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“áâ®©ç¨¢®áâì á�¬®á¨−åà®−−ëå ª®¬¡¨−�æ¨®−−ëå áå¥¬ ª ªà�âª®¢à¥¬¥−−ë¬ ‹‘

ç¥−−®¬ −�¯àï¦¥−¨¨ ¯¨â�−¨ï, áâ�¢¨â §�¤�çã ®¡¥á¯¥ç¥−¨ï ¨å −�¤¥¦−®áâ¨ ¨ á¡®-
¥ãáâ®©ç¨¢®áâ¨. �¥¡«�£®¯à¨ïâ−ë¥ ä�ªâ®àë á¯®á®¡−ë ¢ë§¢�âì ªà¨â¨ç¥áª¨© ‹‘
¢ ª®¬¡¨−�æ¨®−−®© áå¥¬¥. �®íâ®¬ã §�¤�ç� �−�«¨§� ¯®ï¢«¥−¨ï ¨ à�á¯à®áâà�−¥−¨ï
‹‘ ¢ æ¨äà®¢ëå áå¥¬�å ï¢«ï¥âáï �ªâã�«ì−®©.

‚ á¨−åà®−−ëå áå¥¬�å ¤�¦¥ ªà�âª®¢à¥¬¥−−®¥ ¨§¬¥−¥−¨¥ á¨£−�«�, ¯à®¨§®è¥¤-
è¥¥ −¥¯®áà¥¤áâ¢¥−−® ¯¥à¥¤ �ªâ¨¢−ë¬ äà®−â®¬ â�ªâ®¢®£® ¨¬¯ã«ìá�, á ¡®«ìè®©
¢¥à®ïâ−®áâìî §�¯¨è¥âáï ¢ à¥£¨áâà ¨ ¨á¯®àâ¨â ¤�−−ë¥. ‘�¬®á¨−åà®−−ë¥ áå¥-
¬ë [1, 2] á¯®á®¡−ë ¤¥â¥ªâ¨à®¢�âì ¯®ï¢«¥−¨¥ ‹‘ ¨ ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ «¨¡®
§�¬�áª¨à®¢�âì ¥£®, «¨¡® ¯à¨®áâ�−®¢¨âì ®¡à�¡®âªã ¤�−−ëå ¤® ¥£® ®ª®−ç�−¨ï.

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� á¡®¥ãáâ®©ç¨¢®áâ¨ ª®¬¡¨−�æ¨®−-
−ëå æ¨äà®¢ëå ‘‘-áå¥¬, ¨§£®â®¢«¥−−ëå ¯® á®¢à¥¬¥−−®© ŠŒ„�-â¥å−®«®£¨¨
á ¯à®¥ªâ−ë¬¨ −®à¬�¬¨ 65 −¬ ¨ −¨¦¥, ¨ ¯à¥¤«�£�îâáï á¯®á®¡ë ¨å §�é¨âë ®â
ªà�âª®¢à¥¬¥−−ëå ‹‘.

2 Типы логических сбоев в комбинационных самосинхронных схемах

÷�áá¬�âà¨¢�¥¬ë¥ ‘‘-áå¥¬ë ¨á¯®«ì§ãîâ ¯�à�ä�§−®¥ á® á¯¥©á¥à®¬ (�”‘)
ª®¤¨à®¢�−¨¥ á¨£−�«®¢ ¨ áâà®£® á®¡«î¤�îâ ¯à¨−æ¨¯ §�¯à®á-®â¢¥â−®£® ¢§�¨¬®¤¥©-
áâ¢¨ï á®á¥¤−¨å ¢ âà�ªâ¥ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ‘‘ äã−ªæ¨®−�«ì−ëå ¡«®ª®¢.
‹î¡ãî ‘‘-áå¥¬ã ¬®¦−® áâàãªâãà−® à�§¤¥«¨âì −� ¤¢¥ ç�áâ¨: ¨−ä®à¬�æ¨®−−ãî,
à¥�«¨§ãîéãî �«£®à¨â¬ ®¡à�¡®âª¨ ¤�−−ëå, ¨ ¨−¤¨ª�â®à−ãî, ¯®¤â¢¥à¦¤�îéãî
®ª®−ç�−¨¥ ¯¥à¥ª«îç¥−¨ï ¨−ä®à¬�æ¨®−−®© ç�áâ¨ ¢ â¥ªãéãî ä�§ã à�¡®âë. �®-
ï¢«¥−¨¥ ‹‘ ¢ íâ¨å ç�áâïå ‘‘-áå¥¬ë ¯®-à�§−®¬ã ¢«¨ï¥â −� à�¡®â®á¯®á®¡−®áâì
‘‘-áå¥¬ë.

2.1 Механизмы появления логических сбоев в КМДП-схемах

‘ãé¥áâ¢ãîâ ¤¢� ®á−®¢−ëå ¬¥å�−¨§¬� ¢®§−¨ª−®¢¥−¨ï ‹‘: ¨®−¨§�æ¨®−−ë© [3]
¨ ¥¬ª®áâ−®© [4]. ˆ®−¨§�æ¨®−−ë© ¬¥å�−¨§¬ §�¯ãáª�¥âáï ï¤¥à−®© ç�áâ¨æ¥© ¨«¨
ª®á¬¨ç¥áª¨¬ «ãç®¬, ¯à®−¨ª�îé¨¬ ¢ ¯®«ã¯à®¢®¤−¨ª. �à®«¥â ï¤¥à−®© ç�áâ¨æë
ç¥à¥§ â¥«® ¯®«ã¯à®¢®¤−¨ª� ¢ë§ë¢�¥â ¨¬¯ã«ìá−ë© â®ª ¨®−¨§�æ¨¨ ¤«¨â¥«ì−®áâìî
10−11{10−8 á [5] ¨ ¬®¦¥â ¢ë§¢�âì á¡®©−®¥ ¯¥à¥ª«îç¥−¨¥ í«¥¬¥−â®¢ áå¥¬ë.

‚â®à®© ¨áâ®ç−¨ª ‹‘ | −�¢®¤ª¨ ç¥à¥§ ¯�à�§¨â−ãî ¥¬ª®áâ−ãî á¢ï§ì âà�áá
¬¥¦á®¥¤¨−¥−¨© ¨ è¨− ¯¨â�−¨ï ¨ ú§¥¬«¨û ¢ â®¯®«®£¨ç¥áª®© à¥�«¨§�æ¨¨ ŠŒ„�
�ˆ‘ (¡®«ìè¨å ¨−â¥£à�«ì−ëå áå¥¬). ÷¨áã−®ª 1 ¤¥¬®−áâà¨àã¥â ã¯à®é¥−−ãî
¬®¤¥«ì ¯¥à¥ªà¥áâ−ëå −�¢®¤®ª ¤«ï ã−�à−®£® á¨£−�«� • [4] ¨ �”‘-á¨£−�«� (•,
•‚). ’à�áá�-ú¦¥àâ¢�û ã−�à−®£® á¨£−�«� X á¢ï§�−� ¯�à�§¨â−ë¬¨ ¥¬ª®áâï¬¨
CA1X ¨ CA2X á á®á¥¤−¨¬¨ âà�áá�¬¨-ú�£à¥áá®à�¬¨û A1 ¨ A2 ¨ ¯�à�§¨â−®© ¥¬-
ª®áâìî CX | á ¯®¤«®¦ª®© (à¨á. 1, �). ‚ −�¨åã¤è¥¬ á«ãç�¥, ¯à¨ ®¤−®¢à¥¬¥−−®¬
¯¥à¥ª«îç¥−¨¨ âà�áá-ú�£à¥áá®à®¢û ¢ ®¤−®¬ −�¯à�¢«¥−¨¨, −� âà�áá¥-ú¦¥àâ¢¥û
¨−¤ãæ¨àã¥âáï ¨¬¯ã«ìá −�¯àï¦¥−¨ï, �¬¯«¨âã¤� ª®â®à®£® ¯à®¯®àæ¨®−�«ì−� ®â-
−®è¥−¨î (CA1X + CA2X)/(CA1X + CA2X + CX). …£® ¤«¨â¥«ì−®áâì §�¢¨á¨â ®â
¤«¨â¥«ì−®áâ¨ äà®−â� (á¯�¤�) á¨£−�«®¢ −� âà�áá�å-ú�£à¥áá®à�åû ¨ −�£àã§®ç−®©
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

÷¨á. 1 Œ®¤¥«ì ¯¥à¥ªà¥áâ−ëå −�¢®¤®ª ¤«ï ã−�à−®£® á¨£−�«� (�) ¨ �”‘-á¨£−�«� (¡)

á¯®á®¡−®áâ¨ ¤à�©¢¥à� á¨£−�«� •. �¡ëç−® ®−� ¬¥−ìè¥ ¤«¨â¥«ì−®áâ¨ ‹‘, ¢ë§¢�−-
−®£® ¨®−¨§�æ¨®−−ë¬ ¬¥å�−¨§¬®¬.

…á«¨ ª®¬¯®−¥−âë ®¤−®£® �”‘-á¨£−�«� ¨¬¥îâ à�§−ëå á®á¥¤¥©, â® ¢ −�¨åã¤-
è¥¬ á«ãç�¥ ¢®§¬®¦−® ®¤−®¢à¥¬¥−−®¥ ¯®ï¢«¥−¨¥ −� −¨å ¨¬¯ã«ìá®¢ −�¯àï¦¥−¨ï
à�§−®© ¯®«ïà−®áâ¨. �â® ¬®¦¥â ¢ë§¢�âì ¯¥à¥ª«îç¥−¨¥ �â�ª®¢�−−®£® �”‘-á¨£-
−�«� ¨§ ª®àà¥ªâ−®£® à�¡®ç¥£® á®áâ®ï−¨ï (Š÷‘) ¢ ¯à®â¨¢®¯®«®¦−®¥ | á¡®©−®¥
à�¡®ç¥¥ á®áâ®ï−¨¥ (‘÷‘).

�−�«®£¨ç−ë¬ ®¡à�§®¬ ¤¥©áâ¢ãîâ ¨áâ®ç−¨ª¨ £«®¡�«ì−ëå −�¢®¤®ª: èã¬ë ¯®
è¨−�¬ ¯¨â�−¨ï ¨ §¥¬«¨, èã¬ ¯® ¯®¤«®¦ª¥, í«¥ªâà®¬�£−¨â−ë© ¨¬¯ã«ìá ®â ¢−¥è−¥-
£® ¨áâ®ç−¨ª�. �¤−�ª® ®−¨, ª�ª ¯à�¢¨«®, á¨¬¬¥âà¨ç−® ¢«¨ïîâ −� ®¡� ª®¬¯®−¥−â�
�”‘-á¨£−�«�. ‚ à¥§ã«ìâ�â¥ �”‘-á¨£−�« ¨§ Š÷‘ ¬®¦¥â ¯¥à¥ª«îç¨âìáï â®«ìª®
¢ á¯¥©á¥à ¨«¨ ¥£® ¨−¢¥àá¨î | �−â¨á¯¥©á¥à (�‘).

ˆ§-§� ¬¥−ìè¥© ¤«¨â¥«ì−®áâ¨ −�¢®¤ª¨ ç¥à¥§ ¯�à�§¨â−ãî ¥¬ª®áâ−ãî á¢ï§ì
¬¥−¥¥ ®¯�á−ë, ç¥¬ á¡®¨, ¢ë§¢�−−ë¥ ï¤¥à−®© ç�áâ¨æ¥© ¨«¨ ª®á¬¨ç¥áª¨¬¨ «ãç�¬¨.
�® ç�áâ®â� ¨å ¯®ï¢«¥−¨ï áà�¢−¨¬� á ç�áâ®â®© à�¡®âë áå¥¬ë, ¯®íâ®¬ã ®−¨ −¥
¬¥−¥¥ ¢�¦−ë.

2.2 Классификация логических сбоев в комбинационных самосинхронных
схемах

‚á¥ ¢®§¬®¦−ë¥ á«ãç�¨ ‹‘ ¢ ¨−ä®à¬�æ¨®−−®© ç�áâ¨ ª®¬¡¨−�æ¨®−−ëå ‘‘-
áå¥¬ ¯®ª�§�−ë ¢ â�¡«¨æ¥. Š«�áá¨ä¨ª�æ¨ï ‹‘ ¢ ª®¬¡¨−�æ¨®−−ëå ‘‘-áå¥¬�å −�
®á−®¢�−¨¨ ¨å â¨¯� ¨ ¢à¥¬¥−¨ ¯®ï¢«¥−¨ï ¯®ª�§�−� −� à¨á. 2. �¤−�ª® ¢¥à®ïâ−®áâì
¯®ï¢«¥−¨ï á®¡ëâ¨©, á®®â¢¥âáâ¢ãîé¨å á«ãç�ï¬ 8 ¨ 9, ¬®¦−® á¢¥áâ¨ ª −ã«î
á ¯®¬®éìî á«¥¤ãîé¨å â®¯®«®£¨ç¥áª¨å ¬¥â®¤®¢:
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“áâ®©ç¨¢®áâì á�¬®á¨−åà®−−ëå ª®¬¡¨−�æ¨®−−ëå áå¥¬ ª ªà�âª®¢à¥¬¥−−ë¬ ‹‘

‚®§¬®¦−ë¥ ¨§¬¥−¥−¨ï �”‘-á¨£−�«� ¨§-§� ‹‘

ü �ã«¥¢®© á¯¥©á¥à …¤¨−¨ç−ë© á¯¥©á¥à
á«ãç�ï

‹‘
ˆáå®¤−®¥
á®áâ®ï−¨¥

‘®áâ®ï−¨¥
¯®á«¥ ‹‘

ˆáå®¤−®¥
á®áâ®ï−¨¥

‘®áâ®ï−¨¥
¯®á«¥ ‹‘

1 00 01 11 01
2 00 10 11 10
3 00 11 11 00
4 01 11 01 00
5 10 11 10 00
6 01 00 01 11
7 10 00 10 11
8 01 10 01 10
9 10 01 10 01

÷¨á. 2 Š«�áá¨ä¨ª�æ¨ï ‹‘ ¢ ª®¬¡¨−�æ¨®−−ëå ‘‘-áå¥¬�å

{ ¯à¨−ã¤¨â¥«ì−®£® à�á¯®«®¦¥−¨ï ¯�àë í«¥¬¥−â®¢, ä®à¬¨àãîé¨å �”‘-á¨£-
−�«, àï¤®¬ ¤àã£ á ¤àã£®¬ [3];

{ ¯à¨−æ¨¯� ú¢¨â®© ¯�àëû ¯à¨ à�§¢®¤ª¥ �”‘-á¨£−�«� (¨á¯®«ì§®¢�−¨¥ á®á¥¤-
−¨å âà�áá ¢ ª�¦¤®¬ â®¯®«®£¨ç¥áª®¬ á«®¥, á¬. à¨á. 1, ¡), â®£¤� ¢®§¤¥©áâ¢¨¥
âà�áá-ú�£à¥áá®à®¢û −� ®¡¥ ¥£® ç�áâ¨ ¡ã¤¥â á¨¬¬¥âà¨ç−ë¬.

’�¡«¨æ� ®¯¨áë¢�¥â ‹‘ â®«ìª® �”‘-á¨£−�«®¢. �¤−�ª® −� ã−�à−ëå á¨£−�«�å
¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë ‘‘-áå¥¬ë â�ª¦¥ ¬®¦¥â ¯®ï¢¨âìáï ‹‘. �− ®è¨¡®ç−®
¯®¤â¢¥à¤¨â §�¢¥àè¥−¨¥ ¯¥à¥å®¤� ¨−¤¨æ¨àã¥¬®© áå¥¬ë ¢ à�¡®çãî (á¯¥©á¥à−ãî)
ä�§ã ¨ á¯à®¢®æ¨àã¥â ¯à¥¦¤¥¢à¥¬¥−−®¥ ¯¥à¥ª«îç¥−¨¥ ¥¥ ¢å®¤®¢ ¢ á¯¥©á¥à (à�¡®ç¥¥
á®áâ®ï−¨¥). ‚®§−¨ª−¥â ªà¨â¨ç¥áª¨© ®áâ�−®¢. ÷¥è�¥â íâã ¯à®¡«¥¬ã DICE-à¥�«¨-
§�æ¨ï ¢ëå®¤−®£® £¨áâ¥à¥§¨á−®£® âà¨££¥à� (ƒ-âà¨££¥à�) [6] ¢ ª�¦¤®© ¨−¤¨ª�â®à−®©
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ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª®, ā. ‚. ÷®¦¤¥áâ¢¥−áª¨© ¨ ¤à.

¯®¤áå¥¬¥ ¨ ¢á¥å ƒ-âà¨££¥à®¢ áå¥¬ë ã¯à�¢«¥−¨ï. ’®£¤� ‹‘ ¢ áå¥¬¥ ã¯à�¢«¥−¨ï
¯à¨¢¥¤¥â «¨èì ª §�¤¥à¦ª¥ ¢ à�¡®â¥ ‘‘-áå¥¬ë.

�à¥¤áâ�¢«¥−−�ï −� à¨á. 2 ª«�áá¨ä¨ª�æ¨ï ªà�âª®¢à¥¬¥−−ëå ‹‘ á«ã¦¨â ®á−®-
¢®© ¤«ï ¢ëç¨á«¥−¨ï ª®«¨ç¥áâ¢¥−−ëå ®æ¥−®ª ¢¥à®ïâ−®áâ¨ ¯®¢à¥¦¤¥−¨ï ¨−ä®à¬�-
æ¨¨, ®¡à�¡�âë¢�¥¬®© ª®¬¡¨−�æ¨®−−®© ‘‘-áå¥¬®©, ¢á«¥¤áâ¢¨¥ ‹‘.

3 Заключение

�«�£®¤�àï �”‘-ª®¤¨à®¢�−¨î ¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢, áâà®£®© ¨−¤¨-
ª�æ¨¨ ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨© ¢á¥å í«¥¬¥−â®¢ áå¥¬ë ¨ §�¯à®á-®â¢¥â−®¬ã ¢§�-
¨¬®¤¥©áâ¢¨î ‘‘-áå¥¬ë ®¡«�¤�îâ ¢ëá®ª®© ãáâ®©ç¨¢®áâìî ª ®¤¨−®ç−ë¬ ‹‘,
¢ë§¢�−−ë¬ ¢−¥è−¨¬¨ ¨ ¢−ãâà¥−−¨¬¨ ¨áâ®ç−¨ª�¬¨.

�à¨−ã¤¨â¥«ì−®¥ à�§¬¥é¥−¨¥ ¯�àë í«¥¬¥−â®¢, ä®à¬¨àãîé¨å �”‘-á¨£−�«,
àï¤®¬ ¤àã£ á ¤àã£®¬ ¢ â®¯®«®£¨¨ ‘‘-áå¥¬ë ¨ ¨á¯®«ì§®¢�−¨¥ á®á¥¤−¨å âà�áá
¢ ª�¦¤®¬ â®¯®«®£¨ç¥áª®¬ á«®¥ ¤«ï à�§¢®¤ª¨ �”‘-á¨£−�«� (¯® â¨¯ã ú¢¨â®©
¯�àëû) ¤¥«�îâ ‹‘ â¨¯� ú¯¥à¥ª«îç¥−¨¥ �”‘-á¨£−�«� ¨§ ª®àà¥ªâ−®£® à�¡®ç¥£®
á®áâ®ï−¨ï ¢ ¨−¢¥àá−®¥ à�¡®ç¥¥ á®áâ®ï−¨¥û ¯à¨−æ¨¯¨�«ì−® −¥¢®§¬®¦−ë¬.

�®¢ëè¥−¨¥ ãáâ®©ç¨¢®áâ¨ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë ‘‘-áå¥¬ë ª ®¤¨−®ç−ë¬
‹‘ ®¡¥á¯¥ç¨¢�¥âáï DICE-à¥�«¨§�æ¨¥© ¢ëå®¤−®£® ƒ-âà¨££¥à� ¢ ª�¦¤®© ¨−¤¨ª�-
â®à−®© ¯®¤áå¥¬¥ ¨ ¢á¥å ƒ-âà¨££¥à®¢ áå¥¬ë ã¯à�¢«¥−¨ï.
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Self-timed combinational circuit tolerance to short-term soft errors

SELF-TIMED COMBINATIONAL CIRCUIT TOLERANCE
TO SHORT-TERM SOFT ERRORS

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: The paper considers self-timed (ST) complementary metal{oxide{
semiconductor (CMOS) combinational circuit tolerance to short-term soft errors
caused by the external sources or internal noises that do not lead to semiconductor
structure destruction. The paper discusses the consequences of physical causes
impact, leading to soft errors in a chip manufactured by the 65-nanometer
and below CMOS process. It introduces soft error classification in CMOS ST
combinational circuits depending on their appearance time and the type of failure.
Self-timed circuits have a higher degree of resistance to short-term soft errors
than their synchronous counterparts due to the two-phase operation discipline,
request-acknowledge interaction, and dual-rail information signal coding. The
paper proposes circuitry and layout methods ensuring the lowering of CMOS ST
combinational circuit sensitivity to soft errors due to the guaranteed absence of
the bipolar influence of the soft error source on the cells forming dual-rail signals
and on their wires in the circuit layout.

Keywords: self-timed circuit; soft error; fault tolerance; CMOS; working
phase; spacer; layout
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УНИВЕРСАЛЬНЫЙ ФУНКЦИОНАЛЬНЫЙ МЕТОД АНАЛИЗА
БОЛЬШИХ САМОСИНХРОННЫХ СХЕМ∗

Л. П. Плеханов1, В. Н. Захаров2

�−−®â�æ¨ï: �¤−� ¨§ £«�¢−ëå §�¤�ç á®§¤�−¨ï á�¬®á¨−åà®−−ëå (CC) í«¥ª-
âà®−−ëå áå¥¬ | �−�«¨§ ¨å á�¬®á¨−åà®−−®áâ¨. ˆ§¢¥áâ−ë¥ á®¡ëâ¨©−ë¥ ¬¥â®¤ë
−¥ ®¡¥á¯¥ç¨¢�îâ ¯®«−®£® �−�«¨§� ‘‘-áå¥¬ à¥�«ì−®© á«®¦−®áâ¨ ¨§-§� çà¥§-
¬¥à−®£® ®¡ê¥¬� ¢ëç¨á«¥−¨©. ‚ à�¬ª�å äã−ªæ¨®−�«ì−®£® ¯®¤å®¤� ¯à¥¤«®¦¥−
ã−¨¢¥àá�«ì−ë© ¬¥â®¤, ®á−®¢�−−ë© −� �¢â®¬�â¨ç¥áª®¬ à�§¤¥«¥−¨¨ áå¥¬ë −�
¬¨−¨¬�«ì−ë¥ ‘‘-ïç¥©ª¨. Œ¥â®¤ ¯®§¢®«ï¥â à�¤¨ª�«ì−® ã¬¥−ìè¨âì −¥®¡å®-
¤¨¬ë¥ ¢ëç¨á«¥−¨ï ¨ �−�«¨§¨à®¢�âì á�¬®á¨−åà®−−®áâì áå¥¬ «î¡®£® à�§¬¥à�.

Š«îç¥¢ë¥ á«®¢�: á�¬®á¨−åà®−−ë¥ áå¥¬ë; �−�«¨§ á�¬®á¨−åà®−−ëå áå¥¬

DOI: 10.14357/08696527200202

1 Введение

‘�¬®á¨−åà®−−ë¥ æ¨äà®¢ë¥ áå¥¬ë ¨¬¥îâ ã−¨ª�«ì−ë¥ á¢®©áâ¢� ¯® áà�¢−¥−¨î
á âà�¤¨æ¨®−−ë¬¨ â¨¯�¬¨ áå¥¬, á¨−åà®−−ë¬¨ ¨«¨ �á¨−åà®−−ë¬¨:

{ ¯®«−®¥ ¨ ¯à¨−æ¨¯¨�«ì−®¥ ®âáãâáâ¢¨¥ á®áâï§�−¨© ¯à¨ «î¡ëå §�¤¥à¦ª�å í«¥-
¬¥−â®¢ áå¥¬ë;

{ ®âª�§®¡¥§®¯�á−®áâì, ¯à®ï¢«ïîé�ïáï ¢ ®áâ�−®¢ª¥ ¢á¥å ¯¥à¥ª«îç¥−¨© ¯à¨
¢®§−¨ª−®¢¥−¨¨ å®âï ¡ë ®¤−®© ª®−áâ�−â−®© −¥¨á¯à�¢−®áâ¨ â¨¯� §�«¨¯�−¨ï
−� 0 ¨«¨ 1 ¨ −¥ª®â®àëå ¤àã£¨å −¥¨á¯à�¢−®áâ¥©.

�â¨ á¢®©áâ¢� ®¡¥á¯¥ç¨¢�îâ ¯à�¢¨«ì−®áâì äã−ªæ¨®−¨à®¢�−¨ï ¢ ¬�ªá¨¬�«ì−®
è¨à®ª®¬ ¤¨�¯�§®−¥ ¢−¥è−¨å ãá«®¢¨© (â¥¬¯¥à�âãàë ¨ −�¯àï¦¥−¨ï ¯¨â�−¨ï),
� â�ª¦¥ ¤�îâ ¡�§¨á ¤«ï á®§¤�−¨ï ¢ëá®ª®−�¤¥¦−ëå ãáâà®©áâ¢.

‚¯¥à¢ë¥ áãé¥áâ¢®¢�−¨¥ ‘‘-áå¥¬ ¡ë«® ¯®ª�§�−® ¢ à�¡®â¥ Œ�««¥à� ¨ ��àâ-
ª¨ [1] ¨ ¯®¤â¢¥à¦¤¥−® ¯àï¬ë¬¨ íªá¯¥à¨¬¥−â�¬¨ [2].

�à�ªâ¨ç¥áª¨¥ ¯à¨−æ¨¯ë ¨ ¬¥â®¤ë á®§¤�−¨ï ‘‘-áå¥¬ ¡ë«¨ à�§à�¡®â�−ë
‚. ˆ. ‚�àè�¢áª¨¬ á á®âà. [3]. �á−®¢−ë¥ ¨§ íâ¨å ¯à¨−æ¨¯®¢ â�ª®¢ë:

{ ¨−¤¨ª�æ¨ï ¨§¬¥−¥−¨© á¨£−�«®¢ áå¥¬ë −� ®á−®¢¥ ‘‘-ª®¤¨à®¢�−¨ï | ¢®§¬®¦-
−®áâì −� ¢ëå®¤�å ¢á¥© áå¥¬ë ®âá«¥¤¨âì â�ª¨¥ ¨§¬¥−¥−¨ï;

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ¯® �à®£à�¬¬¥ äã−¤�¬¥−â�«ì−ëå ¨áá«¥-
¤®¢�−¨© 2019 £. �à¥§¨¤¨ã¬� ÷�� (¯à®¥ªâ 2019-0054-2.2).

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

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

{ ¯®àï¤®ª à�¡®âë áå¥¬ë | ¯®®ç¥à¥¤−�ï á¬¥−� ¤¢ãå ä�§: à�¡®ç¥© ¨ á¯¥©á¥à−®©
(¯à®¬¥¦ãâ®ç−®©);

{ ®¡à�â−�ï á¢ï§ì | ¯®á«¥ ®ª®−ç�−¨ï â¥ªãé¥© ä�§ë (á ¯®¬®éìî ¨−¤¨ª�æ¨¨
¢ëå®¤®¢) ¨−¨æ¨¨à®¢�−¨¥ á«¥¤ãîé¥© ä�§ë −� ¢å®¤�å áå¥¬ë.

�à¨ á®§¤�−¨¨ ‘‘-áå¥¬ ¯à¨−æ¨¯¨�«ì−® ¢�¦¥− �−�«¨§ ¯à®¥ªâ¨àã¥¬®© áå¥¬ë
−� á�¬®á¨−åà®−−®áâì. Š«�áá¨ç¥áª¨© ¯®¤å®¤ á®áâ®¨â ¢ �−�«¨§¥ á®¡ëâ¨© |
¨§¬¥−¥−¨© ¢ −ã«ïå ¨ ¥¤¨−¨æ�å á¨£−�«®¢ áå¥¬ë. �®¤®¡−ë¥ á®¡ëâ¨©−ë¥ ¬¥â®¤ë
¢ ¤�«ì−¥©è¥¬ ¡ë«¨ á®§¤�−ë −� ®á−®¢¥ á¥â¥© �¥âà¨ ¨ ¤àã£¨å ¯à¥¤áâ�¢«¥−¨©.

ƒ«�¢−ë¥ −¥¤®áâ�âª¨ á®¡ëâ¨©−ëå ¬¥â®¤®¢ á«¥¤ãîé¨¥:

(1) íªá¯®−¥−æ¨�«ì−�ï §�¢¨á¨¬®áâì ç¨á«� �−�«¨§¨àã¥¬ëå á®áâ®ï−¨© ®â ª®«¨-
ç¥áâ¢� í«¥¬¥−â®¢ (äã−ªæ¨©) áå¥¬ë. …á«¨ ¢ áå¥¬¥ N í«¥¬¥−â®¢, ç¨á«®
á®áâ®ï−¨© ¬®¦¥â ¤®áâ¨£�âì 2N . „«ï −¥ ®ç¥−ì ¡®«ìè®© áå¥¬ë ¨§ 100 í«¥¬¥−-
â®¢ ¯à®¢¥áâ¨ á®¡ëâ¨©−ë© �−�«¨§ ¯à�ªâ¨ç¥áª¨ −¥à¥�«ì−®;

(2) á®¡ëâ¨©−ë© �−�«¨§ ¯à®¢®¤¨âáï ¤«ï §�¬ª−ãâ®£® ®¯¨á�−¨ï áå¥¬ë. �â®
¢ë−ã¦¤�¥â à�§à�¡®âç¨ª� ¤¥«�âì ¤®¯®«−¨â¥«ì−ãî −¥¯à®áâãî à�¡®âã ¯® ª®à-
à¥ªâ−®¬ã §�¬ëª�−¨î ¢ëå®¤®¢ −� ¢å®¤ë;

(3) ®âáãâáâ¢¨¥ à¥�«ì−®£® á®¡«î¤¥−¨ï ¯®«−®âë �−�«¨§� [4]. ‘¥�−á á®¡ëâ¨©−®£®
�−�«¨§� ãç¨âë¢�¥â â®«ìª® ®¤−® −�ç�«ì−®¥ á®áâ®ï−¨¥ ¨ ®¤¨− −�¡®à §−�ç¥−¨©
¢å®¤®¢. ‘å¥¬�, ¯à®è¥¤è�ï −¥¯®«−ë© �−�«¨§, −¥ ¬®¦¥â áç¨â�âìáï ‘‘.
�¥®¡å®¤¨¬�ï ¯®«−®â� íªá¯®−¥−æ¨�«ì−® §�¢¨á¨â ®â ç¨á«� ¨−ä®à¬�æ¨®−−ëå
¢å®¤®¢ áå¥¬ë ¨ ¯¥à¥¬¥−−ëå ¯�¬ïâ¨. �� ¯à�ªâ¨ª¥ ¯®«−ë© á®¡ëâ¨©−ë©
�−�«¨§ −¨ª®£¤� −¥ ¤¥«�¥âáï.

÷�−¥¥ ¡ë« ¯à¥¤«®¦¥− äã−ªæ¨®−�«ì−ë© ¯®¤å®¤ (”�) ª ¯à®¥ªâ¨à®¢�−¨î ‘‘-
áå¥¬ [5, 6]. �®¤å®¤ ®á−®¢�− −� ®¯¨á�−¨¨ ‘‘-áå¥¬ ¢ «®£¨ç¥áª¨å äã−ªæ¨ïå,
� −¥ ¢ á®áâ®ï−¨ïå ¨ á®¡ëâ¨ïå. �¯¨á�−¨¥ ‘‘-áå¥¬ë, â�ª¨¬ ®¡à�§®¬, áâ�−®¢¨âáï
−¥ ¤¨−�¬¨ç¥áª¨¬, � áâ�â¨ç¥áª¨¬. �â® ¯®§¢®«ï¥â, ¢ ç�áâ−®áâ¨, à�áá¬�âà¨¢�âì
à�§®¬ª−ãâë¥ áå¥¬ë, çâ® £®à�§¤® ã¤®¡−¥¥ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨. „«ï à�§®¬ª−ãâëå
‘‘-áå¥¬ áä®à¬ã«¨à®¢�− ªà¨â¥à¨© á�¬®á¨−åà®−−®áâ¨ −� ®á−®¢¥ á®¡«î¤¥−¨ï
¯à¨¢¥¤¥−−ëå ¢ëè¥ á¢®©áâ¢ ‘‘-áå¥¬. �à¨ íâ®¬ à�§®¬ª−ãâ�ï áå¥¬�, ‘‘ ¢ á¬ëá-
«¥ äã−ªæ¨®−�«ì−®£® ¯®¤å®¤�, ¯à¨ ª®àà¥ªâ−®¬ §�¬ëª�−¨¨ ®áâ�¥âáï ‘‘ ¨ ¯®
®¯à¥¤¥«¥−¨î „. Œ�««¥à�.

”ã−ªæ¨®−�«ì−ë© ¯®¤å®¤ ¯®§¢®«ï¥â ¤¥«�âì �−�«¨§ ¨ á¨−â¥§ ‘‘-áå¥¬ ¨¥à�à-
å¨ç¥áª¨, çâ® ®¡¥á¯¥ç¨¢�¥â á®§¤�−¨¥ â�ª¨å áå¥¬ «î¡®£® à�§¬¥à�. �â¬¥â¨¬, çâ®
®¯¨á�−−ë¥ ¢ «¨â¥à�âãà¥ á®¡ëâ¨©−ë¥ ¨¥à�àå¨ç¥áª¨¥ ¬¥â®¤ë ¨¬¥îâ áª®à¥¥ â¥®à¥-
â¨ç¥áª¨© å�à�ªâ¥à, â�ª ª�ª ¨å ¨á¯®«ì§®¢�−¨¥ ¢ ¯à�ªâ¨ç¥áª¨å á«ãç�ïå −¥à¥�«ì−®.

�−�«¨§ ‘‘-áå¥¬ ¢ äã−ªæ¨®−�«ì−®¬ ¨¥à�àå¨ç¥áª®¬ ¯®¤å®¤¥ á®áâ®¨â ¨§ ¤¢ãå
ç�áâ¥©: �−�«¨§� −� −¨¦−¥¬ ãà®¢−¥ ¨¥à�àå¨¨ ¨ �−�«¨§� −� ¡®«¥¥ ¢ëá®ª¨å ãà®¢−ïå.

�−�«¨§ −� −¨¦−¥¬ ãà®¢−¥ ¯à®¢®¤¨âáï ¯à¨ ®¯¨á�−¨¨ áå¥¬ë ¢ «®£¨ç¥áª¨å
äã−ªæ¨ïå. ’�ª®© �−�«¨§ ¯®¤à®¡−® ¨§«®¦¥− ¢ áâ�âì¥ [7].
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“−¨¢¥àá�«ì−ë© äã−ªæ¨®−�«ì−ë© ¬¥â®¤ �−�«¨§� ¡®«ìè¨å á�¬®á¨−åà®−−ëå áå¥¬

�¡®§−�ç¨¬ −� íâ®¬ ãà®¢−¥:

N | ç¨á«® í«¥¬¥−â®¢ (¢−ãâà¥−−¨å á¨£−�«®¢) áå¥¬ë;

M | ç¨á«® ¥¥ ¨−ä®à¬�æ¨®−−ëå ¢å®¤®¢;

P | ç¨á«® ¯¥à¥¬¥−−ëå ¯�¬ïâ¨ (¡¨áâ�¡¨«ì−ëå ïç¥¥ª).

‚ áâ�âì¥ ãáâ�−®¢«¥−®, çâ® á«®¦−®áâì ¢ëç¨á«¥−¨© −� íâ®¬ ãà®¢−¥ ¯®«¨−®¬¨�«ì−�
¯®àï¤ª� 2 ®â N ¨ íªá¯®−¥−æ¨�«ì−� ª�ª 22(M+P ).

�� ¢¥àå−¨å ãà®¢−ïå ¨¥à�àå¨¨ ‘‘-áå¥¬� ®¯¨áë¢�¥âáï áâàãªâãà−® ª�ª ¢ë§®¢ë
‘‘-¯®¤áå¥¬ ¡®«¥¥ −¨§ª¨å ãà®¢−¥©. ‘«®¦−®áâì ¢ëç¨á«¥−¨© −� íâ¨å ãà®¢−ïå
«¨−¥©−� ®â N | ç¨á«� á¨£−�«®¢ ¤�−−®© áå¥¬ë, ¯à¨ç¥¬ ¢−ãâà¥−−¨¥ á¨£−�«ë
‘‘-¯®¤áå¥¬ ¢ íâ® ç¨á«® −¥ ¢å®¤ïâ.

‚ à¥§ã«ìâ�â¥ ®á−®¢−�ï ¯à®¡«¥¬� ®¡ê¥¬� ¢ëç¨á«¥−¨© ®ª�§ë¢�¥âáï −� −¨¦−¥¬
ãà®¢−¥ ¨¥à�àå¨¨, £¤¥ ¥áâì íªá¯®−¥−æ¨�«ì−�ï §�¢¨á¨¬®áâì á«®¦−®áâ¨.

�ªâã�«ì−®áâì ¯à®¡«¥¬ë á«¥¤ã¥â ¨§ â®£®, çâ® −� ¯à�ªâ¨ª¥ ã¦¥ ¤�¢−® à�§-
à�¡�âë¢�îâáï ‘‘-áå¥¬ë á ¬−®¦¥áâ¢®¬ ¢å®¤®¢. ��¯à¨¬¥à, ¢ [8] ¯à¥¤áâ�¢«¥−
‘‘-¢ëç¨á«¨â¥«ì, ¨¬¥îé¨© âà¨ ¢å®¤−ëå ®¯¥à�−¤� ¯® 64 à�§àï¤� ¨ ®¤¨− ¢å®¤
−� 6 à�§àï¤®¢. Ÿá−®, çâ® �−�«¨§ ¯®¤®¡−ëå áå¥¬ ¯à¥¤áâ�¢«ï¥â á®¡®© á«®¦−ãî
§�¤�çã. ’¥®à¥â¨ç¥áª¨ ¬®¦−® ¯®âà¥¡®¢�âì ®â à�§à�¡®âç¨ª� à�§¡¨¢�âì áå¥¬ã −� −¥-
¡®«ìè¨¥ ¯®¤áå¥¬ë. �¤−�ª® à�§¡¨¥−¨¥ ¯® ¯à¨§−�ªã �−�«¨§� −®á¨â ¨áªãááâ¢¥−−ë©
å�à�ªâ¥à, §−�ç¨â¥«ì−® §�âàã¤−ï¥â ¯à®¥ªâ¨à®¢�−¨¥ ¨ ¢á¥£¤� −¥¦¥«�â¥«ì−®. ��¨-
«ãçè¨¬ à¥è¥−¨¥¬ ¬®£«® ¡ë áâ�âì á®§¤�−¨¥ ¬¥â®¤�, −¥§�¢¨á¨¬®£® ®â à�§¡¨¥−¨ï
¨áå®¤−®© áå¥¬ë −� ‘‘-¯®¤áå¥¬ë.

�à¥¤«�£�¥¬ë© ¬¥â®¤ à�§¢¨¢�¥â ¨¥à�àå¨ç¥áª¨© ¬¥â®¤ ¢ ”�. …£® ã−¨¢¥àá�«ì-
−®áâì §�ª«îç�¥âáï ¢ â®¬, çâ® �−�«¨§¨àã¥¬�ï áå¥¬� ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−�
ª�ª ¯à®áâë¬¨ (−¥á�¬®á¨−åà®−−ë¬¨) í«¥¬¥−â�¬¨, â�ª ¨ ‘‘-¯®¤áå¥¬�¬¨, à�−¥¥
¯à®è¥¤è¨¬¨ �−�«¨§, ¨ íâ� áå¥¬� ¬®¦¥â −�å®¤¨âìáï −� «î¡®¬ ãà®¢−¥ ¨¥à�àå¨¨.

�¥á�¬®á¨−åà®−−�ï ¯® ®¯¨á�−¨î ç�áâì áå¥¬ë â�ª¦¥ ¤®«¦−� ¡ëâì ¯à®¢¥à¥−� −�
á�¬®á¨−åà®−−®áâì. ˆ¤¥ï á®áâ®¨â ¢ �¢â®¬�â¨ç¥áª®¬ ®¯à¥¤¥«¥−¨¨ ¥¥ ¬¨−¨¬�«ì−ëå
äà�£¬¥−â®¢, ¨¬¥îé¨å á¢®©áâ¢® á�¬®á¨−åà®−−®áâ¨, ¨ �−�«¨§¥ íâ¨å äà�£¬¥−â®¢.
„�«¥¥ áå¥¬� ã¦¥ ¡ã¤¥â á®áâ®ïâì â®«ìª® ¨§ ‘‘-¯®¤áå¥¬ ¨ ª −¥© ¬®¦−® ¡ã¤¥â
¯à¨¬¥−¨âì �−�«¨§ −� ¢¥àå−¥¬ ãà®¢−¥ ¨¥à�àå¨¨.

‚ à¥§ã«ìâ�â¥ ¢ ª�¦¤®¬ äà�£¬¥−â¥ ç¨á«® N ¡ã¤¥â −¥ ¡®«¥¥ ¤¢ãå, M −¥ ¯à¥¢ëá¨â
−¥áª®«ìª¨å ¥¤¨−¨æ ¨§-§� ®£à�−¨ç¥−−®£® ç¨á«� ¢å®¤®¢ äà�£¬¥−â�, � §�¢¨á¨¬®áâì
á«®¦−®áâ¨ ¢ëç¨á«¥−¨© ®â ç¨á«� P ã¤�áâáï ãáâà�−¨âì. �−�«¨§ áå¥¬ë ¢ â�ª®©
á¨âã�æ¨¨ −¥ ¯à¥¤áâ�¢¨â ¢ëç¨á«¨â¥«ì−®© ¯à®¡«¥¬ë ¯à¨ «î¡®¬ ¥¥ à�§¬¥à¥.

2 Основные положения и определения

‘¨£−�«ë ¢ ‘‘-áå¥¬�å ¯®¤à�§¤¥«ïîâáï ¯® ª�â¥£®à¨ï¬: ¨−ä®à¬�æ¨®−−ë¥
¨ á«ã¦¥¡−ë¥, ä�§®¢ë¥ ¨ −¥ä�§®¢ë¥.

ˆ−ä®à¬�æ¨®−−ë¥ á¨£−�«ë ®¡¥á¯¥ç¨¢�îâ á®¤¥à¦�â¥«ì−ë¥ ¢ëç¨á«¥−¨ï, á«ã-
¦¥¡−ë¥ | −¥â. ”�§®¢ë¥ á¨£−�«ë −¥áãâ ¨−ä®à¬�æ¨î ® â¥ªãé¥© ä�§¥, −¥ä�§®-
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¢ë¥ | −¥â. ‚á¥¬ ä�§®¢ë¬ á¨£−�«�¬ ¯à¨¯¨áë¢�¥âáï á¯¥©á¥à 0 ¨«¨ 1 | §−�ç¥−¨¥
¢ á¯¥©á¥à−®© ä�§¥.

ˆ−ä®à¬�æ¨®−−ë¥ ‘‘-á¨£−�«ë á«¥¤ãîé¨¥:

{ ¯�à�ä�§−ë¥ á® á¯¥©á¥à®¬ (�”‘) | ¤¢� á¢ï§�−−ëå ä�§®¢ëå á¨£−�«� ¢ ‘‘
ª®¤¥ [3]. ‚ íâ®¬ ª®¤¥ ª�¦¤ë© ¨áå®¤−ë© ¨−ä®à¬�æ¨®−−ë© ¡¨â ¯à¥¤áâ�¢«ï¥âáï
¤¢ã¬ï ¡¨â�¬¨ (á¨£−�«�¬¨): ¡¨â 0 | ¡¨â�¬¨ 01, ¡¨â 1 | ¡¨â�¬¨ 10,
á¯¥©á¥à−®¥ (¯à®¬¥¦ãâ®ç−®¥) á®áâ®ï−¨¥ ª®¤¨àã¥âáï ®¤¨−�ª®¢ë¬¨ ¡¨â�¬¨ 00
¨«¨ 11, ®áâ�¢è¥¥áï á®áâ®ï−¨¥, ¯à®â¨¢®¯®«®¦−®¥ á¯¥©á¥à−®¬ã (11 ¨«¨ 00),
§�¯à¥é¥−®;

{ ¡¨−�à−ë¥ −¥ä�§®¢ë¥ (��”) | ¤¢� ¢ëå®¤� ¡¨áâ�¡¨«ì−®© ïç¥©ª¨ âà¨££¥à�.

„àã£¨¥ à�§−®¢¨¤−®áâ¨ ¨−ä®à¬�æ¨®−−ëå ‘‘-á¨£−�«®¢: ¬ã«ìâ¨á¨£−�«ì−ë¥
á® á¯¥©á¥à®¬ ¨ ã−�à−ë¥ −¥ä�§®¢ë¥ | ¤�«¥¥ ¤«ï ¯à®áâ®âë à�áá¬�âà¨¢�âìáï −¥
¡ã¤ãâ. ˆå ®¡à�¡®âª� −¥áãé¥áâ¢¥−−® ®â«¨ç�¥âáï ®â ®¡à�¡®âª¨ ¯à¨¢¥¤¥−−ëå ¢ëè¥
á¨£−�«®¢.

�á−®¢−ë¥ á«ã¦¥¡−ë¥ ‘‘-á¨£−�«ë á«¥¤ãîé¨¥:

{ ã−�à−ë¥ ä�§®¢ë¥ (“”) | ®â¤¥«ì−ë¥ á¨£−�«ë, −¥áãé¨¥ ¨−ä®à¬�æ¨î ® â¥ªã-
é¥© ä�§¥. �−¨ ¢ë¯®«−ïîâ à®«ì ¨−¤¨ª�â®à−ëå ¨ ã¯à�¢«ïîé¨å á¨£−�«®¢.

„àã£¨¥ á«ã¦¥¡−ë¥ á¨£−�«ë ¤�«¥¥ à�áá¬�âà¨¢�âìáï −¥ ¡ã¤ãâ.
‘¨£−�«ë ¢ ‘‘-áå¥¬�å å�à�ªâ¥à¨§ãîâáï ‘‘-�âà¨¡ãâ�¬¨:

{ �âà¨¡ãâ −�§−�ç¥−¨ï á® á¯¥©á¥à®¬ ¨«¨ ¡¥§ | ®¤¨− ¨§ ¯à¨¢¥¤¥−−ëå ¢ëè¥ â¨¯®¢
á¨£−�«®¢;

{ �âà¨¡ãâ âà�−§¨â−�ï ä�§� | ¤«ï ��”-á¨£−�«®¢ ä�§�, ¢ ª®â®à®© íâ¨ á¨£−�«ë
¬¥−ïîâáï;

{ ¨−¤¨ª�â®à−ë© �âà¨¡ãâ ä�§®¢®£® ¢ëå®¤� | á¯¨á®ª ¨−¤¨æ¨àã¥¬ëå −� íâ®¬
¢ëå®¤¥ á¨£−�«®¢ ¢ ª�¦¤®© ¨§ ¤¢ãå ä�§ ¯® ®â¤¥«ì−®áâ¨;

{ ¯®«−ë¥ �âà¨¡ãâë | ¢á¥ �âà¨¡ãâë ¢ëå®¤� á® á¯¥©á¥à�¬¨ á®£«�á−® â¨¯ã íâ®£®
¢ëå®¤�.

�«¥¬¥−âë �−�«¨§¨àã¥¬®© áå¥¬ë, ªà®¬¥ ‘‘-¯®¤áå¥¬, ¤®«¦−ë ¯à¨−�¤«¥¦�âì
®¤−®© ¡¨¡«¨®â¥ª¥, −�§ë¢�¥¬®© ®á−®¢−®©.

Š ®á−®¢−®© ¡¨¡«¨®â¥ª¥ ¯à¥¤êï¢«ïîâáï á«¥¤ãîé¨¥ âà¥¡®¢�−¨ï:

{ ®−� ¡�§¨àã¥âáï −� í«¥¬¥−â�å ŠŒ„�-â¥å−®«®£¨¨;

{ ®−� ¤®«¦−� á®¤¥à¦�âì ¢á¥ −¥®¡å®¤¨¬ë¥ ¤«ï �−�«¨§� í«¥¬¥−âë ¯�¬ïâ¨ |
‘‘-âà¨££¥àë. �â® ®¡êïá−ï¥âáï â¥¬, çâ® ¢á¥ ¯à�ªâ¨ç¥áª¨ §−�ç¨¬ë¥ à�§−®-
¢¨¤−®áâ¨ ‘‘-âà¨££¥à®¢ ª −�áâ®ïé¥¬ã ¬®¬¥−âã á®§¤�−ë, ¯à®�−�«¨§¨à®¢�−ë
¨ §�¯�â¥−â®¢�−ë. �®íâ®¬ã æ¥«¥á®®¡à�§−® ¨å ¨á¯®«ì§®¢�âì æ¥«¨ª®¬ á® á¢®¨¬¨
‘‘-�âà¨¡ãâ�¬¨ ¨ ¡à�âì ¨§ ¡¨¡«¨®â¥ª¨.
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“−¨¢¥àá�«ì−ë© äã−ªæ¨®−�«ì−ë© ¬¥â®¤ �−�«¨§� ¡®«ìè¨å á�¬®á¨−åà®−−ëå áå¥¬

�¨¡«¨®â¥ª� ¬®¦¥â â�ª¦¥ á®¤¥à-

�à¨¬¥àë ‘‘-ïç¥¥ª (¢ áª®¡ª�å ãª�§�−ë §−�-
ç¥−¨ï á¯¥©á¥à®¢): (�) �”‘-ïç¥©ª� 2ˆ;
(¡) ˆ-ïç¥©ª�

¦�âì «î¡ë¥ ª®¬¡¨−�æ¨®−−ë¥ −¥á�¬®-
á¨−åà®−−ë¥ í«¥¬¥−âë, ¨ «î¡ë¥ ‘‘-
í«¥¬¥−âë á® á¢®¨¬¨ ‘‘-�âà¨¡ãâ�¬¨.

�à¨¬¥à â�ª®© ¡¨¡«¨®â¥ª¨ ¯à¨¢¥-
¤¥− ¢ [9].

�−�«¨§ ¢ ¯à¥¤«�£�¥¬®¬ ¬¥â®¤¥
á¢ï§�− á −�å®¦¤¥−¨¥¬ ¨ ª®−âà®«¥¬
¬¨−¨¬�«ì−ëå ‘‘ äà�£¬¥−â®¢. ‘�¬®-
á¨−åà®−−ë¥ ¯®¤áå¥¬ë ¨ ‘‘-í«¥¬¥−âë
¡¨¡«¨®â¥ª¨ ¯à¨ íâ®¬ −¥ à�áªàë¢�îâáï
¨ −¥ �−�«¨§¨àãîâáï.

��§®¢¥¬ ‘‘-ïç¥©ª®© ¬¨−¨¬�«ì−ë© ‘‘ äà�£¬¥−â áå¥¬ë.
‚ ¯à¨−ïâëå ãá«®¢¨ïå ‘‘-ïç¥©ª¨ ¬®£ãâ ¡ëâì á«¥¤ãîé¨å â¨¯®¢:

(1) �”‘-ïç¥©ª� | á®áâ®¨â ¨§ ¤¢ãå ¯à®áâëå ª®¬¡¨−�æ¨®−−ëå í«¥¬¥−â®¢. ‚å®-
¤�¬¨ ¨ ¢ëå®¤�¬¨ ïç¥©ª¨ á«ã¦�â �”‘-á¨£−�«ë;

(2) ¨−¤¨ª�â®à−�ï ïç¥©ª� (ˆ-ïç¥©ª�) | ª®¬¡¨−�æ¨®−−ë© í«¥¬¥−â á ®¤−¨¬
¢ëå®¤®¬. ‚å®¤�¬¨ ¨ ¢ëå®¤®¬ ïç¥©ª¨ ¡ã¤ãâ ä�§®¢ë¥ á¨£−�«ë. �â¨ ïç¥©ª¨
¯à¥¤−�§−�ç¥−ë ¤«ï ¯®−¨¦¥−¨ï ç¨á«� ¨−¤¨ª�â®à−ëå á¨£−�«®¢;

(3) âà¨££¥à−�ï ïç¥©ª� (’-ïç¥©ª�) | ‘‘-âà¨££¥à ®á−®¢−®© ¡¨¡«¨®â¥ª¨.

�� à¨áã−ª¥ ¯®ª�§�−ë ¯à¨¬¥àë �”‘-ïç¥©ª¨, ¢ë¯®«−ïîé¥© ¨áå®¤−ãî äã−ª-
æ¨î 2ˆ, ¨ á®®â¢¥âáâ¢ãîé¥© ˆ-ïç¥©ª¨. �à¨¬¥àë ‘‘-âà¨££¥à®¢ ¯à¨¢¥¤¥−ë
¢ [7, à¨á. 4.5].

3 Постановка задачи

„«ï �−�«¨§� ¯à¥¤êï¢«ïîâáï: ®á−®¢−�ï ¡¨¡«¨®â¥ª� ¨ �−�«¨§¨àã¥¬�ï áå¥¬�.
‘å¥¬� ¤®«¦−� ¡ëâì ¯à¥¤áâ�¢«¥−� ¢ áâàãªâãà−®© ä®à¬¥ ¨ ¬®¦¥â á®¤¥à¦�âì:

{ ¡¨¡«¨®â¥ç−ë¥ í«¥¬¥−âë ¨§ ®á−®¢−®© ¡¨¡«¨®â¥ª¨,
{ ‘‘-¯®¤áå¥¬ë ¨§ «î¡ëå, ¢®§¬®¦−® ¤àã£¨å, ¡¨¡«¨®â¥ª.

‚á¥ ¢å®¤ë áå¥¬ë ¤®«¦−ë ¡ëâì ®¯¨á�−ë ‘‘-�âà¨¡ãâ�¬¨ −�§−�ç¥−¨ï á® á¯¥©-
á¥à�¬¨, � ¢ëå®¤ë | â�ª¨¬¨ ¦¥ �âà¨¡ãâ�¬¨ ¡¥§ á¯¥©á¥à®¢.

‘�¬®á¨−åà®−−ë¥ ¯®¤áå¥¬ë ¤®«¦−ë ¡ëâì á−�¡¦¥−ë ¯®«−ë¬¨ ‘‘-�âà¨¡ãâ�¬¨
¢å®¤®¢ ¨ ¢ëå®¤®¢.

’à¥¡ã¥âáï ®¯à¥¤¥«¨âì: á�¬®á¨−åà®−−®áâì áå¥¬ë ¨ á¯¥©á¥à−ë¥ §−�ç¥−¨ï,
� â�ª¦¥ ¨−¤¨ª�â®à−ë¥ �âà¨¡ãâë ä�§®¢ëå ¢ëå®¤®¢ áå¥¬ë.

4 Процедура анализа

„«ï ªà�âª®áâ¨ ¡ã¤¥¬ −�§ë¢�âì í«¥¬¥−â�¬¨ áå¥¬ë ª�ª ¡¨¡«¨®â¥ç−ë¥ í«¥¬¥−-
âë, â�ª ¨ ‘‘-¯®¤áå¥¬ë.
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��§®¢¥¬ ïàãá®¬ á −®¬¥à®¬ i (i ≥ 0) ¬−®¦¥áâ¢® í«¥¬¥−â®¢, ¢á¥ ¢å®¤ë ª®â®àëå
áãâì ¢ëå®¤ë í«¥¬¥−â®¢ ¯à¥¤ë¤ãé¨å ïàãá®¢. ‚ëå®¤ë í«¥¬¥−â®¢ ïàãá� ¡ã¤¥¬
¯à¨¯¨áë¢�âì â�ª¦¥ ª íâ®¬ã ïàãáã. ‘¨£−�«�¬¨ −ã«¥¢®£® ïàãá� ¡ã¤ãâ áç¨â�âìáï
¢å®¤ë áå¥¬ë. ‘¨£−�«�¬¨ ¯®á«¥¤−¥£® ïàãá� ¡ã¤ãâ ¢ëå®¤ë áå¥¬ë.

„«ï ¤¢ãå á®¥¤¨−¥−−ëå ¬¥¦¤ã á®¡®© í«¥¬¥−â®¢ áå¥¬ë ¯¥à¢ë© í«¥¬¥−â −�§®¢¥¬
¨áâ®ç−¨ª®¬ ¯® ®â−®è¥−¨î ª® ¢â®à®¬ã, � ¢â®à®© | ¯à¨¥¬−¨ª®¬ ¯® ®â−®è¥−¨î
ª ¯¥à¢®¬ã.

�−�«¨§ −�ç¨−�¥âáï á à�§¡¨¥−¨ï áå¥¬ë −� ïàãáë ¨ ¤�«¥¥ à�áç¥âë ¤¥«�îâáï
¯®á«¥¤®¢�â¥«ì−® á 1-£® ïàãá�. ‚ ¯¥à¢®¬ ïàãá¥ ¢á¥ ¢å®¤−ë¥ �âà¨¡ãâë ¨§¢¥áâ−ë ®â
¢å®¤®¢ áå¥¬ë. ‚ ª�¦¤®¬ ïàãá¥ ®¯à¥¤¥«ïîâáï ¨ �−�«¨§¨àãîâáï â®«ìª® ¨¬¥îé¨¥áï
¢ −¥¬ ‘‘-ïç¥©ª¨. ‘�¬®á¨−åà®−−ë¥ ¯®¤áå¥¬ë ¨ ¡¨¡«¨®â¥ç−ë¥ ‘‘-í«¥¬¥−âë,
§�à�−¥¥ ¯à®è¥¤è¨¥ �−�«¨§, ¢ −¥¬ −¥ −ã¦¤�îâáï. ‚ å®¤¥ �−�«¨§� ¯à®¢¥àï¥âáï
¯à�¢¨«ì−®áâì á®¥¤¨−¥−¨© í«¥¬¥−â®¢ ¯® â¨¯�¬ ¨ á¯¥©á¥à�¬ ¨ ¢ëç¨á«ïîâáï ¯®«−ë¥
�âà¨¡ãâë ¢ëå®¤®¢ ïç¥¥ª â¥ªãé¥£® ïàãá�.

‘¯¨áª¨ ¨−¤¨ª�æ¨¨ ®¡à�¡�âë¢�îâáï ®á®¡ë¬ ®¡à�§®¬.
�â¨ á¯¨áª¨ ¯à¨¯¨áë¢�îâáï ä�§®¢ë¬ ¢ëå®¤�¬ ïç¥¥ª: �”‘-¢ëå®¤�¬ |

®¡®¨¬ á¨£−�«�¬, ã−�à−ë¬ ¢ëå®¤�¬ | ª�¦¤®¬ã ¯® ®â¤¥«ì−®áâ¨.
‚ ®¤¨− á¯¨á®ª, ¯à¨¯¨á�−−ë© ®¤−®¬ã ¨«¨ ¯�à¥ ¢ëå®¤®¢, ¯®¯�¤�îâ:

{ á�¬ á¨£−�« ¨«¨ ®¡� á¨£−�«�, ª®â®àë¬ ¯à¨¯¨á�− á¯¨á®ª;
{ ¨−¤¨æ¨àã¥¬ë¥ −� ¤�−−ëå ¢ëå®¤�å ¢å®¤ë ïç¥©ª¨.

‡¤¥áì ¨ ¤�«¥¥ ¢ ¡ã«¥¢ëå ¢ëà�¦¥−¨ïå §−�ª ∧ ®¡®§−�ç�¥â ®âà¨æ�−¨¥, §−�ª ∨ |
®¯¥à�æ¨î ˆ‹ˆ, ®âáãâáâ¢¨¥ §−�ª� | ®¯¥à�æ¨î ˆ.

ˆ−¤¨æ¨àã¥¬ë¥ ¢å®¤ë ïç¥©ª¨ ¡ã¤ãâ ¢ëç¨á«ïâìáï ¯ãâ¥¬ ¨¬¨â�æ¨¨ §�«¨¯�−¨©
¨ áà�¢−¥−¨ï á −®à¬�«ì−ë¬¨ ¢ëå®¤�¬¨ [5].

�à¨ íâ®¬ ¦¥ à�áç¥â¥ ª�¦¤®¬ã ¨−¤¨æ¨àã¥¬®¬ã á¨£−�«ã á®¯®áâ�¢«ï¥âáï ãá«®¢¨¥
¨−¤¨ª�æ¨¨ ¢¨¤� U = 1, £¤¥ U | «®£¨ç¥áª®¥ ¢ëà�¦¥−¨¥ ®â ¢å®¤−ëå ¯¥à¥¬¥−−ëå
ïç¥©ª¨ [5]. “á«®¢¨¥ ¬®¦¥â ¡ëâì â®¦¤¥áâ¢¥−−ë¬, ª®£¤� á�¬® ¢ëà�¦¥−¨¥ U
â®¦¤¥áâ¢¥−−® à�¢−® ¥¤¨−¨æ¥.

“á«®¢¨ï ¨−¤¨ª�æ¨¨ −¥®¡å®¤¨¬ë ¤«ï â®ç−®£® ®âá«¥¦¨¢�−¨ï ¨−¤¨ª�æ¨¨ á¨£−�-
«� ¯® ¬¥à¥ ¥£® à�á¯à®áâà�−¥−¨ï ¢ áå¥¬¥. …á«¨ á¨£−�« ¨§ á¯¨áª� ¯®á«¥¤®¢�â¥«ì−®
¯à®è¥« ç¥à¥§ ïç¥©ª¨ i ¨ j, â® −� ¢ëå®¤¥ ïç¥©ª¨ j ¤«ï −¥£® ¡ã¤¥â ãá«®¢¨¥ UiUj = 1.

…á«¨ á¨£−�« ¯®áâã¯¨« −� à�§−ë¥ ¢å®¤ë k ¨ m ®¤−®© ïç¥©ª¨, â. ¥. ¯à®è¥«
¯® à�§−ë¬ (¯�à�««¥«ì−ë¬) ¯ãâï¬ á ãá«®¢¨ï¬¨ Ui = 1 ¨ Uj = 1, â® ¥£® ãá«®¢¨¥
¯à¨¬¥â ¢¨¤:

UiUk ∨ UjUm = 1 .

‚ â�ª®¬ ¯®àï¤ª¥ ¡ã¤ãâ ®¯à¥¤¥«¥−ë ¨ ¢á¥ �âà¨¡ãâë ¢ëå®¤®¢ áå¥¬ë. ‚ á®-
®â¢¥âáâ¢¨¨ á ”� ¤«ï á�¬®á¨−åà®−−®áâ¨ áå¥¬ë ¤®«¦−ë ¡ëâì ¢ë¯®«−¥−ë ¤¢�
ãá«®¢¨ï:

(1) ¨−¤¨æ¨àã¥¬®áâì ¢á¥å ¢−ãâà¥−−¨å á¨£−�«®¢ áå¥¬ë (−¥ ¢å®¤ïé¨å ¢ ‘‘-
¯®¤áå¥¬ë) −� ¥¥ ä�§®¢ëå ¢ëå®¤�å ¢ ®¡¥¨å ä�§�å;

(2) ª®àà¥ªâ−®áâì á®¥¤¨−¥−¨© ‘‘-âà¨££¥à®¢ ¬¥¦¤ã á®¡®© ¨ ®ªàã¦¥−¨¥¬.
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“−¨¢¥àá�«ì−ë© äã−ªæ¨®−�«ì−ë© ¬¥â®¤ �−�«¨§� ¡®«ìè¨å á�¬®á¨−åà®−−ëå áå¥¬

4.1 Распознавание и анализ индикаторных и парафазных со спейсером ячеек

�® ®ç¥à¥¤−®© ¯�à¥ �”‘-á¨£−�«®¢ ¯à¥¤ë¤ãé¥£® ïàãá� −�å®¤¨âáï ¬−®¦¥áâ¢®
¨å ¯à¨¥¬−¨ª®¢. …á«¨ ¢ ®¤¨− ¯à¨¥¬−¨ª ¯à¨å®¤ïâ ®¡� á¨£−�«� ¯�àë, â® íâ®â
¯à¨¥¬−¨ª | ˆ-ïç¥©ª�. Š�¦¤�ï ˆ-ïç¥©ª� �−�«¨§¨àã¥âáï á ãá«®¢¨ï¬¨.

��¯à¨¬¥à, ¢á¥ ¤¢ãå¢å®¤®¢ë¥ ˆ-ïç¥©ª¨ −� í«¥¬¥−â�å 2ˆ, 2ˆ‹ˆ, 2ˆ-�…
¨ 2ˆ‹ˆ-�… â®¦¤¥áâ¢¥−−® ¨−¤¨æ¨àãîâ ¢á¥ ¢å®¤ë ¢ ®¡¥¨å ä�§�å, â. ¥. âà�−á«¨-
àãîâ ¨−¤¨ª�â®à−ë¥ �âà¨¡ãâë á ¢å®¤®¢ −� ¢ëå®¤ë.

�®á«¥ ®¯à¥¤¥«¥−¨ï ¢á¥å ˆ-ïç¥¥ª ¢ ¤�−−®¬ ¬−®¦¥áâ¢¥ à�áá¬�âà¨¢�îâáï
®áâ�«ì−ë¥ ¯à¨¥¬−¨ª¨ ¬−®¦¥áâ¢�. �â® �”‘-ïç¥©ª¨. �à¨¥¬−¨ª®¢ ¤®«¦−®
¡ëâì ç¥â−®¥ ç¨á«®, ¨ ¨å −¥®¡å®¤¨¬® à�§¤¥«¨âì ¯® ¯�à�¬.

��à�ä�§−ë¥ á® á¯¥©á¥à®¬ ïç¥©ª¨ à�á¯®§−�îâáï ¯® á«¥¤ãîé¨¬ ¯à¨§−�ª�¬:

{ äã−ªæ¨¨ ¤¢ãå í«¥¬¥−â®¢ �”‘-ïç¥©ª¨ ¢§�¨¬−® ¤¢®©áâ¢¥−−ë;

{ ¢å®¤ë ®¡®¨å í«¥¬¥−â®¢ �”‘-ïç¥©ª¨ ¯à¨−�¤«¥¦�â ®¤−¨¬ ¨ â¥¬ ¦¥ ¨áâ®ç−¨-
ª�¬.

Š�ª á«¥¤ã¥â ¨§ [3, á. 92], ¤«ï á�¬®á¨−åà®−−®áâ¨ −�©¤¥−−ëå ïç¥¥ª −¥®¡å®¤¨¬®
¨ ¤®áâ�â®ç−® â®«ìª® ¨−¤¨æ¨àã¥¬®áâ¨ ¨å ¢ëå®¤®¢. �â¨ ¢ëå®¤ë ï¢«ïîâáï ¢−ãâ-
à¥−−¨¬¨ á¨£−�«�¬¨ áå¥¬ë (ªà®¬¥ ¢ëå®¤®¢ áå¥¬ë), ¨ ¨å ¨−¤¨æ¨àã¥¬®áâì ¡ã¤¥â
®âá«¥¦¥−� ¢ ¯à®æ¥áá¥ ¤�«ì−¥©è¥£® �−�«¨§� áå¥¬ë.

’�ª¨¬ ®¡à�§®¬, ¤«ï ª�¦¤®© ïç¥©ª¨ ®áâ�¥âáï ®¯à¥¤¥«¨âì ¨−¤¨ª�â®à−ë¥ �âà¨-
¡ãâë ¢ëå®¤®¢.

��¯à¨¬¥à, �−�«¨§ �”‘-ïç¥©ª¨ −� à¨áã−ª¥ ¯®ª�§ë¢�¥â −� ¢ëå®¤�å â�ªãî
¨−¤¨ª�æ¨î:

{ ¯à¨ ¯¥à¥å®¤¥ ¢ á¯¥©á¥à á¨£−�«ë a1 ¨ b1 −¥ ¨−¤¨æ¨àãîâáï ¢®®¡é¥, á¨£−�«ë a2
¨ b2 ¨−¤¨æ¨àãîâáï á â®¦¤¥áâ¢¥−−ë¬¨ ãá«®¢¨ï¬¨;

{ ¯à¨ ¯¥à¥å®¤¥ ¢ à�¡®çãî ä�§ã á¨£−�«ë a1 ¨ b1 ¨−¤¨æ¨àãîâáï ª�¦¤ë© á ãá«®-
¢¨¥¬ a1

∧a2 ¨ b1
∧b2 = 1, á¨£−�«ë a2 ¨ b2 −¥ ¨−¤¨æ¨àãîâáï ¢®®¡é¥.

ˆ−¤¨ª�â®à−�ï ïç¥©ª� −� à¨áã−ª¥ ¨−¤¨æ¨àã¥â á¢®¨ ¢å®¤ë â®¦¤¥áâ¢¥−−® ¢ ®¡¥-
¨å ä�§�å.

4.2 Контроль соединений триггерных ячеек

�® ãª�§�−−®¬ã ¢ëè¥ �«£®à¨â¬ã ’-ïç¥©ª¨ §�à�−¥¥ ¯à®è«¨ �−�«¨§ ¨ á−�¡¦¥−ë
¯®«−ë¬¨ �âà¨¡ãâ�¬¨ ¢å®¤®¢ ¨ ¢ëå®¤®¢. �áâ�¥âáï â®«ìª® ¯à®¢¥àª� ¨å ¢ª«îç¥−¨ï
¢ áå¥¬¥.

�¨−�à−ë¥ −¥ä�§®¢ë¥ ¢å®¤ë ’-ïç¥©ª¨ ¤®«¦−ë ¢á¥£¤� á®¯à®¢®¦¤�âìáï ã¯à�¢-
«ïîé¨¬ “”-á¨£−�«®¬ ®â ¨áâ®ç−¨ª� íâ¨å ¢å®¤®¢. �â®â “”-á¨£−�« §�¯à¥é�¥â
¨«¨ à�§à¥è�¥â ¯¥à¥ª«îç¥−¨¥ ’-ïç¥©ª¨.

’à�−§¨â−ë¥ ä�§ë ïç¥¥ª ¨áâ®ç−¨ª� ¨ ¯à¨¥¬−¨ª� ¤®«¦−ë ¡ëâì à�§−ë¬¨.
�á−®¢−®¥ ¯à�¢¨«® á®¥¤¨−¥−¨© ’-ïç¥©ª¨ á®áâ®¨â ¢ ®¡¥á¯¥ç¥−¨¨ ¤¨áæ¨¯«¨−ë

¢å®¤®¢ | ¯®àï¤ª� ¨å ¨§¬¥−¥−¨© ¢ à�§−ëå ä�§�å [7, à¨á. 1].
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‚ âà�−§¨â−®© ä�§¥ ¨áâ®ç−¨ª� ¨§¬¥−¥−¨¥ ¥£® ��”-¢ëå®¤®¢ ¤®«¦−® −�ç¨-
−�âìáï ¯®§¦¥ §�¯à¥â� ¯¥à¥ª«îç¥−¨© ¯à¨¥¬−¨ª�.

’¥à¬¨− ú¯®§¦¥û ¯®−¨¬�¥âáï ¢ áâàãªâãà−®¬ á¬ëá«¥ [5], â. ¥. ®¡ï§�â¥«ì−® ç¥à¥§
æ¥¯®çªã í«¥¬¥−â®¢.

‚ −¥âà�−§¨â−®© ä�§¥ ¨áâ®ç−¨ª� ¤¨áæ¨¯«¨−� ¢ë¯®«−ï¥âáï �¢â®¬�â¨ç¥áª¨.
�à�¢¨«® ¯®ª�§ë¢�¥â, çâ® ã¯à�¢«ïîé¨¥ “”-á¨£−�«ë ¨áâ®ç−¨ª� ¨ ¯à¨¥¬−¨ª�

¤®«¦−ë ¡ëâì á¢ï§�−ë ¤àã£ á ¤àã£®¬.
�à®¢¥àª� á®¥¤¨−¥−¨© ¯à®¢®¤¨âáï ¯® âà¥¬ ¯à¨§−�ª�¬:

(1) “”-á¨£−�« ¨áâ®ç−¨ª� ¨ ¯à¨¥¬−¨ª� ¥áâì ®¤¨− ¨ â®â ¦¥ á¨£−�« [5, à¨á. 5.12];

(2) “”-á¨£−�« ¨áâ®ç−¨ª� á®¥¤¨−¥− á “”-á¨£−�«®¬ ¯à¨¥¬−¨ª� ç¥à¥§ æ¥¯®çªã
í«¥¬¥−â®¢ [5, à¨á. 5.13]. �à¨ íâ®¬ á¨£−�« ¨áâ®ç−¨ª� ¤®«¦¥− ¨−¤¨æ¨à®¢�âì
á¨£−�« ¯à¨¥¬−¨ª�;

(3) “”-á¨£−�« ¨áâ®ç−¨ª� á®¥¤¨−¥− ¯® ®¡à�â−®© á¢ï§¨ á “”-á¨£−�«®¬, ¨−-
¤¨æ¨àãîé¨¬ “”-á¨£−�« ¯à¨¥¬−¨ª� ¨«¨ ��”-á¨£−�«ë ¯à¨¥¬−¨ª� [5,
à¨á. 5.15]. �à¨ íâ®¬ á¨£−�« ¨áâ®ç−¨ª� ¤®«¦¥− ¨−¤¨æ¨à®¢�âì á¨£−�« ®¡à�â-
−®© á¢ï§¨.

5 Финальные вычисления

�� ¯®á«¥¤−¥¬ ïàãá¥ áå¥¬ë, â. ¥. −� ¥¥ ¢ëå®¤�å, à�áá¬�âà¨¢�îâáï ä�§®¢ë¥
á¨£−�«ë á ¨−¤¨ª�â®à−ë¬¨ �âà¨¡ãâ�¬¨. ‘ ãç¥â®¬ á¯¥©á¥à®¢ ®−¨ ¯à¨¢®¤ïâáï
ª ®¤−®¬ã “”-á¨£−�«ã (®æ¥−®ç−®¬ã [5]). ‚á¥ á¨£−�«ë ¨§ ¨−¤¨ª�â®à−ëå �âà¨¡ãâ®¢
íâ®£® “”-á¨£−�«� ¯à®¢¥àïîâáï ¯® ãá«®¢¨ï¬ ¨−¤¨ª�æ¨¨. ‚−ãâà¥−−¨¥ á¨£−�«ë
áå¥¬ë ¤®«¦−ë ¨¬¥âì â®¦¤¥áâ¢¥−−ë¥ ãá«®¢¨ï ¨−¤¨ª�æ¨¨. �à¨ −¥®¡å®¤¨¬®áâ¨
ä®à¬¨àãîâáï ¯®«−ë¥ ‘‘-�âà¨¡ãâë ¢−¥è−¨å á¨£−�«®¢ áå¥¬ë.

6 Заключение

‚¯¥à¢ë¥ ¯à¥¤«®¦¥− ã−¨¢¥àá�«ì−ë© ¬¥â®¤ �−�«¨§� ¡®«ìè¨å ‘‘-áå¥¬ −�
®á−®¢¥ äã−ªæ¨®−�«ì−®£® ¯®¤å®¤�.

Œ¥â®¤ ®á−®¢�− −� �¢â®¬�â¨ç¥áª®¬ à�§¤¥«¥−¨¨ áå¥¬ë −� ¬¨−¨¬�«ì−ë¥
‘‘-ïç¥©ª¨, çâ® ¯®§¢®«ï¥â à�¤¨ª�«ì−® á®ªà�â¨âì −¥®¡å®¤¨¬ë© ®¡ê¥¬ ¢ëç¨á-
«¥−¨© ¨ ®¡¥á¯¥ç¨âì �−�«¨§ ‘‘-áå¥¬ «î¡®£® à�§¬¥à�.
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Abstract: One of the main tasks of creating self-timed circuits is to analyze
their self-synchronicity. Known event-based methods do not provide a complete
analysis of self-timed circuits of real complexity due to the excessive amount
of calculations. Within the framework of the functional approach, a universal
method based on the automatic division of the scheme into minimal self-timed
cells is proposed. The method allows one to radically reduce the necessary
calculations and analyze self-timed circuits of any size.
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1 Введение

–¨äà®¢�ï íª®−®¬¨ª� [1] | íâ® ¤¥ïâ¥«ì−®áâì, ª®â®à�ï ¯®ï¢¨«�áì ¨ ¯®áâ®ï−−®
á®¢¥àè¥−áâ¢ã¥âáï á à�§¢¨â¨¥¬ æ¨äà®¢ëå â¥å−®«®£¨© ¨ ¢ ª®â®àãî ¢å®¤ïâ: á¥à¢¨áë
à�§«¨ç−ëå ®−«�©−-ãá«ã£, í«¥ªâà®−−ë¥ ¯«�â¥¦¨, ¨−â¥à−¥â-â®à£®¢«ï, ¨−â¥à−¥â-
à¥ª«�¬� ¨ ¤�¦¥ ¨−â¥à−¥â-¨£àë ¨ â. ¯. ��à�««¥«ì−® á à�§¢¨â¨¥¬ –� ¢ ¥¤¨−ãî
áà¥¤ã ®¡é¥−¨ï ¯®áâ¥¯¥−−® ¯®¤ª«îç�îâáï ¬®¡¨«ì−ë¥ á¨áâ¥¬ë ¯¥àá®−�«ì−®© �¢-
â®¬�â¨§�æ¨¨. ˆ ¨¬¥−−® §¤¥áì á¬�àâä®−ë ¨ ¯«�−è¥âë ¢ëáâã¯�îâ ®á−®¢−ë¬¨
ãáâà®©áâ¢�¬¨ ã¯à�¢«¥−¨ï ¢ à¥è¥−¨ïå.

∗÷�¡®â� ç�áâ¨ç−® ¯®¤¤¥à¦�−� ÷””ˆ (¯à®¥ªâ 18-29-03081).
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�®«ãç¨¢ ¤®áâã¯ ª â�ª¨¬ á«�¡®§�é¨é¥−−ë¬ ãáâà®©áâ¢�¬, ¬®¦−® ã¦¥ −�−¥áâ¨
¡®«ìè®© ãé¥à¡ ¢ á«ãç�¥ ¨å ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï. Œ−®£¨¥ á®âàã¤−¨ª¨
¯¥à¥¬¥é�îâáï ¯® áâà�−�¬ á® á¢®¨¬¨ Œ“, ¯®«ì§ãîâáï −¥¤®¢¥à¥−−ë¬¨ Wi-Fi-
á¥âï¬¨ ¨ â¥¬ á�¬ë¬ ¯®¤¢¥à£�îâ ª®−ä¨¤¥−æ¨�«ì−ãî ª®à¯®à�â¨¢−ãî ¨−ä®à¬�æ¨î
¡®«ìè®¬ã à¨áªã.

�á®¡ë© ¨−â¥à¥á §«®ã¬ëè«¥−−¨ª®¢ ¯à¥¤áâ�¢«ïîâ Œ“ −� ¯«�âä®à¬¥ Android.
ƒ«�¢−�ï ®¯�á−®áâì §�ª«îç�¥âáï ¢ â®¬, çâ® íâ® á�¬�ï ¯®¯ã«ïà−�ï ¬®¡¨«ì−�ï ¯«�â-
ä®à¬� ¨ çâ® ¤�−−�ï OS ¯®§¢®«ï¥â «¥£ª® áª�ç�âì ¨ ãáâ�−®¢¨âì −� á¢®¥ ¯¥àá®−�«ì−®¥
ãáâà®©áâ¢® «î¡®¥ −¥¤®¢¥à¥−−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��). ˆ ª�ª à¥§ã«ìâ�â,
«î¡�ï à�¡®â� á ª®à¯®à�â¨¢−®© ¨−ä®à¬�æ¨¥© −� â�ª®¬ ãáâà®©áâ¢¥ −�å®¤¨âáï ¯®¤
ã£à®§®©. Œ−®£¨¥ Android-ãáâà®©áâ¢� à�¡®â�îâ −� ãáâ�à¥¢è¨å ¢¥àá¨ïå íâ®© OS,
çâ® áâ�−®¢¨âáï ¤®¯®«−¨â¥«ì−ë¬ à¨áª®¬, â�ª ª�ª ãáâ�à¥¢è¨¥ á¨áâ¥¬ë á®¤¥à¦�â
¬−®¦¥áâ¢® ¨§¢¥áâ−ëå ãï§¢¨¬®áâ¥©, ª®â®àë¥ ¨á¯à�¢«¥−ë ¢ ¯®á«¥¤ãîé¨å ¢¥àá¨ïå,
−® −¨ªâ® −¥ ¢−®á¨â ¨§¬¥−¥−¨ï ¢ áâ�àë¥ ¢¥àá¨¨ Andriod, å®âï ¬−®£¨¥ ¯®«ì§®¢�â¥«¨
¢á¥ ¥é¥ ¨¬¨ �ªâ¨¢−® ¯®«ì§ãîâáï.

„® −¥¤�¢−¥£® ¢à¥¬¥−¨ «ãçè¥ ®¡áâ®ï«¨ ¤¥«� á Œ“ −� ¯«�âä®à¬¥ iOS. �¤−�ª®
¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¨ íâ� á¨áâ¥¬� á¤�¥â ¯®§¨æ¨¨, ¯®ï¢¨«¨áì ¢ á¥â¨ ®à£�−¨§�æ¨¨, ª®-
â®àë¥ â®à£ãîâ ¨−ä®à¬�æ¨¥© ®¡ ãï§¢¨¬®áâïå ¢ íâ®© ®¯¥à�æ¨®®−®© á¨áâ¥¬¥ (�‘).
ˆ ¤�¦¥ −�¬¥â¨«�áì â¥−¤¥−æ¨ï ª á−¨¦¥−¨î áâ®¨¬®áâ¨ â�ª¨å ãá«ã£ ¯® áà�¢−¥−¨î
á Android. ‚ «î¡®¬ á«ãç�¥ ç¨á«® ®¡−�àã¦¥−−ëå ãï§¢¨¬®áâ¥© ¡ëáâà® à�áâ¥â
¢ íâ¨å ¯®¯ã«ïà−ëå ¬®¡¨«ì−ëå á¨áâ¥¬�å, ¨ à�§à�¡®âç¨ª¨ −¥ ¢á¥£¤� ãá¯¥¢�îâ ú§�-
ªàë¢�âìû ¨å, çâ® ¤�¥â §«®ã¬ëè«¥−−¨ªã å®à®è¨© è�−á ¤«ï à�§−®®¡à�§−ëå �â�ª
−� íâ¨ Œ“ á æ¥«ìî å¨é¥−¨ï ª�ª ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à¬�æ¨¨, â�ª ¨ ä¨−�−á®-
¢ëå áà¥¤áâ¢, «¨¡® ¢¬¥è�â¥«ìáâ¢® ¢ �àå¨â¥ªâãàã ¯à®¬ëè«¥−−®© �¢â®¬�â¨§�æ¨¨,
«¨¡® ¢ à¥è¥−¨ï ¨−â¥à−¥â� ¢¥é¥©.

�� ®á®¡®¬ ãà®¢−¥ −�å®¤ïâáï ãï§¢¨¬®áâ¨ −� ãà®¢−¥ ú¦¥«¥§�û, ª®£¤� ¢à¥¤®−®á-
−®¥ �� −�å®¤¨âáï ¯àï¬® ¢−ãâà¨ ç¨¯®¢ ¬®¡¨«ì−ëå ¨ áâ�æ¨®−�à−ëå ãáâà®©áâ¢.
„�−−ë© â¨¯ ãï§¢¨¬®áâ¥© çà¥§¢ëç�©−® á«®¦−® ¢ëï¢¨âì, ¨ ¯®íâ®¬ã ¢ ¯¥ç�â¨ ®ç¥−ì
¬�«® ¯à¨¬¥à®¢, ®¯¨áë¢�îé¨å ¤�−−ë© â¨¯ �â�ª.

‚ íâ®¬ á«ãç�¥ ¯®¤ ã£à®§®© −�å®¤ïâáï ã¦¥ á�¬¨ ¯à®â®ª®«ë ®¡¬¥−� ¤�−−ë¬¨.
’�ª, ¢ 2017 ¨ 2018 ££. ¡ë«¨ ®¡−�àã¦¥−ë �¯¯�à�â−ë¥ ãï§¢¨¬®áâ¨ −� ãà®¢−¥
¯à®æ¥áá®à®¢ Intel ¨ ARM, ª®â®àë¬¨ ¢®á¯®«ì§®¢�«¨áì ¨§¢¥áâ−ë¥ �â�ª¨ Meltdown
¨ Spectre.

��àï¤ã á �¯¯�à�â−ë¬¨ ãï§¢¨¬®áâï¬¨ ¢ ¬®¡¨«ì−ëå ¨ áâ�æ¨®−�à−ëå ¢ë-
ç¨á«¨â¥«ì−ëå ãáâà®©áâ¢�å ®á®¡ãî ®¯�á−®áâì ¯à¥¤áâ�¢«ïîâ ãáâà®©áâ¢� á¥â¥¢®©
¨−äà�áâàãªâãàë (ª®¬¬ãâ�â®àë, à®ãâ¥àë ¨ ¤à.). “¦¥ ®¡−�àã¦¥− ®á®¡ë© ª«�áá
ú¡íª¤®à®¢û, ª®â®àë¥ ¯®§¢®«ïîâ ®áãé¥áâ¢«ïâì �â�ª¨ −� íâ¨ ãáâà®©áâ¢�, çâ® áâ�¢¨â
¯®¤ ã£à®§ã ã¦¥ à�¡®âã ¢á¥© ª®¬¯�−¨¨, ®à£�−¨§�æ¨¨ ¨«¨ ¯à¥¤¯à¨ïâ¨ï ¨ ¢®§¬®¦−�
ãâ¥çª� «î¡®© ª®−ä¨¤¥−æ¨�«ì−®© ¨−ä®à¬�æ¨¨.

–¥«ìî à�¡®âë ï¢«ï¥âáï à�§à�¡®âª� ¤¥è¥¢ëå �àå¨â¥ªâãà−ëå ¬¥à ¯® ¯à¥¤®â-
¢à�é¥−¨î ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï ¬®¡¨«ì−ëå á¨áâ¥¬ ¯®¤¤¥à¦ª¨ –�. Š�ª
®â¬¥ç�«®áì ¢ëè¥, íâ® á¬�àâä®−ë, ¯«�−è¥âë, −®ãâ¡ãª¨ ¨ ¤à. �á−®¢−®¥ ¯à¥¤¯®-
«®¦¥−¨¥ íâ®© à�¡®âë á®áâ®¨â ¢ â®¬, çâ® ¯®«ì§®¢�â¥«¨ íâ¨å á¨áâ¥¬ −¥ ®¡«�¤�îâ
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�à¥¤®â¢à�é¥−¨¥ ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ¬®¡¨«ì−ëå á¨áâ¥¬

£«ã¡®ª¨¬¨ §−�−¨ï¬¨ ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨ ¨ ¨á¯®«ì§ãîâ á«�¡®§�é¨é¥−−ë¥
ãáâà®©áâ¢� ¤«ï ®à£�−¨§�æ¨¨ à¥è¥−¨ï §�¤�ç íª®−®¬¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ (�„).

‚ à�¡®â¥ ¨á¯®«ì§ã¥âáï ª«�áá¨ç¥áª�ï áå¥¬� à¥è¥−¨ï §�¤�ç ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ (ˆ�):

{ à�áá¬®âà¥−ë ¢®¯à®áë à�¡®âë Œ“;

{ ¯®áâà®¥−� ¬®¤¥«ì ã£à®§ ¢ ¯à®¡«¥¬¥ ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï Œ“;

{ ¯®áâà®¥−� ¬®¤¥«ì −�àãè¨â¥«ï, á¯®á®¡−®£® à¥�«¨§®¢�âì ¬�áá®¢ë© ¢ë¢®¤ ¨§
áâà®ï Œ“;

{ ¯®áâà®¥−ë ¬®¤¥«¨ �â�ª ¤«ï ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï Œ“ ¯®¤¤¥à¦ª¨ –�;

{ à�§à�¡®â�−ë ¬¥â®¤ë §�é¨âë Œ“ ¯®¤¤¥à¦ª¨ –�, ¨á¯®«ì§ãîé¨¥ ¤®áâã¯−ë¥
−¥¤®à®£¨¥ áà¥¤áâ¢�.

2 Мобильные сети

�á−®¢−®¥ ®â«¨ç¨¥ Œ“ ®â áâ�æ¨®−�à−ëå á®áâ®¨â ¢ ¢®§¬®¦−®áâ¨ ¨§¬¥−ïâì
á¢®î ¯®§¨æ¨î ¨ ¯®¤ª«îç�âìáï ª á¥â¨ ¢ à�§«¨ç−ëå â®çª�å ¤®áâã¯�. Œ®¡¨«ì−®¥
ãáâà®©áâ¢® ¨á¯®«ì§ã¥âáï ¤«ï ã¯à�¢«¥−¨ï ¤¥ïâ¥«ì−®áâìî ®à£�−¨§�æ¨¨, ¢¥¤¥−¨ï
¯¥à¥£®¢®à®¢ á ã¤�«¥−−ë¬¨ ª®àà¥á¯®−¤¥−â�¬¨, ã¯à�¢«¥−¨ï ä¨−�−á®¢ë¬¨ ¯®â®ª�-
¬¨, à�§à�¡®âª¨ ¨ á®§¤�−¨ï ¯à®¤ãªâ®¢ ¢−¥ ®ä¨á� ¨ ¯à®¨§¢®¤áâ¢¥−−ëå â¥àà¨â®à¨©
¨ ¤à. „«ï à¥è¥−¨ï íâ¨å ¨ ¤àã£¨å §�¤�ç ¢ Œ“ ¬®£ãâ ¡ëâì ¢ª«îç¥−ë á«¥¤ãîé¨¥
äã−ªæ¨¨ [2]:

{ â¥«¥ä®−−®© á¢ï§¨ GSM, LTE ¨ ¤à.;

{ ¯®¤ª«îç¥−¨ï ª ¨−â¥à−¥âã;

{ ¢®§¬®¦−®áâ¨ §�£àã§ª¨ ¨ −¥§�¢¨á¨¬®£® ¢ë¯®«−¥−¨ï ¯à¨«®¦¥−¨©;

{ Wi-Fi;

{ ®¯à¥¤¥«¥−¨ï ¬¥áâ®¯®«®¦¥−¨ï (GPS, ƒ‹���‘‘ ¨ ¤à.).

Šà�âª® ®áâ�−®¢¨¬áï −� ¤¢ãå ¡�§®¢ëå â¥å−®«®£¨ïå Œ“: á®â®¢®© á¢ï§¨
¨ Wi-Fi.

‘®â®¢�ï á¢ï§ì ®á−®¢�−� −� á¨áâ¥¬¥ ¡�§®¢ëå áâ�−æ¨© (�‘), ¤¥«ïé¨å ¯à®áâà�−-
áâ¢® −� á®âë. ‚ ª�¦¤®© á®â¥ Œ“ à¥£¨áâà¨àã¥âáï ¨ ¯®¤ª«îç�¥âáï ª �‘. ‘¢ï§ì
®à£�−¨§ã¥âáï ¬¥¦¤ã Œ“ ¨ �‘, ¤�«¥¥ ®¡¥á¯¥ç¨¢�¥âáï ¢¨àâã�«ì−®¥ á®¥¤¨−¥−¨¥
�¡®−¥−â®¢ ç¥à¥§ á¥âì �‘. Œ®é−®áâì ¯¥à¥¤�ç¨ �¢â®¬�â¨ç¥áª¨ à¥£ã«¨àã¥âáï â�ª,
çâ®¡ë ®¡¥á¯¥ç¨âì −�¤¥¦−ãî á¢ï§ì ¢−ãâà¨ á®âë ¨ −¥ ¤®¯ãáâ¨âì ¢«¨ï−¨ï −� á®-
á¥¤−¨¥ á®âë. ‘¢ï§ì ¬¥¦¤ã �‘ ®¡¥á¯¥ç¨¢�¥âáï ¢ëá®ª®áª®à®áâ−ë¬¨ ª�−�«�¬¨.
„«ï ¯à®áâ®£® GSM ¢®§¬®¦−® ¯®áâà®¥−¨¥ «®¦−ëå �‘, ª®â®àë¥ ª®−âà®«¨àãîâ
«®ª�«ì−ë¥ Œ“ ¨ ®¡¥á¯¥ç¨¢�îâ âà�−§¨â ¨−ä®à¬�æ¨¨ ®â Œ“ á �‘ ¯à®¢�©¤¥à�.

Œ®¡¨«ì−ë¥ ãáâà®©áâ¢� ¬®£ãâ «®ª�«ì−® ¢§�¨¬®¤¥©áâ¢®¢�âì á ¯®¬®éìî ¡¥á-
¯à®¢®¤−®© á¢ï§¨ −� áâ�−¤�àâ�å Wi-Fi. ‚ ¨−â¥à−¥â ¬®¦−® ¢ë©â¨ ç¥à¥§ GSM-
á®¥¤¨−¥−¨¥ á �‘ ¯à®¢�©¤¥à� ¨ ¤�«¥¥ ç¥à¥§ á¢ï§ì ¯à®¢�©¤¥à� á ¨−â¥à−¥â®¬. „àã£®©
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á¯®á®¡ | íâ® Wi-Fi-á®¥¤¨−¥−¨¥ á ¬®¤¥¬®¬, ª®â®àë© ç¥à¥§ GSM-ª�−�« ¯à®¢�©-
¤¥à� á¢ï§�− á ¨−â¥à−¥â®¬. ’�ª¦¥ Wi-Fi-¬®¤¥¬ ¬®¦¥â à�¡®â�âì ç¥à¥§ ª�¡¥«ì−ë©
¨«¨ á¯ãâ−¨ª®¢ë© ª�−�«, á¢ï§�−−ë© á ¨−â¥à−¥â®¬. ‘¥â¨ Wi-Fi áâà®ïâáï −� ¡�-
§¥ â®çª¨ ¤®áâã¯�, ¢ ª�ç¥áâ¢¥ ª®â®à®© ¬®¦¥â ¨á¯®«ì§®¢�âìáï «î¡®¥ ãáâà®©áâ¢®,
à¥�«¨§ãîé¥¥ á®®â¢¥âáâ¢ãîé¨¥ ¯à®â®ª®«ë.

3 Модель угроз в проблеме массового вывода из строя мобильных
устройств поддержки цифровой экономики

Œ®¤¥«ì ã£à®§, á¢ï§�−−ëå á ¬�áá®¢ë¬ ¢ë¢®¤®¬ ¨§ áâà®ï Œ“, ®â«¨ç�¥âáï ®â
¨§®éà¥−−ëå �â�ª −� ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë [3]. �à¥¤¯®«®¦¨¬, çâ® §«®ã¬ëè-
«¥−−¨ª (¤�«¥¥ | ¯à®â¨¢−¨ª) ¨¬¥¥â ¤®áâã¯ ª ¯¥àá®−�«ì−ë¬ ¤�−−ë¬ áã¡ê¥ªâ®¢ �„
¢ à¥£¨®−¥. ‚ ç�áâ−®áâ¨, ¯à®â¨¢−¨ª ¨¬¥¥â ¨−ä®à¬�æ¨î ®¡ �„: �¤à¥á�, −®¬¥à� â¥-
«¥ä®−®¢, ¨å â¨¯ë, IP-�¤à¥á� ¯«�−è¥â®¢ ¨ ¬®¡¨«ì−ëå ª®¬¯ìîâ¥à®¢. Šà®¬¥ â®£®,
®− §−�¥â á¨áâ¥¬ã ®à£�−¨§�æ¨¨ á¢ï§¨ ¤«ï ã¯à�¢«¥−¨ï ¨ ®¡áã¦¤¥−¨ï ¢�¦−ëå ¤«ï
�„ íª®−®¬¨ç¥áª¨å à¥è¥−¨©. „«ï ¯à®â¨¢−¨ª� ¢�¦−� ¢®§¬®¦−®áâì à¥�«¨§�æ¨¨
á«¥¤ãîé¨å ã£à®§:

{ −�àãè¥−¨¥ á¢ï§¨ ¢ ®â¤¥«ì−ëå à�©®−�å ¯ãâ¥¬ ¢ë¢®¤� ¨§ áâà®ï �‘ ¢á¥å
¯à®¢�©¤¥à®¢ á®â®¢®© á¢ï§¨;

{ −�àãè¥−¨¥ á¢ï§¨ ¡®«ìè®£® ç¨á«� Œ“, §�¤¥©áâ¢®¢�−−ëå ¢ �„ ¨ ã¯à�¢«¥−¨¨
áã¡ê¥ªâ®¢ –�, ª®â®àë¥ ¯®¢«¥ªãâ ¯�−¨ªã ¨ å�®á.

÷¥�«¨§®¢�âì íâ¨ ã£à®§ë ¬®£ãâ −�àãè¨â¥«¨ ˆ�, ®¡«�¤�îé¨¥ å®à®è¥© ®à£�−¨-
§�æ¨¥©, ¨¬¥îé¨¥ ¢ëá®ªãî ª¢�«¨ä¨ª�æ¨î ¢ ®¡«�áâ¨ à¥�«¨§�æ¨¨ ª®¬¯ìîâ¥à−ëå
ã£à®§, � â�ª¦¥ ¨¬¥îé¨¥ ¤®áâã¯ ª á¨áâ¥¬�¬ á®â®¢®© á¢ï§¨ ¨ ¨−â¥à−¥âã.

‚ëá®ª¨¥ âà¥¡®¢�−¨ï ª ¢®§¬®¦−®áâï¬ ¯à®â¨¢−¨ª� á¢ï§�−ë á £¥â¥à®£¥−−®áâìî
Œ“ ¨ á«®¦−®áâìî à¥�«¨§�æ¨¨ ¬�áá®¢®£® −�àãè¥−¨ï á¢ï§¥© íâ¨å Œ“.

4 Уязвимости мобильных устройств

÷�áá¬®âà¨¬ ãï§¢¨¬®áâ¨ ¨ ¯ãâ¨ à¥�«¨§�æ¨¨ ãª�§�−−ëå ã£à®§.
�á−®¢−®© ãï§¢¨¬®áâìî, ª®â®à�ï ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¤«ï à¥�«¨§�æ¨¨

ã£à®§ë ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï Œ“ ¯®¤¤¥à¦ª¨ –�, ï¢«ïîâáï ¡®â-á¥â¨. �®â
¯à¥¤®áâ�¢«ï¥â á®¡®© �£¥−â� ¯à®â¨¢−¨ª� ¢−ãâà¨ Œ“. ˆ§-§� á«�¡®áâ¨ §�é¨âë
¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢ ¨ Œ“ ¡®â-á¥â¨ ¯®«ãç¨«¨ è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥.
‚ ®á−®¢−®¬ ç¥à¥§ ¡®â-á¥â¨ à¥�«¨§ãîâáï DDoS-�â�ª¨ ¨ á¯�¬. �¤−�ª® ¡®â-á¥â¨
¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï ¢ë¯®«−¥−¨ï «î¡®© ª®¬�−¤ë, ª®â®àãî �£¥−â ¯à®â¨¢−¨ª�
¯®«ãç�¥â ®â æ¥−âà� ã¯à�¢«¥−¨ï.

÷�§«¨ç�îâ ¤¢� â¨¯� ¡®â-á¥â¥©:

{ C&C | íâ® á¥â¨ á æ¥−âà�«¨§®¢�−−ë¬ ã¯à�¢«¥−¨¥¬ ¡®â�¬¨;

{ P2P | íâ® á¥â¨, ¢ ª®â®àëå ª®¬�−¤ë ¯¥à¥¤�îâáï ®â ¡®â� ª ¡®âã (®â ã§«�
ª ã§«ã).
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�à¥¤®â¢à�é¥−¨¥ ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ¬®¡¨«ì−ëå á¨áâ¥¬

�®âë ¢−¥¤àïîâáï ¢ å®áâë £¥â¥à®£¥−−®© á¥â¨ ¯®áâ¥¯¥−−® [4], −® ¬®£ãâ ¡ëáâà®
à¥�«¨§®¢�âì ®¡éãî ¤«ï ¢á¥å ª®¬�−¤ã. �¥§�¤¥©áâ¢®¢�−−ë© ¡®â ¬®¦¥â ¤®«£®
ú¦¨âìû ¢ Œ“, ¤®¦¨¤�ïáì ª®¬�−¤ë ®â á¨áâ¥¬ë ã¯à�¢«¥−¨ï. ’�ª®© ª®¬�−¤®©
¬®¦¥â ¡ëâì ¡«®ª¨à®¢�−¨¥ á¢ï§¨.

‘«¥¤®¢�â¥«ì−®, à¥�«¨§�æ¨ï �â�ª¨ ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−-
−ëå Œ“ ¯®¤¤¥à¦ª¨ –� á®áâ®¨â ¢ ¯¥à¥¤�ç¥ ª®¬�−¤ë ¡®âã, −�å®¤ïé¥¬áï ¢ Œ“,
ç¥à¥§ áªàëâë© ª�−�« [5] ¨«¨, −�¯à¨¬¥à, ç¥à¥§ ¬�áá®¢ãî à�ááë«ªã SMS-á®®¡-
é¥−¨©. �à¨ íâ®¬ �â�ª� ã¦¥ ¯à¥¤¯®«�£�¥â −�«¨ç¨¥ ¢à¥¤®−®á−®£® ª®¤� −� Œ“ [5]
¨ ¨−â¥à¯à¥â�â®à� ª®¬�−¤ë, −�¯à¨¬¥à ¨−â¥à¯à¥â�â®à� SMS-á®®¡é¥−¨ï. „«ï ¯¥-
à¥¤�ç¨ â�ª®© à�ááë«ª¨ á®§¤�¥âáï á¨áâ¥¬�, á®áâ®ïé�ï ¨§ ¡�§ë ¤�−−ëå −�¯à�¢«¥−¨ï
à�ááë«®ª (�¤à¥á� ¨ â¥«¥ä®−ë) ¨ á¥à¢¥à�, ä®à¬¨àãîé¥£® SMS-á®®¡é¥−¨ï, á®-
¤¥à¦�é¨¥ ª®¬�−¤ã ¢ë¢®¤� ¨§ áâà®ï Œ“. �â¨ á®®¡é¥−¨ï ¯® ¢ë¡à�−−ë¬ �¤à¥á�¬
¨ −®¬¥à�¬ â¥«¥ä®−®¢ ¯¥à¥¤�îâáï ¡®âã −� Œ“ ç¥à¥§ ¯à®¢�©¤¥à� GSM-á¢ï§¨. …á-
«¨ ¢à¥¤®−®á−ë© ª®¤ ¢−¥¤à¥− −� ¯à¨ª«�¤−®© ãà®¢¥−ì Œ“, â® ¢à¥¬ï ¥£® ú¦¨§−¨û
¬®¦¥â ¡ëâì ®£à�−¨ç¥−® ¯¥à¨®¤®¬ ¤® ¯¥à¥§�£àã§ª¨ á¨áâ¥¬ë.

„àã£®© á¯®á®¡ ¯¥à¥¤�ç¨ ª®¬�−¤ë ¡®â�¬ á®áâ®¨â ¢ ¨á¯®«ì§®¢�−¨¨ à®¡®â�
®¡§¢�−¨¢�−¨ï ¯®«ì§®¢�â¥«¥© Œ“. �à£�−¨§�æ¨ï ®¡§¢®−� �−�«®£¨ç−� á¨áâ¥¬¥ ¬�á-
á®¢®© à�ááë«ª¨ SMS-á®®¡é¥−¨©.

�¥®¡å®¤¨¬® ã¯®¬ï−ãâì á¯®á®¡ à�á¯à®áâà�−¥−¨ï ¡®â®¢ ¨ ª®¬�−¤ ç¥à¥§ §�å¢�â
�‘. �¤−�ª® §�å¢�â ®â¤¥«ì−®© �‘ ¬®¦¥â ¯à¨¢¥áâ¨ â®«ìª® ª ¡«®ª¨à®¢�−¨î ¥¥
á®âë, çâ® ¢ ¤�«ì−¥©è¥¬ ¬®¦¥â ¡ëâì áª®¬¯¥−á¨à®¢�−® ¨§¡ëâ®ç−®áâìî á¨áâ¥¬ë
�‘. ”ã−ªæ¨¨ ¢ë¢¥¤¥−−®© ¨§ áâà®ï �‘ ¡ã¤ãâ ¯¥à¥¤�−ë ¤àã£¨¬ �‘ á −¥ª®â®à®©
¯®â¥à¥© ª�ç¥áâ¢� á¢ï§¨.

5 Пути защиты от массового вывода из строя мобильных устройств
поддержки цифровой экономики

Œ¥â®¤ë §�é¨âë ®â ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï Œ“ ®á−®¢�−ë −� ¨§®«ïæ¨¨
Œ“ ¨ ¨§¡ëâ®ç−®áâ¨ á¨áâ¥¬ ¨á¯®«ì§®¢�−¨ï Œ“. …á«¨ ®£à�−¨ç¨âìáï §�é¨â®© Œ“,
¨á¯®«ì§ãï â®«ìª® £¥â¥à®£¥−−®áâì íâ¨å ãáâà®©áâ¢, â®, ª�ª ¯®ª�§ë¢�¥â ¯à�ªâ¨ª�
á®§¤�−¨ï £¨£�−âáª¨å ¡®â-á¥â¥©, á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ ¡®«ìè¨−áâ¢® ¤®áâã¯−ëå
¯à®â¨¢−¨ªã Œ“ ¡ã¤ãâ á−�¡¦¥−ë ¡®â�¬¨.

÷�áá¬®âà¨¬ −¥áª®«ìª® ¢�à¨�−â®¢ §�é¨âë Œ“ ®â ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï.

1. �à¥¤¯®«®¦¨¬, çâ® ¨á¯®«ì§®¢�−¨¥ Œ“ ¢ �„ –� ®£à�−¨ç¥−® −¥áª®«ìª¨¬¨
â¨¯�¬¨ Œ“, � ¨¬¥−−®: á¬�àâä®−�¬¨, ¯«�−è¥â�¬¨ ¨ ¯¥à¥−®á−ë¬¨ ª®¬-
¯ìîâ¥à�¬¨ (�Š). ‘−�ç�«� à�áá¬®âà¨¬ á¢ï§ì á¬�àâä®−®¢. �®«ìè¨−áâ¢®
¯®«ì§®¢�â¥«¥© ¬®¦¥â ¯®§¢®«¨âì á¥¡¥ ¨á¯®«ì§®¢�âì ¯�àã á¬�àâä®−®¢ ’1 ¨ ’2.
‚ â�ª®¬ á«ãç�¥ ¯à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîéãî áå¥¬ã ¨á¯®«ì§®¢�−¨ï
á¢ï§¨. ‘¬�àâä®− ’1 ¨á¯®«ì§ã¥âáï ¤«ï á¢ï§¨ ¢−¥ à¥è¥−¨ï ¯à®¡«¥¬ ã¯à�¢-
«¥−¨ï ¨ à�¡®âë ®à£�−¨§�æ¨¨, � ’2 ¨á¯®«ì§ã¥âáï â®«ìª® ¤«ï íâ¨å æ¥«¥©.
‚ ®¡ëç−ëå ãá«®¢¨ïå ’1 ¨ ’2 ¬®£ãâ ¯®¤¢¥à£−ãâìáï �â�ª¥ ¬�áá®¢®£® ¢ë¢®¤� ¨§
áâà®ï Œ“. ‚ á¢ï§¨ á íâ¨¬ ’2 ¡ã¤¥¬ §�é¨é�âì ®â �â�ª¨ á«¥¤ãîé¨¬ ®¡à�§®¬.
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�. �. ƒàãè®, �. �. ƒàãè®, ‚. ‚. ‘¥−ç¨«®, …. …. ’¨¬®−¨−�

‘¢ï§ì ’2 á �‘ GSM-¯à®¢�©¤¥à� à¥�«¨§ã¥âáï ç¥à¥§ ¬®¤¥¬ GSM | Wi-Fi.
’�ª¨¥ ¬®¤¥¬ë ¢ë¯®«−ïîâ äã−ªæ¨¨ ¢§�¨¬−®£® ¯à¥®¡à�§®¢�−¨ï ¨−ä®à¬�æ¨¨
¢ áâ�−¤�àâ�å GSM ¨ áâ�−¤�àâ�å Wi-Fi. �â¨ äã−ªæ¨¨ ®â−®á¨â¥«ì−® ¯à®áâë,
¯®íâ®¬ã â�ª¨¥ ¬®¤¥¬ë ¢ −�áâ®ïé¥¥ ¢à¥¬ï ª®¬¯�ªâ−ë ¨ ¤®áâ�â®ç−® ¤¥è¥¢ë.
„®¯ãáâ¨¬, çâ® á® áâ®à®−ë GSM ç¥à¥§ �‘ ¢®§¬®¦−® ¢−¥¤à¥−¨¥ ¡®â� ¢ ¬®¤¥¬.
‚ á¢ï§¨ á íâ¨¬ −¥®¡å®¤¨¬® ¢ë¡¨à�âì ¬®¤¥¬ë á äã−ªæ¨¥© ¯¥à¥§�£àã§ª¨ (reset)
¨/¨«¨ ¤ã¡«¨à®¢�âì á�¬¨ ãáâà®©áâ¢�. ’®£¤� ¢ á«ãç�¥ �â�ª¨ ¨ ¢ë¢®¤� ¨§ áâà®ï
¬®¤¥¬� ¢®§¬®¦¥− ¡ëáâàë© ¯¥à¥å®¤ −� ¤àã£®© ¬®¤¥¬ ¨ ¯¥à¥§�£àã§ª� ¯¥à¢®£®
¬®¤¥¬�.
‘¢ï§ì Wi-Fi ®â−®á¨âáï ª ¡¥á¯à®¢®¤−®¬ã Ethernet, ¯®íâ®¬ã −� ’2 ¢®á-
áâ�−®¢«¥−¨¥ ¯¥à¥¤�−−®£® á®®¡é¥−¨ï −¥ âà¥¡ã¥â á«®¦−®£® ¯à¥®¡à�§®¢�−¨ï.
�� ’2 ãáâ�−®¢«¥−® á¯¥æ¨�«ì−®¥ ¯à¨«®¦¥−¨¥, à¥�«¨§ãîé¥¥ ªà¨¯â®£à�ä¨-
ç¥áª¨¥ äã−ªæ¨¨ ¨ ¨¬¥îé¥¥ ¨−â¥àä¥©áë á ¬®¤ã«¥¬ Wi-Fi ¨, −�¯à¨¬¥à,
¯à¨«®¦¥−¨¥¬ Viber.
‚ §�¤�ç¥ §�é¨âë ®â ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï Œ“ ¬®¦−® ¨á¯®«ì§®¢�âì
á«�¡ãî ªà¨¯â®£à�ä¨î [6], ª®â®à�ï âà¥¡ã¥â ¬�«® à¥áãàá®¢ ¨ ®¡¥á¯¥ç¨¢�¥â
¢ëá®ªãî áª®à®áâì. Šà®¬¥ â®£®, á«�¡�ï ªà¨¯â®£à�ä¨ï −¥ âà¥¡ã¥â «¨æ¥−§¨à®-
¢�−¨ï ¢ á®®â¢¥âáâ¢¨¨ á −®à¬�â¨¢−®© ¡�§®© ÷”. ˜¨äà®¢�−¨¥ ®áãé¥áâ¢«ï¥âáï
á ¯®¬®éìî á¨¬¬¥âà¨ç−®£® �«£®à¨â¬� −� ª«îç�å, á®®â¢¥âáâ¢ãîé¨å −®¬¥à�¬
�¡®−¥−â®¢ ª®à¯®à�â¨¢−®© â¥«¥ä®−−®© á¥â¨ ®à£�−¨§�æ¨¨. ‡�¤�ç¥© ªà¨¯â®£à�-
ä¨ç¥áª®£® ¯à¥®¡à�§®¢�−¨ï ï¢«ï¥âáï −¥¤®¯ãé¥−¨¥ ¢áâà�¨¢�−¨ï ¢à¥¤®−®á−®£®
ª®¤� ¢ ’2 âà�−§¨â®¬ ç¥à¥§ ¬®¤¥¬ ¨ −¥¤®¯ãé¥−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï á �¡®-
−¥−â�¬¨, −¥ ¢å®¤ïé¨¬¨ ¢ ª®à¯®à�â¨¢−ãî á¥âì, â. ¥. á ¯®«ì§®¢�â¥«ï¬¨, −¥
¨¬¥îé¨¬¨ �−�«®£¨ç−ëå ’2 ¨ ª«îç¥©. „«ï ®à£�−¨§�æ¨¨ á¢ï§¨ æ¥«¥á®®¡à�§−®
¨á¯®«ì§®¢�âì ’1, ¯à¨ ¯®¬®é¨ ª®â®à®£® ¢ë§ë¢�îé¨© �¡®−¥−â ¯à¥¤ã¯à¥¦¤�¥â
® −¥®¡å®¤¨¬®áâ¨ §�é¨é¥−−®£® á®¥¤¨−¥−¨ï.
’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ¢ ¯¥à¨®¤ ®âáãâáâ¢¨ï á®¥¤¨−¥−¨ï ¯®¬¥é�âì ’2 ¢ ª®-
¦ãå, ¨§®«¨àãîé¨© ®â í«¥ªâà®¬�£−¨â−®£® ¢®§¤¥©áâ¢¨ï. �¥§�é¨é¥−−ë©
à�¡®â�îé¨© ¢ à¥¦¨¬¥ GSM á¬�àâä®− �¢â®¬�â¨ç¥áª¨ à¥£¨áâà¨àã¥âáï −� �‘
¨ ¬®¦¥â ¡ëâì ¯®¤¢¥à£−ãâ ¯àï¬®© �â�ª¥.
�®«¥¥ á«�¡ë© ¢�à¨�−â §�é¨âë −¥ âà¥¡ã¥â −�«¨ç¨ï ’1 ¨ ®á−®¢�− −� ®âª«îç¥-
−¨¨ GSM-á¢ï§¨, −® á®åà�−¥−¨¨ à�¡®â�îé¥© äã−ªæ¨¨ Wi-Fi ¨ äã−ªæ¨¨
¨¤¥−â¨ä¨ª�æ¨¨ −®¬¥à� â¥«¥ä®−�.
�¡®á−®¢�−¨¥ §�é¨é¥−−®áâ¨ áå¥¬ë â¥«¥ä®−−®© á¢ï§¨ ®á−®¢�−® −� á«¥¤ãîé¨å
¯à¨−æ¨¯�å. �à¨ �â�ª¥ á æ¥«ìî ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï Œ“ ®á−®¢−®©
ã¤�à ¯à¨−¨¬�îâ −� á¥¡ï ’1 ¨ ¬®¤¥¬. Š�ª ®â¬¥ç¥−® ¢ëè¥, ¬®¤¥¬ ¬®¦−®
¯¥à¥§�¯ãáâ¨âì ¨«¨ áà�§ã ¯à®¤ã¡«¨à®¢�âì. ‡�é¨â� ®â �â�ª¨ −� ’2 á¢ï§�−�
á â¥¬, çâ® ¯à®áâ®© äã−ªæ¨®−�« ¬®¤¥¬� −¥ ¯®§¢®«ï¥â ¢−¥¤à¨âì á«®¦−ë© ¨−-
â¥««¥ªâã�«ì−ë© ¡®â. �®íâ®¬ã ¨á¯®«ì§®¢�−¨¥ ¯à®â®ª®«� Wi-Fi ¢¬¥áâ® GSM
¨ §�âàã¤−¥−−ë© ¤®áâã¯ ª ®¡®àã¤®¢�−¨î ¨ �� ’2 ®£à�−¨ç¨¢�îâ ¤¥áâàãªâ¨¢-
−ë¥ ¢®§¬®¦−®áâ¨ ¡®â� ¢ ¬®¤¥¬¥. ÷�§ã¬¥¥âáï, â�ª�ï ¢®§¬®¦−®áâì ®áâ�¥âáï, −®
¢à¥¬ï ¢−¥¤à¥−¨ï ¢à¥¤®−®á−®£® ª®¤� ¢ ’2 ®£à�−¨ç¥−® â¥å−¨ç¥áª¨¬¨ áà¥¤áâ¢�-
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�à¥¤®â¢à�é¥−¨¥ ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå ¬®¡¨«ì−ëå á¨áâ¥¬

¬¨ §�é¨âë (ª®¦ãå í«¥ªâà®¬�£−¨â−®© §�é¨âë) ¨ á«®¦−®áâìî ¢à¥¤®−®á−®£®
ª®¤�, −¥®¡å®¤¨¬®£® ¤«ï ¯à®−¨ª−®¢¥−¨ï ¢ ’2.
‘«�¡�ï ªà¨¯â®£à�ä¨ï ®£à�−¨ç¨¢�¥â ¢®§¬®¦−®áâ¨ à¥�«¨§�æ¨¨ ¬�áá®¢®© �â�-
ª¨, â�ª ª�ª âà¥¡ã¥â ¨−¤¨¢¨¤ã�«ì−®£® ¢®ááâ�−®¢«¥−¨ï ª«îç� ªà¨¯â®£à�ä¨ç¥-
áª®£® �«£®à¨â¬� ¤«ï ª�¦¤®© ¯�àë Œ“ ¢ ª®à¯®à�â¨¢−ëå á¥âïå.
�à¥¤«®¦¥−−�ï áå¥¬� §�é¨âë −¥ ¯à¥¤¯®«�£�¥â ¢à¥¤®−®á−®£® ¢®§¤¥©áâ¢¨ï
ç¥à¥§ Wi-Fi, ¯®áª®«ìªã ¯à¨ ª®¬�−¤¥ −� ¬�áá®¢ë© á¡®© ¬®¤¥¬ ª�ª GSM-
ãáâà®©áâ¢® ¤®«¦¥− ¯¥à¢ë¬ ¢ë©â¨ ¨§ áâà®ï.

