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�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï �«£®à¨â¬ë ¢ë¡®à� áâàãªâãà−ëå ¯�à�¬¥âà®¢
á¬¥á¨ ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â ¯à¨¬¥−¨â¥«ì−® ª §�-
¤�ç�¬ ¬¥¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¨. ÷¥è¥−¨¥ ¯à¥¤«�£�¥âáï ¨áª�âì, ª®¬¡¨−¨àãï
¯à¨¬¥−¥−¨¥ ¨−ä®à¬�æ¨®−−ëå ªà¨â¥à¨¥¢ ¤«ï ä®à¬¨à®¢�−¨ï −�ç�«ì−ëå ¯à¨-
¡«¨¦¥−¨© á ¯®á«¥¤ãîé¨¬ ãâ®ç−¥−¨¥¬ ¯®«ãç�îé¨åáï à¥è¥−¨©. �¯¨á�−−ë¥
¯®¤å®¤ë ¨ �«£®à¨â¬ë ¯à¨¢®¤ïâ ª à¥§ã«ìâ�â�¬, ª®â®àë¥ ¢ ®¡é¥¬ á«ãç�¥ −¥ £�-
à�−â¨àãîâ −�¨«ãçè¥£® à¥è¥−¨ï. �® ®−¨ ¯®§¢®«ïîâ ¯à®ïá−¨âì, ¢®§¬®¦−® «¨
á−¨¦¥−¨¥ à�§¬¥à−®áâ¨, ¯à¨¢®¤ïé¥¥ ª ¯®¢ëè¥−¨î ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨.
Šà®¬¥ â®£®, ä®à¬¨àã¥âáï −®¢�ï ¨−ä®à¬�æ¨ï ®¡ ®¡ê¥ªâ�å ¨áá«¥¤®¢�−¨ï. ��
¯à¨¬¥à¥ íªá¯¥à¨¬¥−â®¢ ¯® ¤¨�£−®áâ¨à®¢�−¨î ¡®«¥§−¥© ¯¥ç¥−¨ ¨ ¯à®£−®§¨à®-
¢�−¨î å¨¬¨ç¥áª®£® á®áâ�¢� ¬®ç¥¢ëå ª�¬−¥© ¤¥¬®−áâà¨àãîâáï ¢®§¬®¦−®áâ¨
®¯¨á�−−ëå ¯à®æ¥¤ãà �−�«¨§� ¤�−−ëå. �à¥¤«�£�¥¬ë¥ à¥è¥−¨ï ï¢«ïîâáï ¨á-
â®ç−¨ª®¬ ¯®¢ëè¥−¨ï â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨, ¤�îâ â®«ç®ª á¯¥æ¨�«¨áâ�¬
¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤«ï ¯à®ïá−¥−¨ï áãâ¨ ¯à®â¥ª�îé¨å ¯à®æ¥áá®¢.

Š«îç¥¢ë¥ á«®¢�: �−�«¨§ £«�¢−ëå ª®¬¯®−¥−â; á¬¥á¨ −®à¬�«ì−ëå à�á¯à¥-
¤¥«¥−¨©; á−¨¦¥−¨¥ à�§¬¥à−®áâ¨; ¨−ä®à¬�æ¨®−−ë¥ ªà¨â¥à¨¨; ¯¥à¥¯à®¢¥àª�;
¬¥¤¨æ¨−áª�ï ¤¨�£−®áâ¨ª�

DOI: 10.14357/08696527190401

1 Введение

�¤−®© ¨§ ¨−â¥−á¨¢−® à�§¢¨¢�îé¨åáï ®¡«�áâ¥© ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ �−�«¨§�
¤�−−ëå áâ�«� ¬¥¤¨æ¨−�. Œ−®£® á¤¥«�−® ¢ ¯à¨¬¥−¥−¨¨ â¥å−®«®£¨¨ ¬�è¨−−®£®
®¡ãç¥−¨ï ¤«ï ¬¥¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¨. �®«ãç¥−−ë© −� ®á−®¢¥ −�ª®¯«¥−−ëå
¤�−−ëå ® ¯à�¢¨«ì−ëå ¤¨�£−®§�å ª«�áá¨ä¨ª�â®à ¬®¦¥â ¡ëâì §�â¥¬ ¨á¯®«ì§®¢�−
«¨¡® ¤«ï ®ª�§�−¨ï ¯®¬®é¨ ¢à�çã, ª®£¤� ®¡á«¥¤ãîâáï −®¢ë¥ ¯�æ¨¥−âë, á æ¥«ìî
¯®¢ëè¥−¨ï áª®à®áâ¨, â®ç−®áâ¨ /̈̈ «¨ −�¤¥¦−®áâ¨ ¤¨�£−®áâ¨ª¨, «¨¡® ¤«ï ¯à®¢¥-
¤¥−¨ï ã£«ã¡«¥−−ëå ¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�−¨© á æ¥«ìî ¯®«ãç¥−¨ï −®¢ëå §−�−¨©.

—â®¡ë á¨áâ¥¬� ¬�è¨−−®£® ®¡ãç¥−¨ï ¡ë«� ¯®«¥§−� ¯à¨ à¥è¥−¨¨ §�¤�ç ¬¥¤¨-
æ¨−áª®© ¤¨�£−®áâ¨ª¨, ¦¥«�â¥«ì−® −�«¨ç¨¥ á«¥¤ãîé¨å äã−ªæ¨©: ã¬¥−¨¥ á¯à�¢-
«ïâìáï á ®âáãâáâ¢ãîé¨¬¨ /̈̈ «¨ �−®¬�«ì−ë¬¨ ¤�−−ë¬¨; ¯à®§à�ç−®áâì ¤¨�£−®-
áâ¨ç¥áª¨å à¥è¥−¨© ¨ ¢®§¬®¦−®áâì ¨å ®¡êïá−ïâì; ¢ëá®ª�ï ¯à®¨§¢®¤¨â¥«ì−®áâì,
¤®áâ�â®ç−�ï ¤«ï ®¡ãç¥−¨ï ¨ ¯¥à¥®¡ãç¥−¨ï; á¯®á®¡−®áâì ¬¥â®¤®¢ ®¡à�¡®âª¨ ¤�−-
−ëå á®ªà�é�âì ç¨á«® â¥áâ®¢, −¥®¡å®¤¨¬ëå ¤«ï ¯®«ãç¥−¨ï ¤®áâ®¢¥à−®£® ¤¨�£−®§�.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, mkrivenko@ipiran.ru
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‘−¨¦¥−¨¥ à�§¬¥à−®áâ¨ ¤«ï á¬¥á¨ ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â

�à®§à�ç−®áâì ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨© ®§−�ç�¥â, çâ® áä®à¬¨à®¢�−−ë¥ §−�-
−¨ï ¨ ®¡êïá−¥−¨ï ¤®«¦−ë ¡ëâì ¯®−ïâ−ë¬¨ ¤«ï ¢à�ç�. �− ¤®«¦¥− ¡ëâì ¢ á®-
áâ®ï−¨¨ ¯à®�−�«¨§¨à®¢�âì ä®à¬¨àã¥¬ë¥ §−�−¨ï. ‚ ¨¤¥�«¥ �¢â®¬�â¨ç¥áª¨ ¯®-
«ãç¥−−ë¥ ¢ë¢®¤ë ¨ à¥è¥−¨ï ¤®«¦−ë ®¡¥á¯¥ç¨âì ¢à�çã −®¢ãî â®çªã §à¥−¨ï −�
à¥è�¥¬ãî ¯à®¡«¥¬ã, ¯®¬®çì ¢ëï¢¨âì −®¢ë¥ ¢§�¨¬®á¢ï§¨ ¨ §�ª®−®¬¥à−®áâ¨, ª®â®-
àë¥ à�−ìè¥ −¥ ¡ë«¨ ¢¨¤−ë ï¢−®. ‘¯®á®¡−®áâì ®¡êïá−¥−¨ï ¤®«¦−� ®¡¥á¯¥ç¨¢�âì
¯®¤¤¥à¦ªã ¯à¨ ¤¨�£−®áâ¨ª¥ −®¢ëå ¯�æ¨¥−â®¢.

‘®ªà�é¥−¨¥ ç¨á«� â¥áâ®¢ ¯à®¨áâ¥ª�¥â ¨§ â®£®, çâ® ¢ ¬¥¤¨æ¨−áª®© ¯à�ªâ¨ª¥
á¡®à ¤�−−ëå ® ¯�æ¨¥−â�å | ç�áâ® ¤®à®£®©, âàã¤®¥¬ª¨© ¨ ¨−®£¤� ¢à¥¤−ë© ¤«ï
¯�æ¨¥−â®¢ ¯à®æ¥áá. Šà®¬¥ â®£®, ¯®¤ç�á â®«ìª® ¢ à¥§ã«ìâ�â¥ á®ªà�é¥−¨ï ¯à¨§−�-
ª®¢ ª«�áá¨ä¨ª�æ¨¨ áâ�−®¢¨âáï ¤®áâã¯−ë¬ ¢á¥®¡ê¥¬«îé¨© �−�«¨§ ¯à¥¤«�£�¥¬ëå
à¥è¥−¨©.

…áâì ¬−®£® ¨ ¤àã£¨å ®¡é¨å ä�ªâ®à®¢, ª®â®àë¥ ¬®â¨¢¨àãîâ ¢ª«îç¥−¨¥ ã¬¥−ì-
è¥−¨ï à�§¬¥à−®áâ¨ ª�ª íâ�¯� ¢ à�§«¨ç−ëå á¨áâ¥¬�å ®¡à�¡®âª¨ ¤�−−ëå. …á«¨
¤�−−ë¥ áãâì −�¡®àë ¢¥é¥áâ¢¥−−ëå ¢¥ªâ®à®¢ ¨ íâ¨ ¢¥ªâ®àë ®ª�§ë¢�îâáï ¡®«ìè®©
à�§¬¥à−®áâ¨, â® ®¡à�¡®âª� áâ�−®¢¨âáï −¥¢®§¬®¦−®©. �® íâ®© ¯à¨ç¨−¥ ç�áâ®
¯®«¥§−®, � ¨−®£¤� ¨ −¥®¡å®¤¨¬®, ã¬¥−ìè¨âì à�§¬¥à−®áâì ¤�−−ëå ¤® ¡®«¥¥ ã¯à�¢-
«ï¥¬ëå à�§¬¥à®¢ á ¬¨−¨¬�«ì−® ¢®§¬®¦−®© ¯®â¥à¥© ¨−ä®à¬�æ¨¨. �â® ¬®¦¥â
¡ëâì á«ãç�©, ª®£¤� ï¢«¥−¨ï ¢ëá®ª®© à�§¬¥à−®áâ¨ ¯®à®¦¤�îâáï áãé¥áâ¢¥−−® ¡®-
«¥¥ ¯à®áâë¬¨ ¯® á®áâ�¢ã ¯¥à¥¬¥−−ë¬¨. ‡¤¥áì ¯à®æ¥áá ã¬¥−ìè¥−¨ï à�§¬¥à−®áâ¨
ª�á�¥âáï ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¤�−−ëå, ®− ¡ã¤¥â ¢ëáâã¯�âì ¢ ª�ç¥áâ¢¥ ¨−áâàã¬¥−â�
¤«ï ¬®¤¥«¨à®¢�−¨ï á®®â¢¥âáâ¢ãîé¨å ï¢«¥−¨©, ¯®¢ëè¥−¨ï ¨å ïá−®áâ¨. —�á-
â® ¯à¨áãâáâ¢ã¥â §−�ç¨â¥«ì−ë© ®¡ê¥¬ ¨§¡ëâ®ç−®© ¨«¨ ¢¢®¤ïé¥© ¢ §�¡«ã¦¤¥−¨¥
¨−ä®à¬�æ¨¨; â�ª�ï ¨−ä®à¬�æ¨ï ¤®«¦−� ¡ëâì ã¤�«¥−� ¯¥à¥¤ ¤�«ì−¥©è¥© ®¡à�-
¡®âª®© ¤�−−ëå. �â® ¬®¦¥â −¥ â®«ìª® á®ªà�â¨âì ¢à¥¬ï ®¡à�¡®âª¨ ¨ ¯®¢ëá¨âì
ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨, −® ¨ á¤¥«�âì ¯®«ãç¥−−ë¥ ¯à�¢¨«� ¡®«¥¥ ¯®−ïâ−ë¬¨.

�¡ëç−® ¢ë¤¥«ïîâ ¬¥â®¤ë ®â¡®à� (á¥«¥ªæ¨¨) ¯à¨§−�ª®¢ ¨ ¬¥â®¤ë ¯à¥®¡à�-
§®¢�−¨ï ¯à¨§−�ª®¢ [1]. �à¨ á¥«¥ªæ¨¨ ¨áá«¥¤®¢�â¥«ì áç¨â�¥â, çâ® áà¥¤¨ ¢á¥å
¤®áâã¯−ëå ¯¥à¥¬¥−−ëå â®«ìª® ç�áâì ¤¥©áâ¢¨â¥«ì−® −¥®¡å®¤¨¬ë, ¢á¥ ®áâ�«ì−ë¥
¨§«¨è−¨ ¨ à¥�«ì−® −¥ ¨¬¥îâ §−�ç¥−¨ï ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨. ‚â®à®©
¯®¤å®¤ ª ã¬¥−ìè¥−¨î ç¨á«� ¯¥à¥¬¥−−ëå ¯à¥¤¯®«�£�¥â, çâ® â®«ìª® −¥áª®«ìª®
ª®¬¡¨−�æ¨© (®¡ëç−® «¨−¥©−ëå) ¨áå®¤−ëå ¯¥à¥¬¥−−ëå §−�ç¨¬ë ¤«ï ä®à¬¨à®¢�-
−¨ï ¤¨�£−®§�, ¯®íâ®¬ã æ¥«ì á−¨¦¥−¨ï à�§¬¥à−®áâ¨ | íâ® ¨¤¥−â¨ä¨æ¨à®¢�âì íâ¨
ª®¬¡¨−�æ¨¨.

Š −�¨¡®«¥¥ ¯à®áâë¬ ¨ è¨à®ª® ¨á¯®«ì§ã¥¬ë¬ ¬¥â®¤�¬ ¯à¥®¡à�§®¢�−¨ï ®â−®-
áïâáï «¨−¥©−ë¥, � áà¥¤¨ −¨å | �−�«¨§ £«�¢−ëå ª®¬¯®−¥−â (PCA | principal
component analysis). �® ¯®«¥§−®áâì PCA −¥ ¯à®ï¢«ï¥âáï ¤«ï ¤�−−ëå, ¤¥¬®−-
áâà¨àãîé¨å −¥«¨−¥©−®áâì, çâ® ¯à¨¢¥«® ª ¯®áâà®¥−¨î ¬¥â®¤®¢, ª®â®àë¥ ¬®£ãâ
íää¥ªâ¨¢−® á¯à�¢«ïâìáï á −¥©. �®−ïâ−®, çâ® ¯¥à¢ë¥ ¯®¯ëâª¨ ¡ë«¨ á¢ï§�−ë
á à�áè¨à¥−¨¥¬ ¨¬¥îé¨åáï ¯®¤å®¤®¢, ¢ ç�áâ−®áâ¨ ¯ãâ¥¬ ª«�áâ¥à¨§�æ¨¨ ¤�−−ëå
¨ ¢ë¯®«−¥−¨ï PCA ¢−ãâà¨ ª«�áâ¥à®¢.

‚ [2] à�áá¬�âà¨¢�«áï ¢ë¡®à áâàãªâãà−ëå ¯�à�¬¥âà®¢ (ç¨á«® í«¥¬¥−â®¢ á¬¥á¨
¨ à�§¬¥à−®áâ¨ íâ¨å í«¥¬¥−â®¢), å�à�ªâ¥à¨§ãîé¨å ¬®¤¥«ì â¨¯� á¬¥á¨ ¢¥à®ïâ-
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Œ. �. Šà¨¢¥−ª®

−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â. ‘¯®á®¡ë ®æ¥−¨¢�−¨ï áâàãªâãà−ëå
¯�à�¬¥âà®¢ ¢ë¡à�−−®© ¬®¤¥«¨ ¤�−−ëå ä®à¬¨àãîâáï ¢ −¥¯à®áâëå ãá«®¢¨ïå: −¥-
®¡å®¤¨¬®áâì ¯à¨¢«¥ç¥−¨ï á«®¦−ëå �¯à¨®à−ëå ¯à¥¤¯®«®¦¥−¨© ¨, ª�ª á«¥¤áâ¢¨¥,
¯à®¡«¥¬ë ¯®«−®£® ¨å §�¤�−¨ï, ®âáãâáâ¢¨¥ ª®−ªà¥â−ëå −�à�¡®â®ª ¢ ®¡«�áâ¨ á¥-
«¥ªæ¨¨ ¬®¤¥«¥© â¨¯� á¬¥á¨ �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â, á«®¦−®áâì à¥è¥−¨ï
á®¯ãâáâ¢ãîé¨å �−�«¨â¨ç¥áª¨å ¨ ¢ëç¨á«¨â¥«ì−ëå §�¤�ç. �®íâ®¬ã ¯à¨å®¤¨âáï
®¡à�é�âìáï ª ®â¤¥«ì−ë¬ ¯à¨¥¬�¬, à¥�«¨§ãîé¨¬ ®¡é¨¥ ¨¤¥¨ ¨ ¯®§¢®«ïîé¨¬
¯®«ãç�âì £�à�−â¨à®¢�−−ë¥ ¯® ª�ç¥áâ¢ã à¥è¥−¨ï. „«ï à¥�«¨§�æ¨¨ ¢ë¡®à� à�§-
¬¥à−®áâ¥© ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ª®¬¡¨−�æ¨î ¨§¢¥áâ−ëå ¬¥â®¤®¢ ¢ë¡®à�
à�§¬¥à−®áâ¥© ¯à¨−ïâ®© ¬®¤¥«¨, � ¤«ï ®æ¥−¨¢�−¨ï ª�ç¥áâ¢� ®¡ãç�¥¬®© ª«�áá¨ä¨-
ª�æ¨¨ ¤�−−ëå | ¬¥â®¤ë ã¯à�¢«¥−¨ï ¢ë¡®àª®©.

2 Алгоритмы

��§®¢�ï ¢¥à®ïâ−®áâ−�ï ¬®¤¥«ì �−�«¨§� £«�¢−ëå ª®¬¯®−¥−â (PPCA | proba-
bilistic PCA) ¤«ï á−¨¦¥−−®© à�§¬¥à−®áâ¨ k ®á−®¢ë¢�¥âáï −� ¯à¥¤áâ�¢«¥−¨¨

y =Wx+ µ+ ε ,

£¤¥ y| (d×1) −�¡«î¤�¥¬�ï ¯¥à¥¬¥−−�ï, y ∼ N(µ,C(k));W| (d×k)-¬�âà¨æ�
¯à¥®¡à�§®¢�−¨ï; x| (k× 1) «�â¥−â−�ï ¯¥à¥¬¥−−�ï, x ∼ N(0, I); ε ∼ N(0, σ2I);
C(k) =WWT+σ2I. ‡¤¥áì d | ¨áå®¤−�ï à�§¬¥à−®áâì ¤�−−ëå; k | á−¨¦¥−−�ï
à�§¬¥à−®áâì ¤�−−ëå; µ, W ¨ σ2 áãâì ¯�à�¬¥âàë ¬®¤¥«¨, ç¨á«® áª�«ïà−ëå
¯�à�¬¥âà®¢ ¯à¨ k < d à�¢−® dk + d + 1, � ¯à¨ k = d à�¢−® (d2 + 3d)/2. �à¨
¯¥à¥å®¤¥ ®â d > 2 ª á−¨¦¥−−®© à�§¬¥à−®áâ¨ k ª®«¨ç¥áâ¢® ¯�à�¬¥âà®¢ ¬®¤¥«¨
ã¬¥−ìè�¥âáï â®«ìª® ¤«ï k = 1, . . . , [d/2].

‘¢ï§ì ¢¥à®ïâ−®áâ−®© ¬®¤¥«¨ á® áâ�−¤�àâ−ë¬ PCA ¯®§¢®«ï¥â ¬®¤¥«¨à®¢�âì
á«®¦−ë¥ áâàãªâãàë ¤�−−ëå á ¯®¬®éìî ª®¬¡¨−�æ¨¨ «®ª�«ì−ëå ¯®¤¬®¤¥«¥©
PPCA ¨ à¥�«¨§�æ¨¨ á¬¥á¨ ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â
(PPCAM | PPCA mixtures). �â®â ¯®¤å®¤ ¯®§¢®«ï¥â ®¯à¥¤¥«ïâì ¢á¥ ¯�à�¬¥âàë
¬®¤¥«¨ ¯ãâ¥¬ ¬�ªá¨¬¨§�æ¨¨ ¯à�¢¤®¯®¤®¡¨ï. ‹®£�à¨ä¬ ¯à�¢¤®¯®¤®¡¨ï ¤«ï â�ª®©
¬®¤¥«¨ á¬¥á¨ ¥áâì

L =

n
∑

i=1

ln {p (yi)} =

n
∑

i=1

ln







m
∑

j=1

πjp (yi|j)







,

£¤¥ p(yi|j) ®â¢¥ç�¥â í«¥¬¥−â�à−®© PPCA(j)-¬®¤¥«¨ ¨ πj | á®®â¢¥âáâ¢ãîé¨© ¢¥á
í«¥¬¥−â� á¬¥á¨ á πj ≥ 0 ¨

∑m
j=1 πj = 1; ¯à¨ íâ®¬ á ª�¦¤ë¬ j-¬ í«¥¬¥−â®¬ á¬¥á¨

á¢ï§�−ë á¢®¨ ¯�à�¬¥âàë µj,Wj ¨ σ2j .
„«ï ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ PPCAM áãé¥áâ¢ãîâ ¤¢� ®á−®¢−ëå ¢�à¨�−â�:

(1) ¯®íâ�¯−ë©, ª®£¤� á−�ç�«� −�å®¤ïâáï ®æ¥−ª¨ ¯�à�¬¥âà®¢ á¬¥á¨ −®à¬�«ì-
−ëå à�á¯à¥¤¥«¥−¨©, §�â¥¬ ®áãé¥áâ¢«ï¥âáï ä�ªâ®à¨§�æ¨ï ª®¢�à¨�æ¨®−−ëå
¬�âà¨æ í«¥¬¥−â®¢ á¬¥á¨ ¨, −�ª®−¥æ, áâà®ïâáï ®æ¥−ª¨ ¯�à�¬¥âà®¢Wj ¨ σ2j ;
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(2) ®¤−®¢à¥¬¥−−ë© ¤«ï ®æ¥−¨¢�−¨ï ¢á¥å ¯�à�¬¥âà®¢ πj, µj, Wj ¨ σ2j , j =
= 1, . . . ,m, ¢ á®¢®ªã¯−®áâ¨ [3].

‚â®à®© ¢�à¨�−â ¨§-§� á¯¥æ¨ä¨ç¥áª®© ®à£�−¨§�æ¨¨ ¨â¥à�æ¨®−−®£® ¯à®æ¥áá�
®¡«�¤�¥â ¢ëç¨á«¨â¥«ì−ë¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨, çâ® ¬®¦¥â áâ�âì áãé¥áâ¢¥−−ë¬ ¯à¨
à�§®¢®¬ ®æ¥−¨¢�−¨¨. �® á−¨¦¥−¨¥ à�§¬¥à−®áâ¨ −� ®á−®¢¥ ¢ë¡®à� ª®−ªà¥â−®©
¬®¤¥«¨ PPCAM ¯®¤à�§ã¬¥¢�¥â ¬−®£®ªà�â−®¥ ®æ¥−¨¢�−¨¥ ¥¥ ¯�à�¬¥âà®¢ ¯à¨
à�§«¨ç−ëå ¯à¥¤¯®«®¦¥−¨ïå. �®íâ®¬ã ¯®íâ�¯−ë© ¢�à¨�−â ®æ¥−¨¢�−¨ï áâ�−®¢¨âáï
¡®«¥¥ ¯à¨¢«¥ª�â¥«ì−ë¬, â�ª ª�ª ¯®§¢®«ï¥â ®¤−®ªà�â−® ¯®«ãç�âì ¯à¥¤áâ�¢«¥−¨ï
ª®¢�à¨�æ¨®−−ëå ¬�âà¨æ í«¥¬¥−â®¢ á¬¥á¨, � §�â¥¬ ¬−®£®ªà�â−® ä®à¬¨à®¢�âì ¨§
−¨å −ã¦−ë¥ ®æ¥−ª¨. ’�ª¨¬ ®¡à�§®¬, ¯à¨ ®â−®á¨â¥«ì−® −¥¡®«ìè¨å §−�ç¥−¨ïå d
¨ −¥®¡å®¤¨¬®áâ¨ ¯¥à¥¡®à� ¢�à¨�−â®¢ à�§«¨ç−ëå §−�ç¥−¨© kj ¡®«¥¥ ¯à¨¥¬«¥¬ë¬
®ª�§ë¢�¥âáï ¯®íâ�¯−ë© ¬¥â®¤: −�©â¨ ®æ¥−ª¨ ¯�à�¬¥âà®¢ á¬¥á¨ ¤«ï kj = d, � §�â¥¬
¨á¯®«ì§®¢�âì íâ¨ ®æ¥−ª¨ ¤«ï ä®à¬¨à®¢�−¨ï ®æ¥−®ª ¤«ï kj < d.

“ª�§�−−ë© ¯à¨−æ¨¯ ¯¥à¥å®¤� ®â §�¤�ç¨ á ¡®«ìè¥© à�§¬¥à−®áâ¨ ª ¬¥−ìè¥©
¬®¦−® íää¥ªâ¨¢−® ¨á¯®«ì§®¢�âì ¨ ¯à¨ ¯¥à¥¡®à¥ à�§«¨ç−ëå §−�ç¥−¨© ç¨á«�
í«¥¬¥−â®¢ á¬¥á¨ m. „¥«® ¢ â®¬, çâ® ®¤−¨¬ ¨§ á«®¦−ëå í«¥¬¥−â®¢ à¥�«¨§�æ¨¨
EM (expectation-maximization) �«£®à¨â¬� ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ á¬¥á¨ ï¢«ï-
¥âáï ä®à¬¨à®¢�−¨¥ −�ç�«ì−ëå ¯à¨¡«¨¦¥−¨©. �¢â®à ¤�−−®© áâ�âì¨ ¤«ï íâ®£®
íää¥ªâ¨¢−® ¨á¯®«ì§ã¥â á«¥¤ãîé¨¥ è�£¨:

{ á−�ç�«� ®æ¥−¨âì ¯�à�¬¥âàë á¬¥á¨ ¤«ï ú§�¢¥¤®¬® ¡®«ìè®£®û §−�ç¥−¨ï “m
(¯®«ãç�ï −�ç�«ì−®¥ ¯à¨¡«¨¦¥−¨¥, −�¯à¨¬¥à, á ¯®¬®éìî ¬−®£®ªà�â−®£® á«ã-
ç�©−®£® §�¯®«−¥−¨ï ¬�âà¨æë �¯®áâ¥à¨®à−ëå ¢¥à®ïâ−®áâ¥© ¯à¨−�¤«¥¦−®áâ¨
−�¡«î¤¥−−®£® §−�ç¥−¨ï ª í«¥¬¥−âã á¬¥á¨ ¨ áà�¢−¥−¨ï ¯®«ãç�îé¨åáï à¥§ã«ì-
â�â®¢ ®æ¥−¨¢�−¨ï);

{ §�â¥¬ −�©â¨ ®æ¥−ªã ¤«ï ¬¥−ìè¥£® §−�ç¥−¨ï “m − 1 ¯ãâ¥¬ ¢ë¡®à� −�¨«ãçè¥©
®æ¥−ª¨ ¨§ “m ®æ¥−®ª, ¯®áâà®¥−−ëå ¯à¨ −�ç�«ì−ëå ¯à¨¡«¨¦¥−¨ïå, ¯®«ãç¥−-
−ëå ¨áª«îç¥−¨¥¬ ®¤−®£® ¨§ í«¥¬¥−â®¢ á¬¥á¨ ¢ ®æ¥−ª¥ ¤«ï “m;

{ ¯®¢â®àïâì ®¯¨á�−−ë¥ ¤¥©áâ¢¨ï ¤® â®£®, ª�ª ¡ã¤¥â ¯®«ãç¥−� ®æ¥−ª� ¤«ï
âà¥¡ã¥¬®£® §−�ç¥−¨ï m < “m.

�«£®à¨â¬ ¢ë¡®à� à�§¬¥à−®áâ¥© á®£«�á−® AIC (Akaike information criterion)
¨ BIC (Bayesian information criterion) ¯à¨−¨¬�¥â ¢¨¤:

{ ¢ ®â¤¥«ì−®áâ¨ ¤«ï ª�¦¤®£® ª«�áá� ¤�−−ëå ®¡ãç�îé¥© ¢ë¡®àª¨ ¢ ¤¨�¯�§®−¥
¢®§¬®¦−ëå §−�ç¥−¨© ç¨á«� í«¥¬¥−â®¢ á¬¥á¨ m = 1, . . . ,mmax ¨ à�§¬¥à-
−®áâ¨ ¯à®áâà�−áâ¢� ¯à¨§−�ª®¢ k = 1, . . . , d −�©â¨ ®æ¥−ª¨ ¬�ªá¨¬�«ì−®£®
¯à�¢¤®¯®¤®¡¨ï ¤«ï ¯�à�¬¥âà®¢ ¬®¤¥«¨ PPCAM, çâ® ¯®§¢®«¨â á®¢¬¥áâ−®
á á®®â¢¥âáâ¢ãîé¨¬¨ §−�ç¥−¨ï¬¨ ç¨á«� ¯�à�¬¥âà®¢ ¬®¤¥«¨ −�©â¨ §−�ç¥−¨ï
¨−ä®à¬�æ¨®−−ëå ªà¨â¥à¨¥¢;

{ ¢ë¡à�âì ¨§ ¯®«ãç¥−−ëå §−�ç¥−¨© ¬¨−¨¬�«ì−ë¥ ¯® ¢¥«¨ç¨−¥ ¨ á®®â¢¥âáâ¢ã-
îé¨¥ ¨¬ ú«ãçè¨¥û k∗ ¨ m∗;

{ ®æ¥−¨âì ¯à¨ ¯®«ãç¥−−ëå k∗ ¨ m∗ ¬¥â®¤®¬ ¯¥à¥¯à®¢¥àª¨ â®ç−®áâì ¡�©¥á®¢-
áª®£® ª«�áá¨ä¨ª�â®à�.
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‚ íâ®¬ �«£®à¨â¬¥ ¯à¨−ïâ® −¥ª®â®à®¥ ã¯à®é¥−¨¥: ¤«ï ¢á¥å í«¥¬¥−â®¢ á¬¥á¨
¤¥©áâ¢ã¥â ®¤−® ¨ â® ¦¥ §−�ç¥−¨¥ k.

�à¨ ®â−®á¨â¥«ì−® −¥¡®«ìè¨å à�§¬¥à−®áâïå ¨ ®¡ê¥¬�å ¤�−−ëå ¬®¦−® ¯®-
è�£®¢ë¬ ã«ãçè¥−¨¥¬ ¯®«ãç�âì ¡®«¥¥ à¥�«¨áâ¨ç−ë¥ à¥§ã«ìâ�âë. „«ï íâ®£®
¤®áâ�â®ç−® ¯®á«¥¤®¢�â¥«ì−® à¥�«¨§®¢�âì á«¥¤ãîé¨¥ íâ�¯ë ¢ë¡®à� §−�ç¥−¨© ¯�-
à�¬¥âà®¢ à�§¬¥à−®áâ¨, −¥ ãåã¤è�îé¨å â®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ á â®çª¨ §à¥−¨ï
¬¥â®¤� ¯¥à¥¯à®¢¥àª¨:

{ ¯¥à¥¡à�âì ¯à¨ k = d ¤®¯ãáâ¨¬ë¥ §−�ç¥−¨ï m, ®¤¨−�ª®¢ë¥ ¤«ï ¢á¥å ª«�áá®¢,
çâ® ¤�áâ −�¡®à (m∗0, . . . ,m

∗
0) á®®â¢¥âáâ¢¥−−® ¤«ï ª«�áá®¢ 1, . . . , G;

{ ãâ®ç−¨âì §−�ç¥−¨ï m ¤«ï ª�¦¤®£® ª«�áá�, â. ¥. ¯¥à¥¡à�âì ¯à¨ k = d ¢á¥-
¢®§¬®¦−ë¥ ª®¬¡¨−�æ¨¨ ¢¨¤� (m1, . . . ,mG), £¤¥ mi = 1, . . . ,m

∗
0 ¤«ï i =

= 1, . . . , G, çâ® ¯à¨¢¥¤¥â ª −�¡®àã (m∗1, . . . ,m
∗
G);

{ ãâ®ç−¨âì à�§¬¥à−®áâ¨ ¯à®áâà�−áâ¢� ¯à¨§−�ª®¢ ¤«ï ª�¦¤®£® í«¥¬¥−â� á¬¥-
á¨ ¨ ª�¦¤®£® ª«�áá�, â. ¥. ¯¥à¥¡à�âì ¢á¥¢®§¬®¦−ë¥ ª®¬¡¨−�æ¨¨ ¢¨¤�
{(k11, . . . , k1m∗

1
), . . . , (k11, . . . , k1m∗

G
)}, £¤¥ kij = 1, . . . , d ¤«ï i = 1, . . . , G

¨ j = 1, . . . ,m∗i , à¥§ã«ìâ�â ª®â®à®£® ¯à¨−ïâì §� ¨áª®¬ãî ®æ¥−ªã à�§¬¥à−®-
áâ¥©.

�®á«¥¤−¨¥ ¤¢� íâ�¯� áãâì à¥�«¨§�æ¨ï æ¨ª«¨ç¥áª®£® ¯®ª®®à¤¨−�â−®£® á¯ãá-
ª�. ‚á¥ íâ�¯ë ¯¥à¥¡®à� á®¯à®¢®¦¤�îâáï ª®−âà®«¥¬ §−�ç¥−¨ï ®æ¥−ª¨ â®ç−®áâ¨
ª«�áá¨ä¨ª�æ¨¨.

3 Эксперименты

„¨�£−®áâ¨à®¢�−¨¥ §�¡®«¥¢�−¨© ¯¥ç¥−¨. �−�«¨§¨à®¢�«¨áì à¥§ã«ìâ�âë à¥-
�«ì−ëå ®¡á«¥¤®¢�−¨© (á¬. [4, à�§¤. 5]) á æ¥«ìî ¤¨áªà¨¬¨−�æ¨¨ ¤�−−ëå ® ä¥à-
¬¥−â�å, ¯®«ãç¥−−ëå ¤«ï 218 ¯�æ¨¥−â®¢ á ç¥âëàì¬ï §�¡®«¥¢�−¨ï¬¨ ¯¥ç¥−¨.

‚ ¤�−−®© áâ�âì¥ ¤«ï ®¯¨á�−¨ï ¤�−−ëå ª�¦¤®£® ¨§ ç¥âëà¥å ª«�áá®¢ ¯à¨−¨-
¬�«�áì ¬®¤¥«ì PPCAM ¨ áâ�¢¨«�áì §�¤�ç� ¢ë¡®à� íää¥ªâ¨¢−®© à�§¬¥à−®áâ¨
¬®¤¥«¨, â. ¥. §−�ç¥−¨© ¯�à�¬¥âà®¢ mj ¤«ï ª�¦¤®£® j-£® ª«�áá� ¨ §−�ç¥−¨© kji

¤«ï ª�¦¤®£® j-£® ª«�áá� ¨ i-£® í«¥¬¥−â� á¬¥á¨ −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨© ¢ íâ®¬
ª«�áá¥.

÷¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï ¨−ä®à¬�æ¨®−−ëå ªà¨â¥à¨¥¢ ¯à¨¢¥¤¥−ë ¢ â�¡«. 1,
¢ ª®â®à®© q | ç¨á«® ¯�à�¬¥âà®¢ ¬®¤¥«¨. �æ¥−ª¨ â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ A∗

¤«ï −�©¤¥−−ëå §−�ç¥−¨© à�§¬¥à−®áâ¨ á«¥¤ãîé¨¥: ¤«ï AIC | 83%, ¤«ï BIC |
73%. „«ï áà�¢−¥−¨ï, ¤«ï ¬®¤¥«¨ −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¤�−−ëå ¨§ ª�¦¤®£®
ª«�áá�, à�áá¬®âà¥−−®© ¢ [4], â®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ á®áâ�¢«ï«� 67%.

�®á«¥¤®¢�â¥«ì−®¥ ãâ®ç−¥−¨¥ ®æ¥−®ª à�§¬¥à−®áâ¨ ¤�«® á«¥¤ãîé¨¥ à¥§ã«ì-
â�âë:

{ ¯¥à¥¡®à ¢ ¤¨�¯�§®−¥ m = 1, . . . , 10 ¥¤¨−ëå ¤«ï ¢á¥å ª«�áá®¢ §−�ç¥−¨© ç¨á«�
í«¥¬¥−â®¢ á¬¥á¨ ¯à¨ kji ≡ 4 ¯à¨¢¥« ª ®æ¥−ª�¬ m∗ = (6, 6, 6, 6) ¨ A∗ = 84%,
q = 356;
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’�¡«¨æ� 1 �æ¥−ª¨ à�§¬¥à−®áâ¨ ¬®¤¥«¨

ü ª«�áá� AIC BIC
(ç¨á«® −�¡«î¤¥−¨©) m∗ k∗ q m∗ k∗ q

1 (57) 10 4 149 3 4 44
2 (44) 7 4 104 3 4 44
3 (40) 10 4 149 4 4 59
4 (77) 10 4 149 3 4 44

{ ã¬¥−ìè¥−¨¥ ®â¤¥«ì−ëå §−�ç¥−¨© m∗ ¯à¨¢¥«® ª ®æ¥−ª�¬ m∗ = (5, 5, 4, 5)
¨ A∗ = 85%, q = 281;

{ ã¬¥−ìè¥−¨¥ ®â¤¥«ì−ëå §−�ç¥−¨© k = {(4, 4, 4, 4, 4), (4, 4, 4, 4, 4), (4, 4, 4, 4),
(5, 5, 5, 5, 5)} ¯à¨¢¥«® ª ®æ¥−ª�¬ k∗ = {(1, 3, 1, 1, 1), (1, 1, 1, 1, 3), (1, 3, 1, 2),
(2, 1, 2, 2, 2)} ¨ A∗ = 85%, q = 238.

�−�«¨§ ¤�−−ëå ¯®ª�§�«:

{ ¨§ ¨−ä®à¬�æ¨®−−ëå ªà¨â¥à¨¥¢ «ãçè¨¬ ®ª�§ë¢�¥âáï AIC, çâ® á®®â¢¥âáâ¢ã¥â
¥£® −�æ¥«¥−−®áâ¨ −� �¯¯à®ªá¨¬�æ¨î ãç�áâ¢ãîé¨å ¢ ª«�áá¨ä¨ª�æ¨¨ ¯«®â−®-
áâ¥© à�á¯à¥¤¥«¥−¨ï ¤�−−ëå;

{ ¯à¨ ®â−®á¨â¥«ì−® −¥¡®«ìè¨å §−�ç¥−¨ïå áâàãªâãà−ëå à�§¬¥à−®áâ¥© ã¤�¥âáï
−�©â¨ à¥è¥−¨ï, ¯à¨¥¬«¥¬ë¥ ¯® á«®¦−®áâ¨ ¨ ¯à¥¢®áå®¤ïé¨¥ ¯® â®ç−®áâ¨
¯à¨¢ëç−ë© ¯®¤å®¤ [4] ¨ ¡®«¥¥ á«®¦−ë© ¯®¤å®¤, −® −¥ ¤®¯®«−¥−−ë© ¨áç¥à-
¯ë¢�îé¨¬ à¥è¥−¨¥¬ §�¤�ç¨ ¢ë¡®à� ¬®¤¥«¨ [5];

{ ¯®«ãç¥−−ë¥ ®æ¥−ª¨ ¢ ¢¨¤¥ á¬¥á¥© −¥ â®«ìª® £®¢®àïâ ® −¥¯à®áâ®© áâàãªâãà¥
¤�−−ëå ¢ ª«�áá�å, −® ¨ ¯®§¢®«ïîâ ®¯¨á�âì áãé¥áâ¢ãîé¨¥ ª«�áâ¥àë ª�ª ç¥à¥§
¨å ¯�à�¬¥âàë, â�ª ¨ á ¯®¬®éìî á®®â¢¥âáâ¢ãîé¨å −�¡®à®¢ −�¡«î¤¥−−ëå
§−�ç¥−¨©.

�à®£−®§ å¨¬¨ç¥áª®£® á®áâ�¢� ¬®ç¥¢ëå ª�¬−¥©. ‡�¤�ç� ¯à®£−®§¨à®¢�−¨ï
á®áâ�¢� ª�¬−ï ¯® −�¡®àã ¯®ª�§�â¥«¥© ¡ë«� áä®à¬ã«¨à®¢�−� ª�ª §�¤�ç� ®¡ãç�-
¥¬®© ª«�áá¨ä¨ª�æ¨¨ â¨¯®¢ ª�¬−¥© (® ¤�−−ëå ¡®«¥¥ ¯®¤à®¡−® á¬. [6]). �à¨
íâ®¬ ¯à¥¤¯®«�£�«®áì, çâ® ¨áá«¥¤®¢�â¥«¥¬ §�¤�−� ª«�áá¨ä¨ª�æ¨ï â¨¯®¢ ª�¬−¥©
¯® ¨å á®áâ�¢ã. ‚ £àã¯¯ã ¯à¨§−�ª®¢, å�à�ªâ¥à¨§ãîé¨å å¨¬¨ç¥áª¨© á®áâ�¢ ª�¬-
−ï ¯�æ¨¥−â�, ¢å®¤¨«¨ 9 ª®¬¯®−¥−â®¢, ¢ ç�áâ−®áâ¨: ¢¥¢¥««¨â (WH), ¢¥¤¥««¨â
(WD), ¤�««¨â, ¨«¨ ª�à¡®−�â�¯�â¨â (Dh). ‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�«®áì
¤¥«¥−¨¥ ª�¬−¥© −� 2 ª«�áá� (úª�«ìæ¨¢ë¥û ¨ ú®áâ�«ì−ë¥û) ¯® ¯à�¢¨«�¬: 1-©
ª«�áá, ¥á«¨ ¯® á®áâ�¢ã ª�¬−ï WH + WD + Dh > 50% ¨ 2-© ª«�áá ¢ ¯à®â¨¢−®¬
á«ãç�¥. ‚ §�¤�ç¥ ®¡ãç�¥¬®© ª«�áá¨ä¨ª�æ¨¨ ¨á¯®«ì§®¢�«¨áì 14 ¯®ª�§�â¥«¥©,
¢ª«îç�îé¨å ¬¥â�¡®«¨ç¥áª¨¥ ¨ �−âà®¯®«®£¨ç¥áª¨¥ ¯®ª�§�â¥«¨ 386 ¯�æ¨¥−â®¢.
�®«ãç¥−−ë© ª«�áá¨ä¨ª�â®à ¨á¯®«ì§®¢�«áï ¤«ï ¯à®£−®§� â¨¯� ª�¬−ï ¯® ¯à¥¤-
áâ�¢«ï¥¬ë¬ ¤�−−ë¬ ® ¯®ª�§�â¥«ïå. „«ï ®¯¨á�−¨ï íâ¨å ¤�−−ëå ª�¦¤®£® ¨§ ¤¢ãå
ª«�áá®¢ ¯à¨−¨¬�«�áì ¬®¤¥«ì PPCAM ¨ à¥è�«�áì §�¤�ç� ¢ë¡®à� íää¥ªâ¨¢−®©
à�§¬¥à−®áâ¨ ¬®¤¥«¨.
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’�¡«¨æ� 2 �æ¥−ª¨ à�§¬¥à−®áâ¨ ¬®¤¥«¨

ü ª«�áá� AIC BIC
(ç¨á«® −�¡«î¤¥−¨©) m∗ k∗ q m∗ k∗ q

1 (261) 6 14 719 3 14 359
2 (125) 3 14 359 2 14 239

÷¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï ¨−ä®à¬�æ¨®−−ëå ªà¨â¥à¨¥¢ ¯à¨¢¥¤¥−ë ¢ â�¡«. 2.
�æ¥−ª¨ â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨ ¤«ï −�©¤¥−−ëå §−�ç¥−¨© à�§¬¥à−®áâ¨ á«¥¤ã-
îé¨¥: ¤«ï AIC | 52%; ¤«ï BIC | 40%.

�®á«¥¤®¢�â¥«ì−®¥ ãâ®ç−¥−¨¥ ®æ¥−®ª à�§¬¥à−®áâ¨ ¤�«® á«¥¤ãîé¨¥ à¥§ã«ì-
â�âë:

{ ¯¥à¥¡®à ¢ ¤¨�¯�§®−¥ m = 1, . . . , 10 ¥¤¨−ëå ¤«ï ¢á¥å ª«�áá®¢ §−�ç¥−¨© ç¨á«�
í«¥¬¥−â®¢ á¬¥á¨ ¯à¨ kji ≡ 14 ¯à¨¢¥« ª ®æ¥−ª�¬ m∗ = (1, 1) ¨ A∗ = 68%,
q = 238 (¢�à¨�−â 1) ¨«¨ ª ®æ¥−ª�¬ m∗ = (10, 10) ¨ A∗ = 68%, q = 2398
(¢�à¨�−â 2).

„«ï ¢�à¨�−â� 1 ¢ ã¬¥−ìè¥−¨¨ ®â¤¥«ì−ëå §−�ç¥−¨©m∗ −¥®¡å®¤¨¬®áâì ®â¯�«�;
� ã¬¥−ìè¥−¨¥ ®â¤¥«ì−ëå §−�ç¥−¨© k = {(14), (14)} ¯à¨¢¥«® ª ®æ¥−ª�¬ k∗ =
= {(13), (13)} ¨ A∗ = 68%, q = 394.

‚ á«ãç�¥ ¢�à¨�−â� 2 ¯®á«¥¤®¢�â¥«ì−® ¡ë«® ¯®«ãç¥−®:

{ ã¬¥−ìè¥−¨¥ ®â¤¥«ì−ëå §−�ç¥−¨© m∗ ¯à¨¢¥«® ª ®æ¥−ª�¬ m∗ = (1, 10) ¨ A∗ =
= 72%, q = 1318;

{ ã¬¥−ìè¥−¨¥ ®â¤¥«ì−ëå §−�ç¥−¨© k = {(14), (14, 14, 14, 14, 14, 14, 14, 14, 14,
14)} ¯à¨¢¥«® ª ®æ¥−ª�¬ k∗ = {(2), (1, 1, 1, 1, 1, 1, 1, 1, 1, 3)} ¨ A∗ = 73%,
q = 370.

�−�«¨§ ¤�−−ëå ¯®ª�§�«:

{ ¨−ä®à¬�æ¨®−−ë¥ ªà¨â¥à¨¨ úã£�¤ë¢�îâû ¤�«¥ª® −¥ «ãçè¨¥ à¥è¥−¨ï;

{ ãâ®ç−¥−¨¥ áâàãªâãàë ¬®¤¥«¨ ¯à¨¢¥«® ¯® áà�¢−¥−¨î á® 2-¬ ¢�à¨�−â®¬ ¨ á [6]
ª ¯®¢ëè¥−¨î â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨;

{ ¡®«¥¥ á«®¦−ë© ¯® áâàãªâãà¥ 2-© ¢�à¨�−â ®æ¥−ª¨ ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¯à¨-
¢¥« ¢ ¨â®£¥ ¯à®æ¥áá� ®¯â¨¬¨§�æ¨¨ ª ¬¥−ìè¨¬ §−�ç¥−¨ï¬ ç¨á«� ¯�à�¬¥âà®¢
¨, á�¬®¥ ¢�¦−®¥, ¯®¤â¢¥à¤¨« á«®¦−ãî áâàãªâãàã ¤�−−ëå ¨§ ¢â®à®£® ª«�áá�
ú¯à®ç¨¥û, ¢ª«îç�îé¥£® ª�¬−¨ −¥áª®«ìª¨å â¨¯®¢.

4 Заключение

�¯¨á�−−ë¥ ¯®¤å®¤ë ¨ �«£®à¨â¬ë −¥ £�à�−â¨àãîâ −�¨«ãçè¥£® à¥è¥−¨ï, −®
¯®§¢®«ïîâ ¯à®ïá−¨âì, ¢®§¬®¦−® «¨ á−¨¦¥−¨¥ à�§¬¥à−®áâ¨, ¯à¨¢®¤ïé¥¥ ª ¯®¢ë-
è¥−¨î ª�ç¥áâ¢� ª«�áá¨ä¨ª�æ¨¨. Šà®¬¥ â®£®, ä®à¬¨àã¥âáï −®¢�ï ¨−ä®à¬�æ¨ï ®¡
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‘−¨¦¥−¨¥ à�§¬¥à−®áâ¨ ¤«ï á¬¥á¨ ¢¥à®ïâ−®áâ−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â

®¡ê¥ªâ�å ¨áá«¥¤®¢�−¨ï. �à®¢¥¤¥−−ë¥ íªá¯¥à¨¬¥−âë ¯à®¤¥¬®−áâà¨à®¢�«¨, çâ®
¯à¥¤«�£�¥¬ë¥ à¥è¥−¨ï ï¢«ïîâáï ¨áâ®ç−¨ª®¬ à®áâ� â®ç−®áâ¨ ª«�áá¨ä¨ª�æ¨¨, ¤�-
îâ â®«ç®ª á¯¥æ¨�«¨áâ�¬ ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤«ï ¯à®ïá−¥−¨ï áãâ¨ ¯à®â¥ª�îé¨å
¯à®æ¥áá®¢.

ˆáâ®à¨ï à�§¢¨â¨ï ¬�è¨−−®£® ®¡ãç¥−¨ï ¨ ¥£® ¯à¨¬¥−¥−¨ï ¢ ¬¥¤¨æ¨−áª®©
¤¨�£−®áâ¨ª¥ ¯®ª�§ë¢�¥â, çâ® ¯à®¨áå®¤¨â ¯¥à¥å®¤ ®â ¯à®áâëå ¤�−−ëå ¨ �«£®à¨â-
¬®¢ ¨å ®¡à�¡®âª¨, � â�ª¦¥ á®®â¢¥âáâ¢ãîé¨å á¨áâ¥¬ ¨ ¬¥â®¤®«®£¨© ª à¥è¥−¨î
¯à®¡«¥¬, á«®¦−ëå ¯® áâàãªâãà¥ ¨ á®¤¥à¦�−¨î. ˆ−â¥««¥ªâã�«¨§�æ¨ï �−�«¨§�
¤�−−ëå ¨£à�¥â ¢á¥ ¡®«¥¥ ¢�¦−ãî à®«ì ¡«�£®¤�àï ®£à®¬−®¬ã ®¡ê¥¬ã ¨−ä®à¬�æ¨¨,
¯à®¨§¢®¤¨¬®© ¨ åà�−¨¬®© á ¯®¬®éìî á®¢à¥¬¥−−ëå â¥å−®«®£¨©. ‘®¢à¥¬¥−−ë¥
�«£®à¨â¬ë ¬�è¨−−®£® ®¡ãç¥−¨ï ¤®«¦−ë ¯à¥¤®áâ�¢«ïâì ¨−áâàã¬¥−âë, ª®â®àë¥
¯®¬®£ãâ ¢à�ç�¬ ¢ëï¢¨âì ¨−â¥à¥á−ë¥ á¢®©áâ¢� ¨ −¥®¦¨¤�−−ë¥ á¢ï§¨ ¢ á¢®¨å
¤�−−ëå.

‘à¥¤¨ ¯à¨ç¨− ¬¥¤«¥−−®£® ¢®á¯à¨ïâ¨ï ¯à�ªâ¨ª®© ¤®áâ�â®ç−® á«®¦−ëå ¯®¤-
å®¤®¢, ¯®¦�«ã©, −�¨¡®«¥¥ à�§ã¬−®© ï¢«ï¥âáï â®, çâ® ¢−¥¤à¥−¨¥ â¥å−®«®£¨¨ ¬�-
è¨−−®£® ®¡ãç¥−¨ï ¥é¥ ¡®«ìè¥ ã¢¥«¨ç¨â ç¨á«® ¯à¨¥¬®¢, ¤®áâã¯−ëå ¤«ï ¢à�ç¥©.
‹î¡®© −®¢ë© ¨−áâàã¬¥−â ¨¬¥¥â −¥¦¥«�â¥«ì−ë© ¯®¡®ç−ë© íää¥ªâ ¤�«ì−¥©è¥-
£® ãá«®¦−¥−¨ï à�¡®âë ¢à�ç�, ª®â®à�ï ¨ â�ª −¥ ¯à®áâ�. �®íâ®¬ã â¥å−®«®£¨ï
¬�è¨−−®£® ®¡ãç¥−¨ï ¤®«¦−� ¡ëâì ¨−â¥£à¨à®¢�−� ¢ áãé¥áâ¢ãîé¨¥ â¥å−¨ç¥áª¨¥
áà¥¤áâ¢�, çâ® á¤¥«�¥â ¥¥ ¨á¯®«ì§®¢�−¨¥ ¬�ªá¨¬�«ì−® ¯à®áâë¬ ¨ ¥áâ¥áâ¢¥−−ë¬.
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Russian Federation

Abstract: The article considers algorithms of choosing structural parameters
characterizing the mixture of probabilistic principal component analyzers model
in relation to the tasks of medical diagnostics. The solution is proposed to search
by combining the application of information criteria for the formation of initial
approximations, followed by refinement of the resulting solutions. The described
approaches and algorithms lead to results that generally do not guarantee the
best solution. But they make it possible to clarify whether it is possible to reduce
the dimensionality which leads to an increase in the quality of classification. In
addition, new information about the objects of study is being formed. Using
the example of experiments to diagnose liver diseases and predict the chemical
composition of urinary stones, the capabilities of the described data analysis
procedures are demonstrated. The proposed solutions are a source of improving
the accuracy of classification and give impetus to experts in the subject area to
clarify the essence of the processes.

Keywords: principal components analysis; Gaussian mixture model; dimension-
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ОПТИМИЗАЦИЯ ИНДИКАЦИИ МНОГОРАЗРЯДНЫХ
САМОСИНХРОННЫХ СХЕМ∗

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

�−−®â�æ¨ï: ˆ−¤¨ª�â®à−�ï ¯®¤áå¥¬� ¢ á�¬®á¨−åà®−−ëå (‘‘) áå¥¬�å ®¡¥á-
¯¥ç¨¢�¥â ª®−âà®«ì ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï ¢á¥å í«¥¬¥−â®¢ ¢ â¥ªãéãî ä�§ã
¨ ã¯à�¢«¥−¨¥ ¢§�¨¬®¤¥©áâ¢¨¥¬ äã−ªæ¨®−�«ì−ëå ¡«®ª®¢. ‘ ã¢¥«¨ç¥−¨¥¬
à�§àï¤−®áâ¨ ‘‘-áå¥¬ë à�áâ¥â ¨ ¢ª«�¤ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë ¢ §�¤¥à¦ªã
¯¥à¥ª«îç¥−¨ï áå¥¬ë. ‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï ¢®¯à®áë ®¯â¨¬¨§�æ¨¨ ¨−-
¤¨ª�â®à−®© ¯®¤áå¥¬ë ¨ ®à£�−¨§�æ¨¨ ‘‘-ª®−¢¥©¥à� ¤«ï ®¡¥á¯¥ç¥−¨ï ¡®«¥¥
¢ëá®ª®£® ¡ëáâà®¤¥©áâ¢¨ï ¢á¥© áå¥¬ë. „«ï à¥�«¨§�æ¨¨ à�§àï¤� à¥£¨áâà®¢
åà�−¥−¨ï ¯à®¬¥¦ãâ®ç−ëå ¤�−−ëå ¢ áâã¯¥−ïå ª®−¢¥©¥à� ¯à¥¤«�£�¥âáï ¨á¯®«ì-
§®¢�âì ¢¬¥áâ® ®¡ëç−®£® ‘‘-RS-âà¨££¥à� £¨áâ¥à¥§¨á−ë© âà¨££¥à, ¨¬¥îé¨©
¬¥−ìèãî á«®¦−®áâì ¨ ®¡¥á¯¥ç¨¢�îé¨© åà�−¥−¨¥ ª�ª à�¡®ç¥£®, â�ª ¨ á¯¥©-
á¥à−®£® á®áâ®ï−¨ï ¯�à�ä�§−ëå ¤�−−ëå. „¨áæ¨¯«¨−� ã¯à�¢«¥−¨ï ä�§�¬¨
áâã¯¥−¥© ª®−¢¥©¥à� á ¯®¬®éìî ®¡é¨å ¨−¤¨ª�â®à−ëå ¢ëå®¤®¢ á®á¥¤−¨å áâã-
¯¥−¥© ª®−¢¥©¥à� §�¬¥−ï¥âáï ¯à¨−æ¨¯®¬ ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨ ¨ ã¯à�¢«¥-
−¨ï ä�§�¬¨, ¨á¯®«ì§ãîé¥© ¯�à�««¥«ì−®áâì ¢ëç¨á«¥−¨© ¢ ¬−®£®à�§àï¤−ëå
‘‘-áå¥¬�å. �à¥¤«�£�¥¬ë¥ à¥è¥−¨ï ®¡¥á¯¥ç¨¢�îâ áãé¥áâ¢¥−−®¥ ¯®¢ëè¥−¨¥
¡ëáâà®¤¥©áâ¢¨ï ‘‘-áå¥¬ §� áç¥â −¥§−�ç¨â¥«ì−®£® ãá«®¦−¥−¨ï ¨−¤¨ª�â®à−®©
¯®¤áå¥¬ë.

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−�ï áå¥¬�; ª®−¢¥©¥à; £¨áâ¥à¥§¨á−ë© âà¨££¥à
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¤¥©áâ¢¨¥ ¢ «î¡ëå ª®−ªà¥â−ëå ãá«®¢¨ïå ®ªàã¦�îé¥© áà¥¤ë. �−¨ ¨á¯®«ì§ãîâ
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�¯â¨¬¨§�æ¨ï ¨−¤¨ª�æ¨¨ ¬−®£®à�§àï¤−ëå á�¬®á¨−åà®−−ëå áå¥¬

§�¯à®á-®â¢¥â−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã §�¤�âç¨ª®¬ ¤�−−ëå ¨ ¨å ¯à¨¥¬−¨ª®¬.
�«�£®¤�àï íâ®¬ã ¡ëáâà®¤¥©áâ¢¨¥ ‘‘-áå¥¬ ®¯à¥¤¥«ï¥âáï «¨èì à¥�«ì−ë¬¨ ¢ ¤�−-
−ëå ãá«®¢¨ïå íªá¯«ã�â�æ¨¨ §�¤¥à¦ª�¬¨ í«¥¬¥−â®¢, ¨§ ª®â®àëå ®−¨ á®áâ®ïâ.
�â¨¬ ®−¨ ¢ë£®¤−® ®â«¨ç�îâáï ®â á¨−åà®−−ëå áå¥¬, ª®â®àë¥ ¢ ®âáãâáâ¢¨¥ �¤�¯â�-
æ¨¨ ¨áâ®ç−¨ª� â�ªâ®¢®£® á¨£−�«� ª ¨§¬¥−ïîé¨¬áï ãá«®¢¨ï¬ ®ªàã¦�îé¥© áà¥¤ë
¢ë−ã¦¤¥−ë ®à¨¥−â¨à®¢�âìáï −� ú−�¨åã¤è¨© á«ãç�©û: ¬¨−¨¬�«ì−® ¢®§¬®¦−®¥
−�¯àï¦¥−¨¥ ¯¨â�−¨ï, ¬�ªá¨¬�«ì−® ¤®¯ãáâ¨¬ãî â¥¬¯¥à�âãàã ®ªàã¦�îé¥© áà¥¤ë,
ú¬¥¤«¥−−ë¥û âà�−§¨áâ®àë ¨ â. ¤. ‚ à¥§ã«ìâ�â¥ ¢ àï¤¥ ¯à¨«®¦¥−¨© ‘‘-áå¥¬ë,
−¥á¬®âàï −� á¢®î �¯¯�à�âãà−ãî ¨§¡ëâ®ç−®áâì, ®ª�§ë¢�îâáï ¡®«¥¥ ¡ëáâà®¤¥©-
áâ¢ãîé¨¬¨, ç¥¬ ¨å á¨−åà®−−ë¥ �−�«®£¨.

�á−®¢−ë¥ ä�ªâ®àë ®£à�−¨ç¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï ‘‘-áå¥¬:

{ ¤¢ãåä�§−�ï ¤¨áæ¨¯«¨−� à�¡®âë | à�¡®ç�ï ä�§�, ¢ ª®â®à®© à¥�«¨§ã¥âáï
§�«®¦¥−−ë© ¢ áå¥¬ã �«£®à¨â¬ ®¡à�¡®âª¨ ¢å®¤−ëå ¤�−−ëå, ¨ á¯¥©á¥à−�ï ä�§�
(á¯¥©á¥à), á«ã¦�é�ï ¤«ï à�§¤¥«¥−¨ï á®á¥¤−¨å à�¡®ç¨å ä�§;

{ −�«¨ç¨¥ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë.

ˆ−¤¨ª�â®à−�ï ¯®¤áå¥¬� ®¡¥á¯¥ç¨¢�¥â ª®−âà®«ì ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï ‘‘-
áå¥¬ë ¢ â¥ªãéãî ä�§ã. „«ï ¯®¤â¢¥à¦¤¥−¨ï ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï ‘‘-áå¥¬ë
âà¥¡ã¥âáï ¯à®¨−¤¨æ¨à®¢�âì ¢ëå®¤ë ¢á¥å ¥¥ í«¥¬¥−â®¢ ¨ á®¡à�âì ¨å ¢ ®¤¨−
¨−¤¨ª�â®à−ë© á¨£−�«, á«ã¦�é¨© á¨£−�«®¬ ã¯à�¢«¥−¨ï §�¤�âç¨ª®¬.

‚ ®â−®á¨â¥«ì−® −¥á«®¦−ëå áå¥¬�å á −¥¡®«ìè®© à�§àï¤−®áâìî ¨−¤¨ª�â®à−�ï
¯®¤áå¥¬� à�¡®â�¥â ¢ úä®−®¢®¬û à¥¦¨¬¥. ‚ ¬−®£®à�§àï¤−ëå ‘‘-áå¥¬�å ¡®«ìè®¥
ç¨á«® ¨−¤¨æ¨àãîé¨å á¨£−�«®¢ ¯à¨¢®¤¨â ª úà�§¡ãå�−¨îû ¨−¤¨ª�â®à−®© ¯®¤-
áå¥¬ë, ª®â®à�ï −�ç¨−�¥â ¢−®á¨âì áãé¥áâ¢¥−−ë© ¢ª«�¤ ¢ §�¤¥à¦ªã ‘‘-áå¥¬ë.
�®íâ®¬ã à�§à�¡®âª� ¬¥â®¤®¢ ãáª®à¥−¨ï ¨−¤¨ª�æ¨¨ ¬−®£®à�§àï¤−ëå ‘‘-áå¥¬
ï¢«ï¥âáï �ªâã�«ì−®© §�¤�ç¥©. „�−−�ï à�¡®â� ¯®á¢ïé¥−� ¨áá«¥¤®¢�−¨î ¢®§¬®¦−®-
áâ¥© ãáª®à¥−¨ï ¨ à�á¯�à�««¥«¨¢�−¨ï ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë ŠŒ��-‘‘-áå¥¬
¨ �−�«¨§ã ¢�à¨�−â®¢ ¥¥ à¥�«¨§�æ¨¨ ¢ â¨¯®¢ëå ãáâà®©áâ¢�å.

2 Самосинхронный конвейер

‘«®¦−ë¥ ‘‘-áå¥¬ë, ª�ª ¨ ¨å á¨−åà®−−ë¥ �−�«®£¨, áâà®ïâáï ¢ ¢¨¤¥ ª®−-
¢¥©¥à�. ‘âã¯¥−ì ‘‘-ª®−¢¥©¥à� á®¤¥à¦¨â ª®¬¡¨−�æ¨®−−ãî ç�áâì, à¥�«¨§ãîéãî
�«£®à¨â¬ ®¡à�¡®âª¨ ¤�−−ëå, ¨ ¢å®¤−®© ¨«¨ ¢ëå®¤−®© à¥£¨áâà, åà�−ïé¨© à¥-
§ã«ìâ�âë ®¡à�¡®âª¨ ¤�−−ëå. ‚ á¨−åà®−−ëå áå¥¬�å ¢á¥ áâã¯¥−¨ ª®−¢¥©¥à�,
ª�ª ¯à�¢¨«®, á¨−åà®−¨§¨àãîâáï ®¤−¨¬ â�ªâ®¢ë¬ á¨£−�«®¬. ‘�¬®á¨−åà®−−ë©
ª®−¢¥©¥à ã¯à�¢«ï¥âáï á¨£−�«�¬¨, ¨−¤¨æ¨àãîé¨¬¨ ®ª®−ç�−¨¥ ¯¥à¥ª«îç¥−¨ï á®-
á¥¤−¨å áâã¯¥−¥© ª®−¢¥©¥à� ¢ ®ç¥à¥¤−ãî ä�§ã à�¡®âë.

��§®¢ë© ¯à¨−æ¨¯ ¢§�¨¬®¤¥©áâ¢¨ï áâã¯¥−¥© ‘‘-ª®−¢¥©¥à� §�ª«îç�¥âáï
¢ á«¥¤ãîé¥¬: â¥ªãé�ï áâã¯¥−ì ª®−¢¥©¥à� −�ç¨−�¥â ¯¥à¥ª«îç�âìáï ¢ à�¡®çãî
(á¯¥©á¥à−ãî) ä�§ã â®«ìª® ¯®á«¥ â®£®, ª�ª ¯à¥¤ë¤ãé�ï áâã¯¥−ì ª®−¢¥©¥à� ¯¥-
à¥ª«îç¨«�áì ¢ à�¡®çãî (á¯¥©á¥à−ãî) ä�§ã, � á«¥¤ãîé�ï áâã¯¥−ì ª®−¢¥©¥à�
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 1 ‘å¥¬� ª«�áá¨ç¥áª®£® ‘‘-ª®−¢¥©¥à�

¯¥à¥ª«îç¨«�áì ¢ á¯¥©á¥à−ãî (à�¡®çãî) ä�§ã. �� à¨á. 1 ¯à¨¢¥¤¥−� áå¥¬� ª«�á-
á¨ç¥áª®£® ‘‘-ª®−¢¥©¥à�. ‡¤¥áì ú‹®£¨ª�û | ª®¬¡¨−�æ¨®−−�ï ç�áâì áâã¯¥−¨
ª®−¢¥©¥à�; ú÷¥£¨áâàû | ¢ëå®¤−®© à¥£¨áâà áâã¯¥−¨; úˆ‘û | ¨−¤¨ª�â®à−�ï
áå¥¬� áâã¯¥−¨ ª®−¢¥©¥à�; úGû | £¨áâ¥à¥§¨á−ë© âà¨££¥à (ƒ-âà¨££¥à) [4], ä®à-
¬¨àãîé¨© á¨£−�« ã¯à�¢«¥−¨ï ä�§®© à¥£¨áâà�. ˆ−¤¨ª�â®à−�ï áå¥¬� ï¢«ï¥âáï
®¡é¥© ¤«ï ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¨ à¥£¨áâà� áâã¯¥−¨ ª®−¢¥©¥à�.

’�ª�ï ¤¨áæ¨¯«¨−� ã¯à�¢«¥−¨ï ‘‘-ª®−¢¥©¥à®¬ ¯à¨¢ï§ë¢�¥â −�ç�«® ¯¥à¥-
ª«îç¥−¨ï â¥ªãé¥© áâã¯¥−¨ ª®−¢¥©¥à� ª ®¡é¨¬ ¨−¤¨ª�â®à−ë¬ ¢ëå®¤�¬ á®á¥¤-
−¨å áâã¯¥−¥© ª®−¢¥©¥à� ¨ áãé¥áâ¢¥−−® §�¬¥¤«ï¥â ¥£® à�¡®âã. „¥©áâ¢¨â¥«ì−®,
¯ãáâì ¢á¥ áâã¯¥−¨ ª®−¢¥©¥à� å�à�ªâ¥à¨§ãîâáï ¯à¨¬¥à−® ®¤¨−�ª®¢ë¬¨ §�¤¥à¦ª�-
¬¨ ¯¥à¥ª«îç¥−¨ï (‡�) ¨−ä®à¬�æ¨®−−ëå ¢ëå®¤®¢ ¢ à�¡®çãî ä�§ã ¨ ¢ á¯¥©á¥à
¨ ®¤¨−�ª®¢ë¬¨ §�¤¥à¦ª�¬¨ ä®à¬¨à®¢�−¨ï ¨−¤¨ª�â®à−ëå ¢ëå®¤®¢ áâã¯¥−¨ ¯®á«¥
£®â®¢−®áâ¨ ¨−ä®à¬�æ¨®−−ëå ¢ëå®¤®¢:

{ Tòæì | ‡� ª®¬¡¨−�æ¨®−−®© ç�áâ¨ áâã¯¥−¨ ª®−¢¥©¥à� ¢ à�¡®çãî ä�§ã;

{ Tóæì | ‡� ª®¬¡¨−�æ¨®−−®© ç�áâ¨ áâã¯¥−¨ ª®−¢¥©¥à� ¢ á¯¥©á¥à;

{ Tòæò | ‡� à¥£¨áâà� áâã¯¥−¨ ª®−¢¥©¥à� ¢ à�¡®çãî ä�§ã;

{ Tóæò | ‡� à¥£¨áâà� áâã¯¥−¨ ª®−¢¥©¥à� ¢ á¯¥©á¥à;

{ Tòæé | ‡� ¨−¤¨ª�â®à−®© áå¥¬ë áâã¯¥−¨ ª®−¢¥©¥à� ¢ à�¡®çãî ä�§ã;

{ Tóæé | ‡� ¨−¤¨ª�â®à−®© áå¥¬ë áâã¯¥−¨ ª®−¢¥©¥à� ¢ á¯¥©á¥à.

’®£¤� ¯à¨ áâà®£®¬ á®¡«î¤¥−¨¨ ¡�§®¢®£® ¯à¨−æ¨¯� ¢§�¨¬®¤¥©áâ¢¨ï áâã¯¥−¥© ‘‘-
ª®−¢¥©¥à� ¤«¨â¥«ì−®áâì æ¨ª«� à�¡®âë (à�¡®ç�ï ä�§� ¯«îá á¯¥©á¥à−�ï ä�§�)
ª�¦¤®© áâã¯¥−¨ ª«�áá¨ç¥áª®£® ‘‘-ª®−¢¥©¥à� ¡ã¤¥â ®¯à¥¤¥«ïâìáï ä®à¬ã«®©:

Tòãë = Tòæò + Tòæé + Tóæò + Tóæé + 2TG2 +

+ 2max {Tóæò + Tóæì + Tóæé, Tòæì + Tòæò + Tòæé} , (1)
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÷¨á. 2 ‘å¥¬� à�§àï¤� à¥£¨áâà� áâã¯¥−¨ ª®−¢¥©¥à�: (�) ®¯â¨¬¨§¨à®¢�−−�ï; (¡) ª«�áá¨-
ç¥áª�ï

£¤¥ TG2 | ãáà¥¤−¥−−�ï §�¤¥à¦ª� ¯¥à¥ª«îç¥−¨ï ¤¢ãå¢å®¤®¢®£® ƒ-âà¨££¥à� (G2).
‡¤¥áì §�¤¥à¦ª� ¯¥à¥ª«îç¥−¨ï ¨−¤¨ª�â®à−®© áå¥¬ë áâã¯¥−¨ ª®−¢¥©¥à� ¯à¥¤-
áâ�¢«ï¥â á®¡®© ¨−â¥£à¨à®¢�−−ãî §�¤¥à¦ªã ä®à¬¨à®¢�−¨ï ®¡é¥£® ¨−¤¨ª�â®à−®£®
¢ëå®¤� áâã¯¥−¨ ª®−¢¥©¥à� ¯® ®â−®è¥−¨î ª ¬�ªá¨¬�«ì−® §�¤¥à¦�−−®¬ã ¢ëå®¤ã ¨§
ç¨á«� ¢ëå®¤®¢ ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¨ à¥£¨áâà�. �¤−�ª® ¢ë¡®à ¯�à�ä�§−®© á®
á¯¥©á¥à®¬ (�”‘) ¤¨áæ¨¯«¨−ë ä®à¬¨à®¢�−¨ï ¢å®¤−ëå ¤�−−ëå ª®¬¡¨−�æ¨®−−®©
ç�áâ¨ áâã¯¥−¨ ª®−¢¥©¥à� ¨ á¯¥æ¨�«ì−�ï à¥�«¨§�æ¨ï à¥£¨áâà� ¯®§¢®«ïîâ ãáª®à¨âì
¢§�¨¬®¤¥©áâ¢¨¥ áâã¯¥−¥© ª®−¢¥©¥à�.

„¥©áâ¢¨â¥«ì−®, �”‘-¤¨áæ¨¯«¨−� á¨£−�«®¢ ®â®¡à�¦�¥â −¥ â®«ìª® ¡¨â ¯¥à¥-
¤�¢�¥¬®© ¨−ä®à¬�æ¨¨, −® ¨ ä�§ã, ¢ ª®â®à®© −�å®¤¨âáï á¨£−�« ¢ «î¡®© ¬®¬¥−â
¢à¥¬¥−¨. ’�ª¨¬ ®¡à�§®¬, ¢ëå®¤ë ª®¬¡¨−�æ¨®−−®© ç�áâ¨ áâã¯¥−¨ ª®−¢¥©¥à� á¢®-
¨¬ á®áâ®ï−¨¥¬ á¨£−�«¨§¨àãîâ ®¡ ®ª®−ç�−¨¨ á¢®¥£® ¯¥à¥ª«îç¥−¨ï ¢ á«¥¤ãîéãî
ä�§ã à�¡®âë.

‚ á«ãç�¥ ¬−®£®à�§àï¤−®© ‘‘-áå¥¬ë á ®âáãâáâ¢ãîé¥© ¨«¨ á«�¡®© ¢§�¨¬®-
á¢ï§ìî à�§−ëå à�§àï¤®¢ íâ® á¢®©áâ¢® �”‘-á¨£−�«®¢ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−®
¤«ï ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨ áâã¯¥−¨ ª®−¢¥©¥à� §� áç¥â à¥�«¨§�æ¨¨ à�§àï¤� à¥-
£¨áâà� −� ®á−®¢¥ ƒ-âà¨££¥à®¢ [5]. �� à¨á. 2, � ¯®ª�§�−� áå¥¬� à�§àï¤� à¥£¨áâà�
åà�−¥−¨ï �”‘-á¨£−�«� á ¥¤¨−¨ç−ë¬ á¯¥©á¥à®¬ −� ƒ-âà¨££¥à�å, ¨¬¥îé�ï ®¡-
é¨© á¨£−�« ã¯à�¢«¥−¨ï I ¨ ¨−¤¨ª�â®à−ë© ¢ëå®¤ J. �−� åà�−¨â ª�ª à�¡®ç¥¥,
â�ª ¨ á¯¥©á¥à−®¥ á®áâ®ï−¨¥ �”‘-á¨£−�«�, ¨ ¥¥ ¢ëå®¤ (Y, YB) ï¢«ï¥âáï â�ª¦¥
�”‘-á¨£−�«®¬. �−� ¢ë£®¤−® ®â«¨ç�¥âáï ®â âà�¤¨æ¨®−−®£® ‘‘-âà¨££¥à� −� ¡¨-
áâ�¡¨«ì−ëå ïç¥©ª�å á ¨−ä®à¬�æ¨®−−ë¬ �”‘-¢å®¤®¬, ¯à¨¬¥à ª®â®à®£® ¯®ª�§�−
−� à¨á. 2, ¡.

�à¨ ¨á¯®«ì§®¢�−¨¨ áå¥¬ë à¨á. 2, � ¢ ª�ç¥áâ¢¥ à�§àï¤� à¥£¨áâà� áâã¯¥−¨ ª®−-
¢¥©¥à� áâàãªâãà−�ï áå¥¬� ‘‘-ª®−¢¥©¥à� ¯à¥®¡à�§ã¥âáï ª ¢¨¤ã, ¨§®¡à�¦¥−−®¬ã −�
à¨á. 3. ˆ−¤¨ª�â®à−ë¥ áå¥¬ë ª®¬¡¨−�æ¨®−−®© ç�áâ¨ (úˆ‹û) ¨ à¥£¨áâà� (úˆ÷û)
áâã¯¥−¨ ª®−¢¥©¥à� ä®à¬¨àãîâ à�§¤¥«ì−ë¥ ¨−¤¨ª�â®à−ë¥ á¨£−�«ë, ®¡ê¥¤¨−ï-
¥¬ë¥ âà¥å¢å®¤®¢ë¬ ƒ-âà¨££¥à®¬ (G3) ¢¬¥áâ¥ á ¨−¤¨ª�â®à®¬ à¥£¨áâà� á®á¥¤−¥©
áâã¯¥−¨. Ÿ¢−®© §�¢¨á¨¬®áâ¨ á¨£−�«� ã¯à�¢«¥−¨ï ä�§®© à¥£¨áâà� ®â ¨−¤¨ª�â®à-
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 3 ‘å¥¬� ®¯â¨¬¨§¨à®¢�−−®£® ‘‘-ª®−¢¥©¥à�

−®£® ¢ëå®¤� ¯à¥¤ë¤ãé¥© áâã¯¥−¨ ª®−¢¥©¥à� −¥â, −® áå¥¬� ª®−¢¥©¥à� ®áâ�¥âáï
‘‘, â�ª ª�ª à¥£¨áâà â¥ªãé¥© áâã¯¥−¨ ª®−¢¥©¥à� −¥ ¯¥à¥ª«îç¨âáï ¢ ®ç¥à¥¤−ãî
ä�§ã à�¡®âë, ¯®ª� ¢ âã ¦¥ ä�§ã −¥ ¯¥à¥ª«îç�âáï ¨−ä®à¬�æ¨®−−ë¥ ¢ëå®¤ë
¯à¥¤ë¤ãé¥© áâã¯¥−¨ ª®−¢¥©¥à�. �¤−�ª® á¨£−�« ã¯à�¢«¥−¨ï ä�§®© à�¡®âë à¥£¨-
áâà� ¯®-¯à¥¦−¥¬ã ®áâ�¥âáï ®¡é¨¬ ¤«ï ¢á¥å à�§àï¤®¢ à¥£¨áâà� ¨ ä®à¬¨àã¥âáï ¯®
®ª®−ç�−¨¨ ¯¥à¥ª«îç¥−¨ï ¢á¥å à�§àï¤®¢ ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¨ à¥£¨áâà� ¤�−−®©
áâã¯¥−¨.

„«¨â¥«ì−®áâì æ¨ª«� à�¡®âë áâã¯¥−¨ ®¯â¨¬¨§¨à®¢�−−®£® ‘‘-ª®−¢¥©¥à� à�¢−�

Tòãï = Tòæò + Tòæéò + Tóæò + Tóæéò + 2TG3 +

+ 2max {Tóæò + Tóæì + Tóæéò, Tòæì + Tòæò + Tòæéò} (2)

¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ä®à¬¨à®¢�−¨¥ ¨−¤¨ª�â®à−®£® ¢ëå®¤� ª®¬¡¨−�æ¨®−−®©
ç�áâ¨ ¢ «î¡®© ä�§¥ §�ª�−ç¨¢�¥âáï −¥ ¯®§¦¥, ç¥¬ ä®à¬¨à®¢�−¨¥ ¨−¤¨ª�â®à−®£®
¢ëå®¤� ¯®á«¥¤ãîé¥£® à¥£¨áâà�. ‡¤¥áì Tòæéò ¨ Tóæéò | §�¤¥à¦ª¨ ¯¥à¥ª«îç¥-
−¨ï ¨−¤¨ª�â®à−®© áå¥¬ë à¥£¨áâà� áâã¯¥−¨ ª®−¢¥©¥à� ¢ à�¡®çãî ä�§ã ¨ ¢ á¯¥©á¥à.

‘å¥¬� ‘‘-ª®−¢¥©¥à� −� à¨á. 3 ®ª�§ë¢�¥âáï ¡®«¥¥ ¡ëáâà®¤¥©áâ¢ãîé¥© ¯®
áà�¢−¥−¨î á® áå¥¬®© à¨á. 1, ¥á«¨ ¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢® Tòãë − Tòãï > 0,
ª®â®à®¥ ¯®á«¥ ¯®¤áâ�−®¢ª¨ ä®à¬ã« (1) ¨ (2) ¯à¥®¡à�§ã¥âáï ª ¢¨¤ã:

(Tòæé − Tòæéò) + (Tóæé − Tóæéò) + 2 (TG2 − TG3) +

+ 2max {Tóæò + Tóæì + Tóæé, Tòæì + Tòæò + Tòæé} −

− 2max {Tóæò + Tóæì + Tóæéò, Tòæì + Tòæò + Tòæéò} > 0 . (3)

‚ −¥à�¢¥−áâ¢¥ (3) §�¤¥à¦ª� Tòæéò §�¢¥¤®¬® ¬¥−ìè¥ §�¤¥à¦ª¨ Tòæé, � §�-
¤¥à¦ª� Tóæéò £�à�−â¨à®¢�−−® ¬¥−ìè¥ §�¤¥à¦ª¨ Tóæé. �ãáâì Tòæéò =
= KòéTòæé, Tóæéò = KóéTóæé, £¤¥ Kòé ¨ Kóé | ª®íää¨æ¨¥−âë ¯à®¯®àæ¨-
®−�«ì−®áâ¨, ¬¥−ìè¨¥ ¥¤¨−¨æë, � ®â−®è¥−¨¥ §�¤¥à¦¥ª ¯¥à¥ª«îç¥−¨ï ¢ à�¡®çãî
ä�§ã ¨ ¢ á¯¥©á¥à ¯à¨¬¥à−® ®¤¨−�ª®¢® ¤«ï ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¨ à¥£¨áâà�:
Tòæò = KòóTóæò, Tòæì = KòóTóæì. ’®£¤� −¥à�¢¥−áâ¢® (3) ¯à¨¤¥â ª ¢¨¤ã:
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(1−Kòé)Tòæé + (1−Kóé)Tóæé + 2 (TG2 − TG3) +

+ 2max {Tóæò + Tóæì + Tóæé,Kòó (Tóæò + Tóæì) + Tòæé} −

− 2max {Tóæò + Tóæì +KóéTóæé,Kòó (Tóæò + Tóæì) +KòéTòæé} >

> 0 . (4)

‘â�â¨áâ¨ç¥áª¨ §�¤¥à¦ª� ¯¥à¥ª«îç¥−¨ï ‘‘-áå¥¬ë ¢ á¯¥©á¥à ¬¥−ìè¥ §�¤¥à¦-
ª¨ ¥¥ ¯¥à¥ª«îç¥−¨ï ¢ à�¡®çãî ä�§ã, � §�¤¥à¦ª¨ ¯¥à¥ª«îç¥−¨ï ¨−¤¨ª�â®à−®©
áå¥¬ë ¢ à�¡®çãî ä�§ã ¨ ¢ á¯¥©á¥à ¯à¨¬¥à−® ®¤¨−�ª®¢ë. ’®£¤� Kòó > 1,
Tòæé = Tóæé = Té, Kòé = Kóé = Ké ¨ −¥à�¢¥−áâ¢® (4) §�¯¨è¥âáï ¢ ¢¨¤¥:

–T = 4 (1−Ké)Té + 2 (TG2 − TG3) > 0 . (5)

‚ ¬−®£®à�§àï¤−®© ‘‘-áå¥¬¥ ç¨á«® á¨£−�«®¢, ®¡ê¥¤¨−ï¥¬ëå ¢ ®¤¨− ®¡é¨©
¨−¤¨ª�â®à−ë© á¨£−�«, ¯à®¯®àæ¨®−�«ì−® à�§àï¤−®áâ¨ áå¥¬ë. ˆ§-§� ®£à�−¨ç¥-
−¨ï −� ¤®¯ãáâ¨¬®¥ ç¨á«® ¯®á«¥¤®¢�â¥«ì−® á®¥¤¨−¥−−ëå ŠŒ��-âà�−§¨áâ®à®¢
¢ í«¥¬¥−â¥ (−¥ ¡®«¥¥ âà¥å âà�−§¨áâ®à®¢ p-â¨¯� ¨ −¥ ¡®«¥¥ ç¥âëà¥å âà�−§¨áâ®à®¢
n-â¨¯�) ¨−¤¨ª�â®à−�ï áå¥¬� áâà®¨âáï −� ®á−®¢¥ ¤¢ãå¢å®¤®¢ëå ¨ âà¥å¢å®¤®¢ëå
ƒ-âà¨££¥à®¢. ˆ−¤¨ª�â®à−�ï áå¥¬�, á¢¥àâë¢�îé�ï M ¨−¤¨æ¨àãîé¨å á¨£−�«®¢
¢ ®¤¨−, à¥�«¨§ã¥âáï −� ]M(1− 1/ logM)[G2 ¨«¨ ](M/2)(1 − 1/ log3M)[G3, £¤¥
áª®¡ª¨ ú] [û ®§−�ç�îâ ú¡«¨¦�©è¥¥ æ¥«®¥, −¥ ¬¥−ìè¥¥ §−�ç¥−¨ï ¢ëà�¦¥−¨ï ¢ áª®¡-
ª�åû. —¨á«® ïàãá®¢ â�ª®© ¯®¤áå¥¬ë à�¢−® ] logM [¨«¨ ] log3M [ á®®â¢¥âáâ¢¥−−®,
� §�¤¥à¦ª� ¯¥à¥ª«îç¥−¨ï ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥−¨¨ à�¢−�

Té = TG3 ]log3M [ .

