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�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ª®¬¯ìîâ¥à−ë¥ ¬¥â®¤ë ¨ áà¥¤áâ¢� �−�«¨§� ¨
¬®¤¥«¨à®¢�−¨ï ¤«ï ®¤−®£® ¨§ −®¢¥©è¨å −�¯à�¢«¥−¨© ¢ ®¡«�áâ¨ íª®−®¬¨ª¨
¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï ¨§¤¥«¨© −�ãª®¥¬ª®© ¯à®¤ãªæ¨¨ (ˆ��) ¤«¨-
â¥«ì−®£® ¨á¯®«ì§®¢�−¨ï: ¨−â¥£à¨à®¢�−−®© «®£¨áâ¨ç¥áª®© ¯®¤¤¥à¦ª¨ (ˆ‹�).
�á®¡®¥ ¢−¨¬�−¨¥ ã¤¥«¥−® ¯à®¡«¥¬�¬ �−�«¨â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨ ¬¨−¨-
¬¨§�æ¨¨ §�âà�â −� íªá¯«ã�â�æ¨î ˆ�� ¢ −¥¯à¥àë¢−®-¤¨áªà¥â−ëå ¨ íà¥¤¨â�à-
−ëå á¨áâ¥¬�å.

Š«îç¥¢ë¥ á«®¢�: ¨−áâàã¬¥−â�«ì−®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥; áâ®å�áâ¨-
ç¥áª¨¥ á¨áâ¥¬ë; íà¥¤¨â�à−ë¥ á¨áâ¥¬ë; áâ®å�áâ¨ç¥áª¨© ã¤�à−ë© ¨¬¯ã«ìá;
�−�«¨â¨ç¥áª®¥ ¨ áâ�â¨áâ¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥; ä¨«ìâà�æ¨ï; MATLAB

1 Введение

‚ −�ç�«¥ 2012 £. ¢ ¨§¤�â¥«ìáâ¢¥ ’�÷“‘ �÷…‘‘ ¢ëè«� ª−¨£� [1]. ‚ ª−¨£¥
¤�−® á¨áâ¥¬�â¨ç¥áª®¥ ¨§«®¦¥−¨¥ â¥®à¥â¨ç¥áª¨å ®á−®¢ ®¤−®£® ¨§ −®¢¥©è¨å −�¯à�-
¢«¥−¨© ¢ ®¡«�áâ¨ íª®−®¬¨ª¨ ¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï ˆ�� ¤«¨â¥«ì−®£®
¨á¯®«ì§®¢�−¨ï | ˆ‹�. �à¨¢®¤ïâáï â�ª¦¥ à¥§ã«ìâ�âë à�¡®â, ¢ë¯®«−¥−−ëå ¢
¨−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª ¢ à�¬ª�å �à®£à�¬¬ë
úˆ−â¥««¥ªâã�«ì−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, á¨áâ¥¬−ë© �−�«¨§ ¨ �¢â®¬�-
â¨§�æ¨ïû (¯à®¥ªâ 1.7) �â¤¥«¥−¨ï −�−®â¥å−®«®£¨© ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©
÷��.

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

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sinitsin@dol.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, a-shal5@yandex.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, isergeev@ipiran.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vsinitsin@ipiran.ru
5ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, ekorepanov@ipiran.ru
6ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vbelousov@ipiran.ru
7ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, eagafonov@ipiran.ru
8ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vshorgin@ipiran.ru
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ˆ. �. ‘¨−¨æë−, �. ‘. ˜�«�¬®¢, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

ˆ−â¥£à¨à®¢�−−�ï «®£¨áâ¨ç¥áª�ï ¯®¤¤¥à¦ª� | íâ® á¨áâ¥¬� −�ãç−®-¨áá«¥¤®¢�-
â¥«ìáª¨å, ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨å, ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª¨å, ¯à®¨§¢®¤-
áâ¢¥−−ëå ¨ ¨−ä®à¬�æ¨®−−®-ã¯à�¢«¥−ç¥áª¨å â¥å−®«®£¨©, áà¥¤áâ¢ ¨ ¯à�ªâ¨ç¥áª¨å
¬¥à®¯à¨ïâ¨©, ¨á¯®«ì§ã¥¬ëå (¯à¨¬¥−ï¥¬ëå) ¢ â¥ç¥−¨¥ ¦¨§−¥−−®£® æ¨ª«� (†–)
ˆ��, −�¯à�¢«¥−−ëå −� ¤®áâ¨¦¥−¨¥ ¬¨−¨¬�«ì−ëå §�âà�â ¯® ®¡á«ã¦¨¢�−¨î ¨
à¥¬®−âã ˆ�� ¯à¨ ®¡¥á¯¥ç¥−¨¨ âà¥¡ã¥¬ëå å�à�ªâ¥à¨áâ¨ª ¨ ¯®ª�§�â¥«¥© äã−ª-
æ¨®−�«ì−®£® ª�ç¥áâ¢� ¨ â¥å−¨ç¥áª®© £®â®¢−®áâ¨ ¯à®¤ãªæ¨¨ ¯à¨ ¥¥ íªá¯«ã�â�æ¨¨.

ˆ§«�£�¥¬ë¥ −®¢ë¥ −�ãç−ë¥ ¯®¤å®¤ë ¯®§¢®«ïîâ ª�à¤¨−�«ì−® à¥ä®à¬¨à®¢�âì
âà�¤¨æ¨®−−ë¥ á¨áâ¥¬ë á®§¤�−¨ï ¨ íªá¯«ã�â�æ¨¨ ˆ�� ¯ãâ¥¬ ¢−¥¤à¥−¨ï ¬¥â®¤®¢
à�æ¨®−�«ì−®£® ¨, ¯® ¢®§¬®¦−®áâ¨, ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨ à�áå®-
¤®¢�−¨ï ¢à¥¬¥−−ëå, ¬�â¥à¨�«ì−ëå, âàã¤®¢ëå ¨ ¤à. à¥áãàá®¢ −� ¢á¥å áâ�¤¨ïå
†– ¨§¤¥«¨© ¯® ªà¨â¥à¨ï¬ íª®−®¬¨ç¥áª®© æ¥«¥á®®¡à�§−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨.

�¥à¢ë¬¨ −� íâ®â ¯ãâì ¢áâã¯¨«¨ §�¯�¤−ë¥ áâà�−ë, ª®£¤� ¢ 90-å £. •• ¢. ¡ë«¨
à¥§ª® á®ªà�é¥−ë ¡î¤¦¥âë ¢®¥−−ëå ¢¥¤®¬áâ¢, çâ® ¢ë−ã¤¨«® ¨å ¨áª�âì ¢®§¬®¦-
−®áâ¨ íª®−®¬¨¨ ä¨−�−á®¢ëå à¥áãàá®¢, á®åà�−ïï ¯à¨ íâ®¬ ®á−®¢−ë¥ ¯®ª�§�â¥«¨
®¡®à®−®á¯®á®¡−®áâ¨. �ë«¨ ¢ëà�¡®â�−ë −®¢ë¥ áâ�−¤�àâë ¯® á®§¤�−¨î ¢®®àã-
¦¥−¨© ¨ ¢®¥−−®© â¥å−¨ª¨ (‚‚’), ®¡¥á¯¥ç¨¢�îé¨¥ á−¨¦¥−¨¥ áâ®¨¬®áâ¨ ¥¥ †–.
Š®−âà�ªâë, §�ª«îç�¥¬ë¥ á ¯®áâ�¢é¨ª�¬¨ ‚‚’, áâ�«¨ á®¤¥à¦�âì âà¥¡®¢�−¨ï ¯®
−¥ãª®á−¨â¥«ì−®¬ã á®¡«î¤¥−¨î ¯à�¢¨« ¨ ¯à®æ¥¤ãà, ®¡¥á¯¥ç¨¢�îé¨å §�¤�−−ë¥
å�à�ªâ¥à¨áâ¨ª¨ ¨ ¯®ª�§�â¥«¨ ª�ç¥áâ¢� ¨ íª®−®¬¨ç−®áâ¨ ¯à®¤ãªæ¨¨. ‚ −�áâ®ïé¥¥
¢à¥¬ï −� íâ®â ¯ãâì ¯¥à¥¢®¤ïâáï ¨ ®âà�á«¨ íª®−®¬¨ª¨ £à�¦¤�−áª®£® −�§−�ç¥−¨ï.
‚ ®á−®¢ã á¥à¨¨ íâ¨å ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢ «¥£«� ¬¥â®¤®«®£¨ï CALS |
Continuous Acquisition and Life cycle Support | −¥¯à¥àë¢−�ï ¨−ä®à¬�æ¨®−−�ï
¯®¤¤¥à¦ª� ¯®áâ�¢®ª ¨ †–, ¨«¨ ˆ�ˆ | ¨−â¥£à¨à®¢�−−�ï ¯®¤¤¥à¦ª� ¨§¤¥«¨©.
�â� ¬¥â®¤®«®£¨ï ¯®§¢®«ï¥â á®§¤�¢�âì ¢¨àâã�«ì−ë¥ ¯à¥¤¯à¨ïâ¨ï (‚�) ¨§ ä¨à¬ |
ãç�áâ−¨ª®¢ †– ˆ��, ¨−â¥£à¨àãï ¨å −� ¨−ä®à¬�æ¨®−−®© ®á−®¢¥.

�á−®¢−ë¥ ¯à¨−æ¨¯ë ˆ‹� ¨ ¨−â¥£à�æ¨¨ ‚� ¨§«®¦¥−ë ¢ áâ�−¤�àâ�å MIL
STD 1388 (‘˜�) ¨ DEF STAN 00-60 (®¡é¥¥¢à®¯¥©áª¨© áâ�−¤�àâ).

Câ�−¤�àâ DEF STAN 00-60 â¥á−® á¢ï§�− á® á¯¥æ¨ä¨ª�æ¨ï¬¨ ASD (AeroSpace
and Defense Industries Association of Europe | …¢à®¯¥©áª®© �áá®æ¨�æ¨¨ �íà®-
ª®á¬¨ç¥áª®© ¨ ®¡®à®−−®© ¯à®¬ëè«¥−−®áâ¨):

{ S1000D \International specification for technical publications utilizing a Com-
mon Source Data Base" (úŒ¥¦¤ã−�à®¤−�ï á¯¥æ¨ä¨ª�æ¨ï −� â¥å−¨ç¥áª¨¥
¯ã¡«¨ª�æ¨¨, ¨á¯®«ì§ãîé¨¥ ®¡éãî ¨áå®¤−ãî ¡�§ã ¤�−−ëåû);

{ S2000M \International specification for Material management" (úŒ¥¦¤ã−�-
à®¤−�ï á¯¥æ¨ä¨ª�æ¨ï −� ®à£�−¨§�æ¨î ã¯à�¢«¥−¨ï ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª¨¬
®¡¥á¯¥ç¥−¨¥¬û) ¨ ¤à.

‚�¦−® ®â¬¥â¨âì, çâ® ¢ íâ¨å áâ�−¤�àâ�å ®âáãâáâ¢ãîâ ãª�§�−¨ï −� ¬¥â®¤ë ¨
áà¥¤áâ¢�, ¯®§¢®«ïîé¨¥ ¤®áâ¨£�âì à¥�«ì−®£® ¬¨−¨¬ã¬� §�âà�â.

“ç�áâ−¨ª¨ ‚�, ¯® áãâ¨, á�¬®áâ®ïâ¥«ì−® ¯ëâ�îâáï à¥è�âì á¢®¨ ¯à®¡«¥¬ë ¨«¨
¯à¨¡¥£�îâ ª ãá«ã£�¬ ä¨à¬ | à�§à�¡®âç¨ª®¢ ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¤«ï à¥è¥−¨ï
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Œ¥â®¤ë ¨ áà¥¤áâ¢� �−�«¨§� ¨ ¬®¤¥«¨à®¢�−¨ï áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ ˆ‹�

ç�áâ−ëå (á¥à¢¨á−®-®à¨¥−â¨à®¢�−−ëå) §�¤�ç ¯® ã¯à�¢«¥−¨î ¯à®æ¥áá�¬¨. �à¨
íâ®¬, ª�ª ¯à�¢¨«®, ¨−ä®à¬�æ¨ï ®¡ ¨á¯®«ì§®¢�−¨¨ ª�ª¨å-«¨¡® ¬¥â®¤®¢ à¥è¥-
−¨ï íâ¨å §�¤�ç ®áâ�¥âáï §�ªàëâ®©, çâ® ¯à¨¢−®á¨â −¥®¯à¥¤¥«¥−−®áâì ¯à¨ ®æ¥−ª¥
¯®ªã¯�â¥«¥¬ £�à�−â¨© ¤®áâ®¢¥à−®áâ¨ â�ª¨å ¯à®£à�¬¬. ’�ª¨¬ ®¡à�§®¬, −�¯à�-
è¨¢�¥âáï ¢ë¢®¤ ®¡ ®¯à¥¤¥«¥−−®© −¥¯®«−®â¥ á®¢à¥¬¥−−®£® á®¤¥à¦�−¨ï CALS,
¯à®ï¢«ïîé¥©áï ¢ ®âáãâáâ¢¨¨ â¥®à¥â¨ç¥áª¨å ®¡®á−®¢�−¨© ¯ãâ¥© ¤®áâ¨¦¥−¨ï ¯à®-
¢®§£«�è�¥¬ëå ¥î æ¥«¥©. „«ï ¯®«−®æ¥−−®£® ¨á¯®«ì§®¢�−¨ï ¯à¥¨¬ãé¥áâ¢ ¤�−−®©
¬¥â®¤®«®£¨¨ −¥®¡å®¤¨¬� à�§à�¡®âª� â¥®à¨¨ á¨áâ¥¬ ˆ‹�, ¢ª«îç�îé¥© ¢ á¥¡ï
¥¤¨−ë© ª®¬¯«¥ªá á®¢à¥¬¥−−ëå ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¨−ä®à¬�æ¨®−−®£® ¨ ¬�â¥¬�-
â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï, ®æ¥−¨¢�−¨ï ¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨
−� ¢á¥å áâ�¤¨ïå †– ª®¬¯«¥ªá−®© á¨áâ¥¬ë úˆ�� { á¨áâ¥¬ë ¯®á«¥¯à®¤�¦−®-
£® ®¡á«ã¦¨¢�−¨ï (‘���)û, ¢−®áïé¨¬¨ ®á−®¢−®© ¢ª«�¤ ¢ ¥¥ áâ®¨¬®áâì ¨ ª�-
ç¥áâ¢®.

‚ ª−¨£¥, ¯®¬¨¬® ®¡é¨å ¯®−ïâ¨©, ¢¢®¤ïé¨å ç¨â�â¥«ï ¢ ªãàá ¤¥«�, ¤�îâáï
¯®áâ�−®¢ª¨ ¨ à¥è¥−¨ï ¯à�ªâ¨ç¥áª¨ ¯® ¢á¥¬ã ª®¬¯«¥ªáã §�¤�ç ˆ‹�, ®¡¥á¯¥ç¨¢�-
îé¨å ã¯à�¢«¥−¨¥ áâ®¨¬®áâìî †– ˆ�� ¨ ¥¥ ¬¨−¨¬¨§�æ¨î.

‚ ç. 1 úˆ−â¥£à¨à®¢�−−�ï «®£¨áâ¨ç¥áª�ï ¯®¤¤¥à¦ª�û (£«. 1{3), ¨§«�£�îâáï
í«¥¬¥−âë ‘��� ¨§¤¥«¨©, à�áá¬�âà¨¢�îâáï ®á−®¢ë á®¢à¥¬¥−−®© ˆ‹�. �á®¡®¥
¢−¨¬�−¨¥ ã¤¥«ï¥âáï ã¯à�¢«¥−¨î †–, ‘��� ¨ ¨å ¨−ä®à¬�æ¨®−−®¬ã ¬®¤¥«¨-
à®¢�−¨î.

—�áâì 2 (£«. 4{6) ¯®á¢ïé¥−� â¥®à¨¨ £¨¡à¨¤−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ ¨
ª®¬¯ìîâ¥à−®© ¯®¤¤¥à¦ª¥ ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª. �à¨¢®¤ïâáï −¥®¡å®¤¨-
¬ë¥ á¢¥¤¥−¨ï ¨§ â¥®à¨¨ ¢¥à®ïâ−®áâ¥©, áâ®å�áâ¨ç¥áª®£® �−�«¨§� ¨ áâ®å�áâ¨ç¥áª¨å
ãà�¢−¥−¨©. „�îâáï ¢¥à®ïâ−®áâ−ë¥ à�á¯à¥¤¥«¥−¨ï ¯à®æ¥áá®¢ ¢ £¨¡à¨¤−ëå áâ®å�-
áâ¨ç¥áª¨å á¨áâ¥¬�å. ÷�áá¬�âà¨¢�îâáï §�¤�ç¨, ¬¥â®¤ë ¨ áà¥¤áâ¢� ª®¬¯ìîâ¥à−®©
¯®¤¤¥à¦ª¨ ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª.

‚ ç. 3 ú�á−®¢ë ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï, �−�«¨§� ¨ á¨−â¥§� á¨áâ¥¬
¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ïû (£«. 7{9) à�áá¬�âà¨¢�îâáï ¢®¯à®áë ¬�â¥¬�â¨-
ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¢ ‘���, ¬®¤¥«¨à®¢�−¨¥ ‘��� á® á¬¥è�−-
−ë¬¨ ¯®â®ª�¬¨ à�áå®¤®¢�−¨ï, ¢®ááâ�−®¢«¥−¨ï ¨ ¯®¯®«−¥−¨ï à¥áãàá®¢, � â�ª¦¥
áâ�â¨áâ¨ç¥áª¨© �−�«¨§ ¨ á¨−â¥§ ‘���.

—�áâì 4 (£«�¢ë 10{12) ¯®á¢ïé¥−� ®¯à¥¤¥«¥−¨î ¨ �−�«¨§ã ¯®ª�§�â¥«¥© íªá-
¯®àâ−®£® ¯®â¥−æ¨�«� ˆ�� ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨. �à®¢®¤¨âáï �−�«¨§ â¥å−¨ª®-
íª®−®¬¨ç¥áª¨å ä�ªâ®à®¢, ®¯à¥¤¥«ïîé¨å íªá¯®àâ−ë© ¯®â¥−æ¨�« ˆ��. ÷�áá¬�â-
à¨¢�îâáï ¢®¯à®áë à�§à�¡®âª¨ ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ¯à®æ¥áá®¢ íªá¯«ã�â�æ¨¨
ˆ�� ¤«ï ®æ¥−ª¨ ¯®ª�§�â¥«¥© íªá¯®àâ−®£® ¯®â¥−æ¨�«�, � â�ª¦¥ ®æ¥−ª¨ ¢«¨ï−¨ï
íªá¯«ã�â�æ¨®−−®-â¥å−¨ç¥áª¨å å�à�ªâ¥à¨áâ¨ª −� íªá¯®àâ−ë© ¯®â¥−æ¨�« ˆ��.

‚ §�ª«îç¨â¥«ì−®© ç�áâ¨ 5 (£«. 13 ¨ 14) à�áá¬�âà¨¢�îâáï §�¤�ç¨ ã¯à�¢«¥−¨ï
¯®¤¤¥à¦ª®© ¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï −� áâ®à®−¥ §�ª�§ç¨ª� ¨ −� áâ®à®−¥
¯®áâ�¢é¨ª�, � â�ª¦¥ ¬®¤¥«¨à®¢�−¨¥ ¨−¢¥áâ¨æ¨®−−ëå ¯à®æ¥áá®¢ ˆ‹� ¢ ãá«®¢¨ïå
á®¢à¥¬¥−−ëå ä¨−�−á®¢ëå àë−ª®¢.
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’�ª¨¬ ®¡à�§®¬, ª�ª á«¥¤ã¥â ¨§ ªà�âª®© �−−®â�æ¨¨ ª−¨£¨, ®á−®¢−ë¥ à¥è¥-
−¨ï, ¯®§¢®«ïîé¨¥ áãé¥áâ¢¥−−® ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì ¬¥â®¤®¢ ã¯à�¢«¥−¨ï
áâ®¨¬®áâìî †– ˆ��, ®á−®¢ë¢�îâáï −� á®¢à¥¬¥−−ëå ¬¥â®¤�å ¨ áà¥¤áâ¢�å
¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨ ®¯â¨¬¨§�æ¨¨ ¯à®æ¥áá®¢ ¯®á«¥¯à®¤�¦−®£® ®¡-
á«ã¦¨¢�−¨ï ˆ��.

ˆâ�ª, ¯®¬¨¬® ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ã¯à�¢«¥−¨ï áâ®-
¨¬®áâìî †– ˆ�� ¢ á®®â¢¥âáâ¢¨¨ á® áâ�−¤�àâ�¬¨ CALS, ¢¥áì¬� ¢�¦−ë¬¨
ï¢«ïîâáï §�¤�ç¨ ¨−â¥««¥ªâã�«ì−®© ¯®¤¤¥à¦ª¨ ã¯à�¢«¥−¨ï ¯®á«¥¯à®¤�¦−ë¬ ®¡-
á«ã¦¨¢�−¨¥¬ ˆ��. �¤−�ª® ¬¥â®¤ë ¨å à¥è¥−¨ï ç�áâ® −¥¯à¨£®¤−ë ¢ ãá«®¢¨ïå
áâ®å�áâ¨ç¥áª®© ¯®áâ�−®¢ª¨. ”�ªâ¨ç¥áª¨ −¥à¥è¥−−®© ®áâ�¥âáï ç�áâì ¯à®¡«¥-
¬ë, á¢ï§�−−�ï á �¢â®¬�â¨§¨à®¢�−−ë¬ ¯«�−¨à®¢�−¨¥¬ ¯®âà¥¡−®áâ¥© ¢ à¥áãàá�å ¢
ãá«®¢¨ïå −¥áâ�æ¨®−�à−®£® áâ®å�áâ¨ç¥áª®£® ¯®âà¥¡«¥−¨ï ¨ ¢ëà�¡®âª®© ¢�à¨�−â®¢
¯à¨−¨¬�¥¬ëå à¥è¥−¨© ¯® ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª®¬ã á−�¡¦¥−¨î íªá¯«ã�â�æ¨¨
¨§¤¥«¨©, ®¡¥á¯¥ç¨¢�îé�ï ¬¨−¨¬�«ì−ë¥ §�âà�âë ä¨−�−á®¢ëå áà¥¤áâ¢ ¯à¨ §�¤�−-
−®¬ ãà®¢−¥ ¨á¯à�¢−®áâ¨ ¯�àª� −�ãª®¥¬ª®© ¯à®¤ãªæ¨¨, çâ® ¨ ï¢«ï¥âáï £«�¢−®©
§�¤�ç¥© ˆ‹�.

�à¨ç¨−®© íâ®© −¥à¥è¥−−®áâ¨ ï¢«ï¥âáï −¥¢ëá®ª¨© ãà®¢¥−ì áãé¥áâ¢ãîé¨å
¢ −�áâ®ïé¥¥ ¢à¥¬ï ¬¥â®¤®¢ ¬�â¥¬�â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¯®á«¥-
¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï, áãé¥áâ¢¥−−® ãáâã¯�îé¨© ãà®¢−î ¬®¤¥«¨à®¢�−¨ï
¤¨−�¬¨ª¨ á�¬¨å ¨§¤¥«¨© ¢ ¯à®æ¥áá¥ ¨å ¨á¯®«ì§®¢�−¨ï ¯® −�§−�ç¥−¨î. ‘¨áâ¥¬�
¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï, ¢ª«îç�îé�ï ¢ á¥¡ï á®¡áâ¢¥−−® ˆ��, � â�ª¦¥
¯®¤á¨áâ¥¬ë â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï ¨ à¥¬®−â� (’�¨÷), ¯®áâ�¢®ª ®¡®àã¤®-
¢�−¨ï ¨ §�¯�á−ëå ç�áâ¥© (‡—), áª«�¤¨à®¢�−¨ï ¨ âà�−á¯®àâ¨à®¢ª¨, ®¡ãç¥−¨ï
¯¥àá®−�«� ¨ ¤à., ®ª�§ë¢�¥âáï −¥à�¢−®¯à®ç−®© ¢ á¬ëá«¥ ãà®¢−ï ¬�â¥¬�â¨ç¥áª®£®
¬®¤¥«¨à®¢�−¨ï, � ®âáî¤� ¨ ¯® ãà®¢−î �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá®¢. �¡®¡é�ï [1{3],
¯à¨¢¥¤¥¬ àï¤ ®á−®¢−ëå −�ãç−®-â¥å−¨ç¥áª¨å à¥è¥−¨© ¤«ï −¥¯à¥àë¢−®-¤¨áªà¥â-
−ëå ¨ íà¥¤¨â�à−ëå á¨áâ¥¬.

2 Описание процессов в непрерывно-дискретных системах
послепродажного обслуживания

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

T.
…áâ¥áâ¢¥−−® áç¨â�âì íâ¨ äã−ªæ¨¨ ¢à¥¬¥−¨ á®áâ�¢«ïîé¨¬¨ ¢¥ªâ®à� Y (t) à�§¬¥à-
−®áâ¨ n, ï¢«ïîé¥£®áï ¯® áãé¥áâ¢ã ä�§®¢ë¬ ¤«ï ¤�−−®© á¨áâ¥¬ë.

„ã£¨ £à�ä� á®®â¢¥âáâ¢ãîâ ¯¥à¥å®¤�¬ à¥áãàá� ¨§ á®áâ®ï−¨© k ¢ á®áâ®ï−¨ï h
(k, h = 1, 2, . . . n; k 6= n). �¥ª®â®àë¥ á®áâ®ï−¨ï à¥áãàá� á®®â¢¥âáâ¢ãîâ ¥£®
−�å®¦¤¥−¨î ¢ á¨áâ¥¬�å ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï (‘Œ�) ¯® ¢®ááâ�−®¢«¥−¨î
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÷¨á. 1 �¡é¨© ¢¨¤ £à�ä� á¨áâ¥¬ë

¤® −¥®¡å®¤¨¬®© ª®−¤¨æ¨¨ ¯®á«¥ ¨á-

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

¯®«ì§®¢�−¨ï, ¯® ¯®¤£®â®¢ª¥ ª ¯®¢â®à-
−®¬ã ¨á¯®«ì§®¢�−¨î ¨ â. ¤. …á«¨
ª�−�«ë ®¡á«ã¦¨¢�−¨ï ¨¤¥−â¨ç−ë, â®
®¡é�ï ¯à®¨§¢®¤¨â¥«ì−®áâì ‘Œ�
®¯à¥¤¥«ï¥âáï ç¨á«®¬ ª�−�«®¢. �� £à�-
ä¥ íâ® ®âà�¦¥−® ®¡®§−�ç¥−¨ï¬¨ ¢¨¤�
ρkh(Y, t), â. ¥. −¥«¨−¥©−�ï äã−ªæ¨ï ¢
®¡é¥¬ á«ãç�¥ ¨¬¥¥â ¢¥ªâ®à−ë© �à£ã-
¬¥−â. �� à¨á. 2 ¤«ï ¯à¨¬¥à� ¯à¨¢¥¤¥−
£à�ä¨ª §�¢¨á¨¬®áâ¨ áã¬¬�à−®© ¯à®¨§-
¢®¤¨â¥«ì−®áâ¨ á¨áâ¥¬ë, §�−¨¬�îé¥©-
áï à¥¬®−â®¬ ˆ��, ®â ª®«¨ç¥áâ¢� Y1(t) à¥¬®−â¨àã¥¬ëå ¨§¤¥«¨© ¨ ç¨á«� A
à¥¬®−â−ëå £àã¯¯. ‡¤¥áì ãç¨âë¢�¥âáï, çâ® ª�¦¤�ï ¨§ −¨å ¬®¦¥â §�−¨¬�âìáï ®¤−®-
¢à¥¬¥−−® à¥¬®−â®¬ â®«ìª® ®¤−®£® ¨§¤¥«¨ï á ¯à®¨§¢®¤¨â¥«ì−®áâìî λ0, â. ¥. ¯®â®ª
−� ¢ëå®¤¥ ª�¦¤®£® ª�−�«� à¥¬®−â� ï¢«ï¥âáï ®à¤¨−�à−ë¬ ¨ ¨¬¥¥â ¨−â¥−á¨¢−®áâì,
à�¢−ãî λ0 (ª®«¨ç¥áâ¢ã ¨§¤¥«¨© ¢ ¥¤¨−¨æã ¢à¥¬¥−¨).

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

�à¨¬¥−ïï â¥®à¨î £¨¡à¨¤−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬, ®á−®¢�−−ãî −� íª¢¨-
¢�«¥−â−®© áâ�â¨áâ¨ç¥áª®© «¨−¥�à¨§�æ¨¨ [1], ¯à¨¤¥¬ ª á«¥¤ãîé¨¬ ãà�¢−¥−¨ï¬
á®áâ®ï−¨ï, � â�ª¦¥ ãà�¢−¥−¨ï¬ ¤«ï ¢¥à®ïâ−®áâ−ëå ¬®¬¥−â®¢ ¯¥à¢®£® ¨ ¢â®à®£®
¯®àï¤ª�:
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dYi(t)

dt
= �i(Y (t)) +

n∑

k,h=0

∞∑

jkh=1

skhi(tjkh)δ(t− tjkh
) , i = 1, 2, . . . , n ; (1)

‘m(t) = M

[
�(Y (t) +

a

Skh(ν)ρ

]
;

‘θ(t) = M

{[
�(Y (t)) +

a

Skhρ

]
Y ◦T + Y 0

[
�T(Y (t)) + ρT

a

STkh

]
+

+
a

Skhdiag (ρ)
a

STkh

}
; (2)

£¤¥ M | á¨¬¢®« ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï; T | á¨¬¢®« âà�−á¯®−¨à®¢�−¨ï;

�(Y (t)) = {�i(Y (t))} | à¥£ã«ïà−�ï á®áâ�¢«ïîé�ï;
a

Skh = STkh | ¬�âà¨æë,
å�à�ªâ¥à¨§ãîé¨¥ £àã¯¯®¢ë¥ ¨ ®¤¨−�à−ë¥ ¯¥à¥å®¤ë; m(t) | (n × 1)-¢¥ªâ®à
¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¯à®æ¥áá� Y (t); Y ◦(t) = Y (t)−m(t); θ(t)| (n× n)-
¬�âà¨æ� ª®¢�à¨�æ¨© ¢¥ªâ®à−®£® ¯à®æ¥áá� Y (t); ρ = ρ(Y, t) | (m × 1)-¢¥ªâ®à,
á®áâ�¢«¥−−ë© ¨§ ¨−â¥−á¨¢−®áâ¥© ρkh(Y, t); diag (ρ(Y, t))| (m×m)-¤¨�£®−�«ì-
−�ï ¬�âà¨æ� ¢¥ªâ®à� ρ, á®áâ�¢«¥−−®£® ¨§ ρkh(Y, t).

�à¨ íâ®¬ ¯à¥¤¯®«�£�¥âáï, çâ® ¢ à�áá¬�âà¨¢�¥¬®© ¬®¤¥«¨ ‘��� áãé¥áâ¢ãîâ
−¥á«ãç�©−ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¢¨¤� {tj1, tj2, . . . , tjr, j = 1, 2, . . .}, ®¡à�§ã-
îé¨¥ −¥®à¤¨−�à−ë¥ à¥£ã«ïà−ë¥ ¯®â®ª¨ (¯®â®ª¨ £àã¯¯). ˆå ¤¥©áâ¢¨¥ ¢ ‘���
®§−�ç�¥â, çâ® ¯à®æ¥áá Y (t), å�à�ªâ¥à¨§ãîé¨© −�«¨ç¨¥ à¥áãàá®¢ ¢ á®áâ®ï−¨-
ïå 1, 2, . . . , n, ¯à¥â¥à¯¥¢�¥â áª�çª®®¡à�§−ë¥ ¨§¬¥−¥−¨ï ¢ ¬®¬¥−âë ¢à¥¬¥−¨ tjs,
j | −®¬¥à ¬®¬¥−â� ¢à¥¬¥−¨ ¢−ãâà¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨, s | −®¬¥à ¯®á«¥¤®-
¢�â¥«ì−®áâ¨, s = 1, 2, . . . , r. ‚ ®¡é¥¬ á«ãç�¥ áª�çª®®¡à�§−ë¥ ¨§¬¥−¥−¨ï ¬®£ãâ
¯à®¨áå®¤¨âì ã ª�¦¤®© ª®¬¯®−¥−âë ¢¥ªâ®à� Y (t) ¢ ¬®¬¥−âë ¢à¥¬¥−¨ tjs. �â¨
¨§¬¥−¥−¨ï ¬®£ãâ ¡ëâì §�¯¨á�−ë ¢ ¢¨¤¥ ¬�âà¨ç−®£® ãà�¢−¥−¨ï

Y (tjs) = DY (tjs − 0) + š(tjs) , (3)

£¤¥ D = D(tjs) | (n × n)-¬�âà¨æ�, ª�ª ¯à�¢¨«®, ¥¤¨−¨ç−�ï; š(tjs) ∈ Rn |
¢¥ªâ®à áª�çª®®¡à�§−ëå ¨§¬¥−¥−¨© ¢¥ªâ®à� Y (t). „«ï ¤�«ì−¥©è¥£® ¥£® ã¤®¡−®
®¯à¥¤¥«¨âì ¢ ¢¨¤¥ š(tjs) = šjs = [π1js, π2js, . . . , πnjs]

T, £¤¥ πijs | ¯®¯®«−¥−¨¥
‘��� ¢ á®áâ®ï−¨¨ i (i = 1, 2, . . . , n) ¢ ¬®¬¥−âë ¢à¥¬¥−¨ tjs.

�¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® ç�áâì à¥£ã«ïà−ëå ¯®â®ª®¢ ¬®¦¥â ¡ëâì á¢ï§�−� á
¢−ãâà¨á¨áâ¥¬−ë¬¨ ¯à®æ¥áá�¬¨ −�ª®¯«¥−¨ï ¨ à�áå®¤®¢�−¨ï à¥áãàá®¢, � ç�áâì | á
¯®¯®«−¥−¨¥¬ ‘��� ¨§ ¢−¥è−¨å ¨áâ®ç−¨ª®¢. �à¨ íâ®¬ ®¤¨− ¯®â®ª ¬®¦¥â å�à�ª-
â¥à¨§®¢�âì ¯®¯®«−¥−¨¥ à¥áãàá®¢, � ¤àã£®© | ¨å ¯®â¥àî, á¢ï§�−−ãî, −�¯à¨¬¥à,
á ¯à¨à®¤−ë¬¨ ª�â�ª«¨§¬�¬¨. „«ï ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá®¢ ¯®¯®«−¥−¨ï, ¥á-
«¨ ¨áâ®ç−¨ª, ãá«®¢−® £®¢®àï, −¥¨áç¥à¯�¥¬, æ¥«¥á®®¡à�§−® ¯à¨á®¥¤¨−¨âì ª ¯à®-
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áâà�−áâ¢ã á®áâ®ï−¨© ‘��� ¯á¥¢¤®á®áâ®ï−¨¥ ú0û, ¯®¤à�§ã¬¥¢�ï ¯®¤ −¨¬ íâ®â
¨áâ®ç−¨ª. ’�ª, ã £à�ä�, ¨§®¡à�¦¥−−®£® −� à¨á. 1, ¯à¨ ¯®¯®«−¥−¨¨ ‘��� ¢
¬®¬¥−âë ¢à¥¬¥−¨ tjs à¥áãàá�¬¨ ¢ á®áâ®ï−¨¨ 1 ®¡ê¥¬�¬¨ π1js, � ¢ á®áâ®ï−¨¨ 2 ®¡ê-
¥¬�¬¨ π2js ¯®ï¢ïâáï ¤®¯®«−¨â¥«ì−ë¥ á¢ï§¨ 0{1 ¨ 0{2, çâ® ®âà�¦¥−® ¯ã−ªâ¨à−ë¬¨
«¨−¨ï¬¨.

„«ï ®¯à¥¤¥«¥−¨ï ®¡−®¢«ïîé¨åáï −�ç�«ì−ëå ãá«®¢¨© ¢ ãà�¢−¥−¨ïå (1) ¨ (2),
®¯¨áë¢�îé¨å ¢¥ªâ®à ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© m(t) á®áâ�¢«ïîé¨å Y (t) ¨
ª®¢�à¨�æ¨®−−ãî ¬�âà¨æã θ(t), ¯à¨¬¥−¨¬ ª (3) ¨§¢¥áâ−ë¥ ®¯¥à�æ¨¨ ®¯à¥¤¥«¥−¨ï
¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï. ‚ à¥§ã«ìâ�â¥ ¯®«ãç¨¬ á«¥¤ãîé¨¥ ¢ëà�¦¥−¨ï ¤«ï
¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©

m(tjs) = Dm(tjs − 0) +M {š(tjs)|Y (tjs − 0)}

¨ ª®¢�à¨�æ¨©

θ(tjs) = Dθ(tjs − 0)DT +DM
{
Y ◦(tjs − 0)šT(tjs)|Y (tjs − 0)

}
+

+M {š(tjs)Y ◦(tjs − 0)|Y (tjs − 0)}DT +M
[
š◦(tjs)š

◦T(tjs)
]
,

£¤¥ Y ◦(t) = Y (t)−m(t), š◦(t) = š(t)−mð(t)| æ¥−âà¨à®¢�−−ë¥ ¢¥ªâ®àë.

3 Анализ и моделирование процессов управления запасами
материальных средств при поддержании заданного уровня
технической готовности парка изделий наукоемкой продукции

�âã §�¤�çã à�áá¬®âà¨¬ −� ¯à¨¬¥à¥ ¯�àª� ®¤−®â¨¯−ëå ˆ��, á®áâ®ï−¨¥
ª®â®à®£® ®¯¨áë¢�¥âáï £à�ä®¬ (à¨á. 3).

‚¥àè¨−ë £à�ä� ®â®¡à�¦�îâ ¢®§¬®¦−ë¥ á®áâ®ï−¨ï á®áâ�¢−ëå ç�áâ¥© ¨§¤¥«¨ï
(‘—ˆ) ¢ á¨áâ¥¬¥ ���: 1 | ¨á¯à�¢−ë¥ ‘—ˆ −� áª«�¤¥; 2 | ¨á¯à�¢−ë¥ ‘—ˆ,
íªá¯«ã�â¨àã¥¬ë¥ ¢ á®áâ�¢¥ ¨§¤¥«¨ï; 3 | −¥¨á¯à�¢−ë¥ ‘—ˆ, −�å®¤ïé¨¥áï −�
¢®ááâ�−®¢¨â¥«ì−®¬ à¥¬®−â¥ ã ¯®âà¥¡¨â¥«ï; 4 | ‘—ˆ ¢ á®áâ®ï−¨¨ á¯¨á�−¨ï;
5 | ¨á¯à�¢−ë¥ ‘—ˆ ¢ á®áâ�¢¥ ˆ��, −�å®¤ïé¨åáï −� ¯à®ä¨«�ªâ¨ç¥áª¨å
à�¡®â�å; 6 | ‘—ˆ ¢ á®áâ�¢¥ ˆ��, −�å®¤ïé¨åáï −� ª�¯¨â�«ì−®¬ à¥¬®−â¥;
7 | −¥¨á¯à�¢−ë¥ ‘—ˆ, −�ª®¯«¥−−ë¥ −� áª«�¤¥ ã ¯®âà¥¡¨â¥«ï ¤«ï ®â¯à�¢ª¨ ¢
à¥¬®−â; 8 | ‘—ˆ, −�å®¤ïé¨¥áï −� ¢®ááâ�−®¢¨â¥«ì−®¬ à¥¬®−â¥ ã ¯®áâ�¢é¨ª�.
‚ ®¡®à®â¥ −�å®¤¨âáï ®¯à¥¤¥«¥−−®¥ ª®«¨ç¥áâ¢® ‘—ˆ ª�¦¤®£® â¨¯�. ‚ á¨«ã
à�§«¨ç−ëå á«ãç�©−ëå ä�ªâ®à®¢ ¢á¥ ®−¨ à�á¯à¥¤¥«ïîâáï á«ãç�©−ë¬ ®¡à�§®¬
¬¥¦¤ã ãª�§�−−ë¬¨ ¢ëè¥ á®áâ®ï−¨ï¬¨.

‚¢¥¤¥¬ ¢ à�áá¬®âà¥−¨¥ ä�§®¢ë© ¢¥ªâ®à á¨áâ¥¬ë Y (t), á®áâ�¢«ïîé¨¥ ª®â®à®£®
Yi(t), i = 1, . . . , n, áãâì ª®«¨ç¥áâ¢® ‘—ˆ ¤�−−®£® â¨¯�, −�å®¤ïé¨åáï ¢ i-¬
á®áâ®ï−¨¨.
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÷¨á. 3 ‘¨áâ¥¬� ¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï §�ª�§ç¨ª�

�à¨¬¥¬ á«¥¤ãîé¨¥ ¤®¯ãé¥−¨ï.

1. ‘®áâ�¢−ë¥ ç�áâ¨ ¨§¤¥«¨ï ¢ á®áâ®ï−¨ïå 3, 4 áç¨â�îâáï −¥¨á¯à�¢−ë¬¨, � ¢
á®áâ®ï−¨¨ 5 | ¨á¯à�¢−ë¬¨.

2. �à¨ −¥¨á¯à�¢−®¬ á®áâ®ï−¨¨ ¢ «î¡®¬ á«ãç�¥ ‘—ˆ ¯®¤«¥¦¨â §�¬¥−¥ §� áç¥â
§�¯�á®¢ áª«�¤�, � ¤�«¥¥ «¨¡® ®â¯à�¢«ï¥âáï ¢ à¥¬®−â, «¨¡® á¯¨áë¢�¥âáï.

3. ÷¥¬®−â ‘—ˆ ¬®¦¥â ¡ëâì ¢®ááâ�−®¢¨â¥«ì−ë¬ ¨ ¢ë¯®«−ïâìáï ¢ ®¯¥à�â¨¢−®¬
¯®àï¤ª¥ ã ¯®âà¥¡¨â¥«ï.

4. ‘«®¦−ë¥ ¢¨¤ë à¥¬®−â� ‘—ˆ ®áãé¥áâ¢«ïîâáï −� ®¡®àã¤®¢�−¨¨ ¯®áâ�¢é¨ª�.
�â¯à�¢ª� ¢ à¥¬®−â ¯à®¨§¢®¤¨âáï ¯¥à¨®¤¨ç¥áª¨ ¯�àâ¨ï¬¨, ª®â®àë¥ −�ª�¯«¨-
¢�îâáï −� áª«�¤¥ ¢ â¥ç¥−¨¥ ®¡ãá«®¢«¥−−®£® ¯¥à¨®¤� ¢à¥¬¥−¨.

5. �«�−®¢ë© ª�¯¨â�«ì−ë© à¥¬®−â ˆ�� ¢ë¯®«−ï¥âáï −� á¯¥æ¨�«¨§¨à®¢�−−ëå
à¥¬®−â−ëå ¯à¥¤¯à¨ïâ¨ïå. �â¯à�¢ª� ¨§¤¥«¨© −� à¥¬®−â ®áãé¥áâ¢«ï¥âáï ¯®
¬¥à¥ −�áâã¯«¥−¨ï áà®ª®¢. ‡�¯�á−ë¥ ç�áâ¨, −¥®¡å®¤¨¬ë¥ ¤«ï ¯à®¢¥¤¥−¨ï
ª�¯à¥¬®−â�, ¯®áâ�¢«ïîâáï ¨§ ¢−¥è−¨å ¨áâ®ç−¨ª®¢ ¨ ¢ ¤�−−®© ¬®¤¥«¨ −¥
ãç¨âë¢�îâáï. ˆå áâ®¨¬®áâì ¢å®¤¨â ¢ áâ®¨¬®áâì à¥¬®−â�.

6. �®¯®«−¥−¨¥ ®¡ê¥¬®¢ ‡— ®áãé¥áâ¢«ï¥âáï ¯¥à¨®¤¨ç¥áª¨ ¯�àâ¨ï¬¨ ®¯à¥¤¥«¥−-
−®£® à�§¬¥à�, ®¡¥á¯¥ç¨¢�îé¨¬¨ ®¯â¨¬�«ì−ë© ãà®¢¥−ì §�¯�á� ¯à¨ §�¤�−−®¬
áà¥¤−¥¬ ª®íää¨æ¨¥−â¥ ¨á¯à�¢−®áâ¨ ¨§¤¥«¨©, à�ááç¨â�−−®¬ −� §�¤�−−ë©
¯¥à¨®¤ äã−ªæ¨®−¨à®¢�−¨ï.

7. Šà¨â¥à¨© ®¯â¨¬�«ì−®áâ¨ á®¤¥à¦¨â á¢®¡®¤−ë¥ ¨ −¥á¢®¡®¤−ë¥ ¯�à�¬¥âàë.
‘¢®¡®¤−ë¥ ¯�à�¬¥âàë ãç¨âë¢�îâ ¢®§¬®¦−®áâì ¢ë¡®à� áâà�â¥£¨¨ ¨ â�ªâ¨ª¨
¨á¯®«ì§®¢�−¨ï ¨§¤¥«¨©, � ®âáî¤� | ®¯â¨¬¨§�æ¨î ¤®å®¤®¢ ¨ à�áå®¤®¢.
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Œ¥â®¤ë ¨ áà¥¤áâ¢� �−�«¨§� ¨ ¬®¤¥«¨à®¢�−¨ï áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ ˆ‹�

�¥á¢®¡®¤−ë¥ ¯�à�¬¥âàë å�à�ªâ¥à¨§ãîâ ª�ç¥áâ¢¥−−ë¥, æ¥−®¢ë¥ ¨ ¤àã£¨¥
ä�ªâ®àë, ¯à¨áãé¨¥ ¨§¤¥«¨î ¨ á¨áâ¥¬¥.

„¥ä¨æ¨â ‡— ¯à¨¢®¤¨â ª ¯à®áâ®ï¬, çâ® á−¨¦�¥â áà¥¤−¨© ª®íää¨æ¨¥−â ¨á¯à�¢-
−®áâ¨. �à®áâ®¨ ¢ë§ë¢�¥â â�ª¦¥ −�å®¦¤¥−¨¥ ‘—ˆ ¢ á®áâ®ï−¨ïå ®¡á«ã¦¨¢�−¨ï ¨
à¥¬®−â�.

‘âà¥«ª�¬¨ ¯®ª�§�−ë ¤ã£¨ £à�ä�, ®¯¨áë¢�îé¨¥ ¯¥à¥å®¤ë ‘—ˆ ¨ ¨§¤¥«¨ï
¢ æ¥«®¬ ¨§ ®¤−®£® á®áâ®ï−¨ï ¢ ¤àã£®¥. �¡®§−�ç¥−¨ï ¤ã£ £à�ä� æ¨äà�¬¨ ¢¨¤�
k{h ®â¬¥ç�îâ −�¯à�¢«¥−¨ï ¯¥à¥å®¤®¢ ¨§ á®áâ®ï−¨ï k ¢ á®áâ®ï−¨¥ h. ‘®áâ®ï-
−¨ï, ¢ ª®â®àëå −�¤ ‘—ˆ ®áãé¥áâ¢«ïîâáï ª�ª¨¥-«¨¡® ¤¥©áâ¢¨ï, á®®â¢¥âáâ¢ãîâ
−�å®¦¤¥−¨î ¨å ¢ ®¯à¥¤¥«¥−−ëå â¥å−®«®£¨ç¥áª¨å ä�§�å, à¥�«¨§ã¥¬ëå ‘Œ�.
‚ ¤�−−®¬ á«ãç�¥ â�ª¨¬¨ ‘Œ� ï¢«ïîâáï á¨áâ¥¬� â¥å−¨ç¥áª®£® ®¡á«ã¦¨¢�−¨ï,
á¨áâ¥¬� ¢®ááâ�−®¢¨â¥«ì−®£® à¥¬®−â� ‘—ˆ ã ¯®âà¥¡¨â¥«ï, á¨áâ¥¬� ª�¯¨â�«ì−®-
£® à¥¬®−â� ¨§¤¥«¨©, á¨áâ¥¬� ¢®ááâ�−®¢¨â¥«ì−®£® à¥¬®−â� ‘—ˆ ã ¯®áâ�¢é¨ª�
¨ áª«�¤, ª®â®àë© ¯à¨−¨¬�¥â ¨ ®â¯ãáª�¥â ‘—ˆ. ‘ç¨â�¥âáï, çâ® ¯¥à¥å®¤ë k{h
®¡ãá«®¢«¥−ë á«ãç�©−ë¬¨ ¯ã�áá®−®¢áª¨¬¨ ¯®â®ª�¬¨ á®¡ëâ¨© (®¡é¥¯à¨−ïâ�ï £¨-
¯®â¥§� ¯à¨¬¥−¨â¥«ì−® ª ‘Œ�).

�¤−¨¬ ¨§ ¢�¦−¥©è¨å ¯®ª�§�â¥«¥© ˆ‹� ï¢«ï¥âáï áà¥¤−¨© ª®íää¨æ¨¥−â
â¥å−¨ç¥áª®© £®â®¢−®áâ¨ (¨á¯à�¢−®áâ¨) −� §�¤�−−®¬ ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨ [0, T ],
ª®â®àë© ¯à¨¬¥−¨â¥«ì−® ª à�áá¬�âà¨¢�¥¬®© á¨áâ¥¬¥ ®¯à¥¤¥«ï¥âáï ¯® ä®à¬ã«¥

KÉ(T ) =
1

T

T∫

0

Y2(τ) + Y5(τ)

N
dτ , (4)

£¤¥ Y2(t) ¨ Y5(t) | ª®«¨ç¥áâ¢® ¨á¯à�¢−ëå ‘—ˆ; N | −�å®¤ïé¥¥áï ¢ íªá-
¯«ã�â�æ¨¨ ª®«¨ç¥áâ¢® ‘—ˆ ¤�−−®£® â¨¯�, áâà®£® á®£«�á®¢�−−®¥ á ª®«¨ç¥áâ¢®¬
íªá¯«ã�â¨àã¥¬ëå ˆ�� (á ãç¥â®¬ ˆ��, −�å®¤ïé¨åáï ¢ ª�¯¨â�«ì−®¬ à¥¬®−â¥).

„«ï ¯à¨¢¥¤¥−¨ï ª ®¡é¥¬ã ¢¨¤ã à�áè¨à¨¬ ä�§®¢ë© ¢¥ªâ®à Y (t) ¯ãâ¥¬ ¢¢¥¤¥-
−¨ï ¯¥à¥¬¥−−®© Y9(t):

Y9(t) = KÉ(t) .

‘ æ¥«ìî ®¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª áà¥¤−¥£® §−�ç¥−¨ï ª®-
íää¨æ¨¥−â� ¨á¯à�¢−®áâ¨ ¯�àª� ‘—ˆ −� ¯¥à¨®¤¥ [0, t) §�¬¥−¨¬ ¢ (4) ª®−¥ç−ë©
¯à¥¤¥« T −� ¯¥à¥¬¥−−ë© | t ¨ ¯à®¤¨ää¥à¥−æ¨àã¥¬ ¯® íâ®© ¯¥à¥¬¥−−®©. �®«ã-
ç¨¬ ¤¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥, ®¯¨áë¢�îé¥¥ ¤¨−�¬¨ªã ¨§¬¥−¥−¨ï áà¥¤−¥£®
ª®íää¨æ¨¥−â� ¨á¯à�¢−®áâ¨:

‘Y9(t) = −1
t
Y9(t) +

1

t

Y2(t) + Y5(t)

N
.

Š�ª ¢¨¤−®, ¯à�¢�ï ç�áâì íâ®£® ãà�¢−¥−¨ï á®¤¥à¦¨â ª¢�§¨¯ã�áá®−®¢áª¨¥ áâã¯¥−-
ç�âë¥ ¯à®æ¥ááë Y2(t), Y5(t).
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ˆ. �. ‘¨−¨æë−, �. ‘. ˜�«�¬®¢, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

‚ ª�ç¥áâ¢¥ ªà¨â¥à¨ï íää¥ªâ¨¢−®áâ¨ ª®¬¯«¥ªá−®© á¨áâ¥¬ë ú¯®áâ�¢ª¨ §�¯-
ç�áâ¥© { íªá¯«ã�â�æ¨ï { â¥å−¨ç¥áª®¥ ®¡á«ã¦¨¢�−¨¥ { à¥¬®−â { á¯¨á�−¨¥û ¯à¨¬¥¬
¢ëà�¦¥−¨¥:

J = Ck

T∫

0

(
KÉ −KÉ.ÔÒ

)2
dτ , (5)

£¤¥ KÉ(t) | áà¥¤−¥¥ −� ¨−â¥à¢�«¥ [0, t) §−�ç¥−¨¥ ª®íää¨æ¨¥−â� ¨á¯à�¢−®áâ¨;
KÉ.ÔÒ | âà¥¡ã¥¬®¥ §−�ç¥−¨¥ áà¥¤−¥£® −� ¯¥à¨®¤¥ [0, T ] ª®íää¨æ¨¥−â� ¨á¯à�¢-
−®áâ¨; Ck | ª®íää¨æ¨¥−â.

”¨§¨ç¥áª¨© á¬ëá« ¯à¨−ïâ®£® ªà¨â¥à¨ï ®§−�ç�¥â, çâ® ¢ ¯à®æ¥áá¥ ®¯â¨¬¨-
§�æ¨¨ ¯�à�¬¥âà®¢ ãª�§�−−®© ª®¬¯«¥ªá−®© á¨áâ¥¬ë ¡ã¤ãâ ®¯à¥¤¥«¥−ë â�ª¨¥ ¨å
§−�ç¥−¨ï, ¯à¨ ª®â®àëå ¯«®é�¤ì ¯®¤ ªà¨¢®© ¬®¤ã«ï à�§−®áâ¨ KÉ(t) − KÉ.ÔÒ
¡ã¤¥â −�¨¬¥−ìè¥©. �à¨ íâ®¬ â¥ªãé¥¥ §−�ç¥−¨¥ KÉ(t) ¡ã¤¥â ¬¨−¨¬�«ì−® ®â-
«¨ç�âìáï ®â KÉ.ÔÒ. ‚ ¤�«ì−¥©è¥¬ ¡ã¤¥¬ −�§ë¢�âì íâ®â ªà¨â¥à¨© ªà¨â¥à¨¥¬
®¯â¨¬�«ì−®áâ¨.

Œ®¦−® â�ª¦¥ ¨á¯®«ì§®¢�âì ¬®¤¥à−¨§¨à®¢�−−ãî ä®à¬ã ªà¨â¥à¨ï ®¯â¨¬�«ì-
−®áâ¨, ãç¨âë¢�îéãî âà¥¡ã¥¬ë© ãà®¢¥−ì £�à�−â¨¨ á®¡«î¤¥−¨ï §�¤�−−®£® ª®íä-
ä¨æ¨¥−â� £®â®¢−®áâ¨:

J∗ = Ck

T∫

0

[(
KÉ − µσ2kÉ

)
−KÉ.ÔÒ

]2
dτ , (6)

£¤¥ σkÉ | áà¥¤−¥ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥ áà¥¤−¥£® −� ¯¥à¨®¤¥ ª®íää¨æ¨¥−â�
¨á¯à�¢−®áâ¨; µ | ª¢�−â¨«ì −®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï á«ãç�©−®© ¯¥à¥¬¥−−®©
KÉ(t), á®®â¢¥âáâ¢ãîé¨© §�¤�−−®© £�à�−â¨©−®© ¢¥à®ïâ−®áâ¨.

�¡®§−�ç¨¬ Y10(t) = J ¨ ¯à®¤¨ää¥à¥−æ¨àã¥¬ (5) ¯® ¢à¥¬¥−¨. �à¨ íâ®¬,
ãç¨âë¢�ï (6), ¯à¥¤¢�à¨â¥«ì−® ¢ ¯à�¢®© ç�áâ¨ ¨−â¥£à�«� §�¬¥−¨¬ ¢¥àå−¨© ¯à¥¤¥«
−� t.

‚ à¥§ã«ìâ�â¥ ¯®«ãç¨¬ ¤¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥, ®¯¨áë¢�îé¥¥ â¥ªãé¥¥
−� ¯¥à¨®¤¥ [0, t] §−�ç¥−¨¥ ªà¨â¥à¨ï J:

‘Y10(t) = Ck

(
Y9(t)−KÉ.ÔÒ

)2
= Ck

[
Y 29 (t)− 2Y9(t)KÉ.ÔÒ +K

2
É.ÔÒ

]
.

ˆáå®¤ï ¨§ �−�«¨§� £à�ä� á®áâ®ï−¨© (á¬. à¨á. 3) ¨ ®æ¥−ª¨ ª®«¨ç¥áâ¢� ¯¥à¥-
¬¥−−ëå ¢ á¨áâ¥¬¥, ¨¬¥¥¬ á«¥¤ãîé¨¥ ¢ëà�¦¥−¨ï ¤«ï S, ρ ¨ �T, ¢å®¤ïé¨¥ ¢ (1)
¨ (2):
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Œ¥â®¤ë ¨ áà¥¤áâ¢� �−�«¨§� ¨ ¬®¤¥«¨à®¢�−¨ï áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ ˆ‹�

S =





−1 1 0 0 0 0 0 0 0 0
0 −1 1 0 0 0 0 0 0 0
0 −1 0 1 0 0 0 0 0 0
0 −1 0 0 1 0 0 0 0 0
0 −1 0 0 0 1 0 0 0 0
0 −1 0 0 0 0 1 0 0 0
0 1 −1 0 0 0 0 0 0 0
0 1 0 0 −1 0 0 0 0 0
0 1 0 0 0 −1 0 0 0 0
1 0 0 0 0 0 0 −1 0 0





; ρ =





λ0Y
∗
2 (mF +KFY

◦
1 )

λ23Y2
λ24Y
λ25Y2
λ26Y
λ27Y2

K03 +K13
◦
Y 3

K05 +K15
◦
Y 5

K06 +K16
◦
Y 6

K08 +K18
◦
Y 8





. (7)

‡¤¥áì ç¥à¥§ mF , KF , K0i ¨ K1i ®¡®§−�ç¥−ë ª®íää¨æ¨¥−âë áâ�â¨áâ¨ç¥áª®©
«¨−¥�à¨§�æ¨¨ −¥«¨−¥©−ëå äã−ªæ¨©, ¯à¨ç¥¬

�T(Y (t)) =

[
0 0 0 0 0 0 0 0

Y2 + Y5
tN

− Y9
t
Y 29 − 2Y9KÉ.ÔÒ +K2É.ÔÒ

]
. (8)

�®«ãç¥−−ë¥ ¢ëà�¦¥−¨ï (7) ¨ (8) ¯®«®¦¥−ë ¢ ®á−®¢ã ¬�â¥¬�â¨ç¥áª®£® ®¡¥á-
¯¥ç¥−¨ï ¨−áâàã¬¥−â�«ì−®£® ¯à®£à�¬¬−®£® ª®¬¯«¥ªá� ¯à®£−®§¨à®¢�−¨ï ¯®âà¥¡-

÷¨á. 4 ”®à¬� ¢¢®¤�-¢ë¢®¤� ¤�−−ëå
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ˆ. �. ‘¨−¨æë−, �. ‘. ˜�«�¬®¢, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

−®áâ¥© (�Š��) ¢ ‡— ¨ ¯«�−¨à®¢�−¨ï ¯à®£à�¬¬ë ¯®áâ�¢®ª −� ¯à®¨§¢®«ì−ë©
¯¥à¨®¤ íªá¯«ã�â�æ¨¨.

�� à¨á. 4 ¯®ª�§�−� ä®à¬� ¢¢®¤�{¢ë¢®¤� ¤�−−ëå ¢ �Š��, £¤¥ ç�áâì ¨−-
ä®à¬�æ¨¨ ª�á�¥âáï ä¨−�«ì−®£® ¨§¤¥«¨ï (”ˆ), � ¤àã£�ï ç�áâì ª�á�¥âáï ®¤−®©
(¢ë¡à�−−®© ¨§ −®¬¥−ª«�âãà−®£® ¯¥à¥ç−ï) ª®¬¯®−¥−âë ˆ��.

‚ −¨¦−¥© ç�áâ¨ à¨áã−ª� ¯®ª�§�−� −�ç�«ì−�ï æ¥−� ®¤−®© ‡— ¢ â¥ªãé¥¬
£®¤ã, ª®íää¨æ¨¥−â íáª�«�æ¨¨, áâ®¨¬®áâì −�ç�«ì−®© ¯®áâ�¢ª¨, � â�ª¦¥ â�¡«¨æ�,
á®¤¥à¦�é�ï:

{ ®¡ê¥¬ë ¯®¯®«−¥−¨ï ‡— −� ª�¦¤ë© £®¤ ¨§ §�¤�−−®£® ¯¥à¨®¤� íªá¯«ã�â�æ¨¨;

{ æ¥−� ¯®áâ�¢ª¨ ®¤−®© ‡— ¯® £®¤�¬ á ãç¥â®¬ ª®íää¨æ¨¥−â� íáª�«�æ¨¨;

{ áâ®¨¬®áâì ¯®áâ�¢«ï¥¬ëå ®¡ê¥¬®¢ ¯® £®¤�¬ íªá¯«ã�â�æ¨¨.

‚ ®â¤¥«ì−®¬ ®ª−¥ ¯®ª�§ë¢�¥âáï áã¬¬�à−�ï áâ®¨¬®áâì ¯®áâ�¢®ª ‡— ¯® ¤�−−®©
ª®¬¯®−¥−â¥ á ãç¥â®¬ −�ç�«ì−®© ¯®áâ�¢ª¨.

�à®£à�¬¬−ë© ª®¬¯«¥ªá ¯®§¢®«ï¥â à¥è�âì §�¤�çã ®¯à¥¤¥«¥−¨ï −¥®¡å®¤¨¬ëå
¯®¯®«−¥−¨© ‡— ¯® ª�¦¤®© ª®¬¯®−¥−â¥ ¨ ¢ æ¥«®¬ ¤«ï ¯�àª� ˆ�� −� §�¤�−−®¬
¯¥à¨®¤¥ íªá¯«ã�â�æ¨¨.

÷¨á. 5 ƒà�ä¨ª ª®íää¨æ¨¥−â� ¨á¯à�¢−®áâ¨ ‘—ˆ, á®®â¢¥âáâ¢ãîé¨© ¯à®¨§¢®«ì−®©
¯à®£à�¬¬¥ ¯®áâ�¢®ª
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�¡ê¥¬ë ¯®¯®«−¥−¨ï ‡— ¯® ª�¦¤®© ª®¬¯®−¥−â¥ áç¨â�îâáï ®¯â¨¬�«ì−ë¬¨,
¥á«¨ ¯à®£−®§¨àã¥¬ë© ¯à¨ íâ¨å ®¡ê¥¬�å ãà®¢¥−ì ¨á¯à�¢−®áâ¨ −� íâ®¬ ¯¥à¨®¤¥
íªá¯«ã�â�æ¨¨ ˆ�� ¬¨−¨¬�«ì−® ®â«¨ç�¥âáï ®â §�¤�−−®£® ¨ ¯à¨ íâ®¬ áâ®¨¬®áâì
¯®áâ�¢®ª, ®áãé¥áâ¢«¥−−ëå −� íâ®¬ ¯¥à¨®¤¥, ¬¨−¨¬�«ì−�.

‚ �Š�� ®¯à¥¤¥«¥−¨¥ ®¯â¨¬�«ì−ëå ®¡ê¥¬®¢ ¯®¯®«−¥−¨ï (®¯â¨¬�«ì−®© ¯à®-
£à�¬¬ë ¯®áâ�¢®ª −� §�¤�−−ë© ¯¥à¨®¤ ¢à¥¬¥−¨) ®áãé¥áâ¢«ï¥âáï �¢â®¬�â¨ç¥áª¨ ¢
á®®â¢¥âáâ¢¨¨ á ¬¥â®¤®¬ £à�¤¨¥−â−®£® ¯®¨áª�. Šà¨â¥à¨¥¬ ®¯â¨¬¨§�æ¨¨ ï¢«ï¥âáï
¢ëà�¦¥−¨¥ (7). Š�ª ¯®ª�§�«¨ ¤�«ì−¥©è¨¥ à¥§ã«ìâ�âë, ¬¨−¨¬ã¬ §−�ç¥−¨© ªà¨-
â¥à¨ï á®¢¯�¤�¥â ®¤−®¢à¥¬¥−−® á ¬¨−¨¬�«ì−®© áâ®¨¬®áâìî ¯®áâ�¢®ª ‡—. �â® |
ã−¨ª�«ì−®¥ á¢®©áâ¢® ¢ë¡à�−−®£® ªà¨â¥à¨ï. ˆ§«¨èª¨ ‡— ¯à¨ íâ®¬ −� áª«�¤¥
ï¢«ïîâáï ¬¨−¨¬�«ì−ë¬¨.

�� à¨á. 5 ¯®ª�§�− ®¤¨− ¨§ £à�ä¨ª®¢ ¯à®æ¥áá®¢ | áà¥¤−¨© ª®íää¨æ¨¥−â
¨á¯à�¢−®áâ¨ −� ¯¥à¨®¤¥ 10 «¥â ¢ áà�¢−¥−¨¨ á §�¤�−−ë¬, à�¢−ë¬ 0.8. �®ª�§�−�
¢¥àå−ïï ¨ −¨¦−ïï £à�−¨æ� ¢®§¬®¦−ëå §−�ç¥−¨© à¥�«ì−®£® áà¥¤−¥£® ª®íää¨æ¨-
¥−â� ¨á¯à�¢−®áâ¨. �â®â £à�ä¨ª á®®â¢¥âáâ¢ã¥â ¯à®¨§¢®«ì−® ¢¢¥¤¥−−ë¬ ¤�−−ë¬
¯à®£à�¬¬ë ¯®áâ�¢®ª ‡— §�¤�−−®£® â¨¯� ¯® £®¤�¬: 2, 2, 2, 2, 2, 2, 2, 2, 2.
�à¨ íâ®¬ £à�ä¨ª ¯à®£−®§¨àã¥¬®£® áà¥¤−¥£® ª®íää¨æ¨¥−â� ¨á¯à�¢−®áâ¨ ¯�àª�
¨§¤¥«¨© ¯à®å®¤¨â ¢ëè¥ §�¤�−−®£® §−�ç¥−¨ï 0,8. ‘â®¨¬®áâì â�ª®© ¯à®£à�¬¬ë
á®áâ�¢¨â ¢ áà¥¤−¥¬ $ 1207,8.

÷¨á. 6 �à®£−®§¨àã¥¬®¥ ª®«¨ç¥áâ¢® ‡— −� áª«�¤¥
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÷¨á. 7 ‘à¥¤−¨© ª®íää¨æ¨¥−â ¨á¯à�¢−®áâ¨ ¯à¨ ®¯â¨¬�«ì−®© ¯à®£à�¬¬¥ ¯®áâ�¢®ª

�®¬¨¬® áà¥¤−¥£® ª®íää¨æ¨¥−â� ¨á¯à�¢−®áâ¨, −� £à�ä¨ª¥ ¯®ª�§�−ë ¤®¢¥à¨-
â¥«ì−ë¥ £à�−¨æë íâ®£® ª®íää¨æ¨¥−â�, á®®â¢¥âáâ¢ãîé¨¥ ¤®¢¥à¨â¥«ì−®© ¢¥à®ïâ-
−®áâ¨, à�¢−®© 0,9.

�� à¨á. 6 ¯®ª�§�− £à�ä¨ª ®¦¨¤�¥¬®£® ¨§¬¥−¥−¨ï áà¥¤−¥£® ª®«¨ç¥áâ¢� ‡—
¤�−−®£® â¨¯� −� áª«�¤¥ ¯à¨ à¥�«¨§�æ¨¨ ¤�−−®© (−¥®¯â¨¬�«ì−®©) ¯à®£à�¬¬ë.
�ç¥¢¨¤−� ¨§¡ëâ®ç−®áâì ‡— −� ¤�−−®¬ ¢à¥¬¥−−®¬ ¯¥à¨®¤¥, ¯à¨¢®¤ïé�ï ª §�¢ë-
è¥−−ë¬ §�âà�â�¬. �� à¨á. 6 ¢ áâà®ª¥ ú£®¤û −�ç�«® ®âáç¥â� ¨¤¥â ®â æ¨äàë 2. �â®
−¥á®®â¢¥âáâ¢¨¥ ¯®à®¦¤¥−® £®à¨§®−â�«ì−ë¬ áªà®««¨−£®¬, áªàë¢è¨¬ ¢ ¤�−−®¬
á«ãç�¥ ç�áâì ¨−ä®à¬�æ¨¨.

‚ ¯à®æ¥áá¥ à�¡®âë �«£®à¨â¬� ®¯â¨¬¨§�æ¨¨, ®á−®¢�−−®£® −� ¯à¨¬¥−¥−¨¨ ¯à®-
æ¥¤ãàë £à�¤¨¥−â−®£® ¯®¨áª�, ¯®«ãç�¥¬ ®¯â¨¬�«ì−ãî ¯à®£à�¬¬ã ¯®áâ�¢®ª ‡— (0,
0, 4, 2, 1, 0, 1, 0, 1), ¯à¨ ª®â®à®© áà¥¤−¨© ª®íää¨æ¨¥−â ¨á¯à�¢−®áâ¨ ¬¨−¨-
¬�«ì−® ®â«¨ç�¥âáï ®â §�¤�−−®£®, à�¢−®£® 0,8 (à¨á. 7). ƒà�ä¨ª ¯à®£−®§¨àã¥¬®£®
áà¥¤−¥£® ª®íää¨æ¨¥−â� ¨á¯à�¢−®áâ¨ ¯®ª�§ë¢�¥â ¯à�ªâ¨ç¥áª¨ ¯®«−®¥ á®¢¯�¤¥−¨¥
á §�¤�−−ë¬ −� ¨−â¥à¢�«¥ ¢à¥¬¥−¨ ¯®á«¥ 3-£® £®¤� íªá¯«ã�â�æ¨¨. �à¥¤«®¦¥−−�ï
¯à®£à�¬¬� ï¢«ï¥âáï ®¯â¨¬�«ì−®©. ‘â®¨¬®áâì ¥¥ á®áâ�¢«ï¥â $ 674,81114, çâ® ¢
2 à�§� ¬¥−ìè¥ à�−¥¥ ¯à¥¤«®¦¥−−®© ¯à®¨§¢®«ì−®© ¯à®£à�¬¬ë ¯®áâ�¢®ª ‡—.
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÷¨á. 8 ˆ§¡ëâ®ç−®¥ áà¥¤−¥¥ ª®«¨ç¥áâ¢® ‡— −� áª«�¤¥ ¯à¨ ®¯â¨¬�«ì−®© ¯à®£à�¬¬¥
¯®áâ�¢®ª

�â¬¥â¨¬, á«¥¤ãï à¨á. 7, çâ® −� ¯¥à¢®¬ £®¤ã íªá¯«ã�â�æ¨¨ ¯à®¨áå®¤¨â à¥§ª®¥
á−¨¦¥−¨¥ ª®íää¨æ¨¥−â� ¨á¯à�¢−®áâ¨. �â® ®¡êïá−ï¥âáï â¥¬, çâ® ¢¥áì ¯�àª ˆ��
¨á¯à�¢¥− ¨ ¬�ªá¨¬�«ì−® ¨á¯®«ì§ã¥âáï ¯® −�§−�ç¥−¨î. “¬¥−ìè¥−¨¥ ª®íää¨-
æ¨¥−â� ¨á¯à�¢−®áâ¨ −¨¦¥ §�¤�−−®£® §−�ç¥−¨ï 0.8 ¯à¥¤®â¢à�é�¥âáï §� áç¥â ‡—,
−�ª®¯«¥−−ëå ¯®á«¥ à¥¬®−â� ¢ â¥ç¥−¨¥ £®¤� íªá¯«ã�â�æ¨¨. �â® à¥§ã«ìâ�â ¨á-
¯®«ì§®¢�−¨ï áâà�â¥£¨¨ ¬�â¥à¨�«ì−®-â¥å−¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï, ¢ á®®â¢¥âáâ¢¨¨ á
ª®â®à®© ¢ë¤�ç� ‡— á® áª«�¤� ®áãé¥áâ¢«ï¥âáï ¯à¨ ¥¥ −�«¨ç¨¨ −� áª«�¤¥ ¨ −�«¨ç¨¨
§�ï¢ª¨ ®â íªá¯«ã�â¨àãîé¥© ®à£�−¨§�æ¨¨, −® −¥ à�−¥¥, ç¥¬ ª®íää¨æ¨¥−â ¨á¯à�¢-
−®áâ¨ ¯à¨¡«¨§¨âáï (ã¬¥−ìè¨âáï) ª §�¤�−−®¬ã §−�ç¥−¨î. ˆ§¡ëâ®ç−®¥ ª®«¨ç¥áâ¢®
‡— −� áª«�¤¥ ¯à¨ ®¯â¨¬�«ì−®© ¯à®£à�¬¬¥ ¯®áâ�¢®ª á®áâ�¢¨â −¥ ¡®«¥¥ ®¤−®© ‡—
¢ â¥ç¥−¨¥ 10 «¥â (à¨á. 8). �¥®¡å®¤¨¬® ®â¬¥â¨âì, çâ® �«£®à¨â¬ ®¯â¨¬¨§�æ¨¨
¯à®£à�¬¬ë ¯®áâ�¢®ª à�¡®â�¥â ¯®á«¥¤®¢�â¥«ì−® −� ¯à®¬¥¦ãâª�å ¢à¥¬¥−¨, à�¢−ëå
1 £®¤ã. �à¨ íâ®¬ −�ç�«ì−ë¬ ãá«®¢¨¥¬ ¤«ï ®ç¥à¥¤−®£® £®¤� ï¢«ï¥âáï ®¯â¨¬�«ì−®¥
§−�ç¥−¨¥ ¯®áâ�¢ª¨ ¢ ¯à¥¤ë¤ãé¥¬ £®¤ã.

�¯â¨¬�«ì−®¥ ¯«�−¨à®¢�−¨¥ −� ®¤¨− £®¤ ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî íâ®£®
¦¥ �«£®à¨â¬�, −® á ãç¥â®¬ à¥�«ì−ëå ®áâ�âª®¢ §�¯�á®¢, åà�−ïé¨åáï −� áª«�¤¥ ®â
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¯à¥¤ë¤ãé¨å ¯®áâ�¢®ª, ¨ ‡—, ¯®áâã¯�îé¨å ¨§ à¥¬®−â�. Šà®¬¥ â®£®, ãç¨âë¢�¥âáï,
çâ® ¯«�−¨à®¢�−¨¥ ®áãé¥áâ¢«ï¥âáï ª�ª ¬¨−¨¬ã¬ §� ¯®«£®¤� ¤® −�ç�«� ®ç¥à¥¤−®£®
£®¤� ¯®áâ�¢ª¨. �â® ¢−®á¨â −¥ª®â®àë¥ ª®àà¥ªâ¨¢ë ¢ �«£®à¨â¬ ®¯â¨¬¨§�æ¨¨.

�®áâ�¢ª� §�ª�§ç¨ª�¬ ¯®¤®¡−ëå ª®¬¯«¥ªá®¢ ¯à®£−®§¨à®¢�−¨ï ¨ ®¯â¨¬¨§�æ¨¨
¯®§¢®«¨â ¨¬ ä®à¬¨à®¢�âì ®¯â¨¬�«ì−ãî £®¤®¢ãî §�ï¢ªã −� ¯®áâ�¢ªã ‡— ¤«ï
¯à®¢¥¤¥−¨ï ª�ª ¯«�−®¢ëå, â�ª ¨ −¥¯«�−®¢ëå à�¡®â ¯® ’�¨÷ ¤«ï ¢ë¯®«−¥−¨ï
¯«�−� ¨á¯®«ì§®¢�−¨ï ¯�àª� ˆ�� á ãç¥â®¬ à¥�«ì−ëå ¯®ª�§�â¥«¥© á¢®¥© ‘���, �
â�ª¦¥ −� ®á−®¢¥ ¤�−−ëå, á®®¡é�¥¬ëå ¯®áâ�¢é¨ª®¬ ¢ á®®â¢¥âáâ¢¨¨ á ª®−âà�ªâ®¬.

4 Особенности моделирования эредитарных стохастических систем
интегрированной логистической поддержки

�à¥¤¨â�à−ë¥ á¨áâ¥¬ë, â�ª¦¥ ¨§¢¥áâ−ë¥ ª�ª −�á«¥¤áâ¢¥−−ë¥ á¨áâ¥¬ë, á¨áâ¥-
¬ë á ¯®á«¥¤¥©áâ¢¨¥¬ ¨«¨ á¨áâ¥¬ë á §�¯�§¤ë¢�−¨¥¬ ¢à¥¬¥−¨, á®¤¥à¦�â ¢ ®¤−®¬
¨«¨ −¥áª®«ìª¨å ¨§ á¢®¨å §¢¥−ì¥¢ §�¯�§¤ë¢�−¨¥ ¢® ¢à¥¬¥−¨ −�ç�«� ¨§¬¥−¥−¨ï
¢ëå®¤−®© ¢¥«¨ç¨−ë (¯®á«¥ −�ç�«� ¨§¬¥−¥−¨ï ¢å®¤−®© ¯¥à¥¬¥−−®©). �â� ¢¥«¨-
ç¨−� §�¯�§¤ë¢�−¨ï ®áâ�¥âáï ¯®áâ®ï−−®© ¢® ¢á¥¬ ¯®á«¥¤ãîé¥¬ å®¤¥ ¯à®æ¥áá� ¨
−�§ë¢�¥âáï ¢à¥¬¥−¥¬ §�¯�§¤ë¢�−¨ï. …á«¨ ®¡ê¥ªâ å�à�ªâ¥à¨§ã¥âáï −¥ª®â®àë¬
¯�à�¬¥âà®¬, à�§«¨ç−ë¬ ¯® á¢®¥¬ã §−�ç¥−¨î ¢ à�§−ëå â®çª�å ®¡ê¥ªâ�, â® £®-
¢®àïâ, çâ® §−�ç¥−¨ï â�ª®£® ¯�à�¬¥âà� à�á¯à¥¤¥«¥−ë (¯® ®¡ê¥ªâã). Š®£¤� â�ª¨å
¯�à�¬¥âà®¢ −¥áª®«ìª®, ®¡ê¥ªâ à�áá¬�âà¨¢�¥âáï ª�ª á¨áâ¥¬� á à�á¯à¥¤¥«¥−−ë¬¨
¯�à�¬¥âà�¬¨. �®¢¥¤¥−¨¥ á¨áâ¥¬ á à�á¯à¥¤¥«¥−−ë¬¨ ¯�à�¬¥âà�¬¨ ®¯¨áë¢�¥âáï
¤¨ää¥à¥−æ¨�«ì−ë¬¨ ãà�¢−¥−¨ï¬¨ ¢ ç�áâ−ëå ¯à®¨§¢®¤−ëå, ¤¨ää¥à¥−æ¨�«ì−®-
à�§−®áâ−ë¬¨, ¨−â¥£à�«ì−ë¬¨ ¨ ¨−ë¬¨ á«®¦−ë¬¨ ¬�â¥¬�â¨ç¥áª¨¬¨ á®®â−®è¥-
−¨ï¬¨.

�à¥¤¨â�à−ë¥ áâ®å�áâ¨ç¥áª¨¥ á¨áâ¥¬ë á«ã¦�â �¤¥ª¢�â−ë¬¨ ¬®¤¥«ï¬¨ ¢
‘���. „«ï à¥è¥−¨ï §�¤�ç ®ä«�©−- ¨ ®−«�©−-®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ −¥-
áâ�æ¨®−�à−ëå íà¥¤¨â�à−ëå áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬�å à�§à�¡®â�− è¨à®ª¨© −�¡®à
¬¥â®¤®¢ ¨ ¢ëç¨á«¨â¥«ì−ëå áà¥¤áâ¢ [4{10].

�á®¡ãî ¯à�ªâ¨ç¥áªãî §−�ç¨¬®áâì ¤«ï ®æ¥−ª¨ ¢®§¤¥©áâ¢¨© −¥áâ�æ¨®−�à−ëå,
¢ ç�áâ−®áâ¨ ã¤�à−ëå, ¯à®æ¥áá®¢ ¨¬¥îâ ¬¥â®¤ë, ®á−®¢ë¢�îé¨¥áï −� á¢¥¤¥−¨¨
áâ®å�áâ¨ç¥áª¨å ¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©, ®¯¨áë¢�îé¨å íà¥¤¨â�à-
−ë¥ áâ®å�áâ¨ç¥áª¨¥ á¨áâ¥¬ë, ª áâ®å�áâ¨ç¥áª¨¬ ¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨ï¬
á ¯®á«¥¤ãîé¨¬ ¨á¯®«ì§®¢�−¨¥¬ ä¨«ìâà®¢ Š�«¬�−� ¨ �ã£�çñ¢�. ˆ−â¥£à®¤¨ä-
ä¥à¥−æ¨�«ì−ë¥ áâ®å�áâ¨ç¥áª¨¥ ãà�¢−¥−¨ï ¨ ¬¥â®¤ë ¨å á¢¥¤¥−¨ï ®¯¨áë¢�îâáï
¢ à�¡®â�å [5, 6, 8, 10]. ‘¨−â¥§ ä¨«ìâà®¢ �ã£�çñ¢� ¯®¤à®¡−® à�áá¬®âà¥− ¢
à�¡®â¥ [8]. ÷¥è¥−¨¥ §�¤�ç ®−«�©−-®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¢ íà¥¤¨â�à−ëå áâ®å�-
áâ¨ç¥áª¨å á¨áâ¥¬�å ¢ ãá«®¢¨ïå ã¤�à−ëå ¢®§¤¥©áâ¢¨© (“‚) ¨¬¥¥â á¯¥æ¨ä¨ç¥áª¨¥
®á®¡¥−−®áâ¨ [10]. ÷�áá¬®âà¨¬ ¨å ¯à¨¬¥−¨â¥«ì−® ª í«¥¬¥−â�¬ ‘���.

÷�áá¬®âà¨¬ íà¥¤¨â�à−ãî áâ®å�áâ¨ç¥áªãî á¨áâ¥¬ã, ®¯¨áë¢�¥¬ãî ¢¥ªâ®à−ë¬
¨−â¥£à®¤¨ää¥à¥−æ¨�«ì−ë¬ ãà�¢−¥−¨¥¬ (¢ á¬ëá«¥ ˆâ®) á«¥¤ãîé¥£® ¢¨¤� [6]:
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‘X = a(X, t) +

t∫

t0

a1(X(τ), τ, t) dτ +



b(X, t) +
t∫

t0

b1(X(τ), τ, t) dτ



 ‘W ,

X(t0) = X0 . (9)

‡¤¥áì X ∈ Rp | ¢¥ªâ®à á®áâ®ï−¨ï; ‘W ∈ Rq | ¢¥ªâ®à−ë© ¡¥«ë© èã¬ ¨−-
â¥−á¨¢−®áâ¨ υ = υ(t), −¥ §�¢¨áïé¨© ®â −�ç�«ì−ëå ãá«®¢¨© X0; W = W (t) |
á«ãç�©−ë© ¯à®æ¥áá ¢â®à®£® ¯®àï¤ª� á −¥§�¢¨á¨¬ë¬¨ ¯à¨à�é¥−¨ï¬¨;

a = a(X, t) , a : Rp ×R→ Rp ; a1 = a1(X(τ), τ, t) , a1 : R
p ×R×R→ Rp ;

b = b(X, t) , b : Rp ×R→ Rpq ; b1 = b1(X(τ), τ, t) , b1 : R
p ×R×R→ Rpq .

”ã−ªæ¨¨ a1 ¨ b1 ¯à¥¤áâ�¢¨¬ ¢ ¢¨¤¥:

a1 = A(t, τ)ϕ(X(τ), τ) ; b1 =

N∑

h=1

Bh(t, τ)ψh(X(τ), τ) ,

£¤¥ íà¥¤¨â�à−ë¥ ï¤à� A(t, τ) ¨ Bh(t, τ | (p × p)- ¨ (p × q)-¬�âà¨ç−ë¥ äã−ª-
æ¨¨; ψh(X(τ), τ)| (q × q)-¬�âà¨ç−�ï äã−ªæ¨ï; ϕ(X(τ), τ)| ¢¥ªâ®à-äã−ªæ¨ï
à�§¬¥à−®áâ¨ (p × 1). „®¯ãáâ¨¬, çâ® íà¥¤¨â�à−ë¥ ï¤à� A(t, τ) = {Aij(t, τ)},
i, j = 1, p, ¨ Bh(t, τ) = {Bhij(t, τ)}, h = 1, N , i, j = 1, p, j = 1, q, ã¤®¢«¥â¢®àï-
îâ ãá«®¢¨ï¬ ä¨§¨ç¥áª®© à¥�«¨§ã¥¬®áâ¨ ¨ ãá«®¢¨ï¬ §�âãå�îé¥© íà¥¤¨â�à−®áâ¨
(¨«¨ �á¨¬¯â®â¨ç¥áª®© ãáâ®©ç¨¢®áâ¨):

Aij(t, τ) = 0 , Bhij(t, τ) = 0 , ∀ τ > t ;
∞∫

−∞

|Aij(t, τ)| dτ <∞ ,

∞∫

−∞

|Bhij(t, τ)| dτ <∞ .

‚ â®¬ á«ãç�¥, ª®£¤� íà¥¤¨â�à−ë¥ ï¤à� ã¤®¢«¥â¢®àïîâ ãá«®¢¨ï¬

Aij(t, τ) = “Aij(ξ) , Bhij(t, τ) = “Bhij(ξ) , ξ = t− τ ,

£®¢®àïâ ®¡ ¨−¢�à¨�−â−®© áâ�æ¨®−�à−®© íà¥¤¨â�à−®áâ¨.
‚�¦−ë© ª«�áá íà¥¤¨â�à−ëå ï¤¥à | á¨−£ã«ïà−ë¥ ï¤à�

Aij(t, τ) = A
+
ij(t)A

−
ij(τ) , Bhij(t, τ) = B

+
hij(t)B

−
hij(τ) .
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‚ á«ãç�¥, ª®£¤� äã−ªæ¨¨ a(X, t) ¨ ϕ(X(τ), τ) «¨−¥©−ë ®â−®á¨â¥«ì−® X(t), �
b(X, t) ¨ ψh(X(τ), τ) −¥ §�¢¨áïâ ®â X(t), â. ¥. ª®£¤� ®−¨ ¯à¥¤áâ�¢¨¬ë ¢ ¢¨¤¥

a(X, t) = a1tXt + a0t ; ϕ(X(τ), τ) = aH
1τXτ + a

H
0τ ;

b(X, t) +

t∫

t0

b1(X(τ), τ, t) dτ = c0t ,

¯®«ãç¨¬ ¨§ (9) «¨−¥©−ãî íà¥¤¨â�à−ãî áâ®å�áâ¨ç¥áªãî á¨áâ¥¬ã ¢¨¤�

‘X = a1tXt + a0t +

t∫

t0

A(t, τ)
[
aH
1τXτ + a

H
0τ

]
dτ + c0t ‘W .

…á«¨ íà¥¤¨â�à−®áâì áâ®å�áâ¨ç¥áª�ï, äã−ªæ¨¨ b(X, t) ¨ ψh(X(τ), τ) «¨−¥©−ë
®â−®á¨â¥«ì−® X(t) ¨ ¯à¥¤áâ�¢¨¬ë ¢ ¢¨¤¥

b(X, t) = c1tXt + c0t , ψ(X(τ), τ) = c
H
1τXτ + c

H
0τ ,

â® ¢¬¥áâ® (9) ¯®«ãç¨¬ á«¥¤ãîé¥¥ ãà�¢−¥−¨¥:

‘X = a1tXt + a0t +

t∫

t0

A(t, τ)
[
aH
1τXτ + a

H
0τ

]
dτ +

+



c1tXt + c0t +
N∑

h=1

t∫

t0

Bh(t.τ)
[
cH1τXτ + c

H
0τ

]
dτ



 ‘W .

‚ [6] à�§à�¡®â�−ë ¤¢� á¯®á®¡� ¯à¨¢¥¤¥−¨ï ãà�¢−¥−¨© íà¥¤¨â�à−ëå áâ®å�áâ¨-
ç¥áª¨å á¨áâ¥¬ ª ¤¨ää¥à¥−æ¨�«ì−ë¬ áâ®å�áâ¨ç¥áª¨¬ ãà�¢−¥−¨ï¬ ¢¨¤�

‘Z = c(Z, t) + l(Z, t) ‘W , Z(t0) = Z0 ,

£¤¥ Z | à�áè¨à¥−−ë© ¢¥ªâ®à á®áâ®ï−¨ï ¤¨ää¥à¥−æ¨�«ì−®© áâ®å�áâ¨ç¥áª®©
á¨áâ¥¬ë, á®®â¢¥âáâ¢ãîé¥© ¨áå®¤−®© íà¥¤¨â�à−®© áâ®å�áâ¨ç¥áª®© á¨áâ¥¬¥; c(Z, t)
¨ l(Z, t) | ¨§¢¥áâ−ë¥ äã−ªæ¨¨ Z ¨ t. ��ç�«ì−ë¥ ãá«®¢¨ï Z(t0) = Z0 ¢¥ªâ®à�
á®áâ®ï−¨ï −¥ §�¢¨áïâ ®â ¡¥«®£® èã¬� W .

‚ ¯à¨ª«�¤−®© ¬¥å�−¨ª¥ [10] á¨«®¢ë¬ (¨«¨ ¦¥áâª¨¬) ã¤�à®¬ −�§ë¢�îâ à¥§ã«ì-
â�â ¢®§¤¥©áâ¢¨ï −� â¥«® á¨« ¡¥áª®−¥ç−® ¬�«®© ¯à®¤®«¦¨â¥«ì−®áâ¨, ¢ë§ë¢�îé¨å
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¬£−®¢¥−−®¥ ¨§¬¥−¥−¨¥ ¥£® áª®à®áâ¨ −� ª®−¥ç−ãî ¢¥«¨ç¨−ã. ‚ â¥å−¨ª¥ ã¤�à®§�é¨-
é¥−−ëå á¨áâ¥¬ (“‡‘) ¯®−ïâ¨¥ ã¤�à� âà�ªâã¥âáï ¡®«¥¥ è¨à®ª®. “¤�à®¬ ¨«¨ ã¤�à-
−ë¬ ¢®§¤¥©áâ¢¨¥¬ −�§ë¢�îâ á¨«®¢®¥ ¨«¨ ª¨−¥¬�â¨ç¥áª®¥ ¢®§¬ãé¥−¨¥ ®â−®á¨â¥«ì-
−® ¬�«®© ¯à®¤®«¦¨â¥«ì−®áâ¨ ¨ ®â−®á¨â¥«ì−® ¡®«ìè®© ¨−â¥−á¨¢−®áâ¨. ‚ ª�ç¥áâ¢¥
íâ�«®−� ¨−â¥−á¨¢−®áâ¨ ¯à¨ íâ®¬ ¢ë¡¨à�îâ −®à¬�â¨¢−ãî ¢¥«¨ç¨−ã, á−¨¦¥−¨¥ ¨«¨
ã¢¥«¨ç¥−¨¥ ª®â®à®© á®áâ�¢«ï¥â æ¥«ì §�é¨âë ®â “‚. ‚ ª�ç¥áâ¢¥ íâ�«®−� ¤«¨â¥«ì-
−®áâ¨ ¯à¨−¨¬�îâ ¯¥à¨®¤ á®¡áâ¢¥−−ëå

÷¨á. 9 ��à�¬¥âàë ã¤�à−®£® ¨¬¯ã«ìá�

ª®«¥¡�−¨© §�é¨é�¥¬®£® ¢ëç¨á«¨â¥«ì-
−®£® ®¡®àã¤®¢�−¨ï (‚�).

�−�«¨§ ¯®¢¥¤¥−¨ï “‡‘ ¯à¨ “‚ ¯®-
ª�§ë¢�¥â, çâ® ¨¬¥¥âáï àï¤ ¯�à�¬¥âà®¢
“‚, ¢ −�¨¡®«ìè¥© áâ¥¯¥−¨ ¢«¨ïîé¨å
−� ¤¢¨¦¥−¨¥ §�é¨é�¥¬®£® ®¡®àã¤®¢�-
−¨ï. Š ¨å ç¨á«ã ®â−®áïâáï: ¯¨ª®¢®¥
§−�ç¥−¨¥ σ0, ¤«¨â¥«ì−®áâì τ ¨ ¯®«−ë©
¨¬¯ã«ìá S0 “‚ σ(t), ¯à¥¤áâ�¢«ïîé¥£®
¯à¨ ª¨−¥¬�â¨ç¥áª®¬ ¢®§¬ãé¥−¨¨ §�ª®−
¨§¬¥−¥−¨ï ãáª®à¥−¨ï ®á−®¢�−¨ï (à¨á. 9).
�â¨ ¢¥«¨ç¨−ë á¢ï§�−ë á®®â−®è¥−¨¥¬

S0 =

τ∫

0

σ(t) dt .

‚ à¥�«ì−ëå ãá«®¢¨ïå ¤«¨â¥«ì−®áâì ¢áïª®£® ã¤�à� ®£à�−¨ç¥−�, ¯®íâ®¬ã áç¨-
â�îâ σ(t) = 0 ¯à¨ t < 0 ¨ t > τ . ‚¬¥áâ¥ á â¥¬ ¤«ï ã¤®¡áâ¢� �−�«¨â¨ç¥áª®£®
®¯¨á�−¨ï ä®à¬ë ¨¬¯ã«ìá� ç�áâ® ¨á¯®«ì§ãîâ �¯¯à®ªá¨¬¨àãîé¨¥ äã−ªæ¨¨, −¥
®¡à�é�îé¨¥áï â®¦¤¥áâ¢¥−−® ¢ −ã«ì −¨ ¯à¨ ª�ª®¬ ª®−¥ç−®¬ t. �à¨ íâ®¬ ¨−®-
£¤� ¢¢®¤ïâ ¯®−ïâ¨¥ ® ¤«¨â¥«ì−®áâ¨ −� ãà®¢−¥ σ∗, áç¨â�ï íâ®© ¤«¨â¥«ì−®áâìî
¯à®¬¥¦ãâ®ª ¢à¥¬¥−¨ t0 < t < τ∗, £¤¥ σ(t) ã¤®¢«¥â¢®àï¥â ãá«®¢¨î |σ(t)| ≥ σ∗.

�® ¢¥«¨ç¨−¥ ¯®«−®£® ¨¬¯ã«ìá� S0 “‚ ¯®¤à�§¤¥«ïîâ −� ã¤�àë á ¯à¨à�é¥-
−¨¥¬ ¨ ¡¥§ ¯à¨à�é¥−¨ï áª®à®áâ¨. ˆ¬¯ã«ìáë ã¤�à®¢ á ¯à¨à�é¥−¨¥¬ áª®à®áâ¨
−�§ë¢�îâ ®¤−®áâ®à®−−¨¬¨, ¥á«¨ §� ¢à¥¬ï ã¤�à� σ(t) á®åà�−ï¥â §−�ª. ‚ ®¯¨á�−¨¨
®¤−®áâ®à®−−¨å ¨¬¯ã«ìá®¢ à�§«¨ç�îâ äà®−â −�à�áâ�−¨ï ¨ äà®−â á¯�¤� ¨¬¯ã«ìá�
á ¤«¨â¥«ì−®áâï¬¨ á®®â¢¥âáâ¢¥−−® τ1 ¨ τ2.

‚�¦−ãî à®«ì ¯à¨ ¬®¤¥«¨à®¢�−¨¨ ¨£à�îâ áâ®å�áâ¨ç¥áª¨¥ “‚, á®¤¥à¦�é¨¥
à�§«¨ç−ë¥ á«ãç�©−ë¥ ¢®§¬ãé¥−¨ï. ‚ â�¡«¨æ¥ á®¡à�−ë −¥ª®â®àë¥ â¨¯®¢ë¥ ¤¥-
â¥à¬¨−¨à®¢�−−ë¥ ã¤�à−ë¥ ¨¬¯ã«ìáë ¨ áâ®å�áâ¨ç¥áª¨¥ ã¤�à−ë¥ ¨¬¯ã«ìáë, ãà�¢-
−¥−¨ï ª®â®àëå á®¤¥à¦�â �¤¤¨â¨¢−ãî η(t) ¨ ¬ã«ìâ¨¯«¨ª�â¨¢−ãî ξ(t) á«ãç�©−ë¥
äã−ªæ¨¨. ‚ ¤�−−®© à�¡®â¥ à�áá¬�âà¨¢�îâáï â®«ìª® −®à¬�«ì−® à�á¯à¥¤¥«¥−−ë¥
á«ãç�©−ë¥ äã−ªæ¨¨ η(t) ¨ ξ(t).
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’¨¯®¢ë¥ “‚ á �¤¤¨â¨¢−ë¬¨ ¨ ¬ã«ìâ¨¯«¨ª�â¨¢−ë¬¨ ¯®¬¥å�¬¨

ü
„¥â¥à¬¨−¨à®¢�−−ë©

ã¤�à−ë© ¨¬¯ã«ìá σ(t) ‘â®å�áâ¨ç¥áª¨© ã¤�à−ë© ¨¬¯ã«ìá σ(t)

1 σ0 sin

(
πt

τ

)
σ0(1 + ξ(t)) sin

(
πt

τ

)
+Aη(t)

2 σ0

(
1− cos 2ππt

τ

)
σ0(1 + ξ(t))

(
1− cos 2ππt

τ

)
+Aη(t)

3






2σ0
t

τ
, 0 ≤ t ≤ τ

2

2σ0

(
1− t

τ

)
,

τ

2
< t ≤ τ






2σ0(1 + ξ(t))
t

τ
+ Aη(t) , 0 ≤ t ≤ τ

2

2σ0(1 + ξ(t))

(
1− t

τ

)
+Aη(t) ,

τ

2
< t ≤ τ

4 σ0 cos

(
πt

2τ

)
σ0(1 + ξ(t)) cos

(
πt

2τ

)
+Aη(t)

5 σ0e
−at σ0(1 + ξ(t))e

−at +Aη(t)

6 σ0aete
−at σ0(1 + ξ(t))aete

−at +Aη(t)

‚ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª −�ª®¯«¥−
¡®«ìè®© ®¯ëâ à�§à�¡®âª¨ ¯à®¡«¥¬−®-®à¨¥−â¨à®¢�−−ëå ¤¨�«®£®¢ëå á¨áâ¥¬ ¨
¡¨¡«¨®â¥ª ¤«ï �−�«¨§� ¨ á¨−â¥§� áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ [11{14]: ú‘â‘-�−�«¨§û
(1989{1990, 2004{2007), ú‘â‘-”¨«ìâàû (1991, 2004{2007), ú‘â‘-Œ®¤¥«ìû
(1993, 2007), NALIB (1991{1993), ú‘â‘-‘Œ�û (2005{2007), � â�ª¦¥ ú‘âˆ’-
Š÷û (2007{2010) −� ®á−®¢¥ ª�−®−¨ç¥áª¨å à�§«®¦¥−¨© á«ãç�©−ëå äã−ªæ¨©.
‚ ¯à¨¬¥à�å ¤�−−®© à�¡®âë ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ á ¯®¬®éìî
¬®¤ã«ï ú‘â‘-“‚û, ª®â®àë© ï¢«ï¥âáï à�§¢¨â¨¥¬ ú‘â‘-”¨«ìâàû.

÷�áá¬®âà¨¬ á«¥¤ãîéãî â¨¯®¢ãî íà¥¤¨â�à−ãî áâ®å�áâ¨ç¥áªãî á¨áâ¥¬ã:

a �X + b

t∫

0

‘X(τ)e−β|t−τ |dτ + c

t∫

0

X(τ)e−γ|t−τ |dτ = Q(t) , X0 = 0 , (10)

£¤¥ a, b, c, β ¨ γ | ª®−áâ�−âë. ÷�áè¨à¨¬ ¢¥ªâ®à á®áâ®ï−¨ï á¨áâ¥¬ë á«¥¤ãîé¨¬
®¡à�§®¬: X1 = X, X2 = ‘X, ‘X1 = X2 ¨ ¢¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:

b

a
= 2ε0ω0 ;

c

a
= ω20 ;

Q(t)

a
= σ(t) .

‚ à¥§ã«ìâ�â¥ ¨§ (10) ¯®«ãç¨¬ á«¥¤ãîéãî á¨áâ¥¬ã ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢-
−¥−¨©:

22 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



Œ¥â®¤ë ¨ áà¥¤áâ¢� �−�«¨§� ¨ ¬®¤¥«¨à®¢�−¨ï áâ®å�áâ¨ç¥áª¨å á¨áâ¥¬ ˆ‹�

‘X1 = X2 ; ‘X2 = −2ε0ω0Y1 − ω20Y2 + σ(t) ;

‘Y1 = −βY1 +X2 ; ‘Y2 = −γY2 +X1 ;

X1(0) = X2(0) = Y1(0) = Y2(0) = 0 .





(11)

�à¨¬¥à 1. �−�«¨§ íà¥¤¨â�à−®© á¨áâ¥¬ë ¯® �¯à¨®à−ë¬ ¤�−−ë¬. �à®-
¢¥¤¥¬ ¢ëç¨á«¨â¥«ì−ë© íªá¯¥à¨¬¥−â ¤«ï á¨áâ¥¬ë (11) −� ¯à®¬¥¦ãâª¥ ¢à¥¬¥−¨
t ∈ [0, 300], ¯à¨ íâ®¬ ¢ ª�ç¥áâ¢¥ ¢å®¤−®£® ¢®§¤¥©áâ¢¨ï ¢®§ì¬¥¬ ¯®«ãá¨−ãá®¨-
¤�«ì−ë© ã¤�à−ë© ¨¬¯ã«ìá:

σ(t) =





σ0(1 + ξ(t)) sin

(
π

τ

)
+ η(t) , t < τ ;

η(t) , t > τ ,
(12)

£¤¥ ξ(t) ¨ η(t) | −¥§�¢¨á¨¬ë¥ £�ãáá®¢áª¨¥ ¡¥«ë¥ èã¬ë á −ã«¥¢ë¬¨ ¬�â¥¬�-
â¨ç¥áª¨¬¨ ®¦¨¤�−¨ï¬¨ ¨ ®¤¨−�ª®¢ë¬¨ ¤¨á¯¥àá¨ï¬¨, à�¢−ë¬¨ 0,1. ‡�¤�¤¨¬
á«¥¤ãîé¨¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ á¨áâ¥¬ë (11): ω0 = 0,1, σ0 = 1, τ = 20π.
�� à¨á. 10 ¨§®¡à�¦¥−� à¥�«¨§�æ¨ï ¢å®¤−®£® ¢®§¤¥©áâ¢¨ï σ(t) ¨ áâ�−¤�àâ−®¥
ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥

√
Dσ.

÷¨á. 10 ‚å®¤−®¥ ¢®§¤¥©áâ¢¨¥ σ(t) ¨ áâ�−¤�àâ−®¥ ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥
√
Dσ

÷¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¤«ï ε0 = 0,1 ¯à¥¤áâ�¢«¥−ë −�
à¨á. 11, � ¨ 12, �. �� à¨á. 11, ¡ ¨ 12, ¡ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¤«ï ε = 0,5.

�à¨¬¥à 2. ‘¨−â¥§ ¤¨áªà¥â−®£® ä¨«ìâà� �ã£�çñ¢� ¤«ï íà¥¤¨â�à−®© á¨á-
â¥¬ë. ‚ å®¤¥ ¤�−−®£® ¢ëç¨á«¨â¥«ì−®£® íªá¯¥à¨¬¥−â� ¡ë« ¢ë¯®«−¥− á¨−â¥§
¤¨áªà¥â−®£® «¨−¥©−®£® ä¨«ìâà� �ã£�çñ¢� ¤«ï á¨áâ¥¬ë ¨ “‚ ¨§ ¯à¨¬¥à� 1.
�� ¯®¤£®â®¢¨â¥«ì−®¬ íâ�¯¥ ¯à®¢®¤¨«�áì ¤¨áªà¥â¨§�æ¨ï ¬¥â®¤®¬ �©«¥à� ãà�¢-
−¥−¨© (11). ’�ª¦¥ ¡ë« ¢§ïâ ¤¨áªà¥â−ë© �−�«®£ ã¤�à−®£® ¨¬¯ã«ìá� (12). ��
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÷¨á. 11 Š®®à¤¨−�â� X ¨ áâ�−¤�àâ−®¥ ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥ ª®®à¤¨−�âë
√
DX

á¨áâ¥¬ë (11) ¯à¨ ε0 = 0,1 (�) ¨ 0,5 (¡)

à¨á. 13{19 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¤«ï −�¡«î¤�¥¬®© ¢¥«¨ç¨-
−ë Xk: Y k = X1k + 0,1V k, £¤¥ V k | ¤¨áªà¥â−ë© ¡¥«ë© èã¬, ¨ ¯à¨ á«¥¤ãîé¨å
§−�ç¥−¨ïå ¯�à�¬¥âà®¢: ω0 = 0,1, ε0 = 0,1, σ0 = 1, τ = 20π.

�à®¢¥¤¥−−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ íªá¯¥à¨¬¥−âë ¤«ï íà¥¤¨â�à−ëå á¨áâ¥¬ ¯à¨
à�§«¨ç−ëå áâ®å�áâ¨ç¥áª¨å “‚ ¯®ª�§�«¨ á«¥¤ãîé¨¥ à¥§ã«ìâ�âë:

{ ª®«¥¡�−¨ï ª®®à¤¨−�âë ¨ ãáª®à¥−¨ï á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ §�âãå�îâ;

{ §−�ç¥−¨¥ ¢¥«¨ç¨−ë ¤¥¬¯ä¨à®¢�−¨ï ε0 ¢«¨ï¥â −� áª®à®áâì §�âãå�−¨ï ª®«¥¡�-
−¨© (§�âãå�−¨¥ ¯à®¨áå®¤¨â ¡ëáâà¥¥ ¯à¨ ã¢¥«¨ç¥−¨¨ ε0);

{ ¯à¥¤¥« ¨§¬¥−¥−¨ï áâ�−¤�àâ−®£® ®âª«®−¥−¨ï ª®®à¤¨−�âë
√
DX ã¬¥−ìè�¥âáï á

à®áâ®¬ ¢¥«¨ç¨−ë ¤¥¬¯ä¨à®¢�−¨ï;

{ ¤«ï «¨−¥©−®© íà¥¤¨â�à−®© á¨áâ¥¬ë ª®¬¯®−¥−âë ª®¢�à¨�æ¨®−−®© ¬�âà¨æë
®è¨¡ª¨ ä¨«ìâà�æ¨¨ ¯®§¢®«ïîâ ¨¤¥−â¨ä¨æ¨à®¢�âì ¢¨¤ ã¤�à−®£® ¨¬¯ã«ìá� (¢
¯à¨¬¥à¥ 2 ¢¨¤−� áâàãªâãà� ¯®«ãá¨−ãá®¨¤�«ì−®£® ¨¬¯ã«ìá�).
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÷¨á. 12 “áª®à¥−¨¥ �X ¨ áâ�−¤�àâ−®¥ ª¢�¤à�â¨ç¥áª®¥ ®âª«®−¥−¨¥ ãáª®à¥−¨ï
√
D �X

á¨áâ¥¬ë (11) ¯à¨ ε0 = 0,1 (�) ¨ 0,5 (¡)

÷¨á. 13 ‚¥«¨ç¨−� X1 (1) ¨ ¥¥ ¬�â¥¬�â¨-
ç¥áª®¥ ®¦¨¤�−¨¥ MX1 (2)

÷¨á. 14 ‚¥«¨ç¨−� X2 (1) ¨ ¥¥ ¬�â¥¬�â¨-
ç¥áª®¥ ®¦¨¤�−¨¥MX2 (2)

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012 25



ˆ. �. ‘¨−¨æë−, �. ‘. ˜�«�¬®¢, ˆ. ‚. ‘¥à£¥¥¢ ¨ ¤à.

÷¨á. 15 ‚¥«¨ç¨−� X1 (1) ¨ ®æ¥−ª� �X1 (2) ÷¨á. 16 ‚¥«¨ç¨−� X2 (1) ¨ ®æ¥−ª� �X2 (2)

÷¨á. 17 ˆ§¬¥àï¥¬�ï ¢¥«¨ç¨−� X1 (1) ¨
¨§¬¥à¥−¨¥ Y (2)

÷¨á. 18 �è¨¡ª¨ ®æ¥−¨¢�−¨ï R11 (1) ¨
R22 (2)

÷¨á. 19 �è¨¡ª¨ ®æ¥−¨¢�−¨ï R33 (1) ¨ R44 (2)
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5 Заключение

’�ª¨¬ ®¡à�§®¬, á®§¤�−¨¥ á¨áâ¥¬ë ã¯à�¢«¥−¨ï áâ®¨¬®áâìî †– ˆ�� ¨
¬¨−¨¬¨§�æ¨ï íâ®© áâ®¨¬®áâ¨ âà¥¡ã¥â à¥è¥−¨ï ª�ª ¬¨−¨¬ã¬ á«¥¤ãîé¨å ®á−®¢−ëå
¯à®¡«¥¬:

{ á®§¤�−¨¥ −®à¬�â¨¢−®© ¡�§ë ¤�−−ëå ¯�á¯®àâ¨§¨à®¢�−−ëå ‘—ˆ, á®¤¥à¦�-
é¥© ¨−ä®à¬�æ¨î, −¥®¡å®¤¨¬ãî ¤«ï ¯«�−¨à®¢�−¨ï ¡î¤¦¥â−ëå ¯®ª�§�â¥«¥©
‘��� (−�§−�ç¥−−ë¥ à¥áãàáë, −®à¬ë âàã¤®§�âà�â −� ’�¨÷, ®£à�−¨ç¥−¨ï
¯à¨ âà�−á¯®àâ¨à®¢ª¥ ¨ ¬−®£¨¥ ¤àã£¨¥);

{ á®§¤�−¨¥ ®¯¥à�â¨¢−®© ¡�§ë ¤�−−ëå, á®¤¥à¦�é¥© ¨−ä®à¬�æ¨î ¯® ¬®−¨â®à¨−-
£ã à¥�«ì−ëå ¤�−−ëå ¯®á«¥¯à®¤�¦−®£® ®¡á«ã¦¨¢�−¨ï (−�à�¡®âªã ¨§¤¥«¨©,
−�¤¥¦−®áâì, ®áâ�â®ç−ë¥ à¥áãàáë, ¤¨áæ¨¯«¨−ã ¯®áâ�¢®ª (á®¡«î¤¥−¨¥ áà®ª®¢
¨ ª�ç¥áâ¢�) ‡—, ¤¨áæ¨¯«¨−ã à¥¬®−â� ¨ ¤à.);

{ à�§à�¡®âª� ¬�â¥¬�â¨ç¥áª®© ¬®¤¥«¨ ‘��� ¯�àª� ˆ�� ¤�−−®£® â¨¯� ¨ §�-
¤�−−®© ç¨á«¥−−®áâ¨;

{ à�§à�¡®âª� ª®¬¯«¥ªá� ¯à®£à�¬¬−ëå áà¥¤áâ¢.

�� ¡�§¥ ¬¥â®¤®¢ −¥¯à¥àë¢−®-¤¨áªà¥â−ëå ¨ íà¥¤¨â�à−ëå áâ®å�áâ¨ç¥áª¨å
á¨áâ¥¬ à�§à�¡®â�− ª®¬¯«¥ªá ¯à¨ª«�¤−ëå ¬¥â®¤®¢ ¨ áà¥¤áâ¢ �−�«¨§� ¨ ¬®¤¥«¨-
à®¢�−¨ï ¯à®æ¥áá®¢ ¢ á¨áâ¥¬�å ˆ‹�. �à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−ëå
íªá¯¥à¨¬¥−â®¢.
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АВТОМАТИЗАЦИЯ ОТЛАДКИ ПРОГРАММ
ДЛЯ РЕКУРРЕНТНОГО ОПЕРАЦИОННОГО УСТРОЙСТВА∗

Р. А. Зеленов1, А. А. Прокофьев2, В. Н. Волчек3

�−−®â�æ¨ï: �®ª�§�−ë ¯à®¡«¥¬ë, ¢áâ�îé¨¥ ¯¥à¥¤ à�§à�¡®âç¨ª®¬ −¨§ª®-
ãà®¢−¥¢ëå ¯à®£à�¬¬, ¨ á¯®á®¡ë ¨å à¥è¥−¨ï −� ¯à¨¬¥à¥ áà¥¤ë ¯à®¥ªâ¨à®¢�-
−¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï à¥ªãàà¥−â−®£® ®¯¥à�æ¨®−−®£® ãáâà®©áâ¢�
(÷�“). �¯¨áë¢�¥âáï à¥�«¨§�æ¨ï áà¥¤áâ¢ ã¬¥−ìè¥−¨ï ç¨á«� ®è¨¡®ª −� íâ�¯¥
¯à®£à�¬¬¨à®¢�−¨ï, � â�ª¦¥ ¨−áâàã¬¥−â� �¢â®¬�â¨ç¥áª®© «®ª�«¨§�æ¨¨ ®è¨-
¡®ª, ¯à¨¢®¤ïé¨å ª £¥−¥à�æ¨¨ ¨áª«îç¥−¨© ¢ �¯¯�à�âãà¥.

Š«îç¥¢ë¥ á«®¢�: ¨−â¥£à¨à®¢�−−�ï áà¥¤� à�§à�¡®âª¨; �¢â®¬�â¨§�æ¨ï ®â«�¤-
ª¨; ¯®â®ª®¢�ï �àå¨â¥ªâãà�; à¥ªãàà¥−â−®áâì

1 Введение

‚ ®¡«�áâ¨ à�§à�¡®âª¨ −¨§ª®ãà®¢−¥¢ëå ¯à®£à�¬¬, ¯à¥¤−�§−�ç¥−−ëå ¤«ï ¢ë-
¯®«−¥−¨ï −� ¬¨ªà®¯à®æ¥áá®à�å, áà¥¤áâ¢� ¯®¤¤¥à¦ª¨ ¯à®£à�¬¬¨à®¢�−¨ï ¯à¥¤-
áâ�¢«¥−ë à�§«¨ç−ë¬¨ áà¥¤�¬¨ à�§à�¡®âª¨ «¨¡® ¤«ï �áá¥¬¡«¥à−ëå ï§ëª®¢, «¨-
¡® ¤«ï ï§ëª®¢ ¯à®£à�¬¬¨à®¢�−¨ï ¬¨ªà®ª®−âà®««¥à®¢. „�−−ë¥ ¯à®£à�¬¬−ë¥
¯à®¤ãªâë ¢ª«îç�îâ ¢ á¥¡ï ®¡®«®çªã, ¯à¥¤®áâ�¢«ïîéãî ã¤®¡−ë© ¨−â¥àä¥©á
¯®«ì§®¢�â¥«ï, ª®¬¯¨«ïâ®àë ¨ ®â«�¤®ç−ë¥ áà¥¤áâ¢�. ˆ−áâàã¬¥−âë ®â«�¤ª¨, ª�ª
¯à�¢¨«®, ¯à¥¤®áâ�¢«ïîâ á«¥¤ãîéãî äã−ªæ¨®−�«ì−®áâì: ¯®è�£®¢ë© ¯à®á¬®âà,
®â®¡à�¦¥−¨¥ ¨−ä®à¬�æ¨¨ ® â¥ªãé¨å §−�ç¥−¨ïå ¯¥à¥¬¥−−ëå ¨ âà�áá¨à®¢ª� ¢á¥£®
å®¤� ¢ëç¨á«¥−¨©.

Š�ª¨å-«¨¡® �¢â®¬�â¨§¨à®¢�−−ëå áà¥¤áâ¢ «®ª�«¨§�æ¨¨ ®è¨¡®ª, ¯à¨¢®¤ïé¨å
ª ¢®§−¨ª−®¢¥−¨î ¨áª«îç¥−¨© ¨«¨ ¯à¥àë¢�−¨© ¢ ¯à®æ¥áá®à¥, ¢ è¨à®ª®¬ ¯à¨¬¥-
−¥−¨¨ −¥ ¨á¯®«ì§ã¥âáï. ‘«¥¤®¢�â¥«ì−®, ¯à®æ¥áá ®â«�¤ª¨ «®¦¨âáï ¯®«−®áâìî −�
¯«¥ç¨ ¯à®£à�¬¬¨áâ� ¨ íää¥ªâ¨¢−®áâì ®â«�¤ª¨ §�¢¨á¨â ®â ¥£® ®¯ëâ� ¨ ª¢�«¨ä¨-
ª�æ¨¨.

‚ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª ¢¥¤¥âáï à�§à�-
¡®âª� ¬−®£®ï¤¥à−®© ¯®â®ª®¢®© à¥ªãàà¥−â−®© ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬ë (Œ�÷‚‘)

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ¯® �à®£à�¬¬¥ äã−¤�¬¥−â�«ì−ëå
¨áá«¥¤®¢�−¨© ��ˆ’ ÷�� −� 2011 £., ¯à®¥ªâ 1.5.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, graf.developer@gmail.com
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, a.a.prokofyev@mail.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, v volchek@inbox.ru
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á −¥âà�¤¨æ¨®−−®© �àå¨â¥ªâãà®© [1]. Œ−®£®ï¤¥à−�ï ¯®â®ª®¢�ï à¥ªãàà¥−â−�ï ¢ë-
ç¨á«¨â¥«ì−�ï á¨áâ¥¬� à¥�«¨§®¢�−� ¢ ¢¨¤¥ ¤¢ãåãà®¢−¥¢®© á¨áâ¥¬ë: ã¯à�¢«ïîé¨©
ãà®¢¥−ì, ¡�§¨àãîé¨©áï −� ä®−-−¥©¬�−®¢áª¨å ¯à¨−æ¨¯�å, ¨ ®¯¥à�æ¨®−−ë© ãà®-
¢¥−ì, à¥�«¨§®¢�−−ë© ¢ ¢¨¤¥ ÷�“, ¡�§¨àãîé¨©áï −� ¯®â®ª®¢ëå (dataflow) ¯à¨−-
æ¨¯�å. ˆ¬¥−−® ¤«ï ÷�“ âà¥¡ã¥âáï à�§à�¡®âª� −¨§ª®ãà®¢−¥¢ëå ¯à®£à�¬¬-ª�¯-
áã« [2], ª®â®àë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© −�¡®àë í«¥¬¥−â®¢ á�¬®¤®áâ�â®ç−ëå ¤�−−ëå
(�‘„, ®¯¥à�−¤®¢). �«¥¬¥−âë á�¬®¤®áâ�â®ç−ëå ¤�−−ëå | íâ® á®¢®ªã¯−®áâì
¤�−−ëå ¨ ¨−áâàãªæ¨© ¤«ï ¨å ®¡à�¡®âª¨.

„«ï æ¥«¥© ¯à®£à�¬¬¨à®¢�−¨ï ª�¯áã« ¡ë«� à�§à�¡®â�−� á¨áâ¥¬� ª�¯áã«ì−®£®
¯à®£à�¬¬¨à®¢�−¨ï ¨ ®â«�¤ª¨ (‘Š�’) [3], ª®â®àãî ¬®¦−® ®â−¥áâ¨ ª ¨−â¥£à¨à®-
¢�−−ë¬ áà¥¤�¬ à�§à�¡®âª¨ (IDE). ‚®§¬®¦−®áâ¨ ‘Š�’ á®®â¢¥âáâ¢ãîâ äã−ªæ¨-
®−�«ì−®áâ¨ ¡®«ìè¨−áâ¢� IDE, áãé¥áâ¢ãîé¨å ¢ ¬¨à¥, â. ¥. ®−� á®¤¥à¦¨â ¢ á¥¡¥
áà¥¤áâ¢� á®§¤�−¨ï ¨ ®â«�¤ª¨ ¯à®£à�¬¬, ¢ ¤�−−®¬ á«ãç�¥ ª�¯áã«.

2 Возможности и недостатки системы капсульного программирования
и отладки

‚ −�áâ®ïé¥¥ ¢à¥¬ï ‘Š�’ ¨¬¥¥â á«¥¤ãîé¨¥ äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨:

(1) á®§¤�−¨¥ ª�¯áã« á ¯®¬®éìî ¢¨§ã�«ì−®£® ª®−áâàãªâ®à� ª�¯áã« (‚ŠŠ);
(2) ®â«�¤ª� ª�¯áã«:

{ ¯à®á¬®âà å®¤� ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�:
• ä�©«-®âç¥â ¢ë¯®«−¥−¨ï ¬®¤¥«¨à®¢�−¨ï;
• ¢à¥¬¥−−ë¥ ¤¨�£à�¬¬ë;
• ¯®è�£®¢ë© ¯à®á¬®âà ¢á¥å ª«îç¥¢ëå à¥£¨áâà®¢ ¨ ¯�¬ïâ¨;

{ ¯®è�£®¢�ï ®â«�¤ª� | ¨§¬¥−¥−¨¥ §−�ç¥−¨© ®¯à¥¤¥«¥−−ëå à¥£¨áâà®¢ ¢
à¥¦¨¬¥ ¯®è�£®¢®£® ¯à®á¬®âà�;

(3) ¯®¤£®â®¢ª� ä�©«®¢ ¤«ï ¢ë¯®«−¥−¨ï ¬®¤¥«¨à®¢�−¨ï ¢ëç¨á«¨â¥«ì−®£® ¯à®-
æ¥áá�:

{ £¥−¥à�æ¨ï á«ã¦¥¡−ëå ä�©«®¢, −¥®¡å®¤¨¬ëå ¤«ï §�¯ãáª� ¬®¤¥«¨à®¢�−¨ï
¢ á¨¬ã«ïâ®à¥ ModelSim;

{ á®§¤�−¨¥, à¥¤�ªâ¨à®¢�−¨¥, ¤®¡�¢«¥−¨¥ ¨ ã¤�«¥−¨¥ ä�©«®¢ VHDL-¬®¤¥-
«¨ ÷�“;

{ ä®à¬¨à®¢�−¨¥ á®¤¥à¦¨¬®£® ¡ãä¥à−®© ¯�¬ïâ¨ (��) [4];

(4) ¢ë¯®«−¥−¨¥ ¬®¤¥«¨à®¢�−¨ï ¢ ModelSim [4].

�®¤à®¡−®¥ ®¯¨á�−¨¥ ãª�§�−−ëå ¢®§¬®¦−®áâ¥© ¯à¥¤áâ�¢«¥−® ¢ [3].
‘¨áâ¥¬� ª�¯áã«ì−®£® ¯à®£à�¬¬¨à®¢�−¨ï ¨ ®â«�¤ª¨ ã−¨ª�«ì−� â¥¬, çâ® ¯à¨ ¥¥

à�§à�¡®âª¥ §�ª«�¤ë¢�«¨áì ¯à¨−æ¨¯ë, ¯à¥¤®áâ�¢«ïîé¨¥ ¯à®£à�¬¬¨áâã ¢®§¬®¦-
−®áâì à¥ª®−ä¨£ãà�æ¨¨ ¤�−−®© á¨áâ¥¬ë ¯à¨ ¨§¬¥−¥−¨ïå ¢ á¯¥æ¨ä¨ª�æ¨¨ ÷�“.
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�¢â®¬�â¨§�æ¨ï ®â«�¤ª¨ ¯à®£à�¬¬ ¤«ï à¥ªãàà¥−â−®£® ®¯¥à�æ¨®−−®£® ãáâà®©áâ¢�

�â® ¢ëà�¦�¥âáï ¢ ¢®§¬®¦−®áâ¨ ¡ëáâà®£® ¨§¬¥−¥−¨ï ä®à¬�â� ®¯¥à�−¤®¢ ¨ −�-
áâà®©ª¨ ¯à®æ¥¤ãàë ®â«�¤ª¨ ¢ á®®â¢¥âáâ¢¨¨ á â¥¬, ª�ª¨¬¨ �¯¯�à�â−ë¬¨ à¥áãàá�¬¨
®¡«�¤�¥â ÷�“.

�¤−�ª® ‘Š�’ −¥ «¨è¥−� −¥¤®áâ�âª®¢, ª®â®àë¥ ¢ëà�¦�îâáï ¢ á«¥¤ãîé¥¬:

{ −� íâ�¯¥ ä®à¬¨à®¢�−¨ï ª�¯áã«ë ®âáãâáâ¢ãîâ áà¥¤áâ¢�, á−¨¦�îé¨¥ ¢¥à®ïâ-
−®áâì ¯®ï¢«¥−¨ï ®è¨¡®ª, á¢ï§�−−ëå á −¥¢¥à−®© á¥¬�−â¨ª®©;

{ ®âáãâáâ¢ã¥â ¨−áâàã¬¥−â�à¨©, ¯®§¢®«ïîé¨© �¢â®¬�â¨§¨à®¢�âì ¯à®æ¥áá «®ª�-
«¨§�æ¨¨ ®è¨¡®ª, ¯à¨¢®¤ïé¨å ª ¯®ï¢«¥−¨î ¨áª«îç¥−¨© ¢ �¯¯�à�âãà¥, ¨ â¥¬
á�¬ë¬ á®ªà�é�âì ¢à¥¬ï ®â«�¤ª¨ ª�¯áã«.

’¥ªãé¨© íâ�¯ à�§à�¡®âª¨ Œ�÷‚‘ âà¥¡ã¥â ¬®¤¥à−¨§�æ¨¨ ‘Š�’ â�ª¨¬ ®¡à�-
§®¬, çâ®¡ë ¢ëè¥ãª�§�−−ë¥ −¥¤®áâ�âª¨ ¡ë«¨ ãáâà�−¥−ë. �á−®¢−�ï æ¥«ì à�§¢¨â¨ï
äã−ªæ¨®−�«ì−ëå ¢®§¬®¦−®áâ¥© á¨áâ¥¬ë §�ª«îç�¥âáï ¢ á−¨¦¥−¨¨ ¢¥à®ïâ−®áâ¨
¯®ï¢«¥−¨ï ®è¨¡®ª ¢ ª�¯áã«�å, −® ¥á«¨ ®è¨¡ª¨ ¢á¥ ¦¥ ¢®§−¨ª«¨ ¢® ¢à¥¬ï ¢ë-
¯®«−¥−¨ï, â® −¥®¡å®¤¨¬® ãáª®à¨âì ¯à®æ¥áá ¨å ¨á¯à�¢«¥−¨ï ¯ãâ¥¬ ¢−¥¤à¥−¨ï
�¢â®¬�â¨§¨à®¢�−−®£® áà¥¤áâ¢� «®ª�«¨§�æ¨¨ ®è¨¡®ª. ‚ ¤�−−®© áâ�âì¥ ¡ã¤ãâ à�á-
á¬®âà¥−ë ¯à®¡«¥¬ë, á¢ï§�−−ë¥ á à¥�«¨§�æ¨¥© ¤�−−®© ¬®¤¥à−¨§�æ¨¨, ¨ á¯®á®¡ë
¨å à¥è¥−¨ï.

3 Снижение вероятности появления ошибок в капсулах

�è¨¡ª¨ ¢® ¢à¥¬ï ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ ¬®£ãâ ¢®§−¨ª�âì ¯® −¥áª®«ìª¨¬
¯à¨ç¨−�¬ [5]:

(1) −¥¢¥à−ë© á¨−â�ªá¨á ¨«¨ á¥¬�−â¨ª� ï§ëª�;

(2) −¥¢¥à−�ï à¥�«¨§�æ¨ï �«£®à¨â¬� ¯à®£à�¬¬¨áâ®¬;

(3) ®è¨¡ª¨ ¢ ¨−áâàã¬¥−â�å à�§à�¡®âª¨;

(4) ®è¨¡ª¨ ¢ �¯¯�à�âãà¥, −� ª®â®à®© íâ¨ ¯à®£à�¬¬ë ¢ë¯®«−ïîâáï.

‚ ¤�−−®© áâ�âì¥ ®è¨¡ª¨, ®¡ãá«®¢«¥−−ë¥ ¯à¨ç¨−�¬¨ 2{4 , à�áá¬�âà¨¢�âìáï
−¥ ¡ã¤ãâ. Š�ª ¯à�¢¨«®, á¨−â�ªá¨ç¥áª¨© �−�«¨§ ¯à®£à�¬¬ë ¯à®¢®¤¨âáï ¢ −�ç�«¥
íâ�¯� âà�−á«ïæ¨¨. �¤−�ª® ‚ŠŠ, á ¯®¬®éìî ª®â®à®£® á®§¤�îâáï ª�¯áã«ë,
¨áª«îç�¥â ¯®ï¢«¥−¨¥ á¨−â�ªá¨ç¥áª¨ −¥¢¥à−ëå ¨−áâàãªæ¨©. „�−−ë© ª®¬¯®−¥−â
¨á¯®«ì§ã¥â ¢á¥£¤� �ªâã�«ì−®¥ XML-¯à¥¤áâ�¢«¥−¨¥ ä®à¬�â� ®¯¥à�−¤®¢.

‘¥¬�−â¨ç¥áª¨¥ ®è¨¡ª¨, â. ¥. «®£¨ç¥áª¨ −¥¢¥à−®¥ ¨á¯®«ì§®¢�−¨¥ ª�¯áã«ì−®-
£® ï§ëª�, ¡®«¥¥ ¢¥à®ïâ−ë. ‘«¥¤®¢�â¥«ì−®, ¢ ‘Š�’ ¤®«¦−ë ¡ëâì ¢áâà®¥−ë
¨−áâàã¬¥−âë, ¯®¬®£�îé¨¥ ¨§¡¥£�âì ¯®ï¢«¥−¨ï â�ª®£® à®¤� ®è¨¡®ª. �¤−�ª®
¯®áâà®¥−¨¥ äã−ªæ¨®−�«�, ¯®§¢®«ïîé¥£® ¯®«−®áâìî ¨§¡¥¦�âì ¯®ï¢«¥−¨ï ®è¨¡®ª
¢ ¯à®£à�¬¬�å, −¥¢®§¬®¦−®.

„«ï â®£® çâ®¡ë à�§à�¡®â�âì ¨−áâàã¬¥−â�à¨©, ¯®§¢®«ïîé¨© á−¨§¨âì ¢¥à®ïâ-
−®áâì ¯®ï¢«¥−¨ï ®è¨¡®ª −� íâ�¯¥ á®§¤�−¨ï ª�¯áã«ë, −¥®¡å®¤¨¬®:
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{ ®¯à¥¤¥«¨âì ¬−®¦¥áâ¢® ¢®§¬®¦−ëå ®è¨¡®ª;

{ ®æ¥−¨âì æ¥«¥á®®¡à�§−®áâì ¨å ®¡−�àã¦¥−¨ï −� íâ�¯¥ á®§¤�−¨ï ª�¯áã«ë;

{ ®æ¥−¨âì âà¥¡ã¥¬ë¥ ¤«ï ®¡−�àã¦¥−¨ï ®è¨¡®ª ¢ëç¨á«¨â¥«ì−ë¥ ¨ ¢à¥¬¥−−ë¥
à¥áãàáë;

{ ¢ á«ãç�¥ ¯à¨−ïâ¨ï à¥è¥−¨ï ®¡ ®¡−�àã¦¥−¨¨ ®¯à¥¤¥«¥−−ëå ®è¨¡®ª −� íâ�¯¥
á®§¤�−¨ï ª�¯áã«ë, âà¥¡ã¥âáï à�§à�¡®â�âì �«£®à¨â¬ à�¡®âë ¤�−−®© äã−ªæ¨®-
−�«ì−®áâ¨.

‚® ¢à¥¬ï à�¡®âë −�¤ á¯¥æ¨ä¨ª�æ¨¥© ÷�“ ¡ë«® ¯à®¢¥¤¥−® ¨áá«¥¤®¢�−¨¥,
à¥§ã«ìâ�â®¬ ª®â®à®£® áâ�«® ä®à¬¨à®¢�−¨¥ ¬−®¦¥áâ¢� ¢®§¬®¦−ëå ¨áª«îç¥−¨©,
ª®â®àë¥ ¬®£ãâ £¥−¥à¨à®¢�âìáï �¯¯�à�âãà®© ¢® ¢à¥¬ï ¢ë¯®«−¥−¨ï ª�¯áã«ë. „�−-
−®¥ ¬−®¦¥áâ¢® ä®à¬¨à®¢�«®áì ¨áå®¤ï ¨§ ¢®§¬®¦−ëå ®è¨¡®ª, ®¡−�àã¦¨¢�¥¬ëå
¢ äã−ªæ¨®−�«ì−ëå ¡«®ª�å ÷�“. Œ®¦−® ¯à¨¢¥áâ¨ ¯¥à¥ç¥−ì ¤�−−ëå ®è¨¡®ª:

{ ‡−�ç¥−¨ï äã−ªæ¨®−�«ì−ëå ¯®«¥© ¢ ®¯¥à�−¤¥ −¥ á¯¥æ¨ä¨æ¨à®¢�−ë. �â®â
á«ãç�© ¨áª«îç�¥âáï ¨§ à�áá¬®âà¥−¨ï ¢ à�¬ª�å ¤�−−®© §�¤�ç¨, â�ª ª�ª ¯®¤®¡-
−�ï á¨âã�æ¨ï ¢®§¬®¦−� ¯® ¯à¨ç¨−¥ «¨¡® −¥¯à�¢¨«ì−®£® äã−ªæ¨®−¨à®¢�−¨ï
‚ŠŠ, ª®â®àë© −¥ ¤®«¦¥− ¤�¢�âì ¯®«ì§®¢�â¥«î áä®à¬¨à®¢�âì ®¯¥à�−¤ á
−¥ á¯¥æ¨ä¨æ¨à®¢�−−ë¬¨ §−�ç¥−¨ï¬¨ äã−ªæ¨®−�«ì−ëå ¯®«¥©, «¨¡® ¨§-§�
®è¨¡®ª ¢ à�¡®â¥ �¯¯�à�âãàë.

{ ‡−�ç¥−¨ï äã−ªæ¨®−�«ì−ëå ¯®«¥© ¤¢ãå ®¯¥à�−¤®¢, ª®â®àë¥ ¡ã¤ãâ ãç�áâ¢®¢�âì
¢ ª�ª®©-«¨¡® ®¯¥à�æ¨¨ (áæ¥¯¨¢è¨¥áï ®¯¥à�−¤ë) [6], ¢§�¨¬−® ¯à®â¨¢®à¥ç¨¢ë,
â. ¥. ÷�“ −¥ ¬®¦¥â ª®àà¥ªâ−® à�¡®â�âì á ¤�−−ë¬¨ §−�ç¥−¨ï¬¨.

{ �âáãâáâ¢¨¥ ®¯à¥¤¥«¥−−ëå ®¯¥à�−¤®¢ ¢ â®© ç�áâ¨ ª�¯áã«ë, ¢ ª®â®à®© ®−¨
¤®«¦−ë ¡ëâì à�á¯®«®¦¥−ë.

{ �¥¢¥à−�ï −�áâà®©ª� à�á¯à¥¤¥«¥−¨ï ®¯¥à�−¤®¢ ¯® á¥ªæ¨ï¬.

{ �¥ª®â®àë¥ äã−ªæ¨®−�«ì−ë¥ ¯®«ï ¢ ®¯¥à�−¤�å ¨¬¥îâ â�ª¨¥ §−�ç¥−¨ï, çâ® −¥
ïá¥− ¤�«ì−¥©è¨© ¯ãâì ¯¥à¥¤�ç¨ ¤�−−ëå.

‚§�¨¬−ãî ¯à®â¨¢®à¥ç¨¢®áâì äã−ªæ¨®−�«ì−ëå ¯®«¥© áæ¥¯¨¢è¨åáï ®¯¥à�−¤®¢
¢®§¬®¦−® ®¡−�àã¦¨¢�âì ¢ ‘Š�’ −� íâ�¯¥ á®§¤�−¨ï ª�¯áã«ë â®«ìª® «¨èì ¤«ï
¯¥à¢®© ¯�àë ®¯¥à�−¤®¢ ª�¦¤®© á¥ªæ¨¨. �â® ®¡ãá«®¢«¥−® â¥¬ ä�ªâ®¬, çâ® ¢®
¢à¥¬ï ¢ë¯®«−¥−¨ï ª�¯áã«ë ¢â®à�ï ¨ ¯®á«¥¤ãîé¨¥ ¯�àë ®¯¥à�−¤®¢ ¤«ï ª�¦-
¤®© á¥ªæ¨¨ ¢ë¡¨à�îâáï ¨áå®¤ï ¨§ ª®−â¥ªáâ� ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�, � ¤«ï
¥£® ä®à¬¨à®¢�−¨ï âà¥¡ã¥âáï §�¯ãáâ¨âì ¤�−−ë© ¢ëç¨á«¨â¥«ì−ë© ¯à®æ¥áá. ‘«¥-
¤®¢�â¥«ì−®, ¢¢®¤¨âì äã−ªæ¨®−�« ®¡−�àã¦¥−¨ï ¤�−−®£® â¨¯� ®è¨¡®ª −� íâ�¯¥
á®§¤�−¨ï ª�¯áã«ë −¥æ¥«¥á®®¡à�§−® ¯® ¯à¨ç¨−¥ −¨§ª®© íää¥ªâ¨¢−®áâ¨ ¤�−−®©
«®£¨ª¨ ¤«ï ª�¯áã«, ª®â®àë¥ á®¤¥à¦�â ¡®«ìè¥ ¢®áì¬¨ ®¯¥à�−¤®¢. Š�¯áã«ë, ª�ª
¯à�¢¨«®, á®¤¥à¦�â £®à�§¤® ¡®«ìè¥¥ ç¨á«® ®¯¥à�−¤®¢.

�âáãâáâ¢¨¥ ®¯¥à�−¤®¢ ¢ áâà®£® ®¯à¥¤¥«¥−−ëå ç�áâïå ª�¯áã«ë ¬®¦−® áç¨â�âì
−�àãè¥−¨¥¬ áâàãªâãàë ª�¯áã«ë. „�−−�ï ®è¨¡ª� ¢®§¬®¦−� ¢ ¡®«ìè¨−áâ¢¥
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�¢â®¬�â¨§�æ¨ï ®â«�¤ª¨ ¯à®£à�¬¬ ¤«ï à¥ªãàà¥−â−®£® ®¯¥à�æ¨®−−®£® ãáâà®©áâ¢�

á«ãç�¥¢ â®«ìª® ¢á«¥¤áâ¢¨¥ −¥¯à�¢¨«ì−®£® ¯à®£à�¬¬¨à®¢�−¨ï, á«¥¤®¢�â¥«ì−®,
æ¥«¥á®®¡à�§−® ¢®§«®¦¨âì ¯à®¢¥àªã ¤�−−ëå á¨âã�æ¨© −� ‘Š�’ ¤® ¢ë¯®«−¥−¨ï
ª�¯áã«ë ¢ ÷�“. ‡¤¥áì á«¥¤ã¥â ¢¢¥áâ¨ −¥ª®â®à®¥ à�§¤¥«¥−¨¥ ®è¨¡®ª ¤�−−®£®
â¨¯�.

‚ ¯¥à¢®¬ á«ãç�¥ −�àãè¥−¨¥ áâàãªâãàë (¯à¨−ïâ®£® ä®à¬�â�) ª�¯áã«ë ¢®§¬®¦-
−® ¯à¨ −¥á®¡«î¤¥−¨¨ ¯à�¢¨« à�á¯®«®¦¥−¨ï ®¯¥à�−¤®¢ ¢ ®¯à¥¤¥«¥−−ëå ç�áâïå
ª�¯áã«ë. ��¯à¨¬¥à, −¥ª®â®àë¥ ã¯à�¢«ïîé¨¥ ®¯¥à�−¤ë ¬®£ãâ −�å®¤¨âìáï â®«ìª®
¢ −�ç�«¥ ª�¯áã«ë.

‚® ¢â®à®¬ á«ãç�¥ ¢®§¬®¦−� á¨âã�æ¨ï, ª®£¤� ¢ ®¯¥à�−¤¥ ¨§ ã¯à�¢«ïîé¥©
ç�áâ¨ ª�¯áã«ë ãª�§�−ë −®¬¥à�-ááë«ª¨ −� ®¯¥à�−¤ë ¢ −¥áãé¥áâ¢ãîé¥© ç�áâ¨
ª�¯áã«ë | ¢ëå®¤ §� ¯à¥¤¥«ë ¤¨�¯�§®−� ª®«¨ç¥áâ¢� ®¯¥à�−¤®¢ ¢ ª�¯áã«¥ «¨¡®
ãª�§�−¨¥ −� âã ç�áâì ª�¯áã«ë, ¢ ª®â®à®© −¥ ¬®¦¥â ¡ëâì ¤�−−ëå ®¯¥à�−¤®¢.

�¥¢¥à−�ï −�áâà®©ª� à�á¯à¥¤¥«¥−¨ï ®¯¥à�−¤®¢ ¯® á¥ªæ¨ï¬, � â�ª¦¥ §−�ç¥−¨ï
äã−ªæ¨®−�«ì−ëå ¯®«¥©, ª®â®àë¥ −¥ ¯®§¢®«ïîâ ®¯à¥¤¥«¨âì −�¯à�¢«¥−¨¥ ¯¥à¥-
áë«ª¨ ¤�−−ëå, ¬®£ãâ ¡ëâì ®¡−�àã¦¥−ë â®«ìª® ¢® ¢à¥¬ï ¢ë¯®«−¥−¨ï ª�¯áã«ë,
â�ª ª�ª ¨¬¥¥â ¬¥áâ® §�¢¨á¨¬®áâì ®â ª®−â¥ªáâ� ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�.

’�ª¨¬ ®¡à�§®¬, ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® â®¬, çâ® −� íâ�¯¥ á®§¤�−¨ï ª�¯-
áã«ë æ¥«¥á®®¡à�§−® ®¡−�àã¦¨¢�âì â®«ìª® ®è¨¡ª¨, á¢ï§�−−ë¥ á −�àãè¥−¨¥¬
áâàãªâãàë ª�¯áã«ë. ‚ ãá«®¢¨ïå ¯à¨¬¥−¥−¨ï á®¢à¥¬¥−−®£® �¯¯�à�â−®£® ®¡¥á-
¯¥ç¥−¨ï ¯¥àá®−�«ì−ëå ª®¬¯ìîâ¥à®¢ ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë, âà¥¡ã¥¬ë¥ ¤«ï
à¥�«¨§�æ¨¨ ¤�−−®© ¯à®¢¥àª¨, −¥¢¥«¨ª¨ ¯® áà�¢−¥−¨î á® ¢à¥¬¥−¥¬ ¢ë¯®«−¥−¨ï
¬®¤¥«¨à®¢�−¨ï ª�¯áã«ë ¢ ÷�“ ¨ §�âà�ç¨¢�¥¬ëå ¯à¨ íâ®¬ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ¨
¯à®æ¥áá®à−ëå ¬®é−®áâ¥©.

�¥à¥å®¤ï ª à¥�«¨§�æ¨¨ ®¡−�àã¦¥−¨ï ¢ëè¥ãª�§�−−ëå ®è¨¡®ª, −¥®¡å®¤¨-
¬® ãç¨âë¢�âì, çâ® ‘Š�’ à�§à�¡�âë¢�«�áì á âà¥¡®¢�−¨¥¬ £¨¡ª®© −�áâà®©ª¨ −�
¨§¬¥−ïîéãîáï á¯¥æ¨ä¨ª�æ¨î ÷�“. ‘«¥¤®¢�â¥«ì−®, −¥á¬®âàï −� ¦¥áâª®¥ ®¯à¥-
¤¥«¥−¨¥ ä®à¬�â� ª�¯áã«ë ¢ ¤�−−ë© ¬®¬¥−â, á«¥¤ã¥â §�ª«�¤ë¢�âì ¢®§¬®¦−®áâì
¥£® ¡ëáâà®£® ¨§¬¥−¥−¨ï. ’�ª¨¬ ®¡à�§®¬, ä®à¬�â ª�¯áã«ë −¥®¡å®¤¨¬® á¯¥æ¨-
ä¨æ¨à®¢�âì ¢ â�ª®¬ ¢¨¤¥, ª®â®àë© ®¡¥á¯¥ç¨â ¢®§¬®¦−®áâì ¥£® ¨§¬¥−¥−¨ï ¡¥§
¯¥à¥ª®¬¯¨«ïæ¨¨ ‘Š�’.

�à®¢¥àªã −� á®®â¢¥âáâ¢¨¥ ª�¯áã«ë á¯¥æ¨ä¨æ¨à®¢�−−®¬ã ä®à¬�âã «ãçè¥ ¢á¥-
£® ¯à®¢®¤¨âì ¯¥à¥¤ −�ç�«®¬ âà�−á«ïæ¨¨ ¥¥ ¢ ��. �â® ®¡ãá«®¢«¥−® â¥¬, çâ® ¯à¨
¯à®£à�¬¬¨à®¢�−¨¨ ¢−�ç�«¥ ¬®£ãâ á®§¤�¢�âìáï á®¤¥à¦�â¥«ì−ë¥ ®¯¥à�−¤ë, −�¤ ª®-
â®àë¬¨ ¡ã¤ãâ ¯à®¨áå®¤¨âì ¢ëç¨á«¥−¨ï, � ã¦¥ ¯®á«¥ íâ®£® | ª®−ä¨£ãà�æ¨®−−ë¥
¨ ã¯à�¢«ïîé¨¥, ª®â®àë¥ à�§¬¥áâïâáï ¢ −�ç�«¥ ª�¯áã«ë.

�à®�−�«¨§¨à®¢�¢ à�§«¨ç−ë¥ ¢�à¨�−âë à¥�«¨§�æ¨¨ á¯¥æ¨ä¨ª�æ¨¨ −� ä®à¬�â
ª�¯áã«ë, à�§à�¡®âç¨ª¨ ‘Š�’ ¯à¨è«¨ ª ¢ë¢®¤ã, çâ® «ãçè¥ ¢á¥£® ¤«ï íâ®£®
¯®¤å®¤¨â ¨á¯®«ì§®¢�−¨¥ ï§ëª� à¥£ã«ïà−ëå ¢ëà�¦¥−¨©. ‘ãâì ¯à¥¤«�£�¥¬®£®
á¯®á®¡� §�ª«îç�¥âáï ¢ â®¬, çâ® á ¯®¬®éìî à¥£ã«ïà−®£® ¢ëà�¦¥−¨ï ®¯¨áë¢�¥âáï
ª®àà¥ªâ−�ï áâàãªâãà� ª�¯áã«ë. ‡�â¥¬ ¢ áâà®ªã á®¡¨à�îâáï ¢á¥ á®ªà�é¥−−ë¥
®¡®§−�ç¥−¨ï ®¯¥à�−¤®¢ ª�¯áã«ë ¨ ¯à®¢¥àï¥âáï á®®â¢¥âáâ¢¨¥ ¯®«ãç¨¢è¥©áï áâà®ª¨
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÷¨á. 1 �à¨¬¥à �−�«¨§� áâàãªâãàë ª�¯áã«ë −� á®®â¢¥âáâ¢¨¥ è�¡«®−ã

è�¡«®−ã. …á«¨ á®®â¢¥âáâ¢¨¥ −�©¤¥−®, â® íâ® ®§−�ç�¥â, çâ® áâàãªâãà� ª�¯áã«ë
¢¥à−�.

�à¨¬¥à ¤�−−®© ¯à®¢¥àª¨ ¯®ª�§�− −� à¨á. 1. �¯¥à�−¤ë ¢ ª�¯áã«�å ®¡®§−�ç¥-
−ë á®ªà�é¥−¨ï¬¨ | ¬−¥¬®−¨ª®©, ¬−®£®â®ç¨¥ ®§−�ç�¥â äã−ªæ¨®−�«ì−ë¥ ¯®«ï.
‚ ¤�−−®¬ á«ãç�¥ ¢�¦−® −¥ −�§−�ç¥−¨¥ ®¯¥à�−¤®¢, � â®â ä�ªâ, çâ® ª®àà¥ªâ−�ï
ª�¯áã«� ¤®«¦−� −�ç¨−�âìáï á Acm-®¯¥à�−¤®¢, � §�ª�−ç¨¢�âìáï ®¯¥à�−¤®¬ Az.

„«ï â®£® çâ®¡ë ®¯à¥¤¥«¨âì, ª®àà¥ªâ−® «¨ ãª�§�−ë ááë«ª¨ −� ®¯¥à�−¤ë
¢ ã¯à�¢«ïîé¥© ç�áâ¨ ª�¯áã«ë, −¥®¡å®¤¨¬® ¯à®�−�«¨§¨à®¢�âì §−�ç¥−¨ï íâ¨å
ááë«®ª. ‚ á«ãç�¥ ¥á«¨ ®−¨ á®¤¥à¦�â ¢¥«¨ç¨−ã, ¢ëå®¤ïéãî §� £à�−¨æã ª®«¨ç¥áâ¢�
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�¢â®¬�â¨§�æ¨ï ®â«�¤ª¨ ¯à®£à�¬¬ ¤«ï à¥ªãàà¥−â−®£® ®¯¥à�æ¨®−−®£® ãáâà®©áâ¢�

®¯¥à�−¤®¢ ¢ ª�¯áã«¥, íâ® áç¨â�¥âáï ®è¨¡ª®©. ’�ª¦¥ ®è¨¡®ç−®© ¡ã¤¥â á¨âã�æ¨ï,
ª®£¤� ááë«ª¨ ãª�§ë¢�îâ −� ®¯¥à�−¤ë, â¨¯ ª®â®àëå −¥¤®¯ãáâ¨¬ ¢ ¤�−−®¬ ¬¥áâ¥
(−�¯à¨¬¥à, ááë«ª� −� ®¯¥à�−¤ ¨§ ã¯à�¢«ïîé¥© ç�áâ¨ ª�¯áã«ë).

‚ á«ãç�¥ ®¡−�àã¦¥−¨ï ¢ëè¥ãª�§�−−ëå ®è¨¡®ª ¯®«ì§®¢�â¥«î ¤®«¦−® ¢ë¤�-
¢�âìáï á®®¡é¥−¨¥, á®¤¥à¦�é¥¥ â¨¯ ®è¨¡ª¨ ¨ ãª�§�−¨¥ −� ®¯¥à�−¤, á®¤¥à¦�é¨©
®è¨¡®ç−ë¥ ¤�−−ë¥.

4 Автоматизация процесса локализации обнаруженных ошибок

‚ ÷�“ à¥�«¨§®¢�−� «®£¨ª� ®¡−�àã¦¥−¨ï ¨ ®¡à�¡®âª¨ ¨áª«îç¥−¨©, ¢®§−¨ª�-
îé¨å ¢ å®¤¥ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�. �â¨ ¨áª«îç¥−¨ï ¬®£ãâ ¢®§−¨ª−ãâì ¢®
¢à¥¬ï ¬®¤¥«¨à®¢�−¨ï ¢ë¯®«−¥−¨ï ª�¯áã«ë ¯® ¯à¨ç¨−¥ ¢ëè¥®¯¨á�−−ëå ®è¨¡®ª.
‘«¥¤®¢�â¥«ì−®, −¥®¡å®¤¨¬® ¨¬¥âì ¢ ‘Š�’ ¨−áâàã¬¥−â�à¨©, ¯®§¢®«ïîé¨© ¯à®-
£à�¬¬¨áâã ¡ëáâà¥¥ «®ª�«¨§®¢�âì ®¡−�àã¦¥−−ë¥ ®è¨¡ª¨. �¯¨áë¢�¥¬ë© ¨−áâàã-
¬¥−â −�§ë¢�¥âáï ª®¬¯®−¥−â®¬ ®¡à�¡®âª¨ ¨áª«îç¨â¥«ì−ëå á¨âã�æ¨© (Š�ˆ‘).

�¡é¨© �«£®à¨â¬ à�¡®âë Š�ˆ‘ ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ âà¥å íâ�¯®¢:

(1) á¡®à ®â«�¤®ç−®© ¨−ä®à¬�æ¨¨ ®¡ ¨áª«îç¥−¨¨;

(2) �−�«¨§ ¨−ä®à¬�æ¨¨ ¨ «®ª�«¨§�æ¨ï ®è¨¡ª¨;

(3) ¥á«¨ ¬¥áâ® ¢®§−¨ª−®¢¥−¨ï ®è¨¡ª¨ ®¯à¥¤¥«¥−®, â® ¢ë¤�ç� ¯®«ì§®¢�â¥«î íâ®©,
� â�ª¦¥ ¢á¥© á®¡à�−−®© ®â«�¤®ç−®© ¨−ä®à¬�æ¨¨.

�®¤ ®â«�¤®ç−®© ¨−ä®à¬�æ¨¥© ¯®¤à�§ã¬¥¢�¥âáï â¨¯ ®è¨¡ª¨, ¢à¥¬ï ¨ ¬¥áâ®
¥¥ ®¡−�àã¦¥−¨ï. �â� ¨−ä®à¬�æ¨ï åà�−¨âáï ¢® ¢−ãâà¥−−¨å à¥£¨áâà�å ¡«®ª�
®¡à�¡®âª¨ ¨áª«îç¥−¨© ¢ ÷�“, á«¥¤®¢�â¥«ì−®, ¬®¦¥â ¡ëâì ¯®«ãç¥−� ¯à¨ �−�«¨§¥
ä�©«�-®âç¥â�, á®§¤�−−®£® ¢ à¥§ã«ìâ�â¥ ¬®¤¥«¨à®¢�−¨ï ¢ë¯®«−¥−¨ï ª�¯áã«ë ¢
ModelSim.

ˆ¬¥−−® −� íâ�¯¥ �−�«¨§� á®¡à�−−®© ®â«�¤®ç−®© ¨−ä®à¬�æ¨¨ ¢®§¬®¦−® ¢−¥¤-
à¥−¨¥ �¢â®¬�â¨§¨à®¢�−−ëå áà¥¤áâ¢ «®ª�«¨§�æ¨¨ ®¡−�àã¦¥−−ëå ®è¨¡®ª. �®-
á«¥ ¯à®¢¥¤¥−¨ï ¨áá«¥¤®¢�−¨ï ¢®§¬®¦−®áâ¨ á®§¤�−¨ï ¯®¤®¡−®£® ¨−áâàã¬¥−â�à¨ï,
¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ® â®¬, çâ® íâ® à¥�«¨§ã¥¬® ¢ à�§ã¬−ë¥ áà®ª¨, ¨ ¡ë«
à�§à�¡®â�− �«£®à¨â¬, á®£«�á−® ª®â®à®¬ã ¤®«¦¥− äã−ªæ¨®−¨à®¢�âì ¯®¨áª ¬¥áâ
¢®§−¨ª−®¢¥−¨ï ®è¨¡®ª.

‘ãâì ¯à¥¤«�£�¥¬®£® �«£®à¨â¬� §�ª«îç�¥âáï ¢ â®¬, çâ® ¢® ¢à¥¬ï ®¡à�¡®âª¨
ä�©«�-®âç¥â�, ¯®«ãç¥−−®£® ¯®á«¥ ¬®¤¥«¨à®¢�−¨ï, ¬®£ãâ ¡ëâì ®¡−�àã¦¥−ë ¢á¥
§�ä¨ªá¨à®¢�−−ë¥ �¯¯�à�âãà®© ®è¨¡ª¨ ¢ ¢¨¤¥ á£¥−¥à¨à®¢�−−ëå ¨áª«îç¥−¨©. �®
â¨¯ã ª�¦¤®£® ¨áª«îç¥−¨ï ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥− ª®−ªà¥â−ë© ¢¨¤ ®è¨¡ª¨. Š�ª
¯à�¢¨«®, ®è¨¡ª¨ ¬®£ãâ ¢®§−¨ª−ãâì ¯® ¯à¨ç¨−¥ â�ª¨å §−�ç¥−¨© äã−ªæ¨®−�«ì−ëå
¯®«¥© ¢ ®¯¥à�−¤�å, ª®â®àë¥ ¯à¨¢®¤ïâ ª −�àãè¥−¨î ¯à�¢¨«ì−®© á¥¬�−â¨ª¨
¯à®£à�¬¬ë. „�«¥¥ ¯à®¨áå®¤¨â ¯®¨áª ¢ ª�¯áã«¥ ¨áå®¤−ëå ®¯¥à�−¤®¢, á®¤¥à¦�é¨å
−¥¢¥à−ë¥ §−�ç¥−¨ï äã−ªæ¨®−�«ì−ëå ¯®«¥©.
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÷. �. ‡¥«¥−®¢, �. �. �à®ª®äì¥¢, ‚. �. ‚®«ç¥ª

‚ ‘Š�’ ä�©«-®âç¥â ¬®¤¥«¨à®¢�−¨ï âà�−á«¨àã¥âáï ¢® ¢−ãâà¥−−¥¥ ¯à¥¤áâ�¢-
«¥−¨¥ [3], ¨ ®−® ¨á¯®«ì§ã¥âáï ¤«ï ®áãé¥áâ¢«¥−¨ï ¯®è�£®¢®© ®â«�¤ª¨, ¢® ¢à¥¬ï
ª®â®à®© ¯®«ì§®¢�â¥«î ¯à¥¤®áâ�¢«ïîâáï ¢ £à�ä¨ç¥áª®¬ (ã¤®¡−®¬ ¤«ï ¢®á¯à¨ïâ¨ï)
¢¨¤¥ §−�ç¥−¨ï ¤�−−ëå ¢ ®¯à¥¤¥«¥−−ëå ã§«�å ÷�“ −� ª�¦¤®¬ è�£¥ ¢ë¯®«−¥−¨ï
ª�¯áã«ë. …á«¨ ®¡−�àã¦¥−® ¯®ï¢«¥−¨¥ ¨áª«îç¥−¨ï, â® §−�ç¥−¨ï, ¯® ª®â®àë¬ ¡ë«
®¯à¥¤¥«¥− ä�ªâ ¨áª«îç¥−¨ï, ¯®¤á¢¥ç¨¢�îâáï.

�®«ì§®¢�â¥«ì ¬®¦¥â §�¯ãáâ¨âì �¢â®¬�â¨ç¥áª¨© ¯®¨áª ¬¥áâ� ¢®§−¨ª−®¢¥−¨ï
®è¨¡ª¨. �− à�¡®â�¥â ¯® ¯à¨−æ¨¯ã ®¡à�â−®© âà�áá¨à®¢ª¨, â. ¥. −� è�£¥, −�
ª®â®à®¬ ®¡−�àã¦¥−® ¨áª«îç¥−¨¥, á®¡¨à�¥âáï ¨−ä®à¬�æ¨ï ® â¥ªãé¥¬ ®¯¥à�−¤¥ ¨
−�ç¨−�¥âáï ®¡à�â−ë© ¯à®å®¤ ¯® è�£�¬ ¨ ®âá«¥¦¨¢�−¨¥ ¯à¥®¡à�§®¢�−¨©, ª®â®àë¥
¯®à®¤¨«¨ ¤�−−ë© ®¯¥à�−¤. “¯à®é¥−−® ¯à®æ¥áá ¬®¦−® ®¯¨á�âì á«¥¤ãîé¨¬
®¡à�§®¬:

1. ˜�£ ü 3. �¡−�àã¦¥−® ¨áª«îç¥−¨¥. ”ã−ªæ¨®−�«ì−®¥ ¯®«¥ ”� ®¯¥à�−¤� �3
á®¤¥à¦¨â −¥¢¥à−®¥, á â®çª¨ §à¥−¨ï á¥¬�−â¨ª¨, §−�ç¥−¨¥. �¯¥à�−¤ �3
−�å®¤¨âáï ¢ äã−ªæ¨®−�«ì−®¬ ¡«®ª¥ ”�3.

2. �−�«¨§ è�£� ü 2. �¯¥à�−¤ �3 ï¢«ï¥âáï à¥§ã«ìâ�â®¬ ¤¥©áâ¢¨© −�¤ ®¯¥à�−-
¤�¬¨ �2 ¨ �1 ¢ äã−ªæ¨®−�«ì−®¬ ¡«®ª¥ ”�2. ”ã−ªæ¨®−�«ì−®¥ ¯®«¥ ”�
¯®¯�«® ¢ �3 ¨§ �2.

3. �−�«¨§ è�£� ü 1. �¯¥à�−¤ �2 −�å®¤¨âáï ¢ äã−ªæ¨®−�«ì−®¬ ¡«®ª¥ ”�1.
‘î¤� ®− ¯®¯�« ¨§ ��, ª®â®à�ï á®¤¥à¦¨â ¢ á¥¡¥ ª�¯áã«ã.

4. �®¨áª ¢ ¨áå®¤−®© ª�¯áã«¥ ®¯¥à�−¤� �2. ˆ¬¥−−® ¥£® äã−ªæ¨®−�«ì−®¥ ¯®«¥
”� áâ�«® ¯à¨ç¨−®© ¨áª«îç¥−¨ï ¢ ”�3 −� è�£¥ ü 3.

5. �áãé¥áâ¢«ï¥âáï ¢ë¤�ç� ¯®«ì§®¢�â¥«î á®®¡é¥−¨ï ® â®¬, çâ® ®è¨¡ª� −�å®¤¨â-
áï ¢ ”� ¢ ®¯¥à�−¤¥ �2 ¢ ¨áå®¤−®© ª�¯áã«¥ ¨ −¥®¡å®¤¨¬® ¥£® ¨§¬¥−¨âì.

�à¨¢¥¤¥−−�ï ¯®á«¥¤®¢�â¥«ì−®áâì ¢ëç¨á«¥−¨ï ¬¥áâ� ¢®§−¨ª−®¢¥−¨ï ®è¨¡ª¨
á¨«ì−® ã¯à®é¥−�, â�ª ª�ª §�ç�áâãî ®è¨¡®ç−ë¥ §−�ç¥−¨ï äã−ªæ¨®−�«ì−ëå ¯®«¥©
−�å®¤ïâáï áà�§ã ¢ ¤¢ãå ®¯¥à�−¤�å ¨ −¥®¡å®¤¨¬® ¯à®¢®¤¨âì ®¡à�â−ãî âà�áá¨à®¢ªã
¤«ï ª�¦¤®£® ¨§ −¨å. —¥¬ ¡®«ìè¥ −®¬¥à è�£�, â¥¬, á®®â¢¥âáâ¢¥−−®, ¡®«ìè¥
¨â¥à�æ¨© âà¥¡ã¥âáï ¤«ï ¯à®å®¤� ç¥à¥§ ¢á¥ è�£¨ ª ¨áª®¬®¬ã ®¯¥à�−¤ã ¢ ¨áå®¤−®©
ª�¯áã«¥.

5 Заключение

‚ å®¤¥ ¯à®¢¥¤¥−−®© ¬®¤¥à−¨§�æ¨¨ ¢ ‘Š�’ ¡ë«¨ ¢−¥¤à¥−ë á«¥¤ãîé¨¥ äã−ª-
æ¨¨:

1. �à®¢¥àª� á®®â¢¥âáâ¢¨ï áâàãªâãàë ª�¯áã«ë è�¡«®−ã, §�¤�−−®¬ã ¢ ¢¨¤¥ à¥£ã-
«ïà−®£® ¢ëà�¦¥−¨ï.

2. �à®¢¥àª� ª®àà¥ªâ−®áâ¨ ááë«®ª −� ®¯¥à�−¤ë, ª®â®àë¥ á®¤¥à¦�âáï ¢ ã¯à�¢-
«ïîé¥© ç�áâ¨ ª�¯áã«ë.

36 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



�¢â®¬�â¨§�æ¨ï ®â«�¤ª¨ ¯à®£à�¬¬ ¤«ï à¥ªãàà¥−â−®£® ®¯¥à�æ¨®−−®£® ãáâà®©áâ¢�

3. �¢â®¬�â¨ç¥áª¨© ¯®¨áª ¢ ª�¯áã«¥ ¨áå®¤−®£® ®¯¥à�−¤�, á®¤¥à¦�é¥£® â�ª¨¥
§−�ç¥−¨ï äã−ªæ¨®−�«ì−ëå ¯®«¥©, ª®â®àë¥ ¯à¨¢®¤ïâ ª £¥−¥à�æ¨¨ ¨áª«îç¥−¨ï
¢ ÷�“ ¢ ¯à®æ¥áá¥ ¢ë¯®«−¥−¨ï ª�¯áã«ë.

‚ à¥§ã«ìâ�â¥ ¢ëè¥ãª�§�−−ëå ¨§¬¥−¥−¨© ¡ë«� ¨áª«îç¥−� ¢®§¬®¦−®áâì §�-
¯ãáª� −� ¢ë¯®«−¥−¨¥ ¢ ÷�“ ª�¯áã«ë, ¨¬¥îé¥© −�àãè¥−¨¥ ¢ á¢®¥© áâàãªâãà¥,
� â�ª¦¥ §−�ç¨â¥«ì−® á®ªà�â¨«®áì ¢à¥¬ï ®â«�¤ª¨ ¢ á«ãç�ïå, ª®£¤� −¥®¡å®¤¨¬®
−�©â¨ ¨ ¨á¯à�¢¨âì ®è¨¡ªã, ¯à¨¢®¤ïéãî ª £¥−¥à�æ¨¨ ¨áª«îç¥−¨©.
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ВСТРОЕННЫЕ СРЕДСТВА ОТЛАДКИ РЕКУРРЕНТНОГО
ОПЕРАЦИОННОГО УСТРОЙСТВА∗

А. А. Прокофьев1, Р. А. Зеленов2, В. Н. Волчек3

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¯à®¡«¥¬ë ®¡¥á¯¥ç¥−¨ï −�¡«î¤�¥¬®áâ¨ ¨ ã¯à�¢«ï¥-
¬®áâ¨ ¢−ãâà¥−−¨å á®áâ®ï−¨© à¥ªãàà¥−â−®£® ®¯¥à�æ¨®−−®£® ãáâà®©áâ¢� (÷�“).
÷�áá¬®âà¥−ë ¢®¯à®áë ¢−¥¤à¥−¨ï áà¥¤áâ¢, ¯®§¢®«ïîé¨å à�§à�¡®âç¨ªã ¬�ª-
á¨¬�«ì−® ¡ëáâà® ®¡−�àã¦¨âì, «®ª�«¨§®¢�âì ¨ ¨á¯à�¢¨âì ®è¨¡ª¨ ¢ ÷�“,
¯à¥¤«®¦¥−ë −�¨¡®«¥¥ íää¥ªâ¨¢−ë¥, ãç¨âë¢�îé¨¥ �àå¨â¥ªâãà−ãî −®¢¨§−ã ¨
á¯¥æ¨ä¨ªã ¥£® ®à£�−¨§�æ¨¨ à¥è¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ®â«�¤ª�; �¯¯�à�âãà�; à¥ªãàà¥−â−®áâì; ¯®â®ª®¢�ï �àå¨â¥ª-
âãà�

1 Введение

‚ ˆ−áâ¨âãâ¥ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª ¢¥¤¥âáï à�§à�-
¡®âª� ¬−®£®ï¤¥à−®© ¯®â®ª®¢®© à¥ªãàà¥−â−®© ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬ë (Œ�÷‚‘)
á −¥âà�¤¨æ¨®−−®© �àå¨â¥ªâãà®©. „�−−�ï �àå¨â¥ªâãà� ï¢«ï¥âáï à�§¢¨â¨¥¬ ¯®-
â®ª®¢®£® ¯®¤å®¤�. ‚ â¥ªãé¥© à¥�«¨§�æ¨¨ ®áãé¥áâ¢«ï¥âáï ¢§�¨¬®¤¥©áâ¢¨¥ ¤¢ãå
ãà®¢−¥©: äã−ªæ¨¨ ã¯à�¢«ïîé¥£® ãà®¢−ï ¢®§«®¦¥−ë −� ä®−-−¥©¬�−®¢áª¨© ¯à®-
æ¥áá®à, � ¢ ª�ç¥áâ¢¥ ®¯¥à�æ¨®−−®£® ãà®¢−ï ¢ëáâã¯�¥â ÷�“, ¨¬¥îé¥¥ ¢ á¢®¥¬
á®áâ�¢¥ ç¥âëà¥ ¯à®æ¥áá®à−ëå ï¤à�. “¯à�¢«ïîé¨© ãà®¢¥−ì ®áãé¥áâ¢«ï¥â ¢§�¨-
¬®¤¥©áâ¢¨¥ á ¯¥à¨ä¥à¨©−ë¬¨ ãáâà®©áâ¢�¬¨ ¨ ®à£�−¨§ã¥â ¯®¤£®â®¢ªã ¤�−−ëå ¤«ï
¤�«ì−¥©è¥© ¨å ®¡à�¡®âª¨ ¢ ÷�“ [1, 2].

‚ ª�ç¥áâ¢¥ ¨á¯®«−ï¥¬ëå ¯à®£à�¬¬ ¤«ï ÷�“ ¢ëáâã¯�îâ ª�¯áã«ë [3]. �â®
¯à®£à�¬¬ë, ¯à¥¤áâ�¢«ïîé¨¥ á®¡®© −�¡®à í«¥¬¥−â®¢ á�¬®¤®áâ�â®ç−ëå ¤�−−ëå
(®¯¥à�−¤®¢), á®¤¥à¦�é¨å ¤�−−ë¥ ¨ ¨−áâàãªæ¨¨ ¤«ï ¨å ®¡à�¡®âª¨, � â�ª¦¥
¨−áâàãªæ¨¨ −�áâà®©ª¨ à¥¦¨¬®¢ à�¡®âë ÷�“. Š�¯áã«� åà�−¨â à¥ªãàà¥−â−®
á¦�âë© �«£®à¨â¬ à¥è¥−¨ï ª®−ªà¥â−®© §�¤�ç¨, ª®â®àë© à�§¢®à�ç¨¢�¥âáï ¢ å®¤¥
¢ë¯®«−¥−¨ï ¢ ÷�“.

÷¥�«¨§ã¥âáï Œ�÷‚‘ ¢ ¡�§¨á¥ �‹ˆ‘ (¯à®£à�¬¬¨àã¥¬®© «®£¨ç¥áª®© ¨−â¥-
£à�«ì−®© áå¥¬ë), ¢ ª�ç¥áâ¢¥ ï§ëª� ®¯¨á�−¨ï �¯¯�à�âãàë ¨á¯®«ì§ã¥âáï VHDL.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ¯® �à®£à�¬¬¥ äã−¤�¬¥−â�«ì−ëå
¨áá«¥¤®¢�−¨© ��ˆ’ ÷�� −� 2011 £., ¯à®¥ªâ 1.5.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, a.a.prokofyev@mail.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, graf.developer@gmail.com
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, v volchek@inbox.ru
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‚áâà®¥−−ë¥ áà¥¤áâ¢� ®â«�¤ª¨ à¥ªãàà¥−â−®£® ®¯¥à�æ¨®−−®£® ãáâà®©áâ¢�

�� â¥ªãé¥¬ íâ�¯¥ ¯à®¢¥¤¥−� ¢¥à¨ä¨ª�æ¨ï ª�ª ®â¤¥«ì−ëå äã−ªæ¨®−�«ì−ëå ¡«®-
ª®¢, â�ª ¨ ¢á¥£® ÷�“ ¢ æ¥«®¬. �®¤£®â®¢«¥− −�¡®à ª�¯áã«, à¥�«¨§ãîé¨å
�«£®à¨â¬ë, âà¥¡ãîé¨¥áï ¤«ï à¥è¥−¨ï §�¤�ç¨ à�á¯®§−�¢�−¨ï á«®¢ ¤¨ªâ®à� [4].
�� á«¥¤ãîé¥¬ íâ�¯¥ ¯à¥¤áâ®¨â ª®¬¯«¥ªá−�ï ®â«�¤ª� à�§à�¡®â�−−®£® ¯à®£à�¬¬-
−®£® ¨ �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï −� ¨−áâàã¬¥−â�«ì−®© ¯«�â¥ ä¨à¬ë Altera. ’�ª
ª�ª Œ�÷‚‘ ï¢«ï¥âáï á¨áâ¥¬®© à¥�«ì−®£® ¢à¥¬¥−¨ ¨ ª®àà¥ªâ−®áâì ¥¥ äã−ªæ¨®−¨-
à®¢�−¨ï §�¢¨á¨â ®â ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï ®â¤¥«ì−ëå ¯à®£à�¬¬ ¨ áª®à®áâ¨ à�¡®âë
�¯¯�à�âãàë, −¥¢®§¬®¦−® ®£à�−¨ç¨âìáï «¨èì ®â«�¤ª®© VHDL-¬®¤¥«¨, −¥®¡å®-
¤¨¬® â�ª¦¥ ¨¬¥âì ¢®§¬®¦−®áâì ¯à®¢¥àª¨ ¨ ®â«�¤ª¨ ãáâà®©áâ¢� −¥¯®áà¥¤áâ¢¥−−®
¢ �¯¯�à�âãà¥ (¢ à¥�«ì−ëå ãá«®¢¨ïå).

�à®æ¥áá ®â«�¤ª¨ ¢ �¯¯�à�âãà¥ ï¢«ï¥âáï ¨â¥à�æ¨®−−ë¬. ‘−�ç�«� âà¥¡ã-
¥âáï ¯à®¢¥à¨âì à�¡®â®á¯®á®¡−®áâì ª�¦¤®£® ¨§ ¡«®ª®¢ ¢ ®â¤¥«ì−®áâ¨, §�¬¥−ïï
á®¯àï¦¥−−ë¥ á −¨¬ ¡«®ª¨ §�£«ãèª�¬¨ (¨¬¨â¨àãîé¨¬¨ ¢å®¤−ë¥ ¢®§¤¥©áâ¢¨ï,
−�¯à¨¬¥à, ¯ãâ¥¬ ¯®¤�ç¨ −� ¢å®¤ë ®â«�¦¨¢�¥¬®£® ¡«®ª� ®¯à¥¤¥«¥−−®© ¯®á«¥¤®-
¢�â¥«ì−®áâ¨ ¤�−−ëå). ‡�â¥¬ ¯à®¢¥àï¥âáï ¢§�¨¬®¤¥©áâ¢¨¥ ®â¤¥«ì−ëå ¯�à ¡«®ª®¢,
¯®á«¥ ç¥£® ¬®¦−® ¯à¨áâã¯�âì ª ª®¬¯«¥ªá−®© ®â«�¤ª¥.

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�îâáï ¢®¯à®áë ®¡¥á¯¥ç¥−¨ï −�¡«î¤�¥¬®áâ¨ ¨
ã¯à�¢«ï¥¬®áâ¨ ¢−ãâà¥−−¨å á®áâ®ï−¨© ÷�“, � â�ª¦¥ ¯à®¡«¥¬ë à¥�«¨§�æ¨¨ äã−ª-
æ¨© ®â«�¤ª¨, á¢ï§�−−ë¥ á ®á®¡¥−−®áâï¬¨ �àå¨â¥ªâãàë Œ�÷‚‘, � ¨¬¥−−®:

{ £à�ä®¤¨−�¬¨ç¥áª¨¬ ¯à¥¤áâ�¢«¥−¨¥¬ �«£®à¨â¬®¢ | ®âáãâáâ¢ãîâ ¯®−ïâ¨ï
�¤à¥á� ª®¬�−¤ë ¨ ¤�−−ëå [5];

{ ¯�à�««¥«ì−ë¬ ¢ë¯®«−¥−¨¥¬ ¢¥â¢¥© £à�ä� �«£®à¨â¬�.

2 Функции отладки в рекуррентном операционном устройстве

”ã−ªæ¨¨ ®â«�¤ª¨ ¢ ÷�“ −�¯à�¢«¥−ë −� ¯®¨áª ¨ ãáâà�−¥−¨¥ ®è¨¡®ª ¢ ¯à®-
£à�¬¬−®© ¨ �¯¯�à�â−®© ç�áâïå á¨áâ¥¬ë. ˆáâ®ç−¨ª�¬¨ ®è¨¡®ª ¬®£ãâ á«ã¦¨âì ª�ª
−¥¢¥à−ë¥ «®£¨ç¥áª¨¥ ¯à¥¤¯®áë«ª¨ ¯à¨ á®§¤�−¨¨ á¯¥æ¨ä¨ª�æ¨©, á«®¦−®áâì ãç¥â�
¢á¥å ¢®§¬®¦−ëå ä�ªâ®à®¢, ¢«¨ïîé¨å −� à�¡®âã á¨áâ¥¬ë, â�ª ®è¨¡ª¨ ¨−¦¥−¥-
à®¢, §�−¨¬�îé¨åáï ¯à®¥ªâ¨à®¢�−¨¥¬ ¨ à¥�«¨§�æ¨¥© �¯¯�à�âãàë ¨ ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï. —â®¡ë ã¯à®áâ¨âì ¯à®æ¥áá ¢ëï¢«¥−¨ï ¨ «®ª�«¨§�æ¨¨ ®è¨¡®ª, −¥®¡-
å®¤¨¬® à¥�«¨§®¢�âì ®¯à¥¤¥«¥−−ë© −�¡®à äã−ªæ¨©, ª®â®àë¥ ¯®§¢®«ïâ ¯à®¢¥áâ¨
®â«�¤ªã.

‘ãé¥áâ¢ã¥â ¯ïâì ®á−®¢−ëå ¯à¨¥¬®¢ ª®¬¯«¥ªá−®© ®â«�¤ª¨ ¬¨ªà®¯à®æ¥áá®à−®©
á¨áâ¥¬ë [6]:

(1) ®áâ�−®¢ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ®¯à¥¤¥«¥−−®£® á®-
¡ëâ¨ï;

(2) çâ¥−¨¥/¨§¬¥−¥−¨¥ á®¤¥à¦¨¬®£® ¯�¬ïâ¨ ¨«¨ à¥£¨áâà®¢ á¨áâ¥¬ë;

(3) ¯®è�£®¢®¥ ®âá«¥¦¨¢�−¨¥ ¯®¢¥¤¥−¨ï á¨áâ¥¬ë;
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÷¨á. 1 ‘âàãªâãà� äã−ªæ¨¨ ®â«�¤ª¨

(4) ®âá«¥¦¨¢�−¨¥ ¯®¢¥¤¥−¨ï á¨áâ¥¬ë ¢ à¥�«ì−®¬ ¢à¥¬¥−¨;

(5) ¢à¥¬¥−−‚®¥ á®£«�á®¢�−¨¥ ¯à®£à�¬¬.

�� à¨á. 1 ¯à¥¤áâ�¢«¥−� áâàãªâãà� äã−ªæ¨© ®â«�¤ª¨, ª®â®àë¥ ®¡¥á¯¥ç¨¢�-
îâ ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ¯à¨¥¬®¢, ®¯¨á�−−ëå ¢ëè¥. ÷¥�«¨§�æ¨ï íâ¨å
äã−ªæ¨© ¤®«¦−� ã¤®¢«¥â¢®àïâì ªà¨â¥à¨ï¬:

{ ¯®«−®âë ®â«�¤®ç−®© ¨−ä®à¬�æ¨¨;

{ «¥£ª®áâ¨ ¯®«ãç¥−¨ï ¨ �−�«¨§� ¨−ä®à¬�æ¨¨;

{ ¬¨−¨¬¨§�æ¨¨ �¯¯�à�â−ëå §�âà�â −� à¥�«¨§�æ¨î á æ¥«ìî á−¨§¨âì ¢«¨ï−¨¥ −�
å�à�ªâ¥à¨áâ¨ª¨ ãáâà®©áâ¢�.
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3 Реализация встроенных средств отладки рекуррентного
операционного устройства

”ã−ªæ¨¨ ®â«�¤ª¨ ¨ ®¡−�àã¦¥−¨ï ¨áª«îç¨â¥«ì−ëå á¨âã�æ¨© ®¡ê¥¤¨−¥−ë ¢
÷�“ ¢ ¢¨¤¥ ¥¤¨−®£® äã−ªæ¨®−�«ì−®£® ¡«®ª� ®â«�¤ª¨ ¨ ä¨ªá�æ¨¨ ¨áª«îç¥−¨©
(��”ˆ). ’�ª�ï à¥�«¨§�æ¨ï ¯®§¢®«ï¥â ®¯¥à�â¨¢−® ã¯à�¢«ïâì á®áâ®ï−¨¥¬ ª®−¢¥©-
¥à�, ¨§¡¥£�âì ¯®â¥à¨ ¤�−−ëå ¨ −�àãè¥−¨ï å®¤� ¢ëç¨á«¥−¨© ¯à¨ ¢®§−¨ª−®¢¥−¨¨
¨áª«îç¥−¨ï. „«ï ®¡¥á¯¥ç¥−¨ï ¤®áâã¯� ª ¢−ãâà¥−−¨¬ à¥£¨áâà�¬ ¨ ¯�¬ïâ¨ ¢−ãâà¨
÷�“ ®à£�−¨§®¢�−� ¥¤¨−�ï ®â«�¤®ç−�ï è¨−�. �® −¥© ¯¥à¥¤�¥âáï á«¥¤ãîé�ï
¨−ä®à¬�æ¨ï:

1. ”«�£ à�¡®âë ¢ à¥¦¨¬¥ ®â«�¤ª¨ (1 ¡¨â). �à¨ ¥¤¨−¨ç−®¬ §−�ç¥−¨¨ à�¡®â� ª®−-
¢¥©¥à� ¯à¨®áâ�−�¢«¨¢�¥âáï, ¤�¢�ï ¢®§¬®¦−®áâì ¯®á«¥¤®¢�â¥«ì−® ®¡à�â¨âìáï
ª® ¢á¥¬ −¥®¡å®¤¨¬ë¬ ¢−ãâà¥−−¨¬ à¥£¨áâà�¬ ¨ ¯�¬ïâ¨.

2. ”«�£ à�§à¥è¥−¨ï §�¯¨á¨ (1 ¡¨â). �à¨ ¥¤¨−¨ç−®¬ §−�ç¥−¨¨ à�§à¥è�¥â ¨§-
¬¥−¥−¨¥ §−�ç¥−¨ï à¥£¨áâà� ¨«¨ ïç¥©ª¨ ¯�¬ïâ¨, ª ª®â®à®© ®áãé¥áâ¢«ï¥âáï
®¡à�é¥−¨¥.

3. �¤à¥á (32 ¡¨â�). �¯à¥¤¥«ï¥â, á ª�ª¨¬ ª®−ªà¥â−® à¥£¨áâà®¬ ¨«¨ ïç¥©ª®©
¯�¬ïâ¨ ®áãé¥áâ¢«ï¥âáï ¢§�¨¬®¤¥©áâ¢¨¥.

4. „�−−ë¥ ¤«ï §�¯¨á¨ (32 ¡¨â�).

5. ‘ç¨â�−−ë¥ ¤�−−ë¥ (32 ¡¨â�).

‚¢¥¤¥−¨¥ à¥¦¨¬®¢ ®â«�¤ª¨ âà¥¡ã¥â ®¡ï§�â¥«ì−®© ª®àà¥ªâ¨à®¢ª¨ VHDL-ª®-
¤�, � ¨¬¥−−® ç�áâ¥©, ®¯¨áë¢�îé¨å á¨−åà®−−ë¥ ¯à®æ¥ááë. �� à¨á. 2 ¤®¯®«−¨-
â¥«ì−�ï «®£¨ª� ¢ë¤¥«¥−� £à�ä¨ç¥áª¨. “á«®¢−® ®¯¨á�−¨¥ ¯à®æ¥áá� ¬®¦−® à�§¡¨âì
−� âà¨ ¡«®ª�:

(1) �¯¯�à�â−ë© á¡à®á (áâà®ª¨ 2{4, à¨á. 2);

(2) à¥¦¨¬ ®â«�¤ª¨ (áâà®ª¨ 5{24);

(3) −®à¬�«ì−ë© à¥¦¨¬ à�¡®âë (áâà®ª¨ 25{27).

÷�áá¬®âà¨¬ ç�áâì, ®¯¨áë¢�îéãî à¥¦¨¬ ®â«�¤ª¨, ¯®¤à®¡−¥¥. ˆ§ ãá«®¢¨ï
−� áâà®ª¥ 5 ¢¨¤−®, çâ® à¥¦¨¬ ®â«�¤ª¨ �ªâ¨¢¨àã¥âáï ¯ãâ¥¬ ãáâ�−®¢ª¨ ¥¤¨−¨ç-
−®£® §−�ç¥−¨ï á¨£−�«� debug mode. „�−−ë© á¨£−�« ¤®«¦¥− ¡ëâì £«®¡�«ì−ë¬
¨ ®¤−®¢à¥¬¥−−® ®áâ�−�¢«¨¢�âì ¢á¥ á¨−åà®−−ë¥ ¯à®æ¥ááë ¢ ãáâà®©áâ¢¥, çâ®¡ë
−¥ §�âà®−ãâì å®¤ ¢ëç¨á«¥−¨©. ‚ à¥¦¨¬¥ ®â«�¤ª¨ ®¡¥á¯¥ç¨¢�¥âáï ¢®§¬®¦−®áâì
¯®«ãç¨âì ¤®áâã¯ ª ¢−ãâà¥−−¨¬ à¥£¨áâà�¬: ¢ §�¢¨á¨¬®áâ¨ ®â �¤à¥á� −� è¨−ã ¤�−-
−ëå (debug out data) ¯®¤�¥âáï «¨¡® §−�ç¥−¨¥ à¥£¨áâà�, «¨¡® ¢ëá®ª¨© ¨¬¯¥¤�−á.
�¡ï§�â¥«ì−ë¬ ãá«®¢¨¥¬ ï¢«ï¥âáï ®¡¥á¯¥ç¥−¨¥ ã−¨ª�«ì−®áâ¨ �¤à¥á®¢ á æ¥«ìî
¯à¥¤®â¢à�é¥−¨ï ª®««¨§¨©.
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÷¨á. 2 �à¨¬¥à á¨−åà®−−®£® ¯à®æ¥áá�

ˆ§ à¨á. 2 ¢¨¤−®, çâ® �¤à¥á−®¥ ¯à®áâà�−áâ¢® «®£¨ç¥áª¨ à�§¤¥«¥−®:

{ áâ�àè¨¥ ¡¨âë ãª�§ë¢�îâ −®¬¥à ¢ëç¨á«¨â¥«ì−®£® ï¤à� (áâà®ª� 6);

{ áà¥¤−ïï ç�áâì ®¯à¥¤¥«ï¥â à¥£¨áâà (áâà®ª¨ 8, 15);

{ ¬«�¤è¨¥ ¡¨âë ®¯à¥¤¥«ïîâ ç�áâì à¥£¨áâà�, ¥á«¨ ¥£® ¤«¨−� ¯à¥¢ëè�¥â 32 à�§-
àï¤�.

’�ª¨¬ ®¡à�§®¬, ��”ˆ ¯®«ãç�¥â ¤®áâã¯ ª ®áâ�−®¢ª¥ ¨ §�¯ãáªã ª®−¢¥©¥à� (à¥-
�«¨§ãîâáï äã−ªæ¨¨ ”.3.2 ¨ ”.3.4 á à¨á. 1), � â�ª¦¥ ¢®§¬®¦−®áâì çâ¥−¨ï/§�¯¨á¨
¢−ãâà¥−−¨å à¥£¨áâà®¢ (”.3.3). �®è�£®¢®¥ ¢ë¯®«−¥−¨¥ (”.3.5) ï¢«ï¥âáï −¨ç¥¬
¨−ë¬, ª�ª �¢â®¬�â¨ç¥áª¨¬ ¯¥à¥å®¤®¬ ¢ à¥¦¨¬ ®â«�¤ª¨ ¯®á«¥ §�¯ãáª� ãáâà®©áâ¢�
¢ −®à¬�«ì−®¬ à¥¦¨¬¥ ¢ â¥ç¥−¨¥ ®¯à¥¤¥«¥−−®£® ª®«¨ç¥áâ¢� â�ªâ®¢. �ç¥¢¨¤−®, çâ®
¢ à¥¦¨¬¥ ®â«�¤ª¨ à�¡®â� ��”ˆ ¤®«¦−� ª®−âà®«¨à®¢�âìáï ¨§¢−¥, â�ª ª�ª ¯à®-
æ¥¤ãàë áç¨âë¢�−¨ï ¤�−−ëå ¢ë¯®«−ïîâáï á¯¥æ¨�«ì−ë¬ �� ¨«¨ ¯à®£à�¬¬¨áâ®¬.
Šà®¬¥ íâ®£®, −¥®¡å®¤¨¬® ®¡¥á¯¥ç¨âì ¢®§¬®¦−®áâì −�áâà®©ª¨ à¥¦¨¬®¢ ®â«�¤ª¨
(”.1).
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„«ï ¤®áâã¯� ª ��”ˆ á å®áâ-ª®¬¯ìîâ¥à� ¨á¯®«ì§ã¥âáï ¨−â¥àä¥©á JTAG [7],
� ¤«ï ¤®áâã¯� á® áâ®à®−ë ã¯à�¢«ïîé¥£® ãà®¢−ï | 32-à�§àï¤−ë¥ è¨−ë ¤�−−ëå
¨ �¤à¥á�. ‚§�¨¬®¤¥©áâ¢¨¥ ã¯à�¢«ïîé¥£® ãà®¢−ï á ��”ˆ −¥®¡å®¤¨¬® ¤«ï
à¥�«¨§�æ¨¨ á«ã¦¥¡−ëå ¯à®æ¥¤ãà, ª®£¤� âà¥¡ã¥âáï ¤®áâã¯ ª ¢−ãâà¥−−¨¬ à¥£¨áâà�¬
÷�“.

‚ −®à¬�«ì−®¬ à¥¦¨¬¥ à�¡®âë ÷�“ ��”ˆ ¢®á¯à¨−¨¬�¥â ¯®áâã¯�îé¨¥
¤�−−ë¥ ª�ª ¨−áâàãªæ¨¨ (ãáâ�−®¢ª� −�áâà®¥ç−ëå à¥£¨áâà®¢ «¨¡® âà¥¡®¢�−¨¥ ¯¥-
à¥©â¨ ¢ à¥¦¨¬ ®â«�¤ª¨). ‚ à¥¦¨¬¥ ¦¥ ®â«�¤ª¨ ¨−â¥àä¥©á−ë¥ è¨−ë −�¯àï¬ãî
á®¥¤¨−ïîâáï á ¢−ãâà¥−−¨¬¨ è¨−�¬¨ ®â«�¤ª¨, ¢®§¢à�â ¢ −®à¬�«ì−ë© à¥¦¨¬
¨−¨æ¨�«¨§¨àã¥âáï ¯®¤�ç¥© −ã«¥¢®£® §−�ç¥−¨ï �¤à¥á�.

—â® ª�á�¥âáï ä¨ªá�æ¨¨ ¨áª«îç¥−¨© (”.3.1), â® ¢ à¥§ã«ìâ�â¥ �−�«¨§� äã−ªæ¨-
®−�«ì−ëå ¡«®ª®¢ ÷�“ ¢ëï¢«¥−ë ¨ á¯¥æ¨ä¨æ¨à®¢�−ë á¨âã�æ¨¨, ª®â®àë¥ ¬®£ãâ
−¥£�â¨¢−® ¯®¢«¨ïâì −� å®¤ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�. Š −¨¬ ®â−®áïâáï ®è¨¡ª¨,
¢®§−¨ª�îé¨¥ ¢ à¥§ã«ìâ�â¥ ®¡−�àã¦¥−¨ï −¥¤®¯ãáâ¨¬ëå §−�ç¥−¨© äã−ªæ¨®−�«ì-
−ëå ¯®«¥©; ¯®¯ëâ®ª ¯¥à¥¤�ç¨ ¤�−−ëå −� ®¤−ã è¨−ã ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢;
¨§-§� ¯à®â¨¢®à¥ç¨¢®áâ¨ §−�ç¥−¨© äã−ªæ¨®−�«ì−ëå ¯®«¥© ¢ ¯�à�å ®¯¥à�−¤®¢; ¯à¨
®¡à�é¥−¨¨ ª −¥áãé¥áâ¢ãîé¥© ïç¥©ª¥ ¯�¬ïâ¨; ¯à¨ ¯¥à¥¯®«−¥−¨¨ ¢ à¥§ã«ìâ�â¥
¢ëç¨á«¥−¨© ¨ â. ¯. ‚á¥ ¯®¤®¡−ë¥ á¨âã�æ¨¨ ¢−¥á¥−ë ¢ ¯¥à¥ç¥−ì ¨áª«îç¥−¨©
á ª«�áá¨ä¨ª�æ¨¥© ¯® â¨¯�¬, ¯à¨®à¨â¥â−®áâ¨ ¨ ª�â�áâà®ä¨ç−®áâ¨ ¯®á«¥¤áâ¢¨©.
��«¨ç¨¥ ®è¨¡ª¨, ¢å®¤ïé¥© ¢ ¯¥à¥ç¥−ì ¢ëï¢«¥−−ëå ¨áª«îç¥−¨©, ä¨ªá¨àã¥âáï
−¥¯®áà¥¤áâ¢¥−−® ¢ ª�¦¤®¬ ¨§ äã−ªæ¨®−�«ì−ëå ¡«®ª®¢ ¨ ¯¥à¥¤�¥âáï ¢ ��”ˆ,
£¤¥, ¢ á¢®î ®ç¥à¥¤ì, £¥−¥à¨àã¥âáï ¨−ä®à¬�æ¨®−−ë© ª®¤, á®¤¥à¦�é¨© ¢ á¥¡¥ ¤�−-
−ë¥ ® ¬¥áâ¥, â¨¯¥ ¨ ¢à¥¬¥−¨ ®è¨¡ª¨. �à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¦¥â ¡ëâì ¯à®¨§¢¥¤¥−�
®áâ�−®¢ª� ª®−¢¥©¥à� ¨ á£¥−¥à¨à®¢�− á¨£−�« ¯à¥àë¢�−¨ï.

’�ª ª�ª ¢ �àå¨â¥ªâãà¥ ÷�“ (¯®â®ª� ¤�−−ëå) ®âáãâáâ¢ã¥â ¯®−ïâ¨¥ �¤à¥á�
ª®¬�−¤, ®¯à¥¤¥«¥−¨¥ ¬¥áâ� −� ¯®â®ª®¢®¬ £à�ä¥ �«£®à¨â¬�, ¢ ª®â®à®¬ −�å®¤¨â-
áï ¢ëç¨á«¨â¥«ì−ë© ¯à®æ¥áá, á®áâ�¢«ï¥â ®¯à¥¤¥«¥−−ë¥ âàã¤−®áâ¨. ’à¥¡ã¥âáï
¢¢¥¤¥−¨¥ ¤®¯®«−¨â¥«ì−ëå �¯¯�à�â−ëå áç¥âç¨ª®¢, áâ�àâãîé¨å ¯® ®¯à¥¤¥«¥−−ë¬
á¨áâ¥¬−ë¬ á®¡ëâ¨ï¬:

{ áç¥âç¨ª è�£®¢ ¢ë¯®«−¥−¨ï ª�¯áã«ë | áâ�àâã¥â ¯® −�ç�«ã ¢ë¯®«−¥−¨ï ª�-
¯áã«ë, ¨−ªà¥¬¥−â¨àã¥âáï ¯®á«¥ ¢ë¯®«−¥−¨ï ®ç¥à¥¤−®£® ¢ëç¨á«¨â¥«ì−®£®
è�£�;

{ ¨−¤¥ªá−ë¥ à¥£¨áâàë | á«ã¦�â ¤«ï áç¨âë¢�−¨ï ®¯¥à�−¤®¢ ¨§ ª�¯áã«ë, ¯® ¨å
§−�ç¥−¨ï¬ ¬®¦−® ®¯à¥¤¥«¨âì, ª�ª�ï ª�¯áã«� ¢ë¯®«−ï¥âáï ¢ ¤�−−ë© ¬®¬¥−â;

{ áç¥âç¨ª æ¨ª«®¢ ¢ë¯®«−¥−¨ï �«£®à¨â¬� | §�¯ãáª�¥âáï ¯à¨ áâ�àâ¥ ¢ëç¨á«¥−¨©,
¨−ªà¥¬¥−â¨àã¥âáï ¯®á«¥ ¯à®å®¦¤¥−¨ï ®ç¥à¥¤−®£® æ¨ª«� ¢ëç¨á«¥−¨©.

‘®ç¥â�−¨¥ §−�ç¥−¨© íâ¨å áç¥âç¨ª®¢ ¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ¢à¥¬¥−−ãî á®áâ�¢-
«ïîéãî ¢ ¨−ä®à¬�æ¨¨ ® §�à¥£¨áâà¨à®¢�−−®¬ ¢ å®¤¥ ¢ëç¨á«¥−¨© ¨áª«îç¥−¨¨.

‘ æ¥«ìî ã¯à®é¥−¨ï ®â«�¤ª¨ «®£¨ª� ä¨ªá�æ¨¨ ¨áª«îç¨â¥«ì−ëå á¨âã�æ¨©
à�áè¨à¥−� ¢®§¬®¦−®áâìî −�áâà�¨¢�âì ãá«®¢¨ï ¯®«ì§®¢�â¥«ìáª¨å ¨áª«îç¥−¨©
(”.2):
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{ ¤®áâ¨¦¥−¨¥ ®¯à¥¤¥«¥−−®£® ã§«� ¢ £à�ä¥ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�;

{ ¢®§−¨ª−®¢¥−¨¥ ª�ª®£®-«¨¡® ®â«�¤®ç−®£® á®¡ëâ¨ï, −�¯à¨¬¥à:

• §�¯¨áì ®¯¥à�−¤� ¢ ¯�¬ïâì á®¢¯�¤¥−¨©;

• ¯¥à¥−�¯à�¢«¥−¨¥ ®¯¥à�−¤®¢;

• ä®à¬¨à®¢�−¨¥ ¯¥à¥å®¤�;

• ¨á¯®«−¥−¨¥ ª®¤� ®¯¥à�æ¨¨.

�â«�¤®ç−ë¥ ãá«®¢¨ï −�áâà�¨¢�îâáï ¨ �ªâ¨¢¨àãîâáï ç¥à¥§ ®¯¨á�−−ë© ¢ëè¥
¨−â¥àä¥©á ��”ˆ.

4 Сбор отладочной информации

‘¡®à ¨−ä®à¬�æ¨¨ ® å®¤¥ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� ¨ ¯à¥¤®áâ�¢«¥−¨¥ ¥¥
¯®«ì§®¢�â¥«î ¢ ã¤®¡−®¬ ¤«ï �−�«¨§� ¢¨¤¥ ï¢«ï¥âáï −¥®¡å®¤¨¬®© ç�áâìî ¯à®æ¥áá�
®â«�¤ª¨. �¡ê¥¬� ¤®áâã¯−®© −� ªà¨áâ�««¥ �‹ˆ‘ ¯�¬ïâ¨ −¥¤®áâ�â®ç−® ¤«ï
åà�−¥−¨ï ®£à®¬−ëå ¬�áá¨¢®¢ ¤�−−ëå, ¯à¥¤áâ�¢«ïîé¨å á®¡®© ¤�¬¯ á®áâ®ï−¨©
¢−ãâà¥−−¨å à¥£¨áâà®¢ ÷�“, ¯®«ãç¥−−ëå ¢ â¥ç¥−¨¥ −¥áª®«ìª¨å ¢ëç¨á«¨â¥«ì−ëå
è�£®¢. …¤¨−áâ¢¥−−ë© ¢®§¬®¦−ë© ¢ëå®¤ | ¨á¯®«ì§®¢�−¨¥ ¢−¥è−¥© ¯�¬ïâ¨. �â®
¬®¦¥â ¡ëâì, −�¯à¨¬¥à, ®¯¥à�â¨¢−�ï ¯�¬ïâì −� ®â«�¤®ç−®© ¯«�â¥ «¨¡® ¯�¬ïâì
¦¥áâª®£® ¤¨áª� å®áâ-ª®¬¯ìîâ¥à�. ‚ «î¡®¬ á«ãç�¥ ¡¥§ ¯¥à¥¤�ç¨ ã¯à�¢«¥−¨ï
−� ¢−¥è−¨¥ ®â−®á¨â¥«ì−® ÷�“ ãáâà®©áâ¢� ®¡®©â¨áì −¥¢®§¬®¦−® (”.4), ¯®íâ®¬ã
¯®á«¥ ä¨ªá�æ¨¨ ¨áª«îç¥−¨ï ®áãé¥áâ¢«ï¥âáï ®áâ�−®¢ ª®−¢¥©¥à� ¨ ¯ãâ¥¬ £¥−¥à�æ¨¨
¯à¥àë¢�−¨ï ª®−âà®«ì −�¤ ÷�“ ¯¥à¥¤�¥âáï ã¯à�¢«ïîé¥¬ã ãà®¢−î.

“¯à�¢«ïîé¨© ãà®¢¥−ì ¯à¨−¨¬�¥â à¥è¥−¨¥ ® ¤�«ì−¥©è¨å ¤¥©áâ¢¨ïå:

{ á®åà�−¨âì á®áâ®ï−¨ï ®¯à¥¤¥«¥−−®£® −�¡®à� à¥£¨áâà®¢ ¢ ®¯¥à�â¨¢−ãî ¯�¬ïâì
¨ ¯à®¤®«¦¨âì ¢ëç¨á«¥−¨ï (”.4.1);

{ ¯à®¤®«¦¨âì ¢ëç¨á«¥−¨ï ¢ ¯®è�£®¢®¬ à¥¦¨¬¥, ¢ë¯®«−ïï «®£¨à®¢�−¨¥ á®áâ®-
ï−¨© á¨áâ¥¬ë ¯®á«¥ ª�¦¤®£® è�£� (”.4.2);

{ ¯¥à¥¤�âì ã¯à�¢«¥−¨¥ −� å®áâ-ª®¬¯ìîâ¥à. �à®£à�¬¬�-®â«�¤ç¨ª ¢ �¢â®¬�â¨-
ç¥áª®¬ à¥¦¨¬¥ «¨¡® ¯à¨ ãç�áâ¨¨ ¯®«ì§®¢�â¥«ï −�ç−¥â á¡®à ¨−ä®à¬�æ¨¨.
�à¨ −¥®¡å®¤¨¬®áâ¨ â�ª¦¥ ¬®¦¥â ¡ëâì ¢ë¯®«−¥−� ª®àà¥ªâ¨à®¢ª� ¢−ãâà¥−−¨å
á®áâ®ï−¨© à¥£¨áâà®¢ ¨ ¯�¬ïâ¨.

‚ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ á¡®à� ®â«�¤®ç−®© ¨−ä®à¬�æ¨¨ ¢ à¥¦¨¬¥ à¥�«ì−®£®
¢à¥¬¥−¨ (¡¥§ ®áâ�−®¢ª¨ ª®−¢¥©¥à�) −�¨¡®«¥¥ íää¥ªâ¨¢−ë¬ à¥è¥−¨¥¬ ï¢«ï¥âáï
¯à¨¬¥−¥−¨¥ ¢áâà®¥−−®£® «®£¨ç¥áª®£® �−�«¨§�â®à�, ¯à¥¤®áâ�¢«ï¥¬®£® à�§à�¡®âç¨-
ª�¬¨ �‹ˆ‘ [8]. �à¨¬¥−¥−¨¥ ¤�−−®£® ¨−áâàã¬¥−â� ¡�§¨àã¥âáï −� ¨á¯®«ì§®¢�−¨¨
−¥§�¤¥©áâ¢®¢�−−®© ¢ ¯à®¥ªâ¥ ¯�¬ïâ¨ �‹ˆ‘. ’�ª�ï ¯�¬ïâì | ®£à�−¨ç¥−−ë©
à¥áãàá, ¯®íâ®¬ã −� ¢à¥¬ï ®â«�¤ª¨ æ¥«¥á®®¡à�§−® ¯® ¬�ªá¨¬ã¬ã á®ªà�â¨âì ¨á-
¯®«ì§ã¥¬ãî ¯à®¥ªâ®¬ ¯�¬ïâì (−�¯à¨¬¥à, ã¬¥−ìè¨âì ®¡ê¥¬ ¡ãä¥à−®© ¯�¬ïâ¨
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¨ ¯�¬ïâ¨ á®¢¯�¤¥−¨©). Š ¯«îá�¬ «®£¨ç¥áª®£® �−�«¨§�â®à� ®â−®áïâáï ¯à®áâ®â�
¨á¯®«ì§®¢�−¨ï ¨ ®âáãâáâ¢¨¥ −¥®¡å®¤¨¬®áâ¨ ¢−®á¨âì ¢ ¯à®¥ªâ ª�ª¨¥-«¨¡® ¨§¬¥−¥-
−¨ï. �¥¤®áâ�âª®¬ ¬®¦−® áç¨â�âì â®, çâ® ª�¦¤®¥ ¯¥à¥®¯à¥¤¥«¥−¨¥ «®£¨àã¥¬ëå
¤�−−ëå âà¥¡ã¥â ¯¥à¥¯à®£à�¬¬¨à®¢�−¨ï �‹ˆ‘.

5 Визуализация процесса отладки

‹¨èì ®¡«�¤�âì ¨−ä®à¬�æ¨¥© ® å®¤¥ ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá� −¥¤®áâ�â®ç−®,
−¥®¡å®¤¨¬® ¯à¥¤®áâ�¢¨âì ¥¥ ¯®«ì§®¢�â¥«î ¢ ã¤®¡−®¬ ¨ −�£«ï¤−®¬ ¢¨¤¥. �¯â¨-
¬�«ì−ë¬ ¢�à¨�−â®¬ ¡ã¤¥â, ¥á«¨ ®â ¯®«ì§®¢�â¥«ï −¥ ¯®âà¥¡ã¥âáï ¤®¯®«−¨â¥«ì−ëå
ãá¨«¨© ¤«ï ®á¢®¥−¨ï ¨−áâàã¬¥−â®¢ ¢áâà®¥−−®© ®â«�¤ª¨. �®íâ®¬ã ¢ ª�ç¥áâ¢¥ ¢¨-
§ã�«ì−®£® ¨−â¥àä¥©á� ¢§�¨¬®¤¥©áâ¢¨ï á® ¢áâà®¥−−ë¬¨ áà¥¤áâ¢�¬¨ ®â«�¤ª¨ ÷�“
æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¨−â¥àä¥©á ®â«�¤ª¨ ª�¯áã« á¨áâ¥¬ë ª�¯áã«ì−®£®
¯à®£à�¬¬¨à®¢�−¨ï ¨ ®â«�¤ª¨ (‘Š�’) [3].

‚§�¨¬®¤¥©áâ¢¨¥ ‘Š�’ á �¯¯�à�âãà®© ®áãé¥áâ¢«ï¥âáï ¯à¨ ¯®¬®é¨ ¨−â¥àä¥©-
á� JTAG [7]. ‘ â®çª¨ §à¥−¨ï ¯®«ì§®¢�â¥«ï, ®â«�¤ª� ¢ �¯¯�à�âãà¥ ¢ë£«ï¤¨â â®ç−®
â�ª ¦¥, ª�ª ¨ ®â«�¤ª� ª�¯áã« −� VHDL-¬®¤¥«¨ ÷�“. …¤¨−áâ¢¥−−®¥ ®â«¨ç¨¥
§�ª«îç�¥âáï ¢ â®¬, çâ® ¨§¬¥−¥−¨ï ¢−ãâà¥−−¨å á®áâ®ï−¨© ¬®£ãâ ¡ëâì ¢ë¯®«−¥−ë
â®«ìª® −� â¥ªãé¥¬ è�£¥ (¯à¨ ¯®è�£®¢®© ®â«�¤ª¥) «¨¡® −¥ ¬®£ãâ ¡ëâì ¯à¨¬¥−¥−ë
á®¢á¥¬ (¥á«¨ ‘Š�’ à�¡®â�¥â ¢ à¥¦¨¬¥ �−�«¨§� á®¡à�−−®© ¨−ä®à¬�æ¨¨).

’�ª ª�ª à�¡®â� −®á¨â −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© å�à�ªâ¥à ¨ ¨¬¥¥âáï ¡®«ìè�ï
¢¥à®ïâ−®áâì ¢−¥á¥−¨ï ¨§¬¥−¥−¨© ¢ �¯¯�à�â−ãî ç�áâì ÷�“, −ã¦−® ®¡¥á¯¥ç¨âì
¢®§¬®¦−®áâì «¥£ª®© ¯®¤áâà®©ª¨ ‘Š�’ ¯®¤ −®¢ãî áâàãªâãàã �¯¯�à�âãàë. �®íâ®-
¬ã ¨−ä®à¬�æ¨ï ®¡ �¤à¥á�å ¢−ãâà¥−−¨å à¥£¨áâà®¢ ¨ ¯�¬ïâ¨ ÷�“ ¯à¥¤®áâ�¢«ï¥âáï
¤«ï ‘Š�’ ¢ ¢¨¤¥ XML-ä�©«�, çâ® ¯®§¢®«ï¥â «¥£ª® ¬®¤¨ä¨æ¨à®¢�âì ¯¥à¥ç¥−ì
¤®áâã¯−ëå ¤«ï ®â«�¤ª¨ à¥£¨áâà®¢ ¡¥§ ¯¥à¥ª®¬¯¨«ïæ¨¨.

6 Автоматизация диагностирования ошибок

�à®æ¥áá ®â«�¤ª¨, � ¨¬¥−−® ãáâ�−®¢ª� ¯à¨ç¨−ë ¢®§−¨ª−®¢¥−¨ï ®è¨¡ª¨, ¨¬¥¥â
¤®áâ�â®ç−® ¡®«ìèãî �−�«¨â¨ç¥áªãî ¨−â¥««¥ªâã�«ì−ãî á®áâ�¢«ïîéãî. —â®¡ë
á−¨§¨âì âàã¤®¥¬ª®áâì ¨ ãáª®à¨âì ¯à®æ¥áá ®¯à¥¤¥«¥−¨ï, −� ª�ª®¬ ãà®¢−¥ ¢®§−¨-
ª�¥â ®è¨¡ª� (ã¯à�¢«ïîé¨© ãà®¢¥−ì, ÷�“, ¨−â¥àä¥©á ¢§�¨¬®¤¥©áâ¢¨ï ãà®¢−¥©),
¤¨�£−®áâ¨à®¢�−¨¥ ¬®¦−® �¢â®¬�â¨§¨à®¢�âì á ¯®¬®éìî ‘Š�’ á«¥¤ãîé¨¬ ®¡à�-
§®¬:

1. ‘Š�’ áç¨âë¢�¥â ¨§ �¯¯�à�âãàë â¥ªãé¥¥ á®áâ®ï−¨¥ ÷�“, ¢ª«îç�ï ç�áâì
¡ãä¥à−®© ¯�¬ïâ¨, á®®â¢¥âáâ¢ãîéãî ª�¯áã«¥, ¢ å®¤¥ ¢ë¯®«−¥−¨ï ª®â®à®©
¡ë«� §�ä¨ªá¨à®¢�−� ®è¨¡ª�.

2. ‘âàãªâãà� ª�¯áã«ë (â¨¯ë ®¯¥à�−¤®¢ ¨ §−�ç¥−¨ï äã−ªæ¨®−�«ì−ëå ¯®«¥©)
áà�¢−¨¢�¥âáï á íâ�«®−®¬ (ª�¯áã«®©, ¯®¤£®â®¢«¥−−®© ¯®«ì§®¢�â¥«¥¬). …á«¨
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®âª«®−¥−¨© −¥ −�©¤¥−®, â® ¯¥à¥å®¤ ª è�£ã 3. ‚ ¯à®â¨¢−®¬ á«ãç�¥ ¬®¦−®
á¤¥«�âì ¢ë¢®¤, çâ® ®è¨¡ª� ¢®§−¨ª«� ¢ ¯à®æ¥áá¥ §�¯¨á¨ è�¡«®−� ª�¯áã«ë ¢
¡ãä¥à−ãî ¯�¬ïâì, á«¥¤®¢�â¥«ì−®, −¥®¡å®¤¨¬® ¯à®¢¥à¨âì à�¡®âã ã¯à�¢«ï-
îé¥£® ãà®¢−ï ¨ ¥£® á¨−åà®−¨§�æ¨î á ÷�“.

3. Š�¯áã«�, �¡á®«îâ−® ¨¤¥−â¨ç−�ï â®©, çâ® ¡ë«� ¢ë¯®«−¥−� ¢ �¯¯�à�âãà¥,
§�¯ãáª�¥âáï −� ¯à®£à�¬¬−®© ¬®¤¥«¨ ÷�“.

4. ÷¥§ã«ìâ�â ¢ë¯®«−¥−¨ï ¢ ¬®¤¥«¨ áà�¢−¨¢�¥âáï á ¤�−−ë¬¨, áç¨â�−−ë¬¨ ¨§
�¯¯�à�âãàë. …á«¨ ®−¨ á®¢¯�¤�îâ, â® ®è¨¡ª�, áª®à¥¥ ¢á¥£®, −¥ á¢ï§�−� á
ä¨§¨ç¥áª®© à¥�«¨§�æ¨¥© ¨ ¨¬¥¥â á¨áâ¥¬�â¨ç¥áª¨© å�à�ªâ¥à, � ¤�«ì−¥©èãî
®â«�¤ªã ¬®¦−® ¯à®¢®¤¨âì −� VHDL-¬®¤¥«¨ ÷�“.

’�ª¨¬ ®¡à�§®¬, ¢ �¢â®¬�â¨ç¥áª®¬ à¥¦¨¬¥ ¬®¦−® ¢ëïá−¨âì, ¢«¨ï¥â «¨ à¥�«¨-
§�æ¨ï ¢ �¯¯�à�âãà¥ −� ¯®ï¢«¥−¨¥ ®è¨¡ª¨, çâ® ¯®¬®£�¥â à¥§ª® á®ªà�â¨âì ®¡«�áâì
¯®¨áª�.

7 Заключение

÷�§à�¡®â�−−ë¥ áà¥¤áâ¢� ®â«�¤ª¨ ÷�“ ¯®§¢®«ïîâ ãáª®à¨âì ¯à®æ¥áá ®¡−�àã-
¦¥−¨ï ¨ «®ª�«¨§�æ¨¨ ®è¨¡®ª. �â® ¤®áâ¨£�¥âáï §� áç¥â ¢¢¥¤¥−¨ï ¢ �¯¯�à�âãàã
¤®¯®«−¨â¥«ì−®£® ¡«®ª� ®â«�¤ª¨, ¢§�¨¬®¤¥©áâ¢¨¥ á ª®â®àë¬ ®áãé¥áâ¢«ï¥âáï ç¥à¥§
¨−â¥àä¥©á JTAG, â�ª¨¬ ®¡à�§®¬ ®¡¥á¯¥ç¨¢�¥âáï ¤®áâã¯ ª ¢−ãâà¥−−¨¬ à¥£¨áâà�¬
¨ ¯�¬ïâ¨ ãáâà®©áâ¢�. ‘ ¯®¬®éìî ¢¨§ã�«ì−®£® ¨−â¥àä¥©á� ¯à®£à�¬¬ë ‘Š�’
¯®«ì§®¢�â¥«ì «¥£ª® ¬®¦¥â ¢ ¯®è�£®¢®¬ à¥¦¨¬¥ �−�«¨§¨à®¢�âì ¢−ãâà¥−−¥¥ á®áâ®-
ï−¨¥ ÷�“ ¨ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¬®¤¨ä¨æ¨à®¢�âì ¥£®. ‘à¥¤áâ¢� �¢â®¬�â¨§�æ¨¨
¤¨�£−®áâ¨à®¢�−¨ï ®è¨¡®ª, ¢áâà®¥−−ë¥ ¢ ‘Š�’, ¯®§¢®«ïîâ ãáª®à¨âì «®ª�«¨§�-
æ¨î ®è¨¡ª¨ §� áç¥â ®¯à¥¤¥«¥−¨ï ãà®¢−ï −� ª®â®à®¬ ®−� ¢®§−¨ª«�: ã¯à�¢«ïîé¨©
ãà®¢¥−ì «¨¡® ¨−â¥àä¥©á ¥£® ¢§�¨¬®¤¥©áâ¢¨ï á ÷�“; ®è¨¡ª� ¢ «®£¨ª¥ à�¡®âë
÷�“ ¨«¨ ¢ ª�¯áã«¥; ®è¨¡ª�, á¢ï§�−−�ï á ®á®¡¥−−®áâï¬¨ à¥�«¨§�æ¨¨ ¢ �¯¯�à�âãà¥
(−�¯à¨¬¥à, ®è¨¡ª¨ á¨−åà®−¨§�æ¨¨).
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å¨â¥ªâãàë (Œ�÷�), à¥�«¨§ã¥¬®© ¢ ¢¨¤¥ á¢¥àå¡®«ìè¨å ¨−â¥£à�«ì−ëå áå¥¬
(‘�ˆ‘) −� ªà¨áâ�««¥ �‹ˆ‘ (¯à®£à�¬¬¨àã¥¬®© «®£¨ç¥áª®© ¨−â¥£à�«ì−®©
áå¥¬ë) ä¨à¬ë Altera. �à¥¤«�£�¥¬�ï ¬®¤¥«ì ¯®§¢®«ï¥â à¥è�âì §�¤�ç¨ ®â«�¤ª¨
äã−ªæ¨®−�«ì−ëå ¡«®ª®¢ �àå¨â¥ªâãàë ¤® ¨å ¢−¥¤à¥−¨ï ¢ �¯¯�à�âãàã ¨ á«ã¦¨â
¨−áâàã¬¥−â®¬ à�§à�¡®âª¨ ¨ ®â«�¤ª¨ ¯à®£à�¬¬. �¯¨á�−ë ª«îç¥¢ë¥ �á¯¥ªâë
�àå¨â¥ªâãàë, á¯¥æ¨�«¨§¨à®¢�−−®£® ï§ëª� ¯à®£à�¬¬¨à®¢�−¨ï ¨ ¨å ®âà�¦¥−¨¥
¢ ¬®¤¥«¨.