2. �−�«®£¨ç−�ï áå¥¬� ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¯à¨ §�é¨â¥ Œ“ â¨¯� ¯«�−-
è¥â ¨ �Š. �â«¨ç¨¥ á®áâ®¨â ¢ â®¬, çâ® GSM{Wi-Fi ¬®¤¥¬ ªà®¬¥ á¢ï§¨
á GSM-¯à®¢�©¤¥à®¬ ¬®¦¥â §�¬ëª�âìáï −� ª�¡¥«ì−ãî ¨«¨ á¯ãâ−¨ª®¢ãî á¢ï§ì
á ¯à®¢�©¤¥à®¬ ¨−â¥à−¥â-ãá«ã£. �à¨ ¯®ï¢«¥−¨¨ áâ¥ª� TCP IP-ªà¨¯â®£à�ä¨î
¬®¦−® ¢áâà�¨¢�âì ¢ ¯à¨«®¦¥−¨¥ á ¯à®â®ª®«®¬ IPSec.

3. „«ï ¬®¡¨«ì−ëå �Š ¬®¦−® ¨á¯®«ì§®¢�âì áå¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï á ¨−â¥à−¥â®¬
−� ®á−®¢¥ −¥áª®«ìª¨å £®áâ¥¢ëå ¢¨àâã�«ì−ëå ¬�è¨− −� ®¤−®¬ ãáâà®©áâ¢¥
á £¨¯¥à¢¨§®à®¬ [7].

6 Заключение

‚ à�¡®â¥ à�áá¬®âà¥−� ¢®§¬®¦−®áâì íª®−®¬¨ç−®£® ¯à¥¤®â¢à�é¥−¨ï ¬�áá®¢®£®
¢ë¢®¤� ¨§ áâà®ï á«�¡®§�é¨é¥−−ëå Œ“ ¯®¤¤¥à¦ª¨ –�. �®ª�§�−®, çâ® ¨£−®à¨-
à®¢�−¨¥ ¯à®¡«¥¬ë ¬�áá®¢®£® ¢ë¢®¤� ¨§ áâà®ï Œ“ ¬®¦¥â −�−¥áâ¨ §−�ç¨â¥«ì−ë©
íª®−®¬¨ç¥áª¨© ãé¥à¡.

�à¥¤«®¦¥−ë ¬¥â®¤ë ®à£�−¨§�æ¨¨ �¤¥ª¢�â−®© §�é¨âë −� ®á−®¢¥ ¤®áâã¯−ëå
¨ ¤¥è¥¢ëå áà¥¤áâ¢. �à¥¤¯®«�£�¥âáï, çâ® ¬�áá®¢ë© ¢ë¢®¤ ¨§ áâà®ï Œ“ ¢®§¬®¦¥−
−� ®á−®¢¥ á®§¤�−¨ï ¡®â-á¥â¨, à¥�«¨§ãîé¥© ¢ à¥¦¨¬¥ C&C ¢à¥¤®−®á−®¥ ¢®§¤¥©-
áâ¢¨¥ ¢ â¥ç¥−¨¥ ª®à®âª®£® ¯à®¬¥¦ãâª� ¢à¥¬¥−¨. �à¨ íâ®¬ ¯®¤£®â®¢ª� �â�ª¨,
à¥�«¨§ãîé¥© ¢−¥¤à¥−¨¥ ¡®â®¢ ¨ á®§¤�−¨¥ ¡®â-á¥â¨, ¬®¦¥â ¢¥áâ¨áì ¤«¨â¥«ì−®¥
¢à¥¬ï ¢ à¥¦¨¬¥ P2P.

„�−−ë© ª«�áá �â�ª ®â−®á¨âáï ª ª¨¡¥à�â�ª�¬ ¨ á«ã¦¨â −¥ â®«ìª® ¤«ï −�−¥á¥−¨ï
íª®−®¬¨ç¥áª®£® ãé¥à¡�, −® â�ª¦¥ ¤«ï á®§¤�−¨ï ¯�−¨ª¨ ¨ å�®á�.
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PREVENTION OF MASS FAILURE OF LOW-SECURITY MOBILE
SYSTEMS OF INFORMATION SUPPORT FOR DIGITAL ECONOMY

A. A. Grusho, N. A. Grusho, V. V. Senchilo, 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 aim of the paper is to develop cheap architectural measures
to prevent mass failure of mobile systems supporting the digital economy.
The possibility of cost-effective prevention of mass failure of weak protected
mobile devices supporting the digital economy has been considered. It has
been shown that ignoring the problem of mass disruption of mobile devices can
cause significant economic damage. The methods of organization of adequate
protection on the basis of affordable and cheap tools are proposed. It is assumed
that mass failure of mobile devices is possible by creating a botnet that implements
a malicious impact in C&C mode in a short period of time. At the same time,
the preparation of the attack, which implements the introduction of bots and the
creation of a botnet, can be carried out for a long time in the P2P mode.

Keywords: digital economy; heterogeneous systems; information security
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ОПРЕДЕЛЕНИЕ ЦЕННОСТИ И ЗАЩИТА
ИНСАЙДЕРСКОЙ ИНФОРМАЦИИ

А. С. Кабанов1, А. А. Водолаженко1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï à�§«¨ç−ë¥ �á¯¥ªâë ¢−¥¤à¥−¨ï áà¥¤áâ¢ ¯à®â¨¢®-
¤¥©áâ¢¨ï ¨−á�©¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨, ¯®ª�§�− ¯à�£¬�â¨ç−ë© ¯®¤å®¤ ª ®æ¥−ª¥
−¥®¡å®¤¨¬®áâ¨ ¨ áâ®¨¬®áâ¨ ¢−¥¤à¥−¨ï áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©¤¥àáª®©
¤¥ïâ¥«ì−®áâ¨ ª®−ªà¥â−®© ®à£�−¨§�æ¨¨. �à¨¢¥¤¥−® ãá«®¢¨¥ íª®−®¬¨ç¥áª®©
æ¥«¥á®®¡à�§−®áâ¨ ¢−¥¤à¥−¨ï áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©¤¥àáª®© ¤¥ïâ¥«ì-
−®áâ¨, � â�ª¦¥ ¯à¥¤«®¦¥−ë ¯®¤å®¤ë ª ®æ¥−ª¥ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨
¨ áä®à¬ã«¨à®¢�−ë ®á−®¢−ë¥ ¢ë¢®¤ë. ‘â�âìï −®á¨â �−�«¨â¨ç¥áª¨© å�à�ªâ¥à
¨ ¬®¦¥â ¡ëâì ¯®«¥§−� àãª®¢®¤¨â¥«ï¬ á«ã¦¡ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨,
¯à¥¯®¤�¢�â¥«ï¬, �á¯¨à�−â�¬ ¨ áâã¤¥−â�¬ ¢ã§®¢.

Š«îç¥¢ë¥ á«®¢�: ¨−á�©¤¥à; ¨−á�©¤¥àáª�ï ¤¥ïâ¥«ì−®áâì; æ¥−−®áâì ¨−á�©¤¥à-
áª®© ¨−ä®à¬�æ¨¨

DOI: 10.14357/08696527200204

1 Введение

� ¬¥â®¤�å ¯®¨áª� ¨−á�©¤¥à®¢ −�¯¨á�−® ¤®¢®«ì−® ¬−®£® −�ãç−ëå âàã¤®¢,
¨§®¡¨«ãîé¨å ä®à¬ã«�¬¨, ¬®¤¥«ï¬¨, ¯à¨−æ¨¯�¬¨, â¥®à¨ï¬¨ ¢¥à®ïâ−®áâ¥©, ¯®-
«¥§−®áâ¨ ¨ ¯à®ç¨¬¨ â¥®à¨ï¬¨. ‘¯¥æ¨ä¨ç¥áª¨© ï§ëª íâ¨å âàã¤®¢, � â�ª¦¥
§−�ç¨â¥«ì−�ï ®â®à¢�−−®áâì ®â ¯à�ªâ¨ª¨ ¨ ®âáãâáâ¢¨¥ ¯�à�««¥«¥© á â¥¬¨ ®¡áâ®ï-
â¥«ìáâ¢�¬¨, ¢ ª®â®àëå ¢ë−ã¦¤¥− äã−ªæ¨®−¨à®¢�âì á®¢à¥¬¥−−ë© ¡¨§−¥á, ¯à¨¢®-
¤ïâ ª â®¬ã, çâ® ¨å �ã¤¨â®à¨ï ®£à�−¨ç¨¢�¥âáï ®ç¥−ì ã§ª¨¬ ªàã£®¬ á¯¥æ¨�«¨áâ®¢,
¨¬¥îé¨å á¯¥æ¨�«¨§¨à®¢�−−®¥ ®¡à�§®¢�−¨¥ ¨ ¢«�¤¥îé¨å á®®â¢¥âáâ¢ãîé¨¬ ¬�-
â¥¬�â¨ç¥áª¨¬ �¯¯�à�â®¬. „àã£�ï ç�áâì âàã¤®¢ ã¤¥«ï¥â çà¥§¬¥à−®¥ ¢−¨¬�−¨¥
à�§«¨ç−ë¬ ¯à�ªâ¨ç¥áª¨¬ à¥ª®¬¥−¤�æ¨ï¬ ¨ à¥�«¨§�æ¨ï¬ (â¥å−¨ç¥áª¨¬, −¥â¥å−¨-
ç¥áª¨¬ ¨ â. ¤.) ¡¥§ ª�ª®£®-«¨¡® â¥å−¨ª®-íª®−®¬¨ç¥áª®£® ®¡®á−®¢�−¨ï ¨ ®æ¥−ª¨
æ¥«¥á®®¡à�§−®áâ¨ ¯à¨¬¥−¥−¨ï. �¢â®àë −�¤¥îâáï, çâ® ¤�−−�ï áâ�âìï ¯®¬®¦¥â
ç¨â�â¥«ï¬ ¯¥à¥©â¨ ª á¨áâ¥¬�â¨ç¥áª®¬ã ª®−âà®«î ¨−á�©¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨,
¨á¯®«ì§ãï ¯à®áâ®© ¨ ¯à�£¬�â¨ç−ë© ¯®¤å®¤, ®á−®¢�−−ë© −� ¤®áâã¯−®¬ ª�¦¤®¬ã
ç¥«®¢¥ªã §¤à�¢®¬ á¬ëá«¥.

�®¤ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¥© ®à£�−¨§�æ¨¨ ¡ã¤¥¬ ¯®−¨¬�âì á¢¥¤¥−¨ï,
¯à¥¤áâ�¢«ïîé¨¥ ¨−â¥à¥á ¤«ï áâ®à®−−¨å ®à£�−¨§�æ¨© (¤�«¥¥ | ®à£�−¨§�æ¨©-ª®−-
ªãà¥−â®¢), ª®â®àë¥ ¬®£ãâ −�−¥áâ¨ ¬�â¥à¨�«ì−ë©, ä¨−�−á®¢ë©, à¥¯ãâ�æ¨®−−ë©
¨ ¯à®ç¨© ãé¥à¡ ®à£�−¨§�æ¨¨ ¯à¨ ¯®«ãç¥−¨¨ ¨å ®à£�−¨§�æ¨¥©-ª®−ªãà¥−â®¬ ®â
¨−á�©¤¥à�.

1Œ®áª®¢áª¨© ¨−áâ¨âãâ í«¥ªâà®−¨ª¨ ¨ ¬�â¥¬�â¨ª¨ ¨¬¥−¨ �. �. ’¨å®−®¢� ��æ¨®−�«ì−®£® ¨á-
á«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û, kabanov as@mail.ru
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2 Построение системы противодействия инсайдерской деятельности

�® ¬−¥−¨î �¢â®à®¢, ¯¥à¢®áâ¥¯¥−−®© §�¤�ç¥© «¨æ, ®â¢¥âáâ¢¥−−ëå §� ¯à®-
â¨¢®¤¥©áâ¢¨¥ ¨−á�©¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨, ¤®«¦−® áâ�âì á®§¤�−¨¥ à¥¥áâà� á®-
®â¢¥âáâ¢ãîé¥© ¨−ä®à¬�æ¨¨ á ®æ¥−ª®© ¥¥ áâ®¨¬®áâ¨, � â�ª¦¥ ¢ë¡®à áà¥¤áâ¢
¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨ ¨ ®¯à¥¤¥«¥−¨¥ áâ®¨¬®áâ¨ ¨å ¢−¥¤à¥-
−¨ï. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® â¨¯ ¨−ä®à¬�æ¨¨ (®£à�−¨ç¥−−®£® ¨ −¥®£à�−¨ç¥−−®£®
à�á¯à®áâà�−¥−¨ï) ¤®áâ�â®ç−® ç�áâ® −¥ ¢«¨ï¥â −� æ¥−−®áâì ¨−ä®à¬�æ¨¨. ‡�ç�á-
âãî ®âªàëâ�ï ¨−ä®à¬�æ¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© §−�ç¨â¥«ì−® ¡®«ìè¨© ú¨−â¥à¥áû
¨ æ¥−−®áâì ¤«ï ¨−á�©¤¥à�, ç¥¬ ¨−ä®à¬�æ¨ï ®£à�−¨ç¥−−®£® à�á¯à®áâà�−¥−¨ï.
��¯à¨¬¥à, ®âªàëâ�ï ¨−ä®à¬�æ¨ï ® ª®¬¯�−¨ïå-¯�àâ−¥à�å ¨ ãá«®¢¨ïå á¤¥«®ª
¤«ï ®à£�−¨§�æ¨¨-ª®−ªãà¥−â� −�¬−®£® ú¨−â¥à¥á−¥¥û, ç¥¬ §�é¨é�¥¬ë¥ §�ª®−®¬
¨ ®¡à�¡�âë¢�¥¬ë¥ á¯¥æ¨�«ì−ë¬ ®¡à�§®¬ á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ §�é¨âë ¯¥à-
á®−�«ì−ë¥ ¤�−−ë¥.

�®á«¥ á®§¤�−¨ï á®®â¢¥âáâ¢ãîé¥£® à¥¥áâà� ¤«ï ®à£�−¨§�æ¨¨ ¢®§¬®¦−ë ¤¢¥
áâà�â¥£¨¨, ¢ë¡®à ª®â®àëå §�¢¨á¨â ®â ¢−ãâà¥−−¥© áâàãªâãàë ®à£�−¨§�æ¨¨, � â�ª¦¥
á¯¥æ¨ä¨ª¨ à¥�«¨§�æ¨¨ â¥å−®«®£¨ç¥áª¨å ¨ ¡¨§−¥á-¯à®æ¥áá®¢, � ¨¬¥−−®:

(1) ¤«ï −¥¡®«ìè¨å ®à£�−¨§�æ¨© «¨¡® ®à£�−¨§�æ¨©, ¢ ª®â®àëå ¨−á�©¤¥àáª�ï
¨−ä®à¬�æ¨ï ¤®áâ�â®ç−® ª®¬¯�ªâ−® á®áà¥¤®â®ç¥−� (¢ á¨«ã ¢−ãâà¥−−¥© áâàãª-
âãàë ¨ à¥�«¨§�æ¨¨ â¥å−®«®£¨ç¥áª¨å ¨ ¡¨§−¥á-¯à®æ¥áá®¢), §�é¨â� ®â ¨−á�©-
¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨ ¬®¦¥â ¡ëâì á¢¥¤¥−� ª ®¯â¨¬¨§�æ¨¨ áâàãªâãàë ¢ ç�áâ¨
®¡à�¡®âª¨ ¤�−−®© ¨−ä®à¬�æ¨¨. ��¯à¨¬¥à, ¥á«¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨
−¥¬−®£® ¨ ¥¥ ª®−æ¥−âà�æ¨ï ¢ ®¤−®¬ ¬¥áâ¥ −¥ ¯à¨¢®¤¨â ª −�àãè¥−¨î â¥å−®-
«®£¨ç¥áª¨å ¨ ¡¨§−¥á-¯à®æ¥áá®¢ ®à£�−¨§�æ¨¨, â® æ¥«¥á®®¡à�§−® à�§¬¥áâ¨âì
¥¥ ¢ ®¤−®¬ ¯®¬¥é¥−¨¨ ®¤−®£® ¯®¤à�§¤¥«¥−¨ï á ¤®áâã¯®¬ ã§ª®£® ªàã£� ¤®-
¢¥à¥−−ëå «¨æ, � ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ à¥�«¨§®¢�âì ¤®áâ�â®ç−® −¥¤®à®£¨¥
®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨¥ ¬¥àë §�é¨âë. Šà®¬¥ â®£®, −¥®¡å®¤¨¬ë à�§à�-
¡®âª� ¨ ãâ¢¥à¦¤¥−¨¥ ¯®àï¤ª� ¤®áâã¯� ª ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨, ¯à�¢¨«
á®¡«î¤¥−¨ï ¥¥ ª®−ä¨¤¥−æ¨�«ì−®áâ¨, � â�ª¦¥ á®§¤�−¨¥ (®¯à¥¤¥«¥−¨¥, −�-
§−�ç¥−¨¥) áâàãªâãà−®£® ¯®¤à�§¤¥«¥−¨ï (¤®«¦−®áâ−®£® «¨æ�), ¢ ®¡ï§�−−®áâ¨
ª®â®à®£® ¢å®¤¨â ®áãé¥áâ¢«¥−¨¥ ª®−âà®«ï. „�−−�ï áâà�â¥£¨ï, ª�ª ¯à�¢¨«®,
−¥ âà¥¡ã¥â §−�ç¨â¥«ì−ëå ä¨−�−á®¢ëå §�âà�â (¢ ®á−®¢−®¬ ®à£�−¨§�æ¨®−−ë¥)
¨ à¥�«¨§�æ¨ï á¨áâ¥¬ ¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨ ¤®áâ�â®ç-
−® è¨à®ª® ®¯¨á�−� ¢ à�§«¨ç−ëå âàã¤�å (á¬., −�¯à¨¬¥à, [1{4]);

(2) ¤«ï ¡®«ìè¨å, ¨−äà�áâàãªâãà−® á«®¦−ëå, à�§¢¥â¢«¥−−ëå ®à£�−¨§�æ¨©,
¢ ª®â®àëå ¨−á�©¤¥àáª�ï ¨−ä®à¬�æ¨ï á¨«ì−® à�ááà¥¤®â®ç¥−� (¢ á¨«ã á¯¥-
æ¨ä¨ª¨ à¥�«¨§�æ¨¨ â¥å−®«®£¨ç¥áª¨å ¨ ¡¨§−¥á-¯à®æ¥áá®¢), ¤«ï ®¡®á−®¢�−¨ï
æ¥«¥á®®¡à�§−®áâ¨ ¢−¥¤à¥−¨ï à�§«¨ç−ëå áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©-
¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨ −¥®¡å®¤¨¬® ¯à¥¤¢�à¨â¥«ì−® á®¯®áâ�¢¨âì áâ®¨¬®áâì
ãâ¥çª¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ¨ áâ®¨¬®áâì áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï
¨−á�©¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨. ‚−¥¤à¥−¨¥ áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©¤¥à-
áª®© ¤¥ïâ¥«ì−®áâ¨ ¨¬¥¥â íª®−®¬¨ç¥áª¨© á¬ëá« ¯à¨ ¢ë¯®«−¥−¨¨ ¯à¨−æ¨¯�
à�§ã¬−®© ¤®áâ�â®ç−®áâ¨ [5], � ¨¬¥−−® á«¥¤ãîé¥£® ãá«®¢¨ï:
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�¯à¥¤¥«¥−¨¥ æ¥−−®áâ¨ ¨ §�é¨â� ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨

Cóðé < Còéóë ,

£¤¥ Cóðé | áâ®¨¬®áâì ¢−¥¤à¥−¨ï áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©¤¥àáª®©
¤¥ïâ¥«ì−®áâ¨; Còéóë | áâ®¨¬®áâì ãâ¥çª¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ¤«ï
®à£�−¨§�æ¨¨.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ¯à®æ¥áá¥ à�áç¥â� Còéóë ¢ ¥£® áâ®¨¬®áâì §�ç�áâãî
−¥®¡å®¤¨¬® ¢ª«îç�âì â�ª −�§ë¢�¥¬ë¥ à¥¯ãâ�æ¨®−−ë¥ à¨áª¨ ®à£�−¨§�æ¨¨.

�à¨ ãá«®¢¨¨ Cóðé ≥ Còéóë ¢−¥¤à¥−¨¥ áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©-
¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨ ¡¥áá¬ëá«¥−−® á â®çª¨ §à¥−¨ï íª®−®¬¨ç¥áª®£® íää¥ªâ�.
‚ íâ®¬ á«ãç�¥, ª�ª ¢�à¨�−â, ¢®§¬®¦−® ¯®áâà®¥−¨¥ £à�ä� ¯¥à¥¤�ç¨ ¨−á�©¤¥àáª®©
¨−ä®à¬�æ¨¨ ¬¥¦¤ã áà¥¤áâ¢�¬¨ ®¡à�¡®âª¨ á æ¥«ìî ¯à®¢¥¤¥−¨ï ¥£® ®¯â¨¬¨§�æ¨¨
¤«ï ã¬¥−ìè¥−¨ï áâ®¨¬®áâ¨ Cóðé «¨¡® ¯à¨¢¥¤¥−¨ï ª ®à£�−¨§�æ¨¨ ¯¥à¢®£® â¨¯�.

�«£®à¨â¬ ¢ë¡®à� áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ®â®¡à�¦¥− −� à¨áã−ª¥.
„�«¥¥ à�áá¬®âà¨¬ ¯®¤å®¤ ª ®¯à¥¤¥«¥−¨î á«®¦−®áâ¨ ®à£�−¨§�æ¨¨. „«ï

á«®¦−ëå ®à£�−¨§�æ¨© å�à�ªâ¥à−� à�§¢¥â¢«¥−−�ï áâàãªâãà� á ¡®«ìè¨¬ ç¨á«®¬
í«¥¬¥−â®¢ (áà¥¤áâ¢ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ä¨«¨�«®¢ ¨ â. ¤.). ’®ç¥ç−ë¥ à¥è¥−¨ï
¤«ï â�ª¨å ®à£�−¨§�æ¨© −¥ ¢á¥£¤� ¯à¨¬¥−¨¬ë ¨ íää¥ªâ¨¢−ë. �à¨ íâ®¬ á¥â¥¢ë¥
¯à®£à�¬¬−®-�¯¯�à�â−ë¥ áà¥¤áâ¢� §�é¨âë (¢ ¯¥à¢ãî ®ç¥à¥¤ì SIEM (security in-
formation and event management) á¨áâ¥¬ë, � â�ª¦¥ DLP (data loss prevention)
¨ â. ¤.) ï¢«ïîâáï ¡®«¥¥ ¤®à®£¨¬¨ ¢ ç�áâ¨ §�ªã¯ª¨ ¨ ¢−¥¤à¥−¨ï. �®áª®«ìªã ¨−â¥à¥á
¯à¥¤áâ�¢«ï¥â â®«ìª® ¨−á�©¤¥àáª�ï ¨−ä®à¬�æ¨ï, ª®â®à�ï åà�−¨âáï, ®¡à�¡�âë¢�-
¥âáï ¨ ¯¥à¥¤�¥âáï ¢/¬¥¦¤ã áà¥¤áâ¢�¬¨ ®¡à�¡®âª¨, á«¥¤®¢�â¥«ì−®, ®æ¥−ª� á«®¦-
−®áâ¨ ®à£�−¨§�æ¨¨ â®¦¤¥áâ¢¥−−� ¨−äà�áâàãªâãà−®© á«®¦−®áâ¨ á®¢®ªã¯−®áâ¨
¤�−−ëå á¨áâ¥¬ ¨ á¢ï§¥© ¬¥¦¤ã −¨¬¨. ’�ª¨¬ ®¡à�§®¬, á«®¦−®áâì ®à£�−¨§�æ¨¨
(¨−äà�áâàãªâãàë) ¬®¦−® ®æ¥−¨âì, ¨á¯®«ì§ãï â¥®à¨î £à�ä®¢, £¤¥ ¢¥àè¨−ë á®-
®â¢¥âáâ¢ãîâ ®â¤¥«ì−ë¬ áà¥¤áâ¢�¬ ®¡à�¡®âª¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨, � à¥¡à�
®¯à¥¤¥«ïîâ ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã −¨¬¨ [6]. ‚¥á� à¥¡¥à £à�ä�
®¯à¥¤¥«ïîâ ®¡ê¥¬ ¨ ç�áâ®âã ¯¥à¥¤�¢�¥¬®© ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨. ��«¨ç¨¥
à�§−ëå â¨¯®¢ ¢§�¨¬®¤¥©áâ¢¨ï ®¯à¥¤¥«ï¥â ¬−®¦¥áâ¢® ¨−äà�áâàãªâãà−ëå £à�ä®¢
Gk = 〈Vk, Ek,Wk〉, £¤¥ Vk | ¬−®¦¥áâ¢® ¢¥àè¨− £à�ä�; Ek | ¬−®¦¥áâ¢® à¥¡¥à
£à�ä�; Wk | ¢¥á à¥¡¥à £à�ä�; k | â¨¯ ¢§�¨¬®¤¥©áâ¢¨ï.

�¡ê¥¤¨−¥−−ë© £à�ä ¨−äà�áâàãªâãàë ¨¬¥¥â ¢¨¤:

G =
K
⋃

k=1

Gk = 〈V,E,W 〉 .

‡¤¥áì

V =

K
⋃

k=1

Vk; E =

K
⋃

k=1

Ek,

£¤¥ K | ç¨á«® â¨¯®¢ ¢§�¨¬®¤¥©áâ¢¨ï. ‚¥á ®¡ê¥¤¨−¥−−®£® £à�ä� ®¯à¥¤¥«ï¥âáï
áã¬¬®© ¢¥á®¢ ¨áå®¤−ëå £à�ä®¢.
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�«£®à¨â¬ ¢−¥¤à¥−¨ï áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨

’�ª¨¬ ®¡à�§®¬, ¯®«ãç¨¢ £à�ä áà¥¤áâ¢ ®¡à�¡®âª¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨
¨ á¢ï§¥© ¬¥¦¤ã −¨¬¨, −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ ®æ¥−ªã á«®¦−®áâ¨ ®à£�−¨§�æ¨¨. ‘®-
§¤�−¨¥ ãª�§�−−®£® £à�ä� ¤«ï −¥ª®â®àëå −¥¡®«ìè¨å ®à£�−¨§�æ¨© ¯¥à¢®£® â¨¯�
¯®§¢®«¨â à¥è¨âì ®¯â¨¬¨§�æ¨®−−ë¥ §�¤�ç¨, −�¯à¨¬¥à ¤«ï á®áà¥¤®â®ç¥−¨ï ¨−á�©-
¤¥àáª®© ¨−ä®à¬�æ¨¨ ¢ ®¤−®¬ ¬¥áâ¥ ¨ â. ¤. �®¤ áâàãªâãà−®© á«®¦−®áâìî ¨−ä-
à�áâàãªâãàë ®à£�−¨§�æ¨¨ ¡ã¤¥¬ ¯®−¨¬�âì á¢®©áâ¢®, ®æ¥−¨¢�îé¥¥ à�§¬¥à−®áâì
â�ª®£® ®¡ê¥¤¨−¥−−®£® £à�ä�, ¬−®£®®¡à�§¨¥ ¬�àèàãâ®¢ ¬¥¦¤ã ¥£® ¢¥àè¨−�¬¨,
ç¨á«® æ¨ª«®¢, ¡«¨§®áâì ¬¥¦¤ã ¢¥àè¨−�¬¨ ¨ ¤à.
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�¯à¥¤¥«¥−¨¥ æ¥−−®áâ¨ ¨ §�é¨â� ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨

�¥®¡å®¤¨¬® áä®à¬ã«¨à®¢�âì âà¥¡®¢�−¨ï, ª®â®àë¬ ¤®«¦¥− ã¤®¢«¥â¢®àïâì
®¡ê¥¤¨−¥−−ë© £à�ä ¨−äà�áâàãªâãàë, çâ®¡ë ®à£�−¨§�æ¨î ¬®¦−® ¡ë«® ®â−¥áâ¨
ª ¯¥à¢®¬ã ¨«¨ ¢â®à®¬ã â¨¯ã.

�� íâ�¯¥ á®§¤�−¨ï à¥¥áâà� ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ −¥®¡å®¤¨¬� ¨¤¥−â¨-
ä¨ª�æ¨ï ¢á¥å ¢¥àè¨− £à�ä�, ®â−®áïé¨åáï ª áà¥¤áâ¢�¬ ®¡à�¡®âª¨ ¨−á�©¤¥àáª®©
¨−ä®à¬�æ¨¨ (Nóïéé). ’�ª¦¥ ¤®«¦−� ¡ëâì ®¯à¥¤¥«¥−� ¬�ªá¨¬�«ì−�ï ¢¬¥á-
â¨¬®áâì ª«�áâ¥à®¢ áà¥¤áâ¢ ®¡à�¡®âª¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨, âà¥¡ãîé¨å
¢ë¯®«−¥−¨ï −¥¤®à®£®áâ®ïé¨å ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å ¬¥à §�é¨âë ¨−ä®à-
¬�æ¨¨ (Níåóô), � â�ª¦¥ ç¨á«® ª«�áâ¥à®¢ ¢ ª®−ªà¥â−®© ®à£�−¨§�æ¨¨ (L).

’�ª¨¬ ®¡à�§®¬, ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ®à£�−¨§�æ¨¨ −¥®¡å®¤¨¬® ¯à®¢¥à¨âì âà¨
ãá«®¢¨ï:

(1) Nóïéé ≤
∑L

i=1Níåóô i;

(2) à�§¬¥é¥−¨¥ ¢á¥å Nóïéé ¢® ¢á¥å
∑L

i=1Níåóô i −¥ ¢«¥ç¥â −�àãè¥−¨ï â¥å−®-
«®£¨ç¥áª¨å ¨ ¡¨§−¥á-¯à®æ¥áá®¢ ®à£�−¨§�æ¨¨;

(3) ®âáãâáâ¢¨¥ ã¤�«¥−−ëå ç�áâ¥© ®à£�−¨§�æ¨¨ á ª�−�«�¬¨ á¢ï§¨, ¯® ª®â®àë¬
æ¨àªã«¨àã¥â ¨−á�©¤¥àáª�ï ¨−ä®à¬�æ¨ï.

�® ¬−¥−¨î �¢â®à®¢, ¢ë¯®«−¥−¨¥ ¢á¥å âà¥å ãá«®¢¨© å�à�ªâ¥à−® ¤«ï ¯à¥¤¯à¨-
ïâ¨© ¯¥à¢®£® â¨¯� (ª�ª ¯à�¢¨«®, −¥¡®«ìè¨å). �¥¢ë¯®«−¥−¨¥ å®âï ¡ë ®¤−®£®
ãá«®¢¨ï ¢«¥ç¥â ¨¤¥−â¨ä¨ª�æ¨î ª�ª ¯à¥¤¯à¨ïâ¨ï ¢â®à®£® â¨¯�. ��«¨ç¨¥ âà¥âì-
¥£® ãá«®¢¨ï ®¡ãá«®¢«¥−® ®â−®á¨â¥«ì−®© ¤®à®£®¢¨§−®© á¥â¥¢ëå áà¥¤áâ¢ §�é¨âë
(®á®¡¥−−® á¥àâ¨ä¨æ¨à®¢�−−ëå) ¨ ¡®«¥¥ à�§¢¥â¢«¥−−®© áâàãªâãà®© ¯à®æ¥áá� ®¡-
à�¡®âª¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ á® ¢á¥¬¨ ¢ëâ¥ª�îé¨¬¨ ¯®á«¥¤áâ¢¨ï¬¨.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯à¥¤«®¦¥−−ë© ¯®¤å®¤ ª ¯®áâà®¥−¨î £à�ä� á«®¦−®áâ¨
®à£�−¨§�æ¨¨ ¯®§¢®«¨â −�£«ï¤−® ã¢¨¤¥âì ¢á¥ ¨−ä®à¬�æ¨®−−ë¥ ¯®â®ª¨ ¨−á�©¤¥à-
áª®© ¨−ä®à¬�æ¨¨, ®æ¥−¨âì ®¡ê¥¬ ¨ ç�áâ®âã ¯¥à¥¤�¢�¥¬®© ¨−á�©¤¥àáª®© ¨−ä®à-
¬�æ¨¨ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨© ¯® ¢−¥¤à¥−¨î á¨áâ¥¬ á¥â¥¢®© §�é¨âë, � â�ª¦¥
®¡ê¥ªâ¨¢−® ®æ¥−¨âì Cóðé ª®−ªà¥â−®© ®à£�−¨§�æ¨¨.

3 Определение ценности инсайдерской информации

„�«¥¥ à�áá¬®âà¨¬ ¢®§¬®¦−ë¥ ¯®¤å®¤ë ª ®æ¥−ª¥ áâ®¨¬®áâ¨ ¨−á�©¤¥àáª®©
¨−ä®à¬�æ¨¨, −�¯à¨¬¥à ¤«ï á®§¤�−¨ï à¥¥áâà� ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨.

�®¤ æ¥−−®áâìî ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨, ª�ª ¯à�¢¨«®, ¯®−¨¬�¥âáï è¨à®ª¨©
ªàã£ á¢®©áâ¢ ¨−ä®à¬�æ¨¨, ª®â®àë¥ ®¯à¥¤¥«ïîâ áâ¥¯¥−ì ¢«¨ï−¨ï ¨ ¢®§¤¥©áâ¢¨ï
−� ¤¥ïâ¥«ì−®áâì ®à£�−¨§�æ¨¨ ¢ á«ãç�¥ ¥¥ ãâ¥çª¨ ª ®à£�−¨§�æ¨¨-ª®−ªãà¥−âã. …á-
«¨ ¨−ä®à¬�æ¨ï ª�á�¥âáï −¥§−�ç¨â¥«ì−ëå ¢®¯à®á®¢ ¨ ãâ¥çª� â�ª®© ¨−ä®à¬�æ¨¨
−¥ ¢¥¤¥â ª §−�ç¨â¥«ì−®¬ã ãé¥à¡ã, â® ä�ªâ®¬ ãâ¥çª¨ â�ª®© ¨−ä®à¬�æ¨¨ ¬®¦−®
¢ ®¯à¥¤¥«¥−−®© ¬¥à¥ ¯à¥−¥¡à¥çì. ‚ â® ¦¥ ¢à¥¬ï ¨−ä®à¬�æ¨ï ® á¨âã�æ¨¨, ª®â®à�ï
çà¥¢�â� ¡�−ªà®âáâ¢®¬ ®à£�−¨§�æ¨¨, âà¥¡ã¥â ¯®¢ëè¥−−®£® ¢−¨¬�−¨ï ¨ ¯à¨¢«¥ç¥-
−¨ï §−�ç¨â¥«ì−ëå à¥áãàá®¢ ¤�¦¥ ¢ â®¬ á«ãç�¥, ¥á«¨ ãâ¥çª� ¬�«®¢¥à®ïâ−�.
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’�¡«¨æ� 1 ˜ª�«� ®æ¥−ª¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨

÷¥©-
â¨−£

�æ¥−ª� ¨−á�©¤¥àáª®©
¨−ä®à¬�æ¨¨

�®á«¥¤áâ¢¨ï ãâ¥çª¨
¤«ï ®à£�−¨§�æ¨¨

5
ˆ¬¥¥â à¥è�îé¥¥ §−�ç¥−¨¥
¤«ï ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨¨ Š�â�áâà®ä¨ç¥áª¨¥

4 ‚ëá®ª�ï §−�ç¨¬®áâì ‡−�ç¨â¥«ì−ë¥
3 ‘à¥¤−ïï §−�ç¨¬®áâì “¬¥à¥−−ë¥
2 �¨§ª�ï §−�ç¨¬®áâì Œ�«®§−�ç¨â¥«ì−ë¥
1 �¥§−�ç¨â¥«ì−ë© à¨áª �¥áãé¥áâ¢¥−−ë¥

�¥á¬®âàï −� â® çâ® æ¥−−®áâì ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ¢ª«îç�¥â ¢ á¥¡ï
ª®¬¯«¥ªá ¯®ª�§�â¥«¥©, £«�¢−ë¬ ªà¨â¥à¨¥¬ §−�ç¨¬®áâ¨ ¤®«¦¥− á«ã¦¨âì ¯®â¥−-
æ¨�«ì−ë© ãé¥à¡ ¤«ï ®à£�−¨§�æ¨¨, ¨§¬¥àï¥¬ë© ¢ −�âãà�«ì−ëå ¨«¨ ¤¥−¥¦−ëå
¯®ª�§�â¥«ïå.

–¥−−®áâì ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ¬®¦¥â ¡ëâì ¯à®à�−¦¨à®¢�−� ¢ á®®â-
¢¥âáâ¢¨¨ á ®¯à¥¤¥«¥−−ë¬ §�¤�−−ë¬ ªà¨â¥à¨¥¬. Š�ª ¯à�¢¨«®, íâ® ãà®¢¥−ì
¯®â¥−æ¨�«ì−ëå −¥£�â¨¢−ëå íää¥ªâ®¢ ¤«ï ®à£�−¨§�æ¨¨. ÷¥©â¨−£ ¬®¦¥â ¯à¨á¢�-
¨¢�âìáï ª�ª á�¬®© ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨, â�ª ¨ ¥¥ ¨áâ®ç−¨ª�¬ [7]. „«ï
®æ¥−ª¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−� èª�«�, ¯à¥¤áâ�¢«¥−−�ï
¢ â�¡«. 1.

�à¥¤áâ�¢«¥−−�ï èª�«� −¥ ¯à¥â¥−¤ã¥â −� ¨áâ¨−ã ¢ ¯®á«¥¤−¥© ¨−áâ�−æ¨¨, −®,
¯® ¬−¥−¨î �¢â®à®¢, ¬®¦¥â ãá¯¥è−® ¯à¨¬¥−ïâìáï ¤«ï à�−¦¨à®¢�−¨ï æ¥−−®áâ¨
¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ (−�¯à¨¬¥à, ¢ à¥¥áâà¥ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ®à-
£�−¨§�æ¨¨). ��¨¡®«¥¥ ®ç¥¢¨¤−ë¬ ¤«ï à�−¦¨à®¢�−¨ï æ¥−−®áâ¨ ¨−á�©¤¥àáª®©
¨−ä®à¬�æ¨¨ ¨ ¢¥à®ïâ−®áâ¨ ¥¥ ãâ¥çª¨ ¢ á®®â¢¥âáâ¢¨¨ á â�¡«. 1 ¯à¥¤áâ�¢«ï¥âáï ¨á-
¯®«ì§®¢�−¨¥ íªá¯¥àâ−®£® ®æ¥−¨¢�−¨ï. �¤−�ª® ¤«ï ®æ¥−ª¨ ¢ë¯®«−¥−¨ï ªà¨â¥à¨ï
Cóðé < Còéóë ªà®¬¥ à�−¦¨à®¢�−¨ï −¥®¡å®¤¨¬� áâ®¨¬®áâ−�ï ®æ¥−ª� ¨−á�©¤¥à-
áª®© ¨−ä®à¬�æ¨¨. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® −¥ ¢áî ¨−á�©¤¥àáªãî ¨−ä®à¬�æ¨î
¬®¦−® ¤®áâ�â®ç−® «¥£ª® ®æ¥−¨âì ¢ ¤¥−¥¦−®¬ ¢ëà�¦¥−¨¨ (−�¯à¨¬¥à, à¥¯ãâ�æ¨®−-
−ë© ãé¥à¡). ‚ íâ®¬ á«ãç�¥, ¯® ¬−¥−¨î �¢â®à®¢, æ¥«¥á®®¡à�§−® ¢®á¯®«ì§®¢�âìáï
¬¥â®¤®¬ −¥¯®áà¥¤áâ¢¥−−®© ®æ¥−ª¨ (¡�««ì−ë¬ ¬¥â®¤®¬). �− ¯®§¢®«ï¥â ®¯à¥¤¥-
«¨âì, −�áª®«ìª® ®¤¨− ä�ªâ®à ¡®«¥¥ §−�ç¨¬, ç¥¬ ¤àã£¨¥. ‚ íâ®¬ á«ãç�¥ ¤¨�¯�§®−
¨§¬¥−¥−¨ï å�à�ªâ¥à¨áâ¨ª ®¡ê¥ªâ� à�§¡¨¢�¥âáï −� ®â¤¥«ì−ë¥ ¨−â¥à¢�«ë, ª�¦-
¤®¬ã ¨§ ª®â®àëå ¯à¨¯¨áë¢�¥âáï ®¯à¥¤¥«¥−−�ï ®æ¥−ª� (¡�««), −�¯à¨¬¥à ®â 0
¤® 10. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® íªá¯¥àâ−®¥ ®æ¥−¨¢�−¨¥ ¢ëå®¤¨â §� à�¬ª¨ ¤�−−®©
áâ�âì¨, ¯®íâ®¬ã ®¯à¥¤¥«¥−¨¥ áâ¥¯¥−¨ á®£«�á®¢�−−®áâ¨ ¬−¥−¨© íªá¯¥àâ®¢ ¨ ¤àã-
£¨¥ ¢®¯à®áë ®æ¥−ª¨ �¤¥ª¢�â−®áâ¨ ¨ ª�ç¥áâ¢� íªá¯¥àâ−®£® ®æ¥−¨¢�−¨ï §¤¥áì −¥
à�áá¬�âà¨¢�îâáï.

„«ï ®¯à¥¤¥«¥−¨ï áâ®¨¬®áâ¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ (−� ®á−®¢¥ ¯®«ã-
ç¥−−ëå ¡�««ì−ëå ®æ¥−®ª) ¬®¦−® ¢®á¯®«ì§®¢�âìáï �¤¤¨â¨¢−®© ¬®¤¥«ìî. �à¨
¨á¯®«ì§®¢�−¨¨ íâ®© ¬®¤¥«¨ ®¯à¥¤¥«¥−¨¥ æ¥−−®áâ¨ ¡�§¨àã¥âáï −� íªá¯¥àâ−ëå
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�¯à¥¤¥«¥−¨¥ æ¥−−®áâ¨ ¨ §�é¨â� ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨

®æ¥−ª�å ª®¬¯®−¥−â ¤�−−®© ¨−ä®à¬�æ¨¨ ¨ ¯à¨ ®¡ê¥ªâ¨¢−®áâ¨ áâ®¨¬®áâ−ëå ®æ¥-
−®ª ¥¥ ª®¬¯®−¥−â ¯®¤áç¨âë¢�¥âáï ¨áª®¬�ï ¢¥«¨ç¨−� | ¨å áã¬¬� ¢ áâ®¨¬®áâ−®¬
íª¢¨¢�«¥−â¥ [8]. �á−®¢−�ï ¯à®¡«¥¬� §�ª«îç�¥âáï ¢ â®¬, çâ® ª®«¨ç¥áâ¢¥−−�ï
®æ¥−ª� ª®¬¯®−¥−â ¨−ä®à¬�æ¨¨ ç�áâ® ®ª�§ë¢�¥âáï −¥®¡ê¥ªâ¨¢−®©, ¤�¦¥ ã ¢ëá®-
ª®ª¢�«¨ä¨æ¨à®¢�−−ëå á¯¥æ¨�«¨áâ®¢ | ¯à¨ç¨−� §�ª«îç�¥âáï ¢ −¥®¤−®à®¤−®áâ¨
ª®¬¯®−¥−â ¢ æ¥«®¬. „«ï à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¯à¨−ïâ® ¨á¯®«ì§®¢�âì ¨¥à�à-
å¨ç¥áªãî ®â−®á¨â¥«ì−ãî èª�«ã, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â á®¡®© «¨−¥©−ë© ¯®àï¤®ª,
á ¯®¬®éìî ª®â®à®£® áà�¢−¨¢�îâáï ®â¤¥«ì−ë¥ ª®¬¯®−¥−âë ¯® æ¥−−®áâ¨ ®¤−� ®â-
−®á¨â¥«ì−® ¤àã£®©. ‘«ãç�© ¥¤¨−®© èª�«ë à�¢−®á¨«¥− â®¬ã, çâ® ¢á¥ ª®¬¯®−¥−âë,
¨¬¥îé¨¥ à�¢−ãî ¯®àï¤ª®¢ãî ®æ¥−ªã, à�¢−®æ¥−−ë ¬¥¦¤ã á®¡®©.

÷�áá¬®âà¨¬ á«¥¤ãîé¨© ¯à¨¬¥à. �ãáâì ¤�−ë n ®¡ê¥ªâ®¢ ¨−á�©¤¥àáª®© ¨−ä®à-
¬�æ¨¨ O1, O2, . . . , On, ®æ¥−ª� ¯à®¨§¢®¤¨âáï ¯® ¤¥áïâ¨¡�««ì−®© èª�«¥; à¥§ã«ìâ�â
®æ¥−ª¨ íªá¯¥àâ�¬¨ | ¢¥ªâ®à æ¥−−®áâ¥© ®¡ê¥ªâ®¢ ª�¦¤®£® ®â−®á¨â¥«ì−® ¤àã£®£®:
(3, 5, . . . , 8). �à¥¤¯®«®¦¨¬, çâ® ¨§−�ç�«ì−® ®¯à¥¤¥«¥−� æ¥−� ®¤−®£® ¨§ ®¡ê¥ªâ®¢,
−�¯à¨¬¥à O = 150 âëá. àã¡.

‚ëç¨á«ï¥¬ áâ®¨¬®áâì ®¤−®£® ¡�««�: O2/k = 150/5 = 30 âëá. àã¡., £¤¥ k |
®æ¥−ª� ®¡ê¥ªâ� ¢ ¡�««�å.

�−�«®£¨ç−ë¬ ®¡à�§®¬ ¯à®¨§¢®¤¨âáï ®æ¥−ª� ¤àã£¨å ®¡ê¥ªâ®¢. ‘ã¬¬� áâ®¨¬®-
áâ¥© ®¡ê¥ªâ®¢ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ¤�¥â ¯®«−ãî áâ®¨¬®áâì ¢á¥© ¨−á�©¤¥à-
áª®© ¨−ä®à¬�æ¨¨.

÷�áá¬®âà¨¬ ®¡à�â−ãî á¨âã�æ¨î. …á«¨ ¨§¢¥áâ−� ª®−¥ç−�ï áâ®¨¬®áâì ¨−-
á�©¤¥àáª®© ¨−ä®à¬�æ¨¨, â® ¯® −¥© ¬®¦−® ®¡à�â−ë¬ ¯à¥®¡à�§®¢�−¨¥¬ −�©â¨
áâ®¨¬®áâì ª�¦¤®£® ®¡ê¥ªâ� ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨.

‘ ãç¥â®¬ ¯à¨¬¥−¥−¨ï ¬¥â®¤� −¥¯®áà¥¤áâ¢¥−−®£® ®æ¥−¨¢�−¨ï ¨ �¤¤¨â¨¢−®©
¬®¤¥«¨ â�¡«. 1 ¯à¨¬¥â ç¨á«®¢®© ¢¨¤, ª®â®àë© ¬®¦−® á ãá¯¥å®¬ ¯à¨¬¥−ïâì ¤«ï
¯à®¢¥àª¨ ªà¨â¥à¨ï Cóðé < Còéóë.

÷�áá¬®âà¨¬ ¤¢� ¯®¤å®¤� ª ®æ¥−ª¥ áâ®¨¬®áâ¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨
á â®çª¨ §à¥−¨ï ¥¥ ¯®«ì§ë ¤«ï ®à£�−¨§�æ¨¨-ª®−ªãà¥−â�. ‘«¥¤ã¥â ®â¬¥â¨âì,
çâ® ¯à¨ §¥àª�«ì−®¬ à�áá¬®âà¥−¨¨ (á ¯®§¨æ¨¨ ®æ¥−ª¨ ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨
®à£�−¨§�æ¨¥©) ¤�−−ë¥ ¯®¤å®¤ë á¯à�¢¥¤«¨¢ë ¤«ï ®¯à¥¤¥«¥−¨ï Còéóë.

�à�£¬�â¨ç−ë© ¯®¤å®¤ ª ®æ¥−ª¥ ¨−ä®à¬�æ¨¨ (¢ ¤�−−®¬ á«ãç�¥ | ¨−á�©¤¥à-
áª®© ¨−ä®à¬�æ¨¨) ¯à¥¤«®¦¥− �. �. •�àª¥¢¨ç¥¬ [9]. Œ¥à®© æ¥−−®áâ¨ ¨−ä®à-
¬�æ¨¨ ¢ëáâã¯�¥â ¨§¬¥−¥−¨¥ ¢¥à®ïâ−®áâ¨ ¤®áâ¨¦¥−¨ï æ¥«¨ ¯à¨ ¯®«ãç¥−¨¨ íâ®©
¨−ä®à¬�æ¨¨. ‚ ¤�−−®¬ á«ãç�¥ ª®«¨ç¥áâ¢¥−−�ï ¬¥à� æ¥−−®áâ¨ ¨−á�©¤¥àáª®©
¨−ä®à¬�æ¨¨ Iã ¢ëà�¦¥−� á«¥¤ãîé¨¬ ®¡à�§®¬:

Iã = logP1 − log P0 = log
P1
P0

,

£¤¥ P0 | −�ç�«ì−�ï, ¤® ¯®«ãç¥−¨ï ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨, ¢¥à®ïâ−®áâì
¤®áâ¨¦¥−¨ï æ¥«¨ ®à£�−¨§�æ¨¥©-ª®−ªãà¥−â®¬; P1 | ¢¥à®ïâ−®áâì ¤®áâ¨¦¥−¨ï
æ¥«¨ ®à£�−¨§�æ¨¥©-ª®−ªãà¥−â®¬ ¯®á«¥ ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨.

‚®§¬®¦−ë á«¥¤ãîé¨¥ âà¨ á«ãç�ï. ‚ ¯¥à¢®¬ á«ãç�¥ ¯®«ãç¥−−�ï ¨−á�©¤¥àáª�ï
¨−ä®à¬�æ¨ï ®ª�§ë¢�¥âáï æ¥−−®©, ã¢¥«¨ç¨¢�îé¥© ¢¥à®ïâ−®áâì ¤®áâ¨¦¥−¨ï æ¥«¨
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®à£�−¨§�æ¨¥©-ª®−ªãà¥−â®¬, â. ¥. P1 > P0. ‘«¥¤®¢�â¥«ì−®, ¨−ä®à¬�æ¨ï ¯à¨§−�-
¥âáï æ¥−−®©, ¯®«¥§−®© ¨ ª®«¨ç¥áâ¢¥−−�ï ¬¥à� æ¥−−®áâ¨ ¨−ä®à¬�æ¨¨ Iã > 0.

‚® ¢â®à®¬ á«ãç�¥ ¨−ä®à¬�æ¨ï −¥ ¨§¬¥−ï¥â ¢¥à®ïâ−®áâì ¤®áâ¨¦¥−¨ï æ¥«¨
®à£�−¨§�æ¨¥©-ª®−ªãà¥−â®¬. �−� ®ª�§ë¢�¥âáï ¡¥á¯®«¥§−®©. �à¨ íâ®¬ P1 = P0
¨ Iã = 0.

‚ âà¥âì¥¬ á«ãç�¥ ¢¥à®ïâ−®áâì ¤®áâ¨¦¥−¨ï æ¥«¨ ã¬¥−ìè�¥âáï â�ª ª�ª ¯®-
«ãç¥−−�ï ¨−ä®à¬�æ¨ï ®ª�§ë¢�¥âáï «®¦−®©, ®è¨¡®ç−®©. �à¨ íâ®¬ P1 < P0
¨ Iã < 0.

„�−−ë© ¯®¤å®¤ ¬®¦−® ãá¯¥è−® ¯à¨¬¥−ïâì á®¢¬¥áâ−® á ¬¥â®¤�¬¨ íªá¯¥àâ−®£®
®æ¥−¨¢�−¨ï, à�áá¬®âà¥−−ë¬¨ à�−¥¥.

÷�áá¬®âà¨¬ ¯®¤å®¤, ®á−®¢�−−ë© −� ¨§¬¥−¥−¨¨ íª®−®¬¨ç¥áª®© íää¥ªâ¨¢-
−®áâ¨ ¯à¨−ïâëå à¥è¥−¨© ®à£�−¨§�æ¨¥©-ª®−ªãà¥−â®¬ ¯®á«¥ ¯®«ãç¥−¨ï ¨−á�©-
¤¥àáª®© ¨−ä®à¬�æ¨¨.

��¯à¨¬¥à, −¥ª®â®à�ï ®à£�−¨§�æ¨ï-ª®−ªãà¥−â ¢å®¤¨â ¢ ç¨á«® «¨¤¥à®¢ ®âà�á-
«¨. …© −¥®¡å®¤¨¬® ¯à®¢¥áâ¨ ¬®¤¥à−¨§�æ¨î á¢®¨å ¯à®¨§¢®¤áâ¢¥−−ëå ¬®é−®áâ¥©.
�� àë−ª¥ â�ª¦¥ ¨¬¥¥âáï ¤àã£�ï ®à£�−¨§�æ¨ï, ª®â®à�ï ¢ á¨«ã á¢®¥© §−�ç¨â¥«ì-
−®áâ¨ ®¡«�¤�¥â ¨−ä®à¬�æ¨¥© ® ¯¥àá¯¥ªâ¨¢�å à�§¢¨â¨ï àë−ª�. „�−−�ï ¨−ä®à¬�-
æ¨ï, −¥á®¬−¥−−®, ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á ¤«ï ®à£�−¨§�æ¨¨-ª®−ªãà¥−â�, ¯®áª®«ìªã
¯®§¢®«ï¥â ¢ëà�¡®â�âì ®¯â¨¬�«ì−ãî áâà�â¥£¨î à�§¢¨â¨ï. –¥«ì ®à£�−¨§�æ¨¨-ª®−-
ªãà¥−â� | ®¯à¥¤¥«¨âì æ¥−−®áâì ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ®à£�−¨§�æ¨¨.

„®¯ãáâ¨¬, àãª®¢®¤áâ¢® ®à£�−¨§�æ¨¨-ª®−ªãà¥−â� à�áá¬�âà¨¢�¥â âà¨ ¢�à¨�−â�
¤¥©áâ¢¨©:

(1) ¢«®¦¨âì áà¥¤áâ¢� ¢ á®¡áâ¢¥−−ãî à�§à�¡®âªã ¯à®¨§¢®¤áâ¢¥−−ëå ¬®é−®áâ¥©
−� −®¢®¬ â¥å−®«®£¨ç¥áª®¬ ãà®¢−¥, −¥ ¨¬¥îé¥¬ �−�«®£®¢ ã ª®−ªãà¥−â®¢;

(2) ¢«®¦¨âì áà¥¤áâ¢� ¢ §�ªã¯ªã ¨¬¥îé¨åáï −� àë−ª¥ â¥å−®«®£¨©;

(3) −¥ ¯à®¢®¤¨âì ¬®¤¥à−¨§�æ¨î ¯à®¨§¢®¤áâ¢� (¡¥§¤¥©áâ¢¨¥).

÷�§¬¥à ¢ë¨£àëè� ¨«¨ ¯®â¥àì ®à£�−¨§�æ¨¨-ª®−ªãà¥−â� §�¢¨á¨â ®â ¡«�£®¯à¨-
ïâ−®£® ¨«¨ −¥¡«�£®¯à¨ïâ−®£® á®áâ®ï−¨ï àë−ª� [10].

�¥à¢®−�ç�«ì−® ¨−ä®à¬�æ¨ï ® á®áâ®ï−¨¨ àë−ª� ®âáãâáâ¢ã¥â, −® íª®−®¬¨-
áâë ¬®£ãâ à�ááç¨â�âì ¢ë¨£àëè/̄ ®â¥à¨ ®à£�−¨§�æ¨¨-ª®−ªãà¥−â� ®â à¥�«¨§�æ¨¨
áâà�â¥£¨© ¯à¨ ¡«�£®¯à¨ïâ−ëå ¨ −¥¡«�£®¯à¨ïâ−ëå ãá«®¢¨ïå. ‚ á®®â¢¥âáâ¢¨¨
á ¯à¨−æ¨¯®¬ ��©¥á� á®áâ®ï−¨¥ àë−ª� (¡«�£®¯à¨ïâ−®¥ ¨«¨ −¥¡«�£®¯à¨ïâ−®¥) ¯à¨-
−¨¬�îâ à�¢−®¢¥à®ïâ−ë¬ ¨ à�¢−ë¬ 0,5.

‘à¥¤−¨© ®¦¨¤�¥¬ë© ¢ë¨£àëè à�ááç¨âë¢�¥âáï ¯® ä®à¬ã«¥:

W = PÂW× + PÎWÐ ,

£¤¥ PÂ ¨ PÎ| ¢¥à®ïâ−®áâ¨ ¡«�£®¯à¨ïâ−ëå ¨ −¥¡«�£®¯à¨ïâ−ëå á®áâ®ï−¨© á®®â¢¥â-
áâ¢¥−−®; W× ¨ WÐ| ¢ë¨£àëè ¨ ¯®â¥à¨ ®à£�−¨§�æ¨¨-ª®−ªãà¥−â� á®®â¢¥âáâ¢¥−−®.

÷¥§ã«ìâ�âë à�áç¥â®¢ ¤® ¨ ¯®á«¥ ¯®«ãç¥−¨ï ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ®â
®à£�−¨§�æ¨¨ ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 2 ¨ 3.
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�¯à¥¤¥«¥−¨¥ æ¥−−®áâ¨ ¨ §�é¨â� ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨

’�¡«¨æ� 2 ‘à¥¤−¨© ¢ë¨£àëè ¤® ¯®«ãç¥−¨ï ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨

‚�-
à¨-
�−â

„¥©áâ¢¨ï
®à£�−¨§�æ¨¨-
ª®−ªãà¥−â�

‚ë¨£àëè/̄ ®â¥à¨ ¢ §�¢¨á¨¬®áâ¨
®â ª®−êî−ªâãàë àë−ª�, ¬«− àã¡.

‘à¥¤−¨© ¢ë¨£àëè
¤® ¯®«ãç¥−¨ï ¨−-

�«�£®¯à¨ïâ−�ï
PÂ = 0,5

�¥¡«�£®¯à¨ïâ−�ï
PÎ = 0,5

á�©¤¥àáª®© ¨−ä®à-
¬�æ¨¨, ¬«− àã¡.

1 ‘®¡áâ¢¥−−�ï à�§à�¡®âª� 130 −120 5
2 �®ªã¯ª� â¥å−®«®£¨© 30 −10 10
3 �¥§¤¥©áâ¢¨¥ 10 −20 −5

’�¡«¨æ� 3 ‘à¥¤−¨© ¢ë¨£àëè ¯®á«¥ ¯®«ãç¥−¨ï ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨

‚�-
à¨-
�−â

„¥©áâ¢¨ï
®à£�−¨§�æ¨¨-
ª®−ªãà¥−â�

‚ë¨£àëè/̄ ®â¥à¨ ¢ §�¢¨á¨¬®áâ¨
®â ª®−êî−ªâãàë àë−ª�, ¬«− àã¡.

‘à¥¤−¨© ¢ë¨£àëè
¯®á«¥ ¯®«ãç¥−¨ï ¨−-

�«�£®¯à¨ïâ−�ï
PÂ = 0,7

�¥¡«�£®¯à¨ïâ−�ï
PÎ = 0,3

á�©¤¥àáª®© ¨−ä®à-
¬�æ¨¨, ¬«− àã¡.

1 ‘®¡áâ¢¥−−�ï à�§à�¡®âª� 130 −120 55
2 �®ªã¯ª� â¥å−®«®£¨© 30 −10 18
3 �¥§¤¥©áâ¢¨¥ 10 −20 1

÷¥§ã«ìâ�âë à�áç¥â®¢ ¯®ª�§ë¢�îâ, çâ® −�¨«ãçè¨¬ à¥è¥−¨¥¬ ¯à¨ ®âáãâáâ¢¨¨
¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ®ª�§ë¢�¥âáï §�ªã¯ª� â¥å−®«®£¨©, â�ª ª�ª ¯à¨ íâ®¬
áà¥¤−¨© ¢ë¨£àëè ¬�ªá¨¬�«¥− ¨ à�¢¥− W0 = 10 ¬«− àã¡.

„®¯ãáâ¨¬, ¯®ªã¯ª� ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ®¡®©¤¥âáï ®à£�−¨§�æ¨¨-ª®−-
ªãà¥−âã ¢ 1 ¬«− àã¡. ˆ−á�©¤¥àáª�ï ¨−ä®à¬�æ¨ï ãª�§ë¢�¥â −� â®, çâ® ¯à®£−®-
§¨àã¥âáï ¡«�£®¯à¨ïâ−®¥ á®áâ®ï−¨¥ àë−ª� á ¢¥à®ïâ−®áâìî 0,7 ¨ −¥¡«�£®¯à¨ïâ−®¥
á ¢¥à®ïâ−®áâìî 0,3. ‚ íâ®¬ á«ãç�¥ ¬�ªá¨¬�«ì−ë© áà¥¤−¨© ¢ë¨£àëè (W1 =
= 55 ¬«− àã¡.) ®à£�−¨§�æ¨ï-ª®−ªãà¥−â ¯®«ãç¨â ¯à¨ ¢ë¡®à¥ áâà�â¥£¨¨ ¯®
á®¡áâ¢¥−−®© à�§à�¡®âª¥ ¯à®¨§¢®¤áâ¢¥−−ëå ¬®é−®áâ¥© −� −®¢®¬ â¥å−®«®£¨ç¥áª®¬
ãà®¢−¥.

’�ª¨¬ ®¡à�§®¬, ¯®«ãç¥−−�ï ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï ¨§¬¥−ï¥â ¯à¥¤áâ�¢-
«¥−¨¥ ® æ¥«¥á®®¡à�§−®áâ¨ áâà�â¥£¨¨ ®à£�−¨§�æ¨¨-ª®−ªãà¥−â� ¨, á®®â¢¥âáâ¢¥−−®,
¯®¢ëè�¥â íª®−®¬¨ç¥áª¨© íää¥ªâ á 10 ¬«− ¤® 55 ¬«− àã¡.

–¥−−®áâì ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨ à�¢−� à�§−®áâ¨ ¬�ªá¨¬�«ì−ëå áà¥¤-
−¨å ¢ë¨£àëè¥© ®à£�−¨§�æ¨¨-ª®−ªãà¥−â� ¤® ¨ ¯®á«¥ ¯®«ãç¥−¨ï ¨−á�©¤¥àáª®©
¨−ä®à¬�æ¨¨ á ãç¥â®¬ áâ®¨¬®áâ¨ á�¬®© ¨−ä®à¬�æ¨¨:

Iã =W1 − W0 − SÐ ,

£¤¥ SÐ | áâ®¨¬®áâì ¯®«ãç¥−¨ï ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨.
„«ï à�áá¬®âà¥−−®£® ¯à¨¬¥à� Iã = (55 − 10) − 1 = 44 ¬«− àã¡.
’�ª¨¬ ®¡à�§®¬, æ¥−−®áâì ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ®¯à¥¤¥«ï¥âáï ¢ë£®¤®©

®â ¥¥ ¨á¯®«ì§®¢�−¨ï. –¥−−®áâì ¨−á�©¤¥àáª®© ¨−ä®à¬�æ¨¨ ¬®¦¥â áãé¥áâ¢¥−−®
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¯à¥¢ëá¨âì áâ®¨¬®áâì ¥¥ ¯®«ãç¥−¨ï. �«�â¨âì §� ¨−á�©¤¥àáªãî ¨−ä®à¬�æ¨î ¨¬¥¥â
á¬ëá«, ¥á«¨ W1 − W0 > SÐ, â. ¥. Iã > 0.

‚ à�áá¬®âà¥−−®¬ ¯à¨¬¥à¥ ¨−á�©¤¥àáª�ï ¨−ä®à¬�æ¨ï ãª�§ë¢�¥â −� ¯à®£−®§
¡«�£®¯à¨ïâ−®£® ¨ −¥¡«�£®¯à¨ïâ−®£® á®áâ®ï−¨ï àë−ª�, çâ® −� ¯à�ªâ¨ª¥, −�¯à¨-
¬¥à, ¬®¦−® ®¯à¥¤¥«¨âì ¯® ®¡ê¥¬ã ¢ë¯ãáª�¥¬ëå ¢ ¯à®¤�¦ã áà¥¤áâ¢ ¯à®¨§¢®¤áâ¢�
á ®¯à¥¤¥«¥−−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨, ª®â®àë¥ ¢«¨ïîâ −� ª®−ªãà¥−æ¨î ¢ ®¯à¥¤¥-
«¥−−®¬ á¥£¬¥−â¥ àë−ª�.

�ç¥¢¨¤−®, çâ® Iã ¢å®¤¨â, � ¢ −¥ª®â®àëå á«ãç�ïå ¯®«−®áâìî â®¦¤¥áâ¢¥−-
−® Còéóë.

4 Заключение

�¯¨á�−−ë© íª®−®¬¨ç¥áª¨© ªà¨â¥à¨© æ¥«¥á®®¡à�§−®áâ¨ ¢−¥¤à¥−¨ï áà¥¤áâ¢
¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨ (¢§ïâë© ¨§ ª«�áá¨ç¥áª®© â¥®à¨¨
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨) ¢® ¬−®£¨å âàã¤�å −¥§�á«ã¦¥−−® ®âáãâáâ¢ã¥â, çâ®
á â®çª¨ §à¥−¨ï ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ −¥ª®àà¥ªâ−® ¢¢¨¤ã ¥£® ª«îç¥¢®© à®«¨
(−�¯à¨¬¥à, ¤«ï àãª®¢®¤¨â¥«¥© ®à£�−¨§�æ¨¨).

÷�áá¬®âà¥−−ë¥ ¯®¤å®¤ë ª ¢−¥¤à¥−¨î áà¥¤áâ¢ ¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©¤¥à-
áª®© ¤¥ïâ¥«ì−®áâ¨ ¤«ï à�§«¨ç−ëå ®à£�−¨§�æ¨©, ¯® ¬−¥−¨î �¢â®à®¢, −�¨¡®«¥¥
«®£¨ç−ë ¨ ¯®§¢®«ïîâ ¡ëáâà® ®¯à¥¤¥«¨âìáï á ¬¥â®¤�¬¨, ä®à¬�¬¨ ¨ áà¥¤áâ¢�¬¨
¯à®â¨¢®¤¥©áâ¢¨ï ¨−á�©¤¥àáª®© ¤¥ïâ¥«ì−®áâ¨ áª¢®§ì ¯à¨§¬ã íª®−®¬¨ç¥áª®© æ¥-
«¥á®®¡à�§−®áâ¨. „�«ì−¥©è¨¬ −�¯à�¢«¥−¨¥¬ à�§¢¨â¨ï ¬®¦¥â áâ�âì à�§à�¡®âª�
â¨¯®¢ëå ¬®¤¥«¥© á ¤¥â�«¨§�æ¨¥© ãá«®¢¨© ª«�áá¨ä¨ª�æ¨¨ ¨ å�à�ªâ¥à¨áâ¨ª ¤«ï
á«®¦−ëå ®à£�−¨§�æ¨©.

�à¥¤áâ�¢«¥−−ë¥ ¯®¤å®¤ë ª ®æ¥−ª¥ ¨ à�−¦¨à®¢�−¨î ¨−á�©¤¥àáª®© ¨−ä®à-
¬�æ¨¨ ¬®£ãâ á ãá¯¥å®¬ ¯à¨¬¥−ïâìáï −� ¯à�ªâ¨ª¥, ¯®áª®«ìªã ¤®áâ�â®ç−® ¯à®áâë
¨ ¨−âã¨â¨¢−® ¯®−ïâ−ë. ‚ë¡®à ¨á¯®«ì§ã¥¬®£® ¯®¤å®¤� ¤®«¦¥− ®¯à¥¤¥«ïâìáï
ã¤®¡áâ¢®¬ ¨ −�«¨ç¨¥¬ ¨áå®¤−ëå ¤�−−ëå ¤«ï ª®−ªà¥â−®© ®à£�−¨§�æ¨¨.
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Abstract: Different aspects of introduction of means to counteract insider
activity are considered. The pragmatic approach to assessing the necessity and
cost of implementing countermeasures to insider activity of a certain organization
is shown. The condition of the economic feasibility of introducing measures
to counteract insider activities is given, the approaches to evaluating insider
information are proposed, and the basic conclusions are formulated. The article is
analytical and can be useful for heads of information security services, teachers,
and students.
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MULTIDISCIPLINARY NEUROINFORMATICS PROBLEMS
FOR EXECUTION IN DISTRIBUTED
COMPUTING INFRASTRUCTURES

D. Y. Kovalev1, I. A. Shanin2, and E. M. Tirikov3

Abstract: Neuroinformatics lies at the intersection of computer science and
neuroscience, making it possible to use methods and tools from one domain for
accumulating, processing, analyzing, and managing data and modeling techniques
from another. Nowadays, neuroinformatics is evolving very fast, this leads to
a rapid expansion of the range of scientific problems that need to be solved.
This article deals with a number of urgent problems in the area of cognitive
functions modeling of the neurophysiology domain. Problems are analyzed from
the point of view of neuroinformatics. Common pitfalls, methods, processing
tools, and implementation issues are examined. In total, four problem statements
are discussed with data sets residing in the resting state and task functional
magnetic resonance imaging as well as in electroencephalograms. The methods
vary from simple linear models to highly sophisticated deep neural networks.
Justifications for using distributed computing infrastructures are discussed for
each problem, including high dimensionality in data that requires, on the one
hand, distributed implementation and, on the other hand, using computationally
extensive methods that require low-level GPU-based parallelization.

Keywords: data intensive research; neuroinformatics; distributed computing
infrastructures
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1 Introduction

Neurophysiology is one of the prominent examples of data intensive scientific
domain. Being a combination of anatomy, physiology, genetics, biochemistry,
neuropathology, and psychology, it remains the forefront of brain research and
modeling. The amount of data generated in a typical laboratory conducting research
in neuroscience is growing with astonishing speed. Reaching petabytes in volume, it
makes data integration, processing, and analysis complicated problems. To solve it,
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neuroinformatics is required, so that both new and previously known data become
more accessible to the research community to accelerate the understanding of the
brain.

Neuroinformatics arises as an interdisciplinary field with the collaboration of
computer scientists and neuroscientists, making it possible to use methods and tools
from one domain for accumulating, processing, analyzing, and managing data and
modeling techniques from another. Neuroinformatics is evolving very fast, this leads
to a rapid expansion of the range of scientific problems that need to be solved on the
basis of the data obtained and enables accumulation of experience in solving such
problems and the possibility of its interdisciplinary use.

Most of existing brain projects and initiatives explicitly state the importance
of cognitive models of the human brain. Examples include the task of comparing
visual, speech and auditory presentation in the human brain. Additional complexity
is brought by using different imaging techniques for collecting data sets, including
functional Magnetic Resonance Imaging (fMRI), Magnetoencephalography (MEG),
Electroencephalography (EEG), etc. Currently, there is no single universally
accepted distributed platform for solving problems in the field of neurophysiology.
The need to develop methods and tools for solving data analysis problems in
distributed computing infrastructures remains high.

A project 18-29-22096 financially supported by the Russian Foundation for
Basic Research and performed by Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences and Research Center of Neurology is
aimed at development of methods and tools for solving data analysis problems in
distributed computing infrastructures in the field of neurophysiology. The project
is largely interdisciplinary, since it is positioned within the intersection of the
areas of development of distributed computing infrastructures and applying data
analysis methods for the neurophysiology subject domain. This particular article
is concentrated on a number of urgent problems in the area of cognitive functions
modeling of neurophysiology domain and analyzing them from neuroinformatics
point of view, including the highlight of common pitfalls, methods, and processing
tools, implementation problems, which is an initial step for the problem solving over
distributed computing infrastructures.

The article is structured as follows. Section 2 considers problems from neuro-
physiology domain and states where data come from and why the problems are data
intensive. Way forward for each problem statement is discussed at the end of each
subsection. Section 3 depicts common pitfalls and other comments for the problem
statements. Section 4 concludes the article.

Research is carried out in the frame of Research Data Alliance activity1.

1\The Research Data Alliance (RDA) was launched as a community-driven organization in 2013
by the European Commission, the United States National Science Foundation and National Institute
of Standards and Technology, and the Australian Government's Department of Innovation with the
goal of building the social and technical infrastructure . . . that promotes data-sharing and data-driven
research. . ." (https://www.rd-alliance.org/about-rda).

44 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2020 vol 30 no 2



Multidisciplinary neuroinformatics problems in distributed computing infrastructures

2 Neuroinformatics Problem Statements

2.1 Nonlinear functional connectivity analysis

Functional connectivity search is a fundamental part in understanding brain cognitive
activities [1]. It consists in finding significant dependencies between anatomically
separated areas of the human brain. The study of functional connectivity provides
additional knowledge about the large-scale communication of neurons in the human
brain. In particular, resting state fMRI is applied to several neuropsychiatric
diseases, including attention deficit disorder, depression, nicotine decontamination,
schizophrenia, Alzheimer's disease, etc. [2].

Nonlinear functional connectivity analysis is intended to construct temporal
nonlinear functions for the brain regions and to compare them afterwards. Initial
step is to extract regions of interest (ROIs). Region of interest is a set of anatomically
close voxels, which are built-in units of fMRI image, representing small cubes of
the brain. As fMRI image captures time changes in blood oxygen level, each voxel
is associated with respective time series. Regions of interest can also be related to
time series, e. g., by averaging all its voxels' time series. Regions of interest can be
selected using atlases of human brain [3] that are mappings from voxels into regions.
Human brain atlases are sometimes inaccurate and controversial. Drawbacks of
using atlases can be overcome by using Principal Component Analysis (PCA) and
Independent Component Analysis (ICA) [4] to automatically extract ROIs from
small datasets, and MELODIC's Incremental Group-PCA (MIGP) [5] method to
extract ROIs from huge datasets. The MIGP computation time varies linearly with
the number of objects.

The idea of nonlinear approaches is to build a nonlinear function x1
= f(x2, . . . , xn), e. g., x1 = x2x3 + x34, for each ROI x1 and all other ROIs
x2, . . . , xn that explicitly defines dependencies between regions. Well-known
procedure to compute such equations is General Linear Model (GLM) [6]. Gen-
eral linear model has low computational complexity. Nonlinearity is achieved
by using nonlinear combination of input variables. The disadvantage of this
approach is that the number of input nonlinear combinations grows exponential-
ly with regard to number of ROIs. General linear model combines relatively
small number of nonlinearities into linear combinations and selects the best-
fitting combination. In such way, some meaningful nonlinear combinations can
be missed.

Another way to construct such nonlinear functions is to use genetic programming
which does not require any a priori assumptions [7]. Complexity of genetic
algorithms is exponential, increasing with fMRI dataset dimensionality. It is
possible to overcome the issue with search space decrease by PCA/ICA methods.

Sometimes, it is feasible to find relationships in implicit form, e. g., in parametric
form. It means that there exists a parameter variable t, so that ROI becomes not
a function of another ROIs, but a function of t. In [8], dynamic casual modeling
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with some modifications is used to approximate ROIs with hidden variable in form
of ordinary differential equation.

Another method of nonstandard approximation is to use neural ordinary differen-
tial equations (NODE) neural network [9]. Hidden state derivative is parameterized
with neural network, hidden states variable becomes continuous (in contrast to dis-
crete hidden state variables of classical neural networks). Next, differential equation
solver is used to compute output of the network. The advantage of the approach is
less memory consumption comparing to other methods.

Search for the functional connectivity of the regions of the human brain in
a linear form (significant pairwise correlations for time series) and nonlinear form (in
the form of formulaic relationships between time series for brain regions) consists of
several tasks:

(1) choosing algorithm appropriate to data volume and computational complexity
for finding linear/nonlinear differences in functional relationships;

(2) preprocessing incoming data sets, including methods for isolating ROIs;

(3) computing pairwise correlations or functions;

(4) testing significance hypotheses; and

(5) developing distributed implementation of chosen algorithm.

As huge resting state fMRI data sets become available (Human Connectome Project
(HCP) [10] and 1000 connectomes [11]), the problem becomes data and computa-
tionally intensive. The use of large datasets can improve statistical power of research
leading to more accurate results.

2.2 Study of gender difference patterns in brain connectivity

One of crucialare as of cognitive brain analysis is the study of gender difference
patterns in brain connectivity. Understanding the role of gender-related effects can
provide insight into the specialized treatment which can differ for men and women.

There are multiple different studies using different datasets which come to
controversial outcomes. In [12], the authors present neuroimaging experiment
where differences between men and women using language and emotional processing
dataset with 26 subjects are examined showing that there is no significant difference
between men and women. Time-series analysis is performed with ANCOVA (analysis
of covariance) [13] to test null hypothesis for each subject and voxel that signal did
not significantly correlate with stimulus epoch of interest.

Other studies [14, 15] investigate gender difference patterns of the brain at
rest. In [14], gender difference in the cerebral cortex using resting-state fMRI
dataset is analyzed. In total, 112 subjects are analyzed. Kendall's coefficient of
concordance (KCC) [15] is calculated to measure the similarity of a given voxel to its
nearest neighbors, after z-normalization is applied to it and significance hypothesis
test is computed. The result is that men and women have significant difference in
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several regions, such as primary visual network, left attention network, default mode
network, sensorimotor network, executive network, and dorsal medial prefrontal
network.

In [16], the authors investigate gender difference in functional connectivity of
the human brain using resting state fMRI. One hundred and four healthy subjects
are examined. Preprocessing includes application of ICA for data reduction. The
ANCOVA algorithm is applied to estimate significant gender effects on regional
level. Significant difference between men and women resting state fMRI is found in
frontal and temporal regions and in the cerebellum.

The related task of finding gender differences is to classify sex using fMRI.
In [17], 820 subjects from HCP are used to build a sex classifier. Authors
preprocess data with predefined functional template to decrease number of features,
which becomes the input to partial least squares (PLS) regression. Ten-fold cross-
validation is used to check that the classification accuracy score of 87% and AUC
(average under the curve) score from 0.88 to 0.93 is robust. Feature importance is
analyzed showing that there are seven features associated with default mode network
in top twenty.

In [18], instead of using whole-brain connectivity, classifiers are trained on
separate brain regions. The HCP dataset containing data on 1200 subjects is used.
The authors use brain atlas to extract regions of interest. Pairwise correlations
and Fisher z-scores are computed as additional features. Support Vector Machine
(SVM) with radial basis function is used as the classifier. Ten-fold cross-validation
is used to test robustness of model prediction. Significance test is then applied to
check if prediction is significant. In total, prediction accuracy reached 75%.

Study of gender difference patterns consists of several tasks:

(1) selecting if whole-brain or single region is used;

(2) split dataset into two separate datasets and compute group averaged statistics;

(3) preprocessing incoming data sets including methods for isolating ROIs;

(4) engineering of additional features, e. g., entropy, time-related, model-related;

(5) select appropriate to data volume and computational complexity statistical
methods;

(6) testing significance hypotheses;

(7) developing distributed implementation of chosen algorithm; and

(8) cross-validating results, including validation on different datasets.

Usage of more subjects, e. g., from HCP and 1000 functional connectomes, can
increase robustness of such studies. As more data are analyzed, additional deep and
machine learning models should be brought into the research. Deep neural networks
can improve classification accuracy significantly. Another way to increase accuracy
score is to engineer more features, such as entropy and time related features.
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2.3 Automatic artefact detection in electroencephalography

Every electroencephalographic recording is inevitably contaminated with artefacts
of various origins. Most commonly, the signal is affected by electrical muscle activity
produced by eye movements, blinks, jaw muscles (teeth clenching and chewing),
neck muscles, and cardiac activity. Accurate detection and removal of artefacts
significantly degrades the performance of automatic EEG analysis. The task of
artefact removal can be decomposed in two parts: artefact detection and signal
reconstruction.

Most of the automatic artefact detection pipelines identify bad channels, fil-
tering, artefact removal based on ICA, bad channel interpolation, and quality
assessment. The following classifiers are used to study ICA-based feature repre-
sentations: SVM, LDA, hierarchical clustering, decision trees. The ICA-based
solution may suffer from correction error and often requires visual inspection which
can be a major drawback if the dataset is large enough. In [19], the following hand-
crafted features are used to classify independent components (ICs): alpha-theta band
power, eye movement template correlation, entropy, kurtosis, variance, and spatial
features. Set of listed features comprises a polar diagram that is called the IC
\fingerprint."

Recent achievements in artificial neural networks (ANN) show their supe-
riority in automatic feature extraction, pattern recognition, and noise removal
tasks in various domains compared with classical machine learning methods.
A common approach is to incorporate ANN into EEG preprocessing pipeline as
a classifier or feature extractor. At the same time, recent approaches follow
so-called end-to-end approach when a single neural architecture is used to solve
a given problem and all the parameters are learned through back propagation.
In [20], a combination of sparse autoencoders (SAE) and recursive least squares
(RLS) was used to remove artefacts, associated with eye movements (based on
electrooculography signal) and proved to be more efficient than standard ap-
proach. In [21], a similar approach that included deep autoencoder (DAE)
was used to remove artefacts associated with eye movements and jaw clench-
ing.

There are several datasets available that contain an artefact markup. The
authors of [19] introduced a dataset that includes EEG recordings of externally cued
artefact-related events (eye blinks, eye movements, and jaw muscle contractions).
In [22], the crowd labeled ICA dataset is introduced. By the time of publication, it
consisted of more than 200 000 ICs from more than 6000 EEG recording, over 8000
ICs were provided with one of six artefact labels: muscle, heart, eye, line noise,
channel noise, and \other."

The following problems remain unsolved and require further research: end-to-
end artefact correction method and GAN-based EEG reconstruction. Although
several studies are devoted to the topic of GAN-based EEG interpolation [23, 24],
this method has not been applied to artefact correction problem.
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3 Emotion Recognition

Accurate human emotion recognition is an important problem in the area of affective
brain{computer interaction. The problem of emotion recognition can be solved
with various modalities such as face image, voice, and eye tracking patterns but
the neuroimaging-based approaches (such as fMRI and EEG) can possibly improve
the quality of recognition and provide valuable insights to affective brain{computer
interaction development.

The first openly available dataset for EEG-based emotion recognition was
introduced in [25] as a part of eNTERFACE-2006 project. The DEAP dataset [26]
is one of the most widely-used publicly available EEG-based emotion recognition
benchmark data with biosignals of 32 participants. The dataset presented in [27] is
comprised of the data from the commercial-level brain{computer interface devices
which gained noticeable popularity over recent years.

As deep learning methods gained their popularity due to their transcendent
performance on computer vision tasks, intensive application of deep neural network-
based feature extraction and emotion recognition became an important research
topic. In [28], stacked autoencoder (SAE) performs an emotion classification
over power spectral features extracted from a DEAP dataset. In [29], the Long
Short-Term Memory (LSTM) neural network performs regression to arousal valence
coordinates. In [30], these methods are used together, resulting in a proposed
SAE+LSTMframework, which gave a significant boost on a DEAP dataset.

The following problems and ideas require further research. One of the approaches
to increase available training data would be to use a teacher{student neural architec-
tures from multimodal studies of different purposes. Within this approach, a large
collection of emotion unrelated datasets has been used to perform cross-domain
data labeling. An accurate model training requires an algorithm that is robust
to between-participant and between-device variations. The compensation of this
variation should be included to a neural architecture as one of the domain adaptation
technique.

4 Data Intensive Research of Huge Functional Magnetic Resonance
Imaging Datasets

Statistically underpowered research remains a major problem in neurophysiolo-
gy [31]. A lot of studies infer their outcomes based on analysis of 20{30 subjects.
Combined with large number of analyzed variables, this frequently leads to low
statistical power and, consequently, to high rate of missed brain connections and
misleading inference of brain organization. Also, neuroscience community is less
likely to achieve consensus using controversial underpowered studies.

The appearance of hugeneuroscience datasets allows to overcome some of the
mentioned problems. It brings in a need for (i) scalable distributed computing tools
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able to process large amount of incoming data and (ii) parallelizable algorithms to
work with computationally intensive models, e. g., deep neural networks.

Addressing the first issue, Apache Spark [32] has been widely used for solving
data-intensive problems. It allows to effectively handle and process large datasets.
There are several successful examples of applying Spark to bio- and neuroscience
problems [33].

Modeling brain cognitive functionally requires not only large amounts of in-
coming data, but efficient computing engines as well. In [34], the authors present
a combination of Apache Spark and Tensorflow open source platform for implement-
ing deep neural networks [35]. The works on combination of Apache Spark and other
deep learning engines and using other types of incoming data, e. g., resting state
fMRI and EEG data sets, are not known yet.

5 Concluding Remarks and Future Work

In total, four urgent problem statements in the area of cognitive functions modeling
of neurophysiology domain were collected and analyzed in the article. Common
pitfalls, methods and processing tools, and implementation problems are discussed.
Way forward for each problem is presented. A common issue of all discussed
problems is low statistical power unless huge datasets are used. This results as a set
of requirements and suggestions of the tools to be used for problem solving.

Discussed problems are going be solved over a distributed computing infrastruc-
ture. Architecture of the distributed infrastructure for problem solving in the field
of neurophysiology is being developed within the mentioned RFBR project 18-29-
22096. When designing and implementing the distributed computing infrastructure,
modern methods of distributed computing and free software tools such as Spark are
planned to be used. It is also supposed to use a combination of distributed tools with
platforms for implementing deep neural networks for problem solving over different
types of available neuroscience datasets.
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�−−®â�æ¨ï: �¥©à®¨−ä®à¬�â¨ª� −�å®¤¨âáï −� ¯¥à¥á¥ç¥−¨¨ ¨−ä®à¬�â¨ª¨
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АРХИТЕКТУРА ПЛАТФОРМЫ ДЛЯ ПРОВЕДЕНИЯ
ДВИЖИМЫХ ГИПОТЕЗАМИ ВИРТУАЛЬНЫХ

ЭКСПЕРИМЕНТОВ∗

Д. Ю. Ковалев1, Е. А. Тарасов2, В. Н. Захаров3, Н. М. Филимонов4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� ¯à®¢¥¤¥−¨ï ¤¢¨¦¨¬ëå £¨¯®â¥§�¬¨
¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−â®¢. �à®¢¥¤¥− �−�«¨§ ¬¥â®¤®¢ ã¯à�¢«¥−¨ï ¢¨àâã�«ì-
−ë¬¨ íªá¯¥à¨¬¥−â�¬¨ ¢ áãé¥áâ¢ãîé¨å á¨áâ¥¬�å à�¡®âë á íªá¯¥à¨¬¥−â�¬¨,
¯® à¥§ã«ìâ�â�¬ ª®â®à®£® áä®à¬¨à®¢�− ¦¨§−¥−−ë© æ¨ª« ¢¨àâã�«ì−®£® íªá-
¯¥à¨¬¥−â�. „«ï íâ�¯®¢ ¦¨§−¥−−®£® æ¨ª«� ¯à¥¤áâ�¢«¥−ë ®á−®¢−ë¥ ®¯¥à�æ¨¨
ã¯à�¢«¥−¨ï ¢¨àâã�«ì−ë¬¨ íªá¯¥à¨¬¥−â�¬¨, � â�ª¦¥ ®á−®¢−ë¥ íâ�¯ë ¯® à�¡®â¥
íªá¯¥àâ� á ¯«�âä®à¬®© ¨á¯®«−¥−¨ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�. �à¥¤«®¦¥−�
¯à®£à�¬¬−�ï �àå¨â¥ªâãà� ¯«�âä®à¬ë ã¯à�¢«¥−¨ï ¢¨àâã�«ì−ë¬¨ íªá¯¥à¨-
¬¥−â�¬¨ ¨ £¨¯®â¥§�¬¨ á ®¯¨á�−¨¥¬ ®á−®¢−ëå ª®¬¯®−¥−â®¢ ¯«�âä®à¬ë ¨ ¨å
äã−ªæ¨©, ª®â®àë¥ à¥�«¨§ãîâ ®á−®¢−ë¥ ®¯¥à�æ¨¨ ¦¨§−¥−−®£® æ¨ª«�.

Š«îç¥¢ë¥ á«®¢�: ¦¨§−¥−−ë© æ¨ª« ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�; £¨¯®â¥§�;
¨−â¥−á¨¢−®¥ ¨á¯®«ì§®¢�−¨¥ ¤�−−ëå
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1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ −�ãç−ëå ¨áá«¥¤®¢�−¨ïå −¥®¡å®¤¨¬® à¥è�âì §�¤�ç¨ ¯®
¯®«ãç¥−¨î −®¢ëå §−�−¨© −� ®á−®¢¥ à�§−®áâàãªâãà¨à®¢�−−ëå à�á¯à¥¤¥«¥−−ëå
¤�−−ëå. ��¡®àë ¤�−−ëå ¯®«ãç�îâ ¢ à¥§ã«ìâ�â¥ −�¡«î¤¥−¨©, íªá¯¥à¨¬¥−â®¢ ¨«¨
ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï, � â�ª¦¥ ¯®áâà®¥−¨ï ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥© ¤«ï
¨−â¥à¯à¥â�æ¨¨ −�¡«î¤�¥¬ëå ï¢«¥−¨©. ’�ª¨¥ ¨áá«¥¤®¢�−¨ï ®¯¨à�îâáï −� ï¢−®¥
¨á¯®«ì§®¢�−¨¥ £¨¯®â¥§ ¨ à¥�«¨§ãîé¨å ¨å ¢ëç¨á«¨â¥«ì−ëå ¬®¤¥«¥©, ¨á¯®«ì§ã-
¥¬ëå ¤«ï ¯à¥®¤®«¥−¨ï à�§àë¢� ¬¥¦¤ã ª®−æ¥¯âã�«ì−ë¬ ®¯¨á�−¨¥¬ ¨§ãç�¥¬®£®
ï¢«¥−¨ï ¨ ¥£® á¨¬ã«ïæ¨¥©.

�à®¥ªâ 18-07-01434, ¢ë¯®«−ï¥¬ë© ”¥¤¥à�«ì−ë¬ −�ãç−ë¬ æ¥−âà®¬ úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-07-01434 �).
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, dkovalev@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, etarasov@outlook.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, vzakharov@ipiran.ru
4ˆ−áâ¨âãâ ¨−ä®à¬�æ¨®−−ëå ¨ ¢ëç¨á«¨â¥«ì−ëå â¥å−®«®£¨© ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®

¨−áâ¨âãâ� úŒ®áª®¢áª¨© í−¥à£¥â¨ç¥áª¨© ¨−áâ¨âãâû, filimonovn160@gmail.com
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�àå¨â¥ªâãà� ¯«�âä®à¬ë ¤«ï ¯à®¢¥¤¥−¨ï ¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−â®¢

÷®áá¨©áª®£® ä®−¤� äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©, −�¯à�¢«¥− −� à�§à�¡®âªã
¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¯à®¢¥¤¥−¨ï ¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−â®¢, ®á−®¢�−−ëå −� ¯à®-
¢¥àª¥ £¨¯®â¥§, ¢ ¨áá«¥¤®¢�−¨ïå á ¨−â¥−á¨¢−ë¬ ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå ¤«ï ¨å
ãáª®à¥−¨ï.

‚¨àâã�«ì−ë© íªá¯¥à¨¬¥−â ¢ à�¬ª�å ¨áá«¥¤®¢�−¨© ®¯à¥¤¥«ï¥âáï ª�ª ª®àâ¥¦
〈O,H,M,R,W,C〉 [1], £¤¥ O | íâ® ®−â®«®£¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨, ª®â®à�ï
¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à ¯®−ïâ¨© ¨ ®â−®è¥−¨©, ®¯à¥¤¥«¥−−ë© −� −¥ª®â®à®¬
ä®à¬�«ì−®¬ ï§ëª¥ (−�¯à¨¬¥à, OWL 2 [2]); H | −�¡®à á¯¥æ¨ä¨ª�æ¨© £¨¯®â¥§
¨ ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −¨¬¨ (®¯¨á�−¨¥ £¨¯®â¥§ ¢ à�¡®â¥ ®£à�−¨ç¨¢�¥âáï á¨áâ¥¬�¬¨
ãà�¢−¥−¨©), ï¢«ïîé¨©áï ç�áâìî ®−â®«®£¨¨ O ¨ ¨á¯®«ì§ãîé¨© ¥¥ ¯®−ïâ¨ï; M |
−�¡®à ¬®¤¥«¥©, ¢ ª®â®à®¬ ª�¦¤�ï ¬®¤¥«ì ¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à ¯à®£à�¬¬−ëå
äã−ªæ¨©, à¥�«¨§ãîé¨å á¯¥æ¨ä¨ª�æ¨î −¥ª®â®à®© £¨¯®â¥§ë; R : M → H |
áîàê¥ªâ¨¢−®¥ ®â®¡à�¦¥−¨¥ ¨§ ¬−®¦¥áâ¢� ¬®¤¥«¥© ¢ ¬−®¦¥áâ¢® £¨¯®â¥§, á®®â¢¥â-
áâ¢ãîé¥¥ à¥�«¨§�æ¨¨ £¨¯®â¥§ ¬®¤¥«ï¬¨; W | ¯®â®ª à�¡®â, â. ¥. −�¡®à §�¤�ç,
®à£�−¨§®¢�−−ë© á ¯®¬®éìî ®¯à¥¤¥«¥−−ëå ª®−áâàãªæ¨© (®¡à�§æ®¢ ¯®â®ª®¢ à�¡®â,
â�ª¨å ª�ª à�§¡¨¥−¨¥, ®¡ê¥¤¨−¥−¨¥ ¨ â. ¤. [3]) ¨ à¥�«¨§ãîé¨© íªá¯¥à¨¬¥−â (ª�¦-
¤�ï §�¤�ç� ¯à¥¤áâ�¢«ï¥â á®¡®© ¢ë§®¢ äã−ªæ¨© −¥ª®â®à®© ¬®¤¥«¨ ¨§ M ); C |
ª®−ä¨£ãà�æ¨ï íªá¯¥à¨¬¥−â�, ¯à¥¤áâ�¢«ïîé�ï á®¡®© ®â®¡à�¦¥−¨¥ §�¤�ç ¯®â®ª�
à�¡®â ¢ −�¡®à §−�ç¥−¨© ¯�à�¬¥âà®¢ äã−ªæ¨©. �à¨ ¯à®¢¥¤¥−¨¨ −®¢®£® ¢¨àâã�«ì-
−®£® íªá¯¥à¨¬¥−â� âà¥¡ã¥âáï ®¯à¥¤¥«¨âì ¯®«−®áâìî ª®àâ¥¦ 〈O,H,M,R,W,C〉.
�à¨¬¥à ®¯à¥¤¥«¥−¨ï í«¥¬¥−â®¢ ª®àâ¥¦� ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â� ¤«ï §�¤�ç¨
¬®¤¥«¨à®¢�−¨ï ¬�áá §¢¥§¤ �¥§�−á®−áª®© ¬®¤¥«¨ ƒ�«�ªâ¨ª¨ ¯à¨¢¥¤¥− ¢ à�¡®â¥ [1].

�−�«¨§ ¢®§¬®¦−®áâ¥© ¨ ®£à�−¨ç¥−¨© áãé¥áâ¢ãîé¨å á¨áâ¥¬ ã¯à�¢«¥−¨ï ¢¨à-
âã�«ì−ë¬¨ íªá¯¥à¨¬¥−â�¬¨ ¯®ª�§ë¢�¥â −¥®¡å®¤¨¬®áâì à�§à�¡®âª¨ ¨ à¥�«¨§�æ¨¨
¬¥â®¤®¢ ¨ ¨−áâàã¬¥−â®¢, ¨¬¥îé¨å ¤¥«® á −�¡®à�¬¨ §�¢¨á¨¬ëå £¨¯®â¥§, −�§ë-
¢�¥¬ëå ¤�«¥¥ à¥è¥âª�¬¨ £¨¯®â¥§. ‚ à�¡®â¥ [4] ¯à¨¢¥¤¥− �«£®à¨â¬ ¯®áâà®¥−¨ï
à¥è¥â®ª £¨¯®â¥§ ¤«ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�, � â�ª¦¥ ¤�−� ®æ¥−ª� á«®¦−®áâ¨
�«£®à¨â¬�. �®áâà®¥−¨¥ à¥è¥â®ª £¨¯®â¥§ ¢−®á¨â àï¤ ã«ãçè¥−¨© ¢ ¯à®¢¥¤¥−¨¥ ¢¨à-
âã�«ì−®£® íªá¯¥à¨¬¥−â�, −�¯à¨¬¥à: ¨á¯®«ì§®¢�−¨¥ ¯à®¬¥¦ãâ®ç−ëå à¥§ã«ìâ�â®¢
¢ëç¨á«¥−¨ï −¥§�¢¨á¨¬ëå £¨¯®â¥§ ¯à¨¢®¤¨â ª ãáª®à¥−¨î ¢ëç¨á«¥−¨©. �®à®¦¤¥-
−¨¥ £¨¯®â¥§ ¯à¥¤áâ�¢«ï¥â ¤®¯®«−¨â¥«ì−ãî âàã¤−®áâì, � ¯®â®¬ã ¯à¨ −¥®¡å®¤¨-
¬®áâ¨ £¨¯®â¥§ë ¬®£ãâ �¢â®¬�â¨ç¥áª¨ £¥−¥à¨à®¢�âìáï ¨§ ¤�−−ëå. ’�ª, ¢ à�¡®â¥ [5]
à�áá¬®âà¥−ë ¯®¤å®¤ë ª ¨§¢«¥ç¥−¨î £¨¯®â¥§ ¢ ¢¨¤¥ −¥«¨−¥©−ëå äã−ªæ¨®−�«ì−ëå
§�¢¨á¨¬®áâ¥© ¬¥¦¤ã −¥áª®«ìª¨¬¨ ¯¥à¥¬¥−−ë¬¨.

„�−−�ï áâ�âìï ¯®á¢ïé¥−� à�§à�¡®âª¥ �àå¨â¥ªâãàë ¯«�âä®à¬ë ã¯à�¢«¥−¨ï
¢¨àâã�«ì−ë¬¨ íªá¯¥à¨¬¥−â�¬¨, ¢ª«îç�îé¥© áà¥¤áâ¢� ª®−æ¥¯âã�«ì−®£® ¯à¥¤-
áâ�¢«¥−¨ï £¨¯®â¥§ ¢ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï ¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−â®¢, á®åà�−¥-
−¨ï í¢®«îæ¨¨ £¨¯®â¥§ ¨ ¬®¤¥«¥©, ¯®áâà®¥−¨ï á¢ï§¥© ¬¥¦¤ã −¥áª®«ìª¨¬¨ £¨¯®-
â¥§�¬¨ ¢ ®¤−®¬ íªá¯¥à¨¬¥−â¥, ¢®á¯à®¨§¢®¤¨¬®áâ¨ íªá¯¥à¨¬¥−â®¢. �«�âä®à¬�
¯à¥¤¯®«�£�¥â ¨áá«¥¤®¢�−¨¥ ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã £¨¯®â¥§�¬¨ ¢ ä®à¬¥ ¬�â¥¬�â¨ç¥-
áª¨å ãà�¢−¥−¨©, ¯à¥¤®áâ�¢«ïï ¨−ä®à¬�æ¨î −¥ â®«ìª® ® §�¢¨á¨¬®áâïå ¯¥à¥¬¥−-
−ëå ¢ ®¤−®© £¨¯®â¥§¥/¬®¤¥«¨, −® â�ª¦¥ ¨ ® −¥áª®«ìª¨å §�¢¨á¨¬ëå £¨¯®â¥§�å
¢ ®¤−®¬ ¢¨àâã�«ì−®¬ íªá¯¥à¨¬¥−â¥. �¤−� ¨§ ¢�¦−¥©è¨å æ¥«¥© ¯«�âä®à¬ë |
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„. ā. Š®¢�«¥¢, …. �. ’�à�á®¢, ‚. �. ‡�å�à®¢, �. Œ. ”¨«¨¬®−®¢

¯®¢ëè¥−¨¥ áª®à®áâ¨ ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨© §� áç¥â ¯®¢â®à−®£® ¨á¯®«ì§®¢�−¨ï
ã¦¥ ¢ëç¨á«¥−−ëå äà�£¬¥−â®¢ ¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−â®¢.

÷�¡®â� áâàãªâãà¨à®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬. ‚ à�§¤. 2 ¯à¨¢®¤¨âáï �−�«¨§
áãé¥áâ¢ãîé¨å ¬¥â®¤®¢ ã¯à�¢«¥−¨ï íªá¯¥à¨¬¥−â�¬¨, ¯® à¥§ã«ìâ�â�¬ ª®â®à®£®
¢ë¤¥«ïîâáï ¦¨§−¥−−ë© æ¨ª« ¨ ®á−®¢−ë¥ ®¯¥à�æ¨¨ ä®à¬�«ì−®£® ¬�−¨¯ã«¨à®-
¢�−¨ï ¢¨àâã�«ì−ë¬¨ íªá¯¥à¨¬¥−â�¬¨ ¨ £¨¯®â¥§�¬¨. ‚ à�§¤. 3 ¯à¥¤áâ�¢«¥−a
�àå¨â¥ªâãà� ¯«�âä®à¬ë ¤«ï ¯à®¢¥¤¥−¨ï ¤¢¨¦¨¬ëå £¨¯®â¥§�¬¨ ¢¨àâã�«ì−ëå
íªá¯¥à¨¬¥−â®¢, à¥�«¨§ãîé¨å ®¯¥à�æ¨¨ ¢á¥å íâ�¯®¢ ¦¨§−¥−−®£® æ¨ª«� íªá¯¥à¨-
¬¥−â�.

2 Методы и операции управления виртуальными экспериментами
и гипотезами

‚ ¤�−−®¬ à�§¤¥«¥ à�áá¬�âà¨¢�îâáï ¬¥â®¤ë ¬�−¨¯ã«¨à®¢�−¨ï £¨¯®â¥§�¬¨
¨ íªá¯¥à¨¬¥−â�¬¨ ¢ àï¤¥ áãé¥áâ¢ãîé¨å á¨áâ¥¬ à�¡®âë á ¢¨àâã�«ì−ë¬¨ íªá¯¥-
à¨¬¥−â�¬¨. �® à¥§ã«ìâ�â�¬ �−�«¨§� ¬¥â®¤®¢ ¬�−¨¯ã«¨à®¢�−¨ï ¢¨àâã�«ì−ë¬¨
íªá¯¥à¨¬¥−â�¬¨ ¢ë¤¥«¥−ë ®¯¥à�æ¨¨ ¤«ï ¯®á«¥¤ãîé¥© à¥�«¨§�æ¨¨ ¢ à�¬ª�å
¯«�âä®à¬ë ã¯à�¢«¥−¨ï ¢¨àâã�«ì−ë¬¨ íªá¯¥à¨¬¥−â�¬¨.

‚ á¨áâ¥¬¥ Hephaestus [6] ®á−®¢−ë¬¨ ¬¥â®¤�¬¨ ¤«ï ¬�−¨¯ã«¨à®¢�−¨ï £¨¯®â¥-
§�¬¨ ¨ ¢¨àâã�«ì−ë¬¨ íªá¯¥à¨¬¥−â�¬¨ ï¢«ïîâáï:

(1) ¬¥â®¤ �¢â®¬�â¨ç¥áª®£® ¯®à®¦¤¥−¨ï £¨¯®â¥§ ¨§ ¤�−−ëå;

(2) ¬¥â®¤ ¨−â¥à¢¥−æ¨© ¯à¨ ¨á¯®«−¥−¨¨ ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�;

(3) ¬¥â®¤ ª®àà¥ªâ−®£® à�§¡¨¥−¨ï ¤�−−ëå −�¡«î¤¥−¨© ¯à¨ ¯à®¢¥àª¥ áâ�â¨áâ¨ç¥-
áª¨å £¨¯®â¥§;

(4) ¬¥â®¤ à�−¦¨à®¢�−¨ï −¥áª®«ìª¨å ª®−ªãà¨àãîé¨å £¨¯®â¥§;

(5) ¬¥â®¤ ¯®áâà®¥−¨ï £à�ä� ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå ¨ ¢¥à®ïâ−®áâ−ëå §�¢¨á¨-
¬®áâ¥©.

‚ ª�ç¥áâ¢¥ ¬¥â®¤� �¢â®¬�â¨ç¥áª®£® ¯®à®¦¤¥−¨ï £¨¯®â¥§ ¨á¯®«ì§ã¥âáï á¨¬-
¢®«ì−�ï à¥£à¥áá¨ï [7] ¯à¨ ¯®¤¡®à¥ �¯¯à®ªá¨¬¨àãîé¥© ä®à¬ã«ë ¤«ï ¢ë¡à�−−®£®
¯®¤¬−®¦¥áâ¢� ¯¥à¥¬¥−−ëå −� −�¡®à¥ ¤�−−ëå. ‘ãé−®áâì ¬¥â®¤� ¨−â¥à¢¥−æ¨©
¯à¨ ¨á¯®«−¥−¨¨ ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â� §�ª«îç�¥âáï ¢ ãáâ�−®¢«¥−¨¨ áãé¥-
áâ¢ãîé¨å ¨ ¢®§¬®¦−®© £¥−¥à�æ¨¨ −®¢ëå £¨¯®â¥§, ª®â®àë¥ §−�ç¨¬® ¢«¨ïîâ −�
¢ë¡à�−−ãî íªá¯¥àâ®¬ £¨¯®â¥§ã [8]. Œ¥â®¤ ª®àà¥ªâ−®£® à�§¡¨¥−¨ï ¤�−−ëå −�-
¡«î¤¥−¨© ¯à¨ ¯à®¢¥àª¥ áâ�â¨áâ¨ç¥áª¨å £¨¯®â¥§ âà¥¡ã¥âáï ¤«ï ®¡¥á¯¥ç¥−¨ï −¥á¬¥-
é¥−−ëå ®æ¥−®ª ¯à¨ ¤�«ì−¥©è¥¬ â¥áâ¨à®¢�−¨¨ £¨¯®â¥§ [9]. Œ¥â®¤ à�−¦¨à®¢�−¨ï
−¥áª®«ìª¨å ª®−ªãà¨àãîé¨å £¨¯®â¥§ ¯®§¢®«ï¥â ¯® ¢ë¡à�−−®© ¬¥âà¨ª¥ (−�¯à¨¬¥à,
¤®áâ¨£�¥¬®¬ã ãà®¢−î §−�ç¨¬®áâ¨) ¨«¨ −¥áª®«ìª¨¬ ¬¥âà¨ª�¬ ¢ë¡à�âì ®¤−ã ¨«¨
−¥áª®«ìª® £¨¯®â¥§, −�¨¡®«¥¥ á®®â¢¥âáâ¢ãîé¨å −�¡«î¤¥−¨ï¬. �®áâà®¥−¨¥ £à�ä�
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå ¨ ¢¥à®ïâ−®áâ−ëå §�¢¨á¨¬®áâ¥© ¯à¨¬¥−ï¥âáï ¤«ï ®æ¥−ª¨
á®®â¢¥âáâ¢¨ï ¯®«ãç¥−−ëå §�¢¨á¨¬®áâ¥© ®¡é¥¯à¨−ïâë¬ ¢ ¤�−−®© ®¡«�áâ¨, � â�ª¦¥
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�àå¨â¥ªâãà� ¯«�âä®à¬ë ¤«ï ¯à®¢¥¤¥−¨ï ¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−â®¢

¤«ï ¯®â¥−æ¨�«ì−®£® ¨áá«¥¤®¢�−¨ï §−�ç¨¬ëå ª®àà¥«ïæ¨© ¨ ¨å ¯®á«¥¤ãîé¥£® ¯à¥-
®¡à�§®¢�−¨ï ¢ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ §�¢¨á¨¬®áâ¨. Šà®¬¥ â®£®, ¯®áâà®¥−−ë¥
£à�äë §�¢¨á¨¬®áâ¥© ¬®£ãâ ¢ ï¢−®¬ ¢¨¤¥ ¯¥à¥¤�¢�âìáï ¤àã£¨¬ íªá¯¥àâ�¬ ¢ ¤�−−®©
®¡«�áâ¨.

‚ á¨áâ¥¬¥ Upsilon-DB [10] ¢ ª�ç¥áâ¢¥ ®á−®¢−ëå ¬¥â®¤®¢ ¬®¦−® ¢ë¤¥«¨âì:

(1) ä®à¬�«ì−®¥ ª®¤¨à®¢�−¨¥ £¨¯®â¥§ ¢ ª�ç¥áâ¢¥ ª®àâ¥¦¥© ¡�§ ¤�−−ëå;

(2) ®æ¥−ªã á®®â¢¥âáâ¢¨ï £¨¯®â¥§ −�¡®à�¬ ¤�−−ëå;

(3) ¯®áâà®¥−¨¥ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå §�¢¨á¨¬®áâ¥© ¤«ï ¯�à�¬¥âà®¢ ®¤−®©
£¨¯®â¥§ë.

‘ãé−®áâì ¬¥â®¤� ä®à¬�«ì−®£® ª®¤¨à®¢�−¨ï £¨¯®â¥§ §�ª«îç�¥âáï ¢ ¯à¥¤-
áâ�¢«¥−¨¨ £¨¯®â¥§ ¢ ¢¨¤¥ á¨áâ¥¬ ãà�¢−¥−¨© −�¤ ª®àâ¥¦�¬¨ ¡�§ë ¤�−−ëå. �à¨
íâ®¬ ®áãé¥áâ¢«ï¥âáï ¯à®¢¥àª� ª®àà¥ªâ−®áâ¨ £¨¯®â¥§, áâà®¨âáï áå¥¬� ¡�§ë ¤�−−ëå
¨ −�¡®à äã−ªæ¨®−�«ì−ëå §�¢¨á¨¬®áâ¥© ¤«ï ¯¥à¥¬¥−−ëå, ¨§¢«¥ç¥−−ëå ¨§ á¨áâ¥¬ë
ãà�¢−¥−¨©. Œ¥â®¤ ®æ¥−ª¨ á®®â¢¥âáâ¢¨ï £¨¯®â¥§ −�¡®à�¬ ¤�−−ëå ¨á¯®«ì§ã¥â
¯à�¢¨«® ��©¥á� [11]. „®¯®«−¨â¥«ì−® ¢ áå¥¬ã ¡�§ë ¤�−−ëå ¤®¡�¢«ï¥âáï ¬¥à�
á®®â¢¥âáâ¢¨ï £¨¯®â¥§ ¨áá«¥¤ã¥¬®¬ã ï¢«¥−¨î. ‚ ¯à®æ¥áá¥ ®æ¥−ª¨ á®®â¢¥âáâ¢¨ï
¨á¯®«ì§ã¥âáï ¬¥â®¤ ¯®áâà®¥−¨ï £à�ä� ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå §�¢¨á¨¬®áâ¥©
¤«ï ¯�à�¬¥âà®¢ ®¤−®© £¨¯®â¥§ë.

‚ á¨áâ¥¬¥ FCCE [12] ª«îç¥¢ë¬ ¬¥â®¤®¬ ï¢«ï¥âáï ¯®áâà®¥−¨¥ ¯®¯�à−ëå
§−�ç¨¬ëå ª®àà¥«ïæ¨®−−ëå §�¢¨á¨¬®áâ¥© ¤«ï ¢á¥å ¯¥à¥¬¥−−ëå ¬−®¦¥áâ¢� à�§-
à®§−¥−−ëå −�¡®à®¢ ¤�−−ëå. „«ï ¬¥â®¤� áãé¥áâ¢ã¥â à�á¯à¥¤¥«¥−−�ï à¥�«¨§�æ¨ï.
Œ¥â®¤ å®à®è® ¬�áèâ�¡¨àã¥âáï ¯à¨ á¡®à¥, ¨§¢«¥ç¥−¨¨ ¨ §�¯à®á�å ª £¥®£à�ä¨ç¥-
áª¨ à�á¯à¥¤¥«¥−−ë¬ ¡®«ìè¨¬ −�¡®à�¬ ¤�−−ëå.

‚ á¨áâ¥¬¥ Robot Scientist [13] ¨á¯®«ì§ãîâáï:

(1) ¬¥â®¤ «®£¨ç¥áª®£® ¢ë¢®¤� −®¢ëå £¨¯®â¥§ ¯à¨ ¯à®¢¥¤¥−¨¨ íªá¯¥à¨¬¥−â®¢;

(2) ¬¥â®¤ áâ�â¨ç¥áª®© ®æ¥−ª¨ ª®àà¥ªâ−®áâ¨ á®®â¢¥âáâ¢¨ï £¨¯®â¥§ ¯®«ãç¥−−ë¬
¤�−−ë¬.

Œ¥â®¤ «®£¨ç¥áª®£® ¢ë¢®¤� ¨á¯®«ì§ã¥â �¡¤ãªâ¨¢−®¥ «®£¨ç¥áª®¥ ¯à®£à�¬¬¨-
à®¢�−¨¥ [14] ¤«ï £¥−¥à�æ¨¨ ¤®áâ®¢¥à−ëå £¨¯®â¥§, ®¡êïá−ïîé¨å −�¡«î¤¥−¨ï,
� §�â¥¬ ¨á¯®«ì§ã¥â íâ¨ £¨¯®â¥§ë ¤«ï ®¯à¥¤¥«¥−¨ï á«¥¤ãîé¥£® −�¨¡®«¥¥ ¨−ä®à-
¬�â¨¢−®£® íªá¯¥à¨¬¥−â�. ‚ −�ç�«¥ ¨áá«¥¤®¢�−¨ï ¢á¥ ¯®â¥−æ¨�«ì−ë¥ £¨¯®â¥§ë
áç¨â�îâáï ¢ à�¢−®© áâ¥¯¥−¨ ¢¥à−ë¬¨. �®á«¥ íâ®£® ãáâ�−�¢«¨¢�¥âáï §−�ç¨¬®áâì
®áâ�¢è¨åáï £¨¯®â¥§ ¯à¨ ¯®¬®é¨, −�¯à¨¬¥à, â¥áâ� ‘âìî¤¥−â�. ‚ à�¡®â¥ [15]
¤¥¬®−áâà¨àã¥âáï ¯®¤å®¤ ª ®æ¥−ª¥ §−�ç¨¬®áâ¨ £¨¯®â¥§ ¯à¨ ¯®¬®é¨ −¥áª®«ìª¨å
áâ�â¨áâ¨ç¥áª¨å â¥áâ®¢.

�á−®¢ë¢�ïáì −� ¢ëè¥¯à¨¢¥¤¥−−®¬ �−�«¨§¥ ¬¥â®¤®¢ ã¯à�¢«¥−¨ï ¢¨àâã�«ì-
−ë¬¨ íªá¯¥à¨¬¥−â�¬¨, ¬®¦−® ®¯à¥¤¥«¨âì ®á−®¢−ë¥ íâ�¯ë ¦¨§−¥−−®£® æ¨ª«�
¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�.

�� ¯¥à¢®¬ íâ�¯¥ ¯à®¨áå®¤¨â ¨−¨æ¨�«¨§�æ¨ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�:
®¯à¥¤¥«¥−¨¥ ®−â®«®£¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, ®¯à¥¤¥«¥−¨¥ £¨¯®â¥§ ¨ á®®â¢¥âáâ¢ã-
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îé¨å ¨¬ ¬®¤¥«¥©, ®¯à¥¤¥«¥−¨¥ ¯®â®ª� à�¡®â ¤«ï ¨á¯®«−¥−¨ï ¢¨àâã�«ì−®£® íªá-
¯¥à¨¬¥−â�, §�¤�−¨¥ ª®−ä¨£ãà�æ¨¨ íªá¯¥à¨¬¥−â�. ˆá¯®«ì§ã¥âáï ¯à¥¤áâ�¢«¥−¨¥
£¨¯®â¥§ ª�ª á¯¥æ¨�«ì−ëå áâàãªâãà ¤�−−ëå, á®ç¥â�îé¨å ãà�¢−¥−¨ï, ¢å®¤ïé¨¥
¢ −¨å ¯¥à¥¬¥−−ë¥ ¨ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ ®â®¡à�¦¥−¨ï −�¤ −¨¬¨. �®á«¥ §�-
£àã§ª¨ ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â� ¢ á¨áâ¥¬ã ¯à®¨áå®¤¨â �¢â®¬�â¨ç¥áª®¥ ¯®áâà®-
¥−¨¥ à¥è¥âª¨ £¨¯®â¥§ ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�. ÷¥è¥âª� £¨¯®â¥§ ®¯à¥¤¥«ï¥âáï
ª�ª −�¯à�¢«¥−−ë© �æ¨ª«¨ç¥áª¨© £à�ä á ¢¥àè¨−�¬¨, ®â¢¥ç�îé¨¬¨ £¨¯®â¥§�¬.
÷¥¡à� £à�ä� á®®â¢¥âáâ¢ãîâ ®â−®è¥−¨ï¬ §�¢¨á¨¬®áâ¨ ¬¥¦¤ã £¨¯®â¥§�¬¨, ª®£¤�
à¥§ã«ìâ�â ¢ëç¨á«¥−¨© ®¤−®© £¨¯®â¥§ë ¨á¯®«ì§ã¥âáï ¢ ¢ëç¨á«¥−¨ïå ¤àã£®© £¨¯®-
â¥§ë.