��¯à¨¬¥à, ç¨á«® ¨−¤¨ª�â®à−ëå

÷¨á. 4 ‚ë¨£àëè ¢ ¡ëáâà®¤¥©áâ¢¨¨ ®¯â¨-
¬¨§¨à®¢�−−®£® ‘‘-ª®−¢¥©¥à�: 1 |M = 32;
2 | 33; 3 | 34; 4 | 35; 5 | 36; 6 |M = 37

á¨£−�«®¢ ¯¥à¢®£® á«®ï ú¤¥à¥¢�û
“®««¥á� ã¬−®¦¨â¥«ï ¤¢®©−®© â®ç-
−®áâ¨, á®®â¢¥âáâ¢ãîé¥£® áâ�−¤�àâã
IEEE754 [6], à¥�«¨§ãîé¥£® ¬®-
¤¨ä¨æ¨à®¢�−−ë© �«£®à¨â¬ �ãâ�
¨ ¨á¯®«ì§ãîé¥£® ¯�à�ä�§−®¥ ª®-
¤¨à®¢�−¨¥ á ¥¤¨−¨ç−ë¬ á¯¥©á¥à®¬,
à�¢−® 1431. ‘¢¥àâë¢�îé�ï ¨å ¨−¤¨-
ª�â®à−�ï áå¥¬� ¡ã¤¥â ¨¬¥âì 716 GI3
¨ GI2, à�á¯®«®¦¥−−ëå −� 7 ïàãá�å
¯¨à�¬¨¤�«ì−®© áâàãªâãàë. �à¨ §�-
¤¥à¦ª¥ ®¤−®£® G3 ¢ 65-−�−®¬¥âà®¢®©
ŠŒ��-â¥å−®«®£¨¨, à�¢−®© 50 ¯á
¯à¨ â¨¯®¢ëå ãá«®¢¨ïå, áã¬¬�à−�ï §�¤¥à¦ª� ¯¥à¥ª«îç¥−¨ï ¢ ®¤−ã áâ®à®−ã â�ª®©
¨−¤¨ª�â®à−®© áå¥¬ë á®áâ�¢«ï¥â ®ª®«® 350 ¯á, � ¢ ®¡¥ áâ®à®−ë | 700 ¯á, çâ®
¯à¨¢®¤¨â ª á¥àì¥§−®¬ã §�¬¥¤«¥−¨î ª®−¢¥©¥à� ã¬−®¦¨â¥«ï.

�� à¨á. 4 ¯à¨¢¥¤¥−ë £à�ä¨ª¨ ®æ¥−ª¨ «¥¢®© ç�áâ¨ (–T ) −¥à�¢¥−áâ¢� (5) ¢ §�-
¢¨á¨¬®áâ¨ ®â ª®íää¨æ¨¥−â� Ké ¤«ï à�§−ëå §−�ç¥−¨© à�§àï¤−®áâ¨ M à¥£¨áâà�
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

áâã¯¥−¨ ‘‘-ª®−¢¥©¥à� ¯à¨ TG2 ≈ 40 ¯á ¨ TG3 ≈ 50 ¯á. ‚ ª�ç¥áâ¢¥ §−�ç¥−¨© M
¢ë¡à�−ë áâ¥¯¥−¨ âà®©ª¨: ¨−¤¨ª�â®à−ë¥ ú¤¥à¥¢ìïû ¤«ï â�ª®£® ç¨á«� á¨£−�«®¢,
à¥�«¨§®¢�−−ë¥ −� G3, ®¯â¨¬�«ì−ë ª�ª ¯® ¡ëáâà®¤¥©áâ¢¨î, â�ª ¨ ¯® �¯¯�à�-
âãà−ë¬ §�âà�â�¬. ƒà�ä¨ª¨ –T (Ké) ¤«ï ®áâ�«ì−ëå §−�ç¥−¨© Mi, â�ª¨å çâ®
M1 < Mi < M2, £¤¥ M1 ¨ M2 | §−�ç¥−¨ï ¨§ àï¤� áâ¥¯¥−¥© âà®©ª¨, §�−¨-
¬�îâ ¯à®¬¥¦ãâ®ç−ë¥ ¯®«®¦¥−¨ï ¬¥¦¤ã á®®â¢¥âáâ¢ãîé¨¬¨ £à�ä¨ª�¬¨ ¤«ï M1
¨ M2.

ˆá¯®«ì§®¢�−¨¥ ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨ ®¡¥á¯¥ç¨¢�¥â á®ªà�é¥−¨¥ ¢ª«�¤� ¨−-
¤¨ª�â®à−®© áå¥¬ë ¢ §�¤¥à¦ªã ¯¥à¥ª«îç¥−¨ï ¬−®£®à�§àï¤−®© ‘‘-áå¥¬ë.

3 Поразрядная индикация ступени конвейера

‘âàãªâãà−�ï áå¥¬� ‘‘-ª®−¢¥©¥à� á ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¥© ¯®ª�§�−� −�
à¨á. 5. ‡¤¥áì n | à�§àï¤−®áâì âà�ªâ� ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨; J1, . . . , Jn| ¯®-
à�§àï¤−ë¥ ¨−¤¨ª�â®à−ë¥ ¢ëå®¤ë à¥£¨áâà� áâã¯¥−¨ ª®−¢¥©¥à�; K1, . . . ,Kn |
¯®à�§àï¤−ë¥ ä�§®¢ë¥ ¢å®¤ë à¥£¨áâà�. �®à�§àï¤−�ï ¨−¤¨ª�æ¨ï ¯®§¢®«ï¥â
¨−¨æ¨¨à®¢�âì ¯¥à¥ª«îç¥−¨¥ ‘‘-áå¥¬ë ¢ ¯à®â¨¢®¯®«®¦−ãî ä�§ã à�¡®âë, −¥
¤®¦¨¤�ïáì ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï ¢ â¥ªãéãî ä�§ã ¢á¥å à�§àï¤®¢ à¥£¨áâà�.
Œ�ªá¨¬�«ì−ë© íää¥ªâ ®â ¨á¯®«ì§®¢�−¨ï ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨ ¤®áâ¨£�¥âáï
¢ ‘‘-áå¥¬�å á �¡á®«îâ−®© −¥§�¢¨á¨¬®áâìî á®á¥¤−¨å à�§àï¤®¢ ¯® ¢å®¤�¬-¢ëå®-
¤�¬. �à¨ −�«¨ç¨¨ ¢§�¨¬−®© §�¢¨á¨¬®áâ¨ à�§àï¤®¢ à�áâãâ �¯¯�à�âãà−ë¥ §�âà�âë
−� ¯®à�§àï¤−ãî ¨−¤¨ª�æ¨î ¨ ã¬¥−ìè�¥âáï ¢ë¨£àëè ¯® ¡ëáâà®¤¥©áâ¢¨î.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¨á¯®«ì§®¢�−¨¥ −¥§�¢¨á¨¬®© ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨
¢ ª�ç¥áâ¢¥ §�¯à®á-®â¢¥â−®£® ¢§�¨¬®¤¥©áâ¢¨ï á®á¥¤−¨å áâã¯¥−¥© ‘‘-ª®−¢¥©¥à�
®£à�−¨ç¥−® â®«ìª® ¢−ãâà¥−−¥© ®¡«�áâìî −¥à�§¢¥â¢«¥−−®£® ª®−¢¥©¥à�. ‚å®¤−®©

÷¨á. 5 ‘å¥¬� ‘‘-ª®−¢¥©¥à� á ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¥©
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�¯â¨¬¨§�æ¨ï ¨−¤¨ª�æ¨¨ ¬−®£®à�§àï¤−ëå á�¬®á¨−åà®−−ëå áå¥¬

¨ ¢ëå®¤−®© ¡«®ª¨ â�ª®£® ª®−¢¥©¥à� ®¡ï§�−ë ä®à¬¨à®¢�âì ®¡é¨© ¨−¤¨ª�â®à−ë©
á¨£−�« ¤«ï ¢á¥å à�§àï¤®¢ à¥£¨áâà�.

�ãáâì ‘‘-áå¥¬� ¨¬¥¥â N à�§àï¤®¢ ¨ ª�¦¤ë¥ L á®á¥¤−¨å à�§àï¤®¢ ª®¬¡¨-
−�æ¨®−−®© ç�áâ¨ áâã¯¥−¨ ª®−¢¥©¥à� á¢ï§�−ë ¤àã£ á ¤àã£®¬: ¢ëå®¤ë í«¥¬¥−-
â®¢ ¢ ¬«�¤è¨å à�§àï¤�å ¯®¤¬−®¦¥áâ¢ ¨§ L à�§àï¤®¢ ¨á¯®«ì§ãîâáï ª�ª ¢å®¤ë
¢ áâ�àè¨å à�§àï¤�å íâ¨å ¦¥ ¯®¤¬−®¦¥áâ¢. ’®£¤� ¨−¤¨ª�æ¨ï ®ª®−ç�−¨ï ¯¥à¥-
ª«îç¥−¨ï L á®á¥¤−¨å à�§àï¤®¢ ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¨ ¢ëå®¤−®£® à¥£¨áâà�
áâã¯¥−¨ ª®−¢¥©¥à� ¢ ®ç¥à¥¤−ãî ä�§ã à�¡®âë £�à�−â¨àã¥â £®â®¢−®áâì à¥§ã«ìâ�â�
¢ íâ¨å L à�§àï¤�å ¨ à�§à¥è�¥â ¯¥à¥ª«îç¥−¨¥ á�¬®£® ¬«�¤è¥£® ¨§ −¨å ¢ ¯à®â¨¢®-
¯®«®¦−ãî ä�§ã. „«ï ¯®«−®© ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨ ¢á¥å N à�§àï¤®¢ áâã¯¥−¨
ª®−¢¥©¥à� ¯®âà¥¡ã¥âáï (N − L+ 1) â�ª¨å ¨−¤¨ª�â®à−ëå ¯®¤áå¥¬.

„«¨â¥«ì−®áâì æ¨ª«� à�¡®âë áâã¯¥−¨ ‘‘-ª®−¢¥©¥à� á ¯®à�§àï¤−®© ¨−¤¨ª�-
æ¨¥© ®¯à¥¤¥«ï¥âáï ä®à¬ã«®©:

Tòãð = Tòæò + Tòæðéò + Tóæò + Tóæðéò + 2TG2 +

+ 2max {Tóæò + Tóæì + Tóæðéò, Tòæì + Tòæò + Tòæðéò} ,

£¤¥ Tòæðéò ¨ Tóæðéò | §�¤¥à¦ª¨ ¯¥à¥ª«îç¥−¨ï ¯®à�§àï¤−ëå ¨−¤¨ª�â®à−ëå
¢ëå®¤®¢ à¥£¨áâà� áâã¯¥−¨ ª®−¢¥©¥à� ¢ à�¡®çãî ä�§ã ¨ ¢ á¯¥©á¥à á®®â¢¥âáâ¢¥−-
−® ®â−®á¨â¥«ì−® ¨−ä®à¬�æ¨®−−ëå ¢ëå®¤®¢. ‘ ãç¥â®¬ ¢ëè¥¯à¨¢¥¤¥−−ëå ¤®-
¯ãé¥−¨© ¢ ®â−®è¥−¨¨ §�¤¥à¦¥ª à�§−®£® â¨¯� ¢ ¯à¥¤¥«ì−®¬ á«ãç�¥ (¯®«−�ï
−¥§�¢¨á¨¬®áâì á®á¥¤−¨å à�§àï¤®¢ áâã¯¥−¨, L = 1) Tòæðéò = Tóæðéò = TG2.
‚ ®¡é¥¬ á«ãç�¥

Tòæðéò = Tóæðéò = TG2 + ]log3O[TG3 , (6)

¢ â® ¢à¥¬ï ª�ª �−�«®£¨ç−ë¥ ¢¥«¨ç¨−ë ¢ ä®à¬ã«¥ (2) ¨¬¥îâ §−�ç¥−¨¥

Tòæéò = Tóæéò = ]log3N [TG3 . (7)

’®£¤� ¢ë¨£àëè ¢ ¡ëáâà®¤¥©áâ¢¨¨ ¢�à¨�−â� ‘‘-ª®−¢¥©¥à� á ¯®à�§àï¤−®© ¨−¤¨-
ª�æ¨¥© ¬®¦−® ®æ¥−¨âì ä®à¬ã«®©:

Tòãï − Tòãð = Tóæéò − Tóæðéò + 2 (TG3 − TG2) + 3 (Tòæéò − Tòæðéò) .

‘ ãç¥â®¬ ä®à¬ã« (6) ¨ (7) ¯®«ãç�¥âáï:

–Tð = Tòãï − Tòãð = 2 (TG3 − TG2) +

+ 4 (]log3N [TG3 − TG2−] log3O [TG3) . (8)

÷¨áã−®ª 6 ¤¥¬®−áâà¨àã¥â §�¢¨á¨¬®áâì –Tð, §�¤�¢�¥¬ãî ä®à¬ã«®© (8), ®â
áã¬¬�à−®© à�§àï¤−®áâ¨ âà�ªâ� ®¡à�¡®âª¨ ¤�−−ëå N ¤«ï à�§−ëå ¢�à¨�−â®¢
¬¥¦à�§àï¤−®© á¢ï§−®áâ¨ O ¯à¨ ä¨ªá¨à®¢�−−ëå §−�ç¥−¨ïå TG2 = 40 ¯á ¨ TG3 =
= 50 ¯á.
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

�¯¯�à�â−ë¥ §�âà�âë ¯®à�§àï¤-

÷¨á. 6 ‚ë¨£àëè ¢ ¡ëáâà®¤¥©áâ¢¨¨ áâã¯¥-
−¨ ‘‘-ª®−¢¥©¥à� á ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¥©:
1 | O = 9; 2 | 6; 3 | O = 3

−®© ¨−¤¨ª�æ¨¨ ¨§¡ëâ®ç−ë, ¯®áª®«ì-
ªã ®¤¨− ¨ â®â ¦¥ à�§àï¤ áå¥¬ë
¨−¤¨æ¨àã¥âáï ®¤−®¢à¥¬¥−−® ¢ L ¨−-
¤¨ª�â®à−ëå ¯®¤áå¥¬�å, ¨ à�¢−ë ¯à¨-
¬¥à−® CL = 16(N − L + 1) log3 L
ŠŒ��-âà�−§¨áâ®à®¢. �® â�ª®©
á¯®á®¡ ¨−¤¨ª�æ¨¨ ¯®§¢®«ï¥â ãáª®-
à¨âì ¯¥à¥ª«îç¥−¨¥ ª®¬¡¨−�æ¨®−−®©
ç�áâ¨ áâã¯¥−¨ ª®−¢¥©¥à� ¢ à�¡®çãî
ä�§ã ¨ á¯¥©á¥à −� ¢à¥¬ï, á®®â¢¥â-
áâ¢ãîé¥¥ ®¦¨¤�−¨î ä®à¬¨à®¢�−¨ï
®¡é¥£® ¨−¤¨ª�â®à−®£® ¢ëå®¤� à¥£¨-
áâà� ¨ ª®¬¡¨−�æ¨®−−®© ç�áâ¨ áâã¯¥−¨
¤«ï ¢á¥å à�§àï¤®¢.

…á«¨ L < O = (]log3 L[)
3, â® á â®çª¨ §à¥−¨ï ¬¨−¨¬¨§�æ¨¨ �¯¯�à�âãà−ëå

§�âà�â æ¥«¥á®®¡à�§−® ¨−¤¨æ¨à®¢�âì ®¤−¨¬ ®¡é¨¬ á¨£−�«®¬O á®á¥¤−¨å à�§àï¤®¢,
� −¥ L. ’®£¤� §�¢¥àè¥−¨¥ ¯¥à¥ª«îç¥−¨ï í«¥¬¥−â®¢ ª®¬¡¨−�æ¨®−−®© ç�áâ¨
¨ à¥£¨áâà� áâã¯¥−¨ ª®−¢¥©¥à� ¢ O á®á¥¤−¨å à�§àï¤�å à�§à¥è�¥â ¯¥à¥ª«îç¥−¨¥
¢ ¯à®â¨¢®¯®«®¦−ãî ä�§ã (O−L+1) à�§àï¤®¢ ¨ �¯¯�à�âãà−ë¥ §�âà�âë á−¨¦�îâáï
¤®C0 = 16((N−O+1)/(O−L+1)) log3O. ��¯à¨¬¥à, ¯à¨N = 64,L = 5 ¨O =
= 9 á«®¦−®áâì ¬¨−¨¬¨§¨à®¢�−−®© ¯®à�§àï¤−®© ¨−¤¨ª�â®à−®© áå¥¬ë á−¨¦�¥âáï
¢ 3,9 à�§�. ‚ íâ®¬ á«ãç�¥ æ¥«¥á®®¡à�§−® £®¢®à¨âì ® £àã¯¯®¢®¬ ¨−¤¨ª�â®à¥, â�ª
ª�ª ®− ã¯à�¢«ï¥â ä�§®¢ë¬¨ ¯¥à¥ª«îç¥−¨ï¬¨ £àã¯¯ë á®á¥¤−¨å à�§àï¤®¢.

�� ¯à�ªâ¨ª¥ ¢�à¨�−â ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨, ¯®ª�§�−−ë© −� à¨á. 5, ¢áâà¥ç�-
¥âáï à¥¤ª® ¨ ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª á®¢®ªã¯−®áâì ¯�à�««¥«ì−ëå ‘‘-ª®−¢¥©-
¥à®¢. ƒ®à�§¤® ç�é¥ ¢áâà¥ç�îâáï á«ãç�¨ ª®−¢¥©¥à−®© ®¡à�¡®âª¨ ¬−®£®à�§àï¤−ëå
æ¨äà®¢ëå ¤�−−ëå, −�¯à¨¬¥à ãáâà®©áâ¢® ã¬−®¦¥−¨ï á® á«®¦¥−¨¥¬-¢ëç¨â�−¨¥¬
(Fused-Multiply-Add, FMA) [7]. ‚ −¥¬ ã¬−®¦¨â¥«ì ¯®áâà®¥− −� ®á−®¢¥ ¬−®£®à�§-
àï¤−ëå áã¬¬�â®à®¢ á á®åà�−¥−¨¥¬ ¯¥à¥−®á�. ‚ à¥§ã«ìâ�â¥ à�§àï¤ë áã¬¬�â®à®¢
®ª�§ë¢�îâáï á«�¡® á¢ï§�−−ë¬¨ ¨ ¤®¯ãáª�îâ ¯à¨¬¥−¥−¨¥ ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨
¢ ¯à¥¤¥«�å ®¤−®©{¤¢ãå áâã¯¥−¥© ª®−¢¥©¥à�.

‚ àï¤¥ á«ãç�¥¢ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¢�à¨�−â ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨,
®à¨¥−â¨à®¢�−−ë© −� ãáª®à¥−¨¥ ¯¥à¥ª«îç¥−¨ï áâã¯¥−¥© ª®−¢¥©¥à�, ¤«¨â¥«ì−®áâì
à�¡®ç¥£® æ¨ª«� ª®â®àëå −�¬−®£® ¯à¥¢ëè�¥â ¤«¨â¥«ì−®áâì æ¨ª«� á®á¥¤−¨å áâã-
¯¥−¥©.

‚ ä®à¬ã«¥ (2) ¤«¨â¥«ì−®áâì æ¨ª«� à�¡®âë áâã¯¥−¨ ®¯â¨¬¨§¨à®¢�−−®£® ‘‘-
ª®−¢¥©¥à� ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ®¯à¥¤¥«ï¥âáï §�¤¥à¦ª®© ¯¥à¥ª«îç¥−¨ï ª®¬-
¡¨−�æ¨®−−®© ç�áâ¨ áâã¯¥−¨ ¢ á¯¥©á¥à (Tóæì) ¨ à�¡®çãî ä�§ã (Tòæì). ‚®
¬−®£¨å áå¥¬�å §�¤¥à¦ª� áà�¡�âë¢�−¨ï ª®¬¡¨−�æ¨®−−®© ç�áâ¨ áâã¯¥−¨ ª®−-
¢¥©¥à� ¯à¥¢�«¨àã¥â −�¤ §�¤¥à¦ª�¬¨ à¥£¨áâà� íâ®© ¦¥ áâã¯¥−¨. �â® á®§¤�-
¥â ¡�§ã ¤«ï ¯à¨¬¥−¥−¨ï ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨ ¢ ¢¨¤¥, ¯à¥¤áâ�¢«¥−−®¬ −�
à¨á. 7.
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�¯â¨¬¨§�æ¨ï ¨−¤¨ª�æ¨¨ ¬−®£®à�§àï¤−ëå á�¬®á¨−åà®−−ëå áå¥¬
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

–¥«ì ¥¥ §�ª«îç�¥âáï ¢ â®¬, çâ®¡ë ¨áª«îç¨âì ¨§ ªà¨â¨ç¥áª®£® ¯ãâ¨ ‡� ª®¬-
¡¨−�æ¨®−−®© ç�áâ¨ áâã¯¥−¨ ª®−¢¥©¥à� ¨§ à�¡®ç¥© ä�§ë ¢ á¯¥©á¥à. �® áà�¢−¥−¨î
á® áå¥¬®© ‘‘-ª®−¢¥©¥à� ¢ áå¥¬ã ª®−¢¥©¥à� −� à¨á. 5 ¤®¡�¢«¥−ë ¡«®ª¨ ¯à¨−ã¤¨-
â¥«ì−®£® ¯¥à¥¢®¤� ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ª�¦¤®© áâã¯¥−¨ ¢ á¯¥©á¥à (��‘), ®¡®-
§−�ç¥−−ë¥ á¨¬¢®«�¬¨ ú&/1û.�−¨ à¥�«¨§ãîâáï −� 2N í«¥¬¥−â�å 2ˆ, 2ˆ-�…,
2ˆ‹ˆ ¨«¨ 2ˆ‹ˆ-�… ¢ §�¢¨á¨¬®áâ¨ ®â â¨¯� á¯¥©á¥à� ä®à¬¨àã¥¬ëå �”‘ |
¢å®¤®¢ ª®¬¡¨−�æ¨®−−®© ç�áâ¨ áâã¯¥−¨ ª®−¢¥©¥à�. �® §�¢¥àè¥−¨¨ ¯¥à¥ª«îç¥-
−¨ï ¢ à�¡®çãî ä�§ã à�§àï¤®¢ à¥£¨áâà� áâã¯¥−¨, ¯®¤â¢¥à¦¤¥−−®¬ ¨−¤¨ª�â®à®¬
á®¢®ªã¯−®áâ¨ O á®á¥¤−¨å à�§àï¤®¢, á®®â¢¥âáâ¢ãîé¨¥ à�§àï¤ë ¯à¥¤è¥áâ¢ãîé¥©
ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¯à¨−ã¤¨â¥«ì−® ¯¥à¥¢®¤ïâáï ¢ á¯¥©á¥à. ‚ íâ®¬ á«ãç�¥
¯¥à¥ª«îç¥−¨¥ ª®¬¡¨−�æ¨®−−®© ç�áâ¨ áâã¯¥−¨ ª®−¢¥©¥à� ¢ á¯¥©á¥à ¯à®¨áå®¤¨â
¢ úä®−®¢®¬ à¥¦¨¬¥û, ®¤−®¢à¥¬¥−−® á ¯¥à¥ª«îç¥−¨¥¬ á«¥¤ãîé¥© áâã¯¥−¨ ª®−-
¢¥©¥à� ¢ à�¡®çãî ä�§ã. ‚ à¥§ã«ìâ�â¥ ¤«¨â¥«ì−®áâì à�¡®ç¥£® æ¨ª«� áâã¯¥−¨
ª®−¢¥©¥à� ®¯¨áë¢�¥âáï ä®à¬ã«®©:

Tòãðì = Tòæò + Tòæéò + Tóæò + Tóæéò + 2TG3 + Tâðó +

+ 2max {Tóæò + Tóæéò, Tòæì + Tòæò + Tòæéò} , (9)

£¤¥ Tâðó | ãáà¥¤−¥−−�ï §�¤¥à¦ª� áà�¡�âë¢�−¨ï í«¥¬¥−â®¢ ��‘ ¢ à�¡®çãî
ä�§ã (¢à¥¬ï ¯¥à¥ª«îç¥−¨ï ��‘ ¢ á¯¥©á¥à ¬�áª¨àã¥âáï ¢à¥¬¥−¥¬ ¯¥à¥ª«îç¥−¨ï
á®á¥¤−¨å áâã¯¥−¥© ª®−¢¥©¥à�).

‘à�¢−¥−¨¥ ä®à¬ã« (9) ¨ (2) ¯®ª�§ë¢�¥â, çâ® ¯à¨¬¥−¥−¨¥ ¯®à�§àï¤−®© ¨−¤¨-
ª�æ¨¨ æ¥«¥á®®¡à�§−® â®«ìª® â®£¤�, ª®£¤�

Tóæì > Tòæì + Tòæò + Tòæéò − Tóæò − Tóæéò − Tâðó .

‚ ¯à®â¨¢−®¬ á«ãç�¥ ¢¬¥áâ® ãáª®à¥−¨ï à�¡®âë ¯®«ãç¨âáï §�¬¥¤«¥−¨¥ −�
¢¥«¨ç¨−ã Tâðó. ’�ª¨¬ ®¡à�§®¬, ®¯â¨¬¨§�æ¨ï ‘‘-ª®−¢¥©¥à� ¨ ¨á¯®«ì§®¢�−¨¥
¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨ ¯®§¢®«ïîâ ¯®¢ëá¨âì ¡ëáâà®¤¥©áâ¢¨¥ ‘‘-ª®−¢¥©¥à� â¥¬
¡®«ìè¥, ç¥¬ ¢ëè¥ à�§àï¤−®áâì âà�ªâ� æ¨äà®¢®© ®¡à�¡®âª¨ ¤�−−ëå.

4 Заключение

ú“§ª¨¬ ¬¥áâ®¬û ¬−®£®à�§àï¤−ëå æ¨äà®¢ëå ‘‘-áå¥¬ ï¢«ï¥âáï ¨−¤¨ª�â®à−�ï
¯®¤áå¥¬�. �¥®¡å®¤¨¬®áâì ¨−¤¨æ¨à®¢�−¨ï ®ª®−ç�−¨ï ¯¥à¥å®¤−ëå ¯à®æ¥áá®¢ ¢®
¢á¥å í«¥¬¥−â�å ‘‘-áå¥¬ë ¨ ®à£�−¨§�æ¨¨ §�¯à®á-®â¢¥â−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦-
¤ã ‘‘-¡«®ª�¬¨ ¢ë−ã¦¤�¥â à�§à�¡®âç¨ª� âà�â¨âì ¤®¯®«−¨â¥«ì−ë¥ �¯¯�à�âãà−ë¥
¨ ¢à¥¬¥−−‚ë¥ à¥áãàáë, ä®à¬¨àãï ¨−¤¨ª�â®à−ãî ¯®¤áå¥¬ã. �−� á®¡¨à�¥â ¢á¥
¢−ãâà¥−−¨¥ ¨−¤¨ª�â®à−ë¥ á¨£−�«ë áå¥¬ë ¢ ®¤¨− ®¡é¨© á¨£−�«, ¨á¯®«ì§ã¥¬ë©
¢ ª�ç¥áâ¢¥ á¨£−�«� ã¯à�¢«¥−¨ï ¯à¥¤è¥áâ¢ãîé¨¬¨ ¨ ¯®á«¥¤ãîé¨¬¨ äã−ªæ¨®-
−�«ì−ë¬¨ ¡«®ª�¬¨ (áâã¯¥−ï¬¨ ª®−¢¥©¥à�) ¢ âà�ªâ¥ æ¨äà®¢®© ®¡à�¡®âª¨ ¤�−−ëå.

�à¨¬¥−¥−¨¥ ®¯â¨¬¨§¨à®¢�−−®© áâàãªâãàë ‘‘-ª®−¢¥©¥à� ¨ ¯®à�§àï¤−®© ¨−-
¤¨ª�æ¨¨ ¢ ¬−®£®à�§àï¤−ëå áå¥¬�å ¯®§¢®«ï¥â áãé¥áâ¢¥−−® ãáª®à¨âì ¨å à�¡®âã
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§� áç¥â ®â−®á¨â¥«ì−® −¥¡®«ìè®£® ã¢¥«¨ç¥−¨ï �¯¯�à�â−ëå §�âà�â. �®à�§àï¤−ãî
¨−¤¨ª�æ¨î æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¢ áå¥¬�å, ¢ ª®â®àëå á®á¥¤−¨¥ à�§àï¤ë
áå¥¬ë á«�¡® á¢ï§�−ë ¤àã£ á ¤àã£®¬ ®¡é¨¬¨ á¨£−�«�¬¨.
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INDICATION OPTIMIZATION
IN MULTIBIT SELF-TIMED CIRCUITS

Yu. A. Stepchenkov, Yu. G. Diachenko, Yu. V. Rogdestvenski, N. V. Morozov,
D. Yu. Stepchenkov, and D. Yu. Diachenko

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

Abstract: Indication subcircuit in self-timed (ST) circuits provides both control
of the completion of switching all their cells to the current phase and control
of their functional blocks interaction. An increase of the ST-circuit capacity
leads to rising contribution of the indication subcircuit to the circuit's transient
delay. The paper discusses the optimization of the indication subcircuit and
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the organization of the ST-pipeline intended for improving performance of the
whole circuit. Register bit for storing intermediate data in the pipeline stages is
implemented on the basis of hysteretic trigger instead of traditional RS-trigger.
Such register bit has less complexity and provides storing both the work and the
spacer states of a dual-rail data. Discipline of the pipeline stage phase control by
means of total indication outputs of the adjacent pipeline stages is replaced with
bit-wise indication and bit-wise control principle, which utilizes the parallelism
of the calculations in the multibit ST-circuits. Proposed solutions essentially
improve ST-circuits performance due to a slight complication of the indication
subcircuit.

Keywords: self-timed circuit; pipeline; hysteretic trigger
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ПОИСК ЭМПИРИЧЕСКИХ ПРИЧИН СБОЕВ И ОШИБОК
В КОМПЬЮТЕРНЫХ СИСТЕМАХ И СЕТЯХ

С ИСПОЛЬЗОВАНИЕМ МЕТАДАННЫХ∗

А. А. Грушо1, М. И. Забежайло2, Н. А. Грушо3, Е. Е. Тимонина4

�−−®â�æ¨ï: “¯à�¢«¥−¨¥ à�á¯à¥¤¥«¥−−ë¬¨ ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ë-
¬¨ á¨áâ¥¬�¬¨ (÷ˆ‚‘) ¯à¥¤¯®«�£�¥â à¥è¥−¨¥ ¤¢ãå ¢§�¨¬®á¢ï§�−−ëå §�¤�ç:
¡¥á¯¥à¥¡®©−®© à�¡®âë á¨áâ¥¬ë ¨ ¥¥ ¡¥§®¯�á−®áâ¨. �¡¥ §�¤�ç¨ ¨á¯®«ì§ãîâ áå®-
¦¨¥ ¬¥â®¤ë ¤«ï ¢ëï¢«¥−¨ï ¯à¨ç¨− á¡®¥¢ ¨ ¨−æ¨¤¥−â®¢ ¡¥§®¯�á−®áâ¨. –¥«ìî
¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï �¤¥ª¢�â−�ï ä®à¬�«¨§�æ¨ï, ª®â®àãî ¢ ¤�«ì−¥©è¥¬
¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï �¢â®¬�â¨§�æ¨¨ å®âï ¡ë ç�áâ¨ äã−ªæ¨© ¯®¨áª� ¯à¨-
ç¨− á¡®¥¢ ¨ ¨−æ¨¤¥−â®¢ ¡¥§®¯�á−®áâ¨. �á−®¢ë¢�ïáì −� ¢§�¨¬®á¢ï§¨ äã−ªæ¨©
á¨áâ¥¬−®£® �¤¬¨−¨áâà�â®à� (‘�) ¨ ¬¥â®¤�å ¯®áâà®¥−¨ï ¬¥â�¤�−−ëå ¤«ï ã¯à�¢-
«¥−¨ï á®¥¤¨−¥−¨ï¬¨ ¢ ÷ˆ‚‘, ¯à¥¤«®¦¥− á¯®á®¡ ¨¥à�àå¨ç¥áª®£® ¯®áâà®¥−¨ï
¬¥â�¤�−−ëå ¨ −®¢®£® á¯®á®¡� ¨å ¯à¨¬¥−¥−¨ï, ¯®§¢®«ïîé¨© ®áãé¥áâ¢«ïâì
¯®¨áª ¯à¨ç¨− á¡®¥¢ ¨ ã¯à�¢«ïâì à¥è¥−¨¥¬ §�¤�ç ¢ â�ª¨å á¨áâ¥¬�å. �®áâà®¥−�
¬®¤¥«ì ¨ �«£®à¨â¬ ¯®¨áª� í¬¯¨à¨ç¥áª®© ¯à¨ç¨−ë á¡®ï, ª®â®àë¥ ®á−®¢�−ë
−� ¬¥â�¤�−−ëå ¨ à¥§¥à¢¨à®¢�−¨¨ §�¤�ç ¨ ¤�−−ëå. �®ª�§�−®, çâ® ¢®§¬®¦−®
¯®áâà®¥−¨¥ ¤¥à¥¢� à¥è¥−¨© ¢ëï¢«¥−¨ï í¬¯¨à¨ç¥áª®© ¯à¨ç¨−ë −¥ï¢−®£® á¡®ï
á â®ç−®áâìî ¤® ¨¬¥îé¥©áï ¤¥â�«¨§�æ¨¨ á¡®©−®© ¨−ä®à¬�æ¨®−−®© â¥å−®«®-
£¨¨. �à¨ íâ®¬ ¢ë¤¥«ïîâáï â¨¯®¢ë¥ §�¤�ç¨ �−�«¨§� ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå
á¢ï§¥©, ¨§ ª®â®àëå ¬®¦−® ª®−áâàã¨à®¢�âì ¢¥áì ¯®¨áª.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; ¬¥â�¤�−−ë¥; ¯à¨ç¨−−®-
á«¥¤áâ¢¥−−ë¥ á¢ï§¨; á¨áâ¥¬−®¥ �¤¬¨−¨áâà¨à®¢�−¨¥; −¥ï¢−ë¥ á¡®¨ ¨ ®è¨¡ª¨
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1 Введение

“¯à�¢«¥−¨¥ ÷ˆ‚‘ ¯à¥¤¯®«�£�¥â à¥è¥−¨¥ ¤¢ãå ¢§�¨¬®á¢ï§�−−ëå §�¤�ç: ¡¥á-
¯¥à¥¡®©−®© à�¡®âë á¨áâ¥¬ë ¨ ¥¥ ¡¥§®¯�á−®áâ¨. �¡¥ §�¤�ç¨ âà¥¡ãîâ ¨áç¥à¯ë¢�-
îé¨å ¤�−−ëå ¤«ï ¢ëï¢«¥−¨ï ¯à¨ç¨− á¡®¥¢ ¨ ¨−æ¨¤¥−â®¢ ¡¥§®¯�á−®áâ¨.
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�®¨áª í¬¯¨à¨ç¥áª¨å ¯à¨ç¨− á¡®¥¢ ¨ ®è¨¡®ª ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å ¨ á¥âïå

‘¨áâ¥¬−ë© �¤¬¨−¨áâà�â®à ¢ á¢®¥© à�¡®â¥ ¯® ãáâà�−¥−¨î ¨ ¯à¥¤®â¢à�é¥−¨î
á¡®¥¢ ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å áâ�«ª¨¢�¥âáï á® á«®¦−ë¬ ¢§�¨¬®¤¥©áâ¢¨¥¬ ¬−®-
¦¥áâ¢� ¯à®£à�¬¬−®-�¯¯�à�â−ëå í«¥¬¥−â®¢. …á«¨ �¯¯�à�â−®¥ ¨«¨ ¯à®£à�¬¬−®¥
®¡¥á¯¥ç¥−¨¥ −¥ ¯à¥¤®áâ�¢«ï¥â ¤®áâ�â®ç−® ¤�−−ëå ¤«ï ¢ëï¢«¥−¨ï á¡®ï ¨«¨ −�àã-
è¥−¨ï ¡¥§®¯�á−®áâ¨, â® ‘� ¨ ®ä¨æ¥àã á«ã¦¡ë ¡¥§®¯�á−®áâ¨ ¯à¨å®¤¨âáï ¯à®¢¥-
àïâì ª�¦¤ë© í«¥¬¥−â ª®¬¯ìîâ¥à−®© á¨áâ¥¬ë, á¢ï§�−−ë© á à¥è¥−¨¥¬ ª®−ªà¥â−®©
§�¤�ç¨.

�¥ª®â®àë¥ í«¥¬¥−âë á¨áâ¥¬ë á¯®á®¡−ë ¯à¥¤®áâ�¢«ïâì ¯®¤à®¡−ãî ¤¨�£−®áâ¨-
ç¥áªãî ¨−ä®à¬�æ¨î (¦ãà−�«ë à�¡®âë, ¤¨�£−®áâ¨ç¥áª�ï ¯¥ç�âì −� ¯à¨−â¥à�å),
¤àã£¨¬ ¦¥ âà¥¡ã¥âáï á¯¥æ¨�«ì−®¥ ¯à®£à�¬¬−®-�¯¯�à�â−®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï ®â®¡-
à�¦¥−¨ï â�ª®© ¨−ä®à¬�æ¨¨, −�¯à¨¬¥à á¯¥æ¨�«¨§¨à®¢�−−ë¥ â¥áâ¥àë, �¤�¯â¥àë,
®â«�¤ç¨ª¨, ¯à®£à�¬¬ë ¨ â. ¤. �® ç¥¬ ¡®«ìè¥ í«¥¬¥−â®¢ ¢ ª®¬¯ìîâ¥à−®© á¨á-
â¥¬¥, â¥¬ ¡®«ìè¥ ¤¨�£−®áâ¨ç¥áª¨å áà¥¤áâ¢ âà¥¡ã¥âáï ¤«ï ¯®«ãç¥−¨ï −ã¦−®©
¨−ä®à¬�æ¨¨.

÷�¡®â� ¯®á¢ïé¥−� ¯®áâà®¥−¨î ä®à¬�«¨§®¢�−−®© ¬®¤¥«¨ ¯®¨áª� ¯à¨ç¨− −¥-
ï¢−ëå á¡®¥¢ ¨ ¨−æ¨¤¥−â®¢ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �«¨§®áâì ¯®−ïâ¨©
á¡®ï ¨ ¨−æ¨¤¥−â� ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¯®§¢®«ï¥â ¯à®¢¥áâ¨ ¨áá«¥¤®¢�-
−¨ï â®«ìª® −¥ï¢−ëå á¡®¥¢. ‚ ª�ç¥áâ¢¥ ¨áå®¤−ëå ¤�−−ëå ¨á¯®«ì§ãîâáï ¤�−−ë¥
® §�¯à®á�å ª ‘� −� ¢ëï¢«¥−¨¥ ¯à¨ç¨− á¡®¥¢ ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å, ¯®¤-
ª«îç¥−−®¬ ª −¨¬ ¯¥à¨ä¥à¨©−®¬ ®¡®àã¤®¢�−¨¨ ¨ ¯à®£à�¬¬−®¬ ®¡¥á¯¥ç¥−¨¨.
Œ�â¥à¨�« á®¡¨à�«áï ¢ â¥ç¥−¨¥ 6 ¬¥á., −� ¯à®âï¦¥−¨¨ ª®â®àëå ¯®áâã¯¨«® ¡®-
«¥¥ 1000 â�ª¨å §�¯à®á®¢. ‚ à�§¤. 2 ¯à¨¢¥¤¥− â®«ìª® ®¤¨− ¯à¨¬¥à −¥ï¢−®£®
á¡®ï, ¨−ä®à¬�æ¨ï ® ª®â®à®¬ ¯®§¢®«ï¥â ®¡êïá−¨âì ¯�à�¬¥âàë ¯à¥¤«�£�¥¬®© ¬®-
¤¥«¨ ¨ ¢®§¬®¦−®áâ¨ ¥¥ ¨á¯®«ì§®¢�−¨ï. –¥«ìî ¨áá«¥¤®¢�−¨ï ï¢«ï¥âáï �¤¥ª¢�â−�ï
ä®à¬�«¨§�æ¨ï, ª®â®àãî ¢ ¤�«ì−¥©è¥¬ ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï �¢â®¬�â¨§�æ¨¨
å®âï ¡ë ç�áâ¨ äã−ªæ¨© ¯®¨áª� ¯à¨ç¨− á¡®¥¢ ¨ ¨−æ¨¤¥−â®¢ ¡¥§®¯�á−®áâ¨.

‘à¥¤áâ¢� �¢â®¬�â¨§�æ¨¨ ¤«ï �−�«¨§� í¬¯¨à¨ç¥áª¨å ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå
á¢ï§¥© âà�¤¨æ¨®−−® ®â−®áïâáï ª ¨−â¥««¥ªâã�«ì−®¬ã �−�«¨§ã ¤�−−ëå [1]. Œ¥â�-
¤�−−ë¥ ¨ ¨−ä®à¬�æ¨®−−ë¥ ¯à®áâà�−áâ¢� ¡ë«¨ ®¯à¥¤¥«¥−ë ¢ à�¡®â�å �¢â®à®¢ [2,
3]. ˆ¥à�àå¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ®á−®¢�−® −�
¯®−ïâ¨¨ á®áâ�¢−®© §�¤�ç¨ [4], ¤«ï ª®â®à®© ¨§ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ¡¨§−¥á-
¯à®æ¥áá� ä®à¬¨àãîâáï ¬¥â�¤�−−ë¥ ¨ à¥¤ãªæ¨ï §�¤�ç [5]. �«¨§ª¨¥ ¯® ¨¤¥®«®£¨¨
¨áá«¥¤®¢�−¨ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¬®¦−® −�©â¨ ¢ à�¡®â�å, ¯®á¢ïé¥−-
−ëå FCA (Formal Content Analysis) [6], �à£ã¬¥−â�æ¨®−−®¬ã �−�«¨§ã [7] ¨ ¤à.

�á−®¢ë¢�ïáì −� ¢§�¨¬®á¢ï§¨ äã−ªæ¨© ‘� ¨ ¬¥â®¤�å ¯®áâà®¥−¨ï ¬¥â�¤�−−ëå
¤«ï ã¯à�¢«¥−¨ï á®¥¤¨−¥−¨ï¬¨ ¢ ÷ˆ‚‘ [8], ¯à¥¤«®¦¥− á¯®á®¡ ¨¥à�àå¨ç¥áª®£®
¯®áâà®¥−¨ï ¬¥â�¤�−−ëå ¨ −®¢®£® ¬¥â®¤� ¨å ¯à¨¬¥−¥−¨ï, ¯®§¢®«ïîé¨© ®áãé¥-
áâ¢«ïâì ¯®¨áª ¯à¨ç¨− á¡®¥¢ ¨ ã¯à�¢«ïâì à¥è¥−¨¥¬ §�¤�ç ¢ ÷ˆ‚‘.

2 Пример поиска неявной причины сбоя в информационной
технологии

�� ®¤−®¬ ¨§ ¢ë¤¥«¥−−ëå á¥à¢¥à®¢ ª«¨¥−â� ãáâ�−®¢«¥−® ¯à®£à�¬¬−®¥ ®¡¥á¯¥-
ç¥−¨¥ (��) ¤«ï à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï. „�−−®¥ �� ¯® §�¤�−−®¬ã à�á¯¨á�−¨î
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¤®«¦−® ®áãé¥áâ¢«ïâì à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ æ¥−−ëå ¤�−−ëå ¨ á®áâ®ï−¨ï ®¯¥-
à�æ¨®−−®© á¨áâ¥¬ë (�‘) −� ¤¨áª®¢®¥ åà�−¨«¨é¥. ‘¨áâ¥¬−ë© �¤¬¨−¨áâà�â®à
¯à®¨§¢®¤¨â −�¡«î¤¥−¨¥ §� á¨áâ¥¬®© à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï á ¯®¬®éìî á¯¥æ¨-
�«ì−®© ª®−á®«¨, ¢ ª®â®à®© ®â®¡à�¦�¥âáï å®¤ ¢ë¯®«−¥−¨ï §�¤�−¨© ¨ ¢®§−¨ª�-
îé¨¥ ®è¨¡ª¨. ‘¨áâ¥¬−ë© �¤¬¨−¨áâà�â®à ®¡−�àã¦¨«, çâ® ®¤−® ¨§ ¢ë¯®«−ï¥¬ëå
§�¤�−¨© §�¢¥àè¨«®áì á ®è¨¡ª®© ú„¨á¯¥âç¥à DPM ®¡−�àã¦¨« −¥á®¢¯�¤¥−¨¥ ª®−-
âà®«ì−ëå áã¬¬ ¯à¨ ¯¥à¥¤�ç¥ ¤�−−ëå ¯® á¥â¨ (ˆ¤¥−â¨ä¨ª�â®à 30087 ‘¢¥¤¥−¨ï:
Š®¤ ¢−ãâà¥−−¥© ®è¨¡ª¨: 0x809909B2)û, â. ¥. ¯à¨ ¯¥à¥¤�ç¥ ¢®§−¨ª ª�ª®©-â®
á¡®©, ¯®¬¥è�¢è¨© −®à¬�«ì−®¬ã §�¢¥àè¥−¨î §�¤�ç¨ à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï.
�® ¯à¨ç¨−� íâ®£® á¡®ï −�å®¤¨âáï ¢−¥ £à�−¨æ −�¡«î¤¥−¨ï á¨áâ¥¬ë, � ª®¤ë ®è¨-
¡®ª −¥ à�áè¨äà®¢�−ë. �®á«¥ ¯¥à¥§�£àã§ª¨ á¥à¢¥à®¢, �£¥−â®¢ ¨ ¯à. ®è¨¡ª� −¥
¯à®¯�«�. ‚ ¯à®æ¥áá¥ −�¡«î¤¥−¨ï §� á¥à¢¥à®¬, ª®â®àë© ¯®¤«¥¦�« à¥§¥à¢¨à®-
¢�−¨î, ¢ëïá−¨«®áì, çâ® −� −¥¬ ¡ë« §�¯ãé¥− ¯à®æ¥áá, ª®â®àë© ®ç¥−ì á¨«ì−®
§�£àã¦�« ¯à®æ¥áá®à, ¤¨áª ¨ á¥â¥¢®© �¤�¯â¥à. �®á«¥ ®áâ�−®¢ª¨ íâ®£® ¯à®æ¥áá�
‘� ¯¥à¥§�¯ãáâ¨« §�¤�−¨¥ à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï, ¨ ®−® ¢ë¯®«−¨«®áì ãá¯¥è−®.
„�¦¥ ¯®á«¥ ¢®§®¡−®¢«¥−¨ï ¯à®æ¥áá�, ¨á¯®«ì§®¢�¢è¥£® ¡‚®«ìèãî ç�áâì à¥áãàá®¢
á¥à¢¥à�, à¥§¥à¢−®¥ ª®¯¨à®¢�−¨¥ ¯à®¤®«¦�«®áì ¡¥§ ®è¨¡®ª. ’�ª ª�ª á¥à¢¥à ª«¨-
¥−â� −¥ ¬®¦¥â ¡ëâì ®áâ�−®¢«¥− ¤«ï ¡®«¥¥ ¤¥â�«ì−®£® ¢ëïá−¥−¨ï ¯à¨ç¨−ë â�ª®£®
¯®¢¥¤¥−¨ï ¨ ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â®¢, ‘� ¯à¨è«®áì ¯à¥ªà�â¨âì à�¡®âë ¯®
¤�«ì−¥©è¥¬ã ¢ëï¢«¥−¨î ¯à¨ç¨− íâ®£® á¡®ï. Š�ª¨¬ ®¡à�§®¬ ‘� ®¯à¥¤¥«¨« ¢§�-
¨¬®á¢ï§ì §�¤�−¨ï à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï á ¯®¢ëè¥−−®© −�£àã§ª®© −� á¥à¢¥à?
÷�ááã¦¤¥−¨ï ‘� −�ç¨−�îâáï á ®¯à¥¤¥«¥−¨ï í«¥¬¥−â®¢, ãç�áâ¢ãîé¨å ¢ ¯à®æ¥áá¥
¢ë¯®«−¥−¨ï à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï. „�−−ë¬¨ í«¥¬¥−â�¬¨ ï¢«ïîâáï:

{ �� ¤«ï à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï;

{ �‘ íâ®£® á¥à¢¥à�;

{ ¤¨áª®¢®¥ åà�−¨«¨é¥ à¥§¥à¢−ëå ª®¯¨©;

{ «®ª�«ì−�ï ª®¬¯ìîâ¥à−�ï á¥âì;

{ á¥à¢¥à, ¯®¤«¥¦�é¨© à¥§¥à¢¨à®¢�−¨î, ¥£® �‘;

{ ¯à¨ª«�¤−ë¥ ¯à®£à�¬¬ë ¨ ¤�−−ë¥.

�è¨¡ª� ãª�§ë¢�«� −� ¯à®¡«¥¬ã á ¯¥à¥¤�ç¥© ¯® «®ª�«ì−®© ª®¬¯ìîâ¥à−®©
á¥â¨, −® á�¬� ¯® á¥¡¥ á¥âì äã−ªæ¨®−¨à®¢�«� −®à¬�«ì−® ¯à¨ ¢ë¯®«−¥−¨¨ ¯à®áâëå
§�¤�ç, −�¯à¨¬¥à ®âªàëâ¨¥ ¢¥¡-á�©â�, ¤®áâã¯ ª ä�©«�¬ −� ã¤�«¥−−®¬ á¥à¢¥à¥.
�¯¥à�â¨¢−®£® ä¨§¨ç¥áª®£® ¤®áâã¯� ª «®ª�«ì−®© á¥â¨ −¥ ¡ë«®. ’�ª¨¬ ®¡à�§®¬,
¨§ ¢§�¨¬®¤¥©áâ¢ãîé¨å í«¥¬¥−â®¢ ®áâ�«áï â®«ìª® ã¤�«¥−−ë© á¥à¢¥à á ¢ë¯®«-
−ï¥¬ë¬ ¯à®æ¥áá®¬, á¨«ì−® ¨á¯®«ì§®¢�¢è¨© à¥áãàáë, ¢ª«îç�ï «®ª�«ì−ãî á¥âì.
‚à¥¬¥−−®¥ ¨áª«îç¥−¨¥ −�£àã§ª¨ −� á¥âì á ¤�−−®£® á¥à¢¥à� áâ�«® ª«îç¥¢ë¬ ¤«ï
ãáâà�−¥−¨ï á¡®ï.

„«ï ä®à¬�«¨§�æ¨¨ ¤¥©áâ¢¨© ‘� −¥®¡å®¤¨¬® ®¯¨á�âì ¢á¥ §�¤�ç¨, ª®â®àë¥
¢ å®¤¥ ¯®¨áª� ¯à¨ç¨− á¡®ï à¥è¨« ‘�, ¨ ¨áå®¤−ë¥ ¤�−−ë¥, ª®â®àë¥ ‘� ¨á¯®«ì-
§®¢�«. „«ï à�áá¬®âà¥−−®£® ¯à¨¬¥à� íâ® á«¥¤ãîé¨© ¯¥à¥ç¥−ì §�¤�ç.
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1. ‚®ááâ�−®¢«¥−¨¥ ¯¥à¥ç−ï ¨ ¯®àï¤ª� à¥è¥−¨ï §�¤�ç ¢ à�áá¬�âà¨¢�¥¬®© ¨−-
ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï. �â¬¥â¨¬, çâ® ®¯¨á�−¨¥
¯®àï¤ª� à¥è¥−¨ï §�¤�ç á ®¤−®§−�ç−® ®¯à¥¤¥«¥−−®© áâ¥¯¥−ìî ¤¥â�«¨§�æ¨¨ −¥
¢á¥£¤� ¢®§¬®¦−® [9]. ‚ ¤�−−®¬ ¯à¨¬¥à¥ à�áá¬�âà¨¢�¥âáï ¯à®áâ¥©è�ï ª®−-
ä¨£ãà�æ¨ï §�¤�ç, ª®£¤� ¢á¥ ¤�−−ë¥ à¥è¥−¨ï ¯à¥¤ë¤ãé¥© §�¤�ç¨ ï¢«ïîâáï
¢å®¤−ë¬¨ ¤�−−ë¬¨ á«¥¤ãîé¥© §�¤�ç¨. ˆ−ä®à¬�æ¨ï ® ¯®àï¤ª¥ à¥è¥−¨ï
§�¤�ç á®¤¥à¦¨âáï ¢ ¬¥â�¤�−−ëå, çâ® ¯®§¢®«ï¥â ¨å ¨á¯®«ì§®¢�âì ¢ �−�«¨§¥
¯à¨ç¨− á¡®¥¢. ‚ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥ ‘� §−�¥â ¯®á«¥¤®¢�â¥«ì−®áâì à¥è�-
¥¬ëå §�¤�ç, ª®â®à�ï ¢ �£à¥£¨à®¢�−−®¬ ¢¨¤¥ ¬®¦¥â ¡ëâì §�¯¨á�−� á«¥¤ãîé¨¬
®¡à�§®¬:

{ §�¤�ç� ä®à¬¨à®¢�−¨ï ¤�−−ëå ¤«ï à¥§¥à¢¨à®¢�−¨ï á ¯®¬®éìî �£¥−â� −�
á¥à¢¥à¥ 1;

{ §�¤�ç� ¯¥à¥¤�ç¨ ¤�−−ëå à¥§¥à¢−®© ª®¯¨¨ á á¥à¢¥à� 1 −� á¥à¢¥à á åà�−¨-
«¨é¥¬ à¥§¥à¢−ëå ¤�−−ëå;

{ §�¤�ç� á®åà�−¥−¨ï à¥§¥à¢−®© ª®¯¨¨ ¢ åà�−¨«¨é¥ à¥§¥à¢−ëå ¤�−−ëå −�
á¥à¢¥à¥ 2.

2. �à®¢¥àª� ¯à�¢¨«ì−®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¯® á¥â¨. �à®¢¥àª� ¯®ª�§�«�, çâ®
¯à®áâë¥ §�¤�ç¨ á ¯®¬®éìî á¥â¨ à¥è�îâáï ¯à�¢¨«ì−®, â. ¥. á�¬� á¥âì ¨ á¥â¥¢®¥
®¡®àã¤®¢�−¨¥ −¥ ¬®£ãâ ¡ëâì ¯à¨ç¨−®© á¡®ï.

3. �à®¢¥àª� à�¡®âë á¥à¢¥à�, åà�−ïé¥£® à¥§¥à¢−ë¥ ª®¯¨¨. ‡�¤�ç�, ¯®¬¥ç¥−−�ï
¢ ¬¥â�¤�−−ëå ª�ª §�¯¨áì à¥§¥à¢−®© ª®¯¨¨ ¢ åà�−¨«¨é¥, ¤¥â�«¨§¨à®¢�«�áì
á ¨á¯®«ì§®¢�−¨¥¬ ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨ áâàãªâãàë á¥à¢¥à�:

{ �� à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï ¢ åà�−¨«¨é¥;

{ �‘ á¥à¢¥à� 2;

{ ¤¨áª®¢®¥ åà�−¨«¨é¥ à¥§¥à¢−ëå ª®¯¨©;

{ �¯¯�à�â−�ï ç�áâì á¥à¢¥à� 2 (æ¥−âà�«ì−ë© ¯à®æ¥áá®à, �¤�¯â¥à á¥â¨ ¨ â. ¤.).

„«ï à¥è¥−¨ï íâ¨å §�¤�ç ¨á¯®«ì§ãîâáï â¥áâë, ¯®áâà®¥−−ë¥ −� à�−¥¥ à¥è¥−-
−ëå §�¤�ç�å, ¨ ¢ëç¨á«ïîâáï ¯®ª�§�â¥«¨, âà�¤¨æ¨®−−ë¥ ¤«ï èâ�â−®© à�¡®âë
á¨áâ¥¬ë.

4. �à®¢¥àª� à�¡®âë á¥à¢¥à� 1 â�ª¦¥ ®áãé¥áâ¢«ï«�áì á ¯®¬®éìî ¤¥â�«¨§�æ¨¨
¬¥â�¤�−−ëå ¢ �£à¥£¨à®¢�−−®© áå¥¬¥, ¯à¨¢¥¤¥−−®© ¢ëè¥. ˆ¥à�àå¨ç¥áª�ï
¤¥ª®¬¯®§¨æ¨ï §�¤�ç −� á¥à¢¥à¥ 1 ®¯¨áë¢�¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

{ ¯à¨ª«�¤−ë¥ ¯à®£à�¬¬ë ¨ ¤�−−ë¥, ¯®¤«¥¦�é¨¥ ª®¯¨à®¢�−¨î;

{ �‘ ¨ ¤à�©¢¥àë ãáâà®©áâ¢;

{ �¯¯�à�â−�ï ¯«�âä®à¬�, ¢ ª®â®àãî ¢å®¤ïâ �¤�¯â¥àë «®ª�«ì−®© á¥â¨.

‚ ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢ ¯à®¢¥àª¨ �¯¯�à�â−®© ¯«�âä®à¬ë ¢å®¤ïâ ¯®ª�§�â¥«¨
§�£àã¦¥−−®áâ¨ æ¥−âà�«ì−®£® ¯à®æ¥áá®à�, ¤¨áª� ¨ á¥â¨. ‘à�¢−¥−¨¥ §−�ç¥−¨©
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íâ¨å ¯�à�¬¥âà®¢ á® áà¥¤−¨¬¨ §−�ç¥−¨ï¬¨ ¯®§¢®«ï¥â ¢ëï¢¨âì �−®¬�«ì−ãî
§�£àã¦¥−−®áâì íâ¨å ãáâà®©áâ¢.

5. ‚ëï¢«¥−¨¥ ¯à¨ç¨−ë �−®¬�«ì−®© §�£àã¦¥−−®áâ¨ æ¥−âà�«ì−®£® ¯à®æ¥áá®à�,
¤¨áª� ¨ �¤�¯â¥à� «®ª�«ì−®© á¥â¨. �âã §�¤�çã ¬®¦−® à¥è�âì ¯¥à¥¡®à®¬
§�¯ãé¥−−ëå ¯à®æ¥áá®¢ −� ¤�−−®¬ á¥à¢¥à¥. ÷¥è¥−¨¥¬ íâ®© §�¤�ç¨ ï¢«ï¥âáï
®¯à¥¤¥«¥−¨¥ ¯à®æ¥áá�, ¢ë§ë¢�îé¥£® �−®¬�«ì−ãî §�£àã§ªã. „«ï ®¯à¥¤¥-
«¥−¨ï â®£®, çâ® ¤�−−ë© ¯à®æ¥áá áâ�« ¯à¨ç¨−®© á¡®ï §�¤�ç¨ à¥§¥à¢−®£®
ª®¯¨à®¢�−¨ï, ¬®¦−® ¢à¥¬¥−−® ¯à¨®áâ�−®¢¨âì ¤�−−ë© ¯à®æ¥áá ¨ ¯®¢â®à−®
§�¯ãáâ¨âì §�¤�çã à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï. ‚ íâ®¬ á«ãç�¥ §�¤�ç� à¥§¥à¢-
−®£® ª®¯¨à®¢�−¨ï ãá¯¥è−® §�¢¥àè¥−�. ‚®§®¡−®¢«¥−¨¥ ¯à¨®áâ�−®¢«¥−−®£®
¯à®æ¥áá� −¥ ¯®¬¥è�«® ¯®¢â®à−®¬ã à¥§¥à¢¨à®¢�−¨î. �âáî¤� ¬®¦−® á¤¥«�âì
¢ë¢®¤ ® á¡®¥ ª�ª®£®-â® ¯�à�¬¥âà� ª®−ä¨£ãà�æ¨¨ ��, ª®â®àë© ¡ë« ¢®ááâ�−®-
¢«¥− ¯à¨ ¯®¢â®à−®¬ §�¯ãáª¥ à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï ¢ ãá«®¢¨ïå −®à¬�«ì−®©
§�£àã§ª¨ á¥à¢¥à� 1.

‘ â®çª¨ §à¥−¨ï ¯à®¢¥¤¥−−®£® �−�«¨§� ¯à¨ç¨− á¡®ï §�¤�ç¨ à¥§¥à¢−®£® ª®¯¨-
à®¢�−¨ï −¥â ®á−®¢�−¨ï áç¨â�âì, çâ® ¯®¨áª ¯à¨ç¨− á¡®ï −¥«ì§ï �¢â®¬�â¨§¨à®¢�âì.
Œ®¤¥«ì �−�«¨§� ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¯à¨ ¯®¨áª¥ ¯à¨ç¨− á¡®ï ¢ ÷ˆ‚‘
à�áá¬®âà¥−� ¢ á«¥¤ãîé¥¬ à�§¤¥«¥.

3 Модель поиска причин сбоев в распределенной
информационно-вычислительной системе

Š�¦¤�ï §�¤�ç� C ®¯¨áë¢�¥âáï á«¥¤ãîé¨¬ −�¡®à®¬ ¯�à�¬¥âà®¢ [4]:

{ ϕ(C)| ®¡ê¥ªâ, ®¯à¥¤¥«ïîé¨© ¢§�¨¬®¤¥©áâ¢¨¥ á ¤àã£¨¬¨ §�¤�ç�¬¨ ¨ ®¡¥á¯¥-
ç¨¢�îé¨© §�¤�çãC ¢å®¤−ë¬¨ ¤�−−ë¬¨ ¨ à�á¯à¥¤¥«¥−¨¥¬ ¢ëå®¤−ëå ¤�−−ëå;

{ π(C)| ��, à¥�«¨§ãîé¥¥ ¯à¥®¡à�§®¢�−¨¥ ¨−ä®à¬�æ¨¨;

{ ψ(C)| ®¡«�áâì ®¯à¥¤¥«¥−¨ï §�¤�ç¨ C;

{ γ(C)| ®¡«�áâì §−�ç¥−¨© ¯à¥®¡à�§®¢�−¨ï π(C).

…á«¨ x ∈ ψ(C), â® x = (y, z), £¤¥ z | §−�ç¥−¨ï ª®−ä¨£ãà�æ¨®−−ëå ¯�à�-
¬¥âà®¢ ¢ §�¤�ç¥ C, � y | ¤�−−ë¥, ª®â®àë¥ ¯à¥®¡à�§ã¥â §�¤�ç� C á ¯®¬®éìî
¯à¥®¡à�§®¢�−¨ï C((•, z)).

‘®áâ�¢−�ï §�¤�ç� A = {B1, . . . , Bs} ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ª«¨¥−â-á¥à-
¢¥à−®© �àå¨â¥ªâãà®©, ¢ ª®â®à®© ¢§�¨¬®¤¥©áâ¢¨¥ §�¤�ç B1, . . . , Bs ®¯¨áë¢�¥âáï
¢§�¨¬®¤¥©áâ¢¨¥¬ ϕ(A) ¨ ϕ(Bi), i = 1, . . . , s. �à®áâ�ï á®áâ�¢−�ï §�¤�ç� A |
íâ® §�¤�ç�, ¯®¤§�¤�ç¨ ª®â®à®© ®¡à�§ãîâ á¢ï§ì A á �¯¯�à�â−®© ¯«�âä®à¬®©
¨ ¢®§¢à�â®¬ à¥§ã«ìâ�â� §�¤�ç¥ A. Š�¦¤�ï §�¤�ç� ¯à¥¤áâ�¢¨¬� ª®à−¥¢ë¬ ¤¥à¥¢®¬
à¥¤ãªæ¨¨ ¯®¤§�¤�ç [5]. ƒ«ã¡¨−� íâ®£® ¤¥à¥¢� ®¯à¥¤¥«ï¥âáï ¯®á«¥¤®¢�â¥«ì−ë¬
à�§¡¨¥−¨¥¬ ª�¦¤®© §�¤�ç¨ −� ¯®¤§�¤�ç¨, à�á¯®«®¦¥−−ë¥ −� á«¥¤ãîé¥¬ ãà®¢−¥
¤¥ª®¬¯®§¨æ¨¨. ‚®§¬®¦−ë ¯®¢â®àë §�¤�ç ¢ ¤¥à¥¢¥ à¥¤ãªæ¨¨, −® á à�§−ë¬¨
¨áå®¤−ë¬¨ ¤�−−ë¬¨. �®á«¥¤®¢�â¥«ì−®¥ ¯®áâà®¥−¨¥ à¥è¥−¨ï ®áãé¥áâ¢«ï¥âáï
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�®¨áª í¬¯¨à¨ç¥áª¨å ¯à¨ç¨− á¡®¥¢ ¨ ®è¨¡®ª ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å ¨ á¥âïå

á®¥¤¨−¥−¨¥¬ à¥§ã«ìâ�â®¢ à¥è¥−¨ï ¯®¤§�¤�ç ¨ ¯®¤ê¥¬®¬ à¥§ã«ìâ�â� ª ª®à−î
¤¥à¥¢�.

‚ ¤¥à¥¢¥ à¥¤ãªæ¨© ¢á¥ «¨áâìï ¯®à®¦¤�îâáï ¯à®áâë¬¨ á®áâ�¢−ë¬¨ §�¤�ç�¬¨.
…á«¨ ¤�−� ¢¥âª� ¤¥à¥¢� à¥¤ãªæ¨© £«ã¡¨−ë h, â® ¥£® ¯®¤¤¥à¥¢®, ¯®«ãç�¥¬®¥ ã¤�-
«¥−¨¥¬ ¢¥àè¨− íâ®© ¢¥âª¨ −� £«ã¡¨−¥ h, −�§ë¢�¥âáï �£à¥£�æ¨¥© ¤¥à¥¢� à¥¤ãªæ¨¨.
��®¡®à®â, ¯®áâà®¥−¨¥ ¢¥âª¨ ¤¥à¥¢� à¥¤ãªæ¨© £«ã¡¨−ë h ¨§ ¢¥âª¨ ¤¥à¥¢� £«ã¡¨−ë
h− 1 ¯ãâ¥¬ ®¯¥à�æ¨¨ à¥¤ãªæ¨¨ §�¤�ç¨ ¯à¥¤ë¤ãé¥£® á«®ï −�§ë¢�¥âáï ®¯¥à�æ¨¥©
¤¥â�«¨§�æ¨¨ ¤¥à¥¢� à¥¤ãªæ¨¨.

�¯¥à�æ¨¨ ¤¥â�«¨§�æ¨¨ ¨ �£à¥£�æ¨¨ §�¤�îâ ¨¥à�àå¨ç¥áªãî ¤¥ª®¬¯®§¨æ¨î
¨áå®¤−®© §�¤�ç¨ (ç�áâ¨ç−ë© ¯®àï¤®ª). ‘¡®© (®âª�§ ¢ à¥è¥−¨¨) §�¤�ç¨ −� «î¡®©
£«ã¡¨−¥ ¤¥à¥¢� ¯®à®¦¤�¥â áãé¥áâ¢®¢�−¨¥ á¡®ï ¢® ¢á¥å �£à¥£�æ¨ïå ¤�−−®£® ¤¥à¥-
¢�. ��¯®¬−¨¬, çâ® ¬¥â�¤�−−ë¥ ã¯à�¢«ïîâ á®¥¤¨−¥−¨ï¬¨ ¢ á¥â¨ [10] á ¯®¬®éìî
§�¤�ç M ¨ N, £¤¥ M ã¯à�¢«ï¥â à�á¯à¥¤¥«¥−¨¥¬ §�¤�ç ¯® å®áâ�¬, � N ¢ë¯®«−ï¥â
äã−ªæ¨¨ à�§à¥è¥−¨ï ¨«¨ §�¯à¥é¥−¨ï á®¥¤¨−¥−¨© ¬¥¦¤ã å®áâ�¬¨. H(A) |
¡¨−�à−®¥ ®â−®è¥−¨¥ −�å®¦¤¥−¨ï §�¤�ç¨ A −� å®áâ¥ H(A). ˆá¯®«ì§ãï ¬¥â�¤�−-
−ë¥, ¬®¦−® �¢â®¬�â¨ç¥áª¨ ®¯à¥¤¥«ïâì −¥¯®áà¥¤áâ¢¥−−ë¥ á¢ï§¨ §�¤�çA1, . . . , Ak,
¯¥à¥¤�îé¨¥ ¨áå®¤−ë¥ ¤�−−ë¥ ¤«ï à¥è¥−¨ï §�¤�ç¨ B.

ˆ§ ¢¢¥¤¥−−ëå ¯®−ïâ¨© ®ç¥¢¨¤−® á«¥¤ã¥â á¢ï§ì ¡¨−�à−®£® ®â−®è¥−¨ï H(A)
¨ ®¡ê¥ªâ� ϕ(A), � ¨¬¥−−®: ¡¨−�à−®¥ ®â−®è¥−¨¥ H(A) ç¥à¥§ á¢®¥£® �£¥−â� ®¡¥á¯¥-
ç¨¢�¥â ¢§�¨¬®¤¥©áâ¢¨¥ §�¤�ç¨ A á §�¤�ç�¬¨ −� ¤àã£¨å å®áâ�å, â. ¥. ®¡¥á¯¥ç¨¢�¥â
§�¯ãáª §�¤�ç¨, §�¢¥àè¥−¨¥ §�¤�ç¨, ®¡¥á¯¥ç¥−¨¥ ¨áå®¤−ë¬¨ ¤�−−ë¬¨ ®â ¤àã£¨å
§�¤�ç ¨ à�á¯à¥¤¥«¥−¨¥ à¥§ã«ìâ�â®¢ ¢ëç¨á«¥−¨© ¤àã£¨¬ §�¤�ç�¬. ’�ª¨¬ ®¡à�§®¬,
¬®¦−® áç¨â�âì, çâ® ®¡ê¥ªâ ϕ(A) ï¢«ï¥âáï ®¡®¡é¥−−ë¬ å®áâ®¬, á®¤¥à¦�é¨¬ §�¤�-
çã A, â®£¤� ª�ª ¢ á«ãç�¥ à�§à¥è¨â¥«ì−®© á¨áâ¥¬ë á ¯®¬®éìî ¬¥â�¤�−−ëå ¬®¦−®
®¡®¡é¨âì äã−ªæ¨®−�« §�¤�ç M ¨ N −� à�á¯à¥¤¥«¥−¨¥ ¨ ®à£�−¨§�æ¨î ¢§�¨¬®¤¥©-
áâ¢¨© ¢á¥å §�¤�ç ¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨ −� ¤�−−®¬ ãà®¢−¥ ¨¥à�àå¨ç¥áª®©
¤¥ª®¬¯®§¨æ¨¨ íâ®© â¥å−®«®£¨¨.

„«ï ¯à®áâ®âë ¡ã¤¥¬ ¤�«¥¥ áç¨â�âì, çâ® k = 1 ¨ çâ® ¢ æ¥¯®çª¥ A → B ¯à®-
¨§®è¥« á¡®©, ¯à¨ç¨−ã ª®â®à®£® −�¤® ®¯à¥¤¥«¨âì ¨ ¨á¯à�¢¨âì. �¥§ ®£à�−¨ç¥−¨ï
®¡é−®áâ¨ ¬®¦−® áç¨â�âì, çâ® ¢á¥ à�áá¬�âà¨¢�¥¬ë¥ ¤�«¥¥ §�¤�ç¨ −�å®¤ïâáï −�
à�§−ëå ®¡®¡é¥−−ëå å®áâ�å. ‚ íâ®¬ á®áâ®¨â ®¡®¡é¥−¨¥ ¬¥â�¤�−−ëå á ¯à®¡«¥¬ë
à�§à¥è¥−¨ï á®¥¤¨−¥−¨© ¬¥¦¤ã å®áâ�¬¨ −� ¯à®¡«¥¬ã ¢§�¨¬®¤¥©áâ¢¨© ¢á¥å §�¤�ç
¬¥¦¤ã á®¡®©. ’�ª®¥ ®¡®¡é¥−¨¥ ¢®§¬®¦−®, ¥á«¨ ¯®«ì§®¢�âìáï ¨¥à�àå¨ç¥áª®©
¤¥ª®¬¯®§¨æ¨¥© à¥è¥−¨ï §�¤�ç.

‚ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥ ç¥à¥§ �£¥−â� ¢ å®áâ¥ H(N) §�¤�ç� N ¯®«ãç�¥â ®â
§�¤�ç¨ H(B) á¨£−�« á¡®ï §�¤�ç¨ B. �à¥¤¯®«®¦¨¬, çâ® ¢ á¨áâ¥¬¥ ¯à¥¤ãá¬®âà¥−®
à¥§¥à¢¨à®¢�−¨¥ §�¤�ç A′ ¤«ï A ¨ B′ | ¤«ï B. ’¥å−®«®£¨î ¯®¨áª� ¯à¨ç¨−ë
á¡®ï ¨ ¥£® ¨á¯à�¢«¥−¨ï ®¡®§−�ç¨¬ ç¥à¥§ G. ‘¨áâ¥¬−ë© �¤¬¨−¨áâà�â®à, ¯®«ãç¨¢
¨−ä®à¬�æ¨î ® −�«¨ç¨¨ á¡®ï, §�¯ãáª�¥â ¨−ä®à¬�æ¨®−−ãî â¥å−®«®£¨î G ç¥à¥§
§�¤�çã N. ˆ§ ¬¥â�¤�−−ëå ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï G ¨¬¥¥â á«¥¤ãîé¨¥
¨áå®¤−ë¥ ¤�−−ë¥: A→ B, A′, B′, H(A), H(B), H(A′), H(B′).

‘−�ç�«� â¥å−®«®£¨ï G à¥è�¥â §�¤�çã ¯à®¢¥àª¨ ¢®§¬®¦−®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå
®â §�¤�ç¨ H(A) §�¤�ç¥ H(B). ‘ íâ®© æ¥«ìî §�¤�ç� G ç¥à¥§ §�¤�çã N ¯®áë«�¥â
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�£¥−âã ¢ å®áâ¥ H(A) á«ãç�©−®¥ ç¨á«® r ¨ §�¤�−¨¥ �£¥−âã ¢ H(A) ¯¥à¥á«�âì
íâ® ç¨á«® ¢ H(B). …á«¨ íâ® ã¤�¥âáï, â® ª�−�« á¢ï§¨ á H(A) à�¡®â�¥â. …á«¨
�£¥−â ¢ H(B) ¯®«ãç�¥â ®â H(A) ç¨á«® r′ ¨ ®âáë«�¥â ¥£® ¢ N, â® ¢®§¬®¦−ë
á«¥¤ãîé¨¥ ¢�à¨�−âë. …á«¨ r′ = r, â® ª�−�«ë ®â H(A) ª H(B) ¨ ®â H(B)
ª N à�¡®â�îâ ¯à�¢¨«ì−®. …á«¨ r′ 6= r, â® á¡®© ¯à®¨§®è¥« «¨¡® ¢ áâ¥ª¥ á¥â¥¢ëå
¯à®â®ª®«®¢ H(A), «¨¡® ¢ áâ¥ª¥ á¥â¥¢ëå ¯à®â®ª®«®¢ H(B). …á«¨ íâ� ®è¨¡ª�
¯®¢â®àï¥âáï, â® −¥®¡å®¤¨¬® ¯¥à¥©â¨ −� à¥§¥à¢−ë© ¯ãâì ®â H(A′) ª H(B′).
ˆáå®¤−ë¥ ¤�−−ë¥ §�¤�ç¨ A −�¤® ¯¥à¥¤�âì §�¤�ç¥ A′.

…á«¨ íâ� á¢ï§ì −¥ ®¡¥á¯¥ç¨«� ¯à�¢¨«ì−ãî ¯¥à¥¤�çã ¤�−−ëå, â® í¬¯¨à¨ç¥-
áª®© ¯à¨ç¨−®© ¨áå®¤−®£® á¡®ï áâ�«� «¨¡® ®è¨¡ª� ¢ ¯à¨«®¦¥−¨¨, à¥�«¨§ãîé¥¬
§�¤�çã A, «¨¡® ®è¨¡ª� ¢ áâ¥ª¥ ¯à®â®ª®«®¢ á¢ï§¨ å®áâ� H(A).

…á«¨ ¨áå®¤−ë¥ ¤�−−ë¥ §�¤�ç¨ A ¯¥à¥¤�−ë ¯à�¢¨«ì−® §�¤�ç¥ A′, â® −�¤®
¯®¯ëâ�âìáï à¥è¨âì §�¤�çã B −� å®áâ�å H(B′) ¨ H(B) á ¤�−−ë¬¨ ®â A′. …á«¨
à¥§ã«ìâ�âë à¥è¥−¨ï §�¤�ç¨ B −� å®áâ�å H(B′) ¨ H(B) á®¢¯�¤�îâ (áà�¢−¥−¨¥
®áãé¥áâ¢«ï¥âáï ç¥à¥§ §�¤�çã N), â® ¬®¦−® áç¨â�âì, çâ® á¡®© «¨ª¢¨¤¨à®¢�−
¨ ¨áå®¤−ãî ¨−ä®à¬�æ¨®−−ãî â¥å−®«®£¨î ¬®¦−® ¯à®¤®«¦�âì ç¥à¥§ §�¤�çã A′.

…á«¨ ¨áå®¤−ë¥ ¤�−−ë¥ §�¤�ç¨A −¥¯à�¢¨«ì−® ¯¥à¥¤�−ë §�¤�ç¥A′, â®, ¨á¯®«ì-
§ãï ¬¥â�¤�−−ë¥, ¬®¦−® −�©â¨ §�¤�çã C, ª®â®à�ï ¯¥à¥¤�¢�«� ¨áå®¤−ë¥ ¤�−−ë¥
§�¤�ç¥ A, ¨ §�¬¥−¨âì ¨áå®¤−ãî æ¥¯®çªã −� C → A′ → B′.

‚ ¨áå®¤−®¬ á¥à¢¥à¥ á §�¤�ç¥© A −¥®¡å®¤¨¬® ¨áª�âì á¡®© ¢ ¯à¥¤¯®«®¦¥−¨¨,
çâ® A ï¢«ï¥âáï ¯à®áâ®© á®áâ�¢−®© §�¤�ç¥©. �¤−¨¬ ¨§ ¯�à�¬¥âà®¢ áâ�−¤�àâ−®£®
áâ¥ª� ¯à®â®ª®«®¢ ¢ íâ®© ¯à®¢¥àª¥ á«ã¦¨â §�£àã¦¥−−®áâì ¬¨ªà®¯à®æ¥áá®à−®©
â¥å−¨ª¨. �−®¬�«¨¨ ¢ëï¢«ïîâáï áà�¢−¥−¨¥¬ §�£àã¦¥−−®áâ¨ ¬¨ªà®¯à®æ¥áá®à®¢
¢ ¯à¥æ¥¤¥−â�å, ¢§ïâëå ¨§ ¯�¬ïâ¨ §�¤�ç¨ G. ‚ëï¢¨¢ �−®¬�«¨¨, −¥®¡å®¤¨¬®
¬¥â®¤®¬ ¯¥à¥¡®à� ®¯à¥¤¥«¨âì ¯à®æ¥ááë, ¯®à®¦¤�îé¨¥ ¯®¢ëè¥−−ãî §�£àã§ªã.
�à¨®áâ�−®¢ª� íâ¨å ¯à®æ¥áá®¢ ¨ ¯®¢â®à−ë© §�¯ãáª æ¥¯®çª¨ A → B ¯®§¢®«ï¥â
«¨¡® ¢ëï¢¨âì í¬¯¨à¨ç¥áªãî ¯à¨ç¨−ã á¡®ï, «¨¡® ¯à®¤®«¦¨âì ¯®¨áª á¡®©−ëå
ª®−ä¨£ãà�æ¨®−−ëå ¯�à�¬¥âà®¢.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® à¥�«¨§�æ¨ï ¯®áâà®¥−−®£® �«£®à¨â¬� ¯®¨áª� ¯à¨ç¨−
á¡®ï ¬®¦¥â −¥ ¤�âì ®¦¨¤�¥¬®£® à¥§ã«ìâ�â�. ‚ íâ®¬ á«�¡®áâì ¯®¨áª� í¬¯¨à¨ç¥-
áª®© ¯à¨ç¨−ë ¨ ¯à¨¢¥¤¥−−ëå ¯à�¢¤®¯®¤®¡−ëå à�ááã¦¤¥−¨©, ¯®íâ®¬ã ¢ ¤�−−®©
à�¡®â¥ ¨á¯®«ì§ã¥âáï â¥à¬¨− úí¬¯¨à¨ç¥áª�ï ¯à¨ç¨−�û ¢¬¥áâ® â¥à¬¨−� ú¯à¨ç¨-
−�û. ‚ á«ãç�¥ −¥£�â¨¢−®£® à¥§ã«ìâ�â� ¯®¨áª� −¥®¡å®¤¨¬® áâà®¨âì ¡®«¥¥ £«ã¡®ª®¥
¯à¨¡«¨¦¥−¨¥ ¨áå®¤−®© â¥å−®«®£¨¨ ¢ ¨¥à�àå¨ç¥áª®© ¤¥ª®¬¯®§¨æ¨¨.

’�ª¨¬ ®¡à�§®¬, ¯®áâà®¥−� ¬®¤¥«ì ¨ �«£®à¨â¬ ¯®¨áª� í¬¯¨à¨ç¥áª®© ¯à¨ç¨−ë
á¡®ï, ª®â®àë¥ ®á−®¢�−ë −� ¬¥â�¤�−−ëå ¨ à¥§¥à¢¨à®¢�−¨¨ §�¤�ç ¨ ¤�−−ëå. ‚ ç�áâ-
−®áâ¨, ¯à¥¤«®¦¥−−ë© ¬¥â®¤ à¥è�¥â §�¤�çã ¯®¨áª� −¥ï¢−®£® á¡®ï ¢ ¯à¨¢¥¤¥−−®¬
¢ëè¥ ¯à¨¬¥à¥ ¨ ¢¯®«−¥ ¤®áâã¯¥− ¤«ï ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨. ”�ªâ¨ç¥áª¨
¯®áâà®¥−® ¤¥à¥¢® à¥è¥−¨© −� ®á−®¢¥ áà�¢−¥−¨ï ¤�−−ëå, −�¡«î¤�¥¬ëå ¯à¨ á¡®¥,
¨ ¤�−−ëå, ¯®«ãç¥−−ëå §� áç¥â à¥§¥à¢¨à®¢�−¨ï.
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�®¨áª í¬¯¨à¨ç¥áª¨å ¯à¨ç¨− á¡®¥¢ ¨ ®è¨¡®ª ¢ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬�å ¨ á¥âïå

4 Заключение

‚ à�¡®â¥ ¨áá«¥¤®¢�−� ¢®§¬®¦−®áâì �¢â®¬�â¨§�æ¨¨ ¯®¨áª� í¬¯¨à¨ç¥áª¨å ¯à¨-
ç¨− −¥ï¢−ëå á¡®¥¢ ¨ ¨−æ¨¤¥−â®¢ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ‚ ª�ç¥áâ¢¥
¨áå®¤−ëå ¤�−−ëå ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¬¥â�¤�−−ë¥, ¯®à®¦¤¥−−ë¥ ¡¨§−¥á-¯à®-
æ¥áá®¬, ¨ �àå¨â¥ªâãà� ¨å ¯à¨¬¥−¥−¨ï. Šà®¬¥ íâ®£® −¥®¡å®¤¨¬� ¢®§¬®¦−®áâì
¤ã¡«¨à®¢�−¨ï §�¤�ç ¨ ¯®«ãç¥−¨ï ¯à�¢¨«ì−®£® ¨å à¥è¥−¨ï.

�®ª�§�−®, çâ® ¢®§¬®¦−® ¯®áâà®¥−¨¥ ¤¥à¥¢� à¥è¥−¨© ¢ëï¢«¥−¨ï í¬¯¨à¨ç¥-
áª®© ¯à¨ç¨−ë −¥ï¢−®£® á¡®ï á â®ç−®áâìî ¤® ¨¬¥îé¥©áï ¤¥â�«¨§�æ¨¨ á¡®©−®©
¨−ä®à¬�æ¨®−−®© â¥å−®«®£¨¨. �à¨ íâ®¬ ¢ë¤¥«ïîâáï â¨¯®¢ë¥ §�¤�ç¨ �−�«¨§�
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥©, ¨§ ª®â®àëå ¬®¦−® ª®−áâàã¨à®¢�âì ¢¥áì ¯®¨áª.
‚ ª�ç¥áâ¢¥ ª®¬¯®−¥−â®¢ �«£®à¨â¬®¢ ¯®¨áª� ¬®¦−® ¡à�âì ª®−ªà¥â−ë¥ í«¥¬¥−âë
¯à®£à�¬¬−®-�¯¯�à�â−ëå à¥è¥−¨©.
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SEARCH OF EMPIRICAL CAUSES OF FAILURES AND ERRORS
IN COMPUTER SYSTEMS AND NETWORKS USING METADATA

A. A. Grusho, M. I. Zabezhailo, N. A. Grusho, and E. E. Timonina

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

Abstract: The management of distributed information and computing systems
involves two interrelated tasks: business continuity and security. Both tasks
use similar methods to identify the causes of failures and security incidents.
The aim of the study is adequate formalization, which in the future can be
used to automate at least part of the functions of search for causes of failures
and security incidents. Based on the relationship between the functions of the
system administrator and methods of building metadata for managing connections
in distributed information and computing systems, the method of hierarchical
building of metadata and the new method of their application are proposed,
which allows to search for causes of failures and control the solution of problems
in such systems. The model and algorithm of search for an empirical cause of the
failure, which are based on metadata and backup of tasks and data, have been
built. It is shown that it is possible to build a tree of solutions to identify an
empirical cause of an implicit failure with accuracy to an available destabilization
of failed information technology. This highlights typical cause-effect analysis
tasks from which you can design the entire search.

