨ [8{11]. ‘®¢¥àè¥−áâ¢®¢�−¨¥ ¬¥â®¤� áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à¨¢¥«® ª
á®§¤�−¨î ¬¥â®¤®¢ ¯«�−¨à®¢�−¨ï íªá¯¥à¨¬¥−â®¢ ¨ à¥è¥−¨î −®¢ëå áâ�â¨áâ¨ç¥áª¨å
§�¤�ç [12{17]. Œ¥â®¤ áâ�â¨áâ¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨á¯®«ì§ã¥âáï ¯à¨ �−�«¨§¥
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�¥«¨−¥©−®¥ ª®àà¥«ïæ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ ¨ �−�«¨§ −�¤¥¦−®áâ¨ ‘��� ˆ��

á«®¦−ëå ‘��� ¢ á®¢®ªã¯−®áâ¨ á ¨å ¨¬¨â�æ¨®−−ë¬¨ ¬®¤¥«ï¬¨, ¯®§¢®«ïîé¨-
¬¨ à�§ë£àë¢�âì áæ¥−�à¨¨ à�§¢¨â¨ï ¯à®æ¥áá®¢ ¯® à�áå®¤®¢�−¨î ¨ ¯®¯®«−¥−¨î
«î¤áª¨å ¨ ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª¨å à¥áãàá®¢ á æ¥«ìî ¤®áâ¨¦¥−¨ï âà¥¡ã¥¬ëå
à¥§ã«ìâ�â®¢. ƒà®¬®§¤ª®áâì ¬¥â®¤� ¢ë−ã¦¤�¥â ¯à¨¡¥£�âì ª á®§¤�−¨î £¨¡à¨¤−ëå
¬®¤¥«¥© ‘���, ¯à¥¤áâ�¢«ïîé¨å á®¡®© á®¢®ªã¯−®áâì ¬�àª®¢áª¨å ¨ ¨¬¨â�æ¨®−-
−ëå ¬®¤¥«¥©. Œ�àª®¢áª®© ¬®¤¥«ìî ¯à¨ íâ®¬ ®¯¨áë¢�îâ, ª�ª ¯à�¢¨«®, ¯à®æ¥ááë
à�áå®¤®¢�−¨ï áà¥¤áâ¢, � ¨¬¨â�æ¨®−−®© | ¨å ¯®¯®«−¥−¨ï.

�¡ëç−® ¢ á¨«ã §−�ç¨â¥«ì−ëå §�âà�â ¬�è¨−−®£® ¢à¥¬¥−¨ ¨ ®¯¥à�â¨¢−®© ¯�-
¬ïâ¨ ¤�¦¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ (‘‚’),
®á®¡¥−−® ¢®§à�áâ�îé¨å ¯à¨ à¥è¥−¨¨ ®¯â¨¬¨§�æ¨®−−ëå §�¤�ç ¢ á«®¦−ëå á¨á-
â¥¬�å, ®¤−®¢à¥¬¥−−® à�§¢¨¢�«¨áì ¬¥â®¤ë �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨ ˆ’
¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª, ®á−®¢�−−ë¥ −� â¥®à¨¨ ¬�àª®¢áª¨å, áªàëâëå ¬�àª®¢-
áª¨å ¨ ®¡®¡é¥−−ëå áªàëâëå ¯à®æ¥áá®¢ [1].

÷¥è�¥¬ë¥ â�ª¨¬ ®¡à�§®¬ §�¤�ç¨ ¢å®¤ïâ ¢ â¥á−®¥ á®¯à¨ª®á−®¢¥−¨¥ á §�¤�ç�¬¨
â¥®à¨¨ ã¯à�¢«¥−¨ï §�¯�á�¬¨ ¨ â¥®à¨¨ −�¤¥¦−®áâ¨, ¯®áª®«ìªã áãâì à�áá¬�âà¨¢�-
¥¬ëå ¯à®æ¥áá®¢ ®¤−� ¨ â� ¦¥: à�áå®¤®¢�−¨¥, ¢®ááâ�−®¢«¥−¨¥ (¯®á«¥ ¨á¯®«ì§®¢�-
−¨ï) ¨ ¯®¯®«−¥−¨¥ §�¯�á®¢. �â® ª�á�¥âáï ¢ ¯¥à¢ãî ®ç¥à¥¤ì §�¯�á®¢ −�¤¥¦−®áâ¨
�£à¥£�â®¢ ¨ ¡®àâ®¢ëå á¨áâ¥¬ ˆ�� ¢ �¢¨�æ¨®−−®-ª®á¬¨ç¥áª®© â¥å−¨ª¥.

’¥®à¨ï ã¯à�¢«¥−¨ï §�¯�á�¬¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï è¨à®ª® ¯à¥¤áâ�¢«¥−�, −�-
¯à¨¬¥à, à�¡®â�¬¨ [18{20]. �á−®¢−®© §�¤�ç¥©, à¥è�¥¬®© §¤¥áì á ¯®¬®éìî íâ¨å
¯®¤å®¤®¢, ï¢«ï¥âáï ®¯à¥¤¥«¥−¨¥ ®¯â¨¬�«ì−ëå áà®ª®¢ ¨ ®¡ê¥¬®¢ ¯®¯®«−¥−¨ï
§�¯�á®¢ ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª¨å áà¥¤áâ¢. �¤−�ª® ¨§-§� ¡®«ìè¨å á«®¦−®áâ¥©
á ¬®¤¥«¨à®¢�−¨¥¬ à¥�«ì−ëå −¥áâ�æ¨®−�à−ëå ¯à®æ¥áá®¢ à�áå®¤®¢�−¨ï §�¯�á®¢ ¢
ãá«®¢¨ïå á«ãç�©−®£® å�à�ªâ¥à� ¨§¬¥−¥−¨ï á¯à®á� ¯à¨å®¤¨âáï ¯à¨−¨¬�âì ã¯à®é¥-
−¨ï, ¯®§¢®«ïîé¨¥ ¤®¢¥áâ¨ áä®à¬ã«¨à®¢�−−ë¥ §�¤�ç¨ ¤® ª®−¥ç−®£® à¥§ã«ìâ�â�.
�á−®¢−ë¬ ¨§ íâ¨å ã¯à®é¥−¨© ï¢«ï¥âáï ¤®¯ãé¥−¨¥ ®¡ ãáâ�−®¢¨¢è¥¬áï à¥¦¨-
¬¥. �â® ¯à¨¢®¤¨â ª ®¤−®à®¤−ë¬ áâà�â¥£¨ï¬ ã¯à�¢«¥−¨ï, çâ® á−¨¦�¥â æ¥−−®áâì
à¥ª®¬¥−¤�æ¨© ¨ áãé¥áâ¢¥−−® ®£à�−¨ç¨¢�¥â ®¡«�áâì ¨å ¯à¨¬¥−¥−¨ï.

‚ â¥®à¨¨ −�¤¥¦−®áâ¨ ®¤−®© ¨§ ®á−®¢−ëå â�ª¦¥ ï¢«ï¥âáï §�¤�ç� ®¯à¥¤¥«¥−¨ï
®¯â¨¬�«ì−®© áâà�â¥£¨¨ â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï â¥å−¨ç¥áª¨å ®¡ê¥ªâ®¢. �¤-
−�ª®, ¢ ®â«¨ç¨¥ ®â áª«�¤�, ª®â®àë© ®¤−®¢à¥¬¥−−® ¬®¦¥â à�áå®¤®¢�âì ¨ ¯®¯®«−ïâì
á¢®¨ §�¯�áë ¯® ¢á¥© −®¬¥−ª«�âãà¥, â¥å−¨ç¥áª¨© ®¡ê¥ªâ ¢® ¢à¥¬ï à�áå®¤®¢�−¨ï
á¢®¨å §�¯�á®¢ −�¤¥¦−®áâ¨ ¯®¯®«−ïâì ¨å −¥ ¢ á®áâ®ï−¨¨, ¨ −�®¡®à®â. ‡¤¥áì
¯®ï¢«ï¥âáï ¤®¯®«−¨â¥«ì−�ï ¯à®¡«¥¬� | á¢¥¤¥−¨¥ à�§«¨ç−ëå âà¥¡ã¥¬ëå áà®ª®¢
¢®á¯®«−¥−¨ï −�¤¥¦−®áâ¨ �£à¥£�â®¢ ¨ á¨áâ¥¬ ¯® ¢®§¬®¦−®áâ¨ ª ¥¤¨−ë¬ áà®ª�¬
¯à®ä¨«�ªâ¨ç¥áª¨å ¨ ¢®ááâ�−®¢¨â¥«ì−ëå à�¡®â. �à¨ ¬®¤¥«¨à®¢�−¨¨ ¯à®æ¥áá®¢
à�áå®¤®¢�−¨ï ¨ ¯®¯®«−¥−¨ï §�¯�á®¢ −�¤¥¦−®áâ¨ ¢®§−¨ª�¥â ¨ ¤àã£�ï ¯à®¡«¥¬�, �
¨¬¥−−®: ¯à®£−®§ á−¨¦¥−¨ï −�¤¥¦−®áâ¨ á¨áâ¥¬ ¢á«¥¤áâ¢¨¥ áâ�à¥−¨ï í«¥¬¥−â−®©
¡�§ë. ‘ �−�«®£¨ç−ë¬ íää¥ªâ®¬ áâ�«ª¨¢�îâáï ¨ ¢ â¥®à¨¨ ã¯à�¢«¥−¨ï §�¯�á�-
¬¨ ¯à¨ ãç¥â¥ ¯®àç¨, â. ¥. ãåã¤è¥−¨¨ ª®−¤¨æ¨¨ åà�−ïé¨åáï §�¯�á®¢ (−�¯à¨¬¥à,
¯à®¤ãªâ®¢).
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’¥®à¨ï −�¤¥¦−®áâ¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ï¢«ï¥âáï −�ãª®©, ¯à¨¢«¥ª�îé¥©, −�-
¢¥à−®¥, −�¨¡®«ìè¥¥ ¢−¨¬�−¨¥ á¯¥æ¨�«¨áâ®¢ à�§−ëå ª�â¥£®à¨©. �à¨§−�−−ë¬¨
¢ íâ®© ®¡«�áâ¨, áâ�¢è¨¬¨ ª«�áá¨ç¥áª¨¬¨, ï¢«ïîâáï à�¡®âë [21{26]. ”ã−-
¤�¬¥−â�«ì−�ï ®á®¡¥−−®áâì ®á−®¢−ëå ¢ë¢®¤®¢ â¥®à¨¨ −�¤¥¦−®áâ¨ ¤«ï ‘���
§�ª«îç�¥âáï ¢ â®¬, çâ® ®−¨ ¡�§¨àãîâáï −� ¬®¤¥«¨à®¢�−¨¨ ¯à®æ¥áá®¢ à�áå®¤®¢�-
−¨ï ¨ ¢®ááâ�−®¢«¥−¨ï §�¯�á� −�¤¥¦−®áâ¨ ®¤¨−®ç−®£® (¨§®«¨à®¢�−−®£®) ®¡ê¥ªâ�
â¥å−¨ª¨ ¨«¨ ®â¤¥«ì−ëå ¥£® ¯®¤á¨áâ¥¬, ¡¥§ ãç¥â� ¢§�¨¬−®£® ¢«¨ï−¨ï ¯®¤®¡−ëå
®¡ê¥ªâ®¢ ¢ á¨áâ¥¬¥ â¥å−¨ç¥áª®© íªá¯«ã�â�æ¨¨ (’�). ‚§�¨¬®¢«¨ï−¨¥ ¦¥ ®¡ãá«®¢-
«¥−® ®£à�−¨ç¥−−ë¬¨ ¢®§¬®¦−®áâï¬¨ á¨áâ¥¬ë ¯® ®¤−®¢à¥¬¥−−®¬ã ®¡á«ã¦¨¢�−¨î
¢á¥å ®¡ê¥ªâ®¢, çâ® ¬®¦¥â ¯à¨¢®¤¨âì ª ¯®ï¢«¥−¨î ®ç¥à¥¤¥©, â. ¥. ª §�¤¥à¦ª�¬ ¯à¨
¢®ááâ�−®¢«¥−¨¨ −�¤¥¦−®áâ¨.

�−�«®£¨ç−ë© ¯®¤å®¤ ¯à®ï¢«ï¥âáï ¨ ¯à¨ ®æ¥−ª¥ å�à�ªâ¥à¨áâ¨ª £®â®¢−®áâ¨
®â¤¥«ì−ëå ¨§¤¥«¨©, ª®â®àë¥ â®¦¥ à�áá¬�âà¨¢�îâáï ª�ª ¨§®«¨à®¢�−−ë¥ ®¡ê¥ªâë.
�� á�¬®¬ ¤¥«¥ ¨§-§� ®£à�−¨ç¥−−®£® ä®−¤� §�¯�á−ëå ç�áâ¥© (‡—) ®¤−¨ ˆ�� ¬®£ãâ
¡ëâì ¢®ááâ�−®¢«¥−ë, � ¤àã£¨¥ ¡ã¤ãâ ¯à®áâ�¨¢�âì ¢ â¥ç¥−¨¥ ¤«¨â¥«ì−®£® ¢à¥¬¥−¨.
�®«¥¥ ª®àà¥ªâ−®© ï¢«ï«�áì ¡ë ¯®áâ�−®¢ª� §�¤�ç¨ ®¯à¥¤¥«¥−¨ï, −�¯à¨¬¥à, ¯®-
ª�§�â¥«¥© £®â®¢−®áâ¨ ®â¤¥«ì−®£® ˆ�� á ãç¥â®¬ ãª�§�−−®£® ¢§�¨¬®¢«¨ï−¨ï ¯à¨
â¨¯®¢®© á¨áâ¥¬¥ â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï. �â®, ¢ á¢®î ®ç¥à¥¤ì, ¯à¨¢®¤¨â ª
−¥®¡å®¤¨¬®áâ¨ á®§¤�−¨ï ª®¬¯«¥ªá−®© ¬®¤¥«¨, ¢ª«îç�îé¥© ¬®¤¥«ì −�¤¥¦−®áâ¨
¨§®«¨à®¢�−−®£® ˆ�� ¨ ¥£® á¨áâ¥¬, � â�ª¦¥ ¬®¤¥«ì äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë
’� ¢ æ¥«®¬.

‚ ª®−¥ç−®¬ áç¥â¥ ¢®§−¨ª�¥â ¯®âà¥¡−®áâì á®§¤�−¨ï ¥¤¨−®© ¬¥â®¤®«®£¨ç¥áª®©
¡�§ë ¤«ï ¬®¤¥«¨à®¢�−¨ï â�ª®£® à®¤� ª®¬¯«¥ªá−ëå á¨áâ¥¬, ¯®áª®«ìªã ¬®¤¥«¨à®-
¢�−¨¥ ¯à®æ¥áá®¢ ¢ ‘��� á¢®¤¨âáï ª ¬®¤¥«¨à®¢�−¨î á®®â¢¥âáâ¢ãîé¨å ¯®â®ª®¢
à�áå®¤ã¥¬ëå, ¢®ááâ�−�¢«¨¢�¥¬ëå ¨ ¯®¯®«−ï¥¬ëå §�¯�á®¢ à¥áãàá®¢, ¯®§¢®«ï-
îé¨å ®¡¥á¯¥ç¨âì ¨á¯®«ì§®¢�−¨¥ ˆ�� ¯® ¨å −�§−�ç¥−¨î.

‚ [1] ¨§«�£�îâáï â¥®à¥â¨ç¥áª¨¥ ®á−®¢ë á®§¤�−¨ï ®¤−®£® ¨§ −®¢¥©è¨å −�¯à�¢-
«¥−¨© ¢ ®¡«�áâ¨ íª®−®¬¨ª¨ ¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï ˆ�� ¤«¨â¥«ì−®£®
¨á¯®«ì§®¢�−¨ï | ¨−â¥£à¨à®¢�−−®© «®£¨áâ¨ç¥áª®© ¯®¤¤¥à¦ª¨ (ˆ‹�). ˆ−â¥£à¨-
à®¢�−−�ï «®£¨áâç¥áª�ï ¯®¤¤¥à¦ª� | íâ® á¨áâ¥¬� −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å,
¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨å, ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å, ¯à®¨§¢®¤áâ¢¥−−ëå ¨
ã¯à�¢«¥−ç¥áª¨å â¥å−®«®£¨©, áà¥¤áâ¢ ¨ ¯à�ªâ¨ç¥áª¨å ¬¥à®¯à¨ïâ¨©, ¨á¯®«ì§ã-
¥¬ëå (¯à¨¬¥−ï¥¬ëå) ¢ â¥ç¥−¨¥ ¦¨§−¥−−®£® æ¨ª«� ˆ��, −�¯à�¢«¥−−ëå −� ¤®áâ¨-
¦¥−¨¥ ¬¨−¨¬�«ì−ëå §�âà�â ¯® ®¡á«ã¦¨¢�−¨î ¨ à¥¬®−âã ˆ�� ¯à¨ ®¡¥á¯¥ç¥−¨¨
âà¥¡ã¥¬ëå å�à�ªâ¥à¨áâ¨ª ¨ ¯®ª�§�â¥«¥© äã−ªæ¨®−�«ì−®£® ª�ç¥áâ¢� ¨ â¥å−¨ç¥-
áª®© £®â®¢−®áâ¨ ¯à®¤ãªæ¨¨ −� íâ�¯¥ ¥¥ íªá¯«ã�â�æ¨¨. ‡−�ç¥−¨ï íâ¨å ¯®ª�§�â¥«¥©
®¯à¥¤¥«ïîâ ãà®¢¥−ì ª®−ªãà¥−â®á¯®á®¡−®áâ¨ ˆ�� −� á®¢à¥¬¥−−ëå ¬¨à®¢ëå
àë−ª�å.

‚ [1] ¢¯¥à¢ë¥ ¤�¥âáï ª®¬¯«¥ªá−ë© ¯®¤å®¤ ª ¯à®¥ªâ¨à®¢�−¨î ¨ á®§¤�−¨î ª�ª
á®¡áâ¢¥−−® ˆ��, â�ª ¨ á¨áâ¥¬ë ¨å ¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï, ã¤®¢«¥-
â¢®àïîé¨å −�¨«ãçè¨¬ §−�ç¥−¨ï¬ ¡�«�−á� ª�ç¥áâ¢� ˆ�� ¨ áâ®¨¬®áâ¨ ¨å ¦¨§-
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−¥−−®£® æ¨ª«�, ®á−®¢�−−ë© −� ¨á¯®«ì§®¢�−¨¨ â¥®à¨¨ £¨¡à¨¤−ëå áâ®å�áâ¨ç¥áª¨å
á¨áâ¥¬.

÷�áá¬®âà¨¬ à�§¢¨â¨¥ −¥«¨−¥©−ëå ª®àà¥«ïæ¨®−−ëå ¬¥â®¤®¢ �−�«¨â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï ¨ ¨å ¯à¨¬¥−¥−¨ï ª â¨¯®¢ë¬ §�¤�ç�¬ �−�«¨§� −�¤¥¦−®áâ¨ ‘���.
�á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¨¬ ¬¥â®¤�¬, ®á−®¢�−−ë¬ −� ª�−®−¨ç¥áª¨å à�§«®¦¥−¨ïå
á«ãç�©−ëå äã−ªæ¨©.

2 Стохастические процессы, порождаемые потоками
в системе послепродажного обслуживания

‘«¥¤ãï [1], ¯à¥¤áâ�¢¨¬ ‘��� ¢ ¢¨¤¥ ®à¨¥−â¨à®¢�−−®£® £à�ä�, ¨§®¡à�-
¦¥−−®£® −� à¨á. 1, �. ‚¥àè¨−ë £à�ä� á®®â¢¥âáâ¢ãîâ 1, 2, . . . , n á®áâ®ï−¨ï¬, ¢
ª®â®àëå ¬®¦¥â −�å®¤¨âìáï −¥ª¨© ®¤−®â¨¯−ë© ¬�â¥à¨�«ì−ë© à¥áãàá, ¢ â®¬ ç¨á«¥
ˆ��. Š®«¨ç¥áâ¢® ¥¤¨−¨æ à¥áãàá� ¢ íâ¨å á®áâ®ï−¨ïå ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨
t > 0 ¡ã¤¥¬ ®¡®§−�ç�âì ¯¥à¥¬¥−−ë¬¨ á®®â¢¥âáâ¢¥−−® Y1(t), . . . , Yn(t). …áâ¥-
áâ¢¥−−® áç¨â�âì íâ¨ äã−ªæ¨¨ ¢à¥¬¥−¨ á®áâ�¢«ïîé¨¬¨ ª®®à¤¨−�â ¢¥ªâ®à� Y (t)
à�§¬¥à−®áâ¨ n.

„ã£¨ £à�ä� á®®â¢¥âáâ¢ãîâ ¯¥à¥å®¤�¬ à¥áãàá� ¨§ á®áâ®ï−¨© k ¢ á®áâ®ï−¨ï h
(k, h = 1, 2, . . . , n; k 6= h). �¥ª®â®àë¥ á®áâ®ï−¨ï à¥áãàá� á®®â¢¥âáâ¢ãîâ ¥£®
−�å®¦¤¥−¨î ¢ á¨áâ¥¬¥ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï (‘Œ�) ¯® ¢®ááâ�−®¢«¥−¨î ¤®
−¥®¡å®¤¨¬®£® á®áâ®ï−¨ï ¯®á«¥ ¨á¯®«ì§®¢�−¨ï, ¯® ¯®¤£®â®¢ª¥ ª ¯®¢â®à−®¬ã ¨á-
¯®«ì§®¢�−¨î ¨ â. ¤. …á«¨ ª�−�«ë ‘Œ� ¨¤¥−â¨ç−ë, â® ®¡é�ï ¯à®¨§¢®¤¨â¥«ì−®áâì
‘Œ� ®¯à¥¤¥«ï¥âáï ç¨á«®¬ ª�−�«®¢ ¨ ï¢«ï¥âáï áãé¥áâ¢¥−−® −¥«¨−¥©−®© äã−ª-
æ¨¥© ®â ª®«¨ç¥áâ¢� ¥¤¨−¨æ à¥áãàá�, ¯®áâã¯�îé¨å −� ¢å®¤ ‘Œ�. �� £à�ä¥ íâ®
®âà�¦¥−® ®¡®§−�ç¥−¨ï¬¨ ¢¨¤� ρkh(Y, t), â. ¥. −¥«¨−¥©−�ï äã−ªæ¨ï ¢ ®¡é¥¬ á«ãç�¥
¨¬¥¥â ¢¥ªâ®à−ë© �à£ã¬¥−â.

÷¨á. 1 ƒà�ä ®¡é¥£® ¢¨¤� ‘���
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�� à¨á. 2 ¤«ï ¯à¨¬¥à� ¯à¨¢¥¤¥−

÷¨á. 2 ’¨¯®¢®© ¢¨¤ −¥«¨−¥©−®©
äã−ªæ¨¨ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥-
¬ë à¥¬®−â�

£à�ä¨ª §�¢¨á¨¬®áâ¨ áã¬¬�à−®© ¯à®¨§¢®¤¨-
â¥«ì−®áâ¨ á¨áâ¥¬ë, §�−¨¬�îé¥©áï à¥¬®−-
â®¬ ˆ��, ®â ª®«¨ç¥áâ¢� Y1(t) à¥¬®−â¨àã-
¥¬ëå ¨§¤¥«¨© ¨ ç¨á«� A à¥¬®−â−ëå £àã¯¯.
‡¤¥áì ãç¨âë¢�¥âáï, çâ® ª�¦¤�ï ¨§ à¥¬®−â-
−ëå £àã¯¯ ¬®¦¥â §�−¨¬�âìáï ®¤−®¢à¥¬¥−−®
à¥¬®−â®¬ â®«ìª® ®¤−®£® ¨§¤¥«¨ï á ¯à®¨§¢®-
¤¨â¥«ì−®áâìî λ0, â. ¥. ¯®â®ª −� ¢ëå®¤¥ ª�¦-
¤®£® ª�−�«� à¥¬®−â� ï¢«ï¥âáï ¥¤¨−¨ç−ë¬ ¨
¨¬¥¥â ¨−â¥−á¨¢−®áâì, à�¢−ãî λ0 (ª®«¨ç¥-
áâ¢® ¨§¤¥«¨© ¢ ¥¤¨−¨æã ¢à¥¬¥−¨).

‚®§¬®¦−� ¤àã£�ï á¨âã�æ¨ï, ª®£¤� −� ¢ëå®¤¥ ª�¦¤®£® ª�−�«� ‘Œ� ¡ã¤¥â
−�¡«î¤�âìáï ¯®â®ª ú£àã¯¯û ˆ�� ¨«¨ ¤àã£¨å ¢¨¤®¢ à¥áãàá®¢ á«ãç�©−®© ç¨á«¥−-
−®áâ¨ (®¡ê¥¬�) vkh. �à¨ íâ®¬ §�¯¨áì ρkh(Y, t); {vkh}, á¤¥«�−−�ï ¯à¨ à�§¬¥âª¥
£à�ä� −� à¨á. 1, ®§−�ç�¥â, çâ® ¨§ á®áâ®ï−¨ï k ¢ á®áâ®ï−¨¥ h ¯¥à¥å®¤ïâ ú£àã¯-
¯ëû ¬�â¥à¨�«ì−ëå à¥áãàá®¢ ç¨á«¥−−®áâìî {vkh} á ¨−â¥−á¨¢−®áâìî ρkh(Y, t).
�®¤ ¨−â¥−á¨¢−®áâìî ¢ ¤�−−®¬ á«ãç�¥ ¯®−¨¬�¥âáï ª®«¨ç¥áâ¢® £àã¯¯ à¥áãàá®¢,
¯®ï¢«ïîé¨åáï −� ¢ëå®¤¥ ‘Œ� ¢ ¥¤¨−¨æã ¢à¥¬¥−¨.

ƒà�ä, ¨§®¡à�¦¥−−ë© −� à¨á. 1, �, ®âà�¦�¥â ä¨§¨ç¥áªãî ¯à¨à®¤ã ¯à®æ¥áá®¢
−�ª®¯«¥−¨ï ¨ à�áå®¤®¢�−¨ï ¬�â¥à¨�«ì−ëå à¥áãàá®¢ ¢ ‘���, ª®£¤� ª�¦¤�ï
¥¤¨−¨æ� à¥áãàá� ¯®¯�¤�¥â ¢ á®áâ®ï−¨¥ i (i = 1, 2, . . . , n) â®«ìª® «¨èì ¨§ ª�-
ª®£®-«¨¡® ¤àã£®£® á®áâ®ï−¨ï j (j = 1, 2, . . . , n; j 6= i). �¤−�ª® −� íâ®¬ £à�ä¥
−¥¢®§¬®¦−® ¯®ª�§�âì ¯à®æ¥ááë ¨−®£® å�à�ªâ¥à�, −�¯à¨¬¥à áã¬¬�à−®¥ ª®«¨ç¥áâ¢®
í«¥¬¥−â®¢, ¯à®è¥¤è¨å ç¥à¥§ á®áâ®ï−¨¥ i −� ¯à®¬¥¦ãâª¥ [0, t). �â� áã¬¬� ¡ã¤¥â
äã−ªæ¨¥© ¢à¥¬¥−¨, ¯®íâ®¬ã �−�«®£®¬ â�ª®© äã−ªæ¨¨ ¢ â¥®à¨¨ −�¤¥¦−®áâ¨ [21]
ï¢«ï¥âáï ¯à®æ¥áá ¢®ááâ�−®¢«¥−¨ï (áã¬¬�à−®¥ ª®«¨ç¥áâ¢® ¢®ááâ�−®¢«¥−¨© ¯à¨
®âª�§�å). ‚ ¤�«ì−¥©è¥¬ ¡ã¤¥¬ −�§ë¢�âì íâ®â ¯à®æ¥áá úáã¬¬¨àãîé¨¬û.

„«ï ¨§®¡à�¦¥−¨ï áã¬¬¨àãîé¨å ¯à®æ¥áá®¢ á ¯®¬®éìî £à�ä� âà¥¡ã¥âáï:

{ ¢¢¥áâ¨ ¯®−ïâ¨¥ ú¯á¥¢¤®á®áâ®ï−¨ïû;

{ ®¤−¨¬ ¨§ ¯á¥¢¤®á®áâ®ï−¨© áç¨â�âì ¨áâ®ç−¨ª á ¡¥áª®−¥ç−ë¬ ª®«¨ç¥áâ¢®¬
í«¥¬¥−â®¢ ¨ ¯à¨á¢®¨âì ¥¬ã −®¬¥à ú0û (0-¢¥àè¨−� £à�ä�);

{ ¯à®−ã¬¥à®¢�âì ®áâ�«ì−ë¥ ¯á¥¢¤®á®áâ®ï−¨ï ®â n + 1 ¤® n + r, £¤¥ r | ç¨á«®
áã¬¬¨àãîé¨å ¯à®æ¥áá®¢;

{ á®¥¤¨−¨âì 0-¢¥àè¨−ã á ®áâ�«ì−ë¬¨ r á®®â¢¥âáâ¢ãîé¨¬¨ ¤ã£�¬¨ ¨ ®¯à¥¤¥«¨âì
¨−â¥−á¨¢−®áâ¨ ¯¥à¥å®¤®¢ â¨¯� 0→ µ, £¤¥ µ = n+ 1, . . . , n+ r.

�� à¨á. 1, ¡ ¯®ª�§�− ¤«ï ¯à¨¬¥à� £à�ä ¯á¥¢¤®á®áâ®ï−¨©, ¯®áâà®¥−−ë© á
ãç¥â®¬ ¢ëè¥¨§«®¦¥−−®£® ¯à�¢¨«�. ‡¤¥áì ¯á¥¢¤®á®áâ®ï−¨¥ n + 1 å�à�ªâ¥à¨§ã-
¥â áã¬¬¨àãîé¨© ¯à®æ¥áá ¤«ï á®áâ®ï−¨ï 1, â. ¥. ®¯à¥¤¥«ï¥â ç¨á«® í«¥¬¥−â®¢,
¯à®è¥¤è¨å ç¥à¥§ íâ® á®áâ®ï−¨¥. �âáî¤� ¨−â¥−á¨¢−®áâì ρ0,n−1(Y, t) ¤®«¦−�
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®¯à¥¤¥«ïâìáï ª�ª äã−ªæ¨ï ®â ¨−â¥−á¨¢−®áâ¥© ρk,l(Y, t), k = 2, 3, . . . , n. ‚ ¤�−-
−®¬ á«ãç�¥ ®−� à�¢−� ρ12(Y, t) á £àã¯¯�¬¨ {v12}. �−�«®£¨ç−® ¬®¦−® ¯à¨−ïâì
¢ ª�ç¥áâ¢¥ ¯á¥¢¤®á®áâ®ï−¨ï áã¬¬¨àãîé¨© ¯à®æ¥áá, ï¢«ïîé¨©áï äã−ªæ¨¥© ®â
ç¨á«� í«¥¬¥−â®¢, ¯à®è¥¤è¨å ç¥à¥§ £àã¯¯ã á®áâ®ï−¨©.

�à¥¤¯®«®¦¨¬, çâ® ¯¥à¥å®¤ë £àã¯¯ à¥áãàá� á«ãç�©−®© ç¨á«¥−−®áâ¨ vkh ¨§
á®câ®ï−¨© k ¢ á®áâ®ï−¨ï h (k, h = 1, 2, . . . , n; k 6= h) ¯à®¨áå®¤ïâ ¢ á«ãç�©−ë¥
¬®¬¥−âë ¢à¥¬¥−¨ tjkh, ®¡à�§ãîé¨¥ á«ãç�©−ë¥ ¯ã�áá®−®¢áª¨¥ ¯®â®ª¨ á ¨−â¥−á¨¢-
−®áâï¬¨ ρkh(Y, t). ‚ íâ®¬ á«ãç�¥ ¢¥ªâ®à−ë© áâ®å�áâ¨ç¥áª¨© ¯à®æ¥áá (‘â�) Y (t)
ï¢«ï¥âáï ¤¨áªà¥â−ë¬ ¬�àª®¢áª¨¬ ‘â� á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬.

�¡é�ï ¯ã�áá®−®¢áª�ï ¬®¤¥«ì ¬�â¥à¨�«ì−ëå ¯®â®ª®¢ ¢ ‘��� ®¡«�¤�¥â ¤¢ã¬ï
¤®áâ®¨−áâ¢�¬¨:

(1) ¯à®áâ®â®© ®¯¨á�−¨ï, çâ® ®¡¥á¯¥ç¨¢�¥âáï ¬¨−¨¬�«ì−ë¬ ®¡ê¥¬®¬ �¯à¨®à−®©
¨−ä®à¬�æ¨¨ ¢ á«ãç�¥ í«¥¬¥−â�à−ëå ¯®â®ª®¢, ¢ ç�áâ−®áâ¨:

{ ¢¥«¨ç¨−�¬¨ ¨−â¥−á¨¢−®áâ¥© ρkh ¢ áâ�æ¨®−�à−ëå á«ãç�ïå;

{ äã−ªæ¨ï¬¨ ¨−â¥−á¨¢−®áâ¥© ρkh(t) ¢ −¥áâ�æ¨®−�à−ëå á«ãç�ïå;

(2) −�«¨ç¨¥¬ ¯à¥¤¥«ì−®£® á¢®©áâ¢�, ¢ëà�¦�îé¥£®áï ¢ â®¬, çâ® áã¬¬¨à®¢�−¨¥
¯à®¨§¢®«ì−ëå ¯®â®ª®¢ á á®¨§¬¥à¨¬ë¬¨ ¨−â¥−á¨¢−®áâï¬¨ ¤�¥â ¯®â®ª, �á¨¬-
¯â®â¨ç¥áª¨ (¯® ç¨á«ã á«�£�¥¬ëå) áå®¤ïé¨©áï ª ¯ã�áá®−®¢áª®¬ã á áã¬¬�à−®©
¨−â¥−á¨¢−®áâìî.

�â¨ á¢®©áâ¢� ¤¥«�îâ ¯ã�áá®−®¢áªãî ¬®¤¥«ì ¯®â®ª®¢ ¢ ‘��� ¢¥áì¬� ¯«®¤®-
â¢®à−®©. „¥©áâ¢¨â¥«ì−®, ç¥¬ á«®¦−¥¥ á¨áâ¥¬�, ç¥¬ ®−� ¡®«¥¥ ¬−®£®¯®â®ª®¢�ï,
â¥¬ «ãçè¥ ã¤®¢«¥â¢®àï¥âáï âà¥¡®¢�−¨¥ ¯à¥¤¥«ì−®£® á¢®©áâ¢�. Œ®¦−® â�ª¦¥ ¤®-
¡�¢¨âì, çâ® ¯ã�áá®−®¢áª¨¥ ¯®â®ª¨ | á�¬ë¥ úá«ãç�©−ë¥û áà¥¤¨ ®áâ�«ì−ëå. ˆ−�ç¥
£®¢®àï, í−âà®¯¨ï à�á¯à¥¤¥«¥−¨ï ¨−â¥à¢�«®¢ ¬¥¦¤ã á®¡ëâ¨ï¬¨ ¢ ¯ã�áá®−®¢áª®¬
¯®â®ª¥ ï¢«ï¥âáï −�¨¡®«ìè¥© ¯® áà�¢−¥−¨î á ¤àã£¨¬¨ ¢¨¤�¬¨ ¯®â®ª®¢. �â®, ª�ª
¯à�¢¨«®, á®®â¢¥âáâ¢ã¥â (¯® áâ¥¯¥−¨ ®¯à¥¤¥«¥−−®áâ¨) �¯à¨®à−®© ¨−ä®à¬�æ¨¨ ®
á«®¦−ëå ‘��� ¨ áà¥¤¥, ¢ ª®â®à®© ®−¨ äã−ªæ¨®−¨àãîâ.

‘ãé¥áâ¢ã¥â ¥é¥ ®¤¨− �á¯¥ªâ ¯à�ªâ¨ç¥áª®© ¯à¨¥¬«¥¬®áâ¨ ®¯¨á�−¨ï ‘���
¯ã�áá®−®¢áª®© ¬®¤¥«ìî. �− §�ª«îç�¥âáï ¢ â®¬, çâ® ¬−®£®ç¨á«¥−−ë¬¨ ¬�è¨−-
−ë¬¨ íªá¯¥à¨¬¥−â�¬¨ −� ‘‚’ á ¯à¨¬¥−¥−¨¥¬ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï
¨ ¬¥â®¤� Œ®−â¥-Š�à«® ¯®ª�§�−� ª®àà¥ªâ−®áâì â�ª®© ¬®¤¥«¨. ’�ª¨¬ ®¡à�-
§®¬, ¯à¨ ¤®áâ�â®ç−® ¡®«ìè®¬ −�àãè¥−¨¨ ¯ã�áá®−®¢®áâ¨ ¯®â®ª®¢ (¨§¬¥àï¥¬®©
ª®íää¨æ¨¥−â®¬ ¢�à¨�æ¨¨ –γ = 0,8 . . . 1, £¤¥ –γ = στ/mτ , � στ ¨ mτ |
áà¥¤−¥ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥ ¨ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¤«¨−ë ¨−â¥à¢�«�
¢à¥¬¥−¨ ¬¥¦¤ã á®¡ëâ¨ï¬¨ ¢ ¯®â®ª¥) à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï (¤¨−�¬¨ª� ¢¥à®-
ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¢¥ªâ®à� Y (t)) ¬�«® ®â«¨ç�«¨áì ®â â¥å, çâ® ¯®«ãç�«¨áì
¯à¨ ¨¤¥�«ì−®© ú¯ã�áá®−®¢®áâ¨û (–γ = 1). �â«¨ç¨ï á®áâ�¢«ï«¨ 5%{7% ¤«ï
áà¥¤−¥ª¢�¤à�â¨ç¥áª¨å ®âª«®−¥−¨© ¨ 2%{3% ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©.

�¤−�ª® àï¤ §�¤�ç ¬®¦¥â âà¥¡®¢�âì ¯®¢ëè¥−−®© â®ç−®áâ¨ à¥è¥−¨ï. ‚ ®á®-
¡¥−−®áâ¨ íâ® å�à�ªâ¥à−® ¤«ï á¨áâ¥¬ ®¡¥á¯¥ç¥−¨ï ¢ëá®ª®© −�¤¥¦−®áâ¨ äã−ª-
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æ¨®−¨à®¢�−¨ï â¥å−¨ª¨ ¨ ®¡®àã¤®¢�−¨ï. Š�ª ¯à�¢¨«®, ¯à�ªâ¨ª� â¥å−¨ç¥áª®£®
®¡á«ã¦¨¢�−¨ï (ãáâà�−¥−¨ï ®âª�§®¢) ¯®§¢®«ï¥â ¨¬¥âì ¤®áâ�â®ç−ãî áâ�â¨áâ¨ªã ®â-
−®á¨â¥«ì−® äã−ªæ¨© à�á¯à¥¤¥«¥−¨ï −�à�¡®âª¨ ¤® ®âª�§®¢ ¨ ¬¥¦¤ã ®âª�§�¬¨ [21].
‚ íâ®¬ á«ãç�¥ ¯ã�áá®−®¢áª�ï ¬®¤¥«ì ¯®â®ª� ®âª�§®¢ ¬®¦¥â ®ª�§�âìáï −¥¯à¨-
¥¬«¥¬®©. ‘®®â¢¥âáâ¢¥−−®, ¨ ¯à®æ¥ááë, ¯à®â¥ª�îé¨¥ ¢ â�ª®© á¨áâ¥¬¥, ¡ã¤ãâ
−¥¬�àª®¢áª¨¬¨. Œ®¤¥«¨à®¢�−¨¥ íâ¨å ¯à®æ¥áá®¢ á â®çª¨ §à¥−¨ï ¢®§¬®¦−®áâ¨ ¨å
�¯¯à®ªá¨¬�æ¨¨ ¬�àª®¢áª¨¬¨ ¯à¨ ã¤®¢«¥â¢®à¥−¨¨ âà¥¡ã¥¬®© â®ç−®áâ¨ à¥è¥−¨ï
§�¤�ç¨ §�¢¨á¨â ®â á¯¥æ¨ä¨ç¥áª¨å ®á®¡¥−−®áâ¥©, ª®â®àë¥ ¯®§¢®«ïîâ ¢ë¤¥«¨âì ¨§
¢á¥£® ¬−®£®®¡à�§¨ï ¯® ªà�©−¥© ¬¥à¥ ¤¢� ª«�áá�:

(1) −¥¢®ááâ�−�¢«¨¢�¥¬ë¥ á¨áâ¥¬ë | íâ® á¨áâ¥¬ë, à�¡®â�îé¨¥ ¤® ¯¥à¢®£® ®â-
ª�§�. Š�ª â�ª®¢®£® ¯®â®ª� ®âª�§®¢ §¤¥áì −¥â. �¤−�ª® ¥á«¨ à�áá¬�âà¨¢�âì
á®¢®ªã¯−®áâì ¨¤¥−â¨ç−ëå á¨áâ¥¬, â® ¢ −¥© ®âª�§ë ®¡à�§ãîâ ¯®â®ª;

(2) ¢®ááâ�−�¢«¨¢�¥¬ë¥ á¨áâ¥¬ë | ¯® ®¯à¥¤¥«¥−¨î, íâ® á¨áâ¥¬ë, ã ª®â®àëå ®â-
ª�§ë ï¢«ïîâáï ãáâà�−¨¬ë¬¨, ¯®á«¥ ç¥£® á¨áâ¥¬� äã−ªæ¨®−¨àã¥â ¢−®¢ì [21].
‚®ááâ�−®¢«¥−¨¥ áç¨â�¥âáï ¯®«−ë¬, ¥á«¨ á¨áâ¥¬� −�ç¨−�¥â äã−ªæ¨®−¨à®-
¢�âì ª�ª −®¢�ï. ˆ§¢¥áâ−ë¥ ¯à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë ®¯¨á�−¨ï â�ª¨å á¨áâ¥¬ á
¯®¬®éìî ¬�àª®¢áª¨å ‘â� ®¯¨á�−ë ¢ [1].

�®«ì§ãïáì â¥®à¨¥© £¨¡à¨¤−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ [1] ¤«ï n-¬¥à−®£® ä�-
§®¢®£® ¢¥ªâ®à� ‘��� (á¬. à¨á. 1) Y = Y (t) ¯à¨¬¥−¨â¥«ì−® ª â¨¯®¢®© áâàãªâãà¥
‘���, à�áá¬®âà¨¬ ®¡é¥¥ áâ®å�áâ¨ç¥áª®¥ ¤¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ ˆâ®
¯à¨ á«¥¤ãîé¨å ¤®¯ãé¥−¨ïå:

{ à¥£ã«ïà−�ï ª®¬¯®−¥−â� ¢®§¬ãé¥−¨© a(Y, t) = �(Y (t), t) ¯à¥¤áâ�¢«ï¥â á®¡®©
n-¬¥à−ãî ¢¥ªâ®à−ãî äã−ªæ¨î Y ¨ t;

{ −¥à¥£ã«ïà−�ï ¯ã�áá®−®¢áª�ï ª®¬¯®−¥−â� ¢®§¬ãé¥−¨© ®¯¨áë¢�¥âáï áâ®å�áâ¨-
ç¥áª¨¬ ¨−â¥£à�«®¬∫

R
q
0

c(Y, V, t)P (dV, dt) =

∫

R
q
0

c(Y, V, t)µ(dV, dt) .

‡¤¥áì c = c(Y, V, t) | n-¬¥à−�ï ¢¥ªâ®à−�ï äã−ªæ¨ï, ®¯¨áë¢�îé�ï §�¢¨á¨-
¬®áâì ¢¥«¨ç¨−ë áª�çª®®¡à�§−ëå ¯à¨à�é¥−¨© Y = Y (t) ®â −¥ª®â®à®© q-¬¥à-
−®© ¢¥ªâ®à−®© á«ãç�©−®© ¢¥«¨ç¨−ë (‘‚) V ¨ §−�ç¥−¨© Y = Y (t), µ(dV, dt) =
= P (dV, dt)| áª�«ïà−�ï ¯ã�áá®−®¢áª�ï ¬¥à�, à�¢−�ï ç¨á«ã áª�çª®¢ Y (t), §�
¢à¥¬ï dt ¯®¯�¤�îé¨å ¢ ®¡«�áâì dV , ¢ ®¡é¥¬ á«ãç�¥ −¥æ¥−âà¨à®¢�−−�ï.

’�ª¨¬ ®¡à�§®¬, á ãç¥â®¬ ¤®¯ãé¥−¨© ¢ ª�ç¥áâ¢¥ ¨áå®¤−®© ®¡é¥© ¬®¤¥«¨ ‘â�
¢ ‘��� ¬®¦−® ¯à¨−ïâì á«¥¤ãîéãî:

dY (t) = �(Y (t), t) dt +

∫

R
q
0

c(Y (t), V, t)µ(dV, dt) (1)

á á®®â¢¥âáâ¢ãîé¨¬ −�ç�«ì−ë¬ ãá«®¢¨¥¬ Y (t0) = Y0.
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Š®−ªà¥â¨§¨àã¥¬ ¯à�¢ãî ç�áâì ãà�¢−¥−¨ï (1) á ãç¥â®¬ áâàãªâãàë ‘��� (á¬.
à¨á. 1). „«ï íâ®£® ¢¢¥¤¥¬ ¢¥ªâ®à-áâà®ªã à�§¬¥à� 1× n:

Skh = Skh(V, Y (t)) = [skh1(vkh, Y (t), t) · · · skhn(vkh, Y (t), t)] . (2)

‡¤¥áì skhi(vkh, Y (t), t) (i = 1, . . . , n) å�à�ªâ¥à¨§ãîâ £àã¯¯®¢ë¥ ¨«¨ ®à¤¨−�à−ë¥
¯¥à¥å®¤ë:

skhi(vkh, Y (t), t) =





−vkh(Y (t)) ¯à¨ i = k ;

+vkh(Y (t)) ¯à¨ i = h ;

0 ¯à¨ i 6= k , i 6= h .

“á«®¢−ë¥ ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨ ωkh = ωkh(vkh|Y ; t) ¤«ï ¢á¥å ¯¥à¥å®¤®¢
úk{hû ¯à¥¤¯®«�£�îâáï ¨§¢¥áâ−ë¬¨. —¨á«® ¢¥ªâ®à®¢-áâà®ª (2), á®®â¢¥âáâ¢ãîé¨å
£à�äã ‘��� (á¬. à¨á. 1), à�¢−® ª®«¨ç¥áâ¢ã ¯¥à¥å®¤®¢ â¨¯� úk{hû.

�¡®§−�ç¨¬ ç¥à¥§ tjkh á«ãç�©−ãî ¯®á«¥¤®¢�â¥«ì−®áâì ¬®¬¥−â®¢ ¢à¥¬¥−¨ ¯¥-
à¥å®¤®¢ ¨§ á®áâ®ï−¨ï k ¢ á®áâ®ï−¨¥ h. �ã¤¥¬ áç¨â�âì, çâ® íâ� ¯®á«¥¤®¢�â¥«ì−®áâì
®¡à�§ã¥â −¥®à¤¨−�à−ë© ¨ −¥áâ�æ¨®−�à−ë© ¯ã�áá®−®¢áª¨© ¯®â®ª á ¨−â¥−á¨¢−®áâìî
ρjkh(Y, t). ‚ íâ®¬ á«ãç�¥, ¨á¯®«ì§ãï δ-äã−ªæ¨î, ¬®¦−® ¯®«ãç¨âì á«¥¤ãîé¨¥
¢ëà�¦¥−¨ï ¤«ï ¨−â¥£à�«ì−®£® ç«¥−� ¢ ãà�¢−¥−¨¨ (1):

∫

R
q
0

c(Y, V, t)µ(dV, dt) =
n∑

k,h=0

∫

R
q
0

STkh(vkh, Y (t), t)µ(dvkh, dt) =

=

n∑

k,h=0

∞∑

jkh=1

“skhi(tjkh)δ(t − tjkh) . (3)

‚ (3) ¢¢¥¤¥−® á«¥¤ãîé¥¥ ®¡®§−�ç¥−¨¥ ¤«ï áª�çª®®¡à�§−ëå ¨§¬¥−¥−¨© í«¥¬¥−-
â®¢ skhi áâà®ª Skh ¢ §�¢¨á¨¬®áâ¨ ®â tjkh:

“skhi(tjkh) = skhi(vkh, Y (tjkh), tjkh) , i = 1, . . . , n .

’�ª¨¬ ®¡à�§®¬, áâ®å�áâ¨ç¥áª®¥ ¤¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ ¯à®æ¥áá®¢ ¢
‘��� (1) ¤®¯ãáª�¥â §�¯¨áì ¢ á«¥¤ãîé¨å ¤¢ãå ä®à¬�å:

‘Y = �(Y (t), t) +

n∑

k,h=0

∫

R
q
0

STkh(vkh, Y (t), t)µ(dvkh, dt) ; (4)

‘Y = �(Y (t), t) +

n∑

k,h=0

∞∑

jkh=1

∫

R
q
0

“S(tjkh)δ(t − tjkh) , (5)

£¤¥ “S(tjkh) = [“skh1(tjkh) · · · “skhn(tjkh)]
T | ¢¥ªâ®à-áâ®«¡¥æ n× 1.
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”®à¬¨à®¢�−¨¥ áâàãªâãà−®© ¬�âà¨æë ‘���

1 2 3 4 5 · · · n+ 1 n+ 2
k → h skh1 skh2 skh3 skhη · · · skhn ρkh

1→ 2 −v12 v12 0 0 · · · 0 ρ12
1→ 3 −v13 0 v13 0 · · · 0 ρ13
· · · · · · · · · · · · · · · · · · · · · · · ·
1→ η −v1η 0 0 v1η · · · 0 ρ1η
· · · · · · · · · · · · · · · · · · · · · · · ·
2→ 1 v21 −v21 0 0 · · · 0 ρ21
2→ 3 0 v23 −c23 0 · · · 0 ρ23
· · · · · · · · · · · · · · · · · · · · · · · ·

„«ï ¯®−¨¬�−¨ï ¯à¨−æ¨¯� ä®à¬¨à®¢�−¨ï ¬�âà¨æë S = [Skh] ¯®áâà®¨¬ ¢á¯®-
¬®£�â¥«ì−ãî â�¡«¨æã, ®âà�¦�îéãî áâàãªâãàã á¨áâ¥¬ë. ‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãî-
é¨¥ ®¡®§−�ç¥−¨ï:

Š®«®−ª� 1. ��¯à�¢«¥−¨ï ¯¥à¥å®¤®¢ ¢ £à�ä¥ á¨áâ¥¬ë.

Š®«®−ª¨ 2 . . . (n+1). Š®«¨ç¥áâ¢® ¬�â¥à¨�«ì−ëå áà¥¤áâ¢ (®¡ê¥ªâ®¢) ¢ £àã¯¯¥
¯¥à¥å®¤� vkh.

Š®«®−ª� n+ 2. ‡−�ç¥−¨ï ¨−â¥−á¨¢−®áâ¥© ¯¥à¥å®¤®¢ ρkh.

�¡é¥¥ ç¨á«® áâà®ª ¢ â�¡«¨æ¥ à�¢−® ª®«¨ç¥áâ¢ã ¯¥à¥å®¤®¢ m, � ç¨á«® áâ®«¡-
æ®¢ | ª®«¨ç¥áâ¢ã á®áâ®ï−¨© n ¢¥àè¨− £à�ä� á¨áâ¥¬ë; ¤¢� ®¡á«ã¦¨¢�îé¨å
áâ®«¡æ�: 1-© ¨ (n + 2)-©.

’�ª¨¬ ®¡à�§®¬, ¢¨¤−®, çâ® áâ®«¡æë â�¡«¨æë ®â 2 ¤® n + 1 ¢ª«îç¨â¥«ì−®
¯à¥¤áâ�¢«ïîâ á®¡®© ¬�âà¨æã S à�§¬¥à� m × n, � áâ®«¡¥æ ¯®¤ −®¬¥à®¬ n + 2
ï¢«ï¥âáï m-¬¥à−ë¬ ¢¥ªâ®à®¬ ¨−â¥−á¨¢−®áâ¥© ρ.

3 Уравнения нелинейной корреляционной модели процессов
в системе послепродажного обслуживания

‘«¥¤ãï [1], ¡ã¤¥¬ ®á−®¢ë¢�âìáï −� á«¥¤ãîé¨å ãà�¢−¥−¨ïå ¤«ï á¨áâ¥¬ë (4),
(5):

{ ¤«ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©:

‘m(t) = M
[
�(Y, t) + ST(v|Y, t)ρ(Y, t)

]
;

‘mη(t) = M


�η(Y, t) +

n∑

k,h=0

skhη(vkh|Y, t)ρkh(Y, t)


 (η = 1, . . . , n) ;





(6)
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{ ¤«ï ¤¨á¯¥àá¨© ¨ ª®¢�à¨�æ¨©:

‘θ(t) = M
{[
�(Y, t) + STρ

]
Y ◦T + Y ◦

[
�T(Y, t) + ρTS

]
+ STdiag (ρ)S

}
;

‘θηξ(t) = M



y

◦
η(t)�ξ(Y, t) + y

◦
ξ (t)�η(Y, t) +

n∑

k,h=0

ρkh(Y, t)×

×
[
skhη(vkh|Y, t)skhξ(vkh|Y, t) + skhη(vkh|Y, t)y

◦
ξ (t) + skhξ(vkh|Y, t)y

◦
η(t)

]


.





(7)

‡¤¥áì ξ, η = 1, . . . , n, m(t) | (n × 1)-¢¥ªâ®à ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ‘â�
Y (t); θ(t) | ª®¢�à¨�æ¨®−−�ï (n × n)-¬�âà¨æ� ‘â� Y (t); S | áâàãªâãà−�ï
(m× n)-¬�âà¨æ� ‘���, á®áâ�¢«¥−−�ï ¨§ áâà®ª ¢¨¤� (2); ρ = ρ(Y, t)| (m× 1)-
¢¥ªâ®à, á®áâ�¢«¥−−ë© ¨§ ¨−â¥−á¨¢−®áâ¥© ρkh(Y, t) ¢ ¯®àï¤ª¥, á®£«�á®¢�−−®¬ á®
áâà®ª�¬¨ ¬�âà¨æë S; diag (ρ(Y, t))| ¤¨�£®−�«ì−�ï (m×m)-¬�âà¨æ� ¢¥ªâ®à� ρ,
á®áâ�¢«¥−−®£® ¨§ ρkh(Y, t).

“à�¢−¥−¨ï ¤«ï ¢¥ªâ®à� m(t) ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¨ ª®¢�à¨�æ¨®−−®©
¬�âà¨æë θ(t), ¯®«ãç¥−−ë¥ ¢ëè¥, ¢ â�ª®¬ ¢¨¤¥ −¥ ¯à¨£®¤−ë ¤«ï ¨á¯®«ì§®¢�−¨ï
¯à¨ à¥è¥−¨¨ ª®−ªà¥â−ëå §�¤�ç. �à¥¯ïâáâ¢¨¥¬ ï¢«ï¥âáï ¯®ª� −¥ ¯®«ãç¨¢è�ï
®¯à¥¤¥«¥−¨ï ä®à¬� §�¯¨á¨ ¯à�¢ëå ç�áâ¥© ãà�¢−¥−¨© (6) ¨ (7), ®§−�ç�îé�ï
¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¢ ®¡é¥¬ −¥«¨−¥©−®© äã−ªæ¨¨ ®â á«ãç�©−®£® ¢¥ªâ®à� á
−¥¨§¢¥áâ−ë¬ à�á¯à¥¤¥«¥−¨¥¬.