�� ¢â®à®¬ íâ�¯¥ ¯® ¦¥«�−¨î ¯®«ì§®¢�â¥«ï ¯à®¨áå®¤¨â �¢â®¬�â¨ç¥áª®¥ ¯®-
à®¦¤¥−¨¥ ¤®¯®«−¨â¥«ì−ëå £¨¯®â¥§ ¨§ ¤�−−ëå.

�� âà¥âì¥¬ íâ�¯¥ ¯à®¨áå®¤¨â ¯®áâà®¥−¨¥ ®¯â¨¬�«ì−®£® ¯«�−� ¨á¯®«−¥−¨ï
íªá¯¥à¨¬¥−â�.

�� ç¥â¢¥àâ®¬ íâ�¯¥ ¯à®¨áå®¤¨â −¥¯®áà¥¤áâ¢¥−−®¥ ¯à®¢¥¤¥−¨¥ íªá¯¥à¨¬¥−â�,
¯à¨ íâ®¬ á¨áâ¥¬� ®âá«¥¦¨¢�¥â, áãé¥áâ¢ãîâ «¨ á®åà�−¥−−ë¥ à¥§ã«ìâ�âë ¨á¯®«−¥-
−¨ï ®â¤¥«ì−ëå äã−ªæ¨© íªá¯¥à¨¬¥−â� ¯à¨ §�¤�−−ëå ¯�à�¬¥âà�å, ¨ ¯®¤áâ�¢«ï¥â
¨å, ¥á«¨ á®¢¯�¤¥−¨¥ −�©¤¥−®. �®á«¥ ¨á¯®«−¥−¨ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�
à¥§ã«ìâ�â ¢®§¢à�é�¥âáï íªá¯¥àâã.

‚ ¯à®æ¥áá¥ ®¯à¥¤¥«¥−¨ï ¦¨§−¥−−®£® æ¨ª«� ¢ë¤¥«¥−ë á«¥¤ãîé¨¥ ®¯¥à�æ¨¨
¢ à�¡®â¥ −�¤ ¢¨àâã�«ì−ë¬ íªá¯¥à¨¬¥−â®¬. �à¨ à¥�«¨§�æ¨¨ ¯¥à¢®£® íâ�¯�
ª ¤®áâã¯−ë¬ íªá¯¥àâã ®¯¥à�æ¨ï¬ −�¤ ¢¨àâã�«ì−ë¬¨ íªá¯¥à¨¬¥−â�¬¨ ®â−®áïâ-
áï ¤®¡�¢«¥−¨¥, ¬®¤¨ä¨ª�æ¨ï ¨ ã¤�«¥−¨¥ ¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−â®¢, £¨¯®â¥§,
¯®â®ª®¢ à�¡®â, � â�ª¦¥ ª®−ä¨£ãà�æ¨© íªá¯¥à¨¬¥−â®¢. �â�¯ â�ª¦¥ ¢ª«îç�-
¥â �¢â®¬�â¨ç¥áª¨¥ ®¯¥à�æ¨¨: ¯®áâà®¥−¨¥ £à�ä� ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå §�¢¨-
á¨¬®áâ¥© ¬¥¦¤ã ¯¥à¥¬¥−−ë¬¨ ®¤−®© £¨¯®â¥§ë, á¯¥æ¨ä¨æ¨à®¢�−−®© á¨áâ¥¬®©
ãà�¢−¥−¨©, � â�ª¦¥ ¯®áâà®¥−¨¥ áâàãªâãàë ¤«ï ®¯¨á�−¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦-
¤ã −¥áª®«ìª¨¬¨ £¨¯®â¥§�¬¨ | à¥è¥âª¨ £¨¯®â¥§. �¯¥à�æ¨ï ¯®áâà®¥−¨ï £à�ä�
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå §�¢¨á¨¬®áâ¥© áâà®¨â £à�ä −� ®á−®¢�−¨¨ á¨áâ¥¬ë ãà�¢−¥-
−¨©, á®®â¢¥âáâ¢ãîé¥© £¨¯®â¥§¥. ÷¥è¥âª� £¨¯®â¥§ ¤«ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�
áâà®¨âáï −� ®á−®¢�−¨¨ ã¯®¬ï−ãâ®£® £à�ä� ¨ ¯®â®ª� à�¡®â ¢¨àâã�«ì−®£® íªá¯¥à¨-
¬¥−â�.

„«ï à¥�«¨§�æ¨¨ ¢â®à®£® íâ�¯� ¨á¯®«ì§ãîâáï ®¯¥à�æ¨¨ �¢â®¬�â¨ç¥áª®£® ¯®-
à®¦¤¥−¨ï −®¢ëå £¨¯®â¥§ ¨§ ¤�−−ëå ¯® ¦¥«�−¨î íªá¯¥àâ� ¨ ¯®¨áª� ª®àà¥«ïæ¨®−-
−ëå §�¢¨á¨¬®áâ¥© ¬¥¦¤ã ¯�à�¬¥âà�¬¨ à�§«¨ç−ëå −¥§�¢¨á¨¬ëå £¨¯®â¥§.

„«ï à¥�«¨§�æ¨¨ âà¥âì¥£® íâ�¯� ¨á¯®«ì§ã¥âáï ®¯¥à�æ¨ï ¯®áâà®¥−¨ï ®¯â¨¬�«ì-
−®£® ¯«�−� ¨á¯®«−¥−¨ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�.

„«ï à¥�«¨§�æ¨¨ ç¥â¢¥àâ®£® íâ�¯� ¨á¯®«ì§ã¥âáï ®¯¥à�æ¨ï ¨á¯®«−¥−¨ï ¢¨àâã-
�«ì−®£® íªá¯¥à¨¬¥−â�. �à®¬¥¦ãâ®ç−ë¥ à¥§ã«ìâ�âë à�áç¥â®¢, á®®â¢¥âáâ¢ãîé¨å
¢ë§®¢�¬ ®â¤¥«ì−ëå äã−ªæ¨© ¬®¤¥«¥©, ¨ ®æ¥−ª� ¨å á®®â¢¥âáâ¢¨ï íªá¯¥à¨¬¥−-
â�«ì−ë¬ ¤�−−ë¬ á®åà�−ïîâáï ¢ ¡�§¥ ¤�−−ëå ¤«ï ¯®á«¥¤ãîé¥£® ¨á¯®«ì§®¢�−¨ï
¨ ®âá«¥¦¨¢�−¨ï í¢®«îæ¨¨ £¨¯®â¥§ ¨ ¬®¤¥«¥© ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�.
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3 Программная архитектура платформы исполнения виртуальных
экспериментов

‚ ¤�−−®¬ à�§¤¥«¥ ¯à¥¤áâ�¢«¥−� �àå¨â¥ªâãà� ¯«�âä®à¬ë (á¬. à¨áã−®ª) ¨ à�á-
á¬®âà¥−®, ª�ª¨¬ ®¡à�§®¬ ª®¬¯®−¥−âë �àå¨â¥ªâãàë ¯®¤¤¥à¦¨¢�îâ à�§«¨ç−ë¥
íâ�¯ë ¤¥ïâ¥«ì−®áâ¨ íªá¯¥àâ� ¯® ¯à®¢¥¤¥−¨î ¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−â®¢. �� à¨-
áã−ª¥ èâà¨å®¢ë¥ áâà¥«ª¨ ®¡®§−�ç�îâ ¤®áâã¯ ¨§ ®¤−®£® ª®¬¯®−¥−â� ª ¨−â¥àä¥©áã
¤àã£®£® ª®¬¯®−¥−â�. �à®£à�¬¬−�ï �àå¨â¥ªâãà� á¨áâ¥¬ë ¨á¯®«−¥−¨ï ¢¨àâã�«ì-
−®£® íªá¯¥à¨¬¥−â� ¢ª«îç�¥â ¢ á¥¡ï ª®¬¯®−¥−âë, ¯®¤¤¥à¦¨¢�îé¨¥ à�§«¨ç−ë¥
íâ�¯ë ¯à®¢¥¤¥−¨ï ¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−â®¢. ‚ −�áâ®ïé¥¥ ¢à¥¬ï �àå¨â¥ªâãà�
−�å®¤¨âáï ¢ áâ�¤¨¨ ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨.

�àå¨â¥ªâãà� ¯«�âä®à¬ë ¨á¯®«−¥−¨ï ¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−â®¢
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Š®¬¯®−¥−â Metadata Repository ¯à¥¤áâ�¢«ï¥â á®¡®© à¥¯®§¨â®à¨© ¬¥â�¨−ä®à-
¬�æ¨¨ (¡�§ã ¤�−−ëå), ¯à¥¤−�§−�ç¥−−ë© ¤«ï åà�−¥−¨ï à¥§ã«ìâ�â®¢ ¢ë¯®«−¥−¨ï
¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â� á ãç¥â®¬ −�ª®¯«¥−¨ï ¤�−−ëå ® ¤®¡�¢«¥−¨¨, ¬®¤¨-
ä¨ª�æ¨¨ ¨ ã¤�«¥−¨¨ £¨¯®â¥§, ¯®â®ª®¢ à�¡®â, ®−â®«®£¨© ¨ ¢¨àâã�«ì−ëå íªá¯¥-
à¨¬¥−â®¢. „®¯®«−¨â¥«ì−® ¢ à¥¯®§¨â®à¨¨ á®åà�−ïîâáï ¯®áâà®¥−−ë¥ §�¢¨á¨¬®áâ¨
¬¥¦¤ã £¨¯®â¥§�¬¨ (¯®«ãç¥−−ë¬¨ «¨¡® ®â íªá¯¥àâ�, «¨¡® �¢â®¬�â¨ç¥áª¨ ¨§¢«¥ç¥−-
−ë¥) ¨ ¨¬¥îé¥©áï ¨−ä®à¬�æ¨¥© ® ª®àà¥«ïæ¨¨ ¬¥¦¤ã ¯�à�¬¥âà�¬¨ ª�ª ¢ à�¬ª�å
®¤−®©, â�ª ¨ ¯�à�¬¥âà®¢ −¥áª®«ìª¨å £¨¯®â¥§.

Š®¬¯®−¥−â Virtual Experiment Manager ¯à¥¤áâ�¢«ï¥â ¯®«ì§®¢�â¥«î ¨−â¥à-
ä¥©á á ®¯¥à�æ¨ï¬¨ ä®à¬�«ì−®£® ¬�−¨¯ã«¨à®¢�−¨ï ¢¨àâã�«ì−ë¬¨ íªá¯¥à¨¬¥−-
â�¬¨ ¨ £¨¯®â¥§�¬¨. �®á«¥ §�£àã§ª¨ ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â� ¢ á¨áâ¥¬ã ¥£®
á¯¥æ¨ä¨ª�æ¨ï á®åà�−ï¥âáï ¢ ¡�§¥ ¤�−−ëå. „�«¥¥ ¯® §�¯à®áã íªá¯¥àâ� ¯à®¨áå®-
¤¨â ¢ë§®¢ ª®¬¯®−¥−â� �¢â®¬�â¨ç¥áª®£® ¯®à®¦¤¥−¨ï £¨¯®â¥§ ¨§ ¤�−−ëå Hypothesis
Generator. �®á«¥ íâ®£® �¢â®¬�â¨ç¥áª¨ ¯à®¨áå®¤¨â ¢ë§®¢ ª®¬¯®−¥−â� Hypothesis
Lattices Constructor ¤«ï ¯®áâà®¥−¨ï à¥è¥âª¨ £¨¯®â¥§ ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−-
â�. „�«¥¥ ¢ë§ë¢�¥âáï ª®¬¯®−¥−â Virtual Experiment Planner, ®â¢¥ç�îé¨© §�
¯®áâà®¥−¨¥ ¯«�−� ¨á¯®«−¥−¨ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�. �®áâà®¥−−ë© ¯«�−
á®åà�−ï¥âáï ¢ ¡�§¥ ¤�−−ëå. ��ª®−¥æ, ¯à®¨áå®¤¨â ¢ë§®¢ ª®¬¯®−¥−â� Virtual Ex-
periment Runner, ®â¢¥âáâ¢¥−−®£® §� −¥¯®áà¥¤áâ¢¥−−®¥ ¨á¯®«−¥−¨¥ ¢¨àâã�«ì−®£®
íªá¯¥à¨¬¥−â�. Š®¬¯®−¥−â ¯®¤¤¥à¦¨¢�¥â ®¤−®¢à¥¬¥−−®¥ ã¯à�¢«¥−¨¥ −¥áª®«ìª¨¬¨
íªá¯¥à¨¬¥−â�¬¨.

Š®¬¯®−¥−â Hypothesis Generator ¯® §�¯à®áã íªá¯¥àâ� ®¡¥á¯¥ç¨¢�¥â �¢â®¬�-
â¨ç¥áª®¥ ¯®áâà®¥−¨¥ £¨¯®â¥§ ¯® ¤�−−ë¬ ¢ ¢¨¤¥ −¥«¨−¥©−ëå äã−ªæ¨®−�«ì−ëå
§�¢¨á¨¬®áâ¥©. ‚ ª�ç¥áâ¢¥ ®á−®¢−®£® ¬¥â®¤� ¨á¯®«ì§ã¥âáï á¨¬¢®«ì−�ï à¥£à¥á-
á¨ï, ®¡¥á¯¥ç¨¢�îé�ï ¨−â¥à¯à¥â¨àã¥¬®áâì ¯®«ãç¥−−ëå ä®à¬ã«. �ªá¯¥àâã ¢¬¥áâ¥
á á¨áâ¥¬®© ãà�¢−¥−¨© ¢®§¢à�é�¥âáï ®æ¥−ª� ª�ç¥áâ¢� á®®â¢¥âáâ¢¨ï ¤�−−ë¬, ¯® ª®-
â®à®© ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ®¡ ¨á¯®«ì§®¢�−¨¨ ¯®áâà®¥−−®© £¨¯®â¥§ë. Š®¬¯®−¥−â
à¥�«¨§®¢�− ¢ ¢¨¤¥ ¬®¤ã«ï −� ï§ëª¥ Python á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª pandas,
numpy, sympy ¨ deap [5]. „«ï ¯®áâà®¥−¨ï äã−ªæ¨®−�«ì−®© §�¢¨á¨¬®áâ¨ ¬¥¦¤ã
¯¥à¥¬¥−−ë¬¨ ¢ ¤�−−ëå ¨á¯®«ì§ã¥âáï à¥�«¨§�æ¨ï á¨¬¢®«ì−®© à¥£à¥áá¨¨ −� ®á−®-
¢¥ £¥−¥â¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï á �à¨ä¬¥â¨ç¥áª¨¬¨ ¨ âà¨£®−®¬¥âà¨ç¥áª¨¬¨
®¯¥à�æ¨ï¬¨ [7].

Š®¬¯®−¥−â Hypothesis Lattices Constructor ®¡¥á¯¥ç¨¢�¥â �¢â®¬�â¨ç¥áª®¥ ¯®-
áâà®¥−¨¥ à¥è¥â®ª £¨¯®â¥§ ¯® á®®â¢¥âáâ¢ãîé¨¬ ¨¬ á¨áâ¥¬�¬ ãà�¢−¥−¨©. Š®¬¯®-
−¥−â §�£àã¦�¥â ¨§ ¡�§ë ¤�−−ëå ¬¥â�¨−ä®à¬�æ¨¨ á¯¥æ¨ä¨ª�æ¨î ¯®â®ª� à�¡®â
¨ £¨¯®â¥§. „�«¥¥ á¨áâ¥¬ë ãà�¢−¥−¨©, á®®â¢¥âáâ¢ãîé¨å £¨¯®â¥§�¬, ¨§ á¯¥æ¨ä¨ª�-
æ¨¨ ¯¥à¥¢®¤ïâáï ¢® ¢−ãâà¥−−¥¥ ¯à¥¤áâ�¢«¥−¨¥, ¯®á«¥ ç¥£® ¢ë§ë¢�¥âáï ª®¬¯®−¥−â
COA Constructor ¤«ï ¯®áâà®¥−¨ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−®£® £à�ä� §�¢¨á¨¬®áâ¥©
¯¥à¥¬¥−−ëå. „�«ì−¥©è�ï à�¡®â� ª®¬¯®−¥−â� á®áâ®¨â ¢ á«¥¤ãîé¥¬. ‡�¤�ç¨, á®-
áâ�¢«ïîé¨¥ ¯®â®ª à�¡®â, à�áá¬�âà¨¢�îâáï ¯® ®ç¥à¥¤¨ ¢ á®®â¢¥âáâ¢¨¨ á ¯®àï¤ª®¬,
§�¤�−−ë¬ −�¯à�¢«¥−¨¥¬ à¥¡¥à ¯®â®ª� à�¡®â. „«ï ª�¦¤®© ¯�àë £¨¯®â¥§ I ¨ J, £¤¥ I
¨á¯®«ì§ã¥âáï ¢ â¥ªãé¥© §�¤�ç¥, � J | ¢ −¥ª®â®à®© §�¤�ç¥, ¤®áâ¨¦¨¬®© ¨§ â¥ªã-
é¥© §�¤�ç¨, ª®−áâàã¨àã¥âáï âà�−§¨â¨¢−®¥ §�¬ëª�−¨¥ ®¡ê¥¤¨−¥−¨ï áâàãªâãà ¤¢ãå
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£¨¯®â¥§ (á®áâ®ïé¨å ¨§ ãà�¢−¥−¨© ¨ ¯¥à¥¬¥−−ëå) [4]. �®á«¥ íâ®£® ¯à®¨§¢®¤¨âáï
®¡ê¥¤¨−¥−¨¥ ¢á¥å â�ª¨å âà�−§¨â¨¢−ëå §�¬ëª�−¨©. ‘âàãªâãà� à¥§ã«ìâ¨àãîé¥©
à¥è¥âª¨ á®®â¢¥âáâ¢ã¥â áâàãªâãà¥ ®¡ê¥¤¨−¥−¨ï §�¬ëª�−¨©. ÷¥è¥âª� £¨¯®â¥§ á®-
åà�−ï¥âáï ¢ ¡�§¥ ¤�−−ëå ¬¥â�¨−ä®à¬�æ¨¨. Š®¬¯®−¥−â à¥�«¨§®¢�− ¢ ¢¨¤¥ ¬®¤ã«ï
−� ï§ëª¥ Python á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª pandas, numpy ¨ itertools.

Š®¬¯®−¥−â COA Constructor ¯®§¢®«ï¥â ¯®áâà®¨âì ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë©
£à�ä §�¢¨á¨¬®áâ¥© ¯¥à¥¬¥−−ëå ®¤−®© £¨¯®â¥§ë. Š®¬¯®−¥−â ¢ª«îç�¥â ¬¥å�−¨§¬
¢¥à®ïâ−®áâ−®£® ¢ë¢®¤�, ¯®§¢®«ïîé¥£® ®âá«¥¤¨âì −¥ â®«ìª® ¯à¨ç¨−−®-á«¥¤áâ¢¥−-
−ë¥ á¢ï§¨ ¬¥¦¤ã £¨¯®â¥§�¬¨, −® ¨ −¥ï¢−ë¥ §�¢¨á¨¬®áâ¨, −�¯à¨¬¥à §−�ç¨¬ë¥
ª®àà¥«ïæ¨¨ ¬¥¦¤ã ¯�à�¬¥âà�¬¨ £¨¯®â¥§, −¥ á¢ï§�−−ëå ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¬¨
§�¢¨á¨¬®áâï¬¨. ‚å®¤−ë¬¨ ¤�−−ë¬¨ ª®¬¯®−¥−â� á«ã¦�â ¯�àë £¨¯®â¥§ ¨ à¥-
è¥âª� £¨¯®â¥§, � ¢ëå®¤−ë¬¨ | ¯�àë §−�ç¨¬® ª®àà¥«¨àãîé¨å ¯¥à¥¬¥−−ëå,
á®®â¢¥âáâ¢ãîé¨å ¯�à�¬¥âà�¬ à�§«¨ç−ëå −¥§�¢¨á¨¬ëå £¨¯®â¥§. ˆá¯®«ì§®¢�−¨¥
¯�à §−�ç¨¬® ª®àà¥«¨àãîé¨å ¯¥à¥¬¥−−ëå ¯®§¢®«ï¥â á¨áâ¥¬¥ ãª�§ë¢�âì íªá¯¥àâã,
−�¯à¨¬¥à, −� −¥®¡å®¤¨¬®áâì ¨å á®¢¬¥áâ−®£® ¨§¬¥−¥−¨ï. Š®¬¯®−¥−â à¥�«¨§®¢�−
¢ ¢¨¤¥ ¬®¤ã«ï −� ï§ëª¥ Python á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª pandas, numpy ¨ scipy.
�à¨ à¥�«¨§�æ¨¨ ¨á¯®«ì§ã¥âáï ¨−ä®à¬�æ¨ï ® ¢å®¦¤¥−¨¨ ¯¥à¥¬¥−−ëå ¢ ãà�¢−¥−¨ï
¢ ¢¨¤¥ ¡ã«¥¢®© ¬�âà¨æë. �à¨ íâ®¬ ãáâ�−®¢«¥−¨¥ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥©
á¢®¤¨âáï ª ¯®¨áªã ¯®¤¬�âà¨æ á −¥−ã«¥¢ë¬ à�−£®¬.

Š®¬¯®−¥−â Virtual Experiment Planner ¢ëç¨á«ï¥â ®¯â¨¬�«ì−ë© ¯«�− ¨á-
¯®«−¥−¨ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�, ¯à¨ íâ®¬ ¨á¯®«ì§ãîâáï à¥è¥âª¨ £¨¯®â¥§,
á®¤¥à¦�é¨¥áï ¢ à¥¯®§¨â®à¨¨. �â® ¯®§¢®«ï¥â ¤® ¯à®¢¥¤¥−¨ï ¢¨àâã�«ì−®£® íªá¯¥-
à¨¬¥−â� á¯«�−¨à®¢�âì ®¯â¨¬�«ì−ë¬ ®¡à�§®¬ ¯®¤¡®à ¯�à�¬¥âà®¢ £¨¯®â¥§ ¨ ®âá¥çì
§�à�−¥¥ −¥¯à¨£®¤−ë¥ ª®¬¡¨−�æ¨¨ ¯�à�¬¥âà®¢. ��¯à¨¬¥à, ã¦¥ ¢ëç¨á«¥−−ë¥
à¥§ã«ìâ�âë ¢ë§®¢� äã−ªæ¨¨ ¬®¤¥«¨ ¬®£ãâ ¡ëâì ¯®¢â®à−® ¨á¯®«ì§®¢�−ë ¢ ¤àã£®¬
¢¨àâã�«ì−®¬ íªá¯¥à¨¬¥−â¥, � â�ª¦¥ ¬®£ãâ ¯®¬®çì ¢ ¨áª«îç¥−¨¨ ¢¨àâã�«ì−®£®
íªá¯¥à¨¬¥−â�, ¯à®¨§¢®¤ïé¥£® ¤�−−ë¥, −¥ á®¢¯�¤�îé¨¥ á à¥�«ì−ë¬¨ −�¡«î¤¥−¨-
ï¬¨.

Š®¬¯®−¥−â Virtual Experiment Runner §�¯ãáª�¥âáï ¤«ï −¥¯®áà¥¤áâ¢¥−−®£®
¨á¯®«−¥−¨ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�. ˆ§ à¥¯®§¨â®à¨ï ¬¥â�¨−ä®à¬�æ¨¨ §�£àã-
¦�îâáï á¯¥æ¨ä¨ª�æ¨ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â� ¨ ¤®¯®«−¨â¥«ì−® ¯®áâà®¥−−ë¥
à¥è¥âª� £¨¯®â¥§ ¨ ¯«�− ¯à®¢¥¤¥−¨ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�. ˆá¯®«−¥−¨¥
¯à®¨áå®¤¨â ¢ á®®â¢¥âáâ¢¨¨ á ¯«�−®¬, ¯à¨ íâ®¬ á¨áâ¥¬� ¨á¯®«ì§ã¥â á®åà�−¥−−ë¥
à¥§ã«ìâ�âë ¨á¯®«−¥−¨ï ç�áâ¨ ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â� (¯à¨ ¨å −�«¨ç¨¨ ¢ à¥-
¯®§¨â®à¨¨ ¬¥â�¨−ä®à¬�æ¨¨). ˆá¯®«ì§ãï á¯¥æ¨ä¨ª�æ¨î ¬®¤¥«¥© ¢¨àâã�«ì−®£®
íªá¯¥à¨¬¥−â�, ª®¬¯®−¥−â ®áãé¥áâ¢«ï¥â ¢ë§®¢ á®®â¢¥âáâ¢ãîé¨å äã−ªæ¨©, � §�-
â¥¬ á®¡¨à�¥â ¯®«ãç¥−−ë¥ ¤�−−ë¥ ®â −¨å. ÷¥§ã«ìâ�âë ¯à®¢¥¤¥−¨ï ¢¨àâã�«ì−®£®
íªá¯¥à¨¬¥−â� á®åà�−ïîâáï ¢ ¡�§¥ ¤�−−ëå ¬¥â�¨−ä®à¬�æ¨¨.

4 Заключение

‚ à�¡®â¥ ¯à®¢¥¤¥− �−�«¨§ ¬¥â®¤®¢ ã¯à�¢«¥−¨ï íªá¯¥à¨¬¥−â�¬¨, à¥�«¨§®¢�−-
−ëå ¢ áãé¥áâ¢ãîé¨å á¨áâ¥¬�å. ÷�áá¬®âà¥−ë ®á−®¢−ë¥ íâ�¯ë ¦¨§−¥−−®£® æ¨ª«�
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¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�; ¢ë¤¥«¥−ë ®¯¥à�æ¨¨, ¨á¯®«ì§ã¥¬ë¥ −� ª�¦¤®¬ íâ�-
¯¥ ¦¨§−¥−−®£® æ¨ª«�. �¯¥à�æ¨¨ à�§¤¥«¥−ë −� �¢â®¬�â¨ç¥áª¨¥ ¨ ¢ë§ë¢�¥¬ë¥
íªá¯¥àâ®¬. �à¥¤«®¦¥−� ¯à®£à�¬¬−�ï �àå¨â¥ªâãà� ¯«�âä®à¬ë ã¯à�¢«¥−¨ï ¢¨à-
âã�«ì−ë¬¨ íªá¯¥à¨¬¥−â�¬¨, ¢ë¤¥«¥−ë ¥¥ ®á−®¢−ë¥ ª®¬¯®−¥−âë, à¥�«¨§ãîé¨¥
®¯¥à�æ¨¨ ¦¨§−¥−−®£® æ¨ª«� ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�.

�«�âä®à¬� −�å®¤¨âáï ¢ áâ�¤¨¨ ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨ ¨ íªá¯¥à¨¬¥−â�«ì-
−ëå ¨áá«¥¤®¢�−¨©. ÷¥�«¨§®¢�−ë ª®¬¯®−¥−âë ¯®áâà®¥−¨ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−-
−®£® £à�ä� §�¢¨á¨¬®áâ¥© ¯¥à¥¬¥−−ëå ®¤−®© £¨¯®â¥§ë, ª®¬¯®−¥−â �¢â®¬�â¨ç¥-
áª®£® ¯®áâà®¥−¨ï à¥è¥â®ª £¨¯®â¥§ ¯® á®®â¢¥âáâ¢ãîé¨¬ ¨¬ á¨áâ¥¬�¬ ãà�¢−¥−¨©,
ª®¬¯®−¥−â �¢â®¬�â¨ç¥áª®£® ¯®à®¦¤¥−¨ï £¨¯®â¥§ ¨§ ¤�−−ëå, ª®¬¯®−¥−â −¥¯®-
áà¥¤áâ¢¥−−®£® ¨á¯®«−¥−¨ï ¢¨àâã�«ì−®£® íªá¯¥à¨¬¥−â�. �áâ�«ì−ë¥ ª®¬¯®−¥−âë
¯«�âä®à¬ë −�å®¤ïâáï ¢ áâ�¤¨¨ à�§à�¡®âª¨. �«�−¨àãîâáï íªá¯¥à¨¬¥−â�«ì−ë¥
¨áá«¥¤®¢�−¨ï ¯à¨¬¥−¥−¨ï ¯«�âä®à¬ë ¤«ï ¯à®¢¥¤¥−¨ï ¢¨àâã�«ì−ëå íªá¯¥à¨¬¥−-
â®¢ ¢ −¥áª®«ìª¨å ®¡«�áâïå á ¨−â¥−á¨¢−ë¬ ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå, ¢ â®¬ ç¨á«¥
¢ �áâà®−®¬¨¨ ¨ −¥©à®ä¨§¨®«®£¨¨.
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ARCHITECTURE OF THE PLATFORM FOR MANAGING
HYPOTHESES-DRIVEN VIRTUAL EXPERIMENTS
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Abstract: The problem of carrying out virtual experiments driven by hypotheses
is considered. The analysis of methods for managing virtual experiments in
existing systems for working with experiments is carried out. According to the
results of the analysis, a life cycle of a virtual experiment is formed. Basic
operations of managing virtual experiments are presented for the stages of an
experiment life cycle, as well as the main stages of the expert's work with
the platform for executing a virtual experiment. The program architecture of
the platform for managing virtual experiments and hypotheses is proposed with
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a description of the main components of the platform and their functions that
implement the basic operations of the life cycle.
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ПОДХОДЫ К ИНТЕГРАЦИИ
ПРИКЛАДНЫХ КОНЦЕПТУАЛЬНЫХ СХЕМ

В СОСТАВЕ УНИФИЦИРОВАННОЙ ГЕООНТОЛОГИИ

С. К. Дулин1, Д. А. Никишин2

�−−®â�æ¨ï: �à¥¤áâ�¢«¥− ¯®¤å®¤ ª ®¡¥á¯¥ç¥−¨î á®£«�á®¢�−¨ï à�§−®à®¤−ëå
¯à¨ª«�¤−ëå ª®−æ¥¯âã�«ì−ëå áå¥¬ (Š‘), á ¤®áâ�â®ç−®© ¯®«−®â®© ®¯¨áë¢�-
îé¨å ®â¤¥«ì−ë¥ ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨, −� ®á−®¢¥ ¨å ã−¨ä¨ª�æ¨¨ ¨ ¨−â¥£à�æ¨¨
¢ ä®à¬¥ ã−¨¢¥àá�«ì−®©, ¥¤¨−®© £¥®®−â®«®£¨¨. ÷�áá¬®âà¥−ë ¢®§¬®¦−ë¥ ä�ª-
â®àë −¥®¤−®à®¤−®áâ¨ ç�áâ−ëå Š‘, ¯à¥¤áâ�¢«¥−ë âà¥¡®¢�−¨ï ¨ ®á−®¢−ë¥
¯à®¥ªâ−ë¥ à¥è¥−¨ï ¤«ï ¯®áâà®¥−¨ï ã−¨ä¨æ¨à®¢�−−®© £¥®®−â®«®£¨¨, ¯à¥¤-
−�§−�ç¥−−®© ¤«ï ¨á¯®«ì§®¢�−¨ï ¢ ª®−â¥ªáâ¥ ¬−®£®�á¯¥ªâ−®© ¡�§ë £¥®¤�−−ëå
(�ƒ„). �®ª�§�−� áâàãªâãà� ¤�−−ëå ¤«ï ¯®áâà®¥−¨ï â�ª®© ã−¨ä¨æ¨à®¢�−−®©
£¥®®−â®«®£¨¨.

Š«îç¥¢ë¥ á«®¢�: á®£«�á®¢�−¨¥ ¯à¨ª«�¤−ëå ª®−æ¥¯âã�«ì−ëå áå¥¬; ã−¨ä¨-
æ¨à®¢�−−�ï £¥®®−â®«®£¨ï

DOI: 10.14357/08696527200207

1 Введение

‘â�âìï ¯®á¢ïé¥−� ¯à®¤®«¦¥−¨î ¨áá«¥¤®¢�−¨© ®á®¡¥−−®áâ¥© ¨−ä®à¬�æ¨®−-
−ëå âà�−áä®à¬�æ¨© £¥®¤�−−ëå ¢ £¥®£à�ä¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å
(ƒˆ‘) ¢ ª®−â¥ªáâ¥ ¯�à�¤¨£¬ë ¯®«¨�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� [1{3]. Š®−¥ç−®©
æ¥«ìî áâ�¢¨âáï á®§¤�−¨¥ áâàãªâãàë �ƒ„, ®¡¥á¯¥ç¨¢�îé¥© ¯®â¥−æ¨�« ¤«ï á®-
¢¥àè¥−áâ¢®¢�−¨ï ¬¥â®¤®«®£¨¨ �−�«¨§� ¨ ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨ ® ¬¥áâ−®áâ¨,
¯à¨ãà®ç¥−−®© ª à�§«¨ç−ë¬ ãà®¢−ï¬ ¤¥â�«¨§�æ¨¨ ¨ á¯¥æ¨ä¨ç¥áª¨¬ ¯à¨ª«�¤−ë¬
¬®¤¥«ï¬ £¥®¤�−−ëå [4].

‡�¤�ç� ¤�−−®© ¯ã¡«¨ª�æ¨¨ | �−�«¨§ ä�ªâ®à®¢ −¥®¤−®à®¤−®áâ¨ ç�áâ−ëå Š‘
¨ à�§à�¡®âª� ¯®¤å®¤� ª ¨å á®£«�á®¢�−¨î ¯®áà¥¤áâ¢®¬ ã−¨ä¨ª�æ¨¨ ¨ ¨−â¥£à�æ¨¨
¢ ¢¨¤¥ ¥¤¨−®© Š‘ (…Š‘) ª«�áá¨ä¨ª�æ¨¨ â®¯®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨, ª®â®à�ï
¡ã¤¥â á«ã¦¨âì ®á−®¢®© ¤«ï á®§¤�−¨ï ¥¤¨−®© ã−¨ä¨æ¨à®¢�−−®© £¥®®−â®«®£¨¨.

2 Онтологии и пространственные типы данных

•�à�ªâ¥à−®© ®á®¡¥−−®áâìî á®¢à¥¬¥−−ëå ƒˆ‘ áâ�−®¢¨âáï ¨á¯®«ì§®¢�−¨¥ à�§-
«¨ç−ëå ®−â®«®£¨©, ¯®¤¤¥à¦¨¢�îé¨å á¥¬�−â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à¨ á¨−â¥§¥
¨−ä®à¬�æ¨¨.

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, skdulin@mail.ru

2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, dmnikishin@mail.ru
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�®¤å®¤ë ª ¨−â¥£à�æ¨¨ ¯à¨ª«�¤−ëå ª®−æ¥¯âã�«ì−ëå áå¥¬ ¢ á®áâ�¢¥ £¥®®−â®«®£¨¨

�−â®«®£¨ï ¢ ¨−ä®à¬�â¨ª¥, á®£«�á−® á®¢à¥¬¥−−ë¬ â®«ª®¢�−¨ï¬ [5], ï¢«ï-
¥âáï úâ®ç−®© á¯¥æ¨ä¨ª�æ¨¥© ª®−æ¥¯âã�«¨§�æ¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨û, ª®â®à�ï
¤®«¦−� á®¤¥à¦�âì â¥§�ãàãá â¥à¬¨−®¢ ¨ ®¯à¥¤¥«¥−−ë¥ á¯¥æ¨ä¨ª�æ¨¨. �−â®«®£¨¨
á®¤¥à¦�â ¢§�¨¬®á¢ï§�−−ë¥ ä�ªâë, ®¡ê¥¤¨−¥−−ë¥ ¢ ª«�ááë ®¡ê¥ªâ®¢ ¨ ®â−®è¥-
−¨©, á®®â¢¥âáâ¢ãîé¨¥ ¢ë¡à�−−®© ¯à®¡«¥¬−®© ®¡«�áâ¨. �® áãâ¨, ®−â®«®£¨ï | íâ®
−�¨¡®«¥¥ ¯®«−�ï ª®−æ¥¯âã�«¨§�æ¨ï ¯à®¡«¥¬−®© ®¡«�áâ¨ [5]. �−â®«®£¨¨ á¯®á®¡−ë
ã«ãçè¨âì à�¡®âã ƒˆ‘, ãáâà�−ïï ¯à®â¨¢®à¥ç¨ï ¨ ª®−ä«¨ªâë ¬¥¦¤ã ª®−æ¥¯æ¨ï¬¨
¨ à¥�«¨§�æ¨ï¬¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

Œ®¦−® ª«�áá¨ä¨æ¨à®¢�âì ®−â®«®£¨¨ á®£«�á−® ¨å §�¢¨á¨¬®áâ¨ ®â á¯¥æ¨ä¨ª¨
§�¤�ç¨ [6]:

{ ®−â®«®£¨¨ ¢¥àå−¥£® ãà®¢−ï, ®¯¨áë¢�îé¨¥ ®¡®¡é¥−−ë¥ ¯®−ïâ¨ï;

{ ®−â®«®£¨¨ â¨¯®¢ £¥®¤�−−ëå, ®¯¨áë¢�îé¨¥ â¥§�ãàãá, á¢ï§�−−ë© á ¤®¬¥−®¬
ª®−æ¥¯æ¨© £¥®®¡ê¥ªâ®¢ (â¨¯� ¤¨áâ�−æ¨®−−®£® ¢®á¯à¨ïâ¨ï ¯¥à¥£®−� ¨«¨ ¦¥-
«¥§−®¤®à®¦−®© áâ�−æ¨¨);

{ ®−â®«®£¨¨ §�¤�ç¨, ®¯¨áë¢�îé¨¥ §�¤�çã ¨«¨ ¤¥©áâ¢¨¥ â¨¯� ¨−â¥à¯à¥â�æ¨¨
¨§®¡à�¦¥−¨ï ¨«¨ ®æ¥−ª¨ ¢¥à®ïâ−®áâ¨;

{ ¯à¨ª«�¤−ë¥ ®−â®«®£¨¨, ®¯¨áë¢�îé¨¥ ª®−æ¥¯æ¨¨, §�¢¨áïé¨¥ ª�ª ®â â¨¯®¢
£¥®¤�−−ëå, â�ª ¨ ®â §�¤�ç¨; ®−¨ ®¯à¥¤¥«ïîâ âà¥¡®¢�−¨ï ¯®«ì§®¢�â¥«ï á ãç¥â®¬
á¯¥æ¨ä¨ª¨ ¯à¨«®¦¥−¨ï.

Š®−æ¥¯âã�«ì−ë¥ áå¥¬ë �ƒ„ ¬®£ãâ á¯®á®¡áâ¢®¢�âì à�§à�¡®âª¥ ®−â®«®£¨©,
¯à¥¤áâ�¢«ïï á®¡®© ®¯¨á�−¨¥ á¯¥æ¨�«¨áâ®¬ ç�áâ¨ ¯à®¡«¥¬−®© ®¡«�áâ¨, ¯à¨£®¤−®¥
¤«ï à¥è¥−¨ï ª®−ªà¥â−ëå §�¤�ç. ‘ ¤àã£®© áâ®à®−ë, à�§à�¡®â�−−ë¥ ®−â®«®£¨¨
¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï á®§¤�−¨ï Š‘ £¥®¤�−−ëå (à¨á. 1). �¡ëç−® ¢ë¤¥«ïîâ
âà¨ ãà®¢−ï, −� ª®â®àëå −�å®¤ïâáï ª�ª ®−â®«®£¨¨, â�ª ¨ Š‘ (à¨á. 2).

÷¨á. 1 �®àï¤®ª á®§¤�−¨ï Š‘
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÷¨á. 2 ’à¨ ãà®¢−ï �¡áâà�ªæ¨© ¤«ï ®−â®«®£¨© ¨ Š‘

�¥à¢ë© ãà®¢¥−ì | ä®à¬�«ì−ë©, −� ª®â®à®¬ ®−â®«®£¨¨ ¨ Š‘ á®¤¥à¦�â
�¡áâà�ªâ−ë¥ ª®−æ¥¯æ¨¨. �−â®«®£¨¨ −� íâ®¬ ãà®¢−¥ á®¤¥à¦�â ä®à¬�«ì−ë¥ ®á®-
¡¥−−®áâ¨ £¥®¤�−−ëå. Š®−æ¥¯âã�«ì−ë¥ áå¥¬ë −� íâ®¬ ãà®¢−¥ á®¤¥à¦�â ª®−æ¥¯æ¨¨
¨ ®â−®è¥−¨ï ¬¥¦¤ã −¨¬¨.

�à¨ á®¯®áâ�¢«¥−¨¨ á®¤¥à¦�−¨ï ä®à¬�«ì−®£® ãà®¢−ï á £¥®¤�−−ë¬¨ ¬®¦−®
¢ë¤¥«¨âì ¢â®à®© ãà®¢¥−ì | â¨¯®¢ £¥®¤�−−ëå. ‡¤¥áì ®−â®«®£¨¨ ¯à¥¤áâ�¢«ïîâ
â¥§�ãàãá £¥®£à�ä¨ç¥áª¨å ¢¨¤®¢, ª®â®àë© ®âà�¦�¥â §−�−¨ï ® £¥®¤�−−ëå. �â®â
ãà®¢¥−ì á®¤¥à¦¨â £¥®£à�ä¨ç¥áª¨¥ ¯®−ïâ¨ï, £¥®£à�ä¨ç¥áª¨¥ áãé−®áâ¨ ¨ ¯à®æ¥á-
áë. Š®−ªà¥â¨§�æ¨ï ®−â®«®£¨© −� ¯à¨ª«�¤−®¬ ãà®¢−¥ ¯à¨¢®¤¨â ª ª®−ªà¥â¨§�æ¨¨
¯à¥¤ë¤ãé¥£® ãà®¢−ï ¨ §�¤�¥â ª®−ªà¥â−ë¥ áãé−®áâ¨, ®¯à¥¤¥«¥−−ë¥ ¯à¨«®¦¥−¨¥¬,
ª®â®àë¥ ¤®¯ãáâ¨¬ë ¤«ï á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï «¥£¨â¨¬−ë¬¨ ¯®«ì§®¢�â¥«ï-
¬¨. ’à¨ ãà®¢−ï �¡áâà�ªæ¨¨ −¥®¡å®¤¨¬ë, çâ®¡ë ¢¥à¨ä¨æ¨à®¢�âì Š‘, ¯¥à¥å®¤ï
®â ª®−æ¥¯âã�«ì−®£® ®¯¨á�−¨ï ª ãà®¢−î â¨¯®¢ £¥®¤�−−ëå ¨ ¤�«¥¥ ª ¯à¨ª«�¤−®¬ã
ãà®¢−î.

�−â®«®£¨¨ ¯à¨ª«�¤−®£® ãà®¢−ï ä¨ªá¨àãîâ ª®−ªà¥â¨§�æ¨î ª®−æ¥¯æ¨© £¥®¨−-
ä®à¬�æ¨®−−®£® ª®−â¥−â�. ‚ [6, 7] ¢¢®¤¨âáï ¯®−ïâ¨¥ £¥®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨-
®−−®© á¨áâ¥¬ë, ã¯à�¢«ï¥¬®© ®−â®«®£¨ï¬¨ (ODGIS | ontology-driven geographic
information system). ˆ¤¥ï ã¯à�¢«¥−¨ï á ¯®¬®éìî ®−â®«®£¨© ¯®§¢®«ï¥â ä¨ªá¨à®-
¢�âì £¥®£à�ä¨ç¥áª¨¥ ®¯¨á�−¨ï á¯¥æ¨�«ì−ë¬¨ ¯à®æ¥¤ãà�¬¨, äã−ªæ¨®−¨àãîé¨¬¨
−� ®á−®¢¥ −�¡®à®¢ £¥®¤�−−ëå. ‘«¥¤®¢�â¥«ì−®, −¥®¡å®¤¨¬ë ®−â®«®£¨¨ −¥ â®«ìª®
¤«ï áãé−®áâ¥©, −® ¨ ¤«ï ¤¥©áâ¢¨© −�¤ −�¡®à�¬¨ £¥®¤�−−ëå.

‚ [8] ¯à¥¤¯®«�£�¥âáï, çâ® ä®à¬�«ì−®¥ ®¯¨á�−¨¥ £¥®¤�−−ëå ¬®£«® ¡ë ¯à¨¢¥á-
â¨ ª æ¥«®áâ−®© ®−â®«®£¨¨ £¥®£à�ä¨ç¥áª¨å ®¯¨á�−¨©. ‘â�−®¢¨âáï −¥®á¯®à¨¬®©
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�®¤å®¤ë ª ¨−â¥£à�æ¨¨ ¯à¨ª«�¤−ëå ª®−æ¥¯âã�«ì−ëå áå¥¬ ¢ á®áâ�¢¥ £¥®®−â®«®£¨¨

¢�¦−®áâì ®−â®«®£¨¨ ª�ª ¯à�ªâ¨ç¥áª®£® áà¥¤áâ¢� á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï £¥®-
ª®−â¥−â�.

3 Проблема согласования частных концептуальных схем
и подход к ее решению

„�¦¥ ¢ ª®−â¥ªáâ¥ ®¤−®© �ƒ„, −¥ £®¢®àï ã¦¥ ®¡ ¨−â¥£à�æ¨¨ ¯à®áâà�−áâ¢¥−−ëå
¤�−−ëå ¨§ à�§−ëå ¨áâ®ç−¨ª®¢, ¬®¦¥â ¨¬¥âì ¬¥áâ® −¥®¤−®à®¤−®áâì ¢ ¨á¯®«ì§ã-
¥¬ëå Š‘1.

�¤−¨¬ ¨§ ä�ªâ®à®¢ −¥®¤−®à®¤−®áâ¨ ¢ëáâã¯�îâ à�§«¨ç¨ï ¢ Š‘, ¯à¥¤−�§−�-
ç¥−−ëå ¤«ï ¯à¥¤áâ�¢«¥−¨ï £¥®¤�−−ëå ¯à¨¬¥−¨â¥«ì−® ª ®¯à¥¤¥«¥−−ë¬ §�¤�ç�¬
¨å ¨á¯®«ì§®¢�−¨ï. •�à�ªâ¥à−ë¬ ¯à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì, −�¯à¨¬¥à, Š‘
ª�¤�áâà�, ¨á¯®«ì§ãîé�ï ª®−æ¥¯â ¯®«¨£®−� ª�¤�áâà®¢®£® ãç�áâª�, ¨ Š‘ ¤«ï
®¯¨á�−¨ï âà�−á¯®àâ−®© á¥â¨, ®á−®¢�−−�ï −� ª®−æ¥¯â¥ £à�ä� âà�−á¯®àâ−ëå ¬�àè-
àãâ®¢. �à¨ íâ®¬ ª®−æ¥¯âë ®¡¥¨å áå¥¬ ¬®£ãâ ¡ëâì â®¯®«®£¨ç¥áª¨ á®¯àï¦¥−ë
¬¥¦¤ã á®¡®© (−�¯à¨¬¥à, ¤®à®£� ¨ £à�−¨æë ª�¤�áâà®¢ëå ãç�áâª®¢).

Šà®¬¥ â®£®, ¢ à�¬ª�å ¤�¦¥ ®¤−®© Š‘ ú¬®¦¥â ¯®−�¤®¡¨âìáï ª�ª ¯«®é�¤−�ï
¬¥âà¨ª� ¤®à®£¨ ¤«ï ®â®¡à�¦¥−¨ï ®¡ê¥ªâ� −� ª�àâ¥, â�ª ¨ ¥¥ ®á¥¢�ï «¨−¨ï |
¤«ï à¥è¥−¨ï −�¢¨£�æ¨®−−ëå §�¤�çû [9, á. 48]. ‚ ¯¥à¢®¬ á«ãç�¥ à¥çì ¨¤¥â
® ¯«®é�¤−®© ¬¥âà¨ª¥ ¤®à®£¨ ¤«ï ¢¨§ã�«¨§�æ¨¨ á¨âã�æ¨¨, � ¢® ¢â®à®¬ | ®¡
®á¥¢®© «¨−¨¨ ¤®à®£¨, ¨á¯®«ì§ã¥¬®© ¤«ï ¯®áâà®¥−¨ï ¬�àèàãâ� ¢ ª®−â¥ªáâ¥ £à�ä�
¤®à®¦−®© á¥â¨.

’�ª¨¬ ®¡à�§®¬, ¯¥à¢ë© ä�ªâ®à ®¡ãá«®¢«¨¢�¥â à�§«¨ç¨ï ¢ ¬®¤¥«ïå ®¯¨á�−¨ï
£¥®®¡ê¥ªâ®¢ ¢ à�¬ª�å ®¤−®© ¨«¨ −¥áª®«ìª¨å Š‘.

‚â®àë¬ ¨áâ®ç−¨ª®¬ à�§«¨ç¨© áâ�−®¢¨âáï ¨á¯®«ì§®¢�−¨¥ ®â¤¥«ì−ëå Š‘
(ª«�áá¨ä¨ª�â®à®¢ â®¯®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨) −� à�§−ëå ãà®¢−ïå £¥−¥à�«¨-
§�æ¨¨ ¤�−−ëå (¬�áèâ�¡−ëå ãà®¢−ïå ¨å ®¡®¡é¥−−®£® ¯à¥¤áâ�¢«¥−¨ï). �à¨¬¥à®¬
¬®¦¥â á«ã¦¨âì àï¤ ®â¤¥«ì−ëå ª«�áá¨ä¨ª�â®à®¢ ¤«ï ª�¦¤®£® ¬�áèâ�¡−®£® ãà®¢−ï
ª�àâë, −�¯à¨¬¥à ¯à¥¤áâ�¢«¥−−ë¥ à¥áãàá®¬ [10].

Œ®¦−® ¢ë¤¥«¨âì ¥é¥ âà¨ ä�ªâ®à� à�§«¨ç¨ï Š‘:

{ à�§«¨ç−�ï −®¬¥−ª«�âãà� á¢®©áâ¢ ã á®¯®áâ�¢«ï¥¬ëå íª¢¨¢�«¥−â−ëå ¯® á¬ëá«ã
¬®¤¥«¥© (ª«�áá®¢) £¥®®¡ê¥ªâ®¢;

{ à�§«¨ç¨ï ¢ −®¬¥−ª«�âãà¥ −®¬¨−�æ¨© ã á®¯®áâ�¢«ï¥¬ëå íª¢¨¢�«¥−â−ëå
á¢®©áâ¢;

{ à�§«¨ç¨ï ®¡«�áâ¨ §−�ç¥−¨©, ¯®ªàë¢�¥¬ëå �−�«®£¨ç−ë¬¨ ¯® á¬ëá«ã −®¬¨−�-
æ¨ï¬¨.

1Š®−æ¥¯âã�«ì−�ï áå¥¬� §¤¥áì ¯®−¨¬�¥âáï ª�ª á¨áâ¥¬� ¢§�¨¬®á¢ï§�−−ëå ¯®−ïâ¨©, −¥®¡å®¤¨¬�ï
¨ ¤®áâ�â®ç−�ï ¤«ï ®¯¨á�−¨ï âà¥¡ã¥¬®£® �á¯¥ªâ� ¬®¤¥«¨àã¥¬®£® ®¡ê¥ªâ�, ¢ª«îç�îé�ï ¬®¤¥«¨
¤�−−ëå (ª«�ááë £¥®®¡ê¥ªâ®¢), á®¯àï¦¥−−ë¥ á −¨¬¨ ®£à�−¨ç¥−¨ï ¨ ¬¥â®¤ë ¨å ®¡à�¡®âª¨.
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’�ª¨¬ ®¡à�§®¬, ¢®§¬®¦−® ®¤−®¢à¥¬¥−−®¥ áãé¥áâ¢®¢�−¨¥ àï¤� −�¡®à®¢ £¥®-
¤�−−ëå, ¯à¥¤áâ�¢«ïîé¨å á¨âã�æ¨î −� ¬¥áâ−®áâ¨ ¤«ï à�§«¨ç−ëå ¯à¨ª«�¤−ëå
§�¤�ç, ¬�áèâ�¡®¢ ¨ â. ¯. −� ®á−®¢¥ á®®â¢¥âáâ¢ãîé¨å Š‘.

“ç¨âë¢�ï, çâ® �ªâã�«¨§�æ¨ï ¤�−−ëå ¢ �ƒ„ ¯à¥¤¯®«�£�¥â â�ª¦¥ ª�áª�¤−®¥
®¡−®¢«¥−¨¥ −� ãà®¢−ïå ¨å £¥−¥à�«¨§¨à®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©, � â�ª¦¥ −¥®¡å®-
¤¨¬®áâì á®£«�á®¢�−¨ï ¬¥¦¤ã á®¡®© à�§«¨ç−ëå ¯à¨ª«�¤−ëå ¢¥àá¨© ¯à¥¤áâ�¢«¥−¨ï
íâ¨å ¤�−−ëå, −�«¨ç¨¥ −¥®¤−®à®¤−®áâ¥© ¢ ¨á¯®«ì§ã¥¬ëå ç�áâ−ëå Š‘ ®¡ãá«®¢«¨-
¢�¥â ¯à®¡«¥¬�â¨ªã à¥�«¨§�æ¨¨ ª�áª�¤−®£® á®£«�á®¢�−¨ï ¢�à¨�−â®¢ ¯à¥¤áâ�¢«¥−¨ï
£¥®¤�−−ëå. �â� ¯à®¡«¥¬� §�ª«îç�¥âáï ¢ −¥®¡å®¤¨¬®áâ¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¨ á®£«�-
á®¢�−¨ï à�§«¨ç−ëå ®¯à¥¤¥«¥−¨© ®¤−®£® ¨ â®£® ¦¥ á¢®©áâ¢� ª�ª ¢ à�§−ëå Š‘, â�ª
¨ ¢ ¯à¥¤¥«�å ®¤−®© Š‘.

�¤−¨¬ ¨§ ¢®§¬®¦−ëå ¯®¤å®¤®¢ ª à¥è¥−¨î íâ®© ¯à®¡«¥¬ë ¬®¦¥â ¡ëâì ã−¨-
ä¨ª�æ¨ï ¨ ¨−â¥£à�æ¨ï −¥áª®«ìª¨å ç�áâ−ëå Š‘ ¢ ¢¨¤¥ …Š‘ ª«�áá¨ä¨ª�æ¨¨
â®¯®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨. ’�ª®© ¯®¤å®¤ ¤®«¦¥− ®¡¥á¯¥ç¨âì ä®à¬�«¨§�æ¨î
¯à®æ¥áá®¢ £¥−¥à�«¨§�æ¨¨ ¨ á®£«�á®¢�−¨ï à�§«¨ç−ëå ¯à¥¤áâ�¢«¥−¨© á¨âã�æ¨¨,
¢ â®¬ ç¨á«¥ á æ¥«ìî ¨å �¢â®¬�â¨§�æ¨¨. �¡¥á¯¥ç¥−¨¥ �¢â®¬�â¨§�æ¨¨ íâ¨å ¯à®-
æ¥áá®¢ ¦¨§−¥−−® −¥®¡å®¤¨¬® ¤«ï á®¢à¥¬¥−−ëå ƒˆ‘, ª ª®â®àë¬ ¯à¥¤êï¢«ïîâáï
âà¥¡®¢�−¨ï ®¯¥à�â¨¢−®© �ªâã�«¨§�æ¨¨ ¤�−−ëå, ¨å �−�«¨§� ¨ ¢¨§ã�«¨§�æ¨¨, ¢ â®¬
ç¨á«¥ ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨. Šà®¬¥ â®£®, …Š‘ â�ª¦¥ ¬®¦¥â á¯®á®¡áâ¢®-
¢�âì á®¢¥àè¥−áâ¢®¢�−¨î ¬¥â®¤®¢ �−�«¨§� £¥®¤�−−ëå ¨ à¥è¥−¨ï ¯® −¨¬ à�§«¨ç−ëå
§�¤�ç.

4 Требования к единой концептуальной схеме

Š ª®−æ¥¯æ¨¨ á®§¤�¢�¥¬®© …Š‘ ¬®¦−® ¢ë¤¢¨−ãâì á«¥¤ãîé¨¥ âà¥¡®¢�−¨ï.

1. ‘ãé¥áâ¢ãîé¨¥ âà�¤¨æ¨®−−ë¥ Š‘ ®¡ëç−® ®¯¥à¨àãîâ ¢ ª�ç¥áâ¢¥ ¬®¤¥«¨
®¯¨á�−¨ï £¥®®¡ê¥ªâ®¢ −¥ ¨å �−�«¨â¨ç¥áª¨¬ ¯à¥¤áâ�¢«¥−¨¥¬ (�−�«¨â¨ç¥áª¨-
¬¨ ¬®¤¥«ï¬¨, �Œ), � ¬®¤¥«ï¬¨ ¨å ª�àâ®£à�ä¨ç¥áª®£® ¨§®¡à�¦¥−¨ï |
ãá«®¢−ë¬¨ §−�ª�¬¨ (“‡). Œ¥¦¤ã �Œ ¨ “‡ ¥áâì àï¤ à�§«¨ç¨©, ª®â®àë¥
¯à¨¢®¤ïâ ª ®¯à¥¤¥«¥−−ë¬ á«¥¤áâ¢¨ï¬:

(�) ®âáãâáâ¢¨¥ ¢ ¡®«ìè¨−áâ¢¥ áãé¥áâ¢ãîé¨å á¨áâ¥¬ “‡ ¯®«−®æ¥−−®©, ®¤-
−®§−�ç−®© á¢ï§¨ ª�ª ¬¥¦¤ã £¥®®¡ê¥ªâ®¬ ¨ “‡, â�ª ¨ à�§«¨ç−ëå “‡
¬¥¦¤ã á®¡®©. „«ï ¯¥à¢®£® á«ãç�ï ¯à¨¬¥à®¬ ¬®£ãâ á«ã¦¨âì £¥®®¡ê¥ªâë
â¨¯� ú®¢à�£û, ú−�áë¯ìû, ú¢ë¥¬ª�û, ª®â®àë¥ ¯¥à¥¤�îâáï −¥áª®«ìª¨¬¨
áâàãªâãà−ë¬¨ í«¥¬¥−â�¬¨ (¡à®¢ª�, ¯®¤®è¢�), ¯à¨ íâ®¬ ï¢−®¥ á¢ï§ë¢�−¨¥
íâ¨å ª®¬¯®−¥−â®¢ ¢ ¡®«¥¥ á«®¦−ë¥ ®¡ê¥ªâë (®¢à�£, ¢�« ¨ â. ¯.) −¥ ¯à¥¤ã-
á¬�âà¨¢�¥âáï, íâ� ¨å á¢ï§ì ¬®¦¥â ¡ëâì ¢®ááâ�−®¢«¥−� «¨èì −� ¬¥−â�«ì-
−®¬ ãà®¢−¥ ¨«¨ ¯ãâ¥¬ á«®¦−ëå �«£®à¨â¬®¢/̄ à®æ¥¤ãà ¯à®áâà�−áâ¢¥−−®£®
�−�«¨§�. �à¨¬¥à®¬ ¢â®à®£® á«ãç�ï á«ã¦�â ¤®à®£¨, ª®â®àë¥ ¬®£ãâ ¯à¥-
â¥à¯¥¢�âì à�§àë¢ë ¢ −�á¥«¥−−ëå ¯ã−ªâ�å, −� ¬®áâ�å/íáâ�ª�¤�å, −�áë¯ïå
¨ â. ¯. �à®æ¥¤ãàë ¢®ááâ�−®¢«¥−¨ï ¨å ª®−ä¨£ãà�æ¨¨ â�ª¦¥ −¥ ï¢«ïîâ-
áï âà¨¢¨�«ì−ë¬¨. ˆ, ¢-âà¥âì¨å, ¢ ¡®«ìè¨−áâ¢¥ áãé¥áâ¢ãîé¨å á¨áâ¥¬
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“‡ −¥ ¯à¥¤ãá¬�âà¨¢�¥âáï á¢ï§ë¢�−¨¥ ®â¤¥«ì−ëå £¥®®¡ê¥ªâ®¢ ª®¬¯®−¥−-
â®¢ ¢ ¡®«¥¥ á«®¦−ë¥ áâàãªâãàë (¯® äã−ªæ¨®−�«ì−®¬ã, â®¯®«®£¨ç¥áª®¬ã
¨ ¤àã£¨¬ ¯à¨§−�ª�¬), −�¯à¨¬¥à ®¡ê¥¤¨−¥−¨¥ ¤®à®£ ¨ ¤àã£¨å í«¥¬¥−â®¢
¢ ¤®à®¦−ãî á¥âì. �â® â�ª¦¥ ®£à�−¨ç¨¢�¥â ¢®§¬®¦−®áâ¨ �−�«¨§�;

(¡) ¤«ï −¥ª®â®àëå £¥®®¡ê¥ªâ®¢ ¯à¨ ®¯à¥¤¥«¥−−ëå §−�ç¥−¨ïå ¨å á¢®©áâ¢ ¬®£ãâ
¯à¨¬¥−ïâìáï à�§−ë¥ á¯®á®¡ë ¨å ª�àâ®£à�ä¨ç¥áª®£® ¨§®¡à�¦¥−¨ï (â. ¥.
¨á¯®«ì§®¢�âìáï à�§−ë¥ “‡). �â® ¯à¨¢®¤¨â ª â®¬ã, çâ® ¯à¨ ®¯à¥¤¥«¥−-
−ëå ¨§¬¥−¥−¨ïå §−�ç¥−¨© á¢®©áâ¢ £¥®®¡ê¥ªâ� ¢¬¥áâ® á®®â¢¥âáâ¢ãîé¥©
¬®¤¨ä¨ª�æ¨¨ ¤�−−ëå ¥£® ¬®¤¥«¨, ¯® áãâ¨, ¯à®¨áå®¤¨â ã¤�«¥−¨¥ íâ®-
£® £¥®®¡ê¥ªâ� (ª�ª “‡, á®®â¢¥âáâ¢ãîé¥£® ¯à¥¤è¥áâ¢ãîé¥¬ã á®áâ®ï−¨î)
¨ á®§¤�−¨¥ ¢¬¥áâ® −¥£® −®¢®£® £¥®®¡ê¥ªâ� (á®®â¢¥âáâ¢ãîé¥£® “‡ −®¢®£®
á®áâ®ï−¨ï). �âáãâáâ¢¨¥ á¢ï§¨ ¬¥¦¤ã áâ�àë¬ ¨ −®¢ë¬ “‡ £¥®®¡ê¥ªâ�
¤¥«�¥â −¥¢®§¬®¦−ë¬ ãáâ�−®¢«¥−¨¥ ¨å â¥¬¯®à�«ì−®© ¯à¥¥¬áâ¢¥−−®áâ¨ [4];

(¢) ¢ ª®−â¥ªáâ¥ £¥−¥à�«¨§�æ¨¨ “‡ −� ¬¥«ª®¬�áèâ�¡−ëå ãà®¢−ïå ®¡®¡é¥-
−¨ï ¬®£ãâ ¯®¤¢¥à£�âìáï ¯à¨¥¬�¬ á¬¥é¥−¨ï, ãâà¨à®¢�−¨ï ¨ â. ¯., çâ®
®£à�−¨ç¨¢�¥â ¨å ¨á¯®«ì§®¢�−¨¥ ¤«ï æ¥«¥© �−�«¨§�.

÷¥§î¬¨àãï, ¬®¦−® ®â¬¥â¨âì, çâ® …Š‘ æ¥«¥á®®¡à�§−® áâà®¨âì −� ®á−®¢¥ �Œ
£¥®®¡ê¥ªâ®¢ ¢ �ƒ„. �«¥¬¥−âë ¤�−−ëå, ®â−®áïé¨¥áï ª ¢¨§ã�«¨§�æ¨¨ £¥®-
®¡ê¥ªâ®¢ ¯®áà¥¤áâ¢®¬ “‡, ¤®«¦−ë ¨£à�âì ¯®¤ç¨−¥−−ãî à®«ì ¯® ®â−®è¥−¨î
ª ®á−®¢−®© Š‘.

2. …¤¨−�ï Š‘ ¤®«¦−� ¯®¤¤¥à¦¨¢�âì ®¤−®§−�ç−®áâì ¨ ®¡à�â¨¬®áâì ¢§�¨¬®-
á¢ï§¥© ¬¥¦¤ã ¯à¥¤áâ�¢«¥−¨ï¬¨ £¥®®¡ê¥ªâ®¢ −� á¬¥¦−ëå ãà®¢−ïå ®¡®¡é¥-
−¨ï [4,11]. ˆá¯®«ì§®¢�−¨¥ �Œ ¯®§¢®«¨â ä®à¬�«¨§®¢�âì ¯à�¢¨«� âà�¤¨æ¨®−-
−®© £¥−¥à�«¨§�æ¨¨ ¨ á¯®á®¡áâ¢®¢�âì ¨å �¢â®¬�â¨§�æ¨¨. �¥à¢�ï ®ç¥à¥¤ì …Š‘
¤®«¦−� ®å¢�âë¢�âì ®á−®¢−®© àï¤ ¬�áèâ�¡−ëå ãà®¢−¥©: 1:10 000, 1:25 000,
1:50 000, 1:100 000, 1:200 000, 1:500 000, 1:1 000 000. ‚â®à�ï ®ç¥à¥¤ì
…Š‘ ¯à¥¤¯®«�£�¥â ®¡¥á¯¥ç¥−¨¥ ªàã¯−®¬�áèâ�¡−ëå £¥®¤�−−ëå (¬�áèâ�¡ë
1:500{1:5 000). ‚ ¯¥àá¯¥ªâ¨¢¥ æ¥«¥á®®¡à�§¥− ®å¢�â ¡®«¥¥ ¬¥«ª¨å ¬�áèâ�¡®¢
®¡§®à−®-£¥®£à�ä¨ç¥áª¨å ª�àâ (¤® 1:10 000 000 ¨ ¬¥«ìç¥).

3. …¤¨−�ï Š‘ ¤®«¦−� ¯®¤¤¥à¦¨¢�âì à�§«¨ç−ë¥ ¢¥àá¨¨ ¯à¥¤áâ�¢«¥−¨ï £¥®-
¤�−−ëå ¢ −¥®¡å®¤¨¬ëå â¥¬�â¨ç¥áª¨å �á¯¥ªâ�å, â. ¥. ¨−â¥£à¨à®¢�âì ¢ á¥¡¥
ç�áâ−ë¥ Š‘. �¥®¡å®¤¨¬®áâì íâ®£® ¨ ªàã£ íâ¨å �á¯¥ªâ®¢ ®¯à¥¤¥«ïîâáï ªàã£®¬
§�¤�ç, áâ®ïé¨å ¯¥à¥¤ â�ª®© �ƒ„ ¨ ƒˆ‘.

4. �¯æ¨®−�«ì−® …Š‘ ¬®¦¥â ¢ëáâã¯�âì ¢ ª�ç¥áâ¢¥ ®á−®¢ë ¤«ï ¨−â¥£à�æ¨¨
£¥®¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ á à�§−®à®¤−ë¬¨ Š‘.

5 Структура единой концептуальной схемы

÷�áá¬®âà¨¬ ¯®¤å®¤ë ª áâàãªâãà¥ ¨ á®¤¥à¦�−¨î …Š‘ ¨ ¨á¯®«ì§ãîé¥© ¥¥
�ƒ„. ‘âàãªâãà� …Š‘ ¢ª«îç�¥â á«¥¤ãîé¨¥ ª®−æ¥¯âë:
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{ ª«�áá £¥®®¡ê¥ªâ®¢ Ci;

{ �âà¨¡ãâ¨¢−®¥ á¢®©áâ¢® ª«�áá� £¥®®¡ê¥ªâ®¢ Pij;

{ §−�ç¥−¨¥ �âà¨¡ãâ¨¢−®£® á¢®©áâ¢� Vijk.

’�ª®¥ à�§¤¥«¥−¨¥ ª®−æ¥¯â®¢ ¢ ®¡é¥¬ á®®â¢¥âáâ¢ã¥â ¯®¤å®¤ã ª áâàãªâãà¨à®-
¢�−¨î ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå ¢ ¤®ªã¬¥−â¥ [12].

�á−®¢−ë¬ í«¥¬¥−â®¬ …Š‘ ¢ëáâã¯�¥â á¢®©áâ¢® (�âà¨¡ãâ). �® á¢®¥© áãâ¨ ®−®
®âà�¦�¥â −¥ª®â®àë© ª®«¨ç¥áâ¢¥−−ë© ¨«¨ ª�ç¥áâ¢¥−−ë© ¯à¨§−�ª ®¡ê¥ªâ®¢ ¬¥áâ-
−®áâ¨ ¨ ¯à¥¤¯®«�£�¥â ®¡«�áâì ¢®§¬®¦−ëå §−�ç¥−¨©, å�à�ªâ¥à¨§ãîé¨å áâ¥¯¥−ì
®¡«�¤�−¨ï íâ¨¬ ¯à¨§−�ª®¬. ”®à¬�«ì−®, á â®çª¨ §à¥−¨ï ®à£�−¨§�æ¨¨ ¤�−−ëå
¢ �ƒ„ ª�¦¤ë© ®¡ê¥ªâ ú�âà¨¡ãâ¨¢−®¥ á¢®©áâ¢®û ®¡ê¥¤¨−ï¥â ¢ á¥¡¥ ¬−®¦¥áâ¢®
¢®§¬®¦−ëå ú§−�ç¥−¨©û | −®¬¨−�æ¨©, ¯à¥¤áâ�¢«ïîé¨å á®¡®© ®â¤¥«ì−ë¥ ¯®-
§¨æ¨¨ ¨«¨ ¨−â¥à¢�«ë ¨§ ®¡«�áâ¨ §−�ç¥−¨© á¢®©áâ¢�. Š®−æ¥¯â ª«�áá� á«ã¦¨â
¯à®â®â¨¯®¬ ¤«ï �Œ £¥®¡ê¥ªâ®¢ ¨ ®¡à�§ã¥â úª®à¥−ìû Š‘.

�¯¨á�−¨¥ á¢®©áâ¢ ¨ ¨å §−�ç¥−¨© ¤®«¦−® á®®â¢¥âáâ¢®¢�âì ¯à�¢¨«�¬ ª«�á-
á¨ä¨ª�æ¨¨, ª®â®àë¥ ¯à¨¬¥−¨â¥«ì−® ª ¤�−−®¬ã á«ãç�î ¬®¦−® áä®à¬ã«¨à®¢�âì
â�ª:

{ ®âáãâáâ¢¨¥ á¬ëá«®¢®£® ¯¥à¥ªàëâ¨ï ¬¥¦¤ã á¢®©áâ¢�¬¨;

{ ®âáãâáâ¢¨¥ ¢ ®¤−®¬ á¢®©áâ¢¥ à�§−ëå ®á−®¢�−¨©;

{ ®âáãâáâ¢¨¥ ã á¢®©áâ¢� −¥®å¢�âë¢�¥¬®© ®¡«�áâ¨ §−�ç¥−¨© (¯®«−®â� ®å¢�â�
¬−®¦¥áâ¢®¬ §−�ç¥−¨© ®¡«�áâ¨ §−�ç¥−¨© íâ®£® á¢®©áâ¢�);

{ ®âáãâáâ¢¨¥ ã á¢®©áâ¢� á¬ëá«®¢®£® ¯¥à¥ªàëâ¨ï −®¬¨−�æ¨© ¥£® §−�ç¥−¨©.

‘âàãªâãà� …Š‘ ®¡à�§ã¥â ª®−æ¥¯âã�«ì−ãî á®áâ�¢«ïîéãî �ƒ„, á®¤¥à¦�â¥«ì-
−�ï ç�áâì íâ®© �ƒ„ ¤®¯®«−ï¥âáï ª®−æ¥¯â®¬ £¥®®¡ê¥ªâ� Gn | ¬®¤¥«ìî ®¡ê¥ªâ�
¬¥áâ−®áâ¨, ª®â®à�ï å�à�ªâ¥à¨§ã¥âáï ®¯à¥¤¥«¥−−ë¬¨ §−�ç¥−¨ï¬¨ ¤«ï ª�¦¤®£® ¨§
¬−®¦¥áâ¢� �âà¨¡ãâ¨¢−ëå á¢®©áâ¢, ¢å®¤ïé¨å ¢ á®áâ�¢ ª«�áá�; á íâ®© æ¥«ìî ¢ �ƒ„
¯à¥¤ãá¬®âà¥−ë á®®â¢¥âáâ¢ãîé¨¥ ¢§�¨¬®á¢ï§¨. ‘âàãªâãà� �ƒ„, ¨á¯®«ì§ãîé¥©
…Š‘, ¯à®¨««îáâà¨à®¢�−� −� à¨á. 3.

�� à¨á. 3 «¥¢ë© ¡«®ª á®¤¥à¦¨â âà¨ â�¡«¨æë (úŠ«�ááëû, ú‘¢®©áâ¢�û ¨ ú‡−�-
ç¥−¨ïû), ª®â®àë¥ á¢ï§�−ë ¬¥¦¤ã á®¡®© ®á−®¢−ë¬¨ ®â−®è¥−¨ï¬¨ ú®¤¨− ª® ¬−®-
£¨¬û ¨ ®¡à�§ãîâ …Š‘. ‘¯à�¢� à�á¯®«®¦¥− ¡«®ª á®¤¥à¦�â¥«ì−®© ç�áâ¨ �ƒ„,

÷¨á. 3 ‘âàãªâãà� �ƒ„ á ¨á¯®«ì§®¢�−¨¥¬ …Š‘
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¢ ª®â®à®¬ ¯®ª�§�−� ®¤−� â�¡«¨æ� úƒ¥®®¡ê¥ªâëû (â¥å−¨ç¥áª¨¥ ¤¥â�«¨ −� à¨áã−ª¥
¨áª«îç¥−ë).

6 Заключение

…¤¨−�ï Š‘ ¯®§¨æ¨®−¨àã¥âáï ª�ª ®á−®¢� ¤«ï ¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�-
æ¨© £¥®¤�−−ëå. ÷�áá¬®âà¥−ë ä�ªâ®àë −¥®¤−®à®¤−®áâ¨ ç�áâ−ëå Š‘, ¯®¤å®¤ ª ¨å
á®£«�á®¢�−¨î −� ®á−®¢¥ ã−¨ä¨æ¨à®¢�−−®© Š‘ ¨ âà¥¡®¢�−¨ï ª ¥¥ ¯®áâà®¥−¨î.
�à¥¤áâ�¢«¥−� ®¡é�ï áå¥¬� ®à£�−¨§�æ¨¨ �ƒ„, ¨á¯®«ì§ãîé¥© …Š‘, ¢ ª®â®à®©
¢ë¤¥«¥−ë ®á−®¢−ë¥ ª®−æ¥¯âë ¨ ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã −¨¬¨.

‚ ª�ç¥áâ¢¥ ®¡à�§æ®¢ ¯à¨ª«�¤−ëå Š‘ ¤«ï ä®à¬¨à®¢�−¨ï äà�£¬¥−â� íªá-
¯¥à¨¬¥−â�«ì−®© ã−¨ä¨æ¨à®¢�−−®© Š‘ ¯à¥¤¯®«�£�¥âáï ¨á¯®«ì§®¢�âì áâàãªâãàë
ª«�áá®¢ ®¡ê¥ªâ®¢ ®âªàëâ®£® ªà�ã¤á®àá¨−£®¢®£® à¥áãàá� OpenStreetMap ¨ ª«�á-
á¨ä¨ª�æ¨¨ â®¯®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨¨, ¯à¨−ïâë¥ ¤«ï ®â¥ç¥áâ¢¥−−ëå â®¯®£à�-
ä¨ç¥áª¨å ª�àâ.
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Abstract: An approach is presented to ensure the coordination of heterogeneous
applied conceptual schemes that describe individual subject areas with sufficient
completeness, based on their unification and integration in the form of a universal,
unified geoontology. Possible factors of heterogeneity of particular conceptual
schemes are considered, requirements and main design solutions for building an
unified geoontology intended for use in the context of a multiaspect geodatabase
are presented. The data structure for building such an unified geoontology is
shown.
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ФУНКЦИОНАЛЬНАЯ СТРУКТУРА СПЛОЧЕННОЙ
ГИБРИДНОЙ ИНТЕЛЛЕКТУАЛЬНОЙ

МНОГОАГЕНТНОЙ СИСТЕМЫ∗

С. В. Листопад1

�−−®â�æ¨ï: �ää¥ªâ¨¢−®áâì à�¡®âë á¨áâ¥¬ £¨¡à¨¤−®£® ¨ á¨−¥à£¥â¨ç¥áª®£®
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ¤®áâ¨£�¥âáï ¯à¥¨¬ãé¥áâ¢¥−−® ¯ãâ¥¬ ¯à�¢¨«ì−®©
®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¨å í«¥¬¥−â®¢, � −¥ ¯®¢ëè¥−¨ï á«®¦−®áâ¨ ¨«¨
¨−â¥««¥ªâã�«ì−®áâ¨ ¯®á«¥¤−¨å. ‚ á«ãç�¥ á £¨¡à¨¤−ë¬¨ ¨−â¥««¥ªâã�«ì−ë¬¨
¬−®£®�£¥−â−ë¬¨ á¨áâ¥¬�¬¨ (ƒ¨ˆŒ�‘), ¬®¤¥«¨àãîé¨¬¨ ª®««¥ªâ¨¢ë íªá¯¥à-
â®¢, à¥è�îé¨å ¯à®¡«¥¬ë ú§� ªàã£«ë¬ áâ®«®¬û, ¤«ï íää¥ªâ¨¢−®© ®à£�−¨-
§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢ ¤®«¦−ë ¢ë¯®«−ïâìáï ãá«®¢¨ï −¥¯à®â¨¢®à¥ç¨-
¢®áâ¨ ¨å æ¥«¥© ¨ ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨, ¥¤¨−áâ¢� ¯à®â®ª®«� à¥è¥−¨ï
¯à®¡«¥¬ë, á®¢¬¥áâ¨¬®áâ¨ ï§ëª®¢ ¯¥à¥¤�ç¨ á®®¡é¥−¨©. �á®¡¥−−® �ªâã�«ì−ë
¤�−−ë¥ ãá«®¢¨ï, ª®£¤� ƒ¨ˆŒ�‘ áâà®¨âáï ¨§ �£¥−â®¢, à�§à�¡®â�−−ëå à�§«¨ç-
−ë¬¨ −¥§�¢¨á¨¬ë¬¨ ª®««¥ªâ¨¢�¬¨. ‚ íâ®¬ á«ãç�¥ �£¥−âë ¤®«¦−ë ¡ëâì
á¯®á®¡−ë á�¬®áâ®ïâ¥«ì−® á®£«�á®¢�âì æ¥«¨, ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ ¢ëà�¡®â�âì ¯à®â®ª®« ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© ¯¥à¥¤ −¨¬¨ ¯à®¡«¥¬ë
¢ à�¬ª�å ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë −®¢®£® ª«�áá� | á¯«®ç¥−−®© ƒ¨ˆŒ�‘
(‘ƒˆŒ�‘). ‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï äã−ªæ¨®−�«ì−�ï áâàãªâãà�
â�ª®© á¨áâ¥¬ë.

Š«îç¥¢ë¥ á«®¢�: á¯«®ç¥−−®áâì; £¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï
á¨áâ¥¬�; ª®««¥ªâ¨¢ íªá¯¥àâ®¢

DOI: 10.14357/08696527200208

1 Введение

Š�ª ¯®ª�§�−® �. ‘. ��à¨−ìï−¨, ¯à®¡«¥¬ë, ¢®§−¨ª�îé¨¥ ¢ ¯à�ªâ¨ª¥
¯à¨−ïâ¨ï à¥è¥−¨©, å�à�ªâ¥à¨§ãîâáï ¬−®¦¥áâ¢®¬ �…-ä�ªâ®à®¢: −¥®¤−®à®¤-
−®áâìî, −¥¤®®¯à¥¤¥«¥−−®áâìî, −¥â®ç−®áâìî, −¥ç¥âª®áâìî, −¥¯®«−®â®© ¨ ¤à. [1].
“ ‚. ”. ‘¯¨à¨¤®−®¢� ¯®−ïâ¨¥ ú¯à®¡«¥¬�û å�à�ªâ¥à¨§ã¥âáï á«�¡®© ä®à¬�«¨-
§�æ¨¥©, ª®¬¯«¥ªá−ë¬ áâà®¥−¨¥¬, á¥â¥¢ë¬ å�à�ªâ¥à®¬ ãá«®¢¨© ¨ æ¥«¥© (¯®«¨-
â¥«¨ç−®áâìî), −¥¯à®§à�ç−®áâìî (−¥®¯à¥¤¥«¥−−®áâìî), � â�ª¦¥ áã¡ê¥ªâ¨¢−®áâìî
¨ ¤¨−�¬¨ç−®áâìî [2]. �à�ªâ¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ ¯à®¡«¥¬, ¢®§−¨ª�îé¨å ¯à¨
ã¯à�¢«¥−¨¨ ®¡ê¥ªâ�¬¨ âà�−á¯®àâ−®© «®£¨áâ¨ª¨, í«¥ªâà®í−¥à£¥â¨ª¨, ¬¥¤¨æ¨−ë
¨ ¤àã£¨å ®¡«�áâ¥©, ¯®ª�§�«® à¥«¥¢�−â−®áâì ¤�−−ëå ®æ¥−®ª [3{5]. �à¨ à�§à�¡®âª¥
¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ ¤«ï â�ª¨å ãá«®¢¨© á«¥¤ã¥â ¬®¤¥«¨à®¢�âì ãá¯¥è−ë¥

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¯à¨ ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 20-07-00104�).
1Š�«¨−¨−£à�¤áª¨© ä¨«¨�« ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-

«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ser-list-post@yandex.ru
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”ã−ªæ¨®−�«ì−�ï áâàãªâãà� á¯«®ç¥−−®© ƒ¨ˆŒ�‘

¯à�ªâ¨ª¨ à¥è¥−¨ï ¯à®¡«¥¬, ¯à¨¬¥−ïîé¨¥áï ¢ £àã¯¯�å íªá¯¥àâ®¢ ¯®¤ àãª®-
¢®¤áâ¢®¬ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï. “á¯¥å à�¡®âë â�ª¨å £àã¯¯ §�¢¨á¨â
®â ¬−®£¨å ä�ªâ®à®¢: ¯à®ä¥áá¨®−�«¨§¬� ãç�áâ−¨ª®¢, ¨å æ¥«¥©, íää¥ªâ¨¢−®áâ¨
ª®¬¬ã−¨ª�æ¨¨ ¨ ã¯à�¢«¥−¨ï, á¯à�¢¥¤«¨¢®áâ¨ à�á¯à¥¤¥«¥−¨ï ®¡ï§�−−®áâ¥© ¨ à¥-
áãàá®¢, ®à£�−¨§�æ¨¨ ¯à®æ¥áá� ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡«¥¬ ¨ ¤à. ‚® ¬−®£®¬
ãá¯¥å à�¡®âë â�ª¨å £àã¯¯ §�¢¨á¨â ®â á¯®á®¡−®áâ¨ «¨¤¥à� (ä®à¬�«ì−®£® ¨«¨ −¥-
ä®à¬�«ì−®£®) á®§¤�âì ¨§ ¬�«®© £àã¯¯ë íªá¯¥àâ®¢-¨−¤¨¢¨¤ã�«¨áâ®¢ ª®««¥ªâ¨¢,
â. ¥. ®¡ê¥¤¨−¥−¨¥ à�§¤¥«ïîé¨å ®¡éãî æ¥«ì «î¤¥©, ®¡«�¤�îé¥¥ æ¥«®áâ−®áâìî,
®à£�−¨§�æ¨¥©, à�á¯à¥¤¥«¥−¨¥¬ äã−ªæ¨©, áâàãªâãà®© àãª®¢®¤áâ¢� ¨ ã¯à�¢«¥−¨ï.

‚®¯à®áë ¨−â¥£à�æ¨¨ §−�−¨© ¨ à�ááã¦¤¥−¨© ¬�«®© £àã¯¯ë íªá¯¥àâ®¢ ¯®¤
àãª®¢®¤áâ¢®¬ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï, ¨áá«¥¤®¢�−ë ¢ à�¬ª�å ƒ¨ˆŒ�‘,
¯®§¢®«ïîé¨å ¤¨−�¬¨ç¥áª¨ ¨ à¥«¥¢�−â−® ¯à®¡«¥¬−®© á¨âã�æ¨¨ á¨−â¥§¨à®¢�âì
−�¤ £¥â¥à®£¥−−ë¬ ¬®¤¥«ì−ë¬ ¯®«¥¬ ¬¥â®¤ à¥è¥−¨ï ¯à®¡«¥¬ë ¨ ¨¬¨â¨à®¢�âì
£àã¯¯®¢ãî à�¡®âã. �¤−�ª® ¨§ ¯®«ï §à¥−¨ï à�§à�¡®âç¨ª®¢ ƒ¨ˆŒ�‘ ¢ë¯�¤�«
áãé¥áâ¢¥−−ë© �á¯¥ªâ | ä®à¬¨à®¢�−¨¥ á¯«®ç¥−−®£® ª®««¥ªâ¨¢� �£¥−â®¢, ª®â®à®¥
®á®¡¥−−® �ªâã�«ì−® ¯à¨ á®§¤�−¨¨ �£¥−â®¢ à�§«¨ç−ë¬¨ �¢â®−®¬−ë¬¨ ª®««¥ªâ¨-
¢�¬¨ à�§à�¡®âç¨ª®¢. ‚ íâ®¬ á«ãç�¥ �£¥−âë ¤®«¦−ë −¥ â®«ìª® ú£®¢®à¨âìû −�
®¤−®¬ ï§ëª¥ ¨ ¡ëâì á®¢¬¥áâ¨¬ë¬¨ á à¥�«¨§®¢�−−ë¬¨ ¢ á¨áâ¥¬¥ ¡�§®¢ë¬¨ ¯à®-
â®ª®«�¬¨, −® ¨ ¨¬¥âì ¬¥å�−¨§¬ë, ®¡¥á¯¥ç¨¢�îé¨¥ ¨å ¨−â¥£à�æ¨î ¢ ¥¤¨−ë©
ª®««¥ªâ¨¢, â�ª¨¥ ª�ª ®¡¬¥− ¨−ä®à¬�æ¨¥© ® á¢®¨å æ¥«ïå, ¨−â¥à¥á�å, §−�−¨ïå,
®¯ëâ¥ á ¤àã£¨¬¨ �£¥−â�¬¨, ¢ëà�¡®âª� ¨ á®£«�á®¢�−¨¥ ¥¤¨−ëå ¤«ï á¨áâ¥¬ë æ¥«¥©,
æ¥−−®áâ¥©, −®à¬, áà¥¤áâ¢ ¨ á¯®á®¡®¢ ¤¥ïâ¥«ì−®áâ¨, � â�ª¦¥ ¨å ¨−â¥à¨®à¨§�æ¨ï
ª�¦¤ë¬ �£¥−â®¬. ‚ íâ®© á¢ï§¨ �ªâã�«ì−® ¬®¤¥«¨à®¢�−¨¥ £àã¯¯®¢®© á¯«®ç¥−−®áâ¨
ª®««¥ªâ¨¢� íªá¯¥àâ®¢ áà¥¤áâ¢�¬¨ −®¢®£® ª«�áá� ƒ¨ˆŒ�‘ | ‘ƒˆŒ�‘.

2 Групповая сплоченность малого коллектива экспертов

�à¨ ä®à¬¨à®¢�−¨¨ ª®««¥ªâ¨¢� íªá¯¥àâ®¢ ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© ¯à�ªâ¨-
ç¥áª®© ¯à®¡«¥¬ë −¥¤®áâ�â®ç−® ¯®¤¡¨à�âì ¨å ¨áª«îç¨â¥«ì−® ¯® äã−ªæ¨®−�«ì−ë¬
âà¥¡®¢�−¨ï¬: £àã¯¯� à¨áªã¥â −¥ ¤®£®¢®à¨âìáï, ¯®£àï§−ãâì ¢ ª®−ä«¨ªâ�å ¨«¨,
çà¥§¬¥à−® ã¢«¥ªè¨áì ¤¥â�«ï¬¨, â�ª ¨ −¥ à¥è¨âì ¯à®¡«¥¬ã ¢ æ¥«®¬ ¢ ®â¢¥¤¥−−ë¥
¤«ï íâ®£® áà®ª¨ [6]. ��¡®à §−�−¨©, ã¬¥−¨© ¨ −�¢ëª®¢ −¥ £�à�−â¨àã¥â à¥è¥−¨ï
¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë, ¨ −� ¯¥à¢ë© ¯«�− ¢ëå®¤ïâ ¢®¯à®áë ª®¬¬ã−¨ª�æ¨¨, ¯á¨-
å®«®£¨ç¥áª®© á®¢¬¥áâ¨¬®áâ¨, ª®−ä«¨ªâ®¢, á¯«®ç¥−−®áâ¨, â. ¥. £àã¯¯®¢ë¥, � −¥
¨−¤¨¢¨¤ã�«ì−ë¥ ¬¥å�−¨§¬ë.

ƒàã¯¯®¢ë¥ ¬¥å�−¨§¬ë ¢ ¬�«ëå £àã¯¯�å ¨§ãç�îâáï ¢ à�¬ª�å £àã¯¯®¢®© ¤¨-
−�¬¨ª¨ [7] | ®¤−®£® ¨§ −�¯à�¢«¥−¨© á®æ¨�«ì−®© ¯á¨å®«®£¨¨. ‚ à�¬ª�å ¨áá«¥-
¤®¢�−¨© ¯® £àã¯¯®¢®© ¤¨−�¬¨ª¥ ®¤−® ¨§ ¢¥¤ãé¨å ¬¥áâ §�−¨¬�îâ ¨áá«¥¤®¢�−¨ï
£àã¯¯®¢®© á¯«®ç¥−−®áâ¨. ƒàã¯¯®¢�ï á¯«®ç¥−−®áâì ¯à®ï¢«ï¥âáï ¢ á®§¤�−¨¨ ¥¤¨−®©
á®æ¨�«ì−®-¯á¨å®«®£¨ç¥áª®© ®¡é−®áâ¨ «î¤¥©, ¢å®¤ïé¨å ¢ £àã¯¯ã, ¨ ¯à¥¤¯®«�-
£�¥â ¢®§−¨ª−®¢¥−¨¥ á¨áâ¥¬ë á¢®©áâ¢ £àã¯¯ë, ¯à¥¯ïâáâ¢ãîé¨å −�àãè¥−¨î ¥¥
¯á¨å®«®£¨ç¥áª®© æ¥«®áâ−®áâ¨ [8]. ”¥−®¬¥− £àã¯¯®¢®© á¯«®ç¥−−®áâ¨ ¯®¢ëè�¥â
ã¤®¢«¥â¢®à¥−−®áâì ãç�áâ−¨ª®¢ ®â à�¡®âë ¢ £àã¯¯¥, ¨−â¥−á¨¢−®áâì ¢§�¨¬®¤¥©áâ¢¨ï
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¬¥¦¤ã −¨¬¨, � â�ª¦¥ ¯à®¤ãªâ¨¢−®áâì £àã¯¯ë ¢ æ¥«®¬. ƒàã¯¯®¢�ï á¯«®ç¥−−®áâì |
¬¥à� ¢§�¨¬®á¢ï§�−−®áâ¨ ç«¥−®¢ ª®¬�−¤ë, ª®â®à�ï ®¯à¥¤¥«ï¥âáï áâ¥¯¥−ìî ¯®§¨-
â¨¢−®áâ¨ ¨ ¨−â¥−á¨¢−®áâ¨ í¬®æ¨®−�«ì−ëå ¬¥¦«¨ç−®áâ−ëå ®â−®è¥−¨© ¢á¥å á®
¢á¥¬¨, á®¢¯�¤¥−¨ï ®à¨¥−â�æ¨© −� ®á−®¢−ë¥ æ¥−−®áâ¨, ª�á�îé¨¥áï ¯à®æ¥áá� á®-
¢¬¥áâ−®© ¤¥ïâ¥«ì−®áâ¨, � â�ª¦¥ à�§¤¥«¥−¨ï æ¥«¥© áãé¥áâ¢®¢�−¨ï £àã¯¯ë [6].
”ã−¤�¬¥−â�«ì−®© ¬®¤¥«ìî ¢ ¯®−¨¬�−¨¨ á¯«®ç¥−¨ï £àã¯¯ ¨ ª®««¥ªâ¨¢®¢ áâ�«�
áâà�â®¬¥âà¨ç¥áª�ï ª®−æ¥¯æ¨ï �. ‚. �¥âà®¢áª®£® [9], á®£«�á−® ª®â®à®© á¯«®ç¥−-
−®áâì £àã¯¯ë à�áá¬�âà¨¢�¥âáï −� âà¥å ãà®¢−ïå (áâà�â�å):

(1) ¢−¥è−¨© ãà®¢¥−ì (í¬®æ¨®−�«ì−ë¥ ¬¥¦«¨ç−®áâ−ë¥ ®â−®è¥−¨ï);
(2) æ¥−−®áâ−®-®à¨¥−â�æ¨®−−®¥ ¥¤¨−áâ¢® (®â−®è¥−¨ï ®¯®áà¥¤®¢�−ë á®¢¬¥áâ−®©

¤¥ïâ¥«ì−®áâìî, −� ®á−®¢¥ ç¥£® ¢®§−¨ª�¥â ¥¤¨−áâ¢® ®á−®¢−ëå æ¥−−®áâ¥©);
(3) ï¤à® (ç«¥−ë £àã¯¯ë à�§¤¥«ïîâ æ¥«¨ £àã¯¯®¢®© ¤¥ïâ¥«ì−®áâ¨, ¯®íâ®¬ã §¤¥áì

¬®£ãâ ¢ëï¢«ïâìáï ¬®â¨¢ë ¢ë¡®à� ç«¥−�¬¨ £àã¯¯ë ¤àã£ ¤àã£�, ª®â®àë¥,
¢ á¢®î ®ç¥à¥¤ì, ¬®£ãâ ®¯®áà¥¤®¢�âìáï ®¡é¨¬¨ æ¥−−®áâï¬¨: ®â−®è¥−¨¥¬
ª ¬¨àã, ®¡é¥áâ¢ã, âàã¤ã).

’à¨ á«®ï £àã¯¯®¢ëå áâàãªâãà ®¤−®¢à¥¬¥−−® ¬®£ãâ à�áá¬�âà¨¢�âìáï ª�ª âà¨
ãà®¢−ï à�§¢¨â¨ï £àã¯¯ë, ¢ â®¬ ç¨á«¥ ¨ âà¨ ãà®¢−ï à�§¢¨â¨ï £àã¯¯®¢®© á¯«®ç¥−-
−®áâ¨. ‘ æ¥«ìî ¨áá«¥¤®¢�−¨ï §�¢¨á¨¬®áâ¨ íää¥ªâ¨¢−®áâ¨ à�¡®âë ª®««¥ªâ¨¢� ®â
áâ¥¯¥−¨ á¯«®ç¥−−®áâ¨, � â�ª¦¥ ¢«¨ï−¨ï −®à¬ £àã¯¯®¢®£® ¯®¢¥¤¥−¨ï −� á¯«®ç¥−-
−®áâì ª®««¥ªâ¨¢� ¯à¥¤«�£�¥âáï ¢ë¯®«−¨âì ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥ íää¥ªâ�
á¯«®ç¥−−®áâ¨ áà¥¤áâ¢�¬¨ ƒ¨ˆŒ�‘ [3].

3 Модель сплоченной гибридной интеллектуальной многоагентной
системы

ƒ¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë | íâ® £¨¡à¨¤−ë¥
¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ë (ƒ¨ˆ‘), à¥�«¨§ãîé¨¥ ¬−®£®�£¥−â−ë© ¯®¤å®¤ [3].
�«¥¬¥−âë â�ª¨å ƒ¨ˆ‘ à¥�«¨§ãîâáï ¢ ¢¨¤¥ �£¥−â®¢, ®¡«�¤�îé¨å á¢®©áâ¢®¬
�¢â®−®¬−®áâ¨ [10]. Š�ª ¨ ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë (Œ�‘), ®−¨ ¬®¤¥«¨àãîâ ¢§�¨-
¬®¤¥©áâ¢¨¥ �¢â®−®¬−ëå �£¥−â®¢ ¬¥¦¤ã á®¡®© ¨ á ¢−¥è−¥© áà¥¤®©, ¢ à¥§ã«ìâ�â¥ ç¥£®
�àå¨â¥ªâãà� á¨áâ¥¬ë ¬®¦¥â ¤¨−�¬¨ç¥áª¨ ¯¥à¥áâà�¨¢�âìáï ¢ á®®â¢¥âáâ¢¨¨ á ª®−-
ªà¥â−ë¬¨ äã−ªæ¨ï¬¨ (à®«ï¬¨) �£¥−â®¢ ¨ ãáâ�−®¢¨¢è¨¬¨áï ®â−®è¥−¨ï¬¨ ¬¥¦¤ã
−¨¬¨. ƒ¨¡à¨¤−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ ¬−®£®�£¥−â−ë¥ á¨áâ¥¬ë á®ç¥â�îâ ¢ á¥¡¥ ¯®-
«®¦¨â¥«ì−ë¥ áâ®à®−ë ƒ¨ˆ‘ ¨ Œ�‘: ¡«�£®¤�àï á®ç¥â�−¨î −¥áª®«ìª¨å ¬¥â®¤®¢
¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ®−¨ à¥«¥¢�−â−ë §�¤�ç�¬ á ¢ëá®ª®© á«®¦−®áâìî ¬®¤¥-
«¨à®¢�−¨ï [3]; §� áç¥â ¨¬¨â�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï íªá¯¥àâ®¢ ¨ ¢®§−¨ª�îé¨å ¯à¨
íâ®¬ ª®««¥ªâ¨¢−ëå ¯à®æ¥áá®¢ ®−¨ á¯®á®¡−ë ¬¥−ïâì á¢®î �àå¨â¥ªâãàã ¤«ï ¤®áâ¨-
¦¥−¨ï á¨−¥à£¥â¨ç¥áª®£® íää¥ªâ�, â. ¥. ¯®«ãç¥−¨ï ¡®«¥¥ ª�ç¥áâ¢¥−−ëå à¥è¥−¨©,
ç¥¬ ¬®£«¨ ¡ë −�©â¨ �£¥−âë, à�¡®â�îé¨¥ ¯®à®§−ì [3].

�¥®¡å®¤¨¬®¥ ãá«®¢¨¥ ¤«ï à¥�«¨§�æ¨¨ ‘ƒˆŒ�‘ ¢ á®®â¢¥âáâ¢¨¨ á® áâà�â®-
¬¥âà¨ç¥áª®© ª®−æ¥¯æ¨¥© �. ‚. �¥âà®¢áª®£® | à�§à�¡®âª� ¬®¤¥«¨ �£¥−â�, ¤¥©-
áâ¢ãîé¥£® ¢ á®®â¢¥âáâ¢¨¨ á á®¡áâ¢¥−−®© æ¥«ìî ¨ ¬®¤¥«ìî ¯à¥¤¬¥â−®© ®¡«�áâ¨,
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”ã−ªæ¨®−�«ì−�ï áâàãªâãà� á¯«®ç¥−−®© ƒ¨ˆŒ�‘

� −¥ æ¥«ìî ¨ ¬®¤¥«ìî ¯à¥¤¬¥â−®© ®¡«�áâ¨ á¨áâ¥¬ë ¢ æ¥«®¬. �à¨ íâ®¬ −ã¦−®
®â¬¥â¨âì, çâ® ¢¢¨¤ã ®âáãâáâ¢¨ï í¬®æ¨®−�«ì−®© á®áâ�¢«ïîé¥© ã �£¥−â®¢, ¯à¨-
¬¥−ïîé¨åáï ¤«ï ¬®¤¥«¨à®¢�−¨ï ª®««¥ªâ¨¢®¢ íªá¯¥àâ®¢, áâà�â� í¬®æ¨®−�«ì−ëå
¬¥¦«¨ç−®áâ−ëå ®â−®è¥−¨© −¥ à�áá¬�âà¨¢�¥âáï. ’�ª¨¬ ®¡à�§®¬, −� ®á−®¢¥ ¬®¤¥«¨
ƒ¨ˆŒ�‘ [3] ¬®¦¥â ¡ëâì áä®à¬ã«¨à®¢�−� ¬®¤¥«ì ‘ƒˆŒ�‘:

chimas = 〈AG, env, INT,ORG, {glng, ontng,protng}〉 ,

‡¤¥áì AG| ¬−®¦¥áâ¢® �£¥−â®¢:

AG =
{

agdm, agfc, agmed, agint, agpc
}

∪AGex ∪AGtr ∪AGit , (1)

£¤¥ agdm | �£¥−â, ¯à¨−¨¬�îé¨© à¥è¥−¨ï, agfc | �£¥−â-ä�á¨«¨â�â®à,
agmed | �£¥−â-¯®áà¥¤−¨ª, agint | ¨−â¥àä¥©á−ë© �£¥−â, agpc | �£¥−â ª®−âà®-
«ï ¯à®â®ª®«�, AGex = {agex1 , . . . , agexnex} | ¯®¤¬−®¦¥áâ¢® �£¥−â®¢-íªá¯¥àâ®¢
(nex | ç¨á«® �£¥−â®¢-íªá¯¥àâ®¢), AGtr = {agtr1 , . . . , agtrntr} | ¯®¤¬−®-
¦¥áâ¢® �£¥−â®¢-¯¥à¥¢®¤ç¨ª®¢ (ntr | ç¨á«® �£¥−â®¢-¯¥à¥¢®¤ç¨ª®¢), AGit =
= {agitan, ag

it
st, ag

it
lo, ag

it
fu, ag

it
sy, ag

it
cnv} | ¯®¤¬−®¦¥áâ¢® �£¥−â®¢ ¨−â¥««¥ªâã�«ì-

−ëå â¥å−®«®£¨© (agitan | �−�«¨â¨ç¥áª¨© �£¥−â; agitst | áâ®å�áâ¨ç¥áª¨© �£¥−â;
agitlo | «®£¨ç¥áª¨© �£¥−â; agitfu | −¥ç¥âª¨© �£¥−â; agitsy | á¨¬¢®«ì−ë© �£¥−â;
agitcnv | �£¥−â-¯à¥®¡à�§®¢�â¥«ì); env | ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¢−¥è−¥© áà¥¤ë
‘ƒˆŒ�‘; INT| í«¥¬¥−âë áâàãªâãà¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨© �£¥−â®¢:

INT = {protbsc,PRC,LANG, ontbsc} ,

£¤¥ protbsc | ¡�§®¢ë© ¯à®â®ª®«, ®¡¥á¯¥ç¨¢�îé¨© ¢§�¨¬®¤¥©áâ¢¨¥ �£¥−â®¢ ¯®
ä®à¬¨à®¢�−¨î ¯à®â®ª®«� á¯«®ç¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−-
−ëå ¯¥à¥¤ ‘ƒˆŒ�‘ ¯à®¡«¥¬, PRC| ¬−®¦¥áâ¢® í«¥¬¥−â®¢ ¤«ï ª®−áâàã¨à®¢�-
−¨ï ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ �£¥−â�¬¨-íªá¯¥àâ�¬¨ ¨ �£¥−â®¬, ¯à¨−¨¬�îé¨¬
à¥è¥−¨ï, LANG| ¬−®¦¥áâ¢® ï§ëª®¢ ¯¥à¥¤�ç¨ á®®¡é¥−¨©, ª®â®àë¥ ¨á¯®«ì§ãîâ
�£¥−âë ‘ƒˆŒ�‘, ontbsc | ¡�§®¢�ï, ®¡é�ï ¤«ï ¢á¥å �£¥−â®¢ ‘ƒˆŒ�‘ ®−â®-
«®£¨ï, ®¡¥á¯¥ç¨¢�îé�ï ¯®−¨¬�−¨¥ �£¥−â�¬¨ á¬ëá«� ¯¥à¥¤�¢�¥¬ëå á®®¡é¥−¨©
¯® á®£«�á®¢�−¨î á®¡áâ¢¥−−ëå ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨, æ¥«¥©, ä®à¬¨à®-
¢�−¨î ¯à®â®ª®«� á¯«®ç¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï; ORG | ¬−®¦¥áâ¢® �àå¨â¥ªâãà
‘ƒˆŒ�‘; {glng, ontng,protng} | ¬−®¦¥áâ¢® ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¬�ªà®-
ãà®¢−¥¢ëå ¯à®æ¥áá®¢ ¢ ‘ƒˆŒ�‘: glng | ¬®¤¥«ì ¯à®æ¥áá� á®£«�á®¢�−¨ï æ¥«¥©
�£¥−â®¢ ¬¥¦¤ã á®¡®©, ®¡¥á¯¥ç¨¢�îé�ï ¬®¤¥«¨à®¢�−¨¥ á¯«®ç¥−−®áâ¨ −� ãà®¢−¥
ï¤à� á®£«�á−® ª®−æ¥¯æ¨¨ �. ‚. �¥âà®¢áª®£®; ontng| ¬®¤¥«ì ¯à®æ¥áá� á®£«�á®-
¢�−¨ï ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ �£¥−â®¢, á®®â¢¥âáâ¢ãîé�ï ®¡¬¥−ã §−�−¨ï¬¨,
®¯ëâ®¬ ¨ ã¡¥¦¤¥−¨ï¬¨ ¬¥¦¤ã íªá¯¥àâ�¬¨ ¨ ¬®¤¥«¨à®¢�−¨î áâà�âë æ¥−−®áâ−®-
®à¨¥−â�æ¨®−−®£® ¥¤¨−áâ¢�; protng | ¬®¤¥«ì ¯à®æ¥áá� ä®à¬¨à®¢�−¨ï �£¥−â�¬¨
¯à®â®ª®«� á¯«®ç¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï, ®¡¥á¯¥ç¨¢�îé�ï á®£«�á®¢�−¨¥ −®à¬ ¢§�-
¨¬®¤¥©áâ¢¨ï ¨ ¬®¤¥«¨à®¢�−¨¥ áâà�âë æ¥−−®áâ−®-®à¨¥−â�æ¨®−−®£® ¥¤¨−áâ¢�.
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�£¥−â ag ∈ AG ¨§ ä®à¬ã«ë (1) ®¯¨áë¢�¥âáï ¢ëà�¦¥−¨¥¬:

ag = 〈idag, glag,LANGag, ontag,ACTag〉 ,

£¤¥ idag | ¨¤¥−â¨ä¨ª�â®à �£¥−â�; glag| æ¥«ì �£¥−â�; LANGag ⊆ LANG |
¬−®¦¥áâ¢® ï§ëª®¢, á®®¡é¥−¨ï −� ª®â®àëå ¬®£ãâ ¡ëâì §�¯¨á�−ë ¨«¨ ¯à®ç¨â�−ë
�£¥−â®¬; ontag | ¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨ �£¥−â�; ACTag | ¬−®¦¥áâ¢®
¤¥©áâ¢¨©, à¥�«¨§ã¥¬ëå �£¥−â®¬, áà¥¤¨ ª®â®àëå ¤«ï �£¥−â®¢-íªá¯¥àâ®¢ ¨ �£¥−â�,
¯à¨−¨¬�îé¥£® à¥è¥−¨ï, ¢ë¤¥«ïîâáï á®£«�á®¢�−¨¥ æ¥«¥© actagglng, á®£«�á®¢�−¨¥
¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ actagontng, ¢ëà�¡®âª� ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ë

actagprotng, â. ¥. ∀ag ∈
(

AGex ∪ {agdm}
)

(

{actagglnl, act
ag
ontng , act

ag
protng} ⊂ ACTag

)

.

„¥©áâ¢¨¥ �£¥−â� ¨§ ¬−®¦¥áâ¢� ACTag ®¯¨áë¢�¥âáï ¢ëà�¦¥−¨¥¬:

actag = 〈metagact, it
ag
act〉 ,

£¤¥ metag | ¬¥â®¤ à¥è¥−¨ï ¯à®¡«¥¬ë; itag | ¨−â¥««¥ªâã�«ì−�ï â¥å−®«®£¨ï,
¢ à�¬ª�å ª®â®à®© à¥�«¨§®¢�− ¬¥â®¤ metag.

’�ª¨¬ ®¡à�§®¬, äã−ªæ¨ï ‘ƒˆŒ�‘ ®¯¨áë¢�¥âáï ¢ëà�¦¥−¨¥¬:

actchimas =





⋃

ag∈AG∗

ACTag



 ∪ actcol ,

∣

∣

∣

∣

∣

∣

⋃

ag∈AG

⋃

act∈ACTag

∣

∣

∣

∣

∣

∣

≥ 2 ,

£¤¥ actcol | ª®««¥ªâ¨¢−�ï äã−ªæ¨ï ‘ƒˆŒ�‘, ª®−áâàã¨àã¥¬�ï �£¥−â�¬¨ ¤¨-
−�¬¨ç¥áª¨ ¢ á®®â¢¥âáâ¢¨¨ á ¢ëà�¡®â�−−ë¬ ¯à®â®ª®«®¬ à¥è¥−¨ï ¯à®¡«¥¬ë; −�-
ª«�¤ë¢�¥¬®¥ ®£à�−¨ç¥−¨¥ âà¥¡ã¥â, çâ®¡ë ¢ á®áâ�¢¥ ‘ƒˆŒ�‘ ¨á¯®«ì§®¢�«®áì −¥
¬¥−¥¥ ¤¢ãå ¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨© [3].

4 Функциональная структура гибридной интеллектуальной
многоагентной системы, моделирующей сплоченность агентов

„«ï ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï £àã¯¯®¢®© á¯«®ç¥−−®áâ¨ ¬�«®£® ª®««¥ª-
â¨¢� íªá¯¥àâ®¢ ¯à¥¤«�£�¥âáï äã−ªæ¨®−�«ì−�ï áâàãªâãà� ‘ƒˆŒ�‘, ¯à¥¤áâ�¢-
«¥−−�ï −� à¨áã−ª¥.

Š�ª ¯®ª�§�−® −� à¨áã−ª¥, ¢ ¤�−−®© áâàãªâãà¥ ‘ƒˆŒ�‘ ¢ë¤¥«ïîâáï ç¥âëà¥
¯®¤á¨áâ¥¬ë: ¨−â¥àä¥©á−�ï, £¨¡à¨¤¨§�æ¨¨, à¥è¥−¨ï ¯à®¡«¥¬, ã¯à�¢«¥−¨ï. ˆ−-
â¥àä¥©á−�ï ¯®¤á¨áâ¥¬� á®áâ®¨â ¨§ ¥¤¨−áâ¢¥−−®£® �£¥−â�. ˆ−â¥àä¥©á−ë© �£¥−â
®â¢¥ç�¥â §� ¢§�¨¬®¤¥©áâ¢¨¥ á ¯®«ì§®¢�â¥«¥¬: §�¯à�è¨¢�¥â ¢å®¤−ë¥ ¤�−−ë¥ ¨ ¢ë-
¤�¥â à¥§ã«ìâ�â, � â�ª¦¥ ¢¨§ã�«¨§¨àã¥â ¯à®æ¥ááë, ¯à®¨áå®¤ïé¨¥ ¢ ‘ƒˆŒ�‘,
¢ ç�áâ−®áâ¨ ¤¨−�¬¨ªã á¯«®ç¥−−®áâ¨ �£¥−â®¢, ¢ëà�¡®âª¨ ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡-
«¥¬ë, á®£«�á®¢�−¨ï æ¥«¥© ¨ ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ �£¥−â�¬¨ ¯®¤á¨áâ¥¬ë
à¥è¥−¨ï ¯à®¡«¥¬.
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�®¤á¨áâ¥¬� ã¯à�¢«¥−¨ï á®¤¥à¦¨â ¡�§®¢ãî ®−â®«®£¨î, ¬−®¦¥áâ¢® �£¥−â®¢-¯¥-
à¥¢®¤ç¨ª®¢, �£¥−â�-¯®áà¥¤−¨ª�, �£¥−â�-ä�á¨«¨â�â®à� ¨ �£¥−â� ª®−âà®«ï ¯à®â®-
ª®«�. ��§®¢�ï ®−â®«®£¨ï | á¥¬�−â¨ç¥áª�ï á¥âì, ®á−®¢� ¢§�¨¬®¤¥©áâ¢¨ï �£¥−â®¢,
®¡¥á¯¥ç¨¢�îé�ï ¯®−¨¬�−¨¥ �£¥−â�¬¨ á¬ëá«� ¯¥à¥¤�¢�¥¬ëå á®®¡é¥−¨© ¯® á®-
£«�á®¢�−¨î á®¡áâ¢¥−−ëå ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨, æ¥«¥©, ä®à¬¨à®¢�−¨î
¯à®â®ª®«� á¯«®ç¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï. �£¥−âë-¯¥à¥¢®¤ç¨ª¨ ¯à¥¤−�§−�ç¥−ë
¤«ï âà�−á«ïæ¨¨ á®®¡é¥−¨©, ¯¥à¥¤�¢�¥¬ëå ¬¥¦¤ã �£¥−â�¬¨, á ®¤−®£® ï§ëª� −�
¤àã£®©. �¥®¡å®¤¨¬®áâì â�ª¨å �£¥−â®¢ ®¡ãá«®¢«¥−� â¥¬, çâ® �£¥−âë ‘ƒˆŒ�‘
¬®£ãâ á®§¤�¢�âìáï à�§−ë¬¨ ª®««¥ªâ¨¢�¬¨ à�§à�¡®âç¨ª®¢ ¨ ¨á¯®«ì§®¢�âì à�§-
−ë¥ ï§ëª¨ ¯¥à¥¤�ç¨ á®®¡é¥−¨© ¨§ ¬−®¦¥áâ¢� LANG, ¯à¨ íâ®¬ ®−¨ á¯®á®¡−ë
®¡é�âìáï ¬¥¦¤ã á®¡®© −�¯àï¬ãî, â®«ìª® ¥á«¨ ¯¥à¥á¥ç¥−¨¥ ¬−®¦¥áâ¢ ï§ëª®¢, ª®-
â®àë¬¨ ®−¨ ú¢«�¤¥îâû, −¥ ¯ãáâ®. ‚ ¯à®â¨¢−®¬ á«ãç�¥ ¨¬ −¥®¡å®¤¨¬® ¯à¨¡¥£�âì
ª ãá«ã£�¬ �£¥−â®¢-¯¥à¥¢®¤ç¨ª®¢. �£¥−â-¯®áà¥¤−¨ª ¢ë¯®«−ï¥â á«ã¦¥¡−ãî à�¡®âã
¯® ®âá«¥¦¨¢�−¨î ¨¬¥−, ¬®¤¥«¥© ¨ ¢®§¬®¦−®áâ¥© §�à¥£¨áâà¨à®¢�−−ëå �£¥−â®¢.
�£¥−â-ä�á¨«¨â�â®à ®â¢¥ç�¥â §� ®à£�−¨§�æ¨î íää¥ªâ¨¢−®© ª®««¥ªâ¨¢−®© à�¡®âë
�£¥−â®¢: ¨¤¥−â¨ä¨æ¨àã¥â íâ�¯ë ¯à®æ¥áá� à¥è¥−¨ï ¯à®¡«¥¬ë, á®áâ�¢ �£¥−â®¢-íªá-
¯¥àâ®¢, á®£«�á®¢�−−®áâì ¨å æ¥«¥©, ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨, á«®¦¨¢èãîáï
á¨âã�æ¨î ¢ ‘ƒˆŒ�‘, ¢®§−¨ª�îé¨¥ ¯®«®¦¨â¥«ì−ë¥ ¨ ®âà¨æ�â¥«ì−ë¥ £àã¯¯®-
¢ë¥ íää¥ªâë, ¢®§¤¥©áâ¢ã¥â −� �£¥−â®¢-íªá¯¥àâ®¢, çâ®¡ë �ªâ¨¢¨à®¢�âì ¯à®æ¥ááë
¯¥à¥£®¢®à®¢ ¯® á®£«�á®¢�−¨î æ¥«¥©, ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨«¨ ª®àà¥ª-
â¨à®¢ª¥ ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ë. �£¥−â ª®−âà®«ï ¯à®â®ª®«� ä¨ªá¨àã¥â
¨§¬¥−¥−¨ï ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ë, ¯à¨−ïâë¥ �£¥−â�¬¨ ¯®¤á¨áâ¥¬ë à¥è¥-
−¨ï ¯à®¡«¥¬ë, � â�ª¦¥ ª®−âà®«¨àã¥â ¥£® á®¡«î¤¥−¨¥.

