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О РОЛИ АКАДЕМИКА И. А. МИЗИНА
В РАЗВИТИИ ИНФОРМАЦИОННЫХ ТЕХНОЛОГИЙ

И ИХ ПРИМЕНЕНИИ В ГОСУДАРСТВЕННЫХ ИНТЕРЕСАХ:
К 90-ЛЕТИЮ СО ДНЯ РОЖДЕНИЯ

И. А. Соколов1, А. А. Зацаринный2, В. Н. Захаров3, К. К. Колин4

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� 90-«¥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¥ ¨¬ −� ¯à®âï¦¥−¨¨ 40 «¥â �ªâ¨¢−®© â¢®àç¥áª®© ¤¥ï-
â¥«ì−®áâ¨. ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ª�ª £«�¢−ë© ª®−áâàãªâ®à ®¡¥á¯¥ç¨«
¢ë¯®«−¥−¨¥ ª®««¥ªâ¨¢®¬ �ˆˆ �¢â®¬�â¨ç¥áª®© �¯¯�à�âãàë ª®¬¯«¥ªá� à�¡®â
¯® à�§à�¡®âª¥ ¨ ¢−¥¤à¥−¨î ¯¥à¢®© ®â¥ç¥áâ¢¥−−®© â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥-
«¥−−®© á¨áâ¥¬ë ®¡¬¥−� ¤�−−ë¬¨ (‘�„) á ¯�ª¥â−®© ª®¬¬ãâ�æ¨¥© ¢ ¨−â¥à¥á�å
�¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï (�‘“) áâà�â¥£¨ç¥áª®£® −�§−�ç¥−¨ï.
�®¤ ¥£® àãª®¢®¤áâ¢®¬ −�ãç−ë¥ ª®««¥ªâ¨¢ë ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨
(ˆ�ˆ) ÷�� ®¡®á−®¢�«¨ ¢ë¡®à ¨−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¨¨. �®ª�§�− ¢ª«�¤ ˆ. �. Œ¨-
§¨−� ¢ áâ�−®¢«¥−¨¥ ¨ à�§¢¨â¨¥ à®áá¨©áª®£® ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�. �−
¢¥« �ªâ¨¢−ãî −�ãç−®-®à£�−¨§�æ¨®−−ãî à�¡®âã, ¡ë« ç«¥−®¬ ¡îà® �â¤¥«¥−¨ï
¨−ä®à¬�â¨ª¨, ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ �¢â®¬�â¨§�æ¨¨ (�ˆ‚’�) ÷��.
�®ª�§�−®, çâ® ˆ. �. Œ¨§¨− ¢ëáâã¯¨« á®§¤�â¥«¥¬ ¨ ¯à¨§−�−−ë¬ «¨¤¥à®¬
®â¥ç¥áâ¢¥−−®© −�ãç−®© èª®«ë ¢ ®¡«�áâ¨ â¥®à¨¨ ¨ ¯à�ªâ¨ª¨ ¨−ä®à¬�æ¨®−−®-
¢ëç¨á«¨â¥«ì−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬.

Š«îç¥¢ë¥ á«®¢�: £«�¢−ë© ª®−áâàãªâ®à; �ª�¤¥¬¨ª; ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬-
¬ã−¨ª�æ¨®−−ë¥ á¥â¨; ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨; á¨áâ¥¬� ®¡¬¥−� ¤�−−ë¬¨;
æ¥−âàë ª®¬¬ãâ�æ¨¨ á®®¡é¥−¨©; ª®¬¬ãâ�æ¨ï ª®¤®£à�¬¬; ¯à®â®ª®«ë ¯¥à¥¤�ç¨
¨−ä®à¬�æ¨¨; §�é¨â� ¨−ä®à¬�æ¨¨; ª�−�«ë á¢ï§¨; ®à£�−ë £®áã¤�àáâ¢¥−−®©
¢«�áâ¨
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− (1935{1999)

1 Введение

„¢¥−�¤æ�â®£® �¯à¥«ï 2025 £. ¨á¯®«−ï¥âáï 90 «¥â á® ¤−ï à®¦¤¥−¨ï �ª�¤¥¬¨ª�
÷�� ˆ. �. Œ¨§¨−�. ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ¡ë« ªàã¯−ë¬ ãç¥−ë¬, ®¡®-
£�â¨¢è¨¬ −�ãªã âàã¤�¬¨ ¯¥à¢®áâ¥¯¥−−®£® −�ãç−®£® §−�ç¥−¨ï ¢ ®¡«�áâ¨ ª®¬¯ìî-
â¥à−ëå −�ãª, ¢ª«îç�ï ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ¢ëç¨á«¨â¥«ì−ãî â¥å−¨ªã,
áà¥¤áâ¢� ¯¥à¥¤�ç¨ ¨ §�é¨âë ¨−ä®à¬�æ¨¨ [1]. �− ï¢«ï¥âáï á®§¤�â¥«¥¬ ¨ ¯à¨-
§−�−−ë¬ «¨¤¥à®¬ ®â¥ç¥áâ¢¥−−®© −�ãç−®© èª®«ë ¢ ®¡«�áâ¨ â¥®à¨¨ ¨ ¯à�ªâ¨ª¨
¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ [2{6].

‚ ¯®á«¥¤−¨¥ 10 «¥â ¦¨§−¨ (á 3 ï−¢�àï 1989 £. ¯® 15 ¨î−ï 1999 £.) ˆ. �. Œ¨§¨−
§�−¨¬�« ¤®«¦−®áâì ¤¨à¥ªâ®à� ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ �� ‘‘‘÷
(á 1992 | ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷��, ˆ�ˆ ÷��). ‚ íâ¨ £®¤ë ¡ë«
£«�¢−ë¬ à¥¤�ªâ®à®¬ á¡®à−¨ª� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û, ª®â®àë©
¢ 2011 £. ¯à¥®¡à�§®¢�− ¢ ®¤−®¨¬¥−−ë© ¦ãà−�«.

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− à®¤¨«áï 12 �¯à¥«ï 1935 £. ¢ £. Œ®áª¢¥. …£®
®â¥æ, �«¥ªá�−¤à Œ¨å�©«®¢¨ç Œ¨§¨− (1904{1968), ãà®¦¥−¥æ ¤¥à¥¢−¨ ‘®«®−¨−®
Ÿà®á«�¢áª®© ®¡«�áâ¨, á¢ï§�« á¢®î ¦¨§−ì á �à¬¨¥©, ¢®¥¢�« á ¡�á¬�ç�¬¨ ¢ ‘à¥¤−¥©
�§¨¨. ‘«ã¦¨« ¢ ¨−¦¥−¥à−ëå ¢®©áª�å, ãç�áâ¢®¢�« ¢ ‚¥«¨ª®© �â¥ç¥áâ¢¥−−®© ¢®©-
−¥, §�ª®−ç¨« ¥¥ ¢ �¥à«¨−¥, ã¢®«¨«áï ¢ §¢�−¨¨ ¨−¦¥−¥à-¯®«ª®¢−¨ª�. Œ�âì ˆ£®àï
�«¥ªá�−¤à®¢¨ç�, �«¥ªá�−¤à� �−ãäà¨¥¢−� Œ¨§¨−� (Š®¢�«ì) (1909{1979), à®¤¨-
«�áì ¢ á¥«¥ ‡�¡ã¦ì¥ ‚¨−−¨æª®© ®¡«�áâ¨. ‚ëá®ª®¯à®ä¥áá¨®−�«ì−�ï ¬�è¨−¨áâª�,
�«¥ªá�−¤à� �−ãäà¨¥¢−� à�¡®â�«� ¢ à�§«¨ç−ëå £®áã¤�àáâ¢¥−−ëå ãçà¥¦¤¥−¨ïå.
Š â®¬ã ¦¥ ®−� ¨¬¥«� ¬ã§ëª�«ì−®¥ ®¡à�§®¢�−¨¥, ¨£à�«� −� ä®àâ¥¯¨�−®. ‚®©−�
§�áâ�«� á¥¬ìî Œ¨§¨−ëå −� “ªà�¨−¥, ¢ £®à®¤¥ �®«â�¢¥. ˆ£®àì á ¬�¬®© ¡ë«¨
í¢�ªã¨à®¢�−ë −� “à�« ¢ ¤¥à¥¢−î �−â¨¯¨−®. �®á«¥ í¢�ªã�æ¨¨ á¥¬ìï −¥ª®â®à®¥
¢à¥¬ï ¦¨«� ¢ ÷®áâ®¢¥ ‚¥«¨ª®¬, §�â¥¬ −� “ªà�¨−¥, ¢ £®à®¤¥ ÷®¢¥−ìª¨. ‚ ª®−æ¥
1940-å ££. ®âæ� ˆ£®àï �«¥ªá�−¤à®¢¨ç� ¯¥à¥¢¥«¨ −� á«ã¦¡ã ¢ Œ®áª¢ã. Œ¨§¨−ë

4 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 1 2025



� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

¯®á¥«¨«¨áì ¢ à�©®−¥ �¡¥«ì¬�−®¢áª®© §�áâ�¢ë, §�â¥¬ ¯®«ãç¨«¨ ª®¬−�âã −� è®áá¥
�−âã§¨�áâ®¢. “ç�áì ¢ èª®«¥, ˆ£®àì �«¥ªá�−¤à®¢¨ç �ªâ¨¢−® §�−¨¬�«áï á¯®à-
â®¬ | ®− ¡ë« ®¤−¨¬ ¨§ á¨«ì−¥©è¨å ¤¥áïâ¨¡®àæ¥¢ Œ®áª¢ë ¢ á¢®¥© ¢®§à�áâ−®©
ª�â¥£®à¨¨. ‚ â® ¦¥ ¢à¥¬ï ®− ®â«¨ç−® ãç¨«áï ¨ ¢ 1952 £. ®ª®−ç¨« áà¥¤−îî èª®«ã
ü 464 †¤�−®¢áª®£® à�©®−� £. Œ®áª¢ë á §®«®â®© ¬¥¤�«ìî.

�®á«¥ ®ª®−ç�−¨ï áà¥¤−¥© èª®«ë ¢ 1952 £. ¡ë« ¯à¨−ïâ ¡¥§ íª§�¬¥−®¢ ª�ª
§®«®â®© ¬¥¤�«¨áâ ¢ ‚®¥−−®-¢®§¤ãè−ãî ¨−¦¥−¥à−ãî �ª�¤¥¬¨î ¨¬. �. …. †ãª®¢-
áª®£® (‚‚ˆ�), ª®â®àãî ãá¯¥è−® ®ª®−ç¨« ¢ ä¥¢à�«¥ 1959 £. ¯® á¯¥æ¨�«ì−®áâ¨
ú�ªá¯«ã�â�æ¨ï à�¤¨®â¥å−¨ç¥áª¨å áà¥¤áâ¢û ¨ ¯®«ãç¨« ª¢�«¨ä¨ª�æ¨î ú¨−¦¥−¥à
¯® à�¤¨®â¥å−¨ª¥ ‚‚‘û. ‚ ‚‚ˆ� ¨¬ ¡ë«� ¢ë¯®«−¥−� ¨ ¢ 1959 £. ®¯ã¡«¨ª®¢�−�
¯¥à¢�ï −�ãç−�ï à�¡®â�, ¯®á¢ïé¥−−�ï ¯à¨−æ¨¯�¬ ¯®áâà®¥−¨ï á¨áâ¥¬ ®¤−®¯®«®á−®©
à�¤¨®á¢ï§¨ [3].

‚ ¬�àâ¥ 1959 £. ¨−¦¥−¥à-«¥©â¥−�−â ˆ. �. Œ¨§¨− ¡ë« −�¯à�¢«¥− ¢ ¨§¢¥áâ-
−ãî −�ãç−®-¯à®¬ëè«¥−−ãî ®à£�−¨§�æ¨î ¢®¥−−®-¯à®¬ëè«¥−−®£® ª®¬¯«¥ªá� |
�ˆˆ 101 ƒ®áã¤�àáâ¢¥−−®£® ª®¬¨â¥â� ¯® à�¤¨®í«¥ªâà®−¨ª¥ (á 1964 £. | �ˆˆ
�¢â®¬�â¨ç¥áª®© �¯¯�à�âãàë, ¢ −�áâ®ïé¥¥ ¢à¥¬ï �ˆˆ�� ¨¬. ‚. ‘. ‘¥¬¥−¨å¨-
−�). ‡¤¥áì ¢ ¯¥à¨®¤ á 1959 ¯® 1989 ££. ®− ¯®á«¥¤®¢�â¥«ì−® §�−¨¬�« ¤®«¦−®áâ¨
¨−¦¥−¥à�-«�¡®à�−â�, ¨−¦¥−¥à�-¨áá«¥¤®¢�â¥«ï, áâ�àè¥£® ¨−¦¥−¥à�-«�¡®à�−â�,
àãª®¢®¤¨â¥«ï £àã¯¯ë, −�ç�«ì−¨ª� «�¡®à�â®à¨¨, −�ç�«ì−¨ª� á¥ªâ®à�, −�ç�«ì−¨-
ª� ®â¤¥«�, −�ç�«ì−¨ª� ®â¤¥«¥−¨ï, −�ç�«ì−¨ª� ª®¬¯«¥ªá−®£® −�ãç−®£® ®â¤¥«¥−¨ï,
−�ç�«ì−¨ª� á¯¥æ¨�«ì−®£® ª®−áâàãªâ®àáª®£® ¡îà® | §�¬¥áâ¨â¥«ï ¤¨à¥ªâ®à� ¯®
−�ãç−®© à�¡®â¥, −�ç�«ì−¨ª� −�ãç−®-â¥¬�â¨ç¥áª®£® æ¥−âà� | §�¬¥áâ¨â¥«ï ¤¨à¥ª-
â®à� ¯® −�ãç−®© à�¡®â¥ �ˆˆ�� (1979{1989). ‡� íâ¨ £®¤ë ®− ¢ëà®á ¢ ¢®¨−áª¨å
§¢�−¨ïå ®â «¥©â¥−�−â�-¨−¦¥−¥à� ¤® £¥−¥à�«-¬�©®à�-¨−¦¥−¥à� (1979 £.) [2].

‚ 1966 £. §�é¨â¨« ¤¨áá¥àâ�æ¨î −� á®¨áª�−¨¥ ãç¥−®© áâ¥¯¥−¨ ª�−¤¨¤�â�
â¥å−¨ç¥áª¨å −�ãª −� â¥¬ã ú÷�§à�¡®âª� ¬¥â®¤� ®¡¬¥−� ¨−ä®à¬�æ¨¥© ¯® §�ªàë-
âë¬ â¥«¥£à�ä−ë¬ ª�−�«�¬ á¢ï§¨ ¢ ª®¬�−¤−®© á¨áâ¥¬¥ ã¯à�¢«¥−¨ï á¯¥æ¨�«ì−®£®
−�§−�ç¥−¨ïû, � ¢ 1972 £. | ¤®ªâ®àáªãî ¤¨áá¥àâ�æ¨î −� â¥¬ã ú‚®¯à®áë ¨áá«¥-
¤®¢�−¨ï ¨ à�§à�¡®âª¨ ¨−ä®à¬�æ¨®−−ëå á¥â¥© â¥àà¨â®à¨�«ì−ëå �¢â®¬�â¨§¨à®-
¢�−−ëå á¨áâ¥¬ ã¯à�¢«¥−¨ïû. ‚ 1975 £. ˆ. �. Œ¨§¨−ã ¯à¨á¢®¥−® ãç¥−®¥ §¢�−¨¥
¯à®ä¥áá®à� ¯® ª�ä¥¤à¥ ú�¢â®¬�â¨§¨à®¢�−−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ïû.

‚ ¤¥ª�¡à¥ 1984 £. á®áâ®ï«¨áì ¯¥à¢ë¥ ¢ë¡®àë ¢ á®§¤�−−®¥ ¢ â®¬ £®¤ã �ˆ‚’�
�� ‘‘‘÷. �� −¨å ˆ. �. Œ¨§¨− ¡ë« ¨§¡à�− ç«¥−®¬-ª®àà¥á¯®−¤¥−â®¬ �� ‘‘‘÷
¯® á¯¥æ¨�«ì−®áâ¨ ú¢ëç¨á«¨â¥«ì−�ï â¥å−¨ª�û. ��ç¨−�¥âáï ¢á¥ ¡®«¥¥ �ªâ¨¢−®¥
¢§�¨¬®¤¥©áâ¢¨¥ á ãç¥−ë¬¨ ¨§ �ª�¤¥¬¨ç¥áª¨å ªàã£®¢. ‚ 1986 £. ˆ. �. Œ¨-
§¨− ¢ª«îç¥− ¢ á®áâ�¢ ‘¯¥æ¨�«¨§¨à®¢�−−®£® á®¢¥â� „ 003.56.01, á®§¤�−−®£®
¯à¨ ˆ�ˆ �� ‘‘‘÷ ¯®¤ ¯à¥¤á¥¤�â¥«ìáâ¢®¬ ¤¨à¥ªâ®à� ¨−áâ¨âãâ� �ª�¤¥¬¨ª�
�. �. ��ã¬®¢�.

‚ ¨î−¥ 1988 £. ¯®á«¥ −¥®¦¨¤�−−®© á¬¥àâ¨ ¤¨à¥ªâ®à� ˆ�ˆ �. �. ��ã¬®-
¢� ¨−áâ¨âãâ ®áâ�¥âáï ¡¥§ ¤¨à¥ªâ®à�. �ë«® ïá−®, çâ® ¨−áâ¨âãâ, §�¢®¥¢�¢è¨©
§� ç¥âëà¥ á ¯®«®¢¨−®© £®¤� §−�ç¨â¥«ì−ë© �¢â®à¨â¥â ¢ áâà�−¥ ¨ §� àã¡¥¦®¬,
¤®«¦−� ¢®§£«�¢¨âì á¨«ì−�ï ä¨£ãà�. ‚ íâ® ¢à¥¬ï ¢ à¥§ã«ìâ�â¥ ¯à®¨áå®¤ïé¥©
¢ áâà�−¥ ¯¥à¥áâà®©ª¨ §−�ç¨â¥«ì−® ãá«®¦−ï¥âáï ¤¥ïâ¥«ì−®áâì −�ãç−ëå ®à£�−¨§�-
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

æ¨© ®¡®à®−−®-¯à®¬ëè«¥−−®£® ª®¬¯«¥ªá�, ¢ â®¬ ç¨á«¥ ¨ �ˆˆ��. �à®¨áå®¤¨â
á®ªà�é¥−¨¥ â¥¬�â¨ª¨, ä¨−�−á¨à®¢�−¨ï, ãå®¤ïâ ¬−®£¨¥ á®âàã¤−¨ª¨. ‘® áâ®-
à®−ë àãª®¢®¤áâ¢� �ˆ‚’� ˆ£®àî �«¥ªá�−¤à®¢¨çã ¡ë«® ¯à¥¤«®¦¥−® ¯®¤ã¬�âì
® ¢®§¬®¦−®áâ¨ ¢®§£«�¢¨âì ˆ�ˆ ��. …¬ã ¯à¥¤áâ®ï«® ¯à¨−ïâì ®ç¥−ì −¥¯à®áâ®¥
à¥è¥−¨¥, ¢¥¤ì ®− ¢áî ¦¨§−ì ¯à®à�¡®â�« ¢ úïé¨ª¥û, � âãâ −�¤® ¡ë«® ¬¥−ïâì ¢á¥
®ªàã¦¥−¨¥. �®á«¥ −¥ª®â®àëå à�§¤ã¬¨© ˆ£®àì �«¥ªá�−¤à®¢¨ç ¯à¨−ï« à¥è¥−¨¥
¢ë¤¢¨−ãâì á¢®î ª�−¤¨¤�âãàã −� ã¦¥ ®¡êï¢«¥−−ãî ¢�ª�−á¨î ¤¨à¥ªâ®à� ˆ�ˆ
��. �ä®à¬¨«¨ íâ® ª�ª ¢ë¤¢¨¦¥−¨¥ ®â ¡�§®¢®© ª�ä¥¤àë �ˆˆ�� ¢ Œ®áª®¢-
áª®¬ ¨−áâ¨âãâ¥ à�¤¨®â¥å−¨ª¨, í«¥ªâà®−¨ª¨ ¨ �¢â®¬�â¨ª¨ (Œˆ÷��), ª®â®àãî
®− ¢®§£«�¢«ï«. �®á«¥ íâ®£® ®− §−�ª®¬¨âáï á ¯®¤à�§¤¥«¥−¨ï¬¨ ˆ�ˆ ��, à�§-
¡à®á�−−ë¬¨ ¢ â® ¢à¥¬ï ¯® ¬−®£¨¬ â®çª�¬. �� ®¡é¥¬ á®¡à�−¨¨ ˆ�ˆ �� −�
£®«®á®¢�−¨¥ ¡ë« ¯à¥¤áâ�¢«¥− â®«ìª® ®¤¨− ª�−¤¨¤�â | ˆ. �. Œ¨§¨−, ¨ ¥£® ª�−-
¤¨¤�âãàã ª®««¥ªâ¨¢ ¥¤¨−®¤ãè−® ¯®¤¤¥à¦�«. „¢�¤æ�â®£® ¤¥ª�¡àï 1988 £. §� −¥£®
¯à®£®«®á®¢�«® �¡é¥¥ á®¡à�−¨¥ �ˆ‚’�, � 3 ï−¢�àï 1989 £. �à¥§¨¤¨ã¬ ��
‘‘‘÷ ãâ¢¥à¤¨« ˆ. �. Œ¨§¨−� ¢ ª�ç¥áâ¢¥ ¤¨à¥ªâ®à� ˆ�ˆ ��. ‘ 20 ï−¢�àï
1989 £. ˆ. �. Œ¨§¨− ¯à¨áâã¯¨« ª à�¡®â¥ ¢ ª�ç¥áâ¢¥ ¤¨à¥ªâ®à� ˆ�ˆ ��. ‚ â® ¦¥
¢à¥¬ï ®− −¥ ¯à¥àë¢�« �ªâ¨¢−ãî à�¡®âã ¢ �ˆˆ��, £¤¥ ¤® ¬�ï 1990 £. ¯à®¤®«-
¦�« §�−¨¬�âì ¤®«¦−®áâì §�¬¥áâ¨â¥«ï ¤¨à¥ªâ®à� ¯® −�ãç−®© à�¡®â¥. „¢�¤æ�â®£®
�¯à¥«ï 1992 £. ¯à¨ª�§®¬ ƒ«�¢−®ª®¬�−¤ãîé¥£® �¡ê¥¤¨−¥−−ë¬¨ ‚®®àã¦¥−−ë¬¨
‘¨«�¬¨ ‘�ƒ ¬�àè�«� �¢¨�æ¨¨ …. ˆ. ˜�¯®è−¨ª®¢� ¢ §¢�−¨¨ £¥−¥à�«-¬�©®à�
¡ë« ã¢®«¥− ¢ §�¯�á. �¤−�ª® ¯à®¤®«¦�« �ªâ¨¢−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ á ®à£�−�¬¨
¢®¥−−®£® ã¯à�¢«¥−¨ï ¯® ¢®¯à®á�¬ à�§¢¨â¨ï �‘“ ‚®®àã¦¥−−ëå ‘¨« (‚‘).

�� ¯¥à¨®¤ ¤¨à¥ªâ®àáâ¢� ˆ. �. Œ¨§¨−� ¢ë¯�«¨, ¯®¦�«ã©, á�¬ë¥ á«®¦−ë¥
£®¤ë ¢ ¨áâ®à¨¨ ¨−áâ¨âãâ�. Š ¬®¬¥−âã ¥£® ¯à¨å®¤� ¢ ¨−áâ¨âãâ â¥¬�â¨ª� ¢ §−�ç¨-
â¥«ì−®© áâ¥¯¥−¨ áâà®¨«�áì á ®à¨¥−â�æ¨¥© −� ¢ë¯®«−¥−¨¥ ª®¬¯«¥ªá−ëå −�ãç−ëå
¯à®¥ªâ®¢ ¯® à¥�«¨§�æ¨¨ Š®−æ¥¯æ¨¨ á®§¤�−¨ï −®¢ëå ¯®ª®«¥−¨© ¢ëç¨á«¨â¥«ì-
−ëå á¨áâ¥¬ ¢ ª®®¯¥à�æ¨¨ á −�ãç−ë¬¨ ®à£�−¨§�æ¨ï¬¨ á®æ¨�«¨áâ¨ç¥áª¨å áâà�−.
Šà®¬¥ â®£®, ˆ�ˆ �� á 1985 £. ¡ë« £®«®¢−®© ®à£�−¨§�æ¨¥© Œ¥¦®âà�á«¥¢®-
£® −�ãç−®-â¥å−¨ç¥áª®£® ª®¬¯«¥ªá� (Œ�’Š) ú�¥àá®−�«ì−ë¥ �‚Œû, ¢ ª®â®àë©
¢å®¤¨«¨ ¢¥¤ãé¨¥ ¢ íâ®¬ −�¯à�¢«¥−¨¨ −�ãç−®-¯à®¨§¢®¤áâ¢¥−−ë¥ ®à£�−¨§�æ¨¨
‘‘‘÷. ‚ ¤¥ª�¡à¥ 1989 £. ˆ. �. Œ¨§¨− ¡ë« −�§−�ç¥− £¥−¥à�«ì−ë¬ ¤¨à¥ªâ®-
à®¬ Œ�’Š ú�¥àá®−�«ì−ë¥ �‚Œû. �® á −�ç�«� 1990-å ££. ¨ ®á®¡¥−−® ¯®á«¥
à�á¯�¤� ‘‘‘÷ ¢ 1991 £. ¢á¥ ª®®¯¥à�æ¨¨ ¨ á¢ï§¨ −�ç�«¨ áâà¥¬¨â¥«ì−® à�á¯�¤�âì-
áï. ‚−ãâà¨ áâà�−ë ¯à®¨áå®¤¨«� ¯¥à¥®à¨¥−â�æ¨ï á ¯à®¨§¢®¤áâ¢� á¢®¨å áà¥¤áâ¢
¨ á¨áâ¥¬ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ −� ¯®ªã¯−ë¥ á ‡�¯�¤�, ¯à¨®áâ�−�¢«¨¢�«¨áì
§�¯«�−¨à®¢�−−ë¥ áâà®©ª¨, à¥§ª® á®ªà�é�«¨áì −�ãç−®-¯à®¨§¢®¤áâ¢¥−−ë¥ ®à£�−¨-
§�æ¨¨, ä�ªâ¨ç¥áª¨ «¨ª¢¨¤¨à®¢�«�áì ®âà�á«¥¢�ï −�ãª�. Š�ª-â® ¥é¥ ¯à®¤®«¦�«¨
áãé¥áâ¢®¢�âì �ª�¤¥¬¨ç¥áª¨¥ ¨−áâ¨âãâë. ‘ à�á¯�¤®¬ ‘‘‘÷ «¨ª¢¨¤¨à®¢�«áï
¨ á®æ¨�«¨áâ¨ç¥áª¨© «�£¥àì ¢ …¢à®¯¥. ”�ªâ¨ç¥áª¨ ¯à¥ªà�â¨«¨áì −�«�¦¥−−ë¥
−�ãç−®-â¥å−¨ç¥áª¨¥ ¬¥¦¤ã−�à®¤−ë¥ á¢ï§¨ ¢ à�¬ª�å áâà�− | ç«¥−®¢ ‘�‚, ª®-
â®àë© ú¯à¨ª�§�« ¤®«£® ¦¨âìû. ‚ ª®−æ¥ 1991 £. �ª�¤¥¬¨ï −�ãª ‘‘‘÷ ¡ë«�
¯à¥®¡à�§®¢�−� ¢ ÷®áá¨©áªãî �ª�¤¥¬¨î −�ãª (÷��) ¨ ¨−áâ¨âãâ áâ�« −�§ë¢�âìáï
ˆ�ˆ ÷��.
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

�®á«¥ ¯à¨å®¤� ¢ ˆ�ˆ �� ˆ£®àì �«¥ªá�−¤à®¢¨ç −�ç�« ¯à¨¢−®á¨âì ®¯à¥¤¥-
«¥−−ë¥ ¨§¬¥−¥−¨ï ¢ −�¯à�¢«¥−¨ï ¤¥ïâ¥«ì−®áâ¨ ¨−áâ¨âãâ�, ãá¨«¨«�áì â¥¬�â¨ª�,
á¢ï§�−−�ï á á®§¤�−¨¥¬ ¨ ¨á¯®«ì§®¢�−¨¥¬ á¨áâ¥¬ ¨ ª®¬¯«¥ªá®¢ ¯¥à¥¤�ç¨ ¤�−−ëå
¢ ¨−â¥à¥á�å à�§«¨ç−ëå §�ª�§ç¨ª®¢. ˆ§ á®áâ�¢� ¨−áâ¨âãâ� áà�§ã ¢ë¯�« ªàã¯−ë©
ä¨«¨�« ¢ �¥à¤ï−áª¥ (“ªà�¨−�), −� ª®â®àë© ¢®§«�£�«¨áì ¤®áâ�â®ç−® á¥àì¥§−ë¥
−�ãç−®-®à£�−¨§�æ¨®−−ë¥ §�¤�ç¨, ¨ íâ¨ ¢®§−¨ªè¨¥ ¯à®¡«¥¬ë ¯à¨è«®áì à¥è�âì
ˆ£®àî �«¥ªá�−¤à®¢¨çã. �®§¨æ¨ï ¤¨à¥ªâ®à� �ª�¤¥¬¨ç¥áª®£® ¨−áâ¨âãâ� ¯®§¢®-
«ï«� ã¤¥«ïâì ¡®«ìè¥ ¢−¨¬�−¨ï ¯à®¡«¥¬�¬ à�§¢¨â¨ï −®¢ëå ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© ¨ ¢®¯à®á�¬ ¨å ¨á¯®«ì§®¢�−¨ï ¢ ¨−ä®à¬�æ¨®−−®-ã¯à�¢«ïîé¨å á¨áâ¥-
¬�å ®à£�−®¢ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¨ ¢ á¨áâ¥¬�å á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï.
‚ 1994 £. ˆ. �. Œ¨§¨− ¡ë« −�§−�ç¥− ƒ¥−¥à�«ì−ë¬ ª®−áâàãªâ®à®¬ á¨áâ¥¬ë ¨−-
ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ã¯à�¢«¥−¨ï £®áã¤�àáâ¢®¬ úā¯¨â¥àû, � ¢ 1997 £. −�
−¥£® ¡ë«¨ ¢®§«®¦¥−ë äã−ªæ¨¨ ƒ¥−¥à�«ì−®£® ª®−áâàãªâ®à� �‘“ ‚®®àã¦¥−−ë-
¬¨ ‘¨«�¬¨ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¨ ®¤−®¢à¥¬¥−−® ƒ¥−¥à�«ì−®£® ª®−áâàãªâ®à�
�ˆˆ��. ‚ ¬�¥ 1997 £. ˆ. �. Œ¨§¨− ¡ë« ¨§¡à�− ¤¥©áâ¢¨â¥«ì−ë¬ ç«¥−®¬ ÷��
(�ª�¤¥¬¨ª®¬) ¯® �ˆ‚’� ¯® á¯¥æ¨�«ì−®áâ¨ ú‚ëç¨á«¨â¥«ì−�ï â¥å−¨ª� ¨ í«¥-
¬¥−â−�ï ¡�§�û.

÷�¡®â�ï ¢ ˆ�ˆ ÷��, ˆ. �. Œ¨§¨− ãáâ�−®¢¨« ¨ ¯®¤¤¥à¦¨¢�« �ªâ¨¢−ë¥
ª®−â�ªâë á §�àã¡¥¦−ë¬¨ ª®««¥£�¬¨ ¨§ áâà�−, á ª®â®àë¬¨ à�−¥¥ ¢ ¨−áâ¨âãâ¥ −¥
¡ë«® ¢§�¨¬®¤¥©áâ¢¨ï. �− ¯®«ãç¨« ¬¥¦¤ã−�à®¤−ãî ¨§¢¥áâ−®áâì ¨ á−¨áª�« £«ã-
¡®ª®¥ ã¢�¦¥−¨¥ ¬−®£¨å ãç¥−ëå, ¯à®ä¥áá®à®¢ ¨ ¯à¥¤áâ�¢¨â¥«¥© ¤¥«®¢ëå ªàã£®¢
¢ ‘˜�, ƒ¥à¬�−¨¨, ˆâ�«¨¨, ¢ áâà�−�å ā£®-‚®áâ®ç−®© �§¨¨.

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ã¬¥«® á®ç¥â�« à�¡®âã ª®−áâàãªâ®à� ¨ àãª®¢®¤¨-
â¥«ï ªàã¯−®¬�áèâ�¡−ëå ¯à®¥ªâ®¢ á £«ã¡®ª¨¬¨ â¥®à¥â¨ç¥áª¨¬¨ ¨áá«¥¤®¢�−¨ï¬¨.
�− �¢â®à ¡®«¥¥ 190 −�ãç−ëå à�¡®â ¢ ®âªàëâ®© ¯¥ç�â¨, ¢ â®¬ ç¨á«¥ 12 ¬®−®-
£à�ä¨©, 12 ¨§®¡à¥â¥−¨©, � â�ª¦¥ ®£à®¬−®£® ç¨á«� ®âç¥â®¢ ¨ §�ªàëâëå ¯à®¥ªâ®¢
¯® á®§¤�−¨î á¨áâ¥¬ ¨ ª®¬¯«¥ªá®¢ à�§«¨ç−®£® −�§−�ç¥−¨ï. ��ãç−ë¥ à�¡®âë
ˆ. �. Œ¨§¨−� ®â«¨ç�«¨áì £«ã¡¨−®© ¨ ®à¨£¨−�«ì−®áâìî à¥è¥−¨©, á®ç¥â�−¨¥¬
á¥àì¥§−®£® ¬�â¥¬�â¨ç¥áª®£® �¯¯�à�â� á ¨−¦¥−¥à−®© ¨−âã¨æ¨¥© ¨ ¯à�ªâ¨ç¥áª®©
−�¯à�¢«¥−−®áâìî.

�ª�¤¥¬¨ª®¬ ˆ. �. Œ¨§¨−ë¬ á¤¥«�− ®£à®¬−ë© −�ãç−ë© ¨ ¯à�ªâ¨ç¥áª¨© ¢ª«�¤
¢ à�§¢¨â¨¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ à�¬ª�å âà¥å ªàã¯−ëå −�¯à�¢«¥−¨©:

(1) ‘�„ á ¯�ª¥â−®© ª®¬¬ãâ�æ¨¥© ¢ ¨−â¥à¥á�å �‘“ áâà�â¥£¨ç¥áª®£® −�§−�ç¥−¨ï;

(2) ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¨−â¥à¥á�å ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨;

(3) â¥å−®«®£¨© ¤«ï ¨−ä®à¬�â¨§�æ¨¨ ®¡é¥áâ¢�.

2 Разработка и внедрение системы обмена данными с пакетной
коммутацией в интересах автоматизированной системы управления
стратегического назначения

‘â�−®¢«¥−¨¥ ˆ. �. Œ¨§¨−� ¨ ª�ª ¨−¦¥−¥à�-ª®−áâàãªâ®à�, ¨ ª�ª ãç¥−®-
£® ¯à®å®¤¨«® ¢ áâ¥−�å �ˆˆ �¢â®¬�â¨ç¥áª®© �¯¯�à�âãàë, ¢¥¤ãé¥£® ¢ áâà�−¥
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

¯à¥¤¯à¨ïâ¨ï ¢ ®¡«�áâ¨ �‘“. ‚ ¯¥à¢ë¥ £®¤ë ¬®«®¤®© ¢®¥−−ë© ¨−¦¥−¥à §�−¨¬�«-
áï ¨áá«¥¤®¢�−¨ï¬¨ ¨ à�§à�¡®âª®© ¬¥â®¤®¢ ¯®¢ëè¥−¨ï ¤®áâ®¢¥à−®áâ¨ ¯¥à¥¤�ç¨
¨−ä®à¬�æ¨¨ ¯® ª�−�«�¬ á¢ï§¨ à�§«¨ç−®© ä¨§¨ç¥áª®© ¯à¨à®¤ë, ¬¥â®¤®¢ ¯®¬¥-
å®ãáâ®©ç¨¢®£® ª®¤¨à®¢�−¨ï, ¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥© ¤¨áªà¥â−ëå ª�−�«®¢ á¢ï§¨,
ª®â®àë¥ ¡ë«¨ à¥�«¨§®¢�−ë ¢ −¥áª®«ìª¨å ª®¬¯«¥ªá�å ¯®¢ëè¥−¨ï ¤®áâ®¢¥à−®áâ¨
¤«ï �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¢®¥−−®£® −�§−�ç¥−¨ï, ¢ â®¬ ç¨á«¥ ¢ ¨−â¥à¥á�å
¯à®â¨¢®¢®§¤ãè−®© ®¡®à®−ë (�‚�), ¢®¥−−®-¢®§¤ãè−ëå á¨« (‚‚‘) ¨ à�ª¥â−ëå
¢®©áª áâà�â¥£¨ç¥áª®£® −�§−�ç¥−¨ï (÷‚‘�) [2]. ’�ª, ª�ª á¯¥æ¨�«¨áâ ¯® �¢¨�æ¨-
®−−®© â¥å−¨ª¥ á ¢®¥−−®-¨−¦¥−¥à−ë¬ ®¡à�§®¢�−¨¥¬ ¢ 1960{1961 ££. ®− ¯à¨−ï«
�ªâ¨¢−®¥ ãç�áâ¨¥ ¢ £®áã¤�àáâ¢¥−−ëå ¨á¯ëâ�−¨ïå ª®¬¯«¥ªá−®© �‘“ −�¢¥¤¥−¨¥¬
−� ¢®§¤ãè−ë¥ æ¥«¨ á¢¥àå§¢ãª®¢ëå á�¬®«¥â®¢-¯¥à¥å¢�âç¨ª®¢ ¤«ï â�ªâ¨ç¥áª®£®
§¢¥−� ¢®©áª �‚� (á¨áâ¥¬� ú‚®§¤ãå-1û). ƒ«�¢−ë© ª®−áâàãªâ®à íâ®© á¨áâ¥-
¬ë ‚. Ÿ. Šà�¢¥æ ¨ ¥£® §�¬¥áâ¨â¥«ì ‚. ‚. Š®−�è¥¢ ¯®àãç¨«¨ ˆ. �. Œ¨§¨−ã
à�§à�¡®âªã â¥å−¨ç¥áª¨å à¥è¥−¨© ¯® ¯¥à¥¤�ç¥ ª®¬�−¤−®© ¨−ä®à¬�æ¨¨ −� ¡®àâ
á�¬®«¥â�-¯¥à¥å¢�âç¨ª� ¯® à�¤¨®ª�−�«�¬. �− ãá¯¥è−® á¯à�¢¨«áï á ¯®áâ�¢«¥−-
−ë¬¨ §�¤�ç�¬¨, ¨ ¢ 1962 £. ‚. Ÿ. Šà�¢¥æ, ã¦¥ ª�ª ƒ«�¢−ë© ª®−áâàãªâ®à �‘“
¢ ¨−â¥à¥á�å −®¢®£® ¢¨¤� ‚®®àã¦¥−−ëå ‘¨« | ÷‚‘�, ¯®àãç¨« ¥¬ã à�§à�¡®âªã
áà¥¤áâ¢ ¯¥à¥¤�ç¨ ¤�−−ëå ¨ ¯®¢ëè¥−¨ï ¤®áâ®¢¥à−®áâ¨ ¤«ï ¯¥à¥¤�ç¨ ª®¬�−¤−®©
¨−ä®à¬�æ¨¨ ¯® ª�−�«�¬ á¢ï§¨ −¨§ª®£® ª�ç¥áâ¢�. ‚® ¢−®¢ì á®§¤�−−®¬ ®â¤¥«¥
�‘�“ ÷‚‘� −�ç�«ì−¨ª ®â¤¥«� ‚. ‚. Š®−�è¥¢ (¡ã¤ãé¨© ¤¨à¥ªâ®à �ˆˆ��)
¤®¢¥à¨« ˆ. �. Œ¨§¨−ã ¤®«¦−®áâì −�ç�«ì−¨ª� «�¡®à�â®à¨¨ �¯¯�à�âãàë ¯®¢ëè¥-
−¨ï ¤®áâ®¢¥à−®áâ¨ ¯¥à¥¤�ç¨ ¤�−−ëå. ‚ 1962 £. ª®««¥ªâ¨¢®¬ «�¡®à�â®à¨¨ ¯®¤
àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨−� ¡ë«¨ à�§à�¡®â�−ë áà¥¤áâ¢� ¯®¢ëè¥−¨ï ¤®áâ®¢¥à-
−®áâ¨ ¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¤«ï �‘“ ÷‚‘� [7].

–¥«¥ãáâà¥¬«¥−−®áâì ¨ à�¡®â®á¯®á®¡−®áâì ¬®«®¤®£® ¢®¥−−®£® ¨−¦¥−¥à�, � â�ª-
¦¥ ¤®áâ¨£−ãâë¥ ¨¬ −�ãç−®-¯à�ªâ¨ç¥áª¨¥ à¥§ã«ìâ�âë ¡ë«¨ §�¬¥ç¥−ë àãª®¢®¤-
áâ¢®¬ ¨−áâ¨âãâ�, ¨ ¢ 1964 £. ˆ£®àï �«¥ªá�−¤à®¢¨ç� −�§−�ç�îâ −�ç�«ì−¨ª®¬
11 ®â¤¥«� (�¯¯�à�âãàë ¯¥à¥¤�ç¨ ¤�−−ëå). ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− á®¡¨-
à�¥â ¢ ®â¤¥«¥ á¢®¨å ¡«¨¦�©è¨å á®à�â−¨ª®¢: ƒ. Š. •à�¬¥è¨−�, ‹. ‘. “à¨−á®-
−�, ‘. Š. Œãà�¢ì¥¢�, ‚. ‚. Œãà�¢ì¥¢�, ā. Ÿ. Š¨á«®¢�, ƒ. ‘. ‚¨«ìè�−áª®£®,
‹. �. �®«ï−áª®£®, �. ‘. „ã¤ª¨−�, ā. �. �¢ç¨−−¨ª®¢�, ‹. ˆ. Œ�¢à®¤¨�¤¨,
ƒ. ˆ. ��âãà¨−� ¨ ¤à. ‡�¡¥£�ï ¢¯¥à¥¤, ®â¬¥â¨¬, çâ® ¢á¥ ¯¥à¥ç¨á«¥−−ë¥ á®âàã¤−¨-
ª¨ ¢ ¯®á«¥¤ãîé¥¬ ¡ë«¨ ¢ë¤¢¨−ãâë ˆ. �. Œ¨§¨−ë¬ −� àãª®¢®¤ïé¨¥ ¤®«¦−®áâ¨
(á¥ªâ®à, ®â¤¥«, ®â¤¥«¥−¨¥) ¢ á®áâ�¢¥ ��ãç−®-â¥¬�â¨ç¥áª®£® æ¥−âà� á¨áâ¥¬ ¯¥-
à¥¤�ç¨ ¤�−−ëå (�’– ‘�„) ¨ ¬−®£® «¥â ¢®§£«�¢«ï«¨ ¢�¦−¥©è¨¥ à�§à�¡®âª¨
à�§«¨ç−ëå ª®¬¯«¥ªá®¢ ¨ áà¥¤áâ¢ [2,6].

‚®â ª�ª íâ® ¢á¯®¬¨−�¥â ‹. �. ™ãª¨−, ¢¥â¥à�− �ˆˆ��, ª®â®àë© å®à®è®
§−�« ˆ. �. Œ¨§¨−� á ¯¥à¢ëå ¤−¥© à�¡®âë ¢ �ˆˆ��: ú‚á¥£® §� ¤¢� £®¤� ¨¬ ¡ë«
á®§¤�− ®â¤¥« á¯¥æ¨�«¨áâ®¢, ª®â®àë¥ á¢ï§�«¨ á¢®î â¢®àç¥áªãî ¤¥ïâ¥«ì−®áâì
¯®¤ ¥£® àãª®¢®¤áâ¢®¬ á á®§¤�−¨¥¬ â¥®à¨¨ ¨ ¯à�ªâ¨ª¨ á¨áâ¥¬ ¨ ª®¬¯«¥ªá®¢ ¯¥-
à¥¤�ç¨ ¤�−−ëå (á ¯®¢ëè¥−¨¥¬ ¤®áâ®¢¥à−®áâ¨) ¯® ª�−�«�¬ á¢ï§¨ á ®£à�−¨ç¥−−®©
¯à®¯ãáª−®© á¯®á®¡−®áâìî ¨ ¢ëá®ª¨¬ ãà®¢−¥¬ ¯®¬¥å. �¥¯®áà¥¤áâ¢¥−−�ï à�¡®â�
á −¨¬ ¢á¥£¤� ®ª�§ë¢�«�áì ¤¥«®¢®© ¨ ª®−áâàãªâ¨¢−®©, ¯à¥¤áâ�¢«ïîé¥© ¢á¥¬
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

à�§à�¡®âç¨ª�¬ ¨−¨æ¨�â¨¢ã ¢ à¥è¥−¨¨ ª®−ªà¥â−ëå â¥å−¨ç¥áª¨å ¢®¯à®á®¢ ¯®á«¥
¯à¨−æ¨¯¨�«ì−ëå ¤®£®¢®à¥−−®áâ¥© á −¨¬ ª�ª á £«�¢−ë¬ ª®−áâàãªâ®à®¬ áà¥¤áâ¢
¯¥à¥¤�ç¨ ¤�−−ëå ¢ �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬¥ 15í1û [8].

‚á¯®¬¨−�¥â ‚. ˆ. �¥âà®¢, ¢ë¯ãáª−¨ª Œ®áª®¢áª®£® �¢¨�æ¨®−−®£® ¨−áâ¨âãâ�
(Œ�ˆ) 1964 £., ®â®¡à�−−ë© ˆ. �. Œ¨§¨−ë¬ ¢ 11 ®â¤¥«: úˆ. �. Œ¨§¨− ¯à¥ªà�á−®
à�§¡¨à�«áï ¢ «î¤ïå, £®¢®à¨« ªà�âª®, ¯®−ïâ−® ¨ ã¡¥¤¨â¥«ì−®. �®á«¥ §�é¨âë
¤¨¯«®¬� ª®¬�−¤� Œ�ˆ (¢ª«îç�ï ¬¥−ï), ®¡®á−®¢�«�áì −� Š¨à®¢áª®©. ƒ¨£�−â-
áª¨¥ §�¤�ç¨ à¥è�« 11 ®â¤¥«. ‡�¬¥ç�â¥«ì−ë¥ â�«�−â«¨¢ë¥ ¬®«®¤ë¥ à¥¡ïâ�,
áâ�à¨ª®¢ −¥ ¡ë«®! ˆ£®àì �«¥ªá�−¤à®¢¨ç áä®à¬¨à®¢�« ã−¨ª�«ì−ë© ª®««¥ªâ¨¢!
Œ¨§¨− ¡ë« —¥«®¢¥ª, ®− ¯¥à¥¦¨¢�« ¨ ¡®«¥« §� á¢®¨å á®âàã¤−¨ª®¢, ¡ë« ª −�¬
¡«¨§®ª, ¨£à�« á −�¬¨ ¢ è�å¬�âë, ¢®«¥©¡®«, ¥§¤¨« −� ®¢®é−ë¥ ¡�§ë, ®¡«�¤�«
çã¢áâ¢®¬ î¬®à�. �â«¨ç−® àãª®¢®¤¨«, ¢á¥£¤� ¢ëá«ãè¨¢�« −�è¨ â®çª¨ §à¥−¨ï,
¯à¥¦¤¥ ç¥¬ ¯à¨−ïâì à¥è¥−¨¥, ¯à®¢®¤¨« â¥å−¨ç¥áª¨¥ á®¢¥é�−¨ïû [9].

‘ã¤ì¡®−®á−ë¬ ¤«ï ˆ. �. Œ¨§¨−� áâ�« 1967-© £®¤, ª®£¤� �®áâ�−®¢«¥−¨¥¬
–Š Š�‘‘ ¨ ‘®¢¥â� Œ¨−¨áâà®¢ ¡ë«� §�¤�−� à�§à�¡®âª� �‘“ áâà�â¥£¨ç¥áª®£®
§¢¥−�, � �ˆˆ�� íâ¨¬ �®áâ�−®¢«¥−¨¥¬ ®¯à¥¤¥«¥− £®«®¢−®© ®à£�−¨§�æ¨¥©. �à¨
ä®à¬¨à®¢�−¨¨ ª®««¥ªâ¨¢� ¨á¯®«−¨â¥«¥© íâ®© ¢�¦−¥©è¥© à�¡®âë ¥¬ã ¡ë«� ¯®àã-
ç¥−� à�§à�¡®âª� ‘�„, ¯à¨§¢�−−®© ®¡¥á¯¥ç¨âì ¨−ä®à¬�æ¨®−−ë© ®¡¬¥− ¤�−−ë¬¨
á âà¥¡ã¥¬ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¬¥¦¤ã ®¡ê¥ªâ�¬¨, â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥-
«¥−−ë¬¨ ¯® â¥àà¨â®à¨¨ ¢á¥© áâà�−ë. ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ¡ë« −�§−�ç¥−
ƒ«�¢−ë¬ ª®−áâàãªâ®à®¬ ‘�„ [2].

�á®¡¥−−®áâì à�§à�¡®âª¨ ‘�„ §�ª«îç�«�áì ¢ −¥®¡å®¤¨¬®áâ¨ ®¡¥á¯¥ç¥−¨ï
¡¥á¯à¥æ¥¤¥−â−® ¢ëá®ª¨å ¢¥à®ïâ−®áâ−®-¢à¥¬¥−− �ëå å�à�ªâ¥à¨áâ¨ª ¤®¢¥¤¥−¨ï ¨−-
ä®à¬�æ¨¨ ¬¥¦¤ã ®¡ê¥ªâ�¬¨, â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ë¬¨ ¯® â¥àà¨â®à¨¨
¢á¥© áâà�−ë, ¢ ¨−â¥à¥á�å ®¡¥á¯¥ç¥−¨ï íää¥ªâ¨¢−®£® äã−ªæ¨®−¨à®¢�−¨ï ª®-
¬�−¤−®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï. �¤−�ª® à¥§ã«ìâ�âë ¯à®¢¥¤¥−−ëå ¯à¥¤¯à®¥ªâ−ëå
®¡á«¥¤®¢�−¨© ®¡ê¥ªâ®¢ ¢ëáè¥£® §¢¥−� ã¯à�¢«¥−¨ï ¯®ª�§�«¨, çâ® ¯à¨ ¯®áâà®-
¥−¨¨ á¨áâ¥¬ë ¯® ª«�áá¨ç¥áª¨¬ ¯à¨−æ¨¯�¬ ¨¥à�àå¨ç¥áª®© áâàãªâãàë ª®¬¯«¥ªáë
áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ (Š‘�) −� ®¡ê¥ªâ�å ¢ëáè¥£® §¢¥−� ã¯à�¢«¥−¨ï ¯à¥¢à�é�-
«¨áì ¢ ®£à®¬−ë¥ ¬−®£®ª�−�«ì−ë¥ ã§«ë á¢ï§¨, ®¡¥á¯¥ç¨âì ®¡á«ã¦¨¢�−¨¥ ¨ íªá-
¯«ã�â�æ¨î ª®â®àëå −¥ ¯à¥¤áâ�¢«ï«®áì ¢®§¬®¦−ë¬. ’à¥¡®¢�«áï ¯à¨−æ¨¯¨�«ì−®
¤àã£®© ¯®¤å®¤ ª ¯®áâà®¥−¨î ‘�„.

ˆ â®£¤� ¢ ª�ç¥áâ¢¥ ¢ëå®¤� ¨§ á®§¤�¢è¥£®áï ¯®«®¦¥−¨ï ˆ. �. Œ¨§¨−ë¬ á®-
¢¬¥áâ−® á ‹. ‘. “à¨−á®−®¬ ¨ ƒ. Š. •à�¬¥è¨−ë¬ ¡ë« ¯à¥¤«®¦¥− −®¢ë© ¤«ï
®â¥ç¥áâ¢¥−−®© ¯à�ªâ¨ª¨ ¬¥â®¤ à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� ¬¥¦¤ã ®¡ê-
¥ªâ�¬¨ �‘“, á®áâ®ïé¨© ¢ ¨á¯®«ì§®¢�−¨¨ á¥â¥¢®© áâàãªâãàë á �¢â®¬�â¨ç¥áª¨¬¨
æ¥−âà�¬¨ ª®¬¬ãâ�æ¨¨ á®®¡é¥−¨© (–Š‘) [10]. �â® ¯à¥¤«®¦¥−¨¥ ¡ë«® ®á−®¢�−®
−� �−�«¨§¥ ®¯ëâ� á®§¤�−¨ï á¥â¨ ARPANET [11{13].

’�ª®¥ à¥è¥−¨¥ ª�à¤¨−�«ì−® à�§à¥è�«® ú®¡ê¥ªâ®¢ë¥ ¯à®¡«¥¬ëû ¨ ¯à¨¤�¢�«®
á¨áâ¥¬¥ äã−ªæ¨®−�«ì−ãî £¨¡ª®áâì, −® ¢¬¥áâ¥ á â¥¬ âà¥¡®¢�«® á®®â¢¥âáâ¢ãîé¥£®
¢ëç¨á«¨â¥«ì−®£® à¥áãàá� ¨ ¬−®£®äã−ªæ¨®−�«ì−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï
(��) ¤«ï á®§¤�−¨ï â�ª®£® á«®¦−®£® ª®¬¯«¥ªá�, ª�ª –Š‘. �â® ¡ë«� á¢®¥®¡à�§−�ï
ú¯«�â�û §� ¯¥à¥å®¤ ª á®§¤�−¨î ‘�„ −� ¯à¨−æ¨¯�å ª®¬¬ãâ�æ¨¨ á®®¡é¥−¨©.
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

„«ï ãá¯¥è−®£® à¥è¥−¨ï íâ¨å ¯à®¡«¥¬ áà�¢−¨â¥«ì−® −¥¬−®£®ç¨á«¥−−ë© ª®«-
«¥ªâ¨¢ ®â¤¥«� ˆ. �. Œ¨§¨−�, ª®â®àë© ¢® ¢â®à®© ¯®«®¢¨−¥ 1960-å ££. −�ç¨−�«
à�§à�¡®âªã á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© ¤«ï á®§¤�−¨ï ‘�„, ¯®áâ®ï−−® ã¢¥«¨ç¨-
¢�«áï ¨ ª −�ç�«ã £®áã¤�àáâ¢¥−−ëå ¨á¯ëâ�−¨© (1978 £.) ¯à¥¢à�â¨«áï ¢ ¬®é−¥©è¨©
ª®««¥ªâ¨¢ ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå ®¯ëâ−ëå ãç¥−ëå, ª®−áâàãªâ®à®¢, ¨−¦¥-
−¥à®¢ ¨ á¯¥æ¨�«¨áâ®¢ | �’– ‘�„.

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ¡«�£®¤�àï á¢®¨¬ −¥§�ãàï¤−ë¬ ®à£�−¨§�â®à-
áª¨¬ á¯®á®¡−®áâï¬ ¨ ç¥«®¢¥ç¥áª¨¬ ª�ç¥áâ¢�¬ áã¬¥« ¯®¤®¡à�âì ¨ ¯®¤£®â®¢¨âì
¤®áâ®©−ëå àãª®¢®¤¨â¥«¥© ¢á¥å ®á−®¢−ëå −�¯à�¢«¥−¨© à�§à�¡®âª¨ [2,6].

�â¬¥â¨¬ −¥áª®«ìª® úª«îç¥¢ëåû ä¨£ãà ¢ ª®¬�−¤¥ á®§¤�â¥«¥© ‘�„.
“à¨−á®− ‹¥®−¨¤ ‘�¢¥«ì¥¢¨ç, ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢®§£«�¢«ï« á¨á-

â¥¬−®¥ ®â¤¥«¥−¨¥, «¨ç−® àãª®¢®¤¨« à�§à�¡®âª®© ª®¬¯«¥ªá®¢ ¨ áà¥¤áâ¢ ¯¥à¥¤�ç¨
¤�−−ëå. “¬¥à, ª á®¦�«¥−¨î, ¢ 1977 £. á®¢á¥¬ ¬®«®¤ë¬ ¢ ¢®§à�áâ¥ 40 «¥â,
¢ ¯®«−®¬ à�áæ¢¥â¥ á¨«.

•à�¬¥è¨− ƒ¥−−�¤¨© Šã§ì¬¨ç, ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯®«ª®¢−¨ª (¢ë-
¯ãáª−¨ª ‹¥−¨−£à�¤áª®© ¢®¥−−®-¢®§¤ãè−®© ¨−¦¥−¥à−®© �ª�¤¥¬¨¨ ¨¬. �. ”. Œ®-
¦�©áª®£®), §�¬¥áâ¨â¥«ì ƒ«�¢−®£® ª®−áâàãªâ®à�, ¢®§£«�¢«ï« à�§à�¡®âªã á¨áâ¥¬®-
â¥å−¨ç¥áª¨å ¢®¯à®á®¢ ¯®áâà®¥−¨ï ‘�„ ¨ ª®¬¯«¥ªá®¢ áà¥¤áâ¢ ¯¥à¥¤�ç¨ ¤�−−ëå.
‡�¢¥¤ãîé¨© ¡�§®¢®© ª�ä¥¤à®© Œˆ÷��. ‘®�¢â®à ¨§¢¥áâ−®© ¬®−®£à�ä¨¨ [10].
�− ãá¯¥è−® §�¬¥−¨« ‹. ‘. “à¨−á®−� −� ¤®«¦−®áâ¨ −�ç�«ì−¨ª� á¨áâ¥¬−®£® ®â¤¥-
«¥−¨ï.

Œ�âîå¨− �¨ª®«�© Ÿª®¢«¥¢¨ç, ¢ë¯ãáª−¨ª Œ�ˆ, ç«¥−-ª®àà¥á¯®−¤¥−â ��
‘‘‘÷ (1979), ®¤¨− ¨§ á®§¤�â¥«¥© ¯¥à¢ëå ®â¥ç¥áâ¢¥−−ëå �‚Œ, ãç¥−¨ª ¢ë¤�îé¥-
£®áï á®¢¥âáª®£® ãç¥−®£® ¢ ®¡«�áâ¨ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ç«¥−�-ª®àà¥á¯®−¤¥−â�
�� ‘‘‘÷ ˆ. ‘. �àãª�. ÷�§à�¡®âç¨ª ¯¥à¢ëå ®â¥ç¥áâ¢¥−−ëå ¬�è¨− ¤«ï −�ãç-
−ëå ¨áá«¥¤®¢�−¨© Œ-1, Œ-2, Œ-3 [14]. ‚ �ˆˆ�� á 1957 £. [2]. ‚ ª®¬�−¤ã
ˆ. �. Œ¨§¨−� �. Ÿ. Œ�âîå¨− ¢®è¥« ¢ −�ç�«¥ 1970-å ££. ã¦¥ á ®£à®¬−ë¬ −�ãç-
−ë¬ ¨ ¯à�ªâ¨ç¥áª¨¬ ®¯ëâ®¬. ƒ«�¢−ë© ª®−áâàãªâ®à –Š‘, −�ç�«ì−¨ª ªàã¯−®£®
®â¤¥«¥−¨ï.

’�¬®è¨−áª¨© �−�â®«¨© ‚�á¨«ì¥¢¨ç, ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¬¥−¨«
�. Ÿ. Œ�âîå¨−� −� ¯®áâã ƒ«�¢−®£® ª®−áâàãªâ®à� –Š‘ ¯®á«¥ ¥£® ¯à¥¦¤¥¢à¥-
¬¥−−®© á¬¥àâ¨ (¢ 1984 £.), � ¢ ¯®á«¥¤ãîé¥¬ áâ�« ƒ«�¢−ë¬ ¨−¦¥−¥à®¬ �ˆˆ��
¨ §�â¥¬ ãç¥−ë¬ á¥ªà¥â�à¥¬ íâ®£® ¨−áâ¨âãâ�.

�¥à¥§¨− ‚«�¤¨¬¨à �¨ª®«�¥¢¨ç, ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, −� ¯à®âï¦¥−¨¨
¤¢ãå ¤¥áïâ¨«¥â¨© (1970{1980-¥ ££.) ¡ë« §�¬¥áâ¨â¥«¥¬ ƒ«�¢−®£® ª®−áâàãªâ®à�
¨ àãª®¢®¤¨â¥«¥¬ ªàã¯−®£® ¯®¤à�§¤¥«¥−¨ï ¯à®£à�¬¬¨áâ®¢ ¢ á®áâ�¢¥ �’– ‘�„.
�á®¡® ®â¬¥â¨¬, çâ® ‚. �. �¥à¥§¨− áâ�« ¯à¥¥¬−¨ª®¬ ˆ. �. Œ¨§¨−� ¯®á«¥ ¥£®
ãå®¤� ¢ ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷�� ¨ ¢ á�¬ë¥ âï¦¥«ë¥ 1990-¥ ££.
¢ â¥ç¥−¨¥ ¡®«¥¥ ¤¥áïâ¨ «¥â ¤®áâ®©−® ¢ë¯®«−ï« ®¡ï§�−−®áâ¨ àãª®¢®¤¨â¥«ï �’–
‘�„ ¨ ƒ«�¢−®£® ª®−áâàãªâ®à� ‘�„ [6].

Šã«¥è®¢ �«¥ªá�−¤à �¥âà®¢¨ç, ¢ë¯ãáª−¨ª ¬¥å¬�â� Œƒ“, ®¤¨− ¨§ ¢¥¤ãé¨å
à�§à�¡®âç¨ª®¢ ã−¨ª�«ì−®£® ¯à®â®ª®«� á¥â¥¢®£® ãà®¢−ï, −�ç�«ì−¨ª á¥ªâ®à� ¢ ª®«-
«¥ªâ¨¢¥ ‚. �. �¥à¥§¨−�. ‚ 1980-¥ ££. áâ�« £«�¢−ë¬ ¨−¦¥−¥à®¬, §�â¥¬ ¯¥à¢ë¬
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

§�¬¥áâ¨â¥«¥¬ −�ç�«ì−¨ª� �’– ‘�„ ¨, ¯® áãé¥áâ¢ã, ¢ íâ¨ £®¤ë ®¤−¨¬ ¨§ ¡«¨-
¦�©è¨å ¯®¬®é−¨ª®¢ ˆ. �. Œ¨§¨−�. ‚ −�áâ®ïé¥¥ ¢à¥¬ï �ª�¤¥¬¨ª ÷��, á 2016 £.
à¥ªâ®à ‘ª®«ª®¢áª®£® ¨−áâ¨âãâ� −�ãª¨ ¨ â¥å−®«®£¨©.

Œãà�¢ì¥¢ ‘¥à£¥© Š®−áâ�−â¨−®¢¨ç, ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ª�¯¨â�−
¯¥à¢®£® à�−£�, àãª®¢®¤¨« ®â¤¥«¥−¨¥¬, ¢ ª®â®à®¬ à�§à�¡�âë¢�«¨áì ª®¬¯«¥ªáë
®ª®−¥ç−ëå áà¥¤áâ¢ ‘�„ (Š�‘‘�„) ¤«ï ¯®¤ª«îç¥−¨ï ª –Š‘ ª®¬¯«¥ªá®¢
áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ ª®¬�−¤−®© á¨áâ¥¬ë ¡®¥¢®£® ã¯à�¢«¥−¨ï (Š‘�“) ¨ ¤àã£¨å
�¢â®¬�â¨§¨à®¢�−−ëå ¯®¤á¨áâ¥¬. �â¤¥«¥−¨¥¬ ¡ë« à�§à�¡®â�− àï¤ ã−¨ä¨æ¨à®-
¢�−−ëå Š�‘‘�„ ¤«ï ®¡ê¥ªâ®¢ à�§«¨ç−ëå ¢¨¤®¢ ¡�§¨à®¢�−¨ï (áâ�æ¨®−�à−ëå,
¯®¤¢¨¦−ëå, ¢®§¤ãè−ëå).

—¨¯�è¢¨«¨ ˜®â� ˜®â®¢¨ç, ®¤¨− ¨§ ¡«¨¦�©è¨å á®à�â−¨ª®¢ ˆ. �. Œ¨§¨−�,
ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¯®«ª®¢−¨ª, ãá¯¥è−® à¥è�« ¬−®£®ç¨á«¥−−ë¥ ®à£�-
−¨§�æ¨®−−®-â¥å−¨ç¥áª¨¥ ¢®¯à®áë ¯® á®§¤�−¨î ¨ ¯®¤¤¥à¦�−¨î áâ¥−¤� ƒ«�¢−®£®
ª®−áâàãªâ®à�, � â�ª¦¥ ¯® §�¡«�£®¢à¥¬¥−−®© ¯®¤£®â®¢ª¥ ®¡ê¥ªâ®¢ §�ª�§ç¨ª� ¤«ï
ãáâ�−®¢ª¨ −� −¨å –Š‘ ¨ ®¡¥á¯¥ç¥−¨î ãá«®¢¨© ¤«ï ¨å íªá¯«ã�â�æ¨¨.

‚ 1979 £. ª®¬�−¤ã ˆ. �. Œ¨§¨−� áãé¥áâ¢¥−−® ãá¨«¨« ¯¥à¥è¥¤è¨© ¢ �ˆˆ��
¨§ 16 –�ˆˆˆ Œ� ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª �®£�âëà¥¢ ‚ïç¥á«�¢ �−¤à¥¥¢¨ç,
®¤¨− ¨§ ¢¥¤ãé¨å á¨áâ¥¬®â¥å−¨ª®¢ ¢ ®¡«�áâ¨ á¨áâ¥¬ á¢ï§¨ á ª®¬¬ãâ�æ¨¥© ¯�ª¥-
â®¢ [6,15].

‚ à¥§ã«ìâ�â¥ ª®««¥ªâ¨¢®¬ �’– ‘�„ ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨−� ¡ë«
ãá¯¥è−® à¥è¥− æ¥«ë© àï¤ −®¢ëå −�ãç−®-â¥®à¥â¨ç¥áª¨å ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨å
§�¤�ç, ®¡¥á¯¥ç¨¢è¨å ¢ë¯®«−¥−¨¥ ¬−®¦¥áâ¢� âà¥¡®¢�−¨© á® áâ®à®−ë �‘“ ª ¨−-
ä®à¬�æ¨®−−®¬ã ®¡¬¥−ã. �á−®¢−ë¥ ¨§ −¨å [2,6]:

{ ®¡®á−®¢�−¨¥ áâàãªâãàë æ¨àªã«¨àãîé¨å ¢ ‘�„ á®®¡é¥−¨©, ¢ª«îç�ï ä®à-
¬�«¨§�æ¨î á«ã¦¥¡−®© ç�áâ¨, á ãç¥â®¬ âà¥¡®¢�−¨© ®¡ê¥ªâ®¢ ã¯à�¢«¥−¨ï;

{ ®¡®á−®¢�−¨¥ á¨áâ¥¬ë �¤à¥á®¢�−¨ï á®®¡é¥−¨©, ¯¥à¥¤�¢�¥¬ëå ç¥à¥§ ‘�„,
á ®¡¥á¯¥ç¥−¨¥¬ ¢�à¨�−â®¢ ¨å ¤®¢¥¤¥−¨ï (æ¨àªã«ïà−®, æ¨àªã«ïà−®-¨§¡¨à�-
â¥«ì−®, ¨§¡¨à�â¥«ì−®, ¯® á¯¨áª�¬, ¬−®£®�¤à¥á−ë¥);

{ ®¯â¨¬�«ì−®¥ ª®¤¨à®¢�−¨¥ ¯¥à¥¤�¢�¥¬®© ¢ á®®¡é¥−¨ïå ä®à¬�«¨§®¢�−−®© á«ã-
¦¥¡−®© ¨ á®¤¥à¦�â¥«ì−®© ¨−ä®à¬�æ¨¨;

{ á®§¤�−¨¥ á®¢®ªã¯−®áâ¨ (áâ¥ª�) �«£®à¨â¬®¢, ¯à®â®ª®«®¢ ¨ ¨−â¥àä¥©á®¢, ®¡¥á-
¯¥ç¨¢�îé¨å ¯¥à¥¤�çã ç¥à¥§ ‘�„ ¢á¥å −¥®¡å®¤¨¬ëå ¢¨¤®¢ ¨−ä®à¬�æ¨¨
á §�¤�−−ë¬¨ ¢¥à®ïâ−®áâ−®-¢à¥¬¥−− �ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨;

{ ®¡¥á¯¥ç¥−¨¥ §�é¨âë ¨−ä®à¬�æ¨¨, æ¨àªã«¨àãîé¥© ¢ ‘�„;

{ à¥�«¨§�æ¨î §�¤�ç ¬�àèàãâ¨§�æ¨¨ á®®¡é¥−¨© −� ¢ëç¨á«¨â¥«ì−ëå ª®¬¯«¥ªá�å
æ¥−âà®¢ ª®¬¬ãâ�æ¨¨;

{ ®¡¥á¯¥ç¥−¨¥ ¢ëá®ª¨å ¯®ª�§�â¥«¥© ¤®áâ®¢¥à−®áâ¨ ¯¥à¥¤�ç¨ á®®¡é¥−¨© ¯® ª�-
−�«�¬ á¢ï§¨, ¢ â®¬ ç¨á«¥ −¨§ª®£® ª�ç¥áâ¢�;

{ ®¡¥á¯¥ç¥−¨¥ ¢ëá®ª¨å ¯®ª�§�â¥«¥© −�¤¥¦−®áâ¨ âà�ªâ®¢ ¯¥à¥¤�ç¨ á®®¡é¥−¨©
¢ ‘�„ ¬¥¦¤ã ®¡ê¥ªâ�¬¨ ã¯à�¢«¥−¨ï;
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

{ á®§¤�−¨¥ ¢ á®áâ�¢¥ ‘�„ ¯®¤á¨áâ¥¬ë ª®−âà®«ï äã−ªæ¨®−¨à®¢�−¨ï ¨ ã¯à�¢-
«¥−¨ï ¥¥ à�¡®â®©;

{ á®§¤�−¨¥ á¯¥æ¨�«¨§¨à®¢�−−ëå �¯¯�à�â−®-¯à®£à�¬¬−ëå ª®¬¯«¥ªá®¢ ¤«ï æ¥−â-
à®¢ ª®¬¬ãâ�æ¨¨ ¯�ª¥â®¢ (–Š�);

{ á®§¤�−¨¥ àï¤� �¯¯�à�â−®-¯à®£à�¬¬−ëå Š�‘‘�„, ãáâ�−�¢«¨¢�¥¬ëå −� ®¡ê-
¥ªâ�å ã¯à�¢«¥−¨ï �‘“ | �¡®−¥−â�å ‘�„;

{ á®§¤�−¨¥ ª®¬¯«¥ªá� �� ¤«ï –Š�.

“á¯¥è−�ï à¥�«¨§�æ¨ï ¢á¥å ¯¥à¥ç¨á«¥−−ëå ¢ëè¥ §�¤�ç ¯®§¢®«¨«� á¢®¥¢à¥-
¬¥−−® à¥è¨âì ¢¥áì ª®¬¯«¥ªá ¯à®¡«¥¬ ¯® ¢¢®¤ã ‘�„ ¢ íªá¯«ã�â�æ¨î, ª®â®àë¥
¢ª«îç�«¨:

{ ¯à®¢¥¤¥−¨¥ à�§«¨ç−ëå ¢¨¤®¢ ¨á¯ëâ�−¨© ¯à®£à�¬¬−®-�¯¯�à�â−ëå áà¥¤áâ¢,
ª®¬¯«¥ªá®¢ ¨ ®¯ëâ−®£® ãç�áâª� ‘�„ ¢ æ¥«®¬;

{ ®â«�¤ªã áà¥¤áâ¢ ¨ ª®¬¯«¥ªá®¢ ‘�„ −¥¯®áà¥¤áâ¢¥−−® −� ®¡ê¥ªâ�å íªá¯«ã�â�-
æ¨¨;

{ ¢¢®¤ ‘�„ ¢ èâ�â−ë© à¥¦¨¬ ¤¥¦ãàáâ¢�, â. ¥. ªàã£«®áãâ®ç−®£® ®¡á«ã¦¨¢�−¨ï
á¨áâ¥¬ë ã¯à�¢«¥−¨ï.

�à¨ á®§¤�−¨¨ ‘�„ �ˆˆ�� ¢ë¯®«−ï« ®á−®¢−®© ®¡ê¥¬ à�¡®â, ®¤−�ª® −�¤®
®â¬¥â¨âì ¡®«ìè®© ¢ª«�¤ ¨ ª®®¯¥à�æ¨¨ ¯à¥¤¯à¨ïâ¨©-á®¨á¯®«−¨â¥«¥©. ‘à¥¤¨ −¨å:
“«ìï−®¢áª¨© ��� úŒ�àáû (£«�¢−ë© ª®−áâàãªâ®à | ‚. ‚. �«¥ªá¥©ç¨ª, §�â¥¬ |
‚. ˆ. Š¨¤�«®¢), ��� úŠà�á−�ï ‡�àïû (£«�¢−ë© ª®−áâàãªâ®à | Œ. ˆ. ‚¥âç¨−-
ª¨−, §�â¥¬ | ‚. ˆ. Œ¨à®è−¨ª®¢), …à¥¢�−áª¨© �ˆˆ ¬�â¥¬�â¨ç¥áª¨å ¬�è¨−
(£«�¢−ë© ª®−áâàãªâ®à | ÷. ‚. �â®ï−), Š� §�¢®¤� ú‘¨£−�«û (£. Š¨è¨−¥¢, £«�¢-
−ë© ª®−áâàãªâ®à | ˆ. �. �¥âïè¨−), �ˆˆ‘‘“ (��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨©
¨−áâ¨âãâ á¨áâ¥¬ á¢ï§¨ ¨ ã¯à�¢«¥−¨ï, ¤¨à¥ªâ®à | ‚. �. ‘®ª®«®¢), Œ�ˆˆ÷‘
(Œ®áª®¢áª¨© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ à�¤¨®á¢ï§¨, ¤¨à¥ªâ®à |
�. �. �¨«¥−ª®), �ˆˆ �¢â®¬�â¨ª¨ (Œ®áª¢�, ¤¨à¥ªâ®à | �. ”. �«¥ªá¥¥¢),
�¥−§¥−áª¨© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© í«¥ªâà®â¥å−¨ç¥áª¨© ¨−áâ¨âãâ (��ˆ�ˆ,
¤¨à¥ªâ®à | �. ‚. ‘â�à®¢®©â®¢), ƒ®àìª®¢áª¨© �ˆˆ à�¤¨®á¢ï§¨ (¤¨à¥ªâ®à |
…. ‹. �¥«®ãá®¢), �«¥ªâà®¬¥å�−¨ç¥áª¨© §�¢®¤ (£. ‘¢¥à¤«®¢áª), ’�¬¡®¢áª¨© §�¢®¤
ú’�¬¡®¢�¯¯�à�âû, ÷ï§�−áª¨© §�¢®¤ úŠà�á−®¥ §−�¬ïû, §�¢®¤ ‘�Œ (Œ®áª¢�),
¬®−â�¦−ë¥ ¯à¥¤¯à¨ïâ¨ï úŠ�áª�¤û ¨ ¤à. [2].

�â¬¥â¨¬, çâ® ˆ. �. Œ¨§¨− ¢ á¢®¥© à�¡®â¥ ¢á¥£¤� ¯®«ãç�« ¯®¬®éì ¨ ¯®áâ®ï−-
−ãî ¤¥«®¢ãî ¯®¤¤¥à¦ªã á® áâ®à®−ë àãª®¢®¤áâ¢� �ˆˆ�� ¢ «¨æ¥ ‚. ‘. ‘¥¬¥−¨-
å¨−� ¨ ‚. ‚. Š®−�è¥¢� [2].

�á®¡® −¥®¡å®¤¨¬® ¯®¤ç¥àª−ãâì ¯®¤¤¥à¦�−¨¥ ˆ. �. Œ¨§¨−ë¬ −� ¯à®âï¦¥−¨¨
¬−®£¨å «¥â ª®−áâàãªâ¨¢−ëå ¤¥«®¢ëå ®â−®è¥−¨© á ‡�ª�§ç¨ª®¬ Š‘�“ ¨ ‘�„
¢ «¨æ¥ “¯à�¢«¥−¨ï −�ç�«ì−¨ª� á¢ï§¨ ‚®®àã¦¥−−ëå ‘¨« [16], � â�ª¦¥ ¢¥¤ãé¨¬¨
¢®¥−−ë¬¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨¬¨ ¨−áâ¨âãâ�¬¨, ¯à¥¦¤¥ ¢á¥£® á 16 –�ˆˆˆ
á¢ï§¨ Œ¨−®¡®à®−ë [17,18].

‘®§¤�−¨¥ ¯¥à¢®© ¢ ‘‘‘÷ â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¨áâ¥¬ë á ª®¬¬ãâ�æ¨¥© ¯�-
ª¥â®¢ ¤«ï ª®¬�−¤−®© �‘“ ¨ ¥¥ ¯®áâ�−®¢ª� ¢ à¥¦¨¬ ªàã£«®áãâ®ç−®© íªá¯«ã�â�æ¨¨
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

áâ�«¨ ªàã¯−ë¬ −�ãç−®-â¥å−¨ç¥áª¨¬ ¤®áâ¨¦¥−¨¥¬ ®â¥ç¥áâ¢¥−−®© á¨áâ¥¬®â¥å−¨ª¨.
ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ª�ª £«�¢−ë© ª®−áâàãªâ®à ¢ 1981 £. ã¤®áâ®¥− ‹¥-
−¨−áª®© ¯à¥¬¨¨, � àï¤ ¥£® á®âàã¤−¨ª®¢ | ƒ®áã¤�àáâ¢¥−−®© ¯à¥¬¨¨, −�£à�¦¤¥−ë
®à¤¥−�¬¨ ¨ ¬¥¤�«ï¬¨.

�®¢ë¥ à¥è¥−¨ï, §�«®¦¥−−ë¥ ¢ ®á−®¢ã ¯®áâà®¥−¨ï ‘�„, ®ª�§�«¨áì íää¥ª-
â¨¢−ë¬¨ ¨ ¯¥àá¯¥ªâ¨¢−ë¬¨, ®−¨ ®¡¥á¯¥ç¨«¨ ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨ ¢®§¬®¦-
−®áâì ¥¥ í¢®«îæ¨®−−®£® à�§¢¨â¨ï ¨ ¯à¥¢à�é¥−¨ï ¢ ¡�§®¢ãî ‘�„ (�‘�„) ª�ª
®á−®¢ã ®¡ê¥¤¨−¥−−®© ‘�„ (�‘�„).

ˆ¬¥−−® ¯®íâ®¬ã �‘�„, á®§¤�−−�ï ª®««¥ªâ¨¢®¬ ˆ. �. Œ¨§¨−�, ¯®áâ�¢«¥−−�ï
¢ 1980 £. −� ®¯ëâ−ãî íªá¯«ã�â�æ¨î, � á 1985 £. ¯à¨−ïâ�ï −� ¡®¥¢®¥ ¤¥¦ãàáâ¢®,
ãá¯¥è−® äã−ªæ¨®−¨àã¥â ¡®«¥¥ 40 «¥â ¢ ¨−â¥à¥á�å −¥áª®«ìª¨å ¤¥áïâª®¢ �¢â®¬�-
â¨§¨à®¢�−−ëå á¨áâ¥¬ ¢ áâà�â¥£¨ç¥áª®¬ §¢¥−¥ ã¯à�¢«¥−¨ï.

�®«¥¥ â®£®, ¯® ¨áâ¥ç¥−¨¨ −¥áª®«ìª¨å ¤¥áïâ¨«¥â¨© ¢ëïá−¨«®áì, çâ® ¬−®£¨¥ á¨á-
â¥¬®â¥å−¨ç¥áª¨¥ ¯®¤å®¤ë, à¥�«¨§®¢�−−ë¥ ˆ. �. Œ¨§¨−ë¬ ¨ ¥£® ª®¬�−¤®© ¢ å®¤¥
á®§¤�−¨ï ‘�„, ¯à¥¤¢®áå¨â¨«¨ àï¤ ¨¤¥©, ª®â®àë¥ «¥£«¨ ¢ ®á−®¢ã ¯¥à¥¤®¢ëå
§�àã¡¥¦−ëå à�§à�¡®â®ª ¢ íâ®© ®¡«�áâ¨ (®¤−�ª® ¢ á¨«ã §�ªàëâ®£® å�à�ªâ¥à�
à�¡®â �ˆˆ�� íâ¨ ¯®«®¦¥−¨ï ®áâ�«¨áì −¥¨§¢¥áâ−ë¬¨ ¬¥¦¤ã−�à®¤−®© −�ãç−®©
®¡é¥áâ¢¥−−®áâ¨).

‚® ¬−®£®¬ íâ® ®¡êïá−ï¥âáï ¢ëá®ª¨¬ ãà®¢−¥¬ −�ãç−®© ª¢�«¨ä¨ª�æ¨¨ ª®«-
«¥ªâ¨¢� à�§à�¡®âç¨ª®¢ ‘�„. ‚ àãª®¢®¤¨¬®¬ ˆ. �. Œ¨§¨−ë¬ �’– ‘�„ −¥
®£à�−¨ç¨¢�«¨áì â®«ìª® à�§à�¡®âª�¬¨ ¨ ¢−¥¤à¥−¨¥¬ ª®¬¯«¥ªá®¢ ®¡¬¥−� ¤�−−ë-
¬¨ −� ®¡ê¥ªâ�å §�ª�§ç¨ª�, ¬−®£® ¢−¨¬�−¨ï ã¤¥«ï«®áì à�§¢¨â¨î â¥®à¥â¨ç¥áª¨å
¢®¯à®á®¢ ¯®áâà®¥−¨ï ¡®«ìè¨å ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬
(ˆ’Š‘). �â®¬ã á¯®á®¡áâ¢®¢�«¨ à�¡®âë ¯® ¬�â¥¬�â¨ç¥áª®¬ã ¨ ¨¬¨â�æ¨®−−®¬ã
¬®¤¥«¨à®¢�−¨î à�§à�¡�âë¢�¥¬ëå á¨áâ¥¬−ëå, �«£®à¨â¬¨ç¥áª¨å ¨ â¥å−¨ç¥áª¨å
à¥è¥−¨©, � â�ª¦¥ íªá¯¥à¨¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© á ¨á¯®«ì§®¢�−¨¥¬ áâ¥−¤�
£«�¢−®£® ª®−áâàãªâ®à�. ˆ §¤¥áì −�¤® ®â¬¥â¨âì à®«ì «¨¤¥à� ª®««¥ªâ¨¢�: ˆ£®àì
�«¥ªá�−¤à®¢¨ç ª�ª ƒ«�¢−ë© ª®−áâàãªâ®à ¢ ãá«®¢¨ïå ª®«®áá�«ì−®© §�£àã¦¥−-
−®áâ¨ ¯®¢á¥¤−¥¢−ë¬¨ ¯à®¡«¥¬�¬¨ à�§à�¡®âª¨ ‘�„ −�è¥« ¢à¥¬ï ¤«ï −�ãç−ëå
¨áá«¥¤®¢�−¨© ¨ áã¬¥« áà�¢−¨â¥«ì−® à�−® §�é¨â¨âì ª�−¤¨¤�âáªãî (¢ 1966 £.), � §�-
â¥¬ ¨ ¤®ªâ®àáªãî (¢ 1972 £.) ¤¨áá¥àâ�æ¨î. ‚á¯®¬¨−�¥â ¯à®ä¥áá®à ˆ. �. “è�ª®¢
(ç«¥− ¯¥à¢®£® ¤¨áá¥àâ�æ¨®−−®£® á®¢¥â� �ˆˆ��, ª®â®àë© á®§¤�« ‚. ‘. ‘¥¬¥−¨-
å¨−, á®âàã¤−¨ª �ˆˆ��, §�â¥¬ ‚– �� ‘‘‘÷): úˆ£®àì §�é¨é�« ª�−¤¨¤�âáªãî
¤¨áá¥àâ�æ¨î ¢ 1966 £. −� −�è¥¬ ‘®¢¥â¥. Ÿ ¯®¬−î ¥£® ¡«¥áâïéãî §�é¨-
âã. ˆ£®àì ¯à¥¤áâ�¢¨« ®â«¨ç−ë© â¥å−¨ç¥áª¨© ¯à®¥ªâ, ¢ ª®â®à®¬ ¢á¥ | ®â
â¥®à¥â¨ç¥áª®£® ®¡®á−®¢�−¨ï, ¨−¦¥−¥à−ëå à�áç¥â®¢, ª®−áâàãªâ¨¢−ëå à¥è¥−¨©
¢¯«®âì ¤® ¬�ª¥â−®£® ®¡à�§æ� | ¡ë«® á¤¥«�−® ¨¬ á�¬¨¬û [19].

‹¨ç−ë¬ ¯à¨¬¥à®¬ ˆ. �. Œ¨§¨− ¢ëá®ª® ¯®¤−ï« ¯«�−ªã ª¢�«¨ä¨ª�æ¨®−−ëå
âà¥¡®¢�−¨© ª àãª®¢®¤¨â¥«ï¬ áâàãªâãà−ëå ¯®¤à�§¤¥«¥−¨© �’– ‘�„. �à�ªâ¨-
ç¥áª¨ ¢á¥ ®−¨ ã¦¥ ª á¥à¥¤¨−¥ 1980-å ££. áâ�«¨ ¤¨¯«®¬¨à®¢�−−ë¬¨ á¯¥æ¨�«¨áâ�-
¬¨: ¤®ªâ®à� â¥å−¨ç¥áª¨å −�ãª ƒ. Š. •à�¬¥è¨−, ‚. �. �¥à¥§¨−, �. �. Šã«¥è®¢,
�. ‚. ’�¬®è¨−áª¨©, ª�−¤¨¤�âë â¥å−¨ç¥áª¨å −�ãª ‹. ‘. “à¨−á®−, ‘. Š. Œãà�¢ì-
¥¢, ‹. �. �®«ï−áª¨©, ‹. ˆ. Œ�¢à®¤¨�¤¨, �. �. ‡�«ª¨−¤, ƒ. ‘. ‚¨«ìè�−áª¨©,
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

‚. ‚. Œãà�¢ì¥¢, ā. ‚. Œ¨å¥¥¢, ‚. �. ‚¥á¥«®¢, ā. Ÿ. Š¨á«®¢, ā. �. �¢-
ç¨−−¨ª®¢, ƒ. �. Š�¡�âï−áª¨©, ‘. �. �á¬®«®¢áª¨©, ”. ˆ. ”¨è¡¥©−. ‚ ª®−æ¥
1980-å ££. ª�−¤¨¤�âáª¨¥ ¤¨áá¥àâ�æ¨¨ ãá¯¥è−® §�é¨â¨«¨ ‚. �. ��¥¢, ‚. ’. ‘�-
¬®å¨−, Œ. �. Šã¯¥à¬�−, �. �. �«�â®−®¢, �. �. ‚¥à¥é�£¨− ¨ ¤à.

�â¤¥«ì−® ®â¬¥â¨¬, çâ® £«�¢−ë© ª®−áâàãªâ®à –Š‘ �. Ÿ. Œ�âîå¨− ¢ 1979 £.
¡ë« ¨§¡à�− ç«¥−®¬-ª®àà¥á¯®−¤¥−â®¬ �ª�¤¥¬¨¨ −�ãª ‘‘‘÷. ‚ 1979 £. −�ãç−ë©
¯®â¥−æ¨�« �’– ‘�„ ãá¨«¨«áï ‚. �. �®£�âëà¥¢ë¬, ª®â®àë© ¯®á«¥ ãá¯¥è−®©
§�é¨âë ¤®ªâ®àáª®© ¤¨áá¥àâ�æ¨¨ ¯¥à¥è¥« ¢ �ˆˆ�� ¨§ 16 –�ˆˆˆ [15].

‚�¦−®, çâ® ¢á¥ ¤¨áá¥àâ�æ¨¨ á¯¥æ¨�«¨áâ®¢ �’– ‘�„ ¡ë«¨ ®á−®¢�−ë −�
à¥§ã«ìâ�â�å (â¥å−¨ç¥áª¨¥ à¥è¥−¨ï, ¬¥â®¤ë, �«£®à¨â¬ë), à¥�«ì−® à¥�«¨§®¢�−−ëå
¢ ª®¬¯«¥ªá�å ‘�„ (ãáâà®©áâ¢� ¯à¥®¡à�§®¢�−¨ï á¨£−�«®¢, ãáâà®©áâ¢� ¯®¢ëè¥−¨ï
¤®áâ®¢¥à−®áâ¨, ¢ëç¨á«¨â¥«ì−ë© ª®¬¯«¥ªá ª®¬¬ãâ�æ¨¨, áà¥¤áâ¢� ®â®¡à�¦¥−¨ï
¨ ¤à.).

…é¥ ®¤−¨¬ −�¯à�¢«¥−¨¥¬ ¤¥ïâ¥«ì−®áâ¨ ˆ. �. Œ¨§¨−� ¡ë«� ¯à¥¯®¤�¢�â¥«ì-
áª�ï à�¡®â� −� ¡�§®¢®© ª�ä¥¤à¥ Œˆ÷��, ª®â®àãî ®− ¢®§£«�¢«ï«. ‚¬¥áâ¥ á −¨¬
¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ë¥ ¨−¦¥−¥à−ë¥ ª�¤àë ¤«ï �’– ‘�„ −� ¡�§®¢®© ª�ä¥-
¤à¥ £®â®¢¨«¨ ƒ. Š. •à�¬¥è¨−, ‚. �. �¥à¥§¨−, �. Ÿ. Œ�âîå¨−, �. �. ‡�«ª¨−¤,
ƒ. ‘. ‚¨«ìè�−áª¨©, ‚. ‚. Œãà�¢ì¥¢ ¨ ¤à.

�â¬¥â¨¬ â�ª¦¥, çâ® ¯® ¯à®¡«¥¬�â¨ª¥ á¥â¥© ¯¥à¥¤�ç¨ ¤�−−ëå ˆ. �. Œ¨§¨−ë¬
¢ á®�¢â®àáâ¢¥ á ª®««¥£�¬¨ (‹. ‘. “à¨−á®−, ƒ. Š. •à�¬¥è¨−, ‚. �. �®£�âëà¥¢,
�. �. Šã«¥è®¢ ¨ ¤à.) ¢ ¯¥à¨®¤ à�§à�¡®âª¨ ‘�„ ¡ë« ®¯ã¡«¨ª®¢�− àï¤ äã−¤�-
¬¥−â�«ì−ëå −�ãç−ëå à�¡®â [10,20{23], −� ª®â®àëå ãç¨«¨áì −¥áª®«ìª® ¯®ª®«¥−¨©
¨áá«¥¤®¢�â¥«¥© ¨ à�§à�¡®âç¨ª®¢ ¢ ®¡«�áâ¨ ˆ’Š‘.

‘¨áâ¥¬� ®¡¬¥−� ¤�−−ë¬¨ áâ�«� ®¡à�§æ®¬ á¨áâ¥¬−®£® ¯®¤å®¤� ª á®§¤�-
−¨î ªàã¯−ëå â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨á-
â¥¬ [6,17].

3 Создание информационных сетей
в интересах органов государственной власти

‘ ¯à¨å®¤®¬ ˆ. �. Œ¨§¨−� ¢ ˆ�ˆ ÷�� áâ�«® à�§¢¨¢�âìáï −®¢®¥ −�ãç−®¥
−�¯à�¢«¥−¨¥ ¨áá«¥¤®¢�−¨©, ª®â®à®¥ ¯®«ãç¨«® −�§¢�−¨¥ úˆ−ä®à¬�æ¨®−−®-â¥-
«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ â¥å−®«®£¨¨û, ¨ ¡ë«� áä®à¬¨à®¢�−� −�ãç−�ï
èª®«� ®â¥ç¥áâ¢¥−−ëå á¯¥æ¨�«¨áâ®¢ ¢ ®¡«�áâ¨ á®§¤�−¨ï á«®¦−ëå ˆ’Š‘ [22{24].
Š íâ®¬ã ¢à¥¬¥−¨ ®− ®¡«�¤�« ª®«®áá�«ì−ë¬ ®¯ëâ®¬ à�§à�¡®âª¨ ¨ ¢−¥¤à¥−¨ï ªàã¯-
−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. ‚ −¥¬ ®à£�−¨ç−® á®ç¥â�«¨áì ª�ç¥áâ¢� ãç¥−®£®,
á¯®á®¡−®£® ¢®á¯à¨−ïâì ¨ ¯à�¢¨«ì−® ®æ¥−¨âì −®¢®¥, ¨ ¨−¦¥−¥à�-ª®−áâàãªâ®-
à�, −�æ¥«¥−−®£® −� ¤®áâ¨¦¥−¨¥ ª®−ªà¥â−ëå æ¥«¥©. ˆ£®àì �«¥ªá�−¤à®¢¨ç ¯à¨¤�«
íâ®¬ã −�¯à�¢«¥−¨î ïàªãî ¯à�ªâ¨ç¥áªãî −�¯à�¢«¥−−®áâì. �à¨ íâ®¬ á«®¦¨¢è¥¥áï
¢ −�ç�«¥ 1990-å ££. ¢ ÷®áá¨¨ ¯®«®¦¥−¨¥ ¢ ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¯®§¢®«¨«®
ˆ. �. Œ¨§¨−ã ¢ ¯®«−®© ¬¥à¥ à¥�«¨§®¢�âì á¢®© ®£à®¬−ë© −�ãç−ë© ¯®â¥−æ¨�«
¨ à¥¤ç�©è¨© ®à£�−¨§�â®àáª¨© â�«�−â.
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

‚ íâ¨ £®¤ë ¢ áâà�−¥ ¯®ï¢¨«¨áì −¥¡ë¢�«ë¥ ¢®§¬®¦−®áâ¨ ¯® ¤®áâã¯ã ¨ ¯à¨-
¬¥−¥−¨î è¨à®ç�©è¥£® á¯¥ªâà� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, à�§à�¡®â�−−ëå
¢¥¤ãé¨¬¨ ¡¨§−¥á-áâàãªâãà�¬¨ ‘˜�, ƒ¥à¬�−¨¨, ”à�−æ¨¨ ¨ ¤àã£¨å ¢¥¤ãé¨å
áâà�−. ‚ ÷®áá¨¨ −�áâã¯¨« ¯¥à¥«®¬−ë© ¬®¬¥−â ¢ áâ�−®¢«¥−¨¨ ¨ ¨á¯®«ì§®¢�−¨¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ à�§«¨ç−ëå áä¥à�å: ¯à®¬ëè«¥−−®áâ¨, −�ãª¥,
®¡à�§®¢�−¨¨, � â�ª¦¥ ¢ £®áã¤�àáâ¢¥−−®¬ ã¯à�¢«¥−¨¨.

‚ á¥−âï¡à¥ 1994 £. ¢ëè¥« ãª�§ �à¥§¨¤¥−â� ÷”, ¯®áâ�¢¨¢è¨© �ªâã�«ì−¥©-
èãî §�¤�çã ¬®¤¥à−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬
®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ −� ¡�§¥ ¨á¯®«ì§®¢�−¨ï ¯®á«¥¤−¨å ¤®áâ¨¦¥−¨©
¢ íâ®© ®âà�á«¨. �â¨¬ ¦¥ ãª�§®¬ ˆ. �. Œ¨§¨− ¡ë« −�§−�ç¥− ƒ¥−¥à�«ì−ë¬
ª®−áâàãªâ®à®¬, � ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷�� ®¯à¥¤¥«¥− £®«®¢−®© ®à-
£�−¨§�æ¨¥©. �à¥¤áâ®ï«� −¥ â®«ìª® á«®¦−�ï, −® ¨ ¢® ¬−®£®¬ ¯¨®−¥àáª�ï à�¡®â�.
’à¥¡®¢�«®áì á −®¢ëå ¯®§¨æ¨© ¨§ãç¨âì ¯à®æ¥ááë ã¯à�¢«¥−¨ï, ¢ëç«¥−¨âì ®á−®¢-
−ë¥ äã−ªæ¨®−�«ì−ë¥ §�¤�ç¨, áä®à¬ã«¨à®¢�âì ª®«¨ç¥áâ¢¥−−ë¥ ¨ ª�ç¥áâ¢¥−−ë¥
å�à�ªâ¥à¨áâ¨ª¨, −¥®¡å®¤¨¬ë© −�¡®à ¨áå®¤−®© ¨−ä®à¬�æ¨¨ ¨, −�ª®−¥æ, á®§¤�âì
ª®¬¯«¥ªáë �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢ (¢ â®¬ ç¨á«¥ á¥â¥¢®£® ¨á¯®«−¥−¨ï),
¯®§¢®«ïîé¨¥ á âà¥¡ã¥¬ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ �¢â®¬�â¨§¨à®¢�âì íâ¨ ¯à®æ¥ááë
¨ á®§¤�âì ª®¬¯ìîâ¥à−ë¥ á¨áâ¥¬ë ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¨ �¢â®¬�â¨§�æ¨¨
¯à®æ¥áá®¢ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï.

„«ï ãá¯¥è−®£® à¥è¥−¨ï â�ª®© á«®¦−®© ¯à�ªâ¨ç¥áª®© §�¤�ç¨ −¥®¡å®¤¨¬®
¡ë«® ®¡®á−®¢�âì â¥®à¥â¨ç¥áª¨¥ ¯®¤å®¤ë ª ®¯¨á�−¨î ª«�áá� ªàã¯−®¬�áèâ�¡−ëå
¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¤¢®©−®£® ¯à¨¬¥−¥−¨ï ª�ª â¥àà¨â®à¨�«ì−® áâàãªâãà¨à®-
¢�−−ëå ¬ã«ìâ¨á¥â¥¢ëå á¨áâ¥¬ −�æ¨®−�«ì−®£® ¬�áèâ�¡�, á®¢¬¥é�îé¨å äã−ªæ¨¨
á¯¥æ¨�«ì−ëå á¨áâ¥¬ ¨ á¨áâ¥¬ ®¡é¥£® ¯®«ì§®¢�−¨ï. �à¨ íâ®¬, á ®¤−®© áâ®à®-
−ë, −¥®¡å®¤¨¬® ¡ë«® ¢−¥¤à¨âì á�¬ë¥ á®¢à¥¬¥−−ë¥ ¨ ¯¥àá¯¥ªâ¨¢−ë¥ â¥å−®«®£¨¨
¨ à¥�«¨§ãîé¨¥ ¨å áà¥¤áâ¢�, � á ¤àã£®© | ®¡¥á¯¥ç¨âì ¨å ¯à¥¥¬áâ¢¥−−®áâì á ã¦¥
äã−ªæ¨®−¨àãîé¨¬¨ á¨áâ¥¬�¬¨. �â® ¡ë«¨ ®ç¥−ì á«®¦−ë¥, ¬�áèâ�¡−ë¥ ¨ ®â-
¢¥âáâ¢¥−−ë¥ £®áã¤�àáâ¢¥−−ë¥ §�¤�ç¨. ˆ §¤¥áì ˆ. �. Œ¨§¨− ¢ ¯®«−®© ¬¥à¥
¯à®ï¢¨« á¢®¨ «ãçè¨¥ ª�ç¥áâ¢�: á¨áâ¥¬−®áâì, è¨à®âã ¢§£«ï¤®¢, æ¥«¥ãáâà¥¬«¥−-
−®áâì. ˆ¬¥−−® ¢ ¯à®æ¥áá¥ íâ®© à�¡®âë ¡ë«¨ áä®à¬ã«¨à®¢�−ë äã−¤�¬¥−â�«ì−ë¥
¯à¨−æ¨¯ë �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá®¢ £®áã¤�àáâ¢¥−−®£® ã¯à�¢«¥−¨ï ¢ ¯à¨¬¥−¥−¨¨
ª ÷®áá¨¨, à�§à�¡®â�−ë á¨áâ¥¬®â¥å−¨ç¥áª¨¥ à¥è¥−¨ï ¯®áâà®¥−¨ï �¢â®¬�â¨§¨à®-
¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¢ª«îç�ï ª®−ªà¥â−ë¥ �¯¯�à�â−®-¯à®£à�¬¬−ë¥
à¥è¥−¨ï. ÷�§à�¡®â�−−ë¥ ¯à¨−æ¨¯ë ¨ ¯®¤å®¤ë ¨ á¥£®¤−ï ®áâ�îâáï �ªâã�«ì−®©
¬¥â®¤®«®£¨ç¥áª®© ®á−®¢®© ¤«ï ¬−®£¨å à�§à�¡®âç¨ª®¢ ¢ −�è¥© áâà�−¥.

�â¬¥â¨¬, çâ® ˆ. �. Œ¨§¨− ®¡«�¤�« à¥¤ç�©è¨¬ â�«�−â®¬ ä®à¬¨à®¢�âì ¢ëá®-
ª®ª¢�«¨ä¨æ¨à®¢�−−ë¥ ª®««¥ªâ¨¢ë ¤«ï ¢ë¯®«−¥−¨ï á«®¦−ëå ¨ ¢�¦−ëå −�ãç−®-
¯à�ªâ¨ç¥áª¨å §�¤�ç. �− ïàª® íâ® ¤®ª�§�« ¢ �ˆˆ�� ¯à¨ á®§¤�−¨¨ ‘�„.

�¥ ¬¥−¥¥ ãá¯¥è−® á¢®¨ ®à£�−¨§�â®àáª¨¥ á¯®á®¡−®áâ¨ ˆ. �. Œ¨§¨− ¯à®ï¢¨«
¨ ¢ ˆ�ˆ ÷��. „«ï à¥è¥−¨ï §�¤�ç ¯® ¬®¤¥à−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬
®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ¯®âà¥¡®¢�«®áì áä®à¬¨à®¢�âì −®¢ë¥ −�ãç−ë¥
ª®««¥ªâ¨¢ë. ˆå ®á−®¢ã á®áâ�¢¨«¨ ®¯ëâ−ë¥ á®âàã¤−¨ª¨ ˆ�ˆ ÷�� (Š. Š. Š®-
«¨−, ā. ‚. ƒ�©ª®¢¨ç, ˆ. �. ‘¨−¨æë−, ˆ. ˆ. �ëáâà®¢, ‹. �. Š�«¨−¨ç¥−ª®,
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

‚. �. Š®§¬¨¤¨�¤¨, ‘. Œ. ÷®¦¤¥áâ¢¥−áª¨©, ‚. „. ˆ«ì¨−, ˆ. Œ. �¤�¬®¢¨ç,
�. ˆ. Œ�àâë−¥−ª® ¨ ¤à.), ª®â®àë¥ ¢ë¯®«−ï«¨ ¯à¥¦¤¥ ¢á¥£® ¨áá«¥¤®¢�â¥«ìáª¨¥
à�¡®âë. ‚¬¥áâ¥ á â¥¬ ¤«ï à¥è¥−¨ï ¡®«ìè®£® ®¡ê¥¬� §�¤�ç, âà¥¡ãîé¨å ¢ë¯®«−¥-
−¨ï à�¡®â ¯® ª®−áâàã¨à®¢�−¨î ¨ à�§à�¡®âª¥ (à�¡®ç�ï ¨ ª®−áâàãªâ®àáª�ï ¤®ªã¬¥−-
â�æ¨ï, ®¯ëâ−ë¥ ®¡à�§æë, ¢á¥ ¢¨¤ë ¨á¯ëâ�−¨© ¨ â. ¯.), ˆ. �. Œ¨§¨− ¯à¨£«�á¨«
æ¥«ë© àï¤ á®âàã¤−¨ª®¢ �ˆˆ�� á ®¯ëâ®¬ à�§à�¡®âª¨ ‘�„ (�. ˆ. ’¥¬−®¢,
‚. �. ‚¥á¥«®¢, �. ‚. Š¨á¥«¥¢, Œ. …. Œ¥¤¢¥¤¥¢, Œ. �. —ã¤�ª®¢, ‚. ˆ. ƒà¥¡¥−-
é¨ª®¢, �. �. Šãà�ª®¢, ‚. ‚. ‚�á¨«ì¥¢, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.). ��àï¤ã á íâ¨¬
ª ¢ë¯®«−¥−¨î −®¢ëå à�¡®â ¡ë«¨ ¯à¨¢«¥ç¥−ë á®¢á¥¬ ¬®«®¤ë¥ á®âàã¤−¨ª¨ ˆ�ˆ
÷��, ¢ë¯ãáª−¨ª¨ ¨−¦¥−¥à−ëå ¢ã§®¢ | Œ�ˆ, Œˆ÷�� ¨ ¤à. ‘à¥¤¨ −¨å ®â¬¥-
â¨¬ ‚. ˆ. ‘¨−¨æë−�, �. ÷. Š®à¥¯�−®¢�, ‚. �. Š®−¤à�è¥¢�, Œ. Œ. ƒ¥àèª®¢¨ç�,
ˆ. ‚. Œ�ª�à¥−ª®¢ã, …. �. ”¥¤®â®¢ã. ‚á¥ ¯¥à¥ç¨á«¥−−ë¥ á®âàã¤−¨ª¨ áâ�«¨ ¢¥¤ã-
é¨¬¨ á¯¥æ¨�«¨áâ�¬¨ ”ˆ– ˆ“ ÷�� ¯® à�§«¨ç−ë¬ ¢®¯à®á�¬ ¨−ä®à¬�æ¨®−−ëå
á¨áâ¥¬ ¨ â¥å−®«®£¨©.

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ¡®«ìè®¥ ¢−¨¬�−¨¥ ã¤¥«ï« −�ãç−®© ®¡®á−®-
¢�−−®áâ¨ ¯à¥¤«�£�¥¬ëå à¥è¥−¨©, ¢ ç�áâ−®áâ¨ ¬¥â®¤�¬ ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥-
«¨à®¢�−¨ï ˆ’Š‘. �® ¥£® ¨−¨æ¨�â¨¢¥ ¢ 1992 £. ¢ ˆ�ˆ ÷�� ¡ë«® á®§¤�−®
−®¢®¥ ¯®¤à�§¤¥«¥−¨¥ | �â¤¥« ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®âª¨ ¯à¨−æ¨¯®¢ ¯®áâà®-
¥−¨ï ¨−ä®à¬�æ¨®−−®-¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬, ®¤−®© ¨§ §�¤�ç ª®â®à®£® áâ�«®
¬�â¥¬�â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥ ˆ’Š‘. �á−®¢ã ®â¤¥«� á®áâ�¢¨«¨ á®âàã¤−¨ª¨,
¯à¨è¥¤è¨¥ ¢ ˆ�ˆ ÷�� ¨§ à�áä®à¬¨à®¢�−−®£® á®¢¬¥áâ−®£® ®â¤¥«� �ˆˆ‘‘“
¨ ‚– �� ‘‘‘÷ (‘. …. ˜¨¡�−®¢, ˆ. �. ‘®ª®«®¢, ‘. Ÿ. ˜®à£¨−, ˆ. ‚. ‹ë§«®-
¢�, ‘. ‚. �−â®−®¢). ‚ ¯®á«¥¤ãîé¥¬ ¢®¯à®á�¬¨ ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï
ˆ’Š‘ �ªâ¨¢−® §�−¨¬�«¨áì �. ‚. �¥ç¨−ª¨−, ‚. ‚. —�¯«ë£¨−, Œ. ƒ. Š®−®¢�«®¢,
Ÿ. Œ. �£�«�à®¢, ÷. ‚. ÷�§ã¬ç¨ª.