Keywords: information security; metadata; cause-and-effect relationships;
system administration; implicit failures and errors
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С. Б. Румовская1, А. В. Колесников2, А. А. Литвин3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¨¤¥ï ¢¨§ã�«ì−®£® ¬¥â�ï§ëª�, ®¯¨áë¢�îé¥£®
à¥è¥−¨¥ ¤¨�£−®áâ¨ç¥áª®© ¯à®¡«¥¬ë („�) ª®¬¡¨−�æ¨¥© −¥áª®«ìª¨å ¢§�¨-
¬®ã¢ï§�−−ëå ¯à®æ¥áá®¢ à�ááã¦¤¥−¨© −� à�§−ëå ï§ëª�å, � â�ª¦¥ ¯®¤å®¤
ª à¥¤ãªæ¨¨ „� á ª®£−¨â¨¢−®© ¢¨§ã�«¨§�æ¨¥©. „¨�£−®áâ¨ç¥áª�ï ¯à®¡«¥¬�
¢ à¥§ã«ìâ�â¥ ¯à¥¤áâ�¢«ï¥âáï ª�ª ¤¥ª®¬¯®§¨æ¨ï ¨¥à�àå¨ç¥áª¨ ¢ëáâà®¥−−ëå
á £®à¨§®−â�«ì−ë¬¨ á¢ï§ï¬¨ í«¥¬¥−â®¢ à�§−®£® â¨¯�: ¯à¥¤¬¥â−®¥ ¤¨�£−®-
áâ¨ç¥áª®¥ à¥è¥−¨¥, ¤¨�£−®áâ¨ç¥áª¨¥ §�¤�ç¨ ¨ ¤¨�£−®áâ¨ç¥áª¨¥ ¯®¤§�¤�ç¨,
¤¨�£−®áâ¨ç¥áª¨¥ à¥è¥−¨ï-á¢ï§ª¨ ¨ áª®¬¯¥−á¨à®¢�−−ë¥ §�âàã¤−¥−¨ï. ��
¢¨§ã�«ì−®¬ ¬¥â�ï§ëª¥ ®á−®¢ë¢�¥âáï �ªá¨®¬�â¨ç¥áª�ï â¥®à¨ï à®«¥¢ëå ¢¨§ã-
�«ì−ëå ¤¨�£−®áâ¨ç¥áª¨å ¬®¤¥«¥© äã−ªæ¨®−�«ì−ëå £¨¡à¨¤−ëå ¨−â¥««¥ªâã-
�«ì−ëå ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬ (”ƒˆ„‘) ª�ª á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨© á ª®£−¨â¨¢−®© ¢¨§ã�«¨§�æ¨¥© ¯à®¡«¥¬ ¨ ¯®«ãç¥−¨¥¬
¨−â¥£à¨à®¢�−−®£® ®¡à�§� úá®áâ®ï−¨¥ ®à£�−®¢ ¨ á¨áâ¥¬ ç¥«®¢¥ª�û.

Š«îç¥¢ë¥ á«®¢�: ¤¨�£−®áâ¨ç¥áª�ï ¯à®¡«¥¬�; ª®£−¨â¨¢−�ï ¢¨§ã�«¨§�æ¨ï;
à¥¤ãªæ¨ï ¤¨�£−®áâ¨ç¥áª®© ¯à®¡«¥¬ë; ¢¨§ã�«ì−ë© ¬¥â�ï§ëª
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1 Введение

�â ®¯¥à�â¨¢−®áâ¨ à¥�ªæ¨¨ ¢à�ç� −� ¢®§−¨ª�îéãî ¯à®¡«¥¬−ãî ¤¨�£−®áâ¨ç¥-
áªãî á¨âã�æ¨î §�¢¨á¨â ¡¥§®¯�á−®áâì ¯à¨−¨¬�¥¬ëå à¥è¥−¨©. ‚ áà¥¤−¥¬ ®ª®«®
¯®«®¢¨−ë £à�¦¤�− ÷” áâ�«ª¨¢�«¨áì á ®è¨¡ª�¬¨ ¢à�ç¥©, ¨ ¯à¨¬¥à−® ¢ 35%
á«ãç�¥¢ ¨¬¥«® ¬¥áâ® à�áå®¦¤¥−¨¥ ¯®«¨ª«¨−¨ç¥áª®£® ¨ ª«¨−¨ç¥áª®£® ¤¨�£−®§®¢,
� ¢ 21,6% ¯à¨¦¨§−¥−−ë© ¤¨�£−®§ ®ª�§ë¢�«áï −¥¢¥à¥−.

�ªá¯¥àâë ¯® ¯á¨å®«®£¨¨ ¬ëè«¥−¨ï [1] áç¨â�îâ, çâ® ¤¢� á¯®á®¡� ¯à¥¤áâ�¢«¥-
−¨ï ¨−ä®à¬�æ¨¨ | á¨¬¢®«ì−ë© ¨ ª�àâ¨−−®-®¡à�§−ë©, � â�ª¦¥ à�¡®â� á −¨¬¨
¨ á®®â−¥á¥−¨¥ ¨å ®â−®á¨â¥«ì−® ¤àã£ ¤àã£� ®¡¥á¯¥ç¨¢�îâ ä¥−®¬¥− ç¥«®¢¥ç¥áª®£®
¬ëè«¥−¨ï. �¡à�§−�ï á¨áâ¥¬� å�à�ªâ¥à¨§ã¥âáï:

(1) ¢ëá®ª®© áª®à®áâìî ®¡à�¡®âª¨ ®¡à�§®¢, ª®â®à�ï ®á®¡¥−−® ¯®à�§¨â¥«ì−�, ¥á«¨
ãç¥áâì −¨§ª¨¥ áª®à®áâ¨ ¯¥à¥¤�ç¨ á¨£−�«®¢ ¢ ¬®§£¥;

(2) æ¥«®áâ−®áâìî ®¡à�§−ëå ¯à¥¤áâ�¢«¥−¨© (ú£¥èâ�«ìâ®¢û).

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 19-07-00250�).
1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-

«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sophiyabr@gmail.com
2��«â¨©áª¨© ä¥¤¥à�«ì−ë© ã−¨¢¥àá¨â¥â ¨¬. ˆ. Š�−â�, avkolesnikov@yandex.ru
3�¡«�áâ−�ï ª«¨−¨ç¥áª�ï ¡®«ì−¨æ� Š�«¨−¨−£à�¤áª®© ®¡«�áâ¨, aalitvin@gmail.com
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�¡� íâ¨ á¢®©áâ¢� −¥ ¨¬¥îâ �−�«®£®¢ ¢ à�¬ª�å ª®¬¯ìîâ¥à−®© ¯�à�¤¨£¬ë.
‚¨§ã�«¨§�æ¨ï ¯®§¢®«ï¥â ¯¥à¥¢¥áâ¨ ¢® ¢−¥è−¥ §�¬¥ç�¥¬ë© ¯«�− â¥ á®¤¥à¦�−¨ï:
®¡à�§ë, ¯à¥¤áâ�¢«¥−¨ï, ¨, á®®â¢¥âáâ¢¥−−®, ¯à®æ¥ááë á −¨¬¨, | ª®â®àë¥ ¯à®¨á-
å®¤ïâ ã á¯¥æ¨�«¨áâ� (¢à�ç�) ú¢ £®«®¢¥û. ‘¤¥«�âì ¨å ¢¨¤¨¬ë¬¨, ä¨ªá¨àã¥¬ë¬¨
¨ «¥£ª® ã¯à�¢«ï¥¬ë¬¨ ª�ª ¤«ï −¥£® á�¬®£®, â�ª ¨ ¤«ï â¥å, á ª¥¬ ®− ¢§�¨¬®¤¥©-
áâ¢ã¥â ¯® íâ®¬ã ¯®¢®¤ã.

ˆáá«¥¤®¢�−¨¥ ª®£−¨â¨¢−ëå áâàãªâãà ¨ ¬¥å�−¨§¬®¢ ç¥«®¢¥ª�, á¯¥æ¨�«¨áâ�
¢ ¬¥¤¨æ¨−¥, ª®â®à®¥ ¯®§¢®«¨â á¤¥«�âì ¯à®æ¥ááë ¯à¥®¤®«¥−¨ï „� ¢¨¤¨¬ë¬¨,
ª®−âà�áâ−ë¬¨, � à�§à�¡®âª� −� ¨å ®á−®¢¥ ”ƒˆ„‘ á ª®£−¨â¨¢−ë¬ ¬®¤¥«¨à®-
¢�−¨¥¬ „� ¯®§¢®«¨â ¯®¤®©â¨ ª á£«�¦¨¢�−¨î ¯à®â¨¢®à¥ç¨¢ëå ¯®ª�§�−¨© �¯¯�-
à�âãàë, á−¨§¨â ç¨á«® ¢à�ç¥¡−ëå ®è¨¡®ª, ¯®¢ëá¨â ª�ç¥áâ¢® ¨, á®®â¢¥âáâ¢¥−−®,
¡¥§®¯�á−®áâì ¬¥¤¨æ¨−áª¨å ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¤¨�-
£−®áâ¨ç¥áª¨å à¥è¥−¨©.

‚ à�¡®â¥ à�áá¬®âà¥−® ¯®−ïâ¨¥ ¤¨�£−®áâ¨ç¥áª®© ¯à®¡«¥¬ë, ¯á¨å®«®£¨ç¥áª¨¥
¬¥å�−¨§¬ë à¥è¥−¨ï ¨ ¥¥ à¥¤ãªæ¨ï, ¨¤¥ï ¢¨§ã�«ì−®£® ¬¥â�ï§ëª�, ª®â®àë© ¯®§¢®-
«¨â ®¯¨á�âì à¥è¥−¨¥ „� ª®¬¡¨−�æ¨¥© −¥áª®«ìª¨å ¢§�¨¬®ã¢ï§�−−ëå ¯à®æ¥áá®¢
à�ááã¦¤¥−¨© −� à�§−ëå ï§ëª�å.

2 Диагностическая проблема и механизмы ее решения

„¨�£−®áâ¨ç¥áª�ï ¯à®¡«¥¬� | íâ® á«®¦−�ï §�¤�ç� à�á¯®§−�¢�−¨ï ¡®«¥§−¨
¨ ®æ¥−ª¨ ¨−¤¨¢¨¤ã�«ì−ëå ¡¨®«®£¨ç¥áª¨å ®á®¡¥−−®áâ¥© ¨ á®æ¨�«ì−®£® áâ�âãá�
®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ (¯�æ¨¥−â�) ¯ãâ¥¬ ¨áâ®«ª®¢�−¨ï à¥§ã«ìâ�â®¢ æ¥«¥−�¯à�-
¢«¥−−®£® ¬¥¤¨æ¨−áª®£® ®¡á«¥¤®¢�−¨ï ¨ ¨å ®¡®¡é¥−¨ï ¢ ¢¨¤¥ ãáâ�−®¢«¥−−®£®
¤¨�£−®§� [2]. �â® �¬®àä−®¥ ®¡à�§®¢�−¨¥, ¡¥§ ¯à¥¤§�¤�−¨ï, ä®à¬ã«¨àã¥¬®¥
¤¨−�¬¨ç¥áª¨, ¯® å®¤ã à¥è¥−¨ï.

�¤−®¢à¥¬¥−−® ¤. ¯. −., ¯à®ä¥áá®à ‚. ”. ‘¯¨à¨¤®−®¢ ¢ à�¬ª�å á¢®¨å ¨áá«¥-
¤®¢�−¨© ¯® ¯á¨å®«®£¨¨ ¬ëè«¥−¨ï ¯à¨ à¥è¥−¨¨ §�¤�ç ¨ ¯à®¡«¥¬ ®â¬¥â¨« ¤¢�
¬¥å�−¨§¬� à¥è¥−¨ï ¯à®¡«¥¬ [3].

�¥à¢ë© ¬¥å�−¨§¬ | íâ® á�¬®®¯à¥¤¥«¥−¨¥ à¥è�â¥«ï (â¥à¬¨− ¢¢¥« ƒ. �. ™¥¤-
à®¢¨æª¨© | à®áá¨©áª¨© ä¨«®á®ä ¨ ¬¥â®¤®«®£, ®¡é¥áâ¢¥−−ë© ¨ ªã«ìâãà−ë©
¤¥ïâ¥«ì, á®§¤�â¥«ì á¨áâ¥¬®¬ëá«¥¤¥ïâ¥«ì−®áâ−®© ¬¥â®¤®«®£¨¨). ��§¨àã¥âáï íâ®â
¬¥å�−¨§¬ −� â®¬, çâ® ç¥«®¢¥ª (à¥è�â¥«ì) | ç�áâì ¯à®¡«¥¬ë, á ª®â®à®© ®−
áâ®«ª−ã«áï. ‚ à�¬ª�å íâ®£® ãâ®ç−ïîâáï: á®¤¥à¦�−¨¥ ¯à®¡«¥¬ë; −�å®¦¤¥−¨¥
à¥è�â¥«¥¬ á¢®¥£® ¬¥áâ� ¢ ¯à®¡«¥¬¥; ¯à®ïá−ï¥âáï ¨ ¡®«¥¥ ç¥âª® ä®à¬ã«¨àã¥âáï
¯à®¡«¥¬� ¨, á®®â¢¥âáâ¢¥−−®, ¨â®£®¢�ï æ¥«ì; à¥è�â¥«¥¬ ®¯à¥¤¥«ïîâáï §®−ë ®â¢¥â-
áâ¢¥−−®áâ¨ §� ¤®áâ¨¦¥−¨¥ à¥è¥−¨ï ¨«¨ ¥£® à¥�«¨§�æ¨î (¢ á«ãç�¥ ¯à�ªâ¨ç¥áª®©
¯à®¡«¥¬ë), � â�ª¦¥ ®¯¨áë¢�îâáï ªà¨â¥à¨¨ ãá¯¥è−®£® à¥§ã«ìâ�â�.

‚â®à®© ¬¥å�−¨§¬, −� ª®â®à®¬ ¨ ¡ã¤¥â ¡�§¨à®¢�âìáï ¤�−−®¥ ¨áá«¥¤®¢�−¨¥, |
¨§¬¥−¥−¨¥ ¯à¥¤áâ�¢«¥−¨ï ¯à®¡«¥¬ë ¢ å®¤¥ à¥è¥−¨ï. �à®¡«¥¬� §¤¥áì | ®¡à�§
â¥á−® á¢ï§�−−®© ¨ ¨¥à�àå¨ç¥áª¨ ¢ëáâà®¥−−®© á¨áâ¥¬ë §�¤�ç ¨ ®¡á«ã¦¨¢�îé¨å ¨å
¯®¤§�¤�ç, ¯à¥¤¯®«�£�îé¨å −�«¨ç¨¥ §−�−¨ï ® á¯®á®¡¥ ¨å à¥è¥−¨¨. �à¨ íâ®¬ í«¥-
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‚¨§ã�«ì−ë© ¬¥â�ï§ëª ®¯¨á�−¨ï à¥è¥−¨ï ¤¨�£−®áâ¨ç¥áª¨å ¯à®¡«¥¬

¬¥−âë ¯à®¡«¥¬ë, á®£«�á−® ¨áá«¥¤®¢�−¨î Šãª®«¥¢®© [4], ®¯ëâ−ë¥ á¯¥æ¨�«¨áâë
¯à¨ ¥¥ à¥è¥−¨¨ ¤¨ää¥à¥−æ¨àãîâ −� −¥áª®«ìª® â¨¯®¢ á®áâ�¢«ïîé¨å:

(1) ¯à¥¤¬¥â−®¥ ¤¨�£−®áâ¨ç¥áª®¥ à¥è¥−¨¥ | ª®−ªà¥â−ë¥ ¤¥©áâ¢¨ï, à¥§ã«ìâ�â ª®-
â®àëå | íâ® ¤®áâ¨¦¥−¨¥ ¯®áâ�¢«¥−−®© æ¥«¨ | ¤¨�£−®§ (¯«�− ®¡á«¥¤®¢�−¨ï
¯�æ¨¥−â�);

(2) ú¤¨�£−®áâ¨ç¥áª¨¥ §�¤�ç¨û | ¡®«¥¥ ªàã¯−ë¥ | ¨ ú¤¨�£−®áâ¨ç¥áª¨¥ ¯®¤§�-
¤�ç¨û | ¡®«¥¥ ¬¥«ª¨¥, á¢ï§�−−ë¥ á à¥è¥−¨¥¬ ªàã¯−®© (−�¯à¨¬¥à, ¯¥à¥¤ â¥¬
ª�ª ¤¨�£−®áâ¨à®¢�âì ¨è¥¬¨ç¥áªãî ¡®«¥§−ì á¥à¤æ�, −¥®¡å®¤¨¬® ¢ë¤¥«¨âì
¨−ä®à¬�â¨¢−ë© −�¡®à ¯®ª�§�â¥«¥© á®áâ®ï−¨ï §¤®à®¢ìï ¯�æ¨¥−â� ®â−®á¨-
â¥«ì−® ¤�−−®£® §�¡®«¥¢�−¨ï);

(3) áª®¬¯¥−á¨à®¢�−−ë¥ §�âàã¤−¥−¨ï | ç�áâ® ¢áâà¥ç�îé¨¥áï −¥¡®«ìè¨¥ §�¤�ç¨,
¤«ï ª®â®àëå ¥áâì â¨¯®¢®¥ à¥è¥−¨¥ | ¤¨�£−®áâ¨ç¥áª¨¥ §�¤�ç¨, ¤«ï à¥è¥−¨ï
ª®â®àëå ¥áâì ç¥âª¨© ¨ ®¤−®§−�ç−ë© ¯à®â®ª®« ®¡á«¥¤®¢�−¨ï ¨ ¯®áâ�−®¢ª¨
¤¨�£−®§� (−�¯à¨¬¥à, ¢ëï¢«¥−¨¥ ¤¨á«¨¯¨¤¥¬¨¨);

(4) ¤¨�£−®áâ¨ç¥áª¨¥ à¥è¥−¨ï-á¢ï§ª¨ | ¤¥©áâ¢¨ï, ãç¨âë¢�îé¨¥ ª®−ªà¥â−ë¥
ãá«®¢¨ï ¯® â¨¯ã ú¥á«¨. . . â®. . .û.

‚ à¥§ã«ìâ�â¥ ¨áá«¥¤®¢�−¨ï ¯à¥¤¯®«�£�¥âáï −� ®á−®¢¥ ¤�−−®£® ¬¥å�−¨§¬� à�§-
à�¡®â�âì £¨¡à¨¤−ãî ¨−â¥««¥ªâã�«ì−ãî á¨áâ¥¬ã á ª®£−¨â¨¢−ë¬ ¬®¤¥«¨à®¢�−¨¥¬
„�. �à¨ íâ®¬ ¢ à�¬ª�å ¯à®¡«¥¬−®-áâàãªâãà−®© ¬¥â®¤®«®£¨¨ £¨¡à¨¤−ëå ¨−â¥«-
«¥ªâã�«ì−ëå á¨áâ¥¬ [5] ¤¨�£−®áâ¨ç¥áª¨¥ §�¤�ç¨ ¨ áª®¬¯¥−á¨à®¢�−−ë¥ §�âàã¤-
−¥−¨ï ¯® áãâ¨ ¯à¥¤áâ�¢«ïîâ á®¡®© äã−ªæ¨®−�«ì−ë¥ ¯®¤§�¤�ç¨, á®áâ�¢«ïîé¨¥
äã−ªæ¨®−�«ì−ãî áâàãªâãàã „�, � ¤¨�£−®áâ¨ç¥áª¨¥ ¯®¤§�¤�ç¨ | íâ® â¥å−®«®-
£¨ç¥áª¨¥ §�¤�ç¨, à¥è�¥¬ë¥ ¤«ï ®à£�−¨§�æ¨¨ íää¥ªâ¨¢−®© ®¡à�¡®âª¨ ¤�−−ëå
¨ §−�−¨© ¢ å®¤¥ ¤¨�£−®áâ¨ç¥áª®£® ¯à®æ¥áá�. „¨�£−®áâ¨ç¥áª¨¥ ¦¥ à¥è¥−¨ï-
á¢ï§ª¨ ®¯à¥¤¥«ïîâ ç�áâì £®à¨§®−â�«ì−ëå á¢ï§¥© ¯®¤§�¤�ç, � ¯à¥¤¬¥â−®¥ à¥è¥−¨¥
¯à¥¤áâ�¢«ï¥â á®¡®© ®¯¨á�−¨¥ ª®−æ¥¯âã�«ì−®© ¬®¤¥«¨ ¤¨�£−®áâ¨ç¥áª®£® ¯à®æ¥áá�.

÷�áá¬®âà¨¬ ¤�«¥¥ ¨¤¥î ï§ëª�, −� ª®â®à®¬ ¡ã¤¥â ¡�§¨à®¢�âìáï �ªá¨®¬�â¨ç¥-
áª�ï â¥®à¨ï à®«¥¢ëå ¢¨§ã�«ì−ëå ¤¨�£−®áâ¨ç¥áª¨å ¬®¤¥«¥© ”ƒˆ„‘ ª�ª á¨áâ¥¬
¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨© á ª®£−¨â¨¢−®© ¢¨§ã�«¨§�æ¨¥©
¯à®¡«¥¬ ¨ ¯®«ãç¥−¨¥¬ ¨−â¥£à¨à®¢�−−®£® ®¡à�§� úá®áâ®ï−¨¥ ®à£�−®¢ ¨ á¨áâ¥¬
ç¥«®¢¥ª�û.

3 Аксиоматическая теория ролевых визуальных диагностических
моделей. Визуальный метаязык

�ªá¨®¬�â¨ç¥áª�ï â¥®à¨ï à®«¥¢ëå ¢¨§ã�«ì−ëå ¤¨�£−®áâ¨ç¥áª¨å ¬®¤¥«¥© ®á−®-
¢ë¢�¥âáï −� ¯®−¨¬�−¨¨ ¢¨§ã�«ì−®£® ï§ëª� ª�ª á¥¬¨®â¨ç¥áª®© á¨áâ¥¬ë:

vld = 〈KKVYd,VS,VSe,VP, V δ〉 , (1)

£¤¥KKVYd | ª®−æ¥¯âã�«ì−®-¢¨§ã�«ì−®¥ ª�â¥£®à¨�«ì−®¥ ï¤à®;VS,VSe ¨VP|
¬−®¦¥áâ¢� á¨−â�ªá¨ç¥áª¨å, á¥¬�−â¨ç¥áª¨å (§−�−¨ï ® ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¬¥-
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¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¨) ¨ ¯à�£¬�â¨ç¥áª¨å ¯à�¢¨« (¬−®¦¥áâ¢® ¯à�¢¨« ¢ë¢®-
¤� ¤¨�£−®áâ¨ç¥áª¨å à¥è¥−¨©) á®®â¢¥âáâ¢¥−−®; V δ | ¯à�¢¨«� ¨§¬¥−¥−¨ï ¬−®-
¦¥áâ¢ KKVYd, VS, VSe ¨ VP.

Œ−®¦¥áâ¢� KKVYd, VS, VSe ¨ VP ¨§ (1) ®¯à¥¤¥«ïîâáï ¢ëà�¦¥−¨ï¬¨:

KKVYd = 〈KKYd,KVYd, G〉 ,

KKYd = 〈RESd,PRd,ACTd, R〉 , KVYd = 〈PRESd , PPRd , PACTd ,VR〉 ,

G = 〈GRES, GPR, GACT, GR〉 ,

GRES : RESd ↔ PRESd , GPR : PRd ↔ PPRd ,

GACT : ACTd ↔ PACTd , GR : Rd ↔ PRd ;

VS = 〈KVYd,VN,PRU〉 ;

VSe = 〈KKYd, G〉 ;

VP = {〈Exm, actd,M,Cond〉} ,

£¤¥KKYd | ª®−æ¥¯âã�«ì−®¥ ª�â¥£®à¨�«ì−®¥ ï¤à®; KVYd | ¢¨§ã�«ì−®¥ ª�â¥£®-
à¨�«ì−®¥ ï¤à®; RESd, PRd ¨ ACTd | ¬−®¦¥áâ¢� à¥áãàá®¢, á¢®©áâ¢ ¨ ¤¥©áâ¢¨©,
à�áªàë¢�îé¨¥ áâàãªâãàã ¤¨�£−®áâ¨ª¨ ¢ ¬¥¤¨æ¨−¥; R | ¬−®¦¥áâ¢® ®â−®è¥−¨©,
§�¤�−−ëå −� RESd, PRd ¨ ACTd | úà¥áãàá{à¥áãàáû, úá¢®©áâ¢®{á¢®©áâ¢®û,
ú¤¥©áâ¢¨¥{¤¥©áâ¢¨¥û, úà¥áãàá{á¢®©áâ¢®û, úá¢®©áâ¢®{à¥áãàáû, úà¥áãàá{¤¥©áâ-
¢¨¥û, ú¤¥©áâ¢¨¥{à¥áãàáû, ú¤¥©áâ¢¨¥{á¢®©áâ¢®û, úá¢®©áâ¢®{¤¥©áâ¢¨¥û; PRESd,
PPRd ¨ PACTd | ¬−®¦¥áâ¢� ¢¨§ã�«ì−ëå á¨¬¢®«®¢ à¥áãàá®¢, á¢®©áâ¢ ¨ ¤¥©áâ¢¨©;
VR | ¬−®¦¥áâ¢® à®«¥¢ëå ¢¨§ã�«ì−ëå ®â−®è¥−¨© −� ®¤−®¬ ¨ ¡®«¥¥ PRESd,
PPRd, PACTd, ®¡à�§−ë¥ (¢¨§ã�«ì−®-)á¨¬¢®«ì−ë¥ £à�ä¨ç¥áª¨¥ ¢ëáª�§ë¢�−¨ï;
VN | á«®¢�àì −¥â¥à¬¨−�«ì−ëå á¨¬¢®«®¢; PRU | ¬−®¦¥áâ¢® ¯à®¤ãªæ¨®−-
−ëå ¯à�¢¨«; Exm | ¬−®¦¥áâ¢® −®á¨â¥«¥© ï§ëª� (íªá¯¥àâ®¢-¢à�ç¥©), ¤¥©áâ¢¨ï
ª®â®àëå ®£à�−¨ç¨¢�îâáï ¢−¥è−¥© áà¥¤®©; actd | ¤¥©áâ¢¨¥, ®¯à¥¤¥«¥−−®¥ −�
¬−®¦¥áâ¢¥ ¤¥©áâ¢¨© ACT ¨ ï¢«ïîé¥¥áï ®¡ê¥ªâ®¬ −®à¬�â¨¢−®© à¥£ã«ïæ¨¨; M |
¬−®¦¥áâ¢® á¨áâ¥¬ ¬®¤�«ì−®áâ¥©; Cond | ¬−®¦¥áâ¢® á¨âã�æ¨©, ¢ ª®â®àëå (−¥)
¤®«¦−® ¯à¨¬¥−ïâìáï ¤¥©áâ¢¨¥.

Œ¥â�ï§ëª ¢¨§ã�«ì−®£® ã¯à�¢«¥−¨ï ¯à¥¤«®¦¥− ¢ [6] ¢ ¢¨¤¥ úá«®¥−®£® ¯¨à®£�û,
¨, á«¥¤ãï ¤�−−®© ¨¤¥¥, ¬¥â�ï§ëª �ªá¨®¬�â¨ç¥áª®© â¥®à¨¨ à®«¥¢ëå ¢¨§ã�«ì−ëå
¤¨�£−®áâ¨ç¥áª¨å ¬®¤¥«¥© ¯à¥¤áâ�¢«¥− −� à¨á. 1.

�� à¨á. 1 ®¡à�§−®-¢¨§ã�«ì−®¥ ï¤à® −� ª�¦¤®¬ ãà®¢−¥ ¯à¥¤áâ�¢«¥−® â¥¬−®-á¥-
àë¬ ®¢�«®¬, � ª®−æ¥¯âã�«ì−®-ï§ëª®¢�ï ®¡®«®çª� | á¢¥â«®-á¥àë¬ ¯àï¬®ã£®«ì-
−¨ª®¬. ‚ ®á−®¢�−¨¨ «¥¦¨â ª®−æ¥¯âã�«ì−®-¢¨§ã�«ì−ë© ¡�§¨á | á«®¢�à¨ ¯®−ïâ¨©
¨ ®â−®è¥−¨©. ‚¨§ã�«ì−®¥ ï¤à® ¨ ª®−æ¥¯âã�«ì−�ï ®¡®«®çª� ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï
¢ª«îç�îâ §−�ª¨ ¨ ª®−æ¥¯âë ï¤¥à ¨ ®¡®«®ç¥ª ¯à¥¤ë¤ãé¨å ãà®¢−¥©.

Š®−æ¥¯âã�«ì−®-¢¨§ã�«ì−ë© ª�â¥£®à¨�«ì−ë© ¡�§¨á ¬¥â�ï§ëª� ¢¨§ã�«ì−®©
¤¨�£−®áâ¨ª¨ úà¥áãàá{á¢®©áâ¢®{¤¥©áâ¢¨¥{®â−®è¥−¨¥û ¯à¥¤áâ�¢«¥− −� à¨á. 2.
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÷¨á. 1 Œ¥â�ï§ëª ¢¨§ã�«ì−®© ¤¨�£−®áâ¨ª¨

÷¥áãàá −� à¨á. 2 | ä®à¬� ¨«¨ ¯®−ïâ¨¥, ®¡®§−�ç�îé¥¥ ¨«¨ á¨¬¢®«¨§¨àãîé¥¥
¢¥éì (®¤ãè¥¢«¥−−ãî ¨ −¥®¤ãè¥¢«¥−−ãî), ¨¬¥îéãîáï ã áã¡ê¥ªâ� ¤¨�£−®áâ¨ª¨
¤«ï à¥è¥−¨ï „�. �â® ¢á¥ â®, çâ® ¥áâì ã ¢à�ç� ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨©. „«ï
®â®¡à�¦¥−¨ï á®áâ®ï−¨ï ®à£�−®¢ ¨ á¨áâ¥¬ ç¥«®¢¥ª� ¢ë¤¥«¨¬ áà¥¤¨ à¥áãàá®¢
á¨áâ¥¬−ë¥ äã−ªæ¨®−�«ì−ë¥ ¥¤¨−¨æë (‘”…) [7] à�§−®© áâ¥¯¥−¨ ¤¥â�«¨§�æ¨¨, ¯®¤
ª®â®àë¬¨ ¯®−¨¬�îâáï à�§«¨ç−ë¥ ª«¥â®ç−ë¥ ¨ âª�−¥¢ë¥ áâàãªâãàë, −�¯à¨¬¥à
−¥äà®− ¯®ç¥ª, �æ¨−ãá ¯®¤¦¥«ã¤®ç−®© ¦¥«¥§ë. ‘¨áâ¥¬−�ï äã−ªæ¨®−�«ì−�ï
¥¤¨−¨æ� à¥�«¨§ã¥â «¨èì ®¤−ã äã−ªæ¨î ¯® ¯à¨−æ¨¯ã ¬�ªá¨¬�«ì−®£® ¨«¨ −ã«¥¢®£®
¤¥©áâ¢¨ï. ’®£¤�, −�¯à¨¬¥à, ¢ ª�ç¥áâ¢¥ ‘”… ¯®¤¦¥«ã¤®ç−®© ¦¥«¥§ë (�†) ¬®¦−®
®¯à¥¤¥«¨âì ¤®«ìª¨ ¨«¨ �æ¨−ãáë ¨ ®áâà®¢ª¨ ‹�−£¥à£�−á�. …áâì ç¥«®¢¥ç¥áª¨¥
¨ â¥å−¨ç¥áª¨¥ à¥áãàáë.

‘¢®©áâ¢® −� à¨á. 2 | ¢á¥ â®, çâ® −¥ ï¢«ï¥âáï £à�−¨æ�¬¨ ¤�−−®£® à¥áãàá�.
�â® â®, çâ®, å�à�ªâ¥à¨§ãï à¥áãàáë, −¥ ®¡à�§ã¥â −®¢ëå à¥áãàá®¢. ‚ë¤¥«ïîâ ä¨-
§¨ç¥áª¨¥ á¢®©áâ¢� (¯�à�¬¥âàë), å�à�ªâ¥à¨áâ¨ç¥áª¨¥ á¢®©áâ¢� (å�à�ªâ¥à¨áâ¨ª¨),
¨¬¥−−ë¥ á¢®©áâ¢� (¨¬¥−�) ¨ äã−ªæ¨¨ (¯à¥¤−�§−�ç¥−¨¥ à¥áãàá�). �â®, −�¯à¨¬¥à,
¯à¨§−�ª¨, ®¯¨áë¢�îé¨¥ á®áâ®ï−¨¥ §¤®à®¢ìï ¯�æ¨¥−â�, á®¢®ªã¯−®áâ¨ ª®â®àëå
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÷¨á. 2 Š®−æ¥¯âã�«ì−®-¢¨§ã�«ì−®¥ ï¤à® úà¥áãàá{á¢®©áâ¢®{¤¥©áâ¢¨¥{®â−®è¥−¨¥û:
PRESd , PPRd ¨PACTd | ¬−®¦¥áâ¢� ¢¨§ã�«ì−ëå á¨¬¢®«®¢ à¥áãàá®¢, á¢®©áâ¢ ¨ ¤¥©áâ¢¨©;
PRESPR, RPRRES, RRESACT, RACTRES, RPRACT, RACTPR, VRRESPR, VRPRRES,
VRRESACT, VRACTRES, VRPRACT ¨ VRACTPR | ¬−®¦¥áâ¢� ®â−®è¥−¨© úà¥áãàá{
á¢®©áâ¢®û, úá¢®©áâ¢®{à¥áãàáû, úà¥áãàá{¤¥©áâ¢¨¥û, ú¤¥©áâ¢¨¥{à¥áãàáû, úá¢®©áâ¢®{¤¥©-
áâ¢¨¥û, ú¤¥©áâ¢¨¥{á¢®©áâ¢®û ¨ ¨å à®«¥¢ë¥ ¢¨§ã�«ì−ë¥ ¬®¤¥«¨ á®®â¢¥âáâ¢¥−−®; GRES,
GPR, GACT ¨ GR | ¡¨¥ªæ¨ï ¬−®¦¥áâ¢ à¥áãàá®¢, á¢®©áâ¢, ¤¥©áâ¢¨© ¨ ®â−®è¥−¨© −�
¬−®¦¥áâ¢� ¨å ¢¨§ã�«ì−ëå á¨¬¢®«®¢ á®®â¢¥âáâ¢¥−−®; F , CH, PA ¨ NM | ¬−®¦¥áâ¢�
äã−ªæ¨©, å�à�ªâ¥à¨áâ¨ª, ¯�à�¬¥âà®¢ ¨ ¨¬¥−

¬®£ãâ á®®â¢¥âáâ¢®¢�âì â®¬ã ¨«¨ ¨−®¬ã §�¡®«¥¢�−¨î, ¯�à�¬¥âàë �¯¯�à�â®¢ ª®¬-
¯ìîâ¥à−®© â®¬®£à�ä¨¨ (Š’), ã«ìâà�§¢ãª®¢®£® ®¡á«¥¤®¢�−¨ï ¨ ¤à.

��à�¬¥âà | á¢®©áâ¢®, §−�ç¥−¨¥ ª®â®à®£® ¬®¦¥â ¡ëâì ¨§¬¥à¥−® ¯® −¥ª®-
â®à®© èª�«¥. ��¯à¨¬¥à, áª®à®áâì ª«ã¡®çª®¢®© ä¨«ìâà�æ¨¨, â¥¬¯¥à�âãà�,
ª®−æ¥−âà�æ¨ï £«îª�£®−� ¢ áë¢®à®âª¥ ªà®¢¨.
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•�à�ªâ¥à¨áâ¨ª� | á¢®©áâ¢®, ¢ëà�¦�îé¥¥ áâà®¥−¨¥, ãáâà®©áâ¢®, ®á®¡¥−-
−®áâ¨. ��¯à¨¬¥à, ¬−®£®á«®©−�ï Š’, á¯¨à�«ì−�ï Š’, �«ì¢¥®«ïà−�ï ¦¥«¥§�,
íª§®ªà¨−−�ï ç�áâì ¯®¤¦¥«ã¤®ç−®© ¦¥«¥§ë, −¥©à®í−¤®ªà¨−−�ï ®¯ãå®«ì.

”ã−ªæ¨ï | á¢®©áâ¢®, ¢ëà�¦�îé¥¥ ¯à¥¤−�§−�ç¥−¨¥ à¥áãàá�. ��¯à¨¬¥à,
®à£�− ¯¨é¥¢�à¥−¨ï, ¯¥à¥−®á ª¨á«®à®¤�, á¥ªà¥æ¨ï £®à¬®−®¢.

ˆ¬ï | á¢®©áâ¢®, ¨¤¥−â¨ä¨æ¨àãîé¥¥ à¥áãàáë, ¤¥©áâ¢¨ï, §�¤�ç¨, ¬¥â®¤ë
¨ ¢ë¤¥«ïîé¥¥ ¨å áà¥¤¨ ¤àã£¨å á ®¤¨−�ª®¢ë¬¨ ¯�à�¬¥âà�¬¨, äã−ªæ¨ï¬¨ ¨ å�-
à�ªâ¥à¨áâ¨ª�¬¨. ��¯à¨¬¥à, ª«�áá Š’-�¯¯�à�â�, ¬®¤¥«ì ¯à®â¥§� àãª¨.

„¥©áâ¢¨¥ | ä®à¬� ¨«¨ ¯®−ïâ¨¥, ®¡®§−�ç�îé¥¥ (¨«¨ á¨¬¢®«¨§¨àãîé¥¥) ®â−®-
è¥−¨ï −� à¥áãàá�å ª�ª á«¥¤áâ¢¨¥ ¤¥ïâ¥«ì−®áâ¨ (¨á¯®«−ï¥¬ëå äã−ªæ¨© ®à£�−¨§¬�
ª�ª á¨áâ¥¬ë) ¨ ¢−¥è−¨å ¢®§¤¥©áâ¢¨© (−�¯à¨¬¥à, à�¤¨ª�«ì−�ï, á¨¬¯â®¬�â¨ç¥áª�ï,
¢®ááâ�−®¢¨â¥«ì−�ï â¥à�¯¨¨). ÷¥�ªæ¨¨, ¢ â®¬ ç¨á«¥ ¯�â®«®£¨ç¥áª¨¥, −¥¤®áâ�-
â®ç−ë¥ ¨«¨ çà¥§¬¥à−ë¥, ¢ à¥§ã«ìâ�â¥ ª®â®àëå ¢®§−¨ª�îâ ¤¥ä¥ªâë (®¯ãå®«¨,
£¨¯®âà®ä¨¨, ¨−ä¨«ìâà�âë, −�£−®¥−¨ï ¨ â. ¤.) | íâ® ¤¥©áâ¢¨ï.

Ÿ¤à® −� à¨á. 2 ¤�¥â ¤®áâ�â®ç−® ¯à®áâ®¥ ¨ ¯à®§à�ç−®¥ áâàãªâãà¨à®¢�−¨¥ ¬¨à�
¢¨§ã�«ì−®© ¤¨�£−®áâ¨ª¨, ãâ¢¥à¦¤�ï, çâ® íâ® ¥áâì ¬¨à à¥áãàá®¢, ¤¥©áâ¢¨© ¨å
á¢®©áâ¢ ¨ ¤¥¢ïâ¨ ª«�áá®¢ ®â−®è¥−¨© (¯¥â«¨ úà¥áãàá{à¥áãàáû, ú¤¥©áâ¢¨¥{¤¥©áâ-
¢¨¥û, úá¢®©áâ¢®{á¢®©áâ¢®û −� à¨á. 2 ®¯ãé¥−ë).

÷�áè¨à¨¬ ï¤à® KKVYd. �� à¨á. 3 ¯à¥¤áâ�¢«¥−ë ¤®¯®«−ïîé¨¥ áå¥¬ã −�
à¨á. 2 ª®−áâàãªâë à�áè¨à¥−−®£® ï¤à�. „«ï ¬®¤¥«¨à®¢�−¨ï ¯à¥¤¬¥â−ëå §−�−¨© ®¡
®¡ê¥ªâ¥ ¤¨�£−®áâ¨ª¨ (¯�æ¨¥−â¥) −¥®¡å®¤¨¬® à�áè¨à¨âì ª®−æ¥¯âã�«ì−®-¢¨§ã�«ì-
−®¥ ï¤à® KKVYd ª®−æ¥¯â�¬¨ (¨ á®®â¢¥âáâ¢ãîé¨¬¨ ¨¬ ¢¨§ã�«ì−ë¬¨ á¨¬¢®«�¬¨)
¥¤¨−¨æ�¬¨ ¨§¬¥à¥−¨ï (ú¬¥à�¬¨û,MES), ú§−�ç¥−¨ï¬¨û (VAL) ¨ úá®áâ®ï−¨ï¬¨û
(ST). „«ï ¬®¤¥«¨à®¢�−¨ï ¯à¥¤¬¥â−ëå §−�−¨© ® áã¡ê¥ªâ¥ ¤¨�£−®áâ¨ª¨ («¥ç�é¨©
¢à�ç ¨ ã§ª®á¯¥æ¨�«¨§¨à®¢�−−ë¥ ¢à�ç¨) | ú®æ¥−ª¨û (EST).

÷�áá¬®âà¨¬ ¯®¤à®¡−¥¥ ª®−æ¥¯âë à�áè¨à¥−¨ï ª®−æ¥¯âã�«ì−®-¢¨§ã�«ì−®£®
ï¤à� ú¬¥à�{§−�ç¥−¨¥{á®áâ®ï−¨¥{®æ¥−ª�û (á¬. à¨á. 3).

Œ¥à� | ¯®−ïâ¨¥, ®¡®§−�ç�îé¥¥ ¯à¨−ïâãî ¥¤¨−¨æã ¯�à�¬¥âà� á¢®©áâ¢� ¨ ¨á-
¯®«ì§ã¥¬ãî ¢ ª�ç¥áâ¢¥ ¬¥àë ¯®á«¥¤−¥£®. ��¯à¨¬¥à, ¬ª¬®«ì/«, ç�áâ®â� á¥à¤¥ç-
−ëå á®ªà�é¥−¨© ¢ ¬¨−ãâã, ¥¤¨−¨æ/« ¨ ¤à.

‡−�ç¥−¨¥ | ¯®−ïâ¨¥ ¨«¨ ç¨á«®, ¯®ª�§ë¢�îé¥¥ ª®«¨ç¥áâ¢® ¥¤¨−¨æ ¬¥àë.
��¯à¨¬¥à, �ªâ¨¢−®áâì �¬¨«�§ë ¢ ¬®ç¥ 700 ¥¤¨−¨æ/«, ãà®¢¥−ì áë¢®à®â®ç−®£®
¡¨«¨àã¡¨−� 340 ¬ª¬®«ì/«, ¯®¢ëè¥−−�ï ª®−æ¥−âà�æ¨ï ¬®ç¥¢¨−ë ¢ áë¢®à®âª¥.

‘®áâ®ï−¨¥ | ¯®−ïâ¨¥, ®¡®§−�ç�îé¥¥ ¢−¥è−¥¥ ¯à®ï¢«¥−¨¥ ¯à®æ¥áá®¢, ¯à®¨á-
å®¤ïé¨å ¢ à¥áãàá¥ ¢ −¥ª®â®àë© ¬®¬¥−â ¢à¥¬¥−¨. ��¯à¨¬¥à, −�àãè¥−� áâàãªâãà�
á«¨§¨áâ®© ®¡®«®çª¨ â®−ª®© ª¨èª¨, ª«îç¥¢ë¥ ä¥à¬¥−âë £«¨ª®«¨§� �ªâ¨¢−ë.

‘®áâ®ï−¨¥ ®¡ê¥ªâ� ¤¨�£−®áâ¨ª¨ STod(t) ¢ ¬®¬¥−â ¢à¥¬¥−¨ t| ¨−â¥£à¨à®¢�−-
−ë© ®¡à�§ á®¢®ªã¯−®áâ¨ áãé¥áâ¢¥−−ëå ¤«ï à¥è�¥¬®© ¢ ¬®¬¥−â t ¤¨�£−®áâ¨ç¥áª®©
§�¤�ç¨ ¯�à�¬¥âà®¢, ª�ç¥áâ¢¥−−ëå −¥ç¥âª¨å å�à�ªâ¥à¨áâ¨ª à¥áãàá®¢ ¨ ¨á¯®«-
−ï¥¬ëå äã−ªæ¨©, � â�ª¦¥ d-á¨âã�æ¨© ®¤−®¢à¥¬¥−−®£® ¨á¯®«−¥−¨ï −¥ª®â®à®£®
¬−®¦¥áâ¢� ¤¥©áâ¢¨© −�¤ ®¡ê¥ªâ®¬ ¤¨�£−®áâ¨ª¨ | ¤¨�£−®áâ¨ç¥áª¨å ®¯¥à�æ¨© ¨ ¨å
«®ª�«¨§�æ¨¨ | ¨ r-á¨âã�æ¨© | ®¤−®¢à¥¬¥−−®£® ¢ë¯®«−¥−¨ï ¤¥©áâ¢¨© à¥áãà-
á�¬¨, â. ¥. à¥�ªæ¨¨ ®¤−¨å á¨áâ¥¬ ®à£�−¨§¬�, ¥£® ¯®¤á¨áâ¥¬ ¨ ¨å í«¥¬¥−â®¢ −�
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÷¨á. 3 ÷�áè¨à¥−¨¥ ª®−æ¥¯âã�«ì−®-¢¨§ã�«ì−®£® ï¤à� ú¬¥à�{§−�ç¥−¨¥{á®áâ®ï−¨¥{®æ¥−-
ª�û: PRESd , PPRd ¨ PACTd | ¬−®¦¥áâ¢� ¢¨§ã�«ì−ëå á¨¬¢®«®¢ à¥áãàá®¢, á¢®©áâ¢
¨ ¤¥©áâ¢¨©; RMESPR, RPRMES, RPRVAl, RMESVAL, RRESST, RACTEST, VRMESPR,
VRPRMES, VRPRVAL, VRMESVAL, VRRESST ¨ VRACTEST | ¬−®¦¥áâ¢® ®â−®è¥−¨©
ú¬¥à�{á¢®©áâ¢®û, úá¢®©áâ¢®{¬¥à�û, úá¢®©áâ¢®{§−�ç¥−¨¥û, ú¬¥à�{§−�ç¥−¨¥û, úà¥áãàá{
á®áâ®ï−¨¥û, ú¤¥©áâ¢¨¥{®æ¥−ª�û ¨ ¨å à®«¥¢ë¥ ¢¨§ã�«ì−ë¥ ¬®¤¥«¨ á®®â¢¥âáâ¢¥−−®;GRES,
GPR, GACT, GR, GVAL, GMES, GST ¨ GEST | ¡¨¥ªæ¨¨ ¬−®¦¥áâ¢ à¥áãàá®¢, á¢®©áâ¢,
¤¥©áâ¢¨©, ®â−®è¥−¨©, §−�ç¥−¨©, ¬¥à, á¢®©áâ¢ ¨ ®æ¥−®ª −� ¬−®¦¥áâ¢� ¨å ¢¨§ã�«ì−ëå
á¨¬¢®«®¢ á®®â¢¥âáâ¢¥−−®; RR (reference range) | à¥ä¥à¥−á−ë¥ §−�ç¥−¨ï

¤¥ïâ¥«ì−®áâì ¤àã£¨å á¨áâ¥¬ ®à£�−¨§¬�, ¥£® ¯®¤á¨áâ¥¬ ¨ ¨å í«¥¬¥−â®¢, � â�ª¦¥
à¥�ªæ¨¨ −� ¢−¥è−¨¥ ¢®§¤¥©áâ¢¨ï −� ®à£�−¨§¬.

�æ¥−ª� | ¯®−ïâ¨¥, ®â®¡à�¦�îé¥¥ à¥§ã«ìâ�â ¢ë¯®«−¥−¨ï ¤¥©áâ¢¨© −� ®æ¥-
−®ç−ë¥ èª�«ë. “áâ�−®¢«¥−¨¥ ¬¥àë ¡«¨§®áâ¨ â¥ªãé¥£® á®áâ®ï−¨ï à¥áãàá®¢ ª ¦¥-
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‚¨§ã�«ì−ë© ¬¥â�ï§ëª ®¯¨á�−¨ï à¥è¥−¨ï ¤¨�£−®áâ¨ç¥áª¨å ¯à®¡«¥¬

«�¥¬®¬ã. ��¯à¨¬¥à, ¯®«ãç¥−¨¥ ¨−ä®à¬�â¨¢−ëå à¥§ã«ìâ�â®¢ Š’, á¤¢¨£ ¢«¥¢®
«¥©ª®æ¨â�à−®© ä®à¬ã«ë, á−¨¦¥−−�ï ¨ −¥®¤−®à®¤−�ï íå®£¥−−®áâì ¯�à¥−å¨¬ë.

�� á«¥¤ãîé¥¬ íâ�¯¥ ¨áá«¥¤®¢�−¨ï ¡ã¤¥â −¥®¡å®¤¨¬®:
(1) ¢¢¥áâ¨ ª®−æ¥¯â ú§�¤�ç�û (PRB) ¨ ª®−æ¥¯âë ¤«ï ¬®¤¥«¨à®¢�−¨ï ¯à¥¤¬¥â−ëå

§−�−¨© ® áã¡ê¥ªâ¥ ¬®¤¥«¨à®¢�−¨ï | ú¬¥â®¤û (MET), ú¬®¤¥«ìû (MOD)û;
(2) �¤�¯â¨à®¢�âì ¬¥â®¤ á¬¥è�−−®© à¥¤ãªæ¨¨ ®â−®á¨â¥«ì−® ¤¨�£−®áâ¨ç¥áª®©

¯à®¡«¥¬ë á ª®£−¨â¨¢−®© ¢¨§ã�«¨§�æ¨¥© ¥¥ í«¥¬¥−â®¢ ¨ ¯à®¡«¥¬ë ¢ æ¥«®¬,
� â�ª¦¥ ®¯à¥¤¥«¨âì ¬−®¦¥áâ¢® ®â−®è¥−¨© ¨ á¯®á®¡®¢ ¨å à¥¯à¥§¥−â�æ¨¨
¢ ¨¥à�àå¨ç¥áª®© áâàãªâãà¥ ¤¥ª®¬¯®§¨æ¨¨.

4 Заключение

‘®§¤�−¨¥ �ªá¨®¬�â¨ç¥áª®© â¥®à¨¨ à®«¥¢ëå ¢¨§ã�«ì−ëå ®â−®è¥−¨© ¯à®¡-
«¥¬−®© ¤¨�£−®áâ¨ç¥áª®© á¨âã�æ¨¨ ¨ ¥¥ í«¥¬¥−â®¢ −� ª�â¥£®à¨�«ì−®¬ ï¤à¥
úà¥áãàá{á¢®©áâ¢®{¤¥©áâ¢¨¥{®â−®è¥−¨¥û, ®¡ãá«®¢«¨¢�îé¨å à¥«¥¢�−â−®¥ ®â®¡à�-
¦¥−¨¥ ¢¥à¡�«ì−®-á¨¬¢®«ì−®£® ¨ ¢¨§ã�«ì−®-¯à®áâà�−áâ¢¥−−®£® �á¯¥ªâ®¢ ¨−â¥«-
«¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¢ �àå¨â¥ªâãàã ¨ �«£®à¨â¬ë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ª-
â�, ¯®§¢®«¨â ¯®«ãç¨âì −®¢ë¥ â¥®à¥â¨ç¥áª¨¥, ¬¥â®¤®«®£¨ç¥áª¨¥ ¨ â¥å−®«®£¨ç¥áª¨¥
§−�−¨ï ¯® ¨−ä®ª®¬¬ã−¨ª�æ¨®−−ë¬ â¥å−®«®£¨ï¬ ¢¨§ã�«ì−®£® ¬ëè«¥−¨ï ¢ ¯à®-
æ¥áá�å ¬¥¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¨.
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Abstract: The paper considers the idea of the visual metalanguage describing
the solution of a diagnostic problem by a combination of several interconnected
reasoning processes in different languages. The approach to reducing a diagnostic
problem with cognitive visualization is also observed. The diagnostic problem is
presented as a decomposition of elements of different types hierarchically arranged
with horizontal connections. It includes domain diagnostic solution, diagnostic
tasks and subtasks, diagnostic solutions-bundles and compensated difficulties.
The axiomatic theory of role visual diagnostic models of functional hybrid
intelligent diagnostic systems is based on the considered visual metalanguage.
Such systems are the support systems for making diagnostic decisions with
cognitive visualization of problems and obtaining an integrated image | the
\state of human organs and systems."
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СТАЦИОНАРНЫЕ ХАРАКТЕРИСТИКИ ОБСЛУЖИВАНИЯ
В СИСТЕМЕ GI/MSP/n/∞ С ОБОБЩЕННЫМ

ОБНОВЛЕНИЕМ∗

И. С. Зарядов1, Л. А. Мейханаджян2, Т. А. Милованова3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï á¨áâ¥¬� ®¡á«ã¦¨¢�−¨ï GI/MSP/n/∞ á à¥-
ªãàà¥−â−ë¬ ¢å®¤ïé¨¬ ¯®â®ª®¬, n ¨¤¥−â¨ç−ë¬¨ ¯à¨¡®à�¬¨, ®¡á«ã¦¨¢�−¨¥¬
¬�àª®¢áª®£® â¨¯�, ®ç¥à¥¤ìî −¥®£à�−¨ç¥−−®© ¥¬ª®áâ¨ ¨ ®¡®¡é¥−−ë¬ ®¡−®¢-
«¥−¨¥¬. �¡®¡é¥−−®¥ ®¡−®¢«¥−¨¥, ï¢«ïîé¥¥áï à�§−®¢¨¤−®áâìî ¬¥å�−¨§¬�
�ªâ¨¢−®£® ã¯à�¢«¥−¨ï ®ç¥à¥¤ìî, ¯à¥¤¯®«�£�¥â, çâ® ¢ ¬®¬¥−â ®ª®−ç�−¨ï ®¡-
á«ã¦¨¢�−¨ï ¯®ª¨¤�îé�ï á¨áâ¥¬ã §�ï¢ª� ¬®¦¥â ã¤�«¨âì ¨§ ®ç¥à¥¤¨ −¥ª®â®à®¥
á«ãç�©−®¥ ç¨á«® ®¦¨¤�îé¨å §�ï¢®ª á §�¤�−−ë¬ ¢¥à®ïâ−®áâ−ë¬ à�á¯à¥¤¥«¥-
−¨¥¬. ‘ ¯®¬®éìî ¬¥â®¤� ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢� −�©¤¥−ë áâ�æ¨®−�à−ë¥
à�á¯à¥¤¥«¥−¨ï ®á−®¢−ëå ¯®ª�§�â¥«¥© äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë. �®«ãç¥−-
−ë¥ á®®â−®è¥−¨ï ¤�îâ ¢®§¬®¦−®áâì −�¯¨á�−¨ï ¯à®£à�¬¬ à�áç¥â�, ¯®§¢®«ï-
îé¨å ¢ëç¨á«¨âì ª�ª áâ�æ¨®−�à−ë¥ ¢¥à®ïâ−®áâ¨ ç¨á«� §�ï¢®ª ¢ á¨áâ¥¬¥ ¯®
¬®¬¥−â�¬ ¯®áâã¯«¥−¨ï §�ï¢®ª ¨ ¯® ¢à¥¬¥−¨, â�ª ¨ áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥
¢à¥¬¥−¨ ®¦¨¤�−¨ï −�ç�«� ®¡á«ã¦¨¢�−¨ï (¯à¨ ¯àï¬®¬ ¯®àï¤ª¥ ®¡á«ã¦¨¢�−¨ï
¨ ®¡−®¢«¥−¨ï).

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï; ®¡®¡é¥−−®¥ ®¡−®¢«¥−¨¥;
¬�àª®¢áª¨© ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï; ã¯à�¢«¥−¨¥ ®ç¥à¥¤ìî; ¢«®¦¥−−�ï æ¥¯ì
Œ�àª®¢�

DOI: 10.14357/08696527190405

1 Введение

‚ à�¡®â¥ à�áá¬�âà¨¢�¥âáï n-«¨−¥©−�ï á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï
(‘Œ�) á ®¤−®© ®ç¥à¥¤ìî −¥®£à�−¨ç¥−−®© ¥¬ª®áâ¨, à¥ªãàà¥−â−ë¬ ¢å®¤ïé¨¬
¯®â®ª®¬ §�ï¢®ª, á¯¥æ¨�«ì−ë¬ ®¡á«ã¦¨¢�−¨¥¬ ¬�àª®¢áª®£® â¨¯� ¨ ¬¥å�−¨§¬®¬
®¡®¡é¥−−®£® ®¡−®¢«¥−¨ï á®£«�á−® [1]. ‘ ¯®¬®éìî ¬¥â®¤� ¢«®¦¥−−®© æ¥¯¨
Œ�àª®¢� −�©¤¥−ë áâ�æ¨®−�à−ë¥ à�á¯à¥¤¥«¥−¨ï ®á−®¢−ëå å�à�ªâ¥à¨áâ¨ª ®¡á«ã-
¦¨¢�−¨ï. �à¨¢¥¤¥−−ë¥ §¤¥áì à¥§ã«ìâ�âë ®¡®¡é�îâ �−�«®£¨ç−ë¥ à¥§ã«ìâ�âë
áâ�â¥© [1{4], ¯®«ãç¥−−ë¥ ¤«ï ®¤−®«¨−¥©−®© á¨áâ¥¬ë G/MSP/1/r ¨ ¬−®£®«¨-
−¥©−ëå á¨áâ¥¬ G/M/n/r á ®¡−®¢«¥−¨¥¬. Šà®¬¥ â®£®, ¯à¥¤«®¦¥−−�ï ¬®¤¥«ì

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 19-07-00739).
1÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢; ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì-

−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
zaryadov-is@rudn.ru

2”¨−�−á®¢ë© ã−¨¢¥àá¨â¥â ¯à¨ �à�¢¨â¥«ìáâ¢¥ ÷”, lamejkhanadzhyan@fa.ru
3÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢, milovanova-ta@rudn.ru
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‘â�æ¨®−�à−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®¡á«ã¦¨¢�−¨ï ¢ á¨áâ¥¬¥ GI/MSP/n/∞ á ®¡−®¢«¥−¨¥¬

¯à®æ¥áá� ®¡á«ã¦¨¢�−¨ï ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª ®¡®¡é¥−¨¥ (¢ á«ãç�¥ ¨¤¥−-
â¨ç−ëå ¯à¨¡®à®¢) ¬�àª®¢áª®£® ®¡á«ã¦¨¢�−¨ï (Markovian Service Process), ®¡ëç-
−® ¨á¯®«ì§ã¥¬®£® ¯à¨ ®¯¨á�−¨¨ à�¡®âë ¯à¨¡®à®¢ ¢ ‘Œ�, äã−ªæ¨®−¨àãîé¨å
¢ á«ãç�©−®© áà¥¤¥ [5{8].

�â¬¥â¨¬ â�ª¦¥, çâ® ¨−â¥à¥á ª ¬®¤¥«ï¬, ¯®¤®¡−ë¬ â®©, çâ® à�áá¬�âà¨¢�¥âáï
¢ áâ�âì¥, á¢ï§�− á ¯¥àá¯¥ªâ¨¢�¬¨ ¯à¨¬¥−¥−¨ï ¬¥å�−¨§¬� ®¡®¡é¥−−®£® ®¡−®¢«¥−¨ï
¢ ª�ç¥áâ¢¥ �«£®à¨â¬� �ªâ¨¢−®£® ã¯à�¢«¥−¨ï ®ç¥à¥¤ï¬¨ (á¬. ¯®¤à®¡−¥¥ ¢ [9{13]).

2 Описание системы

÷�áá¬�âà¨¢�¥âáï n-«¨−¥©−�ï ‘Œ� G/MSP/n/∞ á ®ç¥à¥¤ìî ¡¥áª®−¥ç−®©
¥¬ª®áâ¨ ¨ ®¡®¡é¥−−ë¬ ®¡−®¢«¥−¨¥¬. ‚å®¤ïé¨© ¢ á¨áâ¥¬ã ¯®â®ª §�ï¢®ª ï¢«ï¥âáï
à¥ªãàà¥−â−ë¬, ¯à¨ç¥¬ ¢à¥¬ï ¬¥¦¤ã á®á¥¤−¨¬¨ ¯®áâã¯«¥−¨ï¬¨ §�ï¢®ª ¨¬¥¥â
¯à®¨§¢®«ì−ãî äã−ªæ¨î à�á¯à¥¤¥«¥−¨ï A(x). �ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® áà¥¤−¥¥
¢à¥¬ï a =

∫∞
0 x dA(x) ¬¥¦¤ã ¯®áâã¯«¥−¨ï¬¨ §�ï¢®ª ª®−¥ç−® ¨, ªà®¬¥ â®£®, â�¬,

£¤¥ à¥çì ¯®©¤¥â ® áâ�æ¨®−�à−®¬ à�á¯à¥¤¥«¥−¨¨ ¯® ¢à¥¬¥−¨, ¡ã¤¥¬ áç¨â�âì, çâ®
à�á¯à¥¤¥«¥−¨¥ A(x) ï¢«ï¥âáï −¥à¥è¥âç�âë¬.

Œ�àª®¢áª¨© ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï §�ï¢®ª ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬.
…á«¨ ¢ á¨áâ¥¬¥ −�å®¤¨âáï k §�ï¢®ª, â® ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï ¬®¦¥â −�å®¤¨âìáï
¢ ®¤−®¬ ¨§ lk, 1 ≤ lk < ∞, á®áâ®ï−¨© (ä�§ ®¡á«ã¦¨¢�−¨ï). ’®£¤� ¥á«¨ ä�§�
®¡á«ã¦¨¢�−¨ï à�¢−� i, 1 ≤ i ≤ lk, â® §� ú¬�«®¥û ¢à¥¬ï – á ¢¥à®ïâ−®áâìî

λ
(k)
ij –+ o(–) ä�§� ¨§¬¥−¨âáï −� j-î, 1 ≤ j ≤ lk, ¨ ¢á¥ §�ï¢ª¨ ¡ã¤ãâ ¯à®¤®«¦�âì

®¡á«ã¦¨¢�âìáï, � á ¢¥à®ïâ−®áâìî n
(k)
ij –+ o(–) ä�§� ¨§¬¥−¨âáï −� j-î, 1 ≤ j ≤

≤ lk−1, −® ®¡á«ã¦¨¢�−¨¥ ®¤−®© ¨§ §�ï¢®ª §�ª®−ç¨âáï ¨ ®−� ¯®ª¨−¥â á¨áâ¥¬ã.

Œ�âà¨æë ¨§ í«¥¬¥−â®¢ λ
(k)
ij ¨ n

(k)
ij ¡ã¤¥¬ ®¡®§−�ç�âì ç¥à¥§ ˜k ¨ Nk, k ≥ 1.

Šà®¬¥ â®£®, ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® lk = l ¯à¨ k ≥ n; â®£¤� ¬�âà¨æë ˜k = ˜
á®¢¯�¤�îâ ¯à¨ k ≥ n, � ¬�âà¨æë Nk = N á®¢¯�¤�îâ ¯à¨ k ≥ n + 1. ��ª®−¥æ,
¡ã¤¥¬ áç¨â�âì, çâ® −� á¢®¡®¤−®¬ ¯¥à¨®¤¥ ä�§� ®¡á«ã¦¨¢�−¨ï −¥ ¨§¬¥−ï¥âáï.
…á«¨ ¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï ®ç¥à¥¤−®© §�ï¢ª¨ ¢ á¨áâ¥¬¥ ¨¬¥¥âáï k, 0 ≤ k ≤ n−1,
¤àã£¨å §�ï¢®ª ¨ ä�§� ®¡á«ã¦¨¢�−¨ï à�¢−� i, 1 ≤ i ≤ lk, â® ¯®á«¥ ¯®áâã¯«¥−¨ï

−®¢®© §�ï¢ª¨ ®−� á ¢¥à®ïâ−®áâìî ω
(k)
ij ¨§¬¥−¨âáï −� j, 1 ≤ j ≤ lk+1. Œ�âà¨æã ¨§

í«¥¬¥−â®¢ ω(k)ij ¡ã¤¥¬ ®¡®§−�ç�âì ç¥à¥§ Ÿk.
�¡®¡é¥−−®¥ ®¡−®¢«¥−¨¥ ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬ (á¬. â�ª¦¥ [1]).

��å®¤ïé�ïáï −� ¯à¨¡®à¥ §�ï¢ª� ¢ ¬®¬¥−â ®ª®−ç�−¨ï ®¡á«ã¦¨¢�−¨ï ®¤−®¢à¥¬¥−−®
á ãå®¤®¬ ¨§ á¨áâ¥¬ë «¨¡® á ¢¥à®ïâ−®áâìî q(l) ã¤�«ï¥â (úã¡¨¢�¥âû) ¨§ ®ç¥à¥¤¨
à®¢−® l §�ï¢®ª, ¥á«¨ ¢ −¥© −�å®¤¨âáï ¡®«¥¥ l §�ï¢®ª, «¨¡® á ¢¥à®ïâ−®áâìî Q(l) =
=
∑∞

k=l q(k) ¯®«−®áâìî ®¯ãáâ®è�¥â ®ç¥à¥¤ì, ¥á«¨ ¢ −¥© ¡ë«® à®¢−® l §�ï¢®ª.
‚¥à®ïâ−®áâ¨ q(l) −�§ë¢�îâáï ¢¥à®ïâ−®áâï¬¨ ®¡−®¢«¥−¨ï. �ç¥¢¨¤−®, çâ® Q(0) =
=
∑∞

l=0 q(l) = 1, � ¢¥à®ïâ−®áâì â®£®, çâ® §�ª®−ç¨¢è�ï ®¡á«ã¦¨¢�−¨¥ −� ¯à¨¡®à¥
§�ï¢ª� ¯®ª¨−¥â á¨áâ¥¬ã, −¥ ®ª�§ë¢�ï −� −¥¥ −¨ª�ª®£® ¢®§¤¥©áâ¢¨ï, | íâ® q(0).
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�à¥¤¯®«�£�¥âáï, çâ® ¬�âà¨æ� ˜+N ï¢«ï¥âáï −¥à�§«®¦¨¬®©, � ¬�âà¨æ�N |
−¥−ã«¥¢®©. �®«¥¥ â®£®, ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® ¯à¨ ¨áå®¤−ëå ¯�à�¬¥âà�å
à�áá¬�âà¨¢�¥¬®© ‘Œ� ¢¢¥¤¥−−�ï ¤�«¥¥ ¢«®¦¥−−�ï æ¥¯ì Œ�àª®¢� ¡ã¤¥â −¥-
¯à¨¢®¤¨¬®© ¨ áãé¥áâ¢ã¥â áâ�æ¨®−�à−ë© à¥¦¨¬, −¥®¡å®¤¨¬ë¬ ¨ ¤®áâ�â®ç−ë¬
ãá«®¢¨¥¬ ª®â®à®£® ï¢«ï¥âáï ¢ë¯®«−¥−¨¥ −¥à�¢¥−áâ¢�1:

a−1 < πsN~1

∞
∑

i=0

(i+ 1)q(i) ,

£¤¥ ¢ ¯à�¢®© ç�áâ¨ áâ®¨â áà¥¤−¥¥ ç¨á«® ¯®ª¨¤�îé¨å á¨áâ¥¬ã §� ¥¤¨−¨æã ¢à¥-
¬¥−¨ §�ï¢®ª ¯à¨ ãá«®¢¨¨, çâ® ¢ á¨áâ¥¬¥ −�å®¤¨âáï ¡¥áª®−¥ç−®¥ ç¨á«® §�ï¢®ª
(� ~πs | ¢¥ªâ®à áâ�æ¨®−�à−ëå ¢¥à®ïâ−®áâ¥© ¬�àª®¢áª®£® ¯à®æ¥áá� á ¨−ä¨−¨â¥§¨-
¬�«ì−®© ¬�âà¨æ¥© ˜ +N ). ��ª®−¥æ, ¡ã¤¥¬ áç¨â�âì, çâ® §�ï¢ª¨ ®¡á«ã¦¨¢�îâáï
¨ úã¡¨¢�îâáïû ¢ ¯®àï¤ª¥ ¯®áâã¯«¥−¨ï.

3 Стационарные распределения числа заявок в системе

÷�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−ë¥ ¬®¬¥−âë τn, n ≥ 0, ¯®áâã¯«¥−¨ï §�ï¢®ª ¢ á¨á-
â¥¬ã. �ãáâì ξ(t) | ä�§� ®¡á«ã¦¨¢�−¨ï §�ï¢®ª ¢ ¬®¬¥−â ¢à¥¬¥−¨ t, � ν(t) |
ç¨á«® §�ï¢®ª ¢ á¨áâ¥¬¥ ¢ íâ®â ¬®¬¥−â. �¯à¥¤¥«¨¬ á«ãç�©−ë¥ ¢¥«¨ç¨−ë ξn =
= ξ(τn+0) ¨ νn = ν(τn+0), ª®â®àë¥ §�¤�îâ á®®â¢¥âáâ¢¥−−® ä�§ã ®¡á«ã¦¨¢�−¨ï
¨ ç¨á«® §�ï¢®ª ¢ á¨áâ¥¬¥ −¥¯®áà¥¤áâ¢¥−−® ¯®á«¥ ¬®¬¥−â� ¯®áâã¯«¥−¨ï n-© §�ï¢ª¨.
�®«®¦¨¬ ζn = (ξn, νn). �®á«¥¤®¢�â¥«ì−®áâì {ζn, n ≥ 0} ®¡à�§ã¥â ®¤−®à®¤−ãî
æ¥¯ì Œ�àª®¢�, ª®â®àãî ¡ã¤¥¬ −�§ë¢�âì ¢«®¦¥−−®©. Œ−®¦¥áâ¢® á®áâ®ï−¨© X

¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢� ¨¬¥¥â ¢¨¤:

X = {(1, 1), . . . , (l1, 1)} ∪ {(1, 2), . . . , (l2, 2)} ∪ . . . ,

£¤¥ ¯¥à¢ë© ¨−¤¥ªá ãª�§ë¢�¥â −� ä�§ã ®¡á«ã¦¨¢�−¨ï, � ¢â®à®© | −� ç¨á«® §�ï¢®ª
¢ á¨áâ¥¬¥ −¥¯®áà¥¤áâ¢¥−−® ¯®á«¥ ¬®¬¥−â� ¯®áâã¯«¥−¨ï §�ï¢ª¨.

‚ë¯¨è¥¬ ¬�âà¨æã ¯¥à¥å®¤−ëå ¢¥à®ïâ−®áâ¥© ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢�
{ζn, n ≥ 0}. „«ï íâ®£® á−�ç�«� ®¯à¥¤¥«¨¬ á«¥¤ãîé¨¥ ¬�âà¨æë:

{ Fk(x), k ≥ 0, | ¬�âà¨æ�, í«¥¬¥−â (Fk(x))ij , 1 ≤ i, j ≤ l, ª®â®à®©
¯à¥¤áâ�¢«ï¥â á®¡®© ãá«®¢−ãî ¢¥à®ïâ−®áâì â®£®, çâ® §� ¢à¥¬ï x á¨áâ¥¬ã
¯®ª¨−¥â à®¢−® k §�ï¢®ª ¨ ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï ¯¥à¥©¤¥â −� ä�§ã j ¯à¨
ãá«®¢¨¨, çâ® ¢ −�ç�«ì−ë© ¬®¬¥−â ¢ á¨áâ¥¬¥ (¢¬¥áâ¥ á §�ï¢ª�¬¨ −� ¯à¨¡®à�å)
¡ë«® −¥ ¬¥−¥¥ k + n §�ï¢®ª, ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï −�å®¤¨«áï −� ä�§¥ i ¨ §�
¢à¥¬ï x ¢ á¨áâ¥¬ã −¥ ¯®áâã¯¨«� −®¢�ï §�ï¢ª�;

{ Ak, k ≥ 0, | ¬�âà¨æ�, í«¥¬¥−â (Ak)ij ª®â®à®© ¯à¥¤áâ�¢«ï¥â á®¡®© ãá«®¢−ãî
¢¥à®ïâ−®áâì â®£®, çâ® §� ¢à¥¬ï ¬¥¦¤ã ¯®á«¥¤®¢�â¥«ì−ë¬¨ ¬®¬¥−â�¬¨ ¯®áâã¯-
«¥−¨ï §�ï¢®ª á¨áâ¥¬ã ¯®ª¨−ãâ k §�ï¢®ª ¨ ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï ¯¥à¥©¤¥â −�

1‡¤¥áì ¨ ¤�«¥¥ ~1| ¢¥ªâ®à ¨§ ¥¤¨−¨æ á®®â¢¥âáâ¢ãîé¥© à�§¬¥à−®áâ¨.
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ä�§ã j, ¯à¨ ãá«®¢¨¨, çâ® ¢ −�ç�«ì−ë© ¬®¬¥−â ¢ á¨áâ¥¬¥ ¡ë«® −¥ ¬¥−¥¥ k + n
§�ï¢®ª ¨ ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï −�å®¤¨«áï −� ä�§¥ i.

Œ�âà¨ç−ë¥ äã−ªæ¨¨ Fk(x) ã¤®¢«¥â¢®àïîâ à¥ªãàà¥−â−ë¬ á®®â−®è¥−¨ï¬:

F0(x) = e
˜x ; (1)

Fk(x) =

x
∫

0

k
∑

m=1

Fk−m(y)Nq(m− 1)F0(x− y) dy, k ≥ 1 , (2)

� ¬�âà¨æë Ak à�ááç¨âë¢�îâáï ¯® ä®à¬ã«¥:

Ak =

∞
∫

0

Fk(x) dA(x), k ≥ 0. (3)

‚ë¢®¤ íâ¨å á®®â−®è¥−¨© −¨ç¥¬ −¥ ®â«¨ç�¥âáï ®â ¢ë¢®¤� �−�«®£¨ç−ëå á®®â−®è¥-
−¨© ¤«ï â�ª¨å ‘Œ�, ª�ª, −�¯à¨¬¥à, MAP/G/1/r ¨«¨ SM/MSP/n/r [6, 14].
„«ï ¯®«ãç¥−¨ï à�áç¥â−ëå ä®à¬ã« ¤«ï ¬�âà¨æFk(x) ¨Ak ¬®¦−® ¢®á¯®«ì§®¢�âìáï
¬¥â®¤®¬, ¨§«®¦¥−−ë¬ ¢ [14, ¯. 7.3]. �ãáâì a = max1≤i≤l |˜ii| | ¬�ªá¨¬�«ì−ë©
¯® ¬®¤ã«î í«¥¬¥−â £«�¢−®© ¤¨�£®−�«¨ ¬�âà¨æë ˜. ’®£¤� ¨§ (1) ¨¬¥¥¬ (á¬.,
−�¯à¨¬¥à, [14, á®®â−®è¥−¨¥ (28), á. 350]):

F0(x) = e
−ax

∞
∑

i=0

(ax)i

i!

(

I + a−1˜
)i
.

‡¤¥áì ¨ ¤�«¥¥ I | ¥¤¨−¨ç−�ï ¬�âà¨æ�, ¯®àï¤®ª ª®â®à®© ®¯à¥¤¥«ï¥âáï ¨§ ª®−â¥ª-
áâ�. Œ�âà¨ç−ë¥ äã−ªæ¨¨ Fk(x), k ≥ 1, ¡ã¤¥¬ ¨áª�âì ¢ ¢¨¤¥

Fk(x) =
k
∑

i=1

“Fi(x)aki, (4)

£¤¥ äã−ªæ¨¨ “Fi(x) ¢ëç¨á«ïîâáï ¯® ä®à¬ã«�¬:

“Fk(x) = e
−ax

∞
∑

i=k

(ax)i

i!
Fki,

Fki =

i−k
∑

j=0

(

I + a−1˜
)j (

a−1N
)

Fk−1,i−j−1, i ≥ k ≥ 1 .
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�®¤áâ�¢«ïï (4) ¢ «¥¢ãî ¨ ¯à�¢ãî ç�áâ¨ (2), ¯®«ãç�¥¬ à¥ªãàà¥−â−ãî ¯à®æ¥¤ãàã
¤«ï à�áç¥â� ª®íää¨æ¨¥−â®¢ aki, k ≥ 1:

ak1 = q(k − 1) , aki =

k+1−i
∑

m=1

q(m− 1)ak−m,i−1, 2 ≤ j ≤ k .

‡�¬¥â¨¬, çâ® à�áç¥â ¬�âà¨ç−ëå ª®íää¨æ¨¥−â®¢ Fki ã¤®¡−® ®áãé¥áâ¢«ïâì à¥ªãà-
à¥−â−ë¬ ®¡à�§®¬ (á¬. [14, á®®â−®è¥−¨¥ (31), á. 350]). ‚¥à−¥¬áï ª ¬�âà¨æ�¬ Ak.
�®¤áâ�¢«ïï ¢ëà�¦¥−¨¥ (4) ¤«ï Fk(x) ¢ (3), ¯®«ãç�¥¬, çâ® ¬�âà¨æë Ak ¬®¦−®
¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥:

A0 =
∞
∑

j=0

F0jαj ; Ak =
k
∑

i=1

aki

∞
∑

j=i

Fijαj, k ≥ 1 ,

£¤¥ αi =
∫∞
0 ((ax)

i/i!)e−ax dA(x)| íªá¯®−¥−æ¨�«ì−ë© ¬®¬¥−â ¯®àï¤ª� i äã−ª-
æ¨¨ à�á¯à¥¤¥«¥−¨ï A(x).

‚¥à−¥¬áï ª ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢�. ‚ ¤�«ì−¥©è¥¬ ¯®âà¥¡ãîâáï á«¥¤ãîé¨¥
¬�âà¨æë:

{ Fkw(x), 0 ≤ w ≤ n− 1, k ≥ w, | ¬�âà¨æ�, í«¥¬¥−â (Fkw(x))ij , 1 ≤ i ≤ lk,
1 ≤ j ≤ lw, ª®â®à®© ¯à¥¤áâ�¢«ï¥â á®¡®© ãá«®¢−ãî ¢¥à®ïâ−®áâì â®£®, çâ® §�
¢à¥¬ï x á¨áâ¥¬ã ¯®ª¨−¥â k − w §�ï¢®ª ¨ ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï ¯¥à¥©¤¥â −�
ä�§ã j ¯à¨ ãá«®¢¨¨, çâ® ¢ −�ç�«ì−ë© ¬®¬¥−â ¢ á¨áâ¥¬¥ (¢¬¥áâ¥ á §�ï¢ª�¬¨
−� ¯à¨¡®à�å) ¡ë«® k §�ï¢®ª, ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï −�å®¤¨«áï −� ä�§¥ i ¨ §�
¢à¥¬ï x ¢ á¨áâ¥¬ã −¥ ¯®áâã¯¨«� −®¢�ï §�ï¢ª�;

{ Akw, 0 ≤ w ≤ n− 1, k ≥ w, | ¬�âà¨æ�, í«¥¬¥−â (Akw)ij ª®â®à®© ¯à¥¤áâ�¢-
«ï¥â á®¡®© ãá«®¢−ãî ¢¥à®ïâ−®áâì â®£®, çâ® §� ¢à¥¬ï ¬¥¦¤ã ¯®áâã¯«¥−¨ï¬¨
§�ï¢®ª á¨áâ¥¬ã ¯®ª¨−¥â k − w §�ï¢®ª ¨ ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï ¯®á«¥ ¯®áâã¯-
«¥−¨ï −®¢®© §�ï¢ª¨ ¯¥à¥©¤¥â −� ä�§ã j, ¯à¨ ãá«®¢¨¨, çâ® ¢ −�ç�«ì−ë© ¬®¬¥−â
¢ á¨áâ¥¬¥ ¡ë«® k §�ï¢®ª ¨ ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï −�å®¤¨«áï −� ä�§¥ i.

Œ�âà¨æë Fkw(x) ¬®¦−® −�©â¨ ¨§ á®®â−®è¥−¨©:

F00(x) = I ;

Fkk(x) = e
˜kx, 1 ≤ k ≤ n− 1 ; (5)

Fkw(x) =

x
∫

0

Fk,w+1(y)Nw+1Fww(x− y) dy ,

0 ≤ w ≤ n− 2 , w + 1 ≤ k ≤ n− 1 ; (6)
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Fk,n−1(x) =

x
∫

0

k−n
∑

m=0

Fm(y)NnQ(k − n−m)Fn−1,n−1(x− y) dy , k ≥ n ; (7)

Fkw(x) =

x
∫

0

Fk,w+1(y)Nw+1Fww(x− y) dy , 0 ≤ w ≤ n− 2 , k ≥ n , (8)

� ¬�âà¨æë Akw | ¨§ á®®â−®è¥−¨ï:

Akw =

∞
∫

0

Fkw(x)Ÿw dA(x), 0 ≤ w ≤ n− 1 , k ≥ w . (9)

�â¬¥â¨¬, çâ® ¤«ï ç¨á«¥−−®£® à�áç¥â� ¬�âà¨æ Fkw(x) ¨ Akw ®¯¨á�−−ë© ¢ëè¥
¬¥â®¤ −¥ ¢á¥£¤� ¯à¨£®¤¥−. �â® á¢ï§�−® á â¥¬, çâ® ¬�ªá¨¬�«ì−ë¥ (¯® ¬®¤ã«î)
¤¨�£®−�«ì−ë¥ í«¥¬¥−âë ¬�âà¨æ ˜k, 1 ≤ k ≤ n − 1, ¬®£ãâ ¡ëâì −¥ à�¢−ë
¬¥¦¤ã á®¡®©. ‚ íâ®¬ á«ãç�¥ (−¥ª®â®àë¬) ¢ëå®¤®¬ ¨§ ¯®«®¦¥−¨ï ¬®¦¥â áâ�âì
¢¥ªâ®à¨§�æ¨ï á®®â−®è¥−¨© (5)|(9). ��¯à¨¬¥à, ¯à¨¬¥−ïï ®¯¥à�â®à ¢¥ªâ®à¨§�æ¨¨
vec ª «¥¢®© ¨ ¯à�¢®© ç�áâ¨ (9) ¨ ¢®á¯®«ì§®¢�¢è¨áì á®®â−®è¥−¨¥¬1 vec(ABC) =
= (CTBT ⊗ I)vec(A) (á¬. [15]), ¯®«ãç¨¬:

vec (Akw) =
(

ŸTw ⊗ I
)

∞
∫

0

vec (Fkw(x)) dA(x).

‚ëç¨á«¥−¨¥ ¢å®¤ïé¨å ¢ ¯®á«¥¤−îî ä®à¬ã«ã ¢¥ªâ®à®¢ vec(Fkw(x)) ¨ ¨−â¥£à�«®¢
¬®¦¥â ¡ëâì íää¥ªâ¨¢−® à¥�«¨§®¢�−® ¢ ¯à®£à�¬¬�å, á¯¥æ¨�«ì−® ¯à¥¤−�§−�ç¥−−ëå
¤«ï ¢¥ªâ®à−ëå ¢ëç¨á«¥−¨©.

’�ª¨¬ ®¡à�§®¬, ¬�âà¨æ� P ¯¥à¥å®¤−ëå ¢¥à®ïâ−®áâ¥© ¢«®¦¥−−®© æ¥¯¨ Œ�à-
ª®¢� ¢ ãª�§�−−ëå ®¡®§−�ç¥−¨ïå ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:

P =





















A10 A11 0 · · · 0 0 0 · · ·
A20 A21 A22 · · · 0 0 0 · · ·

...
...

...
. . .

...
...

...
. . .

An−1,0 An−1,1 An−1,2 · · · An−1,n−1 0 0 · · ·
An0 An1 An2 · · · An,n−1 A0 0 · · ·
An+1,0 An+1,1 An+1,2 · · · An+1,n−1 A1 A0 · · ·

...
...

...
. . .

...
...

...
. . .





















.

�¡®§−�ç¨¬ ç¥à¥§ πik áâ�æ¨®−�à−ãî ¯® ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢� ¢¥à®ïâ−®áâì
â®£®, çâ® ¢ á¨áâ¥¬¥ ¨¬¥¥âáï k §�ï¢®ª ¨ ä�§� ®¡á«ã¦¨¢�−¨ï à�¢−� i, ¨ ¯®«®¦¨¬

1��¯®¬−¨¬, çâ® §¤¥áì ⊗ | á¨¬¢®« Šà®−¥ª¥à�, � I | ¥¤¨−¨ç−�ï ª¢�¤à�â−�ï ¬�âà¨æ�, à�§¬¥à
ª®â®à®© à�¢¥− ç¨á«ã áâà®ª ¬�âà¨æë A.
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~π = (~π1, ~π2, . . . ), ~πk = (π1k, . . . , πlk ,k). „«ï ~π á¯à�¢¥¤«¨¢� á¨áâ¥¬� ãà�¢−¥−¨©
à�¢−®¢¥á¨ï (‘“÷) ~π = ~πP . ‘âàãªâãà� ¬�âà¨æë P ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¤«ï
à¥è¥−¨ï ‘“÷ ®¤¨− ¨§ ¬−®¦¥áâ¢� ¨§¢¥áâ−ëå ¬¥â®¤®¢ à�áç¥â� áâ�æ¨®−�à−®£® à�á-
¯à¥¤¥«¥−¨ï ®ç¥à¥¤¨ ¢ ‘Œ� â¨¯�G/M/1 (á¬., −�¯à¨¬¥à, [16,17]) ¨, ¢ ç�áâ−®áâ¨,
¬¥â®¤ë, ¯à¥¤«®¦¥−−ë¥ ¢ [6, à�§¤. 3] ¨ [2, à�§¤. 2]. ‚ªà�âæ¥ ®áâ�−®¢¨¬áï −� ®¡é¥¬
�«£®à¨â¬¥ à�áç¥â� ¢¥ªâ®à®¢ ~πk. �� ¯¥à¢®¬ è�£¥ −�å®¤¨âáï à¥è¥−¨¥ ãà�¢−¥−¨ï
G =

∑∞
k=0G

kAk ¢ ª«�áá¥ ¬�âà¨æ, ¢á¥ á®¡áâ¢¥−−ë¥ §−�ç¥−¨ï ª®â®àëå ¯® ¬®¤ã«î
¬¥−ìè¥ ¥¤¨−¨æë. ‘®£«�á−® [16] ¯à¨ ¢ë¯®«−¥−¨¨ ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï áâ�æ¨-
®−�à−®£® à¥¦¨¬� â�ª®¥ à¥è¥−¨¥ áãé¥áâ¢ã¥â ¨ ¥¤¨−áâ¢¥−−®. �� á«¥¤ãîé¥¬ è�£¥
à¥è�¥âáï á¨áâ¥¬� «¨−¥©−ëå ãà�¢−¥−¨©1

~π1 =

n−1
∑

w=1

~πwAw0 + ~πnA
∗
0 ; (10)

~πk =
n−1
∑

w=k−1

~πwAw,k−1 + ~πnA
∗
k−1, 2 ≤ k ≤ n , (11)

£¤¥

A∗k =
∞
∑

w=n

Gw−nAwk, 0 ≤ k ≤ n− 1 ,

á â®ç−®áâìî ¤® ª®−áâ�−âë, ª®â®à�ï −�å®¤¨âáï ¨§ ãá«®¢¨ï −®à¬¨à®¢ª¨

n−1
∑

k=1

~πk
~1 + ~πn(I −G)−1~1 = 1 .