�®¤á¨áâ¥¬� £¨¡à¨¤¨§�æ¨¨ ¯à¥¤áâ�¢«¥−� �−�«¨â¨ç¥áª¨¬, «®£¨ç¥áª¨¬, á¨¬-
¢®«ì−ë¬, áâ®å�áâ¨ç¥áª¨¬ ¨ −¥ç¥âª¨¬ �£¥−â�¬¨, ª®â®àë¥ ¢¬¥áâ¥ á �£¥−â®¬-¯à¥®¡-
à�§®¢�â¥«¥¬ à¥�«¨§ãîâ £¨¡à¨¤−ãî á®áâ�¢«ïîéãî ‘ƒˆŒ�‘, ª®¬¡¨−¨àãï à�§−®-
à®¤−ë¥ §−�−¨ï, ¨ ¯à¥¤®áâ�¢«ïîâ úãá«ã£¨û �£¥−â�¬ á ¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¨å
¬®¤¥«¥© ¨ �«£®à¨â¬®¢: �«£¥¡à�¨ç¥áª¨å ãà�¢−¥−¨© ¤«ï ®¯¨á�−¨ï ¯à¨ç¨−−®-á«¥¤-
áâ¢¥−−ëå á¢ï§¥© ª®−æ¥¯â®¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨; ¬¥â®¤� Œ®−â¥-Š�à«®; ¯à®¤ãª-
æ¨®−−®© íªá¯¥àâ−®© á¨áâ¥¬ë á à�ááã¦¤¥−¨ï¬¨ ¢ ¯àï¬®¬ −�¯à�¢«¥−¨¨; �«£®à¨â¬�
−¥ç¥âª®£® ¢ë¢®¤� Œ�¬¤�−¨ ¨ ¤à. �£¥−âë ¤�−−®© ¯®¤á¨áâ¥¬ë à¥ä«¥ªâ®à−ë¥,
â. ¥. −¥ ¨¬¥îâ à�§¢¨â®© ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨«¨ æ¥«¥¯®«�£�−¨ï ¨ ¢ë-
¯®«−ïîâ ¯®àãç¥−¨ï ¤àã£¨å �£¥−â®¢ ¢ á®®â¢¥âáâ¢¨¨ á §�«®¦¥−−ë¬¨ �«£®à¨â¬�¬¨,
¢ íâ®¬ á¬ëá«¥ ®−¨ áå®¦¨ á ®¡ê¥ªâ�¬¨ ¢ ¯�à�¤¨£¬¥ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−®£®
¯à®£à�¬¬¨à®¢�−¨ï.

�£¥−âë ¯®¤á¨áâ¥¬ë à¥è¥−¨ï ¯à®¡«¥¬ ¬®¤¥«¨àãîâ à�ááã¦¤¥−¨ï ª®««¥ªâ¨¢�
íªá¯¥àâ®¢ ¯®¤ àãª®¢®¤áâ¢®¬ «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï, ú§� ªàã£«ë¬ áâ®«®¬û
¯® à¥è¥−¨î ¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë. �£¥−â, ¯à¨−¨¬�îé¨© à¥è¥−¨ï, ¬®¤¥«¨àã¥â
à�¡®âã «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï: áâ�¢¨â §�¤�ç¨ �£¥−â�¬-íªá¯¥àâ�¬, á®¡¨-
à�¥â à¥§ã«ìâ�âë à�¡®âë, ®¯à¥¤¥«ï¥â, ¤®áâ¨£−ãâ «¨ ªà¨â¥à¨© ®áâ�−®¢�, ¨ «¨¡®
¯à¨−¨¬�¥â ¨â®£®¢®¥ à¥è¥−¨¥, «¨¡® §�¯ãáª�¥â −®¢ãî ¨â¥à�æ¨î ¯à®æ¥áá� à¥è¥−¨ï
¯à®¡«¥¬ë. �£¥−âë-íªá¯¥àâë ¬®¤¥«¨àãîâ à�ááã¦¤¥−¨ï íªá¯¥àâ®¢ ¨ á ¨á¯®«ì§®-
¢�−¨¥¬ á®¡áâ¢¥−−ëå ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ �«£®à¨â¬®¢ à¥è¥−¨ï ¯à®¡«¥¬
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£¥−¥à¨àãîâ à¥è¥−¨ï ç�áâ¥© ¯à®¡«¥¬ë ¨«¨ �«ìâ¥à−�â¨¢−ë¥ à¥è¥−¨ï ¯à®¡«¥-
¬ë ¢ æ¥«®¬ ¢ §�¢¨á¨¬®áâ¨ ®â §�¤�ç¨, ¯®áâ�¢«¥−−®© ¨¬ �£¥−â®¬, ¯à¨−¨¬�îé¨¬
à¥è¥−¨ï.

�£¥−âë ¯®¤á¨áâ¥¬ë à¥è¥−¨ï ¯à®¡«¥¬ ¢ ®¡é¥¬ á«ãç�¥ ¬®£ãâ á®§¤�¢�âìáï
à�§−ë¬¨ ª®««¥ªâ¨¢�¬¨ à�§à�¡®âç¨ª®¢, � ¯®â®¬ã ¨å ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨ æ¥«¨ ¬®£ãâ à�§«¨ç�âìáï ¨ ¤�¦¥ ¯à®â¨¢®à¥ç¨âì ¤àã£ ¤àã£ã. ‚ íâ®© á¢ï§¨
¤«ï íää¥ªâ¨¢−®£® à¥è¥−¨ï ¯®áâ�¢«¥−−ëå ¯à®¡«¥¬ �£¥−âë ¯®¤á¨áâ¥¬ë à¥è¥−¨ï
¯à®¡«¥¬ á®£«�áãîâ á¢®¨ ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, æ¥«¨ ¨«¨ ¢ëà�¡�âë¢�îâ
¯à®â®ª®« à¥è¥−¨ï ¯à®¡«¥¬ë ¯® §�¯à®áã �£¥−â�-ä�á¨«¨â�â®à�. �à¨ íâ®¬ ®−¨
¦¥áâª® ¥¬ã −¥ ¯®¤ç¨−ïîâáï, � ú¤®£®¢�à¨¢�îâáïû ¬¥¦¤ã á®¡®©. ˆ−â¥àä¥©á−ë©
�£¥−â ®âá«¥¦¨¢�¥â íâ¨ ¯à®æ¥ááë ¨ ®â®¡à�¦�¥â ¯®«ì§®¢�â¥«î.

’�ª¨¬ ®¡à�§®¬, ¡«�£®¤�àï −�«¨ç¨î ¬¥å�−¨§¬®¢ á®£«�á®¢�−¨ï æ¥«¥© ¨ ¬®¤¥-
«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ �£¥−â®¢ ¯®¤á¨áâ¥¬ë à¥è¥−¨ï ¯à®¡«¥¬, � â�ª¦¥ ¢ëà�¡®âª¨
á®£«�á®¢�−−®£® ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ ¢ ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬¥ ®¡¥á-
¯¥ç¨¢�¥âáï á¯«®ç¥−−®¥ ¯®¢¥¤¥−¨¥ �£¥−â®¢ á¨áâ¥¬ë, ¯®§¢®«ïîé¥¥ ¯à¥®¤®«¥¢�âì
à�§−®£«�á¨ï ¨ ¨§¡¥£�âì ª®−ä«¨ªâ®¢, ¢ë§¢�−−ëå à�§«¨ç¨ï¬¨ ¢ ¬®¤¥«ïå ¯à®¡«¥¬ë
¨ æ¥«ïå ¥¥ à¥è¥−¨ï. �£¥−â-ä�á¨«¨â�â®à ¯à¥¤®åà�−ï¥â á¨áâ¥¬ã ®â ¢®§¬®¦−ëå
−¥£�â¨¢−ëå ¯®á«¥¤áâ¢¨© çà¥§¬¥à−®£® á¯«®ç¥−¨ï �£¥−â®¢, â�ª¨å ª�ª ª®−ä®à¬¨§¬.
‚ à¥§ã«ìâ�â¥ ‘ƒˆŒ�‘ ¤¨−�¬¨ç¥áª¨ ¯¥à¥áâà�¨¢�¥â �«£®à¨â¬ á¢®¥£® äã−ªæ¨-
®−¨à®¢�−¨ï, ª�¦¤ë© à�§ ¯à¨ à�¡®â¥ −�¤ ¯à®¡«¥¬®© ¢ëà�¡�âë¢�ï à¥«¥¢�−â−ë©
¥© £¨¡à¨¤−ë© ¨−â¥««¥ªâã�«ì−ë© ¬¥â®¤ à¥è¥−¨ï. Œ®¤¥«¨à®¢�−¨¥ á¯«®ç¥−−®áâ¨
®¡¥á¯¥ç¨¢�¥â à�§¢¨â¨¥ ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë ¨ ¥¥ á�¬®®à£�−¨§�æ¨î ¢ á¨«ì-
−®¬ á¬ëá«¥ [11], â. ¥. ¢®§−¨ª�îéãî §� áç¥â à�á¯à¥¤¥«¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï
�£¥−â®¢ ¡¥§ ï¢−®£® æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï íâ¨¬ ¯à®æ¥áá®¬ ®¤−¨¬ ¨§ −¨å,
çâ® à¥«¥¢�−â−® ¬�«ë¬ ª®««¥ªâ¨¢�¬ íªá¯¥àâ®¢, à¥è�îé¨¬ ¯à®¡«¥¬ë ú§� ªàã£«ë¬
áâ®«®¬û.

5 Заключение

÷�áá¬®âà¥−ë ¯®¤å®¤ë ª ®¯à¥¤¥«¥−¨î ¯®−ïâ¨ï á¯«®ç¥−−®áâì ¢ á®æ¨�«ì−®©
¯á¨å®«®£¨¨ ¨, ¢ ç�áâ−®áâ¨, ¢ ¤¨−�¬¨ª¥ £àã¯¯, ¯®ª�§�−� �ªâã�«ì−®áâì ¬®¤¥«¨-
à®¢�−¨ï íâ®£® á®áâ®ï−¨ï ª®««¥ªâ¨¢� ¨ ¯à®æ¥áá®¢, ¯à¨¢®¤ïé¨å ª −¥¬ã, ¢ á¨áâ¥-
¬�å, ¯®áâà®¥−−ëå −� ¯à¨−æ¨¯�å á¨−¥à£¥â¨ç¥áª®£® ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�.
�à¥¤áâ�¢«¥−� ¬®¤¥«ì ‘ƒˆŒ�‘, á®¤¥à¦�é�ï ¬¥å�−¨§¬ë á®£«�á®¢�−¨ï æ¥«¥©
¨ ¬®¤¥«¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨, � â�ª¦¥ ¢ëà�¡®âª¨ ¯à®â®ª®«� à¥è¥−¨ï ¯à®¡«¥¬ë
�£¥−â�¬¨ á¨áâ¥¬ë ¡¥§ ¢−¥è−¥£® ã¯à�¢«¥−¨ï íâ¨¬ ¯à®æ¥áá®¬. �� ®á−®¢¥ ¤�−−®©
¬®¤¥«¨ à�§à�¡®â�−� äã−ªæ¨®−�«ì−�ï áâàãªâãà� â�ª®© á¨áâ¥¬ë, ¨««îáâà¨àãîé�ï
á®áâ�¢, äã−ªæ¨®−�« ¨ ®â−®è¥−¨ï, ¢®§−¨ª�îé¨¥ ¬¥¦¤ã �£¥−â�¬¨ ¢ ¯à®æ¥áá¥ à¥-
è¥−¨ï ¯à®¡«¥¬. Œ®¤¥«¨à®¢�−¨¥ á¯«®ç¥−−®áâ¨ �£¥−â®¢ ®¡¥á¯¥ç¨¢�¥â à�§¢¨â¨¥
¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬ë ¨ ¥¥ á�¬®®à£�−¨§�æ¨î ¢ á¨«ì−®¬ á¬ëá«¥, ¢ à¥§ã«ì-
â�â¥ ç¥£® ®−� ¤¨−�¬¨ç¥áª¨ ¯¥à¥áâà�¨¢�¥â �«£®à¨â¬ á¢®¥£® äã−ªæ¨®−¨à®¢�−¨ï,
ª�¦¤ë© à�§ ¯à¨ à�¡®â¥ −�¤ ¯à®¡«¥¬®© ¢ëà�¡�âë¢�ï à¥«¥¢�−â−ë© ¥© £¨¡à¨¤−ë©
¨−â¥««¥ªâã�«ì−ë© ¬¥â®¤ à¥è¥−¨ï.
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FUNCTIONAL STRUCTURE OF THE COHESIVE HYBRID
INTELLIGENT MULTIAGENT SYSTEM

S. V. Listopad

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

Abstract: The effectiveness of the hybrid and synergetic artificial intelligence
systems is achieved, mainly, by the proper organization of the interaction of their
elements and not by increasing the complexity or intelligence of the latter. In the
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Functional structure of the cohesive hybrid intelligent multiagent system

case of hybrid intelligent multiagent systems, simulating teams of experts solving
problems \at round-table," for the effective organization of interaction between
agents, the conditions for the consistency of their goals and domain models, the
unity of the protocol for solving the problem, and the compatibility of message
transfer languages should be fulfilled. These conditions are especially relevant
when a hybrid intelligent multiagent system is built from agents developed by
various independent teams. In this case, agents should be able to independently
coordinate goals, domain models and develop a protocol to solve the problem
posed to them within the framework of a new class of intelligent systems,
namely, a cohesive hybrid intelligent multiagent system. This article discusses
the functional structure of such a system.

Keywords: cohesion; hybrid intelligent multiagent system; expert team
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ПРОБЛЕМА ЗАДАНИЯ КОЭФФИЦИЕНТОВ ГОТОВНОСТИ
ДИАГНОСТИЧЕСКИХ СИСТЕМ В ПРОЕКТЕ ИТЭР:
ПОСТАНОВКА ЗАДАЧИ И АЛГОРИТМ РЕШЕНИЯ

Г. М. Коновалов1

�−−®â�æ¨ï: ˆ§ãç�¥âáï ¯à®¡«¥¬� §�¤�−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤«ï
¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬ (¤¨�£−®áâ¨ª) ¢ ª®¬¯«¥ªá¥ â¥à¬®ï¤¥à−®£® íªá¯¥à¨¬¥−-
â�«ì−®£® à¥�ªâ®à� ˆ’�÷. ’�ª¨¥ á¨áâ¥¬ë ¤®«¦−ë ®¡¥á¯¥ç¨¢�âì âà¥¡ã¥¬ë©
ãà®¢¥−ì −�¤¥¦−®áâ¨, á ª®â®àë¬ ¨§¬¥àïîâáï ¬−®£®ç¨á«¥−−ë¥ ¯�à�¬¥âàë ª®¬-
¯«¥ªá�. ‚®§−¨ª�¥â àï¤ á«®¦−®áâ¥© −� ¯ãâ¨ ¯®áâ�−®¢ª¨ §�¤�ç¨ ¨ ¥¥ à¥è¥−¨ï.
�â®, ¢ ç�áâ−®áâ¨, ã−¨ª�«ì−®áâì ®¡ê¥ªâ�, ¬−®£®®¡à�§¨¥ ¨ ¬−®£®ç¨á«¥−−®áâì
¯�à�¬¥âà®¢ ¨ ¤¨�£−®áâ¨ª, á«®¦−�ï ¢§�¨¬®á¢ï§ì ¬¥¦¤ã −¨¬¨, ®âáãâáâ¢¨¥ �−�-
«®£®¢ ¢ «¨â¥à�âãà¥ ¯® −�¤¥¦−®áâ¨. �¯¨á�−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì −�¤¥¦-
−®áâ¨ ¨§¬¥à¥−¨©, ª®â®à�ï ãç¨âë¢�¥â ª�ª áâà®£¨¥ ®£à�−¨ç¥−¨ï, â�ª ¨ −¥ç¥âª®
¢ëà�¦¥−−ë¥ ¯®¦¥«�−¨ï à�§à�¡®âç¨ª®¢. ÷�§à�¡®â�− íää¥ªâ¨¢−ë© �«£®à¨â¬
à�áç¥â� ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª. �à¨¢¥¤¥− ¨««îáâà�æ¨®−−ë©
¯à¨¬¥à à�áç¥â�, ¢ë¯®«−¥−−ë© á ¯®¬®éìî á¯¥æ¨�«ì−® á®§¤�−−®© ¯à®£à�¬¬−®©
á¨áâ¥¬ë, ¢ ª®â®àãî −�àï¤ã á à�§à�¡®â�−−ë¬ �«£®à¨â¬®¬ ¢−¥¤à¥−� ¢®§¬®¦-
−®áâì ¢®«¥¢®£® ¯à¨−ïâ¨ï à¥è¥−¨©.

Š«îç¥¢ë¥ á«®¢�: ˆ’�÷; ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ −�¤¥¦−®áâ¨; �−�«¨§ −�-
¤¥¦−®áâ¨ ¡®«ìè¨å á¨áâ¥¬; ª®íää¨æ¨¥−â £®â®¢−®áâ¨

DOI: 10.14357/08696527200209

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢® ”à�−æ¨¨ á¨«�¬¨ á¥¬¨ ãç�áâ−¨ª®¢ (…‘, Ÿ¯®−¨ï, ‘˜�,
÷®áá¨ï, Š¨â�©, ˆ−¤¨ï, ā¦−�ï Š®à¥ï) ¯®¤ ®¡é¨¬ àãª®¢®¤áâ¢®¬ ¬¥¦¤ã−�à®¤−®©
®à£�−¨§�æ¨¨ ITER (International Thermonuclear Experimental Reactor) ¢¥¤¥âáï
á®®àã¦¥−¨¥ â¥à¬®ï¤¥à−®£® à¥�ªâ®à� ˆ’�÷ [1, 2]. ˆ’�÷ ï¢«ï¥âáï ï¤¥à−ë¬
®¡ê¥ªâ®¬, ¨ ª −¥¬ã ¯à¨¬¥−ïîâáï ¯®¢ëè¥−−ë¥ âà¥¡®¢�−¨ï ¢ ¯«�−¥ −�¤¥¦−®áâ¨
¨ ¡¥§®¯�á−®áâ¨.

„«ï ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ ˆ’�÷ ¡ë« à�§à�¡®â�− ª®¬¯«¥ªá ¬¥à, −�§ë¢�-
¥¬ë© RAMI-�−�«¨§®¬ [3, 4]. RAMI | �¡¡à¥¢¨�âãà� ®â reliability, availability,
maintainability, inspectability.

�¤−� ¨§ ®á−®¢−ëå §�¤�ç RAMI-�−�«¨§� | ®¯à¥¤¥«¥−¨¥ ª®íää¨æ¨¥−â®¢
£®â®¢−®áâ¨ à�§«¨ç−ëå á¨áâ¥¬ à¥�ªâ®à� ˆ’�÷, ¤«ï ª®â®àëå ¯à®¥ªâ−®© ¤®ªã¬¥−-
â�æ¨¥© ®¯à¥¤¥«¥−ë ¬¨−¨¬�«ì−ë¥ §−�ç¥−¨ï. ‚ ç�áâ−®áâ¨, ª ¢�¦−¥©è¨¬ á¨áâ¥¬�¬

1—�áâ−®¥ ãçà¥¦¤¥−¨¥ ƒ®áã¤�àáâ¢¥−−®© ª®à¯®à�æ¨¨ ¯® �â®¬−®© í−¥à£¨¨ ú÷®á�â®¬û ú�à®¥ªâ−ë©
æ¥−âà ˆ’�÷û, g.konovalov@iterrf.ru
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ƒ. Œ. Š®−®¢�«®¢

ˆ’�÷ ®â−®á¨âáï ¤¨�£−®áâ¨ç¥áª¨© ª®¬¯«¥ªá, ¯®§¢®«ïîé¨© ®áãé¥áâ¢«ïâì ¨§¬¥-
à¥−¨¥ ¨ ª®−âà®«ì ¯�à�¬¥âà®¢ ¯«�§¬ë ¨ â®ª�¬�ª�1, ª®â®àë¥ à�§¤¥«¥−ë −� ç¥âëà¥
£àã¯¯ë ¢ §�¢¨á¨¬®áâ¨ ®â ¨å −�§−�ç¥−¨ï.

„«ï ¤¨�£−®áâ¨ç¥áª®£® ª®¬¯«¥ªá� ¯à®¥ªâ−�ï ¤®ªã¬¥−â�æ¨ï ˆ’�÷ ®¯à¥¤¥«ï¥â
â®«ìª® âà¥¡®¢�−¨ï ª ¬¨−¨¬�«ì−ë¬ §−�ç¥−¨ï¬ ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨, ¯à¨ç¥¬
æ¥«¨ª®¬ ¤«ï £àã¯¯ë ¯�à�¬¥âà®¢. ’¥¬ −¥ ¬¥−¥¥ íâ¨ ú£«®¡�«ì−ë¥û ª®íää¨æ¨¥−âë
£®â®¢−®áâ¨ −¥ ¤�îâ æ¥«¥¢ëå §−�ç¥−¨© ¤«ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ®â¤¥«ì−ëå
¤¨�£−®áâ¨ª. ‚ −�áâ®ïé¨© ¬®¬¥−â ¯à¨ ®¯à¥¤¥«¥−¨¨ ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨
¤¨�£−®áâ¨ª à�§à�¡®âç¨ª¨ ¯à¥¤¯®«�£�îâ, çâ® £«®¡�«ì−ë¥ âà¥¡®¢�−¨ï à�á¯à®áâà�-
−ïîâáï −� ¯®¤á¨áâ¥¬ã ¡¥§ ãç¥â� â®£® ä�ªâ�, çâ® ¯�à�¬¥âà ¬®¦¥â ¨§¬¥àïâìáï
®¤−®¢à¥¬¥−−® −¥áª®«ìª¨¬¨ ¤¨�£−®áâ¨ª�¬¨ ¨ çâ® ¢ª«�¤ë ª�¦¤®© ¤¨�£−®áâ¨ª¨
¢ ¨§¬¥à¥−¨¥ ¯�à�¬¥âà� −¥à�¢−®§−�ç−ë. ’�ª®© ¯®¤å®¤ ¤�¥â §�¢ëè¥−−ë¥ âà¥¡®-
¢�−¨ï ª ª®íää¨æ¨¥−â�¬ £®â®¢−®áâ¨ ª®−¥ç−ëå ¯®¤á¨áâ¥¬, â�ª ª�ª −¥ ãç¨âë¢�¥â
¨¬¥îé¥¥áï ¤ã¡«¨à®¢�−¨¥ ¨§¬¥à¥−¨©.

„«ï à�§à�¡®âç¨ª®¢ ¤¨�£−®áâ¨ª −�¨¡®«ìè¨© ¨−â¥à¥á ¯à¥¤áâ�¢«ï¥â ª�ª à�§
ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ¤«ï ª®−¥ç−®© ¯®¤á¨áâ¥¬ë, â�ª ª�ª ¥£® ã¬¥−ìè¥−¨¥
¯®§¢®«ï¥â ã¯à®áâ¨âì ª®−áâàãªæ¨î ¨, ª�ª á«¥¤áâ¢¨¥, áãé¥áâ¢¥−−® á®ªà�â¨âì
§�âà�âë −� ¥¥ à�§à�¡®âªã ¨ ¨§£®â®¢«¥−¨¥.

�à¥¤«®¦¥−−�ï ¢ áâ�âì¥ ¬®¤¥«ì, � â�ª¦¥ �«£®à¨â¬, à�§à�¡®â�−−ë© −� ¥¥
®á−®¢¥, ¯®§¢®«ïîâ à¥è¨âì §�¤�çã ®¯à¥¤¥«¥−¨ï âà¥¡®¢�−¨© ª ª®íää¨æ¨¥−â�¬
£®â®¢−®áâ¨ ®â¤¥«ì−ëå ¤¨�£−®áâ¨ª −� ®á−®¢¥ §�¤�−−ëå ª®íää¨æ¨¥−â®¢ £®â®¢-
−®áâ¨ £àã¯¯ ¨§¬¥àï¥¬ëå ¯�à�¬¥âà®¢ ¨ ¨§¢¥áâ−®© áâàãªâãà−®-äã−ªæ¨®−�«ì−®©
¢§�¨¬®á¢ï§¨ ¬¥¦¤ã ¤¨�£−®áâ¨ª�¬¨ ¨ ¨§¬¥àï¥¬ë¬¨ ¯�à�¬¥âà�¬¨.

2 Математическая модель надежности измерения параметров

2.1 Параметры и диагностики

ˆáå®¤−ë¬¨ ®¡ê¥ªâ�¬¨ ¬®¤¥«¨ á«ã¦�â ¤¢� ª®−¥ç−ëå ¬−®¦¥áâ¢�: P = {p} |
−�¡®à ¨§ M ¯®¤«¥¦�é¨å ¨§¬¥à¥−¨î ¯�à�¬¥âà®¢, |P | = M , ¨ D = {d} |
á®¢®ªã¯−®áâì ¨§ N ¤¨�£−®áâ¨ª, ®áãé¥áâ¢«ïîé¨å íâ¨ ¨§¬¥à¥−¨ï, |D| = N .

Š�¦¤ë© ¯�à�¬¥âà p ∈ P å�à�ªâ¥à¨§ã¥âáï:

{ ª®íää¨æ¨¥−â®¬ £®â®¢−®áâ¨ bp;
{ ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬ë¬ §−�ç¥−¨¥¬ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ b∗p;
{ −�¡®à®¬ ¤¨�£−®áâ¨ª Dp ⊂ D, á¯®á®¡−ëå ®áãé¥áâ¢«ïâì ¨§¬¥à¥−¨¥ ¤�−−®£®

¯�à�¬¥âà�.

’�ª¨¬ ®¡à�§®¬, −¥®¡å®¤¨¬ë¬ âà¥¡®¢�−¨¥¬ ª −�¤¥¦−®áâ¨ ¨§¬¥à¥−¨ï ¯�à�¬¥â-
à®¢ ï¢«ïîâáï −¥à�¢¥−áâ¢�:

bp ≥ b∗p, p ∈ P . (1)

1’®ª�¬�ª (â®à®¨¤�«ì−�ï ª�¬¥à� á ¬�£−¨â−ë¬¨ ª�âãèª�¬¨) | â®à®¨¤�«ì−�ï ãáâ�−®¢ª� ¤«ï
¬�£−¨â−®£® ã¤¥à¦�−¨ï ¯«�§¬ë á æ¥«ìî ¤®áâ¨¦¥−¨ï ãá«®¢¨©, −¥®¡å®¤¨¬ëå ¤«ï ¯à®â¥ª�−¨ï ã¯à�¢-
«ï¥¬®£® â¥à¬®ï¤¥à−®£® á¨−â¥§�. ÷¥�ªâ®à ˆ’�÷ ¯® á¢®¥© ª®−áâàãªæ¨¨ ®â−®á¨âáï ª â®ª�¬�ª�¬.
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…á«¨ ¢¢¥áâ¨ ®¡®§−�ç¥−¨ï ¤«ï ¢¥ªâ®à� ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¯�à�¬¥âà®¢
b = (bp, p ∈ P ), � â�ª¦¥ ¤«ï ¢¥ªâ®à� âà¥¡®¢�−¨© −� ª®íää¨æ¨¥−âë £®â®¢−®áâ¨
¨§¬¥à¥−¨ï ¯�à�¬¥âà®¢ b∗ = (b∗p, p ∈ P ), â® −¥à�¢¥−áâ¢® (1) ¬®¦−® ¯¥à¥¯¨á�âì
¢ ¢¨¤¥:

b ≥ b∗ . (2)

Š�¦¤ë© ¨§ ¯�à�¬¥âà®¢ ¨¬¥¥â ¢¯®«−¥ ®¯à¥¤¥«¥−−®¥ −�§−�ç¥−¨¥ (operation role)
¢ á¨áâ¥¬¥. ˆ¬¥îâáï ç¥âëà¥ â¨¯� −�§−�ç¥−¨© á ãá«®¢−ë¬¨ −�§¢�−¨ï¬¨ Machine
Protection (MP), Basic Control (BC), Control (AC) ¨ Physics (Ph). ’�ª¨¬
®¡à�§®¬, ¬−®¦¥áâ¢® ¯�à�¬¥âà®¢ P à�§¡¨¢�¥âáï −� ç¥âëà¥ −¥¯¥à¥á¥ª�îé¨åáï
¯®¤¬−®¦¥áâ¢�:

P = PMP + PBC + PAC + PPh .

Š�¦¤®¬ã â¨¯ã −�§−�ç¥−¨ï á®¯®áâ�¢«¥−® ç¨á«®, å�à�ªâ¥à¨§ãîé¥¥ ®¡é¨¥ âà¥-
¡®¢�−¨ï ¯® ª®íää¨æ¨¥−âã £®â®¢−®áâ¨ ¤«ï ¯�à�¬¥âà®¢, ¯à¨−�¤«¥¦�é¨å ®¤−®¬ã
¨ â®¬ã ¦¥ ¯®¤¬−®¦¥áâ¢ã:

bMP = 0,985; bBC = 0,98; bAC = 0,91; bPh = 0,9.

‘ ¯®¬®éìî íâ¨å ç¨á¥« ®¯à¥¤¥«ïîâáï −¨¦−¨¥ £à�−¨æë ¤«ï ª®íää¨æ¨¥−â®¢
£®â®¢−®áâ¨ ¯�à�¬¥âà®¢. �â® ¤¥«�¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬. �à¥¤¯®«�£�¥âáï, çâ®
¥á«¨ £àã¯¯� ¯�à�¬¥âà®¢ á ®¤¨−�ª®¢ë¬ −�§−�ç¥−¨¥¬ −�å®¤¨âáï ¢ ªà¨â¨ç¥áª®¬
á®áâ®ï−¨¨ (â. ¥. ¨¬¥¥â ¬¨−¨¬�«ì−® ¤®¯ãáâ¨¬ë© ª®íää¨æ¨¥−â £®â®¢−®áâ¨), â®
®−� ®¡à�§ã¥â ¢ á¬ëá«¥ −�¤¥¦−®áâ¨ ú¯®á«¥¤®¢�â¥«ì−ãî áå¥¬ãû −¥§�¢¨á¨¬ëå
®¤¨−�ª®¢® −�¤¥¦−ëå í«¥¬¥−â®¢. ˆ§ íâ®£® ¯à¥¤¯®«®¦¥−¨ï á«¥¤ã¥â, çâ®

b∗p =
(

bMP
)1/|PMP|

, p ∈ PMP; b∗p =
(

bBC
)1/|PBC|

, p ∈ PBC;

b∗p =
(

bAC
)1/|PAC|

, p ∈ PAC; b∗p =
(

bPh
)1/|PPh|

, p ∈ PPh.

Š�¦¤�ï ¤¨�£−®áâ¨ª� d ∈ D å�à�ªâ¥à¨§ã¥âáï:

{ á®¡áâ¢¥−−ë¬ ª®íää¨æ¨¥−â®¬ £®â®¢−®áâ¨ ad;

{ ®£à�−¨ç¥−¨ï¬¨ −� ¬¨−¨¬�«ì−® ¨ ¬�ªá¨¬�«ì−® ¢®§¬®¦−ë¥ §−�ç¥−¨ï á®¡áâ¢¥−-
−®£® ª®íää¨æ¨¥−â� £®â®¢−®áâ¨:

ad ≤ ad ≤ ad ; (3)

{ −�¡®à®¬ ¯�à�¬¥âà®¢ Pd ∈ P , ¤®áâã¯−ëå ¤«ï ¨§¬¥à¥−¨ï á ¯®¬®éìî ¤�−−®©
¤¨�£−®áâ¨ª¨.

‚¢¥¤¥¬ ¢¥ªâ®à−ë¥ ®¡®§−�ç¥−¨ï

a = (ad, d ∈ D) ; a = (ad, d ∈ D) ; a = (ad, d ∈ D) .
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�¥à�¢¥−áâ¢® (3) ¬®¦−® §�¯¨á�âì â�ª¦¥ ¢ ¢¨¤¥:

a ≤ a ≤ a . (4)

�à¥¤¯®«�£�¥âáï, çâ® «î¡�ï ¤¨�£−®áâ¨ª� d ∈ D äã−ªæ¨®−¨àã¥â ª�ª ¥¤¨−®¥
â¥å−¨ç¥áª®¥ ãáâà®©áâ¢®, ª®â®à®¥, ®¤−�ª®, −¥ à�¢−®æ¥−−® ¯® ®â−®è¥−¨î ª ¨§¬¥à¥-
−¨î à�§−ëå ¯�à�¬¥âà®¢ ¨§ −�¡®à� Pd. �®«¥¥ â®ç−® íâ® ¯à¥¤¯®«®¦¥−¨¥ ®§−�ç�¥â
á«¥¤ãîé¥¥:

(1) ¨§¬¥à¥−¨¥ «î¡®£® ¯�à�¬¥âà� Pd ¯à®¨áå®¤¨â −¥§�¢¨á¨¬® ®â ®áâ�«ì−ëå ¨§¬¥-
à¥−¨©;

(2) ®âª�§ ¤¨�£−®áâ¨ª¨ d ®§−�ç�¥â ¥¥ −¥á¯®á®¡−®áâì ª ¨§¬¥à¥−¨î «î¡®£® ¯�à�-
¬¥âà� p ∈ Pd.

(3) á®¡áâ¢¥−−ë© ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ad ¤¨�£−®áâ¨ª¨ d ¯® ®â−®è¥−¨î ª ¨§-
¬¥àï¥¬®¬ã ¯�à�¬¥âàã p ∈ Pd ã¬−®¦�¥âáï −� ¯®−¨¦�îé¨© ä�ªâ®à, ª®â®àë©
®¡®§−�ç�¥âáï kp,d, kp,d ≤ 1.

’�ª¨¬ ®¡à�§®¬, ®¤−� ¨ â� ¦¥ ¤¨�£−®áâ¨ª� d ®¡«�¤�¥â, ¢®®¡é¥ £®¢®àï, à�§−ë¬¨
ª®íää¨æ¨¥−â�¬¨ £®â®¢−®áâ¨ ¯à¨ ¨§¬¥à¥−¨¨ ¯�à�¬¥âà®¢ ¨§ −�¡®à� Pd. �â¨
ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¡ã¤¥¬ −�§ë¢�âì ä�ªâ¨ç¥áª¨¬¨. �−¨ à�¢−ë

“ap,d = adkp,d , p ∈ Pd . (5)

‚ë¡®à ª®íää¨æ¨¥−â®¢ kp,d ï¢«ï¥âáï íªá¯¥àâ−®© §�¤�ç¥©. ‚ ª�ç¥áâ¢¥ ¢�-
à¨�−â� ¯à¥¤«�£�¥âáï ®¤−®§−�ç−® ã¢ï§�âì §−�ç¥−¨¥ ª®íää¨æ¨¥−â� kp,d á à®«ìî
(contribution), ª®â®à�ï ãáâ�−�¢«¨¢�¥âáï â¥å−¨ç¥áª¨¬ §�¤�−¨¥¬ ¤«ï ¤¨�£−®áâ¨ª¨ d
¯à¨ ¨§¬¥à¥−¨¨ ¯�à�¬¥âà� p. ‚ íâ®¬ á«ãç�¥ ¨¬¥îâáï ¢á¥£® âà¨ à�§«¨ç−ëå ¤®¯ãá-
â¨¬ëå §−�ç¥−¨ï ¤«ï ¯®−¨¦�îé¨å ä�ªâ®à®¢ (¯® ç¨á«ã â¨¯®¢ à®«¥© | Primary,
Backup, Supplementary). �¤−�ª® á�¬¨ §−�ç¥−¨ï ®¯à¥¤¥«ïîâáï íªá¯¥àâ−ë¬ ¯ãâ¥¬.

�®ïá−¨¬ ä¨§¨ç¥áª¨© á¬ëá« ®£à�−¨ç¥−¨© (3). ‚¥àå−ïï £à�−¨æ� ¤«ï ª®íä-
ä¨æ¨¥−â� £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª¨ ®âà�¦�¥â ¨−¦¥−¥à−®-â¥å−¨ç¥áª¨¥ ¨ íª®−®¬¨-
ç¥áª¨¥ ¢®§¬®¦−®áâ¨ ¢ ¨§£®â®¢«¥−¨¨ ú¡¥§®âª�§−ëåû ãáâà®©áâ¢. „«ï −¨¦−¥©
£à�−¨æë ¤¨�£−®áâ¨ª¨, ¯à®¥ªâ¨à®¢�−¨¥ ¨ ¨§£®â®¢«¥−¨¥ ª®â®à®© â®«ìª® ¯à¥¤áâ®-
¨â, ¥áâ¥áâ¢¥−−ë¬ §−�ç¥−¨¥¬ ¯à¥¤áâ�¢«ï¥âáï 0. „«ï ¤¨�£−®áâ¨ª¨, −�å®¤ïé¥©áï
¢ áâ�¤¨¨ ¨§£®â®¢«¥−¨ï, −¨¦−¥© £à�−¨æ¥© á«ã¦¨â ¯à®¥ªâ−ë© ãà®¢¥−ì ª®íää¨-
æ¨¥−â� £®â®¢−®áâ¨. „«ï ¯®«−®áâìî £®â®¢®© ¤¨�£−®áâ¨ª¨ «¥¢�ï ¨ ¯à�¢�ï ç�áâ¨
¢ −¥à�¢¥−áâ¢¥ (3) à�¢−ë ¨ á®¢¯�¤�îâ á á®¡áâ¢¥−−ë¬ ª®íää¨æ¨¥−â®¬ £®â®¢−®áâ¨.

÷¥§î¬¨àãï íâ®â ¯ã−ªâ, ¯¥à¥ç¨á«¨¬ ®á−®¢−ë¥ ¢å®¤−ë¥ ¨ ¢ëå®¤−ë¥ ¤�−−ë¥
¬®¤¥«¨.

‚å®¤−ë¥ ¤�−−ë¥ ¬®¤¥«¨:

{ ¬−®¦¥áâ¢� ¯�à�¬¥âà®¢ P ¨ ¤¨�£−®áâ¨ª D;

{ áâàãªâãà� á¨áâ¥¬ë, §�¤�−−�ï á ¯®¬®éìî −�¡®à®¢ {Dp, p ∈ P} ¨ {Pd, d ∈
∈ D};
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{ ¢¥ªâ®à âà¥¡®¢�−¨© ª ª®íää¨æ¨¥−â�¬ £®â®¢−®áâ¨ ¨§¬¥à¥−¨ï ¯�à�¬¥âà®¢ b∗;

{ ¢¥ªâ®àë ®£à�−¨ç¥−¨© −� ¤®¯ãáâ¨¬ë¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨
¤¨�£−®áâ¨ª a ¨ a;

{ −�¡®à ¯®−¨¦�îé¨å ä�ªâ®à®¢ K = {kp,d ≤ 1, p ∈ P, d ∈ D} (¯®«�£�¥¬
kp,d = 0, ¥á«¨ ¤¨�£−®áâ¨ª� d −¥ ãç�áâ¢ã¥â ¢ ¨§¬¥à¥−¨¨ ¯�à�¬¥âà� p).

‚ëå®¤−ë¬¨ ¤�−−ë¬¨ ¬®¤¥«¨ ¢ëáâã¯�îâ ¢¥ªâ®àë ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨:

{ ¯�à�¬¥âà®¢, b = (b1, . . . , bM );

{ ¤¨�£−®áâ¨ª, a = (a1, . . . , aN ),

¯à¨ç¥¬ ¢¥ªâ®àë a ¨ b ¤®«¦−ë ã¤®¢«¥â¢®àïâì ãá«®¢¨ï¬ (2) ¨ (4).

2.2 Вычисление коэффициентов готовности параметров

�à¨ ¢ëç¨á«¥−¨¨ ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¯�à�¬¥âà®¢ ¯® §�¤�−−®© áâàãª-
âãà¥ ¨ §�¤�−−ë¬ ª®íää¨æ¨¥−â�¬ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª ¡ã¤¥¬ áç¨â�âì, çâ®
á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ¯à¥¤¯®«®¦¥−¨¥.

�âª�§ë ¢á¥å ¤¨�£−®áâ¨ª −¥§�¢¨á¨¬ë ¢ á®¢®ªã¯−®áâ¨.

�â® ¯à¥¤¯®«®¦¥−¨¥ ®§−�ç�¥â, ¢ ç�áâ−®áâ¨, çâ® ¯à®æ¥áá ¨§¬¥à¥−¨ï ª�ª®£®-
«¨¡® ¯�à�¬¥âà� á ¯®¬®éìî n ≥ 1 ¤¨�£−®áâ¨ª ¬®¦¥â âà�ªâ®¢�âìáï ª�ª à�¡®â�
¯�à�««¥«ì−®© á¨áâ¥¬ë, á®áâ®ïé¥© ¨§ n −¥§�¢¨á¨¬ëå −¥−�¤¥¦−ëå í«¥¬¥−â®¢.
�âáî¤� á«¥¤ã¥â, çâ® ä�ªâ¨ç¥áª¨© ª®íää¨æ¨¥−â £®â®¢−®áâ¨ bp ¯�à�¬¥âà� p ®¯à¥-
¤¥«ï¥âáï á®¢®ªã¯−®áâìî ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ Ap = {“ap,d, d ∈ Dp}, £¤¥
“ap,i | ®¯à¥¤¥«¥−−ë¥ ä®à¬ã«®© (5) úä�ªâ¨ç¥áª¨¥û ª®íää¨æ¨¥−âë £®â®¢−®áâ¨
¤¨�£−®áâ¨ª ¨§ ¬−®¦¥áâ¢� Dp ¯® ®â−®è¥−¨î ª ¯�à�¬¥âàã p (á ãç¥â®¬ ¯®−¨¦�îé¨å
ä�ªâ®à®¢).

‚ëç¨á«¥−¨¥ ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ bp ®áãé¥áâ¢«ï¥âáï á«¥¤ãîé¨¬ ®¡à�-
§®¬. …á«¨ |Dp| = 0, â® ¯®«�£�¥¬ bp = 0. �ãáâì |Dp| > 0. �®áª®«ìªã
¤¨�£−®áâ¨ª¨ à�¡®â�îâ ¯�à�««¥«ì−®, â® ®âª�§ ¤¨�£−®áâ¨ç¥áª®© á¨áâ¥¬ë ¢ ¨§¬¥à¥-
−¨¨ ¯�à�¬¥âà� p −�áâã¯�¥â â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ®âª�§�«¨ ®¤−®¢à¥¬¥−−®
¢á¥ ¤¨�£−®áâ¨ª¨ ¨§ −�¡®à� Dp. ‚ á¨«ã −¥§�¢¨á¨¬®áâ¨ ¤¨�£−®áâ¨ª ¢¥à®ïâ−®áâì
â�ª®£® á®¡ëâ¨ï à�¢−�

∏

d∈Dp
(1− “ap,d); á«¥¤®¢�â¥«ì−®,

bp = 1−
∏

d∈Dp

(1− “ap,d) = 1−
∏

d∈Dp

(1− adkp,d) . (6)

�â¬¥â¨¬, çâ® ¯à¨ ä¨ªá¨à®¢�−−ëå §−�ç¥−¨ïå ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨
¤¨�£−®áâ¨ª a ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¯�à�¬¥âà®¢ b = b(a) ¢ëç¨á«ïîâáï ®¤−®-
§−�ç−®.
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3 Постановка задачи для определения коэффициентов готовности
диагностик

‚ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ ¡ë«� ä®à¬�«¨§®¢�−� §�¢¨á¨¬®áâì, ª®â®à�ï áãé¥-
áâ¢ã¥â ¬¥¦¤ã −�¤¥¦−®áâìî ¨§¬¥à¥−¨ï ¯�à�¬¥âà®¢ ¨ −�¤¥¦−®áâìî ¨§¬¥àïîé¨å
¤¨�£−®áâ¨ª. �¤−�ª® ¯®áâ�−®¢ª� −� íâ®© ®á−®¢¥ ¬�â¥¬�â¨ç¥áª®© §�¤�ç¨, à¥è¥−¨¥
ª®â®à®© ¯®§¢®«¨«® ¡ë ®¯à¥¤¥«¨âì ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª, −�â�«-
ª¨¢�¥âáï −� ®¯à¥¤¥«¥−−ë¥ âàã¤−®áâ¨, ª®â®àë¥ á¢ï§�−ë á ®âáãâáâ¢¨¥¬ ª�ª¨å-«¨¡®
�¯à¨®à−ëå ®£à�−¨ç¥−¨© ¨«¨ ªà¨â¥à¨¥¢, ªà®¬¥ −¥à�¢¥−áâ¢ (1) ¨ (3).

…á«¨ ®£à�−¨ç¨âìáï â®«ìª® íâ¨¬¨ ¤¢ã¬ï −¥à�¢¥−áâ¢�¬¨, â® §�¤�ç� ¤®«¦−�
¡ëâì áä®à¬ã«¨à®¢�−� á«¥¤ãîé¨¬ ®¡à�§®¬:

A. �¯à¥¤¥«¨âì ¢¥ªâ®à a â�ª, çâ®¡ë ¢ë¯®«−ï«¨áì −¥à�¢¥−áâ¢� (1) ¨ (3).
‹¥£ª® ¯®−ïâì, çâ® à¥è¥−¨¥ â�ª®© §�¤�ç¨ âà¨¢¨�«ì−®. „®áâ�â®ç−® à�ááç¨â�âì

¯® ä®à¬ã«¥ (6) ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¯�à�¬¥âà®¢, §�¤�¢ â¥å−®«®£¨ç¥áª¨
¬�ªá¨¬�«ì−ë¥ ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª, â. ¥. ¯®«®¦¨âì

a = a ,

¨ ¢ëç¨á«¨âì
b = b (a) .

‚ íâ®¬ á«ãç�¥ −¥à�¢¥−áâ¢® (3) ¢ë¯®«−ï¥âáï �¢â®¬�â¨ç¥áª¨, � −¥à�¢¥−áâ¢® (1),
ª®â®à®¥ ¨¬¥¥â ¢¨¤

b ≥ b∗ , (7)

−ã¦¤�¥âáï ¢ ¤®¯®«−¨â¥«ì−®© ¯à®¢¥àª¥.
‡�¬¥â¨¬, çâ® ¢ë¯®«−¥−¨¥ −¥à�¢¥−áâ¢� (7) ï¢«ï¥âáï −¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬

¤«ï à¥è¥−¨ï §�¤�ç¨ ®¯à¥¤¥«¥−¨ï ¢¥ªâ®à� a ¢ «î¡®© ¯®áâ�−®¢ª¥. ‚ á�¬®¬ ¤¥«¥,
¥á«¨ íâ® −¥à�¢¥−áâ¢® −¥ ¢ë¯®«−ï¥âáï, â® âà¥¡®¢�−¨ï ª ª®íää¨æ¨¥−â�¬ £®â®¢-
−®áâ¨ −¥¢®§¬®¦−® ¢ë¯®«−¨âì −¨ ¯à¨ ª�ª¨å ¯�à�¬¥âà�å ¤¨�£−®áâ¨ª. �®á«¥¤−¥¥
á®®¡à�¦¥−¨¥ ¢ëâ¥ª�¥â ¨§ â�ª −�§ë¢�¥¬®£® ¯à¨−æ¨¯� ¬®−®â®−−®áâ¨ [5, £«. 8],
ª®â®àë© (¯®«�£�¥¬ ¡¥§ ®¡áã¦¤¥−¨ï) ¨¬¥¥â ¬¥áâ® ¤«ï à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬ë:
ã¢¥«¨ç¥−¨¥ −�¤¥¦−®áâ¨ ª�ª®£®-«¨¡® í«¥¬¥−â� á¨áâ¥¬ë −¥ ã¬¥−ìè�¥â −�¤¥¦−®áâì
¢á¥© á¨áâ¥¬ë.

“ª�§�−−®¥ âà¨¢¨�«ì−®¥ à¥è¥−¨¥ §�¤�ç¨ A −¥ ï¢«ï¥âáï ¥¤¨−áâ¢¥−−® ¢®§¬®¦-
−ë¬, ¨ ®−® â�ª¦¥ −¥ ï¢«ï¥âáï ã¤®¢«¥â¢®à¨â¥«ì−ë¬ ¯® àï¤ã ¯à¨ç¨−, ® ª®â®àëå
−¨¦¥. �®íâ®¬ã âà¥¡ã¥âáï à�áá¬®âà¥âì ¤®¯®«−¨â¥«ì−ë¥ ä�ªâ®àë, ª®â®àë¥ å®âï
¡ë ª®á¢¥−−® ®âà�¦�«¨ ¡ë ¥áâ¥áâ¢¥−−ë¥ ¨−¦¥−¥à−®-íª®−®¬¨ç¥áª¨¥ ®£à�−¨ç¥−¨ï.
�á−®¢−ë¥ −¥ä®à¬�«ì−ë¥ ¨−âã¨â¨¢−ë¥ ¯à¥¤¯®áë«ª¨ ¯à¨ à�§à�¡®âª¥ �«£®à¨â¬�
¤«ï ®¯à¥¤¥«¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª §�ª«îç�îâáï ¢ á«¥¤ã-
îé¥¬. †¥«�â¥«ì−® −�©â¨ â�ª®¥ à¥è¥−¨¥, ª®â®à®¥

(�) ®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ −¥à�¢¥−áâ¢ (1) ¨ (3);

(¡) ï¢«ï¥âáï ¢ ª�ª®¬-â® á¬ëá«¥ −�¨¡®«¥¥ íª®−®¬¨ç−ë¬;
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(¢) ®¡¥á¯¥ç¨¢�¥â ¡®«¥¥ ¨«¨ ¬¥−¥¥ úà�¢−®¬¥à−ë¥û §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®-
â®¢−®áâ¨ ¤«ï à�§«¨ç−ëå ¤¨�£−®áâ¨ª.

�¥®¡å®¤¨¬®áâì âà¥¡®¢�−¨ï (a) ®ç¥¢¨¤−�. “á«®¢¨ï (¡) ¨ (¢) −ã¦¤�îâáï ¢ ¯®-
ïá−¥−¨¨. „¥«® ¢ â®¬, çâ®, ä®à¬ã«¨àãï ¯à®¡«¥¬ã, à�§à�¡®âç¨ª¨ ¯à®¥ªâ� ˆ’�÷
−¥ ãª�§�«¨ ª�ª¨å-«¨¡® ¤®¯®«−¨â¥«ì−ëå ¯® áà�¢−¥−¨î á ®£à�−¨ç¥−¨ï¬¨ (1) ¨ (3)
âà¥¡®¢�−¨©, ª®â®àë¥ ®£à�−¨ç¨¢�«¨ ¡ë «¨¡® §−�ç¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨
¤¨�£−®áâ¨ª, «¨¡® ¨å â¥å−¨ç¥áªãî á«®¦−®áâì, «¨¡® áâ®¨¬®áâì ¨å à�§à�¡®âª¨. �®-
íâ®¬ã, ª�¦¥âáï, ¥¤¨−áâ¢¥−−ë© á¯®á®¡ ¯®¯ëâ�âìáï úáíª®−®¬¨âìû | íâ® ¯à¨−ïâì
¯à¥¤¯®«®¦¥−¨¥, çâ® ¨§£®â®¢¨âì ¤¨�£−®áâ¨ªã â¥¬ «¥£ç¥ ¨ â¥¬ ¤¥è¥¢«¥, ç¥¬ ¬¥−ìè¥
¥¥ ª®íää¨æ¨¥−â £®â®¢−®áâ¨. Šà®¬¥ â®£®, ¤®¢®«ì−® ¥áâ¥áâ¢¥−−ë¬ ¯à¥¤áâ�¢«ï¥âáï
¦¥«�−¨¥ ¨§¡¥¦�âì ú¯¥à¥ª®á®¢û, â. ¥. â�ª¨å à¥è¥−¨©, ¯à¨ ª®â®àëå −¥ª®â®àë¥ ¤¨�-
£−®áâ¨ª¨ ¨¬¥îâ ¯à¥¤¥«ì−® ¢ëá®ª¨¥ §−�ç¥−¨ï ª®íää¨æ¨¥−â� £®â®¢−®áâ¨, � ¤àã£¨¥,
−�®¡®à®â, ¤®¯ãáª�îâ ç�áâë¥ ®âª�§ë.

�®áª®«ìªã ¬¨−¨¬�«ì−®¥ §−�ç¥−¨¥ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª¨
§�¤�−® §−�ç¥−¨¥¬ ad, â® ¥áâ¥áâ¢¥−−® à�áá¬®âà¥âì ¢¥«¨ç¨−ã

δd = ad − ad , (8)

ª®â®àãî −�§®¢¥¬ ¨§¡ëâ®ç−®áâìî ¤¨�£−®áâ¨ª¨ d. �−� å�à�ªâ¥à¨§ã¥â ¯à¥¢ëè¥-
−¨¥ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¤�−−®© ¤¨�£−®áâ¨ª¨ −�¤ ¬¨−¨¬�«ì−® ¢®§¬®¦−ë¬
(â¥å−®«®£¨ç¥áª¨¬) ãà®¢−¥¬.

ˆ§ áª�§�−−®£® á«¥¤ã¥â, çâ® ¦¥«�â¥«ì−® ¬�ªá¨¬�«ì−® ã¬¥−ìè¨âì ¨§¡ëâ®ç−®áâì
¤¨�£−®áâ¨ª. ‚ â® ¦¥ ¢à¥¬ï ïá−®, çâ®, ¢®®¡é¥ £®¢®àï, −¥«ì§ï ¤®¡¨âìáï â®£®, çâ®¡ë
¨§¡ëâ®ç−®áâì ¢á¥å ¤¨�£−®áâ¨ª à�¢−ï«�áì −ã«î, ¯®áª®«ìªã ¢ íâ®¬ á«ãç�¥ ¬®£ãâ
−�àãè�âìáï ®£à�−¨ç¥−¨ï (1) −� ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ¤«ï ¯�à�¬¥âà®¢.

�¡®¡é¨¬ ¯®−ïâ¨¥ ¨§¡ëâ®ç−®áâ¨ ¤¨�£−®áâ¨ª¨ ¨ −�§®¢¥¬ §�¯�á®¬ £®â®¢−®áâ¨
¤¨�£−®áâ¨ª¨ d ¬�ªá¨¬�«ì−ãî ¢¥«¨ç¨−ã ρd, −� ª®â®àãî ¬®¦−® ã¬¥−ìè¨âì ª®íä-
ä¨æ¨¥−â £®â®¢−®áâ¨ íâ®© ¤¨�£−®áâ¨ª¨, −¥ −�àãè�ï −¨ ®¤−® ¨§ −¥à�¢¥−áâ¢ (1) ¨ (3),
¯à¨ ãá«®¢¨¨, çâ® ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ®áâ�«ì−ëå ¤¨�£−®áâ¨ª −¥ ¬¥−ïîâáï.

�ç¥¢¨¤−®, çâ® ã¬¥−ìè¥−¨¥ ª®íää¨æ¨¥−â� £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª¨ d ¬®¦¥â
¯à¨¢¥áâ¨ «¨¡® ª −�àãè¥−¨î «¥¢®© ç�áâ¨ −¥à�¢¥−áâ¢� (3), «¨¡® ª −�àãè¥−¨î
ª�ª¨å-«¨¡® ¨§ −¥à�¢¥−áâ¢ (1) ¤«ï p ∈ Pd, â. ¥. ¤«ï â¥å ¨ â®«ìª® â¥å ¯�à�¬¥âà®¢,
ª®â®àë¥ ¨§¬¥àïîâáï ¤�−−®© ¤¨�£−®áâ¨ª®©. �âáî¤� ¯®«ãç�¥¬ ¢ëà�¦¥−¨¥ §�¯�á�
£®â®¢−®áâ¨ ¤¨�£−®áâ¨ª¨ d ¢ ¢¨¤¥ ¬¨−¨¬ã¬� ¨§ ¤¢ãå ¢¥«¨ç¨−:

ρd = min

{

δd; min
p∈Pd

sp,d

}

, (9)

£¤¥ δd = ad − ad | ®¯à¥¤¥«¥−−�ï ä®à¬ã«®© (8) ¨§¡ëâ®ç−®áâì ¤¨�£−®áâ¨ª¨ d,
� sp,d | ¬�ªá¨¬�«ì−�ï ¢¥«¨ç¨−�, −� ª®â®àãî ¬®¦−® ã¬¥−ìè¨âì ª®íää¨æ¨¥−â
£®â®¢−®áâ¨ ad ¡¥§ −�àãè¥−¨ï −¥à�¢¥−áâ¢� (1) ¤«ï ¯�à�¬¥âà� p.

�®«ãç¨¬ ¢ëà�¦¥−¨¥ ¤«ï ¢¥«¨ç¨−ë sp. ‘®£«�á−® ä®à¬ã«¥ (6)

bp = 1− (1− adkp,d)Bd , (10)
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£¤¥
Bd =

∏

f∈Dp\d

(1− afkp,f ) .

…á«¨ ã¬¥−ìè¨âì ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ad −� ¢¥«¨ç¨−ã s < 0, â® ª®íää¨-
æ¨¥−â £®â®¢−®áâ¨ bp ã¬¥−ìè¨âáï ¤® §−�ç¥−¨ï

bp(s) = 1− (1− (ad − s) kp,d)Bd .

Œ�ªá¨¬�«ì−® ¢®§¬®¦−®¥, ¡¥§ −�àãè¥−¨ï −¥à�¢¥−áâ¢� (1), ã¬¥−ìè¥−¨¥ s = sp

¯®«ãç�¥âáï, ®ç¥¢¨¤−®, ¨§ á®®â−®è¥−¨ï:

bp (sp,d) = b∗p = 1− (1− (ad − sp,d) kp,d)Bd . (11)

ˆ§ à�¢¥−áâ¢ (10) ¨ (11) −�å®¤¨¬:

sp,d =

(

1

kp,d
− 1

)

bp − b∗p
1− bp

. (12)

’�ª¨¬ ®¡à�§®¬, á®®â−®è¥−¨ï¬¨ (9) ¨ (12) §�¯�á £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª¨ d
¢ëà�¦�¥âáï ª�ª

ρd = ρd(a) = min

{

ad − ad; min
p∈Pd

(

1

kp,d
− 1

)

bp − b∗p
1− bp

}

.

Ÿá−®, çâ® ¢ â¥à¬¨−�å §�¯�á� £®â®¢−®áâ¨ ¬®¦−® íª¢¨¢�«¥−â−ë¬ ®¡à�§®¬
§�¯¨á�âì ãá«®¢¨¥ (7), −¥®¡å®¤¨¬®¥ ¤«ï à�§à¥è¨¬®áâ¨ §�¤�ç¨ ® −�å®¦¤¥−¨¨
ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª, � ¨¬¥−−®:

b ≥ b∗ ⇔ ρ ≥ 0 , (13)

£¤¥ ρ = (ρd(a), d ∈ D).
‡�¬¥â¨¬ â�ª¦¥, çâ® ¥á«¨ ãá«®¢¨¥ (13) ¢ë¯®«−¥−®, â®, ¢ ®â«¨ç¨¥ ®â ¨§¡ëâ®ç-

−®áâ¨ δd, ¢á¥£¤� ¬®¦−® ¤®¡¨âìáï ¢ë¯®«−¥−¨ï ¢á¥å à�¢¥−áâ¢

ρd = 0 , d ∈ D . (14)

‚ á�¬®¬ ¤¥«¥, −¥à�¢¥−áâ¢® ρd > 0 ¯® ®¯à¥¤¥«¥−¨î ®§−�ç�¥â, çâ® ª®íää¨æ¨¥−â
£®â®¢−®áâ¨ ¤¨�£−®áâ¨ª¨ d ¬®¦−® ã¬¥−ìè¨âì, ã¬¥−ìè¨¢ ¯à¨ íâ®¬ §−�ç¥−¨¥ ρd,
−¥ ¢ëå®¤ï §� ®£à�−¨ç¥−¨ï (1) ¨ (3). ‚ â® ¦¥ ¢à¥¬ï ¥á«¨ ¨¬¥¥â ¬¥áâ® (14), â®
−¨ª�ª¨¥ ¤�«ì−¥©è¨¥ ¨§¬¥−¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª ¢ áâ®à®−ã
ã¬¥−ìè¥−¨ï −¥¢®§¬®¦−ë.
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‚ëáª�§�−−ë¥ á®®¡à�¦¥−¨ï ¯®§¢®«ïîâ ¯¥à¥ä®à¬ã«¨à®¢�âì ¯®áâ�−®¢ªã §�-
¤�ç¨:

�. �¯à¥¤¥«¨âì ¢¥ªâ®à a â�ª, çâ®¡ë ¢ë¯®«−ï«¨áì á®®â−®è¥−¨ï (14).
‘�¬ë© ¯à®áâ®© á¯®á®¡ à¥è¥−¨ï §�¤�ç¨ � ¢ëâ¥ª�¥â ¨§ ®¯à¥¤¥«¥−¨ï §�¯�á�

£®â®¢−®áâ¨. „®áâ�â®ç−® ¯®á«¥¤®¢�â¥«ì−® ã¬¥−ìè�âì ª®íää¨æ¨¥−â £®â®¢−®áâ¨
«î¡®© ¨§ ¤¨�£−®áâ¨ª d, ã ª®â®à®© ρd > 0, −� ¢¥«¨ç¨−ã ρd, ¯¥à¥áç¨âë¢�ï ª�¦¤ë©
à�§ §−�ç¥−¨ï §�¯�á� £®â®¢−®áâ¨. �à®æ¥áá §�ª�−ç¨¢�¥âáï, ª®£¤� ¢ë¯®«−¥−ë ¢á¥
á®®â−®è¥−¨ï (14).

“ª�§�−−ë© �«£®à¨â¬ ®à¨¥−â¨à®¢�− −� ú¬¨−¨¬¨§�æ¨îû ª®íää¨æ¨¥−â®¢ £®-
â®¢−®áâ¨ ¤¨�£−®áâ¨ª ¨ ¢ íâ®¬ á¬ëá«¥ ®â¢¥ç�¥â ¢ëáª�§�−−®¬ã ¢ëè¥ âà¥¡®¢�−¨î
íª®−®¬¨ç−®áâ¨ (¡). �¤−�ª® ¯®«ãç�¥¬®¥ á ¥£® ¯®¬®éìî à¥è¥−¨¥ ¯«®å® á®-
®â¢¥âáâ¢ã¥â −¥ä®à¬�«ì−®¬ã ªà¨â¥à¨î (¢), ª®â®àë© §�ª«îç�¥âáï ¢ áâà¥¬«¥−¨¨
¬¨−¨¬¨§¨à®¢�âì à�§¡à®á ¬¥¦¤ã §−�ç¥−¨ï¬¨ ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®-
áâ¨ª.

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¨§«�£�¥âáï �«£®à¨â¬, à¥è�îé¨© §�¤�çã �, ª®â®àë©,
¨á¯®«ì§ãï ¯®−ïâ¨¥ §�¯�á� £®â®¢−®áâ¨, ®¡¥á¯¥ç¨¢�¥â ¡®«¥¥ à�¢−®¬¥à−ë© á¯¥ªâà
ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª.

4 Алгоритм определения коэффициентов готовности диагностик

‚¢¥¤¥¬ ¢ à�áá¬®âà¥−¨¥ ¥é¥ ®¤¨− ç¨á«®¢®© ª®íää¨æ¨¥−â, ®¯à¥¤¥«ï¥¬ë©
íªá¯¥àâ−ë¬ ¯ãâ¥¬ | §−�ç¨¬®áâì ¯�à�¬¥âà� p. �¡®§−�ç¨¬ ¥£® ç¥à¥§ rp. �ã¤¥¬
áç¨â�âì, çâ® §−�ç¨¬®áâì ¯�à�¬¥âà� ®¤−®§−�ç−® ®¯à¥¤¥«ï¥âáï ¥£® −�§−�ç¥−¨¥¬ (á¬.
à�§¤. 2).

‡−�ç¨¬®áâì ¤¨�£−®áâ¨ª¨ ®¯à¥¤¥«¨¬ ª�ª

rd = rd(a) = ρd(a)
∑

p∈Pd

rpkp,d , d ∈ D ,

£¤¥ ρd(a) | §�¯�á £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª¨ d, � kp,d | ¯®−¨¦�îé¨© ä�ªâ®à,
ª®â®àë© ®¯à¥¤¥«ï¥â ä�ªâ¨ç¥áª¨© ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª¨ d ¯à¨
¨§¬¥à¥−¨¨ ¯�à�¬¥âà� d (5). �â¬¥â¨¬, çâ® áã¬¬� ¢ íâ®© ä®à¬ã«¥ −¥ §�¢¨á¨â ®â
¢¥ªâ®à� a.

�ãáâì D+ ⊆ D | ¯®¤¬−®¦¥áâ¢® ¢á¥å ¤¨�£−®áâ¨ª á ¯®«®¦¨â¥«ì−ë¬ §�¯�á®¬
£®â®¢−®áâ¨:

D+ = D+(a) = {d ∈ D : ρd(a) > 0} .

�ãáâì â�ª¦¥ E ⊆ D+ | ¤¨�£−®áâ¨ª¨ ¨§ ¬−®¦¥áâ¢� D+, ª®â®àë¥ ¨¬¥îâ
−�¨¡®«ìèãî §−�ç¨¬®áâì áà¥¤¨ í«¥¬¥−â®¢ D+:

E = E(a) =
{

d ∈ D+ : rd ≥ re, e ∈ D+
}

.

�¡é�ï áå¥¬� �«£®à¨â¬� à�áç¥â� ¤®¯ãáâ¨¬ëå §−�ç¥−¨© ¤«ï ª®íää¨æ¨¥−â®¢
£®â®¢−®áâ¨ ¤¨�£−®áâ¨ª (¡¥§ ãç¥â� ç�áâ−ëå ¤¥â�«¥©) ¢ë£«ï¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬.
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˜�£ 0. �à¨á¢�¨¢�¥¬ ª®íää¨æ¨¥−â�¬ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª −�¨¡®«ìè¨¥
¤®¯ãáâ¨¬ë¥ §−�ç¥−¨ï:

ad:=ad, d ∈ D .

…á«¨ ¯à¨ íâ¨å §−�ç¥−¨ïå −¥à�¢¥−áâ¢� (1) ¢ë¯®«−ïîâáï, â® ¯¥à¥å®¤¨¬ ª á«¥¤ã-
îé¥¬ã è�£ã. ‚ ¯à®â¨¢−®¬ á«ãç�¥ §�¤�ç� ®¯à¥¤¥«¥−¨ï ¤®¯ãáâ¨¬ëå §−�ç¥−¨© ¤«ï
ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª −¥ ¨¬¥¥â à¥è¥−¨ï.

˜�£ 1. �¯à¥¤¥«ï¥¬ ¬−®¦¥áâ¢® D+. …á«¨ D+ 6= ∅, â® ¯®«�£�¥¬ n = 1
¨ ¯¥à¥å®¤¨¬ ª è�£ã 2. ‚ ¯à®â¨¢−®¬ á«ãç�¥ �«£®à¨â¬ §�ª�−ç¨¢�¥â à�¡®âã.

˜�£ 2. ��å®¤¨¬ ¬−®¦¥áâ¢® E ¨ ¯à¥®¡à�§®¢ë¢�¥¬ (ã¬¥−ìè�¥¬) ª®íää¨æ¨-
¥−âë £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª ¨§ ¬−®¦¥áâ¢� E:

ad:=max

{

ad −
α

n
, ad − ε

}

, d ∈ E ,

£¤¥ α > 0| ä¨ªá¨à®¢�−−®¥ ç¨á«®; ε | â®ç−®áâì ¢ëç¨á«¥−¨© (α ¨ ε | ¯�à�¬¥âàë
�«£®à¨â¬�).

˜�£ 3. �áãé¥áâ¢«ï¥¬ ¯à®¢¥àªã ãá«®¢¨© bp ≥ b∗p − ε ¤«ï â¥å ¯�à�¬¥âà®¢ p,
¤«ï ª®â®àëå ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ¬®£ ¨§¬¥−¨âìáï −� è�£¥ 2, â. ¥. ¤«ï p ∈
∈ ∪

d∈E
Pd. …á«¨ ¢á¥ −¥à�¢¥−áâ¢� ¢ë¯®«−¥−ë, â® ¯®¢â®àï¥¬ è�£ 1. ‚ ¯à®â¨¢−®¬

á«ãç�¥ ¢®§¢à�é�¥¬ ª®íää¨æ¨¥−â�¬ £®â®¢−®áâ¨ ad â¥ §−�ç¥−¨ï, ª®â®àë¥ ®−¨ ¨¬¥«¨
¤® ¢ë¯®«−¥−¨ï è�£� 2, ã¢¥«¨ç¨¢�¥¬ n, ¯®«�£�ï n:=2n, ¨ ¯®¢â®àï¥¬ è�£ 2.

�«£®à¨â¬ §�¢¥àè�¥â à�¡®âã §� ª®−¥ç−®¥ ç¨á«® è�£®¢ ¢ â®â ¬®¬¥−â, ª®£¤�
¢ë¯®«−¥−ë ¢á¥ à�¢¥−áâ¢� (14) (á â®ç−®áâìî ¤® ¬�«®£® ¯�à�¬¥âà� ε). �� ª�¦¤®¬
è�£¥ �«£®à¨â¬� ã¬¥−ìè�îâáï ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ â®«ìª® â¥å ¤¨�£−®áâ¨ª,
¤«ï ª®â®àëå ã¬¥−ìè¥−¨¥ ¢®§¬®¦−® ¨ ª®â®àë¥ −�å®¤ïâáï ¢ −�¨¡®«¥¥ ã¤�«¥−−ëå
®â ¬¨−¨¬�«ì−ëå §−�ç¥−¨© ¯®«®¦¥−¨ïå. �â® ¬¨−¨¬¨§¨àã¥â à�§¡à®á ¨â®£®¢ëå
§−�ç¥−¨© ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª.

5 Программная система и пример расчета

„«ï ¯à¨¬¥−¥−¨ï −� ¯à�ªâ¨ª¥ ®¯¨á�−−®£® ¢ëè¥ �«£®à¨â¬� ®¡−�àã¦¨«áï àï¤
¯à¥¯ïâáâ¢¨©. �«£®à¨â¬ −¥ ãç¨âë¢�¥â ¢ ï¢−®¬ ¢¨¤¥ â�ª¨¥ á«®¦−® ä®à¬�«¨§ã¥¬ë¥
å�à�ªâ¥à¨áâ¨ª¨ ¤¨�£−®áâ¨ª, ª�ª áâ®¨¬®áâì, á«®¦−®áâì ¬®−â�¦�, ¢®§¬®¦−®áâì
®¯¥à�â¨¢−®£® à¥¬®−â� ¨ â. ¯. �â® ¯à¨¢¥«® ª á®§¤�−¨î −� ®á−®¢¥ �«£®à¨â¬�
¯à®£à�¬¬−®© á¨áâ¥¬ë á à�§¢¨âë¬ ¯®«ì§®¢�â¥«ìáª¨¬ ¨−â¥àä¥©á®¬.

�à®£à�¬¬� ¯®§¢®«ï¥â á®§¤�¢�âì ¬®¤¥«¨, á®áâ®ïé¨¥ ¨§ ¯à®¨§¢®«ì−®£® ç¨á«�
¨§¬¥àï¥¬ëå ¯�à�¬¥âà®¢ ¨ ¤¨�£−®áâ¨ª. Š�¦¤ë© í«¥¬¥−â ¬®¤¥«¨ | ¯�à�¬¥âà ¨«¨
¤¨�£−®áâ¨ª� | ¬®¦¥â ¡ëâì áª®−ä¨£ãà¨à®¢�− ¯à®¨§¢®«ì−ë¬ ®¡à�§®¬. ��à�¬¥âàë
¬®¦−® à�§¡¨¢�âì −� £àã¯¯ë ¢ §�¢¨á¨¬®áâ¨ ®â ¨å −�§−�ç¥−¨ï ¨ ¤«ï ª�¦¤®© £àã¯¯ë
§�¤�¢�âì âà¥¡ã¥¬ë© ª®íää¨æ¨¥−â £®â®¢−®áâ¨. ‚ª«�¤ ª�¦¤®© ¤¨�£−®áâ¨ª¨ ¢ ¨§-
¬¥à¥−¨¥ ¯�à�¬¥âà®¢ §�¤�¥âáï ¯®«ì§®¢�â¥«¥¬ ¯à®¨§¢®«ì−®. „«ï ¬®¤¥«¨à®¢�−¨ï
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�à®¡«¥¬� §�¤�−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬ ¢ ¯à®¥ªâ¥ ˆ’�÷

Œ®¤¥«ì ¤¨�£−®áâ¨ç¥áª®© á¨áâ¥¬ë: á¯«®è−ë¥ «¨−¨¨ | ¨§¬¥à¥−¨ï á ¯®−¨¦�îé¨¬ ä�ª-
â®à®¬, à�¢−ë¬ 1; èâà¨å®¢ë¥ | ¨§¬¥à¥−¨ï á ¯®−¨¦�îé¨¬ ä�ªâ®à®¬, à�¢−ë¬ 0,3

á¨âã�æ¨¨, ª®£¤� ¤¨�£−®áâ¨ª� áç¨â�¥âáï ã¦¥ à�§à�¡®â�−−®©, ¯à®£à�¬¬� ¯à¥¤®-
áâ�¢«ï¥â ¢®§¬®¦−®áâì §�ä¨ªá¨à®¢�âì ª®íää¨æ¨¥−â £®â®¢−®áâ¨ −� ¯à®¨§¢®«ì−®¬
ãà®¢−¥. ‘âàãªâãà−®-äã−ªæ¨®−�«ì−�ï á¢ï§ì ¬¥¦¤ã ¨§¬¥àï¥¬ë¬¨ ¯�à�¬¥âà�¬¨
¨ ¤¨�£−®áâ¨ª�¬¨ â�ª¦¥ ®¯à¥¤¥«ïâáï ¯®«ì§®¢�â¥«¥¬.

‚ ª�ç¥áâ¢¥ −¥¡®«ìè®© ¨««îáâà�æ¨¨ à�¡®âë �«£®à¨â¬� à�áá¬®âà¨¬ ¯à¥¤¥«ì−®
ã¯à®é¥−−ãî ¬®¤¥«ì, á®áâ®ïéãî ¨§ ç¥âëà¥å ¯�à�¬¥âà®¢ ¨ ç¥âëà¥å ¤¨�£−®áâ¨ª.
”ã−ªæ¨®−�«ì−�ï á¢ï§ì ¬¥¦¤ã ¯�à�¬¥âà�¬¨ ¨ ¤¨�£−®áâ¨ª�¬¨ ¯®ª�§�−� −� à¨áã−-
ª¥. Œ¨−¨¬�«ì−ë© ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ¤«ï ¯�à�¬¥âà®¢ §�¤�− à�¢−ë¬ 99,6%.

�ç¥¢¨¤−®, çâ® ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ã „¨�£−®áâ¨ª¨ 3 −¥ ¬®¦¥â ¡ëâì
−¨¦¥ 99,6%, â�ª ª�ª ®−� ¥¤¨−áâ¢¥−−�ï ®¡¥á¯¥ç¨¢�¥â ¨§¬¥à¥−¨¥ ��à�¬¥âà� 3.
„®áâ�â®ç−® ¢ëá®ª¨¥ âà¥¡®¢�−¨ï ª ª®íää¨æ¨¥−âã £®â®¢−®áâ¨ ¡ã¤ãâ â�ª¦¥ ¨ ¤«ï
„¨�£−®áâ¨ª¨ 1: ®−� ¢−®á¨â ®á−®¢−®© ¢ª«�¤ ¢ ¨§¬¥à¥−¨¥ ��à�¬¥âà� 1. ˆ§¬¥à¥−¨ï
��à�¬¥âà®¢ 2 ¨ 4 ¤ã¡«¨àãîâáï „¨�£−®áâ¨ª�¬¨ 1, 2 ¨ 3 ¨ „¨�£−®áâ¨ª�¬¨ 1 ¨ 4
á®®â¢¥âáâ¢¥−−®. �â® ¯®§¢®«ï¥â ¯à¥¤¯®«®¦¨âì, çâ® âà¥¡®¢�−¨ï ª ¬¨−¨¬�«ì−ë¬
ª®íää¨æ¨¥−â�¬ £®â®¢−®áâ¨ ¤«ï „¨�£−®áâ¨ª 2 ¨ 4 ¡ã¤ãâ áãé¥áâ¢¥−−® −¨¦¥, ç¥¬
¤«ï „¨�£−®áâ¨ª 1 ¨ 3.

‚ â�¡«¨æ¥ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë à�áç¥â�, ¢ë¯®«−¥−−ë¥ á ¯®¬®éìî à�§-
à�¡®â�−−®© ¯à®£à�¬¬ë.

‡−�ç¥−¨ï ¬¨−¨¬�«ì−ëå ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤«ï „¨�£−®áâ¨ª 2 ¨ 4
®¯à¥¤¥«ïîâáï ¬¨−¨¬�«ì−ë¬ ®£à�−¨ç¥−¨¥¬, ãáâ�−®¢«¥−−ë¬ ¢ ¯à®£à�¬¬¥. Š�ª
¢¨¤−® ¨§ â�¡«¨æë, à¥§ã«ìâ�âë −¥ ¯à®â¨¢®à¥ç�â ®ç¥¢¨¤−ë¬ á®®¡à�¦¥−¨ï¬, ¯à¨-
¢¥¤¥−−ë¬ ¢ëè¥.

÷¥§ã«ìâ�âë à�áç¥â� ¬¨−¨¬�«ì−ëå ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨

ü ¤¨�£−®áâ¨ª¨ Œ¨−¨¬�«ì−ë© ª®íää¨æ¨¥−â £®â®¢−®áâ¨, %
1 99,56
2 50
3 99,61
4 50
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ƒ. Œ. Š®−®¢�«®¢

�ää¥ªâ¨¢−®áâì �«£®à¨â¬� ¡ë«� ¯à®¢¥à¥−� ¨ ¯®¤â¢¥à¦¤¥−� à¥§ã«ìâ�â�¬¨, ª®-
â®àë¥ ¡ë«¨ ¯®«ãç¥−ë ¯à¨ ¬®¤¥«¨à®¢�−¨¨ ¨ à�áç¥â¥ à¥�«ì−®£® ¤¨�£−®áâ¨ç¥áª®£®
ª®¬¯«¥ªá� ˆ’�÷, á®áâ®ïé¥£® ¨§ 78 ¤¨�£−®áâ¨ª, ¯à¨§¢�−−ëå ¨§¬¥àïâì 98 ¯�à�-
¬¥âà®¢. ˆ§«®¦¥−¨¥ ¨ ®¡áã¦¤¥−¨¥ íâ¨å à¥§ã«ìâ�â®¢, ®¤−�ª®, ¢ëå®¤¨â §� à�¬ª¨
¤�−−®© áâ�âì¨.

6 Заключение

ˆ§«®¦¥−� á¢®¥®¡à�§−�ï ¯à®¡«¥¬�â¨ª� ®¯à¥¤¥«¥−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢-
−®áâ¨ ¤¨�£−®áâ¨ç¥áª¨å á¨áâ¥¬, ¢®§−¨ªè�ï ¢ ¯à®æ¥áá¥ à�§à�¡®âª¨ ¨ áâà®¨â¥«ìáâ¢�
â¥à¬®ï¤¥à−®£® íªá¯¥à¨¬¥−â�«ì−®£® à¥�ªâ®à� ˆ’�÷. �¡áã¦¤¥−ë ¨−¦¥−¥à−ë¥
¯à¥¤¯®áë«ª¨ ¯à®¡«¥¬ë, ¯®áâà®¥−� ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì, ¯à¥¤«®¦¥−� ª®−-
æ¥¯æ¨ï ¯®áâ�−®¢ª¨ §�¤�ç¨, � â�ª¦¥ �«£®à¨â¬ à¥è¥−¨ï. ‘®§¤�−� ¯à®£à�¬¬−�ï
á¨áâ¥¬�, ¢ ª®â®à®© à¥�«¨§®¢�−ë ¬�â¥¬�â¨ç¥áª¨¥ ¨ �«£®à¨â¬¨ç¥áª¨¥ à�§à�¡®â-
ª¨, � â�ª¦¥ ¨−â¥àä¥©á−ë¥ ¢®§¬®¦−®áâ¨ ¤«ï á�¬®áâ®ïâ¥«ì−ëå ¤¥©áâ¢¨© ®¯¥à�-
â®à�. ‘®¢®ªã¯−ë© à¥§ã«ìâ�â ¨áá«¥¤®¢�−¨ï ¬®¦¥â ¡ëâì ®å�à�ªâ¥à¨§®¢�− ª�ª
−®¢�ï ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï ¢ ®¡«�áâ¨ RAMI-�−�«¨§� | á¯¥æ¨ä¨ç¥-
áª®£® ª®¬¯«¥ªá� ®¡¥á¯¥ç¥−¨ï −�¤¥¦−®áâ¨ ˆ’�÷. �� ¤�−−®¬ íâ�¯¥ ®−� áâ�«�
à�¡®ç¨¬ ¨−áâàã¬¥−â®¬ ¤«ï §�¤�−¨ï ª®íää¨æ¨¥−â®¢ £®â®¢−®áâ¨ ¤¨�£−®áâ¨ª. �¤-
−�ª® ¢ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï ¯à®¤®«¦¥−¨¥ à�¡®â ¯® ¬®¤¥à−¨§�æ¨¨ �«£®à¨â¬�
¨ ¯à®£à�¬¬−®© á¨áâ¥¬ë á æ¥«ìî ¤¨−�¬¨ç¥áª®£® ®¯à¥¤¥«¥−¨ï ®£à�−¨ç¥−¨© −�
ª®íää¨æ¨¥−âë £®â®¢−®áâ¨ ª�¦¤®£® ¯�à�¬¥âà� ¢ §�¢¨á¨¬®áâ¨ ®â ®£à�−¨ç¥−¨© −�
ª®íää¨æ¨¥−â £®â®¢−®áâ¨ £àã¯¯ë ¯�à�¬¥âà®¢ ¨ ®â −�¡®à� ¤¨�£−®áâ¨ª, ¨§¬¥àïî-
é¨å íâ®â ¯�à�¬¥âà.
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The problem of setting availability targets for ITER diagnostics: Problem statement
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Abstract: The problem of setting availability targets for diagnostic systems
(diagnostics) in the ITER project is studied. Such systems must provide the
required level of availability, with which numerous parameters of ITER are
measured. There are a number of difficulties on the way of problem statement
and its solution. These are, in particular, the uniqueness of the object, the
diversity and plurality of parameters and diagnostics, the complex interrelation
between them, and the absence of analogues in the literature on reliability. The
article describes a mathematical model of measurement reliability which takes
into account both strict limitations and vaguely expressed wishes of developers.
An effective algorithm for calculating diagnostic availability targets is developed.
The illustration example of calculation was prepared with the help of a specially
created software which uses along with the developed algorithm the possibility
of volitional decision-making.
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НЕКОТОРЫЕ ВОПРОСЫ ПРОГРАММНОГО ОПРЕДЕЛЕНИЯ
ЦЕНТРОВ ОБРАБОТКИ ДАННЫХ

В. Б. Егоров1

�−−®â�æ¨ï: �ç¥à¥¤−ë¬ íâ�¯®¬ à�§¢¨â¨ï æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå (–�„)
®¡¥é�¥â áâ�âì ¨å ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥. �®ï¢«¥−¨¥ ¯ã¡«¨ª�æ¨© ¯® ¯à®-
£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¬ –�„ ¯®ª�§ë¢�¥â ¨−â¥à¥á ª íâ®© â¥¬¥, ®¤−�ª® ¨å
á®¤¥à¦�−¨¥ ¢ëï¢«ï¥â áãé¥áâ¢¥−−ë¥ à�áå®¦¤¥−¨ï ¢ ®æ¥−ª¥ ¯à¥¤¬¥â� ¨ âàã¤-
−®áâ¨ ¢ ¯®−¨¬�−¨¨ áãé¥áâ¢� ¤¥«�. „«ï â®£® çâ®¡ë –�„ áâ�« ¯à®£à�¬¬−®
®¯à¥¤¥«ï¥¬ë¬, ¥¬ã −¥¤®áâ�â®ç−® ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå ª®¬¯®−¥−â®¢:
¢ëç¨á«¨â¥«ì−®© ¯«�âä®à¬ë, á¥â¨ ¨ åà�−¨«¨é. ’�ª¦¥ ¯à¨−æ¨¯¨�«ì−® −¥®¡-
å®¤¨¬� æ¥−âà�«¨§�æ¨ï ã¯à�¢«¥−¨ï –�„ ¨ ¥£® �¢â®¬�â¨§�æ¨ï −� ®á−®¢�−¨¨
ãáâ�−®¢«¥−−ëå ¯à�¢¨« á¯¥æ¨�«ì−ë¬ ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬ (��), â�ª
−�§ë¢�¥¬ë¬ ú®àª¥áâà®¢é¨ª®¬û. ‘âà¥¬«¥−¨¥ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì –�„
¨ á−¨§¨âì à�áå®¤ë −� ®¡á«ã¦¨¢�−¨¥ áâ¨¬ã«¨àã¥â ¨å ¢«�¤¥«ìæ¥¢ ¤¢¨£�âìáï
¢ áâ®à®−ã ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï. �¤−�ª® ¤«ï íâ®£® ¢ −�áâ®ïé¥¥ ¢à¥¬ï −�
àë−ª¥ −¥â £®â®¢ëå ã−¨¢¥àá�«ì−ëå à¥è¥−¨©. �®íâ®¬ã ¯à¨¬¥àë ¯à®£à�¬¬−®
®¯à¥¤¥«ï¥¬ëå –�„ ¤¥¬®−áâà¨àãîâ «¨èì −¥¬−®£¨¥ ªàã¯−ë¥ ª®¬¯�−¨¨, ®¡«�-
¤�îé¨¥ á®¢à¥¬¥−−®© ¨−äà�áâàãªâãà®© ¨ ¢®§¬®¦−®áâï¬¨ ¥¥ ú®àª¥áâà®¢ª¨û.
�à®ç¨¥ ¢«�¤¥«ìæë –�„ ¢ë−ã¦¤¥−ë «¨¡® ®âª�§ë¢�âìáï ®â ¨å ¯à®£à�¬¬−®£®
®¯à¥¤¥«¥−¨ï, «¨¡® ¨áª�âì ¯�««¨�â¨¢−ë¥ à¥è¥−¨ï ¢ ¢¨¤¥ ç�áâ¨ç−® ¯à®£à�¬¬−®
®¯à¥¤¥«ï¥¬ëå (ú¤¢ãåáª®à®áâ−ëåû) –�„.

Š«îç¥¢ë¥ á«®¢�: �¢â®¬�â¨§�æ¨ï ã¯à�¢«¥−¨ï; ¤�â�æ¥−âà; ®àª¥áâà®¢é¨ª;
¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë© æ¥−âà ®¡à�¡®âª¨ ¤�−−ëå
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1 Введение

�ãà−®¥ à�§¢¨â¨¥ ¢ ¯®á«¥¤−¥¥ ¤¥áïâ¨«¥â¨¥ ¬®¡¨«ì−®© á¢ï§¨ ¯®à®¤¨«® â�ª®©
ä¥−®¬¥− ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’), ª�ª ú®¡«�ç−ë¥û ¢ëç¨á«¥−¨ï |
¯à¨−æ¨¯¨�«ì−® −®¢ãî ¬®¤¥«ì ¯à¥¤®áâ�¢«¥−¨ï ¨ ¯®âà¥¡«¥−¨ï ˆ’-á¥à¢¨á®¢. �®
ú®¡«�ª®û | íâ® ã¤®¡−�ï �¡áâà�ªæ¨ï ¨ ¯à¨¢«¥ª�â¥«ì−®¥ à¥ª«�¬−®-¬�àª¥â¨−£®¢®¥
¯à¥¤áâ�¢«¥−¨¥ ¤«ï ¯®«ì§®¢�â¥«¥©, ¢ ¯¥à¢ãî ®ç¥à¥¤ì | ¬−®£®ç¨á«¥−−ëå àï¤®¢ëå
®¡«�¤�â¥«¥© à�§−®®¡à�§−ëå £�¤¦¥â®¢. „«ï ¯à®¢�©¤¥à®¢ ¦¥ ú®¡«�ç−ëåû ãá«ã£
íâ® á«®¦−�ï ¬−®£®á«®©−�ï ¨ ¬−®£®ª®¬¯®−¥−â−�ï ¨−äà�áâàãªâãà� �¯¯�à�â−ëå
¨ ¯à®£à�¬¬−ëå áà¥¤áâ¢, ®¯à¥¤¥«ïîé¨¥ ¯®§¨æ¨¨ ¢ ª®â®à®© §�−¨¬�îâ –�„.

‡� ¡®«¥¥ ç¥¬ ¯®«¢¥ª� á¢®¥£® áãé¥áâ¢®¢�−¨ï –�„ ¯à®è«¨ ¤®«£¨© ¯ãâì
à�§¢¨â¨ï ®â ®â¤¥«ì−ëå ¨§®«¨à®¢�−−ëå ¢ëç¨á«¨â¥«ì−ëå æ¥−âà®¢ á £à®¬®§¤ª¨¬¨
¬¥©−äà¥©¬�¬¨ ¤® á®¢à¥¬¥−−ëå ª®¬¯�ªâ−ëå ª®−¢¥à£¥−â−ëå á¨áâ¥¬, ¢ª«îç�îé¨å

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, VEgorov@ipiran.ru
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¬−®¦¥áâ¢® ¯«®â−® ã¯�ª®¢�−−ëå ¬−®£®¯à®æ¥áá®à−ëå á¥à¢¥à®¢ ¨ ¤¨áª®¢ëå åà�−¨-
«¨é ¨−ä®à¬�æ¨¨, � â�ª¦¥ ¨−â¥««¥ªâã�«ì−®¥ ª®¬¬ã−¨ª�æ¨®−−®¥ ®¡®àã¤®¢�−¨¥,
®¡ê¥¤¨−ïîé¥¥ íâ® ¬−®¦¥áâ¢® «®ª�«ì−ë¬¨ á¥âï¬¨ ¨ ú¢¯«¥â�îé¥¥û ¥£® ¢ à¥£¨®-
−�«ì−ë¥ ¨ £«®¡�«ì−ë¥ á¥â¨. ‘®¢à¥¬¥−−ë¥ –�„ ¢ ¡®«ìè¨−áâ¢¥ á¢®¥¬ ¢¨àâã�«¨-
§¨à®¢�−ë, ¯à¨ç¥¬ ¢¨àâã�«¨§�æ¨¨ ¯®¤¢¥à£«¨áì ¢á¥ ¨å ®á−®¢−ë¥ äã−ªæ¨®−�«ì−ë¥
ª®¬¯®−¥−âë. ˆ¬¥îé�ï ã¦¥ ¡®«¥¥ ç¥¬ ¯®«ã¢¥ª®¢ãî ¨áâ®à¨î ¢¨àâã�«¨§�æ¨ï ¢ë-
ç¨á«¨â¥«ì−ëå à¥áãàá®¢ à�§¢¨¢�¥âáï ¯�à�««¥«ì−® −� ¤¢ãå ª®−ªãà¨àãîé¨å ¨ ¢ â®
¦¥ ¢à¥¬ï ¤®¯®«−ïîé¨å ¤àã£ ¤àã£� ãà®¢−ïå: ¢¨àâã�«ì−ëå ¬�è¨− (virtual ma-
chines) ¨ ª®−â¥©−¥à®¢ (containers). ‘¥â¥¢�ï ¢¨àâã�«¨§�æ¨ï â�ª¦¥ ¨¬¥¥â ¤®áâ�â®ç−®
¤®«£ãî ¨áâ®à¨î ¨ â®¦¥ ¯à®ï¢«ï¥âáï ¢ ¤¢ãå ä®à¬�å: á®¡áâ¢¥−−® ¢¨àâã�«ì−ëå
á¥â¥© (VLAN | virtual local area network, VXLAN | virtual extensible local
area network, VPN | virtual private network) ¨ ¢¨àâã�«¨§�æ¨¨ á¥â¥¢ëå äã−ª-
æ¨© (network functions virtualization, NFV). ‚ ®¡«�áâ¨ åà�−¥−¨ï ¨−ä®à¬�æ¨¨
¢¨àâã�«¨§�æ¨ï â®¦¥ ¯à®è«� ¢¯¥ç�â«ïîé¨© ¯ãâì à�§¢¨â¨ï ®â ¯à®áâëå ¬�áá¨-
¢®¢ RAID ¤® ¯à�ªâ¨ç¥áª¨ ¡¥§à�§¬¥à−ëå ¨ ¡¥§®âª�§−ëå, ¯®¢á¥¬¥áâ−® ¤®áâã¯−ëå
ú®¡«�ç−ëåû åà�−¨«¨é.

‘«¥¤ãîé¨¬ §� ¢¨àâã�«¨§�æ¨¥© ¢�¦−ë¬ íâ�¯®¬ à�§¢¨â¨ï –�„ áâ�«® ¯à®-
£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ ®á−®¢−ëå ¥£® ª®¬¯®−¥−â®¢. �¥à¢ë¬¨ ¯à®£à�¬¬−® ®¯à¥-
¤¥«¨«¨áì á¥â¨, ¨ ¯®−ïâ¨¥ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå á¥â¥© (software-defined
networking, SDN) ¯à®ç−® §�ªà¥¯¨«®áì ¢ ˆ’-«¥ªá¨ª®−¥. ‡� SDN ¯®á«¥¤®¢�«¨
¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¥ åà�−¨«¨é� (software-defined storage, SDS). ‹®£¨ª�
¯à®æ¥áá� ¥áâ¥áâ¢¥−−® ¯®áâ�¢¨«� −� ¯®¢¥áâªã ¤−ï ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ –�„
¢ æ¥«®¬.

�¥á¬®âàï −� ¨áâ®à¨ç¥áªãî ¥áâ¥áâ¢¥−−®áâì ¢®§−¨ª−®¢¥−¨ï ¯®−ïâ¨ï ¯à®-
£à�¬¬−® ®¯à¥¤¥«ï¥¬®£® –�„ (software-defined data-center, SDDC), ®−® ¯®ª�
−¥ ®¡é¥¯à¨§−�−®. ‘�¬ �ªà®−¨¬ SDDC ¡ë« ¢¢¥¤¥− ¢ ®¡à�é¥−¨¥ ª®¬¯�−¨¥©
VMware, ¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï â®«ìª® íâ� ª®¬¯�−¨ï ¯à¥¤«�£�¥â ¯à®¤ãªâë, ï¢−®
á®¤¥à¦�é¨¥ ¥£® ¢ −�§¢�−¨¨, å®âï ª®−ªãà¥−âë â®¦¥ ¨¬¥îâ ¯à¥¤«®¦¥−¨ï, à¥è�-
îé¨¥ áå®¦¨¥ §�¤�ç¨. ’¥¬ −¥ ¬¥−¥¥ ¯®−ïâ¨¥ SDDC ¯®áâ¥¯¥−−® ¯à¨¦¨¢�¥âáï
¢ áä¥à¥ ˆ’, ¨ ¥¬ã ã¦¥ ¯®á¢ïé¥−® −¥¬�«® ¯ã¡«¨ª�æ¨©. �â¨ ¯ã¡«¨ª�æ¨¨, ¡ã-
¤ãç¨ ¨−¤¨ª�â®à®¬ à�áâãé¥£® ¨−â¥à¥á� ª SDDC, −¥ â®«ìª® ¢ëï¢«ïîâ −�«¨ç¨¥
àï¤� á¢ï§�−−ëå á −¨¬¨ ¯à®¡«¥¬, −® ¨, ª á®¦�«¥−¨î, −¥à¥¤ª® ¢¢®¤ïâ ç¨â�â¥«ï
¢ §�¡«ã¦¤¥−¨¥, ¤¥¬®−áâà¨àãï −¥¯®−¨¬�−¨¥ ¨å �¢â®à�¬¨ áãé−®áâ¨ ¯à¥¤¬¥â�.

„�«¥¥ á¤¥«�−� ¯®¯ëâª� ¢ëï¢«¥−¨ï −¥ª®â®àëå �ªâã�«ì−ëå ¯à®¡«¥¬ ¯à®-
£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï –�„ á �−�«¨§®¬ àï¤� á®¬−¨â¥«ì−ëå áã¦¤¥−¨© ®¡ íâ®¬
−¥¯à®áâ®¬ ¯à¥¤¬¥â¥.

2 Спорные вопросы программно определяемого центра
обработки данных

‚ ®â−®è¥−¨¨ ¢®§¬®¦−®áâ¨ á®§¤�−¨ï SDDC ¤® á¨å ¯®à ¢ëáª�§ë¢�îâáï à�§-
−ë¥, ¯®à®© ¯®«ïà−ë¥ ¬−¥−¨ï: ®â ãâ¢¥à¦¤¥−¨ï, çâ® SDDC | íâ® ã¦¥ à¥�«ì−®áâì
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�¥ª®â®àë¥ ¢®¯à®áë ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå

á¥£®¤−ïè−¥£® ¤−ï, ¤® ®âà¨æ�−¨ï á�¬‚®© ¢®§¬®¦−®áâ¨ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï
–�„. �¥à¢®¥ ¨§ −¨å ¯®¤â¢¥à¦¤�¥âáï, ¯® ªà�©−¥© ¬¥à¥ −� ãà®¢−¥ ¤¥ª«�à�æ¨©
¨ à¥ª«�¬ë, ¯à¥¤«®¦¥−¨¥¬ ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ ¤«ï SDDC ¨ ú®¡«�ª®¢û
®â ª®¬¯�−¨© VMware ¨ Citrix. ‚ ¯à®â¨¢®¢¥á ¨¬ à�§à�¡®âç¨ª¨ ¨−äà�áâàãª-
âãàë ú®¡«�ª�û OpenStack ¢ ª®¬¯�−¨¨ Cloudscaling ¯®«�£�îâ SDDC ú¡ãª¥â®¬
−¥«¥¯¨æû, � ¢á¥ ¯à®¨áå®¤ïé¥¥ ¢®ªàã£ −¥£® ú¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¬ å�©-
¯®¬û. �® ¨å ¬−¥−¨î, á ª®â®àë¬ âàã¤−® −¥ á®£«�á¨âìáï, á®§¤�−¨¥ SDDC
¬®£ãâ á¥¡¥ ¯®§¢®«¨âì ª®¬¯�−¨¨ Yahoo ¨«¨ Google á ¨å ¯®«−®áâìî £®¬®£¥−−ë¬¨
ˆ’-á¨áâ¥¬�¬¨, −® −¥ �¡á®«îâ−®¥ ¡®«ìè¨−áâ¢® àï¤®¢ëå ¡¨§−¥á-¯®«ì§®¢�â¥«¥©,
ª®â®àëå ¢ ¯à®è«®¬ §�¢¥àï«¨, çâ® ¢á¥ ¨å £®«®¢−ë¥ ¡®«¨ ãáâà�−¨â ª®−¢¥à-
£¥−â−�ï ¨−äà�áâàãªâãà�, ¨ ª®â®àë¬ â¥¯¥àì ¢ ª�ç¥áâ¢¥ «¥ª�àáâ¢� ®â â¥å ¦¥
£®«®¢−ëå ¡®«¥© ¯à¥¤«�£�îâ SDDC. �¤−�ª® −� ¤¥«¥ íâ® −¥ ¡®«¥¥ ç¥¬ à¥ª«�¬�
¯®áâ�¢é¨ª®¢ á æ¥«ìî ¯à®¤�âì ã¦¥ ¨¬¥îé¨¥áï ã −¨å ˆ’-¯à®¤ãªâë [1]. „¥©-
áâ¢¨â¥«ì−®, ®¡ëç−®¬ã ¯®âà¥¡¨â¥«î ˆ’- á¥à¢¨á®¢ ¤�¦¥ âàã¤−® ã«®¢¨âì á¬ëá«
â¥à¬¨−� ú¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥û, ¨ ¥£® ¯®ï¢«¥−¨¥ ¤¥©áâ¢¨â¥«ì−® ¬®¦−®
à�áá¬�âà¨¢�âì ª�ª ç¨áâ® ¬�àª¥â¨−£®¢ë© å®¤ ¯à®¤�¢æ®¢ ˆ’-¯à®¤ãªâ®¢. ‘¥£®-
¤−ï −¥¯à®áâ® áëáª�âì −¥ â®«ìª® à¥�«ì−ë¥ ¯à¨¬¥àë ¤¥©áâ¢ãîé¨å SDDC, −® ¨,
¯®å®¦¥, ®¡é¥¯à¨−ïâ®¥ ¯®−¨¬�−¨¥ ¯®−ïâ¨ï ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï [2]. �â-
áî¤� ¨ −¥à¥¤ª® ¢áâà¥ç�îé¨¥áï ¢ «¨â¥à�âãà¥ á®¬−¨â¥«ì−ë¥, � â® ¨ ®âªà®¢¥−−®
«®¦−ë¥ ãâ¢¥à¦¤¥−¨ï ®â−®á¨â¥«ì−® SDDC. ‚®â «¨èì −¥ª®â®àë¥ å�à�ªâ¥à−ë¥
¯à¨¬¥àë.

�à¨¬¥à ¯¥à¢ë©: ú„¢¨£�â¥«¥¬ à�§¢¨â¨ï SDDC ¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨© ï¢-
«ï¥âáï ¯®áâ®ï−−®¥ ã¤¥è¥¢«¥−¨¥ �¯¯�à�âãàë á¥à¢¥à®¢ ¨ ¯�¬ïâ¨. —¥¬ ®−¨ áâ�−®¢ïâ-
áï ¤¥è¥¢«¥, â¥¬ ¡®«¥¥ ¢ë£®¤−ë¬ áâ�−®¢¨âáï á®§¤�−¨¥ ¡®«ìè¨å –�„ ¨ ¯à®¤�¦�
¨å à¥áãàá®¢ ¢ ª�ç¥áâ¢¥ ¨−äà�áâàãªâãàë ª�ª á¥à¢¨á� IaaS (infrastructure-as-
a-service)û [3]. �® −� á�¬®¬ ¤¥«¥ ¯® í«¥¬¥−â�à−®© «®£¨ª¥ ¢á¥ ¤®«¦−® ¯à®¨áå®-
¤¨âì −�®¡®à®â ¨ ¢ ¯«�−¥ á®§¤�−¨ï –�„, ¨ á â®çª¨ §à¥−¨ï ¯à®¤�¦¨ à¥áãàá®¢.
„¥©áâ¢¨â¥«ì−®, ç¥¬ ¤¥è¥¢«¥ á¥à¢¥àë ¨ ¤¨áª®¢ë¥ åà�−¨«¨é�, â¥¬ ¤®áâã¯−¥¥
®−¨ ¬�áá®¢®¬ã ¯®âà¥¡¨â¥«î, ¨ â�ª�ï ¤®áâã¯−®áâì ¤®«¦−� áâ¨¬ã«¨à®¢�âì ã íâ®£®
¬�áá®¢®£® ¯®âà¥¡¨â¥«ï á®§¤�−¨¥ á¢®¨å á®¡áâ¢¥−−ëå –�„. ‘ ¤àã£®© áâ®à®−ë,
«î¡®© â®¢�à ¯à®¤�¥âáï, ¥á«¨ −� −¥£® −�å®¤¨âáï ¯®ªã¯�â¥«ì. �®íâ®¬ã ú¤¢¨£�â¥«¥¬
à�§¢¨â¨ï SDDC ¨ ®¡«�ç−ëå ¢ëç¨á«¥−¨©û áâ�−®¢¨âáï −¥ ã¤¥è¥¢«¥−¨¥ �¯¯�à�-
âãàë, � áª®à¥¥ ¡ãà−®¥ à�§¢¨â¨¥ ¬®¡¨«ì−®© á¢ï§¨ ¨, ª�ª á«¥¤áâ¢¨¥, à�áâãé¨¥
§�¯à®áë ¯®«ì§®¢�â¥«¥© ¬−®£®ç¨á«¥−−ëå £�¤¦¥â®¢ −� ¯®«ãç�¥¬ë¥ ¨§ ú®¡«�ª®¢û
á®¢à¥¬¥−−ë¥ ˆ’-ãá«ã£¨, ¢ª«îç�ï IaaS. Š�ª ¨§¢¥áâ−® ¨§ ®á−®¢ íª®−®¬¨ª¨, ¨¬¥−-
−® á¯à®á, ¢ ¤�−−®¬ á«ãç�¥ ¬�áá®¢ë© á¯à®á, −� ú®¡«�ç−ë¥û á¥à¢¨áë ¯®à®¦¤�¥â
¯à¥¤«®¦¥−¨¥ | á®§¤�−¨¥ ¯à¥¤®áâ�¢«ïîé¨å íâ¨ á¥à¢¨áë ú®¡«�ç−ëåû –�„.
� ¬�áá®¢®¬ã à�á¯à®áâà�−¥−¨î ú¯¥àá®−�«ì−ëåû –�„ ¯à¥¯ïâáâ¢ã¥â −¥ áâ®¨¬®áâì
®¡®àã¤®¢�−¨ï, � ¤®à®£®¢¨§−� �� ¨, £«�¢−®¥, á«®¦−®áâ¨ à�§¢¥àâë¢�−¨ï, á®¤¥à-
¦�−¨ï ¨ ¬¥−¥¤¦¬¥−â� ¤�¦¥ −¥¡®«ìè¨å –�„, ¯®¤à�§ã¬¥¢�îé¨¥ ¢ ç¨á«¥ ¯à®ç¥£®
−¥¬�«ë© èâ�â ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå á¯¥æ¨�«¨áâ®¢, ª®â®àë¥ ®¡å®¤ïâáï ¢®
¬−®£® à�§ ¤®à®¦¥ ®¡á«ã¦¨¢�¥¬®© ¨¬¨ �¯¯�à�âãàë. �®íâ®¬ã ¢á¥ ¡®«ìè¥¥ ç¨á-
«® ®à£�−¨§�æ¨© ¨ ¯à¥¤¯à¨ïâ¨© á à�¤®áâìî ¯¥à¥¯®àãç�¥â â�ª®£® à®¤� §�¡®âë
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ú®¡«�ª�¬û. �® ®â â�ª®£® ¯¥à¥¯®àãç¥−¨ï ¯à®¡«¥¬ë à�§¢¥àâë¢�−¨ï, á®¤¥à¦�−¨ï
¨ ¬¥−¥¤¦¬¥−â� –�„ −¥ ¨áç¥§�îâ, � «¨èì ¯¥à¥−®áïâáï ¢ ú®¡«�ç−ë¥û ¢ëá¨, â�¬
�ªªã¬ã«¨àãîâáï ¨ ¬−®¦�âáï ¯® ¬¥à¥ ãá«®¦−¥−¨ï ú®¡«�ç−ëåû –�„ ¨§-§� à®áâ�
®¡ê¥¬®¢ ¯à¥¤®áâ�¢«ï¥¬ëå ¨¬¨ á¥à¢¨á®¢, ¯®à®¦¤�ï ®¡ê¥ªâ¨¢−ãî −¥®¡å®¤¨¬®áâì
¢ �¢â®¬�â¨§�æ¨¨ ã¯à�¢«¥−¨ï ¨¬¨.

�à¨¬¥à ¢â®à®©: ú�à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë© –�„ ®¡¥á¯¥ç¨¢�¥â æ¥−âà�-
«¨§�æ¨î ã¯à�¢«¥−¨ï á ¯®¬®éìî ®¡«�ç−ëå ¨−áâàã¬¥−â®¢ ¨ áà¥¤áâ¢ ¢¨àâã�«¨§�-
æ¨¨û [4]. �� á�¬®¬ ¤¥«¥ ¨ âãâ ¢á¥ ®¡áâ®¨â à®¢−ë¬ áç¥â®¬ −�®¡®à®â: −¥ ¯à®£à�¬¬−®¥
®¯à¥¤¥«¥−¨¥ ®¡¥á¯¥ç¨¢�¥â æ¥−âà�«¨§�æ¨î ã¯à�¢«¥−¨ï, � ¨¬¥−−® æ¥−âà�«¨§�æ¨ï
ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà®© –�„ á®§¤�¥â ãá«®¢¨ï ¤«ï ¯®á«¥¤ãîé¥© �¢â®¬�â¨-
§�æ¨¨ ã¯à�¢«¥−¨ï ¨ ¬¥−¥¤¦¬¥−â� ª�ª ®á−®¢ë ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï. „«ï
¯à¥¢à�é¥−¨ï ®¡ëç−®£® –�„ ¢ SDDC −¥®¡å®¤¨¬� ¢ ¯¥à¢ãî ®ç¥à¥¤ì æ¥−âà�-
«¨§�æ¨ï ã¯à�¢«¥−¨ï –�„ ¨ «¨èì ¯®â®¬ ¥£® ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥, â. ¥.
�¢â®¬�â¨§�æ¨ï æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï ¢ á®®â¢¥âáâ¢¨¨ á −�¯¥à¥¤ §�¤�−-
−ë¬¨ ú¯®«¨â¨ª�¬¨û (policies) ¯®áà¥¤áâ¢®¬ á¯¥æ¨�«ì−®£® ��, ç�áâ® −�§ë¢�¥¬®£®
ú®àª¥áâà®¢é¨ª®¬û (orchestrator). �¥à¢¨ç−� §¤¥áì ¨¬¥−−® æ¥−âà�«¨§�æ¨ï ã¯à�¢-
«¥−¨ï, ¡¥§ −¥¥ −¥¢®§¬®¦−® −¨ª�ª®¥ ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ [2, 5] ¨ −¥ á¯�áãâ
−¨ª�ª¨¥ ú®¡«�ç−ë¥ ¨−áâàã¬¥−âë ¨ áà¥¤áâ¢� ¢¨àâã�«¨§�æ¨¨û.

�à¨¬¥à âà¥â¨©: ú–¥−âà�«¨§�æ¨ï �¯¯�à�âãàë ¢ –�„ ¨ ã¯à�¢«¥−¨ï ¢ SDDC
¤�¥â àï¤ ¤®¯®«−¨â¥«ì−ëå ¢®§¬®¦−®áâ¥©, â�ª¨å ª�ª ã«ãçè¥−¨¥ ¡¥§®¯�á−®áâ¨
¨«¨ íª®−®¬¨ï áã¬¬�à−®© ¯®âà¥¡«ï¥¬®© ¬®é−®áâ¨û [3]. ‚¥à®ïâ−®, ¯à®£à�¬¬−®¥
®¯à¥¤¥«¥−¨¥ –�„ ¤¥©áâ¢¨â¥«ì−® ¯®§¢®«¨â íª®−®¬¨âì í−¥à£¨î. �¤−�ª® ¢ ®â−®-
è¥−¨¨ ¡¥§®¯�á−®áâ¨ ¤�−−®¥ ãâ¢¥à¦¤¥−¨¥ −¥ áâ®«ì ®¤−®§−�ç−®. ‘ â®çª¨ §à¥−¨ï
®¯¥à�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ ¤®áâã¯−®áâ¨ á¥à¢¨á®¢ æ¥−âà�«¨§�æ¨ï ã¯à�¢«¥−¨ï
¯®§¢®«ï¥â, á ®¤−®© áâ®à®−ë, ®âá«¥¦¨¢�âì á®áâ®ï−¨¥ ¢á¥© á¨áâ¥¬ë ¢ æ¥«®¬ ¨ £¨¡ª®
¥¥ à¥ª®−ä¨£ãà¨à®¢�âì ¢ á«ãç�¥ «®ª�«ì−ëå á¡®¥¢ ¨«¨ ®âª�§®¢. �®, á ¤àã£®©
áâ®à®−ë, ®âª�§ ¢ á�¬‚®¬ æ¥−âà�«¨§®¢�−−®¬ ã¯à�¢«¥−¨¨, −¥ ¢�¦−® �¯¯�à�â−®© ¥£®
ç�áâ¨ ¨«¨ ��, ¬®¦¥â ¯®¢«¥çì ª�â�áâà®ä¨ç¥áª¨¥ ¯®á«¥¤áâ¢¨ï ¤«ï ¢á¥© á¨áâ¥¬ë.
�−�«®£¨ç−�ï á¨âã�æ¨ï ¨ á ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâìî. –¥−âà�«¨§®¢�−−®¥
ã¯à�¢«¥−¨¥ ¯®§¢®«ï¥â ®¯¥à�â¨¢−® à�§¢¥àâë¢�âì −¥¯®áà¥¤áâ¢¥−−® ¢ ªà¨â¨ç¥áª¨å
¬¥áâ�å –�„ áà¥¤áâ¢� §�é¨âë (¡à�−¤¬�ãíàë, áà¥¤áâ¢� £«ã¡®ª®© ¨−á¯¥ªæ¨¨ ¯�ª¥-
â®¢ ¨ ¯à.) ¤«ï «®ª�«¨§�æ¨¨ ¯®á«¥¤áâ¢¨© á¢®¥¢à¥¬¥−−® ¢ëï¢«¥−−ëå ¢à¥¤®−®á−ëå
�â�ª (¢¨àãáë, DDOS (distributed denial of service) ¨ ¤à.). �® ¥á«¨ â�ª ¨«¨
¨−�ç¥ ¯®à�¦¥−−ë¬ ®ª�§ë¢�¥âáï, −�¯à¨¬¥à, ú®àª¥áâà®¢é¨ªû, â® £ã¡¨â¥«ì−ë¥
¯®á«¥¤áâ¢¨ï ¬®£ãâ £à®§¨âì −¥ â®«ìª® á�¬®¬ã –�„, −® ¨ ¥£® ¬−®£®ç¨á«¥−−ë¬
ª«¨¥−â�¬.

’�ª¦¥ ª ¬�áá®¢ë¬ §�¡«ã¦¤¥−¨ï¬ ¬®¦−® ®â−¥áâ¨ ç�áâ® ¯®¢â®àï¥¬®¥ ãâ¢¥à¦¤¥-
−¨¥ ®¡ ®¡ï§�â¥«ì−®áâ¨ ¢¨àâã�«¨§�æ¨¨ ¢á¥å ª®¬¯®−¥−â®¢ SDDC. �� á�¬®¬ ¤¥«¥
¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ –�„ ¬®¦¥â ¡ëâì á ¡‚o«ìè¨¬ ¨«¨ ¬¥−ìè¨¬ ãá¯¥å®¬
à¥�«¨§®¢�−® ¨ ¢ −¥¢¨àâã�«¨§¨à®¢�−−ëå –�„. „àã£®¥ ¤¥«®, çâ® ¤«ï â�ª®¢ëå
¢àï¤ «¨ ¡ã¤¥â ¨¬¥âì á¬ëá« âà�â¨âì ãá¨«¨ï ¨ −¥¬�«ë¥ áà¥¤áâ¢� −� ¯à®£à�¬¬−®¥
®¯à¥¤¥«¥−¨¥ ãáâ�à¥¢�îé¥© ¨−äà�áâàãªâãàë á −¥�¤¥ª¢�â−ë¬ −�¡®à®¬ á¥à¢¨-
á®¢.
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3 Трудности на пути создания программно определяемого центра
обработки данных

‚ ¯®á¢ïé¥−−ëå SDDC ¯ã¡«¨ª�æ¨ïå ®ª�§ë¢�¥âáï −¥¯à®áâë¬ ¤¥«®¬ ¢ëç«¥-
−¨âì ¥£® �¤¥ª¢�â−®¥ ®¯à¥¤¥«¥−¨¥. �¤−® ¨§ á�¬ëå ã¤�ç−ëå à�§¢¥à−ãâëå ®¯à¥¤¥«¥-
−¨© SDDC ¤�¥â Webopedia: úSDDC | íâ® –�„, ¢ ª®â®à®¬ ¢áï ¨−äà�áâàãªâãà�
¢¨àâã�«¨§¨à®¢�−� ¨ ¯à¥¤®áâ�¢«ï¥âáï ¯®«ì§®¢�â¥«ï¬ ª�ª á¥à¢¨á IaaS. “¯à�¢«¥−¨¥
â�ª¨¬ –�„, ¢ª«îç�ï ª®−ä¨£ãà�æ¨î ¥£® �¯¯�à�âãàë, ¯®«−®áâìî �¢â®¬�â¨§¨à®-
¢�−® ¨ à¥�«¨§ã¥âáï ¨−â¥««¨£¥−â−ë¬ ��. —�áâ® SDDC à�áá¬�âà¨¢�îâáï ª�ª
®ç¥à¥¤−®© è�£ ¢ à�§¢¨â¨¨ ¢¨àâã�«¨§�æ¨¨ ¨ ú®¡«�ç−ëåû ¢ëç¨á«¥−¨©, ®¡¥á¯¥ç¨-
¢�îé¨© ¢®§¬®¦−®áâì ¯®¤¤¥à¦ª¨ ª�ª áâ�àëå ¯à®¬ëè«¥−−ëå ¯à¨«®¦¥−¨©, â�ª
¨ −®¢ëå ú®¡«�ç−ëåû á¥à¢¨á®¢. SDDC å�à�ªâ¥à¨§ã¥âáï ¢¨àâã�«¨§�æ¨¥© ¨ ¯à®-
£à�¬¬−ë¬ ®¯à¥¤¥«¥−¨¥¬ âà¥å ¡�§®¢ëå ª®¬¯®−¥−â®¢: á¥à¢¥à®¢, ¯�¬ïâ¨ ¨ á¥â¨.
’�ª¦¥ ¢ SDDC ¯à¥¤¯®«�£�¥âáï á«®© ã¯à�¢«¥−¨ï ¨ ¬¥−¥¤¦¬¥−â� ¤«ï ã¤®¢«¥â¢®à¥-
−¨ï âà¥¡®¢�−¨© ¯à¨«®¦¥−¨©, á®¡«î¤¥−¨ï á®£«�è¥−¨© ®¡ ãà®¢−¥ ¯à¥¤®áâ�¢«¥−¨ï
ãá«ã£ (service level agreements), á«¥¤®¢�−¨ï ¯à¨−ïâë¬ ¯à�¢¨«�¬ ¯®¢¥¤¥−¨ï ¨ ãç¥â�
®£à�−¨ç¥−¨© ¯® áâ®¨¬®áâ¨ ®¡á«ã¦¨¢�−¨ïû [6].