�à¨ à¥è¥−¨¨ §�¤�ç ¢ ãá«®¢¨ïå £¨¯®â¥§ë ® ¯à¨¡«¨¦¥−−®© −®à¬�«ì−®áâ¨ (£�ãá-
á®¢−®áâ¨) à�á¯à¥¤¥«¥−¨ï ‘â� Y (t), æ¥«¥á®®¡à�§−� íª¢¨¢�«¥−â−�ï áâ�â¨áâ¨ç¥áª�ï
§�¬¥−� ¯®¤®¡−ëå á«�£�¥¬ëå ¢ëà�¦¥−¨ï¬¨ ç¥à¥§ ¯¥à¢ë© ¨ ¢â®à®© ¢¥à®ïâ−®áâ−ë¥
¬®¬¥−âë á®áâ�¢«ïîé¨å ‘â� Y (t). Š íâ®¬ã ¯à¨¢®¤¨¬ ¬¥â®¤ áâ�â¨áâ¨ç¥áª®©
íª¢¨¢�«¥−â−®© «¨−¥�à¨§�æ¨¨ ¯à¨ −¥¤¨ää¥à¥−æ¨àã¥¬ëå −¥«¨−¥©−®áâïå [27{32].

‚®§¬®¦−ë á«¥¤ãîé¨¥ ¢¨¤ë ¢ëà�¦¥−¨© ¯®¤ §−�ª®¬ ®¯¥à�æ¨¨ ¬�â¥¬�â¨ç¥áª®-
£® ®¦¨¤�−¨ï: ρkh(Y, t); ρkh(Y, t)vkh; ρkh(Y, t)vkh(Y, t)Y

◦
η (t), ρkh(Y, t)v

2
kh(Y, t),

£¤¥ vkh | ¢¥à®ïâ−®áâ−ë¬ ®¡à�§®¬ á¢ï§�−−�ï á ‘â� Y (t) ¢¥«¨ç¨−�. …á«¨ ¯¥à¢ë©
¨ ¢â®à®© ¢¥à®ïâ−®áâ−ë¥ ¬®¬¥−âë ¢¥«¨ç¨− u = vkh ¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë
«¨−¥©−®© ¨ ª¢�¤à�â¨ç−®© ä®à¬�¬¨ ®â−®á¨â¥«ì−® á®áâ�¢«ïîé¨å ‘â� Y (t):

mv =

n∑

j=0

ajyj(t) ; αv =

n∑

i,j=0

bijyi(t)yj(t) ,

â® «¨−¥�à¨§�æ¨¨ æ¥«¥á®®¡à�§−® ¯®¤¢¥à£�âì «¨èì äã−ªæ¨¨ ρkh(Y, t). ‚ ¯à®-
â¨¢−®¬ á«ãç�¥ á«¥¤ã¥â «¨−¥�à¨§®¢�âì «¨¡® ¯à®¨§¢¥¤¥−¨ï ρkh(Y, t)vkh(Y, t) ¨
ρkh(Y, t)v

2
kh(Y, t), «¨¡® ¯® ®â¤¥«ì−®áâ¨ ρkh(Y, t), vkh(Y, t), v

2
kh(Y, t). �à¨ ®âáãâ-

áâ¢¨¨ ¢¥à®ïâ−®áâ−®© á¢ï§¨ ¬¥¦¤ã vkh ¨ Y (t) «¨−¥�à¨§�æ¨¨ ¯®¤¢¥à£�îâáï â�ª¦¥
«¨èì ρkh(Y, t).
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÷�áá¬®âà¨¬ «¨−¥�à¨§�æ¨î ρkh(Y, t). „«ï íâ®£® ¯à¥¤áâ�¢¨¬ ρkh(Y, t) ¢ á«¥¤ã-
îé¥¬ ¢¨¤¥:

ρkh(Y, t) = ϕkh +

n∑

i=0

kkhiY
◦
i (t) , (8)

£¤¥ ϕkh | −¥á«ãç�©−�ï ¢¥«¨ç¨−�; kkhi | −¥á«ãç�©−ë¥ ª®íää¨æ¨¥−âë; Y ◦
i (t) =

= Yi(t) − mi(t) | æ¥−âà¨à®¢�−−�ï á®áâ�¢«ïîé�ï ‘â� Y (t). ‡�¤�ç� «¨−¥�-
à¨§�æ¨¨ á®áâ®¨â ¢ ®¯à¥¤¥«¥−¨¨ ϕkh ¨ kkhi. Š®íää¨æ¨¥−âë ϕkh ¨ kkhi ¢ (8)
®¯à¥¤¥«ïîâáï á ¨á¯®«ì§®¢�−¨¥¬ £�ãáá®¢áª¨å §�¢¨á¨¬®áâ¥© ¬¥¦¤ã á®áâ�¢«ïîé¨-
¬¨ ‘â� Y (t) ¨ §−�ç¥−¨ï¬¨ äã−ªæ¨© ρkh(Y, t) ¯® ªà¨â¥à¨î ¬¨−¨¬ã¬� áà¥¤−¥©
ª¢�¤à�â¨ç−®© ®è¨¡ª¨. „«ï â¨¯®¢ëå −¥«¨−¥©−®áâ¥© á®áâ�¢«¥−ë â�¡«¨æë [27, 32].

‚ à¥§ã«ìâ�â¥ ãà�¢−¥−¨ï (6) ¨ (7) ¯à¨¬ãâ á«¥¤ãîé¨© ¢¨¤:

‘m = Fm(t;m, θ, π
�, πS) , m0 = m(t0) ;

‘θ = Fθ(t;m, θ, π
�, πS) , θ0 = θ(t0) .

‡¤¥áì Fm ¨ Fθ | ¢¥ªâ®à−�ï ¨ ¬�âà¨ç−�ï äã−ªæ¨¨ ®â¬¥ç¥−−ëå �à£ã¬¥−â®¢;
π� ¨ πS | ¢¥ªâ®àë, ®¯à¥¤¥«ïîé¨¥ ¯�à�¬¥âàë à¥£ã«ïà−®© ¨ −¥à¥£ã«ïà−®©
á®áâ�¢«ïîé¨å ¢ ãà�¢−¥−¨ïå (5). �¡é¥¥ ª®«¨ç¥áâ¢® ãà�¢−¥−¨© Q = n(n+ 3)/2.

�à¨ ¨á¯®«ì§®¢�−¨¨ ®âà¥§ª� á®¢¬¥áâ−®£® ª�−®−¨ç¥áª®£® à�§«®¦¥−¨ï (Š÷) [27,
32, 33] ¤«ï ª®¬¯®−¥−â ¢¥ªâ®à� Y ¨ ¬�âà¨æë —

Y = m+

H∑

j=1

Vjyj ; — =

H∑

j=1

Dj |yj|
2

¨ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ −¥«¨−¥©−ëå äã−ªæ¨© ¯®áà¥¤áâ¢®¬ Š÷ ¨§ (5)
¯à¨å®¤¨¬ ª á«¥¤ãîé¨¬ ãà�¢−¥−¨ï¬:

‘m = FKPm (t,m,Di, yi, xh) , m0 = m(t0) ; (9)

‘yj = F
KP
yj
(t,m,Di, yi, xh) , yj0 = yj(t0) . (10)

‡¤¥áì Vj ¨ xh | áª�«ïà−ë¥ (−¥®¡ï§�â¥«ì−® £�ãáá®¢áª¨¥) á«ãç�©−ë¥ ª®íää¨æ¨-
¥−âë; yj | ¢¥ªâ®à−ë¥ ª®®à¤¨−�â−ë¥ äã−ªæ¨¨ Š÷ −¥à¥£ã«ïà−®© á®áâ�¢«ïîé¥©
¢ (5); M|Vh|

2 = Dh (h = 1, . . . ,H). �¡é¥¥ ª®«¨ç¥áâ¢® ãà�¢−¥−¨© ¢ (9) ¨ (10)
à�¢−®QKP = n+H. �®íâ®¬ã ¬¥â®¤ Š÷ ¡ã¤¥â íää¥ªâ¨¢¥− ¯à¨ n, ®¯à¥¤¥«ï¥¬ëå
¨§ ãá«®¢¨ï QKP = Q. ‘®®â¢¥âáâ¢ãîé¨¥ ¬¥â®¤ë, �«£®à¨â¬ë ¨ ¨−áâàã¬¥−â�«ì−®¥
¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ®¯¨á�−ë ¢ [33{39].
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4 Аналитическое моделирование ударных процессов
в изделиях наукоемкой продукции

‚ §�¤�ç�å ®æ¥−ª¨ −�¤¥¦−®áâ¨ ˆ��, ï¢«ïîé¥©áï ®¤−®© ¨§ ®á−®¢−ëå íªá-
¯«ã�â�æ¨®−−®-â¥å−¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª, ç�áâ® à�áá¬�âà¨¢�îâáï ª«�ááë à�á-
¯à¥¤¥«¥−¨© −�à�¡®âª¨, ã ª®â®àëå ¨−â¥−á¨¢−®áâì ®âª�§®¢ ï¢«ï¥âáï ¢®§à�áâ�îé¥©
¢ áà¥¤−¥¬ äã−ªæ¨¥©, ª®â®àãî â�ª¦¥ ¬®¦−® à�áá¬�âà¨¢�âì ª�ª −¥ª®â®àë© ‘â�.
’�ª¨¥ −�à�¡®âª¨ ¯®ï¢«ïîâáï ¢ ä¨§¨ç¥áª¨å ¬®¤¥«ïå ã¤�à−ëå −�£àã§®ª. �à¥¤-
¯®«�£�¥âáï, çâ® á¨áâ¥¬� ¯®¤¢¥à£�¥âáï ¢®§¤¥©áâ¢¨î ã¤�à®¢, ª®â®àë¥ ¢®§−¨ª�îâ
á«ãç�©−ë¬ ®¡à�§®¬ ¨ ¢ë§ë¢�îâ ¯®¢à¥¦¤¥−¨ï (¯¥à¥£àã§ª¨) á¨áâ¥¬ë. �à¨¬¥à®¬
ï¢«ïîâáï −�£àã§ª¨, ¤¥©áâ¢ãîé¨¥ −� áâ®©ª¨ è�áá¨ ¢®§¤ãè−®£® áã¤−� (‚‘) ¯à¨
¯®á�¤ª�å. “ç¨âë¢�ï, çâ® §�à�−¥¥ −¥¢®§¬®¦−® â®ç−® ¯à¥¤áª�§�âì −¨ ¢à¥¬ï, −¨
á¨«ã ã¤�à®¢, ¬®¦−® áç¨â�âì ç�áâ®âã −�£àã§®ª, «¨¡® ¨å ¢¥«¨ç¨−ã, «¨¡® ¨å ®¡¥,
á«ãç�©−ë¬¨. ‚ à¥§ã«ìâ�â¥ −�ª�¯«¨¢�îâáï ãáâ�«®áâ−ë¥ ï¢«¥−¨ï ¤® â®£® ¬®¬¥−â�,
ª®£¤� ¡ã¤¥â ¤®áâ¨£−ãâ ãà®¢¥−ì ¯à®ç−®áâ¨ (¨«¨ £à�−¨æ� ¤®¯ãáª�). �â® ¯à¨¢®¤¨â ª
à¥�«ì−®¬ã ®âª�§ã ¨«¨ ª¢�«¨ä¨æ¨àã¥âáï ª�ª ®âª�§.

�¡®§−�ç¨¬ ç¥à¥§ W (t) ¯à®æ¥áá −�ª®¯«¥−¨ï ãáâ�«®áâ¨. ‘ â®çª¨ §à¥−¨ï
¬®¤¥«¨à®¢�−¨ï íâ®â ¯à®æ¥áá ä®à¬�«ì−® ¡«¨§®ª ª áç¨â�îé¥¬ã ¯à®æ¥ááã ¢®ááâ�-
−®¢«¥−¨ï, ¯®áª®«ìªã ¨ ¢ ¯¥à¢®¬ ¨ ¢® ¢â®à®¬ á«ãç�¥ ¯à®¨áå®¤¨â áã¬¬¨à®¢�−¨¥:
¢ ®¤−®¬ | ª®«¨ç¥áâ¢� á®¡ëâ¨© (®âª�§®¢), ¯à®¨áå®¤ïé¨å ¢ á«ãç�©−ë¥ ¬®¬¥−âë
¢à¥¬¥−¨, ¢ ¤àã£®¬ | −�£àã§ª¨, ¯à¨ª«�¤ë¢�¥¬®© ª ®¡ê¥ªâã (á¨áâ¥¬¥) ¢ á«ãç�©−ë¥
¬®¬¥−âë ¢à¥¬¥−¨ ¢ ¢¨¤¥ á«ãç�©−ëå ¯®àæ¨©. �®«ãç¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢-
−¥−¨ï ¤«ï ®¯à¥¤¥«¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¨ ¤¨á¯¥àá¨¨ ¯à®æ¥áá� W (t).
�®«®¦¨¬:

{ ¬®é−®áâì ¨¬¯ã«ìá−®© −�£àã§ª¨ ®¯à¥¤¥«ï¥âáï ¢ëà�¦¥−¨¥¬ ®¡é¥£® ¢¨¤� v =
= v(W, t);

{ ¨−â¥à¢�«ë ¢à¥¬¥−¨ ¬¥¦¤ã ¨¬¯ã«ìá−ë¬¨ −�£àã¦¥−¨ï¬¨ à�á¯à¥¤¥«¥−ë ¯® ¯®-
ª�§�â¥«ì−®¬ã §�ª®−ã á ¯�à�¬¥âà®¬ ρ(t,W ), â. ¥. ¢ ®¡é¥¬ á«ãç�¥ ï¢«ïîé¨¬áï
äã−ªæ¨¥© ¢à¥¬¥−¨ t ¨ áã¬¬�à−®© −�£àã§ª¨W (t), ®¯à¥¤¥«ï¥¬®¬ã ¯«®â−®áâìî
¢¥à®ïâ−®áâ¨

fτ (ξ,W ; t) = ρ(t,W )e
−˜(t,ξ,W ) ; ˜(t, ξ,W ) =

t∫

ξ

ρ(τ,W ) dτ . (11)

’�ª®© ¯®¤å®¤ ®â«¨ç�¥âáï à�áè¨à¥−−ë¬¨ ¢®§¬®¦−®áâï¬¨ ¯® áà�¢−¥−¨î á
¢�à¨�−â®¬ [21], ¯®áª®«ìªã ¯®§¢®«ï¥â ¯®«ãç�âì à¥è¥−¨ï ¢ ãá«®¢¨ïå −¥à¥ªãàà¥−â-
−ëå ¯®â®ª®¢. ‚ ç�áâ−®¬ á«ãç�¥ ¯à¨ ®â«¨ç−ëå ®â íªá¯®−¥−æ¨�«ì−®© ¯«®â−®áâïå
à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥−−‚ëå ¨−â¥à¢�«®¢ ¬®¦−® ¢®á¯®«ì§®¢�âìáï à�−¥¥ ®¯¨á�−−®©
�¯¯à®ªá¨¬�æ¨¥© �à«�−£�.

�ã¤¥¬ áç¨â�âì, çâ® ¯à®æ¥áá W (t) ï¢«ï¥âáï −¥®¤−®à®¤−ë¬ ¬�àª®¢áª¨¬, ¯®-
à®¦¤¥−−ë¬ −¥®à¤¨−�à−ë¬ ¯ã�áá®−®¢áª¨¬ ¯®â®ª®¬ ¯®àæ¨© vj, à�á¯à¥¤¥«¥−−ëå ¢
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á®®â¢¥âáâ¢¨¨ á ãá«®¢−®© ¯«®â−®áâìî

÷¨á. 3 ƒà�ä ¯á¥¢¤®á®áâ®ï−¨ï

¢¥à®ïâ−®áâ¨ ω(v|W, t). (�à¥¤¯®«®-
¦¥−¨¥ ® ¬�àª®¢®áâ¨ ¯à®æ¥áá� á¯à�-
¢¥¤«¨¢®, ª�ª ¯à�¢¨«®, ¢ è¨à®ª®¬
¤¨�¯�§®−¥ §−�ç¥−¨© ¢¥«¨ç¨−ë v, −¥-
á®¨§¬¥à¨¬® ¬�«®© ¯® áà�¢−¥−¨î á

¯à¥¤¥«ì−ë¬¨ §−�ç¥−¨ï¬¨ W .) �à¨¬¥à®¬ ¨§ ¯à�ªâ¨ª¨ á«ã¦¨â ã¯®¬¨−�¢è¨©áï
¯à®æ¥áá áã¬¬¨à®¢�−¨ï −�£àã¦¥−¨© è�áá¨ ‚‘. —�áâ®â� −�£àã¦¥−¨© ®¯à¥¤¥«ï¥â-
áï ¨−â¥−á¨¢−®áâìî ¯®«¥â®¢, ¬®¬¥−âë ®áãé¥áâ¢«¥−¨ï ª®â®àëå ®¡à�§ãîâ ¯®â®ª¨,
¯à�ªâ¨ç¥áª¨ ¢á¥£¤� ï¢«ïîé¨¥áï ¯ã�áá®−®¢áª¨¬¨ á ¨−â¥−á¨¢−®áâìî ρ(t,W ).

„«ï à¥è¥−¨ï §�¤�ç¨ ®¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¯à®æ¥á-
á� W (t) ¢ ¤�−−®¬ á«ãç�¥ ¢®á¯®«ì§ã¥¬áï ãà�¢−¥−¨ï¬¨ (6) ¨ (7), ãç¨âë¢�ï, çâ®
£à�ä ¯á¥¢¤®á®áâ®ï−¨©, á®®â¢¥âáâ¢ãîé¨© §�¤�ç¥, ¨¬¥¥â ¢¨¤, ¨§®¡à�¦¥−−ë© −�
à¨á. 3.

‚ á®®â¢¥âáâ¢¨¨ á (2), (6) ¨ (7) ¯®«ãç�¥¬ �«£®à¨â¬ à¥è¥−¨ï ¢ ¢¨¤¥ ¤¢ãå
¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©:

‘mW (t) = M [ρ(W, t)v] ;

‘DW (t) = M
{
ρ(W, t)

[
v2 + 2v(W −mW )

]}
.

}
(12)

�âáî¤� ¬®¦−® ¯®«ãç¨âì ª®−ªà¥â−ë¥ à¥è¥−¨ï ¯à¨ ¨§¢¥áâ−®© äã−ªæ¨¨ ρ(W, t)
¢ (11) ¨ ãá«®¢−®© ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨ ω(v|W ; t).

�à¨¬¥−¥−¨¥ ¬¥â®¤� Š÷ ¤�−® ¢ [33{39].

5 Управление суммирующими процессами для достижения заданного
уровня надежности изделий наукоемкой продукции

‚ à�§¤. 4 à¥çì è«� ® −¥ã¯à�¢«ï¥¬ëå áã¬¬¨àãîé¨å ¯à®æ¥áá�å, ª®£¤� ¨−â¥−-
á¨¢−®áâì ρ(W, t) −�£àã§®ª ¨ ¨å ¢¥«¨ç¨−� vj ®¯à¥¤¥«ïîâáï −¥ª®â®àë¬¨ −¥¯à¥¤áª�-
§ã¥¬ë¬¨ ¢−¥è−¨¬¨ ãá«®¢¨ï¬¨, ¢ ª®â®àëå á¨áâ¥¬� ¢ë−ã¦¤¥−� à�¡®â�âì. ’�ª¨¥
§�¤�ç¨ ¢áâà¥ç�îâáï, −�¯à¨¬¥à, ¯à¨ ®¡¥á¯¥ç¥−¨¨ ¢ëá®ª®© −�¤¥¦−®áâ¨ ®¡®àã¤®-
¢�−¨ï ¢ â¥ç¥−¨¥ ¤«¨â¥«ì−®£® ¢à¥¬¥−¨. ‘ãé¥áâ¢ã¥â ª«�áá §�¤�ç, £¤¥, −�®¡®à®â,
−¥®¡å®¤¨¬® ¢ ãá«®¢¨ïå ã¯à�¢«ï¥¬®áâ¨ á«ãç�©−ëå ¯®â®ª®¢ ®¡¥á¯¥ç¨âì ¤®áâ¨¦¥-
−¨¥ ¨¬¨ ª®−ªà¥â−ëå §�¤�−−ëå §−�ç¥−¨©. ‚ íâ®¬ á«ãç�¥ à¥çì ¨¤¥â ®¡ ã¯à�¢«¥−¨¨
áã¬¬¨àãîé¨¬¨ ¯à®æ¥áá�¬¨ [30].

‡�¤�ç� 5.1. ÷�áá¬®âà¨¬ á¨áâ¥¬ã, ¢ ª®â®à®© ç�áâ®â� ã¤�à−ëå −�£àã§®ª ¤®«¦−�
ã¬¥−ìè�âìáï á ¯à¨¡«¨¦¥−¨¥¬ áã¬¬¨àãîé¥£® ¯à®æ¥áá� W (t) ª §�¤�−−®¬ã ¯®à®-

£®¢®¬ã ãà®¢−î “W . �à¨ ®âáãâáâ¢¨¨ ¤�−−ëå ® à�á¯à¥¤¥«¥−¨¨ ‘‚ v æ¥«¥á®®¡à�§−®
¯à¨¬¥−¨âì à�¢−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ á ¯«®â−®áâìî ¢¥à®ïâ−®áâ¨
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ω(v) =





1

v2 − v1
¯à¨ v ∈ [v1, v2] ;

0 ¯à¨ v 6∈ [v1, v2] ,

£¤¥ v1 ¨ v2 | ¬¨−¨¬�«ì−®¥ ¨ ¬�ªá¨¬�«ì−®¥ ¢®§¬®¦−ë¥ §−�ç¥−¨ï ‘‚ v. ‡�¢¨á¨-
¬®áâì ¨−â¥−á¨¢−®áâ¨ ¯®â®ª� −�£àã§®ª ®â W (t) ®¯à¥¤¥«¨¬ ¢ ¢¨¤¥:

ρ(W, t) =
“W −W (t)
“T − t

, (13)

£¤¥ “W ¨ W (t) | á®®â¢¥âáâ¢¥−−® ¯«�−®¢®¥ ¨ â¥ªãé¥¥ §−�ç¥−¨¥ ¢¥«¨ç¨−ë W ;
“T ¨ t | ¯«�−®¢ë© ¯¥à¨®¤ ¨ â¥ªãé¥¥ ¢à¥¬ï. ”¨§¨ç¥áª¨ ¢ëà�¦¥−¨¥ (13)
®§−�ç�¥â §�ª®− ã¯à�¢«¥−¨ï ¨−â¥−á¨¢−®áâìî ¯®â®ª� −�£àã§®ª, ¯à¨ ª®â®à®¬ íâ�
¨−â¥−á¨¢−®áâì ®¤−®§−�ç−® ®¯à¥¤¥«ï¥âáï ®áâ�â®ç−ë¬ à¥áãàá®¬ ¢à¥¬¥−¨ (¤® ª®−æ�
¯«�−®¢®£® ¯¥à¨®¤�) ¨ ®áâ�â®ç−ë¬ à¥áãàá®¬ áã¬¬�à−®© ¢¥«¨ç¨−ë −�£àã¦¥−¨©.
’�ª®© ¯à¨¬¥à ¡«¨§®ª ª à¥�«ì−®© á¨âã�æ¨¨ ¨¬¯ã«ìá−®£® ã¯à�¢«¥−¨ï, ª®£¤�
¨−â¥à¢�«ë ¢à¥¬¥−¨ ¬¥¦¤ã ¨¬¯ã«ìá�¬¨ ¨ ¢¥«¨ç¨−ë ¨¬¯ã«ìá®¢ á«ãç�©−ë. �à¨

íâ®¬ âà¥¡ã¥âáï ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ “T − t «¨ª¢¨¤¨à®¢�âì à�áá®£«�á®¢�−¨¥ ¬¥¦¤ã “W
¨ W (t).

„«ï à¥è¥−¨ï §�¤�ç¨ ¬®¦−® ¨á¯®«ì§®¢�âì ãà�¢−¥−¨ï (11). ‚ à¥§ã«ìâ�â¥
¯®«ãç�¥¬ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï ¤«ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï mw(t)
¨ ¤¨á¯¥àá¨¨ Dw(t) ¯à®æ¥áá� W (t) −� ®âà¥§ª¥ ¢à¥¬¥−¨ [0, t], t ∈ [0, T ]:

‘mW (t) =
mv

“T − t

[
“W −mW (t)

]
; (14)

‘DW (t) =
1
“T − t

[
−2mw(t)DW (t) + ( “W −mW (t))(m

2
v +Dv)

]
, (15)

£¤¥ ¢ á®®â¢¥âáâ¢¨¨ á (13)

mv =
v1 + v2
2

; Dv =
(v2 − v1)

2

12
.

“à�¢−¥−¨ï (14) ¨ (15) ¯®«ãç¥−ë ¯à¨ ¤¢ãå ãá«®¢¨ïå: ¯®â®ª −�£àã§®ª ¯ã�á-
á®−®¢áª¨©, � ç�áâ®â� (¯�à�¬¥âà ¯®â®ª�) ρ(t,W ) −¥ ®£à�−¨ç¥−�. …á«¨ à¥�«ì−ë©
¯®â®ª ®â«¨ç�¥âáï ®â ¯ã�áá®−®¢áª®£®, â® íâ¨ ãà�¢−¥−¨ï ¤�¤ãâ ¢á¥£® «¨èì −¥-
áª®«ìª® §�¢ëè¥−−ãî ®æ¥−ªã −� −�ç�«ì−®¬ íâ�¯¥. ‚â®à®¥ ãá«®¢¨¥ ¤«ï ¯à�ªâ¨ª¨
¯à¥¤¯®çâ¨â¥«ì−¥© §�¬¥−¨âì, ¯®«®¦¨¢ (à¨á. 4):

ρ∗(W, t) =

{
ρ(W, t) ¯à¨ ρ(W, t) < ρmax ;

ρmax ¯à¨ ρ(W, t) ≥ ρmax .
(16)
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£¤¥ ρmax| ¬�ªá¨¬�«ì−® ¢®§¬®¦−�ï (¤®-

÷¨á. 4 ƒà�ä¨ª ®£à�−¨ç¥−−®© ¨−â¥−á¨¢-
−®áâ¨ ¯®â®ª� −�£àã§®ª

¯ãáâ¨¬�ï) ç�áâ®â� −�£àã§®ª; ρ(W, t) |
¨−â¥−á¨¢−®áâì ¯®â®ª�, ®¯à¥¤¥«ï¥¬�ï
¢ëà�¦¥−¨¥¬ (13). ƒà�ä¨ª −� à¨á. 4
¯®«ãç¥− ¯à¨ ãá«®¢¨¨, çâ® áãé¥áâ¢ã¥â
à¥è¥−¨¥ ãà�¢−¥−¨ï

ρ(W, t) = ρmax .

…á«¨ à¥è¥−¨ï ãà�¢−¥−¨ï (13) −¥â, íâ®
®§−�ç�¥â, çâ® ρmax ¬�¦®à¨àã¥â ρ(W, t).
‚ ¤�«ì−¥©è¥¬ ¡ã¤¥â ¯®ª�§�−®, ª�ª¨¬

®¡à�§®¬ ¨−â¥£à¨à®¢�âì ãà�¢−¥−¨ï á áãé¥áâ¢¥−−® −¥«¨−¥©−®© äã−ªæ¨¥© á«ãç�©-
−®£® �à£ã¬¥−â� ¯®¤ §−�ª®¬ ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¢ ¯à�¢®© ç�áâ¨.

�−�«¨§ ãà�¢−¥−¨© (14) ¨ (15) ¯®ª�§ë¢�¥â, çâ® ¥á«¨ ρ(W, t) −¥ ®£à�−¨ç¥−�, â®

¯à¨ t → ∞ ¯®«ãç�¥¬ mW (t) → “W , � DW (t) → 0. ’�ª¨¬ ®¡à�§®¬, ã¯à�¢«¥−¨¥
¨−â¥−á¨¢−®áâìî −�£àã§®ª ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà�¦¥−¨¥¬ (13) ¯®§¢®«ï¥â ª ª®−æã

¯¥à¨®¤� á ¢¥à®ïâ−®áâìî 1 ¢ë¯®«−¨âì ¯«�− “W . �®«¥¥ â®£®, ¯«�− “W −¥ ¬®¦¥â ¡ëâì
¢ë¯®«−¥− −¨ à�−ìè¥, −¨ ¯®§¦¥. �® �−�«®£¨¨ á §�¤�ç¥© ¯à¥á«¥¤®¢�−¨ï ¢ íâ®¬
á«ãç�¥ −�¡«î¤�¥âáï â®ç−®¥ ¯®¯�¤�−¨¥ ¢ æ¥«ì, ¯à¨ç¥¬ ¢ â¥ç¥−¨¥ §�à�−¥¥ §�¤�−−®£®
¯à®¬¥¦ãâª� ¢à¥¬¥−¨.

…á«¨ ¦¥ ¨−â¥−á¨¢−®áâì ρ(W, t) ®£à�−¨ç¥−� ¨ ¨¬¥¥â ¢¨¤ (16), â® ¯«�− “W ª

ª®−æã ¯¥à¨®¤� “T ¬®¦¥â ¡ëâì ¢ë¯®«−¥− á ¢¥à®ïâ−®áâìî, ®â«¨ç−®© ®â ¥¤¨−¨æë.

‚¥à®ïâ−®áâì ¯à®¬�å� ¯à¨ “T = t ¬®¦−® ®¯à¥¤¥«¨âì ¯® −®à¬�«ì−®¬ã §�ª®−ã á

¯�à�¬¥âà�¬¨ [ “W −mW ( “T )] ¨DW ( “T ). ‚ ¤�−−®¬ á«ãç�¥ ¯à®¬�å | íâ® ú−¥¤®«¥âû,
â. ¥. −¥¤®¢ë¯®«−¥−¨¥ ¯«�−�. ‘¨áâ¥¬¥ ª�ª ¡ë −¥ å¢�â�¥â ã¯à�¢«ïîé¥© í−¥à£¨¨.

’�ª¨¬ ®¡à�§®¬, ¡ë« à�áá¬®âà¥− á«ãç�© ‘��� á ¯à®æ¥áá�¬¨ â¨¯� −�ª®¯-
«¥−¨ï (áã¬¬¨à®¢�−¨ï) ¨¬¯ã«ìá−®© −�£àã§ª¨, ª®£¤� æ¥«ìî ï¢«ï¥âáï ¤®áâ¨¦¥−¨¥
−¥ª®â®à®£® §�¤�−−®£® ãà®¢−ï ¢ â¥ç¥−¨¥ §�¤�−−®£® ¢à¥¬¥−¨. �à¨ íâ®¬ ¢ −¥ª®â®à®¬
ª«�áá¥ §�¤�ç á¨áâ¥¬� ¬®¦¥â ¨¬¥âì á¢®©áâ¢� á�¬®−�áâà®©ª¨.

’¥¯¥àì à�áá¬®âà¨¬ ‘��� á −¥áª®«ìª® á¬ï£ç¥−−ë¬¨ ãá«®¢¨ï¬¨ ã¯à�¢«¥−¨ï,
ª®£¤� ¯®à®£®¢®¥ §−�ç¥−¨¥ ¬®¦¥â ¤®áâ¨£�âìáï ¢ â¥ç¥−¨¥ ¯à®¨§¢®«ì−®£® ¯¥à¨®¤�
¢à¥¬¥−¨. ƒ«�¢−ë¬ ï¢«ï¥âáï â®ç−®¥ ã¤®¢«¥â¢®à¥−¨¥ §�¤�−−®£® §−�ç¥−¨ï “W .
‚ íâ®¬ á«ãç�¥ ¨−â¥−á¨¢−®áâì ¯®â®ª� áª�çª®®¡à�§−ëå ¯à¨à�é¥−¨© ¯à®æ¥áá� ¬®¦¥â
¡ëâì −¥¨§¬¥−−®©, � ¢¥«¨ç¨−� íâ¨å ¯à¨à�é¥−¨© ¤®«¦−� ¢¥à®ïâ−®áâ−ë¬ ®¡à�§®¬
§�¢¨á¥âì ®â ¤®áâ¨£−ãâ®£® íää¥ªâ�, â. ¥., ¯® áãé¥áâ¢ã, ¡ëâì ã¯à�¢«ï¥¬®©.

‡�¤�ç� 5.2. �ãáâì ¯«®â−®áâì ¢¥à®ïâ−®áâ¨ ‘‚ v à�¢−®¬¥à−� −� ¯à®¬¥¦ãâª¥[
α( “W −W (t)), β( “W −W (t))

]
, £¤¥ α, β ∈ (0, 1), α < β. ’¥¬ á�¬ë¬ ¯à¥¤¯®-

«�£�¥âáï, çâ® ¢¥«¨ç¨−� v ï¢«ï¥âáï ã¯à�¢«ï¥¬®© ¯® ¢¥à®ïâ−®áâ¨ ¢ §�¢¨á¨¬®áâ¨

®â ®áâ�â®ç−®£® à¥áãàá� – “W = “W − W (t). ˆ−â¥−á¨¢−®áâì áª�çª®®¡à�§−ëå
¢®§¤¥©áâ¢¨© ¯®áâ®ï−−� ¨ ¢ë¡à�−� à�¢−®© ρ0.
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÷¨á. 5 ƒà�ä¨ª¨ mW (t) ¨ DW (t) ¯à¨ ®âáãâáâ¢¨¨ ®£à�−¨ç¥−¨ï −� “T

ˆ§ (11) ¯®«ãç¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï ¤«ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�-
−¨ï ¨ ¤¨á¯¥àá¨¨ á«ãç�©−®© áã¬¬¨àãîé¥© äã−ªæ¨¨ W (t):

‘mW (t) = ρ0
α+ β

2

[
“W −mW (t)

]
; (17)

‘DW (t) = −

[
(α+ β)DW (t)−

α2 + β2 + αβ

3

(
“W −mW (t)

)2]
. (18)

÷¥è¥−¨¥ ãà�¢−¥−¨© (17) ¨ (18) ¯à¨ −ã«¥¢ëå −�ç�«ì−ëå ãá«®¢¨ïå ¨¬¥¥â ¢¨¤:

mW (t) = “W (1− e−at) ; DW (t) = b “W
2te−2at ,

£¤¥ a = (α + β)/2, b = (α2 + β2 + αβ)/3. �âáî¤� á«¥¤ã¥â, çâ® mW (t)

�á¨¬¯â®â¨ç¥áª¨ ¯à¨¡«¨¦�¥âáï ª “W , � DW (t) �á¨¬¯â®â¨ç¥áª¨ (¯®á«¥ −�ç�«ì−®©
ä�§ë ¢®§à�áâ�−¨ï) áâà¥¬¨âáï ª −ã«î.

’�ª¨¬ ®¡à�§®¬, ¯à¨ ã¯à�¢«¥−¨¨ ¢¥«¨ç¨−®© v ¢ á®®â¢¥âáâ¢¨¨ á ¯à�¢¨«®¬
(ãá«®¢−®© ¯«®â−®áâìî ¢¥à®ïâ−®áâ¨)

ω (v|W ; t) =

=





1

(β − α)( “W −W (t))
¯à¨ v ∈

[
α( “W −W (t)), β( “W −W (t))

]
;

0 ¯à¨ v 6∈
[
α( “W −W (t)), β( “W −W (t))

] (19)

¯«�− “W ¢ë¯®«−ï¥âáï ¢ â®ç−®áâ¨ §� ¡¥áª®−¥ç−® ¡®«ìè®¥ ¢à¥¬ï.
…á«¨ ¤®¯ãáâ¨âì ®áâ�−®¢ªã ¯à®æ¥áá� ¯à¨ −¥ª®â®à®© ¢®§¬®¦−®© ¢¥«¨ç¨−¥ – “W

−¥¤®¢ë¯®«−¥−¨ï ¯«�−� (®áâ�â®ç−®£® à¥áãàá�), â® ¢à¥¬¥−¥¬ ¤®áâ¨¦¥−¨ï ¢¥«¨ç¨−ë

( “W − – “W ) ¬®¦−® ã¯à�¢«ïâì, ¯®¤¡¨à�ï á®®â¢¥âáâ¢ãîé¨¥ §−�ç¥−¨ï α, β, ρ0.
(à¨á. 5).

‡�¤�ç� 5.3. ÷�áá¬®âà¨¬ ª®¬¡¨−¨à®¢�−−®¥ ã¯à�¢«¥−¨¥ áã¬¬¨àãîé¨¬ ¯à®æ¥áá®¬
W (t), ª®£¤� ¬®¦−® ®¤−®¢à¥¬¥−−® ã¯à�¢«ïâì ¢¥«¨ç¨−®© v ¨ ¨−â¥−á¨¢−®áâìî
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ρ(W, t) ¯®â®ª� −�£àã§®ª v. ˆ−�ç¥ £®¢®àï, ¯ãáâì ρ(W, t) ¨ ãá«®¢−�ï ¯«®â−®áâì
¢¥à®ïâ−®áâ¨ ω(v|W ; t) ®¯à¥¤¥«ïîâáï ¢ëà�¦¥−¨ï¬¨ (13) ¨ (19).

„«ï ¯®«ãç¥−¨ï á®®â¢¥âáâ¢ãîé¨å ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©, ®¯à¥¤¥«ï-
îé¨å ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ mW (t) ¨ ¤¨á¯¥àá¨î DW (t), ãà�¢−¥−¨ï (11)
¨ (12) ¯à¥¤áâ�¢¨¬ ¢ à�§¢¥à−ãâ®¬ ¢¨¤¥:

‘mW (t) = MW {[ρ(t,W )Mv[v]} ;

‘DW (t) = MW

{
ρ(t,W )Mv

[
v2 + 2v(W (t)−mW (t))

]}
,

£¤¥ MW{Mv[·]} | ¯®á«¥¤®¢�â¥«ì−®áâì ®¯à¥¤¥«¥−¨ï ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©
¯® ¯¥à¥¬¥−−ë¬ v ¨ W . �®¤áâ�¢¨¬ (13) ¨ (19) ¢ íâ¨ ¢ëà�¦¥−¨ï. ‚ à¥§ã«ìâ�â¥
¯®«ãç¨¬:

‘mW (t) =
α+ β

2( “T − t)
MW

[
( “W −mW (t))

2
]
; (20)

‘DW (t) =
1
“T − t

MW

[
(α+ β)( “W −mW (t))

2(W (t)−mW (t)) +

+
α2 + β2 + αβ

3

(
“W −mW (t)

)3]
. (21)

“¬−®¦¨¬ ãà�¢−¥−¨ï (20) ¨ (21) −� ( “T − t). �à¨ t → “T «¥¢ë¥ ç�áâ¨ ãáâà¥¬-
«ïîâáï ª −ã«î. ‘«¥¤®¢�â¥«ì−®, ¨ ¯à�¢ë¥ ç�áâ¨ ¤®«¦−ë ¯à¨¡«¨¦�âìáï ª −ã«î.

�â® ¢®§¬®¦−® «¨èì ¯à¨ W (t) → “W . ’�ª¨¬ ®¡à�§®¬, ª®¬¡¨−¨à®¢�−−®¥ ã¯à�¢-
«¥−¨¥, ª�ª ¨ (11), ®¡¥á¯¥ç¨¢�¥â á ¢¥à®ïâ−®áâìî ¥¤¨−¨æ� ¢ë¯®«−¥−¨¥ âà¥¡®¢�−¨ï

W ( “T ) = “W . �à¨ íâ®¬ mw(t) → “W , DW (t) → 0, â�ª çâ® à�¢−ë −ã«î ¨å

¯à®¨§¢®¤−ë¥: ‘mW ( “T ) = 0, ‘DW ( “T ) = 0.

…á«¨ ¤®¯ãáâ¨âì −¥ª®â®à®¥ −¥¤®¢ë¯®«−¥−¨¥ ¯«�−� – “W , â® ¢¥«¨ç¨−� ( “W −

−– “W ) ¬®¦¥â ¡ëâì ¤®áâ¨£−ãâ� ¢ ¬®¬¥−â T à�−ìè¥, ç¥¬ ¡ã¤¥â ¢ë¯®«−¥−® á®®â-

−®è¥−¨¥ t = “T (à¨á. 6), ¢ §�¢¨á¨¬®áâ¨ ®â ¢ë¡®à� α ¨ β. �¯ãáª�ï ¢ëª«�¤ª¨,
¯®«ãç�¥¬:

‘m(t) =
α+ β

2( “T − t)

[
−2 “WmW (t) +DW (t) +m

2
W (t) + “W

2
]
; (22)

‘DW (t) =
1
“T − t

{
−(α+ β)

(
“W −mW (t)DW (t)

)
+
α2 + β2 + αβ

3
×

×
[
“W 3 − 3 “WmW (t)( “W −mW (t)) + 3DW (t)( “W +mW (t))

]}
. (23)
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÷¨á. 6 ƒà�ä¨ª¨ à¥è¥−¨ï ¯à¨ ª®¬¡¨−¨à®¢�−−®¬ ã¯à�¢«¥−¨¨

“à�¢−¥−¨ï (22) ¨ (23) ï¢«ïîâáï −¥«¨−¥©−ë¬¨ ®â−®á¨â¥«ì−® ¬�â¥¬�â¨ç¥áª®£®
®¦¨¤�−¨ï ¨ «¨−¥©−ë¬¨ ®â−®á¨â¥«ì−® ¤¨á¯¥àá¨¨.

’�ª¨¬ ®¡à�§®¬, ¯®ª�§�−®, çâ® áã¬¬¨àãîé¨¬¨ ¯ã�áá®−®¢áª¨¬¨ ¯à®æ¥áá�¬¨
¬®¦−® ã¯à�¢«ïâì (¯à¨ −�«¨ç¨¨ ¨§¬¥à¥−¨©) ¯ãâ¥¬ æ¥«¥−�¯à�¢«¥−−®£® ¨§¬¥−¥−¨ï
¨−â¥−á¨¢−®áâ¨ ¯®â®ª� ¨ ¢¥«¨ç¨−ë á«ãç�©−ëå ¯à¨à�é¥−¨©.

6 Управление суммирующими процессами при переменном пороговом
значении уровня надежности изделия наукоемкой продукции

�¡®¡é¨¬ à¥§ã«ìâ�âë à�§¤. 5 −� á«ãç�©, ª®£¤� ¯®à®£®¢®¥ §−�ç¥−¨¥ “W , ª
ª®â®à®¬ã áâà¥¬¨âáï ã¯à�¢«ï¥¬ë© áã¬¬¨àãîé¨© ¯à®æ¥áá W (t), á�¬® ¯® á¥¡¥

ï¢«ï¥âáï á«ãç�©−ë¬ ¯à®æ¥áá®¬ “W = “W (t).
�à¨¬¥−¨â¥«ì−® ª ˆ�� â�ª�ï á¨âã�æ¨ï ¬®¦¥â ¢®§−¨ª−ãâì ¯à¨ ¯«�−¨à®¢�-

−¨¨ à�áå®¤®¢�−¨ï â¥å−¨ç¥áª®£® à¥áãàá� («¥â−®£®, ¬®â®à¥áãàá� ¨ â. ¤.) á ãç¥â®¬
¢®§¬®¦−ëå ¯à®¤«¥−¨© −�§−�ç¥−−®£® à¥áãàá� ¨§¤¥«¨ï ¨ á ãç¥â®¬ ¢®§¬®¦−®© ¬®-
¤¥à−¨§�æ¨¨. �à¨ íâ®¬ ¨−â¥−á¨¢−®áâì ¯®â®ª� ¨ ®¡ê¥¬ë à�áå®¤®¢�−¨ï à¥áãàá�
¤®«¦−ë ¨¬¥âì ¢¨¤ á®®â¢¥âáâ¢ãîé¨å äã−ªæ¨©. �® ¢−¥è−¨¬ ¯à¨§−�ª�¬ íâ®
−�¯®¬¨−�¥â ¯à¥á«¥¤®¢�−¨¥ áã¬¬¨àãîé¨¬ ¯à®æ¥áá®¬ W (t) úã¡¥£�îé¥£®û ¯à®-

æ¥áá� “W (t). �®íâ®¬ã ¤�«ì−¥©è¥¥ ®¡áã¦¤¥−¨¥ ¯à®¢¥¤¥¬ ¢ à�¬ª�å â¥à¬¨−®«®£¨¨
§�¤�ç¨ ¯à¥á«¥¤®¢�−¨ï.

�®¤ â¥ªãé¨¬ ¯à®¬�å®¬ h(t) ¡ã¤¥¬ ¯®−¨¬�âì à�§−®áâì

h(t) = “W (t)−W (t) .

�à¨¬¥¬ “W (t) ¢ ¢¨¤¥ ¯ã�áá®−®¢áª®£® ¯à®æ¥áá� á® áª�çª®®¡à�§−ë¬¨ á«ã-
ç�©−ë¬¨ ¨§¬¥−¥−¨ï¬¨ S, ¨¬¥îé¨¬¨ ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ mS,Ds ¨
¨§¢¥áâ−®© ¨−â¥−á¨¢−®áâìî “ρ(t). ƒà�ä à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬ë ¯à¥¤áâ�¢«¥− −�
à¨á. 7. ‚ ®¡é¥¬ á«ãç�¥ ¨−â¥−á¨¢−®áâì ρ ¯¥à¥å®¤� ¢ ¯á¥¢¤®á®áâ®ï−¨¥ 2 (ç¨á«®
í«¥¬¥−â®¢ ¢ ª®â®à®¬ à�¢−® W (t)) ¨ ¢¥«¨ç¨−� áª�çª®¢ v ¬®£ãâ §�¢¨á¥âì ª�ª ®â

W (t), â�ª ¨ ®â “W (t).
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÷¨á. 7 ƒà�ä ¯á¥¢¤®á®áâ®ï−¨©

‡�ª®− ã¯à�¢«¥−¨ï áä®à¬¨àã¥¬ ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

ρ(t) = kh(t) ;

ω(v|W, “W, t) =





1

(β − α)( “W (t)−W (t))

¯à¨ v ∈
[
α( “W (t)−W (t)), β( “W (t)−W (t))

]
;

0

¯à¨ v 6∈
[
α( “W (t)−W (t)), β( “W (t)−W (t))

]
.





(24)

’�ª¨¬ ®¡à�§®¬, ¨−â¥−á¨¢−®áâì áª�çª®®¡à�§−ëå ¨§¬¥−¥−¨© ¯à®æ¥áá� W (t)
ä®à¬¨àã¥âáï ¯à®¯®àæ¨®−�«ì−®© ¯à®¬�åã h, � ¢¥«¨ç¨−� áª�çª®¢ v à�¢−®¬¥à−®

à�á¯à¥¤¥«¥−� −� ®âà¥§ª¥
[
α( “W −W (t)), β( “W −W (t))

]
¨ ®¯à¥¤¥«ï¥âáï â�ª¦¥

¢¥«¨ç¨−®© ¯à®¬�å� h ¨, ªà®¬¥ â®£®, ¢ë¡®à®¬ ¢¥«¨ç¨− α, β ∈ (0, 1), α < β.
�®«ãç¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï, ®¯¨áë¢�îé¨¥ ¢¥à®ïâ−®áâ−ë¥ å�-

à�ªâ¥à¨áâ¨ª¨ ¯à®¬�å� ¨ ¯à®æ¥áá®¢ “W (t) ¨ W (t). ‘ íâ®© æ¥«ìî, ®á−®¢ë¢�ïáì

−� (11) ¨ (24) ¨ ¢¢®¤ï ®¡®§−�ç¥−¨ï Y1(t) = “W (t), Y2(t) = W (t), h(t) = Y1(t) −
− Y2(t), ¯®«ãç�¥¬:

‘m1(t) = “ρ(t)mS ; ‘m2(t) = k
α+ β

2

(
m2h +Dh

)
; (25)

‘θ11(t) = “ρ(t)(m
2
S +DS) ;

‘θ22(t) = k

[
α2 + β2 + αβ

3

(
3Dhmh +m

3
h

)
+mh(α+ β)(θ12(t)− θ22(t)

]
;

‘θ12(t) = −k [(α+ β)mh(θ12(t)− θ11(t)] , θ12(t0) = 0 ,





(26)

£¤¥ mh = m1 −m2, Dh = θ11 + θ22 − 2θ12.
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�¥âàã¤−® ¢¨¤¥âì, çâ® ¥á«¨ “W (t)| −¥á«ãç�©−�ï äã−ªæ¨ï ¢à¥¬¥−¨, â® ãà�¢-
−¥−¨ï (25) ¨ (26) ¯à¥¢à�é�îâáï ¢ á«¥¤ãîé¨¥ (§¤¥áì mw = m2, Dw = θ22):

‘mW (t) = k
α+ β

2

[(
“W (t)−mW (t)

)2
+DW (t)

]
; (27)

‘DW (t) = k

{
α2 + β2 + αβ

3
×

×

[(
“W (t)−mW (t)

)2
+ 3DW (t)

(
“W −mW (t)

)]
− (α+ β)DW (t)

}
. (28)

�à¨ k = 1/
(
“T − t

)
ãà�¢−¥−¨ï (27) ¨ (28) á®¢¯�¤�îâ á (22) ¨ (23).

�à®¢¥¤¥−® ç¨á«¥−−®¥ ¨−â¥£à¨à®¢�−¨¥ ãà�¢−¥−¨© (25) ¨ (26) ¯à¨ á«¥¤ãîé¨å
§−�ç¥−¨ïå ¯�à�¬¥âà®¢:

mS = 3 ; DS = 3 ; “ρ(t) = 1 + 0,1t ; α = 0,1; β = 0,2 ; “T = 10 ;

m1(0) = 100 ; m2(0) = 0 ; θ11(0) = θ22(0) = 0 .

�à¨ â¥å ¦¥ ¤�−−ëå, −® á “ρ(t) = 0 ( “W (t) = const), ¯®«ãç¥−® à¥è¥−¨¥ ãà�¢−¥−¨©,
á®®â¢¥âáâ¢ãîé¨å (22) ¨ (23).

�� à¨á. 8 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¢ ¢¨¤¥ £à�ä¨ª®¢ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©

âà�¥ªâ®à¨© ¯à®æ¥áá®¢ “W (t) ¨ W (t), � â�ª¦¥ £à�ä¨ª¨ ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï
¨ ¤¨á¯¥àá¨¨ ¯à®¬�å�. ‚¨¤−®, çâ® §�¤�ç� ¯à¥á«¥¤®¢�−¨ï à¥è�¥âáï ¤®áâ�â®ç−®
â®ç−®.

÷¨á. 8 Œ®¤¥«¨à®¢�−¨¥ ¯à¨ ¯®áâ®ï−−®¬ §−�ç¥−¨¨ “W (�) ¨ ¯à¨ á«ãç�©−®© äã−ªæ¨¨
“W (t) (¡)
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‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ â¥à¬¨−�å ¯à¥¤áâ�¢«¥−−®£® â¥®à¥â¨ç¥áª®£® ç�áâ−®£®
á«ãç�ï ¬®¦−® à¥è�âì à�§«¨ç−ë¥ ¯à�ªâ¨ç¥áª¨¥ §�¤�ç¨. ��¯à¨¬¥à, ¡«¨§ª¨¬¨ ª
à�áá¬®âà¥−−ë¬ ¯à¨¬¥à�¬ ï¢«ïîâáï §�¤�ç¨ ¯«�−¨à®¢�−¨ï à�áå®¤®¢�−¨ï §�¤�−-

−®£® à¥áãàá� “W −� ¨§¢¥áâ−®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨
[
0, “T

]
.

7 Заключение

÷�§à�¡®â�−ë ¯à¨¡«¨¦¥−−ë¥ −¥«¨−¥©−ë¥ ª®àà¥«ïæ¨®−−ë¥ ¬¥â®¤ë, ¯®§¢®«ï-
îé¨¥ ¤«ï á¨áâ¥¬ à�§¬¥à−®áâ¨ ®â 10 ¤® 20 ¯à®¢®¤¨âì �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�-
−¨¥ ¨ �−�«¨§ −�¤¥¦−®áâ¨ áâ®å�áâ¨ç¥áª¨å ¯à®æ¥áá®¢ ¢ ‘���. „«ï à�§¬¥à−®áâ¥©
á¢ëè¥ 20 æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¬¥â®¤ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨©.

�� ®á−®¢¥ à�§¢¨âëå ¬¥â®¤®¢ à�áá¬®âà¥−ë ¢®¯à®áë ¬®¤¥«¨à®¢�−¨ï ã¤�à−ëå
−�£àã§®ª ˆ��, ã¯à�¢«¥−¨ï áã¬¬¨àãîé¨¬¨ ¯à®æ¥áá�¬¨ ¤«ï ¤®áâ¨¦¥−¨ï §�-
¤�−−®£® ãà®¢−ï −�¤¥¦−®áâ¨ ˆ��, ã¯à�¢«¥−¨ï áã¬¬¨àãîé¨¬¨ ¯à®æ¥áá�¬¨ ¯à¨
¯¥à¥¬¥−−®¬ ¯®à®£®¢®¬ §−�ç¥−¨¨ ãà®¢−ï −�¤¥¦−®áâ¨ ˆ��.
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НЕКОТОРЫЕ ПОДХОДЫ К РАЗРАБОТКЕ ТЕХНОЛОГИЙ
ТОНКОГО КЛИЕНТА ДЛЯ ЗАЩИЩЕННЫХ

ИНФОРМАЦИОННЫХ СИСТЕМ

Э. Р. Корепанов1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë à�§¢¨â¨ï â¥å−®«®£¨© â®−ª®£® ª«¨-
¥−â� ¤«ï à®áá¨©áª¨å §�é¨é¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ®á−®¢�−−ë¥ −�
¬¨à®¢®¬ ®¯ëâ¥ á®§¤�−¨ï ¨−äà�áâàãªâãàë ¢¨àâã�«¨§�æ¨¨ ¯¥àá®−�«ì−ëå ª®¬-
¯ìîâ¥à®¢ (VDI) ¨ ¨á¯®«ì§®¢�−¨¨ �¯¯�à�â−ëå áã¯¥àâ®−ª¨å ª«¨¥−â®¢.