„«ï à¥è¥−¨ï (10){(11) ã¤®¡−®, −�¯à¨¬¥à, ¢®á¯®«ì§®¢�âìáï ¬¥â®¤®¬ ¨áª«îç¥-
−¨ï á®áâ®ï−¨© (á¬., −�¯à¨¬¥à, [2, à�§¤. 2] ¨«¨ [18]). ��ª®−¥æ, −� âà¥âì¥¬ è�£¥
à�ááç¨âë¢�îâáï ¢¥à®ïâ−®áâ¨ ~πk = ~πnG

k−n, k ≥ n+ 1.
‡−�ï áâ�æ¨®−�à−®¥ à�á¯à¥¤¥«¥−¨¥ ¢«®¦¥−−®© æ¥¯¨ Œ�àª®¢�, ã¦¥ ¬®¦−®

®¯à¥¤¥«¨âì àï¤ ¤àã£¨å áâ�æ¨®−�à−ëå å�à�ªâ¥à¨áâ¨ª ®ç¥à¥¤¨. ��¯à¨¬¥à, ¢¢®¤ï
®¡®§−�ç¥−¨¥ ~π−k = (π

−
1k, . . . , π

−
lk+1,k

), k ≥ 0, £¤¥ π−ik | áâ�æ¨®−�à−�ï ¢¥à®ïâ-
−®áâì â®£®, çâ® ¯®áâã¯�îé�ï ¢ á¨áâ¥¬ã §�ï¢ª� §�áâ�−¥â ¢ −¥© k ¤àã£¨å §�ï¢®ª
¨ ¬�àª®¢áª¨© ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï ¯®á«¥ ¥¥ ¯®áâã¯«¥−¨ï ®ª�¦¥âáï −� ä�§¥ i,
−¥¬¥¤«¥−−® ¬®¦¥¬ §�¯¨á�âì ~π−k = ~πk+1.

1ˆ§¢¥áâ−® (á¬., −�¯à¨¬¥à, [6, á. 92]), çâ® ¤«ï â®£®, çâ®¡ë íâ� á¨áâ¥¬� ãà�¢−¥−¨© ¨¬¥«� à¥è¥−¨¥,
¤®áâ�â®ç−®, çâ®¡ë

∑n−1
k=0 A∗

k
~1 = ~1. ‚ á¯à�¢¥¤«¨¢®áâ¨ ¯®á«¥¤−¥£® à�¢¥−áâ¢� ¬®¦−® ã¡¥¤¨âìáï

−¥¯®áà¥¤áâ¢¥−−®© ¯à®¢¥àª®©. „¥©áâ¢¨â¥«ì−®, ¨−â¥£à¨àãï (9) ¯® ç�áâï¬, ¯®«ãç�¥¬
∑n−1

k=0 A∗

k
~1 =

=
∑

∞

j=0 q(j)
∑j

i=0GiUNn
~1, £¤¥ U =

∑

∞

k=0GkTk. “ç¨âë¢�ï, çâ® G~1 =
∑

∞

k=0GkAk
~1 = ~1 −

−UN~1+
∑

∞

i=0Gi+1UNq(i)~1, ¬�âà¨æ� G −¥¢ëà®¦¤¥−� ¨ Nn
~1 = N~1, ¯à®áâë¬ ¯¥à¥ã¯®àï¤®ç¥−¨¥¬

á«�£�¥¬ëå ¯à¨å®¤¨¬ ª ¨áª®¬®¬ã à�¢¥−áâ¢ã.
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„«ï −�å®¦¤¥−¨ï áâ�æ¨®−�à−ëå ¢¥à®ïâ−®áâ¥© á®áâ®ï−¨© ¯® ¢à¥¬¥−¨ ¢¢¥¤¥¬
¬�âà¨æë Tk, k ≥ 0, ¨ Tkw, 0 ≤ w ≤ n − 1, k ≥ w. �«¥¬¥−â (Tk)ij, 1 ≤ i, j ≤ l,
¬�âà¨æë Tk ¯à¥¤áâ�¢«ï¥â á®¡®© áà¥¤−¥¥ ¢à¥¬ï, ¯à®¢¥¤¥−−®¥ −� ¨−â¥à¢�«¥ ¬¥¦¤ã
á®á¥¤−¨¬¨ ¬®¬¥−â�¬¨ ¯®áâã¯«¥−¨ï §�ï¢®ª á¨áâ¥¬®© ¢ á®áâ®ï−¨¨ (j,M − k) ¯à¨
ãá«®¢¨¨, çâ® ¯®á«¥ ¯®áâã¯«¥−¨ï ¯¥à¢®© §�ï¢ª¨ ¢ á¨áâ¥¬¥ ®ª�§�«®áì M , M > k,
§�ï¢®ª ¨ ä�§� ®¡á«ã¦¨¢�−¨ï ¡ë«� i. �«¥¬¥−â (Tkw)ij, 1 ≤ i ≤ lw, 0 ≤ j ≤ lw,
¬�âà¨æë Tkw ¥áâì áà¥¤−¥¥ ¢à¥¬ï, ¯à®¢¥¤¥−−®¥ −� ¨−â¥à¢�«¥ ¬¥¦¤ã á®á¥¤−¨¬¨
¬®¬¥−â�¬¨ ¯®áâã¯«¥−¨ï §�ï¢®ª á¨áâ¥¬®© ¢ á®áâ®ï−¨¨ (j, w) ¯à¨ ãá«®¢¨¨, çâ®
¯®á«¥ ¯®áâã¯«¥−¨ï ¯¥à¢®© §�ï¢ª¨ ¢ á¨áâ¥¬¥ ®ª�§�«®áì k, k ≥ w, §�ï¢®ª ¨ ä�§�
®¡á«ã¦¨¢�−¨ï ¡ë«� i. Œ�âà¨æë Tk ¨ Tkw ®¯à¥¤¥«ïîâáï á®®â−®è¥−¨ï¬¨:

Tk =

∞
∫

0

(1−A(x))Fk(x) dx ; Tkw =

∞
∫

0

(1−A(x))Fkw(x) dx .

“¡¥¤¨âìáï ¢ íâ®¬ ¬®¦−®, ¯à¨¬¥−ïï à�ááã¦¤¥−¨ï, �−�«®£¨ç−ë¥ â¥¬, çâ® ¯à¨¢¥-
¤¥−ë ¢ [19, á. 285]. ˆá¯®«ì§ãï à¥§ã«ìâ�âë â¥®à¨¨ ¯®«ã¬�àª®¢áª¨å ¯à®æ¥áá®¢,
¯®«ãç�¥¬ ¤«ï ¢¥ªâ®à®¢ ~pk, k ≥ 0, áâ�æ¨®−�à−ëå ¢¥à®ïâ−®áâ¥© á®áâ®ï−¨© ¯®
¢à¥¬¥−¨ ä®à¬ã«ë:

~p0 =
1

a

∞
∑

w=1

~πwTw0 ; (12)

~pk =























1

a

∞
∑

w=k

~πwTwk , 1 ≤ k ≤ n− 1 ;

1

a

∞
∑

w=k

~πwTw−k , k ≥ n .

(13)

‡�¬¥â¨¬, çâ® ä®à¬ã«ë (12) ¨ (13) ¬®¦−® ¯®«ãç¨âì ¨ ¨§ à¥§ã«ìâ�â®¢ â¥®à¨¨
¯à®æ¥áá®¢ ¢®ááâ�−®¢«¥−¨ï (á¬., −�¯à¨¬¥à, [14, á. 328]).

4 Стационарные распределения времен ожидания и пребывания
обслуженной заявки в системе

‚ë¯¨è¥¬ ¢ â¥à¬¨−�å ¯à¥®¡à�§®¢�−¨ï ‹�¯«�á�{‘â¨«âì¥á� (�‹‘) −¥ª®â®àë¥
áâ�æ¨®−�à−ë¥ å�à�ªâ¥à¨áâ¨ª¨, á¢ï§�−−ë¥ á ¢à¥¬¥−¥¬ ®¦¨¤�−¨ï −�ç�«� ®¡á«ã-
¦¨¢�−¨ï ¨ ¢à¥¬¥−¥¬ ¯à¥¡ë¢�−¨ï §�ï¢ª¨ ¢ á¨áâ¥¬¥.

�¡®§−�ç¨¬ ç¥à¥§ Uk(x), k ≥ 1, ¬�âà¨æã, í«¥¬¥−â (Uk(x))i,j, 1 ≤ i, j ≤ l,
ª®â®à®© ¥áâì ¢¥à®ïâ−®áâì â®£®, çâ® ¯®áâã¯¨¢è�ï ¢ á¨áâ¥¬ã §�ï¢ª� ¯¥à¥©¤¥â ¨§
®ç¥à¥¤¨ −� ®¡á«ã¦¨¢�−¨¥ §� ¢à¥¬ï x ¨ ¯à®æ¥áá ®¡á«ã¦¨¢�−¨ï ¯¥à¥©¤¥â −� ä�§ã j,
¯à¨ ãá«®¢¨¨, çâ® ®−� ¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï §�áâ�«� ¢ á¨áâ¥¬¥ n + k − 1 ¤àã£¨å
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§�ï¢®ª ¨ ä�§� ®¡á«ã¦¨¢�−¨ï ¡ë«� i, � ç¥à¥§ “Uk(s) =
∫∞
0 e−sx dUk(x) | �‹‘

¬�âà¨æë Uk(x). ’®£¤�

“Uk(s) =

k
∑

i=1

(sI − ˜)−1Nq(i− 1) “Uk−i(s) , k ≥ 1 ,

£¤¥ ¤«ï á®ªà�é¥−¨ï §�¯¨á¨ ¨á¯®«ì§ã¥âáï á®£«�è¥−¨¥ “U0(s) ≡ I. ’®£¤� �‹‘
“Wserv(s) áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ïWserv(x) ¯à¥¡ë¢�−¨ï ¢ ®ç¥à¥¤¨ ¯®¯�¢è¥©

−� ®¡á«ã¦¨¢�−¨¥ §�ï¢ª¨ ¯à¨¬¥â ¢¨¤:

“Wserv(s) =
1

1− ploss

(

n−1
∑

k=0

~π−k
~1 +

∞
∑

k=n

~π−k
“Uk−n+1(s)~1

)

, (14)

£¤¥ ploss | áâ�æ¨®−�à−�ï ¢¥à®ïâ−®áâì â®£®, çâ® ¯®áâã¯¨¢è�ï ¢ á¨áâ¥¬ã §�ï¢ª� −¥
¯®¯�¤¥â −� ®¡á«ã¦¨¢�−¨¥ (â. ¥. ¡ã¤¥â ¯®â¥àï−�), ª®â®à�ï à�¢−�

ploss =

∞
∑

k=n

γ(k − n+ 1)~π−k
~1 ,

� γ(k), k ≥ 1, | áâ�æ¨®−�à−�ï ¢¥à®ïâ−®áâì â®£®, çâ® §�ï¢ª�, −�å®¤ïé�ïáï
¢ ®ç¥à¥¤¨ −� k-¬ ¬¥áâ¥, ¡ã¤¥â úã¡¨â�û (ª�ª®©-«¨¡®) ®¡á«ã¦¥−−®© §�ï¢ª®©. „«ï
à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬ë ®−� ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥

γ(k) =

k
∑

m=1

γm(k) ,

£¤¥

γ1(k) = Q(k), k ≥ 1; γm(k) =
k−m
∑

i=0

q(i)γm−1(k − 1− i), 2 ≤ m ≤ k, k ≥ 2,

¨ á®¢¯�¤¥â á ¢¥à®ïâ−®áâìî γ(k) ¢ [1, á. 136].
�¥à¥©¤¥¬ ª −�å®¦¤¥−¨î áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï ¢à¥¬¥−¨ ¯à¥¡ë¢�−¨ï

¢ á¨áâ¥¬¥ ®¡á«ã¦¥−−®© §�ï¢ª¨. ‚¢¥¤¥¬ ¬�âà¨æë “Vk(s, y), k ≥ 1, y ≥ 0. �«¥-
¬¥−â ( “Vk(s, y))ij ¬�âà¨æë “Vk(s, y) ¥áâì �‹‘ ¢à¥¬¥−¨ ¯à¥¡ë¢�−¨ï §�ï¢ª¨ −�
®¡á«ã¦¨¢�−¨¨ ¨ ¢¥à®ïâ−®áâì â®£®, çâ® ¢ ¬®¬¥−â ¥¥ ãå®¤� ¨§ á¨áâ¥¬ë ä�§� ®¡á«ã-
¦¨¢�−¨ï à�¢−� j ¯à¨ ãá«®¢¨¨, çâ® áà�§ã ¯®á«¥ ¥¥ ¯®áâã¯«¥−¨ï −� ®¡á«ã¦¨¢�−¨¥
§�−ïâë¬¨ ®ª�§�«¨áì min(k, n) ¯à¨¡®à®¢, ¢ ®ç¥à¥¤¨ ¡ë«® max(0, k − n) §�ï¢®ª,
¢à¥¬ï ¤® ¯à¨å®¤� á«¥¤ãîé¥© §�ï¢ª¨ ¡ë«® à�¢−® y ¨ ä�§� ®¡á«ã¦¨¢�−¨ï ¡ë«�
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à�¢−� i. “ç¨âë¢�ï, çâ® ¢á¥ ¯à¨¡®àë ¯à¥¤¯®«�£�îâáï ®¤¨−�ª®¢ë¬¨ ¨, â�ª¨¬ ®¡à�-
§®¬, ¯à¨ ®ª®−ç�−¨¨ ®¡á«ã¦¨¢�−¨ï à�¢−®¢¥à®ïâ−® ¬®¦¥â ®á¢®¡®¤¨âìáï «î¡®© ¨§
(§�−ïâëå) ¯à¨¡®à®¢, ¯® á¢®©áâ¢�¬ �‹‘ ¨¬¥¥¬:

“Vk(s, y) =

=







































































































e−(sI−˜k)y “Vk+1(s) +

+

y
∫

0

e−(sI−˜k)uNk

(

1

k
+
k − 1

k
“Vk−1(s, y − u)

)

du, 1 ≤ k ≤ n− 1 ;

y
∫

0

e−(sI−˜)uNn

(

1

n
+
n− 1

n
“Vn−1(s, y − u)

)

du+ e−(sI−˜)y “Vn+1(s) ,

k = n ;

e−(sI−˜)y “Vk+1(s) +

y
∫

0

e−(sI−˜)uN





1

n
+

+
n− 1

n





k−n−1
∑

j=0

q(j) “Vk−1−j(s, y − u) +Q(k − n) “Vn−1(s, y − u)







 du ,

k ≥ n+ 1 ,

£¤¥

“Vk(s) =

∞
∫

0

“Vk(s, y) dA(y) .

’®£¤� §�ï¢ª�, ¯®áâã¯�îé�ï ¢ á¨áâ¥¬ã, ª®£¤� §�−ïâ® k, 0 ≤ k ≤ n − 1,
¯à¨¡®à®¢ −¥¬¥¤«¥−−® áâ�−®¢¨âáï −� ®¡á«ã¦¨¢�−¨ï ¨ �‹‘ ¢à¥¬¥−¨ ¥¥ ¯à¥¡ë¢�−¨ï
¢ á¨áâ¥¬¥ (á ãç¥â®¬ á¬¥− ä�§ ®¡á«ã¦¨¢�−¨ï) à�¢−® “Vk+1(s). ‡�ï¢ª�, §�áâ�îé�ï
¯à¨ ¯®áâã¯«¥−¨¨ k, k ≥ n, §�ï¢®ª ¢ á¨áâ¥¬¥, ®¦¨¤�¥â −¥ª®â®à®¥ ¢à¥¬ï ¢ ®ç¥à¥¤¨,
ª®â®à®¥ (á ãç¥â®¬ á¬¥− ä�§ ®¡á«ã¦¨¢�−¨ï) á ¢¥à®ïâ−®áâìî dUk−n+1(x) à�¢−® x.
�à¨ íâ®¬ ¢ ¬®¬¥−â ¯®áâã¯«¥−¨ï §�ï¢ª¨ −� ®¡á«ã¦¨¢�−¨¥ ¢ á¨áâ¥¬¥ ®ª�¦¥âáï m
§�ï¢®ª ¢ ®ç¥à¥¤¨ ¨ ¢à¥¬ï ¤® ¯à¨å®¤� á«¥¤ãîé¥© §�ï¢ª¨ ¡ã¤¥â à�¢−® y á ¯«®â−®áâìî
¢¥à®ïâ−®áâ¨ am(x, y):

a0(x, y) = A
∗1(x+ y) ; am(x, y) =

x
∫

0

A∗m(u)A∗1(x− u+ y) du, m ≥ 1 ,

£¤¥ A∗1(x) ®¯à¥¤¥«ïîâáï à¥ªãàà¥−â−® ¯® ä®à¬ã«�¬

A∗1(x) = A′(x); A∗m(x) =

x
∫

0

A∗(m−1)(x− u)A∗1(u) du .
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’�ª¨¬ ®¡à�§®¬, �‹‘ “Vserv(s) áâ�æ¨®−�à−®£® à�á¯à¥¤¥«¥−¨ï Vserv(x) ¢à¥¬¥−¨
¯à¥¡ë¢�−¨ï ¢ á¨áâ¥¬¥ ¯®¯�¢è¥© −� ®¡á«ã¦¨¢�−¨¥ §�ï¢ª¨ ¨¬¥¥â ¢¨¤:

“Vserv(s) =
1

1− ploss





n−1
∑

k=0

~π−k
“Vk+1(s)~1 +

+

∞
∑

k=n

~π−k

∞
∫

0

e−sx dUk−n+1(x)

∞
∫

0

∞
∑

m=0

am(x, y) “Vn+m(s, y)~1 dy



 . (15)

5 Заключение

�à¨ −¥ª®â®àëå ¤®¯®«−¨â¥«ì−ëå ®£à�−¨ç¥−¨ïå1 −� A(x) ¡®«ìèãî ç�áâì
¢ëà�¦¥−¨© ¤«ï ¬�âà¨æ ¬®¦−® ã¯à®áâ¨âì ¨ ¯®«ãç¨âì ¢ ï¢−®¬ ¢¨¤¥.

„¨ää¥à¥−æ¨àãï ¢ëà�¦¥−¨ï (14) ¨ (15) −¥®¡å®¤¨¬®¥ ç¨á«® à�§, ¬®¦−® ¯®«ã-
ç¨âì ¬®¬¥−âë «î¡ëå ¯®àï¤ª®¢ ¢à¥¬¥−¨ ®¦¨¤�−¨ï −�ç�«� ®¡á«ã¦¨¢�−¨ï ¨ ¢à¥-
¬¥−¨ ¯à¥¡ë¢�−¨ï ¢ á¨áâ¥¬¥ (®¡á«ã¦¥−−®©) §�ï¢ª¨. „«ï −�å®¦¤¥−¨ï áà¥¤−¨å
§−�ç¥−¨© −�¨¡®«¥¥ ¯®¤å®¤¨â ä®à¬ã«� ‹¨ââ«�. „«ï ¤àã£¨å ¬®¬¥−â®¢ (14) ¥é¥
£®¤¨âáï ¤«ï ¯à�ªâ¨ç¥áª¨å à�áç¥â®¢, � (15) ã¦¥ áâ�−®¢¨âáï ¥¤¢� «¨ ¯à¨£®¤−®©.
‚ á¢ï§¨ á íâ¨¬ ¯à¥¤áâ�¢«ï¥âáï ¨−â¥à¥á−ë¬ ¨áá«¥¤®¢�âì á¯¥æ¨�«ì−ë¥ á«ãç�¨ ¢å®¤-
−®£® ¯®â®ª� (¨ ¯à®æ¥áá� ®¡á«ã¦¨¢�−¨ï), ª®£¤� (15) ¯à¨®¡à¥â�¥â ¡®«¥¥ ¯à®áâ®©
¢¨¤.

‚ §�ª«îç¥−¨¥ â�ª¦¥ ®â¬¥â¨¬, çâ® ¯®«ãç¥−−ë¥ ¢ à�¡®â¥ à¥§ã«ìâ�âë ¤®áâ�-
â®ç−ë ¤«ï −�å®¦¤¥−¨ï á¯¥æ¨�«ì−ëå ¯®ª�§�â¥«¥© ª�ç¥áâ¢� ã¯à�¢«¥−¨ï ®ç¥à¥¤ìî
(−�¯à¨¬¥à, à�á¯à¥¤¥«¥−¨¥ ç¨á«� ¯®á«¥¤®¢�â¥«ì−ëå ¯®â¥àì) ¨, â�ª¨¬ ®¡à�§®¬,
®¡¥á¯¥ç¨¢�îâ ¢®§¬®¦−®áâì áà�¢−¥−¨ï ¬¥å�−¨§¬� ®¡−®¢«¥−¨ï á ¤àã£¨¬¨ ¨§¢¥áâ-
−ë¬¨ ¬¥å�−¨§¬�¬¨ �ªâ¨¢−®£® ã¯à�¢«¥−¨ï ®ç¥à¥¤ï¬¨.
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Abstract: Consideration is given to theGI/MSP/n/∞ queue with general input
flow of customers, n identical servers, service process of markovian type, queue of
infinite capacity, and general renovation. General renovation being the variant of
an active queue management mechanism, implies that upon a service completion,
a customer may remove a random number of customers from the queue (if any is
available), with a given probability distribution. Using embedded Markov chain
technique, one derives stationary distributions of the main system's performance
characteristics. The obtained results are ready for numerical implementation and
allow one to compute stationary distributions of the system size, stationary loss
probability, and waiting time distribution (under FIFO (first in, first out) service
and head-of-the-queue renovation).
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МЕТОД СЛУЧАЙНОГО ОТБОРА ПРИ ПРОГНОЗИРОВАНИИ
ВРЕМЕННЫХ РЯДОВ РЫНКА КРИПТОВАЛЮТ

О. Е. Сороколетова1, Т. В. Захарова2

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� à�áá¬®âà¥−¨î ¯à¨¬¥−¥−¨ï ¬¥â®¤� á«ãç�©−®£®
®â¡®à�, ¨«¨ RSM-¬¥â®¤�, ¢ §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨ (¯à®£−®§¨à®¢�−¨ï ¤¨−�¬¨-
ª¨) −¥áâ�æ¨®−�à−ëå ¢à¥¬¥−−ëå àï¤®¢ àë−ª� ªà¨¯â®¢�«îâ. ��§¢�−¨¥ ¬¥â®¤�
RSM | �¡¡à¥¢¨�âãà� ¥£® ¯®«−®£® −�§¢�−¨ï Random Sampling Method. RSM
¯à¥¤áâ�¢«ï¥â á®¡®© ¬¥â®¤ £«ã¡®ª®£® ®¡ãç¥−¨ï. �¤−¨¬¨ ¨§ ®á−®¢−ëå ¬¥â®¤®¢
£«ã¡®ª®£® ®¡ãç¥−¨ï áà¥¤¨ ¨á¯®«ì§®¢�¢è¨åáï à�−¥¥ ¤«ï à¥è¥−¨ï ¤�−−®© §�-
¤�ç¨ ¨ ¯®ª�§�¢è¨å á¢®î íää¥ªâ¨¢−®áâì ®áâ�îâáï à¥ªãàà¥−â−ë¥ LSTM (long
short term memory) −¥©à®á¥â¨. ‚ −�áâ®ïé¥© à�¡®â¥ ¯à¥¤áâ�¢«¥−� ¡®«¥¥ £¨¡ª�ï
�àå¨â¥ªâãà�, ¯®áâà®¥−−�ï −� ¡�§¥ LSTM-ïç¥¥ª ¨ ¨¬¥îé�ï â�ª¨¬ ®¡à�§®¬ ¢á¥
¯à¥¨¬ãé¥áâ¢� âà�¤¨æ¨®−−®£® �«£®à¨â¬�, ®¤−�ª® ¡®«¥¥ ãáâ®©ç¨¢�ï ª ¯à®¡«¥¬¥
¤¨á¡�«�−á� ª«�áá®¢. �á−®¢−ë¬ ®â«¨ç¨â¥«ì−ë¬ ¯à¨§−�ª®¬ RSM ï¢«ï¥âáï
¨á¯®«ì§®¢�−¨¥ ¬¥âà¨ç¥áª®£® ®¡ãç¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ªà¨¯â®¢�«îâ�; ¢à¥¬¥−−ë¥ àï¤ë; §�¤�ç� ª«�áá¨ä¨ª�æ¨¨;
¯à®£−®§¨à®¢�−¨¥ ¤¨−�¬¨ª¨; ¬¥âà¨ç¥áª®¥ ®¡ãç¥−¨¥; LSTM; −¥©à®á¥â¨; £«ã¡®-
ª®¥ ®¡ãç¥−¨¥

DOI: 10.14357/08696527190406

1 Введение

‚§£«ï¤ë −� ¢®¯à®á ¯à¨¬¥−¨¬®áâ¨ ¬¥â®¤®¢ ¬�è¨−−®£® (¢ â®¬ ç¨á«¥ £«ã¡®-
ª®£®) ®¡ãç¥−¨ï ¢ ª�ç¥áâ¢¥ ¨−áâàã¬¥−â� ¤«ï �«£®à¨â¬¨ç¥áª®© â®à£®¢«¨ ¯®«ïà−ë,
¨ ¢ íâ®¬ ªà®¥âáï ¯à¨ç¨−� ¡®«ìè®£® ç¨á«� ¤¨áªãáá¨© ¨ ¯®ï¢«¥−¨ï ¬−®¦¥áâ¢�
−�ãç−ëå, � â�ª¦¥ íª®−®¬¨ç¥áª¨å ¨ ä¨−�−á®¢ëå ¯ã¡«¨ª�æ¨©, ¯®á¢ïé¥−−ëå ¤®-
ª�§�â¥«ìáâ¢ã íää¥ªâ¨¢−®áâ¨ â®£® ¨«¨ ¨−®£® ¨−áâàã¬¥−â�. Šà¨¯â®¢�«îâ−ë¥
¢à¥¬¥−−‚ë¥ àï¤ë | íâ® ä¥−®¬¥− −¥¤�¢−¥£® ¢à¥¬¥−¨, ¯®íâ®¬ã ®− ¬�«® ¨§ãç¥−
¨ ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á ¤«ï ¨áá«¥¤®¢�−¨©. ‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�¥âáï �«-
£®à¨â¬ ¬�è¨−−®£® ®¡ãç¥−¨ï, íää¥ªâ¨¢−ë© ¯à¨ �−�«¨§¥ ¢à¥¬¥−−‚ëå àï¤®¢ àë−ª�
ªà¨¯â®¢�«îâ.

Œ¥â®¤ë £«ã¡®ª®£® ®¡ãç¥−¨ï âà¥¡ãîâ ¡®«ìè®£® ®¡ê¥¬� ¤�−−ëå ¤«ï âà¥−¨-
à®¢ª¨. ‚ á«ãç�¥ ªà¨¯â®¢�«îâ−ëå ¢à¥¬¥−−‚ëå àï¤®¢ íâ® ®§−�ç�¥â, çâ® ¤�−−ë¥
¤®«¦−ë ¡ëâì ¢ëá®ª®ç�áâ®â−ë¬¨, â. ¥., ª�ª ¯®ª�§ë¢�¥â ¯à�ªâ¨ª�, ¨−â¥à¢�« ¢à¥-
¬¥−−®© ¬¥âª¨ ¤®«¦¥− á®áâ�¢«ïâì ¬¨−ãâã ¨ −¥ ¡®«¥¥. �¤−�ª® −� ¡®«ìè®¬ ®¡ê¥¬¥

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¨, olgas020697@gmail.com

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¨; ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, tvzaharova@mail.ru

65



�. …. ‘®à®ª®«¥â®¢�, ’. ‚. ‡�å�à®¢�

¢ëá®ª®ç�áâ®â−ëå ¤�−−ëå, ®á®¡¥−−® â�ª¨å −¥áâ�¡¨«ì−ëå, ª�ª ªà¨¯â®¢�«îâ�,
¢®§−¨ª�¥â −®¢�ï ¯à®¡«¥¬� | ¯à®¡«¥¬� −¥áâ�æ¨®−�à−®áâ¨, á ª®â®à®© ¨ ¯à¨§¢�−
¡®à®âìáï ¬¥â®¤ á«ãç�©−®£® ®â¡®à�.

Œ¥â®¤ á«ãç�©−®£® ®â¡®à� ¯à¥¤áâ�¢«ï¥â á®¡®© ¬¥â®¤ ¬¥âà¨ç¥áª®£® ®¡ãç¥−¨ï,
ª®â®àë© ãç¨âáï ®æ¥−¨¢�âì áå®¦¥áâì ¬¥¦¤ã æ¥«¥¢ë¬ ¨ íâ�«®−−ë¬ íª§¥¬¯«ïà®¬
¯¥à¥¤ ¢ëáâ�¢«¥−¨¥¬ ¬¥âª¨, £¤¥ ª®«¨ç¥áâ¢® íâ�«®−−ëå íª§¥¬¯«ïà®¢ ¤®«¦−® ¡ëâì
à�¢−® ç¨á«ã ª«�áá®¢ ¢ §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨. ‚�¦−®© ®á®¡¥−−®áâìî ¬¥â®¤� ï¢«ï-
¥âáï �«£®à¨â¬ ¢ë¡®à� íâ�«®−−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©, ª®â®àë© ¡ã¤¥â ®¯à¥¤¥«¥−
−¨¦¥ ª�ª áå¥¬� ®â¡®à�.

Œ¥âà¨ç¥áª®¥ ®¡ãç¥−¨¥ å®à®è® ¨§ãç¥−® −� §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨ ¨§®¡à�¦¥-
−¨©. ‚ á«ãç�¥ §−�ç¨â¥«ì−® ®£à�−¨ç¥−−®£® ç¨á«� ¢å®¤−ëå ¤�−−ëå ¨, £«�¢−®¥,
−¥¤®áâ�â®ç−ëå §−�−¨© ®¡ ¨å ¯à¨à®¤¥, çâ®, ¢ ç�áâ−®áâ¨, −¥ ¯®§¢®«ï¥â ®¡−�àã¦¨âì
¯®¤å®¤ïé¥¥ ¯à¨§−�ª®¢®¥ ¯à®áâà�−áâ¢® (ª�ª ª�ç¥áâ¢¥−−®, â�ª ¨ ª®«¨ç¥áâ¢¥−−®),
ãáâ�−®¢¨âì ¬¥âà¨ªã ¡ë¢�¥â §�âàã¤−¨â¥«ì−®. �â®â á«ãç�© ¯®«−®áâìî á®®â¢¥âáâ¢ã-
¥â å�à�ªâ¥à¨áâ¨ª�¬ àë−ª� ªà¨¯â®¢�«îâ. �à¨ à¥è¥−¨¨ §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨
¨§®¡à�¦¥−¨© ¢ à�¡®â¥ [1] áå®¦¨¥ §�âàã¤−¥−¨ï ¡ë«¨ à�§à¥è¥−ë ¯à¨ ¯®¬®é¨
¢®¢«¥ç¥−¨ï −¥©à®á¥â¥¢®© �àå¨â¥ªâãàë. ‚ ¤�−−®© áâ�âì¥ â�ª¦¥ ¯à¨ ¯®¬®é¨ −¥©-
à®−−®© á¥â¨ à�áá¬®âà¥− �«£®à¨â¬ à¥è¥−¨ï §�¤�ç¨ ¯à®£−®§¨à®¢�−¨ï ¢à¥¬¥−−‚ëå
àï¤®¢.

ˆ¤¥¨ à¥�«¨§�æ¨¨ ¬¥âà¨ç¥áª®£® ®¡ãç¥−¨ï ¢ §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨ ®¯¨á�−ë
¢ ¨áâ®ç−¨ª�å [2,3].

2 Постановка задачи классификации

”®à¬�«ì−�ï ¯®áâ�−®¢ª� §�¤�ç¨ ¯à¥¤cª�§�−¨ï ¤¢¨¦¥−¨ï æ¥−ë �ªæ¨¨ −� àë−ª¥
¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� á«¥¤ãîé¨¬ ®¡à�§®¬.

ˆ¬¥îâáï âà¨ ¢®§¬®¦−ëå ¢�à¨�−â� ¤¢¨¦¥−¨ï æ¥−ë ¯®á«¥ ¢à¥¬¥−−‚®© ®â¬¥â-
ª¨ t: ¢¢¥àå (up), ¢−¨§ (down) ¨«¨ ¡¥§ ¨§¬¥−¥−¨© (static). �ã¤¥¬ à�áá¬�âà¨¢�âì
à�á¯à¥¤¥«¥−¨¥ «®£�à¨ä¬¨ç¥áª®© ¤®å®¤−®áâ¨ Rt:

Rt = log

(

Pt

Pt−1

)

,

£¤¥ Pt | §−�ç¥−¨¥ æ¥−ë ¢ ¬®¬¥−â ¢à¥¬¥−¨ t, ¢§ïâ®¥ ¨§ ¢à¥¬¥−−‚®£® àï¤�. �¡®-

§−�ç¨¬ ç¥à¥§ p(up)t , p(down)t ¨ p(static)t ¢¥à®ïâ−®áâ¨ −�áâã¯«¥−¨ï á®®â¢¥âáâ¢ãîé¨å
¢¥àå−¨¬ ¨−¤¥ªá�¬ á®¡ëâ¨©. �â¨ ¢¥à®ïâ−®áâ¨ ¡ã¤ãâ ¯®«ãç¥−ë ¢ à¥§ã«ìâ�â¥ ®¡ãç¥-
−¨ï ¬®¤¥«¨. ’�ª¨¬ ®¡à�§®¬, ¢®§−¨ª�¥â §�¤�ç� âà¥åª«�áá®¢®© ª«�áá¨ä¨ª�æ¨¨:

Xt ∈ {up,down, static}.

3 Предобработка данных и схема отбора

�� ¢å®¤ ¬®¤¥«¨ ¯®¤�îâáï OHLC-¢à¥¬¥−−‚ë¥ àï¤ë (Open, High, Low,
Close | æ¥−� ®âªàëâ¨ï, −�¨¡®«¥¥ ¢ëá®ª�ï æ¥−�, −�¨¡®«¥¥ −¨§ª�ï æ¥−� ¨ æ¥−�
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Œ¥â®¤ á«ãç�©−®£® ®â¡®à� ¯à¨ ¯à®£−®§¨à®¢�−¨¨ ¢à¥¬¥−−ëå àï¤®¢ àë−ª� ªà¨¯â®¢�«îâ

÷¨á. 1 –¥−ë §�ªàëâ¨ï ¨ ¤¨−�¬¨ª� ®¡ê¥¬� âà�−§�ªæ¨© ªà¨¯â®¢�«îâë ¡¨âª®¨− ¢ ¤®««�-
à�å ‘˜�

§�ªàëâ¨ï á®®â¢¥âáâ¢¥−−®). Š�ª ¨§¢¥áâ−®, ¤¨á¡�«�−á ¬¥¦¤ã §−�ç¥−¨ï¬¨ ¯à¨-
§−�ª®¢ ¬®¦¥â ¢ë§¢�âì −¥ãáâ®©ç¨¢®áâì à�¡®âë ¬®¤¥«¨, ãåã¤è¨âì à¥§ã«ìâ�âë
®¡ãç¥−¨ï ¨ §�¬¥¤«¨âì ¥£® ¯à®æ¥áá, ¯®íâ®¬ã −¥®¡å®¤¨¬® ¯à®¨§¢®¤¨âì −®à¬�«¨§�-
æ¨î ¤�−−ëå. ’�ª ª�ª ¨§ãç�¥¬ë¥ àï¤ë −¥áâ�æ¨®−�à−ë, ¡ã¤¥¬ á−�ç�«� ¨§¢«¥ª�âì
¯®á«¥¤®¢�â¥«ì−®áâì ¨§ −�¡®à�, � §�â¥¬ ¯à¨¬¥−ïâì ª −¥© −®à¬�«¨§�æ¨î. „«ï â®£®
çâ®¡ë ®¯à¥¤¥«¨âìáï á® áâà�â¥£¨¥© −®à¬�«¨§�æ¨¨, ®¡à�â¨¬áï ª à¨á. 1.

�®«ìè¨−áâ¢® ªà¨¯â®¢�«îâ−ëå ¢à¥¬¥−−‚ëå àï¤®¢, ª�ª ¨ â®â, çâ® ¯à¥¤áâ�¢«¥−
−� à¨á. 1, ¨¬¥îâ ¯¨ª ¢ ª®−æ¥ 2017 £., � á«¥¤®¢�â¥«ì−®, ¨§¢¥áâ¥− ¬�ªá¨¬ã¬
àï¤�. ˆ§ íâ®£® ¬®¦−® §�ª«îç¨âì, çâ® ®¯â¨¬�«ì−ë¬ ¢ë¡®à®¬ ¡ã¤¥â ¯à¨¬¥−¥−¨¥
¬¨−¨¬�ªá−®© −®à¬�«¨§�æ¨¨:

xnormti =
xti −min(xt)

max(xt)−min(xt)
,

£¤¥ ¨−¤¥ªá i á®®â¢¥âáâ¢ã¥â −®¬¥àã ¯à¨§−�ª� (Open, High, Low ¨«¨ Close), ¨−¤¥ªá
t | ¢à¥¬¥−−‚®© ®â¬¥âª¥ ¢® ¢å®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨, � ®¯¥à�æ¨¨ ¢§ïâ¨ï
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¬¨−¨¬ã¬� ¨ ¬�ªá¨¬ã¬� ¯à¨¬¥−ïîâáï ª ª®¬¯®−¥−â�¬ xti ¤«ï ¢á¥å i = 1, . . . , 4 −�
®âà¥§ª¥ [t − j + 1, t], £¤¥ j | ¤«¨−� ¢å®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨. ‚ à¥§ã«ìâ�â¥
¯®«ãç¨¬ §−�ç¥−¨ï ®â 0 ¤® 1.

‘«¥¤ãîé¨¬ è�£®¬ ¨§¡�¢¨¬áï ®â ®ç¥¢¨¤−ëå ¢ë¡à®á®¢, −�¯à¨¬¥à, ¯® ¯®à®£ãα:
ã¤�«¨¬ ¨¬¥îé¨¥ ¬¥âªã úupû ¨«¨ údownû ¯®á«¥¤®¢�â¥«ì−®áâ¨, ¤«ï ª®â®àëå
|Rt| > α. �� íâ®¬ ¢áï −¥®¡å®¤¨¬�ï ¯à¥¤®¡à�¡®âª� ¤�−−ëå ¡ã¤¥â ¢ë¯®«−¥−�,
¨ ¬®¦−® ¯à¨áâã¯�âì ª ¯à¨¬¥−¥−¨î áå¥¬ë ®â¡®à�.

‘å¥¬� ®â¡®à� | íâ® �«£®à¨â¬, ¯® ª®â®à®¬ã ®áãé¥áâ¢«ï¥âáï ¢ë¡®à âà®©ª¨
íâ�«®−−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©, ¯®¤�îé¥©áï §�â¥¬ −� ¢å®¤ ¬®¤¥«¨. �−� ¯®áâà®-
¥−�, ®á−®¢ë¢�ïáì −� ¯à¥¤¯®«®¦¥−¨¨, çâ® ä¨−�−á®¢ë¥ ¤�−−ë¥ −¥áâ�æ¨®−�à−ë,
çâ® ®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì ¢ë¡®à� ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨áª«îç¨â¥«ì−®
áà¥¤¨ −¥¤�¢−¥£® ¯à®è«®£®. �®«¥¥ ä®à¬�«ì−®, ¤«ï §�¤�−−®© ¢å®¤−®© ¯®á«¥¤®-
¢�â¥«ì−®áâ¨ xt áå¥¬� ¯®¤à�§ã¬¥¢�¥â ¢ë¡®à ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ ¨−â¥à¢�«�
[t− k − l, t− k], £¤¥ k | à�§¬¥à ®ª−� ¤«ï ¯à®áâ®£® áª®«ì§ïé¥£® áà¥¤−¥£®, � l |
£¨¯¥à¯�à�¬¥âà, ®¯à¥¤¥«ïîé¨© à�§¬¥à íâ®£® ¨−â¥à¢�«�.

4 Основная идея метода случайного отбора

‚ ®á−®¢¥ ¬¥â®¤� «¥¦¨â ¯à¥¤¯®«®¦¥−¨¥ ® â®¬, çâ® áå®¦¥áâì ¯�àë ¯®á«¥¤®¢�-
â¥«ì−®áâ¥© ¬®¦¥â ¡ëâì ®å�à�ªâ¥à¨§®¢�−� ¯à¨ ¯®¬®é¨ ª«�áá®¢, ª ª®â®àë¬ ®−¨
¯à¨−�¤«¥¦�â: ¯®á«¥¤®¢�â¥«ì−®áâì á ¬¥âª®© úupû ¡®«¥¥ ¡«¨§ª� ¯®á«¥¤®¢�â¥«ì-
−®áâ¨ á ¬¥âª®© úupû, ç¥¬ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á ¬¥âª®© údownû ¨«¨ ústaticû.

�� ¢å®¤ ¬®¤¥«¨ ¯®¤�îâáï ¯�àë í«¥¬¥−â®¢, ®¤¨− ¨§ ª®â®àëå | íâ® ¯®á«¥¤®¢�-
â¥«ì−®áâì, ¯®¤«¥¦�é�ï ª«�áá¨ä¨ª�æ¨¨, � ¤àã£®© | −�¡®à ¯®á«¥¤®¢�â¥«ì−®áâ¥©
(âà¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨, ¯®¬¥ç¥−−ë¥ ª�ª úupû, údownû ¨ ústaticû á®®â¢¥â-
áâ¢¥−−®), ¢ë¡à�−−ëå ¨§ −¥¤�¢−¥£® ¯à®è«®£®. ‡�â¥¬ ®áãé¥áâ¢«ï¥âáï ¯®«ãç¥−¨¥
¢−ãâà¥−−¨å ¯à¥¤áâ�¢«¥−¨© ¯ãâ¥¬ −¥§�¢¨á¨¬®£® ª®¤¨à®¢�−¨ï ª�¦¤®© ¯®á«¥¤®¢�-
â¥«ì−®áâ¨ ¨ áà�¢−¥−¨¥ ¢−ãâà¥−−¥£® ¯à¥¤áâ�¢«¥−¨ï ¢å®¤−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨
¨ ¢−ãâà¥−−¨å ¯à¥¤áâ�¢«¥−¨© ¢ë¡à�−−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥©. ‚ëå®¤−ë¬ §−�-
ç¥−¨¥¬ ï¢«ï¥âáï ª«�áá, ª ª®â®à®¬ã ¯à¥¤¯®«®¦¨â¥«ì−® ¯à¨−�¤«¥¦¨â æ¥«¥¢�ï
¯®á«¥¤®¢�â¥«ì−®áâì. ÷�¡®â� ¬¥â®¤� ¯à¥¤áâ�¢«¥−� −� à¨á. 2.

�¯â¨¬¨§�æ¨ï ¯�à�¬¥âà®¢ ¬®¤¥«¨ ¯à®¨§¢®¤¨âáï â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¤®-
áâ¨£�«¨áì ¢−ãâà¥−−¨¥ ¯à¥¤áâ�¢«¥−¨ï, ¤«ï ª®â®àëå ¢¥à−®: áà¥¤¨ ¢−ãâà¥−−¨å
¯à¥¤áâ�¢«¥−¨© ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ âà®©ª¨ ¡®«¥¥ ¡«¨§ª® ¢−ãâà¥−−¥¬ã ¯à¥¤-
áâ�¢«¥−¨î æ¥«¥¢®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ â®, ª®â®à®¥ ¨¬¥¥â ¬¥âªã ª«�áá�, á®¢¯�¤�-
îéãî á ¨áâ¨−−®© ¢ ¤�−−®¬ á«ãç�¥ ¬¥âª®©. �«¨§®áâì ¢−ãâà¥−−¨å ¯à¥¤áâ�¢«¥−¨©
®æ¥−¨¢�¥âáï ¯à¨ ¯®¬®é¨ ª®á¨−ãá−®© ¬¥àë áå®¤áâ¢�.

5 Работа кодировщика

÷�áá¬®âà¨¬ ¯à®æ¥áá ¯®«ãç¥−¨ï ¢−ãâà¥−−¨å ¯à¥¤áâ�¢«¥−¨© ¯®¤à®¡−¥¥. Š®-
¤¨à®¢é¨ª, ®áãé¥áâ¢«ïîé¨© íâã à�¡®âã, á®áâ®¨â ¨§ ¤¢ãå ç�áâ¥©: LSTM ¨ ¤¢ã-
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Œ¥â®¤ á«ãç�©−®£® ®â¡®à� ¯à¨ ¯à®£−®§¨à®¢�−¨¨ ¢à¥¬¥−−ëå àï¤®¢ àë−ª� ªà¨¯â®¢�«îâ

÷¨á. 2 �®«−�ï áå¥¬� ¬¥â®¤�. „�−� ¢å®¤−�ï ¯®á«¥¤®¢�â¥«ì−®áâì x(input)t , ¯®á«¥¤®¢�-

â¥«ì−®áâ¨ x(up)t , x(down)t ¨ x(static)t á«ãç�©−® ¢ë¡¨à�îâáï ¨§ â¥¬−®£® ®ª−� [t−k− l, t−k].
‡�â¥¬ ¢å®¤−�ï ¨ ¢ë¡à�−−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ −¥§�¢¨á¨¬® ¯à®å®¤ïâ ç¥à¥§ ª®¤¨à®¢é¨ª
á æ¥«ìî ¯®«ãç¥−¨ï ¨ ®¡à�¡®âª¨ ¢−ãâà¥−−¨å ¯à¥¤áâ�¢«¥−¨©: LSTM ¨ ¤¢ã−�¯à�¢«¥−−ãî
LSTM

−�¯à�¢«¥−−®© LSTM. „®«£�ï ªà�âª®áà®ç−�ï ¯�¬ïâì (LSTM) | íâ® ®á®¡�ï à�§-
−®¢¨¤−®áâì �àå¨â¥ªâãàë à¥ªãàà¥−â−ëå −¥©à®−−ëå á¥â¥©, á¯®á®¡−�ï ª ®¡ãç¥−¨î
¤®«£®¢à¥¬¥−−ë¬ §�¢¨á¨¬®áâï¬. �¥ ¡ã¤¥¬ ®áâ�−�¢«¨¢�âìáï −� −¥© ¯®¤à®¡−®, −®
§�¬¥â¨¬, çâ® ¢ ¥¥ ¡«®ª¥ ¨á¯®«ì§ãîâáï ç¥âëà¥ ¢§�¨¬®¤¥©áâ¢ãîé¨å á«®ï, äã−ªæ¨-
®−¨à®¢�−¨¥ ª®â®àëå ®¯¨áë¢�¥â á«¥¤ãîé�ï á¨áâ¥¬� ãà�¢−¥−¨©:

it = σ (Wxixt +Wmimt−1 +Wcict−1 + bi) ;

ft = σ (Wxfxt +Wmfmt−1 +Wcfct−1 + bf ) ;

ct = ftct−1 + it tanh (Wxcxt +Wmcmt−1 + bc) ;

mt = outt tanh (ct) , outt = σ (Wxoxt +Wmomt−1 +Wcoct + bo) ,

£¤¥ σ | á¨£¬®¨¤�«ì−�ï äã−ªæ¨ï; Wij ¨ bj | ¯�à�¬¥âàë ¬®¤¥«¨; xt −¥á¥â á¬ëá«
¢−®¢ì ¯à¨®¡à¥â¥−−®© ¨−ä®à¬�æ¨¨, � mt | −�ª®¯«¥−−®© ¯�¬ïâ¨.
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„«ï â®£® çâ®¡ë ®¯¨á�âì ¯¥à¢ãî ç�áâì ª®¤¨à®¢é¨ª�, §�ä¨ªá¨àã¥¬ ¢å®¤-

−ãî ¯®á«¥¤®¢�â¥«ì−®áâì ¢ ¬®¬¥−â ¢à¥¬¥−¨ t: x(input)t , � â�ª¦¥ á®®â¢¥âáâ¢ãîé¨¥

¥© ¢ë¡à�−−ë¥ x(up)t , x(down)t ¨ x
(static)
t . ‡�â¥¬ ¯à¥®¡à�§ã¥¬ ¨å −¥§�¢¨á¨¬® ¢®

¢−ãâà¥−−¨¥ ¯à¥¤áâ�¢«¥−¨ï h(input)t , h(up)t , h(down)t ¨ h(static)t á ¯®¬®éìî LSTM:

ht = LSTM(xt) .

‡¤¥áì ¢¥àå−¨¥ ¨−¤¥ªáë −¥ ãª�§�−ë ¤«ï ªà�âª®áâ¨.

‘«¥¤ãîé¨¬ è�£®¬ −¥®¡å®¤¨¬® ãáâ�−®¢¨âì ®â−®è¥−¨ï ¬¥¦¤ã h(input)t , h(up)t ,

h
(down)
t ¨ h(static)t , §� çâ® ®â¢¥ç�¥â ¢â®à�ï ç�áâì ª®¤¨à®¢é¨ª� | ¤¢ã−�¯à�¢«¥−−�ï

LSTM-−¥©à®á¥âì. �−� ¯à®¯ãáª�¥â ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢ ¯àï¬®¬ (h(input)t , h(up)t ,

h
(down)
t , h(static)t ) ¨ ®¡à�â−®¬ (h(static)t , h(down)t , h(up)t , h(input)t ) ¯®àï¤ª¥, £¥−¥à¨àãï

¢ëå®¤−®¥ §−�ç¥−¨¥ ª�ª à¥§ã«ìâ�â á«®¦¥−¨ï:

oti = h
→
ti + h

←
ti + hti,

£¤¥ h→ti (h
←
ti ) | i-© ¢ëå®¤ ¨§ ¤¢ã−�¯à�¢«¥−−®© LSTM-−¥©à®á¥â¨ ¯à¨ ¯àï¬®¬

(®¡à�â−®¬) ¯à®å®¦¤¥−¨¨; oti | i-© ¢ëå®¤ ª®¤¨à®¢é¨ª�.
‘â�−¤�àâ−® ¯à¨ à¥è¥−¨¨ §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¢® ¢à¥¬ï ®¡ãç¥−¨ï ¬®¤¥«¨

¯à®¨§¢®¤¨âáï ¬¨−¨¬¨§�æ¨ï ªà®áá-í−âà®¯¨©−®© äã−ªæ¨¨ ¯®â¥àì, −¥ á®áâ�¢«ï¥â
¨áª«îç¥−¨ï ¨ ¤�−−ë© á«ãç�©. ‚ëå®¤ ¯à¥¤áâ�¢«¥− one-hot-¢¥ªâ®à�¬¨, ¢ ª®â®àëå
−� ¬¥áâ¥ ¢¥à−®£® ª«�áá� ãáâ�−®¢«¥−� 1, � ¢á¥ ®áâ�«ì−ë¥ à�§àï¤ë ®¡à�é¥−ë ¢ 0.

�¡®§−�ç¨¬ ç¥à¥§ et áà¥¤−¥¥ æ¥− áª®«ì§ïé¥£® ®ª−� à�§¬¥à� T . ’®£¤� æ¥«¥¢ë¥
¬¥âª¨ ¯à¥¤áâ�¢¨¬ë á«¥¤ãîé¨¬ ®¡à�§®¬:

yt =







−1, ¥á«¨ et > et+T + ǫ;

1, ¥á«¨ et < et+T − ǫ;

0 ¨−�ç¥.

‡¤¥áì ǫ | ¯®à®£®¢ë© ¯�à�¬¥âà, ¢¢¥¤¥−−ë© á æ¥«ìî ª®−âà®«ï ¡�«�−á� ª«�áá®¢.

6 Заключение

Šà¨¯â®¢�«îâ−ë© àë−®ª | ¯®«ãç¨¢è�ï áâà¥¬¨â¥«ì−®¥ à�§¢¨â¨¥ ¨ −¥áâ�¡¨«ì-
−�ï ®¡«�áâì ä¨−�−á®¢®© á¨áâ¥¬ë, âà¥¡ãîé�ï ª®¬¯«¥ªá−®£® ¨§ãç¥−¨ï. ‚ ç�áâ-
−®áâ¨, �ªâã�«ì−� §�¤�ç� ¯à®£−®§¨à®¢�−¨ï ¢à¥¬¥−−‚ëå àï¤®¢ àë−ª� ªà¨¯â®¢�«îâ,
à¥è¥−¨¥ ª®â®à®© | âàã¤®¥¬ª¨© ¯à®æ¥áá, ¨¬¥îé¨© ¬−®¦¥áâ¢® −î�−á®¢. �à¨¬¥-
−¥−¨¥ £«ã¡®ª¨å â¥å−®«®£¨© ®âªàë¢�¥â −®¢ë¥ ¢®§¬®¦−®áâ¨ ¢® ¬−®£¨å ¯à¨ª«�¤−ëå
®¡«�áâïå, â�ª ª�ª −¥©à®á¥â¨, ¡«�£®¤�àï á¢®¥¬ã �«£®à¨â¬¨ç¥áª®¬ã ãáâà®©áâ¢ã,
á¯®á®¡−ë ¢ëãç¨¢�âì á«®¦−ë¥ −¥«¨−¥©−ë¥ §�¢¨á¨¬®áâ¨ ¨ ¢ëï¢«ïâì áªàëâë¥
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Random sampling method for cryptocurrency market time series forecasting

áâàãªâãà−ë¥ ¯à¨§−�ª¨. �â® ¤¥«�¥â ¯®¨áª¨ ã−¨¢¥àá�«ì−®£® ¨−áâàã¬¥−â� ¤«ï �«-
£®à¨â¬¨ç¥áª®© â®à£®¢«¨ −� àë−ª¥ ªà¨¯â®¢�«îâ áà¥¤¨ ¬¥â®¤®¢ £«ã¡®ª®£® ®¡ãç¥−¨ï
®á¬ëá«¥−−ë¬¨.

�á−®¢−®© æ¥«ìî ¤�−−®© à�¡®âë áâ�¢¨«®áì ¨áá«¥¤®¢�−¨¥ −®¢®£® ¬¥â®¤� ®¡ãç¥-
−¨ï | ¬¥â®¤� á«ãç�©−®£® ®â¡®à� (RSM) | −� §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨ (¯à¥¤áª�-
§�−¨ï ¤¨−�¬¨ª¨ æ¥−) ¢à¥¬¥−−ëå àï¤®¢, á¯¥æ¨ä¨ª� ª®â®à®£® §�ª«îç�¥âáï ¢ â®¬,
çâ® ®− ¨¬¥¥â ¢ëá®ªãî íää¥ªâ¨¢−®áâì ¢ ®¡«�áâïå ¯à¨¬¥−¥−¨ï, ¢ ª®â®àëå ¢¥à−®
¯à¥¤¯®«®¦¥−¨¥ ® −¥áâ�æ¨®−�à−®¬ å�à�ªâ¥à¥ àï¤�. ‡�¬¥â¨¬, çâ® ¤�−−®¥ ãá«®¢¨¥
¬®¦¥â ¡ëâì ¢ë¯®«−¥−® ¨ ¢ á«ãç�¥ ä¨−�−á®¢ëå ¢à¥¬¥−−‚ëå àï¤®¢ ®¡é¥£® ¢¨¤�. ��
¯à�ªâ¨ª¥ ¬¥â®¤ á«ãç�©−®£® ®â¡®à� ¨¬¥¥â ¯à¥¢®áå®¤áâ¢® −�¤ à�−¥¥ ¨á¯®«ì§®¢�¢-
è¨¬¨áï ¤«ï à¥è¥−¨ï à�áá¬�âà¨¢�¥¬®© §�¤�ç¨ �«£®à¨â¬�¬¨ £«ã¡®ª® ®¡ãç¥−¨ï,
¢ ç�áâ−®áâ¨ −�¤ â¥¬¨ ¨§ −¨å, ª®â®àë¥ áç¨â�îâáï −�¨¡®«¥¥ ¯à®¨§¢®¤¨â¥«ì−ë¬¨:
à¥ªãàà¥−â−ë¬¨ LSTM-−¥©à®á¥âï¬¨.
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Abstract: This paper applies Random Sampling Method (RSM) to classification
task for cryptocurrencies time series, which are not-stationary Long Short Term
Memory (LSTM) networks have been demonstrated to be particularly useful for
learning sequences containing longer term patterns of unknown length, such as
at this task. But RSM represents another deep learning algorithm with more
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flexible architecture, built on the basis of LSTM cells and thus having all the
advantages of the traditional algorithm, but more resistant to the class imbalance
problem. The main distinguishing feature of RSM is the use of metric learning
and special sampling scheme.
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АНАЛИЗ ПРОИЗВОДИТЕЛЬНОСТИ СИСТЕМ «НОВОЕ РАДИО»
СЕТИ 5G С ПОМОЩЬЮ СИСТЕМЫ МАССОВОГО

ОБСЛУЖИВАНИЯ С ПЕРЕМЕННЫМИ ТРЕБОВАНИЯМИ
К РЕСУРСУ∗

В. А. Бесчастный1, Д. Ю. Острикова2, Ю. В. Гайдамака3

�−−®â�æ¨ï: ÷�§¢¥àâë¢�−¨¥ ¯¥àá¯¥ªâ¨¢−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬
¯ïâ®£® ¯®ª®«¥−¨ï ú−®¢®¥ à�¤¨®û (�−£«. 5G New Radio, 5G NR), ¨á¯®«ì§ãîé¨å
ç�áâ®âë ¢ ¬¨««¨¬¥âà®¢®¬ ¤¨�¯�§®−¥, ¯®§¢®«¨â ¤®áâ¨çì ¡¥á¯à¥æ¥¤¥−â−®£® ã¢¥-
«¨ç¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¡¥á¯à®¢®¤−ëå á¥â¥©. ‘ ¯®¬®éìî â�ª¨å
á¨áâ¥¬ áâ�−¥â ¢®§¬®¦−ë¬ ¢−¥¤à¥−¨¥ á¯¥æ¨�«ì−ëå à¥áãàá®¥¬ª¨å ¯à¨«®¦¥−¨©
á ªà�©−¥ ¢ëá®ª¨¬¨ âà¥¡®¢�−¨ï¬¨ ª ¨−äà�áâàãªâãà¥ á¥â¨, ª®â®àë¥ ï¢«ïîâáï
ª«îç¥¢ë¬ ä�ªâ®à®¬ à�§¢¨â¨ï á¨áâ¥¬ 5G. ‚ à�¡®â¥ ¯à¥¤«®¦¥− ¬¥â®¤ �−�«¨§�
5G NR á¨áâ¥¬ −� ®á−®¢¥ ¬ã«ìâ¨á¥à¢¨á−®© á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï
(‘Œ�) á ®£à�−¨ç¥−−ë¬ à¥áãàá®¬ ¨ §�ï¢ª�¬¨, âà¥¡®¢�−¨ï ª à¥áãàáã ª®â®àëå
¬®£ãâ ¬¥−ïâìáï ¢ ¯à®æ¥áá¥ ¨å ®¡á«ã¦¨¢�−¨ï. Œ®¤¥«¨à®¢�−¨¥ ¯¥à¥¬¥−−ëå
âà¥¡®¢�−¨© ª à¥áãàáã ¯®§¢®«ï¥â ¯®«ãç�âì ¡®«¥¥ â®ç−ãî ®æ¥−ªã ¯®ª�§�â¥«¥©
ª�ç¥áâ¢� äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë¬¨ ¬ã«ì-
â¨á¥à¢¨á−ë¬¨ ¬®¤¥«ï¬¨ á ¯®áâ®ï−−ë¬¨ âà¥¡®¢�−¨ï¬¨ ª à¥áãàáã. „«ï à�á-
á¬®âà¥−−®© ¬®¤¥«¨ ¯à¥¤«®¦¥− ¨â¥à�æ¨®−−ë© �«£®à¨â¬ à�áç¥â� áâ�æ¨®−�à−®£®
à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© á §�¤�−−®© â®ç−®áâìî.

Š«îç¥¢ë¥ á«®¢�: −®¢®¥ à�¤¨®; ¬¨««¨¬¥âà®¢ë© ¤¨�¯�§®−; ¯àï¬�ï ¢¨¤¨-
¬®áâì; ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨; ‘Œ�; ®£à�−¨ç¥−−ë© à¥áãàá; ¯¥à¥¬¥−−ë¥
âà¥¡®¢�−¨ï

DOI: 10.14357/08696527190407

1 Введение

‘ ¯®ï¢«¥−¨¥¬ á¥¬¥©áâ¢� â¥å−®«®£¨© ú−®¢®¥ à�¤¨®û [1] ¯¥à¥¤ à�§à�¡®âç¨ª�¬¨
â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ ¢áâ�«® ¬−®¦¥áâ¢® −®¢ëå ¯à®¡«¥¬, á ª®â®àë¬¨ −¥
¯à¨å®¤¨«®áì áâ�«ª¨¢�âìáï ¢ ¯à®è«®¬ [2{4]. ‘à¥¤¨ â�ª¨å ¯à®¡«¥¬ ¬®¦−® ¢ë¤¥-
«¨âì §−�ç¨â¥«ì−® ¡®«ìè¨¥ ¯®â¥à¨ ¯à¨ à�á¯à®áâà�−¥−¨¨ á¨£−�«� ¯® áà�¢−¥−¨î
á ¬¨ªà®¢®«−®¢®© á¢ï§ìî [5], ¡«®ª¨à®¢ª¨ á¨£−�«� −¥¡®«ìè¨¬¨ ¤¨−�¬¨ç¥áª¨-
¬¨ ®¡ê¥ªâ�¬¨ [6], −¥®¡å®¤¨¬®áâì íää¥ªâ¨¢−ëå ¨−â¥««¥ªâã�«ì−ëå ¬¥å�−¨§¬®¢

∗�ã¡«¨ª�æ¨ï ¯®¤£®â®¢«¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ¯à®£à�¬¬ë ÷“„� ú5-100û ¨ ¯à¨ ä¨−�−á®¢®©
¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 18-07-00576 ¨ 18-37-00380).

1÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢, beschastnyy-va@rudn.ru
2÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢, ostrikova-dyu@rudn.ru
3÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à-

¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, gaydamaka-yuv@rudn.ru
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ã¯à�¢«¥−¨ï «ãç®¬ ¨ ¤à. [2, 3, 7]. ‚ à¥�«ì−ëå ãá«®¢¨ïå íªá¯«ã�â�æ¨¨ ¯®¤®¡-
−ëå á¨áâ¥¬ ®á−®¢®© á«®¦−®áâìî ¤«ï ®¡¥á¯¥ç¥−¨ï −¥¯à¥àë¢−®£® ®¡á«ã¦¨¢�−¨ï
�¡®−¥−â®¢ ï¢«ïîâáï ¯®¤¢¨¦−ë¥ ¯à¥¯ïâáâ¢¨ï, â�ª¨¥ ª�ª «î¤¨ ¨ âà�−á¯®àâ−ë¥
áà¥¤áâ¢�, ¢à¥¬¥−−® ¡«®ª¨àãîé¨¥ à�á¯à®áâà�−¥−¨¥ à�¤¨®á¨£−�«� ¨ −�§ë¢�¥¬ë¥
ú¡«®ª¨à�â®à�¬¨û.

‚ §�¢¨á¨¬®áâ¨ ®â áà¥¤ë à�á¯à®áâà�−¥−¨ï á¨£−�«�, � â�ª¦¥ à�ááâ®ï−¨ï ®â
¡�§®¢®© áâ�−æ¨¨ (Base Station, BS) ¯®«ì§®¢�â¥«ìáª®¥ ®¡®àã¤®¢�−¨¥ ¢ á®áâ®ï−¨¨
¡«®ª¨à®¢ª¨ ¯àï¬®© ¢¨¤¨¬®áâ¨ ¤® ¡�§®¢®© áâ�−æ¨¨ ¬®¦¥â «¨¡® ¢ë¯�áâì ¨§ §®−ë
®¡á«ã¦¨¢�−¨ï, «¨¡® ¯®−¨§¨âì áå¥¬ã ¬®¤ã«ïæ¨¨ ¨ ª®¤¨à®¢�−¨ï ¤«ï ã¤®¢«¥â¢®-
à¥−¨ï âà¥¡ã¥¬ëå ¯®ª�§�â¥«¥© ®¡á«ã¦¨¢�−¨ï. ‚ ª�ç¥áâ¢¥ à¥è¥−¨ï ¤«ï á«ãç�ï
á ¢ëå®¤®¬ ®¡®àã¤®¢�−¨ï ¨§ §®−ë ®¡á«ã¦¨¢�−¨ï ª®−á®àæ¨ã¬®¬ 3GPP −¥¤�¢−®
¡ë« ¯à¥¤«®¦¥− ¬¥å�−¨§¬ â�ª −�§ë¢�¥¬®£® ú¬−®¦¥áâ¢¥−−®£® á®¥¤¨−¥−¨ïû [8],
¯à¨ ª®â®à®¬ ®¤−®¢à¥¬¥−−® ãáâ�−�¢«¨¢�îâáï −¥áª®«ìª® �ªâ¨¢−ëå ª�−�«®¢ ¬¥¦¤ã
¯®«ì§®¢�â¥«ìáª¨¬ ãáâà®©áâ¢®¬ ¨ à�á¯®«®¦¥−−ë¬¨ ¯®¡«¨§®áâ¨ ¡�§®¢ë¬¨ áâ�−æ¨-
ï¬¨, ¨ ¢ á«ãç�¥ ¯®ï¢«¥−¨ï ¡«®ª¨à�â®à� á¥áá¨ï ¬¥−ï¥â ®¯®à−ãî â®çªã ¤®áâã¯�,
â. ¥. á®¥¤¨−¥−¨¥ ¯¥à¥ª«îç�¥âáï −� ®¤¨− ¨§ �ªâ¨¢−ëå ª�−�«®¢ ¡¥§ ¯à¥¯ïâáâ¢¨©
¯àï¬®© ¢¨¤¨¬®áâ¨ (Line of Sight, LoS). ‚ á«ãç�¥ ¯®−¨¦¥−¨ï áå¥¬ë ¬®¤ã«ïæ¨¨
¨ ª®¤¨à®¢�−¨ï �ªâ¨¢−�ï á¥áá¨ï âà¥¡ã¥â ¡®«ìè¥£® ®¡ê¥¬� à¥áãàá� [9], ¨ ¯à¨ ¥£®
−¥å¢�âª¥ ¬®¦¥â «¨¡® á−¨§¨âìáï áª®à®áâì ¯¥à¥¤�ç¨ ¤�−−ëå ¤«ï á®®â¢¥âáâ¢ãîé¥£®
á®¥¤¨−¥−¨ï, «¨¡® á¥áá¨ï ¬®¦¥â ¡ëâì á¡à®è¥−�.

2 Описание системной модели

‚ à�¡®â¥ à�áá¬�âà¨¢�¥âáï ¬®¤¥«ì äã−ªæ¨®−¨à®¢�−¨ï ¡�§®¢®© áâ�−æ¨¨ 5G NR,
¯à¥¤«®¦¥−−�ï ¢ [10]. ��§®¢�ï áâ�−æ¨ï ®¡¥á¯¥ç¨¢�¥â ¯®ªàëâ¨¥ ¢−ãâà¨ ®ªàã¦−®áâ¨
à�¤¨ãá� d, ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥ ª®â®à®£® dE

LoS à�ááç¨âë¢�¥âáï, á®£«�á−® [3],
á ¯®¬®éìî ¬®¤¥«¨ à�á¯à®áâà�−¥−¨ï á¨£−�«� ¢ ¬¨««¨¬¥âà®¢®¬ ¤¨�¯�§®−¥ ¯à¨
®âáãâáâ¢¨¨ ¡«®ª¨à�â®à®¢ ¨ −�¡®à� áå¥¬ ¬®¤ã«ïæ¨¨ ¨ ª®¤¨à®¢�−¨ï [1]. �à¥¤¯®«�-
£�¥âáï, çâ® ¯®«ì§®¢�â¥«¨ à�¢−®¬¥à−® à�á¯à¥¤¥«¥−ë ¯® §®−¥ ¯®ªàëâ¨ï ¢ á®®â¢¥â-
áâ¢¨¨ á ¯ã�áá®−®¢áª¨¬ â®ç¥ç−ë¬ ¯à®æ¥áá®¬ á ¯�à�¬¥âà®¬ ρ. ’�ª¨¬ ®¡à�§®¬, ¯à®-
æ¥áá ¯®áâã¯«¥−¨ï §�¯à®á®¢ ¯®«ì§®¢�â¥«¥© −� ãáâ�−®¢«¥−¨¥ á®¥¤¨−¥−¨© ï¢«ï¥âáï
¯ã�áá®−®¢áª¨¬ á ¨−â¥−á¨¢−®áâìî λ = ˜ρπd2, £¤¥ ˜| ¯�à�¬¥âà íªá¯®−¥−æ¨�«ì-
−® à�á¯à¥¤¥«¥−−ëå ¨−â¥à¢�«®¢ ¬¥¦¤ã ¤¢ã¬ï ¯®á«¥¤®¢�â¥«ì−ë¬¨ §�¯à®á�¬¨ ®â
®¤−®£® ¯®«ì§®¢�â¥«ï, � ρ | ¯«®â−®áâì ¯®«ì§®¢�â¥«¥© ¢ §®−¥ ¯®ªàëâ¨ï (à¨á. 1).

„«ï ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢ ¯®«ì§®¢�â¥«¥© ¡�§®¢�ï áâ�−æ¨ï ¢ë¤¥«ï¥â à�-
¤¨®à¥áãàá, ¯à¨ íâ®¬ ®¡ê¥¬ à¥áãàá� §�¢¨á¨â ®â ¬¥áâ®¯®«®¦¥−¨ï ¯®«ì§®¢�â¥«ï
¨ ï¢«ï¥âáï á«ãç�©−®© ¢¥«¨ç¨−®© [11]. �à¥¤¯®«®¦¨¬, çâ® á â®çª¨ §à¥−¨ï âà¥¡®-
¢�−¨© ª ®¡ê¥¬ã à¥áãàá� ®¡«�áâì ¯®ªàëâ¨ï à�§¡¨â� −� ¢−ãâà¥−−îî ¨ ¢−¥è−îî
§®−ë | ¡«¨¦−¨© ª â®çª¥ ¤®áâã¯� ªàã£, ¢ æ¥−âà¥ ª®â®à®£® à�á¯®«®¦¥−� ¡�§®¢�ï
áâ�−æ¨ï, ¨ ®áâ�¢èãîáï §®−ã ¢¯«®âì ¤® £à�−¨æ §®−ë ¯®ªàëâ¨ï, ª®â®à�ï ¨¬¥¥â
ä®à¬ã ª®«ìæ�. ÷�¤¨ãá ªàã£� ®¯à¥¤¥«ï¥âáï ¬®¤¥«ìî à�á¯à®áâà�−¥−¨ï á¨£−�«�
ª�ª ¬�ªá¨¬�«ì−®¥ à�ááâ®ï−¨¥ dE

nLoS, −� ª®â®à®¬ ¬®¦−® ãáâ�−®¢¨âì á®¥¤¨−¥−¨¥
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�−�«¨§ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ ú−®¢®¥ à�¤¨®û á¥â¨ 5G á ¯®¬®éìî ‘Œ�

¢ ãá«®¢¨ïå ¡«®ª¨à®¢ª¨ «¨−¨¨ ¯àï-

÷¨á. 1 Œ®¤¥«ì ¤¢¨¦¥−¨ï ¡«®ª¨à�â®à®¢:
1 | NR BS; 2 ¨ 3 | ¯®«ì§®¢�â¥«ìáª®¥ ®¡®àã-
¤®¢�−¨¥ á ¯àï¬®© ¨ ¡¥§ ¯àï¬®© ¢¨¤¨¬®áâ¨
á®®â¢¥âáâ¢¥−−®; 4 | ¡«®ª¨à�â®à; 5 | §®−� ¡¥§
¯àï¬®© ¢¨¤¨¬®áâ¨; 6 | âà�¥ªâ®à¨ï ¤¢¨¦¥−¨ï

¬®© ¢¨¤¨¬®áâ¨ [3]. „«ï ª®«ìæ� ¢−ãâ-
à¥−−¨© à�¤¨ãá à�¢¥− à�¤¨ãáã ªàã£�,
� ¢−¥è−¨© à�¤¨ãá ®¯à¥¤¥«ï¥âáï ª�ª
d = min(dISD − dE

nLoS, d
E
LoS), £¤¥

dISD | à�ááâ®ï−¨¥ ®â æ¥«¥¢®© ¤®
¡«¨¦�©è¥© á®á¥¤−¥© NR BS. ’�ª-
¦¥ ¯à¥¤¯®«®¦¨¬, çâ® âà¥¡®¢�−¨ï
ª ®¡ê¥¬ã à¥áãàá� ¤«ï ®¡á«ã¦¨¢�−¨ï
§�¯à®á®¢ ®â ¯®«ì§®¢�â¥«¥©, −�å®¤ï-
é¨åáï ¢ ªàã£¥, −¨¦¥ á®®â¢¥âáâ¢ã-
îé¨å âà¥¡®¢�−¨© ®â ¯®«ì§®¢�â¥«¥©
¢ ª®«ìæ¥. �â® ¯à¥¤¯®«®¦¥−¨¥ á®-
®â¢¥âáâ¢ã¥â ¯à®áâ¥©è¥© ¬®¤¥«¨ à�á-
¯à®áâà�−¥−¨ï á¨£−�«� [7], á®£«�á-
−® ª®â®à®© ®¡ê¥¬ à¥áãàá� ®¡à�â−®
¯à®¯®àæ¨®−�«¥− à�ááâ®ï−¨î ¬¥¦¤ã
®¡®àã¤®¢�−¨¥¬ ¯®«ì§®¢�â¥«ï ¨ â®ç-
ª®© ¤®áâã¯�.

Œ®¤¥«ì ãç¨âë¢�¥â ¢®§¬®¦−®áâì
¡«®ª¨à®¢ª¨ ¯àï¬®© ¢¨¤¨¬®áâ¨ ¯®-
¤¢¨¦−ë¬¨ ¯à¥¯ïâáâ¢¨ï¬¨ ¤«ï ¯®«ì-
§®¢�â¥«¥© ¢ ªàã£¥ ¨ ¢ ª®«ìæ¥. �à¨
¯®ï¢«¥−¨¨ ¡«®ª¨à�â®à� −� «¨−¨¨
¯àï¬®© ¢¨¤¨¬®áâ¨ ¬¥¦¤ã â®çª®© ¤®áâã¯� ¨ ¯®«ì§®¢�â¥«ìáª¨¬ ãáâà®©áâ¢®¬ ¢ ªàã£¥
á®¥¤¨−¥−¨¥ −¥ ¯à¥àë¢�¥âáï, −® ã¢¥«¨ç¨¢�¥âáï ®¡ê¥¬ à¥áãàá�, ¢ë¤¥«¥−−ë© â®çª®©
¤®áâã¯� ¤«ï ¥£® ¯®¤¤¥à¦�−¨ï. Š®£¤� á¨âã�æ¨ï ¡«®ª¨à®¢�−¨ï ¯àï¬®© ¢¨¤¨¬®áâ¨
(non Line of Sight, nLoS) ¢®§−¨ª�¥â ¤«ï ãáâà®©áâ¢� ¢ ª®«ìæ¥, ª�ç¥áâ¢® á®¥¤¨−¥−¨ï
¢ à�¤¨®ª�−�«¥ ¯�¤�¥â −�áâ®«ìª®, çâ® ¤«ï ¥£® ¯®¤¤¥à¦�−¨ï −¥®¡å®¤¨¬® á¬¥−¨âì
®¯®à−ãî â®çªã ¤®áâã¯�. ‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¯®áâà®¥−� ‘Œ� ä�§®¢®£® â¨¯� ¤«ï
¬®¤¥«¨à®¢�−¨ï ®¡á«ã¦¨¢�−¨ï ¯®«ì§®¢�â¥«¥© ¡�§®¢®© áâ�−æ¨¥© 5G NR á ãç¥â®¬
¯®ï¢«¥−¨ï ¨ ¨áç¥§−®¢¥−¨ï ¡«®ª¨à�â®à®¢ ¯àï¬®© ¢¨¤¨¬®áâ¨.

3 Анализ показателей эффективности с помощью системы массового
обслуживания с переменным требованием к ресурсу

÷�áá¬®âà¨¬ à¥áãàá−ãî ‘Œ� á N ¯à¨¡®à�¬¨, à¥áãàá®¬ ª®−¥ç−®£® ®¡ê¥¬� R
¨ ¯ã�áá®−®¢áª¨¬ ¯®áâã¯�îé¨¬ ¯®â®ª®¬ ¨−â¥−á¨¢−®áâ¨ λ. �à¥¤¯®«®¦¨¬, çâ® ¤«¨-
â¥«ì−®áâ¨ ®¡á«ã¦¨¢�−¨ï §�ï¢®ª −¥ §�¢¨áïâ ®â ¯®áâã¯�îé¥£® ¯®â®ª�, −¥§�¢¨á¨¬ë
¢ á®¢®ªã¯−®áâ¨ ¨ ¨¬¥îâ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï ä�§®¢®£® â¨¯�

B(x) = 1− a exp(xM)u .

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 4 2019 75



‚. �. �¥áç�áâ−ë©, „. ā. �áâà¨ª®¢�, ā. ‚. ƒ�©¤�¬�ª�

‡¤¥áì a| ¢¥ªâ®à-áâà®ª� ¤«¨−ë n à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© −�ç�«ì−®© ä�§ë;
u| ¢¥ªâ®à-áâ®«¡¥æ ¤«¨−ë n ¨§ ¥¤¨−¨æ;M = [µij]| −¥¢ëà®¦¤¥−−�ï ª¢�¤à�â−�ï
¬�âà¨æ� ¯®àï¤ª� n ¨−â¥−á¨¢−®áâ¥© ¯¥à¥å®¤®¢ ¬¥¦¤ã ä�§�¬¨ ®¡á«ã¦¨¢�−¨ï; n|
ç¨á«® ä�§ ®¡á«ã¦¨¢�−¨ï.

ˆ§¬¥−¥−¨¥ âà¥¡®¢�−¨© §�ï¢®ª ª à¥áãàá�¬ ¢ â¥ç¥−¨¥ ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï
¬®¤¥«¨àã¥âáï á ¯®¬®éìî á¬¥−ë ä�§ë ®¡á«ã¦¨¢�−¨ï. �� j-© ä�§¥ ®¡á«ã¦¨¢�−¨ï
§�ï¢ª¥ âà¥¡ã¥âáï rj ¥¤¨−¨æ à¥áãàá�. …á«¨ ¯à¨ ¯®áâã¯«¥−¨¨ ¨«¨ ¢ ¬®¬¥−â á¬¥−ë
ä�§ë ®¡á«ã¦¨¢�−¨ï ¢ëïá−¨âáï, çâ® ®¡ê¥¬ âà¥¡ã¥¬®£® §�ï¢ª¥ à¥áãàá� ¯à¥¢ëè�¥â
¤®áâã¯−ë© ®¡ê¥¬ −¥§�−ïâ®£® à¥áãàá�, §�ï¢ª� â¥àï¥âáï.

‘®áâ®ï−¨¥ á¨áâ¥¬ë ¢ ¬®¬¥−â t ¬®¦−® ®¯¨á�âì ®¤−®à®¤−ë¬ ¬�àª®¢áª¨¬ ¯à®-
æ¥áá®¬X(t) = (X1(t), . . . ,Xn(t)), £¤¥Xj(t)| ç¨á«® §�ï¢®ª, ®¡á«ã¦¨¢�¥¬ëå −�
ä�§¥ j. �à®æ¥áá X(T ) ¨¬¥¥â ª®−¥ç−®¥ ¯à®áâà�−áâ¢® á®áâ®ï−¨©

X(R) =







(k1, . . . , kn) |kj ≥ 0 , j = 1, . . . , n ,
n
∑

j=1

kj ≤ N ,
n
∑

j=1

kjrj ≤ R







.

�¡®§−�ç¨¬ ç¥à¥§ µi0 = −
∑n

j=1 µij ¨−â¥−á¨¢−®áâì §�¢¥àè¥−¨ï ®¡á«ã¦¨¢�−¨ï
§�ï¢ª¨ ¯®á«¥ ä�§ë i. ‘¨áâ¥¬� ãà�¢−¥−¨© à�¢−®¢¥á¨ï ¤«ï ¯à®æ¥áá� X(t) ¨¬¥¥â
á«¥¤ãîé¨© ¢¨¤:

(

λI(ku < N)
n
∑

i=1

I (kr+ ri ≤ R) ai + kµ

)

p(k) =

= λ

n
∑

i=1

I (ki > 0) p (k− ei) ai + I(ku < N)

n
∑

i=1

p (k+ ei) (ki + 1)µi0 +

+ I(ku < N)

n
∑

i=1

n
∑

j=1,
j 6=i

I (kr+ rj > R) p (k+ ei) (ki + 1)µij +

+ I (ku < N)
n
∑

i=1

p (k+ ei) (ki + 1)µi0 +

+ I (ku < N)

n
∑

i=1

n
∑

j=1,
j 6=i

I (kr+ rj > R) p (k+ ei) (ki + 1)µij , k ∈ X(R) , (1)

£¤¥ I(S) | ¨−¤¨ª�â®à ãâ¢¥à¦¤¥−¨ï S; r = (r1, . . . , rn) ¨ µ = (µ1, . . . , µn) |
¢¥ªâ®àë-áâ®«¡æë; ei | ¢¥ªâ®à-áâà®ª�, ¢á¥ ª®¬¯®−¥−âë ª®â®à®£® à�¢−ë 0, ªà®¬¥
áâ®ïé¥© −� i-¬ ¬¥áâ¥ ¥¤¨−¨æë. �âã á¨áâ¥¬ã ãà�¢−¥−¨© ¬®¦−® à¥è¨âì ç¨á«¥−−®
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�−�«¨§ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ ú−®¢®¥ à�¤¨®û á¥â¨ 5G á ¯®¬®éìî ‘Œ�

¬¥â®¤®¬ ¯®á«¥¤®¢�â¥«ì−ëå ¯à¨¡«¨¦¥−¨©. ‚ ª�ç¥áâ¢¥ −�ç�«ì−®£® ¯à¨¡«¨¦¥−¨ï
¢®§ì¬¥¬ à�¢−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥

p(k) =
1

|X(R)|
, k ∈ X(R) .

‡�â¥¬, ¤® â¥å ¯®à ¯®ª� −¥ ¤®áâ¨£−ãâ� âà¥¡ã¥¬�ï â®ç−®áâì, ¢ëç¨á«ï¥¬ ®ç¥à¥¤-
−ë¥ ¯à¨¡«¨¦¥−¨ï, ¯à¨ íâ®¬ ª�¦¤�ï ¨â¥à�æ¨ï á®áâ®¨â ¨§ âà¥å è�£®¢.

1. G := 0.
2. p(k) :=

:=
1

λI(ku < N)
∑n

i=1
I(kr+ ri ≤ R)ai + kµ

[

λ

n
∑

i=1

I (ki > 0) p (k− ei) ai +

+ I(ku < N)
n
∑

i=1

p (k+ ei) (ki + 1)µi0 +

+ I(ku < N)

n
∑

i=1

n
∑

j=1,
j 6=i

I (kr+ rj > R) p (k+ ei) (ki + 1)µij +

+
n
∑

i=1

n
∑

j=1,
j 6=i

I (kj > 0) I (kr+ rj ≤ R) p (k+ ei − ej) (ki + 1)µij

]

, (2)

G := G+ p(k) , k ∈ X(R) .

3. p(k := (1/G)p(k), k ∈ X(R) .

‘¨áâ¥¬� ãà�¢−¥−¨© à�¢−®¢¥á¨ï (1) ¨ �«£®à¨â¬ (2) ¤�îâ ¬¥â®¤ à�áç¥â� áâ�æ¨-
®−�à−®£® à�á¯à¥¤¥«¥−¨ï, ª®â®àë© ¯à¨¬¥−¥− ¢ á«¥¤ãîé¥¬ à�§¤¥«¥ ¯à¨ �−�«¨§¥
¯®ª�§�â¥«¥© ª�ç¥áâ¢� äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë 5G NR.