’�ª¨¬ ®¡à�§®¬, −¥ ¢¨àâã�«¨§�æ¨ï ¨ ¤�¦¥ −¥ ¯à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ ®â-
¤¥«ì−ëå ª®¬¯®−¥−â®¢ –�„, � æ¥−âà�«¨§�æ¨ï ¨ �¢â®¬�â¨§�æ¨ï ã¯à�¢«¥−¨ï –�„
ª�ª ¥¤¨−ë¬ æ¥«ë¬ ¢ ª®−¥ç−®¬ áç¥â¥ ¯®à®¦¤�¥â SDDC. ’®£¤� ¢ ®ç¨é¥−−®¬
®â à¥ª«�¬−ëå §�ï¢«¥−¨© ¨ ®è¨¡®ç−ëå áã¦¤¥−¨© ¢¨¤¥ SDDC ¯à¥¤áâ�¥â ª�ª
–�„, ¯à¥¤¯®çâ¨â¥«ì−® ¯®«−®áâìî ¢¨àâã�«¨§¨à®¢�−−ë©, ¢ ª®â®à®¬ ¬¥−¥¤¦¬¥−â
¨ ã¯à�¢«¥−¨¥ ¯à¥¤®áâ�¢«¥−¨¥¬ á¥à¢¨á®¢ áâà®£® æ¥−âà�«¨§®¢�−®, −�áª¢®§ì �¢-
â®¬�â¨§¨à®¢�−® ¨ ®áãé¥áâ¢«ï¥âáï −� ®á−®¢¥ §�à�−¥¥ ãáâ�−®¢«¥−−ëå ú¯®«¨â¨ªû
á ¯®¬®éìî á¯¥æ¨�«ì−®£® ��, ç�áâ® −�§ë¢�¥¬®£® ú®àª¥áâà®¢é¨ª®¬û.

��©â¨ ¦¨¢ë¥ ¯à¨¬¥àë äã−ªæ¨®−¨àãîé¨å SDDC áâ®«ì ¦¥ −¥¯à®áâ®, ª�ª
¨ å®à®è¥¥ ¨å ®¯à¥¤¥«¥−¨¥. ‘¥£®¤−ï ¥á«¨ −¥ íâ�«®−−ë¥ SDDC, â® −¥çâ® ¯à¨-
¡«¨¦�îé¥¥áï ª −¨¬ ï¢«ïîâ ¬¨àã ¢ ®á−®¢−®¬ ¨−â¥à−¥â-£¨£�−âë, â�ª¨¥ ª�ª
Google, Amazon ¨«¨ Facebook. ‘â�âì ¯¥à¢®¯à®å®¤æ�¬¨ −� ¯ãâ¨ ¯à®£à�¬¬−®£®
®¯à¥¤¥«¥−¨ï á¢®¨å –�„ ¨å ¢ë−ã¦¤�¥â ¡ëáâà® à�áâãé¨© ®¡ê¥¬ §�¯à®á®¢ ãá«ã£
¨ à¥áãàá®¢ ®â ¬−®£®ç¨á«¥−−ëå ¯®«ì§®¢�â¥«¥© ¯® ¢á¥¬ã ¬¨àã. �à¨ íâ®¬ á«¥¤ã¥â
®â¬¥â¨âì, çâ® ã ªàã¯−ëå ª®¬¯�−¨© ¤¨�¯�§®− ¯à¥¤®áâ�¢«ï¥¬ëå á¥à¢¨á®¢ ¬®¦¥â
¡ëâì ®â−®á¨â¥«ì−® ®£à�−¨ç¥−−ë¬. Œ¥¦¤ã â¥¬ ®à£�−¨§�æ¨¨ á ¬¥−ìè¨¬¨ ¢®§-
¬®¦−®áâï¬¨ ¯®à®© ¢ë−ã¦¤¥−ë ®¡á«ã¦¨¢�âì ¡®«¥¥ è¨à®ª¨© ªàã£ §�¯à®á®¢ −�
ãáâ�à¥¢è¥¬ ®¡®àã¤®¢�−¨¨, ª®â®à®¥ ®−¨ −¥ ¢ á®áâ®ï−¨¨ ®¤−®¬®¬¥−â−® ®¡−®¢¨âì.
Šà®¬¥ â®£®, «¨èì ªàã¯−ë¥ ª®¬¯�−¨¨ ®¡«�¤�îâ à¥áãàá�¬¨ ¤«ï à�§à�¡®âª¨ á®¡-
áâ¢¥−−ëå ú®àª¥áâà®¢é¨ª®¢û, ¢ â® ¢à¥¬ï ª�ª ¯à®ç¨¥ ¢ë−ã¦¤¥−ë ¤®¢®«ìáâ¢®¢�âìáï
«¨¡® ¤®à®£¨¬¨ £®â®¢ë¬¨, −®, ª�ª ¯à�¢¨«®, ¬�«® ¯à¨£®¤−ë¬¨ ¢ ª�¦¤®¬ ª®−ªà¥â-
−®¬ á«ãç�¥ ª®¬¬¥àç¥áª¨¬¨ ¯à®¤ãªâ�¬¨, «¨¡® ¡®«¥¥ ¤¥è¥¢ë¬¨, −® âà¥¡ãîé¨¬¨
á¥àì¥§−®© ¢ëá®ª®¯à®ä¥áá¨®−�«ì−®© ¤®à�¡®âª¨ ¯® ¬¥áâã ¯®«ãä�¡à¨ª�â�¬¨ á ®â-
ªàëâë¬¨ ª®¤�¬¨. ‚ ¨â®£¥ −� ¤¥«¥ ¯®áâà®¥−¨¥ SDDC ®ª�§ë¢�¥âáï á¥£®¤−ï
−¥¤®áâã¯−ë¬ �¡á®«îâ−®¬ã ¡®«ìè¨−áâ¢ã ¢«�¤¥«ìæ¥¢ –�„. �®íâ®¬ã, ¢¥à®ïâ−®,
¢ ®¡®§à¨¬®¬ ¡ã¤ãé¥¬ ®−¨ ¡ã¤ãâ ®âª�§ë¢�âìáï ®â ¯à¥®¡à�§®¢�−¨ï á®¡áâ¢¥−−ëå
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–�„ ¢ SDDC, ®â¤�¢�ï ¯à¥¤¯®çâ¥−¨¥ �à¥−¤¥ á¥à¢¨á®¢, ¢ â®¬ ç¨á«¥ ú®¡«�ç-
−ëåû.

�� á¥£®¤−ïè−¨© ¤¥−ì −�¨¡®«¥¥ è¨à®ª® ®¡áã¦¤�¥¬ë¬ (¢á«¥¤áâ¢¨¥ ç¥£®, −�¤®
¯®«�£�âì, ¨ −�¨¡®«¥¥ á¯®à−ë¬) ª®¬¯®−¥−â®¬ SDDC ®áâ�¥âáï SDN. „¥©áâ¢¨-
â¥«ì−®, §¤¥áì ¯¥à¥á¥ª�îâáï ¨−â¥à¥áë ¬−®£¨å ¯®áâ�¢é¨ª®¢ ®¡®àã¤®¢�−¨ï, ��
¨ ãá«ã£. •®âï ¢ −�¨¡®«ìè¥© áâ¥¯¥−¨ SDN ¬®£ãâ ¯à®ï¢¨âì á¢®¨ ¤®áâ®¨−áâ¢� −�
á¯¥æ¨�«ì−®©, á®®â¢¥âáâ¢ãîé¥© ¨å ®á®¡¥−−®áâï¬ ¨−äà�áâàãªâãà¥ ¨§ ã−¨ä¨æ¨à®-
¢�−−ëå æ¥−âà�«¨§®¢�−−® ã¯à�¢«ï¥¬ëå ª®¬¬ãâ�â®à®¢, ¯à¨−æ¨¯¨�«ì−® á®§¤�−¨¥
â�ª¨å á¥â¥© ¢®§¬®¦−® −� «î¡®¬ ®¡®àã¤®¢�−¨¨, ¢ â®¬ ç¨á«¥ ¨¬¥îé¥¬áï ¨ ¤�¦¥
ãáâ�à¥¢è¥¬. �¤−�ª®, −¥á¬®âàï −� è¨à®ª®¥ ®¡áã¦¤¥−¨¥, ®âáãâáâ¢¨¥ ¢¨¤¨¬ëå
®£à�−¨ç¥−¨© ¨ §�¬�−ç¨¢ë¥ ¯¥àá¯¥ªâ¨¢ë, à¥�«ì−ë¥ ¯à¨¬¥àë SDN ¯®ª� ®£à�−¨-
ç¨«¨áì –�„ −¥áª®«ìª¨å ªàã¯−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ª®¬¯�−¨©, ¢á¥ â¥å
¦¥ Google, Amazon ¨«¨ Facebook. �®-¢¨¤¨¬®¬ã, íâ® ï¢«ï¥âáï á«¥¤áâ¢¨¥¬
ª�ª ª®−æ¥¯âã�«ì−ëå ®£à�−¨ç¥−¨© ¯à¨¬¥−¨¬®áâ¨ á¥â¥© SDN áã£ã¡® ¢ à�¬ª�å
–�„ [5], â�ª ¨ íª®−®¬¨ç¥áª¨å ä�ªâ®à®¢, á¢ï§�−−ëå á −¥®¡å®¤¨¬®áâìî ¤«ï
à¥�«¨§�æ¨¨ ¨ ¯®¤¤¥à¦ª¨ SDN-¯à®¥ªâ®¢ á®¤¥à¦�âì ª®¬�−¤ã ¢ëá®ª®ª¢�«¨ä¨æ¨-
à®¢�−−ëå ¯à®£à�¬¬¨áâ®¢, ª â®¬ã ¦¥ ¤¥ä¨æ¨â−ëå ¢á«¥¤áâ¢¨¥ ®âáãâáâ¢¨ï ¬¨à®¢®£®
®¯ëâ� ¯à®¥ªâ¨à®¢�−¨ï ¨ ¯®áâà®¥−¨ï á¥â¥© SDN [7].

‚ ¥é¥ ¡®«ìè¥© áâ¥¯¥−¨ ¯®âà¥¡−®áâì ã−¨ä¨ª�æ¨¨ á¯à�¢¥¤«¨¢� ¤«ï SDS. …á«¨
¢ SDN à�§−®¬�áâ−®áâì á¥â¥¢®£® ®¡®àã¤®¢�−¨ï ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ −¨¢¥«¨àã-
¥âáï ã−¨ä¨æ¨à®¢�−−ë¬ ¯à®â®ª®«®¬ ¢§�¨¬®¤¥©áâ¢¨ï á −¨¬ ¨§ æ¥−âà� ã¯à�¢«¥−¨ï
(ª®−âà®««¥à� á¥â¨), ¢ ç�áâ−®áâ¨ ¯à®â®ª®«®¬ OpenFlow, â® SDS «¨è¥−ë â�ª®£®
¯à¥¨¬ãé¥áâ¢� ¨§-§� ¨áâ®à¨ç¥áª¨ á«¨èª®¬ ¡®«ìè®£® à�§−®®¡à�§¨ï ä®à¬ ®à£�-
−¨§�æ¨¨ ä¨§¨ç¥áª¨å åà�−¨«¨é. ‚ íâ®¬ ¯«�−¥ ¢ë£«ï¤¨â ¢¥áì¬� ®¡¥é�îé¨¬
¡ëáâà®¥ à�§¢¨â¨¥ ª®−¢¥à£¥−â−ëå, � ¢ ¯®á«¥¤−¥¥ ¢à¥¬ï ¨ £¨¯¥àª®−¢¥à£¥−â−ëå
¨−äà�áâàãªâãà. ˆ¬¥−−® ®−¨, ®â¢¥ç�ï ®¡ê¥ªâ¨¢−®¬ã §�¯à®áã −� ã−¨ä¨ª�æ¨î
®¡®àã¤®¢�−¨ï, ¢ â®¬ ç¨á«¥ á¨áâ¥¬ åà�−¥−¨ï ¤�−−ëå, ¤�îâ à¥�«ì−ë© è�−á −�
¡®«¥¥ �ªâ¨¢−®¥ ¢−¥¤à¥−¨¥ SDS ¨, ¢ ¡®«¥¥ ®â¤�«¥−−®© ¯¥àá¯¥ªâ¨¢¥, à®áâ ç¨á«�
¤¥©áâ¢ãîé¨å SDDC.

•®âï SDN ¨ SDS åã¤®-¡¥¤−® ¢−¥¤àïîâáï ¢ –�„, á�¬ë¬ £«�¢−ë¬ ¯à¥¯ïâ-
áâ¢¨¥¬ ¤«ï ã¢¥«¨ç¥−¨ï ç¨á«� à¥�«ì−® ¤¥©áâ¢ãîé¨å SDDC ®áâ�¥âáï á«®¦−®áâì
¨ ¤®à®£®¢¨§−� á®§¤�−¨ï ¨å ú®àª¥áâà®¢é¨ª®¢û. ’�ª, ¯® −¥ª®â®àë¬ ®æ¥−ª�¬,
¢ ¡«¨¦�©è¨¥ £®¤ë ¢ áä¥à¥ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï −�¨¡®«ìè¨¥ âà�âë ®¦¨-
¤�îâáï, ¢ ¯®àï¤ª¥ ã¬¥−ìè¥−¨ï ¨å ¤®«¨, −� SDS, SDN, ú®¡«�ç−ë©û ¬¥−¥¤¦¬¥−â
¨ ú®àª¥áâà®¢ªãû [8]. ú�àª¥áâà®¢ª�û §¤¥áì áâ®¨â −� ¯®á«¥¤−¥¬ ¬¥áâ¥, ¯à¨ â®¬
çâ® íâ® £«�¢−ë© ®¯à¥¤¥«ïîé¨© ª®¬¯®−¥−â SDDC. � ¯®áª®«ìªã íâ® ¥é¥ ¨ á�¬ë©
¤®à®£®áâ®ïé¨© í«¥¬¥−â ¯à¨¢¥¤¥−−®£® ¢ëè¥ ¯¥à¥ç−ï, −¥ ¯à¨å®¤¨âáï ®¦¨¤�âì
à¥§ª®£® ã¢¥«¨ç¥−¨ï ç¨á«� ¯®â¥−æ¨�«ì−ëå ¢ª«�¤ç¨ª®¢ ¢ ú®àª¥áâà®¢ªãû á¢®¨å
–�„. ’�ª¨¬ ®¡à�§®¬, ¯à¨¢¥¤¥−−ë¥ ®æ¥−ª¨ ¢ æ¥«®¬ ¤¥¬®−áâà¨àãîâ ¤¢¨¦¥−¨¥
ª ¯à®£à�¬¬−®¬ã ®¯à¥¤¥«¥−¨î, −® ¨å ¯®àï¤®ª | áª®à¥¥ ª ç�áâ−®¬ã, ª�á�îé¥¬ãáï
åà�−¨«¨é ¨ á¥â¥©, ç¥¬ ª £«®¡�«ì−®¬ã ¢ ¬�áèâ�¡�å æ¥«®£® –�„.

„«ï ¢«�¤¥«ìæ¥¢ –�„, ª®â®àë¬ ¯® à�§−ë¬ ¯à¨ç¨−�¬ −¥¤®áâã¯−® ¨å ®¤−®-
¬®¬¥−â−®¥ ¯à¥®¡à�¦¥−¨¥ ¢ SDDC ¨ ª®¨å �¡á®«îâ−®¥ ¡®«ìè¨−áâ¢®, ª®¬¯�−¨ï
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úˆ−ä®á¨áâ¥¬ë „¦¥âû à¥ª®¬¥−¤ã¥â ¤¢¨£�âìáï ¯®è�£®¢®, ¯®áâ¥¯¥−−® ¢−¥¤àïï
®â¤¥«ì−ë¥ à¥è¥−¨ï ¯® ¯à®£à�¬¬−®¬ã ®¯à¥¤¥«¥−¨î ¨ ¢áâà�¨¢�ï ¨å ¢ ®¡éãî
ª®−æ¥¯æ¨î ¡ã¤ãé¨å SDDC [9]. •®âï â�ª�ï à¥ª®¬¥−¤�æ¨ï ¢¥áì¬� á¬�å¨¢�¥â −�
à¥ª«�¬ã á®¡áâ¢¥−−ëå ä¨à¬¥−−ëå ãá«ã£ ¢® ¢−¥¤à¥−¨¨ â�ª®£® à®¤� ç�áâ−ëå à¥è¥-
−¨©, ¢ −¥© ¬®¦¥â ¡ëâì á¢®© à¥§®−. ��««¨�â¨¢−®¥ à¥è¥−¨¥ ç�áâ¨ç−® ¯à®£à�¬¬−®
®¯à¥¤¥«ï¥¬ëå ¨«¨ ú¤¢ãåáª®à®áâ−ëåû –�„ â�ª¦¥ ¤®¯ãáª�îâ ¤«ï ®à£�−¨§�æ¨©,
−¥ á¯®á®¡−ëå ¬£−®¢¥−−® ®¡−®¢¨âì ãáâ�à¥¢è¥¥ ®¡®àã¤®¢�−¨¥, ¨ −¥ª®â®àë¥ â¥®à¥-
â¨ª¨ SDDC [8].

�â¤¥«ì−�ï ¢�¦−�ï, âà¥¡ãîé�ï á¯¥æ¨�«ì−®£® ¨§ãç¥−¨ï ¯à®¡«¥¬� á®§¤�−¨ï
SDDC | ®¡¥á¯¥ç¥−¨¥ ¨å ¡¥§®¯�á−®áâ¨ ¢ ãá«®¢¨ïå æ¥−âà�«¨§�æ¨¨ ã¯à�¢«¥−¨ï
¨ ¯à¥¯®àãç¥−¨ï à¥è¥−¨ï ¢á¥å ®¯¥à�â¨¢−ëå §�¤�ç ¯à®£à�¬¬−®¬ã ú®àª¥áâà®¢é¨-
ªãû. ’�ª, ¯® ãâ¢¥à¦¤¥−¨î íªá¯¥àâ®¢ ª®¬¯�−¨¨ Gartner, SDDC úâà¥¡ãîâ áâà�-
â¥£¨î §�é¨âë, ®â«¨ç−ãî ®â â®©, ª®â®à�ï ¯à¨¬¥−ï«�áì −� ãáâà®©áâ¢�å ª®−¥ç−ëå
¯®«ì§®¢�â¥«¥©û [10]. �à¥¤áâ�¢«ï¥âáï ¢¥áì¬� ¢¥à®ïâ−ë¬, çâ® ¤«ï íää¥ªâ¨¢−®©
§�é¨âë SDDC ¡¥§ ãåã¤è¥−¨ï ¥£® å�à�ªâ¥à¨áâ¨ª ¯®âà¥¡ã¥âáï −®¢®¥ ¯®ª®«¥−¨¥
à¥è¥−¨© ¯® ¡¥§®¯�á−®áâ¨.

4 Заключение

�ç¥à¥¤−ë¬ íâ�¯®¬ à�§¢¨â¨ï –�„ ®¡¥é�¥â áâ�âì ¨å ¯à®£à�¬¬−®¥ ®¯à¥¤¥-
«¥−¨¥. „¨áªãáá¨¨ −� íâã â¥¬ã ¯®ª�§ë¢�îâ à�áâãé¨© ¨−â¥à¥á ª SDDC, −®
â�ª¦¥ ¢ëï¢«ïîâ áãé¥áâ¢¥−−ë¥ à�áå®¦¤¥−¨ï ¢ ®æ¥−ª¥ ¯à¥¤¬¥â� ¨ ¤¥¬®−áâà¨àãîâ
âàã¤−®áâ¨ ¢ ¯®−¨¬�−¨¨ áãé¥áâ¢� ¢®¯à®á�.

�®−ïâ¨¥ SDDC ¯® ®¯à¥¤¥«¥−¨î ¯®¤à�§ã¬¥¢�¥â ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¬¨
¢á¥ ®á−®¢−ë¥ á®áâ�¢«ïîé¨¥ –�„: ¢ëç¨á«¨â¥«ì−ãî ¯«�âä®à¬ã, åà�−¨«¨é� ¨−-
ä®à¬�æ¨¨ ¨ á¥âì. �® íâ®£® −¥¤®áâ�â®ç−®. „«ï â®£® çâ®¡ë –�„ ¯à¥¢à�â¨«áï
¢ SDDC, ¥¬ã ¯à¨−æ¨¯¨�«ì−® −¥®¡å®¤¨¬ë, ¢®-¯¥à¢ëå, æ¥−âà�«¨§�æ¨ï ã¯à�¢«¥-
−¨ï ¨−äà�áâàãªâãà®© ¨ ¯à¥¤®áâ�¢«¥−¨¥¬ á¥à¢¨á®¢ ¨, ¢®-¢â®àëå, �¢â®¬�â¨§�æ¨ï
íâ®£® ã¯à�¢«¥−¨ï ¯à®£à�¬¬−ë¬ ú®àª¥áâà®¢é¨ª®¬û −� ®á−®¢�−¨¨ §�à�−¥¥ ãáâ�-
−®¢«¥−−ëå ¯à�¢¨« ¯®¢¥¤¥−¨ï. ’�ª¨¬ ®¡à�§®¬, ú¢ â¥«¥®−®¬¨ç¥áª®¬ ¯à¥¤¥«¥
ª®−æ¥¯æ¨ï SDDC ¤®«¦−� ¤®¯®«−¨âì ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¥ á¨áâ¥¬ë á¯¥æ¨-
�«ì−ë¬ á«®¥¬ �� ¤«ï ú®àª¥áâà®¢ª¨û –�„, â. ¥. �¢â®¬�â¨§�æ¨¨ ¥£® ¬¥−¥¤¦¬¥−â�
¨ �¤¬¨−¨áâà�æ¨¨û [11].

‘ ®¤−®© áâ®à®−ë, ¢ áâà¥¬«¥−¨¨ ¬¨−¨¬¨§¨à®¢�âì à�áå®¤ë ¨ á«®¦−®áâ¨, á¢ï-
§�−−ë¥ á ¯®«ãç¥−¨¥¬ ˆ’-ãá«ã£, −¥¡®«ìè¨¥, áà¥¤−¨¥ ¨ ¤�¦¥ ªàã¯−ë¥ ®à£�−¨§�æ¨¨
®âª�§ë¢�îâáï ®â á®§¤�−¨ï á®¡áâ¢¥−−ëå –�„ ¢ ¯®«ì§ã �à¥−¤ë á¥à¢¨á®¢, ¢ â®¬
ç¨á«¥ ú®¡«�ç−ëåû. ‘ ¤àã£®© áâ®à®−ë, â® ¦¥ á�¬®¥ áâà¥¬«¥−¨¥ ª ã¬¥−ìè¥−¨î
à�áå®¤®¢ ¨ §�¡®â á ¯à¥¤®áâ�¢«¥−¨¥¬ íâ¨å á¥à¢¨á®¢ §�áâ�¢«ï¥â ¢«�¤¥«ìæ¥¢ –�„
¤¢¨£�âìáï ¢ áâ®à®−ã SDDC. �¤−�ª® ¢ −�áâ®ïé¥¥ ¢à¥¬ï −� àë−ª¥ −¥â £®â®-
¢ëå à¥è¥−¨© SDDC, ¢àï¤ «¨ ¨å á«¥¤ã¥â ®¦¨¤�âì ¨ ¢ ¡«¨¦�©è¥© ¯¥àá¯¥ªâ¨¢¥.
�à¥¤«�£�¥¬ë¥ ¢�à¨�−âë ¯à¥¤áâ�¢«ïîâ á®¡®© −¥ª¨¥ ú¯®«ãä�¡à¨ª�âëû, ¤«ï ¯à¥-
¢à�é¥−¨ï ª®â®àëå ¢ £®â®¢ë© ¯à®¤ãªâ, à�§¢¥àâë¢�−¨ï ¨ ¤�«ì−¥©è¥© ¯®¤¤¥à¦ª¨
¢ ª�¦¤®¬ ª®−ªà¥â−®¬ á«ãç�¥ −ã¦−ë ¤®à®£®áâ®ïé¨¥ ¯à®ä¥áá¨®−�«ì−ë¥ ãá«ã£¨.
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�®íâ®¬ã á¥£®¤−ï ¦¨¢ë¥ ¯à¨¬¥àë SDDC ¤¥¬®−áâà¨àãîâ â®«ìª® ªàã¯−ë¥ ¨−â¥à-
−¥â-ª®¬¯�−¨¨, ®¡«�¤�îé¨¥ –�„ á á®¢à¥¬¥−−®© ¨−äà�áâàãªâãà®© ¨ áà¥¤áâ¢�¬¨
¤«ï á®¤¥à¦�−¨ï ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−®£® ®¡á«ã¦¨¢�îé¥£® –�„ ¯¥àá®−�«�,
á¯®á®¡−®£® ®áãé¥áâ¢¨âì ¥£® ú®àª¥áâà®¢ªãû.

�à®ç¨¥ ¢«�¤¥«ìæë –�„, ª®â®àë¬ −¥¤®áâã¯−® ¨å ®¤−®¬®¬¥−â−®¥ ¯à¥®¡à�-
¦¥−¨¥ ¢ SDDC, ¬®£ãâ ¢ë¡à�âì ¯®áâ¥¯¥−−®¥, ¯®íâ�¯−®¥ ¢−¥¤à¥−¨¥ ®â¤¥«ì−ëå
¨¬¥îé¨åáï −� àë−ª¥ £®â®¢ëå à¥è¥−¨© ¯® ç�áâ¨ç−®¬ã ¯à®£à�¬¬−®¬ã ®¯à¥¤¥-
«¥−¨î, ¯à¨¡¥£�ï ª ¯®¬®é¨ ¯à¥¤®áâ�¢«ïîé¨å â�ª®£® à®¤� ãá«ã£¨ ¯®áà¥¤−¨ª®¢,
¨ ¤®¢®«ìáâ¢®¢�âìáï ¯�««¨�â¨¢−ë¬¨ ç�áâ¨ç−® ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ë¬¨ –�„
(ú¤¢ãåáª®à®áâ−ë¬¨û SDDC).
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Some issues of software-defined data centers

SOME ISSUES OF SOFTWARE-DEFINED DATA CENTERS

V. B. Egorov

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: A next stage in the data centers perfection process develops as software-
defined data centers (SDDC). First publications on the SDDC show increasing
interest to this topic revealing at the same time considerable discrepancies in
estimations of the subject and difficulties with understanding the essence of the
matter. To turn a data center into an SDDC, availability of both the software-
defined networking and the software-defined storage is insufficient. It is also
conceptually needed that the data center control would be definitely centralized
and automated by means of special software (a so-called \orchestrator") on
the policy-driven basis. Aspiration for expenditures reduction and troubles
abatement would impel data center owners to move toward the SDDC. At
present, however, real SDDC examples are demonstrated only by few big
internet companies possessing the up-to-date infrastructure and resources to
create an adequate orchestrator, since no universal commercial orchestration
products are available on the market. Nevertheless, other organizations may
possibly choose a compromise palliative solution of partially software-defined or
\double-speed" data centers.

Keywords: control automation; infrastructure as a service (IaaS); orchestrator;
policy-driven basis; SDDC; SDN; SDS; software-defined
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ЗАДАЧИ БАЗЫ ДАННЫХ ФРАЗЕОЛОГИЧЕСКОГО СЛОВАРЯ
И СТАДИИ ЕЕ ПРОЕКТИРОВАНИЯ

В. В. Вакуленко1, А. А. Гончаров2, А. А. Дурново3, И. М. Зацман4

�−−®â�æ¨ï: �à®¥ªâ¨à®¢�−¨¥ ¡�§ë ¤�−−ëå (�„) ¤¢ãï§ëç−®£® äà�§¥®«®£¨-
ç¥áª®£® á«®¢�àï, ¯®¤¤¥à¦¨¢�îé¥© £¥−¥à�æ¨î ¥£® ¡ã¬�¦−ëå ¨ í«¥ªâà®−−ëå
¢¥àá¨©, ¢® ¬−®£®¬ ®¡ãá«®¢«¥−® áâàãªâãà®© á«®¢�à−®© áâ�âì¨. ’�ª, ¥¥ áâàãª-
âãà� ¢® ¬−®£®¬ ®¯à¥¤¥«ï¥â �àå¨â¥ªâãàã �„ ¢ â®¬, çâ® ª�á�¥âáï ®¡¥á¯¥ç¥−¨ï:
(1) á¢ï§�−−®áâ¨ ª®¬¯®−¥−â®¢ ®¤−®© á«®¢�à−®© áâ�âì¨ (¤«ï ¤¢ãï§ëç−®£® äà�-
§¥®«®£¨ç¥áª®£® á«®¢�àï ª −¨¬ ®â−®áïâáï ¨¤¨®¬�, ¥¥ §−�ç¥−¨ï, ¯à¥¤áâ�¢«¥−−ë¥
ç¥à¥§ à�§«¨ç−ë¥ á¯®á®¡ë ¯¥à¥¢®¤�, ¯à¨¬¥àë, ª®¬¬¥−â�à¨¨ ¨ â. ¤.); (2) ¢®§-
¬®¦−®áâ¨ ¤®¡�¢«¥−¨ï £¨¯¥àááë«®ª ¬¥¦¤ã ¤¢ã¬ï ¨ ¡®«¥¥ á«®¢�à−ë¬¨ áâ�âìï¬¨
¨«¨ ¨å ª®¬¯®−¥−â�¬¨; (3) ¯®¨áª�, ¢¨§ã�«¨§�æ¨¨ ¨ à¥¤�ªâ¨à®¢�−¨ï á«®¢�à−ëå
áâ�â¥©. �à¨ íâ®¬ ®¤−¨¬ ¨§ ãá«®¢¨© ¯à®¥ªâ¨à®¢�−¨ï «¥ªá¨ª®£à�ä¨ç¥áª¨å �„
áâ�¢¨âáï à�§¤¥«ì−®¥ ®¯¨á�−¨¥ «®£¨ç¥áª®© áâàãªâãàë ¤�−−ëå ¨ ä®à¬ ¯à¥¤-
áâ�¢«¥−¨ï íâ¨å ¤�−−ëå ¯à¨ ¨å ¢¨§ã�«¨§�æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á §�¯à®á�¬¨
¯®«ì§®¢�â¥«¥©. –¥«ì áâ�âì¨ á®áâ®¨â ¢ ®¯¨á�−¨¨ ¯®¤å®¤� ª à�áè¨à¥−¨î á¯¥ª-
âà� ä®à¬ ¯à¥¤áâ�¢«¥−¨ï á«®¢�à−ëå áâ�â¥© §� áç¥â ¨å £àã¯¯¨à®¢ª¨ −� ®á−®¢¥
ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨, � â�ª¦¥ áâ�¤¨© à¥�«¨§�æ¨¨ íâ®£® ¯®¤å®¤�.

Š«îç¥¢ë¥ á«®¢�: áâàãªâãà� á«®¢�à−®© áâ�âì¨; «¥ªá¨ª®£à�ä¨ç¥áª�ï ¡�§�
¤�−−ëå; áâàãªâãà� ¤�−−ëå; ¢¨§ã�«¨§�æ¨ï á«®¢�à−ëå áâ�â¥©; ¯à®¥ªâ¨à®¢�−¨¥
¡�§ë ¤�−−ëå
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1 Введение

�à®¥ªâ¨àã¥¬�ï �„ ¤¢ãï§ëç−®£® äà�§¥®«®£¨ç¥áª®£® á«®¢�àï ¯à¥¤−�§−�ç¥−�
¤«ï à¥è¥−¨ï âà¥å ®á−®¢−ëå §�¤�ç:

(1) ä®à¬¨à®¢�−¨ï, ¯®¨áª� ¨ à¥¤�ªâ¨à®¢�−¨ï á«®¢�à−ëå áâ�â¥©;

(2) £¥−¥à�æ¨¨ á«®¢�àï ¤«ï ¥£® ¨§¤�−¨ï ¢ ¡ã¬�¦−®© ä®à¬¥;

(3) £¥−¥à�æ¨¨ á«®¢�àï ¢ í«¥ªâà®−−®© ä®à¬¥.
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¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, izatsman@yandex.ru

113



‚. ‚. ‚�ªã«¥−ª®, �. �. ƒ®−ç�à®¢, �. �. „ãà−®¢®, ˆ. Œ. ‡�æ¬�−

ˆáå®¤−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨ ¤«ï á®§¤�−¨ï �„ á«ã¦�â ®ª®«®
2000 ä�©«®¢ á«®¢�à−ëå áâ�â¥©. �à®¥ªâ¨àã¥¬�ï �„ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì −¥
â®«ìª® ä®à¬¨à®¢�−¨¥ áâ�â¥© á −ã«ï, −® â�ª¦¥ ¨¬¯®àâ â¥ªáâ®¢ áâ�â¥©, á®§¤�−-
−ëå ¤® ä®à¬¨à®¢�−¨ï �„, áâàãªâãà¨à®¢�−¨¥ −�á«¥¤ã¥¬ëå «¥ªá¨ª®£à�ä¨ç¥áª¨å
à¥áãàá®¢ ¨ àã¡à¨ª�æ¨î á«®¢�à−ëå áâ�â¥© á ¨á¯®«ì§®¢�−¨¥¬ ¯à¨§−�ª®¢, ®âà�¦�-
îé¨å ¬®àä®«®£¨î, á¨−â�ªá¨á ¨ á¥¬�−â¨ªã ¨¤¨®¬, � â�ª¦¥ â¥¬�â¨ªã ª®−â¥ªáâ®¢
¨å ã¯®âà¥¡«¥−¨ï [1, 2].

�á−®¢−ë¬ ãá«®¢¨¥¬ ¯à®¥ªâ¨à®¢�−¨ï «¥ªá¨ª®£à�ä¨ç¥áª¨å �„ áâ�¢¨âáï à�§-
¤¥«ì−®¥ ®¯¨á�−¨¥ «®£¨ç¥áª®© áâàãªâãàë ¤�−−ëå ¨ ä®à¬ ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå
¯à¨ ¨å ¢¨§ã�«¨§�æ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á §�¯à®á�¬¨ ¯®«ì§®¢�â¥«¥©, � â�ª¦¥ ®¯¨á�−¨¥
ä®à¬�â� á«®¢�à−ëå áâ�â¥©, ®¡¥á¯¥ç¨¢�îé¥¥ ¨å íªá¯®àâ ¨§ �„ ¨ £¥−¥à�æ¨î â¥ª-
áâ� á«®¢�àï ¤«ï ¨§¤�−¨ï ¢ ¡ã¬�¦−®© ä®à¬¥. ’à�¤¨æ¨®−−® ª ®á−®¢−ë¬ §�¤�ç�¬,
ª®â®àë¥ à¥è�îâáï ¯à¨ ¯®¬®é¨ «¥ªá¨ª®£à�ä¨ç¥áª¨å �„, ®â−®áïâáï [3{5]:

(1) ¨¬¯®àâ ¨ á®§¤�−¨¥ −®¢ëå á«®¢�à−ëå áâ�â¥© ¤«ï ä®à¬¨à®¢�−¨ï á«®¢�à¥©;

(2) à¥¤�ªâ¨à®¢�−¨¥ á«®¢�à−ëå áâ�â¥©;

(3) ¤®¡�¢«¥−¨¥ £¨¯¥àááë«®ª ¬¥¦¤ã ¤¢ã¬ï ¨ ¡®«¥¥ á«®¢�à−ë¬¨ áâ�âìï¬¨ ¨«¨ ¨å
ª®¬¯®−¥−â�¬¨;

(4) ¯®¨áª ¨ ¢¨§ã�«¨§�æ¨ï á«®¢�à−ëå áâ�â¥©;

(5) ä®à¬¨à®¢�−¨¥ á«®¢�à¥© ¤«ï ¨§¤�−¨ï ¢ ¡ã¬�¦−®© ¨ í«¥ªâà®−−®© ä®à¬¥.

„«ï à¥è¥−¨ï íâ¨å §�¤�ç ª −�áâ®ïé¥¬ã ¢à¥¬¥−¨ à�§à�¡®â�− è¨à®ª¨© á¯¥ªâà
áà¥¤áâ¢ ¯à®¥ªâ¨à®¢�−¨ï «¥ªá¨ª®£à�ä¨ç¥áª¨å �„ ¨ ä®à¬¨à®¢�−¨ï í«¥ªâà®−−ëå
á«®¢�à¥©, ªà�âª¨© ®¡§®à ª®â®àëå ¯à¨¢¥¤¥− ¢ à�¡®â¥ [6]. �¤−¨¬ ¨§ −�¨¡®«¥¥
¨§¢¥áâ−ëå áà¥¤áâ¢ ¯à®¥ªâ¨à®¢�−¨ï ï¢«ï¥âáï ¯à®¤ãªâ TLex (¨«¨ TshwaneLex),
ª®â®àë© ¯à¥¤−�§−�ç¥− ª�ª ¤«ï ¯à®ä¥áá¨®−�«ì−ëå «¥ªá¨ª®£à�ä®¢, â�ª ¨ ¤«ï
®¡ëç−ëå ¯®«ì§®¢�â¥«¥©. �− ¯®¤¤¥à¦¨¢�¥â ä®à¬¨à®¢�−¨¥ ¬®−®ï§ëç−ëå, ¤¢ã-
ï§ëç−ëå ¨ ¬−®£®ï§ëç−ëå á«®¢�à¥© ª�ª ¢ ¡ã¬�¦−®©, â�ª ¨ ¢ í«¥ªâà®−−®© ä®à-
¬¥ [7].

‘ ãç¥â®¬ áãé¥áâ¢®¢�−¨ï £®â®¢ëå ¨−áâàã¬¥−â®¢ ¤«ï ä®à¬¨à®¢�−¨ï «¥ªá¨-
ª®£à�ä¨ç¥áª¨å �„ ¨ í«¥ªâà®−−ëå á«®¢�à¥© §�ª®−®¬¥à−ë¬ áâ�−®¢¨âáï ¢®¯à®á
® −¥®¡å®¤¨¬®áâ¨ ¯à®¥ªâ¨à®¢�−¨ï −®¢®© �„ ¤«ï ¤¢ãï§ëç−®£® äà�§¥®«®£¨ç¥áª®-
£® á«®¢�àï. –¥«ì áâ�âì¨ | ®¡®á−®¢�−¨¥ −¥®¡å®¤¨¬®áâ¨ á®§¤�−¨ï â�ª®© �„,
ª®â®à�ï ª®−æ¥¯âã�«ì−® ®â«¨ç�¥âáï ®â áãé¥áâ¢ãîé¨å ¯à®¤ãªâ®¢, ®¯¨á�−¨¥ ¯®¤-
å®¤� ª à�áè¨à¥−¨î á¯¥ªâà� ä®à¬ ¯à¥¤áâ�¢«¥−¨ï á«®¢�à−ëå áâ�â¥© §� áç¥â ¨å
£àã¯¯¨à®¢ª¨ −� ®á−®¢¥ àã¡à¨ª ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨ á¥¬�−â¨ç¥áª¨å, £à�¬-
¬�â¨ç¥áª¨å ¨ ¤àã£¨å ¯à¨§−�ª®¢, � â�ª¦¥ ®¯¨á�−¨¥ áâ�¤¨© à¥�«¨§�æ¨¨ íâ®£®
¯®¤å®¤�.

2 Группировка словарных статей

‘�¬� ¨¤¥ï £àã¯¯¨à®¢ª¨ á«®¢�à−ëå áâ�â¥© ¯® â®¬ã ¨«¨ ¨−®¬ã ¯à¨§−�ªã −¥
−®¢�. �à®¨««îáâà¨àã¥¬ ¥¥ à¥�«¨§�æ¨î, áà�¢−¨¢ ¤¢� äà�−æã§áª®-àãááª¨å á«®-
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¢�àï [8, 9]. …á«¨ ¢ ¯¥à¢®¬ ¨§ −¨å ®âªàëâì á«®¢�à−ãî áâ�âìî, −�¯à¨¬¥à, ¯à®
ª−¨¦−ë© ä®à¬�â in-folio, â® íâ® −¥ ¯®¬®¦¥â −�©â¨ áâ�âì¨ ® ¤àã£¨å ä®à¬�â�å,
¯®áª®«ìªã ¤«ï íâ®£® ¢ ¡ã¬�¦−®© ¢¥àá¨¨ á«®¢�àï −ã¦−® §�à�−¥¥ §−�âì ¨å −�§¢�−¨ï
(in-quarto, in-octavo, in-seize, in-trente-deux)1. ‚® ¢â®à®¬ á«®¢�à¥ ¨á¯®«ì§ã¥âáï
£àã¯¯¨à®¢ª� ®â¤¥«ì−ëå á«®¢�à−ëå áâ�â¥© ¯® 85 á¥¬�−â¨ç¥áª¨¬ ª«�áá�¬ (¢à¥¬¥−�
£®¤�, áâà�−ë á¢¥â�, ¤−¨ −¥¤¥«¨, ¬¥áïæë, ª−¨¦−ë¥ ä®à¬�âë, áâ¥¯¥−¨ à®¤áâ¢�,
¢®§à�áâ−ë¥ ¯¥à¨®¤ë, §−�ª¨ ¯à¥¯¨−�−¨ï ¨ ¤à.). �®íâ®¬ã, ¢ë¡¨à�ï á¥¬�−â¨ç¥áª¨©
ª«�áá úle format | ª−¨¦−ë© ä®à¬�âû, ç¨â�â¥«ì ¯®«ãç�¥â á¯¨á®ª ¢á¥å ¢ëè¥-
¯¥à¥ç¨á«¥−−ëå −�§¢�−¨© ä®à¬�â®¢ −� äà�−æã§áª®¬ ï§ëª¥ á ¨å ¯¥à¥¢®¤�¬¨ −�
àãááª¨© ï§ëª.

„àã£®© ¯à¨¬¥à à¥�«¨§�æ¨¨ íâ®© ¨¤¥¨ | ’¥§�ãàãá [10]. �− ¢ª«îç�¥â ®ª®-
«® 6000 ¨¤¨®¬ àãááª®£® ï§ëª�, á£àã¯¯¨à®¢�−−ëå ¯® á¬ëá«®¢ë¬ ª�â¥£®à¨ï¬,
ª®â®àë¥ ®¡à�§ãîâ ¬−®£®ãà®¢−¥¢ãî ¨¥à�àå¨î. ‚¥àå−¨© ãà®¢¥−ì íâ®© ¨¥à�à-
å¨¨ ¢ª«îç�¥â 87 ª�â¥£®à¨© (ú1. ‚à¥¬ïû, ú2. �à®áâà�−áâ¢®û, ú3. „¢¨¦¥−¨¥û,
. . . ú87. ‚¥é¥áâ¢®û). �à¨ íâ®¬ ¥á«¨ ¢ á«®¢�à¥ [8] á¥¬�−â¨ç¥áª¨© ª«�áá ú¢®§-
à�áâ−ë¥ ¯¥à¨®¤ëû ¢ª«îç�¥â 9 ¯¥à¨®¤®¢ ¨ ¢å®¤¨â ¢ á¯¨á®ª ¨§ 85 à�§−®à®¤−ëå
á¥¬�−â¨ç¥áª¨å ª«�áá®¢, â® ¢ ’¥§�ãàãá¥ ¨¤¨®¬ë ¯à® âà¨ ¢®§à�áâ−ëå ¯¥à¨®¤�
(ú1.3.4.1. „¥âáâ¢®, ¬®«®¤®áâìû2, ú1.3.4.2. ‡à¥«®áâìû3, ú1.3.4.3. ‘â�à®áâìû4)
−�å®¤ïâáï −� ç¥â¢¥àâ®¬ ãà®¢−¥ ¨¥à�àå¨¨ −¨¦¥ á«¥¤ãîé¨å âà¥å ãà®¢−¥©: ú1. ‚à¥-
¬ïû, ú1.3. ‚ë¤¥«¥−−ë© ¢à¥¬¥−−®© ¨−â¥à¢�«û5, ú1.3.4. ‚®§à�áâû6.

’�ª¨¬ ®¡à�§®¬, ¢ ¯¥à¢®¬ ¯à¨¬¥à¥ ¤«ï £àã¯¯¨à®¢ª¨ á«®¢�à−ëå áâ�â¥© ¨á¯®«ì-
§®¢�«áï «¨−¥©−ë© á¯¨á®ª á¥¬�−â¨ç¥áª¨å ª«�áá®¢, � ¢® ¢â®à®¬ ¯à¨¬¥à¥ ®á−®¢®©
¤«ï £àã¯¯¨à®¢ª¨ ¨¤¨®¬ ¡ë«� ¨¥à�àå¨ï á¥¬�−â¨ç¥áª¨å ª�â¥£®à¨©. �¤−�ª® ªà®¬¥
á¥¬�−â¨ç¥áª¨å ¤«ï £àã¯¯¨à®¢ª¨ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¨ ¤àã£¨¥ ¯à¨§−�ª¨ (¬®à-
ä®«®£¨ç¥áª¨¥, á¨−â�ªá¨ç¥áª¨¥, äã−ªæ¨®−�«ì−ë¥ ¨ â. ¤.), ¯à¨ ¨á¯®«ì§®¢�−¨¨
ª®â®àëå ¬®£ãâ ®¡à�§®¢ë¢�âìáï â¥ ¨«¨ ¨−ë¥ §−�ç¨¬ë¥ ¤«ï ¯®«ì§®¢�â¥«¥© «¥ªá¨-
ª®£à�ä¨ç¥áª¨¥ ª�â¥£®à¨¨. �â¬¥â¨¬, çâ® £àã¯¯¨à®¢ª� −� ®á−®¢�−¨¨ à�§−®à®¤−ëå
¯à¨§−�ª®¢ ¨ ¨å á®ç¥â�−¨©, ª�ª ¯à�¢¨«®, ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ ä�á¥â−ëå
ª«�áá¨ä¨ª�æ¨©.

‚�¦−® ®â¬¥â¨âì, çâ® ä®à¬¨à®¢�−¨¥ «¥ªá¨ª®£à�ä¨ç¥áª¨å �„ ¨ í«¥ªâà®−−ëå
á«®¢�à¥© á ¨á¯®«ì§®¢�−¨¥¬ ä�á¥â−ëå ª«�áá¨ä¨ª�æ¨© áâ�«® −®¢®© ¨ ¢® ¬−®£®¬
−¥à¥è¥−−®© ¯à®¡«¥¬®© ¨§-§� ®âáãâáâ¢¨ï à¥«¥¢�−â−ëå ª«�áá¨ä¨ª�æ¨© «¥ªá¨ª®-
£à�ä¨ç¥áª¨å ª�â¥£®à¨© ¨ áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ ¨å ä®à¬¨à®¢�−¨ï. ‚ ¯à¥¤«�-

1–¨â¨àã¥âáï ¯® á«®¢�àî [9], ¢ª«îç¥−−®¬ã ¢ ABBYY Lingvo x3. ‚ −�¢¨£�æ¨®−−®© ¯�−¥«¨
¥£® í«¥ªâà®−−®© ¢¥àá¨¨ ¯¥à¥ç¨á«¥−−ë¥ ª−¨¦−ë¥ ä®à¬�âë −�å®¤ïâáï àï¤®¬ ¨«¨ −¥¤�«¥ª® ¤àã£ ®â
¤àã£�, −® íâ® ¤�«¥ª® −¥ ¢á¥£¤� â�ª ¤«ï ï§ëª®¢ëå ¥¤¨−¨æ, ¡«¨§ª¨å ¯® §−�ç¥−¨î.

2‚ −¥¦−®¬ ¢®§à�áâ¥, ®â £®àèª� ¤¢� ¢¥àèª�, ¬®«®ª® −� £ã¡�å −¥ ®¡á®å«®, ¯®¤ áâ®« ¯¥èª®¬
å®¤¨âì, ¬®«®¤®-§¥«¥−® [10].

3‚ «¥â�å, −¥ ¯¥à¢®© ¬®«®¤®áâ¨, ¢ ®âæë £®¤¨âìáï, ¢ á�¬®¬ á®ªã, ¢® æ¢¥â¥ «¥â [10].
4‘â�à�ï £¢�à¤¨ï, −� §�ª�â¥ «¥â, ¯®á«¥¤−¨© ¨§ ¬®£¨ª�−, −� áâ�à®áâ¨ «¥â [10].
5‡®«®â®© ¢¥ª, ¡�¡ì¥ «¥â®, ¬¥¤®¢ë© ¬¥áïæ, ¬¥àâ¢ë© á¥§®−, ç¥à−�ï áã¡¡®â�, â¨å¨© ç�á [10].
6
. . .(ª�ª®©-«¨¡®) ¤¥áïâ®ª à�§¬¥−ïâì, −¥ ¯® £®¤�¬ (−�¯à¨¬¥à, ®ª�§�«áï −¥ ¯® £®¤�¬ ã¬−ë¬

¬�«ìç¨ª®¬) [10].
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£�¥¬®¬ ¯®¤å®¤¥ íâ� ¯à®¡«¥¬� ¢ª«îç�¥â ¯®áâ�−®¢ªã ¨ à¥è¥−¨¥ á«¥¤ãîé¨å §�¤�ç
¬¥â®¤�¬¨ ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨:

(1) áä®à¬¨à®¢�âì ¯à¥¤áâ�¢¨â¥«ì−ë© ¬�áá¨¢ áâàãªâãà¨à®¢�−−ëå á«®¢�à−ëå áâ�-
â¥©;

(2) á®§¤�âì �„ á«®¢�à−ëå áâ�â¥©, ®¡¥á¯¥ç¨¢�îéãî ä®à¬¨à®¢�−¨¥ ¨ ¨á¯®«ì§®-
¢�−¨¥ ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨ [11];

(3) ¯à¨¯¨á�âì á«®¢�à−ë¬ áâ�âìï¬ à¥«¥¢�−â−ë¥ àã¡à¨ª¨ áä®à¬¨à®¢�−−®© ä�-
á¥â−®© ª«�áá¨ä¨ª�æ¨¨.

�®¢¨§−� ª®−æ¥¯æ¨¨ ¯à®¥ªâ¨àã¥¬®© �„ ¤¢ãï§ëç−®£® äà�§¥®«®£¨ç¥áª®£® á«®¢�àï
á®áâ®¨â ¢ â®¬, çâ® ®−� ¤®«¦−� ®¡¥á¯¥ç¨¢�âì à¥è¥−¨¥ ¢á¥å âà¥å §�¤�ç.

3 Структура словарной статьи

ˆáå®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï à¥è¥−¨ï ¯¥à¢®© ¨§ ¯¥à¥ç¨á«¥−−ëå §�¤�ç | ä®à¬¨-
à®¢�−¨ï ¬�áá¨¢� á«®¢�à−ëå áâ�â¥© | á«ã¦�â ®ª®«® 2000 áâ�â¥©, ®¯¨áë¢�îé¨å
−¥¬¥æª¨¥ ¨¤¨®¬ë ¨ ¨å ¯¥à¥¢®¤ë −� àãááª¨© ï§ëª. Š�¦¤�ï áâ�âìï −�ç¨−�¥âáï
á ¢®ª�¡ã«ë, â. ¥. á ®¯®à−®£® á«®¢� (á¬. ¯®¤à®¡−¥¥ ®¡ ®¯à¥¤¥«¥−¨¨ ¢®ª�¡ã«ë [12,
á. 595{597]), ª®â®à®¥ ¯®§¢®«ï¥â ã¯®àï¤®ç¨âì ¨¤¨®¬ë ¯® �«ä�¢¨âã, ®áãé¥áâ¢«ïâì
¨å ¯®¨áª ¨ £àã¯¯¨à®¢ªã. ‚®ª�¡ã«�, â�ª¨¬ ®¡à�§®¬, ¯à¥¤áâ�¢«ï¥â á®¡®© áà¥¤áâ¢®
�«ä�¢¨â¨§�æ¨¨ ¨¤¨®¬, −¥®¡å®¤¨¬®¥ ¤«ï ¨å ¯à¥¤áâ�¢«¥−¨ï ¢ ¡ã¬�¦−ëå ¢¥àá¨ïå
á«®¢�àï. ‚ í«¥ªâà®−−ëå á«®¢�àïå ¯®¨áª ¨ £àã¯¯¨à®¢ªã áâ�â¥© ¬®¦−® ¢ë¯®«−¨âì,
ª�ª ¯à�¢¨«®, ¯® «î¡®¬ã á«®¢ã «¥¬¬ë.

‡� ¢®ª�¡ã«®© á«¥¤ã¥â «¥¬¬� | ¨¤¨®¬� ¢ âà�¤¨æ¨®−−®© á«®¢�à−®© ä®à¬¥,
§−�ç¥−¨¥ ª®â®à®¥ ®¯¨áë¢�¥âáï ç¥à¥§ ¢�à¨�−âë ¯¥à¥¢®¤�. ‚ á«®¢�à¥ ª�¦¤®©
«¥¬¬¥ á®®â¢¥âáâ¢ã¥â ®¤−� á«®¢�à−�ï áâ�âìï. ‚ ª�ç¥áâ¢¥ ¨««îáâà�æ¨¨ à�áá¬®âà¨¬
ç¥âëà¥ «¥¬¬ë −� −¥¬¥æª®¬ ï§ëª¥ á® á«®¢®¬ Hand ¨ ¨å ¯¥à¥¢®¤ë −� àãááª¨©
ï§ëª1 (¯à¨¬¥àë ¨á¯®«ì§®¢�−¨ï ¨¤¨®¬ ¨ ª®¬¬¥−â�à¨¨ §¤¥áì −¥ ¯à¨¢®¤ïâáï):

{ aus der Hand geben | ¢ë¯ãáâ¨âì ¨§ àãª (çâ®-«.); ®â¤�âì (çâ®-«.); ®âª�§�âìáï
(®â ç¥£®-«.);

{ aus erster Hand | 1) ¨§ ¯¥à¢ëå ãáâ; 2) ¨§ ¯¥à¢ëå àãª;

{ in guten H�anden | ¢ −�¤¥¦−ëå àãª�å; ¢ ¤®¡àëå àãª�å;

{ in festen H�anden sein | 1) (çì¥-«.) á¥à¤æ¥ §�−ïâ®; 2) (çâ®-«.) −�å®¤¨âáï
¢ á®¡áâ¢¥−−®áâ¨.

‘«®¢® Hand ¤«ï íâ¨å ç¥âëà¥å «¥¬¬ á«ã¦¨â ¢®ª�¡ã«®©. �¥à¢�ï «¥¬¬� ¨¬¥¥â
®¤−® §−�ç¥−¨¥ ¨ âà¨ ¢�à¨�−â� ¯¥à¥¢®¤�, ¢â®à�ï | ¤¢� §−�ç¥−¨ï á ®¤−¨¬ ¢�à¨�−â®¬
¯¥à¥¢®¤� ª�¦¤®¥, âà¥âìï | ®¤−® §−�ç¥−¨¥ ¨ ¤¢� ¢�à¨�−â� ¯¥à¥¢®¤�, ç¥â¢¥àâ�ï |
¤¢� §−�ç¥−¨ï á ®¤−¨¬ ¢�à¨�−â®¬ ¯¥à¥¢®¤� ª�¦¤®¥. ‚ á«®¢�à−®© áâ�âì¥ ®¯¨á�−¨¥

1‹¥¬¬ë ¨ ¨å ¯¥à¥¢®¤ë ¢§ïâë ¨§ àãª®¯¨á¨ −¥¬¥æª®-àãááª®£® äà�§¥®«®£¨ç¥áª®£® á«®¢�àï,
ª®â®àë© £®â®¢¨âáï ª ¨§¤�−¨î ¯®¤ à¥¤�ªæ¨¥© „. �. „®¡à®¢®«ìáª®£®.
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‘¢ï§¨ ¬¥¦¤ã ¢®ª�¡ã«®© ¨ «¥¬¬�¬¨

§−�ç¥−¨ï «¥¬¬ë á®¤¥à¦¨â ª�ª ¬¨−¨¬ã¬ ®¤¨− ¯à¨¬¥à ¨á¯®«ì§®¢�−¨ï ¨¤¨®¬ë
¢ íâ®¬ §−�ç¥−¨¨ ¨ ¬®¦¥â ¢ª«îç�âì ª®¬¬¥−â�à¨¨. ‚ ª®−æ¥ áâ�âì¨ ãª�§ë¢�¥âáï ¥¥
�¢â®à.

�� à¨áã−ª¥ £à�ä¨ç¥áª¨ ¯à¥¤áâ�¢«¥−ë á¢ï§¨ ¬¥¦¤ã ¢®ª�¡ã«®© Hand, ¢ë-
è¥¯¥à¥ç¨á«¥−−ë¬¨ «¥¬¬�¬¨, ¨å §−�ç¥−¨ï¬¨, ¯à¨¬¥à�¬¨ ¨ ª®¬¬¥−â�à¨ï¬¨ ¨§
ç¥âëà¥å á«®¢�à−ëå áâ�â¥©. ‘âàãªâãà� á«®¢�à−®© áâ�âì¨ á®§¤�¢�¥¬®£® −¥¬¥æª®-
àãááª®£® äà�§¥®«®£¨ç¥áª®£® á«®¢�àï ¯à¥¤áâ�¢«¥−� ¢ â�¡«¨æ¥. �â� áâàãªâãà�
ï¢«ï¥âáï ®¡é¥© ¤«ï ¢á¥å áâ�â¥©, −® −�¡®àë ª®¬¯®−¥−â®¢ ®â¤¥«ì−ëå áâ�â¥© ¬®£ãâ
®â«¨ç�âìáï.

‘¥àë¬ æ¢¥â®¬ ¢ë¤¥«¥− ¬¨−¨¬�«ì−ë© −�¡®à ®¡ï§�â¥«ì−ëå ª®¬¯®−¥−â®¢.
‚ â�¡«¨æ¥ ãª�§�−® 8 â�ª¨å ª®¬¯®−¥−â®¢: (1) ¢®ª�¡ã«�; (2) «¥¬¬�; (3) §®−�
§−�ç¥−¨ï; (4) §−�ç¥−¨¥ (min1 1); (5) ¯¥à¥¢®¤ (min 1); (6) §®−� ¯à¨¬¥à®¢ (min 1);
(7) ¯à¨¬¥à (min 1); (8) �¢â®à áâ�âì¨ (min 1).

1Œ¨−¨¬�«ì−ë¥ §−�ç¥−¨ï ãª�§�−ë ¤«ï â¥å í«¥¬¥−â®¢, ª®â®àëå ¢ ¯à¨−æ¨¯¥ ¬®¦¥â ¡ëâì ¡®«ìè¥
®¤−®£®; ¢ â�¡«¨æ¥ ¢®§¬®¦−®áâ¨ ¯®¢â®à¥−¨ï áâàãªâãà−ëå í«¥¬¥−â®¢ ®â¬¥ç¥−ë ¬−®£®â®ç¨¥¬.
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‘âàãªâãà� á«®¢�à−®© áâ�âì¨

‚®ª�- ‹¥¬¬� �à®¯®§¨æ¨®−�«ì−�ï ä®à¬� «¥¬¬ë
¡ã«� ‚�à¨�−â (£à�¬¬.) «¥¬¬ë

‚�à¨�−âë («¥ªá.) «¥¬¬ë
‘â¨«¨áâ¨ç¥áª¨¥ ¯®¬¥âë

‡®−�
§−�ç¥-

−¨ï

‡−�ç¥-
−¨¥ 1

‚�à¨�−â (£à�¬¬.) «¥¬¬ë ¢ ¤�−−®¬
§−�ç¥−¨¨ (¢®§¬®¦−®, ¥á«¨ §−�ç¥−¨© > 1)

�à®¯®§¨æ¨®−�«ì−�ï
ä®à¬� «¥¬¬ë ¢ ¤�−−®¬ §−�ç¥−¨¨
(¢®§¬®¦−®, ¥á«¨ §−�ç¥−¨© > 1)

�¥à¥¢®¤ «¥¬¬ë ¢ ¤�−−®¬ §−�ç¥−¨¨
‚�à¨�−âë («¥ªá.) «¥¬¬ë ¢ ¤�−−®¬ §−�ç¥−¨¨
‡®−�

¯à¨¬¥-
à®¢

�à¨¬¥à 1
’¥ªáâ ¯à¨¬¥à� 1
−� −¥¬. ï§ëª¥

ˆáâ®ç−¨ª
¯à¨¬¥à� 1

�¥à¥¢®¤ ¯à¨¬¥à� 1
−� àãááª¨© ï§ëª
. . .

�à¨¬¥à M
’¥ªáâ ¯à¨¬¥à� M

−� −¥¬. ï§ëª¥
ˆáâ®ç−¨ª

¯à¨¬¥à� M
�¥à¥¢®¤ ¯à¨¬¥à� M

−� àãááª¨© ï§ëª
�á®¡¥−−®áâ¨ ã¯®âà¥¡«¥−¨ï
«¥¬¬ë ¢ ¤�−−®¬ §−�ç¥−¨¨

(â�ª −�§ë¢�¥¬ë© úª®¬¬¥−â�à¨©û)
. . . . . . . . .

‡−�ç¥-
−¨¥ N . . . . . .

ƒ¨¯¥àááë«ª¨ −� ¤àã£¨¥ «¥¬¬ë
�¢â®à á«®¢�à−®© áâ�âì¨

‚á¥ ¯à®ç¨¥ í«¥¬¥−âë áâ�âì¨ ï¢«ïîâáï ä�ªã«ìâ�â¨¢−ë¬¨ ¨ ¬®£ãâ ®â−®á¨âìáï
«¨¡® ª «¥¬¬¥ ¢ æ¥«®¬, «¨¡® ª ®â¤¥«ì−ë¬ ¥¥ §−�ç¥−¨ï¬. �â® ¯à®¯®§¨æ¨®−�«ì−�ï
ä®à¬� «¥¬¬ë («¨ç−�ï ä®à¬�, ¯à®â¨¢®¯®áâ�¢«ï¥¬�ï á«®¢�à−®©), £à�¬¬�â¨ç¥áª¨¥
¢�à¨�−âë «¥¬¬ë (−�¯à¨¬¥à, ®âà�¦�îé¨¥ ¢�à¨�â¨¢−®áâì ¬®¤¥«¨ ã¯à�¢«¥−¨ï ¨«¨
¨á¯®«ì§®¢�−¨ï �àâ¨ª«¥©), «¥ªá¨ç¥áª¨¥ ¢�à¨�−âë «¥¬¬ë (®âà�¦�îé¨¥ ¢�à¨�â¨¢-
−®áâì «¥ªá¨ç¥áª®£® á®áâ�¢�), áâ¨«¨áâ¨ç¥áª¨¥ ¯®¬¥âë, £¨¯¥àááë«ª¨.

Š®¬¬¥−â�à¨¨, à�áªàë¢�îé¨¥ ®á®¡¥−−®áâ¨ ã¯®âà¥¡«¥−¨ï «¥¬¬ë (¢ â®¬ ç¨á«¥
á â®çª¨ §à¥−¨ï ¬¥¦êï§ëª®¢ëå à�§«¨ç¨©), ®¡ëç−® ®â−®áïâáï ª §®−¥ ¯à¨¬¥à®¢,
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®¤−�ª® ®−¨ ¬®£ãâ ®â−®á¨âìáï ¨ ª ¤àã£¨¬ §®−�¬ áâ�âì¨. �®«¥¥ ¤¥â�«ì−®¥ à�áá¬®âà¥-
−¨¥ áâàãªâãàë á«®¢�à−®© áâ�âì¨ −� ¯à¨¬¥à�å ª®−ªà¥â−ëå ¨¤¨®¬ −¥¬¥æª®£® ï§ëª�
¨ ¨å ®¯¨á�−¨ï ¢ ¯à®¥ªâ¨àã¥¬®¬ −¥¬¥æª®-àãááª®¬ äà�§¥®«®£¨ç¥áª®¬ á«®¢�à¥ á¬.
¢ [12, á. 597{602].

4 Заключение

�à®¡«¥¬� ä®à¬¨à®¢�−¨ï �„ ¨ í«¥ªâà®−−ëå á«®¢�à¥© á ¨á¯®«ì§®¢�−¨¥¬ ä�-
á¥â−ëå ª«�áá¨ä¨ª�æ¨© ¢ª«îç�¥â âà¨ ®á−®¢−ë¥ §�¤�ç¨, ¯¥à¥ç¨á«¥−−ë¥ ¢ ª®−æ¥
à�§¤. 2, ª®â®àë¥ áãé¥áâ¢¥−−® à�§«¨ç�îâáï ¯® ¨å á«®¦−®áâ¨ ¨§-§� ®âáãâáâ¢¨ï à¥-
«¥¢�−â−ëå ä�á¥â−ëå ª«�áá¨ä¨ª�æ¨© «¥ªá¨ª®£à�ä¨ç¥áª¨å ª�â¥£®à¨© (”Š‹Š),
§−�ç¨¬ëå ¤«ï ¯®«ì§®¢�â¥«¥© á«®¢�à¥©. �®íâ®¬ã ¯à®¥ªâ¨à®¢�−¨¥ �„ ¯«�−¨-
àã¥âáï ¢ë¯®«−¨âì ¢ −¥áª®«ìª® áâ�¤¨©. �à¨ íâ®¬ −�¨¡®«¥¥ á«®¦−ë¥ §�¤�ç¨
¯à¥¤¯®«�£�¥âáï ¯¥à¥−¥áâ¨ −� §�¢¥àè�îéãî áâ�¤¨î.

�� ¯¥à¢®© áâ�¤¨¨ ä®à¬¨àã¥âáï ¬�áá¨¢ áâàãªâãà¨à®¢�−−ëå á«®¢�à−ëå áâ�â¥©
−� ®á−®¢¥ ¤�−−ëå −¥áâàãªâãà¨à®¢�−−ëå ¨áå®¤−ëå ä�©«®¢ ¢ ä®à¬�â¥ *.doc (®¤¨−
ä�©« á®¤¥à¦¨â â¥ªáâ ®¤−®© áâ�âì¨). „«ï áâàãªâãà¨à®¢�−¨ï â¥ªáâ®¢ ¨ à�§¬¥âª¨
á«®¢�à−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨ á â�¡«¨æ¥© ¡ë«� à�§à�¡®â�−� á¨áâ¥¬� â¥£®¢
¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ ¬�ªà®á®¢. �®á«¥ à�§¬¥âª¨ á«®¢�à−ëå áâ�â¥© á ¯®¬®éìî
¬�ªà®á®¢ ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì ¯à®£à�¬¬−®© §�£àã§ª¨ áâàãªâãà¨à®¢�−−ëå
áâ�â¥© ¢ �„, á®§¤�¢�¥¬ãî −� ¢â®à®© áâ�¤¨¨.

�â¬¥â¨¬, çâ® −� ¢â®à®© áâ�¤¨¨ §�¤�ç� á®§¤�−¨ï �„ á«®¢�à−ëå áâ�â¥© á ¢®§-
¬®¦−®áâìî ä®à¬¨à®¢�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ”Š‹Š à¥è�¥âáï â®«ìª® ç�áâ¨ç−®:
á−�ç�«� ¯à®¥ªâ¨àã¥âáï �„, ®¡¥á¯¥ç¨¢�îé�ï §�£àã§ªã −�á«¥¤ã¥¬ëå áâ�â¥©, á®-
§¤�−¨¥ −®¢ëå á«®¢�à−ëå áâ�â¥©, ¨å ¯®¨áª ¨ à¥¤�ªâ¨à®¢�−¨¥ ¡¥§ ¨á¯®«ì§®¢�−¨ï
”Š‹Š, � â�ª¦¥ íªá¯®àâ áâàãªâãà¨à®¢�−−ëå áâ�â¥©. �â® ¯®§¢®«ï¥â ã¦¥ ¯®
§�¢¥àè¥−¨¨ íâ®© áâ�¤¨¨ ®¯ã¡«¨ª®¢�âì á«®¢�àì ¢ ¡ã¬�¦−®© ¨/¨«¨ í«¥ªâà®−−®©
ä®à¬¥, −® ¯®ª� ¡¥§ ¢®§¬®¦−®áâ¨ ¯®¨áª� ¨ £àã¯¯¨à®¢ª¨ á«®¢�à−ëå áâ�â¥© ¯à¨
¯®¬®é¨ àã¡à¨ª ”Š‹Š.

��¨¡®«¥¥ âàã¤®¥¬ª�ï ¨ ¤«¨â¥«ì−�ï âà¥âìï áâ�¤¨ï −¥®¡å®¤¨¬� ¤«ï ä®à-
¬¨à®¢�−¨ï ”Š‹Š ¨ ¯à¨¯¨áë¢�−¨ï ¥¥ àã¡à¨ª á«®¢�à−ë¬ áâ�âìï¬. �� íâ®©
áâ�¤¨¨ ®¤−®¢à¥¬¥−−® §�¢¥àè�¥âáï à¥è¥−¨¥ ¢â®à®© §�¤�ç¨ ¨ ¯®«−®áâìî à¥è�¥â-
áï âà¥âìï §�¤�ç�. „«ï ¤®áâ¨¦¥−¨ï íâ®© æ¥«¨ ¯«�−¨àã¥âáï �¤�¯â¨à®¢�âì ¬¥â®¤
«¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¢ −�¤ª®à¯ãá−ëå ¡�§�å
¤�−−ëå [13{16] ¨ ¯à¨¬¥−¨âì ¥£® ª ¤¢ãï§ëç−ë¬ á«®¢�à−ë¬ áâ�âìï¬, ã¦¥ åà�−ï-
é¨¬áï ¢ �„. �à¥¤«�£�¥¬ë© ¯®¤å®¤ ¤�áâ ¢®§¬®¦−®áâì ¯® §�¢¥àè¥−¨¨ íâ®© áâ�¤¨¨
áä®à¬¨à®¢�âì á«®¢�àì ¢ í«¥ªâà®−−®© ä®à¬¥ á äã−ªæ¨¥© £àã¯¯¨à®¢ª¨ á«®¢�à−ëå
áâ�â¥© ¯® àã¡à¨ª�¬ ”Š‹Š.

‚®§¬®¦−®áâì £àã¯¯¨à®¢ª¨ á«®¢�à−ëå áâ�â¥© áãé¥áâ¢¥−−® à�áè¨àï¥â á¯¥ªâà
¢¨¤®¢ ¯®¨áª� ¨ ä®à¬ ¨å ¢¨§ã�«¨§�æ¨¨ §� áç¥â ¨á¯®«ì§®¢�−¨ï àã¡à¨ª ”Š‹Š.
Š ç¨á«ã −®¢ëå ¢¨¤®¢ ®â−®á¨âáï ¯®¨áª á«®¢�à−ëå áâ�â¥© ¯® àã¡à¨ª�¬ «¥ªá¨ª®-
£à�ä¨ç¥áª¨å ª�â¥£®à¨©, â�ª¨å, −�¯à¨¬¥à, ª�ª á¥¬�−â¨ç¥áª¨¥ ª«�ááë (¢à¥¬¥−�
£®¤�, áâà�−ë á¢¥â�, ¤−¨ −¥¤¥«¨ ¨ ¤à.).
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Tasks of the phraseological dictionary database and stages of its design

TASKS OF THE PHRASEOLOGICAL DICTIONARY DATABASE
AND STAGES OF ITS DESIGN

V. V. Vakulenko, A. A. Goncharov, A. A. Durnovo, and I. M. Zatsman

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 design of the database (DB) for a bilingual phraseologic dictionary
which supports the generation of paper and digital versions depends largely
on the structure of the dictionary entry. This structure defines the DB's
architecture in the following aspects: (i) the connectedness of the components of
a single dictionary entry (for a bilingual phraseologic dictionary, the components
are: idiom and its meanings represented by translation variants, examples,
commentary, etc.); (ii) the ability to add hyperlinks between two and more
entries and their components; and (iii) searching, visualizing, and editing
entries. Additionally, when designing lexicographical DBs, one of the conditions
includes a separate description of the logical data structure and the representation
forms of this data during its visualization in accordance with the user's query.
The goal of this paper is to describe the approach to expanding the range of
dictionary entry representation forms by clustering the entries according to the
faceted classification and to display the stages of implementing this approach.

Keywords: dictionary entry structure; lexicographical database; data structure;
dictionary entry visualization; database design
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НЕСТАБИЛЬНОСТЬ НЕЙРОННОГО МАШИННОГО
ПЕРЕВОДА∗

А. Ю. Егорова1, И. М. Зацман2, В. В. Косарик3, В. А. Нуриев4

�−−®â�æ¨ï: „�−® ®¯¨á�−¨¥ íªá¯¥à¨¬¥−â� ¯® ¨áá«¥¤®¢�−¨î −¥áâ�¡¨«ì−®áâ¨
−¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤� (�Œ�). ‘ä®à¬¨à®¢�−−ë© ¬�áá¨¢ â¥ªáâ®-
¢ëå äà�£¬¥−â®¢ −� àãááª®¬ ï§ëª¥ ¯®¢â®à−® ¨ ¬−®£®ªà�â−® ¯¥à¥¢®¤¨«áï −�
äà�−æã§áª¨© ï§ëª ¢ â¥ç¥−¨¥ ®¤−®£® £®¤� á è�£®¬ ¢ ®¤¨− ¬¥áïæ ¯®áà¥¤áâ¢®¬
á¨áâ¥¬ë �Œ� Google. �â® ¤�«® ¢®§¬®¦−®áâì §�ä¨ªá¨à®¢�âì −¥áâ�¡¨«ì−®áâì
¯¥à¥¢®¤� ®¤−¨å ¨ â¥å ¦¥ äà�£¬¥−â®¢ â¥ªáâ®¢. ‡�â¥¬ ¡ë«® ¢ë¯®«−¥−® «¨−-
£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥ ¯®«ãç¥−−ëå ¯¥à¥¢®¤®¢ ¨ ®¯à¥¤¥«¥−® −¥áª®«ìª®
¢¨¤®¢ −¥áâ�¡¨«ì−®áâ¨ �Œ�. �à¨ íâ®¬ ¨á¯®«ì§®¢�«�áì à�−¥¥ à�§à�¡®â�−−�ï
â¨¯®«®£¨ï ®è¨¡®ª ¯¥à¥¢®¤�. ‚ ¯à®æ¥áá¥ �−−®â¨à®¢�−¨ï ¢ −¥¥ ¡ë« ¢−¥á¥− àï¤
¨§¬¥−¥−¨©, ®¯¨á�−¨¥ ª®â®àëå ¯à¨¢¥¤¥−® ¢ áâ�âì¥. Š®−¥ç−�ï æ¥«ì íªá¯¥à¨-
¬¥−â� | ¯®«ãç¨âì ç�áâ®â−ãî ®æ¥−ªã ¢¨¤®¢ −¥áâ�¡¨«ì−®áâ¨ �Œ�. �� ¯¥à¢®¬
¥£® íâ�¯¥, ®¯¨á�−¨î à¥§ã«ìâ�â®¢ ª®â®à®£® ¨ ¯®á¢ïé¥−� áâ�âìï, áâ�¢¨«�áì
§�¤�ç� ¯à®¢¥áâ¨ ª�â¥£®à¨§�æ¨î −¥áâ�¡¨«ì−®áâ¨. �¬¯¨à¨ç¥áª¨¬ ¬�â¥à¨�«®¬
¤«ï íªá¯¥à¨¬¥−â� á«ã¦�â àãááª®-äà�−æã§áª¨¥ �−−®â�æ¨¨, áä®à¬¨à®¢�−−ë¥
¢ −�¤ª®à¯ãá−®© ¡�§¥ ¤�−−ëå. Š�¦¤�ï �−−®â�æ¨ï á®¤¥à¦¨â ®¤−® ¨«¨ −¥áª®«ìª®
¯à¥¤«®¦¥−¨© ®à¨£¨−�«ì−®£® â¥ªáâ� −� àãááª®¬ ï§ëª¥, ¨å ¯¥à¥¢®¤ ¨ ®¯¨á�−¨¥
¢áâà¥â¨¢è¨åáï ®è¨¡®ª ¯¥à¥¢®¤�.

Š«îç¥¢ë¥ á«®¢�: ¬�è¨−−ë© ¯¥à¥¢®¤; −¥áâ�¡¨«ì−®áâì; ¬®−¨â®à¨−£ à¥§ã«ì-
â�â®¢ ¯¥à¥¢®¤�; «¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥; ¢¨¤ë −¥áâ�¡¨«ì−®áâ¨
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1 Введение

‚ 2018 £. ¢ ¨§¤�â¥«ìáâ¢¥ ú˜¯à¨−£¥àû −�ç�«�áì ¯ã¡«¨ª�æ¨ï á¥à¨¨ ª−¨£,
¯®á¢ïé¥−−ëå â¥å−®«®£¨ï¬ ¨ ¯à¨¬¥−¥−¨î á¨áâ¥¬ ¬�è¨−−®£® ¯¥à¥¢®¤� [1, 2].
�¥à¢ë© â®¬ íâ®© á¥à¨¨ ¯®«−®áâìî ¯®á¢ïé¥− �−�«¨§ã à¥§ã«ìâ�â®¢ ¬�è¨−−®£®

∗÷�¡®â� ¢ë¯®«−¥−� ¢ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷�� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ
(¯à®¥ªâ ¯® £à�−âã ü 18-07-00192).

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, ann.shurova@gmail.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

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, valery lek@mail.ru

4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, nurieff.v@gmail.com
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�¥áâ�¡¨«ì−®áâì −¥©à®−−®£® ¬�è¨−−®£® ¯¥à¥¢®¤�

¯¥à¥¢®¤� ¨ ¢ª«îç�¥â ®¡§®à íªá¯¥àâ−®£® ¨ �¢â®¬�â¨§¨à®¢�−−®£® ¯®¤å®¤®¢ ª ª«�á-
á¨ä¨ª�æ¨¨ ¨ �−−®â¨à®¢�−¨î ¥£® ®è¨¡®ª, çâ® £®¢®à¨â ®¡ �ªâã�«ì−®áâ¨ íâ®©
¯à®¡«¥¬�â¨ª¨. ‘à�¢−¥−¨¥ ¤¢ãå ãª�§�−−ëå ¯®¤å®¤®¢ ¯®§¢®«¨«® á¤¥«�âì ¢ë¢®¤,
çâ® ¯¥à¢ë© ¨§ −¨å ¬®¦¥â ¤�âì ¡®«¥¥ ¯®¤à®¡−®¥ ®¯¨á�−¨¥ ®è¨¡®ª, ¯®áª®«ìªã íªá-
¯¥àâë ¬®£ãâ à�§«¨ç�âì ¡‚®«ìè¥¥ ç¨á«® ¨å ¢¨¤®¢, ç¥¬ �¢â®¬�â¨§¨à®¢�−−ë© ¯®¤å®¤.
�à¨ íâ®¬ ®â¬¥ç�¥âáï, çâ® ¢ë¡®à à¥«¥¢�−â−®© â¨¯®«®£¨¨ ®è¨¡®ª ¤«ï �−�«¨§� à¥-
§ã«ìâ�â®¢ ¬�è¨−−®£® ¯¥à¥¢®¤� ¯à¥¤áâ�¢«ï¥â á®¡®© á�¬®áâ®ïâ¥«ì−ãî ¨ ¤®¢®«ì−®
á«®¦−ãî §�¤�çã. �¢â®¬�â¨§¨à®¢�−−ë© �−�«¨§ ®è¨¡®ª ¢ë¯®«−ï¥âáï ¡ëáâà¥¥
¨ âà¥¡ã¥â ¬¥−ìè¥ ä¨−�−á®¢ëå à¥áãàá®¢, −® ®−, ª�ª ¯à�¢¨«®, −¥ ¤�¥â ¯®¤à®¡−®-
£® ®¯¨á�−¨ï ®è¨¡®ª ¨ −¥ ¯®§¢®«ï¥â ¯à®¢¥áâ¨ â®−ªãî ¤¨ää¥à¥−æ¨�æ¨î à�§−ëå
¨å ¢¨¤®¢, å®âï íâ® −¥ ¢á¥£¤� ï¢«ï¥âáï «¥£ª¨¬ ¨ ¤«ï íªá¯¥àâ®¢ [3]. �â¬¥â¨¬,
çâ® ¨á¯®«ì§®¢�−¨¥ �¢â®¬�â¨§¨à®¢�−−®£® �−�«¨§� ¬®¦¥â ã¯à®áâ¨âì à¥�«¨§�æ¨î
¨ íªá¯¥àâ−®£® ¯®¤å®¤�, −�¯à¨¬¥à, ¥á«¨ ¢¢¥áâ¨ íâ�¯ ª®¬¯ìîâ¥à−®£® áà�¢−¥−¨ï
¯®¢â®à−ëå/¬−®£®ªà�â−ëå ¯¥à¥¢®¤®¢, çâ®¡ë ¯®¬¥â¨âì ¯¥à¥¢®¤−ë¥ ¢�à¨�−âë, −¥
¨§¬¥−¨¢è¨¥áï ¢ ¯¥à¨®¤ ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â�.

‚ áâ�âì¥ ®¯¨áë¢�¥âáï íªá¯¥à¨¬¥−â ¯® ¬®−¨â®à¨−£ã �Œ� −� ®á−®¢¥ íªá¯¥àâ−®-
£® ¯®¤å®¤�. ‘�¬� ¨¤¥ï â�ª®£® íªá¯¥à¨¬¥−â� ¢®§−¨ª«� ¢ å®¤¥ à®áá¨©áª®-è¢¥©æ�à-
áª®£® ¯à®¥ªâ�, ¯®¤¤¥à¦�−−®£® ÷””ˆ (£à�−â ü 16-24-41002) ¨ ˜¢¥©æ�àáª¨¬
−�æ¨®−�«ì−ë¬ −�ãç−ë¬ ä®−¤®¬ (£à�−â ü IZLRZ1 164059), ª®£¤� ¡ë«® ¯®ª�§�-
−®, çâ® �Œ� ®¤−¨å ¨ â¥å ¦¥ äà�£¬¥−â®¢ â¥ªáâ� ¬®¦¥â ¨§¬¥−ïâìáï á® ¢à¥¬¥−¥¬,
â. ¥. ¡ëâì −¥áâ�¡¨«ì−ë¬.

‚ à�¡®â¥ [4] ¯à¨¢¥¤¥− ¯à¨¬¥à ¤¢ãªà�â−®£® ¬�è¨−−®£® ¯¥à¥¢®¤� ®¤−®£® ¨ â®£®
¦¥ ¯à¥¤«®¦¥−¨ï ¨§ ¯ì¥áë �. �. —¥å®¢� ú„ï¤ï ‚�−ïû, ª®â®àë© ¡ë« ¢ë¯®«−¥−
¢ ä¥¢à�«¥ ¨ ®ªâï¡à¥ 2018 £. (â�¡«. 1). �à¨ íâ®¬ ¢â®à®© ¯¥à¥¢®¤ ï¢−® ãáâã¯�¥â
¯¥à¢®¬ã, â�ª ª�ª ¢ −¥¬ á«®¢® úimpudentû ¯®¢â®à¥−® ¤¢� à�§�, çâ® áãé¥áâ¢¥−−®
ãåã¤è¨«® ª�ç¥áâ¢® ¯¥à¥¢®¤�.

�®íâ®¬ã ªà®¬¥ ®æ¥−ª¨ ª�ç¥áâ¢� ¬�è¨−−®£® ¯¥à¥¢®¤� ¢ áâ�â¨ª¥ [5{7] æ¥«¥á®-
®¡à�§−® à�§à�¡®â�âì ¯®¤å®¤ ª ®¯¨á�−¨î −¥áâ�¡¨«ì−®áâ¨ �Œ� á ¨á¯®«ì§®¢�−¨¥¬
ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª ¯¥à¥¢®¤� ¨ ª�ç¥áâ¢¥−−®© ®æ¥−ª¨ ¯¥à¥¢®¤� ¢® ¢à¥¬¥−¨.
�â¬¥â¨¬, çâ® §�¤�ç� ¨áá«¥¤®¢�−¨ï −¥áâ�¡¨«ì−®áâ¨ ®â«¨ç�¥âáï ®â §�¤�ç¨ ¯®¢ëè¥-
−¨ï ãáâ®©ç¨¢®áâ¨ �Œ�, ª®£¤� −¥¡®«ìè¨¥ ¢®§¬ãé¥−¨ï −� ¢å®¤¥ ¬®£ãâ á¥àì¥§−®
¨áª�§¨âì ¯à®¬¥¦ãâ®ç−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¨, â�ª¨¬ ®¡à�§®¬, ¯®¢«¨ïâì −� ª�ç¥áâ¢®
¯¥à¥¢®¤� [8]. ‚ ¨−â¥à¥á�å à�§à�¡®âª¨ â�ª®£® ¯®¤å®¤� ¡ë« áä®à¬¨à®¢�− ¬�áá¨¢

’�¡«¨æ� 1 �à¨¬¥à à¥§ã«ìâ�â� ¬�è¨−−®£® ¯¥à¥¢®¤�

Š®£¤� ¡ë¢�î ¢ â�ª®¬ á®áâ®ï−¨¨, â®
áâ�−®¢«îáì −�å�«ì−ë¬ ¨ −�£«ë¬ ¤®
ªà�©−®áâ¨.

Quand je suis dans cet ‚etat, je deviens impudent
et insolent à l'extr�eme.
(translate.google.com,
¤�â� ®¡à�é¥−¨ï 05.02.2018 19:48)

�à¨¬¥ç�−¨¥. ‘ ¬®¬¥−â� §�¯¨á¨ ¢ −�¤ª®à¯ãá−ãî ¡�§ã ¤�−−ëå ª®−−¥ªâ®à®¢ 05.02.2018 ¯¥à¥¢®¤,
¯à¥¤«�£�¥¬ë© á¨áâ¥¬®© Google's Neural Machine Translation, ¨§¬¥−¨«áï á«¥¤ãîé¨¬ ®¡à�§®¬:
úQuand je suis dans un tel ‚etat, je deviens impudent et impudent à l'extr�emeû (11.10.2018 19:35).
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àãááª®ï§ëç−ëå â¥ªáâ®¢ëå äà�£¬¥−â®¢, ¯®«ãç¥−−ëå ¨§ ��æ¨®−�«ì−®£® ª®à¯ãá�
àãááª®£® ï§ëª� [9], ¨ §�â¥¬ ¡ë« ¯à®¢¥¤¥− íªá¯¥à¨¬¥−â ¯® ¬�è¨−−®¬ã ¯¥à¥¢®¤ã,
®¯¨á�−¨¥ à¥§ã«ìâ�â®¢ ª®â®à®£® ¨ áâ�«® ®á−®¢−®© æ¥«ìî áâ�âì¨.

„«ï áä®à¬¨à®¢�−−®£® ¬�áá¨¢� â¥ªáâ®¢ëå äà�£¬¥−â®¢ á−�ç�«� ¡ë« ¢ë¯®«−¥−
¨å ¯¥à¥¢®¤ −� äà�−æã§áª¨© ï§ëª ¯®áà¥¤áâ¢®¬ á¨áâ¥¬ë �Œ� Google (Google's
Neural Machine Translation system, https://translate.google.com). �àå¨â¥ªâãà�
íâ®© á¨áâ¥¬ë ¢ª«îç�¥â ¢ á¥¡ï ¤¢¥ à¥ªãàà¥−â−ë¥ −¥©à®−−ë¥ á¥â¨ á ¤®«£®© ªà�âª®-
áà®ç−®© ¯�¬ïâìî (long short-term memory). �¤−� | ª®¤¨àãîé�ï | ®¡à�¡�âë¢�¥â
¢å®¤−ãî â¥ªáâ®¢ãî ¯®á«¥¤®¢�â¥«ì−®áâì, ¤àã£�ï | ¤¥ª®¤¨àãîé�ï | ®â¢¥ç�¥â §�
ä®à¬¨à®¢�−¨¥ ¢ëå®¤−®£® ¯¥à¥¢®¤�. ‘¥â¨ ¨¬¥îâ ¢®áì¬¨á«®©−ãî áâàãªâãàã, £¤¥
á¢ï§ì ¬¥¦¤ã á«®ï¬¨ ¯®¬®£�îâ ®áãé¥áâ¢«ïâì ®áâ�â®ç−ë¥ á®¥¤¨−¥−¨ï (residual
connections), ®¡¥á¯¥ç¨¢�îé¨¥ £à�¤¨¥−â−ë© ¯®â®ª (gradient flow). Š®¤¨àãîé¨©
¨ ¤¥ª®¤¨àãîé¨© á¥£¬¥−âë á®¥¤¨−ïîâáï ¬®¤ã«¥¬ ¢−¨¬�−¨ï (attention module),
ª®â®àë© ¯®§¢®«ï¥â ®¯â¨¬¨§¨à®¢�âì à�¡®âã á ¯à®âï¦¥−−ë¬¨ ¢å®¤−ë¬¨ ¯®á«¥¤®-
¢�â¥«ì−®áâï¬¨. —â®¡ë ®¡¥á¯¥ç¨âì ¯�à�««¥«¨§¬ ¯à¨ ®¡à�¡®âª¥ ¤�−−ëå, ¢−¨¬�−¨¥
−¨¦−¥£® ãà®¢−ï ¤¥ª®¤¨àãîé¥© á¥â¨ ¯®¤ª«îç�¥âáï ª ¢¥àå−¥¬ã ãà®¢−î ª®¤¨àã-
îé¥© á¥â¨. „«ï ã¬¥−ìè¥−¨ï ¢à¥¬¥−¨ ¢ë¢®¤� ¯à¨¬¥−ïîâáï ¢ëç¨á«¥−¨ï á −¨§ª®©
â®ç−®áâìî (low-precision arithmetic), � ¤«ï ¤®¯®«−¨â¥«ì−®£® ãáª®à¥−¨ï | á¯¥æ¨-
�«ì−®¥ ®¡®àã¤®¢�−¨¥ (â¥−§®à−ë© ¯à®æ¥áá®à Google) (¯®¤à®¡−¥¥ á¬. ¢ [10]).

�¥à¥¢®¤ ¢ á¨áâ¥¬¥ Google ¢ë¯®«−ï«áï ¬−®£®ªà�â−® ¢ â¥ç¥−¨¥ ®¤−®£® £®¤�
á ¢à¥¬¥−−‚ë¬ è�£®¬ ¢ ®¤¨− ¬¥áïæ (á ¬�àâ� 2019 £. ¯® ä¥¢à�«ì 2020 £.). �â®
¤�«® ¢®§¬®¦−®áâì ¯®«ãç¨âì á¥à¨î ¯¥à¥¢®¤®¢ ¤«ï ª�¦¤®£® äà�£¬¥−â�. ‚ −�áâ®-
ïé¥© áâ�âì¥ ¯à®�−�«¨§¨à®¢�−ë ¯¥à¥¢®¤ë, ¯®«ãç¥−−ë¥ −� ¯à®âï¦¥−¨¨ ¯¥à¢ëå
10 ¬¥áïæ¥¢ íªá¯¥à¨¬¥−â�. ‚ à¥§ã«ìâ�â¥ ¯à®£à�¬¬−®£® �−�«¨§� ¡ë«¨ ¯®¬¥ç¥-
−ë ¨ ¨áª«îç¥−ë ¨§ à�áá¬®âà¥−¨ï â¥ äà�£¬¥−âë, ¯¥à¥¢®¤ë ª®â®àëå ®áâ�¢�«¨áì
−¥¨§¬¥−−ë¬¨ ¢ ¯¥à¨®¤ ¯à®¢¥¤¥−¨ï íªá¯¥à¨¬¥−â�. ’�ª¨¬ ®¡à�§®¬, ¯à¥¤¬¥â®¬ ¯®-
á«¥¤ãîé¥© íªá¯¥àâ¨§ë áâ�«¨ á¥à¨¨ ¯¥à¥¢®¤®¢ â®«ìª® â¥å â¥ªáâ®¢ëå äà�£¬¥−â®¢,
¢ ®â−®è¥−¨¨ ª®â®àëå ä¨ªá¨à®¢�«�áì −¥áâ�¡¨«ì−®áâì ¯¥à¥¢®¤�.

�� áâ�¤¨¨ íªá¯¥àâ¨§ë ¡ë«® ¢ë¯®«−¥−® «¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥ ª�¦-
¤®£® ®â®¡à�−−®£® äà�£¬¥−â� â¥ªáâ� −� àãááª®¬ ï§ëª¥ ¨ á¥à¨¨ ¥£® ¯¥à¥¢®¤®¢ −�
äà�−æã§áª¨© ï§ëª, ¢ª«îç�îé¥¥ ®¯¨á�−¨¥ ¢áâà¥â¨¢è¨åáï ¢ ¯¥à¥¢®¤¥ ®è¨¡®ª.
Œ¥â®¤ �−−®â¨à®¢�−¨ï ¨ ¢¨¤ë �−−®â�æ¨© ®¯¨á�−ë ¢ à�¡®â¥ [11]. �−−®â¨à®¢�-
−¨¥ ª�¦¤®£® äà�£¬¥−â� ¨ á®®â¢¥âáâ¢ãîé¥© á¥à¨¨ ¯¥à¥¢®¤®¢ ¤�«® ¢®§¬®¦−®áâì
§�ä¨ªá¨à®¢�âì −¥áâ�¡¨«ì−®áâì �Œ� ¨ ¥¥ ¢¨¤ë. �� ¯¥à¢®¬ íâ�¯¥ íªá¯¥àâ¨§ë
áâ�¢¨«�áì §�¤�ç� ¯à®¢¥áâ¨ ª�â¥£®à¨§�æ¨î −¥áâ�¡¨«ì−®áâ¨ �Œ�.

2 Экспериментальные данные

„«ï ®æ¥−ª¨ ¨§¬¥−¥−¨ï �Œ� ¡ë« ¯à®¢¥¤¥− íªá¯¥à¨¬¥−â ¯® ¥¦¥¬¥áïç−®¬ã
�−−®â¨à®¢�−¨î à¥§ã«ìâ�â®¢ ¬�è¨−−®£® ¯¥à¥¢®¤� á ¯®¬®éìî −�¤ª®à¯ãá−®© ¡�-
§ë ¤�−−ëå (��„) [12, 13]. ˆáâ®ç−¨ª®¬ â¥ªáâ®¢ (®¡ê¥¬ ª®â®àëå á®áâ�¢«ï¥â
®ª®«® 4 ¬«− á«®¢®ã¯®âà¥¡«¥−¨©), ¨á¯®«ì§ã¥¬ëå ¢ ��„ ¤«ï ¯®¨áª� ¨ �−−®-
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’�¡«¨æ� 2 �à¨¬¥àë íªá¯®àâ¨à®¢�−−ëå ¨§ ��„ áâà®ª

ü∗
„�â�

¨§¬¥−¥−¨ï
÷∗∗ ¢ ®à¨-

£¨−�«¥
Š®−â¥ªáâ ÷÷
¢ ®à¨£¨−�«¥

Š®−â¥ªáâ ÷÷
¢ ¯¥à¥¢®¤¥

28365 04.03.2019 14:06 −¥‖�
ƒ®áâì −�¯à�¢¨«áï
−¥ §� £®à®¤, � ¢ £®à®¤.

L'invit‚e n'est pas
all‚e en ville,
mais en ville.

28860 05.04.2019 15:03 −¥‖�
ƒ®áâì −�¯à�¢¨«áï
−¥ §� £®à®¤, � ¢ £®à®¤. -"-

29043 02.05.2019 14:52 −¥‖�
ƒ®áâì −�¯à�¢¨«áï
−¥ §� £®à®¤, � ¢ £®à®¤. -"-

29978 06.06.2019 14:33 −¥‖�
ƒ®áâì −�¯à�¢¨«áï
−¥ §� £®à®¤, � ¢ £®à®¤. -"-

30286 04.07.2019 14:53 −¥‖�
ƒ®áâì −�¯à�¢¨«áï
−¥ §� £®à®¤, � ¢ £®à®¤. -"-

30513 04.08.2019 15:35 −¥‖�
ƒ®áâì −�¯à�¢¨«áï
−¥ §� £®à®¤, � ¢ £®à®¤.

L'invit‚e ne s'est pas
dirig‚e hors de la ville
mais dans la ville.

30873 07.09.2019 21:48 −¥‖�
ƒ®áâì −�¯à�¢¨«áï
−¥ §� £®à®¤, � ¢ £®à®¤.

L'invit‚e ne s'est pas
dirig‚e hors de la ville,
mais dans la ville.

31137 04.10.2019 15:00 −¥‖�
ƒ®áâì −�¯à�¢¨«áï
−¥ §� £®à®¤, � ¢ £®à®¤. -"-

31701 07.11.2019 16:18 −¥‖�
ƒ®áâì −�¯à�¢¨«áï
−¥ §� £®à®¤, � ¢ £®à®¤. -"-

32319 06.12.2019 16:34 −¥‖�
ƒ®áâì −�¯à�¢¨«áï
−¥ §� £®à®¤, � ¢ £®à®¤.

L'invit‚e n'est pas
sorti de la ville,
mais dans la ville.

∗�®¬¥à ¤¢ãï§ëç−®© �−−®â�æ¨¨ ¢ ��„, ¢ª«îç�îé¥© äà�£¬¥−â â¥ªáâ� ®à¨£¨−�«� ¨ ¥£®
¯¥à¥¢®¤.
∗∗÷÷ (à¥ç¥¢�ï à¥�«¨§�æ¨ï) | â� ä®à¬�, ¢ ª®â®à®© ª®−−¥ªâ®à ¢áâà¥ç�¥âáï ¢ ª®−ªà¥â−®¬

¢ëáª�§ë¢�−¨¨ [15].

â¨à®¢�−¨ï ï§ëª®¢ëå ¥¤¨−¨æ | ¢ ¤�−−®¬ á«ãç�¥ ª®−−¥ªâ®à®¢,1 | ¯®á«ã¦¨«
àãááª®-äà�−æã§áª¨© ¯®¤ª®à¯ãá ��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª�. ˆ§
â¥ªáâ®¢ ��„ ª®−−¥ªâ®à®¢ ¡ë«® ®â®¡à�−® ¤«ï íªá¯¥à¨¬¥−â� 250 â¥ªáâ®¢ëå äà�£-
¬¥−â®¢ −� àãááª®¬ ï§ëª¥ (á¬. ¨å ¯à¨¬¥àë ¢ 4-¬ áâ®«¡æ¥ ¢ â�¡«. 2), ª�¦¤ë©
¨§ ª®â®àëå á®¤¥à¦¨â ®¤¨− ¨§ 10 ¤¢ãåª®¬¯®−¥−â−ëå ª®−−¥ªâ®à®¢ (â�ª¨å ª�ª −¥
(à�ááâ®ï−¨¥) �; å®âï (à�ááâ®ï−¨¥) −® ¨ â. ¯.). �� ª�¦¤ë© ª®−−¥ªâ®à ¯à¨ íâ®¬
¯à¨å®¤¨âáï ¢ áà¥¤−¥¬ 25 äà�£¬¥−â®¢ (®â 9 ¤® 51 äà�£¬¥−â�). „«ï íªá¯¥à¨¬¥−â�
¡ë«¨ ¢ë¡à�−ë ¤¢ãåª®¬¯®−¥−â−ë¥ ª®−−¥ªâ®àë, ª®â®àë¥ ¢ á¨«ã á¢®¥© áâàãªâãàë
ç�é¥ ¢ë§ë¢�îâ âàã¤−®áâ¨ ¯à¨ ¯¥à¥¢®¤¥.

1Š®−−¥ªâ®à | ï§ëª®¢�ï ¥¤¨−¨æ�, äã−ªæ¨ï ª®â®à®© á®áâ®¨â ¢ ¢ëà�¦¥−¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å
®â−®è¥−¨©, áãé¥áâ¢ãîé¨å ¬¥¦¤ã ¤¢ã¬ï á®¥¤¨−¥−−ë¬¨ á ¥¥ ¯®¬®éìî â¥ªáâ®¢ë¬¨ ª®¬¯®−¥−â�¬¨,
¨¬¥îé¨¬¨ ¯à¥¤¨ª�â¨¢−ë© å�à�ªâ¥à (á¬. [14, á. 17]).
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‚ å®¤¥ íªá¯¥à¨¬¥−â� ¢ë¯®«−ï«®áì ¥¦¥¬¥áïç−®¥ (¢ â¥ç¥−¨¥ ¯¥à¢ëå 7 ¤−¥© ª�¦-
¤®£® ¬¥áïæ�) ä®à¬¨à®¢�−¨¥ 250 �−−®â�æ¨©, ¢ª«îç�îé¨å äà�£¬¥−â −� àãááª®¬
ï§ëª¥, ¥£® ¯¥à¥¢®¤ −� äà�−æã§áª¨©, ¢ë¯®«−¥−−ë© á ¯®¬®éìî á¨áâ¥¬ë �Œ�
Google, ¨ ®¯¨á�−¨¥ ®è¨¡®ª, ¥á«¨ â�ª®¢ë¥ ¨¬¥«¨ ¬¥áâ®.

„«ï ã¤®¡áâ¢� á®¯®áâ�¢«¥−¨ï ¨ �−�«¨§� ¯®«ãç¥−−ë¥ íªá¯¥à¨¬¥−â�«ì−ë¥ ¤�−-
−ë¥ ¡ë«¨ íªá¯®àâ¨à®¢�−ë ¨§ ��„ ¢ â�¡«¨ç−®© ä®à¬¥ (á¬. â�¡«. 2). —â® ª�á�¥âáï
¬�è¨−−ëå ¯¥à¥¢®¤®¢, ®áâ�¢è¨åáï −¥¨§¬¥−−ë¬¨ −� ¯à®âï¦¥−¨¨ ¤¢ãå ¨ ¡®«¥¥
¬¥áïæ¥¢ ¯®¤àï¤, â® ®−¨ ¡ë«¨ §�¬¥−¥−ë −� §−�ª ¯®¢â®à�. �¡é¥¥ ç¨á«® áâà®ª
¯®á«¥ íªá¯®àâ� á®áâ�¢¨«® 2500. �à¨ íâ®¬ ¢ â¥ç¥−¨¥ ¯¥à¢ëå 10 ¬¥áïæ¥¢ ¯à®¢¥¤¥-
−¨ï íªá¯¥à¨¬¥−â� ¯¥à¥¢®¤ë 10 ¨§ 250 äà�£¬¥−â®¢ ®áâ�¢�«¨áì −¥¨§¬¥−−ë¬¨ (çâ®
á®áâ�¢«ï¥â 4% ®â ®¡é¥£® ç¨á«� äà�£¬¥−â®¢).

3 Классификация ошибок в машинных переводах

‚ ¯à®æ¥áá¥ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï ¯¥à¥¢®¤®¢ ¯à¨¬¥−ï«�áì ª«�á-
á¨ä¨ª�æ¨ï ®è¨¡®ª, ª®â®à�ï á¯¥æ¨�«ì−® ¯à¥¤−�§−�ç¥−� ¤«ï �−�«¨§� ¬�è¨−−ëå
¯¥à¥¢®¤®¢. �−� ï¢«ï¥âáï à�§¢¨â¨¥¬ à�−¥¥ á®§¤�−−®© ª«�áá¨ä¨ª�æ¨¨. …¥ ¯¥à¢�ï
¢¥àá¨ï ¯®ï¢¨«�áì ¢ à¥§ã«ìâ�â¥ �−�«¨§� ¯¥à¥¢®¤®¢, á¤¥«�−−ëå ¯®áà¥¤áâ¢®¬ á¨áâ¥-
¬ë Ÿ−¤¥ªá.�¥à¥¢®¤ç¨ª ¢ 2016{2017 ££. �¥à¢®−�ç�«ì−® ®−� ¢ª«îç�«� 8 àã¡à¨ª
¤«ï ®¡®§−�ç¥−¨ï ®è¨¡®ª ¢ ¯¥à¥¢®¤¥ ª�ª â¥ªáâ®¢ëå äà�£¬¥−â®¢ á ª®−−¥ªâ®à®¬,
â�ª ¨ á�¬¨å ª®−−¥ªâ®à®¢ (¯®¤à®¡−¥¥ á¬. ¢ [5]), � â�ª¦¥ àã¡à¨ªã ú�è¨¡®ª −¥âû
(NoError), ¯à¨¬¥−ï¢èãîáï ¤«ï ¬�àª¨à®¢ª¨ ¤®¯ãáâ¨¬ëå ¢�à¨�−â®¢ ¯¥à¥¢®¤�.

÷�¡®â� −�¤ ¢â®à®© ¢¥àá¨¥© ª«�áá¨ä¨ª�æ¨¨ [6] −�ç�«�áì ¢ 2018 £. �−� ¯à®-
¢®¤¨«�áì ¯® à¥§ã«ìâ�â�¬ �−�«¨§� ¯¥à¥¢®¤®¢, ¯®«ãç¥−−ëå á ¯®¬®éìî á¨áâ¥¬ë
�Œ� Google. ‚â®à�ï ¢¥àá¨ï ª«�áá¨ä¨ª�æ¨¨ ¢ª«îç�«� ã¦¥ 15 àã¡à¨ª (¯®¬¨¬®
àã¡à¨ª¨ ú�è¨¡®ª −¥âû). �â«¨ç¨¥ ¨á¯®«ì§®¢�−−®© ¢ íªá¯¥à¨¬¥−â¥ âà¥âì¥© ¢¥à-
á¨¨ ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª á®áâ®¨â ¢ â®¬, çâ® ®−� ¡ë«� à�§à�¡®â�−� ¤«ï ®æ¥−ª¨
ª�ç¥áâ¢� �Œ� −¥ ¢ áâ�â¨ª¥, � ¢ ¤¨−�¬¨ª¥. �® áà�¢−¥−¨î á à�¡®â�¬¨ [4{6] ¢ íªá-
¯¥à¨¬¥−â¥ ä®ªãá ¯¥à¥¬¥áâ¨«áï á �−�«¨§� ¯¥à¥¢®¤� ª®−−¥ªâ®à� −� ¯¥à¥¢®¤ ¢á¥£®
á®¤¥à¦�é¥£® ª®−−¥ªâ®à äà�£¬¥−â� æ¥«¨ª®¬, â�ª ª�ª â®«ìª® ¤¥â�«ì−ë© �−�«¨§
¢á¥å ®è¨¡®ª ¯®§¢®«ï¥â ®æ¥−¨âì ª�ç¥áâ¢® ¯¥à¥¢®¤� ¨ ¯à®á«¥¤¨âì −¥áâ�¡¨«ì−®áâì
�Œ� ¢® ¢à¥¬¥−¨.

‚ â�¡«. 3 ¯à¥¤áâ�¢«¥−® á®¯®áâ�¢«¥−¨¥ ¢â®à®© ¨ âà¥âì¥© ¢¥àá¨© ª«�áá¨ä¨-
ª�æ¨¨. �¥ áç¨â�ï àã¡à¨ª¨ ú�è¨¡®ª −¥âû, ¢ âà¥âìî ¢¥àá¨î ¢®è«® 20 àã¡à¨ª
(¤«ï −�£«ï¤−®áâ¨ −®¢ë¥ àã¡à¨ª¨ ¢ë¤¥«¥−ë ¯®«ã¦¨à−ë¬ èà¨äâ®¬). Š«�áá¨-
ä¨ª�æ¨ï ¡ë«� ãâ®ç−¥−� á«¥¤ãîé¨¬ ®¡à�§®¬. „¢� ¯à¨§−�ª� ¨§ ¢â®à®© ¢¥à-
á¨¨, ãª�§ë¢�îé¨¥ −� ú«®ª�«ì−ãî �£à�¬¬�â¨ç−®áâì äà�£¬¥−â�û (AgramLocal
¨ AgramPostCNT), ¡ë«¨ á¯¥æ¨ä¨æ¨à®¢�−ë ¯® £à�¬¬�â¨ç¥áª¨¬ ãà®¢−ï¬. ’�ª¦¥
¡ë«¨ ¤®¡�¢«¥−ë âà¨ −®¢ëå ¯à¨§−�ª�, ãç¨âë¢�îé¨¥ à�−¥¥ −¥ §�âà®−ãâë¥ �á¯¥ª-
âë (¯ã−ªâã�æ¨î ¨ á¥¬�−â¨ªã ¢á¥£® â¥ªáâ®¢®£® äà�£¬¥−â�). ‚ å®¤¥ íªá¯¥àâ¨§ë
�Œ� â�ª¦¥ ¡ë«� ¢ëï¢«¥−� −¥®¡å®¤¨¬®áâì ¢¢¥áâ¨ −®¢ë¥ àã¡à¨ª¨, ä¨ªá¨àãîé¨¥
¢�à¨�â¨¢−®áâì ¤®¯ãáâ¨¬ëå ¢¥àá¨© ¯¥à¥¢®¤�.
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’�¡«¨æ� 3 ‘®¯®áâ�¢«¥−¨¥ ¢â®à®© ¨ âà¥âì¥© ¢¥àá¨© ª«�áá¨ä¨ª�æ¨¨

��§¢�−¨¥ àã¡à¨ª¨ Š®¤ àã¡à¨ª¨
2-ï ¢¥àá¨ï 3-ï ¢¥àá¨ï 2-ï ¢¥àá¨ï 3-ï ¢¥àá¨ï

‚á¥ ¯à¥¤«®¦¥−¨¥ �£à�¬¬�â¨ç−® AgramTotal
÷ã¡à¨ª¨,
®â−®áïé¨¥áï
ª ¯¥à¥¢®¤ã
â¥ªáâ®¢®£®

‹®ª�«ì−�ï
�£à�¬¬�â¨ç−®áâì
¢® äà�£¬¥−â¥
â¥ªáâ�, −¥ ¢¢®¤¨-

‘¨−â�ªá¨ç¥áª�ï
®è¨¡ª� ¢® äà�£¬¥−â¥
â¥ªáâ�, −¥ ¢¢®¤¨¬®¬
ª®−−¥ªâ®à®¬

AgramLocal ErrorSyntax

äà�£¬¥−â� ¬®¬ ª®−−¥ªâ®à®¬ Œ®àä®«®£¨ç¥áª�ï
®è¨¡ª� ¢® äà�£¬¥−â¥
â¥ªáâ�, −¥ ¢¢®¤¨¬®¬
ª®−−¥ªâ®à®¬

ErrorMorph

‹®ª�«ì−�ï
�£à�¬¬�â¨ç−®áâì
¢® äà�£¬¥−â¥
â¥ªáâ�, ¢¢®¤¨¬®¬

‘¨−â�ªá¨ç¥áª�ï
®è¨¡ª� ¢® äà�£¬¥−â¥
â¥ªáâ�, ¢¢®¤¨¬®¬
ª®−−¥ªâ®à®¬

AgramPostCNT
ErrorSyntax-

PostCNT

ª®−−¥ªâ®à®¬ Œ®àä®«®£¨ç¥áª�ï
®è¨¡ª� ¢® äà�£¬¥−â¥
â¥ªáâ�, ¢¢®¤¨¬®¬
ª®−−¥ªâ®à®¬

ErrorMorph-
PostCNT

‹¥ªá¨ç¥áª�ï ®è¨¡ª� ¢® äà�£¬¥−â¥ â¥ªáâ� ErrorLex

|
�ã−ªâã�æ¨®−−�ï
®è¨¡ª�

| ErrorPunct

|
‘¥¬�−â¨ç¥áª�ï ®è¨¡-
ª�, ¨áª�¦¥−¨¥ á¬ëá«� | ErrorSemant

| ˆ§¡ëâ®ç−ë© ¯¥à¥¢®¤∗ | Pleonasm
‘«®¢� ª¨à¨««¨æ¥© Cyrillic
÷ãááª®¥ á«®¢® «�â¨−áª¨¬ èà¨äâ®¬ Latin
�à®¯ãáª äà�£¬¥−â� â¥ªáâ� Lacuna

÷ã¡à¨ª¨,
®â−®áïé¨¥áï

�¥à¥¢¥¤¥−� ¯¥à¢�ï ç�áâì −¥®¤−®á«®¢−®£®
ª®−−¥ªâ®à� TrPartI TrPart1CNT

ª ¯¥à¥¢®¤ã
ª®−−¥ªâ®à�

�¥à¥¢¥¤¥−� ¢â®à�ï ç�áâì −¥®¤−®á«®¢−®£®
ª®−−¥ªâ®à� TrPartII TrPart2CNT

�¥à¢�ï ç�áâì −¥®¤−®á«®¢−®£® ª®−−¥ªâ®à�
¯¥à¥¢¥¤¥−� ®è¨¡®ç−® ErrorPartI ErrorPart1CNT

‚â®à�ï ç�áâì −¥®¤−®á«®¢−®£® ª®−−¥ªâ®à�
¯¥à¥¢¥¤¥−� ®è¨¡®ç−® ErrorPartII ErrorPart2CNT

Š®−−¥ªâ®à ¯¥à¥¢¥¤¥− −¥áãé¥áâ¢ãîé¥©
¥¤¨−¨æ¥© ErrorTotal ErrorTotalCNT

Š®−−¥ªâ®à ®è¨¡®ç−® §�¬¥−¥− ï§ëª®¢®©
¥¤¨−¨æ¥©, −¥ ï¢«ïîé¥©áï ª®−−¥ªâ®à®¬ ErrorMorph ErrorMorphCNT

�àä®£à�ä¨ç¥áª�ï ®è¨¡ª� ¢ ä®à¬¥
ª®−−¥ªâ®à� ErrorOrth ErrorOrthCNT

‘¥¬�−â¨ç¥áª�ï ®è¨¡ª� ¢ ¢ë¡®à¥
ª®−−¥ªâ®à� ErrorCNT

∗ˆ¬¥¥âáï ¢ ¢¨¤ã ¤ã¡«¨à®¢�−¨¥ ¯à¨ ¯¥à¥¢®¤¥ í«¥¬¥−â� á¬ëá«�.
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4 Категоризация результатов нейронного машинного перевода

’à¥âìï ¢¥àá¨ï ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª ¯®§¢®«¨«� á−�¡¤¨âì áä®à¬¨à®¢�−-
−ë¥ �−−®â�æ¨¨ ¤®¯®«−¨â¥«ì−ë¬¨ àã¡à¨ª�¬¨-¯à¨§−�ª�¬¨, á¨£−�«¨§¨àãîé¨¬¨
® ¯®ï¢«¥−¨¨ /̈̈ «¨ ¨áç¥§−®¢¥−¨¨ ®è¨¡®ª �Œ�, ¨ ãª�§�âì ¢ �−−®â�æ¨ïå â¨¯ë
®è¨¡®ª. �â® ¤�«® ¢®§¬®¦−®áâì ®¯¨á�âì ¢¨¤ë −¥áâ�¡¨«ì−®áâ¨ �Œ� á ¨á¯®«ì-
§®¢�−¨¥¬ àã¡à¨ª ª«�áá¨ä¨ª�æ¨¨ ®è¨¡®ª, � â�ª¦¥ ®æ¥−¨âì ç�áâ®â−®áâì â¥å ¨«¨
¨−ëå â¨¯®¢ ®è¨¡®ª ¤«ï ª�¦¤®£® ¢¨¤� −¥áâ�¡¨«ì−®áâ¨.

‚ à¥§ã«ìâ�â¥ íªá¯¥àâ¨§ë í¬¯¨à¨ç¥áª®£® ¬�áá¨¢� ¡ë«� ¯à®¢¥¤¥−� ª�â¥£®à¨§�-
æ¨ï −¥áâ�¡¨«ì−®áâ¨ �Œ�. �ë«® ¢ëï¢«¥−® ¯ïâì ¢¨¤®¢ −¥áâ�¡¨«ì−®áâ¨, ª®â®àë¥
¨««îáâà¨àãîâáï ¯à¨¬¥à�¬¨.