Š«îç¥¢ë¥ á«®¢�: §�é¨é¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë; â¥å−®«®£¨ï â®−-
ª®£® ª«¨¥−â�; ¨−äà�áâàãªâãà� ¢¨àâã�«¨§�æ¨¨ ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢;
¯¥àá®−�«ì−ë© ª®¬¯ìîâ¥à ¯® ¯à®â®ª®«ã IP

1 Введение

‡� ¯®á«¥¤−¨¥ 30 «¥â â¥å−®«®£¨¨ â®−ª®£® ª«¨¥−â� ¢ ÷®áá¨¨ ¯à®è«¨ ¯ãâì ®â
¤®¬¨−¨àãîé¥£® áà¥¤áâ¢� à�¡®âë ª®−¥ç−®£® ¯®«ì§®¢�â¥«ï á ¡®«ìè¨¬¨ �‚Œ ¢ á¥-
à¥¤¨−¥ 1980-å ££. ¤® ¯®çâ¨ ¯®«−®£® §�¡¢¥−¨ï ¢ ª®−æ¥ 1980-å ¨ −�ç�«¥ 1990-å ££.|
í¯®åã à�áæ¢¥â� ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢ | ¨ á−®¢� ãá¯¥è−® ¢®§à®¤¨«¨áì ¢
−®¢®¬ âëáïç¥«¥â¨¨ ¡«�£®¤�àï ¨−âà�−¥â-â¥å−®«®£¨ï¬. ‚ §�¢¨á¨¬®áâ¨ ®â ¢ëç¨á«¨-
â¥«ì−®© ¬®é−®áâ¨ á¥à¢¥à−®© ¨−äà�áâàãªâãàë, ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª�−�«®¢
á¢ï§¨, £à�ä¨ç¥áª¨å ¢®§¬®¦−®áâ¥© �¡®−¥−âáª¨å áà¥¤áâ¢ ¨á¯®«ì§®¢�«¨áì â¥ ¨«¨
¨−ë¥ ¢�à¨�−âë â¥å−®«®£¨¨ â®−ª®£® ª«¨¥−â�, −�¨¡®«¥¥ ¯®¤å®¤ïé¨¥ ¤«ï à¥è¥−¨ï
ª®−ªà¥â−ëå ¯à¨ª«�¤−ëå §�¤�ç. ‚ æ¥«®¬ æ¥−âà�«¨§®¢�−−�ï ¬®¤¥«ì ¢ëç¨á«¥−¨©,
à¥�«¨§®¢�−−�ï á ¯à¨¬¥−¥−¨¥¬ â¥å−®«®£¨© â®−ª®£® ª«¨¥−â�, ®áâ�¢�«�áì ¤®áâ�â®ç-
−® ¯®áâ®ï−−®© −� ¯à®âï¦¥−¨¨ ¤¥áïâ¨«¥â¨ï, ¤® −�ç�«� 2000-å ££., ¨ ¯®¤à®¡−®
¯à¥¤áâ�¢«¥−� ¢ [1].

Š®£¤� à¥çì ¨¤¥â ® ª®à¯®à�â¨¢−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å, ¬®¦−® ¯à¨-
¢¥áâ¨ −¥ ¬¥−¥¥ ¤¥¢ïâ¨ ®á−®¢−ëå ¯à¥¨¬ãé¥áâ¢ ¨á¯®«ì§®¢�−¨ï â¥å−®«®£¨© â®−ª®£®
ª«¨¥−â�.

1. ��¤¥¦−®áâì | ¨á¯®«ì§®¢�−¨¥ �¯¯�à�âãàë á¥à¢¥à� ¢¨àâã�«¨§�æ¨¨, à�á-
áç¨â�−−®© −� ªàã£«®áãâ®ç−®¥ −¥¯à¥àë¢−®¥ äã−ªæ¨®−¨à®¢�−¨¥, ¯®¢ëè�¥â
−�¤¥¦−®áâì à�¡®âë ¨ åà�−¥−¨ï ¤�−−ëå. ‚ëå®¤ ¨§ áâà®ï â¥à¬¨−�«� ¯®«ì§®-
¢�â¥«ï −¥ ¢«¥ç¥â §� á®¡®© ¯®â¥àî ¤�−−ëå −� á¥à¢¥à¥.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ekorepanov@ipiran.ru
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�. ÷. Š®à¥¯�−®¢

2. –¥−âà�«¨§�æ¨ï | ¢á¥ ¤�−−ë¥ åà�−ïâáï â®«ìª® −� á¥à¢¥à�å, çâ® ã¯à®é�¥â
¤«ï �¤¬¨−¨áâà�â®à®¢ ¯à®æ¥¤ãàã à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï, ª®−âà®«ì ¢¥àá¨©
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��) ¨ ª®−âà®«ì ¤®áâã¯� ¯®«ì§®¢�â¥«¥©.

3. �¥§®¯�á−®áâì ¤�−−ëå | ®âáãâáâ¢¨¥ −� ¯®«ì§®¢�â¥«ìáª¨å â¥à¬¨−�«�å ¦¥áâ-
ª¨å ¤¨áª®¢ ¨ ¯à¨¢®¤®¢ ®¯â¨ç¥áª¨å ¤¨áª®¢ ¯®§¢®«ï¥â áãé¥áâ¢¥−−® á−¨§¨âì
¢®§¬®¦−®áâ¨ −¥á�−ªæ¨®−¨à®¢�−−®£® ª®¯¨à®¢�−¨ï ¨ ¢ë−®á� ¤�−−ëå. �â-
áãâáâ¢¨¥ −¥¯®áà¥¤áâ¢¥−−®© ¯¥à¥¤�ç¨ ¤�−−ëå (¯¥à¥¤�¥âáï ¨−ä®à¬�æ¨ï ®¡
¨§®¡à�¦¥−¨¨ ¤«ï ¬®−¨â®à�) ¯® á¥â¨ ¨áª«îç�¥â ¨å ª®¬¯«¥ªá−ë© ¯¥à¥å¢�â.
�à¨ ªà�¦¥ ¨«¨ ¨§êïâ¨¨ â¥à¬¨−�«� −¥â à¨áª� ¯®â¥àïâì ¢�¦−ë¥ ¤�−−ë¥. ‘ã-
é¥áâ¢¥−−® á−¨¦�¥âáï à¨áª §�à�¦¥−¨ï á¨áâ¥¬ë ¢¨àãá�¬¨.

4. �ää¥ªâ¨¢−®áâì | §�£àã§ª� ¬−®£®ï¤¥à−®£® ¯à®æ¥áá®à� −� á®¢à¥¬¥−−®¬
®ä¨á−®¬ ª®¬¯ìîâ¥à¥ ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ −¥ ¯à¥¢ëè�¥â 5%. ’¥à¬¨−�«ì-
−�ï á¨áâ¥¬� á ¬�ªá¨¬�«ì−®© ¯®«ì§®© §�¤¥©áâ¢ã¥â ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë
á¥à¢¥à� ¢¨àâã�«¨§�æ¨¨, à�á¯à¥¤¥«ïï ¨å ¬¥¦¤ã à�¡®â�îé¨¬¨ ¢ ¤�−−ë© ¬®-
¬¥−â ¯®«ì§®¢�â¥«ï¬¨.

5. �¥áèã¬−�ï à�¡®â� ¨ á−¨¦¥−¨¥ í−¥à£®¯®âà¥¡«¥−¨ï −� à�¡®ç¥¬ ¬¥áâ¥ ¯®«ì-
§®¢�â¥«ï | â¥à¬¨−�«ì−ë¥ ª«¨¥−âë −¥ âà¥¡ãîâ ¡®«ìè¨å ¢ëç¨á«¨â¥«ì−ëå
à¥áãàá®¢, ¯®íâ®¬ã ¨á¯®«ì§ãîâ íª®−®¬¨ç−ë¥ ¯à®æ¥áá®àë ¨ ç¨¯á¥âë á¨áâ¥¬-
−®© «®£¨ª¨ á −¨§ª¨¬ â¥¯«®¢ë¤¥«¥−¨¥¬, çâ® −¥ âà¥¡ã¥â ¬®é−ëå ¢¥−â¨«ïâ®à®¢
¨ ®¡¥á¯¥ç¨¢�¥â ¡¥áèã¬−ãî à�¡®âã. ’�ª¦¥ ®¡ëç−® −¥ âà¥¡ã¥âáï ¨−¤¨¢¨¤ã-
�«ì−®£® ¨áâ®ç−¨ª� ¡¥á¯¥à¥¡®©−®£® ¯¨â�−¨ï.

6. �ëáâà®¥ à�§¢¥àâë¢�−¨¥ ¨ ®¡−®¢«¥−¨¥ ¯à¨«®¦¥−¨© | ¯à¨ ¨á¯®«ì§®¢�−¨¨
â¥à¬¨−�«ì−ëå ª«¨¥−â®¢ −®¢®¥ �� ãáâ�−�¢«¨¢�¥âáï �¤¬¨−¨áâà�â®à®¬ â®«ìª®
−� á¥à¢¥à�å ¨ áà�§ã ¦¥ áâ�−®¢¨âáï ¤®áâã¯−ë¬ ¯®«ì§®¢�â¥«ï¬.

7. “¯à®é¥−¨¥ ¯®¤¤¥à¦ª¨ ª®−¥ç−ëå ã§«®¢ | ¯à¨ ¨á¯®«ì§®¢�−¨¨ â¥à¬¨−�«ì−ëå
ª«¨¥−â®¢ �¤¬¨−¨áâà�â®àã −¥â −¥®¡å®¤¨¬®áâ¨ ®¡å®¤¨âì ¯®«ì§®¢�â¥«ìáª¨¥
ãáâà®©áâ¢� ¤«ï ãáâ�−®¢ª¨ ¨ −�áâà®©ª¨ ¯à®£à�¬¬. �à¨ ¢ëå®¤¥ â¥à¬¨−�«ì−®-
£® ª«¨¥−â� ¨§ áâà®ï ¥£® «¥£ª® §�¬¥−¨âì.

8. ÷�¡®â� ¯®«ì§®¢�â¥«ï ¢ «î¡®¬ ¬¥áâ¥ ®à£�−¨§�æ¨¨ | ¯®«ì§®¢�â¥«ì ¬®¦¥â
¯®¤ª«îç¨âìáï ª á¢®¥¬ã â¥à¬¨−�«ì−®¬ã á¥à¢¥àã ¢ «î¡®¬ ¬¥áâ¥, £¤¥ ãáâ�−®-
¢«¥− â¥à¬¨−�«ì−ë© ª«¨¥−â.

9. ‘®ªà�é¥−¨¥ á®¢®ªã¯−®© áâ®¨¬®áâ¨ ¢«�¤¥−¨ï (Total cost of ownership,
’‘�) | ã¬¥−ìè¥−¨¥ áâ®¨¬®áâ¨ íªá¯«ã�â�æ¨¨ à�¡®ç¥£® ¬¥áâ� §� áç¥â æ¥−âà�-
«¨§®¢�−−®£® �¤¬¨−¨áâà¨à®¢�−¨ï, á®ªà�é¥−¨ï §�âà�â à�¡®ç¥£® ¢à¥¬¥−¨ −�
®¡á«ã¦¨¢�−¨¥ à�¡®ç¨å ¬¥áâ ¯®«ì§®¢�â¥«¥©, ã¬¥−ìè¥−¨ï §�âà�â −� ®¡ãç¥−¨¥
á®âàã¤−¨ª®¢, á®ªà�é¥−¨ï í−¥à£®¯®âà¥¡«¥−¨ï, ®âáãâáâ¢¨ï −¥®¡å®¤¨¬®áâ¨ ¢
¨áâ®ç−¨ª�å ¡¥á¯¥à¥¡®©−®£® ¯¨â�−¨ï ¤«ï â¥à¬¨−�«®¢ (®âª«îç¥−¨¥ â¥à¬¨−�«�
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�¥ª®â®àë¥ ¯®¤å®¤ë ª à�§à�¡®âª¥ â¥å−®«®£¨© â®−ª®£® ª«¨¥−â�

−¥ ¢«¨ï¥â −� á¥à¢¥à), á®ªà�é¥−¨ï §�âà�â −� ¬®¤¥à−¨§�æ¨î (¬®¤¥à−¨§¨àã¥âáï
â®«ìª® á¥à¢¥à) ¨ â. ¯.

÷�áá¬®âà¨¬ −¥ª®â®àë¥ ¨§¢¥áâ−ë¥ ¢�à¨�−âë â¥å−®«®£¨© â®−ª®£® ª«¨¥−â� ¤«ï
§�é¨é¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬.

”¨à¬� ú�−ª�¤û ¯à¥¤«�£�¥â ¯à®£à�¬¬−®-�¯¯�à�â−ë© ª®¬¯«¥ªá úŠà¨¯â®−-
’Šû, ¯à¥¤−�§−�ç¥−−ë© ¤«ï ¯à¥¤®â¢à�é¥−¨ï −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã¯� ª
â¥à¬¨−�«�¬ ¨ á¥à¢¥à�¬ áâ�−¤�àâ−®© ¨−äà�áâàãªâãàë úâ®−ª¨© ª«¨¥−âû, à�¡®â�-
îé¨¬ ¯®¤ ã¯à�¢«¥−¨¥¬ ®¯¥à�æ¨®−−®© á¨áâ¥¬ë Microsoft Windows Server 2003 ¨
â¥à¬¨−�«ì−®£® á¥à¢¨á� Citrix MetaFrame Presentation Server 4.0. ‡�é¨é¥−−ë©
â¥à¬¨−�« ª®¬¯«¥ªá� úŠà¨¯â®−-’Šû ¡�§¨àã¥âáï −� áâ�−¤�àâ−®¬ ¯¥àá®−�«ì−®¬
ª®¬¯ìîâ¥à¥ c ¯à®æ¥áá®à®¬ Intel, ®á−�é¥−−®¬ á¯¥æ¨�«¨§¨à®¢�−−ë¬¨ �¯¯�à�â−®-
¯à®£à�¬¬−ë¬¨ áà¥¤áâ¢�¬¨ §�é¨âë, ¢ â®¬ ç¨á«¥ �¯¯�à�â−ë¬ ¬®¤ã«¥¬ ¤®¢¥à¥−−®©
§�£àã§ª¨ úŠà¨¯â®−-‡�¬®ªû ¨ á¥â¥¢®© ªà¨¯â®¯«�â®© «¨−¥©ª¨ úŠà¨¯â®− AncNetû.
‚ −�ç�«¥ ª�¦¤®£® á¥�−á� à�¡®âë ¯®á«¥ ¨¤¥−â¨ä¨ª�æ¨¨ ¨ �ãâ¥−â¨ä¨ª�æ¨¨ ¯®«ì-
§®¢�â¥«ï −� â�ª®© â¥à¬¨−�« ®áãé¥áâ¢«ï¥âáï ¤®¢¥à¥−−�ï §�£àã§ª� á á¥à¢¥à� −¥-
®¡å®¤¨¬®£® ¤«ï à�¡®âë ��. �â� â¥å−®«®£¨ï ¯®§¢®«ï¥â á®§¤�âì ¤®¯®«−¨â¥«ì−ë©
¡�àì¥à §�é¨âë ®â −¥á�−ªæ¨®−¨à®¢�−−®£® ¤®áâã¯�, −¥ ¡�§¨àãïáì −� áâ�−¤�àâ−ëå
áà¥¤áâ¢�å §�é¨âë ®¯¥à�æ¨®−−ëå á¨áâ¥¬.

Š®¬¯�−¨ï ú‘‚…Œ…‹û ¯®çâ¨ 10 «¥â ¯à¥¤«�£�¥â ª®¬¯«¥ªá §�é¨é¥−−®£® â¥à-
¬¨−�«ì−®£® ¤®áâã¯�, á®§¤�−−ë© −� ¡�§¥ §�é¨é¥−−ëå â¥å−®«®£¨© ª®à¯®à�æ¨¨
Sun | SunRay-á¥à¢¥à®¢ ¨ â¥à¬¨−�«®¢, � â�ª¦¥ ¤®¢¥à¥−−®© ®¯¥à�æ¨®−−®© á¨áâ¥-
¬ë ú–¨àª®− 10û (¤®à�¡®â�−−®© �‘ Solaris 10 Update 4 á ãáâ�−®¢«¥−−ë¬ Solaris
Trusted Extensions).

�à®£à�¬¬−ë¥ à¥è¥−¨ï ¤«ï ®à£�−¨§�æ¨¨ à�¡®âë §�é¨é¥−−®£® â®−ª®£® ª«¨-
¥−â� −� ®á−®¢¥ ¢¥¡-â¥å−®«®£¨© ¯à¥¤«�£�îâáï ú��� ÷ãá�ˆ’¥åû ¢ ¢¨¤¥ ®¯¥à�-
æ¨®−−®© á¨áâ¥¬ë á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï Astra Linux Special Edition.

Š á®¦�«¥−¨î, ãª�§�−−ë¥ ¢�à¨�−âë à¥�«¨§�æ¨¨ §�é¨é¥−−ëå â¥å−®«®£¨© â®−-
ª®£® ª«¨¥−â� ¡�§¨àãîâáï −� à¥è¥−¨ïå, ¯®¯ã«ïà−ëå ¢ −�ç�«¥ ¨ á¥à¥¤¨−¥ ¯à®è«®£®
¤¥áïâ¨«¥â¨ï. ‘ â¥å ¯®à ¯®«ãç¨«¨ è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¬−®£®ï¤¥à−ë¥ ¨ ¬−®-
£®¯à®æ¥áá®à−ë¥ áà¥¤áâ¢� æ¥−âà�«¨§®¢�−−®© ®¡à�¡®âª¨ ¤�−−ëå, ¯®ï¢¨«¨áì ®ç¥−ì
íää¥ªâ¨¢−ë¥ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨, áâ�«¨ ¤®áâã¯−ë¬¨ ¢ëá®ª®áª®à®áâ−ë¥
ª�−�«ë á¢ï§¨. �®¢¥©è¨¥ â¥å−®«®£¨¨ â®−ª®£® ª«¨¥−â� ª®−á®«¨¤¨à®¢�«¨áì ¢ −®-
¢®¥ ¯®¯ã«ïà−®¥ −�¯à�¢«¥−¨¥ IT-¨−¤ãáâà¨¨ | ú®¡«�ç−ë¥ ¢ëç¨á«¥−¨ïû (cloud
computing).

�−�«¨§ ª«îç¥¢ëå í«¥¬¥−â®¢, ¯à¥¤«�£�¥¬ëå ¢ ª®¬¬¥àç¥áª®¬ á¥ªâ®à¥ á®¢à¥-
¬¥−−ëå â¥å−®«®£¨©, ¯®§¢®«ï¥â ¢ëà�¡®â�âì à�æ¨®−�«ì−ë¥ ¯®¤å®¤ë ª ¢−¥¤à¥−¨î
¢ §�é¨é¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¯¥àá¯¥ªâ¨¢−ëå à¥è¥−¨© −� ®á−®¢¥
¨−äà�áâàãªâãàë ¢¨àâã�«¨§�æ¨¨ ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢ (Virtual Desktop
Infrastructure, VDI), �¯¯�à�â−ëå áã¯¥àâ®−ª¨å ª«¨¥−â®¢ (hardware zero client) ¨
á¯¥æ¨�«ì−ëå ¯à®â®ª®«®¢ ¢§�¨¬®¤¥©áâ¢¨ï á ¯®«ì§®¢�â¥«¥¬.
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�. ÷. Š®à¥¯�−®¢

2 VDI как основа современных технологий тонкого клиента

VDI ¯®¤à�§ã¬¥¢�¥â ª®−á®«¨¤�æ¨î ¨−ä®à¬�æ¨®−−ëå ¨ ¢ëç¨á«¨â¥«ì−ëå à¥-
áãàá®¢ ¯®«ì§®¢�â¥«¥© ¢ £àã¯¯¥ á¥à¢¥à®¢ ¢¨àâã�«¨§�æ¨¨. �à¨ íâ®¬ ª®−¥ç−ë©
â¥à¬¨−�« ¯®«ì§®¢�â¥«ï á«ã¦¨â «¨èì ¤«ï ¢¢®¤� ã¯à�¢«ïîé¨å á¨£−�«®¢ á ª«�-
¢¨�âãàë ¨ ¬ëè¨ ¨ ¢ë¢®¤� £à�ä¨ç¥áª¨å ¤�−−ëå, ¯¥à¥¤�¢�¥¬ëå −� −¥£® ¯®
á¯¥æ¨�«ì−ë¬ ¯à®â®ª®«�¬ á á¥à¢¥à� ¢¨àâã�«¨§�æ¨¨.

‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ã¥â ¬®é−¥©è�ï ª®−ªãà¥−æ¨ï ¯à®£à�¬¬−ëå ¯«�â-
ä®à¬ VDI ¬¥¦¤ã ªàã¯−ë¬¨ âà�¤¨æ¨®−−ë¬¨ ¯à®¨§¢®¤¨â¥«ï¬¨ â¥à¬¨−�«ì−ëå
à¥è¥−¨© ¨ −®¢ë¬¨ ú¨£à®ª�¬¨û −� íâ®¬ àë−ª¥. ‘à¥¤¨ ¯®¯ã«ïà−ëå ¢ −�è¥©
áâà�−¥ ¯à®¤ãªâ®¢ ¬®¦−® ®â¬¥â¨âì:

{ VMWare View 5;

{ Citrix XenDesktop;

{ Microsoft VDI −� ¡�§¥ Hyper-V, ®¯¥à�æ¨®−−®© á¨áâ¥¬ë Windows Server
(2008 R2, 2012) ¨ System Center Virtual Machine Manager;

{ Red Hat Enterprise Virtualization for Desktops.

Œ¥−¥¥ à�á¯à®áâà�−¥−ë à¥è¥−¨ï Oracle VDI, ¢ â®¬ ç¨á«¥ −� ¡�§¥ ã−�á«¥¤®-
¢�−−ëå ®â Sun ¯«�âä®à¬ | Solaris Operating System, Sun Ray Software, Sun
Ray Thin Client.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¨§-§� ª�¦ãé¥©áï ¯à®áâ®âë â¥å−®«®£¨¨ â®−ª®£®
ª«¨¥−â� áãé¥áâ¢ã¥â ãáâ®©ç¨¢®¥ ¯à¥¤áâ�¢«¥−¨¥ ® −¨§ª®© áâ®¨¬®áâ¨ �¯¯�à�â−ëå
áà¥¤áâ¢ ª®−¥ç−®£® ¯®«ì§®¢�â¥«ï | â¥à¬¨−�«� â®−ª®£® ª«¨¥−â�. �¤−�ª® íâ®
−¥ á®¢á¥¬ ¢¥à−®, â�ª ª�ª ¡‚®«ìè�ï ç�áâì â®−ª¨å ª«¨¥−â®¢ ¯à¥¤áâ�¢«ï¥â á®¡®©
ª®¬¯�ªâ−ë© ¯¥àá®−�«ì−ë© ª®¬¯ìîâ¥à, ®á−�é¥−−ë© ¯®«−®æ¥−−ë¬ æ¥−âà�«ì−ë¬
¯à®æ¥áá®à®¬, −�¯à¨¬¥à Intel Atom, ®¯¥à�â¨¢−®© ¯�¬ïâìî ®â 1 ¤® 2 ƒ�, £à�ä¨ç¥-
áª¨¬ ç¨¯á¥â®¬ ¨ ¯®«−ë¬ −�¡®à®¬ ¨−â¥àä¥©á®¢ (USB, DVI-D, Audio, Ethernet
1 ƒ¡¨â/á, PS/2). ��¨¡®«¥¥ áãé¥áâ¢¥−−ë¬ ®â«¨ç¨¥¬ ®â ®¡ëç−®£® ¯¥àá®−�«ì−®£®
ª®¬¯ìîâ¥à� ï¢«ï¥âáï ®âáãâáâ¢¨¥ ¦¥áâª®£® ¤¨áª� (¥£® §�¬¥−ï¥â ä«¥è-¯�¬ïâì),
®¯â¨ç¥áª®£® ¯à¨¢®¤� CD/DVD/Blue-ray ¨ ¢áâà®¥−−®£® ¡«®ª� ¯¨â�−¨ï, çâ®
¯®§¢®«ï¥â á¨«ì−® ã¬¥−ìè¨âì à�§¬¥àë ¯à®æ¥áá®à−®£® ¡«®ª�. ‡� áç¥â ã¬¥à¥−−®-
£® í−¥à£®¯®âà¥¡«¥−¨ï ª®¬¯®−¥−â®¢ â�ª¨¥ â®−ª¨¥ ª«¨¥−âë −¥ âà¥¡ãîâ −�«¨ç¨ï
¬®é−ëå ¨ èã¬−ëå ¢¥−â¨«ïâ®à®¢ ¢−ãâà¨ ª®à¯ãá�.

‚ â®−ª¨å ª«¨¥−â�å ®áãé¥áâ¢«ï¥âáï ¯à®è¨¢ª� ú®¡«¥£ç¥−−ëåû ¢�à¨�−â®¢ ®¯¥-
à�æ¨®−−ëå á¨áâ¥¬ (Microsoft Windows Embedded, HP ThinPro ¨ â. ¯.) ¨ ¤¥áïâª®¢
à�§«¨ç−ëå ª«¨¥−âáª¨å ¯à®£à�¬¬ ¤«ï ¯®¤ª«îç¥−¨ï ª −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¬
â¥à¬¨−�«ì−ë¬ á¥à¢¥à�¬, � â�ª¦¥ ª VDI à�§«¨ç−ëå ¯à®¨§¢®¤¨â¥«¥©. ‘®®â¢¥â-
áâ¢¥−−®, æ¥−� â�ª¨å â®−ª¨å ª«¨¥−â®¢ ¯à�ªâ¨ç¥áª¨ −¥ ®â«¨ç�¥âáï ®â æ¥−ë ¯à®áâëå
®ä¨á−ëå ª®¬¯ìîâ¥à®¢ ¨, ¥á«¨ à�áá¬�âà¨¢�âì ¬®¤¥«¨ ¨§¢¥áâ−ëå ¡à¥−¤®¢, −�å®-
¤¨âáï ¢ ¯à¥¤¥«�å 300{650 USD. �¡ëç−® ª ¤�−−®© æ¥−¥ −¥®¡å®¤¨¬® ¤®¡�¢¨âì
áâ®¨¬®áâì ª«¨¥−âáª®© «¨æ¥−§¨¨ (−�¯à¨¬¥à, Microsoft Remote Desktop Services
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�¥ª®â®àë¥ ¯®¤å®¤ë ª à�§à�¡®âª¥ â¥å−®«®£¨© â®−ª®£® ª«¨¥−â�

CAL) ¤«ï ¤®áâã¯� ª â¥à¬¨−�«ì−®¬ã á¥à¢¥àã ¨«¨ á¥à¢¥àã ¢¨àâã�«¨§�æ¨¨, á®-
®â¢¥âáâ¢¥−−® æ¥−� à�¡®ç¥£® ¬¥áâ� −� ¡�§¥ â®−ª®£® ª«¨¥−â� ã¢¥«¨ç¨âáï ¥é¥ −�
100{170 USD.

�¥ª®â®àë¥ ã−¨¢¥àá�«ì−ë¥ â®−ª¨¥ ª«¨¥−âë, −�¯à¨¬¥à HP t5745, ¨¬¥îâ ¢®§-
¬®¦−®áâì ãáâ�−®¢ª¨ ¢ −¨å PCI ¨«¨ PCIe ¯«�âë, ç¥¬ ¬®¦−® ¢®á¯®«ì§®¢�âìáï
¤«ï à�§¬¥é¥−¨ï ®â¥ç¥áâ¢¥−−ëå ¯à®£à�¬¬−®-�¯¯�à�â−ëå áà¥¤áâ¢ §�é¨âë ¨−ä®à-
¬�æ¨¨, ¯à¥¤−�§−�ç¥−−ëå ¤«ï ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢, ¨ ¡ëáâà® ¯®«ãç¨âì
à¥�«¨§�æ¨î â¥å−®«®£¨¨ â®−ª®£® ª«¨¥−â� ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨. ’�ª®¥ à¥-
è¥−¨¥ | úQP-â¥à¬¨−�«û | ¯à¥¤«�£�¥âáï �’� úŠà¨¯â®á®äâû. �ç¥¢¨¤−®, çâ®
â�ª®© ¯®¤å®¤ −�á«¥¤ã¥â ¢á¥ −¥¤®áâ�âª¨ âà�¤¨æ¨®−−®© ª«¨¥−â-á¥à¢¥à−®© ¬®¤¥«¨
¢ëç¨á«¥−¨© | ¢ëá®ªãî áâ®¨¬®áâì à¥è¥−¨ï, ®à¨¥−â�æ¨î −� ®¯à¥¤¥«¥−−ãî ¬®¤¥«ì
¨¬¯®àâ−®£® â®−ª®£® ª«¨¥−â�, ¢ëá®ª¨¥ ¯®ª�§�â¥«¨ í−¥à£®¯®âà¥¡«¥−¨ï, á«®¦−®áâì
−�áâà®©ª¨ ¨ ®¡á«ã¦¨¢�−¨ï.

–¥«¥á®®¡à�§−ë¬ ï¢«ï¥âáï ¯ãâì à�§à�¡®âª¨ ¯®«−®áâìî ®â¥ç¥áâ¢¥−−®© â¥å-
−®«®£¨¨ â®−ª®£® ª«¨¥−â� á ¨§−�ç�«ì−® ¢áâà®¥−−ë¬¨ ¢ −¥¥ áà¥¤áâ¢�¬¨ §�é¨âë
¨−ä®à¬�æ¨¨. ‘®§¤�−¨¥ «î¡®© á®¢à¥¬¥−−®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ úá −ã-
«ïû ¯à¥¤áâ�¢«ï¥â á®¡®© á«®¦−¥©è¨© ¯à®æ¥áá á −¥¯à¥¤áª�§ã¥¬ë¬ à¥§ã«ìâ�â®¬,
¯®íâ®¬ã ªà�©−¥ ¦¥«�â¥«ì−® −�«¨ç¨¥ à¥�«¨§®¢�−−ëå �−�«®£®¢ âà¥¡ã¥¬®£® à¥è¥-
−¨ï. ‚ ¤�−−®¬ á«ãç�¥ ¯®«−®æ¥−−ë¬ ¯à®â®â¨¯®¬ ¬®¦¥â á«ã¦¨âì ¯à®â®ª®« PCoIP
¨ à¥�«¨§ãîé�ï ¥£® â¥å−®«®£¨ï, ¯à¥¤«�£�¥¬�ï ª�−�¤áª®© ä¨à¬®© Teradici [2].

3 PCoIP как вариант реализации современной технологии тонкого
клиента

PCoIP (PC-over-IP, ¯¥àá®−�«ì−ë© ª®¬¯ìîâ¥à ¯® ¯à®â®ª®«ã IP) | ¯à®¯à¨¥-
â�à−ë© ¯à®â®ª®« ¯¥à¥¤�ç¨ ¤�−−ëå, ¨á¯®«ì§ã¥¬ë© ¤«ï ¯¥à¥¤�ç¨ ª®¬¯à¥áá¨à®¢�−-
−®£® ¨§®¡à�¦¥−¨ï ¨ á¨£−�«®¢ à�§«¨ç−ëå ¤®¯®«−¨â¥«ì−ëå ¨−â¥àä¥©á®¢ (USB,
Audio ¨ ¤à.) ¬¥¦¤ã á¥à¢¥à®¬ ¢¨àâã�«¨§�æ¨¨ ¨ â¥à¬¨−�«ì−ë¬ ãáâà®©áâ¢®¬. ‡�
áç¥â â®£®, çâ® ¤¥ª®¤¨à®¢�−¨¥ £®â®¢®£® ¤¢ã¬¥à−®£® ¨§®¡à�¦¥−¨ï, áä®à¬¨à®¢�−-
−®£® −� á¥à¢¥à¥, ï¢«ï¥âáï ¤®áâ�â®ç−® ¯à®áâ®© §�¤�ç¥©, �«£®à¨â¬ë ®¡à�¡®âª¨
á¨£−�«� −� áâ®à®−¥ ª«¨¥−â� ¬®£ãâ ¡ëâì íää¥ªâ¨¢−® à¥�«¨§®¢�−ë �¯¯�à�â−ë¬
á¯®á®¡®¬ −� ¯à®£à�¬¬¨àã¥¬ëå «®£¨ç¥áª¨å ¨−â¥£à�«ì−ëå áå¥¬�å (�‹ˆ‘) â¨¯�
FPGA (Field-Programmable Gate Array) ¨«¨ −� −¥¤®à®£¨å ¬¨ªà®¯à®æ¥áá®à�å.
�â®â ¯®¤å®¤ ¨á¯®«ì§ã¥âáï ¢ â�ª −�§ë¢�¥¬ëå �¯¯�à�â−ëå áã¯¥àâ®−ª¨å ¨«¨ −ã«¥-
¢ëå ª«¨¥−â�å (hardware zero álient). ÷�áá¬�âà¨¢�¥¬ë© ¯à®â®ª®« PCoIP ¯à¥¤ã-
á¬�âà¨¢�¥â á¦�â¨¥ ¨−ä®à¬�æ¨¨ ®¡ íªà�−−®¬ ¡ãä¥à¥ ¨ ®¡¥á¯¥ç¨¢�¥â ¯¥à¥¤�çã
PCoIP-ãáâà®©áâ¢�¬ â®«ìª® ¤�−−ëå ®¡ ¨§¬¥−¨¢è¨åáï ¯¨ªá¥«�å. �à¨ íâ®¬ ¯®¤-
¤¥à¦¨¢�¥âáï ¯¥à¥¤�ç� ¨§®¡à�¦¥−¨ï à�§à¥è¥−¨¥¬ ¤® 2560×1600 ¨ ®¡¥á¯¥ç¨¢�¥âáï
á®¢¬¥áâ¨¬®áâì á ¨−â¥àä¥©á�¬¨ USB. ’à¥¡®¢�−¨ï ª ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ á¥â¨
¯à¨ ¨á¯®«ì§®¢�−¨¨ PCoIP ¢�àì¨àãîâáï ®â 1 Œ¡¨â/á ¯à¨ à�¡®â¥ á ®ä¨á−ë¬¨
¤®ªã¬¥−â�¬¨ ¤® 300 Œ¡¨â/á ¯à¨ à�¡®â¥ á âà¥å¬¥à−®© £à�ä¨ª®© ¢ ¢ëá®ª®¬ à�§à¥-
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è¥−¨¨ ¨«¨ ¯à®á¬®âà¥ ¢¨¤¥®. ‘�¬ë¬

÷¨á. 1 Teradici APEX 2800 server offload
card

¢�¦−ë¬ á¢®©áâ¢®¬ ¤«ï ¯à¨¬¥−¥−¨ï
¤�−−®© â¥å−®«®£¨¨ ¢ §�é¨é¥−−ëå
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ï¢«ï¥âáï
¨§−�ç�«ì−® §�«®¦¥−−�ï ¢®§¬®¦−®áâì
�¯¯�à�â−®£® è¨äà®¢�−¨ï ¤�−−ëå −�
PCoIP ãáâà®©áâ¢�å.

�à¨ ¨á¯®«ì§®¢�−¨¨ â¥å−®«®£¨¨
PCoIP −� áâ®à®−¥ æ¥−âà� ®¡à�¡®âª¨
¤�−−ëå (–�„) ¢®§¬®¦−® à�§¬¥é¥-
−¨¥:

{ á¥à¢¥à−ëå �¯¯�à�â−ëå à¥è¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ á¯¥æ¨�«¨§¨à®¢�−−®£®
ãáª®à¨â¥«ï | Teradici APEX 2800 server offload card (à¨á. 1), ®¡¥á¯¥ç¨¢�-
îé¥£® �¯¯�à�â−®¥ á¦�â¨¥ −� á¥à¢¥à¥, è¨äà®¢�−¨¥ ¨ ¯¥à¥¤�çã ®¤−®¢à¥¬¥−−®
¤® 100 á¥�−á®¢ ¨§®¡à�¦¥−¨ï ã¤�«¥−−®£® à�¡®ç¥£® áâ®«�;

{ ¯à®£à�¬¬−ëå à¥è¥−¨©, ¢áâà®¥−−ëå ¢ áà¥¤ã ¢¨àâã�«¨§�æ¨¨ VMware View
VDI;

{ ¯à®£à�¬¬−ëå à¥è¥−¨© (Teradici Arch Release 1.0 ¤«ï Microsoft Remote
Desktop Services), §�¬¥−ïîé¨å èâ�â−ë© ¯à®â®ª®« Microsoft RDP (remote
desktop protocol) −� ¯à®â®ª®« PCoIP;

{ �¯¯�à�â−ëå à¥è¥−¨© ¤«ï ®â¤¥«ì−ëå ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå à�¡®ç¨å áâ�−-
æ¨©, ãáâ�−®¢«¥−−ëå ¢ –�„, | TERA 2240 host ¨ TERA 2220 host.

�� áâ®à®−¥ §�é¨é¥−−®£® ª«¨¥−â� ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë:

{ �¯¯�à�â−ë¥ áã¯¥àâ®−ª¨¥ ª«¨¥−âë ¢ ¢¨¤¥ ®â¤¥«ì−®£® ãáâà®©áâ¢� (à¨á. 2);

÷¨á. 2 PCoIP Zero client −� ¡�§¥ ¯à®æ¥áá®à� TERA1100
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�¥ª®â®àë¥ ¯®¤å®¤ë ª à�§à�¡®âª¥ â¥å−®«®£¨© â®−ª®£® ª«¨¥−â�

{ ¢áâà®¥−−ë© ¢ ¬®−¨â®à áã¯¥àâ®−ª¨© ª«¨¥−â PCoIP −� ¡�§¥ ¯à®æ¥áá®à�
TERA1100 (−�¯à¨¬¥à, 22′′ ¬®−¨â®à Samsung NC220);

{ ¯à®£à�¬¬−ë¥ ª«¨¥−âë ¤«ï �àå¨â¥ªâãàë ×86.

�á®¡ë© ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â �−�«¨§ à�§«¨ç−ëå ¢�à¨�−â®¢ ¨á¯®«ì§®¢�−¨ï
â®−ª®£® ª«¨¥−â� PCoIP á æ¥«ìî ®æ¥−ª¨ ¯à¨¬¥−¨¬®áâ¨ ¤�−−®£® ¯®¤å®¤� ¢ §�é¨-
é¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å. „�«¥¥ ¯¥à¥ç¨á«¥−ë ®á−®¢−ë¥ ¯à®¡«¥¬ë,
ª®â®àë¥ −¥®¡å®¤¨¬® à¥è¨âì ¯à¨ á®§¤�−¨¨ �−�«®£¨ç−®© ®â¥ç¥áâ¢¥−−®© â¥å−®«®-
£¨¨.

1. �à¨ ¢ë¯®«−¥−¨¨ −� á¥à¢¥à¥ §�¤�ç ¯®«ì§®¢�â¥«¥© −¥®¡å®¤¨¬® ¨áª«îç¨âì
¢®§¬®¦−®áâì ¯®¯�¤�−¨ï ¤�−−ëå ®¤−®£® ¯®«ì§®¢�â¥«ï ª ¤àã£®¬ã, −¥á�−ªæ¨®-
−¨à®¢�−−®£® ¯®−¨¦¥−¨ï áâ¥¯¥−¨ á¥ªà¥â−®áâ¨ ¤�−−ëå, � â�ª¦¥ ¬¨−¨¬¨§¨à®-
¢�âì ¢«¨ï−¨¥ ¢ë¯®«−¥−¨ï §�¤�ç ®¤−¨å ¯®«ì§®¢�â¥«¥© −� ¢ë¯®«−¥−¨¥ §�¤�ç
¤àã£¨å ¯®«ì§®¢�â¥«¥©. ‘«¥¤®¢�â¥«ì−®, −¥®¡å®¤¨¬� ¢ëá®ª®¤®¢¥à¥−−�ï áà¥¤�
¢¨àâã�«¨§�æ¨¨ �¯¯�à�â−ëå à¥áãàá®¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ ¤®¢¥à¥−−�ï
VDI −� ¡�§¥ íâ®© áà¥¤ë.

2. ‚ §�é¨é¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨¤¥−â¨ä¨ª�æ¨ï ¯®«ì§®¢�â¥«ï
¤®«¦−� ¯à®¨áå®¤¨âì ª�ª ¬¨−¨¬ã¬ á ¯à¥¤êï¢«¥−¨¥¬ ä¨§¨ç¥áª®£® −®á¨â¥«ï.
‘«¥¤®¢�â¥«ì−®, â¥à¬¨−�«ë ¤®«¦−ë ¡ëâì ®á−�é¥−ë á¯¥æ¨�«¨§¨à®¢�−−ë¬¨
¤®¢¥à¥−−ë¬¨ ãáâà®©áâ¢�¬¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«ï, ¨á¯®«ì§ãîé¨¬¨
á¯¥æ¨�«ì−ë¥ áç¨âë¢�â¥«¨ ¨ ªà¨¯â®£à�ä¨ç¥áª¨¥ ¬¥â®¤ë.

3. ˆ−ä®à¬�æ¨ï, ¯¥à¥¤�¢�¥¬�ï ¬¥¦¤ã á¥à¢¥à®¬ ¢¨àâã�«¨§�æ¨¨ ¨ â®−ª¨¬ ª«¨-
¥−â®¬, ¤®«¦−� ¡ëâì §�è¨äà®¢�−�. �à¨ à�§à�¡®âª¥ â¥å−®«®£¨© â®−ª®£®
ª«¨¥−â� ¤«ï §�é¨é¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ á«¥¤ã¥â ®à¨¥−â¨à®¢�âìáï
−� �¯¯�à�â−ë© á¯®á®¡ è¨äà®¢�−¨ï, ®¡¥á¯¥ç¨¢�îé¨© −¥®¡å®¤¨¬ãî ¯à®¨§-
¢®¤¨â¥«ì−®áâì ¨ á®åà�−−®áâì ª«îç¥¢®© ¨−ä®à¬�æ¨¨.

4. ˆá¯®«ì§®¢�−¨¥ áãé¥áâ¢ãîé¥© ®¯â¨ç¥áª®© ª�¡¥«ì−®© á¥â¨. „«ï §�é¨é¥−−ëå
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�−¨¥ ®¯â¨ç¥áª¨å «¨−¨© ¯¥-
à¥¤�ç¨ ¤�−−ëå ¤® ª®−¥ç−®£® à�¡®ç¥£® ¬¥áâ�. ‚ â® ¦¥ ¢à¥¬ï ¯à�ªâ¨ç¥áª¨
¢á¥ á®¢à¥¬¥−−ë¥ ¨¬¯®àâ−ë¥ â¥à¬¨−�«ë à�ááç¨â�−ë −� ú¬¥¤−ë©û Ether-
net 10/100/1000 Base-T ¨ ¤«ï ¯®¤ª«îç¥−¨ï ª ®¯â¨ç¥áª®© á¥â¨ âà¥¡ãîâ
¨á¯®«ì§®¢�−¨ï ¯à®¬¥¦ãâ®ç−ëå ¬¥¤¨�ª®−¢¥àâ®à®¢ ú®¯â¨ª�{¬¥¤ìû, ¨¬¥îé¨å
áà�¢−¨¬ë© á â®−ª¨¬ ª«¨¥−â®¬ à�§¬¥à ¨ í«¥ªâà®¯¨â�−¨¥. ‘«¥¤®¢�â¥«ì−®, ¯à¨
à�§à�¡®âª¥ ®â¥ç¥áâ¢¥−−®£® �¯¯�à�â−®£® â®−ª®£® ª«¨¥−â� −¥®¡å®¤¨¬® áà�§ã
®à¨¥−â¨à®¢�âìáï −� ¯®¤¤¥à¦ªã ¤¢ãå ¨−â¥àä¥©á®¢ ¯®¤ª«îç¥−¨ï ª «®ª�«ì−®©
á¥â¨ | ®¯â¨ç¥áª®¬ã ¨ ¬¥¤−®¬ã (¢¨â�ï ¯�à�).

�à¨ ¯à¨¬¥−¥−¨¨ â¥å−®«®£¨© â®−ª®£® ª«¨¥−â� ¢ §�é¨é¥−−ëå ¨−ä®à¬�æ¨-
®−−ëå á¨áâ¥¬�å −¥®¡å®¤¨¬® ãç¨âë¢�âì ¨ âà�¤¨æ¨®−−ë¥ ¯à®¡«¥¬−ë¥ ¬®¬¥−âë,
¯à¨áãé¨¥ â¥å−®«®£¨¨ ¢ æ¥«®¬.

�¥ ¢áï ¨−ä®à¬�æ¨ï ¬®¦¥â ¡ëâì íää¥ªâ¨¢−® ¯¥à¥¤�−� −� â¥à¬¨−�«, ¢®§-
¬®¦−ë ¯à®¡«¥¬ë ¯à¨ ¯¥à¥¤�ç¥ ®¡ê¥¬−ëå ¤�−−ëå ¯® ª�−�«�¬ á¢ï§¨ −¥¢ëá®ª®©

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 23 −®¬¥à 1 2013 111



�. ÷. Š®à¥¯�−®¢

¯à®¨§¢®¤¨â¥«ì−®áâ¨. ��¯à¨¬¥à, ¯®â®ª ¢¨¤¥®¨−ä®à¬�æ¨¨ ¢ëá®ª®© ç¥âª®áâ¨ (HD
ª�ç¥áâ¢�) ®â â¥à¬¨−�«ì−®£® á¥à¢¥à� ª â¥à¬¨−�«ã ¬®¦¥â ¯®âà¥¡®¢�âì ¯®«®áë
¯à®¯ãáª�−¨ï «®ª�«ì−®© ¢ëç¨á«¨â¥«ì−®© á¥â¨ (‹‚‘) 60 Œ¡¨â/á.

‚ ‹‚‘ −¥ ¤®«¦−® ¡ëâì §−�ç¨â¥«ì−ëå §�¤¥à¦¥ª ¯® ¢à¥¬¥−¨ ®âª«¨ª�, ¢ â®¬
ç¨á«¥ ¨§-§� ¨á¯®«ì§®¢�−¨ï áà¥¤áâ¢ è¨äà®¢�−¨ï. ‚ −®à¬�«ì−®¬ à¥¦¨¬¥ à�¡®âë
¯®«ì§®¢�â¥«ï ¢à¥¬ï ®âª«¨ª� ¤®«¦−® ãª«�¤ë¢�âìáï ¢ 10{20 ¬á.

‚®§¬®¦−ë ¯à®¡«¥¬ë ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¯¥à¨ä¥à¨©−ëå USB-ãáâà®©áâ¢
(¯à¨−â¥àë, áª�−¥àë), âà¥¡ãîé¨å ¯¥à¥¤�ç¨ ¡®«ìè¨å ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨. ÷�á-
¯à®áâà�−¥−−ë© USB 2.0 ¨−â¥àä¥©á ®¡¥á¯¥ç¨¢�¥â ¯¥à¥¤�çã ¨−ä®à¬�æ¨¨ á® áª®-
à®áâï¬¨ ¤® 480 Œ¡¨â/á, � USB 3.0 | ¤® 5 ƒ¡¨â/á. ˆ å®âï USB-¯®â®ª
¡®«ìè¨−áâ¢®¬ â¥à¬¨−�«®¢ ¬®¦¥â ¨−ª�¯áã«¨à®¢�âìáï ¢ ¯à®â®ª®«ë á¥â¥¢®£® ®¡-
¬¥−� ¨−ä®à¬�æ¨¥© ¬¥¦¤ã â®−ª¨¬ ª«¨¥−â®¬ ¨ á¥à¢¥à®¬ ¢¨àâã�«¨§�æ¨¨, ‹‚‘ ¨
�¤�¯â¥à á¥à¢¥à� ¬®£ãâ −¥ á¯à�¢«ïâìáï á ¢®§à®áè¥© ¢ á®â−¨ à�§ (¯® áà�¢−¥−¨î á
®¡ëç−®© �àå¨â¥ªâãà®© úª«¨¥−â{á¥à¢¥àû) −�£àã§ª®©.

‚ëå®¤ ¨§ áâà®ï (−¥¤®áâã¯−®áâì) á¥à¢¥à� ¢¨àâã�«¨§�æ¨¨ ¨«¨ ¤àã£¨å í«¥¬¥−â®¢
VDI-¨−äà�áâàãªâãàë, � â�ª¦¥ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®£® ®¡®àã¤®¢�−¨ï ¯à¨¢®¤¨â
ª ¯®«−®© −¥¢®§¬®¦−®áâ¨ à�¡®âë ¯®«ì§®¢�â¥«ï.

4 Заключение

Š�ç¥áâ¢¥−−�ï ¯à®à�¡®âª� ¢á¥å ¢®¯à®á®¢, −�ç¨−�ï ®â ¢ë¡®à� á¯¥æ¨�«¨§¨-
à®¢�−−®© �¯¯�à�â−®© ¯«�âä®à¬ë á¦�â¨ï ¨ à�á¯�ª®¢ª¨ ¨§®¡à�¦¥−¨ï, ¨á¯®«ì-
§®¢�−¨ï è¨äà®¢�−¨ï ¯à¨ ¯¥à¥¤�ç¥ ¤�−−ëå ¨ ®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï á
áãé¥áâ¢ãîé¥© ¯«�âä®à¬®© VDI, ¡ë«� á¤¥«�−� ¯à¨ á®§¤�−¨¨ â¥å−®«®£¨¨ PCoIP.
ˆá¯®«ì§ãï íâ®â ¯®¤å®¤, −® ®à¨¥−â¨àãïáì −� ¯à¨¥¬«¥¬ãî í«¥¬¥−â−ãî ¡�§ã, ®â¥-
ç¥áâ¢¥−−ë¥ �«£®à¨â¬ë è¨äà®¢�−¨ï, ®¯ëâ ¢ à�§à�¡®âª¥ �¯¯�à�â−®-¯à®£à�¬¬−ëå
áà¥¤áâ¢ §�é¨âë ¨−ä®à¬�æ¨¨, ¨−â¥£à¨à®¢�−−ëå á ¨¬¥îé¨¬¨áï á¨áâ¥¬−ë¬¨ ¯«�â-
ä®à¬�¬¨, � â�ª¦¥ ®â¥ç¥áâ¢¥−−ë¥ −�à�¡®âª¨ ¯® ¢¨àâã�«¨§�æ¨¨, ¢¯®«−¥ à¥�«ì−®
á®§¤�âì ®¯â¨¬¨§¨à®¢�−−ãî ¯®¤ à®áá¨©áª¨¥ ãá«®¢¨ï ®â¥ç¥áâ¢¥−−ãî â¥å−®«®£¨î
�¯¯�à�â−®£® áã¯¥àâ®−ª®£® ª«¨¥−â� ¨ −¥®¡å®¤¨¬ãî ¢¨àâã�«ì−ãî ¨−äà�áâàãªâãàã
¤«ï ¥£® à�¡®âë.
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ОСОБЕННОСТИ РАСЧЕТА КОМПЛЕКТОВ ЗИП
В АВТОМАТИЗИРОВАННЫХ ИНФОРМАЦИОННЫХ

СИСТЕМАХ В ЗАЩИЩЕННОМ ИСПОЛНЕНИИ

А. А. Зацаринный1, А. И. Гаранин2, С. В. Козлов3, В. А. Кондрашев4

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ ®¡¥á¯¥ç¥−¨ï �¢â®¬�â¨§¨à®¢�−−ëå ¨−-
ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ (�ˆ‘ ‡ˆ) §�¯�á−ë¬¨
ç�áâï¬¨ (‡—), ¨−áâàã¬¥−â�¬¨, ¯à¨−�¤«¥¦−®áâï¬¨ ¨ ¬�â¥à¨�«�¬¨ (‡ˆ�).
�à¨¢¥¤¥−ë ®á−®¢−ë¥ ¯®−ïâ¨ï. „�−ë �−�«¨â¨ç¥áª¨¥ á®®â−®è¥−¨ï, ¯®§¢®«ï-
îé¨¥ ®áãé¥áâ¢«ïâì à�áç¥â âà¥¡ã¥¬ëå ª®¬¯«¥ªâ®¢ ‡ˆ�, ¢ª«îç�ï −�ç�«ì−ë©.
‘ä®à¬ã«¨à®¢�−ë ®á®¡¥−−®áâ¨ ä®à¬¨à®¢�−¨ï ª®¬¯«¥ªâ®¢ ‡ˆ� á ãç¥â®¬ âà¥-
¡®¢�−¨© ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨. �à¨¢¥¤¥−ë ¯à¨¬¥àë à�áç¥â�.

Š«îç¥¢ë¥ á«®¢�: �¢â®¬�â¨§¨à®¢�−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¢ §�é¨-
é¥−−®¬ ¨á¯®«−¥−¨¨; ª®¬¯«¥ªá â¥å−¨ç¥áª¨å áà¥¤áâ¢; §�¯�á−ë¥ ç�áâ¨, ¨−-
áâàã¬¥−âë, ¯à¨−�¤«¥¦−®áâ¨ ¨ ¬�â¥à¨�«ë (‡ˆ�); ¯®ª�§�â¥«ì ¤®áâ�â®ç−®áâ¨
á¨áâ¥¬ë ‡ˆ�; áâà�â¥£¨ï ¯®¯®«−¥−¨ï á®áâ�¢� ‡ˆ�; à�áç¥â §�¯�á®¢ ¢ ª®¬¯«¥ª-
â¥ ‡ˆ�

1 Введение

‘®¢à¥¬¥−−ë¥ �ˆ‘ ‡ˆ ¯® á¢®¥¬ã ¯à¥¤−�§−�ç¥−¨î, áâàãªâãà¥ ¨ â®¯®«®£¨¨
ï¢«ïîâáï ã−¨ª�«ì−ë¬¨ ¨ ¯®íâ®¬ã à�§à�¡�âë¢�îâáï ¯à¨¬¥−¨â¥«ì−® ª ª®−ªà¥â−ë¬
ãá«®¢¨ï¬ íªá¯«ã�â�æ¨¨. �®à¬�â¨¢−®© ¡�§®©, ®¯à¥¤¥«ïîé¥© ãá«®¢¨ï à�§à�¡®âª¨,
ª�ª ¯à�¢¨«®, ï¢«ïîâáï ƒ�‘’ 34.601-90 ¨ ƒ�‘’ ÷ 51583-2000.

