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1 Введение

�à�ªâ¨ç¥áª¨¥ á¨−åà®−−ë¥ æ¨äà®¢ë¥ áå¥¬ë ¯à®¥ªâ¨àãîâáï ¢ ¢¨¤¥ ª®−¢¥©-
¥à� [1] ¤«ï ®¡¥á¯¥ç¥−¨ï ¬�ªá¨¬�«ì−®£® ¡ëáâà®¤¥©áâ¢¨ï. Š®−¢¥©¥à å®à®è®
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‘�¬®á¨−åà®−−ë© ª®−¢¥©¥à á ¯¥à¥¬¥−−ë¬ ç¨á«®¬ áâã¯¥−¥©

‘�¬®á¨−åà®−−ë¥ áå¥¬ë −¥ ¨¬¥îâ £«®¡�«ì−®© á¨−åà®−¨§�æ¨¨, â�ª ª�ª ¨å
¯®¢¥¤¥−¨¥ ®á−®¢ë¢�¥âáï −� §�¯à®á−®-®â¢¥â−®¬ ¬¥å�−¨§¬¥ ¢§�¨¬®¤¥©áâ¢¨ï á®-
áâ�¢−ëå ç�áâ¥© ®¡é¥© áå¥¬ë. �¤−�ª® ®−¨ á®¤¥à¦�â ã¯à�¢«ïîé¨¥ á¨£−�«ë,
à¥£ã«¨àãîé¨¥ ¤¢ãåä�§−®¥ ¢§�¨¬®¤¥©áâ¢¨¥ ‘‘-ãáâà®©áâ¢. “¯à�¢«ïîé¨¥ á¨£−�-
«ë ®âà�¦�îâ £®â®¢−®áâì áâã¯¥−¥© ‘‘-ª®−¢¥©¥à� ª ¯¥à¥ª«îç¥−¨î ¢ á«¥¤ãîéãî
ä�§ã à�¡®âë ¨ ä®à¬¨àãîâáï á¨£−�«�¬¨, ¨−¤¨æ¨àãîé¨¬¨ ç�áâ¨ ‘‘-áå¥¬ë.

„¢ãåä�§−�ï ¤¨áæ¨¯«¨−� à�¡®âë ¨ ®¡ï§�â¥«ì−®¥ ¯®¤â¢¥à¦¤¥−¨¥ ¨−¤¨ª�â®à−®©
¯®¤áå¥¬®© ®ª®−ç�−¨ï ¯¥à¥ª«îç¥−¨ï ‘‘-áå¥¬ë ¢ ª�¦¤ãî ä�§ã à�¡®âë ®¡¥á¯¥-
ç¨¢�îâ ª®−âà®«ì ª®àà¥ªâ−®áâ¨ ¯¥à¥ª«îç¥−¨ï áå¥¬ë ¨ ¯®¢ëè�îâ ãáâ®©ç¨¢®áâì
‘‘-áå¥¬ë ª «®£¨ç¥áª¨¬ á¡®ï¬ [3]. ˆ−¤¨ª�â®à−�ï ¯®¤áå¥¬� à¥�«¨§ã¥âáï ¢ ¢¨¤¥
¬−®£®ïàãá−®© ¯¨à�¬¨¤�«ì−®© áå¥¬ë á ®¤−¨¬ ¢ëå®¤®¬ ¨ á ç¨á«®¬ ¢å®¤®¢, à�¢-
−ë¬ ç¨á«ã ª®−âà®«¨àã¥¬ëå â®ç¥ª. �® ¬¥à¥ ã¢¥«¨ç¥−¨ï ç¨á«� ª®−âà®«¨àã¥¬ëå
â®ç¥ª ç¨á«® ïàãá®¢ à�áâ¥â, çâ® ¢¥¤¥â ª á−¨¦¥−¨î ¡ëáâà®¤¥©áâ¢¨ï ‘‘-áå¥¬ë.
÷�§¡¨¥−¨¥ −� áâã¯¥−¨ ª®−¢¥©¥à� ®¡é¥© ‘‘-áå¥¬ë ã¬¥−ìè�¥â á«®¦−®áâì áå¥¬ë,
¨−¤¨æ¨àã¥¬®© ¢ à�¬ª�å ®¤−®© áâã¯¥−¨, ¨, á®®â¢¥âáâ¢¥−−®, á«®¦−®áâì ¨ §�¤¥à¦-
ªã ¥¥ ¨−¤¨ª�â®à−®© ¯®¤áå¥¬ë. „«¨â¥«ì−®áâì à�¡®ç¥£® æ¨ª«� ®¤−®© áâã¯¥−¨
á®ªà�é�¥âáï, ¨ ¯à®¨§¢®¤¨â¥«ì−®áâì ‘‘-ª®−¢¥©¥à� ¯®¢ëè�¥âáï.

�¤−�ª® ¢ ¬−®£®à�§àï¤−ëå ¢ëç¨á«¨â¥«ì−ëå ‘‘-ãáâà®©áâ¢�å ¯à®¡«¥¬� ¯®-
¢ëè¥−¨ï ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ‘‘-ª®−¢¥©¥à� ¯®-¯à¥¦−¥¬ã �ªâã�«ì−�. „�−-
−�ï áâ�âìï à�áá¬�âà¨¢�¥â ®á®¡¥−−®áâ¨ ¢§�¨¬®¤¥©áâ¢¨ï áâã¯¥−¥© ‘‘-ª®−¢¥©¥à�
¨ ¯à¥¤«�£�¥â ¯à¨−æ¨¯ë ®à£�−¨§�æ¨¨ ‘‘-ª®−¢¥©¥à�, ¯®§¢®«ïîé¨¥ ãáª®àïâì ¯à®-
å®¦¤¥−¨¥ ¤�−−ëå ¯® ª®−¢¥©¥àã ¢ ®¯à¥¤¥«¥−−ëå á«ãç�ïå §� áç¥â ®¯æ¨®−�«ì−®©
à¥£ã«¨à®¢ª¨ ç¨á«� �ªâ¨¢−® à�¡®â�îé¨å áâã¯¥−¥©.

2 Типовой самосинхронный конвейер

�� à¨á. 1 ¯à¥¤áâ�¢«¥−� ç¥âëà¥åáâã¯¥−ç�â�ï áå¥¬� â¨¯®¢®£® ‘‘-ª®−¢¥©¥à�.
Š�¦¤�ï áâã¯¥−ì á®áâ®¨â ¨§ ª®¬¡¨−�æ¨®−−®© ç�áâ¨ (Ci) ¨ ¢ëå®¤−®£® à¥£¨áâà� (Ri),

÷¨á. 1 ‘å¥¬� â¨¯®¢®£® ‘‘-ª®−¢¥©¥à�
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ˆ. �. ‘®ª®«®¢, ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª® ¨ ¤à.

¨¬¥îé¨å ¯�à�ä�§−ë¥ á® á¯¥©á¥à®¬ ¢å®¤ë (X1, . . . ,Xn) ¨ ¢ëå®¤ë (Y1, . . . ,Yn).
ˆå ¨−¤¨ª�â®à−ë¥ ¢ëå®¤ë Ic ¨ Ir ä®à¬¨àãîâ á¨£−�« ã¯à�¢«¥−¨ï E à¥£¨áâà®¬
¯à¥¤ë¤ãé¥© áâã¯¥−¨ á ¯®¬®éìî £¨áâ¥à¥§¨á−ëå âà¨££¥à®¢ (ƒ-âà¨££¥à®¢), ®¡®§−�-
ç¥−−ëå ¡ãª¢®© úHû.

�à¨ ¢ë¯®«−¥−¨¨ ®¯à¥¤¥«¥−−ëå ãá«®¢¨© (−�¯à¨¬¥à, ¯à¨ ®¯à¥¤¥«¥−−ëå §−�-
ç¥−¨ïå ®¡à�¡�âë¢�¥¬ëå ¤�−−ëå) ®â¤¥«ì−ë¥ ç�áâ¨ áâã¯¥−¥© ª®−¢¥©¥à� ¨«¨ æ¥«ë¥
áâã¯¥−¨ ¬®£ãâ ¢ëª«îç�âìáï ¨§ âà�ªâ� ®¡à�¡®âª¨ ¤�−−ëå, ¥á«¨ ¨å ãç�áâ¨¥ −¥
âà¥¡ã¥âáï: ¤�−−ë¥ ¬®£ãâ ú®¡å®¤¨âìû ¨å. ��¯à¨¬¥à, ¢ ãáâà®©áâ¢¥ ã¬−®¦¥−¨ï
á −�ª®¯«¥−¨¥¬ (Fused Multiply-Add [4]) æ¥«¥á®®¡à�§−®áâì ¢ëç¨á«¥−¨ï ¯à®¨§¢¥-
¤¥−¨ï ¤¢ãå ®¯¥à�−¤®¢, � â�ª¦¥ áã¬¬ë /̈̈ «¨ à�§−®áâ¨ ¯à®¨§¢¥¤¥−¨ï ¨ âà¥âì¥£®
®¯¥à�−¤� ®¯à¥¤¥«ï¥âáï ¨å á®®â−®è¥−¨¥¬. …á«¨ âà¥â¨© ®¯¥à�−¤ −¥ ¨¬¥¥â §−�ç¥-
−¨ï ¯à¨ §�¤�−−®© â®ç−®áâ¨ ®¯¥à�æ¨¨, â® ¢ë¯®«−ïâì á«®¦¥−¨¥/¢ëç¨â�−¨¥ −¥â
−¥®¡å®¤¨¬®áâ¨. …á«¨ ¯à®¨§¢¥¤¥−¨¥ á«¨èª®¬ ¬�«®, â® ¨ ã¬−®¦¥−¨¥ ¤¥«�âì −¥
âà¥¡ã¥âáï. �æ¥−ª� á®®â−®è¥−¨ï ¯à®¨§¢¥¤¥−¨ï ¨ âà¥âì¥£® ®¯¥à�−¤� ¬®¦¥â ¡ëâì
¯®«ãç¥−� ¯ãâ¥¬ áà�¢−¥−¨ï ¨å íªá¯®−¥−â ¤® −�ç�«� ¢ëç¨á«¥−¨ï ¯à®¨§¢¥¤¥−¨ï.

‚ á¨−åà®−−®¬ ª®−¢¥©¥à¥ ¬ã«ìâ¨¯«¥ªá®àë, ®¡¥á¯¥ç¨¢�îé¨¥ ®¡å®¤ ®¤−®© ¨«¨
−¥áª®«ìª¨å áâã¯¥−¥©, á−¨¦�îâ ç�áâ®âã á¨−åà®−¨§�æ¨¨, â�ª ª�ª ®−� à�ááç¨âë-
¢�¥âáï ¤«ï −�¨åã¤è¥£® á«ãç�ï, � ¬ã«ìâ¨¯«¥ªá®àë ¯à¨¢−®áïâ ¤®¯®«−¨â¥«ì−ãî
§�¤¥à¦ªã.

‚ ‘‘-ª®−¢¥©¥à¥ −¥â −¥®¡å®¤¨¬®áâ¨ ãç¨âë¢�âì −�¨åã¤è¨© á«ãç�©. …£®
¯à®¨§¢®¤¨â¥«ì−®áâì å�à�ªâ¥à¨§ã¥âáï áâ�â¨áâ¨ç¥áª¨ ãáà¥¤−¥−−ë¬ ¢à¥¬¥−¥¬ ®¡-
à�¡®âª¨ ¯à®¨§¢®«ì−ëå ¤�−−ëå. �®íâ®¬ã ¬�ªá¨¬�«ì−® ¢®§¬®¦−®¥ ¢à¥¬ï ¯à®-
å®¦¤¥−¨ï ¤�−−ëå ¯® ª®−¢¥©¥àã («�â¥−â−®áâì ª®−¢¥©¥à�) ¢ á«ãç�¥, ª®£¤� ¢á¥
áâã¯¥−¨ ‘‘-ª®−¢¥©¥à� −ã¦−ë ¤«ï ®¡à�¡®âª¨ â¥ªãé¥© ¯®àæ¨¨ ¤�−−ëå, ¬®¦¥â
ª®¬¯¥−á¨à®¢�âìáï ã¬¥−ìè¥−¨¥¬ «�â¥−â−®áâ¨ ¢ ®áâ�«ì−ëå á«ãç�ïå.

‚®§¬®¦−ë á«¥¤ãîé¨¥ ¢�à¨�−âë ã¬¥−ìè¥−¨ï ç¨á«� �ªâ¨¢−® à�¡®â�îé¨å
áâã¯¥−¥© ‘‘-ª®−¢¥©¥à�: ®¡å®¤ ®¤−®© ¨«¨ −¥áª®«ìª¨å áâã¯¥−¥© ¨ ¬ã«ìâ¨¯«¥ªá¨-
à®¢�−¨¥ áâã¯¥−¥©. ÷�áá¬®âà¨¬ ¨å ¯®¤à®¡−¥¥.

3 Обход ступеней самосинхронного конвейера

‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�áá¬®âà¨¬ á«ãç�© ®¡å®¤� ¤¢ãå áâã¯¥−¥© ª®−¢¥©¥à�,
¯à¥¤áâ�¢«¥−−ë© −� à¨á. 2. ÷¥�«¨§�æ¨î ®¡å®¤� áâã¯¥−¥© 2 ¨ 3 ®¡¥á¯¥ç¨¢�îâ n-à�§-
àï¤−ë© í«¥¬¥−â ˆ (¡«®ª ú&û −� à¨á. 2), ¬ã«ìâ¨¯«¥ªá®à ¢å®¤®¢ áâã¯¥−¨ 4 (Œ•),
í«¥¬¥−â ˆ‹ˆ-ˆ ¨ á¨£−�«ë ã¯à�¢«¥−¨ï E2 ¨ E3. ‚ áâã¯¥−ì 1 ¤®¡�¢«ï¥âáï «®£¨ª�
¤¥â¥ªâ¨à®¢�−¨ï ãá«®¢¨ï, à�§à¥è�îé¥£® ®¡å®¤ áâã¯¥−¥© 2 ¨ 3, ¨ ä®à¬¨à®¢�−¨ï
¡¨ä�§−®£® ä«�£� à¥¦¨¬� à�¡®âë (U ¨ UB).

÷¨áã−®ª 3 ¯®ª�§ë¢�¥â à¥�«¨§�æ¨î âà¨££¥à� ä«�£�. ‡¤¥áì L ¨ LB | ¯�-
à�ä�§−ë© á¨£−�« à�§à¥è¥−¨ï ®¡å®¤� (L = 1, LB = 0) áâã¯¥−¥© 2 ¨ 3; E1 |
á¨£−�« à�§à¥è¥−¨ï ¯¥à¥ª«îç¥−¨ï à¥£¨áâà� áâã¯¥−¨ 1 ¢ ®ç¥à¥¤−ãî ä�§ã; E2
¨ E3 | á¨£−�«ë ã¯à�¢«¥−¨ï áâã¯¥−¥© 2 ¨ 3; WE | ¨−¤¨ª�â®à âà¨££¥à� à¥¦¨¬�,
®¤−®¢à¥¬¥−−® á«ã¦�é¨© á¨£−�«®¬ ã¯à�¢«¥−¨ï à¥£¨áâà®¬ áâã¯¥−¨ 1.
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‘�¬®á¨−åà®−−ë© ª®−¢¥©¥à á ¯¥à¥¬¥−−ë¬ ç¨á«®¬ áâã¯¥−¥©

÷¨á. 2 ‘å¥¬� ‘‘-ª®−¢¥©¥à� á ®¡å®¤®¬ áâã¯¥−¥© 2 ¨ 3

‚ ®¡é¥¬ á«ãç�¥ ¬�áª¨-

÷¨á. 3 ‘å¥¬� âà¨££¥à� à¥¦¨¬� ¨ ã¯à�¢«¥−¨ï à¥£¨-
áâà®¬ áâã¯¥−¨ 1

àã¥¬ë¥ áâã¯¥−¨ (i + 1), . . .
. . . , (M + i+1) ¯®áâ®ï−−® −�-
å®¤ïâáï ¢ á¯¥©á¥à¥, ¯®áª®«ìªã
−� ¨å ¨−ä®à¬�æ¨®−−ëå ¢å®-
¤�å ¯®¤¤¥à¦¨¢�¥âáï á¯¥©á¥à-
−®¥ á®áâ®ï−¨¥. ‚ ¬®¬¥−â ¯¥-
à¥ª«îç¥−¨ï ¢ à¥¦¨¬ ®¡å®¤�
§�¢¥àè¥−¨¥ ¯¥à¥å®¤� i-© áâã-
¯¥−¨ ¢ à�¡®çãî ä�§ã §�¤¥à¦¨-
¢�¥âáï −� ¢à¥¬ï ¯¥à¥ª«îç¥−¨ï
á«¥¤ãîé¨å (M + 1) áâã¯¥−¥©
¢ á¯¥©á¥à.

4 Мультиплексирование ветвей самосинхронного конвейера

‚ ¡®«¥¥ ®¡é¥¬ á«ãç�¥ ¯®á«¥¤®¢�â¥«ì−ë¥ áâã¯¥−¥© −¥ ®¡å®¤ïâáï, � §�¬¥−ïîâáï
¤àã£¨¬¨ | ¯�à�««¥«ì−ë¬¨ L áâã¯¥−ï¬¨. ÷�áá¬®âà¨¬ ¤«ï ¯à¨¬¥à� ª®−¢¥©¥à −�
à¨á. 4. ‚ −¥¬ áâã¯¥−ì 2A ¢ª«îç�¥âáï ¢ âà�ªâ ®¡à�¡®âª¨ ¤�−−ëå ¢¬¥áâ® áâã¯¥−¥© 2
¨ 3 ¯à¨ ¢ë¯®«−¥−¨¨ ãá«®¢¨ï U = 1. ‚ áà�¢−¥−¨¨ á® áå¥¬®© −� à¨á. 2 ¤«ï
®à£�−¨§�æ¨¨ ª®àà¥ªâ−®© à�¡®âë â�ª®£® ‘‘-ª®−¢¥©¥à� âà¥¡ã¥âáï ãç¥â ¥é¥ ®¤−®£®
á¨£−�«� | E2A, ¢å®¤� ã¯à�¢«¥−¨ï áâã¯¥−ìî 2A. ‘®®â¢¥âáâ¢¥−−® ¯à¥®¡à�§ã¥âáï
¨ áå¥¬� âà¨££¥à� à¥¦¨¬� (à¨á. 5).

�¥à¥ª«îç¥−¨¥ á ®¤−®© ¢¥â¢¨ ª®−¢¥©¥à� −� ¯�à�««¥«ì−ãî à�§à¥è�¥âáï â®«ìª®
¯®á«¥ ¯®¤â¢¥à¦¤¥−¨ï ¯¥à¥å®¤� ¢á¥å áâã¯¥−¥© �ªâ¨¢−®© ¢¥â¢¨ ¢ á¯¥©á¥à, çâ®
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÷¨á. 4 ‘å¥¬� ‘‘-ª®−¢¥©¥à� á ¢ª«îç¥−¨¥¬ áâã¯¥−¨ 2A ¢¬¥áâ® áâã¯¥−¥© 2 ¨ 3

÷¨á. 5 ‘å¥¬� âà¨££¥à� à¥¦¨¬� ¨ ã¯à�¢«¥−¨ï à¥£¨áâà®¬ áâã¯¥−¨ 1 ¤«ï §�¬¥−ë áâã¯¥−¥© 2
¨ 3 áâã¯¥−ìî 2A
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¯à¨¢®¤¨â ª ¤®¯®«−¨â¥«ì−®© §�¤¥à¦ª¥ ¢ à�¡®â¥ ª®−¢¥©¥à� ¨ ¢«¨ï¥â −� ¥£® «�â¥−â-
−®áâì.

5 Латентность конвейера

–¥«¥á®®¡à�§−®áâì à�á¯�à�««¥«¨¢�−¨ï ª®−¢¥©¥à� §�¢¨á¨â ®â á®®â−®è¥−¨ï ¯®-
â¥àì ¢ �¯¯�à�â−ëå §�âà�â�å ¨ ¢ë¨£àëè� ¢ ¯à®¨§¢®¤¨â¥«ì−®áâ¨. �¯¯�à�â−ë¥
§�âà�âë ã¢¥«¨ç¨¢�îâáï ¨§-§� ¯®ï¢«¥−¨ï ¯�à�««¥«ì−®© ¢¥â¢¨, ®¡¥á¯¥ç¨¢�îé¥©
¡®«¥¥ ¡ëáâàë© á¯®á®¡ ®¡à�¡®âª¨ ¤�−−ëå ¨ ãá«®¦−¥−¨ï áå¥¬ë ã¯à�¢«¥−¨ï.

�à®¨§¢®¤¨â¥«ì−®áâì ª®−¢¥©¥à� ®æ¥−¨¢�¥âáï ¯® «�â¥−â−®áâ¨ ¯à®å®¦¤¥−¨ï
¤�−−ëå ç¥à¥§ −¥£® (Tì) ¨ â¥¬¯ã (ç�áâ®â¥) §�£àã§ª¨ ¢å®¤−ëå ¤�−−ëå (Fú), §�-
¢¨áïé¥¬ã ®â ¤«¨â¥«ì−®áâ¨ æ¨ª«� à�¡®âë (à�¡®ç�ï ¯«îá á¯¥©á¥à−�ï ä�§ë) Tã
á�¬®© ¬¥¤«¥−−®© áâã¯¥−¨. ÷¨áã−®ª 6 ¨««îáâà¨àã¥â ä�§®¢ãî ¤¨�£à�¬¬ã à�¡®âë
â¨¯®¢®£® á¡�«�−á¨à®¢�−−®£® ª®−¢¥©¥à�, ¨§®¡à�¦¥−−®£® −� à¨á. 1. ‡¤¥áì ú÷û
¨ ú‘û | ¯¥à¨®¤ë ¯à¥¡ë¢�−¨ï áâã¯¥−¨ ª®−¢¥©¥à� ¢ à�¡®ç¥© ¨ á¯¥©á¥à−®© ä�§¥
á®®â¢¥âáâ¢¥−−®. „«ï ¯à®áâ®âë ¡ã¤¥¬ áç¨â�âì, çâ® ¤«¨â¥«ì−®áâ¨ ®¡¥¨å ä�§ ¢á¥å
áâã¯¥−¥© ®¤¨−�ª®¢ë ¨ à�¢−ë Tæ. ’®£¤� Tã = 2Tæ ¨ Tì = 2,5Tæ. ‚ ®¡é¥¬
á«ãç�¥ ¤«ï N áâã¯¥−¥© ª®−¢¥©¥à� Tì ≈ 0,25(N + 1)Tã. ’¥¬¯ §�£àã§ª¨ ¯®àæ¨©
¢å®¤−ëå ¤�−−ëå à�¢¥− Fú = 1/Tã.

�à®¨§¢®¤¨â¥«ì−®áâì ª�ª á¨−åà®−−®£®, â�ª ¨ á�¬®á¨−åà®−−®£® ª®−¢¥©¥à�
®¯à¥¤¥«ï¥âáï ¡ëáâà®¤¥©áâ¢¨¥¬ ¥£® á�¬®© á«®¦−®© áâã¯¥−¨. �ãáâì, −�¯à¨¬¥à,
áâã¯¥−ì 2 ª®−¢¥©¥à� á�¬�ï á«®¦−�ï ¨ ¬¥¤«¥−−�ï. ’®£¤� ¤¨�£à�¬¬� à�¡®âë ª®−-
¢¥©¥à� ¡ã¤¥â ¢ë£«ï¤¥âì â�ª, ª�ª ¯®ª�§�−® −� à¨á. 7. ‡¤¥áì ª�¦¤�ï ä�§� ãá«®¢−®
à�§¤¥«¥−� −� ¤¢¥ ç�áâ¨: ¯¥à¥ª«îç¥−¨¥ ¢ â¥ªãéãî ä�§ã (÷ð, ‘ð) ¨ ®¦¨¤�−¨¥
à�§à¥è¥−¨ï −� ¯¥à¥ª«îç¥−¨¥ ¢ ¯à®â¨¢®¯®«®¦−ãî ä�§ã (÷ï, ‘ï). �¥à¢�ï ç�áâì
®¯à¥¤¥«ï¥âáï á«®¦−®áâìî ¤�−−®© áâã¯¥−¨, � ¢â®à�ï | ¤«¨â¥«ì−®áâìî ÷ð ¨ ‘ð

÷¨á. 6 ”�§®¢�ï ¤¨�£à�¬¬� á¡�«�−á¨à®¢�−−®£® ‘‘-ª®−¢¥©¥à�

÷¨á. 7 ”�§®¢�ï ¤¨�£à�¬¬� −¥á¡�«�−á¨à®¢�−−®£® ‘‘-ª®−¢¥©¥à�
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á�¬®© á«®¦−®© ¨§ ®áâ�«ì−ëå áâã¯¥−¥©. ‹�â¥−â−®áâì â�ª®£® ª®−¢¥©¥à� ®¯¨áë¢�-
¥âáï ä®à¬ã«®© Tì ≈ 0,25(N + 1)Tã2, � â¥¬¯ §�£àã§ª¨ ¯®àæ¨© ¢å®¤−ëå ¤�−−ëå
à�¢¥− Fú = 1/Tã2.

‡�¬¥−� M áâã¯¥−¥© ª®−¢¥©¥à� ¯�à�««¥«ì−ë¬¨ L áâã¯¥−ï¬¨ (¯à¨ ¯à®áâ®¬
®¡å®¤¥ L = 0) ¯à¨¢®¤¨â ª á®ªà�é¥−¨î «�â¥−â−®áâ¨ ª®−¢¥©¥à�, ¥á«¨ à�§−®áâì
áã¬¬�à−ëå «�â¥−â−®áâ¥© M ¨ L áâã¯¥−¥© (Tì,M − Tì,L) ¡®«ìè¥ §�¤¥à¦ª¨,
¢−®á¨¬®© ¤®¯®«−¨â¥«ì−ë¬ ®¦¨¤�−¨¥¬ ¯¥à¥ª«îç¥−¨ï M áâã¯¥−¥© ¢ á¯¥©á¥à ¯à¨
¯¥à¥ª«îç¥−¨¨ ¢ à¥¦¨¬ §�¬¥−ë (®¡å®¤�), ¡«®ª�¬¨ ¯®¤¤¥à¦�−¨ï á¯¥©á¥à� −�
¢å®¤�å ¯¥à¢ëå áâã¯¥−¥© ¯®á«¥ à�§¢¥â¢«¥−¨ï, ¬ã«ìâ¨¯«¥ªá®à®¬ ¯¥à¥¤ ¯¥à¢®©
¯®á«¥ ¯�à�««¥«ì−ëå ¯ãâ¥© áâã¯¥−¨ ª®−¢¥©¥à� ¨ ¤®¯®«−¨â¥«ì−ë¬¨ í«¥¬¥−â�¬¨
¢ áå¥¬¥ ã¯à�¢«¥−¨ï §�¯à®á−®-®â¢¥â−ë¬ ¢§�¨¬®¤¥©áâ¢¨¥¬ áâã¯¥−¥©: í«¥¬¥−â®¬
ˆ‹ˆ-ˆ ¨ âà¨££¥à®¬ à¥¦¨¬�, ¯®ª�§�−−ë¬ −� à¨á. 5. ‚ ¯¥à¢®¬ ¯à¨¡«¨¦¥−¨¨
¯à®¨§¢®¤¨â¥«ì−®áâì ª®−¢¥©¥à� −� à¨á. 4 ¡ã¤¥â ¡®«ìè¥, ç¥¬ ã ª®−¢¥©¥à� −� à¨á. 1,
¥á«¨ ¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢®

Tì,2 + Tì,3 + 4Tç2 > TAND + TMX + Tôò + TO21A + PM (Tì,2A + Tç2) +

+ (1− PM ) (Tì,2 + 1,5Tì,3 + 4Tç2 + 0,5Tì,4) , (1)

£¤¥ Tç2 | §�¤¥à¦ª� ¤¢ãå¢å®¤®¢®£® ƒ-âà¨££¥à�; TAND | §�¤¥à¦ª� ¡«®ª� ú&û;
TMX | §�¤¥à¦ª� ¡«®ª� Œ•; Tôò | §�¤¥à¦ª� âà¨££¥à� à¥¦¨¬�; TO21A |
§�¤¥à¦ª� «®£¨ç¥áª®£® í«¥¬¥−â� �21�; Tì,∗ | «�â¥−â−®áâ¨ áâã¯¥−¥© ª®−¢¥©¥à�;
PM | ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï ãá«®¢¨ï §�¬¥−ë áâã¯¥−¥© 2 ¨ 3 áâã¯¥−ìî 2A. �ãáâì
¢á¥ áâã¯¥−¨ ª®−¢¥©¥à� ¨¬¥îâ ¯à¨¬¥à−® ®¤¨−�ª®¢ãî «�â¥−â−®áâì:

Tì,2 = Tì,2A = Tì,3 = Tì,4 = Tì0 .

’®£¤� ä®à¬ã«� (1) ¯¥à¥¯¨è¥âáï ¢ ¢¨¤¥:

PM (2Tì0 + 3Tç2) > Tì0 + TAND + TMX + Tôò + T021A .

�à¨ â¨¯®¢ëå §�¤¥à¦ª�å: TAND = 20 ¯á, TMX = 30 ¯á, Tôò = 70 ¯á,
Tç2 = 40 ¯á, TO21A = 30 ¯á, Tì0 = 300 ¯á | ¤«ï 65-−�−®¬¥âà®¢®© ŠŒ��-
â¥å−®«®£¨¨ à¥�«¨§�æ¨ï à¥¦¨¬� §�¬¥−ë áâã¯¥−¥© 2 ¨ 3 áâã¯¥−ìî 2A ®ª�¦¥âáï
¢ë£®¤−®© á â®çª¨ §à¥−¨ï «�â¥−â−®áâ¨ ª®−¢¥©¥à� ¯à¨ PM > 0,63.

‚ á«ãç�¥ ¯à®áâ®£® ®¡å®¤� M áâã¯¥−¥© à®áâ ¯à®¨§¢®¤¨â¥«ì−®áâ¨ ª®−¢¥©¥à�
£�à�−â¨àã¥âáï ¯à¨ ¢ë¯®«−¥−¨¨ −¥à�¢¥−áâ¢�

MPM (1,5Tì0 + 2Tç2) > TAND + TMX + Tôò + TO21A + 0,5MTì0 .

’®£¤� à¥�«¨§�æ¨ï à¥¦¨¬� ®¡å®¤� M áâã¯¥−¥© ¯à¨¢¥¤¥â ª ¯®¢ëè¥−¨î ¯à®¨§-
¢®¤¨â¥«ì−®áâ¨ ª®−¢¥©¥à� ¯à¨ PM > 0,28(1 + 1/M). �¡å®¤ ®¤−®© áâã¯¥−¨
ª®−¢¥©¥à� æ¥«¥á®®¡à�§¥− ¯à¨ ¢¥à®ïâ−®áâ¨ â�ª®£® á®¡ëâ¨ï ¡®«¥¥ 0,56, � ®¡å®¤
¤¢ãå áâã¯¥−¥© | ã¦¥ ¯à¨ ¢¥à®ïâ−®áâ¨ 0,43.
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‘�¬®á¨−åà®−−ë© ª®−¢¥©¥à á ¯¥à¥¬¥−−ë¬ ç¨á«®¬ áâã¯¥−¥©

’�ª¨¬ ®¡à�§®¬, §�¬¥¤«¥−¨¥ ª®−¢¥©¥à� ¢ −�¨åã¤è¥¬ á«ãç�¥ ¨§-§� ¤®¡�¢«¥−¨ï
¢ −¥£® �¯¯�à�âãàë ®¡¥á¯¥ç¥−¨ï ¢�àì¨à®¢�−¨ï ç¨á«� áâã¯¥−¥© ª®¬¯¥−á¨àã¥âáï ¥£®
ãáª®à¥−¨¥¬ ¢ ®áâ�«ì−ëå á«ãç�ïå, ¢¥à®ïâ−®áâ¨ ¯®ï¢«¥−¨ï ª®â®àëå ¯à¥¢ëè�îâ
−¥ª®â®àãî ¢¥«¨ç¨−ã.

�¯¨á�−−ë¥ áå¥¬®â¥å−¨ç¥áª¨¥ à¥�«¨§�æ¨¨ ª®−¢¥©¥à� á ¬�áª¨àã¥¬ë¬¨ ¨ ¬ã«ì-
â¨¯«¥ªá¨àã¥¬ë¬¨ áâã¯¥−ï¬¨ ¡ë«¨ ¯à®¢¥à¥−ë −� á�¬®á¨−åà®−−®áâì á ¯®¬®éìî
¯à®£à�¬¬ë �−�«¨§� æ¨äà®¢ëå áå¥¬ −� ¯®«ã¬®¤ã«ïà−®áâì �‘�…Š’ [5]. �à®¢¥-
¤¥−−ë© �−�«¨§ ¯®¤â¢¥à¤¨« ª®àà¥ªâ−®áâì ¯à¥¤«�£�¥¬ëå à¥è¥−¨©.

6 Заключение

ˆá¯®«ì§®¢�−¨¥ ª®−¢¥©¥à−®© ®à£�−¨§�æ¨¨ ‘‘-áå¥¬ë ¯®§¢®«ï¥â ¯®¢ëá¨âì ¥¥
¯à®¨§¢®¤¨â¥«ì−®áâì �−�«®£¨ç−® á¨−åà®−−ë¬ áå¥¬�¬. �¤−�ª® ¨§-§� ¤¢ãåä�§−®£®
à¥¦¨¬� à�¡®âë â¥¬¯ §�£àã§ª¨ ¤�−−ëå ¢ ‘‘-ª®−¢¥©¥à á−¨¦�¥âáï.

�à®¨§¢®¤¨â¥«ì−®áâì ‘‘-ª®−¢¥©¥à� ®£à�−¨ç¨¢�¥âáï ¡ëáâà®¤¥©áâ¢¨¥¬ á�¬ëå
á«®¦−ëå áâã¯¥−¥©. ‚à¥¬ï ®¦¨¤�−¨ï à�§à¥è¥−¨ï ¯¥à¥ª«îç¥−¨ï ¢ ¯à®â¨¢®-
¯®«®¦−ãî ä�§ã à�¡®âë ®áâ�«ì−ëå áâã¯¥−¥© à�áâ¥â ¯à®¯®àæ¨®−�«ì−® ¢à¥¬¥−¨
¯¥à¥ª«îç¥−¨ï á�¬®© ¬¥¤«¥−−®© áâã¯¥−¨.

�®áâà®¥−¨¥ ‘‘-ª®−¢¥©¥à� á ®¯æ¨®−�«ì−ë¬ ¬ã«ìâ¨¯«¥ªá¨à®¢�−¨¥¬ âà�ªâ�
®¡à�¡®âª¨ ¤�−−ëå ¯®§¢®«ï¥â ¯®¢ëá¨âì áà¥¤−îî ¯à®¨§¢®¤¨â¥«ì−®áâì ª®−¢¥©¥à�.
‹�â¥−â−®áâì ‘‘-ª®−¢¥©¥à� á−¨¦�¥âáï, ¥á«¨ ãá«®¢¨¥ à�§à¥è¥−¨ï §�¬¥−ë ¤¢ãå
áâã¯¥−¥© ®¤−®© ¯�à�««¥«ì−®© áâã¯¥−ìî ¢ë¯®«−ï¥âáï ¢ 63% æ¨ª«®¢ à�¡®âë ª®−-
¢¥©¥à�. �¡å®¤ ¤¢ãå ¨ ¡®«¥¥ áâã¯¥−¥© ª®−¢¥©¥à� æ¥«¥á®®¡à�§¥− ¯à¨ ¢¥à®ïâ−®áâ¨
â�ª®£® á®¡ëâ¨ï ¡®«¥¥ 0,43. �ää¥ªâ¨¢−®áâì ¯à¥¤«®¦¥−−®£® ¬¥â®¤� ¯®¢ëè�¥âáï
á ã¢¥«¨ç¥−¨¥¬ ¢¥à®ïâ−®áâ¨ áà�¡�âë¢�−¨ï ãá«®¢¨ï ®¡å®¤� ¨ ç¨á«� áâã¯¥−¥© −�
¬�áª¨àã¥¬®¬ ãç�áâª¥ ª®−¢¥©¥à�.
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Abstract: The article considers the self-timed circuit's performance improvement
problem. As in synchronous circuits, an effective way to improve performance
is to use a pipeline to implement multistage input data processing. The article
analyzes possible options for dynamical reduction of the number of actively
operating stages under certain conditions determined by the processed data value
or an external signal. The estimates show that the efficiency of using an optionally
variable number of pipeline stages depends on the number of bypassed stages and
the probability of an event allowing this bypassing. In particular, replacing two
successive pipeline stages with one parallel stage becomes expedient if it occurs
in at least 63% of data processing operations and bypassing two or more stages
reduces the average pipeline's latency if it occurs in at least 43% of operations.

Keywords: self-timed circuit; pipeline; bypassing; multiplexing; latency;
performance

DOI: 10.14357/08696527230101

Acknowledgments

The research was supported by the Russian Science Foundation (project No. 22-19-
00237).

References

1. Hennessy, J. L., and D. A. Patterson. 2019. Computer architecture: A quantitative
approach. 6th ed. Morgan Kaufmann. 936 p.

2. Varshavsky, V. I., M. A. Kishinevsky, V. B. Marakhovsky, and V. A. Peschansky.
1990. Self-timed control of concurrent processes. Kluver Academic Publs. 245 p. doi:
10.1007/978-94-009-0483-3.

3. Stepchenkov, Y. A, A. N. Kamenskih, Y. G. Diachenko, Y. V. Rogdestvenski, and
D. Y. Diachenko. 2020. Improvement of the natural self-timed circuit tolerance to
short-term soft errors. Advances Science Technology Engineering Systems J. 5(2):44{
56. doi: 10.25046/aj050206.

4. IEEE Computer Society. 2008. IEEE Standard for Floating-Point Arithmetic 754-2008.
doi: 10.1109/IEEE STD.2008.4610935.

5. Rogdestvenski, Y. V., N. V. Morozov, and A. V. Rozhdestvenskene. 2010. Podsistema
sobytiynogo analiza samosinkhronnyh skhem ASPEKT [ASPECT: A suite of self-timed
event-driven analysis]. Problemy razrabotki perspektivnykh mikro- i nanoelektronnykh

12 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 1



Self-timed pipeline with variable stage number

sistem [Problems of the perspective micro- and nanoelectronic systems development].
Moscow: IPPM RAN. 26{31.

Received November 30, 2022

Contributors

Sokolov Igor A. (b. 1954) | Doctor of Science in technology, Academician of RAS,
director, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation;
isokolov@ipiran.ru

Stepchenkov Yuri A. (b. 1951) | Candidate of Science (PhD) in technology, head
of department, leading scientist, Federal Research Center \Computer Science and
Control" of the Russian Academy of Sciences, 44-2 Vavilov Str., Moscow 119133,
Russian Federation; YStepchenkov@ipiran.ru

Diachenko Yuri G. (b. 1958) | Candidate of Science (PhD) in technology, senior
scientist, Federal Research Center \Computer Science and Control" of the Russian
Academy of Sciences, 44-2 Vavilov Str., Moscow 119133, Russian Federation;
diaura@mail.ru

Morozov Nikolay V. (b. 1956) | senior scientist, Federal Research Center
\Computer Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov
Str., Moscow 119133, Russian Federation; NMorozov@ipiran.ru

Diachenko Denis Y. (b. 1987) | engineer-researcher, Federal Research Center
\Computer Science and Control" of the Russian Academy of Sciences, 44-2 Vavilov
Str., Moscow 119133, Russian Federation; diaden87@gmail.com

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 1 13



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2023. ’. 33. ü 1. ‘. 14{23

КОРПУСНЫЕ ДАННЫЕ ПРИ КОНТРАСТИВНОМ ИЗУЧЕНИИ
ПУНКТУАЦИИ∗

В. А. Нуриев1, М. Г. Кружков2

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¢®§¬®¦−®áâ¨ ¨á¯®«ì§®¢�−¨ï ª®à¯ãá−ëå ¤�−-
−ëå ¯à¨ ª®−âà�áâ¨¢−®¬ ¨áá«¥¤®¢�−¨¨ ¯ã−ªâã�æ¨¨. �ã−ªâã�æ¨®−−ë¥ á¨áâ¥¬ë
à�§−ëå ï§ëª®¢ −¥ ¢á¥£¤� á®¢¯�¤�îâ. ‚ â�ª¨å á«ãç�ïå ¯ã−ªâã�æ¨®−−®¥ ®ä®à¬-
«¥−¨¥ ¨áå®¤−®£® (ˆ’) ¨ ¯¥à¥¢®¤−®£® â¥ªáâ®¢ (�’) −¥ ¬®¦¥â ¡ëâì ®¤¨−�ª®¢ë¬.
�à®¡«¥¬ë ¬¥¦êï§ëª®¢®© ¯ã−ªâã�æ¨®−−®© �á¨¬¬¥âà¨¨ ¨§ãç�¥â ª®−âà�áâ¨¢-
−�ï ¯ã−ªâã�æ¨ï | ¬�«®à�§à�¡®â�−−�ï ®¡«�áâì «¨−£¢¨áâ¨ª¨. �¥à¥¢®¤ç¨ªã
−¥®¡å®¤¨¬® ¨¬¥âì ç¥âª®¥ ¯à¥¤áâ�¢«¥−¨¥ ®¡ íâ¨å ¬¥¦êï§ëª®¢ëå à�áå®¦¤¥−¨-
ïå, çâ®¡ë ®æ¥−¨âì, −�áª®«ìª® ¨−¤¨¢¨¤ã�«¨§¨à®¢�−� ¯ã−ªâã�æ¨®−−�ï ¬�−¥à�
¢ ˆ’, ¨ ¯®−ïâì, ª�ª ¥¥ ¯à¥¤áâ�¢¨âì ¢ �’. „«ï íâ®£® ®− ¬®¦¥â ¨á¯®«ì§®¢�âì à�§-
«¨ç−ë¥ ¨−ä®à¬�æ¨®−−ë¥ à¥áãàáë, ª®â®àë¥ á®§¤�îâáï ¢ à�¬ª�å ¨−ä®à¬�â¨ª¨,
ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨ª¨ ¨ ª®à¯ãá−®£® ¯¥à¥¢®¤®¢¥¤¥−¨ï. �¤¨− ¨§ â�ª¨å
à¥áãàá®¢ | −�¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå (��„), à�§à�¡�âë¢�¥¬ë¥ ¢ ”¥¤¥-
à�«ì−®¬ ¨áá«¥¤®¢�â¥«ìáª®¬ æ¥−âà¥ úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª, ¯®§¢®«ïîé¨¥ ®¡à�¡�âë¢�âì è¨à®ª¨© ¬�áá¨¢ ¯�à�««¥«ì−ëå
â¥ªáâ®¢ −� à�§−ëå ï§ëª�å ¨ á®¡¨à�âì í¬¯¨à¨ç¥áª¨¥ ¤�−−ë¥. �®ª�§�−®,
ª�ª íâ®â ¨−ä®à¬�æ¨®−−ë© à¥áãàá ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï ª®−âà�áâ¨¢−®£®
¨§ãç¥−¨ï ¯ã−ªâã�æ¨¨. ‚ ª�ç¥áâ¢¥ ¨««îáâà�â¨¢−®£® ¬�â¥à¨�«� ¯à¨¢«¥ª�îâáï
¤�−−ë¥ ¯® −¥áª®«ìª¨¬ ¯ã−ªâã�æ¨®−−ë¬ §−�ª�¬ ¢ àãááª®¬ ¨ äà�−æã§áª®¬
ï§ëª¥.

Š«îç¥¢ë¥ á«®¢�: ¯ã−ªâã�æ¨ï; ª®−âà�áâ¨¢−ë¥ ¨áá«¥¤®¢�−¨ï; ¯¥à¥¢®¤; åã¤®-
¦¥áâ¢¥−−ë© ¯¥à¥¢®¤; ¬¥¦êï§ëª®¢�ï �á¨¬¬¥âà¨ï; ª®à¯ãá−®¥ ¯¥à¥¢®¤®¢¥¤¥−¨¥;
−�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå; ¯�à�««¥«ì−ë© ª®à¯ãá; äà�−æã§áª¨© ï§ëª; àãá-
áª¨© ï§ëª

DOI: 10.14357/08696527230102

1 Введение

‡−�ª¨ ¯à¥¯¨−�−¨ï ®¡à�§ãîâ ú¡ãª¢¥−−®-æ¨äà®¢®© −�¡®à á¨¬¢®«®¢, ª®â®àë¥
¨á¯®«ì§ãîâáï ¤«ï ¯à¥¤áâ�¢«¥−¨ï ¨−ä®à¬�æ¨¨ ® áâàãªâãà−ëå ®â−®è¥−¨ïå ¬¥¦¤ã
á®áâ�¢−ë¬¨ í«¥¬¥−â�¬¨ â¥ªáâ� ¨ ¢ª«îç�îâ ¢ á¥¡ï (¢® ¢áïª®¬ á«ãç�¥, ¢ ¥¢à®-
¯¥©áª¨å ï§ëª�å) §�¯ïâãî, â®çªã á §�¯ïâ®©, ¤¢®¥â®ç¨¥, â®çªã, áª®¡ª¨, ª�¢ëçª¨

∗÷�¡®â� ¢ë¯®«−ï«�áì á ¨á¯®«ì§®¢�−¨¥¬ ¨−äà�áâàãªâãàë –¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï
ú‚ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥−¨ï ¨ ¡®«ìè¨¥ ¤�−−ë¥û (–Š� úˆ−ä®à¬�â¨ª�û) ”ˆ– ˆ“
÷�� (£. Œ®áª¢�) §� áç¥â £à�−â� ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� (¯à®¥ªâ 23-28-00548).

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

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, magnit75@yandex.ru
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Š®à¯ãá−ë¥ ¤�−−ë¥ ¯à¨ ª®−âà�áâ¨¢−®¬ ¨§ãç¥−¨¨ ¯ã−ªâã�æ¨¨

¨ â. ¤.û [1, c. 17]. ˆå ¯¥à¢®áâ¥¯¥−−�ï äã−ªæ¨ï | ú¯à¨¢−¥áâ¨ ¢ â¥ªáâ ¡�®«ìèãî
áâàãªâãà−ãî ïá−®áâì ¨ á¨£−�«¨§¨à®¢�âì ® á¥¬�−â¨ç¥áª¨å −î�−á�å, ª®â®àë¥ ¨−�ç¥
®áâ�−ãâáï áªàëâë¬¨ ¤«ï ç¨â�â¥«ï ¨«¨, ¯® ¬¥−ìè¥© ¬¥à¥, âàã¤−®¤®áâã¯−ë¬¨ ¤«ï
¥£® ¯®−¨¬�−¨ïû [2, á. 1].

�ã−ªâã�æ¨®−−ë¥ á¨áâ¥¬ë ¢ à�§−ëå ï§ëª�å ¬®£ãâ −¥ á®¢¯�¤�âì, çâ® ¢«¥-
ç¥â §� á®¡®© ¨§¬¥−¥−¨¥ ¯ã−ªâã�æ¨®−−®£® ®ä®à¬«¥−¨ï ¯à¨ ¯¥à¥¢®¤¥. —¥âª®¥
¯à¥¤áâ�¢«¥−¨¥ ® ¬¥¦êï§ëª®¢®© ¯ã−ªâã�æ¨®−−®© �á¨¬¬¥âà¨¨ ¯®¬®£�¥â ®æ¥−¨âì,
−�áª®«ìª® ¨−¤¨¢¨¤ã�«¨§¨à®¢�−ë §−�ª¨ ¯à¥¯¨−�−¨ï ¢ ˆ’, ¨ ¯à¨−ïâì à¥è¥−¨¥
® ¯ã−ªâã¨à®¢�−¨¨ ¢ ¯¥à¥¢®¤¥. �à®¡«¥¬ë à�áå®¦¤¥−¨© ¯ã−ªâã�æ¨®−−ëå á¨áâ¥¬
¢ à�§−ëå ï§ëª�å ¨§ãç�¥â ª®−âà�áâ¨¢−�ï ¯ã−ªâã�æ¨ï | ¬�«®à�§à�¡®â�−−�ï «¨−-
£¢¨áâ¨ç¥áª�ï ®¡«�áâì [3, á. 75{84]. Œ¥¦¤ã â¥¬ ® −¥á®¢¯�¤¥−¨¨ ¯ã−ªâã�æ¨®−−ëå
â¥−¤¥−æ¨© ®â ï§ëª� ª ï§ëªã ¯¨á�« ¥é¥ ‹. ‚. ™¥à¡� ¢ ¯¥à¢®© ¯®«®¢¨−¥ XX ¢. [4].
�¤−�ª® ¤® −�áâ®ïé¥£® ¢à¥¬¥−¨ ª®−âà�áâ¨¢−ë¥ ¨áá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ ¯ã−ªâã�-
æ¨¨ ®áâ�îâáï á¯®à�¤¨ç¥áª¨¬¨ (á¬., −�¯à¨¬¥à, [5{10]), � ¨å ¬¥â®¤®«®£¨ï áâà�¤�¥â
®â −¥¤®áâ�â®ç−®© á¨áâ¥¬�â¨§�æ¨¨.