Š«îç¥¢ë¥ á«®¢�: ¨¬¨â�æ¨®−−�ï ¬®¤¥«ì; ¯®â®ª®¢�ï �àå¨â¥ªâãà�; à¥ªãàà¥−â-
−®áâì; ¯à®£à�¬¬¨à®¢�−¨¥

1 Введение

‚ ˆ�ˆ ÷�� ¢¥¤ãâáï à�¡®âë ¯® á®§¤�−¨î −¥âà�¤¨æ¨®−−®© à¥ªãàà¥−â−®©
�àå¨â¥ªâãàë, ¯à¥¤−�§−�ç¥−−®© ¤«ï à¥�«¨§�æ¨¨ ¯�à�««¥«ì−ëå ¢ëç¨á«¥−¨© ®£à�-
−¨ç¥−−®© à�§¬¥à−®áâ¨ ¢ ®¡«�áâ¨ æ¨äà®¢®© ®¡à�¡®âª¨ á¨£−�«®¢. „«ï íªá¯¥à¨¬¥−-
â�«ì−®© �¯à®¡�æ¨¨ ¯à¥¤«�£�¥¬®© �àå¨â¥ªâãàë à�§à�¡�âë¢�¥âáï VHDL-¬®¤¥«ì
¨ ‘�ˆ‘ −� ¥¥ ®á−®¢¥ | à¥ªãàà¥−â−ë© ®¡à�¡®âç¨ª á¨£−�«®¢ (÷�‘). �− ¨á-
¯®«−ï¥âáï ¢ £¨¡à¨¤−®¬, ¤¢ãåãà®¢−¥¢®¬ ¢�à¨�−â¥ á ¢¥¤ãé¨¬ ä®−-−¥©¬�−®¢áª¨¬
¯à®æ¥áá®à®¬ −� ã¯à�¢«ïîé¥¬ (¢¥àå−¥¬) ãà®¢−¥ (““) ¨ àï¤®¬ ¯®â®ª®¢ëå ¯à®æ¥á-
á®à®¢ −� −¨¦−¥¬ ãà®¢−¥ | à¥ªãàà¥−â−®¬ ®¯¥à�æ¨®−−®¬ ãáâà®©áâ¢¥ (÷�“) [1].
�¯à®¡�æ¨ï ÷�‘ ®áãé¥áâ¢«ï¥âáï −� ¯à¨¬¥à¥ ¯à®£à�¬¬ë à�á¯®§−�¢�â¥«ï á«®¢.

�àå¨â¥ªâãà� ÷�“ à�¤¨ª�«ì−® ®â«¨ç�¥âáï ¯® ®á−®¢−ë¬ ¬®¬¥−â�¬ −¥ â®«ìª®
®â ª«�áá¨ç¥áª®© �àå¨â¥ªâãàë ä®− �¥©¬�−�, −® ¨ ®â ¤àã£¨å −¥âà�¤¨æ¨®−−ëå
¯�à�««¥«ì−ëå �àå¨â¥ªâãà. „«ï áãé¥áâ¢ãîé¨å âà�¤¨æ¨®−−ëå ¨ −¥âà�¤¨æ¨®−−ëå
ª®¬¯ìîâ¥à−ëå �àå¨â¥ªâãà å�à�ªâ¥à−® −�«¨ç¨¥ ¤¢ãå ¯®â®ª®¢: �ªâ¨¢−®£® ¯®â®ª�
¨−áâàãªæ¨© ¨ ¯�áá¨¢−®£® ¯®â®ª� ¤�−−ëå. ‚ ÷�“ ®¡� ¯®â®ª� á«¨¢�îâáï ¢
®¤¨− ®¡é¨© ¯®â®ª á�¬®¤®áâ�â®ç−ëå ¤�−−ëå, ¢ ª®â®à®¬, ¯®¬¨¬® á®¡áâ¢¥−−®

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ç�áâ¨ç−®© ä¨−�−á®¢®© ¯®¤¤¥à¦ª¥ ¯® �à®£à�¬¬¥ äã−¤�¬¥−â�«ì−ëå
¨áá«¥¤®¢�−¨© ��ˆ’ ÷�� −� 2012 £. (¯à®¥ªâ 1.5) ¨ �à®£à�¬¬¥ äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©
�à¥§¨¤¨ã¬� ÷�� (¯à®¥ªâ 16).
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Œ®¤¥«ì ¯®â®ª®¢®© �àå¨â¥ªâãàë −� ¯à¨¬¥à¥ à�á¯®§−�¢�â¥«ï á«®¢

®¡à�¡�âë¢�¥¬ëå ¤�−−ëå, á®¤¥à¦¨âáï ã¯à�¢«ïîé�ï ¨ á«ã¦¥¡−�ï ¨−ä®à¬�æ¨ï,
−¥®¡å®¤¨¬�ï ¤«ï ¨å ®¡à�¡®âª¨ (¢ áãé¥áâ¢ãîé¨å �àå¨â¥ªâãà�å ª®¤¨àã¥¬�ï ¢
ä®à¬¥ ¨−áâàãªæ¨©) [2, 3].

„«ï ¤®áâ¨¦¥−¨ï ¬�ªá¨¬�«ì−®© ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ¯à¥¤«�£�¥¬®© �àå¨â¥ª-
âãàë à�§à�¡�âë¢�¥âáï á®®â¢¥âáâ¢ãîé¥¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��), ®¯â¨-
¬¨§¨à®¢�−−®¥ ¤«ï ¢ë¯®«−¥−¨ï ¢ ¥¥ áà¥¤¥. ‚ ª�ç¥áâ¢¥ ®á−®¢−®£® ¨−áâàã¬¥−â�
¯à®£à�¬¬¨à®¢�−¨ï ÷�‘ ¢ëáâã¯�¥â á¯¥æ¨�«¨§¨à®¢�−−�ï áà¥¤� ‘Š�’ [4], ¨á¯®«ì-
§ãîé�ï VHDL-¬®¤¥«ì ª�ª ®á−®¢−®¥ áà¥¤áâ¢® ¨á¯®«−¥−¨ï ¨ ®â«�¤ª¨ ¯à®£à�¬¬.
�¤−�ª® íâ� ¢¥àá¨ï ‘Š�’ ®¡«�¤�¥â ®£à�−¨ç¥−−ë¬ −�¡®à®¬ ãâ¨«¨â �¢â®¬�â¨-
§�æ¨¨ ¯à®æ¥áá� à�§à�¡®âª¨ ��. ‘¯¥æ¨ä¨ç¥áª¨¥ ®á®¡¥−−®áâ¨, −¥ á¢®©áâ¢¥−−ë¥
¤àã£¨¬ �àå¨â¥ªâãà�¬, ¤¥«�îâ −¥¢®§¬®¦−ë¬ ¯à¨¬¥−¥−¨¥ ¢ ¯®«−®¬ ®¡ê¥¬¥ ¨§-
¢¥áâ−ëå ¬¥â®¤®¢ ¨ â¥å−®«®£¨© ¯à®£à�¬¬¨à®¢�−¨ï ¤«ï à�§à�¡®âª¨ ¯à®£à�¬¬ −�
áãé¥áâ¢ãîé¥¬ −¨§ª®ãà®¢−¥¢®¬ ï§ëª¥. �¥®¡å®¤¨¬ á¯¥æ¨�«¨§¨à®¢�−−ë© ï§ëª
¯à®£à�¬¬¨à®¢�−¨ï ¢ëá®ª®£® ãà®¢−ï ¨ ª®¬¯¨«ïâ®à ¤«ï −¥£®.

„®¯®«−¨â¥«ì−ë¬ ¯à¥¯ïâáâ¢¨¥¬ ¤«ï ãá¯¥è−®£® ¯à®£à�¬¬¨à®¢�−¨ï ¢ áà¥¤¥
Œ�÷� ï¢«ï¥âáï ®âáãâáâ¢¨¥ §�¢¥àè¥−−®©, ¯®«−®äã−ªæ¨®−�«ì−®© à¥�«¨§�æ¨¨
÷�‘ (VHDL-¬®¤¥«¨, ‘�ˆ‘) ¢ ¤�−−®© à�¡®â¥ ¨áá«¥¤®¢�â¥«ìáª®£® å�à�ªâ¥à�.

‚ à¥§ã«ìâ�â¥ �−�«¨§� ãª�§�−−ëå ¯à®¡«¥¬ ¡ë«® à¥è¥−® á®§¤�âì ¤®¯®«−¨-
â¥«ì−ãî, ®¡®á®¡«¥−−ãî ¬®¤¥«ì ÷�‘, ª®â®à�ï ¯®§¢®«¨«� ¡ë ®â«�¦¨¢�âì ¥£®
¯à®£à�¬¬ë, �−�«¨§¨à®¢�âì ¥£® ¯®¢¥¤¥−¨¥ ¨ «®ª�«¨§®¢ë¢�âì ¡«®ª¨ ¨ äã−ªæ¨¨
VHDL-¬®¤¥«¨, âà¥¡ãîé¨¥ ¤®à�¡®âª¨.

2 Ключевые особенности рекуррентного обработчика сигналов
и языка его программирования

÷¥ªãàà¥−â−ë© ®¡à�¡®âç¨ª á¨£−�«®¢ ®â−®á¨âáï ª ª«�ááã ¯®â®ª®¢ëå �àå¨â¥ª-
âãà, −®, ¢ ®â«¨ç¨¥ ®â −¨å, â¥£¨àã¥¬ë¥ ¤�−−ë¥ ï¢«ïîâáï á�¬®¤®áâ�â®ç−ë¬¨
(à¥ªãàà¥−â−® à�§¢®à�ç¨¢�îé¨¬¨áï). ’¥£¨ á®¤¥à¦�â −¥ª®â®àãî −�ç�«ì−ãî á¦�-
âãî ¨−ä®à¬�æ¨î, ®¡¥á¯¥ç¨¢�îéãî ¢ë¯®«−¥−¨¥ âà¥¡ã¥¬®© ¯à®æ¥¤ãàë. Š�¦¤ë©
á«¥¤ãîé¨© è�£ ¯à®æ¥¤ãàë à¥ªãàà¥−â−® á�¬®®¯à¥¤¥«ï¥âáï, ¢ â®¬ ç¨á«¥ á ãç¥â®¬
à¥§ã«ìâ�â� ¯à¥¤ë¤ãé¥£® è�£�.

‚ à�§à�¡�âë¢�¥¬®© �àå¨â¥ªâãà¥ ¢ á®áâ�¢ æ¥−âà�«ì−®£® ¯à®æ¥áá®à−®£® ãáâà®©-
áâ¢� (–�“) ¢ª«îç¥−® �¢â®−®¬−®¥ ãáâà®©áâ¢® ¯à¥®¡à�§®¢�−¨ï â¥£®¢ (�’), ª®â®à®¥
®¡«�¤�¥â ¢®§¬®¦−®áâìî á�¬®à�§¢¥àâª¨ à¥ªãàà¥−â−®£® ¢ëç¨á«¨â¥«ì−®£® ¯à®æ¥áá�
(‚�). “áâà®©áâ¢® �’ ¯à¥¤áâ�¢«ï¥â á®¡®© ®â−®á¨â¥«ì−® ¯à®áâãî ª®¬¡¨−�æ¨®−-
−ãî áå¥¬ã, á®¤¥à¦�éãî áà¥¤áâ¢� −�áâà®©ª¨ −� ¯à¥¤¬¥â−ãî ®¡«�áâì. ‚ ¯�¬ïâ¨
−�å®¤¨âáï â®«ìª® −�¡®à ®¯¥à�−¤®¢ (í«¥¬¥−â®¢ á�¬®¤®áâ�â®ç−ëå ¤�−−ëå) ¨ −�-
ç�«ì−ëå §−�ç¥−¨© ¨å äã−ªæ¨®−�«ì−ëå ¯®«¥©, ãáâà®©áâ¢®¬ �’ ¤¨−�¬¨ç¥áª¨
¯®¤¢¥à£�¥¬ëå à¥ªãàà¥−â−®© à�§¢¥àâª¥. ’�ª®¥ ¯à¥¤áâ�¢«¥−¨¥ ¯à®£à�¬¬ë −�§ë¢�-
¥âáï ª�¯áã«®©. �®«¥¥ ¯®¤à®¡−® á ¯à¥¤«�£�¥¬®© �àå¨â¥ªâãà®© ¬®¦−® ®§−�ª®¬¨âìáï
¢ à�¡®â¥ [2].
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„. ‚. •¨«ìª®, ā. �. ‘â¥¯ç¥−ª®¢

÷¨á. 1 ‘âàãªâãà� ÷�‘

‚ −�áâ®ïé¥¥ ¢à¥¬ï ÷�‘ à¥�«¨§ã¥âáï ¢ ®¤−®ªà¨áâ�«ì−®¬ ¨á¯®«−¥−¨¨ ¨ ¨¬¥-
¥â ç¥âëà¥ ¯à®æ¥áá®à−ëå ï¤à� (�Ÿ), á¯®á®¡−ëå äã−ªæ¨®−¨à®¢�âì ¯�à�««¥«ì−®.
’�ª¨¬ ®¡à�§®¬, ¬®¦−® £®¢®à¨âì ® ¯�à�««¥«¨§¬¥ −� ãà®¢−¥ �Ÿ. �¤−�ª® íâ®
−¥ ¥¤¨−áâ¢¥−−ë© ãà®¢¥−ì ¯�à�««¥«¨§¬�, §�¤¥©áâ¢®¢�−−ë© ¢ ÷�‘. ‘¯¥æ¨ä¨-
ª� ¨á¯®«−¥−¨ï �àå¨â¥ªâãàë ¯®§¢®«ï¥â ¢ë¤¥«¨âì ¤®áâ�â®ç−® £«ã¡®ª¨© ª®−¢¥©¥à,
ª�¦¤�ï ¨§ áâã¯¥−¥© ª®â®à®£® ¬®¦¥â äã−ªæ¨®−¨à®¢�âì −¥§�¢¨á¨¬®. ’�ª¦¥ ¬®¦−®
¢ë¤¥«¨âì ¯�à�««¥«¨§¬ −� á�¬®¬ −¨§ª®¬ ãà®¢−¥ | ¢ ¢ëç¨á«¨â¥«ì−ëå ¡«®ª�å ¨ à¥-
£¨áâà�å. ‚ −�áâ®ïé¥¬ ¨á¯®«−¥−¨¨ ÷�‘ ¯®¤¤¥à¦¨¢�¥â −¥áª®«ìª® à�§−®¢¨¤−®áâ¥©
áã¯¥àáª�«ïà−ëå à¥¦¨¬®¢ ¢ëç¨á«¥−¨© [5].

�� à¨á. 1 ¯à¨¢¥¤¥−� áâàãªâãà� ¤¢ãåãà®¢−¥¢®© �àå¨â¥ªâãàë ÷�‘, á ¯®¤à®¡-
−ë¬ ®¯¨á�−¨¥¬ ª®â®à®© ¬®¦−® ®§−�ª®¬¨âìáï ¢ à�¡®â¥ [1].

Š�ª ¡ë«® ¯à¥¤áâ�¢«¥−® ¢ëè¥, ÷�‘ ¨¬¥¥â á¢®© ã−¨ª�«ì−ë© ï§ëª ¯à®£à�¬-
¬¨à®¢�−¨ï, −�§ë¢�¥¬ë© ª�¯áã«ì−ë¬. ‚ ¯®á«¥¤ãîé¨å à�§¤¥«�å ¡ã¤¥â ¯à¨¢¥¤¥−
¯à¨¬¥à ¯à®£à�¬¬ë −� ª�¯áã«ì−®¬ ï§ëª¥. �à¥¤«�£�¥¬®¬ã ï§ëªã ¢ ç¨áâ®¬ ¢¨¤¥
(¡¥§ ¢á¯®¬®£�â¥«ì−ëå ãâ¨«¨â ¨ ¯®¤å®¤®¢) á¢®©áâ¢¥−−ë â¥ ¦¥ −¥¤®áâ�âª¨, çâ® ¨
¤àã£¨¬ ï§ëª�¬ �áá¥¬¡«¥à−®£® â¨¯�:
1. �®áª®«ìªã �«£®à¨â¬ ï¢«ï¥âáï ¯�à�««¥«ì−ë¬ ¨ à¥ªãàà¥−â−® á¢¥à−ãâë¬, ¯à®-

á«¥¤¨âì å®¤ ‚� ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−® ¢ ®âáãâáâ¢¨¥ á¯¥æ¨�«ì−ëå −�¢ëª®¢
¨«¨ ¨−áâàã¬¥−â�«ì−ëå áà¥¤áâ¢.

2. �à¨ á®§¤�−¨¨ �àå¨â¥ªâãàë ¨ ª�¯áã«ì−®£® ï§ëª� ¯à¥á«¥¤®¢�«�áì æ¥«ì ¬¨-
−¨¬¨§¨à®¢�âì à�§¬¥à ¯®â®ª� á�¬®¤®áâ�â®ç−ëå ¤�−−ëå. ‘ ®¤−®© áâ®à®−ë,
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Œ®¤¥«ì ¯®â®ª®¢®© �àå¨â¥ªâãàë −� ¯à¨¬¥à¥ à�á¯®§−�¢�â¥«ï á«®¢

íâ® ¤®áâ¨£�¥âáï ¡«�£®¤�àï à¥ªãàà¥−â−®© á¢¥àâª¥, � á ¤àã£®© | ¯à¨ ¯®¬®é¨
á¯¥æ¨�«ì−ëå ª®−áâàãªæ¨© ï§ëª�. �®íâ®¬ã ¯® áâàãªâãà¥ ¨ à�§¬¥àã ª�¯áã«ë
−¥¢®§¬®¦−® §�à�−¥¥ ®æ¥−¨âì ¢à¥¬ï ¥¥ ¨á¯®«−¥−¨ï (¢ ãá«®¢−ëå ¢ëç¨á«¨â¥«ì-
−ëå è�£�å). �à¨ ãá«®¢¨¨, çâ® ª�¯áã«� −�¯¨á�−� ª®àà¥ªâ−®, ¬¨−¨¬�«ì−�ï
¤«¨−� | ¥¥ ¯à¥¨¬ãé¥áâ¢®, ®¡®à�ç¨¢�îé¥¥áï ¯®â¥à¥© −�£«ï¤−®áâ¨.

�®¨áª ¢®§¬®¦−ëå ¯ãâ¥© ãáâà�−¥−¨ï íâ¨å −¥¤®áâ�âª®¢ ¯à¨¢¥« ª −¥®¡å®¤¨¬®áâ¨
¯®áâà®¥−¨ï ¬®¤¥«¥© ¯à®£à�¬¬. ÷�§¢¨â¨¥ â®ç−ëå ¬¥â®¤®¢ ¢ ¯à®£à�¬¬¨à®¢�−¨¨
¢ë§¢�«® ¢®§−¨ª−®¢¥−¨¥ à�§«¨ç−ëå ä®à¬�«ì−ëå ¬®¤¥«¥© ¯à®£à�¬¬, ¢ â®¬ ç¨á«¥
¨ ¬®¤¥«¥© ¯�à�««¥«ì−ëå ¯à®£à�¬¬. ‘à¥¤¨ −¨å ¬®¦−® ¢ë¤¥«¨âì: ®¯¥à�â®à−ë¥
áå¥¬ë ¯à®£à�¬¬, á¥â¨ �¥âà¨, UCLA-£à�äë ¨ ¤à. [6]. �â¨ ¬®¤¥«¨ ¯®§¢®«ïîâ
¯à¥¤áâ�¢¨âì �«£®à¨â¬ ¢ ¢¨¤¥ £à�ä®¢ëå áâàãªâãà, ¤¥¬®−áâà¨àãîé¨å ¯®á«¥¤®-
¢�â¥«ì−ë¥ ¨ ¯�à�««¥«ì−ë¥ ãç�áâª¨ ª�ª ¢ëç¨á«¨â¥«ì−®£®, â�ª ¨ ã¯à�¢«ïîé¥£®
¯à®æ¥áá�.

÷�§¢¨â¨¥¬ ¬®¤¥«¥© ¯�à�««¥«ì−ëå ¯à®£à�¬¬ ¤«ï ÷�‘ áâ�«� ª®−æ¥¯æ¨ï £à�-
ä®¤¨−�¬¨ª¨ [7]. ‘®£«�á−® íâ®© ª®−æ¥¯æ¨¨ ¯à®£à�¬¬� ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥
£¥−¥à¨àã¥¬®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ £à�ä®¢ ‚�. ‘®¤¥à¦�−¨¥ £à�ä®¢ §�¢¨á¨â ®â
−�áâà®©ª¨ ¯à¥®¡à�§®¢�â¥«ï â¥£®¢ −� ¯à¥¤¬¥â−ãî ®¡«�áâì. ‚ ÷�‘ §�¤�−® ¦¥áâ-
ª®¥ ®£à�−¨ç¥−¨¥ −� äã−ªæ¨®−�«ì−®áâì ¯à¥®¡à�§®¢�â¥«ï â¥£®¢, ¡«�£®¤�àï ç¥¬ã
¢®§¬®¦−� ®¡à�â−�ï âà�áá¨à®¢ª� ®â ª®−¥ç−®£® £à�ä� (à�§¢¥à−ãâ®£® �«£®à¨â¬�) ª
á¢¥à−ãâ®¬ã ¯à¥¤áâ�¢«¥−¨î (ª�¯áã«¥). ’�ª�ï ª®−æ¥¯æ¨ï ®¯à¥¤¥«ï¥â ¯®á«¥¤®¢�-
â¥«ì−®áâì à�§à�¡®âª¨ ª�¯áã«: ¯®áâà®¥−¨¥ ¤¨−�¬¨ç¥áª¨å £à�ä®¢ á ¯®á«¥¤ãîé¥©
á¢¥àâª®© ª®−¥ç−®£® £à�ä� ¢ ª�¯áã«ã.

3 Имитационная модель рекуррентного обработчика сигналов

÷�§à�¡®âª� ¬®¤¥«¨ ¯à¥á«¥¤ã¥â −¥áª®«ìª® æ¥«¥©, −�¨¡®«¥¥ §−�ç¨¬ë¥ ¨§ ª®â®-
àëå: ®â«�¤ª� ¨ ¤®à�¡®âª� VHDL-¬®¤¥«¨ ÷�‘ ¨ ¥¥ à¥�«¨§�æ¨¨ ¢ ¢¨¤¥ ‘�ˆ‘;
à�§à�¡®âª� ¨ ®â«�¤ª� �� ¢ ãá«®¢¨ïå ¯®áâ®ï−−® á®¢¥àè¥−áâ¢ãîé¥©áï á¯¥æ¨ä¨-
ª�æ¨¨ �àå¨â¥ªâãàë; ¨áá«¥¤®¢�−¨¥ à¥�ªæ¨© ¬®¤¥«¨ −� í¢®«îæ¨®−−®¥ à�§¢¨â¨¥
Œ�÷�.

„«ï ¯®áâà®¥−¨ï ¬®¤¥«¨ ÷�‘ ¡ë« ¢ë¡à�− ¬¥â®¤ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®-
¢�−¨ï, ¯®§¢®«ïîé¨© ®å¢�â¨âì ¢á¥ ¨−â¥à¥áãîé¨¥ à�§à�¡®âç¨ª®¢ �á¯¥ªâë äã−ª-
æ¨®−¨à®¢�−¨ï ÷�‘ ª�ª á¨áâ¥¬ë ¢ æ¥«®¬, � â�ª¦¥ äã−ªæ¨®−¨à®¢�−¨¥ �� ¢ ¥£®
áà¥¤¥.

�à¥¤«�£�¥¬ë© ¢�à¨�−â �àå¨â¥ªâãàë ÷�‘ âà¥¡ã¥â ¯à¥¤áâ�¢«¥−¨ï ¬−®¦¥áâ¢�
�«£®à¨â¬®¢ à�§à�¡�âë¢�¥¬®£® �� ¢ ¢¨¤¥ ¤¢ãåãà®¢−¥¢®© áâàãªâãàë. Š ¯¥à¢®¬ã
ãà®¢−î ¬®¦−® ®â−¥áâ¨ â¥ �«£®à¨â¬ë, à¥�«¨§�æ¨ï ª®â®àëå −¥æ¥«¥á®®¡à�§−� ¢
áà¥¤¥ ÷�“ (−�¯à¨¬¥à, �«£®à¨â¬ë ã¯à�¢«¥−¨ï ¤�−−ë¬¨, �«£®à¨â¬ë ã¯à�¢«¥−¨ï
‚� ¨ ¤à.). Š® ¢â®à®¬ã ãà®¢−î ®â−®áïâáï �«£®à¨â¬ë, à¥�«¨§ãîé¨¥ ¢ëç¨á«¨-
â¥«ì−ë¥ §�¤�ç¨ ¢ëá®ª®© áâ¥¯¥−¨ ¯�à�««¥«¨§¬� ¨ á«®¦−®áâ¨. �â® ï¢«ï¥âáï ¥é¥
®¤−®© ¯à¨ç¨−®© à�§à�¡®âª¨ ¨¬¨â�æ¨®−−®© ¬®¤¥«¨.
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‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢¥¤ãâáï à�¡®âë −�¤ ¤¢ã¬ï ¢¥àá¨ï¬¨ ¬®¤¥«¨ ÷�‘, à�§-
«¨ç−ë¬¨ ¯® á¢®¥© äã−ªæ¨®−�«ì−®áâ¨ ¨ −�§−�ç¥−¨î. �¥à¢�ï, ãá«®¢−® −�§¢�−−�ï
úç¥à−ë© ïé¨ªû | ã¯à®é¥−−�ï ¬®¤¥«ì, ä�ªâ¨ç¥áª¨ ¯à¥®¡à�§®¢�−−�ï ¢ �¢â®-
¬�â. ‚â®à�ï, −�§¢�−−�ï ú¨¬¨â�â®à ÷�‘û | ¯®«−®äã−ªæ¨®−�«ì−�ï ¬®¤¥«ì,
®¯¨áë¢�îé�ï ¯®¢¥¤¥−¨¥ ®á−®¢−ëå ¡«®ª®¢ ÷�‘ ¨ ¯®§¢®«ïîé�ï ®âá«¥¦¨¢�âì
¯à®â¥ª�−¨¥ ‚�.

A. Модель «черный ящик»

�â� ¢¥àá¨ï ¬®¤¥«¨ à�§à�¡�âë¢�¥âáï á æ¥«ìî �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá®¢ ®â«�¤ª¨
ú¨¬¨â�â®à� ÷�‘û, VHDL-¬®¤¥«¨ ¨ �¯¯�à�â−®© ®¤−®ªà¨áâ�«ì−®© à¥�«¨§�æ¨¨
÷�‘, � â�ª¦¥ �«£®à¨â¬®¢ ¯à®£à�¬¬ë à�á¯®§−�¢�â¥«ï á«®¢, ¨á¯®«−ï¥¬ëå ¢ áà¥¤¥
÷�‘.

Œ®¤¥«ì ï¢«ï¥âáï ®¤−¨¬ ¨§ ª®¬¯®−¥−â®¢ ¯®«−®äã−ªæ¨®−�«ì−®© ¢¥àá¨¨ ¨
¯®§¢®«ï¥â ®¯à¥¤¥«¨âì ª®àà¥ªâ−®áâì ¨«¨ −¥ª®àà¥ªâ−®áâì ¢å®¤−®£® −�¡®à� ¤�−−ëå
¤«ï §�¤�−−®© ¢å®¤−®© ¯à®£à�¬¬ë (ª�¯áã«ë) ¨ ¢ á«ãç�¥ ¥£® ª®àà¥ªâ−®áâ¨ |
¢ëç¨á«¨âì á®®â¢¥âáâ¢ãîé¨© ¢ëå®¤−®© −�¡®à ¤�−−ëå. �®«ãç¥−−ë© ¢ëå®¤−®©
−�¡®à ®â¯à�¢«ï¥âáï −� áà�¢−¥−¨¥ á à¥§ã«ìâ�â�¬¨ à�¡®âë ú¨¬¨â�â®à� ÷�‘û ¨«¨
�¯¯�à�â−®© à¥�«¨§�æ¨¨ ÷�‘ (¢ §�¢¨á¨¬®áâ¨ ®â ®¡ê¥ªâ� ®â«�¤ª¨).

Š®−æ¥¯âã�«ì−�ï áâàãªâãà� ¬®¤¥«¨ ¯à¥¤áâ�¢«¥−� −� à¨á. 2. �−� á®¤¥à¦¨â ¤¢�
®á−®¢−ëå ª®¬¯®−¥−â�: �−�«¨§�â®à ¢å®¤−®© ª�¯áã«ë ¨ ¢ëç¨á«¨â¥«ì.

�−�«¨§�â®à ¢å®¤−®© ª�¯áã«ë ®áãé¥áâ¢«ï¥â ¥¥ á¨−â�ªá¨ç¥áª¨© à�§¡®à á æ¥«ìî
¯®¨áª� à�§«¨ç−ëå ®¯¥à�−¤®¢, −¥áãé¨å ¢å®¤−ë¥ ¤�−−ë¥ ®â ““. �à¨ ®¡−�àã¦¥−¨¨
¢á¥å −¥®¡å®¤¨¬ëå ®¯¥à�−¤®¢ ä®à¬¨àã¥âáï ª®¬¯«¥ªâ â¥ªãé¨å ¢å®¤−ëå ¤�−−ëå.

‚ëç¨á«¨â¥«ì ï¢«ï¥âáï ¯à®áâë¬ �¢â®¬�â®¬, ®áãé¥áâ¢«ïîé¨¬ ¯®¨áª ª®¬¯«¥ª-
â� ¢ëå®¤−ëå ¤�−−ëå ¢ ¬�âà¨æ¥ ¤«ï §�¤�−−®© ª�¯áã«ë (�«£®à¨â¬�) ¨ â¥ªãé¥£®
ª®¬¯«¥ªâ� ¢å®¤−ëå ¤�−−ëå. ‚ á«ãç�¥ ¥á«¨ á®®â¢¥âáâ¢¨ï −¥ −�©¤¥−®, ä¨ªá¨àã¥âáï

÷¨á. 2 ‘âàãªâãà� ¬®¤¥«¨ úç¥à−ë© ïé¨ªû
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Œ®¤¥«ì ¯®â®ª®¢®© �àå¨â¥ªâãàë −� ¯à¨¬¥à¥ à�á¯®§−�¢�â¥«ï á«®¢

ä�ªâ −¥á®®â¢¥âáâ¢¨ï áâàãªâãàë ª�¯áã«ë ä®à¬�âã ¯®â®ª� ¤�−−ëå, ¯®áâã¯�îé¨å
á ““.

‚�¦−® ®â¬¥â¨âì, çâ® ãª�§�−−�ï ¬�âà¨æ� ä®à¬¨àã¥âáï §�à�−¥¥ ¯à®£à�¬¬¨-
áâ®¬, ¢ â¥ªãé¥© ¢¥àá¨¨ ¬®¤¥«¨ | ¢àãç−ãî. �à¨ ¤�«ì−¥©è¥¬ à�§¢¨â¨¨ ¢ á®áâ�¢
¬®¤¥«¨ ¡ã¤¥â ¢¢¥¤¥−� ãâ¨«¨â� ä®à¬¨à®¢�−¨ï ¬�âà¨æ.

Б. Модель «имитатор РОС»

„�−−�ï ¢¥àá¨ï ¬®¤¥«¨ −� â¥ªãé¥¬ íâ�¯¥ à�§à�¡®âª¨ ®à¨¥−â¨à®¢�−� −� ®â-
«�¤ªã ��, à�§à�¡�âë¢�¥¬®£® ¤«ï ÷�‘. ÷�§à�¡®âç¨ª¨ áâà¥¬ïâáï ª â®¬ã, çâ®¡ë
áâàãªâãà� ¬®¤¥«¨ ¬�ªá¨¬�«ì−® á®®â¢¥âáâ¢®¢�«� á¯¥æ¨ä¨ª�æ¨¨ ÷�‘ −� «®£¨ç¥-
áª®¬ ãà®¢−¥. „�−−ë© ¯®¤å®¤ ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¬®¤¥«ì ¤«ï ¨áá«¥¤®¢�−¨ï
¯®¢¥¤¥−¨ï äã−ªæ¨®−�«ì−ëå ¡«®ª®¢ ¨ «®ª�«¨§�æ¨¨ ®¡ê¥ªâ®¢ �àå¨â¥ªâãàë, ¥á-
«¨ ¯®ï¢¨âáï −¥®¡å®¤¨¬®áâì ¨å ¤®à�¡®âª¨. „àã£¨¬¨ á«®¢�¬¨ ®áãé¥áâ¢«ï¥âáï
£«ã¡®ª¨© �−�«¨§ ª�¯áã« ¨ í«¥¬¥−â®¢ �àå¨â¥ªâãàë ¨ ¯à®¢¥àª�:

(1) á®®â¢¥âáâ¢¨ï áâàãªâãàë ª�¯áã«ë �«£®à¨â¬� ä®à¬�âã ¯®â®ª� ¤�−−ëå, ¯®áâã-
¯�îé¨å á ““;

(2) á®®â¢¥âáâ¢¨ï ¯®¢¥¤¥−¨ï ú¨¬¨â�â®à� ÷�‘û ¨/¨«¨ �¯¯�à�â−®© à¥�«¨§�æ¨¨
÷�‘ âà¥¡®¢�−¨ï¬, §�«®¦¥−−ë¬ ¢ á¯¥æ¨ä¨ª�æ¨¨;

(3) ª®àà¥ªâ−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ à¥�«¨§�æ¨¨ ¨á¯®«−ï¥¬®© ª�¯áã«ë;

(4) æ¥«¥á®®¡à�§−®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ª®−ªà¥â−ëå ¬¥å�-
−¨§¬®¢ �àå¨â¥ªâãàë.

÷�áè¨à¥−−�ï ¢¥àá¨ï ¤�−−®© ¬®¤¥«¨ ¯à¥¤®áâ�¢«ï¥â á«¥¤ãîé¨¥ ¢®§¬®¦−®áâ¨:

(1) ¬ã«ìâ¨¯à®¥ªâ−®áâì | ¢®§¬®¦−®áâì à�¡®âë áà�§ã á −¥áª®«ìª¨¬¨ ¯à®¥ªâ�¬¨
®â«�¦¨¢�¥¬ëå ¯à®£à�¬¬−ëå á¨áâ¥¬ (−�¯à¨¬¥à, á −¥áª®«ìª¨¬¨ à�§«¨ç−ë¬¨
¯à®¥ªâ�¬¨ à�á¯®§−�¢�â¥«ï á«®¢);

(2) á®§¤�−¨¥, à¥¤�ªâ¨à®¢�−¨¥ ¨ ¨á¯®«−¥−¨¥ ¯à®£à�¬¬ (ª�¯áã«) −� ï§ëª¥ ª�¯-
áã«ì−®£® ¯à®£à�¬¬¨à®¢�−¨ï;

(3) ¯®¤ª«îç¥−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ á¯¥æ¨�«¨§¨à®¢�−−®£® ª®¬¯¨«ïâ®à� ¤«ï ï§ëª�
ª�¯áã«ì−®£® ¯à®£à�¬¬¨à®¢�−¨ï (¢ −�áâ®ïé¥¥ ¢à¥¬ï −�å®¤¨âáï ¢ à�§à�¡®âª¥);

(4) �¢â®¬�â¨ç¥áª®¥ ¨ ¯®è�£®¢®¥ ¬®¤¥«¨à®¢�−¨¥ ¯à®æ¥áá� ¨á¯®«−¥−¨ï ª�¯áã«ë
¨«¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ª�¯áã«; íâ� äã−ªæ¨ï ¯®§¢®«¨â â�ª¦¥ ®áãé¥áâ¢«ïâì
¯®«−ãî âà�áá¨à®¢ªã ‚�, � ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¨ ª®àà¥ªâ¨à®¢�âì ¥£® á
á®åà�−¥−¨¥¬ ¢á¥å ¨§¬¥−¥−¨© ¢ «®£;

(5) ¨á¯®«ì§®¢�−¨¥ ¬®¤¥«¨ úç¥à−ë© ïé¨ªû ¤«ï �¢â®¬�â¨§¨à®¢�−−®£® á�¬®â¥áâ¨-
à®¢�−¨ï ¨ ª®−âà®«ï à¥§ã«ìâ�â®¢ ¢ëç¨á«¥−¨ï ª�¯áã«.

Š®−æ¥¯âã�«ì−�ï áâàãªâãà� ¬®¤¥«¨, á®¤¥à¦�é�ï è¥áâì ®á−®¢−ëå ª®¬¯®−¥−-
â®¢, ¯à¥¤áâ�¢«¥−� −� à¨á. 3.
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÷¨á. 3 ‘âàãªâãà� ¬®¤¥«¨ ú¨¬¨â�â®à ÷�‘û

Š®¬¯®−¥−â ¢§�¨¬®¤¥©áâ¢¨ï á ““ ®¡¥á¯¥ç¨¢�¥â ¨−â¥àä¥©á, á®¢¬¥áâ¨¬ë© á ��
““. ‚¢¥¤¥−¨¥ íâ®£® ª®¬¯®−¥−â� ¯®§¢®«ï¥â ¯®¤ª«îç�âì ¨¬¨â�æ¨®−−ãî ¬®¤¥«ì ª
à¥�«ì−®¬ã ã¯à�¢«ïîé¥¬ã ¯à®æ¥áá®àã.

Š®¬¯®−¥−â ¨¬¨â�æ¨¨ ¡ãä¥à−®© ¯�¬ïâ¨ á®¢¬¥áâ−® á ª®¬¯®−¥−â®¬ ã¯à�¢«¥-
−¨ï ª�¯áã«�¬¨ à¥�«¨§ã¥â ¡«®ª ú��¬ïâìû (á¬. à¨á. 1): ®¡¥á¯¥ç¨¢�¥â åà�−¥−¨¥
¢−ãâà¥−−¥£® ¯à¥¤áâ�¢«¥−¨ï ª�¯áã«ë ¢ ¯�¬ïâ¨ ¬®¤¥«¨ ¨ ®à£�−¨§ã¥â ¤®áâã¯ ª −¥¬ã.

Š®¬¯®−¥−â ã¯à�¢«¥−¨ï ª�¯áã«�¬¨ ¯à¥¤®áâ�¢«ï¥â á¥à¢¨á−ë¥ äã−ªæ¨¨ ¤«ï à�-
¡®âë á −¨¬¨ (á®§¤�−¨¥, à¥¤�ªâ¨à®¢�−¨¥), � â�ª¦¥ ¯à¥®¡à�§ã¥â ¨áå®¤−ãî ª�¯áã«ã
¢® ¢−ãâà¥−−¥¥ ¯à¥¤áâ�¢«¥−¨¥ ¬®¤¥«¨.

Š®¬¯®−¥−â ã¯à�¢«¥−¨ï ¤�−−ë¬¨ | ª«îç¥¢®¥ «®£¨ç¥áª®¥ §¢¥−® ¬®¤¥«¨ |
à¥�«¨§ã¥âáï ¢ ¢¨¤¥ ¡«®ª� ú÷�á¯à¥¤¥«¨â¥«ìû ¨ ç¥âëà¥å ¡«®ª®¢ ú���û (á¬.
à¨á. 1). �− ®¡¥á¯¥ç¨¢�¥â à�ááë«ªã ®¯¥à�−¤®¢ ¢ ç¥âëà¥ ¯�à�««¥«ì−ëå ¯®â®ª�
¢ëç¨á«¥−¨© ¨ ®¡à�§®¢�−¨¥ ¯�à ®¯¥à�−¤®¢.

Š®¬¯®−¥−â ¨¬¨â�æ¨¨ ¢ëç¨á«¨â¥«¥©, á®¤¥à¦�é¨© ç¥âëà¥ ¡«®ª�
ú�‹“ + Œ�‘ + �’û (á¬. à¨á. 1), ®à£�−¨§ã¥â ¤¥è¨äà�æ¨î ¨ ¢ëç¨á«¥−¨ï ¢
ª�¦¤®¬ ¡«®ª¥ ú‚ëç¨á«¨â¥«ìû ¢ ¯á¥¢¤®¯�à�««¥«ì−®¬ à¥¦¨¬¥ (§� ®¤¨− â�ªâ á¨−-
åà®−¨§�æ¨¨ ¬®¤¥«¨ ¯®á«¥¤®¢�â¥«ì−® ®âà�¡�âë¢�îâ ç¥âëà¥ ¢ëç¨á«¨â¥«ï).

Š®¬¯®−¥−â ª®¬¬ãâ�æ¨¨ ¯à®¬¥¦ãâ®ç−ëå ¤�−−ëå (¡«®ª úˆ−â¥àä¥©á ®¡¬¥−�
¤�−−ë¬¨û −� à¨á. 1) ®áãé¥áâ¢«ï¥â á¡®à ¨ ¯¥à¥à�á¯à¥¤¥«¥−¨¥ ¯à®¬¥¦ãâ®ç−ëå
¤�−−ëå ¬¥¦¤ã ¢ëå®¤−ë¬¨ ¡ãä¥à�¬¨ ¬®¤¥«¨ ¨ ª®¬¯®−¥−â®¬ ã¯à�¢«¥−¨ï ¤�−-
−ë¬¨.
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Œ®¤¥«ì ¯®â®ª®¢®© �àå¨â¥ªâãàë −� ¯à¨¬¥à¥ à�á¯®§−�¢�â¥«ï á«®¢

÷¥�«¨§�æ¨ï ¢á¥å ãª�§�−−ëå äã−ªæ¨© ¨ ª®¬¯®−¥−â®¢ ¯®§¢®«¨â á®§¤�âì ã−¨-
¢¥àá�«ì−®¥ ¯à®£à�¬¬−®¥ áà¥¤áâ¢®, ¯à¨£®¤−®¥ ª�ª ¤«ï ®â«�¤ª¨ ��, â�ª ¨ ¤«ï
®â«�¤ª¨ ¨ ãá®¢¥àè¥−áâ¢®¢�−¨ï �àå¨â¥ªâãàë ÷�‘.

4 Пример применения модели

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¯à¨¢®¤¨âáï äà�£¬¥−â ª�¯áã«ë ¢ëç¨á«¥−¨ï ç¥âëà¥å −�âã-
à�«ì−ëå «®£�à¨ä¬®¢. ‡¤¥áì ª�¯áã«� á®áâ�¢«¥−� ª®àà¥ªâ−® ¨ §�¯®«−¥−� ª®àà¥ªâ-
−ë¬ −�¡®à®¬ ¤�−−ëå. �¦¨¤�¥¬ë© à¥§ã«ìâ�â ¬®¤¥«¨ | ¢ëå®¤−®© −�¡®à ¤�−−ëå.
”à�£¬¥−â ª�¯áã«ë ¯à¨¢®¤¨âáï ¡¥§ ª®¬¬¥−â�à¨¥¢, â�ª ª�ª íâ¨ ¤�−−ë¥ ï¢«ïîâáï
−®ã-å�ã ¨ −¥ à�áªàë¢�îâáï à�§à�¡®âç¨ª�¬¨.

@d0=-1 Acg: Cx=3 Cp=4 Cc=d Cr= Ce=ecs Cs=ei;

@d0=-1 At: Tc= Tm= Tu= Tr= Tn=0 To=0 Ts= Te= Ta= [Sm=2 Dr=1111 ];

@d0=-1 Cacn: [Oc=*sa Ou=l Sm=0 Dr=1111 Ds=o De= ];

@d0=-1 Ccs: [Oc= Ou=k Sm=0 Dr=1111 Ds= De=] Cj=ri Cl⇒ Cd=Cb=Cs=0 Cm=;
@d0 = 0 Di: V = 6454 [Oc = *sa Ou = l Sm = 1 Dr = 0001 Ds = n De = ];

@d0 = 1 Di: V = 16002 [Oc = *sa Ou = l Sm = 1 Dr = 0010 Ds = n De = ];

@d0 = 2 Di: V = 11170 [Oc = *sa Ou = l Sm = 1 Dr = 0100 Ds = n De = ];

@d0 = 3 Di: V = 8917 [Oc = *sa Ou = l Sm = 1 Dr = 1000 Ds = n De = ];

{ { {

@d0=-1 Di: V=ra [Oc=e Ou=k Sm=0 Dr=1111 Ds=o De= ];

{ { {

@d0=-1 Di: V=rc [Oc=e Ou=e Sm=0 Dr=1111 Ds=n De= ];

@d0=-1 Az:

‚ ¤�−−®¬ ¯à¨¬¥à¥ ¢å®¤−ë¥ ¤�−−ë¥ ¢ë¤¥«¥−ë ªãàá¨¢®¬. …á«¨ ¤«ï −�£«ï¤-
−®áâ¨ ®¡®§−�ç¨âì

g1 = 6454 , g2 = 16 002 , g3 = 11 170 , g4 = 8917 ,

â® ®â«�¤®ç−ë¥ §�¯ãáª¨ à�á¯®§−�¢�â¥«ï á«®¢ á æ¥«ìî ¨§¢«¥ç¥−¨ï ¯à®¬¥¦ãâ®ç−ëå
§−�ç¥−¨© −�âãà�«ì−ëå «®£�à¨ä¬®¢ ãª�§�−−ëå ¢¥«¨ç¨− ¯à¨¢®¤ïâ ª á«¥¤ãîé¨¬
à¥§ã«ìâ�â�¬:

ln(g1) = 7187 , ln(g2) = 21 947 , ln(g3) = 13 659 , ln(g4) = 10 409 .

÷¥§ã«ìâ�âë §�¯ãáª� ¬®¤¥«¨ úç¥à−ë© ïé¨ªû ®âà�¦¥−ë −� à¨á. 4 ¨ á®¢¯�¤�îâ
á ®¦¨¤�¥¬ë¬¨.
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÷¨á. 4 ÷¥§ã«ìâ�â §�¯ãáª� ¬®¤¥«¨ úç¥à−ë© ïé¨ªû

5 Заключение

„«ï ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ ¨ ª�ç¥áâ¢� ¯à®æ¥áá� à�§à�¡®âª¨ ¯®«−®äã−ª-
æ¨®−�«ì−®© VHDL-¬®¤¥«¨ ÷�‘ ¨ ‘�ˆ‘ −� ¥¥ ®á−®¢¥ á®§¤�−� ¨¬¨â�æ¨®−−�ï
¬®¤¥«ì ÷�‘, ®âà�¦�îé�ï âà¥¡®¢�−¨ï á¯¥æ¨ä¨ª�æ¨¨.

Œ®¤¥«ì −�£«ï¤−® ¤¥¬®−áâà¨àã¥â ¯à®æ¥ááë, ¯à®â¥ª�îé¨¥ ¢−ãâà¨ ÷�‘, á«ã-
¦¨â å®à®è¨¬ áà¥¤áâ¢®¬ ®¡−�àã¦¥−¨ï ®è¨¡®ª ¢ �� ¨ ¯®¤¤¥à¦¨¢�¥â ¤¢� à¥¦¨¬�
à�¡®âë, ª�¦¤ë© ¨§ ª®â®àëå ¨¬¥¥â ã−¨ª�«ì−®¥ −�§−�ç¥−¨¥ ¨ ®¡«�áâì ¯à¨¬¥-
−¥−¨ï. �¡� à¥¦¨¬� á®§¤�−ë, çâ®¡ë ¯à¥¤®áâ�¢«ïâì ã¤®¡−ë© ¨−áâàã¬¥−â�à¨©
¯à®£à�¬¬¨áâ�¬ ¨ à�§à�¡®âç¨ª�¬ �¯¯�à�â−®© à¥�«¨§�æ¨¨ ÷�‘.

÷�§à�¡®âç¨ª¨ ¬®¤¥«¨ −�¤¥îâáï, çâ® ®−� áâ�−¥â ¬®é−ë¬ ¨−áâàã¬¥−â®¬ ®â«�¤-
ª¨ ¨ ¯à®¥ªâ¨à®¢�−¨ï á«®¦−ëå ¢−ãâà¥−−¨å ¬¥å�−¨§¬®¢ ÷�‘.

Литература

1. ‘â¥¯ç¥−ª®¢ ā. �., �¥âàãå¨− ‚. ‘. �á®¡¥−−®áâ¨ £¨¡à¨¤−®£® ¢�à¨�−â� à¥�«¨§�æ¨¨
−� �‹ˆ‘ à¥ªãàà¥−â−®£® ®¡à�¡®âç¨ª� á¨£−�«®¢ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨.
„®¯. ¢ë¯. | Œ.: ˆ�ˆ ÷��, 2008. ‘. 118{129.

2. ‘â¥¯ç¥−ª®¢ ā. �., �¥âàãå¨− ‚. ‘., ”¨«¨− �. ‚. ÷¥ªãàà¥−â−®¥ ®¯¥à�æ¨®−−®¥
ãáâà®©áâ¢® ¤«ï ¯à®æ¥áá®à®¢ ®¡à�¡®âª¨ á¨£−�«®¢ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨-
ª¨. | Œ.: ��ãª�, 2001. ‚ë¯. 11. ‘. 283{315.

56 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



Œ®¤¥«ì ¯®â®ª®¢®© �àå¨â¥ªâãàë −� ¯à¨¬¥à¥ à�á¯®§−�¢�â¥«ï á«®¢

3. •¨«ìª® „. ‚., ‘â¥¯ç¥−ª®¢ ā. �. ‚®¯à®áë ¯à®£à�¬¬¨àã¥¬®áâ¨ ¬−®£®ï¤¥à−®© ¢ëç¨á-
«¨â¥«ì−®© �àå¨â¥ªâãàë á ¥¤¨−ë¬ ¯®â®ª®¬ ¤«ï íää¥ªâ¨¢−®© à¥�«¨§�æ¨¨ à¥ªãàà¥−â-
−ëå ¢ëç¨á«¥−¨© // Œ−®£®ï¤¥à−ë¥ ¯à®æ¥áá®àë ¨ ¯�à�««¥«ì−®¥ ¯à®£à�¬¬¨à®¢�−¨¥;
‘¨áâ¥¬ë ®¡à�¡®âª¨ á¨£−�«®¢ −� ¡�§¥ �‹ˆ‘ ¨ æ¨äà®¢ëå á¨£−�«ì−ëå ¯à®æ¥áá®à®¢:
‘¡. áâ. ÷¥£¨®−. −�ãç.-¯à�ªâ. ª®−ä. | ��à−�ã«: �«â�©áª¨© ã−-â, 2011. ‘. 86{92.

4. ‡¥«¥−®¢ ÷. �., ‘â¥¯ç¥−ª®¢ ā. �., ‚®«ç¥ª ‚. �., •¨«ìª® „. ‚., ˜−¥©¤¥à ā. �.,
�à®ª®äì¥¢ �. �. ‘¨áâ¥¬� ª�¯áã«ì−®£® ¯à®£à�¬¬¨à®¢�−¨ï ¨ ®â«�¤ª¨ // ‘¨áâ¥¬ë ¨
áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨. | Œ.: ’�÷“‘ �÷…‘‘, 2010. ‚ë¯. 20. ü 1. ‘. 24{30.

5. ‘â¥¯ç¥−ª®¢ ā. �., ‚®«ç¥ª ‚. �., �¥âàãå¨− ‚. ‘., �à®ª®äì¥¢ �. �., ‡¥«¥−®¢ ÷. �.
Œ¥å�−¨§¬ë ®¡¥á¯¥ç¥−¨ï ¯®¤¤¥à¦ª¨ �«£®à¨â¬®¢ æ¨äà®¢®© ®¡à�¡®âª¨ à¥ç¥¢ëå á¨£−�-
«®¢ ¢ à¥ªãàà¥−â−®¬ ®¡à�¡®âç¨ª¥ á¨£−�«®¢ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨. |
Œ.: ’�÷“‘ �÷…‘‘, 2010. ‚ë¯. 20. ü 1. ‘. 31{47.

6. �¨â¥àá®− „¦. ’¥®à¨ï á¥â¥© �¥âà¨ ¨ ¬®¤¥«¨à®¢�−¨¥ á¨áâ¥¬ / �¥à. á �−£«. | Œ.:
Œ¨à, 1984. 264 á.

7. ”¨«¨− �. ‚. „¨−�¬¨ç¥áª¨© ¯®¤å®¤ ª ¢ë¡®àã �àå¨â¥ªâãàë ¢ëç¨á«¨â¥«ì−ëå ãáâà®©áâ¢
®¡à�¡®âª¨ á¨£−�«®¢ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨. | Œ.: ��ãª�, 2001.
‚ë¯. 11. ‘. 247{261.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012 57



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2012. ’. 22. ü 2. ‘. 58{78

АВТОМАТИЗАЦИЯ ОБРАБОТКИ ИНФОРМАЦИИ
ДЛЯ ОБНАРУЖЕНИЯ АНОМАЛИЙ ФОРМЫ

РЕЛЬСОВЫХ НИТЕЙ

С. К. Дулин1, И. Н. Розенберг2, В. И. Уманский3

�−−®â�æ¨ï: �� ®á−®¢¥ �−�«¨§� íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå ¯à¥¤«®¦¥−ë
�−�«¨â¨ç¥áª¨¥ ¬®¤¥«¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨, ¯®áâã¯�îé¥© ®â ¨§¬¥à¨â¥«¥©
¨−¥àæ¨�«ì−®-á¯ãâ−¨ª®¢®© á¨áâ¥¬ë, ä¨ªá¨àãîé¨å �−®¬�«¨¨ ä®à¬ë à¥«ìá®-
¢®© −¨â¨ (�”÷�). Œ®¤¥«¨ ®¯¨áë¢�îâáï −¥áâ�æ¨®−�à−ë¬¨ ¤¨ää¥à¥−æ¨�«ì-
−ë¬¨ ãà�¢−¥−¨ï¬¨ á −¥¨§¢¥áâ−ë¬¨ ¯�à�¬¥âà�¬¨. �®«ãç¥−−ë¥ ãà�¢−¥−¨ï
®æ¥−ª¨ ¢¥ªâ®à� á®áâ®ï−¨ï ¨−â¥£à¨à®¢�−−®© −�¢¨£�æ¨®−−®© á¨áâ¥¬ë (�‘) ¯®-
§¢®«¨«¨ à�§à�¡®â�âì ¬¥â®¤ ¨¤¥−â¨ä¨ª�æ¨¨ ¯�à�¬¥âà®¢ �”÷�, á¢®¡®¤−ë© ®â
−¥®¡å®¤¨¬®áâ¨ à�áè¨à¥−¨ï à�§¬¥à−®áâ¨ ä¨«ìâà� ¨ ¤®¯ãé¥−¨ï ® áâ�æ¨®−�à-
−®áâ¨ ¨¤¥−â¨ä¨æ¨àã¥¬ëå ¯�à�¬¥âà®¢ ¨ ®¡¥á¯¥ç¨¢�îé¨© ¯®¢ëè¥−¨¥ â®ç−®áâ¨
¨¤¥−â¨ä¨ª�æ¨¨ §� áç¥â ¨á¯®«ì§®¢�−¨ï ¢¥à®ïâ−®áâ−ëå ªà¨â¥à¨¥¢, −¥«¨−¥©−®
§�¢¨áïé¨å ®â �¯®áâ¥à¨®à−®© ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨ (��‚) ¢¥ªâ®à� á®áâ®ï−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¨−¥àæ¨�«ì−®-á¯ãâ−¨ª®¢�ï á¨áâ¥¬�; �−®¬�«¨ï ä®à¬ë à¥«ì-
á®¢®© −¨â¨; �¯®áâ¥à¨®à−�ï ¯«®â−®áâì ¢¥à®ïâ−®áâ¨ ¢¥ªâ®à� á®áâ®ï−¨ï

1 Введение

Š«îç¥¢®© §�¤�ç¥© ¨−â¥««¥ªâã�«¨§�æ¨¨ áà¥¤áâ¢ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ®
á®áâ®ï−¨¨ â¥å−¨ç¥áª¨å ®¡ê¥ªâ®¢ ï¢«ï¥âáï á®§¤�−¨¥ ¨−ä®à¬�æ¨®−−®-¨§¬¥à¨â¥«ì-
−ëå á¨áâ¥¬, ¯®§¢®«ïîé¨å ®áãé¥áâ¢¨âì ¨−â¥£à�æ¨î ¯à®áâà�−áâ¢¥−−®-à�á¯à¥-
¤¥«¥−−®© ¨−ä®à¬�æ¨¨, á ª®â®à®© ¨¬¥¥â ¤¥«® £¥®£à�ä¨ç¥áª�ï ¨−ä®à¬�æ¨®−−�ï
á¨áâ¥¬� (ƒˆ‘), á ¤�−−ë¬¨ ¢ëá®ª®â®ç−®£® á¯ãâ−¨ª®¢®£® ¯®§¨æ¨®−¨à®¢�−¨ï, ®¡ê-
¥¤¨−¨¢ ¨å ¢ ¥¤¨−®© £¥®¨−ä®à¬�æ¨®−−®© ¡�§¥ ¤�−−ëå ®âà�á«¨. �â® ¯®§¢®«¨â
à�áá¬�âà¨¢�âì ¢á¥ ¢¨¤ë £¥®¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¢® ¢§�¨¬®á¢ï§¨ ¨ ®¯¥à�-
â¨¢−® ¯®«ãç�âì ¨−ä®à¬�æ¨î −¥®¡å®¤¨¬®£® ¢¨¤� ¨ á®¤¥à¦�−¨ï.

�æ¥−ª� ¯�à�¬¥âà®¢ �”÷� ¯® ¨§¬¥à¨â¥«ì−®© ¨−ä®à¬�æ¨¨, ¯®áâã¯�îé¥© ®â
¯à¨¡®à®¢ | £¨à®áª®¯®¢ ¨ �ªá¥«¥à®¬¥âà®¢, | −¥ ¬®¦¥â ¡ëâì à¥è¥−� ¡¥§ ãç¥â�
á®®â¢¥âáâ¢ãîé¨å �¯à¨®à−ëå ¤�−−ëå á âà¥¡ã¥¬®© ¤®áâ®¢¥à−®áâìî ¢ à¥�«ì−®¬

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, s.dulin@ccas.ru
2��� ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨ ¯à®¥ªâ−®-ª®−áâàãªâ®àáª¨© ¨−áâ¨âãâ ¨−ä®à¬�â¨§�æ¨¨,

�¢â®¬�â¨§�æ¨¨ ¨ á¢ï§¨ −� ¦¥«¥§−®¤®à®¦−®¬ âà�−á¯®àâ¥ (�ˆˆ�‘), I.Rozenberg@gismps.ru
3‡�� ˆ−â¥å£¥®âà�−á, umanvi@yandex.ru
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�¢â®¬�â¨§�æ¨ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¤«ï ®¡−�àã¦¥−¨ï �”÷�

¬�áèâ�¡¥ ¢à¥¬¥−¨ ¢ á¨«ã â®£®, çâ® £¨à®áª®¯ë ¨ �ªá¥«¥à®¬¥âàë ¢ë¤�îâ ¨§¬¥à¥−¨ï
¢¥ªâ®à®¢ áª®à®áâ¨ ¨ ãáª®à¥−¨ï á® á«ãç�©−ë¬¨ ®è¨¡ª�¬¨ ¨ ¬®¬¥−âë ¢à¥¬¥−¨
¯®ï¢«¥−¨ï −� à¥«ìá®¢®© −¨â¨ �”÷� �¯à¨®à¨ −¥ ¨§¢¥áâ−ë | ®−¨ á«ãç�©−ë,
á«ãç�©−®áâì ¨¬¥¥â ¬¥áâ® â�ª¦¥ ¨ ¢ §−�ç¥−¨ïå ¯�à�¬¥âà®¢ �”÷�.

�®íâ®¬ã ¤�−−�ï §�¤�ç� ¬®¦¥â ¡ëâì ¯®áâ�¢«¥−� ¨ à�§à¥è¥−� â®«ìª® ª�ª
¤¨−�¬¨ç¥áª�ï áâ�â¨áâ¨ç¥áª�ï §�¤�ç� ®¤−®¢à¥¬¥−−®£® ®¡−�àã¦¥−¨ï ¨ ®æ¥−¨¢�-
−¨ï ¯�à�¬¥âà®¢ �”÷� ¯à¨ ¨áå®¤−ëå ¤�−−ëå ¢ ¢¨¤¥ á¨áâ¥¬ áâ®å�áâ¨ç¥áª¨å
¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ¢¥ªâ®à� á®áâ®ï−¨ï «®ª®¬®â¨¢�, áâ®å�áâ¨ç¥áª¨å
¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© −�¡«î¤¥−¨ï, ®¯¨áë¢�îé¨å á¢ï§ì ¨§¬¥à¥−¨© á
¯�à�¬¥âà�¬¨ �”÷�, ¨ ªà¨â¥à¨ï ®¯â¨¬�«ì−®áâ¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¢ ¢¨¤¥ �¯®áâ¥-
à¨®à−®£® äã−ªæ¨®−�«� ¯à¨ ãá«®¢¨¨ ¯®«ãç¥−−ëå ¨§¬¥à¥−¨© ¢ â¥ªãé¨¥ ¬®¬¥−âë
¢à¥¬¥−¨.

‚ ¯à¥¤áâ�¢«¥−−®© à�¡®â¥ −� ®á−®¢¥ íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå ¢¯¥à¢ë¥
à�§à�¡®â�−ë �−�«¨â¨ç¥áª¨¥ ¬®¤¥«¨ à¥�ªæ¨¨ ¨§¬¥à¨â¥«¥© ¨−¥àæ¨�«ì−®-á¯ãâ−¨-
ª®¢®© á¨áâ¥¬ë −� �”÷�, ®¯¨áë¢�¥¬ë¥ −¥áâ�æ¨®−�à−ë¬¨ ¤¨ää¥à¥−æ¨�«ì−ë¬¨
ãà�¢−¥−¨ï¬¨ á −¥¨§¢¥áâ−ë¬¨ ¯�à�¬¥âà�¬¨, ®¯à¥¤¥«ïîé¨¬¨ å�à�ªâ¥à �”÷�.
�®«ãç¥−−ë¥ ¬®¤¥«¨ ¯®á«ã¦¨«¨ ®á−®¢®© ¤«ï á®§¤�−¨ï ®à¨£¨−�«ì−®£® ¬¥â®¤�
¨¤¥−â¨ä¨ª�æ¨¨ ¯�à�¬¥âà®¢ �”÷� ¢ à¥�«ì−®¬ ¢à¥¬¥−¨, á¢®¡®¤−®£® ®â −¥¤®-
áâ�âª®¢ âà�¤¨æ¨®−−ëå ¬¥â®¤®¢ �¤�¯â¨¢−®© ä¨«ìâà�æ¨¨ [1, 2] | −¥®¡å®¤¨¬®áâ¨
à�áè¨à¥−¨ï à�§¬¥à−®áâ¨ ä¨«ìâà� ¨ ¤®¯ãé¥−¨ï ® áâ�æ¨®−�à−®áâ¨ ¨¤¥−â¨ä¨æ¨-
àã¥¬ëå ¯�à�¬¥âà®¢. Œ¥â®¤ ®¡¥á¯¥ç¨¢�¥â ¯®¢ëè¥−¨¥ â®ç−®áâ¨ ¨¤¥−â¨ä¨ª�æ¨¨
§� áç¥â ¨á¯®«ì§®¢�−¨ï ¢¥à®ïâ−®áâ−ëå ªà¨â¥à¨¥¢, −¥«¨−¥©−® §�¢¨áïé¨å ®â ��‚
á®áâ®ï−¨ï.

�à®¢¥¤¥−−ë© �−�«¨§ ¯à¨ç¨− ¨ ãá«®¢¨© ¢®§−¨ª−®¢¥−¨ï �”÷� ¯®ª�§�«, çâ®
¬¥â®¤ ®¡−�àã¦¥−¨ï �”÷� ¤®«¦¥− à�¡®â�âì ¯® ªà¨â¥à¨î á®¢¬¥áâ−®£® ®¡−�àã¦¥-
−¨ï �«ìâ¥à−�â¨¢−ëå á«®¦−ëå £¨¯®â¥§, ¯à¥¤áâ�¢«ïîé¨å ¢®§¬®¦−ë¥ â¨¯ë �”÷�
−� à�§«¨ç−ëå ãç�áâª�å ¤¢¨¦¥−¨ï «®ª®¬®â¨¢� ¯à¨ �¤¤¨â¨¢−®¬ ¢®§¤¥©áâ¢¨¨ ¯®-
¬¥å. „®áâ®¢¥à−®áâì ®¡−�àã¦¥−¨ï �”÷� ¯à¨ íâ®¬ ®¯à¥¤¥«ï¥âáï ¢¥à®ïâ−®áâìî
¯à¥¢ëè¥−¨ï ª®àà¥«ïæ¨®−−ë¬ ¨−â¥£à�«®¬ ¯®à®£®¢®£® ãà®¢−ï, ãáâ�−�¢«¨¢�¥¬®-
£® ¯® ¤®¯ãáâ¨¬®© ¢¥à®ïâ−®áâ¨ «®¦−®£® ®¡−�àã¦¥−¨ï �”÷� ¨§-§� ¯®¬¥å ¯à¨
¤¢¨¦¥−¨¨ «®ª®¬®â¨¢�.

�â«¨ç¨â¥«ì−®© ®á®¡¥−−®áâìî à�§à�¡®â�−−ëå ¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ ®¯¥à�-
â¨¢−®£® ¬®−¨â®à¨−£� �”÷� ¯® ¤�−−ë¬ ¡®àâ®¢®© ¨−¥àæ¨�«ì−®-á¯ãâ−¨ª®¢®©
á¨áâ¥¬ë ®â à¥§ã«ìâ�â®¢ ¯à¥¤ë¤ãé¨å ¨áá«¥¤®¢�−¨© ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ªà¨-
â¥à¨ï á®¢¬¥áâ−®£® ®¡−�àã¦¥−¨ï ¨ ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ �«ìâ¥à−�â¨¢−ëå á«®¦-
−ëå £¨¯®â¥§ ¨ ¬¥â®¤� áã¡®¯â¨¬�«ì−®© ¨¤¥−â¨ä¨ª�æ¨¨ ¯�à�¬¥âà®¢ �”÷� ¢
à¥�«ì−®¬ ¢à¥¬¥−¨. �®¢ëè¥−¨¥ â®ç−®áâ¨ ¨¤¥−â¨ä¨ª�æ¨¨ ®¡¥á¯¥ç¨¢�¥âáï §� áç¥â
¨á¯®«ì§®¢�−¨ï ¢¥à®ïâ−®áâ−ëå ªà¨â¥à¨¥¢, −¥«¨−¥©−® §�¢¨áïé¨å ®â ��‚ ¢¥ªâ®à�
á®áâ®ï−¨ï.

�¥á¬®âàï −� â® çâ® ª®−¥ç−®© æ¥«ìî ¨áá«¥¤®¢�−¨© áâ�¢¨«�áì «¨èì à�§à�¡®âª�
¬¥â®¤®¢ ¨ �«£®à¨â¬®¢ ®¯¥à�â¨¢−®£® ¬®−¨â®à¨−£� �”÷�, á æ¥«ìî ¯à®¢¥àª¨ ¤®-
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áâ®¢¥à−®áâ¨ ®¡−�àã¦¥−¨ï ¨ ®æ¥−ª¨ ¯�à�¬¥âà®¢ �”÷� ¡ë«¨ ¯à®¢¥¤¥−ë à¥�«ì−ë¥
íªá¯¥à¨¬¥−âë á ¨á¯®«ì§®¢�−¨¥¬ ç¥âëà¥å ¤�âç¨ª®¢ ADIS 16364 [3]. ‚á¥ ç¥âëà¥
¤�âç¨ª� á®áâ�¢«ï«¨ ¥¤¨−ãî á¨áâ¥¬ã à¥£¨áâà�æ¨¨, ¯®ª�§�−¨ï ª®â®à®© á®¢¬¥áâ−®
®¡à�¡�âë¢�«¨áì ¢ ®¡é¥¬ ¢ëç¨á«¨â¥«ì−®¬ ª®¬¯«¥ªá¥ ¤«ï ¤¢ãå §−�ç¥−¨© áª®à®áâ¨
¤¢¨¦¥−¨ï ú‘�¯á�−�û: 120 ª¬/ç −� ªà¨¢®«¨−¥©−ëå ãç�áâª�å ¯ãâ¨ (¯®¢®à®â�å)
¨ 250 ª¬/ç −� ¯àï¬®«¨−¥©−ëå ãç�áâª�å. ‚¥«¨ç¨−� ®âª«®−¥−¨ï ®â −®à¬ë ª®−-
ä¨£ãà�æ¨¨ à¥«ìá®¢ëå «¨−¨© −� �−®¬�«ì−ëå ãç�áâª�å ¯à¨−¨¬�«�áì à�¢−®© 20,
8 ¨ 4 ¬¬. “ç¨âë¢�«¨áì ¤¢¥ ªà�©−¨¥ ª�â¥£®à¨¨ ¯à®á�¤®ª ¨ ¨áªà¨¢«¥−¨© ¯ãâ¨ ¢
¯«�−¥, � ¨¬¥−−® I (−�¨¬¥−¥¥ ®¯�á−�ï) ¨ IV (−�¨¡®«¥¥ ®¯�á−�ï), â. ¥. ¯à¨ áª®à®áâ¨
¤¢¨¦¥−¨ï ¢ 120 ª¬/ç ¯à®á�¤ª¨ ¨ ¨áªà¨¢«¥−¨ï −¥ ¤®«¦−ë ¯à¥¢ëè�âì �¬¯«¨âã¤ë
¢ 8 ¬¬ ¤«ï I ª�â¥£®à¨¨, � ¤«ï IV ª�â¥£®à¨¨ ¯à®á�¤ª¨ ¨ ¨áªà¨¢«¥−¨ï −¥ ¤®«¦−ë
¯à¥¢ëè�âì �¬¯«¨âã¤ë ¢ 20 ¬¬. ’¥¬ á�¬ë¬ à�§à�¡®â�−−ë¥ ¬¥â®¤ë ¨ �«£®à¨â¬ë
®¡−�àã¦¥−¨ï ¨ ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ �”÷� ¡ë«¨ �¯à®¡¨à®¢�−ë ¢ à¥�«ì−®¬
¬�áèâ�¡¥ ¢à¥¬¥−¨ ¨ ¢ à¥�«ì−ëå ãá«®¢¨ïå ¤¢¨¦¥−¨ï «®ª®¬®â¨¢�.

’¥å−®«®£¨ï ¬®−¨â®à¨−£� �”÷� ¢−¥¤à¥−� ¢ Š®¬¯«¥ªá−ãî á¨áâ¥¬ã ¯à®-
áâà�−áâ¢¥−−ëå ¤�−−ëå ¨−äà�áâàãªâãàë ¦¥«¥§−®¤®à®¦−®£® âà�−á¯®àâ� (Š‘�„
ˆ†’) ��� ú÷®á¦¥«¤®à¯à®¥ªâ�û, çâ® ¯®¤â¢¥à¦¤¥−® á®®â¢¥âáâ¢ãîé¨¬ �ªâ®¬ ®
¢−¥¤à¥−¨¨.

2 Математические модели аномалии формы рельсовой нити

ˆáå®¤−ë¥ ¤�−−ë¥ ® à¥�«ì−®¬ á®áâ®ï−¨¨ à¥«ìá®¢ëå −¨â¥© ¬®£ãâ ¡ëâì ¯®-
«ãç¥−ë ®â ¨−â¥£à¨à®¢�−−®© ¡®àâ®¢®© �‘, ä¨ªá¨àãîé¥© «¨−¥©−ãî ¨ ã£«®¢ãî
áª®à®áâì «®ª®¬®â¨¢�, � â�ª¦¥ ¥£® ãáª®à¥−¨ï. ‡−�ç¥−¨ï íâ¨å å�à�ªâ¥à¨áâ¨ª
§�¢¨áïâ ®â â¨¯� ãç�áâª� à¥«ìá®¢ëå −¨â¥©: ¯àï¬®«¨−¥©−ë© ãç�áâ®ª, ®¤−®á¥ªæ¨-
®−−ë© ¯®¢®à®â, áâà¥«®ç−ë© ¯¥à¥¢®¤, ãª«®−. �� ª�¦¤®¬ ¨§ íâ¨å ãç�áâª®¢ ¬®£ãâ
¨¬¥âì ¬¥áâ® à�§«¨ç−ë¥ �”÷�, ¢ â®¬ ç¨á«¥ ®¤−®áâ®à®−−¨¥ ¨ ¤¢ãåáâ®à®−−¨¥
¯à®á�¤ª¨, ¨áªà¨¢«¥−¨ï ¯ãâ¨ ¢ ¯«�−¥, � â�ª¦¥ èã¬®¢ë¥ ¢®§¤¥©áâ¢¨ï −� á¨áâ¥¬ã
à¥£¨áâà�æ¨¨.

Š�ª ¢¨¤−® ¨§ à¨á. 1 ¨ 2, −� ª®â®àëå ¨§®¡à�¦¥−ë ä®à¬ë íää¥ªâ� ®â �”÷�,
¢®§−¨ª�îé¨å ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨ ¦¥«¥§−®¤®à®¦−ëå ¯ãâ¥©, ¢ ®¤−®¬¥à−®¬
á«ãç�¥ (¯® ®á¨ çã¢áâ¢¨â¥«ì−®áâ¨ ¤�âç¨ª�) à¥�ªæ¨î ¨§¬¥à¨â¥«ï −� �”÷� ¤®-
áâ�â®ç−® �¤¥ª¢�â−® ¬®¦−® �¯¯à®ªá¨¬¨à®¢�âì ª®−¥ç−®© áã¬¬®© á®®â¢¥âáâ¢ãîé¨¬
®¡à�§®¬ ¢§¢¥è¥−−ëå £�ãáá®¨¤:

Z∗(t) =
n∑

i=1

γi exp
[
−(t−mi)

2σi

]
, (1)

£¤¥ γi, mi, σi | ¯�à�¬¥âàë �”÷�, ¢ ®¡é¥¬ á«ãç�¥ −¥áâ�æ¨®−�à−ë¥ (ªãá®ç-
−®-¯®áâ®ï−−ë¥ ¢® ¢à¥¬¥−¨) ¨ ®¯à¥¤¥«ï¥¬ë¥ ¢ ¯à®æ¥áá¥ ¨¤¥−â¨ä¨ª�æ¨¨, ¨«¨
£�ãáá®¨¤−®© ®£¨¡�îé¥©, ¬®¤ã«¨àãîé¥© §−�ª®¯¥à¥¬¥−−ë© á¨£−�«, | −�¯à¨¬¥à,
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÷¨á. 1 ‚ëå®¤−ë¥ á¨£−�«ë ¤�âç¨ª®¢ ã£«®¢ëå áª®à®áâ¥© (�) ¨ «¨−¥©−®£® ãáª®à¥−¨ï (¡),
¢®§−¨ª�îé¨¥ ¯à¨ ®¤−®¢à¥¬¥−−®© ¯à®á�¤ª¥ ®¡¥¨å à¥«ìá®¢ëå −¨â¥©

÷¨á. 2 ˆ§¬¥−¥−¨¥ «¨−¥©−®£® ãáª®à¥−¨ï ¯® ®á¨ OX (�) ¨ ¯® ®á¨ OY (¡), ª®â®à®¥
¢®§−¨ª�¥â ¯®¤ ¢®§¤¥©áâ¢¨¥¬ àëáª�−¨ï ¢¯à�¢® ¯¥à¥¤−¥© ª®«¥á−®© ¯�àë

ª�ª ¯®ª�§�−® −� à¨á. 1 ¨ 2, −¨§ª®ç�áâ®â−®¥ (ω ≈ 0,06{0,1 á−1) £�à¬®−¨ç¥áª®¥
ª®«¥¡�−¨¥

Z∗
1 (t) = γ(t) exp

[
−(t−m(t))2σ(t)

]
sinωt . (2)

‚ë¡®à £�ãáá®¨¤ë ª�ª ®£¨¡�îé¥© �”÷� ®¡êïá−ï¥âáï â¥¬ ®¡áâ®ïâ¥«ìáâ¢®¬,
çâ®, −¥á¬®âàï −� á«®¦−ãî ¨ ¨§¬¥−ïîéãîáï ä®à¬ã, ª®â®àãî ¯à¨−¨¬�¥â à¥«ìá ¢
à�§−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ ¢ ¯à®æ¥áá¥ ¤¢¨¦¥−¨ï «®ª®¬®â¨¢� ¨ ¯®¤ ¢®§¤¥©áâ¢¨¥¬ −¥-
áª®«ìª¨å â®ç¥ç−ëå −�£àã§®ª (¢ ¬¥áâ�å ª�á�−¨ï ª®«¥á), ª®®à¤¨−�âë â®ç¥ª ª�á�−¨ï
ª®«¥á ¯à�ªâ¨ç¥áª¨ ¢á¥£¤� ¯«�¢−® á¬¥é�îâáï ¢−¨§ ¢ �−®¬�«ì−ëå §®−�å (−�¯à¨-
¬¥à, ¯®¤ ú¯®¤¢¥è¥−−ë¬¨û è¯�«�¬¨) ¨ ¢®§¢à�é�îâáï ¢ ú−ã«¥¢®¥û ¯®«®¦¥−¨¥ −�
¡¥§�−®¬�«ì−ëå ãç�áâª�å à¥«ìá®¢®© ª®«¥¨.
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„«ï ®¡¥á¯¥ç¥−¨ï ¢®§¬®¦−®áâ¨ ¤�«ì−¥©è¥£® ¨á¯®«ì§®¢�−¨ï áãé¥áâ¢ãîé¥-
£® �¯¯�à�â� â¥®à¨¨ −¥«¨−¥©−®© ä¨«ìâà�æ¨¨ ¤«ï ®æ¥−ª¨ �”÷� ¯à¥¤áâ�¢¨¬
¯®¤®¡−ë¥ à¥�ªæ¨¨ çã¢áâ¢¨â¥«ì−ëå í«¥¬¥−â®¢ (—�) −� �”÷� ¢ ¢¨¤¥ á¨áâ¥-
¬ë ®¡ëª−®¢¥−−ëå ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©. “çâ¥¬, çâ® ¯à¨ ®¯¨á�−¨¨
¯�à�¬¥âà®¢ á¨£−�«®¢ (1) ¨ (2) ¢ á¨«ã ¨å ªãá®ç−®-¯®áâ®ï−−®£® å�à�ªâ¥à� ¬®¦-
−® ¨á¯®«ì§®¢�âì âà�¤¨æ¨®−−ë© ¬¥â®¤ ú§�¬®à®¦¥−−ëå ª®íää¨æ¨¥−â®¢û ¨ çâ®
äã−ªæ¨¨ zi = exp[−(t − mi)

2σi], y = sinωt ï¢«ïîâáï à¥è¥−¨¥¬ á«¥¤ãîé¨å
¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨©:

‘zi = −2zi(t−mi)σi ; (3)

�y + ω2y = 0 . (4)

‘¨áâ¥¬� (4) «¨−¥©−® §�¢¨á¨â ®â ¨¤¥−â¨ä¨æ¨àã¥¬®£® ¯�à�¬¥âà� ω = ω2, çâ®
áãé¥áâ¢¥−−® ã¯à®é�¥â ¯à®æ¥¤ãàã ¨¤¥−â¨ä¨ª�æ¨¨, � á¨áâ¥¬ã (3) ¤«ï ®¡¥á¯¥ç¥−¨ï
¯®¤®¡−®© («¨−¥©−®©) §�¢¨á¨¬®áâ¨ ®â ¯�à�¬¥âà®¢ ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥

‘zi = −2zitσi + 2zimiσi = −2zitσi + 2ziµi ,

£¤¥ µi | −®¢ë© ¯�à�¬¥âà, ¨¤¥−â¨ä¨ª�æ¨ï ª®â®à®£®, ®áãé¥áâ¢«ï¥¬�ï ®¤−®¢à¥-
¬¥−−® á ¨¤¥−â¨ä¨ª�æ¨¥© ¯�à�¬¥âà� σi, «¥£ª® ¯®§¢®«ï¥â ¯®«ãç¨âì âà¥¡ã¥¬ë©
¯�à�¬¥âà mi = µi/σi.

�®«¥¥ â®£®, ¯à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ â®â ä�ªâ, çâ® £�ãáá®¨¤ë, ä®à¬¨àãîé¨¥
à¥�ªæ¨î —� −� �”÷�, à�á¯à¥¤¥«¥−ë ¢® ¢à¥¬¥−¨ ¯®á«¥¤®¢�â¥«ì−® (−¥ ¯¥à¥-
ªàë¢�îâáï), ®¡®¡é¥−−ãî ¢à¥¬¥−−ãî à¥�ªæ¨î —� −� �”÷� ¬®¦−® ¯à¥¤áâ�¢¨âì
¢ ¢¨¤¥ â®«ìª® ®¤−®© £�ãáá®¨¤ë á ªãá®ç−®-¯®áâ®ï−−ë¬¨ ¢® ¢à¥¬¥−¨ �¯à¨®à¨ −¥
¨§¢¥áâ−ë¬¨ ¯�à�¬¥âà�¬¨ γ, µ ¨ σ:

Z∗(t) = γz , ‘z = −2ztσ + 2zµ (5)

¨«¨ ª�ª

Z∗
1 (t) = γ(t)z(t)y(t) , ‘z = −2ztσ + 2zµ , �y + ω2y = 0 . (6)

’�ª ª�ª ¯à¥¤áâ�¢«¥−¨¥ (5) ¯® ¢ëç¨á«¨â¥«ì−ë¬ §�âà�â�¬ ®ª�§ë¢�¥âáï ¯®çâ¨ ¢
3 à�§� íää¥ªâ¨¢−¥¥ (6), â® ¤�«¥¥ ¡ã¤¥¬ ¨á¯®«ì§®¢�âì ®¯¨á�−¨¥ à¥�ªæ¨¨ —� −�
�”÷� ¢ ¢¨¤¥ (5). �à¨ íâ®¬ â�ª¦¥ ¡ã¤¥¬ ãç¨âë¢�âì, çâ®, −¥á¬®âàï −� ®¡é−®áâì
ä®à¬ë ®¯¨á�−¨ï à¥�ªæ¨¨ —�, ¢ëâ¥ª�îéãî ¨§ ¯®¤®¡¨ï à¥�ªæ¨¨ −� �”÷�
¢á¥å —� | �ªá¥«¥à®¬¥âà®¢, ¤�âç¨ª®¢ ã£«®¢ëå áª®à®áâ¥© („“‘®¢), ¨§¬¥à¨â¥«¥©
«¨−¥©−®© áª®à®áâ¨, | ¯�à�¬¥âàë íâ®© à¥�ªæ¨¨ ¤«ï à�§−ëå â¨¯®¢ —� à�§«¨ç−ë.
�®íâ®¬ã ¢ ¯à¥¤áâ�¢«¥−¨¨ (5) ¯à¨ ®¯¨á�−¨¨ ¯¥à¥¬¥−−ëå ¨ ¯�à�¬¥âà®¢ ¤�«¥¥ ¡ã¤¥¬
¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥ ¨−¤¥ªáë: ai | ¤«ï �ªá¥«¥à®¬¥âà®¢, Vi | ¯à¨ ¨§¬¥à¥−¨¨
«¨−¥©−®© áª®à®áâ¨, ωi | ¤«ï „“‘®¢, i = X,Y,Z. ‚ íâ®¬ á«ãç�¥ âà¥å¬¥à−ë©
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¢¥ªâ®à à¥�ªæ¨¨ �ªá¥«¥à®¬¥âà®¢ (¯® ¢á¥¬ ®áï¬ ¯à¨¡®à−®£® âà¥å£à�−−¨ª�) ¬®¦−®
¯à¥¤áâ�¢¨âì ª�ª

∣∣∣∣∣∣

γax zax

γay zay

γaz zaz

∣∣∣∣∣∣
=

∣∣∣∣∣∣

zax 0 0
0 zay 0
0 0 zaz

∣∣∣∣∣∣

∣∣∣∣∣∣

γax

γay

γaz

∣∣∣∣∣∣
= Sa(zα)

∣∣∣∣∣∣

γax

γay

γaz

∣∣∣∣∣∣
= Sa(zα)γa ,

£¤¥

∣∣∣∣∣∣

‘zax

‘zay

‘zaz

∣∣∣∣∣∣
=

∣∣∣∣∣∣

−2zaxtσax + 2zaxµax

−2zay tσay + 2zayµay

−2zaz tσaz + 2zazµaz

∣∣∣∣∣∣
=

=

∣∣∣∣∣∣

−2zaxt 2zax 0 0 0 0
0 0 −2zay t 2zay 0 0
0 0 0 0 −2zaz t 2zaz

∣∣∣∣∣∣

∣∣∣∣∣∣∣∣∣∣∣

σax

µax

σay

µay

σaz

µaz

∣∣∣∣∣∣∣∣∣∣∣

= Sa∗

∣∣∣∣∣∣∣∣∣∣∣

σax

µax

σay

µay

σaz

µaz

∣∣∣∣∣∣∣∣∣∣∣

= Sa∗αa ;

γa ¨ αa | ¢¥ªâ®àë −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ à¥�ªæ¨¨ �ªá¥«¥à®¬¥âà®¢ −� �”÷�,
¨«¨

‘za = Sa∗
(zα, t)αa .

�−�«®£¨ç−®, á â®ç−®áâìî ¤® ®¡®§−�ç¥−¨©, ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− âà¥å¬¥à-
−ë© ¢¥ªâ®à à¥�ªæ¨¨ „“‘®¢: Sd(zd)γd ¨ ‘zd = Sd∗(zd, t)αd.

�à¨ ¨§¬¥à¥−¨¨ ¢¥ªâ®à� à¥�ªæ¨¨ ¢ ¢¨¤¥ «¨−¥©−®© áª®à®áâ¨ zv ãçâ¥¬, çâ® ®−
¯à¥¤áâ�¢«ï¥â á®¡®© ¨−â¥£à�« ®â ¯à¨¢¥¤¥−−®£® ¢ëè¥ ¢¥ªâ®à� ãáª®à¥−¨© ¨, á«¥¤®-
¢�â¥«ì−®, ¢ ¤¨ää¥à¥−æ¨�«ì−®© ä®à¬¥ ¬®¦¥â ¡ëâì ®¯¨á�− ª�ª ‘zv = Sa(zα)γa.

3 Математическая модель интегрированной навигационной системы
с учетом реакции чувствительных элементов на аномалии форм
рельсовой нити

‚ ª�ç¥áâ¢¥ ¨áå®¤−®© ¬®¤¥«¨ ¢¥ªâ®à� á®áâ®ï−¨ï �‘ ¡ã¤¥¬ ¨á¯®«ì§®¢�âì
¬®¤¥«ì [2], ®¯¨áë¢�îéãî ¯à®áâà�−áâ¢¥−−®¥ ¤¢¨¦¥−¨¥ ®¡ê¥ªâ� ¢ ¯�à�¬¥âà�å
÷®¤à¨£�{ƒ�¬¨«ìâ®−�. ’®£¤�, ãç¨âë¢�ï �¤¤¨â¨¢−®áâì à¥�ªæ¨¨ �ªá¥«¥à®¬¥âà®¢ ¨
„“‘®¢ −� �”÷� ¯® ®â−®è¥−¨î ª ®á−®¢−ë¬ ¨§¬¥àï¥¬ë¬ á¨£−�«�¬, ¬®¤¥«ì ¢¥ª-
â®à� á®áâ®ï−¨ï �‘ á ãç¥â®¬ íää¥ªâ®¢ ®â �”÷� ¬®¦−® ¯à¥¤áâ�¢¨âì á«¥¤ãîé¨¬
®¡à�§®¬:
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‘λ =
1

2
�0(λ)




(r + h)
−1

∣∣∣∣∣∣

−VY

VX

0

∣∣∣∣∣∣
+

∣∣∣∣∣∣

2Ÿ(λ2λ3 + λ1λ4)

Ÿ(2λ21 + 2λ
2
3 − 1)

2Ÿ(λ3λ4 − λ1λ2)

∣∣∣∣∣∣




 ;

‘µ =
1

2
�0(µ) (Zd −md − Sdγd −Wd) ;

‘zd = Sd∗αd ; ‘ad = Sa∗
αa ; ‘zv = Sa(zα)γa ;

‘VX = C(1)(µ, λ)(Za − Saγa −Wa) + 4Ÿ(λ3λ4 − λ1λ2)VY −

−
(
2Ÿ(2λ21 + 2λ

2
3 − 1) + VX(r + h)

−1
)
VZ −

− 4Ÿ2(r + h)(λ2λ3 + λ1λ4)(λ3λ4 − λ1λ2) ;

‘VY = C(2)(µ, λ)(Za − Saγa −Wa)− 4Ÿ(λ3λ4 − λ1λ2)VX +

+
(
4Ÿ(λ2λ3 + λ1λ4)− VY (r + h)

−1
)
VZ −

− 2Ÿ2(r + h)(2λ21 + 2λ23 − 1)(λ3λ4 − λ1λ2) ;

‘VZ = C(3)(µ, λ)(Za − Saγa −Wa) + (2Ÿ(2λ
2
1 + 2λ

2
3 − 1) +

+ VX(r + h)
−1)VX −

(
4Ÿ(λ2λ3 + λ1λ4)− VY (r + h)

−1
)
+

+Ÿ2(r + h)
(
2(λ2λ3 + λ1λ4)

2 − (2λ21 + 2λ23 − 1)2
)
+

+ g0(r, h, ϕ(λ1, . . . , λ4)) ;

‘h = VZ ,






(7)

¨«¨ ¢ ¢¥ªâ®à−®© ä®à¬¥ ‹�−¦¥¢¥−� á®®â¢¥âáâ¢¥−−®:

‘Y = F (Y, t) + S(Y, t)α+ F0(Y, t)ξ ,

£¤¥

Y =
∣∣λT µT zTd zTa zTv VX VY VZ h

∣∣T , ξ =
∣∣WT

d WT
a

∣∣T ;

¢¥ªâ®à−�ï ¨ ¬�âà¨ç−�ï äã−ªæ¨¨ F (Y, t) ¨ F0(Y, t) ¯à¨¢¥¤¥−ë ¢ [2]:

S(Y, t) =

∣∣∣∣∣∣∣∣∣

−1
2
�0(µ)Sd 0 0 0

0 Sd∗ 0 0
0 0 Sa∗

0
0 0 0 −C(µ, λ)Sa

∣∣∣∣∣∣∣∣∣

; α =
∣∣γTd αTd αTa γTa

∣∣T .
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„«ï ¢ëá®ª®â®ç−®£® à¥è¥−¨ï §�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¯�à�¬¥âà®¢ �”÷� ¯®-
«�£�¥¬ ¤�«¥¥, çâ® −�¡«î¤¥−¨¥ −�¢¨£�æ¨®−−ëå ¯�à�¬¥âà®¢ ®áãé¥áâ¢«ï¥âáï â®«ìª®
á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ¨§¬¥à¥−¨ï á¯ãâ−¨ª®¢ëå �‘ (‘�‘). ’�ª ª�ª ¢à¥¬ï
¯®ï¢«¥−¨ï �”÷� ¢ ¯à®æ¥áá¥ ¤¢¨¦¥−¨ï «®ª®¬®â¨¢� −¥ ¨§¢¥áâ−®, â® ¤«ï ®¡¥á¯¥ç¥-
−¨ï ¢®§¬®¦−®áâ¨ ¨å −�¡«î¤¥−¨ï âà¥¡ã¥âáï ¢ëá®ª�ï ç�áâ®â� ¯®§¨æ¨®−¨à®¢�−¨ï |
áãé¥áâ¢¥−−® ¢ëè¥, ç¥¬ ¢ ƒ‹���‘‘ (0,5 ƒæ).

�®íâ®¬ã ¢ ª�ç¥áâ¢¥ ‘�‘, ¨á¯®«ì§ã¥¬®© ¤«ï à¥è¥−¨ï ¤�−−®© §�¤�ç¨, æ¥-
«¥á®®¡à�§−® à�áá¬�âà¨¢�âì GPS (global positioning system), ®¡¥á¯¥ç¨¢�îéãî
¢ëá®ªãî ç�áâ®âã ¯®§¨æ¨®−¨à®¢�−¨ï | 20 ƒæ (¢ ¡«¨¦�©è¥© ¯¥àá¯¥ªâ¨¢¥ |
¤® 100 ƒæ), ¯®§¢®«ïîéãî ¯à�ªâ¨ç¥áª¨ ¡¥§ ¯®â¥à¨ â®ç−®áâ¨ áç¨â�âì ¯à®æ¥áá
−�¡«î¤¥−¨ï −¥¯à¥àë¢−ë¬.

‚ ª�ç¥áâ¢¥ ¬®¤¥«¥© −�¡«î¤�â¥«¥© ¨á¯®«ì§ã¥¬ ¨−ä®à¬�æ¨®−−ë¥ ¬®¤¥«¨ á¨£-
−�«®¢ ª®¤®¢ëå ¨ ¤®¯¯«¥à®¢áª¨å ¨§¬¥à¥−¨©, ¨¬¥îé¨¥ ¢ ¯�à�¬¥âà�å ÷®¤à¨£�{ƒ�-
¬¨«ìâ®−� ¡¥§ ãç¥â� à¥�ªæ¨¨ −� �”÷� á«¥¤ãîé¨© ¢¨¤:

ZR = HR(λ, h) +WZR
=WZR

+
(
(ξc − 2(r + h)(λ2λ4 + λ1λ3))2 +

+ (ηc − 2(r + h)(λ3λ4 − λ1λ2))
2 + (ζc − (r + h)(2λ21 + 2λ24 − 1))2

)1/2
;

ZV =
[
(ξc − 2(r + h)(λ2λ4 + λ1λ3))(Vξc − [GBT(λ)](1)VS) + (ηc −

− 2(r + h)(λ3λ4 − λ1λ2)) (Vηc − [GBT(λ)](2)VS) +

+ (ξc − (r + h)(2λ21 + 2λ24 − 1))
(
Vζc − [GBT(λ)](3)VS

)]
×

×
(
(ξc − 2(r + h)(λ2λ4 + λ1λ3))2 +

+ (ηc − 2(r + h)(λ3λ4 − λ1λ2))
2 + (ζc − (r + h)(2λ21 + 2λ24 − 1))2

)−1/2
+

+WZV
= HV (λ, h, VS) +WZV

, (8)

£¤¥ [GBT(λ)](i) | i-ï áâà®ª� ¬�âà¨æë GBT(λ).
’�ª ª�ª �”÷� −� ¨§¬¥−¥−¨¥ ¯à®áâà�−áâ¢¥−−ëå ª®®à¤¨−�â –Œ «®ª®¬®â¨¢�

¯à�ªâ¨ç¥áª¨ −¥ ¢«¨ïîâ, â® ¢ ãà�¢−¥−¨ïå á¯ãâ−¨ª®¢ëå ¨§¬¥à¥−¨© ãçâ¥¬ ¤�«¥¥
â®«ìª® ¢«¨ï−¨¥ �”÷� −� ¨§¬¥−¥−¨¥ ¢¥ªâ®à� «¨−¥©−®© áª®à®áâ¨. ‘¢ï§ì ¢¥ªâ®à®¢
«¨−¥©−®© áª®à®áâ¨ ¢ £à¨−¢¨çáª®© ¨ ¯à¨¡®à−®© á¨áâ¥¬�å ª®®à¤¨−�â ®¯à¥¤¥«ï¥âáï
¬�âà¨æ¥© ª®−¥ç−®£® ¯®¢®à®â� G(Ÿt)DT(µ), ª®¬¯®−¥−âë ª®â®à®© ®¯¨á�−ë ¢ [2],
á«¥¤®¢�â¥«ì−®, ¬®¤¥«ì á¨£−�«� ¤®¯¯«¥à®¢áª¨å ¨§¬¥à¥−¨© á ãç¥â®¬ à¥�ªæ¨¨ −�
�”÷� ¨¬¥¥â ¢¨¤:

ZV =
[
(ξc − 2(r + h)(λ2λ4 + λ1λ3))

(
Vξc − [GBT](1)VS − [GDT](1)zv

)
+

(ηc − 2(r + h)(λ3λ4 − λ1λ2))
(
Vηc − [GBT](2)VS − [GDT(2)zv

)
+
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+ (ζc − (r + h)(2λ21 + 2λ24 − 1)
)
(Vζc − [GBT](3)VS)− [GDT](3)zv)

]
×

×
(
(ξc − 2(r + h)(λ2λ4 + λ1λ3))2 + (ηc − 2(r + h)(λ3λ4 − λ1λ2))

2 +

+
(
ξc − (r + h)(2λ21 + 2λ24 − 1)

)2)−1/2
+WZV

= HV ∗(λ, µ, zv , h, VS) +WZV
, (9)

£¤¥ [GDT](i) | i-ï áâà®ª� ¬�âà¨æë GDT (µ).
„«ï ã¯à®é¥−¨ï ¯®á«¥¤ãîé¥© §�¯¨á¨ ¡ã¤¥¬ ¨á¯®«ì§®¢�âì �−�«®£¨ç−® ¢ëè¥-

¨§«®¦¥−−®¬ã ¢¥ªâ®à−®¥ ¯à¥¤áâ�¢«¥−¨¥ ãà�¢−¥−¨© á¯ãâ−¨ª®¢ëå ¨§¬¥à¥−¨© (8) ¨
(9) ¢ ¢¨¤¥:

Z =

∣∣∣∣
ZR

ZV

∣∣∣∣ =
∣∣∣∣

HR(λ, h)
HV ∗(λ, µ, zv , h, VS)

∣∣∣∣+
∣∣∣∣
WZR

WZV

∣∣∣∣ = Hc∗(Y, t) + ζ ,

£¤¥ ζ | ¡¥«ë© £�ãáá®¢áª¨© èã¬ á −ã«¥¢ë¬ áà¥¤−¨¬ ¨ ¬�âà¨æ¥© ¨−â¥−á¨¢−®áâ¥©

DCHC =

∣∣∣∣
DZR

0
0 DZV

∣∣∣∣ .

4 Математическая постановка задачи идентификации аномалии
формы рельсовой нити

–¥«ì ¨¤¥−â¨ä¨ª�æ¨¨ �”÷� | ¢®ááâ�−®¢«¥−¨¥ ¨áâ¨−−®© à¥�«¨§�æ¨¨ ¢¥ªâ®à�
�”÷� ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ª®−âà®«ï à¥«ìá®¢ëå ¯ãâ¥© á âà¥¡ã¥¬®© ¤®áâ®¢¥à-
−®áâìî ¯à¨ ¬¨−¨¬�«ì−ëå ¢ëç¨á«¨â¥«ì−ëå §�âà�â�å á ¯®á«¥¤ãîé¥© ®æ¥−ª®©
¥¥ ¯�à�¬¥âà®¢ ¨ ª«�áá¨ä¨ª�æ¨¥© â¨¯�, â. ¥. á ãáâ�−®¢«¥−¨¥¬ ¯à¨−�¤«¥¦−®áâ¨
ª ª®−ªà¥â−®¬ã ãç�áâªã à¥«ìá®¢®£® ¯ãâ¨: «¨−¥©−®¬ã, ®¤−®á¥ªæ¨®−−®¬ã ¯®¢®-
à®âã, áâà¥«®ç−®¬ã ¯¥à¥¢®¤ã, «¨−¥©−®¬ã ãª«®−ã ¨«¨ ¯®¤ê¥¬ã, ¢ë¯ãª«®¬ã ¨«¨
¢®£−ãâ®¬ã ¯à®ä¨«î.

’�ª ª�ª ª«�áá¨ä¨ª�æ¨ï â¨¯� �”÷� ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥−� â®«ìª® ¯®-
á«¥ ®æ¥−ª¨ à¥�«¨§�æ¨¨ ¢¥ªâ®à� �”÷� ¨ ¨¤¥−â¨ä¨ª�æ¨¨ ¥£® ¯�à�¬¥âà®¢, â®
à�áá¬®âà¨¬ ¤�«¥¥ ¢ ª�ç¥áâ¢¥ ¯¥à¢®®ç¥à¥¤−®© §�¤�çã ®¤−®¢à¥¬¥−−®£® ®æ¥−¨¢�−¨ï
¢¥ªâ®à� ¯�à�¬¥âà®¢ ¤¢¨¦¥−¨ï «®ª®¬®â¨¢� á ãç¥â®¬ ¢«¨ï−¨ï �”÷�. �¯¨à�ïáì
−� à¥§ã«ìâ�âë à�§¤. 2 ¨ 3, ¤�−−ãî §�¤�çã áä®à¬ã«¨àã¥¬ ª�ª §�¤�çã â¥ªãé¥£®
áâ®å�áâ¨ç¥áª®£® ®æ¥−¨¢�−¨ï ¢¥ªâ®à� −�¢¨£�æ¨®−−ëå ¯�à�¬¥âà®¢ ®¡ê¥ªâ�

‘Y = F (Y, t) + S(Y, t)α+ F0(Y, t)ξ , (10)

−�¡«î¤�¥¬®£® ‘�‘,
Z = Hc∗(Y, t) + ζ

á æ¥«ìî ¨¤¥−â¨ä¨ª�æ¨¨ α | ¢¥ªâ®à� ¯�à�¬¥âà®¢ �”÷�.
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„«ï à¥è¥−¨ï §�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ −¥®¡å®¤¨¬®, çâ®¡ë ¨áª®¬ë© ¢¥ªâ®à
α(t) ¤®áâ�¢«ï« ®¯â¨¬ã¬ −¥ª®â®à®¬ã §�¤�−−®¬ã ®¡®¡é¥−−®¬ã ¢¥à®ïâ−®áâ−®¬ã
äã−ªæ¨®−�«ã J, §�¢¨áïé¥¬ã ®â ��‚ ρ(Y, t) ¯à®æ¥áá� Y , ¯à¨ç¥¬ ¢ ®¡é¥¬ á«ãç�¥
−¥«¨−¥©−®.

�−�«¨§¨àãï ä¨§¨ç¥áª®¥ áãé¥áâ¢® à¥è�¥¬®© §�¤�ç¨, ¬®¦−® á¤¥«�âì ¢ë¢®¤
® â®¬, çâ® ¢ ª�ç¥áâ¢¥ −�¨¡®«¥¥ �¤¥ª¢�â−®© ä®à¬ë ¬¨−¨¬¨§¨àã¥¬®£® äã−ªæ¨-
®−�«� J −�¨¡®«¥¥ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì �¤¤¨â¨¢−ãî á®¢®ªã¯−®áâì ¤¢ãå
äã−ªæ¨®−�«®¢: ®¯â¨¬¨§�æ¨ï ¯¥à¢®£® ¨§ ª®â®àëå J1 =

∫

Y

�1[p(Y, t)] dY ¤®«¦−�

®¡¥á¯¥ç¨âì ¬¨−¨¬ã¬ −¥®¯à¥¤¥«¥−−®áâ¨ (¬�ªá¨¬�«ì−ãî ¨−ä®à¬�â¨¢−®áâì) ¨¤¥−-
â¨ä¨æ¨à®¢�−−®£® ¢¥ªâ®à� α, ¨ ¢â®à®£® J2 =

∫

T

�2[α(t)] dt | à¥£ã«ïà¨§�æ¨î

¯à®æ¥¤ãàë ¨¤¥−â¨ä¨ª�æ¨¨, â. ¥. ¬¨−¨¬ã¬ ¥£® úí−¥à£¥â¨ª¨û (¢ á®®â¢¥âáâ¢¨¨ á
®á−®¢−ë¬¨ ¯®¤å®¤�¬¨ â¥®à¨¨ à¥£ã«ïà¨§�æ¨¨, � â�ª¦¥ á ¯à¨−æ¨¯®¬ ”¥à¬�) −�
§�¤�−−®¬ (ª®−¥ç−®¬ ¨«¨ â¥ªãé¥¬) ¨−â¥à¢�«¥ ¢à¥¬¥−¨ T , â. ¥.

J =

∫

Y

�1[ρ(Y, t)] dt +

∫

T

�2[α(t)] dt .

�à¨ íâ®¬ ¢ á®®â¢¥âáâ¢¨¨ á ¯®áâ�−®¢ª®© §�¤�ç¨ äã−ªæ¨î �1 æ¥«¥á®®¡à�§−®
¢ë¡¨à�âì ª�ª ï¤à® äã−ªæ¨®−�«� í−âà®¯¨¨ ˜¥−−®−� (�1 = −ρ ln ρ) ¨«¨ ”¨è¥à�
(�1 = −ρ[∂ ln ρ/dξ][∂ ln ρ/dξ]T), � �2 | ¢ ¢¨¤¥ ª«�áá¨ç¥áª®© ª¢�¤à�â¨ç−®©,
à¥£ã«ïà¨§ãîé¥© ä®à¬ë, §�¤�−−®© −� â¥ªãé¥¬ ¨−â¥à¢�«¥ ¢à¥¬¥−¨:

J2 =

t∫

t0

αTα dt =

t∫

t0

�2[α] dt .

’�ª¨¬ ®¡à�§®¬, ¨áá«¥¤ã¥¬ãî §�¤�çã ¬®¦−® áä®à¬ã«¨à®¢�âì ª�ª §�¤�çã
¯®¨áª� ¢¥ªâ®à� α, ¤®áâ�¢«ïîé¥£® ¬¨−¨¬ã¬ äã−ªæ¨®−�«ã

J =

∫

Y

�1[ρ] dY +

t∫

t0

�2[α] dt , (11)

®¯à¥¤¥«¥−−®¬ã −� ¬−®¦¥áâ¢¥ äã−ªæ¨© ��‚ ρ, ã¤®¢«¥â¢®àïîé¨å à¥è¥−¨î ¨§-
¢¥áâ−®£® ãà�¢−¥−¨ï ‘âà�â®−®¢¨ç� [2], ¯®áâà®¥−−®£® ¢ á®®â¢¥âáâ¢¨¨ á ¢¨¤®¬
ãà�¢−¥−¨ï ®¡ê¥ªâ� (10) ¨ ¥£® −�¡«î¤�â¥«ï.

Š�ª ¡ë«® ®â¬¥ç¥−® à�−¥¥, ä®à¬¨à®¢�−¨¥ ��‚ ρ −� ®á−®¢¥ à¥è¥−¨ï ¤�−−®£®
ãà�¢−¥−¨ï ¢ ¬−®£®¬¥à−®¬ á«ãç�¥ ¯à¥¤áâ�¢«ï¥â á®¡®© −¥¯à®áâãî ¢ëç¨á«¨â¥«ì−ãî
§�¤�çã, ¯®íâ®¬ã ¨á¯®«ì§ã¥¬ ¤�«¥¥ £�ãáá®¢áªãî �¯¯à®ªá¨¬�æ¨î “ρ, ¯®§¢®«ï-
îéãî á¢¥áâ¨ §�¤�çã ¯®áâà®¥−¨ï ��‚ ª ¨−â¥£à¨à®¢�−¨î á¨áâ¥¬ë ®¡ëª−®¢¥−−ëå
¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥−¨© ¥¥ ¯�à�¬¥âà®¢:
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‘̂Y = F ( �Y , t) + S( �Y )α+K( �Y , t)
[
Z −Hc∗( �Y , t)

]
=

= G1( �Y ,R,Z, t) + S( �Y )α ;

K( �Y , t) = R
∂HTc∗(

�Y , t)

∂ �Y
D−1

CHC ;

‘R( �Y , t) =
∂F ( �Y , t)

∂ �Y
R( �Y , t) +R( �Y , t)

∂FT( �Y , t)

∂ �Y
+

+ F0( �Y , t)DξF
T
0 (
�Y , t) +

∂S( �Y )

∂ �Y
αR+RαT

∂ST( �Y )

∂ �Y
−

−K( �Y , t)DCHCK
T( �Y , t) = G2( �Y ,R, t) +

∂S

∂ �Y
αR+RαT

∂ST

∂ �Y
;

�Y0 =M(Y0) , R0 =M
{
(Y0 − �Y0)(Y0 − �Y0)T

}
.






(12)

‚¢¨¤ã â®£®, çâ® ¤�«ì−¥©è¥¥ à¥è¥−¨¥ §�¤�ç¨ ¯à¥¤¯®«�£�¥â ®¯¥à�æ¨¨ á ¢¥ªâ®-
à®¬ ¯�à�¬¥âà®¢ ��‚ “ρ, � ãà�¢−¥−¨¥ ¤«ïR¬�âà¨ç−®¥, â®, ¨á¯®«ì§ãï ¯à¨¢¥¤¥−−ë¥
−¨¦¥ á®®â−®è¥−¨ï ¬�âà¨ç−®© �«£¥¡àë, ¯à¥®¡à�§ã¥¬ ãà�¢−¥−¨ï ¯�à�¬¥âà®¢ “ρ (12)
ª ¥¤¨−®© ¢¥ªâ®à−®© ä®à¬¥:

‘̂Y = G1( �Y ,R,Z, t) + S( �Y )α ;

( ‘R)(v) = G
(v)
2 (
�Y ,R, t) + (R⊗ E)




̂∂S( �Y )

∂Y



α+ (E ⊗R)

[
∂S( �Y )

∂Y

]∗
α =

= G
(v)
2 (
�Y ,R, t) +G3( �Y ,R)α ;

G3( �Y ,R) = (R ⊗ E)




̂∂S( �Y )

∂ �Y



+ (E ⊗R)

[
∂S( �Y )

∂ �Y

]∗
,

£¤¥ A(V ) | ®¯¥à�æ¨ï ¯à¥®¡à�§®¢�−¨ï ¬�âà¨æë A à�§¬¥à−®áâ¨ m × n ¢ ¢¥ªâ®à:
A(V ) = |a11 a21 . . . am1 a12 a22 . . . am2 . . . a1n a2n . . . amn|T; ⊗ | ªà®−¥ª¥-
à®¢áª®¥ ¯à®¨§¢¥¤¥−¨¥; E | ¥¤¨−¨ç−�ï ¬�âà¨æ� á®®â¢¥âáâ¢ãîé¥© à�§¬¥à−®áâ¨;

[̂∂S �Y /∂ �Y ] | ®¯¥à�æ¨ï ¢¥àâ¨ª�«ì−®© ¯®á«¥¤®¢�â¥«ì−®© ¯¥à¥®à¨¥−â�æ¨¨ ¡«®ª®¢
¡«®ç−®© ¬�âà¨æë B = |B1 B2 . . . Bn| ¢ ¬�âà¨æã

⌢
B =

∣∣∣∣∣∣∣∣

B1
B2
...
Bn

∣∣∣∣∣∣∣∣
;
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[∂S( �Y )/∂ �Y ]∗ | ®¯¥à�æ¨ï ä®à¬¨à®¢�−¨ï ¡«®ç−®© ¬�âà¨æëB∗ ¯ãâ¥¬ ®¡à�§®¢�−¨ï
¥¥ ¡«®ª®¢ ¨§ á®®â¢¥âáâ¢ãîé¨å áâà®ª ¨áå®¤−®© ¬�âà¨æë B:

B∗ =

∣∣∣∣∣∣∣∣∣∣∣

[(BT(1))
(�)
]T

[(BT(2))
(�)
]T

...

[(BT(n))
(�)
]T

∣∣∣∣∣∣∣∣∣∣∣

,

BT(i) | i-© áâ®«¡¥æ BT, (�)| ®¯¥à�æ¨ï, ®¡à�â−�ï ®¯¥à�æ¨¨ ¯à¥®¡à�§®¢�−¨ï A(V )

¬�âà¨æë A, (ASC)(V ) = (CT∅A)S(V ), A, S, C | ®¡ëª−®¢¥−−ë¥ ¬�âà¨æë,
(Sα)(V ) = �Sα, (αTST)(V ) = S∗α.

�®«ãç¥−−ë¥ ãà�¢−¥−¨ï ¯®§¢®«ïîâ §�¯¨á�âì ¤«ï à�áè¨à¥−−®£® ¢¥ªâ®à� ¯�à�-
¬¥âà®¢

Y∗ =

∣∣∣∣
�Y

R(v)

∣∣∣∣

¯«®â−®áâ¨ “ρ ¥£® §�¢¨á¨¬®áâì ®â ¨áª®¬®£® ¢¥ªâ®à� α ¢ á«¥¤ãîé¥© ¯à®áâ®© ä®à¬¥:

‘Y∗ =

∣∣∣∣
G1(Y∗, Z, t)

G
(v)
2 (Y∗, t)

∣∣∣∣+
∣∣∣∣
S(Y∗)
G3(Y∗)

∣∣∣∣α = G0 +Gα . (13)

ˆáå®¤ï ¨§ ¨§«®¦¥−−®£®, §�¤�çã ¯�à�¬¥âà¨ç¥áª®© ¨¤¥−â¨ä¨ª�æ¨¨ �”÷�
®ª®−ç�â¥«ì−® áä®à¬ã«¨àã¥¬ ª�ª §�¤�çã ¯®¨áª� ¢¥ªâ®à� α, ®¡¥á¯¥ç¨¢�îé¥£®
®¯â¨¬ã¬ äã−ªæ¨®−�«� J (11) ¯à¨ ãá«®¢¨¨, çâ® ¢¥ªâ®à ¯�à�¬¥âà®¢ Y∗ ¯«®â−®áâ¨
“ρ(Y, Y∗), �¯¯à®ªá¨¬¨àãîé¥© äã−ªæ¨î ��‚ ¢¥ªâ®à� á®áâ®ï−¨ï Y , ®¯¨áë¢�¥âáï
ãà�¢−¥−¨¥¬ (13).

5 Решение задачи идентификации аномалии формы рельсовой нити

“ç¨âë¢�ï, çâ® ¯à¨ −¥®âà¨æ�â¥«ì−® ®¯à¥¤¥«¥−−®© ªà¨â¥à¨�«ì−®© äã−ªæ¨¨
¤«ï ®¡¥á¯¥ç¥−¨ï ¥¥ ¬¨−¨¬�«ì−®£® §−�ç¥−¨ï ¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ ¤®áâ�â®ç−®,
çâ®¡ë ¯à®¨§¢®¤−�ï ¥¥ ¯® ¢à¥¬¥−¨, ¢§ïâ�ï á ®¡à�â−ë¬ §−�ª®¬, ¨¬¥«� ¬�ªá¨¬ã¬ [1],
¯®«ãç�¥¬ ãá«®¢¨¥ ¤«ï ®¯à¥¤¥«¥−¨ï ¨áª®¬®£® ¢¥ªâ®à� ¯�à�¬¥âà®¢:

max
α

{
− ‘J
}
= max

α




−




∫

Y

∂�1[“ρ]

∂ρ

∂“ρ(Y, Y∗)

∂Y∗
‘Y∗ dY +�2[α]








 . (14)
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�®¤áâ�¢«ïï ¢ (14) ¢ëà�¦¥−¨¥ ¤«ï ¯à�¢®© ç�áâ¨ ãà�¢−¥−¨ï (13), ¨¬¥¥¬ á«¥¤ã-
îé¥¥ ãà�¢−¥−¨¥ ®â−®á¨â¥«ì−® α:

∂

∂α






∫

Y

∂�1
∂ρ

∂“ρ

∂Y∗
dY (G0 +Gα) + �2[α]




 = 0 .

ˆ§ ¯®á«¥¤−¥£® ¢ëâ¥ª�¥â ®ª®−ç�â¥«ì−®¥ ãà�¢−¥−¨¥ ¤«ï ®¯à¥¤¥«¥−¨ï ¨áª®¬®£®
¢¥ªâ®à� α

−
∫

Y

∂�1
∂ρ

∂“ρ

∂Y∗
dY G =

∂�2
∂α
[α] , (15)

à¥è¥−¨¥ ª®â®à®£® ®áãé¥áâ¢«ï¥âáï ¨áå®¤ï ¨§ ª®−ªà¥â−®£® ¢¨¤� äã−ªæ¨¨ �2. ’�ª,
¤«ï ¯à¥¤«®¦¥−−®© ¢ëè¥ ª¢�¤à�â¨ç−®© ä®à¬ë äã−ªæ¨¨ �2(α) ãà�¢−¥−¨¥ (15)
¯à¨−¨¬�¥â ¢¨¤:

−
∫

Y

∂�1
∂ρ

∂“ρ

∂Y∗
dY G = 2αT ,

®âªã¤�

α = −1
2
GT
∫

Y

∂�1
∂ρ

(
∂“ρ

∂Y∗

)T
dY . (16)

‚ëà�¦¥−¨¥ (16) ¯®§¢®«ï¥â «¥£ª® ãç¥áâì ¢®§¬®¦−ë¥ ¢ ®¡é¥¬ á«ãç�¥ ®£à�−¨-
ç¥−¨ï −� ¢¥ªâ®à α (−�¯à¨¬¥à, |α| = αmax) ¯à¨ ¨§¢¥áâ−ëå â¥ªãé¨å §−�ç¥−¨ïå
£�ãáá®¢áª®© äã−ªæ¨¨ “ρ, ä®à¬¨àã¥¬ëå −� ®á−®¢¥ à¥è¥−¨ï ãà�¢−¥−¨© (13) ¯®á«¥
¯®¤áâ�−®¢ª¨ ¢ −¨å ¢ëà�¦¥−¨ï (16):

‘Y∗ = G0 −
1

2
GGT

∫

Y

∂�1
∂ρ

(
∂“ρ

∂Y∗

)T
dY . (17)

�−�«¨§ ¤�−−®£® ãà�¢−¥−¨ï ¯®§¢®«ï¥â á¤¥«�âì á«¥¤ãîé¨¥ ¢ë¢®¤ë, á¢¨¤¥â¥«ì-
áâ¢ãîé¨¥ ® ¯à¥¨¬ãé¥áâ¢�å ¯à¥¤«®¦¥−−®£® ¬¥â®¤� ¯¥à¥¤ âà�¤¨æ¨®−−ë¬¨. ‚®-
¯¥à¢ëå, à�áá¬®âà¥−−�ï ¯à®æ¥¤ãà� ¨¤¥−â¨ä¨ª�æ¨¨ ®ª�§ë¢�¥âáï ¨−¢�à¨�−â−®© ª
à�§¬¥à−®áâ¨ ¢¥ªâ®à� −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ | à�§¬¥à−®áâì ãà�¢−¥−¨ï (17) á®-
åà�−¨«�áì à�¢−®© à�§¬¥à−®áâ¨ ¨áå®¤−®© á¨áâ¥¬ë ®æ¥−ª¨ ¢¥ªâ®à� á®áâ®ï−¨ï (13).
�® áà�¢−¥−¨î á á¨áâ¥¬®© ãà�¢−¥−¨© âà�¤¨æ¨®−−®© �¤�¯â¨¢−®© ä¨«ìâà�æ¨¨, ¨á-
¯®«ì§ãîé¥© ¯à¥¤¯®«®¦¥−¨¥ ® áâ�æ¨®−�à−®áâ¨ ¨¤¥−â¨ä¨æ¨àã¥¬ëå ¯�à�¬¥âà®¢ ¨
à�áè¨àïîé¥© ¢¥ªâ®à á®áâ®ï−¨ï §� áç¥â ãà�¢−¥−¨© íâ¨å ¯�à�¬¥âà®¢, íâ® á®ªà�é�-
¥â à�§¬¥à−®áâì ¨−â¥£à¨àã¥¬®© á¨áâ¥¬ë −� N2/2 + (3/2 +M)N , £¤¥ N | ç¨á«®
−¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ (¢ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥ N = 18), M | à�§¬¥à−®áâì
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¢¥ªâ®à� á®áâ®ï−¨ï á¨áâ¥¬ë (¢ à�áá¬�âà¨¢�¥¬®¬ á«ãç�¥ M = 12). ‚®-¢â®àëå,
®âáãâáâ¢¨¥ ¤®¯ãé¥−¨© ® −¥¨§¬¥−−®áâ¨ −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ −� ¨−â¥à¢�«¥
®æ¥−¨¢�−¨ï ¯®§¢®«ï¥â ¨å ¨¤¥−â¨ä¨æ¨à®¢�âì á ¡®«ìè¥© â®ç−®áâìî.

�®«¥¥ â®£®, ¢ á¨«ã ¤®áâ�â®ç−® ¯à®áâ®© áâàãªâãàë ãà�¢−¥−¨ï (17), �−�«®-
£¨ç−®©, ¯® áãé¥áâ¢ã, (13), ¨ ¢®§¬®¦−®áâ¨ ¡ëáâà®¤¥©áâ¢ãîé¥£® ¢ëç¨á«¥−¨ï
®¯à¥¤¥«¥−−®£® ¨−â¥£à�«� ¢ ¥£® ¯à�¢®© ç�áâ¨ (ï¤à® ª®â®à®£® ¨§¢¥áâ−®) á ¯®¬®éìî
áãé¥áâ¢ãîé¨å íää¥ªâ¨¢−ëå ç¨á«¥−−ëå ¬¥â®¤®¢, ®ç¥¢¨¤−®, çâ® ®¯¨á�−−ë© ¬¥-
â®¤ ¨¤¥−â¨ä¨ª�æ¨¨ ¬®¦¥â ¡ëâì «¥£ª® à¥�«¨§®¢�− ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨
¯®áâã¯«¥−¨ï ¨§¬¥à¨â¥«ì−®© ¨−ä®à¬�æ¨¨ −� ¡®àâ®¢®¬ ¢ëç¨á«¨â¥«¥ «®ª®¬®â¨¢�
−� ®á−®¢¥ â¥ªãé¥© ¨−ä®à¬�æ¨¨ ® −�¢¨£�æ¨®−−ëå ¯�à�¬¥âà�å.

6 Идентификация аномалии формы рельсовой нити
при использовании сети дифференциальных поправок

ˆá¯®«ì§®¢�−¨¥ á¥â¨ ¤¨ää¥à¥−æ¨�«ì−ëå ¯®¯à�¢®ª ¯®§¢®«ï¥â ¯à�ªâ¨ç¥áª¨
â®ç−® à¥è�âì §�¤�çã ¯®§¨æ¨®−¨à®¢�−¨ï «®ª®¬®â¨¢� ¨ ¢ëç¨á«¥−¨ï ¥£® «¨−¥©−®©
¨ ã£«®¢®© áª®à®áâ¨. �â® ®¡áâ®ïâ¥«ìáâ¢® ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï áãé¥áâ¢¥−−®£®
ã¯à®é¥−¨ï à¥è¥−¨ï §�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ �”÷� ¯à¨ ¥¤¨−áâ¢¥−−®¬ ãá«®¢¨¨ |
¤¢¨¦¥−¨¨ «®ª®¬®â¨¢� á §�à�−¥¥ ¨§¢¥áâ−®© áª®à®áâìî, ª®−âà®«¨àã¥¬®©, −�¯à¨-
¬¥à, â®© ¦¥ ‘�‘. ‚ íâ®¬ á«ãç�¥ ãà�¢−¥−¨ï ¢¥ªâ®à� á®áâ®ï−¨ï �‘ á ãç¥â®¬
�”÷� (7) áãé¥áâ¢¥−−® ã¯à®é�îâáï:

‘µ =
1

2
�0(µ)(Zd −md − Sdγd −Wd) ;

‘zd = Sd∗αd ; ‘za = Sa∗
αa ; ‘zv = Sa(zα)γa ,




 (18)

� ¤«ï −�¡«î¤¥−¨ï §� ¢−®¢ì ¯®«ãç¥−−ë¬ ¢¥ªâ®à®¬ Y = |µT zTd zTa zTv |T ¤®áâ�â®ç−®
¨á¯®«ì§®¢�âì â®«ìª® á¨£−�« ¤®¯¯«¥à®¢áª¨å ¨§¬¥à¥−¨©, ª®â®àë© ¯®á«¥ ãç¥â�
(¢ëç¨â�−¨ï) ¨§¢¥áâ−ëå á®áâ�¢«ïîé¨å ¯à¨−¨¬�¥â á«¥¤ãîé¨© ¢¨¤:

ZV ∗ =
[
(ξc − 2(r + h)(λ2λ4 + λ1λ3))

(
−[GDT](1)zv

)
+

+ (ηc − − 2(r + h)(λ3λ4 − λ1λ2))
(
−[GDT](2)zv

)
+ (ζc −

− (r + h)(2λ21 + 2λ24 − 1)
)(

−[GDT](3)zv
)](
(ξc − 2(r + h)(λ2λ4 + λ1λ3))2 +

+ (ηc − 2(r + h)(λ3λ4 − λ1λ2))
2 + (ζc − (r + h)(2λ21 + 2λ24 − 1))2

)−1/2
+

+WZV
= ψ1(t)[GD

T](1)zv + ψ2(t)[GD
T](2)zv + ψ3(t)[GD

T](3)zv +WZV
=

= HV 0(µ, zv) +WZV
,
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£¤¥ψi(t), i = 1, 2, 3| ¨§¢¥áâ−ë¥ äã−ªæ¨¨ ¢à¥¬¥−¨, ®¯à¥¤¥«ï¥¬ë¥ ¯® ¯®ª�§�−¨ï¬
‘�‘ ¨ ¨−ä®à¬�æ¨¨ ® áª®à®áâ¨ «®ª®¬®â¨¢�.

‘âàãªâãà� ä¨«ìâà� ¯à¨ íâ®¬ ®áâ�¥âáï �−�«®£¨ç−®© (12), −® áãé¥áâ¢¥−−® á®-
ªà�é�¥âáï ¥£® à�§¬¥à−®áâì (á®®â¢¥âáâ¢¥−−®, ¨ ¤«ï ¯à¨¢¥¤¥−−®£® ¢ëè¥ �«£®à¨â¬�
¨¤¥−â¨ä¨ª�æ¨¨). ÷�áá¬®âà¥−−ë© á«ãç�© ¨−â¥à¥á¥− ¥é¥ â¥¬, çâ®, ¢®-¯¥à¢ëå,
¤¥¬®−áâà¨àã¥â −¥âà¨¢¨�«ì−ãî ¢®§¬®¦−®áâì −�¡«î¤¥−¨ï ã£«®¢ëå ª®«¥¡�−¨© «®-
ª®¬®â¨¢� (¢¥ªâ®à� µ) â®«ìª® á ¯®¬®éìî ‘�‘, � ¢®-¢â®àëå, ¯®§¢®«ï¥â à¥è¨âì
§�¤�çã ¨¤¥−â¨ä¨ª�æ¨¨ �”÷� ¡¥§ ¯à¨¢«¥ç¥−¨ï ¯®ª�§�−¨© �ªá¥«¥à®¬¥âà®¢ |
â®«ìª® ¯® ¨§¬¥à¥−¨ï¬ „“‘®¢ ¨ ‘�‘.

‚ §�¢¥àè¥−¨¥ �−�«¨§� à¥è¥−¨ï §�¤�ç¨ ¨¤¥−â¨ä¨ª�æ¨¨ �”÷� á«¥¤ã¥â §�¬¥-
â¨âì, çâ®, −¥á¬®âàï −� á¢®î ¢ëç¨á«¨â¥«ì−ãî ¯à®áâ®âã, ¯à¥¤«®¦¥−−ë© �«£®à¨â¬
(¨ ¬¥â®¤) ¨¤¥−â¨ä¨ª�æ¨¨ ¢á¥ ¦¥ ãá«®¦−ï¥â �«£®à¨â¬ â¥ªãé¥© ®æ¥−ª¨ ¢¥ªâ®à�
−�¢¨£�æ¨®−−ëå ¯�à�¬¥âà®¢. ‚ á¢ï§¨ á íâ¨¬ ¥£® æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì −¥
¢ â¥ç¥−¨¥ ¢á¥£® ¢à¥¬¥−¨ ¤¢¨¦¥−¨ï, � â®«ìª® ¯à¨ ®¡−�àã¦¥−¨¨ �”÷�. ‚ á¢®î
®ç¥à¥¤ì, ®¡−�àã¦¥−¨¥ �”÷� «¥£ª® ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ ª®−âà®«ï å�à�ªâ¥à�
¨§¬¥−¥−¨ï ¯à�¢®© ç�áâ¨ á¨áâ¥¬ë (12) ¨«¨ (18) | ¯à¨ ¯®ï¢«¥−¨¨ �”÷� ¡ã-
¤ãâ −�¡«î¤�âìáï £�ãáá®¨¤�«ì−ë¥ áª�çª¨, «¥£ª® ®¡−�àã¦¨¢�¥¬ë¥ âà�¤¨æ¨®−−ë¬
¨á¯®«ì§®¢�−¨¥¬ á¯¥ªâà�«ì−®£® �−�«¨§�, ¢¥©¢«¥â-�«£®à¨â¬®¢, ¢ëç¨á«¥−¨¥¬ ª®à-
à¥«ïæ¨®−−ëå äã−ªæ¨©, � â�ª¦¥ ¨á¯®«ì§®¢�−¨¥¬ ¯®à®£®¢ëå äã−ªæ¨© (ãáâà®©áâ¢)
¨«¨ áà�¢−¥−¨¥¬ (¢ ¢¨¤¥ ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï) áâ�â¨áâ¨ª¨, ¢ëç¨á«ï¥¬®©
¤«ï ¯®«ãç�¥¬ëå ä¨«ìâà®¬ Š�«¬�−� ®æ¥−®ª �−®¬�«¨¨, á ¯®à®£®¢ë¬ ãà®¢−¥¬,
ãáâ�−®¢«¥−−ë¬ ¯® ¤®¯ãáâ¨¬®© ¢¥à®ïâ−®áâ¨ «®¦−®£® ®¡−�àã¦¥−¨ï. �à¨ íâ®¬
®á®¡¥−−® íää¥ªâ¨¢−® ®¡−�àã¦¥−¨¥ �”÷� ¬®¦¥â ¡ëâì ®áãé¥áâ¢«¥−® ¯à¨ ¯®áâ®-
ï−−®© áª®à®áâ¨ «®ª®¬®â¨¢�, ª®£¤� ¯à�¢ë¥ ç�áâ¨ ãà�¢−¥−¨© á¨áâ¥¬ (12), (18) ¨«¨
¡«¨§ª¨ ª −ã«î, ¨«¨ ¨¬¥îâ ¢¥áì¬� ¯à®áâ®© å�à�ªâ¥à ¨§¬¥−¥−¨ï ¢® ¢à¥¬¥−¨.

7 Имитационное моделирование системы регистрации
и идентификации аномалии формы рельсовой нити

‚ à¥§ã«ìâ�â¥ ¯à®¢¥¤¥−¨ï ¯à¥¤¢�à¨â¥«ì−ëå ¨áá«¥¤®¢�−¨© ¢ á®§¤�−−®© á¨áâ¥¬¥
à¥£¨áâà�æ¨¨ æ¥−âà�«ì−ë¬ í«¥¬¥−â®¬ ¡ë« ®¯à¥¤¥«¥− ¬¨−¨�âîà−ë© ¯à¨¡®à ADIS
16364 ä¨à¬ë Analog Device, ¢ª«îç�îé¨© ¢ á¥¡ï âà¥å®á−ë© ¤�âç¨ª «¨−¥©−ëå
ãáª®à¥−¨© (�ªá¥«¥à®¬¥âà) ¨ âà¥å®á−ë© „“‘ (£¨à®áª®¯). ��à�¬¥âàë ¯à¨¡®à�
ADIS 16364 ¡ë«¨ ¢§ïâë ¨§ â¥å−¨ç¥áª®£® ®¯¨á�−¨ï [3]. �à¨ ¨¬¨â�æ¨¨ à�¡®âë
¯à¨¡®à� ®áãé¥áâ¢«¥−� ª�«¨¡à®¢ª� ¥£® èã¬®¢ ¯® à¥§ã«ìâ�â�¬ −�âãà−ëå §�¯¨á¥© á
¢ëå®¤� ¯à¨¡®à�, ¯®«ãç¥−−ëå −� ¤¢¨¦ãé¥¬áï «®ª®¬®â¨¢¥.

„«ï ®¡®á−®¢�−¨ï âà¥¡®¢�−¨©, ¯à¥¤êï¢«ï¥¬ëå ª á¨áâ¥¬¥ à¥£¨áâà�æ¨¨, ¬®¤¥-
«¨àãîé¨© ª®¬¯«¥ªá ¡ë« ®á−�é¥− �«£®à¨â¬�¬¨ ®¡−�àã¦¥−¨ï �”÷� ¨ ä¨«ìâ-
à�æ¨¨ ¯®¬¥å®¢ëå ¨ èã¬®¢ëå ¢®§¤¥©áâ¢¨© ¯à¨ ®æ¥−ª¥ ¯�à�¬¥âà®¢ �−®¬�«¨©.
Œ®¤¥«¨àãîé¨© ª®¬¯«¥ªá ¯®§¢®«ï¥â ®æ¥−¨âì âà¥¡®¢�−¨ï ¯® ¨¬¨â¨àã¥¬ë¬ ¨ à¥-
�«ì−ë¬ ¯®â®ª�¬ ¨−ä®à¬�æ¨¨ ª®−âà®«ì−®-¨§¬¥à¨â¥«ì−ëå ¯à¨¡®à®¢. �à¨ íâ®¬

72 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



�¢â®¬�â¨§�æ¨ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¤«ï ®¡−�àã¦¥−¨ï �”÷�

à¥è�¥âáï §�¤�ç� ®æ¥−ª¨ �¤¥ª¢�â−®áâ¨ ¬®¤¥«¨àã¥¬ëå §−�ç¥−¨© à¥�«ì−ë¬ ¯®ª�-
§�−¨ï¬ ¯à¨¡®à®¢. �à¥¤ãá¬®âà¥− â�ª¦¥ à¥¦¨¬ ¯®«ã−�âãà−®£® ¬®¤¥«¨à®¢�−¨ï.
‚ íâ®¬ à¥¦¨¬¥ ¨¬¨â¨àã¥¬ë¥ ¤�−−ë¥ ¨á¯®«ì§ãîâáï á®¢¬¥áâ−® á à¥�«ì−®© ¨−ä®à-
¬�æ¨¥©: −�¯à¨¬¥à, èã¬ë ¢ ¯®ª�§�−¨ïå ¤�âç¨ª®¢ ¡¥àãâáï à¥�«ì−ë¥, � á¨£−�«,
ä®à¬¨àã¥¬ë© ¢ ¬®¬¥−â ¯à®å®¦¤¥−¨ï «®ª®¬®â¨¢®¬ ãç�áâª� ¯ãâ¨ á �”÷� |
¨¬¨â¨àã¥¬ë©. �¥®¡å®¤¨¬®áâì ¯®«ã−�âãà−®£® ¬®¤¥«¨à®¢�−¨ï ¢ë§¢�−� â¥¬, çâ®
¢ ¯�á¯®àâ−ëå ¤�−−ëå −� ¯à¨¡®à ãª�§ë¢�îâáï «¨èì ®á−®¢−ë¥ ¯�à�¬¥âàë ¤�â-
ç¨ª®¢, � ª�¦ãé¨¥áï à�§à�¡®âç¨ª�¬ ¢â®à®áâ¥¯¥−−ë¥ ¯�à�¬¥âàë −¥ ¯à¨¢®¤ïâáï
(−�¯à¨¬¥à, ¢¨¤ á¯¥ªâà�«ì−®© ¯«®â−®áâ¨ ¯®¬¥å). ‚ à¥§ã«ìâ�â¥ á¨£−�«ë ¤�âç¨ª®¢,
¨¬¨â¨àã¥¬ë¥ ¢ á®®â¢¥âáâ¢¨¨ á ¯�á¯®àâ−ë¬¨ ¯�à�¬¥âà�¬¨, ¬®£ãâ ¢ ®¯à¥¤¥«¥−−ëå
ãá«®¢¨ïå áãé¥áâ¢¥−−® ®â«¨ç�âìáï ®â à¥�«ì−ëå.

‚ ®á−®¢ã ¬®¤¥«¨à®¢�−¨ï £¥®¬¥âà¨¨ à¥«ìá®¢ëå −¨â¥© ¢§ïâë �−�«¨â¨ç¥áª¨¥
á®®â−®è¥−¨ï, ¯à¨¢¥¤¥−−ë¥ ¢ [4], à¥�«ì−® ¨á¯®«ì§ã¥¬ë¥ ¤«ï ®¯¨á�−¨ï ¦¥«¥§−®-
¤®à®¦−®£® ¯®«®â−� −� ¬¥áâ−®áâ¨. ��¨¡®«¥¥ ¢�¦−ë¬¨ ãç�áâª�¬¨ ¯ãâ¨ áç¨â�îâáï
áâà¥«®ç−ë¥ ¯¥à¥¢®¤ë ¨ ®¤−®á¥ªæ¨®−−ë¥ ¯®¢®à®âë. �â® á¢ï§�−® á â¥¬, çâ® á¨£-
−�«ë, ¢®§−¨ª�îé¨¥ ¢ ¤�âç¨ª�å «¨−¥©−ëå ãáª®à¥−¨© ¨ ã£«®¢ëå áª®à®áâ¥© ¯à¨
¯à®å®¦¤¥−¨¨ «®ª®¬®â¨¢®¬ ãª�§�−−ëå ãç�áâª®¢ ¯ãâ¨, ¬®£ãâ ¡ëâì ¢ ®¯à¥¤¥«¥−−®©
¬¥à¥ ¯®å®¦¨ −� á¨£−�«ë ¯à¨ −�«¨ç¨¨ �”÷� −� ®â−®á¨â¥«ì−® ¯àï¬®«¨−¥©−ëå
ãç�áâª�å ¯ãâ¨.

‘ä®à¬ã«¨àã¥¬ â¥¯¥àì §�¤�ç¨, ª®â®àë¥ ¬®£ãâ ¡ëâì (¨ ¡ë«¨) à¥è¥−ë á ¯®-
¬®éìî ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¢ ¯à®æ¥áá¥ à�§à�¡®âª¨ á¨áâ¥¬ë ®¡−�àã¦¥-
−¨ï �”÷�.

�¡®á−®¢�−¨¥ âà¥¡®¢�−¨© ª á¨áâ¥¬¥ à¥£¨áâà�æ¨¨ �−®¬�«¨¨ ä®à¬ë à¥«ìá®¢®©
−¨â¨. �¡®á−®¢�−¨¥ âà¥¡®¢�−¨© ¯à®¢®¤¨âáï ¯® á®áâ�¢ã, ¤¨�¯�§®−ã ¢®§¬®¦−ëå
§−�ç¥−¨©, ¯® â®ç−®áâ−ë¬ å�à�ªâ¥à¨áâ¨ª�¬, â¥¬¯ã ¢ë¤�ç¨-®¡−®¢«¥−¨ï ¨−ä®à¬�-
æ¨¨, ä®à¬¨àã¥¬®© −� ¢ëå®¤¥ â®£® ¨«¨ ¨−®£® à¥£¨áâà¨àãîé¥£® ¤�âç¨ª� ® â¥ªãé¥¬
á®áâ®ï−¨¨ à¥«ìá®¢ëå −¨â¥© −� à�§«¨ç−ëå ãç�áâª�å.

�à®¢¥¤¥−¨¥ áà�¢−¨â¥«ì−®© ®æ¥−ª¨ ¨−ä®à¬�â¨¢−®áâ¨ ¤�âç¨ª®¢ ¯�à�¬¥âà®¢
¤¢¨¦¥−¨ï, ¯à¥¤«�£�¥¬ëå à�§«¨ç−ë¬¨ ä¨à¬�¬¨-¨§£®â®¢¨â¥«ï¬¨. ‘à�¢−¥−¨¥
®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ ¬®¤¥«¨à®¢�−¨ï ¯®ª�§�−¨© à�§«¨ç−ëå ¤�âç¨ª®¢ ¤«ï ®¤−¨å
¨ â¥å ¦¥ ãá«®¢¨© ¤¢¨¦¥−¨ï «®ª®¬®â¨¢� ¨ â¨¯®¢ëå �”÷� ¯à¨ ¢®§¤¥©áâ¢¨ïå
à�§«¨ç−®£® ¢¨¤� èã¬®¢ ¨ ¯®¬¥å, á¢ï§�−−ëå á ª¨−¥¬�â¨ª®© ¤¢¨¦¥−¨ï.

‘à�¢−¨â¥«ì−ë© �−�«¨§ �«£®à¨â¬®¢ ®¡−�àã¦¥−¨ï �−®¬�«¨¨ ä®à¬ë à¥«ìá®¢®©
−¨â¨. �ãâ¥¬ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï ¬®¦−® áä®à¬¨à®¢�âì à�§«¨ç−ë¥
ãá«®¢¨ï ¤¢¨¦¥−¨ï «®ª®¬®â¨¢�, ¢ â®¬ ç¨á«¥ á¯¥æ¨�«ì−ë¥ ãá«®¢¨ï, ª®â®àë¥ ¬®£ãâ
−¥ ¢áâà¥â¨âìáï ¢ ®£à�−¨ç¥−−ëå ¯® ¢à¥¬¥−¨ ¨ ãá«®¢¨ï¬ −�âãà−ëå ¨á¯ëâ�−¨ïå. �â®
¯®§¢®«ï¥â ¢á¥áâ®à®−−¥ ¨§ãç¨âì á¨«ì−ë¥ ¨ á«�¡ë¥ áâ®à®−ë à�§«¨ç−ëå ¯®¤å®¤®¢ ª
¢ëï¢«¥−¨î �”÷�.

�¥à¨®¤¨ç¥áª�ï ¯à®¢¥àª� à�¡®â®á¯®á®¡−®áâ¨ ¯à®£à�¬¬−®-�«£®à¨â¬¨ç¥áª®£®
®¡¥á¯¥ç¥−¨ï èâ�â−®© á¨áâ¥¬ë ®¡−�àã¦¥−¨ï �−®¬�«¨¨ ä®à¬ë à¥«ìá®¢®© −¨â¨.
ˆ¬¨â�æ¨®−−®¥ ¬®¤¥«¨à®¢�−¨¥ æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¨ ¤«ï á®§¤�−¨ï á¨áâ¥-
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¬ë â¥áâ®¢, á ¯®¬®éìî ª®â®àëå ¤®«¦−� ¯à®¨§¢®¤¨âìáï ¯¥à¨®¤¨ç¥áª�ï ¯à®¢¥àª�
äã−ªæ¨®−¨à®¢�−¨ï íªá¯«ã�â¨àã¥¬®© á¨áâ¥¬ë à¥£¨áâà�æ¨¨ â¥ªãé¥£® á®áâ®ï−¨ï
à¥«ìá®¢ëå −¨â¥©.

Š®−¥ç−®© §�¤�ç¥© ¬®¤¥«¨à®¢�−¨ï ï¢«ï¥âáï ®æ¥−ª� å�à�ªâ¥à¨áâ¨ª ª�ç¥áâ¢�
®¡−�àã¦¥−¨ï �”÷�, â�ª ª�ª −¥â®ç−®¥ ¢ëç¨á«¥−¨¥ ¯�à�¬¥âà®¢ �”÷� ¨ ¨å ª®-
®à¤¨−�â −� à¥«ìá®¢ëå −¨âïå ¬®¦−® ª®¬¯¥−á¨à®¢�âì ¤�«ì−¥©è¨¬ ¨áá«¥¤®¢�−¨¥¬
¢ëï¢«¥−−®£® �−®¬�«ì−®£® ãç�áâª� ¡®«¥¥ â®ç−ë¬¨ ¨§¬¥à¨â¥«ì−ë¬¨ áà¥¤áâ¢�¬¨ ¨
á¨áâ¥¬�¬¨.

�à¨ ¬®¤¥«¨à®¢�−¨¨ à�ááç¨âë¢�îâáï ¯®ª�§�−¨ï ¤�âç¨ª®¢ ¤«ï ¯®«−®áâìî ¨á-
¯à�¢−®£® ¦¥«¥§−®¤®à®¦−®£® ¯®«®â−�, â. ¥. ¡¥§ �−®¬�«¨©, � §�â¥¬ ¢ ¯®ª�§�−¨ï
¤�âç¨ª®¢ −� ãç�áâª�å ¯ãâ¨, −� ª®â®àëå ¨¬¥îâ ¬¥áâ® �”÷�, ¤®¡�¢«ïîâáï á®®â-
¢¥âáâ¢ãîé¨¥ ¯®¯à�¢ª¨, èã¬ë ¨ ¯®¬¥å¨.

�−�«¨§ ¢®§¬®¦−®áâ¨ ®¡−�àã¦¥−¨ï ¯«�¢−ëå ¯® ä®à¬¥ �”÷� ¯à®¢®¤¨«áï
¯ãâ¥¬ ¨¬¨â�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï. ‚¬¥áâ¥ á â¥¬ ã¦¥ ¨¬¥îé¨¥áï à¥§ã«ìâ�âë
®¡à�¡®âª¨ à¥�«ì−ëå §�¯¨á¥© ¯à¨¡®à� ®¡¥á¯¥ç¨«¨ ¢®§¬®¦−®áâì §�¤�âì ¢ ¬®¤¥«¨
à¥�«ì−ë¥ ¯�à�¬¥âàë èã¬®¢®© á®áâ�¢«ïîé¥© ¯à¨¡®à®¢. ‚á«¥¤áâ¢¨¥ íâ®£® ã¤�-
«®áì ¡®«¥¥ ¤®áâ®¢¥à−® ®æ¥−¨âì ¨ ¢®§¬®¦−®áâì ®¡−�àã¦¥−¨ï à�§«¨ç−ëå �”÷�,
ª®â®àë¥ ¡ã¤ãâ ä¨ªá¨à®¢�âìáï ª®−ªà¥â−ë¬ ãáâà®©áâ¢®¬, áª®−áâàã¨à®¢�−−ë¬ −�
®á−®¢¥ ¯à¨¡®à� ADIS 16364.

„¨á¯¥àá¨ï èã¬� ¢ ¯à®æ¥áá¥ ¬®¤¥«¨à®¢�−¨ï ¯®«ãç¥−� −� ®á−®¢¥ à¥�«ì−ëå
¨§¬¥à¥−¨© ¤«ï «®ª®¬®â¨¢�, ¤¢¨¦ãé¥£®áï á® áª®à®áâìî 40 ª¬/ç; ¯à¨ íâ®¬ ¤«ï
¬®¤¥«¨à®¢�−¨ï −�¡«î¤¥−¨© −� áª®à®áâ¨, ¡«¨§ª®© ª 60{70 ª¬/ç, ¢¥«¨ç¨−� ¤¨á-
¯¥àá¨¨ ¡ë«� −¥áª®«ìª® ã¢¥«¨ç¥−�, � ¨¬¥−−® ¡ë«� ¯à¨−ïâ� ¤«ï ¤�âç¨ª®¢ «¨−¥©−ëå
ãáª®à¥−¨© à�¢−®© 0,05 ¬/á2 (¢ á®áâ®ï−¨¨ ¯®ª®ï 0,01 ¬/á2) ¨ 0,015 à�¤/á ¤«ï
„“‘®¢ (¢ á®áâ®ï−¨¨ ¯®ª®ï 0,0144 à�¤/á, â. ¥. 0,83 £à�¤/á).

—â®¡ë á«®¦−®áâì ¯à®¡«¥¬ë ®¡−�àã¦¥−¨ï �”÷� ¡ë«� ®âç¥â«¨¢® ¢¨¤−�, ¢
¬®¤¥«ì ¡ë«¨ §�«®¦¥−ë èã¬®¢ë¥ ¯�à�¬¥âàë à¥�«ì−®£® ¯à¨¡®à�, � â�ª¦¥ ¤®¡�¢«¥−
èã¬ −¥¡®«ìè®© ¬®é−®áâ¨, ¢®§−¨ª�îé¨© ¢ ¯à®æ¥áá¥ ¤¢¨¦¥−¨ï.

‚ ª�ç¥áâ¢¥ �”÷� à�áá¬®âà¥−® â®«ìª® ¨áªà¨¢«¥−¨¥ ¯ãâ¨ ¢ ¯«�−¥ (¢ £®à¨§®−-
â�«ì−®© ¯«®áª®áâ¨ OXY ), ¢ë§ë¢�îé¥¥ £®à¨§®−â�«ì−®¥ úàëáª�−¨¥û «®ª®¬®â¨¢�
®â−®á¨â¥«ì−® ¯àï¬®«¨−¥©−®£® ¤¢¨¦¥−¨ï ¢¤®«ì ®á¨ OY .

—â®¡ë ®æ¥−¨âì ¯à¨−æ¨¯¨�«ì−ãî ¢®§¬®¦−®áâì ®¡−�àã¦¥−¨ï �”÷�, ¢®á-
¯®«ì§ã¥¬áï ªà¨â¥à¨¥¬ ®¡−�àã¦¥−¨ï �−®¬�«¨© −� ®á−®¢¥ áà�¢−¥−¨ï | ¢ ¢¨¤¥
®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï, áâ�â¨áâ¨ª¨, ¢ëç¨á«ï¥¬®© ¤«ï ¯®«ãç�¥¬ëå ä¨«ìâà®¬
Š�«¬�−� ®æ¥−®ª ¯�à�¬¥âà®¢ �−®¬�«¨¨, á ¯®à®£®¢ë¬ ãà®¢−¥¬, ãáâ�−®¢«¥−−ë¬ ¯®
¤®¯ãáâ¨¬®© ¢¥à®ïâ−®áâ¨ «®¦−®£® ®¡−�àã¦¥−¨ï.

8 Структура алгоритма обнаружения аномалии

’�ª ª�ª ¯®«ãç�¥¬�ï äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï ¯à¥¤áâ�¢¨¬� −®à¬�«ì−®© ¯«®â-
−®áâìî à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥©, â® ¯à¨ ¢ë¡®àª¥ ¤®áâ�â®ç−® ¡®«ìè®£® ®¡ê¥¬�
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�¢â®¬�â¨§�æ¨ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¤«ï ®¡−�àã¦¥−¨ï �”÷�

�¯à¨®à−®¥ à�á¯à¥¤¥«¥−¨¥ −� ¬−®¦¥áâ¢¥ §−�ç¥−¨© ª®¬¯®−¥−â ¢¥ªâ®à� á®áâ®ï−¨ï
¡ã¤¥â ¯®áâ®ï−−ë¬ ¢ ®¡«�áâ¨ §−�ç¥−¨© äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï, ¤®áâ�â®ç−® ®â-
«¨ç−ëå ®â −ã«ï. �â® ®§−�ç�¥â, çâ® ¤«ï ®¡−�àã¦¥−¨ï �−®¬�«¨¨ á âà¥¡ã¥¬®©
¨−ä®à¬�â¨¢−®áâìî | ¤®áâ®¢¥à−®áâìî, −¥®¡å®¤¨¬® ¨¬¥âì ¢ë¡®àªã ¨§¬¥à¥−¨©,
−¥¯®áà¥¤áâ¢¥−−® á¢ï§�−−ãî ç¥à¥§ äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï á ä�ªâ®¬ −�«¨ç¨ï
¨«¨ ®âáãâáâ¢¨ï �−®¬�«¨¨ ¢ ãá«®¢¨ïå â¥ªãé¥£® ª®−âà®«ï á®áâ®ï−¨ï à¥«ìá®¢ëå
−¨â¥©. �âáî¤� −¥¯®áà¥¤áâ¢¥−−® á«¥¤ã¥â, çâ® ä�ªâ ®¡−�àã¦¥−¨ï �−®¬�«¨¨ ¬®¦−®
ä¨ªá¨à®¢�âì −� ®á−®¢¥ áà�¢−¥−¨ï áâ�â¨áâ¨ª¨ ¢ ¢¨¤¥ ®â−®è¥−¨ï ¯à�¢¤®¯®¤®¡¨ï,
¢ëç¨á«ï¥¬®© ¤«ï ¯®«ãç�¥¬ëå ä¨«ìâà®¬ Š�«¬�−� ®æ¥−®ª ¯�à�¬¥âà®¢ �−®¬�«¨¨,
á ¯®à®£®¢ë¬ ãà®¢−¥¬, ãáâ�−®¢«¥−−ë¬ ¯® ¤®¯ãáâ¨¬®© ¢¥à®ïâ−®áâ¨ «®¦−®£® ®¡-
−�àã¦¥−¨ï ¨ ãá«®¢−®¬ã à�á¯à¥¤¥«¥−¨î ¢¥à®ïâ−®áâ¥© áâ�â¨áâ¨ª¨ (¯à¨ ãá«®¢¨¨
®âáãâáâ¢¨ï �−®¬�«¨¨).

‘âàãªâãà� ®¡−�àã¦¨â¥«ï �−®¬�«¨¨ ¢ à¥�«ì−®¬ ¢à¥¬¥−¨ ¯à¨ −®à¬�«ì−ëå
äã−ªæ¨ïå ¯à�¢¤®¯®¤®¡¨ï £¨¯®â¥§ë θ = 0 (−¥â �”÷�) ¨ �«ìâ¥à−�â¨¢ë θ = 1
(¥áâì �”÷�) ¢ íâ®¬ á«ãç�¥ ¨¬¥¥â ª«�áá¨ç¥áª¨© ¢¨¤:

˜i = ˜i−1
ρ((zi − Z∗)/θ = 1)

ρ(zi/θ = 0)
=

= ˜i−1
1/(

√
2πσ) exp{−(zi − Z∗)2/(2σ2)}
1/(

√
2πσ) exp{−z2i /(2σ2)}

≥ π(α) ,

£¤¥ i = 0, 1, . . . , n | ¢à¥¬¥−−ë¥ ®âáç¥âë; zi | ¯®ª�§�−¨ï —� ¢ i-¥ ¬®¬¥−âë
¢à¥¬¥−¨; Z∗ | �¬¯«¨âã¤� à¥�ªæ¨¨ —� −� �”÷�; π(α) | ¯®à®£®¢ë© ãà®¢¥−ì,
®¤−®§−�ç−® á®®â¢¥âáâ¢ãîé¨© ¯®à®£®¢®¬ã ãà®¢−î ¯à�¢¨«� ®¡−�àã¦¥−¨ï �”÷�.

‘ ãç¥â®¬ ¢á¥© ¢ë¡®àª¨ ¢ æ¥«®¬ íâ� áâàãªâãà� á¢®¤¨âáï ª ¢¨¤ã:

n∑

i=0

ziZ
∗ ≥ (Z∗)2 0,5 + ln(π) , (19)

â. ¥. ª ¢¨¤ã ª®àà¥«ïæ¨®−−®-®æ¥−®ç−®£® ®¡−�àã¦¨â¥«ï ¤¥â¥à¬¨−¨à®¢�−−®£® á¨£-
−�«� á �¯à¨®à¨ −¥ ¨§¢¥áâ−ë¬¨ ¯�à�¬¥âà�¬¨.

‚ (19) «¥¢�ï ç�áâì | à¥§ã«ìâ�â à�áªàëâ¨ï ¢ëà�¦¥−¨ï ¤«ï ˜i, ¯à¥¤áâ�¢«ï-
îé¨© á¢¥àâªã ¢ë¡®àª¨ ¨ à¥�ªæ¨¨ —� −� �”÷�, ¨«¨, ¨−�ç¥, á®£«�á®¢�−−ë©
ä¨«ìâà, � ¯à�¢�ï | ¯®à®£®¢ë© ãà®¢¥−ì, ®¤−®§−�ç−® á®®â¢¥âáâ¢ãîé¨© ¯®à®£®¢®-
¬ã ãà®¢−î ¯à�¢¨«� ®¡−�àã¦¥−¨ï �”÷�.

Œ®¤¥«¨à®¢�−¨¥ ¬¥â®¤®¢ ®¡−�àã¦¥−¨ï �”÷� ®áãé¥áâ¢«ï«®áì ¯® á«¥¤ãîé¥©
¬¥â®¤¨ª¥. �ãáâì ¨¬¥¥â ¬¥áâ® −¥ª�ï «®ª�«ì−�ï �−®¬�«¨ï à¥«ìá®¢®© ª®«¥¨ ¨ −�
¢ëå®¤¥ ¤�âç¨ª� ä®à¬¨àã¥âáï ¯®á«¥¤®¢�â¥«ì−®áâì ¨§¬¥à¥−¨© á®®â¢¥âáâ¢ãîé¥£®
¯à¨§−�ª�. �à¥¤¢�à¨â¥«ì−® íâã ¯®á«¥¤®¢�â¥«ì−®áâì ¯®¤�¤¨¬ −� ¢å®¤ ¯®à®£®¢®£®
ãáâà®©áâ¢�. �®à®£®¢ë© ãà®¢¥−ì ãáâà®©áâ¢� ãáâ�−®¢¨¬ ¯® ¬®é−®áâ¨ èã¬� ¯à¨¡®à�

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012 75



‘. Š. „ã«¨−, ˆ. �. ÷®§¥−¡¥à£, ‚. ˆ. “¬�−áª¨©

á¨áâ¥¬ë à¥£¨áâà�æ¨¨. �� ¢ëå®¤¥ ãáâà®©áâ¢� ¡ã¤¥â ¨¬¥âì ¬¥áâ® á«ãç�©−�ï
¯®á«¥¤®¢�â¥«ì−®áâì ¨§ −ã«¥© ¨ ¥¤¨−¨æ, −�¯à¨¬¥à

00011111111010100000000011111110000001101111111011 . . .

�® ª�¦¤®© ú¥¤¨−¨ç−®©û á¥à¨¨ ¯à¨−¨¬�¥âáï à¥è¥−¨¥ ® −�«¨ç¨¨ �”÷�,
ª®®à¤¨−�â� �”÷� ®¯à¥¤¥«ï¥âáï ¯® ¬¥¤¨�−¥ á¥à¨¨. ‡�¬¥â¨¬, çâ® á¥à¨¨, à�á-
¯®«®¦¥−−ë¥ −� à�ááâ®ï−¨¨, ¬¥−ìè¥¬ è¨à¨−ë â¨¯®¢®© �”÷�, ¨¬¥¥â á¬ëá«
®¡ê¥¤¨−ïâì ¢ ¥¤¨−ãî �”÷�. ˜¨à¨−� â¨¯®¢®© �”÷� ¢ëç¨á«ï¥âáï −� ãà®¢−¥,
ãáâ�−®¢«¥−−®¬ ¢ ¯®à®£®¢®¬ ãáâà®©áâ¢¥.

‚ ª�ç¥áâ¢¥ ®¯®à−®£® ¯®«¥§−®£® á¨£−�«� Z∗ ¯à¨ ¬®¤¥«¨à®¢�−¨¨ ¡ë«� ¢§ïâ�
£�ãáá®¨¤�«ì−�ï ä®à¬� �−®¬�«¨¨ ¯à¨ ¬¨−¨¬�«ì−®© áª®à®áâ¨ ¤¢¨¦¥−¨ï, ¯à¨
ª®â®à®© ¢®§¬®¦−® ®¡−�àã¦¨¢�âì �−®¬�«¨¨ (40 ª¬/ç). ‚ëè¥ ®â¬¥ç�«®áì, çâ®
á¨£−�« ®â ª�ª®£®-«¨¡® ¤�âç¨ª� ¯à¨ ¯à®å®¦¤¥−¨¨ �−®¬�«¨¨ à¥«ìá®¢®© ª®«¥¨
¯à¨ à�§−ëå áª®à®áâïå «®ª®¬®â¨¢� ¡ã¤¥â ®¤¨−�ª®¢ë¬ ¯® ä®à¬¥, −® à�§−ë¬
¯® �¬¯«¨âã¤¥ ¨ ¢à¥¬¥−−®© ¯à®âï¦¥−−®áâ¨. (�â® ®¡áâ®ïâ¥«ìáâ¢® à¥�«¨§ã¥âáï
¯à�¢¨«®¬ (19).) �¤�¯â¨¢−ë¥ ä¨«ìâàë (12) ¨«¨ (17) ã¤�«ïîâ ¯®¬¥å¨ ¨ èã¬,
¢ë¤¥«ïï á¨£−�« à¥�ªæ¨¨ ®â �”÷�.

‚ à¥§ã«ìâ�â¥ ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥áá� ®¡−�àã¦¥−¨ï ®¤−®áâ®à®−−¥© ¨ ¤¢ãåáâ®-
à®−−¥© ¯à®á�¤ª¨, � â�ª¦¥ £®à¨§®−â�«ì−®£® àëáª�−¨ï ãáâ�−®¢«¥−®, çâ® −�«¨ç¨¥
âà¥å®á−®£® �ªá¥«¥à®¬¥âà� ¨ âà¥å®á−®£® £¨à®áª®¯� ¯®§¢®«ï¥â −�¤¥¦−® à�á¯®§−�âì
â¨¯®¢ãî �”÷�, ª®â®à�ï ®¡ï§�â¥«ì−® ¯à®ï¢¨âáï ¢ ¢¨¤¥ á¨«ì−®£® á¨£−�«� å®âï
¡ë ¢ ®¤−®¬ ¨§ è¥áâ¨ ª�−�«®¢. ÷¥§ã«ìâ�âë ä¨«ìâà�æ¨¨, à�áá¬®âà¥−−ë¥ ¢ëè¥,
¬®¦−® áã¬¬¨à®¢�âì ¢ ¢¨¤¥ â�¡«. 1.

�ç¥−ì á«�¡ë© ãà®¢¥−ì à¥�ªæ¨¨ −� �”÷� ¢ ª�−�«¥ ã£«®¢®© áª®à®áâ¨ ¯®
®á¨ OZ ®¡êïá−¨¬, ¯®áª®«ìªã ¤¢¨¦¥−¨¥ ¬®¤¥«¨à®¢�«®áì ¢¤®«ì ®á¨ OY ¨ â®«ìª®
àëáª�−¨¥ (®âª«®−¥−¨¥ ¯ãâ¨ ¢ ¯«�−¥) á®§¤�«® á¨£−�«, ¢¥«¨ç¨−� ª®â®à®£® â¥¬
¬¥−ìè¥, ç¥¬ ¤«¨−−¥¥ ¢�£®−−�ï â¥«¥¦ª� «®ª®¬®â¨¢�. �® íâ®© ¦¥ ¯à¨ç¨−¥ ¨¬¥¥â
¬¥áâ® á«�¡ë© á¨£−�« ¨ ¢ ª�−�«¥ ã£«®¢®© áª®à®áâ¨ ¯® ®á¨ OX. ˆ−â¥à¥á−®, çâ®
¨§-§� ®â−®á¨â¥«ì−® ¬�«ëå ¯®¯¥à¥ç−ëå à�§¬¥à®¢ ¢�£®−−®© â¥«¥¦ª¨ ã£®« ¯®¢®à®â�
«®ª®¬®â¨¢� −� �−®¬�«¨¨ ¯® ¯à®¤®«ì−®© ®á¨OY (ªà¥−) ®âç¥â«¨¢® à¥£¨áâà¨àã¥âáï.

Š�ª ¢¨¤−® ¨§ â�¡«. 1, ®â ª�¦¤®£® â¨¯� �”÷� ®ç¥−ì á¨«ì−ë© á¨£−�« ä®à¬¨-
àã¥âáï â®«ìª® ¢ ®¤−®¬ ¨§ è¥áâ¨ ¨§¬¥à¨â¥«ì−ëå ª�−�«®¢, � ãç¥â ¨−ä®à¬�æ¨¨ ¯®
®áâ�«ì−ë¬ ¨§¬¥à¨â¥«ì−ë¬ ª�−�«�¬, ¢ ª®â®àëå á¨£−�« ®â �”÷� á«�¡ë©, «¨èì
−¥§−�ç¨â¥«ì−® ã¢¥«¨ç¨¢�¥â ¢¥à®ïâ−®áâì ®¡−�àã¦¥−¨ï �”÷�. ’�ª¨¬ ®¡à�§®¬,
¨á¯®«ì§®¢�−¨¥ è¥áâ¨ª®¬¯®−¥−â−®£® ¨§¬¥à¨â¥«ì−®£® ãáâà®©áâ¢� (âà¥å®á−ë© �ªá¥-
«¥à®¬¥âà á®¢¬¥áâ−® á âà¥å®á−ë¬ £¨à®áª®¯®¬) á®®â¢¥âáâ¢ã¥â ¯®áâ�¢«¥−−®© §�¤�ç¥
®¡−�àã¦¥−¨ï �−®¬�«¨© à¥«ìá®¢ëå −¨â¥© ¯à¥¤«®¦¥−−ë¬ âà¥åª�−�«ì−ë¬ ®¡−�àã-
¦¨â¥«¥¬. ˆá¯®«ì§®¢�−¨¥ â®«ìª® �ªá¥«¥à®¬¥âà®¢ ¨«¨ £¨à®áª®¯®¢ à¥§ª® á−¨¦�¥â
ª�ç¥áâ¢® à¥è¥−¨ï §�¤�ç¨ £�à�−â¨à®¢�−−®£® ®¡−�àã¦¥−¨ï �”÷�.

‡�¬¥â¨¬, çâ® ¬®¤¥«¨à®¢�«¨áì �”÷�, ¯à¨¢®¤ïé¨¥ ¢ ®á−®¢−®¬ ª ®âª«®−¥−¨ï¬
£¥®¬¥âà¨¨ ¯ãâ¨ ¯à¥¨¬ãé¥áâ¢¥−−® ¢ ª�ª®©-«¨¡® ®¤−®© ¯«®áª®áâ¨. ‚ à¥�«ì−®áâ¨
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�¢â®¬�â¨§�æ¨ï ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¤«ï ®¡−�àã¦¥−¨ï �”÷�

’�¡«¨æ� 1 ‘à�¢−¥−¨¥ ¨−â¥−á¨¢−®áâ¨ ®¡−�àã¦¥−−ëå á¨£−�«®¢ ®â â¨¯®¢ëå �”÷� ¢
¨§¬¥à¨â¥«ì−ëå ª�−�«�å ¯à¨¡®à�

’¨¯ �”÷�’¨¯
¨§¬¥à¨â¥«ì−®£®

ª�−�«�
�¤−®áâ®à®−−ïï

¯à®á�¤ª�
„¢ãåáâ®à®−−ïï

¯à®á�¤ª�

÷ëáª�−¨¥
(®âª«®−¥−¨¥
¯ãâ¨ ¢ ¯«�−¥)

‹¨−¥©−®¥ ãáª®à¥−¨¥
¯® ®á¨ OX

�ç¥−ì á«�¡ë©
á¨£−�«

�ç¥−ì á«�¡ë©
á¨£−�« ‘¨«ì−ë© á¨£−�«

‹¨−¥©−®¥ ãáª®à¥−¨¥
¯® ®á¨ OY

�â á«�¡®£® ¤®
áà¥¤−¥£® á¨£−�«�

�â á«�¡®£® ¤®
áà¥¤−¥£® á¨£−�«�

�â á«�¡®£® ¤®
áà¥¤−¥£® á¨£−�«�

‹¨−¥©−®¥ ãáª®à¥−¨¥
¯® ®á¨ OZ

�â á«�¡®£® ¤®
áà¥¤−¥£® á¨£−�«� ‘¨«ì−ë© á¨£−�«

�ç¥−ì á«�¡ë©
á¨£−�«

“£«®¢�ï áª®à®áâì
¯®¢®à®â� ¢®ªàã£ ®á¨ OX

�â á«�¡®£® ¤®
áà¥¤−¥£® á¨£−�«�

�â á«�¡®£® ¤®
áà¥¤−¥£® á¨£−�«�

�ç¥−ì á«�¡ë©
á¨£−�«

“£«®¢�ï áª®à®áâì
¯®¢®à®â� ¢®ªàã£ ®á¨ OY ‘¨«ì−ë© á¨£−�«

�ç¥−ì á«�¡ë©
á¨£−�«

�ç¥−ì á«�¡ë©
á¨£−�«

“£«®¢�ï áª®à®áâì
¯®¢®à®â� ¢®ªàã£ ®á¨ OZ

�ç¥−ì á«�¡ë©
á¨£−�«

�ç¥−ì á«�¡ë©
á¨£−�«

�â á«�¡®£® ¤®
áà¥¤−¥£® á¨£−�«�

�”÷� ¬®£ãâ ¡ëâì á«®¦−¥¥ ¯® ä®à¬¥ ¨ ¨å ®à¨¥−â�æ¨ï ¢ ¯à®áâà�−áâ¢¥ ¬®¦¥â −¥
á®¢¯�¤�âì á ¯«®áª®áâï¬¨ á¨áâ¥¬ë ª®®à¤¨−�â. ‚ íâ®¬ á«ãç�¥ á¨£−�« ®â �”÷�
¡ã¤¥â ¯®ï¢«ïâìáï ¢ −¥áª®«ìª¨å ¨§¬¥à¨â¥«ì−ëå ª�−�«�å áà�§ã, à�§à�¡®â�−−ë©
®¡−�àã¦¨â¥«ì ¬®¦−® ¯®¤ª«îç¨âì ª ª�¦¤®¬ã ¨§ −¨å ¨ ®áãé¥áâ¢«ïâì ®¡à�¡®âªã
¨−ä®à¬�æ¨¨ −¥§�¢¨á¨¬® á ¯®á«¥¤ãîé¨¬ ¯à¨−ïâ¨¥¬ à¥è¥−¨ï ®¡ ®¡−�àã¦¥−¨¨
�”÷� ¯® «®£¨ª¥ úå®âï ¡ë ¯® ®¤−®¬ã ª�−�«ã ®¡−�àã¦¥−� �”÷�û. �®¤å®¤ë ª
�−�«¨§ã á«®¦−ëå �−®¬�«¨© ¨ ¯®¬¥å à�áá¬®âà¥−ë ¢ [5, 6].

ˆ§¬¥à¨â¥«ì−ë© ¯à¨¡®à, ªà®¬¥ âà¥å®á−ëå �ªá¥«¥à®¬¥âà� ¨ £¨à®áª®¯�,
¢ª«îç�¥â ¢ á¥¡ï ãáâà®©áâ¢® −�¢¨£�æ¨¨ −� ®á−®¢¥ GPS-¯à¨¥¬−¨ª�. �â® ¯®-
§¢®«ï¥â ®áãé¥áâ¢¨âì ª�ª ª®®à¤¨−�â−ãî ¯à¨¢ï§ªã ®¡−�àã¦¥−−ëå �”÷�, â�ª
¨ ¨¤¥−â¨ä¨ª�æ¨î ¨å ¯�à�¬¥âà®¢, ¨á¯®«ì§ãï à�§à�¡®â�−−ë¥ ¢ëè¥ �«£®à¨â¬ë.
’®ç−®áâì â®¯®£à�ä¨ç¥áª®© ¯à¨¢ï§ª¨ ¯®àï¤ª� 2{3 ¬¥âà®¢, à¥�«¨§ã¥¬�ï GPS-
¯à¨¥¬−¨ª®¬, ®¡¥á¯¥ç¨¢�¥â −�¤¥¦−ãî «®ª�«¨§�æ¨î �”÷� ¨ ¤«ï ¢ë¥§¤� −� ¬¥áâ®
à¥¬®−â−®© ¡à¨£�¤ë, ¨ ¤«ï ¯®á«¥¤ãîé¥£® ¬®−¨â®à¨−£� �”÷�.

9 Заключение

�à¥¤«®¦¥−−ë© ¢ à�¡®â¥ ¯®¤å®¤ ¯à¥¤¯®«�£�¥â à�§à�¡®âªã á¯¥æ¨�«ì−ëå ¬¥â®-
¤®¢ ¨−â¥£à�æ¨¨ £¥®¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ (¢ª«îç�ï ¤�−−ë¥ ‘�‘), ®¡¥á¯¥-
ç¨¢�îé¨å ¯®¤¤¥à¦ªã â¥å−®«®£¨© ã¯à�¢«¥−¨ï ¦¥«¥§−®¤®à®¦−ë¬ âà�−á¯®àâ®¬.
‚®§à�áâ�îé¨¥ âà¥¡®¢�−¨ï ª á®¢¬¥áâ−®© ®¡à�¡®âª¥ ¯à®áâà�−áâ¢¥−−ëå ¤�−−ëå
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¤«ï à�§«¨ç−ëå ¯à¨«®¦¥−¨© ¢ëï¢¨«¨ ®áâàãî ¯®âà¥¡−®áâì ¢ á®§¤�−¨¨ £¥®¨−ä®à-
¬�æ¨®−−®£® ¯à®áâà�−áâ¢�. �ªâã�«¨§�æ¨ï £¥®¨−ä®à¬�æ¨®−−®£® ¯à®áâà�−áâ¢�,
¯®¤¤¥à¦¨¢�¥¬®£® ¨−áâàã¬¥−â�«ì−®© áà¥¤®© ƒˆ‘, ¢ á®¢à¥¬¥−−ëå ãá«®¢¨ïå ¯à¥¤-
¯®«�£�¥â à�§à�¡®âªã ¨ á®¯à®¢®¦¤¥−¨¥ ¨−â¥£à¨à®¢�−−ëå ¬®¤¥«¥© ¤�−−ëå. �â¨
¬®¤¥«¨ ¤�−−ëå ¤®«¦−ë ®¯¨áë¢�âì å�à�ªâ¥à¨áâ¨ª¨ ¦¥«¥§−®¤®à®¦−ëå ®¡ê¥ªâ®¢
¨ ®¡¥á¯¥ç¨¢�âì ¡¥§®¯�á−®áâì äã−ªæ¨®−¨à®¢�−¨ï ¨å ¯®¤á¨áâ¥¬.

ˆá¯®«ì§®¢�−¨¥ ¤¨ää¥à¥−æ¨�«ì−®£® ®¯¨á�−¨ï à¥�ªæ¨¨ ¨§¬¥à¨â¥«¥© −�
�”÷� ¯®§¢®«¨«® ¯®áâà®¨âì ¢¥ªâ®à á®áâ®ï−¨ï ¨−â¥£à¨à®¢�−−®© �‘ ¨ ¢¥ªâ®à
¥£® −�¡«î¤¥−¨ï á ãç¥â®¬ ¢«¨ï−¨ï �”÷� ¢ ä®à¬¥, ¯à¨¬¥−¨¬®© ¤«ï áãé¥áâ¢ã-
îé¨å ¬¥â®¤®¢ −¥«¨−¥©−®© ä¨«ìâà�æ¨¨, ¨ ¯®«ãç¨âì á®®â¢¥âáâ¢ãîé¨¥ ãà�¢−¥−¨ï
®æ¥−ª¨ ¯�à�¬¥âà®¢ ¤¢¨¦¥−¨ï, ¢ â. ç. à¥�ªæ¨¨ −� �”÷�.

�à®¢¥¤¥−−ë© �−�«¨§ ¯à¨ç¨− ¨ ãá«®¢¨© ¢®§−¨ª−®¢¥−¨ï �”÷� ¯®ª�§�«, çâ®
¬¥â®¤ ®¡−�àã¦¥−¨ï �”÷� ¤®«¦¥− à�¡®â�âì ¯® ªà¨â¥à¨î á®¢¬¥áâ−®£® ®¡−�àã¦¥-
−¨ï �«ìâ¥à−�â¨¢−ëå á«®¦−ëå £¨¯®â¥§, ¯à¥¤áâ�¢«ïîé¨å ¢®§¬®¦−ë¥ â¨¯ë �”÷�
−� à�§«¨ç−ëå ãç�áâª�å ¤¢¨¦¥−¨ï «®ª®¬®â¨¢� ¯à¨ �¤¤¨â¨¢−®¬ ¢®§¤¥©áâ¢¨¨ ¯®-
¬¥å. „®áâ®¢¥à−®áâì ®¡−�àã¦¥−¨ï �”÷� ¯à¨ íâ®¬ ®¯à¥¤¥«ï¥âáï ¢¥à®ïâ−®áâìî
¯à¥¢ëè¥−¨ï ª®àà¥«ïæ¨®−−ë¬ ¨−â¥£à�«®¬ ¯®à®£®¢®£® ãà®¢−ï, ãáâ�−�¢«¨¢�¥¬®£®
¯® ¤®¯ãáâ¨¬®© ¢¥à®ïâ−®áâ¨ «®¦−®£® ®¡−�àã¦¥−¨ï �”÷� ¨§-§� ¯®¬¥å ¯à¨ ¤¢¨-
¦¥−¨¨ «®ª®¬®â¨¢�. �à¨ −�«¨ç¨¨ á¥â¨ ¤¨ää¥à¥−æ¨�«ì−ëå ¯®¯à�¢®ª ¨ §�¤�−−ëå
¯�à�¬¥âà®¢ ¤¢¨¦¥−¨ï «®ª®¬®â¨¢� ¯à®æ¥¤ãà� ®æ¥−ª¨ ¨ ¨¤¥−â¨ä¨ª�æ¨¨ à¥�ªæ¨¨
−� �”÷� ¬®¦¥â ¡ëâì áãé¥áâ¢¥−−® ã¯à®é¥−�.

÷�§à�¡®â�−−ë¥ ¬¥â®¤ë ¨ �«£®à¨â¬ë ®¡−�àã¦¥−¨ï ¨ ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢
�”÷� à¥�«¨§ã¥¬ë ¯à®£à�¬¬−® ¢ à¥�«ì−®¬ ¬�áèâ�¡¥ ¢à¥¬¥−¨ ¨ ¢ à¥�«ì−ëå
ãá«®¢¨ïå ¤¢¨¦¥−¨ï «®ª®¬®â¨¢�.
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МЕТОДИЧЕСКИЕ ПОДХОДЫ К ВЫБОРУ СЕНСОРНЫХ
ТЕХНОЛОГИЙ ДЛЯ СИТУАЦИОННЫХ ЦЕНТРОВ

НА ОСНОВЕ КЛАССИФИКАЦИИ ВИДОВ ДЕЯТЕЛЬНОСТИ
ПОЛЬЗОВАТЕЛЕЙ

C. А. Денисов1, А. А. Зацаринный2, В. А. Кондрашев3, К. Г. Чупраков4

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®¯à®áë ¯à¨¬¥−¥−¨ï á®¢à¥¬¥−−ëå á¥−á®à−ëå
â¥å−®«®£¨© ¤«ï á¨áâ¥¬ á¨âã�æ¨®−−ëå æ¥−âà®¢ (‘–) á æ¥«ìî ¯®¢ëè¥−¨ï íä-
ä¥ªâ¨¢−®áâ¨ ¨å äã−ªæ¨®−¨à®¢�−¨ï −� ®á−®¢¥ á®¢¥àè¥−áâ¢®¢�−¨ï ¨−â¥àä¥©á�
¢§�¨¬®¤¥©áâ¢¨ï «¨æ�, ¯à¨−¨¬�îé¥£® à¥è¥−¨ï (‹�÷), á ¨−ä®à¬�æ¨®−−®-�−�-
«¨â¨ç¥áª®© á¨áâ¥¬®© ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© (ˆ�‘ ��÷). �à¥¤«�£�-
îâáï ªà¨â¥à¨¨ ¢ë¡®à� á¥−á®à−ëå â¥å−®«®£¨© ¤«ï ‘– −� ®á−®¢¥ ¯à®¢¥¤¥−−®©
ª«�áá¨ä¨ª�æ¨¨ ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ ¨å ¯®«ì§®¢�â¥«¥©.

Š«îç¥¢ë¥ á«®¢�: á¨âã�æ¨®−−ë© æ¥−âà; á¥−á®à−�ï ¯�−¥«ì; ¨−â¥àä¥©á ¢§�¨-
¬®¤¥©áâ¢¨ï; ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áª�ï á¨áâ¥¬�

1 Введение

÷�§à�¡®âª� ¨−â¥àä¥©á� ¢§�¨¬®¤¥©áâ¢¨ï ç¥«®¢¥ª� á ¨−ä®à¬�æ¨®−−ë¬¨ á¨áâ¥-
¬�¬¨ | ¬−®£®£à�−−�ï ¨ á«®¦−�ï −�ãç−®-â¥å−¨ç¥áª�ï §�¤�ç� ¯à¨¬¥−¥−¨ï ª®¬¯ìî-
â¥à−®© â¥å−¨ª¨. �à¨ª®á−®¢¥−¨¥ ª�ª ®¤¨− ¨§ ¥áâ¥áâ¢¥−−ëå ¯ãâ¥© ¢§�¨¬®¤¥©áâ¢¨ï
ç¥«®¢¥ª� á ®¡ê¥ªâ�¬¨ ®ªàã¦�îé¥£® ¬¨à� §�−¨¬�¥â ¢¥¤ãé¥¥ ¬¥áâ® áà¥¤¨ á¯®á®¡®¢
ã¯à�¢«¥−¨ï ª®¬¯ìîâ¥à−ë¬¨ á¨áâ¥¬�¬¨. ˆ¤¥ï ¢§�¨¬®¤¥©áâ¢¨ï á ¨−ä®à¬�æ¨®−-
−ë¬¨ á¨áâ¥¬�¬¨ ¯®áà¥¤áâ¢®¬ ¯à¨ª®á−®¢¥−¨ï ª íªà�−ã ¯®ï¢¨«�áì ¢ 70-å ££. ¯à®è-
«®£® ¢¥ª�, â®£¤� ¦¥ ¡ë«¨ à�§à�¡®â�−ë ¯¥à¢ë¥ á¥−á®à−ë¥ áà¥¤áâ¢� ®â®¡à�¦¥−¨ï
¨−ä®à¬�æ¨¨. Š −�áâ®ïé¥¬ã ¬®¬¥−âã ¯à®©¤¥− ¯®çâ¨ ¯®«ã¢¥ª®¢®© ¯ãâì à�§¢¨â¨ï,
á®§¤�−® ¬−®¦¥áâ¢® à�§«¨ç−ëå â¥å−®«®£¨© ä¨ªá�æ¨¨ ¯à¨ª®á−®¢¥−¨ï ª íªà�−ã,
§−�ç¨â¥«ì−® ¯à¥¢®áå®¤ïé¨å ¯® á¢®¨¬ å�à�ªâ¥à¨áâ¨ª�¬ ¨áå®¤−ë¥ â¥å−¨ç¥áª¨¥
à¥è¥−¨ï. �ªâ¨¢−®¬ã à�§¢¨â¨î á¥−á®à−ëå â¥å−®«®£¨© á¯®á®¡áâ¢ã¥â ¨−â¥£à�æ¨ï
¯®¤¤¥à¦ª¨ á¥−á®à−®£® ã¯à�¢«¥−¨ï ¢ á®¢à¥¬¥−−ë¥ ®¯¥à�æ¨®−−ë¥ á¨áâ¥¬ë (MS
Windows, Linux, Apple iOS ¨ Mac OS, Google Android) ¨ à�§à�¡®âª� ¯à¨«®¦¥-
−¨©, ª®â®àë¥ ®à¨¥−â¨à®¢�−ë −� à�¡®âã á ¯®¬®éìî ¯à¨ª®á−®¢¥−¨© ª íªà�−ã, �

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, sdn@ipi.ac.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, azatsarinny@ipiran.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, vd@ipi.ac.ru
4ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, chkos@rambler.ru
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â�ª¦¥ −¥¯à¥àë¢−® à�áâãé�ï ¯®âà¥¡−®áâì ç¥«®¢¥ª� ¨á¯®«ì§®¢�âì á¥−á®à−ë¥ â¥å-
−®«®£¨¨, ¢ â®¬ ç¨á«¥ ¢ á¢®¥© ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨, ®á®¡¥−−® −� íâ�¯¥
¢ëà�¡®âª¨ ¨ ¯à¨−ïâ¨¨ à¥è¥−¨ï.

�®−ïâ¨¥ ú¯à¨−ïâ¨¥ à¥è¥−¨ïû ¢á¥ ç�é¥ á¢ï§ë¢�îâ á ®à£�−¨§�æ¨®−−®-â¥å−¨-
ç¥áª¨¬¨ áâàãªâãà�¬¨, −�§ë¢�¥¬ë¬¨ á¨âã�æ¨®−−ë¬¨ æ¥−âà�¬¨.

�ää¥ªâ¨¢−®áâì á®¢à¥¬¥−−ëå á¨âã�æ¨®−−ëå æ¥−âà®¢ §−�ç¨â¥«ì−® ¢ëè¥, ç¥¬
ã �−�«®£¨ç−ëå áâàãªâãà, à�§à�¡®âª� ª®â®àëå ¯à®¢®¤¨«�áì 5{10 «¥â −�§�¤. �â�
â¥−¤¥−æ¨ï á¢ï§�−� á â¥¬, çâ®, ¢®-¯¥à¢ëå, ¢¥¤ãé¨¥ −�ãç−ë¥ ¨−áâ¨âãâë áâà�−ë
ã¤¥«ïîâ ¡®«ìè®¥ ¢−¨¬�−¨¥ ¢®¯à®á�¬, á¢ï§�−−ë¬ á äã−ªæ¨®−¨à®¢�−¨¥¬ ‘–,
¨ ãá¯¥è−® ¢−¥¤àïîâ à�§à�¡®â�−−ë¥ â¥å−¨ç¥áª¨¥ ¨ ®à£�−¨§�æ¨®−−ë¥ ¬¥â®¤¨ª¨
¢ à¥�«ì−ë¥ ¯à®¥ªâë [1{3]. ‚®-¢â®àëå, á�¬¨ ®à£�−¨§�æ¨¨ á¥£®¤−ï ¢á¥ ¡®«ìè¥
§�¨−â¥à¥á®¢�−ë ¢ â®¬, çâ®¡ë à�§¢¥à−ãâì ¬®é−ë¥ áà¥¤áâ¢� ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï
à¥è¥−¨© [4{6]. ‚-âà¥âì¨å, ®á−®¢ã á®¢à¥¬¥−−®£® ‘– á®áâ�¢«ï¥â ¬®é−�ï ˆ�‘
��÷.

‚§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã ˆ�‘ ��÷ ¨ ‹�÷ ç�áâ® ®á«®¦−ï¥âáï ®âáãâáâ¢¨¥¬
ã ¯®á«¥¤−¥£® ¤®áâ�â®ç−ëå −�¢ëª®¢ ¢§�¨¬®¤¥©áâ¢¨ï á ¯à¥¤«�£�¥¬ë¬¨ �¯¯�à�â-
−®-¯à®£à�¬¬−ë¬¨ áà¥¤áâ¢�¬¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© [6, 7]. ‚®§−¨ª�¥â
§�¤�ç� á®§¤�−¨ï ¨−â¥àä¥©á®¢, á ¯®¬®éìî ª®â®àëå ¬®¦−® ®¡¥á¯¥ç¨âì ¤®áâ�â®ç−ë©
ãà®¢¥−ì ¥áâ¥áâ¢¥−−®áâ¨ ¢§�¨¬®¤¥©áâ¢¨ï á ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬®©.

�® ¬−¥−¨î �¢â®à®¢ áâ�âì¨, ¯à¨¬¥−¥−¨¥ á¥−á®à−ëå â¥å−®«®£¨© ¢ ‘– ¤«ï
®à£�−¨§�æ¨¨ ¢§�¨¬®¤¥©áâ¢¨ï ¬¥¦¤ã ‹�÷ ¨ ˆ�‘ ��÷ ¯®§¢®«ï¥â á®§¤�âì £¨¡-
ª¨©, −�£«ï¤−ë©, ã¤®¡−ë© ¨−â¥àä¥©á ¢§�¨¬®¤¥©áâ¢¨ï, ª®â®àë© ¯®§¢®«ï¥â ‹�÷
¢ ¬�ªá¨¬�«ì−®© áâ¥¯¥−¨ áª®−æ¥−âà¨à®¢�âìáï −� ®á¬ëá«¥−¨¨ à¥§ã«ìâ�â®¢ �−�«¨§�
á¨âã�æ¨¨, á®¤¥à¦�−¨ï ¢®§¬®¦−ëå ¢�à¨�−â®¢ ¥¥ à�§¢¨â¨ï ¨, −�ª®−¥æ, −¥¯®-
áà¥¤áâ¢¥−−® −� ¯à¨−ïâ¨¨ à¥è¥−¨ï, � −¥ −� â¥å−¨ç¥áª¨å �á¯¥ªâ�å ®à£�−¨§�æ¨¨
á®®â¢¥âáâ¢ãîé¥£® ¯à®æ¥áá�.

‚ ¤�−−®© áâ�âì¥ áä®à¬ã«¨à®¢�−ë ªà¨â¥à¨¨ ¯à¨¬¥−¨¬®áâ¨ á¥−á®à−ëå â¥å-
−®«®£¨© ¢ ‘– −� ®á−®¢¥ ª«�áá¨ä¨ª�æ¨¨ ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ ¨å ¯®«ì§®¢�â¥«¥©,
¤�−ë à¥ª®¬¥−¤�æ¨¨ ¯® ¢ë¡®àã â®© ¨«¨ ¨−®© á¥−á®à−®© â¥å−®«®£¨¨.

2 Виды деятельности современных ситуационных центров

‘¨âã�æ¨®−−ë© æ¥−âà | íâ® á«®¦−�ï ®à£�−¨§�æ¨®−−®-â¥å−¨ç¥áª�ï áâàãªâãà�,
¢®¯à®á�¬ á®§¤�−¨ï ¨ äã−ªæ¨®−¨à®¢�−¨ï ª®â®à®© ¯®á¢ïé¥−ë à�¡®âë ®â¥ç¥áâ¢¥−-
−ëå �¢â®à®¢ [2, 5, 6]. ‚ ®¡é¥¬ ¢¨¤¥ ¯à®æ¥áá äã−ªæ¨®−¨à®¢�−¨ï ‘– ¬®¦¥â ¡ëâì
®¯¨á�− á®¢®ªã¯−®áâìî á«¥¤ãîé¨å ®á−®¢−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨:

{ ¯®«ãç¥−¨¥/á¡®à ¨−ä®à¬�æ¨¨;

{ �−�«¨§ ¨ áâàãªâãà¨à®¢�−¨¥ ¯®«ãç¥−−®© ¨−ä®à¬�æ¨¨;

{ ¬®¤¥«¨à®¢�−¨¥ ¨ ¢ëà�¡®âª� à¥è¥−¨©;

{ ®¡áã¦¤¥−¨¥ ¨ ¯à¨−ïâ¨¥ à¥è¥−¨ï.
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Œ¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª ¢ë¡®àã á¥−á®à−ëå â¥å−®«®£¨© ¤«ï á¨âã�æ¨®−−ëå æ¥−âà®¢

„«ï ¢ë¯®«−¥−¨ï ¢ëè¥ã¯®¬ï−ãâëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ ¢ ‘– ä®à¬¨àãîâáï
£àã¯¯ë ¯®«ì§®¢�â¥«¥© (¯®¤ ¯®«ì§®¢�â¥«ï¬¨ ¡ã¤¥¬ ¯®−¨¬�âì ¤®«¦−®áâ−ëå «¨æ,
¯à¨−¨¬�îé¨å ãç�áâ¨¥ ¢ ¯à®æ¥áá¥ ¯®¤£®â®¢ª¨ ¨ ¯à¨−ïâ¨ï à¥è¥−¨ï). �®«ì§®¢�-
â¥«ï¬ ¢ë¤¥«ïîâáï à¥áãàáë (¢ â®¬ ç¨á«¥ â¥å−¨ç¥áª¨¥) ¨ á®§¤�îâáï áâàãªâãà−ë¥
¥¤¨−¨æë.

�¡ëç−® ¢ á®áâ�¢ ‘– ¢å®¤ïâ á«¥¤ãîé¨¥ áâàãªâãà−ë¥ ¥¤¨−¨æë [8]:

{ ¤¨á¯¥âç¥àáª¨© ¯ã−ªâ (¤¥¦ãà−�ï á«ã¦¡�);

{ á«ã¦¡� íªá¯¥àâ®¢-�−�«¨â¨ª®¢ (®¡ëç−® ¤®¯®«−¨â¥«ì−® áâàãªâãà¨àã¥âáï ¯®
à¥è�¥¬ë¬ äã−ªæ¨®−�«ì−ë¬ §�¤�ç�¬);

{ àãª®¢®¤áâ¢® (áâàãªâãà� ç�áâ® á®¢¯�¤�¥â á® áâàãªâãà®© á«ã¦¡ë íªá¯¥àâ®¢-
�−�«¨â¨ª®¢);

{ ®à£�− ª®««¥ªâ¨¢−®£® ¯à¨−ïâ¨ï à¥è¥−¨©, äã−ªæ¨®−¨àãîé¨© ¢ á¨âã�æ¨®−−®¬
§�« (§�«¥ §�á¥¤�−¨©, á®¢¥é�−¨© ¨ â. ¯.).

‚ ¤¨á¯¥âç¥àáª®¬ ¯ã−ªâ¥ ¯à®¨áå®¤¨â á¡®à, ¯¥à¢¨ç−�ï ®¡à�¡®âª� ¨ �−�«¨§
¨−ä®à¬�æ¨¨, ¯à¨−ïâ¨¥ ®¯¥à�â¨¢−ëå à¥è¥−¨©. „¨á¯¥âç¥àáª¨© ¯ã−ªâ ®¡ëç−®
äã−ªæ¨®−¨àã¥â ¢ ªàã£«®áãâ®ç−®¬ à¥¦¨¬¥ à�¡®âë, ¯®«ì§®¢�â¥«ï¬¨ ï¢«ïîâáï
¤¥¦ãà−ë© á¬¥−ë ¨ ¥£® ¯®¬®é−¨ª¨ | ¯à®ä¥áá¨®−�«ë ¢ëá®ª®© ª¢�«¨ä¨ª�æ¨¨
¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ‘–, ¨¬¥îé¨¥ ã§ª®−�¯à�¢«¥−−ãî ¯®¤£®â®¢ªã ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. ”ã−ªæ¨®−�«ì−ë¥ ®¡ï§�−−®áâ¨ ¤¥¦ãà−®© á¬¥−ë
¢ ç�áâ¨ ¨−ä®à¬�æ¨®−−ëå §�¤�ç ‘– á¢®¤ïâáï ª −�¡«î¤¥−¨î §� ®¡áâ�−®¢ª®© ¨
¯à®â®ª®«¨à®¢�−¨î §−�ç¨¬ëå á®¡ëâ¨©. Š�ª ¯à�¢¨«®, ¯à¨ ¢ë¯®«−¥−¨¨ á¢®¨å
á«ã¦¥¡−ëå ®¡ï§�−−®áâ¥© ¯®«ì§®¢�â¥«¨ ¤¨á¯¥âç¥àáª¨å ¯ã−ªâ®¢ àãª®¢®¤áâ¢ãîâáï
¯à¨−ïâë¬ �«£®à¨â¬®¬ ¤¥©áâ¢¨©, ¢ë¯®«−ïï áâ�−¤�àâ−ë© −�¡®à ®¯¥à�æ¨©, ¤�¦¥ ¢
á«ãç�¥ ¢®§−¨ª−®¢¥−¨ï çà¥§¢ëç�©−ëå ¨ −¥èâ�â−ëå á¨âã�æ¨©.

‚ ãá«®¢¨ïå ¤¨á¯¥âç¥àáª®£® ¯ã−ªâ� á¥−á®à−�ï â¥å−®«®£¨ï ¬®¦¥â ¡ëâì ¯à¨-
¬¥−¥−� ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¤«ï ª®−âà®«ï ®¡áâ�−®¢ª¨ ¨ ã¯à�¢«¥−¨ï ®â®¡à�¦�¥¬ë¬
ª®−â¥−â®¬, ¡ëáâà®© −�¢¨£�æ¨¨ ¬¥¦¤ã ¨−ä®à¬�æ¨®−−ë¬¨ ®ª−�¬¨ ¨ ¢ë¯®«−¥−¨ï
áâ�−¤�àâ−ëå ®¯¥à�æ¨©. “ç¨âë¢�ï ¬¥â®¤¨ªã [9], ¬®¦−® à�ááç¨â�âì, çâ® ¤«ï
¢ë¯®«−¥−¨ï íâ¨å §�¤�ç ¤®áâ�â®ç−® ¨á¯®«ì§®¢�−¨¥ −¥áª®«ìª¨¬¨ ¯®«ì§®¢�â¥«ï¬¨
á¥−á®à−®© ¯�−¥«¨ áà¥¤−¥£® à�§¬¥à� (26′′{55′′) á á®¢¬¥é¥−¨¥¬ á¥−á®à−®© ¬�âà¨æë
á íªà�−®¬ ¤¨á¯«¥ï, ®â®¡à�¦�îé¥£® â¥ªãéãî ®¡áâ�−®¢ªã (ª®¬¯«¥ªá á®¡ëâ¨©) ¢
¢¨¤¥ ¨ª®−®ª −� â®¯®«®£¨ç¥áª®© (ª�àâ®£à�ä¨ç¥áª®©) ®á−®¢¥. �à¨ª®á−®¢¥−¨¥ ª
¨ª®−ª�¬ ®¡¥á¯¥ç¨¢�¥â ã¯à�¢«¥−¨¥ ®â®¡à�¦�¥¬ë¬ ª®−â¥−â®¬.

�� à�¡®ç¨å ¬¥áâ�å íªá¯¥àâ®¢-�−�«¨â¨ª®¢ ®áãé¥áâ¢«ï¥âáï ã£«ã¡«¥−−ë© �−�-
«¨§ ¯®«ãç¥−−®© ¨−ä®à¬�æ¨¨, ä®à¬¨àãîâáï �−�«¨â¨ç¥áª¨¥ ®âç¥âë, ¬®¤¥«¨àã-
îâáï ¢®§¬®¦−ë¥ ¢�à¨�−âë à�§¢¨â¨ï á¨âã�æ¨¨ ¨, −�ª®−¥æ, ¢ëà�¡�âë¢�¥âáï àï¤
®¡®á−®¢�−−ëå à¥è¥−¨©. ”ã−ªæ¨¨ íªá¯¥àâ®¢-�−�«¨â¨ª®¢, ª�ª ¯à�¢¨«®, ¢ë¯®«-
−ïîâ ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ë¥ á®âàã¤−¨ª¨, ¨¬¥îé¨¥ ã£«ã¡«¥−−ãî ¯®¤£®â®¢ªã
ª�ª ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨, â�ª ¨ ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©. �á−®¢®©
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¤¥ïâ¥«ì−®áâ¨ íªá¯¥àâ®¢-�−�«¨â¨ª®¢ ï¢«ï¥âáï á«®¦−�ï à�¡®â� á ¨−ä®à¬�æ¨¥©, ¢
â®¬ ç¨á«¥ ®¯¥à�æ¨¨ ¢¢®¤� ¨ à¥¤�ªâ¨à®¢�−¨ï −� â®¯®«®£¨ç¥áª®© (ª�àâ®£à�ä¨-
ç¥áª®©) ®á−®¢¥ ¢ëá®ª®£® à�§à¥è¥−¨ï, ¢ë¯®«−¥−¨¥ à�áç¥â−ëå §�¤�ç. „�−−ë¥
®¯¥à�æ¨¨ ï¢«ïîâáï ä�ªâ®à®¬, ª®â®àë© ¯à¥¯ïâáâ¢ã¥â ¯à¨¬¥−¥−¨î á¥−á®à−ëå
â¥å−®«®£¨© ¢ à�¡®â¥ íªá¯¥àâ®¢-�−�«¨â¨ª®¢, ¯®áª®«ìªã −� ¤�−−®¬ íâ�¯¥ á¢®¥£®
à�§¢¨â¨ï á¥−á®à−ë¥ â¥å−®«®£¨¨ ¯® áª®à®áâ¨ ¢¢®¤� ¨ â®ç−®áâ¨ ¯®§¨æ¨®−¨à®¢�−¨ï
ãáâã¯�îâ ®¡é¥¯à¨§−�−−ë¬ ¨ ¯®¢á¥¬¥áâ−® ¨á¯®«ì§ã¥¬ë¬ ãáâà®©áâ¢�¬ ¢¢®¤� ¨
à¥¤�ªâ¨à®¢�−¨ï ¨−ä®à¬�æ¨¨ | ª«�¢¨�âãà¥ ¨ ¬�−¨¯ã«ïâ®àã ú¬ëèìû.

÷ãª®¢®¤áâ¢® ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ®¯¥à¨àã¥â ¬�â¥à¨�«�¬¨, ¯®¤£®â®¢«¥−−ë-
¬¨ £àã¯¯®© íªá¯¥àâ®¢-�−�«¨â¨ª®¢. ÷ãª®¢®¤¨â¥«ì ¯à¨−¨¬�¥â à¥è¥−¨¥ −� ®á−®¢¥
�−�«¨§� �«ìâ¥à−�â¨¢ «¨¡® á�¬®áâ®ïâ¥«ì−®, «¨¡® −� ®á−®¢¥ ®¡áã¦¤¥−¨ï á £àã¯¯®©
íªá¯¥àâ®¢. ‚ ãá«®¢¨ïå ª�¡¨−¥â� àãª®¢®¤¨â¥«ï ¢�à¨�−â®¬ ¯à¨¬¥−¥−¨ï á¥−á®à−®©
â¥å−®«®£¨¨ ¬®¦¥â ï¢«ïâìáï à¥è¥−¨¥ úá¥−á®à−ë© áâ®«û (¯�−¥«ì 46′′{70′′, ãç¨-
âë¢�ï ¬¥â®¤¨ªã [9]). ˆ−â¥à�ªâ¨¢−ë© á¥−á®à−ë© áâ®« á®ç¥â�¥â ¢ á¥¡¥ äã−ªæ¨¨
®¡ëç−®£® áâ®«� ¨ ¬ã«ìâ¨¬¥¤¨©−®© ¯à¥§¥−â�æ¨®−−®© á¨áâ¥¬ë −� ®á−®¢¥ áà¥¤áâ¢
®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨, á®¢¬¥é¥−−ëå á á¥−á®à−®© ¬�âà¨æ¥©. ‹¨æ�¬, ãç�áâ-
¢ãîé¨¬ ¢ ®¡áã¦¤¥−¨¨, ¯à¥¤®áâ�¢«ï¥âáï ¢®§¬®¦−®áâì −¥¯®áà¥¤áâ¢¥−−® ¢® ¢à¥¬ï
¤¨áªãáá¨© ã¯à�¢«ïâì ¤¨á¯®§¨æ¨¥©, ¬®¤¥«¨à®¢�âì ¢�à¨�−âë à�§¢¨â¨ï á¨âã�æ¨¨,
¢−®á¨âì ¨§¬¥−¥−¨ï ¢ ¯®¤£®â®¢«¥−−ë¥ ¢�à¨�−âë à¥è¥−¨© ¨ ¯à®â®ª®«¨à®¢�âì ¨å,
¨á¯®«ì§ãï ¨−âã¨â¨¢−® ¯®−ïâ−ë© â�ªâ¨«ì−ë© ¨−â¥àä¥©á ¢§�¨¬®¤¥©áâ¢¨ï á á¨á-
â¥¬®©.

‚ á¨âã�æ¨®−−®¬ §�«¥ ¯à®¨áå®¤¨â ª®−æ¥−âà�æ¨ï ¨−ä®à¬�æ¨¨, ¯®áâã¯�îé¥©
®â ¯à¨«®¦¥−¨© ‘–, ¨ ¥¥ ®â®¡à�¦¥−¨¥ −� áà¥¤áâ¢�å ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨
ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï (‘�ˆŠ�) [10]. �ã¤¨â®à¨î á®áâ�¢«ïîâ «¨æ� (¯®«ì-
§®¢�â¥«¨), ¯à¨−¨¬�îé¨¥ ãç�áâ¨¥ ¢ ¯à®æ¥áá¥ ¯à¨−ïâ¨ï à¥è¥−¨©. ‚ ä®à¬�â¥
á®¢¥é�−¨ï (§�á¥¤�−¨ï) ¤®ª«�¤ç¨ª®¬ (£àã¯¯®© ¤®ª«�¤ç¨ª®¢) ¯à¥¤áâ�¢«ïîâáï ¤®-
−¥á¥−¨ï, ¢ëáâã¯«¥−¨ï ¨ ¯à®ç¨¥ ¨−ä®à¬�æ¨®−−ë¥ á®®¡é¥−¨ï, ¯®¤£®â®¢«¥−−ë¥
£àã¯¯®© (£àã¯¯�¬¨) íªá¯¥àâ®¢-�−�«¨â¨ª®¢. „�«¥¥ ¯®«ì§®¢�â¥«¨ ãç�áâ¢ãîâ ¢
ª®««¥ªâ¨¢−®¬ ®¡áã¦¤¥−¨¨ ¯à¥¤áâ�¢«¥−−®© ¨−ä®à¬�æ¨¨ ¨ ¯à¨−¨¬�îâ à¥è¥−¨ï.

�à¨¬¥−¥−¨¥ á®¢à¥¬¥−−ëå á¥−á®à−ëå â¥å−®«®£¨© ¢ ãá«®¢¨ïå á¨âã�æ¨®−−®£®
§�«� ¤®«¦−® ¯®§¢®«¨âì ¯à®¢®¤¨âì á®¢¥é�−¨ï ¢ ¨−â¥à�ªâ¨¢−®¬ à¥¦¨¬¥. ‘¥−-
á®à−�ï â¥å−®«®£¨ï ¯à¨ íâ®¬ ¤®«¦−� ¨−â¥£à¨à®¢�âìáï á ª®««¥ªâ¨¢−ë¬ íªà�-
−®¬ (ª®¬¯®−¥−â®¬ ‘�ˆŠ�). “ç�áâ−¨ª¨ á®¢¥é�−¨ï ¤®«¦−ë ¨¬¥âì ¢®§¬®¦−®áâì
ã¯à�¢«¥−¨ï ®â®¡à�¦¥−¨¥¬ ¨−ä®à¬�æ¨¨ −� ‘�ˆŠ� á ¯®¬®éìî ¨−¤¨¢¨¤ã�«ì−ëå
¨−â¥à�ªâ¨¢−ëå â¥à¬¨−�«®¢ ãç�áâ−¨ª®¢ ¨ ¢ë−®á−ëå á¥−á®à−ëå ¯�−¥«¥©, à�á¯®-
«®¦¥−−ëå −� âà¨¡ã−�å ¤®ª«�¤ç¨ª®¢. ˆá¯®«ì§®¢�−¨¥ ¨−â¥à�ªâ¨¢−ëå â¥à¬¨−�«®¢
¯®¢ëè�¥â ®¡éãî ª®¬ä®àâ−®áâì ¨ à¥§ã«ìâ�â¨¢−®áâì ¯à®¢¥¤¥−¨ï á®¢¥é�−¨ï, ¯®-
§¢®«ï¥â �¢â®−®¬−® ¯à®¢®¤¨âì á®¢¥é�−¨¥ ¡¥§ ãç�áâ¨ï ®¡á«ã¦¨¢�îé¥£® ¯¥àá®−�«�
¨ á�¬®áâ®ïâ¥«ì−® ¢−®á¨âì ¯®¬¥âª¨ ¢ ®â®¡à�¦�¥¬ë¥ −� íªà�−¥ ¬�â¥à¨�«ë.

‘¥−á®à−ë¥ áà¥¤áâ¢� ¨−â¥à�ªâ¨¢−®£® ¯à®¢¥¤¥−¨ï á®¢¥é�−¨ï ¤®«¦−ë ¯®§¢®-
«¨âì ¯à¥¤á¥¤�â¥«î:
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Œ¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª ¢ë¡®àã á¥−á®à−ëå â¥å−®«®£¨© ¤«ï á¨âã�æ¨®−−ëå æ¥−âà®¢

{ −�¡«î¤�âì −� ¯¥àá®−�«ì−®¬ â¥à¬¨−�«¥ á¯¨á®ª ãç�áâ−¨ª®¢ á®¢¥é�−¨ï á ãª�-
§�−¨¥¬ ¤®ª«�¤ç¨ª®¢ ¨ ¨å ¨««îáâà�â¨¢−ëå ¬�â¥à¨�«®¢;

{ ®¯à¥¤¥«ïâì ¯®àï¤®ª ¯à¥¤®áâ�¢«¥−¨ï á«®¢� ¢ë¡à�−−ë¬ ãç�áâ−¨ª�¬;

{ ®áãé¥áâ¢«ïâì ª®−âà®«ì §� ¤«¨â¥«ì−®áâìî ¢ëáâã¯«¥−¨ï ãç�áâ−¨ª� ¨ ¤«¨â¥«ì-
−®áâìî á®¢¥é�−¨ï;

{ §�¯à�è¨¢�âì ã à¥¦¨áá¥à� ¤®¯®«−¨â¥«ì−ãî ¨−ä®à¬�æ¨î ® à¥¦¨¬¥ ¯à®¢¥¤¥−¨ï
á®¢¥é�−¨ï.

“ç�áâ−¨ª�¬ á®¢¥é�−¨ï ¤®«¦−� ¯à¥¤®áâ�¢«ïâìáï ¢®§¬®¦−®áâì:

{ ã¯à�¢«ïâì ¯®ª�§®¬ ¨««îáâà�â¨¢−ëå ¬�â¥à¨�«®¢ ª ¤®ª«�¤ã á à�á¯®«®¦¥−−ëå
¯¥à¥¤ −¨¬¨ ¨−â¥à�ªâ¨¢−ëå â¥à¬¨−�«®¢;

{ ¢ë¢®¤¨âì ¨««îáâà�â¨¢−ë¥ ¬�â¥à¨�«ë −� ‘�ˆŠ�, ¨−â¥à�ªâ¨¢−ë¥ â¥à¬¨−�-
«ë ®áâ�«ì−ëå ãç�áâ−¨ª®¢ á®¢¥é�−¨ï ¨ −� ¢ë−®á−ë¥ ¨−â¥à�ªâ¨¢−ë¥ ¯�−¥«¨;

{ −�−®á¨âì ¯®¬¥âª¨ ¯®¢¥àå ¨§®¡à�¦¥−¨ï ¨««îáâà�â¨¢−ëå ¬�â¥à¨�«®¢.

�® àï¤ã ®æ¥−®ª (á¬., −�¯à¨¬¥à, [7]), ¯à¨¬¥−¥−¨¥ á¥−á®à−®© â¥å−®«®£¨¨
¢ ãá«®¢¨ïå á¨âã�æ¨®−−®£® §�«� ¬®¦¥â ã¢¥«¨ç¨¢�âì áª®à®áâì ãá¢®¥−¨ï ¤�−−ëå
á«ãè�â¥«ï¬¨ −� 60%. ’�ª®© ¯à¨à®áâ ®¡¥á¯¥ç¨¢�¥âáï §� áç¥â ª®−æ¥−âà�æ¨¨
¢−¨¬�−¨ï −� áà¥¤áâ¢® ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨, ¨á¯®«ì§ã¥¬®¥ ¤®ª«�¤ç¨ª®¬, £¤¥
−¥¯®áà¥¤áâ¢¥−−® ä®à¬¨àã¥âáï �ã¤¨®¢¨§ã�«ì−�ï ¤¨−�¬¨ª� ¤®ª«�¤�.

3 Критерии использования и обзор сенсорных технологий

÷¥è¥−¨¥ ®¡ ¨á¯®«ì§®¢�−¨¨ á¥−á®à−ëå â¥å−®«®£¨© ¤«ï ‘– ¤®«¦−® ¡ëâì
®¡®á−®¢�−−ë¬ á â®çª¨ §à¥−¨ï äã−ªæ¨®−�«ì−ëå ¯à¥¨¬ãé¥áâ¢, ¯®«ãç�¥¬ëå §�
áç¥â â®© ¨«¨ ¨−®© á¥−á®à−®© â¥å−®«®£¨¨.

‘¥−á®à−�ï â¥å−®«®£¨ï ¯à¥¤áâ�¢«ï¥âáï á®¢®ªã¯−®áâìî âà¥å ®á−®¢−ëå «®£¨-
ç¥áª¨å ª®¬¯®−¥−â®¢: íªà�−�, á¥−á®à−®© ¬�âà¨æë ¨ ¢ëç¨á«¨â¥«ì−®£® à¥áãàá�
(à¨á. 1).

�¥à¢ë© ¨ âà¥â¨© ª®¬¯®−¥−âë ®¡ëç−® ¢å®¤ïâ ¢ á®áâ�¢ áà¥¤áâ¢� ®â®¡à�¦¥−¨ï
¨−ä®à¬�æ¨¨, ¨«¨ ¤¨á¯«¥ï, � ¢â®à®© ¬®¦¥â ¡ëâì à¥�«¨§®¢�− ª�ª −� ¡�§¥ â¥å−®-
«®£¨¨ á�¬®£® íªà�−�, â�ª ¨ á ¨á¯®«ì§®¢�−¨¥¬ ¢−¥è−¨å ¤«ï ¤¨á¯«¥ï ¯®¤á¨áâ¥¬.
�ªà�− ¤¨á¯«¥ï á â®çª¨ §à¥−¨ï á¥−á®à−®© â¥å−®«®£¨¨ ¯à¥¤áâ�¢«ï¥â á®¡®© ¯«®áª¨©
¨áâ®ç−¨ª ¢¨§ã�«ì−®© ¨−ä®à¬�æ¨¨, ¯®¤«¥¦�é¥© ã¯à�¢«¥−¨î, á ®£à�−¨ç¥−−®©
à�§à¥è�îé¥© á¯®á®¡−®áâìî íªà�−�. ‘¥−á®à−�ï ¬�âà¨æ� | ä¨§¨ç¥áª�ï áà¥¤�,
à¥�£¨àãîé�ï −� ¯à¨ª®á−®¢¥−¨¥ −¥ª®â®àë¬ ¯à¥¤¬¥â®¬ ª ¯®¢¥àå−®áâ¨ íªà�−�.
�à¨ª®á−®¢¥−¨¥ ¯à¥®¡à�§ã¥âáï ¢ í«¥ªâà®−−ë© á¨£−�«. ‡�â¥¬ −�¡®à ¨−ä®à¬�æ¨¨
® ¯®«®¦¥−¨¨ ¯à¨ª®á−®¢¥−¨ï, ¥£® à�§¬¥à�å ¨, ¢®§¬®¦−®, ¥£® á¨«¥ ¯¥à¥¤�¥âáï
¢ ¢ëç¨á«¨â¥«ì−ë© ¡«®ª. ‡�¤�ç¥© ¢ëç¨á«¨â¥«ì−®£® ¡«®ª� ¢ á�¬®¬ ®¡é¥¬ ¢¨¤¥
ï¢«ï¥âáï á®¯®áâ�¢«¥−¨¥ ¨−ä®à¬�æ¨¨, ®â®¡à�¦�¥¬®© −� ¤¨á¯«¥¥, ¨ á¨£−�«®¢, ¯®-
«ãç¥−−ëå ®â ¯à¨ª®á−®¢¥−¨© ª á¥−á®à−®© ¬�âà¨æ¥, ¢ ãá«®¢¨ïå à¥�«ì−®£® ¢à¥¬¥−¨.
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÷¨á. 1 ‹®£¨ç¥áª�ï áå¥¬� á¥−á®à−®© â¥å−®«®£¨¨

“ç¨âë¢�ï á¯¥æ¨ä¨ªã ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ à�§«¨ç−ëå £àã¯¯ ¯®«ì§®¢�â¥«¥© ¢
‘–, ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ ªà¨â¥à¨¨ ¢ë¡®à� á¥−á®à−ëå â¥å−®«®£¨©:

{ à�§¬¥à íªà�−� (¤¨�£®−�«ì íªà�−�);

{ à�§à¥è�îé�ï á¯®á®¡−®áâì íªà�−�;

{ à�§à¥è�îé�ï á¯®á®¡−®áâì á¥−á®à−®© ¬�âà¨æë (ª®«¨ç¥áâ¢® ®¤−®¢à¥¬¥−−ëå
¯à¨ª®á−®¢¥−¨©);

{ á®¢¬¥é¥−−®áâì íªà�−� ¨ á¥−á®à−®© ¬�âà¨æë;

{ ¢®§¬®¦−®áâì à�á¯®§−�¢�−¨ï ¬ã«ìâ¨¦¥áâ®¢ ¤«ï ã¯à�¢«¥−¨ï á¨áâ¥¬®©;

{ −�¤¥¦−®áâì á¥−á®à−®© ¬�âà¨æë;

{ áâ®¨¬®áâì á¥−á®à−®© â¥å−®«®£¨¨.

÷�§¬¥à á¥−á®à−®© ¬�âà¨æë ®¯à¥¤¥«ï¥âáï ¥¥ £¥®¬¥âà¨ç¥áª¨¬¨ å�à�ªâ¥à¨áâ¨-
ª�¬¨ | ç�é¥ ¢á¥£® ¤«¨−®© ¨ è¨à¨−®©. ‚ á«ãç�¥ ¨á¯®«ì§®¢�−¨ï á¥−á®à−®©
â¥å−®«®£¨¨, á®¢¬¥é¥−−®© á íªà�−®¬, à�§¬¥àë á¥−á®à−®© ¬�âà¨æë á®¢¯�¤�îâ á
à�§¬¥à�¬¨ ¤¨á¯«¥ï ¨ ¨¬¥îâ ¯àï¬®ã£®«ì−ãî ä®à¬ã. ‚ íâ®¬ á«ãç�¥ ¤«ï ®¯à¥-
¤¥«¥−¨ï à�§¬¥à� íªà�−� ¬®¦−® ¨á¯®«ì§®¢�âì ¬¥â®¤¨ªã [9], ¯à¥¤ãá¬�âà¨¢�îéãî
¢®§¬®¦−®áâì ª®¬ä®àâ−®£® −�¡«î¤¥−¨ï §� ¨−ä®à¬�æ¨¥© −� áà¥¤áâ¢¥ ®â®¡à�¦¥−¨ï.