�¤−¨¬ ¨§ ¯®ª�§�â¥«¥© ª�ç¥áâ¢� äã−ªæ¨®−¨à®¢�−¨ï �ˆ‘ ï¢«ï¥âáï ¨å −�¤¥¦-
−®áâì [1]. �à¨ íâ®¬ ®£à�−¨ç¥−¨ï ¢ ¢ë¡®à¥ ¯®¤å®¤®¢ ª ®¡¥á¯¥ç¥−¨î −�¤¥¦−®áâ¨
�ˆ‘ ‡ˆ ¢® ¬−®£®¬ ®¯à¥¤¥«ïîâáï âà¥¡®¢�−¨ï¬¨ ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨. ‚ á¢®î
®ç¥à¥¤ì, ¢ ¯¥à¥ç−¥ á¢®©áâ¢ â¥å−¨ç¥áª¨å áà¥¤áâ¢, ®¯à¥¤¥«ïîé¨å ¨å −�¤¥¦−®áâì,
¢�¦−�ï à®«ì −�àï¤ã á ¤àã£¨¬¨ á¢®©áâ¢�¬¨ ®â¢®¤¨âáï ¨å à¥¬®−â®¯à¨£®¤−®áâ¨ [1{
4] ª�ª ¯à¨á¯®á®¡«¥−−®áâ¨ ª ¯®¤¤¥à¦�−¨î ¨ ¢®ááâ�−®¢«¥−¨î à�¡®â®á¯®á®¡−®£®
á®áâ®ï−¨ï ¯ãâ¥¬ â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï ¨ à¥¬®−â�.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, azatsarinny@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, agaranin@ipiran.amsd.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sv kozlov@mail.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vkondrashev@ipiran.ru
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‚ ª�ç¥áâ¢¥ ¯®ª�§�â¥«ï à¥¬®−â®¯à¨£®¤−®áâ¨ ®¡ëç−® à�áá¬�âà¨¢�¥âáï áà¥¤−¥¥
¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï, ª®â®à®¥ ®¯à¥¤¥«ï¥âáï ¢à¥¬¥−¥¬ ®¡−�àã¦¥−¨ï ¨ ãáâà�−¥-
−¨ï ¯à¨ç¨−ë ®âª�§�. �à¨ íâ®¬ ¢à¥¬ï ®¡−�àã¦¥−¨ï ¯à¨ç¨−ë ®âª�§� §�¢¨á¨â
®â −�«¨ç¨ï ¨ áâ¥¯¥−¨ ®å¢�â� ®¡®àã¤®¢�−¨ï áà¥¤áâ¢�¬¨ ¤¨�£−®áâ¨ª¨ ¨ ®â ª¢�-
«¨ä¨ª�æ¨¨ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�. ‚®§¬®¦−�ï −¥å¢�âª� §�¯�á−ëå ç�áâ¥©
ã¢¥«¨ç¨¢�¥â ¯à®¤®«¦¨â¥«ì−®áâì §�¬¥−ë ®âª�§�¢è¥£® í«¥¬¥−â� ¨á¯à�¢−ë¬ §�¯�á-
−ë¬, çâ® ¬®¦¥â áãé¥áâ¢¥−−® áª�§�âìáï −� ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï �ˆ‘. ‚ íâ®©
á¢ï§¨ �−�«¨§ ¢®¯à®á®¢ ¤®áâ�â®ç−®áâ¨ ‡ˆ� ¤«ï â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¢ á®áâ�¢¥
�ˆ‘ ¨ ®¡®á−®¢�−¨¥ −�¯à�¢«¥−¨© ¯® ®¡¥á¯¥ç¥−¨î −�¤¥¦−®áâ¨ §� áç¥â ®¯â¨¬¨§�-
æ¨¨ −®¬¥−ª«�âãàë ‡ˆ� ¯à¥¤áâ�¢«ï¥âáï ¢�¦−ë¬ ¢ ¤¥«¥ ¯®¢ëè¥−¨ï −�¤¥¦−®áâ¨
§�é¨é¥−−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬.

‚ [1, 5{9] à�áá¬®âà¥−ë ¬¥â®¤ë ®æ¥−ª¨ ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ â¥å−¨ç¥áª¨å
á¨áâ¥¬. ‚¬¥áâ¥ á â¥¬ ¢ ¨§¢¥áâ−ëå ¯®¤å®¤�å ª à�áç¥âã ª®¬¯«¥ªâ®¢ ‡ˆ� [10{14]
®á®¡¥−−®áâ¨ ä®à¬¨à®¢�−¨ï ‡ˆ� á ãç¥â®¬ âà¥¡®¢�−¨© �ˆ‘ ‡ˆ ãç¨âë¢�îâáï ¢
−¥¤®áâ�â®ç−®© ¬¥à¥.

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥− ®¤¨− ¨§ ¬¥â®¤¨ç¥áª¨å ¯®¤å®¤®¢ ª à�áç¥âã −�ç�«ì−ëå
ª®¬¯«¥ªâ®¢ ‡ˆ� ¤«ï ª®¬¯«¥ªá®¢ áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ (Š‘�) �ˆ‘ ¨ ª ¨å
¯®¯®«−¥−¨î ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨, ª®â®àë© ãç¨âë¢�¥â ®á®¡¥−−®áâ¨ á®§¤�−¨ï
¨ ¯®¯®«−¥−¨ï ª®¬¯«¥ªâ®¢ ‡ˆ� ¤«ï �ˆ‘ ‡ˆ. ÷�áá¬®âà¥−ë ®á−®¢−ë¥ ¯®−ïâ¨ï,
¯à¥¤áâ�¢«¥−ë �−�«¨â¨ç¥áª¨¥ á®®â−®è¥−¨ï, ¯®§¢®«ïîé¨¥ ¯à®¢®¤¨âì −¥®¡å®¤¨-
¬ë¥ à�áç¥âë ª®¬¯«¥ªâ®¢ ‡ˆ�.

2 Основные понятия

‡�¯�á−ë¥ ç�áâ¨, ¨−áâàã¬¥−âë, ¯à¨−�¤«¥¦−®áâ¨ ¨ ¬�â¥à¨�«ë ¯à¥¤−�§−�ç¥−ë
¤«ï ¯®áâ®ï−−®£® ¯®¤¤¥à¦�−¨ï à�¡®â®á¯®á®¡−®áâ¨ ¨§¤¥«¨© ¯à¨ ¨å íªá¯«ã�â�-
æ¨¨ [10{14]. ‡�¯�á−ë¥ ç�áâ¨, ¨−áâàã¬¥−âë, ¯à¨−�¤«¥¦−®áâ¨ ¨ ¬�â¥à¨�«ë ¯à¨¬¥-
−ïîâáï ¯à¨ ¯à®¢¥¤¥−¨¨ â¥å−¨ç¥áª®£® (à¥£«�¬¥−â−®£®) ®¡á«ã¦¨¢�−¨ï, ¯«�−®¢ëå ¨
−¥¯«�−®¢ëå à¥¬®−â®¢ ¨§¤¥«¨© ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ íªá¯«ã�â�æ¨®−−®©
¨ à¥¬®−â−®© ¤®ªã¬¥−â�æ¨¨.

÷�§«¨ç�îâ âà¨ ¢¨¤� ª®¬¯«¥ªâ®¢ ‡ˆ�:

(1) ®¤¨−®ç−ë© ª®¬¯«¥ªâ ‡ˆ� (‡ˆ�-�);

(2) £àã¯¯®¢®© ª®¬¯«¥ªâ ‡ˆ� (‡ˆ�-ƒ);

(3) à¥¬®−â−ë© ª®¬¯«¥ªâ ‡ˆ� (‡ˆ�-÷).

�¤¨−®ç−ë© ª®¬¯«¥ªâ ‡ˆ� ¯à¨¤�¥âáï −¥¯®áà¥¤áâ¢¥−−® ®¡ê¥ªâã á æ¥«ìî
¯®¤¤¥à¦�−¨ï ¥£® à�¡®â®á¯®á®¡−®áâ¨ ¢ â¥ç¥−¨¥ áà®ª� á«ã¦¡ë ¯ãâ¥¬ ¯à®¢¥¤¥−¨ï
â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï ¨ à¥¬®−â� ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ íªá¯«ã�-
â�æ¨®−−®© ¨ à¥¬®−â−®© ¤®ªã¬¥−â�æ¨¨. ‚ §�¢¨á¨¬®áâ¨ ®â á¯¥æ¨ä¨ª¨ ¨§¤¥«¨ï ¢
á®áâ�¢ ª®¬¯«¥ªâ� ‡ˆ�-� ¢ª«îç�îâáï:
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�á®¡¥−−®áâ¨ à�áç¥â� ª®¬¯«¥ªâ®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

{ ‡— (¤¥â�«¨ ¨ á¡®à®ç−ë¥ ¥¤¨−¨æë) ¨§ ç¨á«� −�¨¬¥−¥¥ −�¤¥¦−ëå á®áâ�¢−ëå
ç�áâ¥© ¨§¤¥«¨ï, ¢«¨ïîé¨å −� ¥£® à�¡®â®á¯®á®¡−®áâì;

{ ¨−áâàã¬¥−â, ª®−âà®«ì−®-¨§¬¥à¨â¥«ì−ë¥ ¯à¨¡®àë (−¥ ¢áâà®¥−−ë¥ ¢ ¨§¤¥«¨¥),
−¥®¡å®¤¨¬ë¥ ¤«ï ®¡¥á¯¥ç¥−¨ï íªá¯«ã�â�æ¨¨ ¨§¤¥«¨ï;

{ ¯à¨−�¤«¥¦−®áâ¨ ¤«ï ®¡¥á¯¥ç¥−¨ï ¨á¯®«ì§®¢�−¨ï, åà�−¥−¨ï, âà�−á¯®àâ¨à®-
¢�−¨ï ¨ ®¡á«ã¦¨¢�−¨ï ¨§¤¥«¨ï;

{ ¬�â¥à¨�«ë, −¥®¡å®¤¨¬ë¥ ¤«ï ãáâà�−¥−¨ï −¥¨á¯à�¢−®áâ¥© ¨ ¯à®¢¥¤¥−¨ï â¥å-
−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï ¨§¤¥«¨ï.

�¤¨−®ç−ë© ‡ˆ� ¯® áãé¥áâ¢ã ï¢«ï¥âáï ®¡ê¥ªâ®¢ë¬ ‡ˆ�, â�ª ª�ª à�ááç¨âë-
¢�¥âáï ¯à¨¬¥−¨â¥«ì−® ª ª®−ªà¥â−®¬ã ®¡ê¥ªâã.

ƒàã¯¯®¢®© ª®¬¯«¥ªâ ‡ˆ� ¯à¨¤�¥âáï £àã¯¯¥ ®¡ê¥ªâ®¢ ¤«ï ¯®¯®«−¥−¨ï ®¤¨-
−®ç−ëå ª®¬¯«¥ªâ®¢ ¯® ¬¥à¥ ¨å à�áå®¤®¢�−¨ï ¨«¨ ¤«ï ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ ¯®
â¥¬ â¨¯�¬ í«¥¬¥−â®¢, ª®â®àë¥ ®âáãâáâ¢ãîâ ¢ −®¬¥−ª«�âãà¥ ®¤¨−®ç−ëå ª®¬¯«¥ªâ®¢
‡ˆ�. ‚ á®áâ�¢ ª®¬¯«¥ªâ� ‡ˆ�-ƒ ¢ª«îç�îâ:

{ ‡—, −¥®¡å®¤¨¬ë¥ ¤«ï â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï ¨ â¥ªãé¥£® à¥¬®−â� £àã¯¯ë
¨§¤¥«¨© −� ¬¥áâ¥ ¨å íªá¯«ã�â�æ¨¨ ¢ ®¡ê¥¬¥ âà¥¡®¢�−¨© íªá¯«ã�â�æ¨®−−®©
¤®ªã¬¥−â�æ¨¨;

{ §�¬¥−ï¥¬ë¥ á®áâ�¢−ë¥ ç�áâ¨ ¨§¤¥«¨ï, ¨¬¥îé¨¥ à¥áãàá ¬¥−ìè¥ à¥áãàá� ¨§¤¥-
«¨ï;

{ ª®¬¯«¥ªâ ¨−áâàã¬¥−â� (¢ â®¬ ç¨á«¥ á¯¥æ¨�«ì−®£®), ®¡®àã¤®¢�−¨ï, ª®−â-
à®«ì−®-¨§¬¥à¨â¥«ì−ëå ¯à¨¡®à®¢ ¨ ¯à¨á¯®á®¡«¥−¨©, ¯à¥¤−�§−�ç¥−−ëå ¤«ï
â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï ¨ â¥ªãé¥£® à¥¬®−â� ¨§¤¥«¨©, ¢ ®¡ê¥¬¥ âà¥¡®¢�−¨©
íªá¯«ã�â�æ¨®−−®© ¤®ªã¬¥−â�æ¨¨;

{ ¯à¨−�¤«¥¦−®áâ¨ ¨ ¬�â¥à¨�«ë.

ƒàã¯¯®¢®© ‡ˆ�, à�ááç¨âë¢�¥¬ë© ¤«ï £àã¯¯ë ®¡ê¥ªâ®¢, ¯® áãé¥áâ¢ã, ï¢«ï-
¥âáï á¨áâ¥¬−ë¬.

÷¥¬®−â−ë© ª®¬¯«¥ªâ ‡ˆ� ¯à¥¤−�§−�ç¥− ¤«ï ®¡¥á¯¥ç¥−¨ï ª�¯¨â�«ì−®£®
(áà¥¤−¥£®) à¥¬®−â� §�¤�−−®£® ª®«¨ç¥áâ¢� ®¤−®â¨¯−ëå ¨§¤¥«¨© −� áâ�æ¨®−�à-
−ëå à¥¬®−â−ëå ¯à¥¤¯à¨ïâ¨ïå ¯à®¬ëè«¥−−®áâ¨, ¢ë¯®«−ïîé¨å à¥¬®−â ¨§¤¥«¨©.
‚ á®áâ�¢ ª®¬¯«¥ªâ� ‡ˆ�-÷ ¤®«¦−ë ¢å®¤¨âì ‡ˆ�, −¥®¡å®¤¨¬ë¥ ¤«ï ®¡¥á¯¥ç¥-
−¨ï ª�¯¨â�«ì−®£® (áà¥¤−¥£®) à¥¬®−â� ¨§¤¥«¨©. �®íâ®¬ã à¥¬®−â−ë© ‡ˆ� ¬®¦¥â
¡ëâì ®¯à¥¤¥«¥− ª�ª �¢â®−®¬−ë©.

3 Сущность проблемы расчета ЗИП для автоматизированных
информационных систем в защищенном исполнении

Š�ª ¯à�¢¨«®, �ˆ‘ ‡ˆ á®§¤�îâáï ¢ ¢¨¤¥ ¬−®£®ãà®¢−¥¢ëå â¥àà¨â®à¨�«ì−®-
à�á¯à¥¤¥«¥−−ëå á¥â¥© á® áâàãªâãà®©, �¤¥ª¢�â−®© áâàãªâãà¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï
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¢¥¤®¬áâ¢�, ¨ á â®çª¨ §à¥−¨ï â¥®à¨¨ −�¤¥¦−®áâ¨ ®â−®áïâáï ª ª«�ááã ¢®ááâ�−�¢«¨¢�-
¥¬ëå á¨áâ¥¬ [3]. �¢â®¬�â¨§¨à®¢�−−�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¬®¦¥â ¢ª«îç�âì
¢ á¢®© á®áâ�¢ £«�¢−ë© ª®¬¯«¥ªá áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ (ƒŠ‘�), á®¢®ªã¯−®áâì
à¥£¨®−�«ì−ëå ¨ â¥àà¨â®à¨�«ì−ëå ª®¬¯«¥ªá®¢ áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ [1].

‚ ¯¥à¥ç−¥ §�¤�ç ¯® ®¡¥á¯¥ç¥−¨î äã−ªæ¨®−¨à®¢�−¨ï ¨ ¯®¤¤¥à¦ª¨ à�¡®â®-
á¯®á®¡−®áâ¨ ®¡ê¥ªâ®¢ �ˆ‘ ¢�¦−�ï à®«ì ®â¢®¤¨âáï ®à£�−¨§�æ¨¨ á¢®¥¢à¥¬¥−−®£®
¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ −� ¥¥ ®¡ê-
¥ªâ�å ¢ á«ãç�¥ ¯®ï¢«¥−¨ï ®âª�§®¢. �à£�−¨§�æ¨ï à�¡®â ¯® ¢®ááâ�−®¢«¥−¨î ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¢ �ˆ‘ ¢ á«ãç�¥ ¥£® −¥ª®àà¥ªâ−®£® äã−ªæ¨®−¨à®¢�−¨ï
¨«¨ ®âª�§� ç�é¥ ¢á¥£® −¥ âà¥¡ã¥â §−�ç¨â¥«ì−®£® ¢à¥¬¥−¨ ¨ ¬�â¥à¨�«ì−ëå §�âà�â
¨ à¥�«¨§ã¥âáï ¯®áà¥¤áâ¢®¬ ¥£® ¯¥à¥ãáâ�−®¢ª¨ á¨«�¬¨ á¯¥æ¨�«¨áâ®¢, ®¡¥á¯¥ç¨-
¢�îé¨å íªá¯«ã�â�æ¨î ®¡ê¥ªâ®¢ �ˆ‘ á ¨á¯®«ì§®¢�−¨¥¬ ¨¬¥îé¨åáï ¢ á®áâ�¢¥
ª®¬¯«¥ªâ� ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤¨áâà¨¡ãâ¨¢®¢. ‚ â® ¦¥ ¢à¥¬ï ¯à®æ¥áá ¢®á-
áâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢ −� ®¡ê¥ªâ�å �ˆ‘ ï¢«ï¥âáï
¡®«¥¥ £à®¬®§¤ª¨¬ ¨ à¥�«¨§ã¥âáï á ¯à¨¢«¥ç¥−¨¥¬ ¨−äà�áâàãªâãàë à¥¬®−â−ëå
®à£�−®¢ ª�ª ¢¥¤®¬áâ¢¥−−®©, â�ª ¨ ¨−®© ¯à¨−�¤«¥¦−®áâ¨. �−�«¨§ ¯à®¡«¥¬ë
á¢®¥¢à¥¬¥−−®£® ¢®ááâ�−®¢«¥−¨ï à�¡®â®á¯®á®¡−®áâ¨ â¥å−¨ç¥áª¨å áà¥¤áâ¢ −� ®¡ê-
¥ªâ�å �ˆ‘ ¯®ª�§ë¢�¥â, çâ® áãé¥áâ¢¥−−ë¥ à¥§¥à¢ë ¯®¢ëè¥−¨ï ®¯¥à�â¨¢−®áâ¨
¢®ááâ�−®¢«¥−¨ï â¥å−¨ç¥áª¨å áà¥¤áâ¢ á«¥¤ã¥â ¨áª�âì ¢ −�¯à�¢«¥−¨¨ ¢á¥áâ®à®−−¥£®
®¡¥á¯¥ç¥−¨ï ¨å à¥¬®−â� −¥¯®áà¥¤áâ¢¥−−® −� ®¡ê¥ªâ�å �ˆ‘. ‚ íâ®© á¢ï§¨ ®á®¡ãî
�ªâã�«ì−®áâì ¯à¨®¡à¥â�¥â ä®à¬¨à®¢�−¨¥ à�æ¨®−�«ì−®© −®¬¥−ª«�âãàë ‡ˆ� ª�ª
¢ �ˆ‘ ¢ æ¥«®¬, â�ª ¨ −� ¥¥ ®¡ê¥ªâ�å.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ á®áâ�¢¥ ‡ˆ� ¤«ï â¥å−¨ç¥áª¨å áà¥¤áâ¢ �ˆ‘ ®¡ëç−® ¯à¨-
¬¥−ïîâ ª®¬¯«¥ªâãîé¨¥ (á¨áâ¥¬−ë¥ ¯«�âë, ¢¨¤¥®ª�àâë, −�ª®¯¨â¥«¨ −� ¦¥áâª¨å
¬�£−¨â−ëå ¤¨áª�å, ¢áâà®¥−−ë¥ ¡«®ª¨ ¯¨â�−¨ï, ª«�¢¨�âãàë, ¬�−¨¯ã«ïâ®àë â¨¯�
¬ëèì ¨ ¤à.). �à¨¬¥−¨â¥«ì−® ª �ˆ‘ ‡ˆ ¢á¥ ª®¬¯«¥ªâãîé¨¥ ¤®«¦−ë ¯à®©â¨
á¯¥æ¨�«ì−ãî ¯à®¢¥àªã, � ¯®á«¥ ¨å ãáâ�−®¢ª¨ ¢ å®¤¥ à¥¬®−â� ¢ á®áâ�¢ ª®¬¯«¥ªá�
â¥å−¨ç¥áª¨å áà¥¤áâ¢ (Š’‘) | á¯¥æ¨�«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¢ á®áâ�¢¥ Š’‘, ª®â®-
àë¥ ¯à®¢®¤ïâáï á ¨á¯®«ì§®¢�−¨¥¬ á¯¥æ¨�«ì−®£® ®¡®àã¤®¢�−¨ï ã¯®«−®¬®ç¥−−ë¬¨
®à£�−¨§�æ¨ï¬¨. ‚ íâ®¬ á«ãç�¥ ¢à¥¬ï ¢®ááâ�−®¢«¥−¨ï Š’‘, ¢ ª®â®à®¬ §�¬¥−¥−
®âª�§�¢è¨© í«¥¬¥−â, ¬®¦¥â á®áâ�¢¨âì ®â −¥áª®«ìª¨å ¤−¥© ¤® −¥áª®«ìª¨å ¬¥áïæ¥¢.

’�ª¨¥ á¯¥æ¨ä¨ç¥áª¨¥ ®á®¡¥−−®áâ¨ íªá¯«ã�â�æ¨¨ Š’‘ ¢ á®áâ�¢¥ �ˆ‘ ‡ˆ
¢ë−ã¦¤�îâ à�§à�¡®âç¨ª®¢ ¢ª«îç�âì ¢ á®áâ�¢ ‡ˆ� −¥ â®«ìª® ª®¬¯«¥ªâãîé¨¥
Š’‘, −® ¨ á�¬¨ Š’‘ (�¢â®¬�â¨§¨à®¢�−−ë¥ à�¡®ç¨¥ ¬¥áâ�, á¥à¢¥àë, ª®¬¬ãâ�â®àë
¨ ¤à.).

‘à®ª á«ã¦¡ë �ˆ‘ ®¡ëç−® á®áâ�¢«ï¥â −¥ ¬¥−¥¥ 10 «¥â. ‚ â® ¦¥ ¢à¥¬ï
¢ á¢ï§¨ á ¡ëáâàë¬ à�§¢¨â¨¥¬ áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ −®¬¥−ª«�âãà�
¢ë¯ãáª�¥¬ëå ¯à®¬ëè«¥−−®áâìî ª®¬¯«¥ªâãîé¨å ¤«ï Š’‘ (á¨áâ¥¬−ë¥ ¯«�âë,
¯à®æ¥áá®àë, ¯�¬ïâì ¨ ¤à.) ®¡−®¢«ï¥âáï ª�¦¤ë¥ 2{3 £®¤�. �â® ®§−�ç�¥â,
çâ® ç¥à¥§ 2{3 £®¤� ¯®á«¥ ¯®áâ�¢ª¨ ®¡®àã¤®¢�−¨ï −� ®¡ê¥ªâë �ˆ‘ ¯®¯®«−¥−¨¥
‡ˆ� ¨§−�ç�«ì−® ¯à¥¤ãá¬®âà¥−−®© −®¬¥−ª«�âãà®© §�¯�á−ëå ç�áâ¥© ®ª�¦¥âáï
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�á®¡¥−−®áâ¨ à�áç¥â� ª®¬¯«¥ªâ®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

−¥¢®§¬®¦−ë¬. ’�ª®¥ ¯®«®¦¥−¨¥ ãáã£ã¡«ï¥âáï ¨ â¥¬, çâ® ¢ �ˆ‘ ‡ˆ ¢ á®áâ�¢¥
ª®¬¯«¥ªâãîé¨å ¯® ¬¥à¥ §�¬¥−ë á¨áâ¥¬−ëå ¯«�â ¨ ¤àã£¨å í«¥¬¥−â®¢, á®¤¥à¦�é¨å
ãáâà®©áâ¢� BIOS, âà¥¡ã¥âáï ¯à®¢®¤¨âì â¥¬�â¨ç¥áª¨¥ ¨áá«¥¤®¢�−¨ï BIOS, çâ®
á¢ï§�−® á ¤®¯®«−¨â¥«ì−ë¬¨ §�âà�â�¬¨ ¢à¥¬¥−¨ ¨ ä¨−�−á®¢ëå áà¥¤áâ¢.

‚®§¬®¦−® ¤¢� −�¯à�¢«¥−¨ï à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë:

(1) á®§¤�−¨¥ á¨áâ¥¬ë ‡ˆ�, ®¡¥á¯¥ç¨¢�îé¥© §�¯�á−ë¬¨ ç�áâï¬¨ Š’‘ −� ¢¥áì
áà®ª á«ã¦¡ë ®¡ê¥ªâ� �ˆ‘;

(2) á®§¤�−¨¥ á¨áâ¥¬ë ‡ˆ� ¨§ à�áç¥â� ®¡¥á¯¥ç¥−¨ï §�¤�−−ëå ¯®ª�§�â¥«¥© −�-
¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï Š‘� á ãç¥â®¬ ¯à¨−ïâ®© áâà�â¥£¨¨ ¯®¯®«−¥−¨ï
‡ˆ� ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨. ‚ ¤�«ì−¥©è¥¬, ¯® ¬¥à¥ à�áå®¤®¢�−¨ï ª®¬-
¯«¥ªâãîé¨å ¨§ á®áâ�¢� ‡ˆ�, −� §�¢®¤¥-¨§£®â®¢¨â¥«¥ ¤«ï −¨å ¯®¤¡¨à�îâáï
�−�«®£¨, ª®â®àë¥ ¯® ¢á¥¬ ¯�à�¬¥âà�¬ ¯®¤å®¤ïâ ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ Š‘�.

�¥à¢®¥ −�¯à�¢«¥−¨¥ ¯à¥¤áâ�¢«ï¥âáï ¢¥áì¬� á«®¦−ë¬ ¤«ï à¥�«¨§�æ¨¨, çâ®
®¡ãá«®¢«¥−® àï¤®¬ ¯à¨ç¨−. �á−®¢−ë¥ ¨§ −¨å á®áâ®ïâ ¢ á«¥¤ãîé¥¬:

{ ¯à¨ à�áç¥â¥ á¨áâ¥¬ë ‡ˆ� −� íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï ¢ ª�ç¥áâ¢¥ ¨áå®¤−ëå
¤�−−ëå ¤«ï à�áç¥â� ¯à¨¬¥−ïîâáï ãáà¥¤−¥−−ë¥ ¤�−−ë¥ ¯® ¯®ª�§�â¥«ï¬ −�-
¤¥¦−®áâ¨ ª®¬¯«¥ªâãîé¨å, §�ª«�¤ë¢�¥¬ëå ¢ á®áâ�¢ ‡ˆ�. �¤−�ª® à¥�«ì−ë¥
¯®ª�§�â¥«¨ −�¤¥¦−®áâ¨ ª®¬¯«¥ªâãîé¨å ¢ á¨«ã à�§«¨ç−ëå ä�ªâ®à®¢ ¬®£ãâ
®â«¨ç�âìáï ®â ãáà¥¤−¥−−ëå §−�ç¥−¨© ¢ âã ¨«¨ ¨−ãî áâ®à®−ã. ‚á«¥¤áâ¢¨¥
íâ®£® −� ®¤−¨å ®¡ê¥ªâ�å �ˆ‘ à�ááç¨â�−−ë© ª®¬¯«¥ªâ ‡ˆ� ¬®¦¥â ®ª�§�âìáï
−¥¤®áâ�â®ç−ë¬, −� ¤àã£¨å | ¨§¡ëâ®ç−ë¬, � íâ® ¯à¨¢®¤¨â ª −¥à�æ¨®−�«ì−®¬ã
à�áå®¤®¢�−¨î ¬�â¥à¨�«ì−ëå §�âà�â;

{ àï¤ í«¥¬¥−â®¢ ‡ˆ� ¯® à�§«¨ç−ë¬ ¯à¨ç¨−�¬ ¬®¦¥â ¢ë©â¨ ¨§ áâà®ï ¢ ¯à®æ¥áá¥
åà�−¥−¨ï, çâ® ¬®¦¥â ¯à¨¢¥áâ¨ ª ¨å −¥å¢�âª¥;

{ ¬�â¥à¨�«ì−ë¥ §�âà�âë −� á¨áâ¥¬ã ‡ˆ� ¯à¨ â�ª®¬ ú§�âà�â−®¬û ¢�à¨�−â¥
¬®£ãâ ®ª�§�âìáï á®¯®áâ�¢¨¬ë á §�âà�â�¬¨ −� á®§¤�−¨¥ Š‘�.

�®íâ®¬ã, ª�ª ¯à�¢¨«®, −� ¯à�ªâ¨ª¥ à¥�«¨§ã¥âáï ¢â®à®© ¢�à¨�−â ®¡¥á¯¥ç¥−¨ï
®¡ê¥ªâ®¢ �ˆ‘ ª®¬¯«¥ªâ�¬¨ ‡ˆ�.

�ã¤¥¬ ¯®«�£�âì, çâ® ¯à¨¬¥−¨â¥«ì−® ª �ˆ‘ ‡ˆ:

{ ‡ˆ�-� ¯®áâ�¢«ïîâáï −� ¢á¥ ®¡ê¥ªâë �ˆ‘. ‚ á®áâ�¢ ®¤¨−®ç−®£® ª®¬¯«¥ªâ�
‡ˆ� �ˆ‘ ‡ˆ ¢ª«îç�îâáï −¥ â®«ìª® ª®¬¯«¥ªâãîé¨¥ Š’‘ (á¨áâ¥¬−ë¥ ¯«�-
âë, ¯à®æ¥áá®àë, ¯�¬ïâì ¨ ¤à.), −® ¨ á�¬¨ Š’‘ (á¥à¢¥àë, �¢â®¬�â¨§¨à®¢�−−ë¥
à�¡®ç¨¥ ¬¥áâ� (�÷Œ), ª®¬¬ãâ�â®àë ¨ ¤à.);

{ ‡ˆ�-ƒ ¯®áâ�¢«ï¥âáï −� ƒŠ‘� �ˆ‘ ¨ ¨á¯®«ì§ã¥âáï ¢ ¨−â¥à¥á�å ¢á¥å à¥-
£¨®−�«ì−ëå ¨ â¥àà¨â®à¨�«ì−ëå Š‘�. ‚ á®áâ�¢ £àã¯¯®¢®£® ª®¬¯«¥ªâ� ‡ˆ�
�ˆ‘ ‡ˆ ¢ª«îç�îâáï ‡—, −¥®¡å®¤¨¬ë¥ ¤«ï â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï ¨ â¥-
ªãé¥£® à¥¬®−â� £àã¯¯ë ¨§ S ¨§¤¥«¨© −� ¬¥áâ¥ ¨å íªá¯«ã�â�æ¨¨. ‚ ®â«¨ç¨¥ ®â
‡ˆ�-ƒ ¤«ï ®¡ëç−®© �ˆ‘, ¢ á®áâ�¢ ‡ˆ�-ƒ �ˆ‘ ‡ˆ ¢ª«îç�îâáï §�¯�á−ë¥
ç�áâ¨ ¨§ ç¨á«� −�¨¡®«¥¥ −�¤¥¦−ëå á®áâ�¢−ëå ç�áâ¥© Š’‘ (�÷Œ, á¥à¢¥àë,
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ª®¬¬ãâ�â®àë ¨ ¤à.) ¨ −�¨¡®«¥¥ ¤®à®£¨¥, ¢ª«îç¥−¨¥ ª®â®àëå ¢ á®áâ�¢ ‡ˆ�-�
à¥£¨®−�«ì−ëå ¨ â¥àà¨â®à¨�«ì−ëå Š‘� ¯à¥¤áâ�¢«ï¥âáï −¥æ¥«¥á®®¡à�§−ë¬ ¯®
íª®−®¬¨ç¥áª¨¬ á®®¡à�¦¥−¨ï¬;

{ ‡ˆ�-÷ −¥ ¨á¯®«ì§ã¥âáï (áç¨â�¥¬, çâ® ¢ á¢ï§¨ á ¡ëáâàë¬ ¬®à�«ì−ë¬ áâ�à¥−¨-
¥¬ ¨ ç�áâ®© á¬¥−®© ¯®ª®«¥−¨© á®¢à¥¬¥−−ëå áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨,
¨å ª�¯¨â�«ì−ë© (áà¥¤−¨©) à¥¬®−â −¥ ¯à®¢®¤¨âáï).

4 Показатели достаточности системы ЗИП

‚®§¬®¦−�ï −¥å¢�âª� ‡— ã¢¥«¨ç¨¢�¥â áà¥¤−¥¥ ¢à¥¬ï §�¬¥−ë ®âª�§�¢è¥£®
í«¥¬¥−â� ¨á¯à�¢−ë¬ §�¯�á−ë¬, çâ® ¬®¦¥â áãé¥áâ¢¥−−® áª�§�âìáï −� §−�ç¥−¨¨
¯®ª�§�â¥«ï −�¤¥¦−®áâ¨ ®¡ê¥ªâ�. ‚ íâ®¬ á«ãç�¥ ¨¬¥¥â á¬ëá« £®¢®à¨âì −¥ ®
¯®ª�§�â¥«¥ −�¤¥¦−®áâ¨ á�¬®£® ®¡ê¥ªâ� (Š‘�), � ® ¯®ª�§�â¥«¥ −�¤¥¦−®áâ¨ ¯�-
àë ú®¡ê¥ªâ { á¨áâ¥¬� ‡ˆ�û. �¤−�ª® áãé¥áâ¢ãîé�ï ¯à�ªâ¨ª� ¯à®¥ªâ¨à®¢�−¨ï
−�¤¥¦−ëå ®¡ê¥ªâ®¢ ¯à¥¤¯®«�£�¥â à�§¤¥«ì−®¥ ¯à®¥ªâ¨à®¢�−¨¥ ®¡ê¥ªâ� ¨ ¯à¨¤�−-
−®© ¥¬ã á¨áâ¥¬ë ‡ˆ�. �®íâ®¬ã ¢¢®¤¨âáï ¯®ª�§�â¥«ì ¤®áâ�â®ç−®áâ¨ á¨áâ¥¬ë
‡ˆ� [6], å�à�ªâ¥à¨§ãîé¨© á−¨¦¥−¨¥ −�¤¥¦−®áâ¨ ¯�àë ú®¡ê¥ªâ { ª®−ªà¥â−�ï
á¨áâ¥¬� ‡ˆ�û ¯® áà�¢−¥−¨î á −�¤¥¦−®áâìî ¯�àë ú®¡ê¥ªâ { ¡¥áª®−¥ç−�ï á¨áâ¥¬�
‡ˆ�û (ú¡¥áª®−¥ç−�ï á¨áâ¥¬� ‡ˆ�û ¯à¥¤¯®«�£�¥â, çâ® −¥®¡å®¤¨¬ë¥ §�¯�á−ë¥
í«¥¬¥−âë −¥ §�ª®−ç�âáï ¢ á¨áâ¥¬¥ ‡ˆ� ¤® ®ª®−ç�−¨ï áà®ª� íªá¯«ã�â�æ¨¨ ®¡ê¥ª-
â�).

�®ª�§�â¥«¥¬ ¤®áâ�â®ç−®áâ¨ á¨áâ¥¬ë ‡ˆ� ¬®¦¥â ï¢«ïâìáï áà¥¤−¥¥ ¢à¥¬ï
§�¤¥à¦ª¨–tÚÉÐ ¢ ¨á¯®«−¥−¨¨ §�ï¢ª¨ −� §�¯�á−®© í«¥¬¥−â, ¢ë§¢�−−®¥ ®âáãâáâ¢¨¥¬
−¥®¡å®¤¨¬®£® §�¯�á−®£® í«¥¬¥−â� ¢ á¨áâ¥¬¥ ‡ˆ�.

�à¨ ®âáãâáâ¢¨¨ ¢ á¨áâ¥¬¥ ‡ˆ� −¥®¡å®¤¨¬®£® §�¯�á−®£® í«¥¬¥−â� ¢ â®â
¬®¬¥−â, ª®£¤� ®− ¯®−�¤®¡¨«áï, ¢à¥¬ï à¥¬®−â� ®¡ê¥ªâ� ã¢¥«¨ç¨¢�¥âáï. �¯à¥¤¥«¨¬
áà¥¤−¥¥ ¢à¥¬ï à¥¬®−â� ®¡ê¥ªâ�, á−�¡¦¥−−®£® ª®−ªà¥â−®© á¨áâ¥¬®© ‡ˆ�, ª�ª tÒ =
= t∞ +–tÚÉÐ, £¤¥ t∞ | áà¥¤−¥¥ ¢à¥¬ï §�¬¥−ë ®âª�§�¢è¥£® í«¥¬¥−â� ¨á¯à�¢−ë¬
§�¯�á−ë¬ (¯à¨ −�«¨ç¨¨ â�ª®£® í«¥¬¥−â�).

�à¨ ¯à®¥ªâ¨à®¢�−¨¨ ®¡ê¥ªâ� âà¥¡®¢�−¨ï ª ¥£® −�¤¥¦−®áâ¨ ¢ëà�¦�îâáï
§�¤�−¨¥¬ R0 | âà¥¡ã¥¬®£® §−�ç¥−¨ï ¯®ª�§�â¥«ï −�¤¥¦−®áâ¨. �®á«¥ §�¢¥àè¥−¨ï
¯à®¥ªâ¨à®¢�−¨ï ®¡ê¥ªâ� ¬®¦−® áç¨â�âì ¨§¢¥áâ−ë¬¨ à�áç¥â−ë¥ §−�ç¥−¨ï äã−ªæ¨¨
R(tÒ) | ¯®ª�§�â¥«ï −�¤¥¦−®áâ¨ ®¡ê¥ªâ� ¢ §�¢¨á¨¬®áâ¨ ®â áà¥¤−¥£® ¢à¥¬¥−¨
à¥¬®−â� ¯à¨ ãá«®¢¨¨, çâ® −¥®¡å®¤¨¬ë© §�¯�á−®© í«¥¬¥−â ¢á¥£¤� ¨¬¥¥âáï.

’®£¤� âà¥¡®¢�−¨ï ª á¨áâ¥¬¥ ‡ˆ�, ®¡¥á¯¥ç¨¢�îé¥© §�¤�−−ãî −�¤¥¦−®áâì
®¡ê¥ªâ�, ¢ëà�¦�îâáï ®£à�−¨ç¥−¨¥¬ −� ¯®ª�§�â¥«ì ¤®áâ�â®ç−®áâ¨ á¨áâ¥¬ë ‡ˆ�:

–tÚÉÐ ≤ –to = tÒ − t∞ , (1)

£¤¥ –to | §�¤�−−®¥ áà¥¤−¥¥ ¢à¥¬ï §�¤¥à¦ª¨ ¢ ¨á¯®«−¥−¨¨ §�ï¢ª¨ −� §�¯�á−®©
í«¥¬¥−â, ¢ë§¢�−−®¥ ¥£® ®âáãâáâ¢¨¥¬ ¢ á¨áâ¥¬¥ ‡ˆ�.
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�á®¡¥−−®áâ¨ à�áç¥â� ª®¬¯«¥ªâ®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

‡�¤�ç� ¯à®¥ªâ¨à®¢�−¨ï á¨áâ¥¬ë ‡ˆ� ¢ íâ®¬ á«ãç�¥ ä®à¬ã«¨àã¥âáï ¢ á«¥-
¤ãîé¥¬ ¢¨¤¥: ®¯à¥¤¥«¨âì ¯�à�¬¥âàë â�ª®© á¨áâ¥¬ë ‡ˆ�, ¯®ª�§�â¥«ì ¤®áâ�â®ç-
−®áâ¨ (�„) ª®â®à®© −¥ ¡ã¤¥â ¯à¥¢ëè�âì–to.

…á«¨ ¢ ª�ç¥áâ¢¥ ¯®ª�§�â¥«ï −�¤¥¦−®áâ¨ ®¡ê¥ªâ� ¢ë¡à�− ª®íää¨æ¨¥−â £®â®¢-
−®áâ¨, â® ¢ ª�ç¥áâ¢¥ �„ á¨áâ¥¬ë ‡ˆ� ¯à¨−¨¬�¥âáï ª®íää¨æ¨¥−â £®â®¢−®áâ¨
á¨áâ¥¬ë ‡ˆ� [6].

Š®íää¨æ¨¥−â®¬ £®â®¢−®áâ¨ á¨áâ¥¬ë ‡ˆ� KÇ.ÚÉÐ −�§ë¢�¥âáï áà¥¤−ïï ¢®
¢à¥¬¥−¨ ¢¥à®ïâ−®áâì â®£®, çâ® á¨áâ¥¬� ‡ˆ� ¨á¯à�¢−�, â. ¥. −¥ −�å®¤¨âáï ¢
á®áâ®ï−¨¨ ®âª�§� [6]:

KÇ.ÚÉÐ =
TÚÉÐ

TÚÉÐ + tÚÉÐ
,

£¤¥ TÚÉÐ | áà¥¤−¥¥ ¢à¥¬ï ¬¥¦¤ã ®âª�§�¬¨ á¨áâ¥¬ë ‡ˆ�; tÚÉÐ | áà¥¤−ïï
¯à®¤®«¦¨â¥«ì−®áâì ®¤−®£® ®âª�§� á¨áâ¥¬ë ‡ˆ�.

�âª�§®¬ á¨áâ¥¬ë ‡ˆ� ãá«®¢−® −�§ë¢�¥âáï â�ª®¥ á®áâ®ï−¨¥ ¯�àë ú®¡ê¥ªâ {
á¨áâ¥¬� ‡ˆ�û, ¯à¨ ª®â®à®¬ ®¡ê¥ªâ ¯®«−®áâìî ¨«¨ ç�áâ¨ç−® ¯®â¥àï« à�¡®â®á¯®-
á®¡−®áâì ¨§-§� ®âª�§� ®¤−®£® ¨§ á®áâ�¢«ïîé¨å ¥£® í«¥¬¥−â®¢, � á¨áâ¥¬� ‡ˆ� −¥
¬®¦¥â ¯à¥¤®áâ�¢¨âì −ã¦−®£® §�¯�á−®£® í«¥¬¥−â�. ˆ§ íâ®£® ®¯à¥¤¥«¥−¨ï á«¥¤ã¥â,
çâ® ®âª�§ á¨áâ¥¬ë ‡ˆ� −¥ ®¡ï§�â¥«ì−® á®¢¯�¤�¥â á ®âª�§®¬ ¢ë¯®«−¨âì âà¥¡®¢�-
−¨¥ −� í«¥¬¥−â, � «¨èì á â�ª¨¬ ®âª�§®¬ ¢ ¢ë¯®«−¥−¨¨ âà¥¡®¢�−¨ï, ª®â®àë© ¢¥¤¥â
ª ¯à®áâ®î ®¡ê¥ªâ�.

�ãáâì ¯®ª�§�â¥«¥¬ −�¤¥¦−®áâ¨ ¯�àë ú®¡ê¥ªâ { á¨áâ¥¬� ‡ˆ�û ¢ë¡à�− à¥§ã«ì-
â¨àãîé¨© ª®íää¨æ¨¥−â £®â®¢−®áâ¨ K› ≈ K∞KÇ.ÚÉÐ, £¤¥ K∞ | ª®íää¨æ¨¥−â
£®â®¢−®áâ¨ ®¡ê¥ªâ� ¯à¨ ¡¥áª®−¥ç−®© á¨áâ¥¬¥ ‡ˆ�.

‡�¤�−¨¥ âà¥¡®¢�−¨© ª á¨áâ¥¬¥ ‡ˆ� ¢ íâ®¬ á«ãç�¥ á¢®¤¨âáï ª −¥à�¢¥−áâ¢ã

KÇ.ÚÉÐ ≥ K0ÚÉÐ =
R0
K∞

, (2)

£¤¥K0ÚÉÐ | âà¥¡ã¥¬ë© ª®íää¨æ¨¥−â £®â®¢−®áâ¨ á¨áâ¥¬ë ‡ˆ�;R0| âà¥¡ã¥¬®¥
§−�ç¥−¨¥ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ®¡ê¥ªâ� á ãç¥â®¬ à¥�«ì−®© á¨áâ¥¬ë ‡ˆ�.

5 Основные подходы к пополнению ЗИП в процессе эксплуатации

��ç�«ì−®¥ ª®«¨ç¥áâ¢® §�¯�á−ëå í«¥¬¥−â®¢ ¢ á®áâ�¢¥ ‡ˆ�-� ¨ ‡ˆ�-ƒ
§�¢¨á¨â ®â ®¡é¥£® ª®«¨ç¥áâ¢� í«¥¬¥−â®¢ i-£® â¨¯� ¢ á®áâ�¢¥ Š’‘ Š‘�, ®â
¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ í«¥¬¥−â®¢ íâ®£® â¨¯� ¨ ®â ¯à¨−ïâ®© ¢ �ˆ‘ áâà�â¥£¨¨
¯®¯®«−¥−¨ï á®áâ�¢� ‡ˆ�.

�� ¯à�ªâ¨ª¥ ¯à¨ ¯®¯®«−¥−¨¨ ‡ˆ� ¢ á¨áâ¥¬�å, �−�«®£¨ç−ëå �ˆ‘ ‡ˆ,
¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ áâà�â¥£¨¨ ¯®¯®«−¥−¨ï ‡ˆ� [6]:
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1. �¥à¨®¤¨ç¥áª®¥ ¯®¯®«−¥−¨¥ | §�¯�á í«¥¬¥−â®¢ ¤�−−®£® â¨¯� ¢®ááâ�−�¢«¨-
¢�¥âáï ¤® −�ç�«ì−®£® ãà®¢−ï ç¥à¥§ §�à�−¥¥ §�¤�−−ë¥ ä¨ªá¨à®¢�−−ë¥ ¯¥à¨-
®¤ë ¢à¥¬¥−¨. �¥à¨®¤¨ç¥áª®¥ ¯®¯®«−¥−¨¥ ¯à¨¬¥−ï¥âáï ¤«ï ¢®ááâ�−®¢«¥−¨ï
§�¯�á®¢ ¢® ¢á¥å ¢¨¤�å ª®¬¯«¥ªâ®¢ ‡ˆ� (‡ˆ�-�, ‡ˆ�-ƒ). ‘âà�â¥£¨ï ¯¥-
à¨®¤¨ç¥áª®£® ¯®¯®«−¥−¨ï §�¯�á� í«¥¬¥−â®¢ i-£® â¨¯� å�à�ªâ¥à¨§ã¥âáï ®¤−¨¬
ç¨á«®¢ë¬ ¯�à�¬¥âà®¬ Ti,1 = TÐ | ¯¥à¨®¤®¬ ¯®¯®«−¥−¨ï §�¯�á� í«¥¬¥−â®¢
¤�−−®£® â¨¯�.

�¥à¨®¤¨ç¥áª®¥ ¯®¯®«−¥−¨¥ ï¢«ï¥âáï á�¬ë¬ à�á¯à®áâà�−¥−−ë¬ ¢ ¯à�ªâ¨ª¥
¯à®¥ªâ¨à®¢�−¨ï (−® −¥ íªá¯«ã�â�æ¨¨!) ª®¬¯«¥ªâ®¢ ‡ˆ�. ‘®£«�á−® ®¯à¥-
¤¥«¥−¨î áâà�â¥£¨¨ ¯¥à¨®¤¨ç¥áª®£® ¯®¯®«−¥−¨ï, ¥á«¨ ®âª�§ á¨áâ¥¬ë ‡ˆ�
−�áâã¯¨« ç¥à¥§ ¢à¥¬ï t < TÐ ¯®á«¥ −�ç�«� ®ç¥à¥¤−®£® ¯®¯®«−¥−¨ï, â® ¨§-
¤¥«¨¥ ¤®«¦−® ¯à®áâ�¨¢�âì ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ TÐ − t (¤® ª®−æ� ¯¥à¨®¤�).
…áâ¥áâ¢¥−−®, ®â¢¥âáâ¢¥−−ë¥ §� íªá¯«ã�â�æ¨î ¨§¤¥«¨ï −¥ §�¨−â¥à¥á®¢�−ë ¢
¤«¨â¥«ì−ëå ¯à®áâ®ïå ¨ ¯®¯ëâ�îâáï ¨á¯®«ì§®¢�âì «î¡ãî ¢®§¬®¦−®áâì ¯®-
¯®«−¥−¨ï ‡ˆ�, −¥ ¤®¦¨¤�ïáì ª®−æ� ¯¥à¨®¤� ¯®¯®«−¥−¨ï, â. ¥. ¯®áâ�à�îâáï
¯à®¨§¢¥áâ¨ íªáâà¥−−ãî ¤®áâ�¢ªã í«¥¬¥−â®¢. ‚®§−¨ª�¥â ¯à®â¨¢®à¥ç¨¢�ï á¨âã-
�æ¨ï: ‡ˆ� à�ááç¨âë¢�¥âáï ¨áå®¤ï ¨§ áâà�â¥£¨¨ ¯¥à¨®¤¨ç¥áª®£® ¯®¯®«−¥−¨ï,
� íªá¯«ã�â¨àã¥âáï á ¯à¨¬¥−¥−¨¥¬ áâà�â¥£¨¨ ¯¥à¨®¤¨ç¥áª®£® ¯®¯®«−¥−¨ï á
íªáâà¥−−ë¬¨ ¤®áâ�¢ª�¬¨.

2. �¥à¨®¤¨ç¥áª®¥ ¯®¯®«−¥−¨¥ á íªáâà¥−−®© ¤®áâ�¢ª®©. �à¨ íâ®¬ ¯®¬¨¬®
¯«�−®¢®£® ¯¥à¨®¤¨ç¥áª®£® ¢®ááâ�−®¢«¥−¨ï ¯à®¨áå®¤¨â ¥é¥ ¨ ¢−¥¯«�−®¢®¥
¢®ááâ�−®¢«¥−¨¥ §�¯�á� ¤® ¯¥à¢®−�ç�«ì−®£® ãà®¢−ï ¢ â®¬ á«ãç�¥, ª®£¤� ®¡ê¥ªâ
¯à®áâ�¨¢�¥â ¨§-§� ®âáãâáâ¢¨ï §�¯�á−®£® í«¥¬¥−â� á®®â¢¥âáâ¢ãîé¥£® â¨¯�.
�â� áâà�â¥£¨ï å�à�ªâ¥à¨§ã¥âáï ¤¢ã¬ï ¯�à�¬¥âà�¬¨: Ti,1 = TÐ ¨ Ti,2 = TÜÄ,
£¤¥ TÜÄ | áà¥¤−¥¥ ¢à¥¬ï íªáâà¥−−®© ¤®áâ�¢ª¨ í«¥¬¥−â®¢.

3. �¥¯à¥àë¢−®¥ ¯®¯®«−¥−¨¥. ‘âà�â¥£¨î −¥¯à¥àë¢−®£® ¯®¯®«−¥−¨ï ¯à¨¬¥−ï-
îâ ¤«ï §�¯�á®¢ ¢®ááâ�−�¢«¨¢�¥¬ëå í«¥¬¥−â®¢, ª®â®àë¥ «¨¡® ¯®¯®«−ïîâáï ¨§
‡ˆ� ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï, «¨¡® ¢®ááâ�−�¢«¨¢�îâáï ¢ à¥¬®−â−®¬ ®à£�−¥
(÷�) ¨ ¢®§¢à�é�îâáï ¢ â®â ª®¬¯«¥ªâ ‡ˆ�, ¨§ ª®â®à®£® ¡ë«¨ ¨§êïâë.

„�−−ãî áâà�â¥£¨î ç�áâ® ¨á¯®«ì§ãîâ ¢ ¤¢ãåãà®¢−¥¢ëå á¨áâ¥¬�å ‡ˆ� ¤«ï
¯®¯®«−¥−¨ï §�¯�á®¢ ¢ ®¤¨−®ç−ëå ª®¬¯«¥ªâ�å ¨§ £àã¯¯®¢®£® ª®¬¯«¥ªâ� ‡ˆ�
á¨áâ¥¬ë.

÷¥¬®−â ®âª�§�¢è¨å í«¥¬¥−â®¢ ¯à¨¬¥−ï¥âáï ¤«ï ¢®ááâ�−®¢«¥−¨ï §�¯�á®¢ ¢®
¢á¥å ¢¨¤�å ª®¬¯«¥ªâ®¢ ‡ˆ�. �â� áâà�â¥£¨ï ¯®¯®«−¥−¨ï å�à�ªâ¥à¨§ã¥âáï
®¤−¨¬ ç¨á«®¢ë¬ ¯�à�¬¥âà®¬: Ti,1 = TÒ | áà¥¤−¨¬ ¢à¥¬¥−¥¬ à¥¬®−â� ®¤−®£®
í«¥¬¥−â� ¤�−−®£® â¨¯�. �à¨ ¯®¯®«−¥−¨¨ ¨§ ‡ˆ� ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï
¯®¤ TÒ ¯®−¨¬�¥âáï áà¥¤−¥¥ ¢à¥¬ï ¤®áâ�¢ª¨ í«¥¬¥−â� ¨§ á®®â¢¥âáâ¢ãîé¥£®
¨áâ®ç−¨ª� ¯®¯®«−¥−¨ï.

•�à�ªâ¥à−ë¬ ¤«ï áâà�â¥£¨¨ −¥¯à¥àë¢−®£® ¯®¯®«−¥−¨ï ï¢«ï¥âáï â®, çâ® §�ï¢-
ª� −� ¯®¯®«−¥−¨¥ ä®à¬¨àã¥âáï ¯® ª�¦¤®¬ã ®âª�§�¢è¥¬ã í«¥¬¥−âã ®â¤¥«ì−®,
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�á®¡¥−−®áâ¨ à�áç¥â� ª®¬¯«¥ªâ®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

� ¢à¥¬ï ¤®áâ�¢ª¨ (à¥¬®−â�) ¯à¨ íâ®¬ ®âáç¨âë¢�¥âáï ®â ¬®¬¥−â� ¨§êïâ¨ï ¨§
ª®¬¯«¥ªâ� ‡ˆ� (®âª�§� í«¥¬¥−â� ¢ ¨§¤¥«¨¨) ¨ ¯®íâ®¬ã ¬®¦¥â ¡ëâì áãé¥-
áâ¢¥−−® ¬¥−ìè¥, ç¥¬ TÐ ¯à¨ ¯¥à¨®¤¨ç¥áª®¬ ¯®¯®«−¥−¨¨.

4. ‘âà�â¥£¨ï ¯®¯®«−¥−¨ï ¯® ãà®¢−î −¥á−¨¦�¥¬®£® §�¯�á�. �à¨ íâ®© áâà�-
â¥£¨¨ ¤«ï §�¯�á®¢ í«¥¬¥−â®¢ ¤�−−®£® â¨¯� ä¨ªá¨àã¥âáï æ¥«®¥ ç¨á«® k (0 ≤
≤ k ≤ n/2− 1, £¤¥ n | −�ç�«ì−ë© ãà®¢¥−ì §�¯�á�) ¨, ª®£¤� §�¯�á í«¥¬¥−â®¢
¤�−−®£® â¨¯� ¨áç¥à¯ë¢�¥âáï ¤® ãà®¢−ï k, ¯®áë«�¥âáï §�ï¢ª� −� ¯®áâ�¢ªã
n − k í«¥¬¥−â®¢ ¤�−−®£® â¨¯�. ‡�ï¢ª� ¢ë¯®«−ï¥âáï ç¥à¥§ á«ãç�©−®¥ ¢à¥-
¬ï tÄ. �à¨ −¥¯à¥àë¢−®¬ ¯®¯®«−¥−¨¨ ®ç¥à¥¤−�ï §�ï¢ª� ¬®¦¥â ¡ëâì ¯®á«�−�
â®«ìª® ¯®á«¥ ¢ë¯®«−¥−¨ï ¯à¥¤ë¤ãé¥©, −¥§�¢¨á¨¬® ®â â®£®, ®âª�§ë¢�«¨ «¨
í«¥¬¥−âë ¤�−−®£® â¨¯� ¢ ¯à®æ¥áá¥ ã¤®¢«¥â¢®à¥−¨ï §�ï¢ª¨ ¨«¨ −¥â. ‘âà�-
â¥£¨ï −¥¯à¥àë¢−®£® ¯®¯®«−¥−¨ï ¯à¨¬¥−ï¥âáï ¤«ï ¢®ááâ�−®¢«¥−¨ï §�¯�á®¢
â®«ìª® ¢ ‡ˆ�-� ¨ å�à�ªâ¥à¨§ã¥âáï ¤¢ã¬ï ç¨á«®¢ë¬¨ ¯�à�¬¥âà�¬¨: Ti,1 =
= TÄ | áà¥¤−¥© ¯à®¤®«¦¨â¥«ì−®áâìî ¨á¯®«−¥−¨ï §�ï¢ª¨ −� ¯®¯®«−¥−¨¥,
â. ¥. áà¥¤−¨¬ ¢à¥¬¥−¥¬ ¤®áâ�¢ª¨ í«¥¬¥−â®¢ ¤�−−®£® â¨¯� ¨§ ¨áâ®ç−¨ª� ¯®¯®«-
−¥−¨ï, ¨ Ti,2 = Tk | áà¥¤−¥© ¯à®¤®«¦¨â¥«ì−®áâìî á−¨¦¥−¨ï ãà®¢−ï §�¯�á�
í«¥¬¥−â®¢ ¤�−−®£® â¨¯� ¤® k í«¥¬¥−â®¢.