�á−®¢−ë¬ −�¯à�¢«¥−¨¥¬ ¨áá«¥¤®¢�−¨© ¢ ¤�−−®© ®¡«�áâ¨ ¡ë«® à¥è¥−¨¥ −�ãç-
−ëå §�¤�ç ¯® à�§à�¡®âª¥ ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¬®¤¥«¨à®¢�−¨ï à¥�«ì−ëå â¥«¥ª®¬¬ã-
−¨ª�æ¨®−−ëå á¨áâ¥¬. ‚ ç�áâ−®áâ¨, ¯à®¢®¤¨«¨áì äã−¤�¬¥−â�«ì−ë¥ â¥®à¥â¨ç¥áª¨¥
¨áá«¥¤®¢�−¨ï, à�§à�¡�âë¢�«¨áì ¬�â¥¬�â¨ç¥áª¨¥ ¨ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¨ ¬®-
¤¥«¨, ¨å íªá¯¥à¨¬¥−â�«ì−�ï �¯à®¡�æ¨ï, �−�«¨§ ¨ ®¯â¨¬¨§�æ¨ï å�à�ªâ¥à¨áâ¨ª
ˆ’Š‘. ‘à¥¤¨ −�¨¡®«¥¥ §−�ç¨¬ëå à¥§ã«ìâ�â®¢ á«¥¤ã¥â ®â¬¥â¨âì [24{26]:

{ ª®¬¯«¥ªá ¬¥â®¤®¢, �«£®à¨â¬®¢ ¨ ¯à®£à�¬¬ ¤«ï à�áç¥â� å�à�ªâ¥à¨áâ¨ª â¥«¥-
ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥©;

{ ¬�â¥¬�â¨ç¥áª�ï ¨ ¨¬¨â�æ¨®−−�ï ¬®¤¥«¨ ¬−®£®áª�çª®¢ëå ¯�ª¥â−ëå à�¤¨®á¥-
â¥©;

{ ¬®¤¥«¨ âà�−á¯®àâ−®£® ãà®¢−ï ¤«ï à�áç¥â� ¨ ®¯â¨¬¨§�æ¨¨ å�à�ªâ¥à¨áâ¨ª
¤®áâ�¢ª¨ ¬−®£®¯�ª¥â−ëå á®®¡é¥−¨©;

{ ¬�â¥¬�â¨ç¥áª¨¥ ¬¥â®¤ë ¨ �«£®à¨â¬ë ¤«ï à�áç¥â� ®¡é¥á¥â¥¢ëå å�à�ªâ¥à¨áâ¨ª
¯à®æ¥áá®¢ ¯¥à¥¤�ç¨ ¤«ï ATM-á¥â¨;

{ ¬®¤¥«ì âà�−á¯®àâ−®© á¥â¨, ãç¨âë¢�îé�ï §�¢¨á¨¬®áâì áà¥¤−¥£® ¢à¥¬¥−¨ ¯¥-
à¥¤�ç¨ á®®¡é¥−¨© ®â ã¯à�¢«ïîé¨å ¯�à�¬¥âà®¢ âà�−á¯®àâ−®£® ¯à®â®ª®«�;
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

{ �«£®à¨â¬ ¢ë¡®à� ¯�à�¬¥âà®¢ âà�−á¯®àâ−®£® ¯à®â®ª®«�, ®¯â¨¬¨§¨àãîé¨å
áà¥¤−¥¥ ¢à¥¬ï ¯¥à¥¤�ç¨ ç¥à¥§ âà�−á¯®àâ−ãî á¥âì;

{ ª®−æ¥¯âã�«ì−�ï, ¬�â¥¬�â¨ç¥áª�ï ¨ ¯à®£à�¬¬−�ï ¬®¤¥«ì â¥«¥ª®¬¬ã−¨ª�æ¨-
®−−®© á¥â¨, ¨á¯®«ì§ãîé¥© â¥å−®«®£¨î ¯¥à¥¤�ç¨ Frame Relay (¤�−−ë© ¯à®-
¥ªâ ¢ë¯®«−ï«áï ¢ à�¬ª�å á®âàã¤−¨ç¥áâ¢� −�ãç−®£® ª®««¥ªâ¨¢� á ª®¬¯�−¨¥©
SOTAS, ‘˜�).

�áâ�−®¢¨¬áï −� −�ãç−®-¯à�ªâ¨ç¥áª¨å à¥§ã«ìâ�â�å, ¯®«ãç¥−−ëå ¯® −¥ª®â®-
àë¬ −�¯à�¢«¥−¨ï¬.

�¤−¨¬ ¨§ ¤¨áªãâ¨àã¥¬ëå ¢®¯à®á®¢ ¡ë« ¢ë¡®à �àå¨â¥ªâãàë Š‘�, ¨«¨,
¢ â¥à¬¨−®«®£¨¨, ¯à¥¤«®¦¥−−®© ˆ. �. Œ¨§¨−ë¬, ª®¬¯«¥ªá®¢ áà¥¤áâ¢ ¨−ä®à¬�-
â¨§�æ¨¨ (Š‘ˆ) [22]. ÷�áá¬�âà¨¢�«¨áì ¤¢¥ ®á−®¢−ë¥ �«ìâ¥à−�â¨¢ë: æ¥−âà�«¨-
§®¢�−−�ï �àå¨â¥ªâãà�, ®á−®¢�−−�ï −� ®¤−®¬ ¬®é−®¬ æ¥−âà�«ì−®¬ ¢ëç¨á«¨â¥«¥
á ¯®¤ª«îç¥−−ë¬¨ ª −¥¬ã â¥à¬¨−�«�¬¨, ¨ ¤¥æ¥−âà�«¨§®¢�−−�ï ª«¨¥−â-á¥à¢¥à−�ï
�àå¨â¥ªâãà� −� ¡�§¥ ¨−â¥««¥ªâã�«ì−ëå �¢â®¬�â¨§¨à®¢�−−ëå à�¡®ç¨å ¬¥áâ (�÷Œ)
¨ æ¥«¥¢ëå á¥à¢¥à®¢, ®¡ê¥¤¨−¥−−ëå «®ª�«ì−®© ¢ëç¨á«¨â¥«ì−®© á¥âìî (‹‚‘).
‚ à¥§ã«ìâ�â¥ ã£«ã¡«¥−−ëå �−�«¨â¨ç¥áª¨å ¨áá«¥¤®¢�−¨©, ¢ª«îç�ï �−�«¨§ ®¯ëâ�
ªàã¯−¥©è¨å §�àã¡¥¦−ëå ª®¬¯�−¨©, � â�ª¦¥ ¯à�ªâ¨ç¥áª¨å íªá¯¥à¨¬¥−â®¢, ¡ë«�
®¡®á−®¢�−� ®à¨¥−â�æ¨ï −� ¤¥æ¥−âà�«¨§®¢�−−ãî ª«¨¥−â-á¥à¢¥à−ãî �àå¨â¥ªâãàã.
�âª�§ ®â è¨à®ª® à�á¯à®áâà�−¥−−®© ¢ â¥ç¥−¨¥ ¬−®£¨å «¥â ¢ Œ¨−®¡®à®−ë ¨ ¤àã-
£¨å á¨«®¢ëå ¢¥¤®¬áâ¢�å ¯à�ªâ¨ª¨ ¨á¯®«ì§®¢�−¨ï â¥à¬¨−�«ì−ëå á¥â¥© −� ¡�§¥
ã−¨¢¥àá�«ì−ëå �‚Œ (…‘ �‚Œ, ˆ�Œ) ¡ë« ®¡ãá«®¢«¥− â¥¬, çâ® ¯à®¨§®è«�
ª®à¥−−�ï âà�−áä®à¬�æ¨ï ª®−æ¥¯âã�«ì−ëå ¢§£«ï¤®¢ −� ¨á¯®«ì§®¢�−¨¥ áà¥¤áâ¢
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨©. ‘ãé−®áâì íâ®© âà�−áä®à¬�-
æ¨¨ á®áâ®ï«�, ¢®-¯¥à¢ëå, ¢ ¤®áâã¯−®áâ¨ ¬®é−ëå ¯¥àá®−�«ì−ëå �‚Œ (��‚Œ)
¤«ï ¯®¤�¢«ïîé¥£® ¡®«ìè¨−áâ¢� ¯®«ì§®¢�â¥«¥©, ¢®-¢â®àëå | ¢ ¢®§¬®¦−®áâïå
��‚Œ à¥è�âì è¨à®ª¨© ª«�áá §�¤�ç (� −¥ â®«ìª® ã§ª®á¯¥æ¨�«¨§¨à®¢�−−ëå
§�¤�ç, à¥è�¥¬ëå ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ë¬ ¯¥àá®−�«®¬). �®íâ®¬ã ¯à¨ á®-
§¤�−¨¨ −�§¢�−−ëå ¢ëè¥ á¨áâ¥¬ §�¤�ç� ¯à¥¦¤¥ ¢á¥£® á®áâ®ï«� ¢ ®¡¥á¯¥ç¥−¨¨
¯®«ì§®¢�â¥«ï (á¯¥æ¨�«¨áâ�) ¢á¥¬ −�¡®à®¬ ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¯®§¢®«ïîé¨å
¥¬ã §�−¨¬�âìáï á¢®¥© ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâìî. ’�ª®© −�¡®à ¯à®-
£à�¬¬−ëå áà¥¤áâ¢ ¬®£ á®§¤�¢�âìáï ¯ãâ¥¬ �¤�¯â�æ¨¨ ª®¬¯®−¥−â®¢ ã¦¥ £®â®¢®£®
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï −¥§�¢¨á¨¬ëå ¯à®¨§¢®¤¨â¥«¥© ¯®¤ âà¥¡®¢�−¨ï ª®−-
ªà¥â−®£® §�ª�§ç¨ª�. �à¨ â�ª®¬ ¯®¤å®¤¥ áà®ª¨ á®§¤�−¨ï ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬
áãé¥áâ¢¥−−® á®ªà�é�«¨áì. �â®, ¢ á¢®î ®ç¥à¥¤ì, ®§−�ç�«®, çâ® ¯¥à¥¤ á®§¤�â¥«ï-
¬¨ á¨áâ¥¬ë áâ�¢¨«�áì −¥ â®«ìª® §�¤�ç� ¨−â¥£à�æ¨¨ −� ®¤−®¬ �÷Œ á¨áâ¥¬−®£®
�� à�§−ëå ¯à®¨§¢®¤¨â¥«¥© ¤«ï ¥£® á®¢¬¥áâ−®© à�¡®âë, −® ¨ §�¤�ç� ¯®¤¤¥à¦-
ª¨ ¯®á«¥¤ãîé¥£® à�áè¨à¥−¨ï ¯¥à¥ç−ï ãáâ�−�¢«¨¢�¥¬ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢.
ˆ¬¥¢è¨¥áï −� â®â ¬®¬¥−â â¥−¤¥−æ¨¨ à�§¢¨â¨ï �àå¨â¥ªâãà ¯à®£à�¬¬−ëå á¨á-
â¥¬ ®¤−®§−�ç−® ãª�§ë¢�«¨ −� −¥®¡å®¤¨¬®áâì ¢ë¡®à� �àå¨â¥ªâãàë ¯à¨«®¦¥−¨ï,
¢ ª®â®à®© ¯à¨ª«�¤−ë¥ ¨ ¯®«ì§®¢�â¥«ìáª¨¥ á¥à¢¨áë à¥�«¨§®¢�−ë −� ª«¨¥−âáª®©
à�¡®ç¥© áâ�−æ¨¨, � ¤�−−ë¥ æ¥−âà�«¨§®¢�−−® åà�−ïâáï ¨ ®¡à�¡�âë¢�îâáï −�
á¥à¢¥à¥.
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„àã£¨¬ ¢�¦−ë¬ ¢®¯à®á®¬ áâ�« ¢ë¡®à â¥å−®«®£¨¨ ®à£�−¨§�æ¨¨ ‹‚‘. ‚ ®â-
«¨ç¨¥ ®â á¥£®¤−ïè−¥© á¨âã�æ¨¨, ª®£¤� ¡¥§à�§¤¥«ì−® ú£®á¯®¤áâ¢ã¥âû ¯à®â®ª®«
Ethernet, ¢ −�ç�«¥ 1990-å ££. ¯à¨¬¥−ï«¨áì ¨ Ethernet (¢ ¤¢ãå ¬®¤¨ä¨ª�æ¨-
ïå | úâ®−ª¨©û ¨ úâ®«áâë©û), ¨ Token Ring, ¨ FDDI, ¨ àï¤ ¤àã£¨å ¯à®â®ª®«®¢.
‚ à¥§ã«ìâ�â¥ �−�«¨§� ®â¥ç¥áâ¢¥−−®£® ¨ §�àã¡¥¦−®£® ®¯ëâ�, áà�¢−¨â¥«ì−ëå å�à�ª-
â¥à¨áâ¨ª ¯® àï¤ã ¯®ª�§�â¥«¥© (¯à®¯ãáª−�ï á¯®á®¡−®áâì, ¢à¥¬ï ¤®¢¥¤¥−¨ï ¨ ¤à.),
¢ª«îç�ï áâ¥−¤®¢®¥ ¬�ª¥â¨à®¢�−¨¥, � â�ª¦¥ ¬�áá®¢®áâ¨ ¯à¨¬¥−¥−¨ï (íâ®â ä�ª-
â®à áë£à�« §−�ç¨â¥«ì−ãî à®«ì) ¯à¥¤¯®çâ¥−¨¥ ¡ë«® ®â¤�−® â¥å−®«®£¨¨ Ethernet,
¢ ¤�«ì−¥©è¥¬ á ¨á¯®«ì§®¢�−¨¥¬ ª®¬¬ãâ�â®à®¢ ‹‚‘.

‚¬¥áâ¥ á â¥¬ ¡ë«® ¯®−ïâ−®, çâ® íää¥ªâ¨¢−®áâì à¥è¥−¨ï ¯®áâ�¢«¥−−ëå §�¤�ç
¢® ¬−®£®¬ ¡ã¤¥â ®¯à¥¤¥«ïâìáï −¥ â®«ìª® �àå¨â¥ªâãà®© ¨ â¥å−®«®£¨¥© ‹‚‘, −®
â�ª¦¥ ®à£�−¨§�æ¨¥© åà�−¥−¨ï ¨−ä®à¬�æ¨¨, ¬¥â®¤�¬¨ ¥¥ ¯®¨áª� ¨ ¨§¢«¥ç¥−¨ï
¨ ¢ ª®−¥ç−®¬ ¨â®£¥ ã¯à�¢«¥−¨¥¬ ¡�§�¬¨ ¤�−−ëå (�„).

†¥áâª¨¥ ®£à�−¨ç¥−¨ï ¯® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à®æ¥áá®à®¢ −�ç�«� 1990-å ££.,
®£à�−¨ç¥−−ë¥ ®¡ê¥¬ë ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ¢ ãá«®¢¨ïå −¥®¡å®¤¨¬®áâ¨ à¥�«¨§�æ¨¨
á«®¦−¥©è¨å �«£®à¨â¬®¢ ®¡à�¡®âª¨ ¤�−−ëå ç�áâ® ¯à¨¢®¤¨«¨ ª®««¥ªâ¨¢ë à�§à�-
¡®âç¨ª®¢ ª á®¡áâ¢¥−−ë¬ à¥è¥−¨ï¬ ¯® á¯®á®¡�¬ áâàãªâãà¨§�æ¨¨ ¤�−−ëå ¢ à�¬ª�å
á¥â¥¢®© ¬®¤¥«¨, ¯®áâà®¥−¨î ã−¨ª�«ì−ëå ¨−¤¥ªá−ëå á¨áâ¥¬, á®¡áâ¢¥−−ëå ï§ë-
ª®¢ ¬�−¨¯ã«¨à®¢�−¨ï ¤�−−ë¬¨, ¨å ¨−â¥à¯à¥â�â®à®¢ ¨ â. ¯. �á®¡¥−−® ®áâà® íâ¨
¯à®¡«¥¬ë áâ®ï«¨ ¯à¨ ®¡à�¡®âª¥ −¥ä®à¬�«¨§®¢�−−®© â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ −�
àãááª®¬ ï§ëª¥.

‚ íâ¨å ãá«®¢¨ïå ¢ ˆ�ˆ ÷�� ¡ë«¨ ®¡®á−®¢�−ë áâà�â¥£¨ç¥áª¨¥ à¥è¥−¨ï
¯® ã−¨ä¨ª�æ¨¨ ¯®¤å®¤®¢ ª åà�−¥−¨î ¤�−−ëå ¢ à�¬ª�å à¥«ïæ¨®−−®© ¬®¤¥«¨
¨ ¨á¯®«ì§®¢�−¨î ï§ëª� SQL ª�ª ã−¨ä¨æ¨à®¢�−−®£® áà¥¤áâ¢� ¢§�¨¬®¤¥©áâ¢¨ï
á á¨áâ¥¬�¬¨ ã¯à�¢«¥−¨ï �„ (‘“�„) (‹. �. Š�«¨−¨ç¥−ª®, ˆ. Œ. �¤�¬®¢¨ç,
�. ÷. Š®à¥¯�−®¢, �. ˆ. ‚®«ª®¢, Œ. Œ. ƒ¥àèª®¢¨ç). ‚ à¥§ã«ìâ�â¥ íâ®© à�¡®âë
¯à¨ −�«¨ç¨¨ −¥áª®«ìª¨å ¤¥áïâª®¢ ¢�à¨�−â®¢ ¢ 1995 £. ¢ ª�ç¥áâ¢¥ ®á−®¢−ëå ¡ë«¨
¢ë¡à�−ë âà¨ «¨−¥©ª¨ ‘“�„:

(1) ‘“�„ ª®¬¯�−¨¨ Oracle (®¤¨− ¨§ «¨¤¥à®¢ àë−ª� −� â®â ¬®¬¥−â) ¤«ï ¬®é−ëå
á¥à¢¥à®¢, ®¡à�¡�âë¢�îé¨å ¡®«ìè¨¥ ®¡ê¥¬ë ä�ªâ®£à�ä¨ç¥áª®© ¨ ¤®ªã¬¥−-
â�«ì−®© ¨−ä®à¬�æ¨¨ á ¨−â¥−á¨¢−ë¬ ¯®â®ª®¬ âà�−§�ªæ¨©;

(2) ¯¥àá®−�«ì−�ï ‘“�„ Microsoft Access ª�ª �«ìâ¥à−�â¨¢� ¬−®£®ç¨á«¥−−ë¬
«¨−¥©ª�¬ ‘“�„ ä®à¬�â®¢ dBASE ¨ Paradox ¤«ï á®§¤�−¨ï �„ ¤«ï −¥¡®«ì-
è¨å £àã¯¯ ¯®«ì§®¢�â¥«¥©;

(3) ‘“�„ Microsoft SQL Server ¤«ï â¥å−®«®£¨ç¥áª¨å ¨ ãç¥â−ëå �„.

‚¯®á«¥¤áâ¢¨¨ −� ®á−®¢¥ íâ¨å ‘“�„ ¡ë«® à�§à�¡®â�−® ¡®«ìè®¥ ç¨á«® ¯à¨-
«®¦¥−¨©, ª®â®àë¥ á −¥¡®«ìè¨¬¨ ¨§¬¥−¥−¨ï¬¨ à�¡®â�îâ ¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï.
�â¬¥â¨¬, çâ® ¨ á¥©ç�á, á¯ãáâï 30 «¥â, à¥ª®¬¥−¤®¢�−−ë¥ «¨−¥©ª¨ ‘“�„ ®áâ�îâáï
®¤−¨¬¨ ¨§ ¢®áâà¥¡®¢�−−ëå ¤«ï ¯à¨¬¥−¥−¨ï ¢ á¢®¨å á¥£¬¥−â�å. ’�ª, á®£«�á−®
¯®á«¥¤−¥¬ã à¥©â¨−£ã DB-Engines (¤¥ª�¡àì 2024 £.), ª®â®àë© à�−¦¨àã¥â ‘“�„
¯® ¯®¯ã«ïà−®áâ¨, ¯¥à¢®¥ ¬¥áâ® ã¢¥à¥−−® §�−¨¬�¥â ‘“�„ Oracle, Microsoft SQL
Server | −� âà¥âì¥¬, Microsoft Access | 12 ¨§ ¡®«¥¥ ç¥¬ 400 á¨áâ¥¬. ‡�¬¥â¨¬,
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

çâ® ¨å ¬−®£®ç¨á«¥−−ë¥ ª®−ªãà¥−âë ¢ 1990-¥ ££. (Sybase SQL, Watcom SQL,
Informix, Interbase, Paradox, FoxPro) ¯à�ªâ¨ç¥áª¨ ¨áç¥§«¨ á à®áá¨©áª®£® IT-
àë−ª�: Informix | 36 ¬¥áâ®, Interbase | 75; ¢−¥ à¥©â¨−£� | Sybase (¯®£«®é¥−�
SAP, §�â¥¬ ã¯à�§¤−¥−� ¢ 2011), Paradox | ¯®á«¥¤−¥¥ ®¡−®¢«¥−¨¥ ¢ 2009 £.,
FoxPro | ¯®¤¤¥à¦ª� ¯à¥ªà�é¥−� ¢ 2007 £. [27].

‘®§¤�¢�¥¬ë¥ ªàã¯−®¬�áèâ�¡−ë¥ á¨áâ¥¬ë âà¥¡®¢�«¨ −®¢ëå, á®¢à¥¬¥−−ëå,
à¥è¥−¨© ¯® ª®−âà®«î ¨å á®áâ®ï−¨ï, ã¯à�¢«¥−¨î äã−ªæ¨®−¨à®¢�−¨¥¬ ¨ íªá-
¯«ã�â�æ¨¥©. ‡¤¥áì −¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ®á®¡®¥ ¢−¨¬�−¨¥ ª à¥è¥−¨î íâ¨å
¢®¯à®á®¢ ¡ë«® ®¡ãá«®¢«¥−® ®¯ëâ®¬ ˆ. �. Œ¨§¨−�, ¯à¨®¡à¥â¥−−ë¬ ¢ ¯¥à¨®¤
á®§¤�−¨ï ‘�„. ÷�§à�¡®â�−−�ï ¢ á®áâ�¢¥ ‘�„ á¨áâ¥¬� ª®−âà®«ï á®áâ®ï−¨ï
¨ ã¯à�¢«¥−¨ï ¨£à�«� §−�ç¨â¥«ì−ãî à®«ì ¢ ®¡¥á¯¥ç¥−¨¨ −¥¯à¥àë¢−®£® äã−ªæ¨®-
−¨à®¢�−¨ï ‘�„ á §�¤�−−ë¬¨ ¯®ª�§�â¥«ï¬¨.

‚ 1990-¥ ££. ¯®ï¢¨«áï æ¥«ë© àï¤ −®¢ëå ¯à®¤ãªâ®¢ íâ®£® ª«�áá� | á¥â¥¢ëå
¯«�âä®à¬ ã¯à�¢«¥−¨ï (ª â®¬ã ¢à¥¬¥−¨ ã¦¥ ¡ë«¨ á¯¥æ¨ä¨æ¨à®¢�−ë ¨ ¯à¨−ïâë
¢ ª�ç¥áâ¢¥ ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢ ¯à®â®ª®«ë SNMP). ��¨¡®«¥¥ ¨§¢¥áâ−ë¬¨
¡ë«¨ ¯à®¤ãªâë ä¨à¬ë Hewlett Packard (HP) | «¨−¥©ª� ¯à®¤ãªâ®¢ HP Open
View ¨ Computer Associates (CA) | ¯à®£à�¬¬−ë© ª®¬¯«¥ªá UniCenter.

‚ ˆ�ˆ ÷�� ¡ë«¨ ¯à¨®¡à¥â¥−ë ®¡� ¯à®¤ãªâ�, ¯®áâà®¥−ë â¥áâ®¢ë¥ ¨ ¨á¯ë-
â�â¥«ì−ë¥ áâ¥−¤ë, ¯à®¢¥¤¥−� ¡®«ìè�ï ¨áá«¥¤®¢�â¥«ìáª�ï à�¡®â� −� à�§«¨ç−ëå
ª®−ä¨£ãà�æ¨ïå á¥à¢¥à−®£® ®¡®àã¤®¢�−¨ï ¨ áà¥¤áâ¢�å â¥«¥ª®¬¬ã−¨ª�æ¨©, ®¯¥à�-
æ¨®−−ëå á¨áâ¥¬�å, ‘“�„, à�§−®®¡à�§−®¬ ®¡é¥á¨áâ¥¬−®¬ ¨ ¯à¨ª«�¤−®¬ ��.
‘¯¥æ¨�«¨áâë ¨−áâ¨âãâ� ¯à®è«¨ ®¡ãç¥−¨¥ −� ªãàá�å ä¨à¬ HP ¨ ‘�.

‚ à¥§ã«ìâ�â¥ ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥: à�§à�¡�âë¢�âì á¢®î á¨áâ¥¬ã ã¯à�¢«¥−¨ï
á ¢ª«îç¥−¨¥¬ ¢ −¥¥ ®â¤¥«ì−ëå ¬®¤ã«¥© ¨§ «¨−¥©ª¨ HP Open View (¢ ç�áâ¨
ã¯à�¢«¥−¨ï �¯¯�à�â−ë¬¨ áà¥¤áâ¢�¬¨ ¨ ª®−âà®«ï âà�ä¨ª�) ¨ ¬®¤ã«¥© ¨§ á®áâ�¢�
¯à®¤ãªâ� UniCenter ¢ ç�áâ¨ ã¯à�¢«¥−¨ï �� (ˆ. �. ‘®ª®«®¢, ˆ. ‚. ‘¥à£¥¥¢,
÷. �. ™�£¨−, ˆ. ‚. �®£®«î¡®¢, ‘. ‚. �−â®−®¢, �. ‚. �®á®¢, �. ‚. �®à¨á®¢,
�. ‚. Š¨á¥«¥¢, ‚. ˆ. ‘¨−¨æë−).

�â¤¥«ì−® á«¥¤ã¥â ª®á−ãâìáï ¯à®¡«¥¬ë á®¯àï¦¥−¨ï á¨áâ¥¬, á®§¤�¢�¥¬ëå −�
¡�§¥ á®¢à¥¬¥−−ëå â¥å−®«®£¨©, ¨ á¨áâ¥¬, ã¦¥ á®§¤�−−ëå ¨ äã−ªæ¨®−¨àãîé¨å −�
â¥àà¨â®à¨¨ ÷”. ‡¤¥áì ®â¬¥â¨¬ ¤¢¥ à�¡®âë.

�¥à¢�ï ¨§ −¨å | á®¯àï¦¥−¨¥ á −�¨¡®«¥¥ ¬�áá®¢ë¬¨ ¨ â¥àà¨â®à¨�«ì−® à�á¯à®-
áâà�−¥−−ë¬¨ á¥âï¬¨ â®£® ¢à¥¬¥−¨: â¥«¥£à�ä−ë¬¨ á¥âï¬¨ �’-50 ¨ ’¥«¥ªá. ’�ª®¥
à¥è¥−¨¥ ¯®§¢®«ï«® ¯®¢ëá¨âì ¢¥à®ïâ−®áâì ¤®¢¥¤¥−¨ï á®®¡é¥−¨© ®£à�−¨ç¥−−®£®
®¡ê¥¬� (ª®¬�−¤ë, á¨£−�«ë, à�á¯®àï¦¥−¨ï ¨ â. ¯.) á ãç¥â®¬ ã¢¥«¨ç¥−¨ï ¬−®¦¥áâ¢�
¢®§¬®¦−ëå ¯ãâ¥© ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ §� áç¥â à�§¢¥â¢«¥−−®áâ¨ â¥«¥£à�ä−®©
á¥â¨. ‘ ãç¥â®¬ â�ª¨å ¯®â¥−æ¨�«ì−ëå ¢®§¬®¦−®áâ¥© íâ¨å á¥â¥© ¢ ˆ�ˆ ÷�� ¡ë«
à�§à�¡®â�− á¯¥æ¨�«ì−ë© ª®¬¯«¥ªá á®¯àï¦¥−¨ï á á¥âï¬¨ �¡®−¥−âáª®£® â¥«¥£à�-
ä¨à®¢�−¨ï �’-50 ¨ ’¥«¥ªá ¤«ï ®¡¥á¯¥ç¥−¨ï ®¡¬¥−� â¥«¥£à�ä−ë¬¨ á®®¡é¥−¨ï¬¨
¬¥¦¤ã �¡®−¥−â�¬¨ ®¡ê¥ªâ®¢ëå ‹‚‘ (Ethernet) ¨ �¡®−¥−â�¬¨ â¥«¥£à�ä−ëå á¥â¥©
�’-50 ¨ ’¥«¥ªá (‚. ˆ. ƒà¥¡¥−é¨ª®¢, ÷. �. —�¢â�à�¥¢).

‚â®à�ï à�¡®â� | á®¯àï¦¥−¨¥ á ®¡ê¥ªâ�¬¨ ã¯à�¢«¥−¨ï, ¯®¤ª«îç¥−−ë¬¨
ª �‘�„ ‚®®àã¦¥−−ëå ‘¨« ÷”, ª®â®à�ï ª −�ç�«ã 1990-å ££. á«ã¦¨«� ®á−®¢−®©
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âà�−á¯®àâ−®© á¥âìî ¤«ï �‘“ ‚‘ ÷”. ‘®¯àï¦¥−¨¥ ®¡¥á¯¥ç¨¢�«® ¢®§¬®¦−®áâì
¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� á ®¡ê¥ªâ�¬¨ ¢®¥−−ëå á¨áâ¥¬. „«ï à¥�«¨§�æ¨¨ â�ª®-
£® á®¯àï¦¥−¨ï ¯®âà¥¡®¢�«�áì à�§à�¡®âª� á¯¥æ¨�«ì−®£® ª®¬¯«¥ªá� ¨ ¯à�¢¨« ¯®
¯à¥®¡à�§®¢�−¨î ¯à¨−ïâëå ¢ �‘�„ ä®à¬�â®¢ ª®¤®£à�¬¬ ¢ ä®à¬�âë ¯à®â®ª®«�
Ethernet, çâ® ¯®§¢®«¨«® ®¡¥á¯¥ç¨âì ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ �¡®−¥−â®¢
á¥â¨ Ethernet ¬®¤¥à−¨§¨àã¥¬®© á¨áâ¥¬ë ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ ¨ �¡®-
−¥−â®¢ Š‘� �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¢®¥−−®£® −�§−�ç¥−¨ï. ˆ â�ª®©, ¢¥áì¬�
−¥¯à®áâ®©, ª®¬¯«¥ªá á®¯àï¦¥−¨ï ¡ë« á®§¤�−.

‚ ¯à®æ¥áá¥ ¯à®¥ªâ¨à®¢�−¨ï ¡ë«¨ à�áá¬®âà¥−ë −¥áª®«ìª® ¢�à¨�−â®¢ à¥�«¨§�-
æ¨¨ íâ®£® á®¯àï¦¥−¨ï. ‚ ª�ç¥áâ¢¥ ®á−®¢−®£® ¡ë« ¢ë¡à�− ¢�à¨�−â, ¯à¨ ª®â®à®¬
ª®¬¯«¥ªá á®¯àï¦¥−¨ï ¬®¤¥à−¨§¨àã¥¬®© á¨áâ¥¬ë ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�á-
â¨ ¯®¤ª«îç�«áï ¯® ¢ë¤¥«¥−−ë¬ ª�−�«�¬ á¢ï§¨ ª æ¥−âà�¬ ª®¬¬ãâ�æ¨¨ �‘�„
¢ ¢¨¤¥ ¢¨àâã�«ì−®£® ®¡ê¥ªâ� ã¯à�¢«¥−¨ï, ®¡«�¤�îé¥£® −¥®¡å®¤¨¬ë¬¨ ¯à�¢�¬¨
¨ å�à�ªâ¥à¨áâ¨ª�¬¨.

�á−®¢−�ï á«®¦−®áâì à¥�«¨§�æ¨¨ â�ª®£® ¢¨¤� á®¯àï¦¥−¨ï §�ª«îç�«�áì ¢ â®¬,
çâ® ‘�„ ¡ë«� à¥�«¨§®¢�−� ¨áª«îç¨â¥«ì−® −� á¯¥æ¨�«¨§¨à®¢�−−ëå ¯à®£à�¬-
¬−®-�¯¯�à�â−ëå áà¥¤áâ¢�å ¨ ®¯ëâ á®¯àï¦¥−¨ï á −¥© á¨áâ¥¬, ¯®áâà®¥−−ëå −� ¡�§¥
‹‚‘, ¯®«−®áâìî ®âáãâáâ¢®¢�«. „«ï à¥è¥−¨ï íâ®© á«®¦−®© â¥å−¨ç¥áª®© §�¤�ç¨
¡ë«¨ ¨á¯®«ì§®¢�−ë −¥áª®«ìª® ¤¢ãåª�−�«ì−ëå ¨−â¥««¥ªâã�«ì−ëå ª®−âà®««¥à®¢
¨ á¯¥æ¨�«ì−® à�§à�¡®â�−−®¥ ��. �¥á¬®âàï −� ®âáãâáâ¢¨¥ ®¯ëâ� ¢ë¯®«−¥−¨ï
¯®¤®¡−ëå à�¡®â, áà¥¤áâ¢� á®¯àï¦¥−¨ï ¡ë«¨ ãá¯¥è−® à¥�«¨§®¢�−ë á ¨á¯®«ì§®¢�-
−¨¥¬ ª®¬¯®−¥−â®¢, à�§¢¥à−ãâëå −� áâ¥−¤�å £«�¢−ëå ª®−áâàãªâ®à®¢ á®¯àï£�¥¬ëå
á¨áâ¥¬. ‚ ¯à®æ¥áá¥ ¨á¯ëâ�−¨© ¡ë«¨ ¯à®¢¥à¥−ë ¢®§¬®¦−®áâ¨ ®¡¬¥−� ä®à¬�«¨-
§®¢�−−®© ¨ −¥ä®à¬�«¨§®¢�−−®© ¨−ä®à¬�æ¨¥© ¬¥¦¤ã �¡®−¥−â�¬¨ á®¯àï£�¥¬ëå
á¨áâ¥¬ á §�¤�−−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨.

�ç¥¢¨¤−®, çâ® ãá¯¥è−®¬ã à¥è¥−¨î íâ®© §�¤�ç¨ á¯®á®¡áâ¢®¢�«® â®, çâ®
ˆ. �. Œ¨§¨− ª�ª ƒ«�¢−ë© ª®−áâàãªâ®à ‘�„ ¯à¥ªà�á−® ¢«�¤¥« áãé¥áâ¢®¬ ¨ ®á®-
¡¥−−®áâï¬¨ â¥å−¨ç¥áª¨å à¥è¥−¨©, à¥�«¨§®¢�−−ëå ¢ �‘�„ �‘“ ‚‘ ÷”.

‘®¢¥àè¥−−® −®¢ë¥ §�¤�ç¨ ¯à¨å®¤¨«®áì à¥è�âì ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨. �¤−®¢à¥¬¥−−® á ä®à¬¨à®¢�−¨¥¬ −®à¬�â¨¢−®© ¡�§ë (á®¢¬¥áâ−®
á ”¥¤¥à�«ì−ë¬ �£¥−âáâ¢®¬ ¯à�¢¨â¥«ìáâ¢¥−−®© á¢ï§¨ ¨ ¨−ä®à¬�æ¨¨ ¯à¨ �à¥§¨-
¤¥−â¥ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ (”��‘ˆ), ”¥¤¥à�«ì−®© á«ã¦¡®© ¡¥§®¯�á−®áâ¨
(”‘�) ¨ Œ¨−¨áâ¥àáâ¢®¬ ®¡®à®−ë) ¡ë«¨ ¨á¯à®¡®¢�−ë à�§«¨ç−ë¥ ¯®¤å®¤ë ¨ à¥-
è¥−¨ï, ¢ â®¬ ç¨á«¥ ¨ −¥ −�è¥¤è¨¥ ¤�«ì−¥©è¥£® ¯à¨¬¥−¥−¨ï. ‚ ª®−æ¥ ª®−æ®¢
¢ëè«¨ −� ¨á¯®«ì§®¢�−¨¥ à¥è¥−¨©, ª®â®àë¥ ®¯à¥¤¥«ïîâ á®¢à¥¬¥−−®¥ á®áâ®ï−¨¥
§�é¨é¥−−®áâ¨ £®áã¤�àáâ¢¥−−®© â�©−ë ¢ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬�å. ÷�§à�-
¡®â�−−ë¥ áà¥¤áâ¢� ¯®§¢®«¨«¨ ®¡¥á¯¥ç¨âì §�é¨âã ¨−ä®à¬�æ¨¨ ¯à¨ à�¡®â¥ ¯®«ì§®-
¢�â¥«¥© ¢ ¤®¬¥−−®© áâàãªâãà¥, ®¡¬¥−¥ á®®¡é¥−¨ï¬¨ í«¥ªâà®−−®© ¯®çâë, ¤®áâã¯¥
ª ¨−ä®à¬�æ¨¨ ¢ �„ ¨ ¯à¨ á®¢¬¥áâ−®© à�¡®â¥ −�¤ ¤®ªã¬¥−â�¬¨. ‘à¥¤áâ¢� ªà¨¯â®-
£à�ä¨ç¥áª®© §�é¨âë à¥�«¨§ãîâ è¨äà®¢�−¨¥ ¨ ¨¬¨â®§�é¨âã ä�©«®¢, äã−ªæ¨¨
í«¥ªâà®−−®£® §�¬ª�, è¨äà®¢�−¨¥ ¢−ãâà¨á¥â¥¢®£® âà�ä¨ª� ¨ §�é¨âã ¢−¥è−¨å ª�-
−�«®¢ á¢ï§¨. ‚¯¥à¢ë¥ ¢ ¨§¤¥«¨ïå ¡ë«¨ à¥�«¨§®¢�−ë ªà¨¯â®�«£®à¨â¬ë á¥¬¥©áâ¢�
úŒ¥â¥«ìû, à�§à�¡®â�−ë á¯¥æ¨�«ì−ë¥ áç¨âë¢�îé¨¥ ãáâà®©áâ¢�, ¢ ª�ç¥áâ¢¥ −®-
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

�� ¯®«¥¢ëå ãç¥−¨ïå ¢®©áª ”��‘ˆ ¢ ¯¥à¨®¤ 1996{1997 ££. ‘«¥¢� −�¯à�¢®: ¯¥à-
¢ë© §�¬¥áâ¨â¥«ì ƒ¥−¥à�«ì−®£® ¤¨à¥ªâ®à� ”��‘ˆ £¥−¥à�«-¯®«ª®¢−¨ª �. �. �−¤à¥¥¢;
ƒ¥−¥à�«ì−ë© ¤¨à¥ªâ®à ”��‘ˆ £¥−¥à�«-¯®«ª®¢−¨ª �. ‚. ‘â�à®¢®©â®¢; £¥−¥à�«-¬�©®à
ˆ. �. Œ¨§¨−; á¥ªà¥â�àì ‘®¢¥â� ®¡®à®−ë ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ā. Œ. ��âãà¨−

á¨â¥«¥© ª«îç¥¢®© ¨−ä®à¬�æ¨¨ ¯à¨¬¥−¥−� ÷®áá¨©áª�ï ¨−â¥««¥ªâã�«ì−�ï ª�àâ�,
à¥�«¨§®¢�−ë à�§«¨ç−ë¥ â¨¯ë ¨−â¥àä¥©á®¢, ¢ª«îç�ï ¢ëá®ª®áª®à®áâ−ë¥ ®¯â®-
¢®«®ª®−−ë¥. ÷�§à�¡®â�−−ë¥ ¨§¤¥«¨ï ãá¯¥è−® ¯à®è«¨ á¥àâ¨ä¨ª�æ¨î ”‘�
¨ è¨à®ª® ¯à¨¬¥−ïîâáï ¢ §�é¨é¥−−ëå á¥âïå ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�á-
â¨ ÷”.

�¯¥à�â¨¢−®áâì ¨ ¯à�¢¨«ì−®áâì ¯à¨−ïâ¨ï à¥è¥−¨© àãª®¢®¤áâ¢®¬ áâà�−ë ¢®
¬−®£®¬ §�¢¨á¨â ®â −�£«ï¤−®áâ¨ ¨ ª�ç¥áâ¢� ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå, çâ® ¯®âà¥-
¡®¢�«® è¨à®ª®£® ¢−¥¤à¥−¨ï â¥å−®«®£¨© £¥®¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ƒˆ‘),
¯®§¢®«ïîé¨å íää¥ªâ¨¢−® ¢§�¨¬®ã¢ï§�âì ª�àâ®£à�ä¨ç¥áªãî ®á−®¢ã ¨ ä�ªâ®£à�-
ä¨ç¥áª¨¥ �„, � â�ª¦¥ ¡ëáâà® ®â®¡à�¦�âì ®£à®¬−ë© ®¡ê¥¬ −�ª®¯«¥−−ëå ¤�−−ëå
¢ ¯à¨£®¤−®¬ ¤«ï ¢®á¯à¨ïâ¨ï ¢¨¤¥ (�. ˆ. ’¥¬−®¢, �. �. Šãà�ª®¢, Œ. �. —ã¤�ª®¢,
‹. ‘. �¥àèâ¥©−, ˆ. �. ÷®§¥−¡¥à£). �ää¥ªâ¨¢−®áâì ƒˆ‘ ¢ ¯à®æ¥áá¥ ®¯¥à�â¨¢-
−®£® ¯à¨−ïâ¨ï à¥è¥−¨© ¡ë«� −�áâ®«ìª® ®ç¥¢¨¤−®©, çâ® ¯®¤ −¨å á®§¤�¢�«¨áì
á¯¥æ¨�«¨§¨à®¢�−−ë¥ áà¥¤áâ¢� ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨ | ú¢¨¤¥®áâ¥−ëû, ª®â®-
àë¥ ¯®§¢®«ï«¨ ¯®«ãç�âì ¯à¨¥¬«¥¬ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¯® à�§à¥è¥−¨î, ïàª®áâ¨
¨ à�§¬¥àã ª�àâ®£à�ä¨ç¥áª®£® ¨§®¡à�¦¥−¨ï ¯à¨ ¤®áâ�â®ç−® áªà®¬−ëå å�à�ªâ¥-
à¨áâ¨ª�å ¥¤¨−¨ç−®£® â¥å−¨ç¥áª®£® í«¥¬¥−â� (¯à®¥ªâ®à�, ¢¨¤¥®ªã¡�). ‚ á®áâ�¢
¨−â¥£à¨à®¢�−−®£® ¯à®£à�¬¬−®-�¯¯�à�â−®£® ª®¬¯«¥ªá�, à¥�«¨§ãîé¥£® äã−ªæ¨¨
¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ¤«ï ¯à¨−ïâ¨ï à¥è¥−¨ï, ¢å®¤¨« íªà�− ª®««¥ªâ¨¢−®£®
¯®«ì§®¢�−¨ï ¯à®¥ªæ¨®−−®£® â¨¯� −� ¡�§¥ ¢¨¤¥®ªã¡®¢, ¨−¤¨¢¨¤ã�«ì−ë¥ áà¥¤áâ¢�
®â®¡à�¦¥−¨ï ¨ �¯¯�à�â−®-¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¯®¤¤¥à¦ª¨.

�®«ìè®¥ ¢−¨¬�−¨¥ ¡ë«® ã¤¥«¥−® ¨áá«¥¤®¢�−¨ï¬ â¥å−®«®£¨© ¯�ª¥â−®© ª®¬-
¬ãâ�æ¨¨ −� ¡�§¥ ¯à®â®ª®«®¢ á¥à¨¨ •.25 (•.3, •.28, •.29, •.224 ¨ â. ¤.),
®¯à¥¤¥«ï¥¬ëå à¥ª®¬¥−¤�æ¨ï¬¨ Œ¥¦¤ã−�à®¤−®£® ª®−áã«ìâ�â¨¢−®£® ª®¬¨â¥â� ¯®
â¥«¥ä®−¨¨ ¨ â¥«¥£à�ä¨¨. �â¨ â¥å−®«®£¨¨ ¯®«ãç¨«¨ è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

¢ 1990-¥ ££. ¢ á¢ï§¨ á à�§¢¨â¨¥¬ ¯à®æ¥áá®¢ á®§¤�−¨ï â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥-
â¥© ¢ ¨−â¥à¥á�å à�§«¨ç−ëå áâàãªâãà, ª®â®àë¥ à�§à�¡�âë¢�«¨áì −� ®¡®àã¤®¢�−¨¨
§�àã¡¥¦−®£® ¯à®¨§¢®¤áâ¢�. ˆ §¤¥áì ¢�¦−® ®â¬¥â¨âì ãá¨«¨ï ˆ. �. Œ¨§¨−� ¯®
¯à�ªâ¨ç¥áª®¬ã ¯à¨¬¥−¥−¨î à¥§ã«ìâ�â®¢ ¯à®¢®¤¨¬ëå −�ãç−ëå ¨ íªá¯¥à¨¬¥−â�«ì-
−ëå ¨áá«¥¤®¢�−¨©. ‚ íâ®© á¢ï§¨ ¯à¥¤áâ�¢«ï¥âáï ¨−â¥à¥á−ë¬ ®â¬¥â¨âì à�¡®âë
ˆ�ˆ ÷�� ¯® à�§à�¡®âª¥ à¥£¨®−�«ì−ëå á¥â¥© ¯¥à¥¤�ç¨ ¤�−−ëå [28].

’�ª, ¢ ª®−æ¥ 1991 £. ˆ. �. Œ¨§¨− ¯®«ãç¨« ¯à¥¤«®¦¥−¨¥ ®â ƒ®áã¤�àáâ¢¥−−®£®
ª®¬¨â¥â� ¯® −�ãª¥ ¨ â¥å−¨ª¥ ¯®áâà®¨âì á¥âì ¯¥à¥¤�ç¨ ¤�−−ëå −� â¥àà¨â®à¨¨
�áª®¢áª®© ®¡«�áâ¨. ‡�ª�§ç¨ª®¬ á¥â¨ ¡ë«� ®¯à¥¤¥«¥−� �¤¬¨−¨áâà�æ¨ï ®¡«�áâ¨.
÷ãª®¢®¤¨â¥«¥¬ íâ®© à�¡®âë ®− −�§−�ç¨« ®¤−®£® ¨§ á¢®¨å §�¬¥áâ¨â¥«¥© ¤®ªâ®à�
â¥å−¨ç¥áª¨å −�ãª ā. ‚. ƒ�©ª®¢¨ç�. �à¨¬¥à−® £®¤ ãè¥« −� à¥è¥−¨¥ ®à£�−¨§�æ¨-
®−−ëå ¢®¯à®á®¢ ¯® ¯®áâ�−®¢ª¥ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ¨ ®¯ëâ−®-ª®−áâàãªâ®à-
áª¨å à�¡®â (�ˆ�Š÷), � â�ª¦¥ à�§à�¡®âªã ª®−æ¥¯æ¨¨ �áª®¢áª®© à¥£¨®−�«ì−®©
¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á¥â¨ (÷ˆ’‘).

�à¨−æ¨¯¨�«ì−ë¬ ¯®«®¦¥−¨¥¬ ª®−æ¥¯æ¨¨ áâ�«� ®à¨¥−â�æ¨ï −� ¨á¯®«ì§®¢�-
−¨¥ ®â¥ç¥áâ¢¥−−ëå �¯¯�à�â−®-¯à®£à�¬¬−ëå áà¥¤áâ¢. �à¨ íâ®¬ ˆ�ˆ ÷�� ã¦¥
¨¬¥« −¥ª®â®àë¥ §�¤¥«ë. ’�ª, ˆ. �. Œ¨§¨− áä®à¬ã«¨à®¢�« ®¡é¨© §�¬ëá¥«
®â¥ç¥áâ¢¥−−®£® ª®¬¬ãâ�â®à� −� ®á−®¢¥ ¯à®â®ª®«� •.121 (•.25, •.28). ÷¥è¥−¨¥
â¥å−¨ç¥áª¨å ¢®¯à®á®¢ ¡ë«® ¯®àãç¥−® ®â¤¥«ã �. ‚. Š®¬�à®¢� (‚. ˆ. ƒà¥¡¥−é¨ª®¢,
�. �. Šã«�ª®¢, �. Œ. ‡�à�¥¢ ¨ ¤à.), à�§à�¡®âª� �� | ®â¤¥«ã ‚. �. Š®§¬¨¤¨�¤¨
(�. �. Œ�ª�à®¢, ‹. Œ. Š®§«®¢�, Œ. Ÿ. ‚�©−èâ¥©−) ¨ «�¡®à�â®à¨¨ ‘. Œ. ÷®-
¦¤¥áâ¢¥−áª®£® (‚. �. Š®−¤à�è¥¢, Š. ˆ. ‚®«®¢¨ç, ’. ‚. �®−¤�à¥−ª®). �à¨ íâ®¬
§� ®á−®¢ã ¡ë« ¯à¨−ïâ ¯¥à¨ä¥à¨©−ë© ¢®áì¬¨¯®àâ®¢ë© ¯à®æ¥áá®à £à�ä¨ç¥áª®©
áâ�−æ¨¨ ú�¥áâ�û, á¥à¨©−® ¢ë¯ãáª�¥¬®© ��� ¯à¨ §�¢®¤¥ ‡ˆ‹ [29].

�¥¡®«ìè®©, −® ¢�¦−ë© ¢ª«�¤ ¢ à�§à�¡®âªã ª®¬¬ãâ�â®à� á¤¥«�« �à«®¢áª¨©
ä¨«¨�« ˆ�ˆ ÷�� (�. �. �àå¨¯®¢), ª®â®àë© ¯® ¯®àãç¥−¨î ˆ. �. Œ¨§¨−�
¢ ªà�âç�©è¨¥ áà®ª¨ ¨§£®â®¢¨« ª®−áâàãªâ¨¢ ¤«ï ª®¬¬ãâ�â®à�.

‘ ï−¢�àï ¯® ¬�© 1995 £. ¯®¤ àãª®¢®¤áâ¢®¬ ā. ‚. ƒ�©ª®¢¨ç� (�. �. Œ�ª�à®¢,
‚. �. Š®§¬¨¤¨�¤¨, ‚. ˆ. ƒà¥¡¥−é¨ª®¢, �. �. Šã«�ª®¢ ¨ ¤à.) ¡ë«¨ ¯à®¢¥¤¥−ë
à�¡®âë ¯® ®á−�é¥−¨î 24 à�©®−−ëå æ¥−âà®¢ �áª®¢áª®© ®¡«�áâ¨ –Š�, ¯�ª¥â−ë¬¨
�¤�¯â¥à�¬¨ ¤�−−ëå ¨ ¬®¤¥¬�¬¨. „«ï ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ −�áâà®©ª¨ á¥â¨ −�
áâ¥−¤¥ ˆ�ˆ ÷�� ¡ë« á®§¤�− ¤ã¡«¨àãîé¨© ¯ã−ªâ ã¯à�¢«¥−¨ï, á®¥¤¨−¥−−ë©
ª�−�«®¬ á¢ï§¨ á ®¯®à−®© á¥âìî ¢ �áª®¢¥. ’�ª®¥ á¨áâ¥¬−®¥ à¥è¥−¨¥ ¯®§¢®«¨«®
®¯¥à�â¨¢−® ãáâà�−¨âì −¥áª®«ìª® ¯à®£à�¬¬−ëå ®è¨¡®ª. ’à¨¤æ�â®£® ¨î−ï 1995 £.
¡ë« ¯®¤¯¨á�− �ªâ ® ¢¢¥¤¥−¨¨ �áª®¢áª®© ÷ˆ’‘ ¢ íªá¯«ã�â�æ¨î [29]. ‘¥âì
¯à¥¤®áâ�¢«ï«� â�ª¨¥ ãá«ã£¨, ª�ª í«¥ªâà®−−�ï ¯®çâ�, ¯¥à¥¤�ç� ä�©«®¢, â¥«¥ªá,
â¥«¥ä�ªá.

”�ªâ¨ç¥áª¨ ¢ ÷®áá¨¨ ¢ ¯¥à¨®¤ «�¢¨−®®¡à�§−®£® ¢−¥¤à¥−¨ï ¨¬¯®àâ−ëå
áà¥¤áâ¢ ¢¯¥à¢ë¥ ¡ë«� á®§¤�−� ®â¥ç¥áâ¢¥−−�ï ˆ’Š‘. Š á®¦�«¥−¨î, íâ¨ à�¡®âë
−¥ ¯®«ãç¨«¨ ¤�«ì−¥©è¥£® ¯à®¤®«¦¥−¨ï: ¯à¥¤«®¦¥−¨ï ¯® á®§¤�−¨î �−�«®£¨ç−ëå
à¥£¨®−�«ì−ëå ‘�„ ¢ ‚®à®−¥¦áª®©, �®¢£®à®¤áª®©, Šãàáª®© ®¡«�áâïå, � â�ª-
¦¥ ¢ ÷¥á¯ã¡«¨ª¥ �¥«�àãáì −¥ ¡ë«¨ ¯à¨−ïâë ¯® à�§−ë¬ ¯à¨ç¨−�¬, ¢ª«îç�ï
®âáãâáâ¢¨¥ ä¨−�−á¨à®¢�−¨ï.
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

‘«¥¤ã¥â ªà�âª® ã¯®¬ï−ãâì ¥é¥ àï¤ ¯à¨ª«�¤−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®-
£¨©, à�§à�¡®â�−−ëå ¢ ˆ�ˆ ÷�� ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨−� ¨ à¥�«¨§®¢�−-
−ëå ¢ à�§«¨ç−ëå áä¥à�å à®áá¨©áª®£® ®¡é¥áâ¢�.

’¥å−®«®£¨¨ ¨−ä®à¬�â¨§�æ¨¨ à�©®−−ëå ®â¤¥«¥−¨© ¬¨«¨æ¨¨. ‚ ˆ�ˆ ÷��
¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Šã§−¥æ®¢� (‘. �. �®¢¨ª®¢, �. ‚. ƒã¡¨−, Œ. Œ. ˜�à-
−¨−, ‚. �. Šã§−¥æ®¢) ¡ë« á®§¤�− ¨ �¯à®¡¨à®¢�− ¢ �ªâï¡àìáª®¬ ÷�‚„ £. Œ®áª¢ë
ª®¬¯«¥ªá −®¢ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©, ª®â®àë© ®¡¥á¯¥ç¨¢�« ¨−ä®à¬�-
æ¨®−−ãî ¯®¤¤¥à¦ªã à¥è¥−¨ï −¥ª®â®àëå §�¤�ç ®¯¥à�â¨¢−®-à®§ëáª−®© ¤¥ïâ¥«ì-
−®áâ¨. Š®¬¯«¥ªá ¡ë« à¥�«¨§®¢�− −� ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à�å â¨¯� IBM PC
AT ¨ ¢ª«îç�« ¢ á¥¡ï ¯®¤á¨áâ¥¬ë «®ª�«ì−ëå �„ ¤�ªâ¨«®áª®¯¨ç¥áª®© ¨−ä®à¬�-
æ¨¨ ¤«ï ãà®¢−ï ÷�‚„, ¯®¨áª� ¨−ä®à¬�æ¨¨ ¢ íâ¨å ¡�§�å ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨
«¨ç−®áâ¨ ¯à�¢®−�àãè¨â¥«¥© (�„ˆ‘ ú“‡�÷û), � â�ª¦¥ ä®à¬¨à®¢�−¨ï �„ ®¡
®¯¥à�â¨¢−ëå á¢®¤ª�å ® ¯à�¢®−�àãè¥−¨ïå ¢ ¤�−−®¬ à�©®−¥ £®à®¤� (á¨áâ¥¬� úŠà¨-
¬¨−�«û). ÷¥�«¨§�æ¨ï ¯à®¥ªâ� ®áãé¥áâ¢«ï«�áì ¢ â¥á−®¬ ª®−â�ªâ¥ á á®âàã¤−¨ª�¬¨
�ªâï¡àìáª®£® ÷�‚„ [30].

Œ−®£®â¥à¬¨−�«ì−ë© ª®¬¯«¥ªá ¨−ä®à¬�â¨§�æ¨¨ ®¡ê¥ªâ®¢ á®æ¨�«ì−®©
áä¥àë. ’�ª®© ª®¬¯«¥ªá ¡ë« á®§¤�− ¢ 1993 £. á¯¥æ¨�«¨áâ�¬¨ Š�§�−áª®£® ä¨«¨�«�
ˆ�ˆ ÷�� (ˆ. ‡. ��áëà®¢, ÷. ˆ. •�á�−®¢) −� ¡�§¥ ¯¥àá®−�«ì−®© �‚Œ IBM
PC AT [31]. ‚ ª®¬¯ìîâ¥à ¡ë«¨ ¢áâà®¥−ë ¬ã«ìâ¨¯«¥ªá®àë, ª®â®àë¥ ¯®§¢®«ï«¨
¯®¤ª«îç�âì ª −¥¬ã ¤® 16 â¥à¬¨−�«®¢ à�§«¨ç−®£® â¨¯� ®â ¬�«ëå ¨ ¡®«ìè¨å �‚Œ.
�ë«® à�§à�¡®â�−® �� ¤«ï à�¡®âë ¢ ¬ã«ìâ¨¯à®£à�¬¬−®¬ à¥¦¨¬¥, çâ® ¯®§¢®«ï«®
¨á¯®«ì§®¢�âì íâ®â ª®¬¯«¥ªá −� à�§«¨ç−ëå ®¡ê¥ªâ�å á®æ¨�«ì−®© áä¥àë: ¢ ã§«�å
á¢ï§¨, á«ã¦¡�å §�−ïâ®áâ¨, ¡�−ª�å, ¬¥¤¨æ¨−áª¨å ãçà¥¦¤¥−¨ïå. �� ®á−®¢¥ íâ®©
à�§à�¡®âª¨ ¡ë« á®§¤�− Š‘ˆ ¤«ï ã§«®¢ á¢ï§¨, � â�ª¦¥ ¤«ï à�©®−−ëå ®â¤¥«®¢
Œ¨−¨áâ¥àáâ¢� á®æ¨�«ì−®© §�é¨âë −�á¥«¥−¨ï ÷®áá¨¨.

’¥å−®«®£¨¨ á®§¤�−¨ï æ¨äà®¢ëå �àå¨¢®¢ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨. ÷�§à�-
¡®â�−−ë¥ ¢ ˆ�ˆ ÷�� â¥å−®«®£¨¨ ®¡à�¡®âª¨ ¨§®¡à�¦¥−¨© ®ª�§�«¨áì ¯®«¥§−ë¬¨
¯à¨ á®§¤�−¨¨ í«¥ªâà®−−ëå �àå¨¢®¢ â¥ªáâ®¢ëå ¤®ªã¬¥−â®¢ (‚. ‘. Š®â, ‘. �. �®-
¢¨ª®¢, �. ‚. ƒã¡¨−, ‚. ˆ. „ë¬ª®¢). �−¨ ¯®§¢®«ï«¨ áãé¥áâ¢¥−−® ¯®¢ëá¨âì
ª�ç¥áâ¢® åà�−¨¬ëå ¨§®¡à�¦¥−¨© íâ¨å ¤®ªã¬¥−â®¢, ª®â®àë¥ ¬®£«¨ ¡ëâì ª�ª ¯¥-
ç�â−ë¬¨, â�ª ¨ àãª®¯¨á−ë¬¨. �� ®á−®¢¥ íâ¨å â¥å−®«®£¨© ¡ë« á®§¤�− Š‘� ¤«ï
ä®à¬¨à®¢�−¨ï í«¥ªâà®−−®£® �àå¨¢� àãª®¯¨á−ëå â¥ªáâ®¢ àãááª®£® ï§ëª� ¢ ÷®á-
á¨©áª®© £®áã¤�àáâ¢¥−−®© ¡¨¡«¨®â¥ª¥ (Š. Š. Š®«¨−, ˆ. Œ. ‡�æ¬�−, ƒ. �. ‹¥¢¨−�).
�â®â ¯à®¥ªâ ¡ë« ¢ë¯®«−¥− ¢ à�¬ª�å ¯à®£à�¬¬ë ā�…‘Š� ¯® ®¡¥á¯¥ç¥−¨î á®-
åà�−−®áâ¨ ªã«ìâãà−ëå æ¥−−®áâ¥© ¬¨à®¢®£® ãà®¢−ï. …£® à¥�«¨§�æ¨ï ¯®§¢®«¨«�
−¥ â®«ìª® ®¡¥á¯¥ç¨âì á®åà�−−®áâì íâ¨å àãª®¯¨á¥©, ¨§®¡à�¦¥−¨ï ª®â®àëå ¡ë«¨
§�¯¨á�−ë −� ®¯â¨ç¥áª¨å ¤¨áª�å CD-ROM, −® â�ª¦¥ á®§¤�âì ¢®§¬®¦−®áâ¨ ¤«ï
ã¤�«¥−−®£® ¤®áâã¯� ª −¨¬ §�¨−â¥à¥á®¢�−−ëå à®áá¨©áª¨å ¨ §�àã¡¥¦−ëå á¯¥æ¨�-
«¨áâ®¢.

’¥å−®«®£¨¨ ¤«ï ¯®«ì§®¢�â¥«¥© á¥â¨ ˆ−â¥à−¥â. ƒ«ã¡®ª® ¯®−¨¬�ï áâà�â¥£¨-
ç¥áªãî §−�ç¨¬®áâì á¥â¨ ˆ−â¥à−¥â ¤«ï à�§¢¨â¨ï ®¡é¥áâ¢�, ˆ. �. Œ¨§¨− á®§¤�«
¢ áâàãªâãà¥ ˆ�ˆ ÷�� á¯¥æ¨�«ì−®¥ ¯®¤à�§¤¥«¥−¨¥ ¤«ï ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨©
¢ íâ®© ®¡«�áâ¨. …£® àãª®¢®¤¨â¥«¥¬ áâ�« ˆ. Œ. �¤�¬®¢¨ç. ‚ à¥§ã«ìâ�â¥ ¨áá«¥¤®-
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

¢�−¨© (ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢) ¡ë«¨ à�§à�¡®â�−ë à®áá¨©áª¨¥ áà¥¤áâ¢�
¯®¤¤¥à¦ª¨ à�¡®âë ¯®«ì§®¢�â¥«¥© á¥â¨ ˆ−â¥à−¥â, ª®â®àë¥ ãç¨âë¢�«¨ ¯¥à¥¤®¢ë¥
¬¨à®¢ë¥ â¥−¤¥−æ¨¨ à�§¢¨â¨ï á¥â¥¢ëå â¥å−®«®£¨©, � â�ª¦¥ á®§¤�− à®áá¨©áª¨©
¨−â¥à−¥â-¡à�ã§¥à ú�à¨�¤−�û, ª®â®àë© ¯®§¢®«ï« ¯®«ì§®¢�â¥«ï¬ à�¡®â�âì ¢ �−£-
«®ï§ëç−®¬ ¢�à¨�−â¥ (¯®¤ ã¯à�¢«¥−¨¥¬ Windows NT) ¨ ¢ àãááª®ï§ëç−®¬ ¢�à¨�−â¥
(¯®¤ ã¯à�¢«¥−¨¥¬ Windows-95) [32, 33]. ÷�áè¨à¥−−�ï ¢¥àá¨ï íâ®£® ¡à�ã§¥à�
®¡¥á¯¥ç¨¢�«� ¢®§¬®¦−®áâì ¯¥à¥¤�ç¨ ¯® á¥â¨ ˆ−â¥à−¥â à¥ç¥¢®© ¨−ä®à¬�æ¨¨. „«ï
íâ®£® ¡ë«® à�§à�¡®â�−® ¯à®£à�¬¬−®¥ ¯à¨«®¦¥−¨¥ AMSD EASY TALK, ª®â®à®¥
¯®§¢®«ï«® ®áãé¥áâ¢«ïâì ª�ç¥áâ¢¥−−ãî £®«®á®¢ãî á¢ï§ì ¬¥¦¤ã ã¤�«¥−−ë¬¨ �¡®-
−¥−â�¬¨ −� ¡®«ìè¨å à�ááâ®ï−¨ïå. „«ï ÷®áá¨¨ á ¥¥ ®£à®¬−®© â¥àà¨â®à¨¥© íâ�
â¥å−®«®£¨ï ¯®§¢®«ï«� áãé¥áâ¢¥−−® á−¨§¨âì áâ®¨¬®áâì â¥«¥ä®−−ëå ¯¥à¥£®¢®à®¢
¬¥¦¤ã �¡®−¥−â�¬¨ á¥â¨ ˆ−â¥à−¥â.

’¥å−®«®£¨¨ ¨−ä®à¬�â¨§�æ¨¨ ¤¥ïâ¥«ì−®áâ¨ à�¡®â−¨ª®¢ ®ä¨á®¢. ‚ ãá«®-
¢¨ïå ª®¬¯«¥ªá−®© ¨−ä®à¬�â¨§�æ¨¨ à�¡®âë ®ä¨á®¢ à�§«¨ç−ëå ãçà¥¦¤¥−¨© æ¥−â-
à�«ì−®¥ ¬¥áâ® §�−¨¬�¥â í«¥ªâà®−−®¥ åà�−¨«¨é¥ ¡®«ìè®£® ç¨á«� â¥ªáâ®¢ëå ¤®ªã-
¬¥−â®¢. ÷�§à�¡®âªã �� á¨áâ¥¬ë ¯®¤ −�§¢�−¨¥¬ ú�«¥ªâà®−−ë© �àå¨¢û ¢ 1990 £.
®áãé¥áâ¢¨« ®â¤¥« á¯¥æ¨�«¨áâ®¢ ˆ�ˆ ÷�� ¯®¤ àãª®¢®¤áâ¢®¬ ‚. „. �à�ç¥−-
ª® á®¢¬¥áâ−® á á®âàã¤−¨ª�¬¨ �¥à¤ï−áª®£® ä¨«¨�«� ˆ�ˆ �� (Š. Š. Š®«¨−,
ˆ. Œ. ‡�æ¬�−, ‹. ƒ. ƒ®à¤®−, �. �. Ÿ¢®àáª¨© ¨ ¤à.).

÷¥§ã«ìâ�â íâ®© à�§à�¡®âª¨ áâ�« ¨§¢¥áâ¥− á¯¥æ¨�«¨áâ�¬ ªàã¯−®© �¬¥à¨ª�−áª®©
ª®¬¯�−¨¨ Wise Technology, ª®â®à�ï ¯à¥¤«®¦¨«� ˆ. �. Œ¨§¨−ã á®§¤�âì ¯® íâ®©
¯à®¡«¥¬�â¨ª¥ á®¢¬¥áâ−®¥ ¯à¥¤¯à¨ïâ¨¥. „¥«®¢ë¥ ª®−â�ªâë á ¯à¥¤áâ�¢¨â¥«ï¬¨
íâ®© ä¨à¬ë ¯®ª�§�«¨, çâ® ãà®¢¥−ì ª¢�«¨ä¨ª�æ¨¨ á¯¥æ¨�«¨áâ®¢ ˆ�ˆ ÷�� ¡ë«
¤®áâ�â®ç−® ¢ëá®ª¨¬.

÷®áá¨©áª®-�¬¥à¨ª�−áª¨© ¯à®¥ªâ ¯® ¬®¤¥à−¨§�æ¨¨ â¥à¬¨−�«®¢ á¥à¢¥à®¢
¢ á¨áâ¥¬�å ã¯à�¢«¥−¨ï ¨ ®¡à�¡®âª¨ ¤�−−ëå. ‚ à�¬ª�å íâ®£® ¯à®¥ªâ� (àãª®-
¢®¤¨â¥«ì | §�¢¥¤ãîé¨© á¥ªâ®à®¬ ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª ˆ. Œ. ‡�æ¬�−)
¡ë«® à�§à�¡®â�−® �� ¤«ï â¥à¬¨−�«®¢ ä¨à¬ë Wise Technology, ®¡¥á¯¥ç¨¢è¥¥ ¨å
¯à¨¬¥−¥−¨¥ ¢ à®áá¨©áª¨å ãá«®¢¨ïå [34]. ‚−¥¤à¨âì à¥§ã«ìâ�âë íâ®£® ¯à®¥ªâ� ¯«�-
−¨à®¢�«®áì á−�ç�«� ¢ �íà®¯®àâ�å £. Œ®áª¢ë, � §�â¥¬ ¨ ¢ ¤àã£¨å £®à®¤�å ÷®áá¨¨.

“ç¨âë¢�ï ¬�áèâ�¡ë ¯à®¥ªâ�, àãª®¢®¤áâ¢® ä¨à¬ë Wise Technology ¯à¥¤«®-
¦¨«® ˆ. �. Œ¨§¨−ã à�áá¬®âà¥âì ¢®¯à®á ® áâà®¨â¥«ìáâ¢¥ ¢ ÷®áá¨¨ §�¢®¤� íâ®©
ä¨à¬ë ¤«ï ¯à®¬ëè«¥−−®£® ¯à®¨§¢®¤áâ¢� ¬®¤¥à−¨§¨à®¢�−−ëå â¥à¬¨−�«®¢ ¢ −¥-
®¡å®¤¨¬ëå ®¡ê¥¬�å. Š á®¦�«¥−¨î, ¨§¢¥áâ−ë¥ á®¡ëâ¨ï, á¢ï§�−−ë¥ á à�á¯�¤®¬
‘®¢¥âáª®£® ‘®î§�, ¯®¬¥è�«¨ à¥�«¨§�æ¨¨ íâ®£® ¢�¦−®£® ¯à®¥ªâ�.

ˆ−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬� ¤«ï â®ªá¨ª®«®£¨ç¥áª¨å æ¥−âà®¢
÷®áá¨¨. �â� á¨áâ¥¬� ¡ë«� á®§¤�−� á®¢¬¥áâ−ë¬¨ ãá¨«¨ï¬¨ á¯¥æ¨�«¨áâ®¢ ˆ�ˆ
÷��, ‚– ÷�� ¨ ˆ−ä®à¬�æ¨®−−®-ª®−áã«ìâ�æ¨®−−®£® â®ªá¨ª®«®£¨ç¥áª®£® æ¥−â-
à� Œ®áª®¢áª®£® ¨−áâ¨âãâ� áª®à®© ¯®¬®é¨ ¨¬. ‘ª«¨ä®á®¢áª®£®. ˆ−¨æ¨�â®à®¬
¯à®¥ªâ� áâ�« ¤¨à¥ªâ®à íâ®£® –¥−âà� ¯à®ä¥áá®à ‚. �. „�£�¥¢, ª®â®àë© ¢ â¥ç¥-
−¨¥ 20 «¥â ¤¥«�« ¢ë¯¨áª¨ ¨§ ¨áâ®à¨© ¡®«¥§−¨ ¯�æ¨¥−â®¢ á¢®¥£® ˆ−áâ¨âãâ� ¨, ¯®
áãâ¨, á®§¤�« ã−¨ª�«ì−ãî ¡�§ã §−�−¨© ¢ ®¡«�áâ¨ ¤¨�£−®áâ¨ª¨ ¨ «¥ç¥−¨ï ®áâàëå
å¨¬¨ç¥áª¨å ®âà�¢«¥−¨©.
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

‘¯¥æ¨�«¨áâë ‚– ÷�� ¯®¤ àãª®¢®¤áâ¢®¬ ¤®ªâ®à� ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª Š. ‚. ÷ã¤�ª®¢� à�§à�¡®â�«¨ æ¨äà®¢®¥ ¯à¥¤áâ�¢«¥−¨¥ íâ®© ¡�§ë ¢ ¯�¬ïâ¨
®¤−®© ¨§ ¬®¤¥«¥© …‘ �‚Œ. �−® áâ�«® ®á−®¢®© ¤«ï á®§¤�−¨ï ¨−ä®à¬�æ¨®−-
−®-�−�«¨â¨ç¥áª®© íªá¯¥àâ−®© á¨áâ¥¬ë ¤«ï â®ªá¨ª®«®£¨ç¥áª¨å æ¥−âà®¢ ÷®áá¨¨,
ª®â®àãî à�§à�¡®â�«¨ á¯¥æ¨�«¨áâë ˆ�ˆ ÷�� (‚. ‚. �ã§�−®¢). ‘¨áâ¥¬� ®¡¥á¯¥-
ç¨¢�«� ®¯¥à�â¨¢−ë© ¯®¨áª ¢ ¡�§¥ §−�−¨© â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ ¨áâ®à¨© ¡®«¥§−¨
â¥å ¯�æ¨¥−â®¢, ã ª®â®àëå à�−¥¥ −�¡«î¤�«¨áì �−�«®£¨ç−ë¥ á¨¬¯â®¬ë ®áâà®£®
å¨¬¨ç¥áª®£® ®âà�¢«¥−¨ï. �ªá¯¥àâ−�ï á¨áâ¥¬� ¡ë«� ãá¯¥è−® �¯à®¡¨à®¢�−� ¢ ¤¥-
ïâ¥«ì−®áâ¨ ’®ªá¨ª®«®£¨ç¥áª®£® æ¥−âà� Œ®áª®¢áª®£® ¨−áâ¨âãâ� áª®à®© ¯®¬®é¨
¨ ¯«�−¨à®¢�«�áì ¤«ï à�á¯à®áâà�−¥−¨ï ¢ ¤àã£¨å �−�«®£¨ç−ëå æ¥−âà�å ªàã¯−ëå
£®à®¤®¢ ÷®áá¨¨.

÷�áá¬®âà¥−−ë¥ ¢ëè¥ ¯à®¥ªâë ¯®ª�§ë¢�îâ â®â è¨à®ª¨© ¤¨�¯�§®− â¥¬�â¨ª¨
¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª, ª®â®àë¥ ¡ë«¨ à�§¢¥à−ãâë ¢ ˆ�ˆ ÷�� ¢ ¨−â¥à¥á�å
à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� ¢ ÷®áá¨¨.

Š�ª ¢¨¤¨¬, ˆ. �. Œ¨§¨−ë¬ ¢¬¥áâ¥ á −�ãç−ë¬¨ ª®««¥ªâ¨¢�¬¨ ˆ�ˆ ÷�� ¡ë-
«¨ áä®à¬ã«¨à®¢�−ë ®á−®¢−ë¥ ¯à¨−æ¨¯ë ¨ á¨áâ¥¬®â¥å−¨ç¥áª¨¥ ¯®¤å®¤ë ª à¥è¥-
−¨î è¨à®ç�©è¥£® ª«�áá� �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ®à£�−®¢ £®áã¤�àáâ¢¥−−®©
¢«�áâ¨ ÷”.

‡� 10 «¥â àãª®¢®¤áâ¢� ˆ. �. Œ¨§¨−ë¬ −�ãç−ë¥ ª®««¥ªâ¨¢ë ˆ�ˆ ÷��
¯®«ãç¨«¨ ¡¥áæ¥−−ë© ®¯ëâ ¨ −�ª®¯¨«¨ ®£à®¬−ë© −�ãç−®-¯à�ªâ¨ç¥áª¨© §�¤¥«
¢ ®¡«�áâ¨ á®§¤�−¨ï ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬. ‚ 1999 £. ˆ−áâ¨âãâ ¢®§£«�¢¨«
ˆ. �. ‘®ª®«®¢ (¢ 2003 £. ¨§¡à�− ç«¥−®¬-ª®àà¥á¯®−¤¥−â®¬, ¢ 2008 £. | �ª�¤¥-
¬¨ª®¬ ÷��), ª®â®àë© −¥áª®«ìª® «¥â àãª®¢®¤¨« á¨áâ¥¬−ë¬ ®â¤¥«®¬ ˆ�ˆ ÷��.
ˆ£®àì �−�â®«ì¥¢¨ç áâ�« ¯®á«¥¤®¢�â¥«ì−ë¬ ¯à¥¥¬−¨ª®¬ á¨áâ¥¬−ëå ¨ ¬¥â®¤¨ç¥-
áª¨å ¯®¤å®¤®¢, áä®à¬¨à®¢�−−ëå ¢ ˆ�ˆ ÷�� ¯à¨ ˆ. �. Œ¨§¨−¥.

‚ ¯¥à¨®¤ 1999{2024 ££. ¢ à�¬ª�å −�¯à�¢«¥−¨ï úˆ−ä®à¬�æ¨®−−ë¥, ã¯à�¢«ï-
îé¨¥ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ëû ¯®¤ ®¡é¨¬ àãª®¢®¤áâ¢®¬ �ª�¤¥¬¨ª�
ˆ. �. ‘®ª®«®¢� ª®««¥ªâ¨¢�¬¨ ˆ�ˆ ÷�� (á 2015 £. | ”ˆ– ˆ“ ÷��) ¡ë«
¢ë¯®«−¥− æ¥«ë© àï¤ ¢�¦−¥©è¨å ¯à®¥ªâ®¢ ¯® á®§¤�−¨î ªàã¯−ëå â¥àà¨â®à¨�«ì−®
à�á¯à¥¤¥«¥−−ëå ˆ’Š‘ à�§«¨ç−®£® −�§−�ç¥−¨ï ¢ ¨−â¥à¥á�å ®à£�−®¢ £®áã¤�à-
áâ¢¥−−®© ¢«�áâ¨, ¢ â®¬ ç¨á«¥ ¢ §�é¨é¥−−®¬ ¨á¯®«−¥−¨¨.

�â¬¥â¨¬ ªà�âª® ¤¢� ª®¬¯«¥ªá� à�¡®â, ®â¬¥ç¥−−ëå ¯à¥¬¨¥© �à�¢¨â¥«ìáâ-
¢� ÷”.

‚ ¯¥à¨®¤ 2001{2014 ££. −�ãç−ë¥ ª®««¥ªâ¨¢ë ˆ�ˆ ÷�� ¢ë¯®«−¨«¨ ª®¬-
¯«¥ªá �ˆ�Š÷, −�¯à�¢«¥−−ëå −� à�§¢¨â¨¥ ˆ’Š‘ ��−ª� ÷®áá¨¨ (£«�¢−ë©
ª®−áâàãªâ®à | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª ‚. ˆ. �ã¤§ª®). ‚ íâ®© à�¡®â¥ �ªâ¨¢-
−®¥ ãç�áâ¨¥ ¯à¨−ï«¨ á®âàã¤−¨ª¨ ˆ�ˆ ÷�� ‚. ƒ. �¥«¥−ª®¢, ˆ. ˆ. �ëáâà®¢,
�. �. Š¥©¥à, ‘. ‚. �®à®å®¢, �. ‚. Š¨á¥«¥¢, ā. �. Œ¨à®è−¨ª®¢, ‚. �. ��¡ã-
à¨−�, �. ˆ. ��¤¥¦¤¨−� ¨ ¤à. ÷�§à�¡®â�−ë ª®−æ¥¯æ¨¨ à�§¢¨â¨ï ˆ’Š‘ ��−ª�
÷®áá¨¨ −� ¯¥à¨®¤ ¤® 2008, §�â¥¬ ¤® 2013 ¨ 2018 ££., ª®â®àë¥ ¡ë«¨ ¯à¨−ïâë
¢ ª�ç¥áâ¢¥ ®á−®¢ë â¥å−¨ç¥áª®© ¯®«¨â¨ª¨. �¡®á−®¢�−� â¥å−®«®£¨ï ¯¥à¥å®¤� ®â
áãé¥áâ¢®¢�¢è¨å 78 à¥£¨®−�«ì−ëå æ¥−âà®¢ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ (–�ˆ) ª âà¥¬
¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¬ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ë¬ ª®««¥ªâ¨¢−ë¬ ª�â�-
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

áâà®ä®ãáâ®©ç¨¢ë¬ –�ˆ. �®¤£®â®¢«¥−ë â¥å−¨ª®-íª®−®¬¨ç¥áª¨¥ ®¡®á−®¢�−¨ï
¨å áâàãªâãàë ¨ ª®−ä¨£ãà�æ¨¨ (−� −�ç�«ì−®© áâ�¤¨¨ ¨ ¯à¨ à�§¢¨â¨¨). ‘®§¤�−�
â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−�ï ¨−ä®à¬�æ¨®−−�ï ¨−äà�áâàãªâãà�, ®¡¥á¯¥ç¨¢�-
îé�ï ¡¥á¯¥à¥¡®©−ãî à�¡®âã �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¡�−ª®¢áª¨å à�áç¥â®¢
¢ ãá«®¢¨ïå ª�â�áâà®ä ¨ ¤àã£¨å −¥¯à¥¤¢¨¤¥−−ëå ®¡áâ®ïâ¥«ìáâ¢ ¯à¨ á®åà�−¥−¨¨
−¥®¡å®¤¨¬®£® ãà®¢−ï ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ¢ á«ãç�¥ ¯¥à¥¢®¤� ®¡à�¡®â-
ª¨ á ®¤−®© ¯«®é�¤ª¨ −� ¤àã£ãî. �¤−®¢à¥¬¥−−® ¯à®¢®¤¨«áï ª®¬¯«¥ªá à�¡®â
¯® à�§¢¨â¨î â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© á®áâ�¢«ïîé¥©, áà¥¤áâ¢ ®¡¥á¯¥ç¥−¨ï ¨−-
ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ã¯à�¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨¥¬ ¨ íªá¯«ã�â�æ¨¥©
á¨áâ¥¬ë ª®««¥ªâ¨¢−®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨. ‚ 2011 £. á®âàã¤−¨ª¨ ˆ�ˆ ÷��
(‚. ˆ. �ã¤§ª®, ˆ. ˆ. �ëáâà®¢, ‚. ƒ. �¥«¥−ª®¢) ¢ á®áâ�¢¥ ª®««¥ªâ¨¢� à�§à�¡®âç¨-
ª®¢ ˆ’Š‘ ��−ª� ÷®áá¨¨ ¡ë«¨ ã¤®áâ®¥−ë ¯à¥¬¨¨ �à�¢¨â¥«ìáâ¢� ÷” ¢ ®¡«�áâ¨
−�ãª¨ ¨ â¥å−¨ª¨.

‚ ¯¥à¨®¤ 2006{2021 ££. ˆ�ˆ ÷�� ¢ë¯®«−¨« ª®¬¯«¥ªá �ˆ�Š÷ ¯® á®-
§¤�−¨î, à�§¢¥àâë¢�−¨î ¨ à�§¢¨â¨î ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª®© á¨áâ¥¬ë
á¡®à� ¨−ä®à¬�æ¨¨ ®â ¡®«ìè®£® ç¨á«� â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå ¨á-
â®ç−¨ª®¢ (£«�¢−ë© ª®−áâàãªâ®à | �. �. ‡�æ�à¨−−ë©, ®â¢¥âáâ¢¥−−ë© ¨á¯®«-
−¨â¥«ì | ‚. ˆ. ‘¨−¨æë−, ¨á¯®«−¨â¥«¨ | ˆ. Œ. �¤�¬®¢¨ç, ’. Š. �¨àîª®¢�,
Œ. Œ. ƒ¥àèª®¢¨ç, Œ. ā. ‡�¨ª¨−, ‚. ‘. „®«£®¯®«®¢, ‹. Œ. Š®§«®¢�). ‘¨áâ¥¬�
−� ¯à®âï¦¥−¨¨ ¬−®£¨å «¥â ãá¯¥è−® ¢ë¯®«−ï¥â ¢�¦−¥©è¨¥ §�¤�ç¨ ¯® ®¡¥á¯¥-
ç¥−¨î ¡¥§®¯�á−®áâ¨ áâà�−ë, ¢ â®¬ ç¨á«¥ ¢ ¯¥à¨®¤ àï¤� á®æ¨�«ì−® §−�ç¨¬ëå
¬¥¦¤ã−�à®¤−ëå ¬¥à®¯à¨ïâ¨©. ‚ 2021 £. ª®««¥ªâ¨¢ ¨á¯®«−¨â¥«¥©, ¢ª«îç�ï
á®âàã¤−¨ª®¢ ”ˆ– ˆ“ ÷�� (�. �. ‡�æ�à¨−−ë©, ‚. ˆ. ‘¨−¨æë−, ’. Š. �¨àî-
ª®¢�, Œ. Œ. ƒ¥àèª®¢¨ç), ã¤®áâ®¥− ¯à¥¬¨¨ �à�¢¨â¥«ìáâ¢� ÷” ¢ ®¡«�áâ¨ −�ãª¨
¨ â¥å−¨ª¨.

’�ª¨¬ ®¡à�§®¬, −�ãç−�ï èª®«� �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ ç�áâ¨ ¬¥â®-
¤®«®£¨ç¥áª¨å ¯®¤å®¤®¢ ¨ ¡�§®¢ëå á¨áâ¥¬®â¥å−¨ç¥áª¨å à¥è¥−¨© ¯® á®§¤�−¨î
â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬
−� ¯à®âï¦¥−¨¨ ¬−®£¨å «¥â �ªâ¨¢−® ¯®¤¤¥à¦¨¢�¥âáï ª®««¥ªâ¨¢®¬ ˆ�ˆ ÷��,
� á 2015 £. | ”ˆ– ˆ“ ÷��.

4 Вклад И. А. Мизина в развитие информационного общества

„«ï à¥è¥−¨ï áâà�â¥£¨ç¥áª¨ ¢�¦−ëå ¯à®¡«¥¬ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®£®
®¡é¥áâ¢� ¢ ÷®áá¨¨ ®á®¡ãî §−�ç¨¬®áâì ¨¬¥îâ à�§à�¡®â�−−ë¥ ˆ. �. Œ¨§¨−ë¬
ª®−æ¥¯âã�«ì−ë¥ ®á−®¢ë á®§¤�−¨ï ¥¤¨−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�
áâà�−ë. �à¥¤áâ�¢«¥−¨¥ ® §−�ç¨¬®áâ¨ íâ®£® à¥§ã«ìâ�â� ¤�îâ ®á−®¢−ë¥ ¯®«®¦¥−¨ï
¥£® áâ�âì¨ [22], ¢ ª®â®à®© ¯®ª�§�−� ª«îç¥¢�ï à®«ì ¢ ä®à¬¨à®¢�−¨¨ ¨−ä®à¬�-
æ¨®−−®£® ®¡é¥áâ¢� â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©, � â�ª¦¥ ®â¬¥ç¥−� −¥-
®¡å®¤¨¬®áâì ¬¥¦¤ã−�à®¤−®£® á®âàã¤−¨ç¥áâ¢� ¤«ï ¯®áâà®¥−¨ï ¨−ä®à¬�æ¨®−−®£®
®¡é¥áâ¢�. ‘ä®à¬ã«¨à®¢�− ª®−æ¥¯âã�«ì−ë© â¥§¨á: ú�à¨¡«¨¦�îé¨©áï XXI ¢¥ª
¬®¦−® á¬¥«® −�§¢�âì ¢¥ª®¬ \¨−ä®à¬�æ¨®−−®£® á®®¡é¥áâ¢�"û. �â¨ ¯à®£−®§ë
®ª�§�«¨áì á¯à�¢¥¤«¨¢ë¬¨ ¨ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ã¦¥ ®áãé¥áâ¢«ïîâáï −� ¯à�ªâ¨ª¥.
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

ˆáá«¥¤®¢�−¨ï ¯à®¡«¥¬ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� ˆ. �. Œ¨-
§¨− ®áãé¥áâ¢«ï« á®¢¬¥áâ−® á á®âàã¤−¨ª�¬¨ ˆ�ˆ ÷��: ‚. �. ‡�å�à®¢ë¬,
ˆ. Œ. ‡�æ¬�−®¬, Š. Š. Š®«¨−ë¬, ˆ. �. Šã§−¥æ®¢ë¬, �. �. ‹¥¢¨−ë¬,
‚. „. �à�ç¥−ª®, …. �. ”¨«¨−®¢ë¬ ¨ ¤àã£¨¬¨ á¯¥æ¨�«¨áâ�¬¨. �à¨ íâ®¬ ®−
�ªâ¨¢−® ¢§�¨¬®¤¥©áâ¢®¢�« á ¢¥¤ãé¨¬¨ ãç¥−ë¬¨ ÷��: …. �. ‚¥«¨å®¢ë¬ (�ª�¤¥-
¬¨ª®¬-á¥ªà¥â�à¥¬ �ˆ‚’� ÷��), ‚. ‘. �ãàæ¥¢ë¬, ā. ‚. ƒã«ï¥¢ë¬, �. �. „®-
à®¤−¨æë−ë¬, ‘. ‚. …¬¥«ìï−®¢ë¬, � â�ª¦¥ á ¯à®ä¨«ì−ë¬¨ §�àã¡¥¦−ë¬¨ á¯¥æ¨-
�«¨áâ�¬¨ ¨§ ƒ¥à¬�−¨¨, ˆá¯�−¨¨, ”à�−æ¨¨ ¨ ‘˜�.

÷�áá¬®âà¨¬ −¥áª®«ìª® −�¯à�¢«¥−¨© ¤¥ïâ¥«ì−®áâ¨ ¢ íâ®© ®¡«�áâ¨.
‚ 1996 £. ¢ ¯«¥−�à−®¬ ¤®ª«�¤¥ −� ¢áâà¥ç¥ −®¡¥«¥¢áª¨å «�ãà¥�â®¢ ¢ ‘�−ªâ-�¥-

â¥à¡ãà£¥ ˆ. �. Œ¨§¨− ¯à¥¤áâ�¢¨« à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ −�ãç−®-
â¥å−®«®£¨ç¥áª¨å ®á−®¢ áâ�−®¢«¥−¨ï £«®¡�«ì−®£® ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�.
„®ª«�¤ ¡ë« ¯®¤£®â®¢«¥− ¯® ¯à®áì¡¥ �ª�¤¥¬¨ª� †. ˆ. �«ä¥à®¢� ¨ ¢ë§¢�« ¡®«ì-
è®© ¨−â¥à¥á ãç�áâ−¨ª®¢ íâ®© ¢áâà¥ç¨. …£® ¤¥â�«ì−®¥ ®¡áã¦¤¥−¨¥ ¯à®è«® −�
§�á¥¤�−¨¨ ®¤−®© ¨§ â¥¬�â¨ç¥áª¨å á¥ªæ¨© íâ®£® −�ãç−®£® ¬¥à®¯à¨ïâ¨ï.

�−�«®£¨ç−ë© ¤®ª«�¤ ¡ë« á¤¥«�− ˆ. �. Œ¨§¨−ë¬ ¨ −� à�áè¨à¥−−®¬ ¡îà®
�ˆ‚’� ÷��, ¯®á¢ïé¥−−®¬ ¯à®¡«¥¬�â¨ª¥ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�
¢ ¬�àâ¥ 1995 £. �ë«® à¥ª®¬¥−¤®¢�−® ¯à®¢¥áâ¨ ¯® íâ®© ¯à®¡«¥¬�â¨ª¥ ª®¬¯«¥ªá
¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â�âì ¤«ï íâ®£® æ¥«¥¢ãî ¯à®£à�¬¬ã �à¥§¨¤¨ã¬� ÷��. �¤-
−�ª® −¥¤®áâ�â®ª ä¨−�−á¨à®¢�−¨ï ¢ â®â ¯¥à¨®¤ ¢à¥¬¥−¨ −¥ ¯®§¢®«¨« ®áãé¥áâ¢¨âì
íâã à¥ª®¬¥−¤�æ¨î.

‚ ¯®¤£®â®¢ª¥ íâ¨å ¤®ª«�¤®¢ ¯à¨−ï«¨ ãç�áâ¨¥ á®âàã¤−¨ª¨ ˆ�ˆ ÷��
ˆ. Œ. �¤�¬®¢¨ç, ‘. �. ƒà¨−ç¥−ª®, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−, ˆ. �. Šã§−¥-
æ®¢, ˆ. �. ‘¨−¨æë− ¨ …. �. ”¨«¨−®¢.

÷®áá¨©áª�ï ª®−æ¥¯æ¨ï ¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï. ÷�§¢¨â¨¥ ¨−ä®à¬�-
æ¨®−−®£® ®¡é¥áâ¢� âà¥¡ã¥â −®¢®£® ãà®¢−ï ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë −�á¥«¥−¨ï
áâà�−ë, ª®â®àë© −¥®¡å®¤¨¬ ¤«ï íää¥ªâ¨¢−®£® ¨á¯®«ì§®¢�−¨ï −�æ¨®−�«ì−ëå
¨ ¬¨à®¢ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, � â�ª¦¥ â¥å −®¢ëå ¢®§¬®¦−®áâ¥©, ª®-
â®àë¥ á®§¤�îâ á®¢à¥¬¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¨ â¥å−®«®£¨¨. � íâ®,
¢ á¢®î ®ç¥à¥¤ì, ¢ë§ë¢�¥â −¥®¡å®¤¨¬®áâì �¤¥ª¢�â−®© ª®àà¥ªæ¨¨ á®¤¥à¦�−¨ï
¨ ¬¥â®¤®«®£¨¨ á¨áâ¥¬ë ®¡à�§®¢�−¨ï −� ¢á¥å ¥¥ ãà®¢−ïå, −�ç¨−�ï á ¤®èª®«ì−®©
¯®¤£®â®¢ª¨.

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− £«ã¡®ª® ¯®−¨¬�« áãé−®áâì íâ®© áâà�â¥£¨ç¥áª¨
¢�¦−®© ¯à®¡«¥¬ë ¨ ã¤¥«ï« ¥© §−�ç¨â¥«ì−®¥ ¢−¨¬�−¨¥. ‚ àï¤¥ à�¡®â [35, 36],
¯à¥¦¤¥ ¢á¥£® ¢ ¤®ª«�¤¥ −� ¯«¥−�à−®¬ §�á¥¤�−¨¨ II Œ¥¦¤ã−�à®¤−®£® ª®−£à¥á-
á� ā�…‘Š� ú�¡à�§®¢�−¨¥ ¨ ¨−ä®à¬�â¨ª�û (¨î−ì 1996 £.), ®− ¯à¥¤áâ�¢¨«
®á−®¢−ë¥ ¯®«®¦¥−¨ï áâà�â¥£¨¨ ÷®áá¨¨ ¢ ®¡«�áâ¨ á®§¤�−¨ï ¨ à�§¢¨â¨ï −�æ¨®-
−�«ì−®© ˆ’Š‘ ¤«ï −�ãª¨ ¨ ®¡à�§®¢�−¨ï á ®¤−®¢à¥¬¥−−ë¬ à�§¢¨â¨¥¬ â�ª¨å
á¨áâ¥¬ ¢ à¥£¨®−�å −�è¥© áâà�−ë ¨ á®§¤�−¨¥¬ ¢ −¨å ¡�−ª®¢ ¤�−−ëå ª®¬¯ìîâ¥à−®©
¨−ä®à¬�æ¨¨ [37].

�ã¦−® ®â¬¥â¨âì, çâ® ã¯®¬ï−ãâë© ¢ëè¥ á¡®à−¨ª âàã¤®¢ ˆ�ˆ ÷�� (ú‘¨á-
â¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û. ‚ë¯. 8. | Œ.: ��ãª�, 1996) [35] áâ�«
¢â®àë¬ â¥¬�â¨ç¥áª¨¬ ¢ë¯ãáª®¬, ª®â®àë© ¡ë« ¯®«−®áâìî ¯®á¢ïé¥− ¯à®¡«¥¬�¬
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

¨−ä®à¬�â¨§�æ¨¨ ®¡à�§®¢�−¨ï. �¥à¢ë© â�ª®© ¢ë¯ãáª ¡ë« ¨§¤�− ¢ 1988 £.
¨ ¯®á¢ïé¥− ¢ ®á−®¢−®¬ ¯à®¡«¥¬�¬ ä®à¬¨à®¢�−¨ï ª®¬¯ìîâ¥à−®© £à�¬®â−®áâ¨
®¡é¥áâ¢�. � £«�¢−®© â¥¬®© ¢â®à®£® ¢ë¯ãáª� áâ�«� ¯à®¡«¥¬� ä®à¬¨à®¢�−¨ï
−®¢®© ¨−ä®à¬�æ¨®−−®© ªã«ìâãàë ®¡é¥áâ¢�, ª®â®à�ï à�áá¬�âà¨¢�«�áì ª�ª ®¤−�
¨§ ¢�¦−¥©è¨å æ¥«¥© á¨áâ¥¬ë ®¡à�§®¢�−¨ï ¢ ãá«®¢¨ïå áâ�−®¢«¥−¨ï £«®¡�«ì−®£®
¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�.

�«¥−�à−ë© ¤®ª«�¤ ˆ. �. Œ¨§¨−� −� Š®−£à¥áá¥ ā�…‘Š� ¯®¤ −�§¢�−¨¥¬
ú‘®áâ®ï−¨¥ ¨ ¯¥àá¯¥ªâ¨¢ë à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå
â¥å−®«®£¨© ¤«ï áä¥àë ®¡à�§®¢�−¨ï ¨ −�ãª¨û ¨¬¥« ª®−æ¥¯âã�«ì−ë© å�à�ªâ¥à [38].
�− ¡ë« ¯®á¢ïé¥− �−�«¨§ã á®áâ®ï−¨ï, ¯à®¡«¥¬ ¨ ¯¥àá¯¥ªâ¨¢ à�§¢¨â¨ï íâ¨å â¥å−®-
«®£¨© ª�ª ®á−®¢ë ¤«ï á®§¤�−¨ï ¢ XXI ¢. £«®¡�«ì−®£® ¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−-
áâ¢� −�è¥© ¯«�−¥âë. �à¨ íâ®¬ ˆ. �. Œ¨§¨− ¨§«®¦¨« á¢®¥ ¯®−¨¬�−¨¥ â¥à¬¨−�
ú¨−ä®à¬�æ¨®−−�ï ¨−äà�áâàãªâãà�û ª�ª â�ª®© á®¢®ªã¯−®áâ¨ ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ¨ ¯à®£à�¬¬−®-�¯¯�à�â−ëå áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© ¨ â¥«¥ª®¬¬ã−¨ª�-
æ¨®−−®© â¥å−¨ª¨, ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥©,
ª®â®à�ï ¡ã¤¥â ¨á¯®«ì§®¢�âìáï ¢® ¢á¥å áä¥à�å ¨−ä®à¬�æ¨®−−®£® ®¡é¥áâ¢�.

�â®â ¤®ª«�¤ áâ�« ¢�¦−ë¬ á®¡ëâ¨¥¬ ¢ à�¡®â¥ Š®−£à¥áá� ā�…‘Š�, � ¥£®
â¥ªáâ ¢ª«îç¥− ¢ ¨â®£®¢ë¥ ¬�â¥à¨�«ë Š®−£à¥áá�. ‚ ¥£® ¯®¤£®â®¢ª¥ ¯à¨−ï«¨
ãç�áâ¨¥ Š. Š. Š®«¨− ¨ ‚. �. ‡�å�à®¢.

ˆ−ä®à¬�â¨ª� ¢ á¨áâ¥¬¥ ®¯¥à¥¦�îé¥£® ®¡à�§®¢�−¨ï. ‚â®à®© Œ¥¦¤ã−�-
à®¤−ë© ª®−£à¥áá ā�…‘Š� ú�¡à�§®¢�−¨¥ ¨ ¨−ä®à¬�â¨ª�û á®áâ®ï«áï ¢ ÷®áá¨¨
¢ 1996 £. −� ¡�§¥ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®-
¬®−®á®¢�. …£® ãç�áâ−¨ª�¬¨ áâ�«¨ ¤¥«¥£�æ¨¨ ¨§ ¡®«¥¥ 100 áâà�− ¬¨à�, ¬−®£¨¥
¨§ ª®â®àëå, ¢ª«îç�ï ÷®áá¨î, ¯à¥¤áâ�¢¨«¨ −�æ¨®−�«ì−ë¥ ¤®ª«�¤ë ® ¯®«¨â¨ª¥
¢ ®¡«�áâ¨ ®¡à�§®¢�−¨ï −� ®á−®¢¥ ¨á¯®«ì§®¢�−¨ï −®¢ëå §−�−¨© ¨ ¯¥àá¯¥ªâ¨¢−ëå
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

Š®−£à¥áá áâ�« ªàã¯−ë¬ ¬¥¦¤ã−�à®¤−ë¬ á®¡ëâ¨¥¬ ¤«ï ¬¨à®¢®£® −�ãç−®-
®¡à�§®¢�â¥«ì−®£® á®®¡é¥áâ¢�. �à¥§¨¤¥−â®¬ Š®−£à¥áá� ¡ë« ¨§¡à�− �ª�¤¥¬¨ª
÷®áá¨©áª®© �ª�¤¥¬¨¨ ®¡à�§®¢�−¨ï (÷��) ‚. ƒ. Š¨−¥«¥¢, ª®â®àë© ¢ â®â ¯¥à¨®¤
¢à¥¬¥−¨ ¡ë« §�¬¥áâ¨â¥«¥¬ �à¥¤á¥¤�â¥«ï ¯à�¢¨â¥«ìáâ¢� ÷” ¨ �à¥¤á¥¤�â¥«¥¬
ƒ®áã¤�àáâ¢¥−−®£® ª®¬¨â¥â� ¯® ¢ëáè¥¬ã ®¡à�§®¢�−¨î. ‚ á¢®¥¬ ¯«¥−�à−®¬ ¤®ª«�-
¤¥ −� íâ®¬ Š®−£à¥áá¥ ú–¨¢¨«¨§�æ¨ï ¨ ®¡à�§®¢�−¨¥û ®− §�¤�« ¢ëá®ªãî −�ãç−ãî
¯«�−ªã ®¡áã¦¤¥−¨ï ¥£® ®á−®¢−®© ¯à®¡«¥¬�â¨ª¨, ãª�§�¢ −� −¥®¡å®¤¨¬®áâì ª®−æ¥−-
âà�æ¨¨ ¢−¨¬�−¨ï −¥ −� ¨−áâàã¬¥−â�«ì−®-â¥å−®«®£¨ç¥áª¨å, � £«�¢−ë¬ ®¡à�§®¬ −�
á®¤¥à¦�â¥«ì−ëå ¥¥ �á¯¥ªâ�å. ˆ¬¥−−® â�ª�ï −�¯à�¢«¥−−®áâì ¨ ®â«¨ç�«� ¤®ª«�¤ë
à®áá¨©áª¨å ãç�áâ−¨ª®¢ íâ®£® Š®−£à¥áá�: Š. Š. Š®«¨−�, ‘. �. •à¨áâ®ç¥¢áª®£®,
ˆ. ‚. ÷®¡¥àâ, ˆ. ˆ. •�«¥¥¢®©, �. „. “àáã«�. ’�ª, ¢ ¤®ª«�¤¥ úˆ−ä®à¬�â¨ª�
¢ á¨áâ¥¬¥ ®¯¥à¥¦�îé¥£® ®¡à�§®¢�−¨ïû ¡ë«� ¯à¥¤áâ�¢«¥−� à®áá¨©áª�ï ª®−æ¥¯æ¨ï
¨á¯®«ì§®¢�−¨ï ¤®áâ¨¦¥−¨© ¨−ä®à¬�â¨ª¨ ¤«ï ®¯¥à¥¦�îé¥£® à�§¢¨â¨ï á¨áâ¥¬ë
®¡à�§®¢�−¨ï −� ä®−¥ ¤àã£¨å ä�ªâ®à®¢ á®æ¨�«ì−®-íª®−®¬¨ç¥áª®£® ¨ ªã«ìâãà−®£®
à�§¢¨â¨ï ®¡é¥áâ¢� [38].

�â� ª®−æ¥¯æ¨ï ¡ë«� à�§à�¡®â�−� ¢ ˆ�ˆ ÷�� ¯®¤ àãª®¢®¤áâ¢®¬ ˆ. �. Œ¨§¨-
−� (Š. Š. Š®«¨−, ‘. �. •à¨áâ®ç¥¢áª¨©), � ¥¥ ®á−®¢−ë¥ ¯®«®¦¥−¨ï, ¯® ¯à¥¤«®¦¥-
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

−¨î ˆ. �. Œ¨§¨−�, ¡ë«¨ ¢ª«îç¥−ë ¢ ��æ¨®−�«ì−ë© ¤®ª«�¤ ÷®áá¨¨ Š®−£à¥ááã
ā�…‘Š� [39].

„«ï ¯à�ªâ¨ç¥áª®© à¥�«¨§�æ¨¨ ª®−æ¥¯æ¨¨ ¯à¥¤«�£�«®áì ¢ë¯®«−¨âì ¯®¤ í£¨-
¤®© ā�…‘Š� ¢ ¯¥à¨®¤ 1997{2000 ££. ¬¥¦¤ã−�à®¤−ë© ¯à®¥ªâ úˆ−ä®à¬�â¨ª�-
2000û. –¥«ì ¯à®¥ªâ� á®áâ®ï«� ¢ â®¬, çâ®¡ë à�¤¨ª�«ì−ë¬ ®¡à�§®¬ ¨§¬¥−¨âì
á®¤¥à¦�−¨¥ ®¡à�§®¢�−¨ï −� ¢á¥å ¥£® ãà®¢−ïå á ãç¥â®¬ ¯¥àá¯¥ªâ¨¢ à�§¢¨â¨ï ¨−-
ä®à¬�æ¨®−−®£® ®¡é¥áâ¢� [40]. Š®−æ¥¯æ¨ï ¡ë«� ®¤®¡à¥−� ãç�áâ−¨ª�¬¨ Š®−£à¥áá�
¨ ¢ª«îç¥−� ¢ ª�ç¥áâ¢¥ à¥ª®¬¥−¤�æ¨¨ ¢ ¥£® ¨â®£®¢ë¥ ¤®ªã¬¥−âë.

�á−®¢−�ï ¨¤¥ï íâ®£® ¯à®¥ªâ� á®áâ®ï«� ¢ â®¬, çâ®¡ë à�§à�¡®â�âì ¨ ¢−¥¤à¨âì
−� ¢á¥å ãà®¢−ïå á¨áâ¥¬ë ®¡à�§®¢�−¨ï −®¢ë© ®¡é¥®¡à�§®¢�â¥«ì−ë© ªãàá ú”ã−-
¤�¬¥−â�«ì−ë¥ ®á−®¢ë ¨−ä®à¬�â¨ª¨û. �− ¢ª«îç�« á«¥¤ãîé¨¥ à�§¤¥«ë:

{ â¥®à¥â¨ç¥áª¨¥ ®á−®¢ë ¨−ä®à¬�â¨ª¨;

{ â¥å−¨ç¥áª¨¥ ¨ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¨−ä®à¬�â¨§�æ¨¨;

{ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨;

{ á®æ¨�«ì−�ï ¨−ä®à¬�â¨ª�.

��¯®¬−¨¬, çâ® ¢ â®â ¯¥à¨®¤ ¢à¥¬¥−¨ ¨−ä®à¬�â¨ª� à�áá¬�âà¨¢�«�áì ª�ª â¥å-
−¨ç¥áª�ï ¤¨áæ¨¯«¨−�, ¢ ª®â®à®© ¨§ãç�«¨áì á¯®á®¡ë åà�−¥−¨ï, ®¡à�¡®âª¨ ¨ ¯¥à¥-
¤�ç¨ ¤�−−ëå ¯à¨ ¯®¬®é¨ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬. � −®¢ë© ªãàá ¡ë« ®à¨¥−â¨à®¢�−
−� áãé¥áâ¢¥−−® ¡®«¥¥ è¨à®ªãî ¯à®¡«¥¬�â¨ªã áâ�−®¢«¥−¨ï ¨−ä®à¬�æ¨®−−®£®
®¡é¥áâ¢�.