÷�§à¥è¥−¨¥ á¥−á®à−®© ¬�âà¨æë | ª®«¨ç¥áâ¢® à�§«¨ç−ëå ®¤¨−�à−ëå ¯à¨ª®á-
−®¢¥−¨©, à�á¯®§−�¢�¥¬ëå á¥−á®à−®© ¬�âà¨æ¥©. �¥®¡å®¤¨¬®¥ à�§à¥è¥−¨¥ íªà�−�
§�¢¨á¨â ®â à�§¬¥à®¢ á¥−á®à−®© ¬�âà¨æë ¨ ¯«®é�¤¨ ãáâà®©áâ¢�, ª®â®àë¬ ¯à®¨§¢®-
¤¨âáï ¯à¨ª®á−®¢¥−¨¥. �ç¥¢¨¤−®, çâ® à�§à¥è¥−¨¥ á¥−á®à−®© ¬�âà¨æë ®¯à¥¤¥«ï¥â
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¬¨−¨¬�«ì−® ®éãâ¨¬®¥ á¬¥é¥−¨¥ ¯à¨ª®á−®¢¥−¨ï, â. ¥. ç¥¬ ¢ëè¥ à�§à¥è¥−¨¥,
â¥¬ á ¡®«ìè¥© ¤¨−�¬¨ç¥áª®© çã¢áâ¢¨â¥«ì−®áâìî ¬®¦¥â à�¡®â�âì á¥−á®à−ë© ¤¨á-
¯«¥©. ‘ ¤àã£®© áâ®à®−ë, à�§ã¬−® ®£à�−¨ç¨¢�âì à�§à¥è¥−¨¥ á¥−á®à−®© ¬�âà¨æë
à�§à¥è¥−¨¥¬ á�¬®£® íªà�−�. „«ï ¤¨á¯¥âç¥àáª®£® ¯ã−ªâ� ¢®§¬®¦−® ¨á¯®«ì§®-
¢�−¨¥ á¥−á®à−®© ¬�âà¨æë á −¥¢ëá®ª¨¬ à�§à¥è¥−¨¥¬, ¯®áª®«ìªã ¯®«ì§®¢�â¥«¨
¢ ®á−®¢−®¬ ¢¨§ã�«ì−® ª®−âà®«¨àãîâ ¯®áâã¯�îéãî ¨−ä®à¬�æ¨î. „«ï ª�¡¨−¥-
â� àãª®¢®¤¨â¥«ï ¨ á¨âã�æ¨®−−®£® §�«� à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á¥−á®à−ë¥
¬�âà¨æë á ¢ëá®ª¨¬ à�§à¥è¥−¨¥¬, ¯®áª®«ìªã ¢® ¢à¥¬ï ®¡áã¦¤¥−¨ï à¥è¥−¨©
¢¥¤¥âáï �ªâ¨¢−�ï à�¡®â� á á®¢¬¥é¥−−ë¬¨ á¥−á®à−ë¬¨ áà¥¤áâ¢�¬¨ ®â®¡à�¦¥−¨ï
¨−ä®à¬�æ¨¨.

‘®¢¬¥é¥−−®áâì íªà�−� ¨ á¥−á®à−®© ¬�âà¨æë. ‘®¢à¥¬¥−−ë¥ à¥è¥−¨ï ¯®§¢®-
«ïîâ −¥ á®¢¬¥é�âì á¥−á®à−ãî ¬�âà¨æã ¨ íªà�−. ‚ë−¥á¥−−�ï á¥−á®à−�ï ¬�âà¨æ�
¬®¦¥â ¡ëâì à¥�«¨§®¢�−� á ¯®¬®éìî ¤®¯®«−¨â¥«ì−®£® íªà�−�, −�¯à¨¬¥à ¬¥−ì-
è¥£® à�§¬¥à�, ª®â®àë© ¯®ª�§ë¢�¥â ¨§®¡à�¦¥−¨¥ á ®á−®¢−®£® íªà�−� «¨¡® ¥£®
ç�áâ¨. ’�ª¨¥ à¥è¥−¨ï ®ª�§ë¢�îâáï ã¤®¡−ë¬¨ ¢ á«ãç�¥, ª®£¤� ®á−®¢−®© íªà�−
¨¬¥¥â ¤®áâ�â®ç−® ¡®«ìè¨¥ à�§¬¥àë, −¥¤®áâã¯¥− ¤«ï à�¡®âë −¥¯®áà¥¤áâ¢¥−−® á
−¨¬ «¨¡® ¢¢¨¤ã ®à£�−¨§�æ¨®−−ëå ®£à�−¨ç¥−¨© (−�¯à¨¬¥à, ¯à¨ ¢¥¤¥−¨¨ §�á¥-
¤�−¨©).

Š®«¨ç¥áâ¢® ®¤−®¢à¥¬¥−−ëå ¯à¨ª®á−®¢¥−¨© ª íªà�−ã ®¯à¥¤¥«ï¥â äã−ªæ¨-
®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ à�¡®âë á ª®−â¥−â®¬, � â�ª¦¥ á¯®á®¡−®áâì á¥−á®à−®£®
¤¨á¯«¥ï ¡ëâì ¨á¯®«ì§®¢�−−ë¬ ¢ ª�ç¥áâ¢¥ ª®««¥ªâ¨¢−®£® â�ªâ¨«ì−®£® ¯®«ï, £¤¥
ç�áâ® âà¥¡ã¥âáï ®¤−®¢à¥¬¥−−�ï à�¡®â� −¥áª®«ìª¨å ç¥«®¢¥ª. •®âï â�ª�ï ¢®§-
¬®¦−®áâì ¢ë£«ï¤¨â ¤®áâ�â®ç−® ¥áâ¥áâ¢¥−−®, −® ¥¥ â¥å−¨ç¥áª�ï à¥�«¨§�æ¨ï ç�áâ®
§�âàã¤−¥−� ¨ ¢ −¥ª®â®àëå á¥−á®à−ëå â¥å−®«®£¨ïå ¢®®¡é¥ −¥¢®§¬®¦−�.

‘â®¨¬®áâì á¥−á®à−ëå à¥è¥−¨© ®¯à¥¤¥«ï¥âáï ¨å àë−®ç−ë¬ ¯®§¨æ¨®−¨à®¢�−¨-
¥¬ ¨ á¥¡¥áâ®¨¬®áâìî. ‘â®¨¬®áâì ¬®¦¥â á«ã¦¨âì −¥ª®â®à®© ¨−â¥£à�«ì−®© ®æ¥−ª®©
¤«ï ¢á¥å ¢ëè¥¯¥à¥ç¨á«¥−−ëå ¯�à�¬¥âà®¢, â�ª ª�ª íâ¨ ¯�à�¬¥âàë ¢ á¥àì¥§−®©
áâ¥¯¥−¨ ¢«¨ïîâ −� ¤®áâã¯−®áâì à¥è¥−¨©.

3.1 Инфракрасная технология

�¥à¢®© ¨ ®¤−®© ¨§ −�¨¡®«¥¥ ¯à®áâëå ï¢«ï¥âáï ¨−äà�ªà�á−�ï â¥å−®«®£¨ï, ª®-
â®à�ï ¨á¯®«ì§ã¥â ¯àï¬®ã£®«ì−ë¥ à�§¬¥àë íªà�−�. …¥ áãâì §�ª«îç�¥âáï ¢ â®¬, çâ®
¯® £®à¨§®−â�«¨ ¨ ¢¥àâ¨ª�«¨ íªà�−� à�á¯®«®¦¥−ë ¤¢� àï¤� ¨−äà�ªà�á−ëå ¤¨®¤®¢,
� −� ¯à®â¨¢®¯®«®¦−ëå ¨¬ áâ®à®−�å −�å®¤ïâáï ã«�¢«¨¢�îé¨¥ ¨−äà�ªà�á−ë© á¢¥â
á¥−á®àë.

�à¨ª®á−®¢¥−¨¥ ª ¯®¢¥àå−®áâ¨ íªà�−� á®¯àï¦¥−® á â¥¬, çâ® −¥ª®â®àë¥ á¥−á®àë
¯® £®à¨§®−â�«¨ ¨ ¢¥àâ¨ª�«¨ ¯¥à¥áâ�îâ ¯®«ãç�âì ¨§«ãç¥−¨¥, çâ® ®¯à¥¤¥«ï¥âáï
¢ëç¨á«¨â¥«ì−ë¬ ¡«®ª®¬ ª�ª ¯�à� ª®®à¤¨−�â, £¤¥ ¯à®¨§®è«® ¯à¨ª®á−®¢¥−¨¥ ª
¯®¢¥àå−®áâ¨ íªà�−� (à¨á. 2).

„�−−�ï â¥å−®«®£¨ï ¡ë«� à¥�«¨§®¢�−� ®¤−®© ¨§ ¯¥à¢ëå ¢ à�¬ª�å á¥−á®à−ëå
íªà�−®¢ ¥é¥ ¢ 70-å ££. XX ¢., −® ¥¥ à�§à¥è�îé�ï á¯®á®¡−®áâì, â. ¥. ª®«¨ç¥áâ¢®
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÷¨á. 2 ˆ−äà�ªà�á−�ï á¥−á®à−�ï â¥å−®«®£¨ï

à�§«¨ç−ëå ¯à¨ª®á−®¢¥−¨©, á â®çª¨ §à¥−¨ï á¥−á®à� ¡ë«� ®ç¥−ì ¬�«� ¨ ¨áç¨á«ï«�áì
¢á¥£® ¯�à®© ¤¥áïâª®¢. ‘®¢à¥¬¥−−ë¥ ¨−äà�ªà�á−ë¥ íªà�−ë ¬®£ãâ ®¯à¥¤¥«¨âì ã¦¥
¡®«¥¥ ¬¨««¨®−� à�§«¨ç−ëå ¯à¨ª®á−®¢¥−¨© ª íªà�−ã.

‚�¦−®© ®á®¡¥−−®áâìî íâ¨å á¥−á®à−ëå ¬�âà¨æ ï¢«ï¥âáï ®â¤¥«¨¬®áâì ¨−-
äà�ªà�á−ëå á¥−á®à®¢ ®â íªà�−� ¨, ª�ª á«¥¤áâ¢¨¥, ¨å ¢ëá®ª�ï −�¤¥¦−®áâì ¨
à¥¬®−â®¯à¨£®¤−®áâì. ˆ−äà�ªà�á−ë¥ á¥−á®àë −¥ ¢«¨ïîâ −� ª�ç¥áâ¢® ¨§®¡à�¦¥-
−¨ï íªà�−�, ¨å ¬®¦−® ç¨−¨âì ¢ ú¯®«¥¢ëåû ãá«®¢¨ïå. �®«¥¥ â®£®, á¥−á®à−ë©
íªà�− ¬®¦¥â ¡ëâì á®§¤�− −� ¡�§¥ ®â¤¥«ì−®© á¥−á®à−®© à�¬ª¨.

�á−®¢−ë¬ −¥¤®áâ�âª®¬ ¨−äà�ªà�á−®© â¥å−®«®£¨¨ ï¢«ï¥âáï ¥¥ −¥¢ëá®ª�ï
à�§à¥è�îé�ï á¯®á®¡−®áâì ¨§-§� ®£à�−¨ç¥−¨© ¯® à�ááâ®ï−¨î ¬¥¦¤ã ¨§«ãç�îé¨¬¨
¤¨®¤�¬¨, çâ® á¤¥à¦¨¢�¥â ¥¥ ¯à¨¬¥−¥−¨¥ −� ª®¬¯�ªâ−ëå ãáâà®©áâ¢�å. ’�ª¦¥
¨§-§� ¢®«−®¢ëå á¢®©áâ¢ á¢¥â� áãé¥áâ¢ãîâ ®£à�−¨ç¥−¨ï, á¢ï§�−−ë¥ á à�§¬¥à®¬
¯à¥¤¬¥â�, ª®â®àë¬ ¯à¨ª�á�îâáï ª íªà�−ã, | ¥£® â®«é¨−� ¤®«¦−� ¡ëâì −¥
¬¥−ìè¥ ®¯à¥¤¥«¥−−®£® §−�ç¥−¨ï ¢ §�¢¨á¨¬®áâ¨ ®â à�§¬¥à®¢ íªà�−� ¨ à�§à¥è�îé¥©
á¯®á®¡−®áâ¨ á¥−á®à−®© ¬�âà¨æë.

�á−®¢−®© ®¡«�áâìî ¯à¨¬¥−¥−¨ï ¨−äà�ªà�á−®© â¥å−®«®£¨¨ á¥£®¤−ï ï¢«ïîâáï
‘�ˆŠ�, â�ª¨¥ ª�ª à¥ª«�¬−ë¥ ª¨®áª¨ ¨ ¨−ä®à¬�æ¨®−−ë¥ ¯�−¥«¨.

‘¥−á®à−ë¥ ¯�−¥«¨ á ¤�−−®© â¥å−®«®£¨¥© ¬®¦−® ¨á¯®«ì§®¢�âì ¢ ¤¨á¯¥âç¥àáª®©
á«ã¦¡¥ ‘–. ˆá¯®«ì§®¢�−¨¥ ¥¥ ¢ ¤¥ïâ¥«ì−®áâ¨ ¤àã£¨å £àã¯¯ ¯®«ì§®¢�â¥«¥© ‘–
á¢ï§�−® á áãé¥áâ¢¥−−ë¬ ®£à�−¨ç¥−¨¥¬ äã−ªæ¨®−�«ì−ëå §�¤�ç, à¥è�¥¬ëå íâ¨¬¨
¯®«ì§®¢�â¥«ï¬¨.
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3.2 Матричная технология

Œ�âà¨ç−�ï â¥å−®«®£¨ï ¯® á¢®¥© áãâ¨ −�¯®¬¨−�¥â ¨−äà�ªà�á−ãî, −® ¢¬¥áâ®
®¯â¨ç¥áª¨å á¥−á®à®¢ ¢ −¥© ¨á¯®«ì§ã¥âáï á¥âª� ¨§ £®à¨§®−â�«ì−ëå ¨ ¢¥àâ¨ª�«ì−ëå
¯à®¢®¤−¨ª®¢ á ¤¢ãå áâ®à®− ¯à®á«®©ª¨, ª®â®àë¥ ¯à¨ ¯à¨ª®á−®¢¥−¨¨ ¢ −¥ª®â®à®©
â®çª¥ §�¬ëª�îâáï, â¥¬ á�¬ë¬ ä¨ªá¨àãï ª®®à¤¨−�âë ¢®§¤¥©áâ¢¨ï.

’¥å−®«®£¨ï å®à®è� â¥¬, çâ® ¯à¥¤¥«ì−® ¯à®áâ� ¨ ¨á¯®«ì§ã¥â ¤®áâã¯−ë¥ ª®¬-
¯®−¥−âë. �®, á ¤àã£®© áâ®à®−ë, â¥å−®«®£¨ï ¬®¦¥â ®¡¥á¯¥ç¨âì ¥é¥ ¬¥−ìèãî, ç¥¬
¨−äà�ªà�á−�ï, à�§à¥è�îéãî á¯®á®¡−®áâì | ¯�à�««¥«ì−ë¥ ¯à®¢®¤−¨ª¨ −¥«ì§ï
à�§¬¥é�âì á«¨èª®¬ ¡«¨§ª® ¤àã£ ª ¤àã£ã ¨§-§� ¢®§¬®¦−®© í«¥ªâà¨ç¥áª®© à�§-
àï¤ª¨. ‚¢¨¤ã ¯®áâ®ï−−®£® á−¨¦¥−¨ï æ¥−ë −� ¡®«¥¥ á®¢¥àè¥−−ë¥ í«¥ªâà®−−ë¥
ª®¬¯®−¥−âë ¬�âà¨ç−�ï â¥å−®«®£¨ï ã¦¥ ¯à�ªâ¨ç¥áª¨ −¥ ¨á¯®«ì§ã¥âáï, � ¢¬¥áâ®
−¥¥ ¯à¨¬¥−ï¥âáï à¥§¨áâ¨¢−�ï.

3.3 Резистивная технология

��¬−®£® ¡®«¥¥ ¢ëá®ª®© à�§à¥è�îé¥© á¯®á®¡−®áâìî, ¢ ®â«¨ç¨¥ ®â ¬�âà¨ç−®©
¨ ¨−äà�ªà�á−®© â¥å−®«®£¨¨, ®¡«�¤�¥â à¥§¨áâ¨¢−�ï. ‚ ¥¥ ®á−®¢¥ á®¤¥à¦�âáï
¤¢� ¯à®¢®¤ïé¨å á«®ï, −�−¥á¥−−ëå −� áâ¥ª«® ¨ −� £¨¡ªãî ¢−¥è−îî ¬¥¬¡à�−ã.
�à®áâà�−áâ¢® ¬¥¦¤ã ¯à®¢®¤ïé¨¬¨ á«®ï¬¨ §�¯®«−¥−® ¬¨ªà®¨§®«ïâ®à�¬¨, ª®â®-
àë¥ ¯à¨ −�¦�â¨¨ −� £¨¡ªãî ¬¥¬¡à�−ã ¯®§¢®«ïîâ ¯à®¢®¤ïé¨¬ á«®ï¬ §�¬ëª�âìáï.
�«¥ªâà®¤ë ¯®¤ª«îç¥−ë ª ¬¥¬¡à�−¥ ¨ áâ¥ª«ã ¯® ¯¥à¯¥−¤¨ªã«ïà−ë¬ ¯�à�¬ áâ®à®−
(à¨á. 3).

�à¨ −�¦�â¨¨ −� íªà�− ¯®á«¥¤®¢�â¥«ì−® ®¯à¥¤¥«ïîâáï ª®®à¤¨−�âë â®çª¨
−�¦�â¨ï | X −� ¬¥¬¡à�−¥ ¨ Y −� áâ¥ª«¥ | á ¯®¬®éìî ¯®¤�ç¨ −�¯àï¦¥−¨ï
¨ ®æ¥−ª¨ á®¯à®â¨¢«¥−¨ï, ¢®§−¨ª�îé¥£® ¯à¨ −�¦�â¨¨. �¡ëç−ë© à¥§¨áâ¨¢−ë©
íªà�− ¬®¦¥â ¯à¨ íâ®¬ ®¯à¥¤¥«¨âì −¥áª®«ìª® ¤¥áïâª®¢ ¬¨««¨®−®¢ à�§«¨ç−ëå ¯à¨-
ª®á−®¢¥−¨©. ˆ§−®á®ãáâ®©ç¨¢®áâì à¥§¨áâ¨¢−®© á¥−á®à−®© â¥å−®«®£¨¨ ¨§¬¥àï¥âáï
30 ¬«− −�¦�â¨© ¢ ®¤−ã â®çªã.

ƒ«�¢−ë¥ −¥¤®áâ�âª¨ à¥§¨áâ¨¢−®© á¥−á®à−®© â¥å−®«®£¨¨ ®¯à¥¤¥«ïîâáï −�«¨-
ç¨¥¬ £¨¡ª®© ¬¥¬¡à�−ë | §−�ç¨â¥«ì−®¥ ¨§¬¥−¥−¨¥ ª�ç¥áâ¢� ¨§®¡à�¦¥−¨ï íªà�−�
(¯®â¥àï ¢ ïàª®áâ¨ ¨ ¢ æ¢¥â®¯¥à¥¤�ç¥), � â�ª¦¥ ¯®â¥àï á¥−á®à−ëå á¢®©áâ¢ ¯à¨
¯®¢à¥¦¤¥−¨¨ ¬¥¬¡à�−ë, ª®â®à®¥ ¬®¦−® −�−¥áâ¨ á ¯®¬®éìî «î¡®£® ¤®áâ�â®ç−®
®áâà®£® ¯à¥¤¬¥â�. �à®¡«¥¬ã −¨§ª®© ãáâ®©ç¨¢®áâ¨ ª ¬¥å�−¨ç¥áª¨¬ ¯®¢à¥¦¤¥-
−¨ï¬ ã¤�«®áì ç�áâ¨ç−® à¥è¨âì á ¯®¬®éìî á®¢¥àè¥−áâ¢®¢�−¨ï â¥å−®«®£¨¨ ¤®
¯ïâ¨¯à®¢®¤−®© áå¥¬ë, £¤¥ í«¥ªâà®¤ë ¯®¤ª«îç¥−ë ª ã£«�¬ íªà�−�, à¥§¨áâ¨¢−ë©
á«®© ¬¥¬¡à�−ë §�¬¥−¥− −� ¯à®¢®¤ïé¨©, � −� áâ¥ª«® −�−¥á¥− à¥§¨áâ¨¢−ë© á«®©.
�®à¥§ ¬¥¬¡à�−ë ¢ â�ª®¬ á«ãç�¥ ¯®§¢®«ï¥â ¤�«ìè¥ ¯®«ì§®¢�âìáï á¥−á®à−ë¬¨
á¯®á®¡−®áâï¬¨ íªà�−�.

‚¢¨¤ã á¢®¥© −¥¢ëá®ª®© áâ®¨¬®áâ¨, ¢ëá®ª®© ã−¨¢¥àá�«ì−®áâ¨ ¨ â®ç−®áâ¨ à¥§¨-
áâ¨¢−�ï á¥−á®à−�ï â¥å−®«®£¨ï ¡ë«� ®¤−®© ¨§ á�¬ëå ¬�áá®¢ëå ¥é¥ 2{3 £®¤� −�§�¤.
�á−®¢−®© ®¡«�áâìî ¯à¨¬¥−¥−¨ï à¥§¨áâ¨¢−®© â¥å−®«®£¨¨ ¡ë«¨ á®â®¢ë¥ â¥«¥ä®-
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÷¨á. 3 �à¨−æ¨¯ à�¡®âë à¥§¨áâ¨¢−ëå á¥−á®à−ëå íªà�−®¢ (ITO | indium tin oxide,
®ªá¨¤ ¨−¤¨ï ¨ ®«®¢�)

−ë, ª®¬¬ã−¨ª�â®àë, POS (point-of-sale) â¥à¬¨−�«ë. ‘¥£®¤−ï ®−� §�¬¥é�¥âáï
¡®«¥¥ á®¢¥àè¥−−®© ¥¬ª®áâ−®© â¥å−®«®£¨¥©.

’¥¬ −¥ ¬¥−¥¥ ¢ ‘– à¥§¨áâ¨¢−�ï â¥å−®«®£¨ï á −¥áãé¥áâ¢¥−−ë¬¨ ®£à�−¨ç¥−¨ï-
¬¨ ¢ à¥è�¥¬ëå äã−ªæ¨®−�«ì−ëå §�¤�ç�å (¯® áà�¢−¥−¨î á ¥¬ª®áâ−®© â¥å−®«®£¨¥©)
¬®¦¥â ¯à¨¬¥−ïâìáï ¢ ¤¨á¯¥âç¥àáª®¬ ¯ã−ªâ¥ ¨ ¢ §�«¥ á®¢¥é�−¨© (−� ¨−¤¨¢¨¤ã�«ì-
−ëå ¨−â¥à�ªâ¨¢−ëå â¥à¬¨−�«�å ãç�áâ−¨ª®¢ á®¢¥é�−¨ï).

3.4 Емкостная и проекционно-емкостная технологии

�à¨−æ¨¯ à�¡®âë ¥¬ª®áâ−®© á¥−á®à−®© â¥å−®«®£¨¨ ®á−®¢�− −� ¨á¯®«ì§®¢�−¨¨
ä¨§¨®«®£¨ç¥áª¨å á¢®©áâ¢ ç¥«®¢¥ç¥áª®£® â¥«� | −�«¨ç¨ï ¥¬ª®áâ−®£® á®¯à®â¨¢«¥-
−¨ï. �ªà�− ¢ ¥¬ª®áâ−®© â¥å−®«®£¨¨ ¯à¥¤áâ�¢«ï¥â á®¡®© áâ¥ª«® á −�−¥á¥−−ë¬
−� −¥£® ¯à®¢®¤ïé¨¬ á«®¥¬, ¯® ã£«�¬ ª®â®à®£® −�å®¤ïâáï í«¥ªâà®¤ë. �à¨ ¯à¨-
ª®á−®¢¥−¨¨ ª íªà�−ã ¯�«ìæ¥¬ ¯à®¨áå®¤¨â ãâ¥çª� â®ª�, ª®â®à�ï à¥£¨áâà¨àã¥âáï
¢ëç¨á«¨â¥«ì−ë¬ ¡«®ª®¬, ¨ −� ®á−®¢�−¨¨ íâ¨å ¤�−−ëå ®áãé¥áâ¢«ï¥âáï ®¯à¥¤¥«¥-
−¨¥ ¯®§¨æ¨¨ ¯à¨ª®á−®¢¥−¨ï ª íªà�−ã.

’�ª�ï ª®−áâàãªæ¨ï ®¡¥á¯¥ç¨¢�¥â −¨§ªãî ®¯â¨ç¥áªãî ª®àà¥ªæ¨î ¨§®¡à�¦¥-
−¨ï íªà�−� (¬¥−¥¥ 10%), ¨¬¥¥â ¢ëá®ªãî ¨§−®á®ãáâ®©ç¨¢®áâì, ¤®¯ãáª�ï á®â−¨
¯à¨ª®á−®¢¥−¨© ¢ ®¤−®© â®çª¥, � â�ª¦¥ −¥çã¢áâ¢¨â¥«ì−� ª ¨§®«¨àãîé¨¬ §�£àï§-
−¥−¨ï¬.

’¥å−®«®£¨ï ®¯à¥¤¥«ï¥â àï¤ ®£à�−¨ç¥−¨©. �à¨ª�á�âìáï ª íªà�−ã ¬®¦−® â®«ì-
ª® ¯à®¢®¤ïé¨¬ ¯à¥¤¬¥â®¬ á ¥¬ª®áâ−ë¬ á®¯à®â¨¢«¥−¨¥¬ (íªà�− −¥ ®¯à¥¤¥«¨â
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Œ¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª ¢ë¡®àã á¥−á®à−ëå â¥å−®«®£¨© ¤«ï á¨âã�æ¨®−−ëå æ¥−âà®¢

¯à¨ª®á−®¢¥−¨¥ àãª¨, −�¯à¨¬¥à, ¢ ®¡ëç-

÷¨á. 4 �à¨−æ¨¯ à�¡®âë ¯à®¥ªæ¨®−−®-
¥¬ª®áâ−®£® á¥−á®à−®£® íªà�−�

−®© ¯¥àç�âª¥). Šà®¬¥ â®£®, ¯à®¢®¤ï-
é¨© á«®©, −¥á¬®âàï −� á¢®î ¤®áâ�â®ç−®
¢ëá®ªãî ¯à®ç−®áâì, â¥¬ −¥ ¬¥−¥¥ ¬®-
¦¥â ¡ëâì ¯®¢à¥¦¤¥−, ¯®â®¬ã â¥å−®«®£¨ï
¯à¥¤¯®«�£�¥â −¥ª®â®àãî áâ¥¯¥−ì �ªªã-
à�â−®áâ¨ á® áâ®à®−ë ¯®«ì§®¢�â¥«ï.

“¢¥«¨ç¨âì áâ¥¯¥−ì ¬¥å�−¨ç¥áª®©
¯à®ç−®áâ¨ ¯®¬®£«® á®§¤�−¨¥ ¯à®¥ªæ¨®−-
−®-¥¬ª®áâ−®© â¥å−®«®£¨¨, ª®â®à�ï, ª�ª
¨ ¥¬ª®áâ−�ï, ¨á¯®«ì§ã¥â ¢ á¢®¥© ®á−®-
¢¥ áâ¥ª«ï−−ãî ¯«®áª®áâì, −� ª®â®àãî
−�−¥á¥− ¯à®¢®¤ïé¨© á«®©. �¤−�ª®, ¢
®â«¨ç¨¥ ®â ®¡ëç−®© ¥¬ª®áâ−®© â¥å−®-
«®£¨¨, ¯à®¢®¤ïé¨© á«®©, á®áâ®ïé¨© ¨§
í«¥ªâà®¤®¢, ¤®¯®«−¨â¥«ì−® á¯àïâ�− §�
¥é¥ ®¤−®© áâ¥ª«ï−−®© ¯à®á«®©ª®©, â®«-
é¨−� ª®â®à®© ¬®¦¥â ¤®áâ¨£�âì 18 ¬¬.
�à¨ª®á−®¢¥−¨¥ ª áâ¥ª«ã á®§¤�¥â −�¡®à á®¯à®â¨¢«¥−¨© ¬¥¦¤ã â®çª®© ¯à¨ª®á−®¢¥-
−¨ï ¨ ¡«¨¦�©è¨¬¨ í«¥ªâà®¤�¬¨. ‚ëç¨á«¨â¥«ì−ë© ¡«®ª ¯à¨ ¯®¤�ç¥ −�¯àï¦¥−¨ï
−� í«¥ªâà®¤ë ®¯à¥¤¥«ï¥â −�¨¡®«ìè¥¥ á®¯à®â¨¢«¥−¨¥ ¨ â¥¬ á�¬ë¬ ä¨ªá¨àã¥â
â®çªã ¯à¨ª®á−®¢¥−¨ï (à¨á. 4).

Š«îç¥¢ë¬ ¯à¥¨¬ãé¥áâ¢®¬ ¯à®¥ªæ¨®−−®-¥¬ª®áâ−®© â¥å−®«®£¨¨ ï¢«ï¥âáï ¢®§-
¬®¦−®áâì à¥�«¨§�æ¨¨ äã−ªæ¨¨ ¬ã«ìâ¨â�ç, ª®â®à�ï ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ ã¢¥-
«¨ç¨¢�¥â ¢®§¬®¦−®áâ¨ ã¯à�¢«¥−¨ï ª®−â¥−â®¬. ‘ãé¥áâ¢ãîâ â�ª¦¥ à�§−®¢¨¤−®áâ¨
íªà�−®¢ −� ¯à®¥ªæ¨®−−®-¥¬ª®áâ−®© â¥å−®«®£¨¨, ª®â®àë¥ ¬®£ãâ à�¡®â�âì ¯à¨
¯à¨ª®á−®¢¥−¨¨ ¢ ¯¥àç�âª¥ ¨ ¤�¦¥ ®¯à¥¤¥«ïâì ¦¥áâë. ‚®§¬®¦−®áâ¨ ®¯à¥¤¥«ïîâ-
áï â®«é¨−®© §�é¨â−®£® áâ¥ª«�, ç¨á«®¬ í«¥ªâà®¤®¢ −� ¯à®¢®¤ïé¥¬ ¯®ªàëâ¨¨ ¨
à¥áãàá�¬¨ ¢ëç¨á«¨â¥«ì−®£® ¡«®ª�.

�á−®¢−®© ®¡«�áâìî ¯à¨¬¥−¥−¨ï ¥¬ª®áâ−®© â¥å−®«®£¨¨ ï¢«ïîâáï ¯«�â¥¦−ë¥
¨ ¨−ä®à¬�æ¨®−−ë¥ â¥à¬¨−�«ë, ¡�−ª®¬�âë, ãáâà®©áâ¢® úâ�ç¯�¤û −®ãâ¡ãª®¢,
â¥«¥ä®−®¢ ¨ ¯«�−è¥â®¢.

‚ ‘– ¢ ¡«¨¦�©è¥¬ ¡ã¤ãé¥¬ (á ãç¥â®¬ ¬�áá®¢®áâ¨ ¨ ã¤¥è¥¢«¥−¨ï) ¯à®¥ªæ¨-
®−−®-¥¬ª®áâ−�ï â¥å−®«®£¨ï á¬®¦¥â ¯à¨¬¥−ïâìáï ¤«ï ¢á¥å £àã¯¯ ¯®«ì§®¢�â¥«¥©.

3.5 Акустические сенсорные технологии — SAW и DST

�à¨¬¥−¥−¨¥ §¢ãª®¢ëå á¥−á®à®¢ ¤«ï à¥�«¨§�æ¨¨ á¥−á®à−ëå íªà�−®¢ ¡ë«®
¢¯¥à¢ë¥ ¯à®¨§¢¥¤¥−® ¢ â¥å−®«®£¨¨ ¯®¢¥àå−®áâ−®-�ªãáâ¨ç¥áª¨å ¢®«− (SAW, Sur-
face Acoustic Waves), ¨¤¥ï ª®â®à®© ï¢«ï¥âáï á¨¬¡¨®§®¬ ¨−äà�ªà�á−ëå ¨ ¥¬-
ª®áâ−ëå íªà�−®¢. �á−®¢ã â�ª®£® íªà�−� á®áâ�¢«ï¥â áâ¥ª«ï−−�ï ¯«�áâ¨−�, −�
ã£«�å ª®â®à®© −�å®¤ïâáï ¯ì¥§®í«¥ªâà¨ç¥áª¨¥ ¯à¥®¡à�§®¢�â¥«¨, ª®â®àë¥ á®§¤�îâ
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C. �. „¥−¨á®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. Š®−¤à�è¥¢, Š. ƒ. —ã¯à�ª®¢

¯®â®ª �ªãáâ¨ç¥áª¨å ¢®«− −� ¯®¢¥àå−®áâ¨. �® áâ®à®−�¬ íªà�−� −�å®¤ïâáï �ªãá-
â¨ç¥áª¨¥ ®âà�¦�â¥«¨. �ªãáâ¨ç¥áª¨¥ ¢®«−ë, ¢ á«ãç�¥ ¥á«¨ −¥â ¯à¨ª®á−®¢¥−¨ï,
¢®§¢à�é�îâáï ®¡à�â−® ¢ ¯ì¥§®í«¥ªâà¨ç¥áª¨¥ ¯à¥®¡à�§®¢�â¥«¨ ¡¥§ ¨§¬¥−¥−¨ï, çâ®
ä¨ªá¨àã¥âáï ¢ëç¨á«¨â¥«ì−ë¬ ¡«®ª®¬. �à¨ ¯à¨ª®á−®¢¥−¨¨ ª íªà�−ã ¢®§−¨ª�¥â
«®ª�«ì−®¥ ¯®£«®é¥−¨¥ �ªãáâ¨ç¥áª¨å ¢®«−, ®¡¥á¯¥ç¨¢�îé¥¥ ¨−ä®à¬�æ¨®−−ë©
á¨£−�« ¤«ï ¢ëç¨á«¨â¥«ì−®£® ¡«®ª�.

‚�¦−®© ®á®¡¥−−®áâìî â�ª¨å íªà�−®¢ ï¢«ï¥âáï ¢®§¬®¦−®áâì ä¨ªá¨à®¢�âì −¥
â®«ìª® ¯®«®¦¥−¨¥ ¯à¨ª®á−®¢¥−¨ï, −® ¨ ¥£® á¨«ã §� áç¥â ¨§¬¥−¥−¨ï ¨−â¥−á¨¢−®áâ¨
¯®£«®é¥−¨ï ¢®«− ¢ â®çª¥.

�¥á¬®âàï −� ®â−®á¨â¥«ì−ãî á«®¦−®áâì, â¥å−®«®£¨ï ¯®¢¥àå−®áâ−®-�ªãáâ¨ç¥-
áª¨å ¢®«− ¯®ª�§�«� ¢ëá®ªãî −�¤¥¦−®áâì ¨ ¯à®ç−®áâì, ®¡«�¤�ï ¯à¨ íâ®¬ −¥¢ëá®-
ª®© áâ®¨¬®áâìî. �¥¤®áâ�âª®¬ â¥å−®«®£¨¨ ï¢«ï¥âáï ¢ëá®ª�ï çã¢áâ¢¨â¥«ì−®áâì ª
à�§«¨ç−ë¬ ¢¨¡à�æ¨ï¬ ¨ í«¥ªâà®�ªãáâ¨ç¥áª¨¬ èã¬�¬, çâ® à¥§ª® ®£à�−¨ç¨¢�¥â ¥¥
¯à�ªâ¨ç¥áª®¥ ¯à¨¬¥−¥−¨¥. ’�ª, ¢ ç�áâ−®áâ¨, â¥å−®«®£¨ï −¥ ¬®¦¥â ¨á¯®«ì§®¢�âìáï
¢ ¯®àâ�â¨¢−ëå ãáâà®©áâ¢�å ¨ ¢ëç¨á«¨â¥«ì−ëå æ¥−âà�å. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ®−�
¯à¨¬¥−ï¥âáï ¢ ¨−ä®à¬�æ¨®−−ëå ª¨®áª�å ¨ à¥ª«�¬−ëå ¤¨á¯«¥ïå á ¤¨�£®−�«ìî
íªà�−� −¥ ¬¥−¥¥ 15′′.

�®«¥¥ á®¢¥àè¥−−®©, ¯® áà�¢−¥−¨î á ¯à¥¤ë¤ãé¥© â¥å−®«®£¨¥©, ®ª�§�«�áì
â¥å−®«®£¨ï DST (Dispersive Signal Technology), à�§à�¡®â�−−�ï ª®¬¯�−¨¥© 3M.
�−� ®¯à¥¤¥«ï¥â ¯à¨ª®á−®¢¥−¨¥ ¡«�£®¤�àï −¥¯®áà¥¤áâ¢¥−−® ¬¥å�−¨ç¥áª®¬ã ¢®§-
¤¥©áâ¢¨î −� à�¡®çãî áà¥¤ã | áâ¥ª«ï−−ãî ¯«�áâ¨−ã | ¨ ¯®á«¥¤áâ¢¨ï¬ â�ª®£®
¢®§¤¥©áâ¢¨ï.

‘â¥ª«ï−−�ï ¯«�áâ¨−� ¢ íâ®¬ á«ãç�¥ �¡á®«îâ−® ¯à®§à�ç−� ¢ à�¡®ç¥© ®¡«�áâ¨
íªà�−�, � ¯® ¥¥ ã£«�¬ à�á¯®«®¦¥−ë ¯ì¥§®í«¥ªâà¨ç¥áª¨¥ ¯à¥®¡à�§®¢�â¥«¨, ¯à¨−¨-
¬�îé¨¥ §¢ãª®¢ë¥ ª®«¥¡�−¨ï, ¢®§−¨ª�îé¨¥ ¯®á«¥ ¯à¨ª®á−®¢¥−¨ï ¨ §�âãå�îé¨¥
¢ â¥ç¥−¨¥ −¥ª®â®à®£® ¢à¥¬¥−¨. „«ï ®¯à¥¤¥«¥−¨ï ¯à¨ª®á−®¢¥−¨ï ¨á¯®«ì§ã¥âáï
¬®¤¥«ì à�á¯à®áâà�−¥−¨ï �ªãáâ¨ç¥áª¨å ¢®«− ¢ ®£à�−¨ç¥−−®© ®¤−®à®¤−®© áà¥¤¥
(áâ¥ª«¥), ª®â®à�ï å�à�ªâ¥à¨§ã¥âáï −¥«¨−¥©−®áâìî §�¢¨á¨¬®áâ¨ á¨£−�«®¢, ¯®«ãç�-
¥¬ëå ¤�âç¨ª�¬¨, ®â ª®®à¤¨−�â ¯à¨ª®á−®¢¥−¨ï. „�−−�ï â¥å−®«®£¨ï ¯à®¬ëè«¥−-
−ë¬ ®¡à�§®¬ à¥�«¨§®¢�−� ®¤−®© ¨§ ¯®á«¥¤−¨å ¨ âà¥¡ã¥â ¢ëá®ª®© ¢ëç¨á«¨â¥«ì−®©
¬®é−®áâ¨.

’¥å−®«®£¨ï DST ¬¥−¥¥ çã¢áâ¢¨â¥«ì−� ª �ªãáâ¨ç¥áª¨¬ èã¬�¬ ¨ ¢¨¡à�æ¨ï¬, �
â�ª¦¥ ¯®§¢®«ï¥â ®¯à¥¤¥«ïâì ¯®«®¦¥−¨¥ ¯à¨ª®á−®¢¥−¨ï á ®éãâ¨¬® ¡®«¥¥ ¢ëá®ª®©
â®ç−®áâìî.

‚ ‘– �ªãáâ¨ç¥áª¨¥ á¥−á®à−ë¥ â¥å−®«®£¨¨ ¬®£ãâ ¯à¨¬¥−ïâìáï ¤«ï ¢á¥å £àã¯¯
¯®«ì§®¢�â¥«¥©. �¤−�ª® á ãç¥â®¬ áâ®¨¬®áâ¨ �ªãáâ¨ç¥áª¨å á¥−á®à−ëå ¯�−¥«¥©
¯¥à¢®®ç¥à¥¤−ë¬ ¯à¨¬¥−¥−¨¥¬ íâ®© â¥å−®«®£¨¨ ¯à¥¤áâ�¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥
¥¥ ¤«ï úá¥−á®à−®£® áâ®«�û àãª®¢®¤áâ¢�. ‚®§¬®¦−®áâì ä¨ªá¨à®¢�−¨ï á¨«ë
−�¦�â¨ï ¯®§¢®«ï¥â ¡®«¥¥ ç¥âª® �ªæ¥−â¨à®¢�âì ¢−¨¬�−¨¥ −� ¢−®á¨¬ë¥ ¯à�¢ª¨
«¨æ�¬¨, ¯à¨−¨¬�îé¨¬¨ ãç�áâ¨¥ ¢ ®¡áã¦¤¥−¨¨ (−�¯à¨¬¥à, ã¢¥«¨ç¨¢�ï â®«é¨−ã
¯à®¢®¤¨¬ëå «¨−¨©).
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Œ¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª ¢ë¡®àã á¥−á®à−ëå â¥å−®«®£¨© ¤«ï á¨âã�æ¨®−−ëå æ¥−âà®¢

3.6 «Перьевые» технологии

÷ï¤ â¥å−®«®£¨© ®á−®¢�− −� ¯à¨ª®á−®¢¥−¨¨ ¯à¥¤¬¥â�¬¨ á ®¯à¥¤¥«¥−−ë¬¨
á¢®©áâ¢�¬¨. Š ¨å ç¨á«ã ¯à¨−�¤«¥¦�â ã«ìâà�§¢ãª®¢�ï ¨ ¨−¤ãªæ¨®−−�ï â¥å−®«®-
£¨¨. �à¨−æ¨¯ ¤¥©áâ¢¨ï ¯¥à¢®© §�ª«îç¥− ¢ á®§¤�−¨¨ ¯à¨¥¬−¨ª®¢ �ªãáâ¨ç¥áª¨å
ã«ìâà�§¢ãª®¢ëå ¢®«− ¯® ã£«�¬ íªà�−� ¨ ¨á¯®«ì§®¢�−¨¨ á¯¥æ¨�«ì−®£® ¯¥à�,
¨§«ãç�îé¥£® ã«ìâà�§¢ãª. �® å�à�ªâ¥àã ã«�¢«¨¢�¥¬®£® á¨£−�«� ®¯à¥¤¥«ï¥âáï
¬¥áâ®¯®«®¦¥−¨¥ ¯¥à�. �á®¡¥−−®áâìî â�ª®© â¥å−®«®£¨¨ ï¢«ï¥âáï í−¥à£¥â¨ç¥áª�ï
�ªâ¨¢−®áâì ¯¥à�, � §−�ç¨â, ¨ −¥®¡å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï ¡�â�à¥¥ª.

ˆ−¤ãªæ¨®−−�ï â¥å−®«®£¨ï ®á−®¢�−� −� ï¢«¥−¨¨ ¢®§−¨ª−®¢¥−¨¨ â®ª� ¢ ¯à®-
¢®¤−¨ª¥ ¯à¨ ¤¢¨¦¥−¨¨ ¢ ¬�£−¨â−®¬ ¯®«¥ íªà�−�. ’�ª�ï â¥å−®«®£¨ï ¯®§¢®«ï¥â
á®§¤�¢�âì á¥−á®à−ë¥ íªà�−ë ®ç¥−ì ¢ëá®ª®© â®ç−®áâ¨, −® ¢§�¬¥− âà¥¡ã¥â ¯¥à¨-
®¤¨ç¥áª®© ª�«¨¡à®¢ª¨ ¨ ®¡«�¤�¥â ¢ëá®ª®© á¥¡¥áâ®¨¬®áâìî. �®íâ®¬ã ¤�−−�ï
â¥å−®«®£¨ï ¯à¨¬¥−ï¥âáï â®«ìª® ¢ ¤®à®£¨å à¥è¥−¨ïå.

�«îá ¯¥àì¥¢ëå â¥å−®«®£¨© §�ª«îç�¥âáï ¢ â®¬, çâ®, ¢ ®â«¨ç¨¥ ®â ¯�«ìæ�,
¯¥à® ¬®¦¥â á®¤¥à¦�âì ¢ á¥¡¥ −¥áª®«ìª® ¤�âç¨ª®¢, ä¨ªá¨àãîé¨å, −�¯à¨¬¥à,
ãáª®à¥−¨ï ¨ á¨«ã −�¦�â¨ï, çâ® ¢ −¥ª®â®à®© áâ¥¯¥−¨ ¬®¦¥â ã¯à®é�âì ¨−â¥àä¥©áë
ã¯à�¢«¥−¨ï.

‚ ‘– ¯¥àì¥¢�ï â¥å−®«®£¨ï ¬®¦¥â ¯à¨¬¥−ïâìáï ¢ á¨âã�æ¨®−−®¬ §�«¥ (−� ¨−¤¨-
¢¨¤ã�«ì−ëå ¨−â¥à�ªâ¨¢−ëå â¥à¬¨−�«�å ãç�áâ−¨ª®¢ á®¢¥é�−¨ï ¨ ¯à¥¤á¥¤�â¥«ï).

3.7 Интегрированные сенсоры

‚ ç¨á«® −®¢ëå à�§à�¡®â®ª á¥−á®à−ëå ¦¨¤ª®ªà¨áâ�««¨ç¥áª¨å (†Š) íªà�−®¢
¢å®¤ïâ â�ª¨¥, £¤¥ á¥−á®à−ë¥ á¯®á®¡−®áâ¨ ú§�è¨âëû −¥¯®áà¥¤áâ¢¥−−® ¢ †Š-¬�â-
à¨æã. ’�ª¨¥ à¥è¥−¨ï ¯à¥¤áâ�¢«¥−ë ª®¬¯�−¨ï¬¨ Philips ¨ Planar Systems.

ˆ¤¥ï, ¨á¯®«ì§®¢�−−�ï ª®¬¯�−¨¥© Philips, ¤®áâ�â®ç−® ¯à®áâ� | ¢ ª�¦¤ë©
†Š-¯¨ªá¥« ¢áâà®¥− á¯¥æ¨�«ì−ë© ¬¥å�−¨ç¥áª¨© ª«îç-§�¬ëª�â¥«ì. �à¨ ¯à¨-
ª®á−®¢¥−¨¨ ¯à®¨áå®¤¨â ¤¥ä®à¬�æ¨ï ¢¥àå−¥© áâ¥ª«ï−−®© ¯«�áâ¨−ë, ¯®á«¥ ç¥£® ¢
¯¨ªá¥«�å ®¡à�§ãîâáï ¯®¤¢¨¦−ë¥ ¬¨ªà®ª®−â�ªâë, ª®â®àë¥ ¢ §®−¥ ¯à¨ª®á−®¢¥−¨ï
§�¬ëª�îâáï. ‘®®â¢¥âáâ¢¥−−®, ¢ëç¨á«¨â¥«ì−®¬ã ¡«®ªã ®áâ�¥âáï «¨èì ®¯à¥¤¥«¨âì
¯¨ªá¥«ë, £¤¥ íâ® ¯à¨ª®á−®¢¥−¨¥ ¯à®¨§®è«®. ‚�¦−®, çâ® ¢ ¤�−−®¬ á«ãç�¥ −¥â
−¥®¡å®¤¨¬®áâ¨ ¢áâà�¨¢�âì ª�ª¨¥-«¨¡® ¤®¯®«−¨â¥«ì−ë¥ á¥−á®àë ¨ ¢−¥è−¨¥ ¡«®ª¨
í«¥ªâà®−¨ª¨.

‘âàãªâãà� †Š-¬�âà¨æë ¢ â�ª®¬ à¥è¥−¨¨ ®áâ�¥âáï −¥¨§¬¥−−®©, −® ¬®¦−®
¢ë¤¥«¨âì ¤¢� ®á−®¢−ëå á¯®á®¡� á®§¤�−¨ï ¬¨ªà®ª®−â�ªâ®¢ ¢ ¯¨ªá¥«�å, §�¬ëª�-
¥¬ëå ¬¥å�−¨ç¥áª¨¬ ¯ãâ¥¬. ‚ ¯¥à¢®¬ á«ãç�¥ ¬¨ªà®ª®−â�ªâë á®§¤�îâáï á ¯®¬®éìî
¬¨−¨�âîà−ëå á¯¥©á¥à®¢ | è�à¨ª®¢ á ¯à®¢®¤ïé¨¬ ¯®ªàëâ¨¥¬, ¤¨�¬¥âà ª®â®àëå
¬¥−ìè¥, ç¥¬ �−�«®£¨ç−ëå è�à¨ª®¢-á¯¥©á¥à®¢, ª®â®àë¥ á®§¤�îâ ¯à®¬¥¦ãâ®ª
¬¥¦¤ã ¯®ªàëâ¨ï¬¨. ‚® ¢â®à®¬ á«ãç�¥ ¯®¤¢¨¦−ë© ª®−â�ªâ ®¡à�§ã¥âáï ¬¥â®¤�¬¨
ä®â®«¨â®£à�ä¨¨ ¨ ¢ë¡®à®ç−®£® âà�¢«¥−¨ï.
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ˆ¤¥ï, à¥�«¨§®¢�−−�ï ª®¬¯�−¨¥© Planar System, §�ª«îç�¥âáï ¢ ¨−â¥£à¨à®¢�-
−¨¨ ¢ ª®−áâàãªæ¨î TFT-¤¨á¯«¥ï á¯¥æ¨�«ì−®© ¬�âà¨æë ä®â®¤�âç¨ª®¢, ª®â®à�ï
¤¥©áâ¢ã¥â á®£«�á®¢�−−® á TFT-¬�âà¨æ¥©. ÷�§à¥è�îé�ï á¯®á®¡−®áâì â�ª®© á¥−-
á®à−®© ¬�âà¨æë ¬®¦¥â ¡ëâì ¬¥−ìè¥, ç¥¬ ç¨á«® ¯¨ªá¥«®¢, â�ª ª�ª ä®â®çã¢áâ¢¨-
â¥«ì−ë¥ á¥−á®àë ¬®£ãâ ¡ëâì à�á¯®«®¦¥−ë −¥ ¢ ª�¦¤®¬ ¯¨ªá¥«¥, çâ® ®¡¥á¯¥ç¨¢�¥â
á−¨¦¥−¨¥ áâ®¨¬®áâ¨ â�ª®£® á¥−á®à−®£® íªà�−�. „�−−�ï â¥å−®«®£¨ï, −¥á¬®âàï −�
®¯â¨ç¥áªãî ¯à¨à®¤ã, á¯®á®¡−� −¥ à¥�£¨à®¢�âì −� èã¬ë â¨¯� â¥−¨, £à�¤¨¥−â�
®á¢¥é¥−−®áâ¨, � â�ª¦¥ ¨ −� à�§−ë¥ ãá«®¢¨ï ®á−®¢−®£® ãà®¢−ï ïàª®áâ¨.

÷�á¯®§−�¢�−¨¥ ®áãé¥áâ¢«ï¥âáï ¢ ¤¢� íâ�¯� | −� ¯¥à¢®¬ ¯à®¨áå®¤¨â ä®à¬¨-
à®¢�−¨¥ ®¡à�§� ¯à¨ª®á−®¢¥−¨ï §� áç¥â ¯®«ãç¥−¨ï ¨−ä®à¬�æ¨¨ á ä®â®¤�âç¨ª®¢, �
−� ¢â®à®¬ íâ�¯¥ ¯à®¨áå®¤¨â ®æ¨äà®¢ª� ¯®«ãç¥−−ëå ¤�−−ëå, ®¯à¥¤¥«¥−¨¥ æ¥−âà�
¬�áá, ª®â®àë© ¨ áâ�−®¢¨âáï â®çª®© ¯à¨ª®á−®¢¥−¨ï. �à¨ â�ª®¬ ¯®¤å®¤¥ ãç¨âë¢�-
¥âáï ¨ ¨§¬¥−¥−¨¥ à�§¬¥à� ¨ ¯®«®¦¥−¨ï â¥−¥©, çâ® ¯®¬®£�¥â ¢ ç�áâ−®áâ¨ ®¯à¥¤¥«ïâì
−�«¨ç¨¥ úª«¨ª�û. ’�ª�ï ®¡à�¡®âª� ¤�−−ëå ®áãé¥áâ¢«ï¥âáï ®â¤¥«ì−® ¯® £®à¨§®−-
â�«ì−®© ¨ ¢¥àâ¨ª�«ì−®© ®á¨, çâ® ¯®§¢®«ï¥â ã¬¥−ìè¨âì ®¡ê¥¬ ¢ëç¨á«¥−¨©.

�à�ªâ¨ç¥áª¨¥ ¤®áâ®¨−áâ¢� ¨ −¥¤®áâ�âª¨ ¨−â¥£à¨à®¢�−−ëå â¥å−®«®£¨© ¯®ª�
âàã¤−® ®æ¥−¨âì, ¯®áª®«ìªã ¨å ¥é¥ −¥â ¢ ¬�áá®¢®¬ ¯à®¨§¢®¤áâ¢¥.

3.8 Технологии трехмерных сенсоров

‚á¥ ¢ëè¥¯¥à¥ç¨á«¥−−ë¥ â¥å−®«®£¨¨ §� à¥¤ª¨¬ ¨ ¢¥áì¬� ãá«®¢−ë¬ ¨áª«îç¥-
−¨¥¬ ¨¬¥îâ ¤¢ã¬¥à−ë© å�à�ªâ¥à á¥−á®à−®© ¬�âà¨æë, â. ¥. á¯®á®¡−ë ¨¤¥−â¨ä¨-
æ¨à®¢�âì ¯®«®¦¥−¨¥ ¯à¨ª®á−®¢¥−¨ï â®«ìª® ¢ à�¬ª�å ¯«®áª®áâ¨ ¨«¨ ¯®¢¥àå−®áâ¨
¢â®à®£® ¯®àï¤ª�. Ÿá−®, çâ® â�ª®¥ ®£à�−¨ç¥−¨¥ ¤«ï á¥−á®à−ëå â¥å−®«®£¨© ¥áâ¥-
áâ¢¥−−® «¨èì ¢ â®¬ á«ãç�¥, ¥á«¨ ¨¤¥â ã¯à�¢«¥−¨¥ ¤¢ã¬¥à−ë¬ ¨§®¡à�¦¥−¨¥¬.
�¤−�ª® â¥å−®«®£¨¨ ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨ ã¦¥ ¯à¥¤«�£�îâ ¬�áá®¢ë¥ à¥è¥−¨ï
¤«ï ¯®ª�§� âà¥å¬¥à−®£® ª®−â¥−â�. „«ï á¥−á®à−ëå â¥å−®«®£¨©, á®®â¢¥âáâ¢¥−−®,
ä®à¬¨àã¥âáï §�¤�ç� íâ¨¬ ª®−â¥−â®¬ ã¯à�¢«ïâì. „«ï à¥è¥−¨ï íâ®© §�¤�ç¨, ¢®-
®¡é¥ £®¢®àï, −¥®¡å®¤¨¬® ä®à¬¨à®¢�âì âà®©ªã, ®¯à¥¤¥«ïîéãî ª®®à¤¨−�âë ¢
âà¥å¬¥à−®¬ ¯à®áâà�−áâ¢¥, � â�ª¦¥ å�à�ªâ¥à¨§®¢�âì ¨§¬¥−¥−¨¥ íâ®© âà®©ª¨ ç¥à¥§
¯¥à¢ãî ¨ ¢â®àãî ¯à®¨§¢®¤−ãî (áª®à®áâì ¨ ãáª®à¥−¨¥ ¤¢¨¦¥−¨ï). ÷¥è¥−¨¥ â�-
ª®© §�¤�ç¨ ¬®¦¥â ¡ëâì ¯à®¨§¢¥¤¥−® á ¯®¬®éìî «î¡®© ¨§ ¯à¥¤áâ�¢«¥−−ëå ¢ëè¥
¨¤¥© | ®¯â¨ç¥áª®©, �ªãáâ¨ç¥áª®© ¨«¨ í«¥ªâà¨ç¥áª®© | á ¤®¡�¢«¥−¨¥¬ ¥é¥ ®¤−®©
à�§¬¥à−®áâ¨ á¥−á®à®¢. �® áâ®¨â ¯®−¨¬�âì, çâ® ®á−®¢−®¥ ®£à�−¨ç¥−¨¥ ¢®§−¨ª�¥â
á® áâ®à®−ë á�¬¨å áà¥¤áâ¢ ®â®¡à�¦¥−¨ï | ®−¨ −� á�¬®¬ ¤¥«¥ «¨èì ¯á¥¢¤®âà¥å-
¬¥à−ë¥, â�ª ª�ª á®§¤�îâ ¢®á¯à¨−¨¬�¥¬®¥ ç¥«®¢¥ª®¬ âà¥å¬¥à−®¥ ¨§®¡à�¦¥−¨¥ −�
¤¢ã¬¥à−®© ¯®¢¥àå−®áâ¨.

’¥¬ −¥ ¬¥−¥¥ ã¦¥ á¥£®¤−ï à�á¯à®áâà�−¥−ë ¨−áâàã¬¥−âë ã¯à�¢«¥−¨ï ¨§®¡à�-
¦¥−¨¥¬, ¨¬¥îé¨¥ ¢áâà®¥−−ë¥ £¨à®áª®¯ë, ª®â®àë¥ ¯®§¢®«ïîâ ¨§¬¥àïâì ¨§¬¥−¥-
−¨ï ¯à®áâà�−áâ¢¥−−ëå ª®®à¤¨−�â.

�à¨¬¥−¥−¨¥ â¥å−®«®£¨¨ âà¥å¬¥à−ëå á¥−á®à®¢ æ¥«¥á®®¡à�§−® ¯à¥¤ãá¬�âà¨-
¢�âì ¢ ª®−æ¥¯âã�«ì−ëå ®¯¨á�−¨ïå ‘– á«¥¤ãîé¥£® ¯®ª®«¥−¨ï.
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Œ¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª ¢ë¡®àã á¥−á®à−ëå â¥å−®«®£¨© ¤«ï á¨âã�æ¨®−−ëå æ¥−âà®¢

4 Заключение

Š −�áâ®ïé¥¬ã ¢à¥¬¥−¨ áä®à¬¨à®¢�−ë ¤¢¥ ¯à¥¤¯®áë«ª¨ ¤«ï è¨à®ª®£® ¯à¨-
¬¥−¥−¨ï á¥−á®à−ëå â¥å−®«®£¨© ¢ ‘–.

�¥à¢�ï á®áâ®¨â ¢ ¬�áá®¢®¬ ¨á¯®«ì§®¢�−¨¨ á¥−á®à−ëå â¥å−®«®£¨© ¢ à�§«¨ç−ëå
áä¥à�å ç¥«®¢¥ç¥áª®© ¤¥ïâ¥«ì−®áâ¨, çâ® áãé¥áâ¢¥−−® ã¤¥è¥¢«ï¥â ¯à¨¬¥−¥−¨¥ íâ®©
â¥å−®«®£¨¨ ¢ á¨áâ¥¬�å á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï, ¢ â®¬ ç¨á«¥ ¢ ‘–.

‘ ¤àã£®© áâ®à®−ë, ãá¯¥è−®¥ à¥è¥−¨¥ ¢�¦−ëå §�¤�ç ¯à¥¤¬¥â−®© ®¡«�áâ¨
¢ à�¬ª�å ¤¥ïâ¥«ì−®áâ¨ ‘– á¯®á®¡áâ¢ã¥â ã¢¥«¨ç¥−¨î ä¨−�−á®¢ëå ¢«®¦¥−¨©,
−�¯à�¢«¥−−ëå −� ¯à¨¬¥−¥−¨¥ á®¢à¥¬¥−−ëå â¥å−®«®£¨© (¢ â®¬ ç¨á«¥ á¥−á®à−ëå
¯�−¥«¥©) ¯à¨ á®§¤�−¨¨ ¨«¨ ¬®¤¥à−¨§�æ¨¨ ‘– á æ¥«ìî ¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨
¨å äã−ªæ¨®−¨à®¢�−¨ï.

÷�áá¬®âà¥−−ë¥ ¢ áâ�âì¥ ¢®§¬®¦−®áâ¨ á®¢à¥¬¥−−ëå á¥−á®à−ëå â¥å−®«®£¨© ¨
ªà¨â¥à¨¨ ¨å ¢ë¡®à� ¤«ï ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ ‘– á®£«�á−® ¯à®¢¥¤¥−−®© ª«�áá¨-
ä¨ª�æ¨¨ ï¢«ïîâáï ®á−®¢®© ¤«ï è¨à®ª®£® ¯à¨¬¥−¥−¨ï íâ¨å â¥å−®«®£¨© á æ¥«ìî
¯®¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ äã−ªæ¨®−¨à®¢�−¨ï ‘– ¯ãâ¥¬ á®¢¥àè¥−áâ¢®¢�−¨ï
¨−â¥àä¥©á� ¢§�¨¬®¤¥©áâ¢¨ï ‹�÷ á ˆ�‘ ��÷.

Литература

1. ‡�æ�à¨−−ë© �. �., ‘ãçª®¢ �. ‚., �®á®¢ �. ‚. ‘¨âã�æ¨®−−ë¥ æ¥−âàë ¢ á®¢à¥¬¥−-
−ëå ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬�å á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï //
‚Š‘‘ Connect! (‚¥¤®¬áâ¢¥−−ë¥ ª®à¯®à�â¨¢−ë¥ á¥â¨ ¨ á¨áâ¥¬ë), 2007. ü 5(44).
‘. 64{76.

2. ‡�æ�à¨−−ë© �. �., ‘ãçª®¢ �. ‚., �®á®¢ �. ‚. �¥ª®â®àë¥ ®¡é¨¥ ¯®¤å®¤ë ª ä®à¬¨-
à®¢�−¨î äã−ªæ¨®−�«ì−ëå âà¥¡®¢�−¨© ª á¨âã�æ¨®−−ë¬ æ¥−âà�¬ ¨ ¨å à¥�«¨§�æ¨¨ //
‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨. | Œ.: ��ãª�, 2010. ‚ë¯. 20.

3. ‡�æ�à¨−−ë© �. �., ˆ®−¥−ª®¢ ā. ‘., Š®§«®¢ ‘. ‚. �¥ª®â®àë¥ ¢®¯à®áë ¯à®¥ªâ¨à®-
¢�−¨ï ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬. | Œ.: ˆ�ˆ ÷��, 2010.
218 á.

4. ‡�æ�à¨−−ë© �. �. �á®¡¥−−®áâ¨ á¨áâ¥¬−®£® ¯®¤å®¤� ª ¯à®¥ªâ¨à®¢�−¨î, ¢−¥¤à¥−¨î
¨ à�§¢¨â¨î á®¢à¥¬¥−−ëå ª®à¯®à�â¨¢−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥© // ‚Š‘‘
Connect! (‚¥¤®¬áâ¢¥−−ë¥ ª®à¯®à�â¨¢−ë¥ á¥â¨ ¨ á¨áâ¥¬ë), 2002. ü 3. ‘. 110{116.

5. ˆ«ì¨− �. ˆ., „¥¬¨¤®¢ �. �. �á−®¢−ë¥ −�¯à�¢«¥−¨ï à�§¢¨â¨ï á¨âã�æ¨®−−ëå æ¥−-
âà®¢ ®à£�−®¢ £®áã¤�àáâ¢¥−−®© ¢«�áâ¨ // ‚Š‘‘ Connect! (‚¥¤®¬áâ¢¥−−ë¥ ª®à¯®à�-
â¨¢−ë¥ á¥â¨ ¨ á¨áâ¥¬ë), 2007. ü 6(45). ‘. 2{9.

6. ‡�æ�à¨−−ë© �. �., Š®§«®¢ ‘. ‚., ‘ãçª®¢ �. �. �¥ª®â®àë¥ ®à£�−¨§�æ¨®−−ë¥ ¢®¯à®-
áë á®§¤�−¨ï á¨âã�æ¨®−−ëå æ¥−âà®¢ á¯¥æ¨�«ì−®£® −�§−�ç¥−¨ï // ˆ−ä®à¬�æ¨®−−ë¥
â¥å−®«®£¨¨ ã¯à�¢«¥−¨ï ¨−ä®à¬�æ¨®−−ë¬¨ à¥áãàá�¬¨ ¤¢®©−®£® ¯à¨¬¥−¥−¨ï (IV). |
Œ.: ˆ�ˆ ÷��, 2008. ‘. 49{58.

7. Šà�¯¨¢¥−ª® �. ‚. ’¥å−®«®£¨¨ ¬ã«ìâ¨¬¥¤¨� ¨ ¢®á¯à¨ïâ¨¥ ®éãé¥−¨©. | Œ.: �¨−®¬.
‹�¡®à�â®à¨ï §−�−¨©, 2009.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012 93



C. �. „¥−¨á®¢, �. �. ‡�æ�à¨−−ë©, ‚. �. Š®−¤à�è¥¢, Š. ƒ. —ã¯à�ª®¢

8. ‡�æ�à¨−−ë© �. �., Š®§«®¢ ‘. ‚., ’�â�à¨−æ¥¢ ÷. ‚. Œ¥â®¤¨ç¥áª¨¥ ¯®¤å®¤ë ª
¨−ä®à¬�æ¨®−−®¬ã ®¡á«¥¤®¢�−¨î ®¡ê¥ªâ®¢ �¢â®¬�â¨§�æ¨¨ ä¥¤¥à�«ì−ëå ®à£�−®¢ ¨á-
¯®«−¨â¥«ì−®© ¢«�áâ¨ // ‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨, 2011. ‚ë¯. 21. ü 2.
‘. 34{50.

9. —ã¯à�ª®¢ Š. ƒ. ˆáá«¥¤®¢�−¨¥ ¨ à�§à�¡®âª� ¬¥â®¤®¢ ¯®áâà®¥−¨ï á¨áâ¥¬ ®â®¡à�¦¥−¨ï
¨−ä®à¬�æ¨¨ ¤«ï á¨âã�æ¨®−−®£® æ¥−âà�: „¨á. . . . ª�−¤. â¥å−. −�ãª. | Œ.: ˆ�ˆ
÷��, 2010. 214 á.

10. ‡�æ�à¨−−ë© �. �., —ã¯à�ª®¢ Š. ƒ. �¥ª®â®àë¥ �á¯¥ªâë ¢ë¡®à� â¥å−®«®£¨¨ ¤«ï ¯®-
áâà®¥−¨ï á¨áâ¥¬ ®â®¡à�¦¥−¨ï ¨−ä®à¬�æ¨¨ á¨âã�æ¨®−−®£® æ¥−âà� // ˆ−ä®à¬�â¨ª�
¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2010. ’. 4. ‚ë¯. 3. ‘. 62{71.

94 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2012. ’. 22. ü 2. ‘. 95{105

МАТЕМАТИЧЕСКИЕ И ПРОГРАММНЫЕ СРЕДСТВА
МОДЕЛИРОВАНИЯ СВЕТОВЫХ ПРИБОРОВ

И. И. Байнева1, В. В. Байнев2

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ®á®¡¥−−®áâ¨ á¢¥â®¢ëå ¯à¨¡®à®¢ (‘�), á¢¥â®¯¥à¥-
à�á¯à¥¤¥«ïîé¨å ãáâà®©áâ¢, ¯à®�−�«¨§¨à®¢�−ë §�¤�ç¨ ¨ ¢®§¬®¦−ë¥ à¥è¥−¨ï
¨å à�áç¥â� ¨ ¯à®¥ªâ¨à®¢�−¨ï. �¯¨á�−ë ¬�â¥¬�â¨ç¥áª¨¥ ¨ ¯à®£à�¬¬−ë¥
¬®¤¥«¨, ¨á¯®«ì§ã¥¬ë¥ ¢ á¢¥â®â¥å−¨ç¥áª®¬ ¯à®¥ªâ¨à®¢�−¨¨ ¨ à�áç¥â�å á¢¥-
â¨«ì−¨ª®¢ á §¥àª�«ì−ë¬¨ ®âà�¦�â¥«ï¬¨. �¯¨á�−ë ¯à¨−æ¨¯ë à�¡®âë á
à�§à�¡®â�−−ë¬ ¯à®£à�¬¬−ë¬ ®¡¥á¯¥ç¥−¨¥¬ ¤«ï �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë
¬®¤¥«¨à®¢�−¨ï ¨ ¯à®¥ªâ¨à®¢�−¨ï á¢¥â®¢ëå ¯à¨¡®à®¢.

Š«îç¥¢ë¥ á«®¢�: ¬®¤¥«¨à®¢�−¨¥; ¯à®£à�¬¬�; á¨áâ¥¬�; á¢¥â®¢®© ¯à¨¡®à;
®âà�¦�â¥«ì; ¯à®¥ªâ¨à®¢�−¨¥

1 Введение

‘¢¥â®¢®© ¯à¨¡®à á®áâ®¨â ¨§ ¬−®¦¥áâ¢� í«¥¬¥−â®¢, â�ª¨å, ª�ª ¨áâ®ç−¨ª(¨)
á¢¥â� (ˆ‘), ®¯â¨ç¥áª�ï á¨áâ¥¬�, ¯ãáª®à¥£ã«¨àãîé�ï �¯¯�à�âãà�, í«¥ªâà®ãáâ�-
−®¢®ç−ë¥ ãáâà®©áâ¢�, ª®−áâàãªâ¨¢−ë¥ ã§«ë, ¯�à�¬¥âàë ª®â®àëå áãé¥áâ¢¥−−®
§�¢¨áïâ ®â ®á®¡¥−−®áâ¥© ª®−áâàãªæ¨¨ ‘� ¨ §�¬¥â−® ¢«¨ïîâ −� ¥£® å�à�ªâ¥à¨áâ¨-
ª¨ ¢ æ¥«®¬.

�à¨ ¯à®¥ªâ¨à®¢�−¨¨ ¨ ª®−áâàã¨à®¢�−¨¨ ‘� −¥®¡å®¤¨¬® ¯à¨−¨¬�âì ¢® ¢−¨-
¬�−¨¥ ®á®¡¥−−®áâ¨ íâ¨å á¢¥â®â¥å−¨ç¥áª¨å ¨§¤¥«¨©: ¬�áá®¢ë© å�à�ªâ¥à ¯à®¨§-
¢®¤áâ¢� ¨ ¯à¨¬¥−¥−¨ï ‘�, ¬�â¥à¨�«ì−ë¥ ¨ âàã¤®¢ë¥ §�âà�âë −� ¨å ¨§£®â®¢«¥−¨¥,
¬®−â�¦ ¨ íªá¯«ã�â�æ¨î, ¢«¨ï−¨¥ ‘� −� â¥å−¨ª®-íª®−®¬¨ç¥áª¨¥ ¨ íáâ¥â¨ç¥áª¨¥
å�à�ªâ¥à¨áâ¨ª¨ áâà®ïé¨åáï ¨ à¥ª®−áâàã¨àã¥¬ëå ®¡ê¥ªâ®¢. �à®æ¥áá ª®−áâàã-
¨à®¢�−¨ï ¨ ¯à®¥ªâ¨à®¢�−¨ï ®ª�§ë¢�¥â à¥è�îé¥¥ ¢«¨ï−¨¥ −� ¯®âà¥¡¨â¥«ìáª¨¥
á¢®©áâ¢� ‘�, ¨å −�¤¥¦−®áâì, � â�ª¦¥ íª®−®¬¨ç−®áâì ¯à®¨§¢®¤áâ¢� ¨ íªá¯«ã�â�-
æ¨¨.

‘ ¤àã£®© áâ®à®−ë, à�§à�¡®âç¨ª¨ ‘� ¢ ¯¥à¢ãî ®ç¥à¥¤ì áâà¥¬ïâáï á®§¤�¢�âì
á¢¥â¨«ì−¨ª¨ á ¬�ªá¨¬�«ì−®© á¢¥â®¢®© ®â¤�ç¥©, §�¤�−−®© ªà¨¢®© á¢¥â®à�á¯à¥¤¥-
«¥−¨ï, ã¢¥«¨ç¨¢�ï ¯à¨ íâ®¬ ¬®¤¥«ì−ë© àï¤ ‘� ¯®¤ à�§«¨ç−ë¥ §�¤�ç¨ ª«¨¥−â®¢.

˜¨à®ª®¥ ¨á¯®«ì§®¢�−¨¥ �‚Œ ¨ �¢â®¬�â¨§¨à®¢�−−ëå á¨áâ¥¬ ¯à®¥ªâ¨à®¢�−¨ï
−� ¢á¥å áâ�¤¨ïå à�§à�¡®âª¨ ‘� −¥®¡å®¤¨¬®, çâ®¡ë ¨§¡�¢¨âì ¨−¦¥−¥à®¢ ®â

1Œ®à¤®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ �. �. �£�à¥¢�, baynevaii@rambler.ru
2Œ®à¤®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬¥−¨ �. �. �£�à¥¢�, bw14@mail.ru
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¢ë¯®«−¥−¨ï âàã¤®¥¬ª¨å à�áç¥â®¢, ¬−®£®¢�à¨�−â−®£® �−�«¨§� ¨ ¡®«ìè®£® ®¡ê¥¬�
£à�ä¨ç¥áª¨å à�¡®â.

�¥á¬®âàï −� ¬−®£®«¥â−îî ¨áâ®à¨î à�§¢¨â¨ï ¨ áãé¥áâ¢®¢�−¨ï ‘�, � â�ª¦¥
¬�áá®¢ë© å�à�ªâ¥à ¨å ¯à®¨§¢®¤áâ¢�, ¤® á¨å ¯®à −¥ å¢�â�¥â è¨à®ª® ¨á¯®«ì§ã¥¬ëå
®¡é¥¤®áâã¯−ëå ¯à®£à�¬¬−ëå áà¥¤áâ¢ ¤«ï à�áç¥â� ¨ ¬®¤¥«¨à®¢�−¨ï ®¯â¨ç¥áª¨å
á¨áâ¥¬. ‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ á¢¥â®â¥å−¨ç¥áª®¬ ¯à®¥ªâ¨à®¢�−¨¨ ¨ ¯à®¨§¢®¤áâ¢¥
¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ −�¨¡®«¥¥ ¨§¢¥áâ−ë¥ ¯à®£à�¬¬−ë¥ ¯à®¤ãªâë.

�à®£à�¬¬� LightTools [1] ¯® ¯à®¥ªâ¨à®¢�−¨î, à�áç¥âã ¨ �−�«¨§ã á¨áâ¥¬
®á¢¥é¥−¨ï ¯®§¢®«ï¥â ¬®¤¥«¨à®¢�âì à�§«¨ç−ë¥ ¯® á«®¦−®áâ¨ á¨áâ¥¬ë, ¢¨§ã�«¨-
§¨à®¢�âì à¥§ã«ìâ�âë, ¯à®¨§¢®¤¨âì �¢â®¬�â¨ç¥áªãî ®¯â¨¬¨§�æ¨î; ¢ −¥© â�ª¦¥
¯à¥¤ãá¬®âà¥−� ¨−â¥£à�æ¨ï á SolidWorks [2].

SolidWorks | á¨áâ¥¬� �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï, ¨−¦¥−¥à−®£®
�−�«¨§� ¨ ¯®¤£®â®¢ª¨ ¯à®¨§¢®¤áâ¢� ¨§¤¥«¨© «î¡®© á«®¦−®áâ¨ ¨ −�§−�ç¥−¨ï. �−�
¯à¥¤áâ�¢«ï¥â á®¡®© ¨−áâàã¬¥−â�«ì−ãî áà¥¤ã, ¯à¥¤−�§−�ç¥−−ãî ¤«ï �¢â®¬�â¨-
§�æ¨¨ ¯à®¥ªâ¨à®¢�−¨ï á«®¦−ëå ¨§¤¥«¨© ¢ ¬�è¨−®áâà®¥−¨¨ ¨ ¤àã£¨å ®¡«�áâïå
¯à®¬ëè«¥−−®áâ¨. SolidWorks ï¢«ï¥âáï á¨áâ¥¬®© £¨¡à¨¤−®£® (â¢¥à¤®â¥«ì−®£® ¨
¯®¢¥àå−®áâ−®£®) ¯�à�¬¥âà¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¨ ¯à¥¤−�§−�ç¥−� ¤«ï ¯à®¥ªâ¨-
à®¢�−¨ï ¤¥â�«¥© ¨ á¡®à®ª ¢ âà¥å¬¥à−®¬ ¯à®áâà�−áâ¢¥, � â�ª¦¥ ¤«ï ®ä®à¬«¥−¨ï
ª®−áâàãªâ®àáª®© ¤®ªã¬¥−â�æ¨¨.

�à®£à�¬¬� ®¯â¨ª®-¬¥å�−¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï TracePro [3] ¯®§¢®«ï¥â á®-
§¤�¢�âì âà¥å¬¥à−ë¥ ¬®¤¥«¨ ®¯â¨ª®-¬¥å�−¨ç¥áª¨å á¨áâ¥¬ ¨ ¯à®¢®¤¨âì �−�«¨§
à�á¯à¥¤¥«¥−¨ï ®á¢¥é¥−−®áâ¨ ¢ á¨áâ¥¬¥, ãç¨âë¢�ï à�áá¥ï−¨¥, ®âà�¦¥−¨¥, ¯®£«®-
é¥−¨¥ ¨ ¤¨äà�ªæ¨î á¢¥â�.

AutoCAD | á¨áâ¥¬� �¢â®¬�â¨§¨à®¢�−−®£® ¯à®¥ªâ¨à®¢�−¨ï ¨ ç¥àç¥−¨ï [4],
¨á¯®«ì§ã¥¬�ï ¤«ï ®ä®à¬«¥−¨ï £à�ä¨ç¥áª®© ¤®ªã¬¥−â�æ¨¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥.

Š�Œ��‘-3D | á¨áâ¥¬� âà¥å¬¥à−®£® ¬®¤¥«¨à®¢�−¨ï, ª®â®à�ï ¯®§¢®«ï-
¥â á®§¤�¢�âì âà¥å¬¥à−ë¥ ¬®¤¥«¨ ¤¥â�«¥© ¨ á¡®à®ª, ç¥àâ¥¦¨ ¨ á¯¥æ¨ä¨ª�æ¨¨
à�§«¨ç−®© áâ¥¯¥−¨ á«®¦−®áâ¨ [5, 6].

DIALux | ¯à®ä¥áá¨®−�«ì−ë© ¯�ª¥â ¤«ï à�¡®âë á ®á¢¥é¥−¨¥¬ [7], ¯à®¨§¢®-
¤¨â à�áç¥â â�ª¨å á¢¥â®¢ëå å�à�ªâ¥à¨áâ¨ª, ª�ª ïàª®áâì, ®á¢¥é¥−−®áâì, ¯®ª�§�â¥«¨
¡«¥áâª®áâ¨, ª®íää¨æ¨¥−â ¥áâ¥áâ¢¥−−®£® ®á¢¥é¥−¨ï ¨ ¯à., ¯®§¢®«ï¥â à�ááç¨âë-
¢�âì ¤−¥¢−®© á¢¥â ¨ â¥−¨ ¯à¨ ¯«�−¨à®¢�−¨¨ ®á¢¥é¥−¨ï, ¯à¨−¨¬�ï ¢® ¢−¨¬�−¨¥
£¥®£à�ä¨ç¥áª®¥ à�á¯®«®¦¥−¨¥ §¤�−¨ï, ¯®£®¤−ë¥ ãá«®¢¨ï ¨ â¥−¨ ®â ®ªàã¦�î-
é¨å áâà®¥−¨© ¨ ¯à®ç¨å ®¡ê¥ªâ®¢. DIALux â�ª¦¥ ®áãé¥áâ¢«ï¥â ¬®¤¥«¨à®¢�−¨¥
à�§«¨ç−ëå á¢¥â®¢ëå áæ¥− ¢ ¯®¬¥é¥−¨ïå.

�à®£à�¬¬−ë© ¯à®¤ãªâ Light-in-Night Road ¯à¥¤−�§−�ç¥− ¤«ï à�áç¥â� ã«¨ç-
−®£® ®á¢¥é¥−¨ï, ¯à®¥ªâ¨à®¢�−¨ï −�àã¦−®£® ®á¢¥é¥−¨ï ¢−¥£®à®¤áª¨å �¢â®¬�-
£¨áâà�«¥©, ã«¨ç−®-¤®à®¦−®© á¥â¨ £®à®¤®¢ ¨ á¥«ìáª¨å −�á¥«¥−−ëå ¯ã−ªâ®¢ ¨
á¢ï§�−−®© á −¥© ¨−äà�áâàãªâãàë [8]. �à®£à�¬¬� ¯®§¢®«ï¥â ¯à®¢®¤¨âì à�áç¥âë
®á¢¥é¥−¨ï ¤«ï âà¥å ª«�áá®¢ ®¡ê¥ªâ®¢: ¯àï¬®«¨−¥©−ëå ãç�áâª®¢ ¤®à®£ ¨ ã«¨æ, â¨-
¯®¢ëå ãç�áâª®¢ ¤®à®£ ¨ ãç�áâª®¢ ¯à®¨§¢®«ì−®© ª®−ä¨£ãà�æ¨¨. �−� à�ááç¨âë¢�¥â
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à�á¯à¥¤¥«¥−¨¥ ®á¢¥é¥−−®áâ¨ ¨ ïàª®áâ¨ ¤®à®¦−®£® ¯®ªàëâ¨ï, −®à¬¨àã¥¬ë¥ §−�-
ç¥−¨ï áà¥¤−¥£® ãà®¢−ï ¨ à�¢−®¬¥à−®áâ¨ íâ¨å å�à�ªâ¥à¨áâ¨ª, à¥£«�¬¥−â¨àã¥¬ë¥
¯®ª�§�â¥«¨ ®á«¥¯«¥−−®áâ¨ ¢®¤¨â¥«ï á¢¥â®¢ë¬¨ ¯à¨¡®à�¬¨ ¨ ¯à.

Š�ª ¯®ª�§ë¢�¥â �−�«¨§ ¢ëè¥ã¯®¬ï−ãâëå ¯à®£à�¬¬−ëå áà¥¤áâ¢, ¨å §�¤�ç�
§�ª«îç�¥âáï ¢ ®á−®¢−®¬ ¢ à�§à�¡®âª¥ ª®−áâàãªâ®àáª®© ¤®ªã¬¥−â�æ¨¨ ¨ ¯à®¥ªâ¨-
à®¢�−¨¨ ®á¢¥é¥−¨ï. Š®−ªà¥â−ë¬ à�áç¥â®¬ ¨ ¬®¤¥«¨à®¢�−¨¥¬ á¢¥â®¯¥à¥à�á¯à¥-
¤¥«ïîé¨å ãáâà®©áâ¢ ®−¨ −¥ §�−¨¬�îâáï.

Šà®¬¥ â®£®, áâ®¨¬®áâì â�ª¨å ¯à®£à�¬¬ ¬®¦¥â á®áâ�¢«ïâì âëáïç¨ ¤®««�à®¢,
çâ® −¥ ¢á¥£¤� ¤®áâã¯−® á¢¥â®â¥å−¨ç¥áª¨¬ ä¨à¬�¬.

2 Особенности оптических систем световых приборов

�á−®¢−ãî à®«ì ¢ ¯¥à¥à�á¯à¥¤¥«¥−¨¨ ¨ ¯à¥®¡à�§®¢�−¨¨ á¢¥â� ˆ‘ ¨£à�¥â
®¯â¨ç¥áª�ï á¨áâ¥¬� ‘�, á®áâ®ïé�ï ¨§ í«¥¬¥−â®¢, ãç�áâ¢ãîé¨å ¢ ãª�§�−−®©
âà�−áä®à¬�æ¨¨ á¢¥â�. Š ®¯â¨ç¥áª¨¬ í«¥¬¥−â�¬ ®â−®áïâáï: ®âà�¦�â¥«¨, ¯à¥-
«®¬«ïâ¥«¨, à�áá¥¨¢�â¥«¨, §�é¨â−ë¥ áâ¥ª«�, íªà�−¨àãîé¨¥ à¥è¥âª¨ ¨ ª®«ìæ�,
á¢¥â®ä¨«ìâàë, íªà�−ë, à�§«¨ç−ë¥ á¢¥â®¢®¤ë [9].

‚ ®á−®¢−ëå ¢¨¤�å §¥àª�«ì−ëå ®âà�¦�â¥«¥© ¨á¯®«ì§ãîâáï ®¯â¨ç¥áª¨¥ á¢®©-
áâ¢� ¯�à�¡®«¨ç¥áª¨å, í««¨¯â¨ç¥áª¨å, £¨¯¥à¡®«¨ç¥áª¨å, æ¨«¨−¤à¨ç¥áª¨å ¨ ¯«®á-
ª¨å §¥àª�«ì−ëå ¯®¢¥àå−®áâ¥©, � â�ª¦¥ ª®¬¡¨−¨à®¢�−−ëå ¯®¢¥àå−®áâ¥©. ‚á¥
ãª�§�−−ë¥ §¥àª�«ì−ë¥ ¯®¢¥àå−®áâ¨ ¬®£ãâ ¡ëâì ®¯à¥¤¥«¥−ë ª�ª ç�áâ−ë¥ á«ãç�¨
¯®¢¥àå−®áâ¥© ¢â®à®£® ¯®àï¤ª�.

‘¢¥â¨«ì−¨ª¨ ®â«¨ç�îâáï ¡®«ìè¨¬ ¬−®£®®¡à�§¨¥¬ ä®à¬ ®âà�¦�â¥«¥©, ª®â®-
à®¥ ®¡ãá«®¢«¥−® à�§−ë¬¨ âà¥¡ã¥¬ë¬¨ ªà¨¢ë¬¨ á¨«ë á¢¥â� (Š‘‘), å�à�ªâ¥à¨§ã-
îé¨¬¨ á¢¥â®à�á¯à¥¤¥«¥−¨¥ á¢¥â¨«ì−¨ª�, â. ¥. §�¢¨á¨¬®áâì §−�ç¥−¨ï á¨«ë á¢¥â�
®â −�¯à�¢«¥−¨ï, ¨ ¤àã£¨¬¨ (¢ ç�áâ−®áâ¨, íáâ¥â¨ç¥áª¨¬¨) á®®¡à�¦¥−¨ï¬¨. �à¨

÷¨á. 1 ‘å¥¬ë å®¤� ¯�¤�îé¨å ¨ ®âà�¦¥−−ëå ®á¥¢ëå «ãç¥©
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íâ®¬ å®¤ ¯�¤�îé¨å ¨ ®âà�¦¥−−ëå «ãç¥© ¬®¦−® á¢¥áâ¨ ª ç¥âëà¥¬ ¯à¨−æ¨¯¨�«ì−®
®â«¨ç−ë¬ áå¥¬�¬ [10], ®¯à¥¤¥«ï¥¬ë¬ å�à�ªâ¥à®¬ ¯¥à¥á¥ç¥−¨ï ®âà�¦¥−−ëå «ãç¥©
¬¥¦¤ã á®¡®© ¨ á ®¯â¨ç¥áª®© ®áìî á¢¥â¨«ì−¨ª� (à¨á. 1).

‚ áå¥¬¥ A ®âà�¦¥−−ë¥ «ãç¨ ¯¥à¥á¥ª�îâáï ¨ ¬¥¦¤ã á®¡®©, ¨ á ®¯â¨ç¥áª®©
®áìî; ¢ áå¥¬¥ � ¯¥à¥á¥ª�îâáï á ®¯â¨ç¥áª®© ®áìî, −® −¥ ¯¥à¥á¥ª�îâáï ¬¥¦¤ã
á®¡®©; ¢ áå¥¬¥ ‚ ¯¥à¥á¥ª�îâáï ¬¥¦¤ã á®¡®©, −® −¥ ¯¥à¥á¥ª�îâáï á ®¯â¨ç¥áª®©
®áìî; ¢ áå¥¬¥ ƒ −¥ ¯¥à¥á¥ª�îâáï −¨ ¬¥¦¤ã á®¡®©, −¨ á ®¯â¨ç¥áª®© ®áìî.

‚ à¥�«ì−ëå á¢¥â¨«ì−¨ª�å ¯à¨¬¥−ïîâáï ¨ ª®¬¡¨−¨à®¢�−−ë¥ á¨áâ¥¬ë. Šà®¬¥
â®£®, ¤®¢®«ì−® è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ (®á®¡¥−−® á «¨−¥©−ë¬¨ ˆ‘) −�è«¨ ¯�à�¡®-
«®æ¨«¨−¤à¨ç¥áª¨¥, £¨¯¥à¡®«®æ¨«¨−¤à¨ç¥áª¨¥ ¨ ¤àã£¨¥ â¨¯ë ®âà�¦�â¥«¥©.

3 Математические модели в светотехническом проектировании
и расчетах светильников с зеркальными отражателями

‘¢¥â¨«ì−¨ª¨ á §¥àª�«ì−ë¬¨ ®âà�¦�â¥«ï¬¨ ¯® á¢®¨¬ á¢¥â®â¥å−¨ç¥áª¨¬ ¢®§-
¬®¦−®áâï¬ ¯à¥¢®áå®¤ïâ ¤àã£¨¥ ¯à¨¡®àë íâ®£® ª«�áá�, ï¢«ïîâáï ¡®«¥¥ ã−¨¢¥à-
á�«ì−ë¬¨. �−¨ ®¡«�¤�îâ −�¨¡®«ìè¨¬ ª®íää¨æ¨¥−â®¬ ¯®«¥§−®£® ¤¥©áâ¢¨ï,
¤®áâ�â®ç−® â¥å−®«®£¨ç−ë. ‘ ¯®¬®éìî §¥àª�«ì−ëå á¢¥â¨«ì−¨ª®¢ ¬®¦−® á®§¤�-
¢�âì à�§−ë¥ Š‘‘.

‡�¤�ç¥© á¢¥â®â¥å−¨ç¥áª®£® à�áç¥â� ‘�, ¢ â®¬ ç¨á«¥ ¨ á¢¥â¨«ì−¨ª®¢, ï¢«ï¥âáï
®¯à¥¤¥«¥−¨¥ £¥®¬¥âà¨ç¥áª®© ä®à¬ë í«¥¬¥−â®¢ ®¯â¨ç¥áª®© á¨áâ¥¬ë ‘�, ®¡¥á¯¥-
ç¨¢�îé¥© (¯à¨ á®¢¬¥áâ−®¬ ¤¥©áâ¢¨¨ á ¢ë¡à�−−ë¬ ¨áâ®ç−¨ª®¬ á¢¥â�) âà¥¡ã¥¬®¥
á¢¥â®à�á¯à¥¤¥«¥−¨¥ [10]. �à¨ à�áç¥â¥ ¤®«¦−ë ¡ëâì ãçâ¥−ë ®á®¡¥−−®áâ¨ ª�ª
á¢¥â®â¥å−¨ç¥áª¨å ¬�â¥à¨�«®¢, ¨á¯®«ì§ã¥¬ëå ¤«ï ¨§£®â®¢«¥−¨ï í«¥¬¥−â®¢ ®¯â¨-
ç¥áª®© á¨áâ¥¬ë, â�ª ¨ â¥å−®«®£¨ç¥áª¨å ¯à®æ¥áá®¢ ¨å ¯à®¨§¢®¤áâ¢�, � â�ª¦¥
ãá«®¢¨ï à�¡®âë íâ¨å í«¥¬¥−â®¢ á â®çª¨ §à¥−¨ï ¢®§¤¥©áâ¢¨ï −� −¨å â¥¯«®¢®£®
à¥¦¨¬� ‘� ¨ ®ªàã¦�îé¥© áà¥¤ë.

‘ ¯®¬®éìî ®âà�¦�â¥«ï §¥àª�«ì−ë© á¢¥â¨«ì−¨ª ¤®«¦¥− ®¡¥á¯¥ç¨¢�âì §�¤�−-
−ãî ä®à¬ã Š‘‘, ¨áå®¤ï ¨§ ®¯à¥¤¥«¥−−®© ä®à¬ë Š‘‘ ¨áâ®ç−¨ª� á¢¥â�.

„«ï à�áç¥â� ä®à¬ë §¥àª�«ì−®£® ®âà�¦�â¥«ï −¥®¡å®¤¨¬® ¨¬¥âì â�ª®¥ ãà�¢-
−¥−¨¥, ª®â®à®¥ ¤�¢�«® ¡ë §�¢¨á¨¬®áâì ¢¥«¨ç¨−ë à�¤¨ãá-¢¥ªâ®à� r −¥ª®â®à®©
â®çª¨ M ®â ã£«®¢ ϕ ¨ ψ, ®¯à¥¤¥«ïîé¨å ¯�¤�îé¨© «ãç, ¨ ã£«®¢ α ¨ β, ®¯à¥¤¥«ï-
îé¨å ®âà�¦¥−−ë© «ãç (à¨á. 2).

„¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ §¥àª�«ì−®£® ®âà�¦�â¥«ï á¢ï§ë¢�¥â ¢®¥¤¨−®
¢á¥ ¥£® ®á−®¢−ë¥ ¯�à�¬¥âàë (r, ϕ, ψ, α, β, p) [10].

„¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ ¯à®ä¨«ï ®âà�¦�â¥«ï ¢ ®¡é¥¬ ¢¨¤¥:

dr

r
= tg i dϕ ,

£¤¥ i = (ϕ− α)/2| ã£®« ¯�¤¥−¨ï «ãç� ¢ â®çªã M ®âà�¦�â¥«ï.
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‚ á«ãç�¥ §¥àª�«ì−®© ¯®¢¥àå−®áâ¨ á

÷¨á. 2 “ç�áâ®ª ®âà�¦�â¥«ï á ¯�¤�îé¨¬,
®âà�¦¥−−ë¬ ¨ ¢á¯®¬®£�â¥«ì−ë¬¨ «ãç�¬¨

â®à®¨¤−ë¬¨ §®−�¬¨ ¯à®ä¨«ì−�ï ªà¨-
¢�ï á®áâ�¢«ï¥âáï ¨§ §®− ¯®áâ®ï−−®©
ªà¨¢¨§−ë (1/R), ¨¬¥îé¨å ®¡é¨¥ −®à-
¬�«¨ ¢ £à�−¨ç−ëå â®çª�å, â. ¥. á®-
áâ®¨â ¨§ ®âà¥§ª®¢ á®¯àï¦¥−−ëå ¤ã£,
¨¬¥îé¨å à�¤¨ãá ªà¨¢¨§−ë R ¨ ª®®à-
¤¨−�âë æ¥−âà� ªà¨¢¨§−ë (XÃ, ZÃ) ª�ª
äã−ªæ¨¨ (ri, ri−1, ϕi, ϕi−1, δi, δi−1).
�â¨ ¤ã£¨ ®¯à¥¤¥«ïîâáï á«¥¤ãîé¨¬¨
ãà�¢−¥−¨ï¬¨:

R =
ri−1 cosϕi−1 − ri cosϕi

cos δi−1 − cos δi
;

XÃ = Xi−1 −R sin δi−1 ;

ZÃ = Zi −R cos δi .

ˆ−®£¤� «ãçè¥ ®¡à�§®¢ë¢�âì §¥àª�«ì−ë¥ ¯®¢¥àå−®áâ¨ ¢à�é¥−¨¥¬ ¯à®ä¨«ì-
−ëå ªà¨¢ëå á ¯«�¢−® ¨§¬¥−ïîé¥©áï ªà¨¢¨§−®©, ¯®¤¡¨à�ï ¯à¨ íâ®¬ ¨å ¯�à�¬¥âàë
â�ª¨¬ ®¡à�§®¬, çâ®¡ë ®−¨ á®®â¢¥âáâ¢®¢�«¨ −¥®¡å®¤¨¬®© äã−ªæ¨¨ α(ϕ). ‚ ª�-
ç¥áâ¢¥ ¯à®ä¨«ì−ëå ªà¨¢ëå ¬®£ãâ ¡ëâì ¯à¨¬¥−¥−ë ªà¨¢ë¥ 2-£® ¯®àï¤ª� |
ª®−¨ç¥áª¨¥ á¥ç¥−¨ï, â. ¥. í««¨¯á, £¨¯¥à¡®«�, ¯�à�¡®«�. ’�ª¨¥ ªà¨¢ë¥ å�à�ªâ¥à¨-
§ãîâáï ä®ªãá®¬, ¢ ª®â®àë© ¯®¬¥é�îâ á¢¥â®¢®© æ¥−âà, íªáæ¥−âà¨á¨â¥â®¬, ã£«®¬
¬¥¦¤ã ®áï¬¨ ®âà�¦�â¥«ï.

…á«¨ ¯®¢¥àå−®áâì §¥àª�«ì−®£® ªàã£«®á¨¬¬¥âà¨ç−®£® ®âà�¦�â¥«ï −�¡à�−� ¨§
¯�à�¡®«®¨¤−ëå ¯®ïá®¢, â® â�ª�ï ªà¨¢�ï −¥ ï¢«ï¥âáï £«�¤ª®©, ¨¬¥¥â â®çª¨ ¨§«®¬�,
¯à¨ ¯¥à¥å®¤¥ ç¥à¥§ ª®â®àë¥ ã£®« α ¬¥−ï¥âáï áª�çª®®¡à�§−®. —â®¡ë ¨§¡¥¦�âì
íâ®£®, −ã¦−® á®¥¤¨−ïâì â®çª¨ £à�−¨æ §®− «¥ª�«ì−®© ªà¨¢®©, çâ® ¯à¨¢®¤¨â ª
¢¢¥¤¥−¨î ¤®¯®«−¨â¥«ì−ëå ãà�¢−¥−¨©. „«ï â�ª®© ¯à®ä¨«ì−®© ªà¨¢®©

ri = ri−1
1 + cos (ϕi−1 − α)

1 + cos (ϕi − α)
.

÷�áç¥â §¥àª�«ì−ëå á¢¥â¨«ì−¨ª®¢ á ¨áâ®ç−¨ª�¬¨ á¢¥â� á ¡®«ìè¨¬¨ á¢¥âïé¨¬¨
â¥«�¬¨ («î¬¨−¥áæ¥−â−ë¥ «�¬¯ë, ¤ã£®¢ë¥ àâãâ−ë¥ «�¬¯ë ¨ ¤à.) ¨¬¥¥â á¢®¨
á«®¦−®áâ¨ ¨ ®á®¡¥−−®áâ¨.

–¨«¨−¤à¨ç¥áª¨¥ §¥àª�«ì−ë¥ ®âà�¦�â¥«¨ ¤«ï «î¬¨−¥áæ¥−â−ëå ¨ ¤àã£¨å âàã¡-
ç�âëå ˆ‘ å�à�ªâ¥à¨§ãîâáï ªà¨¢ë¬¨ á¨«ë á¢¥â� ¢ ¤¢ãå ¯«®áª®áâïå: ¢ ¯à®¤®«ì−®©
¯«®áª®áâ¨ (¯�à�««¥«ì−®© ®á¨ «�¬¯ë) ¨ ¢ ¯à®ä¨«ì−®© (¯¥à¯¥−¤¨ªã«ïà−®© ¯à®-
¤®«ì−®© ¨ ¯à®å®¤ïé¥© ç¥à¥§ æ¥−âà á¢¥â¨«ì−¨ª�). �¡ëç−® á¢¥â®à�á¯à¥¤¥«¥−¨¥
§¥àª�«ì−®£® æ¨«¨−¤à¨ç¥áª®£® á¢¥â¨«ì−¨ª� §�¤�¥âáï ¢ ¢¨¤¥ Š‘‘ ¢ ¯à®ä¨«ì−®©

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012 99



ˆ. ˆ. ��©−¥¢�, ‚. ‚. ��©−¥¢

¯«®áª®áâ¨. �à®ä¨«ì−�ï ªà¨¢�ï æ¨«¨−¤à¨ç¥áª®£® §¥àª�«ì−®£® ®âà�¦�â¥«ï à�á-
áç¨âë¢�¥âáï ¯ãâ¥¬ §�¯®«−¥−¨ï ¥¥ §®−�«ì−ë¬¨ ªà¨¢ë¬¨. ‡¥àª�«ì−�ï ¯®¢¥àå−®áâì
¤«ï §¥àª�«ì−®£® «î¬¨−¥áæ¥−â−®£® á¢¥â¨«ì−¨ª� ¢ë¡¨à�¥âáï â®«ìª® £«�¤ª®© ¨
¨¬¥¥â ¯�à�¡®«¨ç¥áª¨© ¯à®ä¨«ì. ‚ íâ®¬ á«ãç�¥ ¢®§−¨ª�¥â ¢®¯à®á ® ¯à®ä¨«¥ ®â-
à�¦�â¥«ï, ®â ª®â®à®£® ¯à¥¦¤¥ ¢á¥£® §�¢¨á¨â ª®íää¨æ¨¥−â ãá¨«¥−¨ï (®â−®è¥−¨¥
á¨«ë á¢¥â� ‘� ª á¨«¥ á¢¥â� ˆ‘), á¢ï§�−−ë© á ã£«®¬ ®å¢�â� ®âà�¦�â¥«ï.

—�áâ® ¯à®ä¨«ì ®âà�¦�â¥«ï ¯®¤¡¨à�¥âáï ¯®¤ âà¥¡ã¥¬ãî Š‘‘ íªá¯¥à¨¬¥−-
â�«ì−®. �®áª®«ìªã ®− §�¢¨á¨â ®â −¥áª®«ìª¨å ¯�à�¬¥âà®¢, � ¨§£®â®¢«¥−¨¥ ®âà�¦�-
â¥«¥© à�§−ëå ä®à¬ ¨ à�§¬¥à®¢ §�âàã¤−¨â¥«ì−®, â® æ¥«¥á®®¡à�§−® ¬®¤¥«¨à®¢�−¨¥
®âà�¦�â¥«ï. �â®¬ã á«ã¦¨â ¬�â¥¬�â¨ç¥áª®¥ ¬®¤¥«¨à®¢�−¨¥, ¢ë¯®«−ï¥¬®¥ á ¯®-
¬®éìî �‚Œ.

4 Среда программирования

�à¨ ¢ë¡®à¥ áà¥¤ë ®á−®¢−®© �ªæ¥−â ¡ë« á¤¥«�− −¥ −� ª�ª¨¥-«¨¡® ¬�â¥¬�â¨-
ç¥áª¨¥ ¨ �«£®à¨â¬¨ç¥áª¨¥ ¢®§¬®¦−®áâ¨ ï§ëª�, � −� ã¤®¡áâ¢� ®¡ê¥ªâ−®-®à¨¥−â¨-
à®¢�−−®£® ¯à®£à�¬¬¨à®¢�−¨ï. ‚ ª�ç¥áâ¢¥ â�ª®© áà¥¤ë ¡ë«� ¢ë¡à�−� CodeGear
RAD Studio 2009 (ï§ëª Object Pascal), ª®â®à�ï ï¢«ï¥âáï ®¤−®© ¨§ −�¨¡®«¥¥ ¯à®-
¤ãªâ¨¢−ëå ¤«ï ¡ëáâà®© à�§à�¡®âª¨ ¯à¨«®¦¥−¨© ¨ á®ç¥â�¥â ¢ëá®ª®¯à®¨§¢®¤¨-
â¥«ì−ë© ª®¬¯¨«ïâ®à, ¢¨§ã�«ì−ë¥ ¬¥å�−¨§¬ë ¤¢ã−�¯à�¢«¥−−®£® ¯à®¥ªâ¨à®¢�−¨ï
¨ ¬¥â®¤¨ªã ¬�áèâ�¡¨àã¥¬®£® ¤®áâã¯� ª ¡�§�¬ ¤�−−ëå [11, 12].

�®¤®¡−ë¬¨ ¢®§¬®¦−®áâï¬¨ ®¡«�¤�îâ â�ª¨¥ áà¥¤ë ¯à®£à�¬¬¨à®¢�−¨ï, ª�ª
Java Eclipse, Microsoft Visual Studio. �¤−�ª® §−�ç¨â¥«ì−ë¬ −¥¤®áâ�âª®¬ ï§ëª�
Java ¯à¨ à�§à�¡®âª¥ ¡®«ìè¨å ¯à®¥ªâ®¢ ï¢«ï¥âáï â�ª®© ¯à¨−æ¨¯ à�á¯à¥¤¥«¥−¨ï
¤¨−�¬¨ç¥áª®© ¯�¬ïâ¨, ª�ª úá¡®àé¨ª ¬ãá®à�û, çâ®, ª�ª ¯à�¢¨«®, ¯à¨¢®¤¨â ª
¨§«¨è−¥© §�£àã¦¥−−®áâ¨ á¨áâ¥¬−®© ¯�¬ïâ¨. ‚ á¢ï§¨ á â¥¬, çâ® ¡‚®«ìèãî ç�áâì
ª®¤� §�−¨¬�¥â à¥�«¨§�æ¨ï ¬�â¥¬�â¨ç¥áª¨å ¬®¤¥«¥©, ®â¯�¤�¥â −¥®¡å®¤¨¬®áâì ¢
−¨§ª®ãà®¢−¥¢ëå ¢®§¬®¦−®áâïå ï§ëª� ‘++.

‘ ¤àã£®© áâ®à®−ë, ®¡«�¤�ï −¥á®¬−¥−−ë¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ ¢ à�§à�¡®âª¥
¢¨§ã�«ì−®© ¨ �«£®à¨â¬¨ç¥áª®© ç�áâ¥© ¯à¨«®¦¥−¨ï, ï§ëª áà¥¤ë CodeGear RAD
Studio −¥ ¯®§¢®«ï¥â ãª�§ë¢�âì ¯à¨−æ¨¯ −�á«¥¤®¢�−¨ï ª«�áá®¢ â�ª, ª�ª íâ®
à¥�«¨§®¢�−® ¢ ‘++. �â® ¡ë«® ¡ë ªà�©−¥ ã¤®¡−® ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ª«�áá®¢ á
¡®«ìè¨¬ ç¨á«®¬ ú¯à¥¤ª®¢û.

5 Программные методы реализации задачи

�à¨−æ¨¯ ¯®áâà®¥−¨ï �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë ¬®¤¥«¨à®¢�−¨ï ¨ ¯à®¥ª-
â¨à®¢�−¨ï á¢¥â®¢ëå ¯à¨¡®à®¢ (¤�«¥¥ | á¨áâ¥¬�) ¨¬¥¥â ¬®¤ã«ì−ãî áâàãªâãàã,
£¤¥ ª�¦¤ë© ¨§ ¯à®£à�¬¬−ëå ¡«®ª®¢ (¬®¤ã«¥©) −¥§�¢¨á¨¬® ®â ®áâ�«ì−ëå ¤®«¦¥−
à¥è�âì á¢®î ¤¥â¥à¬¨−¨à®¢�−−ãî §�¤�çã.
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Œ�â¥¬�â¨ç¥áª¨¥ ¨ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¬®¤¥«¨à®¢�−¨ï á¢¥â®¢ëå ¯à¨¡®à®¢

Œ�â¥¬�â¨ç¥áª¨¥ �á¯¥ªâë á¨áâ¥¬ë ¢ª«îç�îâ ¢ á¥¡ï ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨
¯à®¥ªâ¨àã¥¬ëå ‘�, ¬¥â®¤ë ¨ �«£®à¨â¬ë à�áç¥â®¢, ¨á¯®«ì§ã¥¬ëå ¯à¨ �¢â®¬�â¨-
§¨à®¢�−−®¬ ¯à®¥ªâ¨à®¢�−¨¨.

„«ï ¬®¤¥«¨à®¢�−¨ï ®âà�¦¥−¨ï «ãç� ®â í«¥¬¥−â�à−®© ç�áâ¨ ®âà�¦�â¥«ï ¨á-
¯®«ì§ãîâáï áâ�−¤�àâ−ë¥ �«£¥¡à�¨ç¥áª¨¥ ¨ £¥®¬¥âà¨ç¥áª¨¥ ¯à¨¥¬ë à�áç¥â�, ª®-
â®àë¥ §�−¨¬�îâ −¥§−�ç¨â¥«ì−ãî ¤®«î ¯à®æ¥áá®à−®£® ¢à¥¬¥−¨. �à¨ á«®¦−®¬
®âà�¦�â¥«¥, á®áâ®ïé¥¬ ¨§ ¡®«ìè®£® ç¨á«� í«¥¬¥−â�à−ëå ç�áâ¥©, ¢®§−¨ª�¥â −¥-
®¡å®¤¨¬®áâì ¡ëáâà®£® −�å®¦¤¥−¨ï ª®−ªà¥â−®© ç�áâ¨ ¯® §�¤�−−ë¬ −�ç�«ì−ë¬
ª®®à¤¨−�â�¬ å®¤� «ãç�.

�à®áâ¥©è¨¬ ¢�à¨�−â®¬ à¥è¥−¨ï íâ®© §�¤�ç¨ ï¢«ï¥âáï «¨−¥©−ë© ¯¥à¥¡®à
¢á¥å ç�áâ¥©, ª®â®àë© ¨¬¥¥â á«®¦−®áâì O(N), çâ® áãé¥áâ¢¥−−® á−¨¦�¥â ®¡éãî
áª®à®áâì ¢ëç¨á«¥−¨©. ‚ á¢ï§¨ á íâ¨¬ ¡ë«� à�§à�¡®â�−� á¨áâ¥¬� ¯�à�««¥«ì−®©
¨−¤¥ªá�æ¨¨ á ¯®¬®éìî ¤¢ãå á�¬®¡�«�−á¨àãîé¨åáï ªà�á−®-ç¥à−ëå ¤¥à¥¢ì¥¢, ã
ª®â®àëå ¬�ªá¨¬�«ì−�ï á«®¦−®áâì ¯®¨áª� O(lnN). �¤−® ¤¥à¥¢® ã¯®àï¤®ç¨¢�¥â
ç�áâ¨ ®âà�¦�â¥«ï ¢ £®à¨§®−â�«ì−®¬ −�¯à�¢«¥−¨¨, ¤àã£®¥ | ¢ ¢¥àâ¨ª�«ì−®¬.
’�ª¨¬ ®¡à�§®¬ §−�ç¨â¥«ì−® ã¢¥«¨ç¨¢�¥âáï áª®à®áâì ¯®¨áª� −ã¦−®© ç�áâ¨ ¤«ï
−�ç�«� à�áç¥â� å®¤� «ãç� ¯® ¤¢ã¬ §�¤�−−ë¬ −�ç�«ì−ë¬ ª®®à¤¨−�â�¬.

‚ ¯à®£à�¬¬¥ ¢® ¢à¥¬ï ¢ëç¨á«¥−¨© ¨á¯®«ì§ãîâáï â�ª¨¥ à�§¤¥«ï¥¬ë¥ úà¥áãà-
áëû, ª�ª â�¡«¨æë ˆ‘, ç�áâ¥© ®âà�¦�â¥«ï, §−�ç¥−¨© á¨«ë á¢¥â�, ¡�§� ¤�−−ëå
¬�â¥à¨�«®¢ ¨ ¤à. „«ï ¢ë¯®«−¥−¨ï ®¯à¥¤¥«¥−−®© ®¯¥à�æ¨¨ −¥®¡å®¤¨¬ë «¨èì −¥-
ª®â®àë¥ ¨§ íâ¨å à�§¤¥«ï¥¬ëå à¥áãàá®¢. �à¨ ¬ã«ìâ¨¯®â®ç−®¬ ¯à®£à�¬¬¨à®¢�−¨¨
¢® ¨§¡¥¦�−¨¥ ª®−ä«¨ªâ� ¤®áâã¯� ª ®â¤¥«ì−ë¬ à¥áãàá�¬ −¥®¡å®¤¨¬� ¨å ¯®á«¥¤®-
¢�â¥«ì−�ï ¡«®ª¨à®¢ª�. �â® ¬®¦¥â ¯à¨¢¥áâ¨ ª −¥à�æ¨®−�«ì−®¬ã à�á¯à¥¤¥«¥−¨î ¯®
¯®â®ª�¬ ¢ë¯®«−ï¥¬ëå ¯�à�««¥«ì−® ®¯¥à�æ¨©. ‚ á¢ï§¨ á íâ¨¬ ¡ë«� à¥�«¨§®¢�−�
âà�−§�ªæ¨®−−�ï á¨áâ¥¬�, ª®â®à�ï ¯®§¢®«ï¥â ¡ëáâà® ¨ íää¥ªâ¨¢−® á®à£�−¨§®¢�âì
¢ë¡®àªã ®ç¥à¥¤−®© §�¤�ç¨ −� ¢ë¯®«−¥−¨¥ â�ª, çâ®¡ë ã¬¥−ìè¨âì ®¡é¥¥ ¢à¥¬ï
®¦¨¤�−¨ï à¥áãàá®¢. �á−®¢−®© ¯à¨−æ¨¯ à�¡®âë íâ®© á¨áâ¥¬ë §�ª«îç�¥âáï ¢
â®¬, çâ® ª�¦¤®© §�¤�ç¥ (âà�−§�ªæ¨¨) §�¤�¥âáï á¯¨á®ª ¨á¯®«ì§ã¥¬ëå ¥î à¥áãàá®¢,
ª®â®àë© à�§¬¥é�¥âáï ¢ ¯�¬ïâ¨ â�ª¨¬ ®¡à�§®¬, çâ® ®¡à�§ã¥âáï −¥ª¨© ¤¢ã¤®«ì−ë©
£à�ä. �¤−� ç�áâì £à�ä� á®¤¥à¦¨â ¢¥àè¨−ë, ®¡®§−�ç�îé¨¥ à¥áãàáë, ¤àã£�ï |
¢¥àè¨−ë, ®¡®§−�ç�îé¨¥ �ªâ¨¢−ë¥ −� ¤�−−ë© ¬®¬¥−â âà�−§�ªæ¨¨. �−�«¨§¨-
àãï á¢ï§¨ ¬¥¦¤ã íâ¨¬¨ ç�áâï¬¨, ¬®¦−® «¥£ª® ¢ëç¨á«¨âì −�¨¡®«¥¥ ¯®¤å®¤ïéãî
§�¤�çã −� ¢ë¯®«−¥−¨¥ ¢ â¥ªãé¨© ¬®¬¥−â ¢à¥¬¥−¨, â¥¬ á�¬ë¬ ã¬¥−ìè¨¢ ¢à¥¬ï
®¦¨¤�−¨ï.

6 Автоматизированная система моделирования и проектирования
световых приборов

�� ®á−®¢�−¨¨ ¬¥â®¤®¢ à�áç¥â� ¨ ¯à®¥ªâ¨à®¢�−¨ï ‘� à�§à�¡®â�−® ¯à®£à�¬¬-
−®¥ ®¡¥á¯¥ç¥−¨¥ ¤«ï �¢â®¬�â¨§¨à®¢�−−®© á¨áâ¥¬ë, ®áãé¥áâ¢«ïîé¥© ¬®¤¥«¨à®-
¢�−¨¥, à�áç¥â ¨ ¯à®¥ªâ¨à®¢�−¨¥ ‘� [13].
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÷¨á. 3 ÷�¡®ç¥¥ ®ª−® ¯à®£à�¬¬ë LighTooLux 1.1

ˆá¯®«ì§®¢�−¨¥ ¤�−−®© á¨áâ¥¬ë ¯®§¢®«ï¥â:

{ ¢ ª®à®âª¨¥ áà®ª¨ íää¥ªâ¨¢−® ®áãé¥áâ¢«ïâì à�§à�¡®âªã ‘� à�§«¨ç−®£® ª®−-
áâàãªâ¨¢−®£® ¨á¯®«−¥−¨ï ¨ −�§−�ç¥−¨ï;

{ ®æ¥−¨¢�âì â¥å−¨ª®-íª®−®¬¨ç¥áªãî íää¥ªâ¨¢−®áâì á¢¥â®®¯â¨ç¥áª®© á¨áâ¥¬ë
‘�;

{ ®¯à¥¤¥«ïâì ®á−®¢−ë¥ ¯�à�¬¥âàë á¢¥â®®¯â¨ç¥áª®© á¨áâ¥¬ë ‘� ¨ ã¢ï§ë¢�âì ¨å
á ª®−áâàãªâ¨¢−ë¬ à¥è¥−¨¥¬ á¢¥â®¢®£® ¯à¨¡®à� ¢ æ¥«®¬ á ãç¥â®¬ á¯¥æ¨ä¨ª¨
¥£® íªá¯«ã�â�æ¨¨.

ˆáå®¤−ë¬¨ ¤�−−ë¬¨ ¤«ï à�¡®âë á ¯à®£à�¬¬®© LighTooLux 1.1 ï¢«ïîâáï:

{ âà¥¡ã¥¬®¥ á¢¥â®à�á¯à¥¤¥«¥−¨¥;

{ â¨¯ ˆ‘;

{ ª®«¨ç¥áâ¢® ¨ à�á¯®«®¦¥−¨¥ ˆ‘;

{ ®¯â¨ç¥áª¨¥ ª®íää¨æ¨¥−âë ¬�â¥à¨�«®¢ á¢¥â®¯¥à¥à�á¯à¥¤¥«ïîé¥© á¨áâ¥¬ë;

{ ¯®«¥§−ë© ã£®« ¨§«ãç¥−¨ï ¯à¨¡®à�.

÷�¡®âã á ¯à®£à�¬¬®©, £«�¢−®¥ ®ª−® ª®â®à®© ¯à¥¤áâ�¢«¥−® −� à¨á. 3, ¬®¦−®
à�§¤¥«¨âì −� −¥áª®«ìª® íâ�¯®¢.

�� ¯¥à¢®¬ íâ�¯¥ −¥®¡å®¤¨¬® á¬®¤¥«¨à®¢�âì ®¯â¨ç¥áªãî á¨áâ¥¬ã à�§à�¡�âë-
¢�¥¬®£® ‘� ¨ ¢ë¡à�âì ˆ‘. �®áª®«ìªã ˆ‘ â�ª¦¥ ãç�áâ¢ãîâ ¢ ¯¥à¥à�á¯à¥¤¥«¥−¨ï
á¢¥â®¢ëå «ãç¥©, â® ®¡ï§�â¥«ì−® ¤®«¦−ë ¡ëâì §�¤�−ë ¨å â®ç−ë¥ à�§¬¥àë.
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Œ�â¥¬�â¨ç¥áª¨¥ ¨ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¬®¤¥«¨à®¢�−¨ï á¢¥â®¢ëå ¯à¨¡®à®¢

’¨¯ ¯à®ä¨«ï ¬®¦¥â ¡ëâì ªàã£«®á¨¬¬¥âà¨ç−ë¬ ¨«¨ æ¨«¨−¤à¨ç¥áª¨¬. �à¨
§�¤�−¨¨ ¯®á«¥¤−¥£® ¬®¦−® ¢ë¡à�âì â�ª¨¥ ãá«®¢¨ï ¥£® ¨á¯®«−¥−¨ï, ª�ª á á¨¬¬¥â-
à¨ç−ë¬ ®âà�¦�â¥«¥¬, á á¨¬¬¥âà¨ç−ë¬ à�á¯®«®¦¥−¨¥¬ ˆ‘.

�æ¥−ª� Š‘‘ ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ ¢ëç¨á«¥−¨ï ¨−â¥£à�«�

Ÿ =
1

2π

2π∫

0

F (α) dα ,

£¤¥ α | ¯«®áª¨© ã£®«, ãª�§ë¢�îé¨© â¥ªãé¥¥ −�¯à�¢«¥−¨¥; F | äã−ªæ¨ï,
ª®â®à�ï §�¤�¥âáï ¯®«ì§®¢�â¥«¥¬.

‚ ¯à®£à�¬¬¥ §�«®¦¥−ë á«¥¤ãîé¨¥ áâ�−¤�àâ−ë¥ (¯à¥¤ãáâ�−®¢«¥−−ë¥) á¯®á®¡ë
®æ¥−ª¨ Š‘‘:

{ ¬�ªá¨¬¨§�æ¨ï á¢¥â®¢®£® ¯®â®ª� (¢ë¡¨à�¥âáï ¯à®ä¨«ì á ¬�ªá¨¬�«ì−ë¬ §−�-
ç¥−¨¥¬ á¢¥â®¢®£® ¯®â®ª� ¢® ¢á¥å −�¯à�¢«¥−¨ïå);

{ ¬�ªá¨¬¨§�æ¨ï á¢¥â®¢®£® ¯®â®ª� ¢−ãâà¨ ¯®«¥§−®£® ã£«� ¨§«ãç¥−¨ï (¢ë¡¨à�¥âáï
¯à®ä¨«ì á ¬�ªá¨¬�«ì−ë¬ §−�ç¥−¨¥¬ á¢¥â®¢®£® ¯®â®ª� ¢−ãâà¨ ¯®«¥§−®£® ã£«�);

{ ¢ëà�¢−¨¢�−¨¥ Š‘‘ ¢−ãâà¨ ¯®«¥§−®£® ã£«� ¨§«ãç¥−¨ï;

{ ¬�ªá¨¬¨§�æ¨ï à�§−®áâ¨ áà¥¤−¨å §−�ç¥−¨© á¨«ë á¢¥â� ¢® ¢á¥¬ â¥«¥á−®¬ ã£«¥ ¨
á¨«ë á¢¥â� ¢ ¯à¥¤¥«�å ¯®«¥§−®£® ã£«� ¨§«ãç¥−¨ï.

÷¨á. 4 �â®¡à�¦¥−¨¥ £«�¢−®£® ®ª−� ¢ ¯à®æ¥áá¥ ª�«¨¡à®¢ª¨
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�âà�¦�â¥«ì ä®à¬¨àã¥âáï ¨§ −¥§�¢¨á¨¬ëå ¤àã£ ®â ¤àã£� ç�áâ¥©, −¥à�§àë¢−®
á¢ï§�−−ëå ¬¥¦¤ã á®¡®©. „®¡�¢«ïâì ¬®¦−® ä�ªâ¨ç¥áª¨ −¥®£à�−¨ç¥−−®¥ ª®«¨ç¥-
áâ¢® ç�áâ¥©, ¨§ ª®â®àëå ¯«�−¨àã¥âáï á®áâ�¢¨âì ®âà�¦�â¥«ì. �à¨¬¥à ®âà�¦�â¥«ï
á ¯à®à¨á®¢ª®© ¯�¤�îé¨å ¨ ®âà�¦¥−−ëå á¢¥â®¢ëå «ãç¥© ¯®ª�§�− −� à¨á. 4.

�� ¢â®à®¬ íâ�¯¥ ®áãé¥áâ¢«ï¥âáï ãâ®ç−¥−¨¥, ¤¥â�«ì−�ï ¯à®à�¡®âª� íáª¨§�
á¬®¤¥«¨à®¢�−−®£® ®âà�¦�â¥«ï ¯ãâ¥¬ ª�ç¥áâ¢¥−−®© ®æ¥−ª¨ Š‘‘, ª�«¨¡à®¢ª¨
−¥®¡å®¤¨¬ëå ¯�à�¬¥âà®¢ ¨ ®ª®−ç�â¥«ì−®£® ¯®áâà®¥−¨ï Š‘‘ (à¨á. 4). Š�«¨¡à®¢-
ª� | íâ® ¯à®æ¥áá ¯®¤¡®à� ¢ë¡à�−−ëå ¯�à�¬¥âà®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï ¬�ªá¨¬�«ì−®©
®æ¥−ª¨ Š‘‘. Šà¨¢�ï á¨«ë á¢¥â� ®âà¨á®¢ë¢�¥âáï ¢ ¢¨¤¥ £à�ä¨ª� ¢ ¯®«ïà−®© ¨«¨
¤¥ª�àâ®¢®© á¨áâ¥¬¥ ª®®à¤¨−�â.

�� âà¥âì¥¬ íâ�¯¥ ¯®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¬®£ãâ ¡ëâì ¯à¥¤áâ�¢«¥−ë ¤«ï
¯®á«¥¤ãîé¥£® �−�«¨§� ¨ ¨−â¥à¯à¥â�æ¨¨ ¤�−−ëå ¢ ¢¨¤¥ áå¥¬, £à�ä¨ª®¢ ¨ â�¡«¨æ,
ª®â®àë¥ á®åà�−ïîâáï ¢ á®®â¢¥âáâ¢ãîé¥¬ ä®à¬�â¥.

÷¥§ã«ìâ�âë ¬®¤¥«¨à®¢�−¨ï ¯à®ä¨«ï ®âà�¦�â¥«ï ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥
®âç¥â�, ¢ ª®â®à®¬ ¡ã¤ãâ ¯à¥¤áâ�¢«¥−ë â�¡«¨æë ¯�à�¬¥âà®¢ ˆ‘ ¨ âà�áá¨à®¢ª¨
®âà�¦�â¥«ï.

7 Заключение

‚¢¨¤ã ¬�áá®¢®£® ¯à®¨§¢®¤áâ¢� ‘� à�§«¨ç−®£® −�§−�ç¥−¨ï ¨ ¨á¯®«−¥−¨ï, �
â�ª¦¥ ¡®«ìè®© á«®¦−®áâ¨ ¯à®æ¥áá� ¨å à�áç¥â� ¨ ¯à®¥ªâ¨à®¢�−¨ï, −�§à¥«� −¥®¡-
å®¤¨¬®áâì �¢â®¬�â¨§�æ¨¨ íâ®© §�¤�ç¨. ‘ íâ®© æ¥«ìî ¢ áà¥¤¥ ®¡ê¥ªâ−®-®à¨¥−â¨à®-
¢�−−®£® ¯à®£à�¬¬¨à®¢�−¨ï Delphi ¡ë«� à�§à�¡®â�−� ¯à®£à�¬¬� LighTooLux 1.1,
¯®§¢®«ïîé�ï ®áãé¥áâ¢«ïâì à�áç¥â ¨ ¯®áâà®¥−¨¥ ¯à®ä¨«ï ®âà�¦�â¥«ï −� ®á−®-
¢�−¨¨ ¨−ä®à¬�æ¨¨ ®¡ ¨áâ®ç−¨ª¥ á¢¥â�, ª®íää¨æ¨¥−â¥ ®âà�¦¥−¨ï ¬�â¥à¨�«�
®âà�¦�â¥«ï, â¨¯¥ ªà¨¢®© á¨«ë á¢¥â� ¨ ¤àã£¨å ¤�−−ëå.

ˆá¯®«ì§®¢�−−�ï ¤«ï íâ®£® á¨áâ¥¬� ¯à®£à�¬¬¨à®¢�−¨ï Delphi, ®¡«�¤�îé�ï
â�ª¨¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨, ª�ª −�¨¡®«¥¥ ¯®«−�ï ®¡ê¥ªâ−�ï ¡¨¡«¨®â¥ª� VCL (Visu-
al Component Library), ¯®«−®¥ ®¯¨á�−¨¥ äã−ªæ¨© WinAPI, ã¤®¡−ë¥ ¨ −�¤¥¦−ë¥
áà¥¤áâ¢� ®â«�¤ª¨ (¢¯«®âì ¤® ¯®è�£®¢®£® ¢ë¯®«−¥−¨ï ª®¬�−¤ ¯à®æ¥áá®à�), ¯®-
§¢®«¨«� à¥è¨âì ¢á¥ ¢®¯à®áë ¯à¨¬¥−¥−¨ï �«£®à¨â¬®¢ ¨ ¬�â¥¬�â¨ç¥áª¨å ¬¥â®¤®¢
à�áç¥â�, ¨á¯®«ì§®¢�−−ëå ¢ ¯à®£à�¬¬¥.

Литература

1. LightTools: �ä¨æ¨�«ì−ë© á�©â. http://lighttools.software.informer.com.
2. Solidworks: �ä¨æ¨�«ì−ë© á�©â. http://www.solidworks.com.
3. Lambda Research: �ä¨æ¨�«ì−ë© á�©â. http://lambdares.com.
4. Autodesk: �ä¨æ¨�«ì−ë© á�©â. http://www.cad.ru.
5. �‘Š��: �ä¨æ¨�«ì−ë© á�©â. http://ascon.ru.
6. Š�Œ��‘-3D: �ä¨æ¨�«ì−ë© á�©â. http://kompas.ru.

104 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



Œ�â¥¬�â¨ç¥áª¨¥ ¨ ¯à®£à�¬¬−ë¥ áà¥¤áâ¢� ¬®¤¥«¨à®¢�−¨ï á¢¥â®¢ëå ¯à¨¡®à®¢

7. DIALux: �ä¨æ¨�«ì−ë© á�©â. http://dialux.ru.
8. Light-in-Night Road: �ä¨æ¨�«ì−ë© á�©â. www.l-i-n.ru.
9. ‘¯à�¢®ç−�ï ª−¨£� ¯® á¢¥â®â¥å−¨ª¥ / �®¤. à¥¤. ā. �. �©§¥−¡¥à£�. | Œ.: ‡−�ª,

2006.
10. ’à¥¬¡�ç ‚. ‚. ‘¢¥â®¢ë¥ ¯à¨¡®àë. | Œ.: ‚ëáè�ï èª®«�, 1990.
11. �á¨¯®¢ „. Delphi. �à®ä¥áá¨®−�«ì−®¥ ¯à®£à�¬¬¨à®¢�−¨¥. | ‘�¡.: ‘¨¬¢®«-�«îá,

2006.
12. ��ª−¥«« „. ”ã−¤�¬¥−â�«ì−ë¥ �«£®à¨â¬ë ¨ áâàãªâãàë ¤�−−ëå ¢ Delphi. | ‘�¡.:

�¨â¥à, 2006.
13. ��©−¥¢� ˆ. ˆ., ��©−¥¢ ‚. ‚. �à®£à�¬¬� ¤«ï ¬®¤¥«¨à®¢�−¨ï ¨ ¯à®¥ªâ¨à®¢�−¨ï

á¢¥â®¢ëå ¯à¨¡®à®¢ à�§«¨ç−®£® ¨á¯®«−¥−¨ï ¨ −�§−�ç¥−¨ï. ‘¢¨¤¥â¥«ìáâ¢® ® £®áã¤�à-
áâ¢¥−−®© à¥£¨áâà�æ¨¨ ¯à®£à�¬¬ë ¤«ï �‚Œ ü 2012612870 ®â 23.03.2012.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012 105



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2012. ’. 22. ü 2. ‘. 106{128

ЦИТИРОВАНИЕ ДОКУМЕНТОВ В ПАТЕНТАХ
КАК ИНДИКАТОР ВЗАИМОСВЯЗИ ОБЛАСТЕЙ НАУКИ

И ТЕХНОЛОГИЙ

О. С. Кожунова1

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� �−�«¨§ã ¢§�¨¬®á¢ï§¥© −�ãª¨ ¨ â¥å−®«®£¨©
−� ®á−®¢¥ ¤�−−ëå ® §�¯�â¥−â®¢�−−ëå ¨§®¡à¥â¥−¨ïå �¨¤¥à«�−¤®¢, �¥«ì£¨¨,
—¨«¨ ¨ ¤àã£¨å áâà�−, � â�ª¦¥ ®æ¥−ª¥ áâ¥¯¥−¨ §−�ç¨¬®áâ¨ ¯à¨¢¥¤¥−−ëå ¢
¯�â¥−â�å æ¨â¨à®¢�−¨© −�ãç−ëå à�¡®â á®®â¢¥âáâ¢ãîé¨å ®¡«�áâ¥©, ¢ â®¬ ç¨á«¥
â¥å−®«®£¨ç¥áª¨å.

Š«îç¥¢ë¥ á«®¢�: æ¨â¨à®¢�−¨¥ ¢ ¯�â¥−â�å; ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ ®¡«�áâ¥©
−�ãª¨ ¨ â¥å−®«®£¨©; ¨−ä®à¬�æ¨®−−ë© ¬®−¨â®à¨−£ −�ãª¨

1 Введение

–¨â¨à®¢�−¨¥ −�ãç−ëå ¯ã¡«¨ª�æ¨© ¢ ¯�â¥−â�å ¯®§¢®«ï¥â ¯à®¢®¤¨âì �−�«¨§
¨ ®æ¥−ªã ¤®«¨ ¨ §−�ç¨¬®áâ¨ −�ãç−ëå ¨ â¥å−¨ç¥áª¨å §−�−¨© ¢ â¥å−®«®£¨ç¥áª¨å
¤®áâ¨¦¥−¨ïå. �â® ¤�¥â ¢®§¬®¦−®áâì ®âá«¥¦¨¢�âì ¨ ¯à¨¬¥−ïâì −� ¯à�ªâ¨ª¥
¢§�¨¬®á¢ï§ì ¬¥¦¤ã −�ãª®© ¨ â¥å−®«®£¨ï¬¨. Š�ª ¯à�¢¨«®, ¨¬¥−−® ¯�â¥−âë ¢
á¨«ã ®á®¡¥−−®áâ¨ á¢®¥© áä¥àë ¨ ¦¥áâª¨å âà¥¡®¢�−¨© ª�ª ª á�¬¨¬ ¨§®¡à¥â¥−¨ï¬,
â�ª ¨ ª ¨å ®¯¨á�−¨ï¬ ¯à¥¤®áâ�¢«ïîâ ¨áç¥à¯ë¢�îéãî ¨−ä®à¬�æ¨î ®¡ ãà®¢−¥
â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ®â¤¥«ì−ëå áâà�−, ® áâ¥¯¥−¨ �ªâã�«ì−®áâ¨ ¨ −®¢¨§−ë
−¥ª®â®àëå ®¡«�áâ¥© −�ãª¨ ¨ â¥å−¨ª¨, ® ¢ª«�¤¥ áâà�−, ª®««¥ªâ¨¢®¢, ®â¤¥«ì−ëå
ãç¥−ëå ¢ à�§¢¨â¨¥ ®¯à¥¤¥«¥−−ëå ®¡«�áâ¥© ¨ â. ¤.

‚ ¤�−−®© à�¡®â¥ ¯à®¢®¤¨âáï �−�«¨§ ¢§�¨¬®á¢ï§¥© −�ãª¨ ¨ â¥å−®«®£¨© −�
®á−®¢¥ ¤�−−ëå ® §�¯�â¥−â®¢�−−ëå ¨§®¡à¥â¥−¨ïå �¨¤¥à«�−¤®¢, �¥«ì£¨¨, —¨«¨ ¨
¤àã£¨å áâà�−, � â�ª¦¥ ®æ¥−ª� áâ¥¯¥−¨ §−�ç¨¬®áâ¨ ¯à¨¢¥¤¥−−ëå ¢ ¯�â¥−â�å æ¨â¨-
à®¢�−¨© −�ãç−ëå à�¡®â á®®â¢¥âáâ¢ãîé¨å ®¡«�áâ¥©, ¢ â®¬ ç¨á«¥ â¥å−®«®£¨ç¥áª¨å.

Šà®¬¥ â®£®, ¯à®¢¥¤¥−−®¥ ¢ à�¡®â¥ ¨áá«¥¤®¢�−¨¥ ¯®§¢®«¨«® à�áá¬®âà¥âì ªàã£
¢®¯à®á®¢ ¨ ¯à®¡«¥¬, §�âà�£¨¢�îé¨å ¯�â¥−â−ãî ¨ −�ãç−ãî áä¥àë, ¢ ç�áâ−®áâ¨:
¢«¨ï−¨¥ ä�ªâ®à� æ¨â¨àã¥¬®áâ¨ −�ãç−ëå à�¡®â ¢ ¯�â¥−â�å −� ¨å ¬¥¦¤ã−�à®¤−ë©
¨¬¯�ªâ-ä�ªâ®à; á®®â−®è¥−¨¥ æ¨â¨à®¢�−¨© ¢ ®¯¨á�−¨ïå ¨§®¡à¥â¥−¨©, §�¯�â¥−-
â®¢�−−ëå ¢ ¬¥áâ−ëå ¨ §�£à�−¨ç−ëå ¯�â¥−â−ëå ¡îà®; ¤®«ï á�¬®æ¨â¨à®¢�−¨©
�¢â®à®¢-¨§®¡à¥â�â¥«¥© ¢ ¨å ¦¥ ¯�â¥−â�å; ã¢¥«¨ç¥−¨¥ §−�ç¨¬®áâ¨ ®â¤¥«ì−ëå

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, okozhunova@ipiran.ru
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–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

®¡«�áâ¥© −�ãª; ¯®¢ëè¥−¨¥ §−�ç¥−¨ï −�ãç−®£® á®âàã¤−¨ç¥áâ¢� ª�ª −� ãà®¢−¥
¨−áâ¨âãâ®¢ ¨ ª®««¥ªâ¨¢®¢, â�ª ¨ −� ãà®¢−¥ áâà�− ¨ â. ¯.

’�ª¨¬ ®¡à�§®¬, �−�«¨§ ¯�â¥−â−ëå æ¨â¨à®¢�−¨© ¯à¥¤áâ�¢«ï¥â á®¡®© �ªâã�«ì-
−ãî −� á¥£®¤−ïè−¨© ¤¥−ì §�¤�çã ¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�− ª�ª ¯à¨ ¯à®¢¥¤¥−¨¨
¬®−¨â®à¨−£� ¨ ®¯â¨¬¨§�æ¨¨ ®â¤¥«ì−® ¢§ïâëå ®¡«�áâ¥© −�ãª¨, â�ª ¨ ¯à¨ ¢ëï¢«¥-
−¨¨ ä�ªâ®à®¢ −�ãç−®-â¥å−®«®£¨ç¥áª®£® ¢§�¨¬®¤¥©áâ¢¨ï.

2 Взаимодействие науки и технологий

‘¨áâ¥¬ë à¥£¨áâà�æ¨¨ ¨−−®¢�æ¨© ¢ ¯¥à¥¤®¢ëå ¨−¤ãáâà¨�«ì−ëå ®¡é¥áâ¢�å
®ç¥−ì −�¯®¬¨−�îâ á«®¦−ë¥ á¥â¨ ¢§�¨¬®§�¢¨á¨¬®áâ¥© ¬¥¦¤ã −�ãç−®-â¥å−¨ç¥-
áª¨¬¨ ¨áá«¥¤®¢�−¨ï¬¨ ¨ â¥å−®«®£¨ç¥áª¨¬ ¯à®£à¥áá®¬. ‹¥¦�é¨¥ ¢ ¨å ®á−®¢¥
¯à®æ¥ááë ¯®à®¦¤¥−¨ï, à�á¯à®áâà�−¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï §−�−¨© ®¡ëç−® ®¯¨áë-
¢�îâáï ¢ â¥à¬¨−�å á«®¦−ëå ¨ ¨−â¥à�ªâ¨¢−ëå ¬®¤¥«¥© ¨−−®¢�æ¨©. ’¥å−¨ç¥áª¨¥
¨§®¡à¥â¥−¨ï ¯®¤à�§ã¬¥¢�îâ ¯¥à¥¤�çã ¨ ¨á¯®«ì§®¢�−¨¥ ¨¤¥©, ¯à�ªâ¨ç¥áª¨å −�-
¢ëª®¢, úª®¤¨àã¥¬ëåû §−�−¨© ¨ ¯à®ç¨å −¥®¡å®¤¨¬ëå á®áâ�¢«ïîé¨å. ��ãç−ë¥
¨áá«¥¤®¢�−¨ï ï¢«ïîâáï ®¤−®© ¨§ â�ª¨å á®áâ�¢«ïîé¨å, � ¨¬¥−−® ¨áâ®ç−¨ª®¬
¨−ä®à¬�æ¨¨ [1{3].

ˆáá«¥¤®¢�−¨ï â�ª®£® à®¤� ¯à¥¤®áâ�¢«ïîâ −¥ â®«ìª® −¥®¡å®¤¨¬ë¥ §−�−¨ï ¨
¯à®¤ãªâ¨¢−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ à�§«¨ç−ëå ª®««¥ªâ¨¢®¢, −® ¨ ®¡¥á¯¥ç¨¢�îâ ®áãé¥-
áâ¢«¥−¨¥ ¢�¦−ëå â¥å−¨ç¥áª¨å ¤®áâ¨¦¥−¨©. �®íâ®¬ã ®á−®¢−ë¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨
§−�−¨© ¨ −�¢ëª®¢, ¯®«ãç¥−−ëå ¯à¨ ¯à®¢¥¤¥−¨¨ äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨©
¢ ®¡é¥áâ¢¥−−®¬ á¥ªâ®à¥, ï¢«ïîâáï á«¥¤ãîé¨¥: (1) ¯à®á«®©ª� ®¡ãç¥−−ëå −�-
ãç−®¬ã ¬¥â®¤ã ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå ¨áá«¥¤®¢�â¥«¥© ¨ ¨−¦¥−¥à®¢ | ¤«ï
à¥è¥−¨ï â¥å−¨ç¥áª¨å §�¤�ç ¨ (2) ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï ®¯â¨¬�«ì−ëå à¥è¥−¨©
á â®çª¨ §à¥−¨ï ¤®áâ¨¦¥−¨ï æ¥«¨, íª®−®¬¨¨ áà¥¤áâ¢ ¨ à¥áãàá®¢. �â¨ ª®á¢¥−-
−ë¥ ¯à¥¨¬ãé¥áâ¢� −�ãç−®© ¤¥ïâ¥«ì−®áâ¨ ¢® ¬−®£®¬ ï¢«ïîâáï ®¤−®© ¨§ £«�¢−ëå
¤¢¨¦ãé¨å á¨« â¥å−¨ç¥áª®£® ¯à®£à¥áá� [1, 2].

�¤−� ¨§ ®á−®¢−ëå ¯à®¡«¥¬ ¢ ¨áá«¥¤®¢�−¨ïå ¢§�¨¬®¤¥©áâ¢¨ï â¥å−®«®£¨© ¨
−�ãª¨ á®áâ®¨â ¢ â®¬, çâ®¡ë ®æ¥−¨âì à¥§ã«ìâ�âë ¯¥à¥−®á� §−�−¨© ¨§ ®¡«�áâ¨
äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© ¢ áä¥àã â¥å−®«®£¨ç¥áª¨å ¯à®¬ëè«¥−−ëå ¨−-
−®¢�æ¨© [4]. „�¦¥ ¯à¨ â®¬, çâ® ¬ë §−�¥¬ ® §−�ç¨â¥«ì−®© ¤®«¥ ¢ª«�¤� −�ãª¨
¨ â¥å−®«®£¨© ¢ à�§à�¡®âªã â¥å−¨ç¥áª¨å ¨§®¡à¥â¥−¨©, ¨§¬¥à¨âì ¥£® ¬�áèâ�¡ë ¨
å�à�ªâ¥à¨áâ¨ª¨ ¤®áâ�â®ç−® −¥¯à®áâ®. �à¨ç¨−ë íâ®£® §�ª«îç�îâáï ¢ á«¥¤ãîé¥¬:
¯®â®ª¨ ¨¬¯«¨æ¨â−ëå §−�−¨© ¨ ª®¤¨àã¥¬®© ¨−ä®à¬�æ¨¨ â�ª ¬−®£®ç¨á«¥−−ë, çâ®,
ª�ª ¯à�¢¨«®, ¨å âàã¤−® ¨¤¥−â¨ä¨æ¨à®¢�âì ¨ ®¯¨á�âì á −¥®¡å®¤¨¬®© áâ¥¯¥−ìî
¯®¤à®¡−®áâ¨. Šà®¬¥ â®£®, ¯¥à¥−®á −�ãç−®£® ¯à®£à¥áá� −� −®¢ë¥ â¥å−®«®£¨ç¥áª¨¥
¯à¨«®¦¥−¨ï ç�áâ® ¯à®¨áå®¤¨â ç¥à¥§ ®¯à¥¤¥«¥−−ë© ¨−â¥à¢�« ¢à¥¬¥−¨.

Mansfieldth ¯à®¢®¤¨« ¨áá«¥¤®¢�−¨ï ¢ íâ®© ®¡«�áâ¨, ¢ ª�ç¥áâ¢¥ ¨áå®¤−ëå
¤�−−ëå ¢ë¡à�¢ ¤�−−ë¥ ® à�¡®â¥ �¬¥à¨ª�−áª¨å ä¨à¬ [5{7]. …£® à¥§ã«ìâ�âë ®ª�-
§�«¨áì áà¥¤¨ −¥¬−®£¨å à�¡®â, á®¤¥à¦�é¨å ¢á¥áâ®à®−−¨¥ í¬¯¨à¨ç¥áª¨¥ ¤�−−ë¥
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¯® ¢®¯à®áã á®®â−®è¥−¨ï −�ãç−ëå ¨áá«¥¤®¢�−¨© ¨ â¥å−®«®£¨ç¥áª¨å ¨−−®¢�æ¨©.
÷¥§ã«ìâ�âë ¥£® à�¡®âë ãª�§ë¢�îâ −� â®, çâ® −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï ¨¬¥îâ ¤¥©-
áâ¢¨â¥«ì−® ¡®«ìè®¥ §−�ç¥−¨¥ ¤«ï ¨−¤ãáâà¨�«ì−ëå ¨−−®¢�æ¨©: á®£«�á−® Mans-
fieldth, 10% â¥å−®«®£¨ç¥áª¨å −®¢è¥áâ¢ −¥ ¡ë«¨ ¡ë ¨§®¡à¥â¥−ë ¨«¨ ¦¥ ¡ë«¨ ¡ë
¨§®¡à¥â¥−ë á ¡®«ìè®© §�¤¥à¦ª®©, ¥á«¨ ¡ë ¡ë«¨ ¢ë¯®«−¥−ë ¡¥§ ¨á¯®«ì§®¢�−¨ï
á®®â¢¥âáâ¢ãîé¨å −�ãç−ëå ¨áá«¥¤®¢�−¨© [5, 6].

��â¥−âë ¯à¥¤®áâ�¢«ïîâ ¤àã£®© ¡®£�âë© ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨ ® â¥å−®«®£¨-
ç¥áª®© à¥«¥¢�−â−®áâ¨ äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© [2]. •®âï ¯�â¥−â®¢�−¨¥ ¨
á®¯à®¢®¦¤�¥âáï ¬−®£¨¬¨ ¨§¢¥áâ−ë¬¨ −¥¤®áâ�âª�¬¨, á¢ï§�−−ë¬¨ á ¬¥à�¬¨ ¤®¢¥-
à¨ï ª ¯®«ãç¥−−ë¬ ¨−−®¢�æ¨ï¬, ¯�â¥−â−ë¥ ¤�−−ë¥ ã¦¥ ¤�¢−® �áá®æ¨¨àãîâáï á
¨−¤¨ª�â®à�¬¨ ¨−−®¢�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨ ¨ ãà®¢−ï à�§¢¨â¨ï â¥å−®«®£¨© [2, 3].
�¥ª®â®àë¥ ¨áá«¥¤®¢�â¥«¨ ¨á¯®«ì§ãîâ íâ®â ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨ ¤«ï ¢ëï¢«¥−¨ï
¢§�¨¬®á¢ï§¥© ¬¥¦¤ã −�ãª®© ¨ â¥å−®«®£¨ï¬¨ −� ãà®¢−¥ ¨§®¡à¥â�â¥«¥©: ¢ëáâà�¨¢�ï
á®®â¢¥âáâ¢¨ï ¬¥¦¤ã ¯�â¥−â−ë¬¨ ¨§®¡à¥â�â¥«ï¬¨ ¨ �¢â®à�¬¨ −�ãç−®-¨áá«¥¤®¢�-
â¥«ìáª¨å à�¡®â, ®−¨ à�áªàë«¨ −¥áª®«ìª® ¨−â¥à¥á−ëå ®á®¡¥−−®áâ¥© −�ãç−®©
á®áâ�¢«ïîé¥© ¯�â¥−â®¢ ¨ −�ãç−®£® á®âàã¤−¨ç¥áâ¢� ¢ á®®â¢¥âáâ¢ãîé¨å â¥å−®«®-
£¨ç¥áª¨å ®¡«�áâïå ¨áá«¥¤®¢�−¨©. „àã£¨¥ ¨áá«¥¤®¢�â¥«¨ ¯®«−®áâìî á®áà¥¤®â®ç¨-
«¨áì −� á®¤¥à¦�−¨¨ ¯�â¥−â®¢, ®á®¡¥−−® −� æ¨â¨àã¥¬ëå à¥«¥¢�−â−ëå ¤®ªã¬¥−â�å,
¢ ª®â®àëå ¯à¨¢¥¤¥−ë ï¢−ë¥ ááë«ª¨ −� −�ãç−ë¥ ¯ã¡«¨ª�æ¨¨ [2, 4]. �â¨ −¥¯�â¥−â-
−ë¥ æ¨â¨à®¢�−¨ï ¯®§¢®«ïîâ ï¢−ë¬ ®¡à�§®¬ ¢ëï¢¨âì í¬¯¨à¨ç¥áªãî á¢ï§ì ¬¥¦¤ã
¨áá«¥¤®¢�−¨ï¬¨ ¨ â¥å−¨ç¥áª¨¬¨ ¨§®¡à¥â¥−¨ï¬¨ [8]. —�áâ®â−ë¥ å�à�ªâ¥à¨áâ¨ª¨
−¥¯�â¥−â−ëå æ¨â¨à®¢�−¨© ¨ ¯à®¨§¢®¤−ëå ª®«¨ç¥áâ¢¥−−ëå ¨−¤¨ª�â®à®¢ ¬®£ãâ
¨á¯®«ì§®¢�âìáï ¤«ï ¨§¬¥à¥−¨ï ®á®¡¥−−®áâ¥© ®â−®è¥−¨© â¥å−®«®£¨© ¨ −�ãª¨ ¨
¤«ï ®¯¨á�−¨ï á¯¥æ¨ä¨ç¥áª¨å ç¥àâ ®¯ã¡«¨ª®¢�−−ëå ¨áá«¥¤®¢�−¨©, à¥«¥¢�−â−ëå
â¥å−®«®£¨ç¥áª¨¬ à�§à�¡®âª�¬ ¢ ®¯à¥¤¥«¥−−®© −�ãç−®© ®¡«�áâ¨.

3 Что характеризуют непатентные цитирования: голландский опыт

‡� ¯®á«¥¤−¥¥ ¤¥áïâ¨«¥â¨¥ ¡ë«® ¯à®¢¥¤¥−® −¥áª®«ìª® ¨áá«¥¤®¢�−¨© −¥¯�â¥−â-
−ëå æ¨â¨à®¢�−¨©, −� ª®â®àë¥ è¨à®ª® ááë«�«¨áì ¢ á¢ï§¨ á ¨å à¥«¥¢�−â−®áâìî ¤«ï
−�ãç−®-â¥å−¨ç¥áª¨å à�§à�¡®â®ª, ®á®¡¥−−® ¢ ‘˜� [1, 8]. �¤−¨¬ ¨§ ª«îç¥¢ëå
¢®¯à®á®¢ â�ª¨å ¨áá«¥¤®¢�−¨© ï¢«ï¥âáï á«¥¤ãîé¨©: −�áª®«ìª® íâ¨ −¥¯�â¥−â−ë¥
æ¨â¨à®¢�−¨ï ®âà�¦�îâ áâ¥¯¥−ì ú−�ãç−®áâ¨û ¯�â¥−â®¢�−−ëå ¨−−®¢�æ¨©? �® íâ®-
¬ã ¯®¢®¤ã Carpenter ¨ Narin ¡ë«® ¯à®¢¥¤¥−® ªàã¯−®¬�áèâ�¡−®¥ ¨áá«¥¤®¢�−¨¥,
ª®â®à®¥ ¢ëï¢¨«® â¥á−ãî á¢ï§ì ¬¥¦¤ã íªá¯¥àâ−ë¬ à�−¦¨à®¢�−¨¥¬ æ¨â¨à®¢�−¨©
−�ãç−®© «¨â¥à�âãàë ¢ à�áç¥â¥ −� ®¤¨− ¯�â¥−â ¨ á®®â¢¥âáâ¢ãîé¨¬ à�−¦¨à®¢�−¨¥¬
§�¢¨á¨¬®áâ¥© −�ãª¨ ¨ à�áá¬�âà¨¢�¥¬ëå â¥å−®«®£¨© [9].

�à¨ ¯®¯ëâª¥ ¨áá«¥¤®¢�âì ¯à¨à®¤ã −¥¯�â¥−â−®£® æ¨â¨à®¢�−¨ï ¢®§−¨ª�îâ â�ª-
¦¥ ¨ ¤àã£¨¥ ¢®¯à®áë: (1) ¤® ª�ª®© áâ¥¯¥−¨ ¯�â¥−âë, ¨§®¡¨«ãîé¨¥ −¥¯�â¥−â−ë¬¨
ááë«ª�¬¨, á¢ï§�−ë á −�ãª®© ¨ (2) ¤¥©áâ¢¨â¥«ì−® «¨ ¨§®¡à¥â�â¥«¨ ï¢«ïîâáï
®á−®¢−ë¬¨ �¢â®à�¬¨ −¥¯�â¥−â−ëå ¨áâ®ç−¨ª®¢? �ªá¯¥à¨¬¥−â�«ì−ë© ¬�áá¨¢ ¨§
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–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

50 ¯�â¥−â®¢ ¡ë« ¯®«ãç¥− ¨§ ¢ë¡®àª¨ £®««�−¤áª¨å ¯�â¥−â®¢, §�à¥£¨áâà¨à®¢�−−ëå
¢ USPTO (United States Patent and Trademark Office | �îà® ¯® à¥£¨áâà�æ¨¨
¯�â¥−â®¢ ¨ â®à£®¢ëå ¬�à®ª ‘˜�) [1]. ‘à¥¤¨ íâ¨å ¯�â¥−â®¢ ¡ë«¨ ®â®¡à�−ë
¨§¤�−−ë¥ §� ¯¥à¨®¤ á 1993 ¯® 1996 ££. ¨ á®¤¥à¦�é¨¥, ¯® ªà�©−¥© ¬¥à¥, ®¤−ã
−¥¯�â¥−â−ãî ááë«ªã. ÷¥§ã«ìâ�âë íâ®£® ¨áá«¥¤®¢�−¨ï ¯®¤â¢¥à¤¨«¨ ®¡é¥¥ ¯à¥¤-
áâ�¢«¥−¨¥ ® â®¬, çâ® ¯�â¥−âë USPTO á −¥¯�â¥−â−ë¬¨ ááë«ª�¬¨ ®á−®¢�−ë −�
−�ãª®¥¬ª¨å ¨§®¡à¥â¥−¨ïå (94% ¢á¥å ¯�â¥−â®¢). ‚ å®¤¥ íâ®© à�¡®âë â�ª¦¥ ¡ë«
á¤¥«�− ¢ë¢®¤ ® â®¬, çâ® �¢â®àáâ¢® ¡®«ìè¨−áâ¢� −¥¯�â¥−â−ëå æ¨â¨à®¢�−¨© ¢
®â®¡à�−−®¬ ¬�áá¨¢¥ ¯à¨−�¤«¥¦¨â á�¬¨¬ ¨§®¡à¥â�â¥«ï¬. �â® ¥¤¨−áâ¢¥−−ë© ¨á-
â®ç−¨ª ¤�−−ëå, ª®â®àë© ¤�¥â ¡®«¥¥ ¯®¤à®¡−ãî ¨−ä®à¬�æ¨î ® −�ãª®¥¬ª®áâ¨ íâ¨å
¯�â¥−â®¢ ¨ áâ¥¯¥−¨ ¨á¯®«ì§®¢�−¨ï −�ãç−®£® §�¤¥«� ¢ â®© ¨«¨ ¨−®© ®¡«�áâ¨ [1, 9].

„àã£®¥ ¨−â¥à¥á−®¥ ®âªàëâ¨¥, ¯®«ãç¥−−®¥ ¢ å®¤¥ ¢ëè¥®¯¨á�−−®£® ¨áá«¥¤®¢�-
−¨ï, ¨¬¥¥â ®â−®è¥−¨¥ ª áª«®−−®áâ¨ ¨§®¡à¥â�â¥«¥© ª á�¬®æ¨â¨à®¢�−¨î. ‚ ®¡é¥©
á«®¦−®áâ¨ 8% ¢á¥å −¥¯�â¥−â−ëå æ¨â¨à®¢�−¨© ¢ ¯�â¥−â�å £®««�−¤áª¨å ¨§®¡à¥â�-
â¥«¥© á¢ï§�−ë á £®««�−¤áª¨¬¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨¬¨ ¯ã¡«¨ª�æ¨ï¬¨, â. ¥. ¢
á¯¨áª¥ ¨−áâ¨âãæ¨®−�«ì−®© ¯à¨−�¤«¥¦−®áâ¨ ¨å �¢â®à®¢ á®¤¥à¦�«®áì, ¯® ªà�©−¥©
¬¥à¥, ®¤−® £®««�−¤áª®¥ ãçà¥¦¤¥−¨¥ ¨§ �ª�¤¥¬¨¨ −�ãª. ˆ−â¥à¥á−® ¨ â®, çâ®
�¢â®à�¬¨ ¨/¨«¨ á®�¢â®à�¬¨ −¥ ¬¥−¥¥ 81% −¥¯�â¥−â−ëå æ¨â¨à®¢�−¨© ¨§ ®â®¡à�−-
−®£® ¬�áá¨¢� ¯�â¥−â®¢ ï¢«ïîâáï á�¬¨ ¨§®¡à¥â�â¥«¨. �ª�§ë¢�¥âáï, ¬−®£¨¥ ¨§
íâ¨å −¥¯�â¥−â−ëå æ¨â¨à®¢�−¨© ®â−®áïâáï ª −�ãç−ë¬ à�¡®â�¬, −¥¯®áà¥¤áâ¢¥−−®
á¢ï§�−−ë¬ á à�§à�¡®âª®© ¯�â¥−âã¥¬®£® ¨§®¡à¥â¥−¨ï [1].

‚ æ¥«®¬, à¥§ã«ìâ�âë íâ®£® ¨áá«¥¤®¢�−¨ï ¬�áá¨¢� ¯�â¥−â®¢ ¯®¤â¢¥à¦¤�îâ, çâ®
−¥¯�â¥−â−ë¥ æ¨â¨à®¢�−¨ï, à¥«¥¢�−â−ë¥ −�ãç−®© ®¡«�áâ¨ ¨§®¡à¥â¥−¨ï, ®¡à�§ãîâ
ï¢−ë¥ á¢ï§¨ ¬¥¦¤ã −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨¬¨ ¨ â¥å−®«®£¨ç¥áª¨¬¨ ¨−−®¢�æ¨ï-
¬¨. �®íâ®¬ã ®−¨ ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¢ ª�ç¥áâ¢¥ ®á−®¢−®£® ¨áâ®ç−¨ª� ¨−ä®à-
¬�æ¨¨ ¤«ï ®¯¨á�−¨ï ®á®¡¥−−®áâ¥© ¢§�¨¬®á¢ï§¥© −�ãª¨ ¨ â¥å−®«®£¨© [1, 4, 9].

Šà®¬¥ â®£®, £®««�−¤áª¨¥ ãç¥−ë¥ ¯à®¢¥«¨ ¨áá«¥¤®¢�−¨¥ −¥áª®«ìª¨å áãé¥-
áâ¢¥−−ëå å�à�ªâ¥à¨áâ¨ª −¥¯�â¥−â−ëå ¤®ªã¬¥−â®¢. ‚®-¯¥à¢ëå, ¨å §�¨−â¥à¥á®¢�«
¢®¯à®á ª�ç¥áâ¢� æ¨â¨àã¥¬ëå −¥¯�â¥−â−ëå ¤®ªã¬¥−â®¢, â® ¥áâì ï¢«ïîâáï «¨ ®−¨
¢ëá®ª®æ¨â¨àã¥¬ë¬¨ −�ãç−ë¬¨ à�¡®â�¬¨ ¢ëá®ª®£® ãà®¢−ï ¨«¨ ¯à¥¤áâ�¢«ïîâ
á®¡®© ¯ã¡«¨ª�æ¨¨ ¯® ¢®¯à®á�¬ −¥ª®â®àëå ¨−−®¢�æ¨®−−ëå ¯à¨«®¦¥−¨©. ‚®-¢â®-
àëå, ãç¥−ë¥ �−�«¨§¨à®¢�«¨ −¥¯�â¥−â−ë¥ ¤®ªã¬¥−âë á â®çª¨ §à¥−¨ï �¢â®àáâ¢�:
ï¢«ïîâáï «¨ ¯ã¡«¨ª�æ¨¨ à¥§ã«ìâ�â®¬ ª®««¥ªâ¨¢−®£® −�ãç−®£® á®âàã¤−¨ç¥áâ¢�
¨«¨ ã −¨å ¥¤¨−áâ¢¥−−ë© �¢â®à? ‚-âà¥âì¨å, £®««�−¤áª¨¥ á¯¥æ¨�«¨áâë §�¤�«¨áì
¢®¯à®á®¬, áª®«ìª® à�áá¬®âà¥−−ëå ¨¬¨ ¯ã¡«¨ª�æ¨© −�¯¨á�«¨ (¨«¨ ¢ëáâã¯¨«¨ ¢
ª�ç¥áâ¢¥ á®�¢â®à®¢) ¨áá«¥¤®¢�â¥«¨ ¨§ ¯à®¬ëè«¥−−ëå ®¡«�áâ¥© [1]?

‚ â�¡«. 1 ¯à¨¢¥¤¥−ë −¥ª®â®àë¥ ¨§ ¢ëè¥¯¥à¥ç¨á«¥−−ëå ª«îç¥¢ëå å�à�ªâ¥-
à¨áâ¨ª −¥¯�â¥−â−ëå ¤®ªã¬¥−â®¢ (á ¢ëá®ª¨¬ ¨¬¯�ªâ-ä�ªâ®à®¬). ��¨¡®«¥¥ ç�áâ®
æ¨â¨àã¥¬�ï à�¡®â� ¢ ¯à¨¢¥¤¥−−®¬ à�−¦¨à®¢�−¨¨ ¡ë«� ®¯ã¡«¨ª®¢�−� ¤®áâ�â®ç−®
¤�¢−® (1980 £.), −® ¯à¨ íâ®¬ ¡ë«� ¯à®æ¨â¨à®¢�−� 32 à�§� ¢ ¯�â¥−â�å §� ¯¥à¨®¤ á
1993 ¯® 1996 ££., ®â−®áïé¨åáï ª ¯à®¨§¢®¤áâ¢ã ã¤®¡à¥−¨©. �¥áª®«ìª® ¯ã¡«¨ª�æ¨©
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�. ‘. Š®¦ã−®¢�

’�¡«¨æ� 1 ��¨¡®«¥¥ ç�áâ® æ¨â¨àã¥¬ë¥ ¢ ¯�â¥−â�å −�ãç−ë¥ £®««�−¤áª¨¥ ¯ã¡«¨ª�æ¨¨
(äà�£¬¥−â)

��â¥−â−ë¥ æ¨â¨à®¢�−¨ï �à®æ¨â¨à®¢�−−ë¥ −�ãç−ë¥ ¯ã¡«¨ª�æ¨¨

–¨â�âë ¢
1993{1996 ££.

’¥å−®«®£¨-
ç¥áª¨¥
®¡«�áâ¨
æ¨â¨à®¢�−¨ï

ˆáâ®ç−¨ª¨
æ¨â¨à®¢�−¨ï

ƒ®¤
¯ã¡«¨-
ª�æ¨¨

ˆ−áâ¨âãæ¨®−−�ï
¯à¨−�¤«¥¦−®áâì
�¢â®à�
¨§®¡à¥â¥−¨ï
¢ ƒ®««�−¤¨¨

��ãç−®¥
á®âàã¤−¨ç¥áâ¢®

��ãç−ë¥
®¡«�áâ¨

–¨â¨à®¢�−¨ï
1993{1996 ££.

32
�¥ −�ãç−®-
−�¯à�¢«¥−−ë©
á¥ªâ®à

ƒ®««�−¤áª¨¥ ¨
¨−®áâà�−−ë¥ 1980

Foundation Ital.
Revecu BV
Middelburg BV

NL/Publ.-priv.
NL/Intrasec.

‘¥«ìáª®¥
å®§ï©áâ¢®,
à�áâ¥−¨¥-
¢®¤áâ¢®

2

ï¢«ïîâáï à¥§ã«ìâ�â®¬ −�ãç−®£® á®âàã¤−¨ç¥áâ¢� (−� −�æ¨®−�«ì−®¬ ¨«¨ ¬¥¦¤ã−�-
à®¤−®¬ ãà®¢−¥, ¢ ¯à¥¤¥«�å ®¤−®£® ¨−áâ¨âãâ� ¨«¨ ¬¥¦¤ã ¨−áâ¨âãâ�¬¨). �¥ª®â®àë¥
¨§ ®â−®á¨â¥«ì−® −¥¤�¢−¨å à�¡®â ¨¬¥îâ çà¥§¢ëç�©−® ¢ëá®ª¨© ¨−¤¥ªá æ¨â¨à®¢�−¨ï
¢ −�ãç−®© áä¥à¥ (923 æ¨â�âë) ¨ ¯à¨ ¯¥à¢®¬ ¯à¨¡«¨¦¥−¨¨ ®¯¨áë¢�îâ ªàã¯−ë¥
−�ãç−ë¥ ¤®áâ¨¦¥−¨ï, â®£¤� ª�ª ¯ã¡«¨ª�æ¨¨ á ¢ëá®ª¨¬ ¨¬¯�ªâ-ä�ªâ®à®¬ −�áç¨-
âë¢�«¨ â®«ìª® ¤¢� −�ãç−ëå æ¨â¨à®¢�−¨ï §� ¯¥à¨®¤ á 1993 ¯® 1996 ££. ‚á¥ íâ¨
à�§−®à®¤−ë¥ ¯ã¡«¨ª�æ¨¨, à�áá¬®âà¥−−ë¥ £®««�−¤áª¨¬¨ ãç¥−ë¬¨, ¨¬¥îâ «¨èì
®¤−ã ®¡éãî ®á®¡¥−−®áâì: ¢á¥ ¯ã¡«¨ª�æ¨¨ å�à�ªâ¥à¨§ãîâáï ®â−®á¨â¥«ì−ë¬¨
¨−¤¥ªá�¬¨ æ¨â¨à®¢�−¨ï, ª®â®àë¥ ¢ëè¥ áà¥¤−¥£® ã á®®â¢¥âáâ¢ãîé¥£® −�ãç−®£®
¦ãà−�«� (JCS), ª�ª ¨ ¢ áà¥¤−¥¬ ¯® −�ãç−®© ®¡«�áâ¨. ƒ®««�−¤áª¨¥ −�ãç−ë¥
áâ�âì¨, ¯à®æ¨â¨à®¢�−−ë¥ ¢ ¯�â¥−â�å, ï¢«ïîâáï −¥ ¯à®áâ® á«ãç�©−ë¬ −�¡®à®¬
à¥«¥¢�−â−ëå ¯ã¡«¨ª�æ¨©, ®â®¡à�−−ëå ¯�â¥−â−ë¬¨ íªá¯¥àâ�¬¨, ¨áá«¥¤®¢�â¥«ï¬¨
¨ ¨−¦¥−¥à�¬¨, −®, ª�ª ¯à�¢¨«®, ¨¬¥îâ −¥ª®â®àë© ¢¥á −� ¬¥¦¤ã−�à®¤−®¬ ãà®¢−¥.

Šà®¬¥ â®£®, ¨áá«¥¤®¢�â¥«¨ ¨§ ƒ®««�−¤¨¨ ¯®¤−ï«¨ ¨ ¤àã£¨¥ −¥ ¬¥−¥¥ ¨−â¥à¥á-
−ë¥ ¢®¯à®áë. ��¯à¨¬¥à, −�áª®«ìª® ª®«¨ç¥áâ¢® −¥¯�â¥−â−ëå ááë«®ª −� â¥ á�¬ë¥
ç�áâ® æ¨â¨àã¥¬ë¥ £®««�−¤áª¨¥ ¯ã¡«¨ª�æ¨¨ §�¢¨á¨â ®â ®á−®¢−ëå å�à�ªâ¥à¨áâ¨ª
¯�â¥−â®¢ ¨ áâ�â¥©? „«ï ¯à®ïá−¥−¨ï íâ®£® ¢®¯à®á� ®−¨ ¯à®¨§¢¥«¨ à¥£à¥áá¨®−−ë©
�−�«¨§ 280 £®««�−¤áª¨å ¨áá«¥¤®¢�â¥«ìáª¨å áâ�â¥© ¨§ ®â®¡à�−−®£® ¬�áá¨¢� ¯ã¡«¨-
ª�æ¨©, ¨§¤�−−ëå ¬¥¦¤ã 1980{1992 ££., ¯à¨ç¥¬ íâ¨ à�¡®âë ¡ë«¨ ¯à®æ¨â¨à®¢�−ë,
¯® ªà�©−¥© ¬¥à¥, ¢ âà¥å ¯�â¥−â�å ¢ 1993{1996 ££. [1]. ‚ â�¡«. 2 ¯à¨¢¥¤¥−ë
áã¬¬�à−ë¥ áâ�â¨áâ¨ç¥áª¨¥ ¤�−−ë¥ íâ®£® �−�«¨§� ¨ á¯¨á®ª −¥§�¢¨á¨¬ëå (¯à®£−®-
§¨àãîé¨å) ¯¥à¥¬¥−−ëå. ÷¥§ã«ìâ�âë ¯®ª�§ë¢�îâ, çâ® íâ®â −�¡®à ¯¥à¥¬¥−−ëå
−¥ ®ç¥−ì-â® ®¡êïá−ï¥â ¯à¨ç¨−ë, ®¯à¥¤¥«ïîé¨¥ ç¨á«® −¥¯�â¥−â−ëå ááë«®ª ¢
ª�¦¤®¬ ¯�â¥−â¥: ª¢�¤à�â¨ç−�ï ª®àà¥«ïæ¨ï Pearson ãª�§ë¢�¥â, çâ® â®«ìª® 12%
¤¨á¯¥àá¨¨ ¨¬¥îâ á®®â¢¥âáâ¢¨ï. ‹ãçè¨¬¨ ¯à®£−®§¨àãîé¨¬¨ ¯¥à¥¬¥−−ë¬¨ ç¨á«�
−¥¯�â¥−â−ëå ááë«®ª ®ª�§�«¨áì: (1) −�ãç−�ï ®¡«�áâì ¨ (2) ¯à¨−�¤«¥¦−®áâì ¯�-
â¥−â� ª ¯à®¬ëè«¥−−®© áä¥à¥ [1]. „�â� ¨§¤�−¨ï ¯ã¡«¨ª�æ¨© ¨ �¡á®«îâ−®¥ ç¨á«®
æ¨â�â ¢ áâ�âì¥ −� ¤àã£ãî áâ�âìî â�ª¦¥ áãé¥áâ¢¥−−ë ¤«ï ®¡êïá−¥−¨ï à�§«¨ç¨© ¢
ª®«¨ç¥áâ¢¥ −¥¯�â¥−â−ëå ááë«®ª.
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–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

’�¡«¨æ� 2 ÷¥§ã«ìâ�âë à¥£à¥áá¨®−−®£® �−�«¨§� | ®¡®á−®¢�−¨¥ ç¨á«� æ¨â¨à®¢�−¨©
£®««�−¤áª¨å −�ãç−ëå ¯ã¡«¨ª�æ¨© á ¢ëá®ª¨¬ ¨−¤¥ªá®¬ æ¨â¨à®¢�−¨ï ¢ �¬¥à¨ª�−áª¨å
¯�â¥−â�å §� 1993{1996 ££.

�â¡®à æ¨â¨àãîé¨å ¯�â¥−â®¢

�à®£−®§¨àãîé¨¥ ¯¥à¥¬¥−−ë¥ ‚á¥
÷�áâ¥−¨¥¢®¤áâ¢®,

¬¥¤¨æ¨−�
¨ ä�à¬�ª®«®£¨ï

1. �á−®¢−�ï −�ãç−�ï ®¡«�áâì ¯ã¡«¨ª�æ¨¨ 0,20 −0,25
2. „�â� á®§¤�−¨ï ¯ã¡«¨ª�æ¨¨ 0,14 0,17
3. �¡á®«îâ−®¥ ç¨á«® æ¨â¨à®¢�−¨© áâ�âì¨
−� áâ�âìî §� 1993{1996 ££. 0,13 0,09

4. �®à¬�«¨§®¢�−−®¥ ç¨á«® æ¨â¨à®¢�−¨© áâ�âì¨
−� áâ�âìî §� 1993{1996 ££. 0,05 0,10

‘¥ªâ®à� æ¨â¨àãîé¨å ¯�â¥−â®¢
5. ÷�áâ¥−¨¥¢®¤áâ¢® 0,17
6. ”�à¬�ª®«®£¨ï ¨ ¬¥¤¨æ¨−� 0,10
7. •¨¬¨ï ¬�â¥à¨�«®¢ 0,08
8. �«¥ªâà®−¨ª� ¨ í«¥ªâà®¬¥å�−¨ª� −0,07
9. ’¥å−¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ 0,03

10. ’à�−á¯®àâ−ë¥ §�¤�ç¨ −0,03
„¨á¯¥àá¨ï (•2) 0,12 0,08
—¨á«® æ¨â¨àã¥¬ëå ¯ã¡«¨ª�æ¨© 280 193

ƒ®««�−¤áª¨¥ ¨áá«¥¤®¢�â¥«¨ ¯®è«¨ ¤�«ìè¥ ¢ á¢®¥¬ �−�«¨§¥ ¯�â¥−â−®© áä¥àë
¨ ¥¥ ¢§�¨¬®á¢ï§¨ á −�ãç−®© ®¡«�áâìî ¢ −�æ¨®−�«ì−®¬ ¬�áèâ�¡¥ [1]. �−¨ à�áá¬®â-
à¥«¨ £®««�−¤áª¨¥ −�ãç−ë¥ ¯ã¡«¨ª�æ¨¨ ¨ ¨å æ¨â¨àã¥¬®áâì −� ¬¥¦¤ã−�à®¤−®¬
ãà®¢−¥. �ª�§�«®áì, çâ® íâ¨ ¯ã¡«¨ª�æ¨¨ ¡ë«¨ ¯à®æ¨â¨à®¢�−ë ¯à¨¡«¨§¨â¥«ì−® ¢
2 000 ¯�â¥−â®¢ ¨§ USOTO, ¢ë¤�−−ëå ¢ 1995{1996 ££. ’®«ìª® 4% â¥å ¯�â¥−â®¢
¡ë«¨ £®««�−¤áª¨¬¨ (â. ¥. ¨§®¡à¥â�â¥«ì | à¥§¨¤¥−â �¨¤¥à«�−¤®¢). �â® «¨èì
−¥¡®«ìè�ï ç�áâì ¢á¥å ááë«®ª, ®¤−�ª® ®−� §−�ç¨â¥«ì−® ¡®«ìè¥, ç¥¬ ¤®«ï �¨¤¥à-
«�−¤®¢ ¢ áã¬¬�à−®¬ ¢ëå®¤¥ ¢á¥å ¯�â¥−â®¢ ¢ �¬¥à¨ª�−áª®¬ ¡îà® (¯à¨¡«¨§¨â¥«ì−®
1%) ¨«¨ ¤®«ï �¨¤¥à«�−¤®¢ ¢ £«®¡�«ì−®¬ ¨áá«¥¤®¢�â¥«ìáª®¬ ú¢ëå«®¯¥û ¢ ¬¥¦-
¤ã−�à®¤−ëå −�ãç−®-â¥å−¨ç¥áª¨å ¦ãà−�«�å (¯à¨¡«¨§¨â¥«ì−® 2%) [1]. “ç¥−ë¥
¯à¨è«¨ ª ¢ë¢®¤ã, çâ® ¢ ¤�−−®¬ á«ãç�¥ ¡®«ìè®¥ ª®«¨ç¥áâ¢® ááë«®ª £®««�−¤áª¨å
ãç¥−ëå ¢ ¨§®¡à¥â¥−−ëå £®««�−¤æ�¬¨ ¯�â¥−â�å á¢ï§�−® á −�æ¨®−�«ì−®© à¥«¥¢�−â-
−®áâìî ¨áá«¥¤®¢�−¨©. „àã£¨¥ ¨áá«¥¤®¢�−¨ï −¥¯�â¥−â−ëå ááë«®ª ¯®¤â¢¥à¦¤�îâ
íâ® ¯®«®¦¥−¨¥ ¨ ¤«ï ¤àã£¨å ¨−¤ãáâà¨�«ì−® à�§¢¨âëå áâà�−.

‚ â�¡«. 3 ¯à¨¢¥¤¥−� ¨â®£®¢�ï áâ�â¨áâ¨ª� â¥−¤¥−æ¨© ¯�â¥−â®¢�−¨ï £®««�−¤áª¨å
¨§®¡à¥â¥−¨© ¢ USPTO ¨ á®®â¢¥âáâ¢ãîé¨¥ ¤�−−ë¥ ® −¥¯�â¥−â−ëå ááë«ª�å. �®çâ¨
¤¢¥ âà¥â¨ £®««�−¤áª¨å ¯�â¥−â®¢ ®â−®áïâáï ª ¤¢ã¬ ª«îç¥¢ë¬ ¨−¤ãáâà¨�«ì−ë¬
á¥ªâ®à�¬ ¢ �¨¤¥à«�−¤�å: (1) í«¥ªâà®−¨ª� ¨ (2) å¨¬¨ï ¬�â¥à¨�«®¢. ��¨¡®«¥¥
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’�¡«¨æ� 3 ’¥−¤¥−æ¨¨ ¢ à�á¯à¥¤¥«¥−¨¨ �¬¥à¨ª�−áª¨å ¯�â¥−â®¢, ¢ë¤�−−ëå £®««�−¤áª¨¬
¨§®¡à¥â�â¥«ï¬, ¯® â¥å−®«®£¨ç¥áª¨¬ á¥ªâ®à�¬

‘¥ªâ®à

„®«ï ¢ £®««�−¤áª¨å ¯�â¥−â�å
„®«ï £®««�−¤áª¨å ¯�â¥−â®¢,

æ¨â¨àãîé¨å £®««�−¤áª¨¥
−�ãç−ë¥ ¯ã¡«¨ª�æ¨¨

1995/96
ˆ§¬¥−¥−¨ï
§� ¯¥à¨®¤

1987/88{1995/96
1995/96

ˆ§¬¥−¥−¨ï
§� ¯¥à¨®¤

1987/88{1995/96
�«¥ªâà®−¨ª� ¨
í«¥ªâà®¬¥å�−¨ª� 33,5% +1,1 9,8% +0,4

•¨¬¨ï ¬�â¥à¨�«®¢ 29,0% −0,6 3,3% −6,3

’¥å−¨ç¥áª�ï ¯®¤¤¥à¦ª� 15,5% +3,8 2,4% +2,4

’à�−á¯®àâ−ë¥ §�¤�ç¨ 13,1% −6,0 9,8% +2,4

”�à¬�ª®«®£¨ï ¨
¬¥¤¨æ¨−� 5,1% +1,7 2,3% −6,2

−�ãª®¥¬ª¨© á¥ªâ®à | ä�à¬�æ¥¢â¨ª� ¨ ¬¥¤¨æ¨−� (¢ª«îç�ï ¡¨®â¥å−®«®£¨¨) |
á®¤¥à¦¨â â®«ìª® 5% ¢á¥å ¯�â¥−â®¢ USPTO [1].

��¡«î¤¥−¨ï £®««�−¤áª¨å ãç¥−ëå ¯®¤â¢¥à¦¤�îâ ¨å £¨¯®â¥§ã ® á¯¥æ¨ä¨ç-
−®áâ¨ ¢§�¨¬®á¢ï§¥© ¢ë¤�ç¨ ¯�â¥−â®¢ ¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ −¥¯�â¥−â−ëå ááë«®ª
¢ à�ªãàá¥ ®¯à¥¤¥«¥−−ëå á¥ªâ®à®¢ ¤¥ïâ¥«ì−®áâ¨. ‘à�¢−¨â¥«ì−ë© �−�«¨§ ¤®«¨ á¥ª-
â®à®¢, ª ª®â®àë¬ ¯à¨−�¤«¥¦�â ¢ë¤�−−ë¥ £®««�−¤æ�¬ ¯�â¥−âë, á ®¤−®© áâ®à®−ë,
¨ ¨å ¤®«¨ ¢ íâ¨å á¥ªâ®à�å ¯® ¯�â¥−â�¬, æ¨â¨àãîé¨¬ £®««�−¤áª¨¥ −�ãç−®-
¨áá«¥¤®¢�â¥«ìáª¨¥ à�¡®âë, á ¤àã£®© áâ®à®−ë, ¤¥¬®−áâà¨àã¥â ª�ª áå®¤áâ¢®, â�ª
¨ −¥ª®â®àë¥ ®â«¨ç¨â¥«ì−ë¥ ®á®¡¥−−®áâ¨. —â® ª�á�¥âáï áå®¤áâ¢�, £®««�−¤áª¨¥
ãç¥−ë¥ ®¡−�àã¦¨«¨ â¥á−®¥ á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã ®¡¥¨¬¨ ¤®«ï¬¨ ¢ á«ãç�¥ á¥ªâ®à�
í«¥ªâà®−¨ª¨ [1].

÷¥§ã«ìâ�âë £®««�−¤áª®£® ¨áá«¥¤®¢�−¨ï ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 4 ¨ 5, ¢ ª®â®àëå
¯à®¤¥¬®−áâà¨à®¢�−� á«®¦−®áâì ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã ¯ïâìî ®á−®¢−ë¬¨ ¯�â¥−â−ë-
¬¨ á¥ªâ®à�¬¨ ¨ á®®â¢¥âáâ¢ãîé¨¬¨ ®¡«�áâï¬¨ −�ãª¨. —¥âëà¥ ú£«�¢−ëåû −�ãç−ëå
®¡«�áâ¨ ¢−®áïâ á¢®© áãé¥áâ¢¥−−ë© ¢ª«�¤ ¢ −¥áª®«ìª® â¥å−®«®£¨ç¥áª¨å á¥ªâ®à®¢:
¡¨®¬¥¤¨æ¨−áª¨¥ ¨áá«¥¤®¢�−¨ï, ª«¨−¨ç¥áªãî ¬¥¤¨æ¨−ã, ¡¨®å¨¬¨î ¨ ¡¨®«®£¨î
¨ å¨¬¨î. ‚ æ¥«®¬ íâ¨ ¤�−−ë¥ ® ¢§�¨¬®á¢ï§ïå ¨««îáâà¨àãîâ ã¡ë¢�îéãî ¤®-
«î ¥áâ¥áâ¢¥−−ëå −�ãª (ä¨§¨ª�, å¨¬¨ï) ¨ ¯®¢ëè¥−¨¥ à®«¨ −�ãª ® ¦¨§−¨, çâ®
á¢ï§�−® á ¤�−−ë¬¨ −¥¤�¢−¨å ¡¨¡«¨®¬¥âà¨ç¥áª¨å ¨áá«¥¤®¢�−¨© �¬¥à¨ª�−áª¨å ¯�-
â¥−â−ëå æ¨â¨à®¢�−¨© ¨ ¨å ¢§�¨¬®á¢ï§¥©. ˆ−â¥à¥á−®, çâ® ª�¦¤ë© á¥ªâ®à á¢ï§�−
á ®¯à¥¤¥«¥−−®© ®¡«�áâìî −�ãª¨. ’�ª, ¢ á«ãç�¥ á ä�à¬�æ¥¢â¨ª®© ¨ ¬¥¤¨æ¨−®©
¬®¦−® ®¡−�àã¦¨âì áãé¥áâ¢¥−−ë© ¢ª«�¤ ¨§ ®¡«�áâ¨ ¡¨®¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�-
−¨©, ¡¨®å¨¬¨¨ ¨ ¡¨®«®£¨¨. ��¯à®â¨¢, á¥ªâ®à å¨¬¨¨ ¬�â¥à¨�«®¢ ¢ë¤¥«ï¥âáï
áãé¥áâ¢¥−−®© ¤®«¥© æ¨â�â −� ¨áá«¥¤®¢�−¨ï ¨§ ®¡«�áâ¨ å¨¬¨¨ [1].
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–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

’�¡«¨æ� 4 ’¥−¤¥−æ¨¨ ¢ ®¡à�§®¢�−¨¨ −�ãç−ëå á¢ï§¥© ¬¥¦¤ã £®««�−¤áª¨¬¨ ¨ ¨−®áâà�−-
−ë¬¨ ¯�â¥−â�¬¨, æ¨â¨àãîé¨¬¨ £®««�−¤áª¨¥ −�ãç−ë¥ ¯ã¡«¨ª�æ¨¨

‘¥ªâ®à

‘à¥¤−¥¥ ç¨á«®
−¥¯�â¥−â−ëå ááë«®ª

−� £®««�−¤áª¨¥
−�ãç−ë¥ ¯ã¡«¨ª�æ¨¨

¢ ¯�â¥−â�å
1995/96 ££.

ˆ§¬¥−¥−¨ï §� ¯¥à¨®¤ë
c 1987/88 ¨ á 1995/96 ££.

ˆ−®áâà�−−ë¥ ƒ®««�−¤áª¨¥ ˆ−®áâà�−−ë¥ ƒ®««�−¤áª¨¥
”�à¬�ª®«®£¨ï ¨ ¬¥¤¨æ¨−� 2,9 3,8 42% 11%
’¥å−¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ 2,8 3,9 59% |
•¨¬¨ï ¬�â¥à¨�«®¢ 2,2 3,7 8% 43%
’à�−á¯®àâ−ë¥ §�¤�ç¨ 1,9 2,0 10% 100%
�«¥ªâà®−¨ª� ¨ í«¥ªâà®¬¥å�−¨ª� 0,3 2,6 −1% 14%
‘ã¬¬�à−® 2,8 3,3 46% 23%

’�¡«¨æ� 5 –¨â¨à®¢�−¨ï £®««�−¤áª¨å −�ãç−ëå ¯ã¡«¨ª�æ¨© ¯® á¥ªâ®à�¬ ¨ −�ãç−ë¬
®¡«�áâï¬: æ¨â¨à®¢�−¨ï §� 1995/96 ££. ¨ â¥−¤¥−æ¨¨ ¢ ¯¥à¨®¤ë á 1987/88 ¨ á 1995/96 ££.

��ãç−�ï ®¡«�áâì
”�à¬�ª®«®£¨ï

¨ ¬¥¤¨æ¨−�
•¨¬¨ï

¬�â¥à¨�«®¢
’¥å−¨ç¥áª�ï
¯®¤¤¥à¦ª�

�«¥ªâà®−¨ª� ¨
í«¥ªâà®¬¥å�−¨ª�

’à�−á¯®àâ−ë¥
§�¤�ç¨

�¨®å¨¬¨ç¥áª¨¥
¨áá«¥¤®¢�−¨ï 29% (↓) 17% (|) 19% (↓) 7% (|)

Š«¨−¨ç¥áª�ï
¬¥¤¨æ¨−� 19% (|) 17% (↑) 22% (↑↑) 26% (↑↑) 6% (↑)

�¨®¬¥¤¨æ¨−áª¨¥
â¥å−®«®£¨¨ 9% (↑↑) 5% (↓) 6% (↑↑)

�¨®å¨¬¨ï
¨ ¡¨®«®£¨ï 28% (↑) 19% (↑) 20% (↑) 14% (|)

�¨®â¥å−®«®£¨¨ 20% (↑↑)
”�à¬�ª®«®£¨ï 7% (↓) 9% (|)
•¨¬¨ï 4% (↓↓) 17% (↓↓) 5% (↓↓) 23% (↓)
•¨¬¨ç¥áª¨¥
â¥å−®«®£¨¨ 6% (↓↓)

”¨§¨ª� 18% (↓↓) 7% (↑) 9% (↓↓)
Œ�â¥à¨�«®¢¥¤¥−¨¥ 2% (↓↓) 1% (↓↓)
�«¥ªâà®â¥å−¨ª� 24% (↑) 5% (↓)
ˆ−áâàã¬¥−â®«®£¨ï 3% (↓↓)
Œ�â¥¬�â¨ª� ¨
ª®¬¯ìîâ¥à−ë¥ −�ãª¨ 7% (|)

‡�¬¥ç�−¨¥. ˆ§¬¥−¥−¨¥ ¢ ¤®«ïå §� ¯¥à¨®¤ë á 1987/88 ¨ á 1995/96 ££.: (↑↑) | ¯®¢ëè¥−¨¥ ¡®«¥¥ ç¥¬ −�
25%; (↑) | ¯®¢ëè¥−¨¥ −� 10%{25%; (|) | áâ�¡¨«ì−®¥ ¬¥¦¤ã −10% ¨+10%; (↓) | á−¨¦¥−¨¥ −� 10%{25%;
(↓↓) | á−¨¦¥−¨¥ ¡®«¥¥ ç¥¬ −� 25%.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012 113



�. ‘. Š®¦ã−®¢�

4 Анализ взаимосвязей науки и технологий: опыт Бельгии

�®−¨¬�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨ï ¢§�¨¬®¤¥©áâ¢¨ï −�ãª¨ ¨ â¥å−®«®£¨© âà¥¡ã¥â ç¥â-
ª®£® ¯®−¨¬�−¨ï áãâ¨ ¨ −�ãç−®©, ¨ â¥å−®«®£¨ç¥áª®© á¨áâ¥¬ [2]. �¥à¢ë¬ è�£®¬
¢ íâ®¬ −�¯à�¢«¥−¨¨ ï¢«ï¥âáï ¨§¬¥à¥−¨¥. �¤−� ¨§ £«�¢−ëå ¯à®¡«¥¬ ¢ íâ®¬ ®â-
−®è¥−¨¨: ®¯¨á�−¨¥ −�ãç−®- â¥å−®«®£¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ ª�ª ¢ ª�ç¥áâ¢¥−−ëå
¬¥à�å, â�ª ¨ ¢ ª®«¨ç¥áâ¢¥−−ëå, á â¥¬ çâ®¡ë ¨−¤¨ª�â®àë, å�à�ªâ¥à¨§ãîé¨¥ ¨å,
®å¢�âë¢�«¨ ¨ ¨−¤¨¢¨¤ã�«ì−ë¥, ¨ ®¡é¨¥ �á¯¥ªâë [2]. �¡é�ï ¯à®¡«¥¬�, á ª®â®à®©
®¡ëç−® áâ�«ª¨¢�îâáï ¯à¨ ®áãé¥áâ¢«¥−¨¨ â�ª®£® à®¤� ãá¨«¨©, §�ª«îç�¥âáï ¢ â®¬,
çâ® à¥§ã«ìâ�âë −�ãª¨ ¨ â¥å−®«®£¨© ¬®£ãâ ¡ëâì ¨§¬¥à¥−ë «¨èì ª®á¢¥−−®. �à¨
íâ®¬ ¨á¯®«ì§ãîâáï ¨−¤¨ª�â®àë −¥¯®áà¥¤áâ¢¥−−ëå à¥§ã«ìâ�â®¢ (output), æ¥«¥-
¢ëå à¥§ã«ìâ�â®¢ (outcome) ¨ ¨−¤¨ª�â®àë ¢§�¨¬®á¢ï§¥© ¨ ¢«¨ï−¨ï à¥§ã«ìâ�â®¢
(impact) [2, 10]. ��â¥−âë ¨ ¯ã¡«¨ª�æ¨¨, ª�ª à¥§ã«ìâ�âë ¤®áâ¨¦¥−¨© −�ãª¨ ¨
â¥å−®«®£¨©, −�§ë¢�îâ ¬¥à�¬¨ ¤®¢¥à¨ï (proxy measures) [2]. Œ®¦−® «¨ ¡�§¨à®¢�âì
�−�«¨§ −�ãç−®-â¥å−®«®£¨ç¥áª®£® ¢§�¨¬®¤¥©áâ¢¨ï −� â�ª¨å ¬¥à�å? ‚ −�áâ®ïé¥¥
¢à¥¬ï â�ª¨¥ ¬¥àë ¯à¥¤áâ�¢«ïîâáï −�¨«ãçè¨¬¨ ¤®áâã¯−ë¬¨ ¨−¤¨ª�â®à�¬¨, ¯®-
áª®«ìªã ®−¨ ¤�îâ ¤®áâ�â®ç−® è¨à®ª¨© á¯¥ªâà �−�«¨â¨ç¥áª¨å ¢®§¬®¦−®áâ¥© [11].

��â¥−âë ª�ª ¤¥â�«ì−ë© ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨ ®¡ ¨§®¡à¥â�â¥«ìáª®© ¤¥ïâ¥«ì-
−®áâ¨ ¯à¥¤«�£�îâ ¨−â¥à¥á−ë© ¨−áâàã¬¥−â ¬®−¨â®à¨−£� ¤«ï ¢ëï¢«¥−¨ï £«�¢−ëå
â¥−¤¥−æ¨© ¢ à�§¢¨â¨¨ â¥å−®«®£¨©, � ¯à¨ á®¡«î¤¥−¨¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨© | ¨
¢®§¬®¦−®áâì ¡®«¥¥ ¤¥â�«ì−®£® �−�«¨§� á¯¥æ¨ä¨ç¥áª¨å −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å
¯à®æ¥áá®¢. Šà®¬¥ â®£®, ¯�â¥−âë å�à�ªâ¥à¨§ãîâ −¥ª®â®àë© ¬¨−¨¬�«ì−ë© ãà®¢¥−ì
âà¥¡®¢�−¨© ª ¨§®¡à¥â¥−¨ï¬, ª®â®àë¥ ¯à®å®¤ïâ ¯®«−ãî íªá¯¥àâ¨§ã ¨ ®â¡®à ¯�â¥−â-
−ë¬¨ ¡îà® ¯® ¯à¨−æ¨¯ã ¨å −®¢¨§−ë ¨ ¯®â¥−æ¨�«ì−®© ¯à¨¬¥−¨¬®áâ¨ [11]. ��â¥−â
®¡ëç−® ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ãá¯¥è−®© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© ¤¥ïâ¥«ì−®áâ¨,
â�ª¨¬ ®¡à�§®¬ ¤¥â�«ì−® å�à�ªâ¥à¨§ãï á�¬ã ¤¥ïâ¥«ì−®áâì.

—â® ª�á�¥âáï −�ãç−ëå ¯ã¡«¨ª�æ¨©, ®−¨ ¯à¥¤áâ�¢«ïîâ á®¡®© ¨−¤¨ª�â®à −¥-
¯®áà¥¤áâ¢¥−−ëå à¥§ã«ìâ�â®¢ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© ¤¥ïâ¥«ì−®áâ¨ [2]. �¤−�
¨§ æ¥«¥© −�ãç−®© ¯ã¡«¨ª�æ¨¨ á®áâ®¨â ¢ à�á¯à®áâà�−¥−¨¨ −�ãç−ëå à¥§ã«ìâ�â®¢
¢ ¯à¥¤¥«�å ¨ ¢−¥ −�ãç−®£® á®®¡é¥áâ¢�. ‘«¥¤®¢�â¥«ì−®, ¯ã¡«¨ª�æ¨ï ¢ −�ãç−ëå
¦ãà−�«�å á¥à¨©−ëå ¨§¤�−¨© ¨£à�¥â ¢¥¤ãéãî à®«ì ¢ à�á¯à®áâà�−¥−¨¨ −�ãç−ëå
à¥§ã«ìâ�â®¢. ��â¥−âë, ª�ª ¨ −�ãç−ë¥ ¯ã¡«¨ª�æ¨¨, ¯®§¢®«ïîâ ¯à®¢®¤¨âì ¯®-
¤à®¡−ë© �−�«¨§ á®®â¢¥âáâ¢ãîé¨å áâàãªâãà ¢ áä¥à�å â¥å−®«®£¨ç¥áª®© ¨ −�ãç−®©
¤¥ïâ¥«ì−®áâ¨. �� ®á−®¢¥ ¤®áâã¯−®© ¨−ä®à¬�æ¨¨ ® (á®)�¢â®à�å, (c®)¨§®¡à¥â�â¥«ïå
¨ (c®)¯�â¥−â®¢«�¤¥«ìæ�å, ¨å ¨−áâ¨âãæ¨®−�«ì−®© ¯à¨−�¤«¥¦−®áâ¨, ¨å �¤à¥á�å,
ááë«ª�å ¨ æ¨â�â�å −� ¯à¥¤è¥áâ¢ãîé¨¥ −�ãç−ë¥ ¨ â¥å−®«®£¨ç¥áª¨¥ à�§à�¡®â-
ª¨ ¨ â. ¤. ¬®¦−® ®¡−�àã¦¨âì ¨ ¯à®�−�«¨§¨à®¢�âì á®æ¨�«ì−ë¥ ¨ ª®£−¨â¨¢−ë¥
á¥â¨ [2, 11].

�¤−¨¬¨ ¨§ ¢¥¤ãé¨å á¯¥æ¨�«¨áâ®¢, ®¯à¥¤¥«¨¢è¨å ¯®−ïâ¨¥ ª�ç¥áâ¢¥−−®£®
�−�«¨§� −�ãç−®-â¥å−®«®£¨ç¥áª®£® ¢§�¨¬®¤¥©áâ¢¨ï, ï¢«ïîâáï de Solla Price [12]
¨ Rosenberg ¨ Birdzell, Jr. [13]. „® −�ç�«� 1990-å ££. ¨áá«¥¤®¢�−¨ï â�ª®£® ¢§�-
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–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

¨¬®¤¥©áâ¢¨ï ¢á¥ ¦¥ ¡ë«¨ ®à¨¥−â¨à®¢�−ë ¢ ¡®«ìè¥© áâ¥¯¥−¨ −� ª®«¨ç¥áâ¢¥−−ë¥
¯®ª�§�â¥«¨. �¤−�ª® ¤�«¥¥ ¢ æ¥−âà¥ ¢−¨¬�−¨ï ¨áá«¥¤®¢�â¥«¥© ®ª�§�«¨áì ¨¬¥−−®
ª�ç¥áâ¢¥−−ë¥ ¨−¤¨ª�â®àë (á¬., −�¯à¨¬¥à, [14]).

‘¥£®¤−ï à�§«¨ç�îâ ¤¢� ¯®¤å®¤� ª ¨§ãç¥−¨î ®â−®è¥−¨© ¬¥¦¤ã −�ãª®© ¨
â¥å−®«®£¨ï¬¨: ¯®¤å®¤ úª®á¢¥−−ë¥ ¢§�¨¬®á¢ï§¨û ¨ ¯®¤å®¤ ú−¥¯®áà¥¤áâ¢¥−−ë¥
¢§�¨¬®á¢ï§¨û [2]. �®¤å®¤ úª®á¢¥−−ë¥ ¢§�¨¬®á¢ï§¨û −�¯à�¢«¥− −� ¨§ãç¥−¨¥
¢§�¨¬®á¢ï§¥© −�ãª¨ ¨ â¥å−®«®£¨© −� ®á−®¢¥ ¤�−−ëå ® ¬®¡¨«ì−®áâ¨ ãç¥−ëå ¨
¨−¦¥−¥à®¢, ®¡à�§®¢�â¥«ì−ëå ¯à®æ¥áá®¢ ¨ â. ¤. �®¤å®¤ ú−¥¯®áà¥¤áâ¢¥−−ë¥ ¢§�¨-
¬®á¢ï§¨û ®¡à�é¥− ª ¢®§¬®¦−®áâ¨ ¨§ãç¥−¨ï ¢§�¨¬®¤¥©áâ¢¨© −�ãª¨ ¨ â¥å−®«®£¨©
ç¥à¥§ ¡¨¡«¨®£à�ä¨ç¥áª¨¥ ááë«ª¨, ¯à¥¤áâ�¢«¥−−ë¥ ¢ ¯�â¥−â−ëå ¤®ªã¬¥−â�å.
‚ à�¬ª�å ¤�−−®£® ¯®¤å®¤� ¨−â¥à¥á−ë ¢ ®á−®¢−®¬ −¥¯�â¥−â−ë¥ ááë«ª¨, ¯®áª®«ìªã
®−¨ ¤¥¬®−áâà¨àãîâ −¥¯®áà¥¤áâ¢¥−−ë¥ á¢ï§¨ ¬¥¦¤ã −�ãª®© ¨ â¥å−®«®£¨ï¬¨ [2].

‚ à�¡®â¥ ¡¥«ì£¨©áª¨å ãç¥−ëå Verbeek ¨ ¤à. ®â¤�¥âáï ¯à¥¤¯®çâ¥−¨¥ ¢â®à®¬ã
¯®¤å®¤ã. �� ¥£® ®á−®¢¥ à�§à�¡®â�−� ¬¥â®¤®«®£¨ï, ®¯¨á�−−�ï ¢ [2].

Œ¥â®¤®«®£¨ï ¨áá«¥¤®¢�−¨ï ¢§�¨¬®á¢ï§¥© −�ãª¨ ¨ â¥å−®«®£¨©, ®¯¨á�−−�ï ¢
¨å à�¡®â¥, ¢ ª�ç¥áâ¢¥ ¥¤¨−¨æ �−�«¨§� ¨á¯®«ì§ã¥â −¥¯�â¥−â−ë¥ ááë«ª¨, � ¨¬¥−−®
æ¨â¨à®¢�−¨ï ¯ã¡«¨ª�æ¨© ¨§ −�ãç−ëå ¦ãà−�«®¢ [2]. ‚ëï¢«¥−¨¥ −¥¯�â¥−â−ëå
ááë«®ª ¨ ¯®á«¥¤ãîé�ï ¨¤¥−â¨ä¨ª�æ¨ï ú¨áå®¤−®©û ¯ã¡«¨ª�æ¨¨ ¢ ��ãç−®¬ ¨−-
¤¥ªá¥ æ¨â¨à®¢�−¨ï (SCI) ¯®§¢®«ï¥â ¡®«¥¥ è¨à®ª® ®å�à�ªâ¥à¨§®¢�âì ¢§�¨¬®á¢ï§ì
®¡«�áâ¥© −�ãª¨ ¨ â¥å−®«®£¨©, � â�ª¦¥ ¯®áà¥¤áâ¢®¬ ¬¥¦¤ã−�à®¤−®© ª«�áá¨ä¨ª�-
æ¨¨ ¯�â¥−â®¢ ¨ ª«�áá¨ä¨ª�æ¨®−−®© á¨áâ¥¬ë ¦ãà−�«� SCI-ISI (ISI | ˆ−áâ¨âãâ
−�ãç−®© ¨−ä®à¬�æ¨¨). ‚ ¨áá«¥¤®¢�−¨¨ â�ª¦¥ ¡ë«¨ ¨á¯®«ì§®¢�−ë ¯�â¥−â−ë¥
¤�−−ë¥ �îà® ¯�â¥−â®¢ ¨ à¥£¨áâà�æ¨¨ â®¢�à−ëå §−�ª®¢ ‘®¥¤¨−¥−−ëå ˜â�â®¢ ¨
¤�−−ë¥ …¢à®¯¥©áª®£® ¯�â¥−â−®£® ¡îà® [2].

‚ ¯à¥¤«®¦¥−−®© ¬¥â®¤®«®£¨¨ ¨áá«¥¤®¢�â¥«¨ à�§«¨ç�îâ ¤¢¥ ®á−®¢−ëå áâ�-
¤¨¨. �� ¯¥à¢®© áâ�¤¨¨ ¡ë«� à�§à�¡®â�−� ¬®¤¥«ì −�ãª¨ ¨ â¥å−®«®£¨© (à¨á. 1).
�à¥¤«®¦¥−−�ï ¬¥â®¤®«®£¨ï ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−� −¥®¤−®ªà�â−® ¤«ï ®¡−®¢«¥−¨ï
áå¥¬ë ¢§�¨¬®¤¥©áâ¢¨ï −�ãª¨ ¨ â¥å−®«®£¨©. ‚â®à�ï áâ�¤¨ï ¢ª«îç�¥â ¬−®£® è�£®¢,
−� ª®â®àëå à¥§ã«ìâ�âë ¯¥à¢®© áâ�¤¨¨ ¯¥à¥−®áïâáï −� ¡®«¥¥ ã§ª®−�¯à�¢«¥−−ãî
§�¤�çã. �� ¤�−−®¬ íâ�¯¥ ¯à¨¬¥−ï¥âáï, £«�¢−ë¬ ®¡à�§®¬, ª®«¨ç¥áâ¢¥−−ë© ¯®¤-
å®¤ á àï¤®¬ ª�ç¥áâ¢¥−−ëå �á¯¥ªâ®¢ (¢ ®á−®¢−®¬ ¯ãâ¥¬ ¯à¨¢«¥ç¥−¨ï íªá¯¥àâ−®©
¤¥ïâ¥«ì−®áâ¨) [2].

�� ¯¥à¢®¬ è�£¥ à�§à�¡®â�−−®© ¬¥â®¤®«®£¨¨ ¯à®¨áå®¤¨â ®¯à¥¤¥«¥−¨¥ ¯à¥¤-
¬¥â� ¤�«ì−¥©è¥£® �−�«¨§�. ‚ à�¡®â¥ ¡¥«ì£¨©áª¨å ãç¥−ëå ¡ë« ¢ë¡à�− ¢à¥¬¥−−®©
¯¥à¨®¤ ¢ 17 «¥â (1980{1996 ££.), à�§¤¥«¥−−ë© −� 3 �−�«¨â¨ç¥áª¨å ¯®ª�§�â¥«ì−ëå
¯¥à¨®¤� (1984{1986, 1987{1991 ¨ 1992{1996 ££.) [2].

�à¨ ®¯à¥¤¥«¥−¨¨ íää¥ªâ¨¢−®áâ¨ ¢§�¨¬®¤¥©áâ¢¨ï −�ãª¨ ¨ â¥å−®«®£¨© ¢® ¢à¥-
¬¥−¨ ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì �−�«¨§� c®í¢®«îæ¨¨ ¨å ¢§�¨¬®¤¥©áâ¢¨ï. ‚ à�¡®â¥
¡¥«ì£¨©æ¥¢ ®á−®¢−ë¬ ¯¥à¨®¤®¬ ®¡áã¦¤¥−¨ï ï¢«ï¥âáï ¯¥à¨®¤ 1992{1996 ££., −�-
§¢�−−ë© ¨¬¨ úá¯à�¢®ç−ë¬û [2]. ‚ à¥§ã«ìâ�â¥ ¬®¤¥«¨à®¢�−¨ï ¢§�¨¬®¤¥©áâ¢¨ï
−�ãª¨ ¨ â¥å−®«®£¨© (S&T) §� ãª�§�−−ë© ¢à¥¬¥−−®© ¯¥à¨®¤ ãç¥−ë¥ ¨§ �¥«ì£¨¨ ¯®-
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�. ‘. Š®¦ã−®¢�

÷¨á. 1 ‘âàãªâãà� ¬¥â®¤®«®£¨¨ (I | á®§¤�−¨¥ áå¥¬ −�ãç−®-â¥å−®«®£¨ç¥áª®£® ¢§�¨¬®-
¤¥©áâ¢¨ï, II | ¢¢¥¤¥−¨¥ ¢ íªá¯«ã�â�æ¨î)

«ãç¨«¨ úä�ªâ¨ç¥áªãîû áå¥¬ã ¢§�¨¬®á¢ï§¥© S&T, ª®â®à�ï ¬®¦¥â ¨á¯®«ì§®¢�âìáï
¢ ª�ç¥áâ¢¥ ¨áå®¤−ëå ¤�−−ëå ¤«ï ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©. Šà®¬¥ â®£®, ¢ë¡à�−-
−ë© ¢à¥¬¥−−®© ¯¥à¨®¤ å�à�ªâ¥à¨§ã¥âáï ¤®áâ�â®ç−® ¡®«ìè¨¬ ç¨á«®¬ −¥¯�â¥−â−ëå
æ¨â¨à®¢�−¨© (68% ¢á¥å −¥¯�â¥−â−ëå ááë«®ª §� ¯¥à¨®¤ 1980{1996 ££.) [2].

�� ¢â®à®¬ è�£¥ ®¯¨áë¢�¥¬®© ¬¥â®¤®«®£¨¨ ¯à®¨áå®¤¨« ®â¡®à ¨ ¢ë¡®àª� ¯�-
â¥−â®¢ ¨ á®®â¢¥âáâ¢ãîé¨å −¥¯�â¥−â−ëå ááë«®ª. �à¨ç¥¬ ªà¨â¥à¨¥¬ ®â¡®à� ª�ª
á�¬¨å ¯�â¥−â®¢, â�ª ¨ ááë«®ª ¢−ãâà¨ −¨å ¡ë«® á®®â¢¥âáâ¢¨¥ −�¡®àã ªà¨â¥à¨¥¢,
®¯à¥¤¥«¥−−ëå −� ¯¥à¢®¬ è�£¥. ‚ á¢®¥© à�¡®â¥ ¡¥«ì£¨©áª¨¥ ãç¥−ë¥ á®®¡é�îâ ®¡
®â¡®à¥ 656 695 ¯�â¥−â®¢ ¨§ USPTO. ˆ§ −¨å ¤«ï ¤�«ì−¥©è¥© ®¡à�¡®âª¨ ¡ë«¨
®â®¡à�−ë 1 147 160 −¥¯�â¥−â−ëå ááë«®ª. ‚ å®¤¥ ¯®¤£®â®¢ª¨ ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ¨§ íâ®£® ¤¨�¯�§®−� ¡ë«¨ ®â®¡à�−ë æ¨â¨à®¢�−¨ï ¨§ ¦ãà−�«®¢. �ã¡-
«¨ª�æ¨¨ ¢ −�ãç−ëå ¦ãà−�«�å ï¢«ïîâáï ®á−®¢−®© ª®¬¬ã−¨ª�æ¨®−−®© áà¥¤®© ¢
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–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

¯à¥¤¥«�å −�ãç−®£® á®®¡é¥áâ¢�, ¨ ¢ ª�ç¥áâ¢¥ â�ª®¢®© ¨å ¬®¦−® áç¨â�âì ¬¥à®© ¤®-
¢¥à¨ï ª −�ãç−®© ¤¥ïâ¥«ì−®áâ¨. ‡�ª«îç¨â¥«ì−�ï æ¥«ì ¢â®à®£® è�£� á®áâ®ï«� ¢ â®¬,
çâ®¡ë ¨¤¥−â¨ä¨æ¨à®¢�âì ú¨áå®¤−ë¥û ¯ã¡«¨ª�æ¨¨ ¨§ ¤�−−ëå, ¯à¥¤®áâ�¢«ï¥¬ëå
SCI ¯®áà¥¤áâ¢®¬ ¯à¨¬¥−¥−¨ï ¡�§®¢®£® ¯®¤å®¤� ¬¥â®¤®«®£¨¨ [2].

�� âà¥âì¥¬ è�£¥ ¯à¥¤«®¦¥−−®© ¬¥â®¤®«®£¨¨ ¡ë«� à¥�«¨§®¢�−� áâ�−¤�àâ¨§�-
æ¨ï ¨ ã−¨ä¨ª�æ¨ï ¦ãà−�«ì−ëå ááë«®ª. „«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¨ à�§¡®à� ááë«®ª
−�ãç−ëå ¦ãà−�«®¢ −� −¥áª®«ìª® ¯®«¥©, â�ª¨å ª�ª {¨¬ï �¢â®à�} ¨ {£®¤ ¯ã¡«¨-
ª�æ¨¨}, ¡ë« à�§à�¡®â�− á«®¦−ë© �«£®à¨â¬ ¯�àá¨−£�, ®á−®¢�−−ë© −� ¯®¤å®¤¥
ª �−�«¨§ã â¥ªáâ�. ƒà�¬¬�â¨ç¥áª¨¥ ®âª«®−¥−¨ï â¨¯� −¥¯à�¢¨«ì−®£® −�¯¨á�−¨ï,
−¥ã¬¥áâ−®© ¯ã−ªâã�æ¨¨, §�£«�¢−ëå ¨«¨ áâà®ç−ëå ¡ãª¢ ¤¥«�îâ íâã ®¯¥à�æ¨î
á«®¦−®© ¨ âàã¤®¥¬ª®©. ˆ§ ª�¦¤®© ¦ãà−�«ì−®© ááë«ª¨ ¡¥«ì£¨©áª¨¥ à�§à�¡®âç¨-
ª¨ ¨§¢«¥ª«¨ á«¥¤ãîé¨¥ ¯®«ï: {¨¬ï �¢â®à�}, {−�§¢�−¨¥ ¯ã¡«¨ª�æ¨¨}, {−�§¢�−¨¥
¦ãà−�«�}, {â®¬}, {−®¬¥à ¨§¤�−¨ï}, {£®¤ ¯ã¡«¨ª�æ¨¨}, ¨ {¯¥à¢�ï áâà�−¨æ�}.
Š�¦¤ë© â¥ªáâ®¢ë© äà�£¬¥−â ¡ë« ¯à¨¯¨á�− ®¤−®¬ã ¨§ íâ¨å â¨¯®¢ ¤�−−ëå. ��-
¯à¨¬¥à, â¥ªáâ®¢ë© äà�£¬¥−â úâ®¬ 55û ¤®«¦¥− ¡ëâì ¯à¥®¡à�§®¢�− ¢ ú55û, � §�¯¨áì
ú12-05-1986û ¤®«¦−� ¡ëâì §�¬¥−¥−� −� ú1986û. �® ¨â®£�¬ è�£� 3 −� ¯¥à¨®¤
1992{1996 ££. ¡ë«® ¨¤¥−â¨ä¨æ¨à®¢�−®, à�§®¡à�−® ¨ ãá¯¥è−® áâ�−¤�àâ¨§¨à®¢�−®
296 679 ááë«®ª −�ãç−ëå ¦ãà−�«®¢ (26% ¢á¥å −¥¯�â¥−â−ëå ááë«®ª) [2].

�� ç¥â¢¥àâ®¬ è�£¥ ¡ë«® ¢ëáâà®¥−® á®®â¢¥âáâ¢¨¥ æ¨â¨à®¢�−¨© ¯ã¡«¨ª�æ¨ï¬,
¢ª«îç¥−−ë¬ ¢ SCI. �®¤å®¤, à�§à�¡®â�−−ë© ¤«ï ®âá«¥¦¨¢�−¨ï ú¨áå®¤−®©û ¯ã¡-
«¨ª�æ¨¨, ¢ª«îç¥−−®© ¢ SCI, ®á−®¢�− −� ª«îç¥¢ëå á®®â¢¥âáâ¢¨ïå [15]. Š«îç¥¢®¥
á®®â¢¥âáâ¢¨¥ á®áâ�¢«ï¥âáï ¨§ ª®¬¡¨−�æ¨¨ á«¥¤ãîé¨å ¯®«¥©: {¨¬ï �¢â®à�}, {£®¤
¯ã¡«¨ª�æ¨¨}, {â®¬} ¨ {¯¥à¢�ï áâà�−¨æ�} (à¨á. 2). ’�ª¨¬ ®¡à�§®¬ ã¤�«®áì ¨§-
¡¥¦�âì ¨á¯®«ì§®¢�−¨ï −�§¢�−¨ï ¦ãà−�«� ¤«ï ¢ëáâà�¨¢�−¨ï íâ¨å á®®â¢¥âáâ¢¨©,
¯®áª®«ìªã ¢ −¥¬ ¬®£ãâ ¡ëâì ®àä®£à�ä¨ç¥áª¨¥ ®è¨¡ª¨, á¨−®−¨¬ë ¨ ¤�¦¥ �ªà®-
−¨¬ë. Š�ª â®«ìª® ú¨áå®¤−�ïû ¯ã¡«¨ª�æ¨ï ¡ë«� ¨¤¥−â¨ä¨æ¨à®¢�−� ¢ SCI, ¡ë«�
®¡−�àã¦¥−� ¨ á®®â¢¥âáâ¢ãîé�ï ®¡«�áâì −�ãª¨ ¯® ¥¥ á¢ï§¨ á ª«�áá¨ä¨ª�æ¨¥©
¦ãà−�«®¢ SCI. �à®æ¥áá á®®â¢¥âáâ¢¨ï ¯à®¢®¤¨«áï ¢ −¥áª®«ìª® ¨â¥à�æ¨©. �¥à¢®-
−�ç�«ì−® ¤«ï á®áâ�¢«¥−¨ï ª«îç¥¢®£® á®®â¢¥âáâ¢¨ï ¡ë«¨ ¨á¯®«ì§®¢�−ë ¢á¥ ç¥âëà¥
¯®«ï. ‚ ¯®á«¥¤ãîé¨å ¨â¥à�æ¨ïå ¡ë«® ¯®¯¥à¥¬¥−−® ¨á¯®«ì§®¢�−® ®¤−® ú¨§¬¥−ï-
¥¬®¥û ¯®«¥, §� ¨áª«îç¥−¨¥¬ ¯®«ï {¨¬ï �¢â®à�}, ª®â®à®¥ ¯à¨áãâáâ¢®¢�«® −� ¢á¥å
íâ�¯�å. ˆ¬ï �¢â®à� ¡ë«® á®ªà�é¥−® ¤® ¯¥à¢ëå è¥áâ¨ ¡ãª¢ á â¥¬, çâ®¡ë ¯à¥¤-
®â¢à�â¨âì −¥á®®â¢¥âáâ¢¨ï ¬¥¦¤ã æ¨â¨à®¢�−¨¥¬ ¨ ú¨áå®¤−®©û ¯ã¡«¨ª�æ¨¥© [15].
Š®£¤� ¢á¥ ¯®«ï ª«îç¥¢ëå á®®â¢¥âáâ¢¨© á®¢¯�¤�«¨ á á®®â¢¥âáâ¢ãîé¨¬¨ ®¡«�áâï-
¬¨ ¢ SCI, ¯à¥¤¯®«�£�«®áì, çâ® ¦ãà−�«ì−�ï æ¨â�â� ¡ë«� ã−¨ª�«ì−ë¬ ®¡à�§®¬
á¢ï§�−� á ¯ã¡«¨ª�æ¨¥© ¨§ á¯¨áª� SCI (íâ® ¨¬¥«® ¬¥áâ® ¢ 106 636 ¦ãà−�«ì−ëå
æ¨â�â�å) [2].

�� ¯ïâ®¬, §�ª«îç¨â¥«ì−®¬ è�£¥ ¯¥à¢®© áâ�¤¨¨ ¡¥«ì£¨©áª®© ¬¥â®¤®«®£¨¨ ¡ë-
«¨ á®§¤�−ë ¨ ¯à®�−�«¨§¨à®¢�−ë áå¥¬ë ¢§�¨¬®á¢ï§¥©/¢§�¨¬®¤¥©áâ¢¨ï −�ãª¨ ¨
â¥å−®«®£¨© [2]. ��§¢�−¨ï â¥å−®«®£¨© ¨ −�ãç−ëå ®¡«�áâ¥© ¡ë«¨ ¨¤¥−â¨ä¨æ¨à®¢�-
−ë ¨ ®¡à�¡®â�−ë ¢ ¯à¥¤¥«�å ª«�áá®¢ Œ¥¦¤ã−�à®¤−®© ¯�â¥−â−®© ª«�áá¨ä¨ª�æ¨¨
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÷¨á. 2 �à®æ¥¤ãà� á®¯®áâ�¢«¥−¨ï ¨ ¯®áâà®¥−¨ï −�ãç−®-â¥å−®«®£¨ç¥áª¨å ¢§�¨¬®á¢ï§¥©

(¯¥à¢ë¥ ç¥âëà¥ æ¨äàë) ¨ à�á¯à¥¤¥«¥−ë ¢ á®®â¢¥âáâ¢¨¨ á ª«�áá¨ä¨ª�æ¨¥© ¦ãà-
−�«®¢ ˆ−áâ¨âãâ� −�ãç−®© ¨−ä®à¬�æ¨¨ (SCI-ISI) (à¨á. 2).