‚ ª�ç¥áâ¢¥ ®á−®¢−ëå áâà�â¥£¨© ¯®¯®«−¥−¨ï ¢ �ˆ‘ ‡ˆ ¨á¯®«ì§ãîâáï ¯¥à¨®-
¤¨ç¥áª®¥ ¯®¯®«−¥−¨¥ ¨ ¯¥à¨®¤¨ç¥áª®¥ ¯®¯®«−¥−¨¥ á íªáâà¥−−®© ¤®áâ�¢ª®©.

6 Методика расчета запасов в комплекте ЗИП при проектировании
автоматизированной информационной системы в защищенном
исполнении

÷�áç¥â §�¯�á®¢ ¢ ª®¬¯«¥ªâ¥ ‡ˆ� á®áâ®¨â ¨§ à�áç¥â®¢ §�¯�á®¢ ª�¦¤®£® â¨¯� ¢
®â¤¥«ì−®áâ¨ ¨ ¯®á«¥¤ãîé¥© ®æ¥−ª¨ �„ ¨ áã¬¬�à−ëå §�âà�â ¯® ª®¬¯«¥ªâã ‡ˆ�
¢ æ¥«®¬.

�®¤ à�áç¥â®¬ §�¯�á� ®¤−®£® â¨¯� ¯®−¨¬�îâ ®¯à¥¤¥«¥−¨¥ ¥£® −�ç�«ì−®£®
ãà®¢−ï, ã¤®¢«¥â¢®àïîé¥£® §�¤�−−ë¬ âà¥¡®¢�−¨ï¬ ¯® �„ (¨«¨ ®£à�−¨ç¥−¨ï¬ ¯®
áã¬¬�à−ë¬ §�âà�â�¬ −� ‡—) ¯à¨ §�¤�−−®© (¯à¨−ïâ®©) áâà�â¥£¨¨ ¯®¯®«−¥−¨ï.

��ç�«ì−ë© à�áç¥â ª®¬¯«¥ªâ®¢ ‡ˆ� ¯à¨ ¯à®¢¥¤¥−¨¨ ®¯ëâ−®-ª®−áâàãªâ®àáª®©
à�¡®âë ¯® á®§¤�−¨î �ˆ‘ ®áãé¥áâ¢«ï¥âáï −� íâ�¯¥ â¥å−¨ç¥áª®£® ¯à®¥ªâ¨à®¢�−¨ï
¯®á«¥ (¨«¨ ¢ ¯à®æ¥áá¥) ¯à®¢¥¤¥−¨ï ¯à®¥ªâ−®© ®æ¥−ª¨ −�¤¥¦−®áâ¨ á¨áâ¥¬ë. �à¨
à�§à�¡®âª¥ ª®¬¯«¥ªâ®¢ ‡ˆ� à�áç¥âë §�¯�á®¢ ¢ −¨å ¤®«¦−ë ¯à®¢®¤¨âìáï á ãç¥â®¬
®¯â¨¬¨§�æ¨¨ §�âà�â −� ‡—.

‚ §�¢¨á¨¬®áâ¨ ®â ¯à¥¤êï¢«¥−−ëå âà¥¡®¢�−¨© §�¤�ç� ®¯â¨¬¨§�æ¨¨ §�¯�á®¢ ¢
ª®¬¯«¥ªâ¥ ‡ˆ� ¬®¦¥â à¥è�âìáï ¢ ¤¢ãå ¯®áâ�−®¢ª�å:

(1) ¯àï¬�ï §�¤�ç� | ¯à¨ âà¥¡ã¥¬®¬ �„ (–tÔÒÚÉÐ-Ï ¨«¨ KÔÒÇ.ÚÉÐ-Ï) ®¯â¨¬¨§¨àãîâ
(¬¨−¨¬¨§¨àãîâ) §�âà�âë −� ¤®áâ¨¦¥−¨¥ §�¤�−−®£® �„;
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(2) ®¡à�â−�ï §�¤�ç� | ¯à¨ ®£à�−¨ç¥−−ëå §�âà�â�å ®¯â¨¬¨§¨àãîâ (¬¨−¨¬¨§¨-
àãîâ–tÚÉÐ-Ï ¨«¨ ¬�ªá¨¬¨§¨àãîâ KÇ.ÚÉÐ-Ï) �„.

÷�áá¬®âà¨¬ §�¤�çã ¯à®¥ªâ¨à®¢�−¨ï ª®¬¯«¥ªâ®¢ ‡ˆ� �ˆ‘, ®¡¥á¯¥ç¨¢�îé¨å
§�¤�−−ë© ãà®¢¥−ì �„ ¯à¨ ¬¨−¨¬�«ì−ëå §�âà�â�å.

�¥®¡å®¤¨¬® ®âëáª�âì −�ç�«ì−®¥ ª®«¨ç¥áâ¢® §�¯�á−ëå í«¥¬¥−â®¢ ¢ ‡ˆ�-�
¨ ‡ˆ�-ƒ, ®¡à�§ãîé¨å á¨áâ¥¬ã ‡ˆ�, á â¥¬ çâ®¡ë ¢ §�¢¨á¨¬®áâ¨ ®â ¢ë¡à�−−®£®
¯®ª�§�â¥«ï ¤®áâ�â®ç−®áâ¨ ¢ë¯®«−ï«®áì «¨¡® −¥à�¢¥−áâ¢® (1), «¨¡® −¥à�¢¥−áâ¢® (2)
¯à¨ ¬¨−¨¬ã¬¥ ®¡é¨å §�âà�â −� ‡ˆ�.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ [14] ¤«ï ®æ¥−ª¨ ãà®¢−ï ¤®áâ�â®ç−®áâ¨ §�¯�á®¢ ª®¬-
¯«¥ªâ®¢ ‡ˆ� à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ ¯®ª�§�â¥«¨:

{ ¤«ï ®¤¨−®ç−ëå ª®¬¯«¥ªâ®¢ ‡ˆ�:

• –tÚÉÐ-Ï | áà¥¤−¥¥ ¢à¥¬ï §�¤¥à¦ª¨ ¢ ã¤®¢«¥â¢®à¥−¨¨ ¯®áâã¯¨¢è¥© ¢
‡ˆ�-� §�ï¢ª¨ −� ‡—;

• KÇ.ÚÉÐ-Ï | ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ª®¬¯«¥ªâ� ‡ˆ�-�;

{ ¤«ï £àã¯¯®¢ëå ª®¬¯«¥ªâ®¢ ‡ˆ�:

• –tÚÉÐ-Ç | áà¥¤−¥¥ ¢à¥¬ï §�¤¥à¦ª¨ ¢ ã¤®¢«¥â¢®à¥−¨¨ ¯®áâã¯¨¢è¥© ¢
‡ˆ�-ƒ §�ï¢ª¨ −� ‡—;

• KÇ.ÚÉÐ-Ï-Çk | ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ª®¬¯«¥ªâ� ‡ˆ�-ƒ ®â−®á¨â¥«ì−®
k-£® ¨§¤¥«¨ï ¨§ ®¡á«ã¦¨¢�¥¬®© £àã¯¯ë ¨§¤¥«¨© (¯à¨¬¥−ï¥âáï â®«ìª® ¤«ï
‡ˆ�-ƒ, −¥¯®áà¥¤áâ¢¥−−® ®¡á«ã¦¨¢�îé¨å £àã¯¯ã ¨§¤¥«¨©, −¥ ¨¬¥îé¨å
‡ˆ�-�).

„«ï ®æ¥−ª¨ �„ ¨ à�áç¥â� à�æ¨®−�«ì−ëå §�¯�á®¢ ¨á¯®«ì§ã¥¬ ¬�â¥¬�â¨ç¥áª¨¥
¬®¤¥«¨ (ä®à¬ã«ë), ¯à¨¢¥¤¥−−ë¥ ¢ [6]. ‚ −¨å ¯à¨−ïâë á«¥¤ãîé¨¥ ¤®¯ãé¥−¨ï ¨
®£à�−¨ç¥−¨ï:

{ ¯®â®ª §�ï¢®ª −� ‡— ¢ ª®¬¯«¥ªâë ‡ˆ� ï¢«ï¥âáï ¯à®áâ¥©è¨¬ (â. ¥. á«ãç�©−®¥
¢à¥¬ï ¬¥¦¤ã §�ï¢ª�¬¨ à�á¯à¥¤¥«¥−® ¯® íªá¯®−¥−æ¨�«ì−®¬ã §�ª®−ã);

{ ¢á¥ à�¡®â�îé¨¥ í«¥¬¥−âë ®âª�§ë¢�îâ −¥§�¢¨á¨¬®;

{ ¢® ¢à¥¬ï åà�−¥−¨ï í«¥¬¥−âë −¥ ®âª�§ë¢�îâ;

{ ¯à¨¥¬«¥¬�ï â®ç−®áâì ¢ëç¨á«¥−¨ï �„ ª®¬¯«¥ªâ®¢ ‡ˆ� ¢ æ¥«®¬ ¯® å�à�ª-
â¥à¨áâ¨ª�¬ ®â¤¥«ì−ëå §�¯�á®¢ ®¡¥á¯¥ç¨¢�¥âáï ¯à¨ ãá«®¢¨¨, çâ® âà¥¡ã¥¬ë¥
§−�ç¥−¨ï �„ ª®¬¯«¥ªâ� ã¤®¢«¥â¢®àïîâ −¥à�¢¥−áâ¢�¬:

KÔÒÇ.ÚÉÐ =

N∏

i=1

KÇÚi ≥ 0,9 (3)

¨«¨

–tÔÒÚÉÐ =

N∑

i=1

˜Úi ≤ 0,1 , (4)

122 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 23 −®¬¥à 1 2013



�á®¡¥−−®áâ¨ à�áç¥â� ª®¬¯«¥ªâ®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

£¤¥ KÔÒÇ.ÚÉÐ | âà¥¡ã¥¬®¥ §−�ç¥−¨¥ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ª®¬¯«¥ªâ� ‡ˆ�;
KÇÚi | ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ‡— i-£® â¨¯� ¢ ª®¬¯«¥ªâ¥ ‡ˆ�; –tÔÒÚÉÐ |
áà¥¤−¥¥ ¢à¥¬ï §�¤¥à¦ª¨ ¢ ã¤®¢«¥â¢®à¥−¨¨ §�ï¢®ª −� ‡— ª®¬¯«¥ªâ®¬ ‡ˆ�;
˜Úi | ¨−â¥−á¨¢−®áâì á¯à®á� −� ‡— i-£® â¨¯� ¢ ª®¬¯«¥ªâ¥ ‡ˆ�.

„«ï à�áç¥â� §�¯�á®¢ ¢ ª®¬¯«¥ªâ�å ‡ˆ�-� ¨«¨ ‡ˆ�-ƒ �ˆ‘ ‡ˆ −¥®¡å®¤¨¬ë
á«¥¤ãîé¨¥ ¨áå®¤−ë¥ ¤�−−ë¥:

{ ¢¨¤ ¯®ª�§�â¥«ï ¤®áâ�â®ç−®áâ¨ (–tÚÉÐ ¨«¨ KÇ.ÚÉÐ), � ¯à¨ à¥è¥−¨¨ ¯àï¬®©
§�¤�ç¨ ®¯â¨¬¨§�æ¨¨ | âà¥¡ã¥¬®¥ (§�¤�−−®¥) ¥£® §−�ç¥−¨¥;

{ â¨¯ §�âà�â −� ‡— ¨ ¥¤¨−¨æ� ¨å ¨§¬¥à¥−¨ï, � ¯à¨ à¥è¥−¨¨ ®¡à�â−®© §�¤�ç¨
®¯â¨¬¨§�æ¨¨ | ¨ âà¥¡ã¥¬®¥ (§�¤�−−®¥) §−�ç¥−¨¥ ®£à�−¨ç¥−¨© ¯® §�âà�â�¬
(CÏÇÒ›ÚÉÐ-Ï ¨«¨ CÏÇÒ›ÚÉÐ-Ç);

{ ®¡é¥¥ ç¨á«® â¨¯®¢ ‡— (à�§¬¥à −®¬¥−ª«�âãàë) ª®¬¯«¥ªâ� ‡ˆ� (NÏ ¨«¨ NÇ);

’�¡«¨æ� 1 ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï ®æ¥−ª¨ ¨«¨ à�áç¥â� ‡ˆ�

i
mi,
èâ.

λÚi ¨«¨ ˜i,
1/ç

ci,
¥¤. §�âà�â

αi
Ti,
ç

βi,
ç ¨«¨ èâ.

ni,
èâ.

1
2

. . .
N

�à¨¬¥ç�−¨ï: i | ¯®àï¤ª®¢ë© −®¬¥à â¨¯� §�¯�á� ¢ ª®¬¯«¥ªâ¥ ‡ˆ� (i =
= 1 . . . N ); mi | ª®«¨ç¥áâ¢® á®áâ�¢−ëå ç�áâ¥© i-£® â¨¯� ¢ ¨§¤¥«¨¨; λÚi |
¨−â¥−á¨¢−®áâì §�¬¥− á®áâ�¢−ëå ç�áâ¥© i-£® â¨¯� ¢ ¨§¤¥«¨¨ (λÚi = 1/TÏi,
£¤¥ TÏi | áà¥¤−ïï −�à�¡®âª� −� ®âª�§ i-£® í«¥¬¥−â�); ˜i = (λÚi × mi) |
¨−â¥−á¨¢−®áâì á¯à®á� −� ‡— i-£® â¨¯� ¢ ª®¬¯«¥ªâ¥ ‡ˆ�; ci | áã¬¬�à−ë¥
§�âà�âë −� ‡— i-£® â¨¯� ¢ ª®¬¯«¥ªâ¥ ‡ˆ�; αi | ãá«®¢−ë© ¨−¤¥ªá áâà�â¥£¨¨
¯®¯®«−¥−¨ï §�¯�á� i-£® â¨¯� ¢ ª®¬¯«¥ªâ¥ ‡ˆ� (−®¬¥à ¨−¤¥ªá� á®®â¢¥âáâ¢ã¥â
−ã¬¥à�æ¨¨ ¢ à�§¤. 5); Ti | ¯¥à¢ë© (®á−®¢−®©) ¯�à�¬¥âà áâà�â¥£¨¨ ¯®¯®«−¥−¨ï
§�¯�á� i-£® â¨¯� ¢ ª®¬¯«¥ªâ¥ ‡ˆ�; βi | ¢â®à®© (¤®¯®«−¨â¥«ì−ë©) ¯�à�¬¥âà
áâà�â¥£¨¨ ¯®¯®«−¥−¨ï §�¯�á� i-£® â¨¯� ¢ ª®¬¯«¥ªâ¥ ‡ˆ�; ni | −�ç�«ì−ë©
ãà®¢¥−ì §�¯�á� i-£® â¨¯� ¢ ª®¬¯«¥ªâ¥ ‡ˆ� (¯à¨ −�ç�«ì−®¬ à�áç¥â¥ á¨áâ¥¬ë
‡ˆ� §−�ç¥−¨ï ni ï¢«ïîâáï à¥§ã«ìâ�â®¬ à¥è¥−¨ï §�¤�ç¨).

{ ¯�à�¬¥âàë §�¯�á®¢ ª�¦¤®£® â¨¯� ®âà�¦�îâáï ¢ â�¡«. 1;

{ â®ç−®áâì ¢ëç¨á«¥−¨ï �„ ª®¬¯«¥ªâ®¢ ‡ˆ�-� (‡ˆ�-ƒ) (εÏ ¨«¨ εÇ).

‡−�ç¥−¨¥ ¯®ª�§�â¥«ï ¤®áâ�â®ç−®áâ¨ ª®¬¯«¥ªâ� ‡ˆ�-� ¢ëç¨á«ï¥âáï [14] ¯®
ä®à¬ã«�¬:
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KÇ.ÚÉÐ-Ï = exp

{
−

NÏ∑

iÏ=1

RiÏ(niÏ; aiÏ)

}
; (5)

–tÚÉÐ-Ï =

NÏ∑

iÏ=1

RiÏ(niÏ; aiÏ)

NÏ∑

iÏ=1

miÏλÚiÏ

.

‡¤¥áì aiÏ | áà¥¤−¥¥ ç¨á«® ¯®áâã¯�îé¨å ¢ ª®¬¯«¥ªâ ‡ˆ�-� §�ï¢®ª −� ‡— ¤«ï
§�¯�á� ª�¦¤®£® â¨¯� §� ¯¥à¨®¤ ¯®¯®«−¥−¨ï:

aiÏ = miÏλÚiÏTiÏ (¯à¨ §�¤�−−®© λÚio) (6)

¨«¨
aio = ˜ioTio (¯à¨ §�¤�−−®© ˜io) ;

Rio(nio; aio) | ¯à®¬¥¦ãâ®ç−ë© à�áç¥â−ë© ¯®ª�§�â¥«ì, ¢ëç¨á«ï¥¬ë© ¯® á«¥¤ã-
îé¨¬ ä®à¬ã«�¬ [14]:

{ ¯à¨ ¯¥à¨®¤¨ç¥áª®¬ ¯®¯®«−¥−¨¨ (αi = 1):

Rio(nio; aio) = − ln



1−

1

aiÏ


e−aiÏ

∞∑

γ=niÏ+2

(γ − niÏ − 1)
aγ

iÏ

γ!






 ; (7)

{ ¯à¨ ¯¥à¨®¤¨ç¥áª®¬ ¯®¯®«−¥−¨¨ á íªáâà¥−−ë¬¨ ¤®áâ�¢ª�¬¨ (αi = 2):

RiÏ(niÏ; aiÏ) = − ln



1−

TÜÄiÏ
TiÏ


e−aiÏ

∞∑

I=1

∞∑

γ=I(n+1)

aγ
iÏ

γ!






 ; (8)

{ ¯à¨ −¥¯à¥àë¢−®¬ ¯®¯®«−¥−¨¨ (αi = 3):

Rio(nio; aio) = − ln


1−

aniÏ+1
iÏ

(niÏ + 1)!
∑nniÏ

+1

γ=0
aγ

iÏ/γ!


 . (9)

�à¨¬¥ç�−¨¥. �à¨ à�áç¥â�å ¯® ä®à¬ã«�¬ (7) ¨ (8) ¢ëà�¦¥−¨ï ¢ ª¢�¤à�â−ëå áª®¡ª�å, á®-
¤¥à¦�é¨¥ ¡¥áª®−¥ç−ë¥ áã¬¬ë, ¢ëç¨á«ïîâ ¤® â�ª®£® §−�ç¥−¨ï ¨−¤¥ªá� áã¬¬¨à®¢�−¨ï γ,
¯à¨ ª®â®à®¬ íâ¨ ¢ëà�¦¥−¨ï ¢¯¥à¢ë¥ ã¤®¢«¥â¢®àïîâ −¥à�¢¥−áâ¢ã:

[aio, nio, γ] ≤
εo
2N

. (10)
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�á®¡¥−−®áâ¨ à�áç¥â� ª®¬¯«¥ªâ®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

‘ã¬¬�à−ë¥ §�âà�âë −� ‡— ¢ ®æ¥−¨¢�¥¬®¬ ª®¬¯«¥ªâ¥ ‡ˆ�-� ®¯à¥¤¥«ïîâ ¯®
ä®à¬ã«¥:

C›ÚÉÐ-Ï =

N0∑

i=1

niÏciÏ . (11)

‡−�ç¥−¨¥ �„ ª®¬¯«¥ªâ� ‡ˆ�-ƒ ¢ëç¨á«ï¥âáï [14] ¯® ä®à¬ã«¥:

–tÚÉÐ-Ç =
1

˜Ç

NÇ∑

iÇ=1

RiÇ(niÇ; aiÇ) . (12)

�æ¥−ªã ¯à®¢®¤ïâ ¢ á«¥¤ãîé¥¬ ¯®àï¤ª¥:

1. ‚ á®®â¢¥âáâ¢¨¨ á â�¡«. 1 ä®à¬¨àãîâ ¨áå®¤−ë¥ ¤�−−ë¥ ¯à¨¬¥−¨â¥«ì−® ª
ª®¬¯«¥ªâã ‡ˆ�-ƒ ¨ ¯à¨−ïâ®© áâà�â¥£¨¨ ¥£® ¯®¯®«−¥−¨ï.

2. „«ï §�¯�á� ª�¦¤®£® â¨¯� ¢ëç¨á«ïîâ áà¥¤−¥¥ ç¨á«® §�ï¢®ª −� ‡— íâ®£® â¨¯�,
¯®áâã¯�îé¨å ¢ ª®¬¯«¥ªâ ‡ˆ�-ƒ §� ¯¥à¨®¤ ¯®¯®«−¥−¨ï, ¯® ä®à¬ã«�¬:

aiÏ = SmiÇλÚiÇTiÇ (¯à¨ §�¤�−−®© λÚiÇ) (13)

¨«¨
aiÇ = ˜iÇTiÇ (¯à¨ §�¤�−−®© ˜iÇ) .

3. �®á«¥¤®¢�â¥«ì−® ¢ëç¨á«ïîâ:

{ áà¥¤−îî áã¬¬�à−ãî ¨−â¥−á¨¢−®áâì á¯à®á� −� ‡— ¢á¥å â¨¯®¢ ¢ ª®¬¯«¥ªâ¥
‡ˆ�-ƒ ¯® ä®à¬ã«¥:

˜Ç =

NÇ∑

iÇ=1

˜iÇ ;

{ ¯à®¬¥¦ãâ®ç−ë¥ à�áç¥â−ë¥ ¯®ª�§�â¥«¨ RiÇ(niÇ; aiÇ) ¯® á«¥¤ãîé¨¬ ä®à-
¬ã«�¬:

• ¯à¨ ¯¥à¨®¤¨ç¥áª®¬ ¯®¯®«−¥−¨¨ (αi = 1):

RiÇ(niÇ; aiÇ) =
1

aiÇ


e−aiÇ

∞∑

I=1

∞∑

γ=niÇ+I+1

aγ
iÇ

γ!


 ; (14)

• ¯à¨ ¯¥à¨®¤¨ç¥áª®¬ ¯®¯®«−¥−¨¨ á íªáâà¥−−®© ¤®áâ�¢ª®© (αi = 2):

RiÇ(niÇ; aiÇ) =
TÜÄiÇ
TiÇ

(
1 +
˜iÇTÜÄiÇ
2

)
e−aiÇ

∞∑

I=1

∞∑

γ=I(n+1)

aγ
iÇ

γ!


 ; (15)
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• ¯à¨ −¥¯à¥àë¢−®¬ ¯®¯®«−¥−¨¨ (αi = 3):

RiÇ(niÇ; aiÇ) =
{
aiÇ

(
1− e−F1[(niÇ−1);aiÇ]

)}
,

£¤¥ §−�ç¥−¨ï äã−ªæ¨¨ F1[(niÇ−1); aiÇ] ¢ëç¨á«ïîâ ¯® ä®à¬ã«¥ (9) ¯à¨
niÏ = (niÇ − 1).

�à¨¬¥ç�−¨¥. �à¨ à�áç¥â�å ¯® ä®à¬ã«�¬ (14) ¨ (15) ¡¥§ ¨á¯®«ì§®¢�−¨ï ��‚Œ ¢ëà�-
¦¥−¨ï ¢ ª¢�¤à�â−ëå áª®¡ª�å, á®¤¥à¦�é¨¥ ¡¥áª®−¥ç−ë¥ áã¬¬ë, ¢ëç¨á«ïîâ ¤® â�ª®£®
§−�ç¥−¨ï ¨−¤¥ªá� áã¬¬¨à®¢�−¨ï γ, ¯à¨ ª®â®à®¬ íâ¨ ¢ëà�¦¥−¨ï ¢¯¥à¢ë¥ ã¤®¢«¥â¢®àïîâ
−¥à�¢¥−áâ¢ã

[aiÇ, niÇ, γ] ≤
εÇ˜Ç
2NÇ

. (16)

�à¨ à�áç¥â�å −� ��‚Œ ¯à�¢�ï ç�áâì −¥à�¢¥−áâ¢� §�¬¥−ï¥âáï §−�ç¥−¨¥¬ 1 · 10−7 ,

çâ® ¢® ¢á¥å á«ãç�ïå ®¡¥á¯¥ç¨¢�îâ ¢ëá®ªãî â®ç−®áâì ¢ëç¨á«¥−¨ï �„.

7 Примеры расчета начального уровня запаса запасных частей
в комплекте ЗИП

�ãáâì ª®¬¯«¥ªâ ‡ˆ� ®¡ê¥ªâ� �ˆ‘ á®áâ®¨â ¨§ N = 10 (i = 1, . . . , N )
â¨¯®¢ í«¥¬¥−â®¢. ˆ§¢¥áâ−� λÚi | ¨−â¥−á¨¢−®áâì §�¬¥− á®áâ�¢−ëå ç�áâ¥© i-£®
â¨¯� ¢ ¨§¤¥«¨¨. ‚ ª�ç¥áâ¢¥ áâà�â¥£¨¨ ¯®¯®«−¥−¨ï ‡ˆ� ¯à¨¬¥¬ ¯¥à¨®¤¨ç¥áª®¥
¯®¯®«−¥−¨¥ (αi = 1) á ¯¥à¨®¤®¬ ¯®¯®«−¥−¨ï §�¯�á®¢ í«¥¬¥−â®¢ i-£® â¨¯� ¢ á®áâ�¢¥
‡ˆ� Ti = 720 ç. ‚ ª�ç¥áâ¢¥ �„ ¯à¨¬¥¬ KÇ.ÚÉÐ-Ï | ª®íää¨æ¨¥−â £®â®¢−®áâ¨
ª®¬¯«¥ªâ� ‡ˆ�-�.

ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï à�áç¥â®¢ ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 2 (ª®«®−ª¨ 1{7). �à¨
−�ç�«ì−®¬ à�áç¥â¥ ª®¬¯«¥ªâ� ‡ˆ� §−�ç¥−¨ï ni (ª®«®−ª� 8) −¥ ¨§¢¥áâ−ë ¨
ï¢«ïîâáï à¥§ã«ìâ�â®¬ à¥è¥−¨ï §�¤�ç¨. „«ï ã¤®¡áâ¢� ¢ëç¨á«¥−¨© ¢ â�¡«¨æã
¢¢¥¤¥−ë ¤¢¥ ¤®¯®«−¨â¥«ì−ë¥ ª®«®−ª¨ (9 ¨ 10) ¤«ï ¯à®¬¥¦ãâ®ç−ëå à�áç¥â−ëå
¯®ª�§�â¥«¥© (aiÏ ¨ Rio).

÷�áç¥â ª®¬¯«¥ªâ� ‡ˆ� ¯à®¢®¤¨¬ ¢ á«¥¤ãîé¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨:

1. ˆá¯®«ì§ãï ¢ëà�¦¥−¨¥ (6), ®¯à¥¤¥«¨¬ aio | áà¥¤−¥¥ ç¨á«® ¯®áâã¯�îé¨å
¢ ª®¬¯«¥ªâ ‡ˆ�-� §�ï¢®ª −� ‡— ¤«ï §�¯�á� ª�¦¤®£® â¨¯� §� ¯¥à¨®¤
¯®¯®«−¥−¨ï ¨ §�¯®«−¨¬ ª®«®−ªã 9 â�¡«. 2.

2. ‡−�ç¥−¨¥ ¯à®¬¥¦ãâ®ç−®£® à�áç¥â−®£® ¯®ª�§�â¥«ï Rio(nio; aio) ¢ëç¨á«¨¬ ¯®
ä®à¬ã«¥ (7). —¨á«¥−−®¥ §−�ç¥−¨¥ ¢ëà�¦¥−¨ï ¢ ª¢�¤à�â−ëå áª®¡ª�å ¢ (7) ¯à¨
ä¨ªá¨à®¢�−−®¬ i §�¢¨á¨â â®«ìª® ®â ni. „«ï ¯®«ãç¥−¨ï §�¤�−−®© â®ç−®áâ¨
¢ëç¨á«¥−¨ï �„ ¯à¨−¨¬�¥¬ εÏ = 0,1 (¢ á®®â¢¥âáâ¢¨¨ á (10) εo/(2N) =
= 0,005) ¨ ¯ãâ¥¬ ¨â¥à�æ¨©, −�ç¨−�ï á ni = 1 ¨ ã¢¥«¨ç¨¢�ï ni −� ª�¦¤®¬
è�£¥ −� ¥¤¨−¨æã, ®âëáª¨¢�¥¬ â�ª®¥ §−�ç¥−¨¥ ni, ¯à¨ ª®â®à®¬ ¢ë¯®«−ï¥âáï
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’�¡«¨æ� 2 ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï à�áç¥â� −�ç�«ì−®£® ãà®¢−ï §�¯�á� ‡— ¢ ª®¬¯«¥ªâ¥
‡ˆ�-�

i
mi,
èâ.

λÚi,
1/ç

ci,
âëá. àã¡.

αi
Ti,
ç

βi,
ç

ni,
èâ.

aio Rio(nio; aio)

1 2 3 4 5 6 7 8 9 10
1 6 33,0 · 10−6 170 1 720 0 1 0,14256 0,0030
2 23 83,0 · 10−6 78 1 720 0 5 1,37448 0,0017
3 4 100,0 · 10−6 5,25 1 720 0 1 0,288 0,0104
4 2 100,0 · 10−6 7,3 1 720 0 1 0,144 0,0030
5 12 100,0 · 10−6 15,4 1 720 0 3 0,864 0,0059
6 22 100,0 · 10−6 13,68 1 720 0 5 1,584 0,0031
7 4 33,0 · 10−6 70 1 720 0 1 0,095 0,00137
8 1 25,0 · 10−6 235 1 720 0 1 0,018 0,000053
9 2 20,0 · 10−6 97 1 720 0 1 0,0288 0,00013

10 6 5,0 · 10−6 382 1 720 0 1 0,0216 0,000076
NÏ∑

iÏ=1

RiÏ(niÏ; aiÏ) 0,028729

−¥à�¢¥−áâ¢® (10). �®«ãç¥−−ë¥ â�ª¨¬ ®¡à�§®¬ §−�ç¥−¨ï ni ¨ Rio(nio; aio)
¢áâ�¢«ï¥¬ ¢ â�¡«. 2 (£à�äë 8 ¨ 10 á®®â¢¥âáâ¢¥−−®).

÷�áá¬®âà¨¬ ¤«ï ¯à¨¬¥à� i = 5.

˜�£ 1. n5 = 1.

R5o(n5o; a5o) = − ln



1−

1

0,864


e−0,864

∞∑

γ=1+2

(3− 1− 1)
0,8643

3!






 =

= − ln

{
1− 1,157

[
0,423 ·

0,645

6

]}
= − ln {1− 3,472 [0,04547]} .

—¨á«¥−−®¥ §−�ç¥−¨¥, ¯®«ãç¥−−®¥ ¢ ª¢�¤à�â−ëå áª®¡ª�å, ¡®«ìè¥, ç¥¬
εo/(2N) = 0,005, â. ¥. −¥à�¢¥−áâ¢® (10) −¥ ¢ë¯®«−ï¥âáï, ¯®íâ®¬ã ¯¥à¥å®¤¨¬
ª á«¥¤ãîé¥© ¨â¥à�æ¨¨.

˜�£ 2. n5 = 2.

R5o(n5o; a5o) = − ln



1−

1

0,864


e−0,864

∞∑

γ=2+2

(4− 2− 1)
0,8644

4!






 =

= − ln

{
1− 1,157

[
0,423 · 2 ·

0,557

24

]}
= ln {1− 1,157 [0,0196]} .
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—¨á«®, ¯®«ãç¥−−®¥ ¢ ª¢�¤à�â−ëå áª®¡ª�å, ¢á¥ ¥é¥ ¡®«ìè¥, ç¥¬ εo/(2N) =
= 0,005, ¯®íâ®¬ã ¯¥à¥å®¤¨¬ ª âà¥âì¥¬ã è�£ã ¨â¥à�æ¨¨.

˜�£ 3. n5 = 3.

R5o(n5o; a5o) = − ln



1−

1

0,864


e−0,864

∞∑

γ=3+2

(5− 3− 1)
0,8645

5!






 =

= − ln

{
1− 1,157

[
0,423 · 3 ·

0,481

120

]}
= − ln {1− 1,157 [0,0050]} .

�� íâ®¬ è�£¥ §−�ç¥−¨¥, ¯®«ãç¥−−®¥ ¢ ª¢�¤à�â−ëå áª®¡ª�å, à�¢−® εo/(2N) =
= 0,005, â. ¥. ãá«®¢¨¥ (10) ¢ë¯®«−ï¥âáï. ’�ª¨¬ ®¡à�§®¬, n5 = 3 ®¯à¥¤¥«¥−®.
‡�¢¥àè�¥¬ ¢ëç¨á«¥−¨¥ R5o(n5o; a5o)− ln 0,9941 = 0,0059.

3. �−�«®£¨ç−® ¯®áâã¯�¥¬ ¤«ï ¢á¥å ®áâ�«ì−ëå i.

4. �à®áã¬¬¨àã¥¬ ¢á¥ ¯®«ãç¥−−ë¥ §−�ç¥−¨ï Rio(nio; aio) ¢ ª®«®−ª¥ 10 ¨, ¯®¤-
áâ�¢¨¢ ¯®«ãç¥−−ë© à¥§ã«ìâ�â ¢ ¢ëà�¦¥−¨¥ (5), ¯®«ãç¨¬ §−�ç¥−¨¥ ¨áª®¬®£®
¯®ª�§�â¥«ï ¤®áâ�â®ç−®áâ¨ KÇ.ÚÉÐ-Ï = 0,9717. �¥à�¢¥−áâ¢® (3) ¢ë¯®«−¥−®.

5. ‘ã¬¬�à−�ï áâ®¨¬®áâì −�ç�«ì−®£® ãà®¢−ï §�¯�á� í«¥¬¥−â®¢ ¢ ª®¬¯«¥ªâ¥
‡ˆ�-� ¢ á®®â¢¥âáâ¢¨¨ á (11) à�¢−�:

C›ÚÉÐ-Ï = c1+5c2+c3+c4+3c5+5c6+c7+c8+c9+c10 = 1471,15 âëá. àã¡.

Œ¨−¨¬¨§�æ¨ï áâ®¨¬®áâ¨ ¤®áâ¨£�¥âáï §� áç¥â ¢ª«îç¥−¨ï ¢ á®áâ�¢ ª®¬¯«¥ªâ�
‡ˆ� ¬¨−¨¬�«ì−®£® ª®«¨ç¥áâ¢� §�¯�á−ëå í«¥¬¥−â®¢ ª�¦¤®£® â¨¯�, ¯à¨ ª®â®à®¬
¢ë¯®«−ïîâáï âà¥¡®¢�−¨ï ª â®ç−®áâ¨ ¢ëç¨á«¥−¨ï �„.

�á®¡¥−−®áâìî ª®¬¯«¥ªâ®¢�−¨ï ‡ˆ� ¤«ï �ˆ‘ ‡ˆ ï¢«ï¥âáï ®¯à¥¤¥«¥−¨¥
à�æ¨®−�«ì−®£® á®®â−®è¥−¨ï ¯à¨ à�á¯à¥¤¥«¥−¨¨ ‡— ¬¥¦¤ã ‡ˆ�-� ¨ ‡ˆ�-ƒ.
÷�áá¬®âà¨¬ ®¤¨− ¨§ ¢®§¬®¦−ëå ¯®¤å®¤®¢ ª ¯¥à¥à�á¯à¥¤¥«¥−¨î ‡— ¨§ ‡ˆ�-� ¢
‡ˆ�-ƒ.

�à¨ �−�«¨§¥ à¥§ã«ìâ�â®¢ ¢ëç¨á«¥−¨© ¢ â�¡«. 2 ¢¨¤−®, çâ® §−�ç¥−¨¥ ¯à®¬¥-
¦ãâ®ç−®£® à�áç¥â−®£® ¯®ª�§�â¥«ï Rio(nio; aio) ¤«ï í«¥¬¥−â®¢ 8{10 áãé¥áâ¢¥−−®
(−� 2{3 ¯®àï¤ª�) ®â«¨ç�¥âáï ®â §−�ç¥−¨ï ¯à®¬¥¦ãâ®ç−®£® à�áç¥â−®£® ¯®ª�§�â¥«ï
¤«ï ¤àã£¨å í«¥¬¥−â®¢. ˆá¯®«ì§ãï íâ®â ä�ªâ, ¯®¯à®¡ã¥¬ ã¬¥−ìè¨âì §�âà�âë −�
ª®¬¯«¥ªâ ‡ˆ� �ˆ‘.

�ãáâì �ˆ‘ ¢ª«îç�¥â ¢ á¢®© á®áâ�¢ £«�¢−ë© Š‘� ¨ S à¥£¨®−�«ì−ëå Š‘�.
‘®áâ�¢ ‡ˆ�-� ¢á¥å à¥£¨®−�«ì−ëå Š‘� ¨¤¥−â¨ç¥−. ‘ã¬¬�à−�ï áâ®¨¬®áâì ‡ˆ�-
� ¢á¥å S ®¡ê¥ªâ®¢ ¢ à�áá¬®âà¥−−®¬ ¢ëè¥ á«ãç�¥ á®áâ�¢¨â C›ÚÉÐ = SC›ÚÉÐ-Ï.

÷�áá¬®âà¨¬ á«ãç�©, ª®£¤� ¢ á®áâ�¢ ‡ˆ�-� ¢á¥å S ®¡ê¥ªâ®¢ ¢ª«îç¥−ë
í«¥¬¥−âë 1{7, � í«¥¬¥−âë 8{10 ¢á¥å S ®¡ê¥ªâ®¢ ¢ª«îç¥−ë ¢ á®áâ�¢ ‡ˆ�-ƒ.
�¯à¥¤¥«¨¬ ni ¤«ï í«¥¬¥−â®¢ 8{10 ¢ á®áâ�¢¥ ‡ˆ�-ƒ, ¯à¨ ª®â®àëå ¢ë¯®«−ï¥âáï
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’�¡«¨æ� 3 ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï à�áç¥â� −�ç�«ì−®£® ãà®¢−ï §�¯�á� ‡— ¢ ª®¬¯«¥ªâ¥
‡ˆ�-ƒ

i
mi,
èâ.

λÚi,
1/ç

ci,
âëá. àã¡.

αi
Ti,
ç

βi,
ç

niÇ,
èâ.

aiÇ RiÇ(niÇ; aiÇ)

1 2 3 4 5 6 7 8 9 10
8 3 25,0 · 10−6 235 1 720 2 0,054 0,0000062
9 6 20,0 · 10−6 97 1 720 3 0,0864 0,0000004

10 18 5,0 · 10−6 382 1 720 2 0,0648 0,000011
NÇ∑

iÇ=1

RiÇ(niÇ; aiÇ) 0,0000176

−¥à�¢¥−áâ¢® (16). ÷¥§ã«ìâ�âë à�áç¥â®¢ niÇ ¨ RiÇ(niÇ; aiÇ) ¤«ï á«ãç�ï S = 3
¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 3.

÷�áç¥âë ¯à®¢¥¤¥−ë á ¨á¯®«ì§®¢�−¨¥¬ ¢ëà�¦¥−¨© (13) ¨ (14). ˆá¯®«ì-
§ãï ¢ëà�¦¥−¨¥ (12), ¯®«ãç¨¬ §−�ç¥−¨¥ ¨áª®¬®£® ¯®ª�§�â¥«ï ¤®áâ�â®ç−®áâ¨
–tÚÉÐ-Ç = 1468,43 × 0,0000176 = 0,026, çâ® ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ −¥-
à�¢¥−áâ¢� (4). �®ª�§�â¥«ì ¤®áâ�â®ç−®áâ¨ ¤«ï ‡ˆ�-� ¤«ï íâ®£® á«ãç�ï(

NÏ∑
iÏ=1

RiÏ(niÏ; aiÏ) = 0,02847

)
á®áâ�¢¨â KÇ.ÚÉÐ-Ï = 0,9720.

�æ¥−¨¬ áâ®¨¬®áâì à�áá¬®âà¥−−ëå ¢�à¨�−â®¢ ¯®¯®«−¥−¨ï ª®¬¯«¥ªâ� ‡ˆ�
(¡¥§ ãç¥â� áâ®¨¬®áâ¨ ‡ˆ� ƒŠ‘�):

{ ¤«ï ¯¥à¢®£® ¢�à¨�−â� C› = SC›ÚÉÐ-Ï = 3 · 1471,15 = 4413,45 âëá. àã¡.

{ ¤«ï ¢â®à®£® ¢�à¨�−â� C›ÚÉÐ = C›ÚÉÐ-Ç + S · C›ÚÉÐ-Ï (1{7) = 1525 +
+ 3 · 757,15 = 3796,45 âëá. àã¡.

�®«ãç¨«¨, çâ® ¢ë¨£àëè ¢ áâ®¨¬®áâ¨ ¢â®à®£® ¢�à¨�−â� ª®¬¯«¥ªâ®¢�−¨ï ‡ˆ�
¯® áà�¢−¥−¨î á ¯¥à¢ë¬ á®áâ�¢¨â 617 âëá. àã¡.

8 Заключение

�á−®¢−�ï ®á®¡¥−−®áâì ª®¬¯«¥ªâ®¢�−¨ï ‡ˆ� �ˆ‘ ‡ˆ §�ª«îç�¥âáï ¢ −¥®¡-
å®¤¨¬®áâ¨ ¯à®¢¥¤¥−¨ï á¯¥æ¨�«ì−ëå ¯à®¢¥à®ª ¨ ¨áá«¥¤®¢�−¨© −� Š’‘, ¢ ª®â®àëå
¯à®¢®¤¨«¨áì à¥¬®−â−ë¥ à�¡®âë á §�¬¥−®© ®âª�§�¢è¥£® ®¡®àã¤®¢�−¨ï −� �−�«®-
£¨ç−®¥ ¨§ á®áâ�¢� ‡ˆ�. �à®¢¥¤¥−¨¥ á¯¥æ¨�«ì−ëå ¨áá«¥¤®¢�−¨© −� ¤¥©áâ¢ãîé¨å
®¡ê¥ªâ�å �ˆ‘ ‡ˆ á¢ï§�−® á ¡®«ìè¨¬¨ ¢à¥¬¥−−ë¬¨ §�âà�â�¬¨. �â® ¢ë−ã¦¤�¥â
à�§à�¡®âç¨ª®¢ �ˆ‘ ‡ˆ ¢ª«îç�âì ¢ á®áâ�¢ ‡ˆ� −¥ â®«ìª® ª®¬¯«¥ªâãîé¨¥ ¨§
á®áâ�¢� Š’‘ (á¨áâ¥¬−ë¥ ¯«�âë, ¢¨¤¥®ª�àâë, −�ª®¯¨â¥«¨ −� ¦¥áâª¨å ¬�£−¨â−ëå
¤¨áª�å, ¢áâà®¥−−ë¥ ¡«®ª¨ ¯¨â�−¨ï ¨ â. ¤.), −® ¨ á�¬¨ Š’‘ (á¥à¢¥àë, �÷Œ,
ª®¬¬ãâ�â®àë ¨ ¤à.).
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�. �. ‡�æ�à¨−−ë©, �. ˆ. ƒ�à�−¨−, ‘. ‚. Š®§«®¢, ‚. �. Š®−¤à�è¥¢

�à¨ à�áç¥â¥ ®¡ê¥¬®¢ ‡— ¢ ª®¬¯«¥ªâ�å ‡ˆ� −¥®¡å®¤¨¬® ãç¨âë¢�âì, çâ®
®á−�é¥−¨¥ ®¡ê¥ªâ®¢ �ˆ‘ ‡ˆ ª®¬¯«¥ªâ�¬¨ ‡ˆ� á¢ï§�−® á áãé¥áâ¢¥−−ë¬¨
¬�â¥à¨�«ì−ë¬¨ §�âà�â�¬¨, ¨−®£¤� á®¯®áâ�¢¨¬ë¬¨ ¯® áâ®¨¬®áâ¨ á® áâ®¨¬®áâìî
á�¬¨å ®¡ê¥ªâ®¢. ‡¤¥áì âà¥¡ã¥âáï ¢§¢¥è¥−−ë© á¨áâ¥¬−ë© ¯®¤å®¤, ¯®áª®«ìªã
§�¢ëè¥−−ë¥ âà¥¡®¢�−¨ï ª á®áâ�¢ã ‡ˆ� ¢¥¤ãâ ª −¥íää¥ªâ¨¢−ë¬ §�âà�â�¬, �
§�−¨¦¥−−ë¥ âà¥¡®¢�−¨ï ¯à¨¢®¤ïâ ª á−¨¦¥−¨î −�¤¥¦−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï
®¡ê¥ªâ� (ã¢¥«¨ç¥−¨î áà¥¤−¥£® ¢à¥¬¥−¨ ¢®ááâ�−®¢«¥−¨ï).

�á−®¢−ë¥ âàã¤−®áâ¨ ¯à¨ ¯à®¢¥¤¥−¨¨ à�áç¥â®¢ ª®¬¯«¥ªâ®¢ ‡ˆ� á®áâ®ïâ ¢
¯®¤£®â®¢ª¥ ¨áå®¤−ëå ¤�−−ëå ¯® ¯®ª�§�â¥«ï¬ −�¤¥¦−®áâ¨ (λÚ) ‡—, ¢å®¤ïé¨å ¢
á¨áâ¥¬ã ‡ˆ�.

�à¥¤«®¦¥−−ë© ¯®¤å®¤ ª ¢®¯à®áã à�áç¥â� §�¯�á®¢ ¢ ª®¬¯«¥ªâ�å ‡ˆ� �ˆ‘
‡ˆ ¯®§¢®«ï¥â ¯à®¢¥áâ¨ ¯¥à¢®−�ç�«ì−ë© ª®«¨ç¥áâ¢¥−−ë© à�áç¥â §�¯�á®¢ ¢ ª®¬-
¯«¥ªâ�å ‡ˆ� −� ®á−®¢¥ §�¤�−−ëå ¯®ª�§�â¥«¥© ¤®áâ�â®ç−®áâ¨, � â�ª¦¥ ¯à®¢¥áâ¨
à�æ¨®−�«ì−®¥ ¯¥à¥à�á¯à¥¤¥«¥−¨¥ ‡— ¬¥¦¤ã ‡ˆ�-� ¨ ‡ˆ�-ƒ á ãç¥â®¬ ¬¨−¨¬¨-
§�æ¨¨ áâ®¨¬®áâ¨ ª®¬¯«¥ªâ� ‡ˆ�.

Литература

1. ‡�æ�à¨−−ë© �. �., ƒ�à�−¨− �. ˆ., Š®§«®¢ ‘. ‚. �¥ª®â®àë¥ ¬¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë
ª ®æ¥−ª¥ −�¤¥¦−®áâ¨ í«¥¬¥−â®¢ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© //
‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨. | Œ.: ˆ�ˆ ÷��, 2011. ‚ë¯. 21. ü 2. ‘. 21{
33.

2. ƒ�‘’ 22851-77. ‚ë¡®à −®¬¥−ª«�âãàë ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ¯à®¬ëè«¥−−®© ¯à®-
¤ãªæ¨¨.

3. ƒ�‘’ 27.002-89. ��¤¥¦−®áâì ¢ â¥å−¨ª¥. �á−®¢−ë¥ ¯®−ïâ¨ï. ’¥à¬¨−ë ¨ ®¯à¥¤¥«¥-
−¨ï.

4. ƒ�‘’ ÷‚ 20.39.303-98. Š®¬¯«¥ªá−�ï á¨áâ¥¬� ®¡é¨å â¥å−¨ç¥áª¨å âà¥¡®¢�−¨©.
’à¥¡®¢�−¨ï ª −�¤¥¦−®áâ¨. ‘®áâ�¢ ¨ ¯®àï¤®ª §�¤�−¨ï.

5. �‘’ 4ƒ 0.012.242-84. �¯¯�à�âãà� à�¤¨®í«¥ªâà®−−�ï. Œ¥â®¤¨ª� à�áç¥â� ¯®ª�§�â¥-
«¥© −�¤¥¦−®áâ¨.

6. �¥«ï¥¢ ā. Š., �®£�âëà¥¢ ‚. �., �®«®â¨− ‚. ‚. ¨ ¤à. ��¤¥¦−®áâì â¥å−¨ç¥áª¨å
á¨áâ¥¬: ‘¯à�¢®ç−¨ª / �®¤ à¥¤. ¯à®ä. ˆ. �. “è�ª®¢�. | Œ.: ÷�¤¨® ¨ á¢ï§ì, 1985.

7. ��¤¥¦−®áâì í«¥ªâà®à�¤¨®¨§¤¥«¨©: ‘¯à�¢®ç−¨ª. | Œ.: Œ� ÷”, 2006.

8. ‘âà®£�−®¢ �., †�¤−®¢ ‚., �®«¥ááª¨© ‘. �¡§®à ¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢ ¯®
à�áç¥âã −�¤¥¦−®áâ¨ á«®¦−ëå â¥å−¨ç¥áª¨å á¨áâ¥¬ // Š®¬¯®−¥−âë ¨ â¥å−®«®£¨¨,
2007. ü 5. ‘. 173{176.

9. ‡�æ�à¨−−ë© �. �., ƒ�à�−¨− �. ˆ., ˆ®−¥−ª®¢ ā. ‘. Œ¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ®¡®á−®-
¢�−¨î âà¥¡®¢�−¨© ¯® −�¤¥¦−®áâ¨ ª á®áâ�¢−ë¬ ç�áâï¬ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã-
−¨ª�æ¨®−−ëå á¥â¥© // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨. | Œ.: ��ãª�, 2010.
‚ë¯. 20. ü 3. ‘. 156{173.

10. ƒ�‘’ ‚ 15.705-86 ‘÷�� ‚’. ‡�¯�á−ë¥ ç�áâ¨, ¨−áâàã¬¥−âë ¨ ¯à¨−�¤«¥¦−®áâ¨.
�á−®¢−ë¥ ¯®«®¦¥−¨ï.

130 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 23 −®¬¥à 1 2013



�á®¡¥−−®áâ¨ à�áç¥â� ª®¬¯«¥ªâ®¢ ‡ˆ� ¢ �ˆ‘ ‡ˆ

11. ÷„‚ 319.01.19-98. Š®¬¯«¥ªá−�ï á¨áâ¥¬� ®¡é¨å â¥å−¨ç¥áª¨å âà¥¡®¢�−¨©. �¯¯�à�-
âãà�, ¯à¨¡®àë, ãáâà®©áâ¢� ¨ ®¡®àã¤®¢�−¨¥ ¢®¥−−®£® −�§−�ç¥−¨ï. Œ¥â®¤¨ª¨ ®æ¥−ª¨
¨ à�áç¥â� §�¯�á®¢ ¢ ª®¬¯«¥ªâ�å ‡ˆ�.

12. 07.‘ˆ�–.00003-01. ‘¨áâ¥¬� à�áç¥â� ª®¬¯«¥ªâ®¢ §�¯�á−ëå ç�áâ¥©, ¨§¤¥«¨© ¨ ¯à¨-
−�¤«¥¦−®áâ¥©. �‘��ˆŠ�-Š-‡ˆ�. ‘¯¥æ¨ä¨ª�æ¨ï.

13. ƒ�‘’ ÷‚ 27.1.03-2005. ��¤¥¦−®áâì ¢®¥−−®© â¥å−¨ª¨. �æ¥−ª� ¨ à�áç¥â §�¯�á®¢ ¢
ª®¬¯«¥ªâ�å ‡ˆ�.

14. ƒ�‘’ ÷‚ 27.3.03-2005. ��¤¥¦−®áâì ¢®¥−−®© â¥å−¨ª¨. �æ¥−ª� ¨ à�áç¥â §�¯�á®¢ ¢
ª®¬¯«¥ªâ�å ‡ˆ�.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 23 −®¬¥à 1 2013 131



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2013. ’. 23. ü 1. ‘. 132{142

НЕКОТОРЫЕ КРИТЕРИИ ПРОВЕРКИ НАДЕЖНОСТИ
ПРОГРАММНОГО ОБЕСПЕЧЕНИЯ∗

В. Ю. Королев1

�−−®â�æ¨ï: �¯¨á�−ë −¥ª®â®àë¥ ªà¨â¥à¨¨ ¯à¥ªà�é¥−¨ï ¨á¯ëâ�−¨© ¯à®-
£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï −� −�¤¥¦−®áâì, ®¯â¨¬¨§¨àãîé¨¥ ª�ª ¢¥à®ïâ−®áâ¨
®è¨¡®ç−ëå à¥è¥−¨©, â�ª ¨ �¯®áâ¥à¨®à−ë¥ ¢¥à®ïâ−®áâ¨ ®è¨¡®ª.