‚ 1997 £. ¢ ÷®áá¨î ¯à¨¥å�«� £àã¯¯� íªá¯¥àâ®¢ ā�…‘Š�, ª®â®à�ï à¥ª®-
¬¥−¤®¢�«� −�ç�âì à¥�«¨§�æ¨î íâ®£® ¯à®¥ªâ� á−�ç�«� ¢ ÷®áá¨¨, � §�â¥¬, ¯®á«¥
¯à�ªâ¨ç¥áª®© �¯à®¡�æ¨¨ ¥£® à¥§ã«ìâ�â®¢, à�á¯à®áâà�−¨âì ¥£® −� ¤àã£¨¥ áâà�-
−ë. ‘ íâ®© æ¥«ìî ˆ. �. Œ¨§¨−ë¬ ¨ à¥ªâ®à®¬ Œ®áª®¢áª®£® íª®−®¬¨ª®-áâ�-
â¨áâ¨ç¥áª®£® ¨−áâ¨âãâ� (Œ�‘ˆ) ‚. �. ’¨å®¬¨à®¢ë¬ ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥
® á®§¤�−¨¨ á®¢¬¥áâ−®£® ��ãç−®-®¡à�§®¢�â¥«ì−®£® æ¥−âà� ú”ã−¤�¬¥−â�«ì−ë¥
®á−®¢ë ¨−ä®à¬�â¨ª¨û. „«ï ¥£® à�§¢¨â¨ï ¡ë« ¯®«ãç¥− £à�−â ÷®áá¨©áª®£® ä®−¤�
äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©, ª®â®àë© ¯®§¢®«¨« à�§à�¡®â�âì −¥®¡å®¤¨¬ë¥
−�ãç−®-¬¥â®¤¨ç¥áª¨¥ ¬�â¥à¨�«ë ¯® íâ®¬ã ¯à®¥ªâã.

‘¥àì¥§−ãî ¯®¤¤¥à¦ªã íâ®¬ã ¯à®¥ªâã ®ª�§�« �ª�¤¥¬¨ª ÷�� ‚. ƒ. Š¨−¥«¥¢,
ª®â®àë© áâ�« ¤¨à¥ªâ®à®¬ −®¢®£® ˆ−áâ¨âãâ� ā�…‘Š� ¯® ¨−ä®à¬�æ¨®−−ë¬
â¥å−®«®£¨ï¬ ¢ ®¡à�§®¢�−¨¨. �â®â ˆ−áâ¨âãâ ¡ë« á®§¤�− ¢ Œ®áª¢¥ áà�§ã ¦¥ ¯®
®ª®−ç�−¨¨ Š®−£à¥áá� ā�…‘Š�. ÷¥è¥−¨¥ ®¡ íâ®¬ ¯à¨−ï« ¤¨à¥ªâ®à ā�…‘Š�
”à¥¤¥à¨ª® Œ�©®à, −¥á¬®âàï −� ¯à®â¨¢®¤¥©áâ¢¨¥ á® áâ®à®−ë −¥ª®â®àëå ¯à¥¤áâ�-
¢¨â¥«¥© àãª®¢®¤ïé¨å ®à£�−®¢ íâ®© ®à£�−¨§�æ¨¨ ¨§ áâà�− ‡�¯�¤�.

�¯à®¡�æ¨ï à¥§ã«ìâ�â®¢ ¯à®¥ªâ� ¢ á¨áâ¥¬¥ ®¡à�§®¢�−¨ï ¡ë«� ®áãé¥áâ¢«¥−�
¢ Œ�‘ˆ, ¢ Œ®áª®¢áª®¬ á®æ¨�«ì−®¬ ã−¨¢¥àá¨â¥â¥, � â�ª¦¥ ¢ �ª�¤¥¬¨¨ £®áã¤�à-
áâ¢¥−−®© á«ã¦¡ë ¯à¨ �à¥§¨¤¥−â¥ ÷”. �−� ®ª�§�«�áì ãá¯¥è−®© ¨ ¢ ¯®á«¥¤ãîé¨¥
£®¤ë ¯®«ãç¨«� á¢®¥ à�§¢¨â¨¥ ¢ àï¤¥ ¤àã£¨å ãçà¥¦¤¥−¨© ¢ëáè¥£® ¨ áà¥¤−¥£® ®¡à�-
§®¢�−¨ï −�è¥© áâà�−ë [41].
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

5 О книге «И. А. Мизин — ученый, конструктор, человек»

‚ �¯à¥«¥ 2009 £. −� §�á¥¤�−¨¨ “ç¥−®£® á®¢¥â� ˆ�ˆ ÷�� ¡ë«® ¯à¨−ïâ®
à¥è¥−¨¥ ® ¯®¤£®â®¢ª¥ ¬®−®£à�ä¨¨ ª 75-«¥â¨î Œ¨§¨−�. ‘ä®à¬¨à®¢�−� à�¡®ç�ï
£àã¯¯� ¯®¤ àãª®¢®¤áâ¢®¬ �ª�¤¥¬¨ª� ˆ. �. ‘®ª®«®¢� ¢ á®áâ�¢¥: �. �. ‡�æ�à¨−−ë©,
‚. �. ‡�å�à®¢, ˆ. �. ‘¨−¨æë− ¨ �. ˆ. ’¥¬−®¢.

‚ �¢â®àáª¨© ª®««¥ªâ¨¢ ¬®−®£à�ä¨¨ à�¡®ç�ï £àã¯¯� ¯®áâ�à�«�áì ¯à¨¢«¥çì
á®à�â−¨ª®¢ ˆ£®àï �«¥ªá�−¤à®¢¨ç� ¯® à�§à�¡®âª¥ ‘�„, ¯à¥¤áâ�¢¨â¥«¥© §�ª�§ç¨-
ª�, −�ãç−ëå ¨ ¯à®¬ëè«¥−−ëå ®à£�−¨§�æ¨©. ’�ª ¯®ï¢¨«¨áì áâ�âì¨ á®âàã¤−¨ª®¢
�ˆˆ�� ƒ. Š. •à�¬¥è¨−�, ƒ. �. �£�−ï−�, �. ‚. ’�¬®è¨−áª®£®, �. ˆ. ‚®à®-
−¨−�, ‹. �. ™ãª¨−�, ƒ. ƒ. Š�à¯®¢�, ‚. ˆ. �¥âà®¢�. ‡�¬¥âª¨-¢®á¯®¬¨−�−¨ï
−�¯¨á�« �ª�¤¥¬¨ª �. �. Šã«¥è®¢, ¢ 1980-¥ ££. | £«�¢−ë© ¨−¦¥−¥à �’– ‘�„,
®¤¨− ¨§ ¡«¨¦�©è¨å á®à�â−¨ª®¢ ˆ. �. Œ¨§¨−�

‚�«¥−â¨− ˆ¢�−®¢¨ç Œ¨à®è−¨ª®¢, ƒ«�¢−ë© ª®−áâàãªâ®à ‘�„ ‚Œ”, ¢ á¢®¥©
áâ�âì¥ à�ááª�§�« −¥ â®«ìª® ® «¨ç−®¬ ®¡é¥−¨¨ á Œ¨§¨−ë¬, −® â�ª¦¥ ® à®«¨
¬�àè�«� ‘. ”. �åà®¬¥¥¢� ¢ á®§¤�−¨¨ Š‘�“ ¨ ‘�„.

ˆ−â¥à¥á−ë¥ §�¬¥âª¨ −�¯¨á�« ¤¨à¥ªâ®à –ˆ’ˆ‘ £¥−¥à�« �à¬¨¨ �. ‚. ‘â�à®-
¢®©â®¢ (¤¨à¥ªâ®à ”��‘ˆ ¢ 1990-¥ ££.), á ª®â®àë¬ ˆ. �. Œ¨§¨− ¬−®£® ¢§�¨-
¬®¤¥©áâ¢®¢�« ¯® á®§¤�−¨î ¨ ¬®¤¥à−¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢ ¨−â¥à¥á�å
®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨.

�ªâ¨¢−®¥ ãç�áâ¨¥ ¢ ¯®¤£®â®¢ª¥ ª−¨£¨ ª ¨§¤�−¨î ¯à¨−ï«¨ ¤®ç¥à¨ ˆ. �. Œ¨-
§¨−�. ‘¥¬ìï ˆ£®àï �«¥ªá�−¤à®¢¨ç� | ¢¤®¢� �¨−� ”¥¤®à®¢−�, ¤®ç¥à¨ ¨ áë− |
−�¯¨á�«¨ ® −¥¬ â¥¯«ë¥ §�¬¥âª¨, � â�ª¦¥ ¯à¥¤®áâ�¢¨«¨ àï¤ ¨−â¥à¥á−ëå ¬�â¥à¨�«®¢
¨§ á¥¬¥©−®£® �àå¨¢� (ä®â®, à¨áã−ª¨, ¤®ªã¬¥−âë).

‚®áì¬®£® �¯à¥«ï 2010 £. ˆ�ˆ ÷�� ®à£�−¨§®¢�« ¨ ¯à®¢¥« ¯à¥§¥−â�æ¨î ª−¨£¨
¢ „®¬¥ ãç¥−ëå −� �à¥ç¨áâ¥−ª¥.

�� íâ® ¬¥à®¯à¨ïâ¨¥ á®¡à�«®áì ¬−®£® «î¤¥©, ¡«¨§ª¨å ˆ. �. Œ¨§¨−ã: á®âàã¤-
−¨ª¨ �ˆˆ�� (¡ë¢è¨¥ ¨ −�áâ®ïé¨¥) ‹. �. ™ãª¨−, �. �. Šã«¥è®¢, �. ‚. …à¬®-

Š−¨£� úˆ. �. Œ¨§¨− | ãç¥−ë©, ª®−áâàãªâ®à, ç¥«®¢¥ªû, ¨§¤�−−�ï ¢ 2010 £.
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� à®«¨ �ª�¤¥¬¨ª� ˆ. �. Œ¨§¨−� ¢ à�§¢¨â¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©

„®¬ ãç¥−ëå −� �à¥ç¨áâ¥−ª¥, 8 �¯à¥«ï 2010 £., ¯à¥§¥−â�æ¨ï ª−¨£¨ ® ˆ. �. Œ¨§¨−¥,
¨§¤�−−®© ª ¥£® 75-«¥â¨î. ‘«¥¢� −�¯à�¢®: �. �. ‚®¤®«�¦¥−ª®, �. �. ‡�æ�à¨−−ë©,
�. Œ. ÷�áâà¥«¨−, ‚. Œ. Ÿªã−¨−, �. ‚. ’�¬®è¨−áª¨©, ā. �. ‡ã¡�à¥¢, ‘. Œ. —ã¤¨−®¢,
�. �. ÷¥ãâ®¢

«¥−ª®, ‹. �. ’à¥âìïª®¢, ‚. �. Š®à®â�¥¢, ƒ. �. �£�−ï−, ƒ. ƒ. Š�à¯®¢, �. ‚. �¥à−-
èâ¥©−, ƒ. �. Š�¡�âï−áª¨©, ‚. ˆ. Œ¨à®è−¨ª®¢ (¨§ ‘�−ªâ-�¥â¥à¡ãà£�), ÷. ‚. �â®-
ï− (¨§ …à¥¢�−�), ‚. �. �¥â¥«¨− (�ˆˆ‘ˆ ÷��), ā. �. ‡ã¡�à¥¢ (�ˆˆ ÷�¤¨®),
�. �. ÷¥ãâ®¢ (§�¬¬¨−¨áâà� Œ÷� ‘‘‘÷), ā. Œ. ‡�«®£¨− (¯®á«¥¤−¨© −�ç�«ì-
−¨ª á¢ï§¨, á ª®â®àë¬ à�¡®â�« Œ¨§¨−), �. ˆ. ˆ«ì¨− (“ˆ‘ ”‘� ÷®áá¨¨),
�. �. ‚®¤®«�¦¥−ª® (–�ˆ ú�−¥à£¨ïû ”‘� ÷®áá¨¨), ‚. Œ. Ÿªã−¨− (−�ç�«ì−¨ª
16 –�ˆˆˆ Œ�).

‚ ¯à¥§¥−â�æ¨¨ ª−¨£¨ ¯à¨−ï«¨ ãç�áâ¨¥ ¢¥¤ãé¨¥ á®âàã¤−¨ª¨ ˆ�ˆ ÷��:
ˆ. �. ‘¨−¨æë−, ‚. ˆ. ‘¨−¨æë−, ‚. �. Š®−¤à�è¥¢, �. ÷. Š®à¥¯�−®¢. ˆ§
�à«� ¯à¨¥å�«¨ ¤¨à¥ªâ®à ä¨«¨�«� ˆ�ˆ ÷�� �. �. �àå¨¯®¢ ¨ ¯à¥¤áâ�¢¨â¥«ì
�ª�¤¥¬¨¨ á¢ï§¨ ”‘� ā. �. �áâà¨ª®¢.

�� ¯à¥§¥−â�æ¨¨ á ¤®ª«�¤�¬¨ ¢ëáâã¯¨«¨ ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©,
�. �. Šã«¥è®¢, ‚. ˆ. Œ¨à®è−¨ª®¢, ÷. ‚. �â®ï−.

ƒ«�¢−®¥, çâ® ª−¨£� ¢á¥¬ ¯®−à�¢¨«�áì.

6 Заключение

Šà®¬¥ −�ãç−®© ¨ −�ãç−®-¯à�ªâ¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ¯® â¥¬�â¨ª¥ á®§¤�−¨ï
¨ ¢−¥¤à¥−¨ï ¨−ä®à¬�æ¨®−−ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬, −¥¯®áà¥¤áâ¢¥−-
−®£® àãª®¢®¤áâ¢� ¡®«ìè¨¬¨ ª®««¥ªâ¨¢�¬¨ ˆ. �. Œ¨§¨− ¢á¥£¤� ¢¥« ¡®«ìèãî
−�ãç−®-®à£�−¨§�æ¨®−−ãî à�¡®âã. ‚ á®¢¥âáª¨¥ £®¤ë ®− ¡ë« ¯à¥¤á¥¤�â¥«¥¬ á¥ªæ¨¨
ú’¥®à¨ï ¯¥à¥¤�ç¨ ¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨û ��ãç−®£® á®¢¥â� ¯® ª®¬¯«¥ªá−®©
¯à®¡«¥¬¥ úŠ¨¡¥à−¥â¨ª�û �� ‘‘‘÷, ç«¥−®¬ Š®¬¨áá¨¨ ¯® ¢ëç¨á«¨â¥«ì−ë¬
æ¥−âà�¬ ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï ¨ á¥âï¬ �‚Œ ¯à¨ �à¥§¨¤¨ã¬¥ �� ‘‘‘÷,
ç«¥−®¬ á¥ªæ¨¨ Œ¥¦¯à�¢¨â¥«ìáâ¢¥−−®© ª®¬¨áá¨¨ ¯® ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¥,
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ˆ. �. ‘®ª®«®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. ‡�å�à®¢, Š. Š. Š®«¨−

ç«¥−®¬ ‘®¢¥â� àãª®¢®¤¨â¥«¥© �ª�¤¥¬á¥â¨, ç«¥−®¬ á®¢¥âáª®© à�¡®ç¥© £àã¯¯ë
Œ¥¦¤ã−�à®¤−®© ®à£�−¨§�æ¨¨ ¯® áâ�−¤�àâ¨§�æ¨¨. ‚ £®¤ë à�¡®âë ¢ ˆ�ˆ ÷��
ˆ. �. Œ¨§¨− ¡ë« ¯à¥¤á¥¤�â¥«¥¬ ��ãç−®£® á®¢¥â� ÷�� ¯® ¨−ä®à¬�æ¨®−−®-
¢ëç¨á«¨â¥«ì−ë¬ á¥âï¬, ç«¥−®¬ ��ãç−®£® á®¢¥â� ¯® ¢ëáâ�¢ª�¬ ÷��, ç«¥−®¬
Š®®à¤¨−�æ¨®−−®£® á®¢¥â� ¯® ¨−ä®à¬�â¨§�æ¨¨ �¤¬¨−¨áâà�æ¨¨ �à¥§¨¤¥−â� ÷®á-
á¨©áª®© ”¥¤¥à�æ¨¨, ç«¥−®¬ �à¥§¨¤¨ã¬� −�ãç−®-â¥å−¨ç¥áª®£® á®¢¥â� ¯® ¯à®-
£à�¬¬¥ úˆ−ä®à¬�â¨§�æ¨ï ÷®áá¨¨û, ¯à¥¤á¥¤�â¥«¥¬ ƒ®«®¢−®£® á®¢¥â� £«�¢−ëå
ª®−áâàãªâ®à®¢ �‘“ ‚‘ ÷”, ç«¥−®¬ −�ãç−ëå á®¢¥â®¢ ¯à¨ ‘®¢¥â¥ ¡¥§®¯�á−®áâ¨
÷”, ‘®¢¥â¥ ®¡®à®−ë ÷”, Œ¨−íª®−®¬¨ª¨ ÷®áá¨¨, ç«¥−®¬ �à¥§¨¤¨ã¬� �’‘
£. Œ®áª¢ë.

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− �ªâ¨¢−® ãç�áâ¢®¢�« ¢ ®à£�−¨§�æ¨¨ ¬−®£¨å ®â¥-
ç¥áâ¢¥−−ëå ¨ ¬¥¦¤ã−�à®¤−ëå á¥¬¨−�à®¢, á®¢¥é�−¨© ¨ ª®−ä¥à¥−æ¨©. �− ¡ë«
£«�¢−ë¬ à¥¤�ªâ®à®¬ ¦ãà−�«� úŒ¨ªà®¯à®æ¥áá®à−ë¥ áà¥¤áâ¢� ¨ á¨áâ¥¬ëû ¨ ¥¦¥-
£®¤−¨ª� ˆ�ˆ ÷�� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û, ç«¥−®¬ à¥¤ª®««¥£¨©
¥é¥ àï¤� ¦ãà−�«®¢. ‘ 1996 £. ¨ ¤® ¯®á«¥¤−¨å ¤−¥© ˆ. �. Œ¨§¨− �ªâ¨¢−®
ãç�áâ¢®¢�« ¢ à�¡®â¥ �ˆ‚’� ÷�� ¢ ª�ç¥áâ¢¥ ç«¥−� ¡îà® �â¤¥«¥−¨ï.

ˆ£®àì �«¥ªá�−¤à®¢¨ç Œ¨§¨− ¬−®£® ¢−¨¬�−¨ï ã¤¥«ï« ¯®¤£®â®¢ª¥ −�ãç−ëå
¨ ¨−¦¥−¥à−ëå ª�¤à®¢. �− ¡ë« §�¢¥¤ãîé¨¬ ¡�§®¢ë¬¨ ª�ä¥¤à�¬¨ ¢ Œ®áª®¢áª®¬
£®áã¤�àáâ¢¥−−®¬ ã−¨¢¥àá¨â¥â¥ à�¤¨®â¥å−¨ª¨, í«¥ªâà®−¨ª¨ ¨ �¢â®¬�â¨ª¨ ¨ ¢ Œ®á-
ª®¢áª®¬ â¥å−¨ç¥áª®¬ ã−¨¢¥àá¨â¥â¥ á¢ï§¨ ¨ ¨−ä®à¬�â¨ª¨, ¯à¥¤á¥¤�â¥«¥¬ ¤¢ãå
á¯¥æ¨�«¨§¨à®¢�−−ëå á®¢¥â®¢ ¯® §�é¨â¥ ¤¨áá¥àâ�æ¨©. �®¤£®â®¢¨« 9 ¤®ªâ®à®¢
¨ 15 ª�−¤¨¤�â®¢ −�ãª.

�®«ìè�ï −�ãç−�ï íàã¤¨æ¨ï, ¨−¦¥−¥à−ë¥ §−�−¨ï ¨ ¢ëá®ª¨¥ ç¥«®¢¥ç¥áª¨¥
ª�ç¥áâ¢� ¯®§¢®«ï«¨ ˆ. �. Œ¨§¨−ã á®§¤�¢�âì ¢ −�ãª¥ ¨ ¯à®¬ëè«¥−−®áâ¨ ãá¯¥è−®
à�¡®â�îé¨¥ ¡®«ìè¨¥ ª®««¥ªâ¨¢ë á¯¥æ¨�«¨áâ®¢, ®¡ê¥¤¨−ïâì ¢®ªàã£ á¥¡ï â�«�−â-
«¨¢ãî ¬®«®¤¥¦ì.

��ãç−�ï, −�ãç−®-®à£�−¨§�æ¨®−−�ï ¨ ¯¥¤�£®£¨ç¥áª�ï ¤¥ïâ¥«ì−®áâì ˆ. �. Œ¨-
§¨−� ¡ë«� ¯® ¤®áâ®¨−áâ¢ã ®æ¥−¥−� −�è¥© ÷®¤¨−®©. �− ¡ë« «�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¦¥«®© ¡®«¥§−¨. �®å®à®−¥− ¢ Œ®áª¢¥ −� ‚®áâàïª®¢áª®¬ ª«�¤¡¨é¥.

��¬ïâì ®¡ ˆ. �. Œ¨§¨−¥ ¯®¤¤¥à¦¨¢�¥âáï ª®««¥ªâ¨¢®¬ ˆ�ˆ ÷��. Š 75-
«¥â¨î á® ¤−ï à®¦¤¥−¨ï ¡ë«� ¢ë¯ãé¥−� ¬®−®£à�ä¨ï [3], ¢ ª®â®à®© ¢á¥áâ®à®−−¥
¯à¥¤áâ�¢«¥−ë à�§«¨ç−ë¥ ¢¨¤ë ¤¥ïâ¥«ì−®áâ¨ ˆ. �. Œ¨§¨−�, −® â�ª¦¥ ¬−®£®
¢−¨¬�−¨ï ã¤¥«¥−® ¥£® ç¥«®¢¥ç¥áª¨¬ ª�ç¥áâ¢�¬. � ¥£® ¢ª«�¤¥ ¢ á®§¤�−¨¥ ‘�„
¯®¤à®¡−® à�ááª�§�−® ¢ ¬®−®£à�ä¨¨ [6].

�¢â®àë áâ�âì¨ ¢ëà�¦�îâ ¡«�£®¤�à−®áâì §� ¯à¥¤®áâ�¢«¥−−ë¥ ¬�â¥à¨�«ë,
� â�ª¦¥ §�¬¥ç�−¨ï ¨ à¥ª®¬¥−¤�æ¨¨ ‚. ˆ. �ã¤§ª®, ‚. ˆ. ƒà¥¡¥−é¨ª®¢ã, �. Œ. ‡�-
à�¥¢ã, ‘. ‚. Š®§«®¢ã, ‚. �. Š®−¤à�è¥¢ã, �. ÷. Š®à¥¯�−®¢ã, ˆ. �. ‘¨−¨æë−ã,
‚. ˆ. ‘¨−¨æë−ã, �. �. �®à®é�î.
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THE ROLE OF THE ACADEMICIAN I. A. MIZIN
IN INFORMATION TECHNOLOGY DEVELOPMENT

AND APPLICATION FOR GOVERNMENT NEEDS:
ON THE 90TH ANNIVERSARY OF HIS BIRTH

I. A. Sokolov, A. A. Zatsarinny, V. N. Zakharov, and K. K. Kolin

Federal Research Center \Computer Science and Control" of the Russian Academy
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Abstract: The paper is dedicated to the 90th anniversary of the academician
I. A. Mizin | the esteemed scientist in fields of telecommunications, computer
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science, and information technologies. Here, one focuses on the most significant
results he obtained during the 40 years of his scientific work. While working as
the chief designer at the Research Institute of Automatic Equipment, I. A. Mizin
ensured successful completion of a set of works on the development and imple-
mentation of the first domestic geographically distributed data exchange system
with packet switching by his team for the purposes of automated control systems
of strategic importance. Under his leadership, the research teams of the Institute
of Informatics Problems of the Russian Academy of Sciences (RAS) substantiated
the choice of information technologies for the creation and development of infor-
mation networks that comply with the requirements for information security in
the interests of the governmental authorities. Igor A. Mizin was a member of the
Bureau of the Department of Informatics, Computer Engineering, and Automa-
tion of the RAS, was the founder and recognized leader of the domestic scientific
school in the theory and practice of information computing and telecommuni-
cations systems, and was actively engaged in research and organizational work.
His contribution to the formation and development of the Russian information
society is being revealed.

Keywords: chief designer; academician; information and telecommunications
networks; information technologies; data exchange system; data switching
center; code message switching; data transfer protocols; information security;
communication channel; governmental authorities
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МЕТОДЫ НОРМАЛЬНОЙ СУБОПТИМАЛЬНОЙ
ФИЛЬТРАЦИИ В НАБЛЮДАЕМЫХ НЕЯВНЫХ

ГАУССОВСКИХ СТОХАСТИЧЕСКИХ СИСТЕМАХ

И. Н. Синицын1

�−−®â�æ¨ï: ÷�§à�¡®â�−� â¥®à¨ï −®à¬�«ì−ëå áã¡®¯â¨¬�«ì−ëå ä¨«ìâà®¢
(�‘�”) ¨ ¬®¤¨ä¨æ¨à®¢�−−ëå �‘�” (Œ�‘�”) ¤«ï £�ãáá®¢áª¨å −¥¯à¥-
àë¢−ëå ¨ ¤¨áªà¥â−ëå −¥ï¢−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ (‘â‘), ¯à¨¢®¤¨¬ëå
ª ï¢−ë¬. �à¥¤¯®«�£�¥âáï, çâ® −�¡«î¤¥−¨ï −¥ ¢«¨ïîâ −� ®¡ê¥ªâ −�¡«î¤¥−¨ï
¨ ®¯¨áë¢�îâáï ï¢−ë¬¨ áâ®å�áâ¨ç¥áª¨¬¨ ¤¨ää¥à¥−æ¨�«ì−ë¬¨ ¨ à�§−®áâ−ë¬¨
ãà�¢−¥−¨ï¬¨. „�− ®¡§®à à�¡®â ¢ ®¡«�áâ¨ áã¡®¯â¨¬�«ì−®£® á¨−â¥§� �‘�”
¨ Œ�‘�” ¯¥à¢®£® â¨¯� ¤«ï −¥«¨−¥©−ëå ¨ ª¢�§¨«¨−¥©−ëå ¯à¨¢¥¤¥−−ëå ‘â‘
á £«�¤ª¨¬¨ ¨ à�§àë¢−ë¬¨ −¥ï¢−ë¬¨ äã−ªæ¨ï¬¨. ÷�§à�¡®â�−ë �«£®à¨â¬ë
á¨−â¥§� �‘�” ¢â®à®£® â¨¯� ¤«ï ¯à¨¢¥¤¥−−ëå á¨áâ¥¬ −� ¡�§¥ ®¡®¡é¥−-
−ëå ä¨«ìâà®¢ Š�«¬�−� (�”Š) ¨ Š�«¬�−�{�ìîá¨ (�”Š�). �®à¬�«ì−ë¥
áã¡®¯â¨¬�«ì−ë¥ ä¨«ìâàë ¢â®à®£® â¨¯�, ¢ ®â«¨ç¨¥ ®â �‘�” ¯¥à¢®£® â¨¯�,
−¥ ¯®§¢®«ïîâ ®æ¥−¨¢�âì â®ç−®áâì ä¨«ìâà�æ¨¨ §�à�−¥¥. �®à¬�«ì−ë¥ áã¡®¯â¨-
¬�«ì−ë¥ ä¨«ìâàë ¨ Œ�‘�” ¬®£ãâ −�©â¨ ¯à¨¬¥−¥−¨¥ ¢ §�¤�ç�å ¡ëáâà®©
®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ â¥å−¨ç¥áª¨å ¨ ®à£�−¨§�æ¨®−−®-â¥å−¨ª®-íª®−®¬¨-
ç¥áª¨å á¨áâ¥¬�å á á®áà¥¤®â®ç¥−−ë¬¨ ¯�à�¬¥âà�¬¨ −¥¢ëá®ª®© à�§¬¥à−®áâ¨,
ª®£¤� ¯®áâ®ï−−ë¬¨ ¢à¥¬¥−¨ ¯à¨ ¢ëáè¨å ¯à®¨§¢®¤−ëå (à�§−®áâïå) ¬®¦−®
¯à¥−¥¡à¥çì. ÷¥§ã«ìâ�âë ¤®¯ãáª�îâ ¯à¨¬¥−¥−¨¥ â�ª¦¥ ¢ íà¥¤¨â�à−ëå á¨áâ¥-
¬�å, ¯à¨¢®¤¨¬ëå ª ¤¨ää¥à¥−æ¨�«ì−ë¬ á¨áâ¥¬�¬ (à�§−®áâ−ë¬). �à¥¤«®¦¥−ë
−�¯à�¢«¥−¨ï ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©.

Š«îç¥¢ë¥ á«®¢�: £�ãáá®¢áª�ï áâ®å�áâ¨ç¥áª�ï á¨áâ¥¬� (‘â‘); ¬®¤¨ä¨æ¨-
à®¢�−−ë© �‘�”; −¥ï¢−�ï ‘â‘; −®à¬�«ì−ë¥ áã¡®¯â¨¬�«ì−ë¥ ä¨«ìâàë
(�‘�”) ¯¥à¢®£® ¨ ¢â®à®£® â¨¯�
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1 Введение

Š�ª ¨§¢¥áâ−® [1], ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥ â¥®à¨¨ ®¯â¨¬�«ì−®© −¥«¨−¥©−®©
ä¨«ìâà�æ¨¨ ¤«ï à¥è¥−¨ï ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ §�¤�ç ¯à¨¡«¨¦¥−−®© áã¡®¯â¨-
¬�«ì−®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ −�¡«î¤�¥¬ëå ï¢−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘
¨¬¥¥â á¬ëá« â®«ìª® ¢ â¥å á«ãç�ïå, ª®£¤� ®æ¥−ª¨ ¬®¦−® ¢ëç¨á«ïâì ¢ à¥�«ì−®¬
¢à¥¬¥−¨ ¯® ¬¥à¥ ¯®«ãç¥−¨ï à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨©. ’®ç−�ï −¥«¨−¥©−�ï â¥®à¨ï
¤�¥â ®¯â¨¬�«ì−ë¥ ®æ¥−ª¨ ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ ¯® à¥§ã«ìâ�â�¬ −�¡«î¤¥−¨©,
¯®«ãç¥−−ëå ª íâ®¬ã ¬®¬¥−âã, ¡¥§ ¨á¯®«ì§®¢�−¨ï ¯®á«¥¤ãîé¨å à¥§ã«ìâ�â®¢ −�-
¡«î¤¥−¨©. …á«¨ íâ¨ ®æ¥−ª¨ −¥ ¬®£ãâ ¡ëâì ¢ëç¨á«¥−ë ¢ â®â ¦¥ ¬®¬¥−â ¢à¥¬¥−¨

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª; Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ, sinitsin@dol.ru
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¨«¨ å®âï ¡ë á ä¨ªá¨à®¢�−−ë¬ ¯à¨¥¬«¥¬ë¬ §�¯�§¤ë¢�−¨¥¬ ¨ ¨å ¢ëç¨á«¥−¨¥
¯à¨å®¤¨âáï ®âª«�¤ë¢�âì −� ¡ã¤ãé¥¥, â® −¥â −¨ª�ª®£® á¬ëá«� ®âª�§ë¢�âìáï ®â
¨á¯®«ì§®¢�−¨ï −�¡«î¤¥−¨©, ¯®«ãç�¥¬ëå ¯®á«¥ ¬®¬¥−â� ¢à¥¬¥−¨, ¤«ï ®æ¥−¨¢�−¨ï
á®áâ®ï−¨ï á¨áâ¥¬ë ¢ ¬®¬¥−â ¢à¥¬¥−¨. �®íâ®¬ã ¤«ï áâ�â¨áâ¨ç¥áª®© ®¡à�¡®âª¨
à¥§ã«ìâ�â®¢ ¯®á«¥ ®ª®−ç�−¨ï −�¡«î¤¥−¨© æ¥«¥á®®¡à�§−® ¯à¨¬¥−ïâì ¨§¢¥áâ−ë¥ ¨§
¬�â¥¬�â¨ç¥áª®© áâ�â¨áâ¨ª¨ ¬¥â®¤ë ¯®áâ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨.

Š�ª ¨§¢¥áâ−® [1], −¥®¡å®¤¨¬®áâì ®¡à�¡®âª¨ à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨© ¢ à¥-
�«ì−®¬ ¢à¥¬¥−¨ −¥¯®áà¥¤áâ¢¥−−® ¢ ¯à®æ¥áá¥ íªá¯¥à¨¬¥−â� ¯à¨¢¥«� ª ¯®ï¢«¥−¨î
àï¤� ¯à¨¡«¨¦¥−−ëå ¬¥â®¤®¢ ®¯â¨¬�«ì−®© −¥«¨−¥©−®© ä¨«ìâà�æ¨¨, −�§ë¢�-
¥¬ëå ®¡ëç−® ¬¥â®¤�¬¨ áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨. �à¨¡«¨¦¥−−ë¥ ¬¥â®¤ë
áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ ¯¥à¢®£® â¨¯� ®á−®¢�−ë −� ¯à¨¡«¨¦¥−−®¬ à¥è¥−¨¨
ä¨«ìâà�æ¨®−−ëå ãà�¢−¥−¨©, � ¢â®à®£® â¨¯� | −� ¯à¥¢à�é¥−¨¨ ä®à¬ã« ¤«ï

áâ®å�áâ¨ç¥áª¨å ¤¨ää¥à¥−æ¨�«®¢ ®¯â¨¬�«ì−®© ®æ¥−ª¨ �Xt ¨ �¯®áâ¥à¨®à−®© ª®¢�-
à¨�æ¨®−−®© ¬�âà¨æë ®è¨¡ª¨Rt ¢ áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï

¤«ï �Xt ¨ Rt ¯ãâ¥¬ à�§«®¦¥−¨ï −¥«¨−¥©−ëå äã−ªæ¨© ¢ àï¤ë ¨ ®â¡à�áë¢�−¨ï
®áâ�â®ç−ëå ç«¥−®¢.

„«ï ¯à¨¡«¨¦¥−−®£® à¥è¥−¨ï ãà�¢−¥−¨ï ¤«ï �¯®áâ¥à¨®à−®£® ®¤−®¬¥à−®£®
¢¥ªâ®à� á®áâ®ï−¨ï Xt ¬®¦−® ¨á¯®«ì§®¢�âì ¬¥â®¤ë, ®á−®¢�−−ë¥ −� ¯�à�¬¥âà¨§�-
æ¨¨ ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï áâ®å�áâ¨ç¥áª®£® ¯à®æ¥áá�, ®¯à¥¤¥«ï¥¬®£® áâ®-
å�áâ¨ç¥áª¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬. �â¨ ¬¥â®¤ë ¯®§¢®«ïîâ ¯®«ãç¨âì
áâ®å�áâ¨ç¥áª¨¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï ¤«ï ¯�à�¬¥âà®¢ �¯®áâ¥à¨®à−®£®
à�á¯à¥¤¥«¥−¨ï. �à®áâ¥©è¨© ¨§ −¨å | ¬¥â®¤ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ (Œ��)
�¯®áâ¥à¨®à−®£® à�á¯à¥¤¥«¥−¨ï. „àã£¨¥ ¬¥â®¤ë ®á−®¢�−ë −� ¨á¯®«ì§®¢�−¨¨
¢ ª�ç¥áâ¢¥ ¯�à�¬¥âà®¢ �¯®áâ¥à¨®à−ëå à�á¯à¥¤¥«¥−¨© ¬®¬¥−â®¢, á¥¬¨¨−¢�à¨�−-
â®¢ ¨«¨ ª®íää¨æ¨¥−â®¢ ®àâ®£®−�«ì−®£® à�§«®¦¥−¨ï �¯®áâ¥à¨®à−®© ¯«®â−®áâ¨
¢¥ªâ®à� á®áâ®ï−¨ï á¨áâ¥¬ë. ˆáª«îç¨â¥«ì−® ¢�¦−®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥ ¨¬¥-
îâ ª¢�§¨«¨−¥©−ë¥ áã¡®¯â¨¬�«ì−ë¥ ä¨«ìâàë (‘�”), ¯®«ãç�¥¬ë¥ á ¯®¬®éìî
¬¥â®¤®¢ íª¢¨¢�«¥−â−®© «¨−¥�à¨§�æ¨¨.

‚ [2{6] ¤«ï −¥ï¢−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘, ¤®¯ãáª�îé¨å ¯à¨¢¥¤¥−¨¥
ª ï¢−ë¬ (â. ¥. −¥ à�§à¥è¥−−ëå ®â−®á¨â¥«ì−® áâ�àè¨å ¯à®¨§¢®¤−ëå) ¢ à�¬ª�å
‘�” ¯¥à¢®£® â¨¯� à�§à�¡®â�−ë ¬¥â®¤ë á¨−â¥§� �‘�”. ‚ [7] ¤«ï −¥ï¢−ëå
‘â‘, ¯à¨¢®¤¨¬ëå ª ï¢−ë¬, á® á«ãç�©−ë¬¨ ¯�à�¬¥âà�¬¨, ®¯¨áë¢�¥¬ë¬¨ ¬−®£®-
ª®¬¯®−¥−â−ë¬¨ ¨−â¥£à�«ì−ë¬¨ ª�−®−¨ç¥áª¨¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨, à�§à�¡®â�−ë
¬¥â®¤ë á¨−â¥§� ¨ �−�«¨§� â®ç−®áâ¨ �‘�”. ÷�áá¬®âà¨¬ ¬®¤¨ä¨æ¨à®¢�−−ë¥
¤«ï −®à¬¨à®¢�−−ëå à�á¯à¥¤¥«¥−¨© ¬¥â®¤ë áã¡®¯â¨¬�«ì−®£® á¨−â¥§� ä¨«ìâà®¢
¤¢ãå â¨¯®¢ ¤«ï −¥ï¢−ëå −¥¯à¥àë¢−ëå ¨ ¤¨áªà¥â−ëå ‘â‘, ¯à¨¢®¤¨¬ëå ª ï¢−ë¬.
‚ à�§¤. 2 à�áá¬�âà¨¢�îâáï ¤¨ää¥à¥−æ¨�«ì−ë¥ ¨ à�§−®áâ−ë¥ −¥ï¢−ë¥ £�ãáá®¢-
áª¨¥ ‘â‘ ¨ ¨å −�¡«î¤¥−¨ï. �®à¬�«ì−ë¥ ‘�” ¯¥à¢®£® â¨¯� à�áá¬�âà¨¢�îâáï
¢ à�§¤. 3. ÷�§¤¥« 4 ¯®á¢ïé¥− Œ�‘�” ¯¥à¢®£® â¨¯�. ‚ à�§¤. 5 à�áá¬�âà¨¢�îâáï
ª¢�§¨«¨−¥©−ë¥ �‘�” ¨ Œ�‘�”. �®à¬�«ì−ë¥ ‘�” ¢â®à®£® â¨¯� ¯à¥¤áâ�¢-
«¥−ë ¢ à�§¤. 6. ‚ §�ª«îç¥−¨¨ ¯à¨¢¥¤¥−ë ®á−®¢−ë¥ ¢ë¢®¤ë ¨ −�¯à�¢«¥−¨ï
¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©.
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2 Приводимые неявные гауссовские стохастические системы
и их наблюдения

‘«¥¤ãï [7], à�áá¬®âà¨¬ á−�ç�«� ¢¥ªâ®à−ãî −¥ï¢−ãî ¤¨ää¥à¥−æ¨�«ì−ãî ‘â‘
á −¥«¨−¥©−®áâï¬¨, ®¯¨áë¢�¥¬ë¬¨ £«�¤ª¨¬¨ ¤¥â¥à¬¨−¨à®¢�−−ë¬¨ äã−ªæ¨ï¬¨
à�§¬¥à−®áâ¨ (n� × 1):

� = �
(

t, Zt, ‘Zt, . . . , Y
(k)
t , Ut

)

= 0 ,

Z (t0) = Z0, ‘Z (t0) = ‘Z0, . . . , Y
(k) (t0) = Z

(k)
0 . (1)

�à¨ íâ®¬ ãà�¢−¥−¨¥ −¥«¨−¥©−®£® ä®à¬¨àãîé¥£® ä¨«ìâà� ¤«ï £�ãáá®¢áª¨å áâ®å�-
áâ¨ç¥áª¨å ¢®§¬ãé¥−¨©Ut ¢®§ì¬¥¬ ¢ ¢¨¤¥, à�§à¥è¥−−®¬ ®â−®á¨â¥«ì−® £�ãáá®¢áª¨å
¡¥«ëå èã¬®¢:

‘Ut = a
U (t, Ut) + b

U (t, Ut)V
U
t , U (t0) = U0. (2)

‡¤¥áì aU (t, Ut) ¨ bU (t, Ut) | (nZ × 1)- ¨ (nZ × nV )-¬¥à−ë¥ äã−ªæ¨¨; V U
t |

£�ãáá®¢áª¨© ¡¥«ë© èã¬ ¨−â¥−á¨¢−®áâ¨ νt. “à�¢−¥−¨¥ (2) ¯®−¨¬�¥âáï ¢ á¬ëá«¥
ˆâ® ¨ ¨¬¥¥â ¥¤¨−áâ¢¥−−®¥ áà¥¤−¥ª¢�¤à�â¨ç−®¥ à¥è¥−¨¥ [1].

„«ï £«�¤ª¨å äã−ªæ¨© ¢ (1), ¤®¯ãáª�îé¨å áâ®å�áâ¨ç¥áª¨¥ ¯à®¨§¢®¤−ë¥ ˆâ®
¤® h-£® ¯®àï¤ª�, ¢ë¯®«−¨¬ á«¥¤ãîé¨¥ ¯à¥®¡à�§®¢�−¨ï. �ã¤¥¬ ¤¨ää¥à¥−æ¨à®-
¢�âì ¯® t «¥¢ë¥ ç�áâ¨ ãà�¢−¥−¨© (1) ¯® ä®à¬ã«¥ ˆâ® ¤® â¥å ¯®à, ¯®ª� −¥ ¯®ï¢ïâáï
¯à®¨§¢®¤−ë¥ ¡¥«®£® èã¬�. ‚ à¥§ã«ìâ�â¥ ¯®«ãç¨¬ á«¥¤ãîéãî á¨áâ¥¬ã −¥ï¢−ëå
−¥«¨−¥©−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©:

� = 0 , ‘� = 0, . . . , �(h) = 0 . (3)

„�«¥¥ ¢¢¥¤¥¬ á®áâ�¢−®© ¢¥ªâ®à á®áâ®ï−¨ï [ �ZTt Z
′T
t ]
T, £¤¥

�Zt =
[

ZTt
‘ZTt · · ·Z(k−1)Tt

]T

¨ ¢á¯®¬®£�â¥«ì−ë© ¢¥ªâ®à Z ′
t ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ (3) ¢ ¢¨¤¥ ª®−¥ç−®£®

¢¥ªâ®à−®£® ãà�¢−¥−¨ï:
ā
(

�Zt, Z
′
t

)

= 0 .

’�ª¨¬ ®¡à�§®¬, ¥á«¨ −¥ï¢−ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï (1) ¢ á«ãç�¥
−¥ï¢−ëå £«�¤ª¨å ¢¥ªâ®à-äã−ªæ¨© ¤®¯ãáª�îâ £«�¤ªãî §�¬¥−ã ¯¥à¥¬¥−−ëå, â®
¯à¨¢¥¤¥−−ë¥ ¨áå®¤−ë¥ −¥ï¢−ë¥ ¤¨ää¥à¥−æ¨�«ì−ë¥ ãà�¢−¥−¨ï á®áâ®ïâ ¨§ ¢¥ª-
â®à−®£® áâ®å�áâ¨ç¥áª®£® ¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï ˆâ® ¤«ï £�ãáá®¢áª®£®
¡¥«®£® èã¬� V = V U

t ¨ −¥ï¢−®£® ¢¥ªâ®à−®£® ª®−¥ç−®£® ãà�¢−¥−¨ï (â¥®à¥¬� 2.1):

‘�Zt = a
š
(

�Zt, t
)

t+ bš
(

�Zt, t
)

V, āš
(

�Zt, Z
′
t, t
)

= 0 .
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‚ §�¤�ç�å ä¨«ìâà�æ¨¨ ¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¯�à�¬¥âà®¢ ¢ −¥¯à¥àë¢−ëå ‘â‘
®¡ëç−® ¯à¨−¨¬�¥âáï, çâ® ®¡ê¥ªâ®¢�ï −¥ï¢−�ï ¤¨ää¥à¥−æ¨�«ì−�ï ‘â‘ ¤®¯ãáª�¥â
¯à¨¢¥¤¥−¨¥ ª ï¢−®© ‘â‘, ¨§¬¥à¨â¥«ì−�ï á¨áâ¥¬� ¢¯®«−¥ −�¡«î¤�¥¬� ¨ −�¡«î¤¥-
−¨ï −¥ ¢«¨ïîâ −� ®¡ê¥ªâ, ¯à¨ç¥¬ ãà�¢−¥−¨¥ −�¡«î¤¥−¨ï à�§à¥è¥−® ®â−®á¨â¥«ì−®
¢¥ªâ®à� −�¡«î¤¥−¨ï. ‚¢¥¤¥¬ −®¢ë¥ ®¡®§−�ç¥−¨ï ¤«ï á®áâ�¢−ëå ¢¥ªâ®à®¢ á®áâ®ï-

−¨ï ®¡ê¥ªâ�Xt ¢§�¬¥− �Zt (Xt ≡ �Zt), ¢á¯®¬®£�â¥«ì−®£® ¢¥ªâ®à� “Xt ≡ Z ′
t ¨ á¨áâ¥¬ë

−�¡«î¤¥−¨ï Yt. ’®£¤� ¢ ª�ç¥áâ¢¥ ¯à¨¢¥¤¥−−ëå ãà�¢−¥−¨© á®áâ®ï−¨ï −¥ï¢−®£®
®¡ê¥ªâ� ¨ −�¡«î¤¥−¨© ¡ã¤¥¬ à�áá¬�âà¨¢�âì á«¥¤ãîé¨¥ ãà�¢−¥−¨ï (â¥®à¥¬� 2.2):

‘Xt = ϕ
š (Xt, t) + ψ

š (Xt, t)V, ā
š
(

Xt, “Xt, t
)

= 0 ;

‘Yt = ϕ1 (Xt, Yt, t) + ψ1 (Xt, Yt, t)V .

}

(4)

�à¨¢¥¤¥−−ë¥ −¥ï¢−ë¥ ¤¨áªà¥â−ë¥ ‘â‘ ®¯¨áë¢�îâáï à�§−®áâ−ë¬¨ ãà�¢−¥-
−¨ï¬¨ ¢¨¤� (â¥®à¥¬� 2.3)

Xk+1 = ϕ
š
k (Xk) + ψ

š
k (Xk)Vk, ā

š
k

(

Xk, “Xk

)

= 0 ;

Yk = ϕ1k (Xk, Yk) + ψ1k (Xk, Yk)Vk (k = 1, 2, . . .).

}

(5)

‡�¬¥ç�−¨¥ 2.1. „«ï −¥£«�¤ª¨å −¥ï¢−ëå äã−ªæ¨© ¢ (1) ¨á¯®«ì§ãîâáï ¬¥â®¤ë
«¨−¥©−®© ¨«¨ ¯®«¨−®¬¨�«ì−®© à¥£à¥áá¨®−−®© �¯¯à®ªá¨¬�æ¨¨ −¥ï¢−ëå äã−ª-
æ¨© [4,7].

3 Нормальные субоптимальные фильтры первого типа

�à¨¬¥−ïï ª ¯à¨¢¥¤¥−−ë¬ ãà�¢−¥−¨ï¬ (4) â¥®à¨î �‘�” [1], ¯®«ãç¨¬ á«¥-
¤ãîé¨¥ à¥§ã«ìâ�âë:

‘�Xt = f
š
(

�Xt, Rt, t
)

+ hš
(

�Xt, Rt, t
) [

‘Yt − f (1)
(

�Xt, Rt, t
)]

,

āš
(

�Xt,
�“Xt

)

= 0 ; (6)

‘Rt =

{

fš(2)
(

�Xt, Rt, t
)

− hš
(

�Xt, Rt, t
)

(ψ1νψ
T
1 )(t)h

š
(

�Xt, Rt, t
)T
}

+

+

ny
∑

r=1

ρšr

(

�Xt, Rt, t
) [

‘Yr − fš(1)r

(

�Xt, Rt, t
)]

. (7)
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‡¤¥áì ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï:

fš
(

�Xt, Rt, t
)

=

= [(2π)n |Rt| ]−1/2
∞
∫

−∞

ϕš(x, t) exp







−

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

2







dx ; (8)

f (1)
(

�Xt, Rt, t
)

=
{

f (1)r

(

�Xt, Rt, t
)}

=

= [(2π)nx |Rt| ]−1/2
∞
∫

−∞

ϕ1(x, t) exp







−

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

2







dx ; (9)

hš
(

�Xt, Rt, t
)

=

{

[(2π)nx |Rt| ]−1/2
∞
∫

−∞

[

xϕ1(x, t)
T +

(

ψšνψT1

)

(x, t)
]

×

× exp







−

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

2







dx−

− �Xtf
š(1)

(

�Xt, Yt, Rt, t
)T
}

(

(ψ1νψ
T
1 )
)−1
(t); (10)

fš(2)
(

�Xt, Rt, t
)

= [(2π)nx |Rt| ]−1/2
∞
∫

−∞

{(

x− �Xt

)

ϕš(x, t)T +

+ ϕš(x, t)
(

xT − �XTt
)

+ (ψšνψT1 )(x, t)
}

×

× exp







−

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

2







dx ; (11)

ρšr

(

�Xt, Rt, t
)

= [(2π)nx |Rt| ]−1/2
∞
∫

−∞

{

(

x− �Xt

)(

xT − �XTt
)

ar(x, t) +

+
(

x− �Xt

)

bšr (x, t)
T
(

xT − �XTt
)

+ bšr (x, t)
(

xT − �XTt
)

}

×

× exp







−

(

xT − �XTt
)

R−1
t (x− �Xt)

2







dx
(

r = 1, ny

)

, (12)
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£¤¥ ašr | r-© í«¥¬¥−â ¬�âà¨æë-áâà®ª¨ (ϕT1 − �ϕT1 )((ψ1νψT1 ))−1; bškr | í«¥¬¥−â

k-© áâà®ª¨ ¨ r-£® áâ®«¡æ� ¬�âà¨æë (ψšνψT1 )((ψ1νψ
T
1 ))

−1; br | r-© áâ®«¡¥æ
¬�âà¨æë (ψšνψT1 )((ψ1νψ

T
1 ))

−1; bšr = [b
š
1r · · · bpr]

šT (r = 1, n1).
—¨á«® ãà�¢−¥−¨© Œ�� ®¤−®¬¥à−®£® �¯®áâ¥à¨®à−®£® à�á¯à¥¤¥«¥−¨ï ®¯à¥¤¥-

«ï¥âáï ¯® ä®à¬ã«¥

Qíîá = nx +
nx(nx + 1)

2
=
nx(nx + 3)

2
. (13)

‡� −�ç�«ì−ë¥ §−�ç¥−¨ï �Xt ¨ Rt ¯à¨ ¨−â¥£à¨à®¢�−¨¨ ãà�¢−¥−¨© (6) ¨ (7)
á«¥¤ã¥â ¯à¨−ïâì ãá«®¢−ë¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã
¢¥«¨ç¨−ë X0 ®â−®á¨â¥«ì−® Y0:

�X0 = M[X0 | Y0] ; R0 = M
[(

X0 − �X0
)(

XT0 − �XT0
)

| Y0
]

. (14)

…á«¨ −¥â ¨−ä®à¬�æ¨¨ ®¡ ãá«®¢−®¬ à�á¯à¥¤¥«¥−¨¨ X0 ®â−®á¨â¥«ì−® Y0, â® −�-

ç�«ì−ë¥ ãá«®¢¨ï ¬®¦−® ¢§ïâì ¢ ¢¨¤¥ �X0 = MX0 ¨ R0 = M(X0 −MX0) (X
T
0 −

−MXT0 ). …á«¨ ¦¥ ¨ ®¡ íâ¨å ¢¥«¨ç¨−�å −¥â −¨ª�ª®© ¨−ä®à¬�æ¨¨, â® −�ç�«ì−ë¥

§−�ç¥−¨ï �Xt ¨ Rt ¯à¨å®¤¨âáï §�¤�¢�âì ¯à®¨§¢®«ì−®.

’¥®à¥¬� 3.1. �ãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 2.1 ¯à¨¢¥¤¥−−ë¥ −¥«¨−¥©−ë¥ ãà�¢−¥−¨ï
£�ãáá®¢áª®© ‘â‘ (4) ¤®¯ãáª�îâ ¯à¨¬¥−¥−¨¥ Œ��, � ª®íää¨æ¨¥−âë (8){(12)
ª®−¥ç−ë. ’®£¤� �‘�” ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ (6), (7), ¯à¨ íâ®¬ ç¨á«®
ãà�¢−¥−¨© ¢ëç¨á«ï¥âáï ¯® ä®à¬ã«¥ (13) ¯à¨ −�ç�«ì−ëå ãá«®¢¨ïå (14).

‡�¬¥ç�−¨¥ 3.1. ˆ§ ä®à¬ã«ë (12) ¢¨¤−®, çâ® ¥á«¨ äã−ªæ¨ï ϕ1 «¨−¥©−� ®â−®á¨-
â¥«ì−® Xt ¨ äã−ªæ¨ï ψ −¥ §�¢¨á¨â ®â Xt, â® ¯à¨ −®à¬�«ì−®© �¯¯à®ªá¨¬�æ¨¨ ¢á¥

¬�âà¨æë ρr à�¢−ë −ã«î ¢á«¥¤áâ¢¨¥ ç¥£® ãà�¢−¥−¨ï (7) −¥ á®¤¥à¦¨â ‘Yt.

‡�¬¥ç�−¨¥ 3.2. �®«�£�ï ¢ ãà�¢−¥−¨¨ (7) ‘Rt = 0, ¯®«ãç¨¬ ãà�¢−¥−¨ï ¤«ï
áâ�æ¨®−�à−ëå �‘�”.

�−�«®£¨ç−® ¯®«ãç�îâáï ¤¨áªà¥â−ë¥ ãà�¢−¥−¨ï �‘�” ¢ á«ãç�¥ ¯à¨¢¥¤¥−−ëå
à�§−®áâ−ëå ãà�¢−¥−¨© (5) (â¥®à¥¬� 3.2):

�Xk+1 = f
š
k

(

�Xk+1|k, Rk+1|k

)

+

+ hšk

(

�Xk+1|k, Rk+1|k

) [

Yk+1 − f
(1)
k

(

�Xk+1|k, Rk+1|k

)]

, āšk

(

�Xk
�“Xk

)

= 0 ;

Rk+1 =
{

f
š(2)
k

(

�Xk+1|k, Rk+1|k

)

−

− hšk

(

�Xk+1|k, Rk+1|k

)(

ψ1,kνkψ
T
1,k

)

hš( �Xk+1|k, Rk+1|k)
T
}

+

+

ny
∑

r=1

ρšr

(

�Xk+1|k, Rk+1|k

) [

Yr,k+1 − f
š(1)
r,k

(

�Xk+1|k, Rk+1|k

)]

.

46 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 1 2025



Œ¥â®¤ë −®à¬�«ì−®© áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ ¢ −�¡«î¤�¥¬ëå ‘â‘

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

fšk = f
š
k

(

�Xk+1|k, Yk, Rk+1|k

)

= M
[

ϕšk

]

;

f1k = f
(1)
k

(

�Xk+1|k, Yk, Rk+1|k

)

= M [ϕ1,k] ;

hšk = h
š
k

(

�Xk+1|k, Yk, Rk+1|k

)

= M
[

xϕ1k (Yk, x) + ψkνkψ
T
1k (Yk, x)

]

;

f
š(2)
k = f

š(2)
k

(

�Xk+1|k, Yk, Rk+1|k

)

= M
[(

x− �Xk+1|k

)

ϕšk (Yk, x)
T +

+ ϕšk (Yk, x)
(

xT − �Xk+1|k

)

+ ψšk νkψ
T
1,k (Yk, x)

]

;

ρšr

(

�Xk+1|k, Yk, Rk+1|k

)

= M

[

(

x− �Xk+1|k

)(

xT − �XTk+1|k
)

ar (Yk, x) +

+
(

x− �Xk+1|k

)

bšr (Yk, x)
T
(

xT − �XTk+1|k
)

+ bšr (Yk, x)
(

xT − �XTk+1|k
)

]

,

£¤¥

M[•] =
[

(2π)nx
∣

∣Rk+1|k

∣

∣

]−1/2 ×

×
∞
∫

−∞

(•) exp







−

(

xT − �XTk+1|k
)

R−1
k+1|k

(

x− �Xk+1|k

)

2







dx ;

ar | r-© í«¥¬¥−â ¬�âà¨æë áâà®ª¨ (ϕT1k − �ϕT1k)(ψ1kνkψ
T
1k)

−1; bšr =

=
[

bš1r · · · bnxr

]šT
, bšlr | í«¥¬¥−â l-© áâà®ª¨ ¨ r-£® áâ®«¡æ� ¬�âà¨æë

ψšk νkψ
T
1,k(ψ1kνkψ

T
1,k)

−1.

‚ ª�ç¥áâ¢¥ −�ç�«ì−ëå ãá«®¢¨© ¯à¨−¨¬�îâáï

�X1|1 = �X1 = M [X1 | Y1] ; R1|1 = R1 = M
[

(X1 −X01 )
(

X1 −X01
T
)

|Y1
]

,

®¯à¥¤¥«ïîé¨¥ −�ç�«ì−®¥ −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ N( �X1, R1).
—¨á«® ãà�¢−¥−¨© Œ�� ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï:

Qíîá =
nx(nx + 3)

2
.
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4 Модифицированные нормальные субоптимальные фильтры
первого типа

‚ ãá«®¢¨ïå â¥®à¥¬ë 2.1, ¯à¨¬¥−ïï â¥®à¨î [1] Œ�‘�” ª ¯à¨¢¥¤¥−−ë¬
ãà�¢−¥−¨ï¬ (4), ¯®«ãç¨¬:

‘mt = µtf
š
1

(

�Xt, Rt, t
)

+ hš1

(

�Xt, Rt, t
)

‘Yt;

‘•t = µtf
š
2

(

�Xt, Rt, t
)

+ µt

ny
∑

r=1
hš2r

(

�Xt, Rt, t
)

‘Yrt;

‘µt = µth3

(

�Xt, Rt, t
)

‘Yt.























(15)

‡¤¥áì ¢¢¥¤¥−ë á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

fš1 = f
š
1

(

�Xt, Rt, t
)

=

=
1

√

(2π)nx |Rt|

∞
∫

−∞

ϕš(x, t) exp

{

1

2

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

}

dx ; (16)

hš1 = h
š
1

(

�Xt, Rt, t
)

=
1

√

(2π)nx |Rt|

∞
∫

−∞

[

σš1 (x, t) + xϕ1(x, t)
]

×

× exp
{

1

2

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

}

dx ; (17)

fš2 = f
š
2

(

�Xt, Rt, t
)

=

=
1

√

(2π)nx |Rt|

∞
∫

−∞

[

xϕš(x, t)T + ϕš(x, t)xT + σš0 (x,Rt, t)
]

×

× exp
{

1

2

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

}

dx · σ2(t)−1; (18)

hš2r = h
š
2r

(

�Xt, Rt, t
)

=

=
1

√

(2π)nx |Rt|

∞
∫

−∞

[

xxTar(x, t) + xb
š
r (x, t)

T + bšr (x, t)x
T
]

×

× exp
{

1

2

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

}

dx
(

r = 1, nx

)

; (19)
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h3 = h3

(

�Xt, Rt, t
)

=
1

√

(2π)nx |Rt|

∞
∫

−∞

ϕ1(x, t)
T ×

× exp
{

1

2

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

}

dx · σ2(t)−1; (20)

σš0 = ψ
šνψT; σš1 = ψ

šνψT1 ; σ2 = ψ1νψ
T
1 , (21)

£¤¥

�Xt = M
[

Xt | Y t
t0

]

, �Xt =
mt

µt
; (22)

Rt = M
[{

Xt − �Xt

}

XTt | Y t
t0

]

, Rt =
•t

µt
− mtm

T
t

µ2t
; (23)

“pt(x) ≈ “p∗t (x) =
µt

√

((2π)n |Rt| )
exp

{

−1
2

(

xT − �XTt
)

R−1
t

(

x− �Xt

)

}

; (24)

“gt(λ) ≈ “g∗t (λ) = µt exp

{

iλT �Xt −
1

2
λTRtλ

}

; (25)

mr = mr1, ... , rn =

∞
∫

−∞

xr1
1 · · · xrn

n “pt(x) dx =

=

[

∂ |r| “gt(λ)

∂(iλ1)
r1 · · · ∂(iλn)

rn

]

λ=0

= µαr; (26)

‘µt = µt �ϕ
T
1

(

ψ1νψ
T
1

)−1
(Yt, t) ‘Yt. (27)

“à�¢−¥−¨ï (15){(27) ®¡à�§ãîâ §�¬ª−ãâãî á¨áâ¥¬ã ãà�¢−¥−¨©, ¯à¨¡«¨¦¥−−®

®¯à¥¤¥«ïîéãî mt, •t, µt, �Xt ¨ Rt. ��ç�«ì−ë¬¨ ãá«®¢¨ï¬¨ á«ã¦�â

m(t0) = m0 = �X0; •(t0) = •0 = R0 + �X0 �X
T
0 ; µ(t0) = 1, (28)

£¤¥ �X0 ¨ R0 | ãá«®¢−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ�
¢¥ªâ®à� X0 ®â−®á¨â¥«ì−® Y0.

“à�¢−¥−¨ï (15){(27) −¥áª®«ìª® ¯à®é¥, ç¥¬ ãà�¢−¥−¨ï Œ�� ¯à¨ −®à¬¨à®-
¢�−−®¬ à�á¯à¥¤¥«¥−¨¨, å®âï ¨ á®¤¥à¦�â −� ®¤−® ãà�¢−¥−¨¥ ¡®«ìè¥:

Qííîá = 1 +
nx(nx + 3)

2
. (29)
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’¥®à¥¬� 4.1. �ãáâì ¢ ãá«®¢¨ïå â¥®à¥¬ë 2.1 ¯à¨¢¥¤¥−−ë¥ −¥«¨−¥©−ë¥ ãà�¢−¥−¨ï
£�ãáá®¢áª®© ‘â‘ (4) ¤®¯ãáª�îâ ¯à¨¬¥−¥−¨¥ ¬®¤¨ä¨æ¨à®¢�−−®£® Œ��, � ª®íä-
ä¨æ¨¥−âë (16){(20) ª®−¥ç−ë. ’®£¤� Œ�‘�” ®¯à¥¤¥«ï¥âáï ãà�¢−¥−¨ï¬¨ (15)
¯à¨ ãá«®¢¨ïå (28){(29).

�−�«®£¨ç−® ¤«ï ¤¨áªà¥â−®© á¨áâ¥¬ë (5) ¨¬¥¥¬ á«¥¤ãîé¨¥ ãà�¢−¥−¨ï â¥®à¥-
¬ë 4.2:

mk+1 = µkf
š
1k

(

�Xk+1|k, Rk+1|k

)

+ µkh
š
1

(

�Xk+1|k, Rk+1|k

)

;

•k+1 = µkf
š
2

(

�Xk+1|k

)

+ µk

ny
∑

r=1

hš2r

(

�Xk+1|k, Rk+1|k

)

Yr,k+1;

µk+1 = µk+1 + µkh3

(

�Xk+1|k, Rk+1|k

)

(Yk+1 − Yk) .

‡¤¥áì ¯à¨−ïâ®

fš1k = f
š
1k(
�Xk+1|k, Rk+1|k) = M

[

ϕšk , x
]

;

hš1k = h
š
1k

(

�Xk+1|k, Rk+1|k

)

= M
[

σš1k + xϕ1k(x)
]

;

fš2k = f
š
2k

(

�Xk+1|k, Rk+1|k

)

= M
[(

xϕšTk + ϕšk x
T + σš0k

)

(σ2k)
−1 (x)

]

;

h2r = h2r

(

�Xk+1|k, Rk+1|k

)

= M
[(

xxT + xbšTr + bšr x
T
)

(x)
]

;

h3 = h3

(

�Xk+1|k, Rk+1|k

)

= M
[

ϕ1k(σ2k)
−1(x)

]

;

σš0k = ψ
š
k νkψ

šT
k ; σ

š
1k = ψ

š
k νkψ

T
1k; σ2k = ψ1kνkψ

T
1k.

‚ ª�ç¥áâ¢¥ −�ç�«ì−ëå ãá«®¢¨© á«¥¤ã¥â ¯à¨−ïâì

m1 = m1|1 = �X1|1; •1 = •1|1 = R1|1 + �X1|1 �X
T
1|1; µ1 = 1 ,

®¯à¥¤¥«ïîé¨¥ −�ç�«ì−®¥ −®à¬�«ì−®¥ ®¤−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥.

5 Квазилинейные нормальные субоптимальные фильтры первого типа

�ãáâì äã−ªæ¨¨ ϕš, ψš, ϕ1 ¨ ψ1 ¢ (4) ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬

ϕš = ϕš(Xt, Yt, t) = ϕ
š(Xt, t); ψš(Xt, Yt, t)V0 = ψ

š(t)V1;

ϕ1 = ϕ1(Xt, Yt, t) = ϕ1(Xt, t); ψ1(Xt, t)V0 = V2.

50 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 1 2025



Œ¥â®¤ë −®à¬�«ì−®© áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ ¢ −�¡«î¤�¥¬ëå ‘â‘

‡¤¥áì V1 ¨ V2 | −¥§�¢¨á¨¬ë¥ ¢¨−¥à®¢áª¨¥ ¯à®æ¥ááë à�§¬¥à−®áâ¨ nV1 = nx

¨ nV2 = ny. ’®£¤� ¡ã¤¥¬ ¨¬¥âì

‘Xt = ϕ
š(Xt, t) + ψ

š(t)V1; Zt = ‘Yt = ϕ1(Xt, t) + V2. (30)

‡�¬¥−¨¬ ãà�¢−¥−¨ï (30) áâ�â¨áâ¨ç¥áª¨ «¨−¥�à¨§®¢�−−®© á¨áâ¥¬®©, −¥«¨−¥©-
−®© ®â−®á¨â¥«ì−® ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© mx

t ¨ mz
t ¨ «¨−¥©−®© ®â−®á¨â¥«ì−®

æ¥−âà¨à®¢�−−ëå á®áâ�¢«ïîé¨å X0t = Xt −mx
t ¨ �X0t =

�Xt − �mx
t :

‘mx
t = ϕ

š
00 (m

x
t ,K

x
t , t) ;

mz
t = ϕ10 (m

x
t ,K

x
t , t) ; (31)

‘X0t = ϕ
š
01 (m

x
t ,K

x
t , t)X

0
t + ψ

š(t)V1;

Z0t = ϕ11 (m
x
t ,K

x
t , t)X

0
t + V2, (32)

£¤¥ ϕš00 = ϕš00(m
x
t ,K

x
t , t), ϕ10 = ϕ10(m

x
t ,K

x
t , t), ϕ

š
01(m

x
t ,K

x
t , t) = ∂ϕš0 /∂m

x
t

¨ ϕ11(m
x
t ,K

x
t , t) = ∂ϕ10/∂m

x
t | ª®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨

−¥«¨−¥©−ëå äã−ªæ¨© ϕš ¨ ϕ1, ¢ëç¨á«ï¥¬ë¥ ¤«ï −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï
N(mx

t ,K
x
t ). �à¨ íâ®¬ ª®¢�à¨�æ¨®−−�ï ¬�âà¨æ� Kx

t ¡ã¤¥â ®¯à¥¤¥«ïâìáï ãà�¢−¥-
−¨¥¬

‘Kx
t = ϕ11 (m

x
t ,K

x
t , t)K

x
t +K

x
t ϕ11 (m

x
t ,K

x
t , t)

T + ψš(t)ν1(t)ψ
š(t)T.

�à¨¬¥−ïï ãà�¢−¥−¨ï «¨−¥©−®£® ä¨«ìâà� Š�«¬�−�{�ìîá¨ [1], ¯®«ãç¨¬ ¨áª®¬ë¥
ãà�¢−¥−¨ï ª¢�§¨«¨−¥©−®£® ä¨«ìâà� −� ®á−®¢¥ ¬¥â®¤� áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�-
æ¨¨ (Œ‘‹) (â¥®à¥¬� 5.1):

‘�X t = ϕ
š
00 (m

x
t ,K

x
t , t)− ϕš01 (m

x
t ,K

x
t , t)m

x
t + ϕ

š
01 (m

x
t ,K

x
t , t) �Xt +

+Rtϕ11 (m
x
t ,K

x
t , t)

T ν2(t)
−1
[

Zt − ϕ11 (m
x
t ,K

x
t , t) �Xt −

− ϕ10 (m
x
t ,K

x
t , t) + ϕ11 (m

x
t ,K

x
t , t)m

x
t

]

,

£¤¥ �X0 = MX0;

‘Rt = ϕ
š
01 (m

x
t ,K

x
t , t)Rt +Rtϕ

š
01 (m

x
t ,K

x
t , t)

T −
−Rtϕ11 (m

x
t ,K

x
t , t)

T ν2(t)
−1ϕ11 (m

x
t ,K

x
t , t)Rt +

+ ψš(t)ν1(t)ψ
š(t)T, R0 = M

[

(X0 − �X0)
(

X0 − �X0
)T
]

.

‚å®¤ïé¨¥ áî¤� mx
t ¨ Kx

t ®¯à¥¤¥«ïîâáï ¨§ ãà�¢−¥−¨© (31) ¨ (32).
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„«ï ¯à¨¢®¤¨¬®© −¥«¨−¥©−®© £�ãáá®¢áª®© ¤¨áªà¥â−®© ‘â‘ ¢¨¤�

Xk+1 = ϕ
š
k (Xk) + ψ

š
k V1k; Yk = ϕ1k(Xk) + V2k

¯®á«¥ áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ −¥«¨−¥©−ëå äã−ªæ¨© ¨¬¥¥¬:

ϕšk ≈ ϕš0,k + ϕ
š
1,kX

0
k ; ϕ1k ≈ ϕ10,k + ϕ11,kX

0
k .

ˆá¯®«ì§ãï ãà�¢−¥−¨ï ¤¨áªà¥â−®£® ä¨«ìâà� Š�«¬�−� [1] ¯à¨ a0k = ϕš0,k, b0k =
= ϕ10,k, a1,k = ϕ1,k ¨ b1,k = ϕ11,k, ¯®«ãç�¥¬ ¨áª®¬ë¥ ãà�¢−¥−¨ï ª¢�§¨«¨−¥©−®£®
ä¨«ìâà� (â¥®à¥¬� 5.2):

�Xk+1 = �Xk+1|k + βk+1

(

Yk+1 − ϕ11,k �Xk+1|k

)

;

�Xk+1|k = ϕ1,k �Xk + ϕ
š
0,k;

Rk+1|k = ϕ1,kRkϕ
T
1,k + ψ

š
k ν1kψ

šT
k ;

βk+1 = Rk+1|kϕ
T
11,k+1

(

ϕ11,k+1Rk+1|kϕ
T
11,k+1 + ν2,k+1

)−1
;

Rk+1 = Rk+1|k − βk+1ϕ11,k+1Rk+1|k = Rk+1|k −
−Rk+1|kϕ

T
11,k+1(ϕ11,k+1Rk+1|kϕ

T
11,k+1 + ν2,k+1)

−1ϕ11,k+1Rk+1|k.

‡�¬¥ç�−¨¥ 5.1. Š¢�§¨«¨−¥©−ë¥ Œ�‘�” á®¤¥à¦�â −� ®¤−® ãà�¢−¥−¨¥ ¡®«ì-
è¥, ç¥¬ �‘�”. �à¨ íâ®¬ ¢ëç¨á«¥−¨¥ ª®íää¨æ¨¥−â®¢ Œ�‘�” ã¯à®é�¥âáï
¢á«¥¤áâ¢¨¥ §�¢¨á¨¬®áâ¨ σš0 , σš1 , σš2 , ašr ¨ bšr â®«ìª® ®â ¢à¥¬¥−¨. �−�«®£¨ç−®
à�áá¬�âà¨¢�¥âáï á«ãç�© áâ�æ¨®−�à−ëå �‘�”.

‡�¬¥ç�−¨¥ 5.2. ’¥®à¥¬ë 5.1 ¨ 5.2 ¬®¦−® ¯à¨¬¥−ïâì ª ¯à¨¢¥¤¥−−ë¬ ãà�¢−¥−¨ï¬
¢ á«ãç�¥ ¯�à�¬¥âà¨ç¥áª¨å −¥¡¥«ëå èã¬®¢, ®¯à¥¤¥«ï¥¬ëå ãà�¢−¥−¨ï¬¨ ä®à-
¬¨àãîé¥£® ä¨«ìâà�, ¨ ¡¨«¨−¥©−®áâ¥© −� ®á−®¢¥ íª¢¨¢�«¥−â−®© «¨−¥�à¨§�æ¨¨,
¢ ç�áâ−®áâ¨ Œ‘‹ [1].

‡�¬¥ç�−¨¥ 5.3. ‚á«¥¤áâ¢¨¥ −¥«¨−¥©−®áâ¨ ¨áå®¤−ëå ¬®¤¥«¥© ¨−áâàã¬¥−â�«ì−ë¥
¯¥à¥¬¥−−ë¥ ª®¢�à¨�æ¨®−−ë¥ ¬�âà¨æë R −¥ ¡ã¤ãâ ¢ ®¡é¥¬ á«ãç�¥ ª®¢�à¨�æ¨®−-
−ë¬¨ ¬�âà¨æ�¬¨ ®è¨¡ª¨ ä¨«ìâà�æ¨¨. �¤−�ª® ª®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®©
«¨−¥�à¨§�æ¨¨ ¨ ¨−áâàã¬¥−â�«ì−ë¥ ¯¥à¥¬¥−−ë¥ −¥ §�¢¨áïâ ®â à¥§ã«ìâ�â®¢ −�¡«î-
¤¥−¨© ¨ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥−ë ¤® ¯®«ãç¥−¨ï à¥§ã«ìâ�â®¢ −�¡«î¤¥−¨©. ’®£¤�
«¨−¥�à¨§®¢�−−ë¥ ãà�¢−¥−¨ï ¬®£ãâ ¡ëâì ¯à®¨−â¥£à¨à®¢�−ë ¢ à¥�«ì−®¬ ¢à¥¬¥−¨.
�à¨ íâ®¬ ¢®§¬®¦−� �¯à¨®à−�ï ®æ¥−ª� â®ç−®áâ¨ ª¢�§¨«¨−¥©−®£® �‘�”.

6 Субоптимальные фильтры второго типа

„«ï ï¢−ëå £«�¤ª¨å ¤¨ää¥à¥−æ¨�«ì−ëå ‘â‘ áà¥¤¨ ‘�” ¢â®à®£® â¨¯�
−�¨¡®«¥¥ à�á¯à®áâà�−¥− �”Š� ¨ ä¨«ìâàë ¢â®à®£® ¯®àï¤ª� [1]. ‚ ®á−®¢¥ �”Š�
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Œ¥â®¤ë −®à¬�«ì−®© áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ ¢ −�¡«î¤�¥¬ëå ‘â‘

«¥¦¨â ¯à¨−æ¨¯ «¨−¥�à¨§�æ¨¨ ãà�¢−¥−¨© ¢ ®ªà¥áâ−®áâ¨ −¥¨§¢¥áâ−®© ®æ¥−ª¨ �Xt.
�à¨ íâ®¬ ¯à¨¤¥âáï «¨−¥�à¨§¨à®¢�âì â®«ìª® à¥£ã«ïà−ë¥ ç�áâ¨ ãà�¢−¥−¨© (4), â. ¥.

äã−ªæ¨¨ ϕš ¨ ϕ1 ®â−®á¨â¥«ì−® x, � äã−ªæ¨î ψš ¯à¨−ïâì à�¢−®© ψš( �Xt,
�“Xt, t).

�à¨¬¥−ïï â¥®à¨î �”Š� [1] ª «¨−¥�à¨§®¢�−−ë¬ ¯à¨¢¥¤¥−−ë¬ ãà�¢−¥−¨ï¬,
¯à¨¤¥¬ ª á«¥¤ãîé¨¬ à¥§ã«ìâ�â�¬.

’¥®à¥¬� 6.1. …á«¨ ¢ ãá«®¢¨ïå â¥®à¥¬ë 2.1 ¯à¨¢¥¤¥−−ë¥ ãà�¢−¥−¨ï −¥«¨−¥©−®©
£�ãáá®¢áª®© ¤¨ää¥à¥−æ¨�«ì−®© ‘â‘ (4) ¤®¯ãáª�îâ «¨−¥�à¨§�æ¨î ¢ ®ªà¥áâ-

−®áâ¨ −¥¨§¢¥áâ−®© ®æ¥−ª¨ �Xt ¨ ¬�âà¨æ� σ1 = (ψ1νψ
T
1 ) −¥¢ëà®¦¤¥−−�, â®

ãà�¢−¥−¨ï

‘�Xt = ϕ
š
(

�Xt, t
)

+ hš
(

�Xt, Rt, t
) [

‘Yt − ϕ1

(

�Xt, t
)]

, āš
(

�Xt,
�“Xt

)

= 0;

‘Rt =

{

ϕšx

(

�Xt, t
)T

Rt +Rtϕ
š
x

(

�Xt, Rt, t
)

+ ((ψ1νψ
T
1 ))
(

�Xt, t
)

−

− hš
(

�Xt, Rt, t
)

(ψ1νψ
T
1 )(t)h

š
(

�Xt, Rt, t
)T
}

dt,



























(33)

£¤¥ ¢¢¥¤¥−ë ®¡®§−�ç¥−¨ï

ϕšx =
∂

∂Xt
ϕš(Xt, t)

T; ϕ1x =
∂

∂Xt
ϕ1(Xt, t)

T;

hš( �Xt, Rt, t) =
{

Rtϕ1x

(

�Xt, t
)

+ ((ψšνψT1 ))( �Xt, t)
}

(ψ1νψ
T
1 )

−1 (Yt, t) ,

®¯à¥¤¥«ïîâ áã¡®¯â¨¬�«ì−ë© �”Š�.
“à�¢−¥−¨ï (33) ¤®«¦−ë ¨−â¥£à¨à®¢�âìáï á®¢¬¥áâ−® ¯à¨ −�ç�«ì−ëå ãá«®¢¨ïå

�X(t0) = �X0 = M [X0 | Y0] ; R(t0) = R0 = M
[(

X0 − �X0
)(

XT0 − �XT0
)

| Y0
]

.

�à¨ íâ®¬ �”Š� ¨¬¥¥â ¯®àï¤®ª Qïëâ = Qíîá = n(n + 3)/2, â®â ¦¥, çâ®
¨ ¯à¨¡«¨¦¥−−® áã¡®¯â¨¬�«ì−ë© ä¨«ìâà Œ�� �¯®áâ¥à¨®à−®£® à�á¯à¥¤¥«¥−¨ï
(á¬. à�§¤. 3).

„¨áªà¥â−ë© �”Š ¤«ï £«�¤ª®© ¯à¨¢¥¤¥−−®© á¨áâ¥¬ë (5) ®¯à¥¤¥«ï¥âáï á«¥-
¤ãîé¥© â¥®à¥¬®©.

’¥®à¥¬� 6.2. …á«¨ ¢ ãá«®¢¨ïå â¥®à¥¬ë 2.3 ãà�¢−¥−¨ï £�ãáá®¢áª®© −¥«¨−¥©−®©
¤¨áªà¥â−®© ‘â‘ (5) ¤®¯ãáª�îâ «¨−¥�à¨§�æ¨î ¢ ®ªà¥áâ−®áâ¨ −¥¨§¢¥áâ−®© ®æ¥−-

ª¨ �Xk ¨ ¬�âà¨æ� σ1,k = ψ1,kνkψ
T
1,k −¥¢ëà®¦¤¥−−�, â® ãà�¢−¥−¨ï ¤¨áªà¥â−®£®

�”Š ¨¬¥îâ á«¥¤ãîé¨© ¢¨¤:

�Xk+1 = ϕ
š
k

(

�Xk

)

+ βk+1

[

Yk+1 − ϕ1,k+1

(

�Xk+1|k

)]

; āk

(

�Xk,
�“Xk

)

= 0;
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ˆ. �. ‘¨−¨æë−

βk+1 =



Rk+1|k

(

∂ϕš1
∂X

)

X= �Xk+1|k

+ ψšk νkψ
T
1,k





(

ψ1,kνkψ
T
1,k

)−1
;

Rk+1 = Rk+1|k − βk+1

(

∂ϕš1
∂X

)

X= �Xk+1|k

Rk+1|k;

Rk+1|k =

(

∂ϕš

∂X

)

X= �Xk

Rk

(

∂ϕš

∂X

)T

X= �Xk

+ ψšk

(

�Xk

)

νkψ
š
k

(

�Xk

)T
.

‡�¬¥ç�−¨¥ 6.1. ‚ á«ãç�¥ −¥£«�¤ª¨å à¥£ã«ïà−ëå äã−ªæ¨© ¢ ãà�¢−¥−¨ïå (5)
¨á¯®«ì§ã¥âáï Œ‘‹, � á®®â¢¥âáâ¢ãîé¨¥ à¥§ã«ìâ�âë á®¤¥à¦�âáï ¢ à�§¤. 5.

‡�¬¥ç�−¨¥ 6.2. Œ�âà¨æ� R ¢ ãà�¢−¥−¨ïå ‘�” ¬®¦¥â ¨ −¥ ¡ëâì ¡«¨§ª®©
ª �¯®áâ¥à¨®à−®© ª®¢�à¨�æ¨®−−®© ¬�âà¨æ¥ ®è¨¡ª¨ ä¨«ìâà�æ¨¨. �¤−�ª® íâ® −¥
¤�¥â ¢®§¬®¦−®áâ¨ ®æ¥−¨¢�âì â®ç−®áâì ‘�” ¢â®à®£® â¨¯� §�à�−¥¥. ‚ëç¨á«ïâì
�¯®áâ¥à¨®à−ãî ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã ®è¨¡ª¨ R ¬®¦−® ª�¦¤ë© à�§ â®«ìª®
¢ ¯à®æ¥áá¥ ä¨«ìâà�æ¨¨.

7 Заключение

„«ï −¥¯à¥àë¢−ëå ¨ ¤¨áªà¥â−ëå £�ãáá®¢áª¨å ‘â‘, ¯à¨¢¥¤¥−−ëå ª ï¢−ë¬,
à�§à�¡®â�−� â¥®à¨ï �‘�” ¨ Œ�‘�” ¯® áà¥¤−¥ª¢�¤à�â¨ç−®¬ã ªà¨â¥à¨î
¤¢ãå â¨¯®¢. ‘ã¡®¯â¨¬�«ì−ë¥ ä¨«ìâàë ¢â®à®£® â¨¯�, ¢ ®â«¨ç¨¥ ®â ä¨«ìâà®¢
¯¥à¢®£® â¨¯�, ¯à¥¤−�§−�ç¥−ë ¤«ï à¥è¥−¨ï §�¤�ç à¥�«ì−®£® ¢à¥¬¥−¨, −® −¥
¯®§¢®«ïîâ ®æ¥−¨¢�âì â®ç−®áâì ä¨«ìâà�æ¨¨ §�à�−¥¥. ‚ ª�ç¥áâ¢¥ ¨««îáâà�æ¨¨
à�áá¬®âà¥−ë ¯à¨¢¥¤¥−−ë¥ ª¢�§¨«¨−¥©−ë¥ ä¨«ìâàë. ’�ª¨¥ �‘�” ¬®£ãâ −�©â¨
¯à¨¬¥−¥−¨¥ ¢ §�¤�ç�å ¡ëáâà®© ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ â¥å−¨ç¥áª¨å ¨ ®à£�−¨-
§�æ¨®−−®-â¥å−¨ª®-íª®−®¬¨ç¥áª¨å á¨áâ¥¬�å −¥¢ëá®ª®© à�§¬¥à−®áâ¨ [8{11], ª®£¤�
¯®áâ®ï−−ë¬¨ ¢à¥¬¥−¨ ¯à¨ ¢ëáè¨å ¯à®¨§¢®¤−ëå (à�§−®áâïå) ¬®¦−® ¯à¥−¥¡à¥çì.
÷¥§ã«ìâ�âë â�ª¦¥ ¤®¯ãáª�îâ ¯à¨¬¥−¥−¨¥ ¢ íà¥¤¨â�à−ëå á¨áâ¥¬�å, ¯à¨¢®¤¨¬ëå
ª ¤¨ää¥à¥−æ¨�«ì−ë¬ (à�§−®áâ−ë¬) á¨áâ¥¬�¬ [12{16].

�¥à¢ë¥ à¥§ã«ìâ�âë ¯® �‘�” ¨ Œ�‘�” ¯® áà¥¤−¥ª¢�¤à�â¨ç−®¬ã ªà¨â¥-
à¨î ¯¥à¢®£® â¨¯� ¤«ï ç�áâ−ëå á«ãç�¥¢ −¥£�ãáá®¢áª¨å −¥ï¢−ëå ‘â‘, ¯à¨¢®¤¨¬ëå
ª ¤¨ää¥à¥−æ¨�«ì−ë¬, ¯®«ãç¥−ë ¢ [3]. ‚�¦−®¥ §−�ç¥−¨¥ ¨¬¥¥â à�§¢¨â¨¥ �‘�”
¨ Œ�‘�” ¤«ï â¨¯®¢ëå −¥£�ãáá®¢áª¨å −¥ï¢−ëå ‘â‘ −¥¢ëá®ª®© à�§¬¥à−®áâ¨.

�®à¬�«ì−ë¥ ‘�” ¨ Œ�‘�” ¯¥à¢®£® â¨¯� ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ¯¥à¢®¥
¯à¨¡«¨¦¥−−®¥ à¥è¥−¨¥ ãà�¢−¥−¨© ¤«ï ®¤−®¬¥à−®£® �¯®áâ¥à¨®à−®£® à�á¯à¥¤¥«¥-
−¨ï (¯«®â−®áâ¨ ¨«¨ å�à�ªâ¥à¨áâ¨ç¥áª®© äã−ªæ¨¨) â¥®à¨¨ −¥«¨−¥©−®© ä¨«ìâà�-
æ¨¨ [1]. „�«ì−¥©è¨¬ à�§¢¨â¨¥¬ ‘�” ¯à¥¤áâ�¢«ïîâáï ¬¥â®¤ë ¯�à�¬¥âà¨§�æ¨¨
®¤−®¬¥à−®£® �¯®áâ¥à¨®à−®£® à�á¯à¥¤¥«¥−¨ï ¯®áà¥¤áâ¢®¬ ¬¥â®¤®¢ ¬®¬¥−â®¢, ®à-
â®£®−�«ì−ëå à�§«®¦¥−¨© ¨ ¤à., � â�ª¦¥ ¬¥â®¤ë ª�−®−¨ç¥áª¨å ¯à¥¤áâ�¢«¥−¨©
á«ãç�©−ëå äã−ªæ¨© [17].
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Œ¥â®¤ë −®à¬�«ì−®© áã¡®¯â¨¬�«ì−®© ä¨«ìâà�æ¨¨ ¢ −�¡«î¤�¥¬ëå ‘â‘

�à¥¤áâ�¢«ï¥â ¨−â¥à¥á â�ª¦¥ à�§¢¨â¨¥ â¥®à¨¨ �‘�” ¯® ¡�©¥á®¢ë¬ ªà¨â¥à¨-
ï¬ ¤«ï ¯à¨¢®¤¨¬ëå −¥ï¢−ëå ‘â‘.
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NORMAL SUBOPTIMAL FILTERING METHODS
IN IMPLICIT OBSERVABLE GAUSSIAN STOCHASTIC SYSTEMS
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Abstract: The article is dedicated to the theory of normal suboptimal filters
(NSOF) and modified NSOF (MNSOF) for Gaussian continuous and discrete
implicit stochastic systems (StS) reducible to explicit. It is supposed that
observations do not influence the observable object and are described by explicit
stochastic differential and difference equations. A short survey in the field of
suboptimal NSOF (MNSOF) synthesis is given. Basic algorithms of NSOF
(MNSOF) for the first type synthesis for nonlinear and quasi-linear reducible
StS with smooth and nonsmooth implicit nonlinearities are described. The
theory of NSOF of the second type for reducible implicit StS is developed
on the basis of generalized Kalman{Bucy and Kalman filters. Such NSOF
unlike NSOF (MNSOF) of the first type do not permit to estimate accuracy
of filtering beforehand applications: quick (or real-time) information processing
in technical or organization-technical-economical systems is described by small
dimension equations when it is possible to neglect time constants at high
derivatives (differences). The results are also applicable to implicit hereditary
StS reducible to explicit differential (discrete) StS. Directions for future research
are formulated.

Keywords: Gaussian stochastic system (StS); implicit StS; modificated NSOF
(MNSOF); normal suboptimal filter (NSOF) of the first and second types
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АНАЛИЗ СБОЕВ ПО КОСВЕННЫМ ПРИЗНАКАМ

А. А. Грушо1, Н. А. Грушо2, М. И. Забежайло3, Д. В. Смирнов4,
Е. Е. Тимонина5, С. Я. Шоргин6

�−−®â�æ¨ï: ˆ−ä®à¬�æ¨ï ® −¥¤®áâã¯−®áâ¨ ¨«¨ −¥¯à�¢¨«ì−®© à�¡®â¥ á¥à¢¨á�
¤«ï ¯®«ì§®¢�â¥«ï, ª®â®à�ï ¯®«ãç¥−� ¢ ä®à¬¥ á®®¡é¥−¨ï ¨«¨ ¦�«®¡ë ¢ æ¥−âà
á¡®à� â�ª®© ¨−ä®à¬�æ¨¨, −�§ë¢�¥âáï ª®á¢¥−−ë¬ ¯à¨§−�ª®¬ á¡®ï. ’�ª�ï ¨−-
ä®à¬�æ¨ï £¥−¥à¨àã¥âáï ¯®«ì§®¢�â¥«ï¬¨ á¥à¢¨á®¢, ª®â®àë¥ −¥ áâ�¢ïâ æ¥«ìî
ãç�áâ¨¥ ¢ ¨§ãç¥−¨¨ ¯à¨ç¨− ¨ ãáâà�−¥−¨¨ ®âª�§� ¢ á¥à¢¨á¥. ‡�¤�ç¨ �−�«¨-
§� á¡®¥¢ ¢ ¡®«ìè¨å à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−ëå ¨−äà�áâàãªâãà�å ¯®
ª®á¢¥−−ë¬ ¯à¨§−�ª�¬ �ªâã�«ì−ë, â�ª ª�ª ¤«ï ¬®−¨â®à¨−£� ¨−äà�áâàãªâãàë
¯à¨¢«¥ª�îâáï ¤®¯®«−¨â¥«ì−ë¥ ®¡ê¥ªâ¨¢−ë¥ ¨áâ®ç−¨ª¨ | ¯®«ì§®¢�â¥«¨ á¥à-
¢¨á®¢. ‚ áâ�âì¥ ¯®áâà®¥−� ä®à¬�«ì−�ï £à�ä®¢�ï ¬®¤¥«ì ¨−ä®à¬�æ¨®−−®©
¨−äà�áâàãªâãàë (¤�«¥¥ | á¨áâ¥¬ë), ª®â®à�ï ¯®§¢®«ï¥â ®âà�¦�âì á¢¥¤¥−¨ï
® ¯®ï¢«¥−¨ïå á¡®¥¢ á ãç¥â®¬ «®ª�«¨§�æ¨¨ ¨å ¢ á¨áâ¥¬¥ ¢ §�¢¨á¨¬®áâ¨ ®â ¨−-
ä®à¬�â¨¢−®áâ¨ ª®á¢¥−−ëå ¯à¨§−�ª®¢. ��©¤¥−ë ãá«®¢¨ï ¢ëï¢«¥−¨ï ¯®ªàëâ¨ï
¯¥à¢®¯à¨ç¨−ë á¡®ï −� à�§«¨ç−ëå ãà®¢−ïå ¨¥à�àå¨ç¥áª®£® ®¯¨á�−¨ï á¨áâ¥¬ë,
çâ® ®§−�ç�¥â ¨¤¥−â¨ä¨ª�æ¨î �£à¥£¨à®¢�−−®£® ®¡ê¥ªâ�, ¢ ª®â®à®¬ −�å®¤¨âáï
¯¥à¢®¯à¨ç¨−� á¡®ï. �à¨¢¥¤¥−ë ¯à¨¬¥àë à�á¯à®áâà�−¥−¨ï á¡®¥¢ ¨ ¨á¯®«ì-
§®¢�−¨ï ª®á¢¥−−ëå ¯à¨§−�ª®¢ ¤«ï �−�«¨§� −�àãè¥−¨ï à�¡®âë á¨áâ¥¬ë ¯à¨
à�á¯à®áâà�−¥−¨ïå á¡®¥¢.

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

ˆ−ä®à¬�æ¨ï ® −¥¤®áâã¯−®áâ¨ ¨«¨ −¥¯à�¢¨«ì−®© à�¡®â¥ á¥à¢¨á� ¤«ï ¯®«ì§®-
¢�â¥«ï, ª®â®à�ï ¯®«ãç¥−� ¢ ä®à¬¥ á®®¡é¥−¨ï ¨«¨ ¦�«®¡ë ¢ æ¥−âà á¡®à� â�ª®© ¨−-
ä®à¬�æ¨¨, −�§ë¢�¥âáï ª®á¢¥−−ë¬ ¯à¨§−�ª®¬ á¡®ï ¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¤«ï
¨¤¥−â¨ä¨ª�æ¨¨ ®¡«�áâ¨ ¥£® «®ª�«¨§�æ¨¨, � â�ª¦¥ ¤¨�£−®áâ¨ª¨ ¯à¨ç¨− ¢®§−¨ª−®-
¢¥−¨ï [1]. ’�ª�ï ¨−ä®à¬�æ¨ï £¥−¥à¨àã¥âáï ¯®«ì§®¢�â¥«ï¬¨ á¥à¢¨á®¢, ª®â®àë¥ −¥
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

áâ�¢ïâ æ¥«ìî ãç�áâ¨¥ ¢ ¨§ãç¥−¨¨ ¯à¨ç¨− ¨ ãáâà�−¥−¨¨ ®âª�§� ¢ á¥à¢¨á¥. ‡�¤�ç¨
�−�«¨§� á¡®¥¢ ¢ ¡®«ìè¨å à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−ëå ¨−äà�áâàãªâãà�å ¯®
ª®á¢¥−−ë¬ ¯à¨§−�ª�¬ �ªâã�«ì−ë [2{4], â�ª ª�ª ¤«ï ¬®−¨â®à¨−£� ¨−äà�áâàãª-
âãàë ¯à¨¢«¥ª�îâáï ¤®¯®«−¨â¥«ì−ë¥ ®¡ê¥ªâ¨¢−ë¥ ¨áâ®ç−¨ª¨ | ¯®«ì§®¢�â¥«¨
á¥à¢¨á®¢. �â® ¯®§¢®«ï¥â ®âªàëâ® á®¡¨à�âì ¨−ä®à¬�æ¨î ® à�¡®â®á¯®á®¡−®áâ¨
¢á¥å í«¥¬¥−â®¢ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë −� ¡®«ìè¨å â¥àà¨â®à¨ïå −¥-
§�¢¨á¨¬® ®â ®¡á«ã¦¨¢�îé¨å ¨−äà�áâàãªâãàã á®âàã¤−¨ª®¢. ‘ ¤àã£®© áâ®à®−ë,
áãé¥áâ¢ã¥â ¢®§¬®¦−®áâì ä¥©ª®¢, � â�ª¦¥ ¯à®¡«¥¬ [5], á¢ï§�−−ëå á â¥¬, çâ®
®à£�−¨§�æ¨ï á¥à¢¨á®¢ á ¨á¯®«ì§®¢�−¨¥¬ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãàë á®-
§¤�¥â á¨áâ¥¬ã §�¢¨á¨¬®áâ¥© ¬¥¦¤ã ®à£�−¨§�æ¨ï¬¨, ¯à¥¤®áâ�¢«ïîé¨¬¨ á¥à¢¨áë
¨ ¯®«ì§ãîé¨¬¨áï á¥à¢¨á�¬¨, ª®â®àãî �−�«¨â¨ç¥áª¨ á«®¦−® ®¯¨á�âì. �®íâ®¬ã,
¢ ç�áâ−®áâ¨, á¡®¨ âàã¤−® �−�«¨§¨à®¢�âì ¯® ¥¤¨−¨ç−ë¬ á®®¡é¥−¨ï¬ ® ä�ªâ¥ á¡®ï
¢ ¯à¥¤®áâ�¢«¥−¨¨ á¥à¢¨á®¢. —�áâ® á¡®¨ ¯à®¨áå®¤ïâ −� ¯à¨ª«�¤−®¬ ãà®¢−¥, å®âï
¨−ä®à¬�æ¨®−−�ï á¨áâ¥¬� à�¡®â�¥â −®à¬�«ì−®. �à¨¬¥àë ¡ã¤ãâ ¯à¨¢¥¤¥−ë ¤�-
«¥¥. „«ï ¯®¨áª� ¯¥à¢®¯à¨ç¨− á¡®¥¢ ¤�¦¥ ¢ ¨−ä®à¬�æ¨®−−ëå ¨−äà�áâàãªâãà�å
®â¤¥«ì−ëå ®à£�−¨§�æ¨© ¨−ä®à¬�æ¨¨ ® −¥¯à¥¤®áâ�¢«¥−¨¨ á¥à¢¨á� −¥¤®áâ�â®ç−®.

‚ áâ�âì¥ ¯®áâà®¥−� ä®à¬�«ì−�ï £à�ä®¢�ï ¬®¤¥«ì ¨−ä®à¬�æ¨®−−®© ¨−äà�-
áâàãªâãàë (¤�«¥¥ | á¨áâ¥¬ë), ª®â®à�ï ¯®§¢®«ï¥â ®âà�¦�âì á¢¥¤¥−¨ï ® ¯®ï¢«¥−¨-
ïå á¡®¥¢ á ãç¥â®¬ «®ª�«¨§�æ¨¨ ¨å ¢ á¨áâ¥¬¥ ¢ §�¢¨á¨¬®áâ¨ ®â ¨−ä®à¬�â¨¢−®áâ¨
ª®á¢¥−−ëå ¯à¨§−�ª®¢.

��©¤¥−ë ãá«®¢¨ï ¢ëï¢«¥−¨ï ¯®ªàëâ¨ï ¯¥à¢®¯à¨ç¨−ë [6] á¡®ï −� à�§«¨ç-
−ëå ãà®¢−ïå ¨¥à�àå¨ç¥áª®£® ®¯¨á�−¨ï á¨áâ¥¬ë, çâ® ®§−�ç�¥â ¨¤¥−â¨ä¨ª�æ¨î
�£à¥£¨à®¢�−−®£® ®¡ê¥ªâ�, ¢ ª®â®à®¬ −�å®¤¨âáï ¯¥à¢®¯à¨ç¨−� á¡®ï.

�à¨¢¥¤¥−ë ¯à¨¬¥àë à�á¯à®áâà�−¥−¨ï á¡®¥¢ ¨ ¨á¯®«ì§®¢�−¨ï ª®á¢¥−−ëå
¯à¨§−�ª®¢ ¤«ï �−�«¨§� −�àãè¥−¨ï à�¡®âë á¨áâ¥¬ë ¯à¨ à�á¯à®áâà�−¥−¨ïå á¡®¥¢.

2 Модель информационной инфраструктуры и сбоев

�¯à¥¤¥«¨¬ á«¥¤ãîé¨¥ ª®−¥ç−ë¥ ¬−®¦¥áâ¢�. �ãáâì P | ¬−®¦¥áâ¢® ¡�§®¢ëå
á¢®©áâ¢ á¨áâ¥¬ë; O | ¡�§®¢®¥ ¬−®¦¥áâ¢® ®¡ê¥ªâ®¢ á¨áâ¥¬ë: ¥á«¨ o | ®¡ê¥ªâ
á¨áâ¥¬ë, â® ®− á®áâ®¨â ¨§ á¢®©áâ¢ ¬−®¦¥áâ¢� P . �¡ê¥ªâë ¨ á¢®©áâ¢� ¨¬¥îâ
¨−¤¨¢¨¤ã�«ì−ë¥ ¨¤¥−â¨ä¨ª�â®àë. �¡ê¥ªâë ¨¬¥îâ á¬ëá« ã§«®¢ ¨ ¯®¤á¨áâ¥¬
á¨áâ¥¬ë, ®¡ê¥ªâë ®¯¨áë¢�îâáï á¢®©áâ¢�¬¨ ã§«®¢ ¨ ¯®¤á¨áâ¥¬. ‘®áâ�¢ á¢®©áâ¢
¢ ®¡ê¥ªâ¥ ¬®¦¥â ¨§¬¥−ïâìáï.

�¡ê¥ªâë ¡�§®¢®£® ¬−®¦¥áâ¢� O −¥ ¯¥à¥á¥ª�îâáï ¬¥¦¤ã á®¡®©. …á«¨ O |
ª®−¥ç−®¥ ¬−®¦¥áâ¢® ¡�§®¢ëå ®¡ê¥ªâ®¢, â® ¤®¯ãáª�¥¬ á«¥¤ãîé¥¥ à�áè¨à¥−¨¥
íâ®£® ¬−®¦¥áâ¢� O∗: ®¡ê¥¤¨−¥−¨¥ ¡�§®¢ëå ®¡ê¥ªâ®¢ â�ª¦¥ áç¨â�¥âáï ®¡ê¥ªâ®¬.
’®ç−® â�ª ¦¥ ®¡ê¥¤¨−¥−¨ï ¡�§®¢ëå á¢®©áâ¢ P ∗ â�ª¦¥ áç¨â�¥¬ á¢®©áâ¢�¬¨.

Œ−®¦¥áâ¢® á¢®©áâ¢ P× ¨§ P ¡ã¤¥¬ −�§ë¢�âì ¬−®¦¥áâ¢®¬ ¢¨¤¨¬ëå á¢®©áâ¢,
â. ¥. â�ª¨å á¢®©áâ¢, ª®â®àë¥ ®¤−®§−�ç−® ¨¤¥−â¨ä¨æ¨àãîâáï ¢ ®¡ê¥ªâ¥, ¢ ª®â®à®¬
®−¨ ¢áâà¥ç�îâáï. ‚¨¤¨¬ë¥ á¢®©áâ¢� ¨¤¥−â¨ä¨æ¨àãîâáï â�ª¦¥ ¢ ®¡ê¥ªâ�å, ¢ª«î-
ç�îé¨å ®¡ê¥ªâë, á®¤¥à¦�é¨¥ ¢¨¤¨¬®¥ á¢®©áâ¢®.
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�−�«¨§ á¡®¥¢ ¯® ª®á¢¥−−ë¬ ¯à¨§−�ª�¬

Œ−®¦¥áâ¢® ¡�§®¢ëå ®¡ê¥ªâ®¢ O ®¡à�§ã¥â ¬−®¦¥áâ¢® ¢¥àè¨− ®à¨¥−â¨à®¢�−-
−®£® £à�ä� G, ¤ã£¨ £à�ä� −�§ë¢�îâáï á¢ï§ï¬¨ ¨«¨ §�¢¨á¨¬®áâï¬¨, â. ¥. ¢®§-
¬®¦−®áâï¬¨ ®¤−¨å ®¡ê¥ªâ®¢ ¨−ä®à¬�æ¨®−−® ¢®§¤¥©áâ¢®¢�âì −� ¤àã£¨¥. �®¢ë¥
á¢®©áâ¢� ¬®£ãâ ¢®§−¨ª�âì ¢ ®¡ê¥ªâ¥ ¨«¨ ¨áç¥§�âì.

‘ãé¥áâ¢ãîâ ¤¢� ¬¥å�−¨§¬� ¢®§−¨ª−®¢¥−¨ï ¨«¨ ¨áç¥§−®¢¥−¨ï á¢®©áâ¢ ¢ ¡�-
§®¢®¬ ®¡ê¥ªâ¥. ‘¢®©áâ¢� ¢®§−¨ª�îâ ¨«¨ ¨áç¥§�îâ ¢ ®¡ê¥ªâ¥ á«ãç�©−® (á à�á-
¯à¥¤¥«¥−¨ï¬¨, §�¢¨áïé¨¬¨ ®â ¨¤¥−â¨ä¨ª�â®à� ®¡ê¥ªâ�), ¨ ®¤−¨ á¢®©áâ¢� ¬®£ãâ
¯®à®¦¤�âì ¤àã£¨¥ á¢®©áâ¢� ¤�¦¥ ¢ ¤àã£¨å ®¡ê¥ªâ�å. ‘¢®©áâ¢® p1 ¢ ®¡ê¥ªâ¥ o1
¬®¦¥â ¯®à®¤¨âì á¢®©áâ¢® p2 ¢ ®¡ê¥ªâ¥ o2 â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ¥áâì ®à¨-
¥−â¨à®¢�−−�ï á¢ï§ì ¨§ o1 ¢ o2 ¨ p1 á«ã¦¨â ¯à¨ç¨−®© p2, â. ¥. ¯à¨ −�«¨ç¨¨ â�ª®©
®à¨¥−â¨à®¢�−−®© á¢ï§¨ p1 ¯®à®¦¤�¥â ¢ o2 á¢®©áâ¢® p2. ‚®§¬®¦−� á¨âã�æ¨ï,
ª®£¤� p1 «¥¦¨â ¢ ®¡ê¥ªâ¥ o1, p2 «¥¦¨â ¢ ®¡ê¥ªâ¥ o2, ¨§ o1 ¨ o2 ¢ £à�ä¥G ¨¤ãâ ¤ã£¨
¢ o3, � á¢®©áâ¢® p1 ∪ p2 áâ�−®¢¨âáï ¯à¨ç¨−®© á¢®©áâ¢� p3, ª®â®à®¥ ¯®ï¢«ï¥âáï
¢ ®¡ê¥ªâ¥ o3.

�âáî¤� ¢®§−¨ª�¥â ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë© £à�ä C −� ¬−®¦¥áâ¢¥ ¢¥àè¨− P .
ƒà�ä C â�ª¦¥ ¬®¦−® �£à¥£¨à®¢�âì á«¥¤ãîé¨¬ ®¡à�§®¬. …á«¨ ¢ £à�ä¥ G ¯à¨áãâ-
áâ¢ã¥â ¤ã£� ®â o1 ª o2, â® íâ® §−�ç¨â, çâ® áãé¥áâ¢ã¥â ®¡ê¥ªâ o3, −¥ á®¢¯�¤�îé¨©
á o1 ¨ o2, ª®â®àë© ä¨§¨ç¥áª¨ à¥�«¨§ã¥â á¢ï§ì ®¡ê¥ªâ� o1 á ®¡ê¥ªâ®¬ o2. �¡ê¥ªâ o3
−¥ ¡ã¤¥¬ ®â®¡à�¦�âì ®â¤¥«ì−®© ¢¥àè¨−®©, −® ¢ á«ãç�ïå −¥®¡å®¤¨¬®áâ¨ ¡ã¤¥¬
−�−®á¨âì ¥£® −� ¤ã£¨ £à�ä� o1. �®à®¦¤¥−¨¥ á¢®©áâ¢� âà¥¡ã¥â áãé¥áâ¢®¢�−¨ï
á¢ï§¨ ¨ −�«¨ç¨ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−®© á¢ï§¨.

’�ª¨¬ ®¡à�§®¬, £à�ä G −� ¬−®¦¥áâ¢¥ ¡�§®¢ëå ®¡ê¥ªâ®¢ O ¨ £à�ä C −�
¬−®¦¥áâ¢¥ ¡�§®¢ëå á¢®©áâ¢ P ®¯à¥¤¥«ïîâ ¢®§¬®¦−ë¥ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥
á¢ï§¨ ¢ á¨áâ¥¬¥.