ˆáå®¤ï ¨§ á®®â¢¥âáâ¢¨ï ¬¥¦¤ã ®â¤¥«ì−® ¢§ïâ®© ¦ãà−�«ì−®© ááë«ª®©, §�-
¤�−−®© ¢ ¯�â¥−â¥, ¨ ú¨áå®¤−®©û ¯ã¡«¨ª�æ¨¥©, ¢−¥á¥−−®© ¢ ¯¥à¥ç¥−ì SCI,
¡¥«ì£¨©áª¨¥ ãç¥−ë¥ §�â¥¬ ¯à®á«¥¤¨«¨ ª«�áá Œ¥¦¤ã−�à®¤−®© ¯�â¥−â−®© ª«�á-
á¨ä¨ª�æ¨¨ à�áá¬�âà¨¢�¥¬®£® ¯�â¥−â� ¨ ª«�áá¨ä¨ª�æ¨î ¦ãà−�«�, ¢ ª®â®à®¬
¯®ï¢¨«�áì ú¨áå®¤−�ïû ¯ã¡«¨ª�æ¨ï. ÷¥§ã«ìâ�âë ¯®«ãç¥−−ëå ¢§�¨¬®á¢ï§¥© ¡ë«¨
á¯à®¥æ¨à®¢�−ë ¢ ¬�âà¨æã, á®¤¥à¦�éãî ª«�ááë â¥å−®«®£¨©, −�ãç−ë¥ ®¡«�áâ¨ ¨
ç�áâ®âã ªà®áá-æ¨â¨à®¢�−¨ï ¬¥¦¤ã ®¡¥¨¬¨ áä¥à�¬¨ ¤¥ïâ¥«ì−®áâ¨. �ë«� ¯à¨¬¥−¥-
−� ú−®à¬�«ì−�ïû áå¥¬� ¯®¤áç¥â�. ‚á¥ ¯�â¥−âë ¡ë«¨ ¯®¢â®à−® ª«�áá¨ä¨æ¨à®¢�−ë
á®£«�á−® Œ¥¦¤ã−�à®¤−®© ¯�â¥−â−®© ª«�áá¨ä¨ª�æ¨¨. �®¬¨¬® ®¯¨á�−¨ï ¢§�¨¬®-
¤¥©áâ¢¨ï −�ãª¨ ¨ â¥å−®«®£¨© ¨ ¨å �−�«¨§� ¯¥à¢®£® ¯®àï¤ª�, ¡ë«® à�ááç¨â�−®
¬−®£® ¤®¯®«−¨â¥«ì−ëå ¨−¤¨ª�â®à®¢. ’�ªãî ¯à®æ¥¤ãàã ¡¥«ì£¨©áª¨¥ ¨áá«¥¤®¢�-
â¥«¨ −�§¢�«¨ úáâ�â¨ç¥áª¨¬ �−�«¨§®¬ ¢§�¨¬®á¢ï§¥©û. „«ï àï¤� ®¡«�áâ¥© −�ãª¨
¨ â¥å−®«®£¨© ¬®¦¥â ¡ëâì â�ª¦¥ ¯à®¢¥¤¥− ú¤¨−�¬¨ç¥áª¨© �−�«¨§ ¢§�¨¬®á¢ï§¥©û.
�− ¤�¥â ¢®§¬®¦−®áâì ¯à®�−�«¨§¨à®¢�âì ª�ª c®í¢®«îæ¨î ¯�â¥−â−®© ¨ ¯ã¡«¨-
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–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

ª�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨, â�ª ¨ ¢á¥®¡éãî í¢®«îæ¨î ¢�à¨�−â®¢ ¢§�¨¬®¤¥©áâ¢¨ï
S&T ¢ â¥ç¥−¨¥ ¤®«£®£® ¢à¥¬¥−¨. „¨−�¬¨ç¥áª¨© �−�«¨§ ¢§�¨¬®á¢ï§¥© ï¢«ï¥âáï
ç�áâìî áâ�¤¨¨ II ¬¥â®¤®«®£¨¨ ¡¥«ì£¨©áª¨å ãç¥−ëå. Œ¥â®¤®«®£¨ç¥áª¨¥ è�£¨ 4
¨ 5 ¯à®¨««îáâà¨à®¢�−ë −� à¨á. 2 [2].

�à¥¤«®¦¥−−�ï ¬¥â®¤®«®£¨ï ¨ ¯¥à¢ë¥ à¥§ã«ìâ�âë ¥¥ ¯à¨¬¥−¥−¨ï ¡ë«¨ ¯à®¢¥-
à¥−ë íªá¯¥àâ−ë¬ ª®¬¨â¥â®¬ (£àã¯¯®© ¬¥¦¤ã−�à®¤−ëå íªá¯¥àâ®¢, á®áâ�¢ ª®â®à®©
¡ë« ãâ¢¥à¦¤¥− EC). �� ¢â®à®© áâ�¤¨¨ ¨áá«¥¤®¢�−¨ï ¡¥«ì£¨©áª¨¥ ãç¥−ë¥ á®áà¥-
¤®â®ç¨«¨áì −� �ªâã�«ì−ëå á¥£®¤−ï ®¡«�áâïå, ¢ ª®â®àëå ®−¨ ¯à®¢¥«¨ ¤¥â�«ì−ë©
�−�«¨§ ¢§�¨¬®¤¥©áâ¢¨ï −�ãª¨ ¨ â¥å−®«®£¨©. Šà¨â¥à¨¥¬ ¢ë¡®à� à�áá¬�âà¨¢�¥¬ëå
®¡«�áâ¥© áâ�«¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨¥ ¯à¨®à¨â¥âë 6-© ÷�¬®ç−®© ¯à®£à�¬¬ë
…‘. ‚ á¯¨áª¥ ®¡«�áâ¥© ®á®¡¥−−® ¡ë«¨ ¢ë¤¥«¥−ë ¡¨®â¥å−®«®£¨¨, ¨−ä®à¬�-
æ¨®−−ë¥ â¥å−®«®£¨¨ ¨ â¥«¥ª®¬¬ã−¨ª�æ¨¨, −�−®â¥å−®«®£¨¨, ¨−â¥««¥ªâã�«ì−ë¥
¬�â¥à¨�«ë ¨ −®¢ë¥ ¯à®¨§¢®¤áâ¢¥−−ë¥ ¯à®æ¥ááë, �íà®−�¢â¨ª� ¨ ª®á¬¨ç¥áª¨¥
¨áá«¥¤®¢�−¨ï, −ãâà¨æ¥¢â¨ª� ¨ ä�à¬�ª®«®£¨ï, −®¢ë¥ â¥å−®«®£¨¨ ¨ £«®¡�«ì−ë¥
¯à®æ¥ááë [2].

‚ ®¯ã¡«¨ª®¢�−−®© à�¡®â¥ ¡¥«ì£¨©áª¨¥ ¨áá«¥¤®¢�â¥«¨ ¯à¨¢¥«¨ à¥§ã«ìâ�âë
à�§à�¡®âª¨ ¬¥â®¤®«®£¨¨ −� áâ�¤¨¨ I [2]. �−¨ ®¡à�â¨«¨ ¢−¨¬�−¨¥ −� â®, çâ®
á®í¢®«îæ¨ï ¯�â¥−â®¢, §�à¥£¨áâà¨à®¢�−−ëå ¢ USPTO, ¨ á®®â¢¥âáâ¢ãîé¨å −¥¯�-
â¥−â−ëå ááë«®ª ®á®¡¥−−® å�à�ªâ¥à−� −�ç¨−�ï á 1988 £. ¨ ¤�«¥¥, ¯®áª®«ìªã ç¨á«®
−¥¯�â¥−â−ëå ááë«®ª ¢ ª�ª®©-â® ¬®¬¥−â −�ç¨−�¥â ¯à¥¢ëè�âì ç¨á«® ¯�â¥−â®¢
(à¨á. 3). �¤−�ª® íâ® ¢ë§¢�−® −¥ ®¡é¨¬ ã¢¥«¨ç¥−¨¥¬ ç¨á«� ¯�â¥−â®¢, ¢ ª®â®àëå
æ¨â¨àãîâáï −¥¯�â¥−â−ë¥ ¤®ªã¬¥−âë, �, á®£«�á−® ¢ë¢®¤�¬ ¡¥«ì£¨©áª¨å ãç¥−ëå,
¯à®¨áå®¤¨â §� áç¥â ã¢¥«¨ç¥−¨ï ç¨á«� −¥¯�â¥−â−ëå ááë«®ª −� ®¤¨− ¯�â¥−â ¢ ®¯à¥-

÷¨á. 3 �¢®«îæ¨ï ç¨á«� ¯�â¥−â®¢ (1) ¨ −¥¯�â¥−â−ëå ááë«®ª (2)
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¤¥«¥−−ëå â¥å−®«®£¨ç¥áª¨å ®¡«�áâïå. Šà®¬¥ â®£®, ¢ëï¢«¥−−�ï §�ª®−®¬¥à−®áâì
®¡êïá−ï¥âáï â�ª¦¥ ®á®¡¥−−®áâï¬¨ ¯�â¥−â®¢�−¨ï ¢ ‘˜�.

�à®æ¥¤ãà� ¯à®å®¦¤¥−¨ï íªá¯¥àâ¨§ë ¢ USPTO §�−¨¬�¥â §−�ç¨â¥«ì−®¥ ¢à¥-
¬ï, ¯®íâ®¬ã ¢ àï¤¥ ®¡«�áâ¥© (â�ª¨å ª�ª, −�¯à¨¬¥à, ¡¨®â¥å−®«®£¨¨, á¥«ìáª®¥
å®§ï©áâ¢®) ¢ë¤�¥âáï ®£à�−¨ç¥−−®¥ ç¨á«® ¯�â¥−â®¢. Š�ª á«¥¤áâ¢¨¥, −¥¯�â¥−â-
−ë¥ ááë«ª¨ æ¨â¨àãîâáï ¢¬¥áâ® −¥ ¤®áâã¯−ëå ¯®ª� ¯�â¥−â−ëå ¤®ªã¬¥−â®¢, −�
ª®â®àë¥ ®¡ëç−® ááë«�îâáï ¢ ¯¥à¢ãî ®ç¥à¥¤ì ª�ª −� ¯¥à¢®¨áâ®ç−¨ª¨. �¥«ì£¨©-
áª¨¥ ¨áá«¥¤®¢�â¥«¨ ¯à¥¤¯®«�£�îâ, çâ® ¨§-§� â�ª¨å à�áá®£«�á®¢�−¨© ¢® ¢à¥¬¥−¨
¯�â¥−â−ë¥ íªá¯¥àâë á¥£®¤−ï ¨¬¥îâ §−�ç¨â¥«ì−® ¡®«ìè¥ áâ¨¬ã«®¢ §�−¨¬�âìáï
¯®¨áª®¬ à¥«¥¢�−â−ëå ¯�â¥−â�¬ ¨áá«¥¤®¢�−¨©. Šà®¬¥ â®£®, ®−¨ ¯®«�£�îâ, çâ®
ã¢¥«¨ç¥−¨¥ ª®«¨ç¥áâ¢� −¥¯�â¥−â−ëå ááë«®ª á¢ï§�−® á ¯®¢ëè¥−¨¥¬ à®«¨ −�ãç−ëå
¨áá«¥¤®¢�−¨© ¢ â¥å−®«®£¨ç¥áª¨å à�§à�¡®âª�å. �� íâ®¬ ¯à¥¤¯®«®¦¥−¨¨ ®á−®¢�-
−� ¬¥â®¤®«®£¨ï, ª®â®àãî à�§à�¡®â�«¨ ¡¥«ì£¨©áª¨¥ ãç¥−ë¥, ¨ ¯®áâà®¥−−�ï ¨¬¨
¬®¤¥«ì ¢§�¨¬®¤¥©áâ¢¨ï −�ãª¨ ¨ â¥å−®«®£¨© [2].

�¥á¨¬¬¥âà¨ç−®¥ à�á¯à¥¤¥«¥−¨¥ −¥¯�â¥−â−ëå ááë«®ª (¯à¨ç¥¬ ¡®«ìè¨−áâ¢®
¯�â¥−â®¢ −¥ á®¤¥à¦¨â ááë«®ª, ¨ «¨èì −¥¡®«ìè�ï ç�áâì ¨§ à�áá¬®âà¥−−ëå ¯�â¥−â®¢
á®¤¥à¦¨â ¬−®£®ç¨á«¥−−ë¥ ááë«ª¨) ï¢«ï¥âáï ¢�¦−ë¬ �á¯¥ªâ®¬ ®¡®á−®¢�−−®áâ¨
ú¯àï¬®£®û �−�«¨§� ¢§�¨¬®¤¥©áâ¢¨ï −�ãª¨ ¨ â¥å−®«®£¨© [16, 17]. ‡� ¯¥à¨®¤
á 1992 ¯® 1996 ££. ¨áá«¥¤®¢�â¥«ï¬¨ ®â¬¥ç¥−® á«¥¤ãîé¥¥ à�á¯à¥¤¥«¥−¨¥: 65%
¢á¥å ¯�â¥−â®¢ á®¤¥à¦�«¨ 0 −¥¯�â¥−ëå ááë«®ª; 8% â®«ìª® 1 ááë«ªã â�ª®£®
à®¤�; 19% ®â 2 ¤® 4 ááë«®ª; 1% â®ç−® 5 ááë«®ª; −�ª®−¥æ, 7% ¢á¥å ¯�â¥−â®¢
á®¤¥à¦�«® ¡®«ìè¥ 5 â�ª¨å ááë«®ª. ‚ æ¥«®¬ 35% ¯�â¥−â®¢ á®¤¥à¦�â 1 ¨«¨ ¡®«¥¥
ááë«®ª −� −¥¯�â¥−â−ë© ¤®ªã¬¥−â. �â¬¥ç¥−® â�ª¦¥, çâ® áãé¥áâ¢ãîâ ®¡«�áâ¨,
¢ ª®â®àëå ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã −�ãª®© ¨ â¥å−®«®£¨ï¬¨ ¤®áâ�â®ç−® â¥á−®¥,
¯®íâ®¬ã à�á¯à¥¤¥«¥−¨¥ ááë«®ª ¯® ¯�â¥−â�¬ §�¢¨á¨â ®â ®¡«�áâ¨ ¨áá«¥¤®¢�−¨ï.
Š ç¨á«ã â�ª¨å ®¡«�áâ¥© ¬®¦−® ®â−¥áâ¨ ¡¨®â¥å−®«®£¨¨, ®à£�−¨ç¥áªãî å¨¬¨î,
ä¨§¨ªã ¯®«ã¯à®¢®¤−¨ª®¢ ¨ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨ [2].

5 Связь между наукой и технологическими инновациями: ракурс Чили

“ç¥−ë¥ ¨§ “−¨¢¥àá¨â¥â� ‘�−âìï£®, —¨«¨ à�áá¬�âà¨¢�îâ ¯�â¥−â®¢�−¨¥ ª�ª
¨−ä®à¬¥âà¨ç¥áª¨© ¨−áâàã¬¥−â, ¯®§¢®«ïîé¨© ®æ¥−¨¢�âì ¨−−®¢�æ¨¨ ¨ �−�«¨-
§¨à®¢�âì ¬−®£®¬¥à−ë¥ ¢§�¨¬®á¢ï§¨ ¬¥¦¤ã −�ãª®©, â¥å−®«®£¨ï¬¨ ¨ ¨−−®¢�æ¨-
ï¬¨. ‚ á¢®¥¬ ¨áá«¥¤®¢�−¨¨ ®−¨ à�áá¬�âà¨¢�îâ ¢«¨ï−¨¥ ç¨«¨©áª¨å −�ãç−ëå
áâ�â¥© −� à�§¢¨â¨¥ â¥å−®«®£¨© −� ¬¥¦¤ã−�à®¤−®¬ ãà®¢−¥ −� ¯à¨¬¥à¥ á¢ï§¥©
¬¥¦¤ã −�ãç−ë¬¨ à�¡®â�¬¨, ®¯ã¡«¨ª®¢�−−ë¬¨ ¢ —¨«¨, ¨ �¬¥à¨ª�−áª¨¬¨ ¯�â¥−-
â�¬¨ [18].

��¯à¨¬¥à, à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï ¯®ª�§�«¨, çâ® á 1987 ¯® 2003 £®¤ ¢
509 ¯�â¥−â�å ¡ë«® ¯à¨¢¥¤¥−® 562 æ¨â�âë −� 273 áâ�âì¨, −�¯¨á�−−ë¥, ¯® ªà�©−¥©
¬¥à¥, ®¤−¨¬ �¢â®à®¬-á®âàã¤−¨ª®¬ ª�ª®£®-«¨¡® ç¨«¨©áª®£® ¨−áâ¨âãâ� [18]. ‚ æ¥-
«®¬ íâ¨ ¨ ¤àã£¨¥ à¥§ã«ìâ�âë ¯®¤â¢¥à¦¤�îâ, çâ® ¢ —¨«¨ ¯à¥¢�«¨àã¥â −¥¯�â¥−â−�ï
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–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

ªã«ìâãà� ®ä®à¬«¥−¨ï ¨−−®¢�æ¨©, ¢ ª®â®à®© §�¤¥©áâ¢®¢�−ë ¨áá«¥¤®¢�â¥«¨ ¨ −�-
ãç−ë¥ ¨−áâ¨âãâë. �®íâ®¬ã ¯à¨ ¨§ãç¥−¨¨ ¢§�¨¬®á¢ï§¥© −�ãª¨ ¨ â¥å−®«®£¨©
¯®áà¥¤áâ¢®¬ �−�«¨§� ®â−®è¥−¨© ¬¥¦¤ã ¯�â¥−â�¬¨ ¨ −�ãç−ë¬¨ ¯ã¡«¨ª�æ¨ï¬¨
ç¨«¨©áª¨¥ ãç¥−ë¥ ¯à¥á«¥¤®¢�«¨ á¢®¨ æ¥«¨, � ¨¬¥−−® ¯®ª�§�âì −¥®¡å®¤¨¬®áâì
¢−¥¤à¥−¨ï ¢ −�ãç−ãî áä¥àã à�§¢¨¢�îé¨åáï áâà�− ¯®¤å®¤�, ª®â®àë© ¯®§¢®«¨«
¡ë ¯®¤¤¥à¦¨¢�âì ãáâ®©ç¨¢®¥ ¨ ¯à®¤ãªâ¨¢−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã äã−¤�-
¬¥−â�«ì−®© ¨ ¯à¨ª«�¤−®© −�ãª®©, � â�ª¦¥ ¢ë¢¥« ¡ë �ª�¤¥¬¨ç¥áªãî −�ãªã −�
ª®−ªãà¥−â−ë© ¬¨à®¢®© ãà®¢¥−ì [18].

ˆâ�ª, −� ®á−®¢¥ ¤�−−ëå −� 2005 £. ¡ë«� ¯à®¢¥¤¥−� ¤¨áªãáá¨ï ® −¥®¡å®¤¨-
¬®áâ¨ ¢ §�é¨â¥ ¨−â¥««¥ªâã�«ì−®© á®¡áâ¢¥−−®áâ¨ ¢ áâà�−�å ‹�â¨−áª®© �¬¥à¨ª¨,
®¤−�ª® ®−� −¥ ¯à¨¢¥«� íâ¨ áâà�−ë ª ª�ª®¬ã-«¨¡® ¯à®¤ãªâ¨¢−®¬ã à¥è¥−¨î [19].
�® ¬−¥−¨î ç¨«¨©áª¨å ¨áá«¥¤®¢�â¥«¥©, â�ª�ï ¯®§¨æ¨ï ¢® ¬−®£®¬ ®¡ãá«®¢«¥−�
á®æ¨®ªã«ìâãà−ë¬¨ ¯à¥¤¯®áë«ª�¬¨ ¨ á«®¦¨¢è¨¬áï ®â−®è¥−¨¥¬ ª −�ãç−ë¬ ¨á-
á«¥¤®¢�−¨ï¬ ¨ ¨−−®¢�æ¨ï¬ ¢ áâà�−�å ‹�â¨−áª®© �¬¥à¨ª¨. ‚ ç�áâ−®áâ¨, á®£«�á−®
¤�−−ë¬ —¨«¨©áª®© �ª�¤¥¬¨¨ −�ãª, ¢ 2002 £. −� −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï ¢ —¨«¨
¯®âà�ç¥−® «¨èì 0,7% ‚�� (¢�«®¢®£® −�æ¨®−�«ì−®£® ¯à®¤ãªâ�) [18]. Šà®¬¥ â®£®,
¯® àï¤ã ¯®ª�§�â¥«¥© —¨«¨ ®âáâ�¥â ®â à�§¢¨âëå áâà�−, å®âï â¥¬¯ë ¥£® á®¡áâ¢¥−−®-
£® à�§¢¨â¨ï, ¢ª«îç�ï ¨ −�«¨ç¨¥ äã−¤�¬¥−â�«ì−ëå ¨ ¯à¨ª«�¤−ëå ¨áá«¥¤®¢�−¨©,
¯à¨¡«¨¦�îâáï ª ¯®á«¥¤−¨¬. ’�ª¦¥ −¥¬�«®¢�¦¥− â®â ä�ªâ, çâ®, −¥á¬®âàï −�
¢¥áì¬� áªà®¬−ë¥ ¬�áèâ�¡ë ¯�â¥−â®¢�−¨ï ç¨«¨©áª¨å ¨−−®¢�æ¨©, −�ãç−ë¥ áâ�âì¨
â®£® ¦¥ ¯à®¨áå®¦¤¥−¨ï à¥£ã«ïà−® æ¨â¨àãîâáï ¢ �¬¥à¨ª�−áª¨å ¯�â¥−â�å. ’�ª¨¬
®¡à�§®¬, á®£«�á−® ¢ë¢®¤�¬ ç¨«¨©áª¨å ãç¥−ëå áã¬¬�à−�ï §−�ç¨¬®áâì ¯à®¨§¢®-
¤¨¬ëå ¢ —¨«¨ ¨−−®¢�æ¨© ï¢−® −¥¤®®æ¥−¨¢�¥âáï, −� çâ® ãª�§ë¢�¥â ¨−¤¨ª�â®à
¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨© | ááë«ª¨ −� ç¨«¨©áª¨¥ −�ãç−ë¥ áâ�âì¨ ¢
�¬¥à¨ª�−áª¨å ¯�â¥−â�å [18].

‚ á¢®¥¬ ¨áá«¥¤®¢�−¨¨ ç¨«¨©áª¨¥ á¯¥æ¨�«¨áâë à�áá¬�âà¨¢�«¨ —¨«¨©áª¨©
−�æ¨®−�«ì−ë© ª®à¯ãá æ¨â¨à®¢�−¨© §� ¯¥à¨®¤ 1981{2003 ££. (38 862 ¤®ªã¬¥−â�).
��©¤¥−−ë¥ ¤®ªã¬¥−âë ¡ë«¨ áâ�−¤�àâ¨§®¢�−ë −� ¯à¥¤¬¥â ¯à¨−�¤«¥¦−®áâ¨ �¢â®-
à®¢ æ¨â¨à®¢�−¨© ª ¨−áâ¨âãæ¨®−�«ì−®© ¨/¨«¨ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© áà¥¤¥.
„�«ì−¥©è¨© ®â¡®à ¯à®¨áå®¤¨« ¯® −¥áª®«ìª¨¬ �âà¨¡ãâ�¬ æ¨â¨àã¥¬ëå ¢ �¬¥à¨-
ª�−áª¨å ¯�â¥−â�å áâ�â¥©: ¤�â� ¯ã¡«¨ª�æ¨¨ áâ�âì¨, ¯®«−®¥ −�§¢�−¨¥ ¦ãà−�«�,
ä�¬¨«¨ï ¯¥à¢®£® �¢â®à� ¨ −®¬¥à� áâà�−¨æ [18].

‚ à¥§ã«ìâ�â¥ ¡ë«¨ ¯®«ãç¥−ë á«¥¤ãîé¨¥ à�á¯à¥¤¥«¥−¨ï ¯® ç¨á«ã �¢â®à®¢ ¨§
—¨«¨ (â�¡«. 6). �ª�§�«®áì, çâ® ç¨á«® áâ�â¥© ãà®¢−ï úmainstreamû, ®¯ã¡«¨ª®-
¢�−−ëå �¢â®à�¬¨ ¨§ —¨«¨, ®¤−® ¨§ á�¬ëå −¥¢ëá®ª¨å ¢ áà�¢−¥−¨¨ á �−�«®£¨ç−ë¬
¯®ª�§�â¥«¥¬ ¤«ï �¢â®à®¢ ¨§ ¤àã£¨å áâà�− (çâ® â�ª¦¥ á¢ï§�−® ¨ á −¥¡®«ìè®©
¯«®â−®áâìî −�á¥«¥−¨ï ¢ —¨«¨) [18].

‘à¥¤¨ �¬¥à¨ª�−áª¨å ¯�â¥−â®¢, ª®â®àë¥ ¡ë«¨ ¢ë¤�−ë ¨§®¡à¥â�â¥«ï¬ ¨§ ¤àã-
£¨å £®áã¤�àáâ¢, ¯�â¥−âë —¨«¨ §�−¨¬�îâ ®¤−ã ¨§ á�¬ëå −¨§ª¨å ¯®§¨æ¨©: 11 ¯�-
â¥−â®¢ á ¨§®¡à¥â�â¥«ï¬¨-ç¨«¨©æ�¬¨, ¢ë¤�−−ë¥ ¢ 2003 £., á®®â¢¥âáâ¢ãîâ 0,7
¯�â¥−â� −� ¬¨««¨®− ¦¨â¥«¥© ¢ £®¤ [18].
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’�¡«¨æ� 6 Š®«¨ç¥áâ¢¥−−ë¥ ¨−¤¨ª�â®àë à¥§ã«ìâ�â®¢ −�ãª¨ ¨ â¥å−®«®£¨© ¤«ï áâà�− á
à�§−ë¬ ãà®¢−¥¬ íª®−®¬¨ç¥áª®£® à�§¢¨â¨ï (äà�£¬¥−â)

‘âà�−�
¯à®¨áå®¦¤¥−¨ï

�ã¡«¨ª�æ¨¨,
¨§¤�−−ë¥ �¢â®à�¬¨
¨§ á®®â¢¥âáâ¢ãîé¥©

áâà�−ë

�¬¥à¨ª�−áª¨¥ ¯�â¥−âë,
¢ë¤�−−ë¥

¯® ¯¥à¢®¬ã �¢â®àã
¨§ á®®â¢¥âáâ¢ãîé¥©

áâà�−ë

‘®®â−®è¥−¨¥
¯�â¥−â®¢

¨ ¯ã¡«¨ª�æ¨©
−� áâà�−ã

¯à®¨áå®¦¤¥−¨ï

‡� 2003 £.
‡� 2003 £.
−� 1 ¬«−
¦¨â¥«¥©

‡� 2003 £.
‡� 2003 £.
−� 1 ¬«−
¦¨â¥«¥©

�¬¥à¨ª�−áª¨¥
¯�â¥−âë 2003 £.

−� 100 ¯ã¡«¨ª�æ¨©
2003 £.

¯® áâà�−¥
¯à®¨áå®¦¤¥−¨ï

”¨−«ï−¤¨ï 7851 1510 865 166,3 110
ˆà«�−¤¨ï 3061 785 163 41,8 53
�¢áâà�«¨ï 23620 1199 900 45,7 38
�®¢�ï ‡¥«�−¤¨ï 4666 1167 135 33,8 29
Œ¥ªá¨ª� 5902 56 84 0,8 14
�à£¥−â¨−� 4679 121 63 1,6 13
�à�§¨«¨ï 12699 70 130 0,7 10
—¨«¨ 2550 162 11 0,7 4

‚ ¯®á«¥¤−¥© ª®«®−ª¥ â�¡«. 6 ¯à¨¢¥¤¥− â�ª −�§ë¢�¥¬ë© ¨−¤¥ªá ¯¥à¥å®¤�:
á®®â−®è¥−¨¥ ¯�â¥−â®¢ ¨ ¯ã¡«¨ª�æ¨©. �â® ç¨á«® ¯�â¥−â®¢, ¢ë¤�−−ëå USPTO ¢
2003 £. ¨§®¡à¥â�â¥«ï¬ ¨§ ®¯à¥¤¥«¥−−®© áâà�−ë, −� 1000 áâ�â¥©, ®¯ã¡«¨ª®¢�−−ëå
¨§®¡à¥â�â¥«ï¬¨ ¨§ â®© ¦¥ áâà�−ë. ˆ §¤¥áì —¨«¨ §�−¨¬�¥â ¯®á«¥¤−¥¥ ¬¥áâ® [18].

Š®£¤� ç¨«¨©áª¨¥ á¯¥æ¨�«¨áâë ¨§ãç�«¨ ¢®¯à®á ® â®¬, ¨¬¥îâ «¨ −�ãç−ë¥
áâ�âì¨, −�¯¨á�−−ë¥ ç¨«¨©áª¨¬¨ ãç¥−ë¬¨, ª�ª®¥-«¨¡® ¢«¨ï−¨¥ −� â¥å−®«®£¨¨
¬¥¦¤ã−�à®¤−®£® ãà®¢−ï, ®−¨ á®¯®áâ�¢«ï«¨ á¢®î ¡�§ã ¤�−−ëå §� 1981{2003 ££.
á 38 862 −�ãç−ë¬¨ áâ�âìï¬¨ á ¡�§®© ¤�−−ëå Thompson, á®¤¥à¦�é¥© ááë«ª¨ ¨§
�¬¥à¨ª�−áª¨å ¯�â¥−â®¢ §� ¯¥à¨®¤ á 1984 ¯® 2003 ££. �â® á®¯®áâ�¢«¥−¨¥ ¤�«®
á«¥¤ãîé¨¥ à¥§ã«ìâ�âë: ¢ 509 ¯�â¥−â�å ¡ë«® ®¡−�àã¦¥−® 562 æ¨â¨à®¢�−¨ï, ¨§
−¨å 273 | ááë«ª¨ −� áâ�âì¨. ˆâ®£¨ ¨áá«¥¤®¢�−¨ï ¯®ª�§�«¨, çâ® ¨¬¥−−® �¬¥-
à¨ª�−áª¨¥, � −¥ ç¨«¨©áª¨¥ ª®¬¯�−¨¨, ï¢«ïîâáï ¯�â¥−â®®¡«�¤�â¥«ï¬¨ ¯�â¥−â®¢,
ª®â®àë¥ ç�é¥ ¢á¥£® æ¨â¨àãîâ ç¨«¨©áª¨¥ −�ãç−ë¥ áâ�âì¨ («¨èì ç¥â¢¥àâ�ï ç�áâì
â�ª¨å ¯�â¥−â®¢ ¯à¨−�¤«¥¦�«� —¨«¨). �â® «¨èì ¯®¤â¢¥à¤¨«® ¯à¥¦−¥¥ ¤®¯ãé¥−¨¥
ç¨«¨©áª¨å ¨áá«¥¤®¢�â¥«¥© ® â®¬, çâ® −�ãç−ë¥ ¨áá«¥¤®¢�−¨ï −¥ ¨á¯®«ì§ãîâáï ¯à¨
à�§à�¡®âª¥ ¬¥áâ−ëå â¥å−®«®£¨© [18].

…á«¨ à�áá¬�âà¨¢�âì ®¡«�áâ¨, ª ª®â®àë¬ ®â−®áïâáï áâ�âì¨ ç¨«¨©áª¨å �¢â®à®¢,
¯à®æ¨â¨à®¢�−−ë¥ ¢ �¬¥à¨ª�−áª¨å ¯�â¥−â�å, â® ¯®«ãç�¥âáï á«¥¤ãîé�ï ª�àâ¨−�: ¢
®¡«�áâ¨ ¡¨®¬¥¤¨æ¨−áª¨å ¨áá«¥¤®¢�−¨© ¯à¨¢¥¤¥−® 211 æ¨â�â, ª«¨−¨ç¥áª®© ¬¥¤¨-
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–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

æ¨−ë | 163 æ¨â�âë, å¨¬¨¨ | 119, ¡¨®«®£¨¨ | 25, ¨−¦¥−¥à−ëå â¥å−®«®£¨© |
24, ä¨§¨ª¨ | 9, −�ãª ® ‡¥¬«¥ ¨ ª®á¬®á¥ | 5, ¬�â¥¬�â¨ª¨ | 3 ¨ ¯á¨å®«®£¨¨ |
3 [18].

•®âï æ¨â¨à®¢�−¨¥ áâ�â¥©, −�¯¨á�−−ëå ç¨«¨©æ�¬¨, ¢ �¬¥à¨ª�−áª¨å ¯�â¥−â�å
−�ç�«®áì ¢ 1987 £., ãáâ®©ç¨¢ë© å�à�ªâ¥à ®−® ¯à¨®¡à¥«® «¨èì ª 1997 £. Š�ª
¯®ª�§�−® −� à¨á. 4, â¥¬¯ à®áâ� ç¨á«� �¬¥à¨ª�−áª¨å ¯�â¥−â®¢, ááë«�îé¨åáï −�
ç¨«¨©áª¨¥ áâ�âì¨, ¢ëè¥, ç¥¬ â¥¬¯ à®áâ� ç¨á«� áâ�â¥© �¬¥à¨ª�−áª¨å �¢â®à®¢.
‘à¥¤−ïï ¤®«ï æ¨â¨à®¢�−¨© §� ¯¥à¨®¤ë á 1994 ¯® 1998 ££. ¨ á 1999 ¯® 2003 ££.
ç¨«¨©áª¨å áâ�â¥© ¢ ®¡«�áâïå ¡¨®¬¥¤¨æ¨−ë ¨ å¨¬¨¨ §−�ç¨â¥«ì−® ¢®§à®á«�, −�-
¯à¨¬¥à á®®â¢¥âáâ¢ãîé�ï ¤®«ï ¤«ï ¡¨®å¨¬¨¨ ¨ ¡¨®ä¨§¨ª¨ ¢®§à®á«� á 3,92 ¤®
5,29, ¨¬¬ã−®«®£¨¨ | á 2,33 ¤® 6,05 [18]. —¨«¨©áª¨¥ ¨áá«¥¤®¢�â¥«¨ ¯®«�£�-
îâ, çâ® ¤®áâã¯−®áâì áâ�â¥© ¢ íàã ˆ−â¥à−¥â� ¤�¥â ¢®§¬®¦−®áâì ®§−�ª®¬¨âìáï á
¨áá«¥¤®¢�−¨ï¬¨, ¯à®¢®¤¨¬ë¬¨ ¢ à�§¢¨¢�îé¨åáï áâà�−�å, çâ®, ¢ á¢®î ®ç¥à¥¤ì,
¯®¢ëè�¥â ¢¥à®ïâ−®áâì ¨ á®§¤�¥â ãá«®¢¨ï ¤«ï á®¢¬¥áâ−ëå ¨áá«¥¤®¢�−¨© ¢¬¥áâ¥ á
ãç¥−ë¬¨ ¨§ ¤àã£¨å áâà�−. ‚ ¡®«ìè¨−áâ¢¥ ç¨«¨©áª¨å áâ�â¥©, ¯à®æ¨â¨à®¢�−−ëå
¢ �¬¥à¨ª�−áª¨å ¯�â¥−â�å, ¢ ª�ç¥áâ¢¥ á®�¢â®à®¢ ãª�§�−ë ¨áá«¥¤®¢�â¥«¨ ¨§ ‘˜�,
ˆâ�«¨¨, �à£¥−â¨−ë, ”à�−æ¨¨ ¨ ¤àã£¨å áâà�−.

�®íâ®¬ã à�áâãé¥¥ ç¨á«® æ¨â¨à®¢�−¨© −�ãç−ëå áâ�â¥© ãà®¢−ï úmainstreamû,
−�¯¨á�−−ëå ç¨«¨©æ�¬¨, ¢ �¬¥à¨ª�−áª¨å ¯�â¥−â�å, ¢¥à®ïâ−®, ®âà�¦�¥â à�áâãé¥¥
ç¨á«® ¬¥¦¤ã−�à®¤−ëå −�ãç−ëå ®¡ê¥¤¨−¥−¨© ¨ ç¨á«® ¯ã¡«¨ª�æ¨© â�ª®£® ãà®¢−ï
(à¨á. 4).

÷¨á. 4 ‘áë«ª¨ ¢ �¬¥à¨ª�−áª¨å ¯�â¥−â�å −� ç¨«¨©áª¨¥ ¯ã¡«¨ª�æ¨¨ ¯® £®¤ã ¢ë¯ãáª�
æ¨â¨àãîé¥£® ¯�â¥−â�: 1 | ç¨á«® ¯�â¥−â®¢, æ¨â¨àã¥¬ë¥ ¯ã¡«¨ª�æ¨¨; 2 | ç¨á«® ááë«®ª
−� ¯ã¡«¨ª�æ¨¨; 3 | ®¡é¥¥ ç¨á«® áâ�â¥©
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•®âï á«®¦−® ®¯à¥¤¥«¨âì â®â ¢ª«�¤, ª®â®àë© ç¨«¨©æë ¢−¥á«¨ ¢ ¯�â¥−â®¢�−¨¥
¨§®¡à¥â¥−¨©, ¯ã¡«¨ª�æ¨¨, ¯à®æ¨â¨à®¢�−−ë¥ ¢ �¬¥à¨ª�−áª¨å ¯�â¥−â�å, ¢ ¨áá«¥-
¤®¢�−¨¨ ç¨«¨©áª¨å á¯¥æ¨�«¨áâ®¢ ¯à¥¤áâ�¢«ïîâ ¢ ®á−®¢−®¬ ç¨«¨©áªãî −�ãªã ¨
¥¥ à¥§ã«ìâ�âë. �â®, ¢¥à®ïâ−®, ®¡ãá«®¢«¥−® â¥¬¨ á¯¥æ¨ä¨ç−ë¬¨ ®¡«�áâï¬¨, ¢
à�¬ª�å ª®â®àëå �¢â®àë íâ¨å áâ�â¥© ¯à®¢®¤ïâ ¨áá«¥¤®¢�−¨ï ¢ á¢®¥© áâà�−¥ [18].

6 Другие попытки изучить связи между наукой и технологиями

6.1 Индикаторы передачи знаний

ˆá¯�−áª¨¥ ãç¥−ë¥ ¯à®¢¥«¨ ¨áá«¥¤®¢�−¨¥ −¥¯�â¥−â−ëå ááë«®ª, ¯à®æ¨â¨à®-
¢�−−ëå ¢ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª®¢ ¢ �¬¥à¨ª�−áª¨å ¯�â¥−â�å ¢ ®¡«�áâ¨ ¡¨®â¥å−®«®-
£¨©, á â¥¬ çâ®¡ë ®æ¥−¨âì á¯®á®¡−®áâì ãç¥−ëå ¨§ ¥¢à®¯¥©áª¨å −�ãç−ëå æ¥−âà®¢
CNRS (”à�−æ¨ï), CNR (ˆâ�«¨ï) ¨ CSIC (ˆá¯�−¨ï) ¯à®¢®¤¨âì ¨áá«¥¤®¢�−¨ï ¨

¯ã¡«¨ª®¢�âì á®®â¢¥âáâ¢ãîé¨¥ −�ãç-

÷¨á. 5 �¢â®àë, æ¨â¨àã¥¬ë¥ (1) ¨ −¥æ¨â¨-
àã¥¬ë¥ (2) ¢ �¬¥à¨ª�−áª¨å ¯�â¥−â�å

−ë¥ áâ�âì¨ á â¥å−®«®£¨ç¥áª¨¬ ãª«®-
−®¬ [20]. �−�«¨§ −�ãç−®© «¨â¥à�-
âãàë, ¯à®æ¨â¨à®¢�−−®© ¢ ¯�â¥−â−ëå
¤®ªã¬¥−â�å, | íâ® ¯à®æ¥¤ãà�, ®¡ëç-
−® ¨á¯®«ì§ã¥¬�ï ¤«ï ¨áá«¥¤®¢�−¨ï
á¢ï§¥© ¬¥¦¤ã −�ãª®© ¨ â¥å−®«®£¨-
ï¬¨ [21{25]. ˆ−¤¨ª�â®àë ¯¥à¥¤�-
ç¨ §−�−¨©, ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥
�−�«¨§� àï¤� æ¨â¨à®¢�−¨© ¢ �¬¥à¨-
ª�−áª¨å ¯�â¥−â�å −� ¯ã¡«¨ª�æ¨¨ á
â�ª¨¬ ¦¥ ç¨á«®¬ ¨áá«¥¤®¢�â¥«¥© (63)
¨§ CNR, CSIC ¨ CNRS ¯®ª�§�«, çâ®
¢ â¥ç¥−¨¥ ®¤−®£® ¨ â®£® ¦¥ ¯¥à¨®¤�

¯à®æ¥−â ¯à®æ¨â¨à®¢�−−ëå �¢â®à®¢ á®áâ�¢«ï¥â 28,5%, 39,7% ¨ 44,4% á®®â¢¥â-
áâ¢¥−−® (à¨á. 5).

ˆ§ ¬�áá¨¢� �¬¥à¨ª�−áª¨å ¯�â¥−â®¢, æ¨â¨àãîé¨å ¨áá«¥¤®¢�â¥«¥© ¨§ CNR,
CNRS ¨«¨ CSIC, 56% æ¨â¨àãîâ ãç¥−ëå CNRS, ¢ â® ¢à¥¬ï ª�ª 22% æ¨â¨àãîâ
ãç¥−ëå CSIC ¨ 22% | ãç¥−ëå CNR. ÷�á¯à¥¤¥«¥−¨¥ æ¨â¨à®¢�−¨© ¢¥áì¬� ®â«¨ç�-
¥âáï ®â à�á¯à¥¤¥«¥−¨ï ¯�â¥−â®¢, æ¨â¨àãîé¨å ¯ã¡«¨ª�æ¨¨. …á«¨ à�áá¬�âà¨¢�âì
®¡é¥¥ ª®«¨ç¥áâ¢® −�©¤¥−−ëå æ¨â¨à®¢�−¨© (453) ¤«ï ¢á¥å ãç¥−ëå ¨§ ¢ëè¥¯¥à¥-
ç¨á«¥−−ëå ®à£�−¨§�æ¨©, 62% ¨§ −¨å ¯à¨−�¤«¥¦�â ãç¥−ë¬ ¨§ CNRS (281 æ¨â�â�),
¢ â® ¢à¥¬ï ª�ª ãç¥−ë¥ ¨§ CNR ¨ CSIC á−®¢� −�å®¤ïâáï ¢ ¯®å®¦¥¬ ¤¨�¯�§®−¥
æ¨â¨à®¢�−¨© (81 ¨ 91). ’�ª¨¬ ®¡à�§®¬, áà¥¤¨ à�áá¬®âà¥−−ëå âà¥å ãçà¥¦¤¥−¨©
CNRS ï¢«ï¥âáï −¥ â®«ìª® −�¨¡®«¥¥ æ¨â¨àã¥¬ë¬ ¢ �¬¥à¨ª�−áª¨å ¯�â¥−â−ëå ¤®-
ªã¬¥−â�å, −® â�ª¦¥ ¥¤¨−áâ¢¥−−ë¬ ¨−áâ¨âãâ®¬, ª®â®àë© ¯®«ãç¨« ¬�ªá¨¬�«ì−®¥
ª®«¨ç¥áâ¢® æ¨â¨à®¢�−¨© [20].

124 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

ˆ§ãç¥−¨¥ ¯�â¥−â®¢ á æ¨â¨à®¢�−¨ï¬¨ â�ª¦¥ ¯®§¢®«ï¥â ¢ëï¢¨âì á�¬ë¥ ¢�¦-
−ë¥/ãá¯¥è−ë¥ ®¡«�áâ¨ ¡¨®â¥å−®«®£¨©, ¯à¥¤áâ�¢«¥−−ë¥ ¢ íâ¨å âà¥å ¨−áâ¨âãâ�å.
’�ª, ãç¥−ë¥ ¨§ CNR, £«�¢−ë¬ ®¡à�§®¬, æ¨â¨àãîâáï ¢ �¬¥à¨ª�−áª¨å ¯�â¥−â�å
¯® íª®«®£¨¨, ãç¥−ë¥ ¨§ CSIC | ¢ ¯�â¥−â�å ¯® á¥«ìáª®å®§ï©áâ¢¥−−ë¬ ¢®¯à®-
á�¬ ¨ ¯�â¥−â�å ¯® ¯à®¬ëè«¥−−ë¬ á¯®á®¡�¬ ¯à®¨§¢®¤áâ¢�, ¢ â® ¢à¥¬ï ª�ª ¨å
ª®««¥£¨ ¨§ CNRS, £«�¢−ë¬ ®¡à�§®¬, á¯¥æ¨�«¨§¨àãîâáï −� ¯�â¥−â�å ¨§ ®¡«�áâ¨
§¤à�¢®®åà�−¥−¨ï [20].

6.2 Патенты, процитированные в научной литературе: исследование
обратных цитирований

‚ à�¡®â¥ ãç¥−ëå ¨§ �¥«ì£¨¨, ‚¥−£à¨¨ ¨ ”¨−«ï−¤¨¨ ®¯¨áë¢�¥âáï −®¢ë©
¯®¤å®¤ ª ¨§ãç¥−¨î á¢ï§¥© ¬¥¦¤ã −�ãª®© ¨ â¥å−®«®£¨ï¬¨ [1]. ‚ ®â«¨ç¨¥ ®â
¡®«ìè¨−áâ¢� ¨áá«¥¤®¢�−¨© ¢ íâ®© ®¡«�áâ¨ ¨áá«¥¤®¢�â¥«¨ ¨§ …¢à®á®î§� −¥ ¨§ãç�-
îâ æ¨â¨à®¢�−¨¥ −�ãç−®© «¨â¥à�âãàë ¢ ¯�â¥−â�å. �−¨ ¨áá«¥¤ãîâ æ¨â¨à®¢�−¨¥
¯�â¥−â®¢ ¢ −�ãç−®© «¨â¥à�âãà¥. ˆáá«¥¤®¢�â¥«¨ ¯à®�−�«¨§¨à®¢�«¨ áâ�âì¨, §�ä¨ª-
á¨à®¢�−−ë¥ ¢ SCI ¨§ ¥¦¥£®¤−ëå ¢ë¯ãáª®¢ 1996{2000 ££. ISI (−� ª®¬¯�ªâ-¤¨áª�å)
¨ ¯�â¥−â−ë¥ ¤�−−ë¥, ¯à¥¤®áâ�¢«ï¥¬ë¥ USPTO [26].

�®çâ¨ 30 000 �¬¥à¨ª�−áª¨å ¯�â¥−â®¢ ¡ë«¨ ¯à®æ¨â¨à®¢�−ë ¢ −�ãç−ëå áâ�âìïå.
“ç¥−ë¥ ¯à®�−�«¨§¨à®¢�«¨ úæ¨â�â−ë¥û á¢ï§¨ ¯® −�ãç−ë¬ ®¡«�áâï¬ ¨ â¥å−®«®£¨-
ç¥áª¨¬ á¥ªâ®à�¬. �ª�§�«®áì, çâ® ¨§ ¢á¥å à�áá¬®âà¥−−ëå ¤®ªã¬¥−â®¢ ¯�â¥−âë ¨§
®¡«�áâ¥©, á¢ï§�−−ëå á å¨¬¨¥©, æ¨â¨àãîâáï ¢ áâ�âìïå ç�é¥ ¢á¥£®. ‘à¥¤¨ â¥å−®-
«®£¨ç¥áª¨å á¥ªâ®à®¢ å¨¬¨ç¥áª¨© á¥ªâ®à ç¥âª® ¤®¬¨−¨àã¥â ¢ ¯«�−¥ æ¨â¨à®¢�−¨ï
¯�â¥−â®¢, §� −¨¬ ¯® ç�áâ®â¥ ááë«®ª á«¥¤ãîâ ¯�â¥−âë ¨§ ä�à¬�ª®«®£¨ç¥áª¨å ¨
¬¥¤¨æ¨−áª¨å á¥ªâ®à®¢. „�«¥¥ ¨áá«¥¤®¢�â¥«¨ à�−¦¨à®¢�«¨ ¯�â¥−âë ¯® áâà�−�¬,
¡¥àï §� ®á−®¢ã £¥®£à�ä¨ç¥áªãî ¯à¨−�¤«¥¦−®áâì ¨§®¡à¥â�â¥«¥© ¯à®æ¨â¨à®¢�−−ëå
¯�â¥−â®¢, � â�ª¦¥ ¡®«¥¥ ¤¥â�«ì−® ¯à®á¬�âà¨¢�«¨ ¤¥áïâì −�¨¡®«¥¥ ç�áâ® æ¨â¨àã-
¥¬ëå ¯�â¥−â®¢ ¨ �−�«¨§¨à®¢�«¨ á¬¥é¥−¨ï ¬¥¦¤ã ª«�áá�¬¨ ¯�â¥−â®¢ ¨ ®¡«�áâï¬¨
−�ãª [26].

“ç¥−ë¥ ¯®«ãç¨«¨ à¥§ã«ìâ�â, çâ® ¢ áà¥¤−¥¬ ¯à¨¡«¨§¨â¥«ì−® ¢ 13 500 ¯ã¡«¨ª�-
æ¨ïå ¥¦¥£®¤−® æ¨â¨àãîâáï ¯�â¥−âë. �â® á®áâ�¢«ï¥â ®ª®«® 1,7% ¢á¥å ¯ã¡«¨ª�æ¨©,
¯à®¨−¤¥ªá¨à®¢�−−ëå ¢ ¡�§¥ ¤�−−ëå SCI. ‘à¥¤¨ −¨å ¥¦¥£®¤−® 7800 ¯ã¡«¨ª�æ¨©
æ¨â¨àãîâ �¬¥à¨ª�−áª¨¥ ¯�â¥−âë. Š�ª ¨ ®¦¨¤�«®áì, ¡®«ìè¨−áâ¢® ¯ã¡«¨ª�æ¨©,
æ¨â¨àãîé¨å ¯�â¥−âë, | áâ�âì¨. ˆáá«¥¤®¢�â¥«¨ ¢ë¡à�«¨ ¢ ª�ç¥áâ¢¥ ¯¥à¨®¤� �−�-
«¨§� 1998 £. ˆ§ à�áá¬�âà¨¢�¥¬®£® ¬�áá¨¢� 92% ¯ã¡«¨ª�æ¨©, ª®â®àë¥ æ¨â¨à®¢�«¨
¯�â¥−âë, ®ª�§�«¨áì áâ�âìï¬¨ ¨ ¯à¨¬¥ç�−¨ï¬¨, −� ¤®«î ®¡§®à®¢ ¯à¨è«®áì 6,8%
¨ ¯¨áì¬� 0,8%. �áâ�«ì−ë¥ 2,2% ¯à¥¤áâ�¢«ïîâ á®¡®© à¥¤�ªæ¨®−−ë© ¬�â¥à¨�«.
‚ ¤àã£¨¥ £®¤ë à�á¯à¥¤¥«¥−¨¥ �−�«®£¨ç−®¥ [26].

Š�àâ¨−� á¨«ì−® ¬¥−ï¥âáï, ¥á«¨ ¯à®�−�«¨§¨à®¢�âì à�á¯à¥¤¥«¥−¨¥ ¯® ¯à¥¤-
¬¥â−ë¬ ª«�áá¨ä¨ª�æ¨ï¬. �� à¨á. 6 ¯à¥¤áâ�¢«¥−® à�á¯à¥¤¥«¥−¨¥ ¯® ®¡«�áâï¬
§−�−¨© ¤«ï ¢á¥å ¯ã¡«¨ª�æ¨©, §�ä¨ªá¨à®¢�−−ëå ¢ SCI, ¤«ï ¯ã¡«¨ª�æ¨©, æ¨â¨àã-
îé¨å ¯�â¥−âë, ¢ æ¥«®¬ ¨ ¤«ï ¯ã¡«¨ª�æ¨©, æ¨â¨àãîé¨å �¬¥à¨ª�−áª¨¥ ¯�â¥−âë,
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÷¨á. 6 ÷�á¯à¥¤¥«¥−¨¥ ¯ã¡«¨ª�æ¨© ¨§ SCI, æ¨â¨àãîé¨å ¯�â¥−âë: 1 | æ¨â¨àãîâ ¢á¥
¯�â¥−âë; 2 | æ¨â¨àãîâ �¬¥à¨ª�−áª¨¥ ¯�â¥−âë; 3 | ¯ã¡«¨ª�æ¨¨ ¨§ SCI

¢ ç�áâ−®áâ¨. �®ª�§�â¥«¨ ¯® �¬¥à¨ª�−áª¨¬ ¯�â¥−â�¬ ¯à�ªâ¨ç¥áª¨ −¥ ®â«¨ç�îâáï
®â ®¡é¨å ¯®ª�§�â¥«¥© â�ª®£® à®¤�. �®íâ®¬ã ¢ â®¬, çâ® ª�á�¥âáï à�áá¬�âà¨¢�-
¥¬®£® æ¨â¨à®¢�−¨ï, �¬¥à¨ª�−áª¨¥ ¯�â¥−âë ¬®¦−® áç¨â�âì à¥¯à¥§¥−â�â¨¢−ë¬¨.
‚ à�ªãàá¥ â¥å−®«®£¨ç¥áª¨å á¥ªâ®à®¢ á¬¥é¥−¨ï á«¥¤ãîé¨¥: ¯®çâ¨ 70% ¯ã¡«¨ª�-
æ¨©, æ¨â¨àãîé¨å ¯�â¥−âë, ®â−®áïâáï ª á¥ªâ®àã å¨¬¨¨, ¤�«¥¥ á«¥¤ãîâ á¥«ìáª®¥
å®§ï©áâ¢® ¨ íª®«®£¨ï. Šà®¬¥ â®£®, ç�áâ® æ¨â¨àãîâáï ¯�â¥−âë ¯® ª«¨−¨ç¥áª®© ¨
íªá¯¥à¨¬¥−â�«ì−®© ¬¥¤¨æ¨−¥ ¨ ¯® ¬�â¥¬�â¨ª¥ [26].

7 Заключение

•®âï ¯à¨ à�§à�¡®âª¥ â¥å−®«®£¨© ¯à¥¤¯®«�£�¥âáï −¥ª®â®à�ï ¨å á¢ï§ì á −�ãç-
−®© ¤¥ïâ¥«ì−®áâìî, ¢ëï¢¨âì §�ª®−®¬¥à−®áâ¨ ¨å ¢§�¨¬®¤¥©áâ¢¨ï −¥ â�ª ¯à®áâ®.
Œ¥å�−¨§¬ë ¬®−¨â®à¨−£� ¨ �−�«¨§� à¥§ã«ìâ�â®¢ ¢ íâ¨å áä¥à�å ç¥«®¢¥ç¥áª®© ¤¥ï-
â¥«ì−®áâ¨ à�§−ë¥ ¢ á¨«ã à�§−®áâ¨ ¬®â¨¢�æ¨© ¨ æ¥«¥©. �¤−�ª® ¨¬¥−−® −�ãª®¥¬ª¨¥
â¥å−®«®£¨¨, ®á−®¢�−−ë¥ −� äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨ïå, ¤¥¬®−áâà¨àãîâ
¯à¥¨¬ãé¥áâ¢� ¢§�¨¬®¤¥©áâ¢¨ï á −�ãª®©.

�®íâ®¬ã ä®ªãá®¬ ¤�−−®© à�¡®âë áâ�«¨ ¨¬¥−−® ¢§�¨¬®á¢ï§¨ ®¡«�áâ¥© −�ãª¨
¨ â¥å−®«®£¨©. �−¨ à�áá¬�âà¨¢�«¨áì ¢ à�ªãàá¥ æ¨â¨à®¢�−¨ï ¤®ªã¬¥−â®¢, ª�ª
¯à�¢¨«® −�ãç−ëå áâ�â¥©, ¢ ¯�â¥−â�å. ’�ª®© à�ªãàá ¡ë« ¢ë¡à�− −¥á«ãç�©−®:
¯�â¥−âë ï¢«ïîâáï, ¯® áãâ¨, ª¢¨−âíáá¥−æ¨¥© â¥å−®«®£¨ç¥áª®£® ¯à®£à¥áá�, −¥¯®-
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–¨â¨à®¢�−¨¥ ¤®ªã¬¥−â®¢ ¢ ¯�â¥−â�å ª�ª ¨−¤¨ª�â®à ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨©

áà¥¤áâ¢¥−−ë¬¨ à¥§ã«ìâ�â�¬¨ ¨−−®¢�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨ ¢ áä¥à¥ â¥å−®«®£¨©.
��ãç−ë¥ ¯ã¡«¨ª�æ¨¨, ¢ á¢®î ®ç¥à¥¤ì, ¤®áâ�â®ç−® à�§−®áâ®à®−−¥ å�à�ªâ¥à¨§ãîâ
á®áâ®ï−¨¥ −¥ª®â®à®© −�ãç−®© ®¡«�áâ¨ ¢ æ¥«®¬, ¤�îâ ¯à¥¤áâ�¢«¥−¨¥ ® ª®««¥ªâ¨¢�å
ãç¥−ëå ¨ ¨−áâ¨âãâ�å, ® å�à�ªâ¥à¥ ¯à®¢®¤¨¬ëå ¨¬¨ ¨áá«¥¤®¢�−¨© ¨ â. ¤. Š®£¤�
¢ ¯�â¥−â�å æ¨â¨àãîâáï −�ãç−ë¥ ¯ã¡«¨ª�æ¨¨, ¢®§−¨ª�¥â ¬−®¦¥áâ¢® ¢®¯à®á®¢ ®
á¢ï§¨ −�ãç−ëå ®¡«�áâ¥© ¨ áä¥àë â¥å−®«®£¨©, ® ¬¥à�å ¨å ¢«¨ï−¨ï ¤àã£ −� ¤àã£�,
® −¥®¡å®¤¨¬®áâ¨ â�ª®£® ¢§�¨¬®¤¥©áâ¢¨ï, � â�ª¦¥, −�¯à¨¬¥à, ® ¢«¨ï−¨¨ ä�ªâ®à�
æ¨â¨àã¥¬®áâ¨ −�ãç−ëå à�¡®â ¢ ¯�â¥−â�å −� ¨å ¬¥¦¤ã−�à®¤−ë© ¨¬¯�ªâ-ä�ªâ®à, ®
á®®â−®è¥−¨¨ æ¨â¨à®¢�−¨© ¢ ®¯¨á�−¨ïå ¨§®¡à¥â¥−¨©, §�¯�â¥−â®¢�−−ëå ¢ ¬¥áâ−ëå
¨ §�£à�−¨ç−ëå ¯�â¥−â−ëå ¡îà®, ® ¤®«¥ á�¬®æ¨â¨à®¢�−¨© �¢â®à®¢-¨§®¡à¥â�â¥«¥©
¢ ¨å ¦¥ ¯�â¥−â�å, ®¡ ã¢¥«¨ç¥−¨¨ §−�ç¨¬®áâ¨ ®â¤¥«ì−ëå ®¡«�áâ¥© −�ãª, ® ¯®¢ëè¥-
−¨¨ §−�ç¥−¨ï −�ãç−®£® á®âàã¤−¨ç¥áâ¢� ª�ª −� ãà®¢−¥ ¨−áâ¨âãâ®¢ ¨ ª®««¥ªâ¨¢®¢,
â�ª ¨ −� ãà®¢−¥ áâà�− ¨ â. ¯.

‚ à�¡®â¥ ¡ë«� ¯à¥¤¯à¨−ïâ� ¯®¯ëâª� ®á¢¥â¨âì −¥ª®â®àë¥ ¨§ íâ¨å ¢®¯à®á®¢ ¨
¯à®�−�«¨§¨à®¢�âì ¢§�¨¬®á¢ï§¨ −�ãª¨ ¨ â¥å−®«®£¨© −� ®á−®¢¥ ¤�−−ëå ® §�¯�â¥−â®-
¢�−−ëå ¨§®¡à¥â¥−¨ïå �¨¤¥à«�−¤®¢, �¥«ì£¨¨, —¨«¨ ¨ ¤àã£¨å áâà�−. Šà®¬¥ â®£®,
¡ë«� ¯à®¢¥¤¥−� ®æ¥−ª� áâ¥¯¥−¨ §−�ç¨¬®áâ¨ ¯à¨¢¥¤¥−−ëå ¢ ¯�â¥−â�å æ¨â¨à®¢�−¨©
−�ãç−ëå à�¡®â á®®â¢¥âáâ¢ãîé¨å ®¡«�áâ¥©, ¢ â®¬ ç¨á«¥ â¥å−®«®£¨ç¥áª¨å.
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ИНТЕЛЛЕКТУАЛЬНЫЕ МЕХАНИЗМЫ СЕМАНТИЧЕСКОГО
ПОИСКА В СЕТИ ИНТЕРНЕТ

И. П. Кузнецов1, М. М. Шарнин2, А. Г. Мацкевич3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï á¨áâ¥¬ë ¯®¨áª� ¨ á¡®à� ¨−ä®à¬�æ¨¨ ¢ á¥-
â¨ ˆ−â¥à−¥â, ®á−®¢�−−ë¥ −� ¨á¯®«ì§®¢�−¨¨ «¨−£¢¨áâ¨ç¥áª¨å ¯à®æ¥áá®à®¢
(‹�), ®¡¥á¯¥ç¨¢�îé¨å �¢â®¬�â¨ç¥áª®¥ ¢ë¤¥«¥−¨¥ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ª-
â®¢ (¨¬¥−®¢�−−ëå áãé−®áâ¥©) ¨ ¨å á¢ï§¥© ¨§ â¥ªáâ®¢ ¥áâ¥áâ¢¥−−®£® ï§ëª�
(…Ÿ). ‚ à¥§ã«ìâ�â¥ ä®à¬¨àãîâáï áâàãªâãàë §−�−¨©. �−�«®£¨ç−ë¬ ®¡à�-
§®¬ ä®à¬¨àã¥âáï áâàãªâãà� §�¯à®á�. �®¨áª, −�§ë¢�¥¬ë© á¥¬�−â¨ç¥áª¨¬,
®¡¥á¯¥ç¨¢�¥âáï §� áç¥â á®¯®áâ�¢«¥−¨ï â�ª¨å áâàãªâãà, £¤¥ ãç¨âë¢�îâáï á¢ï-
§¨ ®¡ê¥ªâ®¢, � â�ª¦¥ ¨å ãç�áâ¨¥ ¢ á®¡ëâ¨ïå, ¤¥©áâ¢¨ïå. ÷�áá¬�âà¨¢�îâáï
à�§«¨ç−ë¥ ¢¨¤ë á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¨ ¨å ®á®¡¥−−®áâ¨.

Š«îç¥¢ë¥ á«®¢�: á¥¬�−â¨ª®-®à¨¥−â¨à®¢�−−ë© «¨−£¢¨áâ¨ç¥áª¨© ¯à®æ¥áá®à;
¨§¢«¥ç¥−¨¥ §−�−¨© ¨§ â¥ªáâ®¢; á¥¬�−â¨ç¥áª¨© ¯®¨áª; ¡�§� §−�−¨©

1 Введение

�¤−® ¨§ ¢�¦−ëå −�¯à�¢«¥−¨© á®¢¥àè¥−áâ¢®¢�−¨ï á¨áâ¥¬ ¯®¨áª� ¨−ä®à¬�æ¨¨
¢ á¥â¨ ˆ−â¥à−¥â á¢ï§�−® á ¯®¢ëè¥−¨¥¬ ¨å ¯®«−®âë ¨ â®ç−®áâ¨. ˆ¬¥¥âáï ¢ ¢¨¤ã
¨−ä®à¬�æ¨ï, ¯à¥¤áâ�¢«¥−−�ï ¢ ¢¨¤¥ â¥ªáâ®¢ −� …Ÿ. �® §�¯à®áã ¯®«ì§®¢�â¥«ï
¤®«¦−ë ¢ë¤�¢�âìáï á¢¥¤¥−¨ï, ª®â®àë¥ ¥¬ã âà¥¡ãîâáï. ‚ áãé¥áâ¢ãîé¨å ¯®¨áª®-
¢ëå á¨áâ¥¬�å (Ÿ−¤¥ªá, Google ¨ ¤à.) ¨á¯®«ì§ã¥âáï â�ª −�§ë¢�¥¬ë© â¥ªáâ®¢ë©
¯®¨áª, â. ¥. ¯®¨áª ¯® ª«îç¥¢ë¬ á«®¢�¬. �à¨ íâ®¬ ãç¨âë¢�¥âáï áâ¥¯¥−ì ¡«¨§®áâ¨
á«®¢ ¢ ¯«�−¥ ¨å à�á¯®«®¦¥−¨ï ¢ ¯à¥¤«®¦¥−¨¨ (â¥ªáâ¥). „«ï ª�¦¤®£® á«®¢�
−�å®¤ïâáï ¡«¨§ª¨¥ ¯® á¬ëá«ã á«®¢� ¨«¨ á«®¢®ä®à¬ë, ª®â®àë¥ â�ª¦¥ ãç�áâ¢ãîâ
¢ ¯®¨áª¥. �â® ¯®§¢®«ï¥â à�áè¨à¨âì ¯®¨áª®¢ë© §�¯à®á ¨ −�©â¨ ¡®«ìè¥¥ ç¨á«®
ú�¤¥ª¢�â−ëåû ¤®ªã¬¥−â®¢. �®á«¥¤−¨¥ à�−¦¨àãîâáï: ¢ë¤¥«ïîâáï ¨å ª®¬¯®−¥−âë
á ¡®«ìè¥© ¯«®â−®áâìî ª«îç¥¢ëå á«®¢, ª®â®àë¥ ¨ ¢ë¤�îâáï ¯®«ì§®¢�â¥«î.

‡¤¥áì ¢®§−¨ª�¥â àï¤ âàã¤−®áâ¥©. ‚®-¯¥à¢ëå, ç�áâ® ¢ë¤�îâáï ¯à¥¤«®¦¥−¨ï,
¢ ª®â®àëå ª«îç¥¢ë¥ á«®¢� ®ª�§ë¢�îâáï −¥ á¢ï§�−−ë¬¨, â. ¥. ®â−®áïâáï ª à�§-
«¨ç−ë¬ úáãé−®áâï¬û. ��¯à¨¬¥à, ¯à¨ ¯®¨áª¥ ç¥«®¢¥ª� ¯® ”ˆ� áà�¢−¨â¥«ì−®
ç�áâ® ¢ë¤�îâáï ¯à¥¤«®¦¥−¨ï, £¤¥ ¨¤¥â ¯¥à¥ç¨á«¥−¨¥ «¨æ, −® §�¯à�è¨¢�¥¬ë¥ ä�-
¬¨«¨ï, ¨¬ï, ®âç¥áâ¢® ®â−®áïâáï ª à�§−ë¬ «¨æ�¬, ª®â®àë¥ à�á¯®«®¦¥−ë àï¤®¬.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, igor-kuz@mtu-net.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, keywen1@mail.ru
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, xmag@mail.ru
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‚®-¢â®àëå, ª�ª ¯à�¢¨«®, −¥ ãç¨âë¢�îâáï ¤�−−ë¥, ª®â®àë¥ ãâ®ç−ïîâ §�¯à®á,
−�¯à¨¬¥à ¯à®ä¥áá¨ï «¨æ�, ¥£® ¬¥áâ® ¦¨â¥«ìáâ¢� ¨ ¤à. ’�ª¨¥ ¤�−−ë¥ ¬®£ãâ
−�å®¤¨âìáï ¢ ¤®ªã¬¥−â¥ −� §−�ç¨â¥«ì−®¬ à�ááâ®ï−¨¨ ®â á�¬®£® «¨æ�.

‚ á¢ï§¨ á íâ¨¬ ¢®§−¨ª«® −®¢®¥ −�¯à�¢«¥−¨¥ | á¥¬�−â¨ç¥áª¨© ¯®¨áª,
ª®£¤� ¯à¨ áà�¢−¥−¨¨ §�¯à®á� ¨ ¤®ªã¬¥−â®¢ ãç¨âë¢�îâáï á¥¬�−â¨ç¥áª¨¥ á¢ï§¨.
Œ−®£¨¥ ªàã¯−ë¥ ª®¬¯�−¨¨ ¨−¨æ¨¨àãîâ à�¡®âë ¢ íâ®¬ −�¯à�¢«¥−¨¨. ‘«¥¤ã¥â
®â¬¥â¨âì â¥¬�â¨ç¥áªãî ¡�§ã Powerset (ªã¯«¥−−ãî Microsoft), ª®â®à�ï à�¡®â�¥â á
¯à¥¤¢�à¨â¥«ì−® ä®à¬�«¨§®¢�−−®© ¨ áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¥©. ‘¨áâ¥¬�
SearchMonkey ª®¬¯�−¨¨ Yahoo ¨á¯®«ì§ã¥â á¥¬�−â¨ç¥áª¨¥ �−−®â�æ¨¨ ¤«ï ä®à-
¬¨à®¢�−¨ï ¡®«¥¥ ¯®«−®£® ®â¢¥â�. Š®¬¯�−¨¨ Ÿ−¤¥ªá ¨ Google ¯®áâ®ï−−® ¢¢®¤ïâ ¢
¯®¨áª®¢ë¥ ¬¥å�−¨§¬ë à�áè¨à¥−¨ï, ¯®§¢®«ïîé¨¥ ãç¨âë¢�âì á¥¬�−â¨ªã á«®¢, � ¢
àï¤¥ á«ãç�¥¢ | äà�§. ��â¥−âãîâáï â¥å−®«®£¨¨, ¢ ª®â®àëå ãç¨âë¢�îâáï á¢®©áâ¢�
¨ ¤¥©áâ¢¨ï §�¯à�è¨¢�¥¬ëå ®¡ê¥ªâ®¢ [1, 2].

‚á¥ ¡®«ìè¥¥ à�§¢¨â¨¥ ¯®«ãç�îâ á¥¬�−â¨ç¥áª¨¥ â¥å−®«®£¨¨: ï§ëª ®−â®«®-
£¨© OWL (Web Ontology Language), ï§ëª ®¯¨á�−¨ï à¥áãàá®¢ RDF (Resource
Description Framework), ï§ëª §�¯à®á®¢ SPARQL, | ¯®§¢®«ïîé¨¥ à�áè¨à¨âì
¯à®áâà�−áâ¢® ¯®¨áª� ¨ ãç¨âë¢�âì á¢ï§¨. ’�ª¨¥ â¥å−®«®£¨¨ ¯«�−¨àãîâáï ª�ª
®á−®¢� −®¢®£® â¨¯� ¯®¨áª®¢ëå ¬�è¨− | ‘¥¬�−â¨ç¥áª®£® WEB (WEB-3), £¤¥
¯à¥¤«�£�¥âáï ãç¨âë¢�âì, ª�ª®£® â¨¯� ®¡ê¥ªâë −¥®¡å®¤¨¬ë ¯®«ì§®¢�â¥«î ¨ ª�ª¨¬
¤®«¦−® ¡ëâì ¨å á®¤¥à¦¨¬®¥. „«ï íâ®£® à�§à�¡�âë¢�îâáï −®¢ë¥ â¥å−®«®£¨¨
¢áâà�¨¢�−¨ï á¥¬�−â¨ª¨ ¢ áãé¥áâ¢ãîé¨¥ ¢¥¡-áâà�−¨æë.

ˆ§ áª�§�−−®£® á«¥¤ã¥â, çâ® á¥¬�−â¨ç¥áª¨© ¯®¨áª | íâ® â¥å−®«®£¨ï ¡ã¤ãé¥£®.
�¤−�ª® ¥£® ¨á¯®«ì§®¢�−¨¥ à�æ¨®−�«ì−® â®«ìª® ¤«ï á«®¦−ëå §�¯à®á®¢, £¤¥
¢�¦−ãî à®«ì ¨£à�îâ á¢ï§¨. ‘ ¯à®áâë¬¨ §�¯à®á�¬¨ «¥£ª® á¯à�¢«ïîâáï ®¡ëç−ë¥
¯®¨áª®¢ë¥ á¨áâ¥¬ë.

��¯à�¢«¥−¨¥, á¢ï§�−−®¥ á á¥¬�−â¨ç¥áª¨¬ ¯®¨áª®¬, ¨−â¥−á¨¢−® à�§¢¨¢�¥â-
áï. ‘«¥¤ã¥â ®â¬¥â¨âì ¨−ä®à¬�æ¨®−−®-�−�«¨â¨ç¥áªãî á¨áâ¥¬ã úŒ¥¤¨�«®£¨ïû,
ãç¨âë¢�îéãî «¨−£¢¨áâ¨ç¥áª®¥ ®ªàã¦¥−¨¥ ¯à¨ ¯®¨áª¥ ®¡ê¥ªâ®¢, ú¨−â¥««¥ª-
âã�«ì−ãîû ¯®¨áª®¢ãî á¨áâ¥¬ã �¨£¬�.÷”, ª®â®à�ï áâàãªâãà¨àã¥â −�©¤¥−−ãî
¨−ä®à¬�æ¨î ¨ á¯®á®¡−� ®áãé¥áâ¢«ïâì ¯®¨áª −¥ â®«ìª® ¯® â¥ªáâ�¬, −® ¨ ¯®
¬�â¥¬�â¨ç¥áª¨¬ ä®à¬ã«�¬, å¨¬¨ç¥áª¨¬ á®¥¤¨−¥−¨ï¬ ¨ ¤à.

„�«ì−¥©è¥¥ à�§¢¨â¨¥ á¥¬�−â¨ç¥áª®£® ¯®¨áª� á¢ï§�−®, ¢®-¯¥à¢ëå, á à�§¢¨-
â¨¥¬ ¬¥â®¤¨ª ¢ë¤¥«¥−¨ï ¨§ §�¯à®á®¢ ¨ ¤®ªã¬¥−â®¢ á¥¬�−â¨ç¥áª¨å ª®¬¯®−¥−â®¢
¨ á¢ï§¥©. „«ï íâ®£® âà¥¡ã¥âáï £«ã¡¨−−ë© �−�«¨§ â¥ªáâ®¢ | ¯®áâà®¥−¨¥ á®®â-
¢¥âáâ¢ãîé¨å ‹�. � ¢®-¢â®àëå, á â¥å−¨ª®© á®¯®áâ�¢«¥−¨ï §�¯à®á®¢ ¯à¨ ¢ë¡®à¥
�¤¥ª¢�â−ëå ¤®ªã¬¥−â®¢.

2 Особенности поиска информационных объектов

‚ â® ¦¥ ¢à¥¬ï ¢ ˆ�ˆ ÷�� ¢ à�¬ª�å ¯«�−®¢ëå â¥¬ (úŠà¨¬¨−�«û, ú�−�«¨-
â¨ªû, ú�®â®ªû) ã¦¥ ¡®«¥¥ 15 «¥â à�§¢¨¢�¥âáï −�¯à�¢«¥−¨¥, á¢ï§�−−®¥ á �¢â®¬�-
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ˆ−â¥««¥ªâã�«ì−ë¥ ¬¥å�−¨§¬ë á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¢ á¥â¨ ˆ−â¥à−¥â

â¨ç¥áª®© ä®à¬�«¨§�æ¨¥© â¥ªáâ®¢ −� …Ÿ, ¢ëï¢«¥−¨¥¬ á¥¬�−â¨ç¥áª®© ¨−ä®à¬�æ¨¨
(áâàãªâãà §−�−¨©) ¨ à¥�«¨§�æ¨¥© −� íâ®© ®á−®¢¥ à�§«¨ç−ëå ¢¨¤®¢ á¥¬�−â¨ç¥áª¨å
¯®¨áª®¢. “ç¨âë¢�¥âáï â®â ä�ªâ, çâ® ¡®«ìè¨−áâ¢® ¯®«ì§®¢�â¥«¥© | á¯¥æ¨�-
«¨áâ®¢ ¢ á¢®¥© ®¡«�áâ¨ | ¨−â¥à¥áãîâáï «¨èì ª®−ªà¥â−ë¬¨ ¢¥é�¬¨ ¤«ï á¢®¨å
§�¤�ç. ��¯à¨¬¥à, á«¥¤®¢�â¥«ï¬ ¢�¦−ë ä¨£ãà�−âë, ¨å ¬¥áâ®¦¨â¥«ìáâ¢�, â¥«¥-
ä®−ë, ¯à¨¬¥âë, ¤¥©áâ¢¨ï «¨æ (á ãª�§�−¨¥¬ ¬¥áâ�, ¢à¥¬¥−¨), á¢ï§¨ ¨ ¤à. ’�ª�ï
¨−ä®à¬�æ¨ï ï¢«ï¥âáï ®á−®¢®© ¤«ï ®¯¥à�â¨¢−®-à®§ëáª−ëå ¤¥©áâ¢¨©, ¯®¨áª� ¯®
á¢ï§ï¬, à�§«¨ç−ëå ¢¨¤®¢ �−�«¨§� [3{5]. „àã£¨å ¨−â¥à¥áãîâ ¯�¬ïâ−ë¥ ¬¥áâ�, ¨å
¬¥áâ®−�å®¦¤¥−¨¥, �¢â®à, �àå¨â¥ªâ®à ¨ â. ¤. [6, 7]. �®¤®¡−ãî ¨−ä®à¬�æ¨î ¡ã¤¥¬
−�§ë¢�âì ¨−ä®à¬�æ¨®−−ë¬¨ ®¡ê¥ªâ�¬¨ (¤àã£®¥ −�§¢�−¨¥ | ú¨¬¥−®¢�−−ë¥
áãé−®áâ¨û), ª®â®àë¥ à�§«¨ç�îâáï ¯® â¨¯�¬. ��¯à¨¬¥à, «¨æ� ¨ ä¨£ãà�−âë |
íâ® ®¡ê¥ªâë ®¤−®£® â¨¯�, �¤à¥á� | ¤àã£®£® ¨ â. ¤.

�â¬¥â¨¬, çâ® á¢ï§¨ ¬¥¦¤ã ®¡ê¥ªâ�¬¨, ª®â®àë¥ ¨−â¥à¥áãîâ ¯®«ì§®¢�â¥«¥©,
¬®£ãâ ¨¬¥âì ¢ëá®ªãî áâ¥¯¥−ì à�§−®®¡à�§¨ï. ��¯à¨¬¥à, ¨−â¥à¥á ¬®¦¥â ¯à¥¤áâ�¢-
«ïâì −¥ â®«ìª® á¢ï§ì «¨æ ¬¥¦¤ã á®¡®© ¨«¨ á �−ª¥â−ë¬¨ ¤�−−ë¬¨, −® ¨ ¤¥©áâ¢¨ï
¨«¨ á®¡ëâ¨ï, ¢ ª®â®àëå íâ¨ «¨æ� ãç�áâ¢ãîâ. ’�ª¨¥ á®¡ëâ¨ï ¯à¨¢ï§�−ë ª ¢à¥¬¥−¨,
¬¥áâã. �®«¥¥ â®£®, ®¤−¨ á®¡ëâ¨ï ¬®£ãâ ¡ëâì á®áâ�¢−®© ç�áâìî ¤àã£¨å ¨ â. ¤.
ˆå â®¦¥ −ã¦−® ¨áª�âì ¨ ®¡à�¡�âë¢�âì. �®íâ®¬ã á«¥¤ã¥â áç¨â�âì, çâ® ¤¥©áâ¢¨ï
¨ á®¡ëâ¨ï | íâ® â®¦¥ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë, á¢ï§�−−ë¥ ¬¥¦¤ã á®¡®© ¨ á
¤àã£¨¬¨ ¨−ä®à¬�æ¨®−−ë¬¨ ®¡ê¥ªâ�¬¨. ‚®§−¨ª�îâ á«®¦−ë¥ áâàãªâãàë §−�−¨©.

„«ï ¨á¯®«ì§®¢�−¨ï â�ª¨å áâàãªâãà ¢ à�§«¨ç−ëå ¯à¨«®¦¥−¨ïå ¢ à�¬ª�å
¯à®¥ªâ®¢ ˆ�ˆ ÷�� à�§à�¡®â�−ë:

{ ï§ëª ¤«ï ¯à¥¤áâ�¢«¥−¨ï áâàãªâãà §−�−¨© (®¡ê¥ªâ®¢ ¨ ¨å á¢ï§¥©, ¢ â®¬ ç¨á«¥
ä�ªâ®¢ ãç�áâ¨ï ®¡ê¥ªâ®¢ ¢ ¤¥©áâ¢¨ïå ¨«¨ á®¡ëâ¨ïå);

{ á¥¬�−â¨ª®-®à¨¥−â¨à®¢�−−ë¥ ‹�, ¢ë¤¥«ïîé¨¥ ¨§ §�¯à®á®¢ ¨ ¤®ªã¬¥−â®¢ −�
…Ÿ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë ¨ ¨å á¢ï§¨;

{ ¯à®æ¥¤ãàë (¯®¨áª®¢ë¥ ¬�è¨−ë), à¥�«¨§ãîé¨¥ à�§«¨ç−ë¥ ¢¨¤ë ¯®¨áª� ®¡ê-
¥ªâ®¢ −� ®á−®¢¥ áâàãªâãà §−�−¨©.

‚ ¯à®æ¥áá¥ à�§à�¡®â®ª á®§¤�−� −�ãç−�ï ¡�§�: à�áè¨à¥−−ë¥ á¥¬�−â¨ç¥áª¨¥
á¥â¨ (÷‘‘), ¬¥â®¤¨ª¨ ¯à¥¤áâ�¢«¥−¨ï á«®¦−ëå ¢¨¤®¢ §−�−¨©, ¨−áâàã¬¥−â�«ì−�ï
áà¥¤� „…Š‹ ®¡à�¡®âª¨ áâàãªâãà §−�−¨©, á¥¬�−â¨ª®-®à¨¥−â¨à®¢�−−ë¥ ‹� ¤«ï
¨§¢«¥ç¥−¨ï §−�−¨© ¨§ â¥ªáâ®¢ [6, 8, 9]. �à¥¤áâ�¢«ï¥âáï ¯¥àá¯¥ªâ¨¢−ë¬ ¨á¯®«ì-
§®¢�−¨¥ íâ®© ¡�§ë ¨ −�ª®¯«¥−−®£® ®¯ëâ� ¢ ª�ç¥áâ¢¥ ®á−®¢ë à�§¢¨â¨ï −®¢ëå
á¥¬�−â¨ç¥áª¨å â¥å−®«®£¨© ¯à¨ ®¡à�¡®âª¥ ¨ ¯®¨áª¥ ¢ ¡®«ìè¨å ¬�áá¨¢�å −¥ä®à-
¬�«¨§®¢�−−®© ¨−ä®à¬�æ¨¨ (¢ á¥â¨ ˆ−â¥à−¥â), ¯à¥¤áâ�¢«¥−−®© ¢ ¢¨¤¥ â¥ªáâ®¢
−� …Ÿ.

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï ¬¥â®¤¨ª� á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¤«ï á«ãç�ï,
ª®£¤� ¨§ §�¯à®á� ¢ë¤¥«¥− ¨−ä®à¬�æ¨®−−ë© ®¡ê¥ªâ ¨ ¥£® á¢ï§¨. ‚ à¥§ã«ìâ�â¥
§�¯à®á ¯à¥®¡à�§ã¥âáï ¢ áâàãªâãàã −� ÷‘‘. �¥®¡å®¤¨¬® −�©â¨ ¢ á¥â¨ ˆ−â¥à−¥â
�−�«®£¨ç−ë¥ ¨«¨ ¯®å®¦¨¥ ®¡ê¥ªâë.
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�� ¯¥à¢®¬ íâ�¯¥ ¨¤¥â ¯®¨áª â¥ªáâ®¢, ¢ ª®â®àëå ¬®¦¥â −�å®¤¨âìáï §�¯à�è¨-
¢�¥¬ë© ®¡ê¥ªâ. „«ï íâ®£® ¨§ §�¯à®á� ¢ë¤¥«ïîâáï ª«îç¥¢ë¥ á«®¢�, ª®â®àë¬
¯à¨á¢�¨¢�îâáï ¢¥á� ¯® áâ¥¯¥−¨ ¨å §−�ç¨¬®áâ¨ ¨«¨ ã−¨ª�«ì−®áâ¨ ¢ ¯«�−¥ ãâ®ç-
−¥−¨ï ®¡ê¥ªâ�. �® −¨¬ ¨¤¥â ®¡à�é¥−¨¥ ª áâ�−¤�àâ−ë¬ ¯®¨áª®¢¨ª�¬ (−�¯à¨¬¥à,
Google, Ÿ−¤¥ªá ¨ ¤à.), ª®â®àë¥ −� ®á−®¢¥ ª«îç¥¢ëå á«®¢ −�å®¤ïâ á®®â¢¥âáâ¢ã-
îé¨¥ ¤®ªã¬¥−âë. ˆ§ −¨å ¢ë¤¥«ïîâáï á¢ï§�−−ë¥ ¯à¥¤«®¦¥−¨ï á −�¨¡®«ìè¥©
¯«®â−®áâìî ª«îç¥¢ëå á«®¢. ’�ª¨¥ ¯à¥¤«®¦¥−¨ï ®¡à�§ãîâ ¨áå®¤−ë© ¬�â¥à¨�«
�−�«¨§�. �� ¯®á«¥¤ãîé¨å íâ�¯�å ¯à¥¤«®¦¥−¨ï ¯à¥®¡à�§ãîâáï ‹� ¢ áâàãªâãàë
§−�−¨©, ª®â®àë¥ −�ª�¯«¨¢�îâáï ¨ ®¡à�§ãîâ ®¯¥à�â¨¢−ãî ¡�§ã §−�−¨© (�‡).
�−� á«ã¦¨â ®á−®¢®© ¤«ï á¥¬�−â¨ç¥áª¨å ¯®¨áª®¢, ª®â®àë¥ á¢®¤ïâáï ª á®¯®áâ�-
¢«¥−¨î áâàãªâãàë §�¯à®á� (−� ÷‘‘) ¨ á®¤¥à¦¨¬®£® �‡. ‚ à¥§ã«ìâ�â¥ −�å®¤ïâáï
¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë | �−�«®£¨ç−ë¥ §�¯à�è¨¢�¥¬®¬ã ¨«¨ ¯®å®¦¨¥ −� −¥£®.
�� ¨å ®á−®¢¥ ä®à¬¨àã¥âáï ®â¢¥â.

�®¤®¡−�ï ¬¥â®¤¨ª� (¢ á¢®¥© ®á−®¢−®© ç�áâ¨) ¨á¯®«ì§®¢�−� ¢ á¨áâ¥¬¥ úŠà¨-
¬¨−�«û, £¤¥ −� ¯à¥¤¢�à¨â¥«ì−®¬ íâ�¯¥ ªà¨¬¨−�«ì−ë¥ ¤®ªã¬¥−âë (á¢®¤ª¨ ¯à®-
¨áè¥áâ¢¨©, ®¡¢¨−¨â¥«ì−ë¥ §�ª«îç¥−¨ï ¨ ¤à.) ®¡à�¡�âë¢�«¨áì ‹�. �®«ãç¥−−ë¥
áâàãªâãàë §�¯®¬¨−�«¨áì ¢ ¤®«£®¢à¥¬¥−−®© �‡, ¨§ ª®â®à®© ¯® ª«îç¥¢ë¬ á«®-
¢�¬ ¢ë¡¨à�«¨áì áâàãªâãàë, ª®â®àë¥ á®áâ�¢«ï«¨ ®¯¥à�â¨¢−ãî �‡. �−� á«ã¦¨«�
®á−®¢®© ¤«ï à�§«¨ç−ëå ¢¨¤®¢ ¯®¨áª�, ¢ ª®â®àëå ãç¨âë¢�«¨áì ¢á¥¢®§¬®¦−ë¥
¢¨¤ë á¢ï§¥©. ‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï à�§¢¨â¨¥ ¤�−−®© ¬¥â®¤¨ª¨ ¯à¨¬¥-
−¨â¥«ì−® ª §�¤�ç¥ á¡®à� á¢¥¤¥−¨© ¢ á¥â¨ ˆ−â¥à−¥â ®¡ ¨−â¥à¥áãîé¥¬ ¯®«ì§®¢�â¥«ï
®¡ê¥ªâ¥. Š®−¥ç−®, à¥çì ¨¤¥â ®¡ ®¡ê¥ªâ�å, ª®â®àë¥ ¢ë¤¥«ïîâáï ‹�, â. ¥. ¬¥â®¤¨ª�
à�¡®â�¥â ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨, −� ª®â®àãî −�áâà®¥− ¤�−−ë© ¯à®æ¥áá®à.

3 Семантико-ориентированный лингвистический процессор

ˆ§¢«¥ç¥−¨¥ §−�−¨© ¨§ â¥ªáâ®¢ ®áãé¥áâ¢«ï¥âáï á¥¬�−â¨ª®-®à¨¥−â¨à®¢�−−ë¬
‹�, ª®â®àë© ï¢«ï¥âáï ®á−®¢®© ¯à¥¤«�£�¥¬®© ¬¥â®¤¨ª¨ á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¢
á¥â¨ ˆ−â¥à−¥â. ’�ª¨¥ ‹� ¨á¯®«ì§®¢�«¨áì ¢ á¨áâ¥¬�å úŠà¨¬¨−�«û ¨ ú�−�«¨-
â¨ªû ¤«ï ä®à¬¨à®¢�−¨ï á¥¬�−â¨ç¥áª¨å áâàãªâãà (‘‘) ¤®ªã¬¥−â®¢ ¨ à¥�«¨§�æ¨¨
®¡ê¥ªâ−ëå ¯®¨áª®¢.

÷�áá¬®âà¨¬ ®á−®¢−ë¥ ª®¬¯®−¥−âë á¥¬�−â¨ª®-®à¨¥−â¨à®¢�−−®£® ‹�.

3.1 Блок лексико-морфологического анализа

‚ë¤¥«ï¥â ¨§ ¤®ªã¬¥−â� −� …Ÿ á«®¢� ¨ ¯à¥¤«®¦¥−¨ï ¨ ¢ë¤�¥â ¢ ¢¨¤¥ á¥¬�−-
â¨ç¥áª®© á¥â¨ (÷‘‘), ¯à¥¤áâ�¢«ïîé¥© ¯®á«¥¤®¢�â¥«ì−®áâì ª®¬¯®−¥−â®¢ (á«®¢ ¢
−®à¬�«ì−®© ä®à¬¥, ç¨á¥«, §−�ª®¢) ¨ ¨å ®á−®¢−ë¥ ¯à¨§−�ª¨. ’�ªãî á¥âì ¡ã-
¤¥¬ −�§ë¢�âì ¯à®áâà�−áâ¢¥−−®© áâàãªâãà®© (�‘) ¤®ªã¬¥−â�. �«®ª
¨á¯®«ì§ã¥â −�¡®à â¥¬�â¨ç¥áª¨å á«®¢�à¥© (á«®¢�àì áâà�−, à¥£¨®−®¢ ÷®áá¨¨, ¨¬¥−,
¢¨¤®¢ ®àã¦¨ï ¨ ¤à.) ¤«ï ¯à¨¤�−¨ï á«®¢�¬ ¨ á«®¢®á®ç¥â�−¨ï¬ ¤®¯®«−¨â¥«ì−ëå
á¥¬�−â¨ç¥áª¨å ¯à¨§−�ª®¢ [7].
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3.2 Блок синтактико-семантического анализа

�ãâ¥¬ �−�«¨§� �‘ ¤®ªã¬¥−â� ¡«®ª ¢ë¤¥«ï¥â ®¡ê¥ªâë ¨ á¢ï§¨. �� ¨å
®á−®¢¥ áâà®¨â ¤àã£ãî á¥¬�−â¨ç¥áªãî á¥âì (÷‘‘), ¯à¥¤áâ�¢«ïîéãî á¥¬�−â¨ç¥-
áªãî áâàãªâãàã ¤®ªã¬¥−â�, ª®â®àãî â�ª¦¥ −�§ë¢�îâ á®¤¥à¦�â¥«ì−ë¬
¯®àâà¥â®¬ ¤®ªã¬¥−â� [6, 8, 10]. �«®ª ã¯à�¢«ï¥âáï «¨−£¢¨áâ¨ç¥áª¨¬¨
§−�−¨ï¬¨ (‹‡), §� áç¥â ª®â®àëå ®¡¥á¯¥ç¨¢�¥âáï:

{ ¨§¢«¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ («¨æ, ®à£�−¨§�æ¨©, á®¡ëâ¨©, ¨å ¬¥áâ�
¨ ¢à¥¬¥−¨ ¨ ¬−®£®¥ ¤àã£®¥), ¨å ¨¤¥−â¨ä¨ª�æ¨ï á ãç¥â®¬ �−�ä®à¨ç¥áª¨å
ááë«®ª, á®ªà�é¥−¨©;

{ ¢ëï¢«¥−¨¥ á¢ï§¥© ®¡ê¥ªâ®¢ (−�¯à¨¬¥à, ª�ª «¨æ� á¢ï§�−ë á ®à£�−¨§�æ¨ï¬¨,
�¤à¥á�¬¨ ¨ ¤à.);

{ �−�«¨§ £«�£®«ì−ëå ä®à¬, ¯à¨ç�áâ−ëå ¨ ¤¥¥¯à¨ç�áâ−ëå ®¡®à®â®¢ á ¢ëï¢«¥-
−¨¥¬ ä�ªâ®¢ ãç�áâ¨ï ®¡ê¥ªâ®¢ ¢ á®®â¢¥âáâ¢ãîé¨å ¤¥©áâ¢¨ïå;

{ ¢ëï¢«¥−¨¥ á¢ï§¥© ¤¥©áâ¢¨© á ®¡ê¥ªâ�¬¨ â¨¯� ¬¥áâ® ¨«¨ ¢à¥¬ï (£¤¥ ¨ ª®£¤�
¨¬¥«® ¤�−−®¥ ¤¥©áâ¢¨¥ ¨«¨ á®¡ëâ¨¥);

{ �−�«¨§ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå ¨ ¢à¥¬¥−−ëå á¢ï§¥© ¬¥¦¤ã ¤¥©áâ¢¨ï¬¨ ¨
á®¡ëâ¨ï¬¨.

‹¨−£¢¨áâ¨ç¥áª¨¥ §−�−¨ï â�ª¦¥ §�¯¨áë¢�îâáï −� ï§ëª¥ ÷‘‘ | ¢ ¢¨¤¥ á¯¥æ¨-
�«ì−ëå äà�£¬¥−â®¢ ¨ ¯à�¢¨«.

3.3 Экспертные системы, логический вывод

�� ®á−®¢¥ ‘‘ ¤®ªã¬¥−â� ä®à¬¨àãîâ −®¢ë¥ §−�−¨ï, ª®â®àë¥ ¤®¯®«−ïîâ ‘‘
¤®ªã¬¥−â� [3, 7, 10]. ��¯à¨¬¥à, ¯® ¤¥©áâ¢¨ï¬ «¨æ� ®¯à¥¤¥«ïîâ ¥£® à®«ì ¢ ¯à®¨á-
è¥áâ¢¨¨ (¯®â¥à¯¥¢è¨©, ®¡¢¨−ï¥¬ë©) ¨ â. ¤.; ®â−®áïâ ªà¨¬¨−�«ì−ë¥ ¯à®¨áè¥áâ-
¢¨ï ª ®¯à¥¤¥«¥−−ë¬ â¨¯�¬ (¢ á®®â¢¥âáâ¢¨¨ á ª«�áá¨ä¨ª�â®à�¬¨ ªà¨¬¨−�«ì−®©
¯®«¨æ¨¨).

3.4 База лингвистических и экспертных знаний

‘®¤¥à¦¨â ¯à�¢¨«� �−�«¨§� â¥ªáâ� ¨ íªá¯¥àâ−ëå à¥è¥−¨© ¢® ¢−ãâà¥−−¥¬
¯à¥¤áâ�¢«¥−¨¨ (÷‘‘). �−¨ ®¯à¥¤¥«ïîâ à�¡®âã ‹�.

3.5 Обратный лингвистический процессор

�à¥®¡à�§ã¥â ‘‘ ¤®ªã¬¥−â� ¨«¨ ¢−®¢ì áä®à¬¨à®¢�−−ë¥ §−�−¨ï ¢ â¥ªáâ −� …Ÿ,
ª®â®àë© ¢ë¤�¥âáï ¯®«ì§®¢�â¥«î ¢ ª�ç¥áâ¢¥ ®â¢¥â�.
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4 Семантическая структура документа и запроса

‘¥¬�−â¨ç¥áª�ï áâàãªâãà� ¤®ªã¬¥−â� á®áâ®¨â ¨§ äà�£¬¥−â®¢ ï§ëª� ÷‘‘,
¯à¥¤áâ�¢«ïîé¨å ¢ë¤¥«¥−−ë¥ ®¡ê¥ªâë, ¨å ¯à¨§−�ª¨ ¨ á¢ï§¨, � â�ª¦¥ ãç�áâ¨¥ ¢
¤¥©áâ¢¨ïå. ’�ª¨¥ áâàãªâãàë, á ®¤−®© áâ®à®−ë, ¤®«¦−ë ¯à¥¤áâ�¢«ïâì á«®¦−ë¥
¢¨¤ë ¨−ä®à¬�æ¨¨, � á ¤àã£®© áâ®à®−ë | ¡ëâì ã¤®¡−ë¬¨ á â®çª¨ §à¥−¨ï
®¡à�¡®âª¨ ¨ ¯®¨áª�. �®íâ®¬ã ¤«ï ¨å ¯à¥¤áâ�¢«¥−¨ï ¢ë¡à�− ï§ëª ÷‘‘, �
¤«ï ®¡à�¡®âª¨ | ¨−áâàã¬¥−â�«ì−�ï áà¥¤� „…Š‹. Œ−®¦¥áâ¢® ‘‘ ¤®ªã¬¥−â®¢
®¡à�§ã¥â �‡.

�à¨¬¥à 1. „®ªã¬¥−â (á −®¬¥à®¬ 26) ¢§ïâ ¨§ á¢®¤®ª ¯à®¨áè¥áâ¢¨© ƒ“‚„
£. Œ®áª¢ë:

01.02.98 £®¤� ¢ 22.30 ç�á §�ï¢«¥−¨¥ £à-ª¨ ˆ¢�−®¢®© ‹. �., 1979 £®¤� à®¦¤.,
¯à®¦.: ã«. Ÿ−� ÷�©−¨á�, ¤®¬ 5-5-14. � ¯à¨¢«¥ç¥−¨¨ ª ã£®«®¢−®© ®â¢¥âáâ¢¥−-
−®áâ¨ ¬ã¦� ˆ¢�−®¢� Œ. ˆ., 1964 £®¤� à®¦¤., ª®â®àë© ¯® ¬¥áâã ¦¨â¥«ìáâ¢�
ãç¨−¨« áª�−¤�« ¨ ã£à®¦�« ã¡¨©áâ¢®¬. �� ¬¥áâ¥ ãç. ¨−á¯. ƒ®«ã¡¥¢ë¬ ¡ë«
§�¤¥à¦�−.

‘¥¬�−â¨ç¥áª�ï áâàãªâãà� ¤�−−®£® ¤®ªã¬¥−â� ¨¬¥¥â ¢¨¤:
„�Š (26,\1-02-98","‘‚�„Š�"/0+) 0-(RUS)
FIO(ˆ‚���‚�,‹.,�.,1979/1+)
�„÷ (“‹.,Ÿ��,÷�‰�ˆ‘�,„�Œ,5,5,14/2+)
�÷�†.(1-,2-)
FIO(ˆ‚���‚,Œ.,ˆ.,1964/3+)
Œ“†(1-,3-/4+)
‘���™ˆ’œ(1-/5+) 5-(26,ACT )
„�’� (1998,02,∼01,22.30/6+)
Š�ƒ„�(5-,6-)
\�÷ˆ‚‹…—…�ˆ… Š “ƒ�‹�‚��‰ �’‚…’‘’‚…���‘’ˆ"(3-/7+) 7-(26,ACT )
‘Š��„�‹(3-/8+) 8-(26,ACT )
\“ƒ÷�†�’œ “�ˆ‰‘’‚�Œ"(3-/9+) 9-(26,ACT )
Œˆ‹ (ãç.¨−á¯.,ƒ�‹“�…‚/10+)
‡�„…÷†�’œ(Œ…‘’�,10-/11+) 11-(26,ACT )
�÷…„‹ (26,5-,2-/12+) 12-(1,14,128)
�÷…„‹ (26,7-,8-,9-/13+) 13-(3,129,283)
�÷…„‹ (26,11-/14+) 14-(5,284,324)
ANAL (\�à¥áâã¯−ë¥ ¤¥©áâ¢¨ï", •“‹ˆƒ��‘’‚�,‘Š��„�‹/15+)
15-(26,ANAL )

‘¥¬�−â¨ç¥áª�ï áâàãªâãà� ¤®ªã¬¥−â� á®áâ®¨â ¨§ í«¥¬¥−â�à−ëå äà�£¬¥−â®¢,
�à£ã¬¥−â�¬¨ ª®â®àëå ï¢«ïîâáï á«®¢� ¢ −®à¬�«ì−®© ä®à¬¥ (−�¯à¨¬¥à, ¤«ï áã-
é¥áâ¢¨â¥«ì−ëå | ¢ ¥¤¨−áâ¢¥−−®¬ ç¨á«¥, ¨¬¥−¨â¥«ì−®¬ ¯�¤¥¦¥, ¤«ï ¯à¨«�£�-
â¥«ì−ëå | ¤®¯®«−¨â¥«ì−® ¬ã¦áª®© à®¤ ¨ â. ¤.). �â® −¥®¡å®¤¨¬® ¤«ï ¯®¨áª�
¨ ®¡à�¡®âª¨. Š�¦¤ë© í«¥¬¥−â�à−ë© äà�£¬¥−â ¨¬¥¥â á¢®© ã−¨ª�«ì−ë© ª®¤,
ª®â®àë© §�¯¨áë¢�¥âáï ¢ ¢¨¤¥ ç¨á«� á® §−�ª®¬ ú+û ¨ ®â¤¥«ï¥âáï ª®á®© «¨−¨¥©.
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ˆ−â¥««¥ªâã�«ì−ë¥ ¬¥å�−¨§¬ë á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¢ á¥â¨ ˆ−â¥à−¥â

’�ª, ¢® äà�£¬¥−â¥ FIO(ˆ‚���‚�,‹.,�.,1979/1+) §−�ª ú1+û ¥áâì ¥£® ª®¤, �
ú1-û | ááë«ª¨ −� −¥£®). ��¯à¨¬¥à, ¢® äà�£¬¥−â¥ �÷�†.(1-,2-) §−�ª¨ ú1-û ¨
ú2-û ®§−�ç�îâ, çâ® «¨æ® (ˆ¢�−®¢� ‹. �.) ¯à®¦¨¢�¥â ¯® �¤à¥áã, ¯à¥¤áâ�¢«¥−−®¬ã
¢ �„÷ (“‹.,Ÿ��,÷�‰�ˆ‘�,„�Œ,5,5,14/2+). ’�ª¨¥ §−�ª¨ (1+, 2+, . . . )
¨£à�îâ à®«ì ¨¤¥−â¨ä¨ª�â®à®¢ ®¡ê¥ªâ®¢ ¢® ¢−ãâà¥−−¥¬ ¯à¥¤áâ�¢«¥−¨¨.

”à�£¬¥−âë „�Š (26,\1-02-98.TXT",\‘‚�„Š�"/0+) 0-(RUS) ãª�§ë¢�-
îâ, çâ® ‘‘ ¯®áâà®¥−� −� ®á−®¢¥ àãááª®ï§ëç−®£® â¥ªáâ� ¤®ªã¬¥−â� á −®¬¥à®¬ 26
¨§ ä�©«� 1-02-98.TXT", ª®â®àë© ®¡à�¡�âë¢�«áï ª�ª á¢®¤ª� ¯à®¨áè¥áâ¢¨© (®â
íâ®£® §�¢¨áïâ ‹‡). ‡−�ª¨ 1+, 1-, 2+, 2-, 3+, 3- . . . | íâ® ª®¤ë äà�£¬¥−-
â®¢, á ¯®¬®éìî ª®â®àëå §�¤�îâáï ¨å á¢ï§¨ ¨ ®â−®è¥−¨ï. ��¯à¨¬¥à, äà�£¬¥−â
Œ“†(1-,3-/4+) ¯à¥¤áâ�¢«ï¥â ®â−®è¥−¨¥ ú¡ëâì ¬ã¦¥¬û ¤¢ãå «¨æ (¯à¥¤áâ�-
¢«¥−−ëå ª�ª ”ˆ� á ª®¤�¬¨ 1+ ¨ 3+). „¥©áâ¢¨ï â�ª¦¥ ¯à¥¤áâ�¢«ïîâáï ¢ ¢¨¤¥
äà�£¬¥−â®¢ â¨¯� ‘Š��„�‹(3-/8+) 8-(26,ACT ), £¤¥ ¯à¥¤áâ�¢«¥−®, çâ® ú«¨æ®
(”ˆ� á ª®¤®¬ 3+), ãç¨−¨«® áª�−¤�«û. ‘ ¯®¬®éìî ª®¤� (8+,8-) ãª�§ë¢�¥âáï,
çâ® äà�£¬¥−â ¯à¥¤áâ�¢«ï¥â ¤¥©áâ¢¨¥ (ACT ) ¨ ®â−®á¨âáï ª ¤®ªã¬¥−âã á −®¬¥-
à®¬ 26. ’�ª¨¥ ª®¤ë â�ª¦¥ á«ã¦�â ¤«ï ¯à¥¤áâ�¢«¥−¨ï ¢à¥¬¥−¨, ¬¥áâ� ¤¥©áâ¢¨ï
¨ ä�ªâ®¢ ¨å ª®¬¡¨−¨à®¢�−¨ï | ª®£¤� ®¤−® ¤¥©áâ¢¨¥ ¢ª«îç¥−® ¢ á®áâ�¢ ¤àã£®£®.
‘«¥¤ãîé¨¥ äà�£¬¥−âë „�’� (. . . /6+) ¨ Š�ƒ„� (5-,6-) ¯à¥¤áâ�¢«ïîâ ¢à¥¬ï
(„�’� ) ¨ çâ® ®−® ®â−®á¨âáï ª ¤¥©áâ¢¨î úá®®¡é¨âìû (ª®¤ 5+).

�á®¡ãî à®«ì ¨£à�îâ äà�£¬¥−âë �÷…„‹ (. . . ), ª®â®àë¥ á®®â¢¥âáâ¢ãîâ
¯à¥¤«®¦¥−¨ï¬. �−¨ §�¯®«−ïîâáï á«®¢�¬¨, −¥ ¢®è¥¤è¨¬¨ ¢ ¨−ä®à¬�æ¨®−−ë¥
®¡ê¥ªâë, � â�ª¦¥ ª®¤�¬¨ á�¬¨å ®¡ê¥ªâ®¢. Š íâ¨¬ äà�£¬¥−â�¬ ¤®¡�¢«ïîâáï
ãª�§�â¥«¨ ¨å ¬¥áâ®¯®«®¦¥−¨ï ¢ â¥ªáâ¥. ��¯à¨¬¥à, äà�£¬¥−âë �÷…„‹ (26,
5-,2-/12+) ¨ 12-(1,14,128) ¯à¥¤áâ�¢«ïîâ â®â ä�ªâ, çâ® ®¡ê¥ªâë á ª®¤�¬¨ ú5-û
(á®®â¢¥âáâ¢ã¥â ¤¥©áâ¢¨î úá®®¡é¨âìû á ¥£® áã¡ê¥ªâ®¬ ¨ ¢à¥¬¥−¥¬), ú2-û (á®®â¢¥â-
áâ¢ã¥â �¤à¥áã) ¨ ¤à. −�å®¤ïâáï ¢ ¯à¥¤«®¦¥−¨¨, ª®â®à®¥ −�ç¨−�¥âáï á 1-© áâà®ª¨
â¥ªáâ� ¤®ªã¬¥−â� ¨ §�−¨¬�îâ ¬¥áâ® ®â 14-£® ¡�©â� ¤® 128-£®.

”à�£¬¥−â ANAL (. . . ) ä®à¬¨àã¥âáï íªá¯¥àâ−®© á¨áâ¥¬®©, ª®â®à�ï ®æ¥−¨-
¢�¥â ¤®ªã¬¥−â ¨ ®â−®á¨â ¥£® ª ®¯à¥¤¥«¥−−®¬ã ¯ã−ªâã ¢ á®®â¢¥âáâ¢¨¨ á ª«�á-
á¨ä¨ª�â®à�¬¨ ªà¨¬¨−�«ì−®© ¯®«¨æ¨¨. ‚ ¤�−−®¬ ¯à¨¬¥à¥ á¨áâ¥¬� ®¯à¥¤¥«¨«�
ú¯à¥áâã¯−ë¥ ¤¥©áâ¢¨ïû ª�ª •“‹ˆƒ��‘’‚� á ãâ®ç−¥−¨¥¬ | ‘Š��„�‹.
’�ª¨¥ äà�£¬¥−âë ªà�©−¥ −¥®¡å®¤¨¬ë ¯à¨ ¯®¨áª¥ ¯®å®¦¨å ¯à®¨áè¥áâ¢¨© (á¬.
à�§¤. 9).

�®¬¨¬® áª�§�−−®£®, ª ‘‘ ¤®ªã¬¥−â� ¤®¡�¢«ïîâáï äà�£¬¥−âë DESC (. . . ),
¯à¥¤áâ�¢«ïîé¨¥ ®¯¨á�−¨¥ ®¡ê¥ªâ®¢ ¨ ¤¥©áâ¢¨©:

DESC (1-,\£à-ª¨ ˆ¢�−®¢®© ‹. �. 1979 £®¤� à®¦¤.")

DESC (2-,\¯à®¦.: ã«. Ÿ−� ÷�©−¨á� ¤®¬ 5-5-14") . . .

‚ ¯¥à¢®¬ äà�£¬¥−â¥ á®¤¥à¦¨âáï ®¯¨á�−¨¥ «¨æ� (¯à¥¤áâ�¢«¥−−®£® äà�£¬¥−â®¬
á ª®¤®¬ 1+), ¢§ïâ®£® ¨§ â¥ªáâ� ¨ â. ¤. ’�ª¨¥ äà�£¬¥−âë −¥®¡å®¤¨¬ë ¤«ï à�¡®âë
®¡à�â−®£® ‹�.
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ˆ. �. Šã§−¥æ®¢, Œ. Œ. ˜�à−¨−, �. ƒ. Œ�æª¥¢¨ç

�−�«®£¨ç−ë¬ ®¡à�§®¬ ¯à¥¤áâ�¢«ï¥âáï á¥¬�−â¨ç¥áª�ï áâàãªâãà� §�-
¯à®á�, çâ® ã¯à®é�¥â ¥£® á®¯®áâ�¢«¥−¨¥ á ‘‘ ¤®ªã¬¥−â®¢ ¯à¨ ¯®¨áª¥ ¨ ®æ¥−ª¥
áâ¥¯¥−¨ ¡«¨§®áâ¨. ��¯à¨¬¥à, ¢®¯à®á úŠâ® áª�−¤�«¨« ¨ ã£à®¦�« ã¡¨©áâ¢®¬?û
¯à¥¤áâ�¢«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

FIO(` ',` ',` ',1/15+) ‘Š��„�‹(15-) \“ƒ÷�†�’œ “�ˆ‰‘’‚�Œ"(15-) ?(15-),

£¤¥ §�¯à�è¨¢�¥âáï (?) −¥¨§¢¥áâ−ë© (FIO), � á«®¢®á®ç¥â�−¨ï úãç¨−¨âì áª�−¤�«û
¨ úáª�−¤�«¨«û ¯à¥®¡à�§ãîâáï ¢ ‘Š��„�‹ ¢ ¯à®æ¥áá¥ −®à¬�«¨§�æ¨¨ [7, 11].

ˆá¯®«ì§®¢�−¨¥ ‘‘ ¤®ªã¬¥−â®¢ ¯®§¢®«ï¥â ãç¨âë¢�âì ¯à¨ ¯®¨áª¥ ¨ ¨¤¥−â¨-
ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ £®à�§¤® ¡®«ìè¥¥ ç¨á«® ä�ªâ®à®¢, ç¥¬ ¢ ¤àã£¨å ¯®¨áª®¢ëå
á¨áâ¥¬�å, −�¯à¨¬¥à ãç�áâ¨¥ «¨æ� ¢ ¤¥©áâ¢¨ïå, ¢à¥¬ï íâ®£® ¤¥©áâ¢¨ï, á¢ï§¨ «¨æ�
¨ ¤à.

5 Оперативная база знаний

�®¤ ®¯¥à�â¨¢−®© ¡�§®© §−�−¨© ¯®−¨¬�¥âáï ¬−®¦¥áâ¢® ®â®¡à�−−ëå ‘‘
¤®ªã¬¥−â®¢, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¤«ï ¯®¨áª� ®â¢¥â� −� §�¯à®á. ÷�áá¬®âà¨¬,
ª�ª ä®à¬¨àã¥âáï â�ª�ï ¡�§�.

Œ¥â®¤¨ª� ®á−®¢�−� −� ¨á¯®«ì§®¢�−¨¨ ‹� ¨ áâ�−¤�àâ−ëå ¯®¨áª®¢ëå á¨áâ¥¬
(â¨¯� Google, Ÿ−¤¥ªá). „«ï ¯®«−®âë ¯®¨áª� ¨á¯®«ì§ã¥âáï −¥áª®«ìª® ¯®¨áª®¢ëå
á¨áâ¥¬, −� ª®â®àë¥ ¯®¤�¥âáï ®¤¨− ¨ â®â ¦¥ §�¯à®á.

‚−�ç�«¥ §�¯à®á ®¡à�¡�âë¢�¥âáï ‹�. ‚á¥ ¥£® á«®¢� −®à¬�«¨§ãîâáï. ”®à-
¬¨àã¥âáï ‘‘ §�¯à®á�. Š�¦¤®¬ã −®à¬�«¨§®¢�−−®¬ã á«®¢ã ¯à¨á¢�¨¢�¥âáï ¢¥á ¢
§�¢¨á¨¬®áâ¨ ®â áâ¥¯¥−¨ ¥£® ¨−ä®à¬�â¨¢−®áâ¨ ¢ ¯«�−¥ ¯®¨áª� ®¡ê¥ªâ®¢. �ã¤¥¬
−�§ë¢�âì â�ª¨¥ á«®¢� ª«îç¥¢ë¬¨. �¥ª®â®àë¬ á«®¢�¬ ¯à¨á¢�¨¢�¥âáï áâ�âãá
®¡ï§�â¥«ì−®áâ¨. ’�ª®© áâ�âãá ¬®¦¥â ¡ëâì §�¤�− ¢ §�¯à®á¥, ¨«¨ ¦¥ á¨áâ¥¬�
á�¬� ®â¡¨à�¥â ¤«ï íâ®£® á«®¢� á ãç¥â®¬ áâ¥¯¥−¨ ¨å ã−¨ª�«ì−®áâ¨. Š«îç¥¢ë¥ á«®¢�
¯®¤�îâáï −� ¢å®¤ ã¯®¬ï−ãâëå ¯®¨áª®¢ëå á¨áâ¥¬, ª®â®àë¥ −�å®¤ïâ ¤®ªã¬¥−âë.

ˆ§ íâ¨å ¤®ªã¬¥−â®¢ á¯¥æ¨�«ì−®© ¯à®£à�¬¬®© ¢ë¤¥«ïîâáï á¢ï§�−−ë¥ ¯à¥¤«®-
¦¥−¨ï á −�¨¡®«ìè¥© ¯«®â−®áâìî ª«îç¥¢ëå á«®¢. „�«¥¥ ®âá¥¨¢�îâáï ¯à¥¤«®¦¥-
−¨ï, ¢ ª®â®àëå −¥â ®¡ï§�â¥«ì−ëå á«®¢. �®¤áç¨âë¢�¥âáï ¢¥á ª�¦¤®£® ®áâ�¢è¥£®áï
¯à¥¤«®¦¥−¨ï | ª�ª áã¬¬� ¢¥á®¢ −�å®¤ïé¨åáï ¢ −¨å ª«îç¥¢ëå á«®¢. „®ªã¬¥−-
âë (c ¨å URL) à�−¦¨àãîâáï ¯® ¢¥á�¬ ¨ ¢ë¤¥«ïîâáï â¥ ¨§ −¨å, ¢¥á ª®â®àëå
¯à¥¢ëè�¥â §�¤�−−ë© ¯®à®£.

‚ë¤¥«¥−−ë¥ ¯à¥¤«®¦¥−¨ï ®¡à�§ãîâ ¨áå®¤−ë© ¬�â¥à¨�« �−�«¨§�. �à¥¤«®¦¥-
−¨ï ä®à¬�«¨§ãîâáï á ¯®¬®éìî ‹�. ‚ à¥§ã«ìâ�â¥ ä®à¬¨àã¥âáï ®¯¥à�â¨¢−�ï
�‡. �â¢¥â −�å®¤¨âáï ¯ãâ¥¬ á®¯®áâ�¢«¥−¨ï ‘‘ §�¯à®á� ¨ áâàãªâãà ¢ ®¯¥à�â¨¢−®©
�‡, ª®â®à�ï ¯®á«¥ ¢ë¤�ç¨ ®â¢¥â� �àå¨¢¨àã¥âáï ¨«¨ ã−¨çâ®¦�¥âáï.

�à¨ ¨á¯®«ì§®¢�−¨¨ ¯à¥¤«�£�¥¬®© ¬¥â®¤¨ª¨ ¢®§−¨ª�¥â ¯à®¡«¥¬� ¢ë¤¥«¥−¨ï
¨§ ¤®ªã¬¥−â®¢ á¢ï§�−−ëå ¯à¥¤«®¦¥−¨©, −� ®á−®¢¥ ª®â®àëå ä®à¬¨àã¥âáï ®¯¥-
à�â¨¢−�ï �‡ (â�ª®¥ ¢ë¤¥«¥−¨¥ ®áãé¥áâ¢«ï¥âáï ¤® ¨å á¨−â�ªâ¨ª®-á¥¬�−â¨ç¥áª®£®
�−�«¨§�). …á«¨ ¡à�âì â®«ìª® ¯à¥¤«®¦¥−¨ï á −�¨¡®«ìè¥© ¯«®â−®áâìî ª«îç¥¢ëå
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ˆ−â¥««¥ªâã�«ì−ë¥ ¬¥å�−¨§¬ë á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¢ á¥â¨ ˆ−â¥à−¥â

á«®¢ ¨«¨ á −�¨¡®«ìè¨¬ ¨å áã¬¬�à−ë¬ ¢¥á®¬, â® ¬®¦¥â ¡ëâì ¯®â¥àï−� §−�ç¨¬�ï
¨−ä®à¬�æ¨ï, ®â−®áïé�ïáï ª ®¯¨á�−¨î á¢ï§¥©. ‚ â¥ªáâ�å −� …Ÿ ¬−®£¨¥ á¢ï§¨ ¤�-
îâáï á ¯®¬®éìî �−�ä®à¨ç¥áª¨å ááë«®ª (ãª�§�â¥«ì−ëå ¬¥áâ®¨¬¥−¨©), à�§«¨ç−ëå
ä®à¬ ¨ ®¡®à®â®¢ (¯à¨ç�áâ−ëå, ¤¥¥¯à¨ç�áâ−ëå), ªà�âª¨å ®¯¨á�−¨©. �à¨§−�-
ª¨ ¨ á¢ï§¨ §�¯à�è¨¢�¥¬®£® ®¡ê¥ªâ� ¬®£ãâ ¡ëâì à�ááà¥¤®â®ç¥−ë ¯® ¬−®¦¥áâ¢ã
¯à¥¤«®¦¥−¨©. ‚�¦−® ¢ë¡à�âì ¨ ä®à¬�«¨§®¢�âì ¨¬¥−−® íâ¨ ¯à¥¤«®¦¥−¨ï. �à®-
áâ¥©è¨© á¯®á®¡ à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë | �−�«¨§¨à®¢�âì −�«¨ç¨¥ ¢ á®á¥¤−¨å
¯à¥¤«®¦¥−¨ïå �−�ä®à¨ç¥áª¨å ááë«®ª (ãª�§�â¥«ì−ëå ¬¥áâ®¨¬¥−¨©, á¢ï§®ª úâ®â,
ª®â®àë©û).

6 Особенности поиска объектов

�¨¦¥ ¡ã¤ãâ à�áá¬�âà¨¢�âìáï à�§«¨ç−ë¥ ¢¨¤ë á¥¬�−â¨ç¥áª®£® ¯®¨áª� ¤«ï
á«ãç�ï, ª®£¤� §�¯à�è¨¢�¥âáï ¨−ä®à¬�æ¨®−−ë© ®¡ê¥ªâ, ª®â®àë© ä®à¬�«¨§®¢�−
(¯à¥®¡à�§®¢�− ¢ ‘‘ §�¯à®á�) ¨ ¯® ª®â®à®¬ã ã¦¥ áä®à¬¨à®¢�−� ®¯¥à�â¨¢−�ï
�‡. ˆâ�ª, à®«ì §�¯à®á� ¨£à�¥â ¨−ä®à¬�æ¨®−−ë© ®¡ê¥ªâ | ¥£® ª®¬¯®−¥−âë,
á¢®©áâ¢� ¨ á¢ï§¨. �ã¤¥¬ −�§ë¢�âì â�ª®© ®¡ê¥ªâ ¨áå®¤−ë¬. ’à¥¡ã¥âáï −�©â¨
¢ ®¯¥à�â¨¢−®© �‡ ®¡ê¥ªâë á â�ª¨¬¨ ¦¥ ª®¬¯®−¥−â�¬¨, á¢®©áâ¢�¬¨ ¨ á¢ï§ï¬¨.
�®¨áª ¨¤¥â −� ãà®¢−¥ ‘‘ ¤®ªã¬¥−â®¢, £¤¥ ãç¨âë¢�îâáï à�§«¨ç−ë¥ ¢¨¤ë á¢ï§¥©.
�®íâ®¬ã â�ª®© ¯®¨áª ®â−®á¨âáï ª ª«�ááã á¥¬�−â¨ç¥áª¨å. ‘â¥¯¥−ì ¡«¨§®áâ¨ ¨«¨
ú¯®å®¦¥áâ¨û −�©¤¥−−ëå ¨«¨ ®â®¡à�−−ëå ®¡ê¥ªâ®¢ (¯® ®â−®è¥−¨î ª ¨áå®¤−®¬ã
®¡ê¥ªâã) ®æ¥−¨¢�¥âáï á ¯®¬®éìî ¢¥á� ®¡ê¥ªâ�, ª®â®àë© ¯®¤áç¨âë¢�¥âáï á ãç¥â®¬
¢¥á®¢ á®¢¯�¢è¨å á«®¢. �â¬¥â¨¬, çâ® ¬−®£¨¥ ¢¨¤ë á¥¬�−â¨ç¥áª®£® ¯®¨áª� −�è«¨
á¢®¥ ¯à¨¬¥−¥−¨¥ ¢ á¨áâ¥¬�å úŠà¨¬¨−�«û ¨ ú�−�«¨â¨ªû [3, 4, 6, 11].

6.1 Элементы исходного объекта

ˆáå®¤−ë© ®¡ê¥ªâ (‘‘ §�¯à®á�) á®¤¥à¦¨â, ¢®-¯¥à¢ëå, ã¯®àï¤®ç¥−−®¥ ¬−®-
¦¥áâ¢® í«¥¬¥−â®¢, ª�¦¤ë© ¨§ ª®â®àëå ¥áâì ¨«¨ á«®¢® ¢ −®à¬�«ì−®© ä®à¬¥,
¨«¨ ç¨á«®, ¨«¨ ª�ª®©-«¨¡® á¨¬¢®«, ¨, ¢®-¢â®àëå, á¢ï§¨, ¯à¥¤áâ�¢«¥−−ë¥ ¢ ¢¨¤¥
äà�£¬¥−â®¢ ÷‘‘. �«¥¬¥−âë à�§«¨ç�îâáï ¯® ¨å §−�ç¨¬®áâ¨.

ˆ¬¥îâáï á«®¢�, ª®â®àë¥ −¥ ãç¨âë¢�îâáï ¯à¨ �−�«¨§¥ â¥ªáâ�. �−¨ ã¤�«ïîâáï
áà�§ã ¨ −¥ ¢å®¤ïâ ¢ ®¡ê¥ªâ (‘‘ §�¯à®á�). Š −¨¬ ®â−®áïâáï ç�áâ¨æë, ¬¥¦¤®¬¥â¨ï
¨ á«®¢� á ¬¨−¨¬�«ì−®© á¬ëá«®¢®© −�£àã§ª®© (�÷ˆŒ…÷��, �…Š�’�÷›‰,
‹ā��‰, ‘�Œ›‰, ��‚…Š ¨ ¤à.)

„«ï ¢á¥å ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ §�¤�¥âáï ¬−®¦¥áâ¢® −¥§−�ç¨¬ëå á«®¢,
ª®â®àë¥ ¢áâà¥ç�îâáï ¢ ®¡ê¥ªâ�å, −® −¥ ¤®«¦−ë ãç¨âë¢�âìáï ¯à¨ ®¡ê¥ªâ−®¬
¯®¨áª¥. Š −¨¬ ®â−®áïâáï ãª�§�â¥«ì−ë¥ ¬¥áâ®¨¬¥−¨ï, ª®â®àë¥ −¥ ¡ë«¨ ¨¤¥−â¨-
ä¨æ¨à®¢�−ë, ¯à¥¤«®£¨ ¨ ®¡é¥§−�ç¨¬ë¥ á«®¢� ‚÷…ŒŸ, �÷…„Œ…’, ‘�‘’�‚
¨ ¤à.

„«ï ª�¦¤®£® â¨¯� ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢ §�¤�îâáï ¬�«®§−�ç¨¬ë¥
á«®¢�, ª®â®àë¥ ¢ ¬�«®© áâ¥¯¥−¨ (á ¬�«ë¬¨ ¢¥á�¬¨) ¤®«¦−ë ãç¨âë¢�âìáï ¯à¨
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¯®¨áª¥ ¯® ¨áå®¤−®¬ã ®¡ê¥ªâã ®¯à¥¤¥«¥−−®£® â¨¯�. �â® á«®¢�, ª®â®àë¥ ç�áâ®
¢áâà¥ç�îâáï ¢ ®¡ê¥ªâ�å ¨«¨ ª®â®àë¥ ¨£à�îâ à®«ì â¨¯¨§�â®à®¢ | ãª�§�â¥«¥©
ª�â¥£®à¨¨ á«¥¤ãîé¥£® á«®¢�.

�à¨¬¥àë â¨¯¨§�â®à®¢ ¤«ï ¤�â: ƒ�„, Œ…‘Ÿ–, —�‘, Œˆ�., ‘…Š.,
‘“’Šˆ.

�à¨¬¥àë â¨¯¨§�â®à®¢ ¤«ï �¤à¥á®¢: ƒ�÷., “‹., „�Œ, Š‚., ��‹�‘’œ.
Œ−®£¨¥ ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë ¨¬¥îâ áâ�−¤�àâ−ë¥ ª®¬¯®−¥−âë. ��¯à¨-

¬¥à, ¤«ï «¨æ | íâ® ä�¬¨«¨ï, ¨¬ï, ®âç¥áâ¢®, £®¤ à®¦¤¥−¨ï. „«ï �¤à¥á®¢ |
−�§¢�−¨¥ £®à®¤�, ã«¨æë, −®¬¥à ¤®¬�, ª¢�àâ¨àë. �â® §−�ç¨¬ë¥ í«¥¬¥−âë,
ª®â®àë¥ ¡ã¤¥¬ −�§ë¢�âì â¨¯¨§¨à®¢�−−ë¬¨ (¯¥à¥¤ −¨¬¨ ¬®£ãâ áâ®ïâì á«®¢�-
â¨¯¨§�â®àë). �®¬¨¬® íâ®£®, ¨¬¥îâáï á®ªà�é¥−¨ï â¨¯� ú£.û, ú¯¥à.û, úá«¥¤.û
¨ ¤à. Œ−®£¨¥ ¨§ −¨å ãâ®ç−ïîâáï ¢ ¯à®æ¥áá¥ �−�«¨§� â¥ªáâ� ¨ §�¬¥−ïîâáï ®¡ëç-
−ë¬¨ á«®¢�¬¨. �® ¤«ï −¥ª®â®àëå á®ªà�é¥−¨© íâ® −¥¢®§¬®¦−®, −�¯à¨¬¥à ¤«ï
¨−¨æ¨�«®¢.

‡−�ç¨¬ë¬ −�§ë¢�¥âáï í«¥¬¥−â ¨áå®¤−®£® ®¡ê¥ªâ�, ª®â®àë© −¥ ®â−®á¨âáï
ª ¬−®¦¥áâ¢ã −¥§−�ç¨¬ëå ¨ ¬�«®§−�ç¨¬ëå á«®¢. ‘â¥¯¥−ì §−�ç¨¬®áâ¨ í«¥¬¥−â�
§�¢¨á¨â ®â ¥£® ã−¨ª�«ì−®áâ¨ ¨ å�à�ªâ¥à¨áâ¨ç¥áª¨å á¢®©áâ¢. ’�ª�ï áâ¥¯¥−ì
§�¤�¥âáï ¢¥á�¬¨.

�¥ª®â®àë¬ í«¥¬¥−â�¬ ¯à¨á¢�¨¢�¥âáï áâ�âãá ®¡ï§�â¥«ì−®áâ¨. �¡ëç−®
íâ® â¨¯¨§¨à®¢�−−ë¥ í«¥¬¥−âë (á«®¢�), −�¯à¨¬¥à ä�¬¨«¨¨ ¨«¨ −¥ª®â®àë¥ (à¥¤ª®
¢áâà¥ç�îé¨¥áï) §−�ç¨¬ë¥ á«®¢�. ‘â�âãá §�¢¨á¨â ®â â¨¯� ®¡ê¥ªâ�. ‚ íâ®¬ á«ãç�¥
¯à®¨§¢®¤¨âáï ¯®¨áª ®¡ê¥ªâ®¢ â®«ìª® á â�ª¨¬¨ í«¥¬¥−â�¬¨.

6.2 Критерий полноты

�â¬¥â¨¬, çâ® á¥¬�−â¨ç¥áª¨© ¯®¨áª (¥á«¨ −¥â á¢ï§¥©) −¥ íää¥ªâ¨¢¥−, ª®£¤�
¨áå®¤−ë© ®¡ê¥ªâ á®áâ®¨â ¨§ −¥¡®«ìè®£® ç¨á«� ç�áâ® ¢áâà¥ç�îé¨åáï í«¥¬¥−â®¢ |
á«®¢. ��¯à¨¬¥à, ¯®¨áª �¤à¥á®¢ ¯® á«®¢ã úŒ®áª¢�û ¨«¨ ú÷®áá¨ï, Œ®áª¢�û. ˆ«¨
¯®¨áª «¨æ ¯® á«®¢ã úˆ¢�−û. ’®£¤� «ãçè¥ à�¡®â�îâ ®¡ëç−ë¥ ¯®¨áª¨. �®íâ®¬ã
¢¢®¤¨âáï ¯®−ïâ¨¥ ¯®«−®âë ®¡ê¥ªâ�, ª®â®àë© ®¯à¥¤¥«ï¥â, ª®£¤� á«¥¤ã¥â
¢ª«îç�âì á¥¬�−â¨ç¥áª¨© ¯®¨áª.

Šà¨â¥à¨© ¯®«−®âë ®¡ê¥ªâ� §�¢¨á¨â ®â ¥£® â¨¯� ¨ §�¤�¥âáï è�¡«®−�¬¨. ��¯à¨-
¬¥à, è�¡«®− <á«®¢®><á«®¢®><ç¨á«®> ®§−�ç�¥â, çâ® ®¡ê¥ªâ ¤®«¦¥− á®¤¥à¦�âì
¤¢� §−�ç¨¬ëå í«¥¬¥−â�-á«®¢� ¨ ®¤¨− í«¥¬¥−â-ç¨á«®. �®àï¤®ª −¥ ¨£à�¥â à®«¨ (¢
¯à®áâ¥©è¥¬ á«ãç�¥).

„«ï ®¡ê¥ªâ®¢ ª�¦¤®£® â¨¯� §�¤�¥âáï á¢®© è�¡«®− ¨«¨ −¥áª®«ìª® è�¡«®−®¢.
…á«¨ ¨áå®¤−ë© ®¡ê¥ªâ ®¯à¥¤¥«¥−−®£® â¨¯� ã¤®¢«¥â¢®àï¥â ®¤−®¬ã ¨§ ¥£® è�¡-
«®−®¢, â® íâ® §−�ç¨â, çâ® ®− ®¡«�¤�¥â ªà¨â¥à¨¥¬ ¯®«−®âë ¨ ¤«ï −¥£® á«¥¤ã¥â
¢ª«îç�âì ®¡ê¥ªâ−ë© ¯®¨áª.

�à¨¢¥¤¥¬ ¯à¨¬¥àë è�¡«®−®¢, ®¯à¥¤¥«ïîé¨å ¯®«−®âã ®¡ê¥ªâ®¢ (¢ á¨áâ¥¬¥
úŠà¨¬¨−�«û).
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˜�¡«®−ë ¤«ï �¤à¥á®¢:
<ç¨á«®><ç¨á«®><á«®¢®>| −�«¨ç¨¥ ¢ �¤à¥á¥ ¤¢ãå ç¨á¥« ¨ §−�ç¨¬®£® á«®¢�.
<“‹.,„�Œ,�÷�‘�…Š’,�÷�…‡„,„…÷.><á«®¢®><ç¨á«®>>.

˜�¡«®− ¤«ï �¢â®âà�−á¯®àâ�: <ç¨á«®><ç¨á«®><á«®¢®> ¨ â. ¤.
Šà¨â¥à¨¨ ¯®«−®âë ¬®£ãâ ¨§¬¥−ïâìáï ¢ §�¢¨á¨¬®áâ¨ ®â ¯à¥¤¬¥â−®© ®¡«�áâ¨.

6.3 Виды семантического поиска

÷�áá¬®âà¨¬ ¢¨¤ë á¥¬�−â¨ç¥áª®£® ¯®¨áª�, à¥�«¨§®¢�−−ë¥ ¢ «®£¨ª®-�−�«¨â¨-
ç¥áª®© á¨áâ¥¬¥ úŠà¨¬¨−�«û, ¯à¥¤−�§−�ç¥−−®© ¤«ï à¥è¥−¨ï §�¤�ç ®¯¥à�â¨¢−ëå
à�¡®â−¨ª®¢ [3, 4, 12].

’®ç−ë© ¯®¨áª ®¡ê¥ªâ®¢. ’à¥¡ã¥â ¯®«−®âë ¨áå®¤−®£® ®¡ê¥ªâ� ¨ −�«¨ç¨ï
¢á¥å ®¡ï§�â¥«ì−ëå í«¥¬¥−â®¢ ã −�©¤¥−−ëå ®¡ê¥ªâ®¢. �à¨ â®ç−®¬ ¯®¨áª¥ «¨æ
âà¥¡ã¥âáï −�«¨ç¨¥ ¯®«−ëå ”ˆ� (¨«¨ ¨−¨æ¨�«®¢ ¢¬¥áâ® ¨¬¥−¨ ¨ ®âç¥áâ¢�)
¨ á®¢¯�¤¥−¨¥ ¢á¥å í«¥¬¥−â®¢ ã −�©¤¥−−ëå ®¡ê¥ªâ®¢. �à¨ íâ®¬ ¤®¯ãáª�¥âáï
á®¢¯�¤¥−¨¥ ¨¬¥−, ®âç¥áâ¢ ¨ ¨−¨æ¨�«®¢ | ¯® ¯¥à¢ë¬ ¡ãª¢�¬. ’�ª®¥ á®¢¯�¤¥−¨¥
¡ã¤¥¬ −�§ë¢�âì ç�áâ¨ç−ë¬. �à¨ ¯®¨áª¥ ãç¨âë¢�¥âáï £®¤ à®¦¤¥−¨ï, ª®â®àë©
áç¨â�¥âáï ä�ªã«ìâ�â¨¢−ë¬ í«¥¬¥−â®¬ ”ˆ�.

�®¨áª ¯®å®¦¨å ®¡ê¥ªâ®¢. �¥ âà¥¡ã¥âáï −�«¨ç¨ï ¢á¥å §−�ç¨¬ëå í«¥¬¥−-
â®¢ §�¯à®á� ã −�©¤¥−−ëå ®¡ê¥ªâ®¢ ¢ ®¯¥à�â¨¢−®© �‡. �® á®¢¯�¢è¨¬ í«¥¬¥−â�¬
¯®¤áç¨âë¢�¥âáï ¢¥á −�©¤¥−−®£® ®¡ê¥ªâ� (®− ®¯à¥¤¥«ï¥â áâ¥¯¥−ì ¥£® ¡«¨§®áâ¨ ª
¨áå®¤−®¬ã ®¡ê¥ªâã). …á«¨ −¥ á®¢¯�¤�îâ â¨¯¨§¨à®¢�−−ë¥ í«¥¬¥−âë, â® ¨§ ®¡é¥©
áã¬¬ë ¢ëç¨â�¥âáï ®¯à¥¤¥«¥−−ë© ¢¥á, −�¯à¨¬¥à, ª®£¤� ¯à¨ áà�¢−¥−¨¨ «¨æ −¥
á®¢¯�«¨ ®âç¥áâ¢� ¨«¨ ¨−¨æ¨�«ë.

�®¨áª ¯®å®¦¨å ®¡ê¥ªâ®¢ á ãç¥â®¬ ®−â®«®£¨©. �−â®«®£¨¨ ¨á¯®«ì-
§ãîâáï ¯à¨ á®¯®áâ�¢«¥−¨¨ ®¡ê¥ªâ� ¢ ‘‘ §�¯à®á� á ®¡ê¥ªâ�¬¨ ®¯¥à�â¨¢−®© �‡.
„®¯ãáª�¥âáï ç�áâ¨ç−®¥ á®¢¯�¤¥−¨¥ í«¥¬¥−â®¢ (á ãç¥â®¬ á¢ï§¥© â¨¯� úà®¤{¢¨¤û,
á®ªà�é¥−¨©, ¨«¨ áâ¥¯¥−¨ ¡«¨§®áâ¨ á«®¢). �® á®¢¯�¢è¨¬ í«¥¬¥−â�¬ ¯®¤áç¨âë¢�-
¥âáï ¢¥á −�©¤¥−−®£® ®¡ê¥ªâ�.

�®¨áª ¯®å®¦¨å ®¡ê¥ªâ®¢ á ãç¥â®¬ á¢ï§¥©. �à¨§−�ª¨ ¨ á¢ï§¨ ï¢«ï-
îâáï ¨áâ®ç−¨ª®¬ ª«îç¥¢ëå á«®¢ ¨ §−�ç¨¬ëå í«¥¬¥−â®¢, ª®â®àë¥ ¤®¯®«−ïîâ
¬−®¦¥áâ¢® §−�ç¨¬ëå í«¥¬¥−â®¢ ¨áå®¤−®£® ®¡ê¥ªâ�. ��¯à¨¬¥à, íâ® ¬®¦¥â ¡ëâì
ª«¨çª�, ¨¬ï ®â−®è¥−¨ï ¨«¨ ¤¥©áâ¢¨ï, ¢ ª®â®à®¬ ãç�áâ¢ã¥â ®¡ê¥ªâ ¨ ¤à. ‚á¥
í«¥¬¥−âë ¯®«ãç¥−−®£® ¬−®¦¥áâ¢� ãç�áâ¢ãîâ ¢ ¯®¨áª¥ ¨ ¯®¤áç¥â¥ ¢¥á®¢. �®
á®¢¯�¢è¨¬ í«¥¬¥−â�¬ ¯®¤áç¨âë¢�¥âáï ¢¥á. �à¨¬¥à | ¯®¨áª «¨æ ¡¥§ ”ˆ� ¯®
¯à¨¬¥â�¬ ¨«¨ «¨æ á ç�áâ¨ç−® §�¤�−−ë¬¨ ”ˆ�.

��¢¨£�æ¨ï ¯® á¢ï§ï¬ (á¬. à�§¤. 10). �® ¨áå®¤−®¬ã ®¡ê¥ªâã (−� ®á−®¢¥
äà�£¬¥−â®¢ ‘‘ §�¯à®á�) ¯à®¨§¢®¤¨âáï ¯®¨áª á¢ï§�−−ëå á −¨¬ ®¡ê¥ªâ®¢. „«ï
ª�¦¤®£® ¨§ −¨å ¨éãâáï �−�«®£¨ç−ë¥ ®¡ê¥ªâë (¨§ ¤àã£¨å ¤®ªã¬¥−â®¢) ¨ á¢ï§�−−ë¥
á −¨¬¨ ®¡ê¥ªâë ¨ â. ¤. ‚ à¥§ã«ìâ�â¥ áâà®¨âáï £à�ä á¢ï§¥©.
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�â¬¥â¨¬, çâ® â¨¯ ¨áå®¤−®£® ®¡ê¥ªâ� ¢® ¬−®£®¬ ®¯à¥¤¥«ï¥â íää¥ªâ¨¢−®áâì
¯®¨áª�. ��¯à¨¬¥à, ¯à¨ ¯®¨áª¥ â¥«¥ä®−®¢, á�©â®¢, ¤�â, ¤®ªã¬¥−â®¢, −®¬¥à−ëå
¢¥é¥©, áâ�â¥© “Š (£¤¥ ç¨á«®¢ë¥ ¤�−−ë¥ ®¯à¥¤¥«ïîâ ®¡ê¥ªâ) à�¡®â�îâ â®«ìª®
â®ç−ë¥ ¯®¨áª¨. �−â®«®£¨¨ ¢ ®á−®¢−®¬ âà¥¡ãîâáï ¯à¨ ¯®¨áª¥ ¯®å®¦¨å ¤¥©áâ¢¨©,
¯®¨áª¥ ¯® ¯à¨¬¥â�¬ (à¥¦¥ | ¤«ï �¢â®âà�−á¯®àâ�, ®àã¦¨ï). �®¨áª ¯®å®¦¨å
®¡ê¥ªâ®¢ á ãç¥â®¬ á¢ï§¥© | ¢ ®á−®¢−®¬ ¤«ï «¨æ ¡¥§ ”ˆ�.

�ã¤¥¬ −�§ë¢�âì ®¡ê¥ªâë, ¯®«ãç¥−−ë¥ ¢ à¥§ã«ìâ�â¥ â®ç−®£® ¯®¨áª�, �−�-
«®£¨ç−ë¬¨, ¨−�ç¥ | ¯®å®¦¨¬¨.

7 Онтологии в виде расширенной семантической сети

�−â®«®£¨¨ á«ã¦�â ¯à¨ ä®à¬¨à®¢�−¨¨ ®¯¥à�â¨¢−®© �‡ (§� áç¥â à�§¬−®¦¥−¨ï
§−�ç¨¬ëå í«¥¬¥−â®¢ ¨áå®¤−®£® ®¡ê¥ªâ�), � â�ª¦¥ ¯à¨ á®¯®áâ�¢«¥−¨¨ ‘‘ §�¯à®á�
¨ ®¯¥à�â¨¢−®© �‡.

‚á¥ í«¥¬¥−âë ¯®«ãç¥−−®£® ¬−®¦¥áâ¢� ãç�áâ¢ãîâ ¢ ¯®¨áª¥ ¨ ¯®¤áç¥â¥ ¢¥á®¢.
�â® −¥®¡å®¤¨¬® ¤«ï à�áè¨à¥−¨ï ¯à®áâà�−áâ¢� ¯®¨áª� á æ¥«ìî ãç¥â� à�§«¨ç−ëå
á¯®á®¡®¢ ¨ áà¥¤áâ¢ ®¯¨á�−¨ï â®£®, çâ® ¥áâì ¢ ¨áå®¤−®¬ ®¡ê¥ªâ¥. ‚ à¥§ã«ìâ�â¥
¯®¢ëè�¥âáï â®ç−®áâì ¨ −�¤¥¦−®áâì à¥§ã«ìâ�â®¢, ®¡¥á¯¥ç¨¢�¥âáï ¤®áâ�â®ç−�ï
á¢®¡®¤� ¨á¯®«ì§®¢�−¨ï á«®¢ ¨ â¥à¬¨−®¢ ¢ §�¯à®á�å ¨ ¤®ªã¬¥−â�å.

‚ á¨áâ¥¬�å úŠà¨¬¨−�«û ¨ ú�−�«¨â¨ªû ®−â®«®£¨¨ ¨¬¥îâ ¢¨¤ â¥à¬¨−®«®£¨-
ç¥áª®£® á«®¢�àï, ª®â®àë© ®¯à¥¤¥«ï¥â á¥¬�−â¨ç¥áª®¥ ¯à®áâà�−áâ¢® â¥à¬¨−®¢ ¨
¯à¨§−�ª®¢, ¨á¯®«ì§ã¥¬ëå ¯à¨ ¯®¨áª¥ ¨ ®æ¥−ª¥ áâ¥¯¥−¨ ¡«¨§®áâ¨. ÷�áá¬®âà¨¬
®á−®¢−ë¥ ª®¬¯®−¥−âë â�ª®£® á«®¢�àï.

7.1 Близкие по смыслу слова

�à¥¤áâ�¢«ïîâáï á ¯®¬®éìî äà�£¬¥−â®¢ NEAR.
��¯à¨¬¥à, äà�£¬¥−â NEAR(�÷�„�†�,�÷�„�‚…–), ¢®-¯¥à¢ëå, á«ã-

¦¨â ¤«ï à�§¬−®¦¥−¨ï ª«îç¥¢ëå á«®¢ §�¯à®á�, � ¢®-¢â®àëå, ®§−�ç�¥â ¢®§¬®¦−®áâì
á®¯®áâ�¢«¥−¨ï íâ¨å ¤¢ãå á«®¢: �÷�„�†� <{> �÷�„�‚…–.

�−�«®£¨ç−®

NEAR(�‹Š�ƒ�‹œ,�œŸ�›‰,�‹Š�ƒ‹ˆŠ,‚›�ˆ‚Š�,�“’›‹Š�)

®§−�ç�¥â:

�œŸ�›‰ <{> �‹Š�ƒ�‹ˆŠ, �œŸ�›‰ <{> ‚›�ˆ‚Š�. . .

„àã£®© ¯à¨¬¥à:

NEAR(ú“ƒ÷�†�’œ ��†�Œû, ú“ƒ÷�†�’œ “�ˆ‰‘’‚�Œû. . . ).

�â¬¥â¨¬, çâ® ¬−®£¨¥ â�ª¨¥ á«®¢� ¯à¨¢®¤ïâáï ª ®¤−®¬ã ¢¨¤ã ¢ ¯à®æ¥áá¥
−®à¬�«¨§�æ¨¨. „«ï −¨å äà�£¬¥−â®¢ NEAR −¥ âà¥¡ã¥âáï.
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7.2 Отношение класс–подкласс (род–вид)

�à¥¤áâ�¢«ïîâáï á ¯®¬®éìî äà�£¬¥−â®¢ SUB. �¡à�§ãîâáï â�ª −�§ë¢�¥¬ë¥
SUB-¤¥à¥¢ìï. ��¯à¨¬¥à:
SUB(�÷��ˆŠ�’œ,�÷�‹…‡’œ)
SUB(�÷��ˆŠ�’œ,�÷�‰’ˆ)
SUB(�÷��ˆŠ�’œ,‚�‰’ˆ)

®§−�ç�¥â

�÷��ˆŠ�’œ <{> �÷�‹…‡’œ, �÷�‰’ˆ. . .

�−�«®£¨ç−®
SUB(‚…‘��,Œ�÷’)
SUB(‚…‘��,��÷…‹œ)
SUB(‚…‘��,Œ�‰)

®§−�ç�îâ:

‚…‘�� <{> Œ�÷’, ‚…‘�� <{> ��÷…‹œ. . .

7.3 Несовместимые элементы

�à¥¤áâ�¢«ïîâáï äà�£¬¥−â�¬¨ â¨¯� OR OR (à�§¤¥«¨â¥«ì−®¥ ˆ‹ˆ). ��¯à¨-
¬¥à:
OR OR(Œ“†—ˆ��,†…�™ˆ��,÷…�…��Š)
OR OR(�’‹…’ˆ—…‘Šˆ‰,•ˆ‹›‰).

�à¨ á®¯®áâ�¢«¥−¨¨ ãç¨âë¢�îâáï á® §−�ª®¬ ¬¨−ãá (ª ®¡é¥¬ã ¢¥áã).
‚ à¥�«ì−®áâ¨ ¯à¨ ¯®¨áª¥ ¯®å®¦¨å ®¡ê¥ªâ®¢ á¨áâ¥¬� ãç¨âë¢�¥â §−�ç¨â¥«ì−®

¡®«ìè¥¥ ç¨á«® −¥á®¢¬¥áâ¨¬ëå í«¥¬¥−â®¢, ª®â®àë¥ −¥ ¢¢®¤ïâáï ¢ á«®¢�àì. ��¯à¨-
¬¥à, ¯à¨ ¯®¨áª¥ ¯® ”ˆ� ãç¨âë¢�¥âáï −¥á®¢¯�¤¥−¨¥ ¨¬¥−, ®âç¥áâ¢ ¨ ¨−¨æ¨�«®¢.
�à¨ ¯®¨áª¥ ¯®å®¦¨å �¤à¥á®¢ ãç¨âë¢�¥âáï −¥á®¢¯�¤¥−¨¥ −®¬¥à®¢ ¤®¬®¢, ª¢�àâ¨à,
−�§¢�−¨© ã«¨æ ¨ ¤à. �à¨ íâ®¬ ¢¥«¨ç¨−�, ª®â®à�ï ¢ëç¨â�¥âáï ¨§ ®¡é¥£® ¢¥á� (¨«¨
¤®¡�¢«ï¥âáï ª −¥¬ã), §�¢¨á¨â ®â â¨¯� −¥ á®¢¯�¢è¨å í«¥¬¥−â®¢ ¨ áâ¥¯¥−¨ ¡«¨§®áâ¨
á«®¢ ¨«¨ ç¨á¥«.

7.4 Особенности сопоставления элементов-чисел

ˆ¬¥¥âáï ¢ ¢¨¤ã á®¯®áâ�¢«¥−¨¥ äà�£¬¥−â®¢ â¨¯� ‚�‡÷�‘’, ÷�‘’ (¤«ï «¨æ),
−®¬¥à®¢ ¤®¬®¢, ª¢�àâ¨à, ¢à¥¬¥−¨ ¤¥©áâ¢¨ï ¨ ¤à., ¯à¥¤áâ�¢«¥−−ëå ¢ ‘‘ §�¯à®á�
¨ ¢ ®¯¥à�â¨¢−®© �‡. �à¨ íâ®¬ à�áá¬�âà¨¢�îâáï á«¥¤ãîé¨¥ ¢�à¨�−âë:

{ à�¢¥−áâ¢® ç¨á¥«;
{ ¡«¨§®áâì ç¨á«®¢ëå §−�ç¥−¨©;
{ ç¨á«® ¢å®¤¨â ¢ ¨−â¥à¢�«;
{ ¯¥à¥á¥ç¥−¨¥ ¨−â¥à¢�«®¢.
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�«¨§®áâì ç¨á«®¢ëå §−�ç¥−¨© §�¢¨á¨â ®â ¯à¨§−�ª®¢ ¨«¨ ®â−®è¥−¨© á ç¨á«®¢ë-
¬¨ §−�ç¥−¨ï¬¨ ¨, á®®â¢¥âáâ¢¥−−®, ®¯à¥¤¥«ï¥â ¢¥á, ¤®¡�¢«ï¥¬ë© ª ®¡ê¥ªâã. ’�ª¨¬
á¯®á®¡®¬ −¨¢¥«¨àãîâáï áâ�â¨áâ¨ç¥áª¨¥ ®è¨¡ª¨, ª®â®àë¥ ¬®£ãâ ¡ëâì ¢ §�¯à®á¥
¨«¨ ¤®ªã¬¥−â�å.

8 Этапы семантического поиска объектов

�¥à¢ë© íâ�¯. ‚ë¤¥«¥−¨¥ §−�ç¨¬ëå í«¥¬¥−â®¢ ¨áå®¤−®£® ®¡ê¥ªâ� á ¯à¨á¢®-
¥−¨¥¬ −¥ª®â®àë¬ ¨§ −¨å áâ�âãá� ®¡ï§�â¥«ì−®áâ¨. ‡−�ç¨¬ë¬ í«¥¬¥−â�¬ ¯à¨á¢�-
¨¢�îâáï ¢¥á�: â¨¯¨§¨à®¢�−−ë¬ í«¥¬¥−â�¬ | −�¨¡®«ìè¨© ¢¥á, ¬�«®§−�ç¨¬ë¬
í«¥¬¥−â�¬ | −�¨¬¥−ìè¨©. �à¨ íâ®¬ ãç¨âë¢�îâáï á¢ï§¨ ®¡ê¥ªâ�, ª®â®àë¬ â®¦¥
¯à¨á¢�¨¢�¥âáï áâ�âãá ¨ ¢¥á.

‚â®à®© íâ�¯. ‚ ®¯¥à�â¨¢−®© �‡ ¨éãâáï ®¡ê¥ªâë â�ª®£® ¦¥ â¨¯�, á®¤¥à¦�é¨¥
¢á¥ ®¡ï§�â¥«ì−ë¥ í«¥¬¥−âë. “ −�©¤¥−−ëå ®¡ê¥ªâ®¢ ¬®¦¥â ¡ëâì ¡®«ìè¥ í«¥¬¥−â®¢,
ç¥¬ ã ¨áå®¤−®£® ®¡ê¥ªâ�. �à¨ íâ®¬ ãç¨âë¢�îâáï á¢ï§¨ ¨áå®¤−®£® ®¡ê¥ªâ� ¨
¢ë¤¥«¥−−ë¥ ¯® −¨¬ í«¥¬¥−âë.

’à¥â¨© íâ�¯. �®¤áç¥â ¢¥á®¢ −�©¤¥−−ëå ®¡ê¥ªâ®¢. �à¨ á®¢¯�¤¥−¨¨ í«¥¬¥−â®¢
ª ¢¥áã ®¡ê¥ªâ� ¤®¡�¢«ï¥âáï ¢¥á í«¥¬¥−â�. �à¨ íâ®¬ ãç¨âë¢�îâáï ®−â®«®£¨¨,
®¯à¥¤¥«ïîé¨¥ ¡«¨§®áâì í«¥¬¥−â®¢ ¨«¨ ¨å ¯à®â¨¢®à¥ç¨¢®áâì. �«¥¬¥−âë, ¢ë-
¤¥«¥−−ë¥ §� áç¥â á¢ï§¥©, áà�¢−¨¢�îâáï á í«¥¬¥−â�¬¨, ¨¬¥îé¨¬¨ �−�«®£¨ç−ë¥
á¢ï§¨. ��¯à¨¬¥à, ª«¨çª¨ áà�¢−¨¢�îâáï á ª«¨çª�¬¨, −�«¨ç¨¥ à®¤áâ¢¥−−¨ª®¢ á
à®¤áâ¢¥−−¨ª�¬¨ ¨ â. ¤. ’�ª¨¬ á¯®á®¡®¬ ¨¤¥â ¯®¤áç¥â ¢¥á®¢ á ãç¥â®¬ áâàãªâãàë
á¢ï§¥©.

‚¥á ®¡ê¥ªâ� à�¢¥− áã¬¬¥ ¢¥á®¢ á®¢¯�¢è¨å í«¥¬¥−â®¢.
—¥â¢¥àâë© íâ�¯. �¡ê¥ªâë ã¯®àï¤®ç¨¢�îâáï ¢ á®®â¢¥âáâ¢¨¨ á ªà¨â¥à¨¥¬

áå®¤áâ¢�. ‚ ¯à®áâ¥©è¥¬ á«ãç�¥ | íâ® à�−¦¨à®¢�−¨¥ ¯® ¢¥á�¬ ¨ ¢ë¤�ç� ¢ ¯®àï¤ª¥
¢¥á®¢. Ÿá−®, çâ® ã ¢á¥å íâ¨å ®¡ê¥ªâ®¢ ¤®«¦−ë ¯à¨áãâáâ¢®¢�âì ®¡ï§�â¥«ì−ë¥
í«¥¬¥−âë ¨áå®¤−®£® ®¡ê¥ªâ�.

�à¨ ¯®¨áª¥ «¨æ ¯® ”ˆ� ¨¬¥îâáï −¥ª®â®àë¥ ®á®¡¥−−®áâ¨. “ç¨âë¢�¥âáï
ç�áâ¨ç−®¥ á®¢¯�¤¥−¨¥: ¨¬¥− (®âç¥áâ¢) á ¨−¨æ¨�«�¬¨, ¨−¨æ¨�«®¢ á ¨¬¥−�¬¨
(®âç¥áâ¢�¬¨) ¨ ¨−¨æ¨�«ë á ¨−¨æ¨�«�¬¨. ’®£¤� ª ®¡é¥¬ã ¢¥áã −�©¤¥−−®£® ®¡ê¥ªâ�
¤®¡�¢«ï¥âáï ãáà¥¤−¥−−®¥ ç¨á«®.

�à¨ ¯®¨áª¥ ¯®å®¦¨å ®¡ê¥ªâ®¢ −¥ âà¥¡ã¥âáï á®¢¯�¤¥−¨ï ¢á¥å í«¥¬¥−â®¢.
�à¨ −¥á®¢¯�¤¥−¨¨ í«¥¬¥−â®¢ (¢ â®¬ ç¨á«¥ â¨¯¨§¨à®¢�−−ëå) ¨§ ®¡é¥© áã¬¬ë
¢ëç¨â�¥âáï ®¯à¥¤¥«¥−−ë© ¢¥á. ��¯à¨¬¥à, ¯à¨ ¯®¨áª¥ ¯®å®¦¨å «¨æ ”ˆ� ¬®£ãâ
¡ëâì −¥ ¯®«−ë¬¨, ¬®£ãâ −¥ á®¢¯�¤�âì (¨«¨ ®âáãâáâ¢®¢�âì) ¨¬¥−�, ®âç¥áâ¢� ¨«¨
£®¤ à®¦¤¥−¨ï. �â® ¯à¨¢¥¤¥â ª ã¬¥−ìè¥−¨î ¢¥á� −�©¤¥−−®£® «¨æ�.

�à¨ ¯®¨áª¥ ®¡ê¥ªâ®¢ á ãç¥â®¬ á¢ï§¥© à�§«¨ç�îâáï ¤¢� á«ãç�ï. �¥à¢ë© |
ª®£¤� ¢ ¨áå®¤−®¬ ®¡ê¥ªâ¥ ¥áâì §−�ç¨¬ë¥ í«¥¬¥−âë, ¯® ª®â®àë¬ −�©¤¥−ë ®¡ê¥ªâë
¢ ®¯¥à�â¨¢−®© �‡. ’®£¤� ¨¤¥â áà�¢−¥−¨¥ ¨áå®¤−®£® ¨ −�©¤¥−−®£® ®¡ê¥ªâ®¢ ¯®
¨å í«¥¬¥−â�¬, � â�ª¦¥ ¯® ¯à¨§−�ª�¬ ¨ á¢ï§ï¬. ��¯à¨¬¥à, ¥á«¨ ¨áå®¤−ë©
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¨ −�©¤¥−−ë© ®¡ê¥ªâë á¢ï§�−ë ®¤−¨¬ ¨ â¥¬ ¦¥ ®â−®è¥−¨¥¬ á ¤¢ã¬ï ¤àã£¨¬¨
®¡ê¥ªâ�¬¨, â® ¢¥á, ¤®¡�¢«ï¥¬ë© ª −�©¤¥−−®¬ã ®¡ê¥ªâã, ®¯à¥¤¥«ï¥âáï áâ¥¯¥−ìî
¡«¨§®áâ¨ (á ãç¥â®¬ ®−â®«®£¨©) ¯®á«¥¤−¨å ®¡ê¥ªâ®¢.

‚â®à®© á«ãç�© | ª®£¤� ¢ ¨áå®¤−®¬ ®¡ê¥ªâ¥ −¥â §−�ç¨¬ëå í«¥¬¥−â®¢, ¤®áâ�-
â®ç−ëå ¤«ï ¯®¨áª�. ��¯à¨¬¥à, ¯®¨áª −¥¨§¢¥áâ−®£® «¨æ� (¡¥§ ”ˆ�) ¯® ¯à¨¬¥â�¬.
’®£¤� ®áãé¥áâ¢«ï¥âáï ¯®¨áª ¯®å®¦¨å ®¡ê¥ªâ®¢ −� ®á−®¢¥ ¯à¨§−�ª®¢ ¨ á¢ï§¥©.
‚ë¤¥«ïîâáï ¯à¨§−�ª¨ ¨áå®¤−®£® ®¡ê¥ªâ� ¨ á¢ï§¨, −�¯à¨¬¥à ¯à¨¬¥âë −¥¨§¢¥áâ−®-
£®. „«ï −¨å ¨éãâáï ¯®å®¦¨¥, −�¯à¨¬¥à â�ª¨¥ ¦¥ ¯à¨¬¥âë (á ãç¥â®¬ ®−â®«®£¨©),
ª®â®àë¥ á¢ï§�−ë á ª�ª¨¬-«¨¡® «¨æ®¬. „«ï ¤�−−®£® «¨æ� ¨ ¯®¤áç¨âë¢�¥âáï ¢¥á |
ª�ª áã¬¬� ¢¥á®¢ í«¥¬¥−â®¢, ¢ë¤¥«¥−−ëå ¯® á¢ï§ï¬.

9 Поиск похожих действий и событий

�®¨áª ¯®å®¦¨å ¤¥©áâ¢¨© (íâ® â®¦¥ ®¡ê¥ªâë) ¯à®å®¤¨â â¥ ¦¥ íâ�¯ë (á¬.
à�§¤. 8). �á®¡¥−−®áâì | ¢ ¢ë¤¥«¥−¨¨ §−�ç¨¬ëå í«¥¬¥−â®¢. …á«¨ ¢ ¨áå®¤−®¬
¤¥©áâ¢¨¨ ¯à¨−¨¬�¥â ãç�áâ¨¥ ª�ª®©-«¨¡® ®¡ê¥ªâ, â® ¢ −�©¤¥−−®¬ ¤¥©áâ¢¨¨ (á â¥¬
¦¥ ¨¬¥−¥¬) ¨é¥âáï ®¡ê¥ªâ â�ª®£® ¦¥ â¨¯�. „«ï íâ®£® ¨á¯®«ì§ã¥âáï â¨¯®«®£¨ï
®¡ê¥ªâ®¢, ®¯à¥¤¥«ï¥¬�ï ‹�, � â�ª¦¥ äà�£¬¥−âë NEAR ¨ SUB, §�¤�îé¨¥
®−â®«®£¨î.

��¯à¨¬¥à, ¥á«¨ ¢ ¨áå®¤−®¬ ¤¥©áâ¢¨¨ ãç�áâ¢ã¥â «¨æ®, â® ¢ −�©¤¥−−®¬ ¤¥©áâ¢¨¨
á â¥¬ ¦¥ ¨¬¥−¥¬ â®¦¥ ¨é¥âáï «¨æ®. �â¨ «¨æ� áà�¢−¨¢�îâáï ¯® áâ¥¯¥−¨ ¯®å®¦¥áâ¨.
‚ à¥§ã«ìâ�â¥ ¢¥á ¤¥©áâ¢¨ï ¯®¤áç¨âë¢�¥âáï ª�ª áã¬¬� ¢¥á®¢ ãç�áâ¢ãîé¨å ¢ −¨å
®¡ê¥ªâ®¢.

…á«¨ ¯à®¨áè¥áâ¢¨¥ ¨«¨ á®¡ëâ¨¥ á®áâ®¨â ¨§ ¬−®¦¥áâ¢� ¤¥©áâ¢¨©, â® ¤«ï
ª�¦¤®£® ¤¥©áâ¢¨ï −�å®¤ïâáï ¯®å®¦¨¥ (¢ �−�«¨§¨àã¥¬®¬ ¤®ªã¬¥−â¥). �à¨ íâ®¬
ãç¨âë¢�¥âáï ãç�áâ¨¥ ®¤−¨å ¨ â¥å ¦¥ ®¡ê¥ªâ®¢ («¨æ) ¢ à�§«¨ç−ëå ¤¥©áâ¢¨ïå,
â. ¥. á®¯®áâ�¢«ïîâáï áâàãªâãàë. ‚ à¥§ã«ìâ�â¥ ¢ëç¨á«ïîâáï ¢¥á� ¤¥©áâ¢¨© ¯® ¨å
áâ¥¯¥−¨ áå®¤áâ¢� ¯à¨ −�«¨ç¨¨ ®¤¨−�ª®¢ëå á¢ï§¥©. ��©¤¥−−ë¥ ¯à®¨áè¥áâ¢¨ï
à�−¦¨àãîâáï. „«ï ª�¦¤®£® ¨§ −¨å ¢ë¤�¥âáï ®¡êïá−¥−¨¥ ¯à¨ç¨−ë áå®¤áâ¢� |
¢ ¢¨¤¥ â¥ªáâ®¢ (¢§ïâëå ¨§ äà�£¬¥−â®¢ DESC ), á®¯®áâ�¢«¥−−ëå á®¢¯�¢è¨¬
®¡ê¥ªâ�¬ ¨ ¤¥©áâ¢¨ï¬.

��¯à¨¬¥à, −� ¯à®¨áè¥áâ¢¨¥ á −®¬¥à®¬ 74 ú. . . �¥¨§¢¥áâ−ë© áª�−¤�«¨« ¨
ã£à®¦�« −®¦®¬. . . ¡ë« §�¤¥à¦�−. . . û ¡ã¤ãâ ¢ë¤�−ë ¯®å®¦¨¥ ¯à®¨áè¥áâ¢¨ï:

�®å®¦¨¥ ¯à®¨áè¥áâ¢¨ï −� ¤®ª-â 74:

�à®¨áè. 26: “£à®§� ã¡¨©áâ¢®¬ (¢¥á 47).
. . .
�à®¨áè. 59: ‡«®áâ−®¥ åã«¨£�−áâ¢® (¢¥á 27).
. . .

�à¨ ¢ë¡®à¥ 1-£® ¯ã−ªâ� íâ®£® ¬¥−î (¯à®¨áè¥áâ¢¨ï 26 ¨§ à�§¤¥«� 3) ¤�¥âáï
®¡êïá−¥−¨¥:
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‚ ¤®ªã¬¥−â¥ 26 ¢áâà¥â¨«¨áì â¥ ¦¥ ¯à¨§−�ª¨:
�à¥áâã¯−ë¥ ¤¥©áâ¢¨ï: •“‹ˆƒ��‘’‚�, ‘Š��„�‹.
’¥ ¦¥ ¤¥ï−¨ï: ú−¥¨§¢¥áâ−ë© áª�−¤�«¨«û.
’¥ ¦¥ ¤¥ï−¨ï: ú¨ ã£à®¦�« −®¦®¬û (¡«¨§ª®¥ | úã£à®¦�âì ã¡¨©áâ¢®¬û).
. . .
�¡é¨¥ á¢¥¤¥−¨ï: ú. . . ¡ë« §�¤¥à¦�−û.
. . .
<’¥ªáâ ¤®ªã¬¥−â� 26>.

�á®¡ãî à®«ì ¯à¨ ¯®¨áª¥ ¯®å®¦¨å á®¡ëâ¨© ¨ ¤¥©áâ¢¨© ¨£à�îâ �−�«¨â¨ç¥-
áª¨¥ äà�£¬¥−âë (ANAL ). ‘ ¨å ¯®¬®éìî ®áãé¥áâ¢«ï¥âáï ¯à®¢¥àª� â®£®, çâ®
á®¡ëâ¨ï (¯à®¨áè¥áâ¢¨ï), ¤«ï ª®â®àëå ®æ¥−¨¢�¥âáï áâ¥¯¥−ì ¯®å®¦¥áâ¨, ¯® ª�-
â¥£®à¨ï¬ ú¯à¥áâã¯−ë¥ ¤¥©áâ¢¨ïû, úá¯®á®¡ á®¢¥àè¥−¨ï ¯à¥áâã¯«¥−¨ïû, ú®àã¤¨¥
¯à¥áâã¯«¥−¨ïû ¨ ¤à. ®â−®áïâáï ª ®¤−®¬ã ¨ â®¬ã ¦¥ â¨¯ã. �à¨ ¨å á®¢¯�¤¥−¨¨
�−�«¨§¨àã¥¬ë¬ ¤®ªã¬¥−â�¬ ¯à¨á¢�¨¢�¥âáï −�¨¡®«ìè¨© ¢¥á.

10 Навигация по связям

�® ®¯¨á�−¨î ®¡ê¥ªâ� ‹� áâà®¨âáï ¥£® ä®à¬�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ ¢ ¢¨¤¥
‘‘ §�¯à®á�. „�«¥¥ ä®à¬¨àã¥âáï ®¯¥à�â¨¢−�ï �‡, ¢ ª®â®à®© ¨éãâáï �−�«®£¨ç−ë¥
®¡ê¥ªâë | â®ç−ë© ¯®¨áª. �−¨ ®¡à�§ãîâ ®¤¨− ¨«¨ ¬−®¦¥áâ¢® ¨áå®¤−ëå ®¡ê¥ªâ®¢.
÷�áá¬®âà¨¬ ¯à®áâ¥©è¨© ¢�à¨�−â, ª®£¤� ¨áå®¤−ë© ®¡ê¥ªâ | ®¤¨−.

„«ï ¨áå®¤−®£® ®¡ê¥ªâ� áâà®¨âáï £à�ä á¢ï§¥© | ¯àï¬ëå ¨ ª®á¢¥−−ëå.
�àï¬ë¥ á¢ï§¨ | á¢ï§¨ á ¤àã£¨¬¨ ®¡ê¥ªâ�¬¨ ¢ à�¬ª�å ®¤−®£® ¤®ªã¬¥−â�

(¯à®¨áè¥áâ¢¨ï). ��¯à¨¬¥à, ¤«ï ä¨£ãà�−â� | íâ® �¤à¥á ¯à®¦¨¢�−¨ï, ¢«�¤¥−¨¥
®àã¦¨¥¬ á ®¯à¥¤¥«¥−−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ ¨ ¤à. �â® á¢ï§¨ 1-£® ãà®¢−ï.

Š®á¢¥−−ë¥ á¢ï§¨ | íâ® á¢ï§¨ ç¥à¥§ ¤àã£¨¥ ®¡ê¥ªâë, −�å®¤ïé¨¥áï ¢ à�§−ëå
¤®ªã¬¥−â�å. ��¯à¨¬¥à, á¢ï§�−−ë¬¨ áç¨â�îâáï ¤¢� ä¨£ãà�−â� (¨§ à�§−ëå ¤®-
ªã¬¥−â®¢), ¥á«¨ ®−¨ ¢å®¤ïâ ¢ ¯à®¨áè¥áâ¢¨ï, ¢ ª®â®àëå ¢áâà¥â¨«áï ®¤¨− ¨ â®â
¦¥ â¥«¥ä®− ¨«¨ ª�ª®©-«¨¡® ¤àã£®© ®¡ê¥ªâ, ¯à¨−�¤«¥¦�é¨© ¨ â®¬ã ¨ ¤àã£®¬ã
ä¨£ãà�−âã. �â® á¢ï§¨ 2-£® ãà®¢−ï.

�¡ê¥ªâë, ¯à¥¤áâ�¢«ïîé¨¥ á¢ï§¨ 1-£® ãà®¢−ï, ¢ë¤¥«ïîâáï ¯® äà�£¬¥−â�¬ ‘‘
§�¯à®á�, ¢ ª®â®àëå ¯à¥¤áâ�¢«¥−ë ®â−®è¥−¨ï ¨«¨ ¤¥©áâ¢¨ï ¨áå®¤−®£® ®¡ê¥ªâ�.
‚ë¤¥«¥−−ë¥ ®¡ê¥ªâë ¤®«¦−ë ã¤®¢«¥â¢®àïâì ªà¨â¥à¨î ¯®«−®âë. „�«¥¥ ¯® ¢ë-
¤¥«¥−−ë¬ ®¡ê¥ªâ�¬ ¨ äà�£¬¥−â�¬, ¯à¥¤áâ�¢«ïîé¨¬ ¨å ª®á¢¥−−ë¥ á¢ï§¨, ¨éãâáï
®¡ê¥ªâë ¢â®à®£® ãà®¢−ï. „«ï −�©¤¥−−ëå ®¡ê¥ªâ®¢ â�ª¦¥ ¬®¦¥â ®áãé¥áâ¢«ïâìáï
¯®¨áª á¢ï§¥©. �â® á¢ï§¨ 3-£® ¨ ¡®«¥¥ ¢ëá®ª¨å ãà®¢−¥©.

�®«¥¥ ¯®¤à®¡−ãî ¨−ä®à¬�æ¨î ®¡ ¨§¢«¥ç¥−¨¨ §−�−¨© ¨ ®¡ê¥ªâ−ëå ¯®¨áª�å ¢
à�¬ª�å ¯à¥¤«�£�¥¬®© ª®−æ¥¯æ¨¨ ¬®¦−® ¯®«ãç¨âì −� á�©â¥ [11].
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11 Заключение

‚ á¢ï§¨ á à�§¢¨â¨¥¬ á¥â¨ ˆ−â¥à−¥â −�ãç−®¥ −�¯à�¢«¥−¨¥, ¨¬¥îé¥¥ æ¥«ìî
¯®áâà®¥−¨¥ ®¡ê¥ªâ−®-®à¨¥−â¨à®¢�−−ëå ¯®¨áª®¢ëå ¬�è¨−, ¯à¨®¡à¥â�¥â ®á®¡ãî
áâ¥¯¥−ì ¢�¦−®áâ¨. �à¥¤«�£�¥¬ë¥ ¢ ¤�−−®© áâ�âì¥ ¯®¤å®¤ë ¬®£ãâ ¡ëâì ®á−®¢®©
−®¢ëå ¯®ª®«¥−¨© ‘¥¬�−â¨ç¥áª¨å WEB, £¤¥ á¥¬�−â¨ç¥áª¨¥ á¢ï§¨ ¢ëï¢«ïîâáï
�¢â®¬�â¨ç¥áª¨ ¨ ®¡¥á¯¥ç¨¢�îâ ¡®«¥¥ â®ç−ë© ¨ ª�ç¥áâ¢¥−−ë© ¯®¨áª.
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МЕТОД КЛАССИФИКАЦИИ ИНФОРМАЦИИ НА ОСНОВЕ
ИЕРАРХИЧЕСКИХ ТЕГОВ И ЕГО РЕАЛИЗАЦИЯ НА ПРИМЕРЕ

СЕМЕЙНОГО АРХИВНОГО ФОНДА

И. М. Адамович1, О. И. Волков2, Н. А. Маркова3

�−−®â�æ¨ï: ÷�áá¬®âà¥−ë ¢®¯à®áë, á¢ï§�−−ë¥ á á®¢à¥¬¥−−ë¬¨ ¬¥â®¤�¬¨
ª«�áá¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨¨, ¯à®�−�«¨§¨à®¢�−ë ¨å ¤®áâ®¨−áâ¢� ¨ −¥¤®áâ�â-
ª¨. �¯¨á�−ë ¯à¥¤«®¦¥−¨ï ¯® ª«�áá¨ä¨ª�æ¨¨ £¥â¥à®£¥−−®© ¨−ä®à¬�æ¨¨
−� ®á−®¢¥ ¨¥à�àå¨ç¥áª¨å â¥£®¢, ¯à®�−�«¨§¨à®¢�− ª«�áá §�¤�ç, ¤«ï ª®â®àëå
â�ª�ï ª«�áá¨ä¨ª�æ¨ï ¢®§¬®¦−� ¨ æ¥«¥á®®¡à�§−�. ÷�áá¬®âà¥−� à¥�«¨§�æ¨ï
¯à¥¤«®¦¥−−®£® ¯®¤å®¤� −� ¯à¨¬¥à¥ ¯à®£à�¬¬ë ú‘¥¬¥©−ë© �àå¨¢−ë© ä®−¤û
(‘�”).

Š«îç¥¢ë¥ á«®¢�: ª«�áá¨ä¨ª�æ¨ï; ¨¥à�àå¨ç¥áª¨¥ â¥£¨; á¥¬¥©−ë© �àå¨¢−ë©
ä®−¤

1 Введение

�à¨ à�§à�¡®âª¥ á®¢à¥¬¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ ¢�¦−ãî à®«ì ¨£à�¥â
®à£�−¨§�æ¨ï ª«�áá¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨¨.

Š«�áá¨ä¨ª�æ¨ï ®¡ê¥ªâ®¢, ¨å à�§−¥á¥−¨¥ ¯® à�§«¨ç−ë¬ ª«�áá�¬ −� ®á−®¢¥
®¡é¨å á¢®©áâ¢ ®¡«¥£ç�¥â ¢®á¯à¨ïâ¨¥ ®¡é¥© ª�àâ¨−ë, ¯®§¢®«ï¥â ®à¨¥−â¨à®¢�âìáï
¢ ¬−®£®®¡à�§¨¨ ®¡ê¥ªâ®¢, á¯®á®¡áâ¢ã¥â ãáâ�−®¢«¥−¨î á¢ï§¥© ¬¥¦¤ã −¨¬¨, ®¯à¥-
¤¥«¥−¨î ¬¥áâ� â®£® ¨«¨ ¨−®£® ®¡ê¥ªâ� ¢® ¢á¥© ¨å á®¢®ªã¯−®áâ¨, ¯®¬®£�¥â «ãçè¥
¨å à�§«¨ç�âì, á®¯®áâ�¢«ïâì ¤àã£ á ¤àã£®¬, ãïá−ïâì ¨å ®á®¡¥−−®áâ¨ [1].

‚ −�áâ®ïé¥¥ ¢à¥¬ï ç�é¥ ¢á¥£® ¯à¨¬¥−ïîâáï ¤¢� ¬¥â®¤� ª«�áá¨ä¨ª�æ¨¨:
¨¥à�àå¨ç¥áª¨© ¨ ¬−®£®�á¯¥ªâ−ë©. •�à�ªâ¥à−ë¬¨ ®á®¡¥−−®áâï¬¨ ¨¥à�àå¨ç¥áª®£®
¬¥â®¤� ï¢«ïîâáï:

{ −�«¨ç¨¥ −¥®£à�−¨ç¥−−®£® ª®«¨ç¥áâ¢� ¯à¨§−�ª®¢ ª«�áá¨ä¨ª�æ¨¨;

{ á®¯®¤ç¨−¥−−®áâì ¯à¨§−�ª®¢ ª«�áá¨ä¨ª�æ¨¨, çâ® ¢ëà�¦�¥âáï ¢ à�§¡¨¥−¨¨
ª�¦¤®© ª«�áá¨ä¨ª�æ¨®−−®© £àã¯¯¨à®¢ª¨, ®¡à�§®¢�−−®© ¯® ®¤−®¬ã ¯à¨-
§−�ªã, −� ¬−®¦¥áâ¢® ª«�áá¨ä¨ª�æ¨®−−ëå £àã¯¯¨à®¢®ª ¯® −¨¦¥áâ®ïé¥¬ã
(¯®¤ç¨−¥−−®¬ã) ¯à¨§−�ªã.

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Adam@amsd.com
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, Volkov@amsd.com
3ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, nMarkova@ipiran.ru
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Œ¥â®¤ ª«�áá¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ ¨¥à�àå¨ç¥áª¨å â¥£®¢ ¨ ¥£® à¥�«¨§�æ¨ï

Œ−®£®�á¯¥ªâ−ë© ¬¥â®¤ ¢ ª�ç¥áâ¢¥ ®á−®¢�−¨ï ª«�áá¨ä¨ª�æ¨¨ ¨á¯®«ì§ã¥â ¯�-
à�««¥«ì−® −¥áª®«ìª® −¥§�¢¨á¨¬ëå ¯à¨§−�ª®¢ (�á¯¥ªâ®¢). ‘ãé¥áâ¢ã¥â ¤¢� â¨¯�
¬−®£®�á¯¥ªâ−®© ª«�áá¨ä¨ª�æ¨¨: ä�á¥â−�ï ¨ ¤¥áªà¨¯â®à−�ï. ”�á¥â | íâ® �á¯¥ªâ
ª«�áá¨ä¨ª�æ¨¨, ª®â®àë© ¨á¯®«ì§ã¥âáï ¤«ï ®¡à�§®¢�−¨ï −¥§�¢¨á¨¬ëå ª«�áá¨-
ä¨ª�æ¨®−−ëå £àã¯¯¨à®¢®ª. „¥áªà¨¯â®à | ª«îç¥¢®¥ á«®¢®, ®¯à¥¤¥«ïîé¥¥
−¥ª®â®à®¥ ¯®−ïâ¨¥, ª®â®à®¥ ä®à¬¨àã¥â ®¯¨á�−¨¥ ®¡ê¥ªâ� ¨ ãª�§ë¢�¥â −� ¯à¨−�¤-
«¥¦−®áâì íâ®£® ®¡ê¥ªâ� ª ª«�ááã, £àã¯¯¥ ¨ â. ¤. [2].

”�á¥â−�ï ª«�áá¨ä¨ª�æ¨ï ®¡«�¤�¥â ¢ëá®ª®© áâ¥¯¥−ìî £¨¡ª®áâ¨, ¯à®áâ®â®©
¬®¤¨ä¨ª�æ¨¨ ¡¥§ ¨§¬¥−¥−¨ï áâàãªâãàë £àã¯¯¨à®¢®ª ¨ ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì
¤«ï ¨å á®§¤�−¨ï ¡®«ìè®¥ ç¨á«® ¯à¨§−�ª®¢ ª«�áá¨ä¨ª�æ¨¨ ¨ ¨å §−�ç¥−¨©.

�¤−�ª® ¯® ¯à¨ç¨−¥ á«®¦−®áâ¨ áâàãªâãàë ¯®áâà®¥−¨ï ¨ −¨§ª®© áâ¥¯¥−¨ §�-
¯®«−¥−¨ï ä�á¥â−ë© ¬¥â®¤ ¨¬¥¥â ¤®¢®«ì−® ®£à�−¨ç¥−−®¥ à�á¯à®áâà�−¥−¨¥: ¢
®á−®¢−®¬ íâ® ª«�áá¨ä¨ª�æ¨ï â®¢�à®¢ ¨ ¯à®¤ãªæ¨¨. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¬®¦−®
¯à¨¢¥áâ¨ ª«�áá¨ä¨ª�æ¨î ¢¨−:

{ ¯® áà®ª�¬ ¢ë¤¥à¦ª¨: ¬®«®¤ë¥, ¬�à®ç−ë¥, ª®««¥ªæ¨®−−ë¥;
{ ¯® æ¢¥âã: ¡¥«ë¥, à®§®¢ë¥, ªà�á−ë¥;
{ ¯® â¥å−®«®£¨¨: â¨å¨¥, ¨£à¨áâë¥.

„¥áªà¨¯â®à−ë© (®¯¨á�â¥«ì−ë©) ¬¥â®¤ ª«�áá¨ä¨ª�æ¨¨, ®á−®¢�−−ë© −� ª«�á-
á¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥ á ¯®¬®éìî ª«îç¥¢ëå á«®¢, ¤®
¯®á«¥¤−¥£® ¢à¥¬¥−¨ ¨á¯®«ì§®¢�«áï ¢ ®á−®¢−®¬ ¢ ¡¨¡«¨®â¥ç−ëå á¨áâ¥¬�å ¯®¨áª�
(�«ä�¢¨â−®-¯à¥¤¬¥â−ë¥ ãª�§�â¥«¨ á¨áâ¥¬�â¨ç¥áª¨å ª�â�«®£®¢, ª�â�«®£¨ ª«îç¥-
¢ëå á«®¢).

‚ ®â«¨ç¨¥ ®â ä�á¥â−®© ¨ ¤¥áªà¨¯â®à−®© ª«�áá¨ä¨ª�æ¨¨, áä¥à� ¯à¨¬¥−¥−¨ï
¨¥à�àå¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨ ¢¥áì¬� ®¡è¨à−�. …¥ ¤®áâ®¨−áâ¢�:

{ ¯à®áâ®â� ¯®áâà®¥−¨ï;
{ ¨á¯®«ì§®¢�−¨¥ −¥§�¢¨á¨¬ëå ª«�áá¨ä¨ª�æ¨®−−ëå ¯à¨§−�ª®¢ ¢ à�§«¨ç−ëå

¢¥â¢ïå ¨¥à�àå¨ç¥áª®© áâàãªâãàë.

�«�£®¤�àï íâ®¬ã −�¨¡®«¥¥ è¨à®ª®¥ à�á¯à®áâà�−¥−¨¥ ¯®«ãç¨«� ¨¬¥−−® ¨¥-
à�àå¨ç¥áª�ï ª«�áá¨ä¨ª�æ¨ï. �à¨¬¥à�¬¨ â®¬ã ¬®£ãâ á«ã¦¨âì ®¡é¥à®áá¨©áª¨¥
ª«�áá¨ä¨ª�â®àë (�Š“„, �Š�’�, �Š�� ¨ â. ¯.) [3] ¨ “−¨¢¥àá�«ì−�ï ¤¥áï-
â¨ç−�ï ª«�áá¨ä¨ª�æ¨ï (“„Š) [4].

÷�áá¬®âà¨¬ �«ìâ¥à−�â¨¢−ë© á¯®á®¡ ª«�áá¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨¨, ®¡ê¥¤¨−ï-
îé¨© ¤®áâ®¨−áâ¢� ¤¥áªà¨¯â®à−®£® ¨ ¨¥à�àå¨ç¥áª®£® ¬¥â®¤®¢, ¨ ®æ¥−¨¬ ¯¥àá¯¥ª-
â¨¢ë ¥£® ¯à¨¬¥−¥−¨ï ¢ ª®−â¥ªáâ¥ á®¢à¥¬¥−−ëå â¥−¤¥−æ¨© ¢ ¤�−−®© ®¡«�áâ¨.

2 Современные тенденции в области классификации

‚ á¢ï§¨ á® ¢á¥ ¡®«ìè¨¬ à�§¢¨â¨¥¬ á¥â¨ ˆ−â¥à−¥â, ¯®ï¢«¥−¨¥¬ ¨ è¨à®ª¨¬
à�á¯à®áâà�−¥−¨¥¬ á®æ¨�«ì−ëå á¥â¥© ¨ á¥â¥¢ëå á¥à¢¨á®¢ ¢®§−¨ª«¨ −®¢ë¥ §�¤�ç¨
ª«�áá¨ä¨ª�æ¨¨.
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‚ ç�áâ−®áâ¨, ®â−®á¨â¥«ì−® −®¢ë¬ −�¯à�¢«¥−¨¥¬ ¨áá«¥¤®¢�−¨©, ª®â®à®¥ ¢
−�áâ®ïé¥¥ ¢à¥¬ï �ªâ¨¢−® à�§¢¨¢�¥âáï §� àã¡¥¦®¬ ¨ ¢ ÷®áá¨¨, ï¢«ï¥âáï à�§-
à�¡®âª� ¯®¤å®¤®¢ ¨ �«£®à¨â¬®¢ à¥è¥−¨ï §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¬−®£®â¥¬−ëå
¤®ªã¬¥−â®¢ [5{11]. �à¨ íâ®¬ ¡®«ìè¨−áâ¢® áãé¥áâ¢ãîé¨å ¯®¤å®¤®¢ ï¢«ï¥âáï
�«ìâ¥à−�â¨¢®© −¥¯®áà¥¤áâ¢¥−−®£® á¢¥¤¥−¨ï §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¬−®£®â¥¬−ëå
¤®ªã¬¥−â®¢ ª âà�¤¨æ¨®−−®© §�¤�ç¥ ª«�áá¨ä¨ª�æ¨¨, å�à�ªâ¥à¨§ãîé¥©áï â¥¬,
çâ® ª«�áá¨ä¨æ¨àã¥¬ë© ®¡ê¥ªâ ¬®¦¥â ¯à¨−�¤«¥¦�âì â®«ìª® ª ®¤−®¬ã ª«�ááã
(multiclass classification) [12].

‚ −®¢ëå ãá«®¢¨ïå, ª®£¤� à�§−®à®¤−�ï ¨−ä®à¬�æ¨ï ¤®¡�¢«ï¥âáï ¢ á¨áâ¥¬ã
®¤−®¢à¥¬¥−−® ¨§ ¬−®£¨å −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®î ¨áâ®ç−¨ª®¢, ¢¥áì¬� áãé¥-
áâ¢¥−−ë¬¨ áâ�−®¢ïâáï −¥¤®áâ�âª¨ ¨¥à�àå¨ç¥áª®© á¨áâ¥¬ë ª«�áá¨ä¨ª�æ¨¨:

{ ¦¥áâª�ï áâàãªâãà�, ª®â®à�ï ¯à¨¢®¤¨â ª á«®¦−®áâ¨ ¢−¥á¥−¨ï ¨§¬¥−¥−¨©, â�ª
ª�ª ¯à¨å®¤¨âáï ¯¥à¥à�á¯à¥¤¥«ïâì ¢á¥ ª«�áá¨ä¨ª�æ¨®−−ë¥ £àã¯¯¨à®¢ª¨;

{ −¥¢®§¬®¦−®áâì £àã¯¯¨à®¢�âì ®¡ê¥ªâë ¯® §�à�−¥¥ −¥ ¯à¥¤ãá¬®âà¥−−ë¬ á®ç¥-
â�−¨ï¬ ¯à¨§−�ª®¢.

�®íâ®¬ã ¯à¨®¡à¥«� ¯®¯ã«ïà−®áâì ª«�áá¨ä¨ª�æ¨ï −� ®á−®¢¥ â¥£®¢, ï¢«ï-
îé�ïáï, ¯® áãâ¨, ¤¥áªà¨¯â®à−®© ª«�áá¨ä¨ª�æ¨¥©, −® ¨á¯®«ì§ã¥¬�ï ¢ ãá«®¢¨ïå
¤¨−�¬¨ç¥áª¨ à�áè¨àï¥¬ëå à�á¯à¥¤¥«¥−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬.

’¥£¨, −¥ ®¡«�¤�ï −¥¤®áâ�âª�¬¨ ¨¥à�àå¨ç¥áª®© ª«�áá¨ä¨ª�æ¨¨, ¯®§¢®«ïîâ
ª«�áá¨ä¨æ¨à®¢�âì ¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë ¯® ¬¥à¥ ¨å ¤®¡�¢«¥−¨ï ¢ á¨áâ¥-
¬ã ¡¥§ ¨§−�ç�«ì−®£® ¯à®¤ã¬ë¢�−¨ï áâàãªâãàë ¨ á®áâ�¢� ª«�áá¨ä¨ª�â®à®¢, â. ¥.
®−¨ ¯à¨¬¥−¨¬ë ¤«ï £¥â¥à®£¥−−ëå ¤¨−�¬¨ç¥áª¨å á¨áâ¥¬ ¨, ¯® áãâ¨, −¥ ¨¬¥îâ
�«ìâ¥à−�â¨¢ ¢ àï¤¥ ¯à¨¬¥−¥−¨©, −�¯à¨¬¥à ¢ ¯à�ªâ¨ª¥ á®¢¬¥áâ−®© ª�â¥£®à¨§�-
æ¨¨ ¨−ä®à¬�æ¨¨ ¨−â¥à−¥â-à¥áãàá®¢ ¯®«ì§®¢�â¥«ï¬¨ ¯®áà¥¤áâ¢®¬ ¯à®¨§¢®«ì−®
¢ë¡¨à�¥¬ëå ª«îç¥¢ëå á«®¢ (ä®«ªá®−®¬¨¨) [13].

�® ¯® ¬¥à¥ à®áâ� ¨−ä®à¬�æ¨®−−ëå ®¡ê¥¬®¢ ¯®«ì§®¢�â¥«¨ áâ�«ª¨¢�îâáï á
−¥£�â¨¢−ë¬¨ ¯®á«¥¤áâ¢¨ï¬¨ íâ®© ¯à�ªâ¨ª¨. ‘¨áâ¥¬� â¥£®¢ «¨−¥©−�, ¨ ¯® ¬¥à¥
à®áâ� ç¨á«� ¯®−ïâ¨© ®−� áâ�−®¢¨âáï ¢á¥ ¡®«¥¥ ¨ ¡®«¥¥ £à®¬®§¤ª®©. ‚ á¢ï§¨ á íâ¨¬
¢ á¨áâ¥¬¥ â¥£®¢ −¥¨§¡¥¦−® ¢®§−¨ª�îâ á¨−®−¨¬ë, çâ® ¯à¥¯ïâáâ¢ã¥â ¯®¨áªã ¨−ä®à-
¬�æ¨¨ ¯® â¥£ã. Šà®¬¥ â®£®, íää¥ªâ¨¢−®¬ã ¯®¨áªã ¯à¥¯ïâáâ¢ã¥â −¥®¤−®§−�ç−®áâì
(¬ã«ìâ¨§−�ç−®áâì) ¯®−ïâ¨©, ¯à¨−ïâëå ¢ ª�ç¥áâ¢¥ â¥£®¢. ú�¡«�ª® â¥£®¢û, ¨áå®¤−®
¯à¥¤−�§−�ç¥−−®¥ ¤«ï ã¤®¡áâ¢� ¢¨§ã�«¨§�æ¨¨ áâàãªâãàë, çà¥§¬¥à−® à�§à�áâ�¥âáï,
¨ ¥£® −�£«ï¤−®áâì á¢®¤¨âáï −� −¥â.

’�ª¨¬ ®¡à�§®¬, −¥¨§¡¥¦−® áâ�«¨ ¯à®¨§¢®¤¨âìáï ¯®¯ëâª¨ á®¢¬¥áâ¨âì ¤®áâ®-
¨−áâ¢� â¥£®¢ ¨ ¨¥à�àå¨ç¥áª¨å ª«�áá¨ä¨ª�â®à®¢ [13{15].

3 Система иерархических тегов и область ее применения

�à¥¤áâ�¢¨¬ −®¢ë© ¬¥â®¤ ª«�áá¨ä¨ª�æ¨¨, ª®â®àë© ¡ã¤¥¬ −�§ë¢�âì úá¨áâ¥-
¬� ¨¥à�àå¨ç¥áª¨å â¥£®¢û (‘ˆ’). ‘¨áâ¥¬� ¨¥à�àå¨ç¥áª¨å â¥£®¢ ¯à¥¤¯®«�£�¥â
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á¢®¡®¤−® à�áè¨àï¥¬ë© −�¡®à â¥£®¢ (¯®−ïâ¨©), ª�¦¤ë© ¨§ ª®â®àëå ¬®¦¥â ¡ëâì
¤¨−�¬¨ç¥áª¨ à�áè¨à¥− á¢®¥© ¨¥à�àå¨ç¥áª®© ¤à¥¢®¢¨¤−®© áâàãªâãà®© ¯®¤¯®−ï-
â¨©. ’�ª¨¬ ®¡à�§®¬, ú®¡«�ª® â¥£®¢û ¢ ‘ˆ’ ¯à¥¤áâ�¢«ï¥â á®¡®© ú«¥áû, £¤¥
úª®à−¥¬û ª�¦¤®£® ú¤¥à¥¢�û ï¢«ï¥âáï ®¤−® ¯®−ïâ¨¥ ¨§ −�¡®à� â¥£®¢, � ¨¥à�à-
å¨ç¥áª�ï áâàãªâãà� ú¤¥à¥¢�û á®®â¢¥âáâ¢ã¥â ¨¥à�àå¨¨ ¯®¤¯®−ïâ¨©, ãâ®ç−ïîé¨å
ª®à−¥¢®¥ ¯®−ïâ¨¥.

�à¨−æ¨¯¨�«ì−ë¬¨ ®â«¨ç¨ï¬¨ ‘ˆ’ ®â ä�á¥â−®© ª«�áá¨ä¨ª�æ¨¨ −� ®á−®¢¥
ª®¬¯«¥ªá� −¥§�¢¨á¨¬ëå ¨¥à�àå¨ç¥áª¨å ª«�áá¨ä¨ª�â®à®¢ ï¢«ïîâáï:

{ −¥®¡ï§�â¥«ì−®áâì ¤«ï «î¡®© ¯�àë â¥£®¢ ¡ëâì −¥§�¢¨á¨¬ë¬¨ ¯®−ïâ¨ï¬¨;
{ −¥®¡ï§�â¥«ì−®áâì á®®â−¥á¥−¨ï ª«�áá¨ä¨æ¨àã¥¬®£® ®¡ê¥ªâ� á ª�¦¤ë¬ â¥£®¬;
{ ®âáãâáâ¢¨¥ âà¥¡®¢�−¨ï á®®â−¥á¥−¨ï ª«�áá¨ä¨æ¨àã¥¬®£® ®¡ê¥ªâ� á ¥¤¨−áâ¢¥−-

−ë¬ í«¥¬¥−â®¬ ¢ ¤à¥¢®¢¨¤−®© áâàãªâãà¥ ¯®¤¯®−ïâ¨© â¥£�;
{ ®âáãâáâ¢¨¥ âà¥¡®¢�−¨ï á®®â−¥á¥−¨ï ª«�áá¨ä¨æ¨àã¥¬®£® ®¡ê¥ªâ� â®«ìª® á

®ª®−¥ç−ë¬ í«¥¬¥−â®¬ (ú«¨áâ®¬û) ¢ ¤à¥¢®¢¨¤−®© áâàãªâãà¥ ¯®¤¯®−ïâ¨© â¥£�.

‘ä®à¬ã«¨àã¥¬ ®á−®¢−ë¥ ¯à¨§−�ª¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¤«ï ª®â®àëå
¢®§¬®¦−® ¨ æ¥«¥á®®¡à�§−® ¯à¨¬¥−¥−¨¥ ‘ˆ’.

1. –¥«¥á®®¡à�§−®áâì:

{ −¥¢®§¬®¦−®áâì §�à�−¥¥ ®¯à¥¤¥«¨âì áâàãªâãàã ª«�áá¨ä¨ª�â®à�;
{ §−�ç¨â¥«ì−�ï £¥â¥à®£¥−−®áâì ¨−ä®à¬�æ¨¨;
{ −�«¨ç¨¥ ¨−ä®à¬�æ¨¨, ®â−®áïé¥©áï ®¤−®¢à¥¬¥−−® ª −¥áª®«ìª¨¬ ª«�áá�¬

(¬ã«ìâ¨â¥¬−®áâì ¨−ä®à¬�æ¨¨);
{ §−�ç¨â¥«ì−�ï ¤¨−�¬¨ª� ¨−ä®à¬�æ¨®−−®£® ¯®â®ª�, −¥®¡å®¤¨¬®áâì ª«�á-

á¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨¨ ¯® ¬¥à¥ ¥¥ ¯®áâã¯«¥−¨ï.

2. ‚®§¬®¦−®áâì:

{ −�«¨ç¨¥ ¥¤¨−®£® (−¥ à�á¯à¥¤¥«¥−−®£®) æ¥−âà� ª«�áá¨ä¨ª�æ¨¨ ¯®áâã¯�-
îé¥© ¨−ä®à¬�æ¨¨;

{ ®£à�−¨ç¥−−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨ (ª�ª á«¥¤áâ¢¨¥ −¥®¡å®¤¨¬®áâ¨ ®¡à�-
¡®âª¨ ¥¥ ¢ ¥¤¨−®¬ æ¥−âà¥).

�à® −¥®¡å®¤¨¬®áâì ª«�áá¨ä¨ª�æ¨¨ ¯®áâã¯�îé¥© ¨−ä®à¬�æ¨¨ ¢ ¥¤¨−®¬, −¥
à�á¯à¥¤¥«¥−−®¬ æ¥−âà¥ á«¥¤ã¥â áª�§�âì ®á®¡®: ª«�áá¨ä¨ª�æ¨ï â¥£�¬¨ á�¬� ¯®
á¥¡¥ −¥ âà¥¡ã¥â â�ª®© æ¥−âà�«¨§�æ¨¨. �®«¥¥ â®£®, à�á¯à¥¤¥«¥−−�ï ª«�áá¨ä¨-
ª�æ¨ï (ª�â¥£®à¨§�æ¨ï) ¨−ä®à¬�æ¨¨ ¯®«ì§®¢�â¥«ï¬¨ â®£® ¨«¨ ¨−®£® ú®¡«�ç−®£®
á¥à¢¨á�û ¯®§¢®«ï¥â íää¥ªâ¨¢−® ®¡à�¡�âë¢�âì ®£à®¬−ë¥ ®¡ê¥¬ë ¨−ä®à¬�æ¨¨,
®¤−®¢à¥¬¥−−® ¯®áâã¯�îé¨¥ ¢ á¨áâ¥¬ã ¨§ ¬−®£®ç¨á«¥−−ëå ¨áâ®ç−¨ª®¢. ‹î¡�ï
ä®«ªá®−®¬¨ï ®¡ï§�−� á¢®¨¬ áãé¥áâ¢®¢�−¨¥¬ ¨¬¥−−® à�á¯à¥¤¥«¥−−®áâ¨ ¯à®æ¥áá�
ª«�áá¨ä¨ª�æ¨¨.

�® ª�ª â®«ìª® ¢®§−¨ª�¥â −¥®¡å®¤¨¬®áâì ¢¢¥¤¥−¨ï ¢ ª«�áá¨ä¨ª�æ¨î ¨¥à�à-
å¨¨, à�á¯à¥¤¥«¥−−®áâì ¯à®æ¥áá� áâ�−®¢¨âáï −¥¢®§¬®¦−®©. Š�ª ¨§¢¥áâ−®, ¯à¨
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á®áâ�¢«¥−¨¨ ¨¥à�àå¨ç¥áª®£® ª«�áá¨ä¨ª�â®à� ¤¥«¥−¨¥ ª«�áá� −� ¯®¤ª«�ááë âà¥-
¡ã¥â ¯®«−®âë ¨ ç¨áâ®âë ¤¥«¥−¨ï [16]. ’à¥¡®¢�−¨¥ ¯®«−®âë ª ‘ˆ’, ª®−¥ç−®,
¯à¨¬¥−ïâìáï −¥ ¬®¦¥â, ¯®áª®«ìªã á®áâ�¢ ª«�áá®¢ ¨ ¯®¤ª«�áá®¢ ¢ −¨å ¢ ª�¦¤ë©
¬®¬¥−â ¢à¥¬¥−¨ ®âà�¦�¥â â®«ìª® â¥ªãé¥¥ á®áâ®ï−¨¥ ¨−ä®à¬�æ¨®−−®£® åà�−¨«¨-
é�, � −¥ ¨−ä®à¬�æ¨®−−ãî áâàãªâãàã ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢ æ¥«®¬. �® âà¥¡®¢�−¨¥
ç¨áâ®âë ¤¥«¥−¨ï (â. ¥. çâ®¡ë ç«¥−ë ¤¥«¥−¨ï −¥ ¡ë«¨ ¯¥à¥á¥ª�îé¨¬¨áï ¯®−ïâ¨-
ï¬¨ [16]) ®ç¥¢¨¤−ë¬ ®¡à�§®¬ ï¢«ï¥âáï �ªâã�«ì−ë¬ ¨ ¤«ï ‘ˆ’. � ¢ë¯®«−¥−¨¥
íâ®£® âà¥¡®¢�−¨ï, ãç¨âë¢�ï áã¡ê¥ªâ¨¢−®áâì ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨ «î¡®© ª«�áá¨-
ä¨ª�æ¨¨, −¥¢®§¬®¦−® ®¡¥á¯¥ç¨âì ¡¥§ ã¯à�¢«¥−¨ï ¯à®æ¥áá®¬ ¤¥«¥−¨ï ¨§ ¥¤¨−®£®
æ¥−âà�.

�®«�£�¥¬, çâ® ¬−®¦¥áâ¢® á¨áâ¥¬, ¤«ï ª®â®àëå ¢®§¬®¦−® ¨ æ¥«¥á®®¡à�§−®
¨á¯®«ì§®¢�−¨¥ ª«�áá¨ä¨ª�æ¨¨ −� ¡�§¥ ‘ˆ’ ¢¥áì¬� ®¡è¨à−®. ÷�áá¬®âà¨¬ ¯à¨¬¥à
â�ª®© á¨áâ¥¬ë | ¯à®£à�¬¬ã ‘�”.

4 Программа «Семейный архивный фонд»

ú‘¥¬¥©−ë© �àå¨¢−ë© ä®−¤û [17] ï¢«ï¥âáï ¯à®£à�¬¬−ë¬ áà¥¤áâ¢®¬ ¢¥¤¥-
−¨ï á¥¬¥©−®£® �àå¨¢� ¨ ¯à¥¤−�§−�ç¥− ¤«ï åà�−¥−¨ï, á¨áâ¥¬�â¨§�æ¨¨, ¯®¨áª�
¨ ¯à®á¬®âà� ª®¯¨© ¤®ªã¬¥−â®¢ ¨ ä®â®£à�ä¨©. �â �−�«®£®¢ (£¥−¥�«®£¨ç¥áª¨¥
¯à®£à�¬¬ë ¨ í«¥ªâà®−−ë¥ ä®â®�«ì¡®¬ë) ‘�” ®â«¨ç�¥â ¢®§¬®¦−®áâì £¨¡ª®£®
ä®à¬¨à®¢�−¨ï £àã¯¯ ¤®ªã¬¥−â®¢ ¤«ï ¯à®á¬®âà� (�«ì¡®¬®¢ ¤®ªã¬¥−â®¢) ¢ á®®â-
¢¥âáâ¢¨¨ á® á«®¦−ë¬¨ ªà¨â¥à¨ï¬¨, ã¢ï§�−−ë¬¨ á ®¡ê¥ªâ−®© ¬®¤¥«ìî (®¡ê¥ªâ{
á®¡ëâ¨¥{¤®ªã¬¥−â), ¢®§¬®¦−®áâì ¯®á®¡ëâ¨©−®© £àã¯¯¨à®¢ª¨ ¤®ªã¬¥−â®¢ ¯à¨
¯à®á¬®âà¥ ¨ ¯®¤¤¥à¦ª� ¬−®£®áâà�−¨ç−ëå ¤®ªã¬¥−â®¢.

�à®£à�¬¬� à�§à�¡®â�−� �¢â®à�¬¨ ¢ à�¬ª�å à�¡®â ˆ�ˆ ÷�� ¯® â¥¬¥ úŒ¥-
â®¤ë ¨ áà¥¤áâ¢� á¯à�¢®ç−®-¯®¨áª®¢®© ¯®¤¤¥à¦ª¨ −�ãç−ëå ¨ á®æ¨�«ì−®-ªã«ì-
âãà−ëå ¯à®¥ªâ®¢ −� ®á−®¢¥ ¨−â¥£à�æ¨¨ ¤�−−ëå à�§−®à®¤−ëå ¡¨®£à�ä¨ç¥áª¨å
¨áâ®ç−¨ª®¢û ¢ 2011{2012 ££.

‚ æ¥«®¬ å�à�ªâ¥à¨áâ¨ª¨ ‘�” ¨ ª®−æ¥¯âã�«ì−�ï ¬®¤¥«ì ¨−ä®à¬�æ¨®−−®©
â¥å−®«®£¨¨ ¯®¤à®¡−® ®¯¨á�−ë ¢ [18].

‘¯¥æ¨ä¨ç¥áª¨¬¨ ç¥àâ�¬¨ ‘�” á â®çª¨ §à¥−¨ï ¯à®¡«¥¬ ª«�áá¨ä¨ª�æ¨¨
ï¢«ïîâáï:

{ §−�ç¨â¥«ì−�ï £¥â¥à®£¥−−®áâì ¤�−−ëå;

{ −�«¨ç¨¥ ¢á¥¢®§¬®¦−ëå ú−¥¢®§¬®¦−ëåû á®ç¥â�−¨© å�à�ªâ¥à¨áâ¨ª ¤®ªã¬¥−-
â®¢;

{ á«®¦−®áâì ¤«ï −¥¯®¤£®â®¢«¥−−®£® ¯®«ì§®¢�â¥«ï §�à�−¥¥ à�§à�¡®â�âì ¢§¢¥-
è¥−−ãî, −¥¯à®â¨¢®à¥ç¨¢ãî ¨ −¥¨§¡ëâ®ç−ãî á¨áâ¥¬ã ª«�áá¨ä¨ª�æ¨¨;

{ ¯®áâ¥¯¥−−®áâì −�¯®«−¥−¨ï ‘�” ¯® ¬¥à¥ ¯®ï¢«¥−¨ï −®¢ëå ¤®ªã¬¥−â®¢;

{ ç¨á«® ¤®ªã¬¥−â®¢, åà�−¨¬ëå ¢ ‘�”, | ¤® 100 000.
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�®áª®«ìªã ‘�” ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬ ª�ª ¢®§¬®¦−®áâ¨, â�ª ¨ æ¥«¥á®-
®¡à�§−®áâ¨, ¤«ï −¥£® ¡ë«� à�§à�¡®â�−� á¨áâ¥¬�, ®¡¥á¯¥ç¨¢�îé�ï ¢®§¬®¦−®áâì
¬−®¦¥áâ¢¥−−®© à�áè¨àï¥¬®© ª«�áá¨ä¨ª�æ¨¨.

5 Система иерархических тегов, реализованная в «Семейном
архивном фонде»

�«¥¬¥−âë ‘�” ª«�áá¨ä¨æ¨àãîâáï −� ¡�§¥ ‘ˆ’. ’à¨ −¥§�¢¨á¨¬ëå ª«�á-
á¨ä¨ª�â®à� á®®â¢¥âáâ¢ãîâ â¨¯�¬ í«¥¬¥−â®¢ ‘�”: ¤®ªã¬¥−â�¬, á®¡ëâ¨ï¬ ¨
®¡ê¥ªâ�¬.

„®ªã¬¥−â ª�ª ¬�â¥à¨�«ì−ë© ®¡ê¥ªâ, á®¤¥à¦�é¨© ¨−ä®à¬�æ¨î ¢ §�ä¨ªá¨à®-
¢�−−®¬ ¢¨¤¥, ¯à¨¢ï§�− ¢ ‘�” ª ¤¢ã¬ ª«�áá¨ä¨ª�â®à�¬:

(1) ª«�áá¨ä¨ª�â®à â¨¯� ¤®ªã¬¥−â� ®âà�¦�¥â ¬�â¥à¨�«ì−ãî áãé−®áâì −®á¨â¥«ï
¨−ä®à¬�æ¨¨ (−�¯à¨¬¥à: úä®â®£à�ä¨ïû, ú¯®àâà¥âû, ú¯¨áì¬®û, ú¢¨¤¥®§�-
¯¨áìû). –¥«¥á®®¡à�§−®áâì ¯à¨¬¥−¥−¨ï ¨¬¥−−® ‘ˆ’, � −¥ ¨¥à�àå¨ç¥áª®£®
ª«�áá¨ä¨ª�â®à� ¤«ï ª«�áá¨ä¨ª�æ¨¨ â¨¯� ¤®ªã¬¥−â� á«¥¤ã¥â ¨§ ä�ªâ�, çâ®
¤®ªã¬¥−â ¬®¦¥â ¨¬¥âì á«®¦−ãî áâàãªâãàã. ��¯à¨¬¥à, ¯¨áì¬® ¬®¦¥â á®¤¥à-
¦�âì à¨áã−®ª, � −� ä®â®£à�ä¨¨ ¬®¦¥â ¡ëâì §�ä¨ªá¨à®¢�− ç¥«®¢¥ª −� ä®−¥
¯®àâà¥â� á £à�¬®â®© ¢ àãª�å;

(2) ª«�áá¨ä¨ª�â®à á®¡ëâ¨©/á®¤¥à¦�−¨ï ¤®ªã¬¥−â®¢ ®âà�¦�¥â ¨−ä®à¬�æ¨®−-
−ãî á®áâ�¢«ïîéãî ¤®ªã¬¥−â�. �â®â ¦¥ ª«�áá¨ä¨ª�â®à á«ã¦¨â ¤«ï ª«�áá¨-
ä¨ª�æ¨¨ á®¡ëâ¨©, ¯®áª®«ìªã á®¤¥à¦�â¥«ì−® ¤®ªã¬¥−â ¨ á®¡ëâ¨¥ ¨¬¥îâ ®¤−ã
¯à¨à®¤ã (¤®ªã¬¥−â, ª�ª ¯à�¢¨«®, ®âà�¦�¥â ®¤−® ¨«¨ −¥áª®«ìª® á®¡ëâ¨©).

‚ ¨−â¥àä¥©á¥ ¯à®£à�¬¬ë á®®â−¥á¥−−®áâì í«¥¬¥−â� ‘�” á â¥¬ ¨«¨ ¨−ë¬
¯®−ïâ¨¥¬ ¨«¨ ¯®¤¯®−ïâ¨¥¬ ®¡®§−�ç�¥âáï ®â¬¥âª®© ¢ á®®â¢¥âáâ¢ãîé¥¬ ã§«¥ ¤¥-
à¥¢� ¨ ¢¨§ã�«ì−® ®â®¡à�¦�¥âáï ª�ª £�«®çª� −�¯à®â¨¢ ¨¬¥−¨ ã§«� (�−�«®£¨ç−®
áâ�−¤�àâ−®¬ã í«¥¬¥−âã ã¯à�¢«¥−¨ï TreeView [18]).

�à¨ íâ®¬ ¢ ú«¥á¥û â¥£®¢, á®®â¢¥âáâ¢ãîé¨å ®¤−®¬ã í«¥¬¥−âã ‘�”, ¬®£ãâ
¯à¨áãâáâ¢®¢�âì ª�ª ¤¥à¥¢ìï ¡¥§ ¥¤¨−®© ®â¬¥âª¨, â�ª ¨ ¤¥à¥¢ìï á® ¬−®£¨¬¨
®â¬¥âª�¬¨. …¤¨−áâ¢¥−−ë¬ ¥áâ¥áâ¢¥−−ë¬ ®£à�−¨ç¥−¨¥¬ ¢ ¯®«®¦¥−¨¨ ®â¬¥â®ª
ï¢«ï¥âáï −¥¢®§¬®¦−®áâì ¯®áâ�¢¨âì ¤¢¥ £�«®çª¨ â�ª, çâ® ®¤−� ¨§ −¨å ¡ã¤¥â
−�å®¤¨âìáï −¥¯®áà¥¤áâ¢¥−−® ¯®¤ ¤àã£®©. ’® ¥áâì ¥á«¨ ®¡ê¥ªâ á®®â−¥á¥− á ª�ª¨¬-
«¨¡® ¯®−ïâ¨¥¬, â® ®− −¥ ¬®¦¥â ¡ëâì á®®â−¥á¥− ¨ á ª�ª¨¬-«¨¡® ¯®¤¯®−ïâ¨¥¬ íâ®£®
¯®−ïâ¨ï, çâ® á«¥¤ã¥â ¨§ á�¬®© áãâ¨ ¨¥à�àå¨ç−®áâ¨.

�� à¨á. 1 ¯à¨¢¥¤¥− ¢−¥è−¨© ¢¨¤ ¨−â¥àä¥©á� ¯à®£à�¬¬ë, ¯®§¢®«ïîé¨©
¯®á¬®âà¥âì â¥£¨ ®¡ê¥ªâ� −� ª®−ªà¥â−®¬ ¯à¨¬¥à¥. �¡ê¥ªâ Œ�àìï ˆ¢�−®¢� (¢
¤¥¢¨ç¥áâ¢¥ | �¥âà®¢�) ¨¬¥¥â ®â¬¥ç¥−−ë¬¨ â¥£ ú�¥âà®¢ëû ¨ ¯®¤â¥£ ú¬®áª®¢-
áª¨¥û â¥£� úˆ¢�−®¢ëû. �à¨¬¥à ¤¥¬®−áâà¨àã¥â ¨¥à�àå¨ç−®áâì ¨ ¬ã«ìâ¨§−�ç-
−®áâì ‘ˆ’.
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÷¨á. 1 �à¨¬¥à â¥£®¢ ®¡ê¥ªâ�

�à®£à�¬¬−ë© ¨−â¥àä¥©á ¯®§¢®«ï¥â ¯à¨ à¥¤�ªâ¨à®¢�−¨¨ í«¥¬¥−â� ‘�”:

{ ¯®áâ�¢¨âì ®â¬¥âªã ã «î¡®£® â¥£� ¨«¨ ¥£® ¯®¤¯®−ïâ¨ï. �à¨ íâ®¬ ¢á¥ −¨¦¥«¥-
¦�é¨¥ ®â¬¥âª¨ ¡ã¤ãâ á−ïâë;

{ ã¡à�âì ®â¬¥âªã ã «î¡®£® â¥£� ¨«¨ ¥£® ¯®¤¯®−ïâ¨ï;

{ ¤®¡�¢¨âì −®¢ë© â¥£ ¨«¨ ¯®¤¯®−ïâ¨¥ ª áãé¥áâ¢ãîé¥¬ã â¥£ã −� «î¡®¬ ãà®¢−¥
¨¥à�àå¨¨ ¨ ãª�§�âì ¥£® ¨¬ï;

{ ã¤�«¨âì â¥£ ¨«¨ ¥£® ¯®¤¯®−ïâ¨¥. �à¨ íâ®¬ ¡ã¤ãâ ã¤�«¥−ë ¨ ¢á¥ −¨¦¥«¥¦�é¨¥
¯®¤¯®−ïâ¨ï;

{ ¯¥à¥¨¬¥−®¢�âì «î¡®© â¥£ ¨«¨ ¥£® ¯®¤¯®−ïâ¨¥.