Š«îç¥¢ë¥ á«®¢�: −�¤¥¦−®áâì ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï; ¬®¤¥«ì à®áâ� −�-
¤¥¦−®áâ¨; ¯à®¢¥àª� áâ�â¨áâ¨ç¥áª¨å £¨¯®â¥§; £¥®¬¥âà¨ç¥áª®¥ à�á¯à¥¤¥«¥−¨¥;
¢¥à®ïâ−®áâì ®è¨¡ª¨ ¯¥à¢®£® à®¤�; ¢¥à®ïâ−®áâì ®è¨¡ª¨ ¢â®à®£® à®¤�; «¥¬¬�
�¥©¬�−�{�¨àá®−�; �¯®áâ¥à¨®à−�ï ¢¥à®ïâ−®áâì ®è¨¡ª¨

1 Введение

‹î¡®© ¢¯¥à¢ë¥ á®§¤�−−ë© ¡®«¥¥ ¨«¨ ¬¥−¥¥ á«®¦−ë© �£à¥£�â, ¯à¥¤−�§−�ç¥−-
−ë© ¤«ï ¯¥à¥à�¡®âª¨ ¨«¨ ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢, −�¯à¨¬¥à −®¢�ï
¯à®£à�¬¬−�ï á¨áâ¥¬� ¤«ï ª®¬¯ìîâ¥à�, −®¢�ï ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−�ï
á¥âì ¨«¨ −®¢�ï �¤¬¨−¨áâà�â¨¢−®-¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�, ª�ª ¯à�¢¨«®, −¥
®¡«�¤�¥â âà¥¡ã¥¬®© −�¤¥¦−®áâìî. „«ï ¥¤¨−áâ¢� â¥à¬¨−®«®£¨¨ ¢¯à¥¤ì ¡ã¤¥â
£®¢®à¨âìáï ® á«®¦−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å. ’�ª¨¥ á¨áâ¥¬ë ¯®¤¢¥à£�îâáï
¨§¬¥−¥−¨ï¬ (¬®¤¨ä¨ª�æ¨ï¬) ¢ å®¤¥

1◦ à�§à�¡®âª¨;

2◦ ¨á¯ëâ�−¨© ¨ ®¯ëâ−®© íªá¯«ã�â�æ¨¨;

3◦ èâ�â−®£® äã−ªæ¨®−¨à®¢�−¨ï.

Œ®¤¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ −� íâ�¯¥ à�§à�¡®âª¨ ¨¬¥îâ á¢®¥©
æ¥«ìî ª�ª ãâ®ç−¥−¨¥ §�¤�ç, ¤«ï à¥è¥−¨ï ª®â®àëå ¯à¥¤−�§−�ç¥−� á¨áâ¥¬�, â�ª ¨
®¯â¨¬�«ì−ãî �¤�¯â�æ¨î á¨áâ¥¬ ª à¥è¥−¨î íâ¨å §�¤�ç.

Œ®¤¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ å®¤¥ ¨á¯ëâ�−¨© ¨ ®¯ëâ−®© íªá-
¯«ã�â�æ¨¨ ¨¬¥îâ á¢®¥© æ¥«ìî ®¡−�àã¦¥−¨¥ ¨ ãáâà�−¥−¨¥ ¨¬¥îé¨åáï ¤¥ä¥ªâ®¢,
¯à¥¯ïâáâ¢ãîé¨å ¯à�¢¨«ì−®¬ã äã−ªæ¨®−¨à®¢�−¨î.

∗÷�¡®â� ¯®¤¤¥à¦�−� ÷®áá¨©áª¨¬ ä®−¤®¬ äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© (¯à®¥ªâë 11-01-
00515�, 11-07-00112�, 12-07-00109-�).

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®¢�; ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
victoryukorolev@yandex.ru
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�¥ª®â®àë¥ ªà¨â¥à¨¨ ¯à®¢¥àª¨ −�¤¥¦−®áâ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï

Œ®¤¨ä¨ª�æ¨¨ á«®¦−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ å®¤¥ èâ�â−®£® äã−ª-
æ¨®−¨à®¢�−¨ï ª�ª à¥§ã«ìâ�â ãá®¢¥àè¥−áâ¢®¢�−¨ï ¨å ®â¤¥«ì−ëå ¯®¤á¨áâ¥¬ ¨«¨
¡«®ª®¢, −�¯à¨¬¥à §�¬¥−ë ®â¤¥«ì−ëå ¬®à�«ì−® ãáâ�à¥¢è¨å ã§«®¢ ¡®«¥¥ á®¢à¥-
¬¥−−ë¬¨, ¨¬¥îâ á¢®¥© æ¥«ìî ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï
á¨áâ¥¬.

–¥«ìî â�ª¨å ¬®¤¨ä¨ª�æ¨© ï¢«ï¥âáï ã¢¥«¨ç¥−¨¥ −�¤¥¦−®áâ¨ ¨−ä®à¬�æ¨®−-
−ëå á¨áâ¥¬. ‚ á¢ï§¨ á íâ¨¬ ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ä®à¬�«¨§�æ¨¨ ¯®−ïâ¨ï
−�¤¥¦−®áâ¨ ¬®¤¨ä¨æ¨àã¥¬ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¨ à�§à�¡®âª¨ ¬¥â®¤®¢ ¨
�«£®à¨â¬®¢ ®æ¥−¨¢�−¨ï ¨ ¯à®£−®§¨à®¢�−¨ï à�§«¨ç−ëå −�¤¥¦−®áâ−ëå å�à�ªâ¥-
à¨áâ¨ª.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ −�áãé−ëå ¢®¯à®á®¢, âà¥¡ãîé¨å à�§ã¬−®£® ®â¢¥â�,
¯à¨¢¥¤¥¬, −�¯à¨¬¥à, â�ª¨¥: ª�ª®¢� −�¤¥¦−®áâì á¨áâ¥¬ë −� ª®−ªà¥â−®¬ íâ�¯¥ ¥¥
®â«�¤ª¨, ª�ª ¤®«£® −�¤® ¨á¯ëâë¢�âì ¨ ¬®¤¨ä¨æ¨à®¢�âì á¨áâ¥¬ã ¤«ï ¤®áâ¨¦¥−¨ï
âà¥¡ã¥¬®© −�¤¥¦−®áâ¨?

÷�áá¬�âà¨¢�¥¬ë© ªàã£ ¢®¯à®á®¢ ¨¬¥¥â ¤¢¥ ®â«¨ç¨â¥«ì−ë¥ ®á®¡¥−−®áâ¨.

1. ˆ§-§� ®£à®¬−®© á«®¦−®áâ¨ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¯à�ªâ¨-
ç¥áª¨ −¥¢®§¬®¦−® à¥�«¨§®¢�âì ¤¥â¥à¬¨−¨à®¢�−−ë© ¯®¤å®¤ ª â¥áâ¨à®¢�−¨î
á¨áâ¥¬ë −� ¢á¥å ¢®§¬®¦−ëå ¢�à¨�−â�å ¥¥ äã−ªæ¨®−¨à®¢�−¨ï. ��¯à¨¬¥à,
¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ áâ®«ì á«®¦−®© á¨áâ¥¬ë, ª�ª ª®á¬¨ç¥áª¨© ª®à�¡«ì
¬−®£®à�§®¢®£® ¨á¯®«ì§®¢�−¨ï (sàace shuttle ¨«¨ ú�ãà�−û), ¢ ¯à¨−æ¨¯¥ ¬®¦-
−® ¯à®¢¥à¨âì ¯®®¯¥à�â®à−®. �¤−�ª® â�ª�ï à�¡®â� §�−ï«� ¡ë 15{20 «¥â ¨
§�¢¥àè¨«�áì ¡ë â®£¤�, ª®£¤� á�¬� à�§à�¡�âë¢�¥¬�ï ¨−ä®à¬�æ¨®−−�ï á¨áâ¥-
¬� ¡¥§−�¤¥¦−® ãáâ�à¥«�. �®íâ®¬ã, ¯®-¢¨¤¨¬®¬ã, ¥¤¨−áâ¢¥−−ë¬ ¢®§¬®¦−ë¬
¯®¤å®¤®¬ ª ¨áá«¥¤®¢�−¨î â�ª¨å §�¤�ç ï¢«ï¥âáï ¢¥à®ïâ−®áâ−®-áâ�â¨áâ¨ç¥áª¨©.

2. �®á«¥ ª�¦¤®© ¬®¤¨ä¨ª�æ¨¨ á¢®©áâ¢� ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë ¨§¬¥−ïîâáï,
¨ ¯®â®¬ã ¤�−−ë¥, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ¢¥à®ïâ−®áâ−®-áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¥¥
−�¤¥¦−®áâ¨, −�¯à¨¬¥à ¤«¨−ë ¨−â¥à¢�«®¢ ¢à¥¬¥−¨ ¬¥¦¤ã ®âª�§�¬¨ á¨áâ¥¬ë
(¨«¨ ¬¥¦¤ã ¬®¤¨ä¨ª�æ¨ï¬¨), ¢®®¡é¥ £®¢®àï, −¥ ¬®£ãâ ¨−â¥à¯à¥â¨à®¢�âìáï
ª�ª ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë, ¨«¨, ¤àã£¨¬¨ á«®¢�¬¨,
−¥ ®¡à�§ãîâ ®¤−®à®¤−ë¥ ¢ë¡®àª¨, âà�¤¨æ¨®−−® ¨§ãç�¥¬ë¥ ¢ ª«�áá¨ç¥áª®©
â¥®à¨¨ −�¤¥¦−®áâ¨. �â® ®¡áâ®ïâ¥«ìáâ¢® ¤�¦¥ ¯®¡ã¤¨«® −¥ª®â®àëå �¢â®à¨â¥â-
−ëå á¯¥æ¨�«¨áâ®¢ ¢ ®¡«�áâ¨ â¥®à¨¨ −�¤¥¦−®áâ¨ á¤¥«�âì ®¯à®¬¥âç¨¢ë© ¢ë¢®¤
® â®¬, çâ® ¬¥â®¤ë â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¨ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ −¥«ì§ï
¯à¨¬¥−ïâì ª �−�«¨§ã à®áâ� −�¤¥¦−®áâ¨ ¬®¤¨ä¨æ¨àã¥¬ëå á¨áâ¥¬, â. ¥. á ¨å
¯®¬®éìî −¥«ì§ï ¯®«ãç¨âì �¤¥ª¢�â−ë¥ ®â¢¥âë −� ¯à¨¢¥¤¥−−ë¥ ¢ëè¥ ¢®¯à®áë
(á¬., −�¯à¨¬¥à, [1]).

�¤−�ª®, ª�ª ¡ë«® ¯®ª�§�−®, −�¯à¨¬¥à, ¢ ª−¨£¥ [2], íâ® ¬−¥−¨¥ ï¢«ï¥âáï
à¥§ã«ìâ�â®¬ −¥ª®â®à®£® §�¡«ã¦¤¥−¨ï ¨«¨ áâ¥à¥®â¨¯�. ˆ¬¥−−® ¬¥â®¤ë â¥®-
à¨¨ ¢¥à®ïâ−®áâ¥© ¨ ¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ¯®§¢®«ïîâ −�©â¨ ¯à¨¥¬«¥¬®¥
à¥è¥−¨¥ à�áá¬�âà¨¢�¥¬ëå §�¤�ç.
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‚ ¯à¨−æ¨¯¥, ¬®¦−® ¡ë«® ¡ë £®¢®à¨âì ®¡ �−�«¨§¥ −�¤¥¦−®áâ¨ «î¡ëå ¬®¤¨ä¨-
æ¨àã¥¬ëå á«®¦−ëå á¨áâ¥¬. �¤−�ª® ¢ à�¬ª�å ¤�−−®© áâ�âì¨ ®á−®¢−®¥ ¢−¨¬�−¨¥
ã¤¥«¥−® ¨áá«¥¤®¢�−¨î −�¤¥¦−®áâ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¯®áª®«ìªã:

{ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ï¢«ï¥âáï −¥®âê¥¬«¥¬®© ¨ äã−ª-
æ¨®−�«ì−® −¥®¡å®¤¨¬®© ç�áâìî ¢á¥å á®¢à¥¬¥−−ëå â¥å−¨ç¥áª¨å ¨ �¤¬¨−¨áâà�-
â¨¢−®-â¥å−¨ç¥áª¨å á¨áâ¥¬ (âà�−á¯®àâ−ëå, í−¥à£¥â¨ç¥áª¨å, ¯à®¬ëè«¥−−ëå,
¢®¥−−ëå, ¡�−ª®¢áª¨å ¨ â. ¤.), ¢ á®áâ�¢ ¢ëç¨á«¨â¥«ì−ëå áà¥¤áâ¢ ª®â®àëå ®−®
¢å®¤¨â. �â ª�ç¥áâ¢� íâ®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï áãé¥áâ¢¥−−ë¬ ®¡à�§®¬
§�¢¨á¨â íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢�−¨ï ãª�§�−−ëå á¨áâ¥¬ ¨ ¡¥§®¯�á-
−®áâì ª�ª ¯¥àá®−�«�, ®¡á«ã¦¨¢�îé¥£® á¨áâ¥¬ã, â�ª ¨ ®áâ�«ì−®£® −�á¥«¥−¨ï,
¯®áª®«ìªã ¤¥ä¥ªâë ¢ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨ ¬®£ãâ ¯à¨¢®¤¨âì (¨, ª á®¦�-
«¥−¨î, ¨−®£¤� ¯à¨¢®¤ïâ) ª ¯®«−®¬ã ¢ëå®¤ã ¨§ áâà®ï áãé¥áâ¢ãîé¨å á¨áâ¥¬,
�¢�à¨ï¬, ª�â�áâà®ä�¬, çà¥¢�âë¬ §−�ç¨â¥«ì−ë¬¨ íª®−®¬¨ç¥áª¨¬¨ ¯®â¥àï¬¨,
ç¥«®¢¥ç¥áª¨¬¨ ¦¥àâ¢�¬¨ ¨ á−¨¦¥−¨¥¬ ãà®¢−ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.
Š á®¦�«¥−¨î, −¥¬�«® ¯à¨¬¥à®¢ â�ª®£® à®¤� ¯®â¥àì §� ¯®á«¥¤−¥¥ ¢à¥¬ï ¤�«�
à®áá¨©áª�ï ª®á¬®−�¢â¨ª�: ¢á¯®¬−¨¬ −¥ã¤�ç−ë¥ ¬¨áá¨¨ áâ�−æ¨© ú”®¡®á-1û,
ú”®¡®á-2û, ú”®¡®á-£àã−âû, ®âª�§ë ª®â®àëå ¡ë«¨ ¢ë§¢�−ë ®è¨¡ª�¬¨ ¢
¯à®£à�¬¬�å;

{ ¯à®£à�¬¬−ë¥ á¨áâ¥¬ë ¨¬¥îâ ®¤−® á¢®©áâ¢®, ¤¥«�îé¥¥ ¨å ®ç¥−ì ã¤®¡−ë¬
ú¯®«¨£®−®¬û, −� ª®â®à®¬ ¬®¦−® ®âà�¡�âë¢�âì ¬�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë �−�-
«¨§� à®áâ� −�¤¥¦−®áâ¨ ¬®¤¨ä¨æ¨àã¥¬ëå á¨áâ¥¬, � ¨¬¥−−® ®âáãâáâ¢¨¥
ä¨§¨ç¥áª®£® áâ�à¥−¨ï. „¥©áâ¢¨â¥«ì−®, ¥á«¨ ¯à¥−¥¡à¥çì ä¨§¨ç¥áª¨¬ áâ�à¥-
−¨¥¬ −®á¨â¥«¥© ¨−ä®à¬�æ¨¨, â® ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ −¥ ¨§¬¥−ï¥âáï ¢®
¢à¥¬¥−¨, ¥á«¨ ®−® −¥ ¯®¤¢¥à£�¥âáï ¬®¤¨ä¨ª�æ¨¨.

�¥à¢ë¥ à�¡®âë, ®¯¨áë¢�îé¨¥ ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ à®áâ� −�¤¥¦−®áâ¨
¬®¤¨ä¨æ¨àã¥¬ëå á¨áâ¥¬, ¯®ï¢¨«¨áì ¢ á¥à¥¤¨−¥ 1950-å ££., ¨ á¥©ç�á ¨å ç¨á«®
®£à®¬−®. ‡�¨−â¥à¥á®¢�−−ë© ç¨â�â¥«ì ¬®¦¥â −�©â¨ ¤®¢®«ì−® ¯®«−ë© ¨áâ®à¨ª®-
¬¥â®¤¨ç¥áª¨© ®¡§®à ¢ ª−¨£¥ [2]. „�−−�ï áâ�âìï ¤®¯®«−ï¥â −¥ª®â®àë¥ à�§¤¥«ë
ãª�§�−−®© ª−¨£¨.

2 Терминология и основные определения

�®−ïâ¨¥ −�¤¥¦−®áâ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¢®§−¨ª«® ¯® �−�«®£¨¨ á ¯®-
−ïâ¨¥¬ −�¤¥¦−®áâ¨ �¯¯�à�âãàë ¨«¨ â¥å−¨ç¥áª¨å ¨§¤¥«¨©. �−�«®£¨ï ®¡ãá«®¢«¥−�
â¥¬, çâ® ¨ �¯¯�à�âãà¥, ¨ ¯à®£à�¬¬�¬ á¢®©áâ¢¥−−ë ®âª�§ë. �¤−�ª®, å®âï ¢−¥è−¨¥
¯à®ï¢«¥−¨ï ®âª�§®¢ ¯à®£à�¬¬ ¨ �¯¯�à�âãàë áå®¦¨, ¯à¨ç¨−ë ¨å ¯à¨−æ¨¯¨�«ì−®
à�§«¨ç−ë. ��¤¥¦−®áâì �¯¯�à�âãàë ®¯à¥¤¥«ï¥âáï ¢® ¬−®£®¬ ¥¥ ä¨§¨ç¥áª¨¬¨
á¢®©áâ¢�¬¨, áâ�à¥−¨¥¬, ¢®§¬®¦−®áâìî ¢®§−¨ª−®¢¥−¨ï ¯®«®¬®ª, ¢ â® ¢à¥¬ï ª�ª
−�¤¥¦−®áâì ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ®¯à¥¤¥«ï¥âáï ¢ ¯¥à¢ãî ®ç¥à¥¤ì ª®−áâàãª-
â¨¢−ë¬¨ ¤¥ä¥ªâ�¬¨. „® ¯à®ï¢«¥−¨ï ¤¥ä¥ªâ� ¨ ¯®á«¥ −¥£® ¯à®£à�¬¬�, ª�ª
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¯à�¢¨«®, ®¤¨−�ª®¢� (¥á«¨ ¤¥ä¥ªâ −¥ á¢ï§�− á á�¬®ã−¨çâ®¦¥−¨¥¬ ¨«¨ á�¬®¨§¬¥-
−¥−¨¥¬ ¯à®£à�¬¬ë).

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¥¤¨−®£® ¬−¥−¨ï ® â®¬, çâ® â�ª®¥ −�¤¥¦−®áâì ¯à®£à�¬-
¬−®£® ®¡¥á¯¥ç¥−¨ï, ¯®ª� −¥â. �−�«¨§ ¢®§¬®¦−ëå ¯®¤å®¤®¢ ª â�ª®¬ã ®¯à¥¤¥«¥−¨î
¯à¨¢¥¤¥− ¢ ª−¨£¥ [3]. ’¥¬ −¥ ¬¥−¥¥ ¡®«ìè¨−áâ¢® �¢â®à®¢ áª«®−ï¥âáï ª â®¬ã, çâ® ¯®¤
−�¤¥¦−®áâìî ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï á«¥¤ã¥â ¯®−¨¬�âì ª®¬¯«¥ªá−®¥ á¢®©áâ¢®
¯à�¢¨«ì−® ¨ á¢®¥¢à¥¬¥−−® ¢ë¯®«−ïâì âà¥¡ã¥¬ë¥ äã−ªæ¨¨ ¢ ¯à®æ¥áá¥ ¢§�¨¬®-
¤¥©áâ¢¨ï á ®¯¥à�æ¨®−−®© áà¥¤®©. ’�ª ®¯à¥¤¥«ï¥¬ãî −�¤¥¦−®áâì ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï ¡ã¤¥¬ −�§ë¢�âì −�¤¥¦−®áâìî ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¢ ã§ª®¬
á¬ëá«¥.

‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬ ®¯à¥¤¥«¥−¨¥¬ ®âª�§ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ®¡ãá«®-
¢«¥− −¥á®®â¢¥âáâ¢¨¥¬ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï âà¥¡ã¥¬ë¬ §�¤�ç�¬. �¥á®®â¢¥â-
áâ¢¨¥ ¬®¦¥â ¢®§−¨ª−ãâì ¯® ¤¢ã¬ ¯à¨ç¨−�¬: ¢®-¯¥à¢ëå, ¢á«¥¤áâ¢¨¥ ª®−áâàãªâ¨¢-
−ëå ¤¥ä¥ªâ®¢ ¯à®£à�¬¬� ¬®¦¥â −¥ á®®â¢¥âáâ¢®¢�âì á¯¥æ¨ä¨ª�æ¨¨ ¨, ¢®-¢â®àëå,
á�¬� á¯¥æ¨ä¨ª�æ¨ï ¬®¦¥â ¡ëâì −¥¯®«−®© ¨«¨ −¥â®ç−®©. ‘®®â¢¥âáâ¢¨¥ ¯à®£à�¬-
¬−®£® ®¡¥á¯¥ç¥−¨ï á¯¥æ¨ä¨ª�æ¨¨ ¯à¨−ïâ® −�§ë¢�âì ª®àà¥ªâ−®áâìî. �®áª®«ìªã
¢ á¨«ã −¥¯®«−®âë á¯¥æ¨ä¨ª�æ¨¨ ª®àà¥ªâ−�ï ¯à®£à�¬¬� ¬®¦¥â −¥ ¡ëâì −�¤¥¦−®©
¢ ã§ª®¬ á¬ëá«¥, ª®àà¥ªâ−®áâì ¡ã¤¥â ¯®−¨¬�âìáï ª�ª −�¤¥¦−®áâì ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï ¢ è¨à®ª®¬ á¬ëá«¥.

÷�áá¬®âà¨¬ ä®à¬�«¨§�æ¨î ¯à®æ¥áá� ¢−¥á¥−¨ï ¬®¤¨ä¨ª�æ¨© ¢ ¯à®£à�¬¬ã ¯®
å®¤ã ¥¥ ®â«�¤ª¨ ¨ â¥áâ¨à®¢�−¨ï. ‘ä®à¬ã«¨àã¥¬ −¥áª®«ìª® ®á−®¢−ëå ¯à¥¤¯®-
«®¦¥−¨© (�ªá¨®¬). ‘ ®¤−®© áâ®à®−ë, íâ¨ ¯à¥¤¯®«®¦¥−¨ï ¯®§¢®«ïîâ ª®àà¥ªâ−®
®¯¨á�âì á�¬ ®¡ê¥ªâ ¤�«ì−¥©è¥£® ¬�â¥¬�â¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï. ‘ ¤àã£®© áâ®-
à®−ë, �¤¥ª¢�â−®áâì íâ¨å ¤®¢®«ì−® ®¡é¨å ¯à¥¤¯®«®¦¥−¨© «¥£ª® ãáâ�−®¢¨âì ¢
ª�¦¤®© ª®−ªà¥â−®© á¨âã�æ¨¨. ‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬¨ ¯à¥¤¯®«®¦¥−¨ï¬¨ ®á−®¢-
−ë¬ ®¡ê¥ªâ®¬ ¨áá«¥¤®¢�−¨ï ¤®«¦−� ¡ëâì −¥ á�¬� á¨áâ¥¬� (¯à®£à�¬¬�), � ®¡«�áâì
¢á¥å ¥¥ ¢å®¤−ëå §−�ç¥−¨©, ª®â®à�ï ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥ ®¡ê¥¤¨−¥−¨ï ¤¢ãå
−¥¯¥à¥á¥ª�îé¨åáï ¯®¤¬−®¦¥áâ¢. �¤−® ¨§ −¨å, −¨¦¥ −�§ë¢�¥¬®¥ ¤¥ä¥ªâ−ë¬,
å�à�ªâ¥à¨§ã¥âáï á«¥¤ãîé¨¬ á¢®©áâ¢®¬: «î¡®© ¥£® í«¥¬¥−â, ¡ã¤ãç¨ ¯®¤�−−ë¬
−� ¢å®¤ ¯à®£à�¬¬ë, ¢«¥ç¥â −¥¯à�¢¨«ì−®¥ ¥¥ äã−ªæ¨®−¨à®¢�−¨¥ (®âª�§), ¢ â®
¢à¥¬ï ª�ª −� í«¥¬¥−âë ¢â®à®£® ¯®¤¬−®¦¥áâ¢� ¯à®£à�¬¬� à¥�£¨àã¥â ¯à�¢¨«ì−®.
�â® ¯à¥¤áâ�¢«¥−¨¥ ¥áâ¥áâ¢¥−−® ¯à¨¢®¤¨â ª ¡�©¥á®¢áª¨¬ ¬®¤¥«ï¬ [2]. �à¨ â�ª®¬
¯®¤å®¤¥ áâàãªâãà� á¨áâ¥¬ë áâ�−®¢¨âáï ¯à�ªâ¨ç¥áª¨ −¥áãé¥áâ¢¥−−®©. �â® ®¡áâ®-
ïâ¥«ìáâ¢® ®á®¡¥−−® ¢�¦−® ¯à¨ ¢¥à®ïâ−®áâ−®-áâ�â¨áâ¨ç¥áª®¬ �−�«¨§¥ −�¤¥¦−®áâ¨
á«®¦−ëå á¨áâ¥¬.

�ãáâì X | ¬−®¦¥áâ¢® ¢å®¤−ëå §−�ç¥−¨© á¨áâ¥¬ë, Y | ¬−®¦¥áâ¢® ¥¥
¢ëå®¤−ëå §−�ç¥−¨©. ’�ª¨¬ ®¡à�§®¬, á¨áâ¥¬� ¯®−¨¬�¥âáï ª�ª ¯à¥®¡à�§®¢�−¨¥
f : X → Y. �ãáâì C | −¥ª®â®à�ï á¨áâ¥¬� ¯®¤¬−®¦¥áâ¢ ¬−®¦¥áâ¢� Y.

�à¥¤¯®«®¦¥−¨¥ 1. ‡�¤�−� íâ�«®−−�ï äã−ªæ¨ï íâ�«®−−�ï äã−ªæ¨ï I : X →
→ C, á ¯®¬®éìî ª®â®à®© ¬®¦−® ®¯à¥¤¥«¨âì, −� ª�ª®¥ ¢å®¤−®¥ §−�ç¥−¨¥ á¨áâ¥¬�
à¥�£¨àã¥â ¯à�¢¨«ì−®, � −� ª�ª®¥ | −¥â. …á«¨ f(x) ∈ I(x), â® −� ¢å®¤ x
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á¨áâ¥¬� à¥�£¨àã¥â ¯à�¢¨«ì−®; ¥á«¨ ¦¥ f(x) /∈ I(x), â® à¥�ªæ¨ï á¨áâ¥¬ë −� ¢å®¤ x
−¥¯à�¢¨«ì−�.

‚ ¯®á«¥¤−¥¬ á«ãç�¥ ¡ã¤¥¬ £®¢®à¨âì, çâ® ¯à®¨§®è¥« ®âª�§. ”ã−ªæ¨ï I(x)
®¯à¥¤¥«ï¥âáï á¯¥æ¨ä¨ª�æ¨¥©. …á«¨ íâ� äã−ªæ¨ï ®¯à¥¤¥«¥−� ¤«ï ¢á¥å x ∈ X (¢
á®®â¢¥âáâ¢¨¨ á ¯à¥¤¯®«®¦¥−¨¥¬ 1), â® á¯¥æ¨ä¨ª�æ¨ï ¯®«−�. ‚ ¯à®â¨¢−®¬ á«ãç�¥
á¯¥æ¨ä¨ª�æ¨ï −¥¯®«−�. �¥®¡å®¤¨¬® §�¬¥â¨âì, çâ® §−�ç¥−¨¥¬ íâ�«®−−®© äã−ª-
æ¨¨ I(x), ¢®®¡é¥ £®¢®àï, ï¢«ï¥âáï −¥ í«¥¬¥−â ¬−®¦¥áâ¢� Y, −® ¯®¤¬−®¦¥áâ¢®
¬−®¦¥áâ¢� Y. �â® ®¡ãá«®¢«¥−® â¥¬, çâ® ¢ −¥ª®â®àëå á«ãç�ïå ú¯à�¢¨«ì−®áâìû
äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ®¯à¥¤¥«ï¥âáï ¢ §�¢¨á¨¬®áâ¨ ®â â®£®, «¥¦¨â «¨ ¢ë-
å®¤−®¥ §−�ç¥−¨¥, á®®â¢¥âáâ¢ãîé¥¥ ¢å®¤ã x, ¢ §�¤�−−ëå ¯à¥¤¥«�å. �¥á¬®âàï
−� ª�¦ãéãîáï ®ç¥¢¨¤−®áâì, ¯à¥¤¯®«®¦¥−¨¥ 1, ®§−�ç�îé¥¥ ¯®«−®âã á¯¥æ¨ä¨-
ª�æ¨¨, ®â−î¤ì −¥ âà¨¢¨�«ì−®. „¥©áâ¢¨â¥«ì−®, −� ¯à�ªâ¨ª¥ ¤�«¥ª® −¥ ¢® ¢á¥å
á«ãç�ïå ã¤�¥âáï áà�§ã ¯®−ïâì, ¯à�¢¨«ì−® ¨«¨ −¥¯à�¢¨«ì−® ®âª«¨ª−ã«�áì á¨áâ¥¬�
(¯à®£à�¬¬�) −� ®ç¥à¥¤−ãî ª®¬¡¨−�æ¨î ¢å®¤−ëå ¯�à�¬¥âà®¢. �à¥¤¯®«®¦¥−¨¥ 1,
ã¯à®é�îé¥¥ ¤�«ì−¥©è¨¥ ¬�â¥¬�â¨ç¥áª¨¥ ¯®áâà®¥−¨ï, ®§−�ç�¥â, çâ® ¢á¥£¤� ¨§-
¢¥áâ−®, ¯à�¢¨«ì−® ¨«¨ −¥¯à�¢¨«ì−® à�¡®â�¥â á¨áâ¥¬�.

„«ï ¤�«ì−¥©è¨å ¯®áâà®¥−¨© ª®−ªà¥â¨§�æ¨ï áâàãªâãàë ¬−®¦¥áâ¢�X −¥ áãé¥-
áâ¢¥−−�. �®«¥¥ â®£®, ¯®¯ëâª¨ ¤¥â�«¨§¨à®¢�âì ¥¥ ¬®£ãâ ¯à¨¢¥áâ¨ ª áãé¥áâ¢¥−−ë¬
âàã¤−®áâï¬. ��¯à¨¬¥à, ¢ á¨«ã â®£® çâ® ¨−ä®à¬�æ¨ï ¯à¥¤áâ�¢«ï¥âáï ¢ ª®¬¯ìî-
â¥à¥ ¢ ¤¨áªà¥â−®© ä®à¬¥, ¯à¨ �−�«¨§¥ −�¤¥¦−®áâ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
¬−®¦¥áâ¢® X ¬®¦−® áç¨â�âì ª®−¥ç−ë¬. �¤−�ª® ¤«ï −¥ª®â®àëå á«®¦−ëå ¯à®-
£à�¬¬, ¯® ®æ¥−ª�¬, ¯à¨¢¥¤¥−−ë¬ ¢ à�¡®â¥ [4], ç¨á«® ¥£® í«¥¬¥−â®¢ ¯à¨¡«¨¦�¥âáï
ª 10100, çâ® ¤¥«�¥â −¥¯à¨¥¬«¥¬ë¬ ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤®¢, âà�¤¨æ¨®−−ëå ¤«ï
�−�«¨§� ª®−¥ç−ëå ¬−®¦¥áâ¢ (¤«ï áà�¢−¥−¨ï á«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ¢¨¤¨¬®© ç�á-
â¨ ‚á¥«¥−−®© ç¨á«® �â®¬®¢ −�¨¡®«¥¥ à�á¯à®áâà�−¥−−®£® í«¥¬¥−â� | ¢®¤®à®¤� |
¯à¨¡«¨§¨â¥«ì−® à�¢−® 1048 [5]).

‚á¥ −¥®¡å®¤¨¬ë¥ ¯à¥¤áâ�¢«¥−¨ï ® áâàãªâãà¥ ¬−®¦¥áâ¢� X á¢®¤ïâáï ª á«¥¤ã-
îé¥¬ã.

�à¥¤¯®«®¦¥−¨¥ 2. Œ−®¦¥áâ¢® X ï¢«ï¥âáï ¬¥âà¨ç¥áª¨¬ ¯à®áâà�−áâ¢®¬.

�â® ¯à¥¤¯®«®¦¥−¨¥ ¯®§¢®«ï¥â ä®à¬�«ì−® ®¯à¥¤¥«¨âì ¡®à¥«¥¢áªãî σ-�«£¥¡-
àã B ¯®¤¬−®¦¥áâ¢ ¬−®¦¥áâ¢� X ª�ª ¬¨−¨¬�«ì−ãî σ-�«£¥¡àã, á®¤¥à¦�éãî ¢á¥
®âªàëâë¥ ¯®¤¬−®¦¥áâ¢� ¢ á¬ëá«¥ ¬¥âà¨ª¨, ®¯à¥¤¥«¥−−®© −� X , ¨ à�áá¬�âà¨¢�âì
¤�«¥¥ ¨§¬¥à¨¬®¥ ¯à®áâà�−áâ¢® (X , B).

�à¥¤¯®«®¦¥−¨¥ 3. ‡�¤�−® ¡�§®¢®¥ ¢¥à®ïâ−®áâ−®¥ ¯à®áâà�−áâ¢® (Ÿ, A, P).

�¯à¥¤¥«¥−¨¥ 1. ˆ§¬¥à¨¬®¥ ®â®¡à�¦¥−¨¥ X : Ÿ −→ X −�§®¢¥¬ â¥áâ®¬.

„àã£¨¬¨ á«®¢�¬¨, â¥áâ | íâ® á«ãç�©−ë© í«¥¬¥−â X = X(ω) á® §−�ç¥−¨ï¬¨
¢ A. �à¨ íâ®¬ ¥£® ¨§¬¥à¨¬®áâì ®§−�ç�¥â, çâ® {ω : X(ω) ∈ B} ∈ A ¤«ï «î¡®£®
¬−®¦¥áâ¢� B ∈ B.
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�¯à¥¤¥«¥−¨¥ 1 ¯®§¢®«ï¥â §�¤�âì −� ¡®à¥«¥¢áª®© σ-�«£¥¡à¥ B ¢¥à®ïâ−®áâ−ãî
¬¥àã PX : PX(B) = P ({ω : X(ω) ∈ B}) ¤«ï «î¡®£® B ∈ B. �âã ¬¥àã PX

¡ã¤¥¬ −�§ë¢�âì à�á¯à¥¤¥«¥−¨¥¬ ¢å®¤−ëå §−�ç¥−¨©. „àã£¨¬¨ á«®¢�¬¨, ¬−®¦¥áâ¢®
¢å®¤−ëå §−�ç¥−¨© á¨áâ¥¬ë áç¨â�¥âáï ¢¥à®ïâ−®áâ−ë¬ ¯à®áâà�−áâ¢®¬ (X , B, PX).
�à¨ íâ®¬ ¢¥à®ïâ−®áâ−�ï ¬¥à� PX ä®à¬�«¨§ã¥â �¯à¨®à−ë¥ ¯à¥¤áâ�¢«¥−¨ï ® â®¬,
−�áª®«ìª® ç�áâ® â¥ ¨«¨ ¨−ë¥ í«¥¬¥−âë ¬−®¦¥áâ¢� B ¡ã¤ãâ ¯®¤�¢�âìáï −� ¢å®¤
à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬ë ¢ à¥�«ì−®© ¯à�ªâ¨ª¥.

÷�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì X -§−�ç−ëå á«ãç�©−ëå í«¥¬¥−â®¢ (â¥áâ®¢)
{Xj}j>1, ª®â®àãî ¡ã¤¥¬ ¨−â¥à¯à¥â¨à®¢�âì ª�ª ¯®á«¥¤®¢�â¥«ì−®áâì ¢å®¤−ëå
§−�ç¥−¨©, ¨á¯®«ì§ã¥¬ëå ¯à¨ â¥áâ¨à®¢�−¨¨ á¨áâ¥¬ë.

�à¨ ¨§ãç¥−¨¨ ¨§¬¥−¥−¨ï −�¤¥¦−®áâ−ëå å�à�ªâ¥à¨áâ¨ª á¨áâ¥¬ë ¢ å®¤¥ ¥¥
â¥áâ¨à®¢�−¨ï, ¢ ®â«¨ç¨¥ ®â ª«�áá¨ç¥áª®© â¥®à¨¨ −�¤¥¦−®áâ¨, ®¯à¥¤¥«ïîé¨¬
®ª�§ë¢�¥âáï ¯à®æ¥áá ¢−¥á¥−¨ï ¨§¬¥−¥−¨© ¢ á¨áâ¥¬ã, � −¥ ¯à®æ¥áá ¥¥ ®âª�§®¢
(íâ¨ ¤¢� ¯à®æ¥áá�, ª®−¥ç−® ¦¥, â¥á−® á¢ï§�−ë ¤àã£ á ¤àã£®¬, −® −¥ ¢§�¨¬−®
®¤−®§−�ç−ë¬ ®¡à�§®¬: ¨§¬¥−¥−¨ï, ¢«¨ïîé¨¥ −� −�¤¥¦−®áâì á¨áâ¥¬ë, ¬®£ãâ
¢−®á¨âìáï ª�ª ¯®á«¥ ®âª�§®¢, â�ª ¨ ¯®á«¥ ãá¯¥è−ëå â¥áâ®¢).

�ãáâì {Mi}i>0 | ¯®á«¥¤®¢�â¥«ì−®áâì −®¬¥à®¢ â¥áâ®¢, ¯®á«¥ ª®â®àëå ¢
á¨áâ¥¬ã ¢−®áïâáï ¨§¬¥−¥−¨ï. ‚ áãé¥áâ¢ãîé¥© «¨â¥à�âãà¥ −¥â ®¤−®§−�ç−®£®
¬−¥−¨ï ® â®¬, çâ® â�ª®¥ ¬®¤¥«ì à®áâ� −�¤¥¦−®áâ¨. �¡ëç−® â�ª®© â¥à¬¨−
¨á¯®«ì§ã¥âáï ¤«ï ®¡®§−�ç¥−¨ï ¬¥â®¤� ¢ëç¨á«¥−¨ï â¥å ¨«¨ ¨−ëå ¯®ª�§�â¥«¥©,
å�à�ªâ¥à¨§ãîé¨å −�¤¥¦−®áâì, ª®â®àë¥ ®¯à¥¤¥«¥−−ë¬ ®¡à�§®¬ ¨§¬¥−ïîâáï ¢®
¢à¥¬¥−¨, ®¡¥á¯¥ç¨¢�ï ¢®§à�áâ�−¨¥ −�¤¥¦−®áâ¨. ‚ ç�áâ−®áâ¨, ¢ [2] ¯à¥¤«®¦¥−®
á«¥¤ãîé¥¥ ®¯à¥¤¥«¥−¨¥.

�¯à¥¤¥«¥−¨¥ 2. „¨áªà¥â−®© ¬®¤¥«ìî à®áâ� −�¤¥¦−®áâ¨ −�§ë¢�¥âáï á¥¬¥©áâ¢®
ª®−¥ç−®¬¥à−ëå à�á¯à¥¤¥«¥−¨© á«ãç�©−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ {Mi}i>1.

„¨áªà¥â−ë¥ ¬®¤¥«¨ à®áâ� −�¤¥¦−®áâ¨ à�§ã¬−® ¨á¯®«ì§®¢�âì â®£¤�, ª®£¤�
¥¤¨−¨æ¥© ¢à¥¬¥−¨ ï¢«ï¥âáï ¢à¥¬ï à¥�ªæ¨¨ á¨áâ¥¬ë −� ¢å®¤−®¥ §−�ç¥−¨¥, áª�¦¥¬
¯à®£®− ¯à®£à�¬¬ë, çâ® ¯à¥¤¯®çâ¨â¥«ì−® ¯à¨ ¨áá«¥¤®¢�−¨¨ −�¤¥¦−®áâ¨ ¨−â¥à-
�ªâ¨¢−ëå ¯à®£à�¬¬−ëå á¨áâ¥¬, â�ª ª�ª ¯®§¢®«ï¥â ¨£−®à¨à®¢�âì â¥ §�¤¥à¦ª¨,
ª®â®àë¥ −¥ á¢ï§�−ë −¥¯®áà¥¤áâ¢¥−−® á à�¡®â®© ¯à®£à�¬¬ë, � ¢ë§¢�−ë, −�¯à¨-
¬¥à, ¯�ã§�¬¨ ¢ à�¡®â¥ ®¯¥à�â®à� (¯®«ì§®¢�â¥«ï).

�à¨¢¥¤¥−−ë¥ ¢ëè¥ ¯à¥¤¯®«®¦¥−¨ï (�ªá¨®¬ë) ¨ ®¯à¥¤¥«¥−¨ï ¯®á«ã¦¨«¨
¡�§®© ¤«ï à�§à�¡®â�−−®© ¢ [2] ¬�â¥¬�â¨ç¥áª®© â¥®à¨¨ ¨§¬¥−¥−¨ï −�¤¥¦−®áâ¨
¬®¤¨ä¨æ¨àã¥¬ëå á¨áâ¥¬. �¤−�ª® ¢−¥ à�¬®ª íâ®© â¥®à¨¨ ®áâ�«áï ¢®¯à®á ® â®¬, ª�ª
®¯à¥¤¥«ïâì, ¤®áâ¨£−ãâ� âà¥¡ã¥¬�ï −�¤¥¦−®áâì ¢ å®¤¥ ¨á¯ëâ�−¨© (â¥áâ¨à®¢�−¨ï)
á¨áâ¥¬ë ¨«¨ −¥â. „àã£¨¬¨ á«®¢�¬¨, ¢®¯à®á ® â®¬, ª�ª®¢ë áâà®£¨¥ ªà¨â¥à¨¨
¯à¥ªà�é¥−¨ï â¥áâ¨à®¢�−¨ï, ¢ à�¡®â¥ [2] à�áá¬®âà¥− −¥ ¡ë«. ‚ ¤�−−®© áâ�âì¥ íâ®â
¯à®¡¥« ¡ã¤¥â ®âç�áâ¨ ¢®á¯®«−¥−. ‡¤¥áì ¡ã¤¥â à�áá¬®âà¥− ¢®¯à®á ® â®¬, ª�ª ¬−®£®
úãá¯¥è−ëåû â¥áâ®¢ −�¤® ¯à®¢¥áâ¨ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨ï ® â®¬, çâ® âà¥¡ã¥¬ë©
ãà®¢¥−ì −�¤¥¦−®áâ¨ ¤®áâ¨£−ãâ. ‚ ¯à¥¤¯®«®¦¥−¨¨, çâ® â¥áâë −ã¬¥àãîâáï §�−®¢®
¯®á«¥ ª�¦¤®© ¬®¤¨ä¨ª�æ¨¨ á¨áâ¥¬ë, ¡ã¤ãâ ¯à¥¤«®¦¥−ë ¤¢� á¯®á®¡� ¢ë¡®à�
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â�ª®£® n, çâ® ¥á«¨ −®¬¥à ¨á¯ëâ�−¨ï, ¯à¨ ª®â®à®¬ §�ä¨ªá¨à®¢�− ®ç¥à¥¤−®©
®âª�§, ¬¥−ìè¥ ¨«¨ à�¢¥− n, â® ¢ á¨áâ¥¬ã −�¤® ¢−¥áâ¨ ¨á¯à�¢«¥−¨ï, � ¥á«¨ ¢á¥ n
â¥áâ®¢ §�ª®−ç¨«¨áì ãá¯¥è−®, â® ¨á¯ëâ�−¨ï ¬®¦−® ¯à¥ªà�â¨âì ¨ á¨áâ¥¬ã ¯à¨§−�âì
−�¤¥¦−®©.

3 Критерий, основанный на лемме Неймана–Пирсона

‘®¡ëâ¨¥, §�ª«îç�îé¥¥áï ¢ â®¬, çâ® −� ¢ëå®¤¥ á¨áâ¥¬ë ¯®ï¢¨«áï ú¯à�-
¢¨«ì−ë©û á¨£−�« I(X), á®®â¢¥âáâ¢ãîé¨© ¢å®¤−®¬ã §−�ç¥−¨î X, ®¡®§−�ç¨¬
ú¥¤¨−¨æ¥©û. ú�ã«¥¬û ®¡®§−�ç¨¬ á®¡ëâ¨¥, §�ª«îç�îé¥¥áï ¢ â®¬, çâ® ¯®ï¢¨«áï
ú−¥¯à�¢¨«ì−ë©û á¨£−�«, â. ¥. ¯à®¨§®è¥« ®âª�§. ‚¥à®ïâ−®áâì ¥¤¨−¨æë ®¡®§−�-
ç¨¬ q. �ç¥¢¨¤−®, çâ® q | íâ® å�à�ªâ¥à¨áâ¨ª� −�¤¥¦−®áâ¨ á¨áâ¥¬ë. —¥¬
¡®«ìè¥ q, â¥¬ ¬¥−ìè¥ ¢¥à®ïâ−®áâì ®âª�§�, â. ¥. â¥¬ −�¤¥¦−¥¥ á¨áâ¥¬�.

�ã¤¥¬ áç¨â�âì, çâ® ¥á«¨ q = 1, â® á¨áâ¥¬� −�¤¥¦−�, � ¥á«¨ q = q0 < 1, â®
−¥−�¤¥¦−�.

�à¥¤¯®«®¦¨¬, çâ® −� ¢å®¤ ¯®¤�−® n −¥§�¢¨á¨¬ëå ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ëå
X-§−�ç−ëå á«ãç�©−ëå í«¥¬¥−â®¢ (â¥áâ®¢). ��¡«î¤�¥¬®¥ ¯à¨ íâ®¬ ç¨á«® −ã«¥©,
â. ¥. ®âª�§®¢, | á«ãç�©−�ï ¢¥«¨ç¨−�, ª®â®àãî ®¡®§−�ç¨¬ ν. �à¨ íâ®¬ ¤«ï
−¥−�¤¥¦−®© á¨áâ¥¬ë

P(ν = k) ≡ p0(k) = C
k
nq

n−k
0 (1− q0)

k , k = 0, . . . , n , (1)

� ¤«ï −�¤¥¦−®© á¨áâ¥¬ë

P(ν = k) ≡ p1(k) =

{
1 , k = 0 ;

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

’�ª¨¬ ®¡à�§®¬, á¯®á®¡ ¯à®¢¥àª¨ −�¤¥¦−®áâ¨ á¨áâ¥¬ë ¬®¦¥â ¡ëâì ®¯¨á�− ¢ â¥à-
¬¨−�å §�¤�ç¨ ¯à®¢¥àª¨ áâ�â¨áâ¨ç¥áª¨å £¨¯®â¥§. ˆ¬¥¥âáï á«ãç�©−�ï ¢¥«¨ç¨−� ν,
à�á¯à¥¤¥«¥−¨¥ ª®â®à®© ¯à¨ £¨¯®â¥§¥ H0 : q = q0 < 1 ¨¬¥¥â ¢¨¤ (1), � ¯à¨ £¨¯®-
â¥§¥ H1 : q = 1 | ¢¨¤ (2). �® −�¡«î¤�¥¬®¬ã §−�ç¥−¨î ¢¥«¨ç¨−ë ν âà¥¡ã¥âáï
á¤¥«�âì ¢ë¢®¤ ® â®¬, ª�ª®¥ à�á¯à¥¤¥«¥−¨¥ | (1) ¨«¨ (2) | á«ãç�©−�ï ¢¥«¨ç¨−� ν
¨¬¥¥â ¢ ¤¥©áâ¢¨â¥«ì−®áâ¨. ‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�îâáï ¤¢� ¯®¤å®¤� ª
à¥è¥−¨î íâ®© §�¤�ç¨: âà�¤¨æ¨®−−ë©, ®á−®¢�−−ë© −� áâ�−¤�àâ−®© ¯®áâ�−®¢ª¥
§�¤�ç¨ ¯à®¢¥àª¨ áâ�â¨áâ¨ç¥áª¨å £¨¯®â¥§, à¥è¥−¨¥ ª®â®à®© ¤�¥âáï «¥¬¬®© �¥©-
¬�−�{�¨àá®−�, ¨ −®¢ë© ¯®¤å®¤, ®á−®¢�−−ë© −� à�áá¬®âà¥−¨¨ �¯®áâ¥à¨®à−ëå
¢¥à®ïâ−®áâïå ®è¨¡®ª.

‘−�ç�«� à�áá¬®âà¨¬ ¯¥à¢ë© ¯®¤å®¤. �à¨ ¯à®¢¥àª¥ −�¤¥¦−®áâ¨ á¨áâ¥¬ë
á«¥¤ã¥â ä®à¬�«ì−® ¤®¯ãáâ¨âì ¢®§¬®¦−®áâì ®è¨¡®ª ¤¢ãå â¨¯®¢:

(1) −¥−�¤¥¦−�ï á¨áâ¥¬� ¬®¦¥â ¡ëâì ¯à¨§−�−� −�¤¥¦−®©;

(2) −�¤¥¦−�ï á¨áâ¥¬� ¬®¦¥â ¡ëâì ¯à¨§−�−� −¥−�¤¥¦−®©.
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‚¥à®ïâ−®áâ¨ íâ¨å ®è¨¡®ª á®®â¢¥âáâ¢¥−−® ®¡®§−�ç¨¬ α ¨ β. �è¨¡ª� ¯¥à¢®£®
â¨¯� §−�ç¨â¥«ì−® ¡®«¥¥ −¥¦¥«�â¥«ì−�, −¥¦¥«¨ ®è¨¡ª� ¢â®à®£® â¨¯�. ‡�ä¨ª-
á¨àã¥¬ −¥ª®â®à®¥ ç¨á«® a > 0 ¨ ¯®âà¥¡ã¥¬, çâ®¡ë ¬¥â®¤ ª®−âà®«ï −�¤¥¦−®áâ¨
ã¤®¢«¥â¢®àï« ãá«®¢¨î α 6 a. �à¨ íâ®¬ ¦¥«�â¥«ì−® (−�¯à¨¬¥à, ¯® íª®−®¬¨-
ç¥áª¨¬ á®®¡à�¦¥−¨ï¬), çâ®¡ë ¢¥à®ïâ−®áâì β ¡ë«� ¡ë ¬¨−¨¬�«ì−® ¢®§¬®¦−®©.
„àã£¨¬¨ á«®¢�¬¨, ¬¥â®¤¨ª� ª®−âà®«ï −�¤¥¦−®áâ¨ ¤®«¦−� ¡ëâì â�ª®©, çâ®¡ë
áà¥¤−ïï ¤®«ï −�¤¥¦−ëå á¨áâ¥¬, ¯à¨§−�−−ëå −¥−�¤¥¦−ë¬¨, ¡ë«� ¬¨−¨¬�«ì−®©
¯à¨ ãá«®¢¨¨, çâ® áà¥¤−ïï ¤®«ï −¥−�¤¥¦−ëå á¨áâ¥¬, ¯à¨§−�−−ëå −�¤¥¦−ë¬¨, −¥
¯à¥¢®áå®¤¨â a.

Š�ª ¨§¢¥áâ−®, ¯à�¢¨«® ¯à®¢¥àª¨ áâ�â¨áâ¨ç¥áª¨å £¨¯®â¥§, ã¤®¢«¥â¢®àïîé¥¥
ãª�§�−−®¬ã ªà¨â¥à¨î ®¯â¨¬�«ì−®áâ¨, ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤ (á¬., −�¯à¨¬¥à, [6,
á. 78]). �ãáâì d(ν) = (d0(ν), d1(ν))| ¢¥ªâ®à-äã−ªæ¨ï â�ª�ï, çâ®

d0(ν) > 0 ; d1(ν) > 0 ; d0(ν) + d1(ν) ≡ 1 .

�à¨ §�¤�−−®¬ §−�ç¥−¨¨ ν ãá«®¢¨¬áï á ¢¥à®ïâ−®áâìî d0(ν) ¯à¨−¨¬�âì £¨¯®â¥§ãH0
¨ á ¢¥à®ïâ−®áâìî d1(ν) ¯à¨−¨¬�âì £¨¯®â¥§ã H1.

�®«®¦¨¬

L = L(ν) =
p0(ν)

p1(ν)
; Gi(ℓ) = P(L < ℓ|H1) , i = 0, 1 .

‘®£«�á−® äã−¤�¬¥−â�«ì−®© «¥¬¬¥ �¥©¬�−�{�¨àá®−� ®¯â¨¬�«ì−®¥ ¯à�¢¨«® ¨¬¥¥â
¢¨¤:

d(ν) = d(L) = (d0(L), d1(L)) =





(0, 1) , L < ℓ1 ;

(r1, 1− r1) , L = ℓ1 ;

(1, 0) , L > ℓ1 ,

(3)

£¤¥

ℓ1 = sup {ℓ : G0(ℓ− 0) 6 a} ; r1 =
G0(ℓ1)− a

G0(ℓ1)−G0(ℓ1 − 0)
.

‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥

L = L(ν) =

{
qn
0 , ν = 0 ;

∞ , ν > 0 ;

G0(ℓ) =





0 , ℓ < qn
0 ;

qn
0 , qn

0 6 ℓ <∞ ;

1 , ℓ =∞ ;

G1(ℓ) =

{
0 , ℓ < qn

0 ;

1 , ℓ > qn
0 .
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‚®§¬®¦−ë ¤¢� á«ãç�ï: (�) qn
0 6 a ¨ (B) qn

0 > a. ‚ á«ãç�¥ (A) ℓ1 = ℓA
1 ≡

≡ ∞, ¨ ¯®â®¬ã á®£«�á−® (3) §�¢¥¤®¬® −¥−�¤¥¦−ë¥ á¨áâ¥¬ë (ν > 0) á −¥−ã«¥¢®©
¢¥à®ïâ−®áâìî ¡ã¤ãâ ¯à¨§−�¢�âìáï −�¤¥¦−ë¬¨, çâ®, ®ç¥¢¨¤−®, −¥¦¥«�â¥«ì−®.
�®íâ®¬ã á ¯®¬®éìî ¢ë¡®à� ¤®áâ�â®ç−® ¡®«ìè®£® n −�¤® ¤®¡¨¢�âìáï, çâ®¡ë ¡ë«®
¢ë¯®«−¥−® −¥à�¢¥−áâ¢® qn

0 > a, â. ¥. çâ®¡ë ¨¬¥« ¬¥áâ® á«ãç�© (B). ‚ á«ãç�¥ (B)
¨¬¥¥¬ ℓ1 = ℓB

1 = qn
0 ¨

β = 1− G1
(
ℓB
1

)
+ r1

[
G1

(
ℓB
1

)
− G1

(
ℓB
1 − 0

)]
= 1−

a

qn
0

.

�à¨ íâ®¬ ¤«ï ä¨ªá¨à®¢�−−®£® n ¢¥à®ïâ−®áâì β −¥ ¬®¦¥â ¡ëâì ã¬¥−ìè¥−�. �¤−�ª®
á ¯®¬®éìî −�¤«¥¦�é¥£® ¢ë¡®à� n ¬®¦−® ã¬¥−ìè¨âì β ¤® ¢¥«¨ç¨−ë, ¡«¨§ª®© ª
−ã«î. � ¨¬¥−−®: ¯®«®¦¨¬

n = n1 = max

{
m : 1−

a

qm
0

> 0

}
=

[
logq0 a

]
.

�à¨ â�ª®¬ ¢ë¡®à¥ n, ¢®-¯¥à¢ëå, ¨¬¥¥â ¬¥áâ® á¨âã�æ¨ï (B), ¢®-¢â®àëå, qn
0 ≈ a,

â. ¥. β ≈ 0, ¨, ¢-âà¥âì¨å, r1 = 0, â. ¥. ¥á«¨ ν > 0, â® á¨áâ¥¬� áà�§ã ¯à¨§−�¥âáï
−¥−�¤¥¦−®©.