1. �®¢ëè¥−¨¥ ª�ç¥áâ¢� �Œ�: ç¨á«® ®è¨¡®ª ¢ ¯®á«¥¤ãîé¨å ¯¥à¥¢®¤�å ã¬¥−ì-
è�¥âáï. ’�ª, ¢ ¯¥à¥¢®¤¥ ®â 05.08.19 ¨á¯à�¢«¥−� ¬®àä®«®£¨ç¥áª�ï ®è¨¡ª�
(−¥¢¥à−®¥ ¬¥áâ®¨¬¥−¨¥), ¤®¯ãé¥−−�ï ¢ ¯¥à¥¢®¤¥ ®â 05.03.191.

‘ãé¥áâ¢ãîâ
®¡ï§�−−®áâ¨
−¥ â®«ìª®
¯® ®â−®è¥-
−¨î ª �®£ã
¨ ¤àã£¨¬
«î¤ï¬, −®
¨ ª á�¬®¬ã
á¥¡¥.

Il y a des obligations non
seulement envers Dieu et
envers les autres, mais
aussi envers lui-m�eme.
(�−−®â�æ¨ï áä®à¬¨à®¢�−�
05.03.19, ErrorMorph-
PostCNT)

Il y a des obligations
non seulement envers Dieu
et envers les autres, mais
aussi envers soi-m�eme.
(�−−®â�æ¨ï áä®à¬¨à®¢�−�
05.08.19, NoError)

2. ‘−¨¦¥−¨¥ ª�ç¥áâ¢� �Œ�: ç¨á«® ®è¨¡®ª ¢ �Œ� ã¢¥«¨ç¨¢�¥âáï á â¥ç¥−¨¥¬
¢à¥¬¥−¨. ��¯à¨¬¥à, ¢�à¨�−â ¯¥à¥¢®¤� ®â 04.03.19 ¯à¨¥¬«¥¬ë©, � ¢ ¯¥à¥¢®¤¥
®â 06.12.19 ¯®ï¢«ï¥âáï «¥ªá¨ç¥áª�ï ®è¨¡ª�.

�¥ ¦¨§−ì,
� á�−�â®à¨©
¤«ï ¯�àâ¨©-
−ëå à�¡®â-
−¨ª®¢.

Pas la vie, mais un sanato-
rium pour les travailleurs du
parti. (�−−®â�æ¨ï áä®à¬¨-
à®¢�−� 04.03.19, NoError)

Pas la vie, mais un sana-
torium pour les f�etards.
(�−−®â�æ¨ï áä®à¬¨à®¢�−�
06.12.19, ErrorLex)

3. Š®«¥¡�−¨¥ ª�ç¥áâ¢� �Œ� ¬¥¦¤ã ¯®¢ëè¥−¨¥¬ ¨ á−¨¦¥−¨¥¬: ª�ç¥áâ¢® ¯¥à¥-
¢®¤� á−�ç�«� ¯®¢ëè�¥âáï (¢ ¯¥à¥¢®¤¥ ®â 04.07.19 −¥â ®è¨¡®ª ¢ ®â«¨ç¨¥ ®â
¯¥à¥¢®¤� ®â 04.03.19, £¤¥ ¢ë¡à�− á¥¬�−â¨ç¥áª¨ −¥¢¥à−ë© ¯à¥¤«®£), � §�â¥¬
¯®−¨¦�¥âáï (¢ ¯¥à¥¢®¤¥ ®â 06.12.19 ¥áâì «¥ªá¨ç¥áª�ï ®è¨¡ª�: ¢ ¤�−−®¬
ª®−â¥ªáâ¥ ¯à¥¤«®£ dans −¥ á®ç¥â�¥âáï á £«�£®«®¬ sortir, ¢® ¢â®à®© ç�áâ¨

1‡� ¯¥à¢ë¥ 10 ¬¥áïæ¥¢ íªá¯¥à¨¬¥−â� (á ¬�àâ� ¯® ¤¥ª�¡àì 2019 £.) ¡ë«® §�ä¨ªá¨à®¢�−® 3 ¢�à¨�−â�
¯¥à¥¢®¤� ¤�−−®£® äà�£¬¥−â�. �à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ ®£à�−¨ç¥−−ë© ®¡ê¥¬ áâ�âì¨, §¤¥áì ¨ ¤�«¥¥
¡ã¤ãâ ¯à¥¤áâ�¢«¥−ë â®«ìª® â¥ ¢�à¨�−âë ¯¥à¥¢®¤�, ª®â®àë¬ ¯à¨ �−−®â¨à®¢�−¨¨ ¯à¨á¢�¨¢�«¨áì
à�§−ë¥ −�¡®àë ¤®¯®«−¨â¥«ì−ëå ¯à¨§−�ª®¢-àã¡à¨ª, ¬�àª¨àãîé¨å ®è¨¡ª¨.
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¯à¥¤«®¦¥−¨ï á«¥¤®¢�«® ¤®¡�¢¨âì ¤àã£®© £«�£®«). ˆ§¬¥−¥−¨ï ª�ç¥áâ¢� ¬®£ãâ
¯à®¨áå®¤¨âì −¥®¤−®ªà�â−® ¨ ¢ «î¡®© ¯®á«¥¤®¢�â¥«ì−®áâ¨.

ƒ®áâì −�¯à�-
¢¨«áï −¥ §�
£®à®¤, � ¢ £®-
à®¤.

L'invit‚e n'est
pas all‚e en ville,
mais en ville.
(�−−®â�æ¨ï
áä®à¬¨à®¢�−�
04.03.19, Er-
rorSemant)

L'invit‚e ne s'est pas
dirig‚e hors de la
ville mais dans la
ville. (�−−®â�æ¨ï
áä®à¬¨à®¢�−�
04.07.19, NoError)

L'invit‚e n'est pas
sorti de la ville,
mais dans la
ville. (�−−®â�æ¨ï
áä®à¬¨à®¢�−�
06.12.19, Error-
Lex)

4. —¥à¥¤®¢�−¨¥ ®è¨¡®ª ¢ �Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�: ®¤−� ®è¨¡ª� á®
¢à¥¬¥−¥¬ ¨áç¥§�¥â, −® ¯®ï¢«ï¥âáï ¤àã£�ï. ‚ ¯¥à¥¢®¤¥ ®â 07.08.19 −¥â ¬®à-
ä®«®£¨ç¥áª®© ®è¨¡ª¨ ¢® äà�£¬¥−â¥ á ª®−−¥ªâ®à®¬, ª®â®à�ï ¡ë«� ¢ ¯¥à¥¢®¤¥
®â 03.03.19 (−¥¢¥à−®¥ −�ª«®−¥−¨¥ £«�£®«� chercher), ®¤−�ª® ®áâ�¥âáï â� ¦¥
«¥ªá¨ç¥áª�ï ®è¨¡ª� (ãáâ®©ç¨¢®¥ ¢ëà�¦¥−¨¥ ú¨áª�âì àãª¨û ¯¥à¥¢¥¤¥−® ¤®-
á«®¢−®), ª â®¬ã ¦¥ ¢®§−¨ª�¥â ¤àã£�ï ¬®àä®«®£¨ç¥áª�ï ®è¨¡ª� (−¥¢¥à−®¥
á®£«�á®¢�−¨¥ ¬¥áâ®¨¬¥−¨ï ¢ «¨æ¥).

ˆ å®âï ®−,
â®ç−®, ¨áª�«
àãª¨ ¬®¥©
¤®ç¥à¨,
¡ã¤ãç¨ á�¬
å®à®è¥£®,
âà¥§¢®£®
¯®¢¥¤¥−¨ï
¨ ¢¥«¨ª®©
ãç¥−®áâ¨, −®
ï −¨ª®£¤�
−¥ ¯®¤�¢�«�
¥¬ã −¨ª�ª®©
−�¤¥¦¤ë.

Et bien que, certes, il
cherchait les mains de ma
fille, ayant lui-m�eme un bon
comportement sobre et une
grande ‚erudition, mais je ne
lui ai jamais donn‚e aucun es-
poir. (�−−®â�æ¨ï áä®à¬¨à®-
¢�−� 03.03.19, ErrorMorph-
PostCNT, ErrorLex)

Et bien qu'il ait certainement
cherch‚e les mains de ma fille,
‚etant moi-m�eme d'un bon
comportement sobre et d'une
grande ‚erudition, mais je ne
lui ai jamais donn‚e aucun
espoir. (�−−®â�æ¨ï áä®à-
¬¨à®¢�−� 07.08.19, Error-
Lex, ¢®§−¨ª�¥â ¤àã£�ï Er-
rorMorphPostCNT)

5. ˆ§¬¥−¥−¨¥ �Œ� ¡¥§ ¤¨−�¬¨ª¨ ¥£® ª�ç¥áâ¢�: áà¥¤áâ¢� ¯¥à¥¢®¤� ¬¥−ïîâáï,
−® ª�ç¥áâ¢® ®áâ�¥âáï −� â®¬ ¦¥ ãà®¢−¥. ’�ª, ¯¥à¥¢®¤ ®â 02.08.19 ¨§¬¥−¨«áï
¯® áà�¢−¥−¨î á ¯¥à¥¢®¤®¬ ®â 01.03.19 (®¤−®¢à¥¬¥−−®áâì ¤¥©áâ¢¨© ¯¥à¥¤�−�
á ¯®¬®éìî ¯à¨¤�â®ç−®£® ¢à¥¬¥−¨ ¢¬¥áâ® ¯à¥¤«®¦−®-¨¬¥−−®© £àã¯¯ë), −®
¥£® ª�ç¥áâ¢® ®áâ�«®áì ¯à¥¦−¨¬ | ®¡� ¢�à¨�−â� ¤®¯ãáâ¨¬ë. Š íâ®© ª�â¥£®à¨¨
®â−®áïâáï â�ª¦¥ ¯¥à¥¢®¤ë á ®è¨¡ª�¬¨, ç¨á«® ¨ á®áâ�¢ ª®â®àëå −¥ ¬¥−ïîâáï ®â
¯¥à¥¢®¤� ª ¯¥à¥¢®¤ã (¯à¨ íâ®¬ ¬¥−ïîâáï áà¥¤áâ¢� ¯¥à¥¢®¤�, â. ¥. ¯à¨¬¥−ïîâáï
¤àã£¨¥ ¯¥à¥¢®¤−ë¥ íª¢¨¢�«¥−âë).
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Š�ª ®−� ¯à®-
á−¥âáï, â�ª
®− ã¦¥ âãâ.

À son r‚eveil, il est d‚ejà là.
(�−−®â�æ¨ï áä®à¬¨à®¢�−�
01.03.19, NoError)

Alors qu'elle se r‚eveille, il est
d‚ejà là. (�−−®â�æ¨ï áä®à¬¨-
à®¢�−� 02.08.19, NoError)

‚ æ¥«®¬, ª�ç¥áâ¢® ¯¥à¥¢®¤� ¯à¨¬¥−¨â¥«ì−® ª ¯ïâ¨ ®¯¨á�−−ë¬ ¢¨¤�¬ −¥-
áâ�¡¨«ì−®áâ¨ ¬®¦¥â ¨§¬¥−ïâìáï (ª�ª ¢ 1{3) ¨«¨ ®áâ�¢�âìáï −� ®¤−®¬ ãà®¢−¥,
å®âï ¯¥à¥¢®¤ ¨ ¯à¥â¥à¯¥¢�¥â àï¤ ¨§¬¥−¥−¨© (¢¨¤ë 4{5). ’�ª¦¥ ®â¬¥â¨¬, çâ®
ª�â¥£®à¨¨ 3 ¨ 4 áå®¦¨ ¢ â®¬, çâ® ¯¥à¥¢®¤ë, £¤¥ −�¡«î¤�îâáï íâ¨ ¢¨¤ë −¥áâ�¡¨«ì-
−®áâ¨, å�à�ªâ¥à¨§ã¥â ç¥à¥¤®¢�−¨¥ ®è¨¡®ª, −® ª�â¥£®à¨ï 3 ¯à¨ íâ®¬ ä¨ªá¨àã¥â
¯®¢ëè¥−¨¥/á−¨¦¥−¨¥ ª�ç¥áâ¢� ¯¥à¥¢®¤�, � ¢ ª�â¥£®à¨¨ 4 ª�ç¥áâ¢® ¯®çâ¨ −¥
¬¥−ï¥âáï.

5 Заключение

‚ áâ�âì¥ ¯à¨¢¥¤¥−® ®¯¨á�−¨¥ ¯¥à¢®£® íâ�¯� íªá¯¥à¨¬¥−â� ¯® ¬−®£®ªà�â−®¬ã
ä¨ªá¨à®¢�−¨î ¬�è¨−−ëå ¯¥à¥¢®¤®¢, ¯®«ãç¥−−ëå á ¯®¬®éìî á¨áâ¥¬ë �Œ�
Google. �� íâ®¬ íâ�¯¥ áâ�¢¨«�áì §�¤�ç� ¯à®¢¥áâ¨ ª�â¥£®à¨§�æ¨î −¥áâ�¡¨«ì−®áâ¨
¯® ¢¨¤�¬. ‚ å®¤¥ íªá¯¥à¨¬¥−â� ¡ë«� á®§¤�−� âà¥âìï ¢¥àá¨ï ª«�áá¨ä¨ª�æ¨¨
®è¨¡®ª ¢ Œ�. ‚ à¥§ã«ìâ�â¥ íªá¯¥àâ¨§ë ¯®«ãç¥−−ëå ¤�−−ëå ¡ë«¨ ¢ë¤¥«¥−ë
¨ ®¯¨á�−ë ¯ïâì ¢¨¤®¢ −¥áâ�¡¨«ì−®áâ¨ �Œ�.

‚ ¤�«ì−¥©è¥¬ ¯«�−¨àã¥âáï à�§à�¡®â�âì ¬¥â®¤¨ªã �−�«¨§� ®è¨¡®ª, ¢ª«îç¥−-
−ëå ¢ âà¥âìî ¢¥àá¨î ª«�áá¨ä¨ª�æ¨¨ (á¬. â�¡«. 2), ¨ á®®â−¥áâ¨ ¢¨¤ë −¥áâ�¡¨«ì-
−®áâ¨ �Œ� á àã¡à¨ª�¬¨ ®è¨¡®ª. �à¨ íâ®¬ ¯«�−¨àã¥âáï ®¯à¥¤¥«¨âì ç�áâ®â−®áâ¨
àã¡à¨ª ®è¨¡®ª, à¥«¥¢�−â−ëå ¤«ï ª�¦¤®£® ¢¨¤� −¥áâ�¡¨«ì−®áâ¨ �Œ�.
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INSTABILITY OF NEURAL MACHINE TRANSLATION

A. Yu. Egorova, I. M. Zatsman, V. V. Kosarik, and V. A. Nuriev

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

Abstract: The paper describes an experiment focused on studying the instability
of neural machine translation (NMT). In the course of a year, an array of text
fragments in Russian was repeatedly translated into French. The time step was
one month. To produce translations, the Google's NMT system was used. The
experiment helps reveal the instability of NMT, i. e., it shows that translations
of a given text fragment tend to change with time but not always improving the
quality. The generated translations were linguistically annotated, which led to
uncovering several different types of the NMT instability. While annotating,
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a previously designed classification of machine translation errors was employed.
It was altered to meet the objectives of the experiment, the ultimate goal of which
was to obtain a frequency distribution of different types of the NMT instability.
Yet, the first step of the experiment limited itself to only categorizing the NMT
instability, and it is this very step that the paper describes. As the empirical data,
the experiment uses Russian{French annotations generated in a supracorpora
database. Each annotation contains a fragment of the source Russian text, its
translation into French, and the description of translation errors occurring there.

Keywords: machine translation; instability; translation monitoring; linguistic
annotation; instability types
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МЕТОДИЧЕСКИЙ ПОДХОД К ОЦЕНКЕ ВКЛАДА
ИНФОРМАЦИОННЫХ СИСТЕМ В ЭФФЕКТИВНОСТЬ

ОРГАНИЗАЦИОННЫХ СИСТЕМ∗

А. А. Зацаринный1, Ю. С. Ионенков2

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ®æ¥−ª¥ ¢ª«�¤� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘)
¢ íää¥ªâ¨¢−®áâì á®®â¢¥âáâ¢ãîé¨å ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬ (¬¨−¨áâ¥àáâ¢,
¢¥¤®¬áâ¢). ÷�áá¬®âà¥− ®¡é¨© ¬¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ®æ¥−ª¥ ¢ª«�¤� ˆ‘ ¢ íä-
ä¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬, ãç¨âë¢�îé¨© ®á®¡¥−−®áâ¨, ¯à¨−æ¨¯ë
¨ ãá«®¢¨ï ¯®áâà®¥−¨ï á®®â¢¥âáâ¢ãîé¨å ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬. �à¥¤áâ�¢-
«¥− ¯¥à¥ç¥−ì ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¤«ï ª�¦¤®© ¨§ âà¥å £àã¯¯
®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ˆ‘ (¯®ª�§�â¥«¨ à�æ¨®−�«ì−®áâ¨
®à£�−¨§�æ¨®−−®© áâàãªâãàë ˆ‘, ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®-
¢�−¨ï ˆ‘ ¨ ¯®ª�§�â¥«¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®£® ãà®¢−ï ˆ‘). �à¥¤«®-
¦¥−� ¬¥â®¤¨ª� ®æ¥−ª¨ ¢ª«�¤� ˆ‘ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬,
®á−®¢�−−�ï −� ¬¥â®¤¥ �−�«¨§� ¨¥à�àå¨©.

Š«îç¥¢ë¥ á«®¢�: ®à£�−¨§�æ¨®−−�ï á¨áâ¥¬�; ¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬�; íä-
ä¥ªâ¨¢−®áâì; ¯®ª�§�â¥«ì; ªà¨â¥à¨©; â¥å−®«®£¨ï

DOI: 10.14357/08696527200213

1 Введение

‘¥£®¤−ï ÷®áá¨ï −�å®¤¨âáï −� íâ�¯¥ ¢�¦−¥©è¨å ¯¥à¥¬¥−. ˆ−ä®à¬�æ¨®−−ë¥
â¥å−®«®£¨¨ ã¢¥à¥−−® ¢å®¤ïâ ¢® ¢á¥ áä¥àë ¤¥ïâ¥«ì−®áâ¨ ®¡é¥áâ¢� ¨ ª®−ªà¥â−®-
£® ç¥«®¢¥ª�. ‘®¢à¥¬¥−−ë¥ à¥�«¨¨ â�ª®¢ë, çâ® ¤¨−�¬¨ç−®¥ à�§¢¨â¨¥ ¨−ä®à-
¬�æ¨®−−ëå â¥å−®«®£¨©, ¯®¢á¥¬¥áâ−®¥ ãá«®¦−¥−¨¥ ¡¨§−¥á-¯à®æ¥áá®¢, � â�ª¦¥
−�ª®¯«¥−¨¥ §−�ç¨â¥«ì−ëå ®¡ê¥¬®¢ ¤�−−ëå ¯à¨¢®¤ïâ ª ®¡ê¥ªâ¨¢−®¬ã ¯®ï¢«¥-
−¨î â�ª®£® ¯®−ïâ¨ï, ª�ª æ¨äà®¢�ï íª®−®¬¨ª�. ˆ§¢¥áâ−®, çâ® áâ�àâ ¯à®æ¥áá�¬
æ¨äà®¢®© íª®−®¬¨ª¨ ®ä¨æ¨�«ì−® ¡ë« ¤�− ¢ �®á«�−¨¨ �à¥§¨¤¥−â� ÷” ”¥¤¥-
à�«ì−®¬ã ‘®¡à�−¨î 1 ¤¥ª�¡àï 2016 £., ¯®á«¥ ç¥£® ¡ë«¨ ãâ¢¥à¦¤¥−ë ‘âà�â¥£¨ï
−�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷”, �à®£à�¬¬� æ¨äà®¢®© íª®−®¬¨ª¨, �«�−
¬¥à®¯à¨ïâ¨©, � â�ª¦¥ ��æ¨®−�«ì−ë© ¯à®¥ªâ ú–¨äà®¢�ï íª®−®¬¨ª�û. Š«îç¥-
¢ë¥ æ¥«¨ −�æ¯à®¥ªâ� | ã¢¥«¨ç¥−¨¥ ¢−ãâà¥−−¨å §�âà�â −� à�§¢¨â¨¥ æ¨äà®¢®©
íª®−®¬¨ª¨, á®§¤�−¨¥ ãáâ®©ç¨¢®© ¨ ¡¥§®¯�á−®© ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�-
æ¨®−−®© ¨−äà�áâàãªâãàë ¢ëá®ª®áª®à®áâ−®© ¯¥à¥¤�ç¨, ®¡à�¡®âª¨ ¨ åà�−¥−¨ï
¡®«ìè¨å ®¡ê¥¬®¢ ¤�−−ëå, ¤®áâã¯−®© ¤«ï ¢á¥å ®à£�−¨§�æ¨©.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-29-03091).
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, AZatsarinny@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, UIonenkov@ipiran.ru
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Œ¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ®æ¥−ª¥ ¢ª«�¤� ˆ‘ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬

��æ¨®−�«ì−ë© ¯à®¥ªâ ú–¨äà®¢�ï íª®−®¬¨ª�û ¢ª«îç�¥â ¢ á¥¡ï 6 ä¥¤¥à�«ì-
−ëå ¯à®¥ªâ®¢. �¤¨− ¨§ −¨å | ú–¨äà®¢®¥ £®áã¤�àáâ¢¥−−®¥ ã¯à�¢«¥−¨¥û |
−�æ¥«¥− −� ¯à¥¤®áâ�¢«¥−¨¥ £à�¦¤�−�¬ ¨ ®à£�−¨§�æ¨ï¬ ¤®áâã¯� ª ¯à¨®à¨â¥â−ë¬
£®áã¤�àáâ¢¥−−ë¬ ãá«ã£�¬ ¨ á¥à¢¨á�¬ ¢ æ¨äà®¢®¬ ¢¨¤¥, á®§¤�−¨¥ −�æ¨®−�«ì−®©
á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¤�−−ë¬¨, à�§¢¨â¨¥ ¨−äà�áâàãªâãàë í«¥ªâà®−−®£® ¯à�-
¢¨â¥«ìáâ¢�, ¢−¥¤à¥−¨¥ áª¢®§−ëå ¯«�âä®à¬¥−−ëå à¥è¥−¨© ¢ £®áã¤�àáâ¢¥−−®¥
ã¯à�¢«¥−¨¥ [1].

ˆ§ æ¥«¥© ¨ §�¤�ç íâ®£® ¯à®¥ªâ� ¢¨¤−� ¢®§à�áâ�îé�ï à®«ì ˆ‘ ¢ á®§¤�−¨¨
¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë, ¢−¥¤à¥−¨¨ ¢ £®áã¤�à-
áâ¢¥−−®¥ ã¯à�¢«¥−¨¥ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ¢ª«îç�ï â¥å−®-
«®£¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ¡®«ìè¨å ¤�−−ëå, ¬�è¨−−®£® ®¡ãç¥−¨ï ¨ ¤à.
�à¨ íâ®¬ ¢®¯à®áë íää¥ªâ¨¢−®áâ¨ ¯à¨¬¥−¥−¨ï íâ¨å ˆ‘ ¤®«¦−ë à�áá¬�âà¨¢�âì-
áï á ¯®§¨æ¨© ¢ª«�¤� ¢ ¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï á®®â¢¥â-
áâ¢ãîé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë (¬¨−¨áâ¥àáâ¢�, ¢¥¤®¬áâ¢�, ª®à¯®à�â¨¢−®©
áâàãªâãàë ¨ â. ¯.) [2].

‚¬¥áâ¥ á â¥¬ −¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ¯à¨ à¥�«¨§�æ¨¨ íâ¨å ¯à®¥ªâ®¢ ®â-
áãâáâ¢ã¥â á¨áâ¥¬−®áâì ¢ ª®¬¯«¥ªá¥ ¢ë¯®«−ï¥¬ëå à�¡®â, ¢ â®¬ ç¨á«¥ ¢ ç�áâ¨
¯®¤£®â®¢ª¨ ª®¬¯«¥ªá� −®à¬�â¨¢−ëå ¤®ªã¬¥−â®¢, ®¡ãç¥−¨ï ¨ ¯®¤£®â®¢ª¨ −¥®¡å®-
¤¨¬ëå ª�¤à®¢, ®¡®á−®¢�−¨ï ¯à®ä¨«ï −¥®¡å®¤¨¬ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®-
£¨©, á®§¤�−¨ï −¥®¡å®¤¨¬®© ¨−äà�áâàãªâãàë, ¯à¥¦¤¥ ¢á¥£® ¢ à¥£¨®−�å, � â�ª¦¥
®¡¥á¯¥ç¥−¨ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ [3].

‚ á¢ï§¨ á íâ¨¬ ¯à¥¤áâ�¢«ï¥â ¨−â¥à¥á à�§à�¡®âª� ¬¥â®¤¨ç¥áª®© ¡�§ë ¤«ï ®æ¥−ª¨
¢«¨ï−¨ï ˆ‘ −� íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢�−¨ï ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë,
ª®â®à�ï ®¯à¥¤¥«ï¥âáï á¨áâ¥¬®© æ¥«¥¢ëå ¯®ª�§�â¥«¥©.

‚ −�áâ®ïé¥© áâ�âì¥ à�áá¬�âà¨¢�îâáï âà¥¡®¢�−¨ï ¨ ®¡é¨¥ ¯®¤å®¤ë ª ä®à¬¨-
à®¢�−¨î ¯¥à¥ç−ï ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨, ãç¨âë¢�îé¨å ¢ª«�¤ ˆ‘ ¢ ®¡éãî
íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬, � â�ª¦¥ ¯à¥¤«®¦¥−¨ï ¯® ¬¥â®¤�¬ à�á-
ç¥â� ®¡®¡é¥−−ëå ¨ ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ˆ‘.

2 Общий подход к оценке вклада информационных систем
в эффективность организационных систем

÷®«ì á®¢à¥¬¥−−ëå ˆ‘ §�ª«îç�¥âáï ¢ ¯®¢ëè¥−¨¨ íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨-
à®¢�−¨ï á®®â¢¥âáâ¢ãîé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë §� áç¥â ã«ãçè¥−¨ï ª�ç¥áâ¢�
¨ á¢®¥¢à¥¬¥−−®áâ¨ ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©, ¯®¢ëè¥−¨ï ãà®¢−ï ¤®-
áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨, á®ªà�é¥−¨ï áà®ª®¢ ®¡à�¡®âª¨ à�§«¨ç−ëå ¤®ªã¬¥−â®¢,
à�áè¨à¥−¨ï ¢−ãâà¨¢¥¤®¬áâ¢¥−−®£® ¨ ¬¥¦¢¥¤®¬áâ¢¥−−®£® ¢§�¨¬®¤¥©áâ¢¨ï, ¢−¥¤-
à¥−¨ï á¨áâ¥¬ í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â�.

�à¨ ®æ¥−ª¥ ¢ª«�¤� ˆ‘ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬ −¥®¡å®¤¨¬®
ãç¨âë¢�âì ®á®¡¥−−®áâ¨, ãá«®¢¨ï ¨ ®£à�−¨ç¥−¨ï, å�à�ªâ¥à¨§ãîé¨¥ á®®â¢¥âáâ¢ã-
îéãî ®à£�−¨§�æ¨®−−ãî á¨áâ¥¬ã, ¥¥ äã−ªæ¨¨, áâàãªâãàã ¨ á®áâ�¢, á¢ï§¨ ¬¥¦¤ã
®¡ê¥ªâ�¬¨ á¨áâ¥¬ë ¨ á ¢§�¨¬®¤¥©áâ¢ãîé¨¬¨ á¨áâ¥¬�¬¨, ¯®âà¥¡−®áâ¨ ¢ �¢â®-
¬�â¨§�æ¨¨ äã−ªæ¨©, ¯à¨¬¥−¥−¨¨ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å
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â¥å−®«®£¨©. �à¨ íâ®¬ æ¥«¥á®®¡à�§−® ®æ¥−¨âì ¯à¨à®áâ íää¥ªâ¨¢−®áâ¨ ®à£�−¨§�-
æ¨®−−®© á¨áâ¥¬ë §� áç¥â ¢−¥¤à¥−¨ï −®¢ëå ˆ‘ «¨¡® ¬®¤¥à−¨§�æ¨¨ áãé¥áâ¢ãîé¨å
¤«ï à�§«¨ç−ëå ¢�à¨�−â®¢ à¥�«¨§�æ¨¨ ˆ‘.

�æ¥−ª� ¢ª«�¤� ˆ‘ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë ¯à¥¤áâ�¢«ï¥â
á®¡®© ¯à®æ¥áá, á®áâ®ïé¨© ¨§ −¥áª®«ìª¨å íâ�¯®¢:

(1) �−�«¨§ ®á®¡¥−−®áâ¥©, æ¥«¥© à�§¢¨â¨ï ¨ §�¤�ç ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë;
(2) ®¡®á−®¢�−¨¥ ¨ ¢ë¡®à £àã¯¯ ¯®ª�§�â¥«¥© (®¡®¡é¥−−ëå ¯®ª�§�â¥«¥©) íää¥ª-

â¨¢−®áâ¨ ˆ‘, ãç¨âë¢�îé¨å à�§«¨ç−ë¥ �á¯¥ªâë ¤¥ïâ¥«ì−®áâ¨ ®à£�−¨§�æ¨-
®−−®© á¨áâ¥¬ë ¨ ¥¥ ®á®¡¥−−®áâ¨;

(3) ®¯à¥¤¥«¥−¨¥ ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¤«ï ª�¦¤®© ¨§ £àã¯¯;
(4) à�§à�¡®âª� ¬¥â®¤®¢ à�áç¥â� ç�áâ−ëå ¨ ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢-

−®áâ¨, � â�ª¦¥ ¨−â¥£à�«ì−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ á¨áâ¥¬ë;
(5) ®æ¥−ª� ¢«¨ï−¨ï ˆ‘ −� íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢�−¨ï ®à£�−¨§�æ¨®−−®©

á¨áâ¥¬ë, ¨§¬¥−¥−¨¥ æ¥«¥¢ëå ¯®ª�§�â¥«¥© á¨áâ¥¬ë.

�à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ¢ë¤¥«¨âì −¥áª®«ìª® £àã¯¯ ¯®ª�§�â¥«¥©,
å�à�ªâ¥à¨§ãîé¨å à�§«¨ç−ë¥ �á¯¥ªâë äã−ªæ¨®−¨à®¢�−¨ï ˆ‘ ¢ ®à£�−¨§�æ¨-
®−−®© á¨áâ¥¬¥, ¢ ç�áâ−®áâ¨: ¯®ª�§�â¥«¨ à�æ¨®−�«ì−®áâ¨ ®à£�−¨§�æ¨®−−®©
áâàãªâãàë ˆ‘; ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ˆ‘; ¯®ª�§�â¥-
«¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®£® ãà®¢−ï ˆ‘.

‚®§¬®¦−ë© ¢�à¨�−â á âà¥¬ï £àã¯¯�¬¨ ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ á¢¥¤¥−
¢ â�¡«¨æã.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® −¥ª®â®àë¥ ¨§ ãª�§�−−ëå ¯®ª�§�â¥«¥© ¬®£ãâ ¡ëâì
ª®¬¯«¥ªá−ë¬¨, â. ¥. ¢ª«îç�âì −¥áª®«ìª® ç�áâ−ëå ¯®ª�§�â¥«¥©, çâ® ã¢¥«¨ç¨¢�¥â
ç¨á«® ãà®¢−¥© ¨¥à�àå¨¨ ¯®ª�§�â¥«¥© ¢ á¨áâ¥¬¥. ��¯à¨¬¥à, ãà®¢¥−ì íª®−®¬¨ç-
−®áâ¨ áâàãªâãàë ã¯à�¢«¥−¨ï §�¢¨á¨â ®â ã¤¥«ì−®£® ¢¥á� ç¨á«¥−−®áâ¨ àãª®¢®-
¤¨â¥«¥© ¢ ®¡é¥© ç¨á«¥−−®áâ¨ ¯¥àá®−�«�, ã¤¥«ì−®£® ¢¥á� §�âà�â −� á®¤¥à¦�−¨¥
àãª®¢®¤¨â¥«¥©, � â�ª¦¥ á®®â−®è¥−¨ï ã¯à�¢«¥−ç¥áª¨å à�áå®¤®¢ ¨ ®¡ê¥¬� ¢ë¯ãá-
ª�¥¬®© ¯à®¤ãªæ¨¨. “à®¢¥−ì −�¤¥¦−®áâ¨ ã¯à�¢«¥−¨ï å�à�ªâ¥à¨§ã¥âáï áâ¥¯¥−ìî
ª®−âà®«ï äã−ªæ¨© ¨ ®¯¥à�æ¨©, ã¤¥«ì−ë¬ ¢à¥¬¥−¥¬ ®¦¨¤�−¨ï ¤®ªã¬¥−â� «¨¡®
à¥è¥−¨ï ¨ ãà®¢−¥¬ −�¤¥¦−®áâ¨ ¯à¨−ïâëå à¥è¥−¨©.

�®àï¤®ª ¢ë¡®à� ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ˆ‘ ¯à¨¬¥−¨â¥«ì−® ª à�§«¨ç−ë¬
â¨¯�¬ á¨áâ¥¬ ¨ áâ�¤¨ï¬ ¨å ¦¨§−¥−−®£® æ¨ª«� ¤®áâ�â®ç−® ¯®¤à®¡−® à�áá¬®âà¥−
¢ [4].

�à¥¤áâ�¢«ï¥âáï, çâ® ¯à¥¤«�£�¥¬ë© −�¡®à ¯®ª�§�â¥«¥© ¤®áâ�â®ç−® ã−¨¢¥àá�-
«¥−. …áâ¥áâ¢¥−−®, çâ® ¤«ï ª�¦¤®© ª®−ªà¥â−®© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë íâ®â
−�¡®à ¯®ª�§�â¥«¥© ¤®«¦¥− ãâ®ç−ïâìáï á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ¥¥ ¯®áâà®¥−¨ï ¨ äã−ª-
æ¨®−¨à®¢�−¨ï.

‚ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨¨ ¤«ï à�áç¥â� ¯®ª�§�â¥«¥© ¬®£ãâ ¨á¯®«ì§®-
¢�âìáï: ¯à¨−ïâ�ï áâàãªâãà� ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë; ¯®«®¦¥−¨¥ ® á®®â¢¥âáâ¢ã-
îé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬¥; èâ�â−®¥ à�á¯¨á�−¨¥; −®à¬�â¨¢ë ¨ áâ�−¤�àâë,
¯à¨−ïâë¥ ¢ á¨áâ¥¬¥; à�§«¨ç−ë¥ ¢¨¤ë ®âç¥â−®áâ¨; ¯®ª�§�â¥«¨ ¤¥ïâ¥«ì−®áâ¨ §�
á®®â¢¥âáâ¢ãîé¨¥ ¯¥à¨®¤ë ¨ â. ¯.
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Œ¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ®æ¥−ª¥ ¢ª«�¤� ˆ‘ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬

�®ª�§�â¥«¨, å�à�ªâ¥à¨§ãîé¨¥ ¢«¨ï−¨¥ ˆ‘ −� íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−®© á¨á-
â¥¬ë

�¡®¡é¥−−ë¥
¯®ª�§�â¥«¨ —�áâ−ë¥ ¯®ª�§�â¥«¨

�®ª�§�â¥«¨
à�æ¨®−�«ì−®áâ¨
®à£�−¨§�æ¨®−−®©
áâàãªâãàë ˆ‘

{ ‘®®â¢¥âáâ¢¨¥ ç¨á«� ¨ ®à£�−¨§�æ¨®−−®© áâàãªâãàë ˆ‘ §�¤�ç�¬
®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë ¨ ¯¥àá¯¥ªâ¨¢�¬ ¥¥ à�§¢¨â¨ï

{ ‘®®â¢¥âáâ¢¨¥ ç¨á«¥−−®áâ¨ ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«� ®¡ê¥¬ã
§�¤�ç á¨áâ¥¬ë

{ “à®¢¥−ì ¨á¯®«ì§®¢�−¨ï á®¢à¥¬¥−−ëå ¨−ä®ª®¬¬ã−¨ª�æ¨®−−ëå
â¥å−®«®£¨© ¢ ˆ‘

{ �®«−®â� ®¡¥á¯¥ç¥−¨ï ˆ‘ âà¥¡ã¥¬®© ¨−ä®à¬�æ¨¥©
{ ‘â®¨¬®áâ−ë¥ ¯®ª�§�â¥«¨ ¤¥©áâ¢ãîé¨å ¨ ¢−¥¤àï¥¬ëå ˆ‘
{ �ª®−®¬¨ç−®áâì áâàãªâãàë ã¯à�¢«¥−¨ï

�®ª�§�â¥«¨
íää¥ªâ¨¢−®áâ¨
äã−ªæ¨®−¨à®-
¢�−¨ï ˆ‘

{ “à®¢¥−ì �¢â®¬�â¨§�æ¨¨ äã−ªæ¨© (¯à®æ¥áá®¢) ®à£�−¨§�æ¨®−−®©
á¨áâ¥¬ë

{ “à®¢¥−ì à¥�«¨§�æ¨¨ §�¤�ç (ãá«ã£, ¯à®¥ªâ®¢) ®à£�−¨§�æ¨®−−®©
á¨áâ¥¬ë á ¯®¬®éìî ˆ‘

{ ‘®ªà�é¥−¨¥ ¢à¥¬¥−¨ −� ¯à¨−ïâ¨¥ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©
{ ‘®ªà�é¥−¨¥ ¢à¥¬¥−¨ −� á¡®à, ®¡à�¡®âªã ¨ ¤®áâã¯ ª ¨−ä®à¬�æ¨¨
{ �®¢ëè¥−¨¥ ¤®áâã¯−®áâ¨ ¨−ä®à¬�æ¨¨
{ �®¢ëè¥−¨¥ −�¤¥¦−®áâ¨ ã¯à�¢«¥−¨ï
{ ‘®ªà�é¥−¨¥ ¢à¥¬¥−¨ ¯à¥¤áâ�¢«¥−¨ï ®âç¥â−®áâ¨ ¨ âàã¤®§�âà�â

−� ¥¥ ¯®¤£®â®¢ªã
{ �àï¬ë¥ ¤®å®¤ë «¨¡® íª®−®¬¨ç¥áª¨© íää¥ªâ, ¯®«ãç�¥¬ë¥

¯à¨ ¢−¥¤à¥−¨¨ á¨áâ¥¬ë

�®ª�§�â¥«¨
®à£�−¨§�æ¨®−−®-
â¥å−¨ç¥áª®£®
ãà®¢−ï ˆ‘

{ ��«¨ç¨¥ ¨ ãª®¬¯«¥ªâ®¢�−−®áâì ¯®¤à�§¤¥«¥−¨© íªá¯«ã�â�æ¨¨ ˆ‘
{ “à®¢¥−ì ®à£�−¨§�æ¨¨ à�¡®ç¨å ¬¥áâ
{ “à®¢¥−ì ¯à®ä¥áá¨®−�«ì−®© ¯®¤£®â®¢ª¨ ¯¥àá®−�«�
{ “à®¢¥−ì £®â®¢−®áâ¨ á®âàã¤−¨ª®¢ ®à£�−¨§�æ¨¨ ª ¢−¥¤à¥−¨î

¨ ¯à¨¬¥−¥−¨î −®¢ëå â¥å−®«®£¨©
{ ‘¯®á®¡−®áâì á®âàã¤−¨ª®¢ ª ®¡ãç¥−¨î

3 Предложения по методике оценки вклада информационных систем
в эффективность организационных систем

Œ¥â®¤¨ç¥áª¨© �¯¯�à�â ¤«ï ®æ¥−ª¨ ¢ª«�¤� ˆ‘ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨-
§�æ¨®−−ëå á¨áâ¥¬ ¤®«¦¥−, á ®¤−®© áâ®à®−ë, ¯®§¢®«ïâì ¯à®¨§¢®¤¨âì ®æ¥−ªã
íää¥ªâ¨¢−®áâ¨ á ¤®áâ�â®ç−®© â®ç−®áâìî, � á ¤àã£®© | ¡ëâì ¯à¨£®¤−ë¬ ¤«ï
¯à�ªâ¨ç¥áª®£® ¨á¯®«ì§®¢�−¨ï ¨ ¯®−ïâ−ë¬ ¤«ï «¨æ, ¯à®¨§¢®¤ïé¨å â�ªãî ®æ¥−-
ªã. ˆáå®¤ï ¨§ íâ®£®, ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ ¨á¯®«ì§®¢�âì ¬¥â®¤ë,
®¡¥á¯¥ç¨¢�îé¨¥ ¯®«ãç¥−¨¥ −¥®¡å®¤¨¬ëå ª®«¨ç¥áâ¢¥−−ëå ®æ¥−®ª ¢ ãá«®¢¨ïå
−¥®¯à¥¤¥«¥−−®áâ¨ ¨ −¥ç¥âª®áâ¨ ¨áå®¤−®© ¨−ä®à¬�æ¨¨.

�¤−¨¬ ¨§ −�¨¡®«¥¥ �¯à®¡¨à®¢�−−ëå ¨ è¨à®ª® ¨á¯®«ì§ã¥¬ëå ¢ ¯à�ªâ¨ª¥ ¬¥-
â®¤®¢ â�ª®£® à®¤� ï¢«ï¥âáï ¬¥â®¤ �−�«¨§� ¨¥à�àå¨©, à�§à�¡®â�−−ë© ’. ‘��â¨ [5,
6]. „«ï íâ®£® ¬¥â®¤� å�à�ªâ¥à−ë ¯à®áâ®â�, �¯à®¡¨à®¢�−−®áâì, ¢®§¬®¦−®áâì à�-
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¡®âë á ¡®«ìè®© à�§¬¥à−®áâìî ¤�−−ëå. Šà®¬¥ â®£®, ®− ®à¨¥−â¨à®¢�− −� −¥ç¥âª¨¥
®æ¥−ª¨, çâ® ¡®«¥¥ ¯à®áâ® ¤«ï íªá¯¥àâ®¢, ç¥¬ â®ç−ë¥ ª®«¨ç¥áâ¢¥−−ë¥ ®æ¥−ª¨.
�á−®¢−®¥ á®¤¥à¦�−¨¥ ¤�−−®£® ¬¥â®¤� ¨ ¥£® ¯à¨¬¥−¥−¨¥ ¤«ï ®æ¥−ª¨ íää¥ª-
â¨¢−®áâ¨ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ ¤®áâ�â®ç−® ¯®¤à®¡−®
¯à¥¤áâ�¢«¥−ë ¢ [7].

‘ ãç¥â®¬ íâ®£® ¯à¥¤«�£�¥âáï ¬¥â®¤¨ª� ®æ¥−ª¨ ¢ª«�¤� ˆ‘ ¢ íää¥ªâ¨¢−®áâì
®à£�−¨§�æ¨®−−ëå á¨áâ¥¬, ¢ª«îç�îé�ï á«¥¤ãîé¨¥ íâ�¯ë (è�£¨).

˜�£ 1. ‚ë¡®à ¨ ®¡®á−®¢�−¨¥ −®¬¥−ª«�âãàë ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨.
„«ï ª�¦¤®© ¨§ âà¥å £àã¯¯ ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ (¯®ª�-

§�â¥«¨ à�æ¨®−�«ì−®áâ¨ ®à£�−¨§�æ¨®−−®© áâàãªâãàë ˆ‘, ¯®ª�§�â¥«¨ íää¥ªâ¨¢-
−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ˆ‘, ¯®ª�§�â¥«¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª®£® ãà®¢−ï
ˆ‘) ¯à¥¤«�£�¥âáï −¥áª®«ìª® ç�áâ−ëå ¯®ª�§�â¥«¥© á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ®à£�−¨§�-
æ¨®−−®© á¨áâ¥¬ë.

—�áâ−ë¥ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬ ®¡à�§®¬:

{ ¯® â¨¯®¢ë¬ ä®à¬ã«�¬ (−�¯à¨¬¥à, ª®íää¨æ¨¥−â £®â®¢−®áâ¨ ¨ ¤à.);

{ ¯ãâ¥¬ −®à¬¨à®¢�−¨ï ¯®ª�§�â¥«¥© ®â−®á¨â¥«ì−® ¨å ¬�ªá¨¬�«ì−ëå ¨ ¬¨−¨-
¬�«ì−ëå §−�ç¥−¨©;

{ ª�ª ®â−®è¥−¨¥ à¥�«ì−®£® §−�ç¥−¨ï ¯®ª�§�â¥«ï ª âà¥¡ã¥¬®¬ã «¨¡® ¬�ªá¨¬�«ì-
−® (¬¨−¨¬�«ì−®) ¢®§¬®¦−®¬ã;

{ íªá¯¥àâ−ë¬ ¯ãâ¥¬ ¯® á®®â¢¥âáâ¢ãîé¥© èª�«¥ ¨ ¯à¨¢¥¤¥−¨¥¬ ª §−�ç¥−¨ï¬ ®â 0
¤® 1.

˜�£ 2. ‚ë¡®à ¬¥â®¤� à�áç¥â� ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨.
„«ï à�áç¥â� ®¡®¡é¥−−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ¯à¥¤«�£�¥âáï ¨á¯®«ì-

§®¢�âì ¬¥â®¤ �−�«¨§� ¨¥à�àå¨©. �� íâ®¬ è�£¥ ®áãé¥áâ¢«ï¥âáï ¯®áâà®¥−¨¥
âà¥åãà®¢−¥¢®© ¨¥à�àå¨ç¥áª®© áâàãªâãàë:

(1) ãà®¢¥−ì æ¥«¨ | ®æ¥−ª� ¢ª«�¤� ˆ‘ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−®©
á¨áâ¥¬ë;

(2) ¯¥à¢ë© ãà®¢¥−ì ªà¨â¥à¨¥¢: à�æ¨®−�«ì−®áâì ®à£�−¨§�æ¨®−−®© áâàãªâãàë
ˆ‘; íää¥ªâ¨¢−®áâì äã−ªæ¨®−¨à®¢�−¨ï ˆ‘; ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨©
ãà®¢¥−ì ˆ‘;

(3) ¢â®à®© ãà®¢¥−ì ªà¨â¥à¨¥¢ | ¯®ª�§�â¥«¨ ¯® ª�¦¤®© £àã¯¯¥ ªà¨â¥à¨¥¢ ¯¥à-
¢®£® ãà®¢−ï, ¯à¥¤áâ�¢«¥−−ëå ¢ëè¥.

�¡é¨© ¢¨¤ ¨¥à�àå¨ç¥áª®© áâàãªâãàë ¯à¥¤áâ�¢«¥− −� à¨áã−ª¥.
˜�£ 3. ‘¡®à ¨áå®¤−ëå ¤�−−ëå ¨ à�áç¥â ç�áâ−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨

2-£® ãà®¢−ï. �áãé¥áâ¢«ï¥âáï á¡®à ¤�−−ëå, å�à�ªâ¥à¨§ãîé¨å ¯à¥¤áâ�¢«¥−−ë¥
¢ëè¥ âà¨ £àã¯¯ë ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥©, ¨ ¨å ®¡à�¡®âª� ¨ −®à¬¨à®¢�−¨¥
íªá¯¥àâ�¬¨. ÷ï¤ ¯®ª�§�â¥«¥© ®¯à¥¤¥«ï¥âáï íªá¯¥àâ−ë¬ ¯ãâ¥¬.

˜�£ 4. ‘à�¢−¨â¥«ì−ë© �−�«¨§ í«¥¬¥−â®¢ ¯à®æ¥áá�. „«ï íâ®£® á ¯à¨¢«¥ç¥-
−¨¥¬ íªá¯¥àâ®¢ ¯à®¨§¢®¤¨âáï §�¯®«−¥−¨¥ ®¡à�â−®-á¨¬¬¥âà¨ç−ëå ¬�âà¨æ ¯�à−ëå
áà�¢−¥−¨© ¤«ï ªà¨â¥à¨¥¢ ¯¥à¢®£® ¨ ¢â®à®£® ãà®¢−ï.
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Œ¥â®¤¨ç¥áª¨© ¯®¤å®¤ ª ®æ¥−ª¥ ¢ª«�¤� ˆ‘ ¢ íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬

ˆ¥à�àå¨ï ªà¨â¥à¨¥¢ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨

˜�£ 5. �¯à¥¤¥«¥−¨¥ §−�ç¥−¨© ¢¥á®¢ëå ª®íää¨æ¨¥−â®¢ ¤«ï ªà¨â¥à¨¥¢
¯¥à¢®£® ¨ ¢â®à®£® ãà®¢−ï ¨§ §�¯®«−¥−−ëå ¬�âà¨æ.

˜�£ 6. �æ¥−ª� áâ¥¯¥−¨ á®£«�á®¢�−−®áâ¨ íªá¯¥àâ®¢.
˜�£ 7. �¯à¥¤¥«¥−¨¥ ®¡®¡é¥−−ëå ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ¯® ªà¨â¥à¨ï¬

¯¥à¢®£® ãà®¢−ï, � â�ª¦¥ ¨−â¥£à�«ì−®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ®à£�−¨§�æ¨-
®−−®© á¨áâ¥¬ë.

˜�£ 8. �æ¥−ª� ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¨ ¢ëà�¡®âª� à¥ª®¬¥−¤�æ¨©.
�à¥¤áâ�¢«¥−−�ï ¬¥â®¤¨ª� ¯à¨¬¥−¨¬� ª à�§«¨ç−ë¬ â¨¯�¬ ˆ‘ ¨ ®¡¥á¯¥ç¨¢�¥â

¢®§¬®¦−®áâì ®æ¥−ª¨ ¨å ¢ª«�¤� ¢ íää¥ªâ¨¢−®áâì á®®â¢¥âáâ¢ãîé¨å ®à£�−¨§�æ¨-
®−−ëå á¨áâ¥¬ á ãç¥â®¬ ¨å å�à�ªâ¥à¨áâ¨ª, áâàãªâãàë ¨ â. ¤.

4 Заключение

ˆ−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© ¯à¨®¡à¥â�¥â ¢á¥
¡®«ìè¥¥ §−�ç¥−¨¥. ‚á«¥¤áâ¢¨¥ ¨−â¥−á¨¢−®£® à�§¢¨â¨ï ¨ ¢−¥¤à¥−¨ï ¨−ä®à¬�-
æ¨®−−ëå â¥å−®«®£¨© ¨ ˆ‘ ¯à®¡«¥¬�â¨ª� ®æ¥−ª¨ ¨å ¢ª«�¤� ¢ íää¥ªâ¨¢−®áâì
á®®â¢¥âáâ¢ãîé¨å ®à£�−¨§�æ¨®−−ëå á¨áâ¥¬ áâ�−®¢¨âáï ¢á¥ ¡®«¥¥ �ªâã�«ì−®©.

‚ áâ�âì¥ à�áá¬®âà¥−ë âà¥¡®¢�−¨ï ¨ ®¡é¨¥ ¯®¤å®¤ë ª ä®à¬¨à®¢�−¨î ¯¥à¥ç−ï
¯®ª�§�â¥«¥©, å�à�ªâ¥à¨§ãîé¨å ¢«¨ï−¨¥ ˆ‘ −� íää¥ªâ¨¢−®áâì ®à£�−¨§�æ¨®−−ëå
á¨áâ¥¬, � â�ª¦¥ ¯à¥¤«®¦¥−� ¬¥â®¤¨ª� à�áç¥â� ®¡®¡é¥−−ëå ¨ ç�áâ−ëå ¯®ª�§�â¥«¥©
íää¥ªâ¨¢−®áâ¨ ˆ‘, ¯®§¢®«ïîé�ï ®æ¥−¨âì ¢ª«�¤ ˆ‘ ¢ íää¥ªâ¨¢−®áâì á®®â¢¥â-
áâ¢ãîé¥© ®à£�−¨§�æ¨®−−®© á¨áâ¥¬ë, çâ® ¨¬¥¥â ¡®«ìè®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥
¢ á®¢¥àè¥−áâ¢®¢�−¨¨ ¬¥å�−¨§¬� ã¯à�¢«¥−¨ï á®®â¢¥âáâ¢ãîé¨¬¨ á¨áâ¥¬�¬¨.
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METHODOLOGICAL APPROACH TO ASSESSING
THE CONTRIBUTION OF INFORMATION SYSTEMS

TO THE EFFECTIVENESS OF ORGANIZATIONAL SYSTEMS

A. A. Zatsarinny1 and Yu. S. Ionenkov2
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of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation
2Institute of Informatics Problems, Federal Research Center \Computer Science
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Abstract: The article is devoted to evaluating the contribution of information
systems (IS) to the effectiveness of relevant organizational systems (ministries and
departments). A general methodological approach to assessing the contribution of
IS to the effectiveness of organizational systems is considered taking into account
the features, principles, and conditions for building appropriate organizational
systems. The authors present the list of performance indicators for each of the
three groups of generalized indicators of the effectiveness of the IS (the index of
rationality of organizational structures, the performance indicators for IS, and
the indicators of organizational and technical level). A method for evaluating
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Methodological approach to assessing the contribution of IS to the effectiveness of systems

the contribution of IS to the effectiveness of organizational systems based on the
hierarchy analysis method is proposed.

Keywords: organizational system; information system; efficiency; indicator;
criterion; technology
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ИНФОРМАЦИОННО-АНАЛИТИЧЕСКИЙ СИТУАЦИОННЫЙ
ЦЕНТР СТРАТЕГИЧЕСКОГО ПЛАНИРОВАНИЯ В ОБЛАСТИ

ОБЕСПЕЧЕНИЯ НАЦИОНАЛЬНОЙ БЕЗОПАСНОСТИ:
ПЕРСПЕКТИВНЫЕ АРХИТЕКТУРНЫЕ РЕШЕНИЯ∗

А. В. Босов1, А. П. Сучков2

�−−®â�æ¨ï: �à¥¤«®¦¥− ¢�à¨�−â ¯¥àá¯¥ªâ¨¢−®© �àå¨â¥ªâãàë ¨−ä®à¬�æ¨®−-
−®-�−�«¨â¨ç¥áª®£® á¨âã�æ¨®−−®£® æ¥−âà� (ˆ�‘–) ¤«ï ã¯à�¢«¥−¨ï ¯à®æ¥á-
á�¬¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¢ ®¡«�áâ¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨.
÷¥è¥−¨¥ ¡�§¨àã¥âáï −� à�−¥¥ ®¯ã¡«¨ª®¢�−−ëå ª®−æ¥¯âã�«ì−ëå ¯®¤å®¤�å
¨ �−�«¨§¥ â¥å−¨ç¥áª¨å, â¥å−®«®£¨ç¥áª¨å, ®à£�−¨§�æ¨®−−ëå ¨ ¯à�¢®¢ëå ä�ª-
â®à®¢, ®ª�§ë¢�îé¨å ¯à¨−æ¨¯¨�«ì−®¥ ¢«¨ï−¨¥ −� ¯à®¥ªâ ˆ�‘–. �à¥¤«�-
£�¥¬®¥ �àå¨â¥ªâãà−®¥ à¥è¥−¨¥ ®¡¥á¯¥ç¨¢�¥â ª�ª ãç¥â ¢ë¤¥«¥−−ëå ä�ªâ®à®¢
¢«¨ï−¨ï, â�ª ¨ à�§à�¡®â�−−ãî à�−¥¥ äã−ªæ¨®−�«ì−ãî áå¥¬ã ˆ�‘–, ¡�§¨-
àãîéãîáï −� ¯à¨−æ¨¯�å á¨âã�æ¨®−−®£® �−�«¨§� ¢ ¯à®æ¥áá�å áâà�â¥£¨ç¥áª®£®
¯«�−¨à®¢�−¨ï ¢ ®¡«�áâ¨ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨. ’¥å−¨ç¥áªãî ®á−®-
¢ã à¥è¥−¨ï ®¡¥á¯¥ç¨¢�¥â £àã¯¯� á®¢à¥¬¥−−ëå â¥å−®«®£¨©, á®áâ�¢«ïîé¨å
í«¥¬¥−âë ¯®áâà®¥−¨ï ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå æ¥−âà®¢ ®¡à�¡®âª¨ ¤�−−ëå
(–�„). �®¤«¥¦�éãî ãç¥âã á¯¥æ¨ä¨ªã ¢ à�¬ª�å â�ª®£® –�„ á®áâ�¢«ï¥â
¯à¥¤¬¥â−�ï ®¡«�áâì ˆ�‘–, ¯à¥¤¯®«�£�îé�ï ¯à¨¬¥−¥−¨¥ á¯¥æ¨�«ì−ëå ¬¥â®-
¤®¢ á¨âã�æ¨®−−®£® �−�«¨§�, è¨à®ª¨© ®å¢�â à�§−®à®¤−ëå ¨−ä®à¬�æ¨®−−ëå
¨áâ®ç−¨ª®¢, £¨¡ª®¥ ¢§�¨¬®¤¥©áâ¢¨¥ á ¢¥¤®¬áâ¢¥−−ë¬¨ á¨áâ¥¬�¬¨, ¢ â®¬ ç¨á«¥
®¡à�¡�âë¢�îé¨¬¨ ¨−ä®à¬�æ¨î ®£à�−¨ç¥−−®£® ¤®áâã¯�.

Š«îç¥¢ë¥ á«®¢�: áâà�â¥£¨ç¥áª®¥ ¯«�−¨à®¢�−¨¥; á¨âã�æ¨®−−ë© æ¥−âà; �àå¨-
â¥ªâãà−ë¥ à¥è¥−¨ï

DOI: 10.14357/08696527200214

1 Введение

‚ á®®â¢¥âáâ¢¨¨ á ®á−®¢®¯®«�£�îé¨¬ �ªâ®¬ [1] 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

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-00-00297).
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, AVBosov@ipiran.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�

¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ASuchkov@ipiran.ru
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�. ‚. �®á®¢, �. �. ‘ãçª®¢

−�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷”, −�¯à�¢«¥−−�ï −� à¥è¥−¨¥ §�¤�ç ãáâ®©ç¨¢®£®
á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï ÷”, áã¡ê¥ªâ®¢ ÷” ¨ ¬ã−¨æ¨¯�«ì−ëå ®¡à�-
§®¢�−¨© ¨ ®¡¥á¯¥ç¥−¨¥ −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷”. Š�ª ¯®ª�§�−® ¢ [2{4],
íää¥ªâ¨¢−®© ä®à¬®© ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ ¯®¤£®â®¢ª¨, à¥�«¨§�æ¨¨ ¨ á®-
¯à®¢®¦¤¥−¨ï ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï, � â�ª¦¥ ª®®à¤¨−�æ¨¨
¤¥ïâ¥«ì−®áâ¨ ¢ ®¡«�áâ¨ ®¡¥á¯¥ç¥−¨ï −�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ¬®£ãâ áâ�âì
ˆ�‘–. �¡áã¦¤�¥¬ë© ¯à®¥ªâ â�ª®£® á¯¥æ¨�«¨§¨à®¢�−−®£® ¯®¤ æ¥«¨ áâà�â¥-
£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ˆ�‘– ®¡¥á¯¥ç¨¢�¥â á®§¤�−¨¥ −�æ¨®−�«ì−®© á¨áâ¥¬ë
¬®−¨â®à¨−£�, ¯à®£−®§¨à®¢�−¨ï, ¢ëï¢«¥−¨ï, �−�«¨§� ¨ ®æ¥−ª¨ ã£à®§ −�æ¨®−�«ì-
−®© ¡¥§®¯�á−®áâ¨. ‚ á®®â¢¥âáâ¢¨¨ á íâ¨¬ ˆ�‘– ¯®§¨æ¨®−¨àã¥âáï ª�ª á®áâ�¢-
−�ï ç�áâì á¨áâ¥¬ë ã¯à�¢«¥−¨ï, ®¡¥á¯¥ç¨¢�îé¥© ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áªãî
¯®¤¤¥à¦ªã ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© −� ®á−®¢¥ �¢â®¬�â¨§�æ¨¨ äã−ªæ¨© ¬®−¨-
â®à¨−£� ¨ á¨âã�æ¨®−−®£® �−�«¨§� ®¡áâ�−®¢ª¨ ¢ ª®−âà®«¨àã¥¬®¬ ¨−ä®à¬�æ¨®−−®¬
¯à®áâà�−áâ¢¥, ¢ª«îç�ï á¡®à, ®¡®¡é¥−¨¥, �−�«¨â¨ç¥áªãî ®¡à�¡®âªã, åà�−¥−¨¥,
¯¥à¥¤�çã, ¢¨§ã�«¨§�æ¨î ¨ §�é¨âã ¨−ä®à¬�æ¨¨.

�¥à¥ç¨á«¥−−ë¥ ¯®«®¦¥−¨ï ®¡¥á¯¥ç¨¢�îâ ª®−æ¥¯âã�«ì−®¥ ¨ äã−ªæ¨®−�«ì−®-
�«£®à¨â¬¨ç¥áª®¥ −�¯®«−¥−¨¥ ¯à®¥ªâ� ˆ�‘–, � â�ª¦¥ ç�áâ¨ç−® ¨ ¨−ä®à¬�æ¨®−-
−®¥. ‚ ¤�−−®© áâ�âì¥ ¯à¥¤¯®«�£�¥âáï ®¡áã¤¨âì ¯®á«¥¤ãîé¨¥ è�£¨ ¢ −�¯à�¢«¥−¨¨
à¥�«¨§�æ¨¨ ¯à®¥ªâ� ¨ ¢ëà�¡®â�âì ¯®¤å®¤ïé¥¥ ¯®áâ�¢«¥−−ë¬ §�¤�ç�¬ �àå¨â¥ªâãà-
−®¥ à¥è¥−¨¥, ¯à¥¤«®¦¨¢ ¬®¤¥«ì ¯à®£à�¬¬−®-�¯¯�à�â−®© á¨áâ¥¬ë | ¯«�âä®à¬ë
ˆ�‘–. �ª®−ç�â¥«ì−�ï à¥�«¨§�æ¨ï ˆ�‘– ¢ ¤�«ì−¥©è¥¬ á¢¥¤¥âáï ª ª®−ªà¥â¨-
§�æ¨¨ ¯à¥¤áâ�¢«¥−−®© ¬®¤¥«¨ ¢�à¨�−â�¬¨ â¥å−¨ç¥áª¨å à¥è¥−¨©.

�à¥¤«�£�¥¬®¥ �àå¨â¥ªâãà−®¥ à¥è¥−¨¥ ¡�§¨àã¥âáï −¥ â®«ìª® −� ¯à¨¢«¥ç¥−¨¨
á®¢à¥¬¥−−ëå â¥å−¨ç¥áª¨å ª®−æ¥¯æ¨© ¨ â¥å−®«®£¨©, −® ¨ −� ¤¥â�«ì−®¬ �−�«¨§¥
®á®¡¥−−®áâ¥© | ä�ªâ®à®¢ ¢«¨ï−¨ï [5], ®¯à¥¤¥«ïîé¨å −�¨¡®«¥¥ ¢�¦−ë¥ �á¯¥ªâë
á®§¤�−¨ï ¨ ¯®á«¥¤ãîé¥£® äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘–.

2 Варианты функциональных моделей
информационно-аналитического ситуационного центра

‚ ª�ç¥áâ¢¥ ¯®â¥−æ¨�«ì−® ¢®§¬®¦−ëå ¬®¤¥«¥© äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘–
à�áá¬�âà¨¢�«¨áì:

{ ¬®¤¥«ì ¤¥æ¥−âà�«¨§�æ¨¨ ¯® ¯à¨§−�ªã ª�â¥£®à¨¨ ¨−ä®à¬�æ¨¨ (¬®¤¥«ì 1);

{ ¬®¤¥«ì ¯®«−®© æ¥−âà�«¨§�æ¨¨ (¬®¤¥«ì 2);

{ ¬®¤¥«ì ¤¨−�¬¨ç¥áª®£® –�„ (¬®¤¥«ì 3).

Œ®¤¥«ì 1 å�à�ªâ¥à−� ¤«ï ¬−®£¨å ¤¥©áâ¢ãîé¨å á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨ ¢ ä¥-
¤¥à�«ì−ëå ®à£�−�å ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨ (”�ˆ‚) ¨ §�ª«îç�¥âáï ¢ ¢ë¤¥«¥−¨¨
¢ ®â¤¥«ì−ë¥ �¢â®−®¬−ë¥ ª®−âãàë ¯®¤á¨áâ¥¬, ®¡¥á¯¥ç¨¢�îé¨å à�¡®âã á ¨−-
ä®à¬�æ¨¥© ®¤−®© ª�â¥£®à¨¨ §�é¨é¥−−®áâ¨ ¨«¨ ¤�¦¥ ®¤−®© â¥¬�â¨ç¥áª®© −�-
¯à�¢«¥−−®áâ¨. �à®áâ®© ¯à¨¬¥à: ª®−âãà ú�â¤¥«û ¤«ï à�¡®âë á® á¢¥¤¥−¨ï¬¨,
á®áâ�¢«ïîé¨¬¨ £®áâ�©−ã, ª®−âãà ú�à®¨§¢®¤áâ¢®û ¤«ï à�¡®âë á ¢−ãâà¥−−¨¬¨

146 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 30 −®¬¥à 2 2020



ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

¢¥¤®¬áâ¢¥−−ë¬¨ ¤®ªã¬¥−â�¬¨, ª®−âãà úˆ−â¥à−¥âû ¤«ï à�¡®âë á ®âªàëâë¬¨ ¨á-
â®ç−¨ª�¬¨. ‚ «ãçè¥¬ á«ãç�¥ ¬¥¦¤ã â�ª¨¬¨ ª®−âãà�¬¨ ¯®¤¤¥à¦¨¢�¥âáï ®¤−®áâ®-
à®−−¨© ¨−ä®à¬�æ¨®−−ë© ®¡¬¥−, ¯à¨ ª®â®à®¬ ¤�−−ë¥ ¯¥à¥¤�îâáï ¢ −�¯à�¢«¥−¨¨
á¥£¬¥−â� á ¡®«¥¥ ¢ëá®ª¨¬ ãà®¢−¥¬ §�é¨é¥−−®áâ¨ ®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨.
Œ®¤¥«ì 1 ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ −� ¢ëá®ª¨å ãà®¢−ïå úâï¦¥«ëåû áà¥¤áâ¢
§�é¨âë ¨−ä®à¬�æ¨¨, �ââ¥áâ®¢�−−ëå ¨ á¥àâ¨ä¨æ¨à®¢�−−ëå ã¯®«−®¬®ç¥−−ë¬¨
£®áã¤�àáâ¢¥−−ë¬¨ ®à£�−�¬¨.

�á−®¢−ë¥ −¥¤®áâ�âª¨ ¤�−−®© ¬®¤¥«¨ | íâ® ¨§¡ëâ®ç−ë¥ −�ª«�¤−ë¥ à�áå®¤ë,
á¢ï§�−−ë¥ á −�«¨ç¨¥¬ −¥áª®«ìª¨å ¨§®«¨à®¢�−−ëå ª®−âãà®¢; çà¥§¢ëç�©−® ¢ëá®-
ª¨¥ −�ª«�¤−ë¥ à�áå®¤ë −� ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, � â�ª¦¥
á«®¦−®áâì ¯à®æ¥áá®¢, á¢ï§�−−ëå á à�áè¨à¥−¨¥¬ äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥©.

Œ®¤¥«ì 2 ¯®«−®© æ¥−âà�«¨§�æ¨¨ ®á−®¢�−� −� ¯®¯ã«ïà−®©, ¯à®¢¥à¥−−®© ¬−®-
£¨¬¨ £®¤�¬¨ ¯à¨¬¥−¥−¨ï ¨ ¯®«ãç¨¢è¥© ¢ ¯®á«¥¤−¨¥ £®¤ë −®¢ë¥ â¥å−®«®£¨ç¥áª¨¥
¨¬¯ã«ìáë ¯�à�¤¨£¬¥ ¥¤¨−®£® æ¥−âà�«¨§®¢�−−®£® åà�−¨«¨é�. ‘¨áâ¥¬ë −� ®á−®¢¥
íâ®© ¬®¤¥«¨ á®§¤�¢�«¨áì −¥ ®¤−® ¤¥áïâ¨«¥â¨¥ ¨ ¯à®¤®«¦�îâ á®§¤�¢�âìáï. ‚ −�-
áâ®ïé¨© ¬®¬¥−â ãá¯¥è−® äã−ªæ¨®−¨àãîâ ª�ª ®â−®á¨â¥«ì−® áâ�àë¥ á¨áâ¥¬ë,
â�ª ¨ −®¢ë¥, á®§¤�−−ë¥ á®¢á¥¬ −¥¤�¢−® á ¨á¯®«ì§®¢�−¨¥¬ á�¬ëå á®¢à¥¬¥−−ëå
â¥å−®«®£¨©. ��¨¡®«¥¥ ¨§¢¥áâ−ë¥ ªàã¯−ë¥ à¥è¥−¨ï ¤�−−®£® ª«�áá� | íâ® £®-
áã¤�àáâ¢¥−−ë¥ ä¥¤¥à�«ì−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¨ åà�−¨«¨é�. ’�ª¨¥,
¬®¦−® áª�§�âì, ®¡à�§æ®¢ë¥ á¨áâ¥¬ë ¨¬¥îâáï, −�¯à¨¬¥à, ¢ ”¥¤¥à�«ì−®© −�«®-
£®¢®© á«ã¦¡¥ ÷®áá¨¨ (�ˆ‘ ú��«®£-3û [6]), ¢ �¥−á¨®−−®¬ ä®−¤¥ ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ (�ˆ‘ ú�”÷-2û [7]), ¥áâì ¯®å®¦¨¥ à¥è¥−¨ï ¨ ã ¤àã£¨å ”�ˆ‚,
¨ ã –¥−âà�«ì−®£® ¡�−ª� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨.

ˆ à�−¥¥ á®§¤�−−ë¥, ¨ á®¢à¥¬¥−−ë¥ à¥è¥−¨ï â�ª®£® ª«�áá� ¡�§¨àãîâáï −�
¯à®¯à¨¥â�à−ëå â¥å−®«®£¨ïå ¬¨à®¢ëå «¨¤¥à®¢ IT-¨−¤ãáâà¨¨, ®¡¥á¯¥ç¨¢�îé¨å
¢ëá®ªãî ¯à®¨§¢®¤¨â¥«ì−®áâì ¤«ï ¢á¥å â¨¯®¢ ¯à¨«®¦¥−¨© ¡�§ ¤�−−ëå, ¢ª«îç�ï
á¨áâ¥¬ë ®¯¥à�â¨¢−®© ®¡à�¡®âª¨ âà�−§�ªæ¨© (OLTP | online transaction pro-
cessing), åà�−¨«¨é� ¤�−−ëå, á¨áâ¥¬ë �−�«¨â¨ç¥áª®© ®¡à�¡®âª¨ (¢ â®¬ ç¨á«¥
¯®¤¤¥à¦¨¢�îé¨¥ â¥å−®«®£¨î BigData). ’�ª¨¬ ®¡à�§®¬, ®á−®¢−ë¬¨ á®áâ�¢−ë¬¨
í«¥¬¥−â�¬¨ ¢ à�¬ª�å ¤�−−®© ¬®¤¥«¨ äã−ªæ¨®−¨à®¢�−¨ï ¢ëáâã¯�îâ ª®¬¯«¥ªáë ¨§
¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−®£® ®¡®àã¤®¢�−¨ï ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (Teradata
Enterprise Data Warehouse, Oracle Exadata Database Machine, IBM Z-series),
â¥å−®«®£¨¨ ¡®«ìè¨å ¤�−−ëå, £«®¡�«ì−® à�á¯à¥¤¥«¥−−ë¥ ¡�§ë ¤�−−ëå. ‚á¥ íâ¨
¯à�ªâ¨ª¨ ®ç¥−ì å®à®è® á¥¡ï §�à¥ª®¬¥−¤®¢�«¨ ¢ â¥ç¥−¨¥ ¬−®£®«¥â−¥© íªá¯«ã�â�-
æ¨¨.

�à¨¬¥−¨â¥«ì−® ª ¬®¤¥«¨ 2 ®¡ï§�â¥«ì−® −ã¦−® ¢ë¤¥«¨âì ¥é¥ ®¤¨− ®á−®¢®-
¯®«�£�îé¨© í«¥¬¥−â | ¥¤¨−ãî ¬®¤¥«ì ¤�−−ëå, ¨ ¤�¦¥ ¡®«¥¥ â®£® | ¥¤¨−ë©
¡¨§−¥á-¯à®æ¥áá. �®−ïâ−®, çâ® íää¥ªâ¨¢−®¥ à�§¬¥é¥−¨¥ ¡®«ìè®£® ®¡ê¥¬� ¤�−-
−ëå ¢ æ¥−âà�«ì−®¬ åà�−¨«¨é¥ ¢®§¬®¦−® «¨èì ¢ â®¬ á«ãç�¥, ª®£¤� ¤�−−ë¥
â¨¯¨§¨à®¢�−ë ¨ áâàãªâãà¨à®¢�−ë, � ¢ æ¥−âà�«ì−®¬ åà�−¨«¨é¥ à¥�«¨§®¢�−�
äã−ªæ¨®−�«ì−�ï ¯®¤¤¥à¦ª� á®®â¢¥âáâ¢ãîé¨å â¨¯®¢ ¨ áâàãªâãà. �®«¥¥ â®£®, ¤«ï
íää¥ªâ¨¢−®© à�¡®âë á ¤�−−ë¬¨ æ¥−âà�«ì−®£® åà�−¨«¨é� −¥®¡å®¤¨¬®, çâ®¡ë
¢á¥ âà¥¡ã¥¬ë¥ ¯à®æ¥¤ãàë ®¡à�¡®âª¨ ¡ëâì ¤¥â�«ì−® ¯à®¯¨á�−ë, −�¤«¥¦�é¨¬
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®¡à�§®¬ �¢â®¬�â¨§¨à®¢�−ë, à¥�«¨§®¢�−ë, ®¯â¨¬¨§¨à®¢�−ë ¨ ®â«�¦¥−ë. ’�ª¨¬
®¡à�§®¬, ¯à¨¬¥−¥−¨¥ ¬®¤¥«¨ ¯®«−®© æ¥−âà�«¨§�æ¨¨ ¢ ª�ç¥áâ¢¥ ¬®¤¥«¨ äã−ªæ¨®-
−¨à®¢�−¨ï æ¥«¥á®®¡à�§−® ¢ â¥å á«ãç�ïå, ª®£¤� ¥é¥ ¤® −�ç�«� à�§à�¡®âª¨ á¨áâ¥¬ë
¨§¢¥áâ−ë ª�ª ¬®¤¥«ì ¤�−−ëå, â�ª ¨ ¡¨§−¥á-«®£¨ª� (¯® ¬¥−ìè¥© ¬¥à¥ ¯à¥¤¬¥â−�ï
®¡«�áâì ¯®§¢®«ï¥â á á�¬®£® −�ç�«� ®¯à¥¤¥«¨âì ¨ §�ä¨ªá¨à®¢�âì ¨ ¬®¤¥«ì ¤�−−ëå,
¨ ¡¨§−¥á-«®£¨ªã). ˆ¬¥−−® ¯®íâ®¬ã à¥è¥−¨ï −� ®á−®¢¥ ¬®¤¥«¨ ¯®«−®© æ¥−âà�«¨-
§�æ¨¨ ãá¯¥è−® ¯à¨¬¥−ïîâáï ¢ å®à®è® ¨§ãç¥−−ëå ¨ ä®à¬�«¨§®¢�−−ëå ®¡«�áâïå,
â�ª¨å ª�ª â�¬®¦−ï, ä¨−�−áë, −�«®£¨ ¨ â. ¯. (−�¯à¨¬¥à, National Information
Exchange Model (NIEM) | −�æ¨®−�«ì−�ï á¨áâ¥¬� ®¡¬¥−� ¤�−−ë¬¨ ‘˜�).

ƒ«�¢−ë© −¥¤®áâ�â®ª á¨áâ¥¬, ®á−®¢�−−ëå −� ¬®¤¥«¨ ¯®«−®© æ¥−âà�«¨§�æ¨¨,
§�ª«îç�¥âáï ¢ â®¬, çâ®, ¯®á«¥ â®£® ª�ª â�ª�ï á¨áâ¥¬� á®§¤�−�, ¨−ª®à¯®à�æ¨ï ¢ −¥¥
¤�−−ëå, −¥ ®â¢¥ç�îé¨å ¤¥©áâ¢ãîé¥© ¬®¤¥«¨ ¤�−−ëå, ¯à¥¤áâ�¢«ï¥â á®¡®© ¢¥áì¬�
§−�ç¨â¥«ì−ãî ¯à®¡«¥¬ã, ¯à¥®¤®«¥−¨¥ ª®â®à®© âà¥¡ã¥â ¯®«−®© à¥¢¨§¨¨ ¡®«ìè®£®
ç¨á«� à�−¥¥ ¯à¨−ïâëå ¨ à¥�«¨§®¢�−−ëå à¥è¥−¨©. ’�ª¨¬ á¨áâ¥¬�¬ ¬®¦−®, ª®−¥ç-
−®, ¯à¨¤�âì ¬¨−¨¬�«ì−ãî £¨¡ª®áâì, −® −�¯®«−¨âì ¥¥ à¥�«ì−ë¬¨ ¨−áâàã¬¥−â�¬¨
¨−â¥£à�æ¨¨ à�§−®à®¤−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦-
−ë¬. ˆ ¢ íâ®¬ ¢¨¤¨âáï ¤®áâ�â®ç−®¥ ®á−®¢�−¨¥, çâ®¡ë ®âª�§�âìáï ®â ¬®¤¥«¨ 2
¢ ª�ç¥áâ¢¥ �àå¨â¥ªâãà−®£® à¥è¥−¨ï ¤«ï ˆ�‘–. ’�ª¦¥ −¥®¡å®¤¨¬® ®â¬¥â¨âì,
çâ® ¤«ï à¥�«¨§�æ¨¨ ¬®¤¥«¨ 2 âà¥¡ãîâáï ®£à®¬−ë¥ ¯¥à¢®−�ç�«ì−ë¥ ä¨−�−á®¢ë¥
¢«®¦¥−¨ï ¢ á®§¤�−¨¥ æ¥−âà�«¨§®¢�−−®© ¯«�âä®à¬ë ¨ ¨−äà�áâàãªâãàë ¤«ï ¥¥
äã−ªæ¨®−¨à®¢�−¨ï. �¥á«ãç�©−® ãá¯¥è−®¥ ¢−¥¤à¥−¨¥ ¨ íªá¯«ã�â�æ¨ï â�ª¨å á¨á-
â¥¬ ¢ ¯¥à¢ãî ®ç¥à¥¤ì ®áãé¥áâ¢«ï¥âáï ¢ ¢¥¤®¬áâ¢�å, ª®−âà®«¨àãîé¨å ®£à®¬−ë¥
ä¨−�−á®¢ë¥ ¯®â®ª¨.

�âà¨æ�â¥«ì−ë¥ ¨ ¯®«®¦¨â¥«ì−ë¥ áâ®à®−ë æ¥−âà�«¨§®¢�−−®£® ¯®¤å®¤� ¬®¦−®
¡ë«® ¡ë ®¡áã¦¤�âì ¨ ¤�«¥¥, −�¯à¨¬¥à ¢ à�¬ª�å ¤¨áªãáá¨¨ ® ¢®§¬®¦−®áâ¨
à¥�«¨§�æ¨¨ æ¥−âà�«¨§®¢�−−®£® åà�−¨«¨é� ¢á¥© â¥¬�â¨ç¥áª¨ §−�ç¨¬®© á â®çª¨
§à¥−¨ï áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï ¨−ä®à¬�æ¨¨. �¤−�ª® ãª�§�−−ëå ¢ëè¥
¯à®¡«¥¬ ¤®áâ�â®ç−®, çâ®¡ë ®âª�§�âìáï ®â à�áá¬®âà¥−¨ï ¤�−−®© ¬®¤¥«¨ ¢ ª�ç¥áâ¢¥
¯¥àá¯¥ªâ¨¢−®©.

��ª®−¥æ, ¬®¤¥«ì 3 ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ ¤¨−�¬¨ç¥áª®£® –�„. ƒ«�¢-
−ë© ª®−æ¥¯â ¬®¤¥«¨ | ¨§−�ç�«ì−® §�«®¦¥−−ë¥ ¢ −¥¥ ¢®§¬®¦−®áâ¨ í¢®«îæ¨®−−®£®
¨§¬¥−¥−¨ï –�„ ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï. Œ®¤¥«ì ¯à¥¤¯®«�£�¥â ¯®á«¥-
¤®¢�â¥«ì−®¥ á®§¤�−¨¥ ˆ�‘–, ¨áå®¤ï ¨§ â¥ªãé¥© ¨−äà�áâàãªâãàë á ¨á¯®«ì§®-
¢�−¨¥¬ á®¢à¥¬¥−−ëå áâ�−¤�àâ−ëå í«¥¬¥−â®¢ ¢ëç¨á«¨â¥«ì−®© ¨−äà�áâàãªâãàë.
‚ ¯à®æ¥áá¥ à�§¢¨â¨ï ¨¤¥â ¯®áâ¥¯¥−−®¥ −�à�é¨¢�−¨¥ �¯¯�à�â−ëå ¨ ¯à®£à�¬¬−ëå
¬®é−®áâ¥© –�„, ¢−¥¤à¥−¨¥ −®¢ëå â¥å−®«®£¨© ¯à®¨áå®¤¨â ¯�à�««¥«ì−® á ¯®¤-
¤¥à¦ª®© ã¦¥ áãé¥áâ¢ãîé¨å ¨ â. ¤. Œ®¦−® ¯®ª�§�âì, çâ® ¤�−−ë© ¯®¤å®¤ ï¢«ï¥âáï
®¯â¨¬�«ì−ë¬ á â®çª¨ §à¥−¨ï ¬¨−¨¬¨§�æ¨¨ §�âà�â −� ¨−â¥£à�æ¨î à�§−®à®¤−ëå
á¨áâ¥¬ [8].

’¥å−®«®£¨ç¥áª¨¬ äã−¤�¬¥−â®¬, ª®â®àë© ¯®§¢®«ï¥â á®§¤�âì â�ª®© ¤¨−�¬¨-
ç¥áª¨© –�„ ¨ ®¡¥á¯¥ç¨âì ¥£® ¤�«ì−¥©è¥¥ äã−ªæ¨®−¨à®¢�−¨¥, á ®¤−®© áâ®-
à®−ë, ¨ ¬®¤¨ä¨ª�æ¨î, á ¤àã£®©, á«ã¦¨â ¯®«−®äã−ªæ¨®−�«ì−�ï á¨áâ¥¬� ¢¨à-
âã�«¨§�æ¨¨. ƒ«�¢−�ï §�¤�ç� á¨áâ¥¬ë ¢¨àâã�«¨§�æ¨¨ ¢ ª®−â¥ªáâ¥ ®¡áã¦¤�¥¬®©
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ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

¬®¤¥«¨ | ¯à¥¤®áâ�¢¨âì ¢ à�¬ª�å ¥¤¨−®© �¯¯�à�â−®-¯à®£à�¬¬−®© ¯«�âä®à¬ë
–�„ ¢®§¬®¦−®áâ¨ ¯® á®§¤�−¨î ¨ ¤¨−�¬¨ç¥áª®© ¬®¤¨ä¨ª�æ¨¨ ®¡®á®¡«¥−−ëå,
¯à®£à�¬¬−®-¨§®«¨à®¢�−−ëå á¥£¬¥−â®¢, ¢ ª�¦¤®¬ ¨§ ª®â®àëå ¯®¤¤¥à¦¨¢�¥âáï
äã−ªæ¨®−¨à®¢�−¨¥ ®¯à¥¤¥«¥−−®£® −�¡®à� á¥à¢¨á®¢ ¨ à�¡®â� ®¯à¥¤¥«¥−−ëå £àã¯¯
¯®«ì§®¢�â¥«¥©.

Œ®¤¥«ì 3 −¥ ä¨ªá¨àã¥â ¦¥áâª® á®áâ�¢ ¨ á®¤¥à¦¨¬®¥ ¢å®¤ïé¨å ¢ –�„ á¥£-
¬¥−â®¢, −® ¤®¯ãáª�¥â ¢®§¬®¦−®áâì ¤¨−�¬¨ç¥áª®£® ¨§¬¥−¥−¨ï ª�ª á®¤¥à¦¨¬®£®
á¥£¬¥−â®¢, â�ª ¨ ¨å ®¡é¥£® ç¨á«�. ‘ãé¥áâ¢®¢�−¨¥ ª�¦¤®£® ª®−ªà¥â−®£® á¥£¬¥−â�
(¢ ®¯à¥¤¥«¥−−ë© ¯¥à¨®¤ ¢à¥¬¥−¨) ¤®«¦−® ¡ëâì äã−ªæ¨®−�«ì−® ®¡ãá«®¢«¥−®, â. ¥.
á¢ï§�−® á −�«¨ç¨¥¬ ª®−ªà¥â−®© §�¤�ç¨ (£àã¯¯ë §�¤�ç), âà¥¡ãîé¥© ¢ë¤¥«¥−¨ï à¥-
áãàá®¢ ¤«ï ¥¥ à¥è¥−¨ï, ¨ −�«¨ç¨¥¬ §�¨−â¥à¥á®¢�−−®© £àã¯¯ë ¯®«ì§®¢�â¥«¥©.
�®à¬�«ì−ë¬ ¯à¥¤áâ�¢«ï¥âáï ã¤�«¥−¨¥ −¥−ã¦−ëå á¥£¬¥−â®¢, â. ¥. á¥£¬¥−â®¢, ¢®á-
âà¥¡®¢�−−ëå à�−¥¥ ¤«ï à¥è¥−¨ï §�¤�ç, ¯®â¥àï¢è¨å �ªâã�«ì−®áâì ª −�áâ®ïé¥¬ã
¬®¬¥−âã ¢à¥¬¥−¨. “¤�«¥−¨¥ á¥£¬¥−â®¢ á®¯à®¢®¦¤�¥âáï, à�§ã¬¥¥âáï, ®á¢®¡®¦¤¥-
−¨¥¬ à¥áãàá®¢. ��¯à®â¨¢, ¤«ï à¥è¥−¨ï ¢−®¢ì ¯®ï¢¨¢è¨åáï §�¤�ç á®§¤�îâáï
−®¢ë¥ á¥£¬¥−âë.

ˆ¬¥−−® ¬®¤¥«ì 3 ¢ë£«ï¤¨â ¯¥àá¯¥ªâ¨¢−®© ¬®¤¥«ìî äã−ªæ¨®−¨à®¢�−¨ï
ˆ�‘–. „�«¥¥ íâ� ¬®¤¥«ì ¤¥â�«¨§¨àã¥âáï ¨ ®¡®á−®¢ë¢�¥âáï ¢® ¢á¥å ¯à¨−æ¨-
¯¨�«ì−ëå �á¯¥ªâ�å.

3 Перспективная модель функционирования
информационно-аналитического ситуационного центра

‚ á®áâ�¢ ¯¥àá¯¥ªâ¨¢−®© ¬®¤¥«¨ äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘– ¢ ¯¥à¢ãî ®ç¥à¥¤ì
¢å®¤¨â ¤¨−�¬¨ç¥áª¨© –�„, ª®â®àë© á«ã¦¨â æ¥−âà�«ì−ë¬ ã§«®¬ (æ¥−âà�«ì−ë¬
í«¥¬¥−â®¬) ¬®¤¥«¨ ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ®¡é¨© ¯ã« ¢ëç¨á«¨â¥«ì−ëå áà¥¤áâ¢,
£¨¡ª® à�á¯à¥¤¥«ï¥¬ëå ¤«ï à¥è¥−¨ï ¢á¥£® ¬−®¦¥áâ¢� â¥ªãé¨å §�¤�ç. „¨−�¬¨-
ç¥áª¨© –�„ ¢ª«îç�¥â −�¡®à á¥£¬¥−â®¢, ª�¦¤ë© ¨§ ª®â®àëå ¯à¥¤−�§−�ç¥− ¤«ï
à¥è¥−¨ï ª®−ªà¥â−®© äã−ªæ¨®−�«ì−®© §�¤�ç¨ ¨«¨ £àã¯¯ë â�ª¨å §�¤�ç ¨ £�à�−-
â¨à®¢�−−® («¥£¨â¨¬−®) ¨§®«¨à®¢�− ®â ®áâ�«ì−ëå á¥£¬¥−â®¢. ‚â®à�ï ç�áâì ®¡é¥©
¬®¤¥«¨ | àï¤ ç�áâ−ëå ¬®¤¥«¥© ¨ ®¡¥á¯¥ç¨¢�îé¨å à¥è¥−¨©, � ¨¬¥−−®:

{ ¬®¤¥«ì ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨;

{ ¬®¤¥«ì ¢§�¨¬®¤¥©áâ¢¨ï áã¡ê¥ªâ®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï;

{ ¬®¤¥«ì á®¯à®¢®¦¤¥−¨ï ¨ íªá¯«ã�â�æ¨¨;

{ ª®¬¯«¥ªá â¥å−¨ç¥áª¨å à¥è¥−¨© ¯® ®¡é¥á¨áâ¥¬−®© ¯à®£à�¬¬−®© ¯«�âä®à-
¬¥, �¯¯�à�â−®© ¯«�âä®à¬¥, ª®¬¬ã−¨ª�æ¨®−−®¬ã ®¡®àã¤®¢�−¨î, ¯à¨ª«�¤−ë¬
¯à®£à�¬¬−ë¬ áà¥¤áâ¢�¬.

‹®£¨ç¥áª¨¬¨ áâàãªâãà−ë¬¨ í«¥¬¥−â�¬¨ ¬®¤¥«¨, á®áâ�¢«ïîé¨¬¨ ¤¨−�¬¨ç¥-
áª¨© –�„, ¢ëáâã¯�îâ á¥£¬¥−âë. •�à�ªâ¥à¨áâ¨ç¥áª¨¬¨ ¯à¨§−�ª�¬¨, ®¯à¥¤¥«ï-
îé¨¬¨ á¥£¬¥−â, ï¢«ïîâáï äã−ªæ¨®−�«ì−®áâì, á®áâ�¢ ¯®«ì§®¢�â¥«¥©, ª�â¥£®à¨ï
®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨, � â�ª¦¥ ¥£® ¨§®«¨à®¢�−−®áâì (®¡®á®¡«¥−−®áâì) ®â
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¤àã£¨å á¥£¬¥−â®¢. ‚ á¥£¬¥−â¥ æ¨àªã«¨àã¥â (®¡à�¡�âë¢�¥âáï) ¨−ä®à¬�æ¨ï ®¤−®©
ª�â¥£®à¨¨ §�é¨é¥−−®áâ¨. ��ª®−¥æ, ¨§®«¨à®¢�−−®áâì (®¡®á®¡«¥−−®áâì) á¥£¬¥−â�
®§−�ç�¥â, çâ®

{ ¤®áâã¯ ¯®«ì§®¢�â¥«¥© ¨§ ¤�−−®£® á¥£¬¥−â� ª ¤àã£¨¬ á¥£¬¥−â�¬ (ª ¨−ä®à¬�-
æ¨®−−ë¬, ¯à®£à�¬¬−ë¬ ¨ �¯¯�à�â−ë¬ à¥áãàá�¬ ¤àã£¨å á¥£¬¥−â®¢) ¨áª«îç¥−;

{ ®¡¬¥− ¨−ä®à¬�æ¨¥© ¬¥¦¤ã ¤�−−ë¬ á¥£¬¥−â®¬ ¨ ¤àã£¨¬¨ á¥£¬¥−â�¬¨, � â�ª¦¥
¢−¥è−¨¬¨ á¨áâ¥¬�¬¨ ¬®¦¥â ®áãé¥áâ¢«ïâìáï â®«ìª® ¯ãâ¥¬ ª®−âà®«¨àã¥¬®£®
®¡¬¥−� ¤�−−ë¬¨ ¯®áà¥¤áâ¢®¬ á¯¥æ¨�«ì−ëå ¯à®£à�¬¬−ëå ¨«¨ ¯à®£à�¬¬−®-
�¯¯�à�â−ëå è«î§®¢.

Œ®¦−® ¯à¥¤«®¦¨âì àï¤ äã−ªæ¨®−�«ì−® §−�ç¨¬ëå á¥£¬¥−â®¢, ª®â®àë¥ ¤®«¦-
−ë á®§¤�¢�âìáï ¢ á®áâ�¢¥ ¤¨−�¬¨ç¥áª®£® –�„ ¢ ¯¥à¢ãî ®ç¥à¥¤ì.

‘¥£¬¥−âë ®¡¬¥−� ¤®ªã¬¥−â�¬¨ ä¥¤¥à�«ì−®£®/¬ã−¨æ¨¯�«ì−®£® ãà®¢−ï.
‡�¤�ç� ¤�−−ëå á¥£¬¥−â®¢ | �¢â®¬�â¨§¨à®¢�âì ¤®ªã¬¥−â®®¡®à®â, ¢®§−¨ª�îé¨©
¯à¨ à�§à�¡®âª¥ ¤®ªã¬¥−â®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï −� á®®â¢¥âáâ¢ãîé¨å
ãà®¢−ïå áã¡ê¥ªâ®¢. �á−®¢−�ï æ¥−−®áâì á¥£¬¥−â� | ®ç¥−ì ¯à®áâ®© ¨ ®¯¥à�â¨¢-
−ë© ®¡¬¥− ¨ á®¢¬¥áâ−�ï à�§à�¡®âª� ¤®ªã¬¥−â®¢ ¢á¥å ¡¥§ ¨áª«îç¥−¨ï áã¡ê¥ªâ®¢
áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï.

‘¥£¬¥−â ¢−ãâà¥−−¨å ¡�−ª®¢ ˆ�‘– ¯à¥¤−�§−�ç¥− ¤«ï à�§¬¥é¥−¨ï ¢−ãâ-
à¥−−¨å ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ˆ�‘– ¨ �−�«¨â¨ç¥áª¨å á¨áâ¥¬ ¤«ï à�¡®âë
á íâ¨¬¨ à¥áãàá�¬¨. ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ä®à¬¨àãîâáï á®¡áâ¢¥−−ë¬¨
á¨«�¬¨ ª«îç¥¢®£® áã¡ê¥ªâ� ˆ�‘–, ª®®à¤¨−¨àãîé¥£®, á®£«�á−® [1], ¢áî £®áã-
¤�àáâ¢¥−−ãî ¤¥ïâ¥«ì−®áâì ¢ ®¡«�áâ¨ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï, | ‘®¢¥â�
−�æ¨®−�«ì−®© ¡¥§®¯�á−®áâ¨ ÷” | ¨ −¥ à�§¤¥«ïîâáï á ¤àã£¨¬¨ áã¡ê¥ªâ�¬¨.
„®áâã¯ ¢ á¥£¬¥−â ®¡¥á¯¥ç¨¢�¥âáï â®«ìª® á®âàã¤−¨ª�¬ �¯¯�à�â� ‘®¢¡¥§�.

‘¥£¬¥−â ¡�−ª®¢ áã¡ê¥ªâ®¢ ¤®«¦¥− á®§¤�¢�âìáï ¢ ¨−â¥à¥á�å ¢á¥å áã¡ê¥ªâ®¢
¨ −�¯®«−ïâìáï â¨¯¨§¨à®¢�−−ë¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨ | â¥¬�â¨ç¥-
áª¨¬¨ ¡�−ª�¬¨ áã¡ê¥ªâ®¢. Š�¦¤ë© â¥¬�â¨ç¥áª¨© ¡�−ª ¯à¥¤áâ�¢«ï¥â á®¡®©,
¯® áãé¥áâ¢ã, ¢¨âà¨−ã ¤�−−ëå −¥ª®â®à®£® á®¡áâ¢¥−−®£® ¨−ä®à¬�æ¨®−−®£® à¥-
áãàá� áã¡ê¥ªâ�, á®¤¥à¦�é¥£® â¥¬�â¨ç¥áª¨¥ ¤�−−ë¥. �®«ì§®¢�â¥«¨ á¥£¬¥−â�,
¢®-¯¥à¢ëå, ¨¬¥îâ ¢®§¬®¦−®áâì ¢ë¯®«−ïâì ¯®¨áª ¨−â¥à¥áãîé¨å ¨å á¢¥¤¥−¨©
¢ ¬�áá¨¢¥ ¤�−−ëå, à�§¬¥é¥−−ëå ¢ â¥¬�â¨ç¥áª¨å ¡�−ª�å. ‚®-¢â®àëå, ¯®«ì§®¢�-
â¥«¨ ¯®«ãç�â ¢®§¬®¦−®áâì ®¡à�â¨âìáï ª ¨−ä®à¬�æ¨®−−ë¬ à¥áãàá�¬ áã¡ê¥ªâ� §�
¤¥â�«¨§�æ¨¥© á¢¥¤¥−¨©, −�©¤¥−−ëå ¨¬¨ ¢ íâ�«®−−ëå ¡�−ª�å.

÷¥§¥à¢−ë© á¥£¬¥−â. ÷¥§¥à¢−ë© á¥£¬¥−â ¤�¥â ¢®§¬®¦−®áâì á®âàã¤−¨ª�¬
�¯¯�à�â� ‘®¢¡¥§� ¡ëáâà® à�§¬¥é�âì ¢ ˆ�‘– á¯¥æ¨�«ì−ë¥ ¨−ä®à¬�æ¨®−−ë¥
à¥áãàáë −� ¢à¥¬¥−−®© ®á−®¢¥, ¤«ï ç¥£® ¢ á¥£¬¥−â¥ ¤®«¦−� ¡ëâì à�§¢¥à−ãâ� ¢áï
−¥®¡å®¤¨¬�ï ¯à®£à�¬¬−®-â¥å−¨ç¥áª�ï ¨−äà�áâàãªâãà�.

‘«¥¤ã¥â ¥é¥ à�§ ï¢−® áä®à¬ã«¨à®¢�âì ¯®«®¦¥−¨¥, á®£«�á−® ª®â®à®¬ã ¢ ª�¦-
¤®¬ ¨§®«¨à®¢�−−®¬ á¥£¬¥−â¥ –�„ æ¨àªã«¨àã¥â ¨−ä®à¬�æ¨ï ®¤−®© ª�â¥£®à¨¨
§�é¨é¥−−®áâ¨ /̈̈ «¨ â¥¬�â¨ç¥áª®© −�¯à�¢«¥−−®áâ¨, � ¢®¯à®áë à�§£à�−¨ç¥−¨ï
¤®áâã¯� ¯®«ì§®¢�â¥«¥© ª íâ®© ¨−ä®à¬�æ¨¨ ¨ ¢ë¡®à� ¬¥å�−¨§¬®¢ ¥£® à¥�«¨§�æ¨¨
à¥è�îâáï ¨áå®¤ï ¨§ äã−ªæ¨®−�«ì−ëå §�¤�ç á¥£¬¥−â� ¨, á«¥¤®¢�â¥«ì−®, ¯à¥¤¯®-
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ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

«�£�¥¬®£® á®áâ�¢� ¥£® ¯®«ì§®¢�â¥«¥©. �à¨ íâ®¬ ¢−ãâà¨ ¡®«ìè¨−áâ¢� á¥£¬¥−â®¢ ®â
à�§£à�−¨ç¥−¨ï ¤®áâã¯� ¬®¦−® ®âª�§�âìáï ¢®®¡é¥, ®¡¥á¯¥ç¨¢ §�é¨âã ®â −¥á�−ª-
æ¨®−¨à®¢�−−®£® ¤®áâã¯� ª á�¬¨¬ á¥£¬¥−â�¬. ‘®®â¢¥âáâ¢¥−−®, ¢ à�§−ëå á¥£¬¥−â�å
¬®£ãâ ¨á¯®«ì§®¢�âìáï à�§−ë¥ áà¥¤áâ¢� §�é¨âë. ‚ íâ®© á¢ï§¨ ¥é¥ à�§ ¯®¤ç¥àª−¥¬
¢�¦−ãî à®«ì á¨áâ¥¬ë ¢¨àâã�«¨§�æ¨¨ ª�ª £«�¢−®£® ¨−áâàã¬¥−â� à¥�«¨§�æ¨¨ ¯¥à-
á¯¥ªâ¨¢−®© ¬®¤¥«¨ äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘–, ª®â®àë© ®¡¥á¯¥ç¨¢�¥â ¨§®«ïæ¨î
á¥£¬¥−â®¢ «¥£¨â¨¬−ë¬¨ áà¥¤áâ¢�¬¨.

4 Обеспечивающие модели

”ã−¤�¬¥−â�«ì−ë© í«¥¬¥−â à�áá¬®âà¥−−®© ¬®¤¥«¨ äã−ªæ¨®−¨à®¢�−¨ï
ˆ�‘– | ¬®¤¥«ì ¢§�¨¬®¤¥©áâ¢¨ï áã¡ê¥ªâ®¢ áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï.
�®¤ ¢§�¨¬®¤¥©áâ¢¨¥¬ áã¡ê¥ªâ®¢, ¥áâ¥áâ¢¥−−®, ¯®−¨¬�¥âáï ¨−ä®à¬�æ¨®−−®¥ ¢§�-
¨¬®¤¥©áâ¢¨¥, á�¬� ¬®¤¥«ì ®¯¨áë¢�¥â ¨−ä®à¬�æ¨®−−ë© ®¡¬¥− ¬¥¦¤ã áã¡ê¥ªâ�¬¨,
¯à¨−�¤«¥¦�é¨¬¨ ¨¬ ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨ ¨ à¥áãàá�¬¨ ˆ�‘–. –¥«ì
â�ª®£® ®¡¬¥−� | −�¯®«−¥−¨¥ ¡�−ª®¢ ˆ�‘– ¨−ä®à¬�æ¨¥©, ª®â®à®© ®¡«�¤�îâ
áã¡ê¥ªâë áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï. Œ®¦−® ¯à¥¤¯®«�£�âì, çâ® ®−� à�§¬¥-
é¥−� ¢ á®¡áâ¢¥−−ëå â¥¬�â¨ç¥áª¨ §−�ç¨¬ëå ¤«ï áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï
¨−ä®à¬�æ¨®−−ëå à¥áãàá�å, ª®â®àë¥ ¤�«¥¥ â�ª¦¥ ¨¬¥−ãîâáï ¢−¥è−¨¬¨ ¨−ä®à-
¬�æ¨®−−ë¬¨ à¥áãàá�¬¨. �à¥¤«�£�¥¬�ï ¬®¤¥«ì ¢§�¨¬®¤¥©áâ¢¨ï ®â−®á¨â ª�¦¤ë©
¢−¥è−¨© ¨−ä®à¬�æ¨®−−ë© à¥áãàá ª ®¤−®¬ã ¨§ á«¥¤ãîé¨å âà¥å â¨¯®¢: ¤¥«¥£¨àã-
¥¬ë© à¥áãàá, ¯à¥¤áâ�¢«ï¥¬ë© à¥áãàá ¨ §�ªàëâë© à¥áãàá | ¨ ®¯à¥¤¥«ï¥â â¨¯ë
ãç�áâ¨ï: ¤¥«¥£¨à®¢�−¨¥, ¯à¥¤áâ�¢«¥−¨¥ ¨ ¨−ä®à¬¨à®¢�−¨¥ á®®â¢¥âáâ¢¥−−®.

„¥«¥£¨àã¥¬ë¬ à¥áãàá®¬ áç¨â�¥âáï â®â ¢−¥è−¨© à¥áãàá, ¨−ä®à¬�æ¨ï ª®â®-
à®£® ¯¥à¥¤�¥âáï áã¡ê¥ªâ®¬ ¢ ˆ�‘– ¢ ¯®«−®¬ ®¡ê¥¬¥. „¥«¥£¨à®¢�−¨¥ à¥áãàá�
®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ ä®à¬¨à®¢�−¨ï ¥£® ¨−ä®à¬�æ¨®−−®© ª®¯¨¨ ¢ á¥£¬¥−â¥
¢−ãâà¥−−¨å ¡�−ª®¢ ˆ�‘–. �¥à¢¨ç−®¥ −�¯®«−¥−¨¥ ¨ ¯®á«¥¤ãîé¥¥ ¯®¤¤¥à¦�−¨¥
â�ª®£® ¢−ãâà¥−−¥£® ¡�−ª� ¤�−−ëå ¢ �ªâã�«ì−®¬ á®áâ®ï−¨¨ ¯à¥¤¯®«�£�¥âáï ®áãé¥-
áâ¢«ïâì ¢ ¤�«ì−¥©è¥¬ ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥, −�¯à�¢«¥−¨¥ ¨−ä®à¬�æ¨¨ ¯à¨
íâ®¬ ®¤−®áâ®à®−−¥¥: ®â áã¡ê¥ªâ� ª ˆ�‘–.

‚−¥è−¨© à¥áãàá áâ�−®¢¨âáï ¯à¥¤áâ�¢«ï¥¬ë¬ à¥áãàá®¬ ¢ â®¬ á«ãç�¥, ¥á«¨ ¨§
¢á¥£® ®¡ê¥¬� á®¤¥à¦�é¥©áï ¢ −¥¬ ¨−ä®à¬�æ¨¨ ¢ ˆ�‘– ¯¥à¥¤�¥âáï «¨èì ç�áâì,
á®áâ�¢«ïîé�ï ¢¨âà¨−ã ¤«ï ¢á¥£® ®¡ê¥¬� ¤�−−ëå à¥áãàá�. ’�ª®© â¨¯ ãç�áâ¨ï
¨á¯®«ì§ã¥âáï, ª®£¤� −¥æ¥«¥á®®¡à�§−® ¤ã¡«¨à®¢�−¨¥ ¢−¥è−¥£® à¥áãàá� ¢ á®áâ�¢¥
ˆ�‘–, −�¯à¨¬¥à ¯® ¯à¨ç¨−¥ ¨§«¨è−¥© ¤¥â�«¨§�æ¨¨ ¨ çà¥§¬¥à−ëå ®¡ê¥¬®¢,
¨«¨ áã¡ê¥ªâ −¥ £®â®¢ ¯®«−®áâìî ¯¥à¥¤�âì á¢®© ¨−ä®à¬�æ¨®−−ë© à¥áãàá, −�-
¯à¨¬¥à ¢ á¢ï§¨ á ®£à�−¨ç¥−¨ï¬¨ −� à�á¯à®áâà�−¥−¨¥ á¢¥¤¥−¨© ®¯à¥¤¥«¥−−®£®
â¨¯�. �à¥¤áâ�¢«¥−¨¥ à¥áãàá� ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ ä®à¬¨à®¢�−¨ï −� ¥£® ®á−®¢¥
á®®â¢¥âáâ¢ãîé¥£® íâ�«®−−®£® ¡�−ª�, â. ¥., ¯® áãé¥áâ¢ã, á¯¥æ¨�«ì−®© ¢¨âà¨-
−ë ¤�−−ëå ¢−¥è−¥£® à¥áãàá� ¢ á¥£¬¥−â¥ íâ�«®−−ëå ¡�−ª®¢ ˆ�‘–. �¥à¢¨ç−®¥
−�¯®«−¥−¨¥ ¨ ¯®á«¥¤ãîé¥¥ ¯®¤¤¥à¦�−¨¥ íâ�«®−−®£® ¡�−ª� (¢¨âà¨−ë ¤�−−ëå)
¢ �ªâã�«ì−®¬ á®áâ®ï−¨¨ ®áãé¥áâ¢«ï¥âáï ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥. ”ã−ªæ¨®-
−�« á¥£¬¥−â� íâ�«®−−ëå ¡�−ª®¢ ¤®«¦¥− ®¡¥á¯¥ç¨âì −�«¨ç¨¥ ¤«ï ¯®«ì§®¢�â¥«¥©
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¢®§¬®¦−®áâ¨ §�¯à®á¨âì ¨ ¯®«ãç¨âì ¨§ ®à¨£¨−�«ì−®£® ¨−ä®à¬�æ¨®−−®£® à¥áãàá�
¤®¯®«−¨â¥«ì−ë¥ ãâ®ç−ïîé¨¥ á¢¥¤¥−¨ï ¯® ãç¥â−®© ¨−ä®à¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®©
¢ ¢¨âà¨−¥ ¤�−−ëå. �®íâ®¬ã ¤«ï ¤�−−®£® â¨¯� ãç�áâ¨ï âà¥¡ã¥âáï à¥�«¨§�æ¨ï
¤¢ã−�¯à�¢«¥−−®£® ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−�.

��ª®−¥æ, ¢−¥è−¨© à¥áãàá, ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ á ª®â®àë¬ ¢ �¢-
â®¬�â¨ç¥áª®¬/�¢â®¬�â¨§¨à®¢�−−®¬ à¥¦¨¬¥ ¯® â¥¬ ¨«¨ ¨−ë¬ ¯à¨ç¨−�¬ −¥¢®§-
¬®¦−®, ï¢«ï¥âáï §�ªàëâë¬ à¥áãàá®¬. �®«ãç¥−¨¥ á¢¥¤¥−¨© ¨§ â�ª®£® ¢−¥è−¥£®
à¥áãàá� ¢®§¬®¦−® ¯ãâ¥¬ ®¡¬¥−� á®®¡é¥−¨ï¬¨; á®®â¢¥âáâ¢ãîé¨© äã−ªæ¨®−�«
¯à¥¤®áâ�¢«ï¥âáï á¥£¬¥−â®¬ ®¡¬¥−� ¤®ªã¬¥−â�¬¨ á®®â¢¥âáâ¢ãîé¥£® ãà®¢−ï.

‚ à�¬ª�å íâ®© ¬®¤¥«¨ ®¤¨− áã¡ê¥ªâ ¬®¦¥â ®¡«�¤�âì áà�§ã −¥áª®«ìª¨¬¨
¢−¥è−¨¬¨ à¥áãàá�¬¨, ¯à¨ íâ®¬ à�§−ë¥ à¥áãàáë ¬®£ãâ ®â−®á¨âìáï ª à�§−ë¬ â¨¯�¬
¯® ª«�áá¨ä¨ª�æ¨¨ ¬®¤¥«¨ ¢§�¨¬®¤¥©áâ¢¨ï.

�à¥¤áâ�¢«¥−−�ï −� à¨á. 1 áå¥¬� ¯¥àá¯¥ªâ¨¢−®© ¬®¤¥«¨ ¢§�¨¬®¤¥©áâ¢¨ï áã¡ê-
¥ªâ®¢ ¨««îáâà¨àã¥â áª�§�−−®¥. �� áå¥¬¥ ¨§®¡à�¦¥−ë âà¨ áã¡ê¥ªâ�, ¯® ®¤−®¬ã

÷¨á. 1 Œ®¤¥«ì ¢§�¨¬®¤¥©áâ¢¨ï áã¡ê¥ªâ®¢ ˆ�‘–
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ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

¢−¥è−¥¬ã ¨−ä®à¬�æ¨®−−®¬ã à¥áãàáã ª�¦¤®£® (ˆ÷ 1, ˆ÷ 2 ¨ ˆ÷ 3), ¤¨−�¬¨-
ç¥áª¨© –�„ ¨ âà¨ ¥£® á¥£¬¥−â�. ˆ÷ 1 ¢ëáâã¯�¥â ¯à¥¤áâ�¢«ï¥¬ë¬ à¥áãàá®¬,
ª®â®à®¬ã á®®â¢¥âáâ¢ã¥â íâ�«®−−ë© ¡�−ª (¢¨âà¨−� ¤�−−ëå) �� 1 ¢ á¥£¬¥−â¥ íâ�-
«®−−ëå ¡�−ª®¢ (â¨¯ ãç�áâ¨ï | ¯à¥¤áâ�¢«¥−¨¥). ˆ÷ 2 á«ã¦¨â ¤¥«¥£¨àã¥¬ë¬
à¥áãàá®¬, ª®â®à®¬ã á®®â¢¥âáâ¢ã¥â ¢−ãâà¥−−¨© ¡�−ª ‚� 2 ¢ á¥£¬¥−â¥ ¢−ãâà¥−−¨å
¡�−ª®¢ (â¨¯ ãç�áâ¨ï | ¤¥«¥£¨à®¢�−¨¥). ˆ÷ 3 ï¢«ï¥âáï §�ªàëâë¬ à¥áãàá®¬ (â¨¯
ãç�áâ¨ï | ¨−ä®à¬¨à®¢�−¨¥).

‘«¥¤ãîé¨© ¢�¦−ë© í«¥¬¥−â ®¡áã¦¤�¥¬®© ¬®¤¥«¨ äã−ªæ¨®−¨à®¢�−¨ï
ˆ�‘– | ¬®¤¥«ì ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. Š«îç¥¢®© â¥§¨á ¯® ¤�−−®©
¬®¤¥«¨ | −¥®¡å®¤¨¬®áâì ®âª�§� ®â ¯à¨−æ¨¯� â®â�«ì−®© §�é¨âë, ª®â®àë© ç�áâ®
¨ −¥ ¢á¥£¤� ã¬¥áâ−® ¯à¨¬¥−ï¥âáï ª® ¢á¥¬ á¨áâ¥¬�¬ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨,
ª ª®â®àë¬ ®â−®á¨âáï ¨ ˆ�‘–. �â®â ¯à¨−æ¨¯ ¨««îáâà¨àãîâ á«¥¤ãîé¨¥ â¨¯®¢ë¥
à¥è¥−¨ï. ‚®-¯¥à¢ëå, ®¡ê¥ªâ�¬¨ §�é¨âë ï¢«ïîâáï ¢á¥ ¬¨−¨¬�«ì−ë¥ ú�â®¬�à-
−ë¥û ®¡ê¥ªâë: ®â¤¥«ì−ë© ä�©« ä�©«®¢®© á¨áâ¥¬ë, ®â¤¥«ì−�ï §�¯¨áì à¥¥áâà�
®¯¥à�æ¨®−−®© á¨áâ¥¬ë, ®â¤¥«ì−�ï â�¡«¨æ� ¡�§ë ¤�−−ëå ¨ â. ¤. ‚®-¢â®àëå, §�-
é¨â� ®¡¥á¯¥ç¨¢�¥âáï −� ª�¦¤®¬ ¢ëç¨á«¨â¥«ì−®¬ ã§«¥, â. ¥. −� ª�¦¤®¬ á¥à¢¥à¥
¨ �¢â®¬�â¨§¨à®¢�−−®¬ à�¡®ç¥¬ ¬¥áâ¥ (�÷Œ). ‚-âà¥âì¨å, ¢¥áì á¥â¥¢®© âà�ä¨ª
¯®¤«¥¦¨â ¯à®£à�¬¬−®¬ã è¨äà®¢�−¨î. �à¨¬¥−¥−¨¥ â�ª®© â®â�«ì−®© §�é¨âë
¯à¨¢®¤¨â ª ®ç¥−ì §−�ç¨â¥«ì−ë¬ −�ª«�¤−ë¬ à�áå®¤�¬, á¢ï§�−−ë¬ á ®¡¥á¯¥ç¥−¨¥¬
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. „¥©áâ¢¨â¥«ì−®, ¢ë¯®«−¥−¨¥ «î¡®© ®¯¥à�æ¨¨ ®¡-
à�¡®âª¨ ¤�−−ëå −� «î¡®¬ ¢ëç¨á«¨â¥«ì−®¬ áà¥¤áâ¢¥ á®¯à®¢®¦¤�¥âáï ¤¥©áâ¢¨ï¬¨
¯® �−â¨¢¨àãá−®© ¯à®¢¥àª¥ ¤�−−ëå, ¯à®¢¥àª¥ ¯à�¢ ¨ ¯®«−®¬®ç¨© ¯®«ì§®¢�â¥«ï,
¨−¨æ¨¨à®¢�¢è¥£® ®¯¥à�æ¨î, à¥£¨áâà�æ¨¨ ®¯¥à�æ¨¨ ¢ ¯à®â®ª®«¥ ¡¥§®¯�á−®áâ¨
¨ â. ¤. Šà®¬¥ â®£®, ¯¥à¥¤�ç� ¤�−−ëå ¬¥¦¤ã ¢ëç¨á«¨â¥«ì−ë¬¨ áà¥¤áâ¢�¬¨
á®¯à®¢®¦¤�¥âáï ª�ª ¬¨−¨¬ã¬ ®¤−®ªà�â−® ¢ë¯®«−ï¥¬ë¬¨ ¯à®æ¥¤ãà�¬¨ è¨äà®-
¢�−¨ï-¤¥è¨äà®¢�−¨ï. ‚ à¥§ã«ìâ�â¥ §�¬¥â−®¥ ¢à¥¬ï ¨ ¡®«ìè®© ®¡ê¥¬ ¨¬¥îé¨åáï
¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢ âà�âïâáï −� à¥è¥−¨¥ å®âï ¨ ¢�¦−®©, −® −¥æ¥«¥¢®©
§�¤�ç¨, çâ® áãé¥áâ¢¥−−® á−¨¦�¥â ®¡éãî ¯à®¨§¢®¤¨â¥«ì−®áâì á¨áâ¥¬ë. Œ�áèâ�¡
ˆ�‘– ¨ ¨−ä®à¬�æ¨®−−®¥ ¬−®£®®¡à�§¨¥ ¥£® à¥áãàá®¢, ®¡êïá−ï¥¬®¥ −�§−�ç¥−¨¥¬
á¨áâ¥¬ë, −¥ ¤®¯ãáª�îâ æ¥−âà�«¨§®¢�−−®© ¯®«−®äã−ªæ¨®−�«ì−®© ¬®¤¥«¨ ¨−ä®à-
¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¨ ¯à¥¤¯®«�£�îâ ®âª�§ ®â ¯à¨−æ¨¯� â®â�«ì−®© §�é¨âë.