„«ï ®â¡®à� ¨«¨ ¯®¨áª� í«¥¬¥−â®¢ ‘�” ¨á¯®«ì§ã¥âáï ¨−â¥àä¥©á §�¤�−¨ï
ä¨«ìâà�, ¯®§¢®«ïîé¨©:

{ ¯®áâ�¢¨âì ®â¬¥âªã ã «î¡®£® â¥£� ¨«¨ ¥£® ¯®¤¯®−ïâ¨ï. �à¨ íâ®¬ ã ¢á¥å
−¨¦¥«¥¦�é¨å ¯®¤¯®−ïâ¨© ®â¬¥âª¨ ¡ã¤ãâ â�ª¦¥ ãáâ�−®¢«¥−ë, â. ¥. ¯à¨ ¯®¨áª¥
í«¥¬¥−â®¢ ‘�”, á®®â−¥á¥−−ëå á −¥ª®â®àë¬ ¯®−ïâ¨¥¬, ¡ã¤ãâ â�ª¦¥ −�©¤¥−ë
í«¥¬¥−âë ‘�”, á®®â−¥á¥−−ë¥ á «î¡ë¬ ¥£® ¯®¤¯®−ïâ¨¥¬;
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÷¨á. 2 �à¨¬¥à ä¨«ìâà� ¤«ï ä®à¬¨à®¢�−¨ï �«ì¡®¬� ¤®ªã¬¥−â®¢

{ ã¡à�âì ®â¬¥âªã ã «î¡®£® â¥£� ¨«¨ ¥£® ¯®¤¯®−ïâ¨ï. �à¨ íâ®¬ ã ¢á¥å ¢ëè¥«¥-
¦�é¨å ¨ −¨¦¥«¥¦�é¨å ¯®¤¯®−ïâ¨© ®â¬¥âª¨ ¡ã¤ãâ â�ª¦¥ ã¡à�−ë;

{ ãáâ�−®¢¨âì ã «î¡®£® â¥£� (ª®à−ï á®®â¢¥âáâ¢ãîé¥£® ¤¥à¥¢�) §−�ª úˆû ¨«¨
úˆ«¨û. (�® ã¬®«ç�−¨î ¨áå®¤−® ã ª�¦¤®£® â¥£� ãáâ�−®¢«¥− §−�ª úˆû.)

�� à¨á. 2 ¯à¨¢¥¤¥− ¢−¥è−¨© ¢¨¤ ¨−â¥àä¥©á� ¯à®£à�¬¬ë, á«ã¦�é¥£® ¤«ï
§�¤�−¨ï ãá«®¢¨ï ¢ë¡®à� ¤®ªã¬¥−â®¢ á æ¥«ìî ¨å ¯à®á¬®âà� (ä®à¬¨à®¢�−¨ï �«ì-
¡®¬�).

‚ ¯à¨¬¥à¥ ãá«®¢¨¥ §�¤�−® ¨áª«îç¨â¥«ì−® á ¯®¬®éìî ä¨«ìâà®¢ (¯à®£à�¬¬�
¯®§¢®«ï¥â §�¤�¢�âì ¨ ¨−ë¥ ãá«®¢¨ï). ‚ á®®â¢¥âáâ¢¨¨ á ¢ë¡à�−−ë¬¨ ãá«®¢¨ï¬¨
¢ �«ì¡®¬ ¡ã¤ãâ ®â®¡à�−ë â®«ìª® ä®â®£à�ä¨¨, ®â−®áïé¨¥áï ª ¯à�§¤−®¢�−¨î
�®¢®£® £®¤� ¨«¨ ª ¡�©¤�à®ç−ë¬ ¯®å®¤�¬, � â�ª¦¥ ä®â®£à�ä¨¨ ¢á¥å ª®««¥£ ˆ¢�−�
ˆ¢�−®¢¨ç�, ï¢«ïîé¨åáï â�ª¦¥ ¥£® ¤àã§ìï¬¨ ¯® ¡�©¤�à®ç−ë¬ ¯®å®¤�¬.

�«£®à¨â¬ ¯®¨áª� (®â¡®à�) í«¥¬¥−â®¢ ‘�” ¯® ä¨«ìâàã ®¯¨á�− −¨¦¥.
�à¨ ¯®¨áª¥ ¤«ï ª�¦¤®£® í«¥¬¥−â� ‘�” ®áãé¥áâ¢«ï¥âáï ¯à®¢¥àª� á®®â¢¥â-

áâ¢¨ï ãá«®¢¨î ä¨«ìâà� á®£«�á−® á«¥¤ãîé¨¬ è�£�¬:
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1. ’¥£¨, ¢ ¤¥à¥¢¥ ª®â®àëå ¢ ä¨«ìâà¥ −¥ ãáâ�−®¢«¥−® −¨ ®¤−®© ®â¬¥âª¨, ¨£−®à¨-
àãîâáï. …á«¨ ã ¢á¥å â¥£®¢ −¥ ãáâ�−®¢«¥−® −¨ ®¤−®© ®â¬¥âª¨, â® ¢ à¥§ã«ìâ�â
®â¡®à� ¯®¯�¤ãâ �¡á®«îâ−® ¢á¥ í«¥¬¥−âë ‘�” ¤�−−®£® â¨¯�. „�«¥¥ ¢ ®¯¨á�-
−¨¨ �«£®à¨â¬� ¯®¤ â¥£�¬¨ ¯®¤à�§ã¬¥¢�îâáï â®«ìª® â¥£¨, ¢ ¤¥à¥¢¥ ª®â®àëå ¢
ä¨«ìâà¥ ãáâ�−®¢«¥−� å®âì ®¤−� ®â¬¥âª�.

2. „«ï ª�¦¤®£® â¥£�, ¨¬¥îé¥£® ãáâ�−®¢«¥−−ë¥ ®â¬¥âª¨ ¢ ä¨«ìâà¥:

(a) ¤«ï ª�¦¤®© ®â¬¥âª¨ ®¤−®£® â¥£� ä¨«ìâà� ¯à®¢¥àï¥âáï −�«¨ç¨¥ ®â¬¥âª¨
¢ â®¬ ¦¥ ¬¥áâ¥ ¤¥à¥¢�, á®®â−¥á¥−−®£® á í«¥¬¥−â®¬ ‘�”. ÷¥§ã«ìâ�â®¬
¯à®¢¥àª¨ ¡ã¤¥â ˆ‘’ˆ��, ¥á«¨ ®â¬¥âª� ¨¬¥¥âáï, ¨, á®®â¢¥âáâ¢¥−−®,
‹�†œ, ¥á«¨ ®â¬¥âª� ®âáãâáâ¢ã¥â;

(¡) ¯® à¥§ã«ìâ�â�¬ ¯à®¢¥àª¨ ¢á¥å ®â¬¥â®ª ®¤−®£® â¥£� ¢ëç¨á«ï¥âáï �£à¥£¨àã-
îé¨© à¥§ã«ìâ�â ¯à®¢¥àª¨ ¤«ï â¥£� ¢ æ¥«®¬ ª�ª ¤¨§êî−ªæ¨ï («®£¨ç¥áª®¥
úˆ«¨û) à¥§ã«ìâ�â®¢ ¯à®¢¥àª¨ ®â¬¥â®ª.

3. „«ï ¢á¥å â¥£®¢ ä¨«ìâà�, ¯®¬¥ç¥−−ëå §−�ª®¬ úˆ«¨û, ¢ëç¨á«ï¥âáï �£à¥£¨àã-
îé¨© à¥§ã«ìâ�â ¯à®¢¥àª¨ ª�ª ¤¨§êî−ªæ¨ï («®£¨ç¥áª®¥ úˆ«¨û) à¥§ã«ìâ�â®¢
¯à®¢¥àª¨ â¥£®¢. …á«¨ â�ª®¢ëå â¥£®¢ −¥â, â® à¥§ã«ìâ�â ¯à¨−¨¬�¥âáï ª�ª
ˆ‘’ˆ��.

4. „«ï ¢á¥å â¥£®¢ ä¨«ìâà�, ¯®¬¥ç¥−−ëå §−�ª®¬ úˆû, ¢ëç¨á«ï¥âáï �£à¥£¨àã-
îé¨© à¥§ã«ìâ�â ¯à®¢¥àª¨ ª�ª ª®−êî−ªæ¨ï à¥§ã«ìâ�â®¢ ¯à®¢¥àª¨ â¥£®¢. …á«¨
â�ª®¢ëå â¥£®¢ −¥â, â® à¥§ã«ìâ�â ¯à¨−¨¬�¥âáï ª�ª ˆ‘’ˆ��.

5. �£à¥£¨àãîé¨© à¥§ã«ìâ�â ¯à®¢¥àª¨ ¯® ä¨«ìâàã ¢ æ¥«®¬ ¢ëç¨á«ï¥âáï ª�ª
ª®−êî−ªæ¨ï �£à¥£¨àãîé¥£® à¥§ã«ìâ�â� ¯à®¢¥àª¨ â¥£®¢, ¯®¬¥ç¥−−ëå §−�-
ª®¬ úˆ«¨û, ¨ �£à¥£¨àãîé¥£® à¥§ã«ìâ�â� ¯à®¢¥àª¨ â¥£®¢, ¯®¬¥ç¥−−ëå §−�-
ª®¬ úˆû.

6. �«¥¬¥−â ‘�” ¡ã¤¥â ®â®¡à�− ¢ à¥§ã«ìâ�âë ¯®¨áª�, â®«ìª® ¥á«¨ �£à¥£¨àãîé¨©
à¥§ã«ìâ�â ¯à®¢¥àª¨ ¯® ä¨«ìâàã ¢ æ¥«®¬ ¥áâì ˆ‘’ˆ��.

„�−−ë© ¯®¤å®¤ ¯®§¢®«¨« á®¢¬¥áâ¨âì ¢ ‘�” £¨¡ª®áâì ¨ ®âªàëâ®áâì ª«�áá¨-
ä¨ª�æ¨¨ á ¯®¬®éìî â¥£®¢ á® áâàãªâãà−®áâìî ¨ ã¯®àï¤®ç¥−−®áâìî ¨¥à�àå¨ç¥áª®©
ª«�áá¨ä¨ª�æ¨¨.

6 Предложения по дальнейшему развитию системы иерархических
тегов в «Семейном архивном фонде»

�¯ëâ−�ï íªá¯«ã�â�æ¨¨ ‘�” ¯®ª�§�«� ª�ª ã¤®¡áâ¢® ¤�−−®£® ¬¥â®¤� ª«�áá¨-
ä¨ª�æ¨¨, â�ª ¨ ¦¥«�â¥«ì−®áâì −¥ª®â®àëå ãá®¢¥àè¥−áâ¢®¢�−¨©, � ¨¬¥−−®:

1. ‚ á¢ï§¨ á â¥¬, çâ® ¯®«ì§®¢�â¥«ì ¢ ª�ç¥áâ¢¥ â¥£� ¬®¦¥â ¢ë¡à�âì �¡á®«îâ−®
«î¡®¥ ¯®−ïâ¨¥, ¯à¨ −�¯®«−¥−¨¨ ‘�” ¬®¦¥â ¢®§−¨ª−ãâì á«¥¤ãîé�ï á¨âã�-
æ¨ï: ¢ áâàãªâãàã â¥£®¢ ¨ ¨å ¯®¤¯®−ïâ¨© ¯®âà¥¡ã¥âáï ¢¢¥áâ¨ −®¢®¥ ¯®−ïâ¨¥,
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Œ¥â®¤ ª«�áá¨ä¨ª�æ¨¨ ¨−ä®à¬�æ¨¨ −� ®á−®¢¥ ¨¥à�àå¨ç¥áª¨å â¥£®¢ ¨ ¥£® à¥�«¨§�æ¨ï

ï¢«ïîé¥¥áï −¥ −¥§�¢¨á¨¬ë¬ â¥£®¬ ¨ −¥ ãâ®ç−ïîé¨¬ ¯®¤¯®−ïâ¨¥¬ áãé¥-
áâ¢ãîé¥£® â¥£�, � ¯®−ïâ¨¥¬ ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï ¯® ®â−®è¥−¨î ª ®¤−®¬ã
¨§ áãé¥áâ¢ãîé¨å â¥£®¢. „«ï à�§à¥è¥−¨ï ¯®¤®¡−®© ª®««¨§¨¨ ¢ ¯à®£à�¬¬¥
¤®«¦−� ¡ëâì ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì −¥ â®«ìª® ¤®¡�¢«¥−¨ï −®¢®© ¢¥â¢¨
¢ ¤à¥¢®¢¨¤−ãî áâàãªâãàã ¯®¤¯®−ïâ¨©, −® ¨ ¢áâ�¢ª¨ −®¢®£® ã§«� ¢ «î¡®¥
¬¥áâ® ¤¥à¥¢�, ¢ª«îç�ï ¢áâ�¢ªã ¢ ª®à¥−ì ¤¥à¥¢�, á â¥¬ çâ®¡ë à�−¥¥ ¢¢¥¤¥−−ë©
â¥£ áâ�−®¢¨«áï ãâ®ç−ïîé¨¬ ¯®¤¯®−ïâ¨¥¬ −®¢®£® â¥£�.

2. ‚à¥¬ï ®â ¢à¥¬¥−¨ ¢®§−¨ª�¥â á¨âã�æ¨ï, ª®£¤� à¥§ã«ìâ�â ¯®¨áª� ¯® ä¨«ìâàã
®ª�§ë¢�¥âáï á«¨èª®¬ ®¡è¨à−ë¬ ¨ ¢®§−¨ª�¥â ¯®âà¥¡−®áâì ¨áª«îç¨âì ¨§ −¥£®
ª�ªãî-«¨¡® £àã¯¯ã í«¥¬¥−â®¢. „«ï íâ®£® −¥®¡å®¤¨¬® ¤«ï â¥£®¢ ä¨«ìâà�
¨¬¥âì ¢®§¬®¦−®áâì, ¯®¬¨¬® ãª�§�−¨ï á¯®á®¡� �£à¥£¨à®¢�−¨ï ¯®áà¥¤áâ¢®¬
§−�çª®¢ úˆû ¨ úˆ«¨û, §�¤�âì ¯à¨§−�ª ®âà¨æ�−¨ï ú�¥û, ®¡¥á¯¥ç¨¢ â¥¬
á�¬ë¬ ç¥âëà¥ á¯®á®¡� �£à¥£¨à®¢�−¨ï: úˆû, úˆ«¨û, úˆ �¥û ¨ úˆ«¨ �¥û.
÷¥§ã«ìâ�â ¯à®¢¥àª¨ ¤«ï â¥£� ¢ æ¥«®¬, ¯®¬¥ç¥−−®£® ¯à¨§−�ª®¬ ú�¥û, ¤®«¦¥−
¨−¢¥àâ¨à®¢�âìáï.

„�−−ë¥ ãá®¢¥àè¥−áâ¢®¢�−¨ï ¯à¥¤¯®«�£�¥âáï à¥�«¨§®¢�âì ¢ á«¥¤ãîé¥© ¢¥àá¨¨
¯à®£à�¬¬ë.
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Т. В. Захарова1, С. Ю. Никифоров2, М. Б. Гончаренко3, М. А. Драницына4,
Г. А. Климов5, М. Ш. Хазиахметов6, Н. В. Чаянов7

�−−®â�æ¨ï: ��áâ®ïé�ï à�¡®â� ¯®á¢ïé¥−� ¯à®¡«¥¬¥ á¨−åà®−¨§�æ¨¨ á¨£−�«®¢
¬¨®£à�¬¬ë ¨ ¬�£−¨â®í−æ¥ä�«®£à�¬¬ë. Œ¥â®¤¨ª� ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢,
ª®â®à�ï ¯à¨¬¥−ï¥âáï ¤«ï «®ª�«¨§�æ¨¨ ¨áâ®ç−¨ª®¢ ¬®§£®¢®© �ªâ¨¢−®áâ¨, ®á−®-
¢�−� −� ãáà¥¤−¥−¨¨ ¬�£−¨â®í−æ¥ä�«®£à�¬¬ë ®â−®á¨â¥«ì−® ®¯®à−ëå â®ç¥ª.
‚ ª�ç¥áâ¢¥ ®¯®à−ëå â®ç¥ª ¢ë¡à�−ë â®çª¨ −�ç�«� ¯à®¨§¢®«ì−®£® ¤¢¨¦¥−¨ï
¯�æ¨¥−â�. �á−®¢−�ï ¯à®¡«¥¬� ¯à¨ ãáà¥¤−¥−¨¨ §�ª«îç�¥âáï ¢ −¥®¯à¥¤¥«¥−-
−®áâ¨ â®ç¥ª −�ç�«� ¤¢¨¦¥−¨ï. ‚ à�¡®â¥ ¯à¥¤áâ�¢«¥− −®¢ë© ¢ëá®ª®â®ç−ë©
¬¥â®¤ ®¯à¥¤¥«¥−¨ï ®¯®à−ëå â®ç¥ª, ®á−®¢�−−ë© −� ¢¥à®ïâ−®áâ−ëå á¢®©áâ¢�å
á¨£−�«®¢. ‚ à�§à�¡®â�−−®¬ ¬¥â®¤¥ â®çª¨ −�ç�«� ¤¢¨¦¥−¨ï ¨éãâáï ¢ ¤¢� íâ�¯�.
‘−�ç�«� ®−¨ ®¯à¥¤¥«ïîâáï ¯® í«¥ªâà®¬¨®£à�¬¬¥ (�Œƒ) ¨/¨«¨ �ªâ®£à�¬¬¥,
¤�«¥¥ ¨å ¬¥áâ®¯®«®¦¥−¨¥ ãâ®ç−ï¥âáï ¯® á¨£−�«ã ¬�£−¨â®í−æ¥ä�«®£à�¬¬ë. ÷¥-
§ã«ìâ�âë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¯à¨ à¥è¥−¨¨ §�¤�ç «®ª�«¨§�æ¨¨ ¢ á¬¥¦−ëå
®¡«�áâïå.
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1 Введение

’®ç−�ï ¤®®¯¥à�æ¨®−−�ï «®ª�«¨§�æ¨ï −¥¢®á¯®«−¨¬ëå §®− ¬®§£� ¨ á®®â−®è¥−¨¥
¨å ¬¥áâ®¯®«®¦¥−¨ï á ¯®à�¦¥−−ë¬¨ ®¡«�áâï¬¨ ï¢«ïîâáï ®á−®¢®© ¤«ï ¯«�−¨à®-
¢�−¨ï −¥©à®å¨àãà£¨ç¥áª¨å ¢¬¥è�â¥«ìáâ¢ ¨ ¬¨−¨¬¨§�æ¨¨ ¯®á«¥®¯¥à�æ¨®−−ëå
®á«®¦−¥−¨© ¤«ï ¯�æ¨¥−â�, áâà�¤�îé¥£® à�§«¨ç−ë¬¨ ¯®à�¦¥−¨ï¬¨ £®«®¢−®£®
¬®§£� [1].

‚ ª«¨−¨ç¥áª®© ¯à�ªâ¨ª¥ ®¤−®© ¨§ á�¬ëå £«�¢−ëå ¨ âàã¤−ëå ï¢«ï¥âáï §�¤�ç�
«®ª�«¨§�æ¨¨ ¯¥à¢¨ç−®© ¬®â®à−®© ª®àë (Œ1) [2], ®á®¡¥−−® ®¡«�áâ¨ ¯à¥¤áâ�¢¨-
â¥«ìáâ¢� àãª¨ ¢ §®−¥ Œ1. ÷�§«¨ç−ë¥ ¨−¤¨¢¨¤ã�«ì−ë¥ ¨§¬¥−¥−¨ï, ¢®§−¨ª�îé¨¥
ª�ª ¯®á«¥¤áâ¢¨ï ¯®à�¦¥−¨© æ¥−âà�«ì−®© −¥à¢−®© á¨áâ¥¬ë [3], ¬®£ãâ ¯à¨¢®¤¨âì ª
á¬¥é¥−¨î äã−ªæ¨®−�«ì−ëå §®− ª®àë ®â−®á¨â¥«ì−® ¨å úáâ�−¤�àâ−®£®û à�á¯®«®-
¦¥−¨ï [4], çâ® ¢¥¤¥â ª −¥¤®áâ�â®ç−®áâ¨ ¨−ä®à¬�æ¨¨ ® ¬¥áâ®−�å®¦¤¥−¨¨ íâ¨å §®−
â®«ìª® ¯® �−�â®¬¨ç¥áª¨¬ ¤�−−ë¬.

�¤−¨¬ ¨§ ¬¥â®¤®¢ ¯à¥¤®¯¥à�æ¨®−−®© «®ª�«¨§�æ¨¨ à�§«¨ç−ëå §®− ¬®§£� ¢ë-
áâã¯�¥â ¬�£−¨â®í−æ¥ä�«®£à�ä¨ï (Œ�ƒ), ª®â®à�ï, ®¡«�¤�ï ¢ëá®ª¨¬ ¯à®áâà�−áâ-
¢¥−−®-¢à¥¬¥−−‚ë¬ à�§à¥è¥−¨¥¬, ¢ á®ç¥â�−¨¨ á ¬�£−¨â−®-à¥§®−�−á−®© â®¬®£à�ä¨-
¥© ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï «®ª�«¨§�æ¨¨ ¨áâ®ç−¨ª®¢ ¬®§£®¢®© �ªâ¨¢−®áâ¨ [5{7].

�®¤à®¡−®¥ ®¯¨á�−¨¥ ¬¥â®¤¨ª¨ ¯®«ãç¥−¨ï íªá¯¥à¨¬¥−â�«ì−ëå ¤�−−ëå, ¨á-
¯®«ì§ã¥¬ëå ¢ ¤�−−®© à�¡®â¥, ¨§«®¦¥−® ¢ áâ�âì¥ [8].

„«ï â®ç−®£® ®¯à¥¤¥«¥−¨ï ¬¥áâ®¯®«®¦¥−¨ï ¬®â®à−ëå §®− ª®àë ¨á¯®«ì§ãîâ
®¡é¥¯à¨−ïâãî ¬¥â®¤¨ªã ¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ [9{11]. Š«�áá¨ç¥áª¨© ¬¥â®¤
¢ë§¢�−−ëå ¯®â¥−æ¨�«®¢ ¯à¥¤¯®«�£�¥â ãáà¥¤−¥−¨¥ ¬®§£®¢®© �ªâ¨¢−®áâ¨ (í−æ¥-
ä�«®£à�¬¬ë) ®â−®á¨â¥«ì−® ®¯®à−ëå â®ç¥ª [11] ¯® ¢á¥¬ã á¨£−�«ã. ‚ ª�ç¥áâ¢¥
á®¡ëâ¨© ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ª�ª ¢−¥è−¨¥ áâ¨¬ã«ë, â�ª ¨ ¯à®¨§¢®«ì−�ï �ª-
â¨¢−®áâì ¨á¯ëâã¥¬®£® (−�¯à¨¬¥à, ¤¢¨¦¥−¨¥). �â®â ¬¥â®¤ ¯à¨¢®¤¨â ª ã¢¥«¨ç¥−¨î
á®®â−®è¥−¨ï á¨£−�«/èã¬, çâ® ¯®§¢®«ï¥â ¢ë¤¥«¨âì ¨§ ä®−®¢®© ¢ëá®ª®�¬¯«¨âã¤-
−®© �ªâ¨¢−®áâ¨ ¬®§£� ä�§®¢®-á¢ï§�−−ãî á á®¡ëâ¨¥¬ �ªâ¨¢−®áâì. ˜ã¬ ¢ ¤�−−®¬
á«ãç�¥ ¯à¥¤áâ�¢«ï¥â á®¡®© áã¯¥à¯®§¨æ¨î ä¨§¨ç¥áª¨å èã¬®¢ (èã¬ë á¥−á®à®¢,
ãá¨«¨â¥«¥©, �−�«®£®-æ¨äà®¢®£® ¯à¥®¡à�§®¢�−¨ï, ¢−¥è−¨å ¨áâ®ç−¨ª®¢ á¨£−�-
«�, á¥â¥¢ë¥ ¯®¬¥å¨, à�§¢¥àâª� ¬®−¨â®à� ¨ â. ¯.) ¨ ä¨§¨®«®£¨ç¥áª¨å (ä®−®¢�ï
�ªâ¨¢−®áâì ¬®§£�, ä�§®¢® −¥ á¢ï§�−−�ï á á®¡ëâ¨¥¬).

�á−®¢−�ï ¯à®¡«¥¬� ¬¥â®¤� ãáà¥¤−¥−¨ï ®â¢¥â� ¬®§£� ®â−®á¨â¥«ì−® −�ç�«�
¤¢¨¦¥−¨ï §�ª«îç�¥âáï ¢® ¢à¥¬¥−−®© −¥®¯à¥¤¥«¥−−®áâ¨ ®¯®à−ëå â®ç¥ª, ª®â®-
àë¥ âà¥¡ã¥âáï ¢ëç¨á«¨âì ¯® ¯�à�¬¥âà�¬ ¬ëè¥ç−®© �ªâ¨¢−®áâ¨ ¨«¨ �ªâ®£à�¬¬ë
(á¨£−�«®¢ �ªá¥«¥à®¬¥âà�, ¯®§¢®«ïîé¨å ®âá«¥¦¨¢�âì ¤¢¨¦¥−¨¥).

��áâ®ïé�ï à�¡®â� ¯®á¢ïé¥−� ¯à®¡«¥¬¥ ãáâ®©ç¨¢®£® ®¯à¥¤¥«¥−¨ï −�ç�«� ¤¢¨-
¦¥−¨ï.

‚ à�§à�¡®â�−−®¬ ¬¥â®¤¥ â®çª¨ −�ç�«� ¤¢¨¦¥−¨ï ¨éãâáï ¢ ¤¢� íâ�¯�: á−�-
ç�«� ®−¨ ®¯à¥¤¥«ïîâáï ¯® �Œƒ ¨/¨«¨ �ªâ®£à�¬¬¥, ¤�«¥¥ ¨å ¬¥áâ®¯®«®¦¥−¨¥
ãâ®ç−ï¥âáï ¯® á¨£−�«ã ¬�£−¨â®í−æ¥ä�«®£à�¬¬ë.
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2 Исследование вероятностных характеристик сигналов

2.1 Спектральные характеристики

ˆáá«¥¤ã¥¬ë¥ á¨£−�«ë ¬¨®£à�¬¬ ¨ ¬�£−¨â®í−æ¥ä�«®£à�¬¬ ï¢«ïîâáï −¥áâ�-
æ¨®−�à−ë¬¨, çâ® ¡ã¤¥â ¯®ª�§�−® −¨¦¥, −® −¥á¬®âàï −� íâ®, á¯¥æ¨�«ì−ë¬ ®¡à�§®¬
¯à¨¬¥−¥−−ë© ”ãàì¥-�−�«¨§ ¯®§¢®«¨« ¨áá«¥¤®¢�âì ¨å áâ�æ¨®−�à−ãî á®áâ�¢«ï-
îéãî.

ˆáá«¥¤®¢�−¨¥ �Œƒ ¨ í«¥ªâà®í−æ¥ä�«®£à�¬¬ −�ç�«®áì á �−�«¨§� à�§«¨ç−ëå
á¯¥ªâà�«ì−ëå ¨ ¢¥à®ïâ−®áâ−ëå å�à�ªâ¥à¨áâ¨ª. ‘¯¥ªâà �ªâ¨¢−®£® Œ�ƒ-ª�−�«�
¯à¨ ¤¢¨¦¥−¨¨ ¯à¥¤áâ�¢«¥− −� à¨á. 1.

Š ¯à¨¬¥àã, −� à¨á. 1 ¢¨¤−ë ¯¨ª¨ −� ç�áâ®â�å, ªà�â−ëå 50 ƒæ, ª®â®àë¥
¤�îâ á¥â¥¢ë¥ −�¢®¤ª¨. •�à�ªâ¥à−ë¥ ¢®à®−ª¨ ¢ íâ¨å ç�áâïå á¯¥ªâà� ®áâ�«¨áì
®â �¯¯�à�â−ëå ä¨«ìâà®¢, ¨á¯®«ì§®¢�−−ëå ¯à¨ á−ïâ¨¨ á¨£−�«�. ’�ª¨¥ −�¢®¤ª¨
¯®¤�¢«ï«¨áì −� ¯¥à¢®¬ íâ�¯¥ æ¨äà®¢®© ®¡à�¡®âª¨ à¥¦¥ªâ®à−ë¬¨ ä¨«ìâà�¬¨.

�� à¨á. 2 ªà®¬¥ á�¬¨å á¨£−�«®¢ ¢ë¢¥¤¥−� ª−®¯ª� (èâà¨å®¢ë¥ «¨−¨¨), ª®â®à�ï
à¥£¨áâà¨àã¥â ¬®¬¥−âë, ª®£¤� ¯�«¥æ ¯®¤−¨¬�¥âáï á ¯®¢¥àå−®áâ¨ ¨«¨ ¢®§¢à�é�¥âáï
−� −¥¥ (¤¢� ¯®«®¦¥−¨ï: ª−®¯ª� −�¦�â� ¨«¨ ®â¦�â�).

ˆ−â¥à¥á−ë¥ à¥§ã«ìâ�âë ¤�«® ¨áá«¥¤®¢�−¨¥ á¯¥ªâà�«ì−®© ¯«®â−®áâ¨ á¨£−�«�.
�ãáâì

f(λ) =

∞∑

m=−∞

Cx(m)e
−2πiλm (1)

¥áâì á¯¥ªâà�«ì−�ï ¯«®â−®áâì á«ãç�©−®£® ¯à®æ¥áá� X(t).
”®à¬ã«� (1) ¥áâì ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥ äã−ªæ¨¨ �¢â®ª®¢�à¨�æ¨¨ íâ®£®

¯à®æ¥áá�. ‡¤¥áì

÷¨á. 1 ‘¯¥ªâà �ªâ¨¢−®£® Œ�ƒ-ª�−�«�
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÷¨á. 2 “ç�áâ®ª ¬¨®£à�¬¬ë á ¤¢¨¦¥−¨¥¬ ¤® (a) ¨ ¯®á«¥ (¡) ®¡à�¡®âª¨ à¥¦¥ªâ®à−ë¬
ä¨«ìâà®¬

Cx(m) = cov (xt+m, xt) = E [(Xt+m − EXt+m)(Xt − EXt)]

¥áâì �¢â®ª®¢�à¨�æ¨®−−�ï äã−ªæ¨ï á«ãç�©−®£® ¯à®æ¥áá� X(t).
ˆá¯®«ì§ã¥¬ë¥ ¢ë¡®à®ç−ë¥ �¢â®ª®¢�à¨�æ¨®−−ë¥ äã−ªæ¨¨:

�C ′
x(m) =

1

N

N−m∑

t=1

[
Xt+m − �X

] [
Xt − �X

]
; (2)

�C ′′
x(m) =

1

N −m

N−m∑

t=1

[
Xt+m − �X

] [
Xt − �X

]
, (3)

£¤¥ �X = (1/N)
N∑

t=1
Xt (c¬. [12]).
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�æ¥−ª� (2), ¢ ®â«¨ç¨¥ ®â (3), ï¢«ï¥âáï á¬¥é¥−−®©, â. ¥. E �C ′
x(m) 6= Cx(m),

−® ï¢«ï¥âáï ¯®«®¦¨â¥«ì−® ®¯à¥¤¥«¥−−®©. ‚ à¥§ã«ìâ�â¥ ¨áá«¥¤®¢�−¨ï á¯¥ªâà�«ì-
−®© ¯«®â−®áâ¨ í−æ¥ä�«®£à�¬¬ë ¡ë«� ¢ëï¢«¥−� ®á®¡¥−−®áâì ¢ ç�áâ®â−®© ®¡«�áâ¨
á¨£−�«�. ‚ −�ç�«¥ ¤¢¨¦¥−¨ï £«�¢−ë© ¯¨ª á¯¥ªâà�«ì−®© ¯«®â−®áâ¨ (®¡ëç−®
à�á¯®«®¦¥−−ë© ¢ ¯à¥¤¥«�å 5{30 ƒæ) «¨¡® ¯à®¯�¤�« á®¢á¥¬, «¨¡® á¬¥é�«áï,
â. ¥. ¯à®¨áå®¤¨«� á¬¥−� ®á−®¢−®© ç�áâ®âë. �¯à¥¤¥«¨âì â®çª¨ −�ç�«� ¤¢¨¦¥−¨ï
¯® íâ®¬ã ¯à¨§−�ªã −¥ ã¤�«®áì ¨§-§� ¥£® −¥áâ�¡¨«ì−®áâ¨, ¯®íâ®¬ã ®â íâ®£® ¯®¤-
å®¤� ¯à¨è«®áì ®âª�§�âìáï (¯®¤à®¡−¥¥ ® ¯à¨¬¥−¥−¨¨ á¯¥ªâà�«ì−®£® �−�«¨§� ª
¯®¤®¡−ë¬ §�¤�ç�¬ á¬. [13{19]).

‚á¥ ¯à¥¤áâ�¢«¥−−ë¥ á¨£−�«ë ï¢«ïîâáï −¥áâ�æ¨®−�à−ë¬¨, � í¯®å¨ (®âà¥§ª¨
á¨£−�«�, á®¤¥à¦�é¨¥ ®¤−® ¤¢¨¦¥−¨¥) −¥®¤−®à®¤−ë. ˜ã¬ ¢ §�¯¨áïå á¨«ì−®
§�¢¨á¨â ®â ¨á¯ëâã¥¬®£® ç¥«®¢¥ª�, −� ¯à®âï¦¥−¨¨ ®¤−®© §�¯¨á¨ ¤«¨−ë í¯®å ¨
á�¬¨å ¤¢¨¦¥−¨© ¬®£ãâ á¨«ì−® à�§«¨ç�âìáï. ’¨¯¨ç−ë© ¯à¨¬¥à: ¨á¯ëâã¥¬ë©
−�ç¨−�¥â á ¡ëáâàëå ç�áâëå ¤¢¨¦¥−¨©, §�â¥¬ ãáâ�¥â ¨ ¤¢¨¦¥−¨ï áâ�−®¢ïâáï
¤«¨−−ë¬¨ ¨ ¡®«¥¥ à¥¤ª¨¬¨, � ¨−â¥à¢�«ë ¬¥¦¤ã ¤¢¨¦¥−¨ï¬¨ ¬®£ãâ ¢®§à�áâ¨ ®â
750 ¬á ¤® 30 á.

�®«¥§−ë¬ á¨£−�«®¬ §¤¥áì áç¨â�¥âáï ®âª«¨ª −� ¤¢¨¦¥−¨¥ ¯�«ìæ�, � ¯®¤ èã¬®¬
¯®−¨¬�¥âáï ä¨§¨®«®£¨ç¥áª�ï �ªâ¨¢−®áâì ¬®§£�, −¥ á¢ï§�−−�ï á ¤¢¨¦¥−¨¥¬, èã¬
®â �¯¯�à�âãàë ¨ ¢−¥è−¨¥ −�¢®¤ª¨. �®íâ®¬ã å�à�ªâ¥à èã¬®¢ ®ç¥−ì á¨«ì−® §�¢¨á¨â
®â ¨á¯ëâã¥¬®£® ¨ ¥£® á®áâ®ï−¨ï, � à�á¯à¥¤¥«¥−¨¥ èã¬� −¥ ï¢«ï¥âáï −®à¬�«ì−ë¬.
�®¤à®¡−ë¥ ®¡®á−®¢�−¨ï ¯à¨¢¥¤¥−ë −¨¦¥.

2.2 Исследование асимптотических свойств сигналов

�à¨ ¨áá«¥¤®¢�−¨¨ á¨£−�«®¢ ¯à¨è«®áì áâ®«ª−ãâìáï á −¥ª®â®àë¬¨ ¨å ®á®¡¥−-
−®áâï¬¨, ª®â®àë¥ á¨«ì−® §�âàã¤−ï«¨ ®¡à�¡®âªã. „«¨â¥«ì−®áâì §�¯¨á¨ ¨áå®¤−®£®
á¨£−�«� á®áâ�¢«ï«� ®ª®«® 1 ç�á� ¨ ¯à®å®¤¨«� á ç�áâ®â®© ®æ¨äà®¢ª¨ 1 ªƒæ (â. ¥.
áê¥¬ ¯�à�¬¥âà®¢ á¨£−�«� ¢¥«áï ª�¦¤ãî ¬¨««¨á¥ªã−¤ã). ’�ª¨¬ ®¡à�§®¬, ¡ë-
«® −¥®¡å®¤¨¬® ®¡à�¡�âë¢�âì ¬�áá¨¢ë ¡®«ìè®© à�§¬¥à−®áâ¨, á®¤¥à¦�é¨¥ ¡®«¥¥
ç¥¬ 3 000 000 â®ç¥ª ®âáç¥â®¢ á¨£−�«®¢ ¢á¥å 306 MEG-á¥−á®à®¢, ¬¨®£à�¬¬ë ¨
�ªâ®£à�¬¬ë.

‚á«¥¤áâ¢¨¥ íâ®£® ¢áâ�« ¢®¯à®á ® â®¬, ¬®¦−® «¨ ¨§ãç¨âì á¢®©áâ¢� ¢á¥£® á¨£−�«�
â®«ìª® −� −¥ª®â®à®© ¥£® ç�áâ¨? ˆ ¯à�¢®¬¥à−® «¨ ¯à¨¬¥−ïâì ®¯¥à�æ¨î ãáà¥¤−¥−¨ï
ª�ª¨å-«¨¡® å�à�ªâ¥à¨áâ¨ª, ¢ëç¨á«¥−−ëå ¯® à�§¡¨¥−¨ï¬ á¨£−�«�?

ˆáá«¥¤ã¥¬ ¯®¢¥¤¥−¨¥ ¢ë¡®à®ç−ëå å�à�ªâ¥à¨áâ¨ª. �� ª�¦¤®© í¯®å¥ ¡ë«®
¢ëç¨á«¥−® ¢ë¡®à®ç−®¥ áà¥¤−¥¥ Œ�ƒ-á¨£−�«�. …á«¨ á¨£−�« ®¡«�¤�¥â á¢®©áâ¢®¬
áâ�æ¨®−�à−®áâ¨, â® à�§¡à®á áà¥¤−¨å ¤®«¦¥− áâà¥¬¨âìáï ª −ã«î. �� à¨á. 3, �
¯à¥¤áâ�¢«¥− £à�ä¨ª à¥�«¨§�æ¨© ¢ë¡®à®ç−®£® áà¥¤−¥£® í¯®å ¬�£−¨â®í−æ¥ä�«®-
£à�¬¬ë.

�� à¨á. 3, ¡ ¯®ª�§�−® ¨§¬¥−¥−¨¥ §−�ç¥−¨ï ¢ë¡®à®ç−®© ¤¨á¯¥àá¨¨ ¢ë¡®à®ç−®£®
áà¥¤−¥£®. ‚¨¤−®, çâ® ¤¨á¯¥àá¨ï −¥ â®«ìª® −¥ ã¬¥−ìè�¥âáï, −® ¨¬¥¥â ¢ëà�¦¥−−ãî
â¥−¤¥−æ¨î ª ã¢¥«¨ç¥−¨î, çâ® £®¢®à¨â ® −¥áâ�æ¨®−�à−®áâ¨ á¨£−�«�.
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÷¨á. 3 ‚ë¡®à®ç−®¥ áà¥¤−¥¥ Œ�ƒ á¨£−�«� −� í¯®å�å (�) ¨ ¨§¬¥−¥−¨¥ ¢ë¡®à®ç−®©
¤¨á¯¥àá¨¨ ¢ë¡®à®ç−®£® áà¥¤−¥£® Œ�ƒ á à®áâ®¬ ç¨á«� í¯®å (¡)

�−�«®£¨ç−® ¨áá«¥¤®¢�«®áì ¯®¢¥¤¥−¨¥ ¢ë¡®à®ç−®£® áà¥¤−¥£® −� í¯®å�å á¨£−�«�
¬¨®£à�¬¬ë. �� à¨á. 4, � ¯à¥¤áâ�¢«¥− £à�ä¨ª à¥�«¨§�æ¨© ¢ë¡®à®ç−®£® áà¥¤−¥£®
−� í¯®å�å ¬¨®£à�¬¬ë, � −� à¨á. 4, ¡ ¯®ª�§�−® ¨§¬¥−¥−¨¥ ¢ë¡®à®ç−®© ¤¨á¯¥àá¨¨
áà¥¤−¨å ¬¨®£à�¬¬ë.

‡¤¥áì â�ª¦¥ ¯®ª�§�−� −¥áâ�æ¨®−�à−®áâì ¬¨®£à�¬¬ë, â�ª ª�ª ¢ë¡®à®ç−�ï
¤¨á¯¥àá¨ï áà¥¤−¨å, ¢ëç¨á«¥−−ëå −� í¯®å�å ¬¨®£à�¬¬ë, −¥ áâà¥¬¨âáï ª −ã«î.

‚® ¬−®£¨å à�¡®â�å, ¯®á¢ïé¥−−ëå æ¨äà®¢®© ®¡à�¡®âª¥ á¨£−�«®¢, ¨§ãç�îâ á®-
®â¢¥âáâ¢ãîé¨¥ ¬�â¥¬�â¨ç¥áª¨¥ ¬®¤¥«¨ [20, 21]. ‚ −¨å ¯à¥¤¯®«�£�¥âáï −®à¬�«ì-
−®¥ à�á¯à¥¤¥«¥−¨¥ èã¬�, çâ® §�ç�áâãî �¤¥ª¢�â−® ®â®¡à�¦�¥â à¥�«ì−ãî §�¤�çã
¨ ¯®¤â¢¥à¦¤�¥âáï áà�¢−¥−¨¥¬ â¥®à¥â¨ç¥áª¨å à¥§ã«ìâ�â®¢ ¨ íªá¯¥à¨¬¥−â�«ì−ëå
¤�−−ëå. ‚ §�¤�ç�å ä¨«ìâà�æ¨¨ −¥áâ�æ¨®−�à−ëå á¨£−�«®¢ â�ª®¥ ¯à¥¤¯®«®¦¥−¨¥
¬®¦¥â «¨¡® á¨«ì−® ã¯à®áâ¨âì ¬®¤¥«ì, «¨¡® ¨áª�§¨âì ¥¥. „®¯ãáâ¨¬® «¨ ¯à¥¤¯®-
«®¦¥−¨¥ ® −®à¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨ èã¬� ¤«ï â�ª®£® á«®¦−®£® á¨£−�«�, ª�ª
¬�£−¨â®í−æ¥ä�«®£à�¬¬�?
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÷¨á. 4 ‚ë¡®à®ç−®¥ áà¥¤−¥¥ á¨£−�«� ¬¨®£à�¬¬ë −� í¯®å�å (�) ¨ ¨§¬¥−¥−¨¥ ¢ë¡®à®ç−®©
¤¨á¯¥àá¨¨ ¬¨®£à�¬¬ë á à®áâ®¬ ç¨á«� í¯®å (¡)

‚ëè¥ ¡ë«® ¯®ª�§�−®, çâ® ¬�£−¨â®í−æ¥ä�«®£à�¬¬ã ¬®¦−® à�áá¬�âà¨¢�âì
ª�ª −¥áâ�æ¨®−�à−ë© ¯à®æ¥áá, ¯®íâ®¬ã ¤«ï ®¡®á−®¢�−¨ï ¯à¥¤«�£�¥¬®£® ¬¥â®¤�
®¡à�¡®âª¨ ¨ �−�«¨§� −¥®¡å®¤¨¬® áâ�â¨áâ¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥ í¬¯¨à¨ç¥áª®£®
à�á¯à¥¤¥«¥−¨ï èã¬�. ‚ å®¤¥ à�¡®âë ¡ë«� ¯à®¢¥¤¥−� ¯à®¢¥àª� −®à¬�«ì−®áâ¨
à�á¯à¥¤¥«¥−¨ï ¯® ªà¨â¥à¨î á®£«�á¨ï å¨-ª¢�¤à�â Š. �¨àá®−�. “à®¢¥−ì §−�ç¨-
¬®áâ¨ α ¡ë« ¢ë¡à�− à�¢−ë¬ 0,05, ®¡ê¥¬ ¢ë¡®àª¨ à�¢−ï«áï 76 000. ‡−�ç¥−¨¥
ªà¨â¥à¨ï á®áâ�¢¨«® 1275 ¯à¨ ªà¨â¨ç¥áª®© £à�−¨æ¥ 14,1. �âáî¤� á«¥¤ã¥â ¢ë¢®¤
® â®¬, çâ® £¨¯®â¥§� ® −®à¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨ −¥ á®£«�áã¥âáï á ¢ë¡à�−−ë¬
−�¡«î¤¥−¨¥¬.

�−�«®£¨ç−ë¬ ¯ãâ¥¬ ¡ë«� ¯à®¢¥à¥−� £¨¯®â¥§� ® −®à¬�«ì−®¬ à�á¯à¥¤¥«¥−¨¨
èã¬� ¬¨®£à�¬¬ë. ‚ íâ®¬ á«ãç�¥ §−�ç¥−¨¥ ªà¨â¥à¨ï á®áâ�¢¨«® 35 855, çâ®
¯à¨¢¥«® ª ®âª«®−¥−¨î £¨¯®â¥§ë.

„«ï ¯à®¢¥àª¨ £¨¯®â¥§ë ® à�¢¥−áâ¢¥ ¬¥¤¨�− −¥áª®«ìª¨å ¢ë¡®à®ª á −¥¨§¢¥áâ-
−ë¬ à�á¯à¥¤¥«¥−¨¥¬ ¡ë« ¨á¯®«ì§®¢�− ªà¨â¥à¨© Šà�áª¥«�{“®««¨á�. „�−−ë©
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’�¡«¨æ� 1 ÷¥§ã«ìâ�âë ®¤−®ä�ªâ®à−®£® ¤¨á¯¥àá¨®−−®£® �−�«¨§� (SS | áã¬¬� ª¢�¤à�â®¢
à�§−®áâ¥© ¬¥¦¤ã áà¥¤−¨¬ �à¨ä¬¥â¨ç¥áª¨¬ ¨ §−�ç¥−¨ï¬¨ ¢ë¡®àª¨ ¯® ª�¦¤®¬ã ¢¨¤ã
¤¨á¯¥àá¨¨; df | ç¨á«® áâ¥¯¥−¥© á¢®¡®¤ë ¯® ª�¦¤®¬ã ¢¨¤ã ¤¨á¯¥àá¨¨; MS | áà¥¤−¥¥
§−�ç¥−¨¥ áã¬¬ë ª¢�¤à�â®¢ à�§−®áâ¥© ¯® ª�¦¤®¬ã ¢¨¤ã ¤¨á¯¥àá¨¨, ®¯à¥¤¥«ï¥¬®¥ ª�ª
®â−®è¥−¨¥ SS/df)

‚¨¤ ¤¨á¯¥àá¨¨ SS df MS χ2 p > χ2

‚−ãâà¨£àã¯¯®¢�ï 3,90307 · 1014 191 2,04349 · 1012 126799,02 0
Œ¥¦£àã¯¯®¢�ï 2,01286 · 1014 192 000 1,04837 · 109 | |

�¡é�ï 5,91593 · 1014 192 191 | | |

ªà¨â¥à¨© ï¢«ï¥âáï ¬−®£®¬¥à−ë¬ ®¡®¡é¥−¨¥¬ ªà¨â¥à¨ï “¨«ª®ªá®−�{Œ�−−�{
“¨â−¨. ‚ë¡®àª¨ ¡ë«¨ ®¡à�§®¢�−ë ¬�áá¨¢�¬¨ §−�ç¥−¨© ¬¨®£à�¬¬ë ¤«¨−®© ¢
1000 ®âáç¥â®¢. „«ï �−�«¨§� ¢§ïâë ãç�áâª¨ á¨£−�«�, £¤¥ ¢ ª�ç¥áâ¢¥ ®¯®à−ëå â®ç¥ª
¢ëáâã¯�îâ ¬®¬¥−âë −�¦�â¨ï ª−®¯ª¨, ï¢«ïîé¨¥áï á¥à¥¤¨−�¬¨ à�áá¬�âà¨¢�¥¬ëå
¨−â¥à¢�«®¢. ‚ â�¡«. 1 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë â¥áâ¨à®¢�−¨ï 192 ¯®¤®¡−ëå
¢ë¡®à®ª, ª®â®àë¥ ¢¥¤ãâ ª ®âª«®−¥−¨î £¨¯®â¥§ë ® à�¢¥−áâ¢¥ ¢ë¡®à®ç−ëå ¬¥-
¤¨�−.

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¥é¥ à�§ ¯®¤â¢¥à¦¤�îâ ¨áª«îç¨â¥«ì−ãî á«®¦−®áâì
¨ ®á®¡¥−−®áâì ¨áá«¥¤ã¥¬ëå á¨£−�«®¢.

3 Методы нахождения опорных точек

‚ å®¤¥ ¨áá«¥¤®¢�−¨ï −�©â¨ ®¯®à−ë¥ â®çª¨ ¯® Œ�ƒ-ª�−�«�¬ −¥ ¯à¥¤áâ�¢-
«ï«®áì ¢®§¬®¦−ë¬ ¨§-§� ¢ëá®ª®£® ãà®¢−ï èã¬� ¢ á¨£−�«�å. ‚ ¤�−−®© áâ�âì¥
à�áá¬�âà¨¢�îâáï ¬¥â®¤ë −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª ¯® á¨£−�«�¬ ¬¨®£à�¬¬ë ¨
�ªâ®£à�¬¬ë. �¡ï§�â¥«ì−ë¬ ãá«®¢¨¥¬ ï¢«ï¥âáï ®¤−®¢à¥¬¥−−®¥ á−ïâ¨¥ á¨£−�«®¢
¬¨®£à�¬¬ë, �ªâ®£à�¬¬ë ¨ ¬�£−¨â®í−æ¥ä�«®£à�¬¬ë. „�«¥¥ ¯à¨ ¯à¨¬¥−¥−¨¨
¬¥â®¤� ãáà¥¤−¥−¨ï ¬�£−¨â®í−æ¥ä�«®£à�¬¬ ¯® ®¯®à−ë¬ â®çª�¬ ã«ãçè�¥âáï á®®â-
−®è¥−¨¥ á¨£−�«/èã¬ ¤«ï Œ�ƒ-ª�−�«®¢.

’�ª¦¥ ¢ áâ�âì¥ ¯à¨¢®¤¨âáï ®¯¨á�−¨¥ ¬¥â®¤� ãâ®ç−¥−¨ï ®¯®à−ëå â®ç¥ª ¯®
¬�ªá¨¬�«ì−®¬ã ®â¢¥âã ¢ Œ�ƒ-á¨£−�«¥ −� ¤¢¨¦¥−¨¥.

3.1 Расстановка опорных точек по выборочной оконной дисперсии миограммы

Œ¥â®¤ ®á−®¢�− −� ä¨§¨®«®£¨ç¥áª¨å ®á®¡¥−−®áâïå áâà®¥−¨ï ¬ëè¥ç−®© á¨á-
â¥¬ë ç¥«®¢¥ª�, ª®â®àë© ¯à¨ á®¢¥àè¥−¨¨ ¤¢¨¦¥−¨ï −¥ ¬®¦¥â §�¤¥©áâ¢®¢�âì ¢á¥
¬ëè¥ç−ë¥ ¢®«®ª−� ®¤−®¢à¥¬¥−−®, � ¨á¯®«ì§ã¥â ¨å ¯® ®ç¥à¥¤¨. ‚ à¥§ã«ìâ�â¥
¤¢¨¦¥−¨¥¬ ¡ã¤¥¬ áç¨â�âì âã ç�áâì á¨£−�«�, −� ª®â®à®© ®ª®−−�ï ¢ë¡®à®ç−�ï ¤¨á-
¯¥àá¨ï ¬¨®£à�¬¬ë ¯à¥¢ëè�¥â ¯®à®£. „�«¥¥ à�áá¬®âà¨¬ íâ�¯ë à�¡®âë �«£®à¨â¬�.
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3.1.1 Вычисление выборочной оконной дисперсии миограммы

�� ¯¥à¢®¬ íâ�¯¥ à�¡®âë �«£®à¨â¬� ¢ëç¨á«¨¬ ®ª®−−ãî ¢ë¡®à®ç−ãî ¤¨á¯¥à-
á¨î ¬¨®£à�¬¬ë:

S2n =
1

n

n∑

i=1

(
Xi − �X

)2
. (4)

÷�§¬¥à ®ª−� ¤¨á¯¥àá¨¨ §�¢¨á¨â ®â ª�ç¥áâ¢� ¨áá«¥¤ã¥¬®© ¬¨®£à�¬¬ë. ��
à¨á. 5 ¯à¥¤áâ�¢«¥−ë ¯à¨¬¥àë á¨£−�«� ¬¨®£à�¬¬ë ¨ ¥¥ ¢ë¡®à®ç−®© ®ª®−−®©
¤¨á¯¥àá¨¨.

„«ï à¥è¥−¨ï §�¤�ç¨ −�å®¦¤¥−¨ï â®ç¥ª ¯à¨¢ï§ª¨ ¤«ï â®ç−®£® ãáà¥¤−¥−¨ï
ª�¦¤®£® Œ�ƒ-ª�−�«�, ¢ íâ®¬ ¬¥â®¤¥ ¨ ¢® ¢á¥å ¯®á«¥¤ãîé¨å, ¢ ª�ç¥áâ¢¥ ®¯®à−ëå
â®ç¥ª ¡ã¤¥¬ ¢ë¡¨à�âì â®çª¨ −�ç�«� ¤¢¨¦¥−¨ï ¯�«ìæ� ¯�æ¨¥−â�.

÷¨á. 5 “ç�áâ®ª ¬¨®£à�¬¬ë §¤®à®¢®£® ¯�æ¨¥−â� (¤¢� ¤¢¨¦¥−¨ï) (�) ¨ ®ª®−−�ï ¢ë¡®à®ç−�ï
¤¨á¯¥àá¨ï ¬¨®£à�¬¬ë (®ª−® à�¢−® 30 â®çª�¬) (b)
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3.1.2 Вычисление оконной выборочной квантили дисперсии миограммы

‚ë¡®à®ç−�ï ª¢�−â¨«ì ¯®àï¤ª� α ¢ëç¨á«ï¥âáï ¯® ¢�à¨�æ¨®−−®¬ã àï¤ã x(1) 6

6 x(2) 6 · · · 6 x(m), ¯®áâà®¥−−®¬ã ¯ãâ¥¬ ã¯®àï¤®ç¨¢�−¨ï ¢ë¡®àª¨ ª�ª x[mα+1],
£¤¥ ª¢�¤à�â−ë¥ áª®¡ª¨ ®¡®§−�ç�îâ æ¥«ãî ç�áâì. ‚ à¥§ã«ìâ�â¥ §−�ç¥−¨¥ ª¢�−â¨«¨
¨§¬¥−ï¥âáï á® ¢à¥¬¥−¥¬, çâ® ¯®¬®£�¥â á¯à�¢¨âìáï á ¯à®¡«¥¬®© −¥áâ�æ¨®−�à−®áâ¨
á¨£−�«�.

3.1.3 Расстановка и уточнение опорных точек

’®çª¨ ¯¥à¥á¥ç¥−¨ï ¯®à®£� (à�¢−®£® ª¢�−â¨«¨) á ¤¨á¯¥àá¨¥© ¬¨®£à�¬¬ë −�-
§®¢¥¬ ¯à¥¤¢�à¨â¥«ì−ë¬¨ â®çª�¬¨ −�ç�«� ¤¢¨¦¥−¨ï, â�ª ª�ª ®−¨ −¥ ï¢«ïîâáï
â®çª�¬¨ −�ç�«� ¤¢¨¦¥−¨ï àãª¨ ¯�æ¨¥−â� ¨ −ã¦¤�îâáï ¢ ãâ®ç−¥−¨¨. „«ï íâ®£®
¯à¨¬¥−ï¥âáï á¯¥æ¨�«ì−ë© �«£®à¨â¬, ª®â®àë© ¢ëç¨á«ï¥â èã¬ á¨£−�«� ¤¨á¯¥àá¨¨
¬¨®£à�¬¬ë ¯¥à¥¤ ¤¢¨¦¥−¨¥¬ ¨ úá¯ãáª�¥âû â®çª¨ ¤® ®¯à¥¤¥«¥−−®£® ãà®¢−ï ¢
§�¢¨á¨¬®áâ¨ ®â ¯�à�¬¥âà®¢ ¤�−−®£® èã¬�.

3.1.4 Удаление ложных срабатываний

�� §�ª«îç¨â¥«ì−®¬ íâ�¯¥ à�¡®âë �«£®à¨â¬� ª�¦¤®© ®¯®à−®© â®çª¥ á®¯®áâ�¢-
«ï¥âáï −¥ª¨© ¯à¨§−�ª, ç�é¥ ¢á¥£® | ¬¥¤¨�−� §−�ç¥−¨© â®ç¥ª ¢ ¥¥ ®ªà¥áâ−®áâ¨
(ª¢�−â¨«ì ¯®àï¤ª� 1/2). „�«¥¥ −� £¨áâ®£à�¬¬¥ §−�ç¥−¨© ¤�−−ëå ¯à¨§−�ª®¢
ã¤�«ïîâáï ¤¢¨¦¥−¨ï, ¬¥¤¨�−� ª®â®àëå −� −¥ª®â®àãî ¢¥«¨ç¨−ã ®â«¨ç�¥âáï ®â
¡®«ìè¨−áâ¢� ¬¥¤¨�−. �à¨¬¥à £¨áâ®£à�¬¬ë §−�ç¥−¨© ¬¥¤¨�− ®ªà¥áâ−®áâ¨ â®ç¥ª
−�ç�«� ¤¢¨¦¥−¨ï ¯à¨¢¥¤¥− −� à¨á. 6. ‚á¥ ¤¢¨¦¥−¨ï, à�á¯®«®¦¥−−ë¥ á¯à�¢�
®â ¯ã−ªâ¨à−®© «¨−¨¨, ã¤�«ïîâáï, â�ª ª�ª áç¨â�îâáï «®¦−ë¬¨ áà�¡�âë¢�−¨ï¬¨
�«£®à¨â¬�.

÷¥§ã«ìâ�â®¬ à�¡®âë �«£®à¨â¬� ï¢«ï¥âáï ¬�áá¨¢ ®¯®à−ëå â®ç¥ª. ‚ ¤�«ì−¥©è¥¬
â®ç−�ï à�ááâ�−®¢ª� ®¯®à−ëå â®ç¥ª ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ¯à¨ ¨áá«¥¤®¢�−¨ïå

÷¨á. 6 ƒ¨áâ®£à�¬¬� §−�ç¥−¨© ¬¥¤¨�−
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÷¨á. 7 Œ¨®£à�¬¬� á à�ááâ�¢«¥−−ë¬¨ ®¯®à−ë¬¨ â®çª�¬¨ (â®çª¨ −�ç�«� ¤¢¨¦¥−¨ï)

§�¢¨á¨¬®áâ¨ ¬¥¦¤ã Œ�ƒ-ª�−�«�¬¨ ¨ á¨£−�«®¬ ¬¨®£à�¬¬ë. �� à¨á. 7 ¯à¨¢¥¤¥−ë
−¥áª®«ìª® í¯®å ¬¨®£à�¬¬ë á à�ááâ�¢«¥−−ë¬¨ −� −¥© ®¯®à−ë¬¨ â®çª�¬¨.

„�−−ë© �«£®à¨â¬ −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª ¯à¨¬¥−¨¬ â®«ìª® ª ¯�æ¨¥−â�¬ á
¬¨®£à�¬¬®© å®à®è¥£® ª�ç¥áâ¢�. �® −¥ª®â®àë¬ ¬¨®£à�¬¬�¬ à�á¯®§−�âì ¤¢¨¦¥−¨ï
−¥ ¯à¥¤áâ�¢«ï«®áì ¢®§¬®¦−ë¬ ¢ ¯à¨−æ¨¯¥.

3.2 Поиск по шаблону для расстановки опорных точек по сигналу
акселерометра

‚−¥ §�¢¨á¨¬®áâ¨ ®â â®£®, çâ® ¤¢¨¦¥−¨ï ¯�æ¨¥−â� −¥ ¯®å®¦¨ ¤àã£ −� ¤àã£�
¨ á¨£−�« −¥ ï¢«ï¥âáï áâ�æ¨®−�à−ë¬, ¯®¨áª ¯® áä®à¬¨à®¢�−−®¬ã á¯¥æ¨�«ì-
−ë¬ ®¡à�§®¬ è�¡«®−ã (¯® á¨£−�«ã �ªá¥«¥à®¬¥âà�) ¤�« å®à®è¨¥ à¥§ã«ìâ�âë.
Š â®¬ã ¦¥ ¨á¯®«ì§®¢�−¨¥ á¨£−�«� �ªá¥«¥à®¬¥âà� ®ç¥−ì ã¤®¡−®, â�ª ª�ª §�ç�-
áâãî ®− ï¢«ï¥âáï ¬¥−¥¥ èã¬−ë¬, ç¥¬ ¬¨®£à�¬¬�, ¨ ®¯à¥¤¥«¨âì â®çª¨ −�ç�«�
¤¢¨¦¥−¨ï ¬®¦−® á ¡®«ìè¥© â®ç−®áâìî, çâ® á®®â¢¥âáâ¢ã¥â à�−¥¥ ¯®«ãç¥−−ë¬
¤�−−ë¬ [8].

÷�áá¬®âà¨¬ íâ�¯ë à�¡®âë �«£®à¨â¬�, ¨á¯®«ì§ãîé¥£® ¯®¨áª ¯® è�¡«®−ã −�
á¨£−�«¥ �ªá¥«¥à®¬¥âà�.

3.2.1 Расстановка точек начала движения

‘ ¯®¬®éìî à�−¥¥ ¯à¨¢¥¤¥−−®£® �«£®à¨â¬� (á¬. ¯. 3.1) à�ááâ�¢«ïîâáï â®ç-
ª¨ −�ç�«� ¤¢¨¦¥−¨ï ¯® ®ª®−−®© ¢ë¡®à®ç−®© ¤¨á¯¥àá¨¨ �ªá¥«¥à®¬¥âà� (4). ��
¯à¨¬¥à¥ −¥áª®«ìª¨å í¯®å ¤¢¨¦¥−¨ï �ªá¥«¥à®¬¥âà� (à¨á. 8, �) ¨ ¨å ¢ë¡®à®ç-
−®© ®ª®−−®© ¤¨á¯¥àá¨¨ (à¨á. 8, ¡) ¢¨¤−®, çâ® ¯à¨¢¥¤¥−−ë© �«£®à¨â¬ ãá¯¥è−®
áà�¡®â�¥â.
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÷¨á. 8 “ç�áâ®ª á¨£−�«� �ªá¥«¥à®¬¥âà� (¤¢� ¤¢¨¦¥−¨ï) (�) ¨ ®ª®−−�ï ¢ë¡®à®ç−�ï
¤¨á¯¥àá¨ï ¤�−−®£® ãç�áâª� �ªá¥«¥à®¬¥âà� (¡)

3.2.2 Формирование динамического шаблона и построение выборочной
корреляции шаблона с сигналом

‘ä®à¬¨àã¥¬ è�¡«®−, ª®â®àë© ¨§¬¥−ï¥â á¢®¥ §−�ç¥−¨¥ ¯® å®¤ã á¨£−�«� ¤«ï
â®ç−®£® −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª.

�ãáâì ¨¬¥¥âáï ¤¢¨¦¥−¨¥ (¨áá«¥¤ã¥¬®¥ ¤¢¨¦¥−¨¥), ¤«ï ª®â®à®£® −ã¦−® áä®à-
¬¨à®¢�âì è�¡«®−. „«ï íâ®£® ¨á¯®«ì§ã¥¬ ¤¢¨¦¥−¨ï ¢ −¥ª®â®à®© ®ªà¥áâ−®áâ¨
¨áá«¥¤ã¥¬®£®. —¥¬ ¤¢¨¦¥−¨¥ à�á¯®«®¦¥−® ¡«¨¦¥ ª ¨áá«¥¤ã¥¬®¬ã, â¥¬ á ¡®«ìè¨¬
ª®íää¨æ¨¥−â®¬ ®−® ¢®©¤¥â ¢ è�¡«®−. „�−−®¥ à¥è¥−¨¥ ®á−®¢�−® −� −¥áâ�æ¨®−�à-
−®áâ¨ á¨£−�«� ¨ −� â®¬, çâ® ç¥¬ ¡«¨¦¥ ¤¢¨¦¥−¨¥ à�á¯®«®¦¥−® ª ¨áá«¥¤ã¥¬®¬ã,
â¥¬ ¡®«ìè¥ ®−® ¯®å®¦¥ −� −¥£®.

�®á«¥ ä®à¬¨à®¢�−¨ï á¯¥æ¨�«ì−®© á¨áâ¥¬ë è�¡«®−®¢ −¥®¡å®¤¨¬® −�©â¨ ¢ë-
¡®à®ç−ãî ª®àà¥«ïæ¨î ª�¦¤®£® ¨§ è�¡«®−®¢ á á®®â¢¥âáâ¢ãîé¨¬ ¥¬ã ¤¢¨¦¥−¨¥¬.
”®à¬ã«� ª®àà¥«ïæ¨¨ ¤«ï ¢ë¡®à®ª X ¨ Y

Corr (X,Y ) =
E [(X − EX)(Y − EY )]√

DXDY
. (5)

3.2.3 Уточнение точек начала движения с помощью корреляционной
картины

�� à¨á. 9 ¯à¨¢¥¤¥− ¯à¨¬¥à ª®àà¥«ïæ¨®−−®© ª�àâ¨−ë (á â®çª�¬¨ −�ç�«�
¤¢¨¦¥−¨ï), à�ááç¨â�−−®© −� ¯à¥¤ë¤ãé¥¬ íâ�¯¥. ‚¨¤−®, çâ® ¯®áâà®¥−−ë¥ −�
¯¥à¢®¬ íâ�¯¥ â®çª¨ −�ç�«� ¤¢¨¦¥−¨ï ¬®¦−® ãâ®ç−¨âì, ¥á«¨ −�©â¨ «®ª�«ì−ë¥
¬�ªá¨¬ã¬ë ª®à¥««ïæ¨®−−®© ª�àâ¨−ë ¢¡«¨§¨ íâ¨å â®ç¥ª. „�−−ë© ¬¥â®¤ ï¢«ï¥âáï
¨â¥à�æ¨®−−ë¬, â. ¥. ãâ®ç−¥−¨¥ â®ç¥ª −�ç�«� ¤¢¨¦¥−¨ï ¯® è�¡«®−ã ¬®¦¥â ¡ëâì
¯à¨¬¥−¥−® ª á¨£−�«ã −¥®¤−®ªà�â−® ¤® ¯®«ãç¥−¨ï −¥®¡å®¤¨¬®© â®ç−®áâ¨.
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÷¨á. 9 Š®àà¥«ïæ¨®−−�ï ª�àâ¨−� á à�ááâ�¢«¥−−ë¬¨ â®çª�¬¨ −�ç�«� ¤¢¨¦¥−¨ï

3.3 Поиск по шаблону на активном МЭГ-канале для уточнения опорных
точек

Œ�ƒ-ª�−�«, ¨¬¥îé¨© −�¨¡®«ìèãî �¬¯«¨âã¤ã ®âª«¨ª� −� ¤¢¨¦¥−¨¥, −�§®¢¥¬
�ªâ¨¢−ë¬.

Œ¥â®¤ ¯à¨¢ï§ë¢�¥â ®¯®à−ë¥ â®çª¨ ª ¬�ªá¨¬�«ì−®¬ã ®â¢¥âã −� ¤¢¨¦¥−¨¥ ¢
¬�£−¨â®í−æ¥ä�«®£à�¬¬¥ ¯�æ¨¥−â�. �â¢¥â −� �ªâ¨¢−ëå Œ�ƒ-ª�−�«�å ®âç¥â«¨¢®
¢¨¤¥− áà�§ã §� −�©¤¥−−ë¬ −�ç�«®¬ ¤¢¨¦¥−¨ï. �− ï¢«ï¥âáï áã¯¥à¯®§¨æ¨¥© ®â-
ª«¨ª®¢ à�§«¨ç−ëå §®− £®«®¢−®£® ¬®§£�, �ªâ¨¢−ëå ¢® ¢à¥¬ï á®¢¥àè¥−¨ï ¤¢¨¦¥−¨ï
(¬®â®à−�ï ª®à�, á¥−á®à−�ï, ¯à¥¬®â®à−�ï ¨ ¤à.) [8].

Œ¥â®¤ ï¢«ï¥âáï ãâ®ç−ïîé¨¬ ¨ ¬®¦¥â ¡ëâì ¯à¨¬¥−¨¬ ª «î¡®¬ã �«£®à¨â¬ã,
à¥§ã«ìâ�â®¬ ª®â®à®£® ï¢«ï¥âáï ¬�áá¨¢ ®¯®à−ëå â®ç¥ª.

3.3.1 Поиск активного МЭГ-сигнала

�®¨áª �ªâ¨¢−®£® Œ�ƒ-ª�−�«� ®áãé¥áâ¢«ï¥âáï á ¯®¬®éìî ãáà¥¤−¥−¨ï ¬�£-
−¨â®í−æ¥ä�«®£à�¬¬ ®â−®á¨â¥«ì−® ®¯®à−ëå â®ç¥ª, −�©¤¥−−ëå «î¡ë¬ ¨§ ¯à¥¤-
«®¦¥−−ëå à�−¥¥ á¯®á®¡®¢. �à¨¬¥à ãáà¥¤−¥−−®© ¬�£−¨â®í−æ¥ä�«®£à�¬¬ë −�
�ªâ¨¢−®¬ ª�−�«¥ ¯à¨¢¥¤¥− −� à¨á. 10. ‚ ¤�«ì−¥©è¥¬ â�ª®© á¨£−�« ¨á¯®«ì§ã¥âáï
¤«ï ¯®áâà®¥−¨ï è�¡«®−�.

3.3.2 Использование поиска по шаблону на МЭГ-сигнале

�� ¯¥à¢®¬ íâ�¯¥ �−�«®£¨ç−® ¯. 3.2.2 ä®à¬¨àã¥âáï á¯¥æ¨�«ì−ë© è�¡«®− ¤«ï
ª�¦¤®£® ¤¢¨¦¥−¨ï ¨ áâà®¨âáï ª®àà¥«ïæ¨®−−�ï ª�àâ¨−� è�¡«®−®¢ ¨ �ªâ¨¢−®£®
Œ�ƒ-ª�−�«�. ‚¡«¨§¨ â®ç¥ª −�ç�«� ¤¢¨¦¥−¨ï à�á¯®«®¦¥−ë «®ª�«ì−ë¥ ¬�ª-
á¨¬ã¬ë ª®àà¥«ïæ¨®−−®© ª�àâ¨−ë (à¨á. 11), ª®â®àë¥ ¨ ¡ã¤¥¬ áç¨â�âì −®¢ë¬¨
®¯®à−ë¬¨ â®çª�¬¨.
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’. ‚. ‡�å�à®¢�, ‘. ā. �¨ª¨ä®à®¢, Œ. �. ƒ®−ç�à¥−ª® ¨ ¤à.

÷¨á. 10 “áà¥¤−¥−−ë© Œ�ƒ-á¨£−�« −� �ªâ¨¢−®¬ ª�−�«¥

÷¨á. 11 Š®àà¥«ïæ¨®−−�ï ª�àâ¨−� Œ�ƒ-ª�−�«� á è�¡«®−®¬

3.4 Использование вейвлет-анализа для нахождения опорных точек
по сигналу миограммы

‚ −�áâ®ïé¥¥ ¢à¥¬ï áãé¥áâ¢ã¥â ¬−®¦¥áâ¢® ¬¥â®¤®¢ ¤«ï �−�«¨§� æ¨äà®¢ëå
á¨£−�«®¢. Š«�áá¨ç¥áª¨¬ ¯à¨¬¥à®¬ â�ª®£® ¬¥â®¤� ï¢«ï¥âáï �−�«¨§ ”ãàì¥, ®−
¦¥ ï¢«ï¥âáï ®¤−¨¬ ¨§ −�¨¡®«¥¥ ç�áâ® ¯à¨¬¥−¨¬ëå. �à¥®¡à�§®¢�−¨¥ ”ãàì¥
à�áª«�¤ë¢�¥â á¨£−�« −� áã¬¬ã £�à¬®−¨ç¥áª¨å ª®¬¯®−¥−â á à�§−ë¬¨ ç�áâ®â�¬¨.
�¤−�ª® â�ª®© ¬¥â®¤ å®à®è® à�¡®â�¥â «¨èì á® áâ�æ¨®−�à−ë¬¨ á¨£−�«�¬¨, ª®£¤�
ã¤�¥âáï −�©â¨ ¯¥à¨®¤¨ç¥áª¨¥ á®áâ�¢«ïîé¨¥. Šà®¬¥ â®£®, ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥
¯®ª�§ë¢�¥â ä®à¬ã á¨£−�«� ¢ ç�áâ®â−®© ®¡«�áâ¨, −® ®−® −¥ ¤�¥â ¨−ä®à¬�æ¨¨ ® â®¬,
¢ ª�ª®© ¬®¬¥−â ¢à¥¬¥−¨ ¢ á¨£−�«¥ ¯à¨áãâáâ¢®¢�«¨ ª®«¥¡�−¨ï á ¤�−−®© ç�áâ®â®©,
â¥¬ á�¬ë¬ â¥àï¥âáï ¨−ä®à¬�æ¨ï ® «®ª�«¨§�æ¨¨ ï¢«¥−¨© ¢® ¢à¥¬¥−−‚®© ®¡«�áâ¨.

�®íâ®¬ã ¡ë«® ¯à¨−ïâ® à¥è¥−¨¥ ¨á¯®«ì§®¢�âì ¢¥©¢«¥â-�−�«¨§, ï¢«ïîé¨©áï
¨¤¥�«ì−ë¬ ¨−áâàã¬¥−â®¬ ¤«ï ®¡à�¡®âª¨ −¥áâ�æ¨®−�à−ëå á¨£−�«®¢. �®¤à®¡−ë©
¬�â¥à¨�« ®¡ ®á−®¢�å ¢¥©¢«¥â-�−�«¨§� á®¤¥à¦¨âáï ¢ [20, 22].
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3.4.1 Выбор вейвлета и его применение

‚ Matlab Wavelet Toolbox ¯®§¢®«ï¥â �−�«¨§¨à®¢�âì ®¤−®¬¥à−ë¥ ¬�áá¨¢ë á
¯à¨¬¥−¥−¨¥¬ ¨ ¤¨áªà¥â−®£®, ¨ −¥¯à¥àë¢−®£® ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨©. ‚¬¥áâ¥
á â¥¬, ®ç¥¢¨¤−®, ¢â®à®© ¢�à¨�−â ¯à¥¤¯®çâ¨â¥«ì−¥¥, â�ª ª�ª ¬®¦−® ¨áá«¥¤®¢�âì
¤¥â�«¨ ¯à®¨§¢®«ì−®© ¤«¨−ë, � −¥ â®«ìª® áâ¥¯¥−¨ ¤¢®©ª¨.

‚ å®¤¥ íªá¯¥à¨¬¥−â®¢ á ¤�−−ë¬¨ ¡ë«¨ ¨áá«¥¤®¢�−ë ¬−®£¨¥ á¥¬¥©áâ¢� ¢¥©¢-
«¥â®¢, ¤«ï −¥ª®â®àëå ¨§ −¨å ¡ë«¨ ¯®«ãç¥−ë ¨−â¥à¥á−ë¥ à¥§ã«ìâ�âë. ��¨¡®«¥¥
§−�ç¨¬ë¥ à¥§ã«ìâ�âë ¡ë«¨ ¯®«ãç¥−ë ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¢¥©¢«¥â� Œ®à«¥ (¢
®¡®§−�ç¥−¨ïå Matlab | \cmor1-1.5").

‚¥©¢«¥â Œ®à«¥ ®¡«�¤�¥â −�¨«ãçè¨¬ á¯¥ªâà�«ì−ë¬ à�§à¥è¥−¨¥¬ áà¥¤¨ ¨§-
¢¥áâ−ëå ¢¥©¢«¥â®¢, ¨ íâ¨¬ ®¯à¥¤¥«ï¥âáï ¥£® ¢ë¡®à ¤«ï ¨áá«¥¤®¢�−¨ï −¥áâ�æ¨®-
−�à−ëå á¨£−�«®¢, ¤«ï ª®â®àëå ¦¥«�â¥«ì−® ¯®«ãç¨âì ¢ëá®ªãî â®ç−®áâì ç�áâ®â−®©
å�à�ªâ¥à¨áâ¨ª¨, ¬¥−ïîé¥©áï á® ¢à¥¬¥−¥¬.

÷¨á. 12 “ç�áâ®ª ¬¨®£à�¬¬ë á ¤¢¨¦¥−¨¥¬ (�) ¨ ª®íää¨æ¨¥−âë ®¤−®£® ãà®¢−ï ¯®á«¥
¯à¨¬¥−¥−¨ï ¢¥©¢«¥â� Œ®à«¥ (¡)
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’. ‚. ‡�å�à®¢�, ‘. ā. �¨ª¨ä®à®¢, Œ. �. ƒ®−ç�à¥−ª® ¨ ¤à.

„�−−ë© ¢¥©¢«¥â | ª®¬¯«¥ªá−�ï äã−ªæ¨ï á«¥¤ãîé¥£® ¢¨¤�:

ψ(t) = e2πit−t2/2 .

�®á«¥ ¯à¨¬¥−¥−¨ï ¢¥©¢«¥â-¯à¥®¡à�§®¢�−¨ï ª á¨£−�«ã ¬¨®£à�¬¬ë −�©¤¥¬
ãà®¢−¨ ¢¥©¢«¥â-ª®íää¨æ¨¥−â®¢ −�¨¡®«ìè¥© �¬¯«¨âã¤ë. �à¨¬¥à ¬¨®£à�¬¬ë á
¤¢¨¦¥−¨¥¬ ¨ ¥¥ ¢¥©¢«¥â-ª®íää¨æ¨¥−â®¢ ¯à¨¢¥¤¥− −� à¨á. 12.

�® ãà®¢−î á −�¨¡®«ìè¥© �¬¯«¨âã¤®© ª®íää¨æ¨¥−â®¢ −�å®¤¨¬ â®çª¨ −�ç�«�
¤¢¨¦¥−¨ï (¯® �−�«®£¨¨ á ¯®¤à�§¤. 3.1).

4 Сравнение алгоритмов

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−ë âà¨ �«£®à¨â¬� −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª ¨ ®¤¨−
�«£®à¨â¬ ãâ®ç−¥−¨ï, ®á−®¢�−−ë© −� ¨á¯®«ì§®¢�−¨¨ Œ�ƒ-ª�−�«�. ‘à�¢−¨¬
�«£®à¨â¬ë −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª, çâ®¡ë −�©â¨ ®¯â¨¬�«ì−ë© ¤«ï ª�¦¤®£®
ª®−ªà¥â−®£® ¯�æ¨¥−â�.

4.1 Сравнение алгоритмов на основе максимальной амплитуды усредненного
МЭГ-канала

„«ï 7 ¯�æ¨¥−â®¢ ¢ à¥§ã«ìâ�â¥ ¯à¨¬¥−¥−¨ï ª�¦¤®£® ¨§ �«£®à¨â¬®¢ −�å®¦¤¥-
−¨ï ®¯®à−ëå â®ç¥ª ®¯à¥¤¥«¥−ë Œ�ƒ-ª�−�«ë á −�¨¡®«ìè¥© �¬¯«¨âã¤®©. ��
ª®®à¤¨−�â−®© ¯«®áª®áâ¨ ¡ë«¨ −�−¥á¥−ë â®çª¨: �¬¯«¨âã¤� ®âª«�¤ë¢�«�áì ¯®
®á¨ OY , −®¬¥à ¯�æ¨¥−â� ¯® ®á¨ OX (à¨á. 13). Œ¥â®¤ ãâ®ç−¥−¨ï â®ç¥ª −�ç�«�
¤¢¨¦¥−¨ï ¯à¨¬¥−ï«áï â®«ìª® ª �«£®à¨â¬ã, ¯®ª�§�¢è¥¬ã −�¨«ãçè¨© à¥§ã«ìâ�â
¤«ï ¯�æ¨¥−â�.

„�−−�ï ¬¥âà¨ª� ª�ç¥áâ¢� �«£®à¨â¬®¢ −�¯à�¢«¥−� −� ¬�ªá¨¬¨§�æ¨î ®â¢¥â� −�
¤¢¨¦¥−¨¥.

Œ¥â®¤ ãâ®ç−¥−¨ï (1 −� à¨á. 13) ¯®¢ëè�¥â â®ç−®áâì −�©¤¥−−ëå ®¯®à−ëå â®ç¥ª
¤«ï ¢á¥å ¯�æ¨¥−â®¢, ªà®¬¥ ¯�æ¨¥−â� 3. “ ¯�æ¨¥−â� 3 ®â¢¥â −� ¤¢¨¦¥−¨¥ −�©â¨ −¥
ã¤�«®áì.

Œ¥â®¤ −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª ¯® ®ª®−−®© ¢ë¡®à®ç−®© ¤¨á¯¥àá¨¨ ¬¨®-
£à�¬¬ë (2 −� à¨á. 13) ¤�« å®à®è¨¥ à¥§ã«ìâ�âë â®«ìª® −� ¯�æ¨¥−â�å 1 ¨ 5. �â®
¯�æ¨¥−âë á ª�ç¥áâ¢¥−−ë¬¨ á¨£−�«�¬¨ ¬¨®£à�¬¬. �� ¤àã£¨å ¯�æ¨¥−â�å, ªà®-
¬¥ ¯�æ¨¥−â� 6, ¬¥â®¤ ¤�« ¯à¨¥¬«¥¬ë¥ à¥§ã«ìâ�âë. „«ï ¯�æ¨¥−â� 6 ¬¥â®¤ −¥
à�¡®â�¥â, â�ª ª�ª ¥£® ¬¨®£à�¬¬� á®¤¥à¦¨â ¢ëá®ª¨© ãà®¢¥−ì èã¬�.

ˆâ¥à�æ¨®−−ë© ¬¥â®¤ −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª ¯® ¤¨−�¬¨ç¥áª®¬ã è�¡«®−ã
á ¨á¯®«ì§®¢�−¨¥¬ �ªá¥«¥à®¬¥âà� (3 −� à¨á. 13) ¤�« ®â«¨ç−ë¥ à¥§ã«ìâ�âë −� ¢á¥å
¯�æ¨¥−â�å, ªà®¬¥ ¯�æ¨¥−â� 3. “¤®¢«¥â¢®à¨â¥«ì−ë© à¥§ã«ìâ�â ¤�−−®£® ¬¥â®¤� −�
¯�æ¨¥−â¥ 3 ®¡ãá«®¢«¥− ®á®¡¥−−®áâï¬¨ ¥£® �ªâ®£à�¬¬ë.

Œ¥â®¤ −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª ¯® ¢¥©¢«¥âã Œ®à«¥ (4 −� à¨á. 13) áà�¢−¨¬
¯® ª�ç¥áâ¢ã á ¬¥â®¤®¬, ¨á¯®«ì§ãîé¨¬ ¤¨á¯¥àá¨î ¬¨®£à�¬¬ë. �¤−�ª® ¨§-§�
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÷¨á. 13 ‘à�¢−¥−¨¥ ¬¥â®¤®¢: 1 | ¬¥â®¤ ãâ®ç−¥−¨ï; 2 | ¬¥â®¤ −�å®¦¤¥−¨ï ®¯®à−ëå
â®ç¥ª ¯® ®ª®−−®© ¢ë¡®à®ç−®© ¤¨á¯¥àá¨¨ ¬¨®£à�¬¬ë; 3 | ¨−â¥à�æ¨®−−ë© ¬¥â®¤ −�å®¦-
¤¥−¨ï ®¯®à−ëå â®ç¥ª ¯® ¤¨−�¬¨ç¥áª®¬ã è�¡«®−ã á ¨á¯®«ì§®¢�−¨¥¬ �ªá¥«¥à®¬¥âà�; 4 |
¬¥â®¤ −�å®¦¤¥−¨ï ®¯®à−ëå â®ç¥ª ¯® ¢¥©¢«¥âã Œ®à«¥

®á®¡¥−−®áâ¥© á¨£−�«� ¬¨®£à�¬¬ë ¤«ï ª�¦¤®£® ¯�æ¨¥−â� −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì
ª®íää¨æ¨¥−âë à�§«®¦¥−¨ï −¥áª®«ìª¨å ãà®¢−¥©. �®íâ®¬ã ¢ æ¥«®¬ ¬¥â®¤ à�¡®â�¥â
åã¦¥, å®âï ï¢«ï¥âáï ¡®«¥¥ ãáâ®©ç¨¢ë¬ ª −¥ª®â®àë¬ ¢¨¤�¬ èã¬�.

4.2 Сравнение числа ложных срабатываний алгоритмов

‚�¦−ë¬ ªà¨â¥à¨¥¬ ª�ç¥áâ¢� ¯à¨¢¥¤¥−−ëå �«£®à¨â¬®¢ ï¢«ï¥âáï ç¨á«® ®è¨¡®ª
I ¨ II à®¤�, â. ¥. ª®«¨ç¥áâ¢® −¥ −�©¤¥−−ëå ¤¢¨¦¥−¨© ¯�æ¨¥−â� ¨ ª®«¨ç¥áâ¢® «®¦−®
−�©¤¥−−ëå ¤¢¨¦¥−¨©. �¥áª®«ìª® −¥¢¥à−® ®¯à¥¤¥«¥−−ëå ®¯®à−ëå â®ç¥ª ¬®£ãâ
¯®«−®áâìî ¨á¯®àâ¨âì ¤¥â�«¨ ãáà¥¤−¥−−®© ª�àâ¨−ë, çâ® ï¢«ï¥âáï −¥¤®¯ãáâ¨¬ë¬.
�®íâ®¬ã ¢® ¢á¥å ¬¥â®¤�å ¢�¦−® ¡ë«® ¬¨−¨¬¨§¨à®¢�âì ç¨á«® «®¦−ëå áà�¡�âë¢�-
−¨©. Š®«¨ç¥áâ¢® ®è¨¡®ª I ¨ II à®¤� −�¯àï¬ãî §�¢¨á¨â ®â ª�ç¥áâ¢� á¨£−�«®¢. „«ï
á¨£−�«� ¬¨®£à�¬¬ë §−�ç¥−¨ï ®¡ëç−® ¡®«ìè¥, ç¥¬ ¤«ï á¨£−�«� �ªá¥«¥à®¬¥âà�.
�® ¢® ¢á¥å �«£®à¨â¬�å ¢å®¤−ë¥ ¯�à�¬¥âàë ¬®£ãâ ¡ëâì ¢ë¡à�−ë â�ª¨¬ ®¡à�§®¬,
çâ®¡ë ª®«¨ç¥áâ¢® ®è¨¡®ª −¥ ¯à¥¢ëè�«® 5%.

5 Основные результаты и направления дальнейшей работы

‚ −�áâ®ïé¥¬ ¨áá«¥¤®¢�−¨¨ à�§à�¡®â�−ë ¨ ¯à®â¥áâ¨à®¢�−ë ¬¥â®¤ë −�å®¦¤¥-
−¨ï ®¯®à−ëå â®ç¥ª ¢ á¨£−�«¥, á¯®á®¡áâ¢ãîé¨¥ à¥è¥−¨î §�¤�ç¨ ¯® «®ª�«¨§�æ¨¨
®¡«�áâ¥© ¬®§£�, ®â¢¥ç�îé¨å §� ¤¢¨¦¥−¨ï. �«£®à¨â¬ë ¯®§¢®«ïîâ ãáâ®©ç¨-
¢® −�å®¤¨âì â®çª¨ −�ç�«� ¤¢¨¦¥−¨ï ¯�«ìæ� ¯�æ¨¥−â�. ’�ª¦¥ ¡ë«¨ ¤¥â�«ì−®
¨áá«¥¤®¢�−ë ¢¥à®ïâ−®áâ−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ¨ �á¨¬¯â®â¨ç¥áª¨¥ á¢®©áâ¢� ¬�£−¨-
â®í−æ¥ä�«®£à�¬¬, ®¡®á−®¢�−� ¨å −¥áâ�æ¨®−�à−®áâì ¨ ¯à¨¢¥¤¥−ë á¯¥ªâà�«ì−ë¥
¨ í−¥à£¥â¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨. ‚ ¤�«ì−¥©è¥¬ −¥®¡å®¤¨¬® á®¢¥àè¥−áâ¢®¢�âì
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’. ‚. ‡�å�à®¢�, ‘. ā. �¨ª¨ä®à®¢, Œ. �. ƒ®−ç�à¥−ª® ¨ ¤à.

à�§à�¡®â�−−ë¥ �«£®à¨â¬ë ¤«ï ¯à¨¬¥−¥−¨ï ª á¨£−�«�¬ ¯�æ¨¥−â®¢ á à�§«¨ç−ë-
¬¨ §�¡®«¥¢�−¨ï¬¨, çâ® ï¢«ï¥âáï áãé¥áâ¢¥−−® ¡®«¥¥ á«®¦−®© §�¤�ç¥©. �à¨
íâ®¬ ¯à�ªâ¨ç¥áª�ï æ¥−−®áâì à¥§ã«ìâ�â®¢ ¢®§à�áâ¥â ¬−®£®ªà�â−®. �«�−¨àã¥â-
áï ¨−â¥£à¨à®¢�âì á®§¤�−−ë¥ �«£®à¨â¬ë á á¨áâ¥¬�¬¨ ã¯à�¢«¥−¨ï í«¥ªâà®−−ë¬¨
ãáâà®©áâ¢�¬¨ ¯®áà¥¤áâ¢®¬ á¨£−�«®¢ ¬®§£� ç¥«®¢¥ª�.

÷¥§ã«ìâ�âë ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¯à¨ à¥è¥−¨¨ §�¤�ç á¨−åà®−¨§�æ¨¨ ¢
á¬¥¦−ëå ®¡«�áâïå.
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АРХИТЕКТУРА ГИБРИДНОЙ РЕКОМЕНДАТЕЛЬНОЙ
СИСТЕМЫ GEFEST (GENERATION–EXPANSION–FILTERING–

SORTING–TRUNCATION)∗

Ю. С. Нефедова1

�−−®â�æ¨ï: ÷¥ª®¬¥−¤�â¥«ì−�ï á¨áâ¥¬� ¯à¥¤áâ�¢«ï¥â áà�¢−¨â¥«ì−® −®¢ë©
ª«�áá ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ¢ §�¤�çã ª®â®à®£® ¢å®¤¨â ¯à¥¤áª�§�−¨¥
â®£®, ª�ª¨¥ ®¡ê¥ªâë (ä¨«ì¬ë, ¬ã§ëª�, ª−¨£¨, −®¢®áâ¨, ¢¥¡-á�©âë) ¡ã¤ãâ
¨−â¥à¥á−ë ¯®«ì§®¢�â¥«î, á ¯®¬®éìî �−�«¨§� ¥£® ¤¥©áâ¢¨© ¨ ®æ¥−®ª. ‚ ¤�−−®©
à�¡®â¥ ®¯¨á�−® ¯®áâà®¥−¨¥ â�ª®© á¨áâ¥¬ë. ÷¥è�¥âáï §�¤�ç� ä®à¬¨à®¢�−¨ï
¯®¤å®¤ïé¥£® ¤«ï ¯®«ì§®¢�â¥«ï á¯¨áª� à¥ª®¬¥−¤ã¥¬ëå â®¢�à®¢. “¯®à á¤¥«�−
−� ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�âì ¢áî ¤®áâã¯−ãî ¨−ä®à¬�æ¨î, á®¤¥à¦�éãîáï ¢
¤�−−ëå ® â®¢�à¥ (®¯¨á�−¨¥, å�à�ªâ¥à¨áâ¨ª�), ¤�−−ëå ® ¯®«ì§®¢�â¥«¥ (¯à®ä¨«ì
¯®«ì§®¢�â¥«ï) ¨ ¢ ¤�−−ëå ® ¯®¢¥¤¥−¨¨ ¯®«ì§®¢�â¥«ï (á¢¥¤¥−¨ï ®¡ ¨á¯®«ì§®¢�-
−¨¨ ¨«¨ ¯®ªã¯ª¥ â®¢�à� ¨/¨«¨ ï¢−�ï ®æ¥−ª� â®¢�à�).

Š«îç¥¢ë¥ á«®¢�: à¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë; ª®««�¡®à�â¨¢−�ï ä¨«ìâà�æ¨ï;
¬¥â®¤ ¡«¨¦�©è¨å á®á¥¤¥©; �«£®à¨â¬ë ª«�áá¨ä¨ª�æ¨¨

1 Введение

÷¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë | íâ® ¯à®£à�¬¬−ë¥ áà¥¤áâ¢�, â¥å−®«®£¨¨ ¨ ¬¥â®-
¤ë ¢ëà�¡®âª¨ ¯®«¥§−ëå ¤«ï ¯®«ì§®¢�â¥«ï ¯à¥¤«®¦¥−¨©, á®¢¥â®¢ ¨ à¥ª®¬¥−¤�æ¨©.
�à¥¤®áâ�¢«¥−−ë¥ ¯à¥¤«®¦¥−¨ï −�¯à�¢«¥−ë −� ¯®¤¤¥à¦ªã ¯®«ì§®¢�â¥«ï ¢ à�§-
«¨ç−ëå ¯à®æ¥áá�å ¯à¨−ïâ¨ï à¥è¥−¨©, � ¨¬¥−−®: ª�ª¨¥ â®¢�àë ªã¯¨âì, ª�ªãî
¬ã§ëªã ¯®á«ãè�âì ¨«¨ ª�ª¨¥ −®¢®áâ¨ ¯à®ç¨â�âì. ÷¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë
¯®¬®£�îâ ¯®«ì§®¢�â¥«î ®à¨¥−â¨à®¢�âìáï ¢ á¨âã�æ¨¨ áâà¥¬¨â¥«ì−® −�à�áâ�îé¨å
®¡ê¥¬®¢ ª®−â¥−â�, ®−¨ ®ª�§�«¨áì æ¥−−ë¬ áà¥¤áâ¢®¬ ¤«ï ¡®àì¡ë á ¨−ä®à¬�æ¨®−-
−®© ¯¥à¥£àã§ª®© ¨ áâ�«¨ ®¤−¨¬ ¨§ á�¬ëå ¬®é−ëå ¨ ¯®¯ã«ïà−ëå ¨−áâàã¬¥−â®¢ ¢
í«¥ªâà®−−®© ª®¬¬¥àæ¨¨.

÷¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë ¢ ¯¥à¢ãî ®ç¥à¥¤ì ¯à¥¤−�§−�ç¥−ë ¤«ï «¨æ, ª®-
â®àë¥ −¥ ¨¬¥îâ ¤®áâ�â®ç−®£® «¨ç−®£® ®¯ëâ� ¨«¨ ª®¬¯¥â¥−â−®áâ¨ ¤«ï ®æ¥−ª¨

∗÷�¡®â� ¯®¤¤¥à¦�−� ÷®áá¨©áª¨¬ ä®−¤®¬ äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© (¯à®¥ªâë 11-01-
12026-®ä¨-¬, 11-01-00515�), � â�ª¦¥ Œ¨−¨áâ¥àáâ¢®¬ ®¡à�§®¢�−¨ï ¨ −�ãª¨ ÷” ¢ à�¬ª�å ”–�
ú��ãç−ë¥ ¨ −�ãç−®-¯¥¤�£®£¨ç¥áª¨¥ ª�¤àë ¨−−®¢�æ¨®−−®© ÷®áá¨¨ −� 2009{2013 £®¤ëû (¯à®¥ªâ
MK{2256.2012.1).

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â ¨¬. Œ. ‚. ‹®¬®−®á®¢�, ä�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì-
−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨; ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª,
y.nefedova@gmail.com
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¯®¤�¢«ïîé¥£® ª®«¨ç¥áâ¢� �«ìâ¥à−�â¨¢−ëå ®¡ê¥ªâ®¢, ª®â®àë¥ ¢¥¡-á�©â ¨«¨, −�-
¯à¨¬¥à, ¨−â¥à−¥â-¬�£�§¨− ¬®¦¥â ¯à¥¤«®¦¨âì.

ú�¡ê¥ªâû ï¢«ï¥âáï ®¡é¨¬ â¥à¬¨−®¬, ¨á¯®«ì§ã¥¬ë¬ ¤«ï ®¡®§−�ç¥−¨ï â®£®,
çâ® á¨áâ¥¬� à¥ª®¬¥−¤ã¥â ¯®«ì§®¢�â¥«ï¬. ÷¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë ®¡ëç−®
ä®ªãá¨àãîâáï −� ®¯à¥¤¥«¥−−®¬ â¨¯¥ ®¡ê¥ªâ�, −�¯à¨¬¥à: ª−¨£�å, DVD-¤¨áª�å,
−®¢®áâïå, â®¢�à�å.

‚ á¢®¥© ¯à®áâ¥©è¥© ä®à¬¥ ¯¥àá®−�«ì−ë¥ à¥ª®¬¥−¤�æ¨¨ ¯à¥¤®áâ�¢«ïîâáï ¢
¢¨¤¥ ã¯®àï¤®ç¥−−ëå ¯® à¥©â¨−£ã á¯¨áª®¢ ®¡ê¥ªâ®¢. „«ï à�áç¥â� à¥©â¨−£� à¥ª®-
¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë, ®á−®¢ë¢�ïáì −� ¯à¥¤¯®çâ¥−¨ïå ¯®«ì§®¢�â¥«ï, ¯ëâ�îâáï
¯à¥¤áª�§�âì −�¨¡®«¥¥ ¯®¤å®¤ïé¨¥ â®¢�àë ¨«¨ ãá«ã£¨. „«ï â®£® çâ®¡ë à¥�-
«¨§®¢�âì â�ªãî ¢ëç¨á«¨â¥«ì−ãî §�¤�çã, à¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë á®¡¨à�îâ
®â ¯®«ì§®¢�â¥«¥© ¨−ä®à¬�æ¨î ®¡ ¨å ¯à¥¤¯®çâ¥−¨ïå, ª®â®àë¥ ¬®£ãâ ¡ëâì ï¢−®
¢ëà�¦¥−ë, −�¯à¨¬¥à ª�ª à¥©â¨−£ â®¢�à®¢ ¨«¨ ®æ¥−ª� ä¨«ì¬®¢, ¨«¨ ¬®£ãâ ¡ëâì
¢ë¢¥¤¥−ë ¯ãâ¥¬ ¨−â¥à¯à¥â�æ¨¨ ¤¥©áâ¢¨© ¯®«ì§®¢�â¥«ï. ’�ª, à¥ª®¬¥−¤�â¥«ì−�ï
á¨áâ¥¬� ¬®¦¥â à�áá¬®âà¥âì ¯¥à¥å®¤ −� ®¯à¥¤¥«¥−−ãî ¢¥¡-áâà�−¨æã ª�ª −¥ï¢−ë©
¯à¨§−�ª ¯à¥¤¯®çâ¥−¨ï ¤«ï ®¡ê¥ªâ®¢, ¯®ª�§�−−ëå −� íâ®© áâà�−¨æ¥.

÷¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë ï¢«ïîâáï ®â−®á¨â¥«ì−® −®¢ë¬ ¯à¥¤¬¥â®¬ ¨áá«¥-
¤®¢�−¨ï ¯® áà�¢−¥−¨î á à�§à�¡®âª�¬¨ ¬−®£®ç¨á«¥−−ëå áà¥¤áâ¢ ¨ ¬¥â®¤®¢ ¢ ¤àã£¨å
ª«�áá¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å (−�¯à¨¬¥à, ¢ á¨áâ¥¬�å ¡�§ ¤�−−ëå ¨«¨
¯®¨áª®¢ëå á¨áâ¥¬�å). ÷¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë ¢ë¤¥«¨«�áì ¢ á�¬®áâ®ïâ¥«ì−ãî
®¡«�áâì ¨áá«¥¤®¢�−¨© ¢ á¥à¥¤¨−¥ 1990-å £®¤®¢, ®¤−�ª® ¬®é−¥©è¨¬ â®«çª®¬ ª
à�§¢¨â¨î íâ®© â¥¬ë áâ�« ª®−ªãàá Netflix Prize [1], ®¡êï¢«¥−−ë© ¢ 2006 £. ª®¬¯�-
−¨¥© Netflix, ®¤−¨¬ ¨§ «¨¤¥à®¢ −� �¬¥à¨ª�−áª®¬ àë−ª¥ ¯à®ª�â� DVD. Š®¬¯�−¨ï
¯à¥¤®áâ�¢¨«� ãç�áâ−¨ª�¬ ¤�−−ë¥ ® 100 ¬«− à¥©â¨−£®¢, ¯à®áâ�¢«¥−−ëå 480 âëáï-
ç�¬¨ ¯®«ì§®¢�â¥«¥© 18 âëáïç�¬ ä¨«ì¬®¢ ¢ â¥ç¥−¨¥ 6 «¥â. “ç�áâ−¨ª, ¯®ª�§�¢è¨©
à¥§ã«ìâ�âë −� 10% «ãçè¥, ç¥¬ ¨å á®¡áâ¢¥−−ë© ¤¢¨¦®ª à¥ª®¬¥−¤�æ¨©, ¯®«ãç�«
¬¨««¨®− ¤®««�à®¢. �«�£®¤�àï íâ®¬ã ª®−ªãàáã −�ç�«¨ ¡ãà−® à�§¢¨¢�âìáï ¬¥â®-
¤ë ¯®áâà®¥−¨ï à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬, ®¤−�ª® §�¤�ç� ®ª�§�«�áì á«®¦−®© |
−¥á¬®âàï −� �¦¨®â�¦ ¨ ¦¥áâ®ç�©èãî ª®−ªãà¥−æ¨î, −� ¢ë¯®«−¥−¨¥ ãá«®¢¨© ã
ãç�áâ−¨ª®¢ ãè«® âà¨ £®¤�.

‚ ¯®á«¥¤−¨¥ £®¤ë ¨−â¥à¥á ª à¥ª®¬¥−¤�â¥«ì−ë¬ á¨áâ¥¬�¬ à¥§ª® ¢®§à®á, ® ç¥¬
á¢¨¤¥â¥«ìáâ¢ãîâ á«¥¤ãîé¨¥ ä�ªâë.

1. ‚�¦−ãî à®«ì à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬ ¢ëá®ª® ®æ¥−¨«¨ â�ª¨¥ ¯®¯ã«ïà−ë¥
¨−â¥à−¥â-á�©âë, ª�ª Amazon.com, YouTube, Netflix, Yahoo, Tripadvisor,
Last.fm, IMDb, Imhonet. �®«¥¥ â®£®, ¬−®£¨¥ ¬¥¤¨�-ª®¬¯�−¨¨ ¢ −�áâ®ïé¥¥
¢à¥¬ï à�§à�¡�âë¢�îâ ¨ ¢−¥¤àïîâ à¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë ª�ª ç�áâì ãá«ã£,
ª®â®àë¥ ®−¨ ¯à¥¤®áâ�¢«ïîâ á¢®¨¬ �¡®−¥−â�¬.

2. ÷¥£ã«ïà−® ¯à®¢®¤ïâáï ¬−®£®ç¨á«¥−−ë¥ ª®−ä¥à¥−æ¨¨ ¨ á¥¬¨−�àë, ®â−®áï-
é¨¥áï ª ¤�−−®© ®¡«�áâ¨. ‚ ç�áâ−®áâ¨, á¯¥æ¨�«ì−® ®á−®¢�−−�ï ¢ 2007 £. ACM
Recommender Systems (RecSys), ¯® á¥© ¤¥−ì ï¢«ïîé�ïáï £«�¢−ë¬ ¥¦¥£®¤−ë¬
á®¡ëâ¨¥¬ ¢ ®¡«�áâ¨ ¨áá«¥¤®¢�−¨© ¯® à¥ª®¬¥−¤�â¥«ì−ë¬ â¥å−®«®£¨ï¬. Šà®-
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¬¥ â®£®, á¥áá¨¨, ¯®á¢ïé¥−−ë¥ à¥ª®¬¥−¤�â¥«ì−ë¬ á¨áâ¥¬�¬, ç�áâ® ¡ë¢�îâ
¢ª«îç¥−ë ¢ á®áâ�¢ ¡®«¥¥ âà�¤¨æ¨®−−ëå ª®−ä¥à¥−æ¨© ¢ ®¡«�áâ¨ ¡�§ ¤�−−ëå,
¨−ä®à¬�æ¨®−−ëå ¨ �¤�¯â¨¢−ëå á¨áâ¥¬. ‘à¥¤¨ íâ¨å ª®−ä¥à¥−æ¨© áâ®¨â
®â¬¥â¨âì ACM Special Interest Group on Information Retrieval (SIGIR), User
Modeling, Adaptation and Personalization (UMAP) ¨ ACM Special Interest
Group on Management Of Data (SIGMOD).

3. ‚ ¢ëáè¨å ãç¥¡−ëå §�¢¥¤¥−¨ïå ¯® ¢á¥¬ã ¬¨àã ç¨â�îâáï á¯¥æ¨�«ì−ë¥ ªãàáë,
¯®á¢ïé¥−−ë¥ à¥ª®¬¥−¤�â¥«ì−ë¬ á¨áâ¥¬�¬; ãç¥¡−¨ª¨ ¯® à¥ª®¬¥−¤�â¥«ì−ë¬
á¨áâ¥¬�¬ ï¢«ïîâáï ªà�©−¥ ¯®¯ã«ïà−ë¬¨; � â�ª¦¥ á«¥¤ã¥â ã¯®¬ï−ãâì −¥¤�¢−®
¢ëè¥¤è¨¥ ª−¨£¨ [2, 3], ¢®¡à�¢è¨¥ ¢ á¥¡ï ã¦¥ −�ª®¯¨¢è¨©áï ª íâ®¬ã ¢à¥¬¥−¨
−¥¬�«ë© ®¯ëâ ¯®áâà®¥−¨ï à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬.

4. Œ−®£¨¥ �ª�¤¥¬¨ç¥áª¨¥ ¦ãà−�«ë ¨§¤�¢�«¨ á¯¥æ¨�«ì−ë¥ ¢ë¯ãáª¨, ®å¢�âë¢�-
îé¨¥ ¨áá«¥¤®¢�−¨ï ¨ à�§à�¡®âª¨ ¢ ®¡«�áâ¨ à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬. ‘à¥¤¨
¦ãà−�«®¢, ª®â®àë¥ ¯®á¢ïâ¨«¨ â�ª¨¥ ¢ë¯ãáª¨ ¢®¯à®á�¬, á¢ï§�−−ë¬ á à¥ª®-
¬¥−¤�â¥«ì−ë¬¨ á¨áâ¥¬�¬¨, á«¥¤ã¥â ®â¬¥â¨âì: AI Communications (2008);
IEEE Intelligent Systems (2007); International Journal of Electronic Com-
merce (2006); International Journal of Computer Science and Applications
(2006); ACM Transactions on Computer-Human Interaction (2005) ¨ ACM
Transactions on Information Systems (2004).

÷�§¢¨â¨¥ à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬ −�ç�«®áì á ¤®¢®«ì−® ¯à®áâ®£® −�¡«î¤¥-
−¨ï: «î¤¨ ç�áâ® ¯®«�£�îâáï −� à¥ª®¬¥−¤�æ¨¨, ¯à¥¤®áâ�¢«¥−−ë¥ ¤àã£¨¬¨ ¯à¨
¯à¨−ïâ¨¨ ¯®¢á¥¤−¥¢−ëå à¥è¥−¨©. ��¯à¨¬¥à, ¯à¨ ¢ë¡®à¥ ª−¨£¨ ¤«ï çâ¥−¨ï
¬ë ®¡ëç−® à�ááç¨âë¢�¥¬ −� à¥ª®¬¥−¤�æ¨¨ ¤àã§¥©, à�¡®â®¤�â¥«¨ ãç¨âë¢�îâ
à¥ª®¬¥−¤�â¥«ì−ë¥ ¯¨áì¬� ¯à¨ ¯à¨−ïâ¨¨ à¥è¥−¨© ® âàã¤®ãáâà®©áâ¢¥, ¯à¨ ¢ë¡®-
à¥ ä¨«ì¬� ¤«ï ¯à®á¬®âà� «î¤¨ áª«®−−ë ®à¨¥−â¨à®¢�âìáï −� ®¡§®àë ä¨«ì¬®¢,
ª®â®àë¥ −�¯¨á�« ª¨−®ªà¨â¨ª.

‘âà¥¬ïáì ¯®¤à�¦�âì â�ª®¬ã ¯®¢¥¤¥−¨î, ¯¥à¢ë¥ à¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë
¯à¨¬¥−ï«¨ �«£®à¨â¬ë, ¨á¯®«ì§ãîé¨¥ à¥ª®¬¥−¤�æ¨¨, ¢ëà�¡®â�−−ë¥ á®®¡é¥-
áâ¢®¬ ¯®«ì§®¢�â¥«¥©, çâ®¡ë ¯à¥¤®áâ�¢¨âì à¥ª®¬¥−¤�æ¨î �ªâ¨¢−®¬ã (¯à®£−®§¨àã-
¥¬®¬ã) ¯®«ì§®¢�â¥«î. �â¨ à¥ª®¬¥−¤�æ¨¨ á®áâ®ï«¨ ¨§ ®¡ê¥ªâ®¢, ª®â®àë¥ ¢ëá®ª®
®æ¥−¨«¨ áå®¤−® ¬ëá«ïé¨¥ ¯®«ì§®¢�â¥«¨ (á ¯®å®¦¨¬¨ ¢ªãá�¬¨). ’�ª®© ¯®¤å®¤
áâ�« −�§ë¢�âìáï ª®««�¡®à�â¨¢−®© ä¨«ìâà�æ¨¥©. …£® ®¡®á−®¢�−¨¥ §�ª«îç�¥âáï ¢
â®¬, çâ® ¥á«¨ �ªâ¨¢−ë© ¯®«ì§®¢�â¥«ì á®£«�è�«áï ¢ ¯à®è«®¬ á −¥ª®â®àë¬¨ ¯®«ì-
§®¢�â¥«ï¬¨, â® −®¢ë¥ à¥ª®¬¥−¤�æ¨¨, ¯®áâã¯�îé¨¥ ®â íâ¨å áå®¦¨å ¯®«ì§®¢�â¥«¥©,
¤®«¦−ë â�ª¦¥ ¯à¥¤áâ�¢«ïâì ¨−â¥à¥á ¤«ï �ªâ¨¢−®£® ¯®«ì§®¢�â¥«ï.

‘®¢à¥¬¥−−ë¥ ¦¥ à¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë £¥−¥à¨àãîâ à¥ª®¬¥−¤�æ¨¨, ¨á-
¯®«ì§ãï à�§«¨ç−ë¥ â¨¯ë §−�−¨© ¨ ¤�−−ëå ® ¯®«ì§®¢�â¥«ïå, ¤®áâã¯−ëå ®¡ê¥ªâ�å
¨ ¯à¥¤ë¤ãé¨å ®¯¥à�æ¨ïå ¯®«ì§®¢�â¥«¥© −�¤ ®¡ê¥ªâ�¬¨. ‡�â¥¬ ¯®«ì§®¢�â¥«ì ¬®-
¦¥â ¯à®á¬�âà¨¢�âì á¯¨á®ª à¥ª®¬¥−¤�æ¨©. �− ¬®¦¥â ¯à¨−¨¬�âì ¨å ¨«¨ −¥â, ¬®¦¥â
¤�âì áà�§ã ¨«¨ −� á«¥¤ãîé¥¬ íâ�¯¥ ï¢−ãî ¨«¨ −¥ï¢−ãî à¥�ªæ¨î, ®¡¥á¯¥ç¨¢�ï
®¡à�â−ãî á¢ï§ì. ‚á¥ íâ¨ ¤¥©áâ¢¨ï ¯®«ì§®¢�â¥«ï ¨ ®¡à�â−�ï á¢ï§ì ¬®£ãâ ¡ëâì
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á®åà�−¥−ë ¢ ¡�§¥ ¤�−−ëå à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë ¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë
¤«ï á®§¤�−¨ï −®¢ëå à¥ª®¬¥−¤�æ¨© ¯à¨ á«¥¤ãîé¥¬ ¢§�¨¬®¤¥©áâ¢¨¨ ¯®«ì§®¢�â¥«ï
¨ á¨áâ¥¬ë.

Š −�áâ®ïé¥¬ã ¢à¥¬¥−¨ ¬®¦−® ¢ë¤¥«¨âì âà¨ ®á−®¢−ëå ¯®¤å®¤� ª ¯®áâà®¥−¨î
à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬:

1. Collaborative filtering (ª®««�¡®à�â¨¢−�ï ä¨«ìâà�æ¨ï). Š�ª ã¦¥ ã¯®¬¨−�-
«®áì ¢ëè¥, ¯à®áâ�ï ¨ ®à¨£¨−�«ì−�ï à¥�«¨§�æ¨ï íâ®£® ¯®¤å®¤� [4] à¥ª®¬¥−¤ã¥â
�ªâ¨¢−ë¬ ¯®«ì§®¢�â¥«ï¬ í«¥¬¥−âë, ª®â®àë¥ ¤àã£¨¬ ¯®«ì§®¢�â¥«ï¬ á® áå®¦¨-
¬¨ ¢ªãá�¬¨ ¯®−à�¢¨«¨áì ¢ ¯à®è«®¬. ‘å®¤áâ¢® ¢® ¢ªãá¥ ¤¢ãå ¯®«ì§®¢�â¥«¥©
à�ááç¨âë¢�¥âáï −� ®á−®¢¥ áå®¤áâ¢� ¢ à¥©â¨−£�å ¯®«ì§®¢�â¥«¥©.
’à�¤¨æ¨®−−ë© �«£®à¨â¬ ª®««�¡®à�â¨¢−®© ä¨«ìâà�æ¨¨ ¯à¥¤áâ�¢«ï¥â ¯®«ì§®-
¢�â¥«ï ª�ª N-¬¥à−ë© ¢¥ªâ®à ®¡ê¥ªâ®¢, £¤¥ N | ç¨á«® à�§«¨ç−ëå ¯à¥¤«�£�-
¥¬ëå ®¡ê¥ªâ®¢ (ª®«¨ç¥áâ¢® â®¢�à®¢ ¢ ª�â�«®£¥, ä¨«ì¬®¢, ª−¨£). Š®¬¯®−¥−âë
¢¥ªâ®à� ¯®«®¦¨â¥«ì−ë ¯à¨ ¯®ªã¯ª¥ ¨«¨ ï¢−®© ¯®«®¦¨â¥«ì−®© ®æ¥−ª¥ ¯®«ì-
§®¢�â¥«¥¬ á®®â¢¥âáâ¢ãîé¥£® ®¡ê¥ªâ� ¨ ®âà¨æ�â¥«ì−ë¥ ¤«ï −¥£�â¨¢−®£® ¯®
à¥©â¨−£ã ®¡ê¥ªâ�. �«£®à¨â¬ £¥−¥à¨àã¥â à¥ª®¬¥−¤�æ¨¨ −� ®á−®¢¥ à¥©â¨−£®¢
−¥áª®«ìª¨å ª«¨¥−â®¢, ª®â®àë¥ −�¨¡®«¥¥ ¡«¨§ª¨ ª �ªâ¨¢−®¬ã ¯®«ì§®¢�â¥«î.
‘å®¤áâ¢® ¤¢ãå ¯®«ì§®¢�â¥«¥© A ¨ B ®¡ëç−® ¨§¬¥àï¥âáï ª®á¨−ãá®¬ ã£«�
¬¥¦¤ã ¤¢ã¬ï ¯®«ì§®¢�â¥«ìáª¨¬¨ ¢¥ªâ®à�¬¨:

similarity
(−→
A,

−→
B
)
= cos(

−→
A,

−→
B ) =

−→
A • −→B

‖−→A‖ ∗ ‖−→B‖
.

Š®««�¡®à�â¨¢−�ï ä¨«ìâà�æ¨ï áç¨â�¥âáï á�¬ë¬ ¯®¯ã«ïà−ë¬ ¨ è¨à®ª® ¯à¨-
¬¥−ï¥¬ë¬ ¯®¤å®¤®¬ ª ¯®áâà®¥−¨î à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬.

2. Content-based [5]. „�−−ë© ¯®¤å®¤ ®á−®¢�− −� ¨á¯®«ì§®¢�−¨¨ ¤�−−ëå
¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥© ¨ ¤�−−ëå ®¡ ®¡ê¥ªâ�å. ‘®¤¥à¦�−¨¥ ¯à®ä¨«ï
¯®«ì§®¢�â¥«ï ¬®¦¥â á®áâ®ïâì −¥ â®«ìª® ¨§ ¨áâ®à¨¨ ¥£® ¯®ªã¯®ª ¨ ®æ¥−®ª
®¡ê¥ªâ®¢, −® ¨ ¨§ ¬−®¦¥áâ¢� ¤àã£¨å ¯�à�¬¥âà®¢: ¢®§à�áâ�, ¬¥áâ� ¦¨â¥«ìáâ¢�
¨ â. ¯. ’® ¦¥ ®â−®á¨âáï ¨ ª ¯à®ä¨«î (®¯¨á�−¨î) ®¡ê¥ªâ®¢. „�−−ë¥ ¢ íâ®¬
á«ãç�¥ ¬®¦−® à�§¤¥«¨âì ¯® ¤¢ã¬ ¢�¦−ë¬ ¯�à�¬¥âà�¬:

(�) á¯®á®¡ ¯®«ãç¥−¨ï: ï¢−ë© (£®«®á®¢�−¨¥, §�¯®«−¥−¨¥ ¯à®ä¨«ï ¨ â. ¯.) ¨«¨
−¥ï¢−ë© (¨áâ®à¨ï ¯®ªã¯®ª, £¥®£à�ä¨ç¥áª®¥ ¯®«®¦¥−¨¥ ¯® IP-�¤à¥áã,
¨áâ®à¨ï ¯®á¥é¥−¨© á�©â®¢ ¨«¨ ¦¥ ¤àã£�ï ¨−ä®à¬�æ¨ï, á®¡à�−−�ï ¯à¨
¯®¬®é¨ á¯¥æ¨�«¨§¨à®¢�−−ëå ¯à®£à�¬¬);

(¡) áâàãªâãà¨à®¢�−−®áâì. ‘âàãªâãà¨à®¢�−−ë¬¨ ¤�−−ë¬¨ ï¢«ïîâáï áâ�−-
¤�àâ−ë¥ ¯®«ï ¯à®ä¨«ï, ¨áâ®à¨¨ ¯®ªã¯®ª, æ¥−� â®¢�à�, â¨¯ ®¡ê¥ªâ�
¨ â. ¯. Š −¥áâàãªâãà¨à®¢�−−ë¬ ¬®¦−® ®â−¥áâ¨ á¢®¡®¤−ë¥ ¯®«ï ¯à®ä¨«ï
(−�¯à¨¬¥à, ú® á¥¡¥û), á¢®¡®¤−ë¥ ª®¬¬¥−â�à¨¨ ®¡ ®¡ê¥ªâ�å, â¥ªáâ®¢ë¥
®¯¨á�−¨ï â®¢�à®¢, â¥ªáâë −®¢®áâ¥© ¨ â. ¯.
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�á−®¢−�ï á«®¦−®áâì à�¡®âë á −¥áâàãªâãà¨à®¢�−−ë¬¨ ¤�−−ë¬¨ | âàã¤−®áâì
ú®æ¨äà®¢ª¨û (−�¯à¨¬¥à, ¯à¨¢¥¤¥−¨¥ ª ¢¥ªâ®à−®¬ã ¢¨¤ã). „«ï à�¡®âë á â�-
ª¨¬¨ ¤�−−ë¬¨ âà¥¡ãîâáï á¯¥æ¨�«ì−ë¥ �«£®à¨â¬ë, −�¯à¨¬¥à, −®à¬�«¨§�æ¨¨
á«®¢ ¨ �«£®à¨â¬ë á¥¬�−â¨ç¥áª®£® �−�«¨§� â¥ªáâ®¢ (Latent Semantic Analysis,
á«ãç�©−®¥ ¨−¤¥ªá¨à®¢�−¨¥ [6] ¨ â. ¯.). �¡à�¡®âª� −¥áâàãªâãà¨à®¢�−−ëå ¤�−-
−ëå ï¢«ï¥âáï ®ç¥−ì á«®¦−®© ¨ −¥ à¥è¥−−®© ¤® ª®−æ� §�¤�ç¥©, çâ® £®¢®à¨â ®
¯¥àá¯¥ªâ¨¢−®áâ¨ ¤�−−®£® −�¯à�¢«¥−¨ï, −® ¢ â® ¦¥ ¢à¥¬ï ¨ ® −¥®¡å®¤¨¬®áâ¨
ªà�©−¥ �ªªãà�â−®© à�¡®âë á −¨¬¨. ‘âàãªâãà¨à®¢�−−ë¥ ¦¥ ¤�−−ë¥ ¤®¢®«ì−®
«¥£ª® ¯à¥¤áâ�¢«ïîâáï ¢ −¥®¡å®¤¨¬®¬ ¢¨¤¥.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¢ ª«�áá¨ç¥áª®¬ áontent-based ¯®¤å®¤¥ ¨á¯®«ì§ãîâáï
¨áª«îç¨â¥«ì−® ¤�−−ë¥ ® â®¢�à�å, ¯à¨ç¥¬ à¥ª®¬¥−¤�æ¨¨ ¯®«ì§®¢�â¥«î ¤�-
îâáï â®«ìª® −� ®á−®¢¥ ¥£® «¨ç−ëå ¯®ªã¯®ª. ‡�â¥¬ á ¯®¬®éìî −¥ª®© ¬¥àë
¡«¨§®áâ¨, ç�áâ® | ª®íää¨æ¨¥−â� �¨àá®−�, ®¯à¥¤¥«ïîâáï ®¡ê¥ªâë, ¡«¨§ª¨¥
ª ¯à®ä¨«î ¯®«ì§®¢�â¥«ï.

3. ƒ¨¡à¨¤−�ï à¥ª®¬¥−¤�â¥«ì−�ï á¨áâ¥¬�. ÷�§«¨ç−ë¥ ¯®¤å®¤ë ª á®§¤�−¨î
à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬ ®¡«�¤�îâ á¢®¨¬¨ ¤®áâ®¨−áâ¢�¬¨ ¨ −¥¤®áâ�âª�¬¨,
¢ á¢ï§¨ á ç¥¬ à�§ã¬−ë¬ ¯à¥¤áâ�¢«ï¥âáï á®¢¬¥é¥−¨¥ −¥áª®«ìª¨å ¯®¤å®¤®¢ ¢
®¤−®© á¨áâ¥¬¥. ’�ª¨¥ à¥ª®¬¥−¤�â¥«ì−ë¥ á¨áâ¥¬ë, ®á−®¢�−−ë¥ −� ª®¬¡¨−�æ¨¨
®¯¨á�−−ëå ¢ëè¥ ¬¥â®¤®¢, −�§ë¢�îâáï £¨¡à¨¤−ë¬¨. ƒ¨¡à¨¤−�ï á¨áâ¥¬�,
á®ç¥â�îé�ï ¬¥â®¤ë A ¨ B, ¯ëâ�¥âáï ¨á¯®«ì§®¢�âì ¯à¥¨¬ãé¥áâ¢� A, çâ®¡ë
¨á¯à�¢¨âì −¥¤®áâ�âª¨ B. ��¯à¨¬¥à, ¬¥â®¤ ª®««�¡®à�â¨¢−®© ä¨«ìâà�æ¨¨
áâà�¤�¥â ®â ¯à®¡«¥¬ë úå®«®¤−®£® áâ�àâ�û, â® ¥áâì íâ®â ¬¥â®¤ −¥ ¬®¦¥â
à¥ª®¬¥−¤®¢�âì ®¡ê¥ªâë, ª®â®àë¥ −¥ ¨¬¥îâ à¥©â¨−£®¢. �â® −¥ ®£à�−¨ç¨¢�¥â
content-based ¯®¤å®¤, ã ª®â®à®£® à¥ª®¬¥−¤�æ¨ï −®¢ëå ®¡ê¥ªâ®¢ ®á−®¢�−� −�
¨å ®¯¨á�−¨¨ (å�à�ªâ¥à¨áâ¨ª�å), çâ®, ª�ª ¯à�¢¨«®, «¥£ª® ¤®áâã¯−®.

‚ §�ª«îç¥−¨¥ ®â¬¥â¨¬, çâ® à�§à�¡®âª� à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬ ï¢«ï¥âáï
¬−®£®¯à®ä¨«ì−®© §�¤�ç¥©, âà¥¡ãîé¥© ¯à¨¢«¥ç¥−¨ï íªá¯¥àâ®¢ ¨§ à�§«¨ç−ëå
®¡«�áâ¥©, â�ª¨å ª�ª ¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ, ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨,
¨−â¥««¥ªâã�«ì−ë© �−�«¨§ ¤�−−ëå, áâ�â¨áâ¨ª�, ¬�àª¥â¨−£.

2 Оценка качества работы системы

‚�¦−ë¬ ¯ã−ªâ®¬ ¤«ï à�§à�¡®âª¨ à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬ ï¢«ï¥âáï ®æ¥−ª�
ª�ç¥áâ¢� à�¡®âë â�ª¨å á¨áâ¥¬. ‚ íâ®¬ à�§¤¥«¥ ¯à¨¢®¤ïâáï −¥ª®â®àë¥ ®¡é¥¯à¨-
−ïâë¥ ¬¥âà¨ª¨, â�ª¨¥ ª�ª â®ç−®áâì, ¯®«−®â� ¨ â. ¯.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® −¥ª®â®àë¥ ®æ¥−ª¨ å®à®è® ¯à¨¬¥−ïâì «¨èì ¤«ï á¨áâ¥¬,
¯à¥¤áª�§ë¢�îé¨å à¥©â¨−£, � −¥ª®â®àë¥ | «¨èì ¤«ï á¨áâ¥¬, ¤�îé¨å à¥ª®¬¥−-
¤�æ¨¨ â¨¯� Top N. �¡ëç−® ®¡«�áâì ¯à¨¬¥−¥−¨ï ¬¥âà¨ª¨ ¢¨¤−� ¨§ ®¯à¥¤¥«¥−¨ï.
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2.1 Точность (accuracy)

‘ãé¥áâ¢ã¥â ¬−®¦¥áâ¢® à�§«¨ç−ëå ¬¥âà¨ª ¤«ï ®æ¥−ª¨ â®ç−®áâ¨.

{ mean absolute error (MAE):

MAE =

∑

u∈U

∑

i∈testsetu

|rec(u, i) − ru,i|
∑

u∈U

|testsetu|
,

£¤¥ u | ¯®«ì§®¢�â¥«ì; i ∈ testsetu | â®¢�à ¨§ â¥áâ®¢®© ¢ë¡®àª¨; rec(u, i) ¨
ru,i | á®®â¢¥âáâ¢¥−−® ®æ¥−¥−−ë© á¨áâ¥¬®© ¨ à¥�«ì−ë© à¥©â¨−£¨ â®¢�à� i ã
¯®«ì§®¢�â¥«ï u;

{ root mean square error (RMSE):

RMSE =

√√√√√√√

∑

u∈U

∑

i∈testsetu

(rec(u, i) − ru,i)
2

∑

u∈U

|testsetu|
;

{ normalized MAE and RMSE. ‡−�ç¥−¨ï MAE ¨ RMSE ¤¥«ïâáï −� (rmax −
− rmin)| à�§−®áâì ¬¥¦¤ã ¬¨−¨¬�«ì−ë¬ ¨ ¬�ªá¨¬�«ì−ë¬ à¥©â¨−£®¬;

{ ãáà¥¤−¥−−ë¥ MAE ¨ RMSE. …á«¨ ¢ë¡®àª� −¥à�¢−®¬¥à−� ¯® â®¢�à�¬ (¯®«ì-
§®¢�â¥«ï¬), â® ¬®¦−® à�ááç¨âë¢�âì MAE ¨ RMSE ¤«ï ª�¦¤®£® â®¢�à�
(¯®«ì§®¢�â¥«ï) ®â¤¥«ì−®, � §�â¥¬ ¡à�âì áà¥¤−¥¥ íâ¨å §−�ç¥−¨©.

Œ¥âà¨ª¨ MAE ¨ RMSE, ª�ª ¢¨¤−® ¨§ ®¯à¥¤¥«¥−¨ï, «ãçè¥ à�¡®â�îâ á à¥©-
â¨−£�¬¨ (å®âï ã−�à−ë© à¥©â¨−£ (¯à¥¤«�£�âì â®¢�à) â®¦¥ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−).

‚ §�¤�ç�å, £¤¥ à¥ª®¬¥−¤�â¥«ì−�ï á¨áâ¥¬� ¯à¥¤«�£�¥â ®âá®àâ¨à®¢�−−ë© á¯¨á®ª
à¥ª®¬¥−¤�æ¨©, ¬®¦−® ¨á¯®«ì§®¢�âì ¯�à�¬¥âàë, áâ�−¤�àâ−ë¥ ¤«ï à�§«¨ç−ëå
á¨áâ¥¬ ª«�áá¨ä¨ª�æ¨¨.

Œ®¦−® ¢ë¤¥«¨âì 4 â¨¯� ¨áå®¤®¢ (®è¨¡®ª ¨«¨ ¨å ®âáãâáâ¢¨ï) ¤«ï à¥ª®¬¥−¤�-
æ¨©:

Recommended Not recommended
Used true positive (tp) false negative (fn)

Not Used false positive (fp) true negative (tn)

�� ¬−®¦¥áâ¢¥ â�ª¨å ¨áå®¤®¢ ¬®¦−® ¯®áâà®¨âì á«¥¤ãîé¨¥ áâ�−¤�àâ−ë¥ ¬¥â-
à¨ª¨:
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{ â®ç−®áâì (precision)

P =
#tp

#tp +#fp
;

{ ¯®«−®â� (recall)

R =
#tp

#tp +#fn
;

{ ãà®¢¥−ì «®¦−®¯®«®¦¨â¥«ì−ëå (fp) ®â¢¥â®¢

FP =
#fp

#fp + #tn
;

{ �ªªãà�â−®áâì (accuracy)

A =
#tp +#tn

#tp +#tn +#fp +#fn
.

‡−�ç¥−¨ï íâ¨å ¬¥âà¨ª, ®ç¥¢¨¤−®, §�¢¨áïâ ®â ¤«¨−ë á¯¨áª� ¢ë¤�¢�¥¬ëå
à¥ª®¬¥−¤�æ¨©. ��¯à¨¬¥à, ¯à¨ ã¢¥«¨ç¥−¨¨ ¤«¨−ë á¯¨áª� ¯®«−®â� ã¢¥«¨ç¨âáï,
� â®ç−®áâì ã¯�¤¥â. ‚ á¢ï§¨ á íâ¨¬ ¬®¦−® ¢ ª�ç¥áâ¢¥ ®æ¥−®ª ¨á¯®«ì§®¢�âì −¥
â®«ìª® á�¬¨ §−�ç¥−¨ï ¯�à�¬¥âà®¢, −® ¨ ¨å ®â−®è¥−¨ï ¯à¨ ¨§¬¥−¥−¨¨ ¤«¨−ë
á¯¨áª�, â�ª −�§ë¢�¥¬ë¥ Recieving Operating Characteristic: −�¯à¨¬¥à, £à�ä¨ª
á®®â−®è¥−¨ï P ª R ¨«¨ R ª FP.

’�ª¦¥ áãé¥áâ¢ãîâ ®¡é¥¯à¨−ïâë¥ ®¡ê¥¤¨−¥−−ë¥ ¬¥âà¨ª¨:

F1 =
2PR

P +R
;

Fβ = (1 + β
2)
2PR

β2P +R
.

—�áâ® ¨á¯®«ì§ãîâáï ¯�à�¬¥âàë β = 0,5 ¨ 2.

2.2 Метрики ранжирования

…á«¨ ¯®«ì§®¢�â¥«î à¥ª®¬¥−¤ã¥âáï −¥áª®«ìª® â®¢�à®¢, ¢�¦−® ãç¨âë¢�âì,
¢ ª�ª®¬ ¯®àï¤ª¥ ¤�−−ë¥ â®¢�àë ¡ë«¨ à¥ª®¬¥−¤®¢�−ë. Œ®¦−® à¥�«¨§®¢�âì
¬−®¦¥áâ¢® â�ª¨å ¬¥âà¨ª. �à¨¢¥¤¥¬ ¯à¨¬¥à ®¤−®© ¨§ −¨å.

�ãáâì hitsu | ¬−®¦¥áâ¢® â®¢�à®¢, ¯à�¢¨«ì−® à¥ª®¬¥−¤®¢�−−ëå ¯®«ì§®-
¢�â¥«î u. ’®£¤� ¢ ª�ç¥áâ¢¥ ¬¥âà¨ª¨ ¤«ï ®æ¥−ª¨ à�−¦¨à®¢�−¨ï ¬®¦−® ¢§ïâì,
−�¯à¨¬¥à,

rankscoreu =
∑

i∈hitsu

1

2(rank(i)−1)/α
,
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£¤¥ α | ¯�à�¬¥âà, rank (i)| ª�ª¨¬ −®¬¥à®¬ ¡ë« ¢ë¤�− â®¢�à ¢ à¥ª®¬¥−¤�æ¨¨.
Œ®¦−® −®à¬�«¨§®¢�âì â�ªãî ®æ¥−ªã à�§¤¥«¨¢ −�

rankscoremaxu =
∑

i∈testsetu

1

2(idx(i)−1)/α
,

£¤¥ idx (i) | äã−ªæ¨ï ¯¥à¥ç¨á«¥−¨ï ¢á¥å â®¢�à®¢ ¨§ â¥áâ®¢®© ¢ë¡®àª¨ ¤«ï
¯®«ì§®¢�â¥«ï u.

2.3 Покрытие

÷�áá¬®âà¨¬ ¬¥âà¨ª¨ ¯®ªàëâ¨ï −� ¯à¨¬¥à¥ â®¢�à®¢. „«ï ¯®«ì§®¢�â¥«¥© â�ª¨¥
¬¥âà¨ª¨ ¬®£ãâ ¡ëâì ¢¢¥¤¥−ë �−�«®£¨ç−®.
‚®§¬®¦−�ï ¢ë¤�ç�: #(Items which can be recommended)/#(All items).

’�ª¦¥ ¤«ï ®æ¥−ª¨ à�¢−®¬¥à−®áâ¨ ¯®ªàëâ¨ï ¬®¦−® ãç¨âë¢�âì ¢¥à®ïâ−®áâì
p(i) à¥ª®¬¥−¤�æ¨¨ (¨«¨ ¢ë¡®à�) â®¢�à� i. ‚ ª�ç¥áâ¢¥ ¬¥âà¨ª ¬®¦−® ¢§ïâì:

{ Gini Index 1/(nitems − 1)
nitems∑
j=1
(2j − nitems − 1)p(ij) , ¯®á«¥¤®¢�â¥«ì−®áâì

−®¬¥à®¢ â®¢�à®¢ ij ã¯®àï¤®ç¥−� ¯® −¥ã¡ë¢�−¨î p(ij);

{ í−âà®¯¨î ˜¥−−®−�
nitems∑
i=1

p(i) log p(i) .

2.4 Диверсифицированность выдачи

—¨á«¥−−® ¬®¦−® ®æ¥−¨âì, −�áª®«ìª® ¤¨¢¥àá¨ä¨æ¨à®¢�−� ¢ë¤�ç� à¥ª®¬¥−¤�-
æ¨© ¤«ï ¯®«ì§®¢�â¥«ï:

ILSu =
∑

i∈recsetu

∑

j∈recsetu,i>j

sim (i, j) ,

£¤¥ sim (i, j)| −¥ª®â®à�ï äã−ªæ¨ï, ¯®ª�§ë¢�îé�ï ¡«¨§®áâì â®¢�à®¢ i ¨ j.

3 Постановка задачи

‚ ¤�−−®© à�¡®â¥ ®¯¨á�−® ¯®áâà®¥−¨¥ �àå¨â¥ªâãàë £¨¡à¨¤−®© à¥ª®¬¥−¤�-
â¥«ì−®© á¨áâ¥¬ë ¤«ï à¥è¥−¨ï á«¥¤ãîé¥© §�¤�ç¨: ¤«ï ¯®«ì§®¢�â¥«ï −¥®¡å®¤¨¬®
¢ë¤�¢�âì á¯¨á®ª §�¤�−−®£® ç¨á«� −�¨¡®«¥¥ ¯®¤å®¤ïé¨å ª à¥ª®¬¥−¤�æ¨¨ ®¡ê¥ªâ®¢
(−�¯à¨¬¥à, â®¢�à®¢ ¨§ ¨−â¥à−¥â-¬�£�§¨−�, ª−¨£, ä¨«ì¬®¢, ¬®¡¨«ì−ëå ¯à¨«®¦¥-
−¨©). �à¨ íâ®¬ ¤«ï ª�¦¤®© à¥ª®¬¥−¤�æ¨¨ ¦¥«�â¥«ì−® ¯®«ãç�âì ¢¥é¥áâ¢¥−−ë©
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¯�à�¬¥âà, å�à�ªâ¥à¨§ãîé¨© ¢�¦−®áâì íâ®© à¥ª®¬¥−¤�æ¨¨. ’�ª¦¥ ªà�©−¥ ¦¥-
«�â¥«ì−® ¯® ª�¦¤®© à¥ª®¬¥−¤�æ¨¨ ¯®«ì§®¢�â¥«î ¤�¢�âì ®¡êïá−¥−¨¥, ¯®ç¥¬ã íâ�
à¥ª®¬¥−¤�æ¨ï ¡ë«� ¤�−� (−�¯à¨¬¥à, äã−ªæ¨ï úwhy?û −� Amazon.com).

�á−®¢−�ï ¢�¦−�ï ®á®¡¥−−®áâì ¯®áâ�¢«¥−−®© §�¤�ç¨ | íâ® −¥®¡å®¤¨¬®áâì
¨á¯®«ì§®¢�âì áà�§ã ¢á¥ ¤®áâã¯−ë¥ ¤�−−ë¥:

{ ¤�−−ë¥ ¯à®ä¨«ï ¯®«ì§®¢�â¥«ï (¯®«, ¢®§à�áâ, ¬¥áâ®¯®«®¦¥−¨¥, ¥á«¨ ¥áâì ¢®§-
¬®¦−®áâì ®¯à¥¤¥«¨âì ¯® GPS, ¨−â¥à−¥â-�ªâ¨¢−®áâì, ç�áâ®â� ¨ ¤«¨â¥«ì−®áâì
¨á¯®«ì§®¢�−¨ï â¥å ¨«¨ ¨−ëå ¬®¡¨«ì−ëå ¯à¨«®¦¥−¨© ¨ â. ¯.);

{ ¤�−−ë¥ ® â®¢�à¥ (®¯¨á�−¨¥ ¨ å�à�ªâ¥à¨áâ¨ª¨);

{ ¤�−−ë¥ ¯®ªã¯®ª (à¥©â¨−£®¢) | «¨¡® ï¢−ë¥ ®æ¥−ª¨ ¯®«ì§®¢�â¥«ï, «¨¡® á®-
¡à�−−�ï ¨−ä®à¬�æ¨ï ®¡ ¨á¯®«ì§®¢�−¨¨ ¨«¨ ¯®ªã¯ª¥ â®¢�à®¢.

4 Архитектура гибрида. Общая идея

‚ å®¤¥ à�§à�¡®âª¨ �àå¨â¥ªâãàë à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë ã¤�«®áì á®¢¬¥á-
â¨âì à�§«¨ç−ë¥ ¨¤¥¨ ¢ ®¤¨− ®¡é¨© £¨¡à¨¤. „�−−ë© £¨¡à¨¤ ¨¬¥¥â −¥áª®«ìª®
íâ�¯®¢ à�¡®âë, ¢ á¢ï§¨ á ç¥¬ −� ª�¦¤®¬ íâ�¯¥ ¬®¦−® ¨á¯®«ì§®¢�âì ¯®¤å®¤ë,
¬¥â®¤ë ¨ �«£®à¨â¬ë, −�¨¡®«¥¥ ¯®¤å®¤ïé¨¥ ¤«ï à¥è¥−¨ï ¯®áâ�¢«¥−−®© §�¤�ç¨.

4.1 Основные этапы

�à¥¤«®¦¥−−�ï �àå¨â¥ªâãà� á¨áâ¥¬ë ¯à¥¤áâ�¢«ï¥â á®¡®© è¥áâ¨áâã¯¥−ç�âë©
£¨¡à¨¤, ª®â®àë© ¡ë«® ¯à¥¤«®¦¥−® −�§¢�âì GEFEST ¢ á®®â¢¥âáâ¢¨¨ á ¥£® ®á−®¢-
−ë¬¨ íâ�¯�¬¨:

{ Generation | £¥−¥à�æ¨ï −�ç�«ì−®£® á¯¨áª� ¢®§¬®¦−ëå à¥ª®¬¥−¤�æ¨©;

{ Expansion | à�áè¨à¥−¨¥ íâ®£® á¯¨áª� áå®¦¨¬¨ â®¢�à�¬¨;

{ Filtering | ä¨«ìâà�æ¨ï à�áè¨à¥−−®£® á¯¨áª�;

{ Estimation | ®æ¥−ª�, ¯à®£−®§¨à®¢�−¨¥ à¥©â¨−£®¢ ¤«ï â®¢�à®¢;

{ Sorting | á®àâ¨à®¢ª� ¯® à¥©â¨−£ã ¨/¨«¨ ¢¥à®ïâ−®áâ¨ à¥©â¨−£� (â®ç−®áâ¨
¯à®£−®§�);

{ Truncation | ãá¥ç¥−¨¥, ãª®à�ç¨¢�−¨¥ ®âá®àâ¨à®¢�−−®£® á¯¨áª�.

„�−−®¥ à�§¤¥«¥−¨¥ −� íâ�¯ë ¢¨¤¨âáï ®ç¥−ì ã¤�ç−ë¬ ¯® á«¥¤ãîé¨¬ ¯à¨ç¨−�¬:

1. �� ¯¥à¢®¬ íâ�¯¥ ä®à¬¨àã¥âáï «¨èì á¯¨á®ª à¥ª®¬¥−¤�æ¨©, á®®â¢¥âáâ¢¥−−®,
−¥ âà¥¡ã¥âáï ®â à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë ¢ëáâ�¢«¥−¨ï à¥©â¨−£®¢. ’�ª¨¬
®¡à�§®¬, ¬®£ãâ ¨á¯®«ì§®¢�âìáï á¨áâ¥¬ë â¨¯� Top N, ª®â®àë¥ á«®¦−® ¨á¯®«ì-
§®¢�âì ¢ ®¡é¥¬ á«ãç�¥. Šà®¬¥ â®£®, ®â¯�¤�¥â −¥®¡å®¤¨¬®áâì áâà®£® á«¥¤¨âì
§� ç¨á«®¬ ¢ë¤�¢�¥¬ëå à¥ª®¬¥−¤�æ¨©: ¢¥àå−ïï £à�−¨æ� ¬®¦¥â ¡ëâì ®ç¥−ì
¢ëá®ª� ¨ ¢ë¡¨à�¥âáï «¨èì §� áç¥â ¢ëç¨á«¨â¥«ì−®© á«®¦−®áâ¨ á¨áâ¥¬ë.
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2. •®à®è¥¥ ¯à®£−®§¨à®¢�−¨¥ à¥©â¨−£®¢, ®á®¡¥−−® ¥á«¨ −¥®¡å®¤¨¬® ¥é¥ ¨ ®æ¥−¨-
¢�âì ¤®áâ®¢¥à−®áâì ¯à®£−®§�, ï¢«ï¥âáï á�¬®© ¢ëç¨á«¨â¥«ì−® âàã¤−®© §�¤�ç¥©,
â. ª. ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë á«®¦−ë¥ �«£®à¨â¬ë ¨ ª«�áá¨ä¨ª�â®àë. —�áâ®
¨á¯®«ì§ãîâáï ®â¤¥«ì−ë¥ ª«�áá¨ä¨ª�â®àë ¤«ï ª�¦¤®£® â®¢�à�. ‘®®â¢¥â-
áâ¢¥−−®, ¯à®£−®§¨à®¢�âì à¥©â¨−£ ¦¥«�â¥«ì−® ¤«ï ª�ª ¬®¦−® ¬¥−ìè¥£® ç¨á«�
â®¢�à®¢. ‚ ¯à®áâëå ¯®¤å®¤�å ª ¯®áâà®¥−¨î à¥ª®¬¥−¤�â¥«ì−ëå á¨áâ¥¬ ¯à¨-
å®¤¨âáï ¤«ï ä®à¬¨à®¢�−¨ï à¥ª®¬¥−¤�æ¨¨ ¢ëç¨á«ïâì à¥©â¨−£ ¤«ï ª�¦¤®£®
â®¢�à�, çâ® á ãç¥â®¬ ¡®«ìè®£® ¨ ¯®áâ®ï−−® ã¢¥«¨ç¨¢�îé¥£®áï ª®«¨ç¥áâ¢�
â®¢�à®¢ ¢ à¥è�¥¬®© §�¤�ç¥ −¥¤®¯ãáâ¨¬®. ��«¨ç¨¥ íâ�¯®¢ 1{3, −¥ âà¥¡ãîé¨å
¯à®£−®§¨à®¢�−¨ï à¥©â¨−£�, à¥è�¥â íâã ¯à®¡«¥¬ã.

3. „«ï ª�¦¤®£® íâ�¯� ¬®¦−® ¢¢®¤¨âì á¢®¨ ¬¥âà¨ª¨ ®æ¥−ª¨ ª�ç¥áâ¢�.

4.2 Требования к данным

÷�áá¬�âà¨¢�¥¬�ï −¨¦¥ à¥�«¨§�æ¨ï ¯à¥¤«®¦¥−−®© ¨¤¥¨ âà¥¡ã¥â −�«¨ç¨ï ®¯à¥-
¤¥«¥−−ëå ¤�−−ëå.

‚®-¯¥à¢ëå, íâ®, ª®−¥ç−® ¦¥, ¬�âà¨æ� à¥©â¨−£®¢ R = {rij} à�§¬¥à� nusers×
×nitems, £¤¥ nusers | ç¨á«® ¯®«ì§®¢�â¥«¥©, nitems | ª®«¨ç¥áâ¢® ®¡ê¥ªâ®¢-â®¢�-
à®¢, rij | ¢¥é¥áâ¢¥−−®§−�ç−ë© à¥©â¨−£, ®æ¥−ª�, ¢ëáâ�¢«¥−−�ï ï¢−ë¬ á¯®á®¡®¬
¯®«ì§®¢�â¥«¥¬ i â®¢�àã j «¨¡® ¯®¤áç¨â�−−�ï ¯ãâ¥¬ ãç¥â� ç�áâ®âë ¨ ¤«¨â¥«ì−®áâ¨
¨á¯®«ì§®¢�−¨ï ¤�−−®£® ¯à¨«®¦¥−¨ï, ¯®ªã¯ª¨ ¨«¨ ¢®§¢à�â� â®¢�à� ¢ ¨−â¥à−¥â-
¬�£�§¨−¥, ¯®á¥é¥−¨¥ ¢¥¡-áâà�−¨æ á ®¯¨á�−¨¥¬ â®¢�à� ¨ â. ¯.

�â�¯ 1 (Generation) âà¥¡ã¥â äã−ªæ¨¨ áà�¢−¥−¨ï ¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥©
simuser(i, j), £¤¥ i, j | −®¬¥à� ¯®«ì§®¢�â¥«¥©.

�â�¯ 2 (Expansion) âà¥¡ã¥â äã−ªæ¨¨ áà�¢−¥−¨ï ¯à®ä¨«¥© â®¢�à®¢
simitem(i, j).

�� íâ�¯¥ 4 (Estimation) ã¦¥ âà¥¡ãîâáï ¢¥ªâ®à−ë¥ ¯à¥¤áâ�¢«¥−¨ï ¯à®ä¨«¥©
¯®«ì§®¢�â¥«¥© ¨ â®¢�à®¢. ‚ íâ®¬ á−®¢� −�¡«î¤�¥âáï ¯à¥¨¬ãé¥áâ¢® ¯à¥¤«�£�¥¬®£®
¯®¤å®¤�: −¥ª®â®àë¥ −¥áâàãªâãà¨à®¢�−−ë¥ ¤�−−ë¥ «¥£ª® áà�¢−¨¢�âì, −® á«®¦−®
ª®¤¨à®¢�âì ¢ ¢¨¤¥ ¢¥ªâ®à®¢. ’�ª¨¥ ¤�−−ë¥ ¬®¦−® ¨á¯®«ì§®¢�âì −� íâ�¯�å 1 ¨ 2,
� −� íâ�¯¥ 4 −¥ ¨á¯®«ì§®¢�âì.

÷�áá¬®âà¨¬ à�¡®âã ª�¦¤®£® íâ�¯� ¡®«¥¥ ¯®¤à®¡−®.

5 Generation. Формирование начального списка возможных
рекомендаций

�� ¤�−−®¬ íâ�¯¥ ¤®«¦¥− áä®à¬¨à®¢�âìáï ª�ª ¬®¦−® ¡®«ìè¨© á¯¨á®ª ¢®§¬®¦-
−ëå à¥ª®¬¥−¤�æ¨©. �«�−¨àã¥âáï ¨á¯®«ì§®¢�âì ¤�−−ë¥ à¥©â¨−£®¢ ¨ ¯à®ä¨«¥©
¯®«ì§®¢�â¥«¥©.
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÷¥§ã«ìâ�â®¬ à�¡®âë ¤�−−®£® íâ�¯� ¤®«¦−® áâ�âì ¬−®¦¥áâ¢® â®¢�à®¢ I1 =
= i1, i2, . . . , in, ª®â®àë¥ å®âï ¡ë ¯®â¥−æ¨�«ì−® ¬®£ãâ ¡ëâì ¨−â¥à¥á−ë ¯®«ì§®¢�-
â¥«î.

„«ï ®¡à�¡®âª¨ ¤�−−ëå ¬�âà¨æë à¥©â¨−£®¢ R ¯«�−¨àã¥âáï ¨á¯®«ì§®¢�âì
item-based collaborative filtering (CF) | ¬®¤¨ä¨ª�æ¨î ª«�áá¨ç¥áª®£® ¯®¤å®¤� ª
ª®««�¡®à�â¨¢−®© ä¨«ìâà�æ¨¨, ¯à¥¤«®¦¥−−ãî ª®¬¯�−¨¥© Amazon [7]. ‚ ¤�−−®¬
¬¥â®¤¥, ¢ ®â«¨ç¨¥ ®â ª«�áá¨ç¥áª®© ª®««�¡®à�â¨¢−®© ä¨«ìâà�æ¨¨, áà�¢−¨¢�îâáï
−¥ ¯®«ì§®¢�â¥«¨, � â®¢�àë. Œ¥âà¨ª� ¨ á®áâ�¢«¥−¨¥ ¢¥ªâ®à®¢ â®¢�à®¢ ¬®£ãâ ¡ëâì
¨á¯®«ì§®¢�−ë â¥ ¦¥, çâ® ¨ ¢ á«ãç�¥ áà�¢−¥−¨ï ¯®«ì§®¢�â¥«¥©.

5.1 Item-based collaborative filtering

�¥à¢ë© è�£ | ä®à¬¨à®¢�−¨¥ á¯¨áª� Ii−bCF ¯à¨ ¯®¬®é¨ Item-based collabo-
rative filtering. �á®¡¥−−®áâì ¥£® ¨á¯®«ì§®¢�−¨ï ¢ ¤�−−®¬ á«ãç�¥ | ®ç¥−ì ¢ëá®ª¨©
¯®à®£ áå®¦¥áâ¨ â®¢�à®¢, ª®â®àë¥ −�¤® ®áâ�¢«ïâì ¢ à¥ª®¬¥−¤�æ¨¨. ‚ ®¡é¥¬-â®,
íâ®â ¯®à®£ ¬®¦−® á¤¥«�âì −¥®£à�−¨ç¥−−ë¬ (â. ¥. ®áâ�¢«ïâì ¢á¥ â®¢�àë, å®âì ª�ª-â®
áå®¦¨¥ ¯® ¬�âà¨æ¥ R). Item-based CF, ¯®¦�«ã©, ¨¤¥�«ì−® ¯®¤å®¤¨â ¤«ï íâ®£®
íâ�¯�. �à¨ç¨−ë íâ®£® ¢ á«¥¤ãîé¥¬:

{ ¯à®áâ®â�;

{ ¡®«ìè¨−áâ¢® ¢ëç¨á«¥−¨© ¯à®¨áå®¤¨â ¢ ä®−®¢®¬ à¥¦¨¬¥;

{ ®ç¥−ì ¢ëá®ª�ï áª®à®áâì à�¡®âë ¢ à¥�«ì−®¬ ¢à¥¬¥−¨;

{ ¨á¯®«ì§ãîâáï ¢á¥ ¤�−−ë¥ ¬�âà¨æë R;

{ ä®à¬¨àãîâáï −¥®¦¨¤�−−ë¥ à¥ª®¬¥−¤�æ¨¨;

{ ç�áâ¨ç−® à¥è�¥âáï ¯à®¡«¥¬� å®«®¤−®£® áâ�àâ� ¯® ¯®«ì§®¢�â¥«ï¬;

{ ¨á¯®«ì§ã¥âáï à�§à¥¦¥−−®áâì ¤�−−ëå;

{ ¬¥â®¤ ®â«¨ç−® ¯à®¢¥à¥− ¨, ¯®¦�«ã©, ï¢«ï¥âáï ®¤−¨¬ ¨§ «ãçè¨å áà¥¤¨ CF.

�¥¤®áâ�âª¨ ¬¥â®¤�: å®«®¤−ë© áâ�àâ ¯® â®¢�à�¬ ¨ â®, çâ® −¥ ¨á¯®«ì§ãîâáï
¤�−−ë¥ ® â®¢�à�å ¨ ¯®«ì§®¢�â¥«ïå, | ¡ã¤ãâ à¥è¥−ë ¤àã£¨¬¨ ç�áâï¬¨ £¨¡à¨¤�.

ˆâ�ª, ¯®á«¥ à�¡®âë ¬¥â®¤� ¯®«ãç�¥âáï á¯¨á®ª Ii−bCF ¯®â¥−æ¨�«ì−® à¥ª®¬¥−-
¤®¢�−−ëå â®¢�à®¢ −� ®á−®¢¥ ¤�−−ëå ¬�âà¨æë R.

5.2 Ближайшие соседи по профилям пользователей

‡¤¥áì ä®à¬¨àã¥âáï á¯¨á®ª â®¢�à®¢ IupNN .�ãáâì âà¥¡ã¥âáï ¢ëà�¡®â�âì à¥ª®-
¬¥−¤�æ¨î ¤«ï ¯®«ì§®¢�â¥«ï ¯®¤ −®¬¥à®¬ i.’®£¤� áà¥¤¨ ¢á¥å ®áâ�«ì−ëå ¯®«ì§®¢�-
â¥«¥© ¢ë¡¨à�¥âáï n (¯�à�¬¥âà �«£®à¨â¬�) â�ª¨å, ã ª®â®àëå äã−ªæ¨ï simuser(i, j)
¬�ªá¨¬�«ì−�. ‚ëç¨á«¥−¨¥ simuser(i, j) ¤«ï ¢á¥å ¯®«ì§®¢�â¥«¥© ¤®¢®«ì−® à¥áãàá®-
¥¬ª®, ¢ á¢ï§¨ á ç¥¬ ¯à¥¤«�£�¥âáï ¢ë−¥á¥−¨¥ ç�áâ¨ ¢ëç¨á«¥−¨© ¢ ä®−®¢ë© à¥¦¨¬.
� ¨¬¥−−® ¡ã¤¥¬ åà�−¨âì ¤«ï ª�¦¤®£® ¯®«ì§®¢�â¥«ï i á¯¨á®ª n ¡«¨¦�©è¨å ª −¥¬ã
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¯®«ì§®¢�â¥«¥© ¨ á®®â¢¥âáâ¢ãîé¨¥ §−�ç¥−¨ï äã−ªæ¨¨ simuser(i, j). �¡−®¢«¥−¨¥
á¯¨áª®¢ ¬®¦−® ¤¥«�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

{ á −¥ª®â®à®© à¥£ã«ïà−®áâìî ®¡−®¢«ïâì ¢á¥ á¯¨áª¨;

{ ¯à¨ ¤®¡�¢«¥−¨¨ −®¢®£® ¯®«ì§®¢�â¥«ï ¨«¨ ¨§¬¥−¥−¨¨ ¯à®ä¨«ï ¯®«ì§®¢�â¥«ï.
‚ ¤�−−®¬ á«ãç�¥, ¯®¦�«ã©, à�§ã¬−® ®¡−®¢«ïâì â®«ìª® á¯¨á®ª −®¢®£® ¨«¨
¨§¬¥−¥−−®£® ¯®«ì§®¢�â¥«ï.

„�«¥¥ ¤«ï n ¡«¨¦�©è¨å ¯®«ì§®¢�â¥«¥© ä®à¬¨àã¥âáï ¬−®¦¥áâ¢® ¢á¥å â®¢�à®¢
IupNN , ª®â®àë¥ íâ¨ ¯®«ì§®¢�â¥«¨ ¯®«®¦¨â¥«ì−® ®æ¥−¨«¨.

�«îáë:

{ ¯à®áâ®â�;

{ ¢®§¬®¦−®áâì ¢ë−®á¨âì ¢ëç¨á«¥−¨ï ¢ ä®−®¢ë© à¥¦¨¬;

{ ®ç¥−ì ¢ëá®ª�ï áª®à®áâì à�¡®âë ¢ à¥�«ì−®¬ ¢à¥¬¥−¨;

{ ¨á¯®«ì§ãîâáï ¤�−−ë¥ ¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥©;

{ ¢ ¯�à¥ á Item-based ‘F ¬�ªá¨¬�«ì−® à¥è�¥âáï ¯à®¡«¥¬� å®«®¤−®£® áâ�àâ�
¤«ï ¯®«ì§®¢�â¥«¥©;

{ −¥ ®¡ï§�â¥«ì−® −�«¨ç¨¥ ¢¥ªâ®à−®© ¬®¤¥«¨ ¯à®ä¨«ï ¯®«ì§®¢�â¥«ï;

{ ¬®¦−® −¥ ®á®¡® �ªªãà�â−® ¯®¤¡¨à�âì ¯�à�¬¥âà n ¨ ¡à�âì ¥£® ¤®áâ�â®ç−®
¡®«ìè¨¬.

Œ¨−ãáë ¬¥â®¤�: å®«®¤−ë© áâ�àâ ¯® â®¢�à�¬ ¨ â®, çâ® −¥ ¨á¯®«ì§ãîâáï ¤�−−ë¥
® â®¢�à�å, | ãáâà�−ïîâáï ¤àã£¨¬¨ ç�áâï¬¨ £¨¡à¨¤�.

5.3 Добавление товаров пользователя

‚�¦−®, çâ® ª ¬−®¦¥áâ¢ã I1 −¥®¡å®¤¨¬® ¤®¡�¢¨âì ¨ ¢á¥ â®¢�àë, ¯®«®¦¨â¥«ì−®
®æ¥−¥−−ë¥ ¯®«ì§®¢�â¥«¥¬ | á¯¨á®ª Iuser.

5.4 Формирование общего множества рекомендаций

Œ−®¦¥áâ¢® I1 ä®à¬¨àã¥âáï ®¡ê¥¤¨−¥−¨¥¬ Ii−bCF ∪ IupNN ∪ Iu.

6 Expansion. Расширение списка возможных рекомендаций

’�ª ª�ª ¤�−−ë¥ à¥©â¨−£®¢ ¨ ¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥© ã¦¥ §�¤¥©áâ¢®¢�−ë,
à�áè¨à¥−¨¥ ¡ã¤¥â ¯à®¢®¤¨âìáï −� ®á−®¢¥ ¤�−−ëå ¯à®ä¨«¥© â®¢�à®¢. �ã¤¥â
¨á¯®«ì§®¢�âìáï ¬¥â®¤ ¡«¨¦�©è¨å á®á¥¤¥© ¯® ¯à®ä¨«ï¬ â®¢�à®¢. „«ï ª�¦¤®£®
â®¢�à� i ∈ I1 ä®à¬¨àã¥âáï ¬−®¦¥áâ¢® Simi ¨§ n (¯�à�¬¥âà �«£®à¨â¬�) â®¢�à®¢ á
−�¨¡®«¥¥ ¡®«ìè¨¬ §−�ç¥−¨¥¬ simitem(i, j) (á�¬ â®¢�à i â®¦¥ ¯à¨−�¤«¥¦¨â íâ®¬ã
¬−®¦¥áâ¢ã, â. ¥. i ∈ Simi). Š�ª ¨ ¢ á«ãç�¥ á ¯®«ì§®¢�â¥«ï¬¨, ¢ëç¨á«¥−¨¥
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simitem(i, j) ¤«ï ¢á¥å â®¢�à®¢ ¤®¢®«ì−® à¥áãàá®¥¬ª® ¨ ¥£® ¬®¦−® â�ª¦¥ ¢ë−¥áâ¨
¢ ä®−®¢ë© à¥¦¨¬. � ¨¬¥−−® ¡ã¤¥¬ åà�−¨âì ¤«ï ª�¦¤®£® â®¢�à� i á¯¨á®ª n
¡«¨¦�©è¨å ª −¥¬ã â®¢�à®¢ ¨ á®®â¢¥âáâ¢ãîé¨¥ §−�ç¥−¨ï simitem(i, j).�¡−®¢«¥−¨¥
á¯¨áª®¢ ¬®¦−® ¤¥«�âì á«¥¤ãîé¨¬ ®¡à�§®¬:

{ á −¥ª®â®à®© à¥£ã«ïà−®áâìî ®¡−®¢«ïâì ¢á¥ á¯¨áª¨;

{ ¯à¨ ¤®¡�¢«¥−¨¨ −®¢®£® â®¢�à� ¨«¨ ¨§¬¥−¥−¨¨ ®¯¨á�−¨ï ª�ª®£®-«¨¡® â®¢�à�.

ˆâ®£®¬ à�¡®âë íâ�¯� ¡ã¤¥â ¬−®¦¥áâ¢® â®¢�à®¢ I2 =
⋃

i∈I1

Simi.

�«îáë:

{ ¯à®áâ®â�;

{ ¢®§¬®¦−®áâì ¢ë−¥á¥−¨ï ¢ëç¨á«¥−¨© ¢ ä®−®¢ë© à¥¦¨¬;

{ ¢ªã¯¥ á ¯¥à¢ë¬ íâ�¯®¬ ¬�ªá¨¬�«ì−® à¥è�¥âáï ¯à®¡«¥¬� å®«®¤−®£® áâ�àâ� ¤«ï
â®¢�à®¢;

{ ¨á¯®«ì§ãîâáï ¤�−−ë¥ ¯à®ä¨«ï;

{ ¬®¦−® −¥ ®á®¡® �ªªãà�â−® ¯®¤¡¨à�âì ¯�à�¬¥âà n ¨ ¡à�âì ¥£® ¤®áâ�â®ç−®
¡®«ìè¨¬, −¥ ®¯â¨¬¨§¨àãï ¥£® §−�ç¥−¨¥ −� íâ®¬ íâ�¯¥.

Œ¨−ãá | −¥ ¨á¯®«ì§ãîâáï ¤�−−ë¥ à¥©â¨−£®¢ ¨ ¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥©. �â�
¯à®¡«¥¬� à¥è�¥âáï ¤àã£¨¬¨ ç�áâï¬¨ £¨¡à¨¤�.

7 Общие выводы для этапов 1–2

7.1 Плюсы и минусы

+ ‚á¥ ¨á¯®«ì§ã¥¬ë¥ ¬¥â®¤ë ¯à®áâë.

+ ÷¥è�¥âáï ¯à®¡«¥¬� å®«®¤−®£® áâ�àâ� ª�ª ¤«ï ¯®«ì§®¢�â¥«¥©, â�ª ¨ ¤«ï â®¢�à®¢.

+ ˆá¯®«ì§ãîâáï ¢á¥ ¢®§¬®¦−ë¥ ¤�−−ë¥, ªà®¬¥ ª®−â¥ªáâ−ëå.

+ ‚á¥ ¬¥â®¤ë ¬�áèâ�¡¨àã¥¬ë ¯® ¯®«ì§®¢�â¥«ï¬ ¨ â®¢�à�¬.

+ �®«ìè¨−áâ¢® ¢ëç¨á«¥−¨© ¬®£ãâ ¡ëâì ¢ë−¥á¥−ë ¢ ä®−.

+ �¥ ®¡ï§�â¥«ì−ë ¢¥ªâ®à−ë¥ ¬®¤¥«¨ ¯à®ä¨«¥© ¯®«ì§®¢�â¥«¥© ¨ â®¢�à®¢.

+ ‘¯¨á®ª I2 ¬®¦¥â ¡ëâì −� ¯®àï¤ª¨ ¬¥−ìè¥ nitems, çâ® áãé¥áâ¢¥−−® ã¯à®é�¥â
à�¡®âã á«¥¤ãîé¨å íâ�¯®¢.

+ ‚®§¬®¦−®áâì ®¡êïá−¥−¨ï à¥ª®¬¥−¤�æ¨© (á¬. −¨¦¥).

{ �®«ìè¨−áâ¢® â®¢�à®¢ ¢ á¯¨áª¥ I2 ï¢«ïîâáï ¯«®å¨¬¨ à¥ª®¬¥−¤�æ¨ï¬¨ (¯à®¡«¥-
¬� à¥è�¥âáï −� ¯®á«¥¤ãîé¨å íâ�¯�å).
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7.2 Оценка качества работы

„«ï I2 ®á−®¢−®© ¨, ¯®¦�«ã©, ¥¤¨−áâ¢¥−−®© ¢�¦−®© ¬¥âà¨ª®© ¡ã¤¥â ¯®«−®â�.
�ãáâì Ii | ¢á¥ â®¢�àë, ¯®«®¦¨â¥«ì−® ®æ¥−¥−−ë¥ ¯®«ì§®¢�â¥«¥¬ i. ÷�§¤¥«¨¬
¨å −� ®¡ãç�îé¨¥ Itraini ¨ â¥áâ®¢ë¥ Itesti . ’¥áâ®¢ë¥ à¥©â¨−£¨ ¡ã¤¥¬ áç¨â�âì
−ã«¥¢ë¬¨. �®á«¥ íâ®£® ¯à®¢¥¤¥¬ è�£¨ 1{2 ¨ ¯®«ãç¨¬ Itest2 .�¥®¡å®¤¨¬® ¤®¡¨âìáï
¬�ªá¨¬�«ì−®£® §−�ç¥−¨ï |Itest2 ∩ Ii|/|Ii|.

7.3 Объяснение рекомендаций

‘ãé¥áâ¢¥−−ë¬ ¯«îá®¬ ¨á¯®«ì§®¢�−¨ï ¬¥â®¤� ¡«¨¦�©è¨å á®á¥¤¥© ï¢«ï¥âáï
¢®§¬®¦−®áâì ®¡êïá−¥−¨ï à¥ª®¬¥−¤�æ¨©. …á«¨ â®¢�à ¨§ ¬−®¦¥áâ¢� I2 ¢ ¨â®£¥
¯®¯�¤�¥â ¢ ¢ë¤�çã à¥ª®¬¥−¤�æ¨©, ¯à¨ç¨−ã ¥£® ¯®ï¢«¥−¨ï ¬®¦−® «¥£ª® ®¡êïá−¨âì
¯®«ì§®¢�â¥«î ¨áå®¤ï ¨§ â®£®, ª�ª ®− ¯®¯�« ¢ á¯¨á®ª I2. �¡êïá−¥−¨ï ¬®£ãâ ¡ëâì
á«¥¤ãîé¨å â¨¯®¢:

{ â®¢�à ¯®å®¦ −� â®¢�à i, ªã¯«¥−−ë© ‚�¬¨;

{ â®¢�à ¯®å®¦ −� â®¢�à i, ªã¯«¥−−ë© ¯®«ì§®¢�â¥«¥¬ u, ¯®å®¦¨¬ −� ‚�á;

{ â®¢�à ªã¯¨« (®æ¥−¨«) ¯®«ì§®¢�â¥«ì u, ¯®å®¦¨© −� ‚�á;

{ â®¢�à ¯®ªã¯�îâ ¢¬¥áâ¥ á â®¢�à®¬ i, ªã¯«¥−−ë¬ ‚�¬¨, ¨ â. ¤.

8 Filtering. Фильтрация списка рекомендаций

�� ¤�−−®¬ íâ�¯¥ ¯à®¨áå®¤¨â ä¨«ìâà�æ¨ï ¬−®¦¥áâ¢� I2. ˆ§ I2 ¤®«¦−ë
¡ëâì ¨áª«îç¥−ë §�¢¥¤®¬® −¥¯®¤å®¤ïé¨¥ à¥ª®¬¥−¤�æ¨¨. �� ¢ëå®¤¥ ¤®«¦−®
¯®«ãç¨âìáï I3 ⊆ I2, ¯à¨ç¥¬ I2 \ I3 | §�¢¥¤®¬® ¯«®å¨¥ à¥ª®¬¥−¤�æ¨¨.

8.1 Простейшая фильтрация

“¡¨à�¥¬ ¨§ ¬−®¦¥áâ¢� I2 â®¢�àë Iu, ã¦¥ ªã¯«¥−−ë¥ ¯®«ì§®¢�â¥«¥¬. ’�ª¦¥
¬®¦−® ã¡à�âì ¤ã¡«¨ª�âë â®¢�à®¢ (¥á«¨ ¨¬¥¥âáï ¢®§¬®¦−®áâì ¨å ¯®¨áª�).

8.2 Knowledge-based фильтрация

Knowledge-based á¨áâ¥¬ë à¥ª®¬¥−¤ãîâ ®¡ê¥ªâ, ®á−®¢ë¢�ïáì −� á¯¥æ¨�«ì−ëå
§−�−¨ïå ® â®¬, ª�ª¨¥ ®¯à¥¤¥«¥−−ë¥ äã−ªæ¨¨ ®¡ê¥ªâ� ®â¢¥ç�îâ ¯®âà¥¡−®áâï¬
¯®«ì§®¢�â¥«ï ¨ ¥£® ¯à¥¤¯®çâ¥−¨ï¬, ¨, ¢ ª®−¥ç−®¬ áç¥â¥, −�áª®«ìª® ®¡ê¥ªâ
¯®«¥§¥− ¤«ï ¯®«ì§®¢�â¥«ï. ˆå à�§à�¡®âª� ï¢«ï¥âáï âàã¤®¥¬ª®© ¤¥ïâ¥«ì−®áâìî
¢¢¨¤ã −¥®¡å®¤¨¬®áâ¨ á®§¤�−¨ï ¯à�¢¨«. ‚ á¢ï§¨ á íâ¨¬, −¥ ®áâ�−�¢«¨¢�ïáì
¯®¤à®¡−®, ®¡®§−�ç¨¬ «¨èì −¥ª®â®àë¥ ä�ªâë.
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†¥«�â¥«ì−® à¥�«¨§®¢�âì ¤¢¥ á¨áâ¥¬ë Knowledge-based ä¨«ìâà�æ¨¨:

(1) ¨−â¥à�ªâ¨¢−ãî, ª®£¤� ¯®«ì§®¢�â¥«ì á�¬ ãª�§ë¢�¥â, çâ® ®− ¨é¥â. ��¯à¨-
¬¥à, â¨¯ â®¢�à� (í«¥ªâà®â¥å−¨ª�, ¨£àë, åã¤®¦¥áâ¢¥−−ë¥ ä¨«ì¬ë ¨ â. ¯.),
®£à�−¨ç¥−¨ï ¯® áâ®¨¬®áâ¨ â®¢�à� ¨ â. ¯.;

(2) −¥¨−â¥à�ªâ¨¢−ãî, £¤¥ ä¨«ìâà�æ¨ï ¯à®¨áå®¤¨â ¯® ¯�à�¬¥âà�¬ ¯®«ì§®¢�-
â¥«ï.

8.3 Context Aware фильтрация

Context Aware ä¨«ìâà�æ¨ï ï¢«ï¥âáï ãá®¢¥àè¥−áâ¢®¢�−¨¥¬ Knowledge-based
ä¨«ìâà�æ¨¨ ¨ ¢¢®¤¨â ¢ ¯à�¢¨«� ¨ ¤�−−ë¥ Knowledge-based ¥é¥ ¨ ª®−â¥ªáâ.
��¯à¨¬¥à: ¢à¥¬ï, ª®£¤� ¡ë« ªã¯«¥− â®¢�à, ¬¥áâ®¯®«®¦¥−¨¥ ¯®«ì§®¢�â¥«ï, ª®£¤�
¡ë«� á®¢¥àè¥−� ¯®ªã¯ª� ¨ â. ¯. ÷�§à�¡®âª� â�ª®© ä¨«ìâà�æ¨¨ ¥é¥ ¡®«¥¥ á«®¦−�,
−¥¦¥«¨ KB, ¯®íâ®¬ã, ¯®¦�«ã©, −¥æ¥«¥á®®¡à�§−� −� −�ç�«ì−®¬ íâ�¯¥.

�«îáë ¨ ¬¨−ãáë:

+ ã¡¨à�îâáï §�¢¥¤®¬® −¥¯à�¢¨«ì−ë¥ à¥ª®¬¥−¤�æ¨¨;

+ ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï à�§−ëå ä¨«ìâà®¢;

+ ã¢¥«¨ç¥−� áª®à®áâì à�¡®âë ä¨«ìâà�æ¨¨ §� áç¥â íâ�¯®¢ 1{2;

+ ¯à¨áãâáâ¢¨¥ ä¨«ìâà�æ¨¨ ¤® ¯à®£−®§¨à®¢�−¨ï à¥©â¨−£®¢, � −¥ ¯®á«¥ ä®à-
¬¨à®¢�−¨ï á¯¨áª� à¥ª®¬¥−¤�æ¨© ¯®§¢®«ï¥â ¥é¥ ¡®«ìè¥ ã¯à®áâ¨âì à�¡®âã
ª«�áá¨ä¨ª�â®à�¬, §�¤¥©áâ¢®¢�−−ë¬ ¢ ®æ¥−ª¥ à¥©â¨−£�;

{ ®ç¥−ì ¢ëá®ª� á«®¦−®áâì à¥�«¨§�æ¨¨ á¨áâ¥¬ Knowledge-based.

9 Estimation. Прогнозирование рейтингов

„�−−ë© íâ�¯, ¯®¦�«ã©, ï¢«ï¥âáï −�¨¡®«¥¥ ¨−â¥à¥á−ë¬ ¨ ¤�¥â ¢®§-
¬®¦−®áâì ¨á¯®«ì§®¢�âì −�¨¡®«¥¥ á®¢à¥¬¥−−ë¥ ¬¥â®¤ë ®¡à�¡®âª¨ ¤�−−ëå ¨
¯à®£−®§¨à®¢�−¨ï. �� ¢å®¤ −� ¤�−−®¬ è�£¥ ¯®¤�¥âáï ¬−®¦¥áâ¢® I3 =
= {i1, i2, . . . , in}, −� ¢ëå®¤¥ ¤®«¦−® ¯®«ãç¨âìáï ¬−®¦¥áâ¢® ¯�à â®¢�à{à¥©-
â¨−£: RI = {(i1, r1), (i2, r2), . . . , (i|I3|, r|I3|)}. ˆ«¨, çâ® ¡®«¥¥ ¯à¥¤¯®çâ¨â¥«ì−®,
¤«ï ª�¦¤®£® â®¢�à� i ∈ I3 ¯®«ãç¨âì á¯¨á®ª (¥á«¨, −�¯à¨¬¥à, à¥©â¨−£®¢ ¯ïâì)
(p1, p2, p3, p4, p5), £¤¥ pi | ¯à®£−®§ ¢¥à®ïâ−®áâ¨ â®£®, çâ® à¥©â¨−£ à�¢¥− i.

‘â®¨â á−®¢� ã¯®¬ï−ãâì, çâ® ¢�¦−¥©è¨¬ ¯«îá®¬ ¯à¥¤«�£�¥¬®© á¨áâ¥¬ë ï¢«ï-
¥âáï â®, çâ® ¬−®¦¥áâ¢® I3 ®â−®á¨â¥«ì−® −¥¡®«ìè®¥, ª â®¬ã ¦¥ ¥£® à�§¬¥à ¬®¦−®
à¥£ã«¨à®¢�âì ¯�à�¬¥âà�¬¨ ¯à¥¤ë¤ãé¨å è�£®¢. ‚ á¢ï§¨ á íâ¨¬ ¤«ï ¯à®£−®§¨à®¢�-
−¨ï à¥©â¨−£®¢ ¬®¦−® ¨á¯®«ì§®¢�âì ¤®áâ�â®ç−® á«®¦−ë¥ á¨áâ¥¬ë, çâ® −¥ áª�¦¥âáï
ªà¨â¨ç¥áª¨ −� ¢à¥¬¥−¨ ä®à¬¨à®¢�−¨ï à¥ª®¬¥−¤�æ¨¨.

ƒ«�¢−®© á«®¦−®áâìî ¯à¨ à�§à�¡®âª¥ íâ�¯� Estimation ï¢«ï¥âáï −¥®¡å®¤¨¬®áâì
¨á¯®«ì§®¢�âì ¢á¥ âà¨ â¨¯� ¤�−−ëå: ¯à®ä¨«¨ ¯®«ì§®¢�â¥«¥©, ¯à®ä¨«¨ â®¢�à®¢ ¨
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à¥©â¨−£¨. Š�ª ã¦¥ ®â¬¥ç�«®áì à�−¥¥, ¯à®ä¨«¨ ¯®«ì§®¢�â¥«¥© ¨ ®¯¨á�−¨ï â®¢�à®¢
¤®«¦−ë ¡ëâì ¯à¥¤áâ�¢«¥−ë ¢ ¢¥ªâ®à−®¬ ¢¨¤¥.

‚¢¥¤¥¬ ®¡®§−�ç¥−¨ï:

R = {rij} | ª�ª ¨ à�−ìè¥, ¬�âà¨æ� à¥©â¨−£®¢;

ui | ¢¥ªâ®à à¥©â¨−£®¢ ¯®«ì§®¢�â¥«ï ui = (ri1, ri2, . . . , rinitems);

ai | ¢¥ªâ®à à¥©â¨−£®¢ â®¢�à� ai = (r1i, r2i, . . . , rnusersi);

pri | ¢¥ªâ®à ¯à®ä¨«ï i-£® ¯®«ì§®¢�â¥«ï pri = (pri1,pri2, . . . ,prinpr), £¤¥ npr |
¤«¨−� ¢¥ªâ®à� ¯à®ä¨«ï ¯®«ì§®¢�â¥«ï;

di | ¢¥ªâ®à ®¯¨á�−¨ï i-£® â®¢�à� di = (di1, di2, . . . , dind
), £¤¥ nd | ¤«¨−�

¢¥ªâ®à� ®¯¨á�−¨ï â®¢�à�.

9.1 Выбор классификатора

„«ï å®à®è¥£® ¯à®£−®§¨à®¢�−¨ï −¥®¡å®¤¨¬ å®à®è¨© á®¢à¥¬¥−−ë© ª«�áá¨ä¨-
ª�â®à, ®¡«�¤�îé¨© á«¥¤ãîé¨¬¨ á¢®©áâ¢�¬¨:

{ ¡ëáâà�ï áª®à®áâì ª«�áá¨ä¨ª�æ¨¨ (ª�ª ¬¨−¨¬ã¬ −¥®¡å®¤¨¬® −�«¨ç¨¥ ®¡ãç¥-
−¨ï);

{ ¢ëá®ª®¥ ª�ç¥áâ¢® ¯à®£−®§¨à®¢�−¨ï;

{ ¢®§¬®¦−®áâì ®æ¥−ª¨ ¤®áâ®¢¥à−®áâ¨ ¯à®£−®§¨à®¢�−¨ï;

{ ¢®§¬®¦−®áâì «¥£ª®£® ¤®®¡ãç¥−¨ï (−¥ ®¡ï§�â¥«ì−®, −® ªà�©−¥ ¦¥«�â¥«ì−®).

ˆ ¥á«¨ ¬¥â®¤ ¡«¨¦�©è¨å á®á¥¤¥© ®â«¨ç−® ¯®¤å®¤¨« ¤«ï ä®à¬¨à®¢�−¨ï ¯à¥¤¢�-
à¨â¥«ì−®£® á¯¨áª�, â® ®− ã¦¥ −¥ ¯®¤å®¤¨â −¨ ¯® ®¤−®¬ã ¨§ ¢ëè¥¯¥à¥ç¨á«¥−−ëå
¯ã−ªâ®¢, ªà®¬¥ ¯®á«¥¤−¥£®.

9.2 Проблемы применения классификаторов на используемых данных

„®¯ãáâ¨¬ ¢ á¨áâ¥¬¥ ¨¬¥¥âáï ª�ª®©-«¨¡® ª«�áá¨ä¨ª�â®à, −� ¢å®¤ ª®â®à®£®
¯®¤�¥âáï ¨−ä®à¬�æ¨ï ® ¯®«ì§®¢�â¥«ïå. ‚áï ¨−ä®à¬�æ¨ï ® ¯®«ì§®¢�â¥«¥ i |
íâ® ¢¥ªâ®àë ui ¨ pi. ‹®£¨ç−® §�¯¨á�âì ª®¬¯®−¥−âë íâ¨å ¢¥ªâ®à®¢ ¢ ®¤¨− ¢¥ªâ®à
(úáª«¥©ª�û ¢¥ªâ®à®¢) (pri, ui) = (pri1,pri2, . . . ,prinpr , ri1, ri2, . . . , rind

) ¨ ¯®¤�-
¢�âì ¥£® −� ª«�áá¨ä¨ª�â®à. ‚ â�ª®¬ ¯®¤å®¤¥ ¢®§−¨ª�îâ á«¥¤ãîé¨¥ ¯à®¡«¥¬ë:

÷�§à¥¦¥−−®áâì ¨ ¡®«ìè�ï à�§¬¥à−®áâì. �®«ãç¨¢è¨©áï ¢¥ªâ®à ¡ã¤¥â ®ç¥−ì
á¨«ì−® à�§à¥¦¥−, � ¤�«¥ª® −¥ ¢á¥ ª«�áá¨ä¨ª�â®àë ¬®£ãâ íâ® ¨á¯®«ì§®-
¢�âì. ‘®®â¢¥âáâ¢¥−−®, §� áç¥â ®£à®¬−®£® ç¨á«� â®¢�à®¢ −¥ ¨á¯®«ì§ãîé¨¥
à�§à¥¦¥−−®áâì ª«�áá¨ä¨ª�â®àë ¡ã¤ãâ à�¡®â�âì −¥¯®§¢®«¨â¥«ì−® ¤«ï à¥ª®-
¬¥−¤�â¥«ì−®© á¨áâ¥¬ë ¬¥¤«¥−−®.
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�¥ä¨ªá¨à®¢�−−�ï à�§¬¥à−®áâì (¬�áèâ�¡¨àã¥¬®áâì). �à�ªâ¨ç¥áª¨ ¢á¥ (� ¢®§-
¬®¦−®, ¨ ¢á¥) ª«�áá¨ä¨ª�â®àë á ®¡ãç¥−¨¥¬ âà¥¡ãîâ ä¨ªá¨à®¢�−−®© à�§¬¥à-
−®áâ¨ ¯®¤�¢�¥¬ëå ¢¥ªâ®à®¢. „«¨−� ¢¥ªâ®à� ¯à®ä¨«ï ¯®«ì§®¢�â¥«ï ¡ã¤¥â
¬¥−ïâìáï ªà�©−¥ à¥¤ª®, � ¢®â ¤«¨−� ui | ®ç¥−ì ç�áâ®. �®«ãç�¥âáï, çâ® ¯à¨
¤®¡�¢«¥−¨¨ ¢ á¨áâ¥¬ã −®¢®£® â®¢�à� −¥®¡å®¤¨¬® ¯®«−®áâìî ¯¥à¥áâà�¨¢�âì
ª«�áá¨ä¨ª�â®àë, çâ® −¥¯®§¢®«¨â¥«ì−®.

�¥á¡�«�−á¨à®¢�−−®áâì. —�áâ¨ ui ¨ pri ¢ ®¡é¥¬ ¨ æ¥«®¬ ¤®«¦−ë ¨¬¥âì ®¤¨−�-
ª®¢ë© ¨«¨, ¯® ªà�©−¥© ¬¥à¥, à¥£ã«¨àã¥¬ë© ¯à¨®à¨â¥â. �¤−�ª® ¢ ¨â®£®¢®¬
¢¥ªâ®à¥ ¯®«−®áâìî ®âáãâáâ¢ã¥â ¡�«�−á: ç�áâì ui −� ¯®àï¤ª¨ ¤«¨−−¥¥ pri, pri |
¯®«−®áâìî §�¯®«−¥−−ë© ¢¥ªâ®à, � ui | ®ç¥−ì á¨«ì−® à�§à¥¦¥−−ë©. „«ï −¥-
ª®â®àëå ª«�áá¨ä¨ª�â®à®¢ â�ª®© ¤¨á¡�«�−á ¬®¦¥â ªà¨â¨ç¥áª¨ áª�§ë¢�âìáï −�
ª�ç¥áâ¢¥ à�¡®âë.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ¤�−−ë¥ ¯à®¡«¥¬ë ï¢«ïîâáï ç¨áâ® â¥å−¨ç¥áª¨¬¨, � −¥
®â−®áïé¨¬¨áï ª ª�ç¥áâ¢ã à¥ª®¬¥−¤�â¥«ì−®© á¨áâ¥¬ë. „«ï ¨å à¥è¥−¨ï ¯à¥¤«�£�-
¥âáï ¨á¯®«ì§®¢�âì ®¤¨− ¯à®áâ®© ¨ ®ç¥−ì å®à®è® �¯à®¡¨à®¢�−−ë© ¬¥â®¤.

9.3 Снижение размерности случайным кодированием

÷�áá¬®âà¨¬ ¯à®áâ¥©è¨© á«ãç�© ¡¨−�à−ëå ¢¥ªâ®à®¢ Bn = 0, 1n, £¤¥ n ®ç¥−ì
¡®«ìè®¥. �ãáâì â�ª¦¥ −� íâ¨å ¢¥ªâ®à�å ¥áâì ª�ª�ï-â® ¬¥âà¨ª� ¡«¨§®áâ¨ (x, y),
−�¯à¨¬¥à 1 − cos(x, y). ˆ¬¥¥âáï −¥ª®â®à®¥ ¬−®¦¥áâ¢® â�ª¨å ¢¥ªâ®à®¢ M ⊂ Bn,
¯à¨ç¥¬ ¢¥ªâ®àë ¢ íâ®¬ ¬−®¦¥áâ¢¥ à�§à¥¦¥−ë. ‡�¤�ç� á®áâ®¨â ¢ á«¥¤ãîé¥¬:
−¥®¡å®¤¨¬® §�¤�âì −¥ª®â®à®¥ ®â®¡à�¦¥−¨¥ f : Bn → Bm, £¤¥ m < n, â�ª,
çâ®¡ë ¤«ï ¢¥ªâ®à®¢ ¨§ −®à¬� ¯à¨¬¥à−® á®åà�−¨«�áì, â. ¥. E(x, y) > E(u, v) ⇒
⇒ E(f(y), f(z)) > E(f(u), f(v)) ¤«ï ¡®«ìè¨−áâ¢� ¢¥ªâ®à®¢ x, y, u, v ¨§ M.
‘ãé¥áâ¢ã¥â å®à®è¨© ¨ �¯à®¡¨à®¢�−−ë© ¬¥â®¤, ¯®§¢®«ïîé¨© íâ® á¤¥«�âì. „�−-
−ë© ¬¥â®¤ ¯®ª�§�« ®â«¨ç−ë¥ à¥§ã«ìâ�âë ¢ ®¡à�¡®âª¥ â¥ªáâ®¢, ¯à¨ç¥¬ â�ª®¥
á−¨¦¥−¨¥ à�§¬¥à−®áâ¨ −¥ â®«ìª® ãáª®àï«®, −® ¨ ã«ãçè�«® ª�ç¥áâ¢® à�¡®âë ª«�á-
á¨ä¨ª�â®à®¢, ¢¨¤¨¬®, §� áç¥â ¤®¡�¢«¥−¨ï −¥ª®â®à®© −¥¡®«ìè®© ú−¥ç¥âª®áâ¨û.

‘®¯®áâ�¢¨¬ ª�¦¤®¬ã ç¨á«ã i = 1, n á«ãç�©−ë© à�§à¥¦¥−−ë© ¢¥ªâ®à y(i) ∈
∈ Bm á k ¥¤¨−¨æ�¬¨ ¨ (m− k) −ã«ï¬¨. ’®£¤� ¤«ï x ∈ Bn

f(x) =
∨

i:xi=1

y(i) =
∨

i

xi · y(i) ,

â. ¥. ¤«ï ¢¥ªâ®à®¢ y(i), á®®â¢¥âáâ¢ãîé¨å ¥¤¨−¨æ�¬ ¢ ¢¥ªâ®à¥ x, ¤¥«�¥âáï ¯®¡¨â®-
¢®¥ OR.

��à�¬¥âà�¬¨ â�ª®£® �«£®à¨â¬� ï¢«ïîâáï m ¨ k, ¯à¨ç¥¬ m −�¤® ¢§ïâì ª�ª
¬®¦−® ¬¥−ìè¨¬. �â¨ ¯�à�¬¥âàë í«¥¬¥−â�à−® ¯®¤¡¨à�îâáï ¯® ¬−®¦¥áâ¢ã M ¨
â¥áâã E(x, y) > E(u, v)⇒ E(f(y), f(z)) > E(f(u), f(v)).
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9.3.1 Обобщение на целочисленные векторы

�� æ¥«®ç¨á«¥−−ë¥ ¢¥ªâ®àë ¬¥â®¤ ¬®¦−® ®¡®¡é¨âì ¥áâ¥áâ¢¥−−ë¬ ®¡à�§®¬:
ä®à¬ã«�

f(x) =
∨

i

xi · y(i)

®áâ�¥âáï −¥¨§¬¥−−®©, � ¢¬¥áâ®
∨

¨á¯®«ì§ã¥âáï ¯®ª®¬¯®−¥−â−ë© ¬�ªá¨¬ã¬. Š®-
−¥ç−® ¦¥, m ¢ â�ª®¬ á«ãç�¥ §�¬¥â−® ã¢¥«¨ç¨âáï.

9.3.2 Пример использования в рекомендательных системах

÷�áá¬®âà¨¬ ¨á¯®«ì§®¢�−¨¥ á«ãç�©−®£® ª®¤¨à®¢�−¨ï −� ¯à¨¬¥à¥, ®¯¨á�−−®¬
¢ ¯ã−ªâ¥ 9.2. �ã¤¥¬ ã¬¥−ìè�âì à�§¬¥à−®áâì ¢¥ªâ®à� ui. ’. ¥. ª�¦¤®¬ã â®¢�àã ¯à¨
¥£® ¯®ï¢«¥−¨¨ ¢ ¡�§¥ ¡ã¤¥â ¯à¨¯¨áë¢�âìáï á«ãç�©−ë© à�§à¥¦¥−−ë© ¡¨−�à−ë©
¢¥ªâ®à à�§¬¥à−®áâ¨ m, £¤¥ m §�¬¥â−® ¬¥−ìè¥ nitems. ’¥¯¥àì ¢¥ªâ®à ui ¡ã¤¥â
ä®à¬¨à®¢�âìáï úá«®¦¥−¨¥¬û (¢ á¬ëá«¥ ¯®ª®¬¯®−¥−â−®£® ¬�ªá¨¬ã¬�) â®¢�à®¢,
à¥©â¨−£¨ ª®â®àëå ¤«ï ¯®«ì§®¢�â¥«ï −�¬ ¨§¢¥áâ−ë. ’® ¦¥ á�¬®¥ ¬®¦−® á¤¥«�âì ¨
¤«ï ¢¥ªâ®à� ai.

’�ª®© ¯®¤å®¤ à¥è�¥â ¢á¥ ¯¥à¥ç¨á«¥−−ë¥ ¢ ¯®¤à�§¤. 9.2 ¯à®¡«¥¬ë, ªà®¬¥
¯à®¡«¥¬ë á¡�«�−á¨à®¢�−−®áâ¨, â�ª ª�ª ¯®«ãç¥−−ë© ¢¥ªâ®à ui ¢á¥ à�¢−® ¡ã¤¥â
à�§à¥¦¥−−ë¬ ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢, � pri | −¥â. „«ï ¬−®£¨å ª«�áá¨ä¨ª�â®-
à®¢ íâ® −¥ áâà�è−®, ®¤−�ª® ¤«ï −�¨¡®«¥¥ ¡ëáâàëå (−�¯à¨¬¥à, «¨−¥©−®£® ¨«¨
−¥©à®−−ëå á¥â¥© á ¬�«ë¬ ç¨á«®¬ á«®¥¢) −¥à�§à¥¦¥−−ë¥ ¤�−−ë¥ ¢®®¡é¥ ¯«®-
å® ¯®¤å®¤ïâ. „«ï −¨å −¥®¡å®¤¨¬� −¥ª®â®à�ï úáà¥¤−ïïû à�§à¥¦¥−−®áâì (çâ®¡ë
ª«�ááë ¬®£«¨ à�§¤¥«¨âìáï, −® çâ®¡ë à�§¬¥à−®áâì ®áâ�¢�«�áì ¢ ã¤®¡−ëå ¤«ï
à�¡®âë ¯à¥¤¥«�å). ‚¥ªâ®àë ui ¬®¦−® á¤¥«�âì ®ç¥−ì å®à®è® ¯®¤å®¤ïé¨¬¨ ¤«ï
â�ª¨å ª«�áá¨ä¨ª�â®à®¢. ‚¥ªâ®àë pri â�ª¦¥ ¬®¦−® ¯à¥¢à�â¨âì ¢ â�ª¨¥ ¦¥ ¢¥ª-
â®àë à®¢−® â�ª¨¬ ¦¥ á¯®á®¡®¬ à�áè¨à¥−¨ï à�§¬¥à−®áâ¨, ¢áï à�§−¨æ� «¨èì ¢
â®¬, çâ® m ¢ ¤�−−®¬ á«ãç�¥ ¡®«ìè¥ n. ’�ª®© ¬¥â®¤ ¨á¯®«ì§ã¥âáï ¢ §à¨â¥«ì−®©
á¨áâ¥¬¥ ç¥«®¢¥ª� ¨ ®â«¨ç−® ¯à®ï¢¨« á¥¡ï, −�¯à¨¬¥à, ¢ §�¤�ç�å à�á¯®§−�¢�−¨ï
®¡à�§®¢.

Šà®¬¥ â®£®, çâ® ®ç¥−ì ¢�¦−® ¨ ®â«¨ç�¥â ¤�−−ë© ¬¥â®¤ ®â ¤àã£¨å ¬¥â®¤®¢
á−¨¦¥−¨ï à�§¬¥à−®áâ¨, ¯à¨ −®¢®© ®æ¥−ª¥ ¯®«ì§®¢�â¥«ï ¢á¥, çâ® −¥®¡å®¤¨¬® á¤¥-
«�âì, | íâ® ¯à¨¡�¢¨âì ª ¥£® ã¦¥ áä®à¬¨à®¢�−−®¬ã ¢¥ªâ®àã ui á®®â¢¥âáâ¢ãîé¨©
¢¥ªâ®à â®¢�à�, ã¬−®¦¥−−ë© −� à¥©â¨−£.

9.4 Прогнозирование рейтингов

�«�−¨àã¥âáï ¨á¯®«ì§®¢�âì ®¤¨− ¡®«ìè®© ª«�áá¨ä¨ª�â®à, ¨¬¥îé¨© nratings
ª«�áá®¢, £¤¥ nratings | ª®«¨ç¥áâ¢® ¢®§¬®¦−ëå à¥©â¨−£®¢, â. ¥. ª«�áá�¬¨ ¡ã¤ãâ
r = 1, r = 2, . . . , r = nratings. �� ¢å®¤ ª«�áá¨ä¨ª�â®à� ¡ã¤¥â ¯®¤�¢�âìáï ¢áï
¨−ä®à¬�æ¨ï ® ¯�à¥ (à¥©â¨−£, â®¢�à). ��¯à¨¬¥à, ¥á«¨ ¯®«ì§®¢�â¥«ì i ¯®áâ�¢¨«
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â®¢�àã j ®æ¥−ªã ú4û, â® −� ®¡ãç¥−¨¥, ª�ª í«¥¬¥−â ª«�áá� r = 4, ¯®¤�¥âáï ¢¥ªâ®à
(pri, ui, aj , dj), £¤¥ ¢¥ªâ®àë ui ¨ aj ¯®«ãç¥−ë ¬¥â®¤®¬ á−¨¦¥−¨ï à�§¬¥à−®áâ¥©.
�� ®¡ãç¥−¨¥ ¯®¤�îâáï ¢á¥ ¨§¢¥áâ−ë¥ à¥©â¨−£¨.

‘®®â¢¥âáâ¢¥−−®, ¤«ï ¯®«ãç¥−¨ï ¯à¥¤¯®«�£�¥¬®£® à¥©â¨−£� −� ª«�áá¨ä¨ª�â®à
¯®¤�îâáï ç¥âëà¥ úáª«¥¥−−ëåû ¢¥ªâ®à� (pri, ui, aj , dj).

9.5 Возможность использования Context Aware

ˆ¬¥−−® −� íâ®¬ íâ�¯¥ ¬®¦−® −�¨¡®«¥¥ �ªâ¨¢−® ¨á¯®«ì§®¢�âì ª®−â¥ªáâ, −�-
¯à¨¬¥à, ¯®¤�¢�âì −� ª«�áá¨ä¨ª�â®à ¥é¥ ¨ ¢¥ªâ®à ª®−â¥ªáâ−ëå ¤�−−ëå (¢à¥¬ï,
¬¥áâ®¯®«®¦¥−¨¥ ¨ â. ¯.), â. ¥. ¢ ¢¥ªâ®à, ¯®¯�¤�îé¨© −� ®¡ãç¥−¨¥ ¨«¨ −� ª«�áá¨-
ä¨ª�æ¨î, ¤®¡�¢¨âáï ¢¥ªâ®à ª®−â¥ªáâ�, −�¯à¨¬¥à:

c(year, season,month,day,day or night,hour, country, city,network type, . . .) .

’®£¤� ¢¥ªâ®à, ¯®¤�¢�¥¬ë© −� ª«�áá¨ä¨ª�â®à ¤«ï ®¡ãç¥−¨ï ¨«¨ ª«�áá¨ä¨ª�æ¨¨,
¡ã¤¥â ¨¬¥âì ¢¨¤ (pri, ui, aj , dj , c). ‘®®â¢¥âáâ¢¥−−®, −¥®¡å®¤¨¬® åà�−¨âì c ¤«ï
ª�¦¤®© ¯®ªã¯ª¨ ¨/¨«¨ ¨á¯®«ì§®¢�−¨ï. „«ï ¢¥ªâ®à� c ¬®¦¥â ¡ëâì �ªâã�«ì−®
à�áè¨à¥−¨¥ à�§¬¥à−®áâ¨.

‚ ¤�−−®¬ á«ãç�¥ ¬®¦−® ¨á¯®«ì§®¢�âì ¢áâà®¥−−ë¥ ¢®§¬®¦−®áâ¨ OLAP-á¨áâ¥¬
(¢ ®¡é¥¬-â®, â¥ ¦¥ ª«�áá¨ä¨ª�â®àë). ÷¥�«¨§�æ¨ï CA ¨ ã¦ â¥¬ ¡®«¥¥ íää¥ªâ¨¢-
−�ï à�¡®â� á OLAP-á¨áâ¥¬�¬¨ ï¢«ï¥âáï −¥¯à®áâ®© §�¤�ç¥©, ®¤−�ª® ¢ª«îç¥−¨¥
ª�ª®£®-«¨¡® í«¥¬¥−â�à−®£® ¨ ®ç¥¢¨¤−®£® ª®−â¥ªáâ�, −¥á®¬−¥−−®, ¯®¢ëá¨â â®ç-
−®áâì à¥ª®¬¥−¤�æ¨©.

9.6 Взвешенный гибрид и адаптация

‚ á¢ï§¨ á −�«¨ç¨¥¬ ®£à®¬−®£® ç¨á«� à�§«¨ç−ëå ª«�áá¨ä¨ª�â®à®¢, à�§ã¬−®
−� íâ�¯¥ 4 ¨á¯®«ì§®¢�âì ¨å ¢§¢¥è¥−−ë© £¨¡à¨¤.

�ãáâì ¨¬¥¥âáï nc ª«�áá¨ä¨ª�â®à®¢. „«ï ¯®«ì§®¢�â¥«ï i ¨ â®¢�à� j ª«�áá¨ä¨-
ª�â®à®¬ k ¡ë«¨ ¯à¥¤áª�§�−ë ¢¥à®ïâ−®áâ¨ à¥©â¨−£� pk

1, p
k
2 , . . . ’®£¤� ¨â®£®¢ë¬¨

¢¥à®ïâ−®áâï¬¨ ¡ã¤ãâ

pk
r =

nc∑

k=1

wkp
k
r

nc
,

£¤¥ wk | ¢¥á� ª«�áá¨ä¨ª�â®à®¢, ¨§¬¥−ï¥¬ë¥ �¤�¯â�æ¨¥©.
Šà®¬¥ â®£®, ¨¬¥−−® ¢ ª«�áá¨ä¨ª�â®à�å ç¥â¢¥àâ®£® íâ�¯� áªàëâ® ¡®«ìè¨−áâ¢®

ã¯à�¢«ï¥¬ëå ¯�à�¬¥âà®¢, ¯® ª®â®àë¬ ¬®¦¥â ¯à®¨§¢®¤¨âìáï �¤�¯â�æ¨ï á¨á-
â¥¬ë.
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10 Sorting и Truncation. Формирование окончательной рекомендации

�� ¤�−−®¬ íâ�¯¥ ä®à¬¨àã¥âáï ®ª®−ç�â¥«ì−�ï à¥ª®¬¥−¤�æ¨ï. �à®áâ¥©è¨©
á¯®á®¡ | ®âá®àâ¨à®¢�âì ¢á¥ â®¢�àë ¨§ I3 ¯® à¥©â¨−£ã á ¬�ªá¨¬�«ì−®© ¢¥à®ïâ-
−®áâìî ¨«¨ áà¥¤−¥¬ã §−�ç¥−¨î à¥©â¨−£�

∑
pii ¨ ¢ë¤�âì N «ãçè¨å. Šà®¬¥ â®£®,

¬®¦−® à�§¡¨âì ¢ë¤�çã −� ª�â¥£®à¨¨ ¨«¨ ¨−â¥à�ªâ¨¢−® ¯à®á¨âì ¯®«ì§®¢�â¥«ï
§�¤�âì ç¨á«® ¢ë¢®¤¨¬ëå à¥ª®¬¥−¤�æ¨©.

11 Общие замечания

11.1 Плюсы и минусы

+ ÷�§¡¨¥−¨¥ −� íâ�¯ë ¨¬¥¥â ¯à®áâãî ¨ ¥áâ¥áâ¢¥−−ãî áâàãªâãàã.

+ ˆá¯®«ì§ãîâáï ¢á¥ ¢®§¬®¦−ë¥ ¤�−−ë¥ ª�ª ¤«ï ä®à¬¨à®¢�−¨ï −�ç�«ì−®£®
á¯¨áª�, â�ª ¨ ¯à¨ ä®à¬¨à®¢�−¨¨ à¥©â¨−£®¢.

+ �� íâ�¯�å 1{2 ¨á¯®«ì§ãîâáï ¯à®áâë¥ ¨ �¯à®¡¨à®¢�−−ë¥ ¬¥â®¤ë.

+ �¥¡®«ìè®¥ ®â−®á¨â¥«ì−® nitems ç¨á«® í«¥¬¥−â®¢, ¯®¯�¤�îé¨å −� ª«�áá¨ä¨-
ª�â®à, ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì á«®¦−ë¥ á®¢à¥¬¥−−ë¥ ª«�áá¨ä¨ª�â®àë.

+ ÷¥è¥−� ¯à®¡«¥¬� å®«®¤−®£® áâ�àâ� ª�ª ¤«ï â®¢�à®¢, â�ª ¨ ¤«ï ¯®«ì§®¢�â¥«¥©.

+ �� ¢á¥å íâ�¯�å ®á−®¢−ë¥ ¢ëç¨á«¥−¨ï ¬®¦−® ¢ë−¥áâ¨ ¢ ä®−®¢ë© à¥¦¨¬.

+ ‚á¥ íâ�¯ë «¥£ª® ¬�áèâ�¡¨àã¥¬ë ª�ª ¯® ¯®«ì§®¢�â¥«ï¬, â�ª ¨ ¯® â®¢�à�¬.

+ ‚á¥ íâ�¯ë ¤®«¦−ë ¡ëáâà® à�¡®â�âì ¢ ®−«�©−-à¥¦¨¬¥.

+ Œ£−®¢¥−−�ï à¥�ªæ¨ï −� ¯à®áâ�¢«¥−¨¥ −®¢ëå à¥©â¨−£®¢.

+ �âáãâáâ¢¨¥ −¥®¡å®¤¨¬®áâ¨ −�«¨ç¨ï ¢¥ªâ®à−®© ¬®¤¥«¨ ¯à®ä¨«ï ¯®«ì§®¢�â¥«ï
¨ ®¯¨á�−¨ï â®¢�à� −� íâ�¯�å 1{2.

+ „®áâ�â®ç−® ¡ëáâà�ï à¥�ªæ¨ï −� ¨§¬¥−¥−¨¥ ¯à®ä¨«ï ¯®«ì§®¢�â¥«ï (à¥©â¨−£¨
¬¥−ïîâáï áà�§ã, � ¢®â ä®à¬¨à®¢�−¨¥ −�ç�«ì−®£® á¯¨áª� âà¥¡ã¥â ¢ëç¨á«¥−¨©
¡«¨§®áâ¨ á ®áâ�«ì−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨, å®âï íâ® −¥ ®ç¥−ì §�âà�â−®).

{ �âáãâáâ¢¨¥ ¤�−−ëå ®¡ �¯à®¡¨à®¢�−−®áâ¨ áª«¥©ª¨ ¢¥ªâ®à®¢, ¯à®¨§¢®¤¨¬®© −�
íâ�¯¥ Estimation.
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НЕПАРАМЕТРИЧЕСКОЕ ОЦЕНИВАНИЕ ФУНКЦИИ
ПЛОТНОСТИ СМЕСЕЙ ВЕРОЯТНОСТНЫХ ЗАКОНОВ

С ПОМОЩЬЮ EM-АЛГОРИТМА∗

В. Ю. Королев1, А. Ю. Корчагин2, О. А. Морева3

�−−®â�æ¨ï: �à®¢¥¤¥−® í¬¯¨à¨ç¥áª®¥ áà�¢−¥−¨¥ ï¤¥à−ëå ®æ¥−®ª ¯«®â−®áâ¨
¢¥à®ïâ−®áâ¨ ¨ ®æ¥−®ª ¯«®â−®áâ¨, ¯®«ãç�¥¬ëå à�§«¨ç−ë¬¨ ¢¥àá¨ï¬¨ …Œ-�«-
£®à¨â¬� −� ¢ë¡®àª�å ¨§ à�§«¨ç−ëå ª«�áá®¢ á¬¥á¥© ¢¥à®ïâ−®áâ−ëå §�ª®−®¢,
á£¥−¥à¨à®¢�−−ëå á ¯®¬®éìî ¤�âç¨ª� ¯á¥¢¤®á«ãç�©−ëå ç¨á¥«. ’�ª¦¥ à�á-
á¬®âà¥− ¬®¤¨ä¨æ¨à®¢�−−ë© á¥â®ç−ë© �−�«®£ …Œ-�«£®à¨â¬�.

Š«îç¥¢ë¥ á«®¢�: ï¤¥à−�ï ®æ¥−ª� ¯«®â−®áâ¨; …Œ-�«£®à¨â¬; á¥â®ç−ë© ¬¥â®¤
à�§¤¥«¥−¨ï ¯«®â−®áâ¨

1 Введение

‡�¤�ç� ®æ¥−¨¢�−¨ï ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨ï á«ãç�©−ëå ¢¥«¨ç¨− ï¢«ï¥âáï
âà�¤¨æ¨®−−®© §�¤�ç¥© áâ�â¨áâ¨ç¥áª®£® �−�«¨§� ¤�−−ëå, ª®â®à�ï ¯à¥¤áâ�¢«ï¥â
−¥ â®«ìª® â¥®à¥â¨ç¥áª¨© ¨−â¥à¥á, −® ¨ ¨¬¥¥â ¡®«ìè®¥ ¯à�ªâ¨ç¥áª®¥ §−�ç¥−¨¥.
�¡ëç−® ¢ë¤¥«ïîâ ¤¢� ®á−®¢−ëå â¨¯� ¬¥â®¤®¢ áâ�â¨áâ¨ç¥áª®£® ®æ¥−¨¢�−¨ï:
¯�à�¬¥âà¨ç¥áª¨¥ ¨ −¥¯�à�¬¥âà¨ç¥áª¨¥.

�à¨ ¨á¯®«ì§®¢�−¨¨ −¥¯�à�¬¥âà¨ç¥áª¨å ¬¥â®¤®¢ −¥ âà¥¡ã¥âáï ¯®«−�ï á¯¥æ¨-
ä¨ª�æ¨ï ¬®¤¥«¨, ¢¬¥áâ® íâ®£® ¤�−−ë¥ á�¬¨ ä®à¬¨àãîâ ¥¥ ®¯à¥¤¥«¥−−ë¬ ®¡à�§®¬.
�® íâ®© ¯à¨ç¨−¥ −¥¯�à�¬¥âà¨ç¥áª¨¥ ¬¥â®¤ë ã¤®¡−® ¨á¯®«ì§®¢�âì, ª®£¤� −¥ ã¤�-
¥âáï ¯®áâà®¨âì ¯�à�¬¥âà¨ç¥áªãî ¬®¤¥«ì, å®à®è® á®£«�áãîéãîáï á ¨áå®¤−ë¬¨
¤�−−ë¬¨. ‚ ¤�−−®© à�¡®â¥ �−�«¨§¨àãîâáï à¥§ã«ìâ�âë à�¡®âë EM-�«£®à¨â¬�
á ¨−ä®à¬�æ¨®−−ë¬ ªà¨â¥à¨¥¬ ¢ë¡®à� ª®«¨ç¥áâ¢� ª®¬¯®−¥−â á¬¥á¨ ¨ ï¤¥à−ëå
¬¥â®¤®¢ −� ¬®¤¥«ì−ëå ¢ë¡®àª�å. ÷¥§ã«ìâ�âë à�¡®âë á¥â®ç−®£® �−�«®£� …Œ-
�«£®à¨â¬� á®¯®áâ�¢«ïîâáï á ï¤¥à−ë¬¨ ®æ¥−ª�¬¨. �¡áã¦¤�îâáï ¬®¤¨ä¨ª�æ¨¨
á¥â®ç−®£® �−�«®£� …Œ-�«£®à¨â¬�.

∗÷�¡®â� ¯®¤¤¥à¦�−� ÷®áá¨©áª¨¬ ä®−¤®¬ äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© (¯à®¥ªâë 11-01-
00515�, 11-07-00112�, 11-01-12026-®ä¨-¬, 12-01-00115�), Œ¨−¨áâ¥àáâ¢®¬ ®¡à�§®¢�−¨ï ¨ −�ãª¨
(£®áª®−âà�ªâ 16.740.11.0133).

1”�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨-
¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�; ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷��, vkorolev@cs.msu.su

2”�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨-
¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�, sasha.korchagin@gmail.com

3“−¨¢¥àá¨â¥â £. “«ì¬, ƒ¥à¬�−¨ï, o.moreva@gmail.com
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‚¯¥à¢ë¥ ¨â¥à�æ¨®−−�ï ¯à®æ¥¤ãà� â¨¯� …Œ-�«£®à¨â¬� ¡ë«� ®¯ã¡«¨ª®¢�−� ¢
à�¡®â¥ [1]. ‡�â¥¬ ¯®á«¥ ¤®¢®«ì−® ¡®«ìè®£® ¯¥à¥àë¢� íâ� ¨¤¥ï ¢−®¢ì ¢®§−¨ª-
«� ¢ à�¡®â¥ [2]. ‚®§−¨ª−®¢¥−¨¥ í«¥ªâà®−−®-¢ëç¨á«¨â¥«ì−ëå ¬�è¨− ¯®§¢®«¨«®
à¥�«¨§®¢ë¢�âì ¤®¢®«ì−® á«®¦−ë¥ ¨â¥à�æ¨®−−ë¥ ¯à®æ¥¤ãàë. �â® áâ¨¬ã«¨à®¢�-
«® à�§¢¨â¨¥ ¨¤¥©, «¥¦�é¨å ¢ ®á−®¢¥ EM-�«£®à¨â¬� ¨ −�è¥¤è¨å ¢¯®á«¥¤áâ¢¨¨
á¢®¥ ®âà�¦¥−¨¥ ¢ à�¡®â�å [3{6]. �¤−¨¬ ¨§ ®á−®¢−ëå ¯à¨¬¥−¥−¨© EM-�«£®-
à¨â¬� ï¢«ï¥âáï à�§¤¥«¥−¨¥ ª®−¥ç−ëå á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢, ª®â®àë¥, ª�ª
¨§¢¥áâ−®, ¯à¥¤áâ�¢«ïîâ á®¡®© ¤®¢®«ì−® £¨¡ªãî ¬®¤¥«ì ¨áå®¤−®£® à�á¯à¥¤¥«¥-
−¨ï. �®¤à®¡−®¥ ®¯¨á�−¨¥ EM-�«£®à¨â¬� ¤«ï áâ�â¨áâ¨ç¥áª®£® à�§¤¥«¥−¨ï á¬¥á¥©
¢¥à®ïâ−®áâ−ëå §�ª®−®¢ ¬®¦−® −�©â¨ ¢ ª−¨£¥ [7].

ˆ¤¥ï, «¥¦�é�ï ¢ ®á−®¢¥ ¬¥â®¤®¢ ¢®ááâ�−®¢«¥−¨ï ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨ï
á ¯®¬®éìî ï¤¥à−ëå ®æ¥−®ª, ¡ë«� ¯à¥¤«®¦¥−� ¢ â¥å−¨ç¥áª®¬ ¤®ª«�¤¥ ‚®¥−−®-
¢®§¤ãè−ëå á¨« ‘˜� (USAF), � ¯¥à¢�ï ®¯ã¡«¨ª®¢�−−�ï áâ�âìï Rosenblatt [8]
¢ëè«� ¢ 1956 £. ‘ â®£® ¢à¥¬¥−¨ ï¤¥à−ë¥ ®æ¥−ª¨ ¯à¨¢«¥ª«¨ ¡®«ìè®¥ ¢−¨¬�−¨¥
áâ�â¨áâ¨ª®¢, çâ® ¯®¤â¢¥à¦¤�¥âáï ®¡è¨à−®© áâ�â¨áâ¨ç¥áª®© «¨â¥à�âãà®© −� íâã
â¥¬ã, ¢ ç�áâ−®áâ¨ à�¡®â�¬¨ [9{15]. �®¤à®¡−ë© ®¡§®à ï¤¥à−ëå ¬¥â®¤®¢ ¬®¦−®
−�©â¨ ¢ à�¡®â¥ [16].

Š�ª ¯à�¢¨«®, ¢ ª�ç¥áâ¢¥ ï¤à� ¢ −¥¯�à�¬¥âà¨ç¥áª¨å ®æ¥−ª�å ¯«®â−®áâ¨ à�á-
¯à¥¤¥«¥−¨ï ¢ë¡¨à�îâáï ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¥©. �à¨ íâ®¬ ï¤¥à−ë¥ ®æ¥−ª¨
ï¢«ïîâáï ª®−¥ç−ë¬¨ á¬¥áï¬¨ à�á¯à¥¤¥«¥−¨©, á®®â¢¥âáâ¢ãîé¨å â�ª¨¬ ¯«®â−®-
áâï¬. ‚ ï¤¥à−ëå ®æ¥−ª�å ¯à¨áãâáâ¢ã¥â ¯�à�¬¥âà ¬�áèâ�¡�, å�à�ªâ¥à¨§ãîé¨©
£«�¤ª®áâì ¯®«ãç�¥¬®© ®æ¥−ª¨. Œ¥â®¤ë ¢ë¡®à� íâ®£® ¯�à�¬¥âà� −� ¯à�ªâ¨ª¥
¢® ¬−®£®¬ í¢à¨áâ¨ç−ë ¨ ä�ªâ¨ç¥áª¨ ®áâ�¢«ïîâ à¥è¥−¨¥ ® ª®−ªà¥â−®¬ §−�ç¥−¨¨
íâ®£® ¯�à�¬¥âà� −� ¯à®¨§¢®« ¨áá«¥¤®¢�â¥«ï. ‚ â® ¦¥ ¢à¥¬ï ¯à¨ à�§¤¥«¥−¨¨ á¬¥á¥©
á ¯®¬®éìî �«£®à¨â¬®¢ …Œ-â¨¯�, ¢®-¯¥à¢ëå, ¢¬¥áâ® ¥¤¨−áâ¢¥−−®£® ¯�à�¬¥âà�
¬�áèâ�¡� ¢®§−¨ª�îâ −¥áª®«ìª® ¯�à�¬¥âà®¢ ¬�áèâ�¡� ª®¬¯®−¥−â ¨, ¢®-¢â®àëå,
®−¨ −¥ ¢ë¡¨à�îâáï ¯à®¨§¢®«ì−®, −® ®æ¥−¨¢�îâáï �¢â®¬�â¨ç¥áª¨. �â® ®¡áâ®ï-
â¥«ìáâ¢® ¤¥«�¥â ¢®§¬®¦−ë¬ ¯à¨¬¥−¥−¨¥ �«£®à¨â¬®¢ …Œ-â¨¯� ¤«ï ¯®áâà®¥−¨ï
−¥¯�à�¬¥âà¨ç¥áª¨å ®æ¥−®ª ¯«®â−®áâ¨.