ƒà�ä G á«ã¦¨â ®á−®¢®© ¨¥à�àå¨¨ £à�ä®¢. ‡�¬¥−¨¬ ¢ £à�ä¥ G ¬−®¦¥áâ¢®
®¡ê¥ªâ®¢ ϕ −� ®¤¨− ®¡ê¥ªâ o(ϕ), ¯à¥¤áâ�¢«ïîé¨© á®¡®© ¨å ®¡ê¥¤¨−¥−¨¥. …á«¨
¨§ ®¡ê¥ªâ� o ¢ ¬−®¦¥áâ¢® ®¡ê¥ªâ®¢ ϕ ¢¥«¨ −¥áª®«ìª® ¤ã£, â® §�¬¥−¨¬ ¨å ®¤−®©
¤ã£®© (¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ á ¬¥âª®©, á®áâ®ïé¥© ¨§ ¬−®¦¥áâ¢� ¨¬¥− ®¡ê¥ªâ®¢,
¢ ª®â®àë¥ ¨§ o ¢ ϕ ¢å®¤¨«¨ ¤ã£¨). �−�«®£¨ç−® ¯®áâã¯¨¬ á ¤ã£�¬¨, ª®â®àë¥
¢ëå®¤ïâ ¨§ ®¡ê¥ªâ®¢ ¬−®¦¥áâ¢� ϕ. ‘®§¤�¤¨¬ −¥áª®«ìª® �£à¥£¨à®¢�−−ëå â�ª¨¬
®¡à�§®¬ −®¢ëå ¢¥àè¨− ¨ à�á¯à®áâà�−¨¬ −� −¨å ®¯¨á�−−ë¥ ¯à�¢¨«� ¯®áâà®¥−¨ï
¤ã£. �®«ãç¨¬ −®¢ë© �£à¥£¨à®¢�−−ë© £à�äG∗, ª®â®àë© ®¤−®§−�ç−® ®¯à¥¤¥«ï¥âáï
¢¥àè¨−�¬¨ o(ϕ) ¤«ï à�§«¨ç−ëå −¥¯¥à¥á¥ª�îé¨åáï ϕ ¨ ¯®áâà®¥−−ë¬¨ ¬¥¦¤ã
−¨¬¨ ¤ã£�¬¨.

�¯à¥¤¥«¨¬ ¯®−ïâ¨¥ á¥à¢¨á�. �ãáâì ¯®«ì§®¢�â¥«ì ®¡ê¥ªâ� o1 å®ç¥â ¯®«ãç¨âì
á¥à¢¨á, ª®â®àë© ¬®¦¥â ¯à¥¤®áâ�¢¨âì ®¡ê¥ªâ o2. �¥®¡å®¤¨¬®¥ ãá«®¢¨¥ â�ª®©
¢®§¬®¦−®áâ¨ | −�«¨ç¨¥ á¢ï§¨ ®â o1 ª o2 ¨ ®â o2 ª o1. �ã¤¥¬ áç¨â�âì, çâ®
®¡¥á¯¥ç¥−¨¥ â�ª¨å á¢ï§¥© ¢ë¯®«−ï¥â ®¡ê¥ªâ o3. „«ï ®¡à�é¥−¨ï ª á¥à¢¨áã o2
¯®«ì§®¢�â¥«ì á®§¤�¥â ¢ ®¡ê¥ªâ¥ o1 á¢®©áâ¢® p1, ª®â®à®¥ áâ�−®¢¨âáï ¯à¨ç¨−®©
á¢®©áâ¢� p2 ¢ ®¡ê¥ªâ¥ o2. ’®£¤� ¯à¨ −�«¨ç¨¨ á¢ï§¨ á¢®©áâ¢® p1 ¯®à®¦¤�¥â
¢ o2 á¢®©áâ¢® p2, ª®â®à®¥ ¬®¦−® −�§¢�âì §�¯à®á®¬ −� á¥à¢¨á. ‘¢®©áâ¢® p2 ¢¢¨¤ã
¢−ãâà¥−−¥© ¯à¨ç¨−−®-á«¥¤áâ¢¥−−®© á¢ï§¨ á®§¤�¥â ¢ o2 á¢®©áâ¢® p3, ª®â®à®¥ ¬®¦−®
¨−â¥à¯à¥â¨à®¢�âì ª�ª ®â¢¥â −� §�¯à®á á¥à¢¨á�, ¨ ç¥à¥§ á¢ï§ì o2 ª o1 á®§¤�¥â ¢ á¨«ã
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¯à¨ç¨−−®-á«¥¤áâ¢¥−−®© á¢ï§¨ á¢®©áâ¢® p4 ¢ o1. ‘¢®©áâ¢® p4 ¨−â¥à¯à¥â¨àã¥âáï
ª�ª ¢ë¯®«−¥−¨¥ §�¯à®è¥−−®£® o1 á¥à¢¨á�.

‘¡®© ¢ ¨−ä®à¬�æ¨®−−®© ¨−äà�áâàãªâãà¥ ¢ −�ãç−®© «¨â¥à�âãà¥ ®¯à¥¤¥«ï¥â-
áï ¯®-à�§−®¬ã. �â® á¢ï§�−® á ¬−®£®®¡à�§¨¥¬ −�àãè¥−¨© à�¡®âë ¢ à�§«¨ç−ëå
â¥å−¨ç¥áª¨å á¨áâ¥¬�å, ª�¦¤®¥ ¨§ ª®â®àëå âà¥¡ã¥â á¢®¥£® ãâ®ç−¥−¨ï ¢ â¥à¬¨−®«®-
£¨¨ [7]. ‚ −�áâ®ïé¥© à�¡®â¥ à�áá¬�âà¨¢�¥âáï ®£à�−¨ç¥−−®¥ ¬−®¦¥áâ¢® −�àãè¥−¨©
à�¡®âë, ¯®íâ®¬ã ¢ë¡à�− ¥¤¨−ë© â¥à¬¨−, ª®â®àë© ®¯à¥¤¥«¥− −¨¦¥.

�ãáâì o ∈ O∗ ¨ p ∈ o. ’®£¤� á¡®© (o, p) ¢ ®¡ê¥ªâ¥ o | íâ® ¨áç¥§−®¢¥−¨¥
¨«¨ áãé¥áâ¢¥−−�ï ¬®¤¨ä¨ª�æ¨ï p∗∗ á¢®©áâ¢� p ¨§ o. …á«¨ ¬®¤¨ä¨ª�æ¨ï á®§¤�«�
á¢®©áâ¢® p∗∗ ¢ o, â® íâ® á¢®©áâ¢® ¬®¦¥â ¯¥à¥©â¨ ¢ o1 ¢¬¥áâ® á«¥¤áâ¢¨ï p1 ¯à¨ç¨−ë p
¯à¨ −�«¨ç¨¨ á¢ï§¨ ¨ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−®© á¢ï§¨ ¯®à®¦¤¥−¨ï ¯à¨ç¨−®© p
á¢®©áâ¢� p1.

‘¡®© ¬®¦¥â ¡ëâì á«ãç�©−ë¬, â®£¤� ¯¥à¢®¯à¨ç¨−� á¡®ï −�å®¤¨âáï ¢ o, ¨«¨
®ª�§�âìáï á«¥¤áâ¢¨¥¬ −¥ª®â®à®© ¯à¨ç¨−ë, ª®â®à�ï ¬®£«� −�å®¤¨âìáï ¢ ¤àã£®¬
®¡ê¥ªâ¥.

‚®§¬®¦−®, çâ® ¯à¨ç¨−� á«ãç�©−® ¨áç¥§«�, â®£¤� ¯à¨ −�«¨ç¨¨ á¢ï§¨ ¨áç¥§−¥â
á«¥¤áâ¢¨¥. ��®¡®à®â, ¢®§−¨ª−®¢¥−¨¥ á¡®ï p∗∗ ¢ ®¤−®¬ ®¡ê¥ªâ¥ ¬®¦¥â ¯®à®¤¨âì
á¡®© p∗∗ ¢ ¤àã£®¬ ¯à¨ −�«¨ç¨¨ á¢ï§¨ ¨ ®â−®è¥−¨ï ú¯à¨ç¨−�{á«¥¤áâ¢¨¥û. „«ï
¯à®áâ®âë ¡ã¤¥¬ áç¨â�âì, çâ® ¥á«¨ ¨áå®¤−®¥ á¢®©áâ¢® p1 ¢ ®¡ê¥ªâ¥ o1 ¯®à®¦¤�«®
á¢®©áâ¢® p2 ¢ ®¡ê¥ªâ¥ o2 ¨ p1 ¬®¤¨ä¨æ¨à®¢�«®áì ¢ á¢®©áâ¢® p∗∗, â® ¢ ®¡ê¥ªâ¥ o2
¢¬¥áâ® p2 ¯®ï¢¨«®áì á¢®©áâ¢® p∗∗. �à¨ íâ®¬ ¯à¥¤¯®«�£�¥¬, çâ® ®¡ê¥ªâ á¢ï§¨ o3
−¥ à¥�£¨àã¥â −� ¯¥à¥¤�çã p∗∗, â�ª ª�ª á¨áâ¥¬� á¢ï§¨, ª�ª ¯à�¢¨«®, −¥ §�¢¨á¨â ®â
¯¥à¥¤�¢�¥¬®© ¨−ä®à¬�æ¨¨. �®íâ®¬ã ¬®¦−® áç¨â�âì, çâ® á¡®© á¨áâ¥¬ë ¯¥à¥¤�ç¨
¨−ä®à¬�æ¨¨ á¢®¤¨âáï â®«ìª® ª ®¤−®¬ã ¢¨¤ã á¡®ï | ¨áç¥§−®¢¥−¨î á¯®á®¡−®áâ¨
ª ¯¥à¥¤�ç¥ ¨−ä®à¬�æ¨¨ [8].

�â¬¥â¨¬, çâ® ¢ ®¯¨á�−−®© ¬®¤¥«¨ ¢®§−¨ª ¬¥å�−¨§¬ à�á¯à®áâà�−¥−¨ï á¡®ï.
„®¡�¢¨¬ ¢®§¬®¦−®áâì ¯®ï¢«¥−¨ï ®ç¥à¥¤¥©. …á«¨ ¢ ®¡ê¥ªâ¥ o2 ¢¬¥áâ® á¢®©áâ¢�
¯à¥¤®áâ�¢«¥−¨ï á¥à¢¨á� p2 ¢®§−¨ª«® á¢®©áâ¢® p∗∗, â® ú§�¢¨á�îâû ®¡à�é¥−¨ï
¤àã£¨å ®¡ê¥ªâ®¢ ª á¥à¢¨áã p2. ‚á«¥¤áâ¢¨¥ íâ®£® ®¡à�§®¢�«�áì ®ç¥à¥¤ì −� ®¡á«ã-
¦¨¢�−¨¥ á¥à¢¨á®¬ p2. �â® ®¤¨− ¨§ á¯®á®¡®¢ à�á¯à®áâà�−¥−¨ï á¡®ï.

3 Сбои и косвенные признаки сбоев

�à¨¬¥à 1. ˆá¯®«ì§®¢�−¨¥ ¬®¤¥«¨ ¨−äà�áâàãªâãàë ¤«ï ®¯¨á�−¨ï ¯®à®¦¤¥−¨ï
¦�«®¡.

1. …á«¨ ¯®«ì§®¢�â¥«ì ®¡ê¥ªâ� o1 £¥−¥à¨àã¥â ¢ o1 á¢®©áâ¢® p1 ¤«ï ¨á¯®«ì§®¢�−¨ï
á¥à¢¨á� ¢ ®¡ê¥ªâ¥ o2, â® ç¥à¥§ ®¡ê¥ªâ o3, ª®â®àë© ¯à¥¤®áâ�¢«ï¥â o1 ¨ o2
ãá«ã£¨ á¥â¨, ¯®à®¦¤�¥âáï á¢®©áâ¢® p2 ¢ o2 ¢¢¨¤ã ¯à¨ç¨−−®-á«¥¤áâ¢¥−−®©
á¢ï§¨, ª®â®à®¥, ¢ á¢®î ®ç¥à¥¤ì, ¯®à®¦¤�¥â à¥§ã«ìâ�â p á¥à¢¨á� ú®â¢¥â
¤«ï o1û ¨ ¯¥à¥¤�¥â ¥£® ç¥à¥§ o3 ¤«ï o1. …á«¨ ¢ o2 ¢¬¥áâ® á¢®©áâ¢� p2
¢®§−¨ª�¥â á¢®©áâ¢® ¨§ p∗∗, â® o1 −¥ ¯®«ãç�¥â p. ’®£¤� ¯®«ì§®¢�â¥«ì o1
£¥−¥à¨àã¥â ¦�«®¡ã J(o1) −� ®âáãâáâ¢¨¥ á¥à¢¨á� o2.
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�−�«¨§ á¡®¥¢ ¯® ª®á¢¥−−ë¬ ¯à¨§−�ª�¬

�®áâà®¥−−ãî ¬®¤¥«ì ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ®à£�−¨§�æ¨î ¡�§ë ¤�−−ëå
¤«ï á¡®à� ¨ −�ª®¯«¥−¨ï ¨−ä®à¬�æ¨¨ ® á¡®ïå.

Œ®¤¨ä¨ª�æ¨ï p1, −¥ ¯®§¢®«ïîé�ï ®â¯à�¢¨âì p1 ª o1 ¢ ¢¥àè¨−¥ (®¡ê¥ªâ¥)
£à�ä� G ¨«¨ ¢ ¢¥àè¨−¥ �£à¥£¨à®¢�−−®£® £à�ä� G∗, ®§−�ç�¥â ¯®ï¢«¥−¨¥
á¡®ï, ª®â®àë© −¥ £¥−¥à¨àã¥â ¢¨¤¨¬®¥ á¢®©áâ¢®, â. ¥. ®§−�ç�¥â ¨áç¥§−®¢¥−¨¥
¢¨¤¨¬®£® á¢®©áâ¢� p1.

�ãáâì ¢®§−¨ªè¥¥ ¢¬¥áâ® á¢®©áâ¢� p1 ¢¨¤¨¬®¥ á¢®©áâ¢® p∗∗ ¢ ®¡ê¥ªâ¥ o1
®§−�ç�¥â −¥¢®§¬®¦−®áâì áä®à¬¨à®¢�âì ®¯¥à�æ¨î ¯® ®¡à�é¥−¨î ª á¥à¢¨áã,
¯à¥¤®áâ�¢«ï¥¬®¬ã ®¡ê¥ªâ®¬ o2, â. ¥. o1 −¥ ¬®¦¥â ®¡à�â¨âìáï ª o2 ¯® ¨¬¥-
îé¥¬ãáï ª�−�«ã á¢ï§¨. ’®£¤� á¢®©áâ¢® p∗∗ −¥ ¬®¦¥â ¢®§−¨ª−ãâì ¢ o2 ª�ª
á«¥¤áâ¢¨¥ á¡®ï ¢ o1. �â®â á¨£−�« ¢ë¤¥«ï¥â ®¡ê¥ªâ o1, ¢ ª®â®à®¬ ¬®¦¥â ¯à¨-
áãâáâ¢®¢�âì á¡®© (¯®«ì§®¢�â¥«ì ®è¨¡áï ¢ ã¯à�¢«¥−¨¨ ®¡à�é¥−¨¥¬ ª á¥à¢¨áã,
−® á¢ï§ì ¯®-¯à¥¦−¥¬ã ¢®§¬®¦−�, ¨−�ç¥ −¥«ì§ï ¯¥à¥¤�âì ¦�«®¡ã). �â� ¨−ä®à-
¬�æ¨ï áâ�−®¢¨âáï ¯¥à¢ë¬ ¯à¨¡«¨¦¥−¨¥¬ ¢ �−�«¨§¥ á¡®ï. „�«¥¥ ¢®§¬®¦−ë
á«¥¤ãîé¨¥ ¢�à¨�−âë:

(�) á¡®© ¯à®¨§®è¥« ¢ à¥�«¨§�æ¨¨ á¢ï§¨ ¢ o3 á ¨á¯®«−¨â¥«¥¬ á¥à¢¨á� o2
(®¡ê¥ªâ o3 | íâ® á¢ï§ì o1 á o2);

(¡) á¡®© ¯à®¨§®è¥« −� ¯à¨¥¬−®¬ ª®−æ¥ ¢ ®¡ê¥ªâ¥ o2. �â®â á«ãç�© ¡ã¤¥â
à�áá¬®âà¥− ¯®§¦¥.

�¥ ¨¬¥ï ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�æ¨¨, ¬®¦−® ãâ¢¥à¦¤�âì, çâ® ¯¥à¢®¯à¨ç¨−�
á¡®ï ¯®ªàë¢�¥âáï ®¡ê¥ªâ®¬ o1 ∪ o2 ∪ o3, å®âï ¯®à®¦¤�¥âáï ®¤−®© ¦�«®¡®©.

2. „«ï ®æ¥−ª¨ −�¤¥¦−®áâ¨ ¦�«®¡ë ¯®âà¥¡ã¥âáï ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï.

„«ï �−�«¨§� ¯à¥¦¤¥ ¢á¥£® −¥®¡å®¤¨¬® ¯®«ãç¨âì ¨−ä®à¬�æ¨î ® à�¡®â�îé¨å
á¥à¢¨á�å. ��¯à¨¬¥à, íâã ¨−ä®à¬�æ¨î ¬®¦−® ®âªàëâ® ¯®«ãç¨âì ¨§ ¯à¥¤-
¢�à¨â¥«ì−®© ®æ¥−ª¨ ¨−â¥−á¨¢−®áâ¨ ¨å à�¡®âë, â. ¥. ¤«ï ª�¦¤®£® á¥à¢¨á� x
®¯à¥¤¥«¨¬ ¢¥«¨ç¨−ã t(x) ª�ª ¢à¥¬ï, ª®£¤� á ¢¥à®ïâ−®áâìî, ¤®áâ�â®ç−® ¡«¨§-
ª®© ª 1, ¤®«¦¥− ¯à¨©â¨ §�¯à®á −� ¨á¯®«ì§®¢�−¨¥ x. �à¨ íâ®¬ áç¨â�¥¬, çâ®
¬−®¦¥áâ¢® á¥à¢¨á®¢ ª®−¥ç−® ¨ â�ª¨¥ ®æ¥−ª¨ ¬®¦−® ¯®áâà®¨âì ¤«ï ¢á¥å à¥-
£¨®−®¢ á¡®à� ¤�−−ëå. ’®£¤� ¯®«ãç¥−−ãî ¦�«®¡ã −� ®âáãâáâ¢¨¥ á¥à¢¨á� ®â o1
¬®¦−® á®®â−¥áâ¨ á à�¡®â�îé¨¬¨ á¥à¢¨á�¬¨, ¥á«¨ −� −¨å −¥ ¯à¨è«¨ ¦�«®¡ë.
�â¤¥«ì−® ¯à¨è¥¤è�ï ¦�«®¡� áª®à¥¥ ¢á¥£® ®§−�ç�¥â ®è¨¡ªã ¢ ã¯à�¢«¥−¨¨
¨«¨ á¡®© ¢ ª®¬¯ìîâ¥à¥ ¯®«ì§®¢�â¥«ï ®¡ê¥ªâ� o1. …á«¨ ¦�«®¡ −� íâ®â á¥à¢¨á
®â ¤àã£¨å ¨áâ®ç−¨ª®¢ −¥â, â®, ¨á¯®«ì§ãï ¢¥«¨ç¨−ã t(x), ¯à¨å®¤¨¬ ª ¢ë¢®¤ã,
çâ® á¢ï§ì o3 ¨ ®¡ê¥ªâ o2 à�¡®â�îâ ¨á¯à�¢−®. ’®£¤� ®¡ê¥ªâ o1 ®¡êï¢«ï¥âáï
à¥§ã«ìâ�â®¬ �−�«¨§� ¯à¨ç¨−ë á¡®ï. �à¨ íâ®¬ ¢¨¤¨¬®¥ á¢®©áâ¢® á¨£−�«� á¡®ï
¬®¦¥â ¨áç¥§−ãâì. …á«¨ ®¤¨−�ª®¢ëå ¦�«®¡ −� á¥à¢¨á −¥áª®«ìª® ®â à�§«¨ç−ëå
¨áå®¤−ëå �¤à¥á®¢, â® íâ®, ¢®§¬®¦−®, á«ãç�¨ (a) ¨«¨ (¡). Š�¦¤�ï ¨§ ¢®§-
¬®¦−ëå ¯à¨ç¨− ¬®¦¥â ¡ëâì ¯à®¢¥à¥−� ª®−âàä�ªâã�«ì−ë¬ [9] −�¡«î¤¥−¨¥¬
á«¥¤áâ¢¨© à�áá¬�âà¨¢�¥¬®© ¯à¨ç¨−ë ¨«¨ ¨å ®âáãâáâ¢¨¥¬. ÷�¡®ç¥¥ á®áâ®ï−¨¥
äã−ªæ¨¨ á¢ï§¨ ®âá«¥¦¨¢�¥âáï ¯® ®âáãâáâ¢¨î ¦�«®¡ ¢ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨
t(x) ¤«ï §�¢¨á¨¬ëå −�¡«î¤�¥¬ëå ®¡ê¥ªâ®¢.
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�à¨¢¥¤¥−−ë© �−�«¨§ −®á¨â ¢¥à®ïâ−®áâ−ë© å�à�ªâ¥à, â�ª ª�ª −ã¦−ë© ¤«ï
�−�«¨§� á¥à¢¨á ¬®¦¥â −¥ ¨á¯®«ì§®¢�âìáï ¨«¨ �−�«¨§¨àã¥¬ë© á¡®© ¬®¦¥â ¡ëâì
¨á¯à�¢«¥− ¢® ¢à¥¬ï �−�«¨§�. �¤−�ª® ã¢¥«¨ç¥−¨¥ ç¨á«� ¦�«®¡ −� −¥à�¡®â�îé¨©
á¥à¢¨á á«ã¦¨â ¯®¤â¢¥à¦¤¥−¨¥¬ ¯®ªàëâ¨ï ¯à¨ç¨−ë ®¡ê¥ªâ®¬ o2 ∪ o3. ÷¥§ã«ìâ�â
�−�«¨§� á¡®ï ¢á¥£¤� ¯à¥¤áâ�¢«ï¥â á®¡®© ®¡ê¥ªâ, ¯®ªàë¢�îé¨© ¯à¨ç¨−ã á¡®ï.
�â® ®¡êïá−ï¥âáï â¥¬, çâ® ¡®«¥¥ ¤¥â�«ì−ë© �−�«¨§ á¢ï§�− á ¯®«ãç¥−¨¥¬ ¨−ä®à-
¬�æ¨¨ ® ¢−ãâà¥−−¥© �àå¨â¥ªâãà¥ ¯®ªàë¢�îé¨å ¯à¨ç¨−ã á¡®ï ®¡ê¥ªâ®¢, −® íâ�
¨−ä®à¬�æ¨ï, ª�ª ¯à�¢¨«®, ª®−ä¨¤¥−æ¨�«ì−� ¨ −¥¤®áâã¯−�.

4 Использование косвенных данных при распространении сбоя

÷�á¯à®áâà�−¥−¨¥ á¡®ï ¯à¥¤áâ�¢«ï¥â −�¨¡®«ìèãî ®¯�á−®áâì ¢ ãé¥à¡¥ ®â á¡®-
¥¢. �à¨¢¥¤¥¬ ¯à¨¬¥àë ¬¥å�−¨§¬®¢ à�á¯à®áâà�−¥−¨ï á¡®¥¢ ¨ ¢®§¬®¦−®áâ¥© ¨å
¢ëï¢«¥−¨ï á ¯®¬®éìî ¦�«®¡.

�à¨¬¥à 2. Š®à®âª�ï æ¥¯®çª� à�á¯à®áâà�−¥−¨ï á¡®ï.
�ãáâì ¢ ¯à¨¬¥à¥ 1 á¡®© ¯à®¨§®è¥« ¢ ®¡ê¥ªâ¥ o2, −® ¤«ï ®â¢¥â� ®¡ê¥ªâã o1

®¡ê¥ªâ o2 ¤®«¦¥− ¡ë« ®¡à�â¨âìáï ª ®¡ê¥ªâã o5, ª®â®àë© á«ã¦¨â ¡�§®© ¤�−−ëå
−¥®¡å®¤¨¬®© ¤«ï ®â¢¥â� ¨−ä®à¬�æ¨¨. ‚®§¬®¦−ë ¤¢� ¢�à¨�−â� ¤�«ì−¥©è¥£®
à�§¢¨â¨ï á¨âã�æ¨¨.

‚ ¯¥à¢®¬ á«ãç�¥ á¢®©áâ¢® ¨§ p∗∗, ¯®ï¢¨¢è¥¥áï ¢ o2, −¥ ¬®¦¥â ®à£�−¨§®¢�âì
§�¯à®á ¢ ¡�§ã ¤�−−ëå ®¡ê¥ªâ� o5. ‚ íâ®¬ á«ãç�¥ ¡�§� ¤�−−ëå −¥ ¡ã¤¥â ¯®-
¢à¥¦¤¥−� ¨ ¯à®¤®«¦¨â à�¡®â�âì ¤«ï ®¡á«ã¦¨¢�−¨ï §�¯à®á®¢ ¤àã£¨å ®¡ê¥ªâ®¢.
�¥à¢®¯à¨ç¨−� á¡®ï ¢ íâ®¬ á«ãç�¥ ¯®ªàë¢�¥âáï ®¡ê¥ªâ®¬ o2∪o3, çâ® áà�§ã á«¥¤ã¥â
¨§ −¥áª®«ìª¨å ¦�«®¡ −� −¥¤®áâã¯−®áâì á¥à¢¨á� ¢ o2.

‚® ¢â®à®¬ á«ãç�¥ ®¡ê¥ªâ o2 ¨¬¥¥â ¢®§¬®¦−®áâì ¯¥à¥¤�âì á¡®© ®¡ê¥ªâã o5,
ª®â®àë© ã¦¥ −¥ ¬®¦¥â ®¡á«ã¦¨¢�âì ¤àã£¨¥ á¥à¢¨áë. ’�ª�ï á¨âã�æ¨ï ¬®¦¥â
¢®§−¨ª−ãâì, −�¯à¨¬¥à, ¥á«¨ ¨−ä®à¬�æ¨ï ®â o2 ¡«®ª¨àã¥â ¢¢®¤ ¤�−−ëå ¤«ï
®¡à�é¥−¨ï ¤àã£¨å ¯®«ì§®¢�â¥«¥©. ‚®§¬®¦−�ï à¥�ªæ¨ï ¡ã¤¥â ¢ëà�¦�âìáï ¢ â®¬,
çâ® ¤àã£¨¥ ®¡ê¥ªâë ¢®á¯à¨¬ãâ §�¤¥à¦ªã ª�ª §�−ïâ®áâì ¢å®¤−®£® ¨−â¥àä¥©á�.
’®£¤� ç�áâì á¨áâ¥¬ë ¡ã¤¥â ¡«®ª¨à®¢�−� ®¦¨¤�−¨¥¬ ¢ ®ç¥à¥¤¨. �à¨ ¬−®¦¥áâ¢¥
¦�«®¡ −� á¥à¢¨á o2 ¨ o4 ¯¥à¢®¯à¨ç¨−� á¡®ï ¡ã¤¥â ¯®ªàëâ� ®¡ê¥ªâ®¬ o2 ∪ o4.
�à¨¬¥à 3. Œ�áá®¢ë© ¢ë¢®¤ ¨§ áâà®ï á¥à¢¨á®¢ ¢ á¨áâ¥¬¥ á ¯®¬®éìî ¢à¥¤®−®á−®£®
ª®¤�.

‘ç¨â�¥âáï, çâ® ¡®â-á¥â¨ ¯à¥¤−�§−�ç¥−ë ¤«ï DDoS-�â�ª −� ®â¤¥«ì−ë¥ ª®¬¯ìî-
â¥àë ¨«¨ ¤«ï à�á¯à®áâà�−¥−¨ï à¥ª«�¬ë. �¤−�ª® ¡®â-á¥â¨ ¬®¦−® ¨á¯®«ì§®¢�âì
¤«ï −�àãè¥−¨ï à�¡®âë ¬−®¦¥áâ¢� à�§«¨ç−ëå á¥à¢¨á®¢. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥ ¡®â
¬®¦¥â ¤®¡�¢«ïâì ¢ ¯�à®«¨ ¨ ª®−âà®«ì−ë¥ ª®¤ë ¤®¯®«−¨â¥«ì−ë¥ §−�ª¨, ª®â®àë¥
−¥ ¯®§¢®«ïâ ®¡à�é�âìáï ª «î¡ë¬ á¥à¢¨á�¬, âà¥¡ãîé¨¬ �ãâ¥−â¨ä¨ª�æ¨¨ [10].
�â®â ä�ªâ ¢ëï¢«ï¥âáï ¯®â®ª®¬ ¦�«®¡. �à¨ íâ®¬ á®åà�−ï¥âáï à�¡®â®á¯®á®¡−®áâì
¤«ï ¤àã£¨å §�¤�ç, â. ¥. ç¨áâë© ®â ¡®â� ®¡ê¥ªâ o5 ¯®«ãç¨â ¤®áâã¯ ª á¥à¢¨áã.
‘«¥¤®¢�â¥«ì−®, ¯¥à¢®¯à¨ç¨−� ªà®¥âáï ¢ §�à�¦¥−−®áâ¨ ¤àã£¨å ª®¬¯ìîâ¥à®¢.
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�−�«¨§ á¡®¥¢ ¯® ª®á¢¥−−ë¬ ¯à¨§−�ª�¬

�à¨¬¥à 4. ‚¨àãá−�ï �â�ª� ¤«ï à�á¯à®áâà�−¥−¨ï á¡®ï.
�à¥¤¯®«®¦¨¬, çâ® ®¡ê¥ªâ o1 á¬®£ §�à�§¨âì ®¡ê¥ªâ o2 ¢¨àãá®¬, ¢ë¯®«−ï-

îé¨¬ á«¥¤ãîé¨¥ äã−ªæ¨¨. ‘¥à¢¨á o2 ¬®¦¥â §�à�¦�âì ¯®«ãç¥−−ë¬ ¢¨àãá®¬
®¡ê¥ªâë, ª®â®àë¥ ª −¥¬ã ®¡à�é�îâáï §� á¥à¢¨á®¬. ‚ á¢®î ®ç¥à¥¤ì, íâ¨ ®¡ê¥ªâë
¬®£ãâ §�à�§¨âì ¢¨àãá®¬ ¤àã£¨¥ ®¡ê¥ªâë, ¯à¥¤®áâ�¢«ïîé¨¥ ¤àã£¨¥ á¥à¢¨áë, â. ¥.
¢®§¬®¦−® à�á¯à®áâà�−¥−¨¥ ¢¨àãá� ¯® ®¡ê¥ªâ�¬, ¯à¥¤®áâ�¢«ïîé¨¬ á¥à¢¨áë [11].
„�«¥¥ ¢®§¬®¦−ë ¢�à¨�æ¨¨, ª®£¤� ®ç¥à¥¤−®¥ §�à�¦¥−¨¥ ¯à¨å®¤¨â −� §�à�¦¥−−ãî
¬�è¨−ã. ��¯à¨¬¥à, ¯à®¨áå®¤¨â ¨áª�¦¥−¨¥ ¯�à®«ï ¯à¨ ®¡à�é¥−¨¨ §� á¥à¢¨á®¬.
’�ª¨¬ ®¡à�§®¬ ¢®§−¨ª�¥â ¬¥å�−¨§¬ ¯®áâ¥¯¥−−®£® ¯®à�¦¥−¨ï á¨áâ¥¬ë, ¯à¨ç¥¬
¯à¨ á®åà�−¥−¨¨ à�¡®â®á¯®á®¡−®áâ¨ ª�¦¤®£® ®â¤¥«ì−®£® ª®¬¯ìîâ¥à�. …á«¨ ¯à¨-
áãâáâ¢¨¥ ¢¨àãá� á®åà�−ï¥âáï ¯à¨ ¯¥à¥§�£àã§ª¥, â® á¨áâ¥¬� ®ª�§ë¢�¥âáï ¯®«−®áâìî
¯®à�¦¥−−®© [12]. ‚ íâ®¬ á«ãç�¥ ¯®¨áª ¯¥à¢®¯à¨ç¨−ë −¥ ¯®§¢®«¨â ¢®ááâ�−®¢¨âì
à�¡®â®á¯®á®¡−®áâì á¨áâ¥¬ë.

�®¨áª ¯¥à¢®¯à¨ç¨−ë −¥ á¢ï§�− á ¬−®¦¥áâ¢®¬ ¦�«®¡. �¤−�ª® à�§¢¨â¨¥ ¯à®-
æ¥áá� ¯®à�¦¥−¨ï á ¯®¬®éìî ¦�«®¡ ¬®¦¥â ¤�âì ¨−ä®à¬�æ¨î ® ¯®á«¥¤®¢�â¥«ì−®áâ¨
¯®à�¦¥−¨© [7].

�à¨¬¥à 5. ÷�á¯à®áâà�−¥−¨¥ á¡®ï á ¯®¬®éìî ®ç¥à¥¤¥©.
‚ à�¡®â¥ [13] ®¯¨á�− ¯à¨¬¥à ¯®«−®£® á¡®ï ®¡«�ç−®© á¨áâ¥¬ë −� ¯«�âä®à¬¥

Open Stack. ‚ ®á−®¢¥ ¯®«−®£® ¢ëå®¤� ¨§ áâà®ï ®¡«�ª�, ª®£¤� ¢á¥ ¯®ª�§�â¥«¨ ¢ë-
¯®«−¥−¨ï äã−ªæ¨© ¯®¬¥ç¥−ë á¨¬¢®«®¬ ú®è¨¡ª�û, «¥¦�«® ¨§¬¥−¥−¨¥ −�áâà®©ª¨
®¤−®© ã¯à�¢«ïîé¥© ¯à®£à�¬¬ë, ª®â®à�ï á®§¤�«� ®ç¥à¥¤ì ¢ á¨áâ¥¬¥ ª®¬¬ãâ�æ¨¨
á®®¡é¥−¨©. �®áª®«ìªã ¯à®£à�¬¬� ¤®«¦−� ®¡á«ã¦¨¢�âì ¢á¥ ¯®â®ª¨, â® ®ç¥à¥¤ì
−�ç�«� ¡ëáâà® à�§à�áâ�âìáï, á®§¤�¢�ï ¯à®¨§¢®¤−ë¥ ®ç¥à¥¤¨ −� ¤àã£¨å ã§«�å. ÷¥-
§ã«ìâ�â −®á¨« â®â�«ì−ë© å�à�ªâ¥à, ¯à¨ç¥¬ ¯®¨áª¨ ¯¥à¢®¯à¨ç¨−ë §�−ï«¨ ¬−®£®
¢à¥¬¥−¨, −¥á¬®âàï −� ¢ëá®ª¨© ãà®¢¥−ì á¯¥æ¨�«¨áâ®¢.

‚ à�áá¬®âà¥−−®¬ ¯à¨¬¥à¥ ¦�«®¡ã ä®à¬�«ì−® ¬®£ ¡ë ¯®á«�âì «î¡®© ¯®«ì§®-
¢�â¥«ì, −® ®−� −¥ á¬®£«� ¡ë ¯®¬®çì ¢ ¢®ááâ�−®¢«¥−¨¨ á¨áâ¥¬ë. �¤−�ª® â®â�«ì−®¥
®âª«îç¥−¨¥ á¨áâ¥¬ë ¨áª«îç�¥â áãé¥áâ¢®¢�−¨¥ ¦�«®¡, −® ¯®à®¦¤�¥â ¦�«®¡ë
®â ¢−¥è−¨å ¯® ®â−®è¥−¨î ª á¨áâ¥¬¥ ®¡ê¥ªâ®¢, ª®â®àë¥ ¯ëâ�îâáï ®¡à�â¨âìáï
ª á¨áâ¥¬¥ ¨§ ¤àã£¨å ¨−ä®à¬�æ¨®−−ëå ¯à®áâà�−áâ¢ [14].

5 Заключение

�á−®¢−�ï ¨¤¥ï ¯®áâà®¥−−®© ¬®¤¥«¨ á®áâ®¨â ¢ ¢®§¬®¦−®áâ¨ �¢â®¬�â¨ç¥áª®£®
�−�«¨§� ¯®áâã¯�îé¨å á¨£−�«®¢ ¨ ¦�«®¡ ® á¡®ïå á¥à¢¨á®¢. ÷�§ã¬¥¥âáï, íâ� ¬®¤¥«ì
¤®«¦−� ¡ëâì ¤®¯®«−¥−� ¬®¤¥«ìî −®à¬�«¨§�æ¨¨ ¦�«®¡ ¨ á¨£−�«®¢, â. ¥. ¤®«¦-
−� áãé¥áâ¢®¢�âì á¨áâ¥¬� ¯à¨¢¥¤¥−¨ï â�ª®© ¨−ä®à¬�æ¨¨ ª ¥¤¨−®¬ã ï§ëªã ¤«ï
¢å®¤−®© ¨−ä®à¬�æ¨¨. ‚ á¨«ã äã−ªæ¨®−�«ì−®© ®£à�−¨ç¥−−®áâ¨ ®¡áã¦¤�¥¬ëå
á¥à¢¨á®¢ ¨ �àå¨â¥ªâãà â�ª¨¥ à¥è¥−¨ï ã¦¥ áãé¥áâ¢ãîâ −� ¯à�ªâ¨ª¥ ¢ IBM [15],
¢ ‘¡¥à¡�−ª¥ [16] ¨ ¢ Ÿ−¤¥ªá¥ [17].

Œ®¤¥«ì, ¯à¥¤áâ�¢«¥−−�ï ¢ à�§¤. 2, ¬®¦¥â à�§¢¨¢�âìáï ¨ ¬�áèâ�¡¨à®¢�âìáï.
Šà®¬¥ â®£®, íâ� ¬®¤¥«ì ¬®¦¥â ¡ëâì à�á¯à®áâà�−¥−� −� ¡®«¥¥ á«®¦−ë¥ ¨ ¯à�ªâ¨-
ç¥áª¨ §−�ç¨¬ë¥ á«ãç�¨.
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

’�ª¦¥ ¢ áâ�âì¥ à�áá¬®âà¥−ë ¢�à¨�−âë à�á¯à®áâà�−¥−¨ï á¡®¥¢. ‘�¬ë¬ ®¯�á-
−ë¬ áç¨â�¥âáï á«ãç�© ª�áª�¤−®£® à�á¯à®áâà�−¥−¨ï á¡®ï. �â®â á«ãç�© ¯à®áâ®
¢ëï¢«ï¥âáï á ¯®¬®éìî ¯®â®ª� ¦�«®¡ ¯à¨¬¥à� 5, −® ¢ëï¢«¥−¨¥ ¯¥à¢®¯à¨ç¨−ë
á ¯®¬®éìî ¬−®¦¥áâ¢� ¦�«®¡ ¯à¥¤áâ�¢«ï¥âáï ¬�«®¢¥à®ïâ−ë¬.
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ANALYSIS OF FAILURES BY INDIRECT FEATURES

A. A. Grusho1, N. A. Grusho1, M. I. Zabezhailo1, D. V. Smirnov2, E. E. Timonina1,
and S. Ya. Shorgin1

1Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation
2Sberbank of Russia, 19 Vavilov Str., Moscow 117999, Russian Federation

Abstract: Information about the unavailability or incorrect operation of the
service for the user, which is received in the form of a message or complaint to the
center for collecting such information, is called an indirect feature of a failure.
Such information is generated by users of services that are not to have the aim
in participating in studying the causes and eliminating the failure in the service.
The tasks of analyzing failures in large distributed information infrastructures
by indirect features are relevant, since additional objective sources are involved
in monitoring the infrastructure | users of services. The article builds a formal
graph model of the information infrastructure (hereinafter, the system), which
allows one to reflect information about the appearance of failures, taking into
account their localization in the system, depending on the information content
of indirect features. The conditions were found to detect the root cause of the
failure at various levels of the hierarchical description of the system that means
the identification of the aggregated object in which the root cause of the failure
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is located. The examples of propagation of failures and the usage of indirect
features to analyze system malfunction during fault propagation are given.

Keywords: failures; analysis of failures by indirect features; cause and effect
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НА СТАТИСТИЧЕСКИЕ ХАРАКТЕРИСТИКИ ИСХОДНЫХ

ДАННЫХ∗

В. Н. Гридин1, Б. Р. Салем2, Д. С. Смирнов3, В. И. Солодовников4

�−−®â�æ¨ï: ˆá¯®«ì§®¢�−¨¥ ¤¨ää¥à¥−æ¨�«ì−®© ¯à¨¢�â−®áâ¨ („�) ¯à¥¤¯®-
«�£�¥â ¤®¡�¢«¥−¨¥ ª®−âà®«¨àã¥¬®£® èã¬� ¢ ¨áå®¤−ë¥ ¤�−−ë¥ ¨«¨ à¥§ã«ìâ�âë
¢ëç¨á«¥−¨©, çâ® ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì −�¤¥¦−®¥ ¨ ¤®ª�§ã¥¬®¥ á®åà�−¥−¨¥
ª®−ä¨¤¥−æ¨�«ì−®áâ¨, −® á¯®á®¡−® §�¬¥â−® áª�§�âìáï −� áâ�â¨áâ¨ç¥áª¨å á¢®©-
áâ¢�å −�¡®à®¢ ¤�−−ëå, ¯®â¥−æ¨�«ì−® ¢«¨ïï −� ¨å ¯®á«¥¤ãîé¨© �−�«¨§. ’�ª�ï
®á®¡¥−−®áâì ¢ë−ã¦¤�¥â ¨áª�âì ¡�«�−á ¬¥¦¤ã ¯à¨¢�â−®áâìî ¨ ¯®«¥§−®áâìî.
�à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï ¢«¨ï−¨ï ¬¥å�−¨§¬� ‹�¯«�á�, ®¡¥á-
¯¥ç¨¢�îé¥£® „�, −� à�§«¨ç−ë¥ à�á¯à¥¤¥«¥−¨ï ¤�−−ëå ¨ ¨å áâ�â¨áâ¨ç¥áª¨¥
á¢®©áâ¢�. ‚ à�¬ª�å âà¥å íªá¯¥à¨¬¥−â®¢ ¨§ãç¥−ë ®á®¡¥−−®áâ¨ ¨§¬¥−¥−¨ï àï¤�
à�á¯à¥¤¥«¥−¨© ¯à¨ ¯à¨¬¥−¥−¨¨ ¬¥å�−¨§¬� ‹�¯«�á� á à�§«¨ç−ë¬¨ §−�ç¥−¨ï¬¨
¡î¤¦¥â� ¯à¨¢�â−®áâ¨ (í¯á¨«®−), ¯à®¢¥¤¥−® áà�¢−¥−¨¥ ª«�áá¨ç¥áª®£® ¬¥å�−¨§-
¬� ‹�¯«�á� á ¥£® à�áè¨à¥−¨ï¬¨ ¢ ª®−â¥ªáâ¥ ¨å íää¥ªâ¨¢−®áâ¨ ¨ à�áá¬®âà¥−®
¢«¨ï−¨¥ −� à�§«¨ç−ë¥ ãà®¢−¨ ª®àà¥«ïæ¨¨ ¯à¨§−�ª®¢ ¢ ¨áå®¤−ëå ¤�−−ëå.
÷¥§ã«ìâ�âë ¯®¤ç¥àª¨¢�îâ ª®¬¯à®¬¨ááë ¬¥¦¤ã ¯à¨¢�â−®áâìî ¨ ¯®«¥§−®áâìî
¤�−−ëå, � â�ª¦¥ ¯à¥¤®áâ�¢«ïîâ à¥ª®¬¥−¤�æ¨¨ ¯® ¢ë¡®àã ¯®¤å®¤ïé¨å „�-
¬¥å�−¨§¬®¢ ¤«ï à�§«¨ç−ëå áæ¥−�à¨¥¢.

Š«îç¥¢ë¥ á«®¢�: ¤¨ää¥à¥−æ¨�«ì−�ï ¯à¨¢�â−®áâì; ¬¥å�−¨§¬ ‹�¯«�á�; ¨−-
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ä¨¤¥−æ¨�«ì−®áâì; á®ªàëâ¨¥ ¤�−−ëå

DOI: 10.14357/08696527250104 EDN: HOXOPY

1 Введение

‚ í¯®åã ¡®«ìè¨å ¤�−−ëå á¡®à ¨ �−�«¨§ ¬�áá¨¢®¢ ¨−ä®à¬�æ¨¨ áâ�«¨ ¯®-
¢á¥¬¥áâ−ë¬¨. �¥á¬®âàï −� �−�«¨â¨ç¥áªãî æ¥−−®áâì, ¬−®£¨¥ −�¡®àë ¤�−−ëå
á®¤¥à¦�â âà¥¡ãîéãî §�é¨âë ª®−ä¨¤¥−æ¨�«ì−ãî ¨−ä®à¬�æ¨î ®¡ ®â¤¥«ì−ëå
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à¥§ã«ìâ�âë ¢ëç¨á«¥−¨© ¨ â¥¬ á�¬ë¬ £�à�−â¨à®¢�âì, çâ® −�«¨ç¨¥ «¨¡® ®âáãâáâ¢¨¥
®â¤¥«ì−®© §�¯¨á¨ −¥ ¯à¨¢¥¤¥â ª áãé¥áâ¢¥−−®¬ã ¨§¬¥−¥−¨î ¢ë¢®¤®¢. �¥á¬®âàï −�
§�é¨âã ¯à¨¢�â−®áâ¨, ¢¢¥¤¥−¨¥ èã¬� ¬®¦¥â §�¬¥â−® áª�§ë¢�âìáï −� áâ�â¨áâ¨ç¥-
áª¨å á¢®©áâ¢�å −�¡®à®¢ ¤�−−ëå, ¯®â¥−æ¨�«ì−® ¢«¨ïï −� ¨å ¯®á«¥¤ãîé¨© �−�«¨§,
çâ® ¢ë−ã¦¤�¥â ¨áá«¥¤®¢�â¥«¥© ¨áª�âì ¡�«�−á ¬¥¦¤ã ¯à¨¢�â−®áâìî ¨ ¯®«¥§−®áâìî.
�â®â ¡�«�−á −¥à¥¤ª® ®¯¨áë¢�¥âáï ¯®−ïâ¨¥¬ ú¡î¤¦¥â ¯à¨¢�â−®áâ¨û ε.

�à¥¤áâ�¢«¥−−ë¥ ¢ à�¡®â¥ à¥§ã«ìâ�âë ¤®¯®«−ïîâ áãé¥áâ¢ãîé¨¥ ¨áá«¥¤®¢�-
−¨ï ¯ãâ¥¬ ¯®á«¥¤®¢�â¥«ì−®£® á®¯®áâ�¢«¥−¨ï âà¥å ¬¥å�−¨§¬®¢ ‹�¯«�á� (ª«�áá¨-
ç¥áª®£®, ãá¥ç¥−−®£® ¨ ®£à�−¨ç¥−−®£®) −� è¥áâ¨ ª«îç¥¢ëå â¨¯�å à�á¯à¥¤¥«¥−¨©,
¢ª«îç�ï à�¢−®¬¥à−®¥, −®à¬�«ì−®¥, ‘âìî¤¥−â�, å¨-ª¢�¤à�â, íªá¯®−¥−æ¨�«ì−®¥
¨ ‹�¯«�á�. …¤¨−®®¡à�§¨¥ íªá¯¥à¨¬¥−â®¢ ®âà�¦�¥âáï ¢ ®¤¨−�ª®¢®¬ à�§¬¥à¥ ¢ë-
¡®àª¨, ¥¤¨−®© ¬¥âà¨ª¥ ¨ ¥¤¨−ëå ªà¨â¥à¨ïå. ’�ª®© ¯®¤å®¤ ¤�¥â á¨áâ¥¬�â¨ç¥áª®¥
¯à¥¤áâ�¢«¥−¨¥ ®¡ ¨áª�¦¥−¨ïå, ¢®§−¨ª�îé¨å ¯à¨ ¤®¡�¢«¥−¨¨ èã¬�, ¢ â®¬ ç¨á«¥
® á¬¥é¥−¨ïå áà¥¤−¥£®, à®áâ¥ ¨«¨ ¯�¤¥−¨¨ ¤¨á¯¥àá¨¨ ¨ ¨§¬¥−¥−¨¨ ä®à¬ë à�á¯à¥-
¤¥«¥−¨ï, � â�ª¦¥ ¢«¨ï−¨¥ −� ª®àà¥«ïæ¨®−−ë¥ á¢®©áâ¢� �âà¨¡ãâ®¢ ¢ë¡®àª¨.

’�ª¨¬ ®¡à�§®¬, ®á−®¢−®© ¢ª«�¤ ¤�−−®© à�¡®âë | á¨áâ¥¬�â¨ç¥áª�ï íªá¯¥à¨-
¬¥−â�«ì−�ï ®æ¥−ª� ¬¥å�−¨§¬®¢ ‹�¯«�á� −� à�§«¨ç−ëå á¨−â¥â¨ç¥áª¨å ¤�−−ëå,
¢ª«îç�îé�ï:

{ �−�«¨§ ¢«¨ï−¨ï ¡î¤¦¥â� ¯à¨¢�â−®áâ¨ (ε) −� á®åà�−¥−¨¥ áâ�â¨áâ¨ç¥áª¨å
á¢®©áâ¢ ¤«ï à�§«¨ç−ëå à�á¯à¥¤¥«¥−¨©;

{ áà�¢−¥−¨¥ íää¥ªâ¨¢−®áâ¨ ª«�áá¨ç¥áª®£® ¬¥å�−¨§¬� ‹�¯«�á� á ¥£® à�áè¨-
à¥−¨ï¬¨ (ãá¥ç¥−−ë¬ ¨ ®£à�−¨ç¥−−ë¬ ¬¥å�−¨§¬�¬¨ ‹�¯«�á�) ¢ ®â−®è¥−¨¨
¯®«¥§−®áâ¨ ¤�−−ëå;

{ ¨áá«¥¤®¢�−¨¥ ¢«¨ï−¨¥ ¬¥å�−¨§¬� ‹�¯«�á� −� ª®àà¥«ïæ¨î ¬¥¦¤ã ¯¥à¥¬¥−-
−ë¬¨.

2 Дифференциальная приватность и текущее состояние исследований

„¨ää¥à¥−æ¨�«ì−�ï ¯à¨¢�â−®áâì ¡ë«� ¯à¥¤«®¦¥−� ¨ à�áá¬�âà¨¢�¥âáï ª�ª
¯¥àá¯¥ªâ¨¢−ë© ¬¥â®¤ á®åà�−¥−¨ï ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ¨ ¥¥ ª®«¨ç¥áâ¢¥−−®© ®æ¥−-
ª¨. �−� ¬®¦¥â ®¡¥á¯¥ç¨âì −�¤¥¦−®¥ ¨ ¤®ª�§ã¥¬®¥ á®åà�−¥−¨¥ ª®−ä¨¤¥−æ¨�«ì-
−®áâ¨, çâ® ®âà�¦�¥âáï ¢ âà¥å �á¯¥ªâ�å:

(1) ®¡¥á¯¥ç¥−¨¨ áâà®£®£® ¨ −�áâà�¨¢�¥¬®£® ãà®¢−ï á®åà�−¥−¨ï ª®−ä¨¤¥−æ¨-
�«ì−®áâ¨, ¯®áª®«ìªã ¤®¡�¢«¥−¨¥ ¨«¨ ã¤�«¥−¨¥ «î¡®© §�¯¨á¨ −¥ ¢«¨ï¥â −�
à¥§ã«ìâ�âë;

(2) §�é¨â¥ ®â ¬®¤¥«¨ �â�ª¨, ¯®áª®«ìªã ®−� −¥ §�¢¨á¨â ®â §−�−¨ï â®£®, ª�ª¨¬¨
¡�§®¢ë¬¨ §−�−¨ï¬¨ ®¡«�¤�¥â §«®ã¬ëè«¥−−¨ª;

(3) ®¡«�¤�−¨¨ ¯®«−ë¬¨ ¨ ¤®ª�§ã¥¬ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ â¥®à¥â¨ç¥áª¨¬¨ ®á−®-
¢�¬¨.

�® áà�¢−¥−¨î á â�ª¨¬¨ ¬¥â®¤�¬¨ ®¡¥§«¨ç¨¢�−¨ï ¤�−−ëå, ª�ª k-�−®−¨¬−®áâì,
l-à�§−®®¡à�§¨¥ ¨ t-¡«¨§®áâì, ª®â®àë¥ âà¥¡ãîâ ¯à¥¤¯®«®¦¥−¨© ® ª®−ªà¥â−ëå
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ˆáá«¥¤®¢�−¨¥ ¢«¨ï−¨ï ¬¥å�−¨§¬� ‹�¯«�á� −� áâ�â¨áâ¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¤�−−ëå

�â�ª�å ¨ ¡�§®¢ëå §−�−¨©, „� áâ�−®¢¨âáï ¢á¥ ¡®«¥¥ ¯®¯ã«ïà−®© ¢ â¥®à¥â¨ç¥áª®©
¨ ¯à�ªâ¨ç¥áª®© áä¥à�å.

‘â�−¤�àâ−®¥ ®¯à¥¤¥«¥−¨¥ „� ãáâ�−�¢«¨¢�¥â ¬ã«ìâ¨¯«¨ª�â¨¢−ãî ¢¥àå−îî
£à�−¨æã ¨§¬¥−¥−¨ï ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨ï ¢ −�¨åã¤è¥¬ á«ãç�¥. �¥ä®à¬�«ì−®
â�ª®© ¯®¤å®¤ ª ®¡¥§«¨ç¨¢�−¨î ®£à�−¨ç¨¢�¥â á¤¢¨£ ¢ à�á¯à¥¤¥«¥−¨¨ ¢ëå®¤−ëå
¤�−−ëå à�−¤®¬¨§¨à®¢�−−®£® �«£®à¨â¬�, ª®â®àë© ¬®¦¥â ¡ëâì ¢ë§¢�− −¥¡®«ìè¨¬
¨§¬¥−¥−¨¥¬ ¢å®¤−ëå §−�ç¥−¨©.

’�ª¨¬ ®¡à�§®¬, „� á«ã¦¨â ãá«®¢¨¥¬ ¬¥å�−¨§¬� ¯à¥¤®áâ�¢«¥−¨ï ¤®¢¥à¥−−®©
áâ®à®−®© ¨−ä®à¬�æ¨¨ ® −�¡®à¥ ¤�−−ëå, � −¥ á�¬®£® −�¡®à� ¤�−−ëå. ˆ−âã¨â¨¢−®
á®®¡à�¦¥−¨¥ §�ª«îç�¥âáï ¢ â®¬, çâ® ¤«ï «î¡ëå ¤¢ãå áå®¦¨å −�¡®à®¢ ¤�−−ëå „�-
�«£®à¨â¬ ¡ã¤¥â ¢¥áâ¨ á¥¡ï ¯à�ªâ¨ç¥áª¨ ®¤¨−�ª®¢®. �¯à¥¤¥«¥−¨¥ ¤�¥â −�¤¥¦−ãî
£�à�−â¨î â®£®, çâ® ¯à¨áãâáâ¢¨¥ ¨«¨ ®âáãâáâ¢¨¥ ¯à¨¢�â−ëå ¤�−−ëå ª®−ªà¥â−®£®
ç¥«®¢¥ª� −¥ ®ª�¦¥â áãé¥áâ¢¥−−®£® ¢«¨ï−¨ï −� ª®−¥ç−ë© à¥§ã«ìâ�â �«£®à¨â¬�.

„¨ää¥à¥−æ¨�«ì−�ï ¯à¨¢�â−®áâì ¡ë«� ä®à¬�«¨§®¢�−� „¢®àª [3] ¨ á â¥å ¯®à
áâ�«� ªà�¥ã£®«ì−ë¬ ª�¬−¥¬ ¢ �−�«¨§¥ ¯à¨¢�â−ëå ¤�−−ëå. Œ−®£®ç¨á«¥−−ë¥
¨áá«¥¤®¢�−¨ï ¨§ãç�«¨ à�§à�¡®âªã „�-¬¥å�−¨§¬®¢ ¨ ¨å ¯à¨¬¥−¥−¨¥. �¤−�ª®
¬¥−ìè¥ ¢−¨¬�−¨ï ã¤¥«ï«®áì ¯®−¨¬�−¨î â®£®, ª�ª íâ¨ ¬¥å�−¨§¬ë ¢«¨ïîâ −�
¡�§®¢ë¥ áâ�â¨áâ¨ç¥áª¨¥ á¢®©áâ¢� ¤�−−ëå.

‚ ®¤−®¬ ¨§ ¨áá«¥¤®¢�−¨© [4] ¡ë« ¯à®¢¥¤¥− �−�«¨§ áâ�â¨áâ¨ç¥áª¨å ¯®á«¥¤áâ¢¨©
„� á �ªæ¥−â®¬ −� â®, çâ® ¤®¡�¢«¥−¨¥ èã¬� ¬®¦¥â §−�ç¨â¥«ì−® ¯®¢«¨ïâì −� áâ�â¨-
áâ¨ç¥áª¨¥ ®æ¥−ª¨. �¥à¥¤ª® ¢ áâ�âìïå (á¬., −�¯à¨¬¥à, [5]) ¨§ãç�îâ ª®¬¯à®¬¨ááë
¬¥¦¤ã ¯à¨¢�â−®áâìî ¨ ¯®«¥§−®áâìî, ¯®¤ç¥àª¨¢�ï ¢�¦−®áâì ¢ë¡®à� ¬¥å�−¨§¬�.
Šà®¬¥ â®£®, ¢ [6] ¡ë«® ¯à®�−�«¨§¨à®¢�−® ¢«¨ï−¨¥ „� −� ¬®¤¥«¨ ¬�è¨−−®£®
®¡ãç¥−¨ï ¨ ®â¬¥ç¥−® ãåã¤è¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¬®¤¥«¥© ¯à¨ ãá¨«¥−¨¨
®£à�−¨ç¥−¨© ¯à¨¢�â−®áâ¨.

Œ¥å�−¨§¬ ‹�¯«�á� áç¨â�¥âáï ®¤−¨¬ ¨§ −�¨¡®«¥¥ è¨à®ª® ¯à¨¬¥−ï¥¬ëå ¨−-
áâàã¬¥−â®¢ „� ¡«�£®¤�àï á¢®¥© ª®−æ¥¯âã�«ì−®© ¯à®áâ®â¥ ¨ ïá−ë¬ â¥®à¥â¨ç¥áª¨¬
£�à�−â¨ï¬ [7, 8]. �� ¥£® ®á−®¢¥ ¡ë«¨ ¯à¥¤«®¦¥−ë à�§«¨ç−ë¥ à�áè¨à¥−¨ï, ¢ â®¬
ç¨á«¥ ãá¥ç¥−−ë© [9], ®£à�−¨ç¥−−ë© [10] ¨ £¨¡à¨¤−ë¥ ¢�à¨�−âë, ¯®§¢®«ïîé¨¥
ãç¨âë¢�âì ®á®¡¥−−®áâ¨ à�á¯à¥¤¥«¥−¨ï ¤�−−ëå. ‘ãé¥áâ¢ãîâ ¨ ¨−ë¥ ¬¥å�−¨§¬ë,
−�¯à¨¬¥à ¬¥å�−¨§¬ −� ®á−®¢¥ £�¬¬�-à�á¯à¥¤¥«¥−¨© [11] ¨«¨ ª®¬¡¨−¨à®¢�−-
−ë© [12], −® ¨å ¨á¯®«ì§®¢�−¨¥ ¯à¥¤¯®«�£�¥â ãç¥â ¤®¯®«−¨â¥«ì−ëå ¯�à�¬¥âà®¢
(−�¯à¨¬¥à, δ) ¨ ¨−®£¤� ®ª�§ë¢�¥âáï á«®¦−¥¥ ¢ à¥�«¨§�æ¨¨ [13, 14]. ÷�−−¨¥ ¬¥â®¤ë
ä®ªãá¨à®¢�«¨áì −� ¨§¡¨à�â¥«ì−®¬ ¤®¡�¢«¥−¨¨ èã¬� («�¯«�á®¢áª®¬ [2], £�ãáá®¢-
áª®¬ [15] ¨ ¤à.), −® §� ¯®á«¥¤−¨¥ −¥áª®«ìª® «¥â ¯®ï¢¨«¨áì à�¡®âë, ¯à¨æ¥«ì−®
�−�«¨§¨àãîé¨¥ ã«ãçè¥−−ë¥ ¨ £¨¡à¨¤−ë¥ ¬¥å�−¨§¬ë. ��¯à¨¬¥à, ¢ [12] ¯à¨¢®-
¤¨âáï ¯®¤å®¤ ª ®¡ê¥¤¨−¥−¨î èã¬� ‹�¯«�á� ¨ ƒ�ãáá�, � ¢ [16] à�áá¬�âà¨¢�îâáï
¬¥å�−¨§¬ë, �¤�¯â¨àãîé¨¥áï ª ¨−¤¨¢¨¤ã�«ì−ë¬ ®á®¡¥−−®áâï¬ ¤�−−ëå. �à¨
íâ®¬ ¯®¤®¡−ë¥ ¨áá«¥¤®¢�−¨ï [17,18] §�ç�áâãî á®áà¥¤®â®ç¥−ë «¨¡® −� â¥®à¥â¨ç¥-
áª¨å ®æ¥−ª�å ®è¨¡®ª ¨ ¤®ª�§�â¥«ìáâ¢�å (ε, δ)-¯à¨¢�â−®áâ¨, «¨¡® −� ®â¤¥«ì−ëå
¬®¤¥«ïå, −¥ ¤�îé¨å æ¥«ì−®£® áà�¢−¨â¥«ì−®£® �−�«¨§� áà�§ã −¥áª®«ìª¨å ¬¥-
å�−¨§¬®¢ −� à�§«¨ç−ëå à�á¯à¥¤¥«¥−¨ïå. Œ−®£¨¥ �ªâã�«ì−ë¥ ¨áá«¥¤®¢�−¨ï,
¯®á¢ïé¥−−ë¥ £¨¡à¨¤−ë¬ ¬¥â®¤�¬, ¯®¤â¢¥à¦¤�îâ, çâ® −� ¯à�ªâ¨ª¥ ¢ë¡®à ¬¥¦¤ã
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ª«�áá¨ç¥áª¨¬ ¨ ¡®«¥¥ á«®¦−ë¬¨ ¬¥å�−¨§¬�¬¨ ¯®-¯à¥¦−¥¬ã á¢®¤¨âáï ª ª®¬¯à®-
¬¨ááã ¬¥¦¤ã ãà®¢−¥¬ ¯à¨¢�â−®áâ¨ ¨ ¯à¨¥¬«¥¬®© ¨áª�¦¥−−®áâìî ¤�−−ëå [19{21].
�® íâ®© ¯à¨ç¨−¥ ¤�−−�ï à�¡®â� á®áà¥¤®â®ç¥−� ¨¬¥−−® −� á¥¬¥©áâ¢¥ «�¯«�á®¢áª¨å
¬¥å�−¨§¬®¢, á®åà�−ïîé¨å ¢®áâà¥¡®¢�−−®áâì ¢ ¯à¨ª«�¤−ëå áæ¥−�à¨ïå [22,23].

‚ à�¡®â¥ [24] ¡ë«¨ ¨áá«¥¤®¢�−ë áâ�â¨áâ¨ç¥áª¨¥ á¢®©áâ¢� ®£à�−¨ç¥−−®£® ¨ ãá¥-
ç¥−−®£® ¬¥å�−¨§¬®¢ ‹�¯«�á�, −® ¡¥§ �−�«¨§� „� ®£à�−¨ç¥−−®£® ¬¥å�−¨§¬�
‹�¯«�á�. ‚ ¯®á«¥¤ãîé¥© à�¡®â¥ [15] ¯®ª�§�−®, çâ® ¤«ï ã¤®¢«¥â¢®à¥−¨ï „�
¢ ®£à�−¨ç¥−−®¬ ¬¥å�−¨§¬¥ ‹�¯«�á� âà¥¡ã¥âáï ã¤¢®¥−¨¥ ¤¨á¯¥àá¨¨ èã¬� (ε =
= 2ε′). ‚ ¨áá«¥¤®¢�−¨¨ [25], ¯®á¢ïé¥−−®¬ à¥£à¥áá¨®−−®¬ã �−�«¨§ã ¯à¨ „�,
�¢â®àë ¤®¡�¢«ï«¨ èã¬ (¨á¯®«ì§ãï ¬¥å�−¨§¬ ‹�¯«�á�) ª ª®íää¨æ¨¥−â�¬ æ¥«¥-
¢®© äã−ªæ¨¨, çâ®¡ë ®¡¥á¯¥ç¨âì „�. �¤−�ª® íâ® ¯à¨¢®¤¨«® ª −¥®£à�−¨ç¥−−®©
æ¥«¥¢®© äã−ªæ¨¨. ˆå ¯¥à¢ë¬ ¯®¤å®¤®¬ ¡ë«® ¬−®£®ªà�â−®¥ ¨á¯®«ì§®¢�−¨¥
„�-¬¥å�−¨§¬� ¤® ¯®«ãç¥−¨ï à¥è¥−¨ï §�¤�ç¨ ®¯â¨¬¨§�æ¨¨. �â®â ¯®¤å®¤ â�ª¦¥
ã¤¢�¨¢�« ¤¨á¯¥àá¨î èã¬� (ε = 2ε′). �¢â®àë â�ª¦¥ ¯à¥¤«®¦¨«¨ �«ìâ¥à−�â¨¢−ë©
¯®¤å®¤ ª á®åà�−¥−¨î ¡î¤¦¥â� ¯à¨¢�â−®áâ¨ −� ãà®¢−¥ ε. …é¥ ®¤−® ¨áá«¥¤®¢�−¨¥
−�¨¢−®£® ¡�©¥á®¢áª®£® ª«�áá¨ä¨ª�â®à� [26] ¨á¯®«ì§®¢�«® ¤®¡�¢«¥−¨¥ «�¯«�á®¢-
áª®£® èã¬� ª ¯�à�¬¥âà�¬ ¬®¤¥«¨ ¤«ï ®¡¥á¯¥ç¥−¨ï „�. „«ï ç¨á«®¢ëå ¤�−−ëå
−�¨¢−ë© ¡�©¥á®¢áª¨© ª«�áá¨ä¨ª�â®à à�ááç¨âë¢�« áà¥¤−¥¥ ¨ áâ�−¤�àâ−®¥ ®âª«®-
−¥−¨¥ ¯à¨§−�ª� ¤«ï ª«�áá¨ä¨ª�æ¨¨ −¥¨§¢¥áâ−ëå ¤�−−ëå. �¢â®àë ¯à¥¤«®¦¨«¨
¯®¢â®à−ãî ¢ë¡®àªã ¨§ à�á¯à¥¤¥«¥−¨ï ‹�¯«�á�, çâ®¡ë £�à�−â¨à®¢�âì, çâ® „�
áâ�−¤�àâ−ë¥ ®âª«®−¥−¨ï ¡ã¤ãâ ¯®«®¦¨â¥«ì−ë¬¨, −¥ ¨§¬¥−ïï ¤¨á¯¥àá¨î.

÷�−¥¥ â�ª¦¥ ¨áá«¥¤®¢�«�áì ¯à®¡«¥¬� á®£«�á®¢�−−®áâ¨ ¢ „�. �à¨¬¥àë
¢ª«îç�îâ à�áç¥â ç�áâ®â ¨ £¨áâ®£à�¬¬. ‚ à�¡®â¥ [27] �¢â®àë áâà¥¬¨«¨áì ¯à®¤¥-
¬®−áâà¨à®¢�âì ç�áâ®âë, á®áâ®ïé¨¥ ¨§ −¥®âà¨æ�â¥«ì−ëå æ¥«ëå ç¨á¥«, á á®£«�-
á®¢�−−ë¬¨ áã¬¬�¬¨ ç¥à¥§ ¨á¯®«ì§®¢�−¨¥ ¯à¥®¡à�§®¢�−¨© ”ãàì¥ ¨ «¨−¥©−®£®
¯à®£à�¬¬¨à®¢�−¨ï. ‚ à�¡®â¥ [28] �¢â®àë ¨á¯®«ì§®¢�«¨ ®£à�−¨ç¥−−ë© ¢ë¢®¤ ¤«ï
®¡¥á¯¥ç¥−¨ï á®£«�á®¢�−−®áâ¨ ç�áâ®â ¢ £¨áâ®£à�¬¬�å ç¥à¥§ ¯®áâ®¡à�¡®âªã.

‚ á¢®î ®ç¥à¥¤ì, −�áâ®ïé¥¥ ¨áá«¥¤®¢�−¨¥ á«ã¦¨â ¯à�ªâ¨ç¥áª¨¬ ¤®¯®«−¥−¨¥¬
ª ª«�áá¨ç¥áª¨¬ â¥®à¥â¨ç¥áª¨¬ à�§à�¡®âª�¬ ¯® „� ¨ ¤®áâ¨¦¥−¨ï¬ á®¢à¥¬¥−−ëå
à�¡®â, ¨§ãç�îé¨å ¯à¨¬¥−¥−¨¥ èã¬� ¢ à¥�«ì−ëå §�¤�ç�å [22, 29]. ÷¥§ã«ìâ�âë
¯à®¢¥¤¥−−®£® ¨áá«¥¤®¢�−¨ï ®á−®¢ë¢�îâáï −� íâ¨å à�¡®â�å, ¯à¥¤®áâ�¢«ïï ¢á¥áâ®-
à®−−¨© �−�«¨§ ¢«¨ï−¨ï ¬¥å�−¨§¬� ‹�¯«�á� ¨ ¥£® à�áè¨à¥−¨© −� áâ�â¨áâ¨ç¥áª¨¥
å�à�ªâ¥à¨áâ¨ª¨ ¢ë¡à�−−ëå à�á¯à¥¤¥«¥−¨©, ¨ ¢ª«îç�îâ −�¡®à â¥áâ®¢, ¯®§¢®«ï-
îé¨å ®æ¥−¨âì áâ¥¯¥−ì ¨áª�¦¥−¨ï ¨áå®¤−ëå ¤�−−ëå ¢ §�¢¨á¨¬®áâ¨ ®â ¢ë¡à�−−®£®
ãà®¢−ï ¯à¨¢�â−®áâ¨. �®¤®¡−ë© ¯®¤å®¤ ¯®§¢®«¨â á®§¤�âì äã−¤�¬¥−â ¤«ï ¤�«ì-
−¥©è¨å ¨áá«¥¤®¢�−¨© à�§«¨ç−ëå ¬¥å�−¨§¬®¢ „� ¢ ª®−â¥ªáâ¥ ¥¤¨−®© ¯«�âä®à¬ë
¢�«¨¤�æ¨¨, ¯à¥¤«�£�ï ¯à�ªâ¨ç¥áª¨¥ á¢¥¤¥−¨ï ¤«ï á¯¥æ¨�«¨áâ®¢ ¯® ¤�−−ë¬.

3 Механизм Лапласа

Œ¥å�−¨§¬ ‹�¯«�á� [2] ¯à¥¤áâ�¢«ï¥â á®¡®© ¯à®â®â¨¯ „�-�«£®à¨â¬�, ¯®§-
¢®«ïîé¨© ¢ë¤�¢�âì ¯à¨¡«¨§¨â¥«ì−ë© (§�èã¬«¥−−ë©) ®â¢¥â −� ¯à®¨§¢®«ì−ë©
§�¯à®á á® §−�ç¥−¨ï¬¨ ¢ R

n. �â®â ¬¥å�−¨§¬ ¤®¡�¢«ï¥â èã¬ ‹�¯«�á� (â. ¥.
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ˆáá«¥¤®¢�−¨¥ ¢«¨ï−¨ï ¬¥å�−¨§¬� ‹�¯«�á� −� áâ�â¨áâ¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¤�−−ëå

èã¬ ¨§ à�á¯à¥¤¥«¥−¨ï ‹�¯«�á�, ª®â®àë© ¬®¦¥â ¡ëâì ¢ëà�¦¥− äã−ªæ¨¥© ¯«®â-
−®áâ¨ ¢¥à®ïâ−®áâ¨ noise (x) ∝ exp(−|x|/λ), ¨¬¥îé¥© −ã«¥¢®¥ áà¥¤−¥¥ §−�ç¥−¨¥

¨ áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥
√
2λ). ’®£¤� ¤«ï «î¡®© äã−ªæ¨¨ f : D → R

d ¬¥å�−¨§¬
‹�¯«�á� ¯à¨¬¥−ï¥â èã¬ ª à¥§ã«ìâ�â�¬ f ¨ ®¯à¥¤¥«ï¥âáï ª�ª

A(f(x), ε) = f(x) + (Z1, . . . , Zd),

£¤¥ Zi | −¥§�¢¨á¨¬ë¥ ¨ ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ë¥ á«ãç�©−ë¥ ¢¥«¨ç¨−ë, ¯®«ã-
ç¥−−ë¥ ¨§ à�á¯à¥¤¥«¥−¨ï ‹�¯«�á� á ¬�áèâ�¡®¬ –f/λ, � –f | ℓ1-çã¢áâ¢¨â¥«ì-
−®áâì äã−ªæ¨¨ f . Œ®¦−® à�áá¬®âà¥âì–f/λ ª�ª ä�ªâ®à ª®−ä¨¤¥−æ¨�«ì−®áâ¨ ε.

’®£¤� ¬¥å�−¨§¬ ‹�¯«�á� ¬®¦−® ¯¥à¥¯¨á�âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

Lεf(x) , f(x) + Lap

(

0,
–1f

λ

)

,

£¤¥ Lap (0,–1f/λ)| à�á¯à¥¤¥«¥−¨¥ ‹�¯«�á�, � –1f á®®â¢¥âáâ¢ã¥â ℓ1-çã¢áâ¢¨-
â¥«ì−®áâ¨ §�¯à®á� f , à�¢−®©

–1f , max
D1,D2

‖f(D1)− f(D2)‖1

¯® ¢á¥¬ á®á¥¤−¨¬ ¢å®¤�¬ D1 ¨ D2.
÷�áá¬®âà¥−−®¥ ¢ â¥ªãé¥© áâ�âì¥ á¥¬¥©áâ¢® «�¯«�á®¢áª¨å ¬¥å�−¨§¬®¢ ¯à¥¤-

áâ�¢«¥−® á«¥¤ãîé¨¬ −�¡®à®¬:

{ ª«�áá¨ç¥áª¨© ¬¥å�−¨§¬ ‹�¯«�á� [1] | ¤®¡�¢«ï¥â èã¬ ¨§ à�á¯à¥¤¥«¥−¨ï
‹�¯«�á� ª ª�¦¤®¬ã í«¥¬¥−âã ¤�−−ëå ¡¥§ ª�ª¨å-«¨¡® ®£à�−¨ç¥−¨©;

{ ãá¥ç¥−−ë© ¬¥å�−¨§¬ ‹�¯«�á� [9] | ¤®¡�¢«ï¥â èã¬ ¨§ à�á¯à¥¤¥«¥−¨ï ‹�¯«�-
á�, −® èã¬ ãá¥ç¥− ¤® ®¯à¥¤¥«¥−−ëå £à�−¨æ, çâ®¡ë ¯à¥¤®â¢à�â¨âì ¯®ï¢«¥−¨¥
íªáâà¥¬�«ì−ëå §−�ç¥−¨©;

{ ®£à�−¨ç¥−−ë© ¬¥å�−¨§¬ ‹�¯«�á� [10] | ¤®¡�¢«ï¥â èã¬ ¨ ®£à�−¨ç¨¢�¥â
¨â®£®¢ë¥ §�èã¬«¥−−ë¥ ¤�−−ë¥ ®¯à¥¤¥«¥−−ë¬ ¤¨�¯�§®−®¬, á®®â¢¥âáâ¢ãîé¨¬
¤¨�¯�§®−ã ¨áå®¤−ëå ¤�−−ëå.

4 Исследование влияния механизма Лапласа
на статистические свойства распределений

‚ ¤�−−®¬ íªá¯¥à¨¬¥−â¥ ¡ë«® ¨§ãç¥−®, ª�ª ¬¥å�−¨§¬ ‹�¯«�á� ¢«¨ï¥â −�
áâ�â¨áâ¨ç¥áª¨¥ á¢®©áâ¢� à�§«¨ç−ëå à�á¯à¥¤¥«¥−¨© ¯à¨ à�§«¨ç−ëå §−�ç¥−¨ïå ¯�-
à�¬¥âà� ¯à¨¢�â−®áâ¨ ε. –¥«ìî ¨áá«¥¤®¢�−¨ï áâ�¢¨âáï ¢®§¬®¦−®áâì ®¯à¥¤¥«¥−¨ï
ª®¬¯à®¬¨áá� ¬¥¦¤ã ãà®¢−¥¬ ¯à¨¢�â−®áâ¨ ¨ á®åà�−¥−¨¥¬ áâ�â¨áâ¨ç¥áª®© ¯®«¥§-
−®áâ¨ ¤�−−ëå.

‚ â�¡«. 1 ¯à¥¤áâ�¢«¥−ë à�á¯à¥¤¥«¥−¨ï ¨ á®®â¢¥âáâ¢ãîé¨¥ ¯�à�¬¥âàë, ª®â®-
àë¥ ¨á¯®«ì§®¢�«¨áì ¤«ï £¥−¥à�æ¨¨ ¨áå®¤−ëå ¢ë¡®à®ª ¢ íªá¯¥à¨¬¥−â�å. ‚ë¡®à
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’�¡«¨æ� 1 ’�¡«¨æ� à�á¯à¥¤¥«¥−¨©, ¨á¯®«ì§ã¥¬ëå ¢ íªá¯¥à¨¬¥−â¥

÷�á¯à¥¤¥«¥−¨¥ ��à�¬¥âàë ��§−�ç¥−¨¥/®á®¡¥−−®áâ¨

÷�¢−®¬¥à−®¥
„¨�¯�§®− §−�ç¥−¨©:
[0, 1]

�£à�−¨ç¥−−ë© ¨−â¥à¢�« [0, 1],
à�¢−®¬¥à−�ï ¯«®â−®áâì, ç�áâ® ¨á-
¯®«ì§ã¥¬�ï ¡�§®¢�ï ¬®¤¥«ì £¥−¥-
à�æ¨¨ ¤�−−ëå

�®à¬�«ì−®¥
Š®íää¨æ¨¥−â á¤¢¨£�
¨ ¬�áèâ�¡�
(µ = 0, σ = 1)

Š«�áá¨ç¥áª®¥ úæ¥−âà�«ì−®¥û à�á-
¯à¥¤¥«¥−¨¥ (Gaussian), á¨¬¬¥â-
à¨ç−®¥

‘âìî¤¥−â�
‘â¥¯¥−¨ á¢®¡®¤ë:
df = 10

÷�á¯à¥¤¥«¥−¨¥ á úâï¦¥«ë¬¨û
å¢®áâ�¬¨, ç�áâ® ¢áâà¥ç�îé¥¥áï
¢ áâ�â¨áâ¨ª¥ (t-à�á¯à¥¤¥«¥−¨¥)

•¨-ª¢�¤à�â
‘â¥¯¥−¨ á¢®¡®¤ë:
df = 2

�¤−®áâ®à®−−¥¥ (−¥®âà¨æ�â¥«ì-
−®¥), §−�ç¨¬ë© ¯à¨¬¥à −¥á¡�«�−-
á¨à®¢�−−®£®, áª®è¥−−®£® à�á¯à¥-
¤¥«¥−¨ï

�ªá¯®−¥−æ¨�«ì−®¥
�¡à�â−ë© ª®íää¨æ¨¥−â
¬�áèâ�¡�:
λ = 1

Œ®¤¥«ì ¢à¥¬¥−¨ ¬¥¦¤ã á®¡ëâ¨ï-
¬¨, −¥®âà¨æ�â¥«ì−�ï, á ¤«¨−−ë¬
¯à�¢ë¬ å¢®áâ®¬

‹�¯«�á�
Š®íää¨æ¨¥−â á¤¢¨£�
¨ ª®íää¨æ¨¥−â ¬�áèâ�¡�
(µ = 0, b = 1)

÷�á¯à¥¤¥«¥−¨¥ ‹�¯«�á� (¤¢®©−®©
íªá¯®−¥−æ¨�«ì−®© ä®à¬ë), ¡®«¥¥
ú®áâàë© ¯¨ªû, âï¦¥«ë¥ å¢®áâë

®¡ãá«®¢«¥− æ¥«ìî ®âà�§¨âì à�§−®®¡à�§¨¥ ¨ ®á®¡¥−−®áâ¨ ä®à¬ à�á¯à¥¤¥«¥−¨©
(á¨¬¬¥âà¨ç−®¥/áª®è¥−−®¥, âï¦¥«ë¥ å¢®áâë, ®£à�−¨ç¥−−ë© ¨−â¥à¢�« ¨ â. ¯.),
ç�áâ® ¢áâà¥ç�îé¨åáï ¢ à¥�«ì−ëå ¤�−−ëå.

„«ï ª�¦¤®£® à�á¯à¥¤¥«¥−¨ï ¡ë«� á£¥−¥à¨à®¢�−� ¢ë¡®àª� à�§¬¥à®¬ 1000 í«¥-
¬¥−â®¢ á ¨á¯®«ì§®¢�−¨¥¬ á®®â¢¥âáâ¢ãîé¨å ¯�à�¬¥âà®¢. �à¨ ¨á¯®«ì§®¢�−¨¨
¡®«ìè¨å −�¡®à®¢ ¤�−−ëå (n ≫ 1000) ª�ç¥áâ¢¥−−ë¥ ¢ë¢®¤ë (¢ ª�ª®¬ ¤¨�¯�§®−¥
¨áª�¦¥−¨ï áâ�−®¢ïâáï ªà¨â¨ç−ë¬¨, ª�ª ¬¥−ïîâáï £¨áâ®£à�¬¬ë) ¡ã¤ãâ �−�«®£¨ç-
−ë¬¨, −® ª®«¨ç¥áâ¢¥−−® ª®«¥¡�−¨ï (¤¨á¯¥àá¨¨ ®æ¥−®ª) áâ�−ãâ ¬¥−ìè¥. Œ¥å�−¨§¬
‹�¯«�á� ¡ë« ¯à¨¬¥−¥− ª ª�¦¤®© ¢ë¡®àª¥ á à�§«¨ç−ë¬¨ §−�ç¥−¨ï¬¨ ε: 0,1; 0,5; 1;
5; 10. —ã¢áâ¢¨â¥«ì−®áâì äã−ªæ¨¨ (–f ) ¡ë«� à�ááç¨â�−� ª�ª à�§¬�å ¤�−−ëå. „«ï
¨áå®¤−ëå ¨ §�èã¬«¥−−ëå ¤�−−ëå ¡ë«¨ à�ááç¨â�−ë á«¥¤ãîé¨¥ áâ�â¨áâ¨ç¥áª¨¥
¯®ª�§�â¥«¨: áà¥¤−¥¥ §−�ç¥−¨¥; ¤¨á¯¥àá¨ï; áâ�−¤�àâ−�ï ®è¨¡ª� áà¥¤−¥£®; ¤®¢¥à¨-
â¥«ì−ë¥ ¨−â¥à¢�«ë ¤«ï áà¥¤−¥£® (95%); ª®íää¨æ¨¥−âë �á¨¬¬¥âà¨¨ ¨ íªáæ¥áá�;
à�§«¨ç¨ï ¢ áà¥¤−¨å ¨ áâ�−¤�àâ−ëå ®âª«®−¥−¨ïå ¬¥¦¤ã ¨áå®¤−ë¬¨ ¨ §�èã¬-
«¥−−ë¬¨ ¤�−−ë¬¨. Š�¦¤®¥ ¨§ ¯¥à¥ç¨á«¥−−ëå à�á¯à¥¤¥«¥−¨© £¥−¥à¨à®¢�«®áì
−¥§�¢¨á¨¬®, çâ® ®¯à¥¤¥«ï«® ®âáãâáâ¢¨¥ ¬¥¦¤ã −¨¬¨ ¤®¯®«−¨â¥«ì−®© ª®àà¥«ï-
æ¨¨.

„«ï ¨áå®¤−ëå ¨ §�èã¬«¥−−ëå ¤�−−ëå ¡ë«¨ ¯à¨¬¥−¥−ë áâ�â¨áâ¨ç¥áª¨¥ â¥áâë
ª�ª ¤«ï ¯à®¢¥àª¨ ¯à¨−�¤«¥¦−®áâ¨ ¢ë¡®à®ª ª ®¤−®© £¥−¥à�«ì−®© á®¢®ªã¯−®áâ¨,
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â�ª ¨ ¤«ï ¯à®¢¥àª¨ −®à¬�«ì−®áâ¨ à�á¯à¥¤¥«¥−¨ï §�èã¬«¥−−ëå ¤�−−ëå. ‚ ¯¥à-
¢®¬ á«ãç�¥ ¨á¯®«ì§®¢�«áï ªà¨â¥à¨© á®£«�á¨ï Š®«¬®£®à®¢�{‘¬¨à−®¢� (Š‘-â¥áâ),
ª®â®àë© −¥ âà¥¡ã¥â ¯à¥¤¯®«®¦¥−¨ï ® −®à¬�«ì−®áâ¨ ¤�−−ëå ¨ íää¥ªâ¨¢−® ãª�-
§ë¢�¥â −� à�§«¨ç¨ï ¢ í¬¯¨à¨ç¥áª¨å äã−ªæ¨ïå à�á¯à¥¤¥«¥−¨ï. „«ï ¯à®¢¥àª¨
−®à¬�«ì−®áâ¨ à�á¯à¥¤¥«¥−¨ï §�èã¬«¥−−ëå ¤�−−ëå ¡ë« ¢ë¡à�− ªà¨â¥à¨© ˜�-
¯¨à®{“¨«ª� (¢�¦−®, çâ®¡ë èã¬ −¥ ¯à¨¢®¤¨« ª ¯à¨¡«¨¦¥−¨î à�á¯à¥¤¥«¥−¨ï
ª −®à¬�«ì−®¬ã ¯à¨ ¡®«ìè¨å ε). ’�ª¦¥ ¢® ¬−®£¨å ¯à¨ª«�¤−ëå §�¤�ç�å (¯®áâà®-
¥−¨¥ ¤®¢¥à¨â¥«ì−ëå ¨−â¥à¢�«®¢, ¯à¨¬¥−¥−¨¥ T-â¥áâ®¢ ¨ â. ¤.) ¯à¥¤¯®«�£�¥âáï
−®à¬�«ì−®áâì à�á¯à¥¤¥«¥−¨©. „®¯®«−¨â¥«ì−® ¢ á¢ï§¨ á ¢ëï¢«¥−−ë¬ ¢«¨ï−¨-
¥¬ ¬¥å�−¨§¬®¢ ‹�¯«�á� −� ¤¨á¯¥àá¨î ¤«ï á®¯®áâ�¢«¥−¨ï ¤¨�¯�§®−� §−�ç¥−¨©
á à�¢−®¬¥à−ë¬ à�á¯à¥¤¥«¥−¨¥¬ ¡ë« ¯à¨¬¥−¥− ªà¨â¥à¨© å¨-ª¢�¤à�â.

�−�«¨§ íªá¯¥à¨¬¥−â�«ì−ëå à¥§ã«ìâ�â®¢ (â�¡«¨æ� ¤®áâã¯−� ¯® ááë«ª¥ −� ¨−-
â¥à−¥â-à¥áãàá¥1) ¯®ª�§�«, çâ® ¤«ï ª�¦¤®£® à�á¯à¥¤¥«¥−¨ï ¯à¨ ä¨ªá¨à®¢�−−®¬
§−�ç¥−¨¨ ¯�à�¬¥âà� ¯à¨¢�â−®áâ¨ ε ®æ¥−ª¨ §�èã¬«¥−−®£® áà¥¤−¥£® ¨ ¤¨á¯¥àá¨¨,
� â�ª¦¥ à¥§ã«ìâ�âë áâ�â¨áâ¨ç¥áª¨å â¥áâ®¢ (Š‘, ˜�¯¨à®{“¨«ª� ¨ å¨-ª¢�¤-
à�â) áãé¥áâ¢¥−−® §�¢¨áïâ ®â ¢ë¡à�−−®£® ¬¥å�−¨§¬� ‹�¯«�á� (à¨á. 1{5). �à¨
¬�«ëå §−�ç¥−¨ïå ε (−�¯à¨¬¥à, ¯à¨ ε = 0,1) ª«�áá¨ç¥áª¨© ¬¥å�−¨§¬ ¯à¨¢®¤¨â
ª ¢ëá®ª¨¬ §−�ç¥−¨ï¬ ¤¨á¯¥àá¨¨: ¤«ï à�¢−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï §�èã¬«¥−−®¥
áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥ ¬®¦¥â ¯à¥¢ëè�âì 211 (¯à¨ ¨áå®¤−®¬ §−�ç¥−¨¨ 0,085),
� áà¥¤−¥¥ á¤¢¨£�¥âáï á 0,496 ¤® 0,701. ‚ â® ¦¥ ¢à¥¬ï ãá¥ç¥−−ë© ¨ ®£à�−¨ç¥−−ë©
¬¥å�−¨§¬ë ¤¥¬®−áâà¨àãîâ £®à�§¤® ¡®«¥¥ áªà®¬−ë¥ ¨§¬¥−¥−¨ï (¯à¨¬¥à−® 0,244
¨ 0,083 á®®â¢¥âáâ¢¥−−®). �−�«®£¨ç−�ï â¥−¤¥−æ¨ï −�¡«î¤�¥âáï ¨ ¤«ï −®à¬�«ì−®£®
à�á¯à¥¤¥«¥−¨ï, £¤¥ ¯à¨ ε = 0,1 ¤¨á¯¥àá¨ï ª«�áá¨ç¥áª®£® ¬¥å�−¨§¬� ¤®áâ¨£�¥â
§−�ç¥−¨© á¢ëè¥ 7000, ¢ â® ¢à¥¬ï ª�ª �«ìâ¥à−�â¨¢−ë¥ ¢�à¨�−âë ¤�îâ §−�ç¥−¨ï
¯®àï¤ª� 8,2 ¨ 2,6. �â¨ à¥§ã«ìâ�âë á¢¨¤¥â¥«ìáâ¢ãîâ ® â®¬, çâ® ¯à¨ áâà®£®©
¯à¨¢�â−®áâ¨ ª«�áá¨ç¥áª¨© ¬¥å�−¨§¬ ú¢ë¡à�áë¢�¥âû §−�ç¥−¨ï §� ¯à¥¤¥«ë ¤®¯ãá-
â¨¬®£® ¤¨�¯�§®−�, ®á®¡¥−−® ¢ à�á¯à¥¤¥«¥−¨ïå á âï¦¥«ë¬¨ å¢®áâ�¬¨ (−�¯à¨¬¥à,
‘âìî¤¥−â� ¨«¨ ‹�¯«�á�). �à¨ ã¢¥«¨ç¥−¨¨ ε ¤® ã¬¥à¥−−ëå ¢¥«¨ç¨− (−�¯à¨¬¥à,
1 ¨«¨ 5) à�§−¨æ� ¬¥¦¤ã ¬¥å�−¨§¬�¬¨ áãé¥áâ¢¥−−® ã¬¥−ìè�¥âáï, â�ª ª�ª ¤®¡�¢-
«¥−−ë© èã¬ áâ�−®¢¨âáï ¬¥−¥¥ §−�ç¨â¥«ì−ë¬, å®âï −¥ª®â®àë¥ â¥áâë (−�¯à¨¬¥à,
ªà¨â¥à¨© Š‘) ¢á¥ ¥é¥ ä¨ªá¨àãîâ ®âª«®−¥−¨ï, ãª�§ë¢�îé¨¥ −� −�àãè¥−¨ï
ä®à¬ë à�á¯à¥¤¥«¥−¨ï.

‚ à�á¯à¥¤¥«¥−¨ïå á ¡®«ìè¨¬ à�§¡à®á®¬ ¨«¨ −¨¦−¨¬¨ ®£à�−¨ç¥−¨ï¬¨ (−�-
¯à¨¬¥à, å¨-ª¢�¤à�â ¨ íªá¯®−¥−æ¨�«ì−®¥) ª«�áá¨ç¥áª¨© ¬¥å�−¨§¬ ¯à¨ −¨§ª¨å ε
¯®à®¦¤�¥â ¢ëá®ª¨¥ §−�ç¥−¨ï ¤¨á¯¥àá¨¨, â®£¤� ª�ª ãá¥ç¥−−ë© ¨ ®£à�−¨ç¥−−ë©
¢�à¨�−âë áãé¥áâ¢¥−−® ®£à�−¨ç¨¢�îâ ¢ë¡à®áë. �à¨ ¢ëá®ª¨å §−�ç¥−¨ïå ε (®â 5
¤® 10) ¢á¥ âà¨ ¬¥å�−¨§¬� áå®¤ïâáï ¯® á¢®¨¬ ¯®ª�§�â¥«ï¬, å®âï ¤«ï à�á¯à¥¤¥«¥−¨©
á âï¦¥«ë¬¨ å¢®áâ�¬¨ áâ�â¨áâ¨ç¥áª¨ §−�ç¨¬ë¥ à�§«¨ç¨ï á®åà�−ïîâáï. „®¯®«-
−¨â¥«ì−® à¥§ã«ìâ�âë â¥áâ� å¨-ª¢�¤à�â ¯®ª�§�«¨, çâ® ®£à�−¨ç¥−−ë© ¬¥å�−¨§¬
¨¬¥¥â â¥−¤¥−æ¨î ¯à¥®¡à�§®¢ë¢�âì à�á¯à¥¤¥«¥−¨¥ ¢ à�¢−®¬¥à−®¥ ¯à¨ −¨§ª¨å §−�-
ç¥−¨ïå ε (−�¯à¨¬¥à, ¯à¨ ε = 0,1 ¤«ï ¢á¥å â¨¯®¢, ¯à¨ ε = 0,5 ¤«ï ‹�¯«�á�,

1https://github.com/designitras/LaplaceImpact.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 1 2025 77



‚. �. ƒà¨¤¨−, �. ÷. ‘�«¥¬, „. ‘. ‘¬¨à−®¢, ‚. ˆ. ‘®«®¤®¢−¨ª®¢

÷¨á. 1 ‚¨§ã�«¨§�æ¨ï à�á¯à¥¤¥«¥−¨©: à�¢−®¬¥à−®£® (�), −®à¬�«ì−®£® (¡), ‘âìî¤¥−â� (¢),
å¨-ª¢�¤à�â (£), íª¯®−¥−æ¨�«ì−®£® (¤) ¨ ‹�¯«�á� (¥) á ¯à¨¬¥−¥−¨¥¬ ¬¥å�−¨§¬®¢ „� ¯à¨
ε = 0,1 (1 | ¨áå®¤−ë¥ ¤�−−ë¥; 2 | ª«�áá¨ç¥áª¨© ‹�¯«�á; 3 | ãá¥ç¥−−ë© ¬¥å�−¨§¬
‹�¯«�á�; 4 | ®£à�−¨ç¥−−ë© ¬¥å�−¨§¬ ‹�¯«�á�)
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÷¨á. 2 ‚¨§ã�«¨§�æ¨ï à�á¯à¥¤¥«¥−¨©: à�¢−®¬¥à−®£® (�), −®à¬�«ì−®£® (¡), ‘âìî¤¥−â� (¢),
å¨-ª¢�¤à�â (£), íª¯®−¥−æ¨�«ì−®£® (¤) ¨ ‹�¯«�á� (¥) á ¯à¨¬¥−¥−¨¥¬ ¬¥å�−¨§¬®¢ „� ¯à¨
ε = 0,5 (1 | ¨áå®¤−ë¥ ¤�−−ë¥; 2 | ª«�áá¨ç¥áª¨© ‹�¯«�á; 3 | ãá¥ç¥−−ë© ¬¥å�−¨§¬
‹�¯«�á�; 4 | ®£à�−¨ç¥−−ë© ¬¥å�−¨§¬ ‹�¯«�á�)
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÷¨á. 3 ‚¨§ã�«¨§�æ¨ï à�á¯à¥¤¥«¥−¨©: à�¢−®¬¥à−®£® (�), −®à¬�«ì−®£® (¡), ‘âìî¤¥−â� (¢),
å¨-ª¢�¤à�â (£), íª¯®−¥−æ¨�«ì−®£® (¤) ¨ ‹�¯«�á� (¥) á ¯à¨¬¥−¥−¨¥¬ ¬¥å�−¨§¬®¢ „� ¯à¨
ε = 1 (1 | ¨áå®¤−ë¥ ¤�−−ë¥; 2 | ª«�áá¨ç¥áª¨© ‹�¯«�á; 3 | ãá¥ç¥−−ë© ¬¥å�−¨§¬
‹�¯«�á�; 4 | ®£à�−¨ç¥−−ë© ¬¥å�−¨§¬ ‹�¯«�á�)
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÷¨á. 4 ‚¨§ã�«¨§�æ¨ï à�á¯à¥¤¥«¥−¨©: à�¢−®¬¥à−®£® (�), −®à¬�«ì−®£® (¡), ‘âìî¤¥−â� (¢),
å¨-ª¢�¤à�â (£), íª¯®−¥−æ¨�«ì−®£® (¤) ¨ ‹�¯«�á� (¥) á ¯à¨¬¥−¥−¨¥¬ ¬¥å�−¨§¬®¢ „� ¯à¨
ε = 5 (1 | ¨áå®¤−ë¥ ¤�−−ë¥; 2 | ª«�áá¨ç¥áª¨© ‹�¯«�á; 3 | ãá¥ç¥−−ë© ¬¥å�−¨§¬
‹�¯«�á�; 4 | ®£à�−¨ç¥−−ë© ¬¥å�−¨§¬ ‹�¯«�á�)
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÷¨á. 5 ‚¨§ã�«¨§�æ¨ï à�á¯à¥¤¥«¥−¨©: à�¢−®¬¥à−®£® (�), −®à¬�«ì−®£® (¡), ‘âìî¤¥−â� (¢),
å¨-ª¢�¤à�â (£), íª¯®−¥−æ¨�«ì−®£® (¤) ¨ ‹�¯«�á� (¥) á ¯à¨¬¥−¥−¨¥¬ ¬¥å�−¨§¬®¢ „� ¯à¨
ε = 10 (1 | ¨áå®¤−ë¥ ¤�−−ë¥; 2 | ª«�áá¨ç¥áª¨© ‹�¯«�á; 3 | ãá¥ç¥−−ë© ¬¥å�−¨§¬
‹�¯«�á�; 4 | ®£à�−¨ç¥−−ë© ¬¥å�−¨§¬ ‹�¯«�á�)
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íªá¯®−¥−æ¨�«ì−®£® ¨ å¨-ª¢�¤à�â, � â�ª¦¥ ¤«ï −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¯à¨
ε = 0,1, 0,5, 1,0 ¨ 5,0).

‚ á®¢®ªã¯−®áâ¨ íâ¨ −�¡«î¤¥−¨ï ¯®¤â¢¥à¦¤�îâ, çâ® ª«�áá¨ç¥áª¨© ¬¥å�−¨§¬
¯à¨ áâà®£®© ¯à¨¢�â−®áâ¨ (ε < 1) ¯à¨¢®¤¨â ª ¨áª�¦¥−¨ï¬, ¢ â® ¢à¥¬ï ª�ª ãá¥-
ç¥−−ë© ¨ ®£à�−¨ç¥−−ë© ¬¥å�−¨§¬ë ®¡¥á¯¥ç¨¢�îâ ¡®«¥¥ áâ�¡¨«ì−®¥ á®åà�−¥−¨¥
áâ�â¨áâ¨ç¥áª®© â®ç−®áâ¨, å®âï ®£à�−¨ç¥−−ë© ¬¥å�−¨§¬ ¢ −¥ª®â®àëå á«ãç�ïå
¬®¦¥â ¢ë§ë¢�âì §−�ç¨â¥«ì−®¥ á¬¥é¥−¨¥ áà¥¤−¥£®, ¥á«¨ ¡®«ìè�ï ç�áâì ¤�−−ëå
ã¯¨à�¥âáï ¢ £à�−¨æë ¤¨�¯�§®−�.

�� ®á−®¢¥ ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¬®¦−® á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë. �à¨
¬�«ëå §−�ç¥−¨ïå ε â¥áâë Š‘ ¨ ˜�¯¨à®{“¨«ª� ä¨ªá¨àãîâ §−�ç¨â¥«ì−ë¥ ®âª«®-
−¥−¨ï, â®£¤� ª�ª ¯à¨ ¡®«ìè¨å ε −¥ª®â®àë¥ ¬¥å�−¨§¬ë ®¡¥á¯¥ç¨¢�îâ p-value >
> 0,05, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â ® ¯à¨¥¬«¥¬®¬ áå®¤áâ¢¥ á ¨áå®¤−ë¬¨ ¤�−−ë¬¨. ’�ª¨¬
®¡à�§®¬, ¢ë¡®à ¬¥å�−¨§¬� ¨ ¯�à�¬¥âà� ε ®¯à¥¤¥«ï¥âáï ¢�¦−®áâìî ä¨§¨ç¥áª¨å
®£à�−¨ç¥−¨©, å�à�ªâ¥à¨áâ¨ª�¬¨ å¢®áâ®¢ à�á¯à¥¤¥«¥−¨ï ¨ âà¥¡ã¥¬ë¬ ãà®¢−¥¬
¯à¨¢�â−®áâ¨. �à¨ áâà®£®© ¯à¨¢�â−®áâ¨ ®£à�−¨ç¥−−ë¥ ¨ ãá¥ç¥−−ë¥ ¬¥å�−¨§¬ë,
ª�ª ¯à�¢¨«®, ¯à¨¢®¤ïâ ª ¬¥−ìè¨¬ ¨áª�¦¥−¨ï¬, å®âï ãá¥ç¥−−ë© ¬®¦¥â á¬¥é�âì
áà¥¤−¥¥ ¨§-§� ª®−æ¥−âà�æ¨¨ §−�ç¥−¨© −� £à�−¨æ�å. �à¨ ¡®«ìè¨å ε à�§«¨ç¨ï
¬¥¦¤ã ¬¥å�−¨§¬�¬¨ ¯à�ªâ¨ç¥áª¨ ¨áç¥§�îâ, ®áâ�¢�ïáì «¨èì −¥§−�ç¨â¥«ì−ë¬¨ ¯®
ä®à¬¥.

5 Исследование влияния различных механизмов Лапласа
на среднеквадратичную ошибку при изменении параметра ε

�� ®á−®¢¥ à¥§ã«ìâ�â®¢ ¯à¥¤ë¤ãé¨å à�§¤¥«®¢ ¡ë«® à¥è¥−® ¤®¯®«−¨â¥«ì−®
®æ¥−¨âì áâ¥¯¥−ì ¨áª�¦¥−¨ï ¤�−−ëå á ¯®¬®éìî ¬¥âà¨ª ª�ç¥áâ¢�. „«ï íâ®£®
à�áá¬®âà¥−® ¢«¨ï−¨¥ ¯�à�¬¥âà� ¯à¨¢�â−®áâ¨ ε −� áà¥¤−¥ª¢�¤à�â¨ç−ãî ®è¨¡ªã
(MSE | mean squared error) ¤«ï âà¥å ¢�à¨�−â®¢ ¬¥å�−¨§¬� ‹�¯«�á�: ª«�á-
á¨ç¥áª®£®, ãá¥ç¥−−®£® ¨ ®£à�−¨ç¥−−®£®. ‚ ¤�−−®¬ á«ãç�¥ MSE ¡ã¤¥â ¨¬¥âì
¢¨¤:

MSE =
1

n

n
∑

i=1

(yi − �yi)
2 ,

£¤¥ y | ¨áâ¨−−ë¥ §−�ç¥−¨ï; �y | §�èã¬«¥−−ë¥ §−�ç¥−¨ï; n | à�§¬¥à ¢ë¡®àª¨.
�á−®¢−®© æ¥«ìî áâ�¢¨«�áì ®æ¥−ª� ª�ç¥áâ¢� §�èã¬«¥−−ëå ¤�−−ëå ¯à¨ ¨§¬¥-

−¥−¨¨ ¯�à�¬¥âà� ¯à¨¢�â−®áâ¨ | ¯ãâ¥¬ ¨§¬¥à¥−¨ï áà¥¤−¥ª¢�¤à�â¨ç−®© ®è¨¡ª¨
¬¥¦¤ã ¨áå®¤−ë¬¨ ¨ §�èã¬«¥−−ë¬¨ ¤�−−ë¬¨ ¯à¨ à�§«¨ç−ëå ¢�à¨�æ¨ïå ¬¥å�-
−¨§¬� ‹�¯«�á�, çâ® ¬®¦¥â ¯®¬®çì ¯à¨ à�áç¥â¥ ¡î¤¦¥â� ¯à¨¢�â−®áâ¨.

�−�«®£¨ç−® ¯à¥¤ë¤ãé¥¬ã íªá¯¥à¨¬¥−âã, à�§¬¥à ¤�−−ëå ¡ë« ®£à�−¨ç¥−
1000 í«¥¬¥−â�¬¨. ‚ à�§¤. 3 ¨á¯®«ì§®¢�«¨áì §−�ç¥−¨ï ε ∈ [0,1; 0,5; 1; 5; 10],
¢ ¤�−−®¬ íªá¯¥à¨¬¥−â¥ ¡ë« ¢ë¡à�− ¬¥−ìè¨© ¤¨�¯�§®− ®â 0,1 ¤® 10 á è�£®¬,
®¡¥á¯¥ç¨¢�îé¨¬ 21 §−�ç¥−¨¥ ε ¢ à�áá¬®âà¥−−®¬ ¤¨�¯�§®−¥. —ã¢áâ¢¨â¥«ì−®áâì
äã−ªæ¨¨ (–f ) ¡ë«� à�ááç¨â�−� ª�ª à�§¬�å ¤�−−ëå. „«ï ¯®¢ëè¥−¨ï ¢®á¯à®¨§-
¢®¤¨¬®áâ¨ à¥§ã«ìâ�â®¢ ¤«ï ª�¦¤®£® §−�ç¥−¨ï ε ®áãé¥áâ¢«ï«¨áì 100 ¯®¢â®à¥−¨©

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 1 2025 83



‚. �. ƒà¨¤¨−, �. ÷. ‘�«¥¬, „. ‘. ‘¬¨à−®¢, ‚. ˆ. ‘®«®¤®¢−¨ª®¢

’�¡«¨æ� 2 ’�¡«¨æ� §−�ç¥−¨© MSE ¤«ï ¬¥å�−¨§¬®¢
‹�¯«�á�

ε Š«�áá¨ç¥áª¨© �£à�−¨ç¥−−ë© “á¥ç¥−−ë©
0,1 198,754 0,164 0,319
0,5 7,95 0,149 0,262
1,0 1,988 0,131 0,208
1,5 0,883 0,115 0,166
2,0 0,497 0,100 0,135
2,5 0,318 0,087 0,111
3,0 0,221 0,076 0,092
3,5 0,162 0,066 0,077
4,0 0,124 0,058 0,065
4,5 0,098 0,050 0,056
5,0 0,080 0,044 0,048
5,5 0,066 0,039 0,042
6,0 0,055 0,035 0,037
6,5 0,047 0,031 0,033
7,0 0,041 0,028 0,029
7,5 0,035 0,025 0,026
8,0 0,031 0,022 0,023
8,5 0,028 0,020 0,021
9,0 0,025 0,018 0,019
9,5 0,022 0,017 0,017

10,0 0,020 0,015 0,016

íªá¯¥à¨¬¥−â�. „«ï ª�¦¤®£® ¯®¢â®à¥−¨ï ¢ëç¨á«ï«®áì MSE ¬¥¦¤ã ¨áå®¤−ë¬¨
¨ §�èã¬«¥−−ë¬¨ ¤�−−ë¬¨, ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë ãáà¥¤−ï«¨áì ¨ à�áá¬�âà¨-
¢�«¨áì ª�ª ¨â®£®¢®¥ §−�ç¥−¨¥ MSE ¤«ï à�áá¬�âà¨¢�¥¬®£® ε. ˆáå®¤−ë¥ ¤�−−ë¥
¡ë«¨ á£¥−¥à¨à®¢�−ë ¨§ à�¢−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï −� §−�ç¥−¨ïå [0, 1]. �®¬¨¬®
íâ®£®, ¤«ï ãá¥ç¥−−®£® ¬¥å�−¨§¬� èã¬ ®£à�−¨ç¨¢�«áï ¢ ¤¨�¯�§®−¥ [0, 1] �−�«®£¨ç−®
¤¨�¯�§®−ã §−�ç¥−¨© à�á¯à¥¤¥«¥−¨ï, ¤«ï ®£à�−¨ç¥−−®£® ¬¥å�−¨§¬� §�èã¬«¥−−ë¥
¤�−−ë¥ ®£à�−¨ç¨¢�«¨áì ¢ ¤¨�¯�§®−¥ ¨áå®¤−ëå ¤�−−ëå [¬¨−¨¬�«ì−®¥ §−�ç¥−¨¥
¢ á£¥−¥à¨à®¢�−−ëå ¤�−−ëå, ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥ ¢ á£¥−¥à¨à®¢�−−ëå ¤�−−ëå].