�¥àá¯¥ªâ¨¢−®© ¤«ï ˆ�‘– ¯à¥¤áâ�¢«ï¥âáï à�á¯à¥¤¥«¥−−�ï ¨§¡¨à�â¥«ì−�ï
¬®¤¥«ì ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. �â� ¬®¤¥«ì, áå¥¬�â¨ç¥áª¨ ¨§®¡à�¦¥−−�ï
−� à¨á. 2, ¯à¥¤¯®«�£�¥â ®âª�§ ®â ¯à¨−æ¨¯� â®â�«ì−®© §�é¨âë ¢ ¯®«ì§ã ¯à¨−æ¨¯�
¤®áâ�â®ç−®© §�é¨âë. Œ®¦−® ¢ë¤¥«¨âì ®á−®¢−ë¥ ä�ªâ®àë, ª®â®àë¥ ¯®§¢®«ïîâ
áãé¥áâ¢¥−−® ¨§¬¥−¨âì ¨ ®¡«¥£ç¨âì âà�¤¨æ¨®−−ë¥ â®â�«ì−ë¥ ¬®¤¥«¨ ®¡¥á¯¥ç¥−¨ï
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨. ‚®-¯¥à¢ëå, �¯¯�à�â−�ï ¯«�âä®à¬� ˆ�‘– ¨§-
−�ç�«ì−® ¤®«¦−� á®§¤�¢�âìáï −� ®á−®¢¥ ¤®¢¥à¥−−ëå â¥å−¨ç¥áª¨å áà¥¤áâ¢ (’‘).
‚®-¢â®àëå, ¤®¢¥à¥−−ë¬¨ ¤®«¦−ë ¡ëâì ®á−®¢−ë¥ ®¡é¥á¨áâ¥¬−ë¥ ¯à®£à�¬¬−ë¥
áà¥¤áâ¢�, ä®à¬¨àãîé¨¥ ¯à®£à�¬¬−ãî ¯«�âä®à¬ã, ¢ ç�áâ−®áâ¨ ®¯¥à�æ¨®−−ë¥
á¨áâ¥¬ë (�‘) á¥à¢¥à®¢-å®áâ®¢ ¨ �÷Œ. �â¤¥«ì−® §¤¥áì á«¥¤ã¥â ¢ë¤¥«¨âì ¤®¢¥-
à¥−−ãî á¨áâ¥¬ã ¢¨àâã�«¨§�æ¨¨, ª®â®à�ï ¨£à�¥â ¢�¦−¥©èãî à®«ì ¢ ä®à¬¨à®¢�−¨¨
¯à®£à�¬¬−®© ¯«�âä®à¬ë ˆ�‘– ¢®®¡é¥ ¨ ¤¨−�¬¨ç¥áª®£® –�„ ¢ ç�áâ−®áâ¨.
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÷¨á. 2 Œ®¤¥«ì ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ˆ�‘– (��Œ„‡ | �¯¯�à�â−®-¯à®-
£à�¬¬−ë© ¬®¤ã«ì ¤®¢¥à¥−−®© §�£àã§ª¨)
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ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

��ª®−¥æ, ª«îç¥¢ë¬ ä�ªâ®à®¬ ï¢«ï¥âáï �àå¨â¥ªâãà� ¤¨−�¬¨ç¥áª®£® –�„,
ª®â®àë© â¥å−®«®£¨ç¥áª¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ¥¤¨−ë© ¯ã« ¢ëç¨á«¨â¥«ì−ëå
áà¥¤áâ¢, � á äã−ªæ¨®−�«ì−®© â®çª¨ §à¥−¨ï á®áâ®¨â ¨§ −�¡®à� á¥£¬¥−â®¢, ¯à¥¤-
−�§−�ç¥−−ëå ¤«ï à¥è¥−¨ï ª®−ªà¥â−®© æ¥«¥¢®© §�¤�ç¨ ¨«¨ £àã¯¯ë â�ª¨å §�-
¤�ç. ‚ëç¨á«¨â¥«ì−ë¥ áà¥¤áâ¢� á¥£¬¥−â� –�„ ¯à¥¤áâ�¢«ïîâ á®¡®© á®¢®ªã¯−®áâì
à�§¢¥à−ãâëå −� �¯¯�à�â−ëå á¥à¢¥à�å-å®áâ�å ¢¨àâã�«ì−ëå á¥à¢¥à®¢, ª®â®àë¥
á¢ï§�−ë ¯®áà¥¤áâ¢®¬ ¢¨àâã�«ì−®© «®ª�«ì−®© á¥â¨ (VLAN, Virtual Local Area
Network). ’�ª¨¬ ®¡à�§®¬, −¥®¡å®¤¨¬®¥ á¢®©áâ¢® á¥£¬¥−â� | ¨§®«¨à®¢�−−®áâì |
¬®¦¥â ¡ëâì £�à�−â¨à®¢�−®, â. ¥. ®¡¥á¯¥ç¥−® «¥£¨â¨¬−ë¬¨ áà¥¤áâ¢�¬¨ (¯à¨ ¨á-
¯®«ì§®¢�−¨¨ ¤®¢¥à¥−−ëå áà¥¤áâ¢).

Š�¦¤ë© á¥£¬¥−â á®§¤�¥âáï ¤«ï à¥è¥−¨ï ª®−ªà¥â−®© äã−ªæ¨®−�«ì−®© §�¤�ç¨
¨«¨ £àã¯¯ë à®¤áâ¢¥−−ëå äã−ªæ¨®−�«ì−ëå §�¤�ç. ”ã−ªæ¨®−�« á¥£¬¥−â� ®¯à¥-
¤¥«ï¥â á®áâ�¢ ¥£® ¯®«ì§®¢�â¥«¥©: ¢®§¬®¦−®áâì à�¡®âë ¢ á¥£¬¥−â¥ ¨¬¥îâ â®«ìª®
¯à¥¤®¯à¥¤¥«¥−−ë¥ ¤®¢¥à¥−−ë¥ ¯®«ì§®¢�â¥«¨, §�¨−â¥à¥á®¢�−−ë¥ ¢ à¥è¥−¨¨ äã−ª-
æ¨®−�«ì−ëå §�¤�ç á¥£¬¥−â� ¨ ¤®¯ãé¥−−ë¥ ª à¥è¥−¨î íâ¨å §�¤�ç. �â® ¯®§¢®«ï¥â
áç¨â�âì, çâ® ¢á¥ ¯®«ì§®¢�â¥«¨ á¥£¬¥−â� ¨¬¥îâ à�¢−ë¥ ¯à�¢� ¤®áâã¯� ª ¨−ä®à-
¬�æ¨®−−ë¬/¯à®£à�¬¬−ë¬ à¥áãàá�¬ á¥£¬¥−â�, ¨ ®âª�§�âìáï ®â ¨á¯®«ì§®¢�−¨ï
¢−ãâà¨ á¥£¬¥−â®¢ ¤®¯®«−¨â¥«ì−ëå à¥áãàá®¥¬ª¨å «¥£¨â¨¬−ëå áà¥¤áâ¢ £�à�−â¨-
à®¢�−−®£® ¤¨áªà¥æ¨®−−®£® ª®−âà®«ï. ‡�¤�ç� ¨¤¥−â¨ä¨ª�æ¨¨/�ãâ¥−â¨ä¨ª�æ¨¨
¯®«ì§®¢�â¥«¥© á¥£¬¥−â� à¥è�¥âáï á¨áâ¥¬®© ¢¨àâã�«¨§�æ¨¨ ¨/¨«¨ á«ã¦¡®© ª�â�-
«®£� á¥£¬¥−â�.

�à¨¬¥−ï¥¬ë© ¢ ¬®¤¥«¨ ¯à¨−æ¨¯ ¤®áâ�â®ç−®áâ¨ ®§−�ç�¥â á«¥¤ãîé¥¥. �¡ê-
¥ªâ�¬¨ §�é¨âë ï¢«ïîâáï á¥£¬¥−âë ¤¨−�¬¨ç¥áª®£® –�„, â. ¥. §�é¨â¥ ¯®¤«¥¦¨â
¢áï ¨−ä®à¬�æ¨ï ª�¦¤®£® ¨§ á¥£¬¥−â®¢ ¢ æ¥«®¬. ‡�é¨â� á¥£¬¥−â� à¥�«¨§ã¥âáï
−� ¥£® ¢−¥è−¥¬ ¯¥à¨¬¥âà¥ ¯ãâ¥¬ ª®−âà®«ï ¢å®¤−ëå ¨ ¢ëå®¤−ëå ¨−ä®à¬�æ¨®−-
−ëå ¯®â®ª®¢. „¥©áâ¢¨â¥«ì−®, ¯®áª®«ìªã ª�¦¤ë© á¥£¬¥−â ¨§®«¨à®¢�−, � ®¡¬¥−
¨−ä®à¬�æ¨¥© ¬¥¦¤ã ¤�−−ë¬ á¥£¬¥−â®¬ ¨ ¢−¥è−¥© ¯® ®â−®è¥−¨î ª íâ®¬ã á¥£-
¬¥−âã áà¥¤®© ®áãé¥áâ¢«ï¥âáï ¯® −�¯¥à¥ç¥â ¨§¢¥áâ−ë¬ ª�−�«�¬, â® ¤«ï §�é¨âë
¨−ä®à¬�æ¨¨ á¥£¬¥−â� ¤®áâ�â®ç−® ª®−âà®«¨à®¢�âì ¢å®¤−ë¥/¢ëå®¤−ë¥ ¤�−−ë¥
¢ á®®â¢¥âáâ¢ãîé¨å â®çª�å ¢å®¤�/¢ëå®¤�. �®¢â®à−ë© ª®−âà®«ì ¯à¨ ®¡à�¡®âª¥
/̈̈ «¨ ¯¥à¥¤�ç¥ ¤�−−ëå ¢−ãâà¨ ¨§®«¨à®¢�−−®£® á¥£¬¥−â� áâ�−®¢¨âáï ¨§«¨è−¨¬,

ª�ª ¨ è¨äà®¢�−¨¥ ¢−ãâà¨á¥£¬¥−â−®£® á¥â¥¢®£® âà�ä¨ª�.
÷�¡®â� ¯®«ì§®¢�â¥«¥© ¢ á¥£¬¥−â�å ®áãé¥áâ¢«ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ �÷Œ

¨, ¥áâ¥áâ¢¥−−®, á®¯à®¢®¦¤�¥âáï á®®â¢¥âáâ¢ãîé¨¬ ¨−ä®à¬�æ¨®−−ë¬ ®¡¬¥−®¬.
‚ ¯à®áâ¥©è¥¬ á«ãç�¥ �÷Œ | íâ® ®â¤¥«ì−ë© ª®¬¯ìîâ¥à, à�§¬¥é¥−−ë©, ¢®-
®¡é¥ £®¢®àï, −� ã¤�«¥−−®© ¯«®é�¤ª¥ ¨ ®¡¥á¯¥ç¨¢�îé¨© ¯®«ì§®¢�â¥«î ¤®áâã¯
¢ ®¯à¥¤¥«¥−−ë© á¥£¬¥−â ¤¨−�¬¨ç¥áª®£® –�„. ‚ â�ª®¬ ¢¨¤¥ �÷Œ ¯à¥¤áâ�¢«ï¥â
á®¡®© ¤®¢¥à¥−−®¥ ’‘, ®á−�é¥−−®¥ �¯¯�à�â−ë¬¨ áà¥¤áâ¢�¬¨ §�é¨âë ¨ äã−ªæ¨®-
−¨àãîé¥¥ ¯®¤ ã¯à�¢«¥−¨¥¬ ¤®¢¥à¥−−®© �‘. �� �÷Œ ¤®«¦−® ¡ëâì ãáâ�−®¢«¥−®
¯®«−®äã−ªæ¨®−�«ì−®¥ áà¥¤áâ¢® �−â¨¢¨àãá−®© §�é¨âë, çâ® ®¡¥á¯¥ç¨â �−â¨¢¨àãá-
−ë© ª®−âà®«ì ¢å®¤−ëå/¢ëå®¤−ëå ¤�−−ëå. „«ï §�é¨âë ¬�£¨áâà�«ì−ëå á¥â¥¢ëå
ª�−�«®¢ �÷Œ{–�„ ¤®«¦−ë ¨á¯®«ì§®¢�âìáï ªà¨¯â®¬�àèàãâ¨§�â®àë, ª®â®àë¥
®¡¥á¯¥ç¨¢�îâ è¨äà®¢�−¨¥ âà�ä¨ª� ¨, ªà®¬¥ â®£®, ¬¥¦á¥â¥¢®¥ íªà�−¨à®¢�−¨¥,
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ä¨«ìâà�æ¨î á¥â¥¢ëå ¯�ª¥â®¢ ¨ §�é¨âã ®â á¥â¥¢ëå �â�ª. �â¬¥â¨¬, çâ® �÷Œ ¤«ï
¤®áâã¯� ¯®«ì§®¢�â¥«¥© ¢ á¥£¬¥−âë ¬®¦¥â ¡ëâì à¥�«¨§®¢�−® ¨ ª�ª ¢¨àâã�«ì−�ï
¬�è¨−�. ÷¥è¥−¨¥ ¢®¯à®á� ®à£�−¨§�æ¨¨ §�é¨âë ¢å®¤−ëå/¢ëå®¤−ëå ¯®â®ª®¢
¤�−−ëå ¢ å®¤¥ ¢§�¨¬®¤¥©áâ¢¨ï á¥£¬¥−â®¢ –�„ ¨ ¢−¥è−¨å ¨áâ®ç−¨ª®¢ ¨ ¬¥¦-
á¥£¬¥−â−®£® ¢§�¨¬®¤¥©áâ¢¨ï ®¡¥á¯¥ç¨¢�¥âáï −�¡®à®¬ è«î§®¢, ¢ª«îç�ï ®¤−®−�-
¯à�¢«¥−−ë© è«î§, à�§£à�−¨ç¨¢�îé¨© ¨−ä®à¬�æ¨®−−ãî á¨áâ¥¬ã (ˆ‘) áã¡ê¥ªâ�
¨ æ¥«¥¢®© á¥£¬¥−â –�„; ¤¢ã−�¯à�¢«¥−−ë© è«î§, ª®−âà®«¨àãîé¨© ®£à�−¨ç¥−-
−ë© âà�ä¨ª, ¯®à®¦¤�¥¬ë© ¢ ¯à®æ¥áá¥ ®¡¬¥−� ¤�−−ë¬¨ ¢ à¥¦¨¬¥ §�¯à®á{®â¢¥â,
¢®§−¨ª�îé¥£® ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤¥«¥£¨à®¢�−−®£® à¥áãàá�; ¯à®£à�¬¬−ë© ¤¢ã-
−�¯à�¢«¥−−ë© è«î§, ®¡á«ã¦¨¢�îé¨© ®¡¬¥− ¤�−−ë¬¨ ¬¥¦¤ã á¥£¬¥−â�¬¨ –�„.

”¨−�«ì−ë© í«¥¬¥−â ¢ àï¤ã ®¡¥á¯¥ç¨¢�îé¨å ¬®¤¥«¥© äã−ªæ¨®−¨à®¢�−¨ï
ˆ�‘– | ¬®¤¥«ì á®¯à®¢®¦¤¥−¨ï ¨ íªá¯«ã�â�æ¨¨. ‘ â®çª¨ §à¥−¨ï áã¡ê¥ªâ®¢
áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï | ¯®«ì§®¢�â¥«¥© ˆ�‘– | æ¥«ìî äã−ªæ¨®−¨-
à®¢�−¨ï ˆ�‘– áâ�¢¨âáï ¬�ªá¨¬�«ì−® ®¯¥à�â¨¢−®¥ ¬�áá®¢®¥ ¯à¥¤®áâ�¢«¥−¨¥ −¥-
ª®â®à®£® ª®−¥ç−®£® á¯¥ªâà� áâ�−¤�àâ−ëå ¨−ä®à¬�æ¨®−−ëå ãá«ã£ ®¯à¥¤¥«¥−−®£®
ª�ç¥áâ¢� ¯®âà¥¡¨â¥«ï¬ íâ¨å ãá«ã£ (á¥à¢¨á®¢). ÷�−¥¥ �¢â®à�¬¨ ¡ë«� à�§à�¡®â�−�
¯à®æ¥áá−�ï ¬®¤¥«ì ¬®¤¥à−¨§�æ¨¨ ¨ à�§¢¨â¨ï ˆ‘ −� ¢á¥å áâ�¤¨ïå ¦¨§−¥−−®£®
æ¨ª«� [9], ®¡¥á¯¥ç¨¢�îé�ï ¢®§¬®¦−®áâì −¥¯à¥àë¢−®£® à�§¢¨â¨ï ¨ ¬®¤¥à−¨§�æ¨¨
ˆ�‘– ¢ á¢ï§¨ á ¢®§−¨ª−®¢¥−¨¥¬ −®¢ëå äã−ªæ¨®−�«ì−ëå âà¥¡®¢�−¨©, ¢ëï¢«¥-
−¨¥¬ ®è¨¡®ª, á ãç¥â®¬ −®¢ëå ¯à¥¤«®¦¥−¨© ¯® â¥å−¨ç¥áª¨¬, ®à£�−¨§�æ¨®−−ë¬,
ª�¤à®¢ë¬ ¨ −®à¬�â¨¢−®-¯à�¢®¢ë¬ ¨§¬¥−¥−¨ï¬. ˆáå®¤ï ¨§ íâ®£®, §�¤�ç¨ á®¯à®-
¢®¦¤¥−¨ï ¨ íªá¯«ã�â�æ¨¨ ˆ�‘– §�ª«îç�îâáï ¢ ¯®¤¤¥à¦�−¨¨ ¢á¥å ª«îç¥¢ëå
å�à�ªâ¥à¨áâ¨ª ¯®«¥§−®áâ¨ ¨ £�à�−â¨¨ ¨−ä®à¬�æ¨®−−ëå á¥à¢¨á®¢, � â�ª¦¥ ®¡−®¢-
«¥−¨¨ ¨ à�áè¨à¥−¨¨ ¨å á¯¥ªâà�. ‚ á¢ï§¨ á íâ¨¬ ˆ�‘– ¨ íªá¯«ã�â¨àãîé¨¥
¥£® áã¡ê¥ªâë ¤®«¦−ë à�áá¬�âà¨¢�âìáï ¢ à�¬ª�å ¯�à�¤¨£¬ë á¥à¢¨á-¯à®¢�©¤¨−£�,
íää¥ªâ¨¢−�ï à¥�«¨§�æ¨ï ª®â®à®© ¤®áâ¨£�¥âáï ¢−¥¤à¥−¨¥¬ ¢ ˆ�‘– ¬¥â®¤®«®-
£¨¨ ITIL/ITSM (IT Infrastructure Library/IT Service Management). ‘®£«�á-
−® ¬¥â®¤®«®£¨¨ ITIL, ¬®¤¥«ì á®¯à®¢®¦¤¥−¨ï ¨ íªá¯«ã�â�æ¨¨ ˆ�‘– ¤®«¦−�
¢ª«îç�âì:

{ �¤�¯â�æ¨î á¥à¢¨á−®© ¬¥â®¤®«®£¨¨ äã−ªæ¨®−¨à®¢�−¨ï ª ãá«®¢¨ï¬ ˆ�‘–
¨ ¬®¤¥«¨ ¥£® äã−ªæ¨®−¨à®¢�−¨ï (¯à®æ¥áá äã−ªæ¨®−¨à®¢�−¨ï ˆ�‘– á«¥¤ã¥â
à�áá¬�âà¨¢�âì á â®çª¨ §à¥−¨ï ¯à¥¤®áâ�¢«¥−¨ï á¥à¢¨á®¢ à�§«¨ç−ë¬ £àã¯¯�¬
¯®âà¥¡¨â¥«¥©, � á�¬ ˆ�‘– | ª�ª á¥à¢¨á-¯à®¢�©¤¥à�; à¥�«¨§ã¥âáï ¯®¢â®-
àï¥¬ë© ¦¨§−¥−−ë© æ¨ª« á¥à¢¨á®¢ ¨§ ¯ïâ¨ íâ�¯®¢: (1) áâà�â¥£¨ï á¥à¢¨á�;
(2) ¯à®¥ªâ¨à®¢�−¨¥ á¥à¢¨á�; (3) ¯à¥®¡à�§®¢�−¨¥ (¢¢®¤ ¢ íªá¯«ã�â�æ¨î) á¥à-
¢¨á�; (4) íªá¯«ã�â�æ¨ï á¥à¢¨á�; (5) −¥¯à¥àë¢−®¥ ã«ãçè¥−¨¥ á¥à¢¨á�);

{ ¯à¨−æ¨¯ë ¢§�¨¬®¤¥©áâ¢¨ï ¯®áâ�¢é¨ª®¢ ¨ ¯®âà¥¡¨â¥«¥© á¥à¢¨á®¢ (à�§¤¥«¥−¨¥
¯®âà¥¡¨â¥«¥© á¥à¢¨á®¢ −� ª®−¥ç−ëå ¯®âà¥¡¨â¥«¥© (¯®«ì§®¢�â¥«¨, ®¡¥á¯¥ç¨-
¢�îé¨¥ à¥è¥−¨¥ æ¥«¥¢ëå §�¤�ç ˆ�‘–) ¨ ¯à®¬¥¦ãâ®ç−ëå ¯®âà¥¡¨â¥«¥©;
à�§¤¥«¥−¨¥ ¯®áâ�¢é¨ª®¢ á¥à¢¨á®¢ −� ¢−¥è−¨å (áã¡ê¥ªâ®¢ áâà�â¥£¨ç¥áª®£®
¯«�−¨à®¢�−¨ï), ¢−ãâà¥−−¨å ¨ ®¡é¨å (á«ã¦¡� íªá¯«ã�â�æ¨¨ ˆ�‘–, íªá¯¥àâ-
−ë¥ ®à£�−¨§�æ¨¨ ¨ ¤à.);
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ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

{ ®à£�−¨§�æ¨®−−®-ã¯à�¢«ïîéãî áâàãªâãàã (¥¤¨−�ï á¥à¢¨á−�ï á«ã¦¡� íªá¯«ã-
�â�æ¨¨, ¢ª«îç�îé�ï ¢ á¥¡ï á®âàã¤−¨ª®¢ ¢á¥å ¯®¤à�§¤¥«¥−¨©, ãç�áâ¢ãîé¨å
¢ à�§à�¡®âª¥, á®§¤�−¨¨, íªá¯«ã�â�æ¨¨ ¨ ¬®¤¥à−¨§�æ¨¨);

{ ¯à¨−æ¨¯ë ä®à¬¨à®¢�−¨ï ¬¥âà¨ª ¬®¤¥«¨ äã−ªæ¨®−¨à®¢�−¨ï (¯®áâà®¥−¨¥
ˆ�‘– ª�ª á�¬®à¥£ã«¨àãîé¥©áï IT-á¨áâ¥¬ë á íää¥ªâ¨¢−®© ®¡à�â−®© á¢ï§ìî
−� ®á−®¢¥ á¨áâ¥¬ë ¬¥âà¨ª; ®â¯à�¢−®© â®çª®© ä®à¬¨à®¢�−¨ï ¬¥âà¨ª ¤®«¦¥−
á«ã¦¨âì −�¡®à æ¥«¥¢ëå ¯®ª�§�â¥«¥© à¥�«¨§�æ¨¨ ˆ�‘– ¢ à�¬ª�å £®áã¤�à-
áâ¢¥−−®£® ¯à®æ¥áá� áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï);

{ ¯®àâä¥«ì á¥à¢¨á®¢ ¯¥à¢®© ®ç¥à¥¤¨ à¥�«¨§�æ¨¨ á¥à¢¨á−®£® ¯®¤å®¤� (¯à¥¤«®-
¦¥−−�ï ¬®¤¥«ì äã−ªæ¨®−¨à®¢�−¨ï ¯®§¢®«ï¥â ¯à¥¤«®¦¨âì â�ª®© −�ç�«ì−ë©
−�¡®à: á¥à¢¨á �ãâ¥−â¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«¥©, á¥à¢¨á ¤®áâã¯� ª à¥áãàá�¬
«®ª�«ì−®© ¢ëç¨á«¨â¥«ì−®© á¥â¨, á¥à¢¨á í«¥ªâà®−−®£® ¤®ªã¬¥−â®®¡®à®â�,
á¥à¢¨á à¥§¥à¢−®£® ª®¯¨à®¢�−¨ï ¨ ¢®ááâ�−®¢«¥−¨ï, á¥à¢¨á á®§¤�−¨ï ¡�−ª®¢
¤�−−ëå (íâ�«®−−ëå ¨ ¢−ãâà¥−−¨å), á¥à¢¨á ¯®¤¤¥à¦�−¨ï ¡�−ª®¢ ¤�−−ëå);

{ âà¥¡®¢�−¨ï ª á¯¥æ¨�«ì−®¬ã ¯à®£à�¬¬−®¬ã ®¡¥á¯¥ç¥−¨î (‘��) ITIL/ITSM,
¯«�−¨àã¥¬®¬ã ª ¢−¥¤à¥−¨î ¢ ˆ�‘– (‘�� ¬¨−¨¬�«ì−® ¤®«¦−® ®¡¥á¯¥ç¨-
¢�âì ¨−ä®à¬�æ¨®−−ãî ¯®¤¤¥à¦ªã á®âàã¤−¨ª®¢ −� íâ�¯�å ¯à®¥ªâ¨à®¢�−¨ï,
¯à¥®¡à�§®¢�−¨ï, íªá¯«ã�â�æ¨¨ ¨ −¥¯à¥àë¢−®£® ã«ãçè¥−¨ï ãá«ã£¨ ¨ �¢â®¬�-
â¨§¨à®¢�âì ¢ë¯®«−¥−¨¥ ¡�§®¢ëå ¯à®æ¥áá®¢ ITIL/ITSM: ã¯à�¢«¥−¨¥ ãà®¢−¥¬
á¥à¢¨á�; ã¯à�¢«¥−¨¥ ª�â�«®£®¬ ãá«ã£; ã¯à�¢«¥−¨¥ á®¡ëâ¨ï¬¨; ã¯à�¢«¥−¨¥
¨−æ¨¤¥−â�¬¨ ¨ §�¯à®á�¬¨ −� ®¡á«ã¦¨¢�−¨¥ (®¡à�é¥−¨ï¬¨); ã¯à�¢«¥−¨¥ ¯à®¡-
«¥¬�¬¨; ã¯à�¢«¥−¨¥ �ªâ¨¢�¬¨ ¨ ª®−ä¨£ãà�æ¨ï¬¨; ã¯à�¢«¥−¨¥ ¨§¬¥−¥−¨ï¬¨;
ã¯à�¢«¥−¨¥ à¥«¨§�¬¨; ã¯à�¢«¥−¨¥ §−�−¨ï¬¨; ãç¥â §�âà�â).

‘ª�§�−−®¥ §¤¥áì ¢ ®â−®è¥−¨¨ ¬®¤¥«¨ á®¯à®¢®¦¤¥−¨ï ¨ íªá¯«ã�â�æ¨¨ ˆ�‘–
¯® ¬¥â®¤®«®£¨¨ ITIL/ITSM −®á¨â ®¡§®à−ë© å�à�ªâ¥à. ‡� ¤¥â�«ï¬¨ á«¥¤ã¥â
®¡à�â¨âìáï ª âà�¤¨æ¨®−−ë¬ ¨áâ®ç−¨ª�¬ ¯® ¤�−−®¬ã −�¯à�¢«¥−¨î [10{14].

5 Архитектурные решения — принципы построения программно
определяемого центра обработки данных и его основные элементы

Š«îç¥¢®¥ �àå¨â¥ªâãà−®¥ à¥è¥−¨¥ ¢ à�¬ª�å ¯à¥¤«®¦¥−−®© ¬®¤¥«¨ äã−ªæ¨®-
−¨à®¢�−¨ï ˆ�‘– | à¥�«¨§�æ¨ï ¤¨−�¬¨ç¥áª®£® –�„ | ¡ã¤¥â ®áãé¥áâ¢«ïâìáï
¢ á«®¦−ëå ãá«®¢¨ïå, ®¡ãá«®¢«¥−−ëå ¤¥©áâ¢¨¥¬ íª®−®¬¨ç¥áª¨å ¨ ¢−¥è−¥¯®-
«¨â¨ç¥áª¨å ä�ªâ®à®¢ [5], ª®â®àë¥ −¥®¡å®¤¨¬® ãç¨âë¢�âì, ¢ ®á®¡¥−−®áâ¨ ¯à¨
¢ë¡®à¥ �¯¯�à�â−®-¯à®£à�¬¬−®© ¯«�âä®à¬ë. �ç¥¢¨¤−ë¬ á®¢à¥¬¥−−ë¬ âà¥−-
¤®¬ ¢ �àå¨â¥ªâãà¥ ¯®áâà®¥−¨ï –�„ ï¢«ï¥âáï ¤¢¨¦¥−¨¥ ¢ áâ®à®−ã ¯à®£à�¬¬−®
®¯à¥¤¥«ï¥¬ëå –�„ (SDDC, Software-Defined Data Center).

’¥à¬¨− ¯à®£à�¬¬−®-ª®−ä¨£ãà¨àã¥¬�ï á¥âì (Software-Defined Networking)
¨§−�ç�«ì−® ¨á¯®«ì§®¢�«áï ¤«ï ®¯¨á�−¨ï à�¡®âë ¢®ªàã£ OpenFlow ¢ ‘âí−ä®à¤-
áª®¬ ã−¨¢¥àá¨â¥â¥ [15]. ‚á¥¬¨à−® ¨§¢¥áâ−�ï �−�«¨â¨ç¥áª�ï ª®¬¯�−¨ï Forrester
Research ¤�¥â á«¥¤ãîé¥¥ ä®à¬�«ì−®¥ ®¯à¥¤¥«¥−¨¥: SDDC | íâ® ¨−â¥£à¨à®-
¢�−−ë© ãà®¢¥−ì �¡áâà�ªæ¨¨, ª®â®àë© ¯®«−®áâìî ®¯à¥¤¥«ï¥â –�„ ¯®áà¥¤áâ¢®¬
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¯à®£à�¬¬−®£® ãà®¢−ï, ¯à¥¤áâ�¢«ïîé¥£® à¥áãàáë –�„ ¢ ¢¨¤¥ ¯ã«®¢ ¢¨àâã�«ì-
−ëå ¨ ä¨§¨ç¥áª¨å à¥áãàá®¢ ¨ ¯®§¢®«ïîé¥£® ¨å ª®¬¡¨−¨à®¢�âì ¤«ï ¯®¤¤¥à¦ª¨
¯à®¨§¢®«ì−ëå ®¯à¥¤¥«ï¥¬ëå ¯®«ì§®¢�â¥«¥¬ á¥à¢¨á®¢ [16]. ‚ SDDC ¨á¯®«ì§ã¥â-
áï �¡áâà�ªâ−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå à¥áãàá®¢, á¥â¥© ¯¥à¥¤�ç¨ ¤�−−ëå
¨ á¨áâ¥¬ åà�−¥−¨ï ¤�−−ëå, çâ® ¯®§¢®«ï¥â «¥£ª® ¨ £¨¡ª® à�á¯à¥¤¥«ïâì ¯ã«ë à¥áãà-
á®¢ ¬¥¦¤ã ¯à¨ª«�¤−ë¬¨ §�¤�ç�¬ /̈á¨áâ¥¬�¬¨, çâ®, ¢ á¢®î ®ç¥à¥¤ì, áãé¥áâ¢¥−−®
¯®¢ëè�¥â £¨¡ª®áâì ¨ ¢®§¬®¦−®áâ¨ ¬�áèâ�¡¨à®¢�−¨ï IT-¨−äà�áâàãªâãàë.

�¥à¢ë© í«¥¬¥−â SDDC | â¥å−®«®£¨ï ¢¨àâã�«¨§�æ¨¨ ¢ëç¨á«¨â¥«ì−ëå à¥-
áãàá®¢ | è¨à®ª® à�á¯à®áâà�−¥−� ¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¤¥-ä�ªâ® áâ�«� áâ�−¤�àâ®¬
¯à¨ á®§¤�−¨¨ ¯à�ªâ¨ç¥áª¨ «î¡®£® á®¢à¥¬¥−−®£® –�„. ��¨¡®«¥¥ à�á¯à®áâà�−¥−-
−ë¬ ¯à¥¤áâ�¢«ï¥âáï áâ�−¤�àâ, ¨á¯®«ì§ã¥¬ë© ¢ ®âªàëâëå ¯à®¥ªâ�å −� ¡�§¥ �‘
GNU Linux, ª®â®àë¬ ï¢«ï¥âáï £¨¯¥à¢¨§®à KVM (kernel-based virtual machine)
á í¬ã«ïâ®à®¬ QEMU (quick emulator).

‚â®àë¬ ¢�¦−ë¬ í«¥¬¥−â®¬ SDDC ¢ëáâã¯�îâ â¥å−®«®£¨¨ ¯à®£à�¬¬−®-
ª®−ä¨£ãà¨àã¥¬ëå á¥â¥© SDN (Software-Defined Networking), ª®â®àë¥ ¯®§¢®-
«ïîâ ¯¥à¥¢¥áâ¨ á¥â¥¢ë¥ í«¥¬¥−âë ¯®¤ ª®−âà®«ì −�áâà�¨¢�¥¬®£® ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï, á¤¥«�âì ¨å ¡®«¥¥ ¨−â¥««¥ªâã�«ì−ë¬¨, ®¡«¥£ç¨âì ã¯à�¢«¥−¨¥ ¨¬¨.
�á−®¢−�ï áãâì SDN á®áâ®¨â ¢ ä¨§¨ç¥áª®¬ à�§¤¥«¥−¨¨ ãà®¢−ï ã¯à�¢«¥−¨ï á¥âìî
¨ ãà®¢−ï ¯¥à¥¤�ç¨ ¤�−−ëå §� áç¥â ¯¥à¥−®á� äã−ªæ¨© ã¯à�¢«¥−¨ï (¬�àèàãâ¨§�-
â®à�¬¨, ª®¬¬ãâ�â®à�¬¨ ¨ â. ¯.) ¢ ¯à¨«®¦¥−¨ï, à�¡®â�îé¨¥ −� ®â¤¥«ì−®¬ á¥à¢¥à¥
(ª®−âà®««¥à¥). ‚ à¥§ã«ìâ�â¥ ¤®«¦−� ¯®«ãç�âìáï £¨¡ª�ï, ã¯à�¢«ï¥¬�ï, �¤�¯â¨¢-
−�ï ¨ íª®−®¬¨ç−�ï �àå¨â¥ªâãà�, ª®â®à�ï á¯®á®¡−� íää¥ªâ¨¢−® �¤�¯â¨à®¢�âìáï
¯®¤ ¯¥à¥¤�çã ¡®«ìè¨å ¯®â®ª®¢ à�§−®à®¤−®£® âà�ä¨ª�.

’à¥âì¨¬ ¢�¦−¥©è¨¬ í«¥¬¥−â®¬ SDDC áâ�«® ¨á¯®«ì§®¢�−¨¥ à¥è¥−¨© SDS
(Software-Defined Storage) | ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå åà�−¨«¨é. Š®¬¯�−¨ï
RAIDIX, ®¤¨− ¨§ à¥�«ì−ëå ¢¥¤ãé¨å ®â¥ç¥áâ¢¥−−ëå à�§à�¡®âç¨ª®¢ ¯à®£à�¬¬−ëå
à¥è¥−¨© ¢ ®¡«�áâ¨ åà�−¥−¨ï ¤�−−ëå, á«¥¤ãîé¨¬ ®¡à�§®¬ ®¯à¥¤¥«ï¥â ®á−®¢−ë¥
å�à�ªâ¥à¨áâ¨ª¨ ¯à®£à�¬¬−® ®¯à¥¤¥«ï¥¬ëå á¨áâ¥¬ åà�−¥−¨ï ¤�−−ëå (‘•„) [17]:

{ SDS á«ã¦�â ¨−â¥««¥ªâã�«ì−ë¬ ª®¬¯®−¥−â®¬, â. ¥. ú¬®§£�¬¨û ‘•„, ¨ ®−¨
®â¤¥«¥−ë ®â �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï, ª®â®à®¥ áâ�−®¢¨âáï ¨á¯®«−¨â¥«¥¬;

{ SDS §−�ç¨â¥«ì−® ã¯à®é�îâ �¤¬¨−¨áâà¨à®¢�−¨¥ ‘•„; ä¨§¨ç¥áª®¥ à�á¯®-
«®¦¥−¨¥ ¤�−−ëå, ¨å ¯¥à¥¬¥é¥−¨ï á® ¢à¥¬¥−¥¬, ®à£�−¨§�æ¨ï ¨å §�é¨âë |
¢á¥ à¥è�¥â ¯à®£à�¬¬�-ú¬®§£û, � −¥ �¤¬¨−¨áâà�â®à, −® �¤¬¨−¨áâà�â®à §�¤�¥â
¯®«¨â¨ª¨, −� ®á−®¢¥ ª®â®àëå à¥è¥−¨ï ¯à¨−¨¬�îâáï;

{ SDS ¯® á¢®¥© ¯à¨à®¤¥ ¨¬¥îâ ¬�áèâ�¡¨àã¥¬ãî �àå¨â¥ªâãàã ¨ ¯®§¢®«ïîâ
¬�áèâ�¡¨à®¢�âì ¯à®¨§¢®¤¨â¥«ì−®áâì ¨ ®¡ê¥¬ −� «¥âã; ¯à¨ íâ®¬ ¤®¡�¢«¥−¨¥
¢ ª«�áâ¥à ®ç¥à¥¤−®£® ã§«� −¥ ®â«¨ç�¥âáï ¯® á¢®¥© á«®¦−®áâ¨ ª�ª ¢ −�ç�«¥
íªá¯«ã�â�æ¨¨, â�ª ¨ ¯®á«¥ ¯à®¢¥¤¥−¨ï −¥áª®«ìª¨å âëáïç à�áè¨à¥−¨©.

��ª®−¥æ, ¨§ ¢®§¬®¦−®áâ¨ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï ¢á¥å ®á−®¢−ëå í«¥¬¥−-
â®¢ –�„ ¨ ®¡¥á¯¥ç¥−¨ï ¨å äã−ªæ¨®−¨à®¢�−¨ï −� ®¡é¥¤®áâã¯−ëå �¯¯�à�â−ëå
áà¥¤áâ¢�å «®£¨ç−ë¬ ®¡à�§®¬ á«¥¤ãîâ à¥è¥−¨ï ¯® £¨¯¥àª®−¢¥à£¥−æ¨¨ | ¯à®-
£à�¬¬−® ®¯à¥¤¥«ï¥¬®¬ã ¯®¤å®¤ã ª á®§¤�−¨î IT-¨−äà�áâàãªâãàë, ¯à¨ ª®â®à®¬
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ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨© á¨âã�æ¨®−−ë© æ¥−âà áâà�â¥£¨ç¥áª®£® ¯«�−¨à®¢�−¨ï

®¡ê¥¤¨−¥−¨¥ ¢¨àâã�«¨§¨à®¢�−−ëå áà¥¤áâ¢ åà�−¥−¨ï, ¢ëç¨á«¨â¥«ì−ëå ¬®é−®-
áâ¥© ¨, ¢®§¬®¦−®, á¥â¥¢ëå à¥áãàá®¢ ¯à®¨áå®¤¨â ¢ ®¤−®¬ ä¨§¨ç¥áª®¬ ãáâà®©áâ¢¥.
“¯à�¢«¥−¨¥ â�ª¨¬ ãáâà®©áâ¢®¬ ®áãé¥áâ¢«ï¥âáï ª�ª ¥¤¨−ë¬ æ¥«ë¬, ¨ ¢á¥ ª®¬-
¯®−¥−âë ¢ −¥¬ â¥á−® ¨−â¥£à¨à®¢�−ë. �à¨ íâ®¬ –�„ á®áâ®¨â ¨§ ®¤−®â¨¯−ëå
�¯¯�à�â−®-¯à®£à�¬¬−ëå ¡«®ª®¢, � £®à¨§®−â�«ì−®¥ ¬�áèâ�¡¨à®¢�−¨¥ ¯à®¨áå®¤¨â
¯ãâ¥¬ ¤®¡�¢«¥−¨ï ¢ –�„ ®ç¥à¥¤−®£® ¯®¤®¡−®£® ãáâà®©áâ¢�.

6 Заключение

‚ à�¬ª�å ¯à¥¤áâ�¢«¥−−®© à�¡®âë ®ª®−ç�â¥«ì−® áä®à¬¨à®¢�− ¯à®¥ªâ−ë© ®¡-
«¨ª á®§¤�¢�¥¬®£® ˆ�‘– | ª®−æ¥¯æ¨¨ äã−ªæ¨®−�«ì−®£® ¨ ¨−ä®à¬�æ¨®−−®£®
®¡¥á¯¥ç¥−¨ï ¤®¯®«−¥−ë ¬®¤¥«ìî äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ¨ ®¡¥á¯¥ç¨¢�îé¥©
¥¥ �àå¨â¥ªâãà®©. ‡� à�¬ª�¬¨ ®¡áã¦¤¥−¨ï ®áâ�«¨áì ¢�à¨�−âë ª®−ªà¥â−ëå â¥å-
−¨ç¥áª¨å à¥è¥−¨©. „«ï ¯®¤ªà¥¯«¥−¨ï áä®à¬ã«¨à®¢�−−ëå ¯®«®¦¥−¨©, ª�á�-
îé¨åáï �àå¨â¥ªâãà−®-â¥å−¨ç¥áª¨å à¥è¥−¨©, âà¥¡ã¥âáï ¤®¯®«−¨âì ¨áá«¥¤®¢�−¨¥
�−�«¨§®¬ ª®−ªà¥â−ëå ¯à®¨§¢®¤¨â¥«¥© ¨ ¢ë¯ãáª�¥¬®© ¯à®¤ãªæ¨¨. �â®â ¯à¥¤¬¥â
¢ëå®¤¨â §� à�¬ª¨ ¤�−−®© áâ�âì¨, −® ¢�¦−® ¯®¤ç¥àª−ãâì, çâ® ¢á¥ áä®à¬ã«¨à®-
¢�−−ë¥ ¯à¥¤«®¦¥−¨ï ¯®¤ªà¥¯«¥−ë ¡®«¥¥ ¨«¨ ¬¥−¥¥ è¨à®ª¨¬ á¯¥ªâà®¬ ¢�à¨�−â®¢
à¥�«¨§�æ¨¨. ’�ª, ¢ ç�áâ¨ ¯à¨−æ¨¯¨�«ì−ëå í«¥¬¥−â®¢ SDDC ¡®£�âë© ¬�â¥à¨-
�« ¤�¥â ¨−¨æ¨�â¨¢� OpenStack, à¥è¥−¨ï ¤«ï SDN à¥�«¨§ãîâáï ª®−á®àæ¨ã¬®¬
Open Networking Foundation (ONF) ¨ áâàãªâãà�¬¨ OpenDaylight.org. ‚¥áì¬�
è¨à®ª àë−®ª à¥è¥−¨© SDS, ¨ −� −¥¬ ¥áâì ¯à¥¤áâ�¢¨â¥«¨ à®áá¨©áª®© ¯à®¬ëè«¥−-
−®áâ¨ (−�¯à¨¬¥à, ã¦¥ ã¯®¬ï−ãâ�ï ª®¬¯�−¨ï RAIDIX, ª®¬¯�−¨ï Yadro). ˆ¬¥¥âáï
à®áá¨©áª®¥ ¯à¥¤áâ�¢¨â¥«ìáâ¢® ¨ ¢ ¯®áâ�¢ª�å £¨¯¥àª®−¢¥à£¥−â−ëå à¥è¥−¨© (ú÷®á-
¯«�âä®à¬�û, IBS). �â¤¥«ì−®£® ®¡áã¦¤¥−¨ï §�á«ã¦¨¢�¥â ¨ �−�«¨§ âà�¤¨æ¨®−−ëå
�¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢: �÷Œ ¨ á¥à¢¥à®¢, ª®¬¬ã−¨ª�æ¨®−−ëå áà¥¤áâ¢
¨ á¨áâ¥¬−®£® ��, áà¥¤áâ¢ à�§à�¡®âª¨, ®á®¡¥−−® á ãç¥â®¬ ä�ªâ®à� ¨¬¯®àâ®§�¬¥-
é¥−¨ï. �â¨ à�¡®ç¨¥ ¢®¯à®áë à¥�«¨§�æ¨¨ ¯à®¥ªâ� ˆ�‘– ¯®¤à�§ã¬¥¢�îâ ¢ë¢®¤
¯à®¥ªâ� ã¦¥ ¢ à¥�«¨§�æ¨®−−ãî áâ�¤¨î, íâ�¯ë −�ãç−®£® ¯®¨áª� ¢ íâ®¬ ¯à®¥ªâ¥
®ä®à¬«¥−ë ¢ á¥à¨¨ æ¨â¨àã¥¬ëå áâ�â¥© ¢ æ¥«®¬ §�ª®−ç¥−−®© ª�àâ¨−®©.
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INFORMATION AND ANALYTICAL SITUATIONAL CENTER
FOR STRATEGIC PLANNING IN THE FIELD OF NATIONAL
SECURITY: PERSPECTIVE ARCHITECTURAL SOLUTIONS

A. V. Bosov and A. P. Suchkov

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 article proposes a variant of perspective architecture, information
and analytical situation center (IASC) for management of strategic planning
processes in the field of national security. The decision is based on previously
published conceptual approaches and analysis of technical, technological, or-
ganizational, and legal factors that have a fundamental impact on the IASC
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Information and analytical situational center for strategic planning of national security

project. The proposed architectural solution provides both the account of the
selected factors of influence and the previously developed functional scheme
of the IASC, based on the principles of situational analysis in the processes
of strategic planning in the field of national security. The technical basis of
the solution is provided by a group of modern technologies that make up the
elements of building software-defined data processing centers. The subject area
of the IASC, which involves the use of special methods of situational analysis,
a wide coverage of heterogeneous information sources, flexible interaction with
departmental systems, including those processing information of limited access,
is subject to accounting within such a data center.
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СОСТАВ, СТРУКТУРА И МЕТОДЫ АНАЛИЗА ДАННЫХ
СИСТЕМЫ УПРАВЛЕНИЯ НАУЧНЫМИ СЕРВИСАМИ∗

А. П. Сучков1

�−−®â�æ¨ï: ‚ª«îç¥−¨¥ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¢ æ¨äà®¢ãî áä¥àã ¢® ¬−®£®¬
®¡ãá«®¢«¥−® ¢®§¬®¦−®áâìî á®§¤�−¨ï íää¥ªâ¨¢−®© á¨áâ¥¬ë è¨à®ª®¤®áâã¯−ëå
−�ãç−ëå á¥à¢¨á®¢. ‘¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢ (‘�‘) ¤®«¦−� ®¡¥á¯¥ç¨¢�âì
ã¯à�¢«¥−¨¥ ¯à®æ¥áá�¬¨ �¢â®¬�â¨§¨à®¢�−−®£® ¯®¤¡®à� ¨ ¯à¥¤®áâ�¢«¥−¨ï à¥«¥-
¢�−â−ëå á¥à¢¨á®¢ ¨ ®áãé¥áâ¢«¥−¨ï à�§«¨ç−ëå ä®à¬�«ì−ëå ¨ −¥ä®à¬�«ì−ëå
ª®¬¬ã−¨ª�æ¨© ¨áá«¥¤®¢�â¥«ï ¨ £®áã¤�àáâ¢�, −�ãç−®£® á®®¡é¥áâ¢� ¨ ¡¨§−¥á�.
�ää¥ªâ¨¢−®áâì â�ª®© á¨áâ¥¬ë −�¯àï¬ãî §�¢¨á¨â ®â ¯®«−®âë ¨ æ¥«®áâ−®áâ¨
¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ¤�−−ëå, ®à¨¥−â¨à®¢�−−®© −� à¥«¥¢�−â−ë¥ ¬¥â®¤ë
�−�«¨§�, çâ®, ¢ á¢®î ®ç¥à¥¤ì, ®¡¥á¯¥ç¨¢�¥âáï ¯à�¢¨«ì−ë¬ ¢ë¡®à®¬ ¬¥â®¤®-
«®£¨¨ ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨ á ãç¥â®¬ ¢á¥© á®¢®ªã¯−®áâ¨ ®¡¥á¯¥-
ç¨¢�îé¨å ¯à®æ¥áá®¢. „�−−�ï ¬®¤¥«ì ®¯¨à�¥âáï −� ¬¥â®¤ë á¨âã�æ¨®−−®£®
ã¯à�¢«¥−¨ï ¨ á¨âã�æ¨®−−®£® �−�«¨§� á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ æ¨äà®¢®©
¯«�âä®à¬ë, ®¡¥á¯¥ç¨¢�îé¨å ¯à®æ¥ááë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ à¥-
¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨.

Š«îç¥¢ë¥ á«®¢�: −�ãç−ë¥ á¥à¢¨áë; á¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢; ¨−ä®à¬�æ¨-
®−−�ï ¬®¤¥«ì; á¨âã�æ¨®−−ë© �−�«¨§
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1 Введение

‚ª«îç¥−¨¥ −�ãç−ëå ¨áá«¥¤®¢�−¨© ¢ æ¨äà®¢ãî áä¥àã ¢® ¬−®£®¬ ®¡ãá«®¢«¥−®
¢®§¬®¦−®áâìî á®§¤�−¨ï íää¥ªâ¨¢−®© á¨áâ¥¬ë è¨à®ª®¤®áâã¯−ëå −�ãç−ëå á¥à-
¢¨á®¢. ��ãç−ë© á¥à¢¨á | á®¢®ªã¯−®áâì ¯à®æ¥áá®¢ ¨ à¥áãàá®¢ ¯® ®¡á«ã¦¨¢�−¨î
¯à®¥ªâ®¢ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨ ¯à¨ª«�¤−®£® å�à�ªâ¥à� ¯ãâ¥¬ á¥à¢¨á−®£®
¯à¥¤®áâ�¢«¥−¨ï ¯®âà¥¡¨â¥«î (¨áá«¥¤®¢�â¥«ï¬, á¯¥æ¨�«¨áâ�¬ ¨«¨ ®à£�−¨§�æ¨ï¬)
¯à®¤ãªâ®¢ ¨−â¥««¥ªâã�«ì−®© −�ãç−®© ¤¥ïâ¥«ì−®áâ¨, ®¡®àã¤®¢�−¨ï, ¨−ä®à¬�æ¨-
®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå à¥áãàá®¢, à�áå®¤−ëå ¬�â¥à¨�«®¢ ¨ ãá«ã£ ®¡á«ã¦¨¢�-
îé¥£® ¯¥àá®−�«�. ÷¥§ã«ìâ�â®¬ á¥à¢¨á−®© ¤¥ïâ¥«ì−®áâ¨ ï¢«ï¥âáï ãá«ã£� [1].

�ç¥¢¨¤−®, çâ® −�ãç−ë© á¥à¢¨á ®¯¨à�¥âáï ª�ª −� æ¨äà®¢ë¥ â¥å−®«®£¨¨ (�¢â®-
¬�â¨ç¥áª®¥ ¨ �¢â®¬�â¨§¨à®¢�−−®¥ ¯à¥¤®áâ�¢«¥−¨¥ ãá«ã£), â�ª ¨ −� ¨á¯®«ì§®¢�−¨¥
¨−â¥««¥ªâã�«ì−ëå ¨ ®¡á«ã¦¨¢�îé¨å ç¥«®¢¥ç¥áª¨å à¥áãàá®¢. ‘¨áâ¥¬� −�ãç-
−ëå á¥à¢¨á®¢ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ã¯à�¢«¥−¨¥ ¯à®æ¥áá�¬¨ �¢â®¬�â¨§¨à®¢�−−®£®
¯®¤¡®à� ¨ ¯à¥¤®áâ�¢«¥−¨ï à¥«¥¢�−â−ëå á¥à¢¨á®¢ ¨ ®áãé¥áâ¢«¥−¨ï à�§«¨ç−ëå

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ¯®¤¤¥à¦ª¥ ÷””ˆ (¯à®¥ªâ 18-29-03091).
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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ä®à¬�«ì−ëå ¨ −¥ä®à¬�«ì−ëå ª®¬¬ã−¨ª�æ¨© ¨áá«¥¤®¢�â¥«ï ¨ £®áã¤�àáâ¢�, −�-
ãç−®£® á®®¡é¥áâ¢� ¨ ¡¨§−¥á�.

‘¨áâ¥¬� −�ãç−ëå á¥à¢¨á®¢ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ú¡¥§¡�àì¥à−ë©û ¤®áâã¯
¨áá«¥¤®¢�â¥«¥© ª §�ª�§ã ¨ ¯®«ãç¥−¨î ãá«ã£ á ¨á¯®«ì§®¢�−¨¥¬ áãé¥áâ¢ãîé¥©
−�ãç−®© ¨−äà�áâàãªâãàë (–¥−âàë ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï (–Š�), ã−¨-
ª�«ì−ë¥ −�ãç−ë¥ ãáâ�−®¢ª¨ (“�“), ®æ¨äà®¢�−−ë¥ ª®««¥ªæ¨¨ ¨ ¡�−ª¨ ¤�−−ëå
®à£�−¨§�æ¨©, á¨áâ¥¬ë ¯®¨áª� ¯ã¡«¨ª�æ¨© ¨ ¤à.), çâ® ¤®«¦−® ®¡¥á¯¥ç¨âì â¥å−®-
«®£¨ç¥áªãî ®á−®¢ã ¤«ï æ¨äà®¢®© âà�−áä®à¬�æ¨¨ −�ãç−®© ¤¥ïâ¥«ì−®áâ¨. ‘¨áâ¥-
¬� ã¯à�¢«¥−¨ï −�ãç−®© ¨−äà�áâàãªâãà®© ¤®«¦−� ¡ëâì ®¡¥á¯¥ç¥−� ¤®áâ®¢¥à−®©
¨ �ªâã�«ì−®© ¨−ä®à¬�æ¨¥© ®¡ ¨á¯®«ì§®¢�−¨¨ à¥áãàá®¢ −�ãç−®© ¨−äà�áâàãª-
âãàë, � â�ª¦¥ �−�«¨â¨ç¥áª¨¬¨ ¨−áâàã¬¥−â�¬¨, ®¡¥á¯¥ç¨¢�îé¨¬¨ ¯®¢ëè¥−¨¥
íää¥ªâ¨¢−®áâ¨ ¨å ¨á¯®«ì§®¢�−¨ï ¯à¨ ¢ë¯®«−¥−¨¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å
¨ ®¯ëâ−®-ª®−áâàãªâ®àáª¨å à�¡®â.

�ää¥ªâ¨¢−®áâì â�ª®© á¨áâ¥¬ë −�¯àï¬ãî §�¢¨á¨â ®â ¯®«−®âë ¨ æ¥«®áâ−®áâ¨
¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ¤�−−ëå, ®à¨¥−â¨à®¢�−−®© −� à¥«¥¢�−â−ë¥ ¬¥â®¤ë �−�-
«¨§�, çâ®, ¢ á¢®î ®ç¥à¥¤ì, ®¡¥á¯¥ç¨¢�¥âáï ¯à�¢¨«ì−ë¬ ¢ë¡®à®¬ ¬¥â®¤®«®£¨¨
ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨ á ãç¥â®¬ ¢á¥© á®¢®ªã¯−®áâ¨ ®¡¥á¯¥ç¨¢�îé¨å
¯à®æ¥áá®¢ [2].

2 Общая методология

ˆáå®¤ï ¨§ æ¥«¥© ¨ §�¤�ç ‘�‘ ¤®«¦−� ®¡¥á¯¥ç¨¢�âì ¢®§¬®¦−®áâì −¥¯à¥àë¢-
−®£® ã¯à�¢«¥−¨ï ¨−äà�áâàãªâãà®© á æ¥«ìî ®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®£® ¤®áâã¯�
ª −�ãç−ë¬ á¥à¢¨á�¬, ¢ëà�¡®âª¨ ¯«�−®¢ íää¥ªâ¨¢−®© §�£àã§ª¨ –Š� ¨ ®¡®àã¤®-
¢�−¨ï, ®¡¥á¯¥ç¥−¨ï ¨å ¦¨§−¥−−®£® æ¨ª«�, ¬®−¨â®à¨−£� ¯à®æ¥áá®¢ ª®««¥ªâ¨¢−®£®
¯®«ì§®¢�−¨ï ¨−äà�áâàãªâãà®© ¨ â¥ªãé¥£® ª®−âà®«ï ¨á¯®«−¥−¨ï ¯à¨−ïâëå à¥è¥-
−¨© [3]. „�−−�ï ¯®áâ�−®¢ª� ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤®¢ á¨âã�æ¨®−−®£®
ã¯à�¢«¥−¨ï ¨ á¨âã�æ¨®−−®£® �−�«¨§� á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ æ¨äà®¢®© ¯«�â-
ä®à¬ë, ®¡¥á¯¥ç¨¢�îé¨å ¯à®æ¥ááë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ à¥¦¨¬¥
à¥�«ì−®£® ¢à¥¬¥−¨ ¨ ®¯¨à�îé¨åáï −� â�ª¨¥ ¯®−ïâ¨ï, ª�ª á®¡ëâ¨¥, á¨âã�æ¨ï,
ã£à®§�, ã¯à�¢«¥−¨¥. ‘®¡ëâ¨¥¬ −�§ë¢�¥âáï ¨§¬¥−¥−¨¥ á®áâ®ï−¨ï ®¡ê¥ªâ®¢ ª®−-
âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢�. ‘¨âã�æ¨ï ®¯à¥¤¥«ï¥âáï á®áâ®ï−¨¥¬ ¢§�¨¬®á¢ï§�−-
−ëå í«¥¬¥−â®¢ ®¡áâ�−®¢ª¨ ¢ ª®−âà®«¨àã¥¬®¬ ¯à®áâà�−áâ¢¥; ¨§¬¥−¥−¨ï ®¡áâ�−®¢-
ª¨ ®¯à¥¤¥«ïîâáï á®¡ëâ¨ï¬¨, ®¡à�§ãîé¨¬¨ −¥ª®â®àë¥ à�§¢®à�ç¨¢�îé¨¥áï ¢®
¢à¥¬¥−¨, −�¡«î¤�¥¬ë¥ ¨ à¥£¨áâà¨àã¥¬ë¥ ¯®â®ª¨. �à¨ íâ®¬ ¯®¤ ã¯à�¢«¥−¨¥¬
¯®−¨¬�¥âáï æ¥«¥−�¯à�¢«¥−−®¥ ¢®§¤¥©áâ¢¨¥ ®à£�−� ã¯à�¢«¥−¨ï −� ¯®¤ç¨−¥−−ë¥
¥¬ã ¨«¨ ¢§�¨¬®¤¥©áâ¢ãîé¨¥ í«¥¬¥−âë ®¡áâ�−®¢ª¨ (à¥áãàáë).

‘®¢®ªã¯−®áâì á¨âã�æ¨© ¢ á¨áâ¥¬¥ ã¯à�¢«¥−¨ï à�á¯�¤�¥âáï −� â¥ªãé¨¥, ¯à®-
£−®§¨àã¥¬ë¥ ¨ æ¥«¥¢ë¥ á¨âã�æ¨¨. �à¨ íâ®¬ â¥ªãé¨¥ á¨âã�æ¨¨ ï¢«ïîâáï à¥-
§ã«ìâ�â®¬ −�¡«î¤¥−¨ï ¨ à¥£¨áâà�æ¨¨ á®¡ëâ¨©, ¯à®£−®§¨àã¥¬ë¥ ®¯à¥¤¥«ïîâáï
¬¥â®¤�¬¨ á¨âã�æ¨®−−®£® �−�«¨§�, � æ¥«¥¢ë¥ ®âà�¦�îâ ªà�âª®áà®ç−ë¥, áà¥¤−¥-
áà®ç−ë¥ ¨ ¤®«£®áà®ç−ë¥ æ¥«¨ ã¯à�¢«¥−¨ï. �à®æ¥áá ãáâ�−®¢«¥−¨ï ¨ ä®à¬�-
«¨§�æ¨¨ æ¥«¥© −�§ë¢�¥âáï æ¥«¥¯®«�£�−¨¥¬. �®á«¥¤−¥¥ −¥¬�«®¢�¦−®, â�ª ª�ª
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‘®áâ�¢, áâàãªâãà� ¨ ¬¥â®¤ë �−�«¨§� ¤�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨

§�ç�áâãî á¨âã�æ¨®−−ë© �−�«¨§ ¯®−¨¬�¥âáï ª�ª ®¡¥á¯¥ç¥−¨¥ à¥�ªæ¨© á¨áâ¥¬ë
ã¯à�¢«¥−¨ï −� çà¥§¢ëç�©−ë¥ á¨âã�æ¨¨ ¯®á«¥ â®£®, ª�ª ®−¨ á«®¦¨«¨áì. �¤−�ª®
â¥®à¨ï á¨âã�æ¨®−−®£® ¯®¤å®¤� ¯à¥¤¯®«�£�¥â ãç¥â ú¯«�−¨àã¥¬®© ¨ ¯à®£−®§¨àã-
¥¬®© ®¡áâ�−®¢ª¨û, ®âà�¦�îé¥© áâà�â¥£¨ç¥áª¨¥, â�ªâ¨ç¥áª¨¥ ¨ ®¯¥à�â¨¢−ë¥ æ¥«¨
ã¯à�¢«¥−¨ï, � â�ª¦¥ ãç¥â ä�ªâ®à®¢ á�¬®®à£�−¨§�æ¨¨ ã¯à�¢«ïîé¥£® á¥£¬¥−â�
á¨áâ¥¬ë, ®¯à¥¤¥«ïîé¨å áâ¨¬ã«ë ¤«ï ¤®áâ¨¦¥−¨ï íâ¨å æ¥«¥©.

�®¤ ã£à®§®© ¢ ¯à®æ¥áá�å ã¯à�¢«¥−¨ï ¯®−¨¬�¥âáï á¨âã�æ¨ï ¨«¨ á®¢®ªã¯−®áâì
á¨âã�æ¨©, à�§¢¨â¨¥ ª®â®àëå ¯à®â¨¢®à¥ç¨â æ¥«ï¬ ã¯à�¢«¥−¨ï ¨ ®â¤�«ï¥â â¥ªãé¥¥
á®áâ®ï−¨¥ ®â æ¥«¥¢®£®.

�®−ïâ¨¥ á¨âã�æ¨®−−®£® �−�«¨§� ¨á¯®«ì§ã¥âáï ¢ ¯à®æ¥áá�å ã¯à�¢«¥−¨ï, ª®£¤�
¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¢ëà�¡®âª¨ ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨© ¢ à¥¦¨¬¥ à¥�«ì-
−®£® ¢à¥¬¥−¨ ¢ ãá«®¢¨ïå á«®¦−®© ®¡áâ�−®¢ª¨, áª«�¤ë¢�îé¥©áï ¢ ®â−®è¥−¨¨
ª®−âà®«¨àã¥¬ëå ®¡ê¥ªâ®¢. ‘¨âã�æ¨®−−ë© �−�«¨§ ®¡¥á¯¥ç¨¢�¥â −� ®á−®¢¥ á®¡ë-
â¨©−®£® ¬®−¨â®à¨−£� ®¡áâ�−®¢ª¨ ¨¤¥−â¨ä¨ª�æ¨î á¨âã�æ¨© (ã£à®§), á«¥¦¥−¨¥ §�
á®áâ®ï−¨¥¬ á¨âã�æ¨©, ¯à®£−®§ áæ¥−�à¨¥¢ ¨å à�§¢¨â¨ï, � â�ª¦¥ ¯®¤¤¥à¦ªã ¯à®-
æ¥áá� ¢ëà�¡®âª¨ ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¤«ï ¤®áâ¨¦¥−¨ï æ¥«¥¢®© á¨âã�æ¨¨
(−®à¬�«¨§�æ¨ï á¨âã�æ¨¨).

�� à¨á. 1 ¯à¥¤áâ�¢«¥−� ®¡é�ï áå¥¬� ä®à¬¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨
‘�‘ ¨áå®¤ï ¨§ ¬¥â®¤®«®£¨¨ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï, á®áâ�¢� ¯à®æ¥áá®¢, ®¡¥á-
¯¥ç¨¢�îé¨å äã−ªæ¨®−¨à®¢�−¨¥ íâ®© á¨áâ¥¬ë, ¨ á®¢®ªã¯−®áâ¨ ¨−ä®à¬�æ¨®−−ëå
®¡ê¥ªâ®¢, ¯®¤¤¥à¦¨¢�îé¨å íâ¨ ¯à®æ¥ááë.

3 Целеполагание

‘®¢®ªã¯−®áâì ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£� ‘�‘ ä®à¬¨àã¥âáï ¨áå®¤ï ¨§ à¥§ã«ì-
â�â®¢ ¯à®æ¥áá®¢ æ¥«¥¯®«�£�−¨ï. ‘®£«�á−® ®¡é¨¬ ¯à¨−æ¨¯�¬ æ¥«¥¯®«�£�−¨ï
¢ á¨áâ¥¬�å ã¯à�¢«¥−¨ï ä®à¬ã«¨àã¥¬ë¥ æ¥«¨ ¤®«¦−ë ¡ëâì ª®−ªà¥â−ë¬¨, ¨§¬¥-
à¨¬ë¬¨, ¤®áâ¨¦¨¬ë¬¨, à¥áãàá®®¡¥á¯¥ç¥−−ë¬¨ ¨ ¯à¨¢ï§�−−ë¬¨ ª® ¢à¥¬¥−¨ [4].
‚ë¯®«−¥−¨¥ íâ¨å âà¥¡®¢�−¨© ®¡ëç−® ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ ä®à¬¨à®¢�−¨ï á¨áâ¥-
¬ë æ¥«¥¢ëå ¯®ª�§�â¥«¥© ¨ ¨−¤¨ª�â®à®¢ (–�ˆ), ¯à¥¤áâ�¢«ïîé¨å á®¡®© äã−ªæ¨¨
®â ®¯à¥¤¥«¥−−ëå ¯�à�¬¥âà®¢, ¨¬¥îé¨å ç¨á«®¢®¥ §−�ç¥−¨¥ ¨ ¥¤¨−¨æã ¨§¬¥à¥−¨ï,
� â�ª¦¥ ªà¨â¥à¨¥¢ ¨å ¤®áâ¨¦¥−¨ï (á¬. à¨á. 1).

’�ª, �®áâ�−®¢«¥−¨¥¬ �à�¢¨â¥«ìáâ¢� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 17 ¬�ï 2016 £.
ü 429 ãáâ�−®¢«¥−ë á«¥¤ãîé¨¥ æ¥«¥¢ë¥ ¯®ª�§�â¥«¨ ä¥¤¥à�«ì−®£® ãà®¢−ï ¤«ï
–Š� ¨ “�“:

{ ®â−®è¥−¨¥ ä�ªâ¨ç¥áª®£® ¢à¥¬¥−¨ à�¡®âë ®¡®àã¤®¢�−¨ï æ¥−âà� ¨ (¨«¨) ã−¨-
ª�«ì−®© ãáâ�−®¢ª¨ ª ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¬ã ¢à¥¬¥−¨ à�¡®âë ®¡®àã¤®¢�−¨ï
æ¥−âà� ¨ (¨«¨) ã−¨ª�«ì−®© ãáâ�−®¢ª¨ §� £®¤ (§−�ç¥−¨¥ ãª�§�−−®£® ¯®ª�§�â¥«ï
¤®«¦−® ¡ëâì ãáâ�−®¢«¥−® ¢ à�§¬¥à¥ −¥ ¬¥−¥¥ 70%);

{ ®â−®è¥−¨¥ ä�ªâ¨ç¥áª®£® ¢à¥¬¥−¨ à�¡®âë ®¡®àã¤®¢�−¨ï æ¥−âà� ¨ (¨«¨) ã−¨-
ª�«ì−®© ãáâ�−®¢ª¨ ¢ ¨−â¥à¥á�å âà¥âì¨å «¨æ ª ä�ªâ¨ç¥áª®¬ã ¢à¥¬¥−¨ à�¡®âë
®¡®àã¤®¢�−¨ï æ¥−âà� ¨ (¨«¨) ã−¨ª�«ì−®© ãáâ�−®¢ª¨ §� £®¤;
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÷¨á. 1 ”®à¬¨à®¢�−¨¥ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ‘�‘

{ ª®«¨ç¥áâ¢® ®à£�−¨§�æ¨©-¯®«ì§®¢�â¥«¥© ¨ (¨«¨) ®à£�−¨§�æ¨©, ãç�áâ¢ãîé¨å
¢ ¯à®¢¥¤¥−¨¨ ¨áá«¥¤®¢�−¨© (íªá¯¥à¨¬¥−â®¢) á ¨á¯®«ì§®¢�−¨¥¬ ã−¨ª�«ì−®©
ãáâ�−®¢ª¨, ¢ £®¤;

{ ª®«¨ç¥áâ¢® ¯ã¡«¨ª�æ¨© ¢ à®áá¨©áª¨å ¨ ¨−®áâà�−−ëå −�ãç−ëå ¦ãà−�«�å,
¨−¤¥ªá¨àã¥¬ëå ¢ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª¨å á¨áâ¥¬�å −�ãç−®£® æ¨â¨à®-
¢�−¨ï ú‘¥âì −�ãª¨û (WEB of Science Core Collection) ¨ úScopusû, � â�ª¦¥
¨−ëå à¥§ã«ìâ�â®¢ ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨, ¯®«ãç¥−−ëå á ¨á¯®«ì§®-
¢�−¨¥¬ ã−¨ª�«ì−®© ãáâ�−®¢ª¨, ¢ £®¤.
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‘®áâ�¢, áâàãªâãà� ¨ ¬¥â®¤ë �−�«¨§� ¤�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨

‡−�ç¥−¨ï –�ˆ ãáâ�−�¢«¨¢�îâáï −� ¯à�¢¨â¥«ìáâ¢¥−−®¬, ¢¥¤®¬áâ¢¥−−®¬, ¯®¤-
¢¥¤®¬áâ¢¥−−®¬ ¨ ¢−ãâà¨á¨áâ¥¬−®¬ ãà®¢−ïå, ®¡à�§ãï ¤¥à¥¢® æ¥«¥© á¨áâ¥¬ë.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ –�ˆ à�§«¨ç−ëå ãà®¢−¥© ¬®¦−® ¯à¨¢¥áâ¨ á«¥¤ãîé¨¥:
‚¥¤®¬áâ¢¥−−ë© ¨ ¯®¤¢¥¤®¬áâ¢¥−−ë© ãà®¢¥−ì:

{ áà¥¤−ïï §�£àã§ª� ®¡®àã¤®¢�−¨ï –Š� (“�“) ¢ ¨−â¥à¥á�å ¡î¤¦¥â−ëå ®à£�-
−¨§�æ¨© §� £®¤;

{ áà¥¤−ïï §�£àã§ª� ®¡®àã¤®¢�−¨ï –Š� (“�“) ¢ ¨−â¥à¥á�å âà¥âì¨å «¨æ §� £®¤;

{ ç¨á«® ¯®¤¢¥¤®¬áâ¢¥−−ëå ®à£�−¨§�æ¨©, ãç�áâ¢ãîé¨å ¢ ¯à®¢¥¤¥−¨¨ ¨áá«¥¤®-
¢�−¨© −� –Š� (“�“), ¢ £®¤;

{ ç¨á«® ¯®¤¢¥¤®¬áâ¢¥−−ëå –Š� (“�“);

{ ç¨á«® ®¡á«ã¦¥−−ëå ¨áá«¥¤®¢�â¥«ìáª¨å ¡î¤¦¥â−ëå ¯à®£à�¬¬;

{ ç¨á«® ¢ë¯®«−¥−−ëå §�ï¢®ª;

{ ç¨á«® ¯®áâã¯¨¢è¨å §�ï¢®ª;

{ áà¥¤−¥¥ ¢à¥¬ï ¨á¯®«−¥−¨ï ®¤−®© §�ï¢ª¨;

{ ¨−¤¨ª�â®à ¢ë¯®«−¥−¨ï à¥£«�¬¥−â−ëå à�¡®â –Š� (“�“);

{ ¨−¤¨ª�â®à á¢®¥¢à¥¬¥−−®£® ®¡¥á¯¥ç¥−¨ï –Š�/“�“ à¥áãàá�¬¨;

{ áà¥¤−¥¥ ¢à¥¬ï à¥¬®−â� –Š�/“�“.

‚−ãâà¨á¨áâ¥¬−ë© ãà®¢¥−ì:

{ ¯à®æ¥−â £®â®¢−®áâ¨ á¨áâ¥¬ë;

{ áà¥¤−¥¥ ¢à¥¬ï −�à�¡®âª¨ −� ®âª�§;

{ ¨−¤¨ª�â®à ¢ë¯®«−¥−¨ï ¯«�−� à¥£«�¬¥−â−ëå à�¡®â.

‚ â�¡«. 1 ¯à¨¢¥¤¥− ¯à¨¬¥à ä®à¬�«¨§�æ¨¨ ¯®−ïâ¨ï –�ˆ.
‚ à�¬ª�å æ¥«¥¯®«�£�−¨ï ®áãé¥áâ¢«ïîâáï ¯à®æ¥ááë ¯«�−¨à®¢�−¨ï –�ˆ |

ä®à¬¨à®¢�−¨¥ á¨áâ¥¬ë ªà¨â¥à¨¥¢ ¤®áâ¨¦¥−¨ï âà¥¡ã¥¬ëå §−�ç¥−¨© æ¥«¥¢ëå
¯®ª�§�â¥«¥© ¢ §�¤�−−ë¥ ¯¥à¨®¤ë ¢à¥¬¥−¨. �âà¨¡ãâë ®¡ê¥ªâ� ú�«�−¨à®¢�−¨¥û

’�¡«¨æ� 1 �à¨¬¥à áâàãªâãàë ¨−ä®à¬�æ¨®−−®£® ®¡ê¥ªâ� –�ˆ

��¨¬¥−®¢�−¨¥ ‚¨¤ ��à�¬¥âàë
”®à-
¬ã«�

…¤.
¨§¬.

Šà¨-
â¥à¨©

Šà¨â¨-
ç¥áª®¥
®âª«®-
−¥−¨¥

‡�£àã§ª� ®¡®àã¤®¢�−¨ï
–Š� ¨ (¨«¨) ã−¨ª�«ì−®©
ãáâ�−®¢ª¨ ¢ ¨−â¥à¥á�å
¡î¤¦¥â−ëå à�¡®â §� £®¤

–�ˆ
ä¥¤¥-
à�«ì-
−®£®

ãà®¢−ï

{ ¢à¥¬ï áã¬¬�à−®©
§�£àã§ª¨ ®¡®àã¤®¢�-
−¨ï –Š� (tc);
{ ¬�ªá¨¬�«ì−® ¢®§-
¬®¦−®¥ ¢à¥¬ï à�¡®âë
®¡®àã¤®¢�−¨ï (tm)

100tc
tm

%

−¥
¬¥−¥¥
70%

§� £®¤

20%
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¢ ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ‘�‘: –�ˆ; ªà¨â¥à¨© (ú=û, ú≤û, ú≥û); ¯«�−®¢®¥
§−�ç¥−¨¥; â¥ªãé¥¥ §−�ç¥−¨¥; ¥¤¨−¨æ� ¨§¬¥à¥−¨ï; áà®ª (¢à¥¬¥−−‚�ï £à�¤�æ¨ï);
ªà¨â¨ç¥áª®¥ ®âª«®−¥−¨¥. �«�−¨à®¢�−¨¥ –�ˆ ¤®«¦−® ãç¨âë¢�âì ®¡ê¥ªâ¨¢-
−ë¥ úá¥§®−−ë¥ ª®«¥¡�−¨ïû, ®¡ãá«®¢«¨¢�îé¨¥ −¥à�¢−®¬¥à−®áâì ¨å ¨§¬¥−¥−¨ï
¢ ¯«�−¨àã¥¬®¬ ¯¥à¨®¤¥ (1 £®¤) ¤«ï ¯®«ãç¥−¨ï ¢®§¬®¦−®áâ¨ â¥ªãé¥£® ª®−âà®«ï
–�ˆ. �«�−¨à®¢�−¨¥ ®¡ëç−® ®áãé¥áâ¢«ï¥âáï á ãç¥â®¬ ¯®ª�§�â¥«¥© ¯à¥¤ë¤ãé¨å
¯«�−®¢ëå ¯¥à¨®¤®¢.

4 Мониторинг

–¥«ìî ¬®−¨â®à¨−£� ª�¦¤®© á¨áâ¥¬ë á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ï¢«ï¥âáï
á¡®à ¤�−−ëå, −¥®¡å®¤¨¬ëå ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨©, ¯à¨ íâ®¬ ®−� ¢§�¨¬®¤¥©áâ¢ã-
¥â á ¢−ãâà¥−−¨¬¨ ¨ ¢−¥è−¨¬¨ ª®−âà®«¨àã¥¬ë¬¨ ®¡ê¥ªâ�¬¨ á ¯®¬®éìî á¢®¥©
á¥−á®à−®© á¨áâ¥¬ë. ˆáå®¤ï ¨§ ¢ëè¥¨§«®¦¥−−®© áâàãªâãàë ¨−ä®à¬�æ¨®−−®©
¬®¤¥«¨, ®áãé¥áâ¢«ïîâáï á«¥¤ãîé¨¥ ¯à®æ¥ááë:

{ ãç¥â ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£�;

{ ¬®−¨â®à¨−£ ª®−âà®«¨àã¥¬®£® ¯à®áâà�−áâ¢� á ¨á¯®«ì§®¢�−¨¥¬ â¥å−¨ç¥áª¨å
áà¥¤áâ¢, ¯«�âä®à¬ë ®¡¬¥−� ¤®ªã¬¥−â�¬¨, áà¥¤áâ¢ ª®−âà®«ï ¨ ã¯à�¢«¥−¨ï
äã−ªæ¨®−¨à®¢�−¨¥¬ á¨áâ¥¬:

{ ¬®−¨â®à¨−£ –�ˆ;

{ ¬®−¨â®à¨−£ à¥�«¨§�æ¨¨ ¯«�−®¢ëå ¯®ª�§�â¥«¥©;

{ ¬®−¨â®à¨−£ ¯�à�¬¥âà®¢ ¨ ä�ªâ®à®¢ ¢«¨ï−¨ï;

{ à¥£«�¬¥−â−ë© ¨ á®¡ëâ¨©−ë© ¬®−¨â®à¨−£ −�ãç−ëå á¥à¢¨á®¢;

{ ¬®−¨â®à¨−£ §�ï¢®ª −� ¯à¥¤®áâ�¢«¥−¨¥ −�ãç−ëå á¥à¢¨á®¢;

{ à¥£«�¬¥−â−ë© ¨ á®¡ëâ¨©−ë© ¬®−¨â®à¨−£ í«¥¬¥−â®¢ ‘�‘, ãç¥â� ¨−ä®à¬�æ¨¨
® −�«¨ç¨¨, á®áâ®ï−¨¨, §�£àã§ª¥ ®¡®àã¤®¢�−¨ï –Š� ¨ “�“;

{ ¬®−¨â®à¨−£ ¨á¯®«−¥−¨ï ¯à¨−ïâëå à¥è¥−¨©;

{ ¬®−¨â®à¨−£ −¥áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨ (−®à¬�â¨¢−®-á¯à�¢®ç−�ï ¨−-
ä®à¬�æ¨ï (�‘ˆ), −�ãç−ë¥ à¥§ã«ìâ�âë, æ¥«¥¢ë¥ ¯ã¡«¨ª�æ¨¨, −®¢®áâ¨ ¨§
¢−¥è−¨å ¨áâ®ç−¨ª®¢, í«¥¬¥−âë ¨−äà�áâàãªâãàë, ¢ª«îç�ï á�©âë –Š�);

{ ¢¨§ã�«¨§�æ¨ï ¤�−−ëå ¬®−¨â®à¨−£� á ¨−¤¨ª�æ¨¥© á®¡ëâ¨© ¨ á¨âã�æ¨© ¢ à¥-
¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨.

“ç¥âã ¯®¤«¥¦�â ¢á¥ ª®−âà®«¨àã¥¬ë¥ ®¡ê¥ªâë ‘�‘. �à¥¦¤¥ ¢á¥£® íâ® –�ˆ,
� â�ª¦¥ ¯�à�¬¥âàë ¨ ä�ªâ®àë ¢«¨ï−¨ï, ®¡¥á¯¥ç¨¢�îé¨¥ ¢®§¬®¦−®áâì ¢ëç¨á«ïâì
§−�ç¥−¨ï ¯®ª�§�â¥«¥©. �áãé¥áâ¢«ï¥âáï ¬®−¨â®à¨−£ −�ãç−ëå á¥à¢¨á®¢, –Š�,
“�“, ®æ¨äà®¢�−−ëå ª®««¥ªæ¨© ¨ ¡�−ª®¢ ¤�−−ëå ®à£�−¨§�æ¨©, §�ï¢®ª, ¯à¨-
−¨¬�¥¬ëå à¥è¥−¨©, −®¢®áâ¥© ¨§ ¢−¥è−¨å ¨áâ®ç−¨ª®¢, æ¥«¥¢ëå ¯ã¡«¨ª�æ¨©,
í«¥¬¥−â®¢ ¨−äà�áâàãªâãàë, ¢ª«îç�ï á�©âë –Š�. “ç¥â ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£�
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‘®áâ�¢, áâàãªâãà� ¨ ¬¥â®¤ë �−�«¨§� ¤�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨

®áãé¥áâ¢«ï¥âáï á æ¥«ìî ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ¢¢®¤�, åà�−¥−¨ï, ª®àà¥ªâ¨-
à®¢ª¨ ¯¥à¥ç−ï ®¡ê¥ªâ®¢ ¬®−¨â®à¨−£�.

�á®¡®¥ ¬¥áâ® §�−¨¬�¥â ¬®−¨â®à¨−£ −�ãç−ëå à¥§ã«ìâ�â®¢, ª®â®àë¥ ï¢«ïîâáï
ª¢¨−âíáá¥−æ¨¥© ¢á¥å −�ãç−ëå ¨áá«¥¤®¢�−¨© ¨ ®á−®¢−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ®¡ê-
¥ªâ®¬ ¤«ï ¯à®æ¥áá®¢ ¯®áâ�−®¢ª¨ −�ãç−®© ¯à®¡«¥¬ë, ä®à¬ã«¨à®¢ª¨ −�ãç−ëå £¨-
¯®â¥§, ¬®−¨â®à¨−£� −�ãç−®-â¥å−¨ç¥áª®© ¨−ä®à¬�æ¨¨ (�’ˆ). ”®à¬�«¨§®¢�−−®¥
¯®−ïâ¨¥ ú−�ãç−ë© à¥§ã«ìâ�âû, ¨−â¥£à¨àãîé¥¥ ¢áî ¨−ä®à¬�æ¨®−−ãî áâàãªâã-
àã −�ãç−®£® ¨áá«¥¤®¢�−¨ï, ¨á¯®«ì§ã¥âáï ¯à¨ ®à£�−¨§�æ¨¨ §−�ç¨â¥«ì−®£® ç¨á«�
−�ãç−ëå á¥à¢¨á®¢: á¥à¢¨á®¢ ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨ §−�−¨© (¨§¢«¥ç¥−¨¥ ä�ªâ®¢,
¯®−ïâ¨©, á¢ï§¥© ¨ ä®à¬�«¨§�æ¨ï ä�ªâ®£à�ä¨ç¥áª¨å ¤�−−ëå −� ®á−®¢¥ «¨−£¢¨-
áâ¨ç¥áª®£® �−�«¨§� á«�¡®áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨); ¨−â¥««¥ªâã�«ì−®£®
¯®¨áª� ¨−ä®à¬�æ¨¨; â¥¬�â¨ç¥áª®£® ¨−¤¥ªá¨à®¢�−¨ï; −�ãª®¬¥âà¨ç¥áª®£® �−�«¨-
§�; �−�«¨§� äà®−â� ¨áá«¥¤®¢�−¨©; á¥à¢¨á®¢ ª®¬¬ã−¨ª�æ¨© (á¥à¢¨á®¢ à�¡®âë
á �’ˆ ¨ ª®¬¬ã−¨ª�æ¨© ¢ −�ãç−®¬ á®®¡é¥áâ¢¥; ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� á¯¥-
æ¨�«¨§¨à®¢�−−ëå á®æ¨�«ì−ëå á¥â¥© ¨ ¤àã£¨å áà¥¤áâ¢ −�ãç−ëå ª®¬¬ã−¨ª�æ¨©);
¯à®¢¥àª¨ §�¨¬áâ¢®¢�−¨© [5]. �á®¡¥−−® íâ® �ªâã�«ì−® ¤«ï ¬¥¦¤¨áæ¨¯«¨−�à-
−ëå ¨áá«¥¤®¢�−¨©, £¤¥ ®¡¥á¯¥ç¨¢�¥âáï ¯®¨áª ¨ ¯®¤¡®à à¥«¥¢�−â−ëå −�ãç−ëå
¯®«®¦¥−¨© ¨ ¨−áâàã¬¥−â�à¨ï ¢ á¬¥¦−ëå ®¡«�áâïå −�ãç−®£® §−�−¨ï.

Œ®−¨â®à¨−£ ¨−äà�áâàãªâãàë ‘�‘ ®áãé¥áâ¢«ï¥âáï á æ¥«ìî á¡®à� ¤�−−ëå
® äã−ªæ¨®−¨à®¢�−¨¨ ¨−ä®à¬�æ¨®−−®©, ¯à®£à�¬¬−®© ¨ â¥å−¨ç¥áª®© á®áâ�¢«ïî-
é¨å ‘�‘, � â�ª¦¥ á®áâ®ï−¨¨ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨.

Œ®−¨â®à¨−£ ¨á¯®«−¥−¨ï ¯à¨−ïâëå à¥è¥−¨© ®áãé¥áâ¢«ï¥âáï á ¨á¯®«ì§®¢�-
−¨¥¬ ¯«�âä®à¬ë à�¡®âë á ¤®ªã¬¥−â�¬¨; ¢ ¥£® §�¤�ç¨ ¢å®¤¨â ª®−âà®«ì áà®ª�
¨á¯®«−¥−¨ï ¨ �¢â®¬�â¨ç¥áª�ï ¨−¤¨ª�æ¨ï ¯à®áà®çª¨, ® ç¥¬ ¨§¢¥é�¥âáï ®â¢¥â-
áâ¢¥−−ë© ¨á¯®«−¨â¥«ì.

‚ à�¬ª�å ¬®−¨â®à¨−£� −¥áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨ (−®¢®áâ−ë¥ «¥−âë,
á�©âë −�ãç−ëå ®à£�−¨§�æ¨©, á�©âë ¢§�¨¬®¤¥©áâ¢ãîé¨å ¢¥¤®¬áâ¢) ®¡¥á¯¥ç¨¢�¥â-
áï ¢®§¬®¦−®áâì �−�«¨§� ¨−â¥à−¥â-à¥áãàá®¢ á æ¥«ìî ®â¡®à� ¤�−−ëå ¯® â¥¬�â¨ª¥
−�ãç−ëå á¥à¢¨á®¢.

„�−−ë¥ ¬®−¨â®à¨−£� §�−®áïâáï ¢ ¡�§ã ¤�−−ëå (�„) ú‘®¡ëâ¨ïû, £¤¥ ª�¦¤®¥
á®¡ëâ¨¥ ¨¬¥¥â á«¥¤ãîé¨¥ �âà¨¡ãâë: ®¡ê¥ªâ ¬®−¨â®à¨−£�; ¤�â�/¢à¥¬ï; á®áâ®-
ï−¨¥; ¯�à�¬¥âà; ãá«®¢¨ï, £¤¥ á®áâ®ï−¨¥ å�à�ªâ¥à¨§ã¥âáï á¯¨áª®¬ ¤®¯ãáâ¨¬ëå
á®áâ®ï−¨© ®¡ê¥ªâ� ¬®−¨â®à¨−£� (−�¯à¨¬¥à, ¤«ï §�ï¢ª¨: ¯®¤�−�, ¯à¨−ïâ� ª ¨á-
¯®«−¥−¨î, ¢ë¯®«−ï¥âáï, ¢ë¯®«−¥−�, §�ªàëâ� ¨ â. ¤.), ¯�à�¬¥âà å�à�ªâ¥à¨§ã¥â
£à�¤�æ¨î á®áâ®ï−¨ï, ãá«®¢¨ï | â¥ªáâ®¢®¥ ¯®ïá−¥−¨¥ á®áâ®ï−¨ï.

‘®¡ëâ¨©−ë© ¬®−¨â®à¨−£ −�ãç−ëå á¥à¢¨á®¢ ‘�‘ ¨ ®¡¥á¯¥ç¥−¨¥ á¡®à� ¤�−-
−ëå ¬®−¨â®à¨−£� −�ãç−ëå á¥à¢¨á®¢ ®áãé¥áâ¢«ïîâáï ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨
¯® §�¯à®áã ¨«¨ ¯® ãáâ�−®¢«¥−−®¬ã à¥£«�¬¥−âã á æ¥«ìî ãáâ�−®¢«¥−¨ï à�¡®â®á¯®-
á®¡−®áâ¨ á¥à¢¨á�. �®¤ á®¡ëâ¨¥¬ (¨−æ¨¤¥−â®¬) ¯®−¨¬�¥âáï ¨§¬¥−¥−¨¥ á®áâ®ï−¨ï
®¡ê¥ªâ� ¬®−¨â®à¨−£�. ˆáâ®ç−¨ª¨ ¤�−−ëå | �£¥−âë ¨ àãç−®© ¢¢®¤. „�−−ë¥
¬®−¨â®à¨−£� ¯®¬¥é�îâáï ¢ á®®â¢¥âáâ¢ãîé¨¥ à�§¤¥«ë �„ ú‘®¡ëâ¨¥û.

�® à¥§ã«ìâ�â�¬ ¬®−¨â®à¨−£� ®áãé¥áâ¢«ï¥âáï ¢¥¤¥−¨¥ á«¥¤ãîé¨å ¨−ä®à¬�-
æ¨®−−ëå à¥áãàá®¢:
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{ �„ �‘ˆ;
{ ª�â�«®£� –Š�, “�“, ª®««¥ªæ¨© ¨ �„;
{ ª�â�«®£� ¯®¤¢¥¤®¬áâ¢¥−−ëå ®à£�−¨§�æ¨©;
{ ª�â�«®£� −�ãç−ëå á¥à¢¨á®¢;
{ à¥¥áâà� −�ãç−ëå à¥§ã«ìâ�â®¢;
{ �„ ú‘®¡ëâ¨ïû;
{ �„ ú�¡áâ�−®¢ª�û;
{ �„ ú�®¢®áâ−�ï «¥−â�û;
{ �„ úŠ®−âà®«ì äã−ªæ¨®−¨à®¢�−¨ïû;
{ �„ ú’¨¯®¢ë¥ à¥è¥−¨ïû;
{ ¯¥à¥ç−ï à¥è¥−¨© −� ª®−âà®«¥.

‚¨§ã�«¨§�æ¨ï ¤�−−ëå ¬®−¨â®à¨−£� ®áãé¥áâ¢«ï¥âáï á ¨−¤¨ª�æ¨¥© á®¡ëâ¨©
¨ á¨âã�æ¨© ¢ à¥¦¨¬¥ à¥�«ì−®£® ¢à¥¬¥−¨:

{ ®â®¡à�¦¥−¨¥ â¥ªáâ®¢ëå, £à�ä¨ç¥áª¨å, §¢ãª®¢ëå ¨−¤¨ª�â®à®¢;
{ −�áâà®©ª� á¨áâ¥¬ë ¢¨§ã�«¨§�æ¨¨;
{ �¢â®¬�â¨ç¥áª�ï ¨−¤¨ª�æ¨ï.

5 Анализ данных мониторинга

’�ª ª�ª äã−ªæ¨®−¨à®¢�−¨¥ ‘�‘ ï¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬, � æ¥«¨ á¨áâ¥¬ë
ä®à¬�«¨§®¢�−ë ¢ ¢¨¤¥ á®¢®ªã¯−®áâ¨ –�ˆ ¨ ¤®ªã¬¥−â®¢ ¯«�−¨à®¢�−¨ï, ®á−®¢-
−®© §�¤�ç¥© �−�«¨§� ¤�−−ëå ¬®−¨â®à¨−£� áâ�−®¢¨âáï �−�«¨§ â¥ªãé¥£® á®áâ®ï−¨ï
¨ ¯à®£−®§ áâ¥¯¥−¨ à¥�«¨§�æ¨¨ ¯«�−®¢ëå ¯®ª�§�â¥«¥© –�ˆ. �−�«¨§ â¥ªãé¥£®
á®áâ®ï−¨ï §�ª«îç�¥âáï ¢ ¢ëï¢«¥−¨¨ ®âª«®−¥−¨© ®â ¯«�−®¢ëå ¯®ª�§�â¥«¥©, ¨å
¯à¨ç¨− ¨ ¯ãâ¥© −®à¬�«¨§�æ¨¨ á¨âã�æ¨¨. �à®£−®§¨à®¢�−¨¥ á¨âã�æ¨¨ −� ®á−®¢¥
à¥âà®á¯¥ªâ¨¢−ëå ¤�−−ëå ®áãé¥áâ¢«ï¥âáï −� ¡«¨¦−îî ¨ ¤�«ì−îî ¯¥àá¯¥ªâ¨¢ã
á ãç¥â®¬ à¥�«¨§�æ¨¨ à�§«¨ç−ëå áæ¥−�à¨¥¢ à�§¢¨â¨ï á¨âã�æ¨¨, ¢ª«îç�ï ¯à¨−¨-
¬�¥¬ë¥ à¥è¥−¨ï ¯® ¯à¨¬¥−¥−¨î ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©.

…á«¨ ¨¬¥¥âáï −�¡®à –�ˆ Ci, i = 1, . . . , n, â® ¯«�−¨à®¢�−¨¥ ®áãé¥áâ¢«ï¥âáï
¯ãâ¥¬ §�¤�−¨ï ¨å æ¥«¥¢ëå §−�ç¥−¨© ¢ ®¯à¥¤¥«¥−−ë¥ ¢à¥¬¥−−‚ë¥ ®âà¥§ª¨, −�
ª®â®àë¥ à�§¡¨â ¯«�−¨àã¥¬ë© ¯¥à¨®¤:

Ci(ts) ∈ Ÿi(ts), s = 1, . . . , S ,

£¤¥ Ÿi(ts) | æ¥«¥¢®¥ ¬−®¦¥áâ¢® ¤«ï –�ˆ Ci ¢ ¬®¬¥−âë ¢à¥¬¥−¨ ts. –¥«¥¢®¥
¬−®¦¥áâ¢® ®¯à¥¤¥«ïîâáï «¨¡® ¢ ¢¨¤¥ ª®−ªà¥â−®£® ç¨á«�, «¨¡® ¨−â¥à¢�«®¬ ç¨á¥«.
�® ®¯à¥¤¥«¥−¨î –�ˆ ¤®«¦−ë ¡ëâì ¨§¬¥à¨¬ë¬¨, â. ¥. äã−ªæ¨ï¬¨ ®â á®¢®-
ªã¯−®áâ¨ −�¡«î¤�¥¬ëå ¨ ®æ¥−¨¢�¥¬ëå ¢ ¯à®æ¥áá¥ ¬®−¨â®à¨−£� ¯�à�¬¥âà®¢ pik,
i = 1, . . . , n, k = 1, . . . ,Ki:

Ci = fi(pik) .
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‘®áâ�¢, áâàãªâãà� ¨ ¬¥â®¤ë �−�«¨§� ¤�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨

�¡ëç−® äã−ªæ¨¨ fi §�¤�îâáï ¢ ¯à®æ¥áá¥ æ¥«¥¯®«�£�−¨ï. ��¯à¨¬¥à, ¢ â�¡«. 1
æ¥«¥¢®© ¯®ª�§�â¥«ì ¢ëà�¦�¥âáï ä®à¬ã«®©

C1 =
100tc
tm

,

£¤¥ ¯�à�¬¥âà�¬¨ ¢ëáâã¯�îâ ¢à¥¬ï áã¬¬�à−®© §�£àã§ª¨ ®¡®àã¤®¢�−¨ï –Š� (tc)
¨ ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ ¢à¥¬¥−ï à�¡®âë ®¡®àã¤®¢�−¨ï (tm). –¥«¥¢®¥ ¬−®¦¥-
áâ¢® Ÿ ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®«ã¨−â¥à¢�«: C1 ≥ 70% §� £®¤®¢®© ¯¥à¨®¤.

–¥«¥á®®¡à�§−®¥ ã¯à�¢«¥−¨¥ ‘�‘ ®áãé¥áâ¢«ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ à¥áãà-
á®¢ á¨áâ¥¬ë (ä¨−�−á®¢ëå, â¥å−¨ç¥áª¨å, âàã¤®¢ëå ¨ ¯à.), á ¯®¬®éìî ª®â®àëå
®ª�§ë¢�¥âáï ¢®§¤¥©áâ¢¨¥ −� §−�ç¥−¨ï –�ˆ. “¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï ¢ ¢¨-
¤¥ æ¥«¥−�¯à�¢«¥−−® ¢ë¤¥«ï¥¬ëå à¥áãàá®¢ ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ä�ªâ®àë
¢«¨ï−¨ï F −� §−�ç¥−¨ï ¯�à�¬¥âà®¢ –�ˆ. �ç¥¢¨¤−®, çâ® ®¤−� ¨§ ®á−®¢−ëå
§�¤�ç �−�«¨â¨ç¥áª®© ‘�‘ | ¢ëï¢«¥−¨¥ §�¢¨á¨¬®áâ¥© ¯�à�¬¥âà®¢ p ®â ä�ªâ®à®¢
¢«¨ï−¨ï F ¨ ä®à¬¨à®¢�−¨¥ ¬®¤¥«¥© ¢¨¤�

pik = �(Fik) .

’�ª¨¥ ¬®¤¥«¨ ¬®£ãâ ¡ëâì ¯®«ãç¥−ë ¢ à¥§ã«ìâ�â¥ ¨§ãç¥−¨ï ¯à¥¤ë¤ãé¥£® ®¯ëâ�
íªá¯«ã�â�æ¨¨ ‘�‘, � â�ª¦¥ −� ®á−®¢¥ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢
ã¯à�¢«¥−¨ï «¨¡® −� ®á−®¢¥ íªá¯¥àâ−ëå ®æ¥−®ª. ’�ª, ¢ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥
¯�à�¬¥âà áã¬¬�à−®© §�£àã§ª¨ ®¡®àã¤®¢�−¨ï tc §�¢¨á¨â ®â á«¥¤ãîé¨å ä�ªâ®à®¢:
ç¨á«� §�ï¢®ª −� ¯à¥¤®áâ�¢«¥−¨¥ ãá«ã£ Z, áà¥¤−¥£® ¢à¥¬¥−¨ ®¡á«ã¦¨¢�−¨ï §�-
ï¢ª¨ to ¨ ¢à¥¬¥−¨ −¥à�¡®â®á¯®á®¡−®áâ¨ ®¡®àã¤®¢�−¨ï tu (à¥¬®−â ¨ â¥å−¨ç¥áª®¥
®¡á«ã¦¨¢�−¨¥). ‡�¢¨á¨¬®áâì ®¯¨áë¢�¥âáï ãà�¢−¥−¨¥¬:

[

tm − tu
to

]

= Z , tu = tm − tc ⇒

[

tc
to

]

= Z ,

®âªã¤�, á ãç¥â®¬ æ¥«¥¢®£® ¬−®¦¥áâ¢�, á«¥¤ã¥â

C1 =
to
tc

Z ≥ 0,7 .

�®«ãç¥−−�ï ¬®¤¥«ì §�¢¨á¨¬®áâ¨ æ¥«¥¢®£® ¯®ª�§�â¥«ï ®â ä�ªâ®à®¢ ¢«¨ï−¨ï
¯®§¢®«ï¥â à�á¯à¥¤¥«ïâì à¥áãàáë á æ¥«ìî ã¢¥«¨ç¥−¨ï §�£àã§ª¨ ®¡®àã¤®¢�−¨ï
¨ ç¨á«� ¨á¯®«−ï¥¬ëå §�ï¢®ª ¤«ï ¤®áâ¨¦¥−¨ï ãáâ�−®¢«¥−−ëå −®à¬�â¨¢®¢. ‚ ®¡-
é¥¬ ¢¨¤¥ §�¤�çã ã¯à�¢«¥−¨ï –�ˆ ¬®¦−® áä®à¬ã«¨à®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

∀s 1 ≤ s ≤ S ∃~F (ts) = ~as ∈ A : dist
(

~C(ts), ~Ÿ(ts)
)

= 0 ,

~C(ts) = ~f (~p(ts)) , ~p(ts) = ~�
(

~F (ts)
)

,
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£¤¥ A | ¬−®¦¥áâ¢® à¥áãàá®¢; ~Ÿ | á®¢®ªã¯−®áâì æ¥«¥¢ëå ¬−®¦¥áâ¢; ~F (ts) =
= ~as | ¯à¨−¨¬�¥¬ë¥ à¥è¥−¨ï ¯® ¯à¨¬¥−¥−¨î ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨©. ’�ª
ª�ª á¨áâ¥¬� æ¥«¥© ‘�‘ ï¢«ï¥âáï ¬−®¦¥áâ¢®¬, ¯à¨¬¥−ïîâáï ¬¥â®¤ë ¬−®£®ªà¨â¥-
à¨�«ì−®£® ¢ë¡®à� ¨ áæ¥−�à−®£® ¯à®£−®§¨à®¢�−¨ï.

Š�ª ¯à�¢¨«®, ¤«ï ¢ë¡®à� �«ìâ¥à−�â¨¢ë ¨§ ¬−®¦¥áâ¢� ¢�à¨�−â®¢ à¥è¥−¨©
¢ ãá«®¢¨ïå ®£à�−¨ç¥−¨ï −� à¥áãàáë ¯à¨¬¥−ïîâáï â¥å−®«®£¨¨, ®¡¥á¯¥ç¨¢�îé¨¥
á−¨¦¥−¨¥ à�§¬¥à−®áâ¨ ¯à¨§−�ª®¢®£® ¯à®áâà�−áâ¢� ¨ ¯®áâà®¥−¨¥ ¨−â¥£à�«ì−®£®
¯®ª�§�â¥«ï ª�ç¥áâ¢�, ¯à¨ íâ®¬ �£à¥£¨àãîâáï ¨áå®¤−ë¥ ¯à¨§−�ª¨ á ¨á¯®«ì§®-
¢�−¨¥¬ §−�−¨© íªá¯¥àâ� ¨/¨«¨ ¯à¥¤¯®çâ¥−¨© «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨¥
(‹�÷) [6]. ��¯à¨¬¥à, ¬®¦−® ¨á¯®«ì§®¢�âì �«£®à¨â¬ áã¦¥−¨ï ¬−®¦¥áâ¢� ��à¥â®
−� ®á−®¢¥ −¥ç¥âª®© ¨−ä®à¬�æ¨¨ ®¡ ®â−®è¥−¨ïå ¯à¥¤¯®çâ¥−¨ï ‹�÷ [7].

�æ¥−ª� ª�ç¥áâ¢� ¢ë¡à�−−ëå �«ìâ¥à−�â¨¢ à¥è¥−¨ï ¬®¦¥â ®áãé¥áâ¢«ïâìáï
á ¨á¯®«ì§®¢�−¨¥¬ ¬¥â®¤� áæ¥−�à−®£® ¯à®£−®§¨à®¢�−¨ï, ª®â®àë© ¯®§¢®«ï¥â ãç¥áâì
ã¯à�¢«ïîé¨¥ ¢®§¤¥©áâ¢¨ï ¯à¨ ¯à®£−®§¨à®¢�−¨¨ à�§¢¨â¨ï ®¡áâ�−®¢ª¨. „«ï
�−�«¨§� ®¡áâ�−®¢ª¨ ¨ ¯®¤¤¥à¦ª¨ ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨¬¥−ïîâáï
¬�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë áâ�â¨áâ¨ç¥áª®£® �−�«¨§�:

{ �−�«¨§ ¢à¥¬¥−−‚ëå àï¤®¢, å�à�ªâ¥à¨§ãîé¨å ¨§¬¥−¥−¨¥ ª®«¨ç¥áâ¢¥−−ëå ¨ ª�-
ç¥áâ¢¥−−ëå �âà¨¡ãâ®¢ –�ˆ (�−�«¨§ âà¥−¤®¢, á¥§®−−ëå ª®«¥¡�−¨©, â¥−¤¥−æ¨©
¨ �−®¬�«¨©);

{ ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï –�ˆ á ãç¥â®¬ ¢ëï¢«¥−−ëå âà¥−¤®¢ ¨ �−�«¨§¨-
àã¥¬ëå áæ¥−�à¨¥¢ à�§¢¨â¨ï ®¡áâ�−®¢ª¨;

{ ¤¨−�¬¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ á¨âã�æ¨©;

{ áâ�â¨áâ¨ç¥áª�ï ®æ¥−ª� ª®«¨ç¥áâ¢¥−−ëå ¨ ª�ç¥áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª ¯®â®-
ª®¢ á®¡ëâ¨©.

�¡ê¥ªâ�¬¨ ª®−âà®«ï ¯à¨ ¯à®£−®§¨à®¢�−¨¨ á®áâ®ï−¨ï ï¢«ïîâáï á«¥¤ãîé¨¥
í«¥¬¥−âë ®¡¥á¯¥ç¨¢�îé¥© ç�áâ¨ ‘�‘:

{ ®¡®àã¤®¢�−¨¥ –Š�, “�“;

{ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥;

{ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë (¢ª«îç�ï ª®««¥ªæ¨¨ ¨ �„);

{ ª�¤à®¢ë¥ à¥áãàáë.

�à¨ íâ®¬ ã¯à�¢«¥−¨¥ à¥áãàá�¬¨ ¬®¦¥â ®áãé¥áâ¢«ïâìáï ¢ á«¥¤ãîé¨å ®¡«�áâïå:

{ ¨−¢¥−â�à¨§�æ¨ï à¥áãàá®¢ (−�¯à¨¬¥à, ª®−âà®«ì á®áâ�¢� –Š� ¨ “�“, ã¯à�¢-
«¥−¨¥ ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬, ã¯à�¢«¥−¨¥ ãà®¢−¥¬ ®¡−®¢«¥−¨©);

{ ®¯¥à�â¨¢−ë© ¬®−¨â®à¨−£ (−�¯à¨¬¥à, ª�ª¨¥ á¥à¢¨áë ¨«¨ ª�ª®¥ á¥â¥¢®¥ ®¡®àã-
¤®¢�−¨¥ ¢ ¤�−−ë© ¬®¬¥−â à�¡®â�¥â ¨«¨ −¥ à�¡®â�¥â);

{ ¬®−¨â®à¨−£ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ (−�¯à¨¬¥à, −� áª®«ìª® ¯à®æ¥−â®¢ §�£àã¦¥−ë
¢ëç¨á«¨â¥«ì−ë¥ ¬®é−®áâ¨ ¨ ãáâ�−®¢ª¨, çâ® ¯®§¢®«ï¥â ¯«�−¨à®¢�âì à�§¢¨â¨¥
¨−äà�áâàãªâãàë ¨ ¯à¥¤®â¢à�é�âì á¡®¨, ¢ë§¢�−−ë¥ ¨§¡ëâ®ç−®© −�£àã§ª®©);
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‘®áâ�¢, áâàãªâãà� ¨ ¬¥â®¤ë �−�«¨§� ¤�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï −�ãç−ë¬¨ á¥à¢¨á�¬¨

{ ã¯à�¢«¥−¨¥ ¨¤¥−â¨ä¨ª�æ¨®−−ë¬¨ ¤�−−ë¬¨ á®âàã¤−¨ª®¢ ¤®áâã¯®¬ (á¨áâ¥¬ë
®¤−®ªà�â−®£® ¢¢®¤� «®£¨−�/̄ �à®«ï, á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¤®áâã¯� ª ¨−ä®à¬�-
æ¨®−−ë¬ à¥áãàá�¬ −� ®á−®¢¥ ãç¥â−®© §�¯¨á¨ | «®£¨−�, á¨áâ¥¬ë ã¯à�¢«¥−¨ï
ãç¥â−ë¬¨ §�¯¨áï¬¨, á®®â¢¥âáâ¢¨¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ª®à¯®à�â¨¢−ë¬
¯®«¨â¨ª�¬ ¡¥§®¯�á−®áâ¨);

{ ¬®−¨â®à¨−£ ¯à®æ¥áá®¢ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ (−�¯à¨¬¥à, �−�«¨§ ¢§�¨¬®á¢ï§¨
¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, à¥�«¨§ãîé¨å ¥¤¨−ãî äã−ªæ¨®−�«ì−ãî §�¤�çã).

‚ ¯à®æ¥áá¥ −®à¬�«ì−®£® äã−ªæ¨®−¨à®¢�−¨ï ®¡ê¥ªâ� ª®−âà®«ï à¥è�îâáï
§�¤�ç¨ ¯«�−¨à®¢�−¨ï à¥¬®−â� ¨ ¬®¤¥à−¨§�æ¨¨, ¯«�−¨à®¢�−¨ï −¥®¡å®¤¨¬ëå âàã-
¤®¢ëå à¥áãàá®¢. ‚ ®á−®¢¥ ¯«�−¨à®¢�−¨ï «¥¦¨â ¯à®£−®§¨à®¢�−¨¥ áà®ª®¢ ®âª�§�
í«¥¬¥−â®¢ ª®−âà®«ï.

„«ï à¥è¥−¨ï §�¤�ç¨ ¯à®£−®§¨à®¢�−¨ï áà®ª®¢ ®âª�§®¢ ¨á¯®«ì§ãîâáï à�§«¨ç-
−ë¥ ¬®¤¥«¨, ®â«¨ç�îé¨¥áï ¢¨¤®¬ ¨áå®¤−®© ¨−ä®à¬�æ¨¨, ¬¥â®¤�¬¨ ¥¥ �−�«¨§�
¨ ä®à¬®© ¯à¥¤áâ�¢«¥−¨ï à¥§ã«ìâ�â®¢. �−�«¨§ ¯®¤®¡−ëå ¬®¤¥«¥© ¯®§¢®«ï¥â ¢ë¤¥-
«¨âì ç¥âëà¥ â¨¯� ¨áå®¤−®© ¨−ä®à¬�æ¨¨: íªá¯¥àâ−ë¥ ®æ¥−ª¨ à¥áãàá�; áâ�â¨áâ¨ª�
®¡á«ã¦¨¢�−¨ï à¥áãàá�; áâ�â¨áâ¨ª� ¤¨�£−®áâ¨ª; ¤�−−ë¥ ®¡ íªá¯«ã�â�æ¨®−−ëå −�-
£àã§ª�å. �â® ¯®§¢®«ï¥â ¢á¥ ¨¬¥îé¨¥áï ¬®¤¥«¨ ¯à®£−®§¨à®¢�−¨ï â�ª¦¥ à�§¤¥«¨âì
−� ç¥âëà¥ ¢¨¤�, ¯à¨¢¥¤¥−−ëå ¢ â�¡«. 2.

‚¨§ã�«¨§�æ¨ï �−�«¨â¨ç¥áª¨å ¤�−−ëå á ¨á¯®«ì§®¢�−¨¥ ¤¥«®¢®© £à�ä¨ª¨ (¯à¨-
¬¥à á¬. −� à¨á. 2) ¯à¥¤¯®«�£�¥â à¥�«¨§�æ¨î á«¥¤ãîé¨å ¯à®æ¥¤ãà:

{ ®â®¡à�¦¥−¨¥ ¨−ä®£à�ä¨ª¨ �−�«¨â¨ç¥áª¨å ®âç¥â®¢, ¢®§¬®¦−® −� ä®−¥ æ¨ä-
à®¢®© ª�àâë ¬¥áâ−®áâ¨ ¤«ï â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå á¨áâ¥¬;

{ −�áâà®©ª� á¨áâ¥¬ë ¢¨§ã�«¨§�æ¨¨;
{ ¯à®á¬®âà �−�«¨â¨ª¨ ¯® –Š� ¨ ¨−â¥£à�«ì−® ¯® ‘�‘.

ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï ¯®¤¤¥à¦ª� ¢ëà�¡®âª¨ ¢�à¨�−â®¢ à¥è¥−¨© ¯®
¯«�−¨à®¢�−¨î ¨ ¯® á¨âã�æ¨¨ ¯à¥¤®áâ�¢«¥−¨ï −�ãç−ëå á¥à¢¨á®¢ ®áãé¥áâ¢«ï¥âáï
á ¨á¯®«ì§®¢�−¨¥¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¨−æ¨¤¥−â�¬¨ (á¨âã�æ¨ï¬¨). �¡¥á¯¥ç¨-
¢�¥âáï ¢®§¬®¦−®áâì ¨¤¥−â¨ä¨ª�æ¨¨ á¨âã�æ¨¨ ¨ ¯®¤¡®à â¨¯®¢®£® à¥è¥−¨ï. �®¤

’�¡«¨æ� 2 ‚¨¤ë ¬®¤¥«¥© ¯à®£−®§¨à®¢�−¨ï

’¨¯ ¬®¤¥«¨ ˆáå®¤−�ï ¨−ä®à¬�æ¨ï
‘à®ª à¥�«¨§�æ¨¨

¯à®£−®§�
÷¥áãàá−�ï ‘à®ª¨ ®¡á«ã¦¨¢�−¨ï ��ç�«® íªá¯«ã�â�æ¨¨

��£àã§®ç−�ï
•�à�ªâ¥à¨áâ¨ª¨ í«¥¬¥−â� ª®−âà®«ï,
å�à�ªâ¥à¨áâ¨ª¨ íªá¯«ã�â�æ¨®−−ëå
−�£àã§®ª

�ª®−ç�−¨¥ ¯¥à¨®¤�
−�¡«î¤¥−¨ï

„¨�£−®áâ¨ç¥áª�ï „�−−ë¥ ¤¨�£−®áâ¨ª¨
�ª®−ç�−¨¥ ¯®á«¥¤−¥©
¤¨�£−®áâ¨ª¨

�ªá¯¥àâ−�ï
�ªá¯¥àâ−ë¥ ®æ¥−ª¨ à¥áãàá®¢
í«¥¬¥−â� ª®−âà®«ï

��ç�«® íªá¯«ã�â�æ¨¨
í«¥¬¥−â� ª®−âà®«ï
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÷¨á. 2 �à¨¬¥àë ¢¨§ã�«¨§�æ¨¨ –�ˆ

á¨âã�æ¨¥© ¯®−¨¬�¥âáï ¤®áâ¨¦¥−¨¥ –�ˆ §�¤�−−®£® ªà¨â¨ç¥áª®£® §−�ç¥−¨ï, å�-
à�ªâ¥à¨§ãîé¥£® ¥£® áãé¥áâ¢¥−−®¥ ®âª«®−¥−¨¥ ®â −®à¬�«ì−®£® ¨«¨ ¯«�−®¢®£®
§−�ç¥−¨ï. �¡¥á¯¥ç¨¢�¥âáï ¢¥¤¥−¨¥ ª�â�«®£� ú÷¥è¥−¨ïû, á®¤¥à¦�é¥£® â¥ªáâ®-
¢®¥ ®¯¨á�−¨¥ �«£®à¨â¬� ¤¥©áâ¢¨© ¤«ï −®à¬�«¨§�æ¨¨ á¨âã�æ¨¨. �áãé¥áâ¢«ï¥âáï
¨¤¥−â¨ä¨ª�æ¨ï á¨âã�æ¨© ¯® ¯«�−¨à®¢�−¨î, ¢ë¡®à â¨¯®¢ëå à¥è¥−¨©, ¢ëà�¡®âª�
−®¢ëå à¥è¥−¨© ¨ ¯®¯®«−¥−¨¥ ª�â�«®£�.

‚ ¯à®æ¥áá¥ ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© ¯®¤¤¥à¦ª¨ ¢ëà�¡®âª¨ ¢�à¨�−â®¢
à¥è¥−¨© ¯® ¯«�−¨à®¢�−¨î ¨ ¯® èâ�â−ë¬ ¨ −¥èâ�â−ë¬ á¨âã�æ¨ï¬ á ¨á¯®«ì§®¢�-
−¨¥¬ á¨áâ¥¬ë ã¯à�¢«¥−¨ï á®¡ëâ¨ï¬¨ ¬®¦¥â ®áãé¥áâ¢«ïâìáï:

{ ¯à®£−®§¨à®¢�−¨¥ ¨§¬¥−¥−¨ï ®¡áâ�−®¢ª¨: ¡¥§ ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï,
á ã¯à�¢«ïîé¨¬ ¢®§¤¥©áâ¢¨¥¬, áæ¥−�à−®¥ ¯à®£−®§¨à®¢�−¨¥ á ãç¥â®¬ ¢−¥è−¨å
ä�ªâ®à®¢;

{ ¯®¤¤¥à¦ª� ¯à®æ¥áá®¢ ¯à¨−ïâ¨ï ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©: �¤�¯â�æ¨ï â¨¯®¢ëå
à¥è¥−¨© ¨ ¢ëà�¡®âª� −¥â¨¯®¢ëå à¥è¥−¨© (á ãç¥â®¬ ¯à®£−®§¨à®¢�−¨ï).