4 Численный анализ

‚ ¤�−−®¬ à�§¤¥«¥ ¯à®¢®¤¨âáï ç¨á«¥−−ë© �−�«¨§ äã−ªæ¨®−¨à®¢�−¨ï ¡�§®¢®©
áâ�−æ¨¨ á¨áâ¥¬ë 5G NR á â®çª¨ §à¥−¨ï ®¤−®© ¨§ ª«îç¥¢ëå å�à�ªâ¥à¨áâ¨ª ª�ç¥-
áâ¢� ®¡á«ã¦¨¢�−¨ï | ¢¥à®ïâ−®áâ¨ á¡à®á� á¥áá¨©, ª®â®à�ï ¤«ï à�áá¬�âà¨¢�¥¬®©
¬®¤¥«¨ ¢ëç¨á«ï¥âáï ª�ªB = ab, £¤¥ b = (b1, . . . , bn), � ¢¥à®ïâ−®áâì ¡«®ª¨à®¢ª¨
¢ i-© ä�§¥ ¢ëç¨á«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

bi =
∑

k∈X(R),
kr+ri>R

p(k+
∑

j∈{1,...,n}\i,
kr−rj+ri>R

p(k) , 1 ≤ i ≤ n .
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‚å®¤−ë¥ ¯�à�¬¥âàë ç¨á«¥−−®£® �−�«¨§�

�¡®§−�ç¥−¨¥ �¯¨á�−¨¥ ‡−�ç¥−¨ï
d ÷�¤¨ãá ¢−¥è−¥© §®−ë 400 ¬

dISD ÷�ááâ®ï−¨¥ ¬¥¦¤ã á®á¥¤−¨¬¨ BS 600 ¬
R —¨á«® à¥áãàá−ëå ¡«®ª®¢ ¢ ¢ë¤¥«¥−−®© ¯®«®á¥ ç�áâ®â 667

r1
’à¥¡®¢�−¨ï á¥áá¨© ¢ ª®«ìæ¥ ¯à¨ −�«¨ç¨¨ ¯àï¬®©
¢¨¤¨¬®áâ¨ 31 RB∗

r2
’à¥¡®¢�−¨ï á¥áá¨© ¢ ªàã£¥ ¯à¨ −�«¨ç¨¨ ¯àï¬®©
¢¨¤¨¬®áâ¨ 16 RB

r3 ’à¥¡®¢�−¨ï á¥áá¨© ¢ ªàã£¥ ¡¥§ ¯àï¬®© ¢¨¤¨¬®áâ¨ 158 RB

λ
ˆ−â¥−á¨¢−®áâì ¯®áâã¯«¥−¨ï §�¯à®á®¢
®â ®¤−®£® ãáâà®©áâ¢� 10−3 á−1

µ ˆ−â¥−á¨¢−®áâì ®¡á«ã¦¨¢�−¨ï á¥áá¨© 1/30 á−1

α = γ
��à�¬¥âà à�á¯à¥¤¥«¥−¨ï ¯¥à¨®¤®¢ ¬¥¦¤ã
¯®á«¥¤®¢�â¥«ì−ë¬¨ ¡«®ª¨à®¢ª�¬¨ ¯àï¬®© ¢¨¤¨¬®áâ¨ 0,033 á−1

β ��à�¬¥âà à�á¯à¥¤¥«¥−¨ï ¤«¨â¥«ì−®áâ¥© ¡«®ª¨à®¢®ª 0,34 c−1
∗RB | resource block (à¥áãàá−ë© ¡«®ª).

�®¬¨¬® ¢¥à®ïâ−®áâ¨ á¡à®á� â�ª¦¥ ¨áá«¥¤ã¥âáï ¤®«ï §�−ïâ®£® à¥áãàá� ¡�§®¢®©
áâ�−æ¨¨ NR:

UTIL =
∑

k∈X(R)

krp(k) .

÷�áá¬�âà¨¢�¥¬�ï á¨áâ¥¬� äã−ªæ¨®−¨àã¥â −� à�¡®ç¥© ç�áâ®â¥ 28 ƒƒæ á ¤®áâã¯-
−®© ¯®«®á®© ç�áâ®â ¢ 1 ƒƒæ ¨ ª®íää¨æ¨¥−â®¬ §�âãå�−¨ï, à�¢−ë¬ 2,1. Œ®é−®áâì
¯¥à¥¤�îé¥© �−â¥−−ë á®áâ�¢«ï¥â 0,2 ‚â, � ¥¥ | ãá¨«¥−¨¥ 2,58 ¤�. �à¥¤¯®«�£�-
¥¬, çâ® ¢á¥ ¯®«ì§®¢�â¥«¨ ¯®«ãç�îâ ®¤¨− â¨¯ ãá«ã£ á ä¨ªá¨à®¢�−−®© âà¥¡ã¥¬®©
áª®à®áâìî ¯¥à¥¤�ç¨ ¤�−−ëå 50 Œ¡¨â/á (á®®â¢¥âáâ¢ã¥â ¯¥à¥¤�ç¥ ¢¨¤¥® ¢ ¢ëá®ª®¬
ª�ç¥áâ¢¥). �â¨ ¯�à�¬¥âàë ®¯à¥¤¥«ïîâ âà¥¡®¢�−¨ï ¤«ï ãáâ�−®¢«¥−¨ï ¯®«ì§®¢�-
â¥«ìáª¨å á¥áá¨©, � â�ª¦¥ ¢¥«¨ç¨−ã ¤®áâã¯−®£® à¥áãàá�. ‚ à®«¨ ¡«®ª¨à�â®à®¢
¢ëáâã¯�îâ æ¨«¨−¤àë à�¤¨ãá� 0,4 ¬ á ¢ëá®â®© 1,7 ¬, ¨¬¨â¨àãîé¨¥ ç¥«®¢¥ç¥-
áª®¥ â¥«®. —�áâ®â� −�áâã¯«¥−¨ï ¨ ¤«¨â¥«ì−®áâì ¯¥à¨®¤®¢ ®âáãâáâ¢¨ï ¯àï¬®©
¢¨¤¨¬®áâ¨ §�¢¨áïâ ®â ¬®¤¥«¨ ¤¢¨¦¥−¨ï ¡«®ª¨à�â®à®¢. „«ï ç¨á«¥−−®£® �−�«¨§�
¢ë¡à�−® á«ãç�©−®¥ ¡«ã¦¤�−¨¥ á® áà¥¤−¥© áª®à®áâìî 1,1 ¬/á.

Œ¥â®¤ ¯®«ãç¥−¨ï ¨áå®¤−ëå ¤�−−ëå â�¡«¨æë ¤«ï §�¤�−−ëå §−�ç¥−¨© ¯�à�-
¬¥âà®¢ á¨áâ¥¬ë 5G NR ¨§«®¦¥− ¢ [3].

�®áâà®¥−−�ï ¤«ï à�áá¬®âà¥−−®© á¨áâ¥¬ë 5G NR ¬®¤¥«ì ‘Œ� ¨¬¥¥â âà¨
ä�§ë ®¡á«ã¦¨¢�−¨ï (n = 3): ¯¥à¢�ï ä�§� á®®â¢¥âáâ¢ã¥â −¥§�¡«®ª¨à®¢�−−ë¬
á¥áá¨ï¬ ¨§ ª®«ìæ�, ¢â®à�ï ä�§� | −¥§�¡«®ª¨à®¢�−−ë¬ á¥áá¨ï¬ ¨§ ªàã£�, � âà¥âìï
ä�§� | §�¡«®ª¨à®¢�−−ë¬ á¥áá¨ï¬ ¨§ ªàã£�. Œ�âà¨æ� ¯¥à¥å®¤®¢ M = [µij ]
¬¥¦¤ã ä�§�¬¨ ®¡á«ã¦¨¢�−¨ï ¨¬¥¥â á«¥¤ãîé¨© ¢¨¤:

M =

[

−(γ + µ) 0 0
0 −(α+ µ) α
0 β −(β + µ)

]

,

78 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 4 2019



�−�«¨§ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ ú−®¢®¥ à�¤¨®û á¥â¨ 5G á ¯®¬®éìî ‘Œ�

÷¨á. 2 ‚¥à®ïâ−®áâì á¡à®á� á¥áá¨© ¢ §�¢¨á¨¬®áâ¨ ®â ¯®«®¦¥−¨ï ãáâà®©áâ¢�: 1 | BI ;
2 | BO; 3 | B

£¤¥ α−1 ¨ γ−1 | áà¥¤−¨¥ ¨−â¥à¢�«ë ¬¥¦¤ã ¤¢ã¬ï ¯®á«¥¤®¢�â¥«ì−ë¬¨ ¡«®ª¨-
à®¢ª�¬¨ ¯àï¬®© ¢¨¤¨¬®áâ¨ ¢ ªàã£¥ ¨ ª®«ìæ¥ á®®â¢¥âáâ¢¥−−®; β−1 | áà¥¤−ïï
¤«¨â¥«ì−®áâì ¡«®ª¨à®¢ª¨. ‚ íâ®¬ á«ãç�¥ äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï

B(x) = 1− a exp(xM)u = 1− a1e
−x(µ+γ) − (1− a1) e

−µx

¯à¥¤áâ�¢«ï¥â á®¡®© £¨¯¥àíªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥«¥−¨¥.
�� à¨á. 2 ¨§®¡à�¦¥− £à�ä¨ª §�¢¨á¨¬®áâ¨ ¢¥à®ïâ−®áâ¨ á¡à®á� á¥áá¨¨ ®â

¯®«®¦¥−¨ï ãáâà®©áâ¢�, £¤¥ BI á®®â¢¥áâ¢ã¥â ¢¥à®ïâ−®áâ¨ á¡à®á� ¢ ªàã£¥, BO |
¢ ª®«ìæ¥, � B | ¢¥à®ïâ−®áâ¨ á¡à®á� ¢−¥ §�¢¨á¨¬®áâ¨ ®â ¯®«®¦¥−¨ï ãáâà®©áâ¢�.
‚¥à®ïâ−®áâì á¡à®á� á¥áá¨© ¨§ ¢−¥è−¥© §®−ë (ª®«ìæ®) §−�ç¨â¥«ì−® ¢ëè¥, ç¥¬
ã á¥áá¨© ¨§ ¢−ãâà¥−−¥© §®−ë (ªàã£), â�ª ª�ª ¨å ®¡é¥¥ ç¨á«® ¨ âà¥¡®¢�−¨ï
ª à¥áãàáã ¢ëè¥. �â® á¢¨¤¥â¥«ìáâ¢ã¥â ® −¥®¡å®¤¨¬®áâ¨ ¨á¯®«ì§®¢�−¨ï ¯à¨−æ¨¯�
¬−®¦¥áâ¢¥−−ëå á®¥¤¨−¥−¨© [8], ª®â®àë© ¯®§¢®«¨« ¡ë á−¨§¨âì ¢¥à®ïâ−®áâì á¡à®á�
¢ ª®«ìæ¥ §� áç¥â à¥§¥à¢¨à®¢�−¨ï −� á®á¥¤−¨å â®çª�å ¤®áâã¯� ¤®¯®«−¨â¥«ì−®£®
à¥áãàá� ¤«ï §�¡«®ª¨à®¢�−−ëå á¥áá¨©, ï¢«ïîé¨åáï −�¨¡®«¥¥ à¥áãàá®¥¬ª¨¬¨.
‚á«¥¤áâ¢¨¥ ¡®«¥¥ ¦¥áâª¨å âà¥¡®¢�−¨© ª à¥áãàáã ¨¬¥−−® íâ¨ á¥áá¨¨ ¢ ¡®«ìè¥©
áâ¥¯¥−¨ ¯®¤¢¥à¦¥−ë ®âª�§�¬ ¢ ®¡á«ã¦¨¢�−¨¨.

�� à¨á. 3 ¨§®¡à�¦¥−� §�¢¨á¨¬®áâì §�£àã§ª¨ ¡�§®¢®© áâ�−æ¨¨ ®â â¨¯� ¨ ¯®«®-
¦¥−¨ï ãáâà®©áâ¢, £¤¥UTIL| áà¥¤−ïï ¤®«ï à¥áãàá�, ¨á¯®«ì§ã¥¬�ï ¢á¥¬¨ â¨¯�¬¨
¯®«ì§®¢�â¥«¥©, UTILI

LoS | ¯®«ì§®¢�â¥«ï¬¨ ¨§ ªàã£� ¯à¨ −�«¨ç¨¨ ¯àï¬®© ¢¨¤¨-
¬®áâ¨ ¤® NR BS,UTILI

nLoS | ¯®«ì§®¢�â¥«ï¬¨ ¨§ ªàã£� ¡¥§ ¯àï¬®© ¢¨¤¨¬®áâ¨ ¤®
NR BS, UTILO | ¯®«ì§®¢�â¥«ï¬¨ ¨§ ª®«ìæ�. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® −� á¥áá¨¨
¨§ ¢−¥è−¥© §®−ë ¯à¨å®¤¨âáï ¡®«¥¥ 80% ®â ®¡é¥£® ¨á¯®«ì§ã¥¬®£® à¥áãàá�, çâ®
¯®¤â¢¥à¦¤�¥â −¥®¡å®¤¨¬®áâì à�á¯à¥¤¥«¥−¨ï −�£àã§ª¨ ¢ á®®â¢¥âáâ¢ãîé¥© §®−¥
®¡á«ã¦¨¢�−¨ï ¬¥¦¤ã á®á¥¤−¨¬¨ ¡�§®¢ë¬¨ áâ�−æ¨ï¬¨. ‚ â® ¦¥ ¢à¥¬ï ¢¨¤−®, çâ®
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÷¨á. 3 ‘à¥¤−ïï ¤®«ï §�−ïâ®£® à¥áãàá� ¢ §�¢¨á¨¬®áâ¨ ®â ¯®«®¦¥−¨ï ãáâà®©áâ¢� ¨ ãá«®¢¨©
¯àï¬®© ¢¨¤¨¬®áâ¨: 1 | UTILO; 2 | UTILI

LoS; 3 | UTILI
nLoS; 4 | UTIL

á à®áâ®¬ ¯«®â−®áâ¨ ãáâà®©áâ¢ ¤®«ï à¥áãàá�, §�−¨¬�¥¬�ï −¥§�¡«®ª¨à®¢�−−ë¬¨
á¥áá¨ï¬¨, ã¬¥−ìè�¥âáï, çâ® ®¡êïá−ï¥âáï á−¨¦¥−¨¥¬ ¨å ¤®«¨ ¢ áâàãªâãà¥ âà�ä¨-
ª�. ‘−¨¦¥−¨¥ ¯à®¨áå®¤¨â ¨§-§� à®áâ� ¢¥à®ïâ−®áâ¨ ¡«®ª¨à®¢ª¨ ¯àï¬®© ¢¨¤¨¬®áâ¨
¢á«¥¤áâ¢¨¥ ã¢¥«¨ç¥−¨ï ç¨á«� ¯®â¥−æ¨�«ì−ëå ¡«®ª¨à�â®à®¢.

ˆ§ íªá¯®−¥−æ¨�«ì−®£® å�à�ªâ¥à� à®áâ� ¢¥à®ïâ−®áâ¨ á¡à®á� á¥áá¨© ¤�¦¥ ¯à¨
−¥ ¯®«−®áâìî §�−ïâ®¬ à¥áãàá¥ ¬®¦−® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® ¤«ï ¯®¤®¡−ëå
á¨áâ¥¬ −¥®¡å®¤¨¬® ¨áá«¥¤®¢�âì ¬¥å�−¨§¬ë à¥§¥à¢¨à®¢�−¨ï à¥áãàá®¢.

5 Заключение

‚ à�¡®â¥ à�áá¬®âà¥− ¯à®æ¥áá ¢ë¤¥«¥−¨ï à�¤¨®à¥áãàá®¢ ¡�§®¢®© áâ�−æ¨-
¥© 5G NR á ãç¥â®¢ ¢à¥¬¥−−ëå ¡«®ª¨à®¢®ª ¯àï¬®© ¢¨¤¨¬®áâ¨ ¯®¤¢¨¦−ë¬¨
¯à¥¯ïâáâ¢¨ï¬¨. �à¥¤«®¦¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¢ ¢¨¤¥ ¬−®£®ª�−�«ì−®©
‘Œ� ä�§®¢®£® â¨¯� á à¥áãàá−ë¬¨ ®£à�−¨ç¥−¨ï¬¨ ¨ ¯¥à¥¬¥−−ë¬¨ âà¥¡®¢�−¨ï¬¨
ª à¥áãàáã. ’�ª¦¥ à�§à�¡®â�− ¬¥â®¤ à�áç¥â� áâ�æ¨®−�à−ëå ¢¥à®ïâ−®áâ¥© ¤«ï
®æ¥−ª¨ ª«îç¥¢ëå ¯®ª�§�â¥«¥© á¨áâ¥¬ë, ª®â®àë¥ ¢ ¤�«ì−¥©è¥¬ ¬®£ãâ ¡ëâì ¨á-
¯®«ì§®¢�−ë ¤«ï −�å®¦¤¥−¨ï ®¯â¨¬�«ì−ëå áæ¥−�à¨¥¢ à�§¢¥àâë¢�−¨ï ¬®¡¨«ì−ëå
á¥â¥© −� ¡�§¥ â¥å−®«®£¨¨ 5G NR.

‚ ª�ç¥áâ¢¥ §�¤�ç¨ ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨© ¯«�−¨àã¥âáï à�áè¨à¨âì ¬®¤¥«ì
¤®¡�¢«¥−¨¥¬ ¯®â®ª� §�ï¢®ª á ¯¥à¥ªàë¢�îé¨¬¨áï âà¥¡®¢�−¨ï¬¨ ª à¥áãàáã [12],
çâ® ¯®§¢®«¨â ¬®¤¥«¨à®¢�âì ¯à®æ¥áá ®¡«ã¦¨¢�−¨ï ¬−®£®�¤à¥á−ëå á®¥¤¨−¥−¨© [10,
12, 13], è¨à®ª® ¯à¨¬¥−ï¥¬ëå ¢ á®¢à¥¬¥−−ëå ¯à®¢®¤−ëå ¨ ¡¥á¯à®¢®¤−ëå á¥âïå
¨ ¯®§¢®«ïîé¨å §−�ç¨â¥«ì−® ã«ãçè¨âì íää¥ªâ¨¢−®áâì ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢.

�¢â®àë ¡«�£®¤�àïâ ¯à®ä¥áá®à� ˆáá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ� ¨−−®¢�æ¨©
£. •¥«ìá¨−ª¨ (”¨−«ï−¤¨ï) ‚. �. ��ã¬®¢� §� á®¢¥âë ¯® à�§à�¡®âª¥ �«£®à¨â¬�
¤«ï á«ãç�ï ‘Œ� ä�§®¢®£® â¨¯�.
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Abstract: The deployment of prospective 5G New Radio telecommunication
systems (5G NR) that utilizes millimeter-wave frequencies will allow achieving
an unprecedented increase in capacity of mobile wireless networks. This type of
communications will provide the possibility to introduce new special resource-
consuming and mission critical applications with extremely high requirements
for network infrastructure, which are the key driver in the development of
5G systems. The present authors propose an analytical method for the analysis
of 5G NR systems based on a multiservice loss system with limited resources and
customers that demand varying amount of resource within their service time. For
the considered model, the authors propose an approximate method that allows to
calculate the stationary probability distribution and other network performance
metrics to the specified accuracy. The findings are illustrated with a numerical
example.
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МЕТОД ИЗВЛЕЧЕНИЯ ЭКСПЕРТНЫХ ОЦЕНОК
ИЗ СОЦИАЛЬНЫХ СЕТЕЙ ПРИ ПРОВЕДЕНИИ ПРОЦЕССА

ГРУППОВОГО ПРИНЯТИЯ РЕШЕНИЙ∗

О. В. Чухно1, Н. В. Чухно2, Ю. В. Гайдамака3, К. Е. Самуйлов4

�−−®â�æ¨ï: ‘®æ¨�«ì−ë¥ á¥â¨ ¯à¥¤áâ�¢«ïîâáï −�¨¡®«¥¥ ¯à¥¤¯®çâ¨â¥«ì−®©
áà¥¤®© á â®çª¨ §à¥−¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«¥©, ®¡¬¥−� ¨−ä®à¬�æ¨¥©
¨ ®¡é¥−¨ï, ¯®íâ®¬ã ¨å ¬®¦−® ¨á¯®«ì§®¢�âì ¢ ¯à®æ¥áá¥ £àã¯¯®¢®£® ¯à¨−ïâ¨ï
à¥è¥−¨©. �¤−�ª® ¢ áãé¥áâ¢ãîé¨å ¬¥â®¤�å £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©
íªá¯¥àâë ¤®«¦−ë á«¥¤®¢�âì ª®−ªà¥â−ë¬ ¯à¥¤«®¦¥−−ë¬ áâàãªâãà�¬ ¯à¨ ¢ë-
áâ�¢«¥−¨¨ á¢®¨å ®æ¥−®ª, çâ® −¥¥áâ¥áâ¢¥−−® ¤«ï ®−«�©−-á¥à¢¨á®¢, ¢ ª®â®àëå
¯®«ì§®¢�â¥«¨ ¤¥«ïâáï ¬−¥−¨ï¬¨ ¢ á¢®¡®¤−®© ä®à¬¥. „«ï à¥è¥−¨ï ¤�−-
−®© ¯à®¡«¥¬ë ¯à¥¤«�£�¥âáï ¬®¤¥«ì ¯à®æ¥áá� £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©,
¢ ª®â®à®© íªá¯¥àâë ¬®£ãâ çã¢áâ¢®¢�âì á¥¡ï á¢®¡®¤−¥¥ ¯à¨ ®æ¥−¨¢�−¨¨ ¯�à
�«ìâ¥à−�â¨¢ ¨«¨ ¢ëáª�§ë¢�−¨¨ á¢®¨å ¬−¥−¨©. „�−−ë© ¬¥â®¤ ®âªàë¢�¥â ¢®§-
¬®¦−®áâì ¤«ï �¢â®¬�â¨ç¥áª®© à�¡®âë ¢ á®æ¨�«ì−ëå á¥âïå. ’�ª¦¥ ¯à¥¤«®¦¥−
®¡§®à ¨ −� ¥£® ®á−®¢�−¨¨ ä®à¬�«ì−®¥ ®¯¨á�−¨¥ �«£®à¨â¬� £àã¯¯®¢®£® ¯à¨−ï-
â¨ï à¥è¥−¨© ¢ á®æ¨�«ì−®© á¥â¨. �à¥¤áâ�¢«¥− ¬¥â®¤ ®æ¥−¨¢�−¨ï �«ìâ¥à−�â¨¢,
¢ ª®â®à®¬ íªá¯¥àâë ¢ëáâ�¢«ïîâ á¢®¨ ®æ¥−ª¨ ¢ å®¤¥ ®¡áã¦¤¥−¨ï ¯à®¡«¥¬ë
á ¨á¯®«ì§®¢�−¨¥¬ â¥ªáâ®¢, á®®¡é¥−¨© ¨«¨ ¯ã¡«¨ª�æ¨© −� ¢ë¡à�−−ëå ¨¬¨
¯«�âä®à¬�å. Šà®¬¥ â®£®, ¯à¥¤«®¦¥−ë á¯®á®¡ë ®¯à¥¤¥«¥−¨ï ¤®áâ¨£−ãâ®£®
ãà®¢−ï ª®−á¥−áãá� áà¥¤¨ íªá¯¥àâ®¢ ¤�−−®£® ¯à®æ¥áá�.

Š«îç¥¢ë¥ á«®¢�: £àã¯¯®¢®¥ ¯à¨−ïâ¨¥ à¥è¥−¨©; á®æ¨�«ì−ë¥ á¥â¨; ª®−á¥−-
áãá−ë¥ ¬¥àë; �−�«¨§ â®−�«ì−®áâ¨ â¥ªáâ®¢

DOI: 10.14357/08696527190408

1 Введение

�«�£®¤�àï â¥å−®«®£¨¨ ¨−â¥à−¥â� ã «î¤¥© ¯®ï¢¨«�áì ¢®§¬®¦−®áâì ®¡é�âìáï,
¤¥«¨âìáï á¢®¨¬¨ ¬−¥−¨ï¬¨ ¨ çã¢áâ¢�¬¨, ®¡áã¦¤�âì ª�ª¨¥-«¨¡® ¯à®¡«¥¬ë ¨ â¥¬ë,
−�å®¤ïáì ¢ «î¡®© â®çª¥ ¬¨à�. ‘®æ¨�«ì−ë¥ á¥â¨ á¥©ç�á ¤®¢®«ì−® ¯®¯ã«ïà−ë
¨ ¯à¥¤áâ�¢«ïîâ ¢�¦−ãî áà¥¤ã ¤«ï ¯à®¢¥¤¥−¨ï ¯à®æ¥áá®¢ £àã¯¯®¢®£® ¯à¨−ïâ¨ï
à¥è¥−¨© (�−£«. Group Decision Making, GDM) [1, 2]. GDM | íâ® ¯à®æ¥áá,

∗�ã¡«¨ª�æ¨ï ¯®¤£®â®¢«¥−� ¯à¨ ¯®¤¤¥à¦ª¥ �à®£à�¬¬ë ÷“„� ú5-100û ¨ ¯à¨ ä¨−�−á®¢®©
¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâë 17-07-00845 ¨ 18-07-00576).
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3÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à-

¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, gaydamaka-yuv@rudn.ru
4÷®áá¨©áª¨© ã−¨¢¥àá¨â¥â ¤àã¦¡ë −�à®¤®¢; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à-

¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, samouylov-ke@rudn.ru

84



Œ¥â®¤ ¨§¢«¥ç¥−¨ï íªá¯¥àâ−ëå ®æ¥−®ª ¨§ á®æ¨�«ì−ëå á¥â¥©

á®áâ®ïé¨© ¢ ¢ë¡®à¥ −�¨«ãçè¥© �«ìâ¥à−�â¨¢ë ¨«¨ ¬−®¦¥áâ¢� �«ìâ¥à−�â¨¢ ¨§ ¢á¥å
¢®§¬®¦−ëå á ãç¥â®¬ ¬−¥−¨©, ¢ëà�¦¥−−ëå £àã¯¯®© «¨æ [3{7].

�á−®¢−�ï æ¥«ì áâ�âì¨ | ¯à¥¤áâ�¢¨âì −®¢ë© ¬¥â®¤, á¯®á®¡−ë© à�¡®â�âì á ã¦¥
áãé¥áâ¢ãîé¨¬¨ á®æ¨�«ì−ë¬¨ á¥âï¬¨. ‘ ¥£® ¯®¬®éìî íªá¯¥àâë á¬®£ãâ ¨á¯®«ì§®-
¢�âì «î¡ãî ®−«�©−-¯«�âä®à¬ã ¤«ï ®¡áã¦¤¥−¨ï ª�ª®©-«¨¡® ¯à®¡«¥¬ë, � á¨áâ¥¬�
¡ã¤¥â ¢ë¯®«−ïâì −¥®¡å®¤¨¬ë¥ ¢ëç¨á«¥−¨ï ¡¥§ ¢§�¨¬®¤¥©áâ¢¨ï á ¯®«ì§®¢�â¥«¥¬.
�à¥¤«®¦¥−−�ï ¬®¤¥«ì ¨á¯®«ì§ã¥â �−�«¨§ â®−�«ì−®áâ¨ â¥ªáâ®¢ (�−£«. Sentiment
analysis) ¤«ï ¨§¢«¥ç¥−¨ï §−�ç¥−¨© ¯à¥¤¯®çâ¥−¨© ¨§ ®¯ã¡«¨ª®¢�−−ëå ¢ á¥â¨ á®®¡-
é¥−¨© [8,9]. �«�£®¤�àï á¢®¡®¤¥, ª®â®àãî ¯®«ãç�â íªá¯¥àâë, ®−¨ á¬®£ãâ ¯à®ï¢¨âì
á¥¡ï «ãçè¥, � ®æ¥−ª¨ áâ�−ãâ ¡®«¥¥ ®¡ê¥ªâ¨¢−ë¬¨.

‚ −®¢®¬ ¬¥â®¤¥ â�ª¦¥ ¯à¥¤áâ�¢«¥−ë ¤¢� á¯®á®¡� ®¯à¥¤¥«¥−¨ï áâ¥¯¥−¨ á®£«�á¨ï
¬¥¦¤ã íªá¯¥àâ�¬¨ ¢ ¯à®æ¥áá¥ £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©. �¥à¢ë© ¨á¯®«ì§ã¥â
¬�âà¨æë ¯à¥¤¯®çâ¥−¨© íªá¯¥àâ®¢, ¯®«ãç¥−−ë¥ ¯à¨ �−�«¨§¥ â®−�«ì−®áâ¨ â¥ªáâ®¢.
‚â®à®© ®¯¨à�¥âáï −� ®â−®è¥−¨ï ãç�áâ−¨ª®¢ ¯à®æ¥áá� ¤àã£ ª ¤àã£ã.

�áâ�«ì−�ï ç�áâì áâ�âì¨ ®à£�−¨§®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2 ¯à¥¤«®-
¦¥− ®¡§®à, −¥®¡å®¤¨¬ë© ¤«ï ¯®−¨¬�−¨ï à�§à�¡®â�−−®£® ¬¥â®¤�. ’à¥â¨© à�§¤¥«
®¯¨áë¢�¥â ¬¥â®¤ £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©, ¢ â®¬ ç¨á«¥ �«£®à¨â¬ ¨§¢«¥ç¥−¨ï
®æ¥−®ª íªá¯¥àâ®¢ ¨§ á®æ¨�«ì−ëå á¥â¥©, � â�ª¦¥ á¯®á®¡ë ¨§¬¥à¥−¨ï ¤®áâ¨£−ãâ®£®
ª®−á¥−áãá� áà¥¤¨ íªá¯¥àâ®¢. ‚ §�ª«îç¥−¨¨ ¯®¤¢¥¤¥−ë ¨â®£¨ ¨ ¯®áâ�¢«¥−ë §�¤�ç¨
¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©.

2 Предварительные замечания

‘®æ¨�«ì−ë¥ á¥â¨ | íâ® ¯«�âä®à¬ë, ª®â®àë¥ ¯®§¢®«ïîâ ¯®«ì§®¢�â¥«ï¬ ®¡¬¥-
−¨¢�âìáï ¨−ä®à¬�æ¨¥©, ¨á¯®«ì§ãï á®®¡é¥−¨ï, ¯®áâë, ¯ã¡«¨ª�æ¨¨ ¨ â. ¤. ‚�¦−�ï
®á®¡¥−−®áâì â�ª¨å á¥à¢¨á®¢ | ¨á¯®«ì§®¢�−¨¥ å¥èâ¥£®¢ (�−£«. Hashtags) | −�-
¡®à®¢ ª«îç¥¢ëå á«®¢, á«ã¦�é¨å ¤«ï ®¯¨á�−¨ï ®¯à¥¤¥«¥−−®© â¥¬ë. Šà®¬¥ â®£®,
¢ á¥â¨ ¢á¥£¤� ¬®¦−® á¢ï§�âì ¯®«ì§®¢�â¥«ï á ®¯ã¡«¨ª®¢�−−ë¬ ¨¬ á®®¡é¥−¨¥¬ ¨«¨
¯®áâ®¬, � â�ª¦¥ ¢ ¯à®æ¥áá¥ GDM ®¯à¥¤¥«¨âì íªá¯¥àâ®¢, ª®â®àë¥ á®£«�á−ë ¨«¨
−¥ á®£«�á−ë á ¤àã£¨¬¨ ãç�áâ−¨ª�¬¨ ¯à®æ¥áá�. „«ï ®¡à�é¥−¨ï ª ª®−ªà¥â−®¬ã
¯®«ì§®¢�â¥«î ®−«�©−-¯«�âä®à¬ë ¨á¯®«ì§ãîâ ã¯®¬¨−�−¨ï, ª®â®àë¥ á®§¤�îâáï
ª�ª @username, £¤¥ username | ¨¬ï ¯®«ì§®¢�â¥«ï. �â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî
¯à®¢¥¤¥−¨ï GDM ¢ á®æ¨�«ì−ëå á¥âïå ï¢«ï¥âáï â®, çâ® íªá¯¥àâë ¬®£ãâ ãç�áâ-
¢®¢�âì ¢ ¤�−−®¬ ¯à®æ¥áá¥ −¥§�¢¨á¨¬® ®â ¬¥áâ®¯®«®¦¥−¨ï, ¢à¥¬¥−¨ ¨ ¤àã£ ®â
¤àã£�.

„«ï ®¯à¥¤¥«¥−¨ï −�áâà®¥−¨ï ç¥«®¢¥ª�, ¡ã¤¥¬ ¯à¨¬¥−ïâì �−�«¨§ â®−�«ì−®áâ¨
â¥ªáâ®¢, ¨áá«¥¤ãï á®®¡é¥−¨ï íªá¯¥àâ®¢.

’à�¤¨æ¨®−−® ¯à®æ¥áá £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨© ®¯à¥¤¥«ï¥âáï á«¥¤ã-
îé¨¬ ®¡à�§®¬: ¬−®¦¥áâ¢® íªá¯¥àâ®¢ E = {e1, . . . , eK} ¤®«¦−ë à�−¦¨à®¢�âì
¬−®¦¥áâ¢® �«ìâ¥à−�â¨¢ X = {x1, . . . , xM} ¯® ¢®§à�áâ�−¨î áâ¥¯¥−¨ ¯à¥¤¯®çâ¥-
−¨ï, ¯à¨ íâ®¬ |E| = K < ∞ ¨ |X| = M < ∞. „«ï íâ®© æ¥«¨ íªá¯¥àâë
¯à¥¤®áâ�¢«ïîâ á¢®¨ ¯à¥¤¯®çâ¥−¨ï pij(k) ®â−®á¨â¥«ì−® ª�¦¤®© ¯�àë �«ìâ¥à−�-
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â¨¢ xi ¨ xj, ª®â®àë¥ ¢ëà�¦�îâáï ¬�âà¨æ�¬¨ ¨−¤¨¢¨¤ã�«ì−ëå ¯à¥¤¯®çâ¥−¨©
P = {P(1),P(2), . . . ,P(K)}.

Œ¥â®¤ £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨© ¢ª«îç�¥â á«¥¤ãîé¨¥ è�£¨.

1. �à¥¤®áâ�¢«¥−¨¥ ¯à¥¤¯®çâ¥−¨©: íªá¯¥àâë à¥è�îâ, ª�ª¨¥ �«ìâ¥à−�â¨¢ë ï¢«ï-
îâáï −�¨¡®«¥¥ ¯®¤å®¤ïé¨¬¨ ¤«ï −¨å, ¨ ¤¥«ïâáï á á¨áâ¥¬®© á¢®¨¬ ¬−¥−¨¥¬.

2. ‚ëç¨á«¥−¨¥ ¬�âà¨æë ª®««¥ªâ¨¢−ëå ¯à¥¤¯®çâ¥−¨©: ¯®á«¥ â®£® ª�ª ¢á¥ íªá-
¯¥àâë ¯à¥¤®áâ�¢¨«¨ ®æ¥−ª¨ ¯® ¢á¥¬ ¯�à�¬ �«ìâ¥à−�â¨¢, ¯à¥¤¯®çâ¥−¨ï ®¡ê-
¥¤¨−ïîâáï ¢ ¥¤¨−ãî ¬�âà¨æã ª®««¥ªâ¨¢−ëå ®æ¥−®ª. ‡¤¥áì ¬®£ãâ ¯à¨¬¥−ïâìáï
à�§«¨ç−ë¥ ®¯¥à�â®àë �£à¥£¨à®¢�−¨ï, −�¯à¨¬¥à OWA (ordered weighted av-
eraging) ¨«¨ IOWA (induced OWA) [10]. �®«ãç¥−−ë© à¥§ã«ìâ�â á®¤¥à¦¨â
®¡é¥¥ ¬−¥−¨¥ ¢á¥å íªá¯¥àâ®¢.

3. ‘®§¤�−¨¥ à¥©â¨−£� �«ìâ¥à−�â¨¢: ¨â®£®¢ë¥ à¥§ã«ìâ�âë à�−¦¨à®¢�−¨ï ¯® ¢á¥¬
�«ìâ¥à−�â¨¢�¬ à�ááç¨âë¢�îâáï á ¨á¯®«ì§®¢�−¨¥¬ ª®««¥ªâ¨¢−®© ¬�âà¨æë
¯à¥¤¯®çâ¥−¨©. ÷¥§ã«ìâ�â®¬ ï¢«ï¥âáï ¢ë¡®à «ãçè¥© �«ìâ¥à−�â¨¢ë ¨«¨ á¯¨á®ª
�«ìâ¥à−�â¨¢, ã¯®àï¤®ç¥−−ëå ¯® ¢®§à�áâ�−¨î §−�ç¨¬®áâ¨.

4. ˆ§¬¥à¥−¨¥ ª®−á¥−áãá�. —¥¬ ¡®«ìè¥ íªá¯¥àâ®¢ á®£«�á−® á ®ª®−ç�â¥«ì−ë¬
à¥è¥−¨¥¬, â¥¬ ¡®«¥¥ −�¤¥¦−ë¬¨ ¡ã¤ãâ à¥§ã«ìâ�âë.

3 Метод процесса группового принятия решений с использованием
анализа сообщений в социальной сети

�®¢ë© à�§à�¡®â�−−ë© ¬¥â®¤ ¢ª«îç�¥â á«¥¤ãîé¨¥ íâ�¯ë (á¬. à¨áã−®ª).
I. ˆ§¢«¥ç¥−¨¥ ¤¨áªãáá¨®−−ëå â¥ªáâ®¢ íªá¯¥àâ®¢
�à¨ ¢ë¯®«−¥−¨¨ ¤�−−®£® ¯à®æ¥áá� ¨§¢«¥ª�îâáï â¥ªáâë (á®®¡é¥−¨ï), −�¯¨-

á�−−ë¥ ¯®«ì§®¢�â¥«ï¬¨ á®æ¨�«ì−®© á¥â¨, ¢ â®¬ ç¨á«¥ ¢ë¯®«−ïîâáï á«¥¤ãîé¨¥
¤¥©áâ¢¨ï.

1. ‘®§¤�−¨¥ å¥èâ¥£�, ª®â®àë© ¡ã¤¥â ¨¤¥−â¨ä¨æ¨à®¢�âì ¯à®æ¥áá £àã¯¯®¢®£®
¯à¨−ïâ¨ï à¥è¥−¨©, −�¯à¨¬¥à #GDM. �«�£®¤�àï íâ®¬ã ã¯à®é�¥âáï §�¤�ç�
¯®«ãç¥−¨ï ¢á¥© −¥®¡å®¤¨¬®© ¨−ä®à¬�æ¨¨ ¯® ¯à®æ¥ááã ¨§ á¥â¨.

2. ‚ë¡®à ãç¥â−ëå §�¯¨á¥© íªá¯¥àâ®¢, −�å®¤ïé¨åáï −� æ¥«¥¢®© ®−«�©−-¯«�â-
ä®à¬¥. …á«¨ −¥ ïá−®, áª®«ìª® íªá¯¥àâ®¢ ãç�áâ¢ã¥â ¢ ¯à®æ¥áá¥, ¬®¦−®
®¯à¥¤¥«¨âì ¨å ç¨á«® ¯® å¥èâ¥£ã.

3. ‘®§¤�−¨¥ á¯¨áª� ª«îç¥¢ëå á«®¢, ®â−®áïé¨åáï ª �«ìâ¥à−�â¨¢�¬: ¤® ¯à®-
¢¥¤¥−¨ï ®¡áã¦¤¥−¨© −¥®¡å®¤¨¬® á¢ï§�âì ¬−®¦¥áâ¢® ª«îç¥¢ëå á«®¢ K =
= {K1, . . . ,KM} á ª®−ªà¥â−®© �«ìâ¥à−�â¨¢®©. �«�£®¤�àï íâ®¬ã ¬®¦−®
®¯à¥¤¥«¨âì, ª�ª¨¥ �«ìâ¥à−�â¨¢ë ®¡áã¦¤�îâ íªá¯¥àâë. Š�¦¤®¥ §−�ç¥−¨¥ Ki

ä®à¬¨àã¥â −�¡®à á«®¢, ª®â®àë¥ ®¡ëç−® ¨á¯®«ì§ãîâáï, ª®£¤� ®¡áã¦¤�¥âáï
�«ìâ¥à−�â¨¢� xi.

4. ˆ§¢«¥ç¥−¨¥ ¤¨áªãáá¨®−−ëå â¥ªáâ®¢ ¢ ¯à®æ¥áá¥ £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥-
−¨©: ¤«ï íâ®© æ¥«¨ ¯ã¡«¨ª�æ¨¨ íªá¯¥àâ®¢, á®¤¥à¦�é¨¥ å¥èâ¥£, ¢ë¡¨à�-
îâáï ¨§ ª�¦¤®© ãç¥â−®© §�¯¨á¨. ‚ë¯®«−¥−¨¥ ¤�−−®£® è�£� ®¯à¥¤¥«ï¥â
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Œ®¤¥«ì £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©
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¬−®¦¥áâ¢® â¥ªáâ®¢ A = {A1, . . . , AK}, á¢ï§�−−ëå á ¬−®¦¥áâ¢®¬ íªá¯¥àâ®¢
E = {e1, . . . , eK}.

II. ‚ëç¨á«¥−¨¥ ¯à¥¤¯®çâ¥−¨© íªá¯¥àâ®¢
�®á«¥ â®£® ª�ª â¥ªáâë íªá¯¥àâ®¢ ¡ë«¨ ¨§¢«¥ç¥−ë, ¤«ï ¢ëç¨á«¥−¨ï §−�ç¥−¨©

¯à¥¤¯®çâ¥−¨©, ª®â®àë¥ ¡ã¤ãâ ¨á¯®«ì§®¢�âìáï ¢ ¯à®æ¥áá¥ £àã¯¯®¢®£® ¯à¨−ïâ¨ï
à¥è¥−¨©, ¯à¨¬¥−ï¥âáï �−�«¨§ â®−�«ì−®áâ¨ â¥ªáâ®¢. ‘ íâ®© æ¥«ìî á¢®¡®¤−ë©
â¥ªáâ, ¨á¯®«ì§ã¥¬ë© íªá¯¥àâ�¬¨ ¢ ¨å ¤¨áªãáá¨ïå, ¤®«¦¥− ¯à¥®¡à�§®¢�âìáï ¢ −�-
¡®à §−�ç¥−¨© ¯à¥¤¯®çâ¥−¨©, ª®â®àë¥ ¯à¨¬¥−ïîâáï ¢ ¯à®æ¥áá¥ GDM ¤«ï á®§¤�−¨ï
®ª®−ç�â¥«ì−®£® à¥©â¨−£� �«ìâ¥à−�â¨¢. �®áª®«ìªã ¤«ï à¥è�¥¬®© ¯à®¡«¥¬ë −¥-
®¡å®¤¨¬® ®¯à¥¤¥«¨âì, ¥áâì «¨ ã íªá¯¥àâ®¢ ¯®«®¦¨â¥«ì−ë¥, −¥©âà�«ì−ë¥ ¨«¨
®âà¨æ�â¥«ì−ë¥ çã¢áâ¢� ¯à¨ áà�¢−¥−¨¨ ¤¢ãå ª®−ªà¥â−ëå �«ìâ¥à−�â¨¢, ¨á¯®«ì§ã-
îâáï âà¨ á¯¨áª� á«®¢: PL, NPL ¨ SL. ‚ PL á®¤¥à¦�âáï á«®¢�, ®¯à¥¤¥«ïîé¨¥
¯®«®¦¨â¥«ì−ë¥ çã¢áâ¢�. …á«¨ −¥áª®«ìª® ¨§ íâ¨å á«®¢ ¨á¯®«ì§ãîâáï íªá¯¥àâ®¬,
íâ® ®§−�ç�¥â, çâ® ®− ¯à¥¤¯®ç¨â�¥â ¯¥à¢ãî �«ìâ¥à−�â¨¢ã ¢â®à®©. NPL á®¤¥à¦¨â
®âà¨æ�â¥«ì−ë¥ á«®¢�. ��ª®−¥æ, SL ¢ª«îç�¥â á«®¢�, ª®â®àë¬¨ ç�áâ® ®¯¥à¨àãîâ
¯à¨ ãâ¢¥à¦¤¥−¨¨, çâ® �«ìâ¥à−�â¨¢ë ¨¬¥îâ ®¤¨−�ª®¢ãî §−�ç¨¬®áâì. ‘âà®ª¨ PL
¨ NPL ¨¬¥îâ áà�¢−¨â¥«ì−®¥ ¢ëà�¦¥−¨¥ ¨ ¥£® §−�ç¥−¨¥ | áâ¥¯¥−ì ¯à¥¤¯®çâ¥-
−¨ï ®¤−®© �«ìâ¥à−�â¨¢ë −�¤ ¤àã£®©. ‚�¦−® ®â¬¥â¨âì, çâ® SL −¥ −ã¦¤�¥âáï
¢ ®¯à¥¤¥«¥−¨¨ ¤�−−®£® §−�ç¥−¨ï, â�ª ª�ª ¯à®æ¥áá ¯à¨á¢�¨¢�¥â áà¥¤−îî ®æ¥−ªã
�¢â®¬�â¨ç¥áª¨ ¢ á«ãç�ïå, ª®£¤� ¤¢¥ �«ìâ¥à−�â¨¢ë áç¨â�îâáï ®¤¨−�ª®¢ë¬¨.

�à¥¤«®¦¥−−ë© è�£ ¢ëç¨á«¥−¨ï ¯à¥¤¯®çâ¥−¨© ¢ª«îç�¥â:

(1) ¨§¢«¥ç¥−¨¥ áà�¢−¨â¥«ì−ëå ¯à¥¤«®¦¥−¨©: �−�«¨§¨àãîâáï â¥ªáâë ¢á¥å íªá-
¯¥àâ®¢, ãç�áâ¢ãîé¨å ¢ ¯à®æ¥áá¥. ‚á¥ ¯à¥¤«®¦¥−¨ï, á®¤¥à¦�é¨¥ å®âï ¡ë
®¤−® ¨§ ¢ëà�¦¥−¨© ¨§ á¯¨áª®¢ á«®¢ PL, NPL ¨ SL, ¨§¢«¥ª�îâáï ¨§ á®®¡é¥-
−¨© íªá¯¥àâ®¢. ‚ à¥§ã«ìâ�â¥ íâ®£® ¯à®æ¥áá� ª�¦¤ë© íªá¯¥àâ ek ®ª�§ë¢�¥âáï
á¢ï§�− á âà¥¬ï −�¡®à�¬¨ áà�¢−¨â¥«ì−ëå ¯à¥¤«®¦¥−¨© splk, snplk ¨ sslk;

(2) ¢ëç¨á«¥−¨¥ áâ¥¯¥−¨ ¯à¥¤¯®çâ¥−¨ï pij ¤«ï ª�¦¤®© ¯�àë �«ìâ¥à−�â¨¢. �â®â
¯à®æ¥áá ¢ë¯®«−ï¥âáï ¯ãâ¥¬ á®¯®áâ�¢«¥−¨ï §−�ç¥−¨© áà�¢−¨â¥«ì−®£® ¢ëà�-
¦¥−¨ï, ¨á¯®«ì§ã¥¬®£® ¤«ï áà�¢−¥−¨ï �«ìâ¥à−�â¨¢ xi ¨ xj. �à¥¤¯®«�£�¥âáï,
çâ® ¤«ï §�¯®«−¥−¨ï ¬�âà¨æë ¯à¥¤¯®çâ¥−¨© ¨−ä®à¬�æ¨¨ ¢á¥£¤� ¤®áâ�â®ç−®
(−¥â ¯ãáâëå áâà®ª). �à¨ íâ®¬ ¥á«¨ áà�¢−¨â¥«ì−®¥ ¢ëà�¦¥−¨¥ ®â−®á¨âáï ª PL
¨ ¨¬¥¥â §−�ç¥−¨¥ 3, â® pij = 3, ¢ â® ¢à¥¬ï ª�ª ¤«ï â�ª®£® ¦¥ §−�ç¥−¨ï ¨§
NPL pij = −3. ‚ á«ãç�¥, ª®£¤� áà�¢−¨â¥«ì−®¥ ¢ëà�¦¥−¨¥ ¯à¨−�¤«¥¦¨â SL,
pij = 0;

(3) ä¨ªá¨à®¢�−¨¥ ¨−â¥à¢�«� §−�ç¥−¨© ¯à¥¤¯®çâ¥−¨©: çâ®¡ë ¨§¡�¢¨âìáï ®â ®âà¨-
æ�â¥«ì−ëå ç¨á¥«, ¬®¦−® ¯à¥®¡à�§®¢�âì §−�ç¥−¨ï. �à¥¤¢�à¨â¥«ì−® ¯®«ãç¥−-
−®¥ ¯à¥¤áâ�¢«¥−¨¥ £¥−¥à¨àã¥â §−�ç¥−¨ï, ª®â®àë¥ ¯à¨−�¤«¥¦�â ¨−â¥à¢�«ã
[−g, g]. …á«¨ ®âà¨æ�â¥«ì−ë¥ ç¨á«� −¥¦¥«�â¥«ì−ë, ¬®¦−® ¨§¬¥−¨âì ®¡«�áâì
¨ ¢ëà�§¨âì ¢áî ¨−ä®à¬�æ¨î á ¨á¯®«ì§®¢�−¨¥¬ ¨−â¥à¢�«� [0, 2g]:

pij[0,2g](k) = pij[−g,g]
(k) + g ;
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�«£®à¨â¬ ¢ëç¨á«¥−¨ï §−�ç¥−¨© ¯à¥¤¯®çâ¥−¨©

Data: ’¥ªáâë íªá¯¥àâ®¢ ¢ á®æ¨�«ì−ëå á¥âïå
E = {e1, . . . , eK}, X = {x1, . . . , xM}, hashtag, K = {K1, . . . ,KM},

A = {A1, . . . , AK}.
procedure Ak → P(k)

for all ek, k = 1 to K
for all Ak, k = 1 to K

assign pij(k)i,j∈1,...,M
if pij(k) ∈ PL do
pij(k) = pij(k)
else if pij(k) ∈ NPL do
pij(k) = −pij(k)

else if pij(k) ∈ SL do
pij(k) = 0

and if
and for
for all pij(k)i,j∈1,...,M do
pij[0,2g]

(k) = pij[−g,g]
(k) + g

“pij(k) =
pij[0,2g]

(k)

2g
end for

end for
‚ë¢¥áâ¨ ¬�âà¨æë ®æ¥−®ª íªá¯¥àâ®¢ P(k) = (“pij(k))i,j∈1,...,M
end procedure Ak → P(k)

(4) −®à¬¨à®¢�−¨¥ ®æ¥−®ª: ¢ áâ�âì¥ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ®æ¥−ª¨, ¢ëà�¦¥−-
−ë¥ −� ¨−â¥à¢�«¥ [0, 1], ¤«ï íâ®£® −¥®¡å®¤¨¬® ¢®á¯®«ì§®¢�âìáï ä®à¬ã«®©

“pij(k) =
pij[0,2g](k)

2g
.

�®á«¥ â®£® ª�ª ¡ã¤ãâ à�ááç¨â�−ë ¬�âà¨æë ¯à¥¤¯®çâ¥−¨© ¤«ï ¢á¥å íªá¯¥àâ®¢,
¬®¦−® ®¯à¥¤¥«¨âì à¥©â¨−£ �«ìâ¥à−�â¨¢ ¨ ¢ëç¨á«¨âì §−�ç¥−¨ï ª®−á¥−áãá�
¬¥¦¤ã ¢á¥¬¨ íªá¯¥àâ�¬¨, ãç�áâ¢ãîé¨¬¨ ¢ ¯à®æ¥áá¥ £àã¯¯®¢®£® ¯à¨−ïâ¨ï
à¥è¥−¨©.

III. ÷�áç¥â ¬�âà¨æë ª®««¥ªâ¨¢−ëå ¯à¥¤¯®çâ¥−¨©
‡−�ç¥−¨ï ¯à¥¤¯®çâ¥−¨© ¢á¥å íªá¯¥àâ®¢ ®¡ê¥¤¨−ïîâáï ¢ ¥¤¨−ãî ª®««¥ªâ¨¢-

−ãî ¬�âà¨æã, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â ¨−ä®à¬�æ¨î ®¡ ®¡é¥¬ ¬−¥−¨¨ ãç�áâ−¨ª®¢
¯à®æ¥áá� GDM. „«ï íâ®© æ¥«¨, ª�ª ¨ ¢ âà�¤¨æ¨®−−®© ¬®¤¥«¨, ¬®¦¥â ¯à¨¬¥−ïâì-
áï «î¡®© ®¯¥à�â®à �£à¥£¨à®¢�−¨ï. �ã¤¥¬ ¨á¯®«ì§®¢�âì ®¯¥à�â®à áà¥¤−¥¥. ’®£¤�
í«¥¬¥−âë ¬�âà¨æë ª®««¥ªâ¨¢−ëå ¯à¥¤¯®çâ¥−¨© ¡ã¤ãâ ¢ëç¨á«ïâìáï á«¥¤ãîé¨¬
®¡à�§®¬:

cij =

∑K

k=1
“pij(k)

K
.
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‘ íâ®£® ¬®¬¥−â� ¯à¥¤¯®«�£�¥âáï, çâ® ¢á¥ íªá¯¥àâë ¨¬¥îâ ®¤¨−�ª®¢ãî §−�ç¨-
¬®áâì ¢ ¯à®æ¥áá¥ £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©.

IV. ‘®§¤�−¨¥ à¥©â¨−£� �«ìâ¥à−�â¨¢
„«ï ®¯à¥¤¥«¥−¨ï à�−¦¨à®¢�−−®£® á¯¨áª� �«ìâ¥à−�â¨¢ ¬®¦−® ¨á¯®«ì§®¢�âì

®¯¥à�â®àë GDD (�−£«. Guided Dominance Degree) ¨ GNDD (�−£«. Guided Non
Dominance Degree). �â¨ ®¯¥à�â®àë á¯®á®¡−ë ¢ëç¨á«ïâì à¥©â¨−£ �«ìâ¥à−�â¨¢
(á®§¤�¢�âì à�−¦¨à®¢�−−ë¥ á¯¨áª¨), ¨á¯®«ì§ãï ¬�âà¨æã ª®««¥ªâ¨¢−ëå ¯à¥¤¯®-
çâ¥−¨© C, ¯®«ãç¥−−ãî −� ¯à¥¤ë¤ãé¥¬ è�£¥:

GDDi =

M
∑

j=1

cij , i = 1, . . . ,M ; (1)

GNDDi =
M
∑

j=1

(1−max {cji − cij , 0}) , i = 1, . . . ,M . (2)

Š®−¥ç−ë¥ §−�ç¥−¨ï à�−¦¨à®¢�−¨ï RV ¢ëç¨á«ïîâáï á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤-
−¥£® ¬¥¦¤ã (1) ¨ (2):

RVi =
GDDi +GNDDi

2
, i = 1, . . . ,M .

’¥¯¥àì �«ìâ¥à−�â¨¢ë ¬®£ãâ ¡ëâì ®âá®àâ¨à®¢�−ë −� ®á−®¢�−¨¨ ¯®«ãç¥−−ëå
RVi. ‘â®¨â ®â¬¥â¨âì, çâ® ¯à¥¤¯®çâ¨â¥«ì−¥¥ ¡ã¤¥â â� �«ìâ¥à−�â¨¢�, ã ª®â®à®© íâ®
§−�ç¥−¨¥ ¢ëè¥.

V. ‚ëç¨á«¥−¨¥ ª®−á¥−áãá�
—â®¡ë ®¯à¥¤¥«¨âì, á®£«�á−ë «¨ íªá¯¥àâë á à¥§ã«ìâ�â�¬¨ ¨«¨, −�¯à®â¨¢, ¨å

¬−¥−¨ï à�§®è«¨áì, ¯à®¢®¤¨âáï �−�«¨§ ¤®áâ¨£−ãâ®£® ª®−á¥−áãá�.
‚ à�¡®â¥ ¯à¥¤«�£�¥âáï ¤¢� á¯®á®¡� ¢ëç¨á«¥−¨ï áâ¥¯¥−¨ á®£«�á¨ï íªá¯¥àâ®¢.

1. �¥à¢ë© ¯®¤å®¤ ®¯¨à�¥âáï −� ¯à¥¤¯®çâ¥−¨ï, ¨§¢«¥ç¥−−ë¥ ¨§ â¥ªáâ®¢ ®¡-
áã¦¤¥−¨©, â. ¥. −� ¬�âà¨æã P(k). �®«ãç¥−−ë¥ à¥§ã«ìâ�âë ®¯à¥¤¥«ïîâáï
¨§ áå®¤áâ¢ §−�ç¥−¨© ¯à¥¤¯®çâ¥−¨©, ¯à¥¤®áâ�¢«ï¥¬ëå ª�¦¤ë¬ ¨§ ¤¢ãå íªá-
¯¥àâ®¢. „«ï ¢ëç¨á«¥−¨ï áâ¥¯¥−¨ áå®¤áâ¢� §−�ç¥−¨© ¯à¥¤¯®çâ¥−¨© ¬¥¦¤ã
íªá¯¥àâ�¬¨ ek ¨ el ¤«ï ¤¢ãå ª®−ªà¥â−ëå �«ìâ¥à−�â¨¢ xi ¨ xj −¥®¡å®¤¨¬®
¯à¨¬¥−¨âì ¢ëà�¦¥−¨¥

smij (ek, el) = s (“pij(k), “pij(l)) = 1− |“pij(k)− “pij(l)| .

„«ï â®£® çâ®¡ë ¨§¬¥à¨âì ª®−á¥−áãá ¬¥¦¤ã ¤¢ã¬ï ¯�à�¬¨ �«ìâ¥à−�â¨¢ xi ¨ xj

¯® ¢á¥¬ ãç�áâ−¨ª�¬ ¯à®æ¥áá� GDM, ¨á¯®«ì§ã¥âáï á«¥¤ãîé�ï ä®à¬ã«�:

cpij =

∑K−1

k=1, k<l
smij(ek, el)

(

K
2

) .
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Œ¥â®¤ ¨§¢«¥ç¥−¨ï íªá¯¥àâ−ëå ®æ¥−®ª ¨§ á®æ¨�«ì−ëå á¥â¥©

‡−�ç¥−¨¥ ª®−á¥−áãá� −� ãà®¢−¥ �«ìâ¥à−�â¨¢ë ®¯à¥¤¥«ï¥âáï ¢ëà�¦¥−¨¥¬

cai =

∑M

j=1, i6=j

(

cpij + cpji

)

2(M − 1)
.

��ª®−¥æ, ¬®¦−® ¢ëç¨á«¨âì £«®¡�«ì−ë© ¤®áâ¨£−ãâë© ª®−á¥−áãá ¢ ¯à®æ¥áá¥
£àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©:

GCP =

∑M

i=1
cai

M
.

’�ª¨¬ ®¡à�§®¬, ç¥¬ ¡«¨¦¥ §−�ç¥−¨¥ £«®¡�«ì−®£® ª®−á¥−áãá� ª ¥¤¨−¨æ¥, â¥¬
¡®«¥¥ ¥¤¨−®¤ãè−ë íªá¯¥àâë ¢ ¢ëà�¦¥−¨¨ á¢®¨å ®æ¥−®ª ¨, á«¥¤®¢�â¥«ì−®,
−�¤¥¦−¥¥ à¥§ã«ìâ�âë.

2. ‚â®àë¬ á¯®á®¡®¬ ®¯à¥¤¥«¥−¨ï ¤®áâ¨£−ãâ®£® ª®−á¥−áãá� ¢ ¯à®æ¥áá¥ £àã¯¯®¢®-
£® ¯à¨−ïâ¨ï à¥è¥−¨© ï¢«ï¥âáï ¨áá«¥¤®¢�−¨¥ ®â−®è¥−¨ï íªá¯¥àâ®¢ ª ¤àã£¨¬
ãç�áâ−¨ª�¬ ®¡áã¦¤¥−¨ï. �«�£®¤�àï ¯à®æ¥¤ãà�¬ �−�«¨§� â®−�«ì−®áâ¨ â¥ªáâ®¢
¬®¦−® ¯à®¢¥áâ¨ âé�â¥«ì−ãî ®æ¥−ªã ¬−¥−¨© íªá¯¥àâ®¢ ¨ à�ááç¨â�âì ª®−á¥−-
áãá−®¥ §−�ç¥−¨¥. ‚ëç¨á«¥−¨¥ ª®−á¥−áãá� ¢ª«îç�¥â á«¥¤ãîé¨¥ ¤¥©áâ¢¨ï:

(1) ¤«ï ª�¦¤®© ãç¥â−®© §�¯¨á¨ ¨§¢«¥ª�îâáï â¥ªáâë, ááë«�îé¨¥áï −¥¯®-
áà¥¤áâ¢¥−−® −� ¤àã£¨å íªá¯¥àâ®¢, ãç�áâ¢ãîé¨å ¢ ¯à®æ¥áá¥ £àã¯¯®¢®£®
¯à¨−ïâ¨ï à¥è¥−¨©. ��¯à¨¬¥à, ¢ Twitter ¨«¨ Instagram ¬®£ãâ ¡ëâì
¢ë¡à�−ë â¥ªáâë ®¡áã¦¤¥−¨©, ª®â®àë¥ ¢ª«îç�îâ á¨−â�ªá¨á @username;

(2) ®¯à¥¤¥«¥−¨¥ áà�¢−¨â¥«ì−®© ¯�à−®© ®æ¥−ª¨ ¬¥¦¤ã íªá¯¥àâ�¬¨: �−�«¨-
§¨àãîâáï ¯à¥¤«®¦¥−¨ï, ª�á�îé¨¥áï íªá¯¥àâ®¢ ek ¨ el. ÷�ááç¨âë¢�¥âáï
ç¨á«® á«®¢, ¯à¨−�¤«¥¦�é¨å á¯¨áªã ¯®«®¦¨â¥«ì−ëå ¨ ®âà¨æ�â¥«ì−ëå
á«®¢. ’�ª¨¬ ®¡à�§®¬, pwcount(ek, el) ¨§¬¥àï¥â á®£«�á¨¥ ¬¥¦¤ã íªá¯¥à-
â�¬¨ ek ¨ el, � nwcount(ek, el) ¤�¥â ¬¥àã à�§−®£«�á¨©.
„«ï ¢ëç¨á«¥−¨ï ª®−á¥−áãá� ¬¥¦¤ã íªá¯¥àâ�¬¨ ek ¨ el ¯à¨¬¥−ï¥âáï
ä®à¬ã«�:

(ek, el) =
pwcount(ek, el)− nwcount(ek, el)

pwcount(ek, el) + nwcount(ek, el)
.

�®«ãç¥−−®¥ §−�ç¥−¨¥ −�å®¤¨âáï ¢ ¨−â¥à¢�«¥ [−1, 1]. „«ï −®à¬¨à®¢�−¨ï
¤�−−ëå ¬®¦−® ¯à¨¬¥−¨âì «¨−¥©−®¥ ¯à¥®¡à�§®¢�−¨¥:

cs[0,1](ek, el) =
cs[−1,1](ek, el) + 1

2
.

�â¬¥â¨¬, ç¥¬ ¬¥−ìè¥ §−�ç¥−¨¥ cs[0,1](ek, el), â¥¬ ¡®«ìè¥ à�§−®£«�á¨©
¬¥¦¤ã íªá¯¥àâ�¬¨ ek ¨ el;
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(3) ¢ëç¨á«¥−¨¥ £«®¡�«ì−®£® ¤®áâ¨£−ãâ®£® ª®−á¥−áãá� ¢ ¯à®æ¥áá¥ £àã¯¯®¢®£®
¯à¨−ïâ¨ï à¥è¥−¨© −� ®á−®¢�−¨¨ ¨−ä®à¬�æ¨¨ íªá¯¥àâ®¢ ¯® ®â−®è¥−¨î
¤àã£ ª ¤àã£ã:

GCS =

∑K−1

k=1, k<l
cs[0,1](ek, el)

(

K
2

) .

…á«¨ ¯®«ãç¥−−®¥ §−�ç¥−¨¥ à�¢−® ¥¤¨−¨æ¥ (áâ¥¯¥−ì á®£«�á¨ï 100%), íâ®
®§−�ç�¥â, çâ® ¤®áâ¨£−ãâ ¬�ªá¨¬�«ì−ë© ª®−á¥−áãá.

4 Заключение

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥− ¬¥â®¤ £àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©, −®¢¨§−� ª®â®à®£®
§�ª«îç�¥âáï ¢ â®¬, çâ® ¨á¯®«ì§ã¥â �−�«¨§ â®−�«ì−®áâ¨ â¥ªáâ®¢ ¯®«ì§®¢�â¥«¥©
¤«ï §�¯®«−¥−¨ï ¬�âà¨æ ®â−®è¥−¨© ¯à¥¤¯®çâ¥−¨©. �«�£®¤�àï íâ®¬ã íªá¯¥àâë −¥
¤®«¦−ë ãç�áâ¢®¢�âì ¢ ãâ®¬«ïîé¥¬ ¨ −¥ã¤®¡−®¬ ¯à®æ¥áá¥ ¢ëà�¦¥−¨ï ¬−¥−¨©
á¨áâ¥¬¥. �−¨ ¬®£ãâ á¢®¡®¤−® £®¢®à¨âì ¨ ®¡áã¦¤�âì ¯à®¡«¥¬ë ¢ á®æ¨�«ì−ëå
á¥âïå, −¥ ¡¥á¯®ª®ïáì ® â®¬, ª�ª ¯à¥¤®áâ�¢¨âì á¢®¨ ¯à¥¤¯®çâ¥−¨ï.

�®áª®«ìªã á®æ¨�«ì−ë¥ á¥â¨ ¯à¥¤áâ�¢«ïîâáï −�¨¡®«¥¥ ¯à¨¢«¥ª�â¥«ì−ë¬ áà¥¤-
áâ¢®¬ ®¡é¥−¨ï ç¥à¥§ ¨−â¥à−¥â, íâ� áà¥¤� ¢ë¡à�−� ¤«ï ®áãé¥áâ¢«¥−¨ï ¯à®æ¥áá®¢
£àã¯¯®¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©. �à¥¤«®¦¥−−ë© ¬¥â®¤ â�ª¦¥ à¥�«¨§ã¥â ¨§¬¥à¥−¨ï
ª®−á¥−áãá−ëå ¬¥à, ®á−®¢�−−ëå −� §−�ç¥−¨ïå ¯à¥¤¯®çâ¥−¨© íªá¯¥àâ®¢ ¨ ¬−¥−¨ïå
®¡ ®áâ�«ì−ëå ãç�áâ−¨ª�å, ¯à¨−¨¬�îé¨å à¥è¥−¨ï.

‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï à�§à�¡®â�âì ¯à®£à�¬¬−®¥ áà¥¤áâ¢®, á¯®á®¡−®¥
à�¡®â�âì á ¨−ä®à¬�æ¨¥© ¢ á®æ¨�«ì−ëå á¥âïå ¢ à¥�«ì−ëå ãá«®¢¨ïå.
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Abstract: Social networks are the most preferred mean in terms of user
interaction, information sharing, and communication. Therefore, they can be
used in a group decision making process. However, in existing methods of group
decision making, experts should follow the specific proposed structures when
making their decisions. This is unnatural for online services in which users can
express their opinions in a free form. To solve this problem, a model of a group
decision making process is proposed in which experts can feel more free when
evaluating pairs of alternatives or expressing their opinions. This method makes
it possible to work in social networks. The article also offers a review and on
its basis a formal description of the group decision making algorithm in a social
network. A method for evaluating alternatives is presented, in which experts
provide their assessments during the discussion of a problem with the use of
texts, messages, or publications in chosen platforms. Methods are proposed for
determining the level of consensus reached among the experts of this process.
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ПРИНЦИПЫ СОЗДАНИЯ И ФУНКЦИИ
ИНТЕЛЛЕКТУАЛЬНОЙ СЛОВАРНОЙ СИСТЕМЫ

В. В. Вакуленко1, И. М. Зацман2

�−−®â�æ¨ï: „�−® ®¯¨á�−¨¥ ¯à¨−æ¨¯®¢ á®§¤�−¨ï ¨ ®á−®¢−ëå äã−ªæ¨© ¯à®-
¥ªâ¨àã¥¬®£® ¬�ª¥â� ¨−â¥««¥ªâã�«ì−®© á«®¢�à−®© á¨áâ¥¬ë (ˆ‘‘), ª®â®à�ï
¢ª«îç�¥â âà¨ ®á−®¢−ëå áâàãªâãà−ëå ª®¬¯®−¥−â�: (1) åà�−¨«¨é¥ ¯�à�««¥«ì-
−ëå â¥ªáâ®¢ ¨ ¬ã«ìâ¨¬¥¤¨©−ëå ¤�−−ëå; (2) «¥ªá¨ª®£à�ä¨ç¥áªãî ¡�§ã §−�−¨©
(‹�‡) ¨ −�¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå (��„); (3) ¤¢ãï§ëç−ë¥ í«¥ªâà®−−ë¥
á«®¢�à¨, £¥−¥à¨àã¥¬ë¥ ˆ‘‘. �â«¨ç¨â¥«ì−ë¥ ç¥àâë ˆ‘‘ á®áâ®ïâ ¢ á«¥¤ã-
îé¥¬: ¢®-¯¥à¢ëå, ®−� ¤�¥â ¢®§¬®¦−®áâì á¨áâ¥¬�â¨§¨à®¢�âì §−�−¨ï ® á«®¢�å,
¢ª«îç�ï «¨ç−®áâ−ë¥ ¨ ª®««¥ªâ¨¢−ë¥ §−�−¨ï «¥ªá¨ª®£à�ä®¢, á®§¤�îé¨å á«®-
¢�à−ë¥ áâ�âì¨, ¨á¯®«ì§ãï «¥ªá¨ç¥áª¨¥ ¥¤¨−¨æë ¤¢ãå ¥áâ¥áâ¢¥−−ëå ï§ëª®¢
(…Ÿ); ¢®-¢â®àëå, ˆ‘‘ ®¡¥á¯¥ç¨¢�¥â ®¡−®¢«¥−¨¥ ¢ á«®¢�àïå à�−¥¥ á£¥−¥à¨-
à®¢�−−ëå á ¥¥ ¯®¬®éìî á«®¢�à−ëå áâ�â¥©; ¢-âà¥âì¨å, ¢ ˆ‘‘ à¥�«¨§ã¥âáï
¯¥àá®−�«¨§�æ¨ï −¥ â®«ìª® ¨−â¥àä¥©á� ¯®«ì§®¢�â¥«¥© ¤¢ãï§ëç−ëå í«¥ªâà®−-
−ëå á«®¢�à¥©, −® â�ª¦¥ ¯®«−®âë ®â®¡à�¦¥−¨ï á«®¢�à−ëå áâ�â¥©. –¥«ì áâ�âì¨
á®áâ®¨â ¢ ®¯¨á�−¨¨ ¯à¨−æ¨¯®¢ á®§¤�−¨ï, ®á−®¢−ëå äã−ªæ¨© ¨ ª®¬¯®−¥−â®¢
ˆ‘‘.

Š«îç¥¢ë¥ á«®¢�: ¨−â¥««¥ªâã�«ì−�ï á«®¢�à−�ï á¨áâ¥¬�; «¥ªá¨ª®£à�ä¨ç¥áª�ï
¡�§� §−�−¨©; í«¥ªâà®−−ë© á«®¢�àì; ¯�à�««¥«ì−ë¥ â¥ªáâë; ¬ã«ìâ¨¬¥¤¨©−ë¥
¤�−−ë¥
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1 Введение

‚ à�¡®â¥ [1] ¤�−® ®¯¨á�−¨¥ ª®−æ¥¯æ¨¨ á®§¤�−¨ï ¬�ª¥â� ˆ‘‘, ¢ª«îç�îé¥©
‹�‡ ¨ £¥−¥à¨àã¥¬ë¥ ¥î ¤¢ãï§ëç−ë¥ í«¥ªâà®−−ë¥ á«®¢�à¨3. ˆ−â¥««¥ªâã�«ì−�ï
á«®¢�à−�ï á¨áâ¥¬� ï¢«ï¥âáï ¢¨¤®¬ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë, ®¡¥á¯¥ç¨¢�îé¥©
ä®à¬¨à®¢�−¨¥ ¨ à¥£ã«ïà−®¥ ®¡−®¢«¥−¨¥ í«¥ªâà®−−ëå á«®¢�à¥© â¥àà¨â®à¨�«ì−®
à�á¯à¥¤¥«¥−−ë¬ ª®««¥ªâ¨¢®¬ «¥ªá¨ª®£à�ä®¢ ¢ à¥¦¨¬¥ ®−«�©−. ‹¥ªá¨ª®£à�ä¨-
ç¥áª�ï ¡�§� §−�−¨© ª�ª ª®¬¯®−¥−â ˆ‘‘ ®â−®á¨âáï ª ª�â¥£®à¨¨ ¡�§ §−�−¨©, çâ®
®âà�¦¥−® ¨ ¢ ¥¥ −�§¢�−¨¨. �â®â ª®¬¯®−¥−â ¯à¥¤−�§−�ç¥− ¤«ï á¨áâ¥¬�â¨§�æ¨¨ §−�-
−¨© ® á«®¢�å [2]. ˆ¬¥−−® ‹�‡ ®¡¥á¯¥ç¨¢�îâ à�¡®âã «¥ªá¨ª®£à�ä®¢ ¯® á®§¤�−¨î
á«®¢�à−ëå áâ�â¥© ¨ ¨å ®¡−®¢«¥−¨¥ ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, fortydays@protonmail.com

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, izatsman@yandex.ru

3‚ à�§à�¡®âª¥ ¨ ®¡áã¦¤¥−¨¨ ª®−æ¥¯æ¨¨ ¯à¨−¨¬�«¨ ãç�áâ¨¥ �. �. ƒ®−ç�à®¢, „. �. „®¡à®¢®«ì-
áª¨©, �. �. „ãà−®¢®, �−−� �. ‡�«¨§−ïª, ‚. ˆ. Š�à¯®¢, Œ. ƒ. Šàã¦ª®¢ ¨ �. ‚. ˜�à�−¤¨−.
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�à¨−æ¨¯ë á®§¤�−¨ï ¨ äã−ªæ¨¨ ¨−â¥««¥ªâã�«ì−®© á«®¢�à−®© á¨áâ¥¬ë

Š®−æ¥¯æ¨ï á®§¤�−¨ï ¬�ª¥â� ¢ª«îç�¥â ¯¥à¥ç¥−ì ¨§ ¯ïâ¨ á«¥¤ãîé¨å §�¤�ç,
à¥è¥−¨¥ ª®â®àëå ¯à¥¤¯®«�£�¥â ¯à¨¬¥−¥−¨¥ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå â¥å-
−®«®£¨© ¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨.

1. ‘¨áâ¥¬�â¨§¨à®¢�âì ¢ ‹�‡ §−�−¨ï ® á«®¢�å, ¢ª«îç�ï «¨ç−®áâ−ë¥ ¨ ª®««¥ª-
â¨¢−ë¥ §−�−¨ï «¥ªá¨ª®£à�ä®¢, á®§¤�îé¨å á«®¢�à¨, ¨á¯®«ì§ãï «¥ªá¨ç¥áª¨¥
¥¤¨−¨æë ¤¢ãå …Ÿ.

2. ÷�§à�¡®â�âì ¯¥àá®−�«¨§¨à®¢�−−ë© ¨−â¥àä¥©á ¯®«ì§®¢�â¥«ï ¤¢ãï§ëç−ëå
í«¥ªâà®−−ëå á«®¢�à¥©, á£¥−¥à¨à®¢�−−ëå á ¯®¬®éìî ‹�‡.

3. “áâ�−®¢¨âì ¢ í«¥ªâà®−−ëå á«®¢�àïå â¥§�ãàãá−ë¥ á¢ï§¨ ¬¥¦¤ã §−�ç¥−¨ï¬¨
«¥ªá¨ç¥áª¨å ¥¤¨−¨æ (®â−®è¥−¨ï úç�áâì{æ¥«®¥û, à®¤®¢¨¤®¢ë¥ ®â−®è¥−¨ï,
á¨−®−¨¬ë ¨ ¤à.) á ¢®§¬®¦−®áâìî −�¢¨£�æ¨¨ ¯® íâ¨¬ á¢ï§ï¬.

4. ÷¥�«¨§®¢�âì ¢ ¤¢ãï§ëç−ëå á«®¢�àïå ¯®¨áª á«®¢�à−ëå áâ�â¥© ¯® «¥ªá¨ç¥áª¨¬,
£à�¬¬�â¨ç¥áª¨¬ ¨ á¥¬�−â¨ç¥áª¨¬ ªà¨â¥à¨ï¬ ¯®¨áª�.

5. ‚ª«îç¨âì ¢ á«®¢�à−ë¥ áâ�âì¨ −¥®¡å®¤¨¬ë¥ ¬ã«ìâ¨¬¥¤¨©−ë¥ ¤�−−ë¥.

÷�§à�¡®âª� ¨ ¯à¨¬¥−¥−¨¥ ¬�ª¥â� ˆ‘‘ ¤�áâ ¢®§¬®¦−®áâì −�©â¨ à¥è¥−¨¥ àï¤�
−�§à¥¢è¨å ¯à®¡«¥¬, á¢ï§�−−ëå á ¯®¤£®â®¢ª®© í«¥ªâà®−−ëå á«®¢�à¥©, ¢ª«îç�ï
¢−¥á¥−¨¥ ®¯¥à�â¨¢−ëå ¨§¬¥−¥−¨© ¢ á«®¢�à−ë¥ áâ�âì¨, á®ªà�é¥−¨¥ ¨−â¥à¢�«®¢
¢à¥¬¥−¨ ¬¥¦¤ã ¢ëå®¤®¬ ¢¥àá¨© í«¥ªâà®−−ëå á«®¢�à¥©, ®âà�¦¥−¨¥ −� ¢à¥¬¥−-
−®© èª�«¥ à¥âà®á¯¥ªâ¨¢ë ¨§¬¥−¥−¨©, ¢−¥á¥−−ëå ¢ á«®¢�à−ë¥ áâ�âì¨. –¥«ì
áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¯à¨−æ¨¯®¢ à¥�«¨§�æ¨¨ ¯¥à¥ç¨á«¥−−ëå §�¤�ç, ®á−®¢-
−ëå äã−ªæ¨© ¨ ª®¬¯®−¥−â®¢ ¬�ª¥â� ˆ‘‘, ®à¨¥−â¨à®¢�−−®£® −� à¥è¥−¨¥ íâ¨å
¯à®¡«¥¬.

2 Принципы создания интеллектуальной словарной системы

÷�áá¬®âà¨¬ ¯à¥¤«�£�¥¬ë¥ ¯à¨−æ¨¯ë á®§¤�−¨ï ¬�ª¥â� ˆ‘‘, à¥�«¨§�æ¨ï
ª®â®àëå ¨ ¤®«¦−� ®¡¥á¯¥ç¨âì à¥è¥−¨¥ ¯¥à¥ç¨á«¥−−ëå §�¤�ç. �â«¨ç¨â¥«ì−�ï
ç¥àâ� ¯¥à¢®© §�¤�ç¨ á®áâ®¨â ¢ á¨áâ¥¬�â¨§�æ¨¨ ª®−¢¥−æ¨®−�«ì−ëå, «¨ç−®áâ−ëå
¨ ª®««¥ªâ¨¢−ëå §−�−¨© ® á«®¢�å ¢ ¯à®æ¥áá¥ ®¯¨á�−¨ï ª�ª ¨å §−�ç¥−¨©, â�ª
¨ ¯¥à¥¢®¤−ëå íª¢¨¢�«¥−â®¢ §−�ç¥−¨©. �®¢�ï äã−ªæ¨ï ‹�‡ ¡ã¤¥â á®áâ®ïâì ¢ â®¬,
çâ® ®¤−®¢à¥¬¥−−® ¡ã¤¥â ¯à¥¤«�£�âìáï ä¨ªá¨à®¢�âì áâ¥¯¥−ì á®æ¨�«¨§�æ¨¨ (â¥à¬¨−
‚¥¦¡¨æª®£®{��ª�¬®à¨ [3, 4]) −®¢ëå §−�ç¥−¨© á«®¢ ¢ ª®««¥ªâ¨¢¥, ä®à¬¨àãîé¥¬
á«®¢�à−ë¥ áâ�âì¨, â. ¥. ª�ª�ï ç�áâì ª®««¥ªâ¨¢� «¥ªá¨ª®£à�ä®¢ ¨ «¨−£¢¨áâ®¢ −�
¤�−−ë© ¬®¬¥−â ¡ã¤¥â á®£«�á−� á ¯à¥¤«�£�¥¬®© �¢â®àáª®© ¤¥ä¨−¨æ¨¥© â®£® ¨«¨
¨−®£® ª®−æ¥¯â� (= §−�ç¥−¨ï á«®¢� ¨«¨ á«®¢®á®ç¥â�−¨ï).

�«�−¨àã¥âáï â�ª¦¥ ä¨ªá¨à®¢�âì áâ�¤¨¨ í¢®«îæ¨¨ −� ¢à¥¬¥−−‚®© èª�«¥ ¤¥ä¨-
−¨æ¨© ª®−æ¥¯â®¢ ¨ íâ�¯ë ¯à¥®¡à�§®¢�−¨ï «¨ç−®áâ−ëå ¨ ª®««¥ªâ¨¢−ëå ª®−æ¥¯â®¢
¢ ª®−¢¥−æ¨®−�«ì−ë¥. �à¥¤«�£�¥¬ë© ¯®¤å®¤ ª à¥�«¨§�æ¨¨ íâ®© §�¤�ç¨ ¯à¥¤®-
áâ�¢¨â «¨−£¢¨áâ�¬ ¨ «¥ªá¨ª®£à�ä�¬, à�¡®â�îé¨¬ −�¤ á«®¢�à−ë¬¨ áâ�âìï¬¨,
¯à¨−æ¨¯¨�«ì−® −®¢ë¥ äã−ªæ¨¨ ¨ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë.
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‚. ‚. ‚�ªã«¥−ª®, ˆ. Œ. ‡�æ¬�−

‚®-¯¥à¢ëå, ¤¥ä¨−¨æ¨¨ ª®−æ¥¯â®¢ ¬®£ãâ ¬¥−ïâìáï «¥ªá¨ª®£à�ä�¬¨ ¢ ¯à®æ¥áá¥
ä®à¬¨à®¢�−¨ï á«®¢�à−®© áâ�âì¨. �à¨ íâ®¬ −¥à¥¤ª® ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì
ã¢¨¤¥âì ¢ à¥âà®á¯¥ªâ¨¢¥ ¢¥áì ¯à®æ¥áá ¨§¬¥−¥−¨ï ¤¥ä¨−¨æ¨©. ‘ íâ®© æ¥«ìî
¨ ¯«�−¨àã¥âáï ä¨ªá¨à®¢�âì ¢ ‹�‡ ¨áâ®à¨î ¨§¬¥−¥−¨© á ¯à¨¢ï§ª®© ª ¢à¥¬¥−−‚®©
èª�«¥.

‚®-¢â®àëå, ¯®ï¢¨âáï ¢®§¬®¦−®áâì à�§«¨ç�âì «¨ç−®áâ−ë¥ ¨ ª®««¥ªâ¨¢−ë¥
¤¥ä¨−¨æ¨¨ ª®−æ¥¯â®¢ ¨ ®âà�¦�âì ¨å ¨§¬¥−¥−¨ï ¢ ‹�‡. �â® ¤�áâ ¢®§¬®¦−®áâì
ã¢¨¤¥âì í¢®«îæ¨î ¢® ¢à¥¬¥−¨ §−�ç¥−¨© á«®¢ ¨«¨ á«®¢®á®ç¥â�−¨© ç¥à¥§ ¨å ¤¥ä¨-
−¨æ¨¨.

�à¥¤«�£�¥¬ë¥ −®¢®¢¢¥¤¥−¨ï ¡ã¤ãâ ¯®«¥§−ë −¥ â®«ìª® «¥ªá¨ª®£à�ä�¬, à�¡®-
â�îé¨¬ −�¤ á«®¢�à−ë¬¨ áâ�âìï¬¨, −® ¨ á¯¥æ¨�«¨áâ�¬, ¨áá«¥¤ãîé¨¬ í¢®«îæ¨î
ï§ëª� ¢ à¥âà®á¯¥ªâ¨¢¥ ¯®ï¢«¥−¨ï −®¢ëå §−�ç¥−¨© ã à�−¥¥ áãé¥áâ¢®¢�¢è¨å á«®¢.
…á«¨ −� ¤�−−ë© ¬®¬¥−â áãé¥áâ¢ãîé¨¥ ¯®¤å®¤ë ¤�îâ ¢®§¬®¦−®áâì ¯à®¢®¤¨âì
â�ª¨¥ ¨áá«¥¤®¢�−¨ï â®«ìª® ¤«ï ª®−¢¥−æ¨®−�«ì−ëå ª®−æ¥¯â®¢ [5{7], â® ¯à¥¤«�£�-
¥¬ë© ¯®¤å®¤ ®¡¥á¯¥ç¨â ¨áå®¤−ë¥ ¤�−−ë¥ ¤«ï ¨áá«¥¤®¢�−¨ï í¢®«îæ¨¨ «¨ç−®áâ−ëå
¨ ª®««¥ªâ¨¢−ëå ª®−æ¥¯â®¢.

‘®£«�á−® ¢â®à®© §�¤�ç¥, ¢ ¬�ª¥â¥ ˆ‘‘ ¯«�−¨àã¥âáï á¤¥«�âì ¯¥àá®−�«¨§¨à®-
¢�−−ë¬¨ ¨ ¨−â¥àä¥©á, ¨ −�¯®«−¥−¨¥ í«¥ªâà®−−ëå á«®¢�à−ëå áâ�â¥©. �¤¨− ¨§
−¥¤®áâ�âª®¢ âà�¤¨æ¨®−−ëå í«¥ªâà®−−ëå á«®¢�à¥© | ®£à�−¨ç¥−−ë¥ ¢®§¬®¦−®-
áâ¨ ¯¥àá®−�«¨§�æ¨¨ ¨−â¥àä¥©á� ¤®áâã¯� ª á«®¢�à−ë¬ áâ�âìï¬. ��¯à¨¬¥à, ¥á«¨
¯®«ì§®¢�â¥«î −ã¦−® ¯®á¬®âà¥âì â®«ìª® á¯¨á®ª ¯¥à¥¢®¤®¢ §−�ç¥−¨© á«®¢� ¡¥§
ª®−â¥ªáâ−ëå ¯à¨¬¥à®¢, â® ®−, ª�ª ¯à�¢¨«®, ¤®«¦¥− ¯à®á¬®âà¥âì ¢áî á«®¢�à−ãî
áâ�âìî ¢ ¯®¨áª�å §−�ç¥−¨© íâ®£® á«®¢� ¨ ¨å ¯¥à¥¢®¤®¢.