‘ ®¤−®© áâ®à®−ë, ¯ã−ªâã�æ¨ï (¢ â®¬ ç¨á«¥ ¢ ¯«�−¥ ¬¥¦êï§ëª®¢®£® á®¯®-
áâ�¢«¥−¨ï) ®áâ�¢�«�áì −� ¯¥à¨ä¥à¨¨ ¨áá«¥¤®¢�â¥«ìáª®£® ¨−â¥à¥á� ¨§-§� á¢®¥©
ªà¥�«¨§®¢�−−®© á¥¬¨®â¨ç¥áª®© ¯à¨à®¤ë. �á−®¢−ãî äã−ªæ¨®−�«ì−ãî −�£àã§ªã
−¥á¥â −� á¥¡¥ £à�ä¨ç¥áª¨© á¨£−�«ì−ë© ª®¬¯®−¥−â, ¨ ¯®íâ®¬ã §−�ª ¯à¥¯¨−�-
−¨ï §�−¨¬�¥â ¯à®¬¥¦ãâ®ç−®¥ ¯®«®¦¥−¨¥ ¬¥¦¤ã ¥¤¨−¨æ�¬¨ ¥áâ¥áâ¢¥−−®£® ï§ëª�
¨ ä¥−®¬¥−�¬¨ ï§ëª� ¨§®¡à�§¨â¥«ì−®£®. �âáî¤� áà�¢−¥−¨ï ¯ã−ªâã�æ¨¨ á −®â-
−®© £à�¬®â®© [11, 12]. ‘ ¤àã£®© áâ®à®−ë, ¨§ãç¥−¨¥ ¯ã−ªâã�æ¨¨, ª�ª ¨ «î¡®¥
¨áá«¥¤®¢�−¨¥ ¢ ®¡«�áâ¨ á¨−â�ªá¨á�, ¯à¥¤¯®«�£�¥â ¢ëá®ª¨¥ ¢à¥¬¥−−ë¥ ¨ âàã¤®-
¢ë¥ ¨§¤¥à¦ª¨, â�ª ª�ª á®¯àï¦¥−® á ®¡à�¡®âª®© ¡®«ìè¨å â¥ªáâ®¢ëå ¬�áá¨¢®¢
¨ ª®¬¯«¥ªá−®áâìî ¨áá«¥¤ã¥¬®£® ®¡ê¥ªâ�.

„¨£¨â�«¨§�æ¨ï á®¢à¥¬¥−−®© ª®¬¬ã−¨ª�æ¨¨ ¯à¨¢¥«� ª â®¬ã, çâ® ¯à®¡«¥-
¬ë ¯ã−ªâã�æ¨¨ ¯¥à¥¬¥áâ¨«¨áì ¢ áä¥àã �ªâ¨¢−ëå −�ãç−ëå ¨§ëáª�−¨©. �¡ íâ®¬,
¢ ç�áâ−®áâ¨, á¢¨¤¥â¥«ìáâ¢ãîâ ¬®−®£à�ä¨ï 2015 £. á¥¬¨®â¨ª� „¦. ˜�©¡«� ú–¨ä-
à®¢®© á¤¢¨£: ¯ã−ªâã�æ¨ï ¨ «®£¨ª� ªã«ìâãàëû [13] ¨ àï¤ ¤àã£¨å à�¡®â, §�âà�£¨-
¢�îé¨å, −�à�¢−¥ á ¯à®ç¨¬¨ �á¯¥ªâ�¬¨, à®«ì ¯ã−ªâã�æ¨¨ ¯à¨ ¯¥à¥¢®¤¥ [14{17].
�à¥¤áâ�¢«ï¥âáï, çâ® ¤«ï ª®−âà�áâ¨¢−®£® ¨áá«¥¤®¢�−¨ï ¯ã−ªâã�æ¨¨ −�¨¡®«¥¥
¯®¤å®¤ïâ á®¢à¥¬¥−−ë¥ ¨−ä®à¬�æ¨®−−ë¥ ª®à¯ãá−ë¥ ¨−áâàã¬¥−âë, ¯®§¢®«ïîé¨¥
�¢â®¬�â¨§¨à®¢�−−ë¬ ®¡à�§®¬ ®¡à�¡�âë¢�âì ¡®«ìè¨¥ ¬�áá¨¢ë â¥ªáâ®¢ëå ¤�−−ëå.
‚ ¬¨à®¢®© ¯à�ªâ¨ª¥ ¤«ï ¨§ãç¥−¨ï ¯ã−ªâã�æ¨¨ ª®à¯ãá−ë© ¬¥â®¤ ¯à¨¢«¥ª�¥âáï
®£à�−¨ç¥−−®. ‚® ¬−®£®¬ íâ® ®¡ãá«®¢«¥−® ®âáãâáâ¢¨¥¬ ®¡é¥áâ¢¥−−® ¤®áâã¯-
−ëå í«¥ªâà®−−ëå ª®à¯ãá®¢, á®¤¥à¦�é¨å á¡�«�−á¨à®¢�−−ë© ¨ ¯à¥¤áâ�¢¨â¥«ì−ë©
¬�áá¨¢ ¯¥à¥¢®¤−ëå â¥ªáâ®¢. ‘«®¦−®áâ¨ ä®à¬¨à®¢�−¨ï â�ª¨å ¨−ä®à¬�æ¨®−−ëå
à¥áãàá®¢ ¨ ¨å ¯à¥¤®áâ�¢«¥−¨ï ¢ ¡¥á¯«�â−®¥ ®¡é¥áâ¢¥−−®¥ ¯®«ì§®¢�−¨¥ á®¯àï¦¥-
−ë á ¯à®¡«¥¬�¬¨ ¯à�¢®¢®£® å�à�ªâ¥à� (§�é¨â� ¨−â¥««¥ªâã�«ì−®© á®¡áâ¢¥−−®áâ¨,
�¢â®àáª®£® ¯à�¢� ¨ â. ¤).

‚ ª�ç¥áâ¢¥ ¨−ä®à¬�æ¨®−−®£® à¥áãàá� ¤«ï ª®−âà�áâ¨¢−®£® ¨áá«¥¤®¢�−¨ï ¯ã−ª-
âã�æ¨¨ ¬®¦¥â ¡ëâì ¨á¯®«ì§®¢�−� ��„, äã−ªæ¨®−¨àãîé�ï −� ®á−®¢¥ ¯�à�««¥«ì-
−ëå ª®à¯ãá®¢ ��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª� (�Š÷Ÿ). �â¨ ¡�§ë ¤�−−ëå
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‚. �. �ãà¨¥¢, Œ. ƒ. Šàã¦ª®¢

à�§à�¡�âë¢�îâáï ¢ ”ˆ– ˆ“ ÷��. ‚ −¨å ¯à¥¤ãá¬®âà¥−ë ¯®¨áª®¢ë¥ §�¯à®áë
¤«ï ®¡à�¡®âª¨ ¯ã−ªâã�æ¨®−−®£® −�¯®«−¥−¨ï â¥ªáâ®¢ (á¬. à�§¤. 2). �á−®¢−®©
æ¥«ìî áâ�âì¨, â�ª¨¬ ®¡à�§®¬, áâ�¢¨âáï ¤¥¬®−áâà�æ¨ï ¢®§¬®¦−®áâ¥© ¨−ä®à¬�-
æ¨®−−ëå ª®à¯ãá−ëå ¨−áâàã¬¥−â®¢ ¨ ¯®«ãç¥−−ëå á ¨å ¯®¬®éìî ¤�−−ëå ¯à¨
ª®−âà�áâ¨¢−®¬ ¨áá«¥¤®¢�−¨¨ ¯ã−ªâã�æ¨¨ (á¬. à�§¤. 3).

2 Надкорпусные базы данных и возможности обработки
пунктуационного компонента

��¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå á®§¤�îâáï ¤«ï ¨áá«¥¤®¢�−¨© ¢ ®¡«�áâ¨ ª®−-
âà�áâ¨¢−®© «¨−£¢¨áâ¨ª¨, ¯®§¢®«ïï ¯®á«¥¤®¢�â¥«ì−® á¨áâ¥¬�â¨§¨à®¢�âì ¨ �−−®-
â¨à®¢�âì í¬¯¨à¨ç¥áª¨¥ ¤�−−ë¥, §�ª«îç¥−−ë¥ ¢ ¯�à�««¥«ì−ëå ª®à¯ãá�å [18].
‘ ¯®¬®éìî ��„ ¬®¦−® �−�«¨§¨à®¢�âì ¡®«ìè®¥ ç¨á«® ¤¢ãï§ëç−ëå ¯à¨¬¥à®¢
(¨§¢«¥ç¥−−ëå ¨§ ˆ’ ¨ �’), á®åà�−ïï à¥§ã«ìâ�âë íâ®£® �−�«¨§� ¢ ã−¨ä¨æ¨-
à®¢�−−®¬ ä®à¬�â¥ ¢ ¢¨¤¥ �−−®â¨à®¢�−−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©. ’�ª®©
¯®¤å®¤ ¤�¥â ¢®§¬®¦−®áâì æ¥«¥−�¯à�¢«¥−−® á®¡¨à�âì ä�ªâë à¥ç¥¢®© à¥�«¨§�æ¨¨
à�§«¨ç−ëå ï§ëª®¢ëå ï¢«¥−¨© ¨ á¨áâ¥¬�â¨§¨à®¢�âì ¨å, à�§à�¡�âë¢�ï ¯à¨ íâ®¬
á®¡áâ¢¥−−ë¥ á¯¥æ¨�«¨§¨à®¢�−−ë¥ ª«�áá¨ä¨ª�æ¨¨ íâ¨å ï¢«¥−¨©. ‚ à¥§ã«ìâ�â¥
á®§¤�¥âáï ®¡è¨à−ë© ¬�áá¨¢ �−−®â¨à®¢�−−ëå ¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©, ®á−�-
é¥−−ë© è¨à®ª¨¬¨ ¯®¨áª®¢ë¬¨ äã−ªæ¨ï¬¨.

ˆ−â¥àä¥©á ��„ ¯à¥¤®áâ�¢«ï¥â ¤®áâã¯ ª §�£àã¦¥−−ë¬ ¢ á¨áâ¥¬ã ¯�à�«-
«¥«ì−ë¬ ª®à¯ãá�¬ �Š÷Ÿ, −� ®á−®¢¥ ª®â®àëå §�â¥¬ ä®à¬¨àãîâáï �−−®â�æ¨¨
¯¥à¥¢®¤−ëå á®®â¢¥âáâ¢¨©. ��¤ª®à¯ãá−ë¥ ¡�§ë ¤�−−ëå ¢ª«îç�îâ ¢ á¥¡ï ¯®¨á-
ª®¢ë¥ äã−ªæ¨¨, ®¡¥á¯¥ç¨¢�îé¨¥ ¯¥à¢¨ç−ë© ¯®¨áª â¥ªáâ®¢ëå äà�£¬¥−â®¢, £¤¥
ä¨ªá¨àã¥âáï â® ¨«¨ ¨−®¥ ï§ëª®¢®¥ ï¢«¥−¨¥. �®«ì§®¢�â¥«¨ ¬®£ãâ ®áãé¥áâ¢«ïâì
¯®¨áª ¯® á«®¢®ä®à¬�¬ ¨ «¥¬¬�¬ á«®¢ á ¨á¯®«ì§®¢�−¨¥¬ ¯®¤áâ�−®¢®ç−ëå á¨¬¢®-
«®¢, ¢ â®¬ ç¨á«¥ á ãª�§�−¨¥¬ à�§«¨ç−ëå ¤¨�¯�§®−®¢ à�ááâ®ï−¨© ¬¥¦¤ã ¨áª®¬ë¬¨
í«¥¬¥−â�¬¨. �à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì ®¤−®¢à¥¬¥−−®£® §�¤�−¨ï ¯®¨áª®¢ëå
§�¯à®á®¢ ¤«ï äà�£¬¥−â®¢ ®à¨£¨−�«� ¨ ¯¥à¥¢®¤�. Šà®¬¥ â®£®, ¯à¨ ¯®¨áª¥ ¬®¦−®
ãª�§ë¢�âì à�§«¨ç−ë¥ á®ç¥â�−¨ï §−�ª®¢ ¯à¥¯¨−�−¨ï, ¯à¨áãâáâ¢ãîé¨¥ ¢ ¨áª®¬ëå
äà�£¬¥−â�å. �®á«¥¤−ïï äã−ªæ¨ï ®ª�§ë¢�¥âáï ®á®¡¥−−® ¯®«¥§−®© ¢ â¥å á«ãç�ïå,
ª®£¤� ¨áá«¥¤ã¥¬ë¥ ï§ëª®¢ë¥ ï¢«¥−¨ï ¢ ˆ’ ¯à®¢®æ¨àãîâ ã¯®âà¥¡«¥−¨¥ â®£® ¨«¨
¨−®£® ¯ã−ªâã�æ¨®−−®£® §−�ª� ¢ �’. ��¯à¨¬¥à, ¯à¨ ¯¥à¥¢®¤¥ ª®−−¥ªâ®à®¢, ¢ëáâã-
¯�îé¨å ¯®ª�§�â¥«ï¬¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨©, ¢ ª�ç¥áâ¢¥ ¯®ª�§�â¥«¥©
á®®â¢¥âáâ¢ãîé¨å ®â−®è¥−¨© −¥à¥¤ª® ¨á¯®«ì§ãîâáï â�ª¨¥ §−�ª¨ ¯ã−ªâã�æ¨¨, ª�ª
â¨à¥ ¨«¨ ¤¢®¥â®ç¨¥. ‚ ¯®¨áª®¢®© á¨áâ¥¬¥ ��„ ¬®£ãâ ¨á¯®«ì§®¢�âìáï «î¡ë¥
á®ç¥â�−¨ï §−�ª®¢ ¯à¥¯¨−�−¨ï, ¯à¨ç¥¬ ¤«ï −¥ª®â®àëå ¨§ −¨å, â�ª¨å ª�ª â¨à¥
¨ ¬−®£®â®ç¨¥, ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì à�§«¨ç−®£® á¨¬¢®«ì−®£® ª®¤¨à®¢�-
−¨ï1.

1‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯®¨áª ¯® ¬−®£®â®ç¨î −¥¤®áâã¯¥− ¢ ¯®¨áª®¢®© á¨áâ¥¬¥ �Š÷Ÿ; ¢ ��„ â�ª®©
¯®¨áª ¢®§¬®¦¥−.
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Š®à¯ãá−ë¥ ¤�−−ë¥ ¯à¨ ª®−âà�áâ¨¢−®¬ ¨§ãç¥−¨¨ ¯ã−ªâã�æ¨¨

÷¨á. 1 ”à�£¬¥−â ¢ë¤�ç¨ ¯®¨áª®¢®£® §�¯à®á� (â¨à¥ ¢ ¯¥à¥¢®¤¥)

÷¨á. 2 ”à�£¬¥−â ¢ë¤�ç¨ ¯®¨áª®¢®£® §�¯à®á� (¬−®£®â®ç¨¥ ¢ ¯¥à¥¢®¤¥)

�� à¨á. 1 ¯à¥¤áâ�¢«¥−ë −¥áª®«ìª® −�©¤¥−−ëå á ¯®¬®éìî ¯®¨áª®¢®© á¨áâ¥¬ë
��„ ¯à¨¬¥à®¢, £¤¥ ¢ ˆ’ | ¤¢®¥â®ç¨¥, � ¢ �’ | ¤¢®¥â®ç¨¥ ¨ â¨à¥.

�� à¨á. 2 ¯®ª�§�− ¯à¨¬¥à, £¤¥ â®çª� ¢ ˆ’ ¯à¨ ¯¥à¥¢®¤¥ ¯à¥®¡à�§ã¥âáï
¢ ¬−®£®â®ç¨¥.

��å®¤ï ¨ �−−®â¨àãï ¯®¤®¡−ë¥ ¯à¨¬¥àë, «¨−£¢¨áâë £¥−¥à¨àãîâ −®¢ë¥ §−�-
−¨ï, ¢ëà�¦�îé¨¥áï ª�ª ¢ −®¢ëå á¨áâ¥¬�å ª«�áá¨ä¨ª�æ¨¨ ¤«ï ¨áá«¥¤ã¥¬ëå
ï¢«¥−¨©, â�ª ¨ ¢ à¥§ã«ìâ�â�å �−�«¨§� ®¡®¡é¥−−ëå ¤�−−ëå ¯® à�§«¨ç−ë¬ ¬¥¦ê-
ï§ëª®¢ë¬ á®®â¢¥âáâ¢¨ï¬. �¨¦¥ ¯à¥¤áâ�¢«¥−ë ¤¢� ¯à¨¬¥à�1.

(1) úC'est être un vell�eitaire, un tra�̂tre, un acrobate, un fantaisiste. Pour l'�eloge
un: magicienû.

ú� íâ® §−�ç¨â: á«�¡�ª, ¨ã¤�, «®¢ª�ç, áã¬�á¡à®¤. ‚ ¯®å¢�«ã | ®¤−®:
¢®«è¥¡−¨ªû (Œ. �−−¨−áª�ï).

ú� íâ® ®§−�ç�¥â ¯à®á«ëâì á«�¡®¢®«ì−ë¬, ¨§¬¥−−¨ª®¬, �ªà®¡�â®¬, áã¬�-
á¡à®¤®¬. ˆ«¨ ¢ ¢¨¤¥ ¯®å¢�«ë | ¢®«è¥¡−¨ª®¬û (‹. –ë¢ìï−).

�à¨ ¯¥à¥¢®¤¥ (1) ¢ ®¡®¨å ¢�à¨�−â�å ¯®áâ�¢«¥−® â¨à¥, −® ¯¥à¢ë© ¯¥à¥¢®¤ç¨ª
á®åà�−ï¥â ¨ ¤¢®¥â®ç¨¥, á®§¤�¢�ï −¥âà¨¢¨�«ì−ãî ¯ã−ªâã�æ¨®−−ãî á¨âã�æ¨î |
§�áâ�¢«ïï â¨à¥ ¨ ¤¢®¥â®ç¨¥ ª®−ªãà¨à®¢�âì. �â® ¯®¬®£�¥â −�¢¥áâ¨ ä®ªãá ¢−¨¬�−¨ï

1ˆáâ®ç−¨ª ¯à¨¬¥à®¢ (1) ¨ (2) | úLa difficult�e d'êtreû (1947 £.) †. Š®ªâ® ¨ ¤¢� àãááª®ï§ëç−ëå
¯¥à¥¢®¤�: ú’ï¦¥áâì ¡ëâ¨ïû ¨ ú’àã¤−®áâì ¡ëâ¨ïû, á¤¥«�−−ë¥ ¢ ‹. Œ. –ë¢ìï−®¬ ¨ Œ. ‹. �−−¨−-
áª®© ¨ ®¯ã¡«¨ª®¢�−−ë¥ ¢ 2003 ¨ 2005 ££. á®®â¢¥âáâ¢¥−−®.
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−� á«®¢®, −�å®¤ïé¥¥áï ¬¥¦¤ã ¤¢ã¬ï §−�ª�¬¨ ¯à¥¯¨−�−¨ï. ‚â®à®© ¯¥à¥¢®¤ç¨ª
áâà®¨â á¨−â�ªá¨ç¥áªãî áâàãªâãàã, ¯à¨á¯®á®¡«¥−−ãî ¤«ï ¯®áâ�−®¢ª¨ â¨à¥.

(2) úBizarre vieillard qui ferme les yeux, hoche la tête, prend un air de suivre les
paroles et se r�ep�ete �a soi-même : \Je suis le cancre du coll�ege."û

ú‘âà�−−®£® ¢¨¤� áâ�à¨ª, ª®â®àë©, §�ªàë¢ £«�§�, ª�ç�¥â £®«®¢®© ¨ ¤¥«�¥â
¢¨¤, çâ® ¢−¨¬�â¥«ì−® á«ãè�¥â, � á�¬ ¤ã¬�¥â: \„¢®¥ç−¨ª ï, ¤¢®¥ç−¨ª. . ."û
(Œ. �−−¨−áª�ï).

úƒ«ã¯ë© áâ�à¨ª, ª®â®àë© ¯à¨ªàë¢�¥â £«�§�, ª¨¢�¥â £®«®¢®©, ¢á¥¬ ¢¨¤®¬
¨§®¡à�¦�¥â, ¡ã¤â® «®¢¨â ª�¦¤®¥ á«®¢®, � −� á�¬®¬ ¤¥«¥ ¬ëá«¥−−® â¢¥à¤¨â,
�¤à¥áãïáì ª á¥¡¥: \’ã¯¨æ�, ¤¢®¥ç−¨ª"û (‹. –ë¢ìï−).

‡�¬¥−� ª®−æ¥¢®© â®çª¨ ¬−®£®â®ç¨¥¬ ¢ (2) ã ¯¥à¢®£® ¯¥à¥¢®¤ç¨ª� ãª�§ë¢�¥â
−� â®, çâ® íâ®â ¯ã−ªâã�æ¨®−−ë© §−�ª ¬®¦¥â ¨¬¥âì ®á®¡¥−−ãî äã−ªæ¨®−�«ì−ãî
−�£àã§ªã | ¢ëáâã¯�âì áà¥¤áâ¢®¬ ã£«ã¡«¥−¨ï í¬®æ¨®−�«ì−®© ¯¥àá¯¥ªâ¨¢ë ¢ëáª�-
§ë¢�−¨ï. ‚ ¤�−−®¬ á«ãç�¥ ¯®¤à�§ã¬¥¢�¥âáï −�«¨ç¨¥ í¬®æ¨®−�«ì−®£® ¯®¤â¥ªáâ�,
á¢ï§�−−®£® á á�¬®ªà¨â¨ª®©, ¨ ¬−®£®â®ç¨¥ ¬®¦¥â á¨£−�«¨§¨à®¢�âì ® á®¦�«¥−¨¨
à¥ç¥¢®£® áã¡ê¥ªâ� ¯® ¯®¢®¤ã á«®¦¨¢è¥£®áï ¯®«®¦¥−¨ï ¤¥«.

3 Экспериментальные данные

�¡ê¥ªâ íâ®£® ¨áá«¥¤®¢�−¨ï | ¤¢� ¯ã−ªâã�æ¨®−−ëå §−�ª� ¢ àãááª®¬ ¨ äà�−-
æã§áª®¬ ï§ëª¥ (¤¢®¥â®ç¨¥ ¨ ¬−®£®â®ç¨¥). ’�¡«¨æë 1 ¨ 2 á®¤¥à¦�â ¤�−−ë¥,
¢ ç¨á«®¢®¬ íª¢¨¢�«¥−â¥ ®âà�¦�îé¨¥ ¨å ã¯®âà¥¡«¥−¨¥ ¯à¨ ¯¥à¥¢®¤¥ á äà�−æã§-
áª®£® −� àãááª¨© ¨ ®¡à�â−®. ‚ â�¡«. 1 ¯à¥¤áâ�¢«¥−ë ¤�−−ë¥ ¯® ¯ã−ªâã¨à®¢�−¨î
¢ ç¥âëà¥å äà�−æã§áª¨å ¯à®¨§¢¥¤¥−¨ïå ¨ ¨å ¯¥à¥¢®¤�å −� àãááª¨© (¤«ï úLa
difficult�e d'êtreû †. Š®ªâ® ¨¬¥îâáï ¤¢� ¯¥à¥¢®¤�). ‚ â�¡«. 2 ¯à¨¢®¤ïâáï ¤�−−ë¥
¯® ¯ã−ªâã¨à®¢�−¨î ¢ ¤¢ãå àãááª®ï§ëç−ëå ¯à®¨§¢¥¤¥−¨ïå ¨ ¨å ¯¥à¥¢®¤�å −�
äà�−æã§áª¨© (¤«ï ú˜¨−¥«¨û �. ‚. ƒ®£®«ï ¨¬¥îâáï ç¥âëà¥ ¯¥à¥¢®¤�).

’�¡«¨æ� 1 �ã−ªâã¨à®¢�−¨¥ ¢ ˆ’ ¨ ¥£® ¯¥à¥¢®¤¥ (−�¯à�¢«¥−¨¥ ¯¥à¥¢®¤�: äà�−æã§-
áª¨© → àãááª¨©)

‡−�ª
La difficult�e d'être, 1947 /

ú’ï¦¥áâì ¡ëâ¨ïû, 2003; ú’àã¤−®áâì ¡ëâ¨ïû, 2005
†. Š®ªâ® ‹. Œ. –ë¢ìï− Œ. ‹. �−−¨−áª�ï

: 88 102 151
. . . 7 6 6

‡−�ª

99 francs, 1997 /
ú99 äà�−ª®¢û, 2000

Petit prince, 1942 /
úŒ�«¥−ìª¨© ¯à¨−æû, 1959

Quartier perdu, 1985 /
ú“âà�ç¥−−ë© ¬¨àû, 1989

”. �¥£¡¥¤¥à ˆ. Ÿ. ‚®«¥¢¨ç
�. ¤¥ ‘¥−â-
�ª§î¯¥à¨

�. ƒ�«ì �. Œ®¤¨�−® ā. Ÿ. Ÿå−¨−�

: 542 576 157 141 148 127
. . . 114 143 189 165 410 395
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’�¡«¨æ� 2 �ã−ªâã¨à®¢�−¨¥ ¢ ˆ’ ¨ ¥£® ¯¥à¥¢®¤¥ (−�¯à�¢«¥−¨¥ ¯¥à¥¢®¤�: àãá-
áª¨© → äà�−æã§áª¨©)

‡−�ª

ú˜¨−¥«ìû, 1842 / Le Manteau, 1925, 1938, 1998, 2007
ú’¥««ãà¨ïû, 2013 /

Telluria, 2017

�. ‚. ƒ®£®«ì �. ¤¥ ˜«ñæ¥à �. Œ®−£® �. Šà¥§ �. Œ�àª®¢¨æ ‚. ƒ. ‘®à®ª¨−
�. Š®«ì¤¥ä¨-

”®ª�à
: 76 85 74 95 66 377 497

. . . 19 22 27 21 21 500 500

�−�«¨§ ¤�−−ëå, ¯à¥¤áâ�¢«¥−−ëå ¢ â�¡«. 1 ¨ 2, −¥ ¯®§¢®«ï¥â ¢ëï¢¨âì ç¥âª¨å
â¥−¤¥−æ¨© ¢ ã¯®âà¥¡«¥−¨¨ ¤¢®¥â®ç¨ï ¨ ¬−®£®â®ç¨ï ¯à¨ ¯¥à¥¢®¤¥ á äà�−æã§áª®£®
ï§ëª� −� àãááª¨© ¨ ®¡à�â−®. �¡ê¥¬ ª®à¯ãá� §�¤¥©áâ¢®¢�−−ëå ¯�à�««¥«ì−ëå
â¥ªáâ®¢ ¤«ï íâ®£® ¯®ª� −¥¤®áâ�â®ç¥−. ‚¬¥áâ¥ á â¥¬ íâ¨ ¤�−−ë¥ ¯®§¢®«ïîâ á¤¥-
«�âì −¥áª®«ìª® ¯à¥¤¢�à¨â¥«ì−ëå ¢ë¢®¤®¢. ��¯à¨¬¥à, ¨áå®¤−®¥ ¯ã−ªâã�æ¨®−−®¥
¤¥©áâ¢¨¥ ¨ ¯ã−ªâã�æ¨®−−�ï ãáâ�−®¢ª�, ¥£® ¬®â¨¢¨àãîé�ï, ®ç¥¢¨¤−ë¬ ®¡à�§®¬
®á¬ëá«ïîâáï ¯¥à¥¢®¤ç¨ª®¬, ¯®áª®«ìªã ç¨á«® §−�ª®¢ ¯à¥¯¨−�−¨ï ¢ ®à¨£¨−�«¥
¨ ¯¥à¥¢®¤¥ á®¢¯�¤�¥â −¥ ¢á¥£¤�. ‘®¢¯�¤�îâ ®â¤¥«ì−ë¥ ª®«¨ç¥áâ¢¥−−ë¥ å�à�ª-
â¥à¨áâ¨ª¨. ’�ª, �. Š®«ì¤¥ä¨-”®ª�à ¢ ¯¥à¥¢®¤¥ ú’¥««ãà¨¨û ‚. ƒ. ‘®à®ª¨−�
ã¯®âà¥¡«ï¥â áâ®«ìª® ¦¥ ¬−®£®â®ç¨©, áª®«ìª® ¨ ¢ ˆ’ (500 èâ.), çâ® ãª�§ë¢�-
¥â −� ãáâ�−®¢ªã, §�¯à¥é�îéãî ®âª«®−¥−¨¥ ®â §�¤�−−®£® ˆ’ ¯ã−ªâã�æ¨®−−®£®
ª®−âãà�, −® íâ®â §�¯à¥â −¥ à�á¯à®áâà�−ï¥âáï −� ¤¢®¥â®ç¨¥. ‚ ç¥âëà¥å ¯¥à¥¢®-
¤�å ú˜¨−¥«¨û �. ‚. ƒ®£®«ï −¨£¤¥ −¥ á®åà�−ï¥âáï ¨áå®¤−®¥ ç¨á«® ¤¢®¥â®ç¨©
¨ ¬−®£®â®ç¨©. �â¨ ç¥âëà¥ ¯¥à¥¢®¤� ®âà�¦�îâ á®¢¥àè¥−−® à�§−ë¥ ¯ã−ªâã�æ¨-
®−−ë¥ ¯à¥ä¥à¥−æ¨¨ ¯¥à¥¢®¤ç¨ª®¢. ’® ¦¥ á�¬®¥ ¬®¦−® áª�§�âì ¨ ® ¯¥à¥¢®¤�å
¢ −�¯à�¢«¥−¨¨ äà�−æã§áª¨© → àãááª¨©, £¤¥ ¢ ®â−®è¥−¨¨ ®¡®¨å §−�ª®¢ ¯¥à¥-
¢®¤ç¨ª¨ ¨á¯®«ì§ãîâ ¯ã−ªâã�æ¨®−−ë¥ ¢®§¬®¦−®áâ¨ à®¤−®£® ï§ëª� −¥®¤¨−�ª®¢®.
�à¨¬¥ç�â¥«ì−®, çâ® ¡�®«ìè�ï ç�áâì ®¡à�¡®â�−−ëå ¯¥à¥¢®¤®¢ (§� ¨áª«îç¥−¨¥¬
ú99 äà�−ª®¢û ˆ. Ÿ. ‚®«¥¢¨ç) å�à�ªâ¥à¨§ã¥âáï úá¤¥à¦�−−®©û ¯®áâ�−®¢ª®© ¬−®-
£®â®ç¨ï: ç¨á«® ¬−®£®â®ç¨© «¨¡® á®¢¯�¤�¥â ¢ ˆ’ ¨ �’, «¨¡® −¥§−�ç¨â¥«ì−®
ã¢¥«¨ç¨¢�¥âáï/ã¬¥−ìè�¥âáï ¢ �’ ¯® áà�¢−¥−¨î á ˆ’.

4 Заключение

‚ áâ�âì¥ ¯®ª�§�−®, ª�ª ��„ | á¯¥æ¨�«¨§¨à®¢�−−ë© ¨−ä®à¬�æ¨®−−ë©
à¥áãàá, à�§à�¡�âë¢�¥¬ë© −� áâëª¥ ¨−ä®à¬�â¨ª¨, ª®¬¯ìîâ¥à−®© «¨−£¢¨áâ¨-
ª¨ ¨ ª®à¯ãá−®£® ¯¥à¥¢®¤®¢¥¤¥−¨ï, | ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï ª®−âà�áâ¨¢−®£®
¨§ãç¥−¨ï ¯ã−ªâã�æ¨¨. �¬¯¨à¨ç¥áª¨¬ ¬�â¥à¨�«®¬ ¯®á«ã¦¨«¨ ¤�−−ë¥ ¯® ã¯®-
âà¥¡«¥−¨î ¤¢®¥â®ç¨ï ¨ ¬−®£®â®ç¨ï ¯à¨ ¯¥à¥¢®¤¥. �®«ãç¥−−ë¥ ¢ë¢®¤ë −®áïâ
¯à¥¤¢�à¨â¥«ì−ë© å�à�ªâ¥à, ãª�§ë¢�ï −� −¥®¡å®¤¨¬®áâì ¤�«ì−¥©è¨å ¨áá«¥¤®-
¢�−¨© ¢ íâ®© ®¡«�áâ¨ á ¯à¨¬¥−¥−¨¥¬ ª®à¯ãá−ëå ¨−áâàã¬¥−â®¢, çâ® ¯®§¢®«¨â
á¨áâ¥¬�â¨§¨à®¢�âì ¬¥â®¤®«®£¨î ¨§ãç¥−¨ï ¨ ¢ëï¢¨âì ¡®«¥¥ ç¥âª¨¥ â¥−¤¥−æ¨¨
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¢ äã−ªæ¨®−¨à®¢�−¨¨ §−�ª®¢ ¯à¥¯¨−�−¨ï ¢ ª®−â�ªâ¨àãîé¨å ¯à¨ ¯¥à¥¢®¤¥ ï§ë-
ª�å.
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Abstract: The paper presents the parallel corpora perspective on studying
contrastive punctuation. Different languages often use the same punctuation
signs in a quite different manner which challenges a translator. Differences in
punctuation systems of various languages are studied in the field of contrastive
punctuation, a rather underdeveloped branch of linguistics. The translator has to
have an accurate understanding of these differences in order to see how particular
and individualized the punctuation is in the source text so as to decide how to
render it in the target language. To this end, the translator can take advantage
of various information resources that result from the joint efforts of information
science, computer linguistics, and corpus-based translation studies. One of such
resources is supracorpora databases developed at the Federal Research Center
\Computer Science and Control" of the Russian Academy of Sciences. They
store parallel texts (in different languages) from the Russian National Corpus
and allow users to collect massive empirical data. The paper shows how this
information resource can be used to research contrastive punctuation. Also, it
draws some preliminary conclusions on functioning of several punctuation signs
in French and Russian.
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ИНТЕГРАЦИОННЫЕ ВОЗМОЖНОСТИ
НАДКОРПУСНЫХ БАЗ ДАННЫХ∗

А. А. Дурново1, О. Ю. Инькова2, В. А. Нуриев3

�−−®â�æ¨ï: �¯¨áë¢�îâáï ¨−â¥£à�æ¨®−−ë¥ ¢®§¬®¦−®áâ¨ −�¤ª®à¯ãá−ëå ¡�§
¤�−−ëå, à�§à�¡®â�−−ëå ¢ ”ˆ– ˆ“ ÷��. �à®¤¥¬®−áâà¨à®¢�−®, ª�ª âà¨
¡�§ë ¤�−−ëå | ��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å
®â−®è¥−¨© (��„ˆ ‹‘�), ��§� ¤�−−ëå ¯�à�««¥«ì−ëå â¥ªáâ®¢ (�„’) ¨ ��¤-
ª®à¯ãá−�ï ¡�§� ¤�−−ëå ª®−−¥ªâ®à®¢ (��„Š) | ¨−â¥£à¨à®¢�−ë ¬¥¦¤ã á®-
¡®©. ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨©
(ˆ‘ˆ‹‘�) ¨á¯®«ì§ã¥â á¯¥æ¨�«ì−® á¯à®¥ªâ¨à®¢�−−ãî ¡�§ã ¤�−−ëå (��„ˆ
‹‘�), ¢ ª®â®à®© �−−®â�æ¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¯à¥¤áâ�¢«¥-
−ë ¢ ¢¨¤¥ ¤¥à¥¢ì¥¢, â. ¥. ®à¨¥−â¨à®¢�−−ëå á¢ï§−ëå �æ¨ª«¨ç¥áª¨å £à�ä®¢,
£¤¥ ã§«ë á®¤¥à¦�â ¤�−−ë¥, � à¥¡à� ®â®¡à�¦�îâ ®â−®è¥−¨¥ ¯®¤ç¨−¥−−®áâ¨
¬¥¦¤ã ã§«�¬¨. ��àï¤ã á ��„ˆ ‹‘� ˆ‘ˆ‹‘� ¨á¯®«ì§ã¥â ¤�−−ë¥ ¨§
�„’ ¨ ��„Š. ’�ª�ï ¨−â¥£à�æ¨ï ¯®§¢®«ï¥â ª®¬¡¨−¨à®¢�âì ¬¥â®¤®«®£¨ç¥áª¨¥
−�à�¡®âª¨ ¨−ä®à¬�â¨ª¨, ª®−âà�áâ¨¢−®© ¨ ª®à¯ãá−®© «¨−£¢¨áâ¨ª¨, â¥®à¨¨
¨ ¯à�ªâ¨ª¨ ¯¥à¥¢®¤�, −¥ ã¯ãáª�ï ¨§ ¢¨¤ã ä�ªâ®àë, ª®â®àë¥ ¬®£ãâ ®âà¨æ�-
â¥«ì−® áª�§�âìáï −� ¢�«¨¤−®áâ¨ ¨ −�¤¥¦−®áâ¨ ª®−¥ç−ëå ¤�−−ëå.

Š«îç¥¢ë¥ á«®¢�: −�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå; ¨−â¥£à�æ¨ï ¡�§ ¤�−−ëå;
¬−®£®ï§ëç−ë© ª®à¯ãá; ¯�à�««¥«ì−ë© ª®à¯ãá; ª®à¯ãá−ë¥ ¨−ä®à¬�æ¨®−−ë¥
à¥áãàáë; ¯¥à¥¢®¤®¢¥¤¥−¨¥; ª®−âà�áâ¨¢−�ï «¨−£¢¨áâ¨ª�; ¬�è¨−−ë© ¯¥à¥¢®¤

DOI: 10.14357/08696527230103

1 Введение

Š®−âà�áâ¨¢−�ï «¨−£¢¨áâ¨ª�, ¯¥à¥¢®¤®¢¥¤¥−¨¥ ¨ ¯à�ªâ¨ª� (¬�è¨−−®£® ¨ ®áã-
é¥áâ¢«ï¥¬®£® ç¥«®¢¥ª®¬) ¯¥à¥¢®¤� ¨¬¥îâ ®ç¥¢¨¤−ë¥ â®çª¨ ¯¥à¥á¥ç¥−¨ï: ¯®
¬¥−ìè¥© ¬¥à¥ ª�¦¤�ï ¨§ ãª�§�−−ëå ®¡«�áâ¥© á¢ï§�−� á ®¡à�¡®âª®© ¤¢ãå ¨ ¡®«¥¥
¥áâ¥áâ¢¥−−ëå ï§ëª®¢. Šà®¬¥ â®£®, á¥©ç�á ¢á¥ âà¨ ®¡«�áâ¨ ¢ á¢®¥© ¬¥â®¤®«®£¨¨

∗÷�¡®â� ¢ë¯®«−ï«�áì á ¨á¯®«ì§®¢�−¨¥¬ ¨−äà�áâàãªâãàë –¥−âà� ª®««¥ªâ¨¢−®£® ¯®«ì§®¢�−¨ï
ú‚ëá®ª®¯à®¨§¢®¤¨â¥«ì−ë¥ ¢ëç¨á«¥−¨ï ¨ ¡®«ìè¨¥ ¤�−−ë¥û (–Š� úˆ−ä®à¬�â¨ª�û) ”ˆ– ˆ“
÷�� (£. Œ®áª¢�) ¢ à�¬ª�å è¢¥©æ�àáª®-à®áá¨©áª®£® ¯à®¥ªâ� úŒ¥â®¤®«®£¨ï �−−®â¨à®¢�−¨ï ¢ −�¤-
ª®à¯ãá−®© ¡�§¥ ¤�−−ëå ª®−−¥ªâ®à®¢û ¯® £à�−âã ˜¢¥©æ�àáª®£® £®áã¤�àáâ¢¥−−®£® á¥ªà¥â�à¨�â� ¯®
®¡à�§®¢�−¨î, ¨áá«¥¤®¢�−¨ï¬ ¨ ¨−−®¢�æ¨ï¬.

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

3”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
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ˆ−â¥£à�æ¨®−−ë¥ ¢®§¬®¦−®áâ¨ −�¤ª®à¯ãá−ëå ¡�§ ¤�−−ëå

®à¨¥−â¨àãîâáï −� ª®à¯ãá−ë¥ ¬¥â®¤ë ¨áá«¥¤®¢�−¨ï ¨ ¯®«ãç¥−¨ï ¤�−−ëå. ‚ ¬�-
è¨−−®¬ ¯¥à¥¢®¤¥ ¬−®£®ï§ëç−ë© ª®à¯ãá á«ã¦¨â ¨áâ®ç−¨ª®¬ ¯�à�««¥«ì−ëå â¥ª-
áâ®¢, ¨á¯®«ì§ã¥¬ëå ¢ ª�ç¥áâ¢¥ âà¥−¨à®¢®ç−ëå ¢ë¡®à®ª ¤«ï ¯¥à¥¢®¤−ëå ¬®¤¥«¥©.
�¥à¥¢®¤®¢¥¤ë ¨á¯®«ì§ãîâ ª®à¯ãá−ë¥ ¤�−−ë¥ ¤«ï ®¯¨á�−¨ï ¯à®æ¥áá� ¯¥à¥¢®¤�
¨ ¥£® â¥®à¥â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï (á ãç¥â®¬ ¯¥à¥¢®¤ç¥áª¨å áâà�â¥£¨© ¨ ®á®-
¡¥−−®áâ¥© ¯¥à¥¢®¤¨¬®£® â¥ªáâ�). �à�ªâ¨ªãîé¨© ¯¥à¥¢®¤ç¨ª ¨§ ¯�à�««¥«ì−®£®
ª®à¯ãá� ¯®«ãç�¥â à¥ä¥à¥−â−ë¥ ®¡à�§æë, ¨ ¢ íâ®¬ á¬ëá«¥ ¯®¤®¡−ë¥ ¨−ä®à¬�æ¨-
®−−ë¥ à¥áãàáë ¬�ªá¨¬�«ì−® á¡«¨¦�îâáï á ¤¢ãï§ëç−ë¬ á«®¢�à¥¬, §−�ç¨â¥«ì−®
¯à¥¢®áå®¤ï ¥£® ¯® è¨à®â¥ −�¯®«−¥−¨ï ¨ ã¤®¡áâ¢ã ¯®«ì§®¢�−¨ï. ‚ ª®−âà�áâ¨¢−®©
«¨−£¢¨áâ¨ª¥ ª®à¯ãá−ë¥ ¤�−−ë¥ á«ã¦�â í¬¯¨à¨ç¥áª¨¬ ¡�§¨á®¬, ¯®§¢®«ïîé¨¬
ã¯à®ç¨âì â¥®à¥â¨ç¥áª¨¥ ¨§ëáª�−¨ï ¨ ¡®«¥¥ à¥«ì¥ä−® ¯®ª�§�âì ¬¥¦êï§ëª®¢ë¥
à�§«¨ç¨ï, −¥ ¯®¯�¤�¢è¨¥ ¤® íâ®£® ¢ ä®ªãá ¨áá«¥¤®¢�−¨ï (¯®¤à®¡−¥¥ ® ¢§�¨¬®-
¤¥©áâ¢¨¨ âà¥å ®¡«�áâ¥© á¬. [1, á. v{vi, 1]).

�¥á¬®âàï −� áãé¥áâ¢ãîé¨¥ â®çª¨ á®¯à¨ª®á−®¢¥−¨ï, ¬¥â®¤®«®£¨ç¥áª¨© ¢§�-
¨¬®®¡¬¥− ¬¥¦¤ã âà¥¬ï ®¡«�áâï¬¨ −¥ ï¢«ï¥âáï ¯�à¨â¥â−ë¬. ÷�§¢¨â¨¥ ª®à¯ãá−®©
¯�à�¤¨£¬ë ¥£® ãáª®à¨«®, −¥ ®¡¥á¯¥ç¨¢ ¯à¨ íâ®¬ à�¢−®¯à�¢−®£® ¢§�¨¬®¢«¨ï−¨ï
¢®¢«¥ç¥−−ëå ¤¨áæ¨¯«¨−, â¥®à¨¨ ¨ ¯à�ªâ¨ª¨. �¥à¥¢®¤®¢¥¤¥−¨¥ �ªâ¨¢−® ¯®«ì§ã-
¥âáï −�à�¡®âª�¬¨ ª®−âà�áâ¨¢−®© «¨−£¢¨áâ¨ª¨, ¢ â® ¢à¥¬ï ª�ª ¯®á«¥¤−ïï £®à�§¤®
à¥¦¥ ®¡à�é�¥âáï ª ®¯ëâã, −�ª®¯«¥−−®¬ã ¢ â¥®à¨¨ ¯¥à¥¢®¤�, ¯à®ï¢«ïï ¨−â¥à¥á
áª®à¥¥ ª ¯¥à¥¢®¤�¬ ª�ª ®¡ê¥ªâã �−�«¨§�, −® −¥ ª ¬¥â®¤®«®£¨¨ ª®à¯ãá−®© à�-
¡®âë á −¨¬¨. �®íâ®¬ã ¢ ª®−âà�áâ¨¢−ëå ¨áá«¥¤®¢�−¨ïå ¬®£ãâ −¥ ãç¨âë¢�âìáï
−¥ª®â®àë¥ ®á®¡¥−−®áâ¨ ¯¥à¥¢®¤−®£® ¯à®æ¥áá�, ®¯à¥¤¥«ïîé¨¥ ¢�«¨¤−®áâì ¨ −�-
¤¥¦−®áâì ¯®«ãç�¥¬ëå ¤�−−ëå (á¬., −�¯à¨¬¥à, [2, 3]). ’�ª, ¯à¨ ¨á¯®«ì§®¢�−¨¨
¯�à�««¥«ì−®£® ª®à¯ãá� −¥ ¢á¥£¤� ãç¨âë¢�îâáï ä�ªâ®àë, á¯®á®¡−ë¥ áãé¥áâ¢¥−−®
¨áª�§¨âì à¥§ã«ìâ¨àãîé¨¥ ¤�−−ë¥, | −�¯à�¢«¥−¨¥ ¯¥à¥¢®¤�, ¨−¤¨¢¨¤ã�«ì−�ï
¯¥à¥¢®¤ç¥áª�ï áâà�â¥£¨ï, ®á®¡¥−−®áâ¨ ¯¥à¥¢®¤−®£® â¥ªáâ� (¦�−à, à¥£¨áâà, ¢à¥¬ï
¢®§−¨ª−®¢¥−¨ï) ¨ â. ¤.

‡� ¯®á«¥¤−¨¥ −¥áª®«ìª® «¥â ¢ëè¥« àï¤ à�¡®â, £¤¥ ¯à¥¤¯à¨−¨¬�¥âáï ¯®¯ëâª�
¨á¯à�¢¨âì á«®¦¨¢è¥¥áï ¯®«®¦¥−¨¥ [4{9], ¢ â®¬ ç¨á«¥ ¯ã¡«¨ª�æ¨¨ ¨áá«¥¤®¢�â¥«¥©,
®áãé¥áâ¢«ïîé¨å á¢®î −�ãç−ãî ¤¥ïâ¥«ì−®áâì ¢ ”ˆ– ˆ“ ÷�� [10, 11].

‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�¥âáï ��„ˆ ‹‘� ¨ ¢®§¬®¦−®áâ¨ ¥¥ ¨−â¥£à�-
æ¨¨ á ¤àã£¨¬¨ ¡�§�¬¨ ¤�−−ëå, äã−ªæ¨®−¨àãîé¨¬¨ −� ®á−®¢¥ ¯�à�««¥«ì−ëå
ª®à¯ãá®¢. �â® ®¤¨− ¨§ ¨−ä®à¬�æ¨®−−ëå ª®à¯ãá−ëå à¥áãàá®¢, ¯®§¢®«ïîé¨å
ãá¯¥è−® ª®¬¡¨−¨à®¢�âì −�à�¡®âª¨ ª®−âà�áâ¨¢−®© «¨−£¢¨áâ¨ª¨ ¨ â¥®à¨¨ ¯¥à¥¢®-
¤�, −¥ ã¯ãáª�ï ¨§ ¢¨¤ã ä�ªâ®àë, ª®â®àë¥ ¬®£ãâ −¥£�â¨¢−® ¯®¢«¨ïâì −� ¢�«¨¤−®áâì
¨ −�¤¥¦−®áâì ª®−¥ç−ëå ¤�−−ëå.

��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨©1 á®-
§¤�−� ¢ ”ˆ– ˆ“ ÷��, çâ®¡ë à�áè¨à¨âì ¢®§¬®¦−®áâ¨ �−−®â¨à®¢�−¨ï «®£¨-
ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¨ ¨å ¯®ª�§�â¥«¥©, ¨¬¥îé¨¥áï ¢ ��„Š, â�ª¦¥
á®§¤�−−®© ¢ ”ˆ– ˆ“ ÷�� [13]. ��¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå ¨¥à�àå¨¨ «®-
£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¨á¯®«ì§ã¥â â¥ªáâë ¯�à�««¥«ì−ëå ¯®¤ª®à¯ãá®¢

1�àå¨â¥ªâãà� ��„ˆ ‹‘� ®¯¨á�−� ¢ à�¡®â¥ [12].
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��æ¨®−�«ì−®£® ª®à¯ãá� àãááª®£® ï§ëª� [14] ®¡é¨¬ ®¡ê¥¬®¬ á¢ëè¥ 11 ¬«−
á«®¢®ã¯®âà¥¡«¥−¨©, � â�ª¦¥ �−−®â�æ¨¨ ��„Š.

2 Интеграция баз данных НБДИ ЛСО, БДТ и НБДК

ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨©, ®¡-
áã¦¤�¥¬�ï ¢ −�áâ®ïé¥© à�¡®â¥, ¨á¯®«ì§ã¥â á¯¥æ¨�«ì−® á¯à®¥ªâ¨à®¢�−−ãî ¡�§ã
¤�−−ëå (��„ˆ ‹‘�), ¢ ª®â®à®© �−−®â�æ¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨©
¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ ¤¥à¥¢ì¥¢, â. ¥. ®à¨¥−â¨à®¢�−−ëå á¢ï§−ëå �æ¨ª«¨ç¥áª¨å
£à�ä®¢, £¤¥ ã§«ë (¢¥àè¨−ë) á®¤¥à¦�â ¤�−−ë¥, � à¥¡à� ®â®¡à�¦�îâ ®â−®è¥−¨¥
¯®¤ç¨−¥−−®áâ¨ ¬¥¦¤ã ã§«�¬¨.

ˆ−ä®à¬�æ¨®−−�ï á¨áâ¥¬� ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¯®¬¨-
¬® ��„ˆ ‹‘� ¨á¯®«ì§ã¥â ¨−ä®à¬�æ¨î ¨§ �„’ ¨ ��„Š.

��§� ¤�−−ëå ¯�à�««¥«ì−ëå â¥ªáâ®¢ á«ã¦¨â ¨áâ®ç−¨ª®¬ ¯�à�««¥«ì−ëå â¥ª-
áâ®¢, −� ®á−®¢¥ ª®â®àëå á®§¤�îâáï �−−®â�æ¨¨. �á−®¢−®© ¥¤¨−¨æ¥© åà�−¥−¨ï
â¥ªáâ®¢ ¢ �„’ á«ã¦¨â âà�−á«ïæ¨ï. ’à�−á«ïæ¨ï ¯à¥¤áâ�¢«ï¥â á®¡®© ã¯®àï¤®ç¥−-
−ãî ¯®á«¥¤®¢�â¥«ì−®áâì ¯�à, £¤¥ ¯¥à¢ë¬ í«¥¬¥−â®¬ ¢ëáâã¯�¥â äà�£¬¥−â (®¤−®
¨«¨ −¥áª®«ìª® ¯à¥¤«®¦¥−¨©) â¥ªáâ� ®à¨£¨−�«�, � ¢â®àë¬ | á®®â¢¥âáâ¢ãîé¨© ¥¬ã
äà�£¬¥−â â¥ªáâ� ¯¥à¥¢®¤�: 〈〈o0, t0〉, 〈o1, t1〉, 〈o2, t2〉, . . . , 〈on−1, tn−1〉〉. ‡¤¥áì n |
ç¨á«® ¯�à äà�£¬¥−â®¢ ¢ âà�−á«ïæ¨¨, o0, o1 ¨ on−1 | ¯¥à¢ë©, ¢â®à®© ¨ ¯®á«¥¤−¨©
äà�£¬¥−âë â¥ªáâ� ®à¨£¨−�«�; t0, t1 ¨ ttn−1 | ¯¥à¢ë©, ¢â®à®© ¨ ¯®á«¥¤−¨© äà�£-
¬¥−âë â¥ªáâ� ¯¥à¥¢®¤�. �®á«¥¤®¢�â¥«ì−®áâì 〈o0, o1, o2, . . . , on−1〉 á®®â¢¥âáâ¢ã¥â
¯®«−®¬ã â¥ªáâã ®à¨£¨−�«�, � ¯®á«¥¤®¢�â¥«ì−®áâì 〈t0, t1, t2, . . . , tn−1〉 | ¯®«−®¬ã
â¥ªáâã ¯¥à¥¢®¤�. ��àë ¢¨¤� 〈oi, ti〉 ¡ã¤¥¬ −�§ë¢�âì ¯�à�¬¨ äà�£¬¥−â®¢, ¨«¨
¯à®áâ® ¯�à�¬¨.

‘¢ï§ì ��„ˆ ‹‘� á �„�Š ¡®«¥¥ â¥á−�ï ¯à¥¦¤¥ ¢á¥£® ¯®â®¬ã, çâ® ®¤−¨¬ ¨§
¢�¦−¥©è¨å â¨¯®¢ ¤�−−ëå ¢ ��„ˆ ‹‘�, ª�ª ¨ ¢ ��„Š, ¢ëáâã¯�îâ ª®−−¥ªâ®àë.
Šà®¬¥ â®£®, ¬−®¦¥áâ¢® ¯®«ì§®¢�â¥«¥©, ¨¬¥îé¨å ¢®§¬®¦−®áâì à�¡®â�âì á ��„ˆ
‹‘�, á®¢¯�¤�¥â á ¬−®¦¥áâ¢®¬ ¯®«ì§®¢�â¥«¥© ��„Š.

ƒ«�¢−ë¬ â¨¯®¬ ®¡ê¥ªâ®¢ ¢ ��„Š á«ã¦�â �−−®â�æ¨¨. ‚�¦−¥©è¥© ç�áâìî
�−−®â�æ¨¨ ï¢«ï¥âáï ¯�à� (¢ ¬�â¥¬�â¨ç¥áª®¬ á¬ëá«¥) ¢¨¤� 〈g0, gt〉, £¤¥ g0 | ª®−-
â¥ªáâ ®à¨£¨−�«�; gt | ª®−â¥ªáâ ¯¥à¥¢®¤�. Š®−â¥ªáâ, ¢ á¢®î ®ç¥à¥¤ì, ã¯à®é¥−−®
¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥− ª�ª âà®©ª� ¢¨¤� 〈w, t, p〉, £¤¥ w | ¯®á«¥¤®¢�â¥«ì-
−®áâì á«®¢®ä®à¬ äà�£¬¥−â� (−¥áª®«ìª¨å á®á¥¤−¨å äà�£¬¥−â®¢); t | â¨¯ à¥ç¥¢®©
à¥�«¨§�æ¨¨ ª®−−¥ªâ®à�, â. ¥. â� ä®à¬�, ¢ ª®â®à®© ª®−−¥ªâ®à §�ä¨ªá¨à®¢�− ¢ �−−®-
â¨àã¥¬®¬ ª®−â¥ªáâ¥1; p | −�¡®à á¢®©áâ¢, å�à�ªâ¥à¨§ãîé¨å ª®−−¥ªâ®à ¨ ª®−â¥ªáâ

1÷¥çì ¨¤¥â ® â�ª¨å, −�¯à¨¬¥à, á«ãç�ïå, ª�ª à¥ç¥¢ë¥ à¥�«¨§�æ¨¨ ¤� ¨ ¥é¥ ¨ ¤� ¯à¨â®¬ ¥é¥
¢ á«¥¤ãîé¨å ¯à¨¬¥à�å: � ï ¢®â ¯à¥¤áâ�¢«î. . . á®¢¥àè¨«� ï çâ®-â® í¤�ª®¥. . . ¬−¥ ¨ â�ª ¯«®å®,
¤� ¨ ¥é¥ á�¬ë¥ ¡«¨§ª¨¥ ¨ ¤®à®£¨¥ ¢® ¬−¥ à�§®ç�à®¢�−ë (à®¤¨â¥«¨) | ª ª®¬ã ¡¥¦�âì, ®â ª®£®
¦¤�âì ¯®¬®é¨? [��è¨ ¤¥â¨: �®¤à®áâª¨ (2004)]; | ˆ§ àãááª®£® ®ª®¯� ®â¢¥â¨«¨ ®¤−¨¬ á«®¢®¬,
¤� ¯à¨â®¬ ¥é¥ ®ç¥−ì ª®à®âª¨¬ [‚�á¨«¨© ƒà®áá¬�−. †¨§−ì ¨ áã¤ì¡�. —. 3 (1960)]. ‘à. ª«�áâ¥à
à¥ç¥¢ëå à¥�«¨§�æ¨© ª®−−¥ªâ®à� ¤�, §�ä¨ªá¨à®¢�−−ëå ¢ ��„Š: ¤�, ¤� ¨, ¤� ¥é¥ ¨, ¤� ¨ ¥é¥, ¤�
¯à¨â®¬ ¥é¥, ¤� ¯à¨â®¬ ¥é¥ ¨ ¨ ¤à. �®¤à®¡−¥¥ ® ä®à¬�«ì−®© ¢�à¨�â¨¢−®áâ¨ ª®−−¥ªâ®à®¢ á¬. [15].
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¥£® ã¯®âà¥¡«¥−¨ï. �à¨ íâ®¬ äà�£¬¥−âë ®¡®¨å ª®−â¥ªáâ®¢ ¤®«¦−ë ®â−®á¨âìáï
ª ®¤−®© ¨ â®© ¦¥ ¯�à¥ (¯�à�¬ | ¢ á«ãç�¥ −¥áª®«ìª¨å á®á¥¤−¨å äà�£¬¥−â®¢).

“§«ë ¤¥à¥¢� ¢ ��„ˆ ‹‘� ¡ë¢�îâ ¤¢ãå â¨¯®¢: ’-ã§«ë, á®¤¥à¦�é¨¥ â¥ªáâ,
¨ C-ã§«ë, á®¤¥à¦�é¨¥ ª®−−¥ªâ®à. Š®à−¥¢ë¬ ã§«®¬ ¤¥à¥¢� ¢á¥£¤� ï¢«ï¥âáï
T-ã§¥«. „®ç¥à−¨¬¨ ã§«�¬¨ T-ã§«®¢ ¬®£ãâ ¡ëâì â®«ìª® C-ã§«ë, ¯à¨ç¥¬ ã ª�¦-
¤®£® ’-ã§«� ¬®¦¥â ¡ëâì −¥ ¡®«¥¥ ®¤−®£® ¤®ç¥à−¥£®, â®£¤� ª�ª ¤®ç¥à−¨¬¨ ã§«�¬¨
C-ã§«®¢ ¬®£ãâ ¡ëâì â®«ìª® T-ã§«ë, ¯à¨ç¥¬ ¤«ï ª�¦¤®£® C-ã§«� ¢ ª®«¨ç¥áâ¢¥ −¥
¬¥−¥¥ ¤¢ãå.

‚ à¥§ã«ìâ�â¥ â¥á−ëå á¢ï§¥© ��„ˆ ‹‘� á �„’ ¨ ��„Š ¨§ ¢®áì¬¨ â�¡-
«¨æ, ¨¬¥îé¨åáï ¢ ��„ˆ ‹‘�, è¥áâì ¨¬¥îâ ¯®«ï, ª®â®àë¥ â¥¬ ¨«¨ ¨−ë¬
®¡à�§®¬ ááë«�îâáï −� �„’ ¨«¨ ��„Š. ’�ª, ¢ â�¡«¨æ¥ Structure, ª®â®à�ï á®¤¥à-
¦¨â ¨−ä®à¬�æ¨î ® ¤¥à¥¢¥ ¢ æ¥«®¬, ¨¬¥îâáï ¯®«ï TranslationId (¨¤¥−â¨ä¨ª�â®à
âà�−á«ïæ¨¨ ¢ �„’), ParaNumStart ¨ ParaNumEnd (−®¬¥à� á®®â¢¥âáâ¢¥−−® ¯¥à¢®©
¨ ¯®á«¥¤−¥© ¯�à ¨§ âà�−á«ïæ¨¨, ®¯à¥¤¥«ïîé¨å ¤¨�¯�§®− â¥ªáâ�, ¢ ¯à¥¤¥«�å ª®â®-
à®£® áâà®¨âáï ¤¥à¥¢®), FromTransl (áâà®¨âáï «¨ ¤¥à¥¢® −� ®á−®¢¥ ®à¨£¨−�«� ¨«¨,
−�¯à®â¨¢, ¯¥à¥¢®¤�) ¨ LangId (¨¤¥−â¨ä¨ª�â®à ï§ëª� â¥ªáâ� ¢ �„’). ‚ â�¡«¨æ¥
Context, ª®â®à�ï á®®â¢¥âáâ¢ã¥â T-ã§«�¬ ¤¥à¥¢�, ¨¬¥îâáï ¯®«ï WNumTextStart
¨ WNumTextEnd (¯®àï¤ª®¢ë¥ −®¬¥à� ¯¥à¢®© ¨ ¯®á«¥¤−¥© á«®¢®ä®à¬ ®à¨£¨−�«ì-
−®£® ¨«¨ ¯¥à¥¢®¤−®£® â¥ªáâ� âà�−á«ïæ¨¨, ª®â®àë¥ ®¯à¥¤¥«ïîâ ¤¨�¯�§®− â¥ªáâ�,
ï¢«ïîé¥£®áï ª®−â¥ªáâ®¬ ¤�−−®£® T-ã§«�). ‚ â�¡«¨æ¥ Link, á®®â¢¥âáâ¢ãîé¥©
C-ã§«�¬ ¤¥à¥¢�, ¥áâì ¯®«¥ LGFTypeId (¨¤¥−â¨ä¨ª�â®à â¨¯� à¥ç¥¢®© à¥�«¨§�æ¨¨
ª®−−¥ªâ®à� ¢ ��„Š). ’�¡«¨æ� Link LGFProp, ª®â®à�ï §�¤�¥â ¬−®¦¥áâ¢® á¢®©áâ¢
¨§ ª«�áâ¥à� ú�â−®è¥−¨ïû, å�à�ªâ¥à¨§ãîé¨å ª®−−¥ªâ®à ¤�−−®£® C-ã§«�, ¨¬¥¥â
¯®«¥ LGFPropId (¨¤¥−â¨ä¨ª�â®à á¢®©áâ¢� ¨§ ��„Š). ’�¡«¨æ� Portion, ª®â®-
à�ï á®®â¢¥âáâ¢ã¥â ®âà¥§ª�¬ â¥ªáâ� ¢ ª®−â¥ªáâ¥ ’-ã§«� (¥á«¨ â¥ªáâ −¥ á¯«®è−®©,
� ¨¬¥¥â ¯à®¯ãáª¨), á®¤¥à¦¨â ¯®«ï WNumTextStart ¨ WNumTextEnd (¢ë¯®«−ï-
îé¨¥ âã ¦¥ äã−ªæ¨î, çâ® ¨ ®¤−®¨¬¥−−ë¥ ¯®«ï â�¡«¨æë Context). ��ª®−¥æ,
â�¡«¨æ� History, á®¤¥à¦�é�ï ¨−ä®à¬�æ¨î ® ¢á¥å á®áâ®ï−¨ïå ª�¦¤®£® ¤¥à¥¢�
¢ à�§−ë¥ ¯¥à¨®¤ë ¢à¥¬¥−¨, ¨¬¥¥â ¯®«¥ UserId (¨¤¥−â¨ä¨ª�â®à ¯®«ì§®¢�â¥«ï ¨§
��„Š).

„�«¥¥ ¡ã¤ãâ ¯à¨¢¥¤¥−ë ¯à¨¬¥àë á®¢¬¥áâ−®£® ¨á¯®«ì§®¢�−¨ï −¥áª®«ìª¨å ¡�§
¢ à�¬ª�å ®¤−®© ¨ â®© ¦¥ ®¯¥à�æ¨¨ á ¤�−−ë¬¨.

3 Примеры совместного использования нескольких баз

3.1 Вход в систему

„®áâã¯ ª ˆ‘ˆ‹‘� ¨¬¥îâ â®«ìª® ¯®«ì§®¢�â¥«¨, §�à¥£¨áâà¨à®¢�−−ë¥
¢ ��„Š. „«ï ¢å®¤� ¢ á¨áâ¥¬ã −¥®¡å®¤¨¬® ¢¢¥áâ¨ â¥ ¦¥ «®£¨− ¨ ¯�à®«ì,
ª®â®àë¥ ¨á¯®«ì§ãîâáï ¤«ï ¯®¤ª«îç¥−¨ï ª ¯®«ì§®¢�â¥«ìáª®¬ã ¨−â¥àä¥©áã ¤«ï
à�¡®âë á ��„Š.

�à¨¢¥¤¥¬ ¯à¨¬¥à §�¯à®á� ª ��„ˆ ‹‘� −� ï§ëª¥ MS SQL, £¤¥ ¯à®¢¥àï¥âáï
ª®àà¥ªâ−®áâì ¢¢¥¤¥−−ëå ¯®«ì§®¢�â¥«¥¬ «®£¨−� ¨ ¯�à®«ï:
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select top 1 [Id] from [LingvoConnector].[dbo].[Users]
where [Login] = N£Ivanov£ and [Password] = N£287@307£

‡¤¥áì ¨ ¤�«¥¥ ¢ ¯à¨¬¥à�å LingvoText | ¨¬ï �„’, � LingvoConnector | ¨¬ï
��„Š.

3.2 Создание дерева

�à¨ −¥®¡å®¤¨¬®áâ¨ á®§¤�−¨ï −®¢®£® ¤¥à¥¢� ã ¯®«ì§®¢�â¥«ï ¥áâì âà¨ ¢®§¬®¦-
−®áâ¨:

(1) á®§¤�âì ¤¥à¥¢® ¯® ¨¤¥−â¨ä¨ª�â®àã �−−®â�æ¨¨ ¨§ ��„Š;

(2) á®§¤�âì ¤¥à¥¢® ¯® ¨¤¥−â¨ä¨ª�â®àã ¯�àë ¨§ �„’;

(3) á®§¤�âì ¤¥à¥¢® ¯® ®âàë¢ªã â¥ªáâ�.

‚ ª�¦¤®¬ á«ãç�¥ ¢ ��„’ ¯à®¨áå®¤¨â ¯®¨áª (¢ ¯¥à¢®¬ á«ãç�¥ á ¨á¯®«ì§®¢�-
−¨¥¬ ¨−ä®à¬�æ¨¨, åà�−ïé¥©áï ¢ ��„Š) å®âï ¡ë ®¤−®© ¯�àë, ã¤®¢«¥â¢®àïîé¥©
âà¥¡ã¥¬®¬ã ªà¨â¥à¨î. …á«¨ â�ª�ï ¯�à� ¡ã¤¥â −�©¤¥−�, â¥ªáâ ¥¥ «¥¢®£® ¨«¨ ¯à�¢®-
£® (¢ §�¢¨á¨¬®áâ¨ ®â ¢ë¡à�−−®£® ï§ëª�) äà�£¬¥−â� áâ�−¥â ª®à−¥¢ë¬ ª®−â¥ªáâ®¬
−®¢®£® ¤¥à¥¢�. �à¨ á®§¤�−¨¨ ¤¥à¥¢� ª®à−¥¢®© ª®−â¥ªáâ ¬®¦¥â ¡ëâì à�áè¨à¥− §�
áç¥â äà�£¬¥−â®¢ á®á¥¤−¨å ¯�à. �â® ¡ë¢�¥â −¥®¡å®¤¨¬® ¢ â®¬ á«ãç�¥, ª®£¤� ª®à-
−¥¢®© ª®−â¥ªáâ −¥¤®áâ�â®ç¥− ¤«ï ®¯à¥¤¥«¥−¨ï á¢®©áâ¢, å�à�ªâ¥à¨§ãîé¨å ¤�−−®¥
ã¯®âà¥¡«¥−¨¥ ª®−−¥ªâ®à� [16].

‚ à¥§ã«ìâ�â¥ á®§¤�¥âáï ¢ëà®¦¤¥−−®¥ ¤¥à¥¢® á ¥¤¨−áâ¢¥−−ë¬ T-ã§«®¬ ¢ ª�ç¥-
áâ¢¥ ª®à−¥¢®£®.

�à¨¢¥¤¥¬ ¯à¨¬¥à §�¯à®á� ª ��„ˆ ‹‘� −� ï§ëª¥ MS SQL, £¤¥ âà¥¡ã¥âáï
−�©â¨ ¢ �„’ ¯�àã ¯® ¨¤¥−â¨ä¨ª�â®àã �−−®â�æ¨¨ ¢ ��„Š, à�¢−®¬ã 19711:

with [Aux] as
(
select distinct

[t].[Id] as [TranslationId],
[a].[Name] as [AuthorName],
[b].[Title] as [BookTitle],
[p].[ParaNum] as [ParaNum],
[fo].[Text] as [OrigText],
[ft].[Text] as [TranslText]

from [LingvoConnector].[dbo].[Equivalence] [e]
join [LingvoConnector].[dbo].[LGF] [go] on [go].[Id] = [e].[LGFOrigId]
join [LingvoConnector].[dbo].[LGF_Word] [gwo] on [gwo].[LGFId] = [go].[id]
join [LingvoText].[dbo].[WordInText] [wo] on [wo].[Id] = [gwo].[WordId]
join [LingvoText].[dbo].[Fragment] [fo] on [fo].[Id] = [wo].[FragmentId]
join [LingvoText].[dbo].[Para] [p] on [p].[FragOrigId] = [fo].[Id]
join [LingvoText].[dbo].[Fragment] [ft] on [ft].[Id] = [p].[FragTranslId]
join [LingvoText].[dbo].[Translation] [t] on [t].[Id] = [p].[TranslationId]

and [t].[LangId] in (2, 9)
join [LingvoText].[dbo].[Book] [b] on [b].[Id] = [t].[BookId]

and [b].[LangId] = 1
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join [LingvoText].[dbo].[Author] [a] on [a].[Id] = [b].[AuthorId]
where [e].[Id] = 19711
)
select top 1
[TranslationId],
[AuthorName],
[BookTitle],
[ParaNum],
[OrigText],
[TranslText]
from [Aux]
where [TranslationId] = (select min([TranslationId]) from [Aux])

�â¢¥â −� §�¯à®á á®¤¥à¦¨â ¨¤¥−â¨ä¨ª�â®à âà�−á«ïæ¨¨, ¨¬ï �¢â®à�, −�§¢�−¨¥
¯à®¨§¢¥¤¥−¨ï, ¯®àï¤ª®¢ë© −®¬¥à ¯�àë ¢ âà�−á«ïæ¨¨, � â�ª¦¥ â¥ªáâë äà�£¬¥−â®¢.

3.3 Дальнейшее развитие дерева

‚ å®¤¥ ¤�«ì−¥©è¥£® ¯®áâà®¥−¨ï ¤¥à¥¢� ¯à®¨áå®¤¨â à�§¤¥«¥−¨¥ ª®−â¥ªáâ®¢ −�
á®áâ�¢«ïîé¨¥ á ¯®ï¢«¥−¨¥¬ ã§«®¢, ¯®¤ç¨−¥−−ëå ª®à−¥¢®¬ã. �à¨ íâ®¬ ¢®§−¨ª�îâ
ã§«ë, á®¤¥à¦�é¨¥ ª®−−¥ªâ®à, â. ¥. C-ã§«ë. ‘®§¤�−¨¥ ª�¦¤®£® C-ã§«� ¢ë§ë¢�¥â
−¥®¡å®¤¨¬®áâì ¯®¨áª� ¨−ä®à¬�æ¨¨ ¢ ��„Š, £¤¥ á®¤¥à¦�âáï ¤�−−ë¥ ® à¥ç¥¢ëå
à¥�«¨§�æ¨ïå ª®−−¥ªâ®à®¢, � â�ª¦¥ ®¡ ¨å á¢®©áâ¢�å ¨§ ª«�áâ¥à� ú�â−®è¥−¨ïû.

�à¨¢¥¤¥¬ ¯à¨¬¥à §�¯à®á� ª ��„ˆ ‹‘� −� ï§ëª¥ MS SQL, £¤¥ âà¥¡ã¥âáï
¯®«ãç¨âì ¢ ��„Š á¯¨á®ª â¨¯®¢ ª®−−¥ªâ®à®¢ ¤«ï àãááª®£® ï§ëª�:

select [Id], [Code] from [LingvoConnector].[dbo].[LGFType]
where [LangId] = 1 order by [Id]

�®«¥¥ â®£®, ¯à¨ ®âáãâáâ¢¨¨ ¢ ��„Š −¥®¡å®¤¨¬®© à¥ç¥¢®© à¥�«¨§�æ¨¨ ª®−-
−¥ªâ®à� ¯®«ì§®¢�â¥«ì ¨¬¥¥â ¢®§¬®¦−®áâì ¥¥ á®§¤�âì ¢ ��„Š. ’® ¦¥ ª�á�¥â-
áï ¨ á¢®©áâ¢ ª®−−¥ªâ®à®¢ ¨§ ª«�áâ¥à� ú�â−®è¥−¨ïû. ˆ§ íâ®£® á«¥¤ã¥â, çâ®
ˆ‘ˆ‹‘� −¥ â®«ìª® ¨á¯®«ì§ã¥â ¤�−−ë¥ ¨§ ��„Š, −® ¨ ¤�¥â ¢®§¬®¦−®áâì ¨å
¯®¯®«−¥−¨ï.

3.4 Поиск соседних аннотаций

‘®á¥¤−¨¥ �−−®â�æ¨¨ ¤¥à¥¢� | íâ® �−−®â�æ¨¨ ¢ ��„Š, ¨¬¥îé¨¥ ®¡é¨¥ ¯�àë
á ¤�−−ë¬ ¤¥à¥¢®¬ (ä®à¬�«ì−®: ¥á«¨ ¯¥à¥á¥ç¥−¨¥ ¬−®¦¥áâ¢� ¯�à, −� ª®â®àëå
¯®áâà®¥−� �−−®â�æ¨ï, á ¬−®¦¥áâ¢®¬ ¯�à, −� ª®â®àëå ¯®áâà®¥−® ¤¥à¥¢®, −¥
ï¢«ï¥âáï ¯ãáâë¬).

�à¨¢¥¤¥¬ ¯à¨¬¥à §�¯à®á� ª ��„ˆ ‹‘� −� ï§ëª¥ MS SQL, £¤¥ âà¥¡ã¥âáï
−�©â¨ ¢ ��„Š á®á¥¤−¨¥ �−−®â�æ¨¨ ¤¥à¥¢� á ¨¤¥−â¨ä¨ª�â®à®¬ 1:

select distinct
[eq].[Id]
from [LingvoConnector].[dbo].[Equivalence] [eq]
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join [LingvoConnector].[dbo].[LGF] [lg] on [lg].[Id] = [eq].[LGFOrigId]
join [LingvoConnector].[dbo].[LGF_Word] [lw] on [lw].[LGFId] = [lg].[Id]
join [LingvoText].[dbo].[WordInText] [wt] on [wt].[Id] = [lw].[WordId]
join [Structure] [s] on [s].[Id] = 1
join [LingvoText].[dbo].[Para] [p] on [p].[FragOrigId] = [wt].[FragmentId]
and [p].[ParaNum] between [s].[ParaNumStart] and [s].[ParaNumEnd]
and [p].[TranslationId] = [s].[TranslationId]

3.5 История изменений дерева

‚ ��„ˆ ‹‘� ä¨ªá¨àã¥âáï ª�¦¤�ï ®¯¥à�æ¨ï ¯® ¨§¬¥−¥−¨î á®áâ®ï−¨© ª�¦-
¤®£® ¤¥à¥¢� (á®§¤�−¨¥ ¤¥à¥¢�, ¤®¡�¢«¥−¨¥, à¥¤�ªâ¨à®¢�−¨¥, ã¤�«¥−¨¥ ã§«®¢).
�à¨ íâ®¬ ä¨ªá¨àã¥âáï â�ª¦¥ ¨−ä®à¬�æ¨ï ® ¯®«ì§®¢�â¥«¥, ª®â®àë© ¯à®¨§¢¥«
¤�−−®¥ ¨§¬¥−¥−¨¥. ‚ ˆ‘ˆ‹‘� ¥áâì ¢®§¬®¦−®áâì ¯®«ãç¨âì á¯¨á®ª ¢á¥å ¨§¬¥-
−¥−¨© −¥ª®â®à®£® ¤¥à¥¢�, � â�ª¦¥ ¯à®á¬®âà¥âì ª�¦¤®¥ á®áâ®ï−¨¥ ¨ áà�¢−¨âì ¥£®
á ¯à¥¤ë¤ãé¨¬ (¥á«¨ â�ª®¥ ¨¬¥¥âáï).

�à¨¢¥¤¥¬ ¯à¨¬¥à §�¯à®á� ª ��„ˆ ‹‘� −� ï§ëª¥ MS SQL, £¤¥ âà¥¡ã¥âáï
¯®«ãç¨âì á¯¨á®ª ¢á¥å á®áâ®ï−¨© ¤¥à¥¢� á ¨¤¥−â¨ä¨ª�â®à®¬ 10:

select
[h].[Order],
[h].[StartTime],
[h].[EndTime],
[u].[LastName]
from [History] [h]
join [LingvoConnector].[dbo].[Users] [u] on [u].[Id] = [h].[UserId]
where [h].[StructureId] = 10

�¡à�é¥−¨¥ ª ��„Š §¤¥áì −¥®¡å®¤¨¬® ¯®â®¬ã, çâ® ¢ ��„ˆ ‹‘� −¥â
á¢®¥£® á¯¨áª� ¯®«ì§®¢�â¥«¥©, � ¬−®¦¥áâ¢� ¯®«ì§®¢�â¥«¥© ��„ˆ ‹‘� ¨ ��„Š
á®¢¯�¤�îâ.

4 Заключение

‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−ë ¨−â¥£à�æ¨®−−ë¥ ¢®§¬®¦−®áâ¨ ¡�§ ¤�−−ëå, äã−ªæ¨®-
−¨àãîé¨å −� ®á−®¢¥ ¯�à�««¥«ì−ëå ª®à¯ãá®¢. ’�ª�ï ¨−â¥£à�æ¨ï, ®¡ê¥¤¨−ïîé�ï
−¥áª®«ìª® ª®à¯ãá−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢ ¬¥¦¤ã á®¡®©, ¯®§¢®«ï¥â ¢ ¬¥â®-
¤®«®£¨ç¥áª®¬ ®â−®è¥−¨¨ ª®¬¡¨−¨à®¢�âì −�à�¡®âª¨ ª®−âà�áâ¨¢−®© «¨−£¢¨áâ¨ª¨,
â¥®à¨¨ ¨ ¯à�ªâ¨ª¨ ¯¥à¥¢®¤�, −¥ ã¯ãáª�ï ¨§ ¢¨¤ã ä�ªâ®àë, ª®â®àë¥ ¬®£ãâ ®âà¨-
æ�â¥«ì−® áª�§�âìáï −� ¢�«¨¤−®áâ¨ ¨ −�¤¥¦−®áâ¨ ª®−¥ç−ëå ¤�−−ëå.

‚ ¯¥àá¯¥ªâ¨¢¥ ¨−â¥£à�æ¨®−−ë¥ ¢®§¬®¦−®áâ¨ −�¤ª®à¯ãá−ëå ¡�§ ¤�−−ëå ¬®¦-
−® ¡ã¤¥â ¨á¯®«ì§®¢�âì ¯à¨ −�¯®«−¥−¨¨ ¡�§ §−�−¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
(¢ â®¬ ç¨á«¥ ¢ á¨áâ¥¬�å ¬�è¨−−®£® ¯¥à¥¢®¤�). Šà®¬¥ â®£®, ¡«�£®¤�àï −¥ª®â®àë¬
á¢®¨¬ ®á®¡¥−−®áâï¬ | â�ª¨¬ ª�ª, −�¯à¨¬¥à, á¢®©áâ¢® ä¨ªá¨à®¢�âì ¨áâ®à¨î
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ˆ−â¥£à�æ¨®−−ë¥ ¢®§¬®¦−®áâ¨ −�¤ª®à¯ãá−ëå ¡�§ ¤�−−ëå

¨§¬¥−¥−¨© á®áâ®ï−¨ï ¤¥à¥¢� | −�¤ª®à¯ãá−�ï ¡�§� ¤�−−ëå â¨¯� ��„ˆ ‹‘�
¬®¦¥â áâ�âì ¢�¦−ë¬ ¨−áâàã¬¥−â®¬ ¢ ¯á¨å®«¨−£¢¨áâ¨ç¥áª¨å ¨áá«¥¤®¢�−¨ïå à¥ç¨.
„«ï ¨§ãç¥−¨ï ¯à®æ¥áá� ¯à¨−ïâ¨ï à¥è¥−¨© ¯à¨ à¥ç¥¯®à®¦¤¥−¨¨, ª�ª ¯à�¢¨«®,
¨á¯®«ì§ãîâ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥, ®âá«¥¦¨¢�îé¥¥ ¤¢¨¦¥−¨¥ £«�§ ¨«¨ à¥-
£¨áâà¨àãîé¥¥ é¥«çª¨ ª«�¢¨è −� ª«�¢¨�âãà¥ ª®¬¯ìîâ¥à�. ‡¤¥áì ��„ˆ ‹‘�
®âªàë¢�¥â −®¢ë¥ ¢®§¬®¦−®áâ¨. ’�ª¦¥ ¨áâ®à¨ï ¨§¬¥−¥−¨© á®áâ®ï−¨ï ¤¥à¥¢� ¬®-
¦¥â ®ª�§�âìáï ¢®áâà¥¡®¢�−−®© ¤«ï â¥®à¨¨ ¯®à®¦¤¥−¨ï ¨ ã¯à�¢«¥−¨ï §−�−¨ï¬¨,
−�£«ï¤−® ¯à¥¤áâ�¢«ïï ¢áî åà®−®«®£¨ç¥áªãî ¯®á«¥¤®¢�â¥«ì−®áâì ¯à¨«®¦¥−¨ï ª®-
£−¨â¨¢−ëå ãá¨«¨© ª ®¤−®¬ã ¨ â®¬ã ¦¥ ¨−ä®à¬�æ¨®−−®¬ã ®¡ê¥ªâã (¨ ¯à¨à®áâ
−®¢®£® §−�−¨ï, á −¨¬ á¢ï§�−−®£®).
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INTEGRATION CAPACITIES OF SUPRACORPORA DATABASES
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of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation
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Abstract: The paper centers on integration capacities of supracorpora databases
developed at the Federal Research Center \Computer Science and Control"
of the Russian Academy of Sciences. It is shown how three databases | the
Supracorpora database of hierarchal logical-semantic relations (SDBH LSR), the
Database of parallel texts (DBT), and the Supracorpora database of connectives
(SDBC) | are integrated between themselves. The information system of
hierarchal logical-semantic relations uses a specially designed database (SDBH
LSR) in which annotations of logical-semantic relations are presented as trees,
i. e., directed connected acyclic graphs where nodes contain data and edges depict
the subordination between nodes. Along with the SDBH LSR, ISHLSR uses
data from the DBT and SDBC. Such integration makes it possible to combine the
methodological strengths of the informatics, contrastive and corpus linguistics,
and theory and practice of translation without losing sight of the factors that may
adversely affect the validity and reliability of the final data.

Keywords: supracorpora database; integration of databases; multilingual cor-
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contrastive linguistics; machine translation
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ИСПОЛЬЗОВАНИЕ БАЗЫ ДАННЫХ МОДЕЛЕЙ
СТРУКТУРНЫХ ПЕРЕВОДЧЕСКИХ ТРАНСФОРМАЦИЙ

ДЛЯ ИЗВЛЕЧЕНИЯ МНОГОКОМПОНЕНТНЫХ
ТЕРМИНОЛОГИЧЕСКИХ ЕДИНИЦ

Ю. И. Бутенко1

�−−®â�æ¨ï: ÷�áªàëâë ®á−®¢−ë¥ ¯à¨−æ¨¯ë ¨á¯®«ì§®¢�−¨ï ¡�§ë ¤�−−ëå
¬®¤¥«¥© áâàãªâãà−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨© â¥à¬¨−®«®£¨ç¥áª¨å á«®-
¢®á®ç¥â�−¨© ¤«ï ¨§¢«¥ç¥−¨ï ¨ ¢ëà�¢−¨¢�−¨ï ¬−®£®ª®¬¯®−¥−â−ëå â¥à¬¨−®¢
¨§ �−£«®- ¨ àãááª®ï§ëç−ëå ¯�à�««¥«ì−ëå â¥ªáâ®¢. �¯¨á�−� ä®à¬�«ì−�ï
áâàãªâãà� â¥à¬¨−®«®£¨ç¥áª¨å ¥¤¨−¨æ, � â�ª¦¥ áâàãªâãà−ë¥ ¬®¤¥«¨ ¬−®£®-
ª®¬¯®−¥−â−ëå â¥à¬¨−®¢ ¢ �−£«¨©áª®¬ ¨ àãááª®¬ ï§ëª�å. „�−® ®¯à¥¤¥«¥-
−¨¥ áâàãªâãà−ëå âà�−áä®à¬�æ¨© ¢ ¯¥à¥¢®¤¥, ¢ë¤¥«¥−ë ®á−®¢−ë¥ ¬®¤¥«¨
áâàãªâãà−ëå âà�−áä®à¬�æ¨© �−£«®- ¨ àãááª®ï§ëç−ëå â¥à¬¨−®¢ ¯à¨ ¯¥à¥¢®¤¥
−�ãç−®-â¥å−¨ç¥áª¨å â¥ªáâ®¢. �¡®á−®¢�−®, çâ® ¨á¯®«ì§®¢�−¨¥ áâàãªâãà−ëå
¯¥à¥¢®¤ç¥áª¨å ¬®¤¥«¥© â¥à¬¨−®«®£¨ç¥áª¨å á«®¢®á®ç¥â�−¨© âà¥¡ã¥â ãç¥â� á¯¥-
æ¨ä¨ç¥áª¨å ®á®¡¥−−®áâ¥© ª�¦¤®£® �−�«¨§¨àã¥¬®£® ï§ëª�. �à¥¤«®¦¥− ¯®¤å®¤
ª ¨§¢«¥ç¥−¨î ¨ ¢ëà�¢−¨¢�−¨î â¥à¬¨−®«®£¨ç¥áª¨å ¥¤¨−¨æ ¢ ¯�à�««¥«ì−ëå
−�ãç−®-â¥å−¨ç¥áª¨å â¥ªáâ�å, � ª�¦¤ë© íâ�¯ ¯à¥¤«®¦¥−−®£® ¯®¤å®¤� ¯à®¨««î-
áâà¨à®¢�− ¯à¨¬¥à�¬¨ ®¡à�¡®âª¨ ¯�à�««¥«ì−®£® −�ãç−®-â¥å−¨ç¥áª®£® â¥ªáâ�
−� àãááª®¬ ¨ �−£«¨©áª®¬ ï§ëª�å.

Š«îç¥¢ë¥ á«®¢�: áâàãªâãà−�ï ¬®¤¥«ì; ¬−®£®ª®¬¯®−¥−â−ë© â¥à¬¨−; ä®à-
¬�«ì−�ï áâàãªâãà� â¥à¬¨−�; ¬®¤¥«¨ áâàãªâãà−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à-
¬�æ¨©; àãááª®ï§ëç−�ï â¥à¬¨−®«®£¨ï; �−£«®ï§ëç−�ï â¥à¬¨−®«®£¨ï

DOI: 10.14357/08696527230104

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¯à®ä¥áá¨®−�«ì−�ï ¬¥¦ªã«ìâãà−�ï ª®¬¬ã−¨ª�æ¨ï ¬¥¦-
¤ã ãç¥−ë¬¨ ¨ á¯¥æ¨�«¨áâ�¬¨ à�§«¨ç−ëå áä¥à ¯à®ä¥áá¨®−�«ì−®© ¤¥ïâ¥«ì−®áâ¨
áâ�−®¢¨âáï ®¡ë¤¥−−®© −®à¬®©, −¥®âê¥¬«¥¬®© ç�áâìî ª®â®à®© ¤®«¦−� ¡ëâì ®¤−®-
§−�ç−® ¯®−¨¬�¥¬�ï ¨ −¥¯à®â¨¢®à¥ç¨¢�ï â¥à¬¨−®«®£¨ï. ‡−�ç¨â¥«ì−®¥ ã¢¥«¨ç¥−¨¥
¤®«¨ ¯¥à¥¢®¤−ëå −�ãç−ëå ¦ãà−�«®¢, −®à¬�â¨¢−®© ¨ ¯à®ç¥© ¤®ªã¬¥−â�æ¨¨ á¢¨¤¥-
â¥«ìáâ¢ã¥â ®¡ ã¢¥«¨ç¥−¨¨ à®«¨ ¯à®ä¥áá¨®−�«ì−®© ¬¥¦ªã«ìâãà−®© ª®¬¬ã−¨ª�æ¨¨
¨, á®®â¢¥âáâ¢¥−−®, ¢¥¤¥â ª ã¦¥áâ®ç¥−¨î âà¥¡®¢�−¨© ª ª�ç¥áâ¢ã ¯¥à¥¢®¤� −�ãç−®-
â¥å−¨ç¥áª¨å â¥ªáâ®¢ ¨ ®á®¡¥−−® á¯¥æ¨�«ì−®© â¥à¬¨−®«®£¨¨. ‚ ®á−®¢¥ ã¯®àï¤®ç¥-
−¨ï â¥à¬¨−®«®£¨¨, � â�ª¦¥ ¯®¨áª� �¤¥ª¢�â−ëå ¯¥à¥¢®¤−ëå íª¢¨¢�«¥−â®¢ «¥¦¨â
−�«¨ç¨¥ ¢®§¬®¦−®áâ¨ ®¡à�¡�âë¢�âì ¡®«ìè¨¥ ¬�áá¨¢ë −¥áâàãªâãà¨à®¢�−−®© ¨−-
ä®à¬�æ¨¨, ¯à¥¤áâ�¢«¥−−®© â¥ªáâ�¬¨ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥.

1Œ®áª®¢áª¨© £®áã¤�àáâ¢¥−−ë© â¥å−¨ç¥áª¨© ã−¨¢¥àá¨â¥â ¨¬. �. �. ��ã¬�−�,
iubutenko@bmstu.ru
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ā. ˆ. �ãâ¥−ª®

�¥á¬®âàï −� §−�ç¨â¥«ì−ë¥ ãá¯¥å¨ ¢ ®¡à�¡®âª¥ ¥áâ¥áâ¢¥−−®£® ï§ëª�, ®¡à�-
¡®âª� −�ãç−®-â¥å−¨ç¥áª¨å â¥ªáâ®¢ á®¯àï¦¥−� á® §−�ç¨â¥«ì−ë¬¨ âàã¤−®áâï¬¨,
£«�¢−�ï ¨§ ª®â®àëå | ä®à¬�«ì−�ï áâàãªâãà� â¥à¬¨−®¢ [1]. ’�ª, â¥à¬¨− ¬®¦¥â
¡ëâì ®¤−®ª®¬¯®−¥−â−ë¬ ¨ á®áâ®ïâì ¨§ ª«îç¥¢®£® á«®¢� ¨«¨ ¯à¥¤áâ�¢«ïâì á®¡®©
â¥à¬¨−®«®£¨ç¥áªãî £àã¯¯ã, ¢ á®áâ�¢ ª®â®à®© ¢å®¤¨â ª«îç¥¢®¥ á«®¢®, ¨«¨ ï¤à®
£àã¯¯ë, ®¤−® ¨«¨ −¥áª®«ìª® «¥¢ëå ®¯à¥¤¥«¥−¨© ¨ ®¤−® ¨«¨ −¥áª®«ìª® ¯à�¢ëå
¨«¨ ¯à¥¤«®¦−ëå ®¯à¥¤¥«¥−¨©, ª®â®àë¥ ãâ®ç−ïîâ ¨«¨ ¬®¤¨ä¨æ¨àãîâ á¬ëá« â¥à-
¬¨−®«®£¨ç¥áª®© ¥¤¨−¨æë. ’¥à¬¨−®«®£¨ç¥áª®¥ á«®¢®á®ç¥â�−¨¥ ¬®¦¥â á®áâ®ïâì
¨§ 10{12 ª®¬¯®−¥−â®¢. �à¨ íâ®¬ â¥à¬¨−®«®£¨ç¥áª®¥ á«®¢®á®ç¥â�−¨¥ ¯à¥¤áâ�¢-
«ï¥â á®¡®© −®¬¨−�â¨¢−ãî ¥¤¨−¨æã ¢ −¥ª®â®à®© ¯à¥¤¬¥â−®© ®¡«�áâ¨, ª®â®à�ï
¢ëà�¦�¥â ®¤−® æ¥«®¥ ¯®−ïâ¨¥ [2].

‘®£«�á−® ‚. Œ. ‹¥©ç¨ªã, ¯®¤�¢«ïîé¥¥ ¡®«ìè¨−áâ¢® â¥à¬¨−®¢ ¨¬¥¥â ä®à-
¬�«ì−ãî áâàãªâãàã «¥ªá¨ç¥áª¨å ¥¤¨−¨æ â®£® ¥áâ¥áâ¢¥−−®£® ï§ëª�, ¢ áä¥à¥ ª®-
â®à®£® ®−¨ äã−ªæ¨®−¨àãîâ ¨ ®¡à�§ãîâáï [2], â. ¥. ¬−®£®ª®¬¯®−¥−â−ë¥ â¥à¬¨−ë
à�§−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¢ à�¬ª�å ®¤−®£® ï§ëª� ¨¬¥îâ ®¤−¨ ¨ â¥ ¦¥ á¯®-
á®¡ë á«®¢®®¡à�§®¢�−¨ï ¨, á®®â¢¥âáâ¢¥−−®, ®¤¨− ¨ â®â ¦¥ ¯¥à¥ç¥−ì áâàãªâãà−ëå
¬®¤¥«¥©. ’�ª¨¬ ®¡à�§®¬, ¤«ï ¨§¢«¥ç¥−¨ï ¬−®£®ª®¬¯®−¥−â−ëå â¥à¬¨−®¢ ¢ ¯�à�«-
«¥«ì−ëå â¥ªáâ�å æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ¨å áâàãªâãà−ë¥ ¬®¤¥«¨, ãáâ�−®¢¨¢
¢�à¨�−âë áâàãªâãà−ëå âà�−áä®à¬�æ¨© â¥à¬¨−®¢ ¯à¨ ¯¥à¥¢®¤¥ á ®¤−®£® ï§ëª� −�
¤àã£®©.