ˆâ®£®¢ë¥ à¥§ã«ìâ�âë ¤¥¬®−áâà¨àãîâ, çâ® ¯à¨ ε = 0,1 ª«�áá¨ç¥áª¨© ¬¥å�−¨§¬
¯®à®¦¤�¥â ªà�©−¥ ¢ëá®ª®¥ ¨áª�¦¥−¨¥ (MSE ≈ 198,75) ¨§-§� ¢ëå®¤� èã¬� §� ¯à¥-
¤¥«ë [0, 1], ¢ â® ¢à¥¬ï ª�ª ®£à�−¨ç¥−−ë© ¨ ãá¥ç¥−−ë© ¬¥å�−¨§¬ë ¨¬¥îâ §−�ç¥−¨ï
MSE −� ãà®¢−¥ ≈ 0,164 ¨ 0,319 á®®â¢¥âáâ¢¥−−® (â�¡«. 2). ‘ ã¢¥«¨ç¥−¨¥¬ ε ¢á¥
¬¥å�−¨§¬ë ¤¥¬®−áâà¨àãîâ á−¨¦¥−¨¥ MSE: ¯à¨ ε = 1 ª«�áá¨ç¥áª¨© ¬¥å�−¨§¬
¤®áâ¨£�¥â §−�ç¥−¨ï ®ª®«® 2, � ¯à¨ ε = 10| ¯à¨¬¥à−® 0,02, çâ® á¢¨¤¥â¥«ìáâ¢ã¥â
® á−¨¦¥−¨¨ ¢«¨ï−¨ï èã¬�. ’�ª¨¬ ®¡à�§®¬, ¯à¨ áâà®£®© ¯à¨¢�â−®áâ¨ (−¨§ª¨¥ ε)
ª«�áá¨ç¥áª¨© ¬¥å�−¨§¬ ¯à¨¢®¤¨â ª çà¥§¬¥à−ë¬ ¨áª�¦¥−¨ï¬, â®£¤� ª�ª ®£à�−¨-
ç¥−−ë¥ ¨ ãá¥ç¥−−ë¥ ¢�à¨�−âë ®¡¥á¯¥ç¨¢�îâ ¡®«¥¥ áâ�¡¨«ì−ë¥ à¥§ã«ìâ�âë, å®âï
¢ −¥ª®â®àëå á«ãç�ïå ãá¥ç¥−−ë© ¬¥å�−¨§¬ ¬®¦¥â ¯®ª�§ë¢�âì ¯®¢ëè¥−−ë¥ MSE
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ˆáá«¥¤®¢�−¨¥ ¢«¨ï−¨ï ¬¥å�−¨§¬� ‹�¯«�á� −� áâ�â¨áâ¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¤�−−ëå

¨§-§� áª®¯«¥−¨ï §−�ç¥−¨© −� £à�−¨æ�å. ‚ë¡®à ¬¥å�−¨§¬� ¤®«¦¥− ®á−®¢ë¢�âì-
áï −� −¥®¡å®¤¨¬®áâ¨ á®åà�−¥−¨ï ä¨§¨ç¥áª¨å ®£à�−¨ç¥−¨© ¤�−−ëå ¨ âà¥¡ã¥¬®¬
ãà®¢−¥ ¯à¨¢�â−®áâ¨. �à¨ áà�¢−¥−¨¨ á à¥§ã«ìâ�â�¬¨ ¯à¥¤ë¤ãé¥£® à�§¤¥«� ¬®¦-
−® §�¬¥â¨âì, çâ® ãá¥ç¥−−ë© ¬¥å�−¨§¬ ¯à¨ áâà®£®© ¯à¨¢�â−®áâ¨ ¤¥¬®−áâà¨àã¥â
¡�®«ìè¨¥ §−�ç¥−¨ï MSE, ç¥¬ ãá¥ç¥−−ë© ¬¥å�−¨§¬, çâ® ¬®¦¥â ¡ëâì ¢ë§¢�−®
áª®¯«¥−¨¥¬ ¤�−−ëå −� £à�−¨æ�å à�áá¬�âà¨¢�¥¬®£® à�á¯à¥¤¥«¥−¨ï.

6 Исследование влияния механизма Лапласа на коэффициент
корреляции при различных уровнях исходной корреляции

‚ ¯à¥¤ë¤ãé¨å íªá¯¥à¨¬¥−â�å ¡ë«¨ à�áá¬®âà¥−ë −¥§�¢¨á¨¬ë¥ ¢ë¡®àª¨ à�§-
«¨ç−ëå à�á¯à¥¤¥«¥−¨© ¡¥§ ï¢−®© ª®àà¥«ïæ¨¨ ¬¥¦¤ã ¯à¨§−�ª�¬¨. ‚ ¤�−−®¬
íªá¯¥à¨¬¥−â¥ ¯à®¤¥¬®−áâà¨à®¢�−®, ª�ª ¬¥å�−¨§¬ ‹�¯«�á� ¢«¨ï¥â −� ª®íää¨-
æ¨¥−â ª®àà¥«ïæ¨¨ �¨àá®−� ¬¥¦¤ã ¤¢ã¬ï ¯¥à¥¬¥−−ë¬¨ ¯à¨ à�§«¨ç−ëå ãà®¢−ïå
¨áå®¤−®© ª®àà¥«ïæ¨¨. –¥«ìî áâ�¢¨âáï ¯®−¨¬�−¨¥ â®£®, −�áª®«ìª® á¨«ì−® ¨§¬¥-
−ï¥âáï ª®àà¥«ïæ¨ï ¯®á«¥ ¯à¨¬¥−¥−¨ï ¬¥å�−¨§¬� ¯à¨¢�â−®áâ¨ ¨ ª�ª íâ® ¢«¨ï¥â −�
áâ�â¨áâ¨ç¥áª¨¥ ¢ë¢®¤ë. „«ï −�£«ï¤−®áâ¨ ¯®âà¥¡®¢�«®áì á£¥−¥à¨à®¢�âì ¢ë¡®àª¨
á §�à�−¥¥ §�¤�−−ë¬ ãà®¢−¥¬ ª®àà¥«ïæ¨¨ (ρ). ’�ª®£® à®¤� ¢ë¡®àªã ¯à®é¥ ¢á¥£®
á®§¤�âì ¯à¨ ¯®¬®é¨ ¤¢ã¬¥à−®£® −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï á ¬�âà¨æ¥© ª®¢�à¨-
�æ¨¨. „«ï ®æ¥−ª¨ ¨§¬¥−¥−¨© ¡ë«¨ ¢ë¡à�−ë ç¥âëà¥ ãà®¢−ï ¨áå®¤−®© ª®àà¥«ïæ¨¨
¬¥¦¤ã ¯¥à¥¬¥−−ë¬¨ X ¨ Y :

(1) úá¨«ì−�ïû ª®àà¥«ïæ¨ï: ρ = 0,9;

(2) úáà¥¤−ïïû ª®àà¥«ïæ¨ï: ρ = 0,5;

(3) úá«�¡�ïû ª®àà¥«ïæ¨ï: ρ = 0,2;

(4) ®âáãâáâ¢¨¥ ª®àà¥«ïæ¨¨: ρ = 0,0.

„«ï ª�¦¤®£® ãà®¢−ï ª®àà¥«ïæ¨¨ ¡ë«¨ á£¥−¥à¨à®¢�−ë ¢ë¡®àª¨ à�§¬¥à®¬ n =
= 1000 −�¡«î¤¥−¨©. �ë«® ¨á¯®«ì§®¢�−® ¬−®£®¬¥à−®¥ −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥
á §�¤�−−®© ¬�âà¨æ¥© ª®¢�à¨�æ¨¨

Cov =

[

1 ρ
ρ 1

]

.

�â® ®¡¥á¯¥ç¨¢�«® âà¥¡ã¥¬ë© ãà®¢¥−ì ª®àà¥«ïæ¨¨ ¬¥¦¤ã X ¨ Y .
ˆá¯®«ì§®¢�«áï ä¨ªá¨à®¢�−−ë© ¡î¤¦¥â ¯à¨¢�â−®áâ¨ ε = 10, ¤�−−®¥ ç¨á«®

¡ë«® ¢ë¡à�−® ª�ª §−�ç¥−¨¥, ¯à¨ ª®â®à®¬ ¢¥«¨ç¨−� MSE ¡ë«� ¡«¨§ª� ª −ã«î ¢®
¢á¥å ¢�à¨�æ¨ïå ¬¥å�−¨§¬� ‹�¯«�á�. �à¥¤¯®«�£�¥¬�ï çã¢áâ¢¨â¥«ì−®áâì ¤�−−ëå
¡ë«� ¢ë¡à�−� ª�ª à�§¬�å ¤�−−ëå ¤«ï ª�¦¤®© ¯¥à¥¬¥−−®©. Š ª�¦¤®© ¯¥à¥¬¥−-
−®© X ¨ Y ®â¤¥«ì−® ¯à¨¬¥−ï«áï ¬¥å�−¨§¬ ‹�¯«�á�. ˜ã¬ £¥−¥à¨à®¢�«áï ¨§
à�á¯à¥¤¥«¥−¨ï ‹�¯«�á� á ¬�áèâ�¡®¬ b = S/ε. ˆâ®£®¢ë¥ §�èã¬«¥−−ë¥ ¤�−−ë¥
¯à¨®¡à¥â�«¨ §−�ç¥−¨ï

X ′ = X + Laplace (0, b); Y ′ = Y + Laplace (0, b).
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’�¡«¨æ� 3 ‘â�â¨áâ¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¨áå®¤−ëå ¨ §�èã¬«¥−−ëå ¤�−−ëå

“à®¢¥−ì
ª®àà¥«ïæ¨¨

ˆáå®¤−�ï
ª®àà¥«ïæ¨ï

‡�èã¬«¥−−�ï
ª®àà¥«ïæ¨ï Z-â¥áâ ”¨è¥à� P-value

‘¨«ì−�ï 0,889227 0,504566 19,264018 0
‘à¥¤−ïï 0,504123 0,270290 6,198957 5,68 · 10−10
‘«�¡�ï 0,171436 0,093695 1,767763 7,71 · 10−2
�âáãâáâ¢ãîé�ï −0,038935 −0,002482 −0,814327 4,15 · 10−1

„�«¥¥ ®áãé¥áâ¢«ï«áï à�áç¥â ª®íää¨æ¨¥−â®¢ ª®àà¥«ïæ¨¨:

{ ¨áå®¤−®£® ª®íää¨æ¨¥−â� ª®àà¥«ïæ¨¨ | ª®íää¨æ¨¥−â� ª®àà¥«ïæ¨¨ �¨àá®−�
¬¥¦¤ã ¨áå®¤−ë¬¨ ¤�−−ë¬¨ X ¨ Y ;

{ §�èã¬«¥−−®£® ª®íää¨æ¨¥−â� ª®àà¥«ïæ¨¨ | ª®íää¨æ¨¥−â� ª®àà¥«ïæ¨¨ �¨à-
á®−� ¬¥¦¤ã §�èã¬«¥−−ë¬¨ ¤�−−ë¬¨ X ′ ¨ Y ′.

ˆá¯®«ì§®¢�«®áì Z-¯à¥®¡à�§®¢�−¨¥ ”¨è¥à� ¤«ï áà�¢−¥−¨ï ¤¢ãå ª®àà¥«ïæ¨©

z =
z1 − z2

√

2/(n − 3)
.

‡¤¥áì z1 = arctan(r1); z2 = arctan(r2), £¤¥ r2 ¨ r2 | ¨áå®¤−ë© ¨ §�èã¬-
«¥−−ë© ª®íää¨æ¨¥−â ª®àà¥«ïæ¨¨ á®®â¢¥âáâ¢¥−−®. „«ï ®æ¥−ª¨ áâ�â¨áâ¨ç¥áª®©
§−�ç¨¬®áâ¨ à�§«¨ç¨© à�ááç¨âë¢�«®áì P-§−�ç¥−¨¥ (â�¡«. 3).

Œ¥å�−¨§¬ ‹�¯«�á� ¤®¡�¢«ï¥â −¥§�¢¨á¨¬ë© èã¬ ª ª�¦¤®© ¯¥à¥¬¥−−®©, çâ®
á−¨¦�¥â áâ¥¯¥−ì «¨−¥©−®© §�¢¨á¨¬®áâ¨. �à¨ ¢ëá®ª¨å ¨áå®¤−ëå ª®àà¥«ïæ¨ïå
(−�¯à¨¬¥à, á−¨¦¥−¨¥ á 0,889 ¤® 0,504) íää¥ªâ −�¨¡®«¥¥ ¢ëà�¦¥−, � ¯à¨ á«�¡ëå
ª®àà¥«ïæ¨ïå ¨§¬¥−¥−¨ï ¬¥−¥¥ ªà¨â¨ç−ë. …á«¨ ¨áå®¤−�ï ª®àà¥«ïæ¨ï ¡«¨§ª�
ª −ã«î, èã¬ ¯à�ªâ¨ç¥áª¨ −¥ ¢«¨ï¥â −� ¢§�¨¬®á¢ï§ì. ‚ ¨â®£¥ ¯à¨¬¥−¥−¨¥ ¤�−-
−®£® ¬¥å�−¨§¬� ¬®¦¥â áãé¥áâ¢¥−−® ¨áª�§¨âì ª®àà¥«ïæ¨®−−ë¥ áâàãªâãàë, çâ®
−¥£�â¨¢−® áª�¦¥âáï −� �−�«¨â¨ª¥. �®íâ®¬ã, ¥á«¨ æ¥«ì | ¬¨−¨¬¨§¨à®¢�âì ¨áª�-
¦¥−¨ï ¨¬¥−−® ¢ ª®àà¥«ïæ¨®−−ëå áâàãªâãà�å, áâ®¨â à�áá¬®âà¥âì ¤àã£¨¥ ¯®¤å®¤ë
ª ¯à¨¢�â−®áâ¨ ¨«¨ £¨¡à¨¤−ë¥ ¬¥å�−¨§¬ë, á¯¥æ¨�«ì−® ®¯â¨¬¨§¨à®¢�−−ë¥ ¯®¤
á®åà�−¥−¨¥ á¢ï§¥© ¬¥¦¤ã ¯à¨§−�ª�¬¨.

Z-â¥áâ ”¨è¥à� ¤¥¬®−áâà¨àã¥â, çâ® ¨§¬¥−¥−¨ï ¢ ª®íää¨æ¨¥−â¥ ª®àà¥«ïæ¨¨
¯à¨ á¨«ì−ëå ¨ áà¥¤−¨å ãà®¢−ïå ª®àà¥«ïæ¨¨ áâ�−®¢ïâáï áâ�â¨áâ¨ç¥áª¨ §−�ç¨-
¬ë¬¨. �à¨ á«�¡®© ¨ ®âáãâáâ¢ãîé¥© ª®àà¥«ïæ¨¨ ¨§¬¥−¥−¨ï −¥ ®ª�§ë¢�îâáï
áâ�â¨áâ¨ç¥áª¨ §−�ç¨¬ë¬¨.

�ªá¯¥à¨¬¥−â ¯®ª�§�«, çâ® ¯à¨¬¥−¥−¨¥ ¬¥å�−¨§¬� ‹�¯«�á� „� áãé¥áâ¢¥−−®
¢«¨ï¥â −� ª®íää¨æ¨¥−â ª®àà¥«ïæ¨¨ ¬¥¦¤ã ¯¥à¥¬¥−−ë¬¨, ®á®¡¥−−® ¯à¨ ¢ëá®ª¨å
¨áå®¤−ëå ãà®¢−ïå ª®àà¥«ïæ¨¨ (à¨á. 6). „®¡�¢«¥−¨¥ èã¬� á−¨¦�¥â áâ¥¯¥−ì «¨-
−¥©−®© §�¢¨á¨¬®áâ¨, çâ® ¬®¦¥â ¯à¨¢®¤¨âì ª áâ�â¨áâ¨ç¥áª¨ §−�ç¨¬ë¬ ¨§¬¥−¥−¨ï¬
¨áª�¦¥−¨© ¢ ¤�−−ëå. �à¨ ¯«�−¨à®¢�−¨¨ ¨á¯®«ì§®¢�−¨ï ¬¥å�−¨§¬®¢ „� ¢�¦−®
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ˆáá«¥¤®¢�−¨¥ ¢«¨ï−¨ï ¬¥å�−¨§¬� ‹�¯«�á� −� áâ�â¨áâ¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¤�−−ëå

÷¨á. 6 „¨�£à�¬¬ë à�áá¥ï−¨ï ¨áå®¤−ëå ¤�−−ëå («¥¢�ï ª®«®−ª�) ¨ ¤�−−ëå ¯®á«¥
¯à¨¬¥−¥−¨ï ¬¥å�−¨§¬� ‹�¯«�á� (¯à�¢�ï ª®«®−ª�) ¯à¨ à�§«¨ç−ëå ãà®¢−ïå ª®àà¥«ïæ¨¨:
(�) ρ = 0,9; (¡) 0,5; (¢) 0,2; (£) ρ = 0,0
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ãç¨âë¢�âì ¢«¨ï−¨¥ −� ª®àà¥«ïæ¨®−-

÷¨á. 7 Œ�âà¨æ� ª®àà¥«ïæ¨© ¯à¨ à�§«¨ç-
−ëå ãà®¢−ïå ¯à¨¢�â−®áâ¨

−ë¥ áâàãªâãàë ¤�−−ëå, ®á®¡¥−−® ¢ §�-
¤�ç�å, £¤¥ á®åà�−¥−¨¥ §�¢¨á¨¬®áâ¥©
ªà¨â¨ç−®.

„®¯®«−¨â¥«ì−® ¤«ï ®æ¥−ª¨ ¨§-
¬¥−¥−¨ï ª®àà¥«ïæ¨¨ ¡ë«� á®áâ�¢«¥-
−� ¬�âà¨æ� áà�¢−¥−¨© ª®àà¥«ïæ¨¨ ¤®
¨ ¯®á«¥ ¯à¨¬¥−¥−¨ï ¬¥å�−¨§¬� „�
(à¨á. 7). �ë«¨ ¢ë¡à�−ë §−�ç¥−¨ï ª®à-
à¥«ïæ¨¨ ρ = [1,0; 0,9; 0,7; 0,5; 0,2; 0,0]
¨ §−�ç¥−¨ï ä�ªâ®à� ª®−ä¨¤¥−æ¨�«ì-
−®áâ¨ ε = [10,0; 5,0; 2,0; 1,0; 0,1].

Œ®¦−® §�¬¥â¨âì, çâ® ¯à¨ §−�ç¥-
−¨ïå ε < 10 ª®àà¥«ïæ¨ï §�èã¬«¥−-
−ëå ¤�−−ëå §−�ç¨â¥«ì−® ¬¥−ìè¥, ç¥¬
¢ ¨áå®¤−ëå ¤�−−ëå. �®¬¨¬® íâ®£®,
¢ ¤¨�¯�§®−¥ ε = [0,1; 2,0] ãà®¢¥−ì ª®à-

à¥«ïæ¨¨ ®áâ�¥âáï ¢ ¯à¥¤¥«�å §−�ç¥−¨©, ¤¥¬®−áâà¨àãîé¨å ®âáãâáâ¢ãîéãî ª®àà¥-
«ïæ¨î −¥§�¢¨á¨¬® ®â áâ¥¯¥−¨ ª®àà¥«ïæ¨¨ ¢ ¨áå®¤−ëå ¤�−−ëå. „�−−®¥ á¢®©áâ¢®
å�à�ªâ¥à¨§ã¥â −¥¢®§¬®¦−®áâì ª«�áá¨ç¥áª®£® ¬¥å�−¨§¬� ‹�¯«�á� ¤«ï á®åà�−¥−¨ï
ª®àà¥«ïæ¨®−−ëå á¢®©áâ¢ ¯à¨ ¯®¯ëâª¥ á®§¤�−¨ï ¯à¨¢�â−ëå ¤�−−ëå.

7 Заключение

‚ −�áâ®ïé¥¬ ¨áá«¥¤®¢�−¨¨ à�áá¬®âà¥−® ¢«¨ï−¨¥ ¬¥å�−¨§¬� ‹�¯«�á� −�
ª«îç¥¢ë¥ áâ�â¨áâ¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¤�−−ëå, ¢ª«îç�ï à�á¯à¥¤¥«¥−¨ï, áà¥¤-
−¥ª¢�¤à�â¨ç−ãî ®è¨¡ªã ¨ ª®àà¥«ïæ¨®−−ë¥ §�¢¨á¨¬®áâ¨. ÷¥§ã«ìâ�âë ¯®ª�§�«¨,
çâ® ¯à¨ áâà®£¨å −�áâà®©ª�å ¯à¨¢�â−®áâ¨ (−¨§ª¨¥ §−�ç¥−¨ï ε) ¤®¡�¢«ï¥¬ë© èã¬
áãé¥áâ¢¥−−® ¨áª�¦�¥â ä®à¬ã ¨áå®¤−ëå à�á¯à¥¤¥«¥−¨©, çâ® ¯à¨¢®¤¨â ª à¥§ª¨¬
¨§¬¥−¥−¨ï¬ áâ�â¨áâ¨ç¥áª¨å ¯�à�¬¥âà®¢, â�ª¨å ª�ª ª®íää¨æ¨¥−âë �á¨¬¬¥âà¨¨
¨ íªáæ¥áá�, � â�ª¦¥ ¢ë§ë¢�¥â §−�ç¨â¥«ì−®¥ ã¢¥«¨ç¥−¨¥ MSE. ‚ â® ¦¥ ¢à¥¬ï ª«�á-
á¨ç¥áª¨© ¬¥å�−¨§¬ ¤¥¬®−áâà¨àã¥â §�¬¥â−®¥ á−¨¦¥−¨¥ ª®íää¨æ¨¥−â� ª®àà¥«ïæ¨¨
¬¥¦¤ã ¯¥à¥¬¥−−ë¬¨, çâ® ¬®¦¥â −¥£�â¨¢−® áª�§�âìáï −� ª®àà¥ªâ−®áâ¨ �−�«¨-
â¨ç¥áª¨å ¢ë¢®¤®¢. �«ìâ¥à−�â¨¢−ë¥ ¢�à¨�−âë | ãá¥ç¥−−ë© ¨ ®£à�−¨ç¥−−ë©
¬¥å�−¨§¬ë | ®ª�§ë¢�îâ ¡®«¥¥ ã¬¥à¥−−®¥ ¢«¨ï−¨¥, áâ�¡¨«¨§¨àãï ¯®ª�§�â¥«¨
MSE ¨ «ãçè¥ á®åà�−ïï áâàãªâãàã ¤�−−ëå §� áç¥â ®£à�−¨ç¥−¨ï ¢ë¡à®
á®¢. ’�ª¨¬ ®¡à�§®¬, à¥§ã«ìâ�âë ¯à®¢¥¤¥−−®£® ¨áá«¥¤®¢�−¨ï ¯®¤ç¥àª¨¢�îâ −¥®¡-
å®¤¨¬®áâì âé�â¥«ì−®£® ¡�«�−á¨à®¢�−¨ï ¬¥¦¤ã ãà®¢−¥¬ ¯à¨¢�â−®áâ¨ ¨ á®åà�−¥-
−¨¥¬ áâ�â¨áâ¨ç¥áª®© ¯®«¥§−®áâ¨ ¤�−−ëå. Šà®¬¥ â®£®, ¯®«ãç¥−−ë¥ ¢ë¢®¤ë ãª�§ë-
¢�îâ −� ¯¥àá¯¥ªâ¨¢−®áâì à�§à�¡®âª¨ £¨¡à¨¤−ëå ¬¥â®¤®¢, á¯®á®¡−ëå ®¯â¨¬�«ì−®
á®ç¥â�âì §�é¨âã ª®−ä¨¤¥−æ¨�«ì−®áâ¨ á ¬¨−¨¬�«ì−ë¬¨ ¯®â¥àï¬¨ ¨−ä®à¬�â¨¢-
−®áâ¨, � â�ª¦¥ −� −¥®¡å®¤¨¬®áâì ¤�«ì−¥©è¥£® ¨§ãç¥−¨ï ¢«¨ï−¨ï ¬¥å�−¨§¬®¢
¤¨ää¥à¥−æ¨�«ì−®© ¯à¨¢�â−®áâ¨ −� ª®àà¥«ïæ¨®−−ë¥ áâàãªâãàë ¢ ¬−®£®¬¥à−ëå
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ˆáá«¥¤®¢�−¨¥ ¢«¨ï−¨ï ¬¥å�−¨§¬� ‹�¯«�á� −� áâ�â¨áâ¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¤�−−ëå

¢ë¡®àª�å. �â¨ −�¯à�¢«¥−¨ï ¯à¥¤áâ�¢«ïîâ §−�ç¨â¥«ì−ë© ¨−â¥à¥á ¤«ï ¯®¢ëè¥−¨ï
ª�ç¥áâ¢� �−�«¨â¨ç¥áª¨å ¬¥â®¤®¢ ¢ §�¤�ç�å ®¡à�¡®âª¨ ª®−ä¨¤¥−æ¨�«ì−ëå ¤�−−ëå
¨ à�áè¨à¥−¨ï ¯à�ªâ¨ç¥áª®£® ¯à¨¬¥−¥−¨ï ¤¨ää¥à¥−æ¨�«ì−®© ¯à¨¢�â−®áâ¨.
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Abstract: Differential privacy (DP) involves adding controlled noise to the
input data or computational results which provides robust and provable privacy
preservation but can have a significant impact on the statistical datasets properties
with potentially influencing effect to their subsequent analysis. This feature forces
a trade-off analysis between privacy and utility. The paper presents the research
results of the DP Laplace mechanism impact on various data distributions and
their statistical properties. The feature changes are studied in the context
of three experiments for several key types of distributions while applying the
Laplace mechanism with different values of the privacy budget (epsilon). The
classical Laplace mechanism is compared with its extensions in the context of
their effectiveness and the impact on different levels of feature correlation in the
original data is considered. The results highlight the trade-offs between privacy
and data utility and also provide recommendations for choosing suitable DP
mechanisms for different scenarios.
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ПЕРСПЕКТИВНЫЕ МЕТОДЫ РЕАЛИЗАЦИИ
ИНКРЕМЕНТАЛЬНОГО ОБНОВЛЕНИЯ

МАТЕРИАЛИЗОВАННЫХ ПРЕДСТАВЛЕНИЙ
В СОВРЕМЕННЫХ РЕЛЯЦИОННЫХ СИСТЕМАХ

УПРАВЛЕНИЯ БАЗАМИ ДАННЫХ

С. А. Ступников1, Н. А. Скворцов2, Д. О. Брюхов3

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� ®¡§®àã ¯¥àá¯¥ªâ¨¢−ëå ¬¥â®¤®¢ à¥�«¨§�æ¨¨
¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© ¢ �ª�¤¥¬¨-
ç¥áª¨å ¨ ¯à®¬ëè«¥−−ëå à¥«ïæ¨®−−ëå á¨áâ¥¬�å ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå
(‘“�„). ÷�áá¬®âà¥−ë ®á−®¢−ë¥ −�¯à�¢«¥−¨ï ¯à¨¬¥−¥−¨© ¬�â¥à¨�«¨§®¢�−-
−ëå ¯à¥¤áâ�¢«¥−¨©, ®¡é�ï áå¥¬� §�¤�ç¨ ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï, ª«�á-
á¨ç¥áª¨¥ ¬¥â®¤ë ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨©, ¡�§®¢ë¥ ¯à®¬ëè«¥−−ë¥ à¥�-
«¨§�æ¨¨ ¢ −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ëå ‘“�„, à¥�«¨§�æ¨¨ ¢ á®¢à¥¬¥−−ëå
‘“�„ ¨ ¨å ®á®¡¥−−®áâ¨. ÷�áá¬®âà¥−ë ®á−®¢−ë¥ −�¯à�¢«¥−¨ï �ª�¤¥¬¨ç¥áª¨å
¨áá«¥¤®¢�−¨©, ¨å ®â«¨ç¨ï ¯® ¯®áâ�−®¢ª¥ §�¤�ç¨, ¯®¤¬−®¦¥áâ¢ã ï§ëª� ®¯à¥-
¤¥«¥−¨ï ¯à¥¤áâ�¢«¥−¨©, ¯à�ªâ¨ç¥áª®© ¨«¨ â¥®à¥â¨ç¥áª®© −�¯à�¢«¥−−®áâ¨.
�à�ªâ¨ç¥áª¨ ®à¨¥−â¨à®¢�−−ë¥ ¨áá«¥¤®¢�−¨ï á®¢¥àè¥−áâ¢ãîâ ¯à®¬ëè«¥−-
−ë¥ ‘“�„, ¯à®¢®¤ïâ íªá¯¥à¨¬¥−â�«ì−ãî ®æ¥−ªã ¯®¤å®¤� á à�§«¨ç−ë¬¨
¢�à¨�−â�¬¨ ¬�áèâ�¡¨à®¢�−¨ï. ÷�¡®âë â¥®à¥â¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ ª®−-
æ¥−âà¨àãîâáï −� ¨§ãç¥−¨¨ ¯®¤¬−®¦¥áâ¢ ï§ëª� ®¯à¥¤¥«¥−¨ï ¯à¥¤áâ�¢«¥−¨©,
¤«ï ª®â®àëå ¢®§¬®¦−ë −�¨«ãçè¨¥ áâà�â¥£¨¨ ®¡−®¢«¥−¨ï, ¨ ä®à¬�«ì−®¬ ¤®ª�-
§�â¥«ìáâ¢¥ á«®¦−®áâ¨ �«£®à¨â¬®¢. ‚ë¤¥«¥−ë −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ë¥ ¬¥â®¤ë
¨ ¯ãâ¨ à¥�«¨§�æ¨¨ ¢ á®¢à¥¬¥−−ëå ‘“�„.

Š«îç¥¢ë¥ á«®¢�: à¥«ïæ¨®−−ë¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï ¡�§�¬¨ ¤�−−ëå; ¬�â¥-
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�®¤¤¥à¦ª� ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© âà¥¡ã¥â à¥áãàá®¢. �−¨ −¥
â®«ìª® §�−¨¬�îâ ¤®¯®«−¨â¥«ì−®¥ ¯à®áâà�−áâ¢®, −® ¨ âà¥¡ãîâ ®¡á«ã¦¨¢�−¨ï:
¯® ¬¥à¥ ¨§¬¥−¥−¨ï ¡�§®¢ëå â�¡«¨æ á®¤¥à¦¨¬®¥ ¬�â¥à¨�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥-
−¨ï ãáâ�à¥¢�¥â. �� ¯à�ªâ¨ª¥, ª®£¤� ç¨á«® ¨§¬¥−¥−−ëå §�¯¨á¥© −¥¢¥«¨ª® ¯®
áà�¢−¥−¨î á à�§¬¥à®¬ ¡�§®¢ëå â�¡«¨æ, «ãçè¥© áâà�â¥£¨¥© ¯®¤¤¥à¦ª¨ ¬�â¥à¨�-
«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© áâ�−®¢¨âáï ¨−ªà¥¬¥−â�«ì−®¥ ®¡−®¢«¥−¨¥ (Incremental
View Maintenance, IVM) | ¢ëç¨á«¥−¨¥ ¨ ¯à¨¬¥−¥−¨¥ ª ¬�â¥à¨�«¨§®¢�−−ë¬
¯à¥¤áâ�¢«¥−¨ï¬ â®«ìª® ¨−ªà¥¬¥−â�«ì−ëå ¨§¬¥−¥−¨©, ¢ë§¢�−−ëå ¨§¬¥−¥−¨ï¬¨
¢ ¡�§®¢®© â�¡«¨æ¥.

•�à�ªâ¥à−ë¥ ¯à¨¬¥àë ¯à¨¬¥−¥−¨ï ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©
¢ª«îç�îâ ®à£�−¨§�æ¨î ¢¨âà¨− ¤�−−ëå, à¥�«¨§�æ¨î ETL (extract, transform,
and load) ¯à®æ¥áá®¢ ¢ åà�−¨«¨é�å ¤�−−ëå, à¥�«¨§�æ¨î �−�«¨â¨ª¨ ¢ à¥�«ì−®¬
¢à¥¬¥−¨ −�¤ ¯®â®ª®¢ë¬¨ ¤�−−ë¬¨. ‚¨âà¨−ë ¤�−−ëå | ¯®¤¬−®¦¥áâ¢� åà�−¨«¨é
¤�−−ëå, ®à¨¥−â¨à®¢�−−ë¥ −� ¨−â¥à¥áë ®â¤¥«ì−®© áâàãªâãà−®© ç�áâ¨ ®à£�−¨§�-
æ¨¨ ¨«¨ ¡¨§−¥á-−�¯à�¢«¥−¨ï, ¬®£ãâ ¡ëâì à¥�«¨§®¢�−ë ¢ ¢¨¤¥ ¬�â¥à¨�«¨§®¢�−-
−ëå OLAP (online analytical processing) §�¯à®á®¢ á £àã¯¯¨à®¢ª®© ¯® ¬−®¦¥áâ¢ã
¨§¬¥à¥−¨© ¨ �£à¥£�æ¨¥© ¯® ¯�à�¬¥âà�¬, ¯®¤¢¥à£�¥¬ë¬ �−�«¨§ã [1]. ’�ª¦¥ ¬�â¥-
à¨�«¨§®¢�−−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¤«ï ®à£�−¨§�æ¨¨ á�¬¨å
åà�−¨«¨é ¤�−−ëå. �à¨ íâ®¬ ¯à¥®¡à�§®¢�−¨¥ ¤�−−ëå ¨§ OLTP-¨áâ®ç−¨ª®¢
®áãé¥áâ¢«ï¥âáï ¯à¨ ¯®¬®é¨ −¥áª®«ìª¨å ¯®á«¥¤®¢�â¥«ì−ëå á«®¥¢ ¬�â¥à¨�«¨-
§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©. ”¨−�«ì−ë¬ á«®¥¬ ¯à¨ íâ®¬ áâ�−®¢¨âáï áâàãªâãà�
åà�−¨«¨é�. Œ�â¥à¨�«¨§®¢�−−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¯à¨
à�§à�¡®âª¥ ¡�§ ¤�−−ëå ¢ à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâïå | ®â «¨−£¢¨áâ¨ª¨ [2,
3] ¤® ã¯à�¢«¥−¨ï §¥¬«¥¯®«ì§®¢�−¨¥¬ [4] ¨ −¥©à®ä¨§¨®«®£¨¨ [5].

‚ëá®ªãî �ªâã�«ì−®áâì ¢ á®¢à¥¬¥−−®© ¨−¤ãáâà¨¨ ¯à¨®¡à¥â�îâ ¯®â®ª®¢ë¥
¤�−−ë¥, á®åà�−ï¥¬ë¥ ¢ ¡�§�å ¤�−−ëå ª�ª ¯®áâ®ï−−® ¬¥−ïîé¨¥áï ¢® ¢à¥¬¥−¨
−�¡®àë ¤�−−ëå. •�à�ªâ¥à−ë¬¨ ¯à¨¬¥à�¬¨ á«ã¦�â ¯®â®ª¨ ¤�−−ëå á á¥−á®à®¢
ˆ−â¥à−¥â� ¢¥é¥©, ¤�−−ë¥ á®æ¨�«ì−ëå á¥â¥©, ¤�−−ë¥ ¬®−¨â®à¨−£� ¢ëá®ª®−�-
£àã¦¥−−ëå ®¡«�ç−ëå ¨−äà�áâàãªâãà ¨ â. ¤. �®«ìè®¥ ç¨á«® á¨áâ¥¬ ¯à¨−ïâ¨ï
à¥è¥−¨© ®¯¨à�¥âáï −� �−�«¨â¨ªã ¤�−−ëå ¢ à¥�«ì−®¬ ¢à¥¬¥−¨. �à¨ íâ®¬ −¥-
®¡å®¤¨¬® ¯®áâ®ï−−®¥ ®¡−®¢«¥−¨¥ à¥§ã«ìâ�â®¢ ¢ëç¨á«¥−¨© (�£à¥£�æ¨ï) −� −®¢ëå
¤�−−ëå.

„�−−�ï áâ�âìï ¯®á¢ïé¥−� ®¡§®àã á®¢à¥¬¥−−ëå ¬¥â®¤®¢ ¨−ªà¥¬¥−â�«ì−®£®
®¡−®¢«¥−¨ï ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© ¨ ¨å à¥�«¨§�æ¨© ¢ �ª�¤¥¬¨ç¥áª¨å
¨ ¯à®¬ëè«¥−−ëå á¨áâ¥¬�å. ‚ë¤¥«¥−ë −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ë¥ ¬¥â®¤ë ¨ ¯ãâ¨
à¥�«¨§�æ¨¨ ¢ á®¢à¥¬¥−−ëå ‘“�„.

2 Задача инкрементального обновления представлений
и классические методы ее решения

‚ ®¡é¥© áå¥¬¥ §�¤�ç¨ ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï ¬�â¥à¨�«¨§®¢�−−®£®
¯à¥¤áâ�¢«¥−¨ï −� ®á−®¢�−¨¨ §�¯à®á� ¨ ¡�§ë ¤�−−ëå, á®§¤�¥âáï áâàãªâãà� ¤�−-
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�¥àá¯¥ªâ¨¢−ë¥ ¬¥â®¤ë à¥�«¨§�æ¨¨ ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨© ¢ ‘“�„

−ëå ¤«ï åà�−¥−¨ï ¬�â¥à¨�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï, á®®â¢¥âáâ¢ãîé¥£® §�¯à®-
áã [6]. �¡−®¢«¥−¨¥ ¢ë§ë¢�¥â ¨§¬¥−¥−¨ï ª�ª ¢ ¡�§¥ ¤�−−ëå, â�ª ¨ ¢ áâàãªâãà¥
¤�−−ëå. �à¨ §�¯à®á¥ ¯®«ì§®¢�â¥«ï ª ¤�−−ë¬ ¢ëå®¤−ë¥ ¤�−−ë¥ §�¯à®á� ¨§-
¢«¥ª�îâáï ¯® ®¤−®¬ã ª®àâ¥¦ã §� à�§. ‚à¥¬¥−−��ï á«®¦−®áâì §�¤�ç¨ ¤¥«¨âáï −�
¢à¥¬ï ¯à¥¤¢�à¨â¥«ì−®© ®¡à�¡®âª¨, ¢à¥¬ï ®¡−®¢«¥−¨ï ¨ §�¤¥à¦ªã ¨§¢«¥ç¥−¨ï.
‚à¥¬ï ¯à¥¤¢�à¨â¥«ì−®© ®¡à�¡®âª¨ | íâ® ¢à¥¬ï, −¥®¡å®¤¨¬®¥ ¤«ï ¢ëç¨á«¥−¨ï
áâàãªâãàë ¤�−−ëå, ª®â®à�ï ª®¤¨àã¥â ¢ëå®¤−ë¥ ¤�−−ë¥ §�¯à®á�. ‚à¥¬ï ®¡-
−®¢«¥−¨ï | íâ® ¢à¥¬ï, −¥®¡å®¤¨¬®¥ ¤«ï ®¡−®¢«¥−¨ï ¡�§ë ¤�−−ëå ¨ áâàãªâãàë
¤�−−ëå ¯à¨ ¢áâ�¢ª¥ ¨«¨ ã¤�«¥−¨¨ ®¤−®£® ª®àâ¥¦�. ‡�¤¥à¦ª� ¨§¢«¥ç¥−¨ï | íâ®
¬�ªá¨¬ã¬ ¨§ âà¥å ¢¥«¨ç¨−: ¢à¥¬ï ¬¥¦¤ã −�ç�«®¬ ¨§¢«¥ç¥−¨ï ¨ ¢ë¢®¤®¬ ¯¥à¢®£®
ª®àâ¥¦�, ¢à¥¬ï ¬¥¦¤ã ¢ë¢®¤®¬ «î¡ëå ¤¢ãå ¯®á«¥¤®¢�â¥«ì−ëå ª®àâ¥¦¥© ¨ ¢à¥¬ï
¬¥¦¤ã ¢ë¢®¤®¬ ¯®á«¥¤−¥£® ª®àâ¥¦� ¨ ®ª®−ç�−¨¥¬ ¨§¢«¥ç¥−¨ï. ��¨«ãçè¥© áâà�-
â¥£¨¥© ®¡−®¢«¥−¨ï ¯à¨−ïâ® áç¨â�âì â�ªãî, ¯à¨ ª®â®à®© ¤®áâ¨£�¥âáï ª®−áâ�−â−®¥
(®â−®á¨â¥«ì−® §�¯à®á� ¨ ¡�§ë ¤�−−ëå) ¢à¥¬ï ®¡−®¢«¥−¨ï ¨ §�¤¥à¦ª� ¨§¢«¥ç¥−¨ï.

Š«�áá¨ç¥áª¨¬ áç¨â�¥âáï úç¨áâë©û �«£¥¡à�¨ç¥áª¨© ¬¥â®¤ ¨−ªà¥¬¥−â�«ì−®-
£® ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨© [7]. ˆ§¬¥−¥−¨ï ¢ ¤�−−ëå ¡�§®¢ëå â�¡«¨æ ¯à¨
íâ®¬ ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ ¯�àë â�ª −�§ë¢�¥¬ëå ¤¥«ìâ�-â�¡«¨æ, á®¤¥à¦�é¨å
ã¤�«¥−−ë¥ áâà®ª¨ ¨ ¢áâ�¢«¥−−ë¥ áâà®ª¨ á®®â¢¥âáâ¢¥−−®. �¡−®¢«¥−¨¥ ¯à¥¤áâ�¢-
«¥−¨ï ®¯à¥¤¥«ï¥âáï á ¯®¬®éìî −�¡®à� à�¢¥−áâ¢ à�á¯à®áâà�−¥−¨ï ¨§¬¥−¥−¨©.
Š�¦¤®¥ à�¢¥−áâ¢® ®¯à¥¤¥«ï¥â ¤«ï ®¯¥à�æ¨¨ ï§ëª� ®¯à¥¤¥«¥−¨ï ¯à¥¤áâ�¢«¥−¨©,
ª�ª úà�á¯à®áâà�−ïâìû ¨§¬¥−¥−¨ï ¨§ ®¤−®© ¢å®¤−®© â�¡«¨æë. �® ®¯à¥¤¥«¥−¨î
¯à¥¤áâ�¢«¥−¨ï, ¢ëà�¦¥−−®¬ã ¢ ¢¨¤¥ ¤¥à¥¢� ®¯¥à�æ¨©, ¢® ¢à¥¬ï ª®¬¯¨«ïæ¨¨ à�-
¢¥−áâ¢� à�á¯à®áâà�−¥−¨ï ¨§¬¥−¥−¨© ¯à¨¬¥−ïîâáï ª ¤¥à¥¢ã ¯® ¯à¨−æ¨¯ã úá−¨§ã
¢¢¥àåû. ��ç¨−�ï á ¨§¬¥−¥−¨© ¢ ¡�§®¢ëå â�¡«¨æ�å, ª®−áâàã¨àãîâáï §�¯à®áë ¤«ï
¢ëç¨á«¥−¨ï ¨§¬¥−¥−¨© ¢ ¯®áâ¥¯¥−−® ã¢¥«¨ç¨¢�îé¨åáï ¯®¤¢ëà�¦¥−¨ïå ¯à¥¤-
áâ�¢«¥−¨ï ¨ ¢ ª®−¥ç−®¬ ¨â®£¥ ¯®«ãç�îâáï §�¯à®áë ¤«ï ¢ëç¨á«¥−¨ï ¨§¬¥−¥−¨©
¢ á�¬®¬ ¯à¥¤áâ�¢«¥−¨¨. ‘ª®−áâàã¨à®¢�−−ë¥ §�¯à®áë ¤«ï ¢ëç¨á«¥−¨ï ¨§¬¥−¥−¨©
¢ë¯®«−ïîâáï ¯® à�á¯¨á�−¨î, áà�¡�âë¢�−¨î âà¨££¥à� ¨«¨ ª®¬�−¤¥ ¯®«ì§®¢�â¥«ï.
‡�â¥¬ ¯à¥¤áâ�¢«¥−¨¥ ®¡−®¢«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ¢ëç¨á«¥−−ë¬¨ ¨§¬¥−¥−¨ï¬¨.

ˆ§−�ç�«ì−® �«£¥¡à�¨ç¥áª¨© ¯®¤å®¤ ¡ë« à�§à�¡®â�− ¤«ï ¯à¥¤áâ�¢«¥−¨©, §�-
¤�¢�¥¬ëå ®¯¥à�æ¨ï¬¨ á¥«¥ªæ¨¨, ¯à®¥ªæ¨¨ ¨ á®¥¤¨−¥−¨ï á ¬−®¦¥áâ¢¥−−®© á¥¬�−-
â¨ª®©. ‚ ¤�«ì−¥©è¥¬ ®− ¡ë« à�áè¨à¥− −� ®¯¥à�æ¨¨ ¤¥ª�àâ®¢� ¯à®¨§¢¥¤¥−¨ï,
®¡ê¥¤¨−¥−¨ï, à�§−®áâ¨, ¯®«ãá®¥¤¨−¥−¨ï, ¢−¥è−¥£® á®¥¤¨−¥−¨ï, £àã¯¯¨à®¢ª¨
¨ �£à¥£�æ¨¨ á ¬−®¦¥áâ¢¥−−®© ¨ ¬ã«ìâ¨¬−®¦¥áâ¢¥−−®© á¥¬�−â¨ª®©.

�«£¥¡à�¨ç¥áª¨© ¯®¤å®¤ ¯à¨¢«¥ª�â¥«¥− ¯® −¥áª®«ìª¨¬ ¯à¨ç¨−�¬. �®¬¨¬®
â®£® çâ® ®− ª®−æ¥¯âã�«ì−® ¯à®áâ, ®− ¬®¤ã«ì−ë© ¨ ª®¬¯®−ã¥¬ë©: à�¢¥−áâ¢�
à�á¯à®áâà�−¥−¨ï ¨§¬¥−¥−¨© ®¯à¥¤¥«¥−ë ®â¤¥«ì−® ¤«ï ª�¦¤®© ®¯¥à�æ¨¨ ï§ëª�
®¯à¥¤¥«¥−¨ï ¯à¥¤áâ�¢«¥−¨©, ¨ ¢ á®¢®ªã¯−®áâ¨ ®−¨ ¬®£ãâ ®¡à�¡�âë¢�âì áª®«ì
ã£®¤−® á«®¦−ë¥ §�¯à®áë. ‚ ç¨áâ®¬ ¢¨¤¥ íâ®â ¯®¤å®¤ ¯®§¢®«ï¥â ¢ë¯®«−ïâì ¢á¥ §�-
¤�ç¨ ®¡−®¢«¥−¨ï á ¨á¯®«ì§®¢�−¨¥¬ â®«ìª® áâ�−¤�àâ−ëå ®¯¥à�æ¨© ï§ëª� §�¯à®á®¢,
¨, á«¥¤®¢�â¥«ì−®, ¯à¨ íâ®¬ ¬®£ãâ ¡ëâì íää¥ªâ¨¢−® ¨á¯®«ì§®¢�−ë áãé¥áâ¢ãîé¨¥
¬¥å�−¨§¬ë ¨á¯®«−¥−¨ï ¨ ®¯â¨¬¨§�æ¨¨ §�¯à®á®¢. �¤−�ª® −� ¯à�ªâ¨ª¥ ¤«ï íä-
ä¥ªâ¨¢−®© à¥�«¨§�æ¨¨ ®¡ëç−® âà¥¡ã¥âáï ®âª�§�âìáï ®â ª®−æ¥¯âã�«ì−®© ¯à®áâ®âë
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�«£¥¡à�¨ç¥áª®£® ¯®¤å®¤� ¨ ®¯¨áë¢�âì ®â¤¥«ì−ë¥ �á¯¥ªâë ®¡−®¢«¥−¨ï ¢ ¨¬¯¥à�-
â¨¢−®¬ ¢¨¤¥.

•®à®è® ¨§¢¥áâ−ë¥ âàã¤−®áâ¨ ¯à¨ ¨−ªà¥¬¥−â�«ì−®¬ ®¡−®¢«¥−¨¨ ¯à¥¤áâ�¢«¥-
−¨© §�ª«îç�îâáï ¢ ®¡à�¡®âª¥ ®¯¥à�æ¨© ¯à®¥ªæ¨¨ ¢ à¥«ïæ¨®−−®© �«£¥¡à¥ ¨«¨
ãáâà�−¥−¨¨ ¤ã¡«¨ª�â®¢ ¢ �«£¥¡à¥ ¬ã«ìâ¨¬−®¦¥áâ¢, ª®£¤� ç�áâ® ¡ë¢�îâ −¥®¡å®-
¤¨¬ë ¤®à®£®áâ®ïé¨¥ §�¯à®áë ª ¨áå®¤−®© â�¡«¨æ¥. Š«�áá¨ç¥áª�ï ª«îç¥¢�ï ¨¤¥ï
¤«ï à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë | ¯®¤áç¥â ¯à®¨§¢®¤ïé¨å ª®àâ¥¦¥©. „«ï ª�¦-
¤®© áâà®ª¨ ¬�â¥à¨�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï ®âá«¥¦¨¢�¥âáï ç¨á«® ª®àâ¥¦¥©
¡�§®¢ëå â�¡«¨æ, ª®â®àë¥ ¬®£ãâ ¯à®¨§¢¥áâ¨ íâã áâà®ªã. �â® ç¨á«® ¬®¦−® «¥£ª®
¯®¤¤¥à¦¨¢�âì ¯à¨ ¨§¬¥−¥−¨¨ ¨áå®¤−ëå â�¡«¨æ.

�®¤áç¥â ¯à®¨§¢®¤ïé¨å ª®àâ¥¦¥© ¯®«¥§¥− −¥ â®«ìª® ¤«ï ¯®¤¤¥à¦�−¨ï ¯à¥¤-
áâ�¢«¥−¨©, á¢ï§�−−ëå á ¯à®¥ªæ¨¥© ¨ ãáâà�−¥−¨¥¬ ¤ã¡«¨ª�â®¢, −® ¨ ¤«ï £àã¯-
¯¨à®¢�−¨ï ¨ �£à¥£�æ¨¨. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¯®¤áç¥â ¯à®¨§¢®¤ïé¨å ª®àâ¥¦¥©
âà¥¡ã¥â à�áè¨à¥−¨ï �«£¥¡à�¨ç¥áª®£® ¯®¤å®¤�. �á−®¢−ë¥ à�¢¥−áâ¢� à�á¯à®-
áâà�−¥−¨ï ¨§¬¥−¥−¨© ¬®£ãâ ¡ëâì −¥íää¥ªâ¨¢−ë¬¨ ¯à¨ ¨å ¯àï¬®¬ ¯à¨¬¥−¥−¨¨,
¯®áª®«ìªã ®−¨ −¥ ãç¨âë¢�îâ ¨ −¥ ¨á¯®«ì§ãîâ ¤®¯®«−¨â¥«ì−ãî ¨−ä®à¬�æ¨î
(−�¯à¨¬¥à, ¯®¤áç¥â ¯à®¨§¢®¤ïé¨å ª®àâ¥¦¥©).

ˆ¤¥ï ¯®¤áç¥â� ¯à®¨§¢®¤ïé¨å ª®àâ¥¦¥© «¥¦¨â ¢ ®á−®¢¥ �«£®à¨â¬� ¯®¤áç¥-
â� (counting algorithm) [8]. �«£®à¨â¬, ª�ª ¨ �«£¥¡à�¨ç¥áª¨© ¯®¤å®¤ ¢ æ¥«®¬,
¨á¯®«ì§ã¥â ¨§¬¥−¥−¨ï, ¢−¥á¥−−ë¥ ¢ ¡�§®¢ë¥ â�¡«¨æë, ¨ −�ç�«ì−®¥ á®áâ®ï−¨¥
¡�§®¢ëå â�¡«¨æ ¤«ï ª®−áâàã¨à®¢�−¨ï ¢ ª�ç¥áâ¢¥ ¢ëå®¤−ëå ¤�−−ëå −�¡®à� ¨§-
¬¥−¥−¨©, ª®â®àë¥ −¥®¡å®¤¨¬® ¢−¥áâ¨ ¢ ¯à¥¤áâ�¢«¥−¨¥. �â®â −�¡®à ¨§¬¥−¥−¨©
−�§ë¢�¥âáï ¨â®£®¢ë¬¨ ¤¥«ìâ�¬¨. ‚ ¨â®£®¢ëå ¤¥«ìâ�å ¢áâ�¢ª¨ ¯à¥¤áâ�¢«¥−ë
¯®«®¦¨â¥«ì−ë¬¨ §−�ç¥−¨ï¬¨ ¯®¤áç¥â� ¯à®¨§¢®¤ïé¨å ª®àâ¥¦¥©, � ã¤�«¥−¨ï |
®âà¨æ�â¥«ì−ë¬¨.

�à¥¨¬ãé¥áâ¢® �«£®à¨â¬� ¯®¤áç¥â� á®áâ®¨â ¢ ãç¥â¥ ª�ª ¢áâ�¢®ª, â�ª ¨ ã¤�«¥-
−¨© §� ®¤¨− ¯à®å®¤ (−¥ âà¥¡ã¥âáï ®â¤¥«ì−® ®¡à�¡�âë¢�âì ¢áâ�¢ª¨ ¨ ®â¤¥«ì−® |
ã¤�«¥−¨ï). �«£®à¨â¬ ¨á¯®«ì§ã¥âáï à�§«¨ç−ë¬¨ ª®¬¬¥àç¥áª¨¬¨ á¨áâ¥¬�¬¨: Or-
acle [9], DB2, Postgres [10], Redshift [11] | ¤«ï ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï
á¢®¨å ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©. �«£®à¨â¬ ¯à¨¬¥−¨¬ ¤«ï ®¡−®¢«¥-
−¨ï ¯à¥¤áâ�¢«¥−¨©, ®¯à¥¤¥«ï¥¬ëå ¯à¨ ¯®¬®é¨ ®¯¥à�æ¨© á¥«¥ªæ¨¨, ¯à®¥ªæ¨¨,
á®¥¤¨−¥−¨ï, £àã¯¯¨à®¢ª¨ ¨ �£à¥£�æ¨¨ [12, 13].

3 Базовые промышленные реализации инкрементального обновления
представлений

Š ¡�§®¢ë¬ ¯à®¬ëè«¥−−ë¬ à¥�«¨§�æ¨ï¬ ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï ¬�â¥-
à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©, ®á−®¢�−−ë¬ −� ª«�áá¨ç¥áª¨å ¯®¤å®¤�å, á«¥¤ã¥â
®â−¥áâ¨ à¥�«¨§�æ¨¨ ¢ ‘“�„ Oracle [9], PostgreSQL [10] ¨ SQL Server [14].

‚ ‘“�„ Oracle ¯®¤¤¥à¦¨¢�îâáï ¤¢� á¯®á®¡� ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï
¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©: ¡ëáâà®¥ (fast) ®¡−®¢«¥−¨¥ ¨ á¨−åà®−−®¥ (syn-
chronous) ®¡−®¢«¥−¨¥. �ëáâà®¥ ®¡−®¢«¥−¨¥ ®á−®¢�−® −� ®â«®¦¥−−®¬ (deferred)
¯®¤å®¤¥ ª ®¡−®¢«¥−¨î ¯à¥¤áâ�¢«¥−¨©, ¯à¨ ª®â®à®¬ âà�−§�ªæ¨ï ®¡−®¢«¥−¨ï §�¯ãá-
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�¥àá¯¥ªâ¨¢−ë¥ ¬¥â®¤ë à¥�«¨§�æ¨¨ ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨© ¢ ‘“�„

ª�¥âáï ¯®á«¥ §�¢¥àè¥−¨ï âà�−§�ªæ¨¨ ®¡−®¢«¥−¨ï ¡�§®¢®© â�¡«¨æë, çâ® §�¬¥¤«ï¥â
®¡−®¢«¥−¨¥, −® ¯à¨ íâ®¬ −¥ ¢«¥ç¥â §� á®¡®© §�¬¥¤«¥−¨ï ¢ë¯®«−¥−¨ï ®¯¥à�æ¨©
®¡−®¢«¥−¨ï ¡�§®¢ëå â�¡«¨æ. ‘¨−åà®−−®¥ ®¡−®¢«¥−¨¥ ®á−®¢�−® −� −¥¬¥¤«¥−-
−®¬ (immediate) ®¡−®¢«¥−¨¨, ¯à¨ ª®â®à®¬ ®¡−®¢«¥−¨¥ ¯à®¨áå®¤¨â á¨−åà®−−®
á ®¡−®¢«¥−¨¥¬ ¡�§®¢®© â�¡«¨æë.

�ëáâà®¥ ®¡−®¢«¥−¨¥ ¯à¨¬¥−¨¬® ¤«ï ¯à¥¤áâ�¢«¥−¨©, á®§¤�−−ëå ª�ª −�¤ ®¤−®©
¡�§®¢®© â�¡«¨æ¥©, â�ª ¨ −�¤ −¥áª®«ìª¨¬¨ â�¡«¨æ�¬¨. ‚ ¯®á«¥¤−¥¬ á«ãç�¥ ¯®¤¤¥à-
¦¨¢�îâáï á«¥¤ãîé¨¥ ¢¨¤ë ¯à¥¤áâ�¢«¥−¨©: ¬�â¥à¨�«¨§®¢�−−ë¥ ¯à¥¤áâ�¢«¥−¨ï,
á®¤¥à¦�é¨¥ â®«ìª® ®¯¥à�æ¨¨ á®¥¤¨−¥−¨ï; ¬�â¥à¨�«¨§®¢�−−ë¥ ¯à¥¤áâ�¢«¥−¨ï,
á®¤¥à¦�é¨¥ ®¯¥à�æ¨¨ �£à¥£�æ¨¨ ¨ á®¥¤¨−¥−¨ï; ¢«®¦¥−−ë¥ ¬�â¥à¨�«¨§®¢�−−ë¥
¯à¥¤áâ�¢«¥−¨ï, á®§¤�−−ë¥ −�¤ ¤àã£¨¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨. �ëáâà®¥ ®¡−®¢«¥−¨¥
®¯â¨¬¨§¨àã¥âáï á ¨á¯®«ì§®¢�−¨¥¬ ¤®áâã¯−ëå ®£à�−¨ç¥−¨© ¯¥à¢¨ç−®£® ¨ ¢−¥è−¥-
£® ª«îç¥© ¢ áâ®«¡æ�å á®¥¤¨−¥−¨ï.

‘ãé¥áâ¢ãîâ âà¨ ¬¥â®¤� ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï: ¦ãà−�«ë (logs); ®¡-
−®¢«¥−¨¥ ®âá«¥¦¨¢�−¨ï ¨§¬¥−¥−¨© à�§¤¥«� (partition change tracking | PCT);
®¡−®¢«¥−¨¥ ®âá«¥¦¨¢�−¨ï ¨§¬¥−¥−¨© «®£¨ç¥áª®£® à�§¤¥«� (logical partition change
tracking | LPCT).

Œ¥â®¤ á ¨á¯®«ì§®¢�−¨¥¬ ¦ãà−�«®¢ ¡�§¨àã¥âáï −� ª«�áá¨ç¥áª¨å ¬¥â®¤�å
¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï, ¢ª«îç�ï �«£¥¡à�¨ç¥áª¨© ¬¥â®¤ ¨ ¯®¤áç¥â ¯à®¨§-
¢®¤ïé¨å ª®àâ¥¦¥© [9]. †ãà−�« ¬�â¥à¨�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï ¢¥¤¥â ãç¥â
¨§¬¥−¥−¨© ¢ ¡�§®¢ëå â�¡«¨æ�å, ¢ª«îç�¥â ¨−ä®à¬�æ¨î ® ¢á¥å ¤®¡�¢«¥−−ëå ¨ ã¤�-
«¥−−ëå áâà®ª�å ¨ ® áâà®ª�å, ¢ ª®â®àëå ¡ë«® ¤®¡�¢«¥−®, ã¤�«¥−® ¨«¨ ¨§¬¥−¥−®
§−�ç¥−¨¥.

Œ¥â®¤ ®¡−®¢«¥−¨ï PCT ¨á¯®«ì§ã¥âáï, ª®£¤� ¡�§®¢ë¥ â�¡«¨æë ä¨§¨ç¥áª¨
à�§¤¥«¥−ë −� à�§¤¥«ë (partition). �à¥¤áâ�¢«¥−¨¥ ¤®«¦−® ¨¬¥âì â�ª®¥ ¦¥ ¯�à-
â¨æ¨à®¢�−¨¥, ª�ª ¨ ¡�§®¢�ï â�¡«¨æ�. �â®â ¬¥â®¤ ®á−®¢�− −� ¨á¯®«ì§®¢�−¨¨
¬¥å�−¨§¬� ®âá«¥¦¨¢�−¨ï ¨§¬¥−¥−¨© à�§¤¥«®¢, ª®â®àë© ¯®§¢®«ï¥â ¨¤¥−â¨ä¨æ¨-
à®¢�âì §�âà®−ãâë¥ à�§¤¥«ë /̈̈ «¨ ç�áâì ¨§¬¥−¥−−ëå ¤�−−ëå ¢ ¯à¥¤áâ�¢«¥−¨¨.
Œ¥â®¤ LPCT ¯®å®¦ −� PCT, −® âà¥¡ã¥â «®£¨ç¥áª®©, � −¥ ä¨§¨ç¥áª®© áå¥¬ë
¯�àâ¨æ¨à®¢�−¨ï ¢ ¡�§®¢®© â�¡«¨æ¥ á ¨á¯®«ì§®¢�−¨¥¬ ¤¨�¯�§®−®¢ ª«îç¥©.

‘¨−åà®−−®¥ ®¡−®¢«¥−¨¥ | íâ® ¯®¤å®¤ ª ®¡−®¢«¥−¨î â�¡«¨æ ¨ ¬�â¥à¨�«¨-
§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© ¢ åà�−¨«¨é¥ ¤�−−ëå, ¯à¨ ª®â®à®¬ ®−¨ ®¡−®¢«ïîâáï
®¤−®¢à¥¬¥−−®. ‚ ¡®«ìè¨−áâ¢¥ åà�−¨«¨é ¤�−−ëå â�¡«¨æë ä�ªâ®¢ ¯�àâ¨æ¨à®¢�-
−ë ¯® ¢à¥¬¥−−�®¬ã ¨§¬¥à¥−¨î, ¨ ®ç¥−ì ç�áâ® ¨−ªà¥¬¥−â�«ì−�ï §�£àã§ª� ¤�−−ëå
á®áâ®¨â ¢ ®á−®¢−®¬ ¨§ ¨§¬¥−¥−¨© ¢ −¥¤�¢−¨¥ ¯¥à¨®¤ë ¢à¥¬¥−¨. ‘¨−åà®−−®¥
®¡−®¢«¥−¨¥ ¨á¯®«ì§ã¥â íâ¨ å�à�ªâ¥à¨áâ¨ª¨ ¤«ï §−�ç¨â¥«ì−®£® ã«ãçè¥−¨ï ¯à®¨§-
¢®¤¨â¥«ì−®áâ¨ ®¡−®¢«¥−¨ï ¨ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨.

‘¨−åà®−−®¥ ®¡−®¢«¥−¨¥ ®¡ê¥¤¨−ï¥â −¥ª®â®àë¥ í«¥¬¥−âë ¬¥â®¤®¢ ¡ëáâà®£®
®¡−®¢«¥−¨ï −� ®á−®¢¥ ¦ãà−�«®¢ ¨ PCT. ‡�¯à®á, ®¯à¥¤¥«ïîé¨© ¯à¥¤áâ�¢«¥−¨¥,
¤®«¦¥− á®®â¢¥âáâ¢®¢�âì áå¥¬¥ ú§¢¥§¤�û ¨«¨ úá−¥¦¨−ª�û, â�¡«¨æ� ä�ªâ®¢ ¨ ¬�-
â¥à¨�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¤®«¦−ë ¡ëâì ¯�àâ¨æ¨à®¢�−ë, � ª«îç à�§¤¥«�
¬�â¥à¨�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï ¤®«¦¥− ¡ëâì äã−ªæ¨®−�«ì−® §�¢¨á¨¬ë¬ ®â
ª«îç� à�§¤¥«� â�¡«¨æë ä�ªâ®¢.
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‘. �. ‘âã¯−¨ª®¢, �. �. ‘ª¢®àæ®¢, „. �. �àîå®¢

‚ ‘“�„ PostgreSQL −¥â ¢áâà®¥−−®© ¯®¤¤¥à¦ª¨ ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥-
−¨ï ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©, −® ¢ 2022 £. ¯®ï¢¨«�áì ¯¥à¢�ï ¢¥àá¨ï
à¥�«¨§�æ¨¨ ¡¨¡«¨®â¥ª¨ pg ivm ¢ ¢¨¤¥ à�áè¨à¥−¨ï PostgreSQL [10]. ‚ ¡¨¡«¨®-
â¥ª¥ ¡ë« ¢ë¡à�− á¨−åà®−−ë© ¯®¤å®¤ ª ®¡−®¢«¥−¨î ¯à¥¤áâ�¢«¥−¨©, ¯à¨ ª®â®à®¬
®¡−®¢«¥−¨¥ ¯à®¨áå®¤¨â ¢ à�¬ª�å â®© ¦¥ âà�−§�ªæ¨¨, çâ® ¨ ®¡−®¢«¥−¨¥ ¡�§®¢ëå
â�¡«¨æ. „«ï íâ®£® ¨á¯®«ì§ãîâáï âà¨££¥àë AFTER, ¤®¡�¢«ï¥¬ë¥ ª ¡�§®¢ë¬
â�¡«¨æ�¬. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ ¡¨¡«¨®â¥ª¥ ¯®¤¤¥à¦¨¢�îâáï ¬�â¥à¨�«¨§®-
¢�−−ë¥ ¯à¥¤áâ�¢«¥−¨ï −� ®á−®¢¥ ¢−ãâà¥−−¥£® á®¥¤¨−¥−¨ï, −� ®á−®¢¥ �£à¥£�æ¨¨
á ¨á¯®«ì§®¢�−¨¥¬ −¥ª®â®àëå ¢áâà®¥−−ëå ®¯¥à�æ¨©, á ¨á¯®«ì§®¢�−¨¥¬ ¯à®áâëå
¯®¤§�¯à®á®¢, ¢ª«îç�ï EXISTS-¯®¤§�¯à®áë ¨ CTE (common table expressions)
¯®¤§�¯à®áë. ÷¥�«¨§�æ¨ï ¬¥â®¤� ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï ¢ ¡¨¡«¨®â¥ª¥
¡�§¨àã¥âáï −� ª«�áá¨ç¥áª¨å ¬¥â®¤�å ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï, ¢ª«îç�ï
�«£¥¡à�¨ç¥áª¨© ¬¥â®¤ ¨ ¯®¤áç¥â ¯à®¨§¢®¤ïé¨å ª®àâ¥¦¥© [8].

‚ SQL Server −¥â ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© ª�ª â�ª®¢ëå, ®¤−�ª® à¥-
�«¨§®¢�−ë ¨−¤¥ªá¨à®¢�−−ë¥ ¯à¥¤áâ�¢«¥−¨ï [14]. „®¡�¢«¥−¨¥ ã−¨ª�«ì−®£® ª«�á-
â¥à−®£® ¨−¤¥ªá� ¬�â¥à¨�«¨§ã¥â ¤�−−ë¥, ¢®§¢à�é�¥¬ë¥ ¯à¥¤áâ�¢«¥−¨¥¬, ¢ íâ®â
ª«�áâ¥à−ë© ¨−¤¥ªá, ¯® áãé¥áâ¢ã, ¢ ®â¤¥«ì−ãî â�¡«¨æã. �¡−®¢«¥−¨¥ ¯à®¨áå®¤¨â
á¨−åà®−−® á ¨§¬¥−¥−¨¥¬ ¤�−−ëå ¢ â�¡«¨æ�å ¨ ¨−ªà¥¬¥−â�«ì−®, ¨−¤¥ªáë ¯à¥¤-
áâ�¢«¥−¨© −¥ ¯¥à¥áâà�¨¢�îâáï ¯®«−®áâìî ¯à¨ ¨§¬¥−¥−¨¨ ¤�−−ëå, � ¤®¯®«−ïîâáï
¨«¨ ¬®¤¨ä¨æ¨àãîâáï. Œ¥å�−¨§¬ ®¡−®¢«¥−¨ï ¤�−−ëå �−�«®£¨ç¥− ¬¥å�−¨§¬ã
®¡−®¢«¥−¨ï ¤�−−ëå ¢ ¨−¤¥ªá�å ®¡ëç−ëå â�¡«¨æ.

4 Реализации инкрементального обновления представлений
в современных системах управления базами данных

‚ ¡®«ìè¨−áâ¢¥ á®¢à¥¬¥−−ëå ‘“�„ à¥�«¨§ãîâáï �á¨−åà®−−ë¥ ¯®¤å®¤ë ª �¢-
â®¬�â¨ç¥áª®¬ã ®¡−®¢«¥−¨î ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©. „«ï íâ®£® á®-
§¤�îâáï ®â«®¦¥−−ë¥ âà�−§�ªæ¨¨ ¯®á«¥ ®ª®−ç�−¨ï ®¯¥à�æ¨¨ ¨§¬¥−¥−¨ï ¡�§®¢ëå
â�¡«¨æ. ‚ ClickHouse [15] ¨á¯®«ì§ã¥âáï ¬¥å�−¨§¬ MergeTree ¡ëáâà®© ¢áâ�¢ª¨
¤�−−ëå ¯® ç�áâï¬ ¢ á¦�â®¬ ¢¨¤¥, ¯®á«¥ ª®â®à®© ¯à®¨áå®¤¨â ®¡ê¥¤¨−¥−¨¥ ç�áâ¥©
¢ ä®−®¢®¬ à¥¦¨¬¥. „«ï ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï ¢ á®ç¥â�−¨¨ á â�ª¨¬
¬¥å�−¨§¬®¬ ¨á¯®«ì§ãîâáï á¯¥æ¨�«ì−ë¥ â¨¯ë �£à¥£�æ¨¨ ¨ äã−ªæ¨¨ ¯à¥¤¢�à¨-
â¥«ì−®£® á®áâ®ï−¨ï ¨ á«¨ï−¨ï, ®âá«¥¦¨¢�îé¨¥ ¨§¬¥−¥−¨ï ç�áâ¥©. „®¯ãáª�¥âáï
�¢â®¬�â¨ç¥áª®¥ ª�áª�¤−®¥ ®¡−®¢«¥−¨¥ §�¢¨á¨¬ëå ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢-
«¥−¨©, ¯à¨ ª®â®à®¬ ¯¥à¥¤�îâáï ¤�−−ë¥ ¢áâ�¢«¥−−®£® ¡«®ª�, ¬¨−ãï à¥§ã«ìâ�â
¢ ¯à®¬¥¦ãâ®ç−ëå æ¥«¥¢ëå â�¡«¨æ�å. ‚ Redshift [11, 16] ®â«®¦¥−−®¥ ®¡−®¢«¥−¨¥
¯à®¨áå®¤¨â á ãç¥â®¬ â¥ªãé¥© §�£àã§ª¨ á¨áâ¥¬ë, à¥áãàá®¢, −¥®¡å®¤¨¬ëå ¤«ï ®¡-
−®¢«¥−¨ï, ¨ ç�áâ®âë ¨á¯®«ì§®¢�−¨ï ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©. Redshift
â�ª¦¥ ¬®¦¥â á®§¤�¢�âì �¢â®¬�â¨§¨à®¢�−−ë¥ ¬�â¥à¨�«¨§®¢�−−ë¥ ¯à¥¤áâ�¢«¥−¨ï
¤«ï ®¯â¨¬¨§�æ¨¨ ¯«�−¨à®¢�−¨ï §�¯à®á®¢ ¯à¨ ¯®¢â®à¥−¨¨ £àã¯¯¨à®¢�−¨© ¨«¨
�£à¥£�â−ëå äã−ªæ¨©. ‚ ClickHouse ¨ BigQuery [17] �¢â®¬�â¨ç¥áª®¥ ®¡−®¢«¥−¨¥
¨−¨æ¨¨àã¥âáï â®«ìª® ¯à¨ ¢áâ�¢ª¥ ¤�−−ëå ¢ ¡�§®¢ë¥ â�¡«¨æë. �â® ¬®¦¥â ¡ëâì
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�¥àá¯¥ªâ¨¢−ë¥ ¬¥â®¤ë à¥�«¨§�æ¨¨ ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨© ¢ ‘“�„

á¢ï§�−® á −�ª«�¤−ë¬¨ à�áå®¤�¬¨ ®¡−®¢«¥−¨ï áãé¥áâ¢ãîé¨å ¤�−−ëå ¢ á¦�â®¬
¢¨¤¥. �®«¥¥ â®£®, ¤«ï á®¥¤¨−¥−¨© ¢ §�¯à®á¥ ¬�â¥à¨�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï
âà¨££¥àë ®¡−®¢«¥−¨ï ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© áà�¡�âë¢�îâ â®«ìª® ¯à¨
¢áâ�¢ª¥ ¢ «¥¢ãî â�¡«¨æã á®¥¤¨−¥−¨ï. ˆ§¬¥−¥−¨¥ ¤�−−ëå ¢ ¯à�¢ëå â�¡«¨æ�å −¥
¢ë§ë¢�¥â áà�¡�âë¢�−¨ï. „«ï ¢®ááâ�−®¢«¥−¨ï æ¥«®áâ−®áâ¨ ¤�−−ëå −¥®¡å®¤¨¬®
¯¥à¥á®§¤�−¨¥ ¨«¨ ¯®«−®¥ ®¡−®¢«¥−¨¥ ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©. Cas-
sandra, á«¥¤ãï ®á®¡¥−−®áâï¬ £®à¨§®−â�«ì−®© �àå¨â¥ªâãàë á¥¬¥©áâ¢� áâ®«¡æ®¢,
¢á¥£¤� �¢â®¬�â¨ç¥áª¨ ®âà�¦�¥â ¢ ¯à¥¤áâ�¢«¥−¨ïå ¨§¬¥−¥−¨ï ¡�§®¢®© â�¡«¨æë −�
¢á¥å à¥¯«¨ª�å [18].

‚ ClickHouse, Redshift ¨ BigQuery à¥�«¨§®¢�−® ¯¥à¨®¤¨ç¥áª®¥ ®¡−®¢«¥−¨¥
¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© «¨¡® àãç−®¥ ®¡−®¢«¥−¨¥ ¯® §�¯à®áã. �à¨ íâ®¬
ClickHouse ¯à¨ ®¡−®¢«¥−¨¨ ¢ë¯®«−ï¥â §�¯à®áë −� ¯®«−ëå ¤�−−ëå, � ¢ Redshift
¨ BigQuery ¢®§¬®¦−® ª�ª ¨−ªà¥¬¥−â�«ì−®¥, â�ª ¨ ¯®«−®¥ ®¡−®¢«¥−¨¥.

‘ �á¨−åà®−−ë¬ ®¡−®¢«¥−¨¥¬, ª�ª �¢â®¬�â¨ç¥áª¨¬, â�ª ¨ ¯¥à¨®¤¨ç¥áª¨¬
¨«¨ àãç−ë¬, ¢ à�§−ëå ¯à®¤ãªâ�å á¢ï§�−ë ®¯¨á�−−ë¥ á¨âã�æ¨¨, ¯à¨ ª®â®àëå
âà�−§�ªæ¨¨ ®¡−®¢«¥−¨ï −¥ ¨¬¥îâ ¤®áâã¯� ª ã¦¥ ®¡−®¢«¥−−ë¬ ¢−ãâà¨ ¤àã£¨å
âà�−§�ªæ¨© ¤�−−ë¬ ¡�§®¢ëå â�¡«¨æ. ’�ª¨¬ ®¡à�§®¬ ¯®¤¤¥à¦¨¢�¥âáï â®«ìª®
ª®−¥ç−�ï æ¥«®áâ−®áâì ¤�−−ëå. ‚ ClickHouse ®¯¨á�−ë á«ãç�¨ ¢®§¬®¦−®© ¯®â¥à¨
¤�−−ëå ¯à¨ ®è¨¡ª�å ®¡−®¢«¥−¨ï ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©.

‚ ClickHouse ¯à¥¤áâ�¢«¥−ë à�§−ë¥ ¬¥å�−¨§¬ë à�á¯à¥¤¥«¥−¨ï ¤�−−ëå ¯à¨
á®§¤�−¨¨ â�¡«¨æ ¨ ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©, ¢ª«îç�ï «®ª�«ì−ë¥ à�§-
¤¥«ë, á®§¤�−¨¥ −� ª�¦¤®¬ ã§«¥ ª«�áâ¥à� â�¡«¨æ á ®¤¨−�ª®¢®© áâàãªâãà®© ¨ ¬¥-
å�−¨§¬ë à�á¯à¥¤¥«¥−−ëå ¢ë§®¢®¢ ª â�¡«¨æ�¬ ¢ ª«�áâ¥à¥. •à�−¥−¨¥ ¯à¥¤¢�-
à¨â¥«ì−ëå á®áâ®ï−¨© ¨ ¬¥å�−¨§¬ë á«¨ï−¨ï ¤�−−ëå ç�áâ¥© §�¤�îâáï ¢ ï¢−®¬
¢¨¤¥ á¯¥æ¨�«ì−ë¬¨ äã−ªæ¨ï¬¨. ‚ Redshift á¯®á®¡ à�á¯à¥¤¥«¥−¨ï §�¤�¥âáï ¯à¨
á®§¤�−¨¨ â�¡«¨æ ¨ ¬®¦¥â ãª�§ë¢�âì à¥¯«¨ª�æ¨î −� ª�¦¤ë© ã§¥«, à�á¯à¥¤¥«¥−¨¥
áâà®ª ¯® á¥£¬¥−â�¬ ã§«®¢ ¢ ¯®àï¤ª¥ ªàã£®¢®© ®ç¥à¥¤¨ ¨«¨ à�á¯à¥¤¥«¥−¨¥ −�
®á−®¢¥ §−�ç¥−¨© ®¤−®© ¨§ ª®«®−®ª, ª«îç� à�á¯à¥¤¥«¥−¨ï. „®¯ãáª�¥âáï á®§¤�−¨¥
¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© −� ®á−®¢¥ ¢−¥è−¨å â�¡«¨æ, áä®à¬¨à®¢�−−ëå
á ¨á¯®«ì§®¢�−¨¥¬ ä¥¤¥à�â¨¢−ëå §�¯à®á®¢. ‚ BigQuery, ¯à¥¤−�§−�ç¥−−®¬ ¤«ï
¡®«ìè¨å ¤�−−ëå, ¯®¤¤¥à¦¨¢�¥âáï à�á¯à¥¤¥«¥−¨¥ ¤�−−ëå.

‘¨−åà®−−ë¥ ¯®¤å®¤ë ª ®¡−®¢«¥−¨î ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© ¢ à�á-
á¬®âà¥−−ëå ‘“�„ −¥ ¯®¤¤¥à¦¨¢�îâ à�á¯à¥¤¥«¥−¨ï. ’�ª, ¢ ClickHouse à¥�-
«¨§®¢�− íªá¯¥à¨¬¥−â�«ì−ë© ¢¨¤ «®ª�«ì−ëå ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©,
åà�−¨¬ëå ¢ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ¨ ®¡−®¢«ï¥¬ëå á¨−åà®−−® ¨ ¨−ªà¥¬¥−â�«ì−®,
®¤−�ª® ¢ −®¢ëå ¢¥àá¨ïå ¨ ®− ¯®¤¤¥à¦¨¢�âìáï −¥ ¡ã¤¥â. ‚ Cassandra ¨§¬¥−¥−¨¥
à¥¯«¨ª ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© ®áãé¥áâ¢«ï¥âáï á¨−åà®−−®, ¥á«¨ ®−¨
à�á¯®«®¦¥−ë −� â¥å ¦¥ ã§«�å, çâ® ¨ ¡�§®¢ë¥ â�¡«¨æë. „«ï ®¡−®¢«¥−¨ï à¥¯«¨ª
¬¥¦¤ã ã§«�¬¨ ¨á¯®«ì§ã¥âáï ä®à¬¨à®¢�−¨¥ ¤¥«ìâ á �á¨−åà®−−ë¬ ®¡−®¢«¥−¨¥¬.

„«ï ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©
¢ ClickHouse, ª�ª ¨ ¤«ï à�á¯à¥¤¥«¥−¨ï ¤�−−ëå, ï¢−® ¨á¯®«ì§ãîâáï á¯¥æ¨�«ì-
−ë¥ äã−ªæ¨¨ ¯à¥¤¢�à¨â¥«ì−®£® á®áâ®ï−¨ï ¨ á«¨ï−¨ï, á¢ï§�−−ë¥ á �âà¨¡ãâ�¬¨
¨ §�¯à®á�¬¨ −�¤ −¨¬¨. ’�ª¦¥ ¯à¨¬¥−ï¥âáï á¥¬¥©áâ¢® ¬¥å�−¨§¬®¢, á¢ï§�−−ëå
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á â�¡«¨æ�¬¨ ¨ ¯à¥¤áâ�¢«¥−¨ï¬¨ ¨ §�¤�îé¨å ®¯à¥¤¥«¥−−ë¥ �«£®à¨â¬ë ®¡ê¥¤¨-
−¥−¨ï ç�áâ¥© ¤�−−ëå á ¯à¥¤¢�à¨â¥«ì−ë¬ ¢ëç¨á«¥−¨¥¬. Redshift �¢â®¬�â¨ç¥áª¨
¨¤¥−â¨ä¨æ¨àã¥â ¨§¬¥−¥−¨ï ¢ ¡�§®¢ëå â�¡«¨æ�å ¨ ¯à¨¬¥−ï¥â ¨å ª ¬�â¥à¨�«¨-
§®¢�−−®¬ã ¯à¥¤áâ�¢«¥−¨î. ‘¯®á®¡ ¨¤¥−â¨ä¨ª�æ¨¨ ¨§¬¥−¥−¨© −¥ à�áªàë¢�¥âáï.
�®«−®¥ ®¡−®¢«¥−¨¥ ¯à®¨§¢®¤¨âáï, ¥á«¨ ¨−ªà¥¬¥−â�«ì−®¥ ®¡−®¢«¥−¨¥ −¥¢®§¬®¦−®
¤«ï ¤�−−®£® ¢¨¤� §�¯à®á�. ’�ª¦¥ −¥ª®â®àë¥ ®¯¥à�æ¨¨ ¬®£ãâ ¯à¨¢¥áâ¨ ª ¯®«−®¬ã
¯¥à¥áç¥âã, ¤�¦¥ ¥á«¨ §�¯à®á ¯®¤¤¥à¦¨¢�¥â ¨−ªà¥¬¥−â�«ì−®¥ ®¡−®¢«¥−¨¥. ‚ íâ®¬
á«ãç�¥ §�¢¨á¨¬ë¥ ¬�â¥à¨�«¨§®¢�−−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¯®¬¥ç�îâáï ¤«ï ¯¥à¥áç¥-
â� ¯à¨ á«¥¤ãîé¥¬ ®¡−®¢«¥−¨¨. BigQuery ®¡ê¥¤¨−ï¥â ¤�−−ë¥ ¨§ ª¥è¨à®¢�−−®£®
¯à¥¤áâ�¢«¥−¨ï á −®¢ë¬¨ ¤�−−ë¬¨, çâ®¡ë ®¡¥á¯¥ç¨âì á®£«�á®¢�−−®áâì à¥§ã«ìâ�â®¢
§�¯à®á� ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬�â¥à¨�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï. �¢â®¬�â¨ç¥áª®¥
¨−ªà¥¬¥−â�«ì−®¥ ®¡−®¢«¥−¨¥ ¯®§¢®«ï¥â ®¡−®¢«ïâì â®«ìª® ¨§¬¥−¨¢è¨¥áï à�§¤¥-
«ë ¤�−−ëå. „«ï ª�¦¤®© ¨§ à�áá¬®âà¥−−ëå ‘“�„ ¢ ¤®ªã¬¥−â�æ¨¨ ¯à¨¢¥¤¥−ë
®£à�−¨ç¥−¨ï ¨á¯®«ì§ã¥¬®£® ¯®¤¬−®¦¥áâ¢� ï§ëª� SQL ¤«ï ¢®§¬®¦−®áâ¨ ¨−ªà¥-
¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï.

5 Современные направления академических исследований
в области инкрементального обновления

‘®¢à¥¬¥−−ë¥ −�¯à�¢«¥−¨ï �ª�¤¥¬¨ç¥áª¨å ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ¨−ªà¥-
¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© ï¢«ïîâ á®¡®© ¤®-
áâ�â®ç−® ¯¥áâàãî ª�àâ¨−ã. ˆáá«¥¤®¢�−¨ï ®â«¨ç�îâáï ¯® ¯®áâ�−®¢ª¥ §�¤�ç¨,
¯®¤¬−®¦¥áâ¢ã ï§ëª� ®¯à¥¤¥«¥−¨ï ¯à¥¤áâ�¢«¥−¨©, ¯à�ªâ¨ç¥áª®© ¨«¨ â¥®à¥â¨-
ç¥áª®© −�¯à�¢«¥−−®áâ¨. ‚ à�§−ëå ¨áá«¥¤®¢�−¨ïå ¯à¥¤«�£�îâáï à�§−ë¥ ¢¨¤ë
ãá®¢¥àè¥−áâ¢®¢�−¨© ª«�áá¨ç¥áª¨å ¯®¤å®¤®¢.

�à�ªâ¨ç¥áª¨ ®à¨¥−â¨à®¢�−−ë¬¨ á«¥¤ã¥â áç¨â�âì ¨áá«¥¤®¢�−¨ï, á®¢¥àè¥−-
áâ¢ãîé¨¥ ¯à®¬ëè«¥−−ë¥ ‘“�„, −�æ¥«¥−−ë¥ −� à¥�«¨§�æ¨î ¯à®¬ëè«¥−−ëå
¯à¨¬¥à®¢ ¯à¨¬¥−¥−¨ï, ¯à®¢®¤ïé¨¥ íªá¯¥à¨¬¥−â�«ì−ãî ®æ¥−ªã ¯®¤å®¤� á à�§-
«¨ç−ë¬¨ ¢�à¨�−â�¬¨ ¬�áèâ�¡¨à®¢�−¨ï. ÷�¡®âë â¥®à¥â¨ç¥áª®© −�¯à�¢«¥−−®áâ¨
ª®−æ¥−âà¨àãîâáï ¢ ¡®«ìè¥© áâ¥¯¥−¨ −� ¨§ãç¥−¨¨ ¯®¤¬−®¦¥áâ¢ ï§ëª� ®¯à¥¤¥«¥-
−¨ï ¯à¥¤áâ�¢«¥−¨©, ¤«ï ª®â®àëå ¢®§¬®¦−ë −�¨«ãçè¨¥ áâà�â¥£¨¨ ®¡−®¢«¥−¨ï,
¨ ä®à¬�«ì−®¬ ¤®ª�§�â¥«ìáâ¢¥ á«®¦−®áâ¨ �«£®à¨â¬®¢. ÷¥�«¨§�æ¨ï ¯®¤å®¤®¢ ¯à¨
íâ®¬ ¯à®¨§¢®¤¨âáï ¢ ¢¨¤¥ �ª�¤¥¬¨ç¥áª¨å ¯à®â®â¨¯®¢.

’�ª, ¤«ï ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©
¢ ¡¥áá¥à¢¥à−ëå ®¡«�ç−ëå åà�−¨«¨é�å ¯à¥¤«®¦¥− ¬¥â®¤, ¨á¯®«ì§ãîé¨© ¢−¥è−¨¥
ª«îç¨ ¢ á®¥¤¨−¥−¨ïå [11]. Œ®â¨¢�æ¨ï ¬¥â®¤� ®á−®¢�−� −� â®¬, çâ® ¯®¤�¢«ïîé¥¥
¡®«ìè¨−áâ¢® á®¥¤¨−¥−¨© ¢ �−�«¨â¨ç¥áª¨å §�¯à®á�å −�¤ åà�−¨«¨é�¬¨ ¤�−−ëå
¨á¯®«ì§ã¥â ¢−¥è−¨¥ ª«îç¨, ¯à¨ íâ®¬ ª«�áá¨ç¥áª¨¥ ¬¥â®¤ë ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢-
«¥−¨© ¯à®¢®¤ïâ ¢ëç¨á«¥−¨ï −¥®¯â¨¬�«ì−ë¬ ®¡à�§®¬, −¥ ãç¨âë¢�ï íâ®â ä�ªâ.
�à¥¤«®¦¥− �«£®à¨â¬, ¯à®¢®¤ïé¨© ®¯â¨¬¨§¨à®¢�−−ë¥ ¢ëç¨á«¥−¨ï ®¡−®¢«¥−¨©
¯à¥¤áâ�¢«¥−¨© ¤«ï è¨à®ª®£® ª«�áá� ¯à¥¤áâ�¢«¥−¨© −�¤ áå¥¬�¬¨, ¢ª«îç�îé¨¬¨
ä®à¬ë ú§¢¥§¤�û ¨ úá−¥¦¨−ª�û, å�à�ªâ¥à−ë¥ ¤«ï åà�−¨«¨é ¤�−−ëå. ÷¥�«¨§�æ¨ï
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�¥àá¯¥ªâ¨¢−ë¥ ¬¥â®¤ë à¥�«¨§�æ¨¨ ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨© ¢ ‘“�„

¬¥â®¤� ¯à®¢¥¤¥−� ¢ ¢¨¤¥ à�áè¨à¥−¨ï ¢ á¨áâ¥¬¥ Redshift, íªá¯¥à¨¬¥−â�«ì−ë¥
¨áá«¥¤®¢�−¨ï ¯à®¢¥¤¥−ë −� ª«�áâ¥à¥ á 48 ¢¨àâã�«ì−ë¬¨ ¯à®æ¥áá®à�¬¨ −�¤ ¤�−-
−ë¬¨ ¨§ â¥áâ®¢ëå −�¡®à®¢ TPC-DS ¨ TPC-H ®¡ê¥¬®¬ ¤® 40 ’�. �ªá¯¥à¨¬¥−âë
¯®ª�§�«¨, çâ® ®¯â¨¬¨§�æ¨ï ¯®¢ëè�¥â íää¥ªâ¨¢−®áâì ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨©
¢ 2{3 à�§�.

„«ï ®¯â¨¬¨§�æ¨¨ §�¯à®á®¢ ¢ ¬�áèâ�¡¨àã¥¬ëå OLTP-á¨áâ¥¬�å, ®á−®¢�−-
−ëå −� LSM (Log structured merge) ¤¥à¥¢ìïå (BigTable, Cassandra, Oceanbase
¨ PolarDB), à�§à�¡®â�−ë ¬¥â®¤ë ®¯â¨¬¨§�æ¨¨ ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨©, ®á−®-
¢�−−ë¥ −� ¤¥ª®¬¯®§¨æ¨¨ ¬−®¦¥áâ¢¥−−ëå á®¥¤¨−¥−¨© ¢ ¯®á«¥¤®¢�â¥«ì−®áâì ¡¨-
−�à−ëå á®¥¤¨−¥−¨© ¨ �á¨−åà®−−®¬ ®¡−®¢«¥−¨¨ ¯à¥¤áâ�¢«¥−¨© [19]. �®¤å®¤
ª åà�−¥−¨î §�¯¨á¥© á ¨á¯®«ì§®¢�−¨¥¬ LSM-¤¥à¥¢ì¥¢ ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®-
¢�−¨¥ ¤¢ãå ¢¨¤®¢ ª®¬¯®−¥−â®¢: memtable ¤«ï åà�−¥−¨ï ¢áâ�¢®ª ¨ ®¡−®¢«¥−¨©
§�¯¨á¥© ¢ ¯�¬ïâ¨ (®à¨¥−â¨à®¢�−−ë© −� §�¯¨áì) ¨ sstable ¤«ï åà�−¥−¨ï ¡®«ìè¨å
¤�−−ëå −� ¤¨áª¥ (®à¨¥−â¨à®¢�−−ë© â®«ìª® −� çâ¥−¨¥). �àå¨â¥ªâãà� á¨áâ¥¬ë
¢ª«îç�¥â ®á−®¢−®© (åà�−ïé¨© memtable) ¨ ¢á¯®¬®£�â¥«ì−ë¥ á¥à¢¥àë (åà�−ïé¨¥
sstable).

�á¨−åà®−−®¥ ®¡−®¢«¥−¨¥ ¯à¥¤áâ�¢«¥−¨© ¯®¢ëè�¥â ¯à®¨§¢®¤¨â¥«ì−®áâì §�
áç¥â ®¡ê¥¤¨−¥−¨ï ®¡−®¢«¥−¨© ¨§ −¥áª®«ìª¨å âà�−§�ªæ¨© ¢ ®¤−ã ®¯¥à�æ¨î ¨ ã¯«®â-
−¥−¨ï −¥áª®«ìª¨å ®¡−®¢«¥−¨© ®¤−®© ¨ â®© ¦¥ áâà®ª¨ ¢ ®¤−® ®¡−®¢«¥−¨¥. �¡−®¢-
«¥−¨¥ ¯à¥¤áâ�¢«¥−¨© ¯à®¨áå®¤¨â ¯à¨ §�¯à®á¥ ¤�−−ëå íâ¨å ¯à¥¤áâ�¢«¥−¨©. „«ï
¯à¥¤áâ�¢«¥−¨© á®§¤�îâáï ª®¬¯®−¥−âë V-memtable ¨ V-sstable. ÷�§à�¡®â�−ë ¤¢�
¬¥â®¤� ®¡−®¢«¥−¨ï, ®â«¨ç�îé¨¥áï â¥¬, £¤¥ åà�−¨âáï V-memtable | −� ®á−®¢−®¬
¨«¨ −� ¢á¯®¬®£�â¥«ì−ëå á¥à¢¥à�å. �¤¨− ¨§ ¬¥â®¤®¢ ¨¬¥¥â «ãçèãî ¯à®¨§¢®-
¤¨â¥«ì−®áâì ¯à¨ −¨§ª®© −�£àã§ª¥ ®¡−®¢«¥−¨ï, ¤àã£®© | ¯à¨ ¢ëá®ª®© −�£àã§ª¥
®¡−®¢«¥−¨ï.

÷¥�«¨§�æ¨ï ¬¥â®¤®¢ ¯à®¢¥¤¥−� ¢ ¢¨¤¥ à�áè¨à¥−¨ï ‘“�„ Oceanbase, íªá-
¯¥à¨¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¯à®¢¥¤¥−ë −� ª«�áâ¥à¥ á 80 ä¨§¨ç¥áª¨¬¨ ï¤à�¬¨
−�¤ ¤�−−ë¬¨ ¨§ â¥áâ®¢®£® −�¡®à� TPC-H. �ªá¯¥à¨¬¥−âë −�æ¥«¥−ë −� ¨áá«¥¤®-
¢�−¨¥ ¢«¨ï−¨ï �−�«¨â¨ç¥áª¨å §�¯à®á®¢ −� ®¡à�¡®âªã âà�−§�ªæ¨©, ¨ −�®¡®à®â |
¢«¨ï−¨ï âà�−§�ªæ¨© ®¡−®¢«¥−¨ï −� ¯à®¨§¢®¤¨â¥«ì−®áâì �−�«¨â¨ç¥áª¨å §�¯à®á®¢.
‚ ®¡®¨å áæ¥−�à¨ïå à�§à�¡®â�−−ë¥ ¬¥â®¤ë ¯®ª�§ë¢�îâ §−�ç¨â¥«ì−®¥ ¯à¥¢®áå®¤-
áâ¢® ¯¥à¥¤ ¡�§®¢ë¬ á¨−åà®−−ë¬ ¬¥â®¤®¬ ®¡−®¢«¥−¨ï.

„«ï áæ¥−�à¨ï ¯®â®ª®¢®© ¯¥à¥¤�ç¨ ®¡−®¢«¥−¨© ¢ ¡�§ã ¤�−−ëå ¨ ®¡−®¢«¥−¨ï
¯à¥¤áâ�¢«¥−¨© ¤«ï ª�¦¤®£® ª®àâ¥¦�, ª®£¤� ¢á¯®¬®£�â¥«ì−ë¥ ¨−¤¥ªáë ¨ ¬�â¥à¨-
�«¨§®¢�−−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¬®£ãâ åà�−¨âìáï ¢ ®á−®¢−®© ¯�¬ïâ¨ ¨ ¬−®£®ªà�â−®
®¡−®¢«ïâìáï ¡¥§ ¡®«ìè¨å §�âà�â, à�§à�¡®â�−ë ¬¥â®¤ë ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨©
á �æ¨ª«¨ç¥áª¨¬¨ ¯® ¢−¥è−¨¬ ª«îç�¬ á®¥¤¨−¥−¨ï¬¨ [20]. �â� �æ¨ª«¨ç−®áâì
®§−�ç�¥â, çâ® £à�ä á®¥¤¨−¥−¨© â�¡«¨æ ¯® ¢−¥è−¨¬ ª«îç�¬, ¯®áâà®¥−−ë© ¯® §�-
¯à®áã, ä®à¬¨àãîé¥¬ã ¯à¥¤áâ�¢«¥−¨¥, �æ¨ª«¨ç¥− ¨ ¨¬¥¥â à®¢−® ®¤−ã ª®à−¥¢ãî
¢¥àè¨−ã (¢ ª®â®àãî −¥ ¢å®¤¨â −¨ ®¤−® à¥¡à®). ˆ¤¥ï ¬¥â®¤� ®á−®¢ë¢�¥âáï −�
¯®−ïâ¨¨ ¦¨¢ëå ª®àâ¥¦¥©: ¤«ï «¨áâ®¢ëå â�¡«¨æ £à�ä� á®¥¤¨−¥−¨© ¢á¥ ª®àâ¥¦¨
áç¨â�îâáï ¦¨¢ë¬¨, ¤«ï −¥«¨áâ®¢ëå ®â−®è¥−¨© ª®àâ¥¦ áç¨â�¥âáï ¦¨¢ë¬, ¥á«¨
®− ¬®¦¥â á®¥¤¨−¨âìáï å®âï ¡ë á ®¤−¨¬ ¦¨¢ë¬ ª®àâ¥¦¥¬ ¨§ ª�¦¤®£® ¯®â®¬ª�.
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�âá«¥¦¨¢�−¨¥ ¦¨¢ëå ª®àâ¥¦¥© ª®à−¥¢®© â�¡«¨æë £à�ä� ¯®§¢®«ï¥â íää¥ªâ¨¢−®
®¡−®¢«ïâì ¯à¥¤áâ�¢«¥−¨¥. �¯à¥¤¥«¥−ë áâàãªâãàë ¨−¤¥ªá®¢, −¥®¡å®¤¨¬ë¥ ¤«ï
®¡−®¢«¥−¨ï, ¨ �«£®à¨â¬ë ¢áâ�¢ª¨, ®¡−®¢«¥−¨ï ¨ ã¤�«¥−¨ï ª®àâ¥¦¥© á ãç¥â®¬
¯®¤¤¥à¦ª¨ ¦¨¢ëå ª®àâ¥¦¥© ¨ ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨ï (á ª®−áâ�−â−ë¬ ¢à¥-
¬¥−¥¬ §�¤¥à¦ª¨ ¨§¢«¥ç¥−¨ï ª®àâ¥¦¥©). „®ª�§�−®, çâ® á«®¦−®áâì ®¡−®¢«¥−¨ï
¤«ï «î¡®© ¢å®¤ïé¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¡−®¢«¥−¨© «¨−¥©−� ®â úá«®¦−®áâ¨û
¯®á«¥¤®¢�â¥«ì−®áâ¨.

÷¥�«¨§�æ¨ï ¬¥â®¤� ¯à®¢¥¤¥−� ¢ ¢¨¤¥ à�áè¨à¥−¨ï á¨áâ¥¬ë ¯®â®ª®¢®© ®¡à�-
¡®âª¨ ¤�−−ëå Flink, íªá¯¥à¨¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¯à®¢¥¤¥−ë −� ª«�áâ¥à¥ ¨§
âà¥å ã§«®¢ −�¤ ¤�−−ë¬¨ ¨§ â¥áâ®¢®£® −�¡®à� TPC-H. ‚ §�¢¨á¨¬®áâ¨ ®â â¥áâ®¢®£®
§�¯à®á� ¬¥â®¤ ¯®ª�§ë¢�¥â ¯à¥¨¬ãé¥áâ¢® ¢ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ −�¤ ª®−ªãà¥−â�¬¨
(á¨áâ¥¬ë DYN, DBToaster [21], Trill) ®â ¤¢ãå ¤® á®â¥− à�§.

„«ï ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨©, ¯à¨ ®¯à¥¤¥«¥−¨¨ ª®â®àëå ¨á¯®«ì§ãîâáï á®-
¥¤¨−¥−¨ï −¥ â®«ìª® ¯® ¢−¥è−¨¬ ª«îç�¬, ¤«ï â®£® ¦¥ áæ¥−�à¨ï ¨á¯®«ì§®¢�−¨ï
à�§à�¡®â�− ¬¥â®¤, ®á−®¢�−−ë© −� §�¬¥−¥ ¢ ¯«�−¥ §�¯à®á� á®¥¤¨−¥−¨© −� ª®¬¯®-
§¨æ¨î ¯®«ãá®¥¤¨−¥−¨ï ¨«¨ ¯¥à¥á¥ç¥−¨ï ¨ ¯à®¥ªæ¨¨ [22]. ˆ¤¥ï ¬¥â®¤� ¢®§−¨ª«�
¨§ ®¡−�àã¦¥−¨ï â®£® ä�ªâ�, çâ® ®á−®¢−ë¬¨ ¨áâ®ç−¨ª�¬¨ áã¯¥à«¨−¥©−®© á«®¦-
−®áâ¨ ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨© á«ã¦�â á®¥¤¨−¥−¨ï: ¥á«¨ ¯«�− §�¯à®á� ã¤�¥âáï
¨§¡�¢¨âì ®â á®¥¤¨−¥−¨©, â® −¥®¡å®¤¨¬ë© ®¡ê¥¬ ¯�¬ïâ¨ ¨ ¢à¥¬ï ®¡−®¢«¥−¨ï ¬®£ãâ
¡ëâì −¥ ¡®«¥¥ ç¥¬ «¨−¥©−ë¬¨. „«ï ¯à¥¤áâ�¢«¥−¨©, ®¯à¥¤¥«¥−−ëå �æ¨ª«¨ç¥áª¨¬¨
¯® á®¥¤¨−¥−¨ï¬ §�¯à®á�¬¨ (free-connex §�¯à®áë), à�§à�¡®â�−ë �«£®à¨â¬ë ®¡−®¢-
«¥−¨ï ¯à¥¤áâ�¢«¥−¨©, á«®¦−®áâì ª®â®àëå «¨−¥©−� ®â úá«®¦−®áâ¨û ¢å®¤ïé¥©
¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¡−®¢«¥−¨©.

÷¥�«¨§�æ¨ï ¬¥â®¤� ¯à®¢¥¤¥−� ¢ ¢¨¤¥ à�áè¨à¥−¨ï á¨áâ¥¬ë ¯®â®ª®¢®© ®¡à�-
¡®âª¨ ¤�−−ëå Flink, íªá¯¥à¨¬¥−â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï ¯à®¢¥¤¥−ë −� ª«�áâ¥à¥ ¨§
âà¥å ã§«®¢ −�¤ ¤�−−ë¬¨ ¨§ â¥áâ®¢ëå −�¡®à®¢ SNAP ¨ LDBC-SNB, á®¤¥à¦�é¨å
¡®«ìè¨¥ £à�äë ¨§ à�§−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©. ‚ §�¢¨á¨¬®áâ¨ ®â â¥áâ®¢®£®
§�¯à®á� ¬¥â®¤ ¯®ª�§ë¢�¥â ¯à¥¨¬ãé¥áâ¢® ¢ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ −�¤ ª®−ªãà¥−â�¬¨
(á¨áâ¥¬ë DBToaster, Trill, Flink SQL) ®â ¤¢ãå ¤® á®â¥− à�§.

÷ï¤ á®¢à¥¬¥−−ëå �ª�¤¥¬¨ç¥áª¨å ¨áá«¥¤®¢�−¨© −�¯à�¢«¥− −� ¯®¨áª ãá«®¢¨©
−�¨«ãçè¥© áâà�â¥£¨¨ ®¡−®¢«¥−¨ï (ª®−áâ�−â−®¥ ¢à¥¬ï ®¡−®¢«¥−¨ï ª®àâ¥¦�, ª®−-
áâ�−â−®¥ ¢à¥¬ï ¯à¥¤áâ�¢«¥−¨ï à¥§ã«ìâ�â�) ¤«ï à�§«¨ç−ëå á¯¥æ¨�«ì−ëå ¢¨¤®¢
§�¯à®á®¢, ¨á¯®«ì§ã¥¬ëå ¤«ï ®¯à¥¤¥«¥−¨ï ¯à¥¤áâ�¢«¥−¨© (q-¨¥à�àå¨ç¥áª¨¥ §�-
¯à®áë, ª�áª�¤−ë¥ q-¨¥à�àå¨ç¥áª¨¥ §�¯à®áë, §�¯à®áë á® á¢®¡®¤−ë¬¨ ®¡à�§æ�¬¨
¤®áâã¯� | free access patterns) [6, 23]. �à¥¤áâ�¢«¥−¨ï −� ®á−®¢¥ −¥ª®â®àëå −¥
q-¨¥à�àå¨ç¥áª¨å §�¯à®á®¢ â�ª¦¥ ¬®£ãâ ¤®¯ãáª�âì −�¨«ãçèãî áâà�â¥£¨î ®¡−®¢-
«¥−¨ï ¯à¨ ãá«®¢¨¨ −�«¨ç¨ï ®¯à¥¤¥«¥−−ëå äã−ªæ¨®−�«ì−ëå §�¢¨á¨¬®áâ¥© ¢ ¡�§¥
¤�−−ëå.

6 Заключение

�� ®á−®¢�−¨¨ ¯à®¢¥¤¥−−®£® ®¡§®à� ¨ �−�«¨§� áãé¥áâ¢ãîé¨å ¯®¤å®¤®¢ ª ¨−-
ªà¥¬¥−â�«ì−®¬ã ®¡−®¢«¥−¨î ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© ¢ ¯à®¬ëè«¥−-

104 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 1 2025



�¥àá¯¥ªâ¨¢−ë¥ ¬¥â®¤ë à¥�«¨§�æ¨¨ ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨© ¢ ‘“�„

−ëå ¨ �ª�¤¥¬¨ç¥áª¨å á¨áâ¥¬�å ¬®¦−® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® −�¨¡®«¥¥ ¯¥àá¯¥ª-
â¨¢−ë© ¯ãâì ¨å à¥�«¨§�æ¨¨ | íâ® à�áè¨à¥−¨¥ áãé¥áâ¢ãîé¨å (¡�§®¢ëå) ‘“�„
−� ®á−®¢¥ �ª�¤¥¬¨ç¥áª¨å à¥è¥−¨©.