’�ª¨¬ ®¡à�§®¬, ¯®¬¨¬® âà�¤¨æ¨®−−ëå −�áâà®¥ª ¨−â¥àä¥©á� (¨§¬¥−¥−¨ï ¢¨¤�
èà¨äâ�, à�§¬¥à� â¥ªáâ� ¨ ¤àã£¨å í«¥¬¥−â®¢ ®ä®à¬«¥−¨ï áâà�−¨æë) ¡ã¤ãâ ¯à¨-
áãâáâ¢®¢�âì −�áâà®©ª¨ ¯®«−®âë ®â®¡à�¦¥−¨ï ª�ª á�¬¨å á«®¢�à−ëå áâ�â¥©, â�ª
¨ ¨å â¥¬�â¨ç¥áª¨å ¯®¤¡®à®ª, á£¥−¥à¨à®¢�−−ëå ¯à¨ ¯®¬®é¨ ‹�‡. �®«ì§®¢�â¥«ì
¡ã¤¥â â�ª¦¥ ¨¬¥âì ¢®§¬®¦−®áâì ¢ë¡à�âì ¨¬¥−−® â¥ á«®¢�à−ë¥ áâ�âì¨, ª®â®àë¥
ã¤®¢«¥â¢®àïîâ ªà¨â¥à¨ï¬ ç�áâ®â−®áâ¨ á«®¢. ��¯à¨¬¥à, ¯®«ì§®¢�â¥«ì á¬®¦¥â
¢¨¤¥âì ¢ à¥§ã«ìâ�â�å ¯®¨áª� â®«ìª® â¥ áâ�âì¨, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ §�¤�−−®¬ã
ªà¨â¥à¨î ç�áâ®â−®áâ¨ á«®¢� ¯® â®¬ã ¨«¨ ¨−®¬ã ª®à¯ãáã, á«ã¦�é¥¬ã ¨áâ®ç−¨ª®¬
â¥ªáâ®¢ ¤«ï ˆ‘‘. ‚®§¬®¦−� â�ª¦¥ £àã¯¯¨à®¢ª� áâ�â¥© ¯® â¥¬�â¨ª¥ (−�¯à¨-
¬¥à, ¢á¥ ¤−¨ −¥¤¥«¨) | íâ® ¯à¨¬¥à ¥é¥ ®¤−®© äã−ªæ¨¨, ª®â®àãî ¯«�−¨àã¥âáï
®¡¥á¯¥ç¨âì á ¯®¬®éìî ¬�ª¥â� ˆ‘‘.

‘®£«�á−® âà¥âì¥© §�¤�ç¥, ¢ ‹�‡ ¨ £¥−¥à¨àã¥¬ëå í«¥ªâà®−−ëå á«®¢�àïå ¡ã-
¤ãâ ãáâ�−�¢«¨¢�âìáï −¥áª®«ìª® ¢¨¤®¢ â¥§�ãàãá−ëå ®â−®è¥−¨©. ÷¥�«¨§�æ¨ï íâ®©
§�¤�ç¨ ¢ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï ˆ‘‘ ¯à¥¤®áâ�¢¨â ¯®«ì§®¢�â¥«ï¬ ¢®§¬®¦-
−®áâì −�¢¨£�æ¨¨ ¯® â®¬ã ¨«¨ ¨−®¬ã ¢¨¤ã â¥§�ãàãá−ëå á¢ï§¥© ¬¥¦¤ã §−�ç¥−¨ï¬¨
á«®¢.

‘®£«�á−® ç¥â¢¥àâ®© §�¤�ç¥, ¯à¥¤«�£�¥âáï à¥�«¨§®¢�âì âà�¤¨æ¨®−−ë© ¯®¨áª
á«®¢�à−ëå áâ�â¥©. �â® ¤�áâ ¢®§¬®¦−®áâì −�©â¨ ¨−â¥à¥áãîé¥¥ ¯®«ì§®¢�â¥«ï á«®¢®
¨«¨ á«®¢®á®ç¥â�−¨¥ −� ®¤−®¬ …Ÿ /̈̈ «¨ ¯¥à¥¢®¤−ë¥ íª¢¨¢�«¥−âë −� ¤àã£®¬ …Ÿ,
çâ® ®¡¥á¯¥ç¨â ¯®¨áª ¯à¨¬¥à®¢ à¥«¥¢�−â−ëå ª®−â¥ªáâ®¢ ¢ ®à¨£¨−�«¥ ¨ ¯¥à¥¢®¤¥
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�à¨−æ¨¯ë á®§¤�−¨ï ¨ äã−ªæ¨¨ ¨−â¥««¥ªâã�«ì−®© á«®¢�à−®© á¨áâ¥¬ë

¯à¨¬¥à®¢ ¯à¥¤«®¦¥−¨© ¢ á«®¢�à−ëå áâ�âìïå. �®¨áª ¯®¤®¡−ëå ¯à¨¬¥à®¢ ª®−â¥ª-
áâ®¢ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ¯¥à¥¢®¤ç¨ª�¬¨ ¯à¨ ¢ë¡®à¥ ¢�à¨�−â� ¯¥à¥¢®¤�.

‘®£«�á−® ¯ïâ®© §�¤�ç¥, ¯«�−¨àã¥âáï ¢ª«îç�âì ¢ ®â¤¥«ì−ë¥ á«®¢�à−ë¥ áâ�âì¨
¨««îáâà¨àãîé¨© ¬ã«ìâ¨¬¥¤¨©−ë© ¬�â¥à¨�«. ’�ª�ï äã−ªæ¨ï −¥ −®¢� ¨ ã¦¥
¯à¨áãâáâ¢ã¥â ¢ ¢¨§ã�«ì−ëå á«®¢�àïå [8]. ��¯à¨¬¥à, ¢ í«¥ªâà®−−®¬ ¢¨§ã�«ì−®¬
á«®¢�à¥ (Visual Dictionary Online Website) á«®¢® face á®¯à®¢®¦¤�¥âáï �ã¤¨®-
ä�©«®¬ á ¥£® ¯à®¨§−®è¥−¨¥¬, � ¥£® §−�ç¥−¨ï ¨««îáâà¨àãîâáï 22 à¨áã−ª�¬¨,
¯®ª�§ë¢�îé¨¬¨ â�ª¦¥ ®â−®è¥−¨ï úç�áâì{æ¥«®¥û ¬¥¦¤ã á«®¢�¬¨. ’�ª, −� ®¤−®¬
¨§ à¨áã−ª®¢ ªà®¬¥ «¨æ� ®¡¥§ìï−ë ¯¥à¥ç¨á«ïîâáï ¤àã£¨¥ ç�áâ¨ ¥¥ â¥«� ¨ ®¡®§−�-
ç�îé¨¥ ¨å á«®¢� (−® ¯à¨ íâ®¬ ®âáãâáâ¢ãîâ £¨¯¥àááë«ª¨ −� á®®â¢¥âáâ¢ãîé¨¥ ¨¬
á«®¢�à−ë¥ áâ�âì¨) [9].

‚¨§ã�«ì−ë¥ á«®¢�à¨ ¤®áâã¯−ë ¢ ¤¢ãï§ëç−®© ¨ ¬−®£®ï§ëç−®© ¢¥àá¨ïå, � â�ª-
¦¥ ¢ ¢¥àá¨ïå, �¤�¯â¨à®¢�−−ëå ¤«ï ®¯à¥¤¥«¥−−ëå ¢®§à�áâ−ëå £àã¯¯ [10]. �«�-
−¨àã¥âáï, çâ® ˆ‘‘ á¬®¦¥â ®¡¥á¯¥ç¨¢�âì ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ ¢ª«îç¥−¨¥
¢ á«®¢�à−ë¥ áâ�âì¨ �−�«®£¨ç−ëå ¬ã«ìâ¨¬¥¤¨©−ëå ¤�−−ëå.

3 Основные функции и компоненты интеллектуальной
словарной системы

�à¥¤¯®«�£�¥âáï, çâ® ¬�ª¥â ˆ‘‘ ¡ã¤¥â ¢ª«îç�âì âà¨ ®á−®¢−ëå áâàãªâãà−ëå
ª®¬¯®−¥−â�: (1) åà�−¨«¨é¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¨ ¬ã«ìâ¨¬¥¤¨©−ëå ¤�−−ëå;
(2) ‹�‡ ¨ ��„; (3) ¤¢ãï§ëç−ë¥ í«¥ªâà®−−ë¥ á«®¢�à¨, £¥−¥à¨àã¥¬ë¥ ‹�‡.

‚ á®®â¢¥âáâ¢¨¨ á âà¥¬ï ¯¥à¥ç¨á«¥−−ë¬¨ áâàãªâãà−ëå ª®¬¯®−¥−â�¬¨ ¢ ˆ‘‘
à�§«¨ç�îâáï âà¨ ¢¨¤� ¨−â¥àä¥©á®¢: ¯®«ì§®¢�â¥«ìáª¨© ¨−â¥àä¥©á í«¥ªâà®−−ëå
á«®¢�à¥©; ¨−â¥àä¥©á ‹�‡; ¨−â¥àä¥©á åà�−¨«¨é�, ®¡¥á¯¥ç¨¢�îé¨© ¯®¨áª ¨á-
á«¥¤ã¥¬ëå á«®¢ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å.

ˆ−â¥àä¥©áë ¯¥à¢®£® ¢¨¤� ¡ã¤ãâ ®¡«�¤�âì ¢®§¬®¦−®áâìî �¤�¯â�æ¨¨ ª «¨ç-
−®áâ−ë¬ ¯®âà¥¡−®áâï¬ ¯®«ì§®¢�â¥«¥© í«¥ªâà®−−ëå á«®¢�à¥©. ˆ−â¥àä¥©áë ¢â®à®-
£® ¢¨¤� ®¡¥á¯¥ç�â à�¡®âã «¥ªá¨ª®£à�ä®¢ á ‹�‡, ª®â®àë¥ ä®à¬¨àãîâ á«®¢�à−ë¥
áâ�âì¨. ˆ−â¥àä¥©áë âà¥âì¥£® ¢¨¤� −ã¦−ë ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï á ª®à¯ãá�¬¨
¯�à�««¥«ì−ëå â¥ªáâ®¢, ª®â®àë¥ åà�−ïâáï ¢ ˆ‘‘.

„¢ãï§ëç−ë¥ í«¥ªâà®−−ë¥ á«®¢�à¨, à�á¯®«�£�îé¨¥áï ¢ ¯¥à¢®¬ ª®¬¯®−¥−â¥,
¯à¥¤áâ�¢«ïîâ á®¡®© à¥£ã«ïà−® ¯®¯®«−ï¥¬ë¥ ¢ à¥¦¨¬¥ ®−«�©− ¨−ä®à¬�æ¨®−−ë¥
¯à®¤ãªâë ˆ‘‘. �à¥¤®áâ�¢«¥−¨¥ ¤®áâã¯� ª í«¥ªâà®−−ë¬ á«®¢�àï¬ ®áãé¥áâ¢«ï-
¥âáï ç¥à¥§ á¥âì ˆ−â¥à−¥â. �®«ì§®¢�â¥«ï¬ á«®¢�à¥© −¥â −¥®¡å®¤¨¬®áâ¨ ¯®−¨¬�âì,
ª�ª äã−ªæ¨®−¨àã¥â ¢áï ˆ‘‘ ¢ æ¥«®¬, çâ®¡ë à�¡®â�âì á® á«®¢�àï¬¨. ˆå ¨−-
â¥àä¥©á ¯®¬®¦¥â ¯à¥¤áâ�¢¨âì á«®¢�à−ãî ¨−ä®à¬�æ¨î ¢ ¯¥àá®−¨ä¨æ¨à®¢�−−®©
ä®à¬¥. ‚ â® ¦¥ ¢à¥¬ï «¥ªá¨ª®£à�ä�¬ −¥®¡å®¤¨¬® ¯®−¨¬�âì, ª�ª äã−ªæ¨®−¨àã¥â
¢áï ˆ‘‘ ¢ æ¥«®¬, çâ®¡ë ¢−®á¨âì ¨§¬¥−¥−¨ï ¨ ¤®¯®«−¥−¨ï ¢ ‹�‡, £¥−¥à¨àãîéãî
á«®¢�à−ë¥ áâ�âì¨, ª®â®àë¥ ¯® ¬¥à¥ ¨å £®â®¢−®áâ¨ �¢â®¬�â¨ç¥áª¨ ¡ã¤ãâ §�£àã-
¦�âìáï ¢ í«¥ªâà®−−ë¥ á«®¢�à¨ ¯® á¥â¨ ˆ−â¥à−¥â. ’�ª®© ¯®¤å®¤ ¤�áâ ¢®§¬®¦−®áâì
¯®«ì§®¢�â¥«ï¬ í«¥ªâà®−−ëå á«®¢�à¥© −¥ ¦¤�âì £®¤�¬¨ ¢ëå®¤� −®¢ëå ¨§¤�−¨©
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á«®¢�à¥©, â�ª ª�ª ¨å ®¡−®¢«¥−¨¥ ¡ã¤¥â ®áãé¥áâ¢«ïâìáï ¯®áâ�â¥©−® ¢ à¥¦¨¬¥
®−«�©−.

Š�ª á«¥¤ã¥â ¨§ áâàãªâãàë ˆ‘‘, ¢â®à®© ¥¥ ª®¬¯®−¥−â ¢ª«îç�¥â ‹�‡, ¤®áâã¯-
−ãî â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®¬ã ª®««¥ªâ¨¢ã «¨−£¢¨áâ®¢ ¨ «¥ªá¨ª®£à�ä®¢.
‹¥ªá¨ª®£à�ä¨ç¥áª�ï ¡�§� §−�−¨© ¯®§¢®«ï¥â ¨¬ á®¢¬¥áâ−® à�¡®â�âì −�¤ ®¯à¥¤¥-
«¥−−®© ï§ëª®¢®© ¥¤¨−¨æ¥© ¨«¨ ª®−áâàãªæ¨¥©, −�¯à¨¬¥à ¢¢®¤¨âì ¨ á®£«�á®¢ë¢�âì
−®¢®¥ §−�ç¥−¨¥ ¤«ï á«®¢�, ®¡−�àã¦¥−−®¥ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å, §�¤�¢ ¥£®
¤¥ä¨−¨æ¨î. �®¤®¡−ë© äã−ªæ¨®−�« ®¡¥á¯¥ç¨â ª�¦¤®¬ã ç«¥−ã â¥àà¨â®à¨�«ì−®
à�á¯à¥¤¥«¥−−®£® ª®««¥ªâ¨¢� ¢®§¬®¦−®áâì ¢¨¤¥âì à¥§ã«ìâ�âë à�¡®âë ¢á¥å ¥£®
ãç�áâ−¨ª®¢. ’�ª¨¬ ®¡à�§®¬, ‹�‡ ¯®§¢®«¨â ª�¦¤®¬ã �¢â®¬�â¨ç¥áª¨ ¯à®¨−-
ä®à¬¨à®¢�âì ª®««¥£ ® ¢−¥á¥−−ëå ¨§¬¥−¥−¨ïå. �à¨ íâ®¬ ª�¦¤®¥ «¨ç−®áâ−®¥
−®¢®¢¢¥¤¥−¨¥ ¬®¦¥â ¡ëâì á®£«�á®¢�−® ¢ à�¬ª�å ª®««¥ªâ¨¢� ¢ à¥¦¨¬¥ ®−«�©−.

Šà®¬¥ ‹�‡ ¢â®à®© ª®¬¯®−¥−â ¢ª«îç�¥â àï¤ ��„, á ¯®¬®éìî ª®â®àëå
«¨−£¢¨áâë ¯à®¢®¤ïâ ¨áá«¥¤®¢�−¨ï, −¥®¡å®¤¨¬ë¥ ¤«ï á®§¤�−¨ï á«®¢�àï, −�¯à¨¬¥à
ª«�áá¨ä¨ª�æ¨î «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© [11].

�ªâã�«¨§�æ¨ï á«®¢�à−ëå áâ�â¥© ¡ã¤¥â ®¡¥á¯¥ç¨¢�âìáï ¢ ¤¢ãå ®á−®¢−ëå à¥-
¦¨¬�å à�¡®âë: ¨−¤¨¢¨¤ã�«ì−®¬ ¨ ª®««¥ªâ¨¢−®¬. ‚ ¨−¤¨¢¨¤ã�«ì−®¬ à¥¦¨¬¥
à¥è�¥âáï §�¤�ç� ®¯¨á�−¨ï ¢ ‹�‡ «¨ç−®áâ−®£® §−�−¨ï «¥ªá¨ª®£à�ä� ® −®¢ëå
§−�ç¥−¨ïå á«®¢. ‚ ª®««¥ªâ¨¢−®¬ à¥¦¨¬¥ à¥è�¥âáï §�¤�ç� á®£«�á®¢�−¨ï «¨ç-
−®áâ−ëå ¤¥ä¨−¨æ¨© §−�ç¥−¨© á«®¢ ¬¥¦¤ã «¥ªá¨ª®£à�ä�¬¨ ¨ ä®à¬¨à®¢�−¨¥ ¨¬¨
ª®««¥ªâ¨¢−ëå ¤¥ä¨−¨æ¨©.

�¡¥á¯¥ç¥−¨¥ ¤®áâã¯� ª ª®à¯ãá�¬ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¤�áâ ¢®§¬®¦−®áâì
¨§¢«¥ª�âì ¨§ −¨å −®¢ë¥ §−�ç¥−¨ï á«®¢ ¨ ®¯¨áë¢�âì ¨å ¢ ��„ ¨ ‹�‡ [12{
16]. ‹¥ªá¨ª®£à�ä¨ç¥áª�ï ¡�§� §−�−¨© ï¢«ï¥âáï ª«îç¥¢®© á®áâ�¢«ïîé¥© ˆ‘‘
¨, ¯®¤®¡−® ï¤àã, −�å®¤¨âáï ¢ ¥¥ æ¥−âà¥. ‹¥ªá¨ª®£à�ä¨ç¥áª�ï ¡�§� §−�−¨© á¢ï§�−�
ª�ª á ¯¥à¢ë¬, â�ª ¨ á âà¥âì¨¬ ª®¬¯®−¥−â®¬ ˆ‘‘ á¨áâ¥¬®© ¨−ä®à¬�æ¨®−−ëå
á¢ï§¥©.

Š�ª ¡ë«® ®â¬¥ç¥−® ¢ëè¥, ˆ‘‘ ¡ã¤¥â ¯®¤¤¥à¦¨¢�âì ¨§¢«¥ç¥−¨¥ ¨ ®¯¨á�-
−¨¥ −®¢ëå §−�ç¥−¨© ¨áá«¥¤ã¥¬ëå á«®¢ ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢, çâ® ï¢«ï¥âáï
®â«¨ç¨â¥«ì−®© ç¥àâ®© ˆ‘‘ ª�ª ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë. ‘®£«�á®¢�−−ë¥
¨ ¢ª«îç¥−−ë¥ ¢ ‹�‡ ª®««¥ªâ¨¢−ë¥ ¤¥ä¨−¨æ¨¨ −®¢ëå §−�ç¥−¨© á«®¢ �¢â®¬�â¨-
ç¥áª¨ ª®¯¨àãîâáï ¢ í«¥ªâà®−−ë¥ á«®¢�à¨ ¢¬¥áâ¥ á ¯à¨¬¥à�¬¨ ¨å ã¯®âà¥¡«¥−¨ï,
¥á«¨ ¯à®áâ�¢«¥− ¯à¨§−�ª £®â®¢−®áâ¨ á®®â¢¥âáâ¢ãîé¨å á«®¢�à−ëå áâ�â¥© ª ¯ã¡«¨-
ª�æ¨¨. �®íâ®¬ã ¯®«ì§®¢�â¥«¨ í«¥ªâà®−−ëå á«®¢�à¥© ˆ‘‘ á¬®£ãâ −�ç�âì à�¡®âã
á −®¢®© ¢¥àá¨¥© á«®¢�à−®© áâ�âì¨, á®¤¥à¦�é¥© ¯®á«¥¤−¨¥ ¨§¬¥−¥−¨ï ¨ ¤®¯®«−¥-
−¨ï, ¨ ã¢¨¤¥âì à¥§ã«ìâ�â ¯à®¤¥«�−−®© á¯¥æ¨�«¨áâ�¬¨ à�¡®âë áà�§ã ¦¥ ¯®á«¥ ¥¥
í«¥ªâà®−−®© ¯ã¡«¨ª�æ¨¨.

’à¥â¨© ª®¬¯®−¥−â ˆ‘‘ á®¤¥à¦¨â ª®à¯ãáë ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¨ åà�−¨-
«¨é¥ ¬ã«ìâ¨¬¥¤¨©−®© ¨−ä®à¬�æ¨¨. ‚ ¤�−−®¬ á«ãç�¥ ª®à¯ãáë à�§¤¥«¥−ë −�
¤¢� â¨¯�: ª®à¯ãáë, åà�−ïé¨¥áï −¥¯®áà¥¤áâ¢¥−−® ¢ ˆ‘‘, ¨ ¢−¥è−¨¥ ª®à¯ãáë,
ª ª®â®àë¬ «¥ªá¨ª®£à�äë ¨ «¨−£¢¨áâë ¨¬¥îâ ¤®áâã¯ ¯® á¥â¨ ˆ−â¥à−¥â.

ˆ§−�ç�«ì−® á«®¢�, ®¯¨áë¢�¥¬ë¥ ¢ á«®¢�à−ëå áâ�âìïå, −�å®¤ïâáï ¢ â¥ªáâ�å,
á ª®â®àë¬ à�¡®â�îâ «¥ªá¨ª®£à�äë ¨ «¨−£¢¨áâë. �¯¨á�−¨¥ −®¢ëå §−�ç¥−¨© á«®¢
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�à¨−æ¨¯ë á®§¤�−¨ï ¨ äã−ªæ¨¨ ¨−â¥««¥ªâã�«ì−®© á«®¢�à−®© á¨áâ¥¬ë

¯®¤à�§ã¬¥¢�¥â á−�ç�«� ¨å «¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥ ¢ ��„ ¢ ª®−â¥ªáâ¥
â¥å ¯à¥¤«®¦¥−¨©, ¢ ª®â®àëå ®−¨ ¢áâà¥â¨«¨áì, ¤® à�§¬¥é¥−¨ï ¢ á«®¢�à−®© áâ�âì¥.
�®¤ «¨−£¢¨áâ¨ç¥áª®© �−−®â�æ¨¥© ¯®¤à�§ã¬¥¢�¥âáï áâàãªâãà¨à®¢�−−®¥ ®¯¨á�−¨¥
á«®¢ ¢¬¥áâ¥ á ¨å §−�ç¥−¨ï¬¨, ¤®¯®«−¥−−®¥ ¬¥â�¤�−−ë¬¨. �¤¨− ¨§ ¯à¨¬¥à®¢
¬¥â�¤�−−ëå | ¯à¨§−�ª¨ (â¥£¨) ç�áâ¥© à¥ç¨.

��«¨ç¨¥ åà�−¨«¨é� ª®à¯ãá®¢ ¯�à�««¥«ì−ëå â¥ªáâ®¢ −¥¯®áà¥¤áâ¢¥−−® ¢ ˆ‘‘
¯à¥¤®áâ�¢«ï¥â ¡®«¥¥ è¨à®ª¨¥ ¢®§¬®¦−®áâ¨ ¤«ï à�¡®âë, −¥¦¥«¨ ¢−¥è−¨¥ ª®à¯ã-
áë. �â® ®¡ãá«®¢«¥−® ¢®§¬®¦−®áâìî à�¡®â�âì á æ¥«ë¬ â¥ªáâ®¬, � −¥ â®«ìª® á ¥£®
äà�£¬¥−â�¬¨, � â�ª¦¥ −�«¨ç¨¥¬ £¨¯¥àááë«®ª ª â¥ªáâ�¬ ®â á«®¢�à−ëå áâ�â¥© ‹�‡
¨ �−−®â�æ¨© ��„. ’¥¬ −¥ ¬¥−¥¥ ¢−¥è−¨¥ ª®à¯ãáë â�ª¦¥ ¨£à�îâ ¢�¦−ãî à®«ì,
â�ª ª�ª ¤�îâ ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì äà�£¬¥−âë ¨§ ¡®«¥¥ è¨à®ª®£® á¯¥ªâà�
â¥ªáâ®¢ ¢ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ ¯¥à¥¢®¤®¢ ¢ á«®¢�à−ëå áâ�âìïå.

�®¬¨¬® ¯¥à¥ç¨á«¥−−ëå äã−ªæ¨© ˆ‘‘ ¯à¥¤®áâ�¢¨â à�áè¨à¥−−ë¥ ¯®¨áª®¢ë¥
¢®§¬®¦−®áâ¨ ª�ª «¥ªá¨ª®£à�ä�¬, â�ª ¨ ¯®«ì§®¢�â¥«ï¬ á«®¢�à¥©. �� ¤�−−®¬ íâ�¯¥
à�§à�¡®âª¨ ¯à¨−æ¨¯®¢ á®§¤�−¨ï ˆ‘‘ ¯à¥¤¯®«�£�¥âáï à¥�«¨§®¢�âì á«¥¤ãîé¨¥
ä¨«ìâàë ¨ ¢¨¤ë ¯®¨áª� [1]:

{ á¨−â�ªá¨ç¥áª¨© ä¨«ìâà, ª®£¤� ¯à¨ ¯®¨áª¥ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¯à¨§−�ª¨
ª®−áâàãªæ¨© ¨«¨ ¯à¥¤«®¦¥−¨©, ¢ ª®â®àë¥ ¢å®¤¨â ¨áª®¬®¥ á«®¢® (−�¯à¨¬¥à,
¢®¯à®á¨â¥«ì−®¥, ¢®áª«¨æ�â¥«ì−®¥ ¨«¨ ®âà¨æ�â¥«ì−®¥ ¯à¥¤«®¦¥−¨¥, ¤¨�«®£®-
¢�ï à¥¯«¨ª� ¨ â. ¤.);

{ áâ�â¨áâ¨ç¥áª¨© ä¨«ìâà ¯® ç�áâ®â−®áâ¨ á«®¢, çâ® ¯®§¢®«¨â ®â®¡à�¦�âì ¨«¨,
−�®¡®à®â, ¨áª«îç�âì ¯à¨ ®â®¡à�¦¥−¨¨ à¥§ã«ìâ�â®¢ ¯®¨áª� −¨§ª®ç�áâ®â−ë¥
á«®¢� (ç�áâ®â−®áâ¨ á«®¢ ï¢«ïîâáï ª®à¯ãá−®-®à¨¥−â¨à®¢�−−ë¬¨), â. ¥. ¢ëè¥
¨«¨ −¨¦¥ §�¤�−−®£® ¯®à®£�;

{ åà®−®«®£¨ç¥áª¨© ä¨«ìâà, ª®â®àë© ¯®§¢®«¨â ¨á¯®«ì§®¢�âì ¤�â¨à®¢ªã â¥ªáâ®¢,
â. ¥. ¢ á«®¢�à−®© áâ�âì¥ ¬®£ãâ ®â®¡à�¦�âìáï ¯à¨¬¥àë ¯¥à¥¢®¤®¢ â®«ìª® ¢ â¥å
â¥ªáâ�å, ª®â®àë¥ ®â−®áïâáï ª §�¤�−−®¬ã ¯¥à¨®¤ã ¢à¥¬¥−¨;

{ ¯®¨áª ¯® «¥ªá¨ª®£à�ä¨ç¥áª®¬ã â¨¯ã: á¥¬�−â¨ç¥áª¨¥ £àã¯¯ë á«®¢ (¢à¥¬¥−�
£®¤�, áâà�−ë á¢¥â�, ç�áâ¨ à¥ç¨, ¤−¨ −¥¤¥«¨ ¨ ¤à.), äã−ªæ¨®−�«ì−ë¥ £àã¯¯ë
á«®¢ (−�¯à¨¬¥à, ª®−−¥ªâ®àë [17]), â¨¯ë ãáâ®©ç¨¢ëå á«®¢®á®ç¥â�−¨© ¨ â. ¤.

4 Заключение

�� á®¢à¥¬¥−−®¬ íâ�¯¥ à�§à�¡®âª¨ á«®¢�à−ëå á¨áâ¥¬ ¢ −¨å ¨á¯®«ì§ãîâáï, ª�ª
¯à�¢¨«®, ¬¥â®¤ë á¨áâ¥¬�â¨§�æ¨¨ ¨ ¯¥à¥¢®¤� ª®−¢¥−æ¨®−�«ì−ëå §−�ç¥−¨© á«®¢.
�â® ®â¢¥ç�¥â −ã¦¤�¬ ¯®«ì§®¢�â¥«¥© í«¥ªâà®−−ëå á«®¢�à¥©, −® «¥ªá¨ª®£à�ä�¬
¢ ¯à®æ¥áá¥ ä®à¬¨à®¢�−¨ï á«®¢�à−ëå áâ�â¥© ¨−®£¤� âà¥¡ã¥âáï ®¯¨áë¢�âì −®¢ë¥
§−�ç¥−¨ï á«®¢, ¨§¢«¥ç¥−−ë¥ ¨§ ¯à¥¤«®¦¥−¨© ¯�à�««¥«ì−ëå â¥ªáâ®¢, â. ¥. ¯à¨-
¢®¤¨âì ¤«ï −¨å á¢®¥ «¨ç−®áâ−®¥ ¨«¨ ª®««¥ªâ¨¢−®¥ ®¯¨á�−¨¥ ¢ ¢¨¤¥ ¤¥ä¨−¨æ¨¨,
¨««îáâà¨àã¥¬®¥ −�©¤¥−−ë¬¨ ¯à¥¤«®¦¥−¨ï¬¨.

�à¨ à¥�«¨§�æ¨¨ íâ®© §�¤�ç¨ ¢ ¬�ª¥â¥ ˆ‘‘ ¯à¥¤¯®«�£�¥âáï ®âà�¦�âì áâ¥¯¥−ì
á®æ¨�«¨§�æ¨¨ ¨§¢«¥ç¥−−ëå −®¢ëå §−�ç¥−¨© á«®¢ ¢ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥-
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«¥−−®¬ ª®««¥ªâ¨¢¥ «¥ªá¨ª®£à�ä®¢ ¨ íâ�¯ë ä®à¬¨à®¢�−¨ï ¨å ª®««¥ªâ¨¢−ëå
¤¥ä¨−¨æ¨©, çâ® ï¢«ï¥âáï áãé¥áâ¢¥−−ë¬ í«¥¬¥−â®¬ −®¢¨§−ë ¯à®¥ªâ¨àã¥¬®£® ¬�-
ª¥â�. �à¨ íâ®¬ ¯«�−¨àã¥âáï ¨á¯®«ì§®¢�âì ¬¥â®¤ë ª®¤¨à®¢�−¨ï «¨ç−®áâ−®£®,
ª®««¥ªâ¨¢−®£® ¨ ª®−¢¥−æ¨®−�«ì−®£® §−�−¨ï, ®á−®¢�−−ë¥ −� ¨−â¥àä¥©á�å 3-£®
¯®àï¤ª�, ®¯¨á�−−ëå ¢ à�¡®â¥ [18]. �â¨ ¬¥â®¤ë ¯à¥¤−�§−�ç¥−ë ¤«ï ®¤−®¢à¥¬¥−−®-
£® ª®¤¨à®¢�−¨ï ¢ æ¨äà®¢®© áà¥¤¥ ˆ‘‘ ¨ −®¢ëå §−�ç¥−¨© á«®¢ (á«®¢®á®ç¥â�−¨©),
¨ ä®à¬ ¨å ¯à¥¤áâ�¢«¥−¨ï ¢ à�§−ëå …Ÿ. ‚ §�ª«îç¥−¨¥ ®â¬¥â¨¬, çâ® á®¢à¥¬¥−-
−ë¥ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨ ¯®§¢®«ïîâ á®§¤�âì ˆ‘‘, ®¡«�¤�îéãî ®¯¨á�−−ë¬¨
¢ áâ�âì¥ äã−ªæ¨ï¬¨, á à¥�«¨§�æ¨¥© íâ¨å ¬¥â®¤®¢ ª®¤¨à®¢�−¨ï.
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Abstract: The paper proposes the framework for the design of the Intellectual
Dictionary System (IDS) prototype, as well as its primary functions, includ-
ing three main structural components: (i) parallel text and multimedia data
storage; (ii) lexicographical knowledge base and supracorpora databases; and
(iii) bilingual online dictionaries generated by IDS. Distinguishing features of
IDS are as follows: first, the possibility to store the descriptions of personal and
collective concepts of the lexicographers' knowledge, as well as their dictionary
representation in two natural languages in the form of dictionary entries; second,
IDS allows updating online dictionaries by entries; and third, IDS gives the
possibility to customize not only the user interface of the bilingual online dictio-
naries, but also the amount of the content displayed in an entry. The goal of the
article is to describe the framework for the design of IDS, its primary functions
and components.
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О МЕТОДАХ ОЦЕНКИ КАЧЕСТВА МАШИННОГО ПЕРЕВОДА∗

А. К. Рычихин1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¯®¤å®¤ë ª ®¯à¥¤¥«¥−¨î ª�ç¥áâ¢� ¬�è¨−−®£®
¯¥à¥¢®¤� (Œ�) ¨ −¥áª®«ìª® ¬¥â®¤®¢ ¥£® ®æ¥−ª¨. –¥«ìî áâ�âì¨ ï¢«ï¥âáï
®¡§®à àï¤� ¬¥â®¤®¢ ¨ ¯®¤å®¤®¢ ª íªá¯¥àâ−®© ¨ �¢â®¬�â¨ç¥áª®© ®æ¥−ª¥ ª�-
ç¥áâ¢� Œ�. ‚ ¯¥à¢®© ç�áâ¨ ®¯¨áë¢�îâáï ¬¥â®¤ë ®â−®á¨â¥«ì−®© íªá¯¥àâ−®©
®æ¥−ª¨ (à�−¦¨à®¢�−¨¥ ¯¥à¥¢®¤®¢) ¨ �¡á®«îâ−®© ®æ¥−ª¨, ®á−®¢�−−®© −� èâà�-
ä�å §� ®è¨¡ª¨ ¢ ¯¥à¥¢®¤¥, � â�ª¦¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¨ �«£®à¨â¬ë,
ã¯à®é�îé¨¥ íªá¯¥àâ−ãî ®æ¥−ªã ¨ ®¡à�¡�âë¢�îé¨¥ íªá¯¥àâ−ë¥ áã¦¤¥−¨ï.
��¨¡®«ìè¥¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï â¨¯®«®£¨¨ ®è¨¡®ª DQF/MQM (Dynamic
Quality Framework | „¨−�¬¨ç¥áª�ï ¬®¤¥«ì ®æ¥−ª¨ ª�ç¥áâ¢�, Multidimen-
sional Quality Metrics | Œ−®£®¬¥à−ë¥ ¬¥âà¨ª¨ ª�ç¥áâ¢�) ª�ª −�¨¡®«¥¥ £¨¡ª®©
¨ −¥ −�æ¥«¥−−®© −� ®£à�−¨ç¥−−ãî ¯à¥¤¬¥â−ãî ®¡«�áâì. ‚â®à�ï ç�áâì áâ�âì¨
¯®á¢ïé¥−� ®¡§®àã ¬¥âà¨ª �¢â®¬�â¨ç¥áª®© ®æ¥−ª¨ ª�ç¥áâ¢� Œ�, −¥ ¨á¯®«ì-
§ãîé¨å §−�−¨ï ®¡ ¨áå®¤−®¬ ¨ ¯¥à¥¢®¤ïé¥¬ ï§ëª¥, � â�ª¦¥ ª®íää¨æ¨¥−â�¬
ª®àà¥«ïæ¨¨ íªá¯¥àâ−®© ¨ �¢â®¬�â¨ç¥áª®© ®æ¥−ª¨.

Š«îç¥¢ë¥ á«®¢�: ª�ç¥áâ¢® ¬�è¨−−®£® ¯¥à¥¢®¤�; ¬�è¨−−ë© ¯¥à¥¢®¤; ¬¥â-
à¨ª¨ �¢â®¬�â¨ç¥áª®© ®æ¥−ª¨ ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤�; à�−¦¨à®¢�−¨¥
¯¥à¥¢®¤®¢; â¨¯®«®£¨¨ ®è¨¡®ª ¬�è¨−−®£® ¯¥à¥¢®¤�; íªá¯¥àâ−�ï ®æ¥−ª� ª�ç¥-
áâ¢� ¯¥à¥¢®¤�

DOI: 10.14357/08696527190410

1 Введение

‚ â¥®à¨¨ ¯¥à¥¢®¤� −¥ áãé¥áâ¢ã¥â ®¡é¥¯à¨−ïâ®£® ®¯à¥¤¥«¥−¨ï ª�ç¥áâ¢� ¯¥à¥-
¢®¤�, ®¤−�ª® §�¤�ç� ®æ¥−ª¨ ª�ç¥áâ¢� Œ� á ª�¦¤ë¬ £®¤®¬ áâ�−®¢¨âáï �ªâã�«ì−¥¥,
¢ ¯¥à¢ãî ®ç¥à¥¤ì ¡«�£®¤�àï ¢−¥¤à¥−¨î Œ� ¢ ¯à®¨§¢®¤áâ¢¥−−ãî ¨ á®æ¨�«ì−ãî
áä¥àë, £¤¥ §�¤¥©áâ¢®¢�−ë ¤¢� ¨ ¡®«¥¥ ¥áâ¥áâ¢¥−−ëå ï§ëª®¢. �® ®æ¥−ª¥ TAUS2,
¡î¤¦¥â ¨−¤ãáâà¨¨ Œ� ¢ 2014 £. á®áâ�¢¨« 250 ¬«− ¤®««. ‘˜� ¨ ¯à®¤®«¦�¥â
¥¦¥£®¤−® à�áâ¨ [1]. ‚ 2012 £. ®¡ê¥¬ â¥ªáâ�, ª®â®àë© ¥¦¥¤−¥¢−® ®¡à�¡�âë¢�¥â
®−«�©−-¯¥à¥¢®¤ç¨ª Google.Translate, ¯à¥¢§®è¥« á®¢®ªã¯−ë© ®¡ê¥¬ ¯¥à¥¢®¤−ëå
â¥ªáâ®¢, á®§¤�−−ëå ¯à®ä¥áá¨®−�«ì−ë¬¨ ¯¥à¥¢®¤ç¨ª�¬¨ §� £®¤ [2]. ‘ 2012 ¯®
2016 ££. ®¡ê¥¬ â¥ªáâ�, ¯¥à¥¢®¤¨¬®£® Google.Translate, ã¢¥«¨ç¨«áï ¢¤¢®¥ ¨ á®-
áâ�¢¨« 143 ¬«à¤ á«®¢ ¢ ¤¥−ì ¢ 100 ï§ëª®¢ëå ¯�à�å [3]. �ç¥¢¨¤−®, çâ® Œ�

∗�¢â®à ¢ëà�¦�¥â ¡«�£®¤�à−®áâì §� ¯®¬®éì ¢ ¯®¤£®â®¢ª¥ áâ�âì¨ ‚. �. �ãà¨¥¢ã ¨ ˆ. Œ. ‡�æ¬�−ã.
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ak.rychikhin@gmail.com
2Translation Automation User Society | �®«ì§®¢�â¥«ìáª®¥ á®®¡é¥áâ¢® ¯® �¢â®¬�â¨§�æ¨¨ ¯¥à¥-

¢®¤�.
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� ¬¥â®¤�å ®æ¥−ª¨ ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤�

ã¦¥ è¨à®ª® ¨á¯®«ì§ã¥âáï, ®âáî¤� ¨ −¥®¡å®¤¨¬®áâì á®¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤®¢
®æ¥−ª¨ ¥£® ª�ç¥áâ¢� [4].

–¥«ìî áâ�âì¨ ï¢«ï¥âáï ®¯¨á�−¨¥ àï¤� á®¢à¥¬¥−−ëå ¬¥â®¤®¢ ¨ ¯®¤å®¤®¢
ª íªá¯¥àâ−®© ¨ �¢â®¬�â¨ç¥áª®© ®æ¥−ª¥ ª�ç¥áâ¢� Œ�. „«ï íªá¯¥àâ−®© ®æ¥−ª¨
ª�ç¥áâ¢� å�à�ªâ¥à¥− äã−ªæ¨®−�«ì−ë© ¯®¤å®¤ (ª�ç¥áâ¢® ¯¥à¥¢®¤� â¥¬ ¢ëè¥, ç¥¬
ãá¯¥è−¥¥ ®− á¯à�¢«ï¥âáï á® á¢®¨¬¨ §�¤�ç�¬¨) [5], ª®â®àë© −�å®¤¨â áãé¥áâ¢¥−−®
¬¥−ìè¥¥ ¯à¨¬¥−¥−¨¥ ¢ �¢â®¬�â¨ç¥áª®© ®æ¥−ª¥ Œ�, £¤¥ ª�ç¥áâ¢® ®æ¥−¨¢�¥âáï
ç¥à¥§ áâ¥¯¥−ì áå®¦¥áâ¨ á à¥ä¥à¥−â−ë¬ (¯à®ä¥áá¨®−�«ì−ë¬) ¯¥à¥¢®¤®¬ (÷�).

2 Экспертная оценка качества машинного перевода

�à¨ íªá¯¥àâ−®© ®æ¥−ª¥ ®á−®¢−ë¬¨ ªà¨â¥à¨ï¬¨ áç¨â�îâáï â®ç−®áâì (¯¥à¥¤�ç�
á®¤¥à¦�−¨ï ®à¨£¨−�«ì−®£® â¥ªáâ�) ¨ ¥áâ¥áâ¢¥−−®áâì («¥ªá¨ç¥áª�ï ¨ £à�¬¬�â¨ç¥-
áª�ï ¯à�¢¨«ì−®áâì ¢ëà�¦¥−¨ï −� ï§ëª¥ ¯¥à¥¢®¤�). „àã£¨¥ ªà¨â¥à¨¨ §�¢¨áïâ ®â
æ¥«¨ ¯¥à¥¢®¤� ¨ ¢ª«îç�îâ: «¥£ª®áâì çâ¥−¨ï ¨ ¯®−¨¬�−¨ï, ¯à¨¥¬«¥¬®áâì ¨ ¤à.
„¥â�«ì−ë© ®¡§®à ªà¨â¥à¨¥¢ ¯à¥¤áâ�¢«¥− ¢ [6].

„«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¤¢ãå ¨ ¡®«¥¥ ¯¥à¥¢®¤®¢ ®¤−®£® ¨ â®£® ¦¥ ¨áâ®ç−¨ª� ¯à¨-
¬¥−ï¥âáï à�−¦¨à®¢�−¨¥ ¯¥à¥¢®¤®¢ [6], à¥§ã«ìâ�âë ª®â®à®£® §�â¥¬ ¨á¯®«ì§ãîâáï
¤«ï áà�¢−¥−¨ï á¨áâ¥¬ Œ�. �ªá¯¥àâë ¯®«ãç�îâ §�¤�−¨¥ áà�¢−¨âì ª�ç¥áâ¢® ¯¥à¥-
¢®¤®¢ ¨ ã¯®àï¤®ç¨âì ¨å ¨¥à�àå¨ç¥áª¨, ãáâ�−�¢«¨¢�ï á®®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨:
ú«ãçè¥û, úåã¦¥û, ú®¤¨−�ª®¢®¥ ª�ç¥áâ¢®û1. �á−®¢−®© ¥¤¨−¨æ¥© áà�¢−¥−¨ï á«ã-
¦¨â ¯à¥¤«®¦¥−¨¥. „«ï ã¯à®é¥−¨ï ¯à®æ¥¤ãàë à�−¦¨à®¢�−¨ï à�§à�¡�âë¢�¥âáï
¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, −�¯à¨¬¥à Appraise [8], ª®â®à®¥ á®§¤�¥â ¯®«ì§®¢�â¥«ì-
áª¨© ¨−â¥àä¥©á ¨ ¯à®¨§¢®¤¨â ¯®¤áç¥â ®æ¥−®ª.

�â¤¥«ì−®¥ −�¯à�¢«¥−¨¥ ¨áá«¥¤®¢�−¨© ¢ íâ®© ®¡«�áâ¨ | á®§¤�−¨¥ ¨ â¥áâ¨à®-
¢�−¨¥ �«£®à¨â¬®¢, ¯®§¢®«ïîé¨å ¯®«ãç¨âì à¥§ã«ìâ�â, −�¨¡®«¥¥ ¡«¨§ª¨© ª â®¬ã,
ª®â®àë© ¯®«ãç¨«¨ ¡ë íªá¯¥àâë ¯à¨ áà�¢−¥−¨¨ ¯®«−ëå â¥ªáâ®¢, ¯¥à¥¢¥¤¥−−ëå
à�§−ë¬¨ á¨áâ¥¬�¬¨ Œ�, ¨á¯®«ì§ãï ¬¨−¨¬�«ì−ë© ®¡ê¥¬ áà�¢−¨¢�¥¬ëå â¥ªáâ®¢.
‚ ¯¥àá¯¥ªâ¨¢¥ íâ® ¯®§¢®«¨â ¯à¨¢«¥ª�âì â®«ìª® ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå íªá-
¯¥àâ®¢, −¥ ¯à¨¡¥£�ï ª ªà�ã¤á®àá¨−£ã2, â. ¥. ã¢¥«¨ç¨â áª®à®áâì ¨ −�¤¥¦−®áâì
®æ¥−ª¨. „«ï íâ¨å æ¥«¥© ¨á¯®«ì§ã¥âáï ¬®¤¥«ì ®¦¨¤�¥¬®£® ¢ë¨£àëè� (Expected
Wins Model) [9], ¬®¤¥«ì •®¯ª¨−á� ¨ Œíï [10], �«£®à¨â¬ TrueSkill, �¤�¯â¨à®¢�−-
−ë© ¤«ï à�−¦¨à®¢�−¨ï á¨áâ¥¬ Œ� [11].

‘«¥¤ã¥â §�¬¥â¨âì, çâ® íªá¯¥àâ−�ï ®æ¥−ª� ¯à¥¤¯®«�£�¥â ¯à¨¢«¥ç¥−¨¥ ¤¢ãå ¨ ¡®-
«¥¥ íªá¯¥àâ®¢. �¤−�ª® ¨å ¤¥©áâ¢¨ï ¬®£ãâ å�à�ªâ¥à¨§®¢�âìáï à�§®¡é¥−−®áâìî,
â. ¥. ¡ëâì −¥á®£«�á®¢�−−ë¬¨. ‚ ª�ç¥áâ¢¥ ¬¥àë á®£«�á¨ï ¬¥¦¤ã íªá¯¥àâ�¬¨ ¨á-
¯®«ì§ãîâ ª®íää¨æ¨¥−âë ª�¯¯� Š®í−� (¤«ï ¤¢ãå íªá¯¥àâ®¢), ª�¯¯� ”«¥©á� (¤«ï

1� ¯à®æ¥¤ãà¥ à�−¦¨à®¢�−¨ï á¬. ¯®¤à®¡−¥¥ ¢ à�¡®â¥ [7].
2’�ª, ª®¬¯�−¨ï Amazon ¯à¥¤«�£�¥â ªà�ã¤á®àá¨−£®¢ãî (®â �−£«. crowd | â®«¯�, source |

¨áâ®ç−¨ª) ¯«�âä®à¬ã Mechanical Turk, −� ª®â®à®© ¯®«ì§®¢�â¥«¨ á¥â¨ ˆ−â¥à−¥â ¬®£ãâ ¢ë¯®«−ïâì
−¥á«®¦−ë¥ §�¤�−¨ï ®−«�©− §� ®¯à¥¤¥«¥−−ãî ¯«�âã (á¬. https://www.mturk.com).

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 4 2019 107



�. Š. ÷ëç¨å¨−

âà¥å ¨«¨ ¡®«¥¥ íªá¯¥àâ®¢) [12] ¨«¨ â�ã Š¥−¤�««� [13]. �à¨ −¨§ª®¬ ãà®¢−¥ á®£«�á¨ï
¤�«ì−¥©è¥¥ ¨á¯®«ì§®¢�−¨¥1 ¯à®¢¥¤¥−−ëå ®æ¥−®ª −¥æ¥«¥á®®¡à�§−®.

�ªá¯¥àâ−�ï ®æ¥−ª� −¥ ¢á¥£¤� ¯à¥¤¯®«�£�¥â áà�¢−¥−¨¥ ¤¢ãå ¨ ¡®«¥¥ ¯¥à¥¢®¤®¢.
‘®£«�á−® ãáâ�−®¢«¥−−ë¬ §�à�−¥¥ ªà¨â¥à¨ï¬ ¬®¦¥â ®æ¥−¨¢�âìáï ¨ ®¤¨− ¨¬¥îé¨©-
áï ¯¥à¥¢®¤. ‚ â�ª®¬ á«ãç�¥ ¨á¯®«ì§ã¥âáï èª�«� ‹¨ª¥àâ�, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â
á®¡®© ®æ¥−ªã ¯® ¯ïâ¨¡�««ì−®© èª�«¥, £¤¥ ¯à¨ ®æ¥−ª¥ â®ç−®áâ¨ ú1û ¯¥à¥¢®¤ −¥
¯¥à¥¤�¥â á®¤¥à¦�−¨¥ ®à¨£¨−�«ì−®£® â¥ªáâ�, ú5û | ¯¥à¥¢®¤ ¯®«−®áâìî ¯¥à¥¤�¥â
á®¤¥à¦�−¨¥ ®à¨£¨−�«ì−®£® â¥ªáâ� [14]. ’�ª¨¬ ¦¥ ®¡à�§®¬ ®æ¥−¨¢�¥âáï áâ¥-
¯¥−ì ¥áâ¥áâ¢¥−−®áâ¨ ¯¥à¥¢®¤−®£® â¥ªáâ�, â¥à¬¨−®«®£¨ï2 (¥£® â¥à¬¨−®«®£¨ç¥áª�ï
á¨áâ¥¬−®áâì), áâ¨«ì (áâ¨«¨áâ¨ç¥áª®¥ á®®â¢¥âáâ¢¨¥ ®à¨£¨−�«ã) ¨ â. ¤.

�æ¥−ª� ¬�è¨−−®£® ¯¥à¥¢®¤� ¬®¦¥â á®¯à®¢®¦¤�âìáï �−−®â�æ¨¥© ®è¨¡®ª
¨ á®áâ�¢«¥−¨¥¬ ¨å â¨¯®«®£¨©. ’�ª¨¥ â¨¯®«®£¨¨ �ªâ¨¢−® à�§à�¡�âë¢�îâáï
á 1990-å ££.3. �−¨ ¯à¥¤¯®«�£�îâ ¨−¢¥−â�à¨§�æ¨î ®è¨¡®ª á ¯à¨á¢®¥−¨¥¬ ª�-
¦¤®¬ã â¨¯ã ®è¨¡®ª ®¯à¥¤¥«¥−−®£® ¢¥á� (¢ −¥ª®â®àëå â¨¯®«®£¨ïå ®−¨ ¢á¥£¤�
à�¢−ë 1). ’¨¯®«®£¨¨ ¬®£ãâ ¨¬¥âì à�§−ãî áâ¥¯¥−ì á¯¥æ¨ä¨ª�æ¨¨, â. ¥. à�§−ãî
£«ã¡¨−ã ¯à®à�¡®âª¨. �à¨ ¨å á®áâ�¢«¥−¨¨ ãáâ�−�¢«¨¢�¥âáï áâ¥¯¥−ì ªà¨â¨ç−®áâ¨
ª�¦¤®© ®è¨¡ª¨ ¨ èâà�ä §� −¥¥.

’¨¯®«®£¨¨ ®è¨¡®ª ¯¥à¥¢®¤� ¨¬¥îâ à�§−ãî æ¥«¥¢ãî −�¯à�¢«¥−−®áâì. �−¨
à�§à�¡�âë¢�îâáï ¢ á®®â¢¥âáâ¢¨¨ á® á«¥¤ãîé¨¬¨ æ¥«ï¬¨ (á¬. ¯®¤à®¡−¥¥ ¢ [16]):

(1) ¤«ï ®¯à¥¤¥«¥−¨ï áâ�−¤�àâ®¢ ª�ç¥áâ¢� ¯¥à¥¢®¤� (ISO CD 14080, LISA QA
Model, SAE J2450);

(2) ¤«ï ã«ãçè¥−¨ï ¨−áâàã¬¥−â®¢ �¢â®¬�â¨ç¥áª®© ¯à®¢¥àª¨ â¥ªáâ� (ApSIC
XBench, Okapi CheckMate, Yamagata QA Distiller);

(3) ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¯¥à¥¢®¤� −� íª§�¬¥−�å ¯à¨ ®¡ãç¥−¨¨ ¯¥à¥¢®¤ç¨ª®¢
(ATA Certification Exam);

(4) ¤«ï àãç−®© à�§¬¥âª¨ â¥ªáâ®¢ ¢ á¨áâ¥¬�å �¢â®¬�â¨§¨à®¢�−−®£® ¯¥à¥¢®¤�
¨ ¯�¬ïâ¨ ¯¥à¥¢®¤� (SDL TMS Classic).

‚¬¥áâ¥ á â¥¬ ¨á¯®«ì§®¢�−¨¥ íâ¨å â¨¯®«®£¨© ¨−®£¤� ¡ë¢�¥â §�âàã¤−¥−®: ª�ª
¯à�¢¨«®, ®−¨ á®§¤�îâáï ¯®¤ ª®−ªà¥â−ãî §�¤�çã ¨ ¯®â®¬ã ç�áâ® ï¢«ïîâáï ã§-
ª®−�¯à�¢«¥−−ë¬¨. ’�ª, ¢ â¨¯®«®£¨î ®è¨¡®ª LISA QA (Localisation Industry
Standards Association Quality Assessment | ¬¥â®¤¨ª� ®æ¥−ª¨ ª�ç¥áâ¢�, à�§à�¡®-
â�−−�ï �áá®æ¨�æ¨¥© ¯® ä®à¬¨à®¢�−¨î áâ�−¤�àâ®¢ ¤«ï ¨−¤ãáâà¨¨ «®ª�«¨§�æ¨¨)
¢ª«îç¥−� àã¡à¨ª� ú®æ¥−ª� äã−ªæ¨®−¨à®¢�−¨ï ��û4 ª�ª ®â¤¥«ì−�ï ª�â¥£®à¨ï

1��¯à¨¬¥à, ¤«ï ¯à®¢¥àª¨ ª®àà¥«ïæ¨© á �¢â®¬�â¨ç¥áª®© ®æ¥−ª®© ª�ç¥áâ¢� Œ� (á¬. −¨¦¥).
2‘«¥¤ã¥â ®â¬¥â¨âì, çâ® �−£«®ï§ëç−ë¥ −�¨¬¥−®¢�−¨ï àã¡à¨ª ¢ â¨¯®«®£¨¨ −¥ ¢á¥£¤� ®¡®§−�ç�îâ

ª®−ªà¥â−ë¥ ®è¨¡ª¨. �−¨ â�ª¦¥ ¬®£ãâ ãª�§ë¢�âì, −�¯à¨¬¥à, −� ª�ª®¥-«¨¡® á¢®©áâ¢® â¥ªáâ�
(â®ç−®áâì, ¥áâ¥áâ¢¥−−®áâì, áâ¨«ì) ¨«¨ ãà®¢¥−ì ï§ëª�, ª ª®â®à®¬ã ®è¨¡ª� ®â−®á¨âáï (£à�¬¬�â¨ª�)
¨ ¤à. �®¤à®¡−¥¥ c¬. â�¡«¨æã.

3�¤−� ¨§ ¯¥à¢ëå ¯®¯ëâ®ª ¯à®¢¥áâ¨ â�ªãî ®æ¥−ªã ®âà�¦¥−� ¢ ¤®ª«�¤¥ ALPAC (Automatic Lan-
guage Processing Advisory Committee | Š®−áã«ìâ�â¨¢−ë© ª®¬¨â¥â ¯® �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¥
ï§ëª�) [15].

4�à¥¤¯®«�£�¥â â¥áâ¨à®¢�−¨¥ ª®−¥ç−ë¬ ¯®«ì§®¢�â¥«¥¬, £®¢®àïé¨¬ −� ï§ëª¥ ¯¥à¥¢®¤�.
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�è¨¡ª¨, ¢ë¤¥«ï¥¬ë¥ ¢ â¨¯®«®£¨¨ DQF/MQM (¤¢� ¯¥à¢ëå ãà®¢−ï)

1-© ãà®¢¥−ì 2-© ãà®¢¥−ì
’®ç−®áâì (Accuracy) �¥¯¥à¥¢¥¤¥−−ë© á¥£¬¥−â; ®¯ãé¥−¨¥ §−�ç¨¬®© ¨−ä®à-

¬�æ¨¨; ¤®¡�¢«¥−¨¥ «¨è−¥© ¨−ä®à¬�æ¨¨; −¥â®ç−ë©
¯¥à¥¢®¤ (¡ãª¢�«ì−ë©, −¥®¤−®§−�ç−ë© ¨ â. ¤.); −¥¯®¤-
å®¤ïé�ï ¢áâ�¢ª� ¨§ ú¯�¬ïâ¨ ¯¥à¥¢®¤�û

…áâ¥áâ¢¥−−®áâì (Fluency) Š®¤¨à®¢ª� á¨¬¢®«®¢; £à�¬¬�â¨ª�; ãà®¢¥−ì ¢¥¦«¨-
¢®áâ¨, âà¥¡ãîé¨© ®¡ï§�â¥«ì−®£® £à�¬¬�â¨ç¥áª®£®
¢ëà�¦¥−¨ï (�−£«. grammatical register); ¯ã−ªâã�æ¨ï;
®àä®£à�ä¨ï; −¥¯®á«¥¤®¢�â¥«ì−®áâì (à�§−ë¥ á®ªà�é¥-
−¨ï ®¤−¨å ¨ â¥å ¦¥ á«®¢ ¨ â. ¤.)

‘â¨«ì (Style) ‘«®¦−®áâì ¯à®çâ¥−¨ï (¨§«¨è−¥ á«®¦−ë¥ £à�¬¬�â¨-
ç¥áª¨¥ ª®−áâàãªæ¨¨ ¨«¨ «¥ªá¨ª�); ãà®¢¥−ì ¢¥¦«¨-
¢®áâ¨ (�−£«. register); ª®à¯®à�â¨¢−ë© áâ¨«ì; −¥¯®-
á«¥¤®¢�â¥«ì−®áâì ¯à¨ ¯¥à¥¤�ç¥ áâ¨«ï; ¨á¯®«ì§®¢�−¨¥
−¥á®®â¢¥âáâ¢ãîé¥£® áâ¨«ï (third-party style)

„¨§�©− (Design) ƒà�ä¨ª� ¨ â�¡«¨æë; ¯¥à¥−®áë á«®¢; ¤«¨−� â¥ªáâ�
(§−�ç¨â¥«ì−�ï à�§−¨æ� ¤«¨−ë ®à¨£¨−�«� ¨ ¯¥à¥¢®¤�);
ä®à¬�â¨à®¢�−¨¥ (¯®«ï, á−®áª¨, ª®«®−â¨âã«ë ¨ â. ¤.);
«®ª�«ì−®¥ ä®à¬�â¨à®¢�−¨¥ (èà¨äâ, −�ç¥àâ�−¨¥, ®â-
áâã¯, ¢ëà�¢−¨¢�−¨¥) ¨ ¤à.

‘®¡«î¤¥−¨¥ âà�¤¨æ¨©
−�¯¨á�−¨ï â¥ªáâ®¢
−� ï§ëª¥ ¯¥à¥¢®¤�
(Local convention)

”®à¬�â �¤à¥á�, ¤�â, ¢�«îâ, ¬¥à ¨ ¢¥á®¢, ¨¬¥−, â¥-
«¥ä®−−ëå −®¬¥à®¢, ¢à¥¬¥−¨, «¥â®¨áç¨á«¥−¨ï; á¯¥-
æ¨ä¨ç¥áª�ï ¤«ï ï§ëª� ¯ã−ªâã�æ¨ï; á¯¥æ¨ä¨ç¥áª¨¥
£®àïç¨¥ ª«�¢¨è¨ (¢�¦−® ¯à¨ ¯¥à¥¢®¤¥ ¨−áâàãªæ¨©)

’¥à¬¨−®«®£¨ï (Terminology) �è¨¡ª¨ ¢ ¢ë¡®à¥ â¥à¬¨−�; â¥à¬¨−ë ¨§ ¤àã£®© ¯à¥¤-
¬¥â−®© ®¡«�áâ¨; −¥¯®á«¥¤®¢�â¥«ì−®¥ ã¯®âà¥¡«¥−¨¥
à�§−ëå â¥à¬¨−®¢ ¢ â¥ªáâ¥ ¤«ï ®âáë«ª¨ ª ®¤−®¬ã ¤¥-
−®â�âã

ˆáâ¨−−®áâì (Verity) �®«−®â� ®¯¨á�−¨ï −� ï§ëª¥ ¯¥à¥¢®¤�, ¤®áâ�â®ç−�ï
¤«ï ¯®−¨¬�−¨ï æ¥«¥¢®© �ã¤¨â®à¨¥© (¯à¨ ãá«®¢¨¨, çâ®
®à¨£¨−�« −¥ á®¤¥à¦¨â íâã ¨−ä®à¬�æ¨î ¢ íªá¯«¨æ¨à®-
¢�−−®¬ ¢¨¤¥); ®âáë«ª¨ ª á¯¥æ¨ä¨ç−ë¬ ªã«ìâãà−ë¬
à¥�«¨ï¬; ¯à¨£®¤−®áâì ª ¨á¯®«ì§®¢�−¨î ª®−¥ç−ë¬¨
¯®«ì§®¢�â¥«ï¬¨; á®®â¢¥âáâ¢¨¥ ¯à�¢®¢ë¬ −®à¬�¬ ¨ ¤à.

®è¨¡®ª, â®£¤� ª�ª úâ®ç−®áâìû, ú¥áâ¥áâ¢¥−−®áâìû, úáâ¨«ìû ¢ª«îç¥−ë ¢ ®¤−ã
®¡éãî àã¡à¨ªã. �®¤à®¡−ë© ®¡§®à â¨¯®«®£¨© ®è¨¡®ª Œ� ¨ ®¯¥à�æ¨© à¥¤�ªâ¨-
à®¢�−¨ï, −¥®¡å®¤¨¬ëå ¤«ï ¨å ¨á¯à�¢«¥−¨ï, ¯à¥¤áâ�¢«¥− ¢ à�¡®â¥ [17].

�â¤¥«ì−®£® ¢−¨¬�−¨ï §�á«ã¦¨¢�¥â â¨¯®«®£¨ï ®è¨¡®ª DQF/MQM, à�§à�-
¡®â�−−�ï ¢ TAUS ¨ DFKI1 ¢ 2014 £. �à¨ ¥¥ à�§à�¡®âª¥ ãç¨âë¢�«¨áì 9 à�−¥¥
á®§¤�−−ëå ª«�áá¨ä¨ª�æ¨© [16]. ’¨¯®«®£¨ï ¨¬¥¥â 4 ãà®¢−ï (−�¨¡®«¥¥ á¯¥æ¨ä¨-
æ¨à®¢�−−ë¥ â¨¯ë ®è¨¡®ª ®â−®áïâáï ª ç¥â¢¥àâ®¬ã ãà®¢−î; ¯à¨ ®æ¥−ª¥ ¯¥à¥¢®¤�

1Deutsches Forschungszentrum f�ur K�unstliche Intelligenz | �¥¬¥æª¨© æ¥−âà ¨áá«¥¤®¢�−¨©
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.
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�. Š. ÷ëç¨å¨−

¬®¦−® ¢ë¡¨à�âì áâ¥¯¥−ì á¯¥æ¨ä¨ª�æ¨¨ | ®â ®¤−®£® ¤® ç¥âëà¥å ãà®¢−¥© ¢ §�¢¨-
á¨¬®áâ¨ ®â ¯®«ì§®¢�â¥«ìáª¨å æ¥«¥©); ãç¨âë¢�îâáï ç¥âëà¥ áâ¥¯¥−¨ ªà¨â¨ç−®áâ¨
®è¨¡®ª:

(1) ªà¨â¨ç¥áª�ï ®è¨¡ª� (¤�¦¥ ®¤−� ªà¨â¨ç¥áª�ï ®è¨¡ª� ¤¥«�¥â ¯¥à¥¢®¤ −¥¯à¨-
£®¤−ë¬ ª ¨á¯®«ì§®¢�−¨î | èâà�ä 100);

(2) §−�ç¨â¥«ì−�ï ®è¨¡ª� (¬®¦¥â §−�ç¨â¥«ì−® §�âàã¤−¨âì ¯®−¨¬�−¨¥ ¯¥à¥¢®¤-
−®£® â¥ªáâ� | èâà�ä 10);

(3) −¥§−�ç¨â¥«ì−�ï (−¥ §�âàã¤−ï¥â ¯®−¨¬�−¨¥ | èâà�ä 1);
(4) −ã«¥¢�ï (â¥ªáâ −¥ á®¤¥à¦¨â ®è¨¡®ª, −® ¯à¨ íâ®¬ ¥£® −¥®¡å®¤¨¬® ¬®¤¨ä¨æ¨-

à®¢�âì | èâà�ä 0).

‚ â�¡«¨æ¥ ¯à¥¤áâ�¢«¥−ë â¨¯ë ®è¨¡®ª ¯¥à¢®£® ¨ ¢â®à®£® ãà®¢−ï1 â¨¯®«®£¨¨
DQF/MQM.

�à¨á¢�¨¢�ï à�§−ë¥ ¢¥á� ª�â¥£®à¨ï¬ ¯¥à¢®£® ãà®¢−ï, íªá¯¥àâ á¯®á®¡¥− −�-
áâà�¨¢�âì á¨áâ¥¬ã ®æ¥−¨¢�−¨ï. ‚¥á� ¬®£ãâ ª®«¥¡�âìáï ®â 0 (¢ á«ãç�¥, ¥á«¨
−¥ª®â®àë¥ ª�â¥£®à¨¨ ®è¨¡®ª á®¢¥àè¥−−® −¥ ¢�¦−ë) ¤® 1 ¤«ï ¬¥−¥¥ à¥«¥¢�−â−ëå
â¨¯®¢ ®è¨¡®ª ¨ ¢ëè¥ 1 | ¤«ï ¡®«¥¥ à¥«¥¢�−â−ëå.

ˆá¯®«ì§ãï ä®à¬ã«ã

Q = 1−
P

C
, P =

n
∑

i=1

wisi ,

£¤¥ Q | ¨−¤¨ª�â®à ª�ç¥áâ¢� ¯¥à¥¢®¤�; P | áã¬¬�à−ë© èâà�ä §� ¢á¥ ®è¨¡ª¨
(áã¬¬¨à®¢�−¨¥ ¢¥¤¥âáï ¯® ¢á¥¬ ª�â¥£®à¨ï¬ ®è¨¡®ª); C | ç¨á«® á«®¢ ¢ ¤®ªã¬¥−â¥;
wi | ¢¥á i-© ª�â¥£®à¨¨ ®è¨¡®ª; si | á¥àì¥§−®áâì ®è¨¡ª¨ i-© ª�â¥£®à¨¨,
¬®¦−® ¢ëç¨á«¨âì ª®«¨ç¥áâ¢¥−−ë© ¯®ª�§�â¥«ì ª�ç¥áâ¢� ¯¥à¥¢®¤� −� ®á−®¢¥ ¤�−−®©
â¨¯®«®£¨¨ ®è¨¡®ª.

‚ á«ãç�¥ ¥á«¨ ¤à®¡ì P/C > 1, §−�ç¥−¨¥ Q ¬®¦¥â ¡ëâì ®âà¨æ�â¥«ì−ë¬;
¢ á«ãç�¥ ¡¥§®è¨¡®ç−®£® ¯¥à¥¢®¤� Q = 1. ��¯à¨¬¥à, ¢ ¯¥à¥¢®¤¥ ¨§ 500 á«®¢
¯à¨ 3 −¥§−�ç¨â¥«ì−ëå (èâà�ä 1) ¨ 2 §−�ç¨â¥«ì−ëå (èâà�ä 10) ®è¨¡ª�å à¥§ã«ìâ�â
á®áâ�¢¨â 95,4% (¢¥á ¢á¥å ª�â¥£®à¨© ®è¨¡®ª ¯® ã¬®«ç�−¨î à�¢¥− 1):

Q = 1−
3 · 1 + 2 · 10

500
= 0,954 ,

çâ® á¨£−�«¨§¨àã¥â ® ª�ç¥áâ¢¥ ¯¥à¥¢®¤� ¢ 95,4%.
‘ãé¥áâ¢¥−−ë¬ ¯à¥¨¬ãé¥áâ¢®¬ â¨¯®«®£¨¨ ®è¨¡®ª DQF/MQM ï¢«ï¥âáï ¥¥

ã−¨¢¥àá�«ì−®áâì. �−� −¥ −�æ¥«¥−� −� ª�ªãî-«¨¡® ¯à¥¤¬¥â−ãî ®¡«�áâì ¨ ¯®¤-
å®¤¨â ¤«ï â¥ªáâ®¢ «î¡®© â¥¬�â¨ª¨. Š�ª ¨ ¢ á«ãç�¥ «î¡ëå ¤àã£¨å ¬¥â®¤®¢
�−−®â¨à®¢�−¨ï ®è¨¡®ª, ¨á¯®«ì§®¢�−¨¥ DQF/MQM ®áâ�¥âáï ¢à¥¬ï§�âà�â−ë¬
¨ ¤®à®£®áâ®ïé¨¬. � ¯®¯ëâª�å �¢â®¬�â¨§�æ¨¨ à�§¬¥âª¨ ®è¨¡®ª ¢ ¯¥à¥¢®¤¥ (¬¥-
â®¤�å Hjerson ¨ Addicter), ¯®§¢®«ïîé¨å ãáª®à¨âì ¨ ã¤¥è¥¢¨âì íâ®â ¯à®æ¥áá, á¬.
¢ à�¡®â�å [17,19].

1�¡ê¥¬ áâ�âì¨ −¥ ¯®§¢®«ï¥â à�áá¬®âà¥âì ¢áî â¨¯®«®£¨î ¯®«−®áâìî. ‘¬. [18] á ¯à¨¬¥à�¬¨
¨ ª®¬¬¥−â�à¨ï¬¨ ®è¨¡®ª −� ¢á¥å ãà®¢−ïå.
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3 Автоматическая оценка качества машинного перевода
�¢â®¬�â¨ç¥áª�ï ®æ¥−ª� ®¯à¥¤¥«ï¥âáï ¯® ãà®¢−î á®®â¢¥âáâ¢¨ï ¬�è¨−−®£® ¯¥-

à¥¢®¤� à¥ä¥à¥−â−®¬ã (¯à®ä¥áá¨®−�«ì−®¬ã). �®íâ®¬ã ®¯à�¢¤�−® ¨á¯®«ì§®¢�−¨¥
−¥áª®«ìª¨å ÷�. „«ï ãáâ�−®¢«¥−¨ï ãà®¢−ï á®®â¢¥âáâ¢¨ï Œ� ¨ ÷� ¯à¨¬¥−ïîâ-
áï ¬¥â®¤ë ¨§¬¥à¥−¨ï â®ç−®áâ¨ (ª�ª®© ¯à®æ¥−â ¯¥à¥¢®¤� ¢ë¯®«−¥− ¡¥§ ®è¨¡®ª)
¨ ¯®«−®âë (ª�ª�ï ¤®«ï â®£®, çâ® ¡ë«® −¥®¡å®¤¨¬® ¯¥à¥¢¥áâ¨, ¤¥©áâ¢¨â¥«ì−®
¯¥à¥¢¥¤¥−�) ¯¥à¥¢®¤�. �¨¦¥ ¯à¥¤áâ�¢«¥−ë −¥ª®â®àë¥ ¬¥âà¨ª¨ �¢â®¬�â¨ç¥áª®©
®æ¥−ª¨ ª�ç¥áâ¢� Œ�.

WER (Word Error Rate | ¯®á«®¢−ë© ª®íää¨æ¨¥−â ®è¨¡®ª) [2] ¨ PER
(Position-Independent WER | ¯®§¨æ¨®−−®-−¥§�¢¨á¨¬ë© ¯®á«®¢−ë© ª®íää¨æ¨-
¥−â ®è¨¡®ª) [21] ¡ë«¨ §�¨¬áâ¢®¢�−ë ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� Œ� ¨§ �¢â®¬�â¨ç¥áª®©
®¡à�¡®âª¨ §¢ãç�é¥© à¥ç¨. WER, ¨«¨ à�ááâ®ï−¨¥ ‹¥¢¥−èâ¥©−�, ®¯à¥¤¥«¥−−®¥
−� á«®¢�å (WER ¨á¯®«ì§ã¥â ¢ ª�ç¥áâ¢¥ ¥¤¨−¨æ á«®¢�, � −¥ á¨¬¢®«ë, ¢ ®â«¨ç¨¥
®â à�ááâ®ï−¨ï ‹¥¢¥−èâ¥©−�), ¯®−¨¬�¥âáï ª�ª ª®«¨ç¥áâ¢® ¯à¥®¡à�§®¢�−¨© (âà�−á-
ä®à¬�æ¨©), −¥®¡å®¤¨¬®¥ ¤«ï ¨á¯à�¢«¥−¨ï ¢á¥å ®è¨¡®ª ¢ Œ� ¨«¨ äà�£¬¥−â¥
à�á¯®§−�¢�¥¬®© §¢ãç�é¥© à¥ç¨. �¤−�ª® ¯®−ïâ¨¥ ú¯à�¢¨«ì−®áâ¨û, ¯à¨¬¥−¨¬®¥
ª §¢ãç�é¥© à¥ç¨, −¥ ¬®¦¥â ¡ëâì �¤�¯â¨à®¢�−® ª ª�ç¥áâ¢ã Œ� ¨§-§� ®âáãâáâ¢¨ï
¥¤¨−áâ¢¥−−®£® ¢¥à−®£® ¯¥à¥¢®¤�1. �® ®¯à¥¤¥«¥−¨î ª®«¨ç¥áâ¢¥−−ë© ¯®ª�§�â¥«ì
ª�ç¥áâ¢� ¯¥à¥¢®¤� WER ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥:

WER =
S + I +D

R
,

£¤¥ S | ç¨á«® §�¬¥−; I | ç¨á«® ¢áâ�¢®ª; D | ç¨á«® ã¤�«¥−¨©; R | ¤«¨−�
÷� [22].

Š®«¨ç¥áâ¢¥−−ë© ¯®ª�§�â¥«ì ª�ç¥áâ¢� ¯¥à¥¢®¤� PER −¥ ãç¨âë¢�¥â −¥á®¢¯�-
¤¥−¨ï Œ� ¨ ÷� ¢ ¯®àï¤ª¥ á«®¢ ¨ ¯à¥¤¯®«�£�¥â èâà�ä §� á«¨èª®¬ ¤«¨−−ë¥
¯¥à¥¢®¤ë2. PER ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥:

PER = 1−
C −max(0, O −R)

R
,

£¤¥ C | ¯à�¢¨«ì−® ¯¥à¥¢¥¤¥−−ë¥ á«®¢�; O | ¤«¨−� Œ�; R | ¤«¨−� ÷� [22].
‘�¬ë¬ à�á¯à®áâà�−¥−−ë¬ ¯®ª�§�â¥«¥¬, ¨á¯®«ì§ã¥¬ë¬ ¤«ï �¢â®¬�â¨ç¥áª®©

®æ¥−ª¨ ª�ç¥áâ¢� Œ�, ï¢«ï¥âáï BLEU (�−£«. Bilingual Evaluation Under-
study) [23]. BLEU ¯à¥¤¯®«�£�¥â ¯®¤áç¥â n-£à�¬¬−®© â®ç−®áâ¨ (ç�é¥ ¢á¥£®
n ∈ [1; 4]) [22] ¯à¨ ®¯à¥¤¥«¥−¨¨ á®®â¢¥âáâ¢¨ï Œ� ¨ ÷�, � â�ª¦¥ èâà�ä §�
á«¨èª®¬ ª®à®âª¨© ¯¥à¥¢®¤; n-£à�¬¬−�ï â®ç−®áâì ®¯à¥¤¥«ï¥âáï ª�ª ®â−®è¥−¨¥
¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ n á«®¢, á®¢¯�¤�îé¨å ¢ Œ� ¨ ÷�, ª ®¡é¥¬ã ç¨á«ã

1’�ª, �. “í© ®â¬¥ç�¥â: ú�¥à¥¢®¤ç¨ª¨ áå®¤ïâáï ¢® ¬−¥−¨¨, çâ® −¥ áãé¥áâ¢ã¥â ¥¤¨−áâ¢¥−−®
¯à�¢¨«ì−®£® ¯¥à¥¢®¤�û [4]. �¤−®¢à¥¬¥−−® ¬®£ãâ áãé¥áâ¢®¢�âì ¤¢� ¨ ¡®«¥¥ ¯à�¢¨«ì−ëå ¯¥à¥¢®¤�
®¤−®£® ¨áå®¤−®£® â¥ªáâ�.

2�¥à¥¢®¤ ¬®¦¥â ¡ëâì ®¯¨á�− ª�ª á®¤¥à¦�é¨© −¥¡®«ìè®¥ ç¨á«® ®è¨¡®ª, −® â®«ìª® ¯®â®¬ã, çâ®
¯® ª�ª¨¬-â® ¯à¨ç¨−�¬ ¯à�¢¨«ì−® ¯¥à¥¢¥¤¥−−ë¥ á«®¢� ¯®ï¢¨«¨áì â�¬ −¥®¤−®ªà�â−®, � ª�ª¨¥-â®
ç�áâ¨ ®à¨£¨−�«� ã¯ãé¥−ë á®¢á¥¬.
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¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ n á«®¢ ¢ Œ�. ˜âà�ä §� á«¨èª®¬ ª®à®âª¨© ¯¥à¥¢®¤ BP
(brevity penalty) ¢ëç¨á«ï¥âáï ª�ª

BP = min

(

1,
O

R

)

,

‡−�ç¥−¨ï èâà�ä� §� ªà�âª®áâì ¨ n-£à�¬¬−®© â®ç−®áâ¨ ¨á¯®«ì§ãîâáï ¤«ï ®¯à¥-
¤¥«¥−¨ï BLEU:

BLEU(n) = BP ·

n
∏

i=1

precision ,

£¤¥ precision| n-£à�¬¬−�ï â®ç−®áâì [22].
�®¤áç¥â n-£à�¬¬−ëå á®¢¯�¤¥−¨© â�ª¦¥ «¥¦¨â ¢ ®á−®¢¥ áâ�â¨áâ¨ç¥áª®£® äà�-

§®¢®£®1 Œ� (‘”Œ�) [22]. �¥ª®â®àë¥ ¨áá«¥¤®¢�â¥«¨ ¢ë¤¢¨£�îâ £¨¯®â¥§ã
® ¯à¥¤¢§ïâ®¬ å�à�ªâ¥à¥ ¬¥â®¤� BLEU, ª®â®àë© −¥®¡ê¥ªâ¨¢−® ¢ëá®ª® ®æ¥−¨¢�¥â
à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ á ¯®¬®éìî á¨áâ¥¬ ‘”Œ�: ª®àà¥«ïæ¨ï á íªá¯¥àâ−ë¬
áã¦¤¥−¨¥¬ ¤«ï −¨å −¨¦¥2, ç¥¬ ¤«ï Œ�, ®á−®¢�−−®£® −� ¯à�¢¨«�å, ¨ −¥©à®−−®£®
Œ�. ‚ëá®ª¨¥ à¥§ã«ìâ�âë BLEU ¤«ï ‘”Œ� ¬®£ãâ ®¡êïá−ïâìáï ¨á¯®«ì§®¢�-
−¨¥¬ ®¤−¨å ¨ â¥å ¦¥ ¯à¨−æ¨¯®¢ ¤«ï ¯¥à¥¢®¤� ¨ ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� ¯¥à¥¢®¤�,
ª®â®àë¬¨ ¯®−ïâ¨¥ ª�ç¥áâ¢� ¯¥à¥¢®¤� −¥ ¨áç¥à¯ë¢�¥âáï [4,22].

Š�ª ã¦¥ ¡ë«® ®â¬¥ç¥−®, BLEU ¨á¯®«ì§ã¥â ¤«ï ®æ¥−ª¨ ª�ç¥áâ¢� Œ� n-£à�¬-
¬−ãî â®ç−®áâì, −® −¥ �¯¥««¨àã¥â ª ¯®«−®â¥ (§� ¨áª«îç¥−¨¥¬ ¢¢¥¤¥−−®£® èâà�ä�
§� ªà�âª®áâì). „àã£¨¥ ¬¥âà¨ª¨, ª�ª, −�¯à¨¬¥à, ChrF (Character F-measure |
¯®á¨¬¢®«ì−�ï F-¬¥à�), ¨á¯®«ì§ãîâ â�ª¦¥ n-£à�¬¬−ãî ¯®«−®âã [24,25]. ‚ ChrF
n ∈ [1; 6]. ‡� ¥¤¨−¨æã �−�«¨§� ¯à¨−¨¬�¥âáï ®¤¨− á¨¬¢®« §� ¨áª«îç¥−¨¥¬
¯à®¡¥«®¢

ChrFβ =
(

1 + β2
) ChrP · ChrR

β2ChrP+ ChrR
,

£¤¥ ChrP| ¯®á¨¬¢®«ì−�ï n-£à�¬¬−�ï â®ç−®áâì; ChrR| ¯®á¨¬¢®«ì−�ï n-£à�¬-
¬−�ï ¯®«−®â�. ‚ ¤�−−®¬ á«ãç�¥ n-£à�¬¬−�ï â®ç−®áâì ®¯à¥¤¥«ï¥âáï ª�ª ®â−®è¥−¨¥
¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ n á¨¬¢®«®¢, á®¢¯�¤�îé¨å ¢ Œ� ¨ ÷�, ª ®¡é¥¬ã ç¨á-
«ã ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ n á¨¬¢®«®¢ ¢ Œ�, � n-£à�¬¬−�ï ¯®«−®â� | ª�ª
®â−®è¥−¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ n á¨¬¢®«®¢, á®¢¯�¤�îé¨å ¢ Œ� ¨ ÷�,
ª ®¡é¥¬ã ç¨á«ã ¯®á«¥¤®¢�â¥«ì−®áâ¥© ¨§ n á¨¬¢®«®¢ ¢ ÷�. —¥¬ ¡®«ìè¥ §−�ç¥−¨¥
ª®íää¨æ¨¥−â� β, â¥¬ §−�ç¥−¨ï ChrF ¡«¨¦¥ ª §−�ç¥−¨ï¬ ¯®«−®âë, ç¥¬ â®ç−®áâ¨.

„«ï ¯à®¢¥àª¨ ª®àà¥«ïæ¨¨ �¢â®¬�â¨ç¥áª¨å ¨ íªá¯¥àâ−ëå ¬¥â®¤®¢ ®æ¥−ª¨
ª�ç¥áâ¢� Œ� ¨á¯®«ì§ãîâáï ª®íää¨æ¨¥−âë ª®àà¥«ïæ¨¨ �¨àá®−� (Pearson's r),

1‚ ‘”Œ� äà�§� ¯®−¨¬�¥âáï ª�ª −¥ª®â®à�ï ¯®á«¥¤®¢�â¥«ì−®áâì á«®¢ −� ¨áå®¤−®¬ ¨ ¯¥à¥-
¢®¤ïé¥¬ ï§ëª�å, ª®â®àë¥ ¢ ®¡®¨å ï§ëª�å á«¥¤ãîâ −¥¯®áà¥¤áâ¢¥−−® ¤àã£ §� ¤àã£®¬. ’�ª, ¯à¨
¯¥à¥¢®¤−®¬ −¥¬¥æª®-�−£«¨©áª®¬ á®®â¢¥âáâ¢¨¨ ¯à¥¤«®¦¥−¨© Nat�urlich hat John Spass am Spiel |
Of course John has fun with the game á�¬ë¬¨ ªàã¯−ë¬¨ äà�§�¬¨ ï¢«ïîâáï úSpass amû | úfun
with theû ¨ únat�urlichû | úof courseû. �áâ�«ì−ë¥ äà�§ë ï¢«ïîâáï ®¤−®á«®¢−ë¬¨.

2÷¥§ã«ìâ�âë ‘”Œ� ¬®£ãâ ®¤−®¢à¥¬¥−−® ¢ëá®ª® ®æ¥−¨¢�âìáï BLEU ¨ −¨§ª® | íªá¯¥àâ�¬¨.
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‘¯¨à¬¥−� (Spearman's ρ) ¨ Š¥−¤�««� (Kendall's τ ). ‘�¬ë¬ à�á¯à®áâà�−¥−−ë¬
¨§ −¨å ï¢«ï¥âáï ª®íää¨æ¨¥−â �¨àá®−� [26]. �− ¯à¨¬¥−ï¥âáï ¤«ï ¨áá«¥¤®¢�-
−¨ï ¢§�¨¬®á¢ï§¨ ¤¢ãå ¯¥à¥¬¥−−ëå, ¨§¬¥à¥−−ëå −� ®¤−®© ¨ â®© ¦¥ ¢ë¡®àª¥.
÷�áá¬®âà¥−−ë¥ ¢ëè¥ ¬¥â®¤ë �¢â®¬�â¨ç¥áª®© ®æ¥−ª¨ ª�ç¥áâ¢� Œ� ®¯¨à�îâ-
áï ¨áª«îç¨â¥«ì−® −� áâ�â¨áâ¨ç¥áª¨¥ ¨−áâàã¬¥−âë ¨ −¥ ¨á¯®«ì§ãîâ §−�−¨ï ®¡
¨áå®¤−®¬ ¨ ¯¥à¥¢®¤ïé¥¬ ï§ëª�å. �¤−�ª® áãé¥áâ¢ãîâ ¬¥âà¨ª¨, ª®â®àë¥ ¯à¨-
¢«¥ª�îâ ¨ ¨−â¥£à¨àãîâ «¨−£¢¨áâ¨ç¥áª¨¥ §−�−¨ï. ’�ª, ¬¥âà¨ª� METEOR [27]
ãç¨âë¢�¥â −¥ â®«ìª® ¯®«−ë¥ n-£à�¬¬−ë¥ á®¢¯�¤¥−¨ï ¢ Œ� ¨ ÷� (®¡ëç−® ç¥¬
¨å ¡®«ìè¥, â¥¬ á¨áâ¥¬� Œ� ®æ¥−¨¢�¥âáï ¢ëè¥), −® ¨ ¨á¯®«ì§ã¥â ª®à−¨ á«®¢
¢¬¥áâ® â®ç−ëå á«®¢®ä®à¬, −�©¤¥−−ëå ¢ â¥ªáâ�å, � â�ª¦¥ ¤�−−ë¥ ® á¥¬�−â¨ç¥áª®©
¡«¨§®áâ¨ §�ä¨ªá¨à®¢�−−ëå ¢ â¥ªáâ¥ á«®¢®ä®à¬ á ¯®¬®éìî «¥ªá¨ç¥áª®© ¡�§ë
¤�−−ëå WordNet (á¬. https://wordnet.princeton.edu).