�à¨ íâ®¬ áà�§ã ¯®á«¥ ¯®ï¢«¥−¨ï ¯¥à¢®£® ú−ã«ïû ¢ á¨áâ¥¬ã −¥®¡å®¤¨¬® ¢−¥áâ¨
¨á¯à�¢«¥−¨ï. ’�ª¨¬ ®¡à�§®¬, ç¨á«® N ¨á¯ëâ�−¨©, −¥®¡å®¤¨¬ëå ¤«ï ¯à®¢¥à-
ª¨ −�¤¥¦−®áâ¨ á¨áâ¥¬ë ¯® ¯à�¢¨«ã, ã¤®¢«¥â¢®àïîé¥¬ã ãª�§�−−®¬ã ªà¨â¥à¨î
®¯â¨¬�«ì−®áâ¨, á«ãç�©−®, ¯à¨ç¥¬

P(N = k|H0) = qk−1
0 (1− q0) , k = 1, . . . , n1 − 1 ; P(N = n1|H0) = qn1−1

0 .

�¥á«®¦−® ã¡¥¤¨âìáï, çâ®

E(N |H0) =
1− qn1

0

1− q0
≈
1− a

1− q0
.

�à¨ íâ®¬ ¢¥«¨ç¨−� E(N |H0) ï¢«ï¥âáï ¬¨-
’�¡«¨æ� 1 ‘à¥¤−¥¥ ç¨á«® ¨á¯ëâ�−¨©
¯à¨ âà�¤¨æ¨®−−®¬ ¯®¤å®¤¥

a n1 E(N |H0)
0,05 300 95
0,01 460 99
0,005 530 99,5
0,001 920 99,99

−¨¬�«ì−® ¢®§¬®¦−®© áà¥¤¨ ¢á¥å ¯®á«¥¤®-
¢�â¥«ì−ëå ªà¨â¥à¨¥¢ á α = a ¨ β = 0,
¯®áª®«ìªã ¯à¥¤«®¦¥−−ë© ¬¥â®¤ ï¢«ï¥â-
áï ãà¥§�−−ë¬ ¯®á«¥¤®¢�â¥«ì−ë¬ ªà¨â¥à¨-
¥¬ ®â−®è¥−¨ï ¢¥à®ïâ−®áâ¥©, ®¯â¨¬�«ì−ë¬
¢ á¬ëá«¥ [7].

‚ â�¡«. 1 ¤«ï q0 = 0,99 ¯à¨¢¥¤¥−ë
§−�ç¥−¨ï n1 ¨ E(N |H0) ¢ §�¢¨á¨¬®áâ¨ ®â a.

„«ï q0 = 0,999, q0 = 0,9999 ¨ â. ¤. å®à®è¨¥ �¯¯à®ªá¨¬�æ¨¨ ¤«ï n1 ¨E(N |H0)
¯®«ãç�îâáï ¨§ â�¡«. 1 á ¯®¬®éìî ã¬−®¦¥−¨ï á®®â¢¥âáâ¢ãîé¨å §−�ç¥−¨© −� 10,
100 ¨ â. ¤.
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4 Критерий, основанный на оптимизации апостериорных
вероятностей ошибочных решений

’¥¯¥àì à�áá¬®âà¨¬ ¯®¤å®¤, ®á−®¢�−−ë© −� �¯®áâ¥à¨®à−ëå ¢¥à®ïâ−®áâïå
®è¨¡®ª. Š�ª ã¦¥ ®â¬¥ç�«®áì, ¢¥«¨ç¨−� α ¨¬¥¥â á¬ëá« áà¥¤−¥© ¤®«¨ á¨áâ¥¬,
¯à¨§−�−−ëå −�¤¥¦−ë¬¨, áà¥¤¨ −¥−�¤¥¦−ëå á¨áâ¥¬. ‘ ¯à�ªâ¨ç¥áª®© â®çª¨
§à¥−¨ï −�¬−®£® ¡®«¥¥ ¢�¦−® ã¬¥âì ã¯à�¢«ïâì áà¥¤−¥© ¤®«¥© −¥−�¤¥¦−ëå á¨áâ¥¬
áà¥¤¨ á¨áâ¥¬, ¯à¨§−�−−ëå −�¤¥¦−ë¬¨ (�¯®áâ¥à¨®à−®© ¢¥à®ïâ−®áâìî ®è¨¡ª¨
¯¥à¢®£® à®¤�), ª®â®àãî ¡ã¤¥¬ ®¡®§−�ç�âì γ. �à�¢¨«® à�§«¨ç¥−¨ï ¤¢ãå ¯à®áâëå
£¨¯®â¥§, ¬¨−¨¬¨§¨àãîé¥¥ β ¯à¨ ãá«®¢¨¨ γ 6 c, £¤¥ c > 0 | −�¯¥à¥¤ §�¤�−−®¥
ç¨á«®, ¯à¥¤«®¦¥−® ¢ à�¡®â�å [8{10]. �â® ¯à�¢¨«® ¨¬¥¥â ¢¨¤ (3), £¤¥ ℓ1 ¨ r1
§�¬¥−¥−ë á®®â¢¥âáâ¢¥−−® ¢¥«¨ç¨−�¬¨

ℓ2 = sup

{
ℓ :

G0(ℓ− 0)

G1(ℓ− 0)
6
c(1− w)

w(1 − c)

}
;

r2 =

[
1 +

w(1 − c)G0(ℓ2 − 0)− c(1− w)G1(ℓ2 − 0)

c(1− w)G1(ℓ2)− w(1 − c)G0(ℓ2)

]−1
.

‡¤¥áì w = P(H0) | �¯à¨®à−�ï ¢¥à®ïâ−®áâì á¯à�¢¥¤«¨¢®áâ¨ £¨¯®â¥§ë H0 |
¨¬¥¥â á¬ëá« áà¥¤−¥© (®¦¨¤�¥¬®©) ¤®«¨ −¥−�¤¥¦−ëå á¨áâ¥¬ áà¥¤¨ ¢á¥å á¨áâ¥¬.

‚®§¬®¦−ë ¤¢� á«ãç�ï: (C) qn
0 > c(1 − w)/(w(1 − c)) ¨ (D) qn

0 < c(1 −
−w)/(w(1− c)). ÷�áá¬®âà¨¬ á¨âã�æ¨î (C). ‡¤¥áì ℓ2 = ℓ

C
2 ≡ qn

0 , α = (1−r2)q
n
0 ,

β = r2 ¨ γ −¥ §�¢¨á¨â ®â r2. �®íâ®¬ã ¨§ á®®¡à�¦¥−¨© ¬¨−¨¬�«ì−®áâ¨ β á«¥¤ã¥â
¯®«®¦¨âì r2 = 0. �à¨ íâ®¬ ¢ á¨«ã ãá«®¢¨ï qn

0 > c(1−w)/(w(1− c)) ¨¬¥¥â ¬¥áâ®
−¥à�¢¥−áâ¢® γ > c. ’�ª ª�ª γ ã¡ë¢�¥â á à®áâ®¬ n, â® á«¥¤ã¥â ¯®«®¦¨âì

n = n2 = max

{
n : qn

0 >
c(1− w)

w(1− c)

}
=

[
logq0

c(1 −w)

w(1 − c)

]
.

�à¨ â�ª®¬ ¢ë¡®à¥ n ¨¬¥¥â ¬¥áâ® ¯à¨¡«¨¦¥−−®¥ à�¢¥−áâ¢® γ ≈ c ¨ ¤«ï
áà¥¤−¥£® ç¨á«� ¨á¯ëâ�−¨© E(N |H0) á¯à�¢¥¤«¨¢� �¯¯à®ªá¨¬�æ¨ï E(N |H0) ≈
≈ (w − c)/(w(1 − c)(1 − q0)).

‚ á¨âã�æ¨¨ (D) ªà¨â¥à¨© ¨¬¥¥â â¥ ¦¥ −¥¤®áâ�âª¨, çâ® ¨ ¢ á¨âã�æ¨¨ (A).
�®íâ®¬ã á ¯®¬®éìî −�¤«¥¦�é¥£® ¢ë¡®à� n ¨ c −�¤® ¤®¡¨¢�âìáï, çâ®¡ë ¨¬¥«�
¬¥áâ® á¨âã�æ¨ï (C).

‚ â�¡«. 2 ¤«ï q0 = 0,99 ¯à¨¢¥¤¥−ë §−�ç¥−¨ï n2 ¨ E(N |H0) ¢ §�¢¨á¨¬®áâ¨ ®â c
¨ w.

„«ï q0 = 0,999, q0 = 0,9999 ¨ â. ¤. å®à®è¨¥ �¯¯à®ªá¨¬�æ¨¨ ¤«ïn2 ¨E(N |H0)
¯®«ãç�îâáï ¨§ â�¡«. 2 á ¯®¬®éìî ã¬−®¦¥−¨ï á®®â¢¥âáâ¢ãîé¨å §−�ç¥−¨© −� 10,
100 ¨ â. ¤.
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‚. ā. Š®à®«¥¢

’�¡«¨æ� 2 ‘à¥¤−¥¥ ç¨á«® ¨á¯ëâ�−¨© ¯à¨ ¯®¤å®¤¥, ®á−®¢�−−®¬ −� ¬¨−¨¬¨§�æ¨¨
�¯®áâ¥à¨®à−ëå ¢¥à®ïâ−®áâ¥© ®è¨¡®ª

c = 0,05 c = 0,01 c = 0,005 c = 0,001
w

n2 E(N |H0) n2 E(N |H0) n2 E(N |H0) n2 E(N |H0)
0,05 − − 164 80 233 91 394 99
0,1 73 52 238 91 308 96 468 99
0,2 155 78 319 96 388 98 549 99
0,3 208 87 372 98 442 99 602 100
0,4 252 92 416 99 486 99 646 100
0,5 292 94 457 99 526 100 687 100
0,6 333 96 497 100 566 100 727 100
0,7 377 97 541 100 610 100 771 100
0,8 430 98 595 100 664 100 825 100
0,9 511 99 675 100 745 100 905 100
0,95 585 99 749 100 819 100 979 100
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АВТОМАТИЧЕСКОЕ ФОРМИРОВАНИЕ ВИЗУАЛЬНОГО
ПРЕДСТАВЛЕНИЯ СМЫСЛОВОГО СОДЕРЖАНИЯ

ДОКУМЕНТА

В. Н. Захаров1, А. А. Хорошилов2

�−−®â�æ¨ï: �¯¨á�− ¬¥â®¤ ¯®áâà®¥−¨ï ä®à¬�«¨§®¢�−−®£® á¬ëá«®¢®£® á®¤¥à-
¦�−¨ï ¤®ªã¬¥−â� ¨ ¥£® ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï | á¥¬�−â¨ç¥áª®© ª�àâë
¤®ªã¬¥−â�. ”®à¬�«¨§�æ¨ï á®¤¥à¦�−¨ï ¤®ªã¬¥−â� ®á−®¢�−� −� ¯à¨¬¥−¥−¨¨
¬¥â®¤®¢ á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® ¨ ª®−æ¥¯âã�«ì−®£® �−�«¨§�, ®¡¥á¯¥ç¨¢�-
îé¨å ¢ëï¢«¥−¨¥ ¯®−ïâ¨©−®£® á®áâ�¢� â¥ªáâ� ¨ −�§−�ç¥−¨¥ −�¨¬¥−®¢�−¨ï¬
¯®−ïâ¨© å�à�ªâ¥à¨áâ¨ª, á®®â¢¥âáâ¢ãîé¨å ¨å á¥¬�−â¨ç¥áª®© à®«¨ ¨ §−�ç¨-
¬®áâ¨ ¢ â¥ªáâ¥. �®«ãç¥−−�ï á¬ëá«®¢�ï áâàãªâãà� â¥ªáâ� ¯à¥®¡à�§ã¥âáï ¢ ¥£®
¢¨§ã�«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥, ¯®ª�§ë¢�îé¥¥ ¢§�¨¬®á¢ï§¨ ®¡ê¥ªâ®¢, á®¡ëâ¨© ¨
â¥¬.

Š«îç¥¢ë¥ á«®¢�: ä®à¬�«¨§®¢�−−®¥ á¬ëá«®¢®¥ ®¯¨á�−¨¥ ¤®ªã¬¥−â�; á¥¬�−-
â¨ç¥áª�ï ª�àâ� ¤®ªã¬¥−â�; á¥¬�−â¨ç¥áª¨© �−�«¨§; ª®−æ¥¯âã�«ì−ë© �−�«¨§;
�−�«¨§ ¯®−ïâ¨©−®£® á®áâ�¢� ¤®ªã¬¥−â�; ¨§¢«¥ç¥−¨¥ §−�−¨© ¨§ â¥ªáâ®¢

1 Введение

‚ àï¤¥ ®âà�á«¥© ¨ ªàã¯−ëå ª®¬¯�−¨© (¢ ç�áâ−®áâ¨, á¢ï§�−−ëå á ¢ëá®ª®â¥å−®-
«®£¨ç−ë¬¨ ¨ ®¯�á−ë¬¨ ¯à®¨§¢®¤áâ¢�¬¨) ¡®«ìè®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï ¯à®¡«¥¬¥
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ‡�é¨é¥−−®áâì ¨−ä®à¬�æ¨¨ ®¯à¥¤¥«ï¥âáï ¥¥
ª®−ä¨¤¥−æ¨�«ì−®áâìî, ¤®áâã¯−®áâìî ¨ æ¥«®áâ−®áâìî. �à®¡«¥¬� ¤®áâã¯−®áâ¨
áãé¥áâ¢¥−−® ãá«®¦−ï¥âáï ¢ ãá«®¢¨ïå ¯®áâ®ï−−® ¢®§à�áâ�îé¨å ®¡ê¥¬®¢ åà�−ï-
é¥©áï ®âà�á«¥¢®© ¨ ¢¥¤®¬áâ¢¥−−®© ¨−ä®à¬�æ¨¨. �á®¡¥−−® ®áâà® íâ� ¯à®¡«¥¬�
¢®§−¨ª�¥â ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¢ë¯®«−¥−¨ï ®¯¥à�â¨¢−®£® �−�«¨§� á®¤¥à¦�−¨ï ¯®-
áâã¯�îé¥© ¨−ä®à¬�æ¨¨ ¨§ à�§−ëå ¨áâ®ç−¨ª®¢. �¡ëç−® ¤¥ïâ¥«ì−®áâìî ¯® �−�«¨-
§ã ¨−ä®à¬�æ¨¨ §�−¨¬�îâáï ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ë¥ á¯¥æ¨�«¨áâë-�−�«¨â¨ª¨.
�®«ìè¨¥ ¯®â®ª¨ ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨ áãé¥áâ¢¥−−® §�âàã¤−ïîâ íªá¯¥àâ-
−ë© ¯à®æ¥áá ¯®«ãç¥−¨ï ä�ªâ®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨. �®íâ®¬ã ¢ ¯à®æ¥áá¥
�−�«¨§� ¤®ªã¬¥−â®¢ íâ¨ á¯¥æ¨�«¨áâë −¥à¥¤ª® ¤®¢®«ìáâ¢ãîâáï â®«ìª® ®¡é¨¬¨
¯à¥¤áâ�¢«¥−¨ï¬¨ ® á¬ëá«®¢®© áâàãªâãà¥, −¥ âà¥¡ãîé¨¬¨ ¤¥â�«ì−®£® ¨§ãç¥−¨ï
¨å á®¤¥à¦�−¨ï. �à¥¤áâ�¢«¥−¨¥ â¥ªáâ� ¢ ¢¨¤¥ à¥ä¥à�â� ¨«¨ �−−®â�æ¨¨ áãé¥-

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vzakharov@ipiran.ru
2–¥−âà ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ á¨áâ¥¬ ®à£�−®¢ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨,

A.A.Khoroshilov@yandex.ru
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‚. �. ‡�å�à®¢, �. �. •®à®è¨«®¢

áâ¢¥−−® ¯®¢ëè�¥â áª®à®áâì ¥£® �−�«¨§�. �® â�ª®¥ ¯à¥¤áâ�¢«¥−¨¥ | íâ® áª®à¥¥
áâ�â¨ç−ë© à¥§ã«ìâ�â ¥£® àãç−®© ®¡à�¡®âª¨, ª®â®àë© ç�é¥ ¢á¥£® ¨á¯®«ì§ã¥âáï ¯à¨
�−�«¨§¥ ú¡ã¬�¦−ëåû ¤®ªã¬¥−â®¢. �à¨ �−�«¨§¥ ª®««¥ªæ¨© í«¥ªâà®−−ëå ¤®ªã-
¬¥−â®¢ ¡®«¥¥ −�£«ï¤−®¥ ¨ áâàãªâãà¨à®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ á®¤¥à¦�−¨ï ®¤−®£®
¨«¨ ª®««¥ªæ¨¨ í«¥ªâà®−−ëå ¤®ªã¬¥−â®¢ ®¡¥á¯¥ç¨¢�¥âáï ¢¨§ã�«ì−ë¬ ¯à¥¤áâ�¢«¥-
−¨¥¬ ¢§�¨¬®á¢ï§¥© ®¡ê¥ªâ®¢, á®¡ëâ¨© ¨«¨ â¥¬ ¤®ªã¬¥−â®¢. ’�ª®¥ ¯à¥¤áâ�¢«¥−¨¥
ç�áâ® −�§ë¢�îâ á¥¬�−â¨ç¥áª®© ª�àâ®© ¤®ªã¬¥−â�.

�¡ëç−® á¥¬�−â¨ç¥áª�ï ª�àâ� ¤®ªã¬¥−â� ¯à¥¤áâ�¢«ï¥â ¥£® á¬ëá«®¢®¥ á®¤¥à-
¦�−¨¥ ¢ ¢¨¤¥ ®à¨¥−â¨à®¢�−−®£® £à�ä�, ¢ ã§«�å ª®â®à®£® −�å®¤ïâáï ®¡ê¥ªâë,
á®¡ëâ¨ï ¨«¨ â¥¬ë ¤®ªã¬¥−â�, � ¤ã£�¬¨ ï¢«ïîâáï á¬ëá«®¢ë¥ ®â−®è¥−¨ï ¬¥¦¤ã
−¨¬¨. ‘¢ï§¨ ¬®£ãâ ¡ëâì «¨¡® â¨¯¨§¨à®¢�−−ë¬¨ (®¯à¥¤¥«¥− á¥¬�−â¨ç¥áª¨© â¨¯
á¢ï§¨), «¨¡® «®£¨ç¥áª¨¬¨ (ãáâ�−®¢«¥− ä�ªâ ¨å −�«¨ç¨ï).

�¢â®¬�â¨ç¥áª®¥ ¯®áâà®¥−¨¥ á¥¬�−â¨ç¥áª®© ª�àâë ¯® â¥ªáâã ¤®ªã¬¥−â� âà¥¡ã¥â
−�«¨ç¨ï ¯à®æ¥¤ãà á¥¬�−â¨ç¥áª®£® �−�«¨§� ¤®ªã¬¥−â®¢. �â¨ ¯à®æ¥¤ãàë ¤®«¦−ë
¡�§¨à®¢�âìáï −� á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®¬ ¨ ª®−æ¥¯âã�«ì−®¬ �−�«¨§¥ â¥ªáâ®¢, ¢
à¥§ã«ìâ�â¥ ª®â®à®£® ¢ëï¢«ï¥âáï ¥£® ¯®−ïâ¨©−ë© á®áâ�¢, ®¯à¥¤¥«ïîâáï á¬ëá«®¢ë¥
á¢ï§¨ ¬¥¦¤ã −�¨¬¥−®¢�−¨ï¬¨ ¯®−ïâ¨© ¨ ä®à¬¨àã¥âáï á¬ëá«®¢�ï áâàãªâãà�
¤®ªã¬¥−â�.

2 Процедуры семантического анализа документов

Š�ª ¨§¢¥áâ−®, ¥áâ¥áâ¢¥−−ë© ï§ëª ï¢«ï¥âáï ã−¨¢¥àá�«ì−ë¬ áà¥¤áâ¢®¬ ®¡é¥-
−¨ï ¬¥¦¤ã «î¤ì¬¨ | áà¥¤áâ¢®¬ ¢®á¯à¨ïâ¨ï, −�ª®¯«¥−¨ï, åà�−¥−¨ï ¨ ¯¥à¥¤�ç¨
¨−ä®à¬�æ¨¨. �®«¥¥ â®£®, ®− ï¢«ï¥âáï ¨−áâàã¬¥−â®¬ ¬ëè«¥−¨ï ç¥«®¢¥ª� [1].
‚ «¨−£¢¨áâ¨ª¥ ï§ëª à�áá¬�âà¨¢�¥âáï ª�ª −¥ª®â®à�ï §−�ª®¢�ï á¨áâ¥¬� [2]. �®
¬−¥−¨î ”. ¤¥ ‘®ááîà� | ®¤−®£® ¨§ á®§¤�â¥«¥© á®¢à¥¬¥−−®© −�ãª¨ «¨−£¢¨áâ¨ª¨
¨ −�ãª¨ á¥¬¨®â¨ª¨, ï§ëª®¢ë¥ §−�ª¨ á®áâ®ïâ ¨§ ¤¢ãå ª®¬¯®−¥−â®¢: ¨§ ®§−�ç�îé¥-
£® ¨ ®§−�ç�¥¬®£®. �§−�ç�îé¥¥ | íâ® §¢ãª®¢®© ¨«¨ £à�ä¨ç¥áª¨© ®¡à�§ §−�ª�, �
®§−�ç�¥¬®¥ | á®®â¢¥âáâ¢ãîé¥¥ ¥¬ã ¯®−ïâ¨¥ [3].

‚ à�¡®â¥ [4] â¥à¬¨− ú¯®−ïâ¨¥û ®¯à¥¤¥«ï¥âáï ª�ª á®æ¨�«ì−® §−�ç¨¬ë© ¬ëá-
«¨â¥«ì−ë© ®¡à�§, §� ª®â®àë¬ ¢ ï§ëª¥ §�ªà¥¯«¥−® ¥£® −�¨¬¥−®¢�−¨¥ ¢ ¢¨¤¥
®â¤¥«ì−®£® á«®¢� ¨«¨, §−�ç¨â¥«ì−® ç�é¥, ¢ ¢¨¤¥ ãáâ®©ç¨¢®£® äà�§¥®«®£¨ç¥áª®-
£® á«®¢®á®ç¥â�−¨ï. �®¤ úãáâ®©ç¨¢ë¬¨ äà�§¥®«®£¨ç¥áª¨¬¨ á«®¢®á®ç¥â�−¨ï¬¨û
¯®−¨¬�îâáï −¥ â®«ìª® ¨¤¨®¬�â¨ç¥áª¨¥ ¢ëà�¦¥−¨ï ¨ â¥à¬¨−®«®£¨ç¥áª¨¥ á«®¢®-
á®ç¥â�−¨ï, −® ¨ «î¡ë¥ ¯®¢â®àïîé¨¥áï ®âà¥§ª¨ á¢ï§−ëå â¥ªáâ®¢ ¤«¨−®© ®â 2
¤® 10{15 á«®¢ (¡®«¥¥ ¤«¨−−ë¥ ãáâ®©ç¨¢ë¥ á«®¢®á®ç¥â�−¨ï ¢áâà¥ç�îâáï à¥¤ª®).

Œ¥¦¤ã â¥¬ ®á−®¢−ë¬¨ ¥¤¨−¨æ�¬¨ ï§ëª� ¨ à¥ç¨, ¯à¨−ïâë¬¨ ¢ «¨−£¢¨áâ¨ª¥,
ï¢«ïîâáï ¬®àä¥¬ë, á«®¢�, á«®¢®á®ç¥â�−¨ï, äà�§ë ¨ à�§«¨ç−®£® à®¤� á¢¥àåäà�-
§®¢ë¥ ¥¤¨−áâ¢�. ‘¨áâ¥¬� ¥¤¨−¨æ ï§ëª� ¨ à¥ç¨ ®¡ëç−® ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥
¨¥à�àå¨ç¥áª®© áâàãªâãàë, ¢ ª®â®à®© ¥¤¨−¨æë ¢ëè¥áâ®ïé¨å ãà®¢−¥© ¢ª«îç�îâ
¢ á¢®© á®áâ�¢ ¥¤¨−¨æë −¨¦¥áâ®ïé¨å ãà®¢−¥© ¨ á�¬¨ ¢å®¤ïâ ¢ á®áâ�¢ ¥¤¨−¨æ ¡®«¥¥
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�¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï á¬ëá«®¢®£® á®¤¥à¦�−¨ï

¢ëá®ª¨å ãà®¢−¥© (−�¯à¨¬¥à, ¬®àä¥¬ë ¢å®¤ïâ ¢ á®áâ�¢ á«®¢, á«®¢� | ¢ á®áâ�¢
á«®¢®á®ç¥â�−¨©, á«®¢®á®ç¥â�−¨ï | ¢ á®áâ�¢ äà�§, äà�§ë | ¢ á®áâ�¢ á¢¥àåäà�§®-
¢ëå ¥¤¨−áâ¢). „«ï ª�¦¤®£® ãà®¢−ï ¥¤¨−¨æ ï§ëª� à�§à�¡®â�−ë ¨−áâàã¬¥−â�«ì−ë¥
áà¥¤áâ¢� ¨å ®¡à�¡®âª¨. „«ï ®¡à�¡®âª¨ á«®¢ ®¡ëç−® ¨á¯®«ì§ã¥âáï ¬®àä®«®£¨-
ç¥áª¨© �−�«¨§. „«ï ®¡à�¡®âª¨ ¯à¥¤«®¦¥−¨© ¨ á¢¥àåäà�§®¢ëå ¥¤¨−áâ¢ (â¥ªáâ®¢)
®¡ëç−® ¯à¨¬¥−ï¥âáï á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª¨© ¨ ª®−æ¥¯âã�«ì−ë© �−�«¨§.

Œ®àä®«®£¨ç¥áª¨© �−�«¨§ á«®¢ ¥áâ¥áâ¢¥−−ëå ï§ëª®¢ ¯à¥¤−�§−�ç¥− ¤«ï ®¯à¥-
¤¥«¥−¨ï áâàãªâãàë á«®¢ ¨ −�§−�ç¥−¨ï ¨¬ £à�¬¬�â¨ç¥áª¨å ¯à¨§−�ª®¢, −¥®¡å®¤¨-
¬ëå, −�¯à¨¬¥à, ¤«ï ¯à®æ¥¤ãà ¬®àä®«®£¨ç¥áª®£® á¨−â¥§� á«®¢, á¨−â�ªá¨ç¥áª®£®
�−�«¨§� â¥ªáâ®¢ ¨ ª®−æ¥¯âã�«ì−®£® �−�«¨§�.

�à¨ ¬®àä®«®£¨ç¥áª®¬ �−�«¨§¥ á«®¢ ¨á¯®«ì§ãîâáï á«®¢�à¨ ¨å ®á−®¢. ‚ íâ¨å
á«®¢�àïå ¤«ï ª�¦¤®© ®á−®¢ë á«®¢� ãª�§ë¢�¥âáï ¥£® ¯à¨−�¤«¥¦−®áâì ª ®¯à¥¤¥-
«¥−−®© ç�áâ¨ à¥ç¨, â¨¯ á«®¢®¨§¬¥−¥−¨ï ¨ ¤àã£�ï ¨−ä®à¬�æ¨ï, −¥®¡å®¤¨¬�ï ¤«ï
à�á¯®§−�¢�−¨ï à�§«¨ç−ëå ä®à¬ á«®¢ ¨ ¯®á«¥¤ãîé¥£® á¨−â�ªá¨ç¥áª®£® �−�«¨§�
â¥ªáâ®¢.

ˆá¯®«ì§ã¥¬ë© ¢ ¯à¥¤áâ�¢«¥−−ëå ¨áá«¥¤®¢�−¨ïå ¬®àä®«®£¨ç¥áª¨© �−�«¨§
à�§à�¡®â�− ¯à®ä¥áá®à®¬ ƒ. ƒ. �¥«®−®£®¢ë¬ [5] −� ®á−®¢¥ á®§¤�−−®© ¨¬ á¨áâ¥¬ë
ä«¥ªâ¨¢−ëå ª«�áá®¢ àãááª¨å á«®¢. ‘¨áâ¥¬� ä«¥ªâ¨¢−ëå ª«�áá®¢ ¡ë«� á®§¤�−�
¯ãâ¥¬ �−�«¨§� â¥ªáâ®¢, ¢ ª®â®àëå ¢ à�§«¨ç−ëå ª®−â¥ªáâ−ëå ®ªàã¦¥−¨ïå á«®¢�
¬®£ãâ ¯à¨®¡à¥â�âì à�§«¨ç−ë¥ ä®à¬ë. �â® ¬®£ãâ ¡ëâì ä®à¬ë á«®¢®¨§¬¥−¥−¨ï ¨
á«®¢®®¡à�§®¢�−¨ï.

�à®æ¥¤ãà� ¬®àä®«®£¨ç¥áª®£® �−�«¨§� äã−ªæ¨®−¨àã¥â á«¥¤ãîé¨¬ ®¡à�§®¬.
�� ¯¥à¢®¬ íâ�¯¥ ¯à®¨§¢®¤¨âáï ¯®¨áª ¢ á«®¢�à¥ úá«ã¦¥¡−ëå ¨ ª®à®âª¨å á«®¢û, �
§�â¥¬, ¢ á«ãç�¥ −¥ã¤�ç¨, | ¢ á«®¢�à¥ ª®−æ®¢ á«®¢®ä®à¬. ÷¥§ã«ìâ�âë �−�«¨§�,
¯®«ãç¥−−ë¥ ¢ ¯à®æ¥áá¥ ¯®¨áª� ¯® ¯¥à¢®¬ã á«®¢�àî, áç¨â�îâáï ¯à�¢¨«ì−ë¬¨. ‚¥-
à®ïâ−®áâì ¯à�¢¨«ì−®£® �−�«¨§� á«®¢ ¯® á«®¢�àî ª®−æ®¢ á«®¢®ä®à¬ ¯à¨ ®¡à�¡®âª¥
â¥ªáâ®¢ «î¡®© â¥¬�â¨ª¨ ¯à¥¢ëè�¥â 99%.

‘¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª¨© �−�«¨§ ¯à®¢®¤¨âáï á æ¥«ìî ¯®«ãç¥−¨ï ä®à¬�-
«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï áâàãªâãàë â¥ªáâ®¢ | ¢ë¤¥«¥−¨ï ¢ −¨å á¬ëá«®¢ëå
¥¤¨−¨æ ¨ ãáâ�−®¢«¥−¨ï á¢ï§¥© ¬¥¦¤ã −¨¬¨ [5]. ‚ à¥§ã«ìâ�â¥ �−�«¨§� ¢ â¥ªáâ¥
¤®«¦−ë ¡ëâì ¢ë¤¥«¥−ë á®áâ�¢−ë¥ ç�áâ¨, ª®â®àë¬¨ ï¢«ïîâáï à¥ç¥¢ë¥ ®âà¥§ª¨,
®¡®§−�ç�îé¨¥ ¯®−ïâ¨ï: á«®¢�, á«®¢®á®ç¥â�−¨ï, äà�§ë, á¢¥àåäà�§®¢ë¥ ¥¤¨−áâ¢�.
�� à¨á. 1 ¯à¨¢¥¤¥−� ¡«®ª-áå¥¬� ®¯¨áë¢�¥¬®£® �«£®à¨â¬� á¥¬�−â¨ª®-á¨−â�ªá¨-
ç¥áª®£® �−�«¨§� â¥ªáâ®¢. �à¨ ®¯¨á�−¨¨ á¨−â�ªá¨ç¥áª®© áâàãªâãàë â¥ªáâ®¢ ¢
ª�ç¥áâ¢¥ ®¤−®© ¨§ ä®à¬�«¨§®¢�−−ëå ¬®¤¥«¥© ¡ë«� ¨á¯®«ì§®¢�−� ¬®¤¥«ì ¤¥à¥-
¢� §�¢¨á¨¬®áâ¥©. ‘®£«�á−® íâ®© ¬®¤¥«¨ ª�¦¤®¥ ¯à¥¤«®¦¥−¨¥ ¯à¥¤áâ�¢«ï¥âáï ¢
¢¨¤¥ ¤¥à¥¢�, ¢ ã§«�å ª®â®à®£® −�å®¤ïâáï á«®¢�. �â−®è¥−¨ï −¥¯®áà¥¤áâ¢¥−−®©
¤®¬¨−�æ¨¨ ¢¨§ã�«¨§¨àãîâáï ¯ãâ¥¬ ãª�§�−¨ï ¤«ï ª�¦¤®£® ¯®¤ç¨−¥−−®£® á«®¢�
(úá«ã£¨û) ¥£® ¯®¤ç¨−ïîé¥£® á«®¢� (úå®§ï¨−�û). �à¨ íâ®¬ áâ¥¯¥−ì ¤¨ää¥à¥−-
æ¨�æ¨¨ íâ¨å ®â−®è¥−¨© ¬®¦¥â ¡ëâì à�§«¨ç−®©, ¢ ç�áâ−®áâ¨ ¨−®£¤� ¤®áâ�â®ç−®
â®«ìª® ãáâ�−®¢«¥−¨ï ä�ªâ� −�«¨ç¨ï á¬ëá«®¢®© á¢ï§¨.
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÷¨á. 1 �«®ª-áå¥¬� á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢

�à¨ à¥�«¨§�æ¨¨ �«£®à¨â¬� á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® �−�«¨§� â¥ªáâ ¯¥à-
¢®−�ç�«ì−® à�áç«¥−ï«áï −� ¯à¥¤«®¦¥−¨ï. —«¥−¥−¨¥ â¥ªáâ� −� ¯à¥¤«®¦¥−¨ï
¢ë¯®«−ï«®áì −� ®á−®¢¥ �−�«¨§� ª®−â¥ªáâ−®£® ®ªàã¦¥−¨ï ¢®§¬®¦−®£® ¯à¨§−�-
ª� ª®−æ� ¯à¥¤«®¦¥−¨ï | â®çª¨, §−�ª� ª®−æ� ¯�à�£à�ä� ¨«¨ ¨−®£® á¨¬¢®«�.
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�¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï á¬ëá«®¢®£® á®¤¥à¦�−¨ï

„�«¥¥ ®¯à¥¤¥«ï«�áì áâàãªâãà� ¯à¥¤«®¦¥−¨ï. �á−®¢ã áâàãªâãàë ¯à¥¤«®¦¥−¨ï
(¥£® úáª¥«¥âû) á®áâ�¢«ïîâ £«�£®«ë, áãé¥áâ¢¨â¥«ì−ë¥, á¢ï§�−−ë¥ ¤àã£ á ¤àã£®¬
®â−®è¥−¨ï¬¨ ¡¥á¯à¥¤«®¦−®£® ¨ ¯à¥¤«®¦−®£® ã¯à�¢«¥−¨ï, ¨ ªà�âª¨¥ ä®à¬ë ¯à¨-
«�£�â¥«ì−®£® ¨ ¯à¨ç�áâ¨ï. �áâ�«ì−ë¥ ª«�ááë á«®¢ (¯à¨«�£�â¥«ì−ë¥ ¨ ¯à¨ç�áâ¨ï
¢ ¯®«−®© ä®à¬¥, −�à¥ç¨ï, á®î§ë, ç�áâ¨æë) ¢ëáâã¯�îâ, ª�ª ¯à�¢¨«®, ¢ à®«¨
®¯à¥¤¥«¨â¥«¥© ¯¥à¥ç¨á«¥−−ëå ª«�áá®¢ á«®¢ ¨«¨ ¢ à®«¨ á¢ï§®ª. �®íâ®¬ã á¨−-
â�ªá¨ç¥áª¨© �−�«¨§ ¯à¥¤«®¦¥−¨ï −�ç¨−�«áï á ¢ëï¢«¥−¨ï ¥£® úáª¥«¥â�û. �®á«¥
íâ®£® ãâ®ç−ï«áï å�à�ªâ¥à ®â−®è¥−¨© ¬¥¦¤ã á«®¢�¬¨, á®áâ�¢«ïîé¨¬¨ úáª¥«¥âû,
¨ á«®¢�¬¨, ¨å ®ªàã¦�îé¨¬¨, ¨ áâà®¨«®áì ¤¥à¥¢® §�¢¨á¨¬®áâ¥©. �®áâà®¥−¨¥
¤¥à¥¢� §�¢¨á¨¬®áâ¥© ¢ë¯®«−ï«®áì −� ®á−®¢¥ �−�«¨§� á¨−â�ªá¨ç¥áª®© áâàãªâãàë
¯à¥¤«®¦¥−¨ï, ª®â®à�ï ®¯¨à�«�áì −� ¨−ä®à¬�æ¨î ® á«®¢�å, ¯®«ãç¥−−ãî −� íâ�¯¥
¬®àä®«®£¨ç¥áª®£® �−�«¨§�. Š�¦¤®© á«®¢®ä®à¬¥ â¥ªáâ� ¯à¨¯¨áë¢�«áï á®®â¢¥â-
áâ¢ãîé¨© á¨¬¢®« £à�¬¬�â¨ç¥áª®£® ª«�áá� ¨ −�¡®à £à�¬¬�â¨ç¥áª¨å ¯à¨§−�ª®¢.

÷�áá¬®âà¥−−ë© ¢ëè¥ �«£®à¨â¬ á¨−â�ªá¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢, ª�ª ¨ ¬−®-
¦¥áâ¢® ¯®¤®¡−ëå ¥¬ã �«£®à¨â¬®¢, ¨¬¥¥â â®â −¥¤®áâ�â®ª, çâ® ¢ −¥¬ ¢ ï¢−®¬ ¢¨¤¥
−¥ ¢ë¤¥«ïîâáï á¬ëá«®¢ë¥ ¥¤¨−¨æë, ¢ëà�¦¥−−ë¥ á«®¢®á®ç¥â�−¨ï¬¨. Œ¥¦¤ã â¥¬
äà�§¥®«®£¨ç¥áª¨¥ á«®¢®á®ç¥â�−¨ï ï¢«ïîâáï ®á−®¢−ë¬ áà¥¤áâ¢®¬ ®¡®§−�ç¥−¨ï
−�¨¬¥−®¢�−¨© ¯®−ïâ¨© [4].

�à®æ¥¤ãà� ª®−æ¥¯âã�«ì−®£® �−�«¨§� â¥ªáâ®¢ ¯à¥¤−�§−�ç¥−� ¯à¥¦¤¥ ¢á¥£® ¤«ï
¢ëï¢«¥−¨ï −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¢ â¥ªáâ¥. �â� ¯à®æ¥¤ãà� ¡�§¨àã¥âáï −� à¥§ã«ì-
â�â�å á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® �−�«¨§� ¨ ¨á¯®«ì§®¢�−¨¨ íâ�«®−−®£® á«®¢�àï

÷¨á. 2 �«®ª-áå¥¬� �«£®à¨â¬� ª®−æ¥¯âã�«ì−®£® �−�«¨§� â¥ªáâ®¢
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−�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¯à¥¤¬¥â−®© ®¡«�áâ¨, ª ª®â®à®© ¯à¨−�¤«¥¦¨â �−�«¨§¨-
àã¥¬ë© â¥ªáâ. �� à¨á. 2 ¯à¥¤áâ�¢«¥−� ¡«®ª-áå¥¬� ª®−æ¥¯âã�«ì−®£® �−�«¨§�
â¥ªáâ®¢. �� ¯¥à¢®¬ íâ�¯¥ â¥ªáâ ®¡à�¡�âë¢�«áï ¯à®£à�¬¬®© á¥¬�−â¨ª®-á¨−â�ªá¨-
ç¥áª®£® �−�«¨§�, ¢ ¯à®æ¥áá¥ ®¡à�¡®âª¨ ª®â®à®© â¥ªáâ ç«¥−¨«áï −� ¯à¥¤«®¦¥−¨ï,
áâà®¨«�áì á¨−â�ªá¨ç¥áª�ï áâàãªâãà� ¯à¥¤«®¦¥−¨© ¨ ª�¦¤®¬ã á«®¢ã −�§−�ç�«áï
−�¡®à £à�¬¬�â¨ç¥áª¨å ¯à¨§−�ª®¢. ‡�â¥¬ ª�¦¤®¥ ¯à¥¤«®¦¥−¨¥ ¨áå®¤−®£® â¥ªáâ�
à�§¡¨¢�«®áì −� à�§«¨ç−ë¥ äà�£¬¥−âë ¨ −� ¨å ®á−®¢¥ ä®à¬¨à®¢�«¨áì ú¯®¨áª®¢ë¥
®¡à�§ëû ¢ ¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¥© −®à¬�«¨§®¢�−−ëå á«®¢ ¨ á«®¢®á®ç¥â�−¨©.
„�«¥¥ íâ¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ §�¬¥−ï«¨áì −� ¨å ¯¥à¢¨ç−ë¥ å¥è-ª®¤ë | −� ¡®«¥¥
ª®à®âª¨¥ ¢®áì¬¨¡�©â®¢ë¥ ª®¤®¢ë¥ ª®¬¡¨−�æ¨¨, ª®â®àë¥ ¢ ¤�«ì−¥©è¥¬ ¨á¯®«ì§®-
¢�«¨áì ¢ ¯à®æ¥áá¥ ®â®¦¤¥áâ¢«¥−¨ï ®âà¥§ª®¢ ¨áå®¤−®£® â¥ªáâ� á −�¨¬¥−®¢�−¨ï¬¨
¯®−ïâ¨© íâ�«®−−®£® á«®¢�àï.

�®á«¥ â®£® ª�ª â¥ªáâ ¡ë« ¯à¥¤áâ�¢«¥− ¢ ¢¨¤¥ á¯¨áª� á«®¢ ¨ á«®¢®á®ç¥â�−¨©, ¨§
−¥£® ¢ë¡¨à�«¨áì −�¨¡®«¥¥ ¨−ä®à¬�â¨¢−ë¥ á«®¢� ¨ á«®¢®á®ç¥â�−¨ï. ’�ª®© ¢ë¡®à
®áãé¥áâ¢«ï«áï ¯® íâ�«®−−®¬ã á«®¢�àî −�¨¬¥−®¢�−¨© ¯®−ïâ¨© (ª®−æ¥¯âã�«ì−ë©
�−�«¨§ á ª®−âà®«¥¬ ¯® â¥§�ãàãáã) ¨«¨ ¯ãâ¥¬ ¯à®¢¥àª¨ áâàãªâãàë á«®¢®á®ç¥â�−¨©
¯à®£à�¬¬®© á¨−â�ªá¨ç¥áª®£® ª®−âà®«ï ¨ ¯®á«¥¤ãîé¥£® ¨áª«îç¥−¨ï ¨§ ¨å á®áâ�¢�
¬�«®¨−ä®à¬�â¨¢−ëå á«®¢®á®ç¥â�−¨© ¯® â�ª −�§ë¢�¥¬®¬ã á«®¢�àî áâ®¯-á«®¢.

3 Концепция смысловой обработки текстовой информации

�à¨ à�§à�¡®âª¥ ¯à®æ¥¤ãà �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨
¢�¦−® ¨áå®¤¨âì ¨§ ¯à�¢¨«ì−ëå ¯à¥¤áâ�¢«¥−¨© ® á¬ëá«®¢®© áâàãªâãà¥ ï§ëª� ¨
à¥ç¨. �® á®¢à¥¬¥−−ë¬ ¯à¥¤áâ�¢«¥−¨ï¬ −�¨¡®«¥¥ ¨−ä®à¬�â¨¢−ë¬¨ ¨ −�¨¡®«¥¥
ãáâ®©ç¨¢ë¬¨ ¥¤¨−¨æ�¬¨ á¬ëá«� ï¢«ïîâáï ¯®−ïâ¨ï [4{11]. �−¨ §�−¨¬�îâ æ¥−-
âà�«ì−®¥ ¬¥áâ® ¢ ï§ëª¥ ¨ à¥ç¨, á ¨å ¯®¬®éìî ®¯¨áë¢�¥âáï á¬ëá«®¢®¥ á®¤¥à¦�−¨¥
â¥ªáâ®¢, ¨ ¨¬¥−−® ®−¨ ï¢«ïîâáï â¥¬¨ ¡�§®¢ë¬¨ áâà®¨â¥«ì−ë¬¨ ¡«®ª�¬¨, −� ®á−®-
¢¥ ª®â®àëå ä®à¬¨àãîâáï á¬ëá«®¢ë¥ ¥¤¨−¨æë ¡®«¥¥ ¢ëá®ª¨å ãà®¢−¥©. ‚â®à®©
¯® §−�ç¨¬®áâ¨ ¥¤¨−¨æ¥© á¬ëá«� ï¢«ï¥âáï ¯à¥¤«®¦¥−¨¥. ˆ§ ¯à¥¤«®¦¥−¨© ä®à-
¬¨àãîâáï à�§«¨ç−®£® à®¤� á¢¥àåäà�§®¢ë¥ ¥¤¨−áâ¢�, ª®â®àë¥ ¯à¥¤áâ�¢«ïîâáï ¢
¢¨¤¥ ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¯à¥¤«®¦¥−¨© á¢ï§−®£® â¥ªáâ�.

�á−®¢−®© ç¥àâ®© ¯à¥¤«®¦¥−¨© ï¢«ï¥âáï ¨å ¯à¥¤¨ª�â¨¢−®áâì, â. ¥. â® ¨å á¢®©-
áâ¢®, ª®â®à®¥ å�à�ªâ¥à¨§ã¥âáï −�«¨ç¨¥¬ ã ®¡ê¥ªâ®¢ ®¯à¥¤¥«¥−−ëå ¯à¨§−�ª®¢
¨ ¨å ®â−®è¥−¨© [4{11]. ‘¢®©áâ¢®¬ ¯à¥¤¨ª�â¨¢−®áâ¨ ®¡«�¤�îâ ¨ ¢ëáª�§ë¢�-
−¨ï, ä®à¬ã«¨àã¥¬ë¥ −� ä®à¬�«¨§®¢�−−ëå ï§ëª�å. ’�ª¨¬ ®¡à�§®¬, ¢ ®á−®¢¥ ¨
¯à¥¤«®¦¥−¨© −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥, ¨ ä®à¬�«¨§®¢�−−ëå «®£¨ç¥áª¨å ¢ëáª�§ë-
¢�−¨© «¥¦¨â ¯à¥¤¨ª�â−®-�ªâ�−â−�ï áâàãªâãà�, ª®¬¯®−¥−â�¬¨ ª®â®à®© ï¢«ïîâáï
¯®−ïâ¨ï-¯à¥¤¨ª�âë (®â−®è¥−¨ï) ¨ ¯®−ïâ¨ï-�ªâ�−âë, ¢ëáâã¯�îé¨¥ ¢ à®«¨ ®¯¨-
áë¢�¥¬ëå ®¡ê¥ªâ®¢.

‚ á®®â¢¥âáâ¢¨¨ á ¯®«®¦¥−−®© ¢ ®á−®¢ã ¯à®¢¥¤¥−−ëå ¨áá«¥¤®¢�−¨© ª®−æ¥¯æ¨¥©
¢ â¥ªáâ�å ¯®−ïâ¨ï-�ªâ�−âë ¢ëà�¦�îâáï ç�é¥ −¥ ®â¤¥«ì−ë¬¨ á«®¢�¬¨, � äà�§¥®-
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�¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï á¬ëá«®¢®£® á®¤¥à¦�−¨ï

«®£¨ç¥áª¨¬¨ á«®¢®á®ç¥â�−¨ï¬¨. � ¯®−ïâ¨ï¬¨-¯à¥¤¨ª�â�¬¨, ãáâ�−�¢«¨¢�îé¨¬¨
á¬ëá«®¢ë¥ ®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨, ï¢«ïîâáï ®¡ëç−® £«�£®«ë ¨«¨ ®â£«�£®«ì−ë¥
ä®à¬ë áãé¥áâ¢¨â¥«ì−ëå, ¯à¨«�£�â¥«ì−ëå ¨ −�à¥ç¨©. �à¨ íâ®¬ −¥®¡å®¤¨¬® ãç¨-
âë¢�âì, çâ® ¢ â¥ªáâ�å ®¯¨á�−¨¥ ®¤¨−�ª®¢ëå ¯®−ïâ¨© ¨«¨ á¨âã�æ¨© ç�áâ® ¬®¦¥â
¢ë¯®«−ïâìáï ¢ â¥à¬¨−�å à�§«¨ç−®© áâ¥¯¥−¨ ®¡é−®áâ¨ ¨ á ¯®¬®éìî à�§«¨ç−ëå
ï§ëª®¢ëå áà¥¤áâ¢. ��¯à¨¬¥à, ¢ à�§«¨ç−ëå ª®−â¥ªáâ−ëå ®ªàã¦¥−¨ïå −�¨¬¥−®-
¢�−¨ï ¯®−ïâ¨© ¬®£ãâ ®¯¨áë¢�âìáï á ¨á¯®«ì§®¢�−¨¥¬ ï¢«¥−¨© á«®¢®¨§¬¥−¥−¨ï ¨
á«®¢®®¡à�§®¢�−¨ï, � â�ª¦¥ ï¢«¥−¨© á¨−®−¨¬¨¨ ¨ £¨¯®−¨¬¨¨. ‚á¥ íâ¨ ï¢«¥−¨ï áã-
é¥áâ¢¥−−® §�âàã¤−ïîâ à�á¯®§−�¢�−¨¥ ¨ áà�¢−¥−¨¥ ¬¥¦¤ã á®¡®© â¥ªáâ®¢ëå ä®à¬
−�¨¬¥−®¢�−¨© ¯®−ïâ¨©.

’�ª¨¬ ®¡à�§®¬, ¯à¨ à¥è¥−¨¨ §�¤�ç¨ �¢â®¬�â¨ç¥áª®£® ¯®áâà®¥−¨ï á¥¬�−-
â¨ç¥áª®© ª�àâë ¯® â¥ªáâã ¤®ªã¬¥−â� ®á−®¢−®© ï¢«ï¥âáï ¯à®¡«¥¬� ¢ëï¢«¥−¨ï
¯®−ïâ¨©−®© áâàãªâãàë â¥ªáâ�. �®¤ â�ª®© áâàãªâãà®© â¥ªáâ� ¡ã¤¥¬ ¯®−¨¬�âì á®-
¢®ªã¯−®áâì ¯®−ïâ¨©, ¢ëï¢«¥−−ëå ¢ â¥ªáâ¥ ¨ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© á¬ëá«®¢ë¬¨
®â−®è¥−¨ï¬¨. Œ¥¦¤ã â¥¬ ¢ëï¢«¥−−ãî ¯®−ïâ¨©−ãî áâàãªâãàã â¥ªáâ�, á®áâ®ïéãî
¨§ â¥ªáâ®¢ëå ä®à¬ ¯à¥¤áâ�¢«¥−¨ï −�¨¬¥−®¢�−¨© ¯®−ïâ¨©, −¥®¡å®¤¨¬® �¢â®¬�â¨-
ç¥áª¨ ¯à¨¢¥áâ¨ ª ä®à¬�«¨§®¢�−−®© ä®à¬¥ ¥¥ ¯à¥¤áâ�¢«¥−¨ï. ’�ª®¥ ¯à¨¢¥¤¥−¨¥
¢ë¯®«−ï¥âáï ¯ãâ¥¬ �¢â®¬�â¨ç¥áª®© −®à¬�«¨§�æ¨¨ â¥ªáâ®¢ëå ä®à¬ −�¨¬¥−®¢�−¨©
¯®−ïâ¨© (á«®¢ ¨«¨ á«®¢®á®ç¥â�−¨©).

�¡ëç−® ¯®¤ −®à¬�«¨§®¢�−−®© (ª�−®−¨ç¥áª®©) ä®à¬®© á«®¢� ¯®−¨¬�¥âáï â�
¥£® ä®à¬�, ª®â®à�ï âà�¤¨æ¨®−−® ãª�§ë¢�¥âáï ¢ á«®¢�àïå. ��¯à¨¬¥à, ¤«ï
áãé¥áâ¢¨â¥«ì−®£® íâ® ä®à¬� ¨¬¥−¨â¥«ì−®£® ¯�¤¥¦� ¥¤¨−áâ¢¥−−®£® ¨«¨ (¢ á«ãç�¥
pluralia tantum) ¬−®¦¥áâ¢¥−−®£® ç¨á«�, ¤«ï £«�£®«� | ä®à¬� ¨−ä¨−¨â¨¢�, ¤«ï
¯à¨«�£�â¥«ì−®£® | ä®à¬� ¨¬¥−¨â¥«ì−®£® ¯�¤¥¦� ¥¤¨−áâ¢¥−−®£® ç¨á«� ¬ã¦áª®£®
à®¤�. �à®æ¥¤ãà� §�¬¥−ë ¨áå®¤−®© ¢�à¨�−â−®© ä®à¬ë á«®¢� −� ª�−®−¨ç¥áªãî
−�§ë¢�¥âáï ¯à®æ¥¤ãà®© −®à¬�«¨§�æ¨¨ ¨«¨ «¥¬¬�â¨§�æ¨¨.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® −®à¬�«¨§�æ¨ï á«®¢ ¨«¨ á«®¢®á®ç¥â�−¨© ¬®¦¥â
¢ë¯®«−ïâìáï á à�§«¨ç−®© áâ¥¯¥−ìî á¬ëá«®¢®© ®¡é−®áâ¨ | −� ãà®¢−¥ á«®¢®¨§-
¬¥−¥−¨ï ¨«¨ −� ãà®¢−¥ á«®¢®®¡à�§®¢�−¨ï. �®àï¤®ª á«®¢ ¢ á«®¢®á®ç¥â�−¨¨ ¨
−¥¨§¬¥−ï¥¬ë¥ ä®à¬ë á«®¢ ¯à¨ −®à¬�«¨§�æ¨¨ −¥ ¨§¬¥−ïîâáï.

ˆáå®¤ï ¨§ ¢ëè¥áª�§�−−®£®, á¬ëá«®¢ãî áâàãªâãàã â¥ªáâ� ¬®¦−® ¯à¥¤áâ�¢¨âì
¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨ −®à¬�«¨§®¢�−−ëå −�¨¬¥−®¢�−¨© ¯®−ïâ¨©. ’�ªãî á¬ëá«®¢ãî
áâàãªâãàã â¥ªáâ� ¡ã¤¥¬ −�§ë¢�âì ¥£® ä®à¬�«¨§®¢�−−ë¬ á¬ëá«®¢ë¬ ®¯¨á�−¨¥¬.