Œ¥å�−¨§¬ë à¥�«¨§�æ¨¨ ®¡−®¢«¥−¨ï ¢ á®¢à¥¬¥−−ëå ‘“�„, � â�ª¦¥ ¬−®-
£®ç¨á«¥−−ë¥ �ª�¤¥¬¨ç¥áª¨¥ ¬¥â®¤ë (¯® ¯®áâ�−®¢ª�¬ §�¤�ç¨ ®¡−®¢«¥−¨ï, ¯®¤-
¬−®¦¥áâ¢ã ï§ëª� ®¯à¥¤¥«¥−¨ï ¯à¥¤áâ�¢«¥−¨©, áâ¥¯¥−¨ ¯à®¬ëè«¥−−®© §à¥«®áâ¨)
¢¥áì¬� à�§−®®¡à�§−ë. Š«�áá¨ç¥áª¨¥ ¬¥â®¤ë ¨−ªà¥¬¥−â�«ì−®£® ®¡−®¢«¥−¨ï ¬�â¥-
à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©, â�ª¨¥ ª�ª �«£¥¡à�¨ç¥áª¨© ¬¥â®¤, ¬¥â®¤ ¯®¤áç¥â�
¯à®¨§¢®¤ïé¨å ª®àâ¥¦¥©, áâ�«¨ ®á−®¢®© ¤«ï à¥�«¨§�æ¨¨ ¢ ¯à®¬ëè«¥−−ëå ‘“�„.

�á¨−åà®−−ë© ¯®¤å®¤ ª ®¡−®¢«¥−¨î ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨©, à¥-
�«¨§®¢�−−ë© ¢ ¡®«ìè¨−áâ¢¥ à�áá¬®âà¥−−ëå ‘“�„, á«¥¤ã¥â áç¨â�âì ®á−®¢−ë¬
¤«ï à�á¯à¥¤¥«¥−−®£® ®¡−®¢«¥−¨ï. �á¨−åà®−−®¥ ®¡−®¢«¥−¨¥ ¬®¦¥â ¡ëâì ¨á-
¯®«ì§®¢�−® ¢ à�§−ëå áæ¥−�à¨ïå ¢ à�¬ª�å åà�−¨«¨é� ¤�−−ëå: ®à£�−¨§�æ¨¨
¢¨âà¨− ¤�−−ëå, à¥�«¨§�æ¨¨ ETL-¯à®æ¥áá®¢ ¨ �−�«¨â¨ª¨ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ −�¤
¯®â®ª®¢ë¬¨ ¤�−−ë¬¨. ˆá¯®«ì§®¢�−¨¥ á¨−åà®−−®£® ¯®¤å®¤� ª ®¡−®¢«¥−¨î ¬�-
â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© æ¥«¥á®®¡à�§−® ¯à¥¨¬ãé¥áâ¢¥−−® ¤«ï à¥è¥−¨ï
§�¤�ç, ¢ë¯®«−ï¥¬ëå −� ®¤−®¬ ã§«¥.

�à¨ ¢ë¡®à¥ ¡�§®¢®© ‘“�„ á«¥¤ã¥â ãç¨âë¢�âì ¥¥ á¨áâ¥¬ã åà�−¥−¨ï ¨ á®®â¢¥â-
áâ¢¨¥ áæ¥−�à¨î ¨á¯®«ì§®¢�−¨ï. ’�ª, LSM-¤¥à¥¢ìï ¬®£ãâ ®¡¥á¯¥ç¨¢�âì ¢ëá®ªãî
áª®à®áâì §�¯¨á¨ ¡®«ìè®£® ç¨á«� ®â¤¥«ì−ëå ª®àâ¥¦¥©, ¨ áæ¥−�à¨© ¤«ï ¨å ¨á-
¯®«ì§®¢�−¨ï | ¢ëá®ª�ï à�á¯à¥¤¥«¥−−�ï OLTP-−�£àã§ª� −� ¡�§®¢ë¥ â�¡«¨æë
¨ �−�«¨â¨ç¥áª¨¥ §�¯à®áë −�¤ ¬�â¥à¨�«¨§®¢�−−ë¬¨ ¯à¥¤áâ�¢«¥−¨ï¬¨. ‘ ¤àã£®©
áâ®à®−ë, áâàãªâãà� MergeTree ®à¨¥−â¨à®¢�−� −� ¡ëáâàãî §�¯¨áì ¡®«ìè¨å ¯�-
ª¥â®¢ ¤�−−ëå ¨ çâ¥−¨¥ ¤�−−ëå ¯à¨ �−�«¨â¨ç¥áª¨å §�¯à®á�å. …¥ ¨á¯®«ì§®¢�−¨¥
æ¥«¥á®®¡à�§−® ¯à¨ ¯à¨¬¥−¥−¨¨ ¯à¥¤áâ�¢«¥−¨© ¤«ï ®à£�−¨§�æ¨¨ ¢¨âà¨− ¤�−−ëå
−�¤ åà�−¨«¨é�¬¨.

Š�áª�¤−®¥ ®¡−®¢«¥−¨¥ ¢«®¦¥−−ëå ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢«¥−¨© ¯à¨-
¬¥−¨¬® ¤«ï ®à£�−¨§�æ¨¨ ¯®á«¥¤®¢�â¥«ì−ëå á«®¥¢ ¬�â¥à¨�«¨§®¢�−−ëå ¯à¥¤áâ�¢-
«¥−¨© ¢ ETL-¯à®æ¥áá�å.

��¨¡®«¥¥ §à¥«ë¥ ¢ ¯à®¬ëè«¥−−®¬ á¬ëá«¥ �ª�¤¥¬¨ç¥áª¨¥ à¥è¥−¨ï ã¦¥ à¥�-
«¨§®¢�−ë ¢ ¢¨¤¥ à�áè¨à¥−¨© áãé¥áâ¢ãîé¨å á¨áâ¥¬. ‚ ¡¥áá¥à¢¥à−ëå ®¡«�ç−ëå
åà�−¨«¨é�å á ¯�ª¥â−ë¬ ®¡−®¢«¥−¨¥¬ íää¥ªâ¨¢−� ¬®¤¨ä¨ª�æ¨ï �«£¥¡à�¨ç¥áª®£®
¯®¤å®¤� ¨ �«£®à¨â¬� ¯®¤áç¥â� á ¨á¯®«ì§®¢�−¨¥¬ ¢−¥è−¨å ª«îç¥© ¢ á®¥¤¨−¥−¨-
ïå. ‚ ¬�áèâ�¡¨àã¥¬ëå OLTP-á¨áâ¥¬�å, ®á−®¢�−−ëå −� LSM-¤¥à¥¢ìïå, ª®£¤�
âà�−§�ªæ¨®−−�ï −�£àã§ª� á®ç¥â�¥âáï á �−�«¨â¨ç¥áª®© −�£àã§ª®© −� â�¡«¨æë
¯à¥¤áâ�¢«¥−¨©, íää¥ªâ¨¢−� ¤¥ª®¬¯®§¨æ¨ï ¬−®¦¥áâ¢¥−−ëå á®¥¤¨−¥−¨© ¢ ¯®á«¥-
¤®¢�â¥«ì−®áâì ¡¨−�à−ëå á®¥¤¨−¥−¨© ¨ �á¨−åà®−−®¥ ®¡−®¢«¥−¨¥ ¯à¥¤áâ�¢«¥−¨©.
„«ï áæ¥−�à¨ï ¯®â®ª®¢®© ¯¥à¥¤�ç¨ ®¡−®¢«¥−¨© ¢ ¡�§ã ¤�−−ëå ¨ ®¡−®¢«¥−¨ï
¯à¥¤áâ�¢«¥−¨© ¤«ï ª�¦¤®£® ª®àâ¥¦�, ª®£¤� ¢á¯®¬®£�â¥«ì−ë¥ ¨−¤¥ªáë ¨ ¬�â¥à¨-
�«¨§®¢�−−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¬®£ãâ åà�−¨âìáï ¢ ®á−®¢−®© ¯�¬ïâ¨ ¨ ¬−®£®ªà�â−®
®¡−®¢«ïâìáï ¡¥§ ¡®«ìè¨å §�âà�â, ¢®§¬®¦−� íää¥ªâ¨¢−�ï à¥�«¨§�æ¨ï ®¡−®¢«¥−¨©
¤«ï �æ¨ª«¨ç¥áª¨å ¯® ¢−¥è−¨¬ ª«îç�¬ ¯à¥¤áâ�¢«¥−¨©. ‘ãé¥áâ¢ãîâ ®â¤¥«ì−ë¥
íää¥ªâ¨¢−ë¥ ¬¥â®¤ë ®¡−®¢«¥−¨ï ¯à¥¤áâ�¢«¥−¨© (−�æ¥«¥−−ë¥ −� à�áè¨à¥−¨¥
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¯®¤¤¥à¦¨¢�¥¬®£® ª«�áá� §�¯à®á®¢), ®á−®¢�−−ë¥ −� ¯à¨¬¥−¥−¨¨ ¢á¯®¬®£�â¥«ì−ëå
¨¥à�àå¨ç¥áª¨å ¯à¥¤áâ�¢«¥−¨©, ¯¥à¥¯¨áë¢�−¨¨ §�¯à®á®¢, ¨á¯®«ì§®¢�−¨¨ äã−ª-
æ¨®−�«ì−ëå §�¢¨á¨¬®áâ¥©.
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ADVANCED METHODS FOR IMPLEMENTATION
OF INCREMENTAL VIEW MAINTENANCE IN MODERN

RELATIONAL DATABASE MANAGEMENT SYSTEMS

S. A. Stupnikov, N. A. Skvortsov, and D. O. Briukhov

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

Abstract: The paper reviews advanced methods for implementing incremental
view maintenance in academic and industrial relational database management
systems (DBMS). The main directions of materialized views application, the
general statement of the incremental maintenance problem, classic methods
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for view maintenance, basic industrial implementations in the most common
DBMS, implementations in modern DBMS, and their distinguishing features
are considered. The main directions of academic research, their differences in
the problem statement, subsets of the view definition language, and practical or
theoretical orientation are considered. Practical-oriented investigations improve
industrial DBMS and perform an experimental evaluation of the approach with
various scaling options. Theoretical investigations focus on the subsets of the
view definition language for which the best update strategies are possible and on
the formal proof of the complexity of algorithms. The most andromising methods
and ways of implementation in modern DBMS are distinguished.

Keywords: relational database management systems; materialized views; incre-
mental maintenance
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ИНТЕГРАЦИЯ ЭЛЕКТРОННОГО СЛОВАРЯ
С ТЕКСТАМИ ПАРАЛЛЕЛЬНОГО КОРПУСА:

НОВЫЙ ТЕОРЕТИЧЕСКИЙ ПОДХОД∗

Д. О. Добровольский1, И. М. Зацман2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï ¯à®¡«¥¬� ¨−â¥£à�æ¨¨ í«¥ªâà®−−®£® á«®¢�àï
á â¥ªáâ�¬¨ ¯�à�««¥«ì−®£® ª®à¯ãá� ¢ à�¬ª�å «¥ªá¨ª®£à�ä¨ç¥áª®© ¨−ä®à¬�-
æ¨®−−®© á¨áâ¥¬ë (‹ƒˆ‘), ¢ª«îç�îé¥© âà¨ ª®¬¯®−¥−â�: (1) í«¥ªâà®−−ë©
¬−®£®ï§ëç−ë© á«®¢�àì; (2) ª®à¯ãá ª�ª åà�−¨«¨é¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢;
(3) ¡�§ã ¤�−−ëå (�„) �−−®â¨à®¢�−−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨© (��‘) ¨ ¤¢¥
¡�§ë §−�−¨©. �à¥¤«�£�¥¬ë© ¯®¤å®¤ ª ¨−â¥£à�æ¨¨ ®¡áã¦¤�¥âáï −� ¯à¨¬¥à¥
−¥¬¥æª®-àãááª®£® á«®¢�àï ¨ ¯à¥¤áâ�¢«ï¥â á®¡®© á¨−â¥§ àï¤� ª®−æ¥¯âã�«ì−ëå
¯®«®¦¥−¨©, â�ª¨å ª�ª ¯à¨¬¥−¥−¨¥ ¯à¨−æ¨¯� ¬−®£®ãà®¢−¥¢®© áâàãªâãà¨§�-
æ¨¨ â¥ªáâ®¢ á«®¢�à−ëå áâ�â¥©, ä®à¬¨à®¢�−¨¥ ��‘ ¤«ï ¬−®£®§−�ç−ëå á«®¢
¨ ãáâ®©ç¨¢ëå á«®¢®á®ç¥â�−¨© ¨ ¨å ¯¥à¥¢®¤®¢, ãáâ�−®¢«¥−¨¥ á¢ï§¥© ¬¥¦¤ã
í«¥ªâà®−−ë¬ á«®¢�à¥¬ ¨ åà�−¨«¨é¥¬ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ¯® §−�ç¥−¨ï¬
¬−®£®§−�ç−ëå á«®¢ ¨ ãáâ®©ç¨¢ëå á«®¢®á®ç¥â�−¨©. „® −�áâ®ïé¥£® ¢à¥¬¥−¨
¯®¤®¡−ë¥ ‹ƒˆ‘ á®§¤�¢�«¨áì â®«ìª® ¤«ï ®¤−®ï§ëç−ëå á«®¢�à¥© á ä®à¬¨à®¢�-
−¨¥¬ á¢ï§¥© â®«ìª® ¯® «¥¬¬�¬. –¥«ì áâ�âì¨ | ®¯¨á�âì ¯à¥¤«�£�¥¬ë© ¯®¤å®¤
ª ¨−â¥£à�æ¨¨ ¬−®£®ï§ëç−®£® í«¥ªâà®−−®£® á«®¢�àï á â¥ªáâ�¬¨ ¯�à�««¥«ì−®£®
ª®à¯ãá� ª�ª â¥®à¥â¨ç¥áªãî ®á−®¢ã á®§¤�−¨ï ‹ƒˆ‘.
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�−−®â¨à®¢�−−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©
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1 Введение

‚ à�¡®â¥ [1] ¤�−® ®¯¨á�−¨¥ ¯®¤å®¤� ª ¨−â¥£à�æ¨¨, ¯à¥¤−�§−�ç¥−−®£® ¤«ï
¯®¯®«−¥−¨ï ®¤−®ï§ëç−®£®3 í«¥ªâà®−−®£® á«®¢�àï −®¢ë¬¨ áâ�âìï¬¨, ¯®¤£®â®¢-
«¥−−ë¬¨ −� ®á−®¢¥ â¥ªáâ®¢ ª®à¯ãá®¢ ¯à®¥ªâ� DWDS (Digitales W�orterbuch der

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® ¢ ”ˆ– ˆ“ ÷�� §� áç¥â £à�−â� ÷®áá¨©áª®£® −�ãç−®£® ä®−¤�
ü 24-18-00155, https://rscf.ru/project/24-18-00155.
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�ª�¤¥¬¨¨ −�ãª; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
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3�¤−®ï§ëç−ë© á«®¢�àì, â®«ª®¢ë© ¨«¨ í−æ¨ª«®¯¥¤¨ç¥áª¨©, á®¤¥à¦¨â á«®¢�à−ë¥ áâ�âì¨ −�
®¤−®¬ ï§ëª¥, ª®â®àë¥ ®¯¨áë¢�îâ §−�ç¥−¨ï á«®¢ ¨ ¯à¨¢®¤ïâ ¯à¨¬¥àë ¨å ¨á¯®«ì§®¢�−¨ï ¨«¨ ¦¥ |
¢ á«ãç�¥ í−æ¨ª«®¯¥¤¨ç¥áª¨å á«®¢�à¥© | à�áªàë¢�îâ áãâì ®¡®§−�ç�¥¬ëå íâ¨¬¨ á«®¢�¬¨ ¯®−ïâ¨©.
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deutschen Sprache) �¥à«¨−áª®-�à�−¤¥−¡ãà£áª®© �ª�¤¥¬¨¨ −�ãª [2, 3]. �à¥¤«�-
£�¥¬ë© ¯®¤å®¤ ¤�¥â ¢®§¬®¦−®áâì æ¥«¥−�¯à�¢«¥−−® ¤®¡�¢«ïâì −®¢ë¥ á«®¢�à−ë¥
áâ�âì¨. ‘®¡à�−−�ï áâ�â¨áâ¨ª� à�¡®âë ¯®«ì§®¢�â¥«¥© á® á«®¢�à¥¬ ¯®ª�§�«�, çâ®
ª�¦¤ë© è¥áâ®© §�¯à®á ¤�¥â −ã«¥¢ãî ¢ë¤�çã, â�ª ª�ª áâ�âì¨ á §�¤�−−ë¬ ¢ §�¯à®á¥
§�£«�¢−ë¬ á«®¢®¬ ®âáãâáâ¢ãîâ ¢ á«®¢�à¥. �� ®á−®¢¥ ¯®¤å®¤� ¯à®¥ªâ� DWDS
à�§à�¡®â�−� ç¥«®¢¥ª®-¬�è¨−−�ï â¥å−®«®£¨ï ä®à¬¨à®¢�−¨ï −®¢ëå á«®¢�à−ëå
áâ�â¥© [1].

‘ ¯®¬®éìî íâ®© â¥å−®«®£¨¨ �¢â®¬�â¨ç¥áª¨ ¯®à®¦¤�¥âáï úª®áâïªû á«®¢�à−®©
áâ�âì¨, £¤¥ ¨¬¥¥âáï ¬®àä®á¨−â�ªá¨ç¥áª�ï §®−�, ä®−¥â¨ç¥áª�ï âà�−áªà¨¯æ¨ï
¨ ¯à¨¬¥àë, −® ®âáãâáâ¢ã¥â â®«ª®¢�−¨¥ §−�ç¥−¨ï(©) §�£«�¢−®£® á«®¢�. „«ï
«¥ªá¨ª®£à�ä� ¨¬¥âì ¬�è¨−−ë© à¥§ã«ìâ�â ª�ª ç¥à−®¢¨ª á«®¢�à−®© áâ�âì¨ ¢¥áì¬�
¯®«¥§−®. �¤−�ª® ¯à¨ íâ®¬ ®â¬¥ç¥−®, çâ® å®à®è¨© úª®áâïªû á«®¢�à−®© áâ�âì¨
¯®«ãç¨«®áì áä®à¬¨à®¢�âì â®«ìª® ¢ 20% á«ãç�¥¢ [1].

„«ï ¢ª«îç¥−¨ï −®¢ëå ª®à¯ãá−ëå ¯à¨¬¥à®¢ ¢ ã¦¥ áãé¥áâ¢ãîé¨¥ á«®¢�à−ë¥
áâ�âì¨ ¢ ®¤−®© ¨§ à�¡®â £àã¯¯ë DWDS [4] ¯à¥¤«®¦¥− á¯®á®¡ ¯®«ã�¢â®¬�â¨ç¥áª®£®
¨§¢«¥ç¥−¨ï ®â¤¥«ì−ëå ¯à¥¤«®¦¥−¨©, ¨««îáâà¨àãîé¨å äã−ªæ¨®−¨à®¢�−¨¥ á«®¢�
¢ â¥ªáâ¥ ¨§ ª®à¯ãá®¢ ¯à®¥ªâ� DWDS. ‚ íâ®¬ ¯à®¥ªâ¥ à¥�«¨§®¢�−� ¢®§¬®¦−®áâì
¯¥à¥å®¤� ®â «¥¬¬ë á«®¢�à−®© áâ�âì¨ ª ¯à¨¬¥à�¬ ¨§ à�§−ëå ª®à¯ãá®¢ ¡®«ìè®£®
®¡ê¥¬�, ¨−â¥£à¨à®¢�−−ëå ¢ áâàãªâãàã íâ®£® ¯à®¥ªâ�, çâ® ¨ ¯®§¢®«ï¥â ¨§¢«¥ª�âì
−®¢ë¥ ¯à¨¬¥àë ¨á¯®«ì§®¢�−¨ï ¨áá«¥¤ã¥¬ëå á«®¢. �®«ìè¨¥ í«¥ªâà®−−ë¥ ª®à¯ãáë
â¥ªáâ®¢ ¯à¥¤®áâ�¢«ïîâ ¢®§¬®¦−®áâ¨ â�ª¦¥ ¨ ¤«ï ¨áá«¥¤®¢�−¨ï ¨§¬¥−¥−¨© ç�áâ®âë
ã¯®âà¥¡«¥−¨ï ®â¤¥«ì−ëå §−�ç¥−¨© ¬−®£®§−�ç−ëå á«®¢ á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ [5].

’à¨ ¯¥à¥ç¨á«¥−−ë¥ §�¤�ç¨ (¯®¯®«−¥−¨¥ á«®¢�àï −®¢ë¬¨ áâ�âìï¬¨ ¨ ¯à¨¬¥-
à�¬¨ ¨á¯®«ì§®¢�−¨ï á«®¢, ¨áá«¥¤®¢�−¨¥ §−�ç¥−¨© á«®¢ ¨ ¬®−¨â®à¨−£ í¢®«îæ¨¨
ç�áâ®â−®áâ¥©) à¥è�«¨áì á ¨á¯®«ì§®¢�−¨¥¬ à�§−ëå áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨. �á−®¢-
−®¥ ®â«¨ç¨¥ ¬−®£®�á¯¥ªâ−®© ¨−â¥£à�æ¨¨, ¯à¥¤«�£�¥¬®© ¢ áâ�âì¥, á®áâ®¨â ¢ â®¬,
çâ® ¢ à�¬ª�å ®¤−®© ¨ â®© ¦¥ ‹ƒˆ‘ à¥è�¥âáï è¨à®ª¨© á¯¥ªâà ç�áâ−ëå §�¤�ç −�
®á−®¢¥ −®¢®£® â¥®à¥â¨ç¥áª®£® ¯®¤å®¤�. �®«¥¥ è¨à®ª¨© á¯¥ªâà äã−ªæ¨©, à¥�«¨-
§ã¥¬ëå ¢ ‹ƒˆ‘, ®¡ãá«®¢«¥− á«¥¤ãîé¨¬¨ ¥¥ âà¥¬ï ¡�§®¢ë¬¨ ¢®§¬®¦−®áâï¬¨.
‚®-¯¥à¢ëå, ‹ƒˆ‘ ®à¨¥−â¨à®¢�−� −� ¤¢� ¨ ¡®«¥¥ ï§ëª®¢, ¢ â® ¢à¥¬ï ª�ª à�áá¬®â-
à¥−−ë¥ ¢ëè¥ §�¤�ç¨ | â®«ìª® −� ®¤¨− ï§ëª. ‚®-¢â®àëå, ªà®¬¥ ®¯¨á�−¨ï á«®¢
¨ ¨å à�§«¨ç−ëå §−�ç¥−¨© ‹ƒˆ‘ ¤�áâ ¢®§¬®¦−®áâì ¨áª�âì ¢ ª®à¯ãá¥ ¨ ®¯¨áë¢�âì
¢ á«®¢�à−ëå áâ�âìïå ãáâ®©ç¨¢ë¥ ª®−áâàãªæ¨¨, ¢ â®¬ ç¨á«¥ ¬−®£®§−�ç−ë¥, ¢§ïâë¥
¢ á¢®¨å ª®−ªà¥â−ëå §−�ç¥−¨ïå. ˆ ¢-âà¥âì¨å, â�ª ª�ª ¢ í«¥ªâà®−−®¬ á«®¢�à¥
‹ƒˆ‘, ¯à¥¤áâ�¢«¥−−®¬ ¢ ä®à¬¥ á«®¢�à−®© �„, ®¯¨á�−¨¥ §−�ç¥−¨ï á«®¢� ¨«¨
ª®−áâàãªæ¨¨ ¬®¦¥â á® ¢à¥¬¥−¥¬ ¨§¬¥−ïâìáï, ¢ ‹ƒˆ‘ ä¨ªá¨àã¥âáï í¢®«îæ¨ï
®¯¨á�−¨© ¨å §−�ç¥−¨© ¢® ¢à¥¬¥−¨.

–¥«ì áâ�âì¨ | ®¯¨á�âì ¯à¥¤«�£�¥¬ë© ¯®¤å®¤ ª ¨−â¥£à�æ¨¨ ¬−®£®ï§ëç−®£®1

í«¥ªâà®−−®£® á«®¢�àï á â¥ªáâ�¬¨ ¯�à�««¥«ì−®£® ª®à¯ãá� ª�ª ®á−®¢ã á®§¤�−¨ï

1Œ−®£®ï§ëç−ë© á«®¢�àì á®¤¥à¦¨â á«®¢�à−ë¥ áâ�âì¨ −� ¤¢ãå ¨«¨ ¡®«¥¥ ï§ëª�å, ª®â®àë¥ ®¯¨-
áë¢�îâ §−�ç¥−¨ï á«®¢, ¯à¥¤«�£�îâ á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ¯¥à¥¢®¤ë −� ®¤¨− (−�¯à¨¬¥à, á −¥¬¥æª®£®
−� àãááª¨© ¢ −¥¬¥æª®-àãááª®¬ á«®¢�à¥) ¨«¨ ¡®«¥¥ ï§ëª®¢ ¨ ¯à¨¢®¤ïâ ¯à¨¬¥àë ¨á¯®«ì§®¢�−¨ï á«®¢
¨ ¨å ¯¥à¥¢®¤®¢.
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ˆ−â¥£à�æ¨ï í«¥ªâà®−−®£® á«®¢�àï á â¥ªáâ�¬¨ ¯�à�««¥«ì−®£® ª®à¯ãá�: −®¢ë© ¯®¤å®¤

‹ƒˆ‘, ®¡¥á¯¥ç¨¢�îé¥© âà¨ ¯¥à¥ç¨á«¥−−ë¥ ¡�§®¢ë¥ ¢®§¬®¦−®áâ¨, ¨ ¯à®¤¥¬®−-
áâà¨à®¢�âì à¥�«¨§ã¥¬®áâì íâ®£® ¯®¤å®¤� −� ¯à¨¬¥à¥ −¥¬¥æª®-àãááª®£® í«¥ªâà®−-
−®£® á«®¢�àï.

2 Компоненты лексикографической информационной системы

�à¥¤«�£�¥¬ë© −®¢ë© ¯®¤å®¤ ª ¬−®£®�á¯¥ªâ−®© ¨−â¥£à�æ¨¨ à¥�«¨§ã¥âáï ¢ à�¬-
ª�å á®§¤�−¨ï âà¥åª®¬¯®−¥−â−®© ‹ƒˆ‘, á®ç¥â�îé¥© ¢ á¥¡¥: (1) ¬−®£®ï§ëç−ë©
í«¥ªâà®−−ë© á«®¢�àì (= á«®¢�à−�ï �„); (2) ª®à¯ãá ¯�à�««¥«ì−ëå â¥ªáâ®¢; (3) �„,
á®§¤�¢�¥¬ãî −� ®á−®¢¥ −�¤ª®à¯ãá−ëå �„, ª®−æ¥¯æ¨ï ª®â®àëå ¡ë«� ¯à¥¤«®¦¥−�
Œ. ƒ. Šàã¦ª®¢ë¬ [6{10]. ‚ª«îç¥−¨¥ ¢ á®áâ�¢ ‹ƒˆ‘ í«¥ªâà®−−®£® á«®¢�àï
®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì à¥è¥−¨ï âàã¤−® ä®à¬�«¨§ã¥¬®© §�¤�ç¨ áâàãªâã-
à¨§�æ¨¨ á«®¢�à−ëå áâ�â¥© (ª�ª −�á«¥¤ã¥¬ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ‹ƒˆ‘)
−� ¤¢ãå ¨«¨ ¡®«¥¥ ï§ëª�å.

�¯¨á�−¨¥ ¯®áâ�−®¢ª¨ ¨ à¥è¥−¨ï §�¤�ç¨ áâàãªâãà¨§�æ¨¨ §�á«ã¦¨¢�¥â ®â¤¥«ì-
−®© áâ�âì¨. „«ï ¨««îáâà�æ¨¨ ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� ª ¨−â¥£à�æ¨¨ ®â¬¥â¨¬ §¤¥áì
â®«ìª® â®, çâ® ¢ âà�¤¨æ¨®−−®© «¥ªá¨ª®£à�ä¨¨ [11] ®á−®¢−®¥ ¢−¨¬�−¨¥ ã¤¥«ï¥âáï,
ª�ª ¯à�¢¨«®, â®«ìª® ¯¥à¢®¬ã ãà®¢−î áâàãªâãà¨§�æ¨¨ á«®¢�à−®© áâ�âì¨ −� §®−ë
(«¥¬¬ë, íâ¨¬®«®£¨¨, ä®−¥â¨ç¥áª®© âà�−áªà¨¯æ¨¨, £à�¬¬�â¨ç¥áª®© ¨−ä®à¬�æ¨¨
® á«®¢¥ ¢ æ¥«®¬, ¯®¬¥â, ®â−®áïé¨åáï ª ®¯¨áë¢�¥¬®¬ã á«®¢ã ¢ æ¥«®¬ ¨ ¥£® ®â-
¤¥«ì−ë¬ §−�ç¥−¨ï¬, á�¬¨å §−�ç¥−¨© íâ®£® á«®¢� ¨ ¤à.). �¤−�ª® ¤«ï ¢ª«îç¥−¨ï
−�á«¥¤ã¥¬ëå áâ�â¥© ¢ á«®¢�à−ãî �„ ‹ƒˆ‘ âà¥¡ã¥âáï ¯à¥¤¢�à¨â¥«ì−® à¥è¨âì
§�¤�çã ¬−®£®ãà®¢−¥¢®© áâàãªâãà¨§�æ¨¨ §®− −� ¯®«ï á«®¢�à−®© �„. ’�¡«¨æ� 1
¨§ [12] ¯®ª�§ë¢�¥â ¢â®à®©, âà¥â¨© ¨ ç¥â¢¥àâë© ãà®¢−¨ áâàãªâãà¨§�æ¨¨ â®«ìª®
§®−ë á«®¢�à−®© áâ�âì¨ á ®¯¨á�−¨¥¬ §−�ç¥−¨© | ¤àã£¨¥ §®−ë á«®¢�à−®© áâ�âì¨
¢ íâ®© à�¡®â¥ −¥ à�áá¬�âà¨¢�«¨áì (¯¥à¢ë© ãà®¢¥−ì | íâ® âà�¤¨æ¨®−−®¥ ¤¥«¥−¨¥
¢á¥© á«®¢�à−®© áâ�âì¨ −� §®−ë).

„«ï ¨««îáâà�æ¨¨ íâ¨å âà¥å ãà®¢−¥© ¯à¨¢¥¤¥¬ á®¤¥à¦�−¨¥ −�á«¥¤ã¥¬®©
á«®¢�à−®© áâ�âì¨ ¬−®£®§−�ç−®£® á«®¢� sollen (á¬. à¨áã−®ª), ª®â®àãî −¥®¡å®¤¨¬®
§�£àã§¨âì ¢ á«®¢�à−ãî �„ ‹ƒˆ‘ ¯®á«¥ ¬−®£®ãà®¢−¥¢®© áâàãªâãà¨§�æ¨¨ ¥¥ §®−.
�� à¨áã−ª¥ ¯®ª�§�− á®ªà�é¥−−ë© ¢�à¨�−â á«®¢�à−®© áâ�âì¨ ¤«ï £«�£®«� sollen.
‡−�ç¥−¨ï íâ®£® á«®¢� ¯à®−ã¬¥à®¢�−ë; ¢ íâ®¬ ¢�à¨�−â¥ áâ�âì¨ ¯à¨¢¥¤¥−ë ªà�âª¨¥
®¯¨á�−¨ï ¯¥à¢ëå âà¥å ¨§ 13 §−�ç¥−¨© íâ®£® á«®¢�.

�� à¨áã−ª¥ á¥àë¬ æ¢¥â®¬ ¢ë¤¥«¥− â¥ªáâ ¤«ï §�¯®«−¥−¨ï ¢ â�¡«. 1 ¯®«¥© áâà®ª
ú‚�à¨�−âë ¯¥à¥¢®¤�. . . á ª®¬¬¥−â�à¨ï¬¨û, §¥«¥−ë¬ æ¢¥â®¬ | ¤«ï §�¯®«−¥−¨ï
¯®«ï úŠ®¬¬¥−â�à¨© ª á«®¢ã. . .û, £®«ã¡ë¬ æ¢¥â®¬ | ¤«ï §�¯®«−¥−¨ï ¯®«¥© áâà®ª
ú�à¨¬¥àë ã¯®âà¥¡«¥−¨ï á«®¢�. . .û (íâ¨ áâà®ª¨ á−�ç�«� ¤¥«ïâáï −� ¯à¨¬¥àë,
� ¯®â®¬ ª�¦¤ë© ¯à¨¬¥à ¤¥«¨âáï −� ®à¨£¨−�«ì−ë© â¥ªáâ ¨ ¥£® ¯¥à¥¢®¤) ¨ ª®à¨ç-
−¥¢®-§¥«¥−ë¬ æ¢¥â®¬ | â¥ªáâ úman s�ollte m�einen, dass. . . ¬�®¦−® ¡ �ë«® ¡ë
¯®¤�ã¬�âì, çâ®. . . û ¤«ï §�¯®«−¥−¨ï ¯®«¥© áâà®ª¨ ú“áâ®©ç¨¢ë¥ ª®−áâàãªæ¨¨
á ¨á¯®«ì§®¢�−¨¥¬ á®®â¢¥âáâ¢ãîé¥£® á«®¢� ¢ §−�ç¥−¨¨ 2û.

Šà®¬¥ â®£®, ¢ íâ®¬ ¯à¨¬¥à¥ ªà�á−ë¬ æ¢¥â®¬ ¢ë¤¥«¥− â¥ªáâ ¤«ï §�¯®«−¥−¨ï
¯®«¥© ú’®«ª®¢�−¨¥ á«®¢� ¢ ¤�−−®¬ ¯®¤§−�ç¥−¨¨û ¨ ¦¥«âë¬ æ¢¥â®¬ | ¤«ï

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 1 2025 113



„. �. „®¡à®¢®«ìáª¨©, ˆ. Œ. ‡�æ¬�−

s�ollen vmod (perf hat s�ollen, ¢ −¥¯®«−ëå ¯à¥¤«®¦¥−¨ïå, £¤¥ ¯à®¯ãé¥− ¨−ä¨-

−¨â¨¢ ¯®«−®§−�ç−®£® £«�£®«� hat ges�ollt) 1. ¤�®«¦¥−, á«�¥¤ã¥â; áâ�®¨â, å®â�¥«®áì ¡ë

(çâ®-«. ¤¥«�âì ¯® çì¥¬ã-«. ãª�§�−¨î, ¯® §�ª®−ã, ¯® ¯à�¢¨«�¬, −®à¬�¬ ¨ â. ¯.,

� â�ª¦¥ ¯® á®¡áâ¢¥−−®¬ã ¦¥«�−¨î); ich soll h�eute noch in die Stadt f�ahren ï ¤�®«¦¥−

á¥£�®¤−ï ¥éñ ¯®�¥å�âì ¢ £®à®¤; er s�ollte dr�ei�ig �Euro bez�ahlen á −¥£�® ¯®âà�¥¡®¢�«¨ âà�̈-

¤æ�âì �¥¢à®; â¦. ¢ ª�ç¥áâ¢¥ á®¢¥â�, à¥ª®¬¥−¤�æ¨¨ (¢ ä®à¬¥ praet conj) Sie s�ollten

mit dem R�auchen �aufh�oren ¢�¬ á«�¥¤ã¥â [áâ�®¨â] ¡à�®á¨âì ª�ãà¨âì ; ¢ ª®−â¥ªáâ�å, ¯à¥¤¯®-

«�£�îé¨å ¯à®áì¡ã ¨«¨ âà¥¡®¢�−¨¥ á®¢¥àè¨âì −¥ª®â®à®¥ ª®−ªà¥â−®¥ ¤¥©áâ¢¨¥ : ich

s�ollte ihm die Z�eitung m��tbringen ®− ¯à®á�̈« ¬¥−�ï ¯à¨−¥áâ�̈ ¥¬�ã £�§�¥âã; ¢ ¯à¨¤�â®ç-

−ëå ¤®¯®«−¨â¥«ì−ëå â¦. ¢ ä®à¬�å conj : er s�agte, ich s�olle l��eber h�eute noch in die

Stadt zur�uckkehren ®− áª�§��«, çâ® ¬−¥ «�ãçè¥ (¡ �ë«®) ¡ë ¢¥à−�ãâìáï ¢ £�®à®¤ ¥éñ á¥£�®-

¤−ï . . . 2. ¢ ä®à¬�å pqp conj ª�ª ãª�§�−¨¥ −� −¥á®áâ®ï¢è¥¥áï ¤¥©áâ¢¨¥ á«�¥¤®¢�«®

¡ë, áâ�®¨«® ¡ë, −�ã¦−® ¡ �ë«® ¡ë, ¤�®«¦¥− ¡ë« ¡ë (¯® ¬−¥−¨î £®¢®àïé¥£®) ; ich h�atte

�Ihnen �uberh�aupt nichts s�agen ∼ §àï ï ¢�¬ ¢áñ �íâ® à�ááª�§��«�; ¢ ä®à¬�å praet conj,

ª�ª ¯à�¢¨«®, á ç�áâ¨æ�¬¨ eigentlich, doch, ãª�§ë¢�¥â −� ®¦¨¤�¥¬®¥ ¯®«®¦¥−¨¥ ¢¥-

é¥©, ª®â®à®¥ −¥ ¨¬¥¥â ¬¥áâ® ¢ á®®â¢¥âáâ¢ãîé¨© ¬®¬¥−â er s�ollte �eigentlich schon

geschl�afen h�aben ï ¤ã¬�«, çâ® ®− ã¦�¥ á¯�« . . . � man s�ollte m�einen, dass. . . ¬�®¦−®

¡ �ë«® ¡ë ¯®¤�ã¬�âì, çâ®. . . 3. á«ã¦¨â ¤«ï ãª�§�−¨ï −� ¯®«ãç¥−¨¥ ¨−ä®à¬�æ¨¨ ®â

¤àã£¨å «¨æ; ¯à¨ ¯¥à¥¢®¤¥ −� àãááª¨© ï§ëª ¯à¥¤«®¦¥−¨¥ −�ç¨−�îâ á«®¢�¬¨ £®¢®-

à�ïâ, ¯®«�£��îâ ¨ â. ¯.; sie soll sehr sch�on gew�esen sein £®¢®à�ïâ, ®−�� ¡ë«�� �®ç¥−ì ªà�á�̈-

¢� . . .

�à¨¬¥à á«®¢�à−®© áâ�âì¨ ¤«ï £«�£®«� sollen (á®ªà�é¥−−ë© ¢�à¨�−â)

§�¯®«−¥−¨ï ¯®«¥© áâà®ª¨ ú�à¨¬¥àë ã¯®âà¥¡«¥−¨ï á«®¢� ¢ ¤�−−®¬ ¯®¤§−�ç¥-
−¨¨û.

‚�¦−® ¯®¤ç¥àª−ãâì, çâ® ¯à¨ ¯¥à¢¨ç−®¬ ä®à¬¨à®¢�−¨¨ á«®¢�à−®© �„ §�¯®«-
−ïîâáï ¤�«¥ª® −¥ ¢á¥ ¯®«ï, ¯¥à¥ç¨á«¥−−ë¥ ¢ â�¡«. 1 (−�¯à¨¬¥à, ¢ ¯à¨¢¥¤¥−−®¬
¯à¨¬¥à¥ ¤«ï á«®¢� ¢ §−�ç¥−¨ïå 1 ¨ 3 äà�§¥¬ −¥â, −® ®−¨ ¬®£ãâ ¯®ï¢¨âìáï ¯®â®¬
¢ à¥§ã«ìâ�â¥ à�¡®âë «¥ªá¨ª®£à�ä®¢ á ª®à¯ãá−ë¬¨ ¤�−−ë¬¨ ‹ƒˆ‘).

‚ â�¡«. 1 ¯®ª�§�−®, çâ® −� ¢â®à®¬ ãà®¢−¥ áâàãªâãà¨§�æ¨¨ §®−ã §−�ç¥−¨© −�¤®
á−�ç�«� à�§¤¥«¨âì −� N á®áâ�¢«ïîé¨å.

‘âàãªâãà� âà¥âì¥£® ãà®¢−ï ¢ª«îç�¥â ¯ïâì ¯®«¥© ®¯¨á�−¨ï ª�¦¤®£® §−�ç¥−¨ï
á«®¢� (£à�¬¬�â¨ç¥áª�ï ¨−ä®à¬�æ¨ï ® á«®¢¥ ¢ æ¥«®¬ (� ¨−®£¤� ¨ ¢ ®â¤¥«ì−ëå
¥£® §−�ç¥−¨ïå, ¥á«¨ á¬¥−� §−�ç¥−¨ï ¢«¨ï¥â −� £à�¬¬�â¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨),
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ˆ−â¥£à�æ¨ï í«¥ªâà®−−®£® á«®¢�àï á â¥ªáâ�¬¨ ¯�à�««¥«ì−®£® ª®à¯ãá�: −®¢ë© ¯®¤å®¤

’�¡«¨æ� 1 ‚â®à®©, âà¥â¨© ¨ ç¥â¢¥àâë© ãà®¢−¨ áâàãªâãà¨§�æ¨¨ á«®¢�à−®© áâ�âì¨ [12]

‡®−�
§−�ç¥-
−¨©

‡−�ç¥-
−¨¥ 1

ƒà�¬¬�â¨ç¥áª�ï ¨−ä®à¬�æ¨ï ® á«®¢¥ ¢ §−�ç¥−¨¨ 1
‘â¨«¨áâ¨ç¥áª¨¥ ¯®¬¥âë, ®â−®áïé¨¥áï ª á«®¢ã ¢ §−�ç¥−¨¨ 1
Š®¬¬¥−â�à¨© ª á«®¢ã ¢ §−�ç¥−¨¨ 1
‚�à¨�−âë ¯¥à¥¢®¤� á«®¢� ¢ §−�ç¥−¨¨ 1 á ª®¬¬¥−â�à¨ï¬¨
�à¨¬¥àë ã¯®âà¥¡«¥−¨ï á«®¢� ¢ §−�ç¥−¨¨ 1

�®¤§−�-
ç¥−¨¥ 1

ƒà�¬¬�â¨ç¥áª�ï ¨−ä®à¬�æ¨ï ® á«®¢¥
¢ ¤�−−®¬ ¯®¤§−�ç¥−¨¨
‘â¨«¨áâ¨ç¥áª¨¥ ¯®¬¥âë, ®â−®áïé¨¥áï ª á«®¢ã
¢ ¤�−−®¬ ¯®¤§−�ç¥−¨¨
Š®¬¬¥−â�à¨© ª á«®¢ã ¢ ¤�−−®¬ ¯®¤§−�ç¥−¨¨
‚�à¨�−âë ¯¥à¥¢®¤� á«®¢� ¢ ¤�−−®¬ ¯®¤§−�ç¥−¨¨
á ª®¬¬¥−â�à¨ï¬¨
�à¨¬¥àë ã¯®âà¥¡«¥−¨ï á«®¢� ¢ ¤�−−®¬ ¯®¤§−�ç¥−¨¨

�®¤§−�-
ç¥−¨¥ 2 · · ·
· · · · · ·

�®¤§−�-
ç¥−¨¥ M1

· · ·
“áâ®©ç¨¢ë¥ ª®−áâàãªæ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ á«®¢� ¢ §−�ç¥−¨¨ 1

· · · · · ·

‡−�ç¥-
−¨¥ N

· · ·
�®¤§−�-
ç¥−¨¥ 1 · · ·
�®¤§−�-
ç¥−¨¥ 2 · · ·
· · · · · ·

�®¤§−�-
ç¥−¨¥ MN

· · ·
“áâ®©ç¨¢ë¥ ª®−áâàãªæ¨¨ á ¨á¯®«ì§®¢�−¨¥¬ á«®¢� ¢ §−�ç¥−¨¨ N

�à¨¬¥ç�−¨¥. ’�¡«¨æ� à�§à�¡®â�−� �. �. ƒ®−ç�à®¢ë¬.

áâ¨«¨áâ¨ç¥áª¨¥ ¯®¬¥âë, ®â−®áïé¨¥áï ª á«®¢ã ¢ æ¥«®¬, ª®¬¬¥−â�à¨¨ (¥á«¨ ¢ −¨å
¥áâì −¥®¡å®¤¨¬®áâì ã¦¥ −� ãà®¢−¥ ®¯¨á�−¨ï á«®¢� ¢ æ¥«®¬), ¢�à¨�−âë ¯¥à¥¢®¤�
á«®¢� ¢ ª�¦¤®¬ ¨§ ª®−ªà¥â−ëå §−�ç¥−¨©, ¯à¨¬¥àë ã¯®âà¥¡«¥−¨ï á«®¢� ¢ íâ®¬
§−�ç¥−¨¨). —¥â¢¥àâë© ãà®¢¥−ì á®¤¥à¦¨â ¯®«ï ¤«ï ®¯¨á�−¨ï Mi ¯®¤§−�ç¥−¨© ¤«ï
ª�¦¤®£® ¨§ N §−�ç¥−¨ï á«®¢� (i = 1, N ).

�� ç¥â¢¥àâ®¬ ãà®¢−¥ áâàãªâãà¨§�æ¨¨ à�§−ë¥ ¢�à¨�−âë ¯¥à¥¢®¤� á«®¢� ¨ ¯à¨-
¬¥àë −¥ à�á¯à¥¤¥«¥−ë ¯® ®â¤¥«ì−ë¬ ¯®«ï¬ (¢ â�¡«. 1 ®−¨ −¥ ¢ë¤¥«¥−ë ¢ ®â¤¥«ì−ë¥
ïç¥©ª¨, â. ¥. ç¥â¢¥àâë© ãà®¢¥−ì áâàãªâãà¨§�æ¨¨ −¥ ï¢«ï¥âáï §�¢¥àè�îé¨¬).

�¥®¡å®¤¨¬®áâì à¥è¥−¨ï §�¤�ç¨ ¬−®£®ãà®¢−¥¢®© áâàãªâãà¨§�æ¨¨ §®− á«®¢�à-
−ëå áâ�â¥© ®¡ãá«®¢«¥−� ®¤−®© ¨§ æ¥«¥© ¨−â¥£à�æ¨¨: ¤�âì ¢®§¬®¦−®áâì «¥ªá¨ª®-
£à�ä�¬ ¤®¡�¢«ïâì ¨ ®¡−®¢«ïâì á«®¢�à−ë¥ áâ�âì¨ −� ãà®¢−¥ §−�ç¥−¨© ï§ëª®¢ëå
¥¤¨−¨æ ¨ ¯à¨¬¥à®¢ ¨å ¯¥à¥¢®¤®¢, � ¯®«ì§®¢�â¥«ï¬ | ®¡à�é�âìáï −¥¯®áà¥¤áâ¢¥−-
−® ¨§ á«®¢�àï ª ª®−â¥ªáâ−®¬ã ¨á¯®«ì§®¢�−¨î á«®¢ ¢ ª®à¯ãá¥, ¢ â®¬ ç¨á«¥ ¯®
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§−�ç¥−¨ï¬ ®â¤¥«ì−ëå á«®¢ ¨«¨ ãáâ®©ç¨¢ëå ª®−áâàãªæ¨©. ‚ ¯à®æ¥áá¥ ®¡−®¢«¥−¨ï
¢ á«®¢�à−ë¥ áâ�âì¨ «¥ªá¨ª®£à�äë ¬®£ãâ ¢ª«îç�âì ¨ −®¢ë¥ §−�ç¥−¨ï §�£«�¢−®£®
á«®¢� áâ�âì¨, ¨ −®¢ë¥ ¢�à¨�−âë ¯¥à¥¢®¤� á«®¢� ¢ ¥£® §−�ç¥−¨ïå, ¨ −®¢ë¥ ¯à¨-
¬¥àë ¥£® ã¯®âà¥¡«¥−¨ï ¢ ª®−ªà¥â−ëå §−�ç¥−¨ïå, ¨§¢«¥ç¥−−ëå ¨¬¨ ¨§ à¥£ã«ïà−®
¯®¯®«−ï¥¬®£® ª®à¯ãá� â¥ªáâ®¢ ¨ ®¡à�¡®â�−−ëå «¥ªá¨ª®£à�ä�¬¨ (�ãâ¥−â¨ç−ë¥
¯à¨¬¥àë ¨§ ª®à¯ãá�, ª�ª ¯à�¢¨«®, ¤®«¦−ë ¬®¤¨ä¨æ¨à®¢�âìáï ¤«ï ¨å á®®â¢¥â-
áâ¢¨ï ä®à¬�âã á«®¢�àï). „«ï ¤®¡�¢«¥−¨ï −®¢ëå §−�ç¥−¨©, −®¢ëå ¢�à¨�−â®¢
¨ ¯à¨¬¥à®¢ ¯¥à¥¢®¤� −¥®¡å®¤¨¬® §�à�−¥¥ ¯à¥¤ãá¬®âà¥âì ¢ áâàãªâãà¥ á«®¢�à−®©
�„ á®®â¢¥âáâ¢ãîé¨¥ ¯®«ï.

‚â®à®© ª®¬¯®−¥−â ‹ƒˆ‘ | íâ® à¥£ã«ïà−® ¯®¯®«−ï¥¬ë© ª®à¯ãá ª�ª åà�-
−¨«¨é¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢, ®¯¨á�−¨î ª®â®à®£® ¯®á¢ïé¥−ë à�¡®âë [13{15].
�â¬¥â¨¬, çâ® ¢ ª®à¯ãá¥ â¥ªáâë åà�−ïâáï ¢ −¥¨§¬¥−−®¬ ¢¨¤¥, â. ¥. ¤«ï ‹ƒˆ‘ íâ®
¯®¯®«−ï¥¬ë©, −® −¥ à¥¤�ªâ¨àã¥¬ë© ¨−ä®à¬�æ¨®−−ë© à¥áãàá.

’à¥â¨© ª®¬¯®−¥−â ‹ƒˆ‘ ¢ª«îç�¥â �„ �−−®â¨à®¢�−−ëå ¯¥à¥¢®¤−ëå á®®â-
¢¥âáâ¢¨©. �− â�ª¦¥ ¨¬¥¥â ¢ á¢®¥¬ á®áâ�¢¥ ¡�§ã ¨−¤¨¢¨¤ã�«ì−ëå §−�−¨©, ª®â®à�ï
§�¯®«−ï¥âáï «¥ªá¨ª®£à�ä�¬¨ ¯¥àá®−�«ì−®, ¨ ¡�§ã ª®««¥ªâ¨¢−ëå §−�−¨©, ª®â®-
à�ï §�¯®«−ï¥âáï ¨¬¨ ¯® à¥§ã«ìâ�â�¬ á®£«�á®¢�−¨ï ¨−¤¨¢¨¤ã�«ì−ëå ®¯¨á�−¨©
−®¢ëå §−�ç¥−¨© á«®¢ ¨«¨ ãáâ®©ç¨¢ëå ª®−áâàãªæ¨©. „àã£¨¬¨ á«®¢�¬¨, ®á−®-
¢®© á®£«�á®¢�−¨ï á«ã¦¨â ¨−¤¨¢¨¤ã�«ì−®¥ «¨−£¢¨áâ¨ç¥áª®¥ §−�−¨¥, ¯®«ãç¥−−®¥
«¥ªá¨ª®£à�ä®¬ ¯à¨ �−�«¨§¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ‹ƒˆ‘ (¬®¤¥«ì ¨§¢«¥ç¥−¨ï
§−�−¨ï «¥ªá¨ª®£à�ä�¬¨ ‹ƒˆ‘, à�§à�¡®â�−−�ï −� ®á−®¢¥ æ¨äà®¢®© á¯¨à�«ì−®©
¬®¤¥«¨ [16], ¯à¨¢¥¤¥−� −� à¨á. 4 ¢ à�¡®â¥ [17]).

�¯¨á�−¨¥ −®¢®£® §−�ç¥−¨ï, á®£«�á®¢�−−®£® ¢ ¯à®æ¥áá¥ ®¡áã¦¤¥−¨ï, §�¯¨áë-
¢�¥âáï ¨ ¢ ¡�§ã ª®««¥ªâ¨¢−ëå §−�−¨©, ¨ ¢ í«¥ªâà®−−ë© á«®¢�àì ‹ƒˆ‘. �à¨ íâ®¬
á®åà�−ï¥âáï á¢ï§ì ®¯¨á�−¨ï −®¢®£® §−�ç¥−¨ï á«®¢� (¨«¨ ãáâ®©ç¨¢®© ª®−áâàãªæ¨¨)
á â¥¬ â¥ªáâ®¢ë¬ äà�£¬¥−â®¬ ¯�à�««¥«ì−®£® ª®à¯ãá�, ¨§ ª®â®à®£® ®−® ¡ë«® ¨§¢«¥-
ç¥−® «¥ªá¨ª®£à�ä�¬¨. …á«¨ í«¥ªâà®−−ë© á«®¢�àì á®¤¥à¦¨â â®«ìª® ¯®á«¥¤−îî
¢¥àá¨î ®¯¨á�−¨ï −®¢®£® §−�ç¥−¨ï (¢ á«®¢�à¥ à�áªàëâ¨¥ §−�ç¥−¨ï ¨¤¥â ç�é¥ ¢á¥£®
−� ®á−®¢¥ �−�«¨§� á®ç¥â�¥¬®áâ¨ á«®¢� ¨ á¯®á®¡®¢ ¥£® ¯¥à¥¢®¤�), â® ¢ âà¥âì¥¬
ª®¬¯®−¥−â¥ ‹ƒˆ‘ åà�−ïâáï ¥é¥ ¨ ¯à¥¤ë¤ãé¨¥ ¢�à¨�−âë ¥£® ®¯¨á�−¨ï, çâ® ¤�¥â
¢®§¬®¦−®áâì ¨áá«¥¤®¢�âì ¤¨−�¬¨ªã «¨−£¢¨áâ¨ç¥áª®£® §−�−¨ï «¥ªá¨ª®£à�ä®¢ ¢®
¢à¥¬¥−¨ [18]. �à¨ íâ®¬ ¢�à¨�−âë ®¯¨á�−¨ï §−�ç¥−¨© ä®à¬¨àãîâáï ¢ ¡�§�å
¨−¤¨¢¨¤ã�«ì−ëå ¨ ª®««¥ªâ¨¢−ëå §−�−¨© ¯® ®¯à¥¤¥«¥−−ë¬ ¯à�¢¨«�¬1.

3 Интеграция компонентов: концептуальные положения

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ª ¨−â¥£à�æ¨¨ í«¥ªâà®−−®£® á«®¢�àï ¨ â¥ªáâ®¢ ¯�à�«-
«¥«ì−ëå ª®à¯ãá®¢ ¯à¥¤¯®«�£�¥â á®¢¬¥áâ−®¥ ¨á¯®«ì§®¢�−¨¥ âà¥å ª®¬¯®−¥−â®¢,
à�áá¬®âà¥−−ëå ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥. ‚ ¯à¨¬¥à¥, ª®â®àë© ¤¥¬®−áâà¨àã¥â à¥�-
«¨§ã¥¬®áâì ¯à¥¤«�£�¥¬®£® ¯®¤å®¤�, íâ¨ ª®¬¯®−¥−âë ä®à¬¨àãîâáï −� ®á−®¢¥ ã¦¥

1�¯¥à�æ¨¨ ¨ ¯à�¢¨«� ä®à¬¨à®¢�−¨ï (¢ë¢®¤�) ¢�à¨�−â®¢ ®¯¨á�−¨ï §−�ç¥−¨©, à�§à�¡®â�−−ë¥
�. �. ƒ®−ç�à®¢ë¬, ®¯¨á�−ë ¢ [9, 19].
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ˆ−â¥£à�æ¨ï í«¥ªâà®−−®£® á«®¢�àï á â¥ªáâ�¬¨ ¯�à�««¥«ì−®£® ª®à¯ãá�: −®¢ë© ¯®¤å®¤

áãé¥áâ¢ãîé¨å (−�á«¥¤ã¥¬ëå) «¨−£¢¨áâ¨ç¥áª¨å à¥áãàá®¢. �«¥ªâà®−−ë© á«®¢�àì
á®§¤�¥âáï −� ®á−®¢¥ ä�©«®¢ á â¥ªáâ�¬¨ −¥¬¥æª®-àãááª¨å áâ�â¥© (á¬. ¢ëè¥¯à¨-
¢¥¤¥−−ë© ¯à¨¬¥à á®ªà�é¥−−®£® ¢�à¨�−â� á«®¢�à−®© áâ�âì¨ ¤«ï £«�£®«� sollen).
Š®à¯ãá ‹ƒˆ‘ ä®à¬¨àã¥âáï −� ®á−®¢¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ��æ¨®−�«ì−®£®
ª®à¯ãá� àãááª®£® ï§ëª�. ��§� ¤�−−ëå ��‘ ä®à¬¨àã¥âáï −� ®á−®¢¥ �„ −¥¬¥æª¨å
¬®¤�«ì−ëå £«�£®«®¢, à�−¥¥ à�§à�¡®â�−−®© ¢ ”ˆ– ˆ“ ÷��.

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ª ¨−â¥£à�æ¨¨ ¯à¥¤áâ�¢«ï¥â á®¡®© á¨−â¥§ á«¥¤ãîé¨å
ª®−æ¥¯âã�«ì−ëå ¯®«®¦¥−¨©:

(1) ¯à¨¬¥−¥−¨¥ ¯à¨−æ¨¯� ¬−®£®ãà®¢−¥¢®© áâàãªâãà¨§�æ¨¨ â¥ªáâ®¢ −�á«¥¤ã¥¬ëå
á«®¢�à−ëå áâ�â¥© −� ¯®«ï á«®¢�à−®© �„ ‹ƒˆ‘;

(2) ¯®¯®«−¥−¨¥ á«®¢�à−®© �„ −®¢ë¬¨ áâ�âìï¬¨, áä®à¬¨à®¢�−−ë¬¨ −� ®á−®¢¥
¤�−−ëå ª®à¯ãá� ¯�à�««¥«ì−ëå â¥ªáâ®¢;

(3) ¯®¯®«−¥−¨¥ ã¦¥ áãé¥áâ¢ãîé¨å ¢ á«®¢�à−®© �„ áâàãªâãà¨à®¢�−−ëå á«®¢�à-
−ëå áâ�â¥© ®¯¨á�−¨ï¬¨ −®¢ëå §−�ç¥−¨© ä®ªãá−ëå ¬−®£®§−�ç−ëå (”Œ‡)1

á«®¢, äà�§¥¬ ¨ ¨¤¨®¬2, ¨§¢«¥ç¥−−ëå ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢;

(4) «¨−£¢¨áâ¨ç¥áª®¥ �−−®â¨à®¢�−¨¥ ¢ ¡�§¥ ¤�−−ëå ��‘ §−�ç¥−¨© ”Œ‡ á«®¢
¨ äà�§¥¬/̈ ¤¨®¬, ¨§¢«¥ç¥−−ëå ¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢ (â. ¥. ä®à¬¨à®¢�−¨¥
��‘);

(5) ¯à¨¬¥−¥−¨¥ ¯à¨−æ¨¯� ä®à¬¨à®¢�−¨ï á¢ï§¥© ¬¥¦¤ã á«®¢�à−®© �„ ¨ ª®à-
¯ãá®¬ ‹ƒˆ‘ −¥ â®«ìª® ¯® ”Œ‡-á«®¢�¬ ¨ äà�§¥¬�¬/̈ ¤¨®¬�¬, −® ¨ ¯® ¨å
§−�ç¥−¨ï¬;

(6) ®âà�¦¥−¨¥ ¢ ¡�§�å ¨−¤¨¢¨¤ã�«ì−ëå ¨ ª®««¥ªâ¨¢−ëå §−�−¨© âà�¥ªâ®à¨©
¨§¬¥−¥−¨© ¢ ®¯¨á�−¨ïå §−�ç¥−¨© ”Œ‡-á«®¢ ¨ äà�§¥¬/̈ ¤¨®¬, ¨§¢«¥ç¥−−ëå
¨§ ¯�à�««¥«ì−ëå â¥ªáâ®¢.

ˆ§ è¥áâ¨ ¯¥à¥ç¨á«¥−−ëå ¯®«®¦¥−¨© ¢ áâ�âì¥ ®áâ�−®¢¨¬áï −� ç¥â¢¥àâ®¬
¨ ¯ïâ®¬, â�ª ª�ª ¨¬¥−−® ¨å à¥�«¨§�æ¨ï ®â«¨ç�¥â ¯à¥¤«�£�¥¬ë© ¯®¤å®¤ ®â
áãé¥áâ¢ãîé¨å ®â¥ç¥áâ¢¥−−ëå ¨ §�àã¡¥¦−ëå ¯®¤å®¤®¢. ‚�¦−® ¯®¤ç¥àª−ãâì,
çâ® ã¯®âà¥¡«¥−¨ï ”Œ‡-á«®¢ ¨ äà�§¥¬/̈ ¤¨®¬ ¢ â¥ªáâ�å ¯�à�««¥«ì−®£® ª®à¯ãá�
¢® ¢á¥¬ ¨å á¬ëá«®¢®¬ ¬−®£®®¡à�§¨¨ −¥®¡å®¤¨¬® á®¯®áâ�¢¨âì ¢ à�¬ª�å ‹ƒˆ‘
á à¥«¥¢�−â−ë¬¨ §−�ç¥−¨ï¬¨ ¢ áâ�âìïå á«®¢�à−®© �„. –¥−âà�«ì−®© ®ª�§ë¢�¥âáï
¯à¨ íâ®¬ ¯à®¡«¥¬� ¨å ¬−®£®§−�ç−®áâ¨. …á«¨ á«®¢�, ®¡«�¤�îé¨¥ â®«ìª® ®¤−¨¬
§−�ç¥−¨¥¬, ¯®§¢®«ïîâ ¯®áâã«¨à®¢�âì á¢ï§ì ¢ ‹ƒˆ‘ ¬¥¦¤ã á«®¢�à−®© áâ�âì¥©
¨ à¥«¥¢�−â−ë¬¨ ª®à¯ãá−ë¬¨ ¯à¨¬¥à�¬¨ −� ãà®¢−¥ «¥¬¬ë, â® ¤«ï ”Œ‡-á«®¢
¨ äà�§¥¬/̈ ¤¨®¬ âà¥¡ã¥âáï ãáâ�−®¢¨âì á¢ï§¨ −� ãà®¢−¥ §−�ç¥−¨©.

1�à¨«�£�â¥«ì−®¥ úä®ªãá−ë¥û ®¡®§−�ç�¥â â¥ ¬−®£®§−�ç−ë¥ ï§ëª®¢ë¥ ¥¤¨−¨æë ‹ƒˆ‘, ¤«ï
ª®â®àëå á«®¢�àì ¨ â¥ªáâë ª®à¯ãá� á¢ï§ë¢�îâáï −¥ â®«ìª® ¯® «¥¬¬¥, −® ¨ ¯® ®â¤¥«ì−ë¬ §−�ç¥−¨ï¬
á®®â¢¥âáâ¢ãîé¥£® á«®¢� ¨«¨ ãáâ®©ç¨¢®© ª®−áâàãªæ¨¨ á íâ®© «¥¬¬®©.

2‚ á«®¢�à−®© �„ ‹ƒˆ‘ ãáâ®©ç¨¢�ï ª®−áâàãªæ¨ï ¬®¦¥â ¡ëâì ¨«¨ ¨¤¨®¬®©, ¨«¨ äà�§¥¬®©.
�á−®¢−®¥ ®â«¨ç¨¥ ¬¥¦¤ã −¨¬¨ á®áâ®¨â ¢ á«¥¤ãîé¥¬: ¢ ª�ª®¬ ¨¬¥−−® §−�ç¥−¨¨ â® ¨«¨ ¨−®¥ á«®¢®
ã¯®âà¥¡«¥−® ¢ á®áâ�¢¥ ¨¤¨®¬ë, áª�§�âì ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−®, � ¢ á®áâ�¢¥ äà�§¥¬ë ¥áâì ®¯®à−®¥
á«®¢®, ª®â®à®¥ á®åà�−ï¥â ¢ −¥© ®¤−® ¨§ á¢®¨å á«®¢�à−ëå §−�ç¥−¨©.
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’�¡«¨æ� 2 Šà�âª�ï ä®à¬� ��‘ á ª®¤®¬ ¯¥à¢®£® §−�ç¥−¨ï £«�£®«� sollen

�à¨£¨−�«ì−®¥
¯à¥¤«®¦¥−¨¥

¢ ª®à¯ãá¥ ‹ƒˆ‘

‹¥¬¬�
¨ §−�ç¥−¨¥

¨áá«¥¤ã¥¬®£®
á«®¢�

¢ á«®¢�à¥

�¥à¥¢®¤ ¯à¥¤«®¦¥−¨ï
¢ ª®à¯ãá¥ ‹ƒˆ‘

�¥à¥¢®¤
¨áá«¥¤ã¥¬®£®

á«®¢�

Dies alles solle er
beschw�oren bei s�amtlichen
Heiligen, bei der armen
Seele seiner Mutter und
bei seiner eigenen Ehre.
Patrick S�uskind. Das Par-
fum: Die Geschichte eines
M�orders (1985)

sollen
〈sollen-01〉

�ãáâì ®− ¯®ª«ï−¥âáï
¢ íâ®¬ ¢á¥¬¨ á¢ïâë¬¨, ¡¥¤-
−®© ¤ãè®© á¢®¥© ¬�â¥à¨
¨ á®¡áâ¢¥−−®© ç¥áâìî.
��âà¨ª ‡îáª¨−¤. ��àäî-
¬¥à: ¨áâ®à¨ï ®¤−®£® ã¡¨©æë
(¯¥à¥¢®¤ �. ‚¥−£¥à®¢�, 1992)

¯ãáâì

�à®¨««îáâà¨àã¥¬ −� ¯à¨¬¥à¥ (â�¡«. 2) ¨á¯®«ì§ã¥¬ë© ¯à¨−æ¨¯ ä®à¬¨à®¢�-
−¨ï á¢ï§¥©, à�§à�¡®â�−−ë© ¢ à�¬ª�å ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� á ¨á¯®«ì§®¢�−¨¥¬
¬¥â®¤®«®£¨¨ «¨−£¢¨áâ¨ç¥áª®£® �−−®â¨à®¢�−¨ï [20, 21].

’�¡«¨æ� 2 á®¤¥à¦¨â ��‘ ¢ ªà�âª®© ä®à¬¥ ¤«ï ¯¥à¢®£® §−�ç¥−¨ï £«�£®-
«� sollen ¨§ ¢ëè¥¯à¨¢¥¤¥−−®£® ¯à¨¬¥à� á«®¢�à−®© áâ�âì¨ ¤«ï íâ®£® £«�£®«�,
áä®à¬¨à®¢�−−®¥ �−−®â�â®à®¬1 ¨ á®£«�á®¢�−−®¥ á íªá¯¥àâ�¬¨-«¥ªá¨ª®£à�ä�¬¨.

‚ ¡�§¥ ¤�−−ëå ‹ƒˆ‘ �−−®â�â®àë ä®à¬¨àãîâ ��‘ ¤«ï ª®−ªà¥â−®£® á«ãç�ï
ã¯®âà¥¡«¥−¨ï ¨áá«¥¤ã¥¬®£® á«®¢� ¢ ª®à¯ãá¥ (¢ â�¡«. 2 íâ® £«�£®« sollen). �¥à¢ë©
áâ®«¡¥æ ��‘ á®¤¥à¦¨â ®à¨£¨−�«ì−®¥ ¯à¥¤«®¦¥−¨¥ ¨§ ª®à¯ãá� á â®© ¨«¨ ¨−®©
á«®¢®ä®à¬®© íâ®£® á«®¢� (¢ â�¡«. 2 íâ® solle, 3-¥ «¨æ® ¥¤¨−áâ¢¥−−®£® ç¨á«�
ª®−êî−ªâ¨¢� ¯à¥§¥−á�). ‚® ¢â®à®¬ áâ®«¡æ¥ ãª�§ë¢�¥âáï «¥¬¬� (sollen) ¨ ª®¤
(sollen-01), ª®â®àë© ®¡®§−�ç�¥â â® §−�ç¥−¨¥ íâ®£® á«®¢� ¢ ¯à¥¤«®¦¥−¨¨, ª®â®à®¥
®¯¨á�−® ¢ á«®¢�à−®© áâ�âì¥ ¯®¤ −®¬¥à®¬ 1.

’à¥â¨© áâ®«¡¥æ á®¤¥à¦¨â ¯¥à¥¢®¤ ¤�−−®£® ¯à¥¤«®¦¥−¨ï, ª�ª ®− ¯à¥¤áâ�¢«¥−
¢ ª®à¯ãá¥ ‹ƒˆ‘, ¨ ç¥â¢¥àâë© áâ®«¡¥æ | ¯¥à¥¢®¤ ¨áá«¥¤ã¥¬®£® á«®¢� (¯ãáâì).
‚ ¯à¨¬¥à¥ ��‘ ª®¤ sollen-01 á«ã¦¨â £¨¯¥àááë«ª®© ª ®¯¨á�−¨î ¢ á«®¢�à−®©
�„ íâ®£® §−�ç¥−¨ï á«®¢�, â. ¥. ¢ ¤�−−®¬ á«ãç�¥ sollen ¯®¤ −®¬¥à®¬ ú1û. ’�ª¨¬
®¡à�§®¬, ��‘ ®¡¥á¯¥ç¨¢�îâ á¢ï§¨ ¬¥¦¤ã á«®¢�à−®© �„ ¨ â¥ªáâ®¢ë¬¨ äà�£-
¬¥−â�¬¨ ¢ ª®à¯ãá¥ ‹ƒˆ‘ ¯® §−�ç¥−¨ï¬ ”Œ‡-á«®¢ ¨ äà�§¥¬/̈ ¤¨®¬, â�ª ª�ª
¯¥à¢ë© ¨ âà¥â¨© áâ®«¡æë ��‘ á®¤¥à¦�â ®à¨£¨−�« ¨ ¯¥à¥¢®¤ äà�£¬¥−â®¢, ª�ª
®−¨ ¯à¥¤áâ�¢«¥−ë ¢ ª®à¯ãá¥, � â�ª¦¥ ááë«ª¨ −� ®à¨£¨−�«ì−ë© â¥ªáâ ¨ ¥£® ¯¥à¥¢®¤
¢ á�¬®¬ ª®à¯ãá¥.

‚ §�ª«îç¥−¨¥ íâ®£® à�§¤¥«� ®â¬¥â¨¬, çâ® ¤«ï ®âà�¦¥−¨ï ¨§¬¥−¥−¨© ¢ ®¯¨á�-
−¨ïå §−�ç¥−¨© ”Œ‡-á«®¢ ¨ äà�§¥¬/̈ ¤¨®¬ ¢ ¡�§�å ¨−¤¨¢¨¤ã�«ì−ëå ¨ ª®««¥ª-

1�−−®â¨à®¢�−−®¥ ¯¥à¥¢®¤−®¥ á®®â¢¥âáâ¢¨¥, ªà�âª�ï ä®à¬� ª®â®à®£® ¯à¨¢¥¤¥−� ¢ â�¡«. 2,
áä®à¬¨à®¢�−® �. �. ƒ®−ç�à®¢ë¬.
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ˆ−â¥£à�æ¨ï í«¥ªâà®−−®£® á«®¢�àï á â¥ªáâ�¬¨ ¯�à�««¥«ì−®£® ª®à¯ãá�: −®¢ë© ¯®¤å®¤

â¨¢−ëå §−�−¨© åà�−ïâáï ¢�à¨�−âë ®¯¨á�−¨©, áä®à¬¨à®¢�−−ë¥ ¯® ®¯à¥¤¥«¥−−ë¬
¯à�¢¨«�¬ [9,18,19].

4 Реализация предлагаемого подхода

�¥à¢�ï ¢¥àá¨ï ‹ƒˆ‘ ¯à¥¤−�§−�ç¥−� ¤«ï ¤¥¬®−áâà�æ¨¨ à¥è¥−¨ï �ªâã�«ì−®©,
−® ¢® ¬−®£®¬ −¥à¥è¥−−®© ¯à®¡«¥¬ë ¬−®£®�á¯¥ªâ−®© ¨−â¥£à�æ¨¨ ¬−®£®ï§ëç−ëå
í«¥ªâà®−−ëå á«®¢�à¥© ¨ ¯�à�««¥«ì−ëå ª®à¯ãá®¢. …é¥ ®¤−� æ¥«ì ¥¥ á®§¤�−¨ï
á®áâ®¨â ¢ â®¬, çâ®¡ë ¤�âì ¢®§¬®¦−®áâì «¥ªá¨ª®£à�ä�¬ ã¦¥ ¢ ¨å ¯à�ªâ¨ç¥áª®©
à�¡®â¥ ®¡−®¢«ïâì á«®¢�à−ë¥ áâ�âì¨ −¥¬¥æª®-àãááª®£® á«®¢�àï, ®¯¨à�ïáì −� �ã-
â¥−â¨ç−ë¥ ¯à¨¬¥àë ¨§ ¯�à�««¥«ì−®£® ª®à¯ãá�, à¥£ã«ïà−® ¯®¯®«−ï¥¬®£® −®¢ë¬¨
â¥ªáâ®¢ë¬¨ ¤�−−ë¬¨, çâ® ¯®§¢®«¨â à¥è¨âì ¯à®¡«¥¬ã ãáâ�à¥¢�−¨ï ¥£® á®¤¥à-
¦�−¨ï. Šà®¬¥ â®£®, ¢ ¯¥à¢®© ¢¥àá¨¨ ‹ƒˆ‘ ¯®«ì§®¢�â¥«¨ á«®¢�àï ¬®£ãâ −¥
â®«ìª® ¨áª�âì −ã¦−ë¥ á«®¢�à−ë¥ áâ�âì¨, −® ¨ −¥¯®áà¥¤áâ¢¥−−® ®¡à�é�âìáï ¨§
−¨å ¯® £¨¯¥àááë«ª�¬ ª ¡®«¥¥ è¨à®ª®¬ã ª®−â¥ªáâ−®¬ã ¨á¯®«ì§®¢�−¨î ¢ ª®à¯ãá¥
à�áá¬�âà¨¢�¥¬ëå ï§ëª®¢ëå ¥¤¨−¨æ ¨ ¨å ¯¥à¥¢®¤®¢.

‘®§¤�¢�¥¬ë© à¥áãàá ¯à¥¤¯®«�£�¥â â�ª¦¥ ¢®§¬®¦−®áâì ®¡à�é�âìáï ª á«®¢�àî,
¨áå®¤ï ¨§ ª®à¯ãá�. ˆ−ë¬¨ á«®¢�¬¨, ¢ á«ãç�¥, ª®£¤� ¯®«ì§®¢�â¥«ì ‹ƒˆ‘ −�è¥«
¢ ª®à¯ãá¥ ª�ª®¥-â® á«®¢®, á¬ëá« ª®â®à®£® ¥¬ã −¥ ¢¯®«−¥ ïá¥−, ®− ¬®¦¥â ¯¥à¥©â¨
¢ á«®¢�àì ¨ ¯®á¬®âà¥âì á«®¢�à−ãî áâ�âìî á ®¯¨á�−¨¥¬ íâ®© ï§ëª®¢®© ¥¤¨−¨æë
¨ ¢®§¬®¦−ë¬¨ ¥¥ ¯¥à¥¢®¤�¬¨ (¥á«¨ â�ª�ï áâ�âìï ã¦¥ ¥áâì ¢ á«®¢�à−®© �„ ‹ƒˆ‘).

�®á«¥ §�¢¥àè¥−¨ï à�¡®âë −�¤ ¯¥à¢®© ¢¥àá¨¥© ‹ƒˆ‘ ¥¥ á«®¢�à−�ï �„ ¡ã¤¥â
á®¤¥à¦�âì −¥áª®«ìª® ¤¥áïâª®¢ âëáïç á«®¢�à−ëå áâ�â¥© −¥¬¥æª®-àãááª®£® á«®¢�àï.
‚ ª®à¯ãá ‹ƒˆ‘ ã¦¥ §�£àã¦¥−ë ¯�à�««¥«ì−ë¥ −¥¬¥æª®-àãááª¨¥ â¥ªáâë ®¡é¨¬
®¡ê¥¬®¬ ¡®«¥¥ 15 ¬«− á«®¢®ã¯®âà¥¡«¥−¨©, � ¢ ¡�§¥ ¤�−−ëå ‹ƒˆ‘ ¯à¥¤¯®«�£�¥âáï
áä®à¬¨à®¢�âì ®ª®«® 6000 ��‘. �ªá¯¥à¨¬¥−â�«ì−® ã¦¥ ¯à®¢¥à¥−� à¥�«¨§ã¥¬®áâì
¯à¨−æ¨¯� ä®à¬¨à®¢�−¨ï ��‘, ®¡¥á¯¥ç¨¢�îé¨å á¢ï§¨ á«®¢�à−ëå áâ�â¥© è¥áâ¨
−¥¬¥æª¨å ¬®¤�«ì−ëå £«�£®«®¢ ¨ ¯�à�««¥«ì−ëå â¥ªáâ®¢ ®¡é¨¬ ®¡ê¥¬®¬ ¢ 15 ¬«−
á«®¢®ã¯®âà¥¡«¥−¨© (¯® §−�ç¥−¨ï¬ ª�¦¤®£® ¨§ è¥áâ¨ £«�£®«®¢). ‚á¥£® ¡ë«®
áä®à¬¨à®¢�−® ®ª®«® 2000 ��‘, ¢ â®¬ ç¨á«¥ 420 ��‘ ¤«ï ¯¥à¢®£® §−�ç¥−¨ï
£«�£®«� sollen.

5 Заключение

�à¨ ¨á¯®«ì§®¢�−¨¨ áãé¥áâ¢ãîé¨å ¯®¤å®¤®¢ ª á®§¤�−¨î ¯®¤®¡−ëå à¥áãàá®¢
¤àã£¨¬¨ ¨áá«¥¤®¢�â¥«ìáª¨¬¨ ª®¬�−¤�¬¨ ¯à¥¤«�£�îâáï à¥è¥−¨ï ç�áâ−ëå §�¤�ç
¨−â¥£à�æ¨¨ â®«ìª® ¤«ï ®¤−®ï§ëç−ëå á«®¢�à¥© ¨ ª®à¯ãá®¢. �à¥¤«�£�¥¬ë© −®¢ë©
â¥®à¥â¨ç¥áª¨© ¯®¤å®¤, ª®â®àë© á®áâ®¨â ¨§ è¥áâ¨ ¯®«®¦¥−¨©, ¯¥à¥ç¨á«¥−−ëå
¢ à�§¤. 3, ¯®§¨æ¨®−¨àã¥âáï ª�ª ®á−®¢� à¥è¥−¨ï ¯à®¡«¥¬ë ¬−®£®�á¯¥ªâ−®© ¨−â¥-
£à�æ¨¨ í«¥ªâà®−−ëå ¬−®£®ï§ëç−ëå á«®¢�à¥© á ª®à¯ãá�¬¨ â¥ªáâ®¢ ª�ª ¯® «¥¬¬�¬,
â�ª ¨ ¯® §−�ç¥−¨ï¬ ¬−®£®§−�ç−ëå á«®¢, äà�§¥¬ ¨ ¨¤¨®¬.

�â¬¥â¨¬, çâ® ¨−ä®à¬�æ¨®−−ëå «¨−£¢¨áâ¨ç¥áª¨å à¥áãàá®¢, ¯®¤®¡−ëå ¯¥à¢®©
¢¥àá¨¨ ‹ƒˆ‘, −¥â −¨ ¢ ÷®áá¨¨, −¨ §� àã¡¥¦®¬. �® íâ®© ¯à¨ç¨−¥ ®á−®¢−�ï
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„. �. „®¡à®¢®«ìáª¨©, ˆ. Œ. ‡�æ¬�−

æ¥«ì ¨áá«¥¤®¢�−¨ï ¢ª«îç�¥â ¨ á®§¤�−¨¥ −®¢®£® ¯®¤å®¤� ª à¥è¥−¨î ¯à®¡«¥¬ë
¨−â¥£à�æ¨¨ á«®¢�à−ëå ¨ ª®à¯ãá−ëå ¤�−−ëå, ¨ ¤¥¬®−áâà�æ¨î à¥�«¨§ã¥¬®áâ¨
íâ®£® ¯®¤å®¤� á ¨á¯®«ì§®¢�−¨¥¬ à¥áãàá®¢, ¯¥à¥ç¨á«¥−−ëå ¢ à�§¤. 4.

Литература

1. Geyken A., Wiegand F., W�urzner K.-M. On-the-fly generation of dictionary articles
for the DWDS website // Electronic Lexicography in the 21st Century: Conference
Proceedings / Eds. I. Kosem, C. Tiberius. | Brno: Lexical Computing CZ s. r. o.,
2017. P. 560{570.

2. Digitales W�orterbuch der deutschen Sprache. https://www.dwds.de.

3. Klein W., Geyken A. Das Digitale W�orterbuch der Deutschen Sprache
(DWDS) // Lexicographica, 2010. Vol. 26. No. 2010. P. 79{96. doi: 10.1515/
9783110223231.1.79.

4. Didakowski J., Lemnitzer L., Geyken A. Automatic example sentence extraction
for a contemporary German dictionary // 15th EURALEX Congress (International)
Proceedings. | Oslo, Norway: University of Oslo, 2012. P. 343{349.

5. P�olitz C., Bartz T., Morik K., Storrer A. Investigation of word senses over time using
Linguistic Corpora // Text, speech, and dialogue / Eds. P. Kr�al, V. Matou�sek. |
Lecture notes in computer science ser. | Cham: Springer, 2015. Vol. 9302. P. 191{198.
doi: 10.1007/978-3-319-24033-6 22.

6. Šàã¦ª®¢ Œ. ƒ. ˆ−ä®à¬�æ¨®−−ë¥ à¥áãàáë ª®−âà�áâ¨¢−ëå «¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥-
¤®¢�−¨©: í«¥ªâà®−−ë¥ ª®à¯ãá� â¥ªáâ®¢ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2015.
’. 25. ü 2. ‘. 140{159. doi: 10.14357/08696527150209. EDN: UBFBRF.

7. ‡�æ¬�− ˆ. Œ., ˆ−ìª®¢� �. ā., Šàã¦ª®¢ Œ. ƒ., �®¯ª®¢� �. �. �à¥¤áâ�¢«¥-
−¨¥ ªà®ááï§ëª®¢ëå §−�−¨© ® ª®−−¥ªâ®à�å ¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå // ˆ−-
ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2016. ’. 10. ‚ë¯. 1. ‘. 106{118. doi: 10.14357/
19922264160110. EDN: VXDWPP.

8. ‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ. ��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ª®−−¥ªâ®à®¢: à�§¢¨â¨¥
á¨áâ¥¬ë â¥à¬¨−®¢ ¯à®¥ªâ¨à®¢�−¨ï // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2018.
’. 28. ü 4. ‘. 156{167. doi: 10.14357/08696527180415. EDN: VNHOSJ.

9. ƒ®−ç�à®¢ �. �., ‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ. �¢®«îæ¨ï ª«�áá¨ä¨ª�æ¨© ¢ −�¤-
ª®à¯ãá−ëå ¡�§�å ¤�−−ëå // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2020. ’. 14. ‚ë¯. 4.
‘. 108{116. doi: 10.14357/19922264200415. EDN: GKWBZT.

10. Šàã¦ª®¢ Œ. ƒ. Š®−æ¥¯æ¨ï ¯®áâà®¥−¨ï −�¤ª®à¯ãá−ëå ¡�§ ¤�−−ëå // ‘¨áâ¥-
¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2021. ’. 31. ü 3. ‘. 101{112. doi: 10.14357/
08696527210309. EDN: UMWNIU.

11. „®¡à®¢®«ìáª¨© „. �. ‘âàãªâãà� á«®¢�àï // �®¢ë© ¡®«ìè®© −¥¬¥æª®-àãááª¨©
á«®¢�àì / �®¤ à¥¤. „. �. „®¡à®¢®«ìáª®£®. | Œ.: �‘’, 2008. ’. 1. ‘. 7{30.

12. ƒ®−ç�à®¢ �. �., ‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ. ’¥¬¯®à�«ì−ë¥ ¤�−−ë¥ ¢ «¥ªá¨ª®-
£à�ä¨ç¥áª¨å ¡�§�å §−�−¨© // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2019. ’. 13. ‚ë¯. 4.
‘. 90{96. doi: 10.14357/19922264190415. EDN: SDPAUH.

13. „®¡à®¢®«ìáª¨© „. �., Šà¥â®¢ �. �., ˜�à®¢ ‘. �. Š®à¯ãá ¯�à�««¥«ì−ëå â¥ªáâ®¢ //
��ãç−®-â¥å−¨ç¥áª�ï ¨−ä®à¬�æ¨ï. ‘¥à. 2: ˆ−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë ¨ á¨áâ¥¬ë,
2005. ü 6. ‘. 27{42. EDN: PZQPZX.

120 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 1 2025



Integration of a digital dictionary with parallel corpus texts: A new theoretical approach

14. „®¡à®¢®«ìáª¨© „. �. ��à�««¥«ì−ë© ª®à¯ãá ¢ ¨áá«¥¤®¢�−¨¨ ª®−áâàãªæ¨© (¯à®¡«¥-
¬ë íª¢¨¢�«¥−â−®áâ¨ ¨ ¥¥ á«®¢�à−®£® ®¯¨á�−¨ï) // Š®−â¥−á¨¢−ë¥ �á¯¥ªâë ï§ëª�:
ª®−áâ�−â−®áâì ¨ ¢�à¨�â¨¢−®áâì. | Œ.: ”«¨−â�, 2016. ‘. 75{86. EDN: YGYWPN.

15. „®¡à®¢®«ìáª¨© „. �. Š®à¯ãá−ë© ¯®¤å®¤ ª ¨áá«¥¤®¢�−¨î äà�§¥®«®£¨¨: −®¢ë¥ à¥-
§ã«ìâ�âë ¯® ¤�−−ë¬ ¯�à�««¥«ì−ëå ª®à¯ãá®¢ // ‚¥áâ−¨ª ‘�−ªâ-�¥â¥à¡ãà£áª®-
£® ã−¨¢¥àá¨â¥â�. Ÿ§ëª ¨ «¨â¥à�âãà�, 2020. ’. 17. ‚ë¯. 3. ‘. 398{411. doi:
10.21638/spbu09.2020.303. EDN: QZIAAB.

16. Zatsman I. Building digital spiral models of knowledge generation // 19th Forum
(International) on Knowledge Asset Dynamics Proceedings. | Matera, Italy: Arts for
Business Institute, 2024. P. 2185{2196.

17. „®¡à®¢®«ìáª¨© „. �., ‡�æ¬�− ˆ. Œ. Œ®¤¥«ì ¨§¢«¥ç¥−¨ï §−�−¨ï ¨§ ¯�à�««¥«ì−ëå
â¥ªáâ®¢ «¥ªá¨ª®£à�ä¨ç¥áª®© ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨-
¬¥−¥−¨ï, 2024. ’. 18. ‚ë¯. 3. ‘. 97{105. doi: 10.14357/19922264240312. EDN:
NDNPCF.

18. ƒ®−ç�à®¢ �. �., ‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ., ‹®é¨«®¢� …. ā. �âà�¦¥−¨¥
í¢®«îæ¨¨ «¥ªá¨ª®£à�ä¨ç¥áª¨å §−�−¨© ¢ ¤¨−�¬¨ç¥áª¨å ª«�áá¨ä¨ª�æ¨®−−ëå á¨áâ¥-
¬�å // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2021. ’. 15. ‚ë¯. 4. ‘. 41{49. doi:
10.14357/19922264210406. EDN: MGORMY.

19. ƒ®−ç�à®¢ �. �., ‡�æ¬�− ˆ. Œ., Šàã¦ª®¢ Œ. ƒ. �à¥¤áâ�¢«¥−¨¥ −®¢ëå «¥ªá¨ª®£à�-
ä¨ç¥áª¨å §−�−¨© ¢ ¤¨−�¬¨ç¥áª¨å ª«�áá¨ä¨ª�æ¨®−−ëå á¨áâ¥¬�å // ˆ−ä®à¬�â¨ª�
¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2021. ’. 15. ‚ë¯. 1. ‘. 86{93. doi: 10.14357/19922264210112.
EDN: OPEFXW.

20. Handbook of linguistic annotation / Eds. N. Ide, J. Pustejovsky. | Dordrecht, The
Netherlands: Springer Science + Business Media, 2017. 1568 p. doi: 10.1007/978-94-
024-0881-2.

21. ƒ®−ç�à®¢ �. �., ˆ−ìª®¢� �. ā., Šàã¦ª®¢ Œ. ƒ. Œ¥â®¤®«®£¨ï �−−®â¨à®¢�−¨ï
¢ −�¤ª®à¯ãá−ëå ¡�§�å ¤�−−ëå // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2019. ’. 29.
ü 2. ‘. 148{160. doi: 10.14357/08696527190213. EDN: GNDCJE.

�®áâã¯¨«� ¢ à¥¤�ªæ¨î 14.10.2024
�à¨−ïâ� ª ¯ã¡«¨ª�æ¨¨ 15.02.2025

INTEGRATION OF A DIGITAL DICTIONARY WITH PARALLEL
CORPUS TEXTS: A NEW THEORETICAL APPROACH

D. O. Dobrovol’skij1,2,3 and I. M. Zatsman3

1Vinogradov Russian Language Institute of the Russian Academy of Sciences,
18/2 Volkhonka Str., Moscow 119019, Russian Federation
2Institute of Linguistics of the Russian Academy of Sciences, 1 bld. 1 Bolshoy
Kislovsky Lane, Moscow 125009, Russian Federation
3Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: The present paper considers issues of integrating a digital multilingual
dictionary (using the example of a German{Russian dictionary) with texts of
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a parallel corpus within the framework of a lexicographic information system
that includes three components: (i) a digital multilingual dictionary; (ii) a corpus
as a repository of parallel texts; and (iii) a database of annotated translation
correspondences and two knowledge bases. The proposed approach to integration
is a synthesis of a number of conceptual procedures, including application of
the multilevel structuring principle of dictionary entries, formation of annotated
translation correspondences for polysemous words and set phrases along with their
translations, and providing links between the digital multilingual dictionary and
the repository of parallel texts based on individual meanings of polysemous
words and set phrases. Until now, such lexicographic information systems have
been developed exclusively for monolingual dictionaries with connecting links
by lemmas only. The aim of the paper is to describe the proposed approach to
integrating a digital multilingual dictionary with texts of a parallel corpus as
a theoretical basis for developing a lexicographic information system.

Keywords: lexicographic information system; parallel texts; digital multilingual
dictionary; corpus; database of annotated translation correspondences
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ГИБРИДНАЯ ИНТЕЛЛЕКТУАЛЬНАЯ МНОГОАГЕНТНАЯ
СИСТЕМА КАК МОДЕЛЬ МАЛОГО КОЛЛЕКТИВА

СПЕЦИАЛИСТОВ ДЛЯ РЕШЕНИЯ ПРАКТИЧЕСКИХ ПРОБЛЕМ

И. А. Кириков1, С. В. Листопад2, С. Б. Румовская3

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ¢®¯à®á�¬ ¯à¨¬¥−¥−¨ï á¨áâ¥¬ ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ� (ˆˆ) ¤«ï à¥è¥−¨ï ¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬, å�à�ªâ¥à¨§ãîé¨åáï
−¥®¤−®à®¤−®áâìî, −¥®¯à¥¤¥«¥−−®áâìî, −¥ç¥âª®áâìî ¨ ¤¨−�¬¨ç−®áâìî.
�¡®á−®¢ë¢�¥âáï ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢ ¤¥æ¥−âà�«¨§®¢�−−®£® ˆˆ, ¯®§¢®«ï-
îé¨å ¨¬¨â¨à®¢�âì à�¡®âã ¬�«ëå ª®««¥ªâ¨¢®¢ á¯¥æ¨�«¨áâ®¢, ª®â®àë¥ âà�-
¤¨æ¨®−−® ¨á¯®«ì§ãîâáï ¤«ï à¥è¥−¨ï ¯®¤®¡−ëå ¯à®¡«¥¬. ‚ ª�ç¥áâ¢¥ ®¤−®£®
¨§ ¢®§¬®¦−ëå ¢�à¨�−â®¢ à¥�«¨§�æ¨¨ ¤�−−®£® ¯®¤å®¤� ¯à¥¤«�£�¥âáï ª®−æ¥¯æ¨ï
£¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå ¬−®£®�£¥−â−ëå á¨áâ¥¬ (ƒ¨ˆŒ�‘), ¢ ª®â®àëå
¨−â¥««¥ªâã�«ì−ë¥ �£¥−âë á à�§¢¨âë¬¨ ¬®¤¥«ï¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢§�-
¨¬®¤¥©áâ¢ãîâ ¤àã£ á ¤àã£®¬, ¢ëà�¡�âë¢�îâ ¯à�¢¨«� á®¢¬¥áâ−®£® à¥è¥−¨ï
¯à®¡«¥¬ë, ®¡¬¥−¨¢�îâáï §−�−¨ï¬¨, −¥®¡å®¤¨¬ë¬¨ ¤«ï ¥¥ à¥è¥−¨ï, ª®àà¥ª-
â¨àãï á®¡áâ¢¥−−ë¥ ¯à¥¤áâ�¢«¥−¨ï ® −¥©, à�á¯à¥¤¥«ïîâ ¬¥¦¤ã á®¡®© ¥¥ ç�áâ¨
¨ á¨−â¥§¨àãîâ ®¡é¥¥ à¥è¥−¨¥. �â® ¯®§¢®«ï¥â ¨−â¥««¥ªâã�«ì−®© á¨áâ¥¬¥ ¯à®-
ï¢«ïâì ¢ëá®ªãî �¤�¯â¨¢−®áâì, ¢ëà�¡�âë¢�ï ¯à¨ à¥è¥−¨¨ ®ç¥à¥¤−®© ¯à®¡«¥¬ë
−®¢ë© à¥«¥¢�−â−ë© ¥© ¬¥â®¤. �à¥¤«®¦¥−ë ¬¥â®¤®«®£¨ï ¯®áâà®¥−¨ï, â¨¯®¢�ï
¬®¤¥«ì ¨ äã−ªæ¨®−�«ì−�ï áâàãªâãà� ƒ¨ˆŒ�‘, ¢ë¯®«−¥−� ®æ¥−ª� áãé¥áâ¢ã-
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¨ ¤¨−�¬¨ç−®áâ¨ [2{4]. ’à�¤¨æ¨®−−ë¥ ¬¥â®¤ë ˆˆ ¤¥¬®−áâà¨àãîâ ®£à�−¨ç¥−-
−ãî íää¥ªâ¨¢−®áâì ¢ â�ª¨å áæ¥−�à¨ïå, £¤¥ ª«îç¥¢ë¬¨ áâ�−®¢ïâáï ªà¥�â¨¢−®áâì,
�¤�¯â¨¢−®áâì ¨ á¨−â¥§ à�§−®à®¤−ëå §−�−¨© [5]. Œ¥â®¤ë ¦¥ £¥−¥à�â¨¢−®£® ˆˆ
¬®£ãâ ú£�««îæ¨−¨à®¢�âìû, ¯à®ï¢«ïâì −¥áâ�¡¨«ì−®áâì ¨ ¢ë¤�¢�âì à¥§ã«ìâ�âë,
−¥à¥�«¨§ã¥¬ë¥ −� ¯à�ªâ¨ª¥ [5, 6]. ’�ª¨¬ ®¡à�§®¬, ¯à�ªâ¨ç¥áª¨¥ ¯à®¡«¥¬ë
¯à®¤®«¦�îâ à¥è�âìáï âà�¤¨æ¨®−−ë¬ á¯®á®¡®¬ á ¯à¨¢«¥ç¥−¨¥¬ ¬�«ëå ª®««¥ª-
â¨¢®¢, ª®â®àë¥ �−�«¨§¨àãîâ ¯à®¡«¥¬ã á −¥áª®«ìª¨å â®ç¥ª §à¥−¨ï, ¯à¨¢«¥ª�ï
á¯¥æ¨�«¨áâ®¢ à�§−ëå −�¯à�¢«¥−¨©. ‘ãé¥áâ¢¥−−�ï ®á®¡¥−−®áâì à¥è¥−¨ï ¯à®¡«¥¬
¬�«ë¬ ª®««¥ªâ¨¢®¬ á¯¥æ¨�«¨áâ®¢ | ¯®â¥−æ¨�«ì−�ï ¢®§¬®¦−®áâì ¢®§−¨ª−®¢¥−¨ï
á¨−¥à£¥â¨ç¥áª®£® íää¥ªâ�, ª®£¤� ¡«�£®¤�àï ¢§�¨¬®¤¥©áâ¢¨î ãç�áâ−¨ª®¢ ¬®£ãâ
¡ëâì ¯®«ãç¥−ë â�ª¨¥ à¥è¥−¨ï ¯à®¡«¥¬ ¨«¨ à¥è¥−ë â�ª¨¥ ¯à®¡«¥¬ë, ª®â®àë¥
−¥ á¯®á®¡−ë ¯®«ãç¨âì ¨«¨ à¥è¨âì â¥ ¦¥ ãç�áâ−¨ª¨, à�¡®â�ï ¯®à®§−ì [7]. ‚ íâ®©
á¢ï§¨ ¬�«ë¥ ª®««¥ªâ¨¢ë á¯¥æ¨�«¨áâ®¢ | ¢�¦−ë© ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï, ¢ëáâã-
¯�îé¨© ¬®¤¥«ìî ¤«ï á®§¤�−¨ï ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬, ª®â®àë¥ á¯®á®¡−ë
à¥è�âì ¯à�ªâ¨ç¥áª¨¥ ¯à®¡«¥¬ë ¡¥§ ¨å áãé¥áâ¢¥−−®£® ã¯à®é¥−¨ï.

„«ï ¬®¤¥«¨à®¢�−¨ï ¬�«ëå ª®««¥ªâ¨¢®¢ á¯¥æ¨�«¨áâ®¢, à¥è�îé¨å ¯à®¡«¥¬ë
§� ªàã£«ë¬ áâ®«®¬, ¢ [8] ¯à¥¤«®¦¥− ¯®¤å®¤ −� ®á−®¢¥ ƒ¨ˆŒ�‘, ª®â®àë© ¨−â¥-
£à¨àã¥â â¥å−®«®£¨î £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ [9], ®¡¥á¯¥ç¨¢�îéãî
ãç¥â −¥®¤−®à®¤−®áâ¨ à¥è�¥¬®© ¯à®¡«¥¬ë, ¨ �¯¯�à�â ¬−®£®�£¥−â−ëå á¨áâ¥¬ [10],
¯®§¢®«ïîé¨© ¬®¤¥«¨à®¢�âì ¬�ªà®ãà®¢−¥¢ë¥ ¯à®æ¥ááë ¢ ª®««¥ªâ¨¢�å ¯ãâ¥¬ ®à-
£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¬−®¦¥áâ¢� ¨−â¥««¥ªâã�«ì−ëå �£¥−â®¢. ’�ª¨¥ �£¥−-
âë | ®â−®á¨â¥«ì−® �¢â®−®¬−ë¥ ¯à®£à�¬¬−ë¥ áãé−®áâ¨, ®¡«�¤�îé¨¥ à�§¢¨âë¬¨
¬®¤¥«ï¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨ æ¥«¥¯®«�£�−¨ï. ’�ª¨¬ ®¡à�§®¬, ƒ¨ˆŒ�‘ |
á¨áâ¥¬ë âà¥âì¥© (â¥ªãé¥©) ¢®«−ë à�§¢¨â¨ï ˆˆ ¯® ª«�áá¨ä¨ª�æ¨¨ [11], ª®â®àë¥
á¯®á®¡−ë ®¡ãç�âìáï ¨ à�ááã¦¤�âì, �¤�¯â¨à®¢�âìáï ª −®¢ë¬ ¯à®¡«¥¬�¬, ¨á¯®«ì-
§ãï −�ª®¯«¥−−ë© ®¯ëâ. ˆáá«¥¤®¢�−¨¥ ¨ ¬®¤¥«¨à®¢�−¨¥ ƒ¨ˆŒ�‘ ¬¥å�−¨§¬®¢,
®¡ãá«®¢«¨¢�îé¨å á¨−¥à£¥â¨ç¥áª¨© íää¥ªâ ¢ ¬�«ëå ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢,
¯®§¢®«¨â à�§à�¡®â�âì ¬¥â®¤ë �¢â®¬�â¨ç¥áª®© ¨−â¥£à�æ¨¨ �¢â®−®¬−ëå ¬®¤¥«¥©
ˆˆ, ãá¨«¨¢�îé¨¥ ¨å ¢®§¬®¦−®áâ¨ ¯® à¥è¥−¨î ¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬.

2 Особенности решения проблем в малых коллективах

Œ�«ë© ª®««¥ªâ¨¢ á¯¥æ¨�«¨áâ®¢ | ®à£�−¨§®¢�−−�ï £àã¯¯� á¯¥æ¨�«¨áâ®¢
(®¡ëç−® ¤® 10 ç¥«.) á ®¡é¨¬¨ æ¥−−®áâï¬¨, æ¥«ï¬¨ ¨ §�¤�ç�¬¨, ¬¥¦«¨ç−®áâ−ë¥
®â−®è¥−¨ï ª®â®àëå ®¯®áà¥¤ãîâáï ®¡é¥áâ¢¥−−® æ¥−−ë¬ ¨ «¨ç−®áâ−® §−�ç¨¬ë¬
á®¤¥à¦�−¨¥¬ á®¢¬¥áâ−®© ¤¥ïâ¥«ì−®áâ¨ [12]. ƒàã¯¯� | á®¢®ªã¯−®áâì «î¤¥©,
á¢ï§�−−ëå ®¡é¨¬¨ ç¥àâ�¬¨, ¯à®ï¢«ïîé¨¬¨áï ¢ ¨å á®¢¬¥áâ−®© ¤¥ïâ¥«ì−®áâ¨
¨ ®¡é¥−¨¨ [12]. Š®««¥ªâ¨¢ | ä®à¬� áãé¥áâ¢®¢�−¨ï £àã¯¯ë, ¥¥ ¢ëáè�ï áâ�¤¨ï
à�§¢¨â¨ï, ª®£¤� ®−� ®¡à¥â�¥â ç¥àâë áã¡ê¥ªâ� ¤¥ïâ¥«ì−®áâ¨ [13].

�à¨¬¥à�¬¨ ¬�«ëå ª®««¥ªâ¨¢®¢ á¯¥æ¨�«¨áâ®¢, à¥è�îé¨å ¯à�ªâ¨ç¥áª¨¥ ¯à®¡-
«¥¬ë, ¬®£ãâ á«ã¦¨âì: ª®¬¨áá¨¨ ¯® «¨ª¢¨¤�æ¨¨ çà¥§¢ëç�©−ëå á¨âã�æ¨© ¨«¨
�¢�à¨©; ª®−á¨«¨ã¬ë ¢à�ç¥©, ¢ë¯®«−ïîé¨¥ ®¡á«¥¤®¢�−¨¥, ¤¨�£−®áâ¨ªã, ¯à®-
£−®§¨à®¢�−¨¥ ¨áå®¤®¢ §�¡®«¥¢�−¨© ¨ ä®à¬¨à®¢�−¨¥ ¯«�−®¢ «¥ç¥−¨ï ¯�æ¨¥−â®¢
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ƒ¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬� ª�ª ¬®¤¥«ì ¬�«®£® ª®««¥ªâ¨¢�

÷¨á. 1 ‘å¥¬�â¨ç−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯à®æ¥áá� ¤¨�£−®áâ¨ª¨ á ¯à¨¢«¥ç¥−¨¥¬ ª®−á¨«¨ã¬�
¢à�ç¥© ¢ ¬−®£®¯à®ä¨«ì−®¬ áâ�æ¨®−�à−®¬ «¥ç¥¡−®¬ ãçà¥¦¤¥−¨¨

á® á«®¦−ë¬¨ ¤¨�£−®§�¬¨, �â¨¯¨ç−ë¬¨ á¨−¤à®¬�¬¨ ¨ ¬−®£®äã−ªæ¨®−�«ì−ë¬¨
¯à®¡«¥¬�¬¨; ª®««¥ªâ¨¢ë àãª®¢®¤¨â¥«¥© ¬�è¨−®áâà®¨â¥«ì−ëå ¨«¨ âà�−á¯®àâ-
−®-«®£¨áâ¨ç¥áª¨å ¯à¥¤¯à¨ïâ¨©, ª®®à¤¨−¨àãîé¨¥ ¢ å®¤¥ ¯«�−¥à®ª à�¡®âã á«ã¦¡
¨ ¯®¤à�§¤¥«¥−¨© ¤«ï ¤®áâ¨¦¥−¨ï ¯®áâ�¢«¥−−ëå æ¥«¥© à�§¢¨â¨ï ®à£�−¨§�æ¨¨,
¨ ¤à. [9,14].

�� à¨á. 1 áå¥¬�â¨ç−® ¯à¥¤áâ�¢«¥− ¯à®æ¥áá ¤¨�£−®áâ¨ª¨ á ¯à¨¢«¥ç¥−¨¥¬ ª®−-
á¨«¨ã¬� ¢ ¬−®£®¯à®ä¨«ì−®¬ áâ�æ¨®−�à−®¬ «¥ç¥¡−®¬ ãçà¥¦¤¥−¨¨ [14]. �à¨
¯®áâã¯«¥−¨¨ ¯�æ¨¥−â −�¯à�¢«ï¥âáï ª «¥ç�é¥¬ã ¢à�çã ¢ á®®â¢¥âáâ¢¨¨ á ¯à®ä¨«¥¬
®á−®¢−®£® §�¡®«¥¢�−¨ï, −�¯à¨¬¥à ª�à¤¨®«®£ã ¯à¨ ¯®¤®§à¥−¨¨ −� á¥à¤¥ç−®-á®-
áã¤¨áâë¥ ¯�â®«®£¨¨. ‚ ¯à®áâëå á«ãç�ïå ¢à�ç ¬®¦¥â áà�§ã ¯®áâ�¢¨âì ¤¨�£−®§
¨ −�ç�âì «¥ç¥−¨¥, ¢ ¡®«¥¥ á«®¦−ëå ¯�æ¨¥−â −�¯à�¢«ï¥âáï −� ¤®¯®«−¨â¥«ì−®¥ ®¡-
á«¥¤®¢�−¨¥ ª ¢à�ç�¬ ã§ª¨å á¯¥æ¨�«ì−®áâ¥© (−¥¢à®«®£, í−¤®ªà¨−®«®£, á®áã¤¨áâë©
å¨àãà£ ¨ ¤à.), «�¡®à�â®à−ãî ¨ äã−ªæ¨®−�«ì−ãî ¤¨�£−®áâ¨ªã [14], ¯®á«¥ ç¥£® «¥-
ç�é¨© ¢à�ç �−�«¨§¨àã¥â ¥£® à¥§ã«ìâ�âë, áâ�¢¨â ¤¨�£−®§ ¨ −�§−�ç�¥â «¥ç¥−¨¥. ��
«î¡®¬ íâ�¯¥ ®¡á«¥¤®¢�−¨ï ¨ «¥ç¥−¨ï ¢à�ç ¬®¦¥â á®§¢�âì ª®−á¨«¨ã¬ ¢ ¬¥¤¨æ¨−-
áª®© ®à£�−¨§�æ¨¨ «¨¡® ¢−¥ ¥¥, ¢ â®¬ ç¨á«¥ ¤¨áâ�−æ¨®−−®, ¯à¨ −�«¨ç¨¨ ¯®ª�§�−¨©:
á«®¦−ëå ª«¨−¨ç¥áª¨å á«ãç�ïå, −¥â¨¯¨ç−®£® â¥ç¥−¨ï §�¡®«¥¢�−¨ï ¨ ¤à. [15]. Š®−-
á¨«¨ã¬ | á®¢¥é�−¨¥ −¥áª®«ìª¨å ¢à�ç¥© ¤«ï ¯®áâ�−®¢ª¨ ¤¨�£−®§�, ®¯à¥¤¥«¥−¨ï
¯à®£−®§�, â�ªâ¨ª¨ ®¡á«¥¤®¢�−¨ï ¨ «¥ç¥−¨ï [16]. …£® à�¡®â� −�ç¨−�¥âáï á ¤®ª«�¤�
«¥ç�é¥£® ¢à�ç� ® á®áâ®ï−¨¨ ¯�æ¨¥−â�, ¤�−−ëå ®¡á«¥¤®¢�−¨ï, ¨á¯®«ì§®¢�−−ëå
¬¥â®¤�å «¥ç¥−¨ï, ¯®á«¥ ç¥£® ¯à®¢®¤¨âáï ®á¬®âà ¡®«ì−®£® [17]. �®á«¥¤ãîé¨©
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®¡¬¥− ¬−¥−¨ï¬¨ ¨¤¥â ¢ ä®à¬¥ á¢®¡®¤−®© ¤¨áªãáá¨¨ [17], çâ® ¯®§¢®«ï¥â á®§¤�âì
¨−â¥£à¨à®¢�−−ë© ú¬¥â®¤û ¤¨�£−®áâ¨ª¨ ¨ −�§−�ç¥−¨ï «¥ç¥−¨ï, á®ç¥â�îé¨© §−�-
−¨ï à�§−ëå ®¡«�áâ¥© ¬¥¤¨æ¨−ë ¨ à¥«¥¢�−â−ë© ª®−ªà¥â−®¬ã ¯�æ¨¥−âã. ÷¥è¥−¨¥
ª®−á¨«¨ã¬� ®ä®à¬«ï¥âáï ¯à®â®ª®«®¬ ¨ ¢−®á¨âáï ¢ ¬¥¤¨æ¨−áªãî ¤®ªã¬¥−â�æ¨î
¯�æ¨¥−â� [16].