ƒ«�¢−ë¬ −¥¤®áâ�âª®¬ METEOR áç¨â�¥âáï ¢ëá®ª�ï ¢ëç¨á«¨â¥«ì−�ï á«®¦-
−®áâì ¯à¨ ¯®¨áª¥ −¥¯®«−ëå á®¢¯�¤¥−¨© ¨ ¡®«ìè¥¥ ç¨á«® ¯�à�¬¥âà®¢, âà¥¡ãîé¨å
−�áâà®©ª¨, ç¥¬ ¢ ¯à¥¤áâ�¢«¥−−ëå ¢ëè¥ ¬¥âà¨ª�å [22].

‚ æ¥«®¬, á¯®á®¡ë ¨−â¥£à�æ¨¨ «¨−£¢¨áâ¨ç¥áª¨å §−�−¨© ¢ á¨áâ¥¬ë ®æ¥−ª¨
ª�ç¥áâ¢� Œ� ¨ ¨å ¯à¥¨¬ãé¥áâ¢� ¨ −¥¤®áâ�âª¨ §�á«ã¦¨¢�îâ ®â¤¥«ì−®£® ®¡§®à�.

4 Заключение

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�«¨áì ¯®¤å®¤ë ª íªá¯¥àâ−®© ¨ �¢â®¬�â¨ç¥áª®©
®æ¥−ª¥ ª�ç¥áâ¢� Œ�. ‘«®¦−®áâì §�¤�ç¨ ®æ¥−ª¨ ®¡ãá«®¢«¥−� â¥¬, çâ® ¥¤¨−áâ¢¥−−®
¢¥à−®£® ¨«¨ ¨¤¥�«ì−®£® ¯¥à¥¢®¤� −¥ áãé¥áâ¢ã¥â.

‘ ¯®¬®éìî íªá¯¥àâ−ëå ¬¥â®¤®¢ ®æ¥−¨¢�îâ ª�ç¥áâ¢® ¯¥à¥¢®¤®¢ ®â−®á¨â¥«ì−®
¤àã£ ¤àã£� ¢ â¥à¬¨−�å ú«ãçè¥û, úåã¦¥û, ú®¤¨−�ª®¢®£® ª�ç¥áâ¢�û ¨«¨ ¯à®¨§¢®¤ïâ
ª®«¨ç¥áâ¢¥−−ë¥ ®æ¥−ª¨ Œ� −� ®á−®¢¥ −¥ª®â®àëå ªà¨â¥à¨¥¢ ¨ â¨¯®«®£¨© ®è¨¡®ª.
Œ¥−ìè¥ à�§−®£«�á¨© ¬¥¦¤ã íªá¯¥àâ�¬¨ ®¡−�àã¦¨¢�¥âáï ¯à¨ ¯¥à¢®¬ á¯®á®¡¥ |
à�−¦¨à®¢�−¨¨, â�ª ª�ª ¤�¦¥ ¯à¨ á�¬®¬ ¯®¤à®¡−®¬ ®¯¨á�−¨¨ â¨¯®¢ ®è¨¡®ª
®áâ�¥âáï ¢®§¬®¦−®áâì ¬¥¦íªá¯¥àâ−®© ¢�à¨�æ¨¨ ®æ¥−®ª ¯® èª�«¥ ‹¨ª¥àâ�.

�¢â®¬�â¨ç¥áª�ï ®æ¥−ª� ª�ç¥áâ¢� Œ� «¨è¥−� â�ª¨å −¥¤®áâ�âª®¢, ª�ª ¤®à®-
£®¢¨§−� ¨«¨ −¨§ª�ï áª®à®áâì. …¥ à¥«¥¢�−â−®áâì ¯à®¢¥àï¥âáï ç¥à¥§ á®®â¢¥âáâ¢¨¥
íªá¯¥àâ−®© ®æ¥−ª¥. �¢â®¬�â¨ç¥áª�ï ®æ¥−ª� ¯à¥¤¯®«�£�¥â ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢
áà�¢−¥−¨¥ ¬�è¨−−®£® ¨ ¯à®ä¥áá¨®−�«ì−®£® (®¤−®£® ¨«¨ −¥áª®«ìª¨å) ¯¥à¥¢®¤®¢.
Œ¥âà¨ª¨ WER ¨ PER �−�«¨§¨àãîâ ª®«¨ç¥áâ¢® ¨§¬¥−¥−¨©, ª®â®àë¥ −¥®¡å®-
¤¨¬® ¢−¥áâ¨, çâ®¡ë Œ� á®¢¯�« á ÷�. Œ¥âà¨ª� BLEU ®á−®¢�−� −� ¯®á«®¢−®©
n-£à�¬¬−®© â®ç−®áâ¨. Œ¥âà¨ª� ChrF ¨á¯®«ì§ã¥â ¢ ª�ç¥áâ¢¥ ¥¤¨−¨æ á¨¬¢®«ë
¨ ¯à¨¤�¥â ¡®«ìè¥¥ §−�ç¥−¨¥ n-£à�¬¬−®© ¯®«−®â¥1. ‹¨−£¢¨áâ¨ç¥áª¨¥ §−�−¨ï ¯à¨
�¢â®¬�â¨ç¥áª®© ®æ¥−ª¥ ª�ç¥áâ¢�, ª�ª ¯à�¢¨«®, ¯à¨¢«¥ª�îâáï ®£à�−¨ç¥−−®, â�ª
ª�ª ¨å ¨á¯®«ì§®¢�−¨¥ ãá«®¦−ï¥â ¬¥â®¤¨ªã ®æ¥−ª¨.

1�¤−�ª® §−�ç¥−¨¥ ª®íää¨æ¨¥−â� β ¬®¦¥â ¢�àì¨à®¢�âì ¯® ¬¥à¥ â®£®, ª�ª ¤�−−�ï ¬¥âà¨ª� ¡ã¤¥â
¯à®¢¥à¥−� −� ¯�à�å ï§ëª®¢ á à�§−®© £à�ä¨ª®©.
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�à®¤®«¦¥−¨¥¬ ¤�−−®© áâ�âì¨ ¬®¦¥â áâ�âì ®¡§®à ¤àã£¨å ¬¥âà¨ª Œ� (NIST,
ROUGE, BEER), ¬¥â®¤®¢ ¯à¨¡«¨§¨â¥«ì−®© ®æ¥−ª¨ ª�ç¥áâ¢� Œ� (Quality Es-
timation), ®¡§®à ¯®¯ëâ®ª ¨á¯®«ì§®¢�−¨ï Œ� ¤«ï ¯¥à¥¢®¤� åã¤®¦¥áâ¢¥−−®©
«¨â¥à�âãàë ¨ ®æ¥−ª¨ ª�ç¥áâ¢� ¨å à¥§ã«ìâ�â®¢, � â�ª¦¥ á¯®á®¡®¢ ¨−â¥£à�æ¨¨
«¨−£¢¨áâ¨ç¥áª¨å §−�−¨© ¢ á¨áâ¥¬ë ®æ¥−ª¨ Œ�.
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ИССЛЕДОВАНИЕ ПРОЦЕССА ФОРМИРОВАНИЯ
ВИРТУАЛЬНОГО СООБЩЕСТВА КАК НЕЛИНЕЙНОЙ

ДИНАМИЧЕСКОЙ СИСТЕМЫ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå ®¯¨á�−¨î ¨ �−�-
«¨§ã à�á¯à¥¤¥«¥−−®© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥-
¤®¢�−¨©, ®á−®¢�−−®© −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£�. „�−−�ï áâ�âìï ¯®á¢ïé¥−�
®¯¨á�−¨î ¨ ®¡®á−®¢�−¨î ¯®¤å®¤� ª ¬®¤¥«¨à®¢�−¨î áâ�¤¨¨ ä®à¬¨à®¢�−¨ï
á®®¡é¥áâ¢� ¨áá«¥¤®¢�â¥«¥© ¨ ®æ¥−ª¥ ¯¥àá¯¥ªâ¨¢ à�§¢¥àâë¢�−¨ï ¯à®¥ªâ� ¢ §�-
¢¨á¨¬®áâ¨ ®â ®¡ê¥¬� −�ç�«ì−®£® −�¯®«−¥−¨ï á¥¬�−â¨ç¥áª®© á¥â¨, «¥¦�é¥©
¢ ®á−®¢¥ â¥å−®«®£¨¨. �à¥¤«®¦¥−−ë© ¯®¤å®¤ §�ª«îç�¥âáï ¢ �−�«¨§¥ ¯à®æ¥áá®¢
¨§¬¥−¥−¨ï ç¨á«� ãç�áâ−¨ª®¢ á®®¡é¥áâ¢� ¨áá«¥¤®¢�â¥«¥© ¨ ®¡ê¥¬� á¥¬�−â¨-
ç¥áª®© á¥â¨ â¥å−®«®£¨¨ ª�ª −¥«¨−¥©−®© ¤¨−�¬¨ç¥áª®© á¨áâ¥¬ë. �−�«¨§
¯à®¨§¢®¤¨«áï ¤«ï à�§«¨ç−ëå −�ç�«ì−ëå ãá«®¢¨©. ‘ ¯®¬®éìî ¤�−−®£® ¯®¤-
å®¤� ¡ë«� ¯®«ãç¥−� ®æ¥−ª� ãà®¢−ï −�ç�«ì−®£® −�¯®«−¥−¨ï á¥¬�−â¨ç¥áª®©
á¥â¨, ¯à¨ ª®â®à®¬ ®¡¥á¯¥ç¨¢�¥âáï ãáâ®©ç¨¢ë© à®áâ á®®¡é¥áâ¢�. �à®¢¥àª�
�¤¥ª¢�â−®áâ¨ ¬®¤¥«¨ ¡ë«� ®áãé¥áâ¢«¥−� §� áç¥â áà�¢−¥−¨ï å�à�ªâ¥à� à®á-
â� á®®¡é¥áâ¢�, ®¯à¥¤¥«¥−−®£® á ¯®¬®éìî ¬®¤¥«¨à®¢�−¨ï, á í¬¯¨à¨ç¥áª¨¬
£à�ä¨ª®¬ ¨§¬¥−¥−¨ï ç¨á«� ãç�áâ−¨ª®¢ á¥â¥¢ëå á®®¡é¥áâ¢.

Š«îç¥¢ë¥ á«®¢�: á¥¬�−â¨ç¥áª�ï á¥âì; ¬®¤¥«ì; â¥å−®«®£¨ï; ¤¨−�¬¨ç¥áª�ï
á¨áâ¥¬�; ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥

DOI: 10.14357/08696527190411

1 Введение

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

‚ [2, 3] ®¯¨á�−� à�§à�¡®â�−−�ï ¢ ”ˆ– ˆ“ ÷�� à�á¯à¥¤¥«¥−−�ï â¥å−®«®-
£¨ï ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ®á−®¢�−−�ï −� ¯à¨−æ¨¯�å
ªà�ã¤á®àá¨−£� (¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©). „�−−ë¥ â¥å−®«®£¨¨ ®à£�−¨§®¢�−ë ¢ ä®à¬¥ á¥-
¬�−â¨ç¥áª®© á¥â¨. –¥«¥á®®¡à�§−®áâì ¤�−−®© ä®à¬ë ®à£�−¨§�æ¨¨ ¤�−−ëå ¡ë-

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

3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Volkov@amsd.com
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«� ®¡®á−®¢�−� ¢ [4]. ’�ª¦¥ ¡ë«¨ ¯à®¢¥¤¥−ë ¯à®¢¥àª¨ íää¥ªâ¨¢−®áâ¨ ¤�−−®©
â¥å−®«®£¨¨ á â®çª¨ §à¥−¨ï ª�ç¥áâ¢� ¤�−−ëå ¨ ¨å ¨−ä®à¬�æ¨®−−®© ¤®áâã¯−®áâ¨ [5{
8]. �ë«® ¯®ª�§�−®, çâ® −¥¨§¡¥¦−ë¥ ®è¨¡ª¨ ¤�−−ëå, ¢®§−¨ª�îé¨¥ ¢ ¯à®æ¥áá¥
¤¥ïâ¥«ì−®áâ¨ ¬−®¦¥áâ¢� −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ãç�áâ−¨ª®¢, ®à£�−¨§®¢�−−ëå
¢ ¢¨àâã�«ì−®¥ á®®¡é¥áâ¢® ¨áá«¥¤®¢�â¥«¥©, −¥ ¯à¨¢®¤ïâ ª §−�ç¨¬®¬ã á−¨¦¥−¨î
¯®ª�§�â¥«¥© â®ç−®áâ¨ ¨ ¯®«−®âë ¨−ä®à¬�æ¨®−−®£® ¯®¨áª�. �® ¬®¤¥«¨à®¢�−¨¥
äã−ªæ¨®−¨à®¢�−¨ï â¥å−®«®£¨¨ ®â−®á¨«®áì ¨áª«îç¨â¥«ì−® ª áâ�æ¨®−�à−®© ä�§¥
à�§¢¨â¨ï ¢¨àâã�«ì−®£® á®®¡é¥áâ¢� ¨áá«¥¤®¢�â¥«¥© [9]. ”�§� ¥¥ ä®à¬¨à®¢�−¨ï
−¥ à�áá¬�âà¨¢�«�áì, å®âï ¨¬¥−−® ®â −¥¥ §�¢¨á¨â [10], ¡ã¤¥â «¨ â¥å−®«®£¨ï ®æ¥-
−¥−� ¯®«ì§®¢�â¥«ï¬¨. �¥á¬®âàï −� â® çâ® ªàã£ ¯®â¥−æ¨�«ì−ëå ¯®«ì§®¢�â¥«¥©
â¥å−®«®£¨¨ ®ç¥−ì è¨à®ª, ®−¨ ¢á¥ ä�ªâ¨ç¥áª¨ ã¦¥ ª�ª-â® à¥è�îâ á¢®¨ ¨áá«¥¤®-
¢�â¥«ìáª¨¥ ¨ ª®¬¬ã−¨ª�æ¨®−−ë¥ §�¤�ç¨, ¨ ¤«ï ¨å ¯¥à¥å®¤� −� à�áá¬�âà¨¢�¥¬ãî
â¥å−®«®£¨î −ã¦¥− áâ¨¬ã«. �®áª®«ìªã ¯à®¥ªâ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥-
áª¨å ¨áá«¥¤®¢�−¨© −� ¡�§¥ â¥å−®«®£¨¨ ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬, ¥¤¨−áâ¢¥−−ë¬
áâ¨¬ã«®¬ ¤«ï ¯à¨á®¥¤¨−¥−¨ï ª ¯à®¥ªâã ¬®£ãâ ¯®á«ã¦¨âì ¤®¯®«−¨â¥«ì−ë¥ ¨áá«¥-
¤®¢�â¥«ìáª¨¥ ¢®§¬®¦−®áâ¨, ª®â®àë¥ ¯®«ì§®¢�â¥«ì ¯®«ãç¨â ®â −®¢®© â¥å−®«®£¨¨.
„�−−ë¥ ¢®§¬®¦−®áâ¨ ¯®¬¨¬® à�§¢¨â®£® ¨−áâàã¬¥−â�à¨ï [11, 12] ®¯à¥¤¥«ïîâáï
¢®§¬®¦−®áâï¬¨ ¯®¨áª� ¨ á®¯®áâ�¢«¥−¨ï ¨áâ®à¨ç¥áª¨å ä�ªâ®¢, ª®â®àë¥, ¢ á¢®î
®ç¥à¥¤ì, §�¢¨áïâ ®â ®¡ê¥¬� á¥¬�−â¨ç¥áª®© á¥â¨. �®áª®«ìªã á¥¬�−â¨ç¥áª�ï á¥âì
â¥å−®«®£¨¨ á®§¤�¥âáï á�¬¨¬¨ ¯®«ì§®¢�â¥«ï¬¨ −� ¯à¨−æ¨¯�å ªà�ã¤á®àá¨−£�, ¥¥
®¡ê¥¬ −� −�ç�«ì−®¬ íâ�¯¥ ¯à®¥ªâ�, ª®£¤� ç¨á«® ¯®«ì§®¢�â¥«¥© ¬�«®, â�ª¦¥ −¥¨§-
¡¥¦−® −¥¢¥«¨ª. ’�ª¨¬ ®¡à�§®¬, áãé¥áâ¢ã¥â ®¯�á¥−¨¥, çâ® ¯à¨ ¬�«®¬ −�ç�«ì−®¬
−�¯®«−¥−¨¨ á¥¬�−â¨ç¥áª®© á¥â¨ ¯à®¥ªâ� ¯à¨¢«¥çì ¢ −¥£® ¯®«ì§®¢�â¥«¥© −¥ ã¤�áâáï
¢®®¡é¥.

–¥«ì −�áâ®ïé¥© áâ�âì¨ | ¨áá«¥¤®¢�−¨¥ à®áâ� ¢¨àâã�«ì−®£® á®®¡é¥áâ¢� ¯®«ì-
§®¢�â¥«¥© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¢ §�¢¨-
á¨¬®áâ¨ ®â −�ç�«ì−®£® ®¡ê¥¬� á¥¬�−â¨ç¥áª®© á¥â¨.

2 Описание подхода

�¯¨è¥¬ ¤¨−�¬¨ªã ¢¨àâã�«ì−®£® á®®¡é¥áâ¢� ª�ª ¤¨−�¬¨ç¥áªãî á¨áâ¥¬ã.
�ã¤¥¬ ¯®«�£�âì, çâ® ¨áå®¤−® ¢¨àâã�«ì−®¥ á®®¡é¥áâ¢® ¯à¥¤áâ�¢«ï¥â á®¡®©

£àã¯¯ã í−âã§¨�áâ®¢, áä®à¬¨à®¢�¢è¨å ª ¬®¬¥−âã ¯à¥¤áâ�¢«¥−¨ï â¥å−®«®£¨¨ è¨-
à®ª®¬ã ªàã£ã ¯®â¥−æ¨�«ì−ëå ¯®«ì§®¢�â¥«¥© −¥ª®â®àë© −�ç�«ì−ë© ®¡ê¥¬ á¥¬�−-
â¨ç¥áª®© á¥â¨. —¨á«® ç«¥−®¢ ¨áå®¤−®© £àã¯¯ë í−âã§¨�áâ®¢ ®¡®§−�ç¨¬ ª�ª n0,
−�ç�«ì−ë© ®¡ê¥¬ á¥¬�−â¨ç¥áª®© á¥â¨ ª�ª v0, ®¡é¥¥ ç¨á«® ¯®â¥−æ¨�«ì−ëå ¯®«ì§®-
¢�â¥«¥© â¥å−®«®£¨¨ ª�ªN , ®¡ê¥¬ á¥¬�−â¨ç¥áª®© á¥â¨ ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ª�ª v(t),
� â¥ªãé¥¥ ç¨á«® ¯®«ì§®¢�â¥«¥© ª�ª n(t). ‡�¤�ç� á®áâ®¨â ¢ ¨áá«¥¤®¢�−¨¨ à®áâ�
äã−ªæ¨© v ¨ n ¢ §�¢¨á¨¬®áâ¨ ®â −�ç�«ì−ëå §−�ç¥−¨© v0 ¨ n0.

�� ¤¨−�¬¨ªã v ¨ n ¢«¨ïîâ á«¥¤ãîé¨¥ ä�ªâ®àë:

(1) ¯à¨à®áâ á¥¬�−â¨ç¥áª®© á¥â¨ ¯à®¯®àæ¨®−�«¥− ç¨á«ã ãç�áâ−¨ª®¢ n(t) ¨ áà¥¤-
−¥© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ®¤−®£® ãç�áâ−¨ª�, ª®â®àãî ¡ã¤¥¬ áç¨â�âì ª®−áâ�−-
â®© ¨ ®¡®§−�ç¨¬ ª�ª ε;
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ˆáá«¥¤®¢�−¨¥ ¯à®æ¥áá� ä®à¬¨à®¢�−¨ï ¢¨àâã�«ì−®£® á®®¡é¥áâ¢� ª�ª −¥«¨−¥©−®© á¨áâ¥¬ë

(2) áª®à®áâì ¯à¨â®ª� −®¢ëå ãç�áâ−¨ª®¢ ¯à®¯®àæ¨®−�«ì−� ¢¥à®ïâ−®áâ¨ ¯¥à¥å®¤�
−� ¨á¯®«ì§®¢�−¨¥ â¥å−®«®£¨¨ ¤«ï ®¤−®£® ¯®â¥−æ¨�«ì−®£® ãç�áâ−¨ª� ¨ ç¨á-
«ã ¥é¥ −¥ ¯¥à¥è¥¤è¨å ¯®â¥−æ¨�«ì−ëå ãç�áâ−¨ª®¢. �ã¤¥¬ áç¨â�âì, çâ®
¯®â¥−æ¨�«ì−ë© ¯®«ì§®¢�â¥«ì â¥¬ áª®à¥¥ ¯¥à¥©¤¥â −� ¨á¯®«ì§®¢�−¨¥ −®¢®©
â¥å−®«®£¨¨, ç¥¬ ¡®«ìè¥ ¯®«ì§®¢�â¥«¥© ¨§ ¥£® ®ªàã¦¥−¨ï ã¦¥ ®áãé¥áâ¢¨«¨
â�ª®© ¯¥à¥å®¤. …á«¨ ®¡ê¥¬ ®ªàã¦¥−¨ï áç¨â�âì ª®−áâ�−â®©, â® ¢¥à®ïâ−®áâì
¯¥à¥å®¤� ¯à®¯®àæ¨®−�«ì−� ¤®«¥ ã¦¥ ¯¥à¥è¥¤è¨å ¯®«ì§®¢�â¥«¥© n(t)/N .
Š®íää¨æ¨¥−â ¯à®¯®àæ¨®−�«ì−®áâ¨ ®¡®§−�ç¨¬ ª�ª α;

(3) ¯®¬¨¬® ¯à¨â®ª� ¯®«ì§®¢�â¥«¥© −¥¨§¡¥¦−® ¡ã¤¥â −�¡«î¤�âìáï ¨ ®ââ®ª à�§®-
ç�à®¢�¢è¨åáï ¢ ¢®§¬®¦−®áâïå â¥å−®«®£¨¨, ª®â®àë¥ ®¯à¥¤¥«ïîâáï ¯à¥¦¤¥
¢á¥£® ®¡ê¥¬®¬ á¥¬�−â¨ç¥áª®© á¥â¨. �ã¤¥¬ áç¨â�âì, çâ® ãç�áâ−¨ª¨, ¯à¨−ï¢-
è¨¥ à¥è¥−¨¥ ®¡ ãå®¤¥ ¨§ á®®¡é¥áâ¢� ¯®«ì§®¢�â¥«¥© â¥å−®«®£¨¨, −¥ ¨§¬¥−ïîâ
á¢®¥ à¥è¥−¨¥ ¤«¨â¥«ì−®¥ ¢à¥¬ï ¨ ¯¥à¥áâ�îâ ¡ëâì ¯®â¥−æ¨�«ì−ë¬¨ ¯®«ì§®-
¢�â¥«ï¬¨. ’�ª¨¬ ®¡à�§®¬, ¥á«¨ ç¨á«® ãç�áâ−¨ª®¢, ¯®ª¨−ã¢è¨å á®®¡é¥áâ¢®,
®¡®§−�ç¨âì ª�ª m(t), â¥ªãé¥¥ ç¨á«® ¥é¥ −¥ ¯¥à¥è¥¤è¨å ¯®â¥−æ¨�«ì−ëå
ãç�áâ−¨ª®¢ ¡ã¤¥â ¢ëà�¦�âìáï ä®à¬ã«®© N − n(t)−m(t).
‘ª®à®áâì ®ââ®ª� ãç�áâ−¨ª®¢ ¯à®¯®àæ¨®−�«ì−� ç¨á«ã ãç�áâ−¨ª®¢ ¨ ¢¥à®-
ïâ−®áâ¨ ãå®¤� ãç�áâ−¨ª�. Š®íää¨æ¨¥−â ¯à®¯®àæ¨®−�«ì−®áâ¨ ®¡®§−�ç¨¬
ª�ª β. ‚¥à®ïâ−®áâì ãå®¤� ¢ëá®ª� ¯à¨ ¬�«®¬ ®¡ê¥¬¥ á¥¬�−â¨ç¥áª®© á¥â¨
¨ áâà¥¬¨âáï ª −ã«î ¯® ¬¥à¥ ¥¥ à®áâ�. ’�ª�ï §�¢¨á¨¬®áâì ¯® �−�«®£¨¨
á ä®à¬ã«®© Œ®−® [13], ®âà�¦�îé¥© §�¢¨á¨¬®áâì áª®à®áâ¨ ¯®âà¥¡«¥−¨ï
¬¨ªà®®à£�−¨§¬®¬ áã¡áâà�â� ®â ¥£® ª®−æ¥−âà�æ¨¨, ¬®¦¥â ¡ëâì ®¯¨á�−� äã−ª-
æ¨¥© e−γv(t), £¤¥ γ | ¯®áâ®ï−−ë© ª®íää¨æ¨¥−â, ®â¢¥ç�îé¨© §� áª®à®áâì
ã¡ë¢�−¨ï ¢¥à®ïâ−®áâ¨ ãå®¤� ¯® ¬¥à¥ à®áâ� á¥¬�−â¨ç¥áª®© á¥â¨;

(4) ç¨á«® ¯®«ì§®¢�â¥«¥© ®£à�−¨ç¥−® §−�ç¥−¨¥¬ N . �à¥¤¥«ì−®¥ §−�ç¥−¨¥ ¤«ï
ç¨á«� ãç�áâ−¨ª®¢ ¬®¦¥â ¡ëâì ®¯¨á�−® ãà�¢−¥−¨¥¬ ”¥àåî«ìáâ� («®£¨áâ¨ç¥-
áª¨¬ ãà�¢−¥−¨¥¬) [14]

‘n = δn

(

1−
n

N

)

,

®¡¥á¯¥ç¨¢�îé¨¬ ®£à�−¨ç¥−¨¥ à®áâ� ¯®¯ã«ïæ¨¨ n(t) ¯à¥¤¥«ì−ë¬ §−�ç¥−¨-
¥¬N (¯®â¥−æ¨�«ì−�ï ¥¬ª®áâì á¨áâ¥¬ë). ��à�¬¥âà δ å�à�ªâ¥à¨§ã¥â áª®à®áâì
à®áâ� ¯®¯ã«ïæ¨¨.

÷¥§ã«ìâ¨àãîé�ï á¨áâ¥¬� ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©, ®¯¨áë¢�îé¨å ¯®-
¢¥¤¥−¨¥ á¨áâ¥¬ë, ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬:































dn

dt
= α

n(t)

N
(N − n(t)−m(t))− βe−γv(t)n(t) + δn(t)

(

1−
n(t)

N

)

;

dv

dt
= εn(t) ;

dm

dt
= βe−γv(t)n(t) .
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3 Анализ системы

�®«ãç¥−−�ï á¨áâ¥¬� ¤¨ää¥à¥−-

÷¨á. 1 ‚¨¤ à¥è¥−¨© á¨áâ¥¬ë ¯à¨ v0 =
= 300 (�); 500 (¡) ¨ 1000 (¢) ã§«®¢

æ¨�«ì−ëå ãà�¢−¥−¨© �−�«¨§¨à®¢�-
«�áì ç¨á«¥−−® á ¯®¬®éìî ¯�ª¥â�
MatLab. �−�«¨§ ¯à®¨§¢®¤¨«áï ¤«ï
âà¥å à�§«¨ç−ëå −�ç�«ì−ëå ãá«®¢¨©
(n0, v0, m0), ®â«¨ç�îé¨åáï §−�ç¥-
−¨ï¬¨ v0: 300, 500 ¨ 1000 ã§«®¢
á¥¬�−â¨ç¥áª®© á¥â¨ á®®â¢¥âáâ¢¥−−®.
‡−�ç¥−¨¥ n0 ¢® ¢á¥å âà¥å á«ãç�ïå
¡ë«® ¯à¨−ïâ® à�¢−ë¬ 50 ãç�áâ−¨ª®¢,
� m0 à�¢−ë¬ −ã«î, ¯®áª®«ìªã ®ââ®ª
ãç�áâ−¨ª®¢ ¨§−�ç�«ì−® ®âáãâáâ¢ã¥â.

�� à¨á. 1 ¯à¨¢¥¤¥− ¢¨¤ à¥è¥−¨©
á¨áâ¥¬ë ¤«ï äã−ªæ¨© n(t) ¨ v(t).
�� à¨á. 2 ¯à¨¢¥¤¥− ä�§®¢ë© ¯®àâà¥â
á¨áâ¥¬ë ¢ ¯à®áâà�−áâ¢¥ (n, v) ¤«ï â¥å
¦¥ −�ç�«ì−ëå ãá«®¢¨©.

÷¨áã−®ª 1, � ¯®¤â¢¥à¦¤�¥â ®¯�-
á¥−¨¥, çâ® ¯à¨ ¬�«®¬ −�ç�«ì−®¬ −�-
¯®«−¥−¨¨ á¥¬�−â¨ç¥áª®© á¥â¨ ¯à®-
¥ªâ� ¯à¨¢«¥çì ¢ −¥£® ¯®«ì§®¢�â¥«¥©
−¥ ã¤�áâáï ¢®®¡é¥. �®á«¥ −¥¤®«-
£®£® ¯®¤ê¥¬� ç¨á«® ãç�áâ−¨ª®¢ −�-
ç¨−�¥â ¯�¤�âì ¤® −ã«ï ¨ ¡®«¥¥ ã¦¥
−¥ ¬¥−ï¥âáï. ÷¨áã−®ª 1, ¢ ¤¥¬®−-
áâà¨àã¥â, çâ® ¯à¨ ¤®áâ�â®ç−®¬ −�-
ç�«ì−®¬ −�¯®«−¥−¨¨ á¥¬�−â¨ç¥áª®©
á¥â¨ ¯à�ªâ¨ç¥áª¨ ¢á¥ ¯®â¥−æ¨�«ì−ë¥
ãç�áâ−¨ª¨ ¯à¨¬ëª�îâ ª á®®¡é¥áâ¢ã
¯®«ì§®¢�â¥«¥© â¥å−®«®£¨¨ ¨ ®¡ê¥¬
á®®¡é¥áâ¢� ¡ëáâà® áâ�¡¨«¨§¨àã¥âáï
−� §−�ç¥−¨¨, ¡«¨§ª®¬ ª N . ÷¨áã-
−®ª 1, ¡, á®®â¢¥âáâ¢ãîé¨© áà¥¤−¥¬ã
−�ç�«ì−®¬ã −�¯®«−¥−¨î á¥¬�−â¨ç¥-
áª®© á¥â¨, ¤¥¬®−áâà¨àã¥â áâ�¡¨«¨§�-
æ¨î ®¡ê¥¬� á®®¡é¥áâ¢� −� −¥ª®â®à®¬
¯à®¬¥¦ãâ®ç−®¬ §−�ç¥−¨¨.

4 Адекватность модели

�� à¨á. 3 ¯à¥¤áâ�¢«¥− í¬¯¨à¨ç¥áª¨© £à�ä¨ª ¨§¬¥−¥−¨ï ç¨á«� ãç�áâ−¨ª®¢
á¥â¥¢ëå á®®¡é¥áâ¢, ¯à¨¢¥¤¥−−ë© ¢ áâ�âì¥ [15], ¯®á¢ïé¥−−®© �−�«¨§ã áâ�¤¨©
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à�§¢¨â¨ï á®æ¨�«ì−ëå á¥â¥© ¨ ¬®¤¥-
«¨à®¢�−¨î à®áâ� á¥â¥¢ëå á®®¡é¥áâ¢.
�� £à�ä¨ª¥ ¢ë¤¥«¥−ë á«¥¤ãîé¨¥ â¨-
¯¨ç−ë¥ áâ�¤¨¨ à�§¢¨â¨ï á®®¡é¥áâ¢:

(1) Early days (à�−−¨¥ ¢à¥¬¥−�) |
áâ�¤¨ï, ¯®¤¤¥à¦¨¢�¥¬�ï ¨á-
ª«îç¨â¥«ì−® á®§¤�â¥«ï¬¨ ¯à®-
¥ªâ�;

(2) Initial Buzz (¯¥à¢®−�ç�«ì−ë©
á«ãå) | áâ�¤¨ï, ª®£¤� §�
áç¥â ¯¥à¢¨ç−®£® à�á¯à®áâà�−¥-
−¨ï ¨−ä®à¬�æ¨¨ ® ¯à®¥ªâ¥ ¢ á®-
®¡é¥áâ¢® ¯à¨å®¤ïâ í−âã§¨�áâë,
¤¢¨¦¨¬ë¥ ¯à¥¦¤¥ ¢á¥£® «î¡®-
¯ëâáâ¢®¬;

÷¨á. 2 ”�§®¢ë© ¯®àâà¥â á¨áâ¥¬ë: 1 | v0 =
= 300 ã§«®¢; 2 | 500; 3 | v0 = 1000 ã§«®¢

(3) Valley of Uncertainty (¤®«¨−� −¥®¯à¥¤¥«¥−−®áâ¨) | áâ�¤¨ï, ª®£¤� ¯®â®ª
í−âã§¨�áâ®¢ áå«ë−ã«, −® á®®¡é¥áâ¢® ãá¯¥«® ¯®«ãç¨âì ®â ¨å ¤¥ïâ¥«ì−®áâ¨
â®«ç®ª ª à�§¢¨â¨î;

(4) Self-Sustaining Growth (á�¬®¯®¤¤¥à¦¨¢�îé¨©áï à®áâ) | ¯¥à¢�ï ä�§� áâ�-
¤¨¨ à�§¢¨â¨ï, ®¯à¥¤¥«ï¥¬®© ¯à¨â®ª®¬ ¯®«ì§®¢�â¥«¥©-¯à�£¬�â¨ª®¢;

(5) Meteoric Growth (áâà¥¬¨â¥«ì−ë© à®áâ) | ¢â®à�ï ä�§� áâ�¤¨¨ à�§¢¨â¨ï,
®¯à¥¤¥«ï¥¬®© ¯à¨â®ª®¬ ¯®«ì§®¢�â¥«¥©-¯à�£¬�â¨ª®¢;

(6) Peak Attained (¤®áâ¨£−ãâ ¯¨ª) | ¯à¨â®ª ¯®«ì§®¢�â¥«¥©-¯à�£¬�â¨ª®¢ ¤®áâ¨£
¬�ªá¨¬ã¬�;

÷¨á. 3 ƒà�ä¨ª ¨§¬¥−¥−¨ï ç¨á«� ãç�áâ−¨ª®¢ ¨ áâ�¤¨¨ à�§¢¨â¨ï á¥â¥¢ëå á®®¡é¥áâ¢ [15]
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(7) Plateau of Ubiquity (¯«�â® à�á¯à®áâà�−¥−−®áâ¨) | áâ�æ¨®−�à−�ï ä�§� à�§-
¢¨â¨ï á®®¡é¥áâ¢�;

(8) Inevitable Decline (−¥¨§¡¥¦−®¥ ¯�¤¥−¨¥) | áâ�¤¨ï ã¯�¤ª� ¯à®¥ªâ�.

�®áª®«ìªã â¥å−®«®£¨ï ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©
¢ª«îç�¥â ¢ á¥¡ï ®−«�©−-¯«�âä®à¬ã ¤«ï ª®¬¬ã−¨ª�æ¨¨ ¨ á®¢¬¥áâ−®© ¤¥ïâ¥«ì-
−®áâ¨ ¨áá«¥¤®¢�â¥«¥©, � á®®¡é¥áâ¢® ¯®«ì§®¢�â¥«¥© â¥å−®«®£¨¨ ®¡«�¤�¥â ¢á¥¬¨
¯à¨§−�ª�¬¨ −�ãç−®-¯à®ä¥áá¨®−�«ì−®£® á¥â¥¢®£® á®®¡é¥áâ¢� [16], á«¥¤ã¥â ®¦¨-
¤�âì, çâ® ¤¨−�¬¨ª� ç¨á«� ãç�áâ−¨ª®¢ ¡ã¤¥â ¯®¤ç¨−ïâìáï â®¬ã ¦¥ §�ª®−ã.

�à¥¤¬¥â®¬ −�áâ®ïé¥£® ¨áá«¥¤®¢�−¨ï ¡ë«® à�§¢¨â¨¥, ®¯à¥¤¥«ï¥¬®¥ ¨áª«îç¨-
â¥«ì−® ¯®«ì§®¢�â¥«ï¬¨-¯à�£¬�â¨ª�¬¨, ¯à¨è¥¤è¨¬¨ ¢ á®®¡é¥áâ¢® ¨áª«îç¨â¥«ì-
−® á æ¥«ìî à¥è¥−¨ï á¢®¨å ¨áá«¥¤®¢�â¥«ìáª¨å §�¤�ç ¨ −�ãç−®© ª®¬¬ã−¨ª�æ¨¨.
�®íâ®¬ã ¨áá«¥¤ã¥¬ë© ¯¥à¨®¤ á®®â¢¥âáâ¢ã¥â áâ�¤¨ï¬ 4{7 (Self-Sustaining Growth,
Meteoric Growth, Peak Attained ¨ Plateau of Ubiquity) à�§¢¨â¨ï á¥â¥¢ëå á®®¡-
é¥áâ¢.

‘à�¢−¥−¨¥ ä®à¬ë £à�ä¨ª®¢ äã−ªæ¨¨ n(t), ¯à¨¢¥¤¥−−ëå −� à¨á. 1, ¨ ä®à¬ë
í¬¯¨à¨ç¥áª®£® £à�ä¨ª�, ¯à¨¢¥¤¥−−®£® −� à¨á. 3, ®£à�−¨ç¥−−®£® áâ�¤¨ï¬¨ 4{7,
¯®ª�§ë¢�¥â ¨å ¯®«−ãî ¨¤¥−â¨ç−®áâì, çâ® ¯®¤â¢¥à¦¤�¥â �¤¥ª¢�â−®áâì ¢ë¡à�−−®©
¬®¤¥«¨.

5 Выводы

�à®¢¥¤¥−−®¥ ¨áá«¥¤®¢�−¨¥ ¯®ª�§�«®, çâ® ¯à¥¤¯®«®¦¥−¨¥ ® −�«¨ç¨¨ ï¢−®©
§�¢¨á¨¬®áâ¨ ¯¥àá¯¥ªâ¨¢ ¯à®¥ªâ� ®â ®¡ê¥¬� −�ç�«ì−®£® −�¯®«−¥−¨ï á¥¬�−â¨ç¥áª®©
á¥â¨ ®ª�§�«®áì ¢¥à−ë¬ ¨ ¯à¨ ¬�«®¬ −�ç�«ì−®¬ −�¯®«−¥−¨¨ á¥¬�−â¨ç¥áª®© á¥â¨
¯à®¥ªâ� ¯à¨¢«¥çì ¢ −¥£® ¯®«ì§®¢�â¥«¥© −¥ ã¤�áâáï ¢®®¡é¥. �® ¬¥−¥¥ ç¥¬
¤¢ãªà�â−®¥ ã¢¥«¨ç¥−¨¥ −�ç�«ì−®£® ®¡ê¥¬� ¯à¨¢®¤¨â ª ãáâ®©ç¨¢®¬ã à�§¢¨â¨î
¯à®¥ªâ�, � âà¥åªà�â−®¥ ã¢¥«¨ç¥−¨¥ | ª ¢®¢«¥ç¥−¨î ¢ ¯à®¥ªâ ¯®çâ¨ ¢á¥å (¡®«¥¥
90%) ¯®â¥−æ¨�«ì−ëå ¯®«ì§®¢�â¥«¥© â¥å−®«®£¨¨.

„�−−ë© ¢ë¢®¤ ¯®¤â¢¥à¦¤�¥â ¦¨§−¥á¯®á®¡−®áâì ¨ ¯¥àá¯¥ªâ¨¢−®áâì ¯à¥¤«®-
¦¥−−®© â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨©.
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Abstract: The article continues a series of works devoted to the description and
analysis of distributed technology of concrete historical investigation support
based on the principles of crowdsourcing. This article is devoted to the description
and substantiation of the approach to modeling the stage of formation of the
research community and evaluation of the prospects of project deployment
depending on the volume of the initial content of the semantic network underlying
the technology. The proposed approach is to analyze the processes of changing
the number of participants in the research community and the volume of the
semantic network of technology as a nonlinear dynamic system. The analysis
was performed for different initial conditions. With the help of this approach,
the estimation of the level of the initial filling of the semantic network was
obtained at which the steady growth of the community is provided. The adequacy
of the model was checked by comparing the character of community growth
determined by the simulation with the empirical graph of changes in the number
of participants in network communities.
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ФУНКЦИОНАЛЬНАЯ МОДЕЛЬ СИСТЕМЫ УПРАВЛЕНИЯ
ПРОЦЕССАМИ СТРАТЕГИЧЕСКОГО ПЛАНИРОВАНИЯ

А. П. Сучков1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¯®¤å®¤ë ª á®§¤�−¨î ¯à®æ¥áá−®© ¬®¤¥«¨ á¨á-
â¥¬ë ã¯à�¢«¥−¨ï ¢ ®¡«�áâ¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï. ‘ â®çª¨ §à¥−¨ï
−�ãç−®£® ¯®¤å®¤� ¬¥â®¤ë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ï¢«ïîâáï à�§¤¥«®¬
â¥®à¨¨ ã¯à�¢«¥−¨ï á«®¦−ë¬¨ á¨áâ¥¬�¬¨. Š«îç¥¢ë¬ ï¢«ï¥âáï ¯®−¨¬�−¨¥
áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ª�ª æ¨ª«¨ç¥áª®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢§�¨¬®-
á¢ï§�−−ëå ¯à®æ¥áá®¢, ¢ ç¨á«¥ ª®â®àëå ¬®¦−® ¢ë¤¥«¨âì ¤¢� ¯®«−ëå ¨ ¢§�-
¨¬®á¢ï§�−−ëå æ¨ª«� ã¯à�¢«¥−¨ï, ª®â®àë¥ ¡ã¤¥¬ ãá«®¢−® −�§ë¢�âì ú¯«�−¨-
à®¢�−¨¥û ¨ úà¥�«¨§�æ¨ïû. �à¨ íâ®¬ æ¨ª« ã¯à�¢«¥−¨ï úà¥�«¨§�æ¨ïû ï¢−®
−®á¨â á¨âã�æ¨®−−ë© å�à�ªâ¥à. ‚ ¥£® à�¬ª�å ®áãé¥áâ¢«ï¥âáï ¯®áâ®ï−−ë©
¬®−¨â®à¨−£ å®¤� ¢ë¯®«−¥−¨ï áâà�â¥£¨ç¥áª®£® ¯«�−�, á¨âã�æ¨®−−ë© �−�«¨§
¯®â®ª®¢ á®¡ëâ¨© ª®−âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢�, â¥ªãé¥¥ à¥�£¨à®¢�−¨¥ −�
¨§¬¥−¥−¨¥ ®¡áâ�−®¢ª¨ ¢¯«®âì ¤® ª®àà¥ªâ¨à®¢ª¨ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£®
¯«�−¨à®¢�−¨ï.

Š«îç¥¢ë¥ á«®¢�: áâà�â¥£¨ç¥áª®¥ ¯«�−¨à®¢�−¨¥; ¯à®æ¥áá−ë© ¯®¤å®¤; ¯à®-
æ¥áá−�ï ¬®¤¥«ì; á¨áâ¥¬� ã¯à�¢«¥−¨ï

DOI: 10.14357/08696527190412

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®¨áå®¤¨â �ªâ¨¢−®¥ ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤®¢ áâà�â¥£¨-
ç¥áª®£® ¯«�−¨à®¢�−¨ï −� ¢á¥å ãà®¢−ïå ã¯à�¢«¥−¨ï £®áã¤�àáâ¢®¬. �â® ¯à¥¦¤¥
¢á¥£® ®¡ãá«®¢«¥−® ¯®«¨â¨ç¥áª®© ¢®«¥© ¢ëáè¥£® àãª®¢®¤áâ¢� áâà�−ë, ¢ëà�¦¥−−®©
¢ ¯®á«¥¤−¨¥ £®¤ë ¢ ¢¨¤¥ ®¯à¥¤¥«¥−¨ï ª®−ªà¥â−ëå áà¥¤−¥áà®ç−ëå ¨ ¤®«£®áà®ç−ëå
æ¥«¥© ¯® ¢á¥¬ ®á−®¢−ë¬ ®¡«�áâï¬ −�à®¤−®£® å®§ï©áâ¢�, §�¤�¢�¥¬ëå ¢ ¥¦¥£®¤−ëå
¯®á«�−¨ïå �à¥§¨¤¥−â� ÷” ”¥¤¥à�«ì−®¬ã á®¡à�−¨î ¨ ãª�§�¬¨ �à¥§¨¤¥−â� ÷”.

‚ á®®â¢¥âáâ¢¨¨ á ”¥¤¥à�«ì−ë¬ §�ª®−®¬ ®â 28 ¨î−ï 2014 £. ü 172-”‡
ú� áâà�â¥£¨ç¥áª®¬ ¯«�−¨à®¢�−¨¨ ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨û áâà�â¥£¨ç¥áª®¥ ¯«�-
−¨à®¢�−¨¥ | íâ® ¤¥ïâ¥«ì−®áâì ãç�áâ−¨ª®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¯®
æ¥«¥¯®«�£�−¨î, ¯à®£−®§¨à®¢�−¨î, ¯«�−¨à®¢�−¨î ¨ ¯à®£à�¬¬¨à®¢�−¨î á®æ¨-
�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï (‘�÷) ÷”, áã¡ê¥ªâ®¢ ÷” ¨ ¬ã−¨æ¨¯�«ì−ëå
®¡à�§®¢�−¨©, ®âà�á«¥© íª®−®¬¨ª¨ ¨ áä¥à £®áã¤�àáâ¢¥−−®£® ¨ ¬ã−¨æ¨¯�«ì−®-
£® ã¯à�¢«¥−¨ï, ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷”. ‘ â®çª¨ §à¥−¨ï
−�ãç−®£® ¯®¤å®¤� ¬¥â®¤ë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ï¢«ïîâáï à�§¤¥«®¬ â¥-
®à¨¨ ã¯à�¢«¥−¨ï á«®¦−ë¬¨ á¨áâ¥¬�¬¨. �¡ëç−®, á à�§−ë¬¨ ¢�à¨�æ¨ï¬¨ −�§¢�-

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ASuchkov@ipiran.ru
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−¨©, ¢ë¤¥«ïîâ á«¥¤ãîé¨¥ íâ�¯ë: á¢¥àå§�¤�ç� (¬¨áá¨ï) { æ¥«¥¯®«�£�−¨¥ { ¬®−¨-
â®à¨−£ { �−�«¨§ { ¢ë¡®à áâà�â¥£¨¨ { à¥�«¨§�æ¨ï áâà�â¥£¨¨ { ª®−âà®«ì (¢ ç�áâ−®-
áâ¨, á ®¡à�§®¢�−¨¥¬ ®¡à�â−®© á¢ï§¨ −� íâ�¯�å �−�«¨§� ¨ ª®−âà®«ï). Š«îç¥¢ë¬
§¤¥áì ï¢«ï¥âáï ¯®−¨¬�−¨¥ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ª�ª æ¨ª«¨ç¥áª®© ¯®á«¥-
¤®¢�â¥«ì−®áâ¨ ¢§�¨¬®á¢ï§�−−ëå ¯à®æ¥áá®¢, ¢ ç¨á«¥ ª®â®àëå ¬®¦−® ¢ë¤¥«¨âì ¤¢�
¯®«−ëå ¨ ¢§�¨¬®á¢ï§�−−ëå æ¨ª«� ã¯à�¢«¥−¨ï, ª®â®àë¥ ¡ã¤¥¬ ãá«®¢−® −�§ë¢�âì
ú¯«�−¨à®¢�−¨¥û ¨ úà¥�«¨§�æ¨ïû [1]. �à¨ íâ®¬ æ¨ª« ã¯à�¢«¥−¨ï úà¥�«¨§�æ¨ïû
ï¢−® −®á¨â á¨âã�æ¨®−−ë© å�à�ªâ¥à. ‚ ¥£® à�¬ª�å ®áãé¥áâ¢«ï¥âáï ¯®áâ®ï−−ë©
¬®−¨â®à¨−£ å®¤� ¢ë¯®«−¥−¨ï áâà�â¥£¨ç¥áª®£® ¯«�−�, á¨âã�æ¨®−−ë© �−�«¨§ ¯®â®-
ª®¢ á®¡ëâ¨© ª®−âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢�, â¥ªãé¥¥ à¥�£¨à®¢�−¨¥ −� ¨§¬¥−¥−¨¥
®¡áâ�−®¢ª¨ ¢¯«®âì ¤® ª®àà¥ªâ¨à®¢ª¨ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï.

‡�ª®−ç¥−−ëå â¥®à¨© ¨ ¬¥â®¤®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¯®ª� −¥ ¢ëà�-
¡®â�−®, çâ® ¯®¤â¢¥à¦¤�¥âáï �ªâ¨¢−ë¬¨ ¤¨áªãáá¨®−−ë¬¨ ®¡áã¦¤¥−¨ï¬¨ ¤�−−®©
¯à®¡«¥¬�â¨ª¨ ¢ −�ãç−®¬ á®®¡é¥áâ¢¥ [2]. �¤−®© ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ¯à¥¤áâ�¢«ï-
¥âáï à�§«¨ç−ë© ¬�áèâ�¡ ¢à¥¬¥−¨ áâà�â¥£¨ç¥áª®£® æ¥«¥¯®«�£�−¨ï ¨ ¯à®æ¥áá®¢ â¥-
ªãé¥£® ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ à¥�«¨§�æ¨¨ æ¥«¥© áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï,
çâ® ¢ë§ë¢�¥â −¥®¡å®¤¨¬®áâì á«®¦−®£® á®£«�á®¢�−¨ï ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï [1, 3].
÷¥è¥−¨¥ íâ®© ¯à®¡«¥¬ë ¢®§¬®¦−® ¯ãâ¥¬ á®§¤�−¨ï ¨ ®¡®á−®¢�−¨ï ¨−ä®à¬�æ¨®−-
−®© ¯à®æ¥áá−®© ¬®¤¥«¨ á¨áâ¥¬ë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï, á®¤¥à¦�é¥© ¤¢�
¯®«−ëå ¨ ¢§�¨¬®á¢ï§�−−ëå æ¨ª«� ã¯à�¢«¥−¨ï á ¢ë¤¥«¥−¨¥¬ ¯à®æ¥áá®¢ á¨âã�æ¨-
®−−®£® ã¯à�¢«¥−¨ï [2]. Š®−ªà¥â¨§�æ¨¨ â�ª®© ¯à®æ¥áá−®© ¬®¤¥«¨ ¨ ¯®á¢ïé¥−�
¤�−−�ï áâ�âìï.

2 Основные составляющие информационной модели

�á−®¢−ë¬¨ á®áâ�¢«ïîé¨¬¨ ®¡áã¦¤�¥¬®© äã−ªæ¨®−�«ì−®© ¬®¤¥«¨ ï¢«ïîâ-
áï áã¡ê¥ªâë, ®¡ê¥ªâë, ¤®ªã¬¥−âë ¨ ¯à®æ¥ááë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï,
®¯à¥¤¥«ï¥¬ë¥ §�ª®−®¬ ü 172-”‡.

•®â¥«®áì ¡ë ¯®¤ç¥àª−ãâì, çâ® −®à¬�â¨¢−®-¯à�¢®¢ë¥ �ªâë ÷” ®¤−¨¬ ¨§
®á−®¢−ëå áã¡ê¥ªâ®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ®¯à¥¤¥«ïîâ ‘®¢¥â ¡¥§®¯�á-
−®áâ¨ ÷”. ‘ íâ®© æ¥«ìî ‘®¢¡¥§ à¥�«¨§ã¥â äã−ªæ¨î ®áãé¥áâ¢«¥−¨ï áâà�â¥£¨-
ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨, ¢ â®¬
ç¨á«¥:

{ ®æ¥−ªã íää¥ªâ¨¢−®áâ¨ à�¡®âë ¯® à¥�«¨§�æ¨¨ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£®
¯«�−¨à®¢�−¨ï;

{ ª®àà¥ªâ¨à®¢ªã ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¨ áâà�â¥£¨ç¥áª¨å
−�æ¨®−�«ì−ëå ¯à¨®à¨â¥â®¢;

{ ª®®à¤¨−�æ¨î ¤¥ïâ¥«ì−®áâ¨ ¯® à�§à�¡®âª¥ ¢ ä¥¤¥à�«ì−ëå ®ªàã£�å ¤®ªã¬¥−â®¢
áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï.

„àã£¨¬ ¢�¦−ë¬ áã¡ê¥ªâ®¬ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ï¢«ï¥âáï ÷®áá¨©-
áª�ï �ª�¤¥¬¨ï −�ãª. ‚ á®®â¢¥âáâ¢¨¨ á ”¥¤¥à�«ì−ë¬ §�ª®−®¬ ®â 27.09.2013
ü 253-”‡ ú� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª. . .û ®−� ®áãé¥áâ¢«ï¥â á¢®î ¤¥ïâ¥«ì-
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”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

−®áâì ¢ æ¥«ïå íªá¯¥àâ−®£® −�ãç−®£® ®¡¥á¯¥ç¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ®à£�−®¢ £®áã¤�à-
áâ¢¥−−®© ¢«�áâ¨, ¢ ç�áâ−®áâ¨ ¢ ¯à®æ¥áá�å �−�«¨§�, ¯à®£−®§¨à®¢�−¨ï ¨ ®æ¥−ª¨
ã£à®§ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.

�¡ê¥ªâ�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ï¢«ïîâáï ¯�à�¬¥âàë ‘�÷ ÷”,
áã¡ê¥ªâ®¢ ÷” ¨ ¬ã−¨æ¨¯�«ì−ëå ®¡à�§®¢�−¨©, ®âà�á«¥© íª®−®¬¨ª¨ ¨ áä¥à £®áã-
¤�àáâ¢¥−−®£® ¨ ¬ã−¨æ¨¯�«ì−®£® ã¯à�¢«¥−¨ï, ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á-
−®áâ¨ ÷”. �¤−¨¬¨ ¨§ ®á−®¢−ëå ®¡ê¥ªâ®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ï¢«ï-
îâáï á¨áâ¥¬� æ¥«¥¢ëå ¯®ª�§�â¥«¥© ¨ ã£à®§ë −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.

„®ªã¬¥−âë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¯à¥¤áâ�¢«ïîâ á®¡®© ¨¥à�àå¨ç¥-
áªãî á¨áâ¥¬ã, ®âà�¦�îéãî ¢¥àâ¨ª�«ì−®¥ à�§¤¥«¥−¨¥ ®à£�−®¢ ¢«�áâ¨ ¨ ¥£®
áâ�¤¨©−®áâì (á¬. â�¡«¨æã). •®â¥«®áì ¡ë ®â¬¥â¨âì ¡®«ìèãî −�ãª®¥¬ª®áâì á®-
¤¥à¦�−¨ï íâ¨å ¤®ªã¬¥−â®¢.

3 Процессы стратегического планирования

ˆâ�ª, ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ¢ë¤¥«¨âì ¤¢� ¯®«−ëå ¨ ¢§�¨¬®á¢ï-
§�−−ëå æ¨ª«� ã¯à�¢«¥−¨ï, ª®â®àë¥ ¬®¦−® ãá«®¢−® −�§¢�âì ú¯«�−¨à®¢�−¨¥û
¨ úà¥�«¨§�æ¨ïû (á¬. à¨á. 1, £¤¥ ¯ã−ªâ¨à®¬ ®¡®§−�ç¥−ë ®¡à�â−ë¥ á¢ï§¨).

�à¥¤áâ�¢«¥−−�ï ¨−ä®à¬�æ¨®−−�ï ¯à®æ¥áá−�ï äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥-
¬ë ã¯à�¢«¥−¨ï áâà�â¥£¨ç¥áª¨¬ ¯«�−¨à®¢�−¨¥¬ (‘“‘�) ¨áå®¤¨â ¨§ â®£®, çâ®
¯®á«¥¤®¢�â¥«ì−®áâì ¯à®æ¥áá®¢ ª�ª ¢ à�¬ª�å æ¨ª«� ú¯«�−¨à®¢�−¨¥û, â�ª ¨ æ¨ª«�
úà¥�«¨§�æ¨ïû ¢ª«îç�¥â áâ�−¤�àâ−ë¥ áâ�¤¨¨ ã¯à�¢«¥−¨ï: æ¥«¥¯®«�£�−¨¥, ¬®−¨-
â®à¨−£, �−�«¨§, ¯à¨−ïâ¨¥ à¥è¥−¨© ¨ ¨å à¥�«¨§�æ¨î [4].

ƒ«�¢−ë¬ ®á−®¢�−¨¥¬ æ¥«¥á®®¡à�§−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ‘“‘� ¯à¥¤áâ�¢-
«ï¥âáï ä�ªâ −�«¨ç¨ï ¯à®æ¥áá®¢ áâà�â¥£¨ç¥áª®£® æ¥«¥¯®«�£�−¨ï ¨ ¯«�−¨à®¢�−¨ï,
â. ¥. ®¯à¥¤¥«¥−¨ï −�¯à�¢«¥−¨©, æ¥«¥© ¨ ¯à¨®à¨â¥â®¢ ®¡¥á¯¥ç¥−¨ï ‘�÷ ÷”,
áã¡ê¥ªâ®¢ ÷” ¨ ¬ã−¨æ¨¯�«ì−ëå ®¡à�§®¢�−¨©, ®âà�á«¥© íª®−®¬¨ª¨ ¨ áä¥à £®áã-
¤�àáâ¢¥−−®£® ¨ ¬ã−¨æ¨¯�«ì−®£® ã¯à�¢«¥−¨ï, ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á-
−®áâ¨ ÷” ¨ ¨å à¥�«¨§�æ¨¨ ¢ ¢¨¤¥ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï.
‚ ¡«®ª ú¯«�−¨à®¢�−¨¥û ¢å®¤ïâ á«¥¤ãîé¨¥ £àã¯¯ë ¯à®æ¥áá®¢.

‘¢¥àå§�¤�ç� | ®¯à¥¤¥«¥−¨¥ ¢ëáè¨¬¨ ¤®«¦−®áâ−ë¬¨ «¨æ�¬¨ £®áã¤�àáâ¢�
®á−®¢−ëå áà¥¤−¥áà®ç−ëå ¨ ¤®«£®áà®ç−ëå æ¥«¥© ¯® ‘�÷ ÷”. –¥«¨ ï¢«ïîâ-
áï ¨−â¥£à�«ì−ë¬¨, ¨§¬¥à¨¬ë¬¨ ¨ ¯à¨¢ï§�−−ë¬¨ ª® ¢à¥¬¥−¨ à¥�«¨§�æ¨¨, ®−¨
ä®à¬ã«¨àãîâáï ¢ ®á−®¢®¯®«�£�îé¨å ¤®ªã¬¥−â�å áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�-
−¨ï | ¥¦¥£®¤−ëå ¯®á«�−¨ïå �à¥§¨¤¥−â� ÷” ”¥¤¥à�«ì−®¬ã á®¡à�−¨î ¨ ãª�§�å
�à¥§¨¤¥−â� ÷”.

‘âà�â¥£¨ç¥áª®¥ æ¥«¥¯®«�£�−¨¥ ¢ª«îç�¥â ä®à¬¨à®¢�−¨¥ ¥¤¨−®© ¨¥à�àå¨ç¥-
áª®© á¨áâ¥¬ë æ¥«¥¢ëå ¯®ª�§�â¥«¥© ¢ ¤¢ãå ¨§¬¥à¥−¨ïå | ®âà�á«¥¢®¬ ¨ â¥àà¨â®-
à¨�«ì−®¬, � â�ª¦¥ ®¡®á−®¢�−¨¥ ®á−®¢−ëå ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®-
¢�−¨ï:

{ ‘âà�â¥£¨ï ‘�÷ ÷”;

{ ‘âà�â¥£¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷”;
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‘¨áâ¥¬� ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ á®®â¢¥âáâ¢¨¨ á §�ª®−®¬ ü 172-
”‡

�â�¯ë
“à®¢−¨

”¥¤¥à�«ì−ë© ÷¥£¨®−�«ì−ë© Œã−¨æ¨¯�«ì−ë©

–¥«¥-
¯®«�£�−¨¥

��§®¢ë¥:
(�) ¥¦¥£®¤−®¥ ¯®á«�−¨¥
�à¥§¨¤¥−â� ÷” ”¥¤¥-
à�«ì−®¬ã á®¡à�−¨î ÷”;
(¡) áâà�â¥£¨ï ‘�÷ ÷”;
(¢) áâà�â¥£¨ï −�æ¨®−�«ì-
−®© ¡¥§®¯�á−®áâ¨ ÷”;
(£) áâà�â¥£¨ï −�ãç−®-â¥å-
−®«®£¨ç¥áª®£® à�§¢¨â¨ï
÷”

‘âà�â¥£¨ï
‘�÷ áã¡ê¥ªâ�

÷”

‘âà�â¥£¨ï ‘�÷
¬ã−¨æ¨¯�«ì−®£®

®¡à�§®¢�−¨ï
Š®−ªà¥â¨§¨àãîé¨¥:
(�) ®âà�á«¥¢ë¥ ¤®ªã¬¥−âë
áâà�â¥£¨ç¥áª®£® ¯«�−¨à®-
¢�−¨ï ÷”;
(¡) áâà�â¥£¨ï ¯à®áâà�−-
áâ¢¥−−®£® à�§¢¨â¨ï ÷”;
(¢) áâà�â¥£¨¨ ‘�÷ ¬�ªà®-
à¥£¨®−®¢

�à®£−®-
§¨à®¢�−¨¥

(�) ¯à®£−®§ −�ãç−®-â¥å-
−®«®£¨ç¥áª®£® à�§¢¨â¨ï
÷”;
(¡) áâà�â¥£¨ç¥áª¨© ¯à®-
£−®§ ÷”;
(¢) ¯à®£−®§ ‘�÷ ÷” −�
¤®«£®áà®ç−ë© ¯¥à¨®¤;
(£) ¡î¤¦¥â−ë© ¯à®£−®§
÷” −� ¤®«£®áà®ç−ë© ¯¥-
à¨®¤;
(¤) ¯à®£−®§ ‘�÷ ÷” −�
áà¥¤−¥áà®ç−ë© ¯¥à¨®¤

(�) ¯à®£−®§ ‘�÷ áã¡ê-
¥ªâ� ÷” −� ¤®«£®áà®ç-
−ë© ¯¥à¨®¤;
(¡) ¡î¤¦¥â−ë© ¯à®£−®§
áã¡ê¥ªâ� ÷” −� ¤®«£®-
áà®ç−ë© ¯¥à¨®¤;
(¢) ¯à®£−®§ ‘�÷ áã¡ê-
¥ªâ� ÷” −� áà¥¤−¥-
áà®ç−ë© ¯¥à¨®¤

(�) ¯à®£−®§ ‘�÷
¬ã−¨æ¨¯�«ì−®£®
®¡à�§®¢�−¨ï −�
áà¥¤−¥áà®ç−ë©
¨«¨ ¤®«£®áà®ç−ë©
¯¥à¨®¤;
(¡) ¡î¤¦¥â−ë©
¯à®£−®§ ¬ã−¨æ¨-
¯�«ì−®£® ®¡à�§®-
¢�−¨ï −� ¤®«£®-
áà®ç−ë© ¯¥à¨®¤

�«�−¨à®¢�−¨¥
¨ ¯à®£à�¬-
¬¨à®¢�−¨¥

(�) ®á−®¢−ë¥ −�¯à�¢«¥−¨ï
¤¥ïâ¥«ì−®áâ¨ �à�¢¨â¥«ì-
áâ¢� ÷”;
(¡) £®áã¤�àáâ¢¥−−ë¥ ¯à®-
£à�¬¬ë ÷”;
(¢) £®áã¤�àáâ¢¥−−�ï ¯à®-
£à�¬¬� ¢®®àã¦¥−¨ï;
(£) áå¥¬ë â¥àà¨â®à¨�«ì-
−®£® ¯«�−¨à®¢�−¨ï ÷”;
(¤) ¯«�−ë ¤¥ïâ¥«ì−®áâ¨
”�ˆ‚

(�) ¯«�− ¬¥à®¯à¨ïâ¨©
¯® à¥�«¨§�æ¨¨ áâà�â¥-
£¨¨ ‘�÷ áã¡ê¥ªâ� ÷”;
(¡) £®áã¤�àáâ¢¥−−ë¥
¯à®£à�¬¬ë áã¡ê¥ªâ�
÷”;
(¢) áå¥¬� â¥àà¨â®à¨-
�«ì−®£® ¯«�−¨à®¢�−¨ï
¤¢ãå ¨ ¡®«¥¥ áã¡ê¥ªâ®¢
÷”, áå¥¬� â¥àà¨â®à¨-
�«ì−®£® ¯«�−¨à®¢�−¨ï
áã¡ê¥ªâ� ÷”

(�) ¯«�− ¬¥à®¯à¨-
ïâ¨© ¯® à¥�«¨§�-
æ¨¨ áâà�â¥£¨¨
‘�÷ ¬ã−¨æ¨¯�«ì-
−®£® ®¡à�§®¢�−¨ï;
(¡) ¬ã−¨æ¨¯�«ì−ë¥
¯à®£à�¬¬ë
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”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

÷¨á. 1 ‘âàãªâãà� ¯à®æ¥áá®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

{ ‘âà�â¥£¨ï −�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷”;

{ ‘âà�â¥£¨ï ¯à®áâà�−áâ¢¥−−®£® ¨ ¨−äà�áâàãªâãà−®£® à�§¢¨â¨ï.

�â� £àã¯¯� ¯à®æ¥áá®¢ ¢§�¨¬®¤¥©áâ¢ã¥â á ¯¥à¢®© £àã¯¯®© á æ¥«ìî ãâ®ç−¥−¨ï
¯®«®¦¥−¨© á¢¥àå§�¤�ç¨.

Œ®−¨â®à¨−£ ¢®§¬®¦−®áâ¥© ¨ ®£à�−¨ç¥−¨© ¯®§¢®«ï¥â �ªâã�«¨§¨à®¢�âì â¥ªã-
é¨¥ ¨ ¯¥àá¯¥ªâ¨¢−ë¥ á¨«ì−ë¥ ¨ á«�¡ë¥ áâ®à®−ë ‘�÷ ÷”, ¢−¥è−¨¥ ¨ ¢−ãâà¥−−¨¥
¢®§¬®¦−®áâ¨, ã£à®§ë ¨ à¨áª¨ á æ¥«ìî ¢ëà�¡®âª¨ à¥è¥−¨© ¯® à¥�«¨§�æ¨¨ áâà�â¥-
£¨ç¥áª¨å æ¥«¥©. ˆáâ®ç−¨ª�¬¨ ¤�−−ëå ¬®−¨â®à¨−£� á«ã¦�â ¤�−−ë¥ £®áã¤�àáâ¢¥−-
−®© áâ�â¨áâ¨ç¥áª®© ®âç¥â−®áâ¨, ¤�−−ë¥ á®æ¨®«®£¨ç¥áª¨å ®¯à®á®¢, íªá¯¥àâ−®£®
á®®¡é¥áâ¢� ¨ −¥§�¢¨á¨¬ëå ¨áâ®ç−¨ª®¢.

�−�«¨§ �«ìâ¥à−�â¨¢ | íâ� £àã¯¯� ¯à®æ¥áá®¢ ¯®§¢®«ï¥â −� ®á−®¢¥ ¬®−¨â®à¨−-
£� ¢®§¬®¦−®áâ¥© ¨ ®£à�−¨ç¥−¨© ®¯à¥¤¥«¨âì �«ìâ¥à−�â¨¢−ë¥ ¢�à¨�−âë à¥è¥−¨©
¤«ï ä®à¬¨à®¢�−¨ï áâà�â¥£¨ç¥áª®£® ¯«�−�. �áãé¥áâ¢«ï¥âáï á®§¤�−¨¥ ¬®¤¥«¥©
ã¯à�¢«¥−¨ï (®æ¥−ª� ¤®áâ¨¦¨¬®áâ¨ æ¥«¥©, ãª�§�−−ëå ¢ áâà�â¥£¨ç¥áª¨å ¤®ªã¬¥−-
â�å, −� ®á−®¢¥ ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨ ¯à®£−®§¨à®¢�−¨ï).

‚ëà�¡®âª� áâà�â¥£¨ç¥áª®£® ¯«�−� | ä®à¬¨à®¢�−¨¥ á¨áâ¥¬ë ª®−ªà¥â−ëå,
®¯à¥¤¥«¥−−ëå ¨ ®¡®á−®¢�−−® ¤®áâ¨¦¨¬ëå æ¥«¥© ¢ ¢¨¤¥ ª®«¨ç¥áâ¢¥−−ëå §−�ç¥−¨©
æ¥«¥¢ëå ¯®ª�§�â¥«¥©, ¯à¨¢ï§�−−ëå ª â®çª¥/¨−â¥à¢�«ã ¢à¥¬¥−¨ ¨ ®¡¥á¯¥ç¥−−ëå
à¥áãàá�¬¨, á ®¯à¥¤¥«¥−¨¥¬ ®â¢¥âáâ¢¥−−ëå ¨á¯®«−¨â¥«¥© ¯® ®âà�á«¥¢®¬ã ¨ ¬¥¦-
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÷¨á. 2 ”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ë á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï

®âà�á«¥¢®¬ã ¯à¨−æ¨¯ã [5]. ‘ãé−®áâìî áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ï¢«ï¥âáï
á¨áâ¥¬−®¥ á®£«�á®¢�−¨¥ ¡�«�−á®¢ ¤®å®¤®¢ ¨ à�áå®¤®¢ ¯à®¨§¢®¤¨â¥«¥© ¨ ª®−¥ç−ëå
¯®âà¥¡¨â¥«¥© | £®áã¤�àáâ¢�, ¯à¥¤¯à¨ïâ¨©, ¤®¬�è−¨å å®§ï©áâ¢ (£®áã¤�àáâ¢¥−-
−ë© ¡�«�−á), íªá¯®àâ¥à®¢ ¨ ¨¬¯®àâ¥à®¢ (¢−¥è−¥íª®−®¬¨ç¥áª¨© ¡�«�−á), � â�ª¦¥
¨−â¥à¥á®¢ ¯à®¨§¢®¤¨â¥«¥© ¨ ¯®âà¥¡¨â¥«¥©. ‘âà�â¥£¨ç¥áª¨© ¯«�− §�¤�¥âáï ®á−®¢-
−ë¬¨ −�¯à�¢«¥−¨ï¬¨ ¤¥ïâ¥«ì−®áâ¨ ¯à�¢¨â¥«ìáâ¢�, ¯«�−�¬¨ ¤¥ïâ¥«ì−®áâ¨ ä¥¤¥-
à�«ì−ëå ®à£�−®¢ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ (”�ˆ‚), £®á¯à®£à�¬¬�¬¨, ¯«�−�¬¨
¬¥à®¯à¨ïâ¨© ¯® à¥�«¨§�æ¨¨ ‘�÷ ÷”. �à¨ íâ®¬ ã¢ï§ë¢�îâáï ¯«�−ë ¯® ãà®¢-
−ï¬ ¯«�−¨à®¢�−¨ï: ¤®«£®áà®ç−ë© (áâà�â¥£¨ï), áà¥¤−¥áà®ç−ë© (£®á¯à®£à�¬¬�)
¨ ªà�âª®áà®ç−ë© (¡î¤¦¥â).

�¥à¢�ï £àã¯¯� ¯à®æ¥áá®¢ ‘“‘� ¢§�¨¬®¤¥©áâ¢ã¥â á® ¢â®à®© £àã¯¯®©, ®â¢¥ç�-
îé¥© §� à¥�«¨§�æ¨î §�¤�ç áâà�â¥£¨ç¥áª¨å ¯«�−¨à®¢�−¨ï, ª®â®à�ï ¯® áãâ¨ á¢®¥©
®¡ê¥¤¨−ï¥â â¥ªãé¨¥ ¯à®æ¥ááë á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï (à¨á. 2).

ƒàã¯¯� ¯à®æ¥áá®¢ á¨âã�æ¨®−−®£® æ¥«¥¯®«�£�−¨ï ®¡¥á¯¥ç¨¢�¥â ª®−âà®«ì ¨á-
¯®«−¥−¨ï ¤¨−�¬¨ç¥áª¨å æ¥«¥©, ä®à¬¨àã¥¬ëå ¢ ‘“‘� ¢ å®¤¥ â¥ªãé¥£® ã¯à�¢«¥-
−¨ï å®¤®¬ à¥�«¨§�æ¨¨ áâà�â¥£¨ç¥áª®£® ¯«�−�.
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”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

‚ à�¬ª�å ¬®−¨â®à¨−£� à¥�«¨§�æ¨¨ ¯«�−� ®áãé¥áâ¢«ï¥âáï á¡®à ¤�−−ëå ® ª®−-
âà®«¨àã¥¬ëå ®¡ê¥ªâ�å, á®¡ëâ¨ïå ¨ áª«�¤ë¢�îé¨åáï á¨âã�æ¨ïå. Œ®−¨â®à¨−£
®¯¨à�¥âáï −� à¥¥áâà ®¡ê¥ªâ®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¨ á®®â¢¥âáâ¢ãîé¨¥
ª«�áá¨ä¨ª�â®àë, −� ¨áâ®ç−¨ª¨ ¤�−−ëå ¬®−¨â®à¨−£�, ¢ª«îç�ï ¤®ªã¬¥−âë áâà�-
â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï, −� ªà¨â¥à¨¨ ¨ ¯à�¢¨«� ®â¡®à� ¤�−−ëå ¨§ à�§«¨ç−ëå
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢. ‚ à�¬ª�å ¯à®æ¥áá®¢ ¬®−¨â®à¨−£� ®áãé¥áâ¢«ï¥âáï
®æ¥−ª� ¯�à�¬¥âà®¢ −¥−�¡«î¤�¥¬ëå (áªàëâëå) í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ −� ®á−®-
¢¥ ¢ë¡®à®ç−ëå ¨«¨ ª®á¢¥−−ëå ¤�−−ëå, �−�«¨§ −¥áâàãªâãà¨à®¢�−−ëå ¤�−−ëå,
¢ëï¢«¥−¨¥ ¨ ¨§¢«¥ç¥−¨¥ ä�ªâ®¢.

�à®æ¥ááë ¬®−¨â®à¨−£� ä¨ªá¨àãîâ á®¡ëâ¨ï, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© ¨§¬¥−¥-
−¨ï á®áâ®ï−¨ï ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£�, ª®â®àë¥ ¯®áâã¯�îâ −� ¢å®¤ äã−ªæ¨®−�«ì-
−®£® ¡«®ª� �−�«¨§� å®¤� à¥�«¨§�æ¨¨ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�-
−¨ï. ‡¤¥áì ®áãé¥áâ¢«ï¥âáï ®æ¥−ª� á«®¦¨¢è¥©áï á¨âã�æ¨¨ (èâ�â−�ï, −¥èâ�â−�ï)
¨ ä®à¬¨à®¢�−¨¥ £¨¯®â¥§ ® á®áâ®ï−¨¨ ®¡ê¥ªâ®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï,
� â�ª¦¥ �−�«¨§ ¨ ãç¥â áãé¥áâ¢ãîé¥£® ®¯ëâ�. �à®æ¥ááë �−�«¨§� ®¯¨à�îâáï −�
¬¥â®¤ë ¤¥ª®¬¯®§¨æ¨¨ áª«�¤ë¢�îé¨åáï á¨âã�æ¨© −� ¨§¢¥áâ−ë¥ ¨«¨ ¤®áâ�â®ç−®
¯à®áâë¥ á¨âã�æ¨¨ ¤«ï −®à¬�«¨§�æ¨¨ á ¯®¬®éìî à¥áãàá®¢ á¨áâ¥¬ë. ��ª®−¥æ,
¢ §�¢¨á¨¬®áâ¨ ®â â®£®, ª�ª�ï á¨âã�æ¨ï ¨¤¥−â¨ä¨æ¨à®¢�−�, á ¨á¯®«ì§®¢�−¨¥¬
íªá¯¥àâ−®£® ®¡¥á¯¥ç¥−¨ï ¢ëà�¡�âë¢�îâáï ¢�à¨�−âë à¥�ªæ¨¨ ‘“‘�. ‚�¦−¥©-
è¥© á®áâ�¢«ïîé¥© �−�«¨§� ï¢«ïîâáï ¯à®æ¥ááë ªà�âª®áà®ç−®£® ¨ áâà�â¥£¨ç¥áª®£®
¯à®£−®§¨à®¢�−¨ï.

”ã−ªæ¨®−�«ì−ë© ¡«®ª á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© (‘��÷)
¯à¥¤−�§−�ç¥− ¤«ï ä®à¬¨à®¢�−¨ï à¥è¥−¨ï −� ®á−®¢¥ ¢®§¬®¦−ëå �«ìâ¥à−�â¨¢
á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤®¢ ¬−®£®ªà¨â¥à¨�«ì−®£® ¢ë¡®à�. �æ¥−ª� ª�ç¥áâ¢� ¢ë-
¡à�−−ëå �«ìâ¥à−�â¨¢ à¥è¥−¨© ¬®¦¥â â�ª¦¥ ®áãé¥áâ¢«ïâìáï á ¨á¯®«ì§®¢�−¨¥¬
¬¥â®¤®¢ áæ¥−�à−®£® ¯à®£−®§¨à®¢�−¨ï, çâ® ¯®§¢®«ï¥â ãç¥áâì ¢«¨ï−¨¥ ã¯à�¢«ïî-
é¨å ¢®§¤¥©áâ¢¨© ‘“‘� −� à�§¢¨â¨¥ ®¡áâ�−®¢ª¨. �«®ª ‘��÷ ¤®«¦¥− ®¡¥á¯¥ç¨âì
â�ª¦¥ ä®à¬¨à®¢�−¨¥ ¤¨−�¬¨ç¥áª¨å æ¥«¥© ¤«ï ®¡¥á¯¥ç¥−¨ï ¯à®æ¥áá®¢ ¬®−¨â®à¨−-
£� å®¤� à¥�«¨§�æ¨¨ à¥è¥−¨©.

�à®æ¥ááë ¡«®ª� à¥�«¨§�æ¨¨ à¥è¥−¨© ®¡¥á¯¥ç¨¢�îâáï ¨−äà�áâàãªâãà®© ä®à-
¬�«¨§®¢�−−®£® í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â� ¤«ï ¨å ¤®¢¥¤¥−¨ï ¤® ¨á¯®«−¨â¥-
«¥© ¨ ª®−âà®«ï ¨á¯®«−¥−¨ï. „�−−ë© äã−ªæ¨®−�«ì−ë© ¡«®ª ¯à¨ −¥®¡å®¤¨¬®áâ¨
®áãé¥áâ¢«ï¥â ®¡à�â−ãî á¢ï§ì á á¨áâ¥¬®© áâà�â¥£¨ç¥áª®£® æ¥«¥¯®«�£�−¨ï á æ¥«ìî
ª®àà¥ªâ¨à®¢ª¨ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï.

4 Информационное взаимодействие в многоуровневой системе
управления стратегическим планированием

ˆ−ä®à¬�æ¨®−−ë¥ ¢§�¨¬®¤¥©áâ¢¨ï, ¯à®¨áå®¤ïé¨¥ ¢ ¨¥à�àå¨ç¥áª®© ¬−®£®-
ãà®¢−¥¢®© á¨áâ¥¬¥ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï áâà�â¥£¨ç¥áª¨¬ ¯«�−¨à®¢�−¨¥¬,
¯®¤à�§¤¥«ïîâáï −� ¢−¥è−¨¥ ¨ ¢−ãâà¥−−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï (à¨á. 3). ‚−¥è−¨¥
¢§�¨¬®¤¥©áâ¢¨ï á ®ªàã¦�îé¥© áà¥¤®© ¯à®¨áå®¤ïâ á ¯®¬®éìî á¥−á®à−ëå ¯®¤á¨á-
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÷¨á. 3 �à®æ¥ááë ¢§�¨¬®¤¥©áâ¢¨ï ¢ ¨¥à�å¨ç¥áª®© ‘“‘�

â¥¬, ª®â®àë¥ ¬®£ãâ ®áãé¥áâ¢«ïâì ¯à¨¥¬ á¨£−�«®¢, ¤®−¥á¥−¨©, à�§«¨ç−ëå ¢¨¤®¢
áâàãªâãà¨à®¢�−−ëå ¨ −¥áâàãªâãà¨à®¢�−−ëå ¤�−−ëå, � â�ª¦¥ ¨−áâàãªæ¨© ®â
¢ëè¥áâ®ïé¨å ®à£�−®¢, ®áãé¥áâ¢«ïîé¨å æ¥«¥¯®«�£�−¨¥ ¨ ¤àã£®¥ à¥£ã«¨à®¢�−¨¥
¤¥ïâ¥«ì−®áâ¨ á¨áâ¥¬ë ã¯à�¢«¥−¨ï −� ®á−®¢¥ −®à¬�â¨¢−®-¯à�¢®¢ëå ¤®ªã¬¥−â®¢.

‚ áâàãªâãà¥ ¨−ä®à¬�æ¨®−−ëå ¢§�¨¬®¤¥©áâ¢¨© ¢−ãâà¨ ¨¥à�àå¨ç¥áª®© á¨áâ¥-
¬ë ã¯à�¢«¥−¨ï ¬®¦−® ¢ë¤¥«¨âì âà¨ ¢¨¤� ¤�−−ëå: ¨−áâàãªæ¨¨, ®âç¥âë ¨ á¢¥¤¥−¨ï.

ˆ−áâàãªæ¨¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ã¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï ¢ ¢¨¤¥, ª�ª ¯à�-
¢¨«®, ä®à¬�«¨§®¢�−−ëå á®®¡é¥−¨© (á¨£−�«®¢, æ¥«¥ãª�§�−¨©, à�á¯®àï¦¥−¨©,
ª®¬�−¤), ¯¥à¥¤�¢�¥¬ëå ¯® ¨¥à�àå¨¨ ¯®¤ç¨−¥−−®áâ¨ úá¢¥àåã ¢−¨§û | ®â ¢ëè¥-
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”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

áâ®ïé¨å ª −¨¦¥áâ®ïé¨¬ ¯®¤á¨áâ¥¬�¬. ‘ ¯®¬®éìî ¨−áâàãªæ¨© ¢ë¯®«−ïîâáï
¤¥©áâ¢¨ï ¯® ¨á¯®«−¥−¨î ¯à¨−ïâëå à¥è¥−¨©, ¢ª«îç�ï ãáâ�−®¢«¥−¨¥ ¤¨−�¬¨-
ç¥áª¨å á¨âã�æ¨®−−ëå æ¥«¥©, ®¯à¥¤¥«¥−¨¥ áà®ª®¢, ®â¢¥âáâ¢¥−−ëå ¨á¯®«−¨â¥«¥©
¨ ¢ë¤¥«¥−¨¥ âà¥¡ã¥¬ëå à¥áãàá®¢. ’�ª®© äã−ªæ¨®−�« ®¡ëç−® à¥�«¨§ã¥âáï áà¥¤-
áâ¢�¬¨ ä®à¬�«¨§®¢�−−®£® í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â�.

�âç¥âë ¯¥à¥¤�îâáï ®â −¨¦¥áâ®ïé¨å ª ¢ëè¥áâ®ïé¨¬ ¯®¤á¨áâ¥¬�¬ ¢ ¢¨¤¥
ä®à¬�«¨§®¢�−−ëå ¤®−¥á¥−¨© ® à¥�«¨§�æ¨¨ ¯®áâ�¢«¥−−ëå æ¥«¥©, ª®â®àë¥ −�å®-
¤ïâáï −� ª®−âà®«¥ ¢ëè¥áâ®ïé¥£® ®à£�−� ã¯à�¢«¥−¨ï. ‘î¤� ¬®£ãâ ¢ª«îç�âìáï
¤®ª«�¤ë ® £®â®¢−®áâ¨ ¨ à�¡®â®á¯®á®¡−®áâ¨, � â�ª¦¥ à¥§ã«ìâ�âë ¤¥ïâ¥«ì−®áâ¨ ¯®
à¥�«¨§�æ¨¨ à¥è¥−¨©.

‘¢¥¤¥−¨ï ¯à¥¤áâ�¢«ïîâ á®¡®© ä®à¬�«¨§®¢�−−ë¥ ¨ −¥ä®à¬�«¨§®¢�−−ë¥ á®-
®¡é¥−¨ï, ¯¥à¥¤�¢�¥¬ë¥ á æ¥«ìî ¨−ä®à¬¨à®¢�−¨ï ¨ ª®®à¤¨−�æ¨¨ ¤¥ïâ¥«ì−®áâ¨
¢§�¨¬®¤¥©áâ¢ãîé¨å ¯®¤á¨áâ¥¬, � â�ª¦¥ ®¡¬¥−� ¤�−−ë¬¨ ® à¥§ã«ìâ�â�å �−�«¨â¨-
ª¨ (¯à®£−®§¨à®¢�−¨¥, ¨¤¥−â¨ä¨ª�æ¨ï á¨âã�æ¨©, ¢ëï¢«¥−−ë¥ âà¥−¤ë, �−®¬�«¨¨,
�àâ¥ä�ªâë). ‚ [6] à�áá¬®âà¥−ë ¢®¯à®áë ®à£�−¨§�æ¨¨ ®¡¬¥−� �−�«¨â¨ç¥áª¨¬¨
¤�−−ë¬¨ à�§«¨ç−ëå ¢¨¤®¢ ¨ ®¡®á−®¢�−ë á¯®á®¡ë ¨å ä®à¬�«¨§�æ¨¨.