�à¨ íâ®¬ ¤«ï ®âà�¦¥−¨ï á¬ëá«®¢®£® á®¤¥à¦�−¨ï ¤®ªã¬¥−â� ¢ á®áâ�¢ ¥£®
ä®à¬�«¨§®¢�−−®£® á¬ëá«®¢®£® ®¯¨á�−¨ï ¤®«¦−ë ¡ëâì ¢ª«îç¥−ë −�¨¡®«¥¥ ¨−-
ä®à¬�â¨¢−ë¥ −�¨¬¥−®¢�−¨ï ¯®−ïâ¨©. Š�¦¤ë© í«¥¬¥−â ®¯¨á�−¨ï ¤®«¦¥− á®-
¯à®¢®¦¤�âìáï ¢¥á®¢ë¬ ª®íää¨æ¨¥−â®¬, ®¯à¥¤¥«ïîé¨¬ áâ¥¯¥−ì ¥£® á¬ëá«®¢®©
§−�ç¨¬®áâ¨ ¢ â¥ªáâ¥. �®íâ®¬ã ¯à¨ ä®à¬¨à®¢�−¨¨ ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï
¤®ªã¬¥−â� −ã¦−® ®¯à¥¤¥«¨âì ¥£® á®áâ�¢ ¨ −�§−�ç¨âì ª�¦¤®¬ã í«¥¬¥−âã ¥£® ¢¥á®¢®©
ª®íää¨æ¨¥−â. „«ï íâ®£® −¥®¡å®¤¨¬® ¢ �−�«¨§¨àã¥¬®¬ â¥ªáâ¥ ¢ëï¢¨âì −�¨¡®«¥¥
¨−ä®à¬�â¨¢−ë¥ á«®¢� ¨«¨ á«®¢®á®ç¥â�−¨ï, ¡�§¨àãïáì −� ¨å ä®à¬�«ì−ëå å�-
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à�ªâ¥à¨áâ¨ª�å, â�ª¨å, −�¯à¨¬¥à, ª�ª §−�ç¥−¨ï ç�áâ®âë ¯®ï¢«¥−¨ï ¢ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨ ¢ ª®−ªà¥â−®¬ â¥ªáâ¥, ¤«¨−ë á«®¢®á®ç¥â�−¨© (¢ á«®¢�å), ¯à¨−�¤«¥¦−®áâì
ª ª�â¥£®à¨¨ £¥®£à�ä¨ç¥áª¨å −�§¢�−¨© ¨«¨ ª ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯¥.

‚ ä®à¬�«¨§®¢�−−®¬ á¬ëá«®¢®¬ ®¯¨á�−¨¨ ¤®ªã¬¥−â� ª�¦¤ë© í«¥¬¥−â á®áâ®¨â
¨§ ¯�àë −�¨¬¥−®¢�−¨© ¯®−ïâ¨©-�ªâ�−â®¢, á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¯®−ïâ¨¥¬-¯à¥-
¤¨ª�â®¬.

’�ª¨¬ ®¡à�§®¬, ¬®¦−® áä®à¬ã«¨à®¢�âì ®¯à¥¤¥«¥−¨¥ ä®à¬�«¨§®¢�−−®£®
á¬ëá«®¢®£® ®¯¨á�−¨ï ¤®ªã¬¥−â� (”‘�„), ¯®¤ ª®â®àë¬ ¯®−¨¬�¥âáï ã¯®àï¤®-
ç¥−−®¥ ¬−®¦¥áâ¢® F = {Sui|i ∈ [1, nÆ]}, £¤¥ nÆ | ç¨á«® í«¥¬¥−â®¢ ¢ ä®à¬�-
«¨§®¢�−−®¬ á¬ëá«®¢®¬ ®¯¨á�−¨¨ ¤®ªã¬¥−â�, Sui = (Nci, wi, Ri) | i-© í«¥¬¥−â
”‘�„; Nci | −�¨¬¥−®¢�−¨¥ ¯®−ïâ¨ï; wi | ¢¥á −�¨¬¥−®¢�−¨ï ¯®−ïâ¨ï; Ri |
¬−®¦¥áâ¢® á¢ï§¥©, ®â−®áïé¨åáï ª ¤�−−®¬ã í«¥¬¥−âã ”‘�„.

„«ï ãª�§�−¨ï á¬ëá«®¢®© §−�ç¨¬®áâ¨ −�¨¬¥−®¢�−¨ï ¯®−ïâ¨ï ¢ ”‘�„ −¥®¡-
å®¤¨¬® −�§−�ç¨âì ª�¦¤®¬ã −�¨¬¥−®¢�−¨î ¯®−ïâ¨ï ¢¥á®¢®© ª®íää¨æ¨¥−â.

�à¨ −�§−�ç¥−¨¨ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¢®á¯®«ì§ã¥¬áï á«¥¤ãîé¥© ä®à¬ã-
«®©:

Wij =

{
(pij + fgij)fijlif , lij ≤ kmax ;

(pij + fgij)fijkmax , lij > kmax ,
(1)

£¤¥ pij | ª®íää¨æ¨¥−â, ã¢¥«¨ç¨¢�îé¨© áâ¥¯¥−ì §−�ç¨¬®áâ¨ −�¨¬¥−®¢�−¨ï ¯®-
−ïâ¨ï ¢ §�¢¨á¨¬®áâ¨ ®â ¥£® ¯à¨−�¤«¥¦−®áâ¨ ª ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯¥, £¥®-
£à�ä¨ç¥áª¨¬ −�§¢�−¨ï¬ ¨ â. ¤.; lij | ª®«¨ç¥áâ¢® á«®¢ ¢ á«®¢®á®ç¥â�−¨¨, ª®â®àë¬
¢ëà�¦�¥âáï j-¥ ¯®−ïâ¨¥ ¢ i-¬ â¥ªáâ¥; fij | ç�áâ®â� ¯®ï¢«¥−¨ï j-£® ¯®−ïâ¨ï
¢ i-¬ â¥ªáâ¥; fgij | à�−¦¨à®¢�−−�ï £«®¡�«ì−�ï ç�áâ®â� j-£® ¯®−ïâ¨ï ¢ i-¬
â¥ªáâ¥ (−�¨¬¥−®¢�−¨ï¬ ¯®−ïâ¨© ¯à¨á¢�¨¢�¥âáï ®¤¨− ¨§ q à�−£®¢ ¢ §�¢¨á¨¬®áâ¨
®â §�à�−¥¥ ãáâ�−®¢«¥−−ëå ¤¨�¯�§®−®¢ §−�ç¥−¨© £«®¡�«ì−®© ç�áâ®âë); kmax |
ãáâ�−®¢«¥−−ë© ®¯ëâ−ë¬ ¯ãâ¥¬ ª®íää¨æ¨¥−â, á®®â¢¥âáâ¢ãîé¨© ¬�ªá¨¬�«ì−®©
¤«¨−¥ á«®¢®á®ç¥â�−¨ï, ¯®á«¥ ª®â®à®© ®−� −¥ ¤®«¦−� ¢«¨ïâì −� ¨â®£®¢ë© ¢¥á
−�¨¬¥−®¢�−¨ï ¯®−ïâ¨ï.

4 Автоматическое построение таблицы связей наименований понятий

ˆáå®¤ï ¨§ ¢ëè¥áª�§�−−®£® ¬®¦−® ®¯à¥¤¥«¨âì á«¥¤ãîé¨© ¯®àï¤®ª ¯®áâà®-
¥−¨ï á¥¬�−â¨ç¥áª®© ª�àâë ¯® â¥ªáâã ¤®ªã¬¥−â�:

(1) ®¯à¥¤¥«¥−¨¥ á¨−â�ªá¨ç¥áª®© ¨ ª®−æ¥¯âã�«ì−®© áâàãªâãàë â¥ªáâ�;

(2) à�§à¥è¥−¨¥ �−�ä®à¨ç¥áª¨å ááë«®ª ¢ â¥ªáâ¥;

(3) ¯®«ãç¥−¨¥ ç�áâ®â−®£® á«®¢�àï −�¨¬¥−®¢�−¨© ¯®−ïâ¨©;

(4) ãáâ�−®¢«¥−¨¥ á¬ëá«®¢ëå á¢ï§¥© ¬¥¦¤ã −�¨¬¥−®¢�−¨ï¬¨ ¯®−ïâ¨©;

(5) ¨áª«îç¥−¨¥ ¬�«®¨−ä®à¬�â¨¢−ëå á«®¢ ¨«¨ á«®¢®á®ç¥â�−¨©;
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�¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï á¬ëá«®¢®£® á®¤¥à¦�−¨ï

’�¡«¨æ� 1 ”à�£¬¥−â ¨áå®¤−®£® â¥ªáâ�

Ší¬¥à®− ®¡êï¢¨« ¯®«¨â¨ç¥áª®¥ ®¡ê¥¤¨−¥−¨¥ …¢à®¯ë ®è¨¡ª®©
�à¥¬ì¥à-¬¨−¨áâà ‚¥«¨ª®¡à¨â�−¨¨ „í¢¨¤ Ší¬¥à®− ®¡êï¢¨« ¤�«ì−¥©èãî ¥¢à®-

¨−â¥£à�æ¨î ®è¨¡ª®©. �¡ íâ®¬ ®− §�ï¢¨« ¢ á¢®¥¬ ¢ëáâã¯«¥−¨¨ −� ‚á¥¬¨à−®¬
íª®−®¬¨ç¥áª®¬ ä®àã¬¥ ¢ „�¢®á¥ ¢ ç¥â¢¥à£, 24 ï−¢�àï, ¯¥à¥¤�¥â Reuters. ƒ«�¢�
¡à¨â�−áª®£® ¯à�¢¨â¥«ìáâ¢� ¯à¥¤®áâ¥à¥£ ¥¢à®¯¥©áª¨å «¨¤¥à®¢ ®â ¯®¯ëâª¨ ã£«ã¡¨âì
¯®«¨â¨ç¥áª¨¥ á¢ï§¨ ¢ …¢à®á®î§¥. �® ¥£® á«®¢�¬, ‹®−¤®− −¥ ¡ã¤¥â ãç�áâ¢®¢�âì ¢
íâ®¬ ¯à®æ¥áá¥.

Ší¬¥à®− §�ï¢¨«, çâ® ¥¢à®¯¥©áª¨¥ áâà�−ë ®¡«�¤�îâ á¢®¥© ¨áâ®à¨¥©, á¢®¨¬¨ âà�-
¤¨æ¨ï¬¨, ¨−áâ¨âãâ�¬¨ ¨ å®âïâ ¯à¨−¨¬�âì á¢®¨ á®¡áâ¢¥−−ë¥ à¥è¥−¨ï. �®íâ®¬ã,
ã¢¥à¥− ¯à¥¬ì¥à, −¥ á«¥¤ã¥â ¢âï£¨¢�âì ¨å ¢ æ¥−âà�«¨§®¢�−−ë© ¯®«¨â¨ç¥áª¨© á®î§.
�− ®â¬¥â¨«, çâ® ‚¥«¨ª®¡à¨â�−¨ï, ¡ã¤ãç¨ ªàã¯−ë¬ ¨£à®ª®¬ −� àë−ª¥ …‘, ã¦¥
ãç�áâ¢ã¥â ¢ à¥è¥−¨¨ ª«îç¥¢ëå ®¡é¥¥¢à®¯¥©áª¨å §�¤�ç: ¯®¢ëè¥−¨¨ ª®−ªãà¥−â®á¯®-
á®¡−®áâ¨, ¡®àì¡¥ á â¥àà®à¨§¬®¬ ¨ ¨§¬¥−¥−¨ï¬¨ ª«¨¬�â�. „«ï ¯à¨−ïâ¨ï ¯®¤®¡−ëå
à¥è¥−¨©, ¤®¡�¢¨« ®−, ¤�«ì−¥©è¥© ¨−â¥£à�æ¨¨ −¥ âà¥¡ã¥âáï. . .

(6) ¯à¨¢¥¤¥−¨¥ à�§«¨ç−ëå ä®à¬ ¯à¥¤áâ�¢«¥−¨ï −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ª ¥¤¨−®©
ã−¨ä¨æ¨à®¢�−−®© ä®à¬¥;

(7) ¤®¯®«−¥−¨¥ ¯®«ãç¥−−®© ¯® â¥ªáâã â�¡«¨æë á¢ï§¥© −�¨¬¥−®¢�−¨© ¯®−ïâ¨©
¢−¥ª®−â¥ªáâ−ë¬¨ ¯�à�¤¨£¬�â¨ç¥áª¨¬¨ ¨ �áá®æ¨�â¨¢−ë¬¨ á¢ï§ï¬¨;

(8) ¯®áâà®¥−¨¥ á¥¬�−â¨ç¥áª®© ª�àâë.

�à®¨««îáâà¨àã¥¬ ¯à®æ¥áá �¢â®¬�â¨ç¥áª®£® ¯®áâà®¥−¨ï á¥¬�−â¨ç¥áª®© ª�àâë
¯® â¥ªáâã ¤®ªã¬¥−â� (äà�£¬¥−â íâ®£® â¥ªáâ� ¯à¨¢¥¤¥− ¢ â�¡«. 1).

Š�ª ¡ë«® ®¯à¥¤¥«¥−® ¢ëè¥, ¢−�ç�«¥ â¥ªáâ ®¡à�¡�âë¢�«áï ¯à®£à�¬¬®© á¥¬�−-
â¨ª®-á¨−â�ªá¨ç¥áª®£® �−�«¨§�. ‚ à¥§ã«ìâ�â¥ íâ®© ®¡à�¡®âª¨ â¥ªáâ ¡ë« à�áç«¥−¥−
−� ¯à¥¤«®¦¥−¨ï, ¤«ï ª�¦¤®£® ¯à¥¤«®¦¥−¨ï ¡ë«� ¯®áâà®¥−� ¥£® á¨−â�ªá¨ç¥áª�ï
áâàãªâãà� ¨ à�§à¥è¥−ë �−�ä®à¨ç¥áª¨¥ ááë«ª¨. �®¤ à�§à¥è¥−¨¥¬ �−�ä®à¨-
ç¥áª¨å ááë«®ª ¯®−¨¬�¥âáï �¢â®¬�â¨ç¥áª�ï §�¬¥−� ¢ â¥ªáâ¥ ¬¥áâ®¨¬¥−¨© −� ¨å
�−â¥æ¥¤¥−âë. „�«¥¥ ¯à¨ ¯®¬®é¨ ¯à®£à�¬¬ ª®−æ¥¯âã�«ì−®£® �−�«¨§� ¨§ íâ®£®
â¥ªáâ� ¡ë«¨ ¢ë¤¥«¥−ë −�¨¬¥−®¢�−¨ï ¯®−ïâ¨© ¨ ¢á¥ ¨å â¥ªáâ®¢ë¥ ä®à¬ë ¡ë«¨
¯à¨¢¥¤¥−ë ª −®à¬�«ì−®© ä®à¬¥. �®á«¥ íâ®£® ¯® ¢á¥¬ã ¯¥à¥ç−î ¯®«ãç¥−−ëå
−�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¡ë« á®áâ�¢«¥− «®ª�«ì−ë© (¯® ¤�−−®¬ã â¥ªáâã) ç�áâ®â−ë©
á«®¢�àì.

„�«¥¥ ¯® íâ�«®−−®¬ã ª®−æ¥¯âã�«ì−®¬ã á«®¢�àî ¢ë¯®«−ï«áï ª®−âà®«ì ¯®«ã-
ç¥−−ëå á«®¢ ¨ á«®¢®á®ç¥â�−¨©, ¢ à¥§ã«ìâ�â¥ ç¥£® ¡ë«¨ ¨áª«îç¥−ë ¬�«®¨−ä®à-
¬�â¨¢−ë¥ á«®¢� ¨ á«®¢®á®ç¥â�−¨ï, � ®áâ�¢è¨¬áï −�¨¬¥−®¢�−¨ï¬ ¯®−ïâ¨© ¡ë«¨
¯à¨¯¨á�−ë ¤®¯®«−¨â¥«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ −�¨¬¥−®¢�−¨© ¯®−ïâ¨©: £«®¡�«ì-
−�ï ç�áâ®â� ¨ ¯à¨§−�ª ¯à¨−�¤«¥¦−®áâ¨ ª ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯¥. �à¨ íâ®¬
¢ëç¨á«ï«�áì à�−¦¨à®¢�−−�ï £«®¡�«ì−�ï ç�áâ®â�. �â� å�à�ªâ¥à¨áâ¨ª� ¨á¯®«ì-
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§®¢�«�áì ¤«ï ®£à�−¨ç¥−¨ï ¢«¨ï−¨ï ¬�ªá¨¬�«ì−ëå §−�ç¥−¨© £«®¡�«ì−®© ç�áâ®âë
¯à¨ ¢ëç¨á«¥−¨¨ ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢. „«ï íâ®£® −�¨¬¥−®¢�−¨ï¬ ¯®−ïâ¨©
¯à¨á¢�¨¢�«áï ®¤¨− ¨§ 16 à�−£®¢ ¢ §�¢¨á¨¬®áâ¨ ®â §�à�−¥¥ ãáâ�−®¢«¥−−ëå ¤¨�¯�-
§®−®¢ §−�ç¥−¨© £«®¡�«ì−®© ç�áâ®âë. ��¯à¨¬¥à, à�−£ 16 ¯®«ãç¨«¨ −�¨¬¥−®¢�−¨ï
¯®−ïâ¨©, £«®¡�«ì−�ï ç�áâ®â� ª®â®àëå «¥¦¨â ¢ ¨−â¥à¢�«¥ (fgmax, (15/16)fgmax),
£¤¥ fgmax| ¬�ªá¨¬�«ì−�ï ç�áâ®â� ¢ ª®−æ¥¯âã�«ì−®¬ á«®¢�à¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨.

‚ â�¡«. 2 ¯à¨¢¥¤¥− äà�£¬¥−â á«®¢�àï −�¨¬¥−®¢�−¨© ¯®−ïâ¨©, ¯®«ãç¥−−ëå
¯® â¥ªáâã (á¬. â�¡«. 1). ‚ íâ®© â�¡«¨æ¥ ¢ ª®«®−ª¥ 1 ãª�§�− −®¬¥à −�¨¬¥−®¢�−¨ï
¯®−ïâ¨ï ¢ á«®¢�à¥, ¢ ª®«®−ª¥ 2 | £«®¡�«ì−�ï ç�áâ®â�, ¢ ª®«®−ª¥ 3 | à�−¦¨à®-
¢�−−�ï £«®¡�«ì−�ï ç�áâ®â�, ¢ ª®«®−ª¥ 4 | «®ª�«ì−�ï ç�áâ®â� ¢ ¤�−−®¬ â¥ªáâ¥, ¢

’�¡«¨æ� 2 ”à�£¬¥−â á¯¨áª� −�¨¬¥−®¢�−¨© ¯®−ïâ¨©, ¯®«ãç¥−−ëå ¯® â¥ªáâã (á¬. â�¡«. 1)

—�áâ®â� ��¨¬¥−®¢�−¨¥ ¯®−ïâ¨ï

ü
¯/¯

ƒ«®¡�«ì-
−�ï

÷�−¦¨-
à®¢�−−�ï

(16 à�−£®¢)

‹®ª�«ì-
−�ï

Š®íää¨-
æ¨¥−â
pij

�®à¬�«ì−�ï
ä®à¬�

ˆáå®¤−�ï
ä®à¬�

1 2 3 4 5 6 7
1 121 13 4 4 Ší¬¥à®− Ší¬¥à®−

2 33 4 1 1
¯®«¨â¨ç¥áª¨©
®¡ê¥¤¨−¥−¨¥
¥¢à®¯�

¯®«¨â¨ç¥áª®¥
®¡ê¥¤¨−¥−¨¥
…¢à®¯ë

3 91 10 2 1 ®è¨¡ª� ®è¨¡ª®©

4 15 2 1 4
¯à¥¬ì¥à-¬¨−¨áâà
¢¥«¨ª®¡à¨â�−¨ï
¤í¢¨¤ ªí¬¥à®−

�à¥¬ì¥à-¬¨−¨áâà
‚¥«¨ª®¡à¨â�−¨¨
„í¢¨¤ Ší¬¥à®−

5 75 8 2 1 ¢ëáâã¯«¥−¨¥ ¢ëáâã¯«¥−¨¨
6 58 6 1 4 ¥¢à®¨−â¥£à�æ¨ï ¥¢à®¨−â¥£à�æ¨î

7 62 7 1 4
¢á¥¬¨à−ë©
íª®−®¬¨ç¥áª¨©
ä®àã¬

‚á¥¬¨à−®¬
íª®−®¬¨ç¥áª®¬
ä®àã¬¥

8 72 8 2 4 ¤�¢®á „�¢®á¥

9 56 6 1 2
£«�¢�
¡à¨â�−áª¨©
¯à�¢¨â¥«ìáâ¢®

ƒ«�¢�
¡à¨â�−áª®£®
¯à�¢¨â¥«ìáâ¢�

10 24 3 1 2
¥¢à®¯¥©áª¨©
«¨¤¥à

¥¢à®¯¥©áª¨å
«¨¤¥à®¢

11 27 3 1 1
¯®«¨â¨ç¥áª¨©
á¢ï§ì

¯®«¨â¨ç¥áª¨¥
á¢ï§¨

12 135 14 3 4 ¥¢à®á®î§ …¢à®á®î§¥

13 64 7 2 2
¥¢à®¯¥©áª¨©
áâà�−�

¥¢à®¯¥©áª¨¥
áâà�−ë

�ª®−ç�−¨¥ â�¡«. 2 −� á. 153
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�¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï á¬ëá«®¢®£® á®¤¥à¦�−¨ï

’�¡«¨æ� 2 (®ª®−ç�−¨¥) ”à�£¬¥−â á¯¨áª� −�¨¬¥−®¢�−¨© ¯®−ïâ¨©, ¯®«ãç¥−−ëå ¯® â¥ªáâã
(á¬. â�¡«. 1)

—�áâ®â� ��¨¬¥−®¢�−¨¥ ¯®−ïâ¨ï

ü
¯/¯

ƒ«®¡�«ì-
−�ï

÷�−¦¨-
à®¢�−−�ï

(16 à�−£®¢)

‹®ª�«ì-
−�ï

Š®íää¨-
æ¨¥−â
pij

�®à¬�«ì−�ï
ä®à¬�

ˆáå®¤−�ï
ä®à¬�

1 2 3 4 5 6 7
14 32 4 1 1 ¨áâ®à¨ï ¨áâ®à¨¥©
15 15 2 1 1 âà�¤¨æ¨ï âà�¤¨æ¨ï¬¨
16 131 14 1 1 ¨−áâ¨âãâ ¨−áâ¨âãâ�¬¨
17 35 4 3 1 à¥è¥−¨¥ à¥è¥−¨ï
18 144 15 2 2 ¯à¥¬ì¥à ¯à¥¬ì¥à

19 12 2 1 1
¯®«¨â¨ç¥áª¨©
á®î§

¯®«¨â¨ç¥áª¨©
á®î§

20 132 14 1 4 ¢¥«¨ª®¡à¨â�−¨ï ‚¥«¨ª®¡à¨â�−¨ï
21 28 3 1 2 àë−®ª ¥á àë−ª¥ …‘

22 12 2 1 1
ª«îç¥¢®©
®¡é¥¥¢à®¯¥©áª¨©
§�¤�ç�

ª«îç¥¢ëå
®¡é¥¥¢à®¯¥©áª¨å
§�¤�ç

23 17 2 1 1
¯®¢ëè¥−¨¥
ª®−ªãà¥−â®-
á¯®á®¡−®áâì

¯®¢ëè¥−¨¨
ª®−ªãà¥−â®-
á¯®á®¡−®áâ¨

24 32 4 1 2
¡®àì¡�
â¥àà®à¨§¬

¡®àì¡¥
á â¥àà®à¨§¬®¬

25 8 1 1 1
¨§¬¥−¥−¨¥
ª«¨¬�â

¨§¬¥−¥−¨ï¬¨
ª«¨¬�â�

ª®«®−ª¥ 5 | ª®íää¨æ¨¥−â ¯à¨−�¤«¥¦−®áâ¨ ª ä�¬¨«ì−®-¨¬¥−−®© £àã¯¯¥, £¥®£à�-
ä¨ç¥áª®¬ã −�§¢�−¨î, −�§¢�−¨î ª®¬¯�−¨© ¨ â. ¤., ¢ ª®«®−ª¥ 6 | −�¨¬¥−®¢�−¨¥
¯®−ïâ¨ï ¢ −®à¬�«ì−®© ä®à¬¥ ¨ ¢ ª®«®−ª¥ 7 | −�¨¬¥−®¢�−¨¥ ¯®−ïâ¨ï ¢ â¥ªáâ®¢®©
ä®à¬¥.

‡�â¥¬ á ¯®¬®éìî ¯à®£à�¬¬ á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® ¨ ª®−æ¥¯âã�«ì−®£®
�−�«¨§� ãáâ�−�¢«¨¢�«¨áì á¬ëá«®¢ë¥ ®â−®è¥−¨ï ¬¥¦¤ã −�¨¬¥−®¢�−¨ï¬¨ ¯®−ïâ¨©.
‚ ª�ç¥áâ¢¥ á¬ëá«®¢ëå ®â−®è¥−¨© ¬¥¦¤ã ¯®−ïâ¨ï¬¨ ¬®£ãâ ¢ëáâã¯�âì £«�£®«ë
(£«�£®«ì−ë¥ £àã¯¯ë), ®â£«�£®«ì−ë¥ ä®à¬ë (¯à¨ç�áâ¨ï, ¤¥¥¯à¨ç�áâ¨ï), ¯à¥¤«®£¨
¨ á®®â¢¥âáâ¢ãîé¨¥ §−�ª¨ ¯à¥¯¨−�−¨ï ¨ ¤à.

�à®æ¥áá ¢ë¤¥«¥−¨ï −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¨ ãáâ�−®¢«¥−¨ï á¬ëá«®¢ëå á¢ï§¥©
¯®ª�¦¥¬ −� ¯à¨¬¥à¥ á«¥¤ãîé¥£® ¯à¥¤«®¦¥−¨ï: úŠí¬¥à®− ®¡êï¢¨« ¯®«¨â¨ç¥áª®¥
®¡ê¥¤¨−¥−¨¥ …¢à®¯ë ®è¨¡ª®©û. ‚−�ç�«¥ á ¯®¬®éìî à�−¥¥ á®áâ�¢«¥−−®£® ¯®
â¥ªáâã ç�áâ®â−®£® á«®¢�àï (á¬. â�¡«. 2) ¢ íâ®¬ ¯à¥¤«®¦¥−¨¨ ¡ë«¨ ¢ë¤¥«¥−ë
á«¥¤ãîé¨¥ ¯®−ïâ¨ï-�ªâ�−âë:
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(1) Ší¬¥à®−;

(2) ¯®«¨â¨ç¥áª®¥ ®¡ê¥¤¨−¥−¨¥ …¢à®¯ë;

(3) ®è¨¡ª®©.

„�«¥¥ á ¯®¬®éìî áà¥¤áâ¢ á¥¬�−â¨ª®-á¨−â�ªá¨ç¥áª®£® ¨ ª®−æ¥¯âã�«ì−®£®
�−�«¨§� ¡ë«® ¢ëï¢«¥−® ¯®−ïâ¨¥-¯à¥¤¨ª�â ú®¡êï¢¨«û ¨ ãáâ�−®¢«¥−� á¢ï§ì ¬¥¦-
¤ã ¯®−ïâ¨ï¬¨-�ªâ�−â�¬¨ úŠí¬¥à®−û, ú¯®«¨â¨ç¥áª®¥ ®¡ê¥¤¨−¥−¨¥ …¢à®¯ëû ¨
ú®è¨¡ª®©û. ÷¥§ã«ìâ�â ®¡à�¡®âª¨ íâ®£® ¯à¥¤«®¦¥−¨ï ¯à¨®¡à¥â�¥â á«¥¤ãîé¨©
¢¨¤:

[Ší¬¥à®−] [®¡êï¢¨«] [¯®«¨â¨ç¥áª®¥ ®¡ê¥¤¨−¥−¨¥ …¢à®¯ë];
[Ší¬¥à®−] [®¡êï¢¨«] [®è¨¡ª®©].

„�«¥¥ ¢¥áì â¥ªáâ ®¡à�¡�âë¢�«áï �−�«®£¨ç−ë¬ ®¡à�§®¬, ¨ ¢ à¥§ã«ìâ�â¥ ¡ë«®
áä®à¬¨à®¢�−® â�¡«¨ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ á¬ëá«®¢®£® ®¯¨á�−¨ï ¤®ªã¬¥−â�. ‚ íâ®¬
¯à¥¤áâ�¢«¥−¨¨ ª�¦¤ë© í«¥¬¥−â â�¡«¨æë ¯à¥¤áâ�¢«ï¥â á®¡®© ®â−®è¥−¨¥ ¤¢ãå
−�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¨ á¢ï§ë¢�îé¥£® ¨å á¬ëá«®¢®£® ®â−®è¥−¨ï.

�¥¤®áâ�âª®¬ â�ª®£® ¯à¥¤áâ�¢«¥−¨ï ï¢«ï¥âáï â®, çâ® ¢ −¥ª®â®àëå á«ãç�ïå
®¤−¨ ¨ â¥ ¦¥ −�¨¬¥−®¢�−¨ï ¯®−ïâ¨© ¯à¥¤áâ�¢«¥−ë à�§−ë¬¨ á«®¢®á®ç¥â�−¨ï¬¨.
’�ª, ¢ ¯à¨¢¥¤¥−−®¬ â¥ªáâ¥ −�¨¬¥−®¢�−¨¥ ¯®−ïâ¨ï ú�à¥¬ì¥à-¬¨−¨áâà ‚¥«¨ª®-
¡à¨â�−¨¨ „í¢¨¤ Ší¬¥à®−û ¯à¥¤áâ�¢«¥−® à�§−ë¬¨ á«®¢®á®ç¥â�−¨ï¬¨. ‚ â�¡«. 3
¯à¨¢¥¤¥− äà�£¬¥−â á«®¢�àï �áá®æ¨�â¨¢−ëå ®â−®è¥−¨© −�¨¬¥−®¢�−¨© ¯®−ïâ¨©.
‚ íâ®¬ á«®¢�à¥ §�£«�¢−®¥ −�¨¬¥−®¢�−¨¥ ¯®−ïâ¨ï (¢ë¤¥«¥−−®¥ ¦¨à−ë¬ èà¨äâ®¬)
ï¢«ï¥âáï ã−¨ä¨æ¨à®¢�−−®© ä®à¬®© ¯à¥¤áâ�¢«¥−¨ï ¯à¨¢¥¤¥−−®£® −¨¦¥ ¯¥à¥ç−ï
à�§«¨ç−ëå ä®à¬ íâ®£® −�¨¬¥−®¢�−¨ï ¯®−ïâ¨ï.

�®á«¥ �¢â®¬�â¨ç¥áª®© §�¬¥−ë −®à¬�«¨§®¢�−−ëå ä®à¬ −�¨¬¥−®¢�−¨© ¯®−ï-
â¨© −� ¨å ã−¨ä¨æ¨à®¢�−−ë¥ ä®à¬ë ¨ ¢ëç¨á«¥−¨ï ¨å ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢

’�¡«¨æ� 3 ”à�£¬¥−â á«®¢�àï ¯�à�¤¨£¬�â¨ç¥áª¨å ¨ �áá®æ¨�-
â¨¢−ëå ®â−®è¥−¨© −�¨¬¥−®¢�−¨© ¯®−ïâ¨©

‚á¥¬¨à−ë© íª®−®¬¨ç¥áª¨© ä®àã¬
{ ä®àã¬ ¢ „�¢®á¥;
{ ‚�”.

…¢à®á®î§
{ …¢à®¯¥©áª¨© á®î§;
{ …‘.

�à¥¬ì¥à-¬¨−¨áâà ‚¥«¨ª®¡à¨â�−¨¨ „í¢¨¤ Ší¬¥à®−
{ Ší¬¥à®−;
{ „í¢¨¤ Ší¬¥à®−;
{ ¡à¨â�−áª¨© ¯à¥¬ì¥à-¬¨−¨áâà;
{ ¯à¥¬ì¥à;
{ £«�¢� ¡à¨â�−áª®£® ¯à�¢¨â¥«ìáâ¢�.
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�¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï á¬ëá«®¢®£® á®¤¥à¦�−¨ï

’�¡«¨æ� 4 ’�¡«¨ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ ä®à¬�«¨§®¢�−−®© á¬ëá«®¢®© áâàãªâãàë â¥ªáâ�
(äà�£¬¥−â)

ü
¯/¯

�®−ïâ¨¥-�ªâ�−â ‚¥á �®−ïâ¨¥-¯à¥¤¨ª�â �®−ïâ¨¥-�ªâ�−â ‚¥á

1 2 3 4 5 6

1
�à¥¬ì¥à-¬¨−¨áâà
‚¥«¨ª®¡à¨â�−¨¨
„í¢¨¤ Ší¬¥à®−

544 ®¡êï¢¨«
¯®«¨â¨ç¥áª®¥
®¡ê¥¤¨−¥−¨¥
…¢à®¯ë

24

2
�à¥¬ì¥à-¬¨−¨áâà
‚¥«¨ª®¡à¨â�−¨¨
„í¢¨¤ Ší¬¥à®−

544 ¢ ¢ëáâã¯«¥−¨¨ 18

3
�à¥¬ì¥à-¬¨−¨áâà
‚¥«¨ª®¡à¨â�−¨¨
„í¢¨¤ Ší¬¥à®−

544 ¯à¥¤®áâ¥à¥£ ¥¢à®¯¥©áª¨å «¨¤¥à®¢ 16

4 ¥¢à®¯¥©áª¨å «¨¤¥à®¢ 16 ®â ¯®¯ëâª¨ ã£«ã¡¨âì ¯®«¨â¨ç¥áª¨¥ á¢ï§¨ 8
5 ¯®«¨â¨ç¥áª¨¥ á¢ï§¨ 8 ¢ …¢à®á®î§¥ 54

6
¯®«¨â¨ç¥áª®¥
®¡ê¥¤¨−¥−¨¥
…¢à®¯ë

24 á¥¬. á¢ï§ì ®è¨¡ª®© 22

7 ¢ëáâã¯«¥−¨¨ 18 á¥¬. á¢ï§ì
¯®«¨â¨ç¥áª®¥
®¡ê¥¤¨−¥−¨¥
…¢à®¯ë

24

8 ¢ëáâã¯«¥−¨¨ 18 á¥¬. á¢ï§ì ¥¢à®¨−â¥£à�æ¨î 10

9
�à¥¬ì¥à-¬¨−¨áâà
‚¥«¨ª®¡à¨â�−¨¨
„í¢¨¤ Ší¬¥à®−

544 ®¡êï¢¨« ¥¢à®¨−â¥£à�æ¨î 10

10 ¥¢à®¨−â¥£à�æ¨î 10 á¥¬. á¢ï§ì ®è¨¡ª®© 22

11 ¢ëáâã¯«¥−¨¨ 18 −�
‚á¥¬¨à−®¬
íª®−®¬¨ç¥áª®¬
ä®àã¬¥

33

12
‚á¥¬¨à−®¬
íª®−®¬¨ç¥áª®¬
ä®àã¬¥

33 ¢ „�¢®á¥ 24

13 ¯®«¨â¨ç¥áª¨¥ á¢ï§¨ 8 ¢ …¢à®á®î§¥ 54
14 ¢ëáâã¯«¥−¨¨ 18 ¢ „�¢®á¥ 24

â�¡«¨ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ ä®à¬�«¨§®¢�−−®© á¬ëá«®¢®© áâàãªâãàë â¥ªáâ� ¯à¨-
®¡à¥â�¥â ¢¨¤, ¯à¨¢¥¤¥−−ë© ¢ â�¡«. 4.

‚ íâ®© â�¡«¨æ¥ ª�¦¤�ï ¨§ áâà®ª ¯à¥¤áâ�¢«ï¥â á®¡®© ®â−®è¥−¨¥ ¤¢ãå ¯®−ï-
â¨©-�ªâ�−â®¢ (ª®«®−ª¨ 2, 5) á ¨å ¢¥á®¢ë¬¨ ª®íää¨æ¨¥−â�¬¨ (ª®«®−ª¨ 3, 6) ¨
¯®−ïâ¨ï-¯à¥¤¨ª�â�, á¢ï§ë¢�îé¥£® ¯®−ïâ¨ï-�ªâ�−âë. ‚¥á®¢ë¥ ª®íää¨æ¨¥−âë
¯®«ãç¥−ë ¯® ä®à¬ã«¥ (1) ¯®á«¥ ¯®¤áâ�−®¢ª¨ §−�ç¥−¨©, ¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«. 3.
‚ ¤�−−®© à¥�«¨§�æ¨¨ −�¨¬¥−®¢�−¨ï ¯®−ïâ¨© ¯à¨¢¥¤¥−ë ¢ ¨å â¥ªáâ®¢ëå ä®à¬�å.
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‚ á«ãç�ïå, ª®£¤� «®£¨ç¥áª�ï á¢ï§ì ãáâ�−®¢«¥−�, −® −¥ ¢ëà�¦¥−� ª�ª¨¬-«¨¡®
¨−ä®à¬�â¨¢−ë¬ ¯®−ïâ¨¥¬, â�ª�ï á¢ï§ì ®¡®§−�ç�¥âáï ª�ª úá¥¬. á¢ï§ìû.

�� ®á−®¢¥ íâ¨å ¬¥â®¤®¢ ¡ë« à�§à�¡®â�− ¨ à¥�«¨§®¢�− �«£®à¨â¬ ä®à¬¨à®¢�−¨ï
â�¡«¨æë á¢ï§¥© −�¨¬¥−®¢�−¨© ¯®−ïâ¨© ¯® â¥ªáâã ¤®ªã¬¥−â�.

5 Построение семантической карты по тексту документа

Š�ª ¡ë«® áª�§�−® ¢ëè¥, á¥¬�−â¨ç¥áª�ï ª�àâ� ¯à¥¤áâ�¢«ï¥â á®¡®© ¢¨§ã�«ì-
−®¥ ¯à¥¤áâ�¢«¥−¨¥ á¬ëá«®¢®£® á®¤¥à¦�−¨ï ¤®ªã¬¥−â� ¢ ¢¨¤¥ ®à¨¥−â¨à®¢�−−®£®
£à�ä�, ¢ ª®â®à®¬ ¢¥àè¨−�¬¨ ï¢«ïîâáï −�¨¬¥−®¢�−¨ï ¯®−ïâ¨©, � à¥¡à�¬¨ |
á¬ëá«®¢ë¥ á¢ï§¨ ¬¥¦¤ã −¨¬¨.

�à¥¤«�£�¥¬�ï ¯à®æ¥¤ãà� ¯®áâà®¥−¨ï á¥¬�−â¨ç¥áª®© ª�àâë ¡�§¨à®¢�«�áì −�
¨á¯®«ì§®¢�−¨¨ ¯�ª¥â� ãâ¨«¨â Graphviz, à�§à�¡®â�−−®£® á¯¥æ¨�«¨áâ�¬¨ «�¡®à�â®-
à¨¨ AT&T. ��ª¥â à�á¯à®áâà�−ï¥âáï á ®âªàëâë¬¨ ¨áå®¤−ë¬¨ ª®¤�¬¨ ¯® «¨æ¥−§¨¨
CPL (Common Public License) ¨ à�¡®â�¥â −� ®¯¥à�æ¨®−−ëå á¨áâ¥¬�å â¨¯� Mac
OS, Unix-¯®¤®¡−ë¥, Microsoft Windows. �â®â ¯�ª¥â ¯à¥¤−�§−�ç¥− ¤«ï ¢¨§ã-
�«¨§�æ¨¨ áâàãªâãà¨à®¢�−−ëå ¤�−−ëå. ‚ ª�ç¥áâ¢¥ ¨áå®¤−ëå ¤�−−ëå ¤«ï íâ®©
ãâ¨«¨âë ¨á¯®«ì§ã¥âáï ®¯¨á�−¨¥ £à�ä� −� á¯¥æ¨�«ì−®¬ ï§ëª¥ dot, � −� ¢ëå®¤¥
ä®à¬¨àã¥âáï £à�ä ¢ ¢¨¤¥ £à�ä¨ç¥áª®£®, ¢¥ªâ®à−®£® ¨«¨ â¥ªáâ®¢®£® ä�©«�. �à¨
íâ®¬ â�ª¦¥ ¢®§¬®¦¥− ¡®«¥¥ á«®¦−ë© ¢ëå®¤, −�¯à¨¬¥à á ¨á¯®«ì§®¢�−¨¥¬ ª®®à¤¨-

÷¨á. 3 ”à�£¬¥−â á¥¬�−â¨ç¥áª®© ª�àâë ¤®ªã¬¥−â�
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�¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï á¬ëá«®¢®£® á®¤¥à¦�−¨ï

−�â−®© á¥âª¨, ª®â®àãî ¯®â®¬ ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï ®¡®§−�ç¥−¨ï ®¡«�áâ¥© ¯à¨
¯®ª�§¥ −� áâà�−¨æ¥ £¨¯¥àâ¥ªáâ�.

Š�àâ� áâà®¨âáï ¯® â�¡«¨æ¥ á¢ï§¥© (á¬. â�¡«. 4). �®á«¥ ¯®«ãç¥−¨ï â�¡«¨æë
á¢ï§¥© ¨§ −¥¥ ¢ë¤¥«ïîâáï −�¨¬¥−®¢�−¨ï ¯®−ïâ¨© ¨ ¨¬ −�§−�ç�îâáï −¥®¡å®¤¨-
¬ë¥ �âà¨¡ãâë, −�¯à¨¬¥à à�§¬¥à èà¨äâ�. ‡�â¥¬ ¯®á«¥¤®¢�â¥«ì−® ¯¥à¥¡¨à�¥âáï
á¯¨á®ª á¢ï§¥© ¨ ä®à¬¨àã¥âáï ®á−®¢−�ï ç�áâì è�¡«®−� ®¯¨á�−¨ï −� dot-ï§ëª¥ á
−�§−�ç¥−¨¥¬ á¢ï§¥© ¨ �âà¨¡ãâ®¢. ƒ®â®¢ë© dot-è�¡«®− ®¡à�¡�âë¢�¥âáï ãâ¨«¨â®©
¯�ª¥â� Graphviz, ¨ ¢ à¥§ã«ìâ�â¥ â�ª®© ®¡à�¡®âª¨ ¯®«ãç�¥¬ áä®à¬¨à®¢�−−ë©
£à�ä. ”à�£¬¥−â â�ª®£® £à�ä� ¯à¨¢¥¤¥− −� à¨á. 3.

6 Заключение

�¯¨á�−−�ï à�¡®â� ¯®á¢ïé¥−� à¥è¥−¨î ¯à®¡«¥¬ë �¢â®¬�â¨ç¥áª®£® �−�«¨§�
á®¤¥à¦�−¨ï ¤®ªã¬¥−â®¢ ¨ ¯®áâà®¥−¨î ¢¨§ã�«ì−®£® ¯à¥¤áâ�¢«¥−¨ï ¨å á¬ëá«®-
¢®© áâàãªâãàë. ‚ ®á−®¢ã à�§à�¡®â�−−®© ¬®¤¥«¨ ¡ë«� ¯®«®¦¥−� ª®−æ¥¯æ¨ï
¯®−ïâ¨©−®£® (ª®−æ¥¯âã�«ì−®£®) �−�«¨§� ¨ á¨−â¥§� â¥ªáâ®¢ [4]. �â� ª®−æ¥¯æ¨ï
ãç¨âë¢�¥â ¯à¨à®¤ã ¥áâ¥áâ¢¥−−ëå ï§ëª®¢ ¨ ®à¨¥−â¨à®¢�−� −� �¤¥ª¢�â−®¥ ¯à¥¤-
áâ�¢«¥−¨¥ á¬ëá«®¢®© áâàãªâãàë â¥ªáâ®¢. ‚ ç�áâ−®áâ¨, ¢ −¥© ãáâ�−�¢«¨¢�¥âáï,
çâ® á¬ëá«®¢®¥ á®¤¥à¦�−¨¥ â¥ªáâ®¢ ¤®ªã¬¥−â®¢ ¢ëà�¦�¥âáï á ¯®¬®éìî ¥¤¨−¨æ
á¬ëá«�, ¢å®¤ïé¨å ¢ ¨å á®áâ�¢, | ¯®−ïâ¨©, ¯à¥¤«®¦¥−¨© ¨ à�§«¨ç−®£® à®¤�
á¢¥àåäà�§®¢ëå ¥¤¨−áâ¢.

�à�ªâ¨ç¥áª�ï §−�ç¨¬®áâì à�¡®âë §�ª«îç�¥âáï ¢ â®¬, çâ® à�§à�¡®â�−ë ¨ à¥-
�«¨§®¢�−ë ¢ ¢¨¤¥ ¯à®£à�¬¬−ëå áà¥¤áâ¢ �«£®à¨â¬ë �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨
â¥ªáâ®¢. �â¨ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ®¡¥á¯¥ç¨¢�îâ ¢®§¬®¦−®áâì �¢â®¬�â¨ç¥áª®©
®¡à�¡®âª¨ â¥ªáâ®¢ á ¯®«ãç¥−¨¥¬ −� ª®−¥ç−®¬ íâ�¯¥ á¥¬�−â¨ç¥áª®© ª�àâë ¤®ªã-
¬¥−â�.
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COVERT CHANNELS GENERATED BY TAGS

N. A. Grusho

IPI RAN, info@itake.ru

A possibility of creation of covert channels by means of the tags determined
by admissible changes of the form of electrical signals is researched. Existence of
identified admissible changes of the form of electrical signals is shown. The algorithm
of creation of the covert channel with the check group reducing probability of the
wrong decoding of hidden transmission is considered. It is shown that the number of
the transferred hidden messages is commensurable with number of messages in legal
transmission.

Keywords: covert channels; data transfer standards by means of electrical signals;
bandwidth of covert channels

NEW PRINCIPLES OF MODELING OF AUTONOMOUS
SELF-PROPAGATING MALWARE

M. V. Levykin

IPI RAN, de shiko@yahoo.com

The research of malware has revealed that modern computer worms are self-contained
self-propagating multiagent system. Principles and generalization of the autonomous
self-propagation of such systems are of special interest.

Keywords: worm; malware; model of autonomous distribution; computer network

LINUX-BASED OPERATING SYSTEMS VULNERABILITIES
SEARCHING METHODS

A. I. Mishchenko

IPI RAN, alximi@gmail.com

A method of Linux-based operating systems vulnerabilities searching, which con-
siders major characteristics of analyzed systems is described.

Keywords: vulnerabilities search; code verification; information security; open-
source projects
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ATTACKS ON THE CENTRALIZED SYSTEMS
OF INTRUSION DETECTION

A. A. Timonina1 and E. E. Timonina2

1Faculty of Computational Mathematics and Cybernetics, M. V. Lomonosov
Moscow State University, toniat@yandex.ru
2IPI RAN, eltimon@yandex.ru

Creation of the powerful centralized centers of attacks detection, servicing a large
number of clients, possesses obvious positive properties. However, such systems
generate a new class of the attacks connected with a need to service a flow of
incidents, arriving from different clients. Such flow can generate a queue preventing
effective detection of attacks. These problems are described by queue models. Some
results of attacks simulation by means of queuing systems are presented.

Keywords: information security; queuing systems; intrusion detection

ON A METHOD OF RELIABLE DELIVERY AND DATA SOURCE
VERIFICATION WITHIN A CLIENT–SERVER INTERACTION

OVER AN OPEN COMMUNICATION CHANNEL

E. V. Piskovskiy

Moscow Institute of Physics and Technology (State University),
evgeny.piskovsky@gmail.com

Two models of client{server interaction are considered: a model to describe reliable
data delivery over an open channel and a model to describe data source verification.
The models are formulated based on a set of rules to resolve the conflicts when
several clients are connecting to one server. A computer-appliance is suggested for
testing the functionality of the models either allowing several connections to the
server from multiple clients or blocking connections from multiple clients.

Keywords: client{server interaction; two-factor authentication; information source
verification; reliable data delivery; open channel

ON OPTIMAL AUTHENTICATION CODE

S. M. Ratseev

Faculty of Mathematics and Information Technologies, Ulyanovsk State University,
RatseevSM@mail.ru

Constructions of optimal authentication code have been studied.

Keywords: cipher; authentication code; message imitation; hash function
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ON THE PROBLEM OF SUBSEQUENCES INCLUSION
INTO THE DATA PACKAGES HEADERS

M. I. Zabezhailo

Applied Research Center for Computer Networks, Moscow, Skolkovo,
MZabezhailo@ arccn.ru

The possibility to apply models and techniques of the Software Defined Networks
(SDN-technologies) to optimize traffic control in computer networks is discussed.
An algebraic formalization for the problem of subwords inclusion into the words over
the given alphabet is suggested. There are analyzed problem-oriented conditions
and algorithms that implement and optimize checking for limited length subwords
(subsequences) inclusion into the lines of big switching tables. Some additional SDN-
based abilities to speed up data processing in computer networks are demonstrated.

Keywords: software defined networks; header space analysis; mathematical models
of data processing

CHARACTERISTICS OF HARDWARE-BASED FIELD-PROGRAMMABLE
GATE ARRAY IMPLEMENTATION OF NETWORK TRAFFIC ANALYZER

FOR MALICIOUS CODE DETECTION

M. Samoylov1, D. Gamayunov2, S. Bezzubtsev3, and M. Bulgakov4

1Faculty of Computational Mathematics and Cybernetics, M. V. Lomonosov
Moscow State University, samoylov@lvk.cs.msu.su
2Faculty of Computational Mathematics and Cybernetics, M. V. Lomonosov
Moscow State University, gamajun@cs.msu.su
3Lebedev Institute of Precision Mechanics and Computer Engineering, Russian
Academy of Sciences, stas.bezzubtsev@gmail.com
4Faculty of Computational Mathematics and Cybernetics, M. V. Lomonosov
Moscow State University, bulgakov@cs.msu.su

The paper is dedicated to improvement of perfomance charachteristics of existing
malicious network traffic analyzing algorithms on high-speed network interfaces.
The Racewalk algorithm is considered as a base for research. The authors focus on
offloading certain processing actions into specific dedicated hardware device. As
seen from experimental results, such implementation can work on higher network
interface speeds (i. e., 10 Gbit/s).

Keywords: FPGA; Racewalk; traffic filtering; shellcodes; network traffic
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NONLINEAR CORRELATIONAL MODELING AND AFTERSALE
PRODUCT SERVICE SYSTEMS RELIABILITY ANALYSIS

I. N. Sinitsyn1, A. S. Shalamov2, and A. A. Kuleshov3

1IPI RAN, sinitsin@dol.ru
2IPI RAN, a-shal5@yandex.ru
3IPI RAN, nordixsi@gmail.com

The article is devoted to the development of nonlinear correlational analytical
modeling methods for aftersale product service systems. Special attention is paid to
nonlinear correlational methods based on canonical expansions of random functions.
Typical problems of reliability analysis (impulse processes modeling, summing
processes control for fixed and variable level) are considered.

Keywords: aftersale product service system; analytical modeling; canonical expan-
sion of random function; current; hybrid stochastic system; impulse (shock) process;
nonlinear correlational analysis; reliability analysis; stochastic process; summing
process

SOME APPROACHES TO DEVELOPING THIN CLIENT TECHNOLOGIES
FOR SECURE INFORMATION SYSTEMS

E. Korepanov

IPI RAN, ekorepanov@ipiran.ru

The problems of thin client technologies development for Russian secure information
systems based on world experience in virtual desktop infrastructure and hardware
zero client are discussed.

Keywords: information system security; thin client technology; virtual desktop
infrastructure; PC-over-IP

ABOUT SOME PARTICULARITIES OF SPARE PARTS SETS
CALCULATION FOR SECURED INFORMATION SYSTEMS

A. A. Zatsarinny1, A. I. Garanin2, S. V. Kozlov3, and V. A. Kondrashev4

1IPI RAN, azatsarinny@ipiran.ru
2IPI RAN, agaramin@ipiran.amsd.ru
3IPI RAN, sv kozlov@mail.ru
4IPI RAN, vkondrashev@ipiran.ru

Main particularities of spare parts, tools, accessories and materials provision for
secured information systems are considered. Basic concepts are shown. Analytical
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dependences allowing to calculate necessary spare parts sets including initial set are
presented. Particularities of spare parts set formation considering requirements on
information security are formulated. Examples of calculations are shown.

Keywords: automated secured information systems; technical tools set; spare parts,
tools, accessories and materials (spare parts); sufficiency indicator of spare parts set;
replenishment strategy of spare parts stock; spare parts set supply calculation

SOME TESTS FOR SOFTWARE RELIABILITY

V. Yu. Korolev

Faculty of Computational Mathematics and Cybernetics, M. V. Lomonosov
Moscow State University; IPI RAN, victoryukorolev@yandex.ru

Some rules for the termination of testing software reliability are described. These
rules optimize the probability of erroneous decision and the posterior probability of
erroneous decision.

Keywords: software reliability; reliability growth model; testing statistical hy-
potheses; geometric distribution; probability of the error of first kind; probability
of the error of second kind; the Neyman{Pearson lemma; posterior error probability

AUTOMATIC GENERATION OF VIZUAL REPRESENTATION
OF THE DOCUMENT’S SEMANTIC CONTENT

V. N. Zakharov1 and A. A. Khoroshilov2

1IPI RAN, vzakharov@ipiran.ru
2Center of Information Technologies and Systems for Executive Power Authorities,
A.A.Khoroshilov@yandex.ru

A method for generation of the formalized semantic content of a document and
its visual representation, a semantic map of the document, is described. The
formalization of the document content is based on the application of the semantic
and conceptual analysis methods ensuring definition of the conceptual content of the
text and the assignment to concepts of characteristics consistent with their semantic
role and significance in the text. The resulting semantic structure of the text is
converted to its visual representation showing the relationships between objects,
events, and themes.

Keywords: formalized semantic description of the document; document semantic
map; semantic analysis; conceptual analysis; analysis of conceptual content of the
document; knowledge extraction from texts
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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®£® ¯à�¢� ¤àã£¨å «¨æ ¨«¨ ®à£�−¨§�æ¨©.

�®¤¯¨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. „¨áªãáá¨ï
¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.

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 | 2, 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.

{ Œ¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®
�¢â®à�.

{ ‘¢¥¤¥−¨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§ëª®¬.

{ Š«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«®¢�¬¨.

9. ‹¨â¥à�âãà�. �® ¢ª«îç¥−−ë¬ ¢ á¯¨á®ª «¨â¥à�âãàë à�¡®â�¬ −� àãááª®¬ ï§ëª¥ ¨−ä®à-
¬�æ¨ï ¢ á¯¨áª¥ ¯à¥¤áâ�¢«ï¥âáï ª�ª ¢ ª¨à¨««¨æ¥, â�ª ¨ á ¨á¯®«ì§®¢�−¨¥¬ «�â¨−áª®©
âà�−á«¨â¥à�æ¨¨, � ¯® à�¡®â�¬, −�¯¨á�−−ë¬ «�â¨−¨æ¥©, | −� ï§ëª¥ ®à¨£¨−�«�.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ á¯¨áª¥ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ã¯®¬¨−�−¨ï.

‚ á¯¨áª¥ «¨â¥à�âãàë −¥ ¤®«¦−® ¡ëâì ¯®§¨æ¨©, −� ª®â®àë¥ −¥â ááë«ª¨ ¢ â¥ªáâ¥
áâ�âì¨.

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¨¨: 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).
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