‚ á«ãç�¥ èâ�â−®© á¨âã�æ¨¨ ¯à¨¬¥−ïîâáï −�à�¡®â�−−ë¥ ¢ á¨áâ¥¬¥ â¨¯®¢ë¥
à¥è¥−¨ï á ¯à¨¢ï§ª®© ¨å ª ª®−ªà¥â−®© ®¡áâ�−®¢ª¥, � ¢ á«ãç�¥ −¥èâ�â−ëå á¨-
âã�æ¨© ®áãé¥áâ¢«ï¥âáï ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï ¯®¤¤¥à¦ª� íªá¯¥àâ−ëå
£àã¯¯ ¤«ï ¢ëà�¡®âª¨ −®¢ëå à¥è¥−¨©.
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CONTENT, STRUCTURE, AND DATA ANALYSIS METHODS
OF SCIENTIFIC SERVICES MANAGEMENT SYSTEM

A. P. Suchkov

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 inclusion of scientific research in the digital sphere is largely due
to the possibility of creating an effective system of widely available scientific
services. The system of scientific services should provide management of processes
of the automated selection and provision of relevant services and implementation
of various formal and informal communications of the researcher and the state,
scientific community and business. The effectiveness of such a system directly
depends on the completeness and integrity of the information data model focused
on relevant methods of analysis, which, in turn, is provided by the correct choice
of methodology for managing scientific services, taking into account the totality
of supporting processes. This model is based on the methods of situational
management and situational analysis using digital platform tools that provide
real-time decision support processes.
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МОДЕЛЬ ФУНКЦИОНИРОВАНИЯ СИСТЕМЫ
АВТОМАТИЗИРОВАННОЙ ОЦЕНКИ ДОСТОВЕРНОСТИ

КОНКРЕТНО-ИСТОРИЧЕСКИХ ФАКТОВ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå â¥å−®«®£¨¨ ¯®¤-
¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�ŠŠˆ). ’¥å−®«®£¨ï ¯®áâà®-
¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ ªà�ã¤á®àá¨−£� ¨ ®à¨¥−â¨à®¢�−� −� è¨-
à®ª¨© ªàã£ −¥ ï¢«ïîé¨åáï ¯à®ä¥áá¨®−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨
¯®«ì§®¢�â¥«¥©. „�−−�ï áâ�âìï ¯®á¢ïé¥−� ®¯¨á�−¨î ¨ ®¡®á−®¢�−¨î ¯®¤å®-
¤� ª ¬®¤¥«¨à®¢�−¨î ¬¥å�−¨§¬� �¢â®¬�â¨§¨à®¢�−−®© ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨
®¡à�¡�âë¢�¥¬®© ¨−ä®à¬�æ¨¨, ¢ª«îç¥−−®£® ¢ â¥å−®«®£¨î á æ¥«ìî ¥¥ ¤�«ì-
−¥©è¥£® à�§¢¨â¨ï. �à¥¤«®¦¥−−ë© ¯®¤å®¤ §�ª«îç�¥âáï ¢ á®®â¢¥âáâ¢ãîé¥©
¬®¤¨ä¨ª�æ¨¨ ¬®¤¥«¨ á¥¬�−â¨ç¥áª®© á¥â¨, ¯®áâà®¥−−®© á ®¯®à®© −� ¯à¨−-
æ¨¯ë £à�ä®¤¨−�¬¨ª¨, ¬®¤¥«ì ��à�¡�è¨{�«ì¡¥àâ ¨ ¯®¤¤¥à¦ªã ¬¥å�−¨§¬®¢
¨¬¨â�æ¨¨ �ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«¥©. ‘ ¯®¬®éìî ¤�−−®© ¬®¤¥«¨ ¡ë«¨ ¯à®-
¢¥¤¥−ë íªá¯¥à¨¬¥−â�«ì−ë¥ ¯à®¢¥àª¨ íää¥ªâ¨¢−®áâ¨ ¨â¥à�æ¨®−−ëå �«£®à¨â-
¬®¢ à¥�«¨§�æ¨¨ −®¢®£® ¬¥å�−¨§¬� �¢â®¬�â¨§¨à®¢�−−®© ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨
ª®−ªà¥â−®-¨áâ®à¨ç¥áª®© ¨−ä®à¬�æ¨¨ ¨ ®æ¥−¥−® ¢«¨ï−¨¥ ®£à�−¨ç¥−¨ï £«ã¡¨-
−ë ¨â¥à�æ¨¨ −� áà¥¤−îî ¤®áâ®¢¥à−®áâì ¢ëç¨á«¥−−ëå ®æ¥−®ª ¢ æ¥«®¬.

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

DOI: 10.14357/08696527200216

1 Введение

‚ [1{3] ®¯¨á�−� à�á¯à¥¤¥«¥−−�ï â¥å−®«®£¨ï �Šˆˆ, ®á−®¢�−−�ï −� ¯à¨−æ¨¯�å
ªà�ã¤á®àá¨−£� (¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©).

Œ®¤¥«ì ¤�−−ëå, ¯®«®¦¥−−�ï ¢ ®á−®¢ã â¥å−®«®£¨¨ �Šˆˆ, ®¯¨à�¥âáï −�
¨¥à�àå¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®£® ä�ªâ� (ˆ�”) [4].

÷¥áãàá®¬ ¤«ï ˆ�” á«ã¦¨â äà�£¬¥−â â¥ªáâ� ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�-
¯à�¢«¥−−®áâ¨. ‘áë«ª®© −� à¥áãàá ¢ â¥å−®«®£¨¨ á«ã¦¨â ãª�§�â¥«ì äà�£¬¥−â�
â¥ªáâ� (“”’). ‚ á®¢®ªã¯−®áâ¨ ˆ�” ®¡à�§ãîâ á¥¬�−â¨ç¥áªãî á¥âì, á®áâ®ïéãî
¨§ ¤¢ãå ¯®¤á¥â¥© | á¥â¨ ¯®−ïâ¨© ¨ á¥â¨ íª§¥¬¯«ïà®¢.

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

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, Volkov@amsd.com
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“§«ë á¥â¨ ¯®−ïâ¨© ¯à¥¤áâ�¢«ïîâ á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�ááë
®¡ê¥ªâ®¢. …¤¨−áâ¢¥−−ë¬ ®¡ï§�â¥«ì−ë¬ á¢®©áâ¢®¬ ª«�áá� ï¢«ï¥âáï ¥£® ¨¬ï. ˆ§
à�á¯à¥¤¥«¥−−®áâ¨ â¥å−®«®£¨¨ ¢ëâ¥ª�¥â, çâ® á¥âì á®§¤�¥âáï −¥§�¢¨á¨¬® à�§−ë-
¬¨ ¨áá«¥¤®¢�â¥«ï¬¨, � ¯®íâ®¬ã ®−� ä®à¬¨àã¥âáï ¨§ �¢â®−®¬−ëå ¨¬¥−®¢�−−ëå
¯®¤á¥â¥©. „«ï úáª«¥©ª¨û íâ¨å ¯®¤á¥â¥© ¬¥¦¤ã á®¡®© ¯à¥¤ãá¬®âà¥−� á¢ï§ì íª¢¨¢�-
«¥−â−®áâ¨. �®¬¨¬® −¥¥ ¯à¥¤ãá¬®âà¥−ë −�¯à�¢«¥−−ë¥ á¢ï§¨ â¨¯� ú¯®¤¯®−ïâ¨¥û,
ú�âà¨¡ãâû ¨ ú§−�ç¥−¨¥û.

Š�¦¤�ï á¢ï§ì ¬®¦¥â ¨¬¥âì ¯à¨§−�ª ãá«®¢−®áâ¨. “á«®¢−�ï á¢ï§ì ¤«ï ãá¯¥è-
−®© ¨−â¥à¯à¥â�æ¨¨ ¯®«ì§®¢�â¥«¥¬ á−�¡¦¥−� ®¯¨á�−¨¥¬ ¯à¨ç¨− ãá«®¢−®áâ¨, â. ¥.
£à�−¨æ ¥¥ ¤¥©áâ¢¨ï. �¯¨á�−¨¥ á®áâ®¨â ¨§ â¥ªáâ®¢®£® ª®¬¬¥−â�à¨ï ¨ ¯à¨ −¥®¡å®-
¤¨¬®áâ¨ −�¡®à� ááë«®ª −� ¨áâ®ç−¨ª¨ ¢ ä®à¬¥ “”’.

’�ª¦¥ ª�¦¤�ï á¢ï§ì â¨¯� ú�âà¨¡ãâû ¬®¦¥â ¨¬¥âì ¯à¨§−�ª ã−¨ª�«ì−®áâ¨
§−�ç¥−¨ï, −¥®¡å®¤¨¬ë© ¤«ï §�¤�ç ¯®¨áª� ¯à®â¨¢®à¥ç¨© ¢ ¤�−−ëå, ¨ ¯à¨§−�ª
−�á«¥¤ã¥¬®áâ¨ §−�ç¥−¨ï, ¨á¯®«ì§ãîé¨©áï â®«ìª® ¤«ï á¢ï§¥© â¨¯� úç�áâìû.

”�ªâë §�¤�îâáï §−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ ®â−®è¥−¨ï¬¨ ¬¥¦¤ã
−¨¬¨. �â−®è¥−¨ï −�á«¥¤ãîâáï ¨§ á¥â¨ ª«�áá®¢. Œ¥¦¤ã íª§¥¬¯«ïà�¬¨ ®¤−®£®
ª«�áá� ¬®¦¥â ¡ëâì ¤®¯®«−¨â¥«ì−® ãáâ�−®¢«¥−� á¢ï§ì íª¢¨¢�«¥−â−®áâ¨. ’�ª¦¥
¬®¦¥â ¡ëâì ¤®¡�¢«¥−® ¤®¯®«−¨â¥«ì−®¥ ®â−®è¥−¨¥ â¨¯� úç�áâìû, −¥®¡å®¤¨¬®¥
¤«ï −�á«¥¤®¢�−¨ï �âà¨¡ãâ®¢. „«ï à�§¤¥«¥−¨ï �âà¨¡ãâ®¢ −� −�á«¥¤ã¥¬ë¥ ¨ −¥−�-
á«¥¤ã¥¬ë¥ á«ã¦¨â ¯à¨§−�ª −�á«¥¤ã¥¬®áâ¨. Š�¦¤ë© íª§¥¬¯«ïà ¨¬¥¥â §−�ç¥−¨¥,
ª®â®à®¥ ¬®¦¥â ¡ëâì ¯ãáâë¬. �¥¯ãáâ®¥ §−�ç¥−¨¥ á®¯à®¢®¦¤�¥âáï «¨¡® â¥ªáâ®-
¢ë¬ ª®¬¬¥−â�à¨¥¬, «¨¡® “”’, á¢ï§ë¢�îé¨¬ ¥£® á ¤®ªã¬¥−â®¬-¨áâ®ç−¨ª®¬.
�®áª®«ìªã ¤®ªã¬¥−âë-¨áâ®ç−¨ª¨ ¯à¥¤¯®«�£�îâ �¢â®¬�â¨§¨à®¢�−−ãî ®¡à�¡®âªã,
®−¨ åà�−ïâáï ¢ ¡�§¥ ¤�−−ëå (�„) â¥å−®«®£¨¨ ¢ ¯à®áâ®¬ â¥ªáâ®¢®¬ ä®à¬�â¥ ¢¬¥áâ¥
á −�¡®à®¬ á¢®¨å �âà¨¡ãâ®¢.

‚ [5] ®¡®á−®¢�−� −¥®¡å®¤¨¬®áâì ¢ª«îç¥−¨ï ¢ á®áâ�¢ â¥å−®«®£¨¨ �Šˆˆ
áà¥¤áâ¢ �¢â®¬�â¨§¨à®¢�−−®© ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ä�ª-
â®¢. �à¨¢¥¤¥−® ¯®¤à®¡−®¥ ®¯¨á�−¨¥ á®®â¢¥âáâ¢ãîé¥£® ¬¥å�−¨§¬�, ®¯à¥¤¥«¥−ë
¯à®æ¥¤ãàë �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï ®æ¥−®ª ¤®áâ®¢¥à−®áâ¨ ¨−ä®à¬�æ¨¨.

��¬¥ç¥−ë ¯ãâ¨ ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¯à¥¤«®¦¥−−®£® ¬¥å�−¨§¬�. �à¥¤-
«®¦¥− ª®«¨ç¥áâ¢¥−−ë© ¯®ª�§�â¥«ì íää¥ªâ¨¢−®áâ¨ η, ¯à¥¤áâ�¢«ïîé¨© á®¡®©
®â−®è¥−¨¥ ®¡ê¥¬®¢ −�á«¥¤®¢�−−ëå ¨ ¯ãáâëå ®æ¥−®ª ¯à¨ §�¤�−−®¬ ®¡ê¥¬¥ ¯®«ì-
§®¢�â¥«ìáª¨å ®æ¥−®ª. �¡®á−®¢�−® ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ ¬®¤¥«¨à®¢�−¨ï ¤«ï ¥£®
®¯à¥¤¥«¥−¨ï.

–¥«ì áâ�âì¨ | ®¯à¥¤¥«¥−¨¥ ¤¨−�¬¨ª¨ ¯®ª�§�â¥«ï η(t) ¢ ¯à®æ¥áá¥ à�§¢¨â¨ï á¥-
¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨ �Šˆˆ ¨ ®¯à¥¤¥«¥−¨¥ ¯à¥¤¥«ì−®£® ãà®¢−ï ®æ¥−®ª ρ,
¯à¨ ¯à¥¢ëè¥−¨¨ ª®â®à®£® �¢â®¬�â¨§¨à®¢�−−®¥ ®æ¥−¨¢�−¨¥ −¥æ¥«¥á®®¡à�§−®.

2 Описание подхода

‚ ®á−®¢¥ á¨áâ¥¬ë ®æ¥−®ª O «¥¦�â ®æ¥−ª¨ ¯®«ì§®¢�â¥«¥© ¢¨¤� U = 〈s, d, Id〉,
£¤¥ s | ®æ¥−ª� ¤®áâ®¢¥à−®áâ¨; d | áâ¥¯¥−ì ®¡®á−®¢�−−®áâ¨ ®æ¥−ª¨; Id |
ã−¨ª�«ì−ë© ¨¤¥−â¨ä¨ª�â®à ¯®«ì§®¢�â¥«ï. �®«ì§®¢�â¥«ìáª¨å ®æ¥−®ª U ã ®¤−®£®
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Œ®¤¥«ì äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë �¢â®¬�â¨§¨à®¢�−−®© ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ä�ªâ®¢

®¡ê¥ªâ� ¬®¦¥â ¡ëâì −¥áª®«ìª®. …¤¨−�ï ®æ¥−ª� O ®¡ê¥ªâ� ¨¬¥¥â ¢¨¤ 〈s, d.r〉,
£¤¥ s | áä®à¬¨à®¢�−−�ï á¨áâ¥¬®© ®æ¥−ª� ¤®áâ®¢¥à−®áâ¨; d | áä®à¬¨à®¢�−−�ï
á¨áâ¥¬®© áâ¥¯¥−ì ¥¥ ®¡®á−®¢�−−®áâ¨; r | ãà®¢¥−ì ®æ¥−ª¨, ®¯à¥¤¥«ïîé¨© ¥¥
¬¥áâ® ¢ ¨¥à�àå¨¨. �æ¥−ª� ¬®¦¥â ä®à¬¨à®¢�âìáï ®¤−¨¬ ¨§ á«¥¤ãîé¨å á¯®á®¡®¢:

(1) −�§−�ç¥−−�ï ®æ¥−ª� ä®à¬¨àã¥âáï −� ®á−®¢�−¨¨ ¨¬¥îé¨åáï ¯®«ì§®¢�â¥«ì-
áª¨å ®æ¥−®ª ¤�−−®£® ®¡ê¥ªâ�. “à®¢¥−ì r áä®à¬¨à®¢�−−®© â�ª¨¬ á¯®á®¡®¬
®æ¥−ª¨ áç¨â�¥âáï −�¨¢ëáè¨¬ ¨ ®¡®§−�ç�¥âáï r0;

(2) −�á«¥¤®¢�−−�ï ®æ¥−ª� ä®à¬¨àã¥âáï ¤«ï ®¡ê¥ªâ�, −¥ ¨¬¥îé¥£® ¯®«ì§®¢�â¥«ì-
áª¨å ®æ¥−®ª, −� ®á−®¢�−¨¨ ã¦¥ áä®à¬¨à®¢�−−ëå ®æ¥−®ª ®¡ê¥ªâ®¢, −�¯àï¬ãî
á¢ï§�−−ëå á ¤�−−ë¬. ��á«¥¤®¢�−¨¥ ¯à®¨áå®¤¨â ®â ®¡ê¥ªâ®¢ á −�¨¢ëáè¨¬
ãà®¢−¥¬ rn, ¨ áä®à¬¨à®¢�−−�ï ®æ¥−ª� ¡ã¤¥â ¨¬¥âì ãà®¢¥−ì rn+1 −� ®¤−ã
áâã¯¥−ì −¨¦¥ ãà®¢−ï rn;

(3) ¯ãáâ�ï ®æ¥−ª� 〈0, 0, r∞〉 á á�¬ë¬ −¨§ª¨¬ ãà®¢−¥¬ −�§−�ç�¥âáï ®¡ê¥ªâã
¢ á«ãç�¥ ®âáãâáâ¢¨ï ã −¥£® ¯®«ì§®¢�â¥«ìáª¨å ®æ¥−®ª ¨ á¢ï§�−−ëå ®æ¥−¥−−ëå
®¡ê¥ªâ®¢. „«ï ¯ãáâ®© ®æ¥−ª¨ ¯à¨−¨¬�¥âáï s = 0 ¨ d = 0.

��§−�ç¥−−�ï ®æ¥−ª� O = 〈s, d, r0〉 áª«�¤ë¢�¥âáï ¨§ ¯®«ì§®¢�â¥«ìáª¨å ®æ¥−®ª
{〈si, di, Idi〉|i = 1, . . . , k, k > 0}, §�¤�−−ëå ¤�−−®¬ã ®¡ê¥ªâã k ¯®«ì§®¢�â¥«ï¬¨
¯® á«¥¤ãîé¨¬ ¯à�¢¨«�¬:

s =

∑

sidi
∑

di

; (1)

d =

∑

di(1− |s − si|
γ

k
, γ > 1 . (2)

��á«¥¤®¢�−−�ï ®æ¥−ª� ä®à¬¨àã¥âáï ¯® á«¥¤ãîé¨¬ ¯à�¢¨«�¬: ¯ãáâì M |
¬−®¦¥áâ¢® ®¡ê¥ªâ®¢, −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−−ëå á â¥ªãé¨¬. —¥à¥§ M+ ®¡®§−�-
ç¨¬ ¯®¤¬−®¦¥áâ¢® M á ¬�ªá¨¬�«ì−ë¬ ãà®¢−¥¬ ¨å ®æ¥−®ª. ’®£¤�

s =

∑|M+|

i=1
sidi

∑|M+|

i=1
di

; (3)

d =

∑|M+|

i=1
di(1− |s − si|

γ)

|M |
, γ > 1 . (4)

“à®¢¥−ì ®æ¥−ª¨ r ¡ã¤¥â −� ®¤−ã áâã¯¥−ì −¨¦¥ ãà®¢−ï ®æ¥−ª¨ ®¡ê¥ªâ®¢
¬−®¦¥áâ¢� M+.

„«ï ¯à®¨§¢®«ì−®£® ®¡ê¥ªâ� m á −�á«¥¤ã¥¬®© ¨«¨ ¯ãáâ®© ®æ¥−ª®© ®¯à¥¤¥«¥−�
¨â¥à�æ¨®−−�ï ¯à®æ¥¤ãà� ª®àà¥ªæ¨¨ ®æ¥−ª¨ Kor (m):
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(1) ¢ á®®â¢¥âáâ¢¨¨ á ¯à�¢¨«�¬¨ ä®à¬¨à®¢�−¨ï −�á«¥¤®¢�−−®© ®æ¥−ª¨ [ä®à¬ã-
«ë (3) ¨ (4)] ä®à¬¨àã¥âáï ®æ¥−ª� O(m) = 〈s, d, r〉;

(2) ¤«ï ª�¦¤®£® ®¡ê¥ªâ� mi, −¥¯®áà¥¤áâ¢¥−−® á¢ï§�−−®£® á m ¨ ¨¬¥îé¥£®
ãà®¢¥−ì ®æ¥−ª¨ −¨¦¥ r, ¢ë¯®«−ï¥âáï Kor (mi);

(3) ¯à¨ ¤®áâ¨¦¥−¨¨ ¯à¥¤¥«ì−®£® ãà®¢−ï ®æ¥−ª¨ ρ ¯à®æ¥¤ãà� ¯à¥àë¢�¥âáï, çâ®
¯®§¢®«ï¥â −¥ á®§¤�¢�âì ®æ¥−®ª á §�¢¥¤®¬® −¨§ª®© ¤®áâ®¢¥à−®áâìî.

ˆ§¬¥−¥−¨¥ ®æ¥−®ª ã§«®¢ á¥¬�−â¨ç¥áª®© á¥â¨ ¬®¦¥â ¡ëâì ¨−¨æ¨¨à®¢�−® ¢¢¥-
¤¥−¨¥¬ ¢ á¥âì −®¢®£® ®¡ê¥ªâ� ¨«¨ −�§−�ç¥−¨¥¬ −®¢®© ¯®«ì§®¢�â¥«ìáª®© ®æ¥−ª¨
áãé¥áâ¢ãîé¥¬ã ®¡ê¥ªâã. ‚ ¯¥à¢®¬ á«ãç�¥ −®¢ë© ®¡ê¥ªâ ¨§−�ç�«ì−® ¯®«ãç�¥â
¯ãáâãî ®æ¥−ªã. „�«¥¥ ¤«ï ¢á¥å á¢ï§�−−ëå ®¡ê¥ªâ®¢, ¨¬¥îé¨å −�á«¥¤®¢�−−ë¥
®æ¥−ª¨, ¢ë¯®«−ï¥âáï ¯à®æ¥¤ãà� Kor. ‚® ¢â®à®¬ á«ãç�¥ ¤«ï ®æ¥−¥−−®£® ®¡ê¥ªâ�
ä®à¬¨àã¥âáï −�§−�ç¥−−�ï ®æ¥−ª� ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã«�¬¨ (1) ¨ (2). „�-
«¥¥ ¤«ï ¢á¥å á¢ï§�−−ëå ®¡ê¥ªâ®¢, ¨¬¥îé¨å −�á«¥¤®¢�−−ë¥ ¨ ¯ãáâë¥ ®æ¥−ª¨,
¢ë¯®«−ï¥âáï ¯à®æ¥¤ãà� Kor.

3 Описание модели

„«ï ¨§ãç¥−¨ï ¤¨−�¬¨ª¨ á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨ �Šˆˆ ¡ë«� à�§-
à�¡®â�−� ¨ ®¡®á−®¢�−� ¨¬¨â�æ¨®−−�ï ¬®¤¥«ì [6], ®¯¨à�îé�ïáï −� ¯à¨−æ¨¯ë
£à�ä®¤¨−�¬¨ª¨, ¯®§¢®«ïîé¨¥ áâà®¨âì £à�ä −� ®á−®¢¥ áâà®£® ®¯à¥¤¥«¥−−ëå
¯à�¢¨«, á®®â¢¥âáâ¢ãîé¨å ¯à�ªâ¨ª¥, ¨ −� ¬®¤¥«ì ��à�¡�è¨{�«ì¡¥àâ (�«£®à¨â¬
£¥−¥à�æ¨¨ á«ãç�©−ëå ¡¥§¬�áèâ�¡−ëå á¥â¥©).

ƒà�ä®¤¨−�¬¨ç¥áª¨© ¯®¤å®¤ ª ¨¬¨â�æ¨®−−®¬ã ¬®¤¥«¨à®¢�−¨î ¯à®æ¥áá®¢ à�§-
¢¨â¨ï á¥â¥¢ëå áâàãªâãà [7] §�ª«îç�¥âáï ¢® ¢¢¥¤¥−¨¨ −�¡®à� áâ�−¤�àâ−ëå ®¯¥à�æ¨©
−�¤ £à�ä�¬¨, ®âà�¦�îé¨å ¨§¬¥−¥−¨ï ª®−ä¨£ãà�æ¨¨ à¥�«ì−ëå á¥â¥¢ëå áâàãª-
âãà, ¨ ¯®áâà®¥−¨¨ ª®−¥ç−®£® �¢â®¬�â� âà�−áä®à¬¨à®¢�−¨ï £à�ä®¢ −� §�¤�−−®¬
¢à¥¬¥−−‚®¬ £®à¨§®−â¥. ‘®áâ®ï−¨ï¬ �¢â®¬�â� á®®â¢¥âáâ¢ãîâ ¤¥©áâ¢¨ï, � ¯¥à¥å®¤ë
®¡ãá«®¢«¥−ë á®¡ëâ¨ï¬¨, ®¯¨áë¢�¥¬ë¬¨ ¨−¤¨ª�â®à−ë¬¨ «®£¨ç¥áª¨¬¨ ä®à¬ã«�-
¬¨. ‘®¡ëâ¨ï ®¯à¥¤¥«ïîâáï ¨áâ¥ç¥−¨¥¬ ª®−ªà¥â−®£® ¢à¥¬¥−¨ á ¬®¬¥−â� §�¯ãáª�
¯à¥¤ë¤ãé¥£® ¤¥©áâ¢¨ï ¨ ¢−¥è−¨¬¨ ¢®§¤¥©áâ¢¨ï¬¨ −� á¥â¥¢ãî áâàãªâãàã.

�®áª®«ìªã ¯®áâà®¥−¨¥ ª®−¥ç−®£® �¢â®¬�â� âà�−áä®à¬¨à®¢�−¨ï £à�ä®¢ ¤«ï
à�á¯à¥¤¥«¥−−®© â¥å−®«®£¨¨ �Šˆˆ −¥ ¯à¥¤áâ�¢«ï¥âáï ¢®§¬®¦−ë¬, ¡ë«� ¨á-
¯®«ì§®¢�−� ¤®¯®«−¨â¥«ì−�ï ª®−æ¥¯æ¨ï, ®¯à¥¤¥«ïîé�ï ¢¥à®ïâ−®áâ¨ áâ�−¤�àâ−ëå
¨§¬¥−¥−¨© ¨ á¯®á®¡ë á®¥¤¨−¥−¨ï ¤®¡�¢«ï¥¬ëå ¡«®ª®¢, ®âà�¦�îé�ï −¥à�¢−®-
¬¥à−®áâì â®¯®«®£¨ç¥áª®© áâàãªâãàë á¥â¨, á®®â¢¥âáâ¢ãîé¥© áâàãªâãà¥ á¥¬�−â¨ª¨
¯à¥¤¬¥â−®© ®¡«�áâ¨, ®¡à�§®¬ ª®â®à®© ï¢«ï¥âáï á¥âì. •�à�ªâ¥à íâ®© −¥à�¢−®-
¬¥à−®áâ¨ ®¯à¥¤¥«ï¥âáï â¥¬, çâ® á¥¬�−â¨ç¥áª�ï á¥âì â¥å−®«®£¨¨ �Šˆˆ ¯® á¢®¥©
¯à¨à®¤¥ ®â−®á¨âáï ª ª®£−¨â¨¢−ë¬ á¥âï¬ [8], ª®â®àë¥, ª�ª ¯®ª�§ë¢�îâ ¨áá«¥¤®-
¢�−¨ï [9], ï¢«ïîâáï ¡¥§¬�áèâ�¡−ë¬¨. ’�ª¨¥ á¥â¨ ¨¬¥îâ ¬¥¤«¥−−® á¯�¤�îé¥¥
à�á¯à¥¤¥«¥−¨¥ ã§«®¢ ¯® ç¨á«ã á¢ï§¥©, ¨ ¢ íâ¨å á¥âïå å�¡ë (ã§«ë á ¡®«ìè¨¬
ç¨á«®¬ á¢ï§¥©) á®áâ�¢«ïîâ §�¬¥â−ãî ¤®«î ®â ¢á¥å ã§«®¢. „«ï −¨å å�à�ªâ¥à-
−� �á¨¬¯â®â¨ç¥áª�ï §�¢¨á¨¬®áâì à�á¯à¥¤¥«¥−¨ï ã§«®¢ ¯® ç¨á«ã á¢ï§¥© ¢ ¢¨¤¥
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áâ¥¯¥−−®£® §�ª®−� P (q) ∼ q−γ [10]. „«ï ¬®¤¥«¨à®¢�−¨ï â�ª®© áâàãªâãàë á¥â¨
¡ë«� ¨á¯®«ì§®¢�−� ¬®¤¥«ì ��à�¡�è¨{�«ì¡¥àâ | �«£®à¨â¬ £¥−¥à�æ¨¨ á«ãç�©−ëå
¡¥§¬�áèâ�¡−ëå á¥â¥©. ‚ ®á−®¢ã ¯®áâà®¥−¨ï £à�ä� ��à�¡�è¨{�«ì¡¥àâ ¯®«®¦¥−
¯à¨−æ¨¯ ¯à¥¤¯®çâ¨â¥«ì−®£® ¯à¨á®¥¤¨−¥−¨ï: ç¥¬ ¡®«ìè¥ ¢¥àè¨−� ¨¬¥¥â á¢ï-
§¥©, â¥¬ ¢ëè¥ ¢¥à®ïâ−®áâì ¥¥ ¢ë¡®à� ¤«ï ¯à¨á®¥¤¨−¥−¨ï ª −¥© −®¢®© ¢¥àè¨−ë.
÷¥�«¨áâ¨ç−®áâì ¬®¤¥«¥©, ¯®áâà®¥−−ëå ¯® íâ®¬ã ¯à¨−æ¨¯ã, ¡ë«� ¯à®¢¥à¥−� −�
¯à�ªâ¨ª¥ [11].

„�«¥¥ ¬®¤¥«ì ¡ë«� à�áè¨à¥−� [12, 13] §� áç¥â ¢ª«îç¥−¨ï ¢ −¥¥ ¬¥å�−¨§¬®¢
à¥�«¨§�æ¨¨ à®«¥© ¯®«ì§®¢�â¥«¥© ¨ à�§«¨ç−ëå ä®à¬ ¨å �ªâ¨¢−®áâ¨. Š�ª ¯®ª�§�−®
¢ [13] −� ®á−®¢¥ �−�«¨§� ¯à¨¬¥à®¢ á®®¡é¥áâ¢ á à�§−ë¬¨ ä®à¬�¬¨ �ªâ¨¢−®áâ¨,
à�á¯à¥¤¥«¥−¨¥ ãç�áâ−¨ª®¢ ¯® ä®à¬�¬ �ªâ¨¢−®áâ¨ á®®â¢¥âáâ¢ã¥â ãá¥ç¥−−®¬ã −®à-
¬�«ì−®¬ã §�ª®−ã á ¬®¤®© ¢ ¯¥à¢®© ¯®«®¢¨−¥ ¢á¥£® ¨−â¥à¢�«� ä®à¬ �ªâ¨¢−®áâ¨.
‚ [5] ®¡®á−®¢�−® ®â−¥á¥−¨¥ −�§−�ç¥−¨ï ä�ªâ�¬ ®æ¥−ª¨ ¨å ¤®áâ®¢¥à−®áâ¨ ª âà¥âì¥©,
−�¨¡®«¥¥ à¥¤ª®© ä®à¬¥ �ªâ¨¢−®áâ¨ ¯®«ì§®¢�â¥«¥©. �â®, ¢ ¯à¨−æ¨¯¥, ¯®§¢®«ï¥â
¨á¯®«ì§®¢�âì ¬®¤¥«ì ¤«ï ¨áá«¥¤®¢�−¨ï äã−ªæ¨®−¨à®¢�−¨ï ¬¥å�−¨§¬®¢ �¢â®¬�â¨-
§¨à®¢�−−®© �âà¨¡ãæ¨¨ ä�ªâ®¢ ¯à¨§−�ª®¬ ¤®áâ®¢¥à−®áâ¨, −® ¢ ¥¥ ¬®¤¥«¨ ¤�−−ëå
®âáãâáâ¢ã¥â ¯®¤¤¥à¦ª� áãé−®áâ¥© ú¤®ªã¬¥−âû ¨ ú�¢â®à ¤®ªã¬¥−â�û ¨ ¨å á¢ï§¨
á ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨¬ ä�ªâ®¬.

‘®®â¢¥âáâ¢ãîé�ï ¤®à�¡®âª� ¬®¤¥«¨ ¡ë«� ¢ë¯®«−¥−�. �®¢ë¥ áãé−®áâ¨ ¡ë«¨
¢ª«îç¥−ë ¢ ¬®¤¥«ì ¤�−−ëå, � ¤«ï ¯®áâà®¥−¨ï �«£®à¨â¬� à�¡®âë á −¨¬¨ ¡ë-
«¨ ¯à®�−�«¨§¨à®¢�−ë ¯®¯ã«ïà−ë¥ á¥â¥¢ë¥ ¡¨¡«¨®â¥ª¨ ú�¨¡«¨®â¥ª� Œ®èª®¢�û
¨ ú”«¨¡ãáâ�û. �−�«¨§ ¯®ª�§�«, çâ® ¤®ªã¬¥−âë ¯® ®¡ê¥¬ã ¨ �¢â®àë ¯® ç¨á«ã
¤®ªã¬¥−â®¢ à�á¯à¥¤¥«¥−ë ¢ á®®â¢¥âáâ¢¨¨ á® áâ¥¯¥−−ë¬ §�ª®−®¬ á ¯®ª�§�â¥«¥¬
¢ ¤¨�¯�§®−¥ 2{3, çâ® ¨ á«¥¤®¢�«® ®¦¨¤�âì ¤«ï ª®£−¨â¨¢−ëå ¡¥§¬�áèâ�¡−ëå á¥-
â¥©. ‚ æ¥«ïå ¬®¤¥«¨à®¢�−¨ï ¡ë«® ¯à¨−ïâ® ¤®¯ãé¥−¨¥, çâ® ª®«¨ç¥áâ¢® ä�ªâ®¢
¢ ¤®ªã¬¥−â¥ ¯à¨¬¥à−® ¯à®¯®àæ¨®−�«ì−® ¥£® ®¡ê¥¬ã.

4 Результаты моделирования

�ë«® ¯à®¢¥¤¥−® −¥áª®«ìª® ¯à®£®−®¢ ¬®¤¥«¨ ¤«ï à�§«¨ç−ëå §−�ç¥−¨© ¯à¥-
¤¥«ì−®£® ãà®¢−ï ®æ¥−ª¨ ρ. ’¨¯¨ç−ë¥ à¥§ã«ìâ�âë ¯à¨¢¥¤¥−ë −� à¨á. 1 ¨ 2.

�� à¨á. 1 ¢¨¤−®, çâ® ª®«¨ç¥áâ¢® ã§«®¢ á −�§−�ç¥−−®© ®æ¥−ª®© ¯�¤�¥â,
−¥á¬®âàï −� â® çâ® áª®à®áâì ¤®¡�¢«¥−¨ï ¯®«ì§®¢�â¥«ìáª¨å ®æ¥−®ª ¯®áâ®ï−−�.
�â® ®¡êïá−ï¥âáï â¥¬, çâ® ¢ ¡¥§¬�áèâ�¡−ëå á¥âïå ¢¥à®ïâ−®áâì ¤®¡�¢«¥−¨ï ®æ¥−ª¨
ª ã§«ã, ã¦¥ ¨¬¥îé¥¬ã ®æ¥−ª¨, ¢ëè¥, ç¥¬ ª ã§«ã ¡¥§ ®æ¥−®ª.

ƒà�ä¨ª¨ ª®«¨ç¥áâ¢� ã§«®¢ á −�á«¥¤®¢�−−®© ®æ¥−ª®© ¨, á®®â¢¥âáâ¢¥−−®, −¥-
®æ¥−¥−−ëå ã§«®¢ ¨á¯ëâë¢�îâ §−�ç¨â¥«ì−ë¥ ª®«¥¡�−¨ï. �â® ®¡êïá−ï¥âáï â¥¬,
çâ® ¢ ¡¥§¬�áèâ�¡−ëå á¥âïå å�¡ë (ã§«ë á ¡®«ìè¨¬ ç¨á«®¬ á¢ï§¥©) à¥¤ª¨, −®
á¢ï§�−ë ¯à¨ íâ®¬ á ®£à®¬−ë¬ ç¨á«®¬ ã§«®¢ á¥â¨. ‘®®â¢¥âáâ¢¥−−®, ¤®¡�¢«¥−¨¥
¯®«ì§®¢�â¥«ìáª®© ®æ¥−ª¨ ª ®¡ëç−®¬ã ã§«ã −¥ ¯à¨¢®¤¨â ª §−�ç¨â¥«ì−®¬ã ¨§¬¥−¥-
−¨î ª®«¨ç¥áâ¢� −�á«¥¤®¢�−−ëå ®æ¥−®ª. �® ¤®¡�¢«¥−¨¥ ¯®«ì§®¢�â¥«ìáª®© ®æ¥−ª¨
ª å�¡ã ¯à¨¢®¤¨â ª à¥§ª®¬ã ¨§¬¥−¥−¨î ª®«¨ç¥áâ¢� −�á«¥¤®¢�−−ëå ®æ¥−®ª. ‹¨−¨¨
âà¥−¤� ¯®§¢®«ïîâ ®æ¥−¨âì ®¡éãî â¥−¤¥−æ¨î ¤¨−�¬¨ª¨ ®æ¥−®ª. Š®«¨ç¥áâ¢® ã§«®¢
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

÷¨á. 1 ˆ§¬¥−¥−¨¥ ª®«¨ç¥áâ¢� ã§«®¢ á −�§−�ç¥−−®© ®æ¥−ª®© (1), −�á«¥¤®¢�−−®© ®æ¥−-
ª®© (2) ¨ ¯ãáâ®© ®æ¥−ª®© (3) ¯® ¬¥à¥ à�§¢¨â¨ï á¥¬�−â¨ç¥áª®© á¥â¨

÷¨á. 2 ‘−¨¦¥−¨¥ áâ¥¯¥−¨ ®¡®á−®¢�−−®áâ¨ ®æ¥−ª¨ d ¤«ï −�á«¥¤®¢�−−ëå ®æ¥−®ª: 1 |
d ¬¨−¨¬�«ì−®¥; 2 | d áà¥¤−¥¥

á −�á«¥¤®¢�−−®© ®æ¥−ª®© ¨¬¥¥â â¥−¤¥−æ¨î ª à®áâã, � ª®«¨ç¥áâ¢® −¥®æ¥−¥−−ëå
ã§«®¢ ¯�¤�¥â.

÷¨áã−®ª 2 ¯®ª�§ë¢�¥â ¤¨−�¬¨ªã á−¨¦¥−¨ï áâ¥¯¥−¨ ®¡®á−®¢�−−®áâ¨ d ¤«ï
−�á«¥¤®¢�−−ëå ®æ¥−®ª ¯® ®â−®è¥−¨î ª ¨áå®¤−ë¬ ¯®«ì§®¢�â¥«ìáª¨¬ ®æ¥−ª�¬.
Œ®¤¥«¨à®¢�−¨¥ ¯®ª�§�«®, çâ® ¯à¨ §�¤�−¨¨ ¤«ï ¯®«ì§®¢�â¥«ìáª¨å ®æ¥−®ª áâ¥¯¥−¨
®¡®á−®¢�−−®áâ¨ d ≡ 1,0 ¤«ï à�§«¨ç−ëå §−�ç¥−¨© ρ −¨ ¤«ï ®¤−®£® ã§«� á −�-
á«¥¤®¢�−−®© ®æ¥−ª®© áâ¥¯¥−ì ®¡®á−®¢�−−®áâ¨ −¥ ¯�¤�«� −¨¦¥ 0,61, � áà¥¤−ïï
áâ¥¯¥−ì ®¡®á−®¢�−−®áâ¨ ¤«ï ¢á¥å ã§«®¢ á −�á«¥¤®¢�−−®© ®æ¥−ª®© ãáâ�−®¢¨«�áì
−� ãà®¢−¥ 0,82 ¤«ï ¢á¥£® ¯¥à¨®¤� ¬®¤¥«¨à®¢�−¨ï. �à¨ íâ®¬ ¢−¥ §�¢¨á¨¬®áâ¨ ®â
¢¥«¨ç¨−ë ¯à¥¤¥«ì−®£® ãà®¢−ï ®æ¥−®ª ρ ãà®¢¥−ì ®æ¥−ª¨ r ¢á¥£¤� ®áâ�¢�«áï ¢ ¯à¥-
¤¥«�å 6, � §−�ç¨â, £«ã¡¨−� −�á«¥¤®¢�−¨ï ®¯à¥¤¥«ï¥âáï ¨áª«îç¨â¥«ì−® â®¯®«®£¨¥©
á¥¬�−â¨ç¥áª®© á¥â¨ ¨ ¥¥ ¤®¯®«−¨â¥«ì−®¥ ®£à�−¨ç¥−¨¥ −¥ âà¥¡ã¥âáï.
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÷�áç¥â ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ η, ¯à¥¤áâ�¢«ïîé¥£® á®¡®© ®â−®è¥−¨¥ ®¡ê-
¥¬®¢ −�á«¥¤®¢�−−ëå ¨ ¯ãáâëå ®æ¥−®ª ¯à¨ §�¤�−−®¬ ®¡ê¥¬¥ ¯®«ì§®¢�â¥«ìáª¨å
®æ¥−®ª, ¯®ª�§�«, çâ® η(t) > 5,1713 ¨ ¨¬¥¥â ãáâ®©ç¨¢ãî â¥−¤¥−æ¨î ª à®áâã.

5 Выводы

Œ®¤¥«¨à®¢�−¨¥ ¯®ª�§�«®: −¥á¬®âàï −� â® çâ® ¢ á¥¬�−â¨ç¥áª®© á¥â¨ â®«ìª®
−¥§−�ç¨â¥«ì−®¥ ç¨á«® ä�ªâ®¢ (−¥áª®«ìª® ¯à®æ¥−â®¢) ¡ã¤¥â á−�¡¦¥−® ¯®«ì§®¢�-
â¥«ìáª¨¬¨ ®æ¥−ª�¬¨, ¯à¥¤«®¦¥−−ë© ¬¥å�−¨§¬ ¯®§¢®«¨â �¢â®¬�â¨ç¥áª¨ ®æ¥−¨âì
¡‚®«ìèãî ç�áâì ä�ªâ®¢ ¯à¨ á®åà�−¥−¨¨ ¢ëá®ª®© áâ¥¯¥−¨ ®¡®á−®¢�−−®áâ¨ ®æ¥−®ª.

�ää¥ªâ¨¢−®áâì ¬¥å�−¨§¬� ¢ëá®ª�, ¨ ®£à�−¨ç¥−¨¥ ¯à¥¤¥«ì−®£® ãà®¢−ï ®æ¥−®ª
−¥ âà¥¡ã¥âáï.

�à¥¤«®¦¥−−ë© ¬¥å�−¨§¬ �¢â®¬�â¨§�æ¨¨ ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ä�ªâ®¢ áãé¥-
áâ¢¥−−® ¤®¯®«−ï¥â ¨ à�§¢¨¢�¥â â¥å−®«®£¨î �Šˆˆ, ®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨©
ªàã£ −¥ ï¢«ïîé¨åáï ¯à®ä¥áá¨®−�«ì−ë¬¨ ¨áâ®à¨ª�¬¨ ¨ ¡¨®£à�ä�¬¨ ¯®«ì§®¢�â¥-
«¥©, çâ® ®ç¥−ì �ªâã�«ì−® ¢ á¢ï§¨ á® ¢á¥ ¢®§à�áâ�îé¨¬ ®¡é¥áâ¢¥−−ë¬ ¨−â¥à¥á®¬
ª úç�áâ−®©û, á¥¬¥©−®© ¨áâ®à¨¨.
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Abstract: The article continues the series of works devoted to the technology of
concrete historical research supporting. The technology is based on the principles
of co-creation and crowdsourcing and is designed for a wide range of users which
are not professional historians and biographers. This article is devoted to the
description and rationale of the approach to the modeling of the mechanism
of automated estimating the trustworthiness of processed information which is
included in the technology for its further development. The proposed approach
is to appropriately modify the semantic net model which is based on the concepts
of graphodynamics and the Barabasi{Albert model and the support for user
activity simulation mechanism. Using this model, the experimental tests of the
effectiveness of iterative algorithms for the implementation of a new mechanism
for automated estimating the trustworthiness of concrete-historical information
were carried out and the influence of the iteration depth constraint on the average
trustworthiness of the calculated estimates was generally evaluated.
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ПЕРСОНАЛЬНЫЕ И КОРПОРАТИВНЫЕ ЭЛЕКТРОННЫЕ
БАНКИ В ТЕХНОЛОГИЯХ ТОВАРНО-ДЕНЕЖНОГО

ОБРАЩЕНИЯ

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: �à¥¤áâ�¢«¥−ë ®á−®¢ë ¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï â¥å−®«®-
£¨© â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï ¢ æ¨äà®¢®© áà¥¤¥ (’„�-â¥å−®«®£¨©), à¥�-
«¨§ã¥¬ëå ¯®áà¥¤áâ¢®¬ ¯¥àá®−�«ì−ëå í«¥ªâà®−−ëå ¡�−ª®¢ (���®¢), ¯à¨−�¤-
«¥¦�é¨å ä¨§¨ç¥áª¨¬ «¨æ�¬, ¨ ª®à¯®à�â¨¢−ëå í«¥ªâà®−−ëå ¡�−ª®¢ (Š��®¢),
¢«�¤¥«ìæ�¬¨ ª®â®àëå ¢ëáâã¯�îâ îà¨¤¨ç¥áª¨¥ «¨æ�. �¥àá®−�«ì−ë¥ ¨ ª®à¯®-
à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ ¯à¥¤áâ�¢«ïîâ á®¡®© á¯¥æ¨�«¨§¨à®¢�−−ë¥ á¨áâ¥-
¬ë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, à¥�«¨§ã¥¬ë¥ −� ®á−®¢¥ ¯¥à¥−®á−ëå ª®¬¯ìî-
â¥à−ëå ãáâà®©áâ¢ (á¬�àâä®−®¢, ¯«�−è¥â®¢) ¨ áâ�æ¨®−�à−ëå ª®¬¯ìîâ¥à®¢.
�à¨ª«�¤−®© á¬ëá« ª�¦¤®© ’„�-â¥å−®«®£¨¨ ®¯à¥¤¥«¥− á¨áâ¥¬®© ¯à�¢¨«,
−�¯à�¢«ïîé¨å ¨ ª®−âà®«¨àãîé¨å ¤¥©áâ¢¨ï ãç�áâ−¨ª®¢ ¤®£®¢®à� ® â®¢�à−®-
¤¥−¥¦−®¬ ®¡à�é¥−¨¨ ¢ æ¨äà®¢®© áà¥¤¥ (’„�-¤®£®¢®à�). �à�¢¨«�, à¥�«¨-
§ã¥¬ë¥ ¢ ’„�-â¥å−®«®£¨ïå, ®á−®¢�−ë −� ¯à¥¤¯®«®¦¥−¨¨, çâ® ¢«�¤¥«ìæ�¬
���®¢ ¨ Š��®¢ §�ª®−®¬ ¯à¥¤®áâ�¢«¥−® ¯à�¢® ªà¥¤¨â®¢�−¨ï, à¥�«¨§�æ¨ï ª®-
â®à®£® ª®−âà®«¨àã¥âáï ¡�−ª®¬-à¥£ã«ïâ®à®¬. ’¥å−®«®£¨¨ â®¢�à−®-¤¥−¥¦−®£®
®¡à�é¥−¨ï ¯®§¢®«ïîâ ªà¥¤¨â®à�¬ ¨á¯®«ì§®¢�âì â®«ìª® á®¡áâ¢¥−−ë¥ ¤¥−¥¦−ë¥
áà¥¤áâ¢�. �à�¢¨«� ¨á¯®«−¥−¨ï ª�¦¤®£® ’„�-¤®£®¢®à� ª®−âà®«¨àãîâáï ¯à®-
£à�¬¬−® ¢® ¢§�¨¬®¤¥©áâ¢¨¨ á æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨, ®âá«¥¦¨¢�îé¨¬¨ á®-
¡ëâ¨ï, ®¯à¥¤¥«¥−−ë¥ ¢ ¤®£®¢®à¥. ’¥å−®«®£¨¨ â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï
®à¨¥−â¨à®¢�−ë −� ¯®¢ëè¥−¨¥ íª®−®¬¨ç¥áª®© ¡¥§®¯�á−®áâ¨ á¤¥«®ª ¨ ã¬¥−ìè¥-
−¨¥ ¢«¨ï−¨ï ä�ªâ®à®¢, ¢ë§ë¢�îé¨å á−¨¦¥−¨¥ â®¢�à−®© ¥¬ª®áâ¨ ¤¥−¥£.

Š«îç¥¢ë¥ á«®¢�: â¥å−®«®£¨ï â®¢�à−®-¤¥−¥¦−®£® ®¡à�é¥−¨ï ¢ æ¨äà®¢®©
áà¥¤¥ (’„�-â¥å−®«®£¨ï); ¯¥àá®−�«ì−ë© í«¥ªâà®−−ë© ¡�−ª (���); ª®à¯®à�-
â¨¢−ë© í«¥ªâà®−−ë© ¡�−ª (Š��)
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1 Введение

‚ −ë−¥è−¥© ªà¥¤¨â−®© á¨áâ¥¬¥, ª®−æ¥¯âã�«ì−ë¥ ®á−®¢ë ª®â®à®© ¡ë«¨ ®¯à¥-
¤¥«¥−ë ¢ [1{3], æ¥−âà�«ì−ë© ¡�−ª ¢ë¯®«−ï¥â äã−ªæ¨¨ ªà¥¤¨â®à� ¯®á«¥¤−¥©
¨−áâ�−æ¨¨ ¤«ï ªà¥¤¨â−ëå ®à£�−¨§�æ¨© ¡�−ª®¢áª®£® á¥ªâ®à� (¢ª«îç�îé¥£® ª®¬-
¬¥àç¥áª¨¥, á¡¥à¥£�â¥«ì−ë¥ ¨ ¨¯®â¥ç−ë¥ ¡�−ª¨), áâà�å®¢®£® á¥ªâ®à� (áâà�å®¢ë¥

1ƒ®áã¤�àáâ¢¥−−ë© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ �¢¨�æ¨®−−ëå á¨áâ¥¬,
ilyin@res-plan.com

2‚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
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�. ‚. ˆ«ì¨−, ‚. „. ˆ«ì¨−

ª®¬¯�−¨¨ ¨ ¯¥−á¨®−−ë¥ ä®−¤ë) ¨ á¯¥æ¨�«¨§¨à®¢�−−ëå −¥¡�−ª®¢áª¨å ãçà¥¦-
¤¥−¨©. ��−ª�¬ §�ª®−®¬ (® ¡�−ª�å ¨ ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨1) ¯à¥¤®áâ�¢«¥−®
¨áª«îç¨â¥«ì−®¥ ¯à�¢® ªà¥¤¨â−®© ¤¥ïâ¥«ì−®áâ¨, ¢ ª®â®à®© ¨á¯®«ì§ãîâáï ¤¥−¥¦-
−ë¥ áà¥¤áâ¢� ä¨§¨ç¥áª¨å ¨ îà¨¤¨ç¥áª¨å «¨æ.

‘®¢à¥¬¥−−ë¥ ¡�−ª¨, ¯à®¤®«¦�ï ¯®£®−î §� ¯à¨¡ë«ìî, ã¯®à−® áâà¥¬ïâáï á®-
åà�−¨âì ¢®§¬®¦−®áâì á«�¡® ®£à�−¨ç¥−−®£® à�á¯®àï¦¥−¨ï ¤¥−¥¦−ë¬¨ áà¥¤áâ¢�¬¨
ä¨§¨ç¥áª¨å ¨ îà¨¤¨ç¥áª¨å «¨æ, ¨á¯®«ì§ãï ¨å ¢ ¯à®æ¥áá�å ªà¥¤¨â®¢�−¨ï, â®à-
£®¢«¨ ¢�«îâ®© ¨ ¤àã£®© ¤¥ïâ¥«ì−®áâ¨, ã¬¥−ìè�îé¥© â®¢�à−ãî ¥¬ª®áâì ¤¥−¥£.
�¥á¬®âàï −� áãé¥áâ¢ãîé¨¥ â¥å−®«®£¨ç¥áª¨¥ ¢®§¬®¦−®áâ¨ ®¡¥á¯¥ç¨âì íª®−®-
¬¨ç¥áªãî ¡¥§®¯�á−®áâì ¡�−ª®¢áª¨å ®¯¥à�æ¨©, ¯à®¤®«¦�¥âáï á¯®á®¡áâ¢ãîé¥¥
¡�−ª®¢áª®¬ã ¬®è¥−−¨ç¥áâ¢ã ¢ë¯®«−¥−¨¥ ®¯¥à�æ¨© −�¤ ¡�−ª®¢áª¨¬¨ áç¥â�¬¨ ¡¥§
®¡ï§�â¥«ì−ëå ®−«�©−-¯®¤â¢¥à¦¤¥−¨© ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨©, ¯à¥¤¢�à¨â¥«ì−®
¯®«ãç¥−−ëå ®â ¢«�¤¥«ìæ¥¢ áç¥â®¢ [4, 5]. �® «®£¨ª� ¯à®£à¥áá¨àãîé¥© æ¨äà®-
¢¨§�æ¨¨ à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ −¥®â¢à�â¨¬® ¯à¨¡«¨¦�¥â ¤−¨, ª®£¤�
¯à¨¢ëç−®© áâ�−¥â ã¢¥«¨ç¨¢�îé�ï íª®−®¬¨ç¥áªãî ¡¥§®¯�á−®áâì á¤¥«®ª â¥å−®-
«®£¨ï −�§−�ç¥−−ëå ¯«�â¥¦¥© [6], � á¬�àâä®−ë ¨ ¯«�−è¥âë á® á¯¥æ¨�«ì−ë¬
¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬ ¡ã¤ãâ ¢ë¯®«−ïâì à®«ì ¯¥àá®−�«ì−ëå í«¥ªâà®−−ëå
¡�−ª®¢ (¢¯¥à¢ë¥ ¯à¥¤«®¦¥−−ëå ¢ [7, á. 126]), ¨ ª®à¯®à�â¨¢−ëå í«¥ªâà®−−ëå
¡�−ª®¢ [4, 5].

‡�¯¨áì ä®à¬ã« ¨ ¢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¥ª-
áâ®¢ëå ¬®¤¥«¥©2.

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

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

1‡�ª®− ÷” ú� ¡�−ª�å ¨ ¡�−ª®¢áª®© ¤¥ïâ¥«ì−®áâ¨û. https://cbr.ru/content/document/¦le/
36339/law banks.pdf.

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.
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�¥àá®−�«ì−ë¥ ¨ ª®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ ¢ ’„�-â¥å−®«®£¨ïå

♦ Œ�â¥à¨�« áâ�âì¨ �¤à¥á®¢�− ¯à¥¦¤¥ ¢á¥£® §�−¨¬�îé¨¬áï ¬¥â®¤®«®£¨ç¥áª¨¬
®¡¥á¯¥ç¥−¨¥¬ à�§à�¡®â®ª ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© æ¨äà®¢®© íª®−®¬¨ª¨ [8{
12]. ♦

2 Основы методологического обеспечения технологий
товарно-денежного обращения в цифровой среде

÷�áá¬�âà¨¢�¥¬ë¥ §¤¥áì ’„�-â¥å−®«®£¨¨ ¯à¥¤áâ�¢«¥−ë â¥å−®«®£¨¥© −�§−�-
ç¥−−ëå ¯«�â¥¦¥© ¢ áà¥¤¥ æ¨äà®¢ëå ¤¢®©−¨ª®¢ [6], â¥å−®«®£¨¥© ¯«�â¥¦−®£®
ªà¥¤¨â®¢�−¨ï ¨ â¥å−®«®£¨¥© â®¢�à−®£® ªà¥¤¨â®¢�−¨ï.

’¥å−®«®£¨¨ ªà¥¤¨â®¢�−¨ï à�ááç¨â�−ë −� ªà¥¤¨â−ë¥ ®â−®è¥−¨ï ¤¢ãå ¢¨¤®¢:
§�ª�§ç¨ª ªà¥¤¨âã¥â ¯®áâ�¢é¨ª� â®¢�à� (¯«�â¥¦−ë© ªà¥¤¨â) ¨ ¯®áâ�¢é¨ª â®-
¢�à� ªà¥¤¨âã¥â §�ª�§ç¨ª� (â®¢�à−ë© ªà¥¤¨â). ’¥å−®«®£¨¨ â®¢�à−ëå ªà¥¤¨â®¢
®á−®¢�−ë −� â¥å−®«®£¨¨ í«¥ªâà®−−®© ¤®«£®¢®© â®à£®¢«¨ [13].

�«�â¥¦−ë¥ áà¥¤áâ¢�, ¯à¥¤®áâ�¢«ï¥¬ë¥ ¢ ªà¥¤¨â, ¬®£ãâ ¡ëâì «î¡ë¬¨ [¨§
á¯¨áª� ¤®¯ãáâ¨¬ëå ¢ ªà¥¤¨â−ëå ®â−®è¥−¨ïå ª®−ªà¥â−®£® â¨¯� (© í«¥ªâà®−−ë¥
à®áá¨©áª¨¥ àã¡«¨, í«¥ªâà®−−ë¥ î�−¨ ¨ ¤à. ©)]. ♦ �¡ï§�â¥«ì−ë¬ âà¥¡®¢�-
−¨¥¬ ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ¯«�â¥¦−ëå áà¥¤áâ¢, ¯à¨−�¤«¥¦�é¨å ªà¥¤¨â®àã
(á®¡áâ¢¥−−ëå ¯«�â¥¦−ëå áà¥¤áâ¢). ♦

’®¢�àë, ¯à®¤�¢�¥¬ë¥ ¢ ¤®«£, â®¦¥ ¬®£ãâ ¡ëâì «î¡ë¬¨ [¨§ á¯¨áª� ¤®¯ãá-
â¨¬ëå ¢ ªà¥¤¨â−ëå ®â−®è¥−¨ïå ª®−ªà¥â−®£® â¨¯� (© âà�−á¯®àâ−ë¥ áà¥¤áâ¢�,
®¡à�§®¢�â¥«ì−ë¥ ãá«ã£¨ ¨ ¤à. ©)].

♦ “ç�áâ−¨ª¨ ’„�-á¤¥«ª¨ (’„�-ãç�áâ−¨ª¨) | ¢«�¤¥«ìæë ���®¢ ¨/¨«¨
Š��®¢, −�¤¥«¥−−ë¥ ¯à�¢®¬ á®¢¥àè�âì ’„�-á¤¥«ª¨. ♦

�à®£à�¬¬−ë¥ áà¥¤áâ¢� ’„�-â¥å−®«®£¨© ¢å®¤ïâ ¢ á®áâ�¢ ¯à®£à�¬¬−®£® ®¡¥á-
¯¥ç¥−¨ï −®à¬�«¨§®¢�−−®£® ¡�−ª¨−£� (�� ��), ï¤à®¬ ª®â®à®£® ï¢«ï¥âáï á¯¥-
æ¨�«ì−�ï á¨áâ¥¬� ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ª®â®à�ï ¯®áà¥¤áâ¢®¬ æ¨äà®¢ëå
¤¢®©−¨ª®¢ (�−£«. digital twins) [14] ®âá«¥¦¨¢�¥â á®¡ëâ¨ï, ®¯à¥¤¥«¥−−ë¥ ¢ ’„�-
¤®£®¢®à¥. �à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ −®à¬�«¨§®¢�−−®£® ¡�−ª¨−£� ãáâ�−®¢«¥−® −�
����å ¨ Š���å ãç�áâ−¨ª®¢ ¤®£®¢®à� ¨ −� ª®¬¯ìîâ¥à�å ¡�−ª®¢-¯à®¢�©¤¥à®¢,
ª®â®àë¥ ®¡á«ã¦¨¢�îâ ãç�áâ−¨ª®¢ ’„�-á¤¥«®ª.

2.1 Договор о товарно-денежном обращении в цифровой среде

‚ à¥�«¨§�æ¨¨ ’„�-¤®£®¢®à | íâ® ¨−â¥««¥ªâã�«ì−�ï á¨áâ¥¬�, á®¤¥à¦�é�ï
®¯¨á�−¨¥ ’„�-á¤¥«ª¨ ¨ ¯à�¢¨«� ¥¥ ¨á¯®«−¥−¨ï ’„�-ãç�áâ−¨ª�¬¨. ‚ ¯à®æ¥áá¥
ª®−âà®«ï ¨á¯®«−¥−¨ï ¤®£®¢®à� á¨áâ¥¬� ®¡¬¥−¨¢�¥âáï ¤�−−ë¬¨ á á®§¤�−−ë¬¨ ¥î
®¡ãç�¥¬ë¬¨ æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨, ®âá«¥¦¨¢�îé¨¬¨ á®¡ëâ¨ï, ®¯à¥¤¥«¥−−ë¥
¢ ’„�-¤®£®¢®à¥. ‘à¥¤¨ ®¯æ¨®−�«ì−ëå äã−ªæ¨© á¨áâ¥¬ë | á¨âã�æ¨®−−®¥
¯«�−¨à®¢�−¨¥ à�áå®¤®¢ [15] ¢ å®¤¥ ¢ë¯®«−¥−¨ï á¤¥«®ª.

”®à¬�«ì−® ¯à�¢¨«® | íâ® ¢ëà�¦¥−¨¥ ®¤−®£® ¨§ ¤¢ãå ¢¨¤®¢: «¨¡® D1 → D2,
«¨¡® D → I. ‡¤¥áì D, D1 ¨ D2 | ®¯¨á�−¨ï ¯à®¨§¢®«ì−ëå á®¡ëâ¨©, ¯à¨−�¤-
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«¥¦�é¨å ¬−®¦¥áâ¢ã ª®−âà®«¨àã¥¬ëå á®¡ëâ¨©, ®¯à¥¤¥«¥−−ëå ¢ ’„�-¤®£®¢®à¥,
� I | ¨−áâàãªæ¨ï, ®¯à¥¤¥«ïîé�ï ¤¥©áâ¢¨ï ¢ á«ãç�¥ −�áâã¯«¥−¨ï á®¡ëâ¨ï D.

2.2 Представление имущественных статусов участников ТДО-сделки

� ‘¨áâ¥¬� ¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ ãç�áâ−¨ª®¢ á¤¥«ª¨ (ˆ‘-á¨áâ¥¬�) |
íâ® á¨áâ¥¬� æ¨äà®¢®£® ¯à¥¤áâ�¢«¥−¨ï ¤¥−¥¦−®© ¨ −¥¤¥−¥¦−®© á®áâ�¢«ïîé¨å
¨¬ãé¥áâ¢¥−−ëå áâ�âãá®¢ ãç�áâ−¨ª®¢ ’„�-á¤¥«ª¨. „¥−¥¦−�ï á®áâ�¢«ïîé�ï
¢ëà�¦¥−� §−�ç¥−¨ï¬¨ áã¬¬ ¢ à�§¤¥«�å ¯®«¨¢�«îâ−ëå áç¥â®¢ ãç�áâ−¨ª®¢ á¤¥«®ª
(ˆ‘-áç¥â®¢). �¥¤¥−¥¦−�ï | í«¥ªâà®−−ë¬¨ ¤®ªã¬¥−â�¬¨, ¯®¤â¢¥à¦¤�îé¨¬¨
¯à�¢® á®¡áâ¢¥−−®áâ¨ −� −¥¤¢¨¦¨¬®áâì, âà�−á¯®àâ ¨ ¤àã£®¥ ¨¬ãé¥áâ¢® (ª®â®à®¥
¯à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¦¥â à�áá¬�âà¨¢�âìáï ¨ ª�ª §�«®£®¢®¥). �

ˆ‘-áç¥â. � ˆ‘-áç¥â | ã−¨ª�«ì−ë© ¯®«¨¢�«îâ−ë© áç¥â, à�§¬¥é¥−−ë©
¢ ���¥ ä¨§¨ç¥áª®£® «¨æ� ¨«¨ Š��¥ îà¨¤¨ç¥áª®£® «¨æ�. �à¥¤áâ�¢«ï¥â á®¡®©
ã−¨ä¨æ¨à®¢�−−ë© í«¥ªâà®−−ë© ¤®ªã¬¥−â, á®áâ®ïé¨© ¨§ ¢�«îâ−ëå ç�áâ¥© [4,
5]. � ♦ �à®£à�¬¬−® à¥�«¨§ã¥¬ë¥ §�¯¨á¨ ¢ ä�©«�å ˆ‘-áç¥â®¢ ¨¬¥îâ ¯à�¢®
¨−¨æ¨¨à®¢�âì â®«ìª® ¢«�¤¥«ìæë ˆ‘-áç¥â®¢, á®¢¥àè�îé¨¥ á¤¥«ªã ♦. ‡�¯à®áë
−� ®¡á«ã¦¨¢�−¨¥ á¤¥«ª¨ (ã¤®áâ®¢¥à¥−¨¥ á®áâ®ï−¨ï ˆ‘-áç¥â� ¨ á®åà�−¥−¨¥ ®¡-
−®¢«¥−−®© ª®¯¨¨ ˆ‘-áç¥â�) ¯®«ãç�îâ ¡�−ª¨-¯à®¢�©¤¥àë (á¬. ¯®¤à�§¤. 2.3),
á¥à¢¨á�¬¨ ª®â®àëå ¯®«ì§ãîâáï á®¢¥àè�îé¨¥ á¤¥«ªã.

�ªá¨®¬� ¤®¯ãáâ¨¬®áâ¨ ®¯¥à�æ¨¨ −�¤ ˆ‘-áç¥â®¬. � �¨ª�ª®¥ ¨§¬¥−¥−¨¥
á®áâ®ï−¨ï ˆ‘-áç¥â� −¥ ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥−® ¡¥§ ¤®ªã¬¥−â¨àã¥¬®£®
§�è¨äà®¢�−−®£® ¯®¤â¢¥à¦¤¥−¨ï ¢«�¤¥«ìæ� ˆ‘-áç¥â�1. �

2.3 Банки в реализации договоров о товарно-денежном обращении
в цифровой среде

„«ï à¥�«¨§�æ¨¨ ’„�-¤®£®¢®à®¢ ¯à¨¬¥−ïîâáï ���ë, Š��ë, ¡�−ª¨-¯à®-
¢�©¤¥àë ¨ ¡�−ª-à¥£ã«ïâ®à (æ¥−âà�«ì−ë© ¡�−ª).

�à¥¤¯®«�£�¥âáï, çâ® ¡�−ª-à¥£ã«ïâ®à à�á¯®«�£�¥â á¥âìî á¥à¢¥à®¢, à�§¬¥é¥−-
−ëå −� â¥àà¨â®à¨¨ áâà�−ë, ¯®¤ îà¨á¤¨ªæ¨¥© ª®â®à®© −�å®¤¨âáï íª®−®¬¨ç¥áª�ï
á¨áâ¥¬�. ��−ª¨-¯à®¢�©¤¥àë | ¯à¥¤¯à¨ïâ¨ï, ãçà¥¦¤¥−−ë¥ îà¨¤¨ç¥áª¨¬¨ «¨-
æ�¬¨ (¨«¨ ®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å «¨æ, ®¡ê¥¤¨−¥−¨ï¬¨ ä¨§¨ç¥áª¨å «¨æ,
®¡ê¥¤¨−¥−¨ï¬¨ îà¨¤¨ç¥áª¨å ¨ ä¨§¨ç¥áª¨å «¨æ), §�−¨¬�îé¨¬¨áï ¯à®¨§¢®¤áâ¢®¬
â®¢�à®¢ /̈̈ «¨ ¨å à¥�«¨§�æ¨¥©. ��−ª-¯à®¢�©¤¥à à�á¯®«�£�¥â ®¡ê¥¤¨−¥−−ë¬¨
¢ á¥âì á¥à¢¥à�¬¨, ¯à¥¤−�§−�ç¥−−ë¬¨ ¤«ï ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢ ®â ���®¢
¨ Š��®¢ ª«¨¥−â®¢ ¨ ¢§�¨¬®¤¥©áâ¢¨ï á á¥à¢¥à�¬¨ ¡�−ª�-à¥£ã«ïâ®à�.

�¥àá®−�«ì−ë¥ ¨ ª®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨. Š�ª ¯à�¢¨«®, íâ®
¤®áâ�â®ç−® ¯à®¨§¢®¤¨â¥«ì−ë¥ ¯¥à¥−®á−ë¥ ª®¬¯ìîâ¥à−ë¥ ãáâà®©áâ¢� (© ¯«�−-
è¥âë, á¬�àâä®−ë ©), −�¤¥«¥−−ë¥ −�¤¥¦−® §�é¨é¥−−ë¬¨ ª®¬¬ã−¨ª�æ¨®−−ë¬¨
áà¥¤áâ¢�¬¨. ‚ ����å ¨ Š���å ¢ §�è¨äà®¢�−−®© ä®à¬¥ åà�−ïâáï ®à¨£¨−�«ë
ˆ‘-áç¥â®¢ ¨ ’„�-¤®£®¢®àë.

1�â� �ªá¨®¬� −�àãè�¥âáï −ë−¥è−¨¬¨ ¡�−ª�¬¨.
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�¥àá®−�«ì−ë¥ ¨ ª®à¯®à�â¨¢−ë¥ í«¥ªâà®−−ë¥ ¡�−ª¨ ¢ ’„�-â¥å−®«®£¨ïå

2.4 Платежное и товарное кредитование с помощью персональных
и корпоративных электронных банков

� �«�â¥¦−®¥ ªà¥¤¨â®¢�−¨¥ | ¯à®£à�¬¬−® ª®−âà®«¨àã¥¬�ï ç�áâ¨ç−�ï ¨«¨
¯®«−�ï ¯à¥¤®¯«�â� §�ª�§�−−ëå â®¢�à®¢ (© ®¡®àã¤®¢�−¨ï, ®¡à�§®¢�â¥«ì−ëå ãá«ã£
¨ ¤à. ©), ¯à�¢¨«� à¥�«¨§�æ¨¨ ª®â®à®© ¦¥áâª® á¢ï§�−ë á ¯à�¢¨«�¬¨ ¨á¯®«−¥−¨ï
§�ª�§�. ƒà�ä¨ª ¯¥à¥ç¨á«¥−¨ï ¯«�â¥¦−®£® ªà¥¤¨â� á®¤¥à¦¨âáï ¢ ’„�-¤®£®¢®à¥
¨ ª®−âà®«¨àã¥âáï ¢ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨ ¤®£®¢®à�. �

� ’®¢�à−®¥ ªà¥¤¨â®¢�−¨¥ | ¯à®£à�¬¬−® ª®−âà®«¨àã¥¬�ï ¯®áâ�¢ª� §�ª�§�−-
−ëå â®¢�à®¢ á ç�áâ¨ç−®© ¨«¨ ¯®«−®© ®âáà®çª®© ®¯«�âë, ¯à�¢¨«� à¥�«¨§�æ¨¨
ª®â®à®© ¦¥áâª® á¢ï§�−ë á ¯à�¢¨«�¬¨ ¯®áâ�¢ª¨. � �á−®¢�−® −� â¥å−®«®£¨¨ í«¥ª-
âà®−−®© ¤®«£®¢®© â®à£®¢«¨ [13]. �¡¥á¯¥ç¨¢�¥â ®ä®à¬«¥−¨¥ ®âáà®ç¥−−®© ç�áâ¨
®¯«�âë â®¢�à� ª�ª ¤®«£� ¯®ªã¯�â¥«ï (§�ª�§ç¨ª�) ¯à®¤�¢æã (¯®áâ�¢é¨ªã), ¨¬¥-
îé¥¬ã Š�� ¨«¨ ���. �¥®¯«�ç¥−−�ï ç�áâì áâ®¨¬®áâ¨ â®¢�à� ®ä®à¬«ï¥âáï ª�ª
¤®«£, £à�ä¨ª ¢ë¯«�âë ª®â®à®£® ä¨ªá¨àã¥âáï ¢ ’„�-¤®£®¢®à¥ (£¤¥ ãª�§ë¢�îâáï
èâà�ä−ë¥ á�−ªæ¨¨ §� −�àãè¥−¨¥ £à�ä¨ª� ¢ë¯«�â ¤®«£� ¨ −¥−�¤«¥¦�é¥¥ ª�ç¥áâ¢®
¯à®¤�−−®£® (¯®áâ�¢«¥−−®£®) â®¢�à�).

�à¨¬¥−¨â¥«ì−® ª ¤®«£�¬, ®¡à�§®¢�¢è¨¬áï ¢ à¥§ã«ìâ�â¥ ¯à®¤�¦¨ (¯®áâ�¢ª¨)
àï¤� â®¢�à®¢, ¬®£ãâ ¤¥©áâ¢®¢�âì ¯à�¢¨«� ¤®áà®ç−®£® ¢®§¢à�â� ¤®«£®¢ ¯à®¤�¢æ�¬
(¯®áâ�¢é¨ª�¬) ¨§ áà¥¤áâ¢ ¡�−ª�-à¥£ã«ïâ®à�. „¥«�¥âáï íâ® ¯® §�¯à®á�¬ ªà¥¤¨â®à®¢
¢ ¤®«£®¢®© ®â¤¥« ¡�−ª�-à¥£ã«ïâ®à�, −�¯à�¢«ï¥¬ëå á ¨á¯®«ì§®¢�−¨¥¬ ®−«�©−-
á¥à¢¨á�. �à¨ ¯®«®¦¨â¥«ì−®¬ à¥è¥−¨¨ −� ˆ‘-áç¥â ªà¥¤¨â®à� ¯¥à¥¢®¤¨âáï
áã¬¬� ¤®«£� (¯®«−®áâìî ¨«¨ ç�áâ¨ç−®), � ¯®á«¥ íâ®£® ¯®ªã¯�â¥«ì (§�ª�§ç¨ª)
¢ë¯«�ç¨¢�¥â íâã áã¬¬ã −¥ ¯®áâ�¢é¨ªã, � ¤®«£®¢®¬ã ®â¤¥«ã ¡�−ª�-à¥£ã«ïâ®-
à� [13]. ‚®§¬®¦−®áâì â�ª®© áå¥¬ë ¢®§¢à�â� ¤®«£� ãª�§ë¢�¥âáï ¢ ’„�-¤®£®-
¢®à¥.

2.5 Технология товарно-денежного обращения долговой денежной эмиссии

� „¥−¥¦−�ï í¬¨áá¨ï ¢ë¯®«−ï¥âáï ¡�−ª®¬-à¥£ã«ïâ®à®¬ â®«ìª® â®£¤�, ª®£¤�
áã¬¬� ¤®«£®¢, ¢®§¢à�é¥−−ëå ¤®«£®¢®¬ã ®â¤¥«ã, ¬¥−ìè¥ ®ç¥à¥¤−®© ¤®«£®¢®©
áã¬¬ë, §�¯à®è¥−−®© ¤«ï ¢®§¢à�â� ¯®áâ�¢é¨ªã-ªà¥¤¨â®àã. �¬¨â¨àã¥¬�ï áã¬-
¬� à�¢−� à�§−®áâ¨ §�¯à®è¥−−®© ¤®«£®¢®© áã¬¬ë ¨ áã¬¬ë −� áç¥âã ¤®«£®¢®£®
®â¤¥«� [13]. �

3 Заключение

1. �� á®¢à¥¬¥−−®¬ íâ�¯¥ à�§¢¨â¨ï ’„� ¢ æ¨äà®¢®© áà¥¤¥ §−�ç¨â¥«ì−�ï à®«ì
¯à¨−�¤«¥¦¨â ¯¥à¥¤®¢®© â¥å−®«®£¨¨ −�§−�ç¥−−ëå ¯«�â¥¦¥© [6] ¨ â¥å−®«®-
£¨ï¬ ¯«�â¥¦−®£® ¨ â®¢�à−®£® ªà¥¤¨â�, à¥�«¨§ã¥¬ë¬ ¯®áà¥¤áâ¢®¬ ���®¢
¨ Š��®¢. �â¨ â¥å−®«®£¨¨ ®¡¥á¯¥ç¨¢�îâ ¢ëá®ª¨© ãà®¢¥−ì íª®−®¬¨ç¥áª®©
¡¥§®¯�á−®áâ¨ ¨ à¥�«¨§ã¥¬®áâ¨ á¤¥«®ª ¢ á®®â¢¥âáâ¢¨¨ á ’„�-¤®£®¢®à�¬¨.
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2. �®áª®«ìªã â¥å−®«®£¨¨ ¯«�â¥¦−®£® ¨ â®¢�à−®£® ªà¥¤¨â� ¯®§¢®«ïîâ ªà¥¤¨-
â®à�¬, ¨¬¥îé¨¬ ���ë ¨/¨«¨ Š��ë, ¨á¯®«ì§®¢�âì â®«ìª® á®¡áâ¢¥−−ë¥
áà¥¤áâ¢�, à¥�«¨§�æ¨ï íâ¨å â¥å−®«®£¨© −¥ á¢ï§�−� á ã¬¥−ìè¥−¨¥¬ â®¢�à−®©
¥¬ª®áâ¨ ¤¥−¥£ [4, 5].

3. „®«£®¢�ï ¤¥−¥¦−�ï í¬¨áá¨ï á«ã¦¨â áà¥¤áâ¢®¬ à¥£ã«¨à®¢�−¨ï ®¡é¥© áã¬¬ë
¤¥−¥£ ¢ íª®−®¬¨ç¥áª®© á¨áâ¥¬¥ [5, 6,13].

4. ‚ à¥�«¨§�æ¨¨ ®¡áã¦¤�¥¬ëå ¢ áâ�âì¥ â¥å−®«®£¨© ���ë ¨ Š��ë à�áá¬�âà¨-
¢�îâáï ª�ª á¨áâ¥¬ë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, −�¤¥«¥−−ë¥ á¯®á®¡−®áâìî
®¡ãç�âìáï ¢ ¯à®æ¥áá�å ¢ë¯®«−¥−¨ï ’„�-¤®£®¢®à®¢. „�−−ë¥ ® ª®−âà®«¨àã-
¥¬ëå á®¡ëâ¨ïå, ®¯¨á�−−ëå ¢ ¤®£®¢®à�å, ¯®áâ�¢«ïîâ æ¨äà®¢ë¥ ¤¢®©−¨ª¨.
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Abstract: The review presents the basics of methodological support for tech-
nologies of commodity-money circulation in the digital environment (CMC-
technologies) implemented by means of personal e-banks (PEBs) owned by
individuals and corporate e-banks (CEBs) owned by legal entities. Personal and
corporate e-banks are the specialized artificial intelligence systems implemented
on the basis of portable computer devices (smartphones, tablets) and station-
ary computers. The applied meaning of each CMC-technology is defined by
a system of rules that direct and control actions of the parties to the contract
on commodity-money circulation in the digital environment (CMC-agreement).
The rules implemented in ‘M‘-technologies are based on the assumption that
the owners of PEBs and ‘EBs are granted the right to credit by law, the imple-
mentation of which is controlled by the bank-regulator. The CMC-technologies
allow the lenders to use only their own funds. The rules for execution of each
CMC-agreement are controlled by software interacting with the digital twins
that track events defined in the agreement. The CMC-technologies are aimed at
improving the economic security of deals and reducing the influence of factors
causing a decrease in the commodity capacity of money.

Keywords: technology of commodity-money circulation in the digital envi-
ronment; personal e-bank; corporate e-bank; contract on commodity-money
circulation in the digital environment
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ИСТОРИЯ. ПАМЯТНЫЕ ДАТЫ. СОБЫТИЯ

“ ˆ‘’�Š�‚ ÷�‘‘ˆ‰‘Š�‰ ˆ�”�÷Œ�’ˆŠˆ

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨−
(12.04.1935{08.09.1999)

„�−−ë© ®ç¥àª ¯®á¢ïé¥− 85-«¥â−¥¬ã î¡¨«¥î �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−�, ¢ë¤�-
îé¥£®áï ãç¥−®£® ¢ ®¡«�áâ¨ â¥«¥ª®¬¬ã−¨ª�æ¨©, ¨−ä®à¬�â¨ª¨ ¨ ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨©. ÷�áá¬®âà¥−ë ®á−®¢−ë¥ −�ãç−ë¥ ¨ ¯à�ªâ¨ç¥áª¨¥ à¥§ã«ìâ�âë, ¯®-
«ãç¥−−ë¥ ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨−� −� ¯à®âï¦¥−¨¨ 40 «¥â âàã¤®¢®©
¤¥ïâ¥«ì−®áâ¨: 30 «¥â ¢ �ˆˆ �¢â®¬�â¨ç¥áª®© �¯¯�à�âãàë ¨ 10 «¥â ¤¨à¥ªâ®à®¬
ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷��. �®ª�§�−� à®«ì ˆ. �. Œ¨§¨−� ¢ ®¡®á−®-
¢�−¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¤«ï á®§¤�−¨ï ¨ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå
á¥â¥© ¢ ¨−â¥à¥á�å ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ á ãç¥â®¬ âà¥¡®¢�−¨© ¯® §�é¨â¥
¨−ä®à¬�æ¨¨.

1 Введение

„¢¥−�¤æ�â®£® �¯à¥«ï 2020 £. ¨á¯®«−¨«®áì 85 «¥â á® ¤−ï à®¦¤¥−¨ï ¢ë¤�-
îé¥£®áï á®¢¥âáª®£® ¨ à®áá¨©áª®£® ãç¥−®£® �ª�¤¥¬¨ª� ÷�� ˆ. �. Œ¨§¨−�. �−
ãè¥« ¨§ ¦¨§−¨ ¢ ¢®§à�áâ¥ ¢á¥£® 64 «¥â, −® ¢−¥á ®£à®¬−ë© ¢ª«�¤ ª�ª ¢ â¥®à¨î
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®â¥ç¥áâ¢¥−−ëå ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬, â�ª ¨ ¢ ¯à�ªâ¨ªã
¨å à�§à�¡®âª¨ ¨ ¢−¥¤à¥−¨ï.

‚ 1952 £. ˆ. �. Œ¨§¨− ¯®áâã¯¨« ¢ ‚®¥−−®-¢®§¤ãè−ãî �ª�¤¥¬¨î ¨¬¥−¨
�. …. †ãª®¢áª®£®, ¯®á«¥ ®ª®−ç�−¨ï ª®â®à®© ¢ â¥ç¥−¨¥ 30 «¥â (1959{1989) âàã-
¤¨«áï ¢ �ˆˆ �¢â®¬�â¨ç¥áª®© �¯¯�à�âãàë (−ë−¥ | �� �ˆˆ �� ¨¬. �ª�¤¥¬¨ª�
‚. ‘. ‘¥¬¥−¨å¨−�). �®á«¥¤®¢�â¥«ì−® ¯à®è¥« áâã¯¥−¨ ª�àì¥à−®£® à®áâ� ®â ¨−-
¦¥−¥à� ¤® −�ç�«ì−¨ª� −�ãç−®-â¥¬�â¨ç¥áª®£® æ¥−âà� á¨áâ¥¬ ¯¥à¥¤�ç¨ ¤�−−ëå |
§�¬¥áâ¨â¥«ï ¤¨à¥ªâ®à� ¯® −�ãç−®© à�¡®â¥ [1]. ‚ 1966 £. §�é¨â¨« ª�−¤¨¤�âáªãî,
� ¢ 1972 £. | ¤®ªâ®àáªãî ¤¨áá¥àâ�æ¨î ¯® ¯à®¡«¥¬�â¨ª¥ ¨−ä®à¬�æ¨®−−ëå á¥â¥©
â¥àà¨â®à¨�«ì−ëå �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï. ‚ 1984 £. ¨§¡à�−
ç«¥−®¬-ª®àà¥á¯®−¤¥−â®¬ �� ‘‘‘÷, ¢ 1997 £.| �ª�¤¥¬¨ª®¬ ÷��.

�� ¯à®âï¦¥−¨¨ ¯®á«¥¤−¨å 10 «¥â ¦¨§−¨ (1989{1999) ˆ. �. Œ¨§¨− | ¤¨à¥ª-
â®à ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷�� (ˆ�ˆ ÷��), £¥−¥à�«ì−ë© ª®−áâàãª-
â®à à�¡®â ¯® ¬®¤¥à−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå á¥â¥© ®à£�−®¢ £®áã¤�àáâ¢¥−−®©
¢«�áâ¨, £¥−¥à�«ì−ë© ª®−áâàãªâ®à �‘“ ‚®®àã¦¥−−ëå ‘¨« ÷”.

ˆ. �. Œ¨§¨− | �¢â®à ¡®«¥¥ 190 −�ãç−ëå à�¡®â, ¢ â®¬ ç¨á«¥ 12 ¬®−®£à�ä¨©
¨ 12 ¨§®¡à¥â¥−¨©. ��ãç−ë¥ à�¡®âë ˆ. �. Œ¨§¨−� ®â«¨ç�«¨áì á®ç¥â�−¨¥¬
�ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï ¬�â¥¬�â¨ç¥áª®£® �¯¯�à�â� á ¨−¦¥−¥à−®© ¨−âã¨æ¨¥©
¨ ¯à�ªâ¨ç¥áª®© −�¯à�¢«¥−−®áâìî. ��¨¡®«¥¥ ¨§¢¥áâ−ë¬¨ à�¡®â�¬¨ ï¢«ïîâ-
áï [2{9].

2 Создатель системы обмена данными

‚ ¯¥à¢ë¥ £®¤ë ¢ �ˆˆ �� ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− §�−¨¬�«áï ¨á-
á«¥¤®¢�−¨ï¬¨ ¨ à�§à�¡®âª®© ª®¬¯«¥ªá®¢ ¯®¢ëè¥−¨ï ¤®áâ®¢¥à−®áâ¨ ¯¥à¥¤�ç¨
¨−ä®à¬�æ¨¨ ¯® ª�−�«�¬ á¢ï§¨ à�§«¨ç−®© ä¨§¨ç¥áª®© ¯à¨à®¤ë ¤«ï �‘“ à�§−®£®
−�§−�ç¥−¨ï [10,11]. ‚ 1967 £., ª®£¤� �ˆˆ ��, ª®â®àë© ¢®§£«�¢«ï« ‚. ‘. ‘¥¬¥-
−¨å¨− (á 1972 £. �ª�¤¥¬¨ª �� ‘‘‘÷), ¡ë« ®¯à¥¤¥«¥− £®«®¢−®© ®à£�−¨§�æ¨¥© ¯®
á®§¤�−¨î �¢â®¬�â¨§¨à®¢�−−®© ª®¬�−¤−®© á¨áâ¥¬ë ¡®¥¢®£® ã¯à�¢«¥−¨ï (Š‘�“),
¬®«®¤®© ¨−¦¥−¥à ˆ. �. Œ¨§¨− −�§−�ç�¥âáï £«�¢−ë¬ ª®−áâàãªâ®à®¬ á¨áâ¥¬ë
®¡¬¥−� ¤�−−ë¬¨ (‘�„) [10, 12]. �á®¡¥−−®áâì íâ®© à�§à�¡®âª¨ §�ª«îç�«�áì
¢ −¥®¡å®¤¨¬®áâ¨ ®¡¥á¯¥ç¥−¨ï ®ç¥−ì ¢ëá®ª¨å ¢¥à®ïâ−®áâ−®-¢à¥¬¥−−‚ëå å�à�ªâ¥-
à¨áâ¨ª ¤®¢¥¤¥−¨ï ¨−ä®à¬�æ¨¨ ¤® ®¡ê¥ªâ®¢, à�á¯à¥¤¥«¥−−ëå ¯® â¥àà¨â®à¨¨ ¢á¥©
áâà�−ë. ƒ¥−¥à�«ì−ë¬ ª®−áâàãªâ®à®¬ ‚. ‘. ‘¥¬¥−¨å¨−ë¬ á®¢¬¥áâ−® á ˆ. �. Œ¨-
§¨−ë¬ ¡ë«® ®¡®á−®¢�−® à¥è¥−¨¥ á®§¤�¢�âì ‘�„ −� ®á−®¢¥ ¬¥â®¤� ª®¬¬ãâ�æ¨¨
á®®¡é¥−¨© [2, 10{12]. ’�ª®¥ à¥è¥−¨¥ ¢ ¤�«ì−¥©è¥¬ ¯®«−®áâìî á¥¡ï ®¯à�¢¤�«®,
â�ª ª�ª ¯®§¢®«¨«® á®§¤�âì ‘�„ ª�ª ¡�§®¢ãî á¨áâ¥¬ã ¤«ï ¨−â¥£à�æ¨¨ ¬−®£¨å
�¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ï (�‘“) ¢®¥−−®£® −�§−�ç¥−¨ï −� ¥¤¨−ëå
¯à¨−æ¨¯�å.

ˆ. �. Œ¨§¨− á®¢¬¥áâ−® á ‹. ‘. “à¨−á®−®¬ ¨ ƒ. Š. •à�¬¥è¨−ë¬ ®¡®á−®-
¢�« ¯à¨−æ¨¯¨�«ì−® −®¢ë¥ â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ¯® ¯®áâà®¥−¨î ‘�„ −� ®á−®-
¢¥ æ¥−âà®¢ ª®¬¬ãâ�æ¨¨ á®®¡é¥−¨© (–Š‘), à�§¬¥é�¥¬ëå ¯® ¢á¥© â¥àà¨â®à¨¨
‘‘‘÷ [2, 4, 5]. „«ï ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ç¥à¥§ ‘�„ á âà¥¡ã¥¬ë¬¨ å�à�ªâ¥-
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�«¨¦�©è¨¥ á®à�â−¨ª¨ ƒ«�¢−®£® ª®−áâàãªâ®à� ˆ. �. Œ¨§¨−�, 1977 £.: á¨¤ïâ |
ƒ. Š. •à�¬¥è¨−, �. Ÿ. Œ�âîå¨−, ˆ. �. Œ¨§¨−, ˜. ˜. —¨¯�è¢¨«¨, �. „. —¥¡®â�à¥¢;
áâ®ïâ | ‘. ‚. ��§�à®¢, ‘. Š. Œãà�¢ì¥¢, ‘. ˆ. Š®−®−®¢, ‚. �. �¥à¥§¨−, �. ‚. ’�¬®-
è¨−áª¨©

à¨áâ¨ª�¬¨ ¡ë«� à�§à�¡®â�−� ¥¤¨−�ï á¨áâ¥¬� ¯à®â®ª®«®¢ ®¡¬¥−� ¤�−−ë¬¨ (…‘-
�ˆ�). �â� à�§à�¡®âª� −� −¥áª®«ìª® «¥â ®¯¥à¥¤¨«� ¨§¢¥áâ−ë¥ à¥ª®¬¥−¤�æ¨¨ ¯®
�àå¨â¥ªâãà¥ ®âªàëâëå ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬, ª®â®àë¥ ¯®ï¢¨«¨áì ¢ 1980-¥ ££.:
ISO/OSI, SNA (IBM), DEC ¨ ¤à. [5].

÷¥è¥−¨ï, ¯®«®¦¥−−ë¥ ¢ ®á−®¢ã ¯®áâà®¥−¨ï ‘�„, ®ª�§�«¨áì íää¥ªâ¨¢−ë¬¨
¨ ¯¥àá¯¥ªâ¨¢−ë¬¨, ®¡¥á¯¥ç¨¢è¨¬¨ ¢®§¬®¦−®áâì ¥¥ í¢®«îæ¨®−−®£® à�§¢¨â¨ï
¨ ¯à¥¢à�é¥−¨ï ¢ ¯®á«¥¤ãîé¥¬ ¢ ¡�§®¢ãî ‘�„ ¤«ï �‘“ ‚®®àã¦¥−−ëå ‘¨«,
¢ª«îç�ï �‘“ ¢¨¤®¢ ¨ à®¤®¢ ¢®©áª.

‚ ¯à®æ¥áá¥ á®§¤�−¨ï ‘�„ ª®««¥ªâ¨¢, ¢®§£«�¢«ï¥¬ë© ˆ£®à¥¬ �«¥ªá�−¤à®-
¢¨ç¥¬ Œ¨§¨−ë¬, à�¡®â�« ¢ â¥á−®¬ ª®−â�ªâ¥ á è¨à®ª®© ª®®¯¥à�æ¨¥© ¯à¥¤¯à¨ïâ¨©
(��� úŠà�á−�ï §�àïû (£. ‹¥−¨−£à�¤), �ˆˆ‘‘“ (£. Œ®áª¢�), �ˆˆ �¢â®¬�â¨ª¨
(£. Œ®áª¢�), …à¥¢�−áª¨© �ˆˆ ¬�â¥¬�â¨ç¥áª¨å ¬�è¨−, �¥−§¥−áª¨© �ˆˆ�ˆ,
’�¬¡®¢áª¨© §�¢®¤ ú’�¬¡®¢�¯¯�à�âû, ÷ï§�−áª¨© §�¢®¤ úŠà�á−®¥ §−�¬ïû, ƒ®àì-
ª®¢áª¨© �ˆˆ÷‘, Š� ‡�¢®¤� ú‘¨£−�«û (£. Š¨è¨−¥¢), �«¥ªâà®¬¥å�−¨ç¥áª¨©
§�¢®¤ (£. ‘¢¥à¤«®¢áª), ¬®−â�¦−ë¥ ¯à¥¤¯à¨ïâ¨ï úŠ�áª�¤û ¨ ¤à. [10]).

‚ á¢®¥© à�¡®â¥ ˆ. �. Œ¨§¨− ¨ ¥£® ª®««¥ªâ¨¢ ¯®áâ®ï−−® ¨ ª®−áâàãªâ¨¢−®
¢§�¨¬®¤¥©áâ¢®¢�«¨ á ƒ¥−¥à�«ì−ë¬ §�ª�§ç¨ª®¬ �‘“ (−�ç�«ì−¨ª á¢ï§¨ | ¬�àè�«
�. ˆ. �¥«®¢) ¨ á £®«®¢−ë¬¨ ¢®¥−−ë¬¨ �ˆˆ, ¯à¥¦¤¥ ¢á¥£® á 16 –�ˆˆˆ á¢ï§¨
¨ 27 –�ˆˆ [10,12{15].

‘®§¤�−−�ï ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨−� á¨áâ¥¬� áâ�«� ªàã¯−ë¬ −�ãç−®-
â¥å−¨ç¥áª¨¬ ¤®áâ¨¦¥−¨¥¬ ®â¥ç¥áâ¢¥−−®© á¨áâ¥¬®â¥å−¨ª¨. �−� ¡®«¥¥ ç¥â¢¥àâ¨
¢¥ª� ãá¯¥è−® ¢ë¯®«−ï«� §�¤�ç¨ ¯® ¨−ä®à¬�æ¨®−−®¬ã ®¡¬¥−ã ¢ ¨−â¥à¥á�å á®â¥−
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‚ ¤¥−ì 50-«¥â−¥£® î¡¨«¥ï á ¤àã§ìï¬¨ ¨ á®à�â−¨ª�¬¨, 12 �¯à¥«ï 1985 £.

â¥àà¨â®à¨�«ì−® ã¤�«¥−−ëå ®¡ê¥ªâ®¢ �‘“ [10]. ‡� íâã à�§à�¡®âªã ˆ. �. Œ¨§¨−
ª�ª £«�¢−ë© ª®−áâàãªâ®à ¢ 1981 £. ¡ë« ã¤®áâ®¥− ‹¥−¨−áª®© ¯à¥¬¨¨ ‘‘‘÷, � àï¤
¥£® á®âàã¤−¨ª®¢ | ƒ®áã¤�àáâ¢¥−−®© ¯à¥¬¨¨ ‘‘‘÷ ¨ ¯à�¢¨â¥«ìáâ¢¥−−ëå −�£à�¤.

3 Информационные технологии для создания крупных
телекоммуникационных сетей

„�¦¥ ¢ ¯¥à¨®¤ ¨−â¥−á¨¢−®© à�¡®âë −�¤ á®§¤�−¨¥¬ ‘�„ ˆ. �. Œ¨§¨− áâà¥-
¬¨«áï ¢ ª�ª®©-â® ¬¥à¥ ¢«¨ïâì ¨ −� à�§¢¨â¨¥ ®¡é¥£®áã¤�àáâ¢¥−−®© á¥â¨ ¯¥à¥¤�ç¨
¤�−−ëå [3,6]. �¤−�ª® ãá«®¢¨ï ¤«ï −�¨¡®«¥¥ ¯®«−®£® ¯à®ï¢«¥−¨ï è¨à®âë á¢®¥£®
−�ãç−®£® ªàã£®§®à�, á¨áâ¥¬−®£® ¢¨¤¥−¨ï, £«ã¡®ª¨å §−�−¨© ¨ ®£à®¬−®£® −�ª®¯-
«¥−−®£® ®¯ëâ� ˆ. �. Œ¨§¨− ¯®«ãç¨« ¢ ª®−æ¥ 1980-å ££., ª®£¤� áâ�« ¤¨à¥ªâ®à®¬
ˆ�ˆ ÷��. �− ã¤¥«ï« ®£à®¬−®¥ ¢−¨¬�−¨¥ ¨áá«¥¤®¢�−¨ï¬, −�¯à�¢«¥−−ë¬ −�
¨§ëáª�−¨¥ −�¨¡®«¥¥ à�æ¨®−�«ì−ëå á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© ¯® �¤�¯â�æ¨¨
§�àã¡¥¦−ëå â¥å−®«®£¨© ª à®áá¨©áª¨¬ ãá«®¢¨ï¬.

Š −�¨¡®«¥¥ §−�ç¨¬ë¬ ¤®áâ¨¦¥−¨ï¬ ¢ íâ®© ®¡«�áâ¨ á«¥¤ã¥â ®â−¥áâ¨ [1,6{9,16]
à�§¢¨â¨¥ â¥®à¥â¨ç¥áª¨å ®á−®¢ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®-
«®£¨©, à�§à�¡®âªã àï¤� â¥å−®«®£¨© ¤«ï ªàã¯−®¬�áèâ�¡−ëå ¨−ä®à¬�æ¨®−−®-
¢ëç¨á«¨â¥«ì−ëå á¥â¥©, á®§¤�−¨¥ ª®¬¯«¥ªá� ¡�§®¢ëå �¯¯�à�â−®-¯à®£à�¬¬−ëå
ª®¬¯«¥ªá®¢. ‘à¥¤¨ −¨å á«¥¤ã¥â −�§¢�âì:
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{ ®¡®á−®¢�−¨¥ ®á−®¢−ëå íâ�¯®¢ à�§¢¨â¨ï â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©
(¤®ª«�¤ −� II Œ¥¦¤ã−�à®¤−®¬ ª®−£à¥áá¥ ā�…‘Š� ú�¡à�§®¢�−¨¥ ¨ ¨−ä®à-
¬�â¨ª�û ¢ 1996 £.);

{ ®¡®á−®¢�−¨¥ ª®¬¯«¥ªá� à�¡®â ¯® à¥�«¨§�æ¨¨ ªàã¯−®¬�áèâ�¡−ëå ®¡é¥£®áã-
¤�àáâ¢¥−−ëå ¨ à¥£¨®−�«ì−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå ¯à®¥ªâ®¢;

{ à�§à�¡®âªã ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬;

{ ¯®áâ�−®¢ªã §�¤�ç ¯® ®¯¨á�−¨î ª«�áá� ªàã¯−®¬�áèâ�¡−ëå â¥«¥ª®¬¬ã−¨ª�æ¨-
®−−ëå á¨áâ¥¬ ¤¢®©−®£® ¯à¨¬¥−¥−¨ï ®¡é¥−�æ¨®−�«ì−®£® ¬�áèâ�¡�, á®¢¬¥é�-
îé¨å äã−ªæ¨¨ á¯¥æ¨�«ì−ëå á¨áâ¥¬ ¨ á¨áâ¥¬ ®¡é¥£® ¯®«ì§®¢�−¨ï [8,9,17].

ˆ£®àì �«¥ªá�−¤à®¢¨ç ¬−®£® á¤¥«�« ¤«ï ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ¯®«ãç¥−-
−ëå −�ãç−ëå à¥§ã«ìâ�â®¢. ’�ª, ¢ −�ç�«¥ 1990-å ££. á¯¥æ¨�«¨áâ�¬¨ ˆ�ˆ ÷��
¯®¤ ¥£® àãª®¢®¤áâ¢®¬ ¡ë«� à�§à�¡®â�−� ¨ ¢¢¥¤¥−� ¢ ¤¥©áâ¢¨¥ à¥£¨®−�«ì−�ï á¥âì
¯¥à¥¤�ç¨ ¤�−−ëå ¢ ¨−â¥à¥á�å �¤¬¨−¨áâà�æ¨¨ �áª®¢áª®© ®¡«�áâ¨ [18]. ‚ íâ®â
¯¥à¨®¤ ˆ. �. Œ¨§¨− �ªâ¨¢−® á®âàã¤−¨ç�« ¢ ®¡«�áâ¨ â¥«¥ª®¬¬ã−¨ª�æ¨© á ¢¥¤ã-
é¨¬¨ −�ãç−ë¬¨ ®à£�−¨§�æ¨ï¬¨: Œ’“‘ˆ (‚. ‚. ˜�å£¨«ì¤ï−), –�ˆˆ‘ Œ‘
(‹. …. ‚�à�ª¨−), �ˆˆ à�¤¨® (ā. �. ‡ã¡�à¥¢) ¨ ¤à.

4 Генеральный конструктор комплекса работ по созданию
информационных систем органов государственной власти

�� −�ç�«® 1990-å ££. ¯à¨è¥«áï ¯¥à¥«®¬-

ƒ¥−¥à�«-¬�©®à ˆ. �. Œ¨§¨−

−ë© ¬®¬¥−â ¢ áâ�−®¢«¥−¨¨ ¨ ¨á¯®«ì§®¢�−¨¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ÷®áá¨¨ ¢ à�§-
«¨ç−ëå áä¥à�å: ¯à®¬ëè«¥−−®áâ¨, −�ãª¥, ®¡-
à�§®¢�−¨¨, � â�ª¦¥ ¢ £®áã¤�àáâ¢¥−−®¬ ã¯à�¢-
«¥−¨¨. ‚ á¥−âï¡à¥ 1994 £. ãª�§®¬ �à¥§¨¤¥−â�
÷” ¡ë«� ¯®áâ�¢«¥−� �ªâã�«ì−�ï §�¤�ç� ¬®-
¤¥à−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ¨ â¥«¥ª®¬¬ã-
−¨ª�æ¨®−−ëå á¨áâ¥¬ ®à£�−®¢ £®áã¤�àáâ¢¥−-
−®© ¢«�áâ¨ −� ¡�§¥ á®¢à¥¬¥−−ëå ¤®áâ¨¦¥−¨©.
�â¨¬ ¦¥ ãª�§®¬ ˆ. �. Œ¨§¨− ¡ë« −�§−�ç¥−
£¥−¥à�«ì−ë¬ ª®−áâàãªâ®à®¬, � ˆ�ˆ ÷��
®¯à¥¤¥«¥− £®«®¢−®© ®à£�−¨§�æ¨¥© [15,16].

‚ ¯à®æ¥áá¥ íâ®© à�¡®âë ¡ë«¨ áä®à¬ã«¨-
à®¢�−ë äã−¤�¬¥−â�«ì−ë¥ ¯à¨−æ¨¯ë �¢â®¬�-
â¨§�æ¨¨ ¯à®æ¥áá®¢ £®áã¤�àáâ¢¥−−®£® ã¯à�¢-
«¥−¨ï, à�§à�¡®â�−ë á¨áâ¥¬−®-â¥å−¨ç¥áª¨¥
à¥è¥−¨ï ¯®áâà®¥−¨ï �¢â®¬�â¨§¨à®¢�−−ëå
á¨áâ¥¬, ª®â®àë¥ ¤®«£®¥ ¢à¥¬ï ®áâ�îâáï ª�-
â¥£®à¨ï¬¨ ¯¥à¢®£® ¢ë¡®à� ¤«ï ¬−®£¨å à�§à�-
¡®âç¨ª®¢ ¢ −�è¥© áâà�−¥.
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�¥à¥§¨− ‚. �., Š®è¥«¥¢ ā. Œ., Œ¨§¨− ˆ. �. ¨ ‡�æ�à¨−−ë© �. �., 1996 £.

�®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨−� ª®««¥ªâ¨¢®¬ ˆ�ˆ ÷�� á®¢¬¥áâ−®
á ”��‘ˆ, ”‘� ÷®áá¨¨ ¨ Œ¨−®¡®à®−ë ÷” ¡ë«¨ à�§à�¡®â�−ë ¬¥â®¤¨ç¥áª¨¥
¯®¤å®¤ë ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ¯® §�é¨â¥ ¨−ä®à¬�æ¨¨, á®¤¥à¦�é¥©
£®áã¤�àáâ¢¥−−ãî â�©−ã, ¢ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬�å. �â¨ à¥è¥−¨ï ¯à¨¬¥−ï-
îâáï ¯à¨ á®§¤�−¨¨ á¨áâ¥¬ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨ ¤«ï ®à£�−®¢ £®áã¤�àáâ¢¥−−®©
¢«�áâ¨ ¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï.

5 Заключение

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ¯®áâ®ï−−® ¢¥« ®£à®¬−ãî −�ãç−®-®à£�−¨§�æ¨-
®−−ãî à�¡®âã: ¯à¥¤á¥¤�â¥«ì á¥ªæ¨¨ ú’¥®à¨ï ¯¥à¥¤�ç¨ ¨ ®¡à�¡®âª¨ ¨−ä®à¬�-
æ¨¨û ��ãç−®£® á®¢¥â� ¯® ª®¬¯«¥ªá−®© ¯à®¡«¥¬¥ úŠ¨¡¥à−¥â¨ª�û �� ‘‘‘÷,
ç«¥− ª®¬¨áá¨¨ ¯® ¢ëç¨á«¨â¥«ì−ë¬ æ¥−âà�¬ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï ¨ á¥-
âï¬ �‚Œ ¯à¨ �à¥§¨¤¨ã¬¥ �� ‘‘‘÷, ¯à¥¤á¥¤�â¥«ì ��ãç−®£® á®¢¥â� ÷�� ¯®
¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ë¬ á¥âï¬, ç«¥− ¯à¥§¨¤¨ã¬� −�ãç−®-â¥å−¨ç¥áª®£®
á®¢¥â� ¯® ¯à®£à�¬¬¥ úˆ−ä®à¬�â¨§�æ¨ï ÷®áá¨¨û, ç«¥− Š®®à¤¨−�æ¨®−−®£® á®¢¥â�
¯® ¨−ä®à¬�â¨§�æ¨¨ ¯à¨ �¤¬¨−¨áâà�æ¨¨ �à¥§¨¤¥−â� ÷”, ç«¥− −�ãç−ëå á®¢¥â®¢
¯à¨ ‘®¢¥â¥ �¥§®¯�á−®áâ¨ ÷”, ‘®¢¥â¥ ®¡®à®−ë ÷”, Œ¨−íª®−®¬¨ª¨ ÷”, ç«¥−
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¯à¥§¨¤¨ã¬� �’‘ ¯à¨ ¯à�¢¨â¥«ìáâ¢¥ £. Œ®áª¢ë, £«�¢−ë© à¥¤�ªâ®à ¥¦¥£®¤−¨ª�
ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û.

‘ 1996 £. ˆ. �. Œ¨§¨− �ªâ¨¢−® à�¡®â�« ¢ ¡îà® �â¤¥«¥−¨ï ¨−ä®à¬�â¨ª¨,
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ �¢â®¬�â¨§�æ¨¨ ÷��.

ˆ. �. Œ¨§¨− ¡ë« §�¢¥¤ãîé¨¬ ¡�§®¢ë¬¨ ª�ä¥¤à�¬¨ ¢ Œˆ÷�� ¨ ¢ Œ’“‘ˆ,
¯à¥¤á¥¤�â¥«¥¬ ¤¢ãå á¯¥æ¨�«¨§¨à®¢�−−ëå ¤¨áá¥àâ�æ¨®−−ëå á®¢¥â®¢. �®¤£®â®¢¨«
§−�ç¨â¥«ì−®¥ ç¨á«® ª�−¤¨¤�â®¢ ¨ ¤®ªâ®à®¢ â¥å−¨ç¥áª¨å −�ãª.

�®á«¥ ¯à¨å®¤� ¢ ˆ�ˆ ÷�� ˆ. �. Œ¨§¨− ãáâ�−®¢¨« ¨ ¯®¤¤¥à¦¨¢�« �ªâ¨¢-
−ë¥ ª®−â�ªâë á §�àã¡¥¦−ë¬¨ ª®««¥£�¬¨, ¯®«ãç¨« ¬¥¦¤ã−�à®¤−ãî ¨§¢¥áâ−®áâì
¨ á−¨áª�« £«ã¡®ª®¥ ã¢�¦¥−¨¥ ¢ −�ãç−ëå ªàã£�å ‘˜�, ƒ¥à¬�−¨¨, ˆâ�«¨¨, áâà�−
ā£®-‚®áâ®ç−®© �§¨¨.

��ãç−�ï, −�ãç−®-®à£�−¨§�æ¨®−−�ï ¨ ¯¥¤�£®£¨ç¥áª�ï ¤¥ïâ¥«ì−®áâì ˆ. �. Œ¨-
§¨−� ¡ë«� ¯® ¤®áâ®¨−áâ¢ã ®æ¥−¥−� −�è¥© ÷®¤¨−®©. ‹�ãà¥�â ‹¥−¨−áª®© ¨ ƒ®áã-
¤�àáâ¢¥−−®© ¯à¥¬¨©, −�£à�¦¤¥− ®à¤¥−®¬ ’àã¤®¢®£® Šà�á−®£® ‡−�¬¥−¨, ®à¤¥−®¬
ú‡� §�á«ã£¨ ¯¥à¥¤ �â¥ç¥áâ¢®¬û 4 áâ¥¯¥−¨, ¬−®£¨¬¨ ¬¥¤�«ï¬¨.

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ã¬¥à ¢ à�áæ¢¥â¥ â¢®àç¥áª¨å á¨« 8 á¥−âï¡àï
1999 £. ¯®á«¥ âï¦¥«®© ¡®«¥§−¨. Š®««¥£¨ ¨ ãç¥−¨ª¨ ˆ. �. Œ¨§¨−� ¯à®¤®«¦�îâ
−�ç�âë¥ ¨¬ à�¡®âë, à¥�«¨§ãï ¨ à�§¢¨¢�ï ¥£® −�ãç−ë¥ ¨¤¥¨ ¢ ¨−áâ¨âãâ�å ÷��, −�
¯à¥¤¯à¨ïâ¨ïå ¯à®¬ëè«¥−−®áâ¨ ¨ ¢ ¢¥¤ãé¨å ¢ã§�å.
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‚®¤®«�¦¥−ª® �−�â®«¨© �−¤à¥¥¢¨ç (à. 1943) | á®âàã¤−¨ª Œ®áª®¢áª®£® ¨−áâ¨-
âãâ� í«¥ªâà®−¨ª¨ ¨ ¬�â¥¬�â¨ª¨ ¨¬¥−¨ �. �. ’¨å®−®¢� ��æ¨®−�«ì−®£® ¨áá«¥¤®-
¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û

‚®«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®−ç�à®¢ �«¥ªá�−¤à �−�â®«ì¥¢¨ç (à. 1994) | ¬«�¤è¨© −�ãç−ë© á®âàã¤-
−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

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

„ã«¨− ‘¥à£¥© Š®−áâ�−â¨−®¢¨ç (à. 1950) | ¤®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

„ãà−®¢® �«¥ªá�−¤à �¤à¨�−®¢¨ç (à. 1949) | ¢¥¤ãé¨© ¯à®£à�¬¬¨áâ ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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„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
…£®à®¢ ‚«�¤¨¬¨à �®à¨á®¢¨ç (à. 1948) | 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
…£®à®¢� �−−� āàì¥¢−� (à. 1991) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‡�å�à®¢ ‚¨ªâ®à �¨ª®«�¥¢¨ç (à. 1948) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¤®æ¥−â, ãç¥-
−ë© á¥ªà¥â�àì ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‡�æ�à¨−−ë© �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1951) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
§�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª (”ˆ– ˆ“ ÷��), £«�¢−ë© −�ãç−ë©
á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”ˆ– ˆ“ ÷��
‡�æ¬�− ˆ£®àì Œ®¨á¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ˆ«ì¨− �«¥ªá�−¤à ‚«�¤¨¬¨à®¢¨ç (à. 1975) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ã-
é¨© −�ãç−ë© á®âàã¤−¨ª ƒ®áã¤�àáâ¢¥−−®£® −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ�
�¢¨�æ¨®−−ëå á¨áâ¥¬
ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª
ˆ®−¥−ª®¢ āà¨© ‘¥à£¥¥¢¨ç (à. 1956) | 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
Š�¡�−®¢ �àâ¥¬ ‘¥à£¥¥¢¨ç (à. 1979) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤®æ¥−â
Œ®áª®¢áª®£® ¨−áâ¨âãâ� í«¥ªâà®−¨ª¨ ¨ ¬�â¥¬�â¨ª¨ ¨¬¥−¨ �. �. ’¨å®−®¢� ��æ¨-
®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â� ú‚ëáè�ï èª®«� íª®−®¬¨ª¨û
Š®¢�«ñ¢ „¬¨âà¨© āàì¥¢¨ç (à. 1988) | −�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
Š®−®¢�«®¢ ƒà¨£®à¨© Œ¨å�©«®¢¨ç (à. 1980) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, §�¬¥áâ¨â¥«ì àãª®¢®¤¨â¥«ï ¯à®¥ªâ� ¯® ª�ç¥áâ¢ã —�áâ−®£® ãçà¥¦¤¥−¨ï
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ƒ®áã¤�àáâ¢¥−−®© ª®à¯®à�æ¨¨ ¯® �â®¬−®© í−¥à£¨¨ ú÷®á�â®¬û ú�à®¥ªâ−ë© æ¥−âà
ˆ’�÷û

Š®á�à¨ª ‚�«¥à¨© ‚�«¥−â¨−®¢¨ç (à. 1970) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‹¨áâ®¯�¤ ‘¥à£¥© ‚¨ªâ®à®¢¨ç (à. 1984) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ì-
áª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª 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¨è¨− „¬¨âà¨© �«¥ªá�−¤à®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

�ãà¨¥¢ ‚¨â�«¨© �«¥ªá�−¤à®¢¨ç (à. 1980) | ª�−¤¨¤�â ä¨«®«®£¨ç¥áª¨å −�ãª,
áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª

�«¥å�−®¢ ‹¥®−¨¤ �¥âà®¢¨ç (à. 1943) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

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

‘¥−ç¨«® ‚«�¤¨¬¨à ‚¨ªâ®à®¢¨ç (à. 1963) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘®ª®«®¢ ˆ£®àì �−�â®«ì¥¢¨ç (à. 1954) | �ª�¤¥¬¨ª ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¤¨à¥ªâ®à ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª

‘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, àãª®-
¢®¤¨â¥«ì ®â¤¥«�, ¢¥¤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 ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª
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‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
’�à�á®¢ …¢£¥−¨© �«¥ªá�−¤à®¢¨ç (à. 1987) | ¯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
’¨¬®−¨−� …«¥−� …¢£¥−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
’¨à¨ª®¢ …£®à Œ¨å�©«®¢¨ç (à. 1996) | áâã¤¥−â ¬�£¨áâà�âãàë ä�ªã«ìâ¥â� ¢ë-
ç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥à-
á¨â¥â� ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�
”¨«¨¬®−®¢ �¨ª¨â� Œ�ªá¨¬®¢¨ç (à. 1998) | áâã¤¥−â ˆ−áâ¨âãâ� ¨−ä®à¬�æ¨®−-
−ëå ¨ ¢ëç¨á«¨â¥«ì−ëå â¥å−®«®£¨© ��æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ�
úŒ®áª®¢áª¨© í−¥à£¥â¨ç¥áª¨© ¨−áâ¨âãâû
˜�−¨− ˆ¢�− �−¤à¥¥¢¨ç (à. 1991) | ¬«�¤è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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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/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:
(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |

−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.
(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-

«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.
‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".
�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":
�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. 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 (‘âà¨£¨−� ‘¢¥â«�−� �¨ª®«�¥¢−�)
http://www.ipiran.ru/journal/collected
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:
Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."
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