�à¨¢¥¤¥−−�ï ¯à®æ¥áá−�ï ¬®¤¥«ì ¯®§¢®«ï¥â áä®à¬ã«¨à®¢�âì ¤®áâ�â®ç−ë¥
äã−ªæ¨®−�«ì−ë¥ âà¥¡®¢�−¨ï ¨ âà¥¡®¢�−¨ï ¯® −�§−�ç¥−¨î ¯à¨ ¯®¤£®â®¢ª¥ â¥å−¨-
ç¥áª®£® §�¤�−¨ï −� ‘“‘� ¨ ¥¥ á®áâ�¢−ë¥ ç�áâ¨.
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Abstract: The article deals with the approaches to the development of process
models of management systems in the field of strategic planning. From the
point of view of the scientific approach, the methods of strategic planning can be
attributed to the theory of complex systems management. The key is to understand
strategic planning as a cyclical sequence of interrelated processes, among which
there are two complete and interrelated management cycles which will be
conventionally called \planning" and \implementation." The management cycle
\implementation" is clearly situational. It provides continuous monitoring of the
implementation of the strategic plan, situational analysis of the flows of events
in the controlled space, and the current response to changes in the situation up to
the adjustment of strategic planning documents.
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СИМВОЛЫ, КОДЫ, СИГНАЛЫ

В. Д. Ильин1

�−−®â�æ¨ï: ‘®¢¥àè¥−áâ¢®¢�−¨¥ á¨¬¢®«ì−®£®, ª®¤®¢®£® ¨ á¨£−�«ì−®£® �àá¥-
−�«� á®¢à¥¬¥−−®© áà¥¤ë ¯®áâà®¥−¨ï, ¨−â¥à¯à¥â�æ¨¨, á®åà�−¥−¨ï, ¬�−¨¯ã«¨-
à®¢�−¨ï ¨ ®¡¬¥−� á®®¡é¥−¨ï¬¨ | ¯®áâ®ï−−® �ªâã�«ì−�ï −�ãç−®-â¥å−¨ç¥áª�ï
§�¤�ç�, ®â à¥è¥−¨ï ª®â®à®© §�¢¨á¨â ¯à®¤¢¨¦¥−¨¥ ¯® ¬−®£¨¬ −�¯à�¢«¥−¨ï¬
à�§¢¨â¨ï ¨−â¥àä¥©á®¢ úç¥«®¢¥ª{¬�è¨−�û ¨ ú¬�è¨−�{¬�è¨−�û. ‘¨¬¢®«ë,
ª®¤ë ¨ á¨£−�«ë à�áá¬�âà¨¢�îâáï ¢ áâ�âì¥ ª�ª ª®−áâàãªâ¨¢−ë¥ ®¡ê¥ªâë ¤«ï
¯®áâà®¥−¨ï, á®åà�−¥−¨ï ¨ ¯¥à¥¤�ç¨ á®®¡é¥−¨© ¢ æ¨äà®¢®© áà¥¤¥. ‘¨¬¢®«
®¯à¥¤¥«¥− ª�ª §�¬¥−¨â¥«ì −¥ª®â®à®£® ®¡ê¥ªâ�, ¯à¨−�¤«¥¦�é¨© ®¯à¥¤¥«¥−−®-
¬ã −�¡®àã ¤«ï ä®à¬¨à®¢�−¨ï á®®¡é¥−¨© ¯® §�¤�−−ë¬ ¯à�¢¨«�¬. Š�¦¤ë©
í«¥¬¥−â â�ª®£® −�¡®à� −�¤¥«¥− á®¢®ªã¯−®áâìî á¢®©áâ¢ (®¤¨−�ª®¢®© ¤«ï ¢á¥å
í«¥¬¥−â®¢ −�¡®à�), ®¡¥á¯¥ç¨¢�îé¥© ¯à¨¬¥−¨¬®áâì ¢ §�¤�−−®© áà¥¤¥ ä®à¬¨à®-
¢�−¨ï, ¯¥à¥¤�ç¨, ¨−â¥à¯à¥â�æ¨¨, á®åà�−¥−¨ï á®®¡é¥−¨© ¨ ¬�−¨¯ã«¨à®¢�−¨ï
¨¬¨ (ª®¯¨à®¢�−¨ï, ¯®¨áª� ¨ ¤à.). �¯à¥¤¥«¥−ë ¢¨¤ë (¢¨§ã�«ì−ë©, �ã¤¨®
¨ ¤à.) á¨¬¢®«®¢ ¨ ¤«ï ª�¦¤®£® ¢¨¤� | â¨¯ë á¨¬¢®«®¢. Š®¤ ®¯à¥¤¥«¥− ª�ª
§�¬¥−¨â¥«ì á¨¬¢®«� ¨«¨ á®®¡é¥−¨ï, ã¤®¢«¥â¢®àïîé¨© âà¥¡®¢�−¨ï¬ à¥è¥−¨ï
¡�§®¢ëå §�¤�ç ¯à¥¤áâ�¢«¥−¨ï, ¯à¥®¡à�§®¢�−¨ï, à�á¯®§−�¢�−¨ï, ª®−áâàã¨à®-
¢�−¨ï, ¨−â¥à¯à¥â�æ¨¨, ®¡¬¥−�, á®åà�−¥−¨ï, −�ª®¯«¥−¨ï, ¯®¨áª� ¨ §�é¨âë
á®®¡é¥−¨©. ‘¨£−�« ¨§ãç�¥âáï ª�ª ä¨§¨ç¥áª¨ à¥�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥
ª®¤�, à�ááç¨â�−−®¥ −� à�á¯®§−�¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨î ç¥«®¢¥ª®¬ ¨«¨ �¯¯�-
à�â−ë¬ áà¥¤áâ¢®¬ (¬¨ªà®¯à®æ¥áá®à®¬, ¢¨¤¥®ª®−âà®««¥à®¬ ¨«¨ ¤à.).

Š«îç¥¢ë¥ á«®¢�: ¨−â¥àä¥©áë; á®®¡é¥−¨ï; á¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥;
á¨¬¢®«ë; ¢¨¤ë á¨¬¢®«®¢; â¨¯ë á¨¬¢®«®¢; ª®¤ë; á¨£−�«ë

DOI: 10.14357/08696527190413

1 Введение

‚ á®¢à¥¬¥−−®© áà¥¤¥ à¥è¥−¨ï §�¤�ç á ¯®¬®éìî ª®¬¯ìîâ¥à®¢ ¨ ª®¬¯ìî-
â¥à−ëå ãáâà®©áâ¢ (s-áà¥¤¥) á á¨¬¢®«�¬¨ ¨ ¯®áâà®¥−−ë¬¨ ¨§ −¨å á®®¡é¥−¨ï¬¨
¨¬¥îâ ¤¥«® «î¤¨, á ª®¤�¬¨ (á¨¬¢®«®¢ ¨ á®®¡é¥−¨©) | ¯à®£à�¬¬−ë¥ áà¥¤áâ¢�,
� á á¨£−�«�¬¨ (ä¨§¨ç¥áª¨¬¨ à¥�«¨§�æ¨ï¬¨ ª®¤®¢) | �¯¯�à�â−ë¥ áà¥¤áâ¢�2.

‚ −�è¨ ¤−¨ ¨−äà�áâàãªâãà−®¥ ï¤à® ¯à¨¬¥−¥−¨ï æ¨äà®¢ëå ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© (æ¨äà®¢¨§�æ¨¨) ¢ª«îç�¥â â¥å−®«®£¨¨ æ¨äà®¢ëå ¤¢®©−¨ª®¢ (�−£«.
digital twins) [1], ®¡«�ç−ëå ¢ëç¨á«¥−¨© (�−£«. cloud computing) [2{4], í«¥ª-
âà®−−ëå á¥à¢¨á®¢ [5{7], ˆ−â¥à−¥â� ¢¥é¥© (�−£«. Internet of Things, IoT) [8, 9]
¨ M2M-â¥å−®«®£¨¨ (�−£«. Machine-to-Machine, M2M) [10,11].

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

2ˆ«ì¨− ‚. „. ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�−¨¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï, 2019. [�«¥ª-
âà®−−ë© à¥áãàá]. http://dev.bigenc.ru/technology and technique/text/4010980(¤�â� ®¡à�é¥−¨ï:
22.08.2019).
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‚ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨©
¨ ¯à¨¬¥à®¢ ¤�«¥¥ ¨á¯®«ì§ãîâáï áà¥¤áâ¢� ï§ëª� TSM-ª®¬¯«¥ªá� (TSM: Textual
Symbolic Modeling), à�§à�¡®â�−−®£® ¤«ï ä®à¬�«¨§®¢�−−®£® ®¯¨á�−¨ï â¥ªáâ®¢ëå
¬®¤¥«¥© [12].

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

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

á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.
�à¥ä¨ªá s- ®§−�ç�¥â ¯à¨−�¤«¥¦−®áâì ª á¨áâ¥¬¥ ¯®−ïâ¨© á¨¬¢®«ì−®£® ¬®¤¥-

«¨à®¢�−¨ï ¯à®¨§¢®«ì−ëå ®¡ê¥ªâ®¢ ¢ ç¥«®¢¥ª®-¬�è¨−−®© áà¥¤¥ à¥è¥−¨ï §�¤�ç
(s-áà¥¤¥), −�§¢�−−®£® s-¬®¤¥«¨à®¢�−¨¥¬ [12].

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

2 S-символы
‚ s-áà¥¤¥ á ¯®¬®éìî ª®¬¯ìîâ¥à®¢ ¨ ª®¬¯ìîâ¥à−ëå ãáâà®©áâ¢ (¢ â¥®à¨¨

s-¬®¤¥«¨à®¢�−¨ï [12] −�§¢�−−ëå s-¬�è¨−�¬¨) ä®à¬¨àãîâáï á®®¡é¥−¨ï, ¯à¥¤-
áâ�¢«ï¥¬ë¥ −� ï§ëª�å ¯à®£à�¬¬¨à®¢�−¨ï1, §�¯à®á®¢ ¨ ¤à. ‚ë¯®«−ïîâáï à�§-
«¨ç−ë¥ ¯à¥®¡à�§®¢�−¨ï [© ¨§ �−�«®£®¢®© ä®à¬ë ¢ æ¨äà®¢ãî ¨ ®¡à�â−®; ¨§ −¥-
á¦�â®© ¢ á¦�âãî ¨ ®¡à�â−®; ¨§ ®¤−®© ä®à¬ë ¯à¥¤áâ�¢«¥−¨ï ¤®ªã¬¥−â� ¢ ¤àã£ãî
(© *.doc ¢ *.pdf ©) ©] ¨ à�á¯®§−�¢�−¨ï á®®¡é¥−¨©. ‘®åà�−ï¥¬ë¥ á®®¡é¥−¨ï
¨á¯®«ì§ãîâáï ¤«ï ª®−áâàã¨à®¢�−¨ï −®¢ëå á®®¡é¥−¨© (¯à®£à�¬¬, ¤®ªã¬¥−â®¢
¨ ¤à.). ‘®®¡é¥−¨ï ¨−â¥à¯à¥â¨àãîâáï −� ¬®¤¥«ïå á¨áâ¥¬ ¯®−ïâ¨© [12], ª®â®àë¥
åà�−ïâáï ¢ ¯�¬ïâ¨ ¨−â¥à¯à¥â�â®à� â�ª¦¥ ¢ ä®à¬¥ á®®¡é¥−¨©. ‘®®¡é¥−¨ï¬¨ ®¡-
¬¥−¨¢�îâáï [¨á¯®«ì§ãï ¯à¨ íâ®¬ ¯à®£à�¬¬−®-�¯¯�à�â−® à¥�«¨§®¢�−−ë¥ á¨áâ¥¬ë
¯à�¢¨« (© s-á¥â¥¢ë¥2 ¯à®â®ª®«ë ©)]; ¨å á®åà�−ïîâ ¨ −�ª�¯«¨¢�îâ (á®§¤�¢�ï
í«¥ªâà®−−ë¥ ¡¨¡«¨®â¥ª¨, í−æ¨ª«®¯¥¤¨¨ ¨ ¤àã£¨¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë).
‘®®¡é¥−¨ï á«ã¦�â ®¡ê¥ªâ�¬¨ ¯®¨áª� ¨ §�é¨âë [12].

� S-á®®¡é¥−¨¥ à�áá¬�âà¨¢�¥¬ ª�ª ª®−¥ç−ãî ã¯®àï¤®ç¥−−ãî á®¢®ªã¯−®áâì
s-á¨¬¢®«®¢, à�ááç¨â�−−ãî −� à�á¯®§−�¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨î ¯®«ãç�â¥«¥¬-ç¥-
«®¢¥ª®¬, ¨«¨ ¥¥ s-ª®¤, ã¤®¢«¥â¢®àïîé¨© âà¥¡®¢�−¨ï¬ à¥è¥−¨ï ¡�§®¢ëå §�¤�ç

1ˆ«ì¨− �. ‚. Ÿ§ëª¨ ¯à®£à�¬¬¨à®¢�−¨ï // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï, 2019. [�«¥ª-
âà®−−ë© à¥áãàá]. https://bigenc.ru/technology and technique/text/4924750 (¤�â� ®¡à�é¥−¨ï:
22.08.2019).

2ˆ«ì¨− ‚. „. Š®¬¯ìîâ¥à−�ï á¥âì // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï, 2019. [�«¥ª-
âà®−−ë© à¥áãàá]. https://bigenc.ru/technology and technique/text/2087809 (¤�â� ®¡à�é¥−¨ï:
22.08.2019).
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s-(¯à¥¤áâ�¢«¥−¨ï, ¯à¥®¡à�§®¢�−¨ï, à�á¯®§−�¢�−¨ï, ª®−áâàã¨à®¢�−¨ï, ¨−â¥à-
¯à¥â�æ¨¨, ®¡¬¥−�, á®åà�−¥−¨ï, −�ª®¯«¥−¨ï, ¯®¨áª� ¨ §�é¨âë) ¢ s-áà¥¤¥. �

© S-¬®¤¥«¨ á¨áâ¥¬ ¯®−ïâ¨© ¨ á¨áâ¥¬ §−�−¨©, ¢ ª®â®àëå ¯à¥¤áâ�¢«¥−ë
à¥§ã«ìâ�âë ¨§ãç¥−¨ï ¯à®¨§¢®«ì−ëå áãé−®áâ¥© (®¡ê¥ªâ®¢ ¨áá«¥¤®¢�−¨©) [12];
¯à®£à�¬¬ë, ®¯à¥¤¥«ïîé¨¥ ¯®¢¥¤¥−¨¥ s-¬�è¨−; ¢¥¡-áâà�−¨æë ¨ ä�©«ë ¤®ªã¬¥−-
â®¢ | ¢á¥ íâ® s-á®®¡é¥−¨ï ©.

� S-á¨¬¢®« | §�¬¥−¨â¥«ì −¥ª®â®à®£® ®¡ê¥ªâ�, ¯à¨−�¤«¥¦�é¨© ®¯à¥¤¥«¥−-
−®¬ã −�¡®àã, ¯à¥¤−�§−�ç¥−−®¬ã ¤«ï ä®à¬¨à®¢�−¨ï s-á®®¡é¥−¨© ¯® §�¤�−−ë¬
¯à�¢¨«�¬. Š�¦¤ë© í«¥¬¥−â â�ª®£® −�¡®à� −�¤¥«¥− á®¢®ªã¯−®áâìî á¢®©áâ¢ (®¤¨-
−�ª®¢®© ¤«ï ¢á¥å í«¥¬¥−â®¢ −�¡®à�), ®¡¥á¯¥ç¨¢�îé¥© ¯à¨¬¥−¨¬®áâì ¢ s-áà¥¤¥
¤«ï ä®à¬¨à®¢�−¨ï, ¯¥à¥¤�ç¨, à�á¯®§−�¢�−¨ï, ¨−â¥à¯à¥â�æ¨¨, á®åà�−¥−¨ï á®-
®¡é¥−¨© ¨ ¬�−¨¯ã«¨à®¢�−¨ï ¨¬¨ (ª®¯¨à®¢�−¨ï, ¯®¨áª� ¨ ¤à.). �à¥¤áâ�¢«¥−
¢ ¤¢ãå ä®à¬�å, ®¤−� ¨§ ª®â®àëå à�ááç¨â�−� −� à�á¯®§−�¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨î
ç¥«®¢¥ª®¬, ¤àã£�ï | ¯à®£à�¬¬®© s-¬�è¨−ë.

S-á¨¬¢®« ï¢«ï¥âáï à¥�«¨§ã¥¬ë¬ ¢ s-áà¥¤¥ áà¥¤áâ¢®¬ ¯à¥¤áâ�¢«¥−¨ï ¯à®-
¨§¢®«ì−®£® ®¡ê¥ªâ�, −�¤¥«¥−−ë¬ −�¡®à®¬ á¢®©áâ¢, ®¡¥á¯¥ç¨¢�îé¨å ¢®§¬®¦-
−®áâ¨: à�á¯®§−�¢�−¨ï ¨ ¨−â¥à¯à¥â�æ¨¨ ç¥«®¢¥ª®¬; ¯à¨¬¥−¥−¨ï ¡¥§ ãç�áâ¨ï
¨§®¡à¥â�â¥«ï; −¥®£à�−¨ç¥−−®£® ç¨á«� ¢®á¯à®¨§¢¥¤¥−¨© ¯® §�¤�−−ë¬ ¯à�¢¨«�¬,
ª®¯¨à®¢�−¨ï, ã¤�«¥−¨ï ¨ ¯¥à¥¬¥é¥−¨ï ¢ s-áà¥¤¥; ¯à¨¬¥−¥−¨ï ¢ §�¤�ç�å s-(¯à¥¤-
áâ�¢«¥−¨ï, à�á¯®§−�¢�−¨ï, ¯à¥®¡à�§®¢�−¨ï, ª®−áâàã¨à®¢�−¨ï, ¨−â¥à¯à¥â�æ¨¨,
®¡¬¥−�, á®åà�−¥−¨ï, −�ª®¯«¥−¨ï, ¯®¨áª�, §�é¨âë) á®®¡é¥−¨©. �¡®§−�ç¥−¨¥
¢ s-¬®¤¥«¨à®¢�−¨¨ | s-symbol. �

÷®«ì −�¡®à� á¨¬¢®«®¢ ¬®¦¥â ¢ë¯®«−ïâì çâ® ã£®¤−® [¥á«¨ íâ® úçâ® ã£®¤−®û −�-
¤¥«¥−® á®¢®ªã¯−®áâìî á¢®©áâ¢, ®¡¥á¯¥ç¨¢�îé¨å ¯à¨¬¥−¨¬®áâì ¢ §�¤�−−®© áà¥¤¥
ä®à¬¨à®¢�−¨ï, ¯¥à¥¤�ç¨, ¨−â¥à¯à¥â�æ¨¨, á®åà�−¥−¨ï á®®¡é¥−¨© ¨ ¬�−¨¯ã«¨à®-
¢�−¨ï ¨¬¨ (ª®¯¨à®¢�−¨ï, ¯®¨áª� ¨ ¤à.)].

© ��¡®à ¦¥áâ®¢ëå á¨¬¢®«®¢ ï§ëª� £«ãå®−¥¬ëå; á¨áâ¥¬� �à�©«ï ¤«ï á«¥¯ëå
(¨á¯®«ì§ãîâáï ä�ªâãà−ë¥ á¨¬¢®«ë, à�ááç¨â�−−ë¥ −� ®áï§�−¨¥ ¯®áà¥¤áâ¢®¬ ¯�«ì-
æ¥¢ àãª); −�¡®à §¢ãª®¢ëå á¨¬¢®«®¢ ¬ã§ëª�«ì−®© ª®¬¯®§¨æ¨¨ ¨ á®®â¢¥âáâ¢ãîé¨©
¥¬ã −�¡®à £à�ä¨ç¥áª¨å á¨¬¢®«®¢ −®â−®£® ¯¨áì¬�; −�¡®à £à�ä¨ç¥áª¨å á¨¬¢®«®¢
è�å¬�â−®© −®â�æ¨¨. ©

�¥ ¯à¥¤¯®«�£�¥âáï −¨ª�ª¨å ®£à�−¨ç¥−¨© −� ¢¨¤ë ¨ â¨¯ë §�¬¥−ï¥¬ëå á¨¬-
¢®«�¬¨ ®¡ê¥ªâ®¢: ®−¨ ¬®£ãâ ¨¬¥âì «î¡ãî ä¨§¨ç¥áªãî áãé−®áâì, à�§¬¥é¥−¨¥,
¯à®¨áå®¦¤¥−¨¥ ¨ −�§−�ç¥−¨¥. ‘¨¬¢®«ë ®¤−®£® ¢¨¤� ¬®£ãâ §�¬¥−ïâì á¨¬¢®«ë
¤àã£®£® ¢¨¤� (â® ¦¥ á¯à�¢¥¤«¨¢® ¨ ¤«ï â¨¯®¢ á¨¬¢®«®¢).

‚®á¯à®¨§¢®¤¨¬®áâì. �à¨£¨−�«ì−ë© á¨¬¢®«, åà�−ïé¨©áï â®«ìª® ¢ ¯�¬ïâ¨
ç¥«®¢¥ª�, ª®â®àë© ¥£® ¨§®¡à¥«, ¯à¨®¡à¥â�¥â è�−á áâ�âì ¢®á¯à®¨§¢®¤¨¬ë¬, ª®£¤�
®− ¯à¥¤áâ�¢«¥− ¢ s-áà¥¤¥. �â® ®§−�ç�¥â, çâ® −®¢ë© á¨¬¢®« ®¯¨á�− ¥£® ¨§®¡à¥â�-
â¥«¥¬ á ¨á¯®«ì§®¢�−¨¥¬ ¤àã£¨å á¨¬¢®«®¢, áç¨â�îé¨åáï ¨§¢¥áâ−ë¬¨. „àã£¨¬¨
á«®¢�¬¨, ¢®á¯à®¨§¢®¤¨¬®áâì ¯à¥¤¯®«�£�¥â ®¡ï§�â¥«ì−ãî ®¯®àã −� ã¦¥ ¨§¢¥áâ−ë¥
á¨¬¢®«ë ¨ áà¥¤áâ¢� ¨å ¨§£®â®¢«¥−¨ï ¨ ¯à¨¬¥−¥−¨ï.

„¨áªà¥â−®áâì. ‘¨¬¢®«ë, ¨á¯®«ì§ã¥¬ë¥ ¢ s-áà¥¤¥, ¤¨áªà¥â−ë. „¨áªà¥â−®áâì
á¨¬¢®«®¢ | −¥®¡å®¤¨¬®¥ ãá«®¢¨¥ ¨å à�§«¨ç¨¬®áâ¨.
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‘¨¬¢®«ë, ª®¤ë, á¨£−�«ë

�®à®£®¢�ï à�§«¨ç¨¬®áâì. �¯à¥¤¥«ï¥â ¤®¯ãáâ¨¬®¥ ã¬¥−ìè¥−¨¥ à�§¬¥-
à®¢ ¢¨§ã�«ì−ëå s-á¨¬¢®«®¢, ¯à®¤®«¦¨â¥«ì−®áâ¨ §¢ãç�−¨ï �ã¤¨®-s-á¨¬¢®«®¢
¨ â. ¤. [12].

‚¨¤ë ¨ â¨¯ë á¨¬¢®«®¢. ‚¨¤�¬ á¨¬¢®«®¢ (¢¨§ã�«ì−®¬ã, �ã¤¨® ¨ ¤à. [12])
á®®â¢¥âáâ¢ãîâ áà¥¤áâ¢� ¯à®¨§¢®¤áâ¢� ¨ ¢®á¯à¨ïâ¨ï á®®¡é¥−¨©, ª®â®àë¬¨ −�¤¥«¥−
ç¥«®¢¥ª ¨ s-¬�è¨−−ë¥ ãáâà®©áâ¢� ¢¢®¤�{¢ë¢®¤�. ‚¨¤ë á¨¬¢®«®¢ ¤¥«ïâáï −�
â¨¯ë.

� ’¨¯ã ts[A[at, op]] á¨¬¢®«®¢ á®®â¢¥âáâ¢ã¥â ¬−®¦¥áâ¢® A á¨¬¢®«®¢, ¤«ï
ª®â®àëå ®¯à¥¤¥«¥−ë −�¡®à �âà¨¡ãâ®¢ at ¨ á¥¬¥©áâ¢® op ¤®¯ãáâ¨¬ëå ®¯¥à�æ¨©. �

‘¯¥æ¨�«¨§�æ¨¥© ts[B < A[at, op]] â¨¯� ts[A[at, op]] ¡ã¤¥¬ −�§ë¢�âì ¯®¤-
¬−®¦¥áâ¢® B < A[at, op] á¨¬¢®«®¢ á −�¡®à®¬ �âà¨¡ãâ®¢ at[B] (at[B] > at[A])
¨ á¥¬¥©áâ¢®¬ ¤®¯ãáâ¨¬ëå ®¯¥à�æ¨© op[B] (op[B] > op[A]). ’¨¯ ts[A[at, op]]
¡ã¤¥¬ −�§ë¢�âì ®¡®¡é¥−¨¥¬ â¨¯� ts[B < A[at, op]].

© ’¥ªáâ®¢ë©, £¨¯¥àâ¥ªáâ®¢ë©, �−¨¬�æ¨®−−ë© | á¯¥æ¨�«¨§�æ¨¨ â¨¯� £à�-
ä¨ç¥áª¨©. �«¥¬¥−âë ¬−®¦¥áâ¢� á¨¬¢®«®¢ â¨¯� â¥ªáâ®¢ë© | £à�ä¨ç¥áª¨¥
¨§®¡à�¦¥−¨ï ¡ãª¢, §−�ª®¢ ¯à¥¯¨−�−¨ï ¨ ¤à., ¤«ï ª®â®àëå §�¤�− −�¡®à ®£à�−¨ç¥-
−¨© (−� à�§¬¥àë, ¢§�¨¬−®¥ à�§¬¥é¥−¨¥ ¨ ¤à.). ’¨¯ ç¨á«®¢®© | á¯¥æ¨�«¨§�æ¨ï
â¨¯� â¥ªáâ®¢ë© (♦ ¢ á¥¬¥©áâ¢¥ ®¯¥à�æ¨© â¨¯� ç¨á«®¢®© ¥áâì �à¨ä¬¥â¨ç¥áª¨¥
®¯¥à�æ¨¨, ª®â®àëå −¥â ¢ á¥¬¥©áâ¢¥ ®¯¥à�æ¨© â¨¯� â¥ªáâ®¢ë© ♦). ©

�â−®è¥−¨ï. � �ª¢¨¢�«¥−â−®áâì ®¯à¥¤¥«ï¥â ¢§�¨¬®§�¬¥−ï¥¬®áâì s-á¨¬¢®-
«®¢. � Œ®¦¥â ¡ëâì §�¤�−� ¤«ï «î¡®£® ç¨á«� s-á¨¬¢®«®¢ (−¥ ¬¥−¥¥ ¤¢ãå). ©
‚¨¡à®¢ë§®¢ ¬®¡¨«ì−®£® â¥«¥ä®−� (s-á®®¡é¥−¨¥, á®áâ�¢«¥−−®¥ ¨§ â�ªâ¨«ì−ëå
á¨¬¢®«®¢) ¬®¦¥â ¡ëâì íª¢¨¢�«¥−â¥− «î¡®¬ã ¨§ �ã¤¨®¢ë§®¢®¢ ©.

� �®àï¤®ª ®¯à¥¤¥«ï¥â ¯®á«¥¤®¢�â¥«ì−®áâì s-á¨¬¢®«®¢. � © �«ä�¢¨â, −�âã-
à�«ì−ë© àï¤ ç¨á¥« ©.

� �à¨−�¤«¥¦−®áâì ®¯à¥¤¥«ï¥â ¢å®¦¤¥−¨¥ s-á¨¬¢®«� ¢ −¥ª®â®àë© −�¡®à
á¨¬¢®«®¢. � © ‘¨¬¢®« ú�û, ¨á¯®«ì§ã¥¬ë© ¤«ï ¢ë¤¥«¥−¨ï ®¯à¥¤¥«¥−¨©, �ªá¨®¬
¨ ¤àã£¨å ãâ¢¥à¦¤¥−¨©, ¯à¨−�¤«¥¦¨â −�¡®àã á¨¬¢®«®¢ TSM [12]. ©

� ‚¨§ã�«ì−ë© ¢¨¤ s-á¨¬¢®«®¢ | á®¢®ªã¯−®áâì á¨¬¢®«®¢, ¯à¨¬¥−¨¬ëå
¤«ï ¯®áâà®¥−¨ï á®®¡é¥−¨©, á®¤¥à¦�é¨å −¥¯®¤¢¨¦−ë¥ ¨ ¯®¤¢¨¦−ë¥ ¨§®¡à�-
¦¥−¨ï, à�ááç¨â�−−ë¥ −� ¢®á¯à¨ïâ¨¥ ç¥«®¢¥ª®¬ ¯®áà¥¤áâ¢®¬ §à¥−¨ï, � ¯à®-
£à�¬¬�¬¨ s-¬�è¨− | ¯®áà¥¤áâ¢®¬ ãáâà®©áâ¢ £à�ä¨ç¥áª®£® ¨ ¢¨¤¥®¢¢®¤�;
á¯¥æ¨�«¨§�æ¨ï s-symbol ¯® ¯�à�¬¥âàã means (áà¥¤áâ¢�): s-symbol[visual] ≈
≈ s-symbol[::means=sight]. �

‡−�ç¥−¨¥ sight ¢ë¤¥«ï¥â ¨§ ¬−®¦¥áâ¢� á¨¬¢®«®¢ â¥, ª®â®àë¥ à�ááç¨â�−ë −�
§à¨â¥«ì−ë© �¯¯�à�â ç¥«®¢¥ª� ¨ ãáâà®©áâ¢� £à�ä¨ç¥áª®£® ¨ ¢¨¤¥®¢¢®¤� ¢ á®áâ�¢¥
s-¬�è¨− (¢¥¡-ª�¬¥àë, áª�−¥àë ¨ ¤à.). ‚ë¢®¤ á®®¡é¥−¨©, á®¤¥à¦�é¨å ¢¨§ã�«ì-
−ë¥ á¨¬¢®«ë ¨ à�ááç¨â�−−ëå −� ¯à¨¥¬ ç¥«®¢¥ª®¬, ®áãé¥áâ¢«ï¥âáï −� íªà�−ë
¬®¡¨«ì−ëå ãáâà®©áâ¢, ¬®−¨â®à®¢ ¨ ¤à.

‚¨¤ã ¢¨§ã�«ì−ë© á®®â¢¥âáâ¢ãîâ â¨¯ë: £à�ä¨ç¥áª¨© [¤«ï ¯®áâà®¥−¨ï á®®¡é¥-
−¨©, á®¤¥à¦�é¨å −¥¯®¤¢¨¦−ë¥ ¨§®¡à�¦¥−¨ï (ä®â®£à�ä¨¨, áå¥¬ë ¨ ¤à.)]; ¢¨¤¥®
(¤«ï ¯®áâà®¥−¨ï á®®¡é¥−¨©, á®¤¥à¦�é¨å ¯®¤¢¨¦−ë¥ ¨§®¡à�¦¥−¨ï).
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♦ ’¥ªáâ®¢ë© â¨¯ s-á¨¬¢®«®¢ | á¯¥æ¨�«¨§�æ¨ï £à�ä¨ç¥áª®£® â¨¯� á¨¬¢®«®¢.
© ’¥ªáâ®¢ë© −�¡®à ¢ áâ�−¤�àâ¥ Unicode ¢ª«îç�¥â ¡ãª¢ë −�æ¨®−�«ì−ëå

�«ä�¢¨â®¢ ¨ à�§«¨ç−ë¥ á¨¬¢®«ë (¬�â¥¬�â¨ç¥áª¨¥, ¬ã§ëª�«ì−ë¥ ¨ ¤à.), ¨á¯®«ì-
§ã¥¬ë¥ ¯à¨ á®§¤�−¨¨ â¥ªáâ®¢ëå á®®¡é¥−¨© á ¯®¬®éìî s-¬�è¨−. ©

’¥ªáâ®¢ë¥ á¨¬¢®«ë ¬®£ãâ ¡ëâì £à�ä¨ç¥áª¨¬¨ §�¬¥−¨â¥«ï¬¨ à¥ç¥¢ëå á¨¬-
¢®«®¢ (© ¡ãª¢ë àãááª®£® �«ä�¢¨â� | §�¬¥−¨â¥«¨ §¢ãª®¢ àãááª®© à¥ç¨ ©).
’¥ªáâ®¢ë¬¨ −�¡®à�¬¨ á¨¬¢®«®¢ (¢ª«îç�îé¨¬¨ á¯¥æ¨�«ì−ë¥ á¨¬¢®«ë) ¯à¥¤-
áâ�¢«¥−ë �«ä�¢¨âë ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï, ä®à¬�«ì−ëå ï§ëª®¢ ¬�â¥¬�â¨ª¨
¨ ¤à. ♦

� ‡¢ãª®¢®© (�ã¤¨®) ¢¨¤ s-á¨¬¢®«®¢ | á®¢®ªã¯−®áâì á¨¬¢®«®¢, ¯à¨¬¥-
−¨¬ëå ¤«ï ¯®áâà®¥−¨ï á®®¡é¥−¨©, á®¤¥à¦�é¨å §¢ãª¨, à�ááç¨â�−−ë¥ −� §¢ãª®-
¯à®¨§¢®¤ïé¨¥ ¨ §¢ãª®¯à¨¥¬−ë¥ áà¥¤áâ¢� ç¥«®¢¥ª� ¨ s-¬�è¨−. ‘¯¥æ¨�«¨§�æ¨ï
s-symbol ¯® ¯�à�¬¥âàã means: s-symbol[audio] ≈ s-symbol[::means=audio]. �

‡−�ç¥−¨¥ audio ¢ë¤¥«ï¥â ¨§ ¬−®¦¥áâ¢� á¨¬¢®«®¢ â¥, ª®â®àë¥ à�ááç¨â�−ë −�
£®«®á®¢®© ¨ á«ãå®¢®© �¯¯�à�âë ç¥«®¢¥ª�, ¬ã§ëª�«ì−ë¥ ¨−áâàã¬¥−âë, �ã¤¨®-
ãáâà®©áâ¢� ¢¢®¤� ¨ ¢ë¢®¤� ¢ á®áâ�¢¥ s-¬�è¨−.

‚¨¤ã �ã¤¨® á®®â¢¥âáâ¢ãîâ â¨¯ë: à¥ç¥¢®©, ¬ã§ëª�«ì−ë© ¨ ¤à. [12].
� ’�ªâ¨«ì−ë© ¢¨¤ s-á¨¬¢®«®¢ | á®¢®ªã¯−®áâì á¨¬¢®«®¢, ¯à¨¬¥−¨¬ëå

¤«ï ¯®áâà®¥−¨ï á®®¡é¥−¨© ¯ãâ¥¬ ¯à¨ª®á−®¢¥−¨© ª í«¥¬¥−â�¬ ¨−â¥àä¥©á−ëå1

ãáâà®©áâ¢ s-¬�è¨−, ¨§¬¥−¥−¨ï ä�ªâãàë ¨ â¥¬¯¥à�âãàë ¨å ¯®¢¥àå−®áâ¨, ª®â®àë¥
à�ááç¨â�−ë −� ¢®á¯à¨ïâ¨¥ ç¥«®¢¥ª®¬ ¯®áà¥¤áâ¢®¬ ®áï§�−¨ï, � ¯à®£à�¬¬�¬¨
s-¬�è¨− | ¯®áà¥¤áâ¢®¬ ª«�¢¨�âãà, á¥−á®à−ëå íªà�−®¢ ¨ ¤àã£¨å â�ªâ¨«ì−ëå
ãáâà®©áâ¢ s-¬�è¨−−®£® ¢¢®¤�. ‘¯¥æ¨�«¨§�æ¨ï s-symbol ¯® ¯�à�¬¥âàã means:
s-symbol[touch] ≈ s-symbol[::means=touch]. �

‡−�ç¥−¨¥ touch ¢ë¤¥«ï¥â ¨§ ¬−®¦¥áâ¢� á¨¬¢®«®¢ ¯®¤¬−®¦¥áâ¢®, à�ááç¨â�−−®¥
−� ®áï§�â¥«ì−ë© �¯¯�à�â ç¥«®¢¥ª� ¨ â�ªâ¨«ì−ë¥ ãáâà®©áâ¢� ¢¢®¤� (ª«�¢¨�âãàã,
á¥−á®à−ë© íªà�− ¨ ¤à.) ¨ ¢ë¢®¤� (© ¬¥å�−¨§¬ ¢¨¡à®¢ë§®¢� ¬®¡¨«ì−®£® â¥«¥ä®-
−� ©) ¢ á®áâ�¢¥ s-¬�è¨−.

‚¨¤ã â�ªâ¨«ì−ë© á®®â¢¥âáâ¢ãîâ â¨¯ë: ¦¥áâ®¢ë© (¤«ï ¯¥à¥¤�ç¨ á®®¡é¥−¨©
â�ªâ¨«ì−ë¬¨ ¦¥áâ�¬¨); ª¨−¥â¨ç¥áª¨© (¤«ï ¯¥à¥¤�ç¨ á®®¡é¥−¨© ¯ãâ¥¬ ¯¥à¥¬¥-
é¥−¨ï í«¥¬¥−â®¢ ¨−â¥àä¥©á−ëå ãáâà®©áâ¢ s-¬�è¨−ë (© ¢¢®¤ á ª«�¢¨�âãàë,
¬�−¨¯ã«¨à®¢�−¨¥ ¬ëèìî, ¢¨¡à®¢ë§®¢ ¬®¡¨«ì−®£® â¥«¥ä®−� ©); ä�ªâãà−ë©
(¤«ï ¯¥à¥¤�ç¨ á®®¡é¥−¨© ¨§¬¥−¥−¨¥¬ ä�ªâãàë ¯®¢¥àå−®áâ¨ (© ¯«®áª�ï, ¢®«−¨-
áâ�ï ¨ â. ¤. ©) ¨−â¥àä¥©á−ëå ãáâà®©áâ¢); â¥à¬¨ç¥áª¨© (¤«ï ¯¥à¥¤�ç¨ á®®¡é¥−¨©
¯ãâ¥¬ ¨§¬¥−¥−¨ï â¥¬¯¥à�âãàë ¯®¢¥àå−®áâ¨ ¨−â¥àä¥©á−ëå ãáâà®©áâ¢) [12].

3 S-коды

� S-ª®¤ (s-code) | §�¬¥−¨â¥«ì s-á¨¬¢®«� ¨«¨ s-á®®¡é¥−¨ï, ã¤®¢«¥â¢®àï-
îé¨© âà¥¡®¢�−¨ï¬ à¥è¥−¨ï ¡�§®¢ëå §�¤�ç s-(¯à¥¤áâ�¢«¥−¨ï, ¯à¥®¡à�§®¢�−¨ï,

1ˆ«ì¨− �. ‚. ˆ−â¥àä¥©á // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï, 2019. [�«¥ªâà®−−ë© à¥áãàá].
https://bigenc.ru/technology and technique/text/4426494 (¤�â� ®¡à�é¥−¨ï: 22.08.2019).
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‘¨¬¢®«ë, ª®¤ë, á¨£−�«ë

à�á¯®§−�¢�−¨ï, ª®−áâàã¨à®¢�−¨ï, ¨−â¥à¯à¥â�æ¨¨, ®¡¬¥−�, á®åà�−¥−¨ï, −�ª®¯«¥-
−¨ï, ¯®¨áª� ¨ §�é¨âë) ¢ s-áà¥¤¥. �

ˆáá«¥¤®¢�â¥«ï¬ ¨ ¨−¦¥−¥à�¬, ¨¬¥îé¨¬ ¤¥«® á à�§«¨ç−ë¬¨ á¨¬¢®«ì−ë¬¨
¬®¤¥«ï¬¨, á¢®©áâ¢¥−−® áâà¥¬«¥−¨¥ ¯à¥¤áâ�¢«ïâì ¨å ç¨á«®¢ë¬¨ ª®¤�¬¨. �â®
¯®§¢®«ï¥â ¯à¨¬¥−ïâì ¬¥â®¤ë à¥è¥−¨ï §�¤�ç, ª®â®àë¥ ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥
¯à®£à�¬¬, à�ááç¨â�−−ëå −� ¢ë¯®«−¥−¨¥ s-¬�è¨−�¬¨. S-á¨¬¢®«�¬ «î¡®£® ¢¨¤�
áâ�¢ïâ ¢® ¢§�¨¬−® ®¤−®§−�ç−®¥ á®®â¢¥âáâ¢¨¥ ç¨á«�, ª®â®àë¥ ¬®¦−® ¯à¥¤áâ�¢¨âì
¢ ¯�¬ïâ¨ s-¬�è¨−ë.

© ASCII (American Standard Code for Information Interchange) | −�¡®à,
á®áâ®ïé¨© ¨§ 128 â¥ªáâ®¢ëå á¨¬¢®«®¢ (¡ãª¢, æ¨äà, §−�ª®¢ ¯ã−ªâã�æ¨¨ ¨ ¤à.).
÷�áè¨à¥−−ë© −�¡®à ASCII ¢ª«îç�¥â 256 â¥ªáâ®¢ëå á¨¬¢®«®¢. Š�¦¤®¬ã á¨¬¢®«ã
−�§−�ç¥− ã−¨ª�«ì−ë© −®¬¥à, −�§ë¢�¥¬ë© ª®¤®¬ ASCII. ©

ˆ§®¡à¥â�ï æ¨äà®¢ë¥ s-¬�è¨−ë, ¢ë¡¨à�îâ á¨áâ¥¬ã áç¨á«¥−¨ï ¨ ç¨á«® à�§-
àï¤®¢ ¤«ï ¯à¥¤áâ�¢«¥−¨ï ç¨á¥« ¢ ¯�¬ïâ¨ s-¬�è¨−. �à¨ íâ®¬ ¢ë¡®à −�¯à�¢«ï¥âáï
áâà¥¬«¥−¨¥¬ ®¡¥á¯¥ç¨âì −�¨¡®«¥¥ íää¥ªâ¨¢−®¥ ¬�−¨¯ã«¨à®¢�−¨¥ ç¨á«®¢ë¬¨ ª®-
¤�¬¨. ‚ë¡®à ®£à�−¨ç¥− àï¤®¬ ãá«®¢¨©, áà¥¤¨ ª®â®àëå ä¨§¨ª®-â¥å−¨ç¥áª�ï
à¥�«¨§ã¥¬®áâì í«¥¬¥−â®¢ s-¬�è¨−. �¡ëç−® ®á−®¢�−¨¥ á¨áâ¥¬ë áç¨á«¥−¨ï ¢ë-
¡¨à�îâ à�¢−ë¬ ª®«¨ç¥áâ¢ã ãáâ®©ç¨¢ëå á®áâ®ï−¨©, ¢ ª®â®àëå ¬®£ãâ −�å®¤¨âìáï
í«¥¬¥−â�à−ë¥ á®áâ�¢«ïîé¨¥, ¨§ ª®â®àëå ¯®áâà®¥−� s-¬�è¨−�.

© �®áª®«ìªã âà�−§¨áâ®àë á®¢à¥¬¥−−ëå í«¥ªâà®−−ëå s-¬�è¨− ¨¬¥îâ ¤¢�
ãáâ®©ç¨¢ëå á®áâ®ï−¨ï, ¢ −¨å ¨á¯®«ì§ã¥âáï ¤¢®¨ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ ç¨á«®¢ëå
ª®¤®¢ ¯à®£à�¬¬ ¨ ¤�−−ëå1 [12]. ©

4 S-сигналы

� S-á¨£−�« (s-signal) | ä¨§¨ç¥áª¨ à¥�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ s-ª®¤�,
à�ááç¨â�−−®¥ −� à�á¯®§−�¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨î ç¥«®¢¥ª®¬ ¨«¨ �¯¯�à�â−ë¬
áà¥¤áâ¢®¬ s-¬�è¨−ë (¬¨ªà®¯à®æ¥áá®à®¬, ¢¨¤¥®ª®−âà®««¥à®¬ ¨«¨ ¤à.). �

© ‚ æ¨äà®¢®© s-¬�è¨−¥ á ¤¢®¨ç−ë¬ ¯à¥¤áâ�¢«¥−¨¥¬ s-ª®¤®¢ ¬�è¨−−ëå
ª®¬�−¤ ¨ ¤�−−ëå s-á¨£−�«ë ¯à¥¤áâ�¢«¥−ë ª®¬¯®§¨æ¨ï¬¨ ¤¢ãå â¨¯®¢ ¨¬¯ã«ìá®¢
−�¯àï¦¥−¨ï −� ¢ëå®¤�å âà�−§¨áâ®à®¢, ®¤¨− ¨§ ª®â®àëå á®®â¢¥âáâ¢ã¥â ¤¢®¨ç−®¬ã
−ã«î, � ¤àã£®© | ¤¢®¨ç−®© ¥¤¨−¨æ¥ [12]. ©

5 Заключение

1. �¤−®© ¨§ ¯®áâ®ï−−® �ªâã�«ì−ëå §�¤�ç s-¬®¤¥«¨à®¢�−¨ï ï¢«ï¥âáï à¥�«¨§�æ¨ï
¢ s-áà¥¤¥ §−�−¨© ¨ ã¬¥−¨©, −�ª®¯«¥−−ëå ç¥«®¢¥ç¥áâ¢®¬. „«ï ¥¥ à¥è¥−¨ï
¯à¨à®¤−ë© á¥−á®à−ë© ª®¬¯«¥ªá (§à¥−¨¥, á«ãå, ®áï§�−¨¥, ®¡®−ï−¨¥, ¢ªãá)
ç¥«®¢¥ª� ¤®¯®«−ï¥âáï ¢ s-áà¥¤¥ ¨§®¡à¥â¥−−ë¬¨ á¥−á®à�¬¨, à�ááç¨â�−−ë¬¨
−� ¢®á¯à¨ïâ¨¥ ¢¨§ã�«ì−ëå, �ã¤¨®-, â�ªâ¨«ì−ëå ¨ §�¯�å®¢ëå á¨¬¢®«®¢.

1ˆ«ì¨− ‚. „. „�−−ë¥ // �®«ìè�ï à®áá¨©áª�ï í−æ¨ª«®¯¥¤¨ï, 2019. [�«¥ªâà®−−ë© à¥áãàá].
https://bigenc.ru/technology and technique/text/3954919 (¤�â� ®¡à�é¥−¨ï: 22.08.2019).
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2. ‘®¢¥àè¥−áâ¢®¢�−¨¥ ¨−â¥àä¥©á®¢ úç¥«®¢¥ª{¬�è¨−�û ¨ ú¬�è¨−�{¬�è¨−�û
¯à¥¤¯®«�£�¥â à�§¢¨â¨¥ á¨¬¢®«ì−®£®, ª®¤®¢®£® ¨ á¨£−�«ì−®£® �àá¥−�«� æ¨ä-
à®¢®© áà¥¤ë ¯®áâà®¥−¨ï, ¨−â¥à¯à¥â�æ¨¨, á®åà�−¥−¨ï, ¬�−¨¯ã«¨à®¢�−¨ï
¨ ®¡¬¥−� á®®¡é¥−¨ï¬¨.

3. ‚ ¯à®æ¥áá¥ à�§¢¨â¨ï â¥®à¨¨ s-¬®¤¥«¨à®¢�−¨ï [12] ãâ®ç−ïîâáï ®¯à¥¤¥«¥−¨ï
¨ ¨áâ®«ª®¢�−¨¥ ª«îç¥¢ëå ¯®−ïâ¨© (s-á¨¬¢®«, s-ª®¤, s-á¨£−�«) ¨ ¯®−ïâ¨©,
á¢ï§�−−ëå á −¨¬¨ (¢¨¤ s-á¨¬¢®«�, â¨¯ s-á¨¬¢®«� ¨ ¤à.).
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Symbols, codes, signals

SYMBOLS, CODES, SIGNALS

V. D. Ilyin

Dorodnicyn Computing Center of the Russian Academy of Sciences, Federal
Research Center \Computer Science and Control" of the Russian Academy of
Sciences, 40 Vavilov Str., Moscow 119333, Russian Federation

Abstract: Improving the symbolic, code, and signal arsenal of the modern
environment for constructing, interpreting, saving, manipulating, and exchang-
ing messages is a constantly relevant scientific and technical problem. The
advancement in many areas of human{machine and machine{machine interfaces
development depends on solution of this problem. In this article, symbols,
codes, and signals are considered as constructive objects for building, storing,
and transmitting messages in a digital environment. A symbol is defined as
a substitute for an object, belonging to a specific set for generating messages
according to the specified rules. Each element of such set is endowed with a set
of properties (the same for all elements of the set) which ensures applicability
in a given environment of the forming, transmitting, interpreting, storing, and
manipulating the messages. The symbols kinds (visual, audio, etc.) and the sym-
bol types inside each kind have been defined. The code is defined as a substitute
for symbol or message that meets the requirements for solving the basic problems
of representing, transforming, recognizing, constructing, interpreting, exchang-
ing, saving, accumulating, searching, and protecting messages. The signal is
studied as a physically realized code representation designed for recognition and
interpretation by human or hardware (microprocessor, video controller, etc.).

Keywords: interfaces; messages; symbolic modeling; symbols; symbol kinds;
symbol types; codes; signals

DOI: 10.14357/08696527190413

References

1. General Electric. 2018. The digital twin. Available at: https://www.ge.com/digital/
sites/default/¦les/The-Digital-Twin Compressing-Time-to-Value-for-Digital-
Industrial-Companies.pdf (accessed August 22, 2019).

2. Armbrust, M., A. Fox, R. Griffith, et al. 2010. A view of cloud computing. Commun.
ACM 53(4):50{58. doi: 10.1145/1721654.1721672.

3. Wang, L., G. Laszewski, A. Younge, et al. 2010. Cloud computing: A perspective
study. New Gener. Comput. (28):137{146. doi: 10.1007/s00354-008-0081-5.

4. Jamsa, K. A. 2013. Cloud computing. Burlington: Jones & Bartlett Learning. 322 p.
5. Wei, Y., and M. B. Blake. 2010. Service-oriented computing and cloud com-

puting: Challenges and opportunities. IEEE Internet Comput. 14(6):72{75. doi:
10.1109/MIC.2010.147.

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2019 vol 29 no 4 147



V. D. Ilyin

6. Ilyin, A. V. 2015. Internet-servis planirovaniya raskhodov [The online service for cost
planning]. Sistemy i Sredstva Informatiki | Systems and Means of Informatics
25(2):111{122. doi: 10.14357/08696527150207.

7. Jede, A., and F. Teuteberg. 2016. Understanding socio-technical impacts arising from
software-as-a-service usage in companies. Business Information Syst. Eng. 58(3):161{
176. doi: 10.1007/s12599-016-0429-1.

8. Perera, C., C. H. Liu, and S. Jayawardena. 2015. The emerging Internet of Things
marketplace from an industrial perspective: A survey. IEEE T. Emerging Topics
Computing 3(4):585{598. doi: 10.1109/TETC.2015.2390034.

9. PWC. 2017. \Internet veshchey" (IoT) v Rossii. Tekhnologiya budushchego, dos-
tupnaya uzhe seychas [Internet of things (IoT) in Russia. Technology of the future,
available now]. Available at: https://www.pwc.ru/ru/publications/iot/IoT-inRussia-
research rus.pdf (accessed August 22, 2019).

10. Kim, R. Y. 2011. Efficient wireless communications schemes for machine to machine
communications. Comm. Com. Inf. Sc. 181(3):313{323. doi: 10.1007/978-3-642-
22203-0 28.

11. Lien, S. Y., T. H. Liau, C. Y. Kao, et al. 2012. Cooperative access class barring for
machine-to-machine communications. IEEE T. Wirel. Commun. 11(1):27{32. doi:
10.1109/TWC.2011.111611.110350.

12. Ilyin, A. V., and V. D. Ilyin. 2009. Osnovy teorii s-modelirovaniya [Basics of the
theory of s-modeling]. Moscow: IPI RAN.143 p.

Received August 27, 2019

Contributor

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

148 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2019 vol 29 no 4



� � � ‚ ’ � ÷ � •

�¤�¬®¢¨ç ˆ£®àì Œ¨å�©«®¢¨ç (à. 1934) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�¥áç�áâ−ë© ‚¨â�«¨© �«¥ªá�−¤à®¢¨ç (à. 1992) | �á¯¨à�−â ª�ä¥¤àë ¯à¨-
ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë
−�à®¤®¢

‚�ªã«¥−ª® ‚�á¨«¨© ‚�á¨«ì¥¢¨ç (à. 1995) | ¨−¦¥−¥à-¨áá«¥¤®¢�â¥«ì ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‚®«ª®¢ �«¥£ ˆ£®à¥¢¨ç (à. 1964) | ¢¥¤ãé¨© ¯à®£à�¬¬¨áâ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

ƒ�©¤�¬�ª� ā«¨ï ‚�á¨«ì¥¢−� (à. 1971) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©-
áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

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

ƒàãè® �¨ª®«�© �«¥ªá�−¤à®¢¨ç (à. 1982) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

„ìïç¥−ª® „¥−¨á āàì¥¢¨ç (à. 1987) | ¨−¦¥−¥à-¨áá«¥¤®¢�â¥«ì ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

„ìïç¥−ª® āà¨© ƒ¥®à£¨¥¢¨ç (à. 1958) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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‡�¡¥¦�©«® Œ¨å�¨« ˆ¢�−®¢¨ç (à. 1956) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�-
ãª, ¤®æ¥−â, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

‡�àï¤®¢ ˆ¢�− ‘¥à£¥¥¢¨ç (à. 1981) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£®
ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‡�å�à®¢� ’�âìï−� ‚�«¥àì¥¢−� (à. 1962) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â 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¨ Œƒ“ ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�; áâ�àè¨© −�ãç−ë©
á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

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

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

Š®«¥á−¨ª®¢ �«¥ªá�−¤à ‚�á¨«ì¥¢¨ç (à. 1948) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à ˆ−áâ¨âãâ� ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
��«â¨©áª®£® ä¥¤¥à�«ì−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ ˆ¬¬�−ã¨«� Š�−â�

Šà¨¢¥−ª® Œ¨å�¨« �¥âà®¢¨ç (à. 1946) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

‹¨â¢¨− �−¤à¥© �−â®−®¢¨ç (à. 1966) | ¤®ªâ®à ¬¥¤¨æ¨−áª¨å −�ãª, §�¬¥áâ¨-
â¥«ì £«�¢−®£® ¢à�ç� ¯® ¬¥¤¨æ¨−áª®© ç�áâ¨ �¡«�áâ−®© ª«¨−¨ç¥áª®© ¡®«ì−¨æë
Š�«¨−¨−£à�¤áª®© ®¡«�áâ¨

Œ¥©å�−�¤¦ï− ‹ãá¨−¥ �ª®¡®¢−� (à. 1990) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â „¥¯�àâ�¬¥−â� �−�«¨§� ¤�−−ëå, ¯à¨−ïâ¨ï à¥è¥−¨© ¨ ä¨−�−á®¢ëå
â¥å−®«®£¨© ”¨−�−á®¢®£® ã−¨¢¥àá¨â¥â� ¯à¨ �à�¢¨â¥«ìáâ¢¥ ÷”

Œ¨«®¢�−®¢� ’�âìï−� �«¥ªá�−¤à®¢−� (à. 1977) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, áâ�àè¨© ¯à¥¯®¤�¢�â¥«ì ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨
¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢
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Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

�áâà¨ª®¢� „�àìï āàì¥¢−� (à. 1988) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
áâ�àè¨© ¯à¥¯®¤�¢�â¥«ì ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®-
áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

÷®¦¤¥áâ¢¥−áª¨© āà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1952) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

÷ã¬®¢áª�ï ‘®ä¨ï �®à¨á®¢−� (à. 1985) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, −�ãç−ë©
á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

÷ëç¨å¨− �«¥ªá¥© Š®−áâ�−â¨−®¢¨ç (à. 1995) | ¨−¦¥−¥à ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘�¬ã©«®¢ Š®−áâ�−â¨− …¢£¥−ì¥¢¨ç (à. 1955) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à, §�¢¥¤ãîé¨© ª�ä¥¤à®© ¯à¨ª«�¤−®© ¨−ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥©
÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª

‘®à®ª®«¥â®¢� �«ì£� …¢£¥−ì¥¢−� (à. 1996) | áâã¤¥−âª� 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¨ Œƒ“ ¨¬¥−¨
Œ. ‚. ‹®¬®−®á®¢�

‘â¥¯ç¥−ª®¢ „¬¨âà¨© āàì¥¢¨ç (à. 1973) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥-
¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨á-
á«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

—ãå−® ��¤¥¦¤� ‚¨ªâ®à®¢−� (à. 1995) | áâã¤¥−âª� ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−-
ä®à¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

—ãå−® �«ì£� ‚¨ªâ®à®¢−� (à. 1995) | áâã¤¥−âª� ª�ä¥¤àë ¯à¨ª«�¤−®© ¨−ä®à-
¬�â¨ª¨ ¨ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ÷®áá¨©áª®£® ã−¨¢¥àá¨â¥â� ¤àã¦¡ë −�à®¤®¢

152 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 29 −®¬¥à 4 2019



� ‚ ’ � ÷ ‘ Š ˆ ‰ “ Š � ‡ � ’ … ‹ œ ‡ � 2 0 1 9 £.

ü ‘âà.

�¡£�àï− Š. Š., ƒ�¢à¨«®¢ …. ‘. ˆ−ä®à¬�æ¨®−−�ï ¯®¤¤¥à¦ª�
¨−â¥£à�æ¨®−−®© ¯«�âä®à¬ë ¬−®£®¬�áèâ�¡−®£® ¬®¤¥«¨à®¢�-
−¨ï 1 53{62

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. …¤¨−�ï â¥å−®«®£¨ï ¯®¤¤¥à¦ª¨
ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© 1 194{205

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ˆáá«¥¤®¢�−¨¥ ¯à®æ¥áá� ä®à-
¬¨à®¢�−¨ï ¢¨àâã�«ì−®£® á®®¡é¥áâ¢� ª�ª −¥«¨−¥©−®© ¤¨−�-
¬¨ç¥áª®© á¨áâ¥¬ë 4 119{128

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �à¨−æ¨¯ë ®à£�−¨§�æ¨¨ ¤�−−ëå
¤«ï â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥-
¤®¢�−¨© 2 161{171

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �à®æ¥áá ª®àà¥ªæ¨¨ ®è¨¡®ª
á¥¬�−â¨ç¥áª®© á¥â¨ ª�ª −¥«¨−¥©−�ï ¤¨−�¬¨ç¥áª�ï á¨áâ¥¬� 3 160{168

�àãâî−®¢ …. �., Šã¤àï¢æ¥¢ �. �., ’¨â®¢� �. ˆ. �¯à¨®à−®¥
¢¥©¡ã««®¢áª®¥ à�á¯à¥¤¥«¥−¨¥ ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå ¡�«�−á� 1 174{179

�àå¨¯®¢ �. …. á¬. �®¡ëàì Œ. ‚.
�¥ª¥è¥¢� ˆ. ‘. á¬. �®¡ë«¥¢� �. ‚.
�¥áç�áâ−ë© ‚. �., �áâà¨ª®¢� „. ā., ƒ�©¤�¬�ª� ā. ‚. �−�-

«¨§ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ ú−®¢®¥ à�¤¨®û á¥â¨ 5G á ¯®-
¬®éìî á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á ¯¥à¥¬¥−−ë¬¨
âà¥¡®¢�−¨ï¬¨ ª à¥áãàáã 4 73{83

�®¡ë«¥¢ ‚. �. á¬. �®¡ë«¥¢� �. ‚.
�®¡ë«¥¢� �. ‚., �¥ª¥è¥¢� ˆ. ‘., �®¡ë«¥¢ ‚. �., —�àª®-

¢� ‚. ‚. �«£®à¨â¬ −¥ç¥âª®£® áà�¢−¥−¨ï ¯à¨ ®¡à�¡®âª¥ ¯¥à-
á®−�«ì−ëå ¤�−−ëå 3 149{159

�®¡ëàì Œ. ‚., �àå¨¯®¢ �. …., Œ¨«®áâ−�ï �. �. Œ¥â®¤ à�á-
ç¥â� ª�àâë £«ã¡¨− −� ®á−®¢¥ ¬ï£ª¨å ®¯¥à�â®à®¢ 2 71{84

�ã−â¬�− �. ‚. á¬. ƒ®−ç�à®¢ �. �.
‚�ªã«¥−ª® ‚. ‚., ‡�æ¬�− ˆ. Œ. �à¨−æ¨¯ë á®§¤�−¨ï ¨ äã−ªæ¨¨

¨−â¥««¥ªâã�«ì−®© á«®¢�à−®© á¨áâ¥¬ë 4 96{105
‚«�á®¢� ‘. �., Š�«¥−®¢ �. …. ˆ−â¥à−¥â-ª�â�«®£ �¨¡«¨®â¥-

ª¨ ¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª ª�ª
á¯¥æ¨�«ì−�ï ¨−ä®à¬�æ¨®−−®-¯®¨áª®¢�ï á¨áâ¥¬�, ®à¨¥−â¨-
à®¢�−−�ï −� ª¢�«¨ä¨æ¨à®¢�−−®£® ¯®«ì§®¢�â¥«ï 1 86{95

‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«®¢¨ç Š. ˆ. á¬. ‡�æ�à¨−−ë© �. �.
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�‚’�÷‘Šˆ‰ “Š�‡�’…‹œ ‡� 2019 £.

ü ‘âà.

ƒ�¢à¨«®¢ …. ‘. á¬. �¡£�àï− Š. Š.
ƒ�©¤�¬�ª� ā. ‚. á¬. �¥áç�áâ−ë© ‚. �.
ƒ�©¤�¬�ª� ā. ‚. á¬. —ãå−® �. ‚.
ƒ�©¤�¬�ª� ā. ‚. á¬. —ãå−® �. ‚.
ƒ�«¨−� ˆ. ‚., ˜�à−¨− Œ. Œ. ˆ−¤¥ªá ª®−â¥ªáâ−®£® −�ãç−®£®

æ¨â¨à®¢�−¨ï 3 66{76
ƒ�«¨−� ˆ. ‚. á¬. ˜�à−¨− Œ. Œ.
ƒ�à�−¨− �. ˆ. á¬. ‡�æ�à¨−−ë© �. �.
ƒ®−ç�à®¢ �. �., �ã−â¬�− �. ‚., �ãà¨¥¢ ‚. �. �è¨¡ª¨ ¢ ¬�-

è¨−−®¬ ¯¥à¥¢®¤¥: ¯à®¡«¥¬ë ª«�áá¨ä¨ª�æ¨¨ 3 92{103
ƒ®−ç�à®¢ �. �., ‡�æ¬�− ˆ. Œ. ˆ−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�-

æ¨¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¢ §�¤�ç�å ¨§¢«¥ç¥−¨ï §−�−¨© 1 180{193
ƒ®−ç�à®¢ �. �., ˆ−ìª®¢� �. ā., Šàã¦ª®¢ Œ. ƒ. Œ¥â®¤®«®£¨ï

�−−®â¨à®¢�−¨ï ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå 2 148{160
ƒàãè® �. �., ƒàãè® �. �., ’¨¬®−¨−� …. …. Œ¥â®¤ë §�é¨âë ®â

¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ª®¬¯ìîâ¥à®¢
æ¨äà®¢®© íª®−®¬¨ª¨ 1 4{11

ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ƒàãè® �. �., ’¨¬®−¨−� …. ….
�®¨áª í¬¯¨à¨ç¥áª¨å ¯à¨ç¨− á¡®¥¢ ¨ ®è¨¡®ª ¢ ª®¬¯ìîâ¥à−ëå
á¨áâ¥¬�å ¨ á¥âïå á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â�¤�−−ëå 4 28{38

ƒàãè® �. �., ‡�æ�à¨−−ë© �. �., ’¨¬®−¨−� …. …. �«¥ªâà®−-
−�ï ¡ãå£�«â¥àáª�ï ª−¨£� −� ¡�§¥ á¨âã�æ¨®−−ëå æ¥−âà®¢ ¤«ï
æ¨äà®¢®© íª®−®¬¨ª¨ 2 4{11

ƒàãè® �. �. �®¨áª ¯ãâ¥© ¤¨−�¬¨ç¥áª®© à¥ª®−ä¨£ãà�æ¨¨
à�á¯à¥¤¥«¥−−®© ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬ë
¢ á«ãç�¥ §�å¢�â� å®áâ� ¯à®â¨¢−¨ª®¬ 3 194{201

ƒàãè® �. �. á¬. ƒàãè® �. �.
ƒàãè® �. �. á¬. ƒàãè® �. �.
„ã«¨− ‘. Š., ÷®§¥−¡¥à£ ˆ. �., “¬�−áª¨© ‚. ˆ. � ¯à®¡«¥¬¥

¨−â¥£à�æ¨¨ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ 3 127{138
„ìïç¥−ª® „. ā. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
„ìïç¥−ª® „. ā. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
„ìïç¥−ª® ā. ƒ. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
„ìïç¥−ª® ā. ƒ. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
…£®à®¢ ‚. �. �à�ªâ¨ç−®¥ ®¯à¥¤¥«¥−¨¥ ú¯à®£à�¬¬−® ®¯à¥¤¥«ï-

¥¬®£®û 2 85{94
…£®à®¢ ‚. �. ‘¯®á®¡ ¯®¢ëè¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¯�-

ª¥â−ëå ª®¬¬ãâ�â®à®¢ −� ®á−®¢¥ ¨−â¥£à¨à®¢�−−ëå á¥â¥¢ëå
¯à®æ¥áá®à®¢ 1 63{73

…£®à®¢� �. ā., ‡�æ¬�− ˆ. Œ., Œ�¬®−®¢� �. ‘. ��¤ª®à¯ãá−ë¥
¡�§ë ¤�−−ëå ¢ «¨−£¢¨áâ¨ç¥áª¨å ¯à®¥ªâ�å 3 77{91

‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.

154 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ ¢ë¯ãáª 29 ü 4 2019



�‚’�÷‘Šˆ‰ “Š�‡�’…‹œ ‡� 2019 £.

ü ‘âà.

‡�àï¤®¢ ˆ. ‘., Œ¥©å�−�¤¦ï− ‹. �., Œ¨«®¢�−®¢� ’. �.
‘â�æ¨®−�à−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®¡á«ã¦¨¢�−¨ï ¢ á¨áâ¥¬¥
GI/MSP/n/∞ á®¡®¡é¥−−ë¬ ®¡−®¢«¥−¨¥¬ 4 50{64

‡�å�à®¢ ‚. �., Œãá�¡�¥¢ ÷. ÷., Šà�á®¢¨æª¨© �. Œ., Š®§«®¢-
áª�ï Ÿ. „., •®à®è¨«®¢ �«-¤à �., •®à®è¨«®¢ �«-¥© �.
Œ¥â®¤ ª«�áâ¥à¨§�æ¨¨ −®¢®áâ−ëå á®®¡é¥−¨© áà¥¤áâ¢ ¬�áá®-
¢®© ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ ¨å ª®−æ¥¯âã�«ì−®£® �−�«¨§� 3 52{65

‡�å�à®¢� ’. ‚. á¬. ‘®à®ª®«¥â®¢� �. ….
‡�æ�à¨−−ë© �. �., ƒ�à�−¨− �. ˆ., Š®−¤à�è¥¢ ‚. �., ‚®-

«®¢¨ç Š. ˆ., Œ�«ìª®¢áª¨© ‘. ˆ. �æ¥−ª� −�¤¥¦−®áâ¨
£¨¡à¨¤−®£® ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ¢ëç¨á«¨â¥«ì−®£®
ª®¬¯«¥ªá� ¯à¨ à¥è¥−¨¨ −�ãç−ëå §�¤�ç 2 135{147

‡�æ�à¨−−ë© �. �., ˆ®−¥−ª®¢ ā. ‘. Œ¥â®¤ ¢ë¡®à� ¢�à¨�−-
â� ¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨á-
â¥¬ë 3 114{126

‡�æ�à¨−−ë© �. �., Š®−¤à�è¥¢ ‚. �., ‘ãçª®¢ �. �. ‘¨áâ¥-
¬� −�ãç−ëå á¥à¢¨á®¢ ª�ª �ªâã�«ì−ë© ª®¬¯®−¥−â −�ãç−ëå
¨áá«¥¤®¢�−¨© 1 25{40

‡�æ�à¨−−ë© �. �., Š®à®«ñ¢ ‚. ˆ. ’¥å−®«®£¨ç¥áª¨¥ �á¯¥ª-
âë ®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ä¨−�−á®¢®-
£® àë−ª� ¢ ãá«®¢¨ïå æ¨äà®¢®© âà�−áä®à¬�æ¨¨ íª®−®¬¨ª¨
÷®áá¨¨ 1 12{24

‡�æ�à¨−−ë© �. �. á¬. ƒàãè® �. �.
‡�æ¬�− ˆ. Œ. á¬. ‚�ªã«¥−ª® ‚. ‚.
‡�æ¬�− ˆ. Œ. á¬. ƒ®−ç�à®¢ �. �.
‡�æ¬�− ˆ. Œ. á¬. …£®à®¢� �. ā.
ˆ¢�−®¢ „. ‚. “á«®¢−ë¥ £à�−¨æë áà¥¤−¨å ¬�ªá¨¬ã¬®¢ á«ãç�©-

−ëå ¢¥«¨ç¨− ¨ ¨å ¤®áâ¨¦¨¬®áâì 1 140{163
ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. ”®à¬¨à®¢�−¨¥ á¨âã�æ¨®−−® §�¢¨-

á¨¬ëå á¨áâ¥¬ âà¥¡®¢�−¨© ª à¥è¥−¨ï¬ §�¤�ç ¯«�−¨à®¢�−¨ï
à�áå®¤®¢ 3 169{179

ˆ«ì¨− ‚. „. Œ®¤¥«ì ª®®¯¥à�â¨¢−®£® à¥è�â¥«ï §�¤�ç −� ®á−®¢¥
æ¨äà®¢ëå ¤¢®©−¨ª®¢ 2 172{179

ˆ«ì¨− ‚. „. ‘¨¬¢®«ë, ª®¤ë, á¨£−�«ë 4 140{148
ˆ«ì¨− ‚. „. á¬. ˆ«ì¨− �. ‚.
ˆ−ìª®¢� �. ā. á¬. ƒ®−ç�à®¢ �. �.
ˆ®−¥−ª®¢ ā. ‘. á¬. ‡�æ�à¨−−ë© �. �.
Š�«¥−®¢ �. …. á¬. ‚«�á®¢� ‘. �.
Š¨à¨ª®¢ ˆ. �. á¬. ‹¨áâ®¯�¤ ‘. ‚.
Š¨á¥«ñ¢� �. �. á¬. �¦¥à¥«ì¥¢ ˆ. ‘.
Š®¤−ï−ª® ‚. �. � ¢ëç¨á«¨â¥«ì−®© ¨§¡ëâ®ç−®áâ¨ ¬¥â®¤� ¤¨-

å®â®¬¨¨ ¨ ãá«®¢−®© ¬¨−¨¬¨§�æ¨¨ ã−¨¬®¤�«ì−ëå äã−ªæ¨©
¬¥â®¤®¬ íª®−®¬−®© ¤¨å®â®¬¨¨ 1 164{173
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Š®§«®¢áª�ï Ÿ. „. á¬. ‡�å�à®¢ ‚. �.
Š®«¥á−¨ª®¢ �. ‚., ‹¨áâ®¯�¤ ‘. ‚. ”ã−ªæ¨®−�«ì−�ï áâàãªâãà�

£¨¡à¨¤−®© ¨−â¥««¥ªâã�«ì−®© ¬−®£®�£¥−â−®© á¨áâ¥¬ë £¥â¥à®-
£¥−−®£® ¬ëè«¥−¨ï ¤«ï à¥è¥−¨ï ¯à®¡«¥¬ë ¢®ááâ�−®¢«¥−¨ï
à�á¯à¥¤¥«¨â¥«ì−®© í«¥ªâà®á¥â¨ 1 41{52

Š®«¥á−¨ª®¢ �. ‚., ‹¨áâ®¯�¤ ‘. ‚., Œ�©â�ª®¢ ”. ƒ. ˆ−-
â¥««¥ªâã�«¨§�æ¨ï ®¯¥à�â¨¢−®-¤¨á¯¥âç¥àáª®£® ã¯à�¢«¥−¨ï
á«®¦−®© à¥£¨®−�«ì−®© ¤¨−�¬¨ç¥áª®© í«¥ªâà®í−¥à£¥â¨ç¥áª®©
á¨áâ¥¬®© 2 46{59

Š®«¥á−¨ª®¢ �. ‚. á¬. ÷ã¬®¢áª�ï ‘. �.
Š®−¤à�è¥¢ ‚. �. á¬. ‡�æ�à¨−−ë© �. �.
Š®−¤à�è¥¢ ‚. �. á¬. ‡�æ�à¨−−ë© �. �.
Š®à®«ñ¢ ‚. ˆ. á¬. ‡�æ�à¨−−ë© �. �.
Š®á®«�¯®¢ ā. ‚. ‘¯®á®¡ ¢ªà�¯«¥−¨ï ¤�−−ëå −� ®á−®¢¥ ®¤−®©

áå¥¬ë à�§¤¥«¥−¨ï á¥ªà¥â� 3 180{193
Šà�á®¢¨æª¨© �. Œ. á¬. ‡�å�à®¢ ‚. �.
Šà¨¢¥−ª® Œ. �. ‚ë¡®à à�§¬¥à−®áâ¥© ¤«ï á¬¥á¨ ¢¥à®ïâ−®áâ−ëå

�−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â 3 4{15
Šà¨¢¥−ª® Œ. �. ‘−¨¦¥−¨¥ à�§¬¥à−®áâ¨ ¤«ï á¬¥á¨ ¢¥à®ïâ−®áâ-

−ëå �−�«¨§�â®à®¢ £«�¢−ëå ª®¬¯®−¥−â ¯à¨¬¥−¨â¥«ì−® ª §�-
¤�ç�¬ ¬¥¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¨ 4 4{13

Šàã¦ª®¢ Œ. ƒ. á¬. ƒ®−ç�à®¢ �. �.
Šã¤àï¢æ¥¢ �. �., ��«¨®−−�ï ‘. ˆ., ˜¥áâ�ª®¢ �. ‚. ˆ−¤¥ªá

¯à¥¨¬ãé¥áâ¢� ¢ ��©¥á®¢áª¨å ¬®¤¥«ïå −�¤¥¦−®áâ¨ ¨ ¡�«�−á�
á ¡¥â�-¯®«¨−®¬¨�«ì−ë¬¨ �¯à¨®à−ë¬¨ ¯«®â−®áâï¬¨ 3 29{38

Šã¤àï¢æ¥¢ �. �., ��«¨®−−�ï ‘. ˆ., ˜®à£¨− ‚. ‘. �¯à¨®à−®¥
®¡®¡é¥−−®¥ à�á¯à¥¤¥«¥−¨¥ ”à¥è¥ ¢ ¡�©¥á®¢áª¨å ¬®¤¥«ïå
¡�«�−á� 2 39{45

Šã¤àï¢æ¥¢ �. �. á¬. �àãâî−®¢ …. �.
‹¨áâ®¯�¤ ‘. ‚., Š¨à¨ª®¢ ˆ. �. Œ®¤¥«¨à®¢�−¨¥ ª®−ä«¨ªâ®¢

�£¥−â®¢ ¢ £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â−ëå á¨á-
â¥¬�å 3 139{148

‹¨áâ®¯�¤ ‘. ‚. á¬. Š®«¥á−¨ª®¢ �. ‚.
‹¨áâ®¯�¤ ‘. ‚. á¬. Š®«¥á−¨ª®¢ �. ‚.
‹¨â¢¨− �. �. á¬. ÷ã¬®¢áª�ï ‘. �.
‹ãªìï−®¢ ‹. �. á¬. ‘¯¨¢�ª ‘. ˆ.
Œ�©®à®¢ �. ƒ. ‚®ááâ�−®¢«¥−¨¥ á¨£−�«� ¢ á¨áâ¥¬�å à¥�«ì−®£®

¢à¥¬¥−¨ ¯® à�¢−®¬¥à−ë¬ ¢ë¡®àª�¬ á ã¬¥−ìè¥−¨¥¬ ¨−â¥à¢�-
«� ��©ª¢¨áâ� 2 95{112

Œ�©â�ª®¢ ”. ƒ. á¬. Š®«¥á−¨ª®¢ �. ‚.
Œ�«ìª®¢áª¨© ‘. ˆ. á¬. ‡�æ�à¨−−ë© �. �.
Œ�¬®−®¢� �. ‘. á¬. …£®à®¢� �. ā.
Œ¥©å�−�¤¦ï− ‹. �. á¬. ‡�àï¤®¢ ˆ. ‘.
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Œ¨«®¢�−®¢� ’. �. á¬. ‡�àï¤®¢ ˆ. ‘.
Œ¨«®áâ−�ï �. �. á¬. �®¡ëàì Œ. ‚.
Œ®à®§ª¨− �. „. á¬. ‘¯¨¢�ª ‘. ˆ.
Œ®à®§®¢ �. ‚. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
Œ®à®§®¢ �. ‚. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
Œãá�¡�¥¢ ÷. ÷. á¬. ‡�å�à®¢ ‚. �.
�¨ª¨è¨− „. �. ‚¨¤ë −¥®¤−®à®¤−®áâ¥© ¢ áâàãªâãà¥ £¥−¥à�«¨§�-

æ¨¨ £¥®¤�−−ëå 1 74{85
�¨ª¨è¨− „. �. ˆ−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨ ¢ ¯à®æ¥áá�å

®¡à�¡®âª¨ £¥®¤�−−ëå 2 60{70
�ãà¨¥¢ ‚. �. á¬. ƒ®−ç�à®¢ �. �.
�¤¨−�¥¢ ÷. �. Œ�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì §�¤�ç¨ §�é¨âë à�áâ¥−¨©

¢ ¡¨®á¨áâ¥¬¥ â¨¯� ú¢à¥¤−ë¥ −�á¥ª®¬ë¥ { ¯®«¥§−ë¥ −�á¥ª®-
¬ë¥û á ¯à®¨§¢®«ì−ë¬¨ âà®ä¨ç¥áª¨¬¨ äã−ªæ¨ï¬¨ 1 96{108

�¦¥à¥«ì¥¢ ˆ. ‘., ‘¥−ìª® �. ‚., Š¨á¥«ñ¢� �. �. Œ¥â®¤
¯®¨áª� ¢ë¯�¤�îé¨å ®¡ê¥ªâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ ¯�à�¬¥âà®¢
−¥ãáâ®©ç¨¢®áâ¨ ®¡ãç¥−¨ï 2 122{134

�áâà¨ª®¢� „. ā. á¬. �¥áç�áâ−ë© ‚. �.
��«¨®−−�ï ‘. ˆ. á¬. Šã¤àï¢æ¥¢ �. �.
��«¨®−−�ï ‘. ˆ. á¬. Šã¤àï¢æ¥¢ �. �.
÷®¦¤¥áâ¢¥−áª¨© ā. ‚. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
÷®§¥−¡¥à£ ˆ. �. á¬. „ã«¨− ‘. Š.
÷ã¤�ª �. �. á¬. ˜−ãàª®¢ �. ‚.
÷ã¬®¢áª�ï ‘. �., Š®«¥á−¨ª®¢ �. ‚., ‹¨â¢¨− �. �. ‚¨§ã�«ì-

−ë© ¬¥â�ï§ëª ®¯¨á�−¨ï à¥è¥−¨ï ¤¨�£−®áâ¨ç¥áª¨å ¯à®¡«¥¬ 4 39{49
÷ëç¨å¨− �. Š. � ¬¥â®¤�å ®æ¥−ª¨ ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤� 4 106{118
‘�¬ã©«®¢ Š. …. á¬. —ãå−® �. ‚.
‘¥−ìª® �. ‚. á¬. �¦¥à¥«ì¥¢ ˆ. ‘.
‘¨−¨æë− ‚. ˆ. á¬. ‘¨−¨æë− ˆ. �.
‘¨−¨æë− ‚. ˆ. á¬. ‘¨−¨æë− ˆ. �.
‘¨−¨æë− ˆ. �., ‘¨−¨æë− ‚. ˆ. �−�«¨â¨ç¥áª®¥ ¬®¤¥«¨à®¢�-

−¨¥ ¯à®æ¥áá®¢ ¢ ¢®«ìâ¥àà®¢áª¨å áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å
¬¥â®¤®¬ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© 1 109{127

‘¨−¨æë− ˆ. �., ‘¨−¨æë− ‚. ˆ. “á«®¢−®-®¯â¨¬�«ì−®¥ «¨-
−¥©−®¥ ®æ¥−¨¢�−¨¥ −®à¬�«ì−ëå ¯à®æ¥áá®¢ ¢ ¢®«ìâ¥àà®¢áª¨å
áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å 3 16{28

‘®à®ª®«¥â®¢� �. …., ‡�å�à®¢� ’. ‚. Œ¥â®¤ á«ãç�©−®£® ®â¡®à�
¯à¨ ¯à®£−®§¨à®¢�−¨¨ ¢à¥¬¥−−ëå àï¤®¢ àë−ª� ªà¨¯â®¢�«îâ 4 65{72

‘¯¨¢�ª ‘. ˆ., Œ®à®§ª¨− �. „., ‹ãªìï−®¢ ‹. �. Œ¥â�®¡ê¥ªâ-
−ë© ¯®¤å®¤ ª ¬®¤¥«¨à®¢�−¨î ¡¨§−¥á-¯à®æ¥áá®¢ ¯à¥¤¯à¨ïâ¨ï
¢ à�¬ª�å ¥¤¨−®© ERP-á¨áâ¥¬ë 2 113{121

‘â¥¯ç¥−ª®¢ „. ā. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
‘â¥¯ç¥−ª®¢ „. ā. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
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‘â¥¯ç¥−ª®¢ ā. �., „ìïç¥−ª® ā. ƒ., Œ®à®§®¢ �. ‚., ‘â¥¯-

ç¥−ª®¢ „. ā., „ìïç¥−ª® „. ā. •�à�ªâ¥à¨§�æ¨ï ¯®á«¥¤®-
¢�â¥«ì−®áâ−ëå á�¬®á¨−åà®−−ëå í«¥¬¥−â®¢ 3 104{113

‘â¥¯ç¥−ª®¢ ā. �., „ìïç¥−ª® ā. ƒ., ÷®¦¤¥áâ¢¥−áª¨© ā. ‚.,
Œ®à®§®¢ �. ‚., ‘â¥¯ç¥−ª®¢ „. ā., „ìïç¥−ª® „. ā.
�¯â¨¬¨§�æ¨ï ¨−¤¨ª�æ¨¨ ¬−®£®à�§àï¤−ëå á�¬®á¨−åà®−−ëå
áå¥¬ 4 14{27

‘âà¨¦®¢ ‚. ‚. á¬. “á¬�−®¢� Š. ÷.
‘ãçª®¢ �. �. ”ã−ªæ¨®−�«ì−�ï ¬®¤¥«ì á¨áâ¥¬ë ã¯à�¢«¥−¨ï

¯à®æ¥áá�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï 4 129{139
‘ãçª®¢ �. �. á¬. ‡�æ�à¨−−ë© �. �.
’¨¬®−¨−� …. …. á¬. ƒàãè® �. �.
’¨¬®−¨−� …. …. á¬. ƒàãè® �. �.
’¨¬®−¨−� …. …. á¬. ƒàãè® �. �.
’¨â®¢� �. ˆ. á¬. �àãâî−®¢ …. �.
“¬�−áª¨© ‚. ˆ. á¬. „ã«¨− ‘. Š.
“á¬�−®¢� Š. ÷., ‘âà¨¦®¢ ‚. ‚. Œ®¤¥«¨ ®¡−�àã¦¥−¨ï §�¢¨á¨-

¬®áâ¥© ¢® ¢à¥¬¥−−ëå àï¤�å ¢ §�¤�ç�å ¯®áâà®¥−¨ï ¯à®£−®áâ¨-
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;
{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-

â¥©;
{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.
�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.
�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.
��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).
÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.
‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.
÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.
��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.
�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.
÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 15 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.
‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.
‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.
˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:
http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2012 22 02 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2012 22 02 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:
(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |

−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.
(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-

«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.
‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".
�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":
�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:
Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.
�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:
Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:
Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.
�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):
Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.
�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | N.Y.: Wiley, 1974.
521 p.)
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2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. N.Y.: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:
Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)
�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:
Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).
�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:
Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. D.Sc. Diss. Moscow.
272 p.
Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.
�¯¨á�−¨¥ ƒ�‘’�:
GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.
�¯¨á�−¨¥ ¯�â¥−â�:
Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��
’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: rust@ipiran.ru (‘¥©äã«ì-Œã«îª®¢ ÷ãáâ¥¬ ��¤à¨¥¢¨ç)
http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:
Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).
The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
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may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.

7. The recommended typesetting instructions for manuscript.
Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.
Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.
The recommended manuscript size: not more than 15 pages of the specified format. If
the specified size exceeded, the editorial board is entitled to require the author to reduce
the manuscript.
Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.
All pages of the manuscript should be numbered.
The templates for the manuscript typesetting are presented on site:
http://www.ipiran.ru/publication/collected/template.doc

8. Articles should enclose data both in Russian and English:

{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp and
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ abstract (not less than 100 words) both in Russian and in English. Abstract is
a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.
Important! Keywords must not be sentences.

{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.net/ru/bgn/).
Please take into account the following examples of Russian references appearance:
Article in journal:
Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Rus. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.
Journal article in electronic format:
Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
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exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
Conference proceedings:
Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.
Books and other monographs:
Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.
Dissertation and Thesis:
Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.
State standards and patents:
GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. M.: Standardinform Publs. 10 p.
Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.
References in Latin transcription are presented in the original language.
References in the text are numbered according to the order of their first appearance;
the number is placed in square brackets. All items from the reference list should be cited.

10. Manuscripts and additional materials are not returned to Authors by the Editorial
Board.

11. Submissions of files by e-mail must include:
{ the journal title and author's name in the \Subject" field;
{ an article and additional materials have to be attached using the \attach" function;
{ an electronic version of the article should contain the file with the text and a sepa-

rate file with figures.
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charges for the authors as well as there are no royalties.
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