÷�áá¬®âà¥−¨¥ ¯à®¡«¥¬ ¬�«ë¬ ª®««¥ªâ¨¢®¬ á¯¥æ¨�«¨áâ®¢ ¯®§¢®«ï¥â ãâ®ç−¨âì
ä®à¬ã«¨à®¢ªã ¯à®¡«¥¬ë ¢ ¯à®æ¥áá¥ ®¡áã¦¤¥−¨ï, ¢§£«ï−ãâì −� ¯à®¡«¥¬ã á à�§-
−ëå â®ç¥ª §à¥−¨ï, ãç¥áâì ¨−â¥à¥áë ¢á¥å áâ®à®−, � â�ª¦¥ ¯®â¥−æ¨�«ì−® ¤®áâ¨çì
á¨−¥à£¥â¨ç¥áª®£® íää¥ªâ� ¢ ¢¨¤¥ −¥®ç¥¢¨¤−ëå à¥è¥−¨© ¢ëá®ª®£® ª�ç¥áâ¢�, ¯®-
«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ ª®¬¡¨−¨à®¢�−¨ï §−�−¨© ¨ ¯®¤å®¤®¢ ª à¥è¥−¨î ¯à®¡«¥¬
à�§−ëå ãç�áâ−¨ª®¢ [7, 18]. �¤−�ª® à�áá¬®âà¥−¨¥ ¯à®¡«¥¬ ¢ â�ª¨å ª®««¥ªâ¨¢�å
âà¥¡ã¥â ¡®«ìè¥ ¢à¥¬¥−¨ ¨ âàã¤®§�âà�â, ç¥¬ ¢ëà�¡®âª� ¨−¤¨¢¨¤ã�«ì−ëå à¥è¥−¨©,
� ¨â®£®¢ë¥ ª®¬¯à®¬¨áá−ë¥ à¥è¥−¨ï ¬®£ãâ −¨ª®£® −¥ ãáâà®¨âì [18].

‚ ®â«¨ç¨¥ ®â ¬�«ëå ª®««¥ªâ¨¢®¢, à¥è¥−¨¥ ¯à®¡«¥¬ ¢ ¡®«ìè¨å £àã¯¯�å
å�à�ªâ¥à¨§ã¥âáï á«®¦−®áâìî ¢¨§ã�«ì−®£® ¨ ãáâ−®£® ®¡é¥−¨ï, ®£à�−¨ç¥−−ë¬¨
¢®§¬®¦−®áâï¬¨ ¤«ï ª�¦¤®£® ç«¥−� ¢ëáª�§�âì á¢®¥ ¬−¥−¨¥ ¨ ¤®−¥áâ¨ á¢®î â®çªã
§à¥−¨ï, � â�ª¦¥ ¡®«¥¥ ¢ëà�¦¥−−ë¬ ¯à®ï¢«¥−¨¥¬ íää¥ªâ� ÷¨−£¥«ì¬�−� (á®æ¨-
�«ì−®© «¥−®áâ¨), ¢ëà�¦�îé¥¬áï ¢ á−¨¦¥−¨¨ �ªâ¨¢−®áâ¨ ãç�áâ−¨ª®¢ ¨ ¨å ¢ª«�¤�
¢ ®¡áã¦¤¥−¨¥ ¯à®¡«¥¬ë [19]. ‚¥àå−ïï £à�−¨æ� ç¨á«¥−−®áâ¨ ¬�«®£® ª®««¥ªâ¨¢�,
¯®§¢®«ïîé�ï ®â«¨ç¨âì ¥£® ®â ¡®«ìè®© £àã¯¯ë, ç¥âª® −¥ ®ç¥àç¥−�, à¥ª®¬¥−¤ã¥âáï
¯à¨−¨¬�âì ¥¥ ¢ á®®â¢¥âáâ¢¨¨ á ¯®âà¥¡−®áâìî á®¢¬¥áâ−®© £àã¯¯®¢®© ¤¥ïâ¥«ì−®áâ¨
¯® à¥è¥−¨î ¯à®¡«¥¬, ¤«ï ª®â®àëå ®− á®§¤�¥âáï [13]. ’à�¤¨æ¨®−−® áç¨â�¥âáï, çâ®
®−� á®®â¢¥âáâ¢ã¥â ú¬�£¨ç¥áª®¬ã ç¨á«ãû „¦. Œ¨««¥à� 7± 2, −® ¬®¦−® ¢áâà¥â¨âì
®æ¥−ª¨ ¤® 20{40 ç¥«. �à¨ ç¨á«¥−−®áâ¨ ¡®«¥¥ 10 ç¥«. ¢®§à�áâ�¥â ç¨á«® ¯®¤-
£àã¯¯ ¢ ª®««¥ªâ¨¢¥, ¢¥à®ïâ−®áâì ¯à®â¨¢®áâ®ï−¨ï «¨æã, ¯à¨−¨¬�îé¥¬ã à¥è¥−¨ï
(‹�÷), � â�ª¦¥ ®á«®¦−ï¥âáï ª®®à¤¨−�æ¨ï à�¡®âë ãç�áâ−¨ª®¢ [20].

‚ [21] à�áá¬®âà¥−ë 12 ®á−®¢−ëå ª®««¥ªâ¨¢−ëå íää¥ªâ®¢, ¢®§−¨ª�îé¨å
¢ ¬�«ëå ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢. �â¬¥ç�¥âáï ®á−®¢®¯®«�£�îé�ï à®«ì á�¬®®à-
£�−¨§�æ¨¨ ¤«ï ¢®§−¨ª−®¢¥−¨ï ¤àã£¨å íää¥ªâ®¢ ¯®«®¦¨â¥«ì−®© −�¯à�¢«¥−−®áâ¨,
¢ ç�áâ−®áâ¨ á¨−¥à£¨¨ [9]. ˆáá«¥¤®¢�−¨¥ ¬¥å�−¨§¬®¢ ¢®§−¨ª−®¢¥−¨ï, à�§¢¨â¨ï
¨ §�âãå�−¨ï ª®««¥ªâ¨¢−ëå íää¥ªâ®¢ ¢ ƒ¨ˆŒ�‘, � â�ª¦¥ ¨å ¢«¨ï−¨ï −� ª®−¥ç-
−ë¥ à¥è¥−¨ï á¨áâ¥¬ë, ¯®§¢®«¨â à�§à�¡®â�âì ¬¥å�−¨§¬ë −¥¯àï¬®£® ã¯à�¢«¥−¨ï
¯à®æ¥áá�¬¨ á�¬®®à£�−¨§�æ¨¨ á æ¥«ìî ä®à¬¨à®¢�−¨ï ª®««¥ªâ¨¢� �£¥−â®¢ á §�¤�−-
−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¯® íää¥ªâ¨¢−®áâ¨ à¥è¥−¨ï ¯à®¡«¥¬, á®¯®áâ�¢¨¬ë¬¨
á ¢®§¬®¦−®áâï¬¨ à¥�«ì−ëå ª®««¥ªâ¨¢®¢ á¯¥æ¨�«¨áâ®¢ (¯à¨ −�«¨ç¨¨ ¢ á¨áâ¥¬¥
�£¥−â®¢, á¯®á®¡−ëå ¨−¤¨¢¨¤ã�«ì−® à¥è�âì ¯à®¡«¥¬ë −� ãà®¢−¥ â�ª¨å á¯¥æ¨�-
«¨áâ®¢). „àã£�ï æ¥«ì ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ª®««¥ªâ¨¢−ëå íää¥ªâ®¢
á ¨á¯®«ì§®¢�−¨¥¬ ƒ¨ˆŒ�‘ | ¨áá«¥¤®¢�−¨¥ ¨å ¯à¨à®¤ë, ¢ëï¢«¥−¨¥, ®¯¨á�−¨¥
¨ ¯®¤â¢¥à¦¤¥−¨¥ à®«¨ ¢ −¨å ã−¨¢¥àá�«ì−ëå §�ª®−®¬¥à−®áâ¥©, −¥ §�¢¨áïé¨å ®â
¯à¨à®¤ë ú¨−â¥««¥ªâ�û ¨ áâ¥¯¥−¨ ¢«¨ï−¨ï ç¥«®¢¥ç¥áª®£® ä�ªâ®à�. �â® ¯®§¢®«¨â
¯®¢ëá¨âì íää¥ªâ¨¢−®áâì à�¡®âë à¥�«ì−ëå ª®««¥ªâ¨¢®¢, � â�ª¦¥ §�«®¦¨â ®á−®-
¢ë ¤«ï á®§¤�−¨ï £¥â¥à®£¥−−ëå ª®««¥ªâ¨¢®¢, ¢ ª®â®àëå à¥è¥−¨ï ¯à¨−¨¬�îâáï
¢ à¥§ã«ìâ�â¥ ¤¨�«®£� á¯¥æ¨�«¨áâ®¢ ¨ ¨áªãááâ¢¥−−ëå �£¥−â®¢.
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ƒ¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬� ª�ª ¬®¤¥«ì ¬�«®£® ª®««¥ªâ¨¢�

3 Основные стадии процесса проектирования гибридных
интеллектуальных многоагентных систем

‚ ¦¨§−¥−−®¬ æ¨ª«¥ ¯à®¥ªâ¨à®¢�−¨ï ƒ¨ˆŒ�‘ ¤«ï à¥è¥−¨ï ¯à�ªâ¨ç¥áª¨å
¯à®¡«¥¬ ¯ãâ¥¬ ¬®¤¥«¨à®¢�−¨ï ¬�«ëå ª®««¥ªâ¨¢®¢ á¯¥æ¨�«¨áâ®¢ ¢ë¤¥«ïîâáï
è¥áâì áâ�¤¨©, ª®â®àë¥ ¢ ¨¤¥�«ì−®¬ á«ãç�¥ ¢ë¯®«−ïîâáï ¯®á«¥¤®¢�â¥«ì−®, −® −�
¯à�ªâ¨ª¥ ª�¦¤�ï áâ�¤¨ï ¯à¥¤¯®«�£�¥â ¢®§¬®¦−ë© ¢®§¢à�â −� «î¡ãî ¨§ ¯à¥¤ë¤ã-
é¨å ¯à¨ −¥®¡å®¤¨¬®áâ¨ ãáâà�−¥−¨ï ¤®¯ãé¥−−ëå −� −¥© −¥¤®ç¥â®¢:

(1) −� áâ�¤¨¨ ª®−æ¥¯âã�«ì−®£® ®¯¨á�−¨ï á¨áâ¥¬−ë¥ �−�«¨â¨ª¨ ä®à¬ã«¨àãîâ
¯à®¡«¥¬ã, ¯à¥¤¢�à¨â¥«ì−® ®¯¨áë¢�ï ¥¥ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ ¢ å®¤¥ ¨−-
â¥à¢ìî á ‹�÷ ¨ �ªâ¨¢−ë¬¨ £àã¯¯�¬¨ [22]. ‡�â¥¬ ®¯¨áë¢�¥âáï ª®¬¯«¥ªá
¯à®¡«¥¬, á¢ï§�−−ëå á à�áá¬�âà¨¢�¥¬®©, çâ®¡ë ãç¥áâì ¨−â¥à¥áë ¢á¥å §�¨−-
â¥à¥á®¢�−−ëå «¨æ (áâ¥©ªå®«¤¥à®¢), ¤«ï ç¥£® ¬®¦¥â ¯à¨¬¥−ïâìáï â¥å−®«®£¨ï
„¦. “®àä¨«¤�, ¬¥â�ä®àë ®à£�−¨§�æ¨¨, ¢§£«ï¤ë áâ¥©ªå®«¤¥à®¢ á à�§−ëå
â®ç¥ª §à¥−¨ï ¨ ¤à. [23, 24]. �¯¨á�−¨¥ ª®¬¯«¥ªá� ¯à®¡«¥¬ | ®á−®¢� ¤«ï
ä®à¬¨à®¢�−¨ï ¤¥à¥¢� ¨«¨ á¥â¨ æ¥«¥© ¯à®¥ªâ¨à®¢�−¨ï ƒ¨ˆŒ�‘, ä®à¬¨àã-
¥¬ëå ¢ å®¤¥ á®¡¥á¥¤®¢�−¨© á ª�¦¤ë¬ áâ¥©ªå®«¤¥à®¬. ‘â�¤¨ï §�¢¥àè�¥âáï
¢ë¡®à®¬ ªà¨â¥à¨¥¢ ¨ ®£à�−¨ç¥−¨©, ª®â®àë¥ ¢ á®¢®ªã¯−®áâ¨ ¤®«¦−ë ¡ëâì
à¥«¥¢�−â−®© ª®«¨ç¥áâ¢¥−−®© ¬®¤¥«ìî ¯®áâà®¥−−®£® ¤¥à¥¢� ¨«¨ á¥â¨ æ¥-
«¥©;

(2) −� áâ�¤¨¨ ¬®¤¥«¨à®¢�−¨ï ¢ë¯®«−ï¥âáï ä®à¬�«¨§®¢�−−®¥ ®¯¨á�−¨¥ ¯à®¡«¥-
¬ë, à¥è�îé¥£® ¥¥ ª®««¥ªâ¨¢� á¯¥æ¨�«¨áâ®¢, ¥á«¨ ®− áãé¥áâ¢ã¥â, ¨ ¯à®-
¥ªâ¨àã¥¬®© ƒ¨ˆŒ�‘. �à®¡«¥¬� ®¯¨áë¢�¥âáï −� ¬�ªà®- ¨ ¬¨ªà®ãà®¢-
−¥. Œ�ªà®ãà®¢−¥¢�ï ¬®¤¥«ì ¯à¥¤áâ�¢«ï¥â ¯à®¡«¥¬ã ª�ª úç¥à−ë© ïé¨ªû,
¢ª«îç�ï ¥¥ ¬¥áâ® ¢ ¬¥â�¯à®¡«¥¬¥, æ¥«¨, ªà¨â¥à¨¨ ¨ ¨áå®¤−ë¥ ¤�−−ë¥.
Œ¨ªà®ãà®¢−¥¢�ï ¬®¤¥«ì à�áªàë¢�¥â á®áâ�¢ ¨ áâàãªâãàã ¯à®¡«¥¬ë, ¥¥ ¯®¤-
¯à®¡«¥¬ë ¨ á¢ï§¨ ¬¥¦¤ã −¨¬¨, á¯¥æ¨ä¨æ¨àãï æ¥«¨, ªà¨â¥à¨¨, ¨áå®¤−ë¥
¤�−−ë¥ ¨ ¬¥â®¤ë à¥è¥−¨ï ¤«ï ª�¦¤®© ¨§ −¨å. Œ®¤¥«ì ª®««¥ªâ¨¢� ®âà�-
¦�¥â á¨âã�æ¨î à¥è¥−¨ï ¯à®¡«¥¬ë úª�ª ¥áâì á¥©ç�áû, ä¨ªá¨àã¥â â¥ªãé¨©
á®áâ�¢ á¯¥æ¨�«¨áâ®¢, ¨å à®«¨, §�¤�ç¨, §−�−¨ï ¨ ¬¥â®¤ë, � â�ª¦¥ ¯®àï¤®ª
¢§�¨¬®¤¥©áâ¢¨ï. Œ®¤¥«ì ª®««¥ªâ¨¢� ¢ëáâã¯�¥â ®á−®¢®© ¯à¨ ¯à®¥ªâ¨à®¢�-
−¨¨ ƒ¨ˆŒ�‘ ¨ ®æ¥−ª¥ ¢®§¬®¦−ëå �«ìâ¥à−�â¨¢−ëå ª®−ä¨£ãà�æ¨©. �à¨
¬®¤¥«¨à®¢�−¨¨ ƒ¨ˆŒ�‘ á¯¥æ¨ä¨æ¨àã¥âáï ¬−®¦¥áâ¢® �£¥−â®¢, ¯à®â®ª®«ë
¢§�¨¬®¤¥©áâ¢¨ï, ï§ëª¨ ¯¥à¥¤�ç¨ á®®¡é¥−¨©, ¡�§®¢�ï ®−â®«®£¨ï, ¬®¤¥«ì
®ªàã¦�îé¥© áà¥¤ë, �àå¨â¥ªâãàë ¨ ¬�ªà®ãà®¢−¥¢ë¥ íää¥ªâë;

(3) áâ�¤¨ï à�§à�¡®âª¨ �àå¨â¥ªâãàë ƒ¨ˆŒ�‘ ¢ª«îç�¥â à�§à�¡®âªã ¥¥ äã−ª-
æ¨®−�«ì−®© áâàãªâãàë ¨ �àå¨â¥ªâãà ¥¥ �£¥−â®¢ ¢ á®®â¢¥âáâ¢¨¨ á ¬®¤¥-
«ìî, ¯®áâà®¥−−®© −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï. ”ã−ªæ¨®−�«ì−�ï áâàãª-
âãà� ¯à¥¤áâ�¢«ï¥âáï áå¥¬�¬¨-¤¨�£à�¬¬�¬¨, ®¯à¥¤¥«ïîé¨¬¨ ¯®¤á¨áâ¥¬ë
ƒ¨ˆŒ�‘, à�á¯à¥¤¥«¥−¨¥ �£¥−â®¢ ¯® −¨¬, äã−ªæ¨®−�« �£¥−â®¢, ¤®¯ãá-
â¨¬ë¥ ï§ëª¨ ¨ ¯à®â®ª®«ë ¢§�¨¬®¤¥©áâ¢¨ï, â¥å−®«®£¨ç¥áª¨¥ í«¥¬¥−âë,
¯®â®ª¨ ¨−ä®à¬�æ¨¨ ¨ ã¯à�¢«¥−¨ï, ®â−®è¥−¨ï ¬¥¦¤ã �£¥−â�¬¨. ÷�§à�-
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ˆ. �. Š¨à¨ª®¢, ‘. ‚. ‹¨áâ®¯�¤, ‘. �. ÷ã¬®¢áª�ï

¡®âª� �àå¨â¥ªâãà �£¥−â®¢ ¢ë¯®«−ï¥âáï ¤«ï â¥å à®«¥© �£¥−â®¢ ¨§ äã−ª-
æ¨®−�«ì−®© áâàãªâãàë, ª®â®àë¬ −¥ à¥«¥¢�−â−ë �£¥−âë, à�−¥¥ à¥�«¨-
§®¢�−−ë¥ ¤«ï ¤àã£¨å á¨áâ¥¬. �àå¨â¥ªâãà� �£¥−â� | áå¥¬�, ®¯¨áë¢�-
îé�ï á®áâ�¢, áâàãªâãàã ¨ ¢§�¨¬®á¢ï§ì ¥£® äã−ªæ¨©-¡«®ª®¢. „«ï ª�¦¤®©
äã−ªæ¨¨-¡«®ª� ãª�§ë¢�¥âáï áãé¥áâ¢ãîé¨© ¬¥â®¤ ¨«¨ �«£®à¨â¬ à¥�«¨§�-
æ¨¨ «¨¡® ®â¬¥ç�¥âáï −¥®¡å®¤¨¬®áâì ¥£® à�§à�¡®âª¨ −� á«¥¤ãîé¥© áâ�-
¤¨¨;

(4) áâ�¤¨ï à�§à�¡®âª¨ â¥å−¨ç¥áª®£® ¯à®¥ªâ� ƒ¨ˆŒ�‘ ®¡¥á¯¥ç¨¢�¥â ¯®áâà®-
¥−¨¥ ¬¥â®¤®¢, �«£®à¨â¬®¢, ¡�§ ¤�−−ëå, ®−â®«®£¨© ¨ ¤àã£¨å í«¥¬¥−â®¢,
−¥®¡å®¤¨¬®áâì á®§¤�−¨ï ª®â®àëå ®â¬¥ç¥−� −� ¯à¥¤ë¤ãé¥© áâ�¤¨¨. �®-
àï¤®ª ¨å à�§à�¡®âª¨ à¥£«�¬¥−â¨àã¥âáï á®®â¢¥âáâ¢ãîé¥© ¬¥â®¤®«®£¨¥© á®-
§¤�−¨ï ª�¦¤®£® ¨§ íâ¨å í«¥¬¥−â®¢ ¨ §¤¥áì −¥ à�áá¬�âà¨¢�¥âáï. ‘â�¤¨ï
§�¢¥àè�¥âáï ®ä®à¬«¥−¨¥¬ â¥å−¨ç¥áª®£® ¯à®¥ªâ�, ¯à¥¤¯¨áë¢�îé¥£® ¤«ï
ª�¦¤®£® ¡«®ª� ª�¦¤®£® �£¥−â� ¨ á¨áâ¥¬ë ¢ æ¥«®¬ ¨å á®áâ�¢ ¨ áâàãªâãàã,
¯à¥¤áâ�¢«¥−¨¥ ¤�−−ëå, �«£®à¨â¬ ¨á¯®«−¥−¨ï, á¯¥æ¨ä¨ª�æ¨î â¥å−¨ç¥áª¨å
áà¥¤áâ¢ [25];

(5) áâ�¤¨ï ¯à®£à�¬¬−®© à¥�«¨§�æ¨¨ ¨ ®â«�¤ª¨ ¢ª«îç�¥â à�§à�¡®âªã ¯à®£à�¬-
¬−®£® ª®¤� ƒ¨ˆŒ�‘ ¨ ¥£® â¥áâ¨à®¢�−¨¥. ÷¥ª®¬¥−¤ã¥âáï ¯à®£à�¬¬−ãî
à¥�«¨§�æ¨î ¢ë¯®«−ïâì −� ¯«�âä®à¬¥ JaCaMo [26] á ¯à¨¬¥−¥−¨¥¬ Java ¤«ï
¯à®£à�¬¬¨à®¢�−¨ï ®â¤¥«ì−ëå �«£®à¨â¬®¢ ¨ ¬¥â®¤®¢, � â�ª¦¥ −�áâà®©ª¨
¯«�âä®à¬ë [27]. ‚ å®¤¥ â¥áâ¨à®¢�−¨ï ®â«�¦¨¢�îâáï ®â¤¥«ì−ë¥ äã−ªæ¨¨,
�£¥−âë ¨ â¥å−®«®£¨ç¥áª¨¥ í«¥¬¥−âë, � â�ª¦¥ á¨áâ¥¬� ¢ æ¥«®¬;

(6) áâ�¤¨ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ƒ¨ˆŒ�‘ ®¡¥á¯¥ç¨¢�¥â á¡®à ¨−ä®à¬�æ¨¨
® à�¡®â¥ á¨áâ¥¬ë ¨ ¥¥ á®¯®áâ�¢«¥−¨¥ á ãáâ�−®¢«¥−−ë¬¨ æ¥«ï¬¨ ¢ «�¡®à�-
â®à−ëå ãá«®¢¨ïå, ¢ à�¬ª�å â¥áâ®¢®© íªá¯«ã�â�æ¨¨ ¨ á®¯à®¢®¦¤¥−¨ï ¯®á«¥
¢−¥¤à¥−¨ï. ‚ «�¡®à�â®à−ëå ãá«®¢¨ïå á¯¥æ¨�«¨áâë ¯à®¢®¤ïâ �−�«¨§ ¢ ¢¨à-
âã�«ì−®© áà¥¤¥, ¨á¯®«ì§ãï ¤«ï ®æ¥−ª¨ æ¥«¨, ªà¨â¥à¨¨ ¨ ®£à�−¨ç¥−¨ï,
áä®à¬¨à®¢�−−ë¥ −� áâ�¤¨¨ ª®−æ¥¯âã�«ì−®£® ®¯¨á�−¨ï ¯à®¡«¥¬ë. �à¨ â¥á-
â®¢®© íªá¯«ã�â�æ¨¨ ®æ¥−ª� à�¡®âë á¨áâ¥¬ë ¯à®¢®¤¨âáï ¥¥ ¯®«ì§®¢�â¥«ï¬¨
¨ áâ¥©ªå®«¤¥à�¬¨ ¯ãâ¥¬ áà�¢−¥−¨ï íää¥ªâ¨¢−®áâ¨ ƒ¨ˆŒ�‘ ¨ âà�¤¨æ¨-
®−−®£® ¬¥â®¤� à¥è¥−¨ï ¯®áâ�¢«¥−−ëå ¯à®¡«¥¬ ¢ å®¤¥ ¨å ¯�à�««¥«ì−®£®
¯à¨¬¥−¥−¨ï. ‘®¯à®¢®¦¤¥−¨¥ ¯®á«¥ ¢−¥¤à¥−¨ï ¯®§¢®«ï¥â á®¡¨à�âì ¦�«®¡ë
¨ ¯à¥¤«®¦¥−¨ï ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨.

‚ à¥§ã«ìâ�â¥ ¨áá«¥¤®¢�−¨© ¯® à�§à�¡®âª¥ ƒ¨ˆŒ�‘ ¤«ï ¬®¤¥«¨à®¢�−¨ï à�§-
«¨ç−ëå �á¯¥ªâ®¢ ¤¥ïâ¥«ì−®áâ¨ ¬�«ëå ª®««¥ªâ¨¢®¢ á¯¥æ¨�«¨áâ®¢, ¢ ç�áâ−®áâ¨
á�¬®®à£�−¨§�æ¨¨ −� ®á−®¢¥ �−�«¨§� æ¥«¥© �£¥−â®¢ [9], ¯à®æ¥áá®¢ £¥â¥à®£¥−−®£®
ª®««¥ªâ¨¢−®£® ¬ëè«¥−¨ï [28], ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ �£¥−â®¢ [29], ä®à¬¨-
à®¢�−¨ï á¯«®ç¥−−®£® ª®««¥ªâ¨¢� [30], à�§à�¡®â�−ë â¨¯®¢�ï ¬®¤¥«ì ¨ äã−ªæ¨®-
−�«ì−�ï áâàãªâãà� ƒ¨ˆŒ�‘. ˆå ¯à¨¬¥−¥−¨¥ ¯®§¢®«¨â á−¨§¨âì âàã¤®§�âà�âë
−� áâ�¤¨ïå ¬®¤¥«¨à®¢�−¨ï ¨ ¯®áâà®¥−¨ï �àå¨â¥ªâãà ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¨−¤ã-
áâà¨�«ì−ëå ®¡à�§æ®¢ ƒ¨ˆŒ�‘, � â�ª¦¥ ¯à¨ ¨áá«¥¤®¢�−¨¨ ¤àã£¨å £àã¯¯®¢ëå
íää¥ªâ®¢ ¢ ¬�«ëå ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢.

130 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 35 −®¬¥à 1 2025



ƒ¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬� ª�ª ¬®¤¥«ì ¬�«®£® ª®««¥ªâ¨¢�

4 Типовая модель гибридной интеллектуальной
многоагентной системы

’¨¯®¢�ï ¬®¤¥«ì ƒ¨ˆŒ�‘ ®¯¨áë¢�¥âáï ª®àâ¥¦¥¬ [29]

himas = 〈AG, env, INT,ORG,MLP〉, (1)

£¤¥ AG | ¬−®¦¥áâ¢® �£¥−â®¢, ®¯¨áë¢�¥¬®¥ ¢ëà�¦¥−¨¥¬ (2); env | ª®−æ¥¯âã-
�«ì−�ï ¬®¤¥«ì ¢−¥è−¥© áà¥¤ë á¨áâ¥¬ë; INT | ¬−®¦¥áâ¢® í«¥¬¥−â®¢ áâàãªâãà¨-
à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨© �£¥−â®¢ (3); ORG | ¬−®¦¥áâ¢® �àå¨â¥ªâãà ƒ¨ˆŒ�‘,
á®®â¢¥âáâ¢ãîé¨å ª®−ªà¥â−ë¬ äã−ªæ¨ï¬ (à®«ï¬) �£¥−â®¢ ¨ ãáâ�−®¢¨¢è¨¬áï ®â-
−®è¥−¨ï¬ ¬¥¦¤ã −¨¬¨; MLP | ¬−®¦¥áâ¢® ª®−æ¥¯âã�«ì−ëå ¬®¤¥«¥© ¬�ªà®-
ãà®¢−¥¢ëå ¯à®æ¥áá®¢ ¢ ƒ¨ˆŒ�‘, ¢ §�¢¨á¨¬®áâ¨ ®â ãç¨âë¢�¥¬ëå á¨áâ¥¬®©
ª®««¥ªâ¨¢−ëå íää¥ªâ®¢ á®¤¥à¦�é¥¥ ¬®¤¥«¨ á�¬®®à£�−¨§�æ¨¨ −� ®á−®¢¥ �−�-
«¨§� æ¥«¥© �£¥−â®¢ [9], £¥â¥à®£¥−−®£® ª®««¥ªâ¨¢−®£® ¬ëè«¥−¨ï [28], ¯à®æ¥áá�
ã¯à�¢«¥−¨ï ª®−ä«¨ªâ�¬¨ �£¥−â®¢ [29], ¯à®æ¥áá®¢ á®£«�á®¢�−¨ï æ¥«¥©, ®−â®«®£¨©
¨ ¯à®â®ª®«®¢, ®¡¥á¯¥ç¨¢�îé¨å ¬®¤¥«¨à®¢�−¨¥ á¯«®ç¥−−®áâ¨ �£¥−â®¢ [30].

Œ−®¦¥áâ¢® �£¥−â®¢ ¨§ ä®à¬ã«ë (1) ¯à¥¤áâ�¢«ï¥âáï ¢ëà�¦¥−¨¥¬

AG =
{

agdm, agfc, agmed, agint, agpc
}

∪AGsp ∪AGtr ∪AGit , (2)

£¤¥ agdm | �£¥−â, ¯à¨−¨¬�îé¨© à¥è¥−¨ï (��÷), ª®â®àë© ¬®¤¥«¨àã¥â à�á-
áã¦¤¥−¨ï ‹�÷ ¯® à�á¯à¥¤¥«¥−¨î ¯®¤¯à®¡«¥¬ ¬¥¦¤ã �£¥−â�¬¨-á¯¥æ¨�«¨áâ�¬¨
(�‘) ¨ ¨−â¥£à�æ¨¨ ¯®«ãç¥−−ëå ¨¬¨ ç�áâ−ëå à¥è¥−¨©; agfc | �£¥−â-ä�á¨«¨-
â�â®à (�”), ®â¢¥ç�îé¨© §� ®à£�−¨§�æ¨î íää¥ªâ¨¢−®£® ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã
�£¥−â�¬¨ á¨áâ¥¬ë ¨ ®¯®áà¥¤®¢�−−®¥ ã¯à�¢«¥−¨¥ ¬�ªà®ãà®¢−¥¢ë¬¨ ¯à®æ¥áá�¬¨;
agmed | �£¥−â-¯®áà¥¤−¨ª, ®¡¥á¯¥ç¨¢�îé¨© ¯®¨áª �£¥−â®¢ á âà¥¡ã¥¬ë¬¨ äã−ª-
æ¨ï¬¨ ¤«ï à¥è¥−¨ï ç�áâ¥© ¯à®¡«¥¬ë; agint | ¨−â¥àä¥©á−ë© �£¥−â, ª®â®àë©
¯à¥¤®áâ�¢«ï¥â ¯®«ì§®¢�â¥«î ¢®§¬®¦−®áâ¨ ¯® ¢§�¨¬®¤¥©áâ¢¨î á á¨áâ¥¬®©; agpc |
�£¥−â ª®−âà®«ï ¯à®â®ª®«�, ®âá«¥¦¨¢�îé¨© á®¡«î¤¥−¨¥ �£¥−â�¬¨ á®£«�á®¢�−−ëå
¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ëå ¯à®â®ª®«®¢; AGsp | ¯®¤¬−®¦¥áâ¢® �‘, ¨¬¨â¨-
àãîé¨å à�¡®âã à¥�«ì−ëå á¯¥æ¨�«¨áâ®¢ ¯® à¥è¥−¨î ¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë;
AGtr | ¯®¤¬−®¦¥áâ¢® �£¥−â®¢-¯¥à¥¢®¤ç¨ª®¢, ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ¢§�¨¬®-
¤¥©áâ¢¨¥ ¯�à �£¥−â®¢ i, j, −¥ ¢«�¤¥îé¨å ª�ª¨¬-«¨¡® ¥¤¨−ë¬ ï§ëª®¬ ¯¥à¥¤�ç¨
á®®¡é¥−¨©: LANGagi ∩ LANGagj = ∅ (á¬. (4)); AGit | ¯®¤¬−®¦¥áâ¢® �£¥−â®¢
¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨©, ®¡¥á¯¥ç¨¢�îé¨å £¨¡à¨¤−ãî ª®¬¯®−¥−âã á¨áâ¥¬ë
¨ ãç¥â ¨−áâàã¬¥−â�«ì−®© −¥®¤−®à®¤−®áâ¨ ¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë.

�«¥¬¥−âë áâàãªâãà¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨© (1) ®¯¨áë¢�îâáï ¢ëà�¦¥−¨¥¬

INT = {protbsc,PRC,LANG, ontbsc} , (3)

£¤¥ protbsc | ¡�§®¢ë© ¯à®â®ª®«, ®¡¥á¯¥ç¨¢�îé¨© ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬®¥
¢§�¨¬®¤¥©áâ¢¨¥ ¤«ï á®¢¬¥áâ−®© ¢ëà�¡®âª¨ �£¥−â�¬¨ ¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−-
−ëå ¯à®â®ª®«®¢; PRC | ¬−®¦¥áâ¢® ¯à¨¬¨â¨¢®¢ ¤«ï ª®−áâàã¨à®¢�−¨ï ¯à®¡-
«¥¬−®-®à¨¥−â¨à®¢�−−ëå ¯à®â®ª®«®¢ �‘ ¨ ��÷; LANG | ¬−®¦¥áâ¢® ï§ëª®¢
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¯¥à¥¤�ç¨ á®®¡é¥−¨© [31, 32]; ontbsc | ¡�§®¢�ï ®−â®«®£¨ï, ®¡¥á¯¥ç¨¢�îé�ï
à�§¡®à �£¥−â�¬¨ á¥¬�−â¨ª¨ á®®¡é¥−¨©.

�£¥−â ag ∈ AG ¨§ ä®à¬ã«ë (2) ¯à¥¤áâ�¢«ï¥âáï ª®àâ¥¦¥¬

ag = 〈idag, glag,LANGag, ontag,ACTag〉, (4)

£¤¥ idag | ¨¤¥−â¨ä¨ª�â®à; glag | −¥ç¥âª�ï æ¥«ì; LANGag ⊆ LANG | ¬−®-
¦¥áâ¢® ï§ëª®¢, ª®â®àë¬¨ ú¢«�¤¥¥âû �£¥−â; ontag | ¬®¤¥«ì ¯à¥¤¬¥â−®© ®¡«�áâ¨
(®−â®«®£¨ï) �£¥−â�; ACTag | ¬−®¦¥áâ¢® à¥�«¨§ã¥¬ëå �£¥−â®¬ ¤¥©áâ¢¨©.

„¥©áâ¢¨¥ actag ∈ ACTag ®¯¨áë¢�¥âáï ª®àâ¥¦¥¬

actag = 〈metagact, itagact〉,
£¤¥ metag | ¬¥â®¤ à¥�«¨§�æ¨¨ ¤¥©áâ¢¨ï; itag | ¨−â¥««¥ªâã�«ì−�ï â¥å−®«®£¨ï,
¨á¯®«ì§®¢�−−�ï ¯à¨ ¯®áâà®¥−¨¨ metag.

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

acthimas =





⋃

ag∈AG

ACTag



 ∪ actcol,

∣

∣

∣

∣

∣

∣

⋃

ag∈AG

⋃

act∈ACTag

itagact

∣

∣

∣

∣

∣

∣

≥ 2 ,

£¤¥ actcol | ª®««¥ªâ¨¢−�ï äã−ªæ¨ï ƒ¨ˆŒ�‘, ª®â®àãî �£¥−âë ä®à¬¨àãîâ
¤¨−�¬¨ç¥áª¨, ¢§�¨¬®¤¥©áâ¢ãï ¢ á®®â¢¥âáâ¢¨¨ á ¡�§®¢ë¬ ¨ ¯à®¡«¥¬−®-®à¨¥−â¨-
à®¢�−−ë¬¨ ¯à®â®ª®«�¬¨; ®£à�−¨ç¥−¨¥ ®§−�ç�¥â, çâ® �£¥−âë ƒ¨ˆŒ�‘ ¤®«¦−ë
¨á¯®«ì§®¢�âì ª�ª ¬¨−¨¬ã¬ ¤¢¥ ¨−â¥««¥ªâã�«ì−ë¥ â¥å−®«®£¨¨ [9].

5 Типовая функциональная структура гибридной интеллектуальной
многоагентной системы

„«ï ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ª®««¥ªâ¨¢−ëå íää¥ªâ®¢ ¢ ¬�«®¬ ª®«-
«¥ªâ¨¢¥ á¯¥æ¨�«¨áâ®¢ ¯à¨ à¥è¥−¨¨ ¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬ ¯à¥¤«�£�¥âáï â¨¯®¢�ï
äã−ªæ¨®−�«ì−�ï áâàãªâãà� ƒ¨ˆŒ�‘, ¯à¥¤áâ�¢«¥−−�ï −� à¨á. 2.

Š�ª ¢¨¤−® ¨§ à¨á. 2, ¢ áâàãªâãà¥ ƒ¨ˆŒ�‘ ¬®¦−® ¢ë¤¥«¨âì ç¥âëà¥ ®á−®¢-
−ë¥ ç�áâ¨: ¨−â¥àä¥©á−�ï ¯®¤á¨áâ¥¬�; ¯®¤á¨áâ¥¬� £¨¡à¨¤¨§�æ¨¨; ¯®¤á¨áâ¥¬�
à¥è¥−¨ï ¯à®¡«¥¬; ¯®¤á¨áâ¥¬� ã¯à�¢«¥−¨ï. ˆ−â¥àä¥©á−�ï ¯®¤á¨áâ¥¬� á®¤¥à¦¨â
®¤−®£® �£¥−â� agint (2), à¥�«¨§ãîé¥£® ¢§�¨¬®¤¥©áâ¢¨¥ ¯®«ì§®¢�â¥«ï á á¨áâ¥¬®©.
�â®â �£¥−â ®¡¥á¯¥ç¨¢�¥â ¢¢®¤ ¨áå®¤−ëå ¤�−−ëå ¨ ¢ë¢®¤ à¥§ã«ìâ�â®¢ à¥è¥−¨ï
¯à®¡«¥¬ë, � â�ª¦¥ ¢¨§ã�«¨§¨àã¥â ¬�ªà®ãà®¢−¥¢ë¥ ¯à®æ¥ááë MLP, ¯à¨¬¥−ïï,
−�¯à¨¬¥à, ¬¥â®¤ë ¢¨§ã�«¨§�æ¨¨ ª®−ä«¨ªâ� [33] ¨ á¯«®ç¥−−®áâ¨ �£¥−â®¢ [34].

�®¤á¨áâ¥¬� ã¯à�¢«¥−¨ï ¢ª«îç�¥â ¡�§®¢ãî ®−â®«®£¨î ontbsc (3), −¥áª®«ìª®
�£¥−â®¢-¯¥à¥¢®¤ç¨ª®¢ ¨§ ¯®¤¬−®¦¥áâ¢� AGtr, �£¥−â�-¯®áà¥¤−¨ª� agmed, �£¥−â�
ª®−âà®«ï ¯à®â®ª®«� agpc ¨ �” agfc (2). ��§®¢�ï ®−â®«®£¨ï | á¥¬�−â¨ç¥áª�ï á¥âì,
®¡¥á¯¥ç¨¢�îé�ï ®¤−®§−�ç−ãî âà�ªâ®¢ªã �£¥−â�¬¨ á¬ëá«� ¯¥à¥¤�¢�¥¬®© ¨−ä®à-
¬�æ¨¨. �£¥−âë-¯¥à¥¢®¤ç¨ª¨ ¯¥à¥¢®¤ïâ á®®¡é¥−¨ï á ¤−®£® ï§ëª� ¬¥¦�£¥−â−®£®
¢§�¨¬®¤¥©áâ¢¨ï −� ¤àã£®©, çâ® ¬®¦¥â ¯®âà¥¡®¢�âìáï ¥á«¨ ¬−®¦¥áâ¢� ï§ëª®¢,
ª®â®àë¬¨ ¢«�¤¥îâ ¢§�¨¬®¤¥©áâ¢ãîé¨¥ �£¥−âë −¥ ¯¥à¥á¥ª�îâáï. �£¥−â-¯®áà¥¤-
−¨ª | á«ã¦¡� ú¦¥«âëå áâà�−¨æû, ®− åà�−¨â ¨¬¥−�, ¬®¤¥«¨ ¨ ¢®§¬®¦−®áâ¨
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�£¥−â®¢, ¯à¥¤®áâ�¢«ïï íâã ¨−ä®à¬�æ¨î «î¡®¬ã ¨§ �£¥−â®¢ á¨áâ¥¬ë ¯® §�¯à®áã,
çâ® ¯®§¢®«ï¥â ¨¬ ®¡à�é�âìáï §� ¯®¬®éìî ¢ à¥è¥−¨¨ ç�áâ¥© ¯à®¡«¥¬ë ª −�¨¡®«¥¥
à¥«¥¢�−â−ë¬ �£¥−â�¬. �£¥−â ª®−âà®«ï ¯à®â®ª®«� ®âá«¥¦¨¢�¥â á®£«�è¥−¨ï ¬¥¦¤ã
�£¥−â�¬¨ á¨áâ¥¬ë ¯® ¨§¬¥−¥−¨î ¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−®£® ¯à®â®ª®«� ¨ ¨å
á®¡«î¤¥−¨¥. �” ¨¤¥−â¨ä¨æ¨àã¥â á¨âã�æ¨î à¥è¥−¨ï ¯à®¡«¥¬ë ¨ ¯à®ï¢«¥−¨¥
¬�ªà®ãà®¢−¥¢ëå íää¥ªâ®¢ MLP (1), áâà¥¬¨âáï ãá¨«¨âì ®¤−¨ ¨ ¯®¤�¢¨âì ¤àã£¨¥,
çâ®¡ë ®¡¥á¯¥ç¨âì íää¥ªâ¨¢−ãî ª®««¥ªâ¨¢−ãî à�¡®âã �£¥−â®¢ ¨ ¯®â¥−æ¨�«ì−ãî
¢ëà�¡®âªã à¥è¥−¨© ¡®«¥¥ ¢ëá®ª®£® ª�ç¥áâ¢�.

�®¤á¨áâ¥¬� £¨¡à¨¤¨§�æ¨¨ á®¤¥à¦¨â ¯®¤¬−®¦¥áâ¢® AGit �£¥−â®¢ ¨−â¥««¥ªâã-
�«ì−ëå â¥å−®«®£¨©, ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© ¢ ª�ª®¬-â® á¬ëá«¥ ¡¨¡«¨®â¥ª¨
äã−ªæ¨© à�§«¨ç−ëå ¬¥â®¤®¢ ä®à¬�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï á¨áâ¥¬ [9] (�−�-
«¨â¨ç¥áª¨å, áâ®å�áâ¨ç¥áª¨å, −¥ç¥âª¨å ¨ ¤à.). �£¥−âë íâ®© ¯®¤á¨áâ¥¬ë ¬®¦−®
−�§¢�âì à¥ä«¥ªâ®à−ë¬¨, ¯®áª®«ìªã ®−¨ −¥ ¨¬¥îâ à�§¢¨â®© ¬®¤¥«¨ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨«¨ æ¥«¥¯®«�£�−¨ï, −® ¨¬¥−−® ®−¨ ®¡¥á¯¥ç¨¢�îâ ƒ¨ˆŒ�‘ ¢®§¬®¦−®áâì
¨−â¥£à¨à®¢�âì ¬®¤¥«¨ ¨ �«£®à¨â¬ë à�§«¨ç−ëå ¨−â¥««¥ªâã�«ì−ëå â¥å−®«®£¨©,
ãç¨âë¢�ï −¥®âê¥¬«¥¬ãî ¨−áâàã¬¥−â�«ì−ãî −¥®¤−®à®¤−®áâì ¯à�ªâ¨ç¥áª¨å ¯à®¡-
«¥¬. �£¥−âë íâ®© ¯®¤á¨áâ¥¬ë ¢ë¯®«−ïîâ §�¤�ç¨, ª®â®àë¥ ¨¬ ¯®àãç�îâ ¤àã£¨¥
�£¥−âë, á«¥¤ãï §�«®¦¥−−ë¬ �«£®à¨â¬�¬, ¬®¤¥«ï¬ ¨ ¬¥â®¤�¬ ¢ à�¬ª�å á¢®¥©
¨−â¥««¥ªâã�«ì−®© â¥å−®«®£¨¨.

�®¤á¨áâ¥¬� à¥è¥−¨ï ¯à®¡«¥¬ ¬®¤¥«¨àã¥â à�¡®âã ª®««¥ªâ¨¢� á¯¥æ¨�«¨áâ®¢
¯®¤ àãª®¢®¤áâ¢®¬ ‹�÷ ¯® ®¡áã¦¤¥−¨î ¨ ¯®¨áªã à¥è¥−¨ï ¯à®¡«¥¬ë. �£¥−â,
¯à¨−¨¬�îé¨© à¥è¥−¨ï, agdm (2) ¬®¤¥«¨àã¥â à�ááã¦¤¥−¨ï ‹�÷: à�á¯à¥¤¥«ï¥â
¯®¤¯à®¡«¥¬ë ¬¥¦¤ã �‘ ¨§ ¯®¤¬−®¦¥áâ¢� AGsp (2), á®¡¨à�¥â à¥§ã«ìâ�âë, ®æ¥-
−¨¢�¥â ¤®áâ¨¦¥−¨¥ âà¥¡ã¥¬®£® ãà®¢−ï á®£«�á®¢�−−®áâ¨ ª®««¥ªâ¨¢−®£® à¥è¥−¨ï
¨«¨ ¤àã£®£® ªà¨â¥à¨ï ®áâ�−®¢�, ¯®á«¥ ç¥£® §�¢¥àè�¥â à�¡®âã ƒ¨ˆŒ�‘ −�¤
¯à®¡«¥¬®© «¨¡® ¨−¨æ¨¨àã¥â ¯®¢â®à−®¥ ¥¥ à�áá¬®âà¥−¨¥. �£¥−âë-á¯¥æ¨�«¨áâë
¬®¤¥«¨àãîâ à�ááã¦¤¥−¨ï á¯¥æ¨�«¨áâ®¢, ¢ëà�¡�âë¢�ï à¥è¥−¨ï −�§−�ç¥−−ëå ¨¬
¯®¤¯à®¡«¥¬ ¨«¨ ¯à®¡«¥¬ë ¢ æ¥«®¬ á ãç¥â®¬ á®¡áâ¢¥−−ëå æ¥«¥© ¨ ¬®¤¥«¥© ¯à¥¤-
¬¥â−®© ®¡«�áâ¨. ‚ ®¡é¥¬ á«ãç�¥ ¬®¤¥«¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, æ¥«¨ ¨ ¢�à¨�−âë
¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ëå ¯à®â®ª®«®¢ ã �£¥−â®¢ ¬®£ãâ à�§«¨ç�âìáï, ¯®íâ®¬ã
¤«ï íää¥ªâ¨¢−®£® à¥è¥−¨ï ¯®áâ�¢«¥−−®© ¯à®¡«¥¬ë �£¥−âë á®£«�á®¢ë¢�îâ ¨å
¬¥¦¤ã á®¡®© ¯® §�¯à®áã �”. ’�ª¨¬ ®¡à�§®¬, ƒ¨ˆŒ�‘ á¯®á®¡−� ¤¨−�¬¨ç¥áª¨
ª®àà¥ªâ¨à®¢�âì á¢®© �«£®à¨â¬ à�¡®âë, ª�¦¤ë© à�§ ¯®¤áâà�¨¢�ïáì ¯®¤ ®ç¥à¥¤−ãî
¯à®¡«¥¬ã.

6 Актуальные проблемы и направления развития технологии
гибридных интеллектуальных многоагентных систем

�¥á¬®âàï −� è¨à®ª¨¥ ¢®§¬®¦−®áâ¨ ƒ¨ˆŒ�‘ ¯® ¬®¤¥«¨à®¢�−¨î ª®««¥ªâ¨¢-
−®£® à¥è¥−¨ï ¯à®¡«¥¬ ¢ ãá«®¢¨ïå £¥â¥à®£¥−−®áâ¨, −¥®¯à¥¤¥«¥−−®áâ¨, −¥ç¥âª®áâ¨
¨ ¤¨−�¬¨§¬�, −� á®¢à¥¬¥−−®¬ íâ�¯¥ à�§¢¨â¨ï ¤�−−®© â¥å−®«®£¨¨ áãé¥áâ¢ã¥â
¬−®¦¥áâ¢® ®£à�−¨ç¥−¨©, §�âàã¤−ïîé¨å ¨å è¨à®ª®¥ ¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥
¨ âà¥¡ãîé¨å ¯à®¢¥¤¥−¨ï ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©:
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ƒ¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬� ª�ª ¬®¤¥«ì ¬�«®£® ª®««¥ªâ¨¢�

{ ®£à�−¨ç¥−−ë¥ ¢®§¬®¦−®áâ¨ ¨¤¥−â¨ä¨ª�æ¨¨ áâàãªâãàë −¥ ¢áâà¥ç�¢è¨åáï à�-
−¥¥ á«�¡®ä®à¬�«¨§ã¥¬ëå ¯à®¡«¥¬ [35]. �à¨¬¥−ï¥¬ë¥ ¤«ï íâ¨å æ¥«¥© �¢-
â®¬�â¨§¨à®¢�−−ë¥ ¬¥â®¤ë âà¥¡ãîâ ãç�áâ¨ï íªá¯¥àâ®¢, çâ® ¤¥«�¥â ¨å −¥¯à¨-
¬¥−¨¬ë¬¨ ª ¤¨−�¬¨ç−ë¬ ¯à®¡«¥¬�¬. �®«ìè¨−áâ¢® ¬¥â®¤®¢ �¢â®¬�â¨ç¥áª®©
¨¤¥−â¨ä¨ª�æ¨¨ ¯à¨¬¥−¨¬ë «¨èì ª ä®à¬�«¨§®¢�−−ë¬ ¯à®¡«¥¬�¬ [36]. Š�ª
¯®ª�§�−® ¢ [36], ¬¥â®¤ë −� ®á−®¢¥ ¡®«ìè¨å ï§ëª®¢ëå ¬®¤¥«¥©, á¯®á®¡−ë¥
à�¡®â�âì á® á«�¡® ä®à¬�«¨§®¢�−−ë¬¨ ¯à®¡«¥¬�¬¨, ¤�¦¥ ¢ «�¡®à�â®à−ëå
ãá«®¢¨ïå −¥¤®áâ�â®ç−® íää¥ªâ¨¢−ë ¤«ï à¥è¥−¨ï −®¢ëå ¯à®¡«¥¬;

{ ¢ëá®ª�ï ¢ëç¨á«¨â¥«ì−�ï á«®¦−®áâì ¬®¤¥«¨à®¢�−¨ï à¥ä«¥ªá¨¢−ëå ¯à®æ¥á-
á®¢. �®¤ à¥ä«¥ªá¨¥© ¯®−¨¬�¥âáï á¯®á®¡−®áâì �£¥−â� áâà®¨âì ¨ ¨á¯®«ì§®¢�âì
¢ à�ááã¦¤¥−¨ïå ¬®¤¥«¨ ¤àã£¨å �£¥−â®¢ (ãç¨âë¢�ï ¨å ¯®â¥−æ¨�«ì−ãî á¯®á®¡-
−®áâì ª à¥ä«¥ªá¨¨), á¥¡ï á�¬®£®, á¢®¨å ¤¥©áâ¢¨© ¨ à�ááã¦¤¥−¨©, ª®««¥ªâ¨¢�
�£¥−â®¢ ¢ æ¥«®¬ ª�ª ¬¥â�áã¡ê¥ªâ� [37, 38]. ÷¥ä«¥ªá¨¢−ë¥ á¯®á®¡−®áâ¨
�£¥−â®¢ ¯®§¢®«ïîâ á®ªà�â¨âì ¤«¨â¥«ì−®áâì ¯¥à¥£®¢®à−ëå ¯à®æ¥áá®¢, ®¡¥á-
¯¥ç¨âì á�¬®®à£�−¨§�æ¨î á¨áâ¥¬ë ¢ á¨«ì−®¬ á¬ëá«¥ [39]. ˆáá«¥¤®¢�−¨¥
à¥ä«¥ªá¨¢−®-�ªâ¨¢−ëå á¨áâ¥¬ ¨áªãááâ¢¥−−ëå £¥â¥à®£¥−−ëå ¨−â¥««¥ªâã�«ì-
−ëå �£¥−â®¢ [38] ¯®ª�§�«®, çâ® à¥ä«¥ªá¨¢−®¥ ¬®¤¥«¨à®¢�−¨¥ �£¥−â�¬¨ ¤àã£
¤àã£� ¯à¨−æ¨¯¨�«ì−® ¢®§¬®¦−®, −® ¯à¥¤áâ�¢«ï¥âáï ¢ëç¨á«¨â¥«ì−® á«®¦-
−ë¬. ‘ãé¥áâ¢ãîé¨¥ à�¡®âë ¯® á®§¤�−¨î à¥ä«¥ªá¨¢−ëå �£¥−â®¢ −� ®á−®¢¥
¡®«ìè¨å ï§ëª®¢ëå ¬®¤¥«¥© á®áà¥¤®â®ç¥−ë ¯à¥¨¬ãé¥áâ¢¥−−® −� ¨−¤¨¢¨-
¤ã�«ì−ëå à¥ä«¥ªá¨¢−ëå ¯à®æ¥áá�å â�ª¨å ¬®¤¥«¥©, ª�ª æ¥−âà�«¨§®¢�−−ëå
¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ [40, 41]. ‚ íâ®© á¢ï§¨ �ªâã�«ì−� à�§à�¡®âª� −®¢ëå,
¡®«¥¥ íää¥ªâ¨¢−ëå ¬¥â®¤®¢ ¬®¤¥«¨à®¢�−¨ï ¨−¤¨¢¨¤ã�«ì−®© ¨ ª®««¥ªâ¨¢−®©
à¥ä«¥ªá¨¨;

{ ®£à�−¨ç¥−−®áâì ¢®§¬®¦−®áâ¥© ®â¤¥«ì−ëå �£¥−â®¢ ¯® áà�¢−¥−¨î á à¥�«ì−ë-
¬¨ á¯¥æ¨�«¨áâ�¬¨, çâ® §�âàã¤−ï¥â ¬®¤¥«¨à®¢�−¨¥ ª®««¥ªâ¨¢−ëå ¯à®æ¥áá®¢
¨ íää¥ªâ®¢ ¯à¨ à¥è¥−¨¨ ¯à�ªâ¨ç¥áª¨å ¯à®¡«¥¬. ‘®¢à¥¬¥−−ë¥ ¨áªãááâ¢¥−-
−ë¥ −¥©à®−−ë¥ á¥â¨ íää¥ªâ¨¢−® ®¡à�¡�âë¢�îâ ¡®«ìè¨¥ ¬�áá¨¢ë ¤�−−ëå,
−® −¥ á¯®á®¡−ë ª £«ã¡®ª®¬ã ¯®−¨¬�−¨î ¬¨à�, ¯®§¢®«ïîâ ¢ëï¢«ïâì á«®¦−ë¥
ª®àà¥«ïæ¨¨ ¬¥¦¤ã ¢å®¤−ë¬¨ ¨ ¢ëå®¤−ë¬¨ ¯à¨§−�ª�¬¨, −® −¥ ä®à¬¨àãîâ
¯à¨ç¨−−®-á«¥¤áâ¢¥−−ë¥ á¢ï§¨ [42]. ‘¨áâ¥¬ë ˆˆ á¯®á®¡−ë £¥−¥à¨à®¢�âì
â¥ªáâë ¨ ¨§®¡à�¦¥−¨ï, −® ¨å úâ¢®àç¥áª¨¥ á¯®á®¡−®áâ¨û ®£à�−¨ç¨¢�îâáï ¤�−-
−ë¬¨, −� ª®â®àëå ®−¨ ¯à¥¤¢�à¨â¥«ì−® ®¡ãç¥−ë [43], ¢ â® ¢à¥¬ï ª�ª ¨−−®¢�æ¨¨
âà¥¡ãîâ �¡áâà�ªâ−®£® ¬ëè«¥−¨ï, äã−¤�¬¥−â�«ì−®© ¯®¤£®â®¢ª¨ ¨ ¨−âã¨æ¨¨.
‘ ãç¥â®¬ ¢ëá®ª®© á«®¦−®áâ¨ ¨, ¯® ¢á¥© ¢¨¤¨¬®áâ¨, −¥æ¥«¥á®®¡à�§−®áâ¨
á®§¤�−¨ï á¨áâ¥¬ ˆˆ, ¨¬¨â¨àãîé¨å ¨«¨ ¯à¥¢®áå®¤ïé¨å ç¥«®¢¥ç¥áª¨¥ ¢®§-
¬®¦−®áâ¨ [44, 45], −¥®¡å®¤¨¬ �−�«¨§ §�¢¨á¨¬®áâ¥© ¬¥¦¤ã ¬®¤¥«¨àã¥¬ë¬¨
�£¥−â�¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¨ ®á®¡¥−−®áâï¬¨ à¥�«ì−ëå á¯¥æ¨�«¨áâ®¢, ¯à®-
ï¢«¥−¨ï¬¨ ¬�ªà®ãà®¢−¥¢ëå íää¥ªâ®¢ ¨ ¨å ¢«¨ï−¨¥¬ −� á¢®©áâ¢� ƒ¨ˆŒ�‘
¢ æ¥«®¬, ¢ ç�áâ−®áâ¨ ª�ç¥áâ¢� ¯à¥¤«�£�¥¬ëå à¥è¥−¨©, âà¥¡ã¥¬ëå ¢ëç¨á«¨-
â¥«ì−ëå à¥áãàá®¢, ãáâ®©ç¨¢®áâ¨ à�¡®âë ¨ ¤à. �â® ¯®§¢®«¨â ¯®¤¡¨à�âì ¤«ï
ª�¦¤®© −®¢®© ¯à®¡«¥¬ë ¨«¨ ª«�áá� ¯à®¡«¥¬ à¥«¥¢�−â−ë© á®áâ�¢ �£¥−â®¢ −¥
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â®«ìª® á â®çª¨ §à¥−¨ï ¨å úá¯¥æ¨�«ì−®áâ¨û, −® ¨ á¯®á®¡−®áâ¥© ª á®¢¬¥áâ−®©
à�¡®â¥ ¢ ƒ¨ˆŒ�‘;

{ −¥¤®áâ�â®ç−�ï ¨§ãç¥−−®áâì ¬�ªà®ãà®¢−¥¢ëå íää¥ªâ®¢ ¢ ¬�«ëå ª®««¥ªâ¨¢�å
á¯¥æ¨�«¨áâ®¢, çâ® §�âàã¤−ï¥â ¨å à¥«¥¢�−â−®¥ ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥.
�¤−� ¨§ ®¡ê¥ªâ¨¢−ëå ¯à¨ç¨−, ®£à�−¨ç¨¢�îé¨å ¤�−−ë¥ ¨áá«¥¤®¢�−¨ï, |
áãé¥áâ¢¥−−�ï à®«ì ¢ ª®««¥ªâ¨¢−®¬ ¢§�¨¬®¤¥©áâ¢¨¨ −¥ä®à¬�«ì−®© ª®¬¬ã−¨-
ª�æ¨¨ ¨ ¨¬¯«¨æ¨â−ëå −®à¬ [46]. �à¨ íâ®¬ −� ¯à®ï¢«¥−¨¥ ¬�ªà®ãà®¢−¥¢ëå
íää¥ªâ®¢, −�¯à¨¬¥à á¯«®ç¥−−®áâ¨ ª®««¥ªâ¨¢�, âà¥¡ãîâáï −¥¤¥«¨ ¨ ¬¥áïæë
¥£® á®¢¬¥áâ−®© à�¡®âë [47]. Šà®¬¥ â®£®, ¨áá«¥¤®¢�−¨ï ¬�«ëå ª®««¥ªâ¨¢®¢
−�å®¤ïâáï −� áâëª¥ â�ª¨å ¤¨áæ¨¯«¨−, ª�ª á®æ¨®«®£¨ï, ¯á¨å®«®£¨ï, â¥®à¨ï
®à£�−¨§�æ¨© ¨ ª¨¡¥à−¥â¨ª�, à�§àë¢ ¬¥¦¤ã ª®â®àë¬¨ §�âàã¤−ï¥â ¨−â¥£à�æ¨î
à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå ª�¦¤®© ¨§ −¨å. ‚ íâ®© á¢ï§¨ �ªâã�«ì−ë ¬¥¦¤¨á-
æ¨¯«¨−�à−ë¥ ¨áá«¥¤®¢�−¨ï ¯á¨å®«®£®¢, á®æ¨®«®£®¢ ¨ ¨−¦¥−¥à®¢ ¢ ®¡«�áâ¨
¨−ä®à¬�â¨ª¨ ¨ ˆˆ ¤«ï á®§¤�−¨ï à¥«¥¢�−â−ëå ¬®¤¥«¥© ¬�ªà®ãà®¢−¥¢ëå
íää¥ªâ®¢ ¢ ¬�«ëå ª®««¥ªâ¨¢�å;

{ −¥¤®áâ�â®ç−�ï ¯à®à�¡®âª� ¢®¯à®á®¢ ¡¥§®¯�á−®áâ¨. ƒ¨¡à¨¤−�ï ¨−â¥««¥ªâã-
�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬�, ª�ª «î¡�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬�, ®¡«�¤�¥â
ãï§¢¨¬®áâï¬¨ −� ãà®¢−¥ ®â¤¥«ì−®£® �£¥−â� (¯®¤¤¥«ª� á®®¡é¥−¨©, −¥á�−ª-
æ¨®−¨à®¢�−−ë© ¤®áâã¯ ª �£¥−âã, �â�ª¨ �£¥−â®¢ ¨ ¤à.) ¨ á¨áâ¥¬ë ¢ æ¥«®¬
(DoS-�â�ª¨, ¯®¤¤¥«ª� �£¥−â®¢, ¯®¤¤¥«ª� á«ã¦¡ ¨ ¤à.), ª®â®àë¥ ¯®¤à®¡−®
à�áá¬®âà¥−ë ¢ [48, 49]. Šà®¬¥ â®£®, ¨−â¥««¥ªâã�«ì−ë¥ �£¥−âë á¨áâ¥¬ë,
®á®¡¥−−® ¨á¯®«ì§ãîé¨¥ ¬®¤¥«¨ ¬�è¨−−®£® ®¡ãç¥−¨ï ¢ á¢®¨å à�ááã¦¤¥−¨ïå,
¬®£ãâ ¡ëâì ¯®¤¢¥à¦¥−ë �â�ª�¬ ç¥à¥§ ¤�−−ë¥ ¤«ï ®¡ãç¥−¨ï, â�ª¨¬¨ ª�ª ®âà�-
¢«¥−¨¥ ¤�−−ëå, ãª«®−¥−¨¥, ®¡à�â−�ï à�§à�¡®âª� ¨ ¤à. [50{52]. ‚ ª®−â¥ªáâ¥
ƒ¨ˆŒ�‘ íâ¨ ª«�ááë ãï§¢¨¬®áâ¥© ¢§�¨¬®á¢ï§�−ë: �â�ª¨ −� ¤�−−ë¥ ¬®£ãâ
¯à¨¢¥áâ¨ ª á¨áâ¥¬−ë¬ ¯à®¡«¥¬�¬, ¨ −�®¡®à®â. Šà®¬¥ â®£®, ®á®¡®¥ ¢−¨¬�−¨¥
¤®«¦−® ã¤¥«ïâìáï à¥ä«¥ªá¨¢−ë¬ ¯à®æ¥áá�¬ ¢ á¨áâ¥¬¥, ¥á«¨ ®−¨ ¬®¤¥«¨àã-
îâáï. �â¨ ¯à®æ¥ááë ¬®£ãâ ª�ª á¯®á®¡áâ¢®¢�âì ¯®¢ëè¥−¨î ¡¥§®¯�á−®áâ¨,
â�ª ¨ á®¤¥à¦�âì ¯®â¥−æ¨�«ì−ë¥ ãï§¢¨¬®áâ¨. •®âï ¢ «¨â¥à�âãà¥ ¡ë«¨ ¯à¥¤-
áâ�¢«¥−ë à�§−®®¡à�§−ë¥ ¬¥â®¤ë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ ¤«ï ®â¤¥«ì−ëå
â¨¯®¢ ãï§¢¨¬®áâ¥© á¨áâ¥¬ à�á¯à¥¤¥«¥−−®£® ˆˆ, −¥®¡å®¤¨¬ë à¥è¥−¨ï, ª®-
â®àë¥ ®¡¥á¯¥ç�â ª®¬¯«¥ªá−ë© ¯®¤å®¤ ª ¨−ä®à¬�æ¨®−−®© ¨ äã−ªæ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨ â�ª¨å á¨áâ¥¬ [49];

{ á«®¦−®áâì ¨−â¥à¯à¥â�æ¨¨ ç¥«®¢¥ª®¬ á®®¡é¥−¨© �£¥−â®¢, §�¯¨á�−−ëå −� áâ�−-
¤�àâ−ëå ï§ëª�å ¯¥à¥¤�ç¨ á®®¡é¥−¨©, −�¯à¨¬¥à KQML [31] ¨«¨ FIPA
ACL [32]. ˆá¯®«ì§®¢�−¨¥ ¡®«¥¥ ¯à¨¢ëç−ëå ¤«ï ç¥«®¢¥ª� ï§ëª®¢ ¯à¨ ¢§�¨-
¬®¤¥©áâ¢¨¨ �£¥−â®¢, ¢ ç�áâ−®áâ¨ ¥áâ¥áâ¢¥−−ëå ¨«¨ ¢¨§ã�«ì−ëå ï§ëª®¢ [53],
ï§ëª®¢ ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨ [9], ¯®§¢®«¨«® ¡ë ¢áâà�¨¢�âì ¢ ¯à®-
æ¥áá ®¡áã¦¤¥−¨ï à¥�«ì−ëå á¯¥æ¨�«¨áâ®¢, â. ¥. à¥�«¨§®¢�âì ª®−æ¥¯æ¨î ¢¨àâã-
�«ì−ëå £¥â¥à®£¥−−ëå ª®««¥ªâ¨¢®¢ [54], ¯®«−®æ¥−−ë¬¨ ãç�áâ−¨ª�¬¨ ª®â®àëå
áâ�−®¢ïâáï ª�ª «î¤¨, â�ª ¨ ª®¬¯ìîâ¥à−ë¥ ¬®¤¥«¨ íªá¯¥àâ®¢. ‚ íâ®¬ á«ã-
ç�¥ ¬−®¦¥áâ¢® ¨áªãááâ¢¥−−ëå ¨−â¥««¥ªâã�«ì−ëå �£¥−â®¢ ¡ã¤¥â ¢ëáâã¯�âì
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ƒ¨¡à¨¤−�ï ¨−â¥««¥ªâã�«ì−�ï ¬−®£®�£¥−â−�ï á¨áâ¥¬� ª�ª ¬®¤¥«ì ¬�«®£® ª®««¥ªâ¨¢�

ãá¨«¨â¥«¥¬ ª®««¥ªâ¨¢−®£® ç¥«®¢¥ç¥áª®£® ¨−â¥««¥ªâ� ¨«¨ ¨−â¥««¥ªâã�«ì−®©
á¨áâ¥¬®© ¯®¤¤¥à¦ª¨ £àã¯¯®¢ëå à¥è¥−¨©. •®âï ¬¥â®¤ë −� ®á−®¢¥ ¡®«ìè¨å
ï§ëª®¢ëå ¬®¤¥«¥©, ¢ ç�áâ−®áâ¨ á®ªà�â¨ç¥áª¨¥ ¬®¤¥«¨ [55], ¯®§¢®«ïîâ ®à£�-
−¨§®¢�âì ¢§�¨¬®¤¥©áâ¢¨¥ �£¥−â®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥, ¢®§−¨ª�¥â ¯à®¡«¥¬�
ª®àà¥ªâ−®© ¨−â¥à¯à¥â�æ¨¨ á¥¬�−â¨ª¨ [56] ¯¥à¥¤�¢�¥¬ëå á®®¡é¥−¨© ¢á¥¬¨
ãç�áâ−¨ª�¬¨ â�ª¨å ª®««¥ªâ¨¢®¢, � â�ª¦¥ ãç¥â� £«®¡�«ì−®© áâàãªâãàë â¥ªáâ�,
ª®â®à�ï à¥è�¥âáï á®¢à¥¬¥−−ë¬¨ ¬¥â®¤�¬¨ −¥¤®áâ�â®ç−® ª�ç¥áâ¢¥−−® [57];

{ á«®¦−®áâì ®â«�¤ª¨, � â�ª¦¥ ®¡êïá−¥−¨ï ¯®«ãç¥−−ëå à¥è¥−¨©. ‚ ®¡é¥¬ á«ã-
ç�¥, ¥á«¨ ¯®¢â®à−® §�¯ãáâ¨âì ƒ¨ˆŒ�‘ á â¥¬¨ ¦¥ ¯�à�¬¥âà�¬¨ ¨ ¢å®¤−ë¬¨
¤�−−ë¬¨, à¥§ã«ìâ�â ¬®¦¥â ®â«¨ç�âìáï, çâ® ®¡ãá«®¢«¥−® −¥¤¥â¥à¬¨−¨§¬®¬
¯�à�««¥«ì−ëå �á¨−åà®−−ëå ¯à®æ¥áá®¢ [58], � â�ª¦¥ ¢¥à®ïâ−®áâ−ë¬ å�à�ª-
â¥à®¬ í¢à¨áâ¨ª, ª®â®àë¥ ¬®£ãâ ¯à¨¬¥−ïâìáï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ®â¤¥«ì−ëå
�£¥−â®¢. „«ï ¯®¢ëè¥−¨ï ãáâ®©ç¨¢®áâ¨ ¢ë¤�¢�¥¬ëå à¥è¥−¨© ¢ [59] ¯à¥¤«�-
£�¥âáï ¯®¤å®¤ á ¨á¯®«ì§®¢�−¨¥¬ §�¯ãáª� ¬−®¦¥áâ¢� ª®¯¨© á¨áâ¥¬ë, ª®â®àë¥
à�¡®â�îâ ¯�à�««¥«ì−® −�¤ ®¤−®© ¯à®¡«¥¬®©, ¯®á«¥ ç¥£® ¢ë¡¨à�¥âáï «ãçè¥¥
à¥è¥−¨¥. ’�ª®© ¯®¤å®¤ âà¥¡ã¥â §−�ç¨â¥«ì−®£® ã¢¥«¨ç¥−¨ï ¢ëç¨á«¨â¥«ì−ëå
à¥áãàá®¢, ¯à¨ íâ®¬ −¥ á−¨¬�¥â ¯à®¡«¥¬ã, � «¨èì ¬�áª¨àã¥â ¥¥ ¯à®ï¢«¥−¨ï.

Šà®¬¥ ¯¥à¥ç¨á«¥−−ëå ¯à®¡«¥¬ ¬®¤¥«¨à®¢�−¨ï ª®««¥ªâ¨¢−®£® à¥è¥−¨ï ¯à®¡-
«¥¬ áà¥¤áâ¢�¬¨ ƒ¨ˆŒ�‘ á«¥¤ã¥â ®â¬¥â¨âì ®£à�−¨ç¥−¨ï, −�á«¥¤ã¥¬ë¥ ®â ¬¥-
â®¤®«®£¨¨ ¬−®£®�£¥−â−ëå á¨áâ¥¬, ª®â®àë¥ §�âàã¤−ïîâ ¨å è¨à®ª®¥ ¨−¤ãáâà¨-
�«ì−®¥ ¯à¨¬¥−¥−¨¥, ¢ ç�áâ−®áâ¨ ®âáãâáâ¢¨¥ ç¥âª¨å ®¯à¥¤¥«¥−¨© ¨ á®£«�è¥−¨©
¯® ®á−®¢−ë¬ ¯®−ïâ¨ï¬, ãáâ�à¥¢è¨¥ ¨ à¥¤ª® ¨á¯®«ì§ã¥¬ë¥ −� ¯à�ªâ¨ª¥ áâ�−-
¤�àâë FIPA [32], ®âáãâáâ¢¨¥ £¨¡ª¨å ¯à®¬ëè«¥−−ëå ¬¥â®¤®¢ ¨ â¥å−®«®£¨© ¤«ï
à�§à�¡®âª¨ ¨ ¤à. �−�«¨§ ¨ ¯ãâ¨ à¥è¥−¨ï íâ¨å ¯à®¡«¥¬ à�áá¬®âà¥−ë ¢ [58].

7 Заключение

‚ áâ�âì¥ ®¡®á−®¢�−� −¥®¡å®¤¨¬®áâì ¯¥à¥å®¤� ª ¬®¤¥«ï¬, ¢®á¯à®¨§¢®¤ïé¨¬
¤¨−�¬¨ªã ¬�«ëå ª®««¥ªâ¨¢®¢ á¯¥æ¨�«¨áâ®¢, £¤¥ ¬−®¦¥áâ¢® �£¥−â®¢ á à�§−ë¬¨ ¬®-
¤¥«ï¬¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨, æ¥«ï¬¨ ¨ áâà�â¥£¨ï¬¨ á®¢¬¥áâ−® ¨éãâ à¥è¥−¨ï ç¥à¥§
ª®−ä«¨ªâ ¨¤¥©, à�á¯à¥¤¥«¥−¨¥ à®«¥© ¨ á¨−â¥§ §−�−¨©. ’�ª®© ¯®¤å®¤ −¥ â®«ìª®
à�áè¨à¨â á¯¥ªâà à¥è�¥¬ëå ˆˆ ¯à®¡«¥¬, −® ¨ ¯®§¢®«¨â ¯à¥®¤®«¥âì ª«îç¥¢ë¥
®£à�−¨ç¥−¨ï, â�ª¨¥ ª�ª −¥á¯®á®¡−®áâì �«£®à¨â¬®¢ ª �¤�¯â�æ¨¨ ¨ íâ¨ç¥áª¨¥ à¨á-
ª¨, á¢ï§�−−ë¥ á æ¥−âà�«¨§®¢�−−ë¬ ¯à¨−ïâ¨¥¬ à¥è¥−¨©. Œ®¤¥«¨à®¢�−¨¥ ¬�«ëå
ª®««¥ªâ¨¢®¢ ¯®§¢®«¨â á®§¤�¢�âì ¤¥æ¥−âà�«¨§®¢�−−ë¥ ¨−â¥««¥ªâã�«ì−ë¥ á¨áâ¥-
¬ë, á¯®á®¡−ë¥ ¢ëà�¡�âë¢�âì á¢®© ¬¥â®¤ à¥è¥−¨ï, à¥«¥¢�−â−ë© ª�¦¤®© −®¢®©
¯à®¡«¥¬¥, �−�«®£¨ç−® â®¬ã, ª�ª ¬¥¤¨æ¨−áª¨© ª®−á¨«¨ã¬ ¯®¤¡¨à�¥â â�ªâ¨ªã ¤¨�-
£−®áâ¨ª¨ ¨ «¥ç¥−¨ï ¯®¤ ª®−ªà¥â−®£® ¯�æ¨¥−â�. ‘ íâ®© æ¥«ìî ¢ à�¡®â¥ ¯à¥¤«®¦¥−�
ª®−æ¥¯æ¨ï ƒ¨ˆŒ�‘, ®¯¨á�−ë ®á−®¢−ë¥ áâ�¤¨¨ ¥¥ ¯à®¥ªâ¨à®¢�−¨ï, à¥§ã«ìâ�â
ª®â®à®£® | ¯à®£à�¬¬−�ï à¥�«¨§�æ¨ï á¨áâ¥¬ë ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© ¯à®¡-
«¥¬ë, å�à�ªâ¥à¨§ãîé¥©áï á«�¡®© ä®à¬�«¨§�æ¨¥©, −¥®¤−®à®¤−®áâìî ¨ á¥â¥¢®©
áâàãªâãà®©. �−�«¨§ ®á®¡¥−−®áâ¥© ƒ¨ˆŒ�‘, ¬®¤¥«¨àãîé¨å à�§«¨ç−ë¥ ¬�ª-
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à®ãà®¢−¥¢ë¥ íää¥ªâë ¢ ª®««¥ªâ¨¢�å á¯¥æ¨�«¨áâ®¢, ¯®§¢®«¨« áä®à¬ã«¨à®¢�âì
â�ª¦¥ â¨¯®¢ãî ¬®¤¥«ì ¨ äã−ªæ¨®−�«ì−ãî áâàãªâãàã â�ª¨å á¨áâ¥¬. Šà®¬¥ â®-
£®, ¢ë¯®«−¥− �−�«¨§ �ªâã�«ì−ëå ¯à®¡«¥¬ ¨ ¯¥àá¯¥ªâ¨¢ à�§¢¨â¨ï ¯à¥¤«®¦¥−−®©
ª®−æ¥¯æ¨¨, ª®â®àë© ¯à®¤¥¬®−áâà¨à®¢�« �ªâã�«ì−®áâì ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©
¢ ¤�−−®¬ −�¯à�¢«¥−¨¨.
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HYBRID INTELLIGENT MULTIAGENT SYSTEM
AS A MODEL OF A SMALL TEAM OF SPECIALISTS

FOR SOLVING PRACTICAL PROBLEMS
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Federal Research Center \Computer Science and Control" of the Russian Academy
of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: The paper is devoted to the issues of application of artificial intel-
ligence systems for solving practical problems characterized by heterogeneity,
uncertainty, fuzzyness, and dynamism. The application of decentralized artificial
intelligence methods that allow simulating the work of small teams of specialists,
which are traditionally used to solve such problems, is substantiated. As one
of the possible options for implementing this approach, the concept of hybrid
intelligent multiagent systems is proposed, in which intelligent agents with ex-
tensive domain models interact with each other, develop rules for jointly solving
the problem, exchange knowledge necessary for its solution, adjusting their own
ideas about it, distribute its parts among themselves, and synthesize a common
solution. This allows the intelligent system to demonstrate high adaptability
developing a new relevant method when solving the next problem. The paper pro-
poses a methodology for constructing a typical model and a functional structure
of a hybrid intelligent multiagent system, an assessment of existing problems,
and possible prospects for the development of research in this area.

Keywords: team of specialists; problem solving; hybrid intelligent multiagent
system; construction methodology; conceptual model; functional structure;
multiagent system; hybrid intelligent system
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СВОЙСТВА И ОПТИМИЗАЦИЯ САМОСИНХРОННЫХ СХЕМ

В. Н. Захаров1, Ю. А. Степченков2, Ю. Г. Дьяченко3, Н. В. Морозов4,
Л. П. Плеханов5, Д. Ю. Степченков6

�−−®â�æ¨ï: ‘â�âìï ¯®á¢ïé¥−� ªà�âª®¬ã ®¡§®àã â¥−¤¥−æ¨© à�§¢¨â¨ï ¨ ¤®-
áâ¨¦¥−¨© ¢ ®¡«�áâ¨ á�¬®á¨−åà®−−ëå (‘‘) áå¥¬. ‡� áç¥â ¨§¡ëâ®ç−®£® ª®-
¤¨à®¢�−¨ï ¤�−−ëå ¨ ¤¢ãåä�§−®© ¤¨áæ¨¯«¨−ë ‘‘-áå¥¬ë ®¡«�¤�îâ àï¤®¬
¯à¥¨¬ãé¥áâ¢ ¢ áà�¢−¥−¨¨ á á¨−åà®−−ë¬¨ (‘) �−�«®£�¬¨. �−¨ −�¤¥¦−® äã−ª-
æ¨®−¨àãîâ ¯à¨ «î¡ëå §�¤¥à¦ª�å í«¥¬¥−â®¢, ¢ëï¢«ïîâ «î¡ë¥ ª®−áâ�−â−ë¥
−¥¨á¯à�¢−®áâ¨, ¨¬¥îâ ¯à¥¤¥«ì−® è¨à®ª¨© ¤¨�¯�§®− à�¡®â®á¯®á®¡−®áâ¨ ¯®
−�¯àï¦¥−¨î ¯¨â�−¨ï ¨ â¥¬¯¥à�âãà¥ ®ªàã¦�îé¥© áà¥¤ë. �à�ªâ¨ç¥áª�ï à�§-
à�¡®âª� ‘‘-ãáâà®©áâ¢ à�§−®© á«®¦−®áâ¨ ¤®ª�§�«� íää¥ªâ¨¢−®áâì ‘‘-à¥è¥-
−¨©, ®á®¡¥−−® ¢ ¢ëá®ª®−�¤¥¦−ëå ¨ ®âª�§®ãáâ®©ç¨¢ëå ¯à¨¬¥−¥−¨ïå. ‘â�âìï
¯à¨¢®¤¨â à¥§ã«ìâ�âë áà�¢−¨â¥«ì−ëå ¨á¯ëâ�−¨© â¥áâ®¢ëå ®¡à�§æ®¢ ‘- ¨ ‘‘-
áå¥¬, ®æ¥−ª¨ ¡ëáâà®¤¥©áâ¢¨ï ¨ á¡®¥ãáâ®©ç¨¢®áâ¨ ‘‘-áå¥¬ à�§−®£® ãà®¢−ï
á«®¦−®áâ¨. �¯¨á�−� £àã¯¯®¢�ï ¨−¤¨ª�æ¨ï ¬−®£®à�§àï¤−ëå ‘‘-áå¥¬, ¯®-
¢ëè�îé�ï ¨å ¡ëáâà®¤¥©áâ¢¨¥ −� 40% §� áç¥â −¥§−�ç¨â¥«ì−®£® ã¢¥«¨ç¥−¨ï
(¬¥−¥¥ 3%) �¯¯�à�â−ëå §�âà�â. �à¨¢¥¤¥−ë áå¥¬®â¥å−¨ç¥áª¨¥ ¬¥â®¤ë §�é¨âë
®â «®£¨ç¥áª¨å á¡®¥¢, ã«ãçè�îé¨¥ ¥áâ¥áâ¢¥−−ãî ¨¬¬ã−−®áâì ‘‘-áå¥¬ ª −¥-
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§�æ¨¨. ‘�¬®á¨−åà®−−ë¥ áå¥¬ë ¢ ¤®¯®«−¥−¨¥ ª íâ®¬ã ª®−âà®«¨àãîâ ãá¯¥è−®¥
§�¢¥àè¥−¨¥ ¢á¥å ¯¥à¥ª«îç¥−¨© «®£¨ç¥áª¨å í«¥¬¥−â®¢, ¨−¨æ¨¨à®¢�−−ëå ¢å®¤-
−ë¬¨ ¤�−−ë¬¨ [1]. ’¥¬ á�¬ë¬ ®−¨ ®¡¥á¯¥ç¨¢�îâ ¬�ªá¨¬�«ì−ãî §�é¨âã ®â à�á-
á¨−åà®−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¡«®ª®¢ ¢ á®áâ�¢¥ áå¥¬ë, á¢ï§�−−®© á ¨§¬¥−¥−¨¥¬
§�¤¥à¦¥ª ¯¥à¥ª«îç¥−¨ï «®£¨ç¥áª¨å í«¥¬¥−â®¢ áå¥¬ë ¨§-§� ¢«¨ï−¨ï ®ªàã¦�îé¥©
áà¥¤ë ¨ ¯à®æ¥áá®¢ áâ�à¥−¨ï.

‘�¬®á¨−åà®−−ë¥ áå¥¬ë å�à�ªâ¥à¨§ãîâáï àï¤®¬ ¯à¥¨¬ãé¥áâ¢ ¢ áà�¢−¥−¨¨
á á¨−åà®−−ë¬¨ ¨ �á¨−åà®−−ë¬¨ �−�«®£�¬¨ [4]:

{ á®åà�−¥−¨¥¬ ãáâ®©ç¨¢®© à�¡®âë ¯à¨ «î¡ëå ¤®¯ãáâ¨¬ëå ãá«®¢¨ïå íªá¯«ã-
�â�æ¨¨ ¢á«¥¤áâ¢¨¥ −¥§�¢¨á¨¬®áâ¨ ¨å äã−ªæ¨®−¨à®¢�−¨ï ®â §�¤¥à¦¥ª ¯¥à¥-
ª«îç¥−¨ï í«¥¬¥−â®¢ ¨å ¡�§¨á� à¥�«¨§�æ¨¨;

{ £®à�§¤® ¡®«¥¥ è¨à®ª¨¬ ¤¨�¯�§®−®¬ à�¡®â®á¯®á®¡−®áâ¨ ¯® −�¯àï¦¥−¨î ¯¨â�-
−¨ï ¨ â¥¬¯¥à�âãà¥ ®ªàã¦�îé¥© áà¥¤ë;

{ ¯à¥ªà�é¥−¨¥¬ à�¡®âë ¯à¨ ¯®ï¢«¥−¨¨ ª®−áâ�−â−®© −¥¨á¯à�¢−®áâ¨;

{ ¥áâ¥áâ¢¥−−®© ãáâ®©ç¨¢®áâìî ª «®£¨ç¥áª¨¬ á¡®ï¬, ¢ë§ë¢�¥¬ë¬ −¥¡«�£®¯à¨-
ïâ−ë¬¨ ¢−¥è−¨¬¨ ¢®§¤¥©áâ¢¨ï¬¨;

{ ®âáãâáâ¢¨¥¬ �¯¯�à�â−ëå §�âà�â ¨ í−¥à£®¯®âà¥¡«¥−¨ï, á¢ï§�−−ëå á à¥�«¨§�-
æ¨¥© £«®¡�«ì−®£® â�ªâ®¢®£® ú¤¥à¥¢�û.

�¥§�¢¨á¨¬®áâì ®â §�¤¥à¦¥ª ¯¥à¥ª«îç¥−¨ï «®£¨ç¥áª¨å í«¥¬¥−â®¢ ¨ á�¬®¤¨�-
£−®áâ¨ª� ®¡¥á¯¥ç¨¢�îâ ¢ëá®ªãî íää¥ªâ¨¢−®áâì á®§¤�−¨ï −�¤¥¦−ëå ¨§¤¥«¨©,
¢ â®¬ ç¨á«¥ ¨ ®âª�§®ãáâ®©ç¨¢ëå, ¢ ¡�§¨á¥ ‘‘-áå¥¬®â¥å−¨ª¨.

�á−®¢−ë¥ −¥¤®áâ�âª¨ ‘‘-áå¥¬ [5]:

{ ã¢¥«¨ç¥−−ë¥ �¯¯�à�â−ë¥ §�âà�âë ¨§-§� ¨§¡ëâ®ç−®£® ª®¤¨à®¢�−¨ï ¨−ä®à¬�-
æ¨¨ ¨ áå¥¬ë ¤¥â¥ªâ¨à®¢�−¨ï §�¢¥àè¥−¨ï ¢á¥å ¯¥à¥ª«îç¥−¨©;

{ −�«¨ç¨¥ ¤®¯®«−¨â¥«ì−®© §�¤¥à¦ª¨ ¨§-§� ¤¢ãåä�§−®© ¤¨áæ¨¯«¨−ë äã−ªæ¨®-
−¨à®¢�−¨ï ¨ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë.

�¯¯�à�â−�ï ¨§¡ëâ®ç−®áâì æ¨äà®¢®© ‘‘-áå¥¬ë §�¢¨á¨â ®â â¨¯� ãáâà®©áâ¢�.
‚ áà�¢−¥−¨¨ á ‘-�−�«®£�¬¨ �¯¯�à�â−ë¥ §�âà�âë, ¢ëà�¦¥−−ë¥ ¢ ç¨á«¥ ª®¬¯«¥-
¬¥−â�à−ëå ¬¥â�««-®ªá¨¤-¯®«ã¯à®¢®¤−¨ª (ŠŒ��) âà�−§¨áâ®à®¢, ®ª�§ë¢�îâáï
¢ 3,1 à�§� ¢ëè¥ ¢ ª®¬¡¨−�æ¨®−−ëå ‘‘-áå¥¬�å ¨ ¢ 1,5 à�§� ¡®«ìè¥ ¢ ‘‘-áå¥¬�å
á ¯�¬ïâìî [6].

�¤−�ª® ¯®á«¥¤®¢�â¥«ì−®¥ ã¬¥−ìè¥−¨¥ à�§¬¥à®¢ âà�−§¨áâ®à®¢ ¤¥«�¥â ¬¥−¥¥
ªà¨â¨ç−®© ¨§¡ëâ®ç−®áâì �¯¯�à�â−ëå §�âà�â. „®¯®«−¨â¥«ì−®¥ ¦¥ ¢à¥¬ï ¤«ï ¯¥-
à¥ª«îç¥−¨ï ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë ¨ ¯à¥¡ë¢�−¨ï ‘‘-áå¥¬ë ¢ á¯¥©á¥à−®© ä�§¥
ª®¬¯¥−á¨àã¥âáï ®âáãâáâ¢¨¥¬ −¥®¡å®¤¨¬®áâ¨ á−¨¦¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ áå¥-
¬ë ¢ à�áç¥â¥ −� −�¨åã¤è¨© á«ãç�©, ¯®áª®«ìªã ‘‘-áå¥¬ë à�¡®â�îâ ¢ á®®â¢¥âáâ¢¨¨
á à¥�«ì−ë¬¨ §�¤¥à¦ª�¬¨ í«¥¬¥−â®¢.

ˆ−â¥à¥á ª ‘‘-áå¥¬�¬ ¯®¢ëè�¥âáï ¯® ¬¥à¥ −�à�áâ�−¨ï ¯à®¡«¥¬ ¢ ‘-áå¥¬®â¥å-
−¨ª¥, á¢ï§�−−ëå á á¨−åà®−¨§�æ¨¥© ¢ëç¨á«¨â¥«ì−ëå ¯à®æ¥áá®¢ −� ¡®«ìè¥© ¯«®-
é�¤¨ â®¯®«®£¨ç¥áª®© à¥�«¨§�æ¨¨ ¬¨ªà®áå¥¬. ‚ ¯¥ç�â¨ ¯à¨¢®¤ïâáï à¥§ã«ìâ�âë
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‘¢®©áâ¢� ¨ ®¯â¨¬¨§�æ¨ï á�¬®á¨−åà®−−ëå áå¥¬

à�§à�¡®âª¨ äã−ªæ¨®−�«ì−®-§�ª®−ç¥−−ëå �á¨−åà®−−ëå ¨§¤¥«¨© ãà®¢−ï á¢¥àå-
¡®«ìè¨å ¨−â¥£à�«ì−ëå áå¥¬ (‘�ˆ‘) (á¬., −�¯à¨¬¥à, [7]).

‚ ‘‘‘÷ ¬¥â®¤®«®£¨ï ‘‘-¯à®¥ªâ¨à®¢�−¨ï �ªâ¨¢−® à�§¢¨¢�«�áì ª®««¥ªâ¨¢®¬
¨áá«¥¤®¢�â¥«¥© ¯®¤ àãª®¢®¤áâ¢®¬ ‚. ˆ. ‚�àè�¢áª®£® [1,8]. ‘ 1980-å ££. ‘‘-¬¥-
â®¤®«®£¨î à�§¢¨¢�¥â ˆ�ˆ ÷�� [9{12].

„�−−�ï áâ�âìï �−�«¨§¨àã¥â à�§«¨ç−ë¥ ¯®¤å®¤ë ª ¯à®¥ªâ¨à®¢�−¨î ‘‘-áå¥¬,
áà�¢−¨¢�¥â å�à�ªâ¥à¨áâ¨ª¨ ‘- ¨ ‘‘-�−�«®£®¢, ¯à¥¤«�£�¥â áå¥¬®â¥å−¨ç¥áª¨¥
à¥è¥−¨ï, ¯®¢ëè�îé¨¥ ¡ëáâà®¤¥©áâ¢¨¥ ¨ á¡®¥ãáâ®©ç¨¢®áâì ‘‘-áå¥¬, ¤�¥â à¥ª®-
¬¥−¤�æ¨¨ ¯® ¨å ¨á¯®«ì§®¢�−¨î.

2 Практически значимые самосинхронные схемы

�−�«¨§ â¥å−¨ç¥áª¨å ¯ã¡«¨ª�æ¨© ¯®ª�§ë¢�¥â, çâ® ¡®«ìè¨−áâ¢® ¯à¥¤«�£�¥¬ëå
‘‘-à¥è¥−¨© −� á�¬®¬ ¤¥«¥ ®â−®áïâáï ª ª«�ááã áå¥¬ á® á¢ï§�−−ë¬¨ ¤�−−ë¬¨.
�−¨ ¨á¯®«ì§ãîâ §�¯à®á-®â¢¥â−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã äã−ªæ¨®−�«ì−ë¬¨ ¡«®-
ª�¬¨, −® ª®−âà®«ì ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨© §�¬¥−¥− ¢áâà®¥−−ë¬¨ í«¥¬¥−â�¬¨
§�¤¥à¦ª¨. �â® ã¬¥−ìè�¥â �¯¯�à�â−ãî ¨§¡ëâ®ç−®áâì ¨ à�áè¨àï¥â ®¡«�áâì à�¡®â®-
á¯®á®¡−®áâ¨. �¤−�ª® ¢ à¥§ã«ìâ�â¥ â¥àïîâáï ®á−®¢−ë¥ ¯à¥¨¬ãé¥áâ¢� ‘‘-áå¥¬ |
−¥§�¢¨á¨¬®áâì ¨å ¯®¢¥¤¥−¨ï ®â §�¤¥à¦¥ª í«¥¬¥−â®¢ ¨ á�¬®¤¨�£−®áâ¨ª�.

�®«¥¥ ¯à�ªâ¨ç−ë¬ ®ª�§�«áï ¯®¤ª«�áá áå¥¬, −¥ §�¢¨áïé¨å ®â §�¤¥à¦¥ª ¢ í«¥-
¬¥−â�å (�‡�). ‚ ¯à¥¤¥«�å íª¢¨åà®−−®© §®−ë [1] ®−¨ ®¡«�¤�îâ ¢á¥¬¨ á¢®©áâ¢�¬¨
¤¥©áâ¢¨â¥«ì−® ‘‘-áå¥¬. Š ãáâà®©áâ¢�¬ â�ª®£® â¨¯� ®â−®á¨âáï, −�¯à¨¬¥à, ã¬−®-
¦¨â¥«ì-áã¬¬�â®à (Fused Multiply-Add unit, FMA) [13].

Œ¥â®¤®«®£¨ï ¯à®¥ªâ¨à®¢�−¨ï �‡�-áå¥¬, à�§¢¨¢�¥¬�ï ¢ ˆ�ˆ ÷��, ¡�§¨-
àã¥âáï −� ¤¢ãåä�§−®¬ à¥¦¨¬¥ à�¡®âë, ¨á¯®«ì§®¢�−¨¨ ¯�à�ä�§−ëå, ¡¨ä�§−ëå
¨ ã−�à−ëå á¨£−�«®¢, ª®−âà®«¥ ¯¥à¥ª«îç¥−¨ï ¢á¥å í«¥¬¥−â®¢ áå¥¬ë ¨−¤¨ª�â®à−®©
¯®¤áå¥¬®©, §�¯à®á-®â¢¥â−®¬ ¢§�¨¬®¤¥©áâ¢¨¨ ‘‘-ãáâà®©áâ¢.

�à�ªâ¨ç¥áª¨ æ¥«¥á®®¡à�§−ë¬¨ ®ª�§�«¨áì â�ª¦¥ ª¢�§¨-�‡� (Š�‡�) áå¥¬ë.
�á−®¢−®¥ ¨å ®â«¨ç¨¥ ®â �‡�-áå¥¬ á®áâ®¨â ¢ â®¬, çâ® ®−¨ ª®−âà®«¨àãîâ á ¯®-
¬®éìî ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë ®ª®−ç�−¨¥ ¯¥à¥ª«îç¥−¨ï â®«ìª® â¥å í«¥¬¥−â®¢,
ª®â®àë¥ áâ®ïâ −� ªà¨â¨ç¥áª¨å ¯ãâïå ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, � −¥ ¢á¥å í«¥¬¥−â®¢
áå¥¬ë. ‡� áç¥â íâ®£® ®−¨ ¡®«¥¥ ¡ëáâà®¤¥©áâ¢ãîé¨¥ ¨ ¬¥−¥¥ á«®¦−ë¥, ª�ª,
−�¯à¨¬¥à, ¢ëç¨á«¨â¥«ì [11], ¢ë¯®«−ïîé¨© ¤¥«¥−¨¥ ¨ ¨§¢«¥ç¥−¨¥ ª¢�¤à�â−®£®
ª®à−ï ¢ á®®â¢¥âáâ¢¨¨ á® áâ�−¤�àâ®¬ IEEE 754 [14]. �¤−�ª® ®−¨ ®¡«�¤�îâ
¬¥−ìè¨¬ ¤¨�¯�§®−®¬ à�¡®â®á¯®á®¡−®áâ¨ ¢ áà�¢−¥−¨¨ á �‡�-áå¥¬�¬¨.

�à¨ ¬¨ªà®−−ëå â®¯®«®£¨ç¥áª¨å −®à¬�å íª¢¨åà®−−�ï §®−� ¨§¬¥àï«�áì ¬¨«-
«¨¬¥âà�¬¨ ¨ ¯à�ªâ¨ç¥áª¨ ¯®ªàë¢�«� ¢áî ¯«®é�¤ì ªà¨áâ�««� �ˆ‘ (¡®«ìè®©
¨−â¥£à�«ì−®© áå¥¬ë). �¤−�ª® á ¯¥à¥å®¤®¬ ª áã¡¬¨ªà®−−ë¬ −®à¬�¬ à�§¬¥à íª¢¨-
åà®−−®© §®−ë áãé¥áâ¢¥−−® á®ªà�â¨«áï ¨§-§� â®£®, çâ® §�¤¥à¦ª¨ í«¥¬¥−â®¢ áâ�«¨
¬¥−ìè¥ §�¤¥à¦¥ª ¢ ¯à®¢®¤�å. ‚ á®¢à¥¬¥−−ëå æ¨äà®¢ëå ‘�ˆ‘ íª¢¨åà®−−�ï §®-
−� ¯®ªàë¢�¥â «¨èì ¬�«ãî ç�áâì ¯«®é�¤¨ ªà¨áâ�««�, ¯®íâ®¬ã �‡�-áå¥¬ë ¬®£ãâ
áç¨â�âìáï ‘‘-áå¥¬�¬¨, ¥á«¨ äã−ªæ¨®−�«ì−ë¥ ¡«®ª¨, á¢ï§�−−ë¥ ¤àã£ á ¤àã£®¬
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‚. �. ‡�å�à®¢, ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª® ¨ ¤à.

§�¯à®á-®â¢¥â−ë¬ ¢§�¨¬®¤¥©áâ¢¨¥¬, ¢ â®¯®«®£¨¨ ¨¬¥îâ á®®â¢¥âáâ¢ãîé¨¥ à�§-
¬¥àë.

Š ¤¥©áâ¢¨â¥«ì−® ‘‘-áå¥¬�¬ ®â−®áïâáï â�ª¦¥ áå¥¬ë NULL Convention Logic
(NCL) [15]. �−¨ áâà®ïâáï −� á¯¥æ¨�«ì−ëå í«¥¬¥−â�å, ª�¦¤ë© ¨§ ª®â®àëå
¨−¤¨æ¨àã¥â ¢á¥ á¢®¨ ¢å®¤ë, ¨ ¯®â®¬ã ¨å à�§à�¡®âª� ¯à®é¥ �¢â®¬�â¨§¨àã¥âáï.
ˆ§¢¥áâ−ë, −�¯à¨¬¥à, ¤¢¥ á¨áâ¥¬ë ¨å á¨−â¥§�: BALSA [16] ¨ UNCLE [17]. �¤−�ª®
í«¥¬¥−â−ë© ¡�§¨á NCL-áå¥¬ áãé¥áâ¢¥−−® ®£à�−¨ç¥−, � á�¬¨ áå¥¬ë çà¥§¬¥à−®
¨§¡ëâ®ç−ë ¨ ¨§-§� íâ®£® ®¡«�¤�îâ ¯®−¨¦¥−−ë¬ ¡ëáâà®¤¥©áâ¢¨¥¬ ¨ ¢ëá®ª¨¬
í−¥à£®¯®âà¥¡«¥−¨¥¬. NCL-áå¥¬ë ®ª�§ë¢�îâáï á«®¦−¥¥ �‡�-áå¥¬ ¢ 4,5 à�§�
¯à¨ à¥�«¨§�æ¨¨, −�¯à¨¬¥à, ¤¢®¨ç−®£® áç¥âç¨ª�, ¢ 1,13 à�§� ¯à¨ à¥�«¨§�æ¨¨
ã¬−®¦¨â¥«ï ¨ −¥ ¡®«¥¥ ç¥¬ ¢ 2 à�§� ¯à¨ à¥�«¨§�æ¨¨ ¯à®áâëå «®£¨ç¥áª¨å áå¥¬ [18].

3 Программная поддержка

Œ�àèàãâ ¯à®¥ªâ¨à®¢�−¨ï �‡�-áå¥¬ ¯®¤¤¥à¦¨¢�¥âáï ®â¥ç¥áâ¢¥−−ë¬¨ ¯à®-
£à�¬¬�¬¨ �−�«¨§� à�§à�¡�âë¢�¥¬®© áå¥¬ë −� á�¬®á¨−åà®−−®áâì [19, 20]. �−¨
®¡¥á¯¥ç¨¢�îâ ¯à®¢¥àªã áå¥¬ë −� ¯à¨−�¤«¥¦−®áâì ª ª«�ááã ‘‘-áå¥¬ ¨ ¯®¬®£�îâ
¯®«ì§®¢�â¥«î −�©â¨ ®è¨¡ª¨ ¢ áå¥¬¥.

‚ −�áâ®ïé¥¥ ¢à¥¬ï à�§à�¡�âë¢�¥âáï ¯®¤á¨áâ¥¬� á¨−â¥§� �‡�-áå¥¬ [21] −�
®á−®¢¥ ¡¨¡«¨®â¥ª áâ�−¤�àâ−ëå í«¥¬¥−â®¢ ¨ ‘‘-ïç¥¥ª [22, 23]. ÷ï¤ âà¨££¥à®¢
‘‘-¡¨¡«¨®â¥ª¨ ®¡¥á¯¥ç¨¢�îâ íää¥ªâ¨¢−®¥ à¥è¥−¨¥ ¯à®¡«¥¬:

{ ã¢¥«¨ç¥−¨ï −�£àã§®ç−®© á¯®á®¡−®áâ¨ ¢ëå®¤®¢ âà¨££¥à®¢ [24];

{ á®ªà�é¥−¨ï ç¨á«� á¨£−�«®¢ ¢å®¤−®£® ¨−â¥àä¥©á� [25];

{ à¥�«¨§�æ¨¨ âà¨££¥à� á ¯�à�ä�§−ë¬¨ ¢å®¤®¬ ¨ ¢ëå®¤®¬ [26].

Œ®¤¥«¨ ¡¨¡«¨®â¥ç−ëå í«¥¬¥−â®¢ ¢ á¨áâ¥¬¥ �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®-
¢�−¨ï (‘��÷) úŠ®¢ç¥£û £¥−¥à¨àãîâ ¯à¥¤ã¯à¥¦¤¥−¨ï ® ¢®§¬®¦−®¬ −�àãè¥−¨¨
¤¨áæ¨¯«¨−ë ä®à¬¨à®¢�−¨ï á¨£−�«®¢. �â® ¯®§¢®«ï¥â à�§à�¡®âç¨ªã �‡�-áå¥¬ë
−� íâ�¯¥ ¬®¤¥«¨à®¢�−¨ï ¨§¡¥¦�âì ®è¨¡®ª ¯à¨ à�§à�¡®âª¥ áå¥¬ë.

4 Экспериментальные результаты

‘à�¢−¥−¨¥ ¯à¥¤áâ�¢«¥−−ëå −¨¦¥ ‘-, Š�‡�- ¨ �‡�-¢�à¨�−â®¢ à¥�«¨§�æ¨¨
æ¨äà®¢ëå ãáâà®©áâ¢ ®á−®¢�−® −� ®æ¥−ª¥ ¡ëáâà®¤¥©áâ¢¨ï ¢ à¥�«ì−ëå ãá«®¢¨ïå
íªá¯«ã�â�æ¨¨ ¤«ï ‘‘-áå¥¬ ¨ ¢ −�¨åã¤è¥¬ á«ãç�¥ ¤«ï ‘-áå¥¬. ÷¥§ã«ìâ�âë
¨á¯ëâ�−¨© àï¤� æ¨äà®¢ëå ãáâà®©áâ¢, ®¯¨á�−−ë¥ −¨¦¥, ¯®¤â¢¥à¦¤�îâ, çâ®
¢ −®à¬�«ì−ëå ãá«®¢¨ïå ‘‘-áå¥¬ë, ª�ª ¯à�¢¨«®, ¡ëáâà¥¥ ‘-�−�«®£®¢.