‚ áâ�âì¥ ¯à®¢®¤¨âáï í¬¯¨à¨ç¥áª®¥ áà�¢−¥−¨¥ ã¯®¬ï−ãâëå ¢ëè¥ ¬¥â®¤®¢ ¯®-
áâà®¥−¨ï −¥¯�à�¬¥âà¨ç¥áª¨å ®æ¥−®ª ¯«®â−®áâ¨ −� ¢ë¡®àª�å, ¯®«ãç¥−−ëå ¯à¨
£¥−¥à�æ¨¨ à¥�«¨§�æ¨© á«ãç�©−ëå ¢¥«¨ç¨− ¨§ à�§«¨ç−ëå ª«�áá®¢ á¬¥á¥© ¢¥à®ïâ-
−®áâ−ëå §�ª®−®¢ á ¯®¬®éìî ¤�âç¨ª� ¯á¥¢¤®á«ãç�©−ëå ç¨á¥«.

�®¬¨¬® íâ®£®, ¢ áâ�âì¥ à�áá¬�âà¨¢�¥âáï á¥â®ç−ë© �−�«®£ …Œ-�«£®à¨â¬�.
‚ ¤�−−®© à�¡®â¥ ®− ®¡®§−�ç�¥âáï �¡¡à¥¢¨�âãà®© GCG (Grid Conjugate Gradi-
ent). ‘¥â®ç−ë¥ ¬¥â®¤ë à�§¤¥«¥−¨ï á¬¥á¥© ¢¥à®ïâ−®áâ−ëå §�ª®−®¢ ¯à¥¤«®¦¥−ë
¢ à�¡®â¥ [17]. ˆ¤¥ï, «¥¦�é�ï ¢ ®á−®¢¥ á¥â®ç−ëå ¬¥â®¤®¢, §�ª«îç�¥âáï ¢ §�-
¬¥−¥ ¨−â¥à¢�«®¢, −� ª®â®àëå ®æ¥−¨¢�îâáï ¯�à�¬¥âàë, −¥ª¨¬¨ á¥âª�¬¨ á æ¥«ìî
§−�ç¨â¥«ì−®£® ã¬¥−ìè¥−¨ï ¬®é−®áâ¨ ¯�à�¬¥âà¨ç¥áª®£® ¬−®¦¥áâ¢�. ‚ áâ�âì¥
¯à¥¤«®¦¥−ë ¢�à¨�−âë ã«ãçè¥−¨ï á¥â®ç−®£® �«£®à¨â¬� ¢ ç�áâ¨ ¢ë¡®à� á¥âª¨ ¨
¢¢¥¤¥−¨ï ¢â®à®£® ¯à®å®¤�.
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�¥¯�à�¬¥âà¨ç¥áª®¥ ®æ¥−¨¢�−¨¥ äã−ªæ¨¨ ¯«®â−®áâ¨ á¬¥á¥© ¢¥à®ïâ−®áâ−ëå §�ª®−®¢

2 Смеси вероятностных законов

‘¬¥á¨ ¢¥à®ïâ−®áâ−ëå §�ª®−®¢ −�å®¤ïâ á�¬®¥ è¨à®ª®¥ ¯à¨¬¥−¥−¨¥ ª�ª ¬®¤¥«¨
à�á¯à¥¤¥«¥−¨ï ¬−®£¨å á«ãç�©−ëå ¢¥«¨ç¨−, −�¡«î¤�¥¬ëå −� ¯à�ªâ¨ª¥. ’�ª, à�á-
¯à¥¤¥«¥−¨ï ¯à¨à�é¥−¨© ¯à®æ¥áá®¢ í¢®«îæ¨¨ ä¨−�−á®¢ëå ¨−¤¥ªá®¢ ¨ ¯à®æ¥áá®¢
¯«�§¬¥−−®© âãà¡ã«¥−â−®áâ¨ å®à®è® ®¯¨áë¢�îâáï ª®−¥ç−ë¬¨ á¤¢¨£-¬�áèâ�¡−ë-
¬¨ á¬¥áï¬¨ −®à¬�«ì−ëå §�ª®−®¢. �à¨ ¨áá«¥¤®¢�−¨¨ áâ®å�áâ¨ç¥áª®© áâàãªâãàë
å�®â¨ç¥áª¨å ¨−ä®à¬�æ¨®−−ëå ¯®â®ª®¢ ¢ á«®¦−ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¥âïå
−�å®¤ïâ á¢®¥ ¯à¨¬¥−¥−¨¥ á¬¥á¨ £�¬¬�-à�á¯à¥¤¥«¥−¨© [18].

„�¤¨¬ ä®à¬�«ì−®¥ ®¯à¥¤¥«¥−¨¥ á¬¥á¨. ÷�áá¬®âà¨¬ äã−ªæ¨î F (x, y), ®¯à¥-
¤¥«¥−−ãî −� ¬−®¦¥áâ¢¥ R × Y. „«ï ¯à®áâ®âë ¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® Y |
íâ® −¥ª®â®à®¥ ¯®¤¬−®¦¥áâ¢® m-¬¥à−®£® ¥¢ª«¨¤®¢� ¯à®áâà�−áâ¢�, Y ∈ Rm ¯à¨
−¥ª®â®à®¬ m ≥ 1, ¯à¨ç¥¬ ¬−®¦¥áâ¢® Y á−�¡¦¥−® ¡®à¥«¥¢áª®© σ-�«£¥¡à®© ›.
�®«¥¥ â®£®, ¯à¥¤¯®«®¦¨¬, çâ® ¯à¨ ª�¦¤®¬ ä¨ªá¨à®¢�−−®¬ y äã−ªæ¨ï F (x, y)
ï¢«ï¥âáï äã−ªæ¨¥© à�á¯à¥¤¥«¥−¨ï ¯® x, � ¯à¨ ª�¦¤®¬ ä¨ªá¨à®¢�−−®¬ x äã−ª-
æ¨ï F (x, y) ¨§¬¥à¨¬� ¯® y, â. ¥. ¤«ï «î¡ëå x ∈ R ¨ c ∈ R ¢ë¯®«−¥−® ãá«®¢¨¥
{y : F (x, y) < c} ∈ ›. �ãáâì Q | ¢¥à®ïâ−®áâ−�ï ¬¥à�, ®¯à¥¤¥«¥−−�ï −�
¨§¬¥à¨¬®¬ ¯à®áâà�−áâ¢¥ (Y,›). ”ã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï

H(x) =

∫

Y

F (x, y)Q(dy) , x ∈ R ,

−�§ë¢�¥âáï á¬¥áìî äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï F (x, y) ¯® y ®â−®á¨â¥«ì−® Q. ÷�á-
¯à¥¤¥«¥−¨¥ F (x, y) −�§ë¢�¥âáï á¬¥è¨¢�¥¬ë¬, ¢ â® ¢à¥¬ï ª�ª ¬¥à� Q §�¤�¥â
á¬¥è¨¢�îé¥¥ à�á¯à¥¤¥«¥−¨¥.

…á«¨ á«ãç�©−ë© ¢¥ªâ®à Y ¨¬¥¥â ¤¨áªà¥â−®¥ à�á¯à¥¤¥«¥−¨¥ ¨ ¯à¨−¨¬�¥â
§−�ç¥−¨ï y1, y2, . . . á ¢¥à®ïâ−®áâï¬¨ p1, p2, . . . á®®â¢¥âáâ¢¥−−®, â® ¯®«ãç�¥âáï
á¬¥áì ¢¨¤�

H(x) = EF (x, Y ) =
∑

j≥1

pjF (x, yj) , x ∈ R ,

−�§ë¢�¥¬�ï ¤¨áªà¥â−®©. ‚ â�ª®¬ á«ãç�¥ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï F (x, yj) −�-
§ë¢�îâáï ª®¬¯®−¥−â�¬¨ á¬¥á¨ H(x), � ç¨á«� pj, j ≥ 1, −�§ë¢�îâáï ¢¥á�¬¨
á®®â¢¥âáâ¢ãîé¨å ª®¬¯®−¥−â. …á«¨ ¢ ¤¨áªà¥â−®© á¬¥á¨ ç¨á«® −¥−ã«¥¢ëå ¢¥á®¢
ª®−¥ç−® (â. ¥. á«ãç�©−ë© ¢¥ªâ®à Y ¯à¨−¨¬�¥â k (ª®−¥ç−®¥ ç¨á«®) §−�ç¥−¨©),
â® ¤¨áªà¥â−�ï á¬¥áì −�§ë¢�¥âáï ª®−¥ç−®©, � k −�§ë¢�îâ ç¨á«®¬ ª®¬¯®−¥−â
á¬¥á¨

H(x) = EF (x, Y ) =

k∑

j=1

pjF (x, yj) , x ∈ R .
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…á«¨ äã−ªæ¨¨ à�á¯à¥¤¥«¥−¨ï F (x, y) á®®â¢¥âáâ¢ã¥â ¯«®â−®áâì f(x, y), â®
¤¨áªà¥â−®© á¬¥á¨ H(x) á®®â¢¥âáâ¢ã¥â ¯«®â−®áâì

h(x) =
∑

j≥1

pjf(x, yj) , x ∈ R .

„�«¥¥ ¡ã¤¥¬ à�áá¬�âà¨¢�âì ª®−¥ç−ë¥ á¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢, ¯«®â−®áâì
ª®â®àëå ¨¬¥¥â ¢¨¤:

h(x) =
k∑

i=1

pifi(x, yi) , (1)

£¤¥

f(x, yj) = fj(x) =
1

σj
φ

(
x− aj

σj

)
, φ(x) =

1√
2π
exp

{
−x

2

2

}
, x ∈ R .

3 EM-алгоритм для разделения смесей

‚ á«ãç�¥ ª®−¥ç−ëå á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢ §�¤�ç¥© à�§¤¥«¥−¨ï á¬¥á¨

f(x) =

k∑

j=1

pj

σj
φ

(
x− aj

σj

)
, x ∈ R ,

¯à¨−ïâ® −�§ë¢�âì §�¤�çã áâ�â¨áâ¨ç¥áª®£® ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ θ =
= (p1, . . . , pk, a1, . . . , ak, σ1, . . . , σk) ¯® ¨§¢¥áâ−ë¬ à¥�«¨§�æ¨ï¬ á«ãç�©−®© ¢¥-
«¨ç¨−ë X.

�¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ áãé¥áâ¢®¢�−¨ï à¥è¥−¨ï §�¤�ç¨ à�§¤¥«¥−¨ï á¬¥á¨
¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© ¢¨¤� (1) ï¢«ï¥âáï ¨¤¥−â¨ä¨æ¨àã¥¬®áâì á¬¥á¨,
â. ¥. á®¢¯�¤¥−¨¥ −¥¨§¢¥áâ−ëå ¯�à�¬¥âà®¢ ¯à¨ â®¦¤¥áâ¢¥−−®¬ á®¢¯�¤¥−¨¨ á¬¥á¥©
¢¨¤� (1) ª�ª äã−ªæ¨© �à£ã¬¥−â�x. Š®−¥ç−ë¥ á¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢ ®¡«�¤�îâ
á¢®©áâ¢®¬ ¨¤¥−â¨ä¨æ¨àã¥¬®áâ¨ (á¬., −�¯à¨¬¥à, [7]).

„«ï à¥è¥−¨ï §�¤�ç¨ à�§¤¥«¥−¨ï á¬¥á¥© âà�¤¨æ¨®−−® ¨á¯®«ì§ã¥âáï …Œ-�«£®-
à¨â¬. EM-�«£®à¨â¬ | ¨â¥à�æ¨®−−ë© �«£®à¨â¬, ¨á¯®«ì§ã¥¬ë© ¢ ¬�â¥¬�â¨ç¥áª®©
áâ�â¨áâ¨ª¥ ¤«ï −�å®¦¤¥−¨ï ®æ¥−®ª ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¯�à�¬¥âà®¢
¢¥à®ïâ−®áâ−ëå ¬®¤¥«¥© ¢ á«ãç�¥, ª®£¤� ¬®¤¥«ì §�¢¨á¨â ®â −¥ª®â®àëå áªàëâëå
¯¥à¥¬¥−−ëå. �ãáâìX ∈ Rn | −¥ª®â®àë¥ §−�ç¥−¨ï −�¡«î¤�¥¬ëå ¯¥à¥¬¥−−ëå, �
Y ∈ Rm | áªàëâë¥ ¯¥à¥¬¥−−ë¥. ‚¬¥áâ¥X ¨ Y ®¡à�§ãîâ ¯®«−ë© −�¡®à ¤�−−ëå.
�ã¤¥¬ áç¨â�âì, çâ® á®¢¬¥áâ−�ï ¯«®â−®áâì á«ãç�©−®£® ¢¥ªâ®à� (X,Y ) �¡á®«îâ−®
−¥¯à¥àë¢−� ®â−®á¨â¥«ì−® ¬¥àë ‹¥¡¥£�. �®«®¦¨¬ f | ¯«®â−®áâì ¢¥à®ïâ−®áâ¨
¯®«−®£® −�¡®à� ¤�−−ëå á ¯�à�¬¥âà®¬ θ ∈ —: f(X,Y |—) = fθ(x, y) = Pθ(X =
= x, Y = y). �âã äã−ªæ¨î ¬®¦−® ¯®−¨¬�âì ª�ª äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï ¢á¥©
¬®¤¥«¨, ¥á«¨ à�áá¬�âà¨¢�âì ¥¥ ª�ª äã−ªæ¨î ¯�à�¬¥âà� θ.
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�¥¯�à�¬¥âà¨ç¥áª®¥ ®æ¥−¨¢�−¨¥ äã−ªæ¨¨ ¯«®â−®áâ¨ á¬¥á¥© ¢¥à®ïâ−®áâ−ëå §�ª®−®¢

ˆâ¥à�æ¨ï �«£®à¨â¬� á®áâ®¨â ¨§ ¤¢ãå è�£®¢. �� E-è�£¥ (expectation) ¢ëç¨á«ï-
¥âáï ®¦¨¤�¥¬®¥ §−�ç¥−¨¥ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï, ¯à¨ íâ®¬ áªàëâë¥ ¯¥à¥¬¥−-
−ë¥ à�áá¬�âà¨¢�îâáï ª�ª −�¡«î¤�¥¬ë¥. �� M-è�£¥ (maximization) ¢ëç¨á«ï¥âáï
®æ¥−ª� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï, â�ª¨¬ ®¡à�§®¬ ã¢¥«¨ç¨¢�¥âáï ®¦¨¤�¥¬®¥
¯à�¢¤®¯®¤®¡¨¥, ¢ëç¨á«ï¥¬®¥ −� E-è�£¥. ‡�â¥¬ íâ® §−�ç¥−¨¥ ¨á¯®«ì§ã¥âáï ¤«ï
E-è�£� −� á«¥¤ãîé¥© ¨â¥à�æ¨¨. �«£®à¨â¬ ¢ë¯®«−ï¥âáï ¤® áå®¤¨¬®áâ¨. �¯¨è¥¬
¯®¤à®¡−® íâ�¯ë …Œ-�«£®à¨â¬�.

1. �â�¯ ¢ëç¨á«¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï (…-íâ�¯). �¯à¥¤¥«¨¬ äã−ª-
æ¨î Q(θ; θ(m)) ª�ª ãá«®¢−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ «®£�à¨ä¬� ¯®«−®© äã−ª-
æ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¯à¨ ¨§¢¥áâ−®¬ §−�ç¥−¨¨ −�¡«î¤�¥¬®© ª®¬¯®−¥−âë X:

Q(θ; θ(m)) = Eθ(m) [log fθ(X,Y )|X] . (2)

‚ íâ®¬ ®¯à¥¤¥«¥−¨¨ θ ï¢«ï¥âáï �à£ã¬¥−â®¬ äã−ªæ¨¨ Q(θ; θ(m)),X ¨ θ(m) |
¯�à�¬¥âàë, â�ª çâ® ¢ á®®â−®è¥−¨¨ (4) á¨¬¢®« Eθ(m) ®§−�ç�¥â ãáà¥¤−¥−¨¥ ¯® Y
®â−®á¨â¥«ì−® ¬¥àë Pθ(m) . �à¨ ¨§¢¥áâ−®¬ §−�ç¥−¨¨ X = x äã−ªæ¨î Q(θ; θ(m))
¬®¦−® ¢ëç¨á«¨âì ¯® ä®à¬ã«¥

Q(θ; θ(m)) =

∫

Rm

[log fθ(x, y)] fθ(m)(y|x) dy .

2. �â�¯ ¬�ªá¨¬¨§�æ¨¨ (Œ-íâ�¯). �� íâ®¬ íâ�¯¥ ¢ëç¨á«ï¥âáï

θ(m+1) = argmax
θ
Q(θ; θ(m)) .

ˆâ¥à�æ¨®−−ë© ¯à®æ¥áá ®áâ�−�¢«¨¢�¥âáï ¢ á®®â¢¥âáâ¢¨¨ á §�à�−¥¥ á®£«�á®¢�−-
−ë¬ ªà¨â¥à¨¥¬ ®áâ�−®¢ª¨. ��¯à¨¬¥à, §�à�−¥¥ ¢ë¡¨à�¥âáï ª�ª�ï-−¨¡ã¤ì ¬¥âà¨ª�
ρ(θ1, θ2) ¨ ä¨ªá¨àã¥âáï ¬�«®¥ ¯®«®¦¨â¥«ì−®¥ ç¨á«® ǫ. �à®æ¥áá ®áâ�−�¢«¨¢�¥âáï
−� m-¬ è�£¥, ¥á«¨ ρ(θ(m), θ(m−1)) < ǫ.

„«ï ª®−¥ç−ëå á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢ EM-�«£®à¨â¬ á¢®¤¨âáï ª ®¤−®è�-
£®¢®¬ã ¨â¥à�æ¨®−−®¬ã ¯à®æ¥ááã. „«ï ¤�−−®£® á«ãç�ï �¯®áâ¥à¨®à−�ï ¢¥à®ïâ−®áâì
â®£®, çâ® −�¡«î¤¥−¨¥ xj ¡ë«® á£¥−¥à¨à®¢�−® ¢ á®®â¢¥âáâ¢¨¨ á à�á¯à¥¤¥«¥−¨¥¬,
§�¤�¢�¥¬ë¬ i-®© ª®¬¯®−¥−â®© á¬¥á¨ (1), ¨¬¥¥â ¢¨¤:

fθ(i|xj) =
(pi/σi)φ ((xj − ai)/σi)

k∑

r=1

(pr/σr)φ ((xj − ai)/σr)

.
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�ãáâì §−�ç¥−¨¥ θ(m) = (p(m)1 , . . . , p
(m)
k , a

(m)
1 , . . . , a

(m)
k , σ

(m)
1 , . . . , σ

(m)
k ) ¯�à�¬¥â-

à� θ −� m-© ¨â¥à�æ¨¨ …Œ-�«£®à¨â¬� ¨§¢¥áâ−®. �¡®§−�ç¨¬

g
(m)
ij = fθ(m)(i|xj) =

(
p
(m)
i /σ

(m)
i

)
φ
((
xj − a

(m)
i

)
/σ
(m)
i

)

k∑

r=1

(
p(m)r /σ(m)r

)
φ
((
xj − a(m)r

)
/σ(m)r

) =

=

(
p
(m)
i /σ

(m)
i

)
exp

{((
xj − a

(m)
i

)
/σ
(m)
i

)2/
2

}

k∑

r=1

(
p(m)r /σ(m)r

)
exp

{((
xj − a(m)r

)
/σ(m)r

)2/
2

} .

’®£¤� ãâ®ç−¥−−ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ pi, ai ¨ σi −� (m + 1)-© ¨â¥à�æ¨¨ …Œ-
�«£®à¨â¬� ¨¬¥îâ ¢¨¤:

p
(m+1)
i =

1

n

n∑

j=1

g
(m)
ij ; am+1

i =
1

n∑

j=1

g
(m)
ij

n∑

j=1

g
(m)
ij xj ;

σm+1
i =





1
n∑

j=1

g
(m)
ij

n∑

j=1

g
(m)
ij (xj − a

(m+1)
i )2





1/2

, i = 1, . . . , k .

�â¨ á®®â−®è¥−¨ï ®¯à¥¤¥«ïîâ …Œ-�«£®à¨â¬ ¤«ï à�§¤¥«¥−¨ï ª®−¥ç−ëå á¬¥á¥©
−®à¬�«ì−ëå §�ª®−®¢. ”�ªâ¨ç¥áª¨ ãª�§�−−ë¥ à¥ªãàà¥−â−ë¥ á®®â−®è¥−¨ï à¥�«¨-
§ãîâ ®¡� íâ�¯� (…-íâ�¯ ¨ Œ-íâ�¯) …Œ-�«£®à¨â¬� ®¤−®¢à¥¬¥−−®.

3.1 Выбор числа компонент смеси

�à¨ ¨á¯®«ì§®¢�−¨¨ …Œ-�«£®à¨â¬� ¤«ï à�§¤¥«¥−¨ï ª®−¥ç−ëå á¬¥á¥© áç¨â�-
¥âáï, çâ® ç¨á«® ª®¬¯®−¥−â á¬¥á¨ ¨§¢¥áâ−® §�à�−¥¥, ®¤−�ª® −� ¯à�ªâ¨ª¥ íâ® −¥
¢á¥£¤� â�ª. ˆ−®£¤� ç¨á«® ª®¬¯®−¥−â ã¤�¥âáï ®æ¥−¨âì ¢¨§ã�«ì−®, ®¤−�ª® â�ª®©
¯®¤å®¤ ¯à¥¯ïâáâ¢ã¥â �¢â®¬�â¨§�æ¨¨ ¯à®æ¥áá� �−�«¨§� ¤�−−ëå. Œ®¦−® à¥è�âì
§�¤�çã −¥áª®«ìª® à�§ ¯à¨ ¯®á«¥¤®¢�â¥«ì−®¬ ã¢¥«¨ç¥−¨¨ ç¨á«� ª®¬¯®−¥−â á¬¥á¨ k,
¯®áâà®¨âì £à�ä¨ª §�¢¨á¨¬®áâ¨ äã−ªæ¨¨ ¯à�¢¤®¯®¤®¡¨ï ¢ë¡®àª¨ ®â k ¨ ¢ë¡à�âì
−�¨¬¥−ìè¥¥ k, ¯à¨ ª®â®à®¬ £à�ä¨ª ¯à¥â¥à¯¥¢�¥â à¥§ª¨© áª�ç®ª ¯à�¢¤®¯®¤®¡¨ï.
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�¥¯�à�¬¥âà¨ç¥áª®¥ ®æ¥−¨¢�−¨¥ äã−ªæ¨¨ ¯«®â−®áâ¨ á¬¥á¥© ¢¥à®ïâ−®áâ−ëå §�ª®−®¢

��«¨ç¨¥ à¥§ª®£® áª�çª� á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® ¬®¤¥«ì ¡ë«� ¢ë¡à�−� ã¤�ç−®;
®âáãâáâ¢¨¥ ¦¥ −¥ ¤�¥â −¨ª�ª®© ¨−ä®à¬�æ¨¨ ® ¢ë¡®à¥ k.

�®−ïâ−®, çâ® ç¥¬ ¡®«ìè¥ ¯�à�¬¥âà®¢ ¢ ¬®¤¥«¨, â¥¬ «ãçè¥ ®−� ®¯¨áë¢�¥â ¨á-
å®¤−ë¥ ¤�−−ë¥. �¤−�ª® ¡®«ìè®¥ ç¨á«® ª®¬¯®−¥−â á¬¥á¨, ¢®-¯¥à¢ëå, §�âàã¤−ï¥â
¨−â¥à¯à¥â�æ¨î ¬®¤¥«¨, � ¢®-¢â®àëå, áãé¥áâ¢¥−−® ã¢¥«¨ç¨¢�¥â ¢à¥¬ï à�¡®âë
�«£®à¨â¬�.

„«ï ®¯à¥¤¥«¥−¨ï ç¨á«� ª®¬¯®−¥−â á¬¥á¨ ¡ã¤¥¬ ¨á¯®«ì§®¢�âì ¨−ä®à¬�æ¨-
®−−ë© ªà¨â¥à¨© �ª�¨ª¥ (AIC), ¯à¥¤«®¦¥−−ë© •¨à®âã£ã �ª�¨ª¥ ¢ 1971 £.
‚ ª�ç¥áâ¢¥ ¯®ª�§�â¥«ï ª�ç¥áâ¢� ¬®¤¥«¨ •. �ª�¨ª¥ ¯à¥¤«®¦¨« à�áá¬�âà¨¢�âì
à�ááâ®ï−¨¥ Šã«ì¡�ª�{‹¥©¡«¥à� ¬¥¦¤ã ¨áâ¨−−®© ¨ −�¨¡®«¥¥ ¯à�¢¤®¯®¤®¡−®© ¬®-
¤¥«ì−®© ¯«®â−®áâï¬¨. Œ®¤¥«ì â¥¬ «ãçè¥, ç¥¬ ¬¥−ìè¥ ãª�§�−−®¥ à�ááâ®ï−¨¥.
�®¤à®¡−® ®¡ íâ®¬ ªà¨â¥à¨¨ ¬®¦−® ¯à®ç¨â�âì ¢ [7].

‚¥«¨ç¨−� AIC ®¯à¥¤¥«ï¥âáï ª�ª

AIC = −2 log fM (X; �θ(X)) + 2d ,

£¤¥ fM (X; �θ(X)) | äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï ¬®¤¥«¨, d | à�§¬¥à−®áâì ¯�à�-
¬¥âà� θ. ‘â�â¨áâ¨ª� AIC á«ã¦¨â ªà¨â¥à¨¥¬ ª�ç¥áâ¢� ¬®¤¥«¨ fM(x, θ), â®ç−¥¥,
¬¥à®© −¥á®£«�á¨ï ¬®¤¥«¨ ¨ à¥�«ì−ëå ¤�−−ëå: ç¥¬ ¬¥−ìè¥ AIC, â¥¬ «ãçè¥
¬®¤¥«ì. �à¨ íâ®¬ ïá−®, çâ® ¢ª«îç¥−¨¥ ¢ ¬®¤¥«ì ¤®¯®«−¨â¥«ì−ëå ¯�à�¬¥âà®¢
¬®¦¥â â®«ìª® ã¢¥«¨ç¨âì ¯à�¢¤®¯®¤®¡¨¥ ¬®¤¥«¨ ¨, áâ�«® ¡ëâì, ã¬¥−ìè¨âì ¯¥à¢®¥
á«�£�¥¬®¥ ¢ AIC. �¤−�ª® ¯à¨ íâ®¬ ã¢¥«¨ç¨¢�¥âáï ¢â®à®¥ á«�£�¥¬®¥, ¨£à�îé¥¥
à®«ì èâà�ä� §� ¨á¯®«ì§®¢�−¨¥ ¤®¯®«−¨â¥«ì−ëå ¯�à�¬¥âà®¢.

�ãáâì â¥¯¥àì x = (x1, . . . , xn)| ¨áå®¤−�ï −�¡«î¤�¥¬�ï ¢ë¡®àª�, í«¥¬¥−âë
ª®â®à®© ï¢«ïîâáï −¥§�¢¨á¨¬ë¬¨ à¥�«¨§�æ¨ï¬¨ á«ãç�©−®© ¢¥«¨ç¨−ë, ¯«®â−®áâì
à�á¯à¥¤¥«¥−¨ï ª®â®à®© ¨¬¥¥â ¢¨¤:

f(x) =
k∑

i=1

pi

σi
φ

(
x− ai

σi

)
, x ∈ R , (3)

£¤¥ φ(x) | áâ�−¤�àâ−�ï −®à¬�«ì−�ï ¯«®â−®áâì, ai ∈ R, σi > 0, pi ≥ 0, p1 + · · ·
· · ·+pk = 1, i = 1, . . . , k. ‘®®â¢¥âáâ¢ãîé�ï íâ®© ¬®¤¥«¨ äã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï
¨¬¥¥â ¢¨¤:

Lk(θ;x) =
n∏

j=1

[
k∑

i=1

pi

σi
φ

(
xj − ai

σi

)]
, (4)

£¤¥ θ = (p1, . . . , pk, a1, . . . , ak, σ1, . . . , σk). ÷�§¬¥à−®áâì ¯�à�¬¥âà� θ à�¢−� d =
= 3k − 1. �®íâ®¬ã á ¨á¯®«ì§®¢�−¨¥¬ ªà¨â¥à¨ï �ª�¨ª¥ ®â¢¥â −� ¢®¯à®á ® â®¬,
ª�ª®¥ §−�ç¥−¨¥ ç¨á«� k ª®¬¯®−¥−â á¬¥á¨ ï¢«ï¥âáï ®¯â¨¬�«ì−ë¬, ¨¬¥¥â ¢¨¤:

kopt = argmin
k

{
− logLk

(
�θ(k);x

)
+ 3k − 1

}
,
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£¤¥ �θ(k) | ®æ¥−ª� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¯�à�¬¥âà� θ, ¯®áâà®¥−−�ï ¢
á®®â¢¥âáâ¢¨¨ á ¬®¤¥«ìî (3).

3.2 Выбор начальных приближений

”ã−ªæ¨ï ¯à�¢¤®¯®¤®¡¨ï (4) ¬®¤¥«¨, ¢®®¡é¥ £®¢®àï, −¥ ï¢«ï¥âáï ¢ë¯ãª-
«®©, ¯®íâ®¬ã EM-�«£®à¨â¬ ¬®¦¥â −�å®¤¨âì ª�ª «®ª�«ì−ë¥, â�ª ¨ £«®¡�«ì−ë¥
¬�ªá¨¬ã¬ë. ‚ á¢ï§¨ á íâ¨¬ EM-�«£®à¨â¬ −¥ ¢á¥£¤� −�å®¤¨â ú¯à�¢¨«ì−ë¥û
®æ¥−ª¨ ¯�à�¬¥âà®¢. ’�ª ª�ª −¥ áãé¥áâ¢ã¥â ªà¨â¥à¨ï, ¯®§¢®«ïîé¥£® ¤®áâ®¢¥à−®
à�á¯®§−�âì ¯à¨à®¤ã ¤®áâ¨£−ãâ®£® ¬�ªá¨¬ã¬� | ï¢«ï¥âáï «¨ ®− £«®¡�«ì−ë¬ ¨«¨
«®ª�«ì−ë¬, | â® à¥§ã«ìâ�â à�¡®âë EM-�«£®à¨â¬� ®ç¥−ì á¨«ì−® §�¢¨á¨â ®â
−�ç�«ì−ëå ¯à¨¡«¨¦¥−¨©.

‚ ¤�−−®© à�¡®â¥ −�ç�«ì−ë¥ ¯à¨¡«¨¦¥−¨ï ¢ë¡¨à�«¨áì á ¯®¬®éìî ¤�âç¨ª�
¯á¥¢¤®á«ãç�©−ëå ç¨á¥« á«¥¤ãîé¨¬ ®¡à�§®¬:

p = (p1, . . . , pk) =
1

k∑

i=1

ui

(u1, . . . , uk) ,

£¤¥ ui ∼ U [0,1, 1] (à�¢−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ −� [0, 1]) ¨ −¥§�¢¨á¨¬ë,

a = (a1, . . . , ak) = (u1, . . . uk),

£¤¥ ui ∼ U [X(1),X(n)] ¨ −¥§�¢¨á¨¬ë, X(1) ¨ X(n) | ¬¨−¨¬�«ì−ë© ¨ ¬�ªá¨¬�«ì-
−ë© í«¥¬¥−âë ¢ë¡®àª¨

σ = (σ1, . . . , σk) = �σ(v1, . . . , vk),

£¤¥ vi ∼ U [0,25, 1,75] ¨ −¥§�¢¨á¨¬ë, �σ | ®æ¥−¥−−®¥ áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥
¢á¥© ¢ë¡®àª¨.

4 Сеточный аналог ЕМ-алгоритма

÷�áá¬®âà¨¬ ª®−¥ç−ãî á¬¥áì −®à¬�«ì−ëå §�ª®−®¢ ¢¨¤�

f(x) =
k∑

i=1

piφ

(
x− ai

σi

)
,

£¤¥ φ(x) | áâ�−¤�àâ−�ï −®à¬�«ì−�ï ¯«®â−®áâì à�á¯à¥¤¥«¥−¨ï, � ai, σi, pi

(p1 + · · · + pk = 1) | ¯�à�¬¥âàë, ¯®¤«¥¦�é¨¥ ®æ¥−¨¢�−¨î.
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…á«¨ ¨§¢¥áâ−ë ¤¨�¯�§®−ë ¨§¬¥−¥−¨ï ®æ¥−¨¢�¥¬ëå ¯�à�¬¥âà®¢ (−�¯à¨¬¥à, çâ®
a ≤ ai ≤ �a, ∀i), §�¤�ç� á¢®¤¨âáï ª ®âëáª�−¨î ®æ¥−®ª ¨§ §�¤�−−ëå ¨−â¥à¢�«®¢.
ˆ¤¥ï, «¥¦�é�ï ¢ ®á−®¢¥ á¥â®ç−ëå ¬¥â®¤®¢, §�ª«îç�¥âáï ¢ §�¬¥−¥ ¨−â¥à¢�«®¢ [a; �a]
¨ (0; �σ] ¢®§¬®¦−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢ ¬�áèâ�¡� σi ¨ á¤¢¨£� ai ¤¨áªà¥â−ë¬¨
¬−®¦¥áâ¢�¬¨ ¨§¢¥áâ−ëå â®ç¥ª:

f(x) =

k∑

i=1

piφ

(
x− ai

σi

)
≈

K∑

i=1

“piφ

(
x− “ai

“σi

)
≡ “f(x) ,

£¤¥K | ç¨á«® ã§«®¢ ¯®«ãç¥−−®© á¥âª¨; pi, ai, σi ¨ “pi | −¥¨§¢¥áâ−ë¥ ¯�à�¬¥âàë;
ai ¨ σi | ¨§¢¥áâ−ë¥ ¯�à�¬¥âàë.

‡�¤�ç� á¢¥«�áì ª ¯®¨áªã ¢¥á®¢ ®£à�−¨ç¥−−®£® ç¨á«� ä¨ªá¨à®¢�−−ëå ª®¬-
¯®−¥−â, £¤¥ ¢¥á� §�¤�−−®© ª®¬¯®−¥−âë ¬®£ãâ ¡ëâì ¡«¨§ª¨ ª −ã«î. �à¨−æ¨¯ë
à�¡®âë á¥â®ç−ëå ¬¥â®¤®¢ ¯®¤à®¡−® ®¯¨á�−ë ¢ à�¡®â¥ [17].

�à¨¬¥−¨â¥«ì−® ª á¥â®ç−ë¬ ¬¥â®¤�¬ «®£�à¨ä¬¨ç¥áª�ï úá¥â®ç−�ïû äã−ªæ¨ï
¯à�¢¤®¯®¤®¡¨ï ¨¬¥¥â ¢¨¤

L(p, x) = log

n∏

j=1

K∑

i=1

“piφij =

n∑

j=1

log

(
K∑

i=1

“piφij

)
,

£¤¥ p = (“p1, . . . , “pK)
T.

‡�¤�çã ¯®¨áª� Œ�-®æ¥−®ª ¬®¦−® á¢¥áâ¨ ª §�¤�ç¥ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨
J(p) = L(p;x) → sup, p ∈ P ⊂ RK. �¯â¨¬¨§�æ¨ï ®áãé¥áâ¢«ï¥âáï ¬¥â®¤®¬
ãá«®¢−®£® £à�¤¨¥−â� ¨ ¤¥â�«ì−® ®¯¨á�−� ¢ à�¡®â�å [19, 20].

�� à¨á. 1 ¯à¨¢¥¤¥− ¯à¨¬¥à à�¢−®¬¥à−®© á¥âª¨ (¯® ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨-
ï¬), ¯®áâà®¥−−®© �¢â®¬�â¨ç¥áª¨ ¯® ¨áå®¤−ë¬ ¤�−−ë¬ ¨ −�«®¦¥−−®© −� £à�ä¨ª
äã−ªæ¨¨ ¯«®â−®áâ¨.

÷¨á. 1 �à¨¬¥à à�¢−®¬¥à−®© á¥âª¨ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© (á¥àë¥ «¨−¨¨)
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�á−®¢−ë¬¨ ¯à¥¨¬ãé¥áâ¢�¬¨ GCG-¬¥â®¤� ï¢«ïîâáï ãáâ®©ç¨¢®áâì ª ¢å®¤-
−ë¬ ¤�−−ë¬ ¨ ¤®áâ�â®ç−®¥ ¡ëáâà®¤¥©áâ¢¨¥ ¯® áà�¢−¥−¨î á ª«�áá¨ç¥áª®© ¢¥àá¨¥©
…Œ-�«£®à¨â¬�. ˆ¬¥−−® ¡ëáâà®¤¥©áâ¢¨¥ �«£®à¨â¬� ¯®§¢®«ï¥â §� à�§ã¬−®¥ ¢à¥¬ï
¯à®£®−ïâì ¥£® −¥áª®«ìª® à�§ ¨ ¯®«ãç�âì ®æ¥−ª¨ −� à�§−ëå −�ç�«ì−ëå ¯à¨¡«¨-
¦¥−¨ïå, ª®â®àë¥ £¥−¥à¨àãîâáï á«ãç�©−®. �â� ¯à®æ¥¤ãà� ¯®¬®£�¥â ãáâà�−¨âì
¢«¨ï−¨¥ ¢ë¡®à� −�ç�«ì−®£® ¯à¨¡«¨¦¥−¨ï −� ¨â®£®¢ë¥ à¥§ã«ìâ�âë. „�«¥¥ ¯®©¤¥â
à¥çì ® ¤àã£®© ®á®¡¥−−®áâ¨ ¯à¨ à�¡®â¥ á á¥â®ç−ë¬¨ �«£®à¨â¬�¬¨ | á®¡áâ¢¥−−®
¢ë¡®à¥ á¥âª¨, ¯® ª®â®à®© ¢¥¤¥âáï ¯à¨¡«¨¦¥−¨¥.

�à¨ à¥�«¨§�æ¨¨ �«£®à¨â¬� ª®¬¯®−¥−âë á −¥§−�ç¨â¥«ì−ë¬¨ ¢¥á�¬¨ ®â¡à�áë-
¢�«¨áì ¯® ®¤−®¬ã ¨§ ¤¢ãå ªà¨â¥à¨¥¢: ªà¨â¥à¨î �ª�¨ª¥ ¨«¨ ¯®à®£®¢®¬ã ªà¨â¥à¨î.
�®à®£®¢ë© ¬¥â®¤ ¯à¥¤¯®«�£�¥â ¢¢¥¤¥−¨¥ −¥ª®â®à®£® ¯®à®£� §−�ç¨¬®áâ¨ â�ª¨¬
®¡à�§®¬, çâ® ¢á¥ ª®¬¯®−¥−âë, ¯®«ãç¥−−ë¥ GCG-¬¥â®¤®¬, ¬¥−ìè¨¥ íâ®£® ¯®à®£�,
¨áª«îç�îâáï ¨§ à�áá¬®âà¥−¨ï. �à¨¬¥à®¬ ¬®¦¥â á«ã¦¨âì pdiv = 0.05. „«ï
«î¡®£® ¨§ ¤¢ãå ¬¥â®¤®¢ ¯à¨ ®â¡à�áë¢�−¨¨ (ú®¡−ã«¥−¨¨û) ª®¬¯®−¥−â ¢¥á ®â¡à®-
è¥−−ëå ª®¬¯®−¥−â à�á¯à¥¤¥«ï¥âáï ¯à®¯®àæ¨®−�«ì−® ¯® ®áâ�¢è¨¬áï −¥−ã«¥¢ë¬
ª®¬¯®−¥−â�¬, çâ®¡ë á®¡«îáâ¨ ãá«®¢¨¥ à�¢¥−áâ¢� ¥¤¨−¨æ¥ áã¬¬ë ¢¥à®ïâ−®áâ¥©.

4.1 Проблемы выбора сетки, двухпроходный алгоритм

�¥à¥¤ «î¡ë¬ ¨áá«¥¤®¢�â¥«¥¬, ª®â®àë© à¥è�¥â ¢®á¯®«ì§®¢�âìáï á¥â®ç−ë¬¨
¬¥â®¤�¬¨, −¥¯à¥¬¥−−® ¢áâ�¥â ¢®¯à®á ¢ë¡®à� á¥âª¨. ‘ ®¤−®© áâ®à®−ë, á¥âªã −ã¦−®
¢ë¡¨à�âì ¤®áâ�â®ç−® ç�áâ®©, çâ®¡ë ¬®¦−® ¡ë«® ®æ¥−¨âì ¯�à�¬¥âàë ª®¬¯®−¥−â
(¬�â¥¬�â¨ç¥áª®¥ ®¦¨¤�−¨¥ ¨ ¤¨á¯¥àá¨î) ¤®áâ�â®ç−® â®ç−®. ‘ ¤àã£®© áâ®à®−ë,
®−� ¤®«¦−� ¡ëâì ¤®áâ�â®ç−® à¥¤ª®© ¨ á®áâ®ïâì ¨§ −¥¡®«ìè®£® ç¨á«� ã§«®¢, çâ®¡ë
¬®¦−® ¡ë«® ¤®áâ�â®ç−® â®ç−® ®æ¥−¨âì ¢¥á ¤�−−®£® ª®−ªà¥â−®£® ã§«� −� ®á−®¢�−¨¨
®â−®á¨â¥«ì−® −¥¡®«ìè®© ¨áå®¤−®© ¢ë¡®àª¨.

�® ã¬®«ç�−¨î ¡ã¤¥¬ à�áá¬�âà¨¢�âì ¯àï¬®ã£®«ì−ãî á¥âªã, ª®â®à�ï ¯®«ãç�¥âáï
¯¥à¥á¥ç¥−¨¥¬ á¥âª¨ ¯® ¬�â¥¬�â¨ç¥áª¨¬ ®¦¨¤�−¨ï¬ á á¥âª®© ¯® ¤¨á¯¥àá¨ï¬, â. ¥.
á−�ç�«� ¢ë¡¨à�¥âáï à�§¡¨¥−¨¥ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© a1 < a2 < · · · < aM

à�§¬¥à−®áâ¨ M ¨ à�§¡¨¥−¨¥ ¤¨á¯¥àá¨© σ1 < σ2 < · · · < σN . ˆâ®£®¢�ï á¥âª�
¯®«ãç�¥âáï ª�ª ¤¥ª�àâ®¢® ¯à®¨§¢¥¤¥−¨¥ ¢ë¡à�−−ëå à�§¡¨¥−¨©, â. ¥. ¬−®¦¥áâ¢®
¯�à (ai, σj), £¤¥ 1 ≤ i ≤M , 1 ≤ j ≤ N à�§¬¥à−®áâ¨ MN .

‘à�§ã ®â¬¥â¨¬, çâ® íâ® ®áâ�¢«ï¥â ¯à®áâà�−áâ¢® ¤«ï ¤�«ì−¥©è¥© ®¯â¨¬¨§�æ¨¨:
¬®¦−® à�§ã¬−ë¬ ®¡à�§®¬ ¢ë¡¨à�âì, ª�ª¨¥ ¨§ ã§«®¢ íâ®© ¯àï¬®ã£®«ì−®© á¥âª¨
¤¥©áâ¢¨â¥«ì−® −ã¦−ë, � ª�ª¨¥ ¬®¦−® −¥ à�áá¬�âà¨¢�âì. ‚®¯à®á ¢ë¡®à� −¥¯àï-
¬®ã£®«ì−ëå á¥â®ª ¢ëå®¤¨â §� à�¬ª¨ íâ®© à�¡®âë. �� à¨á. 2 ¯®ª�§�−ë ¯à¨¬¥àë
¯àï¬®ã£®«ì−®© ¨ −¥¯àï¬®ã£®«ì−®© á¥â®ª.

÷�§ã¬−® −�ç�âì à¥è�âì ¢®¯à®á ¢ë¡®à� á¥âª¨ á ¢ë¤¥«¥−¨ï ¤¢ãå á«¥¤ãîé¨å
ä�ªâ®¢. ‚®-¯¥à¢ëå, ç¨á«® ã§«®¢ ¨â®£®¢®© á¥âª¨ ¬®¦−® ¢ë¡¨à�âì −� ®á−®¢�−¨¨
à�§¬¥à� ¨áå®¤−®© ¢ë¡®àª¨, â. ¥. ç¥¬ ¡®«ìè¥ ¢ë¡®àª�, â¥¬ ¡®«ìè¥ ¬®¦−® ¢ë¡¨à�âì
ã§«®¢ ¢ ¨â®£®¢®© á¥âª¥. ‚®-¢â®àëå, £à�−¨æë á¥âª¨ (¬¨−¨¬�«ì−ë¥ ¨ ¬�ªá¨¬�«ì−ë¥
§−�ç¥−¨ï ¬�â¥¬�â¨ç¥áª®£® ®¦¨¤�−¨ï ¨ ¤¨á¯¥àá¨¨) −ã¦−® §�¤�¢�âì �ªªãà�â−® |
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÷¨á. 2 ‘à�¢−¥−¨¥ ¯àï¬®ã£®«ì−®© (�) ¨ −¥¯àï¬®ã£®«ì−®© (¡) á¥â®ª

â�ª, çâ®¡ë −¥ ¢®©â¨ ¢ §®−ã, £¤¥ ¢¥á®¬ëå ª®¬¯®−¥−â â®ç−® −¥ ¡ã¤¥â, â¥¬ á�¬ë¬
ú¨§à�áå®¤®¢�¢û ã§«ë, −® ¨ â�ª, çâ®¡ë −¥ ¯à®¯ãáâ¨âì ¢®§¬®¦−ë¥ ú¢¥á®¬ë¥û
ª®¬¯®−¥−âë ¨§-§� ®âáãâáâ¢¨ï ã§«®¢ àï¤®¬.

�à¨ ¯¥à¢®−�ç�«ì−ëå ¯à®£®−�å á¥â®ç−®£® �«£®à¨â¬� á¥âª� ¢ë¡¨à�«�áì à�¢−®-
¬¥à−®© (ai − ai−1 = h1, σi − σi−1 = h2). �à¨ íâ®¬ ¢ ª�ç¥áâ¢¥ á¥à¥¤¨−ë á¥âª¨
¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¡à�«®áì ¢ë¡®à®ç−®¥ áà¥¤−¥¥, � £à�−¨æë ®¯à¥¤¥«ï«¨áì
−� ®á−®¢¥ ¢ë¡®à®ç−®© ¤¨á¯¥àá¨¨, ã¬−®¦¥−−®© −� −¥ª®â®àë© ª®íää¨æ¨¥−â. ˆâ®-
£®¢®¥ ç¨á«® ª®¬¯®−¥−â á¥âª¨ ¢ë¡¨à�«®áì ¢ §�¢¨á¨¬®áâ¨ ®â n = 100, 1000, 5000
¨ 10 000; −�¯à¨¬¥à, ¯à¨ n = 5000 ®−® à�¢−ï«®áì 21× 11.

�®á«¥ −¥ª®â®àëå íªá¯¥à¨¬¥−â®¢ ¢®§−¨ª«� ¨¤¥ï ¯à®£®−ïâì �«£®à¨â¬ ¢â®à®©
à�§ á ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå ¯¥à¢®£® ¯à®£®−� ¤«ï ãâ®ç−¥−¨ï á¥âª¨. �®á«¥ ¯¥à-
¢®£® ¯à®£®−� ã¦¥ ¤®áâã¯−� −¥ª®â®à�ï ®æ¥−ª� ¯«®â−®áâ¨ ¨, ¥áâ¥áâ¢¥−−®, ¤®áâã¯−�
¨áå®¤−�ï à�¢−®¬¥à−�ï á¥âª� á ¢¥á�¬¨ ¢ −¥ª®â®àëå ¥¥ ã§«�å (−¥ ¢á¥å).

‘«¥¤ãîé¨¬ «®£¨ç−ë¬ è�£®¬ ï¢«ï¥âáï ¯¥à¥å®¤ ª −¥à�¢−®¬¥à−®© á¥âª¥. �®-
−ïâ−®, çâ® è�£ á¥âª¨ ¤®«¦¥− ¡ëâì ¬¥−ìè¥ â�¬, £¤¥ −�¨¡®«¥¥ ¢¥à®ïâ−® ¢áâà¥-
â¨âáï ¢¥á®¬ë© ª®¬¯®−¥−â. �â® ¯®§¢®«ï¥â ã¢¥«¨ç¨âì â®ç−®áâì ®æ¥−ª¨ ¬�â¥¬�-
â¨ç¥áª¨å ®¦¨¤�−¨© ¨ ¤¨á¯¥àá¨©, ¢ â® ¦¥ ¢à¥¬ï ®áâ�¢¨¢ ®¡é¥¥ ç¨á«® ã§«®¢
á¥âª¨ −� à�§ã¬−®¬ ãà®¢−¥, çâ®¡ë −¥ ã¬¥−ìè¨âì â®ç−®áâì ®æ¥−ª¨ ¢¥á� ª®¬¯®-
−¥−âë.

÷�áá¬�âà¨¢�«¨áì ¤¢� ¬¥â®¤� ¯®áâà®¥−¨ï á¥âª¨ −� ¢â®à®¬ è�£¥. ‚ ¯¥à¢®¬
¬¥â®¤¥ §� ®á−®¢ã ¡¥à¥âáï �f1(x) | ¯«®â−®áâì à�á¯à¥¤¥«¥−¨ï, ¯®áâà®¥−−�ï ¯à¨
¯¥à¢®¬ è�£¥ �«£®à¨â¬� (à¥§ã«ìâ�â ¥£® à�¡®âë), ¨ �g1(x) | ¤®¯®«−¨â¥«ì−�ï
¨áªãááâ¢¥−−�ï ¯«®â−®áâì, ¯®áâà®¥−−�ï ¯® á¥âª¥ ¤¨á¯¥àá¨© ¯¥à¢®£® è�£�. ‚â®à®©
�«£®à¨â¬ ¨á¯®«ì§ã¥â ¯® ®â¤¥«ì−®áâ¨ â®«ìª® ¢¥á� ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨© ¨
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¢¥á� ¤¨á¯¥àá¨©, ¯®«ãç¥−−ëå ¢ à¥§ã«ìâ�â¥ ¯¥à¢®£® è�£�. ÷�áá¬®âà¨¬ ¤¥â�«ì−®
íâ¨ ¤¢� ¬¥â®¤�.

I ¬¥â®¤. ÷�áá¬®âà¨¬ á−�ç�«� ¯®áâà®¥−¨¥ á¥âª¨ ¤«ï ¬�â. ®¦¨¤�−¨©. �ãáâì
�f1(x) | ®æ¥−ª� ¯«®â−®áâ¨ à�á¯à¥¤¥«¥−¨ï, ¯®áâà®¥−−�ï ¯à¨ ¯¥à¢®¬ ¯à®å®¤¥
�«£®à¨â¬�, M | ç¨á«® ã§«®¢ ¢ á¥âª¥ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©. ‡�¤�ç� |
¯®áâà®¨âì −¥à�¢−®¬¥à−ãî á¥âªã á ç¨á«®¬ ã§«®¢ M −� ®á−®¢¥ �f1(x). „«ï íâ®£®
à¥è�îâáï ãà�¢−¥−¨ï:

m1∫

−∞

�f1(x) =
1

M + 1
;

mi+1∫

mi

�f1(x) =
1

M + 1
(i = 1, . . . ,M − 1) ;

+∞∫

mM

�f1(x) =
1

M + 1
.






(5)

‚ à¥§ã«ìâ�â¥ à¥è¥−¨ï íâ¨å ãà�¢−¥−¨© (¯® ¯®àï¤ªã) ¯®«ãç�¥âáï á¥âª�
(m1,m2, . . . ,mM ) á ç¨á«®¬ ã§«®¢ M . ”¨§¨ç¥áª¨© á¬ëá« ¤�−−®£® ¯®¤å®¤�
á«¥¤ãîé¨©: ¯«®é�¤ì ¯®¤ £à�ä¨ª®¬ �f1(x) à�§¤¥«ï¥âáï −� M + 1 à�¢−ëå ¯®
¯«®é�¤¨ ªãáª®¢ (á�¬ë© «¥¢ë© ¨ á�¬ë© ¯à�¢ë© ªãáª¨ ¡¥áª®−¥ç−ë ¯® ¤«¨−¥). �à¨
íâ®¬ â®çª¨ £à�−¨æ íâ¨å ªãáª®¢ (�¡áæ¨ááë) ¨á¯®«ì§ãîâáï ª�ª á¥âª� (à¨á. 3). —¥¬
¡®«ìè¥ §−�ç¥−¨¥ ¯«®â−®áâ¨ ¢ §�¤�−−®© ®¡«�áâ¨, â¥¬ ç�é¥ â�¬ ¡ã¤ãâ áâ�¢¨âìáï
â®çª¨ á¥âª¨, â¥¬ á�¬ë¬ â®çª¨ á¥âª¨ à�ááâ�¢«ïîâáï −¥¤�«¥ª® ®â ¯¨ª®¢.

�−�«®£¨ç−�ï ¯à®æ¥¤ãà� ¯à®¨§¢®¤¨âáï ¤«ï á¥âª¨ ¤¨á¯¥àá¨¨ á ç¨á«®¬ ã§«®¢N ,
â®«ìª® ¤«ï íâ®© áâ�¤¨¨ −�¤® ¯®¤£®â®¢¨âì ¢á¯®¬®£�â¥«ì−ãî äã−ªæ¨î

÷¨á. 3 �®áâà®¥−¨¥ á¥âª¨ −� ¢â®à®¬ ¯à®å®¤¥ ¯¥à¢ë¬ ¬¥â®¤®¬
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�g1(x) =

K∑

i=1

piφ(σi, 1) ,

£¤¥ pi | ¢¥á ª®¬¯®−¥−âë ¨§ ¯¥à¢®£® ¯à®å®¤�, � σi | ¥¥ ¤¨á¯¥àá¨ï. „�«¥¥
−¥®¡å®¤¨¬® à¥è¨âì ãà�¢−¥−¨ï, �−�«®£¨ç−ë¥ ãà�¢−¥−¨ï¬ (5):

n1∫

0

�g1(x) =
1

N + 1
;

ni+1∫

ni

�g1(x) =
1

N + 1
(i = 1, . . . , N−1) ;

+∞∫

nN

�g1(x) =
1

N + 1
.

�¤−¨¬ ¨§ ¯«îá®¢ ¤�−−®£® ¬¥â®¤�

÷¨á. 4 �á®¡¥−−®áâì ¯¥à¢®£® ¬¥â®¤� |
−¥çã¢áâ¢¨â¥«ì−®áâì ª ª®¬¯®−¥−â�¬, −�å®¤ï-
é¨¬áï −¥ −� ¯¨ª�å ¯«®â−®áâ¨

ï¢«ï¥âáï â®, çâ® ¥£® ¬®¦−® §�¯ãá-
ª�âì ¤�¦¥ −� ¯¥à¢®¬ è�£¥ ¨áå®¤−®£®
¯à®æ¥áá�, ¨á¯®«ì§ãï £¨áâ®£à�¬¬ã ª�ª
�f1(x) (¯® ªà�©−¥© ¬¥à¥, ¤«ï ®æ¥−ª¨
á¥âª¨ ¬�â¥¬�â¨ç¥áª¨å ®¦¨¤�−¨©). ˆ§
¬¨−ãá®¢ ¤�−−®£® ¯®¤å®¤� ¬®¦−® ®â-
¬¥â¨âì −¥çã¢áâ¢¨â¥«ì−®áâì ª ª®¬¯®-
−¥−â�¬ ¢ á«ãç�¥, ¥á«¨ ®−¨ −�å®¤ïâáï
−¥ −� ¯¨ª¥ (à¨á. 4). „«ï ãáâà�−¥-
−¨ï íâ®© ®á®¡¥−−®áâ¨ ¡ë« ¯à¥¤«®¦¥−
¢â®à®© ¬¥â®¤, ª®â®àë© ®¡áã¦¤�¥âáï
¤�«¥¥.

II ¬¥â®¤. �á−®¢−�ï ¨¤¥ï íâ®£® �«£®à¨â¬� §�ª«îç�¥âáï ¢ á«¥¤ãîé¥¬: ¥á«¨
¯¥à¢ë© ¯à®å®¤ −¥ à�§¬¥áâ¨« ¢¥á®¬ëå ª®¬¯®−¥−â −� á®á¥¤−¨å ã§«�å á¥âª¨ ai, ai+1,
â® ¢¥áì íâ®â ¨−â¥à¢�« ¨áª«îç�¥âáï ¨§ à�áá¬®âà¥−¨ï, â. ¥. −¨ª�ª¨¥ â®çª¨ −¥

÷¨á. 5 �®áâà®¥−¨¥ á¥âª¨ −� ¢â®à®¬ ¯à®å®¤¥ ¢â®àë¬ ¬¥â®¤®¬: (�) ¨áå®¤−�ï á¥âª�;
(¡) ¯®«ãç¥−−�ï á¥âª�
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¤®¡�¢«ïîâáï ¬¥¦¤ã ai, ai+1 ¨ á�¬¨ £à�−¨æë ¨áª«îç�îâáï ¨§ á¥âª¨. ��§®¢¥¬
íâã ¯à®æ¥¤ãàã ç¨áâª®©. ‚ à¥§ã«ìâ�â¥ ç¨áâª¨ ã¤�«ïîâáï −¥áª®«ìª® ã§«®¢ á¥âª¨
¨ ¯®«ãç�¥âáï −¥ª®â®àë© §�¯�á ¨§ T ¢¥àè¨− ¤«ï ¤�«ì−¥©è¥£® −¥à�¢−®¬¥à−®£®
à�§¬¥é¥−¨ï.

‚â®àãî ¯à®æ¥¤ãàã ¢ íâ®¬ ¬¥â®¤¥ −�§®¢¥¬ à�§¬¥é¥−¨¥¬. �−� §�ª«îç�¥âáï
¢ â®¬, çâ® ¥á«¨ ¯¥à¢ë© è�£ à�§¬¥áâ¨« ¢¥á®¬ãî ª®¬¯®−¥−âã −� ã§«¥ ak, â® ¢
¯à®¬¥¦ãâª¨ (ak−1, ak) ¨ (ak, ak+1) ¤®¡�¢«ïîâáï ã§«ë, à�¢−®¬¥à−® ¤¥«ïé¨¥ íâ¨
¯à®¬¥¦ãâª¨. …á«¨ íâ®â ¯à®¬¥¦ãâ®ª ã¦¥ ¤¥â�«¨§¨à®¢�− ¨§-§� −�«¨ç¨ï ¢¥á®¬®©
ª®¬¯®−¥−âë −� ak−1 ¨«¨ ak+1, â® ¤¥â�«¨§�æ¨ï −¥ âà¥¡ã¥âáï. �à¨ íâ®¬ −¥®¡å®¤¨¬®
á«¥¤¨âì, çâ®¡ë ®¡é¥¥ ç¨á«® ¤®¡�¢«¥−−ëå ¢¥á®¢ à�¢−ï«®áì T .

÷¨á. 6 �à¨¬¥à à�¡®âë �«£®à¨â¬®¢ −� ¬®¤¥«ì−ëå ¤�−−ëå ¯à¨ ¢â®à®¬ (�) ¨ ¯¥à¢®¬ (¡)
¬¥â®¤�å (¤¢ãå¯à®å®¤−ëå): 1 | à¥�«ì−�ï ¯«®â−®áâì; 2 | ª«�áá¨ç¥áª¨© …Œ-�«£®à¨â¬;
3 | GCG ¬¥â®¤; 4 | GCG ¬¥â®¤, II ¯à®å®¤, á¥âª� Š®àç�£¨−�; 5 | GCG ¬¥â®¤,
II ¯à®å®¤, á¥âª� Š®à®«¥¢�; 6 | ®æ¥−ª� ¯«®â−®áâ¨
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�¡á®«îâ−® �−�«®£¨ç−�ï ¯à®æ¥¤ãà� ¯à®¢®¤¨âáï ¤«ï á¥âª¨ ¤¨á¯¥àá¨©. ‘å¥¬�-
â¨ç−®¥ ¨§®¡à�¦¥−¨¥ à�¡®âë �«£®à¨â¬� ¬®¦−® ã¢¨¤¥âì −� à¨á. 5, �, £¤¥ ¨§®¡à�¦¥−�
¨áå®¤−�ï á¥âª�, ¦¨à−ë¬¨ «¨−¨ï¬¨ ¯®¬¥ç¥−ë ª®¬¯®−¥−âë, −� ª®â®àëå ¢ à¥§ã«ì-
â�â¥ ¯¥à¢®£® ¯à®å®¤� ¡ë«¨ à�§¬¥é¥−ë ¢¥á�. �� à¨á. 5, ¡ ¨§®¡à�¦¥−� ¯®«ãç¥−−�ï
á¥âª�.

Š�ª ã¦¥ ®â¬¥ç�«®áì, ã ª�¦¤®£® ¨§ �«£®à¨â¬®¢ ¥áâì á¢®¨ ¯«îáë ¨ ¬¨−ãáë.
‚ á«ãç�¥ ¥á«¨ ¯¥à¢ë© ¯à®å®¤ �«£®à¨â¬� áà�¡®â�« â®ç−® ¨ å®à®è® ®æ¥−¨« ¯à¨¬¥à-
−®¥ −�å®¦¤¥−¨¥ ª®¬¯®−¥−â, ¢â®à®© ¬¥â®¤ ®ª�§ë¢�¥âáï â®ç−¥¥ −� ¢â®à®¬ ¯à®å®¤¥.
�â® ¢¨¤−® −� à¨á. 6, �. ‚ á«ãç�¥ ¦¥ ¥á«¨ ¯¥à¢ë© ¯à®å®¤ áà�¡®â�« −¥¤®áâ�â®ç−®
â®ç−®, â® ã−¨¢¥àá�«ì−ë© ¢ −¥ª®â®à®¬ á¬ëá«¥ ¯¥à¢ë© ¬¥â®¤ ®ª�§ë¢�¥âáï «ãçè¥,
çâ® ¯®ª�§�−® −� à¨á. 6, ¡.

÷¨á. 7 �à¨¬¥à á¥â®ª ¯à¨ à�¡®â¥ ¤¢ãå¯à®å®¤−®£® �«£®à¨â¬� ¯à¨ ¢â®à®¬ (�) ¨ ¯¥à¢®¬ (¡)
¬¥â®¤�å: 1 | à¥�«ì−�ï ¯«®â−®áâì; 2 | GCG ¬¥â®¤, I ¯à®å®¤; 3 | GCG ¬¥â®¤, II ¯à®å®¤,
á¥âª� Š®àç�£¨−�; 4 | GCG ¬¥â®¤, II ¯à®å®¤, á¥âª� Š®à®«¥¢�
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�� à¨á. 7 ¯à¥¤áâ�¢«¥−ë ¯à¨¬¥àë á¥â®ª ¯à¨ à�¡®â¥ ¤¢ãå¯à®å®¤−®£® �«£®à¨â¬�
¯à¨ ¯¥à¢®¬ ¨ ¢â®à®¬ ¬¥â®¤�å.

5 Ядерные оценки плотности

5.1 Основные определения

�ãáâì X1,X2, . . . ,Xn | ¢ë¡®àª� à�§¬¥à� n. ’®£¤� ï¤¥à−�ï ®æ¥−ª� äã−ªæ¨¨
¯«®â−®áâ¨ f(x) ¢ â®çª¥ x ®¯à¥¤¥«ï¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬:

�fh(x) =
1

nh

n∑

i=1

K

(
Xi − x

h

)
, (6)

£¤¥ h > 0 | íâ® á£«�¦¨¢�îé¨© ¯�à�¬¥âà, ¨«¨ è¨à¨−� ®ª−�, � K { ï¤à®,
−¥ª®â®à�ï −¥®âà¨æ�â¥«ì−�ï äã−ªæ¨ï, ®¡«�¤�îé�ï á«¥¤ãîé¨¬¨ á¢®©áâ¢�¬¨:

+∞∫

−∞

K(y) dy = 1 ;

+∞∫

−∞

yK(y) dy = 0 ;

+∞∫

−∞

y2K(y) dy = µ2(K) <∞ .

5.2 Выбор ширины окна

Ÿ¤¥à−�ï ®æ¥−ª� äã−ªæ¨¨ ¯«®â−®áâ¨ (6), ª�ª ¢¨¤−® ¨§ ä®à¬ã«ë, §�¢¨á¨â ®â
è¨à¨−ë ®ª−� h ¨ ï¤à� K. �¤−�ª® ¢ë¡®à äã−ªæ¨ï ï¤à� K ¯à�ªâ¨ç¥áª¨ −¥
¢«¨ï¥â −� â®ç−®áâì ¢®ááâ�−®¢«¥−¨ï ¯«®â−®áâ¨. ÷¥è�îé¨¬ ®¡à�§®¬ −� ª�ç¥áâ¢®
¢®ááâ�−®¢«¥−¨ï ¯«®â−®áâ¨ ¢«¨ï¥â è¨à¨−� ®ª−� h. �à¨ á«¨èª®¬ è¨à®ª®¬ ®ª−¥
äã−ªæ¨ï ¯«®â−®áâ¨ çà¥§¬¥à−® á£«�¦¨¢�¥âáï, ¯à¨ á«¨èª®¬ ã§ª®¬ | ¯à¥â¥à¯¥¢�¥â
á«¨èª®¬ ç�áâë¥ ª®«¥¡�−¨ï. —�áâ® h ¢ë¡¨à�îâ ª�ª §−�ç¥−¨¥, ¬¨−¨¬¨§¨àãîé¥¥
−¥ª®â®àë© äã−ªæ¨®−�« ®è¨¡ª¨.

5.2.1 Эвристические правила

ˆ−â¥£à�«ì−�ï áà¥¤−¥ª¢�¤à�â¨ç−�ï ®è¨¡ª� (MISE) �£à¥£¨àã¥â áà¥¤−¥ª¢�-
¤à�â¨ç−ë¥ ®è¨¡ª¨ ¯® ¢á¥© ®¡«�áâ¨ ®¯à¥¤¥«¥−¨ï äã−ªæ¨¨ ¯«®â−®áâ¨, ï¢«ïïáì
£«®¡�«ì−®© ¬¥à®© ®è¨¡ª¨, ¨ ¯à¨ ¯®¤áâ�−®¢ª¥ ¢ëà�¦¥−¨© ¤«ï �á¨¬¯â®â¨ç¥áª®£®
á¬¥é¥−¨ï ¨ ¤¨á¯¥àá¨¨ ¯à¨−¨¬�¥â ¢¨¤:

MISE
{
�fh

}
= E

{∫ (
�fh(y)− f(y)

)2
dy

}
=

=

∫
Bias

(
�fh(y)

)2
dy +

∫
Var

(
�fh(y)

)
dy , (7)

£¤¥
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Bias
{
�fh(x)

}
=
h2

2
µ2(K)f

′′(x) + o(h2) ;

Var
{
�fh(x)

}
=
1

nh
R(K)f(x) + o

(
1

nh

)
;

R(f ′′) =

+∞∫

−∞

[
f ′′(y)

]2
dy .

“áâà¥¬¨¬ n ª ¡¥áª®−¥ç−®áâ¨ ¢ (7) ¨ ¯®«ãç¨¬ �á¨¬¯â®â¨ç¥áªãî ¨−â¥£à�«ì−ãî
áà¥¤−¥ª¢�¤à�â¨ç−ãî ®è¨¡ªã:

AMISE
{
�fh

}
=
1

nh
R(K) +

h4

4
µ2(K)

2R(f ′′) , (8)

£¤¥

R(f ′′) =

+∞∫

−∞

[
f ′′(y)

]2
dy .

�¯â¨¬�«ì−�ï è¨à¨−� ®ª−� ¢ ¤�−−®¬ á«ãç�¥ §�¢¨á¨â ®â äã−ªæ¨¨ ¯«®â−®áâ¨ f ,
ª®â®à�ï −¥¨§¢¥áâ−�, ¯®íâ®¬ã −¥¨§¢¥áâ−ãî ¢¥«¨ç¨−ã R(f ′′) ®æ¥−¨¢�îâ í¢à¨áâ¨-

ç¥áª¨¬¨ ¬¥â®¤�¬¨ ¨ ã¦¥ ¯®â®¬ ¬¨−¨¬¨§¨àãîâ AMISE
{
�fh

}
. …á«¨ ¢ ª�ç¥áâ¢¥

ï¤à� ¢§ïâì N(0, 1) ¨ ¯à¥¤¯®«®¦¨âì, çâ® ¨áå®¤−�ï ¢ë¡®àª� ¨¬¥¥â −®à¬�«ì−®¥
à�á¯à¥¤¥«¥−¨¥, â® R(f ′′) = 3/(8

√
πσ5) [16], £¤¥ σ | áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥

¢ë¡®àª¨. ˆáå®¤ï ¨§ íâ®£® ¨ −¥ª®â®àëå í¢à¨áâ¨ç¥áª¨å á®®¡à�¦¥−¨©, ¢ëà�¦¥−¨¥
¤«ï h ¬®¦−® §�¯¨á�âì ª�ª

h =
0,9

n1/5
min

{
σ,
IQR

1,34

}
,

£¤¥ σ | áâ�−¤�àâ−®¥ ®âª«®−¥−¨¥ ¢ë¡®àª¨, � IQR | ¨−â¥àª¢�−â¨«ì−ë© à�§-
¬�å. �¥¤®áâ�âª®¬ íâ®£® ¬¥â®¤� ï¢«ï¥âáï ç¥à¥áçãà á£«�¦¥−−�ï ®æ¥−ª� äã−ªæ¨¨
à�á¯à¥¤¥«¥−¨ï.

5.2.2 Кросс-валидация на основе наименьших квадратов

Šà®áá-¢�«¨¤�æ¨ï −� ®á−®¢¥ −�¨¬¥−ìè¨å ª¢�¤à�â®¢ (least squares cross-
validation) | íâ® ¯®«−®áâìî �¢â®¬�â¨ç¥áª¨© ¨ ¤¨ªâã¥¬ë© ¤�−−ë¬¨ ¬¥â®¤ ¢ë¡®à�
á£«�¦¨¢�îé¥£® ¯�à�¬¥âà�. �â®â ¬¥â®¤ ®á−®¢�− −� ¯à¨−æ¨¯¥ ¢ë¡®à� è¨à¨−ë ®ª-
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−�, ¬¨−¨¬¨§¨àãîé¥© ¨−â¥£à�«ì−ãî áà¥¤−¥ª¢�¤à�â¨ç−ãî ®è¨¡ªã ¯®«ãç�îé¥©áï
®æ¥−ª¨. ˆ−â¥£à�« ª¢�¤à�â� à�§−®áâ¨ �f(x) ¨ f(x) ¨¬¥¥â ¢¨¤:

∫ [
�fh(x)− f(x)

]2
dx =

∫
�fh(x)

2 − 2
∫
�f(x)hf(x) dx+

∫
f(x)2 dx .

‹¥£ª® §�¬¥â¨âì, çâ® ¯®á«¥¤−¥¥ á«�£�¥¬®¥ −¥ §�¢¨á¨â ®â h. ‚â®à®¥ á«�£�¥¬®¥
§�¢¨á¨â ®â −¥¨§¢¥áâ−®© ¯«®â−®áâ¨ f(x). ‚ à�¡®â¥ [21] ¯®ª�§�−®, çâ® ¯à¨ ¡®«ì-

è¨å n ¢¥«¨ç¨−ã
∫
�fh(x)f(x) dx ¬®¦−® ®æ¥−¨âì ª�ª (1/n)

n∑
i=1

∫
( �f−i(y))

2 dy, £¤¥

�f−i(y)| ï¤¥à−�ï ®æ¥−ª�, ¯®áâà®¥−−�ï ¯® ¨áå®¤−®© ¢ë¡®àª¥ ¡¥§ −�¡«î¤¥−¨ï Xi.
’�ª¨¬ ®¡à�§®¬, −ã¦−® ¬¨−¨¬¨§¨à®¢�âì äã−ªæ¨î:

LSCV
{
�fh

}
=

+∞∫

−∞

(
�fh(y)

)2
dy − 2

n

n∑

i=1

�f−i(Xi) .

�¤−� ¨§ ¯à®¡«¥¬ ¤�−−®£® á¯®á®¡� ¢ë¡®à� è¨à¨−ë ®ª−� | ¥£® çã¢áâ¢¨â¥«ì−®áâì
ª −�«¨ç¨î ®ªàã£«¥−−ëå ¨«¨ ¤¨áªà¥â¨§¨à®¢�−−ëå ¤�−−ëå, � â�ª¦¥ ª ¬¥«ª®¬�á-
èâ�¡−ë¬ íää¥ªâ�¬ ¢ ¤�−−ëå.

5.2.3 Смещенная кросс-валидация

‘¬¥é¥−−�ï ªà®áá-¢�«¨¤�æ¨ï (biased cross-validation) ®á−®¢�−� −� §�¬¥−¥

R(f ′′) ¢ (8) ¢ëà�¦¥−¨¥¬ R( �f
′′

h ) −
(
1/
(
nh5

))
R
(
K

′′

)
, £¤¥ �f

′′

| ¢â®à�ï ¯à®-

¨§¢®¤−�ï ï¤¥à−®© ®æ¥−ª¨ ¯«®â−®áâ¨. ’�ª�ï §�¬¥−� ®¡ãá«®¢«¥−� â¥¬, çâ® R
(
�f
′′

h

)

ï¢«ï¥âáï á¬¥é¥−−®© ®æ¥−ª®© R(f ′′) [12]. ‚ íâ®¬ á«ãç�¥ ¬¨−¨¬¨§¨àã¥¬ë© äã−ª-
æ¨®−�« ¡ã¤¥â ¢ë£«ï¤¥âì â�ª:

BCV
{
�fh

}
=
1

nh
R(K) +

h4

4
µ2(K)

2

[
R( �f

′′

h )−
1

nh5
R
(
K ′′
)]

,

£¤¥

R
(
K ′′
)
=

+∞∫

−∞

[
K ′′(y)

]2
dy .

6 Результаты применения алгоритмов

„«ï â¥áâ®¢ ¨á¯®«ì§®¢�«¨áì ¢ë¡®àª¨ à�§¬¥à®¬ 100, 300, 1000, 5000 ¨ 10 000.
�−¨ £¥−¥à¨à®¢�«¨áì −¥áª®«ìª® à�§ ¤«ï ãáâà�−¥−¨ï á«ãç�©−®áâ¨. Œ�ªá¨¬�«ì−®¥
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ç¨á«® ª®¬¯®−¥−â á¬¥á¨ ¢ ª«�áá¨ç¥áª®¬ EM-�«£®à¨â¬¥ | 15. ÷�ááâ®ï−¨ï ®â
¯®«ãç¥−−®© ®æ¥−ª¨ äã−ªæ¨¨ ¯«®â−®áâ¨ ¤® ¨áâ¨−−®© áç¨â�«¨áì ¢ ¬¥âà¨ª�å C, L1
¨ L2:

C( �fh(x), f(x)) = max
x∈X

∣∣∣f(x)− �fh(x)
∣∣∣ ;

L1( �fh(x), f(x)) =

∫

x∈X

∣∣∣f(x)− �fh(x)
∣∣∣ dx ;

L2( �fh(x), f(x)) =




∫

x∈X

∣∣∣f(x)− �fh(x)
∣∣∣
2




1/2

.

6.1 Сравнение ЕМ-алгоритма и ядерных оценок

�¨¦¥ ¯à¨¢¥¤¥−ë ¯à¨¬¥àë ¨á¯®«ì§®¢�−¨ï …Œ-�«£®à¨â¬� ¨ ï¤¥à−ëå ®æ¥−®ª
¯«®â−®áâ¨ á à�§«¨ç−ë¬¨ h. ‚ ª�ç¥áâ¢¥ ¤�−−ëå ¤«ï ¨áá«¥¤®¢�−¨ï ¡ë«¨ ¢§ïâë
¬®¤¥«ì−ë¥ ¤�−−ë¥, äã−ªæ¨¨ ¯«®â−®áâ¨ ª®â®àëå ¨¬¥îâ ¢¨¤:

p1 ∗ U [0, 3] + p2 ∗ U [0, 5] + p3 ∗ U [2, 4];
p1 ∗ U [0, 1] + p2 ∗ U [2, 4] + p3 ∗ U [5, 8];
p1 ∗ Exp (0.1) + p2 ∗ Exp (p1) + p3 ∗Exp(p3);
p1 ∗ Exp (7) + p2 ∗ Exp (2) + p3 ∗ Exp (5);
p1 ∗ Exp (1) + p2 ∗ U [0, 10] + p3 ∗ Laplace (−2, 3);
p1 ∗ Exp (1) + p2 ∗ U [−2, 10] + p3 ∗ Laplace (2, 3);
p1 ∗ Exp (1) + p2 ∗ U [−10, 10] + p3 ∗ Laplace (−10, 1);
p1 ∗ Laplace (−2, p3) + p2 ∗ Laplace (0, 1) + p3 ∗ Laplace (3, 3);
p1 ∗ Laplace (−5, p3) + p2 ∗ Laplace (0, 1) + p3 ∗ Laplace (7, 5);
p1 ∗Norm (1, 0,5) + p2 ∗Norm (2, 2) + p3 ∗ Norm (3, 0,1);
p1 ∗Norm (0, 0,5) + p2 ∗Norm (0, 2) + p3 ∗ Norm (0, 0,1);
p1 ∗Norm (0, 0,5) + p2 ∗Norm (0, 2) + p3 ∗ Norm (3, 4);
p1 ∗Norm (−2, 0,5) + p2 ∗ Norm (0, 0, 5) + p3 ∗Norm (3, 0,5);

£¤¥ U [x1, x2]| à�¢−®¬¥à−®¥ à�á¯à¥¤¥«¥−¨¥ −� ®âà¥§ª¥ [x1, x2], Laplace (a, b)|
à�á¯à¥¤¥«¥−¨¥ ‹�¯«�á� á ¯�à�¬¥âà�¬¨ab,Exp (a)| íªá¯®−¥−æ¨�«ì−®¥ à�á¯à¥¤¥-
«¥−¨¥ á ¯�à�¬¥âà®¬ a,Norm (a, σ)| −®à¬�«ì−®¥ à�á¯à¥¤¥«¥−¨¥ á ¯�à�¬¥âà�¬¨ a,
σ, ¢¥á� p = (p1, p2, p3) ¯à¨−¨¬�«¨ §−�ç¥−¨ï
(1/3, 1/3, 1/3);
(0,2, 0,3, 0,5);
(0,7, 0,2, 0,1);
(0,15, 0,7, 0,15).
�� à¨á. 8{10 ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï EM-�«£®à¨â¬� ¨ ï¤¥à−ëå

¬¥â®¤®¢ ¤«ï ®æ¥−ª¨ äã−ªæ¨¨ ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨: ¤¨�£à�¬¬ë ¨ £à�ä¨ª¨.
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÷¨á. 8 ÷¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï …Œ-�«£®à¨â¬� (1) ¨ ï¤¥à−ëå ¬¥â®¤®¢ (2 |
NRD; 3 | UCV; 4 | BCV) ¤«ï ®æ¥−ª¨ äã−ªæ¨¨ ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨:
(�) 0,15 ∗ Laplace (−5, 0,5) + 0,7 ∗ Laplace (0, 1) + 0,15 ∗ Laplace (7, 5), Size = 300;
(¡) (1/3) ∗ U [0, 3] + (1/3) ∗ U [0, 5] + (1/3) ∗ U [2, 4], Size = 1000; (¢) 0,7 ∗ Exp (1) +
+ 0,2 ∗Uniform [−2, 10] + 0,1 ∗ Laplace (2, 3), Size = 100
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÷¨á. 9 ÷¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï …Œ-�«£®à¨â¬� (1) ¨ ï¤¥à−ëå ¬¥â®¤®¢ (2 | NRD;
3 | UCV; 4 | BCV) ¤«ï ®æ¥−ª¨ äã−ªæ¨¨ ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨: (�) (1/3) ∗ Exp(1) +
+(1/3)∗Uniform [−10, 10]+(1/3)∗Laplace(−10, 1), Size = 300; (¡) 0,2∗Norm(1, 0,5)+
+ 0,3 ∗ Norm(2, 2) + 0,5 ∗ Norm(3, 0,1), Size = 100; (¢) 0,15 ∗ Norm (0, 0,5) + 0,7∗
∗Norm(0, 2) + 0,15 ∗Norm(3, 4), Size = 100
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÷¨á. 10 ÷¥§ã«ìâ�âë ¯à¨¬¥−¥−¨ï …Œ-�«£®à¨â¬� (1) ¨ ï¤¥à−ëå ¬¥â®¤®¢ (2 |
NRD; 3 | UCV; 4 | BCV) ¤«ï ®æ¥−ª¨ äã−ªæ¨¨ ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨:
(�) 0,15 ∗ Laplace (−2, 0,5) + 0,7 ∗ Laplace (0, 1) + 0,15 ∗ Laplace (3, 3), Size = 1000;
(¡) (1/3) ∗Exp (1) + (1/3) ∗Uniform (−10, 10)+ (1/3) ∗ Laplace (−10, 1), Size = 5000;
(¢) 0,7 ∗ Exp (7) + 0,2 ∗ Exp (2) + 0,1 ∗ Exp (5), Size = 1000
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�� ¤¨�£à�¬¬�å ¯® ®á¨ y ®â«®¦¥−� ¤®«ï úãá¯¥è−ëåû ¯à¨¬¥−¥−¨© ª�¦¤®£®
�«£®à¨â¬�. �®¤ úãá¯¥è−®áâìîû ¯®¤à�§ã¬¥¢�¥âáï −�¨¡®«ìè�ï ¡«¨§®áâì ®æ¥−ª¨
äã−ªæ¨¨ ¯«®â−®áâ¨ (NRD á®®â¢¥âáâ¢ã¥â í¢à¨áâ¨ç¥áª¨¬ ¯à�¢¨«�¬, UCV |
ªà®áá-¢�«¨¤�æ¨¨ −� ®á−®¢¥ −�¨¬¥−ìè¨å ª¢�¤à�â®¢, BCV | á¬¥é¥−−®© ªà®áá-
¢�«¨¤�æ¨¨) ª ¨áâ¨−−®© äã−ªæ¨¨ ¯«®â−®áâ¨ ¢ ª�ª®©-«¨¡® ¬¥âà¨ª¥. �� £à�ä¨ª�å
¨§®¡à�¦¥−ë ¨áâ¨−−�ï äã−ªæ¨ï ¯«®â−®áâ¨ ¨ ¥¥ ¯®«ãç¥−−ë¥ ®æ¥−ª¨.

6.2 Сравнение сеточного аналога ЕМ-алгоритма и ядерных оценок

�¨¦¥ ¯à¥¤áâ�¢«¥−� ®¡é�ï á¢®¤−�ï â�¡«¨æ� ¯®¡¥¤¨â¥«¥© −� â¥å ¨«¨ ¨−ëå
à�á¯à¥¤¥«¥−¨ïå (â�¡«. 1). ‚ íâ¨å íªá¯¥à¨¬¥−â�å ¬¥−ï«áï ªà¨â¥à¨© ¢ë¡®à�
è¨à¨−ë ®ª−� ¨ ªà¨â¥à¨© ®æ¥−ª¨ ª®¬¯®−¥−â á¬¥á¨.

Š�ª ¢¨¤−® ¨§ â�¡«. 1, á¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢ «ãçè¥ ®æ¥−¨¢�¥â á¥â®ç−ë©
¬¥â®¤. …á«¨ ¥áâì ã¢¥à¥−−®áâì ¢ ¯à�¢¨«ì−®© á¯¥æ¨ä¨ª�æ¨¨ ¬®¤¥«¨ (â. ¥. çâ®
¤�−−ë¥ | íâ® á¬¥áì −®à¬�«ì−ëå §�ª®−®¢), −ã¦−® ¨á¯®«ì§®¢�âì …Œ-�«£®à¨â-
¬ë. Š®£¤� ¢�¦−� áª®à®áâì ¢ë¯®«−¥−¨ï �«£®à¨â¬� (−�¯à¨¬¥à, ¯à¨ à�§¤¥«¥−¨¨
¯àï¬ëå ¯®â®ª®¢ ¤�−−ëå ä¨−�−á®¢ëå ¯®ª�§�â¥«¥©) | áâ®¨â ¨á¯®«ì§®¢�âì GCG,
â®ç−®áâì ª®â®à®£® ¡ë«� ¯®¢ëè¥−� ¢¢¥¤¥−¨¥¬ ¢â®à®£® ¯à®å®¤� ¨ ãâ®ç−¥−¨¥¬ á¥âª¨.
…á«¨ ã¢¥à¥−−®áâ¨ ¢ ¬®¤¥«¨ −¥â, −ã¦−® ¨á¯®«ì§®¢�âì −¥¯�à�¬¥âà¨ç¥áª¨© ¯®¤å®¤.
Ÿ¤¥à−ë¥ ¬¥â®¤ë ¯à¨å®¤ïâ −� ¯®¬®éì ¨áá«¥¤®¢�â¥«ï¬, ª®£¤� ª®−ªà¥â−ãî ¬®¤¥«ì
¯®¤®¡à�âì ¯®ª� −¥ ã¤�¥âáï, � £¨áâ®£à�¬¬ë ã¦¥ −¥¤®áâ�â®ç−®.

‚ â�¡«. 2 ¯à¨¢¥¤¥−ë à�áè¨à¥−−ë¥ â�¡«¨æë à¥§ã«ìâ�â®¢ ¢ ¬¥âà¨ª�å L1 ¨ C.
�� à¨á. 11{16 ¯à¨¢¥¤¥−ë £¨áâ®£à�¬¬ë ¢ë¨£àëè¥© �«£®à¨â¬®¢. ‘¥àë¬

æ¢¥â®¬ ®â¬¥ç¥−ë ¢ë¨£àëè¨ á¥â®ç−®£® ¬¥â®¤�, ç¥à−ë¬ | ï¤¥à−ëå ®æ¥−®ª. —¥¬
¡®«ìè¥ ¢ áâ®«¡æ¥ á¥à®£® æ¢¥â�, â¥¬ «ãçè¥ ¯à¨ ¤�−−ëå ¯�à�¬¥âà�å à�¡®â�¥â
á¥â®ç−ë© ¬¥â®¤. ‚ «¥¢®© ç�áâ¨ à�á¯®«®¦¥−ë à¥§ã«ìâ�âë ¢ ¬¥âà¨ª¥ L1, � ¢
¯à�¢®© | ¢ ¬¥âà¨ª¥ C. Š�¦¤ë© áâ®«¡¥æ á®®â¢¥âáâ¢ã¥â ®¤−®¬ã ä¨ªá¨à®¢�−−®¬ã
à�§¬¥àã ¢ë¡®àª¨.

’�¡«¨æ� 1 ‘¢®¤−�ï â�¡«¨æ� à¥§ã«ìâ�â®¢

÷�á¯à¥¤¥«¥−¨¥ ‹ãçè¨© ¬¥â®¤
N [−0,3; 1,2] ‘¥â®ç−ë© ¬¥â®¤

0,3N [−0,7; 0,4] + 0,7N [0,3; 1] ‘¥â®ç−ë© ¬¥â®¤
0,4N [−1,2; 0,2] + 0,6N [0,8; 0,4] ‘¥â®ç−ë© ¬¥â®¤
0,45N [−0,2; 1] + 0,55N [0,4; 1,2] ‘¥â®ç−ë© ¬¥â®¤
0,3R[−0,6; 0,6] + 0,7R[0,2; 1,2] Ÿ¤¥à−®¥ ®æ¥−¨¢�−¨¥

R[−0,6; 0,6] Ÿ¤¥à−®¥ ®æ¥−¨¢�−¨¥
G[3; 2] �®çâ¨ −¨çìï, á¥â®ç−ë© «ãçè¥

exp[2], exp[5] ‘¥â®ç−ë© ¬¥â®¤
0,5N [−0,6; 1,2] + 0,5R[0,3; 0,7] Ÿ¤¥à−®¥ ®æ¥−¨¢�−¨¥
0,6N [1,3; 1,2] + 0,4G[2; 3] Ÿ¤¥à−®¥ ®æ¥−¨¢�−¨¥
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’�¡«¨æ� 2 ÷�áè¨à¥−−�ï â�¡«¨æ� à¥§ã«ìâ�â®¢ (¬¥âà¨ª� L1 ¨ C)

÷�á¯à¥¤¥«¥−¨¥ ‚ë¡®àª� GCG Ÿ¤¥à−ë© ‚á¥£®
L1 C L1 C

N [−0,3; 1,2]
100 48 50 4 2 52

1000 49 52 3 0 52
5000 52 52 0 0 52

10000 52 52 0 0 52

0,3N [−0,7; 0,4] + 0,7N [0,3; 1]
100 29 24 23 28 52

1000 49 50 3 2 52
5000 52 52 0 0 52

10000 51 51 1 1 52

0,4N [−1, 2; 0,2] + 0,6N [0,8; 0,4]
100 47 44 5 8 52

1000 49 50 3 2 52
5000 52 52 0 0 52

10000 52 52 0 0 52

0,45N [−0,2; 1] + 0,55N [0,4; 1, 2]
100 47 47 5 5 52

1000 50 50 2 2 52
5000 50 51 2 1 52

10000 50 51 2 1 52

0,3R[−0,6; 0,6] + 0,7R[0,2; 1,2]
100 10 89 90 11 100

1000 0 67 100 33 100
5000 0 28 100 72 100

10000 0 14 100 86 100

R[−0,6; 0,6]
100 2 47 50 5 52

1000 0 31 52 21 52
5000 0 7 52 45 52

10000 0 4 52 48 52

R[−1,2; 0,7]
100 16 4 84 96 100

1000 1 0 99 100 100
5000 0 0 100 100 100

10000 0 0 100 100 100

G[3; 2]

100 18 22 34 30 52
1000 33 24 19 28 52
5000 25 18 27 34 52

10000 22 18 30 34 52

exp[2]

100 23 14 29 38 52
1000 41 20 11 32 52
5000 43 37 9 15 52

10000 42 42 10 10 52

exp[5]

100 21 9 31 43 52
1000 42 18 10 34 52
5000 35 34 17 18 52

10000 28 37 24 15 52
�ª®−ç�−¨¥ â�¡«. 2 −� c. 221
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’�¡«¨æ� 2 (®ª®−ç�−¨¥) ÷�áè¨à¥−−�ï â�¡«¨æ� à¥§ã«ìâ�â®¢ (¬¥âà¨ª� L1 ¨ C)

÷�á¯à¥¤¥«¥−¨¥ ‚ë¡®àª� GCG Ÿ¤¥à−ë© ‚á¥£®
L1 C L1 C

0,5N [−0,6; 1,2] + 0,5R[0,3; 0,7]
100 97 10 3 90 100

1000 40 1 60 99 100
5000 17 0 83 100 100

10000 18 0 82 100 100

0,6N [1,3; 1,2] + 0,4G[2; 3]

100 37 30 15 22 52
1000 34 29 18 23 52
5000 20 23 32 29 52

10000 15 19 37 33 52

÷¨á. 11 ƒ¨áâ®£à�¬¬ë ¢ë¨£àëè¥© �«£®à¨â¬®¢: (�) N [−0,3; 1,2]; (¡) 0,3N [−0,7; 0,4] +
+ 0,7N [0,3; 1];
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÷¨á. 12 ƒ¨áâ®£à�¬¬ë ¢ë¨£àëè¥© �«£®à¨â¬®¢: (�) 0,4N [−1,2; 0,2] + 0,6N [0,8; 0,4];
(¡) 0,45N [−0,2; 1] + 0,55N [0,4; 1,2]

7 Выводы

‚ à�¡®â¥ ¡ë«® à�áá¬®âà¥−® à¥è¥−¨¥ §�¤�ç¨ ®æ¥−¨¢�−¨ï ¯«®â−®áâ¨ ¢¥à®ïâ-
−®áâ¨ á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© á ¯®¬®éìî ï¤¥à−ëå ®æ¥−®ª, áâ�−-
¤�àâ−®£® …Œ-�«£®à¨â¬� ¨ á¥â®ç−ëå ¬®¤¨ä¨ª�æ¨© …Œ-�«£®à¨â¬�.

‚ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥ (80% ¢á¥å ¢ë¡®à®ª) á«ãç�¥¢ EM áà�¡®â�« «ãçè¥
ï¤¥à−ëå ¬¥â®¤®¢ ¢ ¬¥âà¨ª�å C, L1 ¨ L2. �¤−�ª®, ¯® áà�¢−¥−¨î á �«£®à¨â¬®¬
ï¤¥à−®£® ®æ¥−¨¢�−¨ï, …Œ-�«£®à¨â¬ à�¡®â�¥â £®à�§¤® ¤®«ìè¥, ¯®íâ®¬ã ¨¬¥¥â
á¬ëá« ¨á¯®«ì§®¢�âì ï¤¥à−ë¥ ®æ¥−ª¨, ª®£¤� ªà¨â¨ç−� áª®à®áâì à�¡®âë. �®¬¨¬®
¡«¨§®áâ¨ ®æ¥−ª¨ äã−ªæ¨¨ ¯«®â−®áâ¨ ª ¨áâ¨−−®©, ¯à¥¨¬ãé¥áâ¢®¬ EM-�«£®à¨â¬�
ï¢«ï¥âáï ¥é¥ ¨ â®, çâ® ¤«ï åà�−¥−¨ï ®æ¥−ª¨ äã−ªæ¨¨ ¯«®â−®áâ¨, ¯®áâà®¥−−®©
¯® ¢ë¡®àª¥, −¥ âà¥¡ã¥âáï åà�−¨âì ¢áî ¢ë¡®àªã (ª�ª ¢ ï¤¥à−ëå ¬¥â®¤�å), �
â®«ìª® ¢¥ªâ®à ¯�à�¬¥âà®¢ à�§¬¥à−®áâ¨ 3k − 1. ‘«¥¤®¢�â¥«ì−®, ¥á«¨ ¢�¦−®
ª�ç¥áâ¢® ®æ¥−ª¨ äã−ªæ¨¨ ¯«®â−®áâ¨ ¢¥à®ïâ−®áâ¨ ¨ áâ®¨â §�¤�ç� á®ªà�â¨âì ®¡ê¥¬
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÷¨á. 13 ƒ¨áâ®£à�¬¬ë ¢ë¨£àëè¥© �«£®à¨â¬®¢: (�) 0,3R[−0,6; 0,6] + 0,7R[0,2; 1,2];
(¡) R[−0,6; 0,6]; (¢) R[−1,2; 0,7]

åà�−¨¬ëå ¤�−−ëå, â® æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì −¥¯�à�¬¥âà¨ç¥áª¨¥ ®æ¥−ª¨,
¯®«ãç¥−−ë¥ á ¯®¬®éìî EM-�«£®à¨â¬�.

�®¬¨¬® íâ®£®, ¢ à¥§ã«ìâ�â¥ íªá¯¥à¨¬¥−â®¢ −� ¨áªãááâ¢¥−−® á£¥−¥à¨à®¢�−−ëå
¤�−−ëå ¡ë«® ¯®ª�§�−®, çâ® ¤«ï à�§¤¥«¥−¨ï á¬¥á¥© −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©
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÷¨á. 14 ƒ¨áâ®£à�¬¬ë ¢ë¡®àª¨ ¤«ï �«£®à¨â¬� G[3; 2]

÷¨á. 15 ƒ¨áâ®£à�¬¬ë ¢ë¨£àëè¥© �«£®à¨â¬®¢: (�) exp[2]; (¡) exp[5]
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÷¨á. 16 ƒ¨áâ®£à�¬¬ë ¢ë¨£àëè¥© �«£®à¨â¬®¢: (�) 0,5N [−0,6; 1,2] + 0,5R[0,3; 0,7];
(¡) 0,6N [1,3; 1,2] + 0,4G[2; 3]

¨ −¥ª®â®àëå ¤àã£¨å ¢¨¤®¢ à�á¯à¥¤¥«¥−¨© á¥â®ç−ë¥ �«£®à¨â¬ë à�¡®â�îâ «ãçè¥
ï¤¥à−ëå ®æ¥−®ª. �¢â®à�¬¨ ¡ë«� ¯à®¨§¢¥¤¥−� ¤®à�¡®âª� á¥â®ç−®£® �«£®à¨â¬�
¯ãâ¥¬ ¢¢¥¤¥−¨ï ¢â®à®£® ¯à®å®¤� ¤«ï ¯®áâà®¥−¨ï −¥à�¢−®¬¥à−®© á¥âª¨. �à¥¤«®-
¦¥−−ë© ¢â®à®© ¯à®å®¤ ¯®§¢®«ï¥â §−�ç¨â¥«ì−® ¯®¢ëá¨âì â®ç−®áâì ¯à¨¡«¨¦¥−¨ï
ª à¥�«ì−ë¬ ¤�−−ë¬, ¯à¨ íâ®¬ ¢à¥¬ï à�¡®âë �«£®à¨â¬� ã¢¥«¨ç¨¢�¥âáï −¥ ¡®«¥¥
ç¥¬ ¢ ¤¢� à�§�.
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О СОСТОЯТЕЛЬНОСТИ ОЦЕНОК ПАРАМЕТРОВ
МАСШТАБНЫХ СМЕСЕЙ НОРМАЛЬНЫХ РАСПРЕДЕЛЕНИЙ,

ПОЛУЧАЕМЫХ С ПОМОЩЬЮ СЕТОЧНЫХ МЕТОДОВ∗

А. Л. Назаров1

�−−®â�æ¨ï: ‚ §�¤�ç¥ à�§¤¥«¥−¨ï ¬�áèâ�¡−ëå á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢
¨áá«¥¤ãîâáï �á¨¬¯â®â¨ç¥áª¨¥ á¢®©áâ¢� ®æ¥−®ª á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥−¨ï,
¯®«ãç¥−−ëå á ¯®¬®éìî á¥â®ç−®£® ¬¥â®¤� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï. ‚ë-
¯¨á�−ë ¤®áâ�â®ç−ë¥ ãá«®¢¨ï á®áâ®ïâ¥«ì−®áâ¨ ®æ¥−®ª, ®¯¨áë¢�îé¨¥ �«£®à¨â¬
á®£«�á®¢�−−®£® ¨§¬¥−¥−¨ï áâàãªâãàë ¯�à�¬¥âà¨ç¥áª®£® ¬−®¦¥áâ¢� (è�£� á¥â-
ª¨) ¨ ç¨á«� í«¥¬¥−â®¢ ¢ë¡®àª¨.

Š«îç¥¢ë¥ á«®¢�: á¬¥áì −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©; á¥â®ç−ë© ¬¥â®¤ à�§¤¥-
«¥−¨ï á¬¥á¥©; á®áâ®ïâ¥«ì−®áâì; à�ááâ®ï−¨¥ Šã«ì¡�ª�{‹¥©¡«¥à�; ¯à®áâà�−áâ¢®
‘ª®à®å®¤�

1 Введение

‘¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢ å®à®è® §�à¥ª®¬¥−¤®¢�«¨ á¥¡ï ¢ ª�ç¥áâ¢¥ úâï¦¥-
«®å¢®áâëåû ¬®¤¥«¥© áâ�â¨áâ¨ç¥áª¨å §�ª®−®¬¥à−®áâ¥© ¢ à�§«¨ç−ëå ¯à¨ª«�¤−ëå
§�¤�ç�å, ¢ ç�áâ−®áâ¨ ¢ ä¨§¨ª¥ ¯à¨ �−�«¨§¥ ¤�−−ëå, ¯®«ãç¥−−ëå ¢ íªá¯¥à¨-
¬¥−â�å á âãà¡ã«¥−â−®© ¯«�§¬®©, ¢ ä¨−�−á®¢®¬ �−�«¨§¥ ¯à¨ �−�«¨§¥ í¢®«îæ¨¨
æ¥− à�§−®®¡à�§−ëå ä¨−�−á®¢ëå �ªâ¨¢®¢ ¨ ¨−¤¥ªá®¢, � â�ª¦¥ ¢ ¯à�ªâ¨ç¥áª®©
¨−ä®à¬�â¨ª¥ ¯à¨ �−�«¨§¥ ¤�−−ëå ® âà�ä¨ª¥ ¢ ¨−ä®à¬�æ¨®−−ëå ¨ â¥«¥ª®¬-
¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬�å. ‡�¤�ç� ®æ¥−ª¨ á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥−¨ï ¯®
−�¡«î¤�¥¬ë¬ à¥�«¨§�æ¨ï¬ á¬¥è�−−ëå ¤�−−ëå ç�áâ® à¥è�¥âáï á ¯®¬®éìî EM
(expectation-maximization) �«£®à¨â¬� ¨ ¥£® ¬®¤¨ä¨ª�æ¨© [1]. �à¨ ¨á¯®«ì§®¢�−¨¨
íâ®£® �«£®à¨â¬� á¥¬¥©áâ¢® ¤®¯ãáâ¨¬ëå á¬¥è¨¢�îé¨å à�á¯à¥¤¥«¥−¨© ®£à�−¨ç¨-
¢�¥âáï ª«�áá®¬ à�á¯à¥¤¥«¥−¨©, á®áà¥¤®â®ç¥−−ëå ¢ ä¨ªá¨à®¢�−−®¬ ç¨á«¥ â®ç¥ª.
�¤−�ª® ª«�áá¨ç¥áª¨© EM-�«£®à¨â¬ ®¡«�¤�¥â −¥ª®â®àë¬¨ áãé¥áâ¢¥−−ë¬¨ −¥-
¤®áâ�âª�¬¨. ��¯à¨¬¥à, ¯à¨ áâ�àâ¥ ¨â¥à�æ¨®−−®£® ¯à®æ¥áá� ¯®¨áª� ®æ¥−®ª ¨§
à�§«¨ç−ëå −�ç�«ì−ëå â®ç¥ª −� ®¤−®© ¨ â®© ¦¥ ¢ë¡®àª¥ −�¡«î¤¥−¨© ¬®£ãâ ¡ëâì
¯®«ãç¥−ë §�¬¥â−® ®â«¨ç�îé¨¥áï à¥§ã«ìâ�âë. ’�ª¦¥ −¥®¡å®¤¨¬® ï¢−® §�¤�¢�âì
ç¨á«® â®ç¥ª, ¢ ª®â®àëå á®áà¥¤®â®ç¥−−® á¬¥è¨¢�îé¥¥ à�á¯à¥¤¥«¥−¨¥.

∗÷�¡®â� ¯®¤¤¥à¦�−� ÷®áá¨©áª¨¬ ä®−¤®¬ äã−¤�¬¥−â�«ì−ëå ¨áá«¥¤®¢�−¨© (¯à®¥ªâë 11-01-
00515�, 11-07-00112�, 12-07-00115-�, 11-01-12026-®ä¨-¬), Œ¨−¨áâ¥àáâ¢®¬ ®¡à�§®¢�−¨ï ¨ −�ãª¨
(£®áª®−âà�ªâ 16.740.11.0133).

1”�ªã«ìâ¥â ¢ëç¨á«¨â¥«ì−®© ¬�â¥¬�â¨ª¨ ¨ ª¨¡¥à−¥â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨-
¢¥àá¨â¥â� ¨¬. Œ. ‚. ‹®¬®−®á®¢�, nazarov.vmik@gmail.com

227



�. ‹. ��§�à®¢

„«ï ¯à¥®¤®«¥−¨ï ®¯¨á�−−ëå ¢ëè¥ âàã¤−®áâ¥© ¡ë«¨ ¯à¥¤«®¦¥−ë á¥â®ç-
−ë¥ ¬¥â®¤ë à�§¤¥«¥−¨ï á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©. �−¨ ¤®áâ�â®ç−®
¯®¤à®¡−® à�áá¬®âà¥−ë ¢ à�¡®â�å [1{4]. ‚ ¤�−−ëå ¬¥â®¤�å ¨á¯®«ì§ã¥âáï ¯à¥¤-
¯®«®¦¥−¨¥ ® â®¬, çâ® ®æ¥−ªã á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥−¨ï ¬®¦−® ¨áª�âì ¢
ª«�áá¥ à�á¯à¥¤¥«¥−¨©, á®áà¥¤®â®ç¥−−ëå ¢ ª®−¥ç−®¬ ç¨á«¥ ä¨ªá¨à®¢�−−ëå â®ç¥ª.
�à¨ íâ®¬ â®çª¨ à�á¯®«®¦¥−ë ¢ ®¡«�áâ¨, á®¤¥à¦�é¥© −®á¨â¥«ì ®æ¥−¨¢�¥¬®£®
à�á¯à¥¤¥«¥−¨ï. Šà�âª®¥ ®¯¨á�−¨¥ íâ¨å �«£®à¨â¬®¢ ¯à¨¢¥¤¥−® −¨¦¥.

‘ ¢®§¬®¦−®áâìî ¨á¯®«ì§®¢�−¨ï á¥â®ç−ëå ¬¥â®¤®¢ −� ¯à�ªâ¨ª¥ á¢ï§�−ë ¯à®¡-
«¥¬ë áâ®å�áâ¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ −®à¬�«ì−ëå á¬¥á¥©. ˆáá«¥¤®¢�−¨î ãáâ®©ç¨-
¢®áâ¨ à�§«¨ç−ëå ª«�áá®¢ á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© ª ¢®§¬ãé¥−¨ï¬
á¬¥è¨¢�îé¨å à�á¯à¥¤¥«¥−¨© ¡ë« ¯®á¢ïé¥− àï¤ à�¡®â. ÷¥§ã«ìâ�âë ¤«ï ç�áâ-
−ëå á«ãç�¥¢ ¡ë«¨ à�áá¬®âà¥−ë, −�¯à¨¬¥à, ¢ à�¡®â�å [5, 6]. ‚ [7] ¢ë¯¨á�−ë
®æ¥−ª¨ ¡«¨§®áâ¨ á¬¥á¥© â�ª −�§ë¢�¥¬ëå á¤¢¨£/¬�áèâ�¡−ëå −®à¬�«ì−ëå §�-
ª®−®¢ ¢ ¬¥âà¨ª¥ ‹¥¢¨ ç¥à¥§ ¡«¨§®áâì á¬¥è¨¢�îé¨å à�á¯à¥¤¥«¥−¨© ¢ ¬¥âà¨ª¥
‹¥¢¨{�à®å®à®¢�.

“ª�§�−−ë¥ à¥§ã«ìâ�âë ¯®§¢®«¨«¨ ®¡®á−®¢�âì §�¬¥−ã ¨áå®¤−®£® à�á¯à¥¤¥«¥-
−¨ï ¯à¨¡«¨¦¥−−ë¬ ¯à¨ ¨á¯®«ì§®¢�−¨¨ á¥â®ç−ëå ¬¥â®¤®¢. �«�£®¤�àï ¨¬ ¡ë«¨
¯®«ãç¥−ë ¯¥à¢ë¥ à¥§ã«ìâ�âë ¨áá«¥¤®¢�−¨ï á¢®©áâ¢ ®æ¥−®ª, ¯®«ãç¥−−ëå á ¯®-
¬®éìî á¥â®ç−ëå ¬¥â®¤®¢ [8]. ‚ ¤�−−®© à�¡®â¥ ¯à¥¤áâ�¢«¥−ë �á¨¬¯â®â¨ç¥áª¨¥
á¢®©áâ¢� ®æ¥−®ª á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥−¨ï, ¯®«ãç¥−−ëå á ¯®¬®éìî á¥â®ç-
−®£® ¬¥â®¤� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¤«ï ¬�áèâ�¡−ëå á¬¥á¥© −®à¬�«ì−ëå
§�ª®−®¢. ‚ë¯¨á�−ë ¤®áâ�â®ç−ë¥ ãá«®¢¨ï á®áâ®ïâ¥«ì−®áâ¨ ®æ¥−®ª, ®¯¨áë¢�îé¨¥
�«£®à¨â¬ á®£«�á®¢�−−®£® ¨§¬¥−¥−¨ï áâàãªâãàë ¯�à�¬¥âà¨ç¥áª®£® ¬−®¦¥áâ¢� ¨
ç¨á«� í«¥¬¥−â®¢ ¢ë¡®àª¨. ˆ§«®¦¥−−ë¥ −¨¦¥ ä�ªâë ¢ ®á−®¢−®¬ ®¯¨à�îâáï −�
à¥§ã«ìâ�âë ¬®−®£à�ä¨¨ [9] ¨ ¨áâ®ç−¨ª®¢, ¯à¨¢¥¤¥−−ëå ¢ −¥© (á¬. â�ª¦¥ [10]).

2 Сеточный метод максимального правдоподобия для разделения
смесей вероятностных распределений

ˆ¤¥ï, ª®â®à�ï «¥¦¨â ¢ ®á−®¢¥ á¥â®ç−ëå ¬¥â®¤®¢ à�§¤¥«¥−¨ï á¬¥á¥©, à�áá¬�â-
à¨¢�¥¬ëå ¢ ¤�−−®© à�¡®â¥, ¡«¨§ª� ª ¨¤¥¥ £�à¬®−¨ç¥áª®£® �−�«¨§�. �¥à¨®¤¨ç¥áª�ï
äã−ªæ¨ï à�áª«�¤ë¢�¥âáï ¢ àï¤ ”ãàì¥, â. ¥. ¯à¥¤áâ�¢«ï¥âáï ¢§¢¥è¥−−®© ª®¬¡¨-
−�æ¨¥© (àï¤®¬), ¢®§¬®¦−®, ¡¥áª®−¥ç−® ¡®«ìè®£® ç¨á«� á¨−ãá®¢ ¨ ª®á¨−ãá®¢ á
à�§«¨ç−ë¬¨ (−® ªà�â−ë¬¨) ¯¥à¨®¤�¬¨ (â. ¥. á à�§«¨ç−ë¬¨ ¯�à�¬¥âà�¬¨ ¬�áèâ�-
¡� | ç�áâ®â�¬¨). �−�«®£¨ç−® ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¤�−−ëå �«£®à¨â¬®¢ ®æ¥−ª�
á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥−¨ï ¨é¥âáï ¢ ª«�áá¥ à�á¯à¥¤¥«¥−¨©, á®áà¥¤®â®ç¥−−ëå
¢ ª®−¥ç−®¬ ¬−®¦¥áâ¢¥ ä¨ªá¨à®¢�−−ëå â®ç¥ª. �à¨ç¥¬ íâ¨ â®çª¨ à�¢−®¬¥à−®
¯®ªàë¢�îâ ®¡«�áâì, á®¤¥à¦�éãî −®á¨â¥«ì ¨áâ¨−−®£® à�á¯à¥¤¥«¥−¨ï.

�®¤à®¡−¥¥ à�¡®âã �«£®à¨â¬� à�áá¬®âà¨¬ −� á«¥¤ãîé¥¬ ¯à¨¬¥à¥. �ãáâì
á«ãç�©−�ï ¢¥«¨ç¨−� Y ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−� ¢ ¢¨¤¥
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� á®áâ®ïâ¥«ì−®áâ¨ ®æ¥−®ª ¯�à�¬¥âà®¢ ¬�áèâ�¡−ëå á¬¥á¥© −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©

Y = V X , X ∼ N (0, 1) , V > 0 , P (Y < x) = E�

(
x

V

)
, x ∈ R ,

£¤¥ �| äã−ªæ¨ï à�á¯à¥¤¥«¥−¨ï áâ�−¤�àâ−®£® −®à¬�«ì−®£® §�ª®−�, � á«ãç�©−ë¥
¢¥«¨ç¨−ë X ¨ V áâ®å�áâ¨ç¥áª¨ −¥§�¢¨á¨¬ë. �ç¥¢¨¤−®, Y ï¢«ï¥âáï ¬�áèâ�¡-
−®© á¬¥áìî −®à¬�«ì−ëå §�ª®−®¢. ‡�¤�ç� à�§¤¥«¥−¨ï á¬¥á¥© ¢ ¤�−−®¬ á«ãç�¥
§�ª«îç�¥âáï ¢ ®æ¥−ª¥ à�á¯à¥¤¥«¥−¨ï ¢¥«¨ç¨−ë V ¯® à¥�«¨§�æ¨ï¬ Y .

ˆáå®¤−®¥ á¬¥è¨¢�îé¥¥ à�á¯à¥¤¥«¥−¨¥ ¯à¨¡«¨¦�¥âáï à�á¯à¥¤¥«¥−¨¥¬ ¨§ ¯�-
à�¬¥âà¨§®¢�−−®£® á¥¬¥©áâ¢� P™, á®áà¥¤®â®ç¥−−®£® −� á¥âª¥ á ¨§¢¥áâ−ë¬¨ ã§«�¬¨.
“â¢¥à¦¤�¥âáï, çâ® ¤«ï ¯«®â−®áâ¨ á¬¥á¨ Y

p0(x) = E
1

V
φ

(
x

V

)
≈

K∑

i=1

pi
1

σi
φ

(
x

σi

)
≡ pξ(x) , x ∈ R , ξ ∈ ™ ,

™ = {(σj , pj) |σj ∈ Z , pj ≥ 0 , j = 1, . . . ,K , p1 + · · ·+ pK = 1 , K = #Z} ,

£¤¥ p0 | ¯«®â−®áâì ¨áâ¨−−®£® à�á¯à¥¤¥«¥−¨ï, φ | ¯«®â−®áâì áâ�−¤�àâ−®£®
−®à¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï. �à¨ íâ®¬ Z ä¨ªá¨à®¢�−® ¨ ¯à¨ à�¡®â¥ �«£®à¨â-
¬� ®æ¥−¨¢�¥âáï «¨èì −�¡®à ¢¥á®¢ p1, . . . , pK . Œ−®¦¥áâ¢® Z ¬®¦−® ¢ë¡à�âì
â�ª¨¬ ®¡à�§®¬, çâ®¡ë ®−® à�¢−®¬¥à−® ¯®ªàë¢�«® ®¡«�áâì, á®¤¥à¦�éãî −®-
á¨â¥«ì á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥−¨ï. �®íâ®¬ã Z ¨−®£¤� −�§ë¢�îâ á¥âª®©, �
à�áá¬�âà¨¢�¥¬®¥ á¥¬¥©áâ¢® �«£®à¨â¬®¢ | á¥â®ç−ë¬¨ ¬¥â®¤�¬¨. ‚ á«ãç�¥, ¥á«¨
à�á¯à¥¤¥«¥−¨¥ V á®áà¥¤®â®ç¥−® ¢ k â®çª�å, K ≫ k.

„«ï ¬�áèâ�¡−ëå á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢ áãé¥áâ¢ãîâ ¢¥àå−¨¥ ®æ¥−ª¨
ãáâ®©ç¨¢®áâ¨ ª ¢®§¬ãé¥−¨ï¬ á¬¥è¨¢�îé¨å à�á¯à¥¤¥«¥−¨©, ¯®íâ®¬ã §�¬¥−� ¨á-
å®¤−®£® á¬¥è¨¢�îé¥£® à�á¯à¥¤¥«¥−¨ï ¯à¨¡«¨¦¥−−ë¬ ¤®¯ãáâ¨¬�. …á«¨ ¤¢�
á¬¥è¨¢�îé¨å à�á¯à¥¤¥«¥−¨ï ¡«¨§ª¨ ¢ ¬¥âà¨ª¥ ‹¥¢¨{�à®å®à®¢�, â® á®®â¢¥â-
áâ¢ãîé¨¥ ¨¬ á¬¥á¨ ¡«¨§ª¨ ¢ ¬¥âà¨ª¥ ‹¥¢¨ [7]. ‘«¥¤®¢�â¥«ì−®, ¥á«¨ á¥âª� Z
á®¤¥à¦¨â ¡®«ìè®¥ ç¨á«® í«¥¬¥−â®¢ ¨ à�¢−®¬¥à−® ¯®ªàë¢�¥â ®¡«�áâì, ¢ª«îç�î-
éãî −®á¨â¥«ì à�á¯à¥¤¥«¥−¨ïV , â® ¢ ¯à¥¤«®¦¥−−®¬ ¯�à�¬¥âà¨§®¢�−−®¬ á¥¬¥©áâ¢¥
á®¤¥à¦¨âáï à�á¯à¥¤¥«¥−¨¥, ¡«¨§ª®¥ ª à�á¯à¥¤¥«¥−¨î Y .

‚ á¥â®ç−®¬ ¬¥â®¤¥ ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¯®¨áª ®æ¥−®ª ¢¥á®¢ ¯à®¢®-
¤¨âáï á ¯®¬®éìî ¨â¥à�æ¨®−−®£® ¯à®æ¥áá�. ‚ äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï, á®®â¢¥â-
áâ¢ãîéãî à�á¯à¥¤¥«¥−¨ï¬ ¨§ −�¡®à� P™, ¯®¤áâ�¢«ïîâáï à¥�«¨§�æ¨¨ á«ãç�©−®©
¢¥«¨ç¨−ëY . „�«¥¥ ç¨á«¥−−® ¨é¥âáï â®çª� ¬�ªá¨¬ã¬� íâ®© äã−ªæ¨¨ ª�ª äã−ªæ¨¨
¯�à�¬¥âà®¢. ÷�á¯à¥¤¥«¥−¨¥, á®®â¢¥âáâ¢ãîé¥¥ ¯®«ãç¥−−ë¬ ¢¥«¨ç¨−�¬, ¨á¯®«ì-
§ã¥âáï ¢ ª�ç¥áâ¢¥ ®æ¥−ª¨ ¨áâ¨−−®£®. �à¨ íâ® ¬�ªá¨¬¨§¨àã¥¬�ï äã−ªæ¨ï ¢ë¯ãª«�
¢¢¥àå ¯® −¥¨§¢¥áâ−ë¬ ¯�à�¬¥âà�¬.

‡�¬¥â¨¬, çâ® à�á¯à¥¤¥«¥−¨¥ ¢ë¡®àª¨ −¥§�¢¨á¨¬ëå à¥�«¨§�æ¨© Y ¬®¦¥â
¡ëâì ¤®áâ�â®ç−® ¡«¨§ª® ª à�á¯à¥¤¥«¥−¨î à¥�«¨§�æ¨© −¥ª®â®à®© ¢¥«¨ç¨−ë á
à�á¯à¥¤¥«¥−¨¥¬ ¨§ P™. �¥á¬®âàï −� íâ®, ª«�áá¨ç¥áª�ï â¥®à¨ï, ®¯¨áë¢�îé�ï
á¢®©áâ¢� ®æ¥−®ª ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï, −¥ ¬®¦¥â ¡ëâì ¯à¨¬¥−¥−� ¤«ï
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¨§ãç¥−¨ï á¢®©áâ¢ ¯®«ãç¥−−ëå ®æ¥−®ª. �¤−�ª® ¯®á«¥¤−¨¥ ¬®£ãâ ¡ëâì ¨áá«¥¤®¢�−ë
á ¯®¬®éìî �¯¯�à�â� M-®æ¥−®ª (M-estimators), ¤®áâ�â®ç−® ¯®¤à®¡−® ®¯¨á�−−®£®
¢ à�¡®â¥ [9].

‚ −�áâ®ïé¥© áâ�âì¥ à�áá¬�âà¨¢�¥âáï á«¥¤ãîé¥¥ ¯à¥¤¯®«®¦¥−¨¥: ç¥¬ ¬¥−ìè¥
à�ááâ®ï−¨¥ ¬¥¦¤ã ã§«�¬¨ á¥âª¨ Z, ¯®ªàë¢�îé¥© −®á¨â¥«ì ¨áâ¨−−®£® à�á¯à¥-
¤¥«¥−¨ï, â¥¬ «ãçè¥ ¬®¦−® ¯à¨¡«¨§¨âì ¨áâ¨−−®¥ à�á¯à¥¤¥«¥−¨¥ à�á¯à¥¤¥«¥−¨¥¬
¨§ P™, á«¥¤®¢�â¥«ì−®, ¬®¦¥â áãé¥áâ¢®¢�âì �«£®à¨â¬ á®£«�á®¢�−−®£® ã¢¥«¨ç¥−¨ï
à�§¬¥à� ¢ë¡®àª¨ ¨ ç¨á«� í«¥¬¥−â®¢ Z â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¯®á«¥¤®¢�â¥«ì−®áâì
¯®«ãç�¥¬ëå ®æ¥−®ª áå®¤¨«�áì ¢ −¥ª®â®à®© ¬¥âà¨ª¥ ª ®æ¥−¨¢�¥¬®¬ã à�á¯à¥¤¥«¥-
−¨î.

�¨¦¥ ¯à¥¤áâ�¢«¥−ë à¥§ã«ìâ�âë, ®¯¨áë¢�îé¨¥ ¯®¢¥¤¥−¨¥ ®æ¥−®ª, ¯®«ãç¥−-
−ëå á ¯®¬®éìî á¥â®ç−®£® ¬¥â®¤� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ª�ª ¤«ï á«ãç�ï
−¥®£à�−¨ç¥−−®£® ã¢¥«¨ç¥−¨ï à�§¬¥à� ¢ë¡®àª¨, â�ª ¨ ¤«ï á«ãç�ï á®£«�á®¢�−−®-
£® ã¢¥«¨ç¥−¨ï à�§¬¥à� ¢ë¡®àª¨ ¨ ª®«¨ç¥áâ¢� í«¥¬¥−â®¢ ¬−®¦¥áâ¢� Z. �ã¤¥¬
¯à¨¤¥à¦¨¢�âìáï ®¡®§−�ç¥−¨©, ¨á¯®«ì§ã¥¬ëå ¢ £«�¢�å à�¡®âë [9], ¯®á¢ïé¥−−®©
M-®æ¥−ª�¬ ¨ í¬¯¨à¨ç¥áª¨¬ ¯à®æ¥áá�¬.

3 Основные обозначения

„«ï ä®à¬�«ì−®£® ®¯¨á�−¨ï ¯à®æ¥áá� ú¨§¬¥«ìç¥−¨ïû á¥âª¨, −� ª®â®à®© á®-
áà¥¤®â®ç¥− ª«�áá à�á¯à¥¤¥«¥−¨©, ¯à¨¡«¨¦�îé¨å ¨áå®¤−®¥ á¬¥è¨¢�îé¥¥ à�á-
¯à¥¤¥«¥−¨¥, ¢¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï. ‚ ®â«¨ç¨¥ ®â à�¡®âë [8], ¤�«¥¥
áãé¥áâ¢¥−−® ¨á¯®«ì§ã¥âáï â®â ä�ªâ, çâ® à�¡®â� ¢¥¤¥âáï á ¬�áèâ�¡−ë¬¨ á¬¥áï¬¨
−®à¬�«ì−ëå §�ª®−®¢.

÷�áá¬®âà¨¬ −¥ª®â®à®¥ ¬−®¦¥áâ¢® Z0 ⊂ R, á®¤¥à¦�é¥¥ −®á¨â¥«ì á¬¥è¨¢�-
îé¥£® à�á¯à¥¤¥«¥−¨ï. �¡®§−�ç¨¬ ç¥à¥§ Z1 ⊂ Z2 ⊂ · · · ¯®á«¥¤®¢�â¥«ì−®áâì
¢«®¦¥−−ëå ª®−¥ç−ëå ¯®¤¬−®¦¥áâ¢ Z0, ¨áç¥à¯ë¢�îéãî áç¥â−®¥, ¢áî¤ã ¯«®â-
−®¥ ¯®¤¬−®¦¥áâ¢® Z0. ‘®¯®áâ�¢¨¬ ª�¦¤®¬ã ¬−®¦¥áâ¢ã Zi ¯�à�¬¥âà¨ç¥áª®¥
¬−®¦¥áâ¢®

—i = {(σj , fj)| σj ∈ Zi , σj < σj+1 , fj =

j∑

1

pj ,

pj ≥ 0 , j = 1, . . . , ki , p1 + · · ·+ pki
= 1 , ki = #Zi} , i = 1, 2, . . .

÷�áá¬®âà¨¬ ¬¥âà¨ç¥áª¨¥ ¯à®áâà�−áâ¢� (—i, di) ≡ (—i, d), i = 1, 2, . . ., £¤¥
à�ááâ®ï−¨¥ ¬¥¦¤ã ¤¢ã¬ï í«¥¬¥−â�¬¨ θ1, θ2 ∈ —i §�¤�¥âáï ç¥à¥§

d ≡ di(θ
1, θ2) = max

1≤j≤#Zi

∣∣∣f (1)j − f
(2)
j

∣∣∣ , i = 1, 2, . . .

„�«¥¥ à�áá¬®âà¨¬ áâ�â¨áâ¨ç¥áªãî áâàãªâãàã (X,F ,P), £¤¥ X = R×R×· · · ;
F = B(R)× B(R)× · · · , B(R)| ¡®à¥«¥¢áª�ï á¨£¬�-�«£¥¡à�; P = {Pθ, θ ∈ —i,
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i = 1, 2, . . .} ∪ P0 | ¯�à�¬¥âà¨§®¢�−−®¥ á¥¬¥©áâ¢® ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥-
−¨©, ®â¢¥ç�îé¨å ¯®á«¥¤®¢�â¥«ì−®áâï¬ −¥§�¢¨á¨¬ëå ®¤¨−�ª®¢® à�á¯à¥¤¥«¥−−ëå
á«ãç�©−ëå ¢¥«¨ç¨− (X1,X2,X3, . . .). ‡¤¥áì P0 | à�á¯à¥¤¥«¥−¨¥ à¥�«¨§�æ¨©
®æ¥−¨¢�¥¬®© á¬¥á¨. „«ï ª�¦¤®£® ä¨ªá¨à®¢�−−®£® i ª«�áá {Pθ, θ ∈ —i} á®¤¥à-
¦¨â à�á¯à¥¤¥«¥−¨ï, ¯à¨¡«¨¦�îé¨¥ ¨áâ¨−−®¥ áà¥¤¨ á¬¥á¥©, á®®â¢¥âáâ¢ãîé¨å
á¬¥è¨¢�îé¨¬ à�á¯à¥¤¥«¥−¨ï¬, á®áà¥¤®â®ç¥−−ë¬ −� ¬−®¦¥áâ¢¥ Zi.

‘¥¬¥©áâ¢ã P á®®â¢¥âáâ¢ã¥â á¥¬¥©áâ¢® P1 = {P1θi
, θi ∈ —i, i = 1, 2, . . .} ∪ P10

®¤−®¬¥à−ëå à�á¯à¥¤¥«¥−¨©. �¤−®¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¤�−−ëå ¯®á«¥¤®¢�â¥«ì-
−®áâ¥© ¤«ï {Pθ, θ ∈ —i, i = 1, 2, . . .} ï¢«ïîâáï ª®−¥ç−ë¬¨ á¬¥áï¬¨ −®à¬�«ì−ëå
§�ª®−®¢. �à¨ íâ®¬ ª�¦¤®¬ã ä¨ªá¨à®¢�−−®¬ã θ ∈ —i, i = 1, 2, . . ., á®®â¢¥âáâ¢ã¥â
¯«®â−®áâì ®¤−®¬¥à−®£® à�á¯à¥¤¥«¥−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®â−®á¨â¥«ì−® ¬¥àë
‹¥¡¥£� −� R:

pθ(x) =

ki∑

j=1

pj
1

σj
φ

(
x

σj

)
, x ∈ R ,

£¤¥ φ| ¯«®â−®áâì áâ�−¤�àâ−®£® −®à¬�«ì−®£® §�ª®−�. ‡�¬¥â¨¬, çâ® ®â P0, ¢®®¡é¥
£®¢®àï, «¨èì âà¥¡ã¥âáï, çâ®¡ë ®−® á®®â¢¥âáâ¢®¢�«® à�á¯à¥¤¥«¥−¨î −¥ª®â®à®©
¬�áèâ�¡−®© á¬¥á¨ −®à¬�«ì−ëå §�ª®−®¢. �ã¤¥¬ áç¨â�âì, çâ®P 10 ¨¬¥¥â ¯«®â−®áâì p0
®â−®á¨â¥«ì−® ¬¥àë ‹¥¡¥£�.

÷�áá¬®âà¨¬ áâ�â¨áâ¨ª¨, á ¯®¬®éìî ª®â®àëå ¯à®¢®¤¨âáï ®æ¥−ª� ¨áâ¨−−®£®
à�á¯à¥¤¥«¥−¨ï. ‡�ä¨ªá¨àã¥¬ −¥ª®â®àë© −®¬¥à i á¥âª¨ —i. Š�ª ¡ë«® ®¯¨á�−®
¢ëè¥, ¢ äã−ªæ¨î ¯à�¢¤®¯®¤®¡¨ï, á®®â¢¥âáâ¢ãîéãî à�á¯à¥¤¥«¥−¨ï¬ ¨§ −�¡®à�
{Pθ, θ ∈ —i}, ¯®¤áâ�¢«ïîâáï à¥�«¨§�æ¨¨ −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥«¨ç¨− á
à�á¯à¥¤¥«¥−¨¥¬ P1

0
. ‡�â¥¬ ¨é¥âáï â®çª� ¬�ªá¨¬ã¬� íâ®© äã−ªæ¨¨ ª�ª äã−ªæ¨¨

¯�à�¬¥âà®¢.
‚ ¤�−−®¬ á«ãç�¥ ¨áá«¥¤ãîâáï á¢®©áâ¢� ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®æ¥−®ª �θ(i)n :

�θ(i)n = argmax
θ∈—i

Mn(θ) ,

Mn(θ) =
1

n

n∑

i=1

mθ(Xi) , mθ(x) = ln
pθ(x)

pθ0(x)
, θ ∈ —i .

’�ª¨¥ ®æ¥−ª¨ ¯à¨−�¤«¥¦�â ª«�ááã M-®æ¥−®ª. �à¨ ¢ë¯®«−¥−¨¨ àï¤� ãá«®¢¨©
®−¨ ®¡«�¤�îâ −¥ª®â®àë¬¨ ¢�¦−ë¬¨ á¢®©áâ¢�¬¨.

‚ á«¥¤ãîé¥¬ à�§¤¥«¥ ¨áá«¥¤ãîâáï á¢®©áâ¢� ¯®á«¥¤®¢�â¥«ì−®áâ¨ θ(i)0 :

θ
(i)
0 = argmin

θ∈—
DKL

(
P 10 , P

1
θ

)
,

£¤¥DKL | à�ááâ®ï−¨¥ Šã«ì¡�ª�{‹¥©¡«¥à�. „«ï à�á¯à¥¤¥«¥−¨© P ,Q, ¨¬¥îé¨å
¯«®â−®áâì p, q ®â−®á¨â¥«ì−® ¬¥àë ‹¥¡¥£�,
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DKL(P,Q) =

∫

R

ln
p(x)

q(x)
p(x) dx

(¡ã¤¥¬ áç¨â�âì, çâ® min
θ∈—

DKL(P
1
0 , P

1
θ ) <∞).

‹¥£ª® ¯®ª�§�âì, çâ® ¤«ï ª�¦¤®£® −�âãà�«ì−®£® i â®çª� θ(i)0 ¥¤¨−áâ¢¥−−�. „¥©-
áâ¢¨â¥«ì−®, ¤«ï ª�¦¤®£® ä¨ªá¨à®¢�−−®£® §−�ç¥−¨ï x ¯®¤ë−â¥£à�«ì−�ï äã−ªæ¨ï
ï¢«ï¥âáï ¢ë¯ãª«®© −� ¢ë¯ãª«®¬ ¬−®¦¥áâ¢¥ ª�ª äã−ªæ¨ï ¢¥á®¢. �à¨ íâ®¬ ¨§ â®£®,
çâ® ¯«®â−®áâì p0 ï¢«ï¥âáï áâà®£® ¯®«®¦¨â¥«ì−®©, � ª®−¥ç−ë¥ á¬¥á¨ −®à¬�«ì−ëå
§�ª®−®¢ ¨¤¥−â¨ä¨æ¨àã¥¬ë [11], −�¯àï¬ãî á«¥¤ã¥â, çâ® ãª�§�−−�ï äã−ªæ¨ï −¥
¬®¦¥â ¤®áâ¨£�âì ¬¨−¨¬ã¬� ¢ ¤¢ãå à�§«¨ç−ëå â®çª�å.

�®á«¥¤®¢�â¥«ì−®áâì ¯�à�¬¥âà®¢ {θ(j)0 }∞j=1 á®®â¢¥âáâ¢ã¥â ¯®á«¥¤®¢�â¥«ì−®áâ¨
à�á¯à¥¤¥«¥−¨©, á®áà¥¤®â®ç¥−−ëå −� á¥âª�å {Zj}∞j=1 , ¡«¨¦�©è¨å ª ¨áâ¨−−®¬ã ¢
á¬ëá«¥ à�ááâ®ï−¨ï Šã«ì¡�ª�{‹¥©¡«¥à�.

4 Основные свойства целевой функции

�à¨ ¨á¯®«ì§®¢�−¨¨ á¥â®ç−®£® ¬¥â®¤� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï §�¤�¥âáï
¬−®¦¥áâ¢® â®ç¥ª, ¢ ª®â®àëå ¬®¦¥â ¡ëâì á®áà¥¤®â®ç¥−−® à�á¯à¥¤¥«¥−¨¥, ®æ¥−¨¢�-
îé¥¥ ¨áâ¨−−®¥ á¬¥è¨¢�îé¥¥ à�á¯à¥¤¥«¥−¨¥. ÷�áá¬®âà¨¬ ¯®¢¥¤¥−¨¥ ¯®«ãç�¥¬ëå
®æ¥−®ª ¯à¨ −¥®£à�−¨ç¥−−®¬ ã¢¥«¨ç¥−¨¨ à�§¬¥à� ¢ë¡®àª¨ à¥�«¨§�æ¨© á¬¥á¨.

ˆá¯®«ì§ãï ¢¢¥¤¥−−ë¥ ¢ëè¥ ®¡®§−�ç¥−¨ï, §�ä¨ªá¨àã¥¬ ¯�à�¬¥âà¨ç¥áª®¥ ¬−®-
¦¥áâ¢® — = —i ¤«ï ®¤−®£® ¨§ §−�ç¥−¨© i, i ∈ N. ‘¥âª� {σj ∈ Zi, j = 1, . . . , ki}
¤«ï −¥£® −¥¨§¬¥−−�, ¯®íâ®¬ã ¤«ï ¯à®áâ®âë ¯®¤ í«¥¬¥−â®¬ ¯�à�¬¥âà¨ç¥áª®£® ¬−®-
¦¥áâ¢� θ ∈ — ¡ã¤¥¬ ¯®−¨¬�âì «¨èì ¢¥ªâ®à §−�ç¥−¨© äã−ªæ¨¨ á¬¥è¨¢�îé¥£®
à�á¯à¥¤¥«¥−¨ï. �¨¦¥ ¯®«ãç¥−ë ®á−®¢−ë¥ á¢®©áâ¢� æ¥«¥¢®© äã−ªæ¨¨, ª®â®-
àë¥ ¡ã¤ãâ ¨á¯®«ì§®¢�âìáï ¯à¨ ¨áá«¥¤®¢�−¨¨ �á¨¬¯â®â¨ç¥áª¨å á¢®©áâ¢ ®æ¥−®ª,
¯®«ãç�¥¬ëå á ¯®¬®éìî á¥â®ç−ëå ¬¥â®¤®¢.

‹¥¬¬� 1. „«ï d(θ0, θ) > δ, θ ∈ —,

P 10mθ0 − P 10mθ ≥ CH(—)δ
2 ,

£¤¥

P 10 f ≡
∫

R

f(x)P 10 (dx)

¤«ï ¨−â¥£à¨àã¥¬®© äã−ªæ¨¨ f , CH(—) | ª®−áâ�−â�, §�¢¨áïé�ï ®â ¬−®¦¥-
áâ¢� —.

„ ® ª � § � â ¥ « ì á â ¢ ® . ÷�áá¬®âà¨¬ à�§«®¦¥−¨¥ ¢ àï¤ ’¥©«®à� äã−ªæ¨¨ P 10mθ ¢
®ªà¥áâ−®áâ¨ â®çª¨ θ0.

P 10mθ = P
1
0mθ0 + (∇P 10mθ0 , θ − θ0) + (θ − θ0)

TH(P 10mθ0)(θ − θ0) + · · · ,
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� á®áâ®ïâ¥«ì−®áâ¨ ®æ¥−®ª ¯�à�¬¥âà®¢ ¬�áèâ�¡−ëå á¬¥á¥© −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©

£¤¥∇P 10mθ0,H(P
1
0mθ0)| £à�¤¨¥−â ¨ £¥áá¨�− äã−ªæ¨¨ ¢ â®çª¥ θ0 á®®â¢¥âáâ¢¥−−®.

‡�¬¥â¨¬, çâ® ¨§ â®£®, çâ® θ0 = argmax
θ∈—

∫

R

mθ(x)P
1
0 (dx), á«¥¤ã¥â, çâ®

(∇P 10mθ0, θ − θ0) ≤ 0 .

‹¥£ª® ¢¨¤¥âì, çâ® −H(P 10mθ0) ï¢«ï¥âáï ¬�âà¨æ¥© ƒà�¬�, ®¡à�§®¢�−−®© ¨§
«¨−¥©−® −¥§�¢¨á¨¬ëå í«¥¬¥−â®¢ ¢ L2. ‘«¥¤®¢�â¥«ì−®, H(P 10mθ0) ï¢«ï¥âáï
®âà¨æ�â¥«ì−® ®¯à¥¤¥«¥−−®©. “ç¨âë¢�ï, çâ® à�áá¬�âà¨¢�¥¬®¥ ¯�à�¬¥âà¨ç¥áª®¥
¬−®¦¥áâ¢® | ª®¬¯�ªâ, ¯®«ãç�¥¬, ¤«ï d(θ0, θ) > δ

P 10mθ0 − P 10mθ ≥ CH(—)δ
2 ,

£¤¥ CH(—) §�¢¨á¨â ®â á¯¥ªâà� ¬�âà¨æë ƒà�¬� ¨ ¯�à�¬¥âà¨ç¥áª®£® ¬−®¦¥áâ¢�.

‹¥¬¬� 2. …á«¨ pk ≥ cσ/
√
k ¤«ï ¢á¥å θ ∈ —, â® ¤«ï «î¡ëå θ1, θ2 ∈ —,

x ∈ R,
|mθ1(x)−mθ2(x)| ≤ ‘m—(x)d(θ1, θ2) ,

£¤¥

‘m—(x) ≤
2
√
k

cσ

k∑

j=1

σk

σj
, σ1 < σ2 < · · · < σk .

„ ® ª � § � â ¥ « ì á â ¢ ® . ‚®á¯®«ì§ã¥¬áï á¢®©áâ¢®¬ «®£�à¨ä¬¨ç¥áª®© äã−ªæ¨¨:

|mθ1(x)−mθ2(x)| =

∣∣∣∣∣∣∣∣∣∣∣

ln

k∑

j=1

p
(1)
j (1/σj)φ (x/σj)

k∑

j=1

p
(2)
j (1/σj)φ (x/σj)

∣∣∣∣∣∣∣∣∣∣∣

≤

≤

∣∣∣∣∣∣

k∑

j=1

p
(1)
j (1/σj)φ (x/σj)−

k∑

j=1

p
(2)
j (1/σj)φ (x/σj)

∣∣∣∣∣∣

min




k∑

j=1

p
(1)
j (1/σj)φ (x/σj) ,

k∑

j=1

p
(2)
j (1/σj)φ (x/σj)





≤

≤

k∑

j=1

∣∣∣p(1)j − p
(2)
j

∣∣∣ (1/σj)φ (x/σj)

(cσ/
√
k)(1/σk)φ (x/σk)
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¤«ï «î¡®£® à�æ¨®−�«ì−®£® x. �ãáâì d(θ1, θ2) ≤ δ, â®£¤�

|p(1)j − p
(2)
j | ≤ 2δ , j = 1, . . . , k ,

á«¥¤®¢�â¥«ì−®,

|mθ1(x)−mθ2(x)| ≤
2
√
kδ

cσ

k∑

j=1

(1/σj)φ (x/σj)

(1/σk)φ (x/σk)
≤ 2

√
kδ

cσ

k∑

j=1

σk

σj
. �

„�«¥¥, ®¡®§−�ç¨¬ −�¡®à ¨§¬¥à¨¬ëå äã−ªæ¨©, ®¯à¥¤¥«ï¥¬ëå ¯�à�¬¥âà¨-
ç¥áª¨¬ ¬−®¦¥áâ¢®¬ — ¨ ç¨á«®¬ δ, F—,δ = {mθ − mθ0 : d(θ0, θ) < δ, θ ∈
∈ —}. „«ï ¤®ª�§�â¥«ìáâ¢� á«¥¤ãîé¥£® á¢®©áâ¢� −¥®¡å®¤¨¬® ®æ¥−¨âì ¢¥«¨ç¨−ã
EP0 sup

f∈F—,δ

|Gnf |, £¤¥ G | í¬¯¨à¨ç¥áª¨© ¯à®æ¥áá, ®¯à¥¤¥«¥−−ë© −� −¥ª®â®à®¬

−�¡®à¥ äã−ªæ¨© F,

Gnf =
√
n

(
1

n

n∑

i=1

f(Xi)− P 10 f

)
, f ∈ F .

�æ¥−¨¬ à�§¬¥à F—,δ ¢ â¥à¬¨−�å í−âà®¯¨¨. �¯¨à�ïáì −� à¥§ã«ìâ�âë [9], ¢¢¥-
¤¥¬ ¯®−ïâ¨¥ ε-®âà¥§ª� [l, u] ¢ ¯à®áâà�−áâ¢¥ L2(P 10 ), á®áâ®ïé¥£® ¨§ ¢á¥å äã−ªæ¨©
f ∈ L2(P

1
0 ), â�ª¨å çâ® l ≤ f ≤ u, P 10 (l − u)2 < ε2. „�«¥¥ ¢¢¥¤¥¬ ¯®−ïâ¨¥ ®£à�-

−¨ç¨¢�îé¥£® ç¨á«� (bracketing number) N[ ]
(
ε,F—,δ, L2(P

1
0 )
)

| ¬¨−¨¬�«ì−®£®
ç¨á«� ε-®âà¥§ª®¢, −¥®¡å®¤¨¬ëå, çâ®¡ë ¯®ªàëâì −�¡®à äã−ªæ¨© F—,δ. ‹®£�à¨ä¬
®£à�−¨ç¨¢�îé¥£® ç¨á«� ¡ã¤¥¬ −�§ë¢�âì ®£à�−¨ç¨¢�îé¥© í−âà®¯¨¥© (entropy with
bracketing). ÷�áá¬®âà¨¬ â�ª¦¥ ¯®−ïâ¨¥ ®£à�−¨ç¨¢�îé¥£® ¨−â¥£à�«� (bracketing
integral)

J[ ]
(
δ,F—,δ , L2(P

1
0 )
)
=

δ∫

0

√
logN[ ]

(
ε,F—,δ, L2(P

1
0 )
)
dε .

‚¢¥¤¥−−ë¥ ¯®−ïâ¨ï −¥ â®«ìª® ¯®¬®£�îâ ¯®«ãç¨âì −¥ª®â®àë¥ ¯®«¥§−ë¥ á¢®©-
áâ¢� ª«�áá�F—, −® ¨ ¯®§¢®«ïîâ ®æ¥−¨âì áª®à®áâì áå®¤¨¬®áâ¨ ®æ¥−®ª, ¯®«ãç�¥¬ëå
á¥â®ç−ë¬ ¬¥â®¤®¬. ‘¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

‹¥¬¬� 3. „«ï ª«�áá� F ¨§¬¥à¨¬ëå äã−ªæ¨©, â�ª¨å çâ®

∀f ∈ F |f | ≤ F ,
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á¯à�¢¥¤«¨¢®

EP0 sup
f∈F

|Gnf | ≤ CmJ[ ]

(
‖F‖L2(P 10 )

,F , L2(P 10 )
)
,

£¤¥ Cm | −¥ª®â®à®¥ ç¨á«®, −¥ §�¢¨áïé¥¥ ®â ª«�áá� F.

„ ® ª � § � â ¥ « ì á â ¢ ® . �á−®¢−�ï ¨¤¥ï ¤®ª�§�â¥«ìáâ¢� ®¯¨à�¥âáï −� ¨á¯®«ì§®¢�-
−¨¥ −¥à�¢¥−áâ¢� �¥à−èâ¥©−�. �®«−®¥ ¤®ª�§�â¥«ìáâ¢® ¤�−−®£® ä�ªâ� ¯à¨¢®¤¨âáï
¢ [9].

‚®á¯®«ì§®¢�¢è¨áì ¤�−−ë¬ ä�ªâ®¬ ¬®¦−® ¤®ª�§�âì á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

‹¥¬¬� 4. �ãáâì — | −¥ª®â®à®¥ ¯�à�¬¥âà¨ç¥áª®¥ ¬−®¦¥áâ¢® ¨§ ¯®á«¥¤®¢�-

â¥«ì−®áâ¨ {—i, i ∈ N}, pk ≥ cσ/
√
k ¤«ï ¢á¥å θ ∈ —. „«ï −�¡®à� ¨§¬¥à¨¬ëå

äã−ªæ¨© F—,δ = {mθ −mθ0 : d(θ0, θ) < δ, θ ∈ —} á¯à�¢¥¤«¨¢® −¥à�¢¥−áâ¢®

E∗
P0 sup

f∈F—,δ

|Gnf | ≤ C
kδ

cσ

k∑

j=1

σk

σj
,

£¤¥ C | ç¨á«®, −¥ §�¢¨áïé¥¥ ®â —.

„ ® ª � § � â ¥ « ì á â ¢ ® . „«ï F—,δ áãé¥áâ¢ã¥â ®£à�−¨ç¨¢�îé�ï äã−ªæ¨ï F , â�ª�ï
çâ®

∀f ∈ F—,δ |f | ≤ F .

‚ ¤�−−®¬ á«ãç�¥ F = ‘m—δ ≤ (2
√
kδ/cσ)

k∑
j=1

σk/σj.

ˆ§ «¥¬¬ë 3 á«¥¤ã¥â, çâ® §�¤�ç� ¯®ªàëâ¨ï −�¡®à� F—,δ á¢®¤¨âáï ª §�¤�ç¥
¯®ªàëâ¨ï ¯�à�¬¥âà¨ç¥áª®£® ¬−®¦¥áâ¢� — áä¥à�¬¨ á®®â¢¥âáâ¢ãîé¥£® à�§¬¥à�.
’®ç−¥¥, á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ −¥à�¢¥−áâ¢®:

N[ ]

(
ε‖ ‘m—‖L2(P 10 )

,F—,δ, L2(P
1
0 )
)
≤
(
2δ

ε

)k

, 0 ≤ ε ≤ 2δ ,

£¤¥ k | ç¨á«® ã§«®¢ á¥âª¨.
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‘«¥¤®¢�â¥«ì−®, ¤«ï F—,δ á¯à�¢¥¤«¨¢� æ¥¯®çª� −¥à�¢¥−áâ¢

EP0 sup
f∈F—,δ

|Gnf | ≤ CmJ[ ]

(
δ‖ ‘m—‖L2(P 10 )

,F—,δ, L2(P
1
0 )
)
=

= Cm

δ‖ ‘m—‖L2(P
1
0 )∫

0

√
logN[ ]

(
ε,F—,δ , L2(P

1
0 )
)
dε =

= Cm‖ ‘m—‖L2(P 10 )

δ∫

0

√
logN[ ]

(
ε‖ ‘m—‖L2(P 10 )

,F—,δ, L2(P
1
0 )
)
dε ≤

≤ Cm‖ ‘m—‖L2(P 10 )

δ∫

0

√

k log

(
2δ

ε

)
dε = C

kδ

cσ

k∑

j=1

σk

σj
. �

5 Поведение оценок при фиксированном параметрическом множестве

�®á«¥¤®¢�â¥«ì−®áâì à�áá¬�âà¨¢�¥¬ëå ®æ¥−®ª ¨¬¥¥â ¯à¥¤¥«. �®ª�¦¥¬ íâ®.

’¥®à¥¬� 1. „«ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®æ¥−®ª {�θn}∞n=1, â�ª¨å, çâ®

Mn(�θn) ≥Mn(θ0)− oP0(1)

¨
∫

R

sup
θ∈—

mθ(x)P
1
0 (dx) <∞, á¯à�¢¥¤«¨¢® ãâ¢¥à¦¤¥−¨¥: ¤«ï «î¡®£® ε > 0

P0(d(�θn, θ0) ≥ ε)→ 0 .

„ ® ª � § � â ¥ « ì á â ¢ ® . „¥©áâ¢¨â¥«ì−®,

θ0 = argmax
θ∈—

∫

R

mθ(x)P
1
0 (dx) ,

mθ −¥¯à¥àë¢−� ¯® θ ¤«ï ¢á¥å §−�ç¥−¨©x ¨ ¬−®¦¥áâ¢® —| ª®¬¯�ªâ. ‘«¥¤®¢�â¥«ì-
−®, ¢ë¯®«−ïîâáï ãá«®¢¨ï â¥®à¥¬ë 5.14 ¨§ [9], ¨ áä®à¬ã«¨à®¢�−−®¥ ãâ¢¥à¦¤¥−¨¥
¢¥à−®. �â¬¥â¨¬, çâ® ¤®ª�§�â¥«ìáâ¢® â¥®à¥¬ë ®¯¨à�¥âáï −� úª«�áá¨ç¥áª¨©û
¯®¤å®¤ ª ¤®ª�§�â¥«ìáâ¢ã á®áâ®ïâ¥«ì−®áâ¨ ®æ¥−®ª ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï,
®¯¨á�−−ë© ¢ [12], áãé¥áâ¢¥−−® ¨á¯®«ì§ãîé¨© ª®¬¯�ªâ−®áâì ¯�à�¬¥âà¨ç¥áª®£®
¬−®¦¥áâ¢�. �
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ˆ§ ¤®ª�§�−−®£® ãâ¢¥à¦¤¥−¨ï á«¥¤ã¥â, çâ® ¢ á¥â®ç−®¬ ¬¥â®¤¥ ¬�ªá¨¬�«ì−®£®
¯à�¢¤®¯®¤®¡¨ï ¯à¨ ¤®áâ�â®ç−® ¡®«ìè®¬ à�§¬¥à¥ ¢ë¡®àª¨ á¬¥è¨¢�îé¥¥ à�á¯à¥-
¤¥«¥−¨¥ ®æ¥−¨¢�¥âáï áà¥¤¨ à�á¯à¥¤¥«¥−¨©, á®áà¥¤®â®ç¥−−ëå −� ¨§¢¥áâ−®© á¥âª¥,
á ¯®¬®éìî ¡«¨¦�©è¥£® ª ¨áâ¨−−®¬ã ¢ á¬ëá«¥ à�ááâ®ï−¨ï Šã«ì¡�ª�{‹¥©¡«¥à�.
�ç¥¢¨¤−®, ¥á«¨ −®á¨â¥«ì ®æ¥−¨¢�¥¬®£® à�á¯à¥¤¥«¥−¨ï «¥¦¨â −� ¤�−−®© á¥âª¥, â®
¯®«ãç�¥¬ë¥ ®æ¥−ª¨ á®¢¯�¤�îâ á ®æ¥−ª�¬¨ ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï.

‚®á¯®«ì§®¢�¢è¨áì ¢ë¢¥¤¥−−ë¬¨ ¢ëè¥ á¢®©áâ¢�¬¨, ¯¥à¥©¤¥¬ ª ®æ¥−ª¥ áª®-
à®áâ¨ áå®¤¨¬®áâ¨ ¢ á¥â®ç−®¬ ¬¥â®¤¥ à�§¤¥«¥−¨ï á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥-
«¥−¨©. �ã¤¥¬ ®¯¨à�âìáï −� ®¡é¨© à¥§ã«ìâ�â, ¯à¨¢¥¤¥−−ë© ¢ [9].

’¥®à¥¬� 2. �ãáâì — | −¥ª®â®à®¥ ¯�à�¬¥âà¨ç¥áª®¥ ¬−®¦¥áâ¢® ¨§ ¯®á«¥¤®¢�-

â¥«ì−®áâ¨ {—i, i ∈ N}, pk ≥ cσ/
√
k ¤«ï ¢á¥å θ ∈ —, �θn | ®æ¥−ª�, ¯®«ãç¥−−�ï

¯à¨ ¨á¯®«ì§®¢�−¨¨ á¥â®ç−®£® ¬¥â®¤�, â�ª�ï, çâ®

Mn(�θn) ≥Mn(θ0)−
CH(—)

2nV 2(—)
. (1)

’®£¤� ∀λ > 0
P0

(√
nV (—)d(�θn, θ0) > λ

)
≤ C

λ
,

£¤¥

V (—) =
CH(—)

(k/cσ)
k∑

j=1

σk/σj

;

C | −¥ª®â®à�ï ª®−áâ�−â�.

„ ® ª � § � â ¥ « ì á â ¢ ® . �à¥¤áâ�¢¨¬ ¯�à�¬¥âà¨ç¥áª®¥ ¬−®¦¥áâ¢® ¡¥§ â®çª¨ θ0 ¢
¢¨¤¥ áç¥â−®£® ®¡ê¥¤¨−¥−¨ï ¬−®¦¥áâ¢ ¢¨¤�

Sj,n =
{
θ : 2j−1 <

√
nV (—) d(θ, θ0) ≤ 2j , θ ∈ —

}
, j, n ∈ N .

„«ï «î¡®£® l ∈ N

P0

(√
nV (—)d(�θn, θ0) > 2

l
)
≤
∑

j≥l

P0

(

sup
θ∈Sj,n

(Mn(θ)−Mn(θ0)) ≥ − CH(—)

2nV 2(—)

)

.

‡�¬¥â¨¬, çâ® ¬�ªá¨¬¨§¨àã¥¬�ï äã−ªæ¨ï ï¢«ï¥âáï ¢ë¯ãª«®© −� ¢ë¯ãª«®¬ ª®¬-
¯�ªâ¥. ‚ á¢ï§¨ á íâ¨¬, ¢ ®â«¨ç¨¥ ®â ¤®ª�§�â¥«ìáâ¢� ¢ [9], −¥â −¥®¡å®¤¨¬®áâ¨
à�áá¬�âà¨¢�âì â®«ìª® ¬�«ãî ®ªà¥áâ−®áâì â®çª¨ θ0. Œ®¦−® ¯®¤®¡à�âì ª®−áâ�−âë
¢ «¥¬¬¥ 1 â�ª¨¬ ®¡à�§®¬, çâ®¡ë ãá«®¢¨ï ¢ë¯®«−ï«¨áì −� ¢á¥¬ ¯�à�¬¥âà¨ç¥áª®¬
¬−®¦¥áâ¢¥.
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‚®á¯®«ì§®¢�¢è¨áì «¥¬¬®© 1, ¯®«ãç�¥¬

sup
θ∈Sj,n

P 10 (mθ0 −mθ) ≥ CH(—)
4j−1

nV 2(—)
.

„�«¥¥

{
sup

θ∈Sj,n

(Mn(θ)−Mn(θ0)) ≥ − CH(—)

2nV 2(—)

}
⊆

⊆
{
sup

θ∈Sj,n

(Mn(θ)−Mn(θ0)) ≥ −CH(—)
4j−1

2nV 2(—)

}
∩

∩
{
sup

θ∈Sj,n

P 10 (mθ0 −mθ) ≥ CH(—)
4j−1

nV 2(—)

}
⊆

⊆
{
sup

θ∈Sj,n

(Mn(θ)− P 10mθ −Mn(θ0) + P
1
0mθ0) ≥ CH(—)

4j−1

2nV 2(—)

}
.

‘ ãç¥â®¬ íâ®£®

P0

(
sup

θ∈Sj,n

(Mn(θ)−Mn(θ0)) ≥ − 1
n

)
≤

≤ P0

(
sup

θ∈Sj,n

|Gn(mθ −mθ0)| ≥
√
nCH(—)

4j−1

2nV 2(—)

)
≤

≤ 2
√
nV 2(—)

CH(—)4
j−1 C

2j√
nV (—)

‖ ‘m—‖L2(P 10 )
= V (—)

C‖ ‘m—‖L2(P 10 )

CH(—)

8

2j
=
8C

2j
.

’�ª¨¬ ®¡à�§®¬, à�áá¬�âà¨¢�¥¬ë© àï¤ áå®¤¨âáï ¨ ¤«ï «î¡®£® −�âãà�«ì−®£® l

P0

(√
nV (—)d(�θn, θ0) > 2

l
)
≤ 16C
2l

. �

�â¬¥â¨¬, çâ® âà¥¡®¢�−¨¥ (1) ¥áâ¥áâ¢¥−−® ¨ ¢ë¯®«−¨¬®, â�ª ª�ª ¬�ªá¨¬¨§¨-
àã¥¬�ï äã−ªæ¨ï ï¢«ï¥âáï ¢ë¯ãª«®© −� ¢ë¯ãª«®¬ ª®¬¯�ªâ¥. „�−−ë© à¥§ã«ìâ�â
®â«¨ç�¥âáï ®â �−�«®£¨ç−®© â¥®à¥¬ë, ¤®ª�§�−−®© ¢ [9]. �®«ãç¥−−ë¥ ®æ¥−ª¨
ï¢«ïîâáï ãâ®ç−¥−−ë¬¨, â�ª ª�ª ®−¨ ®âà�¦�îâ §�¢¨á¨¬®áâì áª®à®áâ¨ áå®¤¨¬®áâ¨
®â áâàãªâãàë á¥âª¨ ¯�à�¬¥âà®¢. ˆå ¬®¦−® ¨á¯®«ì§®¢�âì ¯à¨ ¤®ª�§�â¥«ìáâ¢¥
áå®¤¨¬®áâ¨ ¢ áå¥¬¥ á¥à¨©.
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6 Состоятельность оценок, полученных с помощью сеточных методов

‚®á¯®«ì§®¢�¢è¨áì à¥§ã«ìâ�â�¬¨ ¯à¥¤ë¤ãé¨å à�§¤¥«®¢, ¯¥à¥©¤¥¬ ª ¨áá«¥-
¤®¢�−¨î áå®¤¨¬®áâ¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¯®«ãç¥−−ëå ®æ¥−®ª ¢ äã−ªæ¨®−�«ì−®¬
¯à®áâà�−áâ¢¥ ¯à¨ á®£«�á®¢�−−®¬ ã¢¥«¨ç¥−¨¨ à�§¬¥à®¢ á¥âª¨ ¨ ç¨á«� í«¥¬¥−â®¢
¢ë¡®àª¨, ¯® ª®â®à®© áâà®¨âáï ®æ¥−ª�.

�®áâ�¢¨¬ ª�¦¤®¬ã θ(i) ∈ —i ¢ á®®â¢¥âáâ¢¨¥ í«¥¬¥−â xθ(i) ¯à®áâà�−áâ¢� ‘ª®-
à®å®¤� D[0, 1] á«¥¤ãîé¨¬ ®¡à�§®¬. �ãáâì F0 | äã−ªæ¨ï ®æ¥−¨¢�¥¬®£® á¬¥è¨-
¢�¥¬®£® à�á¯à¥¤¥«¥−¨ï, â®£¤�

xθ(i)(t) = Fθ(i)
(
F−1
0 (t)

)
, t ∈ [0, 1) ; xθ(i)(1) = 1 ;

£¤¥

F−1
0 (t) = inf

x∈R

{x|F0(x) ≥ t} , t ∈ [0, 1) ; Fθ(i)(y) = min
j=1...ki

{fj|σj ≥ y} , y ∈ R .

��¯®¬−¨¬, çâ® ¤«ï ª�¦¤®£® −�âãà�«ì−®£® i ®æ¥−ª�, ¯®«ãç¥−−�ï á ¯®¬®éìî
á¥â®ç−®£® ¬¥â®¤� ¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¯® ¢ë¡®àª¥ à�§¬¥à� n −� ¯�-
à�¬¥âà¨ç¥áª®¬ ¬−®¦¥áâ¢¥ —i, ®¡®§−�ç�¥âáï ç¥à¥§ �θ(i)n . ‘ ãç¥â®¬ íâ®£® �θ(i)n

á®®â¢¥âáâ¢ã¥â á¥¬¥©áâ¢® ª®−¥ç−®¬¥à−ëå à�á¯à¥¤¥«¥−¨© µ�θ(i)n
:

µ�θ(i)n ;t1,t2,...,tl
(A) = P0

(
(x�θn
(t1), . . . , x�θn

(tl)) ∈ A
)
,

0 ≤ t1 < t2 < · · · < tl ≤ 1 , A ∈ B(Rl) .

„�−−®¥ á¥¬¥©áâ¢® ï¢«ï¥âáï á®£«�á®¢�−−ë¬. ‘¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥-
−¨¥.

‹¥¬¬� 5. �ãáâì —i | −¥ª®â®à®¥ ¯�à�¬¥âà¨ç¥áª®¥ ¬−®¦¥áâ¢® ¨§ ¯®á«¥¤®-

¢�â¥«ì−®áâ¨ {—i, i ∈ N}, pki
≥ cσ/

√
ki ¤«ï ¢á¥å θ ∈ —i, �θ

(i)
n | ®æ¥−ª�,

¯®«ãç¥−−�ï ¯à¨ ¨á¯®«ì§®¢�−¨¨ á¥â®ç−®£® ¬¥â®¤�,

Mn(�θ
(i)
n ) ≥Mn(θ

(i)
0 )−

CH(—i)

2nV 2(—i)
.

’®£¤� ¢ D[0, 1] áãé¥áâ¢ã¥â á«ãç�©−ë© í«¥¬¥−â X�θ(i)n
á ª®−¥ç−®¬¥à−ë¬¨ à�á-

¯à¥¤¥«¥−¨ï¬¨ µ�θ(i)n
.

„ ® ª � § � â ¥ « ì á â ¢ ® . „¥©áâ¢¨â¥«ì−®,

µ�θ(i)n ;t1,t,t2
((β1, β, β2) : |β1 − β| ≥ λ, |β2 − β| ≥ λ) ≤

≤ µ�θ(i)n ;t1,t,t2

(
(β1, β, β2) : |β1 − x

θ
(i)
0
(t1)| ≥

λ

3
, |β − x

θ
(i)
0
(t)| ≥ λ

3
,
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|x
θ
(i)
0
(t1)− x

θ
(i)
0
(t)| ≥ λ

3
, |β2 − x

θ
(i)
0
(t2)| ≥

λ

3
, |x

θ
(i)
0
(t)− x

θ
(i)
0
(t2)| ≥

λ

3

)
≤

≤ P0

(
d(�θ(i)n , θ

(i)
0 ) ≥

λ

3
, |x

θ
(i)
0
(t2)− x

θ
(i)
0
(t1)| ≥

λ

3

)
≤ Ki

λ

(t2 − t1)
2

δ2i
,

£¤¥ Ki | ª®−áâ�−â�, §�¢¨áïé�ï ®â ¯�à�¬¥âà¨ç¥áª®£® ¬−®¦¥áâ¢�, δi | ¤«¨−�
¬¨−¨¬�«ì−®£® ®âà¥§ª�, −� ª®â®à®¬ x

θ
(i)
0

¯®áâ®ï−−�, t1 ≤ t ≤ t2 ¨

∀ε : lim
h↓0

µ�θ(i)n ;t1,t2
{(β1, β2) : |β1 − β2| ≥ λ} = 0 , 0 ≤ t ≤ 1 .

‘«¥¤®¢�â¥«ì−®, ¢ë¯®«−ïîâáï ãá«®¢¨ï â¥®à¥¬ë áãé¥áâ¢®¢�−¨ï á«ãç�©−®£® í«¥-
¬¥−â� ¢ ¯à®áâà�−áâ¢¥ ‘ª®à®å®¤� á §�¤�−−ë¬¨ ª®−¥ç−®¬¥à−ë¬¨ à�á¯à¥¤¥«¥−¨ï-
¬¨ [13]. �

’�ª¨¬ ®¡à�§®¬, ª�¦¤®¬ã §−�ç¥−¨î ¯�à�¬¥âà� θ á®®â¢¥âáâ¢ã¥â −¥ª®â®à�ï âà�-

¥ªâ®à¨î xθ, � ª�¦¤®© ®æ¥−ª¥ �θ(i)n | á«ãç�©−ë© ¯à®æ¥áá X�θ(i)n
á® §−�ç¥−¨ï¬¨ ¢

¯à®áâà�−áâ¢¥ ‘ª®à®å®¤� D[0, 1] á §�¤�−−ë¬¨ ¢ëè¥ ª®−¥ç−®¬¥à−ë¬¨ à�á¯à¥¤¥-
«¥−¨ï¬¨. �¥à¥©¤¥¬ â¥¯¥àì ª ¤®ª�§�â¥«ìáâ¢ã ®á−®¢−®£® ãâ¢¥à¦¤¥−¨ï.

’¥®à¥¬� 3. ÷�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì á«ãç�©−ëå í«¥¬¥−â®¢
{X�θ(r(n))n

}∞n=1 á® §−�ç¥−¨ï¬¨ ¢ ¯à®áâà�−áâ¢¥ ‘ª®à®å®¤� D[0, 1], £¤¥ r(n) |

¢®§à�áâ�îé�ï −�âãà�«ì−�ï ¯®á«¥¤®¢�â¥«ì−®áâì.
�ãáâì ¢ë¯®«−¥−ë á«¥¤ãîé¨¥ ãá«®¢¨ï:

1. �®á«¥¤®¢�â¥«ì−®áâì à�á¯à¥¤¥«¥−¨© P 1
θ
(n)
0

áå®¤¨âáï ¢ á¬ëá«¥ à�ááâ®ï−¨ï

Šã«ì¡�ª�{‹¥©¡«¥à�:

DKL(P
1
0 , P

1

θ
(n)
0

)→ 0 .

2. „«ï ª�¦¤®£® í«¥¬¥−â� ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¯�à�¬¥âà¨ç¥áª¨å ¬−®¦¥áâ¢
{—i}∞i=1 á¯à�¢¥¤«¨¢® −¥à�¢¥−áâ¢® pki

≥ cσ/
√
ki ¨

Mn(�θ
(i)
n ) ≥Mn(θ

(i)
0 )−

CH(—i)

2nV 2(—i)
,

£¤¥

V (—i) =
CH(—i)

(ki/cσ)

ki∑

j=1

σ
(i)
k /σ

(i)
j

,
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� á®áâ®ïâ¥«ì−®áâ¨ ®æ¥−®ª ¯�à�¬¥âà®¢ ¬�áèâ�¡−ëå á¬¥á¥© −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©

3. �®á«¥¤®¢�â¥«ì−®áâì ç¨á¥« {r(n)}∞n=1 â�ª®¢�, çâ®

√
nV (—r(n))→ ∞

¨ áãé¥áâ¢ã¥â ª®−áâ�−â� K:

√
nV (—r(n))δ

2
i ≥ K , ∀n ∈ N ,

£¤¥ δi | ¤«¨−� ¬¨−¨¬�«ì−®£® ®âà¥§ª�, −� ª®â®à®¬ x
θ
(i)
0

¯®áâ®ï−−�.

4. ‘¥¬¥©áâ¢® «®£�à¨ä¬®¢ á«ãç�©−ëå ¢¥«¨ç¨−, ®â¢¥ç�îé¨å P1 = {P1θi
, θi ∈

∈ —i, i = 1, 2, . . .} ∪ P10, | ¯«®â−®.

’®£¤�

X�θ(r(n))n

d−→ xθ0 .

„ ® ª � § � â ¥ « ì á â ¢ ® . �à¨ ¤®ª�§�â¥«ìáâ¢¥ ¤�−−®© â¥®à¥¬ë ¡ã¤¥¬ ®¯¨à�âìáï
−� â¥®à¥¬ã �à®å®à®¢� ¨ ¥¥ á«¥¤áâ¢¨ï [13]. ÷�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì
á«ãç�©−ëå í«¥¬¥−â®¢ ¯à®áâà�−áâ¢� D[0, 1]

{Zn = X�θ(r(n))n
− x

θ
(r(n))
0

}∞n=1 .

Š®−¥ç−®¬¥à−ë¥ à�á¯à¥¤¥«¥−¨ï ¤�−−®© ¯®á«¥¤®¢�â¥«ì−®áâ¨ áå®¤ïâáï ª ª®−¥ç-
−®¬¥à−ë¬ à�á¯à¥¤¥«¥−¨ï¬ í«¥¬¥−â�, ¢ëà®¦¤¥−−®£® ¢ z, z(t) = 0 ¤«ï «î¡®£®
t ∈ [0, 1].

„�«¥¥,

P0 (|Zn(t)− Zn(t1)| ≥ λ, |Zn(t)− Zn(t2)| ≥ λ) ≤

≤ P0

(
|Zn(t)| ≥

λ

3
, |Zn(t1)| ≥

λ

3
, |x

θ
(r(n))
0

(t1)− x
θ
(r(n))
0

(t)| ≥ λ

3
,

|Zn(t2)| ≥
λ

3
, |x

θ
(r(n))
0
(t)− x

θ
(r(n))
0
(t2)| ≥

λ

3

)
≤

≤ P0

(
d(�θ(r(n))n , θ

(r(n))
0 ) ≥ λ

3
, |xθ(r(n))(t2)− xθ(r(n))(t1)| ≥

λ

3

)
≤

≤ C√
nV (—r(n))λ

(t2 − t1)
2

δ2i
≤ C(t2 − t1)

2

Kλ
.

‘«¥¤®¢�â¥«ì−®, ¯®á«¥¤®¢�â¥«ì−®áâì á«ãç�©−ëå í«¥¬¥−â®¢

Zn
d−→ z .
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�. ‹. ��§�à®¢

�® ãá«®¢¨î DKL(P
1
0 , P

1

θ
(n)
0

) → 0. ˆ§ −¥à�¢¥−áâ¢� �¨−áª¥à� á«¥¤ã¥â, çâ®

¤�−−�ï ¯®á«¥¤®¢�â¥«ì−®áâì áå®¤¨âáï ¢ á¬ëá«¥ à�ááâ®ï−¨ï ¯®«−®© ¢�à¨�æ¨¨. ’�ª
ª�ª à�ááâ®ï−¨¥ ¯®«−®© ¢�à¨�æ¨¨ á¨«ì−¥¥ [14] ¬¥âà¨ª¨ ‹¥¢¨, ¯®á«¥¤®¢�â¥«ì-
−®áâì áå®¤¨âáï ¢ á¬ëá«¥ à�ááâ®ï−¨ï ‹¥¢¨. „«ï ¬�áèâ�¡−ëå á¬¥á¥© áãé¥áâ¢ãîâ
¢¥àå−¨¥ ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ [7]. ‘¥¬¥©áâ¢® «®£�à¨ä¬®¢ á«ãç�©−ëå ¢¥«¨ç¨−,
®â¢¥ç�îé¨å á¬¥è¨¢�îé¨¬ à�á¯à¥¤¥«¥−¨ï¬, ¯«®â−®. ‘«¥¤®¢�â¥«ì−®, ¯®á«¥¤®-
¢�â¥«ì−®áâì «®£�à¨ä¬®¢ íâ¨å á«ãç�©−ëå ¢¥«¨ç¨− áå®¤¨âáï ¢ ¬¥âà¨ª¥ ‹¥¢¨ [15].
�âáî¤� −�¯àï¬ãî á«¥¤ã¥â, çâ®

x
θ
(r(n))
0

d−→ xθ0 .

„�«¥¥, ¢®á¯®«ì§®¢�¢è¨áì −¥à�¢¥−áâ¢®¬ âà¥ã£®«ì−¨ª�, ¯®«ãç�¥¬ ãâ¢¥à¦¤¥−¨¥
â¥®à¥¬ë. �

‘«¥¤®¢�â¥«ì−®, ¯à¨ ¢ë¯®«−¥−¨¨ ãª�§�−−ëå ãá«®¢¨© ®æ¥−ª¨, ¯®«ãç¥−−ë¥ á
¨á¯®«ì§®¢�−¨¥¬ á¥â®ç−ëå ¬¥â®¤®¢, ï¢«ïîâáï á®áâ®ïâ¥«ì−ë¬¨.

7 Заключение

�®ª�§�−®, çâ® ®æ¥−ª¨ á¬¥è¨¢�îé¨å à�á¯à¥¤¥«¥−¨©, ¯®«ãç¥−−ë¥ á ¯®¬®-
éìî á¥â®ç−ëå ¬¥â®¤®¢ à�§¤¥«¥−¨ï á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©, ¤«ï
ãª�§�−−ëå ª«�áá®¢ á¬¥á¥© −®à¬�«ì−ëå §�ª®−®¢ ï¢«ïîâáï á®áâ®ïâ¥«ì−ë¬¨ ¯à¨
á®£«�á®¢�−−®¬ ã¢¥«¨ç¥−¨¨ à�§¬¥à� ¢ë¡®àª¨ ¨ ç¨á«� ã§«®¢ á¥âª¨. „�−−ë© ä�ªâ
ï¢«ï¥âáï ¢�¦−ë¬ â¥®à¥â¨ç¥áª¨¬ ®¡®á−®¢�−¨¥¬ ¯à¨¬¥−¨¬®áâ¨ á¥â®ç−ëå ¬¥â®¤®¢
−� ¯à�ªâ¨ª¥. �− á®£«�áã¥âáï á à¥§ã«ìâ�â�¬¨, ¯®«ãç¥−−ë¬¨ ¯à¨ �−�«¨§¥ à�¡®âë
�«£®à¨â¬®¢ −� à�§«¨ç−ëå −�¡®à�å ¤�−−ëå. �−�«®£¨ç−ë¥ à¥§ã«ìâ�âë ¬®¦−®
¯®«ãç¨âì ¨ ¤«ï ¤àã£¨å ª«�áá®¢ á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨©.

Литература

1. Š®à®«¥¢ ‚. ā. ‚¥à®ïâ−®áâ−®-áâ�â¨áâ¨ç¥áª¨© �−�«¨§ å�®â¨ç¥áª¨å ¯à®æ¥áá®¢ á ¯®-
¬®éìî á¬¥è�−−ëå £�ãáá®¢áª¨å ¬®¤¥«¥©. „¥ª®¬¯®§¨æ¨ï ¢®«�â¨«ì−®áâ¨ ä¨−�−á®¢ëå
¨−¤¥ªá®¢ ¨ âãà¡ã«¥−â−®© ¯«�§¬ë. | Œ.: ˆ�ˆ ÷��, 2007.

2. Š®à®«¥¢ ‚. ā., �¥¯®¬−ïé¨© …. ‚., ÷ë¡�«ìç¥−ª® �. ƒ., ‚¨−®£à�¤®¢� �. ‚. ‘¥â®ç-
−ë¥ ¬¥â®¤ë à�§¤¥«¥−¨ï á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© ¨ ¨å ¯à¨¬¥−¥−¨¥ ª
¤¥ª®¬¯®§¨æ¨¨ ¢®«�â¨«ì−®áâ¨ ä¨−�−á®¢ëå ¨−¤¥ªá®¢ // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥-
−¥−¨ï, 2008. ’. 2. ‚ë¯. 2. ‘. 3{18.

3. ��§�à®¢ �. ‹. ÷�§¤¥«¥−¨¥ á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© á¥â®ç−ë¬ ¬¥â®¤®¬
¬�ªá¨¬�«ì−®£® ¯à�¢¤®¯®¤®¡¨ï ¯à¨ ¯®¬®é¨ �«£®à¨â¬� ãá«®¢−®£® £à�¤¨¥−â� // ‘¡.
áâ�â¥© ¬®«®¤ëå ãç¥−ëå ä�ªã«ìâ¥â� ‚Œ¨Š Œƒ“, 2009. ü 6. ‘. 128{135.

4. Korolev V., Nazarov A. Separating mixtures of probability distributions with the grid
method of moments and the grid maximal likelihood method // Automation Remote
Control, 2010. Vol. 71. No. 3. P. 455{472.

242 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



� á®áâ®ïâ¥«ì−®áâ¨ ®æ¥−®ª ¯�à�¬¥âà®¢ ¬�áèâ�¡−ëå á¬¥á¥© −®à¬�«ì−ëå à�á¯à¥¤¥«¥−¨©

5. Tukey J. W. A survey of sampling from contaminated distributions // Contributions
to probability and statistics: Essays in honor of Harold Hotelling / Eds. I. Olkin,
S. G. Ghurye, W. Hoeffding, et al. | Stanford, CA: Stanford University Press, 1960.
P. 448{485.

6. Hall P. On measures of the distance of a mixture from its parent distribution //
Stochastic Proc. Their Applications, 1979. Vol. 8. No. 3. P. 357{365.

7. ��§�à®¢ �. ‹. �¡ ãáâ®©ç¨¢®áâ¨ á¬¥á¥© ¢¥à®ïâ−®áâ−ëå §�ª®−®¢ ª ¢®§¬ãé¥−¨ï¬
á¬¥è¨¢�îé¨å à�á¯à¥¤¥«¥−¨© // ‘â�â¨áâ¨ç¥áª¨¥ ¬¥â®¤ë ®æ¥−¨¢�−¨ï ¨ ¯à®¢¥àª¨
£¨¯®â¥§, 2010. ü 22. ‘. 154{172.

8. ��§�à®¢ �. ‹. �á¨¬¯â®â¨ç¥áª¨¥ á¢®©áâ¢� ®æ¥−®ª, ¯®«ãç¥−−ëå á ¯®¬®éìî á¥â®ç-
−ëå ¬¥â®¤®¢ à�§¤¥«¥−¨ï á¬¥á¥© ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© // ‘â�â¨áâ¨ç¥áª¨¥
¬¥â®¤ë ®æ¥−¨¢�−¨ï ¨ ¯à®¢¥àª¨ £¨¯®â¥§, 2012. ü 24. ‘. 22{35.

9. Van der Vaart A. W. Asymptotic statistics. | Cambridge: Cambridge University
Press, 2000. Cambridge ser. in statistical and probabilistic mathematics.

10. Pollard D. Empirical processes: Theory and applications. | Hayward, CA: Institute
of Mathematical Statistics, 1990. NSF-CBMS Regional Conference ser. in probability
and statistics. Vol. 2

11. Teicher H. Identifiability of finite mixtures // Ann. Math. Stat. 1963. Vol. 34. No. 4.
P. 1265{1269.

12. Wald A. Note on the consistency of the maximum likelihood estimate // Ann. Math.
Stat. 1949. Vol. 20. P. 595{601.

13. �¨««¨−£á«¨ �. ‘å®¤¨¬®áâì ¢¥à®ïâ−®áâ−ëå ¬¥à. | Œ.: ��ãª�, 1977.
14. ‡®«®â�à¥¢ ‚. Œ. ‘®¢à¥¬¥−−�ï â¥®à¨ï áã¬¬¨à®¢�−¨ï −¥§�¢¨á¨¬ëå á«ãç�©−ëå ¢¥-

«¨ç¨−. | Œ.: ��ãª�, 1986.
15. ��§�à®¢ �. ‹. �¨¦−¨¥ ®æ¥−ª¨ ¢ §�¤�ç¥ ãáâ®©ç¨¢®áâ¨ á¬¥á¥© −®à¬�«ì−ëå à�á-

¯à¥¤¥«¥−¨© ª ¢®§¬ãé¥−¨ï¬ á¬¥è¨¢�îé¨å à�á¯à¥¤¥«¥−¨© // ˆ−ä®à¬�â¨ª� ¨ ¥ñ
¯à¨¬¥−¥−¨ï, 2012. ’. 6. ‚ë¯. 4.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012 243



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2012. ’. 22. ü 2. ‘. 244{255

ОПТИМИЗАЦИЯ РЕСУРСОВ ВЫЧИСЛИТЕЛЬНОГО
КОМПЛЕКСА СО СЛАБОСВЯЗАННОЙ АРХИТЕКТУРОЙ∗

М. Я. Агаларов1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï §�¤�ç� à�áç¥â� ®¯â¨¬�«ì−®£® ®¡ê¥¬� ¢ëç¨á«¨-
â¥«ì−ëå à¥áãàá®¢ (‚÷) ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá� (‚Š) á® á«�¡®á¢ï§�−−®©
�àå¨â¥ªâãà®© ¨ ¯ã�áá®−®¢áª¨¬¨ ¢å®¤ïé¨¬¨ ¯®â®ª�¬¨ §�¤�−¨© á¯¥æ¨�«ì−®£®
ª«�áá�. �à¥¤«�£�¥âáï í¢à¨áâ¨ç¥áª¨© �«£®à¨â¬ ãá«®¢−®© ®¯â¨¬¨§�æ¨¨ ®¡ê-
¥¬� à¥áãàá®¢ ‚Š. �à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¢ëç¨á«¨â¥«ì−ëå íªá¯¥à¨¬¥−â®¢ ¨
®æ¥−ª¨ âàã¤®¥¬ª®áâ¨ ¯à¥¤«�£�¥¬®£® �«£®à¨â¬�.

Š«îç¥¢ë¥ á«®¢�: ¢ëç¨á«¨â¥«ì−ë© ª®¬¯«¥ªá; ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë;
¯®â®ª §�¤�−¨©; ®¯â¨¬¨§�æ¨ï ®¡ê¥¬� à¥áãàá®¢

1 Введение

÷�áá¬�âà¨¢�¥âáï ‚Š á ¬−®¦¥áâ¢®¬ á«�¡® á¢ï§�−−ëå ‚÷, −� ª®â®àë© ¯®áâã-
¯�¥â áâ®å�áâ¨ç¥áª¨© ¯®â®ª §�¤�−¨© á¯¥æ¨�«ì−®£® ª«�áá�. �®¤à®¡−®¥ ®¯¨á�−¨¥
¤�−−®£® ‚Š ¨ ¥£® ¬�â¥¬�â¨ç¥áª�ï ¬®¤¥«ì ¤«ï á«ãç�ï, ª®£¤� −¥ ¢ë¯®«−¥−−ë¥
§�¤�−¨ï ¯®ª¨¤�îâ ª®¬¯«¥ªá ¨ −¥ ¢®§¢à�é�îâáï, ¯à¨¢¥¤¥−ë ¢ à�¡®â¥ [1]. ‚ ¤�−−®©
à�¡®â¥ áâ�¢¨âáï §�¤�ç� à�áç¥â� ¬¨−¨¬�«ì−®£® âà¥¡ã¥¬®£® ®¡ê¥¬� ‚÷ á ãç¥â®¬
¯®¢â®à−ëå ¯®áâã¯«¥−¨© −¥ ¢ë¯®«−¥−−ëå §�¤�−¨©. ˆ§ ¨§¢¥áâ−ëå à�¡®â, ¢ ª®â®-
àëå ¯à¨¢¥¤¥−ë �−�«®£¨ç−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ¯®áâ�−®¢ª¨ §�¤�ç ¨ ¨á¯®«ì§®¢�−ë
¯®¤®¡−ë¥ ¯®¤å®¤ë ª ¨å à¥è¥−¨î, −�¨¡®«¥¥ ¡«¨§ª¨ à�¡®âë, ¯®á¢ïé¥−−ë¥ ¬ã«ì-
â¨á¥à¢¨á−ë¬ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¬ á¥âï¬ [2, 3]. �à¨¢¥¤¥¬ á®¤¥à¦�â¥«ì−®¥
®¯¨á�−¨¥ à�áá¬�âà¨¢�¥¬®© §�¤�ç¨.

�� ¢å®¤ ‚Š ¨§ ®¤¨−�ª®¢ëå ‚÷ ¯®áâã¯�¥â ¯®â®ª §�¤�−¨©, ¯à¥¤áâ�¢«ïîé¨å
á®¡®© á®¢®ªã¯−®áâ¨ í«¥¬¥−â�à−ëå §�¤�−¨© (�‡). Š�¦¤®¥ �‡ ¬®¦¥â −¥§�¢¨á¨¬®
¢ë¯®«−ïâìáï −� «î¡®¬ ‚÷. „«¨−� §�¤�−¨ï (ª®«¨ç¥áâ¢® �‡, á®áâ�¢«ïîé¨å §�¤�-
−¨¥) ï¢«ï¥âáï −¥§�¢¨á¨¬®© ¤¨áªà¥â−®© á«ãç�©−®© ¢¥«¨ç¨−®©. ‚à¥¬ï ¢ë¯®«−¥−¨ï
ª�¦¤®£® §�¤�−¨ï ¢ ‚Š ®£à�−¨ç¨¢�¥âáï ¯à¥¤¥«ì−ë¬ §−�ç¥−¨¥¬ (ª®−âà®«ì−ë¬ ¢à¥-
¬¥−¥¬), §�¤�¢�¥¬ë¬ §�à�−¥¥. „«ï ã¯à�¢«¥−¨ï à�á¯à¥¤¥«¥−¨¥¬ ¢ëç¨á«¨â¥«ì−ëå
¨ ª®¬¬ã−¨ª�æ¨®−−ëå à¥áãàá®¢, ®à£�−¨§�æ¨¨ ¨ ª®−âà®«ï ¯à®æ¥áá®¢ ¢ë¯®«−¥−¨ï
§�¤�−¨© ¢ ‚Š ¢ë¤¥«¥− ®â¤¥«ì−ë© ¢ëç¨á«¨â¥«ì−ë© à¥áãàá, −�§ë¢�¥¬ë© æ¥−âà®¬
ã¯à�¢«¥−¨ï (–“), ª®â®àë© á¢ï§�− á ®áâ�«ì−ë¬¨ ‚÷ ª®¬¬ã−¨ª�æ¨®−−®© áà¥¤®©.

∗÷�¡®â� ¢ë¯®«−¥−� ¯à¨ ¯®¤¤¥à¦ª¥ ÷””ˆ (£à�−â 11-07-00112).
1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, murad-agalarov@yandex.ru
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�¯â¨¬¨§�æ¨ï à¥áãàá®¢ ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá� á® á«�¡®á¢ï§�−−®© �àå¨â¥ªâãà®©

‚ë¯®«−¥−¨¥ §�¤�−¨ï ¢ ‚Š ¯à®¨áå®¤¨â á«¥¤ãîé¨¬ ®¡à�§®¬. „«ï ª�¦¤®-
£® ¯®áâã¯�îé¥£® ¢ ‚Š §�¤�−¨ï –“ −�§−�ç�¥â ¯®¤¬−®¦¥áâ¢® ‚÷, ª®â®àë¥ ¤®
§�¢¥àè¥−¨ï ¥£® ¢ë¯®«−¥−¨ï −¥ ¤®áâã¯−ë ¤àã£¨¬ §�¤�−¨ï¬. …á«¨ ¢ ¬®¬¥−â
¯®áâã¯«¥−¨ï §�¤�−¨ï ¢ ‚Š ®âáãâáâ¢ã¥â âà¥¡ã¥¬®¥ ç¨á«® á¢®¡®¤−ëå à¥áãàá®¢,
§�¤�−¨¥ ¯®ª¨¤�¥â ‚Š ¨, ¢®§¬®¦−®, ç¥à¥§ á«ãç�©−ë© ¨−â¥à¢�« ¢à¥¬¥−¨ ¢−®¢ì
¯®áâã¯�¥â ¢ ‚Š. �¥à¥¤ â¥¬ ª�ª ®â¯à�¢¨âì §�¤�−¨¥ −� ¢ë¯®«−¥−¨¥, ¢ –“ §�¤�-
−¨¥ ¯à¥¤¢�à¨â¥«ì−® à�§¡¨¢�¥âáï −� ¯�ª¥âë ¨§ ®¯à¥¤¥«¥−−®£® ç¨á«� �‡. ��ª¥âë
−�¯à�¢«ïîâáï −� à¥áãàáë £àã¯¯�¬¨, −�§ë¢�¥¬ë¬¨ ¯®áë«ª�¬¨, ¢ ª�¦¤®© ¨§
ª®â®àëå (§� ¨áª«îç¥−¨¥¬ ¢®§¬®¦−® ¯®á«¥¤−¥©) ç¨á«® ¯�ª¥â®¢ á®¢¯�¤�¥â á ª®«¨-
ç¥áâ¢®¬ ¢ë¤¥«¥−−ëå ¤«ï §�¤�−¨ï à¥áãàá®¢. �®áë«ª� §�−¨¬�¥â ¨ ®á¢®¡®¦¤�¥â
¢á¥ ¢ë¤¥«¥−−ë¥ à¥áãàáë ®¤−®¢à¥¬¥−−®, ¯à¨ íâ®¬ ®¤¨− ¯�ª¥â §�−¨¬�¥â ®¤¨−
à¥áãàá. ‹¨−¨¨ á¢ï§¨ ¨ ‚÷ ¬®£ãâ ¯®¤¢¥à£�âìáï á¡®ï¬ (ª®à®âª¨¬ á�¬®¢®ááâ�−�¢-
«¨¢�îé¨¬áï ®âª�§�¬). ‚ë¯®«−¥−¨¥ ¯�ª¥â� áç¨â�¥âáï ãá¯¥è−ë¬, ¥á«¨ ¢® ¢à¥¬ï
¥£® ¢ë¯®«−¥−¨ï −¥ ¯à®¨§®è¥« á¡®© ¢ «¨−¨¨ á¢ï§¨ ¨«¨ ‚÷, ¨−�ç¥ ¢ë¯®«−¥−¨¥
¯�ª¥â� áç¨â�¥âáï −¥ãá¯¥è−ë¬. �¥ãá¯¥è−® ¢ë¯®«−¥−−ë© ¯�ª¥â ¢ª«îç�¥âáï ¢ –“
¢ á®áâ�¢ ª�ª®©-−¨¡ã¤ì ¢−®¢ì ä®à¬¨àã¥¬®© ¯®áë«ª¨ íâ®£® ¦¥ §�¤�−¨ï. ‚ë¯®«−¥-
−¨¥ ¯®áë«ª¨ áç¨â�¥âáï §�¢¥àè¥−−ë¬, ¥á«¨ ¢ë¯®«−¥−ë (ãá¯¥è−® ¨«¨ −¥ãá¯¥è−®)
¢á¥ á®áâ�¢«ïîé¨¥ ¥¥ ¯�ª¥âë. �ç¥à¥¤−ãî ¯®áë«ªã –“ −�¯à�¢«ï¥â −� à¥áãàáë
â®«ìª® ¯®á«¥ §�¢¥àè¥−¨ï ¢ë¯®«−¥−¨ï ¯à¥¤ë¤ãé¥© ¯®áë«ª¨.

‚ ª�¦¤®¬ §�¤�−¨¨, ¢®§¬®¦−®, ®¤−® ¨«¨ −¥áª®«ìª® �‡ ¨¬¥îâ ®â«¨ç¨â¥«ì−ë©
¯à¨§−�ª, ¯à¨ ®¡−�àã¦¥−¨¨ ª®â®à®£® å®âï ¡ë ¢ ®¤−®¬ ¯�ª¥â¥ §�¤�−¨¥ á¡à�áë-
¢�¥âáï ¨§ á¨áâ¥¬ë. �¡−�àã¦¥−¨¥ ®â«¨ç¨â¥«ì−®£® ¯à¨§−�ª� ¢ ¯�ª¥â¥ ¢®§¬®¦−®
â®«ìª® ¯à¨ ãá¯¥è−®¬ ¥£® ¢ë¯®«−¥−¨¨. ‘ç¨â�¥âáï �¯à¨®à¨, çâ® �‡ á ®â«¨ç¨â¥«ì-
−ë¬ ¯à¨§−�ª®¬ (¥á«¨ ¢ §�¤�−¨¨ å®âï ¡ë ®¤−® �‡ á ®â«¨ç¨â¥«ì−ë¬ ¯à¨§−�ª®¬
áãé¥áâ¢ã¥â) ¬®¦¥â ®ª�§�âìáï ¢ «î¡®¬ ¯�ª¥â¥ á à�¢−®© ¢¥à®ïâ−®áâìî. ‡�¤�−¨¥
¯®ª¨¤�¥â ‚Š «¨¡® ¢ ¬®¬¥−â ¤®áâ¨¦¥−¨ï ¯à¥¤¥«ì−®£® ¢à¥¬¥−¨ ¢ë¯®«−¥−¨ï, «¨¡®
¢ ¬®¬¥−â §�¢¥àè¥−¨ï ¢ë¯®«−¥−¨ï ®ç¥à¥¤−®© ¯®áë«ª¨, ¥á«¨ ®¡−�àã¦¨âáï �‡
á ®â«¨ç¨â¥«ì−ë¬ ¯à¨§−�ª®¬, «¨¡® ¯®á«¥ ãá¯¥è−®£® ¢ë¯®«−¥−¨ï ¢á¥å ¯�ª¥â®¢
§�¤�−¨ï, ®á¢®¡®¦¤�ï ®¤−®¢à¥¬¥−−® ¢á¥ §�−ïâë¥ ¨¬ à¥áãàáë. ‚à¥¬ï ¢ë¯®«−¥-
−¨ï §�¤�−¨ï ¢ª«îç�¥â ¢à¥¬ï ¥£® ®¡à�¡®âª¨ ¢ –“, ¢à¥¬ï ¯¥à¥¤�ç¨ ¯®áë«®ª ¯®
ª®¬¬ã−¨ª�æ¨®−−®© áà¥¤¥ ¨ ¢ëç¨á«¥−¨ï −� ‚÷.

‘ç¨â�¥âáï, çâ® ‚Š ¢ë¯®«−ïîâ §�¤�−¨ï á âà¥¡ã¥¬ë¬ ª�ç¥áâ¢®¬, ¥á«¨ §−�ç¥−¨ï
¯®ª�§�â¥«ï ª�ç¥áâ¢� ¢ë¯®«−¥−¨ï §�¤�−¨© −¥ −¨¦¥ §�¤�−−®© ¢¥«¨ç¨−ë.

�¤−®© ¨§ ¢�¦−ëå §�¤�ç −� íâ�¯¥ ¯à®¥ªâ¨à®¢�−¨ï ‚Š ï¢«ï¥âáï §�¤�ç� à�áç¥â�
¬¨−¨¬�«ì−®£® ®¡ê¥¬� à¥áãàá®¢, ®¡¥á¯¥ç¨¢�îé¥£® âà¥¡ã¥¬®¥ ª�ç¥áâ¢® ¢ë¯®«−¥-
−¨ï §�¤�−¨©. �¡ê¥¬ ‚÷, −¥®¡å®¤¨¬ë© ¤«ï ¢ë¯®«−¥−¨ï §�¤�−¨©, ¬®¦¥â §�¢¨á¥âì
ª�ª ®â ¯à¥¤êï¢«ï¥¬ëå âà¥¡®¢�−¨© ª ª�ç¥áâ¢ã ¢ë¯®«−¥−¨ï §�¤�−¨©, â�ª ¨ ®â ¯à®-
æ¥áá� ¯®áâã¯«¥−¨ï §�¤�−¨©, ã¯à�¢«¥−¨ï à¥áãàá�¬¨ ‚Š, ®à£�−¨§�æ¨¨ ¯à®æ¥áá�
¢ë¯®«−¥−¨ï §�¤�−¨© ¢ ‚Š ¨ â. ¤. ÷¥è¥−¨¥ íâ®© §�¤�ç¨ â®ç−ë¬¨ �−�«¨â¨ç¥áª¨¬¨
¬¥â®¤�¬¨ ¢ë§ë¢�¥â ®¯à¥¤¥«¥−−ë¥ âàã¤−®áâ¨, ¢ë§¢�−−ë¥ ¢ ®á−®¢−®¬ á«¥¤ãîé¨¬¨
¤¢ã¬ï ¯à¨ç¨−�¬¨. �¤−� ¨§ −¨å | íâ® ®âáãâáâ¢¨¥ â®ç−ëå �−�«¨â¨ç¥áª¨å ¬®¤¥«¥©
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à�áá¬�âà¨¢�¥¬®£® ‚Š ¤«ï á«ãç�ï ä®à¬¨à®¢�−¨ï ¢ –“ ®ç¥à¥¤¨ §�¤�−¨© ¨«¨ ¯®-
¢â®à−ëå ¯®áâã¯«¥−¨© −¥¢ë¯®«−¥−−ëå §�¤�−¨© (¢ ®â«¨ç¨¥, −�¯à¨¬¥à, ®â á«ãç�ï
á ï¢−ë¬¨ ¯®â¥àï¬¨). „àã£�ï ¯à¨ç¨−� | íâ® â®, çâ® ®−� ®â−®á¨âáï ª §�¤�ç�¬
¤¨áªà¥â−®© ®¯â¨¬¨§�æ¨¨ ¨ ¯® á«®¦−®áâ¨ ®â−®á¨âáï ª NP-¯®«−ë¬. ÷¥è¥−¨¥ ¤�−-
−®© §�¤�ç¨ â®ç−ë¬¨ ¬¥â®¤�¬¨ ¤¨áªà¥â−®£® ¯à®£à�¬¬¨à®¢�−¨ï −¥ ¯à¨¬¥−¨¬® −�
¯à�ªâ¨ª¥ ¢ á«ãç�¥ ¡®«ìè®£® ç¨á«� ¢�à¨�−â®¢ à�á¯à¥¤¥«¥−¨ï ‚÷, ¨−�ç¥ íää¥ªâ
®â ¨á¯®«ì§®¢�−¨ï ®¯â¨¬�«ì−®£® à�á¯à¥¤¥«¥−¨ï ¬®¦¥â ¡ëâì á¢¥¤¥− −� −¥â âàã¤®-
¥¬ª®áâìî ¯®«ãç¥−¨ï á�¬®£® à�á¯à¥¤¥«¥−¨ï. �®íâ®¬ã à¥è¥−¨¥ ¤�−−®© §�¤�ç¨ á
¨á¯®«ì§®¢�−¨¥¬ ¯à¨¡«¨¦¥−−®© ¬®¤¥«¨ ¨ �«£®à¨â¬®¢ −¥¯à¥àë¢−®© ®¯â¨¬¨§�æ¨¨
¯®ª� ®áâ�¥âáï ¥¤¨−áâ¢¥−−ë¬ á¯®á®¡®¬, ª®â®àë© ¯à¨¬¥−¨¬ −� ¯à�ªâ¨ª¥.

2 Модель вычислительного комплекса и постановка задачи

�ãáâì ®¡é¨© ¯®â®ª §�¤�−¨© ¤¥«¨âáï −� M ¯®â®ª®¢, ¢ ª�¦¤®¬ ¨§ ª®â®àëå
§�¤�−¨ï ¨¬¥îâ ®¤¨−�ª®¢ãî ¤¥â¥à¬¨−¨à®¢�−−ãî ¤«¨−ã. �à¥¤¯®«®¦¨¬, çâ®
áã¬¬�à−ë© ¢å®¤−®© ¯®â®ª §�¤�−¨© (¯¥à¢¨ç−ëå ¨ ¯®¢â®à−ëå) ¯ã�áá®−®¢áª¨©,
¢à¥¬ï ¯à¥¡ë¢�−¨ï §�¤�−¨ï ¢ –“ ¤® −�ç�«� ¯¥à¥¤�ç¨ −� ‚÷ | á«ãç�©−�ï ¢¥«¨ç¨−�
á §�¤�−−ë¬ áà¥¤−¨¬ §−�ç¥−¨¥¬, ¢à¥¬ï ¯¥à¥¤�ç¨ ¯�ª¥â� ¯® ª®¬¬ã−¨ª�æ¨®−−®©
áà¥¤¥ | á«ãç�©−�ï ¢¥«¨ç¨−� á §�¤�−−ë¬ áà¥¤−¨¬ §−�ç¥−¨¥¬, ‚÷ á¨áâ¥¬ë ¨¬¥îâ
§�¤�−−ãî ®¤¨−�ª®¢ãî ¯à®¨§¢®¤¨â¥«ì−®áâì, ¢¥à®ïâ−®áâ¨ á¡®ï ‚÷ ¨ ¢¥à®ïâ−®áâ¨
¯®¢â®à� −¥¢ë¯®«−¥−−®£® §�¤�−¨ï ª�¦¤®£® ¯®â®ª� | §�¤�−−ë¥ ¢¥«¨ç¨−ë. ‚áî¤ã
¢ ¤�«ì−¥©è¥¬ áç¨â�¥âáï, çâ® ‚Š −�å®¤¨âáï ¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥ à�¡®âë.

‚¢¥¤¥¬ á«¥¤ãîé¨¥ ®¡®§−�ç¥−¨ï:
R | ç¨á«® ‚÷ á¨áâ¥¬ë (‚Š);
ν | ¯à®¨§¢®¤¨â¥«ì−®áâì ¥¤¨−¨æë à¥áãàá�;
M | ç¨á«® à�§«¨ç−ëå ¤«¨− §�¤�−¨©;
L | ¬−®¦¥áâ¢® à�§«¨ç−ëå ¤«¨− §�¤�−¨©, L = {lzj , j = 1, . . . ,M}, lzj |

¤«¨−� §�¤�−¨ï;
j-§�¤�−¨¥ | §�¤�−¨¥ ¤«¨−ë lzj;
λj | ¨−â¥−á¨¢−®áâì ¯¥à¢¨ç−®£® ¯®â®ª� j-§�¤�−¨©;
˜j | ¨−â¥−á¨¢−®áâì áã¬¬�à−®£® ¯®â®ª� j-§�¤�−¨©, ¯®áâã¯�îé¨å ¢ ‚Š;
lpj | ¤«¨−� ¯�ª¥â� j-§�¤�−¨ï;
nj | ç¨á«® ¯�ª¥â®¢ ¢ j-§�¤�−¨¨;
kmaxj | ¬�ªá¨¬�«ì−®¥ ç¨á«® à¥áãàá®¢, ª®â®à®¥ –“ ¬®¦¥â ¢ë¤¥«¨âì ¤«ï

¢ë¯®«−¥−¨ï j-§�¤�−¨ï, 0 ≤ kmaxj ≤ nj, kmaxj ≤ R;
kminj | ¬¨−¨¬�«ì−®¥ ç¨á«® à¥áãàá®¢, âà¥¡ã¥¬ëå ¤«ï ¢ë¯®«−¥−¨ï j-§�¤�-

−¨ï, 0 ≤ kminj ≤ kmaxj;
mj = kmaxj − kminj, mj + 1 | ç¨á«® ¢®§¬®¦−ëå ¢�à¨�−â®¢ ¢ë¤¥«¥−¨ï

à¥áãàá®¢ ¤«ï j-§�¤�−¨ï;
(j, i)-§�¤�−¨¥ | íâ® §�¤�−¨¥, ç¨á«® −�§−�ç¥−−ëå à¥áãàá®¢ ª®â®à®¬ã à�¢−®

(i+ kminj), (§�¤�−¨¥ (j, i)-£® â¨¯�);
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W | ¬−®¦¥áâ¢® ¢á¥å ¢®§¬®¦−ëå ¯�à (j, i) â�ª¨å, çâ® j = 1, . . .M , i =
= 0, . . . mj;
˜ji | ¨−â¥−á¨¢−®áâì áã¬¬�à−®£® ¯®â®ª� (j, i)-§�¤�−¨©;
βj | ¢¥à®ïâ−®áâì ¯®¢â®à� j-§�¤�−¨ï, 0 ≤ βj ≤ 1, j = 1, . . . ,M ;
αj | ¢¥à®ïâ−®áâì ¨áª�¦¥−¨ï ¯�ª¥â� j-§�¤�−¨ï (¢¥à®ïâ−®áâì á¡®ï à¥áãàá� ¢®

¢à¥¬ï ¢ë¯®«−¥−¨ï ¯�ª¥â� j-§�¤�−¨ï);
tzj | áà¥¤−¥¥ ¢à¥¬¥−¨ ®¡à�¡®âª¨ j-§�¤�−¨ï ¢ –“;
toji | áà¥¤−¥¥ ¢à¥¬ï ¯à¥¡ë¢�−¨ï (j, i)-§�¤�−¨ï ¢ á¨áâ¥¬¥;
tcontrz,j | ®£à�−¨ç¥−¨¥ á¢¥àåã −� ¢à¥¬ï ¯à¥¡ë¢�−¨ï j-§�¤�−¨ï ¢ á¨áâ¥¬¥

(ª®−âà®«ì−®¥ ¢à¥¬ï);
πji | áâ�æ¨®−�à−�ï ¢¥à®ïâ−®áâì ®âª«®−¥−¨ï (j, i)-§�¤�−¨ï ¨§-§� ®âáãâáâ¢¨ï

−�§−�ç¥−−®£® ç¨á«� á¢®¡®¤−ëå à¥áãàá®¢;
πj | áâ�æ¨®−�à−�ï ¢¥à®ïâ−®áâì ®âª«®−¥−¨ï j-§�¤�−¨ï ¨§-§� ®âáãâáâ¢¨ï −�-

§−�ç¥−−®£® ç¨á«� á¢®¡®¤−ëå à¥áãàá®¢.
�ãáâì ¤«ï §�¤�−¨ï −�§−�ç�¥âáï i+ kminj à¥áãàá®¢ á®£«�á−® ¢¥à®ïâ−®áâ−®¬ã

à�á¯à¥¤¥«¥−¨î pji, i = 0, . . . ,mj,
mj∑
0
pji = 1. ��¡®à p = {pj, j = 1, . . . ,M},

£¤¥ pj = {pji, i = 0, . . . ,mj} −�§®¢¥¬ ª¢�§¨áâ�â¨ç¥áª¨¬ ¯«�−®¬ à�á¯à¥¤¥«¥−¨ï
à¥áãàá®¢ á¨áâ¥¬ë.

�¡®§−�ç¨¬ ç¥à¥§ k = {k1, . . . , kM} ¢¥ªâ®à á®áâ®ï−¨ï á¨áâ¥¬ë, £¤¥ kj =
= {kj0, . . . , kjmj

}, kji | ç¨á«® (j, i)-§�¤�−¨© ¢ á¨áâ¥¬¥; Ÿ | ¬−®¦¥áâ¢® ¢á¥å
¢®§¬®¦−ëå á®áâ®ï−¨© á¨áâ¥¬ë; Ÿji | ¬−®¦¥áâ¢® ¢á¥¢®§¬®¦−ëå §−�ç¥−¨© ¢¥ªâ®-
à� k, ¯à¨ ª®â®àëå (j, i)-§�¤�−¨¥ ¯®«ãç�¥â ®âª�§ (â. ¥. Ÿji = {k : R− i−kminj <

<
mj∑
i=1

kji(i + kminj) ≤ R}); p(k) | áâ�æ¨®−�à−�ï ¢¥à®ïâ−®áâì â®£®, çâ® ¢¥ªâ®à

á®áâ®ï−¨ï á¨áâ¥¬ë à�¢¥− k; πji | ¢¥à®ïâ−®áâì â®£®, çâ® (j, i)-§�¤�−¨¥ ¯®«ãç¨â
®âª�§.

‚ ®¡®§−�ç¥−¨ïå, ¯à¨¢¥¤¥−−ëå ¢ëè¥, ¤«ï áâ�æ¨®−�à−ëå ¢¥à®ïâ−®áâ¥© á®áâ®-
ï−¨© á¨áâ¥¬ë á¯à�¢¥¤«¨¢� ä®à¬ã«� [1, 4]:

P (k, p) =
[
P (0, p)

]−1 ∏

(j,i)∈W

ρ
kji

ji

kji!
,

£¤¥ρji = ˜jpjitoji | −�£àã§ª�, á®§¤�¢�¥¬�ï (j, i)-§�¤�−¨ï¬¨; ¢¥à®ïâ−®áâìP (0, p)
¢ëç¨á«ï¥âáï ¨§ ãá«®¢¨ï −®à¬¨à®¢ª¨ ¨ à�¢−�

P (0, p) =
∑

k∈Ÿ

∏

(j,i)∈W

ρ
kji

ji

kji!
.
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‚¥à®ïâ−®áâì ®âª«®−¥−¨ï (j, i)-§�¤�−¨ï à�¢−�

πji =
∑

k∈Ÿji

P (k, p) ,

� ¢¥à®ïâ−®áâì ®âª«®−¥−¨ï j-§�¤�−¨ï à�¢−�

πj =

mj∑

i=1

pjiπji .

‚ áâ�æ¨®−�à−®¬ à¥¦¨¬¥ à�¡®âë ‚Š ¤«ï ¯®â®ª®¢ ˜j, j = 1, . . . ,M , á¯à�¢¥¤«¨¢ë
á«¥¤ãîé¨¥ ãà�¢−¥−¨ï ¡�«�−á�:

˜jr =

(

λj + βj

mj∑

s=0

˜jsπjs

)

pjr , r = 0, . . . ,mj , j = 1, . . . ,M . (1)

�¡®§−�ç¨¬ ç¥à¥§ S ¬−®¦¥áâ¢® ¢á¥å ¢®§¬®¦−ëå ª¢�§¨áâ�â¨ç¥áª¨å ¯«�−®¢ p,
¯à¨ ª®â®àëå á¨áâ¥¬� ãà�¢−¥−¨© (1) ¨¬¥¥â à¥è¥−¨¥.

�¯à¥¤¥«¨¬ ¯®ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨ ‚Š:

{ ˜×ÙÈ(p) =
M∑

j=1

mj∑
r=0
˜ir(1−πjr)Bjr(tcontrz,j)| ¨−â¥−á¨¢−®áâì ¯®â®ª� ãá¯¥è−®

¢ë¯®«−¥−−ëå §�¤�−¨©, £¤¥ Bjr(tcontrz,j)| ¢¥à®ïâ−®áâì â®£®, çâ® ¢ë¯®«−¥−¨¥
(j, i)-§�¤�−¨ï §�¢¥àè¨âáï ãá¯¥è−®;

{ ˜ÐÏ×Ô(p) = −
M∑

j=1

(mj∑
r=0
˜jr − λj

)
| ¨−â¥−á¨¢−®áâì ¯®â®ª� ¯®¢â®à−ëå §�¤�-

−¨©, ¯®áâã¯�îé¨å ¢ á¨áâ¥¬ã.

‡�¤�ç� ®¯â¨¬¨§�æ¨¨ à¥áãàá®¢ ‚Š áâ�¢¨âáï ¢ ¢¨¤¥ §�¤�ç¨ I:
ÎÁÊÔÉ ÃÅÌÏÅ ÞÉÓÌÏ R0 ÔÁËÏÅ, ÞÔÏ max

p∈S
F (p,R) ≤ AF ÐÒÉ ÌÀÂÏÍ ÏÂßÅÍÅ ÒÅÓÕÒ-

ÓÏ× R < R0 É max
p∈S

F (p,R) > AF ÐÒÉ R = R0, ÇÄÅ F (p,R)¡ ÃÅÌÅ×ÁÑ ÆÕÎËÃÉÑ,

ÓÏ×ÐÁÄÁÀÝÁÑ Ó ÏÄÎÉÍ ÉÚ ÐÏËÁÚÁÔÅÌÅÊ ÜÆÆÅËÔÉ×ÎÏÓÔÉ ÷ë, AF ¡ ÚÁÄÁÎÎÁÑ

×ÅÌÉÞÉÎÁ (0 < AF ≤
M∑

j=1
λj , ÅÓÌÉ F (p,R) = ˜×ÙÈ(p,R) É AF ≤ −

M∑
j=1

λj , ÅÓÌÉ

F (p,R) = ˜ÐÏ×Ô(p,R)).

3 Метод и алгоритм решения

�ãáâì r0j (j = 1, . . . ,M ) | ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ §−�ç¥−¨¥ ¨−¤¥ªá� r
¯�à�¬¥âà� pjr ¤«ï ¢á¥å ¯«�−®¢ p ∈ S. ’�ª ª�ª á¨áâ¥¬� à�áá¬�âà¨¢�¥âáï â®«ìª®
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¢ áâ�æ¨®−�à−®¬ à¥¦¨¬¥ à�¡®âë, â®, ®ç¥¢¨¤−®, −¥®¡å®¤¨¬® ¢ë¯®«−¥−¨¥ ãá«®¢¨ï
mj ≤ r0j , j = 1, . . . ,M . �â¬¥â¨¬ ¤¢� ¯à®áâëå á¢®©áâ¢� §�¤�ç¨ I, á¯à�¢¥¤«¨¢ëå
¤«ï á«ãç�ï F (p,R) = ˜×ÙÈ(p,R):

1. ‡�¤�ç� I −¥ ¨¬¥¥â à¥è¥−¨ï, ¥á«¨ ¢ë¯®«−ï¥âáï ãá«®¢¨¥:

M∑

j=1

λjBjmj
(tcontrz,j) ≤ AF . (2)

2. �«�− à�á¯à¥¤¥«¥−¨ï p ∈ S â�ª®¢, çâ® pjr = 1 ¯à¨ r = mj, pjr = 0 ¯à¨
r 6= mj, j = 1, . . . ,M , ï¢«ï¥âáï à¥è¥−¨¥¬ §�¤�ç¨ max

p∈S
F (p,R) ¯à¨ βj = 1,

j = 1, . . . ,M .

�¥à¢®¥ á¢®©áâ¢® á«¥¤ã¥â ¨§ á¯à�¢¥¤«¨¢®áâ¨ á«¥¤ãîé¨å á®®â−®è¥−¨©:

Bjs−1(tcontrz,j) ≤ Bjs(tcontrz,j) , s = 1, . . . mj ;

λjBjmj
(tcontrz,j) =

mj∑

r=0

˜jr(1− βjπjr)Bjmj
(tcontrz,j) ≥

≥
mj∑

r=0

˜jr(1− πjr)Bjmj
(tcontrz,j) ≥

mj∑

r=0

˜jr(1− πjr)Bjr(tcontrz,j)

¤«ï «î¡ëå §−�ç¥−¨© R ¨ J.
‚â®à®¥ á¢®©áâ¢® á«¥¤ã¥â ¨§ á®®â−®è¥−¨©

M∑

j=1

˜jmj
(1− πjmj

)Bjmj
(tcontrz,j) ≥

M∑

j=1

λjBjmj
(tcontrz,j) ≥

≥
M∑

j=1

mj∑

r=0

˜jr(1− πir)Bjmj
(tcontrz,j) ≥

M∑

j=1

mj∑

r=0

˜jr(1− πjr)Bjr(tcontrz,j) =

= ˜×ÙÈ(p,R)

¤«ï «î¡®£® p ∈ S.
„«ï à¥è¥−¨ï ®¯â¨¬¨§�æ¨®−−®© §�¤�ç¨ I ¢ ®¡é¥¬ á«ãç�¥ ¯à¥¤«�£�¥âáï �«£®-

à¨â¬, á®áâ®ïé¨© ¨§ á«¥¤ãîé¨å ®á−®¢−ëå ¤¥©áâ¢¨©.

1. …á«¨ F (p,R) = ˜×ÙÈ(p,R) ¨ ¢ë¯®«−ï¥âáï ãá«®¢¨¥ (2), â® §�¢¥àè¨âì à�¡®âã
�«£®à¨â¬�, ¨−�ç¥ ¢ë¡à�âì −�ç�«ì−ë¥ §−�ç¥−¨ï ¯�à�¬¥âà®¢ R ¨ p â�ª¨¥, çâ®
¯¥à¢¨ç−ë© ¯®â®ª §�¤�−¨© à¥�«¨§ã¥¬ ¨ ¢ë¯®«−ïîâáï ãá«®¢¨ï: F (p,R) > AF ,
F (p,R− 1) ≤ AF .
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2. ‚ë¯®«−¨âì ¯®á«¥¤®¢�â¥«ì−® è�£¨ ¬¥â®¤� £à�¤¨¥−â−®£® á¯ãáª� (á¬. −¨¦¥)
¤«ï à¥è¥−¨ï §�¤�ç¨ max

p∈S
F (p,R) ¤® â¥å ¯®à, ¯®ª� «¨¡® F (p[n], R) > AF ,

«¨¡® F (p[n], R)− F (p[n− 1], R) < ε, £¤¥ ε > 0| §�¤�−−�ï ¬�«�ï ¢¥«¨ç¨−�
(â®ç−®áâì à¥è¥−¨ï §�¤�ç¨ max

p∈S
F (p,R)), p[0] | −�ç�«ì−®¥ §−�ç¥−¨¥ ¯«�−�

à�á¯à¥¤¥«¥−¨ï p, ¯®«ãç¥−−®¥ ¢ ¯. 1, p[n] | ¯«�−, ¯®«ãç¥−−ë© −� n-¬ è�£¥
£à�¤¨¥−â−®£® ¬¥â®¤�.

3. …á«¨ F (p[n], R) < AF ¨ F (p[n], R)− F (p[n− 1], R) ≥ ε, â® ã¢¥«¨ç¨âì R −�
¥¤¨−¨æã ¨ ¯¥à¥©â¨ ª ¯. 2, ¨−�ç¥ â¥ªãé¥¥ §−�ç¥−¨¥ R áç¨â�âì à¥è¥−¨¥¬ §�¤�ç¨
¨ §�¢¥àè¨âì à�¡®âã �«£®à¨â¬�.

�� ª�¦¤®¬ è�£¥ ¬¥â®¤� £à�¤¨¥−â−®£® á¯ãáª�, ¢ë¯®«−ï¥¬®¬ ¢ ¯. 2 �«£®à¨â-
¬�, ¢ëç¨á«ï¥âáï p[n + 1] = Cδp[n], n ≥ 0, £¤¥ Cδ | ®â®¡à�¦¥−¨¥ S

×→ S.
Cδ ®¯à¥¤¥«¥−® á«¥¤ãîé¨¬ ®¡à�§®¬:

p′ = Cδp , p
′ = {p′s , s = 1, . . . ,M} , p′s = {p′si, i = 0, . . . ,ms} ;

p′si =






psi − δs–s , ¥á«¨ i = imin ;

psi + δs–s , ¥á«¨ i = imax ;

psi , ¥á«¨ i 6= imin, i 6= imax, i = 0, . . . ms ,

£¤¥ imin | ¨−¤¥ªá i, ¯à¨ ª®â®à®¬ ¤®áâ¨£�¥âáï min
i: i∈{0,...,mj},psi>0

(∂F (p,R)/∂psi);

imax | ¨−¤¥ªá i, ¯à¨ ª®â®à®¬ ¤®áâ¨£�¥âáï max
i: i∈{0,...,ms},psi<1

(∂F (p,R)/∂psi);

–s = max
i: i∈{0,...,ms},psi<1

(∂F (p,R)/∂psi)− min
i: i∈{0,...,mj},psi>0

(∂F (p,R)/∂psi), δs >

> 0| ¬�áèâ�¡−ë© ¯�à�¬¥âà, psi − δs–s ≥ 0 ¯à¨ i = imin ¨ psi + δs–s ≤ 1 ¯à¨
i = imax, s = 1, . . . ,M .