–¥«ìî ¨áá«¥¤®¢�−¨ï áâ�¢¨âáï ¨á¯®«ì§®¢�−¨¥ ¡�§ë ¤�−−ëå ¬®¤¥«¥© áâàãªâãà-
−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨© ¬−®£®ª®¬¯®−¥−â−ëå â¥à¬¨−®¢ ¯à¨ ¯¥à¥¢®¤¥,
� −� ¥¥ ®á−®¢¥ à�§à�¡®âª� ¯®¤å®¤� ª ¨§¢«¥ç¥−¨î ¨ ¢ëà�¢−¨¢�−¨î â¥à¬¨−®¢
¢ ¯�à�««¥«ì−ëå −�ãç−®-â¥å−¨ç¥áª¨å â¥ªáâ�å.

2 Структурные модели английских и русских терминологических
единиц

‘â®¨â ®â¬¥â¨âì, çâ® áâàãªâãà−ë¥ ¬®¤¥«¨ â¥à¬¨−®«®£¨ç¥áª¨å ¥¤¨−¨æ ¤«ï àãá-
áª®£® ¨ �−£«¨©áª®£® ï§ëª®¢ ï¢«ïîâáï áà�¢−¨â¥«ì−® å®à®è® ¨§ãç¥−−®© ¨ ®¯¨á�−-
−®© ®¡«�áâìî ï§ëª®§−�−¨ï [3, 4]. Š −�¨¡®«¥¥ ç�áâ® ¨á¯®«ì§ã¥¬ë¬ ¬®¤¥«ï¬ â¥à-
¬¨−®¢ ¢ àãááª®¬ ï§ëª¥ ¬®¦−® ®â−¥áâ¨ ¤¢ãå- ¨ âà¥åª®¬¯®−¥−â−ë¥ á«®¢®á®ç¥â�−¨ï,
®¡à�§®¢�−−ë¥ ¯® á«¥¤ãîé¨¬ ¬®¤¥«ï¬: áãé¥áâ¢¨â¥«ì−®¥ + áãé¥áâ¢¨â¥«ì−®¥
¢ à®¤¨â¥«ì−®¬ ¯�¤¥¦¥; ¯à¨«�£�â¥«ì−®¥ + áãé¥áâ¢¨â¥«ì−®¥; ¯à¨«�£�â¥«ì−®¥ +
+ ¯à¨«�£�â¥«ì−®¥ + áãé¥áâ¢¨â¥«ì−®¥; ¯à¨«�£�â¥«ì−®¥ + áãé¥áâ¢¨â¥«ì−®¥ + áã-
é¥áâ¢¨â¥«ì−®¥ ¢ à®¤¨â¥«ì−®¬ ¯�¤¥¦¥ ¨ ¤à. „«ï �−£«¨©áª®£® ï§ëª� −�¨¡®«¥¥
¯à®¤ãªâ¨¢−ë ¬®¤¥«¨: noun + noun; adjective + noun; noun + preposition + noun;
noun + noun + noun ¨ â. ¤.

‘âàãªâãà−ë¥ ¯¥à¥¢®¤ç¥áª¨¥ âà�−áä®à¬�æ¨¨ | íâ® £à�¬¬�â¨ç¥áª¨¥ ¯à¥®¡à�-
§®¢�−¨ï ä®à¬�«ì−®© áâàãªâãàë «¥ªá¨ç¥áª®© ¥¤¨−¨æë, á ¯®¬®éìî ª®â®àëå ¬®¦−®
®áãé¥áâ¢¨âì ¯¥à¥å®¤ ®â ¥¤¨−¨æ −� ï§ëª¥ ®à¨£¨−�«� ª ¥¤¨−¨æ�¬ ï§ëª� ¯¥à¥¢®¤�
¢ ãª�§�−−®¬ á¬ëá«¥ [5]. ‚ â�¡«¨æ¥ ¯à¥¤áâ�¢«¥−ë ¯à¨¬¥àë áâàãªâãà−ëå ¯¥-
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ˆá¯®«ì§®¢�−¨¥ ¡�§ë ¤�−−ëå ¬®¤¥«¥© áâàãªâãà−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨©

‘âàãªâãà−ë¥ ¯¥à¥¢®¤ç¥áª¨¥ âà�−áä®à¬�æ¨¨ ¬®¤¥«¨ noun + noun

�à¨¬¥àë
�−£«®ï§ëç−ëå

â¥à¬¨−®¢,
®¡à�§®¢�−−ëå

¯® ¬®¤¥«¨

‚¨¤ë áâàãªâãà−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨©
íª¢¨¢�«¥−â−ëå àãááª®ï§ëç−ëå â¥à¬¨−®¢

noun + noun Œ®¤¥«ì �à¨¬¥à

Stud welding
‘ãé. + áãé.
¢ à®¤¨â¥«ì−®¬ ¯�¤¥¦¥ �à¨¢�àª� è¯¨«¥ª

Resistance welding �à¨«. + ¯à¨«. + áãé. �«¥ªâà¨ç¥áª�ï ª®−â�ªâ−�ï á¢�àª�

Upset welding
�à¨«. + áãé. + áãé.
¢ â¢®à¨â¥«ì−®¬ ¯�¤¥¦¥ ‘âëª®¢�ï á¢�àª� á®¯à®â¨¢«¥−¨¥¬

Pressure welding
‘ãé. + áãé.
¢ â¢®à¨â¥«ì−®¬ ¯�¤¥¦¥ ‘¢�àª� ¤�¢«¥−¨¥¬

Gravity welding
‘ãé. + ¯à¨«. + áãé.
¢ â¢®à¨â¥«ì−®¬ ¯�¤¥¦¥ ‘¢�àª� −�ª«®−−ë¬ í«¥ªâà®¤®¬

Dielectric welding
�à¨«. + áãé. + áãé.
¢ à®¤¨â¥«ì−®¬ ¯�¤¥¦¥ ‚ëá®ª®ç�áâ®â−�ï á¢�àª� ¯«�áâ¬�áá

à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨© �−£«®ï§ëç−ëå â¥à¬¨−®¢, ®¡à�§®¢�−−ëå ¯® ¬®¤¥«¨
noun + noun, � â�ª¦¥ áâàãªâãà−ë¥ ¯¥à¥¢®¤ç¥áª¨¥ âà�−áä®à¬�æ¨¨ ¨å íª¢¨¢�«¥−-
â®¢ ¢ àãááª®¬ ï§ëª¥.

3 Применение базы данных моделей структурных переводческих
трансформаций для извлечения и выравнивания
многокомпонентных терминологических единиц

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ëà�¢−¨¢�−¨¥ â¥à¬¨−®«®£¨ç¥áª¨å ¥¤¨−¨æ ¢ ¯�à�««¥«ì−ëå
â¥ªáâ�å ®¡ëç−® ®áãé¥áâ¢«ï¥âáï ¢ ¤¢� íâ�¯�. ‘−�ç�«� ¢ë¤¥«ïîâ â¥à¬¨−®«®£¨ç¥-
áª¨¥ ¥¤¨−¨æë −� ª�¦¤®¬ ï§ëª¥ ®â¤¥«ì−®. ‡�â¥¬ ®¤¨− ¨§ ®¤−®ï§ëç−ëå á¯¨áª®¢
â¥à¬¨−®¢-ª�−¤¨¤�â®¢ ¨−â¥à¯à¥â¨àã¥âáï ª�ª ï§ëª ¨áâ®ç−¨ª�, ¨ ¤«ï ª�¦¤®£® â¥à-
¬¨−�-ª�−¤¨¤�â� −� ï§ëª¥-¨áâ®ç−¨ª¥ ¯à¥¤«�£�îâáï ¯®â¥−æ¨�«ì−® íª¢¨¢�«¥−â−ë¥
â¥à¬¨−ë ¢ á¯¨áª¥ â¥à¬¨−®¢-ª�−¤¨¤�â®¢ −� ï§ëª¥ ¯¥à¥¢®¤� [6].

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ª �¢â®¬�â¨ç¥áª®¬ã ¨§¢«¥ç¥−¨î ¨ ¢ëà�¢−¨¢�−¨î â¥à¬¨-
−®¢ −� ®á−®¢¥ ¡�§ë ¤�−−ëå ¬®¤¥«¥© áâàãªâãà−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨©
â¥à¬¨−®«®£¨ç¥áª¨å á«®¢®á®ç¥â�−¨© á®áâ®¨â ¨§ 5 ®á−®¢−ëå íâ�¯®¢. ‚ ª�ç¥áâ¢¥
¯à¨¬¥à� à�áá¬®âà¨¬ ¨§¢«¥ç¥−¨¥ â¥à¬¨−®¢ ¤«ï á«¥¤ãîé¥£® äà�£¬¥−â� â¥ªáâ� ¨ ¥£®
¯¥à¥¢®¤�:

�âáãâáâ¢¨¥ �ªª®¬®¤�æ¨¨ á¢®©áâ¢¥−−® −¥
â®«ìª® ï¢«¥−¨î ¯¥à¥−®á� ª®«¨ç¥áâ¢� ¤¢¨-
¦¥−¨ï, −® ¨, ª�ª ¯®ª�§ë¢�îâ íªá¯¥à¨¬¥−-
â�«ì−ë¥ ¨áá«¥¤®¢�−¨ï, ¯à®æ¥ááã ®¡¬¥−�
í−¥à£¨¥© ¬¥¦¤ã ¯�¤�îé¨¬¨ ¬®«¥ªã«�¬¨
¨ áâ¥−ª®©.

The absence of accommodation is char-
acteristic not only of the phenomenon of
momentum transfer, but also, as experi-
mental studies show, the process of energy
exchange between incident molecules and
the wall.
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ā. ˆ. �ãâ¥−ª®

�� ¯¥à¢®¬ íâ�¯¥ ¯à®¢®¤¨âáï �¢â®¬�â¨ç¥áª¨© ¬®àä®«®£¨ç¥áª¨© �−�«¨§ â¥ªáâ�,
â. ¥. ª�¦¤®¬ã á«®¢ã ¯à¨¯¨áë¢�îâáï ¥£® £à�¬¬�â¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ [6]:

�âáãâáâ¢¨¥óõý,ÎÅÏÄ,ÓÒ.ÅÄ,ÉÍ �ªª®¬®¤�-

æ¨¨óõý,ÎÅÏÄ,ÖÒ ÅÄ,ÒÄ á¢®©áâ¢¥−−®î −¥—�‘’

â®«ìª®—�‘’ ï¢«¥−¨îóõý,ÎÅÏÄ,ÓÒÅÄ,ÄÔ

¯¥à¥−®á�óõý,ÎÅÏÄ,ÍÒ ÅÄ,ÒÄ ª®«¨ç¥áâ-
¢�óõý,ÎÅÏÄ,ÓÒÅÄ,ÒÄ ¤¢¨¦¥−¨ïóõý,ÎÅÏÄ,ÓÒ ÅÄ,ÒÄ,
‡�÷, −®‘�ā‡ ¨‘�ā‡, ‡�÷ ª�ª‘�ā‡ ¯®-
ª�§ë¢�îâƒ‹,−¥á®¢,¯¥à¥å ¬−,3«,−�áâ,¨§êï¢ ¯®ª�-
§ë¢�îâ íªá¯¥à¨¬¥−â�«ì−ë¥ðòéìÎÅÏÄ,ÍÎ,×Î

¨áá«¥¤®¢�−¨ïóõý,ÎÅÏÄ,ÓÒÅÄ,ÒÄ,‡�÷ ¯à®æ¥á-
áãóõý,ÎÅÏÄ,ÍÒÅÄ,ÄÔ ®¡¬¥−�óõý,ÎÅÏÄ,ÍÒÅÄ,ÒÄ

í−¥à£¨¥©óõý,ÎÅÏÄ,ÖÒ ÅÄ,Ô× ¬¥¦¤ãðò ¯�¤�-
îé¨¬¨ðòéþ,ÎÅÓÏ×,ÎÅÐÅÒÅÈ,ÎÁÓÔ,ÄÅÊÓÔ×ÍÎ,Ô×

¬®«¥ªã«�¬¨óõý,ÎÅÏÄ,ÖÒÍÎ,Ô× ¨‘�ā‡ áâ¥−-

ª®©óõý,ÎÅÏÄ,ÖÒÅÄ,Ô×.‡�÷

Thedeterminer absencenoun ofprep

accommodationnoun isverb charac-
teristicadj notadverb onlyadverb

ofprep thedeterminer phenome-
nonnoun ofprep momentumnoun

transfernoun, butconj alsoadverb,
asprep experimental studiesnoun

showverb, thedeterminer processnoun

ofprep energynoun exchangenoun

betweenprep incidentadj mole-
culesnoun anfconj thedeterminer

wallnoun.

�� ¢â®à®¬ íâ�¯¥ ¨§ à�§¬¥ç¥−−®£® â¥ªáâ� −¥®¡å®¤¨¬® ã¡à�âì ç�áâ¨ à¥ç¨, ª®â®-
àë¥ −¥ ¢å®¤ïâ ¢ á®áâ�¢ â¥à¬¨−®«®£¨ç¥áª¨å á«®¢®á®ç¥â�−¨©, â�ª¨¥ ª�ª £«�£®«ë,
¬¥áâ®¨¬¥−¨ï, ¬¥¦¤®¬¥â¨ï ¨ â. ¤., ¢ â®¬ ç¨á«¥ ¨ §−�ª¨ ¯à¥¯¨−�−¨ï [7]. �®á«¥
ã¤�«¥−¨ï «î¡®£® ¨§ í«¥¬¥−â®¢, −¥ ¢å®¤ïé¨å ¢ á®áâ�¢ â¥à¬¨−®«®£¨ç¥áª®£® á«®-
¢®á®ç¥â�−¨ï, á«¥¤ãîé�ï æ¥¯®çª� á«®¢ −�ç¨−�¥âáï á −®¢®© áâà®ª¨. ‚ à¥§ã«ìâ�â¥
®¡à�¡®âª¨ à�áá¬�âà¨¢�¥¬®£® äà�£¬¥−â� â¥ªáâ� −� ¢â®à®¬ íâ�¯¥ ¯®«ãç�¥¬ á¯¨á®ª
â¥à¬¨−®¢-ª�−¤¨¤�â®¢:

�âáãâáâ¢¨¥óõý,ÎÅÏÄ,ÓÒ ÅÄ,ÉÍ �ªª®¬®¤�-
æ¨¨óõý,ÎÅÏÄ,ÖÒ ÅÄ,ÒÄ á¢®©áâ¢¥−−®î

ï¢«¥−¨îóõý,ÎÅÏÄ,ÓÒÅÄ,ÄÔ ¯¥à¥-
−®á�óõý,ÎÅÏÄ,ÍÒÅÄ,ÒÄ ª®«¨ç¥áâ-
¢�óõý,ÎÅÏÄ,ÓÒÅÄ,ÒÄ ¤¢¨¦¥−¨ïóõý,ÎÅÏÄ,ÓÒ ÅÄ,ÒÄ

íªá¯¥à¨¬¥−â�«ì−ë¥ðòéìÎÅÏÄ,ÍÎ,×Î ¨áá«¥¤®-
¢�−¨ïóõý,ÎÅÏÄ,ÓÒÅÄ,ÒÄ

¯à®æ¥ááãóõý,ÎÅÏÄ,ÍÒÅÄ,ÄÔ

®¡¬¥−�óõý,ÎÅÏÄ,ÍÒÅÄ,ÒÄ í−¥à£¨-
¥©óõý,ÎÅÏÄ,ÖÒÅÄ,Ô× ¬¥¦¤ãðò ¯�¤�îé¨-
¬¨ðòéþ,ÎÅÓÏ×,ÎÅÐÅÒÅÈ,ÎÁÓÔ,ÄÅÊÓÔ×ÍÎ,Ô× ¬®«¥ªã-
«�¬¨óõý,ÎÅÏÄ,ÖÒÍÎ,Ô×

áâ¥−ª®©óõý,ÎÅÏÄ,ÖÒ ÅÄ,Ô×. ‡�÷

Thedeterminer absencenoun ofprep

accommodationnoun

characteristicadj ofprep thedeterminer

phenomenonnoun ofprep

momentumnoun transfernoun

alsoadverb asprep experimental
studiesnoun thedeterminer processnoun

ofprep energynoun exchangenoun

betweenprep incidentadj mole-
culesnoun thedeterminer wallnoun

�� âà¥âì¥¬ íâ�¯¥ ¢ë¯®«−ï¥âáï ¯à®¢¥àª� àï¤� «¨−£¢¨áâ¨ç¥áª¨å ãá«®¢¨© [8].
��¯à¨¬¥à, â¥à¬¨−®«®£¨ç¥áª®¥ á«®¢®á®ç¥â�−¨¥ ª�ª ¢ �−£«¨©áª®¬, â�ª ¨ àãááª®¬
ï§ëª¥ −¥ ¬®¦¥â −�ç¨−�âìáï á ¯à¥¤«®£�: ofprep thedeterminer phenomenonnoun of
prep momentumnoun transfernoun, � â�ª¦¥ á®áâ®ïâì ¨§ ®¤−®£® í«¥¬¥−â�, ªà®¬¥
áãé¥áâ¢¨â¥«ì−®£®, −�¯à¨¬¥à −�à¥ç¨ï: alsoadverb. ‚ ¯¥à¢®¬ á«ãç�¥ ¯à¥¤«®£
¨áª«îç�¥âáï ¨§ á«®¢®á®ç¥â�−¨ï, � ¢® ¢â®à®¬ á«®¢® ã¤�«ï¥âáï ¨§ á¯¨áª� â¥à¬¨−®¢-
ª�−¤¨¤�â®¢. ‚ �−£«¨©áª®¬ ï§ëª¥ â�ª¦¥ ®¯ãáª�îâáï �àâ¨ª«¨. ‘â®¨â ®â¬¥â¨âì,
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ˆá¯®«ì§®¢�−¨¥ ¡�§ë ¤�−−ëå ¬®¤¥«¥© áâàãªâãà−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨©

çâ® ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤®¢ �¢â®¬�â¨ç¥áª®£® ¨§¢«¥ç¥−¨ï ¬−®£®ª®¬¯®−¥−â−ëå â¥à-
¬¨−®¢ ¥é¥ ãá«®¦−¥−® â¥¬, çâ® ç�áâ® ¬−®£®ª®¬¯®−¥−â−ë¥ â¥à¬¨−ë á®ç¥â�îâáï
á ®¡é¥© «¥ªá¨ª®©, � ¨å á¨−â�ªá¨ç¥áª�ï ª®−áâàãªæ¨ï á®¢¯�¤�¥â á® áâàãªâãà−®©
¬®¤¥«ìî. ��¯à¨¬¥à, ¯à¨«. + ¯à¨«. + áãé. | ¨−â¥««¥ªâã�«ì−�ï ¨−ä®à¬�æ¨-
®−−�ï â¥å−®«®£¨ï (â¥à¬¨−) ¨ á®¢à¥¬¥−−�ï ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï (®¡é¥-
ã¯®âà¥¡¨â¥«ì−®¥ á«®¢® + â¥à¬¨−). ‚ â�ª®¬ á«ãç�¥ −¥®¡å®¤¨¬® áä®à¬¨à®¢�âì
á¯¨á®ª ®¡é¥ã¯®âà¥¡¨â¥«ì−ëå á«®¢ á ®æ¥−®ç−®© ¨«¨ ¢−¥¯à¥¤¬¥â−®© á¥¬�−â¨ª®©
(á®¢à¥¬¥−−ë©, ¯¥à¥¤®¢®©, −®¢ë© ¨ â. ¯.), çâ®¡ë −¥ ãç¨âë¢�âì ¨å ¯à¨ ¨§¢«¥ç¥−¨¨
â¥à¬¨−®¢.

�� ç¥â¢¥àâ®¬ íâ�¯¥ ¯à®¢®¤¨âáï áà�¢−¥−¨¥ ¯®«ãç¥−−ëå á«®¢®á®ç¥â�−¨© á®
áâàãªâãà−ë¬¨ ¬®¤¥«ï¬¨ â¥à¬¨−®«®£¨ç¥áª¨å á«®¢®á®ç¥â�−¨©. �à¨ íâ®¬ ¯à¨
áà�¢−¥−¨¨ ¯®«ãç¥−−ëå −� ¯à¥¤ë¤ãé¥¬ íâ�¯¥ äà�£¬¥−â®¢ â¥ªáâ� á® áâàãªâãà-
−ë¬¨ ¬®¤¥«ï¬¨ â¥à¬¨−®¢ ï¤¥à−ë© í«¥¬¥−â â¥à¬¨−� ¬®¦¥â ¨¬¥âì «î¡®© ¯�¤¥¦
¨ ç¨á«®, � ®áâ�«ì−ë¥ í«¥¬¥−âë áâà®£® á®®â¢¥âáâ¢®¢�âì áâàãªâãà−®© ¬®¤¥«¨.
‚ àãááª®¬ ï§ëª¥ ï¤¥à−ë¬ í«¥¬¥−â®¬ ¢á¥£¤� á«ã¦¨â ¨¬ï áãé¥áâ¢¨â¥«ì−®¥, ¢áâã-
¯�îé¥¥ ¢ á«®¢®¨§¬¥−¨â¥«ì−ãî ¯�à�¤¨£¬ã ¢ §�¢¨á¨¬®áâ¨ ®â ï§ëª®¢®£® ®ªàã¦¥−¨ï
¢ ¯à¥¤«®¦¥−¨¨, ¯à¨«�£�â¥«ì−®¥ −�á«¥¤ã¥â £à�¬¬�â¨ç¥áª¨¥ å�à�ªâ¥à¨áâ¨ª¨ ¨¬¥−¨
áãé¥áâ¢¨â¥«ì−®£®, ¯¥à¥¤ ª®â®àë¬ áâ®¨â, � ¢á¥ ®áâ�«ì−ë¥ í«¥¬¥−âë ®¡«�¤�îâ −¥-
¨§¬¥−−ë¬¨ £à�¬¬�â¨ç¥áª¨¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨, −�¯à¨¬¥à: cãé. + ¯à¨«. + áãé.
¢ â¢®à¨â¥«ì−®¬ ¯�¤¥¦¥ | á¢�àª�/á¢�àª /̈á¢�àª®© −�ª«®−−ë¬ í«¥ªâà®¤®¬.
‚ �−£«¨©áª®¬ ï§ëª¥ ï¤¥à−ë¬ í«¥¬¥−â®¬ á«ã¦¨â ¯®á«¥¤−¥¥ ¨¬ï áãé¥áâ¢¨â¥«ì-
−®¥ ¢ æ¥¯®çª¥ ¨«¨ ¯®á«¥¤−¥¥ áãé¥áâ¢¨â¥«ì−®¥ ¯¥à¥¤ ¯à¥¤«®£®¬, −�¯à¨¬¥à:
noun + noun | information technology ¨ noun + preposition + noun | theory
of translation.

�� ¯ïâ®¬ íâ�¯¥ ï¤¥à−ë¥ í«¥¬¥−âë ª�¦¤®£® â¥à¬¨−®«®£¨ç¥áª®£® á«®¢®á®ç¥-
â�−¨ï ¯à¨¢®¤ïâáï ª ä®à¬¥ ¨¬¥−¨â¥«ì−®£® ¯�¤¥¦� ¥¤¨−áâ¢¥−−®£® ç¨á«�, §�â¥¬
¯®¯�à−® á®¯®áâ�¢«ïîâáï á ¬®¤¥«ï¬¨ ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨© ¨§ ¡�§ë ¤�−-
−ëå ¨ ¯à®¢¥àïîâáï −� −�«¨ç¨¥ ¢ â¥à¬¨−®«®£¨ç¥áª®¬ á«®¢�à¥. �áâ�¢è¨¥áï
á«®¢®á®ç¥â�−¨ï ¯¥à¥¤�îâáï −� àãç−ãî ®¡à�¡®âªã:

�ªª®¬®¤�æ¨¨óõý,ÎÅÏÄ,ÖÒÅÄ,ÒÄ ï¢«¥−¨îóõý,ÎÅÏÄ,ÓÒÅÄ,ÄÔ

¯¥à¥−®á�óõý,ÎÅÏÄ,ÍÒÅÄ,ÒÄ ª®«¨ç¥áâ¢�óõý,ÎÅÏÄ,ÓÒÅÄ,ÒÄ

¤¢¨¦¥−¨ïóõý,ÎÅÏÄ,ÓÒÅÄ,ÒÄ íªá¯¥à¨¬¥−â�«ì-
−ë¥ðòéìÎÅÏÄ,ÍÎ,×Î ¨áá«¥¤®¢�−¨ïóõý,ÎÅÏÄ,ÓÒÅÄ,ÒÄ

¯à®æ¥ááãóõý,ÎÅÏÄ,ÍÒÅÄ,ÄÔ ®¡¬¥−�óõý,ÎÅÏÄ,ÍÒÅÄ,ÒÄ

í−¥à£¨¥©óõý,ÎÅÏÄ,ÖÒÅÄ,Ô× ¬¥¦¤ãðò ¯�¤�îé¨-
¬¨ðòéþ,ÎÅÓÏ×,ÎÅÐÅÒÅÈ,ÎÁÓÔ,ÄÅÊÓÔ×ÍÎ,Ô× ¬®«¥ªã«�-

¬¨óõý,ÎÅÏÄ,ÖÒÍÎ,Ô× áâ¥−ª®©óõý,ÎÅÏÄ,ÖÒ ÅÄ,Ô×.‡�÷

accommodationnoun

phenomenonnoun ofprep

momentumnoun transfernoun

experimental studiesnoun

processnoun ofprep

energynoun exchangenoun

betweenprep incidentadj

moleculesnoun wallnoun

’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â §−�ç¨â¥«ì−® á®ªà�â¨âì ®¡ê¥¬ àãç−®£® âàã¤� ¯à¨
¨§¢«¥ç¥−¨¨ ¨ ¢ëà�¢−¨¢�−¨¨ â¥à¬¨−®«®£¨ç¥áª¨å ¥¤¨−¨æ, � â�ª¦¥ ¬®¦¥â ¡ëâì
à�áè¨à¥− −� ¤àã£¨¥ ï§ëª¨ [9]. �à¨ íâ®¬ ®− ¯®§¢®«ï¥â −�å®¤¨âì −¥®«®£¨§¬ë,
ª®â®àë¥ ¥é¥ −¥ ¨¬¥îâ ¯¥à¥¢®¤−®£® íª¢¨¢�«¥−â� ¢ ï§ëª¥ ¯¥à¥¢®¤�, � ¯¥à¥¢®¤ïâ-
áï ®¯¨á�â¥«ì−ë¬ á¯®á®¡®¬, −�¯à¨¬¥à: squirt welding | ¯®«ã�¢â®¬�â¨ç¥áª�ï
¤ã£®¢�ï á¢�àª� ¯®¤ ä«îá®¬ á ¯®¤�ç¥© ä«îá� ¨§ ¡ã−ª¥à�, ãªà¥¯«¥−−®£® −� ¤¥à-
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ā. ˆ. �ãâ¥−ª®

÷¨á. 1 ˆ−â¥àä¥©á á¨áâ¥¬ë ¨§¢«¥ç¥−¨ï ¬−®£®ª®¬¯®−¥−â−ëå â¥à¬¨−®¢

÷¨á. 2 ‚ë¡®à â¥à¬¨−®¢ ¨ ¨å ¯¥à¥¢®¤−ëå íª¢¨¢�«¥−â®¢
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ˆá¯®«ì§®¢�−¨¥ ¡�§ë ¤�−−ëå ¬®¤¥«¥© áâàãªâãà−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨©

¦�â¥«¥, çâ® ï¢«ï¥âáï ªà�©−¥ ¢�¦−ë¬ ¯à¨ ¨áá«¥¤®¢�−¨¨ ¯à®æ¥áá®¢ ®¡à�§®¢�−¨ï
¨ ¯¥à¥¢®¤� â¥à¬¨−®¢.

�� ®á−®¢¥ ¯à¥¤«®¦¥−−®£® ¬¥â®¤� à�§à�¡®â�−® ¯à¨«®¦¥−¨¥ (à¨á. 1), −�¯¨á�−-
−®¥ −� ï§ëª¥ Python á ¨á¯®«ì§®¢�−¨¥¬ ¡¨¡«¨®â¥ª Tkinter, NLTK, pymorphy2, os,
sys. ‚ à¥§ã«ìâ�â¥ à�¡®âë ¯à¨«®¦¥−¨ï ®â®¡à�−−ë¥ â¥à¬¨−ë ¢ë¢®¤ïâáï −� íªà�−,
¯®á«¥ ç¥£® ¨å ¬®¦−® ª«�áá¨ä¨æ¨à®¢�âì ¨ á®åà�−ïâì ¢ ¡�§ã ¤�−−ëå (à¨á. 2).

ˆá¯®«ì§®¢�−¨¥ ¯à¨«®¦¥−¨ï ¯®§¢®«ï¥â ¢ −¥áª®«ìª® à�§ á®ªà�â¨âì ¢à¥¬ï −�
¯®¨áª â¥à¬¨−®¢ ¨ ¨å íª¢¨¢�«¥−â®¢ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å. ’�ª, ¯à¨ ®¡à�¡®âª¥
−�ãç−®-â¥å−¨ç¥áª®© áâ�âì¨ ¯® ª®á¬®−�¢â¨ª¥ ®¡ê¥¬®¬ 2 645 á«®¢ ¢ àãááª®© ¢¥àá¨¨
¨ 3 041 á«®¢® ¢ ¯¥à¥¢®¤¥ −� �−£«¨©áª¨© ¯à¨«®¦¥−¨¥ ¢ë¤¥«¨«® 412 ¯�à â¥à¬¨−-
ª�−¤¨¤�â ¨ ¥£® ¯¥à¥¢®¤−®© íª¢¨¢�«¥−â. —¨á«® ¢ë¤¥«¥−−ëå ¯à¨«®¦¥−¨¥¬ ¯�à
¡ã¤¥â ã¬¥−ìè�âìáï ¯® ¬¥à¥ −�¯®«−¥−¨ï ¡�§ë ¤�−−ëå â¥à¬¨−�¬¨ ¨ ¨å ¯¥à¥¢®¤−ë-
¬¨ íª¢¨¢�«¥−â�¬¨. �à¨ íâ®¬ íää¥ªâ¨¢−®áâì à�¡®âë ¯à¨«®¦¥−¨ï â�ª¦¥ §�¢¨á¨â
®â â¥¬�â¨ª¨ â¥ªáâ� (â¥å−¨ç¥áª¨¥ â¥ªáâë ¬®£ãâ á®¤¥à¦�âì −®¬¥−ª«�âãà−ë¥ −�¨¬¥-
−®¢�−¨ï ¨«¨ «¨â¥à�«ì−ë¥ â¥à¬¨−ë, ¢ª«îç�îé¨¥ á¨¬¢®«ë ¤àã£¨å �«ä�¢¨â®¢ ¨«¨
®¡®§−�ç¥−¨ï å¨¬¨ç¥áª¨å í«¥¬¥−â®¢).

4 Заключение

‚ à�¡®â¥ ¯à¥¤«®¦¥− ¯®¤å®¤ ª ¨§¢«¥ç¥−¨î ¨ ¢ëà�¢−¨¢�−¨î â¥à¬¨−®¢ ¢ ¯�à�«-
«¥«ì−ëå −�ãç−®-â¥å−¨ç¥áª¨å â¥ªáâ�å −� ®á−®¢¥ ¡�§ë ¤�−−ëå ¬®¤¥«¥© áâàãªâãà-
−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨© ¬−®£®ª®¬¯®−¥−â−ëå â¥à¬¨−®¢ ¯à¨ ¯¥à¥¢®¤¥.
‚ å®¤¥ ¨áá«¥¤®¢�−¨ï ãáâ�−®¢«¥−®, çâ® ¬−®£®ª®¬¯®−¥−â−ë¥ â¥à¬¨−ë à�§−ëå
¯à¥¤¬¥â−ëå ®¡«�áâ¥© ¢ à�¬ª�å ®¤−®£® ï§ëª� ¨¬¥îâ ®¤−¨ ¨ â¥ ¦¥ á¯®á®¡ë á«®-
¢®®¡à�§®¢�−¨ï ¨, á®®â¢¥âáâ¢¥−−®, ®¤¨− ¨ â®â ¦¥ ¯¥à¥ç¥−ì áâàãªâãà−ëå ¬®¤¥«¥©,
çâ® ¯®§¢®«ï¥â ¨á¯®«ì§®¢�âì ¨å ¯à¨ ¨§¢«¥ç¥−¨¨ ¬−®£®ª®¬¯®−¥−â−ëå â¥à¬¨−®¢.
Š −�¨¡®«¥¥ ç�áâ® ¨á¯®«ì§ã¥¬ë¬ ¬®¤¥«ï¬ â¥à¬¨−®¢ ¢ àãááª®¬ ¨ �−£«¨©áª®¬ ï§ë-
ª�å ®â−®áïâ ¤¢ãå- ¨ âà¥åª®¬¯®−¥−â−ë¥ á«®¢®á®ç¥â�−¨ï. Œ®¤¥«¨ áâàãªâãà−ëå
¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨© â¥à¬¨−®¢ ®âà�¦�îâ áâàãªâãàã â¥à¬¨−� ¢ ï§ëª¥-
¨áâ®ç−¨ª¥ ¨ ¥£® −�¨¡®«¥¥ ¢¥à®ïâ−ë¥ áâàãªâãàë ¢ ï§ëª¥ ¯¥à¥¢®¤�. �à¥¤«�£�¥¬ë©
¯®¤å®¤ ª �¢â®¬�â¨ç¥áª®¬ã ¨§¢«¥ç¥−¨î ¨ ¢ëà�¢−¨¢�−¨î â¥à¬¨−®¢ −� ®á−®¢¥ ¡�§ë
¤�−−ëå ¬®¤¥«¥© áâàãªâãà−ëå ¯¥à¥¢®¤ç¥áª¨å âà�−áä®à¬�æ¨© â¥à¬¨−®«®£¨ç¥áª¨å
á«®¢®á®ç¥â�−¨© á®áâ®¨â ¨§ á«¥¤ãîé¨å ®á−®¢−ëå íâ�¯®¢:

(1) ¬®àä®«®£¨ç¥áª¨© �−�«¨§ â¥ªáâ�;

(2) ®âá¥¨¢�−¨¥ ç�áâ¥© à¥ç¨, ª®â®àë¥ −¥ ¢å®¤ïâ ¢ á®áâ�¢ â¥à¬¨−®«®£¨ç¥áª¨å
á«®¢®á®ç¥â�−¨©;

(3) ¯à®¢¥àª� «¨−£¢¨áâ¨ç¥áª¨å ®£à�−¨ç¥−¨© −� ª�ç¥áâ¢¥−−ë© á®áâ�¢ â¥à¬¨−®«®-
£¨ç¥áª®© ¥¤¨−¨æë;

(4) áà�¢−¥−¨¥ á«®¢®á®ç¥â�−¨© á® áâàãªâãà−ë¬¨ ¬®¤¥«ï¬¨ â¥à¬¨−®«®£¨ç¥áª¨å
á«®¢®á®ç¥â�−¨©;

(5) ¯à®¢¥àª� ¯® â¥à¬¨−®«®£¨ç¥áª®¬ã á«®¢�àî ¨«¨ ¯¥à¥¤�ç� −� àãç−ãî ®¡à�-
¡®âªã.
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USING A DATABASE OF STRUCTURAL TRANSFORMATIONS
TO EXTRACT MULTICOMPONENT TERMINOLOGICAL UNITS

Yu. I. Butenko

N. E. Bauman Moscow State Technical University, 5-1 Baumanskaya 2nd Str.,
Moscow 105005, Russian Federation

Abstract: The paper reveals the basic principles of using the database of
structural models of terminological phrases for the extraction and alignment of
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Using a database of structural transformations to extract terminological units

English and Russian multicomponent terms. The formal structure of terminolog-
ical units and structural models of multicomponent terms in English and Russian
are described. The definition of structural transformations in translation is given
and the main models of structural transformations of English- and Russian-
speaking terms in the translation of scientific and technical texts are highlighted.
It is substantiated that the use of structural models of terminological word
combinations requires taking into account the specific features of each language
under analysis. An approach to the extraction and alignment of terminological
units in parallel scientific and technical texts is proposed. It consists of 5 main
stages. The approach to the extraction and alignment of terminological units is
illustrated by examples of processing the parallel scientific and technical text in
Russian and English.

Keywords: structural model; multicomponent term; formal structure of the term;
structural models of terminological phrases in translation; Russian-language
terminology; English-language terminology
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СЕМАНТИЧЕСКИЕ ИНТЕРПРЕТАЦИИ ВЫСОКИХ
НОРМАЛЬНЫХ ФОРМ ОТНОШЕНИЙ

РЕЛЯЦИОННОЙ БАЗЫ ДАННЫХ

В. А. Иванов1, М. Ю. Конышев2, С. В. Смирнов3, О. В. Тараканов4,
В. О. Тараканова5, С. В. Усовик6

�−−®â�æ¨ï: �à¨¢¥¤¥−ë à¥§ã«ìâ�âë á¥¬�−â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®æ¥á-
á®¢ ãáâà�−¥−¨ï ¨§¡ëâ®ç−®áâ¨ ¨ §�é¨âë ®â−®è¥−¨ï à¥«ïæ¨®−−®© ¡�§ë ¤�−−ëå
(�„) ®â �−®¬�«¨© ®¡−®¢«¥−¨ï §� áç¥â á®¢¥àè¥−áâ¢®¢�−¨ï ¯à®æ¥áá� ¥£® −®à¬�-
«¨§�æ¨¨. “áâ�−®¢«¥−ë á¥¬�−â¨ç¥áª¨¥ íª¢¨¢�«¥−âë âà¥¡®¢�−¨© −®à¬�«ì−ëå
ä®à¬ à¥«ïæ¨®−−®£® ®â−®è¥−¨ï, ¯®¢ëè�îé¨¥ à¥§ã«ìâ�â¨¢−®áâì �«£®à¨â¬�
−®à¬�«¨§�æ¨¨. ‘ä®à¬ã«¨à®¢�−� ¨ ¤®ª�§�−� â¥®à¥¬�, £�à�−â¨àãîé�ï ®¤−®-
§−�ç−ãî ¤¥â¥à¬¨−�æ¨î äã−ªæ¨®−�«ì−®© §�¢¨á¨¬®áâ¨ (”‡) �âà¨¡ãâ� ®â ¯®-
â¥−æ¨�«ì−®£® ª«îç�. ‘ä®à¬ã«¨à®¢�−ë ãâ®ç−¥−¨ï �«£®à¨â¬� −®à¬�«¨§�æ¨¨
à¥«ïæ¨®−−®£® ®â−®è¥−¨ï. �à¨¢¥¤¥−ë á¯®á®¡ë ¯à¨¬¥−¥−¨ï ¯à¥¤«®¦¥−−ëå
¨−â¥à¯à¥â�æ¨©. �®ª�§�−ë ¯à�ªâ¨ç¥áª¨ ¯à¨¬¥−¨¬ë¥ ¯à®æ¥¤ãàë, á−¨¬�îé¨¥
¯à®â¨¢®à¥ç¨ï ¯à®¥ªâ¨à®¢�−¨ï à�æ¨®−�«ì−®© áâàãªâãàë �„. �á−®¢−ë¥ ¢ë-
¢®¤ë áä®à¬ã«¨à®¢�−ë ¢ ®â−®è¥−¨¨ ä�ªâ®£à�ä¨ç¥áª¨å �„. �à¥¤«®¦¥−−ë¥
¬¥å�−¨§¬ë −¥ §�¢¨áïâ ®â ¨á¯®«ì§ã¥¬®© á¨áâ¥¬ë ã¯à�¢«¥−¨ï �„.

Š«îç¥¢ë¥ á«®¢�: à¥«ïæ¨®−−�ï ¡�§� ¤�−−ëå; −®à¬�«¨§�æ¨ï ®â−®è¥−¨ï;
¯®â¥−æ¨�«ì−ë© ª«îç; −¥ª«îç¥¢®© �âà¨¡ãâ; äã−ªæ¨®−�«ì−�ï §�¢¨á¨¬®áâì;
¬−®£®§−�ç−�ï §�¢¨á¨¬®áâì
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1 Введение

‚ëá®ª�ï á®£«�á®¢�−−®áâì, æ¥«®áâ−®áâì ¨ −¥¯à®â¨¢®à¥ç¨¢®áâì ä�ªâ®£à�ä¨-
ç¥áª¨å à¥«ïæ¨®−−ëå �„ á«ã¦¨â ¢¥á®¬ë¬ �à£ã¬¥−â®¬ ¢ ¯®«ì§ã ¨å è¨à®ª®£® ¨á-
¯®«ì§®¢�−¨ï. �à¨ íâ®¬ ®£à�−¨ç¨¢�îé¨¬ ä�ªâ®à®¬ áâ�−®¢ïâáï −¨§ª¨¥ ¯®ª�§�â¥«¨
¨−â¥−á¨¢−®áâ¨ à¥§ã«ìâ�â−ëå á¢®©áâ¢, ®¡ãá«®¢«¥−−ë¥ ¨å −¥ª¢�«¨ä¨æ¨à®¢�−−ë¬
¯à®¥ªâ¨à®¢�−¨¥¬. ‚ ®âà�á«¨ �„ −�¡«î¤�¥âáï −¥áâ�¡¨«ì−®áâì ¯®¤å®¤®¢ ª ¢®¯à®-
áã ¨å íää¥ªâ¨¢−®£® ¯à®¥ªâ¨à®¢�−¨ï [1]. �à¥¢�«¨àãîâ ¬−¥−¨ï ® â®¬, çâ® ®£à¥å¨
¯à®¥ªâ¨à®¢�−¨ï ¬®¦−® áª®¬¯¥−á¨à®¢�âì ®¡à�¡®âç¨ª�¬¨ −� ï§ëª¥ ¯à®£à�¬¬¨à®-
¢�−¨ï ¢ëá®ª®£® ãà®¢−ï, ¨§¡ëâ®ç−®áâì ª®−âà®«¨à®¢�âì á ¯®¬®éìî á¯¥æ¨�«ì−®£®
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¯à®£à�¬¬−®£® ª®¤�, çâ® ¯®à®¦¤�¥â «®¦−ãî ã¢¥à¥−−®áâì ¢ −¥§−�ç¨¬®áâ¨ ®¡¥á¯¥-
ç¥−¨ï æ¥«®áâ−®áâ¨, á®£«�á®¢�−−®áâ¨ ¨ −¥¯à®â¨¢®à¥ç¨¢®áâ¨.

ˆ¬¥¥âáï ¬−®¦¥áâ¢® ®¯à¥¤¥«¥−¨© æ¥«®áâ−®áâ¨, −�¯à¨¬¥à: æ¥«®áâ−®áâì | íâ®
á®®â¢¥âáâ¢¨¥ ¨¬¥îé¥©áï ¢ �„ ¨−ä®à¬�æ¨¨ ¥¥ ¢−ãâà¥−−¥© «®£¨ª¥, áâàãªâãà¥
¨ ¢á¥¬ ï¢−® §�¤�−−ë¬ ¯à�¢¨«�¬ [2]. ˆ«¨ æ¥«®áâ−®áâì | íâ® á®®â¢¥âáâ¢¨¥ §−�ç¥-
−¨© ¢á¥å ¤�−−ëå ®¯à¥¤¥«¥−−®¬ã −¥¯à®â¨¢®à¥ç¨¢®¬ã −�¡®àã ¯à�¢¨« [3], � â�ª¦¥
æ¥«®áâ−®áâì ®§−�ç�¥â, çâ® ¤�−−ë¥ ¯®«−ë, ãá«®¢¨¥ â®£®, çâ® ¤�−−ë¥ −¥ ¡ë«¨
¨§¬¥−¥−ë ¯à¨ ¢ë¯®«−¥−¨¨ «î¡®© ®¯¥à�æ¨¨ −�¤ −¨¬¨ (ªà®¬¥ æ¥«¥−�¯à�¢«¥−−®£®
¨§¬¥−¥−¨ï), ¡ã¤ì â® ¯¥à¥¤�ç�, åà�−¥−¨¥ ¨«¨ ¯à¥¤áâ�¢«¥−¨¥ [4]. –¥«®áâ−®áâì
¤�−−ëå | ¨å á¢®©áâ¢®, ¯à¥¤¯®«�£�îé¥¥, çâ® â®ç−®áâì ¨ á®£«�á®¢�−−®áâì á®åà�-
−ïîâáï −¥§�¢¨á¨¬® ®â ¢−¥á¥−−ëå ¨§¬¥−¥−¨© [5].

‚�¦−®¥ §−�ç¥−¨¥ −®à¬�«¨§�æ¨¨ ¢ ®¡¥á¯¥ç¥−¨¨ æ¥«®áâ−®áâ¨ ¤�−−ëå ¨ æ¥«®áâ-
−®áâ¨ �„ ®¡ãá«®¢«¨¢�¥â �ªâã�«ì−®áâì ¯à¨¢¥¤¥−¨ï ¤�−−®© ¯à®æ¥¤ãàë ª −�¨¢ëá-
è¥© áâ¥¯¥−¨ íää¥ªâ¨¢−®áâ¨ ¥¥ à¥�«¨§�æ¨¨. �®¤ íää¥ªâ¨¢−®áâìî −®à¬�«¨§�æ¨¨
á«¥¤ã¥â ¯®−¨¬�âì ¥¥ ¢ëá®ªãî à¥§ã«ìâ�â¨¢−®áâì ¨ íª®−®¬¨ç−®áâì. ’à¥¡ã¥¬ë©
ãà®¢¥−ì ¤�−−ëå ¯®ª�§�â¥«¥© ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¤®áâ¨£�¥âáï ¢àãç−ãî, â®ç−ë¬
¨á¯®«−¥−¨¥¬ à�§à�¡®âç¨ª®¬ ¯à¥¤¯¨á�−¨©

2 Постановка задачи исследования

�á−®¢−®© ¯�à�¤¨£¬®© −®à¬�«¨§�æ¨¨ áç¨â�¥âáï ¨§¡�¢«¥−¨¥ ®â−®è¥−¨© à¥«ï-
æ¨®−−®© �„ ®â −¥¦¥«�â¥«ì−ëå §�¢¨á¨¬®áâ¥© ¬¥¦¤ã �âà¨¡ãâ�¬¨. �® ã íâ®©
áâà®©−®© â¥®à¨¨ ¨¬¥¥âáï àï¤ −¥¤®áâ�âª®¢. �® ¬−¥−¨î �¢â®à®¢, £«�¢−ë© ¨§
−¨å | á«�¡�ï á¥¬�−â¨ç¥áª�ï ¨−â¥à¯à¥â¨àã¥¬®áâì ®á−®¢−ëå ¯®«®¦¥−¨© ¨ §�ª®-
−®¬¥à−®áâ¥© â¥®à¨¨. �â® ¯à¨¢®¤¨â ª ®£à�−¨ç¥−¨î ¢ ¯à¨¬¥−¥−¨¨, ¯®¡ã¦¤�¥â
á¯¥æ¨�«¨áâ®¢ ¨áª�âì ®¡å®¤−ë¥ ¯ãâ¨, ¯®¤¡¨à�âì áãàà®£�â−ë¥ à¥è¥−¨ï ¤«ï ª®¬-
¯¥−á�æ¨¨ −¥¦¥«�â¥«ì−ëå íää¥ªâ®¢ −¥ª�ç¥áâ¢¥−−® á¯à®¥ªâ¨à®¢�−−®© �„.