4.1 Микроядро

Œ¨ªà®ï¤à® ¯à¥¤áâ�¢«ï¥â á®¡®© 4-à�§àï¤−ë© �−�«®£ ¢ëç¨á«¨â¥«ì−®£® ï¤à�
¬¨ªà®ª®−âà®««¥à� PIC18XX (Microchip). …£® áâàãªâãà−�ï áå¥¬� ¯®ª�§�−� −�
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‘¢®©áâ¢� ¨ ®¯â¨¬¨§�æ¨ï á�¬®á¨−åà®−−ëå áå¥¬

à¨á. 1 [27]. ‘å¥¬� ¬¨ªà®ï¤à� ¡ë-

÷¨á. 1 ‘âàãªâãà−�ï áå¥¬� ¬¨ªà®ï¤à�

«� à�§à�¡®â�−� ¢ ‘- ¨ �‡�-¢�à¨�−-
â�å ¨ ¨§£®â®¢«¥−� −� ¡�§®¢®¬ ¬�âà¨ç-
−®¬ ªà¨áâ�««¥ (�ŒŠ) á¥à¨¨ 5503 ¯®
1,6-¬¨ªà®¬¥âà®¢®© ŠŒ��-â¥å−®«®-
£¨¨ (��Š ú’¥å−®«®£¨ç¥áª¨© æ¥−âàû,
Œˆ�’). ÷¥§ã«ìâ�âë ¨§¬¥à¥−¨© ¤«¨-
â¥«ì−®áâ¨ ¢ë¯®«−¥−¨ï à�§−ëå −�¡®-
à®¢ ¨§ ç¥âëà¥å ª®¬�−¤ ¤«ï ®¡®¨å
¢�à¨�−â®¢ ¬¨ªà®ï¤à� ¯à¥¤áâ�¢«¥−ë
¢ â�¡«. 1. �−¨ ¯®ª�§ë¢�îâ, çâ®
�‡�-¢�à¨�−â ¬¨ªà®ï¤à� «ãçè¥ á¢®¥-
£® ‘-�−�«®£� ¢ 3,25 à�§� ¯® à¥�«ì−®©
¯à®¨§¢®¤¨â¥«ì−®áâ¨. ’�¡«¨æ� 2 ®¯¨-
áë¢�¥â á«®¦−®áâì �¯¯�à�â−ëå ¡«®ª®¢
¬¨ªà®ï¤à� ¤«ï ®¡®¨å ¢�à¨�−â®¢ ¢ ¢¥−-
â¨«ïå �ŒŠ. „«ï ‘-¢�à¨�−â� ®−¨ ®ª�-
§�«¨áì ¬¥−ìè¥ ¢ 1,43 à�§�.

÷¨áã−®ª 2 ¯®ª�§ë¢�¥â à¥§ã«ìâ�âë
¯à®¢¥àª¨ à�¡®â®á¯®á®¡−®áâ¨ ‘- (â¥¬-

’�¡«¨æ� 1 �à®¨§¢®¤¨â¥«ì−®áâì ¬¨ªà®ï¤à�

�à®¨§¢®¤¨â¥«ì−®áâì, −á
��¡®à ®¯¥à�æ¨© ‘-¢�à¨�−â �‡�-¢�à¨�−â

U = 4,5 ‚,
T = 125 ◦C

U = 4,5 ‚,
T = 125 ◦C

U = 5,0 ‚,
T = 27 ◦C

U = 5,5 ‚,
T = −63 ◦C

1 Cyclic MUL 250 166 144 118
2 Cyclic ROT 250 121 102 86
3 Cyclic NOP 250 111 93 75
4 Cyclic JUMP 500 90 78 66

5
MUL + JUMP +
NOP + ROT 1248 516 440 364

’�¡«¨æ� 2 ‘«®¦−®áâì ¬¨ªà®ï¤à�

�¯¯�à�â−ë© ¡«®ª ‘-¢�à¨�−â �‡�-¢�à¨�−â
1 “¬−®¦¨â¥«ì 177 444
2 ‘¤¢¨£�â¥«ì 52 214
3 ‘ç¥âç¨ª 88 159
4 ��¬ïâì ª®¬�−¤ 230 192
5 ‘å¥¬� ã¯à�¢«¥−¨ï 423 380
ˆâ®£® 970 1389
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÷¨á. 2 „¨�¯�§®−ë à�¡®â®á¯®á®¡−®áâ¨ ‘- ¨ �‡�-¢�à¨�−â� ¬¨ªà®ï¤à�

−�ï ®¡«�áâì) ¨ �‡�-®¡à�§æ®¢ ¬¨ªà®ï¤à� ¢ ¤¨�¯�§®−¥ −�¯àï¦¥−¨ï ¯¨â�−¨ï UDD
¨ â¥¬¯¥à�âãàë T . �−¨ ¯®¤â¢¥à¦¤�îâ, çâ® ¤¨�¯�§®− à�¡®â®á¯®á®¡−®áâ¨ �‡�-
®¡à�§æ®¢ ¬¨ªà®ï¤à� ¢ −¥áª®«ìª® à�§ è¨à¥ £�à�−â¨à®¢�−−®£® ¤¨�¯�§®−� ®¡à�§æ®¢
‘-�−�«®£�.

4.2 Сопроцессор

‘®¯à®æ¥áá®à [11] ¢ë¯®«−ï¥â ®¯¥à�æ¨¨ ¤¥«¥−¨ï ¨ ¨§¢«¥ç¥−¨ï ª¢�¤à�â−®£®
ª®à−ï −�¤ ç¨á«�¬¨ ®¤¨−�à−®© ¨ ¤¢®©−®© â®ç−®áâ¨. ‘å¥¬� á®¯à®æ¥áá®à�, à¥�«¨-
§®¢�−−®£® ¢ ¢¨¤¥ ¢�à¨�−â®¢ Š�‡� ¨ �‡�, ¯®ª�§�−� −� à¨á. 3. �−� á®¤¥à¦¨â
á«¥¤ãîé¨¥ ¡«®ª¨: ¢å®¤−®© à¥£¨áâà ®¯¥à�−¤®¢ ¨ ¯à¨§−�ª®¢ ®¯¥à�æ¨¨ (‚÷); ¡«®ª

÷¨á. 3 ‘âàãªâãà−�ï áå¥¬� á®¯à®æ¥áá®à�
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‘¢®©áâ¢� ¨ ®¯â¨¬¨§�æ¨ï á�¬®á¨−åà®−−ëå áå¥¬

÷¨á. 4 •�à�ªâ¥à¨áâ¨ª¨ ¢�à¨�−â®¢ á®¯à®æ¥áá®à®¢

®¡à�¡®âª¨ íªá¯®−¥−â (‘��); ¢å®¤−®© ¬ã«ìâ¨¯«¥ªá®à ®¯¥à�−¤®¢ (Œ�), ®à£�−¨§ã-
îé¨© ¨â¥à�æ¨®−−®¥ ¢ë¯®«−¥−¨¥ ®¯¥à�æ¨¨; ç¥âëà¥ ®¤−®â¨¯−ë¥ ¢ëç¨á«¨â¥«ì−ë¥
áâ�¤¨¨ ‚‘1{‚‘4, ª�¦¤�ï ¨§ ª®â®àëå ¢ëç¨á«ï¥â ®¤¨− ¡¨â à¥§ã«ìâ�â� ®¯¥à�æ¨¨;
¨−¤¨ª�â®à−ãî áå¥¬ã (ˆ‘) á® áå¥¬®© ã¯à�¢«¥−¨ï (‘“), ®¡¥á¯¥ç¨¢�îéãî CC-
¤¨áæ¨¯«¨−ã ®¡¬¥−� ¤�−−ë¬¨ ¬¥¦¤ã ¡«®ª�¬¨ ¢ëç¨á«¨â¥«ï; ¡«®ª ¯®áâ®¡à�¡®âª¨
¬�−â¨ááë (��Œ); ¢ëå®¤−®© à¥£¨áâà à¥§ã«ìâ�â� (÷÷).

„«ï áà�¢−¥−¨ï ¨á¯®«ì§®¢�«¨áì ç¥âëà¥ ¢�à¨�−â� á®¯à®æ¥áá®à�: á¨−åà®−−ë©
‘-N-¢�à¨�−â, à¥�«¨§ãîé¨© �«£®à¨â¬ �ìîâ®−�; á¨−åà®−−ë© ‘-SRT-¢�à¨�−â,
à¥�«¨§ãîé¨© �«£®à¨â¬ SRT Radix4; Š�‡�- ¨ �‡�-¢�à¨�−âë, à¥�«¨§ãîé¨¥
�«£®à¨â¬ SRT Radix2. �¥à¢ë¥ âà¨ ¢�à¨�−â� ¡ë«¨ à¥�«¨§®¢�−ë ¢ á®áâ�¢¥
¬¨ªà®áå¥¬ë ¯® áâ�−¤�àâ−®© 0,18-¬¨ªà®¬¥âà®¢®© ŠŒ��-â¥å−®«®£¨¨. �−�«¨§
¯�à�¬¥âà®¢ âà¥å ¢�à¨�−â®¢ ¯®ª�§ë¢�¥â, çâ® Š�‡�-à¥�«¨§�æ¨ï ®¡«�¤�¥â «ãçè¥©
¯à®¨§¢®¤¨â¥«ì−®áâìî ¨ ¯«®é�¤ìî â®¯®«®£¨ç¥áª®© à¥�«¨§�æ¨¨, ª�ª ¯®ª�§�−® −�
à¨á. 4.

‚ áà�¢−¥−¨¨ á �‡�-¢�à¨�−â®¬ Š�‡�-¢�à¨�−â á®¯à®æ¥áá®à� ¨¬¥¥â «ãçè¥¥
−� 30%{40% ¡ëáâà®¤¥©áâ¢¨¥ ¨ ¬¥−ìèãî −� 20% á«®¦−®áâì. ‚ â�¡«. 3 ¯à¨¢¥¤¥−®
ãáà¥¤−¥−−®¥ ¢à¥¬ï ¢ë¯®«−¥−¨ï ¤¥«¥−¨ï (DIV) ¨ ¨§¢«¥ç¥−¨ï ª¢�¤à�â−®£® ª®à−ï
(SQRT) á ¤¢®©−®© â®ç−®áâìî Š�‡�- ¨ �‡�-á®¯à®æ¥áá®à®¬ ¯® à¥§ã«ìâ�â�¬
¬®¤¥«¨à®¢�−¨ï áâ�â¨áâ¨ç¥áª¨ §−�ç¨¬®£® −�¡®à� ®¯¥à�−¤®¢.

�−�«¨§ â�¡«. 3 ¯®ª�§ë¢�¥â, çâ® ®¡� ¢�à¨�−â� á®¯à®æ¥áá®à� ¯à®¤®«¦�îâ ãáâ®©-
ç¨¢® à�¡®â�âì ¯à¨ ¯®−¨¦¥−¨¨ −�¯àï¦¥−¨ï ¯¨â�−¨ï ¤® 0,32 ‚ ¯à¨ −®¬¨−�«ì−®¬

’�¡«¨æ� 3 �à®¨§¢®¤¨â¥«ì−®áâì Š�‡� ¨ �‡� ¢�à¨�−â®¢ á®¯à®æ¥áá®à�

“á«®¢¨ï Š�‡� �‡�
UDD, ‚ T , ◦C DIV, −á SQRT, −á DIV, −á SQRT, −á

1 1,98 −63 34,7 36,9 47,3 50,2
2 1,80 25 46,7 49,1 63,5 67,0
3 1,62 125 63,9 70,3 86,9 90,1
4 0,32 125 25 688 25 301 34 940 34 410
5 0,20 125 | | 340 800 336 920
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ãà®¢−¥ 1,8 ‚. �à¨ íâ®¬ ¡ëáâà®¤¥©áâ¢¨¥ ¯�¤�¥â ¢ 550 à�§, −® ¢á¥ ®¯¥à�æ¨¨ ¢ë-
¯®«−ïîâáï ª®àà¥ªâ−®. �â® á¢¨¤¥â¥«ìáâ¢ã¥â ® è¨à®ª®© §®−¥ à�¡®â®á¯®á®¡−®áâ¨
Š�‡�- ¨ �‡�-á®¯à®æ¥áá®à�. �¤−�ª® â®«ìª® �‡�-á®¯à®æ¥áá®à ®ª�§ë¢�¥âáï
à�¡®â®á¯®á®¡−ë¬ ¯à¨ ¡®«¥¥ −¨§ª®¬ −�¯àï¦¥−¨¨ ¯¨â�−¨ï ¢ 0,2 ‚ ¢á«¥¤áâ¢¨¥
¨á¯®«ì§®¢�−¨ï ¢ −¥¬ ¯®«−®© ¨−¤¨ª�æ¨¨, á®®â¢¥âáâ¢ãîé¥© ‘‘-áå¥¬�¬.

5 Ускорение индикации самосинхронных схем

�á−®¢−ë¬¨ ä�ªâ®à�¬¨ ®£à�−¨ç¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï ‘‘-áå¥¬ áç¨â�îâáï
¤¢ãåä�§−�ï ¤¨áæ¨¯«¨−� à�¡®âë ¨ −�«¨ç¨¥ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë. ‘¯¥©á¥à−�ï
ä�§� à�§¤¥«ï¥â ¤¢� á®á¥¤−¨å à�¡®ç¨å á®áâ®ï−¨ï áå¥¬ë, � ¤«ï ¯®¤â¢¥à¦¤¥−¨ï
®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï ‘‘-áå¥¬ë ¢ ª�¦¤ãî ä�§ã −ã¦−® ¯à®¨−¤¨æ¨à®¢�âì ¢á¥
í«¥¬¥−âë áå¥¬ë ¨ áä®à¬¨à®¢�âì ®¤¨− ¨−¤¨ª�â®à−ë© á¨£−�«.

5.1 Задержка индикаторной подсхемы

‚ áå¥¬�å á −¥¡®«ìè®© à�§àï¤−®áâìî ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå ¨−¤¨ª�â®à−�ï
¯®¤áå¥¬� à�¡®â�¥â ¢ ä®−®¢®¬ à¥¦¨¬¥ ¨ á«�¡® ¢«¨ï¥â −� ¡ëáâà®¤¥©áâ¢¨¥ áå¥¬ë.
‚ ¬−®£®à�§àï¤−ëå ‘‘-áå¥¬�å ¡®«ìè®¥ ç¨á«® ¨−¤¨æ¨àãîé¨å á¨£−�«®¢ ¯à¨¢®¤¨â
ª ã¢¥«¨ç¥−¨î ç¨á«� ª�áª�¤®¢ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë, ¨ ®−� −�ç¨−�¥â ¢−®á¨âì
áãé¥áâ¢¥−−ë© ¢ª«�¤ ¢ §�¤¥à¦ªã ‘‘-áå¥¬ë. ‚ àï¤¥ á«ãç�ïå ¥¥ §�¤¥à¦ª� ¬®¦¥â
¡ëâì ã¬¥−ìè¥−� §� áç¥â à�á¯�à�««¥«¨¢�−¨ï ¨−¤¨ª�æ¨¨ ¨ ã¯à�¢«¥−¨ï.

‘«®¦−ë¥ ‘‘-áå¥¬ë, ª�ª ¨ ¨å ‘-�−�«®£¨, áâà®ïâáï ¢ ¢¨¤¥ ª®−¢¥©¥à�. ��§®-
¢ë© ¯à¨−æ¨¯ ¥£® à�¡®âë á®áâ®¨â ¢ á«¥¤ãîé¥¬: k-ï áâã¯¥−ì ª®−¢¥©¥à� −�ç¨−�¥â
¯¥à¥ª«îç�âìáï ¢ à�¡®çãî (á¯¥©á¥à−ãî) ä�§ã â®«ìª® ¯®á«¥ â®£®, ª�ª (k − 1)-ï
áâã¯¥−ì ¯¥à¥ª«îç¨«�áì ¢ à�¡®çãî (á¯¥©á¥à−ãî) ä�§ã, � (k + 1)-ï áâã¯¥−ì ¯¥à¥-
ª«îç¨«�áì ¢ á¯¥©á¥à−ãî (à�¡®çãî) ä�§ã. �� à¨á. 5 ¯à¨¢¥¤¥−� áå¥¬� â¨¯®¢®£®
‘‘-ª®−¢¥©¥à�. ‡¤¥áì ú‹®£¨ª�û | ª®¬¡¨−�æ¨®−−�ï ç�áâì áâã¯¥−¨ ª®−¢¥©¥à�;
ú÷¥£¨áâàû | ¢ëå®¤−®© à¥£¨áâà áâã¯¥−¨; ú‘û | ‘-í«¥¬¥−â Œ�««¥à� [2] (£¨áâ¥-
à¥§¨á−ë© âà¨££¥à [1]), ä®à¬¨àãîé¨© á¨£−�« ã¯à�¢«¥−¨ï à¥£¨áâà®¬. ‚å®¤�¬¨
‘-í«¥¬¥−â� á«ã¦�â ¨−¤¨ª�â®à−ë¥ ¢ëå®¤ë ª®¬¡¨−�æ¨®−−®© ç�áâ¨ ¨ à¥£¨áâà�
áâã¯¥−¨ ª®−¢¥©¥à�.

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

‘¡®àª� ç�áâ¨ç−ëå ¨−¤¨ª�â®à®¢ ¢ ®¤¨− ®¡é¨© á¨£−�« à¥�«¨§ã¥âáï ¯¨à�¬¨-
¤®© ‘-í«¥¬¥−â®¢. ‡�¤¥à¦ª� á¡®àª¨ ®¡é¨å ¨−¤¨ª�â®à−ëå ¢ëå®¤®¢ ú‹®£¨ª¨û
¨ ú÷¥£¨áâà�û áâã¯¥−¨ à�¢−�

tIC = tC3 · ] log3M [ + tC2 ,

£¤¥ tC2 | §�¤¥à¦ª� ¤¢ãå¢å®¤®¢®£® ‘-í«¥¬¥−â�; tC3 | §�¤¥à¦ª� âà¥å¢å®¤®¢®£®
‘-í«¥¬¥−â�; M | ç¨á«® à�§àï¤®¢ ¨«¨ ¢ëå®¤®¢ ú‹®£¨ª¨û ¨ ú÷¥£¨áâà�û.

”�ªâ¨ç¥áª¨ tIC áâ�−®¢¨âáï ¤®¯®«−¨â¥«ì−®© §�¤¥à¦ª®© ¯¥à¥ª«îç¥−¨ï áâã¯¥−¨
ª®−¢¥©¥à�. ‹®£�à¨ä¬¨ç¥áª�ï §�¢¨á¨¬®áâì §�¤¥à¦ª¨ ®â ç¨á«� à�§àï¤®¢ áå¥¬ë
á¬ï£ç�¥â ¢«¨ï−¨¥ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë −� ¡ëáâà®¤¥©áâ¢¨¥ ‘‘-áå¥¬ë, −®
¢ ¬−®£®à�§àï¤−ëå ¢ëç¨á«¨â¥«ì−ëå ãáâà®©áâ¢�å ®−� ¨£à�¥â ¤à�¬�â¨ç¥áªãî à®«ì.
��¯à¨¬¥à, ç¨á«® ¨−¤¨ª�â®à−ëå á¨£−�«®¢ ¯¥à¢®£® ª�áª�¤� ¯�à�ä�§−®£® ú¤¥à¥¢�û
“®««¥á� 64-à�§àï¤−®£® ã¬−®¦¨â¥«ï [28] à�¢−® 1430. ˆ−¤¨ª�â®à−�ï ¯®¤áå¥¬�
à¥�«¨§®¢�−� −� 716 ¤¢ãå- ¨ âà¥å¢å®¤®¢ëå ‘-í«¥¬¥−â�å ¢ ¢¨¤¥ 7-ª�áª�¤−®©
¯¨à�¬¨¤�«ì−®© áâàãªâãàë. ‚ 65-−�−®¬¥âà®¢®© ŠŒ��-â¥å−®«®£¨¨ â¨¯®¢�ï
§�¤¥à¦ª� ®¤−®£® âà¥å¢å®¤®¢®£® ‘-í«¥¬¥−â� à�¢−� 50 ¯á. ‚ à¥§ã«ìâ�â¥ §�¤¥à¦ª�
¯¥à¥ª«îç¥−¨ï â�ª®© ¨−¤¨ª�â®à−®© áå¥¬ë á®áâ�¢«ï¥â ®ª®«® 350 ¯á, çâ® ¯à¨¢®¤¨â
ª á¥àì¥§−®¬ã §�¬¥¤«¥−¨î ª®−¢¥©¥à� ã¬−®¦¨â¥«ï.

�¤−�ª® ¤«ï ‘‘-áå¥¬ á ¢ëá®ª®© ¯�à�««¥«ì−®áâìî ®¡à�¡®âª¨ ¤�−−ëå áãé¥-
áâ¢ã¥â à¥è¥−¨¥ ¯à®¡«¥¬ë §�¤¥à¦ª¨ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë.

5.2 Оптимизация индикаторной подсхемы

ˆá¯®«ì§®¢�−¨¥ ¯®à�§àï¤−®© ¨«¨ £àã¯¯®¢®© ¨−¤¨ª�æ¨¨ ¨ ã¯à�¢«¥−¨ï ®¡¥á-
¯¥ç¨¢�¥â á®ªà�é¥−¨¥ ¢ª«�¤� ¨−¤¨ª�â®à−®© áå¥¬ë ¢ §�¤¥à¦ªã ¯¥à¥ª«îç¥−¨ï
¬−®£®à�§àï¤−®© ‘‘-áå¥¬ë [29]. ÷¨áã−®ª 6 ¨««îáâà¨àã¥â áâàãªâãà−ãî áå¥¬ã
‘‘-ª®−¢¥©¥à� á ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¥©.

�®à�§àï¤−ë¥ ¨−¤¨ª�â®à−ë¥ á¨£−�«ë ú‹®£¨ª¨û ¨−â¥£à¨àãîâáï ¢ ú÷¥£¨áâàû
¤«ï ä®à¬¨à®¢�−¨ï ¯®à�§àï¤−ëå ¨−¤¨ª�â®à®¢ áâã¯¥−¨ ª®−¢¥©¥à�. ÷¨áã−®ª 7
¯®ª�§ë¢�¥â ¤¢� ¢�à¨�−â� ¨−â¥£à�æ¨¨ ¨−¤¨ª�â®à� ú‹®£¨ª¨û IL ¢ ¨−¤¨ª�â®à IR
à�§àï¤� ú÷¥£¨áâà�û. ‡¤¥áì X, XB | ¯�à�ä�§−ë© ¨−ä®à¬�æ¨®−−ë© ¢ëå®¤

÷¨á. 6 ‘âàãªâãà−�ï áå¥¬� ‘‘-ª®−¢¥©¥à� á ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¥©
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÷¨á. 7 ‘å¥¬� à�§àï¤� ú÷¥£¨áâà�û −� ¤¢ãå¢å®¤®¢ëå (�) ¨ âà¥å¢å®¤®¢ëå (¡) ‘-í«¥¬¥−â�å

ú‹®£¨ª¨û; E | ®¡é¨© ¨«¨ ¯®à�§àï¤−ë© ¢å®¤ ã¯à�¢«¥−¨ï à¥£¨áâà�; Y, YB |
¯�à�ä�§−ë© ¨−ä®à¬�æ¨®−−ë© ¢ëå®¤ ú÷¥£¨áâà�û.

�®à�§àï¤−�ï ¨−¤¨ª�æ¨ï ¯®§¢®«ï¥â ¨−¨æ¨¨à®¢�âì ¯¥à¥ª«îç¥−¨¥ ®â¤¥«ì−ëå
¢å®¤®¢ áâã¯¥−¨ ‘‘-ª®−¢¥©¥à� ¢ á«¥¤ãîéãî ä�§ã à�¡®âë, ¥á«¨ ¢á¥ ¢ëå®¤ë
ú÷¥£¨áâà�û, §�¢¨áïé¨¥ ®â íâ¨å ¢å®¤®¢, ã¦¥ ¯¥à¥ª«îç¨«¨áì ¢ â¥ªãéãî ä�§ã.

�ãáâì ‘‘-áå¥¬� ¨¬¥¥â M à�§àï¤®¢ ¨ ª�¦¤ë¥ K á®á¥¤−¨å à�§àï¤®¢ á¢ï§�−ë
¤àã£ á ¤àã£®¬ á¨£−�«�¬¨. ��§®¢¥¬ K ª®íää¨æ¨¥−â®¬ á¢ï§−®áâ¨. ’®£¤� ¨−¤¨-
ª�æ¨ï ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï K á®á¥¤−¨å à�§àï¤®¢ ¢ ®ç¥à¥¤−ãî ä�§ã à�¡®âë
£�à�−â¨àã¥â £®â®¢−®áâì á�¬®£® ¬«�¤è¥£® ¨§ −¨å ª ¯¥à¥ª«îç¥−¨î ¢ ¯à®â¨¢®-
¯®«®¦−ãî ä�§ã. „«ï ¯®«−®© ¨−¤¨ª�æ¨¨ ¢á¥å M à�§àï¤®¢ áâã¯¥−¨ ª®−¢¥©¥à�
¯®âà¥¡ã¥âáï (M −K + 1) â�ª¨å ¨−¤¨ª�â®à−ëå ¯®¤áå¥¬.

Œ�ªá¨¬�«ì−ë© íää¥ªâ ®â ¨á¯®«ì§®¢�−¨ï ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨ ¤®áâ¨£�¥â-
áï ¢ ‘‘-áå¥¬�å á �¡á®«îâ−®© −¥§�¢¨á¨¬®áâìî á®á¥¤−¨å à�§àï¤®¢ (K = 1). �à¨
ã¢¥«¨ç¥−¨¨ K à�áâãâ �¯¯�à�â−ë¥ §�âà�âë ¨ á−¨¦�¥âáï ¡ëáâà®¤¥©áâ¢¨¥ ¨§-§�
ä®à¬¨à®¢�â¥«¥© £àã¯¯®¢ëå ¨−¤¨ª�â®à®¢.

�¯¯�à�â−ë¥ §�âà�âë ¯®à�§àï¤−®© ¨−¤¨ª�æ¨¨ ¨§¡ëâ®ç−ë, ¯®áª®«ìªã ®¤¨−
¨ â®â ¦¥ à�§àï¤ áå¥¬ë ¨−¤¨æ¨àã¥âáï ®¤−®¢à¥¬¥−−® ¢ K ¨−¤¨ª�â®à−ëå ¯®¤áå¥-
¬�å, ¨ à�¢−ë ¯à¨¬¥à−®CK = 16(M−K+1) log3K ŠŒ��-âà�−§¨áâ®à®¢. …á«¨
¢ë¯®«−ï¥âáï á®®â−®è¥−¨¥ K < L = (] log3K [ )

3, â® ¤«ï ¬¨−¨¬¨§�æ¨¨ �¯¯�à�â-
−ëå §�âà�â −�¤® ¨−¤¨æ¨à®¢�âì ®¤−¨¬ ®¡é¨¬ á¨£−�«®¬ L á®á¥¤−¨å à�§àï¤®¢.
’®£¤� �¯¯�à�â−ë¥ §�âà�âë á−¨¦�îâáï ¤® ãà®¢−ï

CL = 16
M − L+ 1

L−K + 1
log3 L .

��¯à¨¬¥à, ¯à¨ M = 64, K = 5 ¨ L = 9 á«®¦−®áâì ¨−¤¨ª�â®à−®© áå¥¬ë
á−¨¦�¥âáï ¢ 3,9 à�§�. ‚ íâ®¬ á«ãç�¥ ¨−¤¨ª�â®à áâ�−®¢¨âáï £àã¯¯®¢ë¬, � −¥
¯®à�§àï¤−ë¬.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¨¬ ú¤¥à¥¢®û “®««¥á� ¢ ã¬−®¦¨â¥«¥ �ãâ�. �−®
á®áâ®¨â ¨§ ¬−®£®à�§àï¤−ëå áã¬¬�â®à®¢ á á®åà�−¥−¨¥¬ ¯¥à¥−®á�. Š®íää¨æ¨¥−â
á¢ï§−®áâ¨ ¤¥à¥¢� “®««¥á� à�¢¥− ç¨á«ã ¥£® ª�áª�¤®¢. „«ï ¯�à�ä�§−®£® ¤¥à¥¢�
“®««¥á� [28]K = 7. ÷�§¡¨¥−¨¥ ¤¥à¥¢� “®««¥á� −� ¤¢¥ áâã¯¥−¨ ª®−¢¥©¥à� á âà¥¬ï
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÷¨á. 8 ‘âàãªâãà−�ï áå¥¬� �‡�-ª®−¢¥©¥à� á £àã¯¯®¢®© ¨−¤¨ª�æ¨¥©

’�¡«¨æ� 4 ��à�¬¥âàë ¢�à¨�−â®¢ ¨−¤¨ª�æ¨¨ ú¤¥à¥¢�û “®««¥á�

‚�à¨�−â ¨−¤¨ª�æ¨¨ „«¨â¥«ì−®áâì æ¨ª«�, ¯á —¨á«® ŠŒ��-âà�−§¨áâ®à®¢
1 Š«�áá¨ç¥áª¨© 970 220 000
2 ƒàã¯¯®¢®© 710 225 500

¨ ç¥âëàì¬ï ª�áª�¤�¬¨ á®®â¢¥âáâ¢¥−−® ã¬¥−ìè�¥â ª®íää¨æ¨¥−â á¢ï§−®áâ¨ ¤«ï
ª�¦¤®© áâã¯¥−¨ ¤® ¢¥«¨ç¨− K1 = 3 ¨ K2 = 4.

÷¨áã−®ª 8 ¨««îáâà¨àã¥â áâàãªâãà−ãî áå¥¬ã ¤¢ãåáâã¯¥−ç�â®£® ª®−¢¥©¥à�
¤¥à¥¢� “®««¥á�. ‡¤¥áì A ¨ B | á®¬−®¦¨â¥«¨; P | ¯à®¨§¢¥¤¥−¨¥; AckI
¨ AckO | ¢å®¤−®© ¨ ¢ëå®¤−®© á¨£−�«ë ã¢¥¤®¬«¥−¨ï ®¡ ®ª®−ç�−¨¨ â¥ªãé¥©
ä�§ë à�¡®âë. ˆ−¤¨ª�â®à−�ï ¯®¤áå¥¬� ú‘1û ä®à¬¨àã¥â á¨£−�« ã¯à�¢«¥−¨ï
ä�§®© ¢ëå®¤−®£® à¥£¨áâà�. �®¤áå¥¬ë ú‘2û ®¡ê¥¤¨−ïîâ £àã¯¯®¢ë¥ ¨−¤¨ª�â®àë
¢ ®¤¨− ®¡é¨© ¨−¤¨ª�â®à. �®¤áå¥¬ë ú‘3û ä®à¬¨àãîâ £àã¯¯®¢ë¥ ¨−¤¨ª�â®à−ë¥
á¨£−�«ë.

—¨á«® ¢å®¤®¢ ¢ ú‘3û à�¢−® ª®íää¨æ¨¥−âã §�¢¨á¨¬®áâ¨ áâã¯¥−¨ ¯«îá ¥é¥
®¤¨−, ªã¤� ¯®¤�¥âáï ®¡é¨© ¨−¤¨ª�â®à à¥£¨áâà�, ¢å®¤�¬¨ ª®â®à®£® ã¯à�¢«ïîâ
¢ëå®¤ë ú‘3û, ¤«ï ®¡¥á¯¥ç¥−¨ï ¤¥©áâ¢¨â¥«ì−® ‘‘-à�¡®âë.

‚ â�¡«. 4 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¯�à�ä�§−®£® ¤¥à¥¢� “®««¥á�
á ª«�áá¨ç¥áª®© ¨ £àã¯¯®¢®© ¨−¤¨ª�æ¨¥© ¤«ï 65-−�−®¬¥âà®¢®© ŠŒ��-â¥å−®«®-
£¨¨. ‘à¥¤−ïï ¤«¨â¥«ì−®áâì à�¡®ç¥£® æ¨ª«� ¢�à¨�−â� á £àã¯¯®¢ë¬ ã¯à�¢«¥−¨¥¬
®ª�§ë¢�¥âáï −� 37% ¬¥−ìè¥, ç¥¬ ¢ ª«�áá¨ç¥áª®¬ ¢�à¨�−â¥. �«�â®© §� íâ® á«ã¦¨â
ã¢¥«¨ç¥−¨¥ �¯¯�à�â−ëå §�âà�â −� 2,5%.

ˆá¯®«ì§®¢�−¨¥ £àã¯¯®¢®© ¨−¤¨ª�æ¨¨ ®£à�−¨ç¥−® â®«ìª® ¢−ãâà¥−−¥© ®¡-
«�áâìî ‘‘-ª®−¢¥©¥à�. ‚å®¤−�ï ¨ ¢ëå®¤−�ï áâã¯¥−¨ ª®−¢¥©¥à� ®¡ï§�−ë ä®à¬¨-
à®¢�âì ®¡é¨© ¨−¤¨ª�â®à−ë© á¨£−�« ¤«ï ¢á¥å à�§àï¤®¢ à¥£¨áâà�.

6 Повышение быстродействия самосинхронного конвейера

Š�ª ¨§¢¥áâ−®, à®áâ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ‘-áå¥¬ë ¤®áâ¨£�¥âáï §� áç¥â ¥¥ ª®−-
¢¥©¥à¨§�æ¨¨, ã¢¥«¨ç¥−¨ï ç¨á«� áâã¯¥−¥© ª®−¢¥©¥à� ¨ ¢−¥¤à¥−¨ï ¯�à�««¥«ì−ëå
¨ á¯¥ªã«ïâ¨¢−ëå ¢ëç¨á«¥−¨©. �â® á¯à�¢¥¤«¨¢® ¨ ¤«ï ‘‘-áå¥¬.
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÷¨á. 9 ‘âàãªâãà−�ï áå¥¬� ¬ã«ìâ¨¯«¥ªá¨àã¥¬®£® ‘‘-ª®−¢¥©¥à�

�� à¨á. 9 ¯à¥¤áâ�¢«¥− ¯à¨¬¥à ‘‘-ª®−¢¥©¥à� á ¬ã«ìâ¨¯«¥ªá¨àã¥¬ë¬¨ ¯ã-
âï¬¨ [30]. �− á®¤¥à¦¨â N áâã¯¥−¥© ¢ ®á−®¢−®¬ âà�ªâ¥ ®¡à�¡®âª¨ ¤�−−ëå ¨ L
(L < N − 2) áâã¯¥−¥© ¢ ¯�à�««¥«ì−®¬ âà�ªâ¥. ‡¤¥áì Din | ¢å®¤−ë¥ ¤�−−ë¥;
Dout | ¢ëå®¤−ë¥ ¤�−−ë¥; Ck, k = 1, N + L, | áâã¯¥−¨ ª®−¢¥©¥à�; „Œ |
¤¥¬ã«ìâ¨¯«¥ªá®à ¤�−−ëå 1 : 2; Œ | ¬ã«ìâ¨¯«¥ªá®à ¤�−−ëå 2 : 1; Rin ¨ Rout |
¢å®¤−®© ¨ ¢ëå®¤−®© á¨£−�«ë §�¯à®á�; Ain ¨ Aout | ¢å®¤−®© ¨ ¢ëå®¤−®© á¨£−�-
«ë ¯®¤â¢¥à¦¤¥−¨ï. �à¨ ¢ë¯®«−¥−¨¨ −¥ª®â®à®£® ãá«®¢¨ï ¤�−−ë¥ −�¯à�¢«ïîâáï
¢ ¡®«¥¥ ª®à®âª¨© âà�ªâ, ¨ ¢ëç¨á«¨â¥«ì−ë© ¯à®æ¥áá ãáª®àï¥âáï.

�«®ª FIFO (First-Input-First-Output) ¬�àª¥à� ®¡¥á¯¥ç¨¢�¥â á®¡«î¤¥−¨¥ ¯®-
àï¤ª� ®¡à�¡®âª¨ ¤�−−ëå áâã¯¥−ìî CN. ‘�¬®á¨−åà®−−ë© ª®−¢¥©¥à äã−ªæ¨®−¨-

àã¥â ª®àà¥ªâ−® ¯à¨ «î¡®© ¥¬ª®áâ¨

÷¨á. 10 ‡�¢¨á¨¬®áâì ¯à®¨§¢®¤¨â¥«ì−®áâ¨
‘‘-ª®−¢¥©¥à� ®â ç¨á«� áâã¯¥−¥©

FIFO. �¤−�ª® ¤«ï ®¯â¨¬�«ì−®-
£® äã−ªæ¨®−¨à®¢�−¨ï ª®−¢¥©¥à� −�
à¨á. 9 FIFO ¤®«¦−® ¨¬¥âì ¥¬ª®áâì
¡®«ìè¥ 0,5(N + L) ¡¨â.

�à¥¤«®¦¥−−ë© á¯®á®¡ ¬ã«ìâ¨-
¯«¥ªá¨à®¢�−¨ï âà�ªâ� ®¡à�¡®âª¨
¤�−−ëå ®¡¥á¯¥ç¨¢�¥â ®¯â¨¬�«ì−ãî
à¥�«¨§�æ¨î ‘‘-ª®−¢¥©¥à�. �− ¯®§-
¢®«ï¥â ¯®¢ëá¨âì áà¥¤−îî ¯à®¨§-
¢®¤¨â¥«ì−®áâì ª®−¢¥©¥à�, ¥á«¨ §�-
¤¥à¦ª� ®¤−®£® ¨§ ¥£® ¯�à�««¥«ì−ëå
âà�ªâ®¢ áãé¥áâ¢¥−−® ¬¥−ìè¥ §�¤¥à¦-
ª¨ ¤àã£®£® âà�ªâ�.

�à®¨§¢®¤¨â¥«ì−®áâì ‘‘-ª®−¢¥©¥à� â�ª¦¥ §�¢¨á¨â ®â ç¨á«� ¥£® áâã¯¥−¥©.
‘«¥¤ã¥â, ®¤−�ª®, ãç¥áâì, çâ® à�§¡¨¥−¨¥ ‘‘-áå¥¬ë −� áâã¯¥−¨ ª®−¢¥©¥à� á®-
¯à®¢®¦¤�¥âáï ¤®¡�¢«¥−¨¥¬ à¥£¨áâà®¢ ¨ ¨å ¨−¤¨ª�â®à−ëå ¯®¤áå¥¬, ¢−®áïé¨å
¤®¯®«−¨â¥«ì−ãî §�¤¥à¦ªã. ÷¨áã−®ª 10 [31] ¤¥¬®−áâà¨àã¥â §�¢¨á¨¬®áâ¨ ¯¥à¨-
®¤¨ª¨ ¯®ï¢«¥−¨ï à¥§ã«ìâ�â� −� ¢ëå®¤¥ ‘‘-ª®−¢¥©¥à� Tðò ¨ ¢à¥¬¥−¨ ¯à®å®¤�
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¤�−−ëå TÚÄ ¯® −¥¬ã ®â ç¨á«� áâã¯¥−¥© M , −� ª®â®à®¥ à�§¡¨¢�¥âáï ¨áå®¤−�ï áå¥-
¬�. �¯â¨¬�«ì−®¥ á â®çª¨ §à¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï ç¨á«® áâã¯¥−¥© ‘‘-ª®−¢¥©¥à�
§�¢¨á¨â ®â ®¦¨¤�¥¬®£® â¥¬¯� ¯®áâã¯«¥−¨ï ¤�−−ëå −� ¢å®¤ ª®−¢¥©¥à�.

‚ ®â«¨ç¨¥ ®â ‘-ª®−¢¥©¥à�, ¯à®¨§¢®¤¨â¥«ì−®áâì ‘‘-ª®−¢¥©¥à� ®¯à¥¤¥«ï¥âáï
¤¢ã¬ï á�¬ë¬¨ ¬¥¤«¥−−ë¬¨ áâã¯¥−ï¬¨: ç¥â−®© ¨ −¥ç¥â−®©.

7 Повышение сбоеустойчивости самосинхронных схем

�«�£®¤�àï ¨§¡ëâ®ç−®¬ã ª®¤¨à®¢�−¨î ¨−ä®à¬�æ¨¨ ¨ ¤¢ãåä�§−®© ¤¨áæ¨¯«¨−¥
à�¡®âë [1], ‘‘-áå¥¬ë ¡®«¥¥ ãáâ®©ç¨¢ë ª ¢®§¤¥©áâ¢¨î ¤¥áâ�¡¨«¨§¨àãîé¨å ä�ª-
â®à®¢ ¨ ¯®¬¥å, ç¥¬ ¨å ‘-�−�«®£¨ [32]. ‘à�¢−¨â¥«ì−ë© �−�«¨§ −� í¬¯¨à¨ç¥áª®¬
ãà®¢−¥ ¯®ª�§�«, çâ® ¢à¥¬ï ¡¥áá¡®©−®© à�¡®âë ‘‘-áå¥¬ ¯à¥¢ëè�¥â �−�«®£¨ç−ë©
¯®ª�§�â¥«ì ‘-áå¥¬ ¢ 4 à�§� ¢ ª®¬¡¨−�æ¨®−−ëå áå¥¬�å ¨ ¢ 7,1 à�§� ¢ ¯®á«¥¤®-
¢�â¥«ì−®áâ−ëå [6]. Œ�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ ¯®ï¢«¥−¨ï ªà¨â¨ç¥áª®£® á¡®ï ¢ ‘-
¨ ‘‘-ª®−¢¥©¥à¥, ®¡ê¥¤¨−ïîé¥¬ ¢ á¥¡¥ ª®¬¡¨−�æ¨®−−ë¥ ¨ ¯®á«¥¤®¢�â¥«ì−®áâ−ë¥
áå¥¬ë, ¯®¤â¢¥à¦¤�îâ íâ®â ¢ë¢®¤ [33].

‘¯®á®¡ë ¯®¢ëè¥−¨ï á¡®¥ãáâ®©ç¨¢®áâ¨ ‘‘-ª®−¢¥©¥à� ¢ª«îç�îâ ¢ á¥¡ï:

{ ¨á¯®«ì§®¢�−¨¥ −� ¯¥à¢®¬ ª�áª�¤¥ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë í«¥¬¥−â®¢ à�¢−®-
§−�ç−®áâ¨, ¤¥â¥ªâ¨àãîé¨å �−â¨á¯¥©á¥à−®¥ á®áâ®ï−¨¥ ¯�à�ä�§−®£® á¨£−�«�
ª�ª á¯¥©á¥à−®¥ [32];

{ à¥�«¨§�æ¨î à�§àï¤� à¥£¨áâà� áâã¯¥−¨ −� ‘-í«¥¬¥−â¥ á §�é¨â®© §�¯¨á¨ �−-
â¨á¯¥©á¥à� ¨ ®â §�«¨¯�−¨ï ¢ �−â¨á¯¥©á¥à¥ [34];

{ à�§à¥è¥−¨¥ §�¯¨á¨ ¢ à¥£¨áâà ª®−¢¥©¥à� â®«ìª® ¯®á«¥ ¯®¤â¢¥à¦¤¥−¨ï §�¢¥à-
è¥−¨ï ¯¥à¥ª«îç¥−¨ï à¥£¨áâà� ¯à¥¤ë¤ãé¥© áâã¯¥−¨ [34];

{ ¨á¯®«ì§®¢�−¨¥ DICE-¯®¤®¡−ëå ‘-í«¥¬¥−â®¢ [35] ¢ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬¥.

8 Автоматизация проектирования самосинхронных схем

‚−¥¤à¥−¨¥ ‘‘-áå¥¬ ¢ ¯à�ªâ¨ç¥áª¨¥ à�§à�¡®âª¨ á®¢à¥¬¥−−ëå ‘�ˆ‘ −¥¢®§-
¬®¦−® ¡¥§ ¨á¯®«ì§®¢�−¨ï ¯à®£à�¬¬−ëå áà¥¤áâ¢, ®¡¥á¯¥ç¨¢�îé¨å «®£¨ç¥áª¨©
á¨−â¥§ ¨ ¯à®¢¥àªã áå¥¬ë −� á�¬®á¨−åà®−−®áâì. ˆ§¢¥áâ−ë¥ á¨áâ¥¬ë á¨−â¥§�
‘‘-áå¥¬ (−�¯à¨¬¥à, Balsa [16] ¨ UNCLE [17]) âà¥¡ãîâ ¢¢®¤� ¨áå®¤−®£® ®¯¨á�-
−¨ï á¨−â¥§¨àã¥¬®© áå¥¬ë ¢ á¯¥æ¨�«ì−ëå ä®à¬�â�å, ¯à¥¤¯®«�£�îé¨å −�«¨ç¨¥
ã à�§à�¡®âç¨ª� ¤®áâ�â®ç−® ¢ëá®ª®© ª¢�«¨ä¨ª�æ¨¨ ¢ ®¡«�áâ¨ ‘‘-áå¥¬. Š â®¬ã
¦¥ ®−¨ −¥ ¢á¥£¤� £�à�−â¨àãîâ ¯®«ãç¥−¨¥ �¤¥ª¢�â−®£® à¥§ã«ìâ�â� [2].

‚ ”ˆ– ˆ“ ÷�� ¨¬¥îâáï áà¥¤áâ¢� ‘��÷, ®¡¥á¯¥ç¨¢�îé¨¥ ‘‘-�−�«¨§
áå¥¬ë [19, 20], á¨−â¥§ ª®¬¡¨−�æ¨®−−ëå ‘‘-áå¥¬ [36] ¨ ¨å å�à�ªâ¥à¨§�æ¨î [37].
�−¨ ®¡¥á¯¥ç¨¢�îâ ª®àà¥ªâ−ãî à�§à�¡®âªã ‘‘-áå¥¬ à�§−®© á«®¦−®áâ¨ ¨ ä®à-
¬¨à®¢�−¨¥ ¡¨¡«¨®â¥ª¨ ‘‘-í«¥¬¥−â®¢ ¤«ï ¨−â¥£à�æ¨¨ ¢ ¯à®¬ëè«¥−−ë¥ ‘��÷
‘�ˆ‘.
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‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ ”ˆ– ˆ“ ÷�� á®§¤�îâáï ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� á¨−â¥§�
¯®á«¥¤®¢�â¥«ì−®áâ−ëå ¨ ª®−¢¥©¥à−ëå ‘‘-áå¥¬ ¨ à�§à�¡�âë¢�¥âáï ¬¥â®¤®«®£¨ï
¨ áà¥¤áâ¢� á¨−â¥§� ‘‘-áå¥¬ «î¡®£® ãà®¢−ï á«®¦−®áâ¨ −� ®á−®¢¥ ¨áå®¤−®£®
á¨−åà®−−®£® ®¯¨á�−¨ï −� ï§ëª¥ Verilog [38]. ‚ à�¬ª�å íâ®© à�¡®âë ¡ã¤¥â à¥è¥−
¢®¯à®á ®¯â¨¬�«ì−®£® á¨−â¥§� ‘‘-áå¥¬ á ¯�¬ïâìî.

9 Выводы

‘�¬®á¨−åà®−−ë¥ áå¥¬ë ¢ áà�¢−¥−¨¨ á ‘-�−�«®£�¬¨ ¨¬¥îâ æ¥«ë© àï¤ ¯à¥¨¬ã-
é¥áâ¢, ®¡¥á¯¥ç¨¢�îé¨å ¨å à�¡®â®á¯®á®¡−®áâì ¢ £®à�§¤® ¡®«¥¥ è¨à®ª®¬ ¤¨�¯�§®−¥
ãá«®¢¨© íªá¯«ã�â�æ¨¨. �¤−�ª® ®−¨ å�à�ªâ¥à¨§ãîâáï ¡®«ìè¥© á«®¦−®áâìî ª®¬-
¡¨−�æ¨®−−ëå áå¥¬ (¢ 3,1 à�§�) ¨ ¯®á«¥¤®¢�â¥«ì−®áâ−ëå à¥�«¨§�æ¨© (¢ 1,5 à�§�).
�à¨¬¥−¥−¨¥ ‘‘-áå¥¬®â¥å−¨ª¨ ®¯à�¢¤�−® ¢ ®¡«�áâïå, £¤¥ ¢ëá®ª�ï áâ�¡¨«ì−®áâì
à�¡®âë ¢ëáâã¯�¥â £«�¢−ë¬ ªà¨â¥à¨¥¬.

’¨¯®¢ë¥ ¢ëç¨á«¨â¥«ì−ë¥ ‘‘-ãáâà®©áâ¢� ¬�«®© à�§àï¤−®áâ¨ ¢ 1,7{2,6 à�§�
«ãçè¥ ‘-�−�«®£®¢ ¯® ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¢ à¥�«ì−ëå ãá«®¢¨ïå, çâ® ¯®¤â¢¥à¦-
¤�¥âáï à¥§ã«ìâ�â�¬¨ ¨§¬¥à¥−¨© ‘‘-áå¥¬ à�§−ëå â¨¯®¢ ¨ á«®¦−®áâ¨.

�à¨¬¥−¥−¨¥ ¯®à�§àï¤−®© ¨«¨ £àã¯¯®¢®© ¨−¤¨ª�æ¨¨ ¨ ã¯à�¢«¥−¨ï ¢ ¬−®£®à�§-
àï¤−ëå áå¥¬�å ¯®§¢®«ï¥â áãé¥áâ¢¥−−® ãáª®à¨âì ¨å à�¡®âã §� áç¥â ®â−®á¨â¥«ì−®
−¥¡®«ìè®£® ã¢¥«¨ç¥−¨ï �¯¯�à�â−ëå §�âà�â ¢ â®¬ á«ãç�¥, ¥á«¨ á®á¥¤−¨¥ à�§àï¤ë
áå¥¬ë á«�¡® á¢ï§�−ë ¤àã£ á ¤àã£®¬ ®¡é¨¬¨ á¨£−�«�¬¨. ��¯à¨¬¥à, ¡ëáâà®¤¥©-
áâ¢¨¥ ‘‘-ª®−¢¥©¥à� ¤¥à¥¢� “®««¥á� ¯�à�ä�§−®£® ã¬−®¦¨â¥«ï �ãâ� ¯®¢ëè�¥âáï
−� 37% ¯à¨ ã¢¥«¨ç¥−¨¨ á«®¦−®áâ¨ −� 2,5%.

‘�¬®á¨−åà®−−ë¥ áå¥¬ë ®¡«�¤�îâ ¢ −¥áª®«ìª® à�§ ¡®«¥¥ ¢ëá®ª¨¬ ãà®¢−¥¬
ãáâ®©ç¨¢®áâ¨ ª ®¤−®ªà�â−ë¬ «®£¨ç¥áª¨¬ á¡®ï¬, ç¥¬ ¨å ‘-�−�«®£¨. �à¥¤«®-
¦¥−−ë¥ áå¥¬®â¥å−¨ç¥áª¨¥ ¬¥â®¤ë ¤®¯®«−¨â¥«ì−® ¯®¢ëè�îâ á¡®¥ãáâ®©ç¨¢®áâì
ª®¬¡¨−�æ¨®−−ëå ¨ ª®−¢¥©¥à−ëå ‘‘-áå¥¬.

÷�§à�¡�âë¢�¥¬ë¥ áà¥¤áâ¢� �¢â®¬�â¨§�æ¨¨ ¯à®¥ªâ¨à®¢�−¨ï ‘‘-áå¥¬ á®§¤�îâ
®á−®¢ã ¤«ï è¨à®ª®£® ¢−¥¤à¥−¨ï ‘‘-áå¥¬ ¢ ¯à�ªâ¨ç¥áª¨¥ ¨§¤¥«¨ï ¬¨ªà®í«¥ª-
âà®−−®© â¥å−¨ª¨, áâ�¢ïé¨¥ −� ¯¥à¢®¥ ¬¥áâ® −�¤¥¦−®áâì à�¡®âë.
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PROPERTIES AND OPTIMIZATION OF SELF-TIMED CIRCUITS

V. N. Zakharov, Yu. A. Stepchenkov, Yu. G. Diachenko, N. V. Morozov,
L. P. Plekhanov, and D. Yu. Stepchenkov

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

Abstract: The article is devoted to the brief overview of the development trends
and achievements of self-timed (ST) circuits. Due to redundant data coding and
two-phase discipline, ST circuits have a number of advantages over synchronous
counterparts. They operate reliably with any cell delays, detect any constant
faults, and have an extremely wide performance range in terms of supply voltage
and ambient temperature. Practical development of ST units with varying
complexity has proven the effectiveness of ST solutions, especially in highly
reliable and fault-tolerant applications. The article presents the comparative
test results of synchronous and ST circuit test chips and the performance and
fault tolerance estimates for ST circuits of varying complexity. Group indication
of multibit ST circuits increases their performance by 40% due to a slight
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increase (less than 3%) in hardware complexity. The developed design methods
of protection against soft errors improve the natural immunity of ST circuits to
adverse effects and ensure a level of fault tolerance of ST circuits several times
higher than that of the synchronous counterparts.

Keywords: self-timed circuit; C-element; dual-rail; indication; pipeline;
performance; fault tolerance
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ПРОЦЕССОРЫ ДАННЫХ КАК НОВЫЙ КОМПОНЕНТ
ИНФРАСТРУКТУРЫ ДАТА-ЦЕНТРОВ

В. Б. Егоров1

�−−®â�æ¨ï: ’à�¤¨æ¨®−−® ®¡à�¡�âë¢�îé¨¥ ¢®§¬®¦−®áâ¨ ¤�â�-æ¥−âà®¢ à¥-
�«¨§®¢ë¢�«¨áì ¯à®æ¥áá®à�¬¨ âà¥å â¨¯®¢: æ¥−âà�«ì−ë¬¨ (central processing
units, CPU), £à�ä¨ç¥áª¨¬¨ (graphics processing units, GPU) ¨ á¥â¥¢ë¬¨ (net-
work processing units, NPU). ‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ª íâ®© âà¨�¤¥ ¯à¨á®¥¤¨−¨«¨áì
¯à®æ¥áá®àë ¤�−−ëå (data processing units, DPU), ¨−®£¤� â�ª¦¥ −�§ë¢�¥¬ë¥
¨−äà�áâàãªâãà−ë¬¨ ¯à®æ¥áá®à�¬¨. ��¨¡®«¥¥ ç�áâ® ¤¥ª«�à¨àã¥¬®¥ ¢ à¥ª«�-
¬¥ −�§−�ç¥−¨¥ DPU | ®á¢®¡®¦¤¥−¨¥ CPU ¨ GPU ®â ª®¬¬ã−¨ª�æ¨®−−ëå
−�£àã§®ª ¨ àï¤� àãâ¨−−ëå à�¡®â ¯® åà�−¥−¨î, ¯¥à¥¬¥é¥−¨î ¨ ®¡à�¡®âª¥
−¥ª®â®àëå â¨¯®¢ ¤�−−ëå ¢ ¬�áèâ�¡�å ¤�â�-æ¥−âà�, çâ® ¯à¥¤¯®«�£�¥â ¢§�¨-
¬®¤¥©áâ¢¨¥ DPU á CPU ¨ GPU, � â�ª¦¥ ç�áâ¨ç−ãî ¨«¨ ¯®«−ãî §�¬¥−ã
¨¬¨ NPU. ‚ áâ�âì¥ ¤¥«�¥âáï ¯®¯ëâª� ¯à®ïá−¨âì áãé−®áâì DPU, ãâ®ç−ï¥â-
áï ¨å ¬¥áâ® ¨ à®«ì ¢ ¨−äà�áâàãªâãà¥ ¤�â�-æ¥−âà®¢, à�áá¬�âà¨¢�¥âáï á¢ï§ì
DPU á GPU ¨ NPU, ¢ëïá−ï¥âáï ®â−®è¥−¨¥ DPU ª ¢¨àâã�«¨§�æ¨¨ á¥â¥-
¢ëå äã−ªæ¨©, ®¡®§−�ç�îâáï ¨¬¥îé¨¥áï âàã¤−®áâ¨ ¨å ¨á¯®«ì§®¢�−¨ï, ¤�¥âáï
¯à¥¤¢�à¨â¥«ì−�ï ®æ¥−ª� ¯¥àá¯¥ªâ¨¢ ¤�«ì−¥©è¥£® ¨å à�§¢¨â¨ï ¨ ¯à¨¬¥−¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¢¨àâã�«¨§�æ¨ï á¥â¥¢ëå äã−ªæ¨©; £à�ä¨ç¥áª¨© ¯à®æ¥áá®à;
¯à®æ¥áá®à ¤�−−ëå; á¥â¥¢®© ¯à®æ¥áá®à; æ¥−âà�«ì−ë© ¯à®æ¥áá®à

DOI: 10.14357/08696527250109 EDN: VBYUTE

1 Введение

’à�¤¨æ¨®−−® ®á−®¢−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ ¢®§¬®¦−®áâ¨ ¤�â�-æ¥−âà®¢ à¥�«¨§®-
¢ë¢�«¨áì ã−¨¢¥àá�«ì−ë¬¨ æ¥−âà�«ì−ë¬¨ ¯à®æ¥áá®à�¬¨ (CPU), ª ª®â®àë¬ ¥é¥
¢ ¯à®è«®¬ ¢¥ª¥ ¯à¨á®¥¤¨−¨«¨áì á¯¥æ¨�«¨§¨à®¢�−−ë¥ £à�ä¨ç¥áª¨¥ (GPU) ¨ á¥â¥-
¢ë¥ ¯à®æ¥áá®àë (NPU). ‘ â¥å ¯®à ¯�à� CPU + GPU áâ�«� −¥à�§«ãç−®© ¢ á�¬ëå
à�§−ëå à¥�«¨§�æ¨ïå, ¢ª«îç�ï ¨−â¥£à�æ¨î ¢ ®¤−®¬ ¯à¨¡®à¥ | â�ª −�§ë¢�¥¬®¬
úãáª®à¥−−®¬û ¯à®æ¥áá®à¥ (accelerated processing unit, APU) | ¨ ¢ á�¬®¬ è¨-
à®ª®¬ á¯¥ªâà¥ ãáâà®©áâ¢ ®â á¬�àâä®−®¢ ¤® á¥à¢¥à®¢ ¨ áã¯¥àª®¬¯ìîâ¥à®¢. �à¨
íâ®¬ NPU ¢ ª®−¥ç−®¬ áç¥â¥ −¥ −�è«¨ ¬�áá®¢®£® ¯à¨¬¥−¥−¨ï, ¢ −�áâ®ïé¥¥ ¢à¥¬ï
¨å ¢ë¯ãáª ª�ª á�¬®áâ®ïâ¥«ì−ëå ¯à®¤ãªâ®¢ ¯à�ªâ¨ç¥áª¨ ¯à¥ªà�é¥− [1], � −�
®á¢®¡®¤¨¢èãîáï −¨èã á¯¥æ¨�«¨§¨à®¢�−−®£® á¥â¥¢®£® ¨−â¥««¥ªâ� ®¡®§−�ç¨« ¯à¥-
â¥−§¨¨ −®¢ë© ª«�áá ¨−â¥£à¨à®¢�−−ëå ¯à¨¡®à®¢ | ¯à®æ¥áá®àë ¤�−−ëå (DPU)2.

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

2‘«¥¤ã¥â ®¡à�â¨âì ¢−¨¬�−¨¥, çâ® ¨áç¥§−®¢¥−¨¥ á¥â¥¢ëå ¯à®æ¥áá®à®¢ ¨§ −®¬¥−ª«�âãàë ¨−-
äà�áâàãªâãà−ëå ãáâà®©áâ¢ ¤�â�-æ¥−âà®¢ ®á¢®¡®¤¨«® −¥ â®«ìª® −¨èã á¥â¥¢®£® ¨−â¥««¥ªâ�, −®
¨ �¡¡à¥¢¨�âãàã NPU, ª®â®àãî −¥¬¥¤«¥−−® ¯à¨á¢®¨«¨ á¥¡¥ â�ª −�§ë¢�¥¬ë¥ ú−¥©à®−−ë¥û ¯à®-
æ¥áá®àë (neural processing units). ‡¤¥áì íâ� �¡¡à¥¢¨�âãà� ®â−®á¨âáï ¨áª«îç¨â¥«ì−® ª á¥â¥¢ë¬
¯à®æ¥áá®à�¬.
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�à®æ¥áá®àë ¤�−−ëå ª�ª −®¢ë© ª®¬¯®−¥−â ¨−äà�áâàãªâãàë ¤�â�-æ¥−âà®¢

�¥á¬®âàï −� ï¢−® −¥ã¤�ç−®¥ −�§¢�−¨¥, â�ª ª�ª ¢ ª®−¥ç−®¬ áç¥â¥ ¢á¥ ¯à®æ¥áá®àë,
¢ â®¬ ç¨á«¥ CPU, GPU ¨ NPU, â�ª ¨«¨ ¨−�ç¥ ®¡à�¡�âë¢�îâ â¥ ¨«¨ ¨−ë¥ ¤�−−ë¥,
−�§¢�−¨¥ ãá¯¥«® ¯à¨¦¨âìáï, ¨ �¡¡à¥¢¨�âãà� DPU ¢á¥ ç�é¥ ¢áâà¥ç�¥âáï ¢ à¥-
ª«�¬¥. �«ìâ¥à−�â¨¢ã íâ®¬ã −¥ã¤�ç−®¬ã −�§¢�−¨î ¯à¥¤«®¦¨«� ª®¬¯�−¨ï Intel,
ª®â®à�ï ¢ë¯ãáâ¨«� ¢ á®¤àã¦¥áâ¢¥ á Google Cloud ¯à¨¡®à (ª®¤®¢®¥ ®¡®§−�ç¥−¨¥
Mount Evans) á §�ï¢«¥−−ë¬¨ äã−ªæ¨ï¬¨, ¢ æ¥«®¬ â¨¯¨ç−ë¬¨ ¤«ï DPU, −® ¯à¥-
§¥−â®¢�«� ¥£® ¢ ª�ç¥áâ¢¥ ¨−äà�áâàãªâãà−®£® ¯à®æ¥áá®à� (infrastructure processing
unit) [2, 3]. �¤−�ª® ®éãâ¨¬®© ¯®¤¤¥à¦ª¨ íâ� �«ìâ¥à−�â¨¢� −¥ ¯®«ãç¨«�, ¬®¦¥â
¡ëâì, ¯®â®¬ã, çâ® ¨ ®−� −¥ ¯à®ïá−ï¥â áãé−®áâì ¨ à®«ì −®¢®£® ª«�áá� ¯à®æ¥áá®à®¢,
� «¨èì ¤¥ª«�à¨àã¥â ¨å ¯à¨−�¤«¥¦−®áâì ª ¨−äà�áâàãªâãà¥ ¤�â�-æ¥−âà®¢.

‚ −�áâ®ïé¥© áâ�âì¥ ¤¥«�¥âáï ¯®¯ëâª� ¯à®ïá−¨âì áãé−®áâì DPU, ®¡®§−�ç¨âì
¨å ¬¥áâ® ¢ ¨−äà�áâàãªâãà¥ ¤�â�-æ¥−âà®¢, ¢ëï¢¨âì ¢§�¨¬®á¢ï§ì á CPU, GPU
¨ NPU ¨ ¨å ®â−®è¥−¨¥ ª ¢¨àâã�«¨§�æ¨¨ á¥â¥¢ëå äã−ªæ¨© (network functions
virtualization, NFV), � â�ª¦¥ ¯à¥¤¢�à¨â¥«ì−® ®æ¥−¨âì ¯¥àá¯¥ªâ¨¢ë ¨å à�§¢¨â¨ï
¨ ¨á¯®«ì§®¢�−¨ï.

2 Назначение процессоров данных и их роль в дата-центре

„¥ª«�à¨àã¥¬®¥ ¢ ¡®«ìè¨−áâ¢¥ ¯à¥§¥−â�æ¨© ¨ ¯ã¡«¨ª�æ¨© −�§−�ç¥−¨¥ DPU |
á−ïâì á¥â¥¢ãî ¨ ª®¬¬ã−¨ª�æ¨®−−ãî −�£àã§ªã á CPU ¨ GPU, ¢§ï¢ −� á¥¡ï
àãâ¨−−ë¥ à�¡®âë ¯® åà�−¥−¨î, ¯¥à¥¬¥é¥−¨î ¨ ®¡à�¡®âª¥ −¥ª®â®àëå â¨¯®¢
¤�−−ëå ¢ ¬�áèâ�¡�å ¤�â�-æ¥−âà�, ¯®áª®«ìªã â�ª®£® à®¤� à�¡®âë ¬®£ãâ ®â−¨¬�âì
§−�ç¨â¥«ì−ãî ç�áâì ¯à®æ¥áá®à−ëå à¥áãàá®¢ [4{8]. ��¯à¨¬¥à, ¢ á®¢à¥¬¥−−ëå
¢¨àâã�«¨§¨à®¢�−−ëå áà¥¤�å ®¡à�¡®âª� âà�−§�ªæ¨© ¢¨àâã�«ì−®£® ª®¬¬ãâ�â®à�
Open vSwitch ¬®¦¥â §�−¨¬�âì ¡®«¥¥ 30% à�¡®ç¥£® ¢à¥¬¥−¨ CPU [9]. ’¨¯¨ç−ë¥
¢®§«�£�¥¬ë¥ −� DPU ®¡ï§�−−®áâ¨ ¬®£ãâ ¢ª«îç�âì á®¡áâ¢¥−−® ¯¥à¥¤�çã ¤�−−ëå
(data transfer) á ¢®§¬®¦−®áâìî ¨å è¨äà®¢�−¨ï ¨ §�é¨âë, á¦�â¨¥ ¤�−−ëå (data
compression), á®ªà�é¥−¨¥ §�−¨¬�¥¬ëå ¨¬¨ ®¡ê¥¬®¢ ¯�¬ïâ¨ (data reduction),
� â�ª¦¥ ¯à¥¤®áâ�¢«¥−¨¥ ¤®¯®«−¨â¥«ì−ëå ¢®§¬®¦−®áâ¥© à�§−®£® à®¤� �−�«¨§�
¨ áâ�â¨áâ¨ª¨ [5].

÷¥ª«�¬� DPU ®¡¥é�¥â, çâ® ¢ ®à¨¥−â¨à®¢�−−®© −� ¤�−−ë¥ (data-centric) ¨−-
äà�áâàãªâãà¥ ¤�â�-æ¥−âà®¢ ®−¨ á¬®£ãâ §�¬¥â−® ã«ãçè¨âì ¯à®¨§¢®¤¨â¥«ì−®áâì
á¥à¢¥à®¢ ¨ áãé¥áâ¢¥−−® ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì åà�−¨«¨é ¤�−−ëå, ¢ª«îç�ï
á¥â¥¢ë¥ åà�−¨«¨é� (network attached storage) ¨ á¥â¨ åà�−¥−¨ï ¤�−−ëå (storage-
area networks). �à¥¤¯®«�£�¥âáï â�ª¦¥, çâ® DPU á¬®£ãâ á ãá¯¥å®¬ ¯à¨¬¥−ïâìáï
¢ ú®¡«�ç−ëåû ¤�â�-æ¥−âà�å ¨ áã¯¥àª®¬¯ìîâ¥à�å, ¢ ç�áâ−®áâ¨ ¯à¨ à¥è¥−¨¨ §�¤�ç
¬�è¨−−®£® ®¡ãç¥−¨ï (machine learning, ML) ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (arti-
ficial intelligence, AI) [5]. �à¨ íâ®¬ íää¥ªâ ®â ¨á¯®«ì§®¢�−¨ï DPU ®¦¨¤�¥âáï
¤¢®ïª¨¬: ¢®-¯¥à¢ëå, ¡«�£®¤�àï ãáª®à¥−¨î à¥è¥−¨ï â¨¯®¢ëå ¨−äà�áâàãªâãà-
−ëå §�¤�ç ¤�â�-æ¥−âà� ¢ DPU, ¡®«¥¥ ¯à®¨§¢®¤¨â¥«ì−ëå −� íâ¨å §�¤�ç�å §� áç¥â
á¯¥æ¨�«¨§�æ¨¨ �¯¯�à�âãàë ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï (��); ¢®-¢â®àëå, ¢á«¥¤-
áâ¢¨¥ ®á¢®¡®¦¤¥−¨ï ®â íâ¨å §�¤�ç CPU ¨ GPU, ª®â®àë¥ ¯®«ãç�îâ ¢®§¬®¦−®áâì
®¡á«ã¦¨¢�âì ¡®«ìè¥¥ ç¨á«® ¯à¨«®¦¥−¨©.
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�� á¥£®¤−ïè−¨© ¤¥−ì ®á−®¢−®©, ¥á«¨ −¥ áª�§�âì ¥¤¨−áâ¢¥−−®©, ®¡«�áâìî
¯à¨¬¥−¥−¨ï DPU áâ�«¨ ¨−â¥««¥ªâã�«ì−ë¥ á¥â¥¢ë¥ ª�àâë [4]. ‘¥â¥¢ë¥ ª�àâë
(network interface cards, NIC), âà�¤¨æ¨®−−® á«ã¦�é¨¥ ¤«ï ¯®¤ª«îç¥−¨ï á¥à¢¥-
à®¢ ª á¥âï¬ ¯¥à¥¤�ç¨ ¤�−−ëå, ®¡ëç−® áâà®ïâáï −� ®á−®¢¥ á¯¥æ¨�«¨§¨à®¢�−−ëå
¨−â¥£à�«ì−ëå áå¥¬, ¨ ¨å ¦¥áâª® §�¤�−−ãî à�§à�¡®âç¨ª®¬ äã−ªæ¨®−�«ì−®áâì
−¥¢®§¬®¦−® ¨§¬¥−¨âì. ‚ ®â«¨ç¨¥ ®â ®¡ëç−ëå NIC, ¨−â¥««¥ªâã�«ì−ë¥ á¥â¥-
¢ë¥ ª�àâë smartNIC ¯®§¢®«ïîâ §�£àã¦�âì ¢ −¨å ¤®¯®«−¨â¥«ì−®¥, ¢ â®¬ ç¨á«¥
¯®«ì§®¢�â¥«ìáª®¥, ��, ª®â®à®¥ à�áè¨àï¥â äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ ª�àâ,
−�¯à¨¬¥à ¤®¡�¢«ïï £«ã¡®ªãî ¨−á¯¥ªæ¨î ¯�ª¥â®¢ (deep packet inspection, DPI)
−� á¥â¥¢ëå ¨−â¥àä¥©á�å ¨«¨ ¯®¤¤¥à¦ªã ¯à®â®ª®«®¢ ¤®áâã¯� ª â¢¥à¤®â¥«ì−ë¬
−�ª®¯¨â¥«ï¬ NVMe ¨ NVMe-oF ¯® ¨−â¥àä¥©áã ¢¢®¤�-¢ë¢®¤� [9, 10]. ’�ª¨¬
®¡à�§®¬, ¢−¥¤à¥−¨¥ DPU ¢ smartNIC à�áè¨àï¥â äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨
¯®á«¥¤−¨å ¨ ¤¥«�¥â ¨å ¡®«¥¥ £¨¡ª¨¬¨ ¨ «ãçè¥ �¤�¯â¨àã¥¬ë¬¨ ª ¬¥−ïîé¨¬áï
ãá«®¢¨ï¬ á®¢à¥¬¥−−ëå ¡ëáâà® à�§¢¨¢�îé¨åáï ¤�â�-æ¥−âà®¢.

3 Процессоры данных и виртуализация сетевых функций

‚ ª�ç¥áâ¢¥ ®¤−®£® ¨§ ¯®«®¦¨â¥«ì−ëå á«¥¤áâ¢¨© ¢−¥¤à¥−¨ï DPU ¯à¥¤¯®«�£�-
¥âáï ¢®§¬®¦−®áâì á−¨§¨âì ®¡é¨¥ §�âà�âë −� á¥à¢¥à−®¥ ®¡®àã¤®¢�−¨¥ ¤�â�-æ¥−âà�,
¯®áª®«ìªã DPU ¤®«¦−ë ®á¢®¡®¤¨âì CPU ®â æ¥«®£® àï¤� −¥á¢®©áâ¢¥−−ëå ¨¬ §�-
¤�ç ¨ â¥¬ á�¬ë¬ ¯®§¢®«¨âì ®¡å®¤¨âìáï ¬¥−ìè¨¬ ç¨á«®¬ á¥à¢¥à®¢, −¥ á−¨¦�ï
®¡éãî ¯à®¨§¢®¤¨â¥«ì−®áâì ¤�â�-æ¥−âà� [8]. ’¥§¨á íâ®â −¥ ®ç¥¢¨¤¥− ¨ âà¥¡ã¥â
¡®«¥¥ ª®−ªà¥â−®© ®æ¥−ª¨ §�âà�â ¢ ¬�áèâ�¡¥ ¤�â�-æ¥−âà� −¥ â®«ìª® −� CPU,
ª®â®àëå, ¬®¦¥â ¡ëâì, ¯®âà¥¡ã¥âáï ¬¥−ìè¥, −® ¨ −� DPU á ¨å á¯¥æ¨ä¨ç¥áª¨¬
�� ª�ª ¤®¯®«−¨â¥«ì−ãî áâ�âìî à�áå®¤®¢.

Šà®¬¥ â®£®, íâ®â −¥®ç¥¢¨¤−ë© â¥§¨á ä®à¬�«ì−® ¢å®¤¨â ¢ ¯à®â¨¢®à¥ç¨¥ á ª®−-
æ¥¯æ¨¥© NFV, ®¤−� ¨§ ®á−®¢−ëå æ¥«¥© ª®â®à®© á®áâ®¨â ¢ §�¬¥−¥ á¯¥æ¨�«¨§¨-
à®¢�−−®£® á¥â¥¢®£® ®¡®àã¤®¢�−¨ï (ª®¬¬ãâ�â®à®¢, ¡�«�−á¨à®¢é¨ª®¢ −�£àã§ª¨,
¬¥¦á¥â¥¢ëå íªà�−®¢, á¨áâ¥¬ ¢ëï¢«¥−¨ï ¨ ®âà�¦¥−¨ï ¢â®à¦¥−¨© ¨ â. ¯.) á¥à¨©-
−ë¬¨ (off-the-shelf) ã−¨¢¥àá�«ì−ë¬¨ á¥à¢¥à�¬¨, −� ª®â®àëå á®®â¢¥âáâ¢ãîé¨¬
�� í¬ã«¨àãîâáï âà�¤¨æ¨®−−ë¥ á¥â¥¢ë¥ ãáâà®©áâ¢� [11]. �à¨ íâ®¬ ¯®¬¨¬® ¯®-
¢ëè¥−¨ï £¨¡ª®áâ¨ ¨ �¤�¯â¨àã¥¬®áâ¨ ¨−äà�áâàãªâãàë ¤�â�-æ¥−âà� â�ª¦¥ ¯à¥¤-
¯®«�£�¥âáï á−¨¦¥−¨¥ áâ®¨¬®áâ¨ ®¡®àã¤®¢�−¨ï, ¯®áª®«ìªã ¬�áá®¢® ¢ë¯ãáª�¥¬ë¥
ã−¨¢¥àá�«ì−ë¥ á¥à¢¥àë ®ª�§ë¢�îâáï, ª�ª ¯à�¢¨«®, ¤¥è¥¢«¥ á®¢®ªã¯−® §�¬¥-
−ï¥¬®© á¯¥æ¨�«¨§¨à®¢�−−®© á¥â¥¢®© �¯¯�à�âãàë, ª ª®â®à®© ä®à¬�«ì−® ¬®¦−®
®â−¥áâ¨ ¨ DPU.

÷�§à¥è¥−¨¥ íâ®£® ¡à®á�îé¥£®áï ¢ £«�§� ª®−ä«¨ªâ� DPU á NFV, ¢¥à®ïâ−®,
¡ã¤¥â §�¢¨á¥âì ®â ¯à�ªâ¨ç¥áª¨å ®æ¥−®ª íää¥ªâ¨¢−®áâ¨ DPU ¨ ¨å ®â−®á¨â¥«ì−®©
áâ®¨¬®áâ¨, ª®â®à�ï ¡ã¤¥â ®¯à¥¤¥«ïâìáï ¢ ç¨á«¥ ¯à®ç¥£® ¨å ¢®áâà¥¡®¢�−−®áâìî
¨, ª�ª á«¥¤áâ¢¨¥, ¬�áá®¢®áâìî ¢ë¯ãáª�. ‘®£«�á−® ¯à®£−®§ã Allied Market Re-
search [8], ¬¨à®¢®© àë−®ª DPU ¡ã¤¥â à�áâ¨ ¢ áà¥¤−¥¬ −� 26,9% ¢ £®¤. …á«¨
íâ®â ®¯â¨¬¨áâ¨ç−ë© ¯à®£−®§ á¡ã¤¥âáï, DPU á® ¢à¥¬¥−¥¬ ¤®«¦−ë ¯à¥¢à�â¨âìáï
¢ ¬�áá®¢ë© àë−®ç−ë© ¯à®¤ãªâ á ®¡ê¥¬�¬¨ ¢ë¯ãáª�, á®¨§¬¥à¨¬ë¬¨ á ®¡ê¥¬�-
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¬¨ ¢ë¯ãáª� CPU ¨ GPU. �¤−�ª®, ª�ª ¯®ª�§ë¢�¥â ¯à¨¬¥à ¯à¥¤è¥áâ¢¥−−¨ª®¢
DPU | ¨−â¥£à¨à®¢�−−ëå NPU, ¤�«¥ª® −¥ ¢á¥ ¡«�£®¯à¨ïâ−ë¥ ¯à®£−®§ë á¡ë¢�-
îâáï.

4 Процессоры данных и сетевые процессоры

’¨¯¨ç−ë© DPU ¯à¥¤áâ�¢«ï¥â á®¡®© ¨−â¥£à¨à®¢�−−ë© ¯à¨¡®à, ª®â®àë© ¬®-
¦¥â ¢ª«îç�âì [6,8]:

{ ã−¨¢¥àá�«ì−ë© ¯à®æ¥áá®à, ª�ª ¯à�¢¨«®, ¬−®£®ï¤¥à−ë©, ¢ ¡®«ìè¨−áâ¢¥ á«ã-
ç�¥¢ á �àå¨â¥ªâãà®© ARM;

{ ¬−®¦¥áâ¢® á¯¥æ¨�«¨§¨à®¢�−−ëå ¯à®£à�¬¬¨àã¥¬ëå ¯à®æ¥áá®à®¢ á ®à¨£¨−�«ì-
−ë¬¨ á¨áâ¥¬�¬¨ ¨−áâàãªæ¨©, ¢ ç�áâ−®áâ¨ ®à¨¥−â¨à®¢�−−ë¬¨ −� §�¤�ç¨ ã¯à�¢-
«¥−¨ï á¥âï¬¨ ¨ åà�−¨«¨é�¬¨ ¤�−−ëå;

{ à�§−®£® à®¤� �¯¯�à�â−ë¥ ãáª®à¨â¥«¨;

{ ¢ëá®ª®áª®à®áâ−®¥ ¯®¤ª«îç¥−¨¥ ª á¥â¨ Ethernet, ¢ −¥ª®â®àëå á«ãç�ïå â�ª¦¥
ª á¥â¨ InfiniBand;

{ ¨−â¥àä¥©á ¢¢®¤�-¢ë¢®¤� á ¢ëá®ª®© ¯à®¯ãáª−®© á¯®á®¡−®áâìî, ª�ª ¯à�¢¨«®,
¬−®£®¤®à®¦¥ç−ë© PCI Express.

�¥âàã¤−® ¢¨¤¥âì, çâ® ¯® á¢®¥© ú−�ç¨−ª¥û DPU ¯à�ªâ¨ç¥áª¨ −¥ ®â«¨ç�îâáï ®â
¨−â¥£à¨à®¢�−−ëå NPU [1]. �¥ã¤¨¢¨â¥«ì−®, çâ® −¥ª®â®àë¥ ¨¬¥îé¨¥áï −� àë−ª¥
DPU −� ¯®¢¥àªã ®ª�§ë¢�îâáï ¯à®áâ® ú¯¥à¥«¨æ®¢�−−ë¬¨û NPU. •®à®è¨© â®¬ã
¯à¨¬¥à | DPU ª®¬¯�−¨¨ Marvell, ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© à¥¨−ª�à−�æ¨î
¨−â¥£à¨à®¢�−−ëå NPU á¥¬¥©áâ¢� OCTEON, ¯à¨ç¥¬ −�àï¤ã á ®â−®á¨â¥«ì−®
−®¢ë¬¨ «¨−¥©ª�¬¨ ¯à¨¡®à®¢ á ¯à®æ¥áá®à−ë¬¨ ï¤à�¬¨ ARM ¢ ª�ç¥áâ¢¥ DPU
¯à¥¤«�£�îâáï ¨ ¡®«¥¥ áâ�àë¥ «¨−¥©ª¨ NPU á ï¤à�¬¨ �àå¨â¥ªâãàë MIPS [12].

’�ª¨¬ ®¡à�§®¬, DPU ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ −�á«¥¤ãîâ ®â ¨−â¥£à¨à®¢�−−ëå
NPU −¥ â®«ìª® ®¡«�áâì ¯à¨¬¥−¥−¨ï, −® ¨ �àå¨â¥ªâãà−ë¥ ¯à¨−æ¨¯ë ¯®áâà®-
¥−¨ï, ¢á«¥¤áâ¢¨¥ ç¥£® ¨¬ ¯®â¥−æ¨�«ì−® £à®§ïâ â¥ ¦¥ âàã¤−®áâ¨, á ª®â®àë¬¨
¢áâà¥â¨«¨áì ¨ ª®â®àë¥ −¥ á¬®£«¨ ¯à¥®¤®«¥âì NPU. ‚ ¯¥à¢ãî ®ç¥à¥¤ì íâ® ®â−®-
á¨âáï ª à�§−®®¡à�§¨î ª®−ªà¥â−ëå �àå¨â¥ªâãà−ëå à¥è¥−¨© á¯¥æ¨�«¨§¨à®¢�−−ëå
¯à®æ¥áá®à−ëå ï¤¥à á ¢ëâ¥ª�îé¨¬¨ ¨§ íâ®£® à�§−®®¡à�§¨ï á«®¦−®áâï¬¨ ¯à®£à�¬-
¬¨à®¢�−¨ï. �¥ «ãçè¥ á¨âã�æ¨ï ¨ á �¯¯�à�â−ë¬¨ ãáª®à¨â¥«ï¬¨, −®¬¥−ª«�âãà�,
äã−ªæ¨®−�«ì−®áâì ¨ à¥�«¨§�æ¨ï ª®â®àëå −¨ª�ª −¥ à¥£«�¬¥−â¨à®¢�−ë ¨ ¢ ª�¦¤®¬
ª®−ªà¥â−®¬ DPU ¯à®¨§¢®«ì−® ®¯à¥¤¥«ïîâáï à�§à�¡®âç¨ª®¬.

�à®£à�¬¬¨àã¥¬®áâì §�ï¢«ï¥âáï ª�ª ®¤−® ¨§ ¢�¦−¥©è¨å âà¥¡®¢�−¨© ª DPU.
�¤−�ª® ã ¯à®£à�¬¬¨àã¥¬®áâ¨ ¨¬¥¥âáï ®¡®à®â−�ï áâ®à®−�: ã−¨ª�«ì−®áâì ª�¦¤®£®
®â¤¥«ì−® ¢§ïâ®£® ¤�â�-æ¥−âà� ¨ á®¢®ªã¯−®áâ¨ ¢ë¯®«−ï¥¬ëå ¢ −¥¬ à�¡®â ¯à¥¢à�-
é�¥â ¯à®£à�¬¬¨à®¢�−¨¥ DPU ¨§ ¢®§¬®¦−®áâ¨ ¢ −¥®¡å®¤¨¬®áâì. Œ¥¦¤ã â¥¬,
¢ ®â«¨ç¨¥ ®â CPU, ¤«ï DPU ¯à®£à�¬¬¨à®¢�âì ¯à¨å®¤¨âáï −¥ ¯à¨«®¦¥−¨ï −�
ã¤®¡−ëå ï§ëª�å ¯®¤ áâ�−¤�àâ−ë¥ ®¯¥à�æ¨®−−ë¥ áà¥¤ë á ¨á¯®«ì§®¢�−¨¥¬ �¯à®-
¡¨à®¢�−−ëå áà¥¤áâ¢ à�§à�¡®âª¨, � á¯¥æ¨ä¨ç¥áª¨¥ ¨−äà�áâàãªâãà−ë¥ §�¤�ç¨,
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à�§−ïé¨¥áï ¢ à�§−ëå ¤�â�-æ¥−âà�å, ª â®¬ã ¦¥ ¢ áà¥¤�å à�§à�¡®âª¨, á¯¥æ¨-
ä¨ç−ëå ¤«ï ª®−ªà¥â−ëå DPU. �−�«®£¨ç−�ï ¯à®¡«¥¬� ¯à®£à�¬¬¨à®¢�−¨ï NPU
â�ª ¨ −¥ ¡ë«� à¥è¥−� ¨ áâ�«� ª�¬−¥¬ ¯à¥âª−®¢¥−¨ï −� ¨å ¯ãâ¨ ª ¬�áá®¢®¬ã
¯à¨¬¥−¥−¨î. �®¯ãâ−® ¬®¦−® ®â¬¥â¨âì, çâ® ¢® ¬−®£®¬ ¯®å®¦¨¥ âàã¤−®áâ¨ á®-
§¤�−¨ï ã−¨ª�«ì−®£® �� ¤«ï ª�¦¤®£® ª®−ªà¥â−®£® ¤�â�-æ¥−âà� ã¦¥ −¥ ®¤¨− £®¤
â®à¬®§ïâ ¬�áá®¢®¥ ¢−¥¤à¥−¨¥ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ëå á¥â¥© (software-defined
networking, SDN) [13].

5 Процессоры данных и графические процессоры

�¥¤�¢−® −� á®¢á¥¬ ¥é¥ ¬®«®¤®© àë−®ª DPU −¥®¦¨¤�−−® ¤àã¦−® ¢ëè«¨
ª®¬¯�−¨¨ NVIDIA ¨ AMD | ¡¥§ãá«®¢−ë¥ «¨¤¥àë ¨ £«�¢−ë¥ ª®−ªãà¥−âë
¢ ®¡«�áâ¨ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå GPU. ˆ íâ®â ä�ªâ ¤®áâ®¨− ¢−¨¬�−¨ï.

NVIDIA ¯à¥¤«�£�¥â ¢ª«îç�îéãî DPU smartNIC BlueField [14], ª®â®à�ï
¡ë«� ¯à¨®¡à¥â¥−� ¢¬¥áâ¥ á ¥¥ à�§à�¡®âç¨ª®¬, ª®¬¯�−¨¥© Mellanox (2020 £.).
÷�−¥¥ Mellanox á¯¥æ¨�«¨§¨à®¢�«�áì −� á¥â¥¢®© �¯¯�à�âãà¥ ¨ ¨−â¥£à¨à®¢�−−ëå
NPU, ¨ DPU á¥¬¥©áâ¢� BlueField áâ�«¨ ¯à®¤®«¦�â¥«ï¬¨ ¨−â¥£à¨à®¢�−−ëå NPU
á¥¬¥©áâ¢� Tile-Gx/Mx ª®¬¯�−¨¨ EZchip, à�−¥¥ ¯®£«®é¥−−®© Mellanox (2016 £.).
’�ª¨¬ ®¡à�§®¬, DPU BlueField ®ª�§ë¢�îâáï ¯àï¬ë¬¨ −�á«¥¤−¨ª�¬¨ −¥áª®«ìª¨å
¯®ª®«¥−¨© NPU. ˆ íâ� −�á«¥¤áâ¢¥−−®áâì −¥á«ãç�©−�. ‚ ª®−¥ç−®¬ áç¥â¥, ª�ª ¡ë«®
®â¬¥ç¥−® ¢ëè¥, NPU ¨ DPU −¥ â®«ìª® à¥è�îâ áå®¦¨¥ §�¤�ç¨, −® ¨ ¨á¯®«ì§ãîâ
®¤−¨ ¨ â¥ ¦¥ áà¥¤áâ¢� ¨å à¥è¥−¨ï.

�® §�¬ëá«ã ª®¬¯�−¨¨ NVIDIA, ¥¥ DPU (á�¬ë© ¯®á«¥¤−¨© ¢ á¥¬¥©áâ¢¥ |
BlueField-3 [15]) ¤®«¦−ë ¤®¯®«−¨âì ä¨à¬¥−−ë¥ á¢¥àå¬®é−ë¥ ã−¨¢¥àá�«ì−ë¥
CPU (¯¨«®â−ë© ¯à¨¡®à | áã¯¥àç¨¯ Grace CPU [16]) ¨ è¨à®ª® ¨§¢¥áâ−ë¥
GPU á â¥−§®à−ë¬¨ ï¤à�¬¨ (¯®á«¥¤−¨¥ �àå¨â¥ªâãàë | Hopper ¨ Blackwell [17]),
áâ�¢ âà¥âì¥© ®¯®à®©, ®¡¥á¯¥ç¨¢�îé¥© ãáâ®©ç¨¢®áâì ª®−áâàãªæ¨¨ ¨−äà�áâàãªâãà,
®à¨¥−â¨à®¢�−−ëå ¢ ¯¥à¢ãî ®ç¥à¥¤ì −� ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥−¨ï
(high-performance computing, HPC), � â�ª¦¥ §�¤�ç¨ ML ¨ AI. ‚ æ¥«®¬ áä¥àã
¯à¨¬¥−¥−¨ï á¢®¨å DPU NVIDIA å®â¥«� ¡ë ¢¨¤¥âì ¯à¥¤¥«ì−® è¨à®ª®© [9],
¢ª«îç�îé¥©:

{ ¢¨àâã�«ì−ë¥ ¨ �¯¯�à�â−ë¥ ú®¡«�ç−ë¥û áà¥¤ë;

{ åà�−¨«¨é� NVMe ¢ ¢¨àâã�«ì−ëå ¬�è¨−�å;

{ NFV;

{ DPI;

{ ¬¨ªà®á¥à¢¥àë ¤«ï £à�−¨ç−ëå ¢ëç¨á«¥−¨©.

‚á«¥¤ §� NVIDIA â¥¬ ¦¥ ¯ãâ¥¬ ¯®è¥« ¥¥ £«�¢−ë© ª®−ªãà¥−â ¢ ®¡«�áâ¨ GPU,
ª®¬¯�−¨ï AMD, ª®â®à�ï ¯à¨®¡à¥«� ª®¬¯�−¨î Pensando Systems (2022 £.) ¢¬¥áâ¥
á ¥¥ à�§à�¡®âª®© | smartNIC Pensando DSC-25/100, ¯®§¨æ¨®−¨àã¥¬®© ª�ª
ª�àâ� à�á¯à¥¤¥«¥−−ëå á¥à¢¨á®¢ (distributed services card). �� íâ®¬ −®¢®¬ ¤«ï
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á¥¡ï −�¯à�¢«¥−¨¨ ¤¥ïâ¥«ì−®áâ¨ AMD ¯à¥¤«�£�¥â DPU Giglio ¨ Salina [18], á®-
åà�−ïîé¨¥ á®¢¬¥áâ¨¬®áâì á ¯à®æ¥áá®à�¬¨ smartNIC á¥¬¥©áâ¢� Pensando (Capri,
Elba) ¨ ¯à¨ íâ®¬, á®£«�á−® à¥ª«�¬¥ AMD, ú®¡¥á¯¥ç¨¢�îé¨¥ −¥¢¥à®ïâ−ãî í−¥à-
£®íää¥ªâ¨¢−®áâì ¨ ¢ â® ¦¥ ¢à¥¬ï §−�ç¨â¥«ì−® ã¢¥«¨ç¨¢�îé¨¥ ¯à®¯ãáª−ãî
á¯®á®¡−®áâì ª®−¢¥©¥à®¢ P4û [19].

’®â ¯à¨¬¥ç�â¥«ì−ë© ä�ªâ, çâ® ¤¢� ¬¨à®¢ëå «¨¤¥à� ¢ ®¡«�áâ¨ GPU ¯à�ªâ¨ç¥-
áª¨ ®¤−®¢à¥¬¥−−® ¢ëè«¨ −� àë−®ª DPU, ¯à¨ç¥¬ ¢ ®¡®¨å á«ãç�ïå ¯à¨®¡à¥â¥−¨¥¬
ª®¬¯�−¨©, á¯¥æ¨�«¨§¨à®¢�¢è¨åáï ¢ ®¡«�áâ¨ smartNIC, ¤�¥â ®á−®¢�−¨ï ®¦¨¤�âì
ª�ª ¤�«ì−¥©è¥£® à�§¢¨â¨ï DPU ¢ á®áâ�¢¥ smartNIC, â�ª ¨, £¨¯®â¥â¨ç¥áª¨,
¢®§¬®¦−®£® ¢ëå®¤� DPU §� à�¬ª¨ á¥â¥¢ëå ª�àâ, ®¡ê¥¤¨−¥−¨ï ¨å ¢®§¬®¦−®-
áâ¥© á ¢®§¬®¦−®áâï¬¨ GPU. ‚ ç�áâ−®áâ¨, á¢ï§ª� GPU + DPU ¬®¦¥â ®ª�§�âìáï
íää¥ªâ¨¢−®© ¢ à¥è¥−¨¨ §�¤�ç HPC/ML/AI, � â�ª¦¥ ¢ ¡®«¥¥ â¥á−®¬ á¡«¨¦¥-
−¨¨ ¢ëç¨á«¥−¨© á åà�−¥−¨¥¬ ¤�−−ëå, ¤¢¨¦¥−¨¨ ¢ áâ®à®−ã ú¢ëç¨á«¨â¥«ì−®£®
åà�−¨«¨é�û (computational storage) [20].

6 Заключение

�à®æ¥áá®àë ¤�−−ëå ª�ª −®¢ë© â¨¯ ®¡à�¡�âë¢�îé¥£® ãáâà®©áâ¢� ¤¥ª«�à¨à®-
¢�− ¢ ª�ç¥áâ¢¥ áà¥¤áâ¢� ®á¢®¡®¦¤¥−¨ï âà�¤¨æ¨®−−ëå ®¡à�¡�âë¢�îé¨å ãáâà®©áâ¢,
CPU ¨ GPU, ®â àãâ¨−−ëå −¥ á¢®©áâ¢¥−−ëå ¨¬ §�¤�ç ¯® ®¡á«ã¦¨¢�−¨î ¨−äà�-
áâàãªâãàë ¤�â�-æ¥−âà®¢. ‚ à¥§ã«ìâ�â¥ íää¥ªâ¨¢−®áâì ¤�â�-æ¥−âà®¢ ¯®¢ëè�¥âáï
¡«�£®¤�àï á¯¥æ¨�«¨§�æ¨¨ DPU ¯®¤ íâ¨ §�¤�ç¨ ¨ ¢á«¥¤áâ¢¨¥ «ãçè¥£® ¨á¯®«ì§®-
¢�−¨ï CPU ¨ GPU. ‚ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ DPU áâ�«¨ −�á«¥¤−¨ª�¬¨ ¨−â¥£à¨-
à®¢�−−ëå NPU ª�ª ¯® ªàã£ã à¥è�¥¬ëå §�¤�ç, â�ª ¨ ¯® áà¥¤áâ¢�¬ ¨å à¥è¥−¨ï.
Š�ª á«¥¤áâ¢¨¥, DPU ç�áâ¨ç−® ã−�á«¥¤®¢�«¨ ¨ ¯à®¡«¥¬ë NPU, ¢ ç�áâ−®áâ¨
¢ ®â−®è¥−¨¨ ¯à®£à�¬¬¨àã¥¬®áâ¨.

�� á¥£®¤−ïè−¨© ¤¥−ì, −¥á¬®âàï −� �ªâ¨¢−ãî à¥ª«�¬ã ¨ ¡«�£®¯à¨ïâ−ë¥
¯à®£−®§ë, ¬®¦−® ®â¬¥â¨âì «¨èì ®â¤¥«ì−ë¥, å®âï ¨ ¨−â¥à¥á−ë¥ á�¬¨ ¯® á¥-
¡¥, ¯®¯ëâª¨ ¨á¯®«ì§®¢�−¨ï DPU, ¯®ª� çâ® ¨áª«îç¨â¥«ì−® ¢ á®áâ�¢¥ smartNIC
á¥¬¥©áâ¢� BlueField, ¢ ª�ç¥áâ¢¥ ª®¬¯®−¥−â� á¨áâ¥¬, ®¯â¨¬¨§¨à®¢�−−ëå ¤«ï ¯à¨-
«®¦¥−¨© á ¨−â¥−á¨¢−®© à�¡®â®© ¢ á¥â¨ [21], ¢ â®¬ ç¨á«¥ á® ¬−®£¨¬¨ �à¥−¤�â®à�¬¨
(multitenant) [22], ¨ ú®¡«�ç−ëåû áà¥¤ ¡¥áá¥à¢¥à−ëå ¢ëç¨á«¥−¨© (serverless com-
puting) [23]. �®íâ®¬ã ¢àï¤ «¨ á¥£®¤−ï ¬®¦−® á ã¢¥à¥−−®áâìî ¯à®£−®§¨à®¢�âì
è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ DPU ¢ ª�ç¥áâ¢¥ á�¬®áâ®ïâ¥«ì−®£® ¨−äà�áâàãªâãà−®£®
ª®¬¯®−¥−â�. �� ¤�−−ë© ¬®¬¥−â ®−¨ ®áâ�îâáï «®ª�«ì−ë¬ ¨−â¥««¥ªâ®¬ ¢ à�¬ª�å
smartNIC, ¯à¨ç¥¬ ª®−ªà¥â−ë¥ DPU á¢ï§�−ë á ª®−ªà¥â−ë¬¨ smartNIC ®¡é¨¬
à�§à�¡®âç¨ª®¬. ‚ íâ®¬ ¯«�−¥ ¯®ª�§�â¥«ì−®, çâ® ã ª®¬¯�−¨¨ NVIDIA ¡à¥−¤
BlueField ®â−®á¨âáï ª�ª ª DPU, â�ª ¨ ª ¯®áâà®¥−−ë¬ −� ¨å ®á−®¢¥ smartNIC
(SuperNIC), â. ¥. ä�ªâ¨ç¥áª¨ DPU −¥ à�áá¬�âà¨¢�¥âáï ª®¬¯�−¨¥© ª�ª á�¬®-
áâ®ïâ¥«ì−ë© ¯à®¤ãªâ [15, 24]. �®ª� çâ® ¤«ï DPU ª�ª ®â¤¥«ì−®£® àë−®ç−®£®
¯à®¤ãªâ� áãé¥áâ¢ã¥â à¨áª ¯®¢â®à¨âì −¥§�¢¨¤−ãî áã¤ì¡ã NPU ¨ ®áâ�âìáï ú¢á¥-
£® «¨èì ¢−ãâà¨ä¨à¬¥−−ë¬¨ ¨−áâàã¬¥−â�¬¨ ¨−â¥««¥ªâã�«¨§�æ¨¨ ®£à�−¨ç¥−−®£®
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ç¨á«� á¯¥æ¨ä¨ç¥áª¨å ¯à®¤ãªâ®¢ ¢ ã§ª®¬ ªàã£ã ªàã¯−ëå ¬¨ªà®í«¥ªâà®−−ëå
ä¨à¬û [1].

‚®§¬®¦−®, á¨âã�æ¨î ¬®£«® ¡ë ¨§¬¥−¨âì ¯®ï¢«¥−¨¥ ¢ á«¥¤ãîé¥¬ ¯®ª®«¥−¨¨
¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ −¥ª®¥£® ú®âà�á«¥¢®£® áâ�−¤�àâ�û [8], ª®â®àë© ®â¢ï-
¦¥â ¯à®¨§¢®¤¨â¥«¥© smartNIC ®â à�§à�¡®âç¨ª®¢ DPU. Šà®¬¥ â®£®, ¢¥à®ïâ−ë¬
¯à¥¤áâ�¢«ï¥âáï ¯®ï¢«¥−¨¥ áâ�−¤�àâ®¢ ¤¥-ä�ªâ® ®â ª®¬¯�−¨¨ NVIDIA, ¢§ï¢è¥©
ªãàá −� ®à¨£¨−�«ì−ë¥, −¥ áª®¢�−−ë¥ −¨ª�ª¨¬¨ áâ�−¤�àâ�¬¨ á¢¥àå¢ëá®ª®¯à®-
¨§¢®¤¨â¥«ì−ë¥ à¥è¥−¨ï ¢ ®¡«�áâ¨ HPC/ML/AI, ®á−®¢ë¢�ïáì −� ä¨à¬¥−−ëå
â¥á−® ¨−â¥£à¨à®¢�−−ëå APU. ’�ª¦¥ ®¤−¨¬ ¨§ è�£®¢ ª â�ª¨¬ áâ�−¤�àâ�¬ ¤¥-
ä�ªâ® ¬®£ãâ áâ�âì à�¡®âë NVIDIA ¢ ¯�àâ−¥àáâ¢¥ á ª®¬¯�−¨¥© Pluribus Networks
¯® ¨−â¥£à�æ¨¨ DPU á á¥â¥¢®© ®¯¥à�æ¨®−−®© á¨áâ¥¬®© Pluribus NetVisor [25]
¢ ª�ç¥áâ¢¥, −�¯à¨¬¥à, ®á−®¢ë ¢áâà�¨¢�¥¬ëå ¢ smartNIC SDN-ª®−âà®««¥à®¢.
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Abstract: The data center processing capabilities have been traditionally imple-
mented by processors of three kinds | central processing units (CPU), graphics
processing units (GPU), and network processing units (NPU). Recently, data
processing units (DPU), sometimes called also infrastructure processors, have
joined this triad. The most frequently advertised purpose of the DPU is to
free CPU and GPU from communication burdens and a number of routine tasks
for storing, moving, and processing certain data types within a data center that
assumes interaction of DPU with CPU and GPU as well as partial or complete
replacement of the NPU. The article attempts to clarify the essence of DPU,
specifies their place and role in the data center infrastructure, examines the con-
nection of DPU with GPU and NPU, finds out the relation to network functions
virtualization, denotes difficulties of using the DPU, and gives a preliminary
assessment of the prospects for their further development and application.
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à� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‡�æ¬�− ˆ£®àì Œ®¨á¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
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Š¨à¨ª®¢ ˆ£®àì �«¥ªá�−¤à®¢¨ç (à. 1955) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤¨-
à¥ªâ®à Š�«¨−¨−£à�¤áª®£® ä¨«¨�«� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà�
úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š®«¨− Š®−áâ�−â¨− Š®−áâ�−â¨−®¢¨ç (à. 1935) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, §�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−ë© −�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®¯�¤ ‘¥à£¥© ‚¨ªâ®à®¢¨ç (à. 1984) | 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
Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | 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
�«¥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
÷ã¬®¢áª�ï ‘®ä¨ï �®à¨á®¢−� (à. 1985) | 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
‘�«¥¬ ��á¨¬ ÷�¥¤ (à. 1997) | −�ãç−ë© á®âàã¤−¨ª –¥−âà� ¨−ä®à¬�æ¨®−−ëå
â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢�−¨¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘¨−¨æë− ˆ£®àì �¨ª®«�¥¢¨ç (à. 1940) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
§�á«ã¦¥−−ë© ¤¥ïâ¥«ì −�ãª¨ ÷”, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª; ¯à®ä¥áá®à ª�ä¥¤àë úŒ¥å�âà®−¨ª� ¨ â¥®à¥â¨ç¥áª�ï ¬¥å�−¨ª�û Œ®áª®¢-
áª®£® �¢¨�æ¨®−−®£® ¨−áâ¨âãâ� (−�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â�)
‘ª¢®àæ®¢ �¨ª®«�© �«¥ªá¥¥¢¨ç (à. 1973) | −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
‘¬¨à−®¢ „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1984) | ¡¨§−¥á-¯�àâ−¥à ¯® ˆ’ ¤¥¯�àâ�-
¬¥−â� ¡¥§®¯�á−®áâ¨ ��� ú‘¡¥à¡�−ª ÷®áá¨¨û
‘¬¨à−®¢ „¬¨âà¨© ‘¥à£¥¥¢¨ç (à. 1988) | ª�−¤¨¤�â íª®−®¬¨ç¥áª¨å −�ãª, §�¢¥-
¤ãîé¨© «�¡®à�â®à¨¥© –¥−âà� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢�−¨¨
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘®ª®«®¢ ˆ£®àì �−�â®«ì¥¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, �ª�¤¥¬¨ª
÷��, −�ãç−ë© àãª®¢®¤¨â¥«ì ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘®«®¤®¢−¨ª®¢ ‚«�¤¨¬¨à ˆ£®à¥¢¨ç (à. 1977) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¤¨à¥ªâ®à –¥−âà� ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¢ ¯à®¥ªâ¨à®¢�−¨¨ ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
‘â¥¯ç¥−ª®¢ „¬¨âà¨© āàì¥¢¨ç (à. 1973) | 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
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‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¢¥-
¤ãîé¨© ®â¤¥«®¬, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘âã¯−¨ª®¢ ‘¥à£¥© �«¥ªá�−¤à®¢¨ç (à. 1978) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨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 ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−â-
à� 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�).

…á«¨ ¯à¨ ¯®¤£®â®¢ª¥ áâ�âì¨ �¢â®àë ¨á¯®«ì§®¢�«¨ ¨−áâàã¬¥−âë −� ®á−®¢¥ ¨áªãá-
áâ¢¥−−®£® ¨−â¥««¥ªâ�, ®−¨ ®¡ï§�−ë ¢ª«îç¨âì íâã ¨−ä®à¬�æ¨î ¢ â¥ªáâ áâ�âì¨.

÷¥¤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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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

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¥ 10 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 ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ¨−â¥à−¥â¥:

http://www.ipiran.ru/journal/template iiep ssi 2024.zip

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. Russ. 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. | New York, NY,
USA: Wiley, 1974. 521 p.)
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Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. New York, NY: Wiley. 521 p.
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http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).
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Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
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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�;
{ ãª�§ë¢�âì ¢ â¥ªáâ¥ ¯¨áì¬� −�§¢�−¨¥ áâ�âì¨, �¢â®à®¢ ¨ ¦ãà−�«, ¢ ª®â®àë© −�-

¯à�¢«ï¥âáï áâ�âìï;
{ ¨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¨¨.
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Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��

’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: ssi@frccsc.ru (‘âà¨£¨−� ‘¢¥â«�−� �¨ª®«�¥¢−�)
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:
{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.
1. The Journal publishes original articles which have not been published before and are

not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.
If authors used artificial intelligence (AI)-based tools in preparing their manuscript,
they must include this information in the text of the article.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents
may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.
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7. The recommended typesetting instructions for manuscript.

Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.

Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.

The recommended manuscript size: not more than 10 pages of the specified format. If
the specified size exceeded, the editorial board is entitled to require the author to reduce
the manuscript.

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.

All pages of the manuscript should be numbered.

The templates for the manuscript typesetting are presented on site:

http://www.ipiran.ru/journal/template iiep ssi 2024.zip

8. Articles should enclose data both in Russian and English:
{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):

http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp and

http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;
{ abstract (not less than 100 words) both in Russian and in English. Abstract is

a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.

Important! Keywords must not be sentences.
{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.net/ru/bgn/).

Please take into account the following examples of Russian references appearance:

Article in journal:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

Journal article in electronic format:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
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Conference proceedings:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

Books and other monographs:

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

Dissertation and Thesis:

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. Moscow: IPI RAN. PhD Thesis. 23 p.

State standards and patents:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. M.: Standardinform Publs. 10 p.

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

References in Latin transcription are presented in the original language.

References in the text are numbered according to the order of their first appearance;
the number is placed in square brackets. All items from the reference list should be cited.

10. Manuscripts and additional materials are not returned to Authors by the Editorial
Board.

11. Submissions of files by e-mail must include:
{ the journal title and author's name in the \Subject" field;
{ the article title, authors' names, and the journal title, whereto the paper is being

submitted, in the text of the e-mail;
{ an article and additional materials have to be attached using the \attach" function;
{ an electronic version of the article should contain the file with the text and a sepa-

rate file with figures.
12. \System and Means of Informatics" journal is not a profit publication. There are no

charges for the authors as well as there are no royalties.

Editorial Board address:
FRC CSC RAS, 44, block 2, Vavilov Str., Moscow 119333, Russia

Ph.: +7 (499) 135 86 92, Fax: +7 (495) 930 45 05

e-mail: ssi@frccsc.ru (to Svetlana Strigina)

http://www.ipiran.ru/english/journal systems.asp
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