„«ï ¯à®¨§¢®¤−ëå ∂˜×ÙÈ(p)/∂psi, ∂˜ÐÏ×Ô(p)/∂psi (i = 0, . . . ,ms, s =
= 1, . . . ,M ) ¢¥à−ë à�¢¥−áâ¢�:

∂˜×ÙÈ(p)

∂psi
=

=

M∑

j=1

mj∑

r=0

Bjr(tcontrz,j)



∂˜jr

∂psi
(1− πjr)− ˜jr

∑

(l,n)∈W

toln
∂πjr

∂ρln

∂˜ln

∂psi



 ; (3)

∂˜ÐÏ×Ô(p)

∂psi
= −

M∑

j=1

mj∑

r=0

∂˜jr

∂psi
. (4)

250 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



�¯â¨¬¨§�æ¨ï à¥áãàá®¢ ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá� á® á«�¡®á¢ï§�−−®© �àå¨â¥ªâãà®©

�à®−ã¬¥àã¥¬ í«¥¬¥−âë (j, r) ¬−®¦¥áâ¢� W á®®â¢¥âáâ¢ãîé¨¬¨ ç¨á«�¬¨

Njr =
j−1∑
s=0

ms + r. �¥à¥−¥á¥¬ ¢ (1) ¯à�¢ãî ç�áâì ¢ «¥¢ãî ¨ ®¡®§−�ç¨¬ ¯®-

«ãç¥−−ë¥ ¢ «¥¢®© ç�áâ¨ á®®â−®è¥−¨ï ç¥à¥§

�Njr
= ˜jr −

(
λj +

mj∑

s=0

˜jsπjs

)
pjr , r = 0, . . . ,mj , j = 1, . . . ,M .

ˆá¯®«ì§®¢�¢ ¬¥â®¤ ¢ëç¨á«¥−¨ï ¯à®¨§¢®¤−ëå ¤«ï −¥ï¢−ëå äã−ªæ¨©, ¨§-
«®¦¥−−ë© ¢ [5], ¤«ï ¯à®¨§¢®¤−ëå −¥ï¢−ëå äã−ªæ¨© (1) ¯®«ãç¨¬ á«¥¤ãîé¨¥
à�¢¥−áâ¢�:

∂˜jr

∂psi
=
[D(j,r)]

[D]
, (5)

£¤¥ [D] | ¤¥â¥à¬¨−�−â ¬�âà¨æë D ¯®àï¤ª� |W | × |W |, ¢ ª®â®à®© Njr-ï
áâà®ª� ï¢«ï¥âáï ¯®á«¥¤®¢�â¥«ì−®áâìî ¢¨¤�

{
∂�Njr

/∂˜Nsi
, Nsi = 1, . . . , |W |

}
;

[D(j,r)] | ¤¥â¥à¬¨−�−â ¬�âà¨æë D(j,r) ¯®àï¤ª� |W | × |W |, ª®â®à�ï ¯®«ãç�¥âáï
¨§ D §�¬¥−®© Njr-£® áâ®«¡æ� −� {−∂�Nin

/∂pNsi
, Nin = 1, . . . , |W |};

∂�Njr

∂˜Nsi

= [χNsi
(Njr)− psiπsiχj(s)]− pirtosi

mj∑

l=1

˜jl
∂πjl

∂ρsi
;

∂�Nln

∂pNsi

= −
(

λi +

mi∑

r=0

˜irπir

)

χNsi
(Nln) = ˜iχNsi

(Nln) ;

χa(b)| äã−ªæ¨ï-¨−¤¨ª�â®à; a ¨ b | æ¥«ë¥ ç¨á«�;

χa(b) =

{
1 , ¥á«¨ a = b ;
0 , ¥á«¨ a 6= b .

�à¨ ¢ëç¨á«¥−¨¨ á ¯®¬®éìî (3){(5) ¯à®¨§¢®¤−ëå ∂F (p,R)/∂psi (i =
= 0, . . . ,ms; s = 1, . . . ,M ), ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ ãâ¢¥à¦¤¥−¨ï, ¯®§¢®«ï-
îé¨¥ áãé¥áâ¢¥−−® ã¬¥−ìè¨âì ®¡ê¥¬ âà¥¡ã¥¬®£® �«£®à¨â¬®¬ ¬�è¨−−®£® ¢à¥¬¥−¨
¨ ¯�¬ïâ¨ �‚Œ.

1. ‘¯à�¢¥¤«¨¢ë ä®à¬ã«ë

πsi =

{
R∑

d=0

qd (p)

}−1 R∑

d=R−i−kmins+1

qd (p) ;
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πjr,si =

{
R−i−kmins∑

d=0

qd (p)

}−1 R−i−kmins∑

d=R−i−kmins−r−kminj+1

qs (p) ;

dqd (p) =






∑

(s,i)∈W

(i+ kmins) ρsiqd−i−kmins
(p) ¯à¨ d ≥ 0 ;

0 ¯à¨ d < 0 ,

£¤¥

qd(p) =






∑

k∈Dd

∏

(j,i)∈W

ρ
kji

ji

kji!
¯à¨ d ≥ 0 ,

0 ¯à¨ d < 0 ;

Dd =




k ∈ Ÿ :
M∑

j=1

mj∑

i=0

kji(i+ kminj) = d




 ;

πjr,si | ¢¥à®ïâ−®áâì â®£®, çâ® ¢ á¨áâ¥¬¥ á ®¡é¨¬ ç¨á«®¬ (R − i − kmins)
à¥áãàá®¢ (j, r)-§�¤�−¨¥ ¯®«ãç¨â ®âª�§, i = 0, . . . ,ms; r = 0, . . . ,mj; j, s =
= 1, . . . ,M .

2. „«ï ¯à®¨§¢®¤−®© äã−ªæ¨¨ πjr ¯® ρsi á¯à�¢¥¤«¨¢® à�¢¥−áâ¢®:

∂πjr

∂ρsi
= (1− πsi) (πjr,si − πjr) ,

£¤¥ πjr,si | ¢¥à®ïâ−®áâì â®£®, çâ® ¢ á¨áâ¥¬¥ á ®¡é¨¬ ç¨á«®¬ (R− i− kmins)
à¥áãàá®¢ (j, r)-§�¤�−¨¥ ¯®«ãç¨â ®âª�§, i = 0, . . . ,ms; r = 0, . . . ,mj; j, s =
= 1, . . . ,M .

3. ‚¥à−ë à�¢¥−áâ¢�:

∂πjr

∂ρsi
=
∂πsi

∂ρjr
, i = 0, . . . ,ms , r = 0, . . . ,mj , j, s = 1, . . . ,M .

4. ‚¥à−ë à�¢¥−áâ¢�:

∂qd(p)

∂ρsi
= qd−i−kmins

(p) , s = 1, . . . ,M , i = 0, . . . ,ms .

��ç�«ì−ë© ¯«�− p[0] ¯à¥¤«�£�¥âáï ¢ë¡à�âì á«¥¤ãîé¨¬ ®¡à�§®¬: p[0] =
= {pj [0], j = 1, . . . ,M}, £¤¥ pj [0] = {pji[0], i = 0, . . . ,mj}, pji[0] =

= 1 ¯à¨ i = m0j − kminj, pji[0] = 0 ¯à¨ i 6= m0j − kminj, £¤¥

252 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



�¯â¨¬¨§�æ¨ï à¥áãàá®¢ ¢ëç¨á«¨â¥«ì−®£® ª®¬¯«¥ªá� á® á«�¡®á¢ï§�−−®© �àå¨â¥ªâãà®©

m0j = min
{
max

{[
lzj/(ν(tcontrz,j − tzj))

]−
, kminj

}
, kmaxj

}
, £¤¥ m0j ≤ R,

j = 1, . . . ,M .
„«ï ®¡¥á¯¥ç¥−¨ï áå®¤¨¬®áâ¨ �«£®à¨â¬� à¥è¥−¨ï §�¤�ç¨ max

p∈S
F (p,R) à¥ª®-

¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì £à�¤¨¥−â−ë© ¬¥â®¤ á ¤à®¡«¥−¨¥¬ è�£�.
’àã¤®¥¬ª®áâì ¯à¥¤«�£�¥¬®£® �«£®à¨â¬� à¥è¥−¨ï §�¤�ç¨ I ®¯à¥¤¥«ï¥âáï âàã-

¤®¥¬ª®áâìî ¢ëç¨á«¥−¨© ¯à®¨§¢®¤−ëå ∂˜jr/∂psi, ¢ë¯®«−ï¥¬ëå ¢ ¯. 2 �«£®à¨â¬�.
…á«¨ ¯à¨ ¢ëç¨á«¥−¨¨ ¯à®¨§¢®¤−ëå ∂˜jr/∂psi (i = 0, . . . ,ms, r = 0, . . . ,mj,
j, s = 1, . . . ,M ) á ¯®¬®éìî ¢ëà�¦¥−¨ï (5) ¨á¯®«ì§®¢�âì ¬¥â®¤ ƒ�ãáá�, â® ®¡ê¥¬
í«¥¬¥−â�à−ëå ®¯¥à�æ¨© (�à¨ä¬¥â¨ç¥áª¨å ¨«¨ ®¯¥à�æ¨© áà�¢−¥−¨ï), ¢ë¯®«−ï-
¥¬ëå �«£®à¨â¬®¬ −� è�£¥ 2 ¤«ï ª®àà¥ªæ¨¨ ¯«�−� p[n], ¢ á«ãç�¥ ¡¥§ ¯®¢â®à®¢
(βj = 0, j = 1, . . . ,M ) à�¢¥− ¢¥«¨ç¨−¥ ¯®àï¤ª� ≈ O(N3), ¢ á«ãç�¥ ¯®¢â®à®¢

≈ O(N4), £¤¥ N =
M∑

j=1
mj.

4 Пример вычислительного эксперимента

„«ï ¯à®¢¥¤¥−¨ï à�áç¥â®¢ á ¨á¯®«ì§®¢�−¨¥¬ ®¯¨á�−−®£® ¢ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥
�«£®à¨â¬� à�§à�¡®â�−� íªá¯¥à¨¬¥−â�«ì−�ï ¯à®£à�¬¬� −� ï§ëª¥ Delphi 7, ¢
ª®â®à®© ®¡ê¥¬ ¨á¯®«ì§ã¥¬ëå ¬�áá¨¢®¢ ç¨á¥« à�¢¥− (2N2 + 12N + 3M + 3R),
®¡ê¥¬ í«¥¬¥−â�à−ëå ®¯¥à�æ¨© ≈ O(N4). ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬�âà¨¢�¥âáï
‚Š á® á«¥¤ãîé¨¬¨ ¨áå®¤−ë¬¨ ¤�−−ë¬¨: ν = 10/3, ε = 0,0001, M = 5,
lzj = 2j, tzj = 0, lpj = 2, αj = 0,0199, j = 1, . . . , 5. ‚ â�¡«¨æ¥ ¯à¨¢¥¤¥−ë
à¥§ã«ìâ�âë à¥è¥−¨ï §�¤�ç¨ ¯à¨ F (p) = ˜×ÙÈ(p), kminj = 1, kmaxj = j ¤«ï
à�§«¨ç−ëå §−�ç¥−¨© ¯�à�¬¥âà®¢ λj, βj, tcontrz,j, j = 1, . . . , 5.

‚ â�¡«¨æ¥ ¢¥ªâ®à p′ | ¢¥ªâ®à p, ã ª®â®à®£® pji = 1 ¯à¨ (j, i) = (0, 0), (1, 1),
(2, 2), (3, 3), (4, 4) ¨ pji = 0 ¯à¨ ®áâ�«ì−ëå (j, i); p′′ | ¢¥ªâ®à p, ã ª®â®à®£®
pji = 1 ¯à¨ (j, i) = (0, 0), (1, 0), (2, 1), (3, 1), (4, 2) ¨ pji = 0 ¯à¨ ®áâ�«ì−ëå
(j, i), p′′′ | ¢¥ªâ®à p, ã ª®â®à®£® pji = 1 ¯à¨ (j, i) = (0, 0), (1, 1), (2, 1), (3, 2),
(4, 4) ¨ pji = 0 ¯à¨ ®áâ�«ì−ëå (j, i).

�à®¢¥¤¥−−ë¥ á ¨á¯®«ì§®¢�−¨¥¬ íªá¯¥à¨¬¥−â�«ì−®© ¯à®£à�¬¬ë ¢ëç¨á«¨â¥«ì-
−ë¥ íªá¯¥à¨¬¥−âë ¯®ª�§�«¨, çâ®:

{ à¥è¥−¨¥ §�¤�ç¨ max
p∈S

F (p,R) ¯à¨ AF /˜×ÙÈ(p) ≈ 1 á«�¡® §�¢¨á¨â ®â ¨−â¥−-

á¨¢−®áâ¥© λj, j = 1, . . . ,M ;

{ ¯à¨ AF /˜×ÙÈ(p) ≈ 1 §�¢¨á¨¬®áâì à¥è¥−¨ï §�¤�ç¨ I ®â ¨−â¥−á¨¢−®áâ¥© λj,
j = 1, . . . ,M , ¯à¨ ä¨ªá¨à®¢�−−ëå §−�ç¥−¨ïå ¤àã£¨å ¯�à�¬¥âà®¢ ‚Š ¡«¨§ª�
ª «¨−¥©−®©;

{ à¥è¥−¨¥ §�¤�ç¨ I áãé¥áâ¢¥−−® §�¢¨á¨â ®â §−�ç¥−¨ï ¯�à�¬¥âà� tcontrz,j, j =
= 1, . . . ,M .
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‡�¢¨á¨¬®áâì ®¡ê¥¬� à¥áãàá®¢ ®â ¢å®¤−®© −�£àã§ª¨ ¨ ¯�à�¬¥â-
à� ª®−âà®«ì−®£® ¢à¥¬¥−¨

λj βj tcontrz,j AF /˜×ÙÈ(p) R0 ˜×ÙÈ(p) p

0 1,0 0,9 13 2,29 p′

0,5 0 1,8 0,9 9 2,31 p′′

0,8 1,0 0,85 12 2,13 p′′′

0 1,0 0,9 18 4,5 p′

1,0 0 1,8 0,9 13 4,55 p′′

0,8 1,0 0,85 18 4,26 p′′′

0 1,0 0,9 24 6,83 p′

1,5 0 1,8 0,9 17 6,8 p′′

0,8 1,0 0,85 23 6,39 p′′′

0 1,0 0,9 29 9,09 p′

2,0 0 1,8 0,9 21 9,07 p′′

0,8 1,0 0,85 28 8,52 p′′′

0 1,0 0,9 34 11,6 p′

2,5 0 1,8 0,9 25 11,36 p′′

0,8 1,0 0,85 33 10,66 p′′′

0 1,0 0,9 38 13,54 p′

3,0 0 1,8 0,9 29 13,5 p′′

0,8 1,0 0,85 37 12,76 p′′′

5 Заключение

�à¥¤«®¦¥−−ë© ¢ëè¥ �«£®à¨â¬ à¥è¥−¨ï §�¤�ç¨ I −¥ £�à�−â¨àã¥â ¯®«ãç¥−¨ï
−�¨¬¥−ìè¥£® §−�ç¥−¨ï ¯�à�¬¥âà� R, ¯à¨ ª®â®à®¬ ¢ë¯®«−ïîâáï ãá«®¢¨ï §�¤�ç¨.
�â® á«¥¤ã¥â ¨§ â®£®, çâ® ¬¥â®¤ £à�¤¨¥−â−®£® á¯ãáª� −¥ £�à�−â¨àã¥â £«®¡�«ì−®£®
®¯â¨¬ã¬� ¤«ï «î¡®© äã−ªæ¨¨ ¨, ª�ª ¯®ª�§ë¢�îâ ¢ëç¨á«¨â¥«ì−ë¥ íªá¯¥à¨¬¥−-
âë, F (p,R) | −¥¬®−®â®−−�ï äã−ªæ¨ï ¯® R. ‘«¥¤ã¥â â�ª¦¥ §�¬¥â¨âì, çâ® ¢
á«ãç�¥ ¡®«ìè¨å §−�ç¥−¨© N ¯à¨ ¢ëç¨á«¥−¨¨ á ¯®¬®éìî ¢ëà�¦¥−¨ï (5) ¯à®¨§-
¢®¤−ëå ∂˜jr/∂psi ¬®¦¥â −�ª�¯«¨¢�âìáï −¥¤®¯ãáâ¨¬® ¡®«ìè�ï ¢ëç¨á«¨â¥«ì−�ï
¯®£à¥è−®áâì, çâ® ¬®¦¥â á¤¥«�âì −¥¢®§¬®¦−®© ®¯â¨¬¨§�æ¨î ¯«�−� à�á¯à¥¤¥«¥−¨ï
à¥áãàá®¢ ¢ ¯. 2 �«£®à¨â¬�. �®íâ®¬ã ¢ ¤�−−®¬ á«ãç�¥ ¤«ï ¢ëç¨á«¥−¨ï ãª�§�−-
−ëå ¯à®¨§¢®¤−ëå −¥®¡å®¤¨¬® ¨á¯®«ì§®¢�âì ¬¥â®¤ë, ®¡¥á¯¥ç¨¢�îé¨¥ âà¥¡ã¥¬ãî
â®ç−®áâì à¥è¥−¨ï á®®â¢¥âáâ¢ãîé¨å á¨áâ¥¬ «¨−¥©−ëå ãà�¢−¥−¨© [5].

÷�§à�¡®â�−−ë© �«£®à¨â¬ à¥ª®¬¥−¤ã¥âáï ¤«ï ®æ¥−ª¨ ¬¨−¨¬�«ì−®£® ®¡ê¥¬�
‚÷, −¥®¡å®¤¨¬®£® ¤«ï ®¡¥á¯¥ç¥−¨ï âà¥¡ã¥¬®£® ª�ç¥áâ¢� à�¡®âë (¨−â¥−á¨¢−®áâ¨
¯®«−®áâìî ¢ë¯®«−¥−−ëå §�¤�−¨©, áà¥¤−¥£® ç¨á«� ¯®¢â®à−ëå ¯®áâã¯«¥−¨© §�-
¤�−¨ï) −� áâ�¤¨¨ ¯à®¥ªâ¨à®¢�−¨ï ¢ëç¨á«¨â¥«ì−ëå á¨áâ¥¬ á® á«�¡®á¢ï§�−−®©
�àå¨â¥ªâãà®©.
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ВИРТУАЛЬНЫЕ МАШИНЫ КАК СРЕДСТВО ОПТИМИЗАЦИИ
УЧЕБНОГО ПРОЦЕССА

В. С. Петрухин1, А. Ю. Шнейдер2, С. А. Лучкин3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®§¬®¦−ë¥ ¯ãâ¨ ¨á¯®«ì§®¢�−¨ï ¢¨àâã�«ì−ëå
¬�è¨− (‚Œ) ¢ ãç¥¡−®¬ ¯à®æ¥áá¥. �à¨¢¥¤¥−ë ª®−ªà¥â−ë¥ ¯à¨¬¥àë «®£¨ç¥áª®©
áâàãªâãàë ª®¬¯ìîâ¥à−®£® ª«�áá�, ¯®áâà®¥−−®£® −� ®á−®¢¥ ‚Œ.

Š«îç¥¢ë¥ á«®¢�: ®¯â¨¬¨§�æ¨ï; ¢¨àâã�«¨§�æ¨ï

˜¨à®ª® à�á¯à®áâà�−¥−® ¬−¥−¨¥, çâ® ®¯â¨¬¨§�æ¨ï | íâ® ¬�ªá¨¬ã¬ à¥§ã«ìâ�â�
¯à¨ ¬¨−¨¬ã¬¥ §�âà�â. …á«¨ âà�ªâ®¢�âì ¡®«¥¥ â®ç−® íâ® ¯®−ïâ¨¥ [1] á â®çª¨ §à¥−¨ï
®¡à�§®¢�â¥«ì−®£® ¯à®æ¥áá�, â® ®−® ®§−�ç�¥â ¤®áâ¨¦¥−¨¥ ¬�ªá¨¬�«ì−® ¢®§¬®¦−®£®
ª�ç¥áâ¢� ®¡ãç¥−¨ï ¢ ª®−ªà¥â−ëå ãá«®¢¨ïå ®¯à¥¤¥«¥−−®£® ãç¥¡−®£® §�¢¥¤¥−¨ï ¢
®¯à¥¤¥«¥−−ë© ¯¥à¨®¤. Šà®¬¥ â®£®, ®¯â¨¬¨§¨àãï ãç¥¡−ë© ¯à®æ¥áá, á«¥¤ã¥â ç¥âª®
ä®à¬ã«¨à®¢�âì ¯®áâ�¢«¥−−ãî æ¥«ì ¨ ®¯à¥¤¥«ïâì á¯®á®¡ë ¥¥ ¤®áâ¨¦¥−¨ï.

÷¥è¥−¨¥ íâ®© −¥¯à®áâ®© §�¤�ç¨ ¯à¥¤¯®«�£�¥â á®ç¥â�−¨¥ âà�¤¨æ¨®−−ëå ¬¥â®-
¤®¢ ®¡ãç¥−¨ï ¨ ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨© (ˆŠ’) [2].

‚ −�áâ®ïé¥¥ ¢à¥¬ï ®¢«�¤¥−¨¥ ˆŠ’ ï¢«ï¥âáï ¯¥à¢®áâ¥¯¥−−®© §�¤�ç¥© ¤«ï
ãç¨â¥«ï, áâà¥¬ïé¥£®áï ®¡¥á¯¥ç¨âì ¢ëá®ª®¥ ª�ç¥áâ¢® ®¡ãç¥−¨ï. Œ−®£¨¥ ãç¨â¥«ï
®á®§−�«¨ ¤®áâ®¨−áâ¢� ˆŠ’, ¯®çã¢áâ¢®¢�«¨ −¥®¡å®¤¨¬®áâì ¢®¯«®é¥−¨ï á¢®¨å
¨¤¥© ¢ ¢¨¤¥ ª®−ªà¥â−ëå ãç¥¡−ëå ¨ ¬¥â®¤¨ç¥áª¨å ¯®á®¡¨©. �¤−�ª® −� ¯ãâ¨
®á¢®¥−¨ï ¨ ¢−¥¤à¥−¨ï ˆŠ’ ¢ ãç¥¡−ë© ¯à®æ¥áá èª®«ë ®¡−�àã¦¨¢�¥âáï àï¤
á¤¥à¦¨¢�îé¨å ä�ªâ®à®¢ [3]:

{ ¤«ï íää¥ªâ¨¢−®£® ¢−¥¤à¥−¨ï ˆŠ’ ¢ ãç¥¡−ë© ¯à®æ¥áá ãç¨â¥«ì ¤®«¦¥− ®¡«�-
¤�âì −¥®¡å®¤¨¬ë¬¨ §−�−¨ï¬¨ ¢ ®¡«�áâ¨ ª®¬¯ìîâ¥à−ëå â¥å−®«®£¨©;

{ −�«¨ç¨¥ ª®¬¯ìîâ¥à−®£® ª«�áá� ¢ èª®«¥ ¯à¥¤¯®«�£�¥â ®à£�−¨§�æ¨î ¯à®æ¥á-
á� �¤¬¨−¨áâà¨à®¢�−¨ï ¨ ®¡á«ã¦¨¢�−¨ï â¥å−¨ç¥áª¨å áà¥¤áâ¢, çâ® ï¢«ï¥âáï
¤®¯®«−¨â¥«ì−®© −�£àã§ª®© (®á®¡¥−−® ¤«ï ãç¨â¥«¥© ¨−ä®à¬�â¨ª¨).

„«ï ¯à¥®¤®«¥−¨ï ¢ëè¥¨§«®¦¥−−ëå á¤¥à¦¨¢�îé¨å ä�ªâ®à®¢ −¥®¡å®¤¨¬®
á−¨§¨âì −�£àã§ªã −� ãç¨â¥«ï ¨ −�¯à�¢¨âì ¥£® ®á−®¢−®¥ ¢−¨¬�−¨¥ −� ®à£�−¨-
§�æ¨î ¯à®æ¥áá� ®¡ãç¥−¨ï. ‚ ª�ç¥áâ¢¥ ®¤−®£® ¨§ ¯ãâ¥© à¥è¥−¨ï ¯à¥¤«�£�¥âáï
¨á¯®«ì§®¢�−¨¥ â¥å−®«®£¨¨ ¢¨àâã�«¨§�æ¨¨, ª®â®à�ï áâ�«� −¥®âê¥¬«¥¬®© ç�áâìî

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, cokrat2@rambler.ru
2ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, alexshnd@rambler.ru
3‘à¥¤−ïï èª®«� ü 4, £. Š®«ìçã£¨−®, info32kab@gmail.com
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‚¨àâã�«ì−ë¥ ¬�è¨−ë ª�ª áà¥¤áâ¢® ®¯â¨¬¨§�æ¨¨ ãç¥¡−®£® ¯à®æ¥áá�

á®¢à¥¬¥−−®© ˆ’-¨−äà�áâàãªâãàë ¨ ¯®§¢®«ï¥â áãé¥áâ¢¥−−® ãáª®à¨âì ¢−¥¤à¥−¨¥
−®¢ëå á¨áâ¥¬, � â�ª¦¥ ã¬¥−ìè¨âì §�âà�âë −� ¯®¤¤¥à¦ªã áãé¥áâ¢ãîé¨å [4]. �®¤
¢¨àâã�«¨§�æ¨¥© §¤¥áì ¯®¤à�§ã¬¥¢�¥âáï â¥å−®«®£¨ï, ª®â®à�ï ®¡¥á¯¥ç¨¢�¥â ¢®§-
¬®¦−®áâì à�§¬¥é¥−¨ï −� ®¤−®¬ ä¨§¨ç¥áª®¬ ª®¬¯ìîâ¥à¥ (ä¨§¨ç¥áª®© ¬�è¨−¥)
−¥áª®«ìª¨å ‚Œ, à�¡®â�îé¨å −¥§�¢¨á¨¬® ¤àã£ ®â ¤àã£�.

ˆ§¢¥áâ¥− ãá¯¥è−ë© ¯à¨¬¥à [5] ¨á¯®«ì§®¢�−¨ï ‚Œ ¢ ª�ç¥áâ¢¥ áà¥¤áâ¢� ®¡ãç¥-
−¨ï ¡ã¤ãé¨å ãç¨â¥«¥© ¨−ä®à¬�â¨ª¨ á¥â¥¢ë¬ â¥å−®«®£¨ï¬. �â¬¥ç¥−®, çâ® ª�ª
áà¥¤áâ¢® ®¡ãç¥−¨ï ‚Œ ¬®£ãâ ¢ë¯®«−ïâì â�ª¨¥ ¤¨¤�ªâ¨ç¥áª¨¥ äã−ªæ¨¨, ª�ª
¨−ä®à¬�â¨¢−®áâì, ª®¬¯¥−á�â®à−®áâì, ¨−â¥£à�â¨¢−®áâì.

‚ ā¦−®-“à�«ìáª®¬ £®áã¤�àáâ¢¥−−®¬ ã−¨¢¥àá¨â¥â¥ (ā“àƒ“) [6] §�¢¥àè¥−
®ç¥à¥¤−®© íâ�¯ ¯à®¥ªâ� ¯® á®§¤�−¨î ¨−äà�áâàãªâãàë ¢¨àâã�«ì−ëå à�¡®ç¨å
¬¥áâ (VDI | Virtual Desktop Infrastructure) −� ¡�§¥ Microsoft Hyper-V Server.
„�−−ë© ¯à®¥ªâ ï¢«ï¥âáï ç�áâìî ¯à®£à�¬¬ë à�§¢¨â¨ï ā“àƒ“ −� 2010{2019 ££.

—¥¬ ¯à¨¢«¥ª�â¥«ì−� â¥å−®«®£¨ï ‚Œ ¤«ï áä¥àë ®¡à�§®¢�−¨ï? ‚ è¨à®ª®¬
á¬ëá«¥ ¯®−ïâ¨¥ ¢¨àâã�«¨§�æ¨¨ ¯à¥¤áâ�¢«ï¥â á®¡®© §�¬¥−ã ä¨§¨ç¥áª®© à¥�«¨§�-
æ¨¨ ª�ª®£®-«¨¡® ¯à®æ¥áá� ¨«¨ ®¡ê¥ªâ� ¥£® ¬®¤¥«ìî. ‚ ª®¬¯ìîâ¥à−ëå â¥å−®«®£¨-
ïå ¯®¤ â¥à¬¨−®¬ ú¢¨àâã�«¨§�æ¨ïû ®¡ëç−® ¯®−¨¬�¥âáï �¡áâà�ªæ¨ï ¢ëç¨á«¨â¥«ì-
−ëå à¥áãàá®¢ ¨ ¯à¥¤®áâ�¢«¥−¨¥ ¯®«ì§®¢�â¥«î ã¯à®é¥−−®© áâ�−¤�àâ¨§®¢�−−®©
á¨áâ¥¬ë (‚Œ), ª®â®à�ï ¢¨¤−� ¯®«ì§®¢�â¥«î ª�ª à¥�«ì−ë© ª®¬¯ìîâ¥à á® á¢®¨¬¨
à¥áãàá�¬¨ ¨ ®¯¥à�æ¨®−−®© á¨áâ¥¬®© (�‘). �à®é¥ £®¢®àï, ãç¥−¨ª¨ ¨ ãç¨â¥«ï
à�¡®â�îâ á ã¤®¡−ë¬ ¤«ï á¥¡ï ¯à¥¤áâ�¢«¥−¨¥¬ ª®¬¯ìîâ¥à�, á¢®¡®¤−ë¬ ®â ¬�ááë
−¥−ã¦−ëå ¨ ¬¥è�îé¨å ¨¬ á¯¥æ¨ä¨ç¥áª¨å â¥å−¨ç¥áª¨å ¤¥â�«¥©.

’�ª¨¬ ®¡à�§®¬, ãç¨â¥«ì ¨§¡�¢«ï¥âáï ®â −¥®¡å®¤¨¬®áâ¨ ¨§ãç¥−¨ï â®−ª®áâ¥©
ãáâ�−®¢ª¨ ¨ −�áâà®©ª¨ �‘, ¯à¨«®¦¥−¨© ¨ ¤à�©¢¥à®¢ ãáâà®©áâ¢.

�¡é�ï áå¥¬� (�àå¨â¥ªâãà�) á¨áâ¥¬ë ‚Œ á«¥¤ãîé�ï:

{ −� ä¨§¨ç¥áª®¬ ª®¬¯ìîâ¥à¥ ãáâ�−�¢«¨¢�¥âáï �‘, ª®â®à�ï −�§ë¢�¥âáï å®áâ®¢®©
(−�¯à¨¬¥à, Windows, Linux ¨ â. ¯.);

{ ¢ íâ®© �‘ ãáâ�−�¢«¨¢�¥âáï á¯¥æ¨�«ì−®¥ ¯à¨«®¦¥−¨¥ ú£¨¯¥à¢¨§®àû, ª®â®à®¥
®áãé¥áâ¢«ï¥â ã¯à�¢«¥−¨¥ ‚Œ;

{ ¯®¤ ã¯à�¢«¥−¨¥¬ £¨¯¥à¢¨§®à� á®§¤�¥âáï ®¤−� ¨«¨ −¥áª®«ìª® ‚Œ;

{ ª�¦¤�ï ‚Œ ¯à¥¤áâ�¢«ï¥â á®¡®© ã¯à®é¥−−ãî áâ�−¤�àâ¨§®¢�−−ãî ¬®¤¥«ì ä¨-
§¨ç¥áª®£® ª®¬¯ìîâ¥à�.

„�«¥¥ −� ª�¦¤ãî ‚Œ ãáâ�−�¢«¨¢�¥âáï á¢®ï (£®áâ¥¢�ï) �‘. ‚ ª�ç¥áâ¢¥ £®áâ¥-
¢®© ¬®¦¥â ¨á¯®«ì§®¢�âìáï «î¡�ï �‘.

ƒ¨¯¥à¢¨§®à ®¡¥á¯¥ç¨¢�¥â ®¤−®¢à¥¬¥−−ãî à�¡®âã ‚Œ ª�ª ®â¤¥«ì−ëå ä¨§¨-
ç¥áª¨å ª®¬¯ìîâ¥à®¢. �à¨ íâ®¬ ¯®«ì§®¢�â¥«¨ ¬®£ãâ à�¡®â�âì á ‚Œ, −¥ ®¡à�é�ï
¢−¨¬�−¨ï −� áãé¥áâ¢ãîé¨© ä¨§¨ç¥áª¨© ª®¬¯ìîâ¥à ¨ å®áâ®¢ãî �‘.

ˆá¯®«ì§®¢�−¨¥ ‚Œ §−�ç¨â¥«ì−® ¯®¢ëè�¥â ¬®¡¨«ì−®áâì ¨ ®¯¥à�â¨¢−®áâì à�-
¡®âë. �−� ¬®¦¥â ¡ëâì ¯¥à¥¬¥é¥−� −� ¤àã£®© ª®¬¯ìîâ¥à −¥§�¢¨á¨¬® ®â ¥£®
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ä¨§¨ç¥áª®© ª®−ä¨£ãà�æ¨¨ ¨ ãáâ�−®¢«¥−−®© −� −¥¬ �‘ (¥¤¨−áâ¢¥−−ë¬ −¥®¡å®¤¨-
¬ë¬ âà¥¡®¢�−¨¥¬ ï¢«ï¥âáï ¤®áâ�â®ç−ë© ®¡ê¥¬ ®¯¥à�â¨¢−®© ¯�¬ïâ¨ ª®¬¯ìîâ¥à�).
�¥ âà¥¡ã¥âáï á®§¤�¢�âì á¯¥æ¨�«ì−ëå ®¡à�§®¢ ¤«ï ¬¨£à�æ¨¨, ¨, ªà®¬¥ â®£®, ‚Œ −¥
¯à¨¢ï§�−� ª ª®−ªà¥â−®© �¯¯�à�âãà¥. �� «î¡®¬ ª®¬¯ìîâ¥à¥ ‚Œ ¢á¥£¤� ¢ë£«ï¤¨â
®¤¨−�ª®¢®. “ç¨â¥«ì, ®¤¨− à�§ á®§¤�¢ ‚Œ, ¬®¦¥â ¯¥à¥−®á¨âì ¥¥ ®¯¥à�â¨¢−® á®
á¢®¥£® ª®¬¯ìîâ¥à� −� ª®¬¯ìîâ¥àë èª®«ë.

Œ®¦−® á®§¤�¢�âì ¢¨àâã�«ì−®¥ ®ªàã¦¥−¨¥ ¤«ï ª®−ªà¥â−®£® ãà®ª� (−�¯à¨-
¬¥à, ¤«ï ãà®ª� ä¨§¨ª¨, ¬�â¥¬�â¨ª¨ ¨ â. ¯.), ãáâ�−®¢¨¢ −� −¥© ¢á¥ âà¥¡ã¥¬®¥
¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��), ¨ à�§¢®à�ç¨¢�âì ‚Œ ¯® ¬¥à¥ −¥®¡å®¤¨¬®áâ¨.

Œ®¦−® á®§¤�âì ¡�§ã ¤�−−ëå ¨§ £®â®¢ëå ª ¨á¯®«ì§®¢�−¨î ‚Œ á à�§«¨ç−ë¬¨
£®áâ¥¢ë¬¨ �‘ ¨ §�¯ãáª�âì ¨å ¯® ¬¥à¥ −¥®¡å®¤¨¬®áâ¨ ¢ æ¥«ïå ®¡ãç¥−¨ï. ‚Œ
¬®¦−® ¡¥§ ª�â�áâà®ä¨ç¥áª¨å ¯®á«¥¤áâ¢¨© ¯®¤¢¥à£�âì ¢áïç¥áª¨¬ íªá¯¥à¨¬¥−â�¬,
¯®áª®«ìªã ¢ á«ãç�¥ ¯®àç¨ á¨áâ¥¬ë ¥¥ ¢®ááâ�−®¢«¥−¨¥ ¨§ á®åà�−¥−−®£® á®áâ®ï−¨ï
§�©¬¥â −¥áª®«ìª® ¬¨−ãâ.

�à¨ ãáâ�−®¢ª¥ −®¢®© ¢¥àá¨¨ �‘ áâ�àãî ¢¥àá¨î ¬®¦−® ¯à®¤®«¦�âì ¯®¤-
¤¥à¦¨¢�âì −� ‚Œ, ¯®ª� −¥ ¡ã¤¥â ¯®«−®áâìî ®¡ª�â�−� −®¢�ï �‘. ’�ª¦¥ ¬®¦−®
¯®áâ�¢¨âì −®¢ãî �‘ −� ‚Œ ¨ ®¯à®¡®¢�âì ¥¥ ¡¥§ ãé¥à¡� ¤«ï ®á−®¢−®© á¨áâ¥¬ë
(å®áâ®¢®©).

‘ãé¥áâ¢¥−−�ï íª®−®¬¨ï ¤¥−¥¦−ëå áà¥¤áâ¢ −� ¯à¨®¡à¥â¥−¨¥ �¯¯�à�â−®£®
®¡¥á¯¥ç¥−¨ï ¯à®¨áå®¤¨â ¯à¨ à�§¬¥é¥−¨¨ −¥áª®«ìª¨å ¢¨àâã�«ì−ëå á¥à¢¥à®¢ −�
®¤−®¬ ä¨§¨ç¥áª®¬. ‚ §�¢¨á¨¬®áâ¨ ®â ¯«�âä®à¬ë ¢¨àâã�«¨§�æ¨¨ ¤®áâã¯−ë ¢®§-
¬®¦−®áâ¨ ¯® ¡�«�−á¨à®¢ª¥ à�¡®ç¥© −�£àã§ª¨, ª®−âà®«î ¢ë¤¥«ï¥¬ëå à¥áãàá®¢ ¨
¢®ááâ�−®¢«¥−¨î á¨áâ¥¬ë. ‚á¥ íâ® ¢«¥ç¥â §� á®¡®© à¥�«ì−ãî íª®−®¬¨î ¤¥−¥¦−ëå
áà¥¤áâ¢ −� ®¡á«ã¦¨¢�−¨¨, ã¯à�¢«¥−¨¨ ¨ �¤¬¨−¨áâà¨à®¢�−¨¨ ¨−äà�áâàãªâãàë
á¥à¢¥à®¢.

…á«¨ ã ãç¨â¥«ï ¢®§−¨ª�¥â á®¬−¥−¨¥ ¢ −�¤¥¦−®áâ¨ ãáâ�−�¢«¨¢�¥¬®£® −� ª®¬-
¯ìîâ¥à ¯à®£à�¬¬−®£® ¯à®¤ãªâ�, ¬®¦−® ¨á¯®«ì§®¢�âì ¥£® −� ‚Œ ¨ â�ª¨¬ ®¡à�§®¬
¨áª«îç¨âì ¢®§¬®¦−®áâì ¯®¢à¥¦¤¥−¨ï ¦¨§−¥−−® ¢�¦−ëå ª®¬¯®−¥−â®¢ á¨áâ¥¬ë.

�à¨ ¨á¯®«ì§®¢�−¨¨ ‚Œ áãé¥áâ¢¥−−® ¯®¢ëè�¥âáï ®¯¥à�â¨¢−®áâì ¢ ®â−®è¥−¨¨
á®§¤�−¨ï à¥§¥à¢−ëå ª®¯¨©, á®§¤�−¨ï á−¨¬ª®¢ á®áâ®ï−¨© ‚Œ ¨ ¢®ááâ�−®¢«¥−¨ï
¯®á«¥ á¡®¥¢ ¨«¨ ¢¨àãá−®© �â�ª¨. �â® ¯®§¢®«ï¥â ¢ ãá«®¢¨ïå èª®«ë ®¡¥á¯¥ç¨âì
¢®ááâ�−®¢«¥−¨¥ à�¡®â®á¯®á®¡−®áâ¨ ª®¬¯ìîâ¥à−®£® ª«�áá� §� ¢à¥¬ï ¯¥à¥¬¥−ë.

‚¬¥áâ¥ á â¥¬ ¤�−−®© â¥å−®«®£¨¨ á¢®©áâ¢¥−−ë á«¥¤ãîé¨¥ −¥¤®áâ�âª¨:

{ −¥ª®â®à®¥ á−¨¦¥−¨¥ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ‚Œ ¯® áà�¢−¥−¨î á ä¨§¨ç¥áª¨¬
ª®¬¯ìîâ¥à®¬ (§� áç¥â à�¡®âë £¨¯¥à¢¨§®à�);

{ ¤«ï ä®à¬¨à®¢�−¨ï ‚Œ −¥®¡å®¤¨¬ ¤®¯®«−¨â¥«ì−ë© ®¡ê¥¬ ®¯¥à�â¨¢−®© ¯�-
¬ïâ¨ ¨ ¤¨áª®¢®£® ¯à®áâà�−áâ¢�.

„�«¥¥ à�áá¬®âà¨¬ ª®−ªà¥â−ë¥ ¢�à¨�−âë à¥�«¨§�æ¨¨ ª®¬¯ìîâ¥à−®£® ª«�áá� ¢
èª®«¥ −� ®á−®¢¥ ¯à¨«®¦¥−¨ï (£¨¯¥à¢¨§®à�) ¯®¤ −�§¢�−¨¥¬ VirtualBox, ª®â®à®¥
¢å®¤¨â ¢ á®áâ�¢ ¯à�ªâ¨ç¥áª¨ ¢á¥å ¯�ª¥â®¢, ¯à¥¤−�§−�ç¥−−ëå ¤«ï èª®«.

258 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



‚¨àâã�«ì−ë¥ ¬�è¨−ë ª�ª áà¥¤áâ¢® ®¯â¨¬¨§�æ¨¨ ãç¥¡−®£® ¯à®æ¥áá�

÷¨á. 1 ‹®£¨ç¥áª�ï áå¥¬� ¯«�âä®à¬ë ª®¬¯ìîâ¥à−®£® ª«�áá� −� ®á−®¢¥ ’‘

‚−¥¤à¥−¨¥ â¥å−®«®£¨¨ ‚Œ ®áãé¥áâ¢«ï«®áì ¢ èª®«¥ ü 4 £. Š®«ìçã£¨−® ¨
‡�¢�«¨−áª®© á¥«ìáª®© èª®«¥. Š ¯à®æ¥ááã ®¡ãç¥−¨ï ¡ë«¨ ¯®¤ª«îç¥−ë ãç¨â¥«ï
¨−ä®à¬�â¨ª¨ íâ¨å èª®«, � â�ª¦¥ £àã¯¯� ¨§ ãç¥−¨ª®¢ 9 ª«�áá� ¢ ª®«¨ç¥áâ¢¥
4 ç¥«. Š�ª ¯®ª�§�«� ¯à�ªâ¨ª�, ¤«ï ®á¢®¥−¨ï ¤�−−®© â¥å−®«®£¨¨ ¤®áâ�â®ç−® ¡ë«®
¯à®¢¥áâ¨ 2 §�−ïâ¨ï ¯® 45 ¬¨−, −� ª®â®àëå à�áá¬�âà¨¢�«¨áì á«¥¤ãîé¨¥ ¢®¯à®áë:

{ ¯à¨−æ¨¯ë ®à£�−¨§�æ¨¨ ‚Œ;

{ ¯à�ªâ¨ç¥áª¨¥ §�−ïâ¨ï ¯® ä®à¬¨à®¢�−¨î ‚Œ ¢ ¯à¨«®¦¥−¨¨ VirtualBox.

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ãç¥−¨ª¨ á ¨−â¥à¥á®¬ ¨ ã¢«¥ç¥−¨¥¬ à�¡®â�«¨ −�¤ ¢−¥¤à¥-
−¨¥¬ â¥å−®«®£¨¨ ¢ ãç¥¡−ë© ¯à®æ¥áá. �−¨ ¯®¤ àãª®¢®¤áâ¢®¬ ãç¨â¥«ï ¨−ä®à¬�â¨ª¨
−¥¯®áà¥¤áâ¢¥−−® ä®à¬¨à®¢�«¨ ¨ â¥áâ¨à®¢�«¨ ¯«�âä®à¬ë ª®¬¯ìîâ¥à−ëå ª«�áá®¢
¢ èª®«¥.

�� à¨á. 1 ¨§®¡à�¦¥−� «®£¨ç¥áª�ï áå¥¬� ¯«�âä®à¬ë ª®¬¯ìîâ¥à−®£® ª«�áá�,
¯®áâà®¥−−�ï −� ®á−®¢¥ â¥à¬¨−�«ì−®£® á¥à¢¥à� (’‘) (èª®«ì−®£® â¥à¬¨−�«�). ’¥à-
¬¨−�«ì−ë© á¥à¢¥à ¢å®¤¨â ¢ á®áâ�¢ �� �«ìâ‹¨−ãªá 5.0.2 ¨ Edubuntu 11.04.
Š�ª ¯à�¢¨«®, ’‘ ãáâ�−�¢«¨¢�¥âáï −� å®áâ ª®¬¯ìîâ¥à� ãç¨â¥«ï, ¢ë¯®«−ïîé¥£®
à®«ì è«î§� ¢ á¥â¥¢®© áâàãªâãà¥ èª®«ë. …á«¨ ˆ−â¥à−¥â −¥ ¨á¯®«ì§ã¥âáï ¤«ï
¯à®¢¥¤¥−¨ï ãà®ª�, ¬®¦−® ®áãé¥áâ¢«ïâì ãç¥¡−ë© ¯à®æ¥áá ¢ ª®¬¯ìîâ¥à−®¬ ª«�áá¥
¨ �¤¬¨−¨áâà¨à®¢�−¨¥ −¥¯®áà¥¤áâ¢¥−−® á ¯®¬®éìî ’‘.

…á«¨ ãà®ª ®áãé¥áâ¢«ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ ˆ−â¥à−¥â�, â® ¢¥«¨ª� ¢¥à®ïâ-
−®áâì §�à�¦¥−¨ï ¢¨àãá�¬¨ ’‘, � §−�ç¨â, ¯à¥¤áâ®¨â ®ç¥−ì âàã¤®¥¬ª�ï ¨ ¤«¨â¥«ì-
−�ï ¯à®æ¥¤ãà� ¯®¨áª� ¨ ã−¨çâ®¦¥−¨ï ¢¨àãá®¢. �à¨ íâ®¬ ¢¨àãáë −¥ ¯à®−¨ª�îâ
−� ª®¬¯ìîâ¥àë ãç¥−¨ª®¢ (¢ á«ãç�¥ à¥�«¨§�æ¨¨ â®−ª¨å ª«¨¥−â®¢ ¡¥§ ¦¥áâª¨å
¤¨áª®¢).

’à�¤¨æ¨®−−�ï â¥å−®«®£¨ï §�é¨âë ®â ¢¨àãá®¢ ®á−®¢ë¢�¥âáï −� ¨á¯®«ì§®-
¢�−¨¨ á¯¥æ¨�«ì−®£® ��. ‘ãé¥áâ¢¥−−ë¬ ä�ªâ®à®¬ ¢ íâ®¬ ¯®¤å®¤¥ ï¢«ïîâáï
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§−�ç¨â¥«ì−ë¥ §�âà�âë ¢ëç¨á«¨â¥«ì−ëå ¨ ¢à¥¬¥−−ëå à¥áãàá®¢ ¤«ï ¥£® ®áãé¥-
áâ¢«¥−¨ï. �à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ¯®¤å®¤, ¡�§¨àãîé¨©áï −� ¢¥«¨ª®«¥¯−ëå
á¢®©áâ¢�å ‚Œ:

{ ‚Œ ¢ ¤®áâ�â®ç−®© áâ¥¯¥−¨ ¨§®«¨à®¢�−� ®â å®áâ�;

{ ¯¥à¥−®á ‚Œ ®áãé¥áâ¢«ï¥âáï á ¨á¯®«ì§®¢�−¨¥¬ ®¡à�§� ¦¥áâª®£® ¤¨áª� (®¤¨−
ä�©«);

{ ¯à®æ¥¤ãà� ¢®ááâ�−®¢«¥−¨ï á®áâ®ï−¨ï ¡�§¨àã¥âáï −� ¢áâà®¥−−®¬ ¢ VirtualBox
¬¥å�−¨§¬¥ á−¨¬ª®¢ ‚Œ.

ˆ−â¥à−¥â ¯®¤ª«îç�¥âáï ª ª®¬¯ìîâ¥à�¬ ãç¥−¨ª®¢ ç¥à¥§ ‚Œ (¢ ¤�−−®¬ á«ãç�¥
ç¥à¥§ ¢¨àâã�«ì−ë© ’‘ (‚’‘)). �¥à¥¤ §�£àã§ª®© â®−ª¨å ª«¨¥−â®¢ ãç¨â¥«ì ¤¥«�¥â
á−¨¬®ª á®áâ®ï−¨ï ‚’‘. �â� ®¯æ¨ï ¢ª«îç¥−� ¢ á®áâ�¢ VirtualBox ¨ ¤¥©áâ¢¨¥
®áãé¥áâ¢«ï¥âáï ¢ â¥ç¥−¨¥ ®¤−®© ¬¨−ãâë. �®á«¥ §�¯ãáª� á¥áá¨¨ §�£àã¦�îâáï
â®−ª¨¥ ª«¨¥−âë −� ª®¬¯ìîâ¥à�å ãç¥−¨ª®¢. �® ®ª®−ç�−¨¨ ãà®ª� ãç¨â¥«ì, ¨á-
¯®«ì§ãï á−¨¬®ª, ®áãé¥áâ¢«ï¥â ¢®ááâ�−®¢«¥−¨¥ (ã−¨çâ®¦¥−¨¥ ¢¨àãá®¢) ‚’‘ ¢
â¥ç¥−¨¥ ®¤−®© ¬¨−ãâë. …á«¨ ¢ ¯à®æ¥áá¥ ãà®ª� −¥®¡å®¤¨¬® §�¯®¬−¨âì áª�ç�−−ãî
¨§ ˆ−â¥à−¥â� ¨−ä®à¬�æ¨î −� ¢−¥è−¥¬ −®á¨â¥«¥ ¨«¨ ¢ á¯¥æ¨�«ì−®© ¯�¯ª¥ å®áâ�
(¡ãä¥à¥), â® ¢ ¯à®æ¥áá ¢ª«îç�¥âáï âà�¤¨æ¨®−−�ï â¥å−®«®£¨ï á ¨á¯®«ì§®¢�−¨¥¬
�−â¨¢¨àãá−®£® ��. �−â¨¢¨àãá−®¥ �� áª�−¨àã¥â ¯¥à¥¬¥é�¥¬ë¥ ä�©«ë. „�«¥¥
ãç¨â¥«ì ®âªàë¢�¥â á®¢¬¥áâ−ë© ¤®áâã¯ ª ¡ãä¥àã (®ª−®) ¨ ¯¥à¥¬¥é�¥â ä�©«ë −�
å®áâ. �® ®ª®−ç�−¨¨ ¯à®æ¥áá� á®¢¬¥áâ−ë© ¤®áâã¯ ª ¡ãä¥àã ¡«®ª¨àã¥âáï.

�à¥¤áâ�¢«¥−−�ï ¯«�âä®à¬� ª®¬¯ìîâ¥à−®£® ª«�áá� ¯®§¢®«ï¥â à�áè¨à¨âì £à�-
−¨æë ¤«ï ®à£�−¨§�æ¨¨ ãà®ª�:

(1) ãç¨â¥«ì ¬®¦¥â ¨á¯®«ì§®¢�âì ¢ ¯à®æ¥áá¥ ¯à®¢¥¤¥−¨ï ãà®ª� ¨ §�£àã¦�âì à�§-
«¨ç−ë¥ ¢�à¨�−âë à¥�«¨§�æ¨¨ ‚’‘, ª®â®àë¥ ¬®£ãâ ®â«¨ç�âìáï, −�¯à¨¬¥à,
¯® á®áâ�¢ã �� ¨ −�¯®«−¥−¨î ¨−ä®à¬�æ¨¥©;

(2) ä®à¬¨à®¢�−¨¥ ‚’‘ ãç¨â¥«ì ¬®¦¥â ®áãé¥áâ¢«ïâì ¢ ¤®¬�è−¨å ãá«®¢¨ïå, −¥
§�£àã¦�ï ª®¬¯ìîâ¥à−ë© ª«�áá.

‘«¥¤ã¥â ãç¨âë¢�âì, çâ® ¯à®¨§¢®¤¨â¥«ì−®áâì ¤�−−®© ¯«�âä®à¬ë §�¢¨á¨â ®â
¯à®¨§¢®¤¨â¥«ì−®áâ¨ ª®¬¯ìîâ¥à� ãç¨â¥«ï, −� ª®â®à®¬ à�¡®â�¥â ’‘, ¨ ®â áª®à®áâ¨
ª�−�«� ®¡¬¥−� ¬¥¦¤ã ’‘ ¨ ª®¬¯ìîâ¥à�¬¨ ãç¥−¨ª®¢.

�à¥¤«®¦¥−−�ï ¯«�âä®à¬� ª®¬¯ìîâ¥à−®£® ª«�áá� −�¨¡®«¥¥ íää¥ªâ¨¢−® ¬®¦¥â
¯à¨¬¥−ïâìáï ¢ á¥«ìáª¨å èª®«�å, ª®â®àë¥ ¨á¯®«ì§ãîâ ¢ á®áâ�¢¥ ª«�áá� ãáâ�à¥¢è¨¥
ª®¬¯ìîâ¥àë, � â�ª¦¥ ¢ ãá«®¢¨ïå ®âáãâáâ¢¨ï ª¢�«¨ä¨æ¨à®¢�−−ëå á¨áâ¥¬−ëå
�¤¬¨−¨áâà�â®à®¢.

�¯â¨¬�«ì−ë¬ à¥è¥−¨¥¬ ¤«ï ª«�áá�, á®áâ®ïé¥£® ¨§ ¡®«¥¥ ç¥¬ 12 ª®¬¯ìîâ¥à®¢,
ï¢«ï¥âáï ¨á¯®«ì§®¢�−¨¥ ’‘, á®¤¥à¦�é¥£® ª�ª ¬¨−¨¬ã¬ ¤¢ãåêï¤¥à−ë¥ ¯à®æ¥áá®-
àë ¨ ª�−�« á¢ï§¨ á ¯à®¯ãáª−®© á¯®á®¡−®áâìî ¢ 1 ƒ¡¨â/á. �� à¨á. 2 ¨§®¡à�¦¥−�
«®£¨ç¥áª�ï áå¥¬� ¯«�âä®à¬ë ª®¬¯ìîâ¥à−®£® ª«�áá�, à¥�«¨§®¢�−−�ï −� ®á−®¢¥
¢¨àâã�«ì−®© à�¡®ç¥© áâ�−æ¨¨ (−�¯à¨¬¥à, èª®«ì−ë© ā−¨®à �«ìâ‹¨−ãªá). Š�ª
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‚¨àâã�«ì−ë¥ ¬�è¨−ë ª�ª áà¥¤áâ¢® ®¯â¨¬¨§�æ¨¨ ãç¥¡−®£® ¯à®æ¥áá�

÷¨á. 2 ‹®£¨ç¥áª�ï áå¥¬� ¯«�âä®à¬ë ª®¬¯ìîâ¥à−®£® ª«�áá� −� ®á−®¢¥ ¢¨àâã�«ì−®©
à�¡®ç¥© áâ�−æ¨¨

¯à�¢¨«®, −� ª®¬¯ìîâ¥à ãç¨â¥«ï ãáâ�−�¢«¨¢�¥âáï å®áâ®¢�ï �‘, £¨¯¥à¢¨§®à ¨ ‚Œ,
¢ë¯®«−¥−−�ï −� ®á−®¢¥ ¢¨àâã�«ì−®© à�¡®ç¥© áâ�−æ¨¨ (‚Œ “ç). �� ª®¬¯ìîâ¥àë
ãç¥−¨ª®¢ ãáâ�−�¢«¨¢�¥âáï å®áâ®¢�ï �‘, £¨¯¥à¢¨§®à ¨ ‚Œ. ‚ «®£¨ç¥áª®© áå¥¬¥
ª®¬¯ìîâ¥à−®£® ª«�áá� ¯à¨áãâáâ¢ãîâ ¤¢¥ ¢¨àâã�«ì−ë¥ á¥â¨, ®â¤¥«¥−−ë¥ ¤àã£ ®â
¤àã£�.

‚ á®áâ�¢ ¯¥à¢®© á¥â¨ ¢å®¤¨â ¢¨àâã�«ì−�ï à�¡®ç�ï áâ�−æ¨ï ¨ ‚Œ −� ª®¬¯ìî-
â¥à�å ãç¥−¨ª®¢. Š íâ®© á¥â¨ ¯®¤á®¥¤¨−¥− ˆ−â¥à−¥â ç¥à¥§ ¢¨àâã�«ì−ãî à�¡®çãî
áâ�−æ¨î. ’�ª¨¬ ®¡à�§®¬ ãç¥¡−ë© ¯à®æ¥áá ¯®£àã¦�¥âáï ¢ ¢¨àâã�«ì−ãî áà¥¤ã.

‚â®à�ï á¥âì á®áâ®¨â ¨§ å®áâ� ª®¬¯ìîâ¥à� ãç¨â¥«ï ¨ å®áâ®¢ ª®¬¯ìîâ¥à®¢
ãç¥−¨ª®¢, ¨ −� −¥© ®áãé¥áâ¢«ï¥âáï ¯à®æ¥áá �¤¬¨−¨áâà¨à®¢�−¨ï á¥â¨ ¨ ã¯à�¢«¥−¨ï
ãà®ª®¬.

‚−�ç�«¥ §�¯ãáª�¥âáï �‘ −� å®áâ�å ãç¥−¨ª®¢ ¨ ãç¨â¥«ï. �¥à¥¤ §�¯ãáª®¬
‚Œ ãç¨â¥«ì ¤¥«�¥â ¨å á−¨¬®ª (§�¯¨áë¢�¥â ®¡à�§ −� ¦¥áâª¨© ¤¨áª ¢ â¥ç¥−¨¥
®¤−®© ¬¨−ãâë) −� ¢á¥å ª®¬¯ìîâ¥à�å ª«�áá�. „�«¥¥ −� ª®¬¯ìîâ¥à�å ãç¥−¨ª®¢
§�¯ãáª�îâáï ‚Œ, � −� ª®¬¯ìîâ¥à¥ ãç¨â¥«ï ¢¨àâã�«ì−�ï à�¡®ç�ï áâ�−æ¨ï.

�® ®ª®−ç�−¨¨ ãà®ª� ãç¨â¥«ì, ¨á¯®«ì§ãï á−¨¬®ª ‚Œ, ®áãé¥áâ¢«ï¥â ¢®ááâ�-
−®¢«¥−¨¥ (ã−¨çâ®¦¥−¨¥ ¢¨àãá®¢) ‚Œ −� ¢á¥å ª®¬¯ìîâ¥à�å ª«�áá� ¢ â¥ç¥−¨¥ ®¤−®©
¬¨−ãâë. …á«¨ ¢ ¯à®æ¥áá¥ ãà®ª� −¥®¡å®¤¨¬® §�¯®¬−¨âì áª�ç�−−ãî ¨§ ˆ−â¥à−¥-
â� ¨−ä®à¬�æ¨î −� ¢−¥è−¥¬ −®á¨â¥«¥ ¨«¨ ¢ á¯¥æ¨�«ì−®© ¯�¯ª¥, â® ¢ ¯à®æ¥áá
¢ª«îç�¥âáï âà�¤¨æ¨®−−�ï â¥å−®«®£¨ï á ¨á¯®«ì§®¢�−¨¥¬ �−â¨¢¨àãá−®£® ��.

„�−−�ï ¯«�âä®à¬� ®â«¨ç�¥âáï ®â ¨§®¡à�¦¥−−®© −� à¨á. 1 ¡®«¥¥ è¨à®ª¨¬¨
¢®§¬®¦−®áâï¬¨ ¢ ç�áâ¨ ®à£�−¨§�æ¨¨ ãà®ª� ¨ ¯®¢ëè¥−−ë¬¨ âà¥¡®¢�−¨ï¬¨ ª
à¥áãàá�¬ ª®¬¯ìîâ¥à®¢ ª«�áá�.

Œ®¦−® áä®à¬¨à®¢�âì ‚Œ ¯¥àá®−�«ì−® ¤«ï ª�¦¤®£® ãç¥−¨ª�, çâ® ¤�áâ ¢®§-
¬®¦−®áâì ãç¨âë¢�âì ¨−¤¨¢¨¤ã�«ì−ë¥ ®á®¡¥−−®áâ¨ ãç�é¨åáï ¨ ª«�áá®¢ èª®«ë.
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…áâì ¢®§¬®¦−®áâì áãé¥áâ¢¥−−® ®¡«¥£ç¨âì à�¡®âã ãç¨â¥«¥©, ¥á«¨, −�¯à¨¬¥à,
¯à¨ ã¯à�¢«¥−¨¨ ¯® ®¡à�§®¢�−¨î á®§¤�âì à�¡®çãî £àã¯¯ã, ®áãé¥áâ¢«ïîéãî
ä®à¬¨à®¢�−¨¥ ‚Œ ¯®¤ §�ª�§.

�à¨«®¦¥−¨¥ VirtualBox ¬®¦−® ¨á¯®«ì§®¢�âì ¢ ª�ç¥áâ¢¥ ¨−áâàã¬¥−â� ¤«ï ¬®-
¤¥«¨à®¢�−¨ï ãà®ª�, çâ® ¯®§¢®«¨â ®âà�¡®â�âì ¬¥â®¤¨ªã ¨ ä®à¬ã ãç¥¡−®£® ¯à®æ¥á-
á�. „«ï íâ®£® −¥®¡å®¤¨¬® ¯®áâà®¨âì á¥â¥¢ãî ¬®¤¥«ì ª®−ªà¥â−®£® ª®¬¯ìîâ¥à−®£®
ª«�áá�.

’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§®¢�−¨¥ ‚Œ ¢ ãç¥¡−®¬ ¯à®æ¥áá¥ ¯®§¢®«ï¥â ¬¨−¨-
¬¨§¨à®¢�âì §�âà�âë −� ¯®¤£®â®¢ªã ¨ ®à£�−¨§�æ¨î ãà®ª®¢, ®¡á«ã¦¨¢�−¨¥ ª®¬-
¯ìîâ¥à−ëå ª«�áá®¢, çâ® ¢ ª®−¥ç−®¬ áç¥â¥ ®ª�§ë¢�¥â áãé¥áâ¢¥−−®¥ ¢«¨ï−¨¥ −�
®¯â¨¬¨§�æ¨î ãç¥¡−®£® ¯à®æ¥áá�.

„«ï á¥«ìáª¨å èª®« −�¨¡®«¥¥ ¢®áâà¥¡®¢�−−®© ®ª�§�«�áì ¯«�âä®à¬� ª®¬¯ìî-
â¥à−®£® ª«�áá� −� ®á−®¢¥ ‚’‘ (®¡á«ã¦¨¢�−¨¥ â®«ìª® ª®¬¯ìîâ¥à� ãç¨â¥«ï ¨
¬¨−¨¬�«ì−ë¥ âà¥¡®¢�−¨ï ª à¥áãàá�¬ ª®¬¯ìîâ¥à®¢ ãç¥−¨ª®¢).
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ЭЛЕКТРОННЫЕ ОБРАЗОВАТЕЛЬНЫЕ РЕСУРСЫ:
ЭФФЕКТИВНОСТЬ ПРИМЕНЕНИЯ

А. А. Федосеев1

�−−®â�æ¨ï: �� ®á−®¢¥ �−�«¨§� ¯à®æ¥áá®¢ −�ãç¥−¨ï, ãç¥−¨ï ¨ ®¡ãç¥−¨ï
¢ë¤¥«¥−® ¨−ä®à¬�æ¨®−−®¥ á®¤¥à¦�−¨¥ ãç¥¡−®£® ¯à®æ¥áá� ¨ ¯®áâà®¥−� ¥£®
¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì. �¯à¥¤¥«¥−® ¬¥áâ® ¢ ãç¥¡−®¬ ¯à®æ¥áá¥ ¦¥«�â¥«ì−®£®
¯à¨«®¦¥−¨ï ãá¨«¨© ¯® á®§¤�−¨î í«¥ªâà®−−ëå ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢
(��÷). �¯à¥¤¥«¥−ë ¦¥«�â¥«ì−ë¥ á¢®©áâ¢� à¥áãàá®¢ ¤«ï ®¡¥á¯¥ç¥−¨ï ¨å
¯®«®¦¨â¥«ì−®£® ¢«¨ï−¨ï −� íää¥ªâ¨¢−®áâì ãç¥¡−®£® ¯à®æ¥áá�.

Š«îç¥¢ë¥ á«®¢�: ãç¥−¨¥; ®¡ãç¥−¨¥; ¬®â¨¢�æ¨ï; ¢®á¯à¨ïâ¨¥; §�ªà¥¯«¥−¨¥;
ãç¥¡−ë© ¯à®æ¥áá; ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì; í«¥ªâà®−−ë© ®¡à�§®¢�â¥«ì−ë©
à¥áãàá

1 Введение

‚ ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå â¥å−®«®£¨©
(ˆŠ’) ¢ ®¡à�§®¢�−¨¨ á«®¦¨«�áì á«¥¤ãîé�ï ª�àâ¨−�: −� ¯à®âï¦¥−¨¨ ¤¥áïâ¨-
«¥â¨© ¢ íâã ®¡«�áâì ¢ª«�¤ë¢�îâáï á¥àì¥§−ë¥ áà¥¤áâ¢�, èª®«ë ®á−�é¥−ë á®¢à¥-
¬¥−−®© ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª®©, ¯®¤ª«îç¥−ë ª ˆ−â¥à−¥âã. ‘ãé¥áâ¢ãîâ ¨
¤®áâã¯−ë ¤«ï ¯à¨¬¥−¥−¨ï ¢ èª®«�å ¨«¨ ¢ ¨−¤¨¢¨¤ã�«ì−®¬ ¯®àï¤ª¥ ¤¥áïâª¨ ¨
á®â−¨ âëáïç ��÷. Š�¦¤ë© £®¤ ª −¨¬ ¯à¨¡�¢«ïîâáï âëáïç¨ −®¢ëå. �¯¥à¥¦�-
îé¨¬¨ â¥¬¯�¬¨ á®§¤�îâáï ¬¥â®¤¨ç¥áª¨¥ à�¡®âë ¯® ¨å ¯à¨¬¥−¥−¨î. “ç¨â¥«ï
�ªâ¨¢−® ®¡¬¥−¨¢�îâáï ®¯ëâ®¬ ¯® ¨á¯®«ì§®¢�−¨î ��÷. ��à�««¥«ì−® à�§¢¨¢�îâ-
áï ¨ á®¢¥àè¥−áâ¢ãîâáï ª®¬¯«¥ªáë âà¥¡®¢�−¨©, ª®â®àë¬ ¤®«¦−ë ã¤®¢«¥â¢®àïâì
á®§¤�¢�¥¬ë¥ ��÷, ¢ â®¬ ç¨á«¥ ¯® ªà¨â¥à¨ï¬ �ªâã�«ì−®áâ¨ á®¤¥à¦�−¨ï, ¤¨¤�ªâ¨-
ç¥áª®© ¯à®à�¡®â�−−®áâ¨, −�ãç−®áâ¨, ¯à¨−¨¬�îâáï áâ�−¤�àâë, à�§à�¡�âë¢�îâáï
¬¥å�−¨§¬ë ®¡¥á¯¥ç¥−¨ï ª�ç¥áâ¢� ��÷. ’¥¬ −¥ ¬¥−¥¥ ¢á¥£® íâ®£® ®ª�§ë¢�¥âáï
−¥¤®áâ�â®ç−®: áãé¥áâ¢¥−−®£® ¯®«®¦¨â¥«ì−®£® íää¥ªâ� ®â ¨á¯®«ì§®¢�−¨ï áà¥¤áâ¢
ˆŠ’ −¥ −�¡«î¤�¥âáï ¤�¦¥ ¢ ¯à®áâ¥©è¥¬ á«ãç�¥ | ¯à¨ ¨á¯®«ì§®¢�−¨¨ ªà¨â¥à¨ï
«ãçè¥£® ®á¢®¥−¨ï ¬�â¥à¨�«� ãç�é¨¬¨áï §� â® ¦¥ ¢à¥¬ï ¨«¨ â�ª®£® ¦¥ ãà®¢−ï
®á¢®¥−¨ï §� ¬¥−ìè¥¥ ¢à¥¬ï. ��¤® ¯®«�£�âì, çâ® ¯à¨ ®¡−�àã¦¥−¨¨ §�¬¥â−®£®
¢«¨ï−¨ï ¯à¨¬¥−¥−¨ï ��÷ −� íää¥ªâ¨¢−®áâì ãç¥¡−®£® ¯à®æ¥áá� ¢ èª®«�å, ®¡
íâ®¬ −¥¬¥¤«¥−−® áâ�«® ¡ë ¨§¢¥áâ−®. �® â�ª¨å ¯ã¡«¨ª�æ¨© ¯®ª� −¥ ¯®ï¢¨«®áì.
��¯à®â¨¢, ®âáãâáâ¢¨¥ íää¥ªâ� ®â¬¥ç�¥âáï ª�ª ã −�á ¢ áâà�−¥, â�ª ¨ §� àã¡¥-
¦®¬ [1, 2].

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª, A.Fedoseev@ipiran.ru
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‚ áâ�âì¥ á¤¥«�−� ¯®¯ëâª� ®¯à¥¤¥«¨âì, á«¥¤ã¥â «¨ ¢®®¡é¥ ®¦¨¤�âì ¯®«®¦¨-
â¥«ì−®£® íää¥ªâ� ®â áãé¥áâ¢ãîé¨å ¨ ¯à®¤®«¦�îé¨å ¬−®¦¨âìáï ¢ ®£à®¬−ëå
ª®«¨ç¥áâ¢�å ��÷. ’�ª¦¥ ¯®ª�§�−®, ª�ª¨¬¨ á¢®©áâ¢�¬¨ ¤®«¦−ë ®¡«�¤�âì ��÷,
çâ®¡ë ¬®¦−® ¡ë«® ®¦¨¤�âì íää¥ªâ� ®â ¨å ¯à¨¬¥−¥−¨ï.

2 Теоретические основы

�¥¤�£®£¨ç¥áª�ï ¯á¨å®«®£¨ï [3] à�áá¬�âà¨¢�¥â ¯à¨®¡à¥â�¥¬ë¥ ¢ à¥§ã«ìâ�â¥
ãç¥¡−®£® ¯à®æ¥áá� §−�−¨ï, ã¬¥−¨ï ¨ −�¢ëª¨ ãç�é¨åáï ª�ª ¨å ¨−¤¨¢¨¤ã�«ì−ë©
®¯ëâ. ‘¯®á®¡−®áâì ª ¯à¨®¡à¥â¥−¨î ¨−¤¨¢¨¤ã�«ì−®£® ®¯ëâ� ï¢«ï¥âáï ®¡é¨¬
á¢®©áâ¢®¬ ¡¨®«®£¨ç¥áª¨å á¨áâ¥¬. �à®æ¥áá ¯à¨®¡à¥â¥−¨ï ®¯ëâ� −�§ë¢�¥âáï −�-
ãç¥−¨¥¬. —¥«®¢¥ªã, ¢ ®â«¨ç¨¥ ®â ¤àã£¨å ¢¨¤®¢ ¡¨®«®£¨ç¥áª¨å á¨áâ¥¬, á¢®©áâ¢¥−-
−® æ¥«¥−�¯à�¢«¥−−® ¯à¨®¡à¥â�âì á¢®© ¨−¤¨¢¨¤ã�«ì−ë© ®¯ëâ. �â®â ¯à®æ¥áá, ¢
®â«¨ç¨¥ ®â ¡¥áá®§−�â¥«ì−®£® −�ãç¥−¨ï, −®á¨â −�§¢�−¨¥ ãç¥−¨ï. �� à¨á. 1 [4] ¯¥à¥-
ç¨á«¥−ë ¢¨¤ë ¤¥ïâ¥«ì−®áâ¨, ¢ à¥§ã«ìâ�â¥ ª®â®àëå ¯à¨®¡à¥â�¥âáï ®¯ëâ. “ç¥−¨¥
®å¢�âë¢�¥â â¥ ú¤¥ïâ¥«ì−®áâ¨û, ª®â®àë¥ −�å®¤ïâáï ¢ áâ®«¡æ¥ ú¯à¥¤−�¬¥à¥−−®¥
¯®§−�−¨¥û. ‚á¥ ®áâ�«ì−ë¥ ¢¥â¢¨ áå¥¬ë ®â®¡à�¦�îâ ¯à®æ¥áá −�ãç¥−¨ï.

÷®«ì ãç¨â¥«ï ¢ ¯à®æ¥áá�å ãç¥−¨ï ¨ −�ãç¥−¨ï (¤«ï ãç�é¨åáï ¬«�¤è¥£® ¢®§-
à�áâ�) §�ª«îç�¥âáï ¢ ®à£�−¨§�æ¨¨ ¯¥à¥¤�ç¨ á®æ¨®ªã«ìâãà−®£® ®¯ëâ� ãç�é¨¬áï ¨
â¥å ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨, ª®â®àë¥ ¯®§¢®«ïâ ãç�é¨¬áï ¯à¨®¡à¥áâ¨ íâ®â ®¯ëâ ã¦¥
¢ ¢¨¤¥ á¢®¥£® ¨−¤¨¢¨¤ã�«ì−®£® ®¯ëâ�. ‚ íâ¨å ¯à®æ¥áá�å ãç¨â¥«ì §�−¨¬�¥âáï
®¡ãç¥−¨¥¬. ’�ª¨¬ ®¡à�§®¬, ãç¨â¥«ì ®à£�−¨§ã¥â ¯¥à¥¤�çã ®¯ëâ� ãç�é¨¬áï ¨ ¢ §�-
¢¨á¨¬®áâ¨ ®â ¨å ¢®§à�áâ−ëå, ¨−â¥««¥ªâã�«ì−ëå ¨ ¯á¨å®«®£¨ç¥áª¨å ®á®¡¥−−®áâ¥©
¢ë¡¨à�¥â −�¨¡®«¥¥ ¯®¤å®¤ïé¨¥ ¤«ï íâ®£® ¢¨¤ë ¤¥ïâ¥«ì−®áâ¨. �¡à�â¨¬ ¢−¨¬�-
−¨¥, çâ® áà¥¤¨ ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨, ¯à¨¢®¤ïé¨å ª ¯à¨á¢®¥−¨î ®¯ëâ�, ®á®¡¥−−®
¢ë¤¥«¥−ë â�ª¨¥ ¢¨¤ë, ª�ª âàã¤, ¨£à� ¨ áâ¨å¨©−®¥ ®¡é¥−¨¥, � â�ª¦¥ áâ¨å¨©−®¥
−�¡«î¤¥−¨¥, çâ¥−¨¥, ¯à®á¬®âà ä¨«ì¬®¢ ¨ ¤à. ‡¤¥áì ¢�¦−®, çâ®, ¢®-¯¥à¢ëå,
−�ãç¥−¨¥ ¥áâì à¥§ã«ìâ�â �ªâ¨¢−®áâ¨ á�¬®£® ãç�é¥£®áï ¨, ¢®-¢â®àëå, −�ãç¥−¨¥
¯à®¨áå®¤¨â ¢ à¥§ã«ìâ�â¥ ¤¥ïâ¥«ì−®áâ¨ ãç�é¥£®áï. ’�ª¨¬ ®¡à�§®¬, ª�ª¨¥ ¡ë
¤¥©áâ¢¨ï −¨ ¯à¥¤¯à¨−¨¬�« ãç¨â¥«ì, ¯®ª� ®− −¥ ®à£�−¨§®¢�«, −¥ §�¯ãáâ¨«, −¥
¢ª«îç¨« á®¡áâ¢¥−−ãî �ªâ¨¢−®áâì ¨ ¤¥ïâ¥«ì−®áâì ãç�é¥£®áï, −¨ª�ª®£® ¯à®æ¥áá�
−�ãç¥−¨ï ¯à®¨§®©â¨ −¥ ¬®¦¥â. ˆ â¥¬ ¡®«¥¥ −¥ ¬®¦¥â ¯à®¨§®©â¨ ¯à®æ¥áá� ãç¥−¨ï
ª�ª ®á®§−�−−®© ¤¥ïâ¥«ì−®áâ¨.

Š®£¤� ¬ë £®¢®à¨¬, çâ® ãç¨â¥«ì ®¡ãç�¥â, ¬ë ¨¬¥¥¬ ¢ ¢¨¤ã, çâ® ®− ¯¥à¥¤�¥â
ãç�é¨¬áï ãç¥¡−ãî ¨−ä®à¬�æ¨î, §�¤�¥â ¨¬ ¢®¯à®áë, çâ®¡ë ã¡¥¤¨âìáï, çâ® ¨−-
ä®à¬�æ¨ï ¢®á¯à¨−ïâ�, §�¤�¥â §�¤�−¨ï, çâ®¡ë §�ªà¥¯¨âì ¯®«ãç¥−−ë¥ ãç�é¨¬¨áï
§−�−¨ï. �® ¢á¥ íâ® ¢®§¬®¦−® â®«ìª® â®£¤�, ª®£¤� á®¯à®¢®¦¤�¥âáï á®¡áâ¢¥−−®©
¤¥ïâ¥«ì−®áâìî ãç�é¨åáï, −�¯à�¢«¥−−®© −� ¯à¨®¡à¥â¥−¨¥ −®¢®£® ¨−¤¨¢¨¤ã�«ì-
−®£® ®¯ëâ�, á®®â¢¥âáâ¢ãîé¥£® ¨−ä®à¬�æ¨¨, ¯¥à¥¤�−−®© ãç¨â¥«¥¬. �®áª®«ìªã
¯¥à¥¤�¢�âì ¨−ä®à¬�æ¨î, � â�ª¦¥ §�¤�¢�âì §�¤�−¨ï ãç¨â¥«ì ¬®¦¥â −¥ −¥¯®áà¥¤-
áâ¢¥−−®, � á ¨á¯®«ì§®¢�−¨¥¬ áà¥¤áâ¢ ˆŠ’, á¬ëá« ¥£® ¤¥ïâ¥«ì−®áâ¨ ¯¥à¥¬¥é�¥âáï
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÷¨á. 1 ‚¨¤ë ¤¥ïâ¥«ì−®áâ¨, ¢ à¥§ã«ìâ�â¥ ª®â®àëå ç¥«®¢¥ª ¯à¨®¡à¥â�¥â ®¯ëâ

−� ®¡¥á¯¥ç¥−¨¥ ¯®§−�¢�â¥«ì−®© �ªâ¨¢−®áâ¨ ãç�é¨åáï. …á«¨ íâ� �ªâ¨¢−®áâì −¥
¢ª«îç¥−�, £àã¡® £®¢®àï, ãç�é¨©áï ¢¨â�¥â ¢ ®¡«�ª�å ¨ −¥ á®¡¨à�¥âáï −¨ç¥£®
¯®§−�¢�âì, â® ãç¨â¥«ì −¥ ¢ á®áâ®ï−¨¨ −¨ç¥¬ã â�ª®£® ãç¥−¨ª� −�ãç¨âì. �à®æ¥áá
ãç¥−¨ï ¬®¦¥â ¨¤â¨ â®«ìª® −� ®á−®¢¥ á®¡áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨ ãç�é¥£®áï ¨ −¨ª�ª
¨−�ç¥.

‘®£«�á−® [5] ú¯à¨−æ¨¯¨�«ì−�ï «®£¨ª� á®¢à¥¬¥−−®£® ®¡ãç¥−¨ï á®áâ®¨â ¢ â®¬,
çâ® ®−� −¥¨§¡¥¦−® −�ç¨−�¥âáï á ¯à¥¤êï¢«¥−¨ï ãç�é¨¬áï à�§−ë¬¨ á¯®á®¡�¬¨
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(®¡ï§�â¥«ì−® á ¯®¬®éìî ¬�â¥à¨�«ì−ëå ¯à¥¤¬¥â®¢ ¨«¨ §−�ª®¢, ¢¥à¡�«ì−® ¨ â. ¤.)
−®¢®© ¨−ä®à¬�æ¨¨, ¯à®¤®«¦�¥âáï ®à£�−¨§®¢�−−ë¬ à¥¯à®¤ãæ¨à®¢�−¨¥¬ (¢ à�§-
−ëå ¢�à¨�−â�å ¯® ¢¨¤�¬ ¨ á«®¦−®áâ¨) ¨−ä®à¬�æ¨¨ ¨ á¢ï§�−−ëå á −¥© ¤¥©áâ¢¨©û.
‘«¥¤®¢�â¥«ì−®, ¥á«¨ £®¢®à¨âì ® áâàãªâãà¥ ¤¥ïâ¥«ì−®áâ¨ ãç�é¥£®áï ¢ ¯à®æ¥áá¥
ãç¥−¨ï (−�ãç¥−¨ï), â® ®−, ¢®-¯¥à¢ëå, ¢®á¯à¨−¨¬�¥â ¯à¥¤êï¢«ï¥¬®¥ ¨, ¢®-¢â®àëå,
¢®á¯à®¨§¢®¤¨â ¨«¨ ª®¯¨àã¥â (à¥¯à®¤ãæ¨àã¥â) ¥£®. �à¨ íâ®¬ ¢®á¯à®¨§¢¥¤¥−¨¥
ï¢«ï¥âáï ãç¥¡−®© ¤¥ïâ¥«ì−®áâìî ¯® §�ªà¥¯«¥−¨î ¯à¥¤êï¢«ï¥¬®£® ¬�â¥à¨�«�: ª�ª
áª�§�−® ¢ [6], ú§�ªà¥¯«¥−¨¥ ¨ á®¢¥àè¥−áâ¢®¢�−¨¥ §−�−¨© ¨ ¯à¨¢¨â¨¥ ã¬¥−¨©
¨ −�¢ëª®¢û. ˆ§«®¦¥−−®¥ ¯®§¢®«ï¥â áä®à¬ã«¨à®¢�âì ¤¢� í«¥¬¥−â� áâàãªâãàë
ãç¥¡−®© ¤¥ïâ¥«ì−®áâ¨: ¢®á¯à¨ïâ¨¥ ¨ §�ªà¥¯«¥−¨¥.

“ç¨âë¢�ï ã¯®¬ï−ãâãî ¢ëè¥ −¥®¡å®¤¨¬®áâì á®¡áâ¢¥−−®© ¤¥ïâ¥«ì−®áâ¨ ¤«ï
à¥�«¨§�æ¨¨ ¯à®æ¥áá� ãç¥−¨ï, ã¦¥ ¢ë¤¥«¥−−ëå í«¥¬¥−â®¢ | ¢®á¯à¨ïâ¨ï ¨ §�-
ªà¥¯«¥−¨ï | −¥¤®áâ�â®ç−®. ‚ á�¬®¬ ¤¥«¥, ¤�«¥¥ ¢ [6] áª�§�−®: úà®«ì ¯¥¤�£®£�
§�ª«îç�¥âáï ¢ â®¬, çâ®¡ë ¢ë§¢�âì ã èª®«ì−¨ª®¢ á®¡áâ¢¥−−ãî ¯®âà¥¡−®áâì ®¢«�-
¤¥âì −®¢ë¬ ¯®−ïâ¨¥¬ ¨«¨ §�ª®−®¬ −�ãª¨, á¯®á®¡�¬¨ ¯à¨¬¥−¥−¨ï ¨å −� ¯à�ªâ¨ª¥û.
’�ª¨¬ ®¡à�§®¬, ¢ ¤®¯®«−¥−¨¥ ª ¢ë¤¥«¥−−ë¬ í«¥¬¥−â�¬ áâàãªâãàë ãç¥¡−®© ¤¥-
ïâ¥«ì−®áâ¨ á«¥¤ã¥â ¤®¡�¢¨âì ®á®¡ë© ¢¨¤ ¤¥ïâ¥«ì−®áâ¨: ¢ëà�¡®âªã ãç�é¨¬áï
¯®âà¥¡−®áâ¨ ª ãç¥−¨î. „àã£¨¬¨ á«®¢�¬¨, à¥çì ¨¤¥â ® ¬®â¨¢�æ¨¨. Œ®¦−® ãª�§�âì
à�¡®âë (−�¯à¨¬¥à, [7]), ¢ ª®â®àëå ¬®â¨¢�æ¨ï ¢ë¤¥«ï¥âáï ª�ª á�¬®áâ®ïâ¥«ì−ë©
í«¥¬¥−â áâàãªâãàë ãç¥¡−®© ¤¥ïâ¥«ì−®áâ¨. �ª®−ç�â¥«ì−® ¨¬¥¥¬: áâàãªâãà� ãç¥¡-
−®© ¤¥ïâ¥«ì−®áâ¨ ãç�é¥£®áï ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®á«¥¤®¢�â¥«ì−®áâì á«¥¤ãîé¨å
á®¡áâ¢¥−−ëå ¤¥©áâ¢¨©:

{ ¬®â¨¢�æ¨ï ª ¯à¥¤áâ®ïé¥¬ã íâ�¯ã (â¥¬¥) ¯à®æ¥áá� ãç¥−¨ï;
{ ¢®á¯à¨ïâ¨¥ ãç¥¡−®£® ¬�â¥à¨�«� ¯® â¥¬¥;
{ §�ªà¥¯«¥−¨¥ ¬�â¥à¨�«� ¯® â¥¬¥.

‘®®â¢¥âáâ¢ãîé¨¥ íâ¨¬ ¯à®ï¢«¥−¨ï¬ �ªâ¨¢−®áâ¨ ãç�é¨åáï ¤¥©áâ¢¨ï ãç¨â¥«ï
¢ë£«ï¤ïâ á«¥¤ãîé¨¬ ®¡à�§®¬:

{ §�¯ãáª ¬®â¨¢�æ¨¨ ª ¯à¥¤áâ®ïé¥¬ã íâ�¯ã (â¥¬¥) ¯à®æ¥áá� ãç¥−¨ï;
{ ¯à¥¤®áâ�¢«¥−¨¥, ¯¥à¥¤�ç� ãç¥¡−®£® ¬�â¥à¨�«� ¯® â¥¬¥;
{ àãª®¢®¤áâ¢® ¯à®æ¥áá®¬ §�ªà¥¯«¥−¨ï ¬�â¥à¨�«� ¯® â¥¬¥.

’�ª¨¬ ®¡à�§®¬, à®«ì ãç¨â¥«ï §�ª«îç�¥âáï ¢ ®à£�−¨§�æ¨¨ ¨ ®¡¥á¯¥ç¥−¨¨ ¢á¥å
í«¥¬¥−â®¢ ¯à®æ¥áá�. ��ãç¨âì ¡¥§ á®®â¢¥âáâ¢ãîé¥© �ªâ¨¢−®áâ¨ á�¬®£® ãç�é¥£®áï
ãç¨â¥«ì −¨ç¥¬ã −¥ ¬®¦¥â. �¤−�ª® ®− ¬®¦¥â (¨ ¤®«¦¥−) §�¯ãáâ¨âì ¯à®æ¥áá ¬®â¨-
¢�æ¨¨ ãç�é¨åáï, ¯¥à¥¤�âì −¥¯®áà¥¤áâ¢¥−−® ¨«¨ ®¯®áà¥¤®¢�−−® −®¢ë© ¬�â¥à¨�«
¨ ®¡¥á¯¥ç¨âì ¢á¥ −¥®¡å®¤¨¬®¥ ¤«ï §�ªà¥¯«¥−¨ï ¬�â¥à¨�«�.

Œ®¦¥â ¯®ª�§�âìáï, çâ® �¢â®à ã¯ãáâ¨« â�ª®© ¢�¦−ë© í«¥¬¥−â áâàãªâãàë ãç¥¡-
−®© ¤¥ïâ¥«ì−®áâ¨, ª�ª ª®−âà®«ì. ‚ íâ®¬ ®¡¢¨−¥−¨¨ ¥áâì à¥§®−, ¯®áª®«ìªã,
¢®-¯¥à¢ëå, ¢ ¡®«ìè¨−áâ¢¥ ¯¥¤�£®£¨ç¥áª¨å ¯à®¨§¢¥¤¥−¨© −¥®¡å®¤¨¬®áâì ª®−âà®-
«ï ¯®á«¥ §�ªà¥¯«¥−¨ï ¯à¥¤ãá¬®âà¥−� ¨, ¢®-¢â®àëå, ¢á¥¬ ¨§¢¥áâ−ë â�ª¨¥ ¢¨¤ë
ãç¥¡−®© ¤¥ïâ¥«ì−®áâ¨, ª�ª ª®−âà®«ì−�ï à�¡®â�, â¥áâ¨à®¢�−¨¥, íª§�¬¥−. ’¥¬ −¥

266 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



�«¥ªâà®−−ë¥ ®¡à�§®¢�â¥«ì−ë¥ à¥áãàáë: íää¥ªâ¨¢−®áâì ¯à¨¬¥−¥−¨ï

¬¥−¥¥ �¢â®à á®§−�â¥«ì−® ®¯ãáª�¥â íâ®â í«¥¬¥−â áâàãªâãàë ¯® ¯à¨ç¨−�¬, ª®â®àë¥
áâ�−ãâ ¯®−ïâ−ë ¯®§¦¥. ‡¤¥áì ¦¥ ¡ã¤¥â ã¬¥áâ−ë¬ á«¥¤ãîé¨© ª®¬¬¥−â�à¨©: ª®-
£¤� £®¢®à¨âáï ®¡ ãç¥¡−®© ¤¥ïâ¥«ì−®áâ¨, ¯®¤à�§ã¬¥¢�îâáï â¥ ¢¨¤ë ¤¥ïâ¥«ì−®áâ¨,
ª®â®àë¥ ¯à¨¢®¤ïâ ª ¯®ï¢«¥−¨î −®¢®£® ¨−¤¨¢¨¤ã�«ì−®£® ®¯ëâ� ¢ ¢¨¤¥ §−�−¨©,
ã¬¥−¨© ¨ −�¢ëª®¢. �¯ëâ ¯®ï¢«ï¥âáï ¢ à¥§ã«ìâ�â¥ ¢®á¯à¨ïâ¨ï ¨ §�ªà¥¯«¥−¨ï.
—â®¡ë ¢®á¯à¨ïâ¨¥ ¨ §�ªà¥¯«¥−¨¥ á®áâ®ï«¨áì, ¤®«¦−� ¡ëâì ®áãé¥áâ¢«¥−� ¬®â¨-
¢�æ¨ï á®¡áâ¢¥−−®© ¯®§−�¢�â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨. Š®−âà®«ì −¥ ï¢«ï¥âáï ¢¨¤®¬
¤¥ïâ¥«ì−®áâ¨, ¢ à¥§ã«ìâ�â¥ ª®â®à®© ¯®ï¢«ï¥âáï −®¢ë© ®¯ëâ. Š®−âà®«ì | íâ®
â�ª®¥ ¬¥à®¯à¨ïâ¨¥, ª®â®à®¥ ¤¥«�¥â −�«¨ç¨¥ (¨«¨ ®âáãâáâ¢¨¥) −®¢®£® ®¯ëâ� ã
ãç�é¨åáï ®ç¥¢¨¤−ë¬ ¤«ï ãç¨â¥«¥©, à®¤¨â¥«¥©, èª®«ë, £®áã¤�àáâ¢�. �â¬¥â¨¬,
çâ® −¥®¡å®¤¨¬®áâì ª®−âà®«ï ¢®§−¨ª�¥â ¨§ á¨âã�æ¨¨, ª®£¤� ¢ ãç¥¡−®© ¤¥ïâ¥«ì-
−®áâ¨ ¯à¥¤¯®«�£�¥âáï ¢®§¬®¦−®áâì (¨ ¤�¦¥ −¥¨§¡¥¦−®áâì) ¡à�ª�, ¨¬¥−−® ¤«ï
®¡−�àã¦¥−¨ï íâ®£® ¡à�ª�.

÷�áá¬®âà¨¬ â¥¯¥àì ¡®«¥¥ ¯®¤à®¡−® ¢ë¤¥«¥−−ë¥ í«¥¬¥−âë áâàãªâãàë ãç¥¡−®©
¤¥ïâ¥«ì−®áâ¨.

3 Мотивация

“ ª�¦¤®£® ç¥«®¢¥ª� (¨ ãç�é¥£®áï ¢ â®¬ ç¨á«¥) áãé¥áâ¢ã¥â ¨ ¤¥©áâ¢ã¥â á®¡-
áâ¢¥−−�ï ¬−®£®ä�ªâ®à−�ï á¨áâ¥¬� ¬®â¨¢�æ¨¨. ‚ §�¢¨á¨¬®áâ¨ ®â ¢¨¤� ¯à¥¤¯à¨-
−¨¬�¥¬®© ¤¥ïâ¥«ì−®áâ¨ ¯à¥®¡«�¤�îâ à�§«¨ç−ë¥ ¬®â¨¢�æ¨®−−ë¥ ä�ªâ®àë. �à¨
−¥®¡å®¤¨¬®áâ¨ íâ¨ ä�ªâ®àë ¬®£ãâ ¡ëâì ãá¨«¥−ë ¨«¨ ®á«�¡«¥−ë á¯¥æ¨�«ì−ë¬
¢®§¤¥©áâ¢¨¥¬. “ç¨â¥«ì ¨¬¥¥â ¢®§¬®¦−®áâì å®à®è® ã§−�âì á¢®¨å ãç¥−¨ª®¢, çâ®¡ë
¨−¤¨¢¨¤ã�«ì−® ¨ íää¥ªâ¨¢−® ¢®§¤¥©áâ¢®¢�âì −� −¨å. ‚¬¥áâ¥ á â¥¬ áãé¥áâ¢ãîâ
®¡é¨¥ ¤«ï ¢á¥å §�ª®−®¬¥à−®áâ¨. �â¨ §�ª®−®¬¥à−®áâ¨ «ãçè¥ ¢á¥£® ¨§ãç¥−ë ¢ ®¡-
«�áâ¨ ¬�àª¥â¨−£� ¨ à¥ª«�¬ë, £¤¥ ¤¥áïâ¨«¥â¨ï¬¨ ¨§ãç�îâáï á¯®á®¡ë ¢®§¤¥©áâ¢¨ï
−� ç¥«®¢¥ª�, ¯®¡ã¦¤�îé¨¥ ¥£® ¯à®¨§¢¥áâ¨ ®¯à¥¤¥«¥−−ë¥ ¤¥©áâ¢¨ï. …¤¨−áâ¢¥−−®¥
®â«¨ç¨¥ ®â ª®¬¬¥àç¥áª®© à¥ª«�¬ë §�ª«îç�¥âáï ¢ â®¬, çâ® ãç�é¨©áï ¯®¡ã¦¤�¥âáï
ª ¯à¨®¡à¥â¥−¨î −¥ â®¢�à®¢ ¨ ãá«ã£, � ¨−¤¨¢¨¤ã�«ì−®£® ®¯ëâ� ¢ ¢¨¤¥ §−�−¨©,
ã¬¥−¨© ¨ −�¢ëª®¢. ‘«¥¤®¢�â¥«ì−®, ¬®â¨¢�æ¨®−−ë¥ ¬�â¥à¨�«ë ¤®«¦−ë ¨ ¬®£ãâ
á®§¤�¢�âìáï á ¨á¯®«ì§®¢�−¨¥¬ â¥®à¥â¨ç¥áª¨å −�à�¡®â®ª ¢ ®¡«�áâ¨ ¬�àª¥â¨−£� ¨
à¥ª«�¬ë.

‚¬¥áâ¥ á â¥¬ ¯¥¤�£®£¨ç¥áª®© −�ãª®© −�ª®¯«¥−ë á®¡áâ¢¥−−ë¥ ¬¥â®¤ë ¬®â¨¢�-
æ¨¨ ãç�é¨åáï. �¤−¨¬ ¨§ á�¬ëå íää¥ªâ¨¢−ëå ¯® ¯à�¢ã áç¨â�¥âáï ¯à®¥ªâ−ë©
¬¥â®¤, ¯®§¢®«ïîé¨© ¢ëáâà®¨âì ¤¥ïâ¥«ì−®áâì ãç�é¨åáï â�ª¨¬ ®¡à�§®¬, çâ®¡ë
¤®áâ¨¦¥−¨¥ ¨¬¨ §−�ç¨¬ëå ¤«ï −¨å æ¥«¥© ¡ë«® ®¡ãá«®¢«¥−® ¯à¨®¡à¥â¥−¨¥¬ ®¯à¥-
¤¥«¥−−ëå §−�−¨©, ã¬¥−¨© ¨ −�¢ëª®¢ ¢ á®®â¢¥âáâ¢¨¨ á ¯à®£à�¬¬�¬¨ ®¡ãç¥−¨ï.
‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ ¯¥¤�£®£¨ç¥áª®© «¨â¥à�âãà¥ áãé¥áâ¢ã¥â ¬−®¦¥áâ¢® ¯®¤à®¡−®
®¯¨á�−−ëå ¯à®¥ªâ®¢.

Š�ª ¬¨−¨¬ã¬ ãç�é¥¬ãáï ¤®«¦−� ¡ëâì ¯¥à¥¤�−�, � ¨¬ ¢®á¯à¨−ïâ� á«¥¤ãîé�ï
¨−ä®à¬�æ¨ï ® ¯à¥¤¬¥â¥ æ¥«¨ª®¬ ¨«¨ ®â¤¥«ì−®© â¥¬¥ (£àã¯¯ë â¥¬) ¢ ¯à¥¤¬¥â¥:
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{ ¬¥áâ® ¯à¥¤¬¥â� ¢ á¨áâ¥¬¥ §−�−¨© ¨ ªã«ìâãà¥ ¨«¨ â¥¬ë ¢ ¯à¥¤¬¥â¥. Š�ª áª�§�«
Ÿ− Š®¬¥−áª¨© [8], ú¯à¨ ®¡à�§®¢�−¨¨ î−®è¥áâ¢� ¢á¥ −ã¦−® ¤¥«�âì ª�ª ¬®¦−®
¡®«¥¥ ®âç¥â«¨¢®, â�ª, çâ®¡ë −¥ â®«ìª® ãç�é¨©, −® ¨ ãç�é¨©áï ¯®−¨¬�« ¡¥§
¢áïª®£® §�âàã¤−¥−¨ï, £¤¥ ®− −�å®¤¨âáï ¨ çâ® ®− ¤¥«�¥âû;

{ §−�ç¥−¨¥ ¯à¥¤¬¥â� ¢ á¨áâ¥¬¥ §−�−¨© ¨ ªã«ìâãà¥, ¢ â®¬ ç¨á«¥ §−�ç¥−¨¥ ¨¬¥−−®
¤«ï ãç�é¨åáï ®¯à¥¤¥«¥−−®£® ¢®§à�áâ�, ¢ á®®â¢¥âáâ¢¨¨ á ¨å ¨−â¥à¥á�¬¨, ¨«¨
§−�ç¥−¨¥ â¥¬ë ¨«¨ £àã¯¯ë â¥¬ ¢ ¨§ãç�¥¬®¬ ¯à¥¤¬¥â¥;

{ ¯à¥¨¬ãé¥áâ¢�, ª®â®àë¬¨ ®¡«�¤�¥â ç¥«®¢¥ª, ®¢«�¤¥¢è¨© ¯à¥¤¬¥â®¬ (â¥¬®©) (¨
á−®¢� Š®¬¥−áª¨© [8]: ú’ë ®¡«¥£ç¨èì ãç¥−¨ªã ãá¢®¥−¨¥, ¥á«¨ ¢® ¢á¥¬, ç¥¬ã
¡ë âë ¥£® −¨ ãç¨«, ¯®ª�¦¥èì ¥¬ã, ª�ªãî íâ® ¬®¦¥â ¯à¨−¥áâ¨ ¯®¢á¥¤−¥¢−ãî
¯®«ì§ã ¢ ®¡é¥¦¨â¨¨û).

��«¨ç¨¥ ¬®â¨¢�æ¨¨ ã ãç�é¨åáï ¯à®ï¢«ï¥âáï ¢ ¢®§−¨ª−®¢¥−¨¨ ¢®¯à®á®¢,
®áãé¥áâ¢«¥−¨¨ ¯®¯ëâ®ª −�©â¨ ¤®¯®«−¨â¥«ì−ë© ¬�â¥à¨�« ¨«¨ ª�ª®©-«¨¡® ¨−®©
�ªâ¨¢−®áâ¨ ¯® ¨§ãç�¥¬®© â¥¬¥ (¯à¥¤¬¥âã). �â¨ ¤¥©áâ¢¨ï ãç�é¨åáï ï¢«ïîâáï
á¨£−�«�¬¨ ãç¨â¥«î ® ¢®§−¨ª−®¢¥−¨¨ ¬®â¨¢�æ¨¨.

4 Восприятие

“ç�é¨©áï ¢®á¯à¨−¨¬�¥â âã ¨−ä®à¬�æ¨î, ª®â®àãî −¥¯®áà¥¤áâ¢¥−−® ¨«¨ ®¯®-
áà¥¤®¢�−−® ¯¥à¥¤�¥â ãç¨â¥«ì. �à¨ íâ®¬ à¥çì ¬®¦¥â ¨¤â¨ ®¡ ®á®§−�−−®¬ ¢®á-
¯à¨ïâ¨¨, ¨ â®£¤� íâ® | ¯à®æ¥áá ãç¥−¨ï, ¨«¨ ® ¢®á¯à¨ïâ¨¨ −¥®á®§−�−−®¬, çâ®
å�à�ªâ¥à¨§ã¥â ¯à®æ¥áá −�ãç¥−¨ï. ‚ë¡®à ¬¥¦¤ã íâ¨¬ ¤¢ã¬ï ¯à®æ¥áá�¬¨, � á«¥¤®-
¢�â¥«ì−®, ¨ ¢ë¡®à áâ¨«ï ¯®¤�ç¨ ¨ á®¤¥à¦�−¨ï ¬�â¥à¨�«� ®áãé¥áâ¢«ï¥â ãç¨â¥«ì,
¯à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ ¢®§à�áâ−ë¥, ¯á¨å®«®£¨ç¥áª¨¥ ¨ ¨−â¥««¥ªâã�«ì−ë¥ ®á®-
¡¥−−®áâ¨ ãç�é¨åáï.

‚ â¥å á«ãç�ïå, ª®£¤� âà¥¡ã¥âáï ®á¢®¥−¨¥ ¤¥©áâ¢¨©: ¤¢¨¦¥−¨©, ¯®§, ¯à®¨§−¥-
á¥−¨ï á«®¢ ¨ ¢ëà�¦¥−¨© (¢ â®¬ ç¨á«¥ −� ¤àã£¨å ï§ëª�å), ¯à®¨§−¥á¥−¨ï á«®¢ ¨
¢ëà�¦¥−¨© á ã¯®à®¬ −� ¨−â®−�æ¨î ¨«¨ �ªæ¥−â, ®¯¥à¨à®¢�−¨ï ¯à¥¤¬¥â�¬¨, ¢ â®¬
ç¨á«¥: ¨−áâàã¬¥−â�¬¨, á¯®àâ¨¢−ë¬¨ á−�àï¤�¬¨, áà¥¤áâ¢�¬¨ ¯¨áì¬� ¨ à¨á®¢�-
−¨ï, à¨á®¢�−¨ï «¨−¨© ¨ ¨§®¡à�¦¥−¨©, −�¯¨á�−¨ï ¡ãª¢, −�¯¨á�−¨ï á«®¢ ¨ â. ¯., |
¯¥à¥¤�ç� ¨−ä®à¬�æ¨¨ §�ª«îç�¥âáï ¢ ¤¥¬®−áâà�æ¨¨ ¤¥©áâ¢¨ï, ¢ â®¬ ç¨á«¥, ¯à¨
−¥®¡å®¤¨¬®áâ¨, §�¬¥¤«¥−−®, ¢ ¤¥â�«ïå, á ®¡¥á¯¥ç¥−¨¥¬ ¯®¢â®à� −¥®¡å®¤¨¬®¥
ç¨á«® à�§. ‘«®¢¥á−ë¥ (¯à¨ −¥¯®áà¥¤áâ¢¥−−®© ¯¥à¥¤�ç¥ ¨−ä®à¬�æ¨¨ ãç¨â¥«¥¬)
¨«¨ â¥ªáâ®¢ë¥ ª®¬¬¥−â�à¨¨ ï¢«ïîâáï ¢ íâ®¬ á«ãç�¥ ¢â®à®áâ¥¯¥−−ë¬¨.

‚ á¨âã�æ¨ïå, ª®£¤� ¨−ä®à¬�æ¨ï ¤®«¦−� −�¯®«−¨âì ¨−¤¨¢¨¤ã�«ì−ë© ®¯ëâ
ãç�é¨åáï ¢ ¢¨¤¥ −®¢®£® §−�−¨ï, ¢ §�¢¨á¨¬®áâ¨ ®â â®£®, ªâ® ï¢«ï¥âáï ¨−¨æ¨�â®à®¬
−®¢®£® ®¯ëâ� | ãç¨â¥«ì ¨«¨ á�¬ ãç¥−¨ª, | ¯à®æ¥áá ¢®á¯à¨ïâ¨ï ¡ã¤¥â à�§−ë¬.
…á«¨ ¨−ä®à¬�æ¨î ¯¥à¥¤�¥â ãç¨â¥«ì ¢ ¢¨¤¥ á¢®¥© à¥ç¨, ¯à¥¤«�£�¥¬®£® â¥ªáâ� ¨«¨
¬ã«ìâ¨¬¥¤¨©−®£® ¯à®¤ãªâ�, â® ãç�é¨©áï ¢®á¯à¨−¨¬�¥â â®, çâ® ¯¥à¥¤�¥â ãç¨â¥«ì.
…á«¨ ¦¥ ã ãç�é¥£®áï ¥áâì ¨−¨æ¨�â¨¢−ë¥ ¢®¯à®áë, −� ª®â®àë¥ á«¥¤ã¥â −�©â¨
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®â¢¥âë, ¨«¨ £¨¯®â¥§ë, ª®â®àë¥ á«¥¤ã¥â ¯à®¢¥à¨âì, â® −¨ª�ª®© §�à�−¥¥ ¯à¨£®â®-
¢«¥−−ë© ¬�â¥à¨�« −¥ ¬®¦¥â à¥è¨âì ¯à®¡«¥¬ã. “ç�é¥¬ãáï á«¥¤ã¥â ¯à¥¤®áâ�¢¨âì
¢®§¬®¦−®áâì ¨áª�âì ®â¢¥âë −� á¢®¨ ¢®¯à®áë. ‚ ª�ç¥áâ¢¥ ¨áâ®ç−¨ª®¢ §−�−¨ï ¢
¤�−−®¬ á«ãç�¥ ¬®¦¥â ¢ëáâã¯¨âì íàã¤¨æ¨ï ãç¨â¥«ï ¨«¨ ¤àã£¨å «î¤¥©, ¡¨¡«¨®â¥-
ª� ¨, à�§ã¬¥¥âáï, ˆ−â¥à−¥â. —â® ª�á�¥âáï ¯à®¢¥àª¨ £¨¯®â¥§, â® ¯à¥¤®áâ�¢«¥−¨¥
¢®§¬®¦−®áâ¨ ¤«ï íªá¯¥à¨¬¥−â¨à®¢�−¨ï ¢ ¢¨¤¥ á®®â¢¥âáâ¢ãîé¥© áà¥¤ë ¨ ¢à¥¬¥-
−¨ ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì íâ®â ¢¨¤ ¯à¨®¡à¥â¥−¨ï §−�−¨©. „�«¥ª® −¥ ¢á¥£¤� ¤«ï
á®§¤�−¨ï áà¥¤ë ¤«ï íªá¯¥à¨¬¥−â¨à®¢�−¨ï âà¥¡ãîâáï á¥àì¥§−ë¥ §�âà�âë. ��-
¯à¨¬¥à, ¤¥â¨ ¯®áâ®ï−−® íªá¯¥à¨¬¥−â¨àãîâ á® á¢®¥© à¥çìî ¨ ¯®¢¥¤¥−¨¥¬, çâ®¡ë
¯à®¢¥à¨âì £¨¯®â¥§ë ®â−®á¨â¥«ì−® ¤®¯ãáâ¨¬®áâ¨ ¯à®¨§−¥á¥−¨ï −¥ª®â®àëå á«®¢
¨«¨ ®áãé¥áâ¢«¥−¨ï −¥ª®â®àëå ¤¥©áâ¢¨©. „àã£¨¬ ¯à¨¬¥à®¬ ï¢«ï¥âáï à�¡®â� á
ª®¬¯ìîâ¥à®¬. �®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® ¯à¨ª«�¤−ëå ¯à®£à�¬¬ ãáâà®¥−® â�ª¨¬
®¡à�§®¬, çâ® ¯®§¢®«ï¥â íªá¯¥à¨¬¥−â¨à®¢�âì á −¨¬¨ ¡¥§ ä�â�«ì−ëå ¯®¢à¥¦¤¥−¨©
á æ¥«ìî ¯à®¢¥àª¨ ®¦¨¤�¥¬®© à¥�ªæ¨¨ −� −¥ ®¯à¥¤¥«¥−−ë¥ §�à�−¥¥ ã¯à�¢«ïîé¨¥
¢®§¤¥©áâ¢¨ï.

�¥®¡å®¤¨¬ë¬¨ í«¥¬¥−â�¬¨ íâ�¯� ¢®á¯à¨ïâ¨ï ï¢«ïîâáï ¢å®¤−�ï ¯à®¢¥àª�
−�«¨ç¨ï ã ãç�é¨åáï §−�−¨©, ã¬¥−¨© ¨ −�¢ëª®¢, −¥®¡å®¤¨¬ëå ¤«ï ¢®á¯à¨ïâ¨ï
−®¢®£® ¬�â¥à¨�«�, ¨ ®¡à�â−�ï á¢ï§ì ® ä�ªâ¨ç¥áª®¬ ¢®á¯à¨ïâ¨¨ −®¢®£® ¬�â¥à¨«�.
�ç¥¢¨¤−®, çâ® ¬�â¥à¨�« −¥ ¬®¦¥â ¡ëâì ¢®á¯à¨−ïâ ¨ ãá¢®¥−, ¥á«¨ ®− ®¯¨à�¥âáï
−� ®âáãâáâ¢ãîé¨¥ ã ãç�é¥£®áï í«¥¬¥−âë §−�−¨©. ‘â®«ì ¦¥ ®ç¥¢¨¤−®, çâ®
¢ëá«ãè�−−ë¥ ®¡êïá−¥−¨ï ãç¨â¥«ï −¥ ®¡ï§�â¥«ì−® ¡ë«¨ ãá«ëè�−ë, ¯à®ç¨â�−−ë©
â¥ªáâ ¬®£ −¥ ®áâ�¢¨âì ® á¥¡¥ −¨ª�ª¨å ¢®á¯®¬¨−�−¨©, � ¯à®á¬®âà¥−−ë© ¢¨¤¥®ª«¨¯
−¥ ¯®à®¤¨« −¨ª�ª¨å ®¡à�§®¢ ¨ ¢ë¢®¤®¢ ¢ á®§−�−¨¨ ãç�é¥£®áï. ’®«ìª® ª®£¤� ¥áâì
ã¡¥¦¤¥−−®áâì ¢ â®¬, çâ® ¬�â¥à¨�« ¢®á¯à¨−ïâ, ¥£® §�ªà¥¯«¥−¨¥ (á«¥¤ãîé¨© íâ�¯
ãç¥¡−®© ¤¥ïâ¥«ì−®áâ¨) ¬®¦¥â ¡ëâì íää¥ªâ¨¢−ë¬.

5 Закрепление

Š�ª¨¬ ®¡à�§®¬ §�ªà¥¯«ïîâáï −®¢ë¥ §−�−¨ï, ã¬¥−¨ï ¨ −�¢ëª¨?
‚ á«ãç�¥, ª®£¤� âà¥¡ã¥âáï §�ªà¥¯«¥−¨¥ ¤¥©áâ¢¨©, à�§ã¬−ë¬ ¬¥å�−¨§¬®¬

ï¢«ï¥âáï ä¨ªá�æ¨ï ¨ ®â®¡à�¦¥−¨¥ ¤¥©áâ¢¨ï ãç�é¥£®áï â�ª¨¬ ¦¥ ¨«¨ ¯®å®¦¨¬
®¡à�§®¬, ª�ª ¡ë«� á¤¥«�−� ¤¥¬®−áâà�æ¨ï. �â® ¯®§¢®«¨â ®ç¥¢¨¤−ë¬ ®¡à�§®¬
á®¯®áâ�¢¨âì ¤¥©áâ¢¨ï ãç�é¥£®áï á íâ�«®−−ë¬¨ (¤¥¬®−áâà¨àã¥¬ë¬¨) ¤¥©áâ¢¨ï-
¬¨. ‚¥«¨ç¨−� ®â«¨ç¨ï ¯à®¨§¢®¤¨¬®£® ¤¥©áâ¢¨ï ®â íâ�«®−−®£® ¯®§¢®«ï¥â á¤¥«�âì
§�ª«îç¥−¨¥ ® ¤®áâ¨£−ãâ®© ¨«¨ −¥â ¯à�¢¨«ì−®áâ¨ ¢ë¯®«−¥−¨ï ¤¥©áâ¢¨ï. �®á«¥¤ã-
îé�ï á¥à¨ï ¯®¢â®à¥−¨© ¤¥©áâ¢¨ï, ¢®§¬®¦−®, ¢ à�§¡¨¢ªã á ¤àã£¨¬¨ ¤¥©áâ¢¨ï¬¨,
á ¯¥à¥àë¢�¬¨ ¢ ®áãé¥áâ¢«¥−¨¨ §�ªà¥¯«ï¥¬®£® ¤¥©áâ¢¨ï ¯®§¢®«¨â ã¡¥¤¨âìáï ¢
¤¥©áâ¢¨â¥«ì−®¬ ¥£® §�ªà¥¯«¥−¨¨.

�®¢®¥ §−�−¨¥, á®¤¥à¦�é¥¥áï ¢ à¥§ã«ìâ�â�å ¨áá«¥¤®¢�−¨© ¨ íªá¯¥à¨¬¥−â®¢,
§�ªà¥¯«ï¥âáï −�¯¨á�−¨¥¬ á®®â¢¥âáâ¢ãîé¨å ®âç¥â®¢ ® á�¬®áâ®ïâ¥«ì−®© à�¡®â¥,
¤®ª«�¤�¬¨ ¨ §�é¨â®© ¢ ª«�áá¥, � â�ª¦¥, ¢®§¬®¦−®, ¨ −� ¬¥¦èª®«ì−ëå ¬¥à®-
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¯à¨ïâ¨ïå. ‘�¬¨ ¯® á¥¡¥ íâ¨ ¤¥©áâ¢¨ï ï¢«ïîâáï ¤®áâ�â®ç−ë¬¨ ¤«ï §�ªà¥¯«¥−¨ï
−®¢®£® §−�−¨ï, ¤®¡ëâ®£® á®¡áâ¢¥−−ë¬¨ ãá¨«¨ï¬¨ ¢ ®â¢¥â −� áä®à¬ã«¨à®¢�−−ë¥
á�¬®áâ®ïâ¥«ì−® ¢®¯à®áë ¨«¨ á®§¤�−−ë¥ á�¬®áâ®ïâ¥«ì−® £¨¯®â¥§ë.

�®¢®¥, ¢®á¯à¨−ïâ®¥ ¨§ ¬�â¥à¨�«®¢, ¯¥à¥¤�−−ëå ãç¨â¥«¥¬, §−�−¨¥ §�ªà¥¯«ï-
¥âáï á ¯®¬®éìî ã¯à�¦−¥−¨© ¨ §�¤�ç, ®¯ïâì-â�ª¨ §�¤�−−ëå ãç¨â¥«¥¬. Š�ª¨¬¨
á¢®©áâ¢�¬¨ ¤®«¦¥− ®¡«�¤�âì ª®¬¯«¥ªâ §�¤�ç (ã¯à�¦−¥−¨©), çâ®¡ë ®− ¡ë« á¯®-
á®¡¥− ®¡¥á¯¥ç¨âì §�ªà¥¯«¥−¨¥ ¢®á¯à¨−ïâ®£® ãç�é¨¬áï ¬�â¥à¨�«�? ‚®-¯¥à¢ëå,
íâ®â ª®¬¯«¥ªâ ¤®«¦¥− ¡ëâì ¯®«−ë¬. �¨ ®¤−� ¤¥â�«ì ¯¥à¥¤�−−®£® ¬�â¥à¨�«�, âà¥-
¡ãîé�ï §�ªà¥¯«¥−¨ï, −¥ ¤®«¦−� ¡ëâì ®¡®©¤¥−� §�¤�ç�¬¨ ¨/¨«¨ ã¯à�¦−¥−¨ï¬¨.
‚®-¢â®àëå, ª®¬¯«¥ªâ ¤®«¦¥− á®¤¥à¦�âì ¢á¥ â¨¯ë §�¤�ç, á¢ï§�−−ë¥ á §�ªà¥¯«ï-
¥¬ë¬ ¬�â¥à¨�«®¬ ¨ ¨¬¥îé¨¥ §−�ç¥−¨¥ ¤«ï ¤�«ì−¥©è¥£® ®¡ãç¥−¨ï. ‚-âà¥âì¨å,
¢ á«ãç�ïå −¥¯à�¢¨«ì−®£® à¥è¥−¨ï §�¤�ç, ª®¬¯«¥ªâ ¤®«¦¥− á®¤¥à¦�âì ®¤−®â¨¯-
−ë¥ §�¤�ç¨ á à�§«¨ç−ë¬¨ ç¨á«®¢ë¬¨ ¤�−−ë¬¨, á â¥¬ çâ®¡ë ¯à¨ ¢®§−¨ª−®¢¥−¨¨
−¥®¡å®¤¨¬®áâ¨ ¯®¢â®à−®£® à¥è¥−¨ï §�¤�ç (−�¯à¨¬¥à, ¢ á«ãç�ïå −¥¯à�¢¨«ì−®£®
à¥è¥−¨ï) ãç�é¥¬ãáï −¥ ¡ë«¨ ¯à¥¤êï¢«¥−ë ¢ â®ç−®áâ¨ â¥ ¦¥ §�¤�ç¨. “ ãç¨â¥«ï
¤®«¦−ë ¡ëâì ¢ à�á¯®àï¦¥−¨¨ ª®¬¯«¥ªâë §�¤�ç à�§«¨ç−®£® ãà®¢−ï á«®¦−®áâ¨,
çâ®¡ë á−�¡¦�âì ãç�é¨åáï §�¤�ç�¬¨ á®®â¢¥âáâ¢¥−−® ãà®¢−î ¨å ¯®¤£®â®¢ª¨ ¨«¨
§�¨−â¥à¥á®¢�−−®áâ¨. Š�¦¤ë© á«ãç�© −¥¯à�¢¨«ì−®£® à¥è¥−¨ï §�¤�ç¨ ¤®«¦¥−
á®¯à®¢®¦¤�âìáï �−�«¨§®¬ á æ¥«ìî ¢ëï¢«¥−¨ï −¥¤®áâ�â®ç−® ¯®−ïâëå ¤¥â�«¥©
¬�â¥à¨�«�. �®á«¥ ¯à®ïá−¥−¨ï ¬�â¥à¨�«� ãç�é¥¬ãáï ¯à¥¤êï¢«ïîâáï â�ª¨¥ ¦¥
§�¤�ç¨, −® á ¨−ë¬¨ ç¨á«®¢ë¬¨ ¤�−−ë¬¨. Š®£¤� ®ª�§ë¢�¥âáï, çâ® ãç�é¨©áï
á¢®¡®¤−® ¨ ¡ëáâà® á¯à�¢«ï¥âáï á® ¢á¥¬¨ §�¤�ç�¬¨ ª®¬¯«¥ªâ�, ãç¨â¥«ì ¬®¦¥â
á¤¥«�âì ®¡®á−®¢�−−ë© ¢ë¢®¤ ® á®áâ®ï¢è¥¬áï §�ªà¥¯«¥−¨¨.

6 Информационная модель учения

‚ ¯à¥¤ë¤ãé¥¬ à�§¤¥«¥ à�áá¬®âà¥−� áâàãªâãà� ãç¥¡−®£® ¯à®æ¥áá� á â®çª¨
§à¥−¨ï ¨−ä®à¬�â¨ª¨: ®¯¨á�−ë á®¯à®¢®¦¤�îé¨¥ ãç¥¡−ë© ¯à®æ¥áá ¨−ä®à¬�-
æ¨®−−ë¥ ¯®â®ª¨. �áâ�¢«ïï ¢ áâ®à®−¥ ¢®¯à®áë, á¢ï§�−−ë¥ á ¯á¨å®«®£¨ç¥áª®©
áãé−®áâìî ¯à®æ¥áá®¢ ¢®á¯à¨ïâ¨ï ¨ §�ªà¥¯«¥−¨ï, �¢â®àã ã¤�«®áì á®áà¥¤®â®ç¨âì-
áï −� ¨−ä®à¬�æ¨®−−®© áâ®à®−¥ ¤¥«�, çâ® ¯®§¢®«¨«® áä®à¬¨à®¢�âì ®á−®¢−ãî
¨−ä®à¬�æ¨®−−ãî ¬®¤¥«ì ãç¥−¨ï ¢ ¢¨¤¥, ¯à¥¤áâ�¢«¥−−®¬ −� à¨á. 2. �à¨ íâ®¬
¯à¥¤¯®«�£�¥âáï, çâ® ¢á¥ ¬�â¥à¨�«ë, −¥®¡å®¤¨¬ë¥ ¤«ï ãç¥¡−®£® ¯à®æ¥áá�, ã ãç¨-
â¥«ï ¨¬¥îâáï, çâ® ¬®¦−® áç¨â�âì ¤®áâ�â®ç−® ¡«¨§ª¨¬ ª à¥�«ì−®áâ¨. �®íâ®¬ã ¢
¯à¥¤«�£�¥¬®© ¬®¤¥«¨ ãç¨â¥«ì −¥ §�−¨¬�¥âáï ¯®¨áª®¬ á®®â¢¥âáâ¢ãîé¥£® ¬�â¥à¨-
�«�, � áà�§ã ¯¥à¥¤�¥â ãç�é¨¬áï ¨¬¥îé¨©áï ¬�â¥à¨�«. �®¤ ¬�â¥à¨�«®¬ §¤¥áì
¨¬¥¥âáï ¢ ¢¨¤ã «î¡®© −®á¨â¥«ì ¨−ä®à¬�æ¨¨ á ¤�−−ë¬¨. �â® ¬®¦¥â ¡ëâì à¥çì
(«¥ªæ¨ï) ãç¨â¥«ï, â¥ªáâ, ¢ â®¬ ç¨á«¥ ¢ í«¥ªâà®−−®¬ ¢¨¤¥, ¢¨¤¥® ¨ ¯à®ç¥¥.

�à®æ¥áá −�ç¨−�¥âáï á ¯¥à¥¤�ç¨ ãç�é¨¬áï ¬®â¨¢¨àãîé¥£® ¬�â¥à¨�«�. ‚®á-
¯à¨ïâ¨¥ íâ®£® ¬�â¥à¨�«� ¤®«¦−® ®§−�¬¥−®¢�âìáï ¢®§−¨ª−®¢¥−¨¥¬ ¯®¡ã¦¤¥−¨ï
ãç�é¨åáï ª ®¢«�¤¥−¨î ãç¥¡−ë¬ ¬�â¥à¨�«®¬. —â®¡ë ¤¢¨£�âìáï ¤�«ìè¥, ãç¨â¥«ì
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¤®«¦¥− ¯®«ãç¨âì ®¡à�â−ãî á¢ï§ì ®¡ ãà®¢−¥ ¬®â¨¢�æ¨¨ (−� áå¥¬¥ | ®âç¥â). ”�ª-
â¨ç¥áª¨ −� ãà®ª¥, ¢¨¤ï £«�§� ãç�é¨åáï ¨ ®éãé�ï ¨å ¢®§¡ã¦¤¥−¨¥, ãç¨â¥«ì â�ªãî
®¡à�â−ãî á¢ï§ì ¨¬¥¥â, ®á®¡¥−−® ª®£¤� ¬®â¨¢¨àãîé¨© ¬�â¥à¨�« §�ª«îç�¥âáï ¢
¢ëáâã¯«¥−¨¨ á�¬®£® ãç¨â¥«ï. “ç¨â¥«ì â�ª¦¥ ¬®¦¥â ®¯à®á¨âì −¥ª®â®àëå ãç�-
é¨åáï ª«�áá�, çâ®¡ë ¡®«¥¥ â®ç−® ®æ¥−¨âì áâ¥¯¥−ì ¢®§−¨ªè¥© ¬®â¨¢�æ¨¨. �®á«¥
ç¥£® ®− ¯à¨−¨¬�¥â à¥è¥−¨¥ ® ¢®§¬®¦−®áâ¨ ¤¢¨£�âìáï ¤�«ìè¥. ‘«¥¤ã¥â ®â¬¥-
â¨âì, çâ®, ª�ª ¯à�¢¨«®, ¬®â¨¢�æ¨ï ®æ¥−¨¢�¥âáï ãç¨â¥«¥¬ −¥ ¢ ¢¨¤¥ á¯¥æ¨�«ì−®£®
¤¥©áâ¢¨ï, � ¬¥¦¤ã ¤¥«®¬, −¥ §�¤¥à¦¨¢�ïáì −� íâ®¬ �á¯¥ªâ¥ ãç¥¡−®£® ¯à®æ¥áá�
á¯¥æ¨�«ì−®. ‚®§−¨ª«® ã ãç¨â¥«ï ®éãé¥−¨¥, çâ® ¢á¥ ¢ ¯®àï¤ª¥, §−�ç¨â ¬®¦−®
¤¢¨£�âìáï ¤�«ìè¥ | ¯¥à¥å®¤¨âì ª á«¥¤ãîé¥¬ã íâ�¯ã ãç¥¡−®£® ¯à®æ¥áá�. ’¥¬
¡®«¥¥ à¥çì −¥ ¬®¦¥â ¨¤â¨ ®¡ ®æ¥−ª¥ ãà®¢−ï ¬®â¨¢�æ¨¨ ª�¦¤®£® ¨§ ãç�é¨åáï
ª«�áá�. ‘«¥¤®¢�â¥«ì−®, −� íâ®¬ íâ�¯¥ ãç¥¡−®£® ¯à®æ¥áá� §�ª«�¤ë¢�¥âáï §�¯«�-
−¨à®¢�−−ë© ¡à�ª: −¥ ¯®«ãç¨¢ ®¡à�â−®© á¢ï§¨ ® ¤®áâ�â®ç−®¬ ãà®¢−¥ ¬®â¨¢�æ¨¨
¢á¥å ãç¥−¨ª®¢, ãç¨â¥«ì ¯¥à¥å®¤¨â ª ¯¥à¥¤�ç¥ −®¢®£® ãç¥¡−®£® ¬�â¥à¨�«�. ’¥
ãç�é¨¥áï, ª®â®àë¥ −¥ ®¡à¥«¨ ¤®áâ�â®ç−®© ¬®â¨¢�æ¨¨, −¥ ¡ã¤ãâ ¢®á¯à¨−¨¬�âì
ãç¥¡−ë© ¬�â¥à¨�« á ¤®«¦−ë¬ ãá¥à¤¨¥¬ ¨ à¥§ã«ìâ�â¨¢−®áâìî. �®áª®«ìªã ãà®-
¢¥−ì ¬®â¨¢�æ¨¨ ¢á¥å ãç�é¨åáï −¥ ®æ¥−¥−, � −¥¤®áâ�â®ç−�ï ¬®â¨¢�æ¨ï −¥ ¤�áâ
¢®§¬®¦−®áâ¨ −¥ª®â®àë¬ ¨§ ãç�é¨åáï ¢®á¯à¨−ïâì ¢ ¤®áâ�â®ç−®© áâ¥¯¥−¨ ãç¥¡−ë©
¬�â¥à¨�«, â®, á«¥¤®¢�â¥«ì−®, −¥¨§¡¥¦−® ¯®ï¢«¥−¨¥ ®âáâ�îé¨å ãç¥−¨ª®¢.

Š�ª ¡ë â® −¨ ¡ë«®, ãç¨â¥«ì ¯à¨−¨¬�¥â à¥è¥−¨¥ ¯¥à¥¤�âì ãç�é¨¬áï −®¢ë©
ãç¥¡−ë© ¬�â¥à¨�« ¯® â¥¬¥. ‡¤¥áì, ª�ª ¨ ¢ ª�¦¤®¬ æ¨ª«¥ ãç¥¡−®£® ¯à®æ¥áá�,
âà¥¡ã¥âáï ®¡à�â−�ï ¨−ä®à¬�æ¨ï ®â ãç�é¨åáï. Š�ª ¯à�¢¨«®, ãç¨â¥«ì ¯®«ãç�¥â
¨−ä®à¬�æ¨î ® ¢®á¯à¨ïâ¨¨ ãç¥¡−®£® ¬�â¥à¨�«� ¬¥â®¤®¬ ¢ë¡®à®ç−®£® ®¯à®á�.
� ¢®á¯à¨ïâ¨¨ −¥ ®¯à®è¥−−ëå ãç�é¨åáï ¨−ä®à¬�æ¨ï ãç¨â¥«î −¥ ¯®áâã¯�¥â.
�� íâ®¬ íâ�¯¥ â�ª¦¥ ¢®§¬®¦¥− ãç¥¡−ë© ¡à�ª: ¨§-§� ¯®ï¢«¥−¨ï −¥ ¢ëï¢«¥−-
−ëå ãç¨â¥«¥¬ ãç¥−¨ª®¢, ª®â®àë¥ −¥ ¢®á¯à¨−ï«¨ ãç¥¡−ë© ¬�â¥à¨�« ¢ ¤®«¦−®©
¬¥à¥.

’¥¬ −¥ ¬¥−¥¥ ãç¨â¥«ì ¯à¨−¨¬�¥â à¥è¥−¨¥ ¯¥à¥©â¨ ª §�ªà¥¯«¥−¨î ¬�â¥à¨�«�
¨ ¢ë¤�¥â §�¤�−¨ï. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ®, ª�ª ¯à�¢¨«®, á®áâ�¢ ¨ ª®«¨ç¥áâ¢®
§�¤�−¨© á®¢¥àè¥−−® −¥¤®áâ�â®ç−ë ¤«ï §�ªà¥¯«¥−¨ï â®© ¯®àæ¨¨ §−�−¨©, ã¬¥−¨©
¨ −�¢ëª®¢, ª®â®à�ï ®¯à¥¤¥«¥−� ãç¥¡−ë¬ ¬�â¥à¨�«®¬. ‚®-¯¥à¢ëå, ¢ ®¡ê¥¬¥
§�¤�−¨© −¥ ¯à¥¤ãá¬�âà¨¢�¥âáï §�ªà¥¯«¥−¨¥ ¢á¥å �á¯¥ªâ®¢ ¨ −î�−á®¢ §−�−¨©.
‚®-¢â®àëå, ª®«¨ç¥áâ¢® §�¤�−¨© ®¯à¥¤¥«ï¥âáï ¨áå®¤ï ¨§ æ¥«¥© ª®−âà®«ï, � −¥ ¨§
æ¥«¥© §�ªà¥¯«¥−¨ï. „«ï §�ªà¥¯«¥−¨ï −ã¦−® ¢ë¯®«−¥−¨¥ ¡®«ìè®£® ª®«¨ç¥áâ¢�
®¤−®â¨¯−ëå, −® −¥¬−®£® ®â«¨ç�îé¨åáï §�¤�ç. „«ï ª®−âà®«ï ¤®áâ�â®ç−® ®¤−®©
§�¤�ç¨ ª�¦¤®£® â¨¯�.

÷¥§ã«ìâ�â ¢ë¯®«−¥−¨ï §�¤�−¨© ®¡ëç−® ä¨ªá¨àã¥âáï, çâ® ¬®¦¥â á«ã¦¨âì
á®®â¢¥âáâ¢ãîé¨¬ ®âç¥â®¬, −� ®á−®¢�−¨¨ ª®â®à®£® ãç¨â¥«ì ¯à¨−¨¬�¥â à¥è¥−¨¥
® −¥®¡å®¤¨¬®áâ¨ ¢ë¯®«−¥−¨ï ¤®¯®«−¨â¥«ì−ëå §�¤�−¨© ¨«¨ ® §�¢¥àè¥−¨¨ â¥¬ë.
�à�¢¨«ì−®© áâà�â¥£¨¥© ¢ë¯®«−¥−¨ï íâ®£® íâ�¯� ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨ ¡ë«®
¡ë ¯à®¢¥¤¥−¨¥ �−�«¨§� −¥¢¥à−ëå à¥è¥−¨© á æ¥«ìî ®¯à¥¤¥«¥−¨ï â¥å �á¯¥ªâ®¢
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−®¢®£® §−�−¨ï, ª®â®àë¥ ¯®−ïâë ãç�é¨¬áï −¥¯à�¢¨«ì−®. �®á«¥ ç¥£® á«¥¤®¢�«® ¡ë
®â¯à�¢¨âì ãç�é¥£®áï −� ¯®¢â®à−®¥ ¨§ãç¥−¨¥ íâ¨å �á¯¥ªâ®¢ ãç¥¡−®£® ¬�â¥à¨�«�, �
§�â¥¬ á−®¢� ¯à¥¤«®¦¨âì ¥¬ã ¢ë¯®«−¥−¨¥ §�¤�−¨©.

��áª®«ìª® á«®¦¨¢è�ïáï ¯à�ªâ¨ª� á®®â¢¥âáâ¢ã¥â ¤¥â�«ì−® ¨§«®¦¥−−ë¬ í«¥-
¬¥−â�¬ áâàãªâãàë ãç¥¡−®£® ¯à®æ¥áá�?

Œ®â¨¢�æ¨®−−ë¥ ¬�â¥à¨�«ë, ¥á«¨ ¨ áãé¥áâ¢ãîâ, â® ¢ á�¬®¬ §�ç�â®ç−®¬ ¢¨¤¥
¢ ¯à¥¤¨á«®¢¨ïå ¨ ¢¢¥¤¥−¨ïå ãç¥¡−¨ª®¢. ÷�§à�¡®âç¨ª¨ áç¨â�îâ, çâ® ¢−¥è−ïï
¯à¨¢«¥ª�â¥«ì−®áâì ��÷ ¨ −�áëé¥−−®áâì ¥£® ¬ã«ìâ¨¬¥¤¨©−ë¬ ª®−â¥−â®¬ ¯®¢ë-
è�îâ ¬®â¨¢�æ¨î. ‘«¥¤ã¥â, ®¤−�ª®, ®â¬¥â¨âì, çâ® íâ® ¢â®à®áâ¥¯¥−−ë© ä�ªâ®à.
“ç¨â¥«ì, ª®£¤� ¯®−¨¬�¥â −¥®¡å®¤¨¬®áâì ¬®â¨¢�æ¨®−−ëå ¤¥©áâ¢¨©, ¢ë−ã¦¤¥−
á�¬®áâ®ïâ¥«ì−® ¯à¨¤ã¬ë¢�âì á®®â¢¥âáâ¢ãîé¨¥ ¬�â¥à¨�«ë. �¡à�â−�ï á¢ï§ì ®
−�«¨ç¨¨ ¬®â¨¢�æ¨¨ ®âáãâáâ¢ã¥â á®¢¥àè¥−−®. ‚å®¤−�ï ¯à®¢¥àª� −�«¨ç¨ï −¥-
®¡å®¤¨¬ëå ¤«ï à�¡®âë á ��÷ §−�−¨©, ª�ª ¯à�¢¨«®, ®âáãâáâ¢ã¥â. �¡à�â−�ï
á¢ï§ì ® −�«¨ç¨¨ ¢®á¯à¨ïâ¨ï ®áãé¥áâ¢«ï¥âáï ¢ë¡®à®ç−®. “ç¨â¥«ì −¥ ¢ á®áâ®ï−¨¨
¯à®¢¥à¨âì −�«¨ç¨¥ ¢®á¯à¨ïâ¨ï ¢á¥¬¨ ãç¥−¨ª�¬¨ ª«�áá� â®ç−® â�ª ¦¥, ª�ª −¥
¢ á®áâ®ï−¨¨ ã¡¥¤¨âìáï ¢ §�ªà¥¯«¥−¨¨ ¬�â¥à¨�«� ¢á¥¬¨. “ç¨â¥«î ¯à¨å®¤¨âáï
á�¬®áâ®ïâ¥«ì−® á®¡¨à�âì ¨«¨ ¨§£®â�¢«¨¢�âì ¬�â¥à¨�«ë ¤«ï ¯¥à¥¤�ç¨ ãç�é¨¬áï
−� íâ�¯¥ ¢®á¯à¨ïâ¨ï. “ç¨â¥«ì á�¬®áâ®ïâ¥«ì−® ¯®¤¡¨à�¥â ª®¬¯«¥ªâë §�¤�ç ¤«ï
á¢®¨å ãç¥−¨ª®¢ ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢. �¨ ®¤¨− ¨§ ¨áâ®ç−¨ª®¢ −¥ §�ï¢«ï¥â
® ¯®«−®â¥ ª®¬¯«¥ªâ®¢ §�¤�ç. �®áª®«ìªã §�¤�ç� ®¡¥á¯¥ç¥−¨ï ¯®«−®âë ª®¬¯«¥ª-
â� §�¤�ç ¤�¦¥ −¥ áâ�¢¨âáï, â® ® ¯®«−®â¥ §�ªà¥¯«¥−¨ï ¬�â¥à¨�«� £®¢®à¨âì −¥
¯à¨å®¤¨âáï.

’�ª¨¬ ®¡à�§®¬, ®ç¥¢¨¤−ë¬¨ ¯à®¡«¥¬�¬¨ ¯à®æ¥áá� ®¡ãç¥−¨ï ï¢«ïîâáï:

{ −¥¤®áâ�â®ç−®áâì ¨«¨ ¯®«−®¥ ®âáãâáâ¢¨¥ ¬®â¨¢�æ¨¨;

{ ®âáãâáâ¢¨¥ ¯à®¢¥àª¨ −�«¨ç¨ï −¥®¡å®¤¨¬ëå §−�−¨© ¯¥à¥¤ ¯¥à¥¤�ç¥© −®¢®£®
¬�â¥à¨�«�;

{ −¥¤®áâ�â®ç−®áâì ¨«¨ ¯®«−®¥ ®âáãâáâ¢¨¥ ®¡à�â−®© á¢ï§¨ ¯® ¢®á¯à¨ïâ¨î;

{ −¥¤®áâ�â®ç−®áâì ¢−¨¬�−¨ï ª ¯®«−®â¥ §�ªà¥¯«¥−¨ï.

�®§¢®«ïîâ «¨ ¬−®£®ç¨á«¥−−ë¥ ��÷ ãáâà�−¨âì ¨«¨ å®âï ¡ë ã¬¥−ìè¨âì
−�§¢�−−ë¥ ¯à®¡«¥¬ë? Œ®â¨¢�æ¨®−−ëå ¬�â¥à¨�«®¢ �¢â®àã −�©â¨ −¥ ã¤�«®áì.
‚å®¤−®© ¯à®¢¥àª¨ §−�−¨© ¯¥à¥¤ ¨§«®¦¥−¨¥¬ ¬�â¥à¨�«� â�ª¦¥ −¥ ®¡−�àã¦¨«®áì.
‘®®â¢¥âáâ¢¥−−®, íâ¨ ¤¥©áâ¢¨ï ¯¥à¥ª«�¤ë¢�îâáï −� ãç¨â¥«ï. ’®ç−® â�ª ¦¥, ª�ª
¨ ¢ ®âáãâáâ¢¨¥ ��÷, ãç¨â¥«î ¯à¨å®¤¨âáï ¨áª�âì, ¯®¤¡¨à�âì ¨«¨ ¨§£®â�¢«¨¢�âì
−¥®¡å®¤¨¬ë¥ ¥¬ã ¬�â¥à¨�«ë. � ¯®«−®â¥ ª®¬¯«¥ªâ®¢ §�¤�ç ¢ ��÷ ¯à¥¤«�£�¥â-
áï áã¤¨âì ãç¨â¥«î. �®¤áª�§ª¨, ¢áâà®¥−−ë¥ ¢ §�¤�ç¨, ®¡êïá−¥−¨¥ á«®¦−®áâ¥©,
§�¬¥−� ç¨á«®¢ëå ¤�−−ëå ¯à¨ ¯®¢â®à−®¬ ¯à¥¤êï¢«¥−¨¨ §�¤�ç ¢áâà¥ç�îâáï ¢ ®â-
¤¥«ì−ëå à¥áãàá�å, −® −¨£¤¥ −¥ ¢áâà¥ç�¥âáï ¢á¥ ¢¬¥áâ¥, á¨áâ¥¬−®. ’�ª¨¬ ®¡à�§®¬,
â¥ ��÷, ª®â®àë¥ ¤®áâã¯−ë ¢ −�áâ®ïé¥¥ ¢à¥¬ï, ¢ ¯®¤�¢«ïîé¥¬ ¡®«ìè¨−áâ¢¥
−¥ á¯®á®¡−ë ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì ãç¥¡−®£® ¯à®æ¥áá�, çâ® ¨ −�¡«î¤�¥âáï ¢
¤¥©áâ¢¨â¥«ì−®áâ¨.
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7 Какими должны быть электронные образовательные ресурсы

�®¯à®¡ã¥¬ áä®à¬ã«¨à®¢�âì −¥®¡å®¤¨¬ë¥ âà¥¡®¢�−¨ï ª ��÷, ª®â®àë¥ ¯®-
¬®£«¨ ¡ë à¥è¨âì ãª�§�−−ë¥ ¯à®¡«¥¬ë.

��÷, á«ã¦�é¨¥ ¤«ï ¯à®¡ã¦¤¥−¨ï ¬®â¨¢�æ¨¨ ã ãç�é¨åáï, ¤®«¦−ë á®¤¥à-
¦�âì ¨§«®¦¥−¨¥ ¬¥áâ� ¨ §−�ç¥−¨ï ¯à¥¤−�§−�ç¥−−®£® ¤«ï ¢®á¯à¨ïâ¨ï ¬�â¥à¨�«� ¢
¨§ãç�¥¬®¬ ¯à¥¤¬¥â¥. �® ¢®§¬®¦−®áâ¨ ®− ¤®«¦¥− á®¤¥à¦�âì ®¡é¥ªã«ìâãà−®¥ §−�-
ç¥−¨¥ ¬�â¥à¨�«�, � â�ª¦¥ §−�ç¥−¨¥ íâ®£® ¬�â¥à¨�«� ¤«ï ãç�é¨åáï á®®â¢¥âáâ¢¥−−®
¨å ¢®§à�áâã ¨ â¨¯®¢ë¬ ã¢«¥ç¥−¨ï¬. ��÷ ¤®«¦¥− á®¤¥à¦�âì ¤¥¬®−áâà�æ¨î
¯à¥¨¬ãé¥áâ¢ ç¥«®¢¥ª�, ¢«�¤¥îé¥£® ¨§ãç�¥¬ë¬ ¬�â¥à¨�«®¬.

�®¤�ç� ¨−ä®à¬�æ¨¨ ¤®«¦−� ¢ëáâà�¨¢�âìáï á ¨á¯®«ì§®¢�−¨¥¬ à¥ª«�¬−ëå
â¥å−®«®£¨©. „«ï �¢â®¬�â¨§¨à®¢�−−®© ®æ¥−ª¨ ¢®§−¨ªè¥© ¬®â¨¢�æ¨¨ ¤®«¦−ë
¡ëâì à�§¡à®á�−ë £¨¯¥àááë«ª¨ −� ¡®«¥¥ £«ã¡®ª®¥ ®á¢¥é¥−¨¥ ¬�â¥à¨�«�, � â�ª-
¦¥ ¤®«¦−ë ¡ëâì ¯à¥¤«®¦¥−ë ¯à®¡−ë¥ ¨−â¥à¥á−ë¥ ¨ §�¢«¥ª�â¥«ì−ë¥ §�¤�−¨ï,
¢ë¯®«−¨âì ª®â®àë¥ á «¥£ª®áâìî ¬®¦¥â ç¥«®¢¥ª, ®á¢®¨¢è¨© ¯à¥¤¬¥â (â¥¬ã), −®
¯à¥¤áâ�¢«ïîé¨¥ ¨§¢¥áâ−ãî âàã¤−®áâì ¤«ï −¥¯®¤£®â®¢«¥−−ëå ãç�é¨åáï. �® −�-
«¨ç¨î ¯¥à¥å®¤®¢ ¯® £¨¯¥àááë«ª�¬ ¨ ¯® ¯®¯ëâª�¬ ¢ë¯®«−¨âì §�¤�−¨ï ¬®¦−®
áã¤¨âì ® −�«¨ç¨¨ ¬®â¨¢�æ¨¨. ‘®®â¢¥âáâ¢ãîé¨© ®âç¥â á ®â®¡à�¦¥−¨¥¬ ãà®¢−ï
¬®â¨¢�æ¨¨ ¤®«¦¥− ¡ëâì ¯à¥¤áâ�¢«¥− ãç¨â¥«î ¯® §�¢¥àè¥−¨¨ à�¡®âë ãç�é¥£®áï
á ��÷. �� ®á−®¢�−¨¨ íâ®£® ®âç¥â� ãç¨â¥«ì ¡ã¤¥â áã¤¨âì ® â®¬, ¤®áâ�â®ç−� «¨
¢®§−¨ªè�ï ¬®â¨¢�æ¨ï ãç�é¥£®áï ¨ ¡ã¤¥â «¨ ¢®á¯à¨ïâ¨¥ ¨¬ ¬�â¥à¨�«� ãá¯¥è−ë¬.

÷�§ã¬−ë¬ âà¥¡®¢�−¨¥¬ ¡ë«® ¡ë ¯à¥¤¢�à¥−¨¥ ¬®â¨¢�æ¨®−−ë¬ ¬�â¥à¨�«®¬
ª�¦¤®£® ��÷, ¯à¥¤−�§−�ç¥−−®£® ¤«ï ãá¢®¥−¨ï ª�ª®£®-«¨¡® äà�£¬¥−â� ãç¥¡−®©
¯à®£à�¬¬ë. …á«¨ ¬®â¨¢�æ¨®−−ë© ¬�â¥à¨�« ¢ª«îç¥− ¢ á®áâ�¢ ��÷, â® ¯®¯ëâª¨
ãç�é¨åáï ¯¥à¥©â¨ ®â ¤¥¬®−áâà�æ¨¨ ¬¥áâ� ¨ ¢�¦−®áâ¨ ¬�â¥à¨�«� ª −¥¯®áà¥¤áâ¢¥−-
−®¬ã ¥£® ¨§ãç¥−¨î â�ª¦¥ ¬®£ãâ ¯®á«ã¦¨âì á¨£−�«®¬ ® ¤®áâ¨¦¥−¨¨ ¤®áâ�â®ç−®£®
ãà®¢−ï ¬®â¨¢�æ¨¨.

‚ ��÷, ¯à¥¤−�§−�ç¥−−®¬ ¤«ï ¯¥à¥¤�ç¨ ¨−ä®à¬�æ¨¨ ¯® ª�ª®©-«¨¡® â¥¬¥
ãç�é¨¬áï, ¤®«¦−ë ¯à¨áãâáâ¢®¢�âì á«¥¤ãîé¨¥ ª®¬¯®−¥−âë:

{ ¯à®¢¥àª� −�«¨ç¨ï −¥®¡å®¤¨¬ëå ¤«ï ®á¢®¥−¨ï â¥¬ë §−�−¨©. ‚ ��÷ ¤®«¦−ë
¡ëâì ¯à¥¤ãá¬®âà¥−ë ªà�âª¨¥ á¯à�¢ª¨-−�¯®¬¨−�−¨ï ¯® §�¡ëâ®¬ã ¬�â¥à¨�«ã
¤«ï ¯à¥¤êï¢«¥−¨ï ãç�é¨¬áï ¯à¨ −¥¯à®å®¦¤¥−¨¨ ¨¬¨ ¢å®¤−®© ¯à®¢¥àª¨
¯® ª�ª¨¬-«¨¡® §�¤�−¨ï¬. „®«¦−ë ¡ëâì â�ª¦¥ ¯à¥¤ãá¬®âà¥−ë ááë«ª¨ −�
−¥ãá¢®¥−−ë© ¬�â¥à¨�« ¢ ¡®«¥¥ âï¦¥«ëå á«ãç�ïå;

{ á�¬ ¬�â¥à¨�« ¯® â¥¬¥ ¢ ®¡ê¥¬¥, −¥®¡å®¤¨¬®¬ ¨ ¤®áâ�â®ç−®¬ ¢ á®®â¢¥âáâ¢¨¨ á
¤¥©áâ¢ãîé¨¬¨ −®à¬�â¨¢�¬¨. �à¨ íâ®¬ ¬�â¥à¨�« ¤®«¦¥−, ¯® ¢®§¬®¦−®áâ¨,
¯®¤�¢�âìáï ¢ à�§«¨ç−®¬ ¢¨¤¥: ¢ â¥ªáâ®¢®¬, £®«®á®¢®¬, ®¡à�§−®¬, áå¥¬�â¨-
ç¥áª®¬ ¨ â. ¯., çâ®¡ë ãç�é¨¥áï ¬®£«¨ ¢ë¡à�âì ¯à¥¤¯®çâ¨â¥«ì−ë© ¤«ï ¨å
¨−¤¨¢¨¤ã�«ì−ëå ®á®¡¥−−®áâ¥© ¢®á¯à¨ïâ¨ï ¢¨¤ ¯®¤�ç¨ ¬�â¥à¨�«�;

{ à�áè¨à¥−−ë© ¨ ã£«ã¡«¥−−ë© ¬�â¥à¨�« ¤¢ãå-âà¥å ãà®¢−¥© á® ááë«ª�¬¨,
®â¯à�¢«ïîé¨¬¨ ª ¥é¥ ¡®«¥¥ ã£«ã¡«¥−−®¬ã ¨§«®¦¥−¨î ¬�â¥à¨�«�. �â¨
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¤®¯®«−¨â¥«ì−ë¥ ãà®¢−¨ ¯®¤�ç¨ ¬�â¥à¨�«�, ¢®-¯¥à¢ëå, á¯®á®¡áâ¢ãîâ ¡®«¥¥
£«ã¡®ª®¬ã, � á«¥¤®¢�â¥«ì−®, ¡®«¥¥ ª�ç¥áâ¢¥−−®¬ã ¨§ãç¥−¨î ¬�â¥à¨�«�, �
¢®-¢â®àëå, á«ã¦�â ¬�àª¥à�¬¨ ä¨ªá�æ¨¨ ¢®á¯à¨ïâ¨ï ¬�â¥à¨�«�;

{ ¬¥å�−¨§¬ ä¨ªá�æ¨¨ −�«¨ç¨ï ¢®á¯à¨ïâ¨ï ¬�â¥à¨�«�. Œ¥å�−¨§¬ ¬®¦¥â ®¯¨-
à�âìáï −� ª®−âà®«ì−ë¥ ¢®¯à®áë, ¨á¯®«ì§®¢�−¨¥ £¨¯¥àááë«®ª ¨«¨ ¤àã£¨å
¨−â¥à�ªâ¨¢−ëå ¤¥©áâ¢¨©, �−�«¨§ ¢à¥¬¥−¨ ¯à¥¡ë¢�−¨ï −� ®â¤¥«ì−ëå áâà�−¨-
æ�å ¨ «î¡ë¥ ¨−ë¥ ¬¥â®¤ë ¨§¬¥à¥−¨©.

�âç¥â ¯® ãà®¢−î ¢®á¯à¨ïâ¨ï ¤®«¦¥− ¯à¥¤®áâ�¢«ïâìáï ãç¨â¥«î ¯® §�¢¥àè¥-
−¨¨ à�¡®âë ãç�é¥£®áï á ��÷. �® íâ®¬ã ®âç¥âã ãç¨â¥«ì ¤¥«�¥â §�ª«îç¥−¨¥ ®
¤®áâ�â®ç−®áâ¨ ãà®¢−ï ¢®á¯à¨ïâ¨ï ¬�â¥à¨�«� ¨ ¢®§¬®¦−®áâ¨ ¯¥à¥å®¤� ª íâ�¯ã
§�ªà¥¯«¥−¨ï.

÷¥áãàá, −¥áãé¨© ¢ á¥¡¥ −�¡®à §�¤�ç −� §�ªà¥¯«¥−¨¥ §−�−¨ï, � â�ª¦¥ ä®à¬¨-
à®¢�−¨¥ ã¬¥−¨© ¨ −�¢ëª®¢ ¯® â¥¬¥, ¤®«¦¥− á®¤¥à¦�âì:

{ £¥−¥à�â®à ã¯à�¦−¥−¨© ¨ §�¤�ç. ��§−�ç¥−¨¥ £¥−¥à�â®à� | á®§¤�¢�âì à�§−ë¥
§�¤�ç¨ ¤«ï à�§«¨ç−ëå ¯®«ì§®¢�â¥«¥© ¨ ¤«ï ¯®á«¥¤®¢�â¥«ì−®£® ¯à¥¤êï¢«¥−¨ï
®¤−®â¨¯−ëå (−® à�§−ëå) §�¤�ç ®¤−®¬ã ¯®«ì§®¢�â¥«î;

{ áâ�â¨áâ¨ç¥áª¨© ¬®¤ã«ì á®¯®áâ�¢«¥−¨ï ¨¤¥−â¨ä¨ª�â®à� ãç�é¥£®áï ¨ ¢ë¤�−-
−ëå ¨ à¥è¥−−ëå §�¤�ç, ¢ª«îç�ï áâ�â¨áâ¨ªã ¯®¯ëâ®ª à¥è¥−¨ï. ��÷ ¤®«¦¥−
ã§−�¢�âì ãç�é¥£®áï ¨ ¢¥áâ¨ á¯¨á®ª ¯à¥¤êï¢«¥−−ëå ¥¬ã §�¤�ç, â¨¯®¢ −¥ã¤�ç á
à¥è¥−¨ï¬¨, §�¯à®è¥−−®© ¯®¬®é¨, ¨á¯®«ì§®¢�−−ëå ¯®¤áª�§®ª ¨ â. ¯.;

{ §�¤�ç¨ ¢á¥å â¨¯®¢, ¯à¨®¡à¥â¥−¨¥ −�¢ëª� à¥è¥−¨ï ª®â®àëå −¥®¡å®¤¨¬® ¤«ï
®á¢®¥−¨ï ¯®á«¥¤ãîé¨å â¥¬ ¯à®£à�¬¬ë, � â�ª¦¥ ¤«ï ¯à®å®¦¤¥−¨ï â¥áâ®¢ ¨
íª§�¬¥−®¢;

{ ¬®¤ã«ì ¢�à¨�â¨¢−®áâ¨ §�¤�ç ¯®¬¨¬® §�¤�ç −®à¬�«ì−®© á«®¦−®áâ¨ ¤®«¦¥−
á®¤¥à¦�âì ª�ª §�¤�ç¨ ¡®«¥¥ á«®¦−ë¥, ç¥¬ íâ® −¥®¡å®¤¨¬® ¯® ¯à®£à�¬¬¥,
â�ª ¨ §�¤�ç¨ ã¯à®é¥−−ë¥ ¤«ï â¥å ãç�é¨åáï, ª®â®àë¥ −¥ ¢ á®áâ®ï−¨¨ áà�§ã
¢®á¯à¨−ïâì §�¤�ç¨ âà¥¡ã¥¬®£® ãà®¢−ï á«®¦−®áâ¨;

{ ¬®¤ã«ì �−�«¨§� ¢áâà¥ç�îé¨åáï á«®¦−®áâ¥© ¨ ¢ë¤�ç¨ á®®â¢¥âáâ¢ãîé¨å ¯®¤-
áª�§®ª. ‚ á«ãç�ïå, ª®£¤� ¯®¤áª�§®ª ®ª�§ë¢�¥âáï −¥¤®áâ�â®ç−®, ¤®«¦−ë ¡ëâì
¯à¥¤ãá¬®âà¥−ë ááë«ª¨ −� â¥®à¥â¨ç¥áª¨© ¬�â¥à¨�« ¯® â¥¬¥ ¤«ï ¯®¢â®à−®£®
¥£® ãá¢®¥−¨ï;

{ ¬®¤ã«ì ¢ë¤�ç¨ à¥§ã«ìâ�â� §�ªà¥¯«¥−¨ï ¬�â¥à¨�«� ¯® â¥¬¥. �â®â ®âç¥â
á¢¨¤¥â¥«ìáâ¢ã¥â ® §�ªà¥¯«¥−¨¨ â¥¬ë ãç�é¨¬áï, ¨, ¢®®¡é¥ £®¢®àï, ¡®«¥¥ −¥
âà¥¡ã¥âáï −¨ª�ª¨å ª®−âà®«ì−ëå ¨ â¥áâ®¢ëå §�¤�−¨© ¯® íâ®© â¥¬¥.

“áâà®¥−−ë© ¯®¤®¡−ë¬ ®¡à�§®¬ ��÷ §�ªà¥¯«¥−¨ï ®¤−®¢à¥¬¥−−® à¥è�¥â §�-
¤�çã ª®−âà®«ï §�ªà¥¯«¥−¨ï ¬�â¥à¨�«� ãç�é¨¬áï, ¯®áª®«ìªã §�¢¥àè�îé¨© ®âç¥â
á¢¨¤¥â¥«ìáâ¢ã¥â ® â®¬, çâ® ãç�é¨©áï ¯à¨®¡à¥« −�¢ëª à¥è¥−¨ï ¢á¥å ¯à¥¤ãá¬®â-
à¥−−ëå ¯à®£à�¬¬®© â¨¯®¢ §�¤�ç ¯® â¥¬¥.
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8 Заключение

Š�ª ¡ë«® ¯®ª�§�−® ¢ëè¥, ¨á¯®«ì§®¢�−¨¥ ¯®¤�¢«ïîé¥£® ¡®«ìè¨−áâ¢� áã-
é¥áâ¢ãîé¨å ¢ −�áâ®ïé¥¥ ¢à¥¬ï ��÷ −¥ â®«ìª® −¥ ¯à¨¢®¤¨â ª ¯®¢ëè¥−¨î
íää¥ªâ¨¢−®áâ¨ ®¡à�§®¢�−¨ï å®âì ¯® ª�ª®©-â® èª�«¥, −® ¨ ¯à¨−æ¨¯¨�«ì−® −¥
¬®¦¥â íâ®£® á¤¥«�âì. „¥«® ¢ â®¬, çâ® áãé¥áâ¢ãîé¨¥ ��÷ §� à¥¤ª¨¬ ¨áª«îç¥−¨-
¥¬ ¯à�ªâ¨ç¥áª¨ −¥ ¨§¬¥−ïîâ à�¡®âë ãç¨â¥«ï. —â® ¦¥ ª�á�¥âáï à�¡®âë (ãç¥¡−®©
¤¥ïâ¥«ì−®áâ¨) ãç�é¨åáï, â® ®−� â�ª¦¥ ®áâ�¥âáï ¡¥§ ¨§¬¥−¥−¨©. ‚ëï¢«¥−−ë¥
¢ áâ�âì¥ ª®¬¯®−¥−âë ¨−ä®à¬�æ¨®−−®£® ¢®§¤¥©áâ¢¨ï −� ãç�é¥£®áï, á¯®á®¡−ë¥
¯à¨¢¥áâ¨ ª ¯®¢ëè¥−¨î íää¥ªâ¨¢−®áâ¨ ®¡ãç¥−¨ï, � ¨¬¥−−®: ¬®â¨¢�æ¨®−−ë¥ ¬�-
â¥à¨�«ë, ®¡à�â−�ï á¢ï§ì ¯® ¬®â¨¢�æ¨¨, ¢å®¤−�ï ¯à®¢¥àª� §−�−¨©, ®¡à�â−�ï á¢ï§ì
¯® ãà®¢−î ¢®á¯à¨ïâ¨ï, ¯®«−®â� ª®¬¯«¥ªâ� ã¯à�¦−¥−¨© ¨ §�¤�ç ¨ ®¡à�â−�ï á¢ï§ì
¯® §�ªà¥¯«¥−¨î ¬�â¥à¨�«�, | ¯®ª� ®áâ�îâáï ¢−¥ ¯à¥¤¥«®¢ ¢−¨¬�−¨ï �¢â®à®¢
¨ á®§¤�â¥«¥© ��÷. ’¥¬ −¥ ¬¥−¥¥ −¥®¡å®¤¨¬®áâì ¨á¯®«ì§®¢�−¨ï íâ¨å ¨−ä®à¬�-
æ¨®−−ëå ª®¬¯®−¥−â®¢ −¥¯®áà¥¤áâ¢¥−−® ¢ëâ¥ª�¥â ¨§ â¥®à¥â¨ç¥áª¨å ¯®«®¦¥−¨©
¯¥¤�£®£¨ç¥áª®© ¯á¨å®«®£¨¨ ¨ ¯¥¤�£®£¨ª¨.

9 Тезаурус

‚®á¯à¨ïâ¨¥ | ¯á¨å®«®£¨ç¥áª¨© ¯à®æ¥áá ¯à¨¥¬� ¨−ä®à¬�æ¨¨, ¯®«ãç�¥¬®©
¯à¨ ¯®¬®é¨ ®à£�−®¢ çã¢áâ¢ ¨ ®âà�¦¥−¨ï ¥¥ ¢ á®§−�−¨¨ ¢ ¢¨¤¥ ®¡à�§®¢ áã¡ê¥ªâ¨¢-
−®© ª�àâ¨−ë ¬¨à�. ‚®á¯à¨ïâ¨¥ ï¢«ï¥âáï −�ç�«ì−ë¬ íâ�¯®¬ ¯à®æ¥áá� ¯®§−�−¨ï |
¯à¨®¡à¥â¥−¨ï ¨−¤¨¢¨¤ã�«ì−®£® ®¯ëâ�.

Œ®â¨¢�æ¨ï | ¢−ãâà¥−−¥¥ ¯®¡ã¦¤¥−¨¥ ª ¤¥©áâ¢¨î.
��ãç¥−¨¥ | ¯à®æ¥áá ¨ à¥§ã«ìâ�â ¯à¨®¡à¥â¥−¨ï ¨−¤¨¢¨¤ã�«ì−®£® ®¯ëâ�

¡¨®«®£¨ç¥áª®© á¨áâ¥¬®© (®â ¯à®áâ¥©è¨å ¤® ç¥«®¢¥ª� ª�ª ¢ëáè¥© ä®à¬ë ¥¥
®à£�−¨§�æ¨¨ ¢ ãá«®¢¨ïå ‡¥¬«¨).

�¡ãç¥−¨¥ | æ¥«¥−�¯à�¢«¥−−�ï, ¯®á«¥¤®¢�â¥«ì−�ï ¯¥à¥¤�ç� (âà�−á«ïæ¨ï)
á®æ¨®ªã«ìâãà−®£® (®¡é¥áâ¢¥−−®-¨áâ®à¨ç¥áª®£®) ®¯ëâ� ¤àã£®¬ã ç¥«®¢¥ªã ¢ á¯¥-
æ¨�«ì−® á®§¤�−−ëå ãá«®¢¨ïå.

“ç¥−¨¥ | −�ãç¥−¨¥ ç¥«®¢¥ª� ¢ à¥§ã«ìâ�â¥ æ¥«¥−�¯à�¢«¥−−®£®, á®§−�â¥«ì−®£®
¯à¨á¢®¥−¨ï ¨¬ ¯¥à¥¤�¢�¥¬®£® (âà�−á«¨àã¥¬®£®) ¥¬ã á®æ¨®ªã«ìâãà−®£® (®¡é¥áâ-
¢¥−−®-¨áâ®à¨ç¥áª®£®) ®¯ëâ� ¨ ä®à¬¨àã¥¬®£® −� íâ®© ®á−®¢¥ ¨−¤¨¢¨¤ã�«ì−®£®
®¯ëâ�. ‘«¥¤®¢�â¥«ì−®, ãç¥−¨¥ à�áá¬�âà¨¢�¥âáï ª�ª à�§−®¢¨¤−®áâì −�ãç¥−¨ï.
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АНАЛИЗ МЕЖДУНАРОДНЫХ ОБРАЗОВАТЕЛЬНЫХ
СТАНДАРТОВ В ОБЛАСТИ ИНФОРМАЦИОННЫХ

ТЕХНОЛОГИЙ

В. А. Сухомлин1

�−−®â�æ¨ï: –¥«ìî à�¡®âë ï¢«ï¥âáï �−�«¨§ á®¢à¥¬¥−−®£® á®áâ®ï−¨ï ¬¥¦¤ã-
−�à®¤−ëå áâ�−¤�àâ®¢ ¯à®£à�¬¬ ¯®¤£®â®¢ª¨ ¡�ª�«�¢à®¢ ¨ ¬�£¨áâà®¢ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’) (¨«¨ ª®¬¯ìîâ¨−£� | computing), � â�ª-
¦¥ ¯®¨áª ¢®§¬®¦−®áâ¥© ¤«ï ¨á¯®«ì§®¢�−¨ï −�à�¡®â®ª ¬¨à®¢®£® á®®¡é¥áâ¢� ¢
¬¥â®¤¨ç¥áª®¬ ®¡¥á¯¥ç¥−¨¨ ®â¥ç¥áâ¢¥−−®© ¢ëáè¥© èª®«ë.

Š«îç¥¢ë¥ á«®¢�: ˆ’-®¡à�§®¢�−¨¥; ®¡à�§®¢�â¥«ì−ë© áâ�−¤�àâ; ªãàà¨ªã«ã¬;
¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨; ª®¬¯ìîâ¨−£

1 Введение

�ëáâà®¥ à�§¢¨â¨¥ ¨ à�á¯à®áâà�−¥−¨¥ áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ ¨
¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¢ 60{70-å ££. XX ¢. á¯®á®¡áâ¢®¢�«® áâ�−®¢«¥−¨î
¨−¤ãáâà¨¨ ˆ’ ª�ª ®¤−®£® ¨§ ¢¥¤ãé¨å á¥ªâ®à®¢ ¬¨à®¢®© íª®−®¬¨ª¨. ‚á¥ íâ®
®¡ãá«®¢¨«® �ªâã�«ì−®áâì §�¤�ç¨ ¬�áá®¢®© ¯®¤£®â®¢ª¨ ¯à®ä¥áá¨®−�«ì−ëå ª�¤à®¢
¢ ®¡«�áâ¨ ˆ’, â. ¥. ˆ’-¯à®ä¥áá¨®−�«®¢. ‚ ãá«®¢¨ïå £«®¡�«¨§�æ¨¨ íª®−®¬¨ª¨
¡®«ìè®¥ §−�ç¥−¨¥ ¤«ï ¯®¤£®â®¢ª¨ ¢®áâà¥¡®¢�−−ëå ª�¤à®¢ ¨¬¥¥â ¢ëà�¡®âª� á®-
®â¢¥âáâ¢ãîé¨å ¬¥¦¤ã−�à®¤−ëå à¥ª®¬¥−¤�æ¨©, ®¡«�¤�îé¨å ¢ëá®ª¨¬ ãà®¢−¥¬
ª®−á¥−áãá� ¢ ¯à®ä¥áá¨®−�«ì−®© áà¥¤¥ ¨ á«ã¦�é¨å ®à¨¥−â¨à®¬ ¤«ï ã−¨¢¥à-
á¨â¥â®¢ ¨ ¢ã§®¢ ¢ á®®â¢¥âáâ¢ãîé¥© ®¡à�§®¢�â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨. ’�ª®£® à®¤�
à¥ª®¬¥−¤�æ¨¨ ¤®«¦−ë á¨áâ¥¬�â¨§¨à®¢�âì ¨ ã−¨ä¨æ¨à®¢�âì âà¥¡®¢�−¨ï ¯à�ªâ¨ª¨
ª ¢ë¯ãáª−¨ª�¬ ¢ã§®¢ ¨ ª á®®â¢¥âáâ¢ãîé¨¬ ®¡à�§®¢�â¥«ì−ë¬ ¯à®£à�¬¬�¬, ãç¨-
âë¢�âì ¤®áâ¨¦¥−¨ï ¨ â¥−¤¥−æ¨¨ à�§¢¨â¨ï ¯à¥¤¬¥â−®© ®¡«�áâ¨, ®¡®¡é�âì «ãçèãî
®¡à�§®¢�â¥«ì−ãî ¯à�ªâ¨ªã, á«ã¦¨âì íää¥ªâ¨¢−ë¬ ¨−áâàã¬¥−â®¬ ¯®áâà®¥−¨ï �ª-
âã�«ì−ëå ®¡à�§®¢�â¥«ì−ëå ¯à®£à�¬¬, ¥¤¨−®£® ®¡à�§®¢�â¥«ì−®£® ¯à®áâà�−áâ¢�.

�â¢¥âáâ¢¥−−®áâì §� à¥è¥−¨¥ §�¤�ç¨ ä®à¬¨à®¢�−¨ï â�ª¨å ®à¨¥−â¨à®¢-
à¥ª®¬¥−¤�æ¨© ¢ ¢¨¤¥ â¨¯®¢ëå ãç¥¡−ëå ¯à®£à�¬¬ ¨«¨ ªãàà¨ªã«ã¬®¢ (curriculum)
¢§ï«¨ −� á¥¡ï ¢¥¤ãé¨¥ ¬¥¦¤ã−�à®¤−ë¥ ¯à®ä¥áá¨®−�«ì−ë¥ ®à£�−¨§�æ¨¨ | �á-
á®æ¨�æ¨ï ª®¬¯ìîâ¥à−®© â¥å−¨ª¨ (Association for Computing Machinery, ACM) ¨
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�−�«¨§ ¬¥¦¤ã−�à®¤−ëå ®¡à�§®¢�â¥«ì−ëå áâ�−¤�àâ®¢ ¢ ®¡«�áâ¨ ˆ’

Š®¬¯ìîâ¥à−®¥ á®®¡é¥áâ¢® ˆ−áâ¨âãâ� ¨−¦¥−¥à®¢ ¯® í«¥ªâà®−¨ª¥ ¨ í«¥ªâà®â¥å-
−¨ª¥ (Computer Society of the IEEE, ¨«¨ IEEE-CS), ª®â®àë¥ ¢¥¤ãâ íâã à�¡®âã
−�ç¨−�ï á 60-å ££. XX áâ®«¥â¨ï. ‚á¯®¬−¨¬ ®á−®¢−ë¥ ¢¥å¨ íâ®£® ¯à®æ¥áá� [1, 2].

‚ 1965 £. ª®¬¨â¥â®¬ ¯® ®¡à�§®¢�−¨î ®à£�−¨§�æ¨¨ �‘Œ ¡ë« à�§à�¡®â�−
¯¥à¢ë© ¯à®¥ªâ â¨¯®¢®© ¯à®£à�¬¬ë ªãàá®¢ ¡�ª�«�¢à¨�â� ¯® ª®¬¯ìîâ¥à−ë¬ −�ãª�¬
(an undergraduate program in computer science) [3], ª®â®àë© ¯®á«¥ ¤®à�¡®âª¨
¡ë« ®¯ã¡«¨ª®¢�− ¢ 1968 £. ¢ ®ª®−ç�â¥«ì−®¬ ¢¨¤¥, ¯®«ãç¨¢ ¨§¢¥áâ−®áâì ª�ª
úCurriculum 68û [4]. —¥à¥§ ¤¥áïâì «¥â, ¢ 1978 £., ACM ¢ë¯ãáâ¨«� −®¢ãî ¢¥àá¨î
íâ®£® ¤®ªã¬¥−â�, ¨§¢¥áâ−®£® ª�ª úCurriculum 78û [5]. �à¨¬¥à−® ¢ â�ª®¬ ¦¥ ¯«�−¥
¢¥«�áì à�¡®â� ¨ ¢ à�¬ª�å IEEE-CS ¯® à�§à�¡®âª¥ â¨¯®¢ëå ¯à®£à�¬¬ ¯®¤£®â®¢ª¨
¡�ª�«�¢à®¢ ª®¬¯ìîâ¥à−®© ¨−¦¥−¥à¨¨ (computer engineering).

‚ 1985 £. ACM ¨ IEEE-CS ®¡ê¥¤¨−¨«¨ á¢®¨ ãá¨«¨ï, á®§¤�¢ ®¡ê¥¤¨−¥−−ãî
æ¥«¥¢ãî £àã¯¯ã ¯®¤ ¯à¥¤á¥¤�â¥«ìáâ¢®¬ ¯à®ä¥áá®à� �¨â¥à� „¥−−¨−£�. ‚ 1989 £.
íâ� £àã¯¯� ¯®¤£®â®¢¨«� ¤®ª«�¤ úComputing as a disciplineû [6], ¢ ª®â®à®¬ ä®à-
¬ã«¨à®¢�«¨áì ¯à¨−æ¨¯ë ¯à¥¯®¤�¢�−¨ï ¤¨áæ¨¯«¨−ë, −�§¢�−−®© ª®¬¯ìîâ¨−£®¬
(computing) ¨ ®¡ê¥¤¨−¨¢è¥© ¢ á¥¡¥ ¤¢¥ ¤¨áæ¨¯«¨−ë (¯®¤¤¨áæ¨¯«¨−ë) | ª®¬-
¯ìîâ¥à−ë¥ −�ãª¨ (computer science) ¨ ª®¬¯ìîâ¥à−ãî ¨−¦¥−¥à¨î (computer en-
gineering). ‚ 1991 £. ®¡ê¥¤¨−¥−−�ï £àã¯¯� ®¯ã¡«¨ª®¢�«� −®¢®¥ àãª®¢®¤áâ¢®
¤«ï ¯®¤£®â®¢ª¨ ¡�ª�«�¢à®¢ ¯® ª®¬¯ìîâ¨−£ã | úComputing Curricula 1991û
(CC1991) [7], −�¤®«£® áâ�¢è¥¥, ¯® áãé¥áâ¢ã, íâ�«®−−®© ¬®¤¥«ìî ¤«ï ã−¨¢¥àá¨-
â¥â®¢ ¢ ¤¥«¥ ¯®¤£®â®¢ª¨ ˆ’-ª�¤à®¢.

‚ 1998 £. ¢−®¢ì á®§¤�−−�ï ®¡ê¥¤¨−¥−−�ï £àã¯¯� á¯¥æ¨�«¨áâ®¢ ¯®¤ í£¨¤®©
ACM ¨ IEEE-CS ¯à¨áâã¯¨«� ª à�§à�¡®âª¥ ®¡−®¢«¥−−®© ¢¥àá¨¨ ‘‘ | úComput-
ing Curricula 2001û (CC2001) [8]. ÷�§à�¡®âç¨ª�¬ íâ®£® ¤®ªã¬¥−â� ã¦¥ −� áâ�¤¨¨
�−�«¨§� áâ�«® ïá−®, çâ® §� ¯®á«¥¤−¥¥ ¤¥áïâ¨«¥â¨¥ ®¡«�áâì ˆ’ ¯à¥â¥à¯¥«� áâ®«ì
§−�ç¨â¥«ì−ë¥ ¨§¬¥−¥−¨ï | à�§¢¨â¨¥ ¨ ¢è¨àì, ¨ ¢£«ã¡ì, −�§¢�−−®¥ ¢ ¤®ªã¬¥−â�å
£àã¯¯ë ¤à�¬�â¨ç¥áª¨¬, çâ® ¤«ï ¥¥ �¤¥ª¢�â−®£® ¯à¥¤áâ�¢«¥−¨ï ¢ �ª�¤¥¬¨ç¥áª®¬
¯à®áâà�−áâ¢¥ −¥®¡å®¤¨¬® ¡ë«® à�§à�¡®â�âì æ¥«ãî á¨áâ¥¬ã ªãàà¨ªã«ã¬®¢. ��¤®
®â¬¥â¨âì, çâ® ª íâ®¬ã ¢à¥¬¥−¨ ¯®«ãç¨«¨ ¨−â¥−á¨¢−®¥ à�§¢¨â¨¥ ¨ áä®à¬¨à®¢�-
«¨áì ¢ ¯®«−®æ¥−−ë¥ á�¬®¤®áâ�â®ç−ë¥ ¢¥â¢¨ ˆ’-®¡à�§®¢�−¨ï â�ª¨¥ ¤¨áæ¨¯«¨−ë,
ª�ª ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë, ¨−¦¥−¥à¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, á¨áâ¥¬ë
ˆ’, ª®â®àë¥ ¨ ¡ë«¨ ¢ª«îç¥−ë ¢ á®áâ�¢ ª®¬¯ìîâ¨−£� ¢ ®¡−®¢«¥−−®© âà�ªâ®¢-
ª¥. ‚á¥ íâ® ¯à¥¤®¯à¥¤¥«¨«® �ªâã�«ì−®áâì §�¤�ç¨ à�§à�¡®âª¨ æ¥«®áâ−®© á¨áâ¥¬ë
ªãàà¨ªã«ã¬®¢, á®®â¢¥âáâ¢ãîé¥© á®¢à¥¬¥−−®¬ã á®áâ®ï−¨î −�ãª¨ ¨ ®âà�á«¨ ˆ’,
¯®âà¥¡−®áâï¬ ¯à�ªâ¨ª¨ ¢ ª�¤à�å, âà¥¡®¢�−¨ï¬ ª ãà®¢−î ¨å ¯®¤£®â®¢ª¨. �â�
à�¡®â� à�áâï−ã«�áì −� £®¤ë. �ªæ¥−â ¢ −¥© ¤¥«�«áï −� à�§à�¡®âª¥: ¥¤¨−®£®
¯®¤å®¤� ª á®§¤�−¨î ãç¥¡−ëå ¯à®£à�¬¬ ¯® ¢á¥¬ ¢¥ªâ®à�¬ ¯à®ä¨«ì−®© ¯®¤£®â®¢-
ª¨ (¯®¤¤¨áæ¨¯«¨−�¬ ¨«¨ ¯à®ä¨«ï¬) ª®¬¯ìîâ¨−£�, á¯¥æ¨ä¨ç¥áª¨å å�à�ªâ¥à−ëå
âà¥¡®¢�−¨© ¨ áâàãªâãà¨à®¢�−−ëå ®¡ê¥¬®¢ §−�−¨© ¤«ï ª�¦¤®£® ¨§ ¯à®ä¨«¥© ¯®¤-
£®â®¢ª¨, âà¥¡®¢�−¨© ª à¥§ã«ìâ�âã ¯à®ä¥áá¨®−�«ì−®© ¯®¤£®â®¢ª¨ ¢ë¯ãáª−¨ª®¢
(outcomes), â¨¯®¢ëå ªãàá®¢ ¤«ï à�§«¨ç−ëå áâà�â¥£¨© à¥�«¨§�æ¨© ªãàà¨ªã«ã¬®¢.
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‚. �. ‘ãå®¬«¨−

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® á®áâ�¢ ®á−®¢−ëå ¨á¯®«−¨â¥«¥© íâ®£® ¬�áèâ�¡−®£® ¯à®¥ª-
â� à�áè¨à¨«áï ¢®¢«¥ç¥−¨¥¬ ¢ −¥£® á«¥¤ãîé¨å ¯à®ä¥áá¨®−�«ì−ëå ®à£�−¨§�æ¨©:
�áá®æ¨�æ¨¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (The Association for Information Systems |
AIS), á¯¥æ¨�«¨§¨àãîé¥©áï ¢ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬, ¨ �áá®æ¨�æ¨¨
¯à®ä¥áá¨®−�«®¢ ¢ ®¡«�áâ¨ ˆ’ (The Association for Information Technology Pro-
fessionals | AITP), ä®ªãá¨àãîé¥© á¢®© ¨−â¥à¥á ¢ áä¥à¥ ¨á¯®«ì§®¢�−¨ï ˆ’ ¤«ï
ã¤®¢«¥â¢®à¥−¨ï ¯®âà¥¡−®áâ¥© ¡¨§−¥á� ¨ ®à£�−¨§�æ¨©.

Š á¥à¥¤¨−¥ ¯¥à¢®£® ¤¥áïâ¨«¥â¨ï ¡ë« à�§à�¡®â�− á«¥¤ãîé¨© −�¡®à ¤®ªã¬¥−-
â®¢, ®¯¨áë¢�îé¨å â¨¯®¢ë¥ ¬®¤¥«¨ ãç¥¡−ëå ¯à®£à�¬¬, −�§ë¢�¥¬ëå áâ�−¤�àâ�¬¨
ªãàà¨ªã«ã¬®¢ (curriculum standards) ¨«¨ ¯à®áâ® ªãàà¨ªã«ã¬�¬¨: úComput-
er Science 2001û (CS2001 ¨«¨ CCCS2001) [8], úInformation Systems 2002û
(IS2002) [9], úComputer Engineering 2004û (CE2004) [10], úSoftware Engineering
2004û (SE2004) [11], úInformation Technology (IT2008) [12], � â�ª¦¥ ¤®ªã¬¥−â
úComputing Curricula 2005û (CC2005) [13], ¨¬¥îé¨© ®¡é¥¥ ¬¥â®¤®«®£¨ç¥áª®¥
−�§−�ç¥−¨¥.

‚ ¯®á«¥¤ãîé¥¥ ¯ïâ¨«¥â¨¥ (� ¯à®æ¥áá à�§¢¨â¨ï ªãàà¨ªã«ã¬®¢ ¯à¨−ï« ¯®áâ®-
ï−−ë© −¥¯à¥àë¢−ë© å�à�ªâ¥à ¨ ®áãé¥áâ¢«ï¥âáï −� ¯à¨−æ¨¯�å ª®−á®àæ¨ã¬−®©
áâ�−¤�àâ¨§�æ¨¨ [14, 15]) ¯à�ªâ¨ç¥áª¨ ¢á¥ ãª�§�−−ë¥ ¢ëè¥ ¤®ªã¬¥−âë ¡ë«¨ ¯¥-
à¥à�¡®â�−ë ¨ ¢ëè«¨ ¢ −®¢ëå à¥¤�ªæ¨ïå.

–¥«ìî −�áâ®ïé¥© à�¡®âë ¨ ï¢«ï¥âáï �−�«¨§ á®¢à¥¬¥−−®£® á®áâ®ï−¨ï á¨áâ¥¬ë
¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢ ®¡à�§®¢�â¥«ì−ëå ¯à®£à�¬¬ ¢ ®¡«�áâ¨ ˆ’ (¨«¨ ª®¬-
¯ìîâ¨−£� | computing), � â�ª¦¥ ¯®¨áª ¢®§¬®¦−®áâ¥© ¤«ï ¢áâà�¨¢�−¨ï −�à�¡®â®ª
¬¨à®¢®£® á®®¡é¥áâ¢� ¢ áãé¥áâ¢ãîé¥¥ ¬¥â®¤¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ®â¥ç¥áâ¢¥−−®©
¢ëáè¥© èª®«ë, ®«¨æ¥â¢®àï¥¬®¥ â�ª −�§ë¢�¥¬ë¬¨ áâ�−¤�àâ�¬¨ âà¥âì¥£® ¯®ª®«¥-
−¨ï.

2 Методологические основы разработки учебных программ
компьютинга

Š�ª ®â¬¥ç�«®áì ¢® ¢¢¥¤¥−¨¨, ¯à®æ¥áá à�§à�¡®âª¨ â¨¯®¢ëå ãç¥¡−ëå ¯à®£à�¬¬,
¨«¨ ªãàà¨ªã«ã¬®¢, ¤«ï ¯®¤£®â®¢ª¨ ¯à®ä¥áá¨®−�«®¢ ¢ ®¡«�áâ¨ ˆ’ ¨¤¥â ¯®
¯ãâ¨ á®§¤�−¨ï ¨ −¥¯à¥àë¢−®© �ªâã�«¨§�æ¨¨ á¨áâ¥¬ë áâ�−¤�àâ®¢ ªãàà¨ªã«ã¬®¢.
Œ¥â®¤®«®£¨ç¥áª®© ®á−®¢®© íâ®© á¨áâ¥¬ë ®¡à�§®¢�â¥«ì−ëå áâ�−¤�àâ®¢ ï¢«ï¥âáï
¤®ªã¬¥−â ‘‘2005, ¢ ª®â®à®¬, ¢ ç�áâ−®áâ¨, áä®à¬ã«¨à®¢�−� á®¢à¥¬¥−−�ï ¨ ¢¥áì¬�
®¡é�ï âà�ªâ®¢ª� ¯®−ïâ¨ï ª®¬¯ìîâ¨−£�, ª�ª «î¡®© â¥å−¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨,
¢®¢«¥ª�îé¥© ¯à¨¬¥−¥−¨¥ ª®¬¯ìîâ¥à®¢.

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à®¢ â�ª®© ¤¥ïâ¥«ì−®áâ¨ ®¯à¥¤¥«ïîâáï: ¯à®¥ªâ¨à®¢�−¨¥ ¨ á®-
§¤�−¨¥ �¯¯�à�â−®£® ¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï; ®¡à�¡®âª�, áâàãªâãà¨à®¢�−¨¥ ¨
ã¯à�¢«¥−¨¥ à�§«¨ç−ë¬¨ ¢¨¤�¬¨ ¨−ä®à¬�æ¨¨; ¢ë¯®«−¥−¨¥ −�ãç−ëå ¨áá«¥¤®¢�−¨©
á ¨á¯®«ì§®¢�−¨¥¬ ª®¬¯ìîâ¥à®¢; ¯®¢ëè¥−¨¥ ¨−â¥««¥ªâã�«ì−®áâ¨ ª®¬¯ìîâ¥à−ëå
á¨áâ¥¬; á®§¤�−¨¥ ¨ ¨á¯®«ì§®¢�−¨¥ ª®¬¬ã−¨ª�æ¨®−−ëå ¨ ¬ã«ìâ¨¬¥¤¨©−ëå áà¥¤;
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�−�«¨§ ¬¥¦¤ã−�à®¤−ëå ®¡à�§®¢�â¥«ì−ëå áâ�−¤�àâ®¢ ¢ ®¡«�áâ¨ ˆ’

¯®¨áª ¨ á¡®à à¥«¥¢�−â−®© ¤«ï ª®−ªà¥â−ëå æ¥«¥© ¨−ä®à¬�æ¨¨ ¨ ¯à. �ª�¤¥¬¨ç¥-
áª�ï ¦¥ ¤¨áæ¨¯«¨−� computing à�áá¬�âà¨¢�¥âáï ª�ª ¨−â¥£à�«ì−�ï ¤¨áæ¨¯«¨−�,
®å¢�âë¢�îé�ï è¨à®ª¨© á¯¥ªâà ¡®«¥¥ á¯¥æ¨�«¨§¨à®¢�−−ëå −�ãç−®-¯à¨ª«�¤−ëå
¤¨áæ¨¯«¨− (¯®¤¤¨áæ¨¯«¨−), â�ª¨å ª�ª ª®¬¯ìîâ¥à−ë¥ −�ãª¨, ¨áªãááâ¢¥−−ë©
¨−â¥««¥ªâ, ª®¬¯ìîâ¥à−ë¥ á¥â¨, ¢ëç¨á«¨â¥«ì−�ï ¬�â¥¬�â¨ª�, â¥å−®«®£¨¨ ¡�§
¤�−−ëå, ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë, ¬ã«ìâ¨¬¥¤¨�, ¡¨®¨−ä®à¬�â¨ª� ¨ ¯à.

ˆ¬¥−−® è¨à®â� ®¡«�áâ¨ ˆ’ (¨«¨ ª®¬¯ìîâ¨−£�), � â�ª¦¥ ¥¥ ¯à¨«®¦¥−¨©
¯à¥¤®¯à¥¤¥«ï¥â −¥®¡å®¤¨¬®áâì ¯®áâà®¥−¨ï ¬−®£®¯à®ä¨«ì−®© á¨áâ¥¬ë ¯®¤£®-
â®¢ª¨ ˆ’-ª�¤à®¢, â. ¥. ¢ª«îç�îé¥© ¬®¤ã«¨ ¯à®ä¨«¨à®¢�−−®© ¯®¤£®â®¢ª¨ ¯®
−�¨¡®«¥¥ ï¢−® ¢ëà�¦¥−−ë¬ −�¯à�¢«¥−¨ï¬ á¯¥æ¨�«¨§�æ¨¨ (¯à®ä¨«ï¬ ¨ âà¥ª�¬
¯à®ä¥áá¨®−�«ì−®© ¯®¤£®â®¢ª¨). �®íâ®¬ã á¨áâ¥¬� áâ�−¤�àâ−ëå ªãàà¨ªã«ã¬®¢
áâà®¨âáï −� ¯à¨−æ¨¯�å æ¥«®áâ−®áâ¨ (−� ®á−®¢¥ ¥¤¨−®© �àå¨â¥ªâãà−®© ¬®¤¥«¨ ¨
¥¤¨−®© ¬¥â®¤®«®£¨¨) ¨ ¬®¤ã«ì−®áâ¨. �àå¨â¥ªâãà¥ íâ®© á¨áâ¥¬ë ¨ ¬¥â®¤®«®£¨ç¥-
áª¨¬ ®á−®¢�¬ ¥¥ ¯®áâà®¥−¨ï ¨ ¯®á¢ïé¥−® àãª®¢®¤áâ¢® ‘‘2005 [13].

‡−�ç¨â¥«ì−®¥ ¬¥áâ® ¢ CC2005 ã¤¥«ï¥âáï ®¯à¥¤¥«¥−¨î å�à�ªâ¥à¨áâ¨ª ª�¦¤®£®
¨§ ®¯à¥¤¥«¥−−ëå ¢ íâ®¬ ¤®ªã¬¥−â¥ ¯à®ä¨«¥©, ®¯à¥¤¥«¥−¨î ®¡é−®áâ¨ ¬¥¦¤ã
−¨¬¨. „«ï íâ®£® ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ á¯®á®¡ë:

1. Šà�âª®¥ ®¯¨á�−¨¥ ¯à®ä¥áá¨®−�«ì−ëå å�à�ªâ¥à¨áâ¨ª ¯à®ä¨«¥© (descriptions
of the computing disciplines).

2. ƒà�ä¨ç¥áª®¥ ®¯¨á�−¨¥ ¯à®¡«¥¬−ëå ®¡«�áâ¥©, å�à�ªâ¥à−ëå ¤«ï ª�¦¤®£®
®¯à¥¤¥«ï¥¬®£® ¯à®ä¨«ï, −� ®á−®¢¥ ¬®¤¥«¨ ¯à®áâà�−áâ¢� §�¤�ç (graphical
views of the computing disciplines with problem space model).

3. ‘à�¢−¨â¥«ì−ë© �−�«¨§ ¯à®ä¨«¥© ¯® â¥¬�â¨ç¥áª®¬ã á®¤¥à¦�−¨î ¯à®ä¥áá¨®-
−�«ì−®© ¯®¤£®â®¢ª¨ á ¯®¬®éìî èª�«¨à®¢�−−®© â�¡«¨ç−®© ä®à¬ë (a tabular
comparison of computing degree programs).

4. �¯¨á�−¨¥ ¨â®£®¢ëå ¨«¨ ¨áå®¤ïé¨å ¯à®ä¥áá¨®−�«ì−ëå á¯®á®¡−®áâ¥© ¢ë-
¯ãáª−¨ª®¢ (professional capabilities expected of the graduates) ¢ á®®â¢¥âáâ¢¨¨
á ¯à®ä¨«¥¬ ¯®¤£®â®¢ª¨.

÷�áá¬®âà¨¬ ®á−®¢−ë¥ à¥è¥−¨ï, ¯à¥¤áâ�¢«¥−−ë¥ ¢ ¤�−−®¬ ¤®ªã¬¥−â¥.

2.1 Архитектура компьютинга

‘¨áâ¥¬� áâ�−¤�àâ®¢ ãç¥¡−ëå ¯à®£à�¬¬ ¡�ª�«�¢àáª®© ¯®¤£®â®¢ª¨ ¯® ¤¨á-
æ¨¯«¨−¥ ª®¬¯ìîâ¨−£ (¢ ª�ç¥áâ¢¥ íª¢¨¢�«¥−â� ç�áâ® ¡ã¤¥¬ ¨á¯®«ì§®¢�âì â¥à¬¨−
ú−�¯à�¢«¥−¨¥ ˆ’û), â. ¥. á¨áâ¥¬� ªãàà¨ªã«ã¬®¢, ¨¬¥¥â ¤à¥¢®¢¨¤−ãî áâàãª-
âãàã.

�� ¢¥àå−¥¬ ãà®¢−¥ íâ®£® ¤¥à¥¢� à�á¯®«�£�¥âáï à�áá¬�âà¨¢�¥¬ë© ¬¥â®¤®-
«®£¨ç¥áª¨© ¤®ªã¬¥−â ‘‘2005, � −¨¦−ïï ç�áâì ¤¥à¥¢� ¢ª«îç�¥â àãª®¢®¤áâ¢�
¯® á®áâ�¢«¥−¨î ¯à®£à�¬¬ ãç¥¡−ëå ªãàá®¢ (curricula guidelines ¨«¨ curriculum
standards) ¤«ï á«¥¤ãîé¨å ¯à®ä¨«¥©:
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{ ¢ëç¨á«¨â¥«ì−�ï â¥å−¨ª� (computer engineering | CE);
{ ª®¬¯ìîâ¥à−ë¥ −�ãª¨ (computer science | CS);
{ ¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë (information systems | IS);
{ ¯à®£à�¬¬−�ï ¨−¦¥−¥à¨ï (software engineering | SE);
{ á¨áâ¥¬ë ˆ’ (information technology | IT).

„«ï ¯®á«¥¤−¥£® ¯à®ä¨«ï ¤�¥âáï ¯®ïá−¥−¨¥, çâ® áãé¥áâ¢ãîâ ¤¢¥ âà�ªâ®¢ª¨
¯®−ïâ¨ï ˆ’. ‚ è¨à®ª®¬ á¬ëá«¥ ¯®¤ ˆ’ ¯®−¨¬�¥âáï ¢¥áì ®¡ê¥¬ ¯®−ïâ¨ï com-
puting. ‚ ã§ª®¬ á¬ëá«¥ ¯®¤ ˆ’ ¯®−¨¬�îâáï á®¡áâ¢¥−−® á¨áâ¥¬ë ˆ’ (IT-systems
¨«¨ systems of IT), ä®à¬¨àãîé¨¥ á®¢à¥¬¥−−ãî ¨−ä®à¬�æ¨®−−ãî ¨−äà�áâàãª-
âãàã ¡¨§−¥á�. ’�ª¨¬ ®¡à�§®¬, ¤�−−ë© ¯à®ä¨«ì ®à¨¥−â¨à®¢�− −� ¯®¤£®â®¢ªã
¨−â¥£à�â®à®¢ á¨áâ¥¬, à�§à�¡®âç¨ª®¢ ¨ íªá¯«ã�â�æ¨®−é¨ª®¢ ¨−ä®à¬�æ¨®−−®©
¨−äà�áâàãªâãàë ¯à¥¤¯à¨ïâ¨© ¨ ¥¥ ª®¬¯®−¥−â®¢, ª®à¯®à�â¨¢−ëå á¥â¥©.

„�«¥¥ ãª�§�−−ë¥ ¢ëè¥ ¯à®ä¨«¨ ¯®¤£®â®¢ª¨, ¢®è¥¤è¨¥ ¢ á®áâ�¢ ‘‘2005, �
¨¬¥−−® ¯à®ä¨«¨ CE, CS, IS, SE, IT, ¡ã¤¥¬ −�§ë¢�âì ¡�§®¢ë¬¨ ¨«¨ ª«�áá¨ç¥-
áª¨¬¨.

2.2 Краткое описание профессиональных характеристик базовых профилей

‚ ‘‘2005 ®¯à¥¤¥«¥−ë ®á−®¢−ë¥ ¯à®ä¥áá¨®−�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ª�¦¤®£®
¨§ ¡�§®¢ëå ¯à®ä¨«¥©. ÷�áá¬®âà¨¬ íâ¨ å�à�ªâ¥à¨áâ¨ª¨, §� ¨áª«îç¥−¨¥¬ å�-
à�ªâ¥à¨áâ¨ª ¯à®ä¨«ï computer engineering (¢ëç¨á«¨â¥«ì−�ï â¥å−¨ª�), ª®â®àë©
®â−®á¨âáï ª ¯®¤£®â®¢ª¥ ª�¤à®¢ ¡®«¥¥ á¯¥æ¨�«¨§¨à®¢�−−®© ®¡«�áâ¨, âà¥¡ãîé¥©
®¯à¥¤¥«¥−−®© ¨−¦¥−¥à−®© ¯®¤£®â®¢ª¨, ¨ ª®â®àë© ¢ á®®â¢¥âáâ¢¨¨ á âà�¤¨æ¨ï¬¨
®â¥ç¥áâ¢¥−−®© ¢ëáè¥© èª®«ë à¥�«¨§ã¥âáï, ª�ª ¯à�¢¨«®, ¢ â¥å−¨ç¥áª¨å ã−¨¢¥à-
á¨â¥â�å.

1. Компьютерные науки (computer science)

‚ë¯ãáª−¨ª®¢ ¯® ¯à®ä¨«î úª®¬¯ìîâ¥à−ë¥ −�ãª¨û ®¦¨¤�¥â è¨à®ª¨© á¯¥ªâà
¤¥ïâ¥«ì−®áâ¨ | ®â ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª â¥®à¥â¨ç¥áª¨å ¨ ¯à®£à�¬¬−®-�«£®-
à¨â¬¨ç¥áª¨å à¥è¥−¨© ¢ ®¡«�áâ¨ ®¡à�¡®âª¨ ¨−ä®à¬�æ¨¨ ¤® ãç�áâ¨ï ¢ à�§à�¡®âª�å
¢ â�ª¨å −�ãª®¥¬ª¨å ®¡«�áâïå, ª�ª à®¡®â®â¥å−¨ª�, ª®¬¯ìîâ¥à−®¥ ¢¨¤¥−¨¥, á¨áâ¥-
¬ë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�, ¡¨®¨−ä®à¬�â¨ª� ¨ ¤à.

‚ë¤¥«ïîâáï á«¥¤ãîé¨¥ ¢¨¤ë ¤¥ïâ¥«ì−®áâ¨:

{ à�§à�¡®âª� ¨ à¥�«¨§�æ¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤«ï ¨áá«¥¤®¢�â¥«ìáª¨å
¨ ¯à®¥ªâ−ëå à�¡®â ¢ ®¡«�áâ¨ á®§¤�−¨ï −®¢ëå ˆ’, � â�ª¦¥ àãª®¢®¤áâ¢®
−�ãª®¥¬ª¨¬¨ à�§à�¡®âª�¬¨ ¢ ®¡«�áâ¨ ˆ’;

{ à�§à�¡®âª� −®¢ëå ¬¥â®¤®¢ ¨á¯®«ì§®¢�−¨ï ª®¬¯ìîâ¥à®¢ ¨ ®¡à�¡®âª¨ ¨−ä®à-
¬�æ¨¨, ¢ â®¬ ç¨á«¥ ¢ ¨−â¥à¥á�å ¯à¨ª«�¤−ëå ®¡«�áâ¥©;

{ à�§à�¡®âª� íää¥ªâ¨¢−ëå �«£®à¨â¬®¢ ¨ ¬¥â®¤®¢ à¥�«¨§�æ¨¨ äã−ªæ¨© á¨á-
â¥¬ ˆ’.
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2. Информационные системы (information systems)

�à®ä¥áá¨®−�«ë ¯® ¨−ä®à¬�æ¨®−−ë¬ á¨áâ¥¬�¬ ¤®«¦−ë ¡ëâì ª®¬¯¥â¥−â−ë ¢
¨−â¥£à�æ¨¨ ˆ’-à¥è¥−¨© á ¡¨§−¥á-¯à®æ¥áá�¬¨ ¤«ï ¤®áâ¨¦¥−¨ï ª®−¥ç−ëå æ¥«¥©
¯à¥¤¯à¨ïâ¨ï (ª®à¯®à�â¨¢−ëå æ¥«¥©). �à¨ íâ®¬ �ªæ¥−â ¢ ¤¥ïâ¥«ì−®áâ¨ â�ª®£®
à®¤� ¤¥«�¥âáï −� ¨−ä®à¬�æ¨¨ (� −¥ −� ˆ’, ª®â®àë¥ à�áá¬�âà¨¢�îâáï ¢ ª�ç¥-
áâ¢¥ ¨−áâàã¬¥−â�, ¯®§¢®«ïîé¥£® ¯à®¨§¢®¤¨âì, ®¡à�¡�âë¢�âì, à�á¯à®áâà�−ïâì
−¥®¡å®¤¨¬ãî ¨−ä®à¬�æ¨î), � â�ª¦¥ −� ¯à®æ¥áá�å, ª®â®àë¥ ¯à¥¤¯à¨ïâ¨¥ ¬®¦¥â
®áãé¥áâ¢«ïâì, ¨á¯®«ì§ãï ˆ’.

‚ë¯ãáª−¨ª¨ ¤�−−®£® ¯à®ä¨«ï ¤®«¦−ë:

{ ¯®−¨¬�âì â¥å−¨ç¥áª¨¥ ¨ ®à£�−¨§�æ¨®−−ë¥ ä�ªâ®àë ¢ á¢®¥© ¤¥ïâ¥«ì−®áâ¨;

{ ¡ëâì á¯®á®¡−ë¬¨ ®¯à¥¤¥«ïâì ª�ª¨¬ ®¡à�§®¬ ¨−ä®à¬�æ¨ï ¨ ¨−ä®à¬�â¨§¨-
à®¢�−−ë¥ ¡¨§−¥á-¯à®æ¥ááë ¤®«¦−ë ®¡¥á¯¥ç¨âì ª®−ªãà¥−â®á¯®á®¡−®áâì ¯à¥¤-
¯à¨ïâ¨ï;

{ ¨£à�âì ª«îç¥¢ãî à®«ì ¢ ®¯à¥¤¥«¥−¨¨ âà¥¡®¢�−¨© ¤«ï ª®à¯®à�â¨¢−ëå ¨−ä®à-
¬�æ¨®−−ëå á¨áâ¥¬ (Šˆ‘);

{ à�§à�¡�âë¢�âì á¯¥æ¨ä¨ª�æ¨¨ Šˆ‘;

{ ®áãé¥áâ¢«ïâì ¯à®¥ªâ¨à®¢�−¨¥ ¨ à¥�«¨§�æ¨î Šˆ‘;

{ ®áãé¥áâ¢«ïâì â¥áâ¨à®¢�−¨¥ ¨ ª®¬¯«¥ªá−ë¥ ¨á¯ëâ�−¨ï Šˆ‘;

{ ®â¢¥ç�âì §� ®¯â¨¬¨§�æ¨î ¡¨§−¥á-¯à®æ¥áá®¢ ¨ â. ¯.

�® áãé¥áâ¢ã â�ª¨¥ á¯¥æ¨�«¨áâë ¤®«¦−ë á«ã¦¨âì ¬®áâ®¬ ¬¥¦¤ã â¥å−¨ç¥áª¨¬¨
á¯¥æ¨�«¨áâ�¬¨ ¨ ã¯à�¢«¥−æ�¬¨.

3. Системы информационных технологий (information technology)

�à®ä¥áá¨®−�«ë ¯® ¯à®ä¨«î úá¨áâ¥¬ë ˆ’û, ¢ ®â«¨ç¨¥ ®â á¯¥æ¨�«¨áâ®¢ ¯®
¨−ä®à¬�æ¨®−−ë¬ á¨áâ¥¬�¬, ¤¥«�îâ �ªæ¥−â ¢ á¢®¥© ¤¥ïâ¥«ì−®áâ¨ −¥ −� ª®à-
¯®à�â¨¢−®© ¨−ä®à¬�æ¨¨, � −� á®¡áâ¢¥−−® á�¬¨å ˆ’, â®ç−¥¥ á¨áâ¥¬�å ˆ’,
á®áâ�¢«ïîé¨å ¨−ä®à¬�æ¨®−−ãî ¨−äà�áâàãªâãàë ¯à¥¤¯à¨ïâ¨©. �−¨ ¤®«¦-
−ë ®¡¥á¯¥ç¨¢�âì −¥®¡å®¤¨¬ë© ãà®¢¥−ì ª�ç¥áâ¢� äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ ˆ’,
¨å íªá¯«ã�â�æ¨î, ¬®¤¥à−¨§�æ¨î, ®¡¥á¯¥ç¥−¨¥ ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨,
¯®¢ëè¥−¨¥ íää¥ªâ¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï ¨−ä®à¬�æ¨®−−ëå ¨ â¥å−¨ç¥áª¨å à¥-
áãàá®¢ ¨ â. ¤.

’�ª¨¬ ®¡à�§®¬, á¯¥æ¨�«¨áâë ¤�−−®£® ¯à®ä¨«ï ¤®«¦−ë á®ç¥â�âì å®à®èãî
�ª�¤¥¬¨ç¥áªãî ¯®¤£®â®¢ªã, ¯®§¢®«ïîéãî ¨¬ ¡ëáâà® �¤�¯â¨à®¢�âìáï ª −®¢ë¬
â¥å−®«®£¨ï¬ ¨ áâ�−¤�àâ�¬, á ¯à�ªâ¨ç¥áª¨¬¨ ã¬¥−¨ï¬¨ à¥è�âì â¥ªãé¨¥ ¯à®¨§-
¢®¤áâ¢¥−−ë¥ §�¤�ç¨.

�à¨¬¥à�¬¨ ª®¬¯¥â¥−æ¨© ¯à®ä¥áá¨®−�«®¢ ¯® ¯à®ä¨«î á¨áâ¥¬ë ˆ’ ¬®£ãâ
á«ã¦¨âì:

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012 283



‚. �. ‘ãå®¬«¨−

{ ¨−áâ�««ïæ¨ï á¥â¥©;

{ á¥â¥¢®¥ �¤¬¨−¨áâà¨à®¢�−¨¥;

{ ã¯à�¢«¥−¨¥ á¥â¥¢®© ¡¥§®¯�á−®áâìî;

{ à�§à�¡®âª� ¨ ¯®¤¤¥à¦�−¨¥ ¬ã«ìâ¨¬¥¤¨©−ëå à¥áãàá®¢ ¯à¥¤¯à¨ïâ¨ï;

{ ãáâ�−®¢ª� ¨ −�áâà®©ª� ª®¬¬ã−¨ª�æ¨®−−®£® ®¡®àã¤®¢�−¨ï ª®¬¯ìîâ¥à−ëå á¥-
â¥©;

{ �¤¬¨−¨áâà¨à®¢�−¨¥ ¯®çâ®¢ëå á¥à¢¥à®¢ ¨ á¨áâ¥¬;

{ ã¯à�¢«¥−¨¥ ¦¨§−¥−−ë¬ æ¨ª«®¬ ˆ’-á¥à¢¨á®¢;

{ ¬®¤¥à−¨§�æ¨ï ˆ’-á¨áâ¥¬ ¨ ¨å ®¡®àã¤®¢�−¨ï;

{ �¤¬¨−¨áâà¨à®¢�−¨¥ ®¯¥à�æ¨®−−ëå á¨áâ¥¬ ¨ â. ¯.

4. Программная инженерия (software engineering)

�à®ä¥áá¨®−�«ë ¯® ¯à®ä¨«î ú¯à®£à�¬¬−�ï ¨−¦¥−¥à¨ïû ¤®«¦−ë ¡ëâì ª®¬-
¯¥â¥−â−ë¬¨ ¢ ®¡«�áâ¨ á®§¤�−¨ï ¨ á®¯à®¢®¦¤¥−¨ï á¨áâ¥¬ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥-
−¨ï, ®â¢¥ç�îé¨å âà¥¡®¢�−¨ï¬ −�¤¥¦−®áâ¨, íää¥ªâ¨¢−®áâ¨, á®¯à®¢®¦¤�¥¬®áâ¨,
®âªàëâ®áâ¨ ¨ â. ¯.

�á®¡¥−−® ¢�¦−®© áä¥à®© ¤¥ïâ¥«ì−®áâ¨ SE-¯à®ä¥áá¨®−�«®¢ á«ã¦�â á«®¦−ë¥
ªà¨â¨ç¥áª¨¥ ¨ ¢®¥−−ë¥ ¯à¨«®¦¥−¨ï. ‘¯¥æ¨�«¨áâë ¤�−−®£® ¯à®ä¨«ï ¤®«¦−ë
¨¬¥âì ¢ëá®ª¨© ãà®¢¥−ì ¯®¤£®â®¢ª¨ ¢ ¬�â¥¬�â¨ª¥ ¨ ª®¬¯ìîâ¥à−®© −�ãª¥.

�à¨¬¥à�¬¨ ª®¬¯¥â¥−æ¨© ¯à®ä¥áá¨®−�«®¢ ¯® ¯à®ä¨«î ú¯à®£à�¬¬−�ï ¨−¦¥-
−¥à¨ïû ¬®£ãâ á«ã¦¨âì:

{ ¢«�¤¥−¨¥ ¬¥â®¤�¬¨ ¨ áà¥¤áâ¢�¬¨ à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï,
ã¤®¢«¥â¢®àïîé¥£® âà¥¡®¢�−¨ï¬ −�¤¥¦−®áâ¨;

{ ã¯à�¢«¥−¨¥ ¯à®æ¥áá�¬¨ ¦¨§−¥−−®£® æ¨ª«� ¯à®£à�¬¬−ëå á¨áâ¥¬;

{ à�§à�¡®âª� ª®¬¯«¥ªâ®¢ â¥áâ®¢;

{ à�§à�¡®âª� ¨ à¥�«¨§�æ¨ï ¬¥â®¤®¢ â¥áâ¨à®¢�−¨ï ¨ ¨á¯ëâ�−¨ï ¯à®£à�¬¬−ëå
ª®¬¯«¥ªá®¢,

{ ¨−â¥£à�æ¨¨ ¨ á®¯à®¢®¦¤¥−¨¥ ¯à®£à�¬¬−ëå á¨áâ¥¬,

{ ¬®¤¥«¨à®¢�−¨¥ ®ªàã¦¥−¨© äã−ªæ¨®−¨à®¢�−¨ï ¯à®£à�¬¬−ëå á¨áâ¥¬ ¨ ¤à.

2.3 Графическое описание проблемных областей базовых профилей на основе
модели пространства задач

„«ï ¨««îáâà�æ¨¨ à�§«¨ç¨© ¨ ®¡é−®áâ¨ à�áá¬®âà¥−−ëå ¢ëè¥ ¡�§®¢ëå ¯à®-
ä¨«¥© ¢ ¤®ªã¬¥−â¥ ‘‘2005 ¯à¥¤«®¦¥− £à�ä¨ç¥áª¨© ¬¥â®¤ ¤«ï å�à�ªâ¥à¨áâ¨ª¨
®¡«�áâ¥© ¤¥ïâ¥«ì−®áâ¨ ¢ë¯ãáª−¨ª®¢ ¤�−−ëå ¯à®ä¨«¥© −� ®á−®¢¥ ¬®¤¥«¨ ¯à®-
áâà�−áâ¢� §�¤�ç ¢ ®¡«�áâ¨ ª®¬¯ìîâ¨−£�.
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÷¨á. 1 Œ®¤¥«ì ¯à®áâà�−áâ¢� §�¤�ç (a) ¨ ¯à®áâà�−áâ¢® §�¤�ç ¤«ï ¯à®ä¨«ï CE (¡)

‚ ¤�−−®¬ ¬¥â®¤¥ ¯à®áâà�−áâ¢® §�¤�ç, ¨«¨ ¯à®¡«¥¬−�ï ®¡«�áâì (problem
space), ˆ’-¤¥ïâ¥«ì−®áâ¨ ¬®¤¥«¨àã¥âáï ¯®áà¥¤áâ¢®¬ ¤¢ã¬¥à−®© ¤¨�£à�¬¬ë, ¯®-
ª�§�−−®© −� à¨á. 1, �. �áì X −� ¤¨�£à�¬¬¥ ¯à¥¤áâ�¢«ï¥â á®¡®© −¥¯à¥àë¢−ãî
èª�«ã, å�à�ªâ¥à¨§ãîéãî (¢®®¡é¥ £®¢®àï, èª�«¨à®¢�−−®¥) á¢®©áâ¢® ú−�ãç-
−®áâì/¯à�ªâ¨ç−®áâìû −¥ª®â®à®© ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨, â. ¥. ¯à¥¤¯®-
«�£�¥âáï, çâ® ¢ «¥¢®© ç�áâ¨ ¯«®áª®áâ¨ ª®−æ¥−âà¨àãîâáï −�ãª®¥¬ª¨¥ à�¡®âë,
®â«¨ç�îé¨¥áï â¥®à¥â¨ç¥áª¨¬ å�à�ªâ¥à®¬, −�ãç−®áâìî, −®¢¨§−®©, ¨−−®¢�æ¨®−-
−®áâìî, � ¢ ¯à�¢®© | ¢¨¤ë ¤¥ïâ¥«ì−®áâ¨ ¯à�ªâ¨ç¥áª®£® å�à�ªâ¥à�, −�¯à¨¬¥à:
¨á¯®«ì§®¢�−¨¥ ¯à¨«®¦¥−¨©, ãáâ�−®¢ª� ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ª®−ä¨£ãà¨-
à®¢�−¨¥ á¨áâ¥¬, �¤¬¨−¨áâà¨à®¢�−¨¥ á¥â¥¢ëå à¥áãàá®¢ ¨ ¯à. � ®áì Y ¯à®èª�«¨-
à®¢�−� â�ª, çâ® ®âà�¦�¥â ãà®¢−¨ �¡áâà�ªæ¨¨ ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨. �¨¦−¨© á«®©
¤¨�£à�¬¬ë (Computer hardware and architecture) ¢ª«îç�¥â ¢¨¤ë ¤¥ïâ¥«ì−®áâ¨,
á¢ï§�−−ë¥ á à�§à�¡®âª®© ª®¬¯ìîâ¥à−ëå �àå¨â¥ªâãà, c á®§¤�−¨¥¬ ¨ íªá¯«ã�â�-
æ¨¥© �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï. ‘«¥¤ãîé¨© á«®© (Systems infrastructure) | á
á®§¤�−¨¥¬ ¨ íªá¯«ã�â�æ¨¥© á¨áâ¥¬−®© ¨−äà�áâàãªâãàë ¯à¥¤¯à¨ïâ¨© (−�¯à¨¬¥à,
ª®à¯®à�â¨¢−®© á¥â¥¢®© ¨−äà�áâàãªâãàë), ¯®á«¥¤ãîé¨© á«®© (Software methods
and technologies) ®å¢�âë¢�¥â ¤¥ïâ¥«ì−®áâ¨ ¯® à�§à�¡®âª¥ ¯à®£à�¬¬−®£® ®¡¥á¯¥-
ç¥−¨ï ¨ ¯à®£à�¬¬−ëå á¨áâ¥¬. ‘«®© (Application technologies), ¯à¥¤è¥áâ¢ãîé¨©
−�¨¢ëáè¥¬ã á«®î ¢ ¨¥à�àå¨¨, ¢ª«îç�¥â à�¡®âë ¯® á®§¤�−¨î ¯à¨ª«�¤−ëå â¥å−®-
«®£¨© (−�¯à¨¬¥à, á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨ −�ãç−ëå ¨áá«¥¤®¢�−¨©, e-ª®¬¬¥àæ¨¨).
‘�¬ë© ¢¥àå−¨© á«®© (Organizational issues and information systems) á®®â¢¥â-
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áâ¢ã¥â á®§¤�−¨î Šˆ‘ ¨ á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨ ®à£�−¨§�æ¨®−−®© ¤¥ïâ¥«ì−®áâ¨
¯à¥¤¯à¨ïâ¨©. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� ¨á¯®«ì§®¢�−¨ï ¤�−−®£® ¬¥â®¤� −� à¨á. 1, ¡
¯à¥¤áâ�¢«¥−® ¯à®áâà�−áâ¢® §�¤�ç, å�à�ªâ¥à−®¥ ¤«ï ¯à®ä¨«ï ú¢ëç¨á«¨â¥«ì−�ï
â¥å−¨ª�û (computer engineering) ¨ ¯®ª�§ë¢�îé¥¥ âï£®â¥−¨¥ ¤�−−®© ¯à®ä¥áá¨¨ ª
−¨¦−¨¬ ãà®¢−ï¬ ¬®¤¥«¨àã¥¬®£® ¯à®áâà�−áâ¢�.

÷¨á. 2 ‘à�¢−¥−¨¥ ®¡«�áâ¥© ¤¥ïâ¥«ì−®áâ¨ ¤«ï ¡�§®¢ëå ¯à®ä¨«¥© SE, CS, IS, IT
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�� à¨á. 2 ¤«ï áà�¢−¥−¨ï ¯à¥¤áâ�¢«¥−ë ®¡«�áâ¨ ¤¥ïâ¥«ì−®áâ¨, å�à�ªâ¥à−ë¥
¤«ï ®áâ�¢è¨åáï, â�ª áª�§�âì, ú−¥å�¤¢¥à−ëåû ¡�§®¢ëå ¯à®ä¨«¥©, �−�«¨§ àãª®-
¢®¤áâ¢ ¤«ï ª®â®àëå ¯à¥¤¯®«�£�¥âáï á¤¥«�âì −¨¦¥, � ¨¬¥−−® ¯à®ä¨«¥© CS, IS,
IT, SE.