‘¥¬�−â¨ç¥áª�ï ¨−â¥à¯à¥â�æ¨ï ”‡ ®¤−®£® �âà¨¡ãâ� (§�¢¨á¨¬®© ç�áâ¨) ®â ¤àã-
£®£® (¤¥â¥à¬¨−�−â�) ç¥à¥§ ¯®−ïâ¨¥ ¬�â¥¬�â¨ç¥áª®© äã−ªæ¨¨ [6{8] áãé¥áâ¢¥−−® ¯®-
¢ëè�¥â ¯®−ïâ−®áâì ¤�−−®© ç�áâ¨ â¥®à¨¨ −®à¬�«¨§�æ¨¨. ’à¥¡ãîâáï �−�«®£¨ç−ë¥
¨−â¥à¯à¥â�æ¨¨ ¤àã£¨å ¯®áâã«�â®¢. ÷¥è¥−¨¥ ¤�−−®© §�¤�ç¨, ¯à¥¤¯®«®¦¨â¥«ì−®,
¯®¢ëá¨â ¯®−ïâ−®áâì ¬¥å�−¨§¬®¢ −®à¬�«¨§�æ¨¨, � §−�ç¨â, ¨å ¢®áâà¥¡®¢�−−®áâì
¨ ¬�áá®¢ãî ¢®á¯à®¨§¢®¤¨¬®áâì. �âáî¤� á«¥¤ã¥â §�¤�ç� ¨§ëáª�−¨ï á¥¬�−â¨-
ç¥áª¨å ¨−â¥à¯à¥â�æ¨© ®á−®¢−ëå ¯®«®¦¥−¨© â¥®à¨¨ −®à¬�«¨§�æ¨¨ ®â−®è¥−¨©
à¥«ïæ¨®−−®© �„.

ˆ§¢¥áâ−®, çâ® �«£®à¨â¬ −®à¬�«¨§�æ¨¨ ¢ ¯à¥¤¥«¥ −¥ áå®¤¨âáï [9, 10]. �â®
¢¯®«−¥ ®¡êïá−¨¬® á ¯®§¨æ¨¨ á«�¡®© ä®à¬�«¨§�æ¨¨ æ¥«¨ ¤�−−®£® æ¥«¥−�¯à�¢«¥−-
−®£® ¯à®æ¥áá�. �®íâ®¬ã ¢ ¯®¤�¢«ïîé¥¬ ç¨á«¥ −�ãç−ëå ¨áâ®ç−¨ª®¢ ¢¥¤¥âáï à¥çì
®¡ ®¡®¡é¥−−ëå ¨«¨ ¯à¨¡«¨¦¥−−ëå �«£®à¨â¬�å −®à¬�«¨§�æ¨¨.

�¡®¡é¥−−ë¥ �«£®à¨â¬ë, ª�ª ¯à�¢¨«®, ¯à¨¢®¤ïâ ª ¨−¢�à¨�−â−ë¬ à¥§ã«ìâ�-
â�¬. „�−−®¥ ¯®«®¦¥−¨¥ á¯à�¢¥¤«¨¢® ¨ ¢ ®â−®è¥−¨¨ �«£®à¨â¬� −®à¬�«¨§�æ¨¨.
ˆ−¢�à¨�−â−®áâì âà�¥ªâ®à¨© à¥è¥−¨ï §�¤�ç¨ ä®à¬¨à®¢�−¨ï á¢®¡®¤−®© ®â −¥¦¥-
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‘¥¬�−â¨ç¥áª¨¥ ¨−â¥à¯à¥â�æ¨¨ ¢ëá®ª¨å −®à¬�«ì−ëå ä®à¬ ®â−®è¥−¨© à¥«ïæ¨®−−®© �„

«�â¥«ì−ëå §�¢¨á¨¬®áâ¥© áâàãªâãàë �„ ®¡ãá«®¢«¨¢�¥â áãé¥áâ¢®¢�−¨¥ ¬−®¦¥áâ¢�
¯à¨£®¤−ëå à¥§ã«ìâ�â®¢.

‡−�ç¨â¥«ì−ë© ¢ª«�¤ ¢ á−¨¦¥−¨¥ ¢®áâà¥¡®¢�−−®áâ¨ ¯à®æ¥¤ãà −®à¬�«¨§�æ¨¨
¢−®á¨â â�ª®¥ ï¢«¥−¨¥, ª�ª ú¯�à�¤®ªá −®à¬�«¨§�æ¨¨û. …£® áãé−®áâì, §�ª«îç�-
îé�ïáï ¢ à®áâ¥ ç¨á«� á®¥¤¨−ï¥¬ëå ®â−®è¥−¨© á ¯®¢ëè¥−¨¥¬ ãà®¢−ï −®à¬�«¨-
§®¢�−−®áâ¨ �„, ¯à¨¢®¤ïé�ï ª ¯®¢ëè¥−¨î «�â¥−â−®áâ¨ §�¯à®á−®© ¯®¤á¨áâ¥¬ë,
¢ë§ë¢�¥â §�ç�áâãî −¥®¡®á−®¢�−−ë¥ ®¯�á¥−¨ï ¯® ¯®¢®¤ã ®¡é¥£® ¡ëáâà®¤¥©áâ¢¨ï
¨−ä®à¬�æ¨®−−®© á¨áâ¥¬ë [11, 12].

�à¥¤áâ�¢«ï¥âáï, çâ® ª®à−¨ ®¯¨á�−−®© ¯à®¡«¥¬ë ãå®¤ïâ ¢ −¥¤®áâ�â®ç−®¥ ¯®-
−¨¬�−¨¥ á¥¬�−â¨ª¨ ¯à®æ¥¤ãàë −®à¬�«¨§�æ¨¨. ˆ§¢¥áâ−ë à�§«¨ç−ë¥ âà�ªâ®¢ª¨
−®à¬�«ì−ëå ä®à¬, ®¡¥á¯¥ç¨¢�îé¨¥ ¯®−¨¬�−¨¥ áãâ¨ ¢ë¯®«−ï¥¬ëå ¯à¥®¡à�§®¢�-
−¨© [13]. �à¨ íâ®¬ �¢â®àë ä®à¬ã«¨àãîâ á¥¬�−â¨ç¥áª¨¥ ª®−áâàãªæ¨¨ ®â−®á¨-
â¥«ì−® ¯à¨¬¥à−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©.

‘ãé−®áâì −¥¤®áâ�â®ç−®áâ¨ á¥¬�−â¨ç¥áª¨å ¨−â¥à¯à¥â�æ¨© −®à¬�«ì−ëå ä®à¬
á®áâ®¨â ¢ ®âáãâáâ¢¨¨ ã−¨¢¥àá�«ì−ëå ¬¥å�−¨§¬®¢ à¥�¡áâà�£¨à®¢�−¨ï ®á−®¢−ëå
ª®−áâàãªâ¨¢®¢ ¯à®æ¥¤ãàë −®à¬�«¨§�æ¨¨. „�−−�ï ¯�à�¤¨£¬� ®¯¨à�¥âáï −� ¯®«®-
¦¥−¨ï ¬¥â®¤®«®£¨¨ úáãé−®áâì{á¢ï§ìû �. —¥−� [14]. �à®æ¥¤ãà� �¡áâà�£¨à®¢�−¨ï
âà�−á«¨àã¥âáï −� á¢ï§¨ ¨ �£à¥£�âë áãé−®áâ¥©. �â® ®§−�ç�¥â, çâ® ª�¦¤ë©
¯à®¨§¢®«ì−ë© äà�£¬¥−â ¨−ä®«®£¨ç¥áª®© ¬®¤¥«¨ ¬®¦¥â ¡ëâì �¡áâà�£¨à®¢�− ¤¥-
â¥à¬¨−¨à®¢�−−ë¬ ®¡ê¥ªâ®¬. �®à®¦¤�¥¬ë¥ ®¡ê¥ªâë −�¤¥«¥−ë á¥¬�−â¨ª®©, çâ®
®¡¥á¯¥ç¨¢�¥â ®¤−®§−�ç−®áâì ¯¥à¥å®¤� ®â ä¨§¨ç¥áª¨å ®¡ê¥ªâ®¢ ª �¡áâà�ªæ¨ï¬.

�ç¥¢¨¤−®, çâ® áãé¥áâ¢®¢�−¨¥ ¯àï¬®£® �¡áâà�£¨à®¢�−¨ï ®¡ãá«®¢«¨¢�¥â áãé¥-
áâ¢®¢�−¨¥ ®¡à�â−®£® ¯à®æ¥áá�. �®¨áª á¥¬�−â¨ç¥áª®© á®áâ�¢«ïîé¥© à¥�¡áâà�£¨-
à®¢�−¨ï | íâ® ¨ ¥áâì ¯à¥¤¬¥â ¨áá«¥¤®¢�−¨ï, ®¯¨á�−−®£® ¢ ¤�−−®© à�¡®â¥. ’�ª�ï
¯®áâ�−®¢ª� ®¡à�â−� §�¤�ç¥, áä®à¬ã«¨à®¢�−−®© ¢ ¨§¢¥áâ−®¬ âàã¤¥ Œ. ˜. –�«¥−-
ª® [6], á«¥¤®¢�â¥«ì−®, ¬®¦¥â áç¨â�âìáï ª®àà¥ªâ−®©.

�¦¨¤�¥âáï, çâ® á¥¬�−â¨ç¥áª¨¥ ¨−â¥à¯à¥â�æ¨¨ ¢ëá®ª¨å −®à¬�«ì−ëå ä®à¬
à¥«ïæ¨®−−®£® ®â−®è¥−¨ï ®¡¥á¯¥ç�â áå®¤¨¬®áâì, ¯® ªà�©−¥© ¬¥à¥ ¯à¨ á®¡«î¤¥−¨¨
−¥á«®¦−ëå ãá«®¢¨©, �«£®à¨â¬� −®à¬�«¨§�æ¨¨. ‚ á¢®î ®ç¥à¥¤ì áå®¤ïé¨©áï
�«£®à¨â¬ −®à¬�«¨§�æ¨¨ ¯®à®¤¨â ª�ç¥áâ¢¥−−ãî áâàãªâãàã �„, á¢®¡®¤−ãî ®â
�−®¬�«¨© ¨ ¨§¡ëâ®ç−®áâ¨.

‚ â¥®à¨¨ �„ ¬−®£¨¥ ¬¥â®¤ë ¨ á¯®á®¡ë å®à®è® ¨««îáâà¨àãîâáï ¯à¨¬¥à�-
¬¨, ª®â®àë¥ ¯®§¢®«ïîâ ¤®áâ�â®ç−® «¥£ª® ¯®−ïâì áãé−®áâì ”‡, ¬−®£®§−�ç−ãî
§�¢¨á¨¬®áâì (Œ‡), §�¢¨á¨¬®áâì á®¥¤¨−¥−¨ï (‡‘) ¨ á¢®©áâ¢� §�¢¨á¨¬®áâ¥©. ‘«¥-
¤®¢�â¥«ì−®, ¯®¢ëè�¥âáï ª�ç¥áâ¢® ¯à®¥ªâ¨à®¢�−¨ï �„. �ç¥¢¨¤−®, çâ® á ¯®¬®éìî
ª®−âà¯à¨¬¥à®¢ ¬®¦−® áª®¬¯à®¬¥â¨à®¢�âì ®¡ê¥ªâ¨¢−ë¥ ¬¥â®¤ë. �® ¬−¥−¨î �¢-
â®à®¢, á¯®á®¡ â®«ª®¢�−¨ï ¬¥â®¤®¢ −®à¬�«¨§�æ¨¨ ®â−®è¥−¨© −� ®á−®¢¥ á¥¬�−â¨ª¨
âà¥¡®¢�−¨© ª ¢ëá®ª¨¬ −®à¬�«ì−ë¬ ä®à¬�¬ ¨¬¥¥â §−�ç¨â¥«ì−ë© ¯®â¥−æ¨�« ª�ª
¢ ¢®¯à®á�å «®£¨ç¥áª®£® ¤®ª�§�â¥«ìáâ¢�, â�ª ¨ ¢ ¨áá«¥¤®¢�−¨ïå ¯® á®¢¥àè¥−áâ¢®-
¢�−¨î âà¥¡®¢�−¨©.

‚ ®âà�á«¨ á®§¤�−¨ï ä�ªâ®£à�ä¨ç¥áª¨å �„ ¨§¢¥áâ−® ¯à®â¨¢®à¥ç¨¥, §�ª«îç�-
îé¥¥áï ¢ â®¬, çâ® ¤«ï ¯®«ãç¥−¨ï ª�ç¥áâ¢¥−−®© áâàãªâãàë (áå¥¬ë) −¥®¡å®¤¨¬®
¢ë¯®«−¨âì §−�ç¨â¥«ì−®¥ ç¨á«® ®¯¥à�æ¨© ¯à¥®¡à�§®¢�−¨ï ¨áå®¤−®£® ®¯¨á�−¨ï
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®¡ê¥ªâ®¢ ãç¥â�. ‚ à�¡®â�å [14, 15] áä®à¬ã«¨à®¢�−ë ¯®«®¦¥−¨ï, ®¡ãá«®¢«¨¢�-
îé¨¥ ¯à¨−�¤«¥¦−®áâì �«£®à¨â¬� ¯à®¥ªâ¨à®¢�−¨ï ®¯â¨¬�«ì−®© áâàãªâãàë ®â−®-
è¥−¨© �„ ª ª«�ááã ¢ëç¨á«¨â¥«ì−® á«®¦−ëå, � §−�ç¨â, áâà¥¬«¥−¨¥ ª ¯®«ãç¥−¨î
ª�ç¥áâ¢¥−−®© áâàãªâãàë �„ áãé¥áâ¢¥−−® ®£à�−¨ç¨¢�¥âáï ¨¬¥îé¨¬¨áï ¤«ï ¯à®-
¥ªâ¨à®¢�−¨ï ¢ëç¨á«¨â¥«ì−ë¬¨ à¥áãàá�¬¨. „�−−®¥ ¯®«®¦¥−¨¥ ®¡ãá«®¢«¨¢�¥â
�ªâã�«ì−®áâì ¨§ëáª�−¨ï −¥ä®à¬�«ì−ëå á¯®á®¡®¢ ä®à¬¨à®¢�−¨ï ª¢�§¨®¯â¨¬�«ì-
−ëå áå¥¬ ä�ªâ®£à�ä¨ç¥áª¨å à¥«ïæ¨®−−ëå �„, á®áâ�¢«ïîé¥£® ¯à¥¤¬¥â ¨áá«¥¤®-
¢�−¨ï.

–¥«ì à�¡®âë á®áâ®¨â ¢ ãáâà�−¥−¨¨ ®£à�−¨ç¥−¨ï �«£®à¨â¬� ¯à®¥ªâ¨à®¢�-
−¨ï ®¯â¨¬�«ì−®© áâàãªâãàë (áå¥¬ë) ä�ªâ®£à�ä¨ç¥áª®© à¥«ïæ¨®−−®© �„ ¯®
¤®¯ãáâ¨¬®© à¥áãàá®¥¬ª®áâ¨ (¢ëç¨á«¨â¥«ì−ë© à¥áãàá) ¯ãâ¥¬ à�§à�¡®âª¨ ¯à®æ¥-
¤ãà á¥¬�−â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ”‡, á®áâ�¢«ïîé¨å ®¡ê¥ªâ ¯à¥®¡à�§®¢�−¨ï.
‡�¤�ç¨ ¨áá«¥¤®¢�−¨ï á¢®¤ïâáï ª á¥¬�−â¨ç¥áª®© ¨−â¥à¯à¥â�æ¨¨ −¥®¡å®¤¨¬ëå
¨ ¤®áâ�â®ç−ëå ãá«®¢¨© ¯à¨¢¥¤¥−¨ï ®â−®è¥−¨© ¯à®¥ªâ¨àã¥¬®© à¥«ïæ¨®−−®© �„
ª −®à¬�«ì−ë¬ ä®à¬�¬. ‡¤¥áì ¯®¤«¥¦¨â ãâ®ç−¥−¨î ¯®−ïâ¨¥ úäã−ªæ¨®−�«ì-
−�ï §�¢¨á¨¬®áâìû, ¨§ëáª�−¨¥ ¯à¨¥¬®¢ ãáâà�−¥−¨ï Œ‡ ¨ ®¡¥á¯¥ç¥−¨ï ª®àà¥ªâ-
−®© ‡‘.

3 Анализ существующих решений

‚ ¨§¢¥áâ−®© ¯®áâ�−®¢ª¥ §�¤�ç� á¨−â¥§� −¥®¯â¨¬�«ì−®© áå¥¬ë �„ áä®à¬ã-
«¨à®¢�−� ¢ á«¥¤ãîé¥¬ ¢¨¤¥ [16, 17]. �ãáâì §�¤�−� áå¥¬� S = (R;F ), £¤¥
R | ¬−®¦¥áâ¢® �âà¨¡ãâ®¢ ã−¨¢¥àá�«ì−®£® ®â−®è¥−¨ï; F | ¬−®¦¥áâ¢® ”‡
�âà¨¡ãâ®¢ ¨§ R. �¥®¡å®¤¨¬® ¯®«ãç¨âì áå¥¬ã T ª�ª ¬−®¦¥áâ¢® ¯®¤áå¥¬ (áå¥¬
®â−®è¥−¨©) ¢¨¤� Si = (Ri;Ki), £¤¥ Ri | ¬−®¦¥áâ¢® �âà¨¡ãâ®¢ ¯®¤áå¥¬ë; Ki =
= {Xi1, . . . ,Xiq} | ¬−®¦¥áâ¢® ª«îç¥© ¯®¤áå¥¬ë (Xij ⊆ Ri, i = 1, p, j = 1, q).
�à¨ íâ®¬ áå¥¬� T ¤®«¦−� ã¤®¢«¥â¢®àïâì á«¥¤ãîé¨¬ âà¥¡®¢�−¨ï¬.

1. „¥ª®¬¯®§¨æ¨ï {R1, . . . , Rp} ®¡«�¤�¥â á¢®©áâ¢®¬ ¥áâ¥áâ¢¥−−®£® á®¥¤¨−¥−¨ï
®â−®è¥−¨© ¡¥§ ¯®â¥àì (¢ë¯®«−ï¥âáï âà¥¡®¢�−¨¥ ¯ïâ®© −®à¬�«ì−®© ä®à¬ë
(5�”)).

2. �¡¥á¯¥ç¨¢�¥âáï á®åà�−¥−¨¥ ¬−®¦¥áâ¢� ¢á¥å ”‡ ¨§ §�¬ëª�−¨ï F+ (¨§ ®¡ê-
¥¤¨−¥−¨ï ¢á¥å ”‡ ¯®¤áå¥¬ «®£¨ç¥áª¨ á«¥¤ãîâ ¢á¥ §�¢¨á¨¬®áâ¨, ¯à¨−�¤«¥-
¦�é¨¥ F ).

3. ‚á¥ ¯®¤áå¥¬ë Si ¯à¨¢¥¤¥−ë ª âà¥âì¥© −®à¬�«ì−®© ä®à¬¥ | 3�” (−¥
á®¤¥à¦�â âà�−§¨â¨¢−ëå ”‡ −¥ª«îç¥¢ëå �âà¨¡ãâ®¢ ®â ¢á¥å ¯®â¥−æ¨�«ì−ëå
ª«îç¥©).

4. —¨á«® ¯®¤áå¥¬ ¢ áå¥¬¥ ¬¨−¨¬�«ì−®. �â® ®§−�ç�¥â, çâ® −¥ áãé¥áâ¢ã¥â áå¥¬ë,
ã¤®¢«¥â¢®àïîé¥© âà¥¡®¢�−¨ï¬ 1{3 ¨ á®¤¥à¦�é¥© ¬¥−¥¥ p ¯®¤áå¥¬.

‘¢®©áâ¢� ®¡¥á¯¥ç¥−¨ï æ¥«®áâ−®áâ¨ ¤�−−ëå −� ãà®¢−¥ ®¤−®£® ®â−®è¥−¨ï ¨ ¬−®-
¦¥áâ¢� ”‡, ¤¥ª«�à¨à®¢�−−ë¥ ¯¯. 1 ¨ 2, áãé¥áâ¢¥−−® §−�ç¨¬ë, â�ª ª�ª ¯®§¢®«ïîâ
¢®ááâ�−®¢¨âì ¨áå®¤−ãî áå¥¬ã S ¯® ¤¥ª®¬¯®§¨æ¨¨ T . ‘®®â¢¥âáâ¢¨¥ ¯®¤áå¥¬ Si
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‘¥¬�−â¨ç¥áª¨¥ ¨−â¥à¯à¥â�æ¨¨ ¢ëá®ª¨å −®à¬�«ì−ëå ä®à¬ ®â−®è¥−¨© à¥«ïæ¨®−−®© �„

3�” (¯. 3) ¯®§¢®«ï¥â ¨§¡¥¦�âì §−�ç¨â¥«ì−®© ç�áâ¨ �−®¬�«¨© ®¡−®¢«¥−¨ï ª®àâ¥-
¦¥© �„. ’à¥¡®¢�−¨¥ ¯. 4 ¯®§¢®«ï¥â ®¡¥á¯¥ç¨âì −¥¨§¡ëâ®ç−®áâì �„. �¯â¨¬�«ì−�ï
áâàãªâãà� (áå¥¬�) �„ ¯à¨ ¢ë¯®«−¥−¨¨ âà¥¡®¢�−¨© 1{4 ¤®«¦−� ¨¬¥âì ¢®§¬®¦−®
¬¥−ìè¥¥ ®¡é¥¥ ç¨á«® �âà¨¡ãâ®¢ ¢ ¯®¤áå¥¬�å ¨ ¬¨−¨¬�«ì−®¥ ¬−®¦¥áâ¢® ª«îç¥¢ëå
�âà¨¡ãâ®¢ (®¡¥á¯¥ç¨âì ¬¨−¨¬�«ì−®áâì ¯¥à¢¨ç−ëå ª«îç¥©).

ˆ§¢¥áâ−®¥ à¥è¥−¨¥ §�¤�ç¨ á¨−â¥§� (−¥®¯â¨¬�«ì−®©) áå¥¬ë, ã¤®¢«¥â¢®àïîé¥©
âà¥¡®¢�−¨ï¬ 1{4, áä®à¬ã«¨à®¢�−® �¥à−èâ¥©−®¬ ¢ ¢¨¤¥ �«£®à¨â¬� [16], ª®â®-
àë© ®â«¨ç�¥âáï á«®¦−®© ¬�è¨−−®© à¥�«¨§�æ¨¥©. “¬¥−ìè¥−¨¥ ¢ëç¨á«¨â¥«ì−®©
á«®¦−®áâ¨ �«£®à¨â¬� ¬®¦¥â ¡ëâì ¤®áâ¨£−ãâ® ¯ãâ¥¬ ãâ®ç−¥−¨ï ¨ ¤¥â�«¨§�æ¨¨ ¥£®
®â¤¥«ì−ëå ®¯¥à�æ¨©. ‘¥¬�−â¨ç¥áª¨© �−�«¨§ è�£®¢ �«£®à¨â¬� ®âªàë¢�¥â ¢®§¬®¦-
−®áâ¨ ¨áª«îç¥−¨ï ®â¤¥«ì−ëå à�¡®â ¨ ¯à®æ¥¤ãà ®¡é¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨. �à¨
íâ®¬ ¢®§¬®¦−� ¯®â¥àï ®¡é¥© �«£®à¨â¬¨ç−®áâ¨ ¢ ®â«¨ç¨¥ ®â à¥è¥−¨©, ¯à¥¤«®-
¦¥−−ëå ¢ [17]. ‡¤¥áì âà¥¡ã¥âáï ¤®áâ¨¦¥−¨¥ ª®¬¯à®¬¨áá� ¬¥¦¤ã −¥®¡å®¤¨¬®áâìî
¤¥â¥à¬¨−¨à®¢�−−®áâ¨ è�£®¢ �«£®à¨â¬� ¨ ®¡®á−®¢�−−®áâìî ¨å ¢ë¯®«−¥−¨ï −�
á¥¬�−â¨ç¥áª®¬ ãà®¢−¥ ¯à®æ¥¤ãàë ¯à®¥ªâ¨à®¢�−¨ï. ‚ë¨£àëè ¬®¦¥â ®ª�§�âìáï
−¥§−�ç¨â¥«ì−ë¬, � ¬®¦¥â áãé¥áâ¢¥−−® á®ªà�â¨âì ®¡ê¥¬ àãâ¨−−ëå ®¯¥à�æ¨©,
¯®âà¥¡«ïîé¨å à¥áãàáë ¢ëç¨á«¨â¥«ì−®© á¨áâ¥¬ë.

4 Ход исследования

ˆ§¢¥áâ−ë¥ ä®à¬ã«¨à®¢ª¨ ¯¥à¢®© −®à¬�«ì−®© ä®à¬ë (1�”) [10, 13] ¯à¥¤-
®¯à¥¤¥«ïîâ ¤®áâ¨¦¥−¨¥ �â®¬�à−®áâ¨ �âà¨¡ãâ®¢ ¤«ï ¯à¨¢¥¤¥−¨ï ®â−®è¥−¨ï ª −¥©.
�®á«¥¤ãîé¨¥ ¬¥â®¤¨ª¨ −®à¬�«¨§�æ¨¨ ®¯¨à�îâáï −� ¯®−ïâ¨¥ ª«îç�, ®â−®á¨â¥«ì-
−® ª®â®à®£® ¨áá«¥¤ãîâáï −¥ª«îç¥¢ë¥ �âà¨¡ãâë. �à¨ íâ®¬ −¥ ¤¥â¥à¬¨−¨à®¢�−®
âà¥¡®¢�−¨¥ ¨ −¥ ®¯¨á�−� ¯à®æ¥¤ãà� ä®à¬¨à®¢�−¨ï ¯®«−®£® á¯¨áª� −¥âà¨¢¨�«ì-
−ëå ª«îç¥©. ‘«¥¤ã¥â ®á®¡® ®â¬¥â¨âì, çâ® à¥çì ¢¥¤¥âáï ® ¯®â¥−æ¨�«ì−ëå ª«îç�å,
� ¢ë¡®à ¯¥à¢¨ç−®£® ¯à®¢®¤¨âáï ¯à¨ ¯à¨¢¥¤¥−¨¨ ®â−®è¥−¨ï ª ¤®¬¥−−®-ª«îç¥-
¢®© −®à¬�«ì−®© ä®à¬¥ („Š�”), ¢−¥è−¨¥ ä®à¬¨àãîâáï ¢ ¯à®æ¥áá¥ á¢ï§ë¢�−¨ï
®â−®è¥−¨© (¯à®æ¥¤ãà� ¬¨£à�æ¨¨ ª«îç� ®â−®è¥−¨ï).

„«ï ®¯à¥¤¥«¥−¨ï ¯®â¥−æ¨�«ì−®£® ª«îç� ¯à¥¤«�£�¥âáï á«¥¤ãîé�ï

’¥®à¥¬�. …á«¨ ¨áá«¥¤ã¥âáï �âà¨¡ãâ X ®â−®è¥−¨ï R −� ¯à¥¤¬¥â ¤¥â¥à¬¨−�-
æ¨¨ ”‡ ®â −¥£® �âà¨¡ãâ� Y , â® á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥: ¯à¨
¨§¬¥−¥−¨¨ §−�ç¥−¨ï �âà¨¡ãâ� X §−�ç¥−¨¥ �âà¨¡ãâ� Y ¬®¦¥â ¨§¬¥−¨âìáï
¨«¨ ®áâ�âìáï ¯à¥¦−¨¬; ¥á«¨ ¨§¬¥−¨âì §−�ç¥−¨¥ �âà¨¡ãâ� Y , â® ¯à¨ ”‡ ¥£®
®â ¤¥â¥à¬¨−�−â� X §−�ç¥−¨¥ ¯®á«¥¤−¥£® ®¡ï§�â¥«ì−® ¨§¬¥−¨âáï, ¨−�ç¥ ”‡
®âáãâáâ¢ã¥â:

(X = X∗)|Y :=Y ∗ , X → Y | ¨áâ¨−� ;

(X 6= X∗)|Y :=Y ∗ , X → Y | «®¦ì .

}
(1)

„ ® ª � § � â ¥ « ì á â ¢ ® : ¨§¬¥−¥−¨¥ §−�ç¥−¨ï ¯®â¥−æ¨�«ì−®£® ª«îç� ¢®§¬®¦−®
â®«ìª® ¯à¨ ¯¥à¥å®¤¥ ª ¨−®¬ã ®¡ê¥ªâã ãç¥â�, á«¥¤®¢�â¥«ì−®, á¬¥−¥ ä®ªãá� ªãàá®à�
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‚. �. ˆ¢�−®¢, Œ. ā. Š®−ëè¥¢, ‘. ‚. ‘¬¨à−®¢ ¨ ¤à.

¢ â�¡«¨æ¥ �„, çâ® ®¡ï§�â¥«ì−® ¯® á¢®©áâ¢ã ®£à�−¨ç¥−¨ï æ¥«®áâ−®áâ¨ à¥«ïæ¨®−-
−®© ¬®¤¥«¨ ¤�−−ëå, §�¯à¥é�îé¥¬ã ¨§¬¥−ïâì ¨«¨ ®áâ�¢«ïâì ¡¥§ §−�ç¥−¨ï ª«îç.
‡−�ç¥−¨ï −¥ª«îç¥¢ëå �âà¨¡ãâ®¢ ¤«ï à�§−ëå ª®àâ¥¦¥© ¬®£ãâ á®¢¯�¤�âì ¨«¨ ®â«¨-
ç�âìáï. ˆ§¬¥−¥−¨¥ §−�ç¥−¨ï −¥ª«îç¥¢®£® �âà¨¡ãâ� Y := Y ∗ ¯à¨ ä¨ªá¨à®¢�−−®¬
¢® ¢à¥¬¥−¨ á®áâ®ï−¨¨ �„ (á®áâ®ï−¨¨ ¯à¥¤¬¥â−®© ®¡«�áâ¨) ¢®§¬®¦−® â®«ìª® ¯à¨
¯¥à¥¢®¤¥ ªãàá®à� −� ¨−®© ª®àâ¥¦ (ãáâ�−®¢ª� ä®ªãá� −� ¨−®¬ ®¡ê¥ªâ¥ ãç¥â�). �¥-
¨§¬¥−−®áâì §−�ç¥−¨ï ¤¥â¥à¬¨−�−â� ¢ ¤�−−ëå ãá«®¢¨ïå ¢®§¬®¦−� â®«ìª® ¢ á«ãç�¥,
¥á«¨ ®− −¥ ï¢«ï¥âáï â�ª®¢ë¬, â®£¤� ”‡ ¬¥¦¤ã �âà¨¡ãâ�¬¨ X ¨ Y ®âáãâáâ¢ã¥â.
’¥®à¥¬� ¤®ª�§�−�.

’¥®à¥¬� á¯à�¢¥¤«¨¢� ¨ ¢ á«ãç�¥ á®áâ�¢−®£® ¤¥â¥à¬¨−�−â�: ¢ ¤®ª�§�â¥«ìáâ¢¥
á«¥¤ã¥â ¤®¯ãáâ¨âì, çâ® á®¢®ªã¯−®áâì �âà¨¡ãâ®¢ ¯®â¥−æ¨�«ì−®£® ª«îç� | íâ®
®¡ê¥¤¨−¥−¨¥ ¨å §−�ç¥−¨©. ’®£¤� −� ®á−®¢�−¨¨ ¤¨áâà¨¡ãâ¨¢−®£® §�ª®−� �«£¥¡-
àë �ã«ï ¤«ï −¥âà¨¢¨�«ì−ëå ¯®â¥−æ¨�«ì−ëå ª«îç¥© á¯à�¢¥¤«¨¢® ãâ¢¥à¦¤¥−¨¥
â¥®à¥¬ë (1) ® ¥¤¨−áâ¢¥−−®áâ¨ §−�ç¥−¨ï −¥ª«îç¥¢®£® �âà¨¡ãâ� ¤«ï â¥ªãé¥£®
§−�ç¥−¨ï á®áâ�¢−®£® ¯®â¥−æ¨�«ì−®£® ª«îç�.

‘«¥¤áâ¢¨¥¬ â¥®à¥¬ë ï¢«ï¥âáï ãâ¢¥à¦¤¥−¨¥ ® â®¬, çâ® ¢�à¨�æ¨¨ −¥ª«îç¥¢ëå
�âà¨¡ãâ®¢ á«ã¦�â −�¤¥¦−ë¬ ¨−áâàã¬¥−â®¬ ®âëáª�−¨ï ¯®â¥−æ¨�«ì−ëå ª«îç¥©.
�âà¨¡ãâë, ª®â®àë¥ −¥ ¨§¬¥−ïîâ á¢®¥£® §−�ç¥−¨ï ¯à¨ ¢�à¨�æ¨¨ �âà¨¡ãâ� Y ¤®«¦-
−ë ¡ëâì ¨áá«¥¤®¢�−ë −� ¯à¨−�¤«¥¦−®áâì ª ¬−®¦¥áâ¢ã ¤¥â¥à¬¨−�−â®¢ ®â−®è¥−¨ï,
¨−�ç¥ ¨å â�ª¦¥ á«¥¤ã¥â áç¨â�âì −¥ª«îç¥¢ë¬¨.

’¥®à¥¬� •¨â� £�à�−â¨àã¥â, çâ® ¯à¨ ¯à®¥æ¨à®¢�−¨¨ ¢ ¯®¤®â−®è¥−¨ï á ®¡é¨¬
�âà¨¡ãâ®¬ £�à�−â¨àã¥âáï ®¯¥à�æ¨ï −�âãà�«ì−®£® á®¥¤¨−¥−¨ï, ®¡¥á¯¥ç¨¢�îé�ï
¢®ááâ�−®¢«¥−¨¥ ¨áå®¤−®£® ®â−®è¥−¨ï. �à¨ íâ®¬ −¥ á¯¥æ¨ä¨æ¨àãîâáï ãá«®¢¨ï
â�ª®© ¯à®¥ªæ¨¨. �ç¥¢¨¤−®, çâ® ¥á«¨ ¨¬¥¥âáï ®â−®è¥−¨¥ r á® áå¥¬®© R(A,B,C),
â® ¤®áâã¯−ë âà¨ ¢�à¨�−â� ¯à®¥æ¨à®¢�−¨ï:

R1(A,B) JOINR2(A,C);

R3(B,A) JOINR4(B,C);

R5(C,A) JOINR6(C,B).

�® R1 ≡ R3, R2 ≡ R5 ¨ R4 ≡ R6. �âáî¤� á«¥¤ã¥â, çâ® ¨áå®¤−®¥ ®â−®è¥−¨¥
¬®¦¥â ¡ëâì ¢®ááâ�−®¢«¥−® ¢ à¥§ã«ìâ�â¥ ®¯¥à�æ¨¨ R3(B,A) JOINR2(A,C), ¨«¨
R2(A,C) JOINR6(C,B), ¨«¨ R5(C,A) JOINR4(B,C). „�−−®¥ ãâ¢¥à¦¤¥−¨¥
®è¨¡®ç−®, â�ª ª�ª −¥ ãç¨âë¢�¥â ”‡ ®â−®è¥−¨© Ri.

”ã−ªæ¨®−�«ì−ë¥ §�¢¨á¨¬®áâ¨ ¯®¤®â−®è¥−¨© ¤®«¦−ë ¡ë«¨ ¡ëâì ãáâ�−®¢«¥-
−ë −� íâ�¯�å ¯à¨¢¥¤¥−¨ï ª −¨§è¨¬ (¤® −®à¬�«ì−®© ä®à¬ë �®©á�{Š®¤¤� |
�”�Š ¢ª«îç¨â¥«ì−®) −®à¬�«ì−ë¬ ä®à¬�¬. …á«¨ íâ® âà¥¡®¢�−¨¥ ¡ë«® ¢ë¯®«-
−¥−®, â® ¬®¦−® ãâ¢¥à¦¤�âì, çâ® áãé¥áâ¢ã¥â ¥¤¨−áâ¢¥−−�ï á®¢®ªã¯−®áâì ¯à®¥ªæ¨©
®â−®è¥−¨ï r, á¢®¡®¤−�ï ®â íää¥ªâ� á®¥¤¨−¥−¨ï á ¯®â¥à¥© æ¥«®áâ−®áâ¨ (¤®áâ¨£-
−ãâ� ¤¥ª®¬¯®§¨æ¨ï á á®¥¤¨−¥−¨¥¬ ¡¥§ ¯®â¥àì).

Œ¥â®¤¨ª� ¨−ä®à¬�æ¨®−−®£® ¬®¤¥«¨à®¢�−¨ï �. —¥−� (P. Chen) úáãé−®áâì{
á¢ï§ìû ¯à¥¤¯®«�£�¥â, çâ® ¢á¥ �âà¨¡ãâë ®â−®è¥−¨ï | íâ® �¡áâà�ªæ¨¨ §−�ç¨¬ëå
á¢®©áâ¢ ®¡ê¥ªâ®¢ ãç¥â� [14]. …á«¨ íâ® â�ª, â® ¢á¥ �âà¨¡ãâë ®â−®è¥−¨ï âà¨¢¨�«ì−®
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‘¥¬�−â¨ç¥áª¨¥ ¨−â¥à¯à¥â�æ¨¨ ¢ëá®ª¨å −®à¬�«ì−ëå ä®à¬ ®â−®è¥−¨© à¥«ïæ¨®−−®© �„

¨ −¥âà¨¢¨�«ì−® äã−ªæ¨®−�«ì−® §�¢¨áïâ â®«ìª® ®â ¯®â¥−æ¨�«ì−ëå ª«îç¥©; á«¥-
¤®¢�â¥«ì−®, ª�¦¤®¥ ¨§ −¨å �¡áâà�£¨àã¥â ª«�áá ®¤−®à®¤−ëå ¯à¥¤¬¥â®¢ (ï¢«¥−¨©,
¯à®æ¥áá®¢) à¥�«ì−®£® ¬¨à�, ¨ −¨çâ® ¤àã£®¥.

‘¯à�¢¥¤«¨¢®, çâ® ®â−®è¥−¨¥ áç¨â�¥âáï ¯à¨¢¥¤¥−−ë¬ ª ç¥â¢¥àâ®© −®à¬�«ì−®©
ä®à¬¥ (4�”) â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤� ®−® ã¦¥ ¯à¨¢¥¤¥−® ª �”�Š ¨ −¥ áãé¥-
áâ¢ã¥â −¨ ®¤−®£® �âà¨¡ãâ�, �¡áâà�£¨àãîé¥£® §−�ç¨¬®¥ á¢®©áâ¢® −¥ª®¥£® ¤àã£®£®
®¡ê¥ªâ� ãç¥â�. ˆ−ë¬¨ á«®¢�¬¨, ®¡¥á¯¥ç¥−� ®¤−®à®¤−®áâì ª«�áá� ¯à¥¤¬¥â®¢ (ï¢«¥-
−¨©, ¯à®æ¥áá®¢) à¥�«ì−®£® ¬¨à�, �¡áâà�£¨à®¢�−−®£® ®â−®è¥−¨¥¬. �â® ®â¢¥ç�¥â
âà¥¡®¢�−¨î ¤®¯®«−¥−¨ï ª�ª ®¤−®£® ¨§ ¯à�¢¨« ¢ë¢®¤� �à¬áâà®−£� [18, 19].

Œ−®£®§−�ç−�ï §�¢¨á¨¬®áâì ¢ ®â−®è¥−¨¨ r [18] áãé¥áâ¢ã¥â â®£¤� ¨ â®«ìª®
â®£¤�, ª®£¤� ¬−®¦¥áâ¢® §−�ç¥−¨© �âà¨¡ãâ� B, á®®â¢¥âáâ¢ãîé¥¥ §�¤�−−®© ¯�à¥
[a : A; c : C] ®â−®è¥−¨ï r, §�¢¨á¨â ®â a ¨ −¥ §�¢¨á¨â ®â c. ˆ§¢¥áâ−ë¥ á¥¬�−-
â¨ç¥áª¨¥ ¨−â¥à¯à¥â�æ¨¨ Œ‡ [13] á¢®¤ïâáï ª ¯®¤¡®àã á®¢®ªã¯−®áâ¥© ª®àâ¥¦¥©,
£¤¥ −�¡«î¤�¥âáï §�¢¨á¨¬®áâì ¬¥¦¤ã �âà¨¡ãâ�¬¨ −� ¬−®¦¥áâ¢¥ (¤¢� ¨ ¡®«¥¥) åà�-
−¨¬ëå §−�ç¥−¨©. �à¨ íâ®¬ ãâ¢¥à¦¤�¥âáï, çâ® á¨âã�æ¨ï, ª®£¤� ¨áá«¥¤ã¥¬ë¥
�âà¨¡ãâë á®áâ®ïâ ¢ ”‡ ¤àã£ ®â ¤àã£�, −¥ áâ�−®¢¨âáï ¨áâ®ç−¨ª®¬ �−®¬�«¨©,
� á«¥¤®¢�â¥«ì−®, ¤®¯ãáâ¨¬� á â®çª¨ §à¥−¨ï ®¡¥á¯¥ç¥−¨ï æ¥«®áâ−®áâ¨ ®â−®è¥−¨ï.

…á«¨ ®â−®è¥−¨¥ r ã¦¥ ¯à¨¢¥¤¥−® ª �”�Š, â® íâ® ®§−�ç�¥â, çâ® ¢á¥ ¥£®
−¥ª«îç¥¢ë¥ �âà¨¡ãâë á®áâ®ïâ ¢ ¯®«−®© −¥âà�−§¨â¨¢−®© ”‡ ®â ¢á¥å ¯®â¥−æ¨-
�«ì−ëå ª«îç¥©. ’®£¤� à�áá¬®âà¥−¨î ¯®¤«¥¦�â â®«ìª® ¢®§¬®¦−ë¥ Œ‡ ¬¥¦¤ã
−¥ª«îç¥¢ë¬¨ �âà¨¡ãâ�¬¨.

�à¨¬¥àë Œ‡, ¯à¨¢¥¤¥−−ë¥ ¢ à�¡®â�å ¯® −®à¬�«¨§�æ¨¨ ®â−®è¥−¨© [10, 13],
¤«ï ®¡¥á¯¥ç¥−¨ï ¬¥â®¤¨ç¥áª®© á®áâ�¢«ïîé¥© ¯®¤®¡à�−ë ¨áªãááâ¢¥−−® ¨ ¢ ¡®«ì-
è¨−áâ¢¥ á«ãç�¥¢ −¥ ã¤®¢«¥â¢®àïîâ âà¥¡®¢�−¨ï¬ ª �”�Š. …á«¨ áªàã¯ã«¥§−®
¯à®¢¥áâ¨ ¯à®¥ªâ¨à®¢�−¨¥ ®â−®è¥−¨© ¯® ¬¥â®¤¨ª¥ úáãé−®áâì{á¢ï§ìû �. —¥−�,
§�â¥¬ ¢ë¯®«−¨âì ®¡ï§�â¥«ì−ë¥ ¯à®¥ªæ¨¨ ¢ á®®â¢¥âáâ¢¨¨ á âà¥¡®¢�−¨ï¬¨ ¯¥à-
¢®©, ¢â®à®©, âà¥âì¥© −®à¬�«ì−ëå ä®à¬ ¨ �”�Š, â® ¯®¤®¡à�âì ¯à¨¬¥à, £¤¥
®âáãâáâ¢ã¥â ”‡ (−� ¥¤¨−¨ç−ëå §−�ç¥−¨ïå) ¬¥¦¤ã −¥ª«îç¥¢ë¬¨ �âà¨¡ãâ�¬¨ ¯à¨
¯à®ï¢«¥−¨¨ Œ‡ (−� ¬−®¦¥áâ¢¥ §−�ç¥−¨©) ¯à�ªâ¨ç¥áª¨ −¥¢®§¬®¦−®. �® ªà�©−¥©
¬¥à¥, �¢â®à�¬ íâ® ¤® á¨å ¯®à −¥ ã¤�«®áì.

ˆ§ëáª�−¨¥ ¯à¨¬¥à®¢ ¯à®ï¢«¥−¨ï Œ‡ ¢ ¢ëá®ª®−®à¬�«¨§®¢�−−ëå ®â−®è¥−¨ïå
¯à¨¢¥«® ª ¯®ï¢«¥−¨î £¨¯®â¥§ë ® â®¬, çâ® ¤�−−®¥ ï¢«¥−¨¥ −� ¯à�ªâ¨ª¥ −¥¢®§¬®¦−®.
�à¥¤¯®«®¦¨â¥«ì−®, ¢®§−¨ª−®¢¥−¨¥ Œ‡ ¢ ¢ëá®ª®−®à¬�«¨§®¢�−−®¬ ®â−®è¥−¨¨ |
íâ® á«¥¤áâ¢¨¥ ®è¨¡ª¨ ¢ë¯®«−¥−¨ï ¯à®¥æ¨à®¢�−¨ï ¢ å®¤¥ ¯à¨¢¥¤¥−¨ï ®â−®è¥−¨ï
ª �”�Š ¢ á¬ëá«¥ ¯®á«¥¤®¢�â¥«ì−®£® ¯à¨¢¥¤¥−¨ï ª ¯¥à¢®©, ¢â®à®© ¨ âà¥âì-
¥© −®à¬�«ì−®© ä®à¬¥. �® ¬−¥−¨î �¢â®à®¢, −�¨¡®«¥¥ ç�áâ® â�ª¨¥ ®è¨¡ª¨
¢áâà¥ç�îâáï ¢ á«ãç�¥ −¥®¡¥á¯¥ç¥−¨ï ¯®«−®âë ¬−®¦¥áâ¢� ¯®â¥−æ¨�«ì−ëå ª«îç¥©
¨«¨ ®è¨¡®ª ¢ ®¯à¥¤¥«¥−¨¨ ”‡ −¥ª«îç¥¢ëå �âà¨¡ãâ®¢ ®â ¯®â¥−æ¨�«ì−ëå ª«îç¥©.
�� ®á−®¢�−¨¨ ¯à¨¢¥¤¥−−ëå ¯®«®¦¥−¨© ¯à¥¤«�£�¥âáï £¨¯®â¥§�, ¢ á®®â¢¥âáâ¢¨¨
á ª®â®à®© ¬®¦−® áç¨â�âì, çâ® ¢®§−¨ª−®¢¥−¨¥ Œ‡ ¬¥¦¤ã −¥ª«îç¥¢ë¬¨ �âà¨¡ãâ�¬¨
®â−®è¥−¨ï, −¥ á®áâ®ïé¨¬¨ ¢ ”‡ ¤àã£ á ¤àã£®¬, ¢®§¬®¦−® â®«ìª® ¢ á«ãç�¥, ª®£¤�
®â−®è¥−¨¥ �¡áâà�£¨àã¥â ¡®«¥¥ ç¥¬ ®¤¨− ®¤−®à®¤−ë© ®¡ê¥ªâ ãç¥â� ¯à¥¤¬¥â−®©
®¡«�áâ¨.
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�à¥¤«�£�¥âáï á¥¬�−â¨ç¥áª�ï ¨−â¥à¯à¥â�æ¨ï 4�” ®â−®è¥−¨ï ª�ª á®¢®ªã¯-
−®áâ¨ �âà¨¡ãâ®¢, ã¤®¢«¥â¢®àïîé¨å âà¥¡®¢�−¨ï¬ �”�Š ¨ ï¢«ïîé¨åáï �¡-
áâà�ªæ¨ï¬¨ ¨áª«îç¨â¥«ì−® §−�ç¨¬ëå á¢®©áâ¢ ¬®¤¥«¨àã¥¬®£® ¢ á®®â¢¥âáâ¢¨¨
á ¬¥â®¤®«®£¨¥© úáãé−®áâì{á¢ï§ìû ®¤−®à®¤−®£® ®¡ê¥ªâ� ãç¥â�.

�à�ªâ¨ç¥áª¨ æ¥−−ë© ¢ë¢®¤ ¨§ â¥®à¥¬ë ”¥©¤¦¨−� [13] ®¯à¥¤¥«ï¥â ãá«®¢¨¥
¯à¨¢¥¤¥−¨ï ®â−®è¥−¨ï ª 4�”: ¢á¥ Œ‡, ¨¬¥îé¨¥áï ¢ ®â−®è¥−¨¨, áç¨â�îâáï
¤®ª�§�−−ë¬¨ (¯à®¢¥à¥−−ë¬¨) ”‡. ‘ ¤àã£®© áâ®à®−ë, ¥á«¨ Œ‡ −¥ ï¢«ï¥âáï
äã−ªæ¨®−�«ì−®©, â® â�ª®¥ ®â−®è¥−¨¥ −¥ ï¢«ï¥âáï ¯à¨¢¥¤¥−−ë¬ ª 4�”.

„àã£®¥ ãâ¢¥à¦¤¥−¨¥, ç�áâ® ¯à¨¢®¤¨¬®¥ ¢ −�ãç−ëå ¨ ¬¥â®¤¨ç¥áª¨å ¯ã¡«¨-
ª�æ¨ïå, ¤¥ª«�à¨àã¥â á¢®©áâ¢® ú¤¢®©áâ¢¥−−®áâ¨û Œ‡, ª®£¤� áãé¥áâ¢ã¥â ¯�à�
�âà¨¡ãâ®¢ | §�¢¨á¨¬ëå ç�áâ¥© ®â ®¤−®£® ¨ â®£® ¦¥ ¤¥â¥à¬¨−�−â� | A ։ B|C,
¢ë¢®¤¨¬®¥ ª�ª (A ։ B)⇔ (A ։ C) [10, 13, 18]. �à¨¢®¤¨¬ë¥ ¢ ¤®ª�§�â¥«ìáâ¢®
¯à¨¬¥àë á®¤¥à¦�â ®â−®è¥−¨ï, á®áâ®ïé¨¥ ¨§ �âà¨¡ãâ®¢, á«ã¦�é¨å �¡áâà�ªæ¨ï¬¨
á¢®©áâ¢ à�§−®à®¤−ëå ®¡ê¥ªâ®¢ ãç¥â�. „«ï ¨áá«¥¤®¢�−¨ï ï¢«¥−¨ï Œ‡ ¬¥¦¤ã
�¡áâà�ªæ¨ï¬¨ á¢®©áâ¢ ®¤−®à®¤−ëå ®¡ê¥ªâ®¢ ãç¥â� ¯à¨£®¤−ë© ¯à¨¬¥à ¯®¤®¡à�âì
−¥ ã¤�«®áì. �â®â ä�ªâ ¯®à®¦¤�¥â ¯à¥¤¯®«®¦¥−¨¥, çâ® ¯à¨¢¥¤¥−¨¥ ®â−®è¥-
−¨ï ª á®áâ®ï−¨î, ª®£¤� ¨¬ �¡áâà�£¨àã¥âáï ª«�áá ®¤−®à®¤−ëå ®¡ê¥ªâ®¢ ãç¥â�,
®¡¥á¯¥ç¨¢�¥â ¢ë¯®«−¥−¨¥ ãá«®¢¨© 4�”.

‘¢®©áâ¢® ú¤¢®©áâ¢¥−−®áâ¨û Œ‡ (A ։ B|C) ¯à¥¤®¯à¥¤¥«ï¥â à�§¢¨â¨¥ �«£®-
à¨â¬� −®à¬�«¨§�æ¨¨ ¯® ¯ãâ¨ ¤¥ª®¬¯®§¨æ¨¨ ¨áå®¤−®£® ®â−®è¥−¨ï −� ¤¢� −®¢ëå,
£¤¥ ¨¬¥îâ ¬¥áâ® ”‡ A → B ¨ A → C ¨§ Œ‡, ¯®¤«¥¦�é¥© ãáâà�−¥−¨î. �� íâ®¬
íâ�¯¥ ¢®§¬®¦−ë −¥áª®«ìª® ¨áå®¤®¢:

(1) �âà¨¡ãâë A, B ¨ C ï¢«ïîâáï �¡áâà�ªæ¨ï¬¨ á¢®©áâ¢ ®¤−®£® ¨ â®£® ¦¥ ®¡ê¥ªâ�
ãç¥â�;

(2) �âà¨¡ãâë A, B ¨ C ï¢«ïîâáï �¡áâà�ªæ¨ï¬¨ á¢®©áâ¢ âà¥å à�§−®à®¤−ëå
(®¡«�¤�îé¨å à�§«¨ç�îé¨¬¨áï −�¡®à�¬¨ �âà¨¡ãâ®¢) ®¡ê¥ªâ®¢ ãç¥â�;

(3) �âà¨¡ãâ A | �¡áâà�ªæ¨ï á¢®©áâ¢� à®¤¨â¥«ìáª®£® ®â−®è¥−¨ï, � �âà¨¡ãâë B
¨ C | �¡áâà�ªæ¨¨ á¢®©áâ¢ ¤®ç¥à−¥£® ®â−®è¥−¨ï;

(4) �âà¨¡ãâë A ¨ B ï¢«ïîâáï �¡áâà�ªæ¨ï¬¨ á¢®©áâ¢ ®¤−®£® ¨ â®£® ¦¥ ®¡ê¥ªâ�
ãç¥â�, � �âà¨¡ãâ C | �¡áâà�ªæ¨ï á¢®©áâ¢� ¤àã£®£® (−¥ ®¤−®à®¤−®£® ¯¥à¢®¬ã)
®¡ê¥ªâ� ãç¥â�.

”®à¬�«ì−® áãé¥áâ¢ã¥â ¥é¥ ®¤¨− ¢�à¨�−â, ª®£¤� �âà¨¡ãâë A ¨ C ï¢«ïîâáï
�¡áâà�ªæ¨ï¬¨ á¢®©áâ¢ ®¤−®£® ¨ â®£® ¦¥ ®¡ê¥ªâ� ãç¥â�, � �âà¨¡ãâ B | �¡áâà�ªæ¨ï
á¢®©áâ¢� ¤àã£®£® (−¥ ®¤−®à®¤−®£® ¯¥à¢®¬ã) ®¡ê¥ªâ� ãç¥â�. �® íâ®â ¢�à¨�−â
â®¦¤¥áâ¢¥− ¯à¥¤ë¤ãé¥¬ã.

‚ ¯¥à¢®¬ á«ãç�¥, ¥á«¨ ¢ë¯®«−ïâì ¤¥ª®¬¯®§¨æ¨î ¨áå®¤−®£® ®â−®è¥−¨ï −�
¯�àã −®¢ëå, ¢®§−¨ª−¥â −¥®¡å®¤¨¬®áâì ¨å −�âãà�«ì−®£® á®¥¤¨−¥−¨ï ¯® ®¡é¥¬ã
�âà¨¡ãâã A. ’�ª ª�ª −�âãà�«ì−®¥ á®¥¤¨−¥−¨¥ ®¡¥á¯¥ç¨¢�¥â ¯®¯�à−®¥ áæ¥¯«¥−¨¥
¢á¥å ¢®§¬®¦−ëå ¢�à¨�æ¨© §−�ç¥−¨© �âà¨¡ãâ®¢ ¯à¨ ãá«®¢¨¨ á®¢¯�¤¥−¨ï ¨å §−�-
ç¥−¨©, â® ¢®§−¨ª−¥â íää¥ªâ ú«®¦−ëå ª®àâ¥¦¥©û, ¯à¨¢®¤ïé¨© ª ãâà�â¥ æ¥«®áâ-
−®áâ¨ �„.
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‘¥¬�−â¨ç¥áª¨¥ ¨−â¥à¯à¥â�æ¨¨ ¢ëá®ª¨å −®à¬�«ì−ëå ä®à¬ ®â−®è¥−¨© à¥«ïæ¨®−−®© �„

‚® ¢â®à®¬ á«ãç�¥ −¥ ¡ã¤¥â ¤®áâ¨£−ãâ� æ¥«ì ¯à¨¢¥¤¥−¨ï �„ ª 4�”, â�ª ª�ª
”‡ A → B ¨ A → C −� á�¬®¬ ¤¥«¥ â�ª®¢ë¬¨ −¥ ï¢«ïîâáï, ®¯¨áë¢�ï ‡‘ ¬¥¦¤ã
�âà¨¡ãâ�¬¨ (�¡áâà�ªæ¨ï¬¨ §−�ç¨¬ëå á¢®©áâ¢) à�§−®à®¤−ëå ®¡ê¥ªâ®¢ ãç¥â� ¢−ãâ-
à¨ ®¤−®£® ®â−®è¥−¨ï. ”�ªâ¨ç¥áª¨ −®¢ë¥ ®â−®è¥−¨ï −¥ ¡ã¤ãâ ã¤®¢«¥â¢®àïâì
âà¥¡®¢�−¨ï¬ 4�”.

‚ á«ãç�¥ ª®£¤� �âà¨¡ãâ A | �¡áâà�ªæ¨ï á¢®©áâ¢� à®¤¨â¥«ìáª®£® ®â−®è¥−¨ï,
� �âà¨¡ãâë B ¨ C | �¡áâà�ªæ¨¨ á¢®©áâ¢ ¤®ç¥à−¥£® ®â−®è¥−¨ï, ®¯ïâì ¢®§−¨ª−¥â
−¥®¡å®¤¨¬®áâì á®¥¤¨−¥−¨ï ª®àâ¥¦¥© −®¢ëå ®â−®è¥−¨©, â�ª ª�ª ®−¨ á®¤¥à¦�â
¤�−−ë¥ ® à�§−®à®¤−ëå ®¡ê¥ªâ�å ãç¥â�, çâ® ¯à¨¢¥¤¥â ª ¢®§−¨ª−®¢¥−¨î ú«®¦−ëå
ª®àâ¥¦¥©û. ‘«ãç�© 4 áå®¦ á ¯à¥¤ë¤ãé¨¬ á«ãç�¥¬ ¢ ç�áâ¨ ®¤−®£® ¨§ −®¢ëå
®â−®è¥−¨©. �− â�ª¦¥ −¥ ¬®¦¥â áç¨â�âìáï ã¤®¢«¥â¢®à¨â¥«ì−ë¬ à¥è¥−¨¥¬ §�¤�ç¨
¯à¨¢¥¤¥−¨ï ®â−®è¥−¨ï ª 4�”.

÷¥è¥−¨¥ ®¯¨á�−−®© ¯à®¡«¥¬ë, ¯® ¬−¥−¨î �¢â®à®¢, á¢®¤¨âáï ª ¯à�¢¨«ì−®©
¤¥ª®¬¯®§¨æ¨¨ �âà¨¡ãâ®¢, á®áâ�¢«ïîé¨å −®à¬�«¨§ã¥¬®¥ ®â−®è¥−¨¥, � ¨¬¥−−®:
−¨ª�ª¨¥ �âà¨¡ãâë −®à¬�«¨§®¢�−−®£® ®â−®è¥−¨ï −¥ ¤®«¦−ë �¡áâà�£¨à®¢�âì −¨ª�-
ª¨¥ á¢®©áâ¢� ¨−ëå ®¡ê¥ªâ®¢ ãç¥â�, ªà®¬¥ �¡áâà�£¨àã¥¬®£® ¤�−−ë¬. �à¨¢¥¤¥−−®¥
¯®«®¦¥−¨¥ «¥£ª® ®¡®á−®¢ë¢�¥âáï á�¬®© ¯à¨à®¤®© à¥«ïæ¨®−−®£® ®â−®è¥−¨ï ª�ª
á«¥¤áâ¢¨ï ¤¥ª�àâ®¢� (¯àï¬®£®) ¯à®¨§¢¥¤¥−¨ï ¬−®¦¥áâ¢.

ˆáå®¤ï ¨§ �¡áâà�ªâ−®£® á¬ëá«� á¢ï§¨ (relationship), ¬®¦−® áä®à¬ã«¨à®¢�âì
á¥¬�−â¨ç¥áªãî ¨−â¥à¯à¥â�æ¨î −®à¬�«ì−®© ä®à¬ë, ®á−®¢�−−®© −� ‡‘. �â−®è¥-
−¨¥ ¯à¨¢¥¤¥−® ª 5�” (¯à®¥ªæ¨®−−®-á®¥¤¨−¨â¥«ì−®©) â®£¤� ¨ â®«ìª® â®£¤�, ª®£¤�
®−® ã¤®¢«¥â¢®àï¥â âà¥¡®¢�−¨ï¬ 4�” ¨ ¤¥â¥à¬¨−�−â�¬¨ ‡‘ ï¢«ïîâáï â®«ìª®
¯®â¥−æ¨�«ì−ë¥ ª«îç¨ ¨ −¨çâ® ¨−®¥. ‚ë¯®«−¥−¨¥ ¤�−−®£® âà¥¡®¢�−¨ï ¢®§¬®¦−®
â®«ìª® ¢ á«ãç�¥, ª®£¤� ¢á¥ §−�ç¨¬ë¥ á¢®©áâ¢� ®¡ê¥ªâ� ãç¥â� �¡áâà�£¨àãîâáï
�âà¨¡ãâ�¬¨ ¥¤¨−áâ¢¥−−®£® ®â−®è¥−¨ï, � −¥ à�á¯à¥¤¥«¥−ë ¯® ¡®«¥¥ ç¥¬ ®¤−®¬ã
®â−®è¥−¨î.

5 Заключение

‡−�ç¨¬�ï ¤«ï ®¡¥á¯¥ç¥−¨ï æ¥«®áâ−®áâ¨ �„ ¯à®æ¥¤ãà� −®à¬�«¨§�æ¨¨ ®¡«�¤�¥â
àï¤®¬ á¢®©áâ¢, ¯à¥¯ïâáâ¢ãîé¨å ¥¥ áå®¤¨¬®áâ¨, � á«¥¤®¢�â¥«ì−®, ¯à¨£®¤−®áâ¨
¤«ï ãá¯¥è−®£® ¯à¨¬¥−¥−¨ï. ‘ä®à¬ã«¨à®¢�−−ë¥ ¢ à�¡®â¥ ãâ®ç−¥−¨ï ¢ ¢¨¤¥
á¥¬�−â¨ç¥áª¨å ¨−â¥à¯à¥â�æ¨© á«®¦−ëå ¨ −¥®ç¥¢¨¤−ëå ¯à�¢¨« ¤¥ª®¬¯®§¨æ¨¨
®â−®è¥−¨© ®¡¥á¯¥ç¨¢�îâ à¥�«¨§ã¥¬®áâì â¥®à¥â¨ç¥áª¨å ¯à�¢¨« ¢ ¯à�ªâ¨ç¥áª®©
¤¥ïâ¥«ì−®áâ¨ ¨−¦¥−¥à®¢.

�à¨ ä®à¬¨à®¢�−¨¨ 1�” −¥®¡å®¤¨¬ë¬ ãá«®¢¨¥¬ ¥¥ ¤®áâ¨¦¥−¨ï ¢ëáâã¯�¥â
à¥§ã«ìâ�â¨¢−®¥ ¨§ëáª�−¨¥ ¯®«−®£® ¬−®¦¥áâ¢� ¯®â¥−æ¨�«ì−ëå ª«îç¥©, ¨å ¨á-
á«¥¤®¢�−¨¥ −� ¯à¥¤¬¥â âà¨¢¨�«ì−®áâ¨ ¨ ¬¨−¨¬�«ì−®áâ¨ (−¥¯à¨¢®¤¨¬®áâ¨ á«¥¢�).
�®á«¥¤ãîé¨¥ ¯à�¢¨«� −®à¬�«¨§�æ¨¨ ¢ ¡®«ìè¨−áâ¢¥ á¢®¥¬ ®¯¥à¨àãîâ ª�ç¥-
áâ¢¥−−ë¬¨ ¯®â¥−æ¨�«ì−ë¬¨ ª«îç�¬¨, � à¥§ã«ìâ�â¨¢−®áâì ¨ ¡¥§®è¨¡®ç−®áâì ¨å
¯à¨¬¥−¥−¨ï §�¢¨áïâ ®â ¯®«−®âë ¨ â®ç−®áâ¨ à¥§ã«ìâ�â� ¯à®æ¥¤ãàë ®¯à¥¤¥«¥−¨ï
á®¢®ªã¯−®áâ¨ ¯®â¥−æ¨�«ì−ëå ª«îç¥©.
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‘−ïâ¨¥ −¥®¯à¥¤¥«¥−−®áâ¨ ®â−®á¨â¥«ì−® ¯à¨−�¤«¥¦−®áâ¨ �âà¨¡ãâ� ¨«¨ á®¢®-
ªã¯−®áâ¨ �âà¨¡ãâ®¢ ª ¬−®¦¥áâ¢ã ¯®â¥−æ¨�«ì−ëå ª«îç¥© ¤®áâ�â®ç−® ¨−â¥à¯à¥â¨-
à®¢�−® ¨áá«¥¤®¢�−¨¥¬ ¨§¬¥−ç¨¢®áâ¨ ¤¥â¥à¬¨−�−â� ¨ §�¢¨á¨¬®© ç�áâ¨ ¢ á®®â¢¥â-
áâ¢¨¨ á ¯à¥¤áâ�¢«¥−−®© â¥®à¥¬®©. ‚�¦−ë¬ á«¥¤áâ¢¨¥¬ ¤�−−®© â¥®à¥¬ë ï¢«ï¥âáï
à¥è�îé¥¥ ¯à�¢¨«® à�§¤¥«¥−¨ï �âà¨¡ãâ®¢ ®â−®è¥−¨ï −� ª«îç¥¢ë¥ (¯à¨−�¤«¥¦�-
é¨¥ ¯®â¥−æ¨�«ì−ë¬ ª«îç�¬) ¨ −¥ª«îç¥¢ë¥.

��ãç−�ï −®¢¨§−� ¯à¥¤áâ�¢«¥−−®£® ¨áá«¥¤®¢�−¨ï §�ª«îç�¥âáï ¢ à¥�«¨§�æ¨¨
®à¨£¨−�«ì−®£® á¥¬�−â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ”‡, ‡‘, ¯®â¥−æ¨�«ì−ëå ª«îç¥©,
®â−®è¥−¨© à¥«ïæ¨®−−®© �„, ®¡¥á¯¥ç¨¢�îé¥£® ¯®¢ëè¥−¨¥ áâà®£®áâ¨ ¢ë¯®«−¥-
−¨ï ¯à�¢¨« ¯à¨¢¥¤¥−¨ï ®â−®è¥−¨© ª −®à¬�«ì−ë¬ ä®à¬�¬, ¢¯«®âì ¤® ¯ïâ®©,
®á−®¢�−−®£® −� ¨−â¥à¯à¥â�æ¨¨ ¯®−ïâ¨ï äã−ªæ¨¨ ¢ â¥à¬¨−�å à¥«ïæ¨®−−ëå �„,
ä®à¬¨à®¢�−¨ï £¨¯®â¥§ ® ¢«¨ï−¨¨ §−�ç¨¬ëå á¢®©áâ¢ ”‡ ¨ ‡‘ −� §�é¨é¥−−®áâì ®â
�−®¬�«¨© ®¡−®¢«¥−¨ï, ¨§¡ëâ®ç−®áâ¨ ¨ ¯®á«¥¤áâ¢¨© ¤¥ª®¬¯®§¨æ¨¨ á á®¥¤¨−¥−¨¥¬
á ¯®â¥àï¬¨.

�à�ªâ¨ç¥áª�ï æ¥−−®áâì à�¡®âë á®áâ®¨â ¢ ä®à¬ã«¨à®¢ª¥ ¨ ¤®ª�§�â¥«ìáâ¢¥
â¥®à¥¬ë ® ”‡, ®¡®¡é¥−¨¨ ¨ ¨−â¥à¯à¥â�æ¨¨ ¯à�¢¨« ¤¥ª®¬¯®§¨æ¨¨ ®â−®è¥−¨©
¢ ¯à®æ¥áá¥ ¨å −®à¬�«¨§�æ¨¨ ¨ ®¯¨á�−¨¨ á¥¬�−â¨ç¥áª¨ ¤¥â�«¨§¨à®¢�−−ëå ¯à¨¥¬®¢
à¥�«¨§�æ¨¨ ¤�−−®£® ¯à®æ¥áá�. ‡−�ç¨¬ë¬, ¯® ¬−¥−¨î �¢â®à®¢, à¥§ã«ìâ�â®¬
¯à¥¤áâ�¢«ï¥âáï ãâ®ç−¥−¨¥ �«£®à¨â¬� −®à¬�«¨§�æ¨¨ ¢ â¥à¬¨−�å ¨−¦¥−¥à−®£®
¯à¨¬¥−¥−¨ï, ®¡¥á¯¥ç¨¢�îé¥£® ä®à¬¨à®¢�−¨¥ ¯à¨£®¤−ëå áâàãªâãà �„.
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Abstract: The results of semantic modeling of the processes of eliminating
redundancy and protecting the relation of a relational database from update
anomalies by improving the process of its normalization are presented. The
semantic equivalents of the requirements of the normal forms of the relational
database relations were established which increase the efficiency of the nor-
malization algorithm. A theorem was formulated and proved that guarantees
an unambiguous determination of the functional dependence of an attribute on
a potential key. Refinements of the relational relation normalization algorithm
were formulated. The ways of applying the proposed interpretations are given.
Practically applicable procedures are shown that remove the contradictions of
designing a rational database structure. The main findings are formulated in
relation to factual databases. The proposed mechanisms are independent of the
database management system used.

Keywords: relational database; normalization of relation; potential key; nonkey
attribute; functional dependence; multivalued dependence
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

�à¨¬¥−¥−¨¥ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¢ §�¤�ç�å ª«�áá¨ä¨ª�æ¨¨ ¨áá«¥-
¤®¢�«®áì ¢® ¬−®£¨å −�ãç−ëå à�¡®â�å. �¥à¢ë¥ ¯à¨ª«�¤−ë¥ ¨áá«¥¤®¢�−¨ï ¨ â¥®-
à¥â¨ç¥áª¨¥ ®¡®á−®¢�−¨ï ¨á¯®«ì§®¢�−¨ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¢ ¤�−−ëå
§�¤�ç�å ®â−®áïâáï ª ¬¥¤¨æ¨−áª®© â¥¬�â¨ª¥. ‚ à�¡®â�å [1{3] ¯®áâà®¥−ë ¬®¤¥«¨
ª�ã§�«ì−®£® ¢ë¢®¤� ¢ ¬¥¤¨æ¨−áª®© ¤¨�£−®áâ¨ª¥. ‚ [4] ¯®áâà®¥−� ¬®¤¥«ì ¨á¯®«ì-
§®¢�−¨ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥© ¢ §�¤�ç�å ª«�áá¨ä¨ª�æ¨¨ ¨§®¡à�¦¥−¨©
á ¯à¨¬¥−¥−¨¥¬ ¡�©¥á®¢áª¨å ¨ −¥©à®−−ëå á¥â¥©. ‚ íâ®© à�¡®â¥ ¯®ª�§�−®, çâ®
ª�ç¥áâ¢® ª«�áá¨ä¨ª�æ¨¨ §�¢¨á¨â ®â ª�ç¥áâ¢� à¥�«ì−ëå ¢å®¤−ëå ¤�−−ëå ª«�áá¨-
ä¨ª�æ¨¨, ¤¥â¥à¬¨−¨à®¢�−−ëå á¤¢¨£®¢ ¨§®¡à�¦¥−¨ï ¯® £®à¨§®−â�«¨ ¨ ¢¥àâ¨ª�«¨
¨ á«ãç�©−ëå ¯®¬¥å. �à¨ íâ®¬ á¤¢¨£¨ á«ã¦�â ¯à¨ç¨−�¬¨ ä�ªâ¨ç¥áª®£® á−¨¦¥−¨ï
ª�ç¥áâ¢� à�á¯®§−�¢�−¨ï ®¡ê¥ªâ®¢ −� ¨§®¡à�¦¥−¨ïå, � ¨¬¥−−®: á¤¢¨£¨ áâ�−®¢ïâáï
¯à¨ç¨−�¬¨ −�àãè¥−¨ï ãáâ®©ç¨¢®áâ¨ ¬¥â®¤®¢ à�á¯®§−�¢�−¨ï ¢ ®â«¨ç¨¥ ®â èã¬�,
¨¬¥îé¥£® ¨−®¥ à�á¯à¥¤¥«¥−¨¥ ¢¥à®ïâ−®áâ¥©. ˆá¯®«ì§ãï íâ¨ à�§«¨ç¨ï à�á¯à¥¤¥-
«¥−¨©, �¢â®àë áâ�âì¨ ¯®áâà®¨«¨ ¬¥â®¤ë ¨ ®æ¥−ª¨ á¤¢¨£®¢ ¢ ¨§®¡à�¦¥−¨ïå. �â®
¯®§¢®«¨«® ãç¨âë¢�âì ¯à¨ ª«�áá¨ä¨ª�æ¨¨ ®æ¥−ª¨ ¢®§¬®¦−ëå á¤¢¨£®¢, çâ® à¥§ª®
¯®¢ëá¨«® ãáâ®©ç¨¢®áâì à¥§ã«ìâ�â®¢ ª«�áá¨ä¨ª�æ¨¨.

‚ ¤�−−®© à�¡®â¥ ¤¥â¥à¬¨−¨à®¢�−−®áâì ¯®ï¢«¥−¨ï á«¥¤áâ¢¨ï ¨§ ¯à¨ç¨−ë ¨á-
¯®«ì§ã¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬. �à¨ à¥è¥−¨¨ ¯à®¡«¥¬ë ¡¨−�à−®© ª«�áá¨ä¨ª�-
æ¨¨ ¢ ¯®â®ª¥ ®¤−®â¨¯−ëå ®¡ê¥ªâ®¢ ®¯à¥¤¥«ï¥âáï −�«¨ç¨¥ ¨«¨ ®âáãâáâ¢¨¥ ¯à¨ç¨−ë
¯® −�¡«î¤¥−¨ï¬ §� ¨−ä®à¬�æ¨®−−ë¬¨ ¯à®áâà�−áâ¢�¬¨. ‚ íâ¨å ¯à®áâà�−áâ¢�å
¯à®ï¢«ïîâáï á«¥¤áâ¢¨ï ¯®ï¢«¥−¨ï ¨«¨ ®âáãâáâ¢¨ï ¨áª®¬®© ¯à¨ç¨−ë ¢ ª«�á-
á¨ä¨æ¨àã¥¬ëå ®¡ê¥ªâ�å. �¤−®â¨¯−®áâì ®¡ê¥ªâ®¢ ¯à¥¤¯®«�£�¥â, çâ® ¨§¢¥áâ−ë
¢¨¤ë ¨§¬¥−¥−¨© å�à�ªâ¥à¨áâ¨ª ¯®áâã¯�îé¨å ®¡ê¥ªâ®¢ ®â−®á¨â¥«ì−® −¥ª®â®à®£®
ª�−®−¨ç¥áª®£® ®¡ê¥ªâ�.

�¤−�ª® ¨§¬¥−¥−¨ï å�à�ªâ¥à¨áâ¨ª ¯à¨ç¨−ë ¯®à®¦¤�îâ −�àãè¥−¨¥ ¯à¨ç¨−-
−®-á«¥¤áâ¢¥−−ëå á¢ï§¥©, â. ¥. á«¥¤áâ¢¨ï ¬®£ãâ ¯®ï¢«ïâìáï â®«ìª® ¨§-§� èã¬�.
’®£¤� §�¤�ç� ®¯à¥¤¥«¥−¨ï ¯à¨ç¨−ë ¢ ¨§¬¥−¥−−®¬ ®¡ê¥ªâ¥ ¤®«¦−� à¥è�âìáï á ¨á-
¯®«ì§®¢�−¨¥¬ §−�−¨© ® ¢®§¬®¦−ëå ¯à¥®¡à�§®¢�−¨ïå, � ¨¬¥−−®: −¥®¡å®¤¨¬®
®¯à®¡®¢�âì ¨§¬¥−¥−¨ï â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¤®¡¨âìáï á®¢¯�¤¥−¨ï á ª�−®−¨ç¥-
áª¨¬ ®¡ê¥ªâ®¬ ¨ ¯® íâ®¬ã á®¢¯�¤¥−¨î ¯à¨−¨¬�âì à¥è¥−¨¥ ® −�«¨ç¨¨ ¯à¨ç¨−ë
¯® ¯®ï¢¨¢è¨¬áï ¤¥â¥à¬¨−¨à®¢�−−ë¬ á«¥¤áâ¢¨ï¬. ÷¥è¥−¨¥ §�¤�ç¨ ¯®¨áª� ¯à¨-
ç¨−ë ¢ ¯®áâã¯�îé¨å ®¡ê¥ªâ�å à�áá¬®âà¥−−ë¬ ¬¥â®¤®¬ ¯®âà¥¡®¢�«® ¯®áâà®¥−¨ï
¬®¤¥«¥©, ¢ ª®â®àëå ¬®¦−® ¯®«ãç�âì áâà®£¨¥ à¥§ã«ìâ�âë.

2 Проблема классификации при изменениях причин

÷�áá¬®âà¨¬ §�¤�çã ¡¨−�à−®© ª«�áá¨ä¨ª�æ¨¨. �ãáâì −¥®¡å®¤¨¬® −¥®¤−®ªà�â-
−® ª«�áá¨ä¨æ¨à®¢�âì â¨¯®¢ë¥ ®¡ê¥ªâë O −� ¯à¥¤¬¥â −�«¨ç¨ï ¨«¨ ®âáãâáâ¢¨ï
¢ −¨å −¥ª®â®à®£® á¢®©áâ¢� A. �ã¤¥¬ áç¨â�âì, çâ® áãé¥áâ¢ã¥â ¬−®¦¥áâ¢® U =
= {α1, α2, . . . , αN}å�à�ªâ¥à¨áâ¨ª ¨ «î¡®© ®¡ê¥ªâ O ®¯¨áë¢�¥âáï ¯®¤¬−®¦¥áâ¢®¬
¬−®¦¥áâ¢� U . ‘¢®©áâ¢® A ®¯à¥¤¥«ï¥âáï −¥ª®â®àë¬ ¯®¤¬−®¦¥áâ¢®¬ ®¡ê¥ªâ� O,
−® á®áâ�¢ ¥£® å�à�ªâ¥à¨áâ¨ª ¬®¦¥â ¡ëâì −¥¨§¢¥áâ¥−.
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‡�¤�ç� ª«�áá¨ä¨ª�æ¨¨ ¢ ãá«®¢¨ïå ¨áª�¦¥−−ëå ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥©

Š�ª ¡ë«® ¯à¨−ïâ® ¢ à�¡®â¥ [5], á«¥¤áâ¢¨ï B1, B2, . . . , Bk ¯®à®¦¤�îâáï á¢®©-
áâ¢®¬ A ª�ª ¯à¨ç¨−®© (A | ¯à¨ç¨−� ¯®ï¢«¥−¨ï á«¥¤áâ¢¨© B1, B2, . . . , Bk)
¨ ï¢«ïîâáï ®¡ê¥ªâ�¬¨ ¢ á®®â¢¥âáâ¢ãîé¨å ¨−ä®à¬�æ¨®−−ëå ¯à®áâà�−áâ¢�å
I1, I2, . . . , Ik. ‚ ¤�−−®© à�¡®â¥ ª«�áá¨ä¨ª�æ¨ï à�áá¬�âà¨¢�¥âáï ª�ª −�«¨ç¨¥
¨«¨ ®âáãâáâ¢¨¥ á¢®©áâ¢� A ¯® ¯®ï¢«¥−¨î ®¤−®£® ¨«¨ −¥áª®«ìª¨å ¥£® á«¥¤áâ¢¨©
B1, B2, . . . , Bk. ‹î¡®© �«£®à¨â¬ ª«�áá¨ä¨ª�æ¨¨ ¯à¨−¨¬�¥â à¥è¥−¨¥ ® ª«�á-
á¥ ®¡ê¥ªâ�, −�¡«î¤�ï ¨¤¥−â¨ä¨æ¨àã¥¬ë¥ á«¥¤áâ¢¨ï B1, B2, . . . , Bk á¢®©áâ¢� A
¢ O, â. ¥. ®¯®áà¥¤®¢�−−®, ¯ãâ¥¬ ¨å ¯®ï¢«¥−¨ï ¢ ¨−ä®à¬�æ¨®−−ëå ¯à®áâà�−áâ¢�å
I1, I2, . . . , Ik ¢ á«ãç�¥ ¯à¨áãâáâ¢¨ï A ¢ ®¡ê¥ªâ¥ O.

‚ à�¡®â¥ [5] á«¥¤áâ¢¨ï B1, B2, . . . , Bk −�§ë¢�îâáï ¤®¯®«−¨â¥«ì−®© ¨−ä®à¬�-
æ¨¥©, ª®â®à�ï ¬®¦¥â ¯®¤â¢¥à¤¨âì −�«¨ç¨¥ á¢®©áâ¢� A ¢ ®¡ê¥ªâ¥ O. �à¨ç¨−� A
(á¢®©áâ¢® A) ®¯à¥¤¥«ï¥âáï ª�ª ¬¨−¨¬�«ì−®¥ ¬−®¦¥áâ¢® å�à�ªâ¥à¨áâ¨ª, ¯à¨ ª®-
â®àëå ¢ ¯à®áâà�−áâ¢�å I1, I2, . . . , Ik ¤¥â¥à¬¨−¨à®¢�−−® ¯®ï¢«ïîâáï á«¥¤áâ¢¨ï
B = (B1, B2, . . . , Bk). �â® §−�ç¨â, çâ® áãé¥áâ¢ã¥â ¤¥â¥à¬¨−¨à®¢�−−ë© �«£®-
à¨â¬ h, ª®â®àë© ¯à¥®¡à�§ã¥â A ¢ B. �à¨ íâ®¬ −� á«¥¤áâ¢¨ï ¢®§¬®¦−® ¢®§¤¥©áâ¢¨¥
−¥§�¢¨á¨¬ëå èã¬®¢, ª®â®àë¥ ¬®£ãâ ¨áª�¦�âì å�à�ªâ¥à¨áâ¨ª¨ á«¥¤áâ¢¨©. �®-
áª®«ìªã ¨áâ¨−−ë¥ §−�ç¥−¨ï á«¥¤áâ¢¨© ¬®¦−® áç¨â�âì ¨§¢¥áâ−ë¬¨, â® ®¯à¥¤¥«¥−¨¥
−�«¨ç¨ï á«¥¤áâ¢¨ï ¨«¨ ¥£® ®âáãâáâ¢¨ï ¬®¦−® à¥è�âì áâ�â¨áâ¨ç¥áª¨¬¨ áà¥¤áâ¢�-
¬¨ [5].

�®â®ª ®¤−®â¨¯−ëå ®¡ê¥ªâ®¢ O, ¯®¤«¥¦�é¨å ª«�áá¨ä¨ª�æ¨¨, ¨ ª«�áá¨ä¨-
æ¨àã¥¬ë¥ ¢ −¨å á¢®©áâ¢� (¯à¨ç¨−ë) A ¬®£ãâ ¨§¬¥−ïâìáï. ‚ ¯®¨áª¥ ª®−ªà¥â−®£®
á¢®©áâ¢� ¢ ¯®áâã¯�îé¥¬ ®¡ê¥ªâ¥ ¢®§¬®¦−®áâì ¥£® ¨§¬¥−¥−¨ï á¢ï§�−� á â¥¬, çâ®
¯®¤®¡−ë¥ ãá«®¢¨ï ª«�áá¨ä¨ª�æ¨¨ ¢®§−¨ª�îâ −¥®¤−®ªà�â−® ¨ ¢ ª�¦¤®¬ á«ãç�¥
−¥ª®â®àë¥ å�à�ªâ¥à¨áâ¨ª¨ ®¡ê¥ªâ� ¬®£ãâ ¬¥−ïâìáï −� ¤àã£¨¥, −® −®¢ë© ¯®¨áª
á¨áâ¥¬ë á«¥¤áâ¢¨© ï¢«ï¥âáï âàã¤®¥¬ª®© §�¤�ç¥©. ˆ§ ®¯à¥¤¥«¥−¨ï ¯à¨ç¨−ë á«¥-
¤ã¥â, çâ® ¯à¨ ¨§¬¥−¥−¨¨ (®âáãâáâ¢¨¨) å®âï ¡ë ®¤−®© å�à�ªâ¥à¨áâ¨ª¨ ¯à¨ç¨−ë ®−�
¯¥à¥áâ�¥â ¡ëâì ¯à¨ç¨−®© ¤«ï á«¥¤áâ¢¨ï [6]. �®íâ®¬ã ¯à¨ ¯à¥®¡à�§®¢�−¨¨ ®¡ê-
¥ªâ� O â�ª¨¬ ®¡à�§®¬, çâ® ¬¥−ï¥âáï á®áâ�¢ å�à�ªâ¥à¨áâ¨ª ¯à¨ç¨−ë A, ¨áç¥§�¥â
¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï á«¥¤áâ¢¨© A ¤«ï ®¡®á−®¢�−¨ï −�«¨ç¨ï A ¢ O.

÷�áá¬®âà¨¬ ¯à¨¬¥à, ¢ ª®â®à®¬ ¢ ¨§®¡à�¦¥−¨ïå D ¨é¥âáï −�ç¥àç¥−−ë©
¯àï¬®ã£®«ì−¨ª, −�§ë¢�¥¬ë© ¯à¨ç¨−®©. …á«¨ ¯àï¬®ã£®«ì−¨ª ¯à¨áãâáâ¢ã¥â ¢ D,
â® æ¥«¥á®®¡à�§−® ¨áª�âì á−�ç�«� ®âà¥§ª¨ ¯àï¬ëå «¨−¨© (à¨á. 1 ¨ 2). �â¨ ®âà¥§ª¨
ï¢«ïîâáï á«¥¤áâ¢¨ï¬¨ −�«¨ç¨ï ¯àï¬®ã£®«ì−¨ª� ¢ ¨§®¡à�¦¥−¨¨, ¨ áãé¥áâ¢ãîâ
íää¥ªâ¨¢−ë¥ �«£®à¨â¬ë ¯®¨áª� ®âà¥§ª®¢ ¯àï¬ëå «¨−¨©. �à¨ ¯®ï¢«¥−¨¨ −®¢®£®

÷¨á. 1 �à¨¬¥à à�á¯®§−�¢�−¨ï ¯àï¬®-
ã£®«ì−¨ª� (¢�à¨�−â 1)

÷¨á. 2 �à¨¬¥à à�á¯®§−�¢�−¨ï ¯àï¬®-
ã£®«ì−¨ª� (¢�à¨�−â 2)
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

¨§®¡à�¦¥−¨ï ¤«ï â�ª®£® ¦¥ ¯àï¬®ã£®«ì−¨ª� ¬®¦¥â ¬¥−ïâìáï ¥£® á¤¢¨£ ¨«¨
¯®¢®à®â.

�à¥¤¯®«®¦¨¬ á−�ç�«�, çâ® ä®à¬� ¯àï¬®ã£®«ì−¨ª� ¨§¢¥áâ−�. �¤−�ª® ¥£® ¯®-
¨áª −� ¨§®¡à�¦¥−¨¨ | á«®¦−�ï §�¤�ç�, ª®â®àãî æ¥«¥á®®¡à�§−® à¥è�âì, ¢ëï¢«ïï
á−�ç�«� á¥£¬¥−âë (áâ®à®−ë) ¯àï¬®ã£®«ì−¨ª�. �à¨ ¯®¢®à®â¥ ¯àï¬®ã£®«ì−¨ª�
á¥£¬¥−âë (á¬. ¢�à¨�−â 2 −� à¨á. 2) ¬¥−ïîâáï, â. ¥. ¯à¨ç¨−� ¨å ¯®ï¢«¥−¨ï −¥ ¬®¦¥â
¡ëâì â®© ¦¥, çâ® ¨ ¢ ¢�à¨�−â¥ 1 −� à¨á. 1.

3 Причины и следствия в измененных объектах

�ãáâì ¯à¨ç¨−� A ®¤−®§−�ç−® ®¯¨áë¢�¥âáï ¢ ¯®«ãç¥−−®¬ ®¡ê¥ªâ¥ O ª®−¥ç−ë¬
¬−®¦¥áâ¢®¬ å�à�ªâ¥à¨áâ¨ª α = (α1, α2, . . . , αn). ‚ ¤àã£®¬ ¯®¤®¡−®¬ ®¡ê¥ªâ¥ O1

¨¬¥¥¬ ¤àã£®© ¢¥ªâ®à å�à�ªâ¥à¨áâ¨ª α1 = (α11, α
1
2, . . . , α

1
n), ª®â®àë© ¯®«ãç�¥âáï

á ¯®¬®éìî ¯à¥®¡à�§®¢�−¨ï T ¨áå®¤−®£® ¢¥ªâ®à� α. �ãáâì T (A) = A1, â®£¤�
−�«¨ç¨¥ A1 ¢ ®¡ê¥ªâ¥ O1 −¥®¡å®¤¨¬® ¯à®¢¥àïâì ¨áå®¤ï ¨§ â®£®, çâ® A1 ¯®à®¦¤�¥â
á«¥¤áâ¢¨ï B11 , B

1
2 , . . . , B

1
s , ¥á«¨ ®−¨ áãé¥áâ¢ãîâ.

�à¥¤¯®«®¦¨¬, çâ® áãé¥áâ¢ãîâ M ¢®§¬®¦−ëå ¯à¥®¡à�§®¢�−¨© T , ª®â®àë¥
¯®à®¦¤�îâ −®¢ë¥ ãá«®¢¨ï ª«�áá¨ä¨ª�æ¨¨. �ã¤¥¬ áç¨â�âì, çâ® ¢á¥ ¯à¥®¡à�§®-
¢�−¨ï T ï¢«ïîâáï ¨§®¬®àä¨§¬�¬¨ A. ’®£¤� áãé¥áâ¢ã¥â ¤¥â¥à¬¨−¨à®¢�−−ë©
�«£®à¨â¬ T−1(A1) = A. ˆ§ ¤¥â¥à¬¨−¨à®¢�−−®áâ¨ �«£®à¨â¬®¢ T−1 ¨ h á«¥¤ã¥â,
çâ® ¨å áã¯¥à¯®§¨æ¨ï â�ª¦¥ ¡ã¤¥â ¤¥â¥à¬¨−¨à®¢�−−ë¬ �«£®à¨â¬®¬, â. ¥. ¯à¥®¡à�-
§®¢�−¨¥ h(T−1(A1)) = B, ¯à¨ç¥¬ ¨áª«îç¥−¨¥ å®âï ¡ë ®¤−®© å�à�ªâ¥à¨áâ¨ª¨ ¨§
A1 ¨áª«îç�¥â ª�ª¨¥-â® å�à�ªâ¥à¨áâ¨ª¨ ¨§ A, çâ® ¤¥«�¥â íâ® à�¢¥−áâ¢® −¥¢¥à−ë¬.
’�ª¨¬ ®¡à�§®¬, A1 á«ã¦¨â ¯à¨ç¨−®© ¬−®¦¥áâ¢� á«¥¤áâ¢¨© B, çâ® −¥ −�àãè�¥â
á¢®©áâ¢® ¥¤¨−áâ¢¥−−®áâ¨ ¯à¨ç¨−, â�ª ª�ª A ¨ A1 −�å®¤ïâáï ¢ à�§−ëå ¯à®áâà�−-
áâ¢�å. �à®¢¥¤¥−−ë¥ à�ááã¦¤¥−¨ï áã¬¬¨àãîâáï ¢ á«¥¤ãîé¥¬ ãâ¢¥à¦¤¥−¨¨.

“â¢¥à¦¤¥−¨¥. …á«¨ ¢á¥ ¯à¥®¡à�§®¢�−¨ï A ï¢«ïîâáï ¨§®¬®àä¨§¬�¬¨ ¨ �«£®-
à¨â¬ë T−1 ¨ h ¯®áâà®¥−ë, â® ¤«ï ¢á¥å M ¯à¥®¡à�§®¢�−¨© T ¬−®¦¥áâ¢® B
ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ¯à¨ç¨− T (A).

÷�áá¬®âà¥−−ë¥ ¢ëè¥ á«ãç�¨ ¯à¥¤¯®«�£�«¨ §−�−¨¥ å�à�ªâ¥à¨áâ¨ª ¯à¨ç¨−ë A.
‚¬¥áâ¥ á â¥¬ ¢®§¬®¦−®, çâ® å�à�ªâ¥à¨áâ¨ª¨ A −¥¨§¢¥áâ−ë, −® ¨§¢¥áâ−®, çâ® å�-
à�ªâ¥à¨áâ¨ª¨ ¯à¨ç¨−ë A ¬®£ãâ ¡ëâì ¯®ªàëâë ¨§¢¥áâ−ë¬ ®¡ê¥ªâ®¬ O. ‚ íâ®¬
á«ãç�¥ â�ª¦¥ ¬®¦−® ¯à®¢®¤¨âì ª«�áá¨ä¨ª�æ¨î −� ¯à¥¤¬¥â −�«¨ç¨ï ¢ ¯®áâã-
¯¨¢è¥¬ ®¡ê¥ªâ¥ ¯à¨ç¨−ë A, â. ¥. A ¤¥â¥à¬¨−¨à®¢�−−® ¯®à®¦¤�¥â ¬−®¦¥áâ¢®
á«¥¤áâ¢¨© B, ¨ ¥á«¨ íâ¨ á«¥¤áâ¢¨ï ¨§¢¥áâ−ë, â® ¨å ¯®ï¢«¥−¨¥ ¢ á®®â¢¥âáâ¢ãîé¨å
¨−ä®à¬�æ¨®−−ëå ¯à®áâà�−áâ¢�å I1, I2, . . . , Ik ¯®§¢®«¨â á¤¥«�âì ¢ë¢®¤ ® −�«¨-
ç¨¨ A ¢ O.

Š�ª ¢ ¯à¥¤ë¤ãé¥¬ á«ãç�¥, ¯ãáâì T1, T2, . . . , TM | ¯à¥®¡à�§®¢�−¨ï O, ª®-
â®àë¥ ¬®£ãâ ¯®ï¢¨âìáï ¢ ¯®â®ª¥ ª«�áá¨ä¨æ¨àã¥¬ëå ¤�−−ëå. �à¥¤¯®«®¦¨¬,
çâ® íâ¨ ¯à¥®¡à�§®¢�−¨ï ï¢«ïîâáï ¨§®¬®àä¨§¬�¬¨. ’®£¤� �«£®à¨â¬ë ®¡à�é¥-
−¨ï T−1

1 , T−1
2 , . . . , T−1

M ¤¥â¥à¬¨−¨à®¢�−−® ®â®¡à�¦�îâ ®ç¥à¥¤−®© ¯®áâã¯¨¢è¨©
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‡�¤�ç� ª«�áá¨ä¨ª�æ¨¨ ¢ ãá«®¢¨ïå ¨áª�¦¥−−ëå ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢ï§¥©

®¡ê¥ªâ ª«�áá¨ä¨ª�æ¨¨ ¢ ¨áå®¤−ë© ®¡ê¥ªâ O, � ¤¥â¥à¬¨−¨à®¢�−−ë¥ á«¥¤áâ¢¨ï
−�«¨ç¨ï ¯à¨ç¨−ë A ¯®à®¦¤�îâ á«¥¤áâ¢¨ï B ¬®¤¨ä¨æ¨à®¢�−−ëå ®¡ê¥ªâ®¢ O.

‚¥à−¥¬áï ª à�áá¬®âà¥−¨î ¯à¨¬¥à�. ‚ −¥¬ ¨á¯®«ì§®¢�−� ¤®¯®«−¨â¥«ì−�ï
¨−ä®à¬�æ¨ï, çâ® á«¥¤áâ¢¨ï ¯®«ãç¥−ë á¥£¬¥−â�æ¨¥© ¨áå®¤−®£® ¯àï¬®ã£®«ì−¨ª�.
„®¡�¢¨¬ ¤®¯®«−¨â¥«ì−®¥ ãá«®¢¨¥, çâ® ¯à¥®¡à�§®¢�−¨¥ T (A) = A1 á®åà�−ï¥â
á¥£¬¥−â�æ¨î, ®áâ�¢�ïáì ¨§®¬®àä¨§¬®¬. ‘®åà�−¥−¨¥ á¥£¬¥−â�æ¨¨ ®§−�ç�¥â, çâ®
ª�¦¤ë© á¥£¬¥−â A ¯¥à¥å®¤¨â ¢ ¨§®¬®àä−ë© á¥£¬¥−â ¢ A1. �â®¡à�¦¥−¨¥ h
¬®¦¥â ¡ëâì ¢§ïâ® ¢ ä®à¬¥ â®¦¤¥áâ¢¥−−ëå ¯à¥®¡à�§®¢�−¨© á¥£¬¥−â®¢ A −� á¥¡ï.
’®£¤� ®â®¡à�¦¥−¨¥ h∗ â®¦¤¥áâ¢¥−−® ¢ë¤¥«ï¥â á¥£¬¥−âë A1, ª®â®àë¥ ¨§®¬®àä−ë
á¥£¬¥−â�¬ h(A) ¨ ï¢«ïîâáï á«¥¤áâ¢¨ï¬¨ ¯à¨ç¨−ë A1. ‚ á�¬®¬ ¤¥«¥, A1 ¤¥â¥à¬¨-
−¨à®¢�−−® ¯®à®¦¤�¥â á¥£¬¥−â�æ¨î h∗(A1), ª®â®à�ï ¯à¨ ®¡à�â−®¬ ®â®¡à�¦¥−¨¨
¯®à®¦¤�¥â á«¥¤áâ¢¨ï B, ª�ª íâ® ¤¥«�«®áì à�−ìè¥.

�à¥¤¯®«®¦¨¬, çâ® h∗(A1) −¥ ï¢«ï¥âáï á«¥¤áâ¢¨¥¬ ¯à¨ç¨−ë A1, â. ¥. ¯à¨
ã¤�«¥−¨¨ å®âï ¡ë ®¤−®© å�à�ªâ¥à¨áâ¨ª¨ A1 ¢ á¨«ã ¨§®¬®àä¨§¬� ã¤�«ï¥âáï ¨§®-
¬®àä−�ï å�à�ªâ¥à¨áâ¨ª� ¢ A. ’®£¤� A ¯¥à¥áâ�¥â ¡ëâì ¯à¨ç¨−®© á«¥¤áâ¢¨© h(A),
çâ® ¯à®â¨¢®à¥ç¨â ãá«®¢¨î. �â¨ à�ááã¦¤¥−¨ï ¯®ª�§ë¢�îâ, çâ® á«¥¤áâ¢¨ï h∗(A1)
¤¥â¥à¬¨−¨à®¢�−−® ¯®à®¦¤¥−ë å�à�ªâ¥à¨áâ¨ª�¬¨ A1 ¨ íâ¨ å�à�ªâ¥à¨áâ¨ª¨ ®¡à�-
§ãîâ ¬¨−¨¬�«ì−ë© −�¡®à. �âáî¤� á«¥¤ã¥â, çâ® ¬¥¦¤ã á«¥¤áâ¢¨ï¬¨ áãé¥áâ¢ã¥â
¢§�¨¬−® ®¤−®§−�ç−®¥ ®â®¡à�¦¥−¨¥ τ á¥£¬¥−â®¢ h(A) ¢ á¥£¬¥−âë h∗(A1).

…á«¨ �«£®à¨â¬ T ¨ �«£®à¨â¬ë h ¨ h∗ −¥ ¯®áâà®¥−ë, â® ¯à¨¢¥¤¥−−ë¥ à�ááã-
¦¤¥−¨ï ¯®ª�§ë¢�îâ, ª�ª íâ¨å ¯®áâà®¥−¨© ¬®¦−® ¨§¡¥¦�âì. ‚®-¯¥à¢ëå, ¢ëè¥
¯®ª�§�−®, çâ® h∗(A1) ï¢«ïîâáï á«¥¤áâ¢¨ï¬¨ ¯à¨ç¨−ë A1, ª®â®à�ï ¨§®¬®àä−�
¯à¨ç¨−¥ A, â. ¥. −�«¨ç¨¥ ¯àï¬®ã£®«ì−¨ª� A1 á«¥¤ã¥â ¨§ h∗(A1) â�ª ¦¥, ª�ª
−�«¨ç¨¥ ¯àï¬®ã£®«ì−¨ª� A á«¥¤ã¥â ¨§ h(A). ‚®-¢â®àëå, ¬®¦−® ¯®áâà®¨âì á�¬®
¯à¥®¡à�§®¢�−¨¥ A ¢ A1. „«ï íâ®£® −ã¦−® í¬¯¨à¨ç¥áª¨ ¯®áâà®¨âì ¯à¥®¡à�§®¢�-
−¨¥ τ ¬¥¦¤ã á¥£¬¥−â�¬¨ h(A) ¨ á¥£¬¥−â�¬¨ h∗(A1). „«ï à�áá¬®âà¥−−®£® ¯à¨¬¥à�
íâ® §−�ç¨â, çâ® −�¤® ®¯à¥¤¥«¨âì ã£«ë −�ª«®−� ¬¥¦¤ã á«¥¤áâ¢¨ï¬¨ −� à¨á. 1
¨ 2. …á«¨ â�ª¨¥ ã£«ë ã¤�áâáï ¯®áâà®¨âì, â® ¨§ á«¥¤áâ¢¨© ¡ã¤¥â ¢ëâ¥ª�âì, çâ®
¢ ®¡®¨å ¨§®¡à�¦¥−¨ïå ¯à¨áãâáâ¢ã¥â ¨áª®¬ë© ¯àï¬®ã£®«ì−¨ª ¨ ª�ª®© ¯®¢®à®â
−�¤® ®áãé¥áâ¢¨âì, çâ®¡ë ¨§ ®¤−®£® ¯®«ãç¨âì ¤àã£®©.

’�ª¨¬ ®¡à�§®¬, ¯à¨ á¥£¬¥−â�æ¨¨ ¨§¬¥−¥−¨ï ¯®«®¦¥−¨ï ®¡ê¥ªâ� ª«�áá¨ä¨ª�-
æ¨¨ ¯®à®¦¤�îâ ¨§¬¥−¥−¨ï à�á¯®«®¦¥−¨ï á¥£¬¥−â®¢, çâ® ¯®§¢®«ï¥â ®áãé¥áâ¢«ïâì
ª«�áá¨ä¨ª�æ¨î ¯® á¥£¬¥−â�¬ ¯à¨ ¨§¬¥−¥−¨ïå ¨å ¯®«®¦¥−¨ï.

4 Алгоритмы классификации по следствиям

�à¥¤¯®«®¦¨¬, çâ® ç¨á«® M ¯à¥®¡à�§®¢�−¨© ®¡ê¥ªâ� ª«�áá¨ä¨ª�æ¨¨ ¢¥«¨ª®
¨ §�à�−¥¥ −¥ ¨§¢¥áâ−®, ª�ª®¬ã ¨§ ¯à¥®¡à�§®¢�−¨© ¨áå®¤−®£® ®¡ê¥ªâ� O á®®â¢¥â-
áâ¢ã¥â ®ç¥à¥¤−®© ®¡ê¥ªâ O1. �®−ïâ−®, çâ® áãé¥áâ¢ã¥â â®«ìª® ®¤−® ¨áâ¨−−®¥
¯à¥®¡à�§®¢�−¨¥, ª®â®à®¥ ¬®¦¥â ¤¥â¥à¬¨−¨à®¢�−−® ¯®à®¤¨âì á«¥¤áâ¢¨ï ¨§ ª«�á-
á¨ä¨æ¨àã¥¬®© ¯à¨ç¨−ë, ¥á«¨ ®−� ¯à¨áãâáâ¢ã¥â ¢ O1. „«ï ¯à®¢¥àª¨ −�«¨ç¨ï
á«¥¤áâ¢¨© ¯à¨ç¨−ë A1 −¥®¡å®¤¨¬® á¤¥«�âì ®¡à�â−®¥ ¯à¥®¡à�§®¢�−¨¥ T−1 ¨ ¤«ï
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

¯®«ãç¥−−®£® à¥§ã«ìâ�â� ¢ëç¨á«¨âì �«£®à¨â¬ h, çâ®¡ë ¢ ¨−ä®à¬�æ¨®−−ëå ¯à®-
áâà�−áâ¢�å I1, I2, . . . , Ik ¨áª�âì á«¥¤áâ¢¨ï B1, B2, . . . , Bk. …á«¨ ¯à¥®¡à�§®¢�−¨¥
T−1 ¢ë¡à�−® −¥¯à�¢¨«ì−®, â® −¥ª®â®àë¥ á«¥¤áâ¢¨ï ¬®£ãâ ¯®ï¢¨âìáï â®«ìª® §�
áç¥â èã¬�.

�à¨ ¡®«ìè¨å M ¨ k §�¤�ç� á¢®¤¨âáï ª ¯®¨áªã ¢ªà�¯«¥−¨© ¢ ¡®«ìè¨¥ ¤�−-
−ë¥. �â� ¯à®¡«¥¬� è¨à®ª® ¨áá«¥¤®¢�«�áì ¢ −�ãç−®© «¨â¥à�âãà¥ [6, 7]. ‚ [7{11]
¯®áâà®¥− íää¥ªâ¨¢−ë© ¬¥â®¤ à¥è¥−¨ï −¥ª®â®àëå ¯®¤®¡−ëå §�¤�ç. …á«¨ ¯à¥-
®¡à�§®¢�−¨¥ A ¢ A1 ®¯¨áë¢�¥âáï âà¥ã£®«ì−®© ¬�âà¨æ¥©, â® ¨¤¥ï ¬¥â®¤� á®áâ®¨â
¢ â®¬, çâ®¡ë §�¬¥−¨âì ¯¥à¥¡®à−ë© ¯à®æ¥áá −� ¯®¨áª á ¯®¬®éìî ¯®á«¥¤®¢�â¥«ì-
−®áâ¨ ã¯à®é¥−−ëå ¬®¤¥«¥©.

5 Заключение

‚ à�¡®â¥ ¯®áâà®¥−ë ¬¥â®¤ë ¡¨−�à−®© ª«�áá¨ä¨ª�æ¨¨ ¯®â®ª� ®¤−®â¨¯−ëå á®-
¡ëâ¨© −� ®á−®¢¥ ¯à¨ç¨−−®-á«¥¤áâ¢¥−−ëå á¢®©áâ¢ ¢ ¤�−−ëå. �á−®¢−�ï á«®¦−®áâì
à¥è¥−−®© §�¤�ç¨ §�ª«îç�«�áì ¢ â®¬, çâ® ®¤−®â¨¯−®áâì á®¡ëâ¨© −¥ ®§−�ç�¥â ¨å
®¤¨−�ª®¢®áâì. �â® §−�ç¨â, çâ® ¤�¦¥ ¯à¨ −¥¡®«ìè¨å ¨§¬¥−¥−¨ïå ¢ ª«�áá¨ä¨-
æ¨àã¥¬ëå ®¡ê¥ªâ�å ¬®¦¥â ¬¥−ïâìáï ¯à¨ç¨−� á«¥¤áâ¢¨©, −� ª®â®àëå áâà®¨âáï
¢ë¢®¤ ® −�«¨ç¨¨ íâ®© ¯à¨ç¨−ë. �®íâ®¬ã ¯®âà¥¡®¢�«®áì ¤®ª�§�â¥«ìáâ¢® â®£®,
çâ® ®¡ê¥ªâë ®¤−®£® â¨¯� â�ª¦¥ ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï ¯à¨ç¨−−®-á«¥¤áâ¢¥−−®©
ª«�áá¨ä¨ª�æ¨¨.

÷�áá¬®âà¥−ë −¥áª®«ìª® â¨¯®¢ ãá«®¢¨© ª«�áá¨ä¨ª�æ¨© −� ®á−®¢¥ ¯à¨ç¨−−®-
á«¥¤áâ¢¥−−ëå á¢ï§¥©.

�¥à¢ë© â¨¯ ¯à¥¤¯®«�£�¥â §−�−¨¥ ®¯¨á�−¨ï ¯à¨ç¨−ë ¢ íâ�«®−−®¬ ®¡ê¥ªâ¥
¨ ¢¨¤ ¯à¥®¡à�§®¢�−¨ï íâ®© ¯à¨ç¨−ë ¢ ®¤−®â¨¯−ëå ®¡ê¥ªâ�å.

‚â®à®© â¨¯ −¥ ¯à¥¤¯®«�£�¥â §−�−¨¥ ¯à¨ç¨−ë, −® ¨§¢¥áâ−®, çâ® ¯à¨ç¨−� ¢® ¢á¥å
®¡ê¥ªâ�å ¯®ªàë¢�¥âáï ¨§¢¥áâ−ë¬ ®¡ê¥ªâ®¬ ¨ ¨§¢¥áâ−ë ¯à¥®¡à�§®¢�−¨ï ®¡ê¥ªâ®¢,
á®¤¥à¦�é¨å ¯à¨ç¨−ë.

’à¥â¨© â¨¯ á¢ï§�− á à�á¯®§−�¢�−¨¥¬ ®¡ê¥ªâ� ¢ ¨§®¡à�¦¥−¨¨. „«ï á®ªà�é¥−¨ï
¢ëç¨á«¥−¨© ¨ ãáâ®©ç¨¢®áâ¨ à¥è¥−¨ï ®¡ê¥ªâ ¯®¨áª� �áá®æ¨¨àã¥âáï á ¯à¨ç¨−®©,
� á«¥¤áâ¢¨ï ¯à¨ç¨−ë ¯à¥¤áâ�¢«ïîâ á®¡®© á¥£¬¥−âë ¯à¨ç¨−ë. ‚ íâ®¬ á«ãç�¥ ¤®ª�-
§�−®, çâ® ª«�áá¨ä¨ª�æ¨î ®¤−®â¨¯−ëå ®¡ê¥ªâ®¢ ¬®¦−® ¯à®¢®¤¨âì, ®â®¦¤¥áâ¢«ïï
á¥£¬¥−âë íâ�«®−−®£® ®¡ê¥ªâ� á á¥£¬¥−â�¬¨ −®¢®£® ®¡ê¥ªâ�.
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CLASSIFICATION PROBLEM IN CONDITIONS
OF DISTORTED CAUSE-AND-EFFECT RELATIONSHIPS

A. A. Grusho, N. A. Grusho, M. I. Zabezhailo, A. A. Zatsarinny, E. E. Timonina,
and S. Ya. Shorgin

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

Abstract: The paper considers the model for classifying an object stream for
the presence or absence of a certain property A in each object O. It is assumed
that there are M bijective transformations of objects coming for classification
and in the stream, there are objects obtained from O according to one of these
transformations. For each object O, it is known that it contains property A
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which causes the known objects B1, B2, . . . , Bk to appear in information spaces
I1, I2, . . . , Ik. This means that property A can only be detected by observing the
consequences B1, B2, . . . , Bk. The problem is that for each object in the flow,
it is necessary to determine the presence or absence of the converted reason A in
it. The algorithms for checking such possibility are built in cases where there is
a description of characteristics A and when such a description is absent.

Keywords: finite classification task; cause-and-effect relationships; machine
learning in distortions conditions
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МЕТОДЫ КЛАССИФИКАЦИИ ПОЛЬЗОВАТЕЛЕЙ СДО
В МОДЕЛИ ПОСТРОЕНИЯ ИХ ИНДИВИДУАЛЬНОЙ

ТРАЕКТОРИИ ОБУЧЕНИЯ∗

Я. Г. Мартюшова1, Т. А. Минеева2, А. В. Наумов3

�−−®â�æ¨ï: ˆáá«¥¤ã¥âáï ¯à®¡«¥¬� �¤�¯â�æ¨¨ á¨áâ¥¬ë ¤¨áâ�−æ¨®−−®£® ®¡ãç¥-
−¨ï (‘„�) ¯®¤ ª®−â¨−£¥−â ¯®«ì§®¢�â¥«¥© ¯ãâ¥¬ ä®à¬¨à®¢�−¨ï ¨−¤¨¢¨¤ã�«ì-
−ëå âà�¥ªâ®à¨© ®¡ãç¥−¨ï −� ®á−®¢¥ à¥§ã«ìâ�â®¢ ¨å ¯à®¬¥¦ãâ®ç−ëå â¥áâ¨à®-
¢�−¨©. ‚�¦−¥©è�ï á®áâ�¢«ïîé�ï ¯à¥¤«�£�¥¬®© ¬®¤¥«¨ | ª«�áá¨ä¨ª�æ¨ï
¯®«ì§®¢�â¥«¥© −� ®á−®¢¥ â¥áâ� ¯® à�§«¨ç−ë¬ ª�â¥£®à¨ï¬ ãá¯¥¢�¥¬®áâ¨. �à®-
¢®¤¨âáï áà�¢−¨â¥«ì−ë© �−�«¨§ à¥§ã«ìâ�â®¢ ¯à¨¬¥−¥−¨ï ¤«ï íâ®© æ¥«¨ à�§«¨ç-
−ëå ª«�áá¨ä¨ª�â®à®¢, â�ª¨å ª�ª ¡�©¥á®¢áª¨© ª«�áá¨ä¨ª�â®à, «®£¨áâ¨ç¥áª�ï
à¥£à¥áá¨ï, ¬¥â®¤ k-¡«¨¦�©è¨å á®á¥¤¥© (KNN), ¤¥à¥¢® à¥è¥−¨©, ¬¥â®¤ á«ã-
ç�©−®£® «¥á�, £à�¤¨¥−â−ë© ¡ãáâ¨−£, � â�ª¦¥ ª«�áá¨ä¨ª�â®à�, ¨á¯®«ì§ãîé¥£®
ª®¬¯®§¨æ¨î −¥áª®«ìª¨å à�§«¨ç−ëå �«£®à¨â¬®¢ (¬¥â®¤ ¡ãâáâà¥¯-�£à¥£¨à®¢�-
−¨ï, ¨«¨ ¡í££¨−£) ¨§ −�§¢�−−ëå ¢ëè¥ ¤«ï ¯à¥¤áª�§�−¨ï ª�â¥£®à¨¨ ¯®«ì§®¢�-
â¥«ï ¯® ¯à¨−æ¨¯ã ¯à®áâ®£® ¡®«ìè¨−áâ¢�. �à¨¢®¤ïâáï à¥§ã«ìâ�âë ç¨á«¥−−®£®
íªá¯¥à¨¬¥−â� á ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ë ¤¨áâ�−-
æ¨®−−®£® ®¡ãç¥−¨ï Œ�ˆ CLASS.NET.

Š«îç¥¢ë¥ á«®¢�: á¨áâ¥¬� ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï; ¬¥â®¤ë ¬�è¨−−®£®
®¡ãç¥−¨ï; �¤�¯â¨¢−ë¥ á¨áâ¥¬ë; ¨−¤¨¢¨¤ã�«ì−�ï âà�¥ªâ®à¨ï ®¡ãç¥−¨ï

DOI: 10.14357/08696527230107

1 Введение

�¤�¯â�æ¨ï á®¢à¥¬¥−−ëå ‘„� ¯®¤ ãá«®¢¨ï íªá¯«ã�â�æ¨¨, ¢ ç�áâ−®áâ¨ ª®−-
â¨−£¥−â ¯®«ì§®¢�â¥«¥©, à�¡®â�îé¨© ¢ á¨áâ¥¬¥, áâ�−®¢¨âáï ¢�¦−ë¬ −�¯à�¢«¥−¨-
¥¬ ¨áá«¥¤®¢�−¨© [1{3]. �®áâà®¥−¨¥ ¨−¤¨¢¨¤ã�«ì−ëå âà�¥ªâ®à¨© ¯®«ì§®¢�â¥«¥©
‘„� | à�á¯à®áâà�−¥−−ë© ¨−áâàã¬¥−â �¤�¯â�æ¨¨ [4{6]. �¤−¨¬ ¨§ −�¯à�¢«¥−¨©
¨áá«¥¤®¢�−¨© áâ�«® ä®à¬¨à®¢�−¨¥ ¨−¤¨¢¨¤ã�«ì−®© âà�¥ªâ®à¨¨ −� ®á−®¢¥ à¥§ã«ì-
â�â®¢ ¯à®¬¥¦ãâ®ç−ëå â¥áâ¨à®¢�−¨© ¨ ¨−ä®à¬�æ¨¨ ® à�¡®â¥ ¯®«ì§®¢�â¥«ï ¯ãâ¥¬
¥£® ª«�áá¨ä¨ª�æ¨¨ ¢ ®¯à¥¤¥«¥−−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ ¢ à�§«¨ç−ë¥ ª�â¥£®à¨¨ ¯®
ãá¯¥¢�¥¬®áâ¨. ‚ §�¢¨á¨¬®áâ¨ ®â ª�â¥£®à¨¨ ¯®«ì§®¢�â¥«ï ¥¬ã, −�¯à¨¬¥à, ¬®£ãâ
¯à¥¤«�£�âìáï ¤«ï ¤�«ì−¥©è¥£® ¨§ãç¥−¨ï ªãàá� §�¤�−¨ï á®®â¢¥âáâ¢ãîé¥£® ãà®¢−ï

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® §� áç¥â £à�−â� ÷®áá¨©áª®£® −�ãç−®£® ä®−¤� ü 22-28-00588
(https://rscf.ru/project/22-28-00588).

1Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ, ma1554@mail.ru
2Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ, mineeva.t2015@gmail.com
3Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ, naumovav@mail.ru
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Œ¥â®¤ë ª«�áá¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«¥© ‘„� ¢ ¬®¤¥«¨ ¯®áâà®¥−¨ï âà�¥ªâ®à¨¨ ®¡ãç¥−¨ï

á«®¦−®áâ¨, ®¯à¥¤¥«ï¥¬®£® íªá¯¥àâ−®, ¨«¨ −� ®á−®¢¥ á®®â¢¥âáâ¢ãîé¨å ¬�â¥¬�â¨-
ç¥áª¨å ¬®¤¥«¥©, −�¯à¨¬¥à ¬®¤¥«¨ ÷�è� [7]. Š«�áá¨ä¨ª�æ¨ï ¯®«ì§®¢�â¥«¥© ‘„�
¬®¦¥â ®áãé¥áâ¢«ïâìáï à�§«¨ç−ë¬¨ ¬¥â®¤�¬¨ ¨ −� ®á−®¢¥ à�§«¨ç−ëå ¯®ª�§�â¥«¥©
à�¡®âë. ‚ ª�ç¥áâ¢¥ â�ª®£® ¯®ª�§�â¥«ï ¢ [4] ¯à¨ ®ç−®© ä®à¬¥ ¯à®¢¥¤¥−¨ï §�−ïâ¨©
á ®à£�−¨§�æ¨¥© á�¬®áâ®ïâ¥«ì−®© à�¡®âë áâã¤¥−â®¢ ¨ ¢ë¯®«−¥−¨ï ¤®¬�è−¨å à�-
¡®â ¢ ‘„� ¨á¯®«ì§ã¥âáï â¥ªãé¨© à¥©â¨−£ ¯®«ì§®¢�â¥«ï, ¯à¥¤áâ�¢«ïîé¨© á®¡®©
¢§¢¥è¥−−ãî á¢¥àâªã ®æ¥−®ª §� ¯à®è¥¤è¨¥ ®ç−ë¥ ª®−âà®«ì−ë¥ à�¡®âë, ç¨á«�
ãá¯¥è−® ¢ë¯®«−¥−−ëå à�§¤¥«®¢ í«¥ªâà®−−®£® ãç¥¡−¨ª� (�“), ç¨á«� ¯à®¯ãé¥−-
−ëå ®ç−ëå á¥¬¨−�àáª¨å §�−ïâ¨© ¨ ®æ¥−ª¨, ¯®«ãç¥−−®© áâã¤¥−â®¬ §� ª®««®ª¢¨ã¬.
�¤−�ª® ¢¬¥áâ® á¢¥àâª¨ ª�ª áª�«ïà−®£® ¯®ª�§�â¥«ï ¬®¦−® ¨á¯®«ì§®¢�âì ¤«ï
ª«�áá¨ä¨ª�æ¨¨ ¢¥ªâ®à ¨§ á«�£�¥¬ëå á¢¥àâª¨, ª�ª íâ® á¤¥«�−® ¢ [5, 6]. „«ï ª«�á-
á¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«¥© ¨á¯®«ì§ãîâ à�§«¨ç−ë¥ ¬¥â®¤ë ¬�è¨−−®£® ®¡ãç¥−¨ï,
−�¯à¨¬¥à ¡�©¥á®¢áª¨© ª«�áá¨ä¨ª�â®à [4], ª�àâë Š®å®−¥−� [5, 6, 8], ¨«¨ ¤àã£¨¥
¬¥â®¤ë, ¯®áâà®¥−−ë¥ −� ®á−®¢¥ −¥©à®−−ëå á¥â¥© [9{13].

–¥«ì ¤�−−®© à�¡®âë | áà�¢−¨â¥«ì−ë© �−�«¨§ à�§«¨ç−ëå ¬¥â®¤®¢ ª«�áá¨ä¨-
ª�æ¨¨, ¨á¯®«ì§ã¥¬ëå ¯à¨ ¯®áâà®¥−¨¨ ¨−¤¨¢¨¤ã�«ì−®© âà�¥ªâ®à¨¨ ¯®«ì§®¢�â¥«ï
¨ ª®−áâàã¨à®¢�−¨¥ −®¢®£® ®¡ê¥¤¨−¥−−®£® ª«�áá¨ä¨ª�â®à�, à�¡®â�îé¥£® ¯® ¯à¨−-
æ¨¯ã ¡®«ìè¨−áâ¢� −� ®á−®¢¥ �−�«¨§� �−á�¬¡«ï ª«�áá¨ä¨ª�â®à®¢, ¯®áâà®¥−−ëå
¢ â®¬ ç¨á«¥ á ¨á¯®«ì§®¢�−¨¥¬ −¥©à®−−ëå á¥â¥©. ˆá¯®«ì§®¢�−¨¥ ®¡ê¥¤¨−¥−−®£®
ª«�áá¨ä¨ª�â®à� ®¡¥á¯¥ç¨¢�¥â ¡�®«ìèãî áâ�¡¨«ì−®áâì ª®àà¥ªâ−®© ª«�áá¨ä¨ª�-
æ¨¨, çâ® ¯®¤â¢¥à¦¤�¥âáï −� ®á−®¢¥ ®¡à�¡®âª¨ §−�ç¨â¥«ì−®£® ¬�áá¨¢� ¤�−−ëå
® à�¡®â¥ ¯®«ì§®¢�â¥«¥© ‘„� Œ�ˆ CLASS.NET [14, 15], �ªâ¨¢−® íªá¯«ã�â¨-
àã¥¬®© ¢ Œ®áª®¢áª®¬ �¢¨�æ¨®−−®¬ ¨−áâ¨âãâ¥ −� ¯à®âï¦¥−¨¨ ¯®á«¥¤−¨å ¤¢ãå
¤¥áïâª®¢ «¥â.

2 Описание математической модели построения индивидуальной
траектории пользователя системы дистанционного обучения

‚ ¤�−−®© à�¡®â¥ ¯à®¤®«¦�¥âáï ¨áá«¥¤®¢�−¨¥ à�áá¬®âà¥−−®© ¢ [4] ¬®¤¥«¨,
ãç¨âë¢�îé¥© á¬¥è�−−ãî ä®à¬ã ®¡ãç¥−¨ï ¢ ¢¨¤¥ ®ç−ëå á¥¬¨−�àáª¨å §�−ïâ¨©
¢ á¥¬¥áâà¥ á ¯à®¢¥¤¥−¨¥¬ −¥áª®«ìª¨å ®¡ê¥ªâ¨¢−ëå ®ç−ëå àã¡¥¦−ëå ª®−âà®«¥©
¢ â¥ç¥−¨¥ ªãàá� ¨ ®à£�−¨§�æ¨¥© á�¬®áâ®ïâ¥«ì−®© à�¡®âë áâã¤¥−â®¢ á ¢ë¯®«−¥−¨¥¬
¨¬¨ ¤®¬�è−¨å §�¤�−¨© ¢ ‘„�.

�à¥¤«�£�¥¬ë© ¯®«ì§®¢�â¥«î ªãàá ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï à�§¡¨â −� −¥-
áª®«ìª® à�§¤¥«®¢, ª®â®àë¥ ®− ¤®«¦¥− ¨§ãç¨âì ¤«ï ®á¢®¥−¨ï ¤�−−®© ¤¨áæ¨¯«¨−ë.
�®á«¥ ª�¦¤®£® à�§¤¥«� ¯®«ì§®¢�â¥«î −ã¦−® à¥è¨âì â¥áâ ®¯à¥¤¥«¥−−®£® ãà®¢−ï
á«®¦−®áâ¨. ‘«®¦−®áâì §�¤�−¨© â¥áâ� ®¯à¥¤¥«ï¥âáï íªá¯¥àâ®¬ ¨«¨ á ¯®¬®éìî
á¯¥æ¨�«ì−ëå �«£®à¨â¬®¢, ®á−®¢�−−ëå −� ¬®¤¥«¨ ÷�è� [7]. „«ï ä®à¬¨à®¢�-
−¨ï â¥áâ� ¨§ áãé¥áâ¢ãîé¨å §�¤�−¨© −¥®¡å®¤¨¬® à¥è¨âì §�¤�çã ¬�â¥¬�â¨ç¥áª®£®
¯à®£à�¬¬¨à®¢�−¨ï, ®¯¨á�−−ãî ¢ [16], ¯�à�¬¥âà®¬ ª®â®à®© á«ã¦¨â áã¬¬�à−ë©
ãà®¢¥−ì á«®¦−®áâ¨ â¥áâ�. �¥®¡å®¤¨¬® ®¯à¥¤¥«¨âì, ª�ª®£® ãà®¢−ï á«®¦−®áâ¨
â¥áâ ¢ë¤�¢�âì ¯®«ì§®¢�â¥«î ¯à¨ ¯à®¢¥¤¥−¨¨ ®ç−ëå ª®−âà®«ì−ëå ¬¥à®¯à¨ïâ¨©,
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Ÿ. ƒ. Œ�àâîè®¢�, ’. �. Œ¨−¥¥¢�, �. ‚. ��ã¬®¢

çâ®¡ë ®− á®®â¢¥âáâ¢®¢�« ãà®¢−î ¥£® ¯®¤£®â®¢ª¨ ¨ ä®à¬¨à®¢�« ¨−¤¨¢¨¤ã�«ì−ãî
âà�¥ªâ®à¨î ®¡ãç¥−¨ï.

÷¥è¥−¨¥ ® â®¬, ª�ª®© ¤®«¦−� ¡ëâì á«®¦−®áâì ¢ë¤�¢�¥¬®£® â¥áâ�, ¯à¨−¨¬�¥âáï
íªá¯¥àâ®¬-¯¥¤�£®£®¬ á ¨á¯®«ì§®¢�−¨¥¬ á®®â¢¥âáâ¢ãîé¨å ¯á¨å®«®£®-¯¥¤�£®£¨ç¥-
áª¨å ¬¥â®¤®¢ [17] −� ®á−®¢¥ â®£®, ª ª�ª®© ª�â¥£®à¨¨ ¯à¨−�¤«¥¦¨â ¯®«ì§®¢�â¥«ì
(−�¯à¨¬¥à, ú®â«¨ç−¨ªû, úå®à®è¨áâû ¨ â. ¤.). ’�ª¨¬ ®¡à�§®¬, −� ª�¦¤®¬ íâ�¯¥
®¡ãç¥−¨ï ¯à¥¤«�£�¥âáï à¥è�âì §�¤�çã ª«�áá¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«ï ¢ ®¤−ã ¨§
ª�â¥£®à¨©. �¯à¥¤¥«ïîâáï ª�â¥£®à¨¨ ¯®«ì§®¢�â¥«ï ¤¨áªà¥â−® ¢ ¯à®æ¥áá¥ ®¡ãç¥-
−¨ï ¯® ®ª®−ç�−¨¨ ª�¦¤®£® à�§¤¥«� ªãàá� ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï, ª®â®àë©,
ª�ª ¯à�¢¨«®, á®®â¢¥âáâ¢ã¥â ®ç¥à¥¤−®¬ã á¥¬¨−�àáª®¬ã §�−ïâ¨î ¨ ®ç¥à¥¤−®¬ã
à�§¤¥«ã ¢ �“. �¡®§−�ç¨¬ ¬®¬¥−âë ¢à¥¬¥−¨, ª®£¤� ¯à®¢®¤¨âáï ¯à®£−®§¨à®¢�−¨¥
®¡ê¥ªâ¨¢−®© ª�â¥£®à¨¨ ¯®«ì§®¢�â¥«ï, ç¥à¥§ t = 1, . . . , T .

‚ −�ç�«ì−ë© ¬®¬¥−â ¢à¥¬¥−¨ t = 0 ®¡ê¥ªâ¨¢−®© ª�â¥£®à¨¨ ¯®«ì§®¢�â¥«ï
¯à¨á¢�¨¢�¥âáï −¥ª®â®à�ï �¯à¨®à−�ï ®æ¥−ª�, ®¯à¥¤¥«ï¥¬�ï −� ®á−®¢¥ ¯à¥¤ë¤ã-
é¥© âà�¥ªâ®à¨¨ ®¡ãç¥−¨ï. �ãáâì t = {t1, t2, t3} | ¬®¬¥−âë ¢à¥¬¥−¨, ª®£¤�
¯à®¢®¤ïâáï ®ç−ë¥ ª®−âà®«ì−ë¥ ¬¥à®¯à¨ïâ¨ï, −� ®á−®¢�−¨¨ ª®â®àëå ¯à®¢®¤¨âáï
®¡ê¥ªâ¨¢−�ï ª«�áá¨ä¨ª�æ¨ï ¯®«ì§®¢�â¥«¥© ‘„� á ¯®á«¥¤ãîé¥© �¤�¯â�æ¨¥© ¨å
¨−¤¨¢¨¤ã�«ì−ëå âà�¥ªâ®à¨© ®¡ãç¥−¨ï.

‚ ¬®¬¥−âë ¢à¥¬¥−¨ t1, t2 ¨ t3 ®¡ê¥ªâ¨¢−�ï ª�â¥£®à¨ï ¯®«ì§®¢�â¥«ï ®¯à¥¤¥-
«ï¥âáï −� ®á−®¢¥ à¥§ã«ìâ�â� ®ç−®© ª®−âà®«ì−®© à�¡®âë á ¯®¬®éìî âà�¤¨æ¨®−−®©
®æ¥−ª¨ kti ∈ Y , i = 1, 2, 3, â. ¥. yti = kti, i = 1, 2, 3, £¤¥ kti ∈ Y = {0, 2, 3, 4, 5}.
‘«ãç�© kti = 0 ®§−�ç�¥â, çâ® ¯®«ì§®¢�â¥«ì −¥ ¯¨á�« ª®−âà®«ì−ãî à�¡®âã ¢ ¬®¬¥−â
¢à¥¬¥−¨ ti. ‚ ¤àã£¨¥ ¬®¬¥−âë ¢à¥¬¥−¨ ®¡ê¥ªâ¨¢−�ï ª�â¥£®à¨ï ¯®«ì§®¢�â¥«ï −¥
®¯à¥¤¥«¥−�.

‚ à�¡®â¥ [4] ¢ ®áâ�«ì−ë¥ ¬®¬¥−âë ¢à¥¬¥−¨ −� ®á−®¢¥ â¥ªãé¥£® à¥©â¨−£�
¯®«ì§®¢�â¥«ï ®¯à¥¤¥«ï«�áì ¥£® â¥ªãé�ï ª�â¥£®à¨ï, � §�â¥¬ à¥è�«�áì §�¤�ç�
ª«�áá¨ä¨ª�æ¨¨ á æ¥«ìî ¯®áâà®¥−¨ï ¯à®£−®§� ¡ã¤ãé¥© ®¡ê¥ªâ¨¢−®© ª�â¥£®à¨¨
¯®«ì§®¢�â¥«ï. „«ï ª«�áá¨ä¨ª�æ¨¨ ¨á¯®«ì§®¢�«áï ¡�©¥á®¢áª¨© ¬¥â®¤ −� ®á−®¢¥
�−�«¨§� áª�«ïà−®£® ¯®ª�§�â¥«ï à�¡®âë ¯®«ì§®¢�â¥«ï | ¥£® â¥ªãé¥£® à¥©â¨−£�,
®¯à¥¤¥«ï¥¬®£® ¢ ¬®¬¥−â ¢à¥¬¥−¨ t = 1, . . . , T á«¥¤ãîé¨¬ ®¡à�§®¬:

Bt = ωk

∑
ti≤t

kti

5
+ ωE

∑t

τ=1
E+τ

∑t

τ=1
Eτ

− ωδ

(
1−

δt

–t

)
,

£¤¥ Eτ | áã¬¬�à−�ï á«®¦−®áâì â¥áâ�, ¢ë¯®«−¥−−®£® ¢ �“ ¢ ¬®¬¥−â τ ; E+τ |
áã¬¬�à−�ï á«®¦−®áâì ¯à�¢¨«ì−® à¥è¥−−ëå §�¤�−¨© â¥áâ� �“, ¢ë¯®«−¥−−®£®
¢ ¬®¬¥−â τ ; –t | ®¡é¥¥ ç¨á«® ®ç−ëå §�−ïâ¨©, ¯à®è¥¤è¨å ª ¬®¬¥−âã ¢à¥¬¥−¨ t;
δt | ç¨á«® ¯®á¥é¥−¨© ¯®«ì§®¢�â¥«¥¬ ®ç−ëå §�−ïâ¨©, ¯à®è¥¤è¨å ª ¬®¬¥−âã
¢à¥¬¥−¨ t.

‚¥«¨ç¨−ë ωk, ωE ¨ ωδ ï¢«ïîâáï ¢¥á®¢ë¬¨ ª®íää¨æ¨¥−â�¬¨, ª®â®àë¥ ¢ë¡à�-
−ë â�ª, çâ®¡ë ¬�ªá¨¬�«ì−®¥ §−�ç¥−¨¥ â¥ªãé¥£® à¥©â¨−£� ¯®«ì§®¢�â¥«ï ¢ ¬®¬¥−â
¢à¥¬¥−¨ T ¡ë«® ¡ë à�¢−® 100. �â¨ ¢¥«¨ç¨−ë ®âà�¦�îâ ¢�¦−®áâì ª�¦¤®£®
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Œ¥â®¤ë ª«�áá¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«¥© ‘„� ¢ ¬®¤¥«¨ ¯®áâà®¥−¨ï âà�¥ªâ®à¨¨ ®¡ãç¥−¨ï

á«�£�¥¬®£® ¢ ä®à¬ã«¥ à¥©â¨−£�. ��¯à¨¬¥à, ¢ [17] ¢ë¡à�−ë á«¥¤ãîé¨¥ §−�ç¥−¨ï:
ωk = ωE = 25 ¨ ωδ = 15.

3 Построение обобщенного классификатора

Š�ª ã¦¥ ¡ë«® áª�§�−®, ¢ [4] ª«�áá¨ä¨ª�æ¨ï ¯®«ì§®¢�â¥«¥© ¯à®¢®¤¨«�áì ¯®
®¤−®¬ã ¯à¨§−�ªã, â¥ªãé¥¬ã à¥©â¨−£ã. ‚ ¤�−−®© à�¡®â¥ ¯à¥¤«�£�¥âáï ¯à®£−®§¨-
à®¢�âì ®¡ê¥ªâ¨¢−ãî ª�â¥£®à¨î ¯®«ì§®¢�â¥«ï ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ¯® −¥áª®«ìª¨¬
¯à¨§−�ª�¬: −®à¬¨à®¢�−−ë¬ áã¬¬�à−ë¬ á«®¦−®áâï¬ ¯à�¢¨«ì−® à¥è¥−−ëå §�¤�-
−¨© â¥áâ®¢, ¢ë¯®«−¥−−ëå ¢ ¬®¬¥−âë ¢à¥¬¥−¨ τ ≤ t, ®æ¥−ª�¬ kti, i = 1, 2, 3, §�
®ç−ë¥ ª®−âà®«ì−ë¥ à�¡®âë, ¯à®¢®¤¨¢è¨¥áï ¢ ¬®¬¥−âë ¢à¥¬¥−¨ ti < t (¡ã¤¥¬
¯à¥¤¯®«�£�âì, çâ® ®ç−ë¥ ª®−âà®«ì−ë¥ à�¡®âë ¯à¨ T = 17 ¯à®¢®¤ïâáï −� 5-¬,
10-¬ ¨ 15-¬ §�−ïâ¨ïå, â. ¥. ti ∈ {5, 10, 15}), ¤®«ï¬ ¯à®¯ãé¥−−ëå ¯®«ì§®¢�â¥«¥¬
®ç−ëå §�−ïâ¨©, ¯à®è¥¤è¨å ¢ ¯¥à¨®¤ ¤® ¬®¬¥−â� ¢à¥¬¥−¨ t. ��¯à¨¬¥à, ¥á«¨
à¥è¥−¨¥ §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¯à®¨áå®¤¨â ¯®á«¥ 7-£® à�§¤¥«� ãç¥¡−¨ª�, â®
ª«�áá¨ä¨ª�æ¨ï ¡ã¤¥â ¯à®¢®¤¨âìáï ¯® á«¥¤ãîé¨¬ ¯à¨§−�ª�¬:

{ −®à¬¨à®¢�−−ë¥ á«®¦−®áâ¨ â¥áâ®¢ �“ ¢ ¬®¬¥−âë τ = 1, . . . , 7:

E+1
E1

,
E+2
E2

,
E+3
E3

,
E+4
E4

,
E+5
E5

,
E+6
E6

,
E+7
E7

,

£¤¥ Eτ | áã¬¬�à−�ï á«®¦−®áâì â¥áâ� �“, ¢ë¯®«−¥−−®£® ¢ ¬®¬¥−â τ =
= 1, . . . , 7; E+τ | áã¬¬�à−�ï á«®¦−®áâì ¯à�¢¨«ì−® à¥è¥−−ëå §�¤�−¨© â¥áâ�
�“, ¢ë¯®«−¥−−®£® ¢ ¬®¬¥−â τ = 1, . . . , 7;

{ ¤®«¨ ¯à®¯ãé¥−−ëå §�−ïâ¨©:

θ1
–1

,
θ2
–2

,
θ3
–3

,
θ4
–4

,
θ5
–5

,
θ6
–6

,
θ7
–7

,

£¤¥ θτ | ç¨á«® ¯à®¯ãé¥−−ëå ¯®«ì§®¢�â¥«¥¬ ®ç−ëå §�−ïâ¨©, ¯à®è¥¤è¨å ª ¬®-
¬¥−âã ¢à¥¬¥−¨ τ = 1, . . . , 7; –τ | ®¡é¥¥ ç¨á«® ®ç−ëå §�−ïâ¨©, ¯à®è¥¤è¨å
ª ¬®¬¥−âã ¢à¥¬¥−¨ τ = 1, . . . , 7;

{ ®æ¥−ª� §� ¯¥à¢ãî ª®−âà®«ì−ãî à�¡®âã, ª®â®à�ï ¯à®¢®¤¨«�áì ¯®á«¥ 5-£®
à�§¤¥«� í«¥ªâà®−−®£® ãç¥¡−¨ª�: kt1.

‚ å®¤¥ ¤�−−®© à�¡®âë ¤«ï ¯à®£−®§¨à®¢�−¨ï ®¡ê¥ªâ¨¢−®© ª�â¥£®à¨¨ ¯à¨¬¥−ï-
«¨áì á«¥¤ãîé¨¥ ª«�áá¨ä¨ª�â®àë: «®£¨áâ¨ç¥áª�ï à¥£à¥áá¨ï, ¬¥â®¤ ¡«¨¦�©è¨å
á®á¥¤¥© (KNN), ¤¥à¥¢® à¥è¥−¨©, á«ãç�©−ë© «¥á, £à�¤¨¥−â−ë© ¡ãáâ¨−£.

‚ ª�ç¥áâ¢¥ ¨áå®¤−ëå ¤�−−ëå ¡ë«¨ ¢§ïâë à¥§ã«ìâ�âë à�¡®âë ¯®«ì§®¢�â¥-
«¥© �“ ¯® ªãàáã ú’¥®à¨ï ¢¥à®ïâ−®áâ¥© ¨ ¬�â¥¬�â¨ç¥áª�ï áâ�â¨áâ¨ª�û ¢ ‘„�
CLASS.NET, à�−¥¥ ¨á¯®«ì§®¢�−−ë¥ ¢ [4]. —¨á«® ¬®¬¥−â®¢ ¢à¥¬¥−¨, ª®£¤� §−�ç¥-
−¨¥ â¥ªãé¥© ª�â¥£®à¨¨ ¯®«ì§®¢�â¥«ï ¬®¦¥â ¬¥−ïâìáï, ¢ ¤�−−®¬ á«ãç�¥ à�¢−® 16.
„�−−ë¥ ¯à¥¤áâ�¢«¥−ë ¢ ª�ç¥áâ¢¥ ¬�âà¨æë ®¡ê¥ªâ®¢-¯à¨§−�ª®¢ à�§¬¥à� 1644×36.
‘â®«¡æë ¬�âà¨æë á®®â¢¥âáâ¢ãîâ ¯à¨§−�ª�¬:
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’�¡«¨æ� 1 ’®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«ï ¢ ®¤−ã ¨§ ®¡ê¥ªâ¨¢−ëå ª�â¥£®à¨©
¢ ª�¦¤ë© ¬®¬¥−â ¢à¥¬¥−¨ t à�§−ë¬¨ ª«�áá¨ä¨ª�â®à�¬¨

Š«�áá¨- t
ä¨ª�â®à 1 2 3 4 5 7 8 9 10 11 13 14 15 16

��©¥á®¢áª¨©
ª«�áá¨ä¨ª�â®à 0,76 0,84 0,88 0,82 0,89 0,65 0,68 0,73 0,75 0,79 0,59 0,61 0,64 0,67

‹®£¨áâ¨ç¥áª�ï
à¥£à¥áá¨ï 0,85 0,92 0,85 0,90 0,92 0,78 0,80 0,80 0,81 0,80 0,79 0,86 0,89 0,92

KNN 0,83 0,91 0,83 0,89 0,91 0,68 0,75 0,75 0,82 0,82 0,76 0,86 0,82 0,85
„¥à¥¢®
à¥è¥−¨© 0,77 0,83 0,87 0,87 0,87 0,66 0,77 0,83 0,80 0,79 0,67 0,77 0,80 0,84

‘«ãç�©−ë© «¥á 0,78 0,91 0,86 0,90 0,93 0,81 0,86 0,87 0,86 0,83 0,85 0,92 0,88 0,94
ƒà�¤¨¥−â−ë©
¡ãáâ¨−£ 0,83 0,90 0,86 0,90 0,92 0,82 0,84 0,85 0,85 0,81 0,83 0,90 0,88 0,90

{ ®æ¥−ª¨ kti, i = 5, 10, 15, §� ®ç−ë¥ ª®−âà®«ì−ë¥ à�¡®âë, ¯à®¢®¤¨¢è¨¥áï
¢ ¬®¬¥−âë ¢à¥¬¥−¨ ti (áâ®«¡æë 1{3);

{ −®à¬¨à®¢�−−ë¥ áã¬¬�à−ë¥ á«®¦−®áâ¨ ¯à�¢¨«ì−® à¥è¥−−ëå §�¤�−¨© â¥áâ®¢
¢ �“, ¢ë¯®«−¥−−ëå ¢ ¬®¬¥−âë ¢à¥¬¥−¨ ti (áâ®«¡æë 4{19);

{ ¤®«ï ¯à®¯ãé¥−−ëå ¯®«ì§®¢�â¥«¥¬ ®ç−ëå §�−ïâ¨©, ¯à®è¥¤è¨å ¢ ¯¥à¨®¤ ¤®
¬®¬¥−â� ¢à¥¬¥−¨ ti (áâ®«¡æë 20{36).

Š�¦¤�ï áâà®ª� ï¢«ï¥âáï ¯à¨§−�ª®¢ë¬ ®¯¨á�−¨¥¬ ®¤−®£® ¯®«ì§®¢�â¥«ï, ¢á¥£®
¯®«ì§®¢�â¥«¥© ¢ ¢ë¡®àª¥ 1644; 70% ¢§ïâ® ¢ ª�ç¥áâ¢¥ ®¡ãç�îé¥© ¢ë¡®àª¨; 30% |
â¥áâ®¢�ï ¢ë¡®àª�.

‚ â�¡«. 1 ¯à¨¢¥¤¥−ë â®ç−®áâ¨ ¯à®£−®§¨à®¢�−¨ï ®¡ê¥ªâ¨¢−®© ª�â¥£®à¨¨ ¯®«ì-
§®¢�â¥«ï, ä®à¬¨àã¥¬®© −� á«¥¤ãîé¥¬ §� ¬®¬¥−â®¬ ¢à¥¬¥−¨ t ®ç−®¬ ª®−âà®«ì-
−®¬ ¬¥à®¯à¨ïâ¨¨, ¤«ï ª�¦¤®£® ¨§ à�áá¬�âà¨¢�¥¬ëå ª«�áá¨ä¨ª�â®à®¢. ’�ª¦¥
¢ â�¡«. 1 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ¡�©¥á®¢áª®£® ª«�áá¨ä¨ª�â®à�, ®¯¨á�−−®£® ¢ [4].

’®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ | ¤®«ï ¯à�¢¨«ì−® ®¯à¥¤¥«¥−−ëå ®¡ê¥ªâ¨¢−ëå
ª�â¥£®à¨© ¯®«ì§®¢�â¥«¥© ª«�áá¨ä¨ª�â®à®¬ −� â¥áâ®¢®© ¢ë¡®àª¥.

‚á¥ ª«�áá¨ä¨ª�â®àë, à�áá¬�âà¨¢�¥¬ë¥ ¢ ¤�−−®© à�¡®â¥, ¯®ª�§�«¨ «ãçè¨©
à¥§ã«ìâ�â ¯® áà�¢−¥−¨î á ¡�©¥á®¢áª¨¬ ª«�áá¨ä¨ª�â®à®¬, −�¨«ãçè¨¥ ¯à®£−®§ë
¤�«¨ á«ãç�©−ë© «¥á ¨ £à�¤¨¥−â−ë© ¡ãáâ¨−£. ’�ª¦¥ ¬®¦−® §�¬¥â¨âì, çâ® ¯®á«¥
ª�¦¤®© ª®−âà®«ì−®© à�¡®âë â®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ á ¯®¬®éìî ¡�©¥á®¢áª®-
£® ¬¥â®¤� ¤®¢®«ì−® á¨«ì−® ã¬¥−ìè�¥âáï, ã ®áâ�«ì−ëå ¬¥â®¤®¢ −¥ ¡ë«® â�ª®©
¯à®¡«¥¬ë.

‘â®¨â ®â¬¥â¨âì, çâ®, ¢ ®â«¨ç¨¥ ®â ¡�©¥á®¢áª®£® ª«�áá¨ä¨ª�â®à�, ¤àã£¨¥
¨áá«¥¤ã¥¬ë¥ ¬¥â®¤ë âà¥¡ãîâ §�¤�−¨ï ¢−ãâà¥−−¨å ¯�à�¬¥âà®¢. ’�ª, ç¨á«®
¡«¨¦�©è¨å á®á¥¤¥© ¢ ¬¥â®¤¥ KNN ¢ë¡¨à�«®áì ¯à®áâë¬ ¯¥à¥¡®à®¬ | ç¨á«® ã¢¥-
«¨ç¨¢�«®áì ¤® â¥å ¯®à, ¯®ª� −¥ −�¡«î¤�«®áì ¯¥à¥®¡ãç¥−¨¥. ��à�¬¥âàë ¤àã£¨å
ª«�áá¨ä¨ª�â®à®¢ ¯®¤¡¨à�«¨áì áå®¦¨¬ ®¡à�§®¬. ˆ å®âï ®¯â¨¬¨§�æ¨ï £¨¯¥à¯�à�-
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Œ¥â®¤ë ª«�áá¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«¥© ‘„� ¢ ¬®¤¥«¨ ¯®áâà®¥−¨ï âà�¥ªâ®à¨¨ ®¡ãç¥−¨ï

¬¥âà®¢ ª«�áá¨ä¨ª�â®à� ¢ ®¡é¥¬ á«ãç�¥ §�¤�ç� −¥âà¨¢¨�«ì−�ï, á�¬� ¢®§¬®¦−®áâì
−�áâà®©ª¨ ¨á¯®«ì§ã¥¬®£® ¬¥â®¤� ¯®§¢®«ï¥â ¤®¡¨¢�âìáï «ãçè¥© â®ç−®áâ¨ ª«�áá¨-
ä¨ª�æ¨¨.

�à¨¬¥−¥−¨¥ ¡�©¥á®¢áª®£® ª«�áá¨ä¨ª�â®à� ¯®âà¥¡®¢�«® ¬¥−ìè¨å ¢ëç¨á«¨-
â¥«ì−ëå ¨ ¢à¥¬¥−− �ëå §�âà�â, çâ® áâ�«® ¡ë ¯«îá®¬ ¯à¨ à¥è¥−¨¨ §�¤�ç á ¡®«ìè¨¬
−�¡®à®¬ ¨áå®¤−ëå ¤�−−ëå.

„�«¥¥ ¢á¥ ª«�áá¨ä¨ª�â®àë, ªà®¬¥ ¡�©¥á®¢áª®£®, ¡ë«¨ ®¡ê¥¤¨−¥−ë ¢ ®¤¨−
ª«�áá¨ä¨ª�â®à. �®¢ë© ª«�áá¨ä¨ª�â®à ¯à¥¤áª�§ë¢�¥â ®¡ê¥ªâ¨¢−ãî ª�â¥£®à¨î
¯® ¯à¨−æ¨¯ã ¡®«ìè¨−áâ¢�.

�¡®§−�ç¨¬ ak = {2, 3, 4, 5} | ®â¢¥â k-£® ª«�áá¨ä¨ª�â®à� (¯à®£−®§¨àã¥¬�ï
®¡ê¥ªâ¨¢−�ï ª�â¥£®à¨ï áâã¤¥−â�), £¤¥ k = 1, . . . , 5| −®¬¥à ª«�áá¨ä¨ª�â®à�. ’®-
£¤� à¥§ã«ìâ¨àãîé¨© �«£®à¨â¬ ¤«ï ª�¦¤®£® áâã¤¥−â� ¡ã-

’�¡«¨æ� 2 ’®ç-
−®áâì ª«�áá¨ä¨ª�æ¨¨
¯®«ì§®¢�â¥«ï ¢ ®¤−ã
¨§ ®¡ê¥ªâ¨¢−ëå ª�â¥-
£®à¨© ¢ ª�¦¤ë© ¬®¬¥−â
¢à¥¬¥−¨ t ®¡ê¥¤¨−¥−-
−ë¬ ª«�áá¨ä¨ª�â®à®¬

t ’®ç−®áâì
1 0,78
2 0,95
3 0,91
4 0,91
5 0,91
7 0,75
8 0,78
9 0,81

10 0,90
11 0,82
13 0,89
14 0,90
15 0,84
16 0,91

¤¥â ¨¬¥âì ¢¨¤:

a(·) = argmax
yti

∑

ak

I (ak = yti) ,

£¤¥ yti ∈ Y = {0, 2, 3, 4, 5} | ¢®§¬®¦−�ï ®¡ê¥ªâ¨¢−�ï
ª�â¥£®à¨ï áâã¤¥−â� ¢ ¬®¬¥−â ¢à¥¬¥−¨ ti ®ç¥à¥¤−®© ®ç−®©
ª®−âà®«ì−®© à�¡®âë, á«¥¤ãîé¥© §� ¬®¬¥−â®¬ ¢à¥¬¥−¨
¯à®¢¥¤¥−¨ï ª«�áá¨ä¨ª�æ¨¨.

�¡ê¥¤¨−¥−¨¥ à�§«¨ç−ëå �«£®à¨â¬®¢ ¯®§¢®«ï¥â á−¨-
§¨âì à¨áª ¯¥à¥®¡ãç¥−¨ï, � â�ª¦¥ −¥¯à�¢¨«ì−®© ¨−â¥à-
¯à¥â�æ¨¨ à¥§ã«ìâ�â®¢ ª�ª®©-«¨¡® ®¤−®© ®â¤¥«ì−® ¢§ïâ®©
¬®¤¥«¨. ‚ â® ¦¥ ¢à¥¬ï â�ª®© ¯®¤å®¤ §−�ç¨â¥«ì−® ã¢¥-
«¨ç¨¢�¥â ¢à¥¬ï à�¡®âë ª«�áá¨ä¨ª�â®à�. ’�ª¦¥ ¬®¦-
−® ¯®¯à®¡®¢�âì ã«ãçè¨âì íâ®â ¬¥â®¤, ¤®¡�¢¨¢ ¢¥á®¢ë¥
ª®íää¨æ¨¥−âë á®áâ�¢«ïîé¨¬ �«£®à¨â¬�¬, ¥á«¨, −�¯à¨-
¬¥à, ª�ª®¬ã-â® ¨§ −¨å ¤®¢¥àï¥¬ ¡®«ìè¥ ®áâ�«ì−ëå. ÷¥-
§ã«ìâ�âë à�¡®âë ®¯¨á�−−®£® ª«�áá¨ä¨ª�â®à� ¯à¨¢¥¤¥−ë
¢ â�¡«. 2.

’®ç−®áâì ®¡ê¥¤¨−¥−−®£® ª«�áá¨ä¨ª�â®à� −¥áª®«ìª®
−¨¦¥, ç¥¬ ã á«ãç�©−®£® «¥á� ¨ £à�¤¨¥−â−®£® ¡ãáâ¨−£�,
®¤−�ª® â�ª�ï ¬®¤¥«ì ¡®«¥¥ áâ�¡¨«ì−�.

4 Заключение

‚ å®¤¥ ¤�−−®© à�¡®âë ¡ë«® ¯à®¤®«¦¥−® ¨áá«¥¤®¢�−¨¥ ¬®¤¥«¨ ä®à¬¨à®¢�-
−¨ï ¨−¤¨¢¨¤ã�«ì−®© âà�¥ªâ®à¨¨ ¯®«ì§®¢�â¥«ï ‘„� [4] ¯à¨ á¬¥è�−−®© ä®à¬¥
¢¥¤¥−¨ï ®¡à�§®¢�â¥«ì−®© ¤¥ïâ¥«ì−®áâ¨ á ®à£�−¨§�æ¨¥© á�¬®áâ®ïâ¥«ì−®© à�¡®âë
®¡ãç�¥¬ëå á ¯®¬®éìî ‘„�.

�® áà�¢−¥−¨î á [4] ¡ë«® à�áá¬®âà¥−® ¤àã£®¥ ¯à¨§−�ª®¢®¥ ¯à®áâà�−áâ¢®. „«ï
¯à®£−®§¨à®¢�−¨ï ®¡ê¥ªâ¨¢−®© ª�â¥£®à¨¨ ¯®«ì§®¢�â¥«¥© á ãç¥â®¬ −®¢®£® ¯à¥¤-
áâ�¢«¥−¨ï ¤�−−ëå ¨á¯®«ì§®¢�«¨áì á«¥¤ãîé¨¥ ª«�áá¨ä¨ª�â®àë: «®£¨áâ¨ç¥áª�ï
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à¥£à¥áá¨ï, ¬¥â®¤ ¡«¨¦�©è¨å á®á¥¤¥© (KNN), ¤¥à¥¢® à¥è¥−¨©, á«ãç�©−ë© «¥á,
£à�¤¨¥−â−ë© ¡ãáâ¨−£. „�−−ë¥ ª«�áá¨ä¨ª�â®àë ¯®ª�§�«¨ ¡�®«ìèãî â®ç−®áâì
ª«�áá¨ä¨ª�æ¨¨ ¯® áà�¢−¥−¨î á ¡�©¥á®¢áª¨¬ ª«�áá¨ä¨ª�â®à®¬. Šà®¬¥ â®£®,
¡ë«® ®¡−�àã¦¥−®, çâ® â®ç−®áâì ª«�áá¨ä¨ª�æ¨¨ ¡�©¥á®¢áª¨¬ ¬¥â®¤®¬ áâ�−®¢¨âáï
åã¦¥ ¯®á«¥ ª�¦¤®© ª®−âà®«ì−®© à�¡®âë, çâ® −¥á¢®©áâ¢¥−−® ®áâ�«ì−ë¬ ¬¥â®¤�¬.
�â® ®¡êïá−ï¥âáï â¥¬, çâ® ¤àã£¨¥ ¬¥â®¤ë íää¥ªâ¨¢−¥¥ ¨á¯®«ì§ãîâ −®¢®¥ ¯à¨§−�-
ª®¢®¥ ¯à®áâà�−áâ¢®. ��©¥á®¢áª¨© ª«�áá¨ä¨ª�â®à ¨á¯®«ì§ã¥â á¢¥àâªã, ãáà¥¤−ïï
¨ áª«�¤ë¢�ï §−�ç¥−¨ï ¯à¨§−�ª®¢, çâ® ¯à¨¢®¤¨â ª ¯®â¥à¥ ¨−ä®à¬�æ¨¨ ® ¯®-
á«¥¤®¢�â¥«ì−®¬ ¨§¬¥−¥−¨¨ íâ¨å §−�ç¥−¨© ¨ ¤àã£¨å §�ª®−®¬¥à−®áâïå ¢ ¤�−−ëå.
�à¨ à¥è¥−¨¨ §�¤�ç¨ ª«�áá¨ä¨ª�æ¨¨ ¯®«ì§®¢�â¥«ï ‘„� ¢ ®¤−ã ¨§ ®¡ê¥ªâ¨¢−ëå
ª�â¥£®à¨© à¥©â¨−£� íâ� ¨−ä®à¬�æ¨ï ¨£à�¥â ¢�¦−ãî à®«ì, â�ª ª�ª ¬®¦¥â, −�-
¯à¨¬¥à, ¯®ª�§ë¢�âì ¯®á«¥¤®¢�â¥«ì−®¥ ã«ãçè¥−¨¥ «¨¡® ãåã¤è¥−¨¥ à¥§ã«ìâ�â®¢
¯®«ì§®¢�â¥«ï ¢ ¯à®æ¥áá¥ ®¡ãç¥−¨ï. ’�ª¨¬ ®¡à�§®¬, á ª�¦¤®© −®¢®© ª®−âà®«ì-
−®© à�¡®â®© â¥àï¥âáï ¢á¥ ¡®«ìè¨© ®¡ê¥¬ ¨−ä®à¬�æ¨¨, çâ® á−¨¦�¥â â®ç−®áâì
ª«�áá¨ä¨ª�æ¨¨.

’�ª¦¥ ¢á¥ ª«�áá¨ä¨ª�â®àë, ªà®¬¥ ¡�©¥á®¢áª®£®, ¡ë«¨ ®¡ê¥¤¨−¥−ë ¢ ®¤¨−
ª«�áá¨ä¨ª�â®à. ’®ç−®áâì −®¢®£® ª«�áá¨ä¨ª�â®à� ®ª�§�«�áì −¥¬−®£® åã¦¥, ç¥¬
ã á«ãç�©−®£® «¥á� ¨ £à�¤¨¥−â−®£® ¡ãáâ¨−£�, ®¤−�ª® â�ª�ï ¬®¤¥«ì ¡®«¥¥ ãáâ®©ç¨¢�
ª ¯¥à¥®¡ãç¥−¨î, â�ª ª�ª ãç¨âë¢�¥â à¥§ã«ìâ�âë à�¡®âë −¥áª®«ìª¨å à�§«¨ç−ëå
ª«�áá¨ä¨ª�â®à®¢.
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METHODS OF CLASSIFYING THE DISTANCE LEARNING
SYSTEM USERS IN THE MODEL OF CONSTRUCTING

THEIR PERSONALIZED LEARNING STRATEGIES

Ya. G. Martyushova, T. A. Mineyeva, and A. V. Naumov

Moscow State Aviation Institute (National Research University), 4 Volokolamskoe
Shosse, Moscow 125933, Russian Federation

Abstract: The article examines the problem of adaptation of the distance
learning system to the contingent of users by constructing personalized learning
strategies using their previous tests results. The main part of the suggested
model is classifying users by various academic progress criteria. Comparative
analysis of results of applying different classifiers for this purpose is presented.
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The following types of classifiers were used: Bayes classifier, logistic regression,
k-nearest neighbors algorithm, decision tree, random forest, boosting, and
bootstrap aggregating classifier that uses a majority vote as the voting scheme.
The article presents the results of a numerical experiment using the data on the
work of MAI distance learning system CLASS.NET.

Keywords: distance learning system; machine learning methods; adaptive
system; personalized online education learning strategies

DOI: 10.14357/08696527230107

Acknowledgments

This work was partially supported by the Russian Science Foundation (grant No. 22-
28-00588, https://rscf.ru/project/22-28-00588).

References

1. Kuravsky, L. S., P. A. Marmalyuk, V. I. Alkhimov, and G. A. Yuryev. 2013. Novyy
podkhod k postroeniyu intellektual'nykh i kompetentnostnykh testov [A new approach
to constructing intellectual and competence-based tests]. Modelirovanie i analiz dan-
nykh [Modelling and Data Analysis] 1:4{28.

2. Kuravsky, L. S., A. A. Margolis, P. A. Marmalyuk, A. S. Panfilova, G. A. Yuryev, and
P. N. Dumin. 2016. A probabilistic model of adaptive training. Applied Mathematical
Sciences 10(48):2369{2380. doi: 10.12988/ams.2016.65168.

3. Chumakova, E. V., D. G. Korneev, and M. S. Gasparian. 2022. Razrabotka metoda
adaptivnogo testirovaniya na osnove neyrotekhnologiy [Development of adaptive testing
method based on neurotechnologies]. Otkrytoe obrazovanie [Open Education] 26(2):4{
13. doi: 10.21686/1818-4243-2022-2-4-13.

4. Bosov, A. V., Ya. G. Martyushova, A. V. Naumov, and A. P. Sapunova. 2020.
Bayesovskiy podkhod k postroeniyu individual'noy traektorii pol'zovatelya v siste-
me distantsionnogo obucheniya [Bayesian approach to the construction of an individual
user trajectory in the system of distance learning]. Informatika i ee Primeneniya |
Inform. Appl. 14(3):86{93. doi: 10.14357/19922264200313.

5. Bosov, A. V. 2022. Primenenie samoorganizuyushchikhsya neyronnykh setey k protsessu
formirovaniya individual'noy traektorii obucheniya [Application of self-organizing
neural networks to the process of forming an individual learning path]. Informatika i ee
Primeneniya | Inform. Appl. 16(3):7{15. doi: 10.14357/19922264220302.

6. Bosov, A. V. 2022. Adaptation of Kohonen's self-organizing map to the task of
constructing an individual user trajectory in an e-learning system. Data science and
algorithms in systems. Eds. R. Silhavy, P. Silhavy, and Z. Prokopova. Lecture notes
in networks and systems ser. Cham: Springer. 597:554{564. doi: 10.1007/978-3-031-
21438-7 44.

7. Rasch, G. 1980. Probabilistic models for some intelligence and attainment tests.
Chicago, IL: The University of Chicago Press. 199 p.

8. Kohonen, T. 2001. Self-organizing maps. 3rd ed. Berlin, Heidelberg: Springer. 501 p.

9. Repkina, N. G. 2016. Prognozirovanie uspeshnosti obrazovaniya studentov tekhni-
cheskikh napravleniy podgotovki s ispol'zovaniem iskusstvennykh neyronnykh setey

76 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 1



Methods of classifying the distance learning system users in the model of learning strategies

[Prediction of success of educating students of technical arias using artificial neural
networks]. Al'manakh mirovoy nauki [Almanac of World Science] 5-1(8):92{95.

10. Kazachonak, V. V. 2020. Primenenie neyronnykh setey v obuchenii [Application of
neural networks in training]. Informatika i obrazovanie [Informatics and Education]
2(311):41{47. doi: 10.32517/0234-0453-2020-35-2-41-47.

11. Okewu, E., P. Adewole, S. Misra, R. Maskeliunas, and R. Damasevicius. 2021.
Artificial neural networks for educational data mining in higher education: A sys-
tematic literature review. Appl. Artif. Intell. 35(13):983{1021. doi: 10.1080/
08839514.2021.1922847.

12. Shamsutdinova, T. M. 2022. Problemy i perspektivy primeneniya neyronnykh setey
v sfere obrazovaniya [Problems and prospects for the application of neural networks
for the sphere of education]. Otkrytoe obrazovanie [Open Education] 26(6):4{10. doi:
10.21686/1818-4243-2022-6-4-10.

13. Luo, Q., and J. Yang. June 10, 2022. The artificial intelligence and neural network in
teaching. Comput. Intel. Neurosc. 1778562. 11 p. doi: 10.1155/2022/1778562.

14. Naumov, A. V., A. S. Dzhumurat, and A. O. Inozemtsev. 2014. Sistema distantsionno-
go obucheniya matematicheskim distsiplinam CLASS.NET [Distance learning system
for mathematical disciplines CLASS.NET]. Vestnik komp'yuternykh i informatsion-
nykh tekhnologiy [Herald of Computer and Information Technologies] 10:36{44. doi:
10.14489/vkit.2014.010.pp.036-044.

15. SDO MAI CLASS.NET [MAI distance learning system CLASS.NET]. Available at:
http://www.distance.mai.ru/ (accessed January 10, 2023)

16. Naumov, A. V., and A. O. Inozemtsev. 2013. Algoritm formirovaniya individual'nykh
zadaniy v sistemakh distantsionnogo obucheniya [The algorithm for generating the
individual tasks in distance learning]. Vestnik komp'yuternykh i informatsionnykh
tekhnologiy [Herald of Computer and Information Technologies] 6:46{51.

17. Martyushova, Ya. G., and N. M. Lykova. 2018. Organizatsiya refleksivno-otsenochnoy
deyatel'nosti studentov universitetov sredstvami elektronnogo uchebnika [Organization
of reflexive-evaluative activity of university students by using the learning management
system]. Psikhologo-pedagogicheskie issledovaniya [Psychological-Educational Studies]
10(2):125{134. doi: 10.17759/psyedu.2018100211.

Received February 6, 2023

Contributors

Martyushova Yanina G. (b. 1970) | Candidate of Science (PhD) in pedagogy,
associate professor, Probability Theory and Computer Simulations Department,
Moscow State Aviation Institute (National Research University), 4 Volokolamskoe
Shosse, Moscow 125933, Russian Federation; ma1554@mail.ru

Mineeva Tatyana A. (b. 2002) | bachelor student, Moscow State Aviation Institute
(National Research University), 4 Volokolamskoe Shosse, Moscow 125933, Russian
Federation; mineeva.t2015@yandex.ru

Naumov Andrey V. (b. 1966) | Doctor of Science in physics and mathematics,
professor, Probability Theory and Computer Simulations Department, Moscow
State Aviation Institute (National Research University), 4 Volokolamskoe Shosse,
Moscow 125933, Russian Federation; naumovav@mail.ru

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 1 77



‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ, 2023. ’. 33. ü 1. ‘. 78{89

ЭФФЕКТИВНЫЕ ВЫЧИСЛЕНИЯ ПРИ ФАКТОРИЗАЦИИ
МАТРИЧНЫХ ДАННЫХ С ПРОПУСКАМИ

М. П. Кривенко1

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� íää¥ªâ¨¢−®© à¥�«¨§�æ¨¨ ä�ªâ®à¨§�æ¨¨ ¬�â-
à¨æë á ®âáãâáâ¢ãîé¨¬¨ ª®¬¯®−¥−â�¬¨ ¢ ¯à®¨§¢¥¤¥−¨¥ ¤¢ãå ¬�âà¨æ ¡®«¥¥
−¨§ª®£® à�−£�. ‡�¤�ç� ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ ¯à¨−ïâ®© ¬®¤¥«¨ ¤�−−ëå à¥è�-
¥âáï ¯ãâ¥¬ ¬−®£®¬¥à−®© ®¯â¨¬¨§�æ¨¨. �®«ìè¨¥ à�§¬¥àë ¬�âà¨æ ¨ ¢¥ªâ®à®¢,
¢å®¤ïé¨å ¢ ¨â¥à�æ¨®−−ë¥ �«£®à¨â¬ë, ¯®à®¦¤�îâ −� ¯à�ªâ¨ª¥ ¯à®ª«ïâ¨¥ à�§-
¬¥à−®áâ¨. �à¥¤«�£�¥âáï ª�à¤¨−�«ì−® á−¨§¨âì á«®¦−®áâì ¬�âà¨ç−ëå ®¯¥à�æ¨©
¯ãâ¥¬ ¯à¥¤áâ�¢«¥−¨ï ¨å ¢ ¡«®ç−®-¤¨�£®−�«ì−®¬ ¢¨¤¥. �¡®á−®¢ë¢�¥âáï ¢®§-
¬®¦−®áâì ¯à¨¢¥¤¥−¨ï ®¡à�¡�âë¢�¥¬ëå ¬�âà¨æ ª ¡«®ç−®-¤¨�£®−�«ì−®¬ã ¢¨¤ã,
®¯¨áë¢�îâáï ¯à�¢¨«� ¯®¡«®ç−®£® á¨−£ã«ïà−®£® à�§«®¦¥−¨ï ¬�âà¨æ. �à¥-
¨¬ãé¥áâ¢� ¯®¡«®ç−®© ®¡à�¡®âª¨ ¨««îáâà¨àãîâáï −� ¯à¨¬¥à¥ ä�ªâ®à¨§�æ¨¨
¬�âà¨æë ¤�−−ëå à�§«¨ç−ëå à�§¬¥à®¢ ¨ c à�§«¨ç−ë¬¨ ¢¥à®ïâ−®áâï¬¨ ¯à®¯ãá-
ª� ª®¬¯®−¥−â. ‚à¥¬ï ®æ¥−¨¢�−¨ï ¯�à�¬¥âà®¢ ¬®¦¥â á®ªà�é�âìáï −� −¥áª®«ìª®
¯®àï¤ª®¢ ¯® áà�¢−¥−¨î á ®¡à�¡®âª®© ¬�âà¨æ ¢ ®¡ëç−®¬ ¯à¥¤áâ�¢«¥−¨¨.

Š«îç¥¢ë¥ á«®¢�: ¯®−¨¦�îé�ï à�−£ �¯¯à®ªá¨¬�æ¨ï ¬�âà¨æë; á¨−£ã«ïà-
−®¥ à�§«®¦¥−¨¥; ¯à®¯ãé¥−−ë¥ ¤�−−ë¥; ALS-�«£®à¨â¬; ¡«®ç−®-¤¨�£®−�«ì−®¥
¯à¥¤áâ�¢«¥−¨¥ ¬�âà¨æë

DOI: 10.14357/08696527230108

1 Введение

”�ªâ®à¨§�æ¨ï ¬�âà¨æ ¤�−−ëå å®à®è® §�à¥ª®¬¥−¤®¢�«� á¥¡ï ª�ª ¬¥â®¤ á−¨-
¦¥−¨ï à�§¬¥à−®áâ¨. Œ−®¦¥áâ¢® ¥£® ¯à¨«®¦¥−¨© ¢ª«îç�¥â ®¡à�¡®âªã ¨§®¡à�¦¥-
−¨©, á¦�â¨¥ ¯¥à¥¤�¢�¥¬®© ¨−ä®à¬�æ¨¨, à�§¢¥¤®ç−ë© �−�«¨§ ¤�−−ëå, ¢¨§ã�«¨§�-
æ¨î, à�á¯®§−�¢�−¨¥ ®¡à�§®¢ ¨ ¯à®£−®§¨à®¢�−¨¥ ¢à¥¬¥−− �ëå àï¤®¢. ’àã¤−®áâ¨ ¯à¨
ä�ªâ®à¨§�æ¨¨ −�ç¨−�îâ ¯à®ï¢«ïâìáï ¯à¨ ¢®§−¨ª−®¢¥−¨¨ ¯à®¯ãáª®¢ ¢ ¤�−−ëå,
¯à¨ç¥¬ −�¨«ãçè¨å à¥§ã«ìâ�â®¢ ã¤�¥âáï ¤®áâ¨çì á ¯®¬®éìî ¬¥â®¤®¢ ®¡à�¡®âª¨
−�¡«î¤¥−−ëå ¨ ¯à®¯ãé¥−−ëå ¤�−−ëå ¢ á®¢®ªã¯−®áâ¨, ª®â®àë¥ âà¥¡ãîâ à�§à�-
¡®âª¨ ®à¨£¨−�«ì−ëå ¯à®æ¥¤ãà. ‘ ®¡é¥© å�à�ªâ¥à¨áâ¨ª®© íâ®© ¯à®¡«¥¬ë ¬®¦−®
®§−�ª®¬¨âìáï, −�¯à¨¬¥à, ¢ [1]. ‚ [2] ¨á¯®«ì§ã¥¬ë¥ ¬¥â®¤ë ä�ªâ®à¨§�æ¨¨ ¬�âà¨æ
¤�−−ëå á ¯à®¯ãáª�¬¨ ¤®¯®«−¥−ë ¤¥â�«ï¬¨, ¢ëï¢«ïîé¨¬¨ ¨ ¨á¯à�¢«ïîé¨-
¬¨ ®è¨¡ª¨ ¢ ¤®áâã¯−ëå ¯ã¡«¨ª�æ¨ïå. �¡à�é¥−® ¢−¨¬�−¨¥ −� −¥®¡å®¤¨¬®áâì
¨áá«¥¤®¢�−¨ï áãé¥áâ¢ãîé¨å ¨ á®§¤�−¨ï −®¢ëå �«£®à¨â¬®¢, ãç¨âë¢�îé¨å á¯¥-
æ¨ä¨ç¥áª¨¥ ®á®¡¥−−®áâ¨ ®¡à�¡�âë¢�¥¬ëå ¬�âà¨æ.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, mkrivenko@ipiran.ru
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�ää¥ªâ¨¢−ë¥ ¢ëç¨á«¥−¨ï ¯à¨ ä�ªâ®à¨§�æ¨¨ ¬�âà¨ç−ëå ¤�−−ëå á ¯à®¯ãáª�¬¨

Œ®¤¥«ì ä�ªâ®à¨§�æ¨¨ (m×n)-¬�âà¨æë −�¡«î¤¥−¨©Y| íâ® ¯à¥¤áâ�¢«¥−¨¥

¥¥ ¢ ¢¨¤¥ “Y = UVT, £¤¥U| (m × r)-¬�âà¨æ�;V| (n × r)-¬�âà¨æ�. ��«¨ç¨¥
¯à®¯ãáª®¢ ¢ ¤�−−ëå ®âà�¦�¥âáï ¢ (m × n)-¬�âà¨æ¥H:

hij =

{
1 , yij ¯à¨áãâáâ¢ã¥â;

0 , yij ¯à®¯ãé¥−®.

„«ï áã¬¬ë ¢á¥å ¥¥ í«¥¬¥−â®¢ ¯à¨¬¥¬ ®¡®§−�ç¥−¨¥ p (ç¨á«® ¯à¨áãâáâ¢ãîé¨å
í«¥¬¥−â®¢ ¬�âà¨æë −�¡«î¤¥−¨© Y).

‡�¤�ç� ¯®áâà®¥−¨ï “Y ä®à¬ã«¨àã¥âáï ª�ª ¬¨−¨¬¨§�æ¨ï æ¥«¥¢®© äã−ªæ¨¨

ϕ(U,V) =
∥∥∥H⊙

(
Y − “Y

)∥∥∥
2

F
→ min
U,V

.

�¥à¥¯¨è¥¬ æ¥«¥¢ãî äã−ªæ¨î ¢ ¡®«¥¥ ã¤®¡−®¬ ¤«ï �−�«¨â¨ç¥áª¨å ¯à¥®¡à�§®-

¢�−¨© ¢¨¤¥, ¨áª«îç¨¢ H. �®áâà®ç−�ï §�¯¨áì ¬�âà¨æë U = [u1, . . . ,um]
T, £¤¥

ui áãâì r-¢¥ªâ®àë, ¤�áâ mr-¢¥ªâ®à u =
[
uT1 , . . . ,uTm

]T
. ’�ª¦¥ ¤«ï ¬�âà¨æë V

®¯à¥¤¥«¨¬ nr-¢¥ªâ®à v. ‚ à¥§ã«ìâ�â¥ ϕ(U,V) ¬®¦−® ¯¥à¥¯¨á�âì ª�ª

ϕ(U,V) ≡ ϕ(u,v) = |Fu − y|2 = |Gv − y|2 , (1)

£¤¥ p-¢¥ªâ®à y ä®à¬¨àã¥âáï ¨§ á®®â¢¥âáâ¢ãîé¨å í«¥¬¥−â®¢ Y, � (p × mr)-¬�â-
à¨æ� F| ¨§ ¢¥ªâ®à®¢ vi ¨ (p×nr)-¬�âà¨æ�G| ¨§ ¢¥ªâ®à®¢ ui á®£«�á−® â®«ìª®
§−�ç¥−¨ï¬ hij = 1. ‘¬ëá« (1) ¢ â®¬, çâ® ¯�à�¬¥âàë ¬®¤¥«¨ (¢¥ªâ®àë u ¨ v)
à�§¤¥«¥−ë ¢ ¤¢ãå íª¢¨¢�«¥−â−ëå ¯à¥¤áâ�¢«¥−¨ïå æ¥«¥¢®© äã−ªæ¨¨.

„«ï −�å®¦¤¥−¨ï ¬¨−¨¬ã¬� (1) ¯à¨−ïâ �«ìâ¥à−¨àãîé¨© �«£®à¨â¬ −�¨¬¥−ì-
è¨å ª¢�¤à�â®¢ (Alternating Least Squares, ALS). �− ®â−®á¨âáï ª ¨â¥à�æ¨®−−ë¬
¨ ¯®¤à�§ã¬¥¢�¥â §�¤�−¨¥ −�ç�«ì−®£® §−�ç¥−¨ï ¢¥ªâ®à� v, çâ® ¯®à®¦¤�¥â ¬�âà¨-
æã F. „�«¥¥ ¯à®¨áå®¤¨â ¯¥à¥áç¥â ¯® ä®à¬ã«�¬

u =
(
FTF

)−1
FTy , (2)

çâ® ¤�¥â −®¢®¥ §−�ç¥−¨¥G,

v =
(
GTG

)−1
GTy , (3)

çâ® ¤�¥â −®¢®¥ §−�ç¥−¨¥ F ¨ §�¢¥àè�¥â ®ç¥à¥¤−®© è�£ ¨â¥à�æ¨¨.
�¡ëç−® ª«îç¥¢ë¬ áç¨â�¥âáï ¯à¥¤¯®«®¦¥−¨¥ ® â®¬, çâ® ¬�âà¨æë U, V,

F ¨ G | ¯®«−®£® à�−£�. �à®¢¥¤¥−−ë¥ íªá¯¥à¨¬¥−âë ¯®ª�§�«¨, çâ® íâ® −¥
â�ª. ‚ëï¢«¥−−ë¥ ª®−âà¯à¨¬¥àë ¯®¢¥¤¥−¨ï à�−£®¢ ®á−®¢®¯®«�£�îé¨å ¬�âà¨æ
®¡êïá−ïîâ −¥ãáâ®©ç¨¢®¥ ¯®¢¥¤¥−¨¥ ¯à¨¢ëç−ëå �«£®à¨â¬®¢ ®æ¥−¨¢�−¨ï ¯�à�-
¬¥âà®¢ ¬®¤¥«¨ ¨ ¯à¨¢®¤ïâ ª −¥®¡å®¤¨¬®áâ¨ ¨å ª®àà¥ªæ¨¨. …á«¨ ªà�âª®, â®
¨§¬¥−¥−¨ï á¢¥«¨áì ª ª®−âà®«î à�−£®¢ ®¡à�¡�âë¢�¥¬ëå ¬�âà¨æ ¨ ¨á¯®«ì§®¢�−¨î
¯á¥¢¤®®¡à�é¥−¨ï Œãà�{�¥−à®ã§� (Moore{Penrose Inverse, MPI).
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Œ. �. Šà¨¢¥−ª®

‘¢¥¤¥−¨¥ §�¤�ç¨ ä�ªâ®à¨§�æ¨ï ¬�âà¨æë ¤�−−ëå á ¯à®¯ãáª�¬¨ ª ®¯â¨¬¨§�-
æ¨¨ (1) ¯®à®¦¤�¥â ¯à®¡«¥¬ë ¬−®£®¬¥à−®áâ¨: ¤®áâ�â®ç−® ®¡à�â¨âì ¢−¨¬�−¨¥ −�
à�§¬¥àë ¢å®¤ïé¨å ¢ (1) ¢¥ªâ®à®¢ ¨ ¬�âà¨æ, � â�ª¦¥ ¯®−ïâì, çâ® ¤«ï ¨áá«¥¤®¢�−¨ï
á¢®©áâ¢ ¯®«ãç�îé¨åáï à¥è¥−¨© ¯à¨¤¥âáï ¨á¯®«ì§®¢�âì ¬¥â®¤ë áâ�â¨áâ¨ç¥áª¨å
¨á¯ëâ�−¨©.

�¡à�é�¥â −� á¥¡ï ¢−¨¬�−¨¥ à�§à¥¦¥−−®áâì ¬�âà¨æ F ¨ G: ¤®«ï −ã«¥¢ëå
í«¥¬¥−â®¢ −¥ ¬¥−¥¥ (m − 1)/m, � â�ª¦¥ ¨å á¯¥æ¨ä¨ç¥áª¨© ¡«®ç−ë© å�à�ªâ¥à
(¢ á«ãç�¥ F ¤®áâ�â®ç−® ¨§®¡à�§¨âì ¥¥ áå¥¬�â¨ç¥áª¨, � ¢®â ¤«ï G íâ® −¥ ®ç¥-
¢¨¤−®). Š�ª á«¥¤áâ¢¨¥, ¢®§−¨ª�îâ ¯à¥¤¯®áë«ª¨ ¤«ï á®§¤�−¨ï íää¥ªâ¨¢−ëå
¢ëç¨á«¨â¥«ì−ëå �«£®à¨â¬®¢.

2 Блочно-диагональные матрицы. Особенности операций с ними

‘®£«�á−® ®¡é¥¯à¨−ïâ®¬ã ®¯à¥¤¥«¥−¨î, ¡«®ç−®-¤¨�£®−�«ì−�ï ¬�âà¨æ� A
¨¬¥¥â ¢¨¤:

A =




A11 0 · · · 0
0 A22 · · · 0
...

...
. . .

...
0 0 · · · Aqq


 ,

£¤¥ Aii | ª¢�¤à�â−ë¥ ¬�âà¨æë −¥ ®¡ï§�â¥«ì−® ®¤¨−�ª®¢®£® à�§¬¥à� [3]. ÷�á-
è¨à¨¬ íâ® ®¯à¥¤¥«¥−¨¥, ¤®¯ãáâ¨¢ ¯àï¬®ã£®«ì−®áâì ¡«®ª®¢. ’®£¤� ¥á«¨ A ¨¬¥¥â
à�§¬¥àë (s × t), �Aii | (si × ti), â®

s1 + · · ·+ sq = s; t1 + · · ·+ tq = t .

„«ï ¢¢¥¤¥−−ëå ¢ à�áá¬®âà¥−¨¥ ¬�âà¨æ ¤�«¥¥ ªà�âª® ®¡®á−®¢ë¢�îâáï ¯à�¢¨«�
à�¡®âë á −¨¬¨.

‚ ¯¥à¢ãî ®ç¥à¥¤ì ¯®−�¤®¡¨âáï ¯à¥¤áâ�¢«¥−¨¥ ¤«ï ¢à¥¬¥−−�®© á«®¦−®áâ¨ T
¢ë¯®«−¥−¨ï ®¯¥à�æ¨¨ ã¬−®¦¥−¨ï ¬�âà¨æ. �¡ëç−®¥ ã¬−®¦¥−¨¥ (s × t)-¬�âà¨-
æë A −� (t × u)-¬�âà¨æã B ¤�¥â T0(AB) = stu. …á«¨ ¦¥ ¬�âà¨æë A ¨ B áãâì
¡«®ç−®-¤¨�£®−�«ì−ë¥ á q ¡«®ª�¬¨, ¨¬¥îé¨¬¨ −�¤«¥¦�é¨¥ à�§¬¥àë |(si × ti)
¨ (ti ×ui), â®AB| â�ª¦¥ ¡«®ç−®-¤¨�£®−�«ì−�ï á á®®â¢¥âáâ¢ãîé¨¬¨ à�§¬¥à�¬¨
¨ Tb(AB) =

∑q
i=1 sitiui. ‚ á«ãç�¥, ª®£¤� ¢¬¥áâ® B ä¨£ãà¨àã¥â t-¢¥ªâ®à,

Tb(Ab) =
∑q

i=1 siti.
‘®£«�á−® ¯à�¢¨«�¬ âà�−á¯®−¨à®¢�−¨ï ¨ ¯¥à¥¬−®¦¥−¨ï ¡«®ç−ëå ¬�âà¨æ ¯®-

«ãç�¥¬

ATA =



AT11A11 · · · 0

...
. . .

...
0 · · · ATqqAqq


 . (4)

„«ï ®¡à�é¥−¨ï ¡«®ç−®-¤¨�£®−�«ì−ëå ¬�âà¨æ ATA ¢ ¢¨¤¥ ¯à�¢®© ç�áâ¨ (4)
¬®¦−® ¨á¯®«ì§®¢�âì ¯à¥¤¢�à¨â¥«ì−® ¯à¥®¡à�§®¢�−−ë¥ á®®â−®è¥−¨ï ¤«ï (2 × 2)
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�ää¥ªâ¨¢−ë¥ ¢ëç¨á«¥−¨ï ¯à¨ ä�ªâ®à¨§�æ¨¨ ¬�âà¨ç−ëå ¤�−−ëå á ¯à®¯ãáª�¬¨

¡«®ç−ëå ¬�âà¨æ [4]. �® ¯à®é¥, ¯®¤®¡−® ¯à�¢¨«�¬ ¯®áâà®¥−¨ï (4), á−�ç�«�
¯à¥¤¯®«®¦¨âì, çâ®

(
ATA

)+
=




(
AT1A1

)+
· · · 0

...
. . .

...

0 · · ·
(
ATqqAqq

)+


 , (5)

� ¤�«¥¥ ¯à®¢¥à¨âì ¢ë¯®«−¨¬®áâì ¢á¥å á®®â−®è¥−¨© ¨§ ®¯à¥¤¥«¥−¨ï MPI.
‚®§¬®¦−®áâì §�¬¥−ë ®¯¥à�æ¨© á® ¢á¥© ¬�âà¨æ¥© −� ¯®¡«®ç−ãî ®¡à�¡®âªã

¦¥«�â¥«ì−® ®¡®á−®¢�âì ¨ ¯à¨ ¥¥ ä�ªâ®à¨§�æ¨¨ (−�¯à¨¬¥à, ¢ æ¥«ïå à¥�«¨§�-
æ¨¨ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ®¯¥à�æ¨© á ¬�âà¨æ�¬¨ ¨«¨ ¢ëç¨á«¥−¨ï à�−£� ¬�âà¨æë).
‚ ¯¥à¢ãî ®ç¥à¥¤ì à¥çì ¨¤¥â ® á¨−£ã«ïà−®¬ à�§«®¦¥−¨¨ (Singular Value Decom-
position, SVD), ª®â®à®¥ ¤�«¥¥ áâà®¨âáï ç¥à¥§ á¯¥ªâà�«ì−®¥ à�§«®¦¥−¨¥ (Spectral
Decomposition, SD) ¤«ï á¨¬¬¥âà¨ç−®© ¢¥é¥áâ¢¥−−®§−�ç−®© (s × s) ¡«®ç−®-¤¨�-
£®−�«ì−®© ¬�âà¨æëC = ATA. „«ï ª�¦¤®£® ¨§ q ¡«®ª®¢ à�§¬¥à� (si × si) ¨¬¥¥¬
SD ¢¨¤�

Cii = ‘Vii›
2
ii
‘VTii .

�¡à�§ã¥¬ ¡«®ç−®-¤¨�£®−�«ì−ë¥ ¬�âà¨æë: ‘V à�§¬¥à� (t × t) ¨§ ‘Vii ¨ ›2

à�§¬¥à� (t×t) ¨§›2ii, £¤¥ t = s1+· · ·+sq. ’®£¤� á®£«�á−® ¯à�¢¨«�¬ ®¯¥à¨à®¢�−¨ï
á ¡«®ç−ë¬¨ ¬�âà¨æ�¬¨ ¨ á¢®©áâ¢�¬ SD ¯®«ãç�¥¬, çâ®

C = ‘V›2 ‘VT ¨ ‘V ‘VT = I . (6)

�â®£® à�§«®¦¥−¨ï ã¦¥ ¤®áâ�â®ç−® ¤«ï ®¡à�é¥−¨ï ¬�âà¨æë ¨«¨ ¯®¤áç¥â� à�−£�.
�® ¢ ®¡é¥¬ á«ãç�¥ −¥−ã«¥¢ë¥ í«¥¬¥−âë ¬�âà¨æë ›2 | á®¡áâ¢¥−−ë¥ §−�ç¥−¨ï
®â¤¥«ì−ëå ¡«®ª®¢, å®âï ¨ ®¡à�§ãîâ ¤¨�£®−�«ì, −® −¥ ã¯®àï¤®ç¥−ë ¢ á®¢®ªã¯-
−®áâ¨, ¯®íâ®¬ã ä®à¬�«ì−® (6) −¥ ï¢«ï¥âáï SD.

„®ª�¦¥¬, çâ® í«¥¬¥−âë £«�¢−®© ¤¨�£®−�«¨ ¤¨�£®−�«ì−®© ¬�âà¨æë á ¯®¬®éìî
¯¥à¥áâ�−®¢®ç−®© ¬�âà¨æë ¬®¦−® ¯®¬¥−ïâì ¬¥¦¤ã á®¡®©. „«ï íâ®£® ®¡à�â¨¬áï
ª ¨§¢¥áâ−®¬ã à¥§ã«ìâ�âã: ¤«ï ¯à®¨§¢®«ì−ëå (t × t)-¬�âà¨æë B ¨ (t × t)-¬�â-

à¨æë ¯¥à¥áâ�−®¢ª¨ P ¤¨�£®−�«ì−ë¥ í«¥¬¥−âë PBPT â¥ ¦¥ á�¬ë¥ (¢®§¬®¦−®,

¯¥à¥áâ�¢«¥−−ë¥), çâ® ¨ ¤«ïB [5]. �áâ�«®áì ¤®ª�§�âì, çâ® ¢PBPT ¢−¥ ¤¨�£®−�«¨
áâ®ïâ â®«ìª® −¥¤¨�£®−�«ì−ë¥ í«¥¬¥−âë B. ˆá¯®«ì§ãï ¯à¥¤áâ�¢«¥−¨¥ P ¢ ¢¨¤¥
æ¥«®ç¨á«¥−−®£® ¢¥ªâ®à� p (i-ï ª®®à¤¨−�â� pi £®¢®à¨â, çâ® ¯à¨ ã¬−®¦¥−¨¨ B
á«¥¢� −� P áâà®ª� á −®¬¥à®¬ pi ¯¥à¥¬¥é�¥âáï −� ¬¥áâ® i-© áâà®ª¨), ¯®«ãç�¥¬ ¤«ï
¢á¥å j: (PB)i,j = Bpi,j. “¬−®¦¥−¨¥ á¯à�¢� ¯à¨¢®¤¨â ª ¯¥à¥áâ�−®¢ª¥ áâ®«¡æ®¢
(j-© áâ®«¡¥æ ¤®«¦¥− ¯¥à¥¬¥áâ¨âìáï ¢ i-©, ¥á«¨ ¢ ¬�âà¨æ¥ á®®â¢¥âáâ¢ãîé¥©
¯¥à¥áâ�−®¢ª¨ ¢ i-© áâà®ª¥ áâ®¨â 1) ¯à¨ ¬�âà¨æ¥ ¯¥à¥áâ�−®¢ª¨ PT, â. ¥. ¤«ï â®£®
¦¥ ¢¥ªâ®à� p, −® á j-© ª®®à¤¨−�â®©. ‚ ¨â®£¥ ¨¬¥¥¬

(
PBPT

)
i,j
= (B)pi,pj

. (7)
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…á«¨ ®¡®§−�ç¨âì ®¡à�â−ãî ª p ¯¥à¥áâ�−®¢ªã ª�ª p−1, â® ¯®«ãç�¥¬

(B)ij =
(
PBPT

)
p−1i ,p−1j

.

ˆ§ ¯®«ãç¥−−ëå á®®â−®è¥−¨© ¢¨¤−®, çâ® ¯à¨ i = j (¤¨�£®−�«ì−ë¥ í«¥¬¥−âë

¬�âà¨æ) −�¡®àë ¢á¥å à�§«¨ç−ëå §−�ç¥−¨© í«¥¬¥−â®¢ ¬�âà¨æ B ¨ PBPT á®¢¯�-