÷�áá¬®âà¥−−ë© ¢ëè¥ ¬¥â®¤ ®¯¨á�−¨ï ®¡«�áâ¥© ¤¥ïâ¥«ì−®áâ¨ ¯®áà¥¤áâ¢®¬
á®®â¢¥âáâ¢ãîé¨å ¤¨�£à�¬¬ ¯®§¢®«ï¥â áà�¢−¨¢�âì à�§«¨ç−ë¥ ¯à®ä¨«¨ ˆ’-¯à®-
ä¥áá¨¨ −� ª�ç¥áâ¢¥−−®¬ ãà®¢−¥.

„«ï ¡®«¥¥ ¤¥â�«ì−®£® ®¯¨á�−¨ï à�§«¨ç¨© ¨ ®¡é−®áâ¨ ª«�áá¨ç¥áª¨å ¯à®ä¨«¥©
¯à¨¬¥−ï¥âáï ¤àã£®© ¯®¤å®¤, à�áá¬®âà¥−−ë© −¨¦¥.

2.4 Сравнительный анализ базовых профилей по тематическому содержанию
профессиональной подготовки с помощью шкалированной табличной
формы

�−�«¨§ âà¥¡®¢�−¨©, ¯à¥¤êï¢«ï¥¬ëå ª ˆ’-¯à®ä¥áá¨®−�«�¬ á® áâ®à®−ë ˆ’-
®âà�á«¨, ¢ë¯®«−¥−−ë© ¯®¤ àãª®¢®¤áâ¢®¬ ¯à®ä. �. „¥−−¨−£� [16], � â�ª¦¥
à�¡®ç¨¬¨ £àã¯¯�¬¨ ¢ ¯à®æ¥áá¥ à�§à�¡®âª¨ áâ�−¤�àâ®¢ ªãàà¨ªã«ã¬®¢ ¤«ï ¡�ª�-
«�¢àáª¨å ¯à®£à�¬¬ ¯® ¡�§®¢ë¬ ¯à®ä¨«ï¬, ¯®ª�§�«, çâ® §−�ç¨â¥«ì−ë© �ªæ¥−â
¢ ¯®¤£®â®¢ª¥ ¡�ª�«�¢à®¢ ¤®«¦¥− ¡ëâì á¤¥«�− −� ¨§ãç¥−¨¨ (� â�ª¦¥ −� à�§¢¨-
â¨¨ á®®â¢¥âáâ¢ãîé¨å ã¬¥−¨© ¨ −�¢ëª®¢) ¯®àï¤ª� 40 â�ª −�§ë¢�¥¬ëå ¡�§®¢ëå
¨«¨ ª«îç¥¢ëå â¥å−®«®£¨©, §−�−¨¥ ª®â®àëå ¨ ã¬¥−¨¥ ¯®«ì§®¢�âìáï ª®â®àë¬¨
®¯à¥¤¥«ïîâ ¯à®ä¥áá¨®−�«ì−ãî á®áâ®ïâ¥«ì−®áâì ¢ë¯ãáª−¨ª� −¥§�¢¨á¨¬® ®â ¥£®
¯à®ä¨«¨§�æ¨¨, å®âï ãà®¢¥−ì ¢«�¤¥−¨ï ª®−ªà¥â−®© â¥¬®© ¬®¦¥â áãé¥áâ¢¥−−®
¬¥−ïâìáï ¢ §�¢¨á¨¬®áâ¨ ®â ¯à®ä¨«ï ¯®¤£®â®¢ª¨.

��¯à¨¬¥à, �¤¬¨−¨áâà�â®àë á¥â¥© ¯à�ªâ¨ç¥áª¨ −¥ áâ�«ª¨¢�îâáï á −¥®¡å®¤¨-
¬®áâìî à�§à�¡�âë¢�âì ¡®«ìè¨¥ ¯à®£à�¬¬ë −� ï§ëª�å ¯à®£à�¬¬¨à®¢�−¨ï, ®¤−�ª®
¤®«¦−ë ã¬¥âì ¯®«ì§®¢�âìáï á®¢à¥¬¥−−ë¬¨ ï§ëª�¬¨ ¤«ï à¥è¥−¨ï á®¡áâ¢¥−−ëå
«®ª�«ì−ëå §�¤�ç, ¢®§−¨ª�îé¨å ¢ ¯à®æ¥áá¥ á¥â¥¢®£® �¤¬¨−¨áâà¨à®¢�−¨ï. ‚ â® ¦¥
¢à¥¬ï à�§à�¡®âç¨ª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï ¤®«¦−ë ¢«�¤¥âì ï§ëª�¬¨ ¨ áà¥-
¤�¬¨, ¯®¤¤¥à¦¨¢�îé¨¬¨ à�§à�¡®âªã ¯à®£à�¬¬, � â�ª¦¥ ¯à®æ¥áá�¬¨ ¦¨§−¥−−®£®
æ¨ª«� ¯à®£à�¬¬−ëå áà¥¤áâ¢ −� íªá¯¥àâ−®¬ ãà®¢−¥.

‘¯¨á®ª â�ª¨å ª«îç¥¢ëå â¥å−®«®£¨© á®áâ�¢«¥− à�§à�¡®âç¨ª�¬¨ ‘‘2005 −�
®á−®¢¥ ®¡®¡é¥−¨ï â¥¬, ®¯¨á�−−ëå ¢ ã¯®¬ï−ãâëå ¢ëè¥ àãª®¢®¤áâ¢�å ¯® á®§¤�-
−¨î ¯à®£à�¬¬ ãç¥¡−ëå ªãàá®¢ ¤«ï ¡�§®¢ëå ¯à®ä¨«¥©. �â®â á¯¨á®ª â¥å−®«®£¨©,
¤®¯®«−¥−−ë© èª�«¨à®¢�−−ë¬¨ ¢¥á®¢ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨, ®âà�¦�îé¨¬¨ ãà®-
¢¥−ì ®á¢®¥−¨ï ª�¦¤®© â¥¬ë ¤«ï ãç�é¨åáï á®®â¢¥âáâ¢ãîé¨å ¯à®ä¨«¥©, ¯®§¢®«ï¥â
¢ ª®¬¯�ªâ−®© â�¡«¨ç−®© ä®à¬¥ áà�¢−¨âì á®¤¥à¦�−¨¥ ¯à®ä¥áá¨®−�«ì−®© ¯®¤£®-
â®¢ª¨ ¯® ¡�§®¢ë¬ ¯à®ä¨«ï¬ −� â¥¬�â¨ç¥áª®¬ ãà®¢−¥. �à¨ íâ®¬ ¤«ï ®¯à¥¤¥«¥−¨ï
ãà®¢−ï ¯à®ä¥áá¨®−�«ì−®© ¯®¤£®â®¢ª¨ ¯® ª«îç¥¢ë¬ â¥¬�¬ ¢ §�¢¨á¨¬®áâ¨ ®â ¯à®-
ä¨«ï ¨á¯®«ì§ã¥âáï −¥ª®â®à�ï ¬®¤¨ä¨ª�æ¨ï ¬¥â®¤� �«ã¬� [17], ¢ ª®â®à®¬ ®æ¥−ª¨
ãà®¢−ï ¯®¤£®â®¢ª¨ ¢ëà�¦�îâáï ¢ −¥ª®â®àëå �¡áâà�ªâ−ëå §−�ç¥−¨ïå ¢ ¤¨�¯�§®−¥
®â 0 ¤® 5. ‚ëáè�ï ®æ¥−ª� á®®â¢¥âáâ¢ã¥â ªà¨â¨ç¥áª®© ¢�¦−®áâ¨ ¤�−−®© â¥¬ë ¢ ¯®¤-
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÷¨á. 3 ’�¡«¨ç−�ï èª�«¨à®¢�−−�ï ¬®¤¥«ì ãà®¢−ï ¯®¤£®â®¢ª¨ ¢ë¯ãáª−¨ª®¢ ¯® ª«îç¥¢ë¬
â¥¬�¬ ¤«ï ª«�áá¨ç¥áª¨å ¯à®ä¨«¥© ¯®¤£®â®¢ª¨ (min | á®®â¢¥âáâ¢ã¥â ¬¨−¨¬�«ì−®¬ã
ãà®¢−î ª®¬¯¥â¥−æ¨©, max | ¬�ªá¨¬�«ì−®¬ã)

£®â®¢ª¥ ¡�ª�«�¢à� §�¤�−−®£® ¯à®ä¨«ï, ®¯à¥¤¥«ïï −¥®¡å®¤¨¬®áâì ¬�ªá¨¬�«ì−®£®
�ªæ¥−â� −� ¤�−−®© â¥¬¥. �æ¥−ª� ú0û á®®â¢¥âáâ¢ã¥â á¨âã�æ¨¨, ª®£¤� ª®¬¯¥â¥−æ¨ï
¤«ï ª®−ªà¥â−®£® ¯à®ä¨«ï ï¢«ï¥âáï −¥áãé¥áâ¢¥−−®©. �áâ�«ì−ë¥, −¥−ã«¥¢ë¥, §−�-
ç¥−¨ï èª�«ë å�à�ªâ¥à¨§ãîâ á®®â¢¥âáâ¢ãîé¨© ¨å §−�ç¥−¨î ãà®¢¥−ì §−�ç¨¬®áâ¨
¤�−−®© â¥¬ë ¤«ï ª®−ªà¥â−®£® ¯à®ä¨«ï ¯®¤£®â®¢ª¨.

�� ®á−®¢¥ íªá¯¥àâ−ëå ®æ¥−®ª, �−�«¨§� ®¯ëâ� à¥�«¨§�æ¨¨ ¡®«ìè®£® àï¤�
−�¨¡®«¥¥ ãá¯¥è−ëå ã−¨¢¥àá¨â¥âáª¨å ¯à®£à�¬¬ ¢ ‘‘2005 ¯à¥¤«®¦¥−ë èª�«¨à®-
¢�−−ë¥ ®æ¥−ª¨ ãà®¢−ï ¯®¤£®â®¢ª¨ ¢ë¯ãáª−¨ª®¢ ¤«ï ª�¦¤®£® ¡�§®¢®£® ¯à®ä¨«ï,
á¢¥¤¥−−ë¥ ¢¬¥áâ¥ ¤«ï ã¤®¡áâ¢� ¨å áà�¢−¥−¨ï ¢ ®¤−ã â�¡«¨æã (à¨á. 3). ‚ «¥¢®¬
áâ®«¡æ¥ íâ®© â�¡«¨æë ¯¥à¥ç¨á«¥−ë úª«îç¥¢ë¥ â¥å−®«®£¨¨/â¥¬ë ¯à®ä¥áá¨®-
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−�«ì−®© ¯®¤£®â®¢ª¨û, � ª�¦¤ë© ¨§ á«¥¤ãîé¨å áâ®«¡æ®¢ á®¤¥à¦¨â ¤¨�¯�§®−ë
ç¨á«®¢ëå ®æ¥−®ª ¢�¦−®áâ¨ íâ®© â¥¬ë ¤«ï ª�¦¤®£® ¯à®ä¨«ï, ¯à¥¤áâ�¢«¥−−®£®
áâ®«¡æ®¬ â�¡«¨æë. ’�ª¨¬ ®¡à�§®¬, −� ¯¥à¥á¥ç¥−¨¨ áâà®ª ¨ áâ®«¡æ®¢ áâ®ïâ ¤¢�
¢¥á®¢ëå §−�ç¥−¨ï èª�«ë, «¥¢®¥ §−�ç¥−¨¥ á®®â¢¥âáâ¢ã¥â ¬¨−¨¬�«ì−®¬ã ãà®¢−î
¯®¤£®â®¢ª¨ ¯® ¤�−−®© â¥¬¥ ¤«ï ¤�−−®£® ¯à®ä¨«ï, ¯à�¢®¥ | ¬�ªá¨¬�«ì−®¬ã
ãà®−î.

Œ¨−¨¬�«ì−®¥ §−�ç¥−¨¥ ®âà�¦�¥â �ªæ¥−â −� ¯®¤£®â®¢ª¥ ¯® ¤�−−®© â¥¬¥, à¥ª®-
¬¥−¤ã¥¬ë© ¤«ï ¯à®£à�¬¬ ®¡à�§®¢�â¥«ì−®£® áâ�−¤�àâ� ¯® ª®−ªà¥â−®¬ã ¯à®ä¨«î
¯®¤£®â®¢ª¨. Œ�ªá¨¬�«ì−®¥ §−�ç¥−¨¥ ¨á¯®«ì§ã¥âáï ¤«ï ®£à�−¨ç¥−¨ï ®¡ê¥¬� ¢−¨-
¬�−¨ï ª ª®−ªà¥â−®© â¥¬¥ ¢ ãç¥¡−ëå ¯«�−�å á ãç¥â®¬ ¢ë¡à�−−ëå áâã¤¥−â®¬
¤®¯®«−¨â¥«ì−ëå ªãàá®¢ ª�ª −¥ª®â®à�ï ®£à�−¨ç¨â¥«ì−�ï ¬¥à� ¤«ï ¯à¥¤®â¢à�é¥-
−¨ï ®¤−®¡®ª®áâ¨ ¢ ¯®¤£®â®¢ª¥ ¢ë¯ãáª−¨ª®¢.

÷�áá¬®âà¥−−�ï â�¡«¨æ�, ¯® áãé¥áâ¢ã, ¯à¥¤áâ�¢«ï¥â á®¡®© á¨áâ¥¬ã æ¥«¥©
®¡ãç¥−¨ï ¯® á®®â¢¥âáâ¢ãîé¨¬ ¯à®ä¨«ï¬ ¯®¤£®â®¢ª¨.

�−�«®£¨ç−ë© ¯®¤å®¤ ¯à¨¬¥−ï¥âáï ¨ ¯à¨ ®¯à¥¤¥«¥−¨¨ âà¥¡®¢�−¨© ª ¯®¤£®â®¢ª¥
ˆ’-¡�ª�«�¢à®¢ ¯® −¥¯à®ä¨«ì−ë¬ â¥¬�¬.

2.5 Описание исходящих профессиональных характеристик выпускников
базовых профилей

‘ â®çª¨ §à¥−¨ï à�¡®â®¤�â¥«ï, æ¥−−®áâì ¢ë¯ãáª−¨ª� ã−¨¢¥àá¨â¥â� ®¯à¥¤¥«ï¥â-
áï ¥£® á¯®á®¡−®áâï¬¨ (¨áå®¤ïé¨¬¨, ¨«¨ à�¡®ç¨¬¨, å�à�ªâ¥à¨áâ¨ª�¬¨) ¢ë¯®«−ïâì
ª®−ªà¥â−ë¥ ¢¨¤ë à�¡®â.

�® �−�«®£¨¨ á ¯à¨¬¥−¥−−ë¬ ¢ëè¥ ¬¥â®¤®¬ èª�«¨à®¢�−¨ï ¤«ï ¬®¤¥«¨à®¢�−¨ï
æ¥«¥© ®¡ãç¥−¨ï ¯® ª«îç¥¢ë¬ â¥¬�¬/â¥å−®«®£¨ï¬ ¤«ï ª«�áá¨ç¥áª¨å ¯à®ä¨«¥©,
¢ ‘‘2005 ¯à¥¤«®¦¥−� á¨áâ¥¬� à�¡®ç¨å, ¨«¨ ¨áå®¤ïé¨å, å�à�ªâ¥à¨áâ¨ª ¤«ï
¢ë¯ãáª−¨ª®¢ ¢ á®®â¢¥âáâ¢¨¨ á ¯à®ä¨«¥¬ ¯®¤£®â®¢ª¨, ¯à¥¤áâ�¢«¥−−�ï ¢ â�¡«¨ç−®©
ä®à¬¥ (Table 3.3. Relative performance capabilities of computing graduates by
discipline [11]).

„�−−�ï â�¡«¨æ� ¢ª«îç�¥â ¡®«¥¥ è¥áâ¨¤¥áïâ¨ ¯à¨¬¥à−ëå ¢¨¤®¢ à�¡®â, à�§-
¡¨âëå −� ®¤¨−−�¤æ�âì ª«�áá®¢ ¯® ¢¨¤�¬ â¥å−®«®£¨©. �−� (¨«¨ ¥¥ ¬®¤¨ä¨ª�æ¨ï)
¬®¦¥â á«ã¦¨âì ®¯®à−ë¬ í«¥¬¥−â®¬ ¯à¨ ¯®áâà®¥−¨¨ ¯à�ªâ¨ª®-®à¨¥−â¨à®¢�−−®©
ç�áâ¨ ãç¥¡−ëå ¯à®£à�¬¬ (á¯¥æªãàá®¢, á¥¬¨−�à®¢, ¬�áâ¥à-ª«�áá®¢, ªãàá®¢ëå ¨
¤¨¯«®¬−ëå à�¡®â, ¯à®¨§¢®¤áâ¢¥−−ëå ¯à�ªâ¨ª). ‚ ç�áâ−®áâ¨, ãç�áâ¨¥ ¢ à¥�«¨§�-
æ¨¨ íâ®© ç�áâ¨ ¯à®£à�¬¬ë ¯à¥¤áâ�¢¨â¥«¥© à�¡®â®¤�â¥«¥© ï¢«ï¥âáï çà¥§¢ëç�©−®
¢�¦−ë¬.

÷�áá¬®âà¥¢ ®¡éãî ¬¥â®¤®«®£¨î à�§à�¡®âª¨ áâ�−¤�àâ®¢ ªãàà¨ªã«ã¬®¢ ¤«ï
®¡«�áâ¨ ˆ’, ¯¥à¥©¤¥¬ ª �−�«¨§ã á®¢à¥¬¥−−ëå ªãàà¨ªã«ã¬®¢ ¤«ï ¡�ª�«�¢à¨�â�
¨ ¬�£¨áâà�âãàë.
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3 Стандарты куррикулумов бакалавриата

‘®¢à¥¬¥−−ë© áâ¥ª áâ�−¤�àâ®¢ ªãàà¨ªã«ã¬®¢ ¤¨áæ¨¯«¨−ë ª®¬¯ìîâ¨−£, ®à¨-
¥−â¨à®¢�−−ë© −� ¯®¤£®â®¢ªã ¡�ª�«�¢à®¢, ¢ª«îç�¥â á«¥¤ãîé¨¥ ®á−®¢−ë¥ ¤®ªã-
¬¥−âë:

{ úComputing Science 2001û (CS2001) [8];

{ úComputer Science 2008û (CS2008) [14];

{ úInformation Systems 2010û (IS2010) [15];

{ úSoftware Engineering 2004û (SE2004) [11, 18];

{ úInformation Technology 2008û (IT2008) [12].

�¨¦¥ á¤¥«�¥¬ ªà�âª¨© �−�«¨§ íâ¨å ¤®ªã¬¥−â®¢. ‡�¬¥â¨¬, çâ® ¢ áâ¥ª −¥
¢ª«îç¥− ¤®ªã¬¥−â úComputer Engineering 2004û (CE2004), âï£®â¥îé¨© ª ¨−¦¥-
−¥à−®¬ã ®¡à�§®¢�−¨î, � â�ª¦¥ ¤®ªã¬¥−â úComputing Curricula 2009: Guidelines
for Associate-Degree Transfer Curriculum in Computer Scienceû, ®à¨¥−â¨à®¢�−−ë©
−� ¤®ãç¨¢�−¨¥ −� ¡�ª�«�¢àáªãî áâ¥¯¥−ì ¢ë¯ãáª−¨ª®¢ ª®««¥¤¦¥© á ¤¢ãå«¥â−¥©
¯à®ä¥áá¨®−�«ì−®© ¯®¤£®â®¢ª®©.

3.1 Компьютерные науки (computer science — CS)

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬¥â®¤¨ç¥áª¨© ¡�§¨á ¢ áä¥à¥ ¯®¤£®â®¢ª¨ ¡�ª�«�¢à®¢ ¯®
¯à®ä¨«î computer science á®áâ�¢«ïîâ ¤¢� àãª®¢®¤áâ¢�:

{ úComputing Science 2001û (CS2001) [8];

{ úComputer Science 2008û (CS2008) [14].

�¥á¬®âàï −� â® çâ® àãª®¢®¤áâ¢® CS2001 ¡ë«® à�§à�¡®â�−® ¡®«¥¥ ¤¥áïâ¨«¥â¨ï
−�§�¤, ¯à¨ ¥£® á®§¤�−¨¨ ¡ë«¨ §�«®¦¥−ë áâ®«ì ®á−®¢�â¥«ì−ë¥ à¥è¥−¨ï, çâ®
¬−®£¨¥ ¨§ −¨å ®ª�§�«¨áì �ªâã�«ì−ë¬¨ ¨ ¯® á¥© ¤¥−ì. ‚ ç�áâ−®áâ¨, ¢ ®â«¨ç¨¥
®â ¤àã£¨å ªãàà¨ªã«ã¬®¢, ¢ ¤®ªã¬¥−â CS2001 ¢®è¥« ®¡è¨à−ë© ¬¥â®¤¨ç¥áª¨©
¬�â¥à¨�« ¯® ¯¥¤�£®£¨ç¥áª¨¬ áâà�â¥£¨ï¬ ¨ ¬®¤¥«ï¬ à¥�«¨§�æ¨¨ ®¯¨á�−−®£® ¢
¤®ªã¬¥−â¥ ®¡ê¥¬� §−�−¨©, � â�ª¦¥ ¡ë«¨ ¢ª«îç¥−ë ®¯¨á�−¨ï (¢ ¯à¨«®¦¥−¨ïå)
¡®«ìè®£® ç¨á«� ªãàá®¢ ¤«ï à�§−ëå ¯¥¤�£®£¨ç¥áª¨å áâà�â¥£¨© à¥�«¨§�æ¨¨ ¤�−−®£®
ªãàà¨ªã«ã¬�.

÷ãª®¢®¤áâ¢® CS2008 à�§à�¡�âë¢�«®áì á æ¥«ìî �ªâã�«¨§�æ¨¨ ®á−®¢−ëå à�§-
¤¥«®¢ CS2001, � ¨¬¥−−® á¯¥æ¨ä¨ª�æ¨© ®¡ê¥¬� §−�−¨© ¨ ¥£® ï¤à�, æ¥«¥© ®¡ãç¥−¨ï
¨ ¨â®£®¢ëå ¯à®ä¥áá¨®−�«ì−ëå å�à�ªâ¥à¨áâ¨ª ¢ë¯ãáª−¨ª�. ’�ª¨¬ ®¡à�§®¬, ¤®-
ªã¬¥−â CS2008 −¥ áâ�« ¯®«−®© à¥¢¨§¨¥© á¢®¥£® ¯à¥¤è¥áâ¢¥−−¨ª�, � â®«ìª®
à¥¤�ªæ¨¥© ¥£® ®â¤¥«ì−ëå à�§¤¥«®¢. ‘âàãªâãà� ®¡ê¥¬� §−�−¨© ®áâ�«�áì −¥¨§¬¥−-
−®©. �®íâ®¬ã ¯à¨ á®áâ�¢«¥−¨¨ à¥�«ì−ëå ãç¥¡−ëå ¯à®£à�¬¬ àãª®¢®¤áâ¢® CS2001
â�ª¦¥ ¬®¦¥â ãá¯¥è−® ¨á¯®«ì§®¢�âìáï á ãç¥â®¬ â®£®, çâ® ®â¤¥«ì−ë¥ à�§¤¥«ë íâ®£®
¤®ªã¬¥−â� �ªâã�«¨§¨à®¢�−ë ¢ CS2008.
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�á−®¢−ë¬¨ ¬¥â®¤¨ç¥áª¨¬¨ ¯®«®¦¥−¨ï¬¨ ãª�§�−−ëå ªãàà¨ªã«ã¬®¢ ¤«ï ¯à®-
ä¨«ï computer science ï¢«ïîâáï á«¥¤ãîé¨¥ à¥è¥−¨ï:

1. Œ®¤¥«ì �àå¨â¥ªâãàë ¤«ï ¯à¥¤áâ�¢«¥−¨ï ®¡ê¥¬� §−�−¨© CS â¨¯®¢�ï | ¨¥-
à�àå¨ç¥áª�ï. �� ¢¥àå−¥¬ ãà®¢−¥ ®−� á®¤¥à¦¨â ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨ (areas),
ª®â®àë¥ ¯®¤à�§¤¥«ïîâáï −� à�§¤¥«ë ¨«¨ ¬®¤ã«¨ §−�−¨© (units), ¯®á«¥¤−¨¥,
¢ á¢®î ®ç¥à¥¤ì, à�§¡¨¢�îâáï −� â¥¬ë (topics). ‘âàãªâãà� §−�−¨© ®áâ�«�áì
−¥¨§¬¥−−®© ¨ ¢ ¤®ªã¬¥−â¥ CS2008. �−� á®¤¥à¦¨â 14 ¯à¥¤¬¥â−ëå ®¡«�áâ¥©,
¢ª«îç�ï: ú„¨áªà¥â−ë¥ áâàãªâãàëû (DS), ú�á−®¢ë ¯à®£à�¬¬¨à®¢�−¨ïû
(PF), ú�«£®à¨â¬ë ¨ â¥®à¨ï á«®¦−®áâ¨û (AL), ú�àå¨â¥ªâãà� ¨ ®à£�−¨§�æ¨ï
�‚Œû (AR), ú�¯¥à�æ¨®−−ë¥ á¨áâ¥¬ëû (OS), ú÷�á¯à¥¤¥«¥−−ë¥ ¢ëç¨á«¥-
−¨ïû (NC), úŸ§ëª¨ ¯à®£à�¬¬¨à®¢�−¨ïû (PL), ú‚§�¨¬®¤¥©áâ¢¨¥ ç¥«®¢¥ª�
¨ ¬�è¨−ëû (HC), úƒà�ä¨ª� ¨ ¢¨§ã�«¨§�æ¨ïû (GV), úˆ−â¥««¥ªâã�«ì−ë¥
á¨áâ¥¬ëû (IS), ú“¯à�¢«¥−¨¥ ¨−ä®à¬�æ¨¥©û (IM), ú‘®æ¨�«ì−ë¥ ¨ ¯à®ä¥á-
á¨®−�«ì−ë¥ ¢®¯à®áë ¯à®£à�¬¬¨à®¢�−¨ïû (SP), ú�à®£à�¬¬−�ï ¨−¦¥−¥à¨ïû
(SE), úŒ¥â®¤ë ¢ëç¨á«¥−¨©û (CN).

2. �¤−®© ¨§ æ¥−âà�«ì−ëå ¢ ªãàà¨ªã«ã¬¥ ï¢«ï¥âáï ª®−æ¥¯æ¨ï ï¤à�, ¨«¨ ®¡ï-
§�â¥«ì−®© ç�áâ¨ ®¡ê¥¬� §−�−¨©, ª®â®à�ï ¤®«¦−� ¯à¨áãâáâ¢®¢�âì ¢® ¢á¥å
ãç¥¡−ëå ¯à®£à�¬¬�å ¯® ¤�−−®¬ã ¯à®ä¨«î. �¡ê¥¬ ¯®ç�á®¢®© «¥ªæ¨®−−®©
−�£àã§ª¨ ï¤à� á®áâ�¢«ï¥â 280 «¥ªæ¨®−−ëå ç�á®¢ (¨ ¢ CS2001, ¨ ¢ CS2008).
�à¨ íâ®¬ ¯®−¨¬�¥âáï, çâ® ®¡ê¥¬ ¢−¥�ã¤¨â®à−ëå §�−ïâ¨© ¤®«¦¥− ¯à¨¬¥à−®
¢ âà¨ à�§� ¯à¥¢®áå®¤¨âì ®¡ê¥¬ �ã¤¨â®à−ëå, â. ¥. à�§¤¥«, âà¥¡ãîé¨© âà¥å
�ã¤¨â®à−ëå ç�á®¢, ¤®«¦¥− ¨§ãç�âìáï ¯à¨¬¥à−® 12 ç (3 ç ¢ �ã¤¨â®à¨¨ ¨ 9 ç
á�¬®áâ®ïâ¥«ì−®). � ¤«ï ¯ïâ−�¤æ�â¨−¥¤¥«ì−®£® á¥¬¥áâà®¢®£® æ¨ª«� âà¥åªà¥-
¤¨â−ë© ªãàá ¯®âà¥¡ã¥â ®ª®«® 40 «¥ªæ¨®−−ëå ç�á ¯à¨ ®¡é¥© ãç¥¡−®© −�£àã§ª¥
¢ 160 ç.

3. CS2008 á®¤¥à¦¨â ®¡§®à ¯¥à¥á¬®âà¥−−®£® ®¡ê¥¬� §−�−¨© (¯à¨«®¦¥−¨¥ A),
¤¥â�«ì−®¥ ®¯¨á�−¨¥ ®¡−®¢«¥−−®£® ®¡ê¥¬� §−�−¨© (¯à¨«®¦¥−¨¥ B), ®¯¨á�−¨¥
−¥ª®â®àëå −®¢ëå à¥ª®¬¥−¤®¢�−−ëå ªãàá®¢ (¯à¨«®¦¥−¨¥ C), ¤®¯®«−ïîé¨å
®¯¨á�−¨ï ªãàá®¢ ¤®ªã¬¥−â� CS2001.

4. �¯à¥¤¥«¥−� â¨¯®¢�ï ¬®¤¥«ì ãç¥¡−®© ¯à®£à�¬¬ë ¨ ª«�áá¨ä¨ª�æ¨ï ªãàá®¢ −�
¢¢®¤−ë¥ (introductory), ®á−®¢−ë¥ (intermediate) ¨ ã£«ã¡«¥−−ë¥, ¨«¨ á¯¥æ¨-
�«ì−ë¥ (advanced).

5. ‚ ª�ç¥áâ¢¥ ¨−áâàã¬¥−â®¢ ¤¨¢¥àá¨ä¨ª�æ¨¨ ãç¥¡−ëå ¯à®£à�¬¬ ¤®ªã¬¥−â
CS2001 ¯à¥¤®áâ�¢«ï¥â è¨à®ª¨© á¯¥ªâà à¥è¥−¨© ¯®áâà®¥−¨ï ¯à®£à�¬¬ −�
®á−®¢¥ à�§«¨ç−ëå ®¡à�§®¢�â¥«ì−ëå ¨ â¥¬�â¨ç¥áª¨å ¯�à�¤¨£¬. ‚ ç�áâ−®áâ¨,
¢ ¤�−−®¬ àãª®¢®¤áâ¢¥ ®¯à¥¤¥«¥−ë è¥áâì à�§«¨ç−ëå áâà�â¥£¨© à¥�«¨§�æ¨¨
¢¢®¤−ëå ªãàá®¢, ç¥âëà¥ ¯®¤å®¤� ª ª®¬¯®−®¢ª¥ ®á−®¢−ëå ªãàá®¢. Š®¬-
¡¨−�æ¨ï íâ¨å á¯®á®¡®¢ ¤�¥â è¨à®ª¨¥ ¢®§¬®¦−®áâ¨ ¢ã§�¬ ¤«ï â¢®àç¥áª®-
£® ¯®¤å®¤� ª ¯®áâà®¥−¨î ª®−ªà¥â−ëå ãç¥¡−ëå ¯à®£à�¬¬. ‚ àãª®¢®¤áâ¢¥
CS2008 ¯®¤¤¥à¦¨¢�¥âáï ¯à¨−æ¨¯ ¬−®£®®¡à�§¨ï ãç¥¡−ëå ¯à®£à�¬¬, ¢ â®¬
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ç¨á«¥ �ªæ¥−â¨àã¥âáï ¢−¨¬�−¨¥ −� æ¥«¥á®®¡à�§−®áâ¨ ¨á¯®«ì§®¢�−¨ï ¯®¤å®-
¤� ª ¤¨¢¥àá¨ä¨ª�æ¨¨ ¯à®£à�¬¬ −� ®á−®¢¥ ¨å ®à¨¥−â�æ¨¨ ¯® ¢ë¡à�−−®¬ã
−�ãç−®-¯à¨ª«�¤−®¬ã −�¯à�¢«¥−¨î.

6. �¯à¥¤¥«¥−� ª«�áá¨ä¨ª�æ¨ï æ¥«¥© ®¡ãç¥−¨ï (learning objectives) ¨ á¨áâ¥¬�
æ¥«¥©, á¢ï§�−−�ï á í«¥¬¥−â�¬¨ ®¡ê¥¬� §−�−¨© ¨ ¯à®−¨§ë¢�îé�ï ¥£® −� ¢á¥å
ãà®¢−ïå ®¯¨á�−¨ï.

7. ‚ CS2008 ¯à¨¢¥¤¥− ®¡−®¢«¥−−ë© ¢¥áì¬� ®¡è¨à−ë© á¯¨á®ª à¥§ã«ìâ�â®¢
®¡ãç¥−¨ï, â. ¥. á¯¨á®ª ®¦¨¤�¥¬ëå å�à�ªâ¥à¨áâ¨ª ¢ë¯ãáª−¨ª�, á®áâ®ïé¨©
¨§ −�¡®à®¢ ®¡é¨å å�à�ªâ¥à¨áâ¨ª, ª®£−¨â¨¢−ëå á¯®á®¡−®áâ¥© ¨ −�¢ëª®¢,
¤®¯®«−¨â¥«ì−ëå ¯à®ä¥áá¨®−�«ì−ëå −�¢ëª®¢.

‚ §�ª«îç¥−¨¥ íâ®£® à�§¤¥«� ¤�¤¨¬ ªà�âªãî ª�ç¥áâ¢¥−−ãî å�à�ªâ¥à¨áâ¨ªã
®á−®¢−ëå ¨§¬¥−¥−¨© ¢ ï¤à¥ ®¡ê¥¬� §−�−¨©, çâ® ¯à¥¤áâ�¢«ï¥â −�¨¡®«ìè¨© ¨−â¥-
à¥á, â�ª ª�ª íâ® ¢«¥ç¥â −¥®¡å®¤¨¬®áâì ¢−¥á¥−¨ï á®®â¢¥âáâ¢ãîé¨å ¨§¬¥−¥−¨© ¢®
¢¢®¤−ë¥ ¨ ¡�§®¢ë¥ ªãàáë á®®â¢¥âáâ¢ãîé¨å ãç¥¡−ëå ¯à®£à�¬¬ à®áá¨©áª¨å ¢ã§®¢:

{ ¢ ®¡«�áâ¨ ú„¨áªà¥â−ë¥ áâàãªâãàëû (DS) áãé¥áâ¢¥−−® ¡®«ìè¨© �ªæ¥−â ¤¥-
«�¥âáï −� «®£¨ç−®áâ¨ à�ááã¦¤¥−¨ï, á¯®á®¡−®áâ¨ áâã¤¥−â®¢ ¢ë¯®«−ïâì áâà®£®
®¡®á−®¢�−−ë¥ ¨ �à£ã¬¥−â¨à®¢�−−ë¥ ¤®ª�§�â¥«ìáâ¢�, ¢ â® ¦¥ ¢à¥¬ï á−¨¦�¥âáï
¢−¨¬�−¨¥ ª ä®à¬�«ì−ë¬ (á¨¬¢®«¨ç¥áª¨¬) ¤®ª�§�â¥«ìáâ¢�¬;

{ ¢ ®¡«�áâ¨ ú�àå¨â¥ªâãà� ¨ ®à£�−¨§�æ¨ï �‚Œû (AR) ¢¢¥¤¥−® à�áá¬®âà¥−¨¥
¬−®£®ï¤¥à−ëå ¨ ¬ã«ìâ¨âà¥¤®¢ëå ¯à®æ¥áá®à®¢;

{ ¢ ®¡«�áâ¨ ú÷�á¯à¥¤¥«¥−−ë¥ ¢ëç¨á«¥−¨ïû (NC) ¢¢¥¤¥−ë −®¢ë¥ â¥¬ë, ¯®-
á¢ïé¥−−ë¥ á¥à¢¨á−®-®à¨¥−â¨à®¢�−−®© �àå¨â¥ªâãà¥ ¨ à�á¯à¥¤¥«¥−−ë¬ ¢ë-
ç¨á«¥−¨ï¬, ¢ª«îç�ï £à¨¤ë, ¢ â® ¦¥ ¢à¥¬ï â¥¬ë, ¯®á¢ïé¥−−ë¥ ª®¬¬ãâ�æ¨¨
ª�−�«®¢ ¨ ¯�ª¥â−®© ª®¬¬ãâ�æ¨¨, ¯®â®ª�¬ ¨ ¤¥©â�£à�¬¬�¬, ¯à®£à�¬¬−®¬ã
®¡¥á¯¥ç¥−¨î è«î§®¢ ¡ë«¨ ã¤�«¥−ë ¨§ ï¤à�;

{ ¢ ®¡«�áâ¨ úˆ−â¥««¥ªâã�«ì−ë¥ á¨áâ¥¬ëû (IS) ¢ª«îç¥−ë â¥¬ë, ¯®á¢ïé¥−−ë¥
¨§ãç¥−¨î ª®−æ¥¯æ¨¨ ¯®−¨¬�−¨ï (perception), ®−â®«®£¨©, â¥®à¨¨ ¯«�−¨à®¢�-
−¨ï, ¯®−ïâ¨© ¨£à®¢®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï;

{ ¢ ®¡«�áâ¨ úŒ¥â®¤ë ¢ëç¨á«¥−¨©û (CN) �ªæ¥−â ¯¥à¥¬¥áâ¨«áï á ¬¥â®¤®¢ ¢ë-
ç¨á«¥−¨© −� ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¨â¥«ì−ë¥ â¥å−®«®£¨¨ ¨ ¯�à�«-
«¥«¨§¬, ¨ â¥¯¥àì íâ¨ â¥¬ë áâ�−®¢ïâáï ¯à¥â¥−¤¥−â�¬¨ −� ¢ª«îç¥−¨¥ ¢ ï¤à®.

3.2 Информационные системы (information systems — IS)

„«ï ¯à®ä¨«ï ú¨−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ëû �ªâã�«ì−ë¬¨ ï¢«ïîâáï ¤¢� â¥å-
−¨ç¥áª¨ íª¢¨¢�«¥−â−ëå àãª®¢®¤áâ¢�:

{ úInformation Systems 2010û (IS2010), � â�ª¦¥ ¥£® íª¢¨¢�«¥−â, à¥�«¨§®¢�−−ë©
¢ ¢¨¤¥ Wiki-à¥áãàá� | IS Curriculum Wiki [15];
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{ ¢â®à®© ¬�â¥à¨�«, ¢ë¯®«−¥−−ë© ¢ ¢¨¤¥ ¢¥¡-à¥áãàá�, á«ã¦¨« â¥å−®«®£¨ç¥-
áª®© ¯«®é�¤ª®© ¤«ï ª®««¥ªâ¨¢−®© à�§à�¡®âª¨ áâ�−¤�àâ� ªãàà¨ªã«ã¬� IS.
�®á«¥ â®£® ª�ª ¢¥¡-¢¥àá¨ï ®¡ê¥¬� §−�−¨© ¨ ¤àã£¨å à�§¤¥«®¢ ªãàà¨ªã«ã-
¬� ¤®áâ¨£«� ¢ëá®ª®© áâ¥¯¥−¨ ª®−á¥−áãá�, à¥áãàá ¡ë« §�ªàëâ ¤«ï ¢−¥á¥−¨ï
¨§¬¥−¥−¨© ¨ −� ®á−®¢¥ ¥£® ¬�â¥à¨�«� ¡ë« ¨§¤�− â®¬ ªãàà¨ªã«ã¬� ¢ âà�¤¨æ¨-
®−−®¬ ¨á¯®«−¥−¨¨. ’�ª®© ¯®¤å®¤ ¯®§¢®«¨« ¢®¢«¥çì ¢ ¯à®¥ªâ è¨à®ª¨© ªàã£
¯à®ä¥áá¨®−�«ì−®© ®¡é¥áâ¢¥−−®áâ¨.

�á−®¢−®© ¯à¨ç¨−®©, ®¡ãá«®¢¨¢è¥© �ªâã�«ì−®áâì à�§à�¡®âª¨ IS2010, ï¢¨-
«¨áì §−�ç¨â¥«ì−ë¥ ¨§¬¥−¥−¨ï ¢ ¤�−−®© ®¡«�áâ¨, ¢ â®¬ ç¨á«¥ ¢ áâ�−¤�àâ¨§�æ¨¨
¯à®æ¥áá®¢ ¯à®¥ªâ¨à®¢�−¨ï IS, è¨à®ª®¬ ¢−¥¤à¥−¨¨ ¢¥¡-â¥å−®«®£¨©, á®§¤�−¨¨
−®¢ëå �àå¨â¥ªâãà−ëå ¯�à�¤¨£¬, è¨à®ª®¬ ¨á¯®«ì§®¢�−¨¨ ªàã¯−®¬�áèâ�¡−ëå
á¨áâ¥¬ ERP, ¯®¢á¥¬¥áâ−®¬ à�á¯à®áâà�−¥−¨¨ ¬®¡¨«ì−ëå ª®¬¯ìîâ¥à®¢ ¨ £�¤¦¥-
â®¢, è¨à®ª®¬ ¨á¯®«ì§®¢�−¨¨ ¨−äà�áâàãªâãà−ëå äà¥©¬¢®àª®¢ (â�ª¨å ª�ª ITIL,
COBIT, ISO 17799) ¨ ¯à.

„�−−ë© ªãàà¨ªã«ã¬ à�§à�¡�âë¢�«áï ¢ c«®¦−®¥ ªà¨§¨á−®¥ ¢à¥¬ï, ¯®íâ®-
¬ã á −¥ª®â®à®© ®áâ®à®¦−®áâìî ¤¥ª«�à¨àã¥â á«¥¤ãîé¨¥ ®¦¨¤�¥¬ë¥ à¥§ã«ìâ�âë
®¡ãç¥−¨ï, ª®â®àë¥ ®− ¬®¦¥â ®¡¥á¯¥ç¨âì:

{ á®¢¥àè¥−áâ¢®¢�−¨¥ ®à£�−¨§�æ¨®−−ëå ¯à®æ¥áá®¢;
{ ¨á¯®«ì§®¢�−¨¥ ¢®§¬®¦−®áâ¥©, á®§¤�−−ëå â¥å−®«®£¨ç¥áª¨¬¨ ¨−−®¢�æ¨ï¬¨;
{ ¯®−¨¬�−¨¥ ¨ à¥è¥−¨¥ ¨−ä®à¬�æ¨®−−ëå ¯®âà¥¡−®áâ¥©;
{ ¯à®¥ªâ¨à®¢�−¨¥ ¨ ã¯à�¢«¥−¨¥ �àå¨â¥ªâãà®© ¯à¥¤¯à¨ïâ¨ï;
{ ®¯à¥¤¥«¥−¨¥ ¨ ®æ¥−ª� à¥è¥−¨©, ¯®¨áª� �«ìâ¥à−�â¨¢;
{ ®¡¥á¯¥ç¥−¨¥ ¡¥§®¯�á−®áâ¨ ¤�−−ëå ¨ ¨−äà�áâàãªâãàë;
{ ¯®−¨¬�−¨¥, ã¯à�¢«¥−¨¥ ¨ ª®−âà®«ì ˆ’-à¨áª®¢.

÷�áá¬®âà¨¬ ®á−®¢−ë¥ à¥è¥−¨ï IS2010.

1. Œ®¤¥«ì �àå¨â¥ªâãàë ¤«ï ¯à¥¤áâ�¢«¥−¨ï ®¡ê¥¬� §−�−¨© IS â¨¯®¢�ï | ¨¥à�à-
å¨ç¥áª�ï. �� ¢¥àå−¥¬ ãà®¢−¥ ®−� á®¤¥à¦¨â ªãàáë, ª®â®àë¥ à�§¡¨¢�îâáï −�
¬®¤ã«¨ §−�−¨©, ¢ á¢®î ®ç¥à¥¤ì, ¯à¥¤áâ�¢«ï¥¬ë¥ ª�ª −�¡®àë â¥¬. �® ¯®−ï-
â¨¥ ªãàá� âà�ªâã¥âáï −¥ ¦¥áâª®. �â¬¥ç�¥âáï ¢®§¬®¦−®áâì ª®¬¡¨−¨à®¢�−¨ï
ªãàá�¬¨ ¨ ¨å á®¤¥à¦¨¬ë¬.

2. �¡ê¥¬ §−�−¨© ¯à®ä¨«ï IS á®áâ®¨â ¨§ ¤¢ãå ª�â¥£®à¨© ªãàá®¢: ®á−®¢−ëå
ªãàá®¢, ¨«¨ ªãàá®¢ ï¤à� (core courses), ¨ ä�ªã«ìâ�â¨¢−ëå ªãàá®¢, ¨«¨
ªãàá®¢ ¯® ¢ë¡®àã (electives). �¥à¢ë¥ á®¤¥à¦�â §−�−¨ï, −¥®¡å®¤¨¬ë¥ ¤«ï
¢á¥å âà¥ª®¢ ¯à®ä¥áá¨®−�«ì−®© ¯®¤£®â®¢ª¨, � ¢â®àë¥ | ¬®¤ã«¨ §−�−¨©, ¨§
ª®â®àëå áâà®¨âáï ¯à®ä¨«¨§�æ¨ï ¯®¤£®â®¢ª¨, ¨«¨ âà¥ª¨ ¯à®ä¥áá¨®−�«ì−®©
¯®¤£®â®¢ª¨.
‘âàãªâãà� §−�−¨© ¢ª«îç�¥â ¢ á¥¡ï á¥¬ì ®á−®¢−ëå ªãàá®¢: ú�á−®¢ë ¨−-
ä®à¬�æ¨®−−ëå á¨áâ¥¬û, ú“¯à�¢«¥−¨¥ ¤�−−ë¬¨ ¨ ¨−ä®à¬�æ¨¥©û, ú�àå¨-
â¥ªâãà� ¯à¥¤¯à¨ïâ¨ïû, ú“¯à�¢«¥−¨¥ ¯à®¥ªâ�¬¨û, úˆ’-¨−äà�áâàãªâãàëû,
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ú‘¨áâ¥¬−ë© �−�«¨§ ¨ ¯à®¥ªâ¨à®¢�−¨¥û, ú‘âà�â¥£¨ï, ã¯à�¢«¥−¨¥ ¨ ¯à¨-
®¡à¥â¥−¨¥ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬û. “ª�§�−−ë© ¢ ªãàà¨ªã«ã¬¥ ¯à¨¬¥à−ë©
á¯¨á®ª ¤®¯®«−¨â¥«ì−ëå ªãàá®¢ ¢ª«îç�¥â á«¥¤ãîé¨¥ ªãàáë: ú÷�§à�¡®âª�
¯à¨«®¦¥−¨©û, úŒ¥−¥¤¦¬¥−â ¡¨§−¥á-¯à®æ¥áá®¢û, úŠ®à¯®à�â¨¢−ë¥ á¨áâ¥-
¬ëû, ú‚¢¥¤¥−¨¥ ¢ ç¥«®¢¥ª®-¬�è¨−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥û, ú�ã¤¨â ¨ ã¯à�¢-
«¥−¨¥ ¢ ˆ’û, úˆ‘-¨−−®¢�æ¨¨ ¨ −®¢ë¥ â¥å−®«®£¨¨û, úˆ’-¡¥§®¯�á−®áâìû,
úˆ’-¡¥§®¯�á−®áâì ¨ ã¯à�¢«¥−¨¥ à¨áª�¬¨û.

3. �¡ê¥¬ ¯®ç�á®¢®© «¥ªæ¨®−−®© −�£àã§ª¨ ®¡ï§�â¥«ì−ëå ªãàá®¢ á®¯®áâ�¢¨¬ á
®¡ê¥¬®¬ ï¤à� ªãàà¨ªã«ã¬� ¤«ï à�áá¬®âà¥−−®£® à�−¥¥ ¯à®ä¨«ï CS | á¥¬ì
ªãàá®¢ ï¤à� ¢ áà¥¤−¥¬ ¯® 40 «¥ªæ¨®−−ëå ç�á®¢, â. ¥. ¯à¨¬¥à−® 280 «¥ªæ¨®−-
−ëå ç�á®¢.

4. IS2010 á®¤¥à¦¨â ¯¥à¥á¬®âà¥−−ãî ¬®¤¥«ì ®¦¨¤�−¨© (à¥§ã«ìâ�â®¢) ¯®¤£®-
â®¢ª¨ IS-¢ë¯ãáª−¨ª®¢, � â�ª¦¥ ®¯à¥¤¥«¥−¨¥ å®à®è® á¨áâ¥¬�â¨§¨à®¢�−-
−®© á¨áâ¥¬ë ãç¥¡−ëå æ¥«¥© ¢ ä®à¬¥ âà¥¡®¢�−¨© ú§−�−¨ï{ã¬¥−¨ï{−�¢ëª¨û
(knowledge-skills).

5. �¯à¥¤¥«¥− ¯à¨¬¥à−ë© −�¡®à ä�ªã«ìâ�â¨¢−ëå ªãàá®¢, ï¢«ïîé¨åáï áâà®¨-
â¥«ì−ë¬¨ ¡«®ª�¬¨ ¤«ï âà¥ª®¢ ¯à®ä¥áá¨®−�«ì−®© ¯®¤£®â®¢ª¨ (17 âà¥ª®¢-á¯¥-
æ¨�«¨§�æ¨©).

6. �á−®¢−ë¬ ¨−áâàã¬¥−â®¬ ¤¨¢¥àá¨ä¨ª�æ¨¨ ¯à®£à�¬¬ á«ã¦¨â ¬®¤¥«ì ¯à¥¤-
áâ�¢«¥−¨ï ®¡ê¥¬� §−�−¨© ¢ ¢¥áì¬� ã¤®¡−®© ¤«ï ¯à�ªâ¨ª¨ â�¡«¨ç−®© ä®à¬¥,
¯à¥¤áâ�¢«¥−−®© −� à¨á. 4, ¢ ª®â®à®© áâà®ª�¬ á®®â¢¥âáâ¢ãîâ ®á−®¢−ë¥ ¨«¨
ä�ªã«ìâ�â¨¢−ë¥ ªãàáë, � áâ®«¡æ�¬ | âà¥ª¨ á¯¥æ¨�«¨§�æ¨¨. �� ¯¥à¥á¥ç¥−¨¨
áâà®ª ¨ áâ®«¡æ®¢ â�¡«¨æë áâ�¢¨âáï ç¥à−ë© ¨«¨ ¡¥«ë© ªàã¦®ª. ‚ á«ãç�¥
ç¥à−®£® ªàã¦ª� áç¨â�¥âáï, çâ® ªãàá ¤®«¦¥− ç¨â�âìáï ¢ ¯®«−®¬ ®¡ê¥¬¥, ¢
á«ãç�¥ ¡¥«®£® ¢®§¬®¦−® −¥¯®«−®¥ ¯®ªàëâ¨¥ â¥¬ ªãàá�. ‚á¥£® à�§à�¡®â�−®
17 âà¥ª®¢-á¯¥æ¨�«¨§�æ¨©, á¯¨á®ª ª®â®àëå ¢ª«îç�¥â á«¥¤ãîé¨¥ ¯à®ä¥áá¨®-
−�«ì−ë¥ ¯®§¨æ¨¨:

(1) à�§à�¡®âç¨ª ¯à¨«®¦¥−¨©;

(2) ¡¨§−¥á-�−�«¨â¨ª;

(3) �−�«¨â¨ª ¡¨§−¥á-¯à®æ¥áá®¢;

(4) �−�«¨â¨ª â¥å−®«®£¨© ã¯à�¢«¥−¨ï ¨−ä®ª®¬¬ã−¨ª�æ¨ï¬¨;

(5) �¤¬¨−¨áâà�â®à ¡�§ ¤�−−ëå;

(6) �−�«¨â¨ª ¡�§ ¤�−−ëå;

(7) ¬¥−¥¤¦¥à ¥-¡¨§−¥á�;

(8) erp-á¯¥æ¨�«¨áâ (erp specialist);

(9) á¯¥æ¨�«¨áâ ¯® ¨−ä®à¬�æ¨®−−®¬ã �ã¤¨âã ¨ á®¢¬¥áâ¨¬®áâ¨ ¤�−−ëå;

(10) à�§à�¡®âç¨ª ˆ’;
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(11) ¬¥−¥¤¦¥à ¯® ®¡à�¡®âª¥ ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢;

(12) ª®−áã«ìâ�−â ¯® ˆ’;

(13) ¬¥−¥¤¦¥à ®¯¥à�æ¨© ¯® ˆ’;

(14) ¬¥−¥¤¦¥à ¯® à¨áª�¬ ¨ ¡¥§®¯�á−®áâ¨ ˆ’;

(15) á¥â¥¢®© �¤¬¨−¨áâà�â®à;

(16) ¬¥−¥¤¦¥à ¯à®¥ªâ�;

(17) ¬¥−¥¤¦¥à ¢¥¡-ª®−â¥−â�.

7. „®ªã¬¥−â IS2010 á®¤¥à¦¨â ¤¥â�«ì−®¥ ®¯¨á�−¨¥ ¨§¬¥−¥−¨© ¢ ï¤à¥ ¯® áà�¢−¥-
−¨î á IS2002, � â�ª¦¥ à�áá¬�âà¨¢�¥â âà¨ ¬®¤¥«¨ à¥�«¨§�æ¨¨ ªãàà¨ªã«ã¬� |
¢ ‘¥¢¥à®�¬¥à¨ª�−áª®© èª®«¥ ¡¨§−¥á�, ¨¬¥îé¥© AACSB-�ªªà¥¤¨â�æ¨î, ¢
˜ª®«¥ ¨−ä®à¬�â¨ª¨ ¨ ¢ …¢à®¯¥©áª®© ¡¨§−¥á-èª®«¥ á âà¥å«¥â−¨¬ ¡�ª�«�-
¢à¨�â®¬.

8. Šãàà¨ªã«ã¬ á®¤¥à¦¨â à�§¢¥à−ãâãî á¯¥æ¨ä¨ª�æ¨î ®á−®¢−ëå ¨ ¤®¯®«−¨-
â¥«ì−ëå ªãàá®¢.

9. „«ï ®æ¥−ª¨ £«ã¡¨−ë §−�−¨© ¨ ã¬¥−¨© ¨á¯®«ì§ã¥âáï ¯ïâ¨ãà®¢−¥¢�ï èª�«�,
®á−®¢�−−�ï −� ¬¥â®¤¥ �«ã¬�.

3.3 Программная инженерия (software engineering — SE)

„«ï ¯à®ä¨«ï ú¯à®£à�¬¬−�ï ¨−¦¥−¥à¨ïû ¯à®¤®«¦�¥â ®áâ�¢�âìáï �ªâã�«ì−ë¬
ªãàà¨ªã«ã¬ úSoftware Engineering 2004û (SE2004) [11, 13]. “ç¨âë¢�ï, çâ® ¨¬¥-
¥âáï ª�ç¥áâ¢¥−−ë© ¯¥à¥¢®¤ íâ®£® àãª®¢®¤áâ¢� −� àãááª¨© ï§ëª, ¡ã¤¥¬ ¯à¥¤¥«ì−®
ªà�âª¨ ¯à¨ ¥£® ®¯¨á�−¨¨. ÷�áá¬®âà¨¬ ®á−®¢−ë¥ å�à�ªâ¥à¨áâ¨ª¨ íâ®£® ¤®ªã¬¥−â�.
‚ −¥¬:

1. �¯à¥¤¥«¥−ë áä¥àë ¤¥ïâ¥«ì−®áâ¨ ¯à®ä¥áá¨®−�«®¢ ¢ ®¡«�áâ¨ ¯à®£à�¬¬−®©
¨−¦¥−¥à¨¨, ãâ®ç−ïîé¨¥ ®¯¨á�−¨¥ ®¡«�áâ¨ ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨, ¯à¥¤-
áâ�¢«¥−−®¥ ¢ ¤®ªã¬¥−â¥ CC2005.

2. �¯à¥¤¥«¥−ë à¥§ã«ìâ�âë ®¡ãç¥−¨ï ¢ ¢¨¤¥ á¯¨áª� äã−¤�¬¥−â�«ì−ëå −�¢ëª®¢ ¨
§−�−¨©, ª®â®àë¬¨ −¥®¡å®¤¨¬® ®¡«�¤�âì ¢á¥¬ ¢ë¯ãáª−¨ª�¬ ¯à®£à�¬¬ ¤�−−®£®
¯à®ä¨«ï, áä®à¬ã«¨à®¢�−−ëå ¤®áâ�â®ç−® ¯®«−® ¨ ¢ â® ¦¥ ¢à¥¬ï ®¡é®,
çâ® ¯®§¢®«ï¥â «¥£ª® �¤�¯â¨à®¢�âì íâ¨ âà¥¡®¢�−¨ï ª ª®−ªà¥â−ë¬ ãç¥¡−ë¬
¯à®£à�¬¬�¬.

3. �á−®¢−ë¬ á®¤¥à¦�−¨¥¬ SE2004 ï¢«ï¥âáï á¯¥æ¨ä¨ª�æ¨ï ®¡ê¥¬� §−�−¨©,
−�§ë¢�¥¬®£® §¤¥áì SEEK (Software Engineering Education Knowledge) ¨
®¯à¥¤¥«ïîé¥£® á®¤¥à¦�−¨¥ ®¡ãç¥−¨ï ¯® ¤�−−®¬ã ¯à®ä¨«î, ¯à¨ íâ®¬ ¬®¤¥«ì
SEEK �−�«®£¨ç−� ¬®¤¥«¨ ¤«ï ®¡ê¥¬� §−�−¨© ¤®ªã¬¥−â� CS2001 (Computing
Curricula: Computer Science). �á−®¢®© ¤«ï ¯à®¥ªâ¨à®¢�−¨ï áâàãªâãàë
¨ á®¤¥à¦�−¨ï SEEK ¯®á«ã¦¨« ®¡é¥¯à¨§−�−−ë© ¤®ªã¬¥−â SWEBOK [19],
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®¯à¥¤¥«ïîé¨© −�¡®à §−�−¨©, ®¦¨¤�¥¬ëå ®â ¯à®ä¥áá¨®−�«� á ç¥âëà¥å«¥â−¨¬
®¯ëâ®¬ à�¡®âë ¢ ®¡«�áâ¨ ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨.

4. SEEK, ¯®áâà®¥−−ë© áâàãªâãà−® ¯® â¨¯®¢®¬ã ¨¥à�àå¨ç¥áª®¬ã ¯à¨−æ¨¯ã:
¯à¥¤¬¥â−ë¥ ®¡«�áâ¨ (arrears) → ¬®¤ã«¨ (units) → â¥¬ë (topics), ¢ª«îç�¥â
á«¥¤ãîé¨¥ ¤¥áïâì ¯à¥¤¬¥â−ëå ®¡«�áâ¥© §−�−¨©: ú�á−®¢ë ª®¬¯ìîâ¨−£�û
(CMP), ú�á−®¢ë ¬�â¥¬�â¨ª¨ ¨ ¨−¦¥−¥à¨¨û (FND), ú�à®ä¥áá¨®−�«ì−�ï
¯à�ªâ¨ª�û (PRF), úŒ®¤¥«¨à®¢�−¨¥ ¨ �−�«¨§ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ïû
(MAA), ú�à®¥ªâ¨à®¢�−¨¥ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ïû (DES), ú‚¥à¨ä¨ª�-
æ¨ï ¨ �ââ¥áâ�æ¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ïû (VAV), ú�¢®«îæ¨ï ¯à®£à�¬¬-
−®£® ®¡¥á¯¥ç¥−¨ïû (EVL), ú�à®æ¥ááë à�§à�¡®âª¨ ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥-
−¨ïû (PRO), úŠ�ç¥áâ¢® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ïû (QUA), ú“¯à�¢«¥−¨¥
¯à®£à�¬¬−ë¬¨ ¯à®¥ªâ�¬¨û (MGT).

5. Š�ª ¨ ¢ ¤àã£¨å ªãàà¨ªã«ã¬�å, ¢ SEEK æ¥−âà�«ì−®© ï¢«ï¥âáï ª®−æ¥¯æ¨ï
ï¤à�, á®¤¥à¦�−¨¥ ª®â®à®£® à�áá¬�âà¨¢�¥âáï ª�ª ®¡ï§�â¥«ì−�ï á®áâ�¢«ïîé�ï
¢á¥å ãç¥¡−ëå ¯à®£à�¬¬ ¯® ¯à®ä¨«î SE. Ÿ¤à® ®¯à¥¤¥«ïâáï −� ãà®¢−¥ â¥¬
¬®¤ã«¥© á®¢®ªã¯−®áâ¨ §−�−¨©. —¨á«® ®á−®¢−ëå (ï¤¥à−ëå) â¥¬ | 235. Œ¨-
−¨¬�«ì−ë© ®¡ê¥¬ ï¤à� ¢¥á¨â ¡®«¥¥ 400 �ã¤¨â®à−ëå ç�á®¢, çâ® §−�ç¨â¥«ì−®
¡®«ìè¥ ®¡ê¥¬� ï¤à� ¯à®ä¨«ï CS. �¤−�ª® ¥á«¨ á¤¥«�âì �−�«¨§ á®¤¥à¦�−¨ï
®á−®¢−ëå â¥¬ ¤«ï SE, â® ®− ¯®ª�¦¥â, çâ® ®−¨ ¢ª«îç�îâ ¡®«ìèãî ç�áâì á®¤¥à-
¦�−¨ï ï¤à� ¤«ï ¯à®ä¨«ï CS. ’�ª¨¬ ®¡à�§®¬, ¯à®ä¨«ì SE «¥£ª® à¥�«¨§ã¥âáï
ª�ª −¥ª®â®à�ï á¯¥æ¨�«¨§�æ¨ï ¯à®ä¨«ï CS. ‘â�â¨áâ¨ª� ¯®¤â¢¥à¦¤�¥â, çâ®
â�ª®© ¯®¤å®¤ ¢¥áì¬� à�á¯à®áâà�−¥−, � ¨¬¥−−® 50% ãç¥¡−ëå ¯à®£à�¬¬ ¯®
¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨ à¥�«¨§ã¥âáï −� ä�ªã«ìâ¥â�å ª®¬¯ìîâ¥à−ëå −�ãª
(computer science).

6. SEEK §�¨¬áâ¢®¢�« ¨§ SWEBOK à¥©â¨−£®¢ãî á¨áâ¥¬ã ¤«ï ª«�áá¨ä¨ª�æ¨¨
à�§¤¥«®¢ §−�−¨©, ®á−®¢�−−ãî −� ª«�áá¨ä¨ª�æ¨¨ ®¡à�§®¢�â¥«ì−ëå æ¥«¥© ¯®
�«ã¬ã [20], â. ¥. ¤«ï ª�¦¤®© â¥¬ë ®¯à¥¤¥«¥−® −¥ª®â®à®¥ §−�ç¥−¨¥, á®®â¢¥â-
áâ¢ãîé¥¥ ª«�áá¨ä¨ª�æ¨¨ �«ã¬� ¨ ¯®ª�§ë¢�îé¥¥, ª�ª¨¬ ãà®¢−¥¬ ¢«�¤¥−¨ï
¤�−−®© â¥¬®© ¤®«¦¥− ®¡«�¤�âì ¢ë¯ãáª−¨ª ª®−ªà¥â−®£® âà¥ª� ¯®¤£®â®¢ª¨.
‡�¬¥â¨¬, çâ® ¢ ®¯¨á�−¨¨ SEEK ¨á¯®«ì§ã¥âáï ¬®¤¨ä¨æ¨à®¢�−−ë© ¬¥â®¤
�«ã¬�, ®å¢�âë¢�îé¨© â®«ìª® âà¨ ¨§ è¥áâ¨ ãà®¢−¥© æ¥«¥© ®¡ãç¥−¨ï: §−�−¨¥,
¯®−¨¬�−¨¥, ¯à¨¬¥−¥−¨¥. Šà®¬¥ â®£®, ¤«ï ª�¦¤®© â¥¬ë ®¯à¥¤¥«¥−� áâ¥¯¥−ì
¥¥ §−�ç¨¬®áâ¨, ¯®ª�§ë¢�îé�ï, ï¢«ï¥âáï «¨ ¤�−−�ï â¥¬� −¥®¡å®¤¨¬®© (E),
¦¥«�¥¬®© (D) «¨¡® ä�ªã«ìâ�â¨¢−®© (O) ¯® ®â−®è¥−¨î ª ®á−®¢−®¬ã −�¡®àã
§−�−¨© ¯® ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨.

7. „¨¯«®¬−ë© ¯à®¥ªâ ¢ ¯à®£à�¬¬¥ ®¡ãç¥−¨ï ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨ ®æ¥−¨-
¢�¥âáï ª�ª ªà¨â¨ç¥áª¨ ¢�¦−ë©. �® ãç¥¡−®© −�£àã§ª¥ ®− ¯à¨à�¢−¨¢�¥âáï ª
£®¤®¢®¬ã ªãàáã (â. ¥. 80 «¥ªæ¨®−−ëå ç�á®¢).

8. ‡−�ç¨â¥«ì−®¥ ¬¥áâ® ¢ ªãàà¨ªã«ã¬¥ ®â¢¥¤¥−® ®¯¨á�−¨î ¢®§¬®¦−ëå áâà�â¥£¨©
à¥�«¨§�æ¨¨ ãç¥¡−®© ¯à®£à�¬¬ë, ¯à¨¢®¤ïâáï à¥ª®¬¥−¤�æ¨¨ ¯® à�§à�¡®âª¥
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ãç¥¡−ëå ¯«�−®¢, â¨¯®¢ë¥ è�¡«®−ë ¯®áâà®¥−¨ï ãç¥¡−®£® ¯«�−�, à¥ª®¬¥−¤�-
æ¨¨ ¯® ª®¬¯®−®¢ª¥ ®â¤¥«ì−ëå ªãàá®¢.

9. ‚ ª�ç¥áâ¢¥ ®á−®¢−®£® á¯®á®¡� ¤¨¢¥àá¨ä¨ª�æ¨¨ ãç¥¡−ëå ¯à®£à�¬¬ ¯à¥¤«�-
£�¥âáï ¨á¯®«ì§®¢�âì á¯¥æ¨�«¨§�æ¨î ¢ ®¤−®© ¨§ ¯à¥¤¬¥â−ëå ®¡«�áâ¥© SEEK
¨«¨ ¢ −¥ª®â®à®© ¯à¨ª«�¤−®© ®¡«�áâ¨ ¨§ à¥ª®¬¥−¤®¢�−−®£® ¢ SE 2004 (−®
−¥ ¨áç¥à¯ë¢�îé¥£®) á¯¨áª�. �â®â á¯¨á®ª ¢ª«îç�¥â á«¥¤ãîé¨¥ ¯à¨ª«�¤−ë¥
®¡«�áâ¨, å�à�ªâ¥à¨§ãîé¨¥áï á¯¥æ¨ä¨ª®© á®§¤�¢�¥¬®£® ¤«ï −¨å ¯à®£à�¬¬-
−®£® ®¡¥á¯¥ç¥−¨ï:

(1) SAS.net | ú÷�á¯à¥¤¥«¥−−ë¥ á¨áâ¥¬ëû;

(2) SAS.inf | úˆ−ä®à¬�æ¨®−−ë¥ á¨áâ¥¬ë ¨ ®¡à�¡®âª� ¤�−−ëåû;

(3) SAS.fin | ú”¨−�−á®¢ë¥ á¨áâ¥¬ë ¨ á¨áâ¥¬ë í«¥ªâà®−−®© ª®¬¬¥àæ¨¨û;

(4) SAS.sur | ú�âª�§®ãáâ®©ç¨¢ë¥ ¨ ¦¨¢ãç¨¥ (survivable) á¨áâ¥¬ëû;

(5) SAS.sec | ú•®à®è® §�é¨é¥−−ë¥ á¨áâ¥¬ëû;

(6) SAS.sfy | ú‘¨áâ¥¬ë á ¯®¢ëè¥−−ë¬¨ âà¥¡®¢�−¨ï¬¨ ª ¡¥§®¯�á−®áâ¨û;

(7) SAS.emb | ú‚áâà®¥−−ë¥ á¨áâ¥¬ë ¨ á¨áâ¥¬ë à¥�«ì−®£® ¢à¥¬¥−¨û;

(8) SAS.bio | ú�¨®¬¥¤¨æ¨−áª¨¥ á¨áâ¥¬ëû;

(9) SAS.sci | ú��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨¥ á¨áâ¥¬ëû;

(10) SAS.tel | ú’¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ëû;

(11) SAS.av | ú�¢¨�æ¨®−−®¥ í«¥ªâà®−−®¥ ®¡®àã¤®¢�−¨¥ ¨ âà�−á¯®àâ−ë¥
á¨áâ¥¬ëû;

(12) SAS.ind | ú‘¨áâ¥¬ë ª®−âà®«ï ¯à®¬ëè«¥−−®£® ¯à®æ¥áá�û;

(13) SAS.mm | úŒã«ìâ¨¬¥¤¨©−ë¥, ¨£à®¢ë¥ ¨ à�§¢«¥ª�â¥«ì−ë¥ á¨áâ¥¬ëû;

(14) SAS.mob | ú‘¨áâ¥¬ë ¤«ï ¬�«ëå ¨ ¬®¡¨«ì−ëå ¯«�âä®à¬û;

(15) SAS.ab | úC¨áâ¥¬ë, ®á−®¢�−−ë¥ −� �£¥−â�åû (agent-based systems).

10. �à¨¢¥¤¥−® ®¯¨á�−¨¥ ª�â¥£®à¨© ªãàá®¢ ãç¥¡−®© ¯à®£à�¬¬ë, ¨å á¯®á®¡� ª®-
¤¨à®¢�−¨ï, è�¡«®−®¢ ¯®áâà®¥−¨ï æ¨ª«®¢ ¤«ï ¢¢®¤−ëå ªãàá®¢ ¨ ¯à®¬¥¦ãâ®ç-
−ëå ªãàá®¢. ‡�¢¥àè�¥âáï àãª®¢®¤áâ¢® ¯à¨«®¦¥−¨¥¬, á®¤¥à¦�é¨¬ ¤¥â�«ì−®¥
®¯¨á�−¨¥ ãç¥¡−ëå ªãàá®¢.

3.4 Системы информационных технологий (information technology — IT)

Œ¥â®¤¨ç¥áª¨¬ àãª®¢®¤áâ¢®¬ ¤«ï ¯®¤£®â®¢ª¨ ¡�ª�«�¢à®¢ ¯® ¯à®ä¨«î in-
formation technology, ¨«¨ á®ªà�é¥−−® IT, ï¢«ï¥âáï áâ�−¤�àâ ªãàà¨ªã«ã¬� ¯®¤
−�§¢�−¨¥¬ úInformation Technology 2008û (IT2008) [12].

Š�ª ¨ ¤«ï à�áá¬®âà¥−−ëå ¢ëè¥ áâ�−¤�àâ®¢ ªãàà¨ªã«ã¬®¢, ®á−®¢−�ï æ¥«ì
¤�−−®£® àãª®¢®¤áâ¢� á®áâ®ï«� ¢ ®¯à¥¤¥«¥−¨¨ ®¡ê¥¬� ¯à®ä¥áá¨®−�«ì−ëå §−�−¨©
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÷¨á. 5 Œ®¤¥«ì ªãàà¨ªã«ã¬� IT

¯® ¤�−−®¬ã ¯à®ä¨«î ¯®¤£®â®¢ª¨, � â�ª¦¥ ¯®¤å®¤®¢ ¨ ¬¥â®¤®¢ ¯® à¥�«¨§�æ¨¨
¯à®æ¥áá� ®¡ãç¥−¨ï.

‘®áâ�¢ ¨ ¢§�¨¬®á¢ï§ì ¢�¦−¥©è¨å â¥¬, ®¯à¥¤¥«ïîé¨å á®¤¥à¦�−¨¥ ¯à®ä¨«ï
IT ª�ª �ª�¤¥¬¨ç¥áª®© ¤¨áæ¨¯«¨−ë, à�áªàë¢�¥â �àå¨â¥ªâãà−�ï ¬®¤¥«ì ¯à®ä¨«ï
¢ ¢¨¤¥ �àª�¤−®© ª®−áâàãªæ¨¨, ¨§®¡à�¦¥−−�ï −� à¨á. 5. ”ã−¤�¬¥−â®¬ â�ª®© ª®−-
áâàãªæ¨¨ á«ã¦¨â ®¡«�áâì §−�−¨©, −�§¢�−−�ï ú�á−®¢ë ¨−ä®à¬�æ¨®−−ëå â¥å−®-
«®£¨©û, −� ª®â®à®© ¨ ãáâ�−�¢«¨¢�îâáï ¯¨«®−ë-áâ®«¯ë, ¯à¥¤áâ�¢«ïîé¨¥ ¡�§®¢ë¥
¤«ï ¯à®ä¨«ï ®¡«�áâ¨ §−�−¨© | ú�à®£à�¬¬¨à®¢�−¨¥û, úŠ®¬¯ìîâ¥à−ë¥ á¥â¨û,
ú‚§�¨¬®¤¥©áâ¢¨¥ ç¥«®¢¥ª� á ª®¬¯ìîâ¥à®¬û, ú��§ë ¤�−−ëåû ¨ ú‚¥¡-á¨áâ¥¬ëû.
�� íâ¨å ®á−®¢�å ¨ ä®à¬¨àã¥âáï §�¢¥àè¥−¨¥ �à®ç−®© ª®−áâàãªæ¨¨ ¢ ¢¨¤¥ â�ª¨å
®¡«�áâ¥© §−�−¨ï, ª�ª úˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì ¨ §�é¨â� ¨−ä®à¬�æ¨¨û ¨
ú�à®ä¥áá¨®−�«¨§¬û. �®á«¥¤−ïï �ªªã¬ã«¨àã¥â è¨à®ª¨© á¢®¤ §−�−¨©, −�ç¨−�ï
®â ¯à®ä¥áá¨®−�«ì−®© íâ¨ª¨, ¯�â¥−â®¢¥¤¥−¨ï, «¨æ¥−§¨®−−®© ¯à�ªâ¨ª¨ ¨ ª®−ç�ï
¯à¨−æ¨¯�¬¨ ¢§�¨¬®®â−®è¥−¨© ¢ ª®««¥ªâ¨¢¥ ¨ á ¯®«ì§®¢�â¥«ï¬¨.

�á−®¢−®¥ á®¤¥à¦�−¨¥ ¤�−−®£® ªãàà¨ªã«ã¬� ¢ª«îç�¥â:

1. �¯¨á�−¨¥ ®¡ê¥¬� §−�−¨© ¤«ï ¡�ª�«�¢àáª¨å ãç¥¡−ëå ¯à®£à�¬¬ ¯à®ä¨«ï ˆ’,
à�§à�¡®â�−−®£® −� ®á−®¢¥ ¯®¤å®¤� àãª®¢®¤áâ¢� CS2001 ¢ ¢¨¤¥ ¨¥à�àå¨ç¥-
áª®© á¨áâ¥¬ë | ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨, áâàãªâãà¨à®¢�−−ë¥ −� ¬®¤ã«¨ §−�−¨©
(units), ª®â®àë¥, ¢ á¢®î ®ç¥à¥¤ì, ¤¥â�«¨§¨àãîâáï ¤® ãà®¢−ï â¥¬ ¨ æ¥«¥©
(à¥§ã«ìâ�â®¢) ®¡ãç¥−¨ï (learning outcomes). �� ¢¥àå−¥¬ ãà®¢−¥ ¨¥à�àå¨¨ ¤¥-
ª®¬¯®§¨æ¨î ®¡ê¥¬� §−�−¨© á®áâ�¢«ïîâ á«¥¤ãîé¨¥ âà¨−�¤æ�âì ¯à¥¤¬¥â−ëå
®¡«�áâ¥©: ú�á−®¢ë ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©û (Information Technology
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Fundamentals | ITF), ú‚§�¨¬®¤¥©áâ¢¨¥ ç¥«®¢¥ª� á ª®¬¯ìîâ¥à®¬û (Human
Computer Interaction | HCI), úˆ−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì ¨ §�é¨â�
¤�−−ëåû (Information Assurance and Security | IAS), ú“¯à�¢«¥−¨¥ ¨−ä®à-
¬�æ¨¥© (¢ª«îç�ï â¥å−®«®£¨¨ ¡�§ ¤�−−ëå)û (Information Management | IM),
úˆ−â¥£à�â¨¢−®¥ ¯à®£à�¬¬¨à®¢�−¨¥ ¨ â¥å−®«®£¨¨û (Integrative Programming
and Technologies | IPT), úŒ�â¥¬�â¨ª� ¨ áâ�â¨áâ¨ª� ¤«ï ˆ’û (Math and
Statistics for IT | MS), ú‘¥â¥¢ë¥ â¥å−®«®£¨¨û (Networking | NET), ú�á−®-
¢ë ¯à®£à�¬¬¨à®¢�−¨ïû (Programming Fundamentals | PF), ú�«�âä®à¬¥−-
−ë¥ â¥å−®«®£¨¨û (Platform Technologies | PT), ú�¤¬¨−¨áâà¨à®¢�−¨¥ ¨
á®¯à®¢®¦¤¥−¨¥ á¨áâ¥¬û (Systems Administration and Maintenance | SA),
ú�àå¨â¥ªâãà� ¨ ¨−â¥£à�æ¨ï á¨áâ¥¬û (System Integration & Architecture |
SIA), ú‘®æ¨�«ì−ë¥ ¨ ¯à®ä¥áá¨®−�«ì−ë¥ ¢®¯à®áëû (Social and Professional
Issues | SP), ú‚¥¡-â¥å−®«®£¨¨ ¨ á¨áâ¥¬ëû (Web Systems and Technologies |
WS).

2. �¯¨á�−¨¥ à¥§ã«ìâ�â®¢/æ¥«¥© ®¡ãç¥−¨ï, ®¯à¥¤¥«¥−−ëå ¤«ï ª�¦¤®£® ¬®¤ã«ï
®¡ê¥¬� §−�−¨©, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¯à¨ ¯®¤à®¡−®¬ ®¯¨á�−¨¨ ®¡ê¥¬�
§−�−¨©, ¯à¥¤áâ�¢«¥−−®£® ¢ ¯à¨«®¦¥−¨¨ A. „«ï ¡®«ìè¨−áâ¢� ¬®¤ã«¥©
®¯à¥¤¥«ïîâáï ®¡ï§�â¥«ì−ë¥ æ¥«¨ ®¡ãç¥−¨ï (core outcomes), â. ¥. á¢ï§�−−ë¥ á
¨§ãç¥−¨¥¬ ®¡ï§�â¥«ì−ëå í«¥¬¥−â®¢ ®¡ê¥¬� §−�−¨©.

3. Ÿ¤à® ®¡ê¥¬� §−�−¨© ®¯à¥¤¥«ï¥âáï −� ãà®¢−¥ ¯®¬®¤ã«ì−®© ¤¥ª®¬¯®§¨æ¨¨
¯à¥¤¬¥â−ëå ®¡«�áâ¥© ®¡ê¥¬� §−�−¨©. �−® ¢ª«îç�¥â 81 ¬®¤ã«ì (unit) ¨§
85 ¬®¤ã«¥©, á®áâ�¢«ïîé¨å ®¡ê¥¬ §−�−¨© ¤�−−®£® ¯à®ä¨«ï. �¡ê¥¬ ï¤à�
®æ¥−¨¢�¥âáï ¢ 314 �ã¤¨â®à−ëå ç�á®¢. �−�«¨§ á®¤¥à¦�−¨ï ï¤à� ¯®ª�§ë¢�¥â,
çâ® à¥�«¨§�æ¨ï ¯à®ä¨«ï IT −� ®á−®¢¥ ï¤à� ¬®¤ã«ï CS ¢ à�¬ª�å ¡�ª�«�¢àáª®©
¯à®£à�¬¬ë −¥ ¯à¥¤áâ�¢«ï¥â á«®¦−®áâ¨.

4. ˆâ®£®¢ë¥ à¥§ã«ìâ�âë ®¡ãç¥−¨ï (the it advanced outcomes), ª®â®àë¥ ®¦¨¤�¥âáï
¯®«ãç¨âì ¢ à¥§ã«ìâ�â¥ ®¡ãç¥−¨ï ¯® ¯à®£à�¬¬¥, á®®â¢¥âáâ¢ãîé¥© −�áâ®ïé¥¬ã
àãª®¢®¤áâ¢ã.

5. �¯¨á�−¨¥ ¬®¤¥«¥© ¯®áâà®¥−¨ï ãç¥¡−®© ¯à®£à�¬¬ë ¤«ï ¤¢ãå ®á−®¢−ëå ¯®¤-
å®¤®¢ ¯®¤£®â®¢ª¨ ¡�ª�«�¢à®¢ ¯® ¯à®ä¨«î IT.

6. ‚ ª�ç¥áâ¢¥ ®á−®¢−®£® á¯®á®¡� ¤¨¢¥àá¨ä¨ª�æ¨¨ ãç¥¡−ëå ¯à®£à�¬¬ ¯® ¯à®-
ä¨«î IT à�áá¬�âà¨¢�¥âáï ¤¢� ¯®¤å®¤� ª ¯®¤£®â®¢ª¥ ¡�ª�«�¢à®¢, ª®â®àë¥
ãá«®¢−® ¬®¦−® −�§¢�âì úá−�ç�«� ¨−â¥£à�æ¨ïû (integration first) ¨ úá−�ç�«�
¯¨«®−ëû (pillars first), â. ¥. ¡�§®¢ë¥ §−�−¨ï.
�¥à¢ë© ¯®¤å®¤ ¯à¨§¢�− ¤�âì áâã¤¥−â�¬ ª�ª ¬®¦−® à�−ìè¥ ¨−â¥£à¨à®¢�−-
−®¥ ¯à¥¤áâ�¢«¥−¨¥ ® ¯à®ä¥áá¨®−�«ì−®© áä¥à¥ ¤¥ïâ¥«ì−®áâ¨. ‚ ª�ç¥áâ¢¥
®á−®¢−®£® ¨−áâàã¬¥−â� ¤«ï à¥�«¨§�æ¨¨ ¤�−−®£® ¯®¤å®¤� ¯à¥¤«�£�îâáï ¤¢�
ªãàá� ¢â®à®£® £®¤� ®¡ãç¥−¨ï | úˆ’-á¨áâ¥¬ëû ¨ ú‚¥¡-á¨áâ¥¬ëû. �à¨¬¥à
à¥�«¨§�æ¨¨ â�ª®£® ¯®¤å®¤� ¯à¥¤áâ�¢«¥− ¢ ¯à¨«®¦¥−¨¨ B.
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‚â®à®© ¯®¤å®¤ ¯à¥¤¯®«�£�¥â à�−−¥¥ ¯®£àã¦¥−¨¥ ¢ ®¡«�áâ¨ §−�−¨©, ¨§®¡à�-
¦¥−−ë¥ −� à¨á. 5 ¢ ¢¨¤¥ ¯¨«®−®¢, ¨«¨ áâ®«¯®¢, � ¨−â¥£à�æ¨®−−ë¥ �á¯¥ªâë
¢¢®¤ïâáï ¯® ¬¥à¥ −�ª®¯«¥−¨ï úáâ®«¯®¢ëåû §−�−¨©. ÷¥�«¨§�æ¨ï â�ª®£®
¯®¤å®¤� ¤¥â�«ì−® ®¯¨á�−� ¢ â®¬ ¦¥ ¯à¨«®¦¥−¨¨ B.

„�«ì−¥©è¥¥ ¢�àì¨à®¢�−¨¥ ãç¥¡−ëå ¯à®£à�¬¬ ¯à¥¤¯®«�£�¥âáï ®áãé¥áâ¢«ïâì
¢¢¥¤¥−¨¥¬ á¯¥æ¨�«ì−ëå ªãàá®¢ −� ç¥â¢¥àâ®¬ £®¤ã ®¡ãç¥−¨ï. �à¨ â�ª®© ¬¥â®-
¤¨ª¥ á¯¥æ¨�«¨§�æ¨¨ ¤®áâ¨£�¥âáï −¥§�¢¨á¨¬®áâì ¯®áâà®¥−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå
ãç¥¡−ëå ¯à®£à�¬¬ ®â ¢ë¡à�−−ëå ®¡à�§®¢�â¥«ì−ëå ¯�à�¤¨£¬, â. ¥. ®â â®£®, ª�ª¨¬
¨§ ¤¢ãå ®á−®¢−ëå á¯®á®¡®¢ à¥�«¨§ã¥âáï ¡�ª�«�¢àáª�ï ¯à®£à�¬¬�.

„«ï ¯®¤¤¥à¦ª¨ á¯¥æ¨�«¨§�æ¨¨ ãç¥¡−ëå ¯à®£à�¬¬ ¢ àãª®¢®¤áâ¢¥ ¯à¥¤«®¦¥−
á¯¨á®ª ¨§ ¡®«¥¥ ç¥¬ 60 ¯®â¥−æ¨�«ì−ëå á¯¥æªãàá®¢, á®¤¥à¦�−¨¥ ¨ �ªâã�«¨§�-
æ¨ï ª®â®àëå ¤®«¦−ë ¯®¤¤¥à¦¨¢�âìáï −� á�©â¥ à�¡®ç¥© £àã¯¯ë | à�§à�¡®âç¨ª�
¤�−−®£® ªãàà¨ªã«ã¬�. …é¥ ®¤−¨¬ ¬¥â®¤¨ç¥áª¨¬ à¥è¥−¨¥¬, ¯à¥¤«�£�¥¬ë¬ ¢
IT2008 ¨ á¯®á®¡áâ¢ãîé¨¬ ¨−â¥£à�â¨¢−®¬ã å�à�ªâ¥àã ®¡ãç¥−¨ï áâ®«ì ¬−®£®-
£à�−−®© ¤¨áæ¨¯«¨−¥, ï¢«ï¥âáï à¥ª®¬¥−¤�æ¨ï ¨á¯®«ì§®¢�âì −� ä¨−¨è¥ ®¡ãç¥−¨ï
â�ª −�§ë¢�¥¬ë© capstone-¯®¤å®¤ (integrative capstone experience) | ¯® áãé¥áâ¢ã,
�ªâã�«ì−ë© ª®««¥ªâ¨¢−ë© ¯à®¥ªâ, á¯®á®¡áâ¢ãîé¨© ¨−â¥£à�æ¨¨ ¯®«ãç¥−−ëå ãç�-
é¨¬¨áï ¢ ¯à®æ¥áá¥ ®¡ãç¥−¨ï §−�−¨©.

“ç¨âë¢�ï ¯à�ªâ¨ç¥áªãî −�¯à�¢«¥−−®áâì ¤¥ïâ¥«ì−®áâ¨ ¢ë¯ãáª−¨ª®¢ ãç¥¡−ëå
¯à®£à�¬¬ ¯® ¤�−−®¬ã ¯à®ä¨«î, ¡®«ìè®¥ ¬¥áâ® ¢ à�áá¬�âà¨¢�¥¬®¬ ªãàà¨ªã«ã¬¥
ã¤¥«¥−® ¢®¯à®á�¬ ®à£�−¨§�æ¨¨ ¯à®ä¥áá¨®−�«ì−®© ¯à�ªâ¨ª¨.

4 Стандарты куррикулумов магистратуры

÷�áá¬®âà¥−−ë¥ ¢ëè¥ áâ�−¤�àâë ªãàà¨ªã«ã¬®¢ ¡ë«¨ à�§à�¡®â�−ë á æ¥«ìî
ä®à¬¨à®¢�−¨ï £«®¡�«ì−®£® ®¡à�§®¢�â¥«ì−®£® ¯à®áâà�−áâ¢� ¢ áä¥à¥ á�¬®£® ¬�á-
á®¢®£® ¢¨¤� ˆ’-®¡à�§®¢�−¨ï | ¯®¤£®â®¢ª¨ ¡�ª�«�¢à®¢ ¯® à®¤áâ¢¥−−ë¬ −�¯à�¢-
«¥−¨ï¬ ¤¨áæ¨¯«¨−ë ª®¬¯ìîâ¨−£ (−�§ë¢�¥¬ë¬¨ −�¬¨ ¯à®ä¨«ï¬¨).

Š�ª ¡ë«® ¯®ª�§�−®, ®á−®¢−®¥ á®¤¥à¦�−¨¥ íâ¨å àãª®¢®¤áâ¢ á®áâ�¢«ï«® ®¯¨á�-
−¨¥ �ªâã�«ì−ëå ®¡ê¥¬®¢ §−�−¨© ¤«ï ®¡ãç¥−¨ï á®®â¢¥âáâ¢ãîé¨¬ ¯à®ä¥áá¨ï¬, �
â�ª¦¥ ®¯¨á�−¨¥ ¬¥â®¤¨ª ¯®áâà®¥−¨ï á®¢¬¥áâ¨¬ëå ¯® ¡�§®¢ë¬ §−�−¨ï¬ ®¡à�§®¢�-
â¥«ì−ëå ¯à®£à�¬¬ ¨ à¥ª®¬¥−¤�æ¨© ¯® à¥�«¨§�æ¨¨ ¯à®æ¥áá®¢ ®¡ãç¥−¨ï.

‚ ª®−æ¥ 2009 £. ¯®ï¢¨«áï ªãàà¨ªã«ã¬, à¥£«�¬¥−â¨àãîé¨© ¯®¤£®â®¢ªã ¬�-
£¨áâà®¢ ¯® ¯à®ä¨«î ú¯à®£à�¬¬−�ï ¨−¦¥−¥à¨ïû | úGraduate Software Engineer-
ing 2009û (GSwE2009) [20], ª®â®àë© ®¯à¥¤¥«¨« −®¢ë¥ â¥−¤¥−æ¨¨ ¢ ¬�£¨áâ¥àáª®¬
®¡ãç¥−¨¨. � ¨¬¥−−® ¯¥à¥−®á ¢ ¬�£¨áâà�âãàã â¥å−®«®£¨© à�§à�¡®âª¨ ãç¥¡−ëå
¯à®£à�¬¬ −� ¡�§¥ ªãàà¨ªã«ã¬®¢ á ¨å å�à�ªâ¥à−ë¬¨ ç¥àâ�¬¨ | ç¥âª¨¬ ®¯¨á�-
−¨¥¬ æ¥«¥© ¨ à¥§ã«ìâ�â®¢ ®¡ãç¥−¨ï, ¤¥â�«ì−®© á¯¥æ¨ä¨ª�æ¨¥© ®¡ê¥¬®¢ §−�−¨©
¯à®ä¥áá¨®−�«ì−®£® ®¡à�§®¢�â¥«ì−®£® ¯®«ï, ¢ë¤¥«¥−¨¥¬ ®¡ï§�â¥«ì−®£® −�¡®à�
§−�−¨© (ï¤à�) ¤«ï ¢á¥å ãç¥¡−ëå ¯à®£à�¬¬, ®¯à¥¤¥«¥−¨¥¬ ¯à¨¬¥à−®£® ¯¥à¥ç−ï
�ªâã�«ì−ëå −�¯à�¢«¥−¨© á¯¥æ¨�«¨§�æ¨¨.
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�¥áª®«ìª® á«®¢ ® à�§à�¡®âª¥ àãª®¢®¤áâ¢� GSwE2009. �â®â ¤®ªã¬¥−â áâ�«
¯¥à¢ë¬ áâ�−¤�àâ®¬ ªãàà¨ªã«ã¬� ¬�£¨áâ¥àáª®£® ãà®¢−ï, á®§¤�−−ë¬ ¢ à�¬ª�å
−®¢®£® �¬¡¨æ¨®§−®£® iSSEc-¯à®¥ªâ� (Integrated Software & Systems Engineer-
ing Curriculum (iSSEc) Project) | ¯à®¥ªâ� ªãàà¨ªã«ã¬®¢ ¯® ¨−â¥£à¨à®¢�−−®©
¯à®£à�¬¬−®© ¨ á¨áâ¥¬−®© ¨−¦¥−¥à¨¨.

�â®â ¯à®¥ªâ, áâ�àâ®¢�¢è¨© ¢ 2007 £., à¥�«¨§ã¥âáï ª®�«¨æ¨¥© ¨§ �ª�¤¥¬¨ç¥-
áª¨å, ¨−¤ãáâà¨�«ì−ëå, ¯à�¢¨â¥«ìáâ¢¥−−ëå ¨ ¯à®ä¥áá¨®−�«ì−ëå ®à£�−¨§�æ¨©.
…£® ®á−®¢−ë¬ á¯®−á®à®¬ ï¢«ï¥âáï Œ¨−¨áâ¥àáâ¢® ®¡®à®−ë ‘˜�. �ªâ¨¢−ãî à®«ì
¢ ¯à®¥ªâ¥ ¨£à�îâ ¯à®ä¥áá¨®−�«ì−ë¥ ®à£�−¨§�æ¨¨, ¢ª«îç�ï Œ¥¦¤ã−�à®¤−ë© á®-
¢¥â ¯® á¨áâ¥¬−®© ¨−¦¥−¥à¨¨ (INCOSE), �à®¬ëè«¥−−ãî �áá®æ¨�æ¨î −�æ¨®−�«ì-
−®© ®¡®à®−ë ‘˜� (NDIA), Š®¬¯ìîâ¥à−®¥ á®®¡é¥áâ¢® ˆ−áâ¨âãâ� ¨−¦¥−¥à®¢ ¯®
í«¥ªâà®−¨ª¥ ¨ í«¥ªâà®â¥å−¨ª¥ (IEEE-CS), �áá®æ¨�æ¨î ª®¬¯ìîâ¥à−®© â¥å−¨ª¨
(ACM) ¨ ¤à. „®ªã¬¥−â GSwE2009 −�æ¥«¥− ¯à¥¦¤¥ ¢á¥£® −� ¯®¤£®â®¢ªã ¬�£¨áâà®¢
¢ ®¡«�áâ¨ ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨ á �ªæ¥−â®¬ −� ¯à�ªâ¨ç¥áªãî ¤¥ïâ¥«ì−®áâì.
÷�§à�¡®âç¨ª¨ ¤�−−®£® àãª®¢®¤áâ¢� ã¢¥à¥−ë, çâ® ®−® ®ª�¦¥â á¨«ì−®¥ ¢«¨ï−¨¥ −�
à�§¢¨â¨¥ ¬�£¨áâ¥àáª®£® ®¡à�§®¢�−¨ï ¢ æ¥«®¬.

GSwE2009 ¢ª«îç�¥â ®¯¨á�−¨¥:

{ −�¡®à� ¨áå®¤−ëå âà¥¡®¢�−¨© ª ¢ë¯ãáª−¨ª�¬ ¨«¨ à¥§ã«ìâ�â®¢ ¯®¤£®â®¢ª¨ ¬�-
£¨áâà®¢ ¯® ¯à®£à�¬¬�¬, á®®â¢¥âáâ¢ãîé¨¬ GSwE2009 (¤�«¥¥ | GSwE2009-
¯à®£à�¬¬ë ¨«¨ ¯à®£à�¬¬ë GSwE2009);

{ ¢å®¤−ëå âà¥¡®¢�−¨© ª ¯®¤£®â®¢ª¥ áâã¤¥−â®¢, ¦¥«�îé¨å ®¡ãç�âìáï ¯®
GSwE2009-¯à®£à�¬¬�¬;

{ �àå¨â¥ªâãà−®© ¬®¤¥«¨ ªãàà¨ªã«ã¬�;

{ ï¤à� ®¡ê¥¬� §−�−¨© (Core Body of Knowledge | CBOK), ®¯à¥¤¥«ïîé¥£®
®¡ï§�â¥«ì−ë© á¢®¤ §−�−¨© ¤«ï GSwE2009-¯à®£à�¬¬;

{ ¬®¤¨ä¨æ¨à®¢�−−®£® ¬¥â®¤� �«ã¬�, ¨á¯®«ì§ã¥¬®£® ¤«ï á¯¥æ¨ä¨ª�æ¨¨ ãç¥¡-
−ëå æ¥«¥© ¯à¨ ¨§ãç¥−¨¨ ®¡ê¥¬� §−�−¨©;

{ ãç¥¡−ëå ªãàá®¢, á®¤¥à¦�é¨å ¬�â¥à¨�« CBOK, ¤®¯®«−ïîé¨© á¢®¤ §−�−¨©
SWEBOK [19], ¢§ïâë© §� ®á−®¢ã á®¤¥à¦�−¨ï CBOK ¨ ¤à.

�¡ê¥¬ §−�−¨© GSwE2009 (¨ á®®â¢¥âáâ¢¥−−® CBOK) ¯®áâà®¥− ¢ ¢¨¤¥ ç¥-
âëà¥åãà®¢−¥¢®© ¨¥à�àå¨ç¥áª®© á¨áâ¥¬ë áâàãªâãà−ëå í«¥¬¥−â®¢ (¤¨¤�ªâ¨ç¥áª¨å
¥¤¨−¨æ), ¢ª«îç�îé¥© ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨ −� ¢ëáè¥¬ ãà®¢−¥ ¨¥à�àå¨¨, áâàãªâã-
à¨à®¢�−−ë¥ ¤�«¥¥ −� ¬®¤ã«¨ §−�−¨© (¢â®à®© ãà®¢¥−ì), ª®â®àë¥ ¤¥â�«¨§¨àãîâáï
¤® ãà®¢−ï â¥¬, � â¥¬ë | ¤® ãà®¢−ï ¯®¤â¥¬ (âà¥â¨© ¨ ç¥â¢¥àâë© ãà®¢−¨ á®-
®â¢¥âáâ¢¥−−®). ‘ ª�¦¤®© ¤¨¤�ªâ¨ç¥áª®© ¥¤¨−¨æ¥© á¢ï§�− −¥ª®â®àë© ¨−¤¥ªá,
®¯à¥¤¥«ïîé¨© −¥®¡å®¤¨¬ë© ãà®¢¥−ì ®á¢®¥−¨ï íâ®© ¥¤¨−¨æë ãç�é¨¬áï ¨ èª�-
«¨àã¥¬ë© á ¯®¬®éìî ¬®¤¨ä¨æ¨à®¢�−−®£® ¬¥â®¤� �«ã¬�.

�àå¨â¥ªâãà� ãç¥¡−ëå ¯à®£à�¬¬ ¯à¨¢¥¤¥−� −� à¨á. 6.
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÷¨á. 6 �àå¨â¥ªâãà� ãç¥¡−ëå ¯à®£à�¬¬ GSwE2009

ˆ§®¡à�¦¥−−�ï −� à¨á. 6 �àå¨â¥ªâãà� ªãàà¨ªã«ã¬� ¢ª«îç�¥â:

{ ¯®¤£®â®¢¨â¥«ì−ë© ¬�â¥à¨�« (preparatory material), ¢«�¤¥−¨¥ ª®â®àë¬ −¥®¡-
å®¤¨¬® ¯à¨ ¯®áâã¯«¥−¨¨ −� GSwE2009-¯à®£à�¬¬ë;

{ ¬�â¥à¨�«ë ï¤à� (core materials), â. ¥. CBOK;

{ ¬�â¥à¨�«ë ã−¨¢¥àá¨â¥â� (university-specific materials);

{ ¬�â¥à¨�«ë ¯® ¢ë¡®àã áâã¤¥−â� (elective materials);

{ ®¡ï§�â¥«ì−ë© capstone-¯à®¥ªâ (mandatory capstone experience), −¨¦¥ ª®â®-
à®£® −� à¨áã−ª¥ ¯à®áâ¨à�¥âáï ¯à®áâà�−áâ¢® ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨
¬�£¨áâà�, ã¤®¢«¥â¢®àïîé¥£® ¨áå®¤ïé¨¬ âà¥¡®¢�−¨ï¬.

‚�¦−® ®â¬¥â¨âì, çâ® ¢ ¯¥à¥ç−¥ ¨áå®¤ïé¨å âà¥¡®¢�−¨© (¨«¨ à¥§ã«ìâ�â®¢ ¯®¤-
£®â®¢ª¨) ¯® ¯à®£à�¬¬�¬ GSwE2009 ¯¥à¢ë¬ áâ®¨â âà¥¡®¢�−¨¥ ª ¢«�¤¥−¨î −�
¬�£¨áâ¥àáª®¬, â. ¥. íªá¯¥àâ−®¬, ãà®¢−¥ ¢å®¤ïé¨¬¨ ¢ CBOK §−�−¨ï¬¨, ä®à¬¨-
àã¥¬ë¬¨ −� ¡�§¥ á¢®¤� §−�−¨© SWEBOK, ¤®¯®«−¥−−®£® àï¤®¬ â¥¬ ¯® á¨áâ¥¬−®©
¨−¦¥−¥à¨¨, ¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨, ¯à®ä¥áá¨®−�«ì−®© ¯®¤£®â®¢ª¥, ç¥-
«®¢¥ª®-¬�è¨−−®¬ã ¨−â¥àä¥©áã, ¨−¦¥−¥à−®© íª®−®¬¨ª¥, ã¯à�¢«¥−¨î à¨áª�¬¨,
ª�ç¥áâ¢ã ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï.

�¡ê¥¬ CBOK ®æ¥−¨¢�¥âáï ¢ 200 �ã¤¨â®à−ëå ¨«¨ ª®−â�ªâ−ëå ç�á®¢, −¥®¡-
å®¤¨¬ëå ¤«ï ¥£® ¨§ãç¥−¨ï (â. ¥. ®¡é¨å ç�á®¢ ¢ ç¥âëà¥ à�§� ¡®«ìè¥ | 800), çâ®
íª¢¨¢�«¥−â−® 5 á¥¬¥áâà®¢ë¬ ãç¥¡−ë¬ ªãàá�¬ ¯® 40 �ã¤¨â®à−ëå ç�á®¢ §� á¥¬¥áâà
(160 ®¡é¨å ç�á®¢ −� ª�¦¤ë© ªãàá). ‘âàãªâãà� ï¤à� ¯®ª�§�−� −� à¨á. 7 ¢ ¢¨¤¥
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÷¨á. 7 ‘âàãªâãà� CBOK

¯à�¢®£® ¯®«ãªàã£�, á®áâ®ïé¥£® ¨§ á¥ªâ®à®¢, á®®â¢¥âáâ¢ãîé¨å ï¤¥à−®© ç�áâ¨
−¥ª®â®à®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ §−�−¨©, ¯à¨ íâ®¬ à�§¬¥à á¥ªâ®à� á®®â¢¥âáâ¢ã¥â
¤®«¨ íâ®© ç�áâ¨ ¢ ¯à®æ¥−â�å ®â−®á¨â¥«ì−® á�¬®£® ï¤à�. ‚á¥£® ¢ ï¤à® ¢å®¤ïâ
¬®¤ã«¨ ¨§ 11 ¯à¥¤¬¥â−ëå ®¡«�áâ¥©, ¢§ïâëå ¢ ®á−®¢−®¬ ¨§ SWEBOK: A. Ethics
and Professional Conduct; B. System Engineering; C. Requirements Engineering;
D. Software Design; E. Software Construction; F. Testing; G. Software Mainte-
nance; H. Configuration Management (CM); I. Software Engineering Management;
J. Software Engineering Process; K. Software Quality.

‚ §�ª«îç¥−¨¥ ®¡§®à� CBOK ®â¬¥â¨¬, çâ® ®¡ê¥¬ á®¤¥à¦�é¥£®áï ¢ −¥¬ ®¡ï-
§�â¥«ì−®£® ¤«ï ¨§ãç¥−¨ï ¬�â¥à¨�«� ¢ 200 �ã¤¨â®à−ëå ç�á®¢ ¯à¥¤áâ�¢«ï¥âáï
¢¥áì¬� §−�ç¨â¥«ì−ë¬. �â®, ¯® áãé¥áâ¢ã, ®ª®«® 50% ¢á¥© ãç¥¡−®© ¯à®£à�¬¬ë.
ˆ íâ®, ¡¥§ãá«®¢−®, −®¢®¥ ¢¥ï−¨¥ ¢ ¯®¤£®â®¢ª¥ ¬�£¨áâà®¢. „�«¥¥ �−�«¨§ á®¤¥à-
¦�−¨ï CBOR ¯®ª�§ë¢�¥â ¨áª«îç¨â¥«ì−® ¡®«ìè®¥ §−�ç¥−¨¥, ª®â®à®¥ ®â¢®¤¨âáï
¢ GSwE2009 ¨§ãç¥−¨î á®¢à¥¬¥−−ëå ¬¥¦¤ã−�à®¤−ëå áâ�−¤�àâ®¢, ¯à¥¦¤¥ ¢á¥£®
¢ ®¡«�áâ¨ á¨áâ¥¬−®© ¨ ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨, ¢ª«îç�ï SWEBOK, CMMI,
ISO/IEC 12207, ISO/IEC 15288, ¯�ª¥â áâ�−¤�àâ®¢ ¯à®£à�¬¬−®© ¨−¦¥−¥à¨¨
IEEE (¯®àï¤ª� 40). ’�ª¦¥ ®â ¬�£¨áâà®¢ âà¥¡ã¥âáï §−�−¨¥ ¨ à�áá¬®âà¥−−ëå
®¡à�§®¢�â¥«ì−ëå áâ�−¤�àâ®¢ ª®¬¯ìîâ¨−£�.
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5 Заключение

5.1 Основные принципы и особенности разработки куррикулумов

�−�«¨§ à�áá¬®âà¥−−®© ¢ëè¥ ¬¥â®¤®«®£¨ç¥áª®© ¡�§ë ¯®áâà®¥−¨ï ãç¥¡−ëå
¯à®£à�¬¬ ¯® −�¯à�¢«¥−¨î ú¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ¨«¨ ª®¬¯ìîâ¨−£û,
¯®§¢®«ï¥â ã¢¨¤¥âì ®¡éãî ª�àâ¨−ã ¯à®æ¥áá� áâ�−¤�àâ¨§�æ¨¨ ãç¥¡−ëå ¯à®£à�¬¬
¢ −�¨¡®«¥¥ ¤¨−�¬¨ç−® à�§¢¨¢�îé¥©áï −�ãç−®-¯à¨ª«�¤−®© ®¡«�áâ¨, ¢ëï¢¨âì
®á−®¢−ë¥ â¥−¤¥−æ¨¨, §�ª®−®¬¥à−®áâ¨, å�à�ªâ¥à−ë¥ ®á®¡¥−−®áâ¨ íâ®£® ¯à®æ¥á-
á�. ‚ ç�áâ−®áâ¨, ª ®¡é¨¬ ¯à¨−æ¨¯�¬ ¥£® à¥�«¨§�æ¨¨ ¬®¦−® ®â−¥áâ¨ â�ª¨¥
áâ®à®−ë, ª�ª æ¥«¥−�¯à�¢«¥−−®áâì, á¨áâ¥¬−®áâì, ª®−æ¥¯âã�«ì−�ï æ¥«®áâ−®áâì,
¬®¤ã«ì−®áâì, ª®−á®àæ¨ã¬−ë© ¯®¤å®¤ ¯à¨ á®§¤�−¨¨ ªãàà¨ªã«ã¬®¢, ®æ¥−ª� ¨å
ª�ç¥áâ¢� −� ®á−®¢¥ ª®−á¥−áãá�.

Š ¢�¦−¥©è¨¬ å�à�ªâ¥à−ë¬ ç¥àâ�¬ áâ�−¤�àâ®¢ ªãàà¨ªã«ã¬®¢ ®â−®áïâáï á«¥-
¤ãîé¨¥ �á¯¥ªâë:

{ ¥¤¨−�ï áâàãªâãà� ¯®áâà®¥−¨ï ¨ ¥¤¨−ë© ¯®−ïâ¨©−ë© ª®−â¥ªáâ;

{ §−�−¨¥-®à¨¥−â¨à®¢�−−®áâì | á¯¥æ¨ä¨ª�æ¨ï áâàãªâãàë ¨ á®¡áâ¢¥−−® ®¡ê¥¬®¢
§−�−¨© (body of knowledge) ¯® ¯à®ä¨«ï¬ ¯®¤£®â®¢ª¨ (¤® ãà®¢−ï â¥¬/¯®¤â¥¬)
ï¢«ï¥âáï ®á−®¢−ë¬ á®¤¥à¦�−¨¥¬ «î¡®£® ªãàà¨ªã«ã¬�;

{ ¥¤¨−ë© á¯®á®¡ áâàãªâãà¨à®¢�−¨ï ¨ ¯à¥¤áâ�¢«¥−¨ï ®¡ê¥¬®¢ §−�−¨© ¢ ¢¨¤¥
âà¥å- ¨«¨ ç¥âëà¥åãà®¢−¥¢®© ¨¥à�àå¨ç¥áª®© áâàãªâãàë | −� ¢¥àå−¥¬ ãà®¢−¥
¨¥à�àå¨¨ à�á¯®«�£�îâáï ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨ (areas) | á�¬ë¥ ªàã¯−ë¥ ç�áâ¨
®¡ê¥¬� §−�−¨©, ª®â®àë¥ ¯®¤à�§¤¥«ïîâáï −� à�§¤¥«ë ¨«¨ ¬®¤ã«¨ §−�−¨©
(units), ¯®á«¥¤−¨¥, ¢ á¢®î ®ç¥à¥¤ì, à�§¡¨¢�îâáï −� â¥¬ë (topics), ¢ −¥ª®â®àëå
á«ãç�ïå â¥¬ë ¤¥«ïâáï −� ¯®¤â¥¬ë (subtopics);

{ ª®−æ¥¯æ¨ï ï¤à� | ¢ë¤¥«¥−¨¥ ¢ ®¡ê¥¬�å §−�−¨© ¬¨−¨¬�«ì−® −¥®¡å®¤¨¬®£®
®¡à�§®¢�â¥«ì−®£® á®¤¥à¦�−¨ï, à¥�«¨§�æ¨ï ª®â®à®£® ¢® ¢á¥å ãç¥¡−ëå ¯à®-
£à�¬¬�å ®¡¥á¯¥ç¨¢�¥â ¥¤¨−áâ¢® ®¡à�§®¢�â¥«ì−®£® ¯à®áâà�−áâ¢�, ¬®¡¨«ì−®áâì
ãç�é¨åáï ¢ à�¬ª�å ¯à®ä¨«ï ¨«¨ ¢á¥£® −�¯à�¢«¥−¨ï, £�à�−â¨î ª�ç¥áâ¢¥−−®áâ¨
¡�§®¢®© ¯®¤£®â®¢ª¨;

{ ç¥âª�ï á¯¥æ¨ä¨ª�æ¨ï ¯à®ä¥áá¨®−�«ì−ëå å�à�ªâ¥à¨áâ¨ª ¯à®ä¨«¥©, á¨áâ¥¬ë
æ¥«¥© ®¡ãç¥−¨ï, ¨â®£®¢ëå ¯à®ä¥áá¨®−�«ì−ëå å�à�ªâ¥à¨áâ¨ª ¢ë¯ãáª−¨ª®¢;

{ à¥ª®¬¥−¤�æ¨¨ ¬¥â®¤¨ç¥áª®£® å�à�ªâ¥à� ¯® ¤¨¢¥àá¨ä¨ª�æ¨¨ −�¯à�¢«¥−¨©
¯®¤£®â®¢ª¨, á®áâ�¢«¥−¨î ãç¥¡−ëå ¯«�−®¢, ª®¬¯®−®¢ª¨ ªãàá®¢ ¨§ ¬®¤ã«¥©
§−�−¨© ¢ á®®â¢¥âáâ¢¨¨ á ¢ë¡à�−−®© ¯¥¤�£®£¨ç¥áª®© áâà�â¥£¨¥© à¥�«¨§�æ¨¨
ãç¥¡−®© ¯à®£à�¬¬ë, ®à£�−¨§�æ¨¨ ¯à®ä¥áá¨®−�«ì−®© ¯à�ªâ¨ª¨, à¥�«¨§�æ¨¨
¯à®æ¥áá®¢ ®¡ãç¥−¨ï;

{ ®¯¨á�−¨¥ ãç¥¡−ëå ªãàá®¢ ¨ ¯�ª¥â®¢ ªãàá®¢ ¤«ï à�§«¨ç−ëå ¯¥¤�£®£¨ç¥áª¨å
áâà�â¥£¨© à¥�«¨§�æ¨¨ ªãàà¨ªã«ã¬®¢.
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5.2 Об использовании международных образовательных стандартов
информационно-технологического образования в существующем
методическом обеспечении российской высшей школы

÷�áá¬®âà¥−−�ï ¢ëè¥ â¥å−®«®£¨ï à�§¢¨â¨ï á¨áâ¥¬ë ˆ’-®¡à�§®¢�−¨ï −� ®á−®-
¢¥ áâ�−¤�àâ¨§®¢�−−ëå −� ¬¥¦¤ã−�à®¤−®¬ ãà®¢−¥ ªãàà¨ªã«ã¬®¢ á®§¤�¢�«�áì ¤«ï
¤®áâ¨¦¥−¨ï ¢¯®«−¥ ®ç¥¢¨¤−ëå æ¥«¥©, � ¨¬¥−−®: ¤«ï £«®¡�«¨§�æ¨¨ ¯à®æ¥áá®¢ ¯®¤-
£®â®¢ª¨ ¢®áâà¥¡®¢�−−ëå ¬¨à®¢®© íª®−®¬¨ª®© ˆ’-ª�¤à®¢, ¤«ï ®¡¥á¯¥ç¥−¨ï ¥¤¨−-
áâ¢� ¨ ®¤−®à®¤−®áâ¨ ®¡à�§®¢�â¥«ì−®£® ¯à®áâà�−áâ¢�, ¬®¡¨«ì−®áâ¨ áâã¤¥−â®¢ ¨
¯à¥¯®¤�¢�â¥«¥©, ¨−â¥£à�æ¨¨ ãá¨«¨© �ª�¤¥¬¨ç¥áª¨å, ¯à®¬ëè«¥−−ëå, ª®¬¬¥àç¥-
áª¨å ¨ ¯à�¢¨â¥«ìáâ¢¥−−ëå ®à£�−¨§�æ¨© ¢ á®§¤�−¨¨ ¨ −¥¯à¥àë¢−®© �ªâã�«¨§�æ¨¨
á®¢à¥¬¥−−®£® ¬¥â®¤¨ç¥áª®£® ¨ −�ãç−®£® ®¡¥á¯¥ç¥−¨ï á¨áâ¥¬ë ˆ’-®¡à�§®¢�−¨ï.
‚á¥ íâ® ®¡ãá«®¢«¨¢�¥â −¥®¡å®¤¨¬®áâì à�§¢¨â¨ï −�æ¨®−�«ì−®© ®¡à�§®¢�â¥«ì−®©
á¨áâ¥¬ë ¢ ®¡«�áâ¨ ˆ’ á ãç¥â®¬ −�à�¡®â�−−®£® ¬¥¦¤ã−�à®¤−®£® §�¤¥«�. ‚ ¯à®-
â¨¢−®¬ á«ãç�¥ à®áá¨©áª®¥ ®¡à�§®¢�−¨¥ ¬®¦¥â ¡ëáâà® ¯®â¥àïâì ¤�¦¥ −�¤¥¦¤ë −�
ª®−ªãà¥−â®á¯®á®¡−®áâì −� ¬¨à®¢®¬ ®¡à�§®¢�â¥«ì−®¬ àë−ª¥.
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ИНФОРМАЦИОННЫЕ ХАРАКТЕРИСТИКИ ОРГАНИЧЕСКИХ
МОЛЕКУЛ

И. М. Гуревич1, М. П. Евстигнеев2

�−−®â�æ¨ï: ˆ§«�£�¥âáï ¨ ®¡®á−®¢ë¢�¥âáï ¬¥â®¤¨ª� ®æ¥−ª¨ ®¡ê¥¬� ¨−ä®à-
¬�æ¨¨ ¢ ¬®«¥ªã«�å, ¢ â®¬ ç¨á«¥ â¥å, ®¯¨á�−¨¥ ª®â®àëå åà�−¨âáï ¢ Protein
Data Bank. ÷�áá¬�âà¨¢�¥âáï á®¥¤¨−¥−¨¥ à�§−®®¡à�§−ëå ¯�à ®á−®¢�−¨© ¨
¯à¨¢®¤ïâáï ®æ¥−ª¨ ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¢ á®¥¤¨−¥−¨ïå æ¥¯¥© „�Š ¤«ï á¯¥-
æ¨ä¨ç¥áª¨å á¯�à¨¢�−¨© ¨ −¥â¨¯®¢ëå á®¥¤¨−¥−¨©. �®ª�§�−®, çâ® ¯à¨à®¤�
áä®à¬¨à®¢�«� â¨¯®¢ë¥ á®¥¤¨−¥−¨ï, á¢ï§ë¢�îé¨¥ ®á−®¢�−¨ï ¢ ¥¤¨−®¥ æ¥«®¥,
áâàãªâãà� ª®â®àëå á®¤¥à¦¨â ¬�ªá¨¬�«ì−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨. �®¤â¢¥à¦¤¥-
−� íää¥ªâ¨¢−®áâì ¨−ä®à¬�æ¨®−−®£® ¯®¤å®¤� ª ¨áá«¥¤®¢�−¨î ¥áâ¥áâ¢¥−−ëå
(ä¨§¨ç¥áª¨å, å¨¬¨ç¥áª¨å ¨ ¡¨®«®£¨ç¥áª¨å) á¨áâ¥¬.

Š«îç¥¢ë¥ á«®¢�: ¨−ä®à¬�æ¨ï; ä¨§¨ç¥áª¨¥ á¨áâ¥¬ë; ¬®«¥ªã«ë; „�Š;
á®¥¤¨−¥−¨ï

1 Введение

„«ï ¯à®¨§¢®«ì−ëå ä¨§¨ç¥áª¨å á¨áâ¥¬ ¨ ®¡ê¥ªâ®¢ −�àï¤ã á ä¨§¨ç¥áª¨-
¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ (¬�áá®©, í−¥à£¨¥©, §�àï¤®¬, . . . ) ®¯à¥¤¥«ïîâáï ¨ ¨−-
ä®à¬�æ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ | ¨−ä®à¬�æ¨®−−�ï í−âà®¯¨ï, ¨−ä®à¬�æ¨®−−�ï
¤¨¢¥à£¥−æ¨ï, á®¢¬¥áâ−�ï ¨−ä®à¬�æ¨®−−�ï í−âà®¯¨ï, ¨−ä®à¬�æ¨ï á¢ï§¨, ¤¨ä-
ä¥à¥−æ¨�«ì−�ï ¨−ä®à¬�æ¨®−−�ï ¥¬ª®áâì [1{5]. ˆ−ä®à¬�æ¨®−−�ï í−âà®¯¨ï ¨
¨−ä®à¬�æ¨®−−�ï ¤¨¢¥à£¥−æ¨ï ®¯à¥¤¥«¥−ë −� −�¡«î¤�¥¬ëå (−�¡«î¤�¥¬ë¬¨ ¢
ª¢�−â®¢®© ¬¥å�−¨ª¥ −�§ë¢�îâ ä¨§¨ç¥áª¨¥ ¢¥«¨ç¨−ë, ª®â®àë¥ ¬®¦−® ¨§¬¥à¨âì,
¯à¨ç¥¬ à¥§ã«ìâ�â�¬¨ ¨§¬¥à¥−¨ï ¤®«¦−ë ¡ëâì ¤¥©áâ¢¨â¥«ì−ë¥ ç¨á«�) ¨ á®áâ®ï−¨-
ïå ä¨§¨ç¥áª®© á¨áâ¥¬ë, á®¢¬¥áâ−�ï ¨−ä®à¬�æ¨®−−�ï í−âà®¯¨ï | −� ã−¨â�à−ëå
¯à¥®¡à�§®¢�−¨ïå, á¢ï§ë¢�îé¨å íâ¨ á®áâ®ï−¨ï, � ¨−ä®à¬�æ¨ï á¢ï§¨ | −� −�-
¡«î¤�¥¬ëå ¨ á®áâ®ï−¨ïå ¢§�¨¬®¤¥©áâ¢ãîé¨å ¯®¤á¨áâ¥¬ ä¨§¨ç¥áª®© á¨áâ¥¬ë ¨
á¢ï§ë¢�îé¨å ¨å ã−¨â�à−ëå ¯à¥®¡à�§®¢�−¨ïå.

ˆ−ä®à¬�æ¨®−−�ï í−âà®¯¨ï (¯® ˜¥−−®−ã) N á«ãç�©−®© ¢¥«¨ç¨−ë q,
á ¯«®â−®áâìî à�á¯à¥¤¥«¥−¨ï (¢¥à®ïâ−®áâ¨) p(q) (

∫
p(q) dq = 1) à�¢−�

−
a∫

0

p(q) log2 p(q) dq ¡¨â ¨ å�à�ªâ¥à¨§ã¥â −¥®¯à¥¤¥«¥−−®áâì ¢ q (¤® ¨§¬¥à¥−¨ï)

1ˆ−áâ¨âãâ ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; ��� úƒ…’�…’ Š®−á�«â¨−£û,
iggurevich@gmail.com

2‘¥¢�áâ®¯®«ìáª¨© −�æ¨®−�«ì−ë© â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â, max evstigneev@mail.ru
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¨/¨«¨ ¨−ä®à¬�æ¨î ¢ q (¯®á«¥ ¨§¬¥à¥−¨ï). �ãáâì H | £¨«ì¡¥àâ®¢® ¯à®áâà�−-
áâ¢®, ψ(q) ⊂ H | ¢¥ªâ®àH, � q| ®¡®¡é¥−−�ï ª®®à¤¨−�â�. ”¨§¨ç¥áª�ï á¨áâ¥¬�,
®â®¦¤¥áâ¢«ï¥¬�ï á ¢¥ªâ®à®¬ (¢®«−®¢®© äã−ªæ¨¥©) ψ(q), −�¤¥«¥−� ¢¥à®ïâ−®áâ−®©
áâàãªâãà®©: ¬−®¦¥áâ¢® Ÿ í«¥¬¥−â�à−ëå á®¡ëâ¨© (¨áå®¤®¢) á®áâ�¢«ïîâ §−�ç¥-
−¨ï q, � ¢¥à®ïâ−®áâ−�ï ¬¥à� §�¤�¥âáï ¯«®â−®áâìî à�á¯à¥¤¥«¥−¨ï (¢¥à®ïâ−®áâ¨)
p(q) = |ψ(q)|2, p(x0) dx = P{x0 < x < x0 + dx} | ¢¥à®ïâ−®áâì à¥�«¨§�æ¨¨
á®áâ®ï−¨ï q ¯à¨ ¨§¬¥à¥−¨¨ ä¨§¨ç¥áª®© á¨áâ¥¬ë; p(q) = |ψ(q)|2,

∫
p(q) dq =

=
∫
|ψ(q)|2 dq = 1. ’�ª¨¬ ®¡à�§®¬, ä¨§¨ç¥áª�ï á¨áâ¥¬�, ®â®¦¤¥áâ¢«ï¥¬�ï á

¢¥ªâ®à®¬ (¢®«−®¢®© äã−ªæ¨¥©) ψ(q), −¥á¥â (á®¤¥à¦¨â) N = −
a∫

0

p(q) log2 p(q) dq

¡¨â −¥®¯à¥¤¥«¥−−®áâ¨ (¨−ä®à¬�æ¨¨).
‚ ¤¨áªà¥â−®¬ á«ãç�¥ |ei〉, i = 1, . . . , n, | á¨áâ¥¬� ¡�§¨á−ëå ®àâ®−®à¬¨à®-

¢�−−ëå ¢¥ªâ®à®¢ ¯à®áâà�−áâ¢� H;

〈ej |ej〉 = δij , δij =
{
1 , i = j ;

0 , i 6= j .

”¨§¨ç¥áª�ï á¨áâ¥¬� ®â®¦¤¥áâ¢«ï¥âáï á ¢¥ªâ®à®¬ (¢®«−®¢®© äã−ªæ¨¥©) ψ ⊂ H:
ψ =

∑
ci|ej〉,

∑
i
|ci|2 = 1. �� ψ ®¯à¥¤¥«¥−® ¢¥à®ïâ−®áâ−®¥ ¯à®áâà�−áâ¢®:

¬−®¦¥áâ¢® Ÿ í«¥¬¥−â�à−ëå á®¡ëâ¨© (¨áå®¤®¢) á®áâ�¢«ïîâ ¡�§¨á−ë¥ ¢¥ªâ®à� |ei〉;
¢¥à®ïâ−®áâ−�ï ¬¥à� §�¤�¥âáï ª¢�¤à�â�¬¨ ¬®¤ã«¥© ª®íää¨æ¨¥−â®¢ ci: pi = |ci|2|
¢¥à®ïâ−®áâì à¥�«¨§�æ¨¨ á®áâ®ï−¨ï ei ¯à¨ ¨§¬¥à¥−¨¨ ä¨§¨ç¥áª®© á¨áâ¥¬ë ¢
¡�§¨á¥ (ei).

∑
pi =

∑ |ci|2 = 1. ˆ−ä®à¬�æ¨®−−�ï í−âà®¯¨ï (¯® ˜¥−−®−ã) N
á«ãç�©−®© ¢¥«¨ç¨−ë x, ¯à¨−¨¬�îé¥© §−�ç¥−¨ï xi á ¢¥à®ïâ−®áâï¬¨ pi (

∑
pi = 1),

à�¢−� −∑ pi log2 pi ¡¨â ¨ å�à�ªâ¥à¨§ã¥â −¥®¯à¥¤¥«¥−−®áâì ¢ x (¤® ¨§¬¥à¥−¨ï)
¨/¨«¨ ¨−ä®à¬�æ¨î ¢ x (¯®á«¥ ¨§¬¥à¥−¨ï). ’�ª¨¬ ®¡à�§®¬, ä¨§¨ç¥áª�ï á¨áâ¥¬�,
®â®¦¤¥áâ¢«ï¥¬�ï á ¢¥ªâ®à®¬ (¢®«−®¢®© äã−ªæ¨¥©) ψ =

∑
ci|ei〉, á®¤¥à¦¨â N =

= −∑ pi log2 pi = −∑ |ci|2 log2 |ci|2 ¡¨â −¥®¯à¥¤¥«¥−−®áâ¨ (¨−ä®à¬�æ¨¨).

…¤¨−¨æë ¨§¬¥à¥−¨ï ¨−ä®à¬�æ¨¨. �¡ê¥¬ ¨−ä®à¬�æ¨¨ I ¨§¬¥àï¥âáï ¢ ¡¨â�å
(¤¢®¨ç−ëå ¥¤¨−¨æ�å) [1, 3, 4]. „«ï á¨áâ¥¬ë á n à�¢−®¢¥à®ïâ−ë¬¨ á®áâ®ï−¨ï¬¨
®¡ê¥¬ ¨−ä®à¬�æ¨¨, ¯®«ãç�¥¬®© ¯à¨ à¥�«¨§�æ¨¨ ®¤−®© ¨§ �«ìâ¥à−�â¨¢, à�¢¥−
log2 n, � ®¤¨− ¡¨â | ®¡ê¥¬ ¨−ä®à¬�æ¨¨, ¯®«ãç�¥¬®© ¯à¨ à¥�«¨§�æ¨¨ ®¤−®© ¨§
¤¢ãå à�¢−®¢¥à®ïâ−ëå �«ìâ¥à−�â¨¢: 1 ¡¨â = log2 2. ˆ−ä®à¬�æ¨®−−ë¥ ¬®¤¥«¨ ¨
§�ª®−ë ï¢«ïîâáï á®¤¥à¦�â¥«ì−®© ¨−â¥à¯à¥â�æ¨¥© ¬�â¥¬�â¨ç¥áª¨å ¢ëà�¦¥−¨©,
ä®à¬ã«, ãà�¢−¥−¨© ¢ ¨−ä®à¬�æ¨®−−®© á¨áâ¥¬¥ ¯®−ïâ¨©, ¤�îé¥© ®¡êïá−¥−¨¥
à¥§ã«ìâ�â�¬ −�¡«î¤¥−¨©. ˆ−ä®à¬�æ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ä¨§¨ç¥áª¨å á¨áâ¥¬
(−�¯à¨¬¥à: ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ à�áè¨àïîé¥©áï ‚á¥«¥−−®©, §�¢¨á¨¬®áâì ®¡ê¥¬�
¨−ä®à¬�æ¨¨ ¢ ç¥à−®© ¤ëà¥ ®â ¥¥ ¬�ááë) ¨áá«¥¤ãîâáï á ¯à¨¢«¥ç¥−¨¥¬ ¨−ä®à¬�-
æ¨®−−ëå ¬¥â®¤®¢, á ¨á¯®«ì§®¢�−¨¥¬ ®¡é¥¯à¨§−�−−ëå ä¨§¨ç¥áª¨å ¬®¤¥«¥©. ’�ª
ª�ª ¨−ä®à¬�æ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ á¢ï§�−ë á ä¨§¨ç¥áª¨¬¨ å�à�ªâ¥à¨áâ¨ª�-
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¬¨, â® ®−¨ ¨áá«¥¤ãîâáï ®¤−®¢à¥¬¥−−® (−�¯à¨¬¥à: áâàãªâãà�, ¨§«ãç¥−¨¥ ç¥à−®©
¤ëàë, ¬�áá� −�ç�«ì−ëå −¥®¤−®à®¤−®áâ¥© ‚á¥«¥−−®©).

‘¢ï§ì ¬¥¦¤ã í−âà®¯¨¥© ¨ ¨−ä®à¬�æ¨¥©. ‚ ®¡é¥¬ á«ãç�¥ í−âà®¯¨ï S
á¨áâ¥¬ë, á®¤¥à¦�é¥© I ¡¨â ¨−ä®à¬�æ¨¨, à�¢−� kI ln2, £¤¥ k | ¯®áâ®ï−−�ï
�®«ìæ¬�−�.

‘¢ï§ì ¬¥¦¤ã í−¥à£¨¥© ¨ í−âà®¯¨¥©. „¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ dE =
= TdS−PdV | ®á−®¢−®¥ â¥à¬®¤¨−�¬¨ç¥áª®¥ â®¦¤¥áâ¢®, £¤¥E | í−¥à£¨ï, T |
â¥¬¯¥à�âãà�, P | ¤�¢«¥−¨¥, V | ®¡ê¥¬, ®¡ê¥¤¨−ï¥â ¯¥à¢ë© ¨ ¢â®à®© §�ª®−ë
â¥à¬®¤¨−�¬¨ª¨ ¨ á¯à�¢¥¤«¨¢® ¤«ï ¡¥áª®−¥ç−® ¬�«ëå ®¡à�â¨¬ëå ¯à®æ¥áá®¢. �−®
®¯à¥¤¥«ï¥â á¢ï§ì ¬¥¦¤ã í−¥à£¨¥© ¨ í−âà®¯¨¥© [3, 4]. ˆ§ −¥£® á«¥¤ã¥â, çâ® ¯à¨
¯®áâ®ï−−®¬ ®¡ê¥¬¥ dE = TdS, � ¨−â¥£à¨à®¢�−¨¥ ¯à¨ ¯®áâ®ï−−®© â¥¬¯¥à�âãà¥ T
¤�¥â á¢ï§ì ¬¥¦¤ã í−¥à£¨¥© ¨ í−âà®¯¨¥©: E = TS.

2 Методика оценки объема информации в молекулах

‚−�ç�«¥ ®æ¥−¨¢�¥âáï ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ ®¡ê¥ªâ�å −¨¦−¥£® ãà®¢−ï («¥¯â®-
−�å ¨ ª¢�àª�å). ‘®£«�á−® ®á−®¢−®¬ã ¯à¨−æ¨¯ã ª¢�−â®¢®© ¬¥å�−¨ª¨ –�©«¨−£¥-
à� [1] áç¨â�¥¬, çâ® ¢ íâ¨å ®¡ê¥ªâ�å | äã−¤�¬¥−â�«ì−ëå ç�áâ¨æ�å | á®¤¥à¦¨âáï
1 ¡¨â ¨−ä®à¬�æ¨¨. „�«¥¥ ®æ¥−¨¢�¥âáï ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ ®¡ê¥ªâ�å ¢â®à®£®
ãà®¢−ï, ª®â®àë© à�¢¥− áã¬¬¥ ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¢ ®¡ê¥ªâ�å −¨¦−¥£® ãà®¢−ï
¨ ¨−ä®à¬�æ¨¨, §�ª«îç¥−−®© ¢ áâàãªâãà¥ ®¡ê¥ªâ� ¢â®à®£® ãà®¢−ï (¬¥§®−ë, ¡�-
à¨®−ë). �¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ®¡ê¥ªâ� ¢â®à®£® ãà®¢−ï ®æ¥−¨¢�¥âáï
¯® ¥£® ¢®«−®¢®© äã−ªæ¨¨ ¨/¨«¨ ¯® £à�äã ¥£® áâàãªâãàë. ‡�â¥¬ ®æ¥−¨¢�¥âáï
®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ ®¡ê¥ªâ�å âà¥âì¥£® ãà®¢−ï (�â®¬�å), ª®â®àë© à�¢¥− áã¬¬¥
®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¢å®¤ïé¨å ¢ ¥£® á®áâ�¢ ®¡ê¥ªâ®¢ ¯à¥¤ë¤ãé¨å ãà®¢−¥© ¨
¨−ä®à¬�æ¨¨, §�ª«îç¥−−®© ¢ áâàãªâãà¥ ®¡ê¥ªâ� ¯®á«¥¤ãîé¥£® ãà®¢−ï (�â®¬ë).
�¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ®¡ê¥ªâ� âà¥âì¥£® ãà®¢−ï ®æ¥−¨¢�¥âáï ¯® ¥£® ¢®«-
−®¢®© äã−ªæ¨¨. ‡�â¥¬ ®æ¥−¨¢�¥âáï ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ ¬®«¥ªã«�å (®¡ê¥ªâ�å
ç¥â¢¥àâ®£® ãà®¢−ï), ª®â®àë© à�¢¥− áã¬¬¥ ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¢å®¤ïé¨å ¢ ¥£®
á®áâ�¢ ®¡ê¥ªâ®¢ ¯à¥¤ë¤ãé¨å ãà®¢−¥© ¨ ¨−ä®à¬�æ¨¨, §�ª«îç¥−−®© ¢ áâàãªâãà¥
¬®«¥ªã«ë. �¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã«ë ®æ¥−¨¢�¥âáï ¯® ¥¥ ¢®«−®¢®©
äã−ªæ¨¨ ¨«¨ ¯® á®®â¢¥âáâ¢ãîé¥¬ã £à�äã [3{7]. �¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ ¬®«¥ªã«¥
Iml à�¢¥− áã¬¬¥ ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¢ �â®¬�åNiIat i ¨ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥
¬®«¥ªã«ë Istrml: Iml =

∑
NiIat i + Istrml, £¤¥ Ni | ç¨á«® �â®¬®¢ â¨¯� i ¢

¬®«¥ªã«¥, Iat i | ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ �â®¬¥ â¨¯� i.

2.1 Оценка объема информации в структуре молекул

�à¥¤«�£�¥âáï ¨á¯®«ì§®¢�âì ®æ¥−ªã ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ £à�ä�,

á®®â¢¥âáâ¢ãîé¥© áâàãªâãà¥ ¬®«¥ªã«ë, Igr =
m∑

i=1
ni log2 vi, ¯à¨¢¥¤¥−−ãî ¢ à�¡®-
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â�å ƒãà¥¢¨ç� [2{5], £¤¥ m | ª®«¨ç¥áâ¢® ª«�áá®¢ â®¯®«®£¨ç¥áª¨ íª¢¨¢�«¥−â−ëå
¢¥àè¨− £à�ä� (¢¥àè¨− §�¤�−−®© áâ¥¯¥−¨ vi), � ni | ç¨á«® ¢¥àè¨− £à�ä� áâ¥-
¯¥−¨ vi. „�−−�ï ®æ¥−ª� ï¢«ï¥âáï ®æ¥−ª®© á¢¥àåã. ÷�áá¬�âà¨¢�¥¬®¥ ª®«¨ç¥áâ¢®
−�¯à�¢«¥−¨© ¢ëå®¤� ¨§ ª�¦¤®© ¢¥àè¨−ë ®¡¥á¯¥ç¨¢�¥â ®¡å®¤ £à�ä� á ¨á¯®«ì§®-
¢�−¨¥¬ ¢á¥å ¢®§¬®¦−ëå ¯ãâ¥© (−�¯à�¢«¥−¨© ¯¥à¥å®¤�) ®â �â®¬� ª �â®¬ã. �æ¥−ª�
®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ £à�ä�, á®®â¢¥âáâ¢ãîé¥£® áâàãªâãà¥ ¬®«¥ªã«ë,
¨á¯®«ì§ãîé�ï áâ¥¯¥−¨ ¢¥àè¨−, ã¬¥−ìè¥−−ë¥ −� ¥¤¨−¨æã, I ′gr

∑
nj log2(vj −

− 1), ï¢«ï¥âáï ®æ¥−ª®© á−¨§ã. �æ¥−ª¨ á−¨§ã ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ á®¥¤¨−¥−¨ïå
¯à¨¬¥à−® ¢ ¤¢� à�§� ¬¥−ìè¥ ®æ¥−®ª á¢¥àåã.

�à¥¤áâ�¢¨¬ ®æ¥−ª¨ N. Rashevsky [7] ¨ E. Trucco [6].

�æ¥−ªa Rashevsky: Igr = −
m∑

i=1
wi log2 wi , £¤¥ m | ª®«¨ç¥áâ¢® ª«�áá®¢

â®¯®«®£¨ç¥áª¨ íª¢¨¢�«¥−â−ëå ¢¥àè¨− £à�ä�; wi = ni/n | ¢¥à®ïâ−®áâì ¯à¨-
−�¤«¥¦−®áâ¨ ¢¥àè¨−ë £à�ä� ª ª«�ááã i; � n | ç¨á«® ¢¥àè¨− £à�ä�. �¡ê¥¬
¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ®¤−®à®¤−®£® £à�ä� (w1 = 1) à�¢¥− −ã«î.

�æ¥−ªa Trucco: Igr = −
m∑

i=1
wi log2 wi −

m∑
i=1

γi log2 γi , £¤¥ γi = 1−wi. �¡ê¥¬

¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ®¤−®à®¤−®£® £à�ä� à�¢¥− −ã«î.
÷�áá¬®âà¨¬ −¥áª®«ìª® ¯à¨¬¥à®¢.

1. �æ¥−ª� ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ «¨−¥©−®£® £à�ä�, ¯à¥¤áâ�¢«¥−−®£®
−� à¨á. 1.
„¢¥ ¢¥àè¨−ë ¨¬¥îâ áâ¥¯¥−ì 1 ¨ ¤¢¥ ¢¥àè¨−ë | áâ¥¯¥−ì 2. �¡ê¥¬ ¨−ä®à¬�-
æ¨¨ ¢ áâàãªâãà¥ £à�ä� à�¢¥− 2 ¡¨â�¬.

2. �æ¥−ª� ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã«ë ¬¥â�−� CH4, ¯à¥¤áâ�¢-
«¥−−®© −� à¨á. 2.
‘â¥¯¥−¨ ¢¥àè¨− £à�ä�, ®¯¨áë¢�îé¥£® áâàãªâãàã ¬®«¥ªã«ë ¬¥â�−�, à�¢−ë
¥¤¨−¨æ¥ ¤«ï ¢¥àè¨−, á®®â¢¥âáâ¢ãîé¨å �â®¬�¬ ¢®¤®à®¤�, ¨ 4 ¤«ï ¢¥àè¨−ë,
á®®â¢¥âáâ¢ãîé¥© �â®¬ã ã£«¥à®¤�.
�¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã«ë ¬¥â�−� à�¢¥− 2 ¡¨â�¬.

÷¨á. 1 ‹¨−¥©−ë© £à�ä ÷¨á. 2 Œ®«¥ªã«� ¬¥â�−�
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3. �æ¥−ª� ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã«ë ¡ãâ�−� C4H10 (CH3{
CH2{CH2{CH3), ¯à¥¤áâ�¢«¥−−®© −� à¨á. 3. „«ï ¡ãâ�−� ¤¥áïâì ¢¥àè¨−
£à�ä� ¨¬¥îâ áâ¥¯¥−ì 1 ¨ ç¥âëà¥ | áâ¥¯¥−ì 4.
�¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã«ë ¡ãâ�−� á®áâ�¢«ï¥â 8 ¡¨â.

÷¨á. 3 Œ®«¥ªã«� ¡ãâ�−�

2.2 Сравнение оценок объемов информации в структурах молекул
по Rashevsky, Trucco и Гуревичу

�æ¥−ª¨ ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¯® Rashevsky, Trucco ¨ ƒãà¥¢¨çã ¢ ¯à¨¢¥¤¥−−ëå
áâàãªâãà�å ¬®«¥ªã« ¯à¥¤áâ�¢«¥−ë ¢ â�¡«. 1.

�æ¥−ª¨ ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¯® N. Rashevsky ¨ E. Trucco ¢ £à�ä�å, ®¯¨áë-
¢�îé¨å áâàãªâãàã ¬®«¥ªã« â¨¯� ¡ãâ�−�, −¥ §�¢¨áïâ ®â ç¨á«� �â®¬®¢ ã£«¥à®¤�:

{ ¯® Rashevsky

Igr = −n/(3n+ 2) log2 n/(3n+ 2) + (2n + 2)/(3n + 2) log2(2n + 2)
3n+ 2

;

{ ¯® Trucco

Igr = −2(n/(3n + 2) log2 n/(3n + 2) + (2n+ 2)/(3n + 2) log2(2n+ 2))
3n+ 2

.
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’�¡«¨æ� 1 ‘à�¢−¥−¨¥ ®æ¥−®ª

��¨¬¥−®¢�−¨¥ �æ¥−ª� ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã«ë, ¡¨â
¬®«¥ªã«ë �® Rashevsky �® Trucco �® ƒãà¥¢¨çã

‹¨−¥©−�ï ¬®«¥ªã«� 1,0 2,0 2,0
Œ®«¥ªã«� ¬¥â�−� 0,722 1,444 2,0
Œ®«¥ªã«� ¡ãâ�−� 0,863 1,726241 8,0
Œ®«¥ªã«� â¨¯� ¡ãâ�−�
¯à¨ ¡®«ìè®¬ ç¨á«¥
�â®¬®¢ ã£«¥à®¤�

0,918 1,836 2n

�æ¥−ª¨ ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¯® Rashevsky ¨ Trucco ¢ áâàãªâãà�å ¬®«¥ªã«,
®¯¨áë¢�¥¬ëå ®¤−®à®¤−ë¬¨ £à�ä�¬¨, à�¢−ë −ã«î, � ¢ £à�ä�å, ®¯¨áë¢�îé¨å
áâàãªâãàë ¬®«¥ªã« â¨¯� ¡ãâ�−�, ¯à�ªâ¨ç¥áª¨ −¥ §�¢¨áïâ ®â ç¨á«� �â®¬®¢ ã£«¥-
à®¤� ¢ ¬®«¥ªã«¥. �â® −¥ �¤¥ª¢�â−® ®¯¨á�−¨î ®¡ê¥¤¨−¥−¨ï ¬®«¥ªã«, â�ª ª�ª
¯à¨ ä®à¬¨à®¢�−¨¨ ¥¤¨−®© ¬®«¥ªã«ë ¨§ ¤¢ãå ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥
¤®«¦¥− ¢®§à�áâ�âì (−¥ ¬®¦¥â ã¬¥−ìè�âìáï). ‘«¥¤®¢�â¥«ì−®, ®¡ê¥¬ ¨−ä®à¬�æ¨¨
¢ áâàãªâãà�å ¬®«¥ªã« ¨ ¢ á�¬¨å ¬®«¥ªã«�å æ¥«¥á®®¡à�§−® ®æ¥−¨¢�âì ¯® ¬¥â®¤¨ª¥
ƒãà¥¢¨ç�.

2.3 Оценки объема информации в соединениях цепей ДНК

�à¨¬¥−¨¬ ¨§«®¦¥−−ãî ¬¥â®¤¨ªã ¤«ï ®æ¥−ª¨ ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ á®¥¤¨−¥-
−¨ïå æ¥¯¥© „�Š. ÷�áá¬®âà¨¬ á®¥¤¨−¥−¨ï æ¥¯¥© „�Š, ®¡®§−�ç¥−−ë¥ ª�ª AA1,
AA2, AC1, AC2, AC3, AC4, ATcanon, CC1, CC2, GA1, GA2, GA3, GA4, GA5,
GCcanon, GCnoncanon1, GCnoncanon2, GCnoncanon3, GG1, GG2, GG3, GT, TT1,
TT2. ‘¨¬¢®« A ®¡®§−�ç�¥â ®á−®¢�−¨¥ �¤¥−¨−, á¨¬¢®« C | ®á−®¢�−¨¥ æ¨â®§¨−,
á¨¬¢®« G | ®á−®¢�−¨¥ £ã�−¨− ¨ á¨¬¢®« T | ®á−®¢�−¨¥ â¨¬¨−. ��à� á¨¬¢®«®¢
®¡®§−�ç�¥â á¯�à¨¢�−¨¥ á®®â¢¥âáâ¢ãîé¨å ®á−®¢�−¨© [8]. ˆ−¤¥ªá canon ®¡®§−�ç�¥â
á¯¥æ¨ä¨ç¥áª®¥ (â¨¯®¢®¥, à¥�«¨§®¢�−−®¥ ¯à¨à®¤®©) á¯�à¨¢�−¨¥ ®á−®¢�−¨©, ¯à¨
ª®â®à®¬ ®¡à�§ãîâáï ¤¢¥ ¢®¤®à®¤−ë¥ á¢ï§¨ ¬¥¦¤ã ®á−®¢�−¨ï¬¨ A (�¤¥−¨−) ¨ T
(â¨¬¨−) ¨ âà¨ ¢®¤®à®¤−ë¥ á¢ï§¨ ¬¥¦¤ã ®á−®¢�−¨ï¬¨ G (£ã�−¨−) ¨ C (æ¨â®§¨−).
ˆ−¤¥ªá noncanon ®¡®§−�ç�¥â −¥â¨¯®¢®¥ á¯�à¨¢�−¨¥ ®á−®¢�−¨©. ‚ áâ�âì¥ à�á-

’�¡«¨æ� 2 •�à�ªâ¥à¨áâ¨ª¨ �â®¬®¢

�«¥¬¥−â Œ�áá�, �. ¥. �¡ê¥¬ ¨−ä®à¬�æ¨¨, ¡¨â
‚®¤®à®¤ 1 10,422
�§®â 14 138,908
“£«¥à®¤ 12 113,064
Š¨á«®à®¤ 16 149,33
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á¬�âà¨¢�¥âáï á®¥¤¨−¥−¨¥ à�§−®®¡à�§−ëå ¯�à ®á−®¢�−¨©. ˆ−¤¥ªáë ãª�§ë¢�îâ −�
ª®−ªà¥â−ãî à¥�«¨§�æ¨î á¯�à¨¢�−¨ï (á®¥¤¨−¥−¨ï). Œ�áá� ¨ ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢
�â®¬�å, ¢å®¤ïé¨å ¢ ®á−®¢�−¨ï, ãª�§�−ë ¢ â�¡«. 2 [2{5].

2.4 Описание молекул в Protein Data Bank1

��¨¬¥−®¢�−¨¥ ¬®«¥ªã«ë: −�¨¬¥−®¢�−¨¥ pdb-ä�©«�.
�¯¨á�−¨¥ ¬®«¥ªã«ë ¢ ä®à¬�â¥ pdb: ä®à¬�â ®¯¨á�−¨ï ¯à¨¢¥¤¥− ¢ â�¡«. 3.
�æ¥−ª¨ ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ �â®¬�å H, C, N, O, P ¨ S ¯à¥¤áâ�¢«¥−ë ¢

â�¡«. 4 [2{5].

’�¡«¨æ� 3 ”®à¬�â ®¯¨á�−¨ï ¬®«¥ªã«

Columns Data type Contents
1{6 Record name úATOMû
7{11 Integer Atom serial number

13{16 Atom Atom name
17 Character Alternate location indicator

18{20 Residue name Residue name
22 Character Chain identifier

23{26 Integer Residue sequence number
27 AChar Space group

31{38 Real (8.3) Orthogonal coordinates for X in Angstroms
39{46 Real (8.3) Orthogonal coordinates for Y in Angstroms
47{54 Real (8.3) Orthogonal coordinates for Z in Angstroms
55{60 Real (6.2) Occupancy
61{66 Real (6.2) Temperature factor (Default = 0.0)
73{76 LString (4) Segment identifier, left-justified
77{78 LString (2) Element symbol, right-justified
79{80 LString (2) Charge on the atom

2.5 Исходные данные для расчетов

ˆ¬ï §�¯¨á¨: áâ®«¡æë 1{6 pdb-ä�©«�.
�ã¬¥à�æ¨ï �â®¬®¢ (i = 1, . . . , N ), á®áâ�¢«ïîé¨å ¬®«¥ªã«ã, | áâ®«¡æë 7{11.
N | ª®«¨ç¥áâ¢® �â®¬®¢ ¢ ¬®«¥ªã«¥ | ¯®á«¥¤−¥¥ ç¨á«® ¢ áâ®«¡æ�å 7{11.
��¨¬¥−®¢�−¨ï �â®¬®¢, á®áâ�¢«ïîé¨å ¬®«¥ªã«ã: áâ®«¡æë 13{16.
��¨¬¥−®¢�−¨¥ ®á−®¢�−¨ï: áâ®«¡æë 18{20.

1Protein Data Bank (PDB, http://www.rcsb.org/pdb/home/home.do, an Information Portal to
Biological Macromolecular Structures) | åà�−¨«¨é¥ ¤«ï ¡®«ìè¨å ¡¨®«®£¨ç¥áª¨å ¬®«¥ªã«, â�ª¨å
ª�ª ¡¥«ª¨ ¨ −ãª«¥¨−®¢ë¥ ª¨á«®âë; ï¢«ï¥âáï ª«îç¥¢ë¬ à¥áãàá®¬ ¢ ®¡«�áâ¨ áâàãªâãà−®© ¡¨®«®£¨¨,
¨ ªàã¯−ë¥ −�ãç−ë¥ ¦ãà−�«ë ¢ −�áâ®ïé¥¥ ¢à¥¬ï âà¥¡ãîâ ®â ãç¥−ëå ¯à¥¤áâ�¢«ïâì á¢®¨ áâàãªâãàë
¤�−−ëå ¢ PDB.
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’�¡«¨æ� 4 �æ¥−ª¨ ®¡ê¥¬� ¨−ä®à¬�æ¨¨

�¡®§−�ç¥−¨¥
í«¥¬¥−â�

��§¢�−¨¥
í«¥¬¥−â�

‡�àï¤
(�â®¬−ë© −®¬¥à) |

ç¨á«® ¯à®â®−®¢,
í«¥ªâà®−®¢

Œ�áá�
—¨á«®

−¥©âà®−®¢

�¡ê¥¬ ¨−ä®à¬�æ¨¨
¢ �â®¬�å

(¢ −¥®à¨¥−â¨à®¢�−−ëå
¯à®â®−�å,
−¥©âà®−�å

¨ í«¥ªâà®−�å
á ãç¥â®¬ æ¢¥â�
ª¢�àª®¢), ¡¨â

1 2 3 4 5 6
H ‚®¤®à®¤ 1 1,00794 0 10,422
C “£«¥à®¤ 6 12,011 5 113,064
N �§®â 7 14,006 7 138,908
O Š¨á«®à®¤ 8 15,999 7 149,33
P ”®áä®à 15 30,973 15 297,66
S ‘¥à� 16 32,066 16 317,504

Š®®à¤¨−�âë �â®¬®¢:
ª®®à¤¨−�â� xi (i = 1, . . . , N ) | áâ®«¡æë 31{38;
ª®®à¤¨−�â� yi (i = 1, . . . , N ) | áâ®«¡æë 39{46;
ª®®à¤¨−�â� zi (i = 1, . . . , N ) | áâ®«¡æë 47{54.
�¡ê¥¬ ¨−ä®à¬�æ¨¨ Vi ¢ �â®¬¥ i (i = 1, . . . , N ): â¨¯ �â®¬� ®¯à¥¤¥«ï¥âáï ¯®

13{16 áâ®«¡æ�¬ pdb-ä�©«�, � ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¤«ï ¤�−−®£® â¨¯� �â®¬� ¡¥à¥âáï
¨§ ª®«®−ª¨ 6 â�¡«. 4.

�®áâ®ï−−�ï �®«ìæ¬�−� k = 1,380662 · 10−23 „¦/K [9].

2.6 Вычисление расстояний между атомами i и j, составляющими молекулу

R2ij = (xi − xj)
2 + (yi − yj)

2 + (zi − zj)
2 .

2.7 Определение множества вершин, смежных данной

‘¬¥¦−®© á ¢¥àè¨−®© i ï¢«ï¥âáï ¢¥àè¨−�, ®âáâ®ïé�ï ®â −¥¥ −� à�ááâ®ï−¨¥,
−¥ ¯à¥¢ëè�îé¥¥ 1,5 �A. Œ−®¦¥áâ¢® Mi á¬¥¦−ëå ¤«ï ¢¥àè¨−ë i ¢¥àè¨− à�¢−®
{j : Rij ≤ 1,5} [9].

2.8 Вычисление степени вершины

Si | áâ¥¯¥−ì ¢¥àè¨−ë i, à�¢−�ï ¬®é−®áâ¨ |Mi| ¬−®¦¥áâ¢� á¬¥¦−ëå ¢¥à-
è¨− [9].
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2.9 Определение множеств вершин, формирующих водородные связи

…á«¨ D{H{A | íâ® ¢®¤®à®¤−�ï á¢ï§ì (D | �â®¬ ¤®−®à�, A | �â®¬ �ªæ¥¯â®à�),
â® à�ááâ®ï−¨¥ ¬¥¦¤ã D ¨ A −¥ ¤®«¦−® ¯à¥¢ëè�âì 3,2 �A, � ¬¥¦¤ã H ¨ A | −¥
¤®«¦−® ¯à¥¢ëè�âì 2,4 �A. ‚ ª�ç¥áâ¢¥ D ¨ A ¬®£ãâ ¢ëáâã¯�âì �â®¬ë N, O, C.
÷�áá¬�âà¨¢�îâáï �â®¬ë ¢®¤®à®¤� H, ª®â®àë¥ ª®¢�«¥−â−® á¢ï§�−ë á N, ¨«¨ O,
¨«¨ C. �â® ¨ ¥áâì D{H. „�«¥¥ ¢ ®ªà¥áâ−®áâ¨ D{H á−®¢� ¨éãâáï �â®¬ë N, O, C
¯® ãª�§�−−®¬ã ªà¨â¥à¨î.

2.10 Вычисление степени вершины с учетом водородных связей

÷�−¥¥ ¯®«ãç¥−−ë¥ ®æ¥−ª¨ áâ¥¯¥−¥© ¢¥àè¨− ãâ®ç−ïîâáï á ãç¥â®¬ ¢®¤®à®¤−ëå
á¢ï§¥©. “â®ç−¥−−�ï áâ¥¯¥−ì ¢¥àè¨−ë ¤«ï �â®¬�, ¢å®¤ïé¥£® ¢ ¢®¤®à®¤−ãî á¢ï§ì,
à�¢−� ¯®«ãç¥−−®© ®æ¥−ª¥ ¯«îá 1. ‘â¥¯¥−¨ ¢¥àè¨− �â®¬®¢, −¥ ¢å®¤ïé¨å ¢ á®áâ�¢
¢®¤®à®¤−ëå á¢ï§¥©, −¥ ¨§¬¥−ïîâáï [9].

2.11 Оценка объема информации в структуре молекулы VStr

1. �æ¥−ª� ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã«ë ¯® ¬¥â®¤¨ª¥ ƒãà¥¢¨ç�.
2. ®æ¥−ªa ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã«ë ¯® ¬¥â®¤¨ª¥ Rashevsky.
3. ®æ¥−ªa ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã«ë ¯® ¬¥â®¤¨ª¥ Trucco.

2.12 Оценка объема информации VAt в атомах, составляющих молекулу

VAt =

N∑

i=1

Vi

2.13 Оценка объема информации в молекуле

�¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ ¬®«¥ªã«¥ VMol à�¢¥− ®¡ê¥¬ã ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥
¬®«¥ªã«ë VStr (¢ ¯®¤à�§¤. 2.9 ¨ 2.10 ¨ ¤�«¥¥ ¢ −�áâ®ïé¥¬ ¯®¤à�§¤¥«¥ ¨á¯®«ì§®-

¢�−ë ®æ¥−ª¨ VstrGur =
m∑

i=1
ni log2 vi ¨ V ′

StrGur =
∑
nj log2(vj − 1)) ¯«îá ®¡ê¥¬

¨−ä®à¬�æ¨¨ ¢ �â®¬�å, á®áâ�¢«ïîé¨å ¬®«¥ªã«ã, VAt: VMol = VStrGur + VAt |
®æ¥−ª� á¢¥àåã, V ′

Mol = V
′
StrGur + VAt | ®æ¥−ª� á−¨§ã.

2.14 Оценка энтропии SStr структуры молекулы

�−âà®¯¨ï áâàãªâãàë ¬®«¥ªã«ë à�¢−� ¯®áâ®ï−−®© �®«ìæ¬�−�, ã¬−®¦¥−−®©
−� ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã«ë: S = kVStrGur | ®æ¥−ª� á¢¥àåã;
S′ = kV ′

StrGur | ®æ¥−ª� á−¨§ã.

316 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 22 −®¬¥à 2 2012



ˆ−ä®à¬�æ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®à£�−¨ç¥áª¨å ¬®«¥ªã«

2.15 Оценка энтропии SMol молекулы

�−âà®¯¨ï ¬®«¥ªã«ë à�¢−� ¯®áâ®ï−−®© �®«ìæ¬�−�, ã¬−®¦¥−−®© −� ®¡ê¥¬
¨−ä®à¬�æ¨¨ ¢ ¬®«¥ªã«¥: S = kVMol | ®æ¥−ª� á¢¥àåã; S′ = kV ′

Mol | ®æ¥−ª�
á−¨§ã.

3 Процесс вычислений

�¯¥à�â®à ¤®«¦¥− ®¯à¥¤¥«¨âì ¨−ä®à¬�æ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®æ¥−¨¢�¥¬®©
¬®«¥ªã«ë, ¢ë¡à�âì á®®â¢¥âáâ¢ãîé¨© ä�©« ¢ pdb-ä®à¬�â¥ ¢ Protein Data Bank,
®âªàëâì ¥£® á ¯®¬®éìî â¥ªáâ®¢®£® à¥¤�ªâ®à� WordPad (MFC | Microsoft Foun-
dation Classes) ¨ à�¡®â�âì á −¨¬ ¢ ä®à¬�â¥ ®¯¨á�−¨ï ¬®«¥ªã«ë ¢ â�¡«. 1. …á«¨ ¢
pdb-ä�©«¥ á®¤¥à¦¨âáï ®¯¨á�−¨¥ á«®¦−®© á¨áâ¥¬ë ¬®«¥ªã« (¢¢¨¤ã −¥¤®áâ�â®ç−®
áâà®£®© ä®à¬�«¨§�æ¨¨ ®¯¨á�−¨ï á¨áâ¥¬ ¬®«¥ªã«), ®¯¥à�â®àã −¥®¡å®¤¨¬® ¯à¥¤-
¢�à¨â¥«ì−® à�§¤¥«¨âì pdb-ä�©« −� á¨áâ¥¬ã pdb-ä�©«®¢, ¢ ª�¦¤®¬ ¨§ ª®â®àëå
¯à¨¢®¤¨âáï ®¯¨á�−¨¥ ®â¤¥«ì−®© ¬®«¥ªã«ë.

÷¥§ã«ìâ�âë ¢ëç¨á«¥−¨© åà�−ïâáï ¢ ¢¨¤¥ ä�©«� á® á«¥¤ãîé¨¬ ¨¬¥−¥¬: −�¨¬¥-
−®¢�−¨¥ ¬®«¥ªã«ë ¨§ ¨¬¥−¨ ¨áå®¤−®£® ä�©«� ¡¥§ à�áè¨à¥−¨ï ¨«¨ ¨¬ï ¬®«¥ªã«ë
¨§ áª®àà¥ªâ¨à®¢�−−®£® ä�©«� ¯«îá à�áè¨à¥−¨¥ log. ��¯à¨¬¥à: AA1.LOG,
AC3.LOG.

�æ¥−¨¬ ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ á®¥¤¨−¥−¨ï ¨ ¢ á®¥¤¨−¥−¨ïå ¢ æ¥-
«®¬ [9{11] (â�¡«. 5). „«ï ®æ¥−®ª ¨á¯®«ì§ãîâáï ¤�−−ë¥ PDB. ‚ ª®«®−ª¥ 2 â�¡«. 5
®¯¨á�−� áâàãªâãà� á®¥¤¨−¥−¨ï:

{HNCN{
{HCN{ ,

� ¢ ª®«®−ª¥ 6 â�¡«. 5 ¯à¨¢¥¤¥−ë áâ¥¯¥−¨ ¢¥àè¨− £à�ä� á®¥¤¨−¥−¨ï:

H N C N H C N
2 3 3 3 2 3 3

�à¨¢¥¤¥−−ë¥ ®æ¥−ª¨ ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ á®¥¤¨−¥−¨ïå æ¥¯¥© „�Š ¯®ª�-
§ë¢�îâ, çâ® à¥�«¨§®¢�−−ë¥ ¢ áâ�−¤�àâ−ëå „�Š −�¨¡®«¥¥ ç�áâ® ¢áâà¥ç�îé¨¥áï
á®¥¤¨−¥−¨ï ¨¬¥îâ ¬�ªá¨¬�«ì−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ | 11,924 ¨
18,679 ¡¨â, çâ® ®¡¥á¯¥ç¨¢�¥â ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ ª®«¨ç¥áâ¢® ¯ãâ¥©, á®¥¤¨-
−ïîé¨å æ¥¯¨ „�Š | ¬�ªá¨¬�«ì−ãî −�¤¥¦−®áâì á¢ï§¥© ¬¥¦¤ã æ¥¯ï¬¨ „�Š.

‘ã¬¬�à−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ �â®¬�å ¨ ¢ á®¥¤¨−¥−¨¨ ¢ ¤�−−®¬ á«ãç�¥ −¥
å�à�ªâ¥à¨§ã¥â ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã æ¥¯ï¬¨ „�Š.

�æ¥−¨¬ ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ®á−®¢�−¨© ¨ ¢ ®á−®¢�−¨ïå, ä®à¬¨-
àãîé¨å á®¥¤¨−¥−¨ï (â�¡«. 6).

‚ â�¡«. 6{8 ¯�àë ç¨á¥« 1{4; 2{3; 3{6; 4{1 ®§−�ç�îâ, çâ® ç¨á«® ¢¥àè¨−
áâ¥¯¥−¨ 1 à�¢−® 4, ç¨á«® ¢¥àè¨− áâ¥¯¥−¨ 2 à�¢−® 3, ç¨á«® ¢¥àè¨− áâ¥¯¥−¨ 3
à�¢−® 6, ç¨á«® ¢¥àè¨− áâ¥¯¥−¨ 4 à�¢−® 1.
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’�¡«¨æ� 5 �æ¥−ª¨ å�à�ªâ¥à¨áâ¨ª á®¥¤¨−¥−¨© æ¥¯¥© „�Š

��¨¬¥−®¢�−¨¥ ‘®áâ�¢ ”®à¬ã«� NAt VAt ‘â¥¯¥−¨ ¢¥àè¨− Vstr Ó× VÓÏÅÄ
1 2 3 4 5 6 7 8

AA1
{HNCN{
{HCN{ H2N3C2 7 663,696

HNCNHCN
2 3 3 3 2 3 3 9,924 673,620

AA2
{HNCN{
{HNCN{ H2N4C2 8 802,604

HNCNHNCN
2 3 3 3 2 3 3 3 11,509 814,113

AC1 {NHN{ HN2 3 288,238
NHN
3 2 3 4,169 292,407

AC2 {NHN{ HN2 3 288,238
NHN
3 2 3 4,169 292,407

AC3
{NCNH{
{HCNH{ H2N4C2 8 802,604

NCNHNCNH
2 3 3 2 3 3 3 2 11,509 814,113

AC4 {NHN{ HN2 3 288,238
NH=N
3 2 4 4,584 292,822

ATcanon
{HNCN{
{HNCO{ H2N3C2O 8 813,026

HNCNHNC=O
2 3 3 3 2 34 3 11,924 824,950

CC1 {NHN{ HN2 3 288,238
NHN
3 2 3 4,169 292,407

CC2 {NHO{ HNO 3 298,66
NHO
3 2 2 3,584 302,244

GA1
{OCNH{
{NCNH{ H2N3C2O 8 813,026

O=CNHNCNH
3 4 3 2 3 3 3 2 11,924 824,950

GA2
{OCNH{

{NCCNH{ H2N3C3O 9 926,09
O=CNHNCCNH
3 4 3 2 4 3 3 3 2 13,924 940,014

GA3
{HNCN{
{HNCN{ H2N4C2 8 802,604

HNCNHNCN
2 3 3 3 2 3 3 3 11,509 814,113

GA4
{NCCNH{
{NCNH{ H2N4C3O 9 1064,998

NCCNHNCNH
4 3 3 3 2 3 3 3 2 13,509 1078,507

GA5 {NHO{ HNO 3 298,66
NHO=
3 2 3 4,169 302,829

GCcanon
{OCNH{
{NCNH{

{CNHOC{
H3N4C4O2 13 1327,392

O=CNHNCNHCNHOC
3 4 3 2 3 3 3 3 3 3 2 2 3 18,679 1346,071

GCnoncanon1
{HNCNH{

{NCO{ H2N3C2O 8 926,09
HNCNHNCO
2 3 3 3 2 3 3 2 10,924 937,014

GCnoncanon2
{HNCNH{

{OCN{ H2N3C2O 8 926,09
HNCNHOCN
2 3 3 3 2 2 3 3 10,924 937,014

GCnoncanon3 {NHN{ HN2 3 288,238
NHN
3 2 3 4,169 292,407

GG1
{OCNH{
{OCNH{ H2N2C2O2 8 823,448

O=CNHO=CNH
3 4 3 2 3 3 3 2 13,924 837,372

GG2
{NCCO{

{HNCNH{ H2N3C3O 9 926,09
NCC=OHNCNH
3 3 4 3 2 3 3 3 2 13,509 939,599

GG3
{NCCO{

{HNCNH{ H2N3C3O 9 926,09
NCC=OHNCNH
3 3 4 3 2 3 3 3 2 13,509 939,599

GT
{HNCO{
{HNCO{ H2N3C2O2 8 823,448

HNC=OHNC=O
2 3 4 3 2 3 4 3 12,339 835,787

TT1
{OCNH{
{OCNH{ H2N2C2O2 8 823,448

O=CNHO=CNH
3 4 3 2 3 4 3 2 12,339 835,787

TT2
{HNCO{
{HNCO{ H2N2C2O2 8 823,448

HNC=OHNC=O
2 3 4 3 2 3 4 3 12,339 835,787

‡�¬¥ç�−¨¥: NAt | ª®«¨ç¥áâ¢® �â®¬®¢; VAt | ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ �â®¬�å; Vstr Ó× | ®¡ê¥¬ ¨−ä®à¬�æ¨¨
¢ áâàãªâãà¥ á¢ï§¥©; VÓÏÅÄ | ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ á®¥¤¨−¥−¨¨.
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ˆ−ä®à¬�æ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®à£�−¨ç¥áª¨å ¬®«¥ªã«

’�¡«¨æ� 6 �æ¥−ª¨ å�à�ªâ¥à¨áâ¨ª ®á−®¢�−¨©

�á−®-
¢�−¨¥

”®à¬ã«ë
¬®«¥ªã«,

ä®à¬¨àãîé¨å
®á−®¢�−¨¥

Š®«¨ç¥áâ¢®
�â®¬®¢,

ä®à¬¨àãîé¨å
®á−®¢�−¨¥

Œ�áá�
®á−®¢�−¨ï,

�. ¥.

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢ ®á−®¢�−¨¨

�¡ê¥¬
¨−ä®à¬�æ¨¨
¢ áâàãªâãà¥
®á−®¢�−¨ï,

¡¨â

�¡ê¥¬
¨−ä®à¬�æ¨¨
¢ ®á−®¢�−¨¨,

¡¨â

A H4N5C5 14 134
1{4; 2{3;
3{6; 4{1 14,51 1301,55

C H4N3C4O1 12 110
1{5; 2{2;
3{5; 4{0 9,92 1060,00

G H4N5C5O1 15 150
1{4; 2{4;
3{6; 4{1 15,51 1450,88

T H5N2C5O2 14 166
1{5; 2{3;
3{3; 4{3 13,75 1193,91

’�¡«¨æ� 7 •�à�ªâ¥à¨áâ¨ª¨ á®¥¤¨−¥−¨©

�¡®§−�ç¥−¨¥
á®¥¤¨−¥−¨ï

”®à¬ã«ë
¬®«¥ªã«,

ä®à¬¨àãîé¨å
á®¥¤¨−¥−¨¥

(«¥¢�ï,
¯à�¢�ï,
¯®«−�ï)

NI
At NII

At NAt

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢ ¯¥à¢®©
¬®«¥ªã«¥

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢® ¢â®à®©
¬®«¥ªã«¥

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢ á®¥¤¨−¥−¨¨

VÓÏÅÄ Vstr ÓÏÅÄ

1 2 3 4 5 6 7 8 9 10

AA1
H4N5C5
H4N5C5

H8N10C10
14 14 28

1{4; 2{3;
3{6; 4{1

1{4; 2{3;
3{6; 4{1

1{6; 2{6;
3{14; 4{2 2603,09 32,19

AA2
H4N5C5
H4N5C5

H8N10C10
14 14 28

1{4; 2{3;
3{6; 4{1

1{4; 2{3;
3{6; 4{1

1{6; 2{6;
3{14; 4{2 2603,09 32,19

AC1
H4N3C4O1

H4N5C5
H8N8C9O1

12 14 26
1{5; 2{2;
3{5; 4{0

1{4; 2{3;
3{6; 4{1

1{8; 2{5;
3{12; 4{1 2361,54 26,02

AC2
H4N3C4O1

H4N5C5
H8N8C9O1

12 14 26
1{5; 2{2;
3{5; 4{ 0

1{4; 2{3;
3{6; 4{1

1{8; 2{5;
3{12; 4{1 2361,54 26,02

AC3
H4N3C4O1

H4N5C5
H8N8C9O1

12 14 26
1{5; 2{2;
3{5; 4{0

1{4; 2{3;
3{6; 4{1

1{7; 2{5;
3{13; 4{1 2361,54 27,60

AC4
H4N3C4O1

H4N5C5
H8N8C9O1

12 14 26
1{5; 2{2;
3{5; 4{0

1{4; 2{3;
3{6; 4{1

1{8; 2{6;
3{10; 4{2 2361,54 25,85

ATcanon
H5N2C5O2

H3N3C5
H8N5C10O2

14 14 28
1{5; 2{3;
3{3; 4{3

1{4; 2{3;
3{6; 4{1

1{7; 2{6;
3{11; 4{4 2207,21 31,43

CC1
H5N3C4O1
H4N3C4 O1
H9N6C8O2

12 12 24
1{5; 2{2;
3{5; 4{0

1{5; 2{2;
3{5; 4{0

1{9; 2{4;
3{11; 4{0 2130,41 21,43

CC2
H5N3C4O1
H4N3C4O1
H9N6C8O2

12 12 24
1{5; 2{2;
3{5; 4{0

1{5; 2{2;
3{5; 4{0

1{8; 2{6;
3{10; 4{0 2130,41 21,85
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ˆ. Œ. ƒãà¥¢¨ç, Œ. �. …¢áâ¨£−¥¥¢

’�¡«¨æ� 7 (®ª®−ç�−¨¥) •�à�ªâ¥à¨áâ¨ª¨ á®¥¤¨−¥−¨©

�¡®§−�ç¥−¨¥
á®¥¤¨−¥−¨ï

”®à¬ã«ë
¬®«¥ªã«,

ä®à¬¨àãîé¨å
á®¥¤¨−¥−¨¥

(«¥¢�ï,
¯à�¢�ï,
¯®«−�ï)

NI
At NII

At NAt

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢ ¯¥à¢®©
¬®«¥ªã«¥

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢® ¢â®à®©
¬®«¥ªã«¥

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢ á®¥¤¨−¥−¨¨

VÓÏÅÄ Vstr ÓÏÅÄ

1 2 3 4 5 6 7 8 9 10

GA1
H4N5C5

H4N5C5O1
H8N10C10O1

14 15 29
1{4; 2{3;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{7;
3{14; 4{2 2752,42 33,19

GA2
H4N5C5

H4N5C5O1
H8N10C10O1

14 15 29
1{4; 2{3;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{12; 4{3 2752,42 33,02

GA3
H4N5C5

H4N5C5O1
H8N10C10O1

14 15 29
1{4; 2{3;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{7;
3{14; 4{2 2752,42 33,19

GA4
H4N5C5O1

H4N5C5
H8N10C10O1

15 14 29
1{4; 2{4;
3{6; 4{1

1{4; 2{3;
3{6; 4{1

1{6; 2{8;
3{12; 4{3 2752,42 33,02

GA5
H4N5C5O1

H4N5C5
H8N10C10O1

15 14 29
1{4; 2{4;
3{6; 4{1

1{4; 2{3;
3{6; 4{1

1{7; 2{7;
3{13; 4{2 2752,42 31,60

GCcanon
H4N3C4O1
H4N5C5O1
H8N8C9O2

12 15 27
1{5; 2{2;
3{5; 4{0

1{4; 2{4;
3{6; 4{1

1{5; 2{8;
3{13; 4{1 2510,87 30,60

G‘noncanon1
H4N3C4O1
H4N5C5O1
H8N8C9O2

12 15 27
1{5; 2{2;
3{5; 4{0

1{4; 2{4;
3{6; 4{1

1{8; 2{6;
3{12; 4{1 2510,87 29,02

G‘noncanon2
H4N3C4O1
H4N5C5O1
H8N8C9O2

12 15 27
1{5; 2{2;
3{5; 4{0

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{12; 4{1 2510,87 29,02

G‘noncanon3
H4N3C4O1
H4N5C5O1
H8N8C9O2

12 15 27
1{5; 2{2;
3{5; 4{0

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{12; 4{1 2510,87 29,02

GG1
H4N5C5O1
H4N5C5O1

H8N10C10O2
15 15 30

1{4; 2{4;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{14; 4{2 2901,75 34,19

GG2
H4N5C5O1
H4N5C5O1

H8N10C10O2
15 15 30

1{4; 2{4;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{14; 4{2 2901,75 34,19

GG3
H4N5C5O1
H4N5C5O1

H8N10C10O2
15 15 30

1{4; 2{4;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{14; 4{2 2901,75 34,19

GT
H4N5C5O1
H5N2C5 O3
H9N7C10O3

15 14 29
1{4; 2{4;
3{6; 4{1

1{5; 2{3;
3{3; 4{3

1{7; 2{7;
3{11; 4{4 2644,78 32,43

TT1
H5N2C5 O2
H5N2C5 O2

H10N4C10O4
14 14 28

1{5; 2{3;
3{3; 4{3

1{5; 2{3;
3{3; 4{3

1{8; 2{6;
3{8; 4{6 2387,81 30,68

TT2
H5N2C5 O2
H5N2C5 O2

H10N4C10O4
14 14 28

1{5; 2{3;
3{3; 4{3

1{5; 2{3;
3{3; 4{3

1{8; 2{6;
3{8; 4{6 2387,81 30,68

‡�¬¥ç�−¨ï: NI
At| ç¨á«® �â®¬®¢ ¢ ¯¥à¢®© ¬®«¥ªã«¥;NII

At| ç¨á«® �â®¬®¢ ¢® ¢â®à®© ¬®«¥ªã«¥;NAt| ç¨á«®
�â®¬®¢ ¢ ¬®«¥ªã«�å, ä®à¬¨àãîé¨å á®¥¤¨−¥−¨ï; VÓÏÅÄ | ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ á®¥¤¨−¥−¨¨; Vstr ÓÏÅÄ |
®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ á®¥¤¨−¥−¨ï.
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ˆ−ä®à¬�æ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®à£�−¨ç¥áª¨å ¬®«¥ªã«

’�¡«¨æ� 8 �¡ê¥¬ ¨−ä®à¬�æ¨¨, á¢ï§ë¢�îé¥© ®á−®¢�−¨ï

�¡®§−�ç¥−¨¥
á®¥¤¨−¥−¨ï

”®à¬ã«ë
¬®«¥ªã«,

ä®à¬¨àãîé¨å
á®¥¤¨−¥−¨¥

(«¥¢�ï,
¯à�¢�ï,
¯®«−�ï)

NI
At NII

At NAt

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢ ¯¥à¢®©
¬®«¥ªã«¥

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢® ¢â®à®©
¬®«¥ªã«¥

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢ á®¥¤¨−¥−¨¨

V I
str V II

str Vstr ÓÏÅÄ VÓ×

1 2 3 4 5 6 7 8 9 10 11 12

AA1
H4N5C5
H4N5C5

H8N10C10
14 14 28

1{4; 2{3;
3{6; 4{1

1{4; 2{3;
3{6; 4{1

1{6; 2{6;
3{14; 4{2 14,51 14,51 32,19 3,17

AA2
H4N5C5
H4N5C5

H8N10C10
14 14 28

1{4; 2{3;
3{6; 4{1

1{4; 2{3;
3{6; 4{1

1{6; 2{6;
3{14; 4{2 14,51 14,51 32,19 3,17

AC1
H4N3CO1
H4N5C5

H8N8C8O1
12 14 26

1{5; 2{2;
3{5; 4{0

1{4; 2{3;
3{6; 4{1

1{8; 2{5;
3{12; 4{1 9,92 14,51 26,02 1,59

AC2
H4N3C4O1

H4N5C5
H8N8C8O1

12 14 26
1{5; 2{2;
3{5; 4{0

1{4; 2{3;
3{6; 4{1

1{8; 2{5;
3{12; 4{1 9,92 14,51 26,02 1,59

AC3
H4N3C4O1

H4N5C5
H8N8C8O1

12 14 26
1{5; 2{2;
3{5; 4{0

1{4; 2{3;
3{6; 4{1

1{7; 2{5;
3{13; 4{1 9,92 14,51 27,60 3,17

AC4
H4N3C4O1

H4N5C5
H8N8C8O1

12 14 26
1{5; 2{2;
3{5; 4{0

1{4; 2{3;
3{6; 4{1

1{8; 2{6;
3{10; 4{2 9,92 14,51 25,85 1,42

ATcanon
H5N2C5O2

H3N3C5
H8N5C10O2

14 14 28
1{5; 2{3;
3{3; 4{3

1{4; 2{3;
3{6; 4{1

1{7; 2{6;
3{11; 4{4 13,75 14,511 31,43 3,17

CC1
H5N3C4O1
H4N3C4O1
H8N6C8O2

12 12 24
1{5; 2{2;
3{5; 4{0

1{5; 2{2;
3{5; 4{0

1{9; 2{4;
3{11; 4{0 9,92 9,92 21,43 1,59

CC2
H5N3C4O1
H4N3C4O1
H8N6C8O2

12 12 24
1{5; 2{2;
3{5; 4{0

1{5; 2{2;
3{5; 4{0

1{8; 2{6;
3{10; 4{0 9,92 9,92 21,85 2,01

GA1
H4N5C5

H4N5C5O1
H8N10C10O1

14 15 29
1{4; 2{3;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{7;
3{14; 4{2 14,51 11,924 33,19 3,17

GA2
H4N5C5

H4N5C5O1
H8N10C10O1

14 15 29
1{4; 2{3;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{12; 4{3 14,51 15,51 33,02 3

GA3
H4N5C5

H4N5C5O1
H8N10C10O1

14 15 29
1{4; 2{3;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{7;
3{14; 4{2 14,51 15,51 33,19 3,17

GA4
H4N5C5O1

H4N5C5
H8N10C10O1

15 14 29
1{4; 2{4;
3{6; 4{1

1{4; 2{3;
3{6; 4{1

1{6; 2{8;
3{12; 4{3 15,51 14,51 33,02 3

GA5
H4N5C5O1

H4N5C5
H8N10C10O1

15 14 29
1{4; 2{4;
3{6; 4{1

1{4; 2{3;
3{6; 4{1

1{7; 2{7;
3{13; 4{2 15,51 14,51 31,60 1,58

GCcanon
H4N3C4O1
H4N5C5O1
H8N8C9O2

12 15 27
1{5; 2{2;
3{5; 4{0

1{4; 2{4;
3{6; 4{1

1{5; 2{8;
3{13; 4{1 15,51 9,92 30,60 5,17
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ˆ. Œ. ƒãà¥¢¨ç, Œ. �. …¢áâ¨£−¥¥¢

’�¡«¨æ� 8 (®ª®−ç�−¨¥) �¡ê¥¬ ¨−ä®à¬�æ¨¨, á¢ï§ë¢�îé¥© ®á−®¢�−¨ï

�¡®§−�ç¥−¨¥
á®¥¤¨−¥−¨ï

”®à¬ã«ë
¬®«¥ªã«,

ä®à¬¨àãîé¨å
á®¥¤¨−¥−¨¥

(«¥¢�ï,
¯à�¢�ï,
¯®«−�ï)

NI
At NII

At NAt

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢ ¯¥à¢®©
¬®«¥ªã«¥

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢® ¢â®à®©
¬®«¥ªã«¥

‘â¥¯¥−¨
¢¥àè¨−
�â®¬®¢

¢ á®¥¤¨−¥−¨¨

V I
str V II

str Vstr ÓÏÅÄ VÓ×

1 2 3 4 5 6 7 8 9 10 11 12

GCnoncanon1
H4N3C4O1
H4N5C5O1
H8N8C9O2

12 15 27
1{5; 2{2;
3{5; 4{0

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{12; 4{1 15,51 9,92 29,02 3,59

GCnoncanon2
H4N3C4O1
H4N5C5O1
H8N8C9O2

12 15 27
1{5; 2{2;
3{5; 4{0

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{12; 4{1 15,51 9,92 29,02 3,59

GCnoncanon3
H4N3C4O1
H4N5C5O1

H8N10C10O2
12 15 27

1{5; 2{2;
3{5; 4{0

1{4; 2{4;
3{6; 4{1

1{8; 2{6;
3{12; 4{1 15,51 9,92 27,02 1,59

GG1
H4N5C5O1
H4N5C5O1

H8N10C10O2
15 15 30

1{4; 2{4;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{14; 4{2 15,51 15,51 34,19 3,17

GG2
H4N5C5O1
H4N5C5O1

H8N10C10O2
15 15 30

1{4; 2{4;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{14; 4{2 15,51 15,51 34,19 3,17

GG3
H4N5C5O1
H4N5C5O1

H8N10C10O2
15 15 30

1{4; 2{4;
3{6; 4{1

1{4; 2{4;
3{6; 4{1

1{6; 2{8;
3{14; 4{2 15,51 15,51 34,19 3,17

GT
H4N5C5O1
H5N2C5O3
H8N7C10O3

15 14 29
1{4; 2{4;
3{6; 4{1

1{5; 2{3;
3{3; 4{3

1{7; 2{7;
3{11; 4{4 15,51 13,75 32,43 3,17

TT1
H5N2C5O2
H5N2C5O2

H10N10C10O4
14 14 28

1{5; 2{3;
3{3; 4{3

1{5; 2{3;
3{3; 4{3

1{8; 2{6;
3{8; 4{6 13,75 13,75 30,68 3,18

TT2
H5N2C5O2
H5N2C5O2

H10N10C10O4
14 14 28

1{5; 2{3;
3{3; 4{3

1{5; 2{3;
3{3; 4{3

1{8; 2{6;
3{8; 4{6 13,75 13,75 30,68 3,18

‡�¬¥ç�−¨ï: NAt | ç¨á«® �â®¬®¢ ¢ ®¡¥¨å ¬®«¥ªã«�å; V I
str | ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ 1-© ¬®«¥ªã«ë;

V II
str | ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ 2-© ¬®«¥ªã«ë; VÓ× | ®¡ê¥¬ ¨−ä®à¬�æ¨¨, á¢ï§ë¢�îé¥© ¬®«¥ªã«ë

®á−®¢�−¨©.

�æ¥−¨¬ ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¬®«¥ªã« ¨ ¬®«¥ªã«�å, ä®à¬¨àãîé¨å
á®¥¤¨−¥−¨¥ (â�¡«. 7). ‘ã¬¬�à−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ á®¥¤¨−¥−¨¨ ¢ ¤�−−®¬
á«ãç�¥ −¥ å�à�ªâ¥à¨§ã¥â ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã æ¥¯ï¬¨ „�Š.

�æ¥−¨¬ ¢ áâàãªâãà¥ á®¥¤¨−¥−¨ï ®¡ê¥¬ ¨−ä®à¬�æ¨¨, á¢ï§ë¢�îé¥© ®á−®¢�−¨ï
¢ ¥¤¨−®¥ æ¥«®¥. �¡ê¥¬ ¨−ä®à¬�æ¨¨, á¢ï§ë¢�îé¥© ¬®«¥ªã«ë ®á−®¢�−¨©, à�¢¥−
®¡ê¥¬ã ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ á®¥¤¨−¥−¨ï ¬¨−ãá ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãª-
âãà¥ ¯¥à¢®© ¬®«¥ªã«ë, ¬¨−ãá ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¢â®à®© ¬®«¥ªã«ë
(â�¡«. 8).

‚ â�¡«. 9 ¯à¥¤áâ�¢«¥−ë ®æ¥−ª¨ ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà�å �§®â¨áâëå
®á−®¢�−¨©, ¯®«ãç¥−−ë¥ ¯® ¬¥â®¤¨ª�¬ ƒãà¥¢¨ç�, Rashevsky, Trucco.
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’�¡«¨æ� 9 �¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà�å ®á−®¢�−¨©

�á−®-
¢�−¨¥

‘â¥¯¥−¨
¢¥àè¨− �â®¬®¢

¢ ®á−®¢�−¨¨

Š®«¨ç¥áâ¢®
�â®¬®¢,

ä®à¬¨àãîé¨å
®á−®¢�−¨¥

ƒãà¥¢¨ç Rashevsky Trucco

A 1{4; 2{3; 3{6; 4{1 14 14,50978 1,78845 1,180726 2,969176
C 1{5; 2{2; 3{5; 4{0 12 9,924813 1,483356 1,126404 2,60976
G 1{4; 2{4; 3{6; 4{1 15 15,50978 1,806239 1,191352 2,997591
T 1{5; 2{3; 3{3; 4{3 14 13,75489 1,95919 1,229881 3,189072

‚ â�¡«. 10 ¯à¥¤áâ�¢«¥−ë ¤�−−ë¥, ¯®§¢®«ïîé¨¥ áà�¢−¨âì ®æ¥−ª¨ ®¡ê¥¬�
¨−ä®à¬�æ¨¨, á¢ï§ë¢�îé¥© ¬®«¥ªã«ë ®á−®¢�−¨©, ¯® ¬¥â®¤¨ª�¬ ƒãà¥¢¨ç�, Ra-
shevsky, Trucco. �ç¥¢¨¤−®, çâ® ¬¥â®¤¨ª¨ Rashevsky ¨ Trucco −¥ ¤�îâ ¯à¥¤-
áâ�¢«¥−¨ï ® á¢ï§¨ æ¥¯¥© „�Š (¡®«¥¥ â®£®, ®−¨ ¤�îâ ®âà¨æ�â¥«ì−ë¥ ®æ¥−ª¨ |
å�à�ªâ¥à¨§ãîé¨¥ ®ââ�«ª¨¢�−¨¥) ¨ â¥¬ á�¬ë¬ −¥ �¤¥ª¢�â−ë §�¤�ç�¬ ¨áá«¥¤®¢�−¨ï
¢§�¨¬®á¢ï§¥© ®à£�−¨ç¥áª¨å ¬®«¥ªã«.

‚ ª®«®−ª�å 2; 6; 11 ãª�§�−ë ®¡ê¥¬ë ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà�å ¯�à �§®â¨-
áâëå á®¥¤¨−¥−¨©, � ¢ ª®«®−ª�å 3, 4; 7, 8; 12, 13 ãª�§�−ë ®¡ê¥¬ë ¨−ä®à¬�æ¨¨
¢ áâàãªâãà�å �§®â¨áâëå á®¥¤¨−¥−¨©, ¯®«ãç¥−−ë¥ ¯® ¬¥â®¤¨ª�¬ ƒãà¥¢¨ç�, Ra-
shevsky, Trucco. ‚ ª®«®−ª�å 5; 9; 14 ãª�§�−ë ®¡ê¥¬ë ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà�å
á®¥¤¨−¥−¨©, á¢ï§ë¢�îé¥© ®á−®¢�−¨ï ¢ ¥¤¨−®¥ æ¥«®¥. �¡ê¥¬ ¨−ä®à¬�æ¨¨, á¢ï§ë-
¢�îé¥© ¬®«¥ªã«ë ®á−®¢�−¨©, à�¢¥− ®¡ê¥¬ã ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ á®¥¤¨−¥−¨ï
¬¨−ãá áã¬¬� ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥ ¯¥à¢®© ¨ ¢â®à®© ¬®«¥ªã« ¯�à
�§®â¨áâëå á®¥¤¨−¥−¨©, ¯®«ãç¥−−ëå ¯® ¬¥â®¤¨ª�¬ ƒãà¥¢¨ç�, Rashevsky, Trucco.
‚ ª®«®−ª¥ 10 ãª�§�−� à�§−®áâì ®æ¥−®ª Trucco ¨ Rashevsky.

4 Заключение

1. �æ¥−ª¨ ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¯® Rashevsky ¨ Trucco ¢ áâàãªâãà�å ¬®«¥ªã«,
®¯¨áë¢�¥¬ëå ®¤−®à®¤−ë¬¨ £à�ä�¬¨, à�¢−ë −ã«î, � ®æ¥−ª¨ ¢ £à�ä�å, ®¯¨-
áë¢�îé¨å áâàãªâãàë ¬®«¥ªã« â¨¯� ¡ãâ�−�, ¯à�ªâ¨ç¥áª¨ −¥ §�¢¨áïâ ®â ç¨á«�
�â®¬®¢ ã£«¥à®¤� ¢ ¬®«¥ªã«¥, çâ® ¯à¥¤áâ�¢«ï¥âáï −¥ �¤¥ª¢�â−ë¬ à¥�«ì−®áâ¨.
�à¨¢¥¤¥−−®¥ áà�¢−¥−¨¥ −� ¯à¨¬¥à¥ ¯�à �§®â¨áâëå á®¥¤¨−¥−¨© ¯®ª�§ë¢�¥â,
çâ® á¢ï§ì ¬®«¥ªã« ¯® N. Rashevsky ¨ E. Trucco å�à�ªâ¥à¨§ã¥âáï ®âà¨æ�â¥«ì-
−ë¬ ®¡ê¥¬®¬ ¨−ä®à¬�æ¨¨, çâ® −¥ �¤¥ª¢�â−® ®¯¨á�−¨î ®¡ê¥¤¨−¥−¨ï ¬®«¥ªã«.
�à¨ ä®à¬¨à®¢�−¨¨ ¥¤¨−®© ¬®«¥ªã«ë ¨§ ¤¢ãå ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãªâãà¥
¤®«¦¥− ¢®§à�áâ�âì (−¥ ¬®¦¥â ã¬¥−ìè�âìáï) ¨ ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ áâàãª-
âãà�å ¬®«¥ªã« ¨ ¢ á�¬¨å ¬®«¥ªã«�å æ¥«¥á®®¡à�§−® ®æ¥−¨¢�âì ¯® ¬¥â®¤¨ª¥
ƒãà¥¢¨ç�.
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’�¡«¨æ� 10 ‘à�¢−¥−¨¥ ®æ¥−®ª ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨, á¢ï§ë¢�îé¥© ®á−®¢�−¨ï

��¨¬¥−®¢�−¨¥ ƒãà¥¢¨ç Rashevsky + Trucco Trucco
1 2 3 4 5 6 7 8 9 10 11 12 13 14

AA1 32,19 14,51 14,51 3,17 1,724408 1,78845 1,78845 −1,85249 1,146015 2,870423 2,969176 2,969176 −3,06793

AA2 32,19 14,51 14,51 3,17 1,724408 1,78845 1,78845 −1,85249 1,146015 2,870423 2,969176 2,969176 −3,06793
AC1 26,02 9,92 14,51 1,59 1,67624 1,78845 1,483356 −1,59557 1,151446 2,827687 2,969176 2,60976 −2,75125
AC2 26,02 9,92 14,51 1,59 1,67624 1,78845 1,483356 −1,59557 1,151446 2,827687 2,969176 2,60976 −2,75125
AC3 27,60 9,92 14,51 3,17 1,647869 1,78845 1,483356 −1,62394 1,133957 2,781826 2,969176 2,60976 −2,79711
AC4 25,85 9,92 14,51 1,42 1,826245 1,78845 1,483356 −1,44556 1,196076 3,022322 2,969176 2,60976 −2,55661

ATcanon 31,43 14,51 13,75 3,17 1,845366 1,78845 1,95919 −1,90228 1,191973 3,037339 2,969176 3,189072 −3,12091
CC1 21,43 9,92 9,92 1,59 1,477334 1,483356 1,483356 −1,48938 1,122107 2,599441 2,60976 2,60976 −2,62008
CC2 21,85 9,92 9,92 2,01 1,477334 1,483356 1,483356 −1,48938 1,122107 2,599441 2,60976 2,60976 −2,62008
GA1 33,19 14,51 11,924 3,17 1,738525 1,78845 1,806239 −1,85616 1,155504 2,894028 2,997591 2,969176 −3,07274
GA2 33,02 14,51 15,51 3 1,848181 1,78845 1,806239 −1,74651 1,195361 3,043541 2,997591 2,969176 −2,92323
GA3 33,19 14,51 15,51 3,17 1,738525 1,78845 1,806239 −1,85616 1,155504 2,894028 2,997591 2,969176 −3,07274

GA4 33,02 15,51 14,51 3 1,848181 1,78845 1,806239 −1,74651 1,195361 3,043541 2,997591 2,969176 −2,92323
GA5 31,60 15,51 14,51 1,58 1,738525 1,78845 1,806239 −1,85616 1,192623 2,931147 2,997591 2,969176 −3,03562

GCcanon 30,60 15,51 9,92 5,17 1,654319 1,806239 1,483356 −1,63528 1,141236 2,795555 2,997591 2,60976 −2,8118
GCnoncanon1 29,02 15,51 9,92 3,59 1,698246 1,806239 1,483356 −1,59135 1,162289 2,860535 2,997591 2,60976 −2,74682
GCnoncanon2 29,02 15,51 9,92 3,59 1,698246 1,806239 1,483356 −1,59135 1,162289 2,860535 2,997591 2,60976 −2,74682

G‘noncanon3 27,02 15,51 9,92 1,59 1,698246 1,806239 1,483356 −1,59135 1,162289 2,860535 2,997591 2,60976 −2,74682
GG1 34,19 15,51 15,51 3,17 1,746466 1,806239 1,806239 −1,86601 1,162254 2,90872 2,997591 2,997591 −3,08646
GG2 34,19 15,51 15,51 3,17 1,746466 1,806239 1,806239 −1,86601 1,162254 2,90872 2,997591 2,997591 −3,08646
GG3 34,19 15,51 15,51 3,17 1,746466 1,806239 1,806239 −1,86601 1,162254 2,90872 2,997591 2,997591 −3,08646
GT 32,43 15,51 13,75 3,17 1,746466 1,95919 1,95919 −2,17192 1,172531 2,918997 2,997591 3,189072 −3,26767

TT1 30,68 13,75 13,75 3,18 1,588983 1,95919 1,95919 −2,3294 1,012747 2,60173 3,189072 3,189072 −3,77641
TT2 30,68 13,75 13,75 3,18 1,588983 1,95919 1,95919 −2,3294 1,012747 2,60173 3,189072 3,189072 −3,77641
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ˆ−ä®à¬�æ¨®−−ë¥ å�à�ªâ¥à¨áâ¨ª¨ ®à£�−¨ç¥áª¨å ¬®«¥ªã«

2. �à¨¢¥¤¥−−ë¥ ®æ¥−ª¨ ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¢ á®¥¤¨−¥−¨ïå æ¥¯¥© „�Š ¯®ª�§ë-
¢�îâ, çâ® à¥�«¨§®¢�−−ë¥ ¢ áâ�−¤�àâ−ëå „�Š á®¥¤¨−¥−¨ï ¨¬¥îâ ¬�ªá¨¬�«ì-
−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ â¨¯®¢ëå á®¥¤¨−¥−¨ïå, á¢ï§ë¢�îé¨å ®á−®¢�−¨ï
¢ ¥¤¨−®¥ æ¥«®¥, çâ® ®¡¥á¯¥ç¨¢�¥â ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ ç¨á«® ¯ãâ¥©, á®-
¥¤¨−ïîé¨å æ¥¯¨ „�Š, | ¬�ªá¨¬�«ì−ãî −�¤¥¦−®áâì á¢ï§¥© ¬¥¦¤ã æ¥¯ï¬¨
„�Š.

3. ‘ã¬¬�à−ë© ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢ �â®¬�å ¨ ®¡é¨© ®¡ê¥¬ ¨−ä®à¬�æ¨¨ ¢
¤�−−®¬ á«ãç�¥ −¥ å�à�ªâ¥à¨§ã¥â ¢§�¨¬®¤¥©áâ¢¨¥ ¬¥¦¤ã æ¥¯ï¬¨ „�Š.

4. �à¥¤«®¦¥−−ë© �¢â®à�¬¨ ¨−ä®à¬�æ¨®−−ë© ¯®¤å®¤ ª ®æ¥−ª¥ ¢§�¨¬®á¢ï§¨
�§®â¨áâëå ®á−®¢�−¨© −®á¨â ã−¨¢¥àá�«ì−ë© å�à�ªâ¥à ¨ ¬®¦¥â ¡ëâì ¨á¯®«ì-
§®¢�− ¤«ï �−�«¨§� å�à�ªâ¥à¨áâ¨ª ¨ ¢§�¨¬®á¢ï§¨ ¯à®¨§¢®«ì−ëå ¬®«¥ªã«.
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A B S T R A C T S

ANALYSIS AND MODELING METHODS AND TOOLS
FOR INTEGRATED LOGISTIC SUPPORT OF STOCHASTIC SYSTEMS

I. N. Sinitsyn1, A. S. Shalamov2, I. V. Sergeev3, V. I. Sinitsyn4, E. R. Korepanov5,
V. V. Belousov6, E. S. Agafonov7, and V. S. Shorgin8

1IPI RAN, sinitsin@dol.ru
2IPI RAN, a-shal5@yandex.ru
3IPI RAN, isergeev@ipiran.ru
4IPI RAN, vsinitsin@ipiran.ru
5IPI RAN, ekorepanov@ipiran.ru
6IPI RAN, vbelousov@ipiran.ru
7IPI RAN, eagafonov@ipiran.ru
8IPI RAN, vshorgin@ipiran.ru

Analysis and modeling methods and tools for one of the modern directions in the
field of aftersale manufactured product service-integrated logistic support stochastic
systems are considered. Special attention is paid to the problems of analytical
modeling and operating costs minimization in hydrid and hereditary systems.

Keywords: software tools; stochastic systems; hereditary systems; stochastic shock
impulse; analytical and statistical modeling; filtration; MATLAB

AUTOMATIZATION OF PROGRAMS DEBUGGING
FOR RECURRENT DATAFLOW PROCESSOR

R. Zelenov1, A. Prokofyev2, and V. Volchek3

1IPI RAN, graf.developer@gmail.com
2IPI RAN, a.a.prokofyev@mail.ru
3IPI RAN, v volchek@inbox.ru

The paper deals with the problems of low-level programs development and the ways
of their decisions for the development environment of programs for recurrent dataflow
processor. Realization of errors reduction and tools of automatic localization of errors
leading to exceptions creation in hardware is described.

Keywords: integrated development environment; debugging automatization;
dataflow architecture; recurrence
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BUILT-IN DEBUGGING TOOLS
OF RECURRENT DATAFLOW PROCESSOR

A. Prokofyev1, R. Zelenov2, and V. Volchek3

1IPI RAN, a.a.prokofyev@mail.ru
2IPI RAN, graf.developer@gmail.com
3IPI RAN, v volchek@inbox.ru

The paper deals with the issues of observability and controllability of internal
states of the recurrent dataflow processor. The implementation of tools that enable
the developers to maximally quickly detect, isolate, and correct the error issues
is considered. The most effective decisions considering architectural novelty and
specificity of the recurrent dataflow processor organization are suggested.

Keywords: debugging; hardware; recurrence; dataflow architecture

DATAFLOW ARCHITECTURE MODEL AND ITS USAGE
WITH A WORD RECOGNIZER PROGRAM AS AN EXAMPLE

D. Khilko1 and Yu. Stepchenkov2

1IPI RAN, dhilko@yandex.ru
2IPI RAN, YStepchenkov@ipiran.ru

The imitational model of the dataflow recurrent architecture that is being imple-
mented as application-specific integrated circuit at field-programmable gate array
platform designed by Altera, is presented. This model lets the user to perform the
debugging of the architecture's functional blocks before the hardware implemen-
tation and serves as an instrument of software development and debugging. The
architecture key aspects, specialized programming language, and their projection at
the model are also presented.

Keywords: imitational model; dataflow architecture; recurrence; programming

AUTOMATION OF INFORMATION PROCESSING FOR DETECTION
OF RAIL FORMS ANOMALIES

S. K. Dulin1, I. N. Rozenberg2, and V. I. Umansky3

1IPI RAN, s.dulin@ccas.ru
2Research & Design Institute for Information Technology, Signalling and
Telecommunications on Railway Transport (JSC NIIAS), I.Rozenberg@gismps.ru
3Closed Joint-Stock Company \IntechGeoTrans," umanvi@yandex.ru
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Based on the analysis of experimental data, the analytical models of the information
processing from the meters of inertial-satellite system, fixing the anomalies of the
form of the rails are suggested. The models are described by the nonstationary
differential equations with unknown parameters. The obtained equations for
estimation of the state vector of an integrated navigation system allowed to develop
a method for identifying the parameters of the rails anomaly, free from the need
to expand the dimension of the filter and the assumption of stationarity of the
identifiable parameters and providing the improvement of accuracy of identification
by the use of probabilistic criteria nonlinearly dependent on the a posteriori
probability density of the state vector.

Keywords: inertial-satellite system; rails form anomaly; a posteriori probability
density of a state vector

METHODOLOGICAL APPROACHES TO THE SELECTION
OF SENSOR TECHNOLOGIES FOR THE SITUATION CENTERS BASED

ON USERS ACTIVITIES CLASSIFICATION

S. Denisov1, A. Zatsarinnyi2, V. Kondrashev3, and K. Chuprakov4

1IPI RAN, sdn@ipi.ac.ru
2IPI RAN, azatsarinny@ipiran.ru
3IPI RAN, vd@ipi.ac.ru
4IPI RAN, chkos@rambler.ru

The questions of application of modern touch technologies for the systems of the
situation centers to increase the efficiency of their functioning on the basis of
improvement of the interface of interaction of the person making decision with
information and analytical system of decision-making support are considered. The
criteria of touch technologies choice for a situation center on the basis of the
carried-out classification of kinds of their users activity are suggested.

Keywords: situation center; touch panel; interface of interaction; information and
analytical system

MATHEMATICAL TOOLS AND SOFTWARE FOR LIGHT DEVICES
MODELING

I. I. Bayneva1 and V. V. Baynev2

1N. P. Ogarev's Mordovian State University, baynevaii@rambler.ru
2N. P. Ogarev's Mordovian State University, bw14@mail.ru
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The features of the light and light-distributing devices are described. The problems
and possible solutions for their calculation and design are analyzed. The mathematical
models used in the light and luminaire design with the mirror reflectors are described.
The principles of work with the created software for the automated modeling and
design of the light devices are considered.

Keywords: modeling; program; system; light devices; reflector; design

CITING DOCUMENTS IN PATENTS AS AN INDICATOR OF SCIENCE
AND TECHNOLOGY FIELDS INTERRELATIONS

O. S. Kozhunova

IPI RAN, okozhunova@ipiran.ru

The paper is devoted to science and technology fields interrelations analysis involving
patent data of the Netherlands, Belgium, Chile, and other countries, as well as to
the evaluation of level of significance of scientific papers cited in the patents from
the corresponding fields, including the technological ones.

Keywords: citing in patents; indicator of science and technology fields interrela-
tions; information monitoring of science

INTELLECTUAL MECHANISMS FOR SEMANTIC SEARCHING
IN INTERNET

I. P. Kuznetsov1, M. M. Sharnin2, and A. G. Matskevich3

1IPI RAN, igor-kuz@mtu-net.ru
2IPI RAN, 1@keywen.com
3IPI RAN, xmag@mail.ru

The methods of searching in Internet based on knowledge extraction from texts are
considered. During the first stage, the significant key words are extracted from
the question. They are used by the program-spider to select adequate texts from
Internet. In the second stage, semantic-oriented linguistic processor is used. It
analyzes the text of question and selected texts to form their knowledge structures.
Semantic search consists in matching these structures and forming the answer for
users. Various kinds of semantic search are considered.

Keywords: semantic-oriented linguistic processor; knowledge extraction from
texts; semantic search; knowledge base
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METHOD OF INFORMATION CLASSIFICATION
BASED ON HIERARCHICAL TAGS AND ITS IMPLEMENTATION

ON THE EXAMPLE OF A FAMILY ARCHIVE

I. M. Adamovich1, O. I. Volkov2, and N. A. Markova3

1IPI RAN, Adam@amsd.com
2IPI RAN, Volkov@amsd.com
3IPI RAN, nMarkova@ipiran.ru

The contemporary methods of classifying information are examined and their benefits
and limitations are analyzed. Classification of heterogeneous information based on
hierarchical tags is suggested, and the set of the problems for which this kind
of classification is possible and suitable is analyzed. The implementation of the
suggested approach in the program \Family archive" is examined.

Keywords: classification; hierarchical tags; family archive

SIGNAL PROCESSING METHODS FOR LOCALIZATION
OF NONRENEWABLE REGIONS

T. V. Zakharova1, S. Yu. Nikiforov2, M. B. Goncharenko3, M. A. Dranitsyna4,
G. A. Klimov5, M. Sh. Khaziakhmetov6, and N. V. Chayanov7

1M. V. Lomonosov Moscow State University, lsa@cs.msu.ru
2M. V. Lomonosov Moscow State University, nikisimonmsu@gmail.com
3M. V. Lomonosov Moscow State University, goncharenko.mir@yandex.ru
4M. V. Lomonosov Moscow State University, margarita13april@mail.ru
5M. V. Lomonosov Moscow State University, gregklimov@yandex.ru
6M. V. Lomonosov Moscow State University, khaziakhmetov@yandex.ru
7Research and Education Center of Neuro-Cognitive Studies (MEG-Center),
oia.mgppu@gmail.com

This paper is devoted to the problem of myogram and magnetoencephalogram
signal synchronizing. The evoked potentials have been used to localize the brain
activity areas. The method is based on magnetoencephalogram data averaging with
respect to the reference points. Voluntary movements start points were indicated
as reference points. The main difficulty of magnetoencephalogram averaging was
related to uncertainty in identification of voluntary movements start points. This
paper presents a new accurate procedure for the reference points detection based on
the stochastic characteristics of myogram and magnetoencephalogram. Two-stage
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procedure was suggested for voluntary movement start points localization. First,
these points are identified according to myogram and/or actogram signal records
and then revised according to magnetoencephalogram signal records. The obtained
results can be applied in many scientific fields to solve various localization problems.

Keywords: hypothesis testing; sample window variance; sample quantile; magne-
toencephalography; magnetoencephalogram; actogram; myogram

THE ARCHITECTURE OF HYBRID RECOMMENDER SYSTEM GEFEST
(GENERATION–EXPANSION–FILTERING–SORTING–TRUNCATION)

Yu. S. Nefedova

M. V. Lomonosov Moscow State University; IPI RAN, y.nefedova@gmail.com

Recommender system is a relatively new class of software with the task of prediction
the items (movies, music, books, news, Web sites) that would be interesting to
the user, through an analysis of his actions and estimates. This paper describes
the construction of such system. Designed recommendation system generates a
suitable user list of recommended items. The special emphasis is made on the ability
to use all the available information, including the product data (description and
characteristics), user data (user profile), and data about user behavior (information
about the use or purchase of goods and/or explicit estimate of goods).

Keywords: recommender systems; collaborative filtering; method of nearest neigh-
bor; classification algorithms

NONPARAMETRIC ESTIMATION OF THE DENSITY OF A MIXTURE
OF PROBABILITY LAWS

V. Yu. Korolev1, A. Yu. Korchagin2, and O. A. Moreva3

1M. V. Lomonosov Moscow State University; IPI RAN, vkorolev@cs.msu.su
2M. V. Lomonosov Moscow State University, sasha.korchagin@gmail.com
3Ulm University, Germany, o.moreva@gmail.com

Kernel estimates of probability densities are empirically compared with the estimates
obtained by some versions of the EM (expectation-maximization) algorithm on
artificial samples generated from various classes of probability distributions. A grid
modification of the EM-algorithm is also considered.

Keywords: kernel density estimator; EM-algorithm; grid method of separation of
mixtures
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ON THE CONSISTENCY OF THE GRID METHOD ESTIMATORS
FOR PARAMETERS OF THE SCALE MIXTURES OF NORMAL

DISTRIBUTIONS

A. L. Nazarov

M. V. Lomonosov Moscow State University, nazarov.vmik@gmail.com

It is shown that in some cases, the grid maximum likelihood method estimators in
the Gaussian mixture decomposition problems are consistent. Sufficient consistency
conditions describing the algorithm of the concordant change of the structure of
parametric set (grid mesh) and the sample size are presented.

Keywords: mixture of normal distributions; grid method for separation of mixtures;
consistency; Kullback{Leibler distance; Skorokhod space

OPTIMIZING THE RESOURCES OF COMPUTER COMPLEX
WITH WEAKLY CONNECTED ARCHITECTURE

M. Ya. Agalarov

IPI RAN, murad-agalarov@yandex.ru

The problem of calculating the optimum amount of computing resources in computer
complex with weakly connected architecture and poisson incoming flows of a
special class of tasks is considered. Heuristic algorithm is proposed for constrained
optimization of computer system resources. The results of computational experiments
and evaluation of algorithms complexity are presented.

Keywords: computer system; computing resources; flow of tasks; optimizing the
amount of resources

VIRTUAL MACHINES AS AN OPTIMIZING TECHNIQUE
FOR TEACHING PROCESS

V. Petrukhin1, A. Shneider2, and S. Luchkin3

1IPI RAN, cokrat2@rambler.ru
2IPI RAN, alexshnd@rambler.ru
3Secondary School No. 4, Kolchugino, Vladimir Region, Russia,
info32kab@gmail.com
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The feasible ways for using virtual machines in a teaching process are discussed.
The specific examples of a logical structure of a computer class built on the base of
virtual machines are adduced.

Keywords: optimization; virtualization

ELECTRONIC EDUCATIONAL RESOURCES:
EFFICIENCY OF APPLICATION

A. A. Fedoseev

IPI RAN, A.Fedoseev@ipiran.ru

Based on the analysis of the processes of studying, teaching, and learning, the
information content (core) of educational process has been identified and its infor-
mation model has been developed. A desirable position of the efforts on creation of
electronic educational resources application has been identified in the educational
process. The resources features required to ensure their positive influence on the
efficiency of educational process have been defined.

Keywords: teaching; learning; motivation; perception; drill and practice; educa-
tional process; information model; electronic educational resource

ANALYSIS OF INTERNATIONAL EDUCATIONAL STANDARDS
IN THE FIELD OF INFORMATION TECHNOLOGY

V. A. Sukhomlin

M. V. Lomonosov Moscow State University, sukhomlin@mail.ru

The aim of this work is to analyze the current state of international curricular
standards for undergraduate and graduate degree programs in information technology
(or computing), as well as seeking opportunities for using their potential in the
methodical basis of the national high school.

Keywords: IT education; educational standards; curriculum; information tech-
nologies; computing
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INFORMATION CHARACTERISTICS OF ORGANIC MOLECULES

I. M. Gurevich1 and M. P. Evstigneev2

1IPI RAN; LLC \HETNET Consulting," iggurevich@gmail.com
2Sevastopol National Technical University, Ukraine, max evstigneev@mail.ru

The method of estimating the amount of information in the molecules, including those
whose description is stored in An Information Portal to Biological Macromolecular
Structures (Protein Data Bank), is described and substantiated. The connection of
different base pairs is considered and the estimates of the volume of information in
the compounds of the DNA strands are provided for specific pairings and atypical
compounds. It is shown that nature has formed standard connections, linking the
bases into a coherent whole, the structure of which contains the maximum amount
of information. The effectiveness of the information approach to explore the natural
(physical, chemical, and biological) systems is confirmed.

Keywords: information; physical systems; molecules; DNA; connections
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ä®−, ä�ªá, e-mail, ¯®çâ®¢ë© �¤à¥á. …á«¨ à�¡®â� ¢ë¯®«−¥−� −¥áª®«ìª¨¬¨
�¢â®à�¬¨, ãª�§ë¢�¥âáï ä�¬¨«¨ï ®¤−®£® ¨§ −¨å, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã
á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â á�¬®áâ®ïâ¥«ì−ãî íªá¯¥àâ¨§ã ¯à¨á«�−−ëå
áâ�â¥©. ‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â, çâ® áâ�âìï ã¦¥
¯à¨−ïâ� ª ¯¥ç�â¨. „®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â�
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−¨¨ á®®¡é�¥âáï �¢â®à�¬.
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�¢â®à®¢ ¯à¨áë«�âì á¢®¨ §�¬¥ç�−¨ï ¢ ªà�âç�©è¨¥ áà®ª¨.

6. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ã-
îé¨¥ −�áâà®©ª¨.
��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬):
¢−ãâà¨ | 2,5, á−�àã¦¨ | 1,5, á¢¥àåã | 2, á−¨§ã | 2, ®â ªà�ï ¤® −¨¦-
−¥£® ª®«®−â¨âã«� | 1,3. �á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û: èà¨äâ
Times New Roman, à�§¬¥à 14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ 0,5 á¬, 1,5 ¨−-
â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ ¯® è¨à¨−¥. ÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ |
−¥ á¢ëè¥ 25 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�. �§−�ª®¬¨âìáï á è�¡«®−�-
¬¨, á®¤¥à¦�é¨¬¨ ¯à¨¬¥àë ®ä®à¬«¥−¨ï, ¬®¦−® ¯® �¤à¥áã ¢ ˆ−â¥à−¥â¥:
http://www.ipiran.ru/journal/template.doc.

7. Š àãª®¯¨á¨, ¯à¥¤®áâ�¢«ï¥¬®© ¢ 2-å íª§¥¬¯«ïà�å, ®¡ï§�â¥«ì−® ¯à¨«�£�¥âáï
í«¥ªâà®−−�ï ¢¥àá¨ï áâ�âì¨, ª�ª ¯à�¢¨«®, ¢ ä®à¬�â�å MS WORD (.doc) ¨«¨
LaTex (.tex), � â�ª¦¥ | ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf −� ¤¨áª¥â¥, «�§¥à-
−®¬ ¤¨áª¥ ¨«¨ ¯® í«¥ªâà®−−®© ¯®çâ¥. ‘®ªà�é¥−¨ï á«®¢, ªà®¬¥ áâ�−¤�àâ−ëå,
−¥ ¯à¨¬¥−ïîâáï. ‚á¥ áâà�−¨æë àãª®¯¨á¨ ¤®«¦−ë ¡ëâì ¯à®−ã¬¥à®¢�−ë.

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−-
£«¨©áª®¬ ï§ëª�å: −�§¢�−¨¥, ”.ˆ.�. �¢â®à®¢, ¬¥áâ� à�¡®âë �¢â®à®¢ ¨
¨å í«¥ªâà®−−ë¥ �¤à¥á�, ¯®¤à®¡−ë¥ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ®ä®à¬«¥−−ë¥ ¢
á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¯à¥¤¥«ï¥¬ë¬ ä�©«�¬¨ http://www.ipiran.ru/
journal/issues/2011 05 01/authors.asp ¨ http://www.ipiran.ru/journal/
issues/2011 01 eng/authors.asp, �−−®â�æ¨ï (−¥ ¡®«¥¥ 100 á«®¢), ª«îç¥¢ë¥
á«®¢�, «¨â¥à�âãà�. ‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢
ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®«�£�îâáï ¢ ¯®àï¤ª¥ ¨å ¯¥à¢®£® ã¯®¬¨−�−¨ï.
‚ á¯¨áª¥ «¨â¥à�âãàë −¥ ¤®«¦−® ¡ëâì ¯®§¨æ¨©, −� ª®â®àë¥ −¥â ááë«ª¨ ¢
â¥ªáâ¥ áâ�âì¨. ‚á¥ ä�¬¨«¨¨ �¢â®à®¢, §�£«�¢¨ï áâ�â¥©, −�§¢�−¨ï ª−¨£, ª®−-
ä¥à¥−æ¨© ¨ â. ¯. ¤�îâáï −� ï§ëª¥ ®à¨£¨−�«�, ¥á«¨ íâ®â ï§ëª ¨á¯®«ì§ã¥â
ª¨à¨««¨ç¥áª¨© ¨«¨ «�â¨−áª¨© �«ä�¢¨â.

9. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
10. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãî-

é¨å ¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á«ãç�¥ ¡®«ìè¨å ®¡ê¥¬®¢ ¨−ä®à¬�æ¨¨ ¢®§¬®¦−® ¨á¯®«ì§®¢�−¨¥ ®¡é¥¨§-

¢¥áâ−ëå �àå¨¢�â®à®¢ (ZIP, RAR);
{ ¢ 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¨¨.

11. †ãà−�« ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬. �«�â� §� ¯ã¡«¨ª�æ¨î á �¢â®à®¢
−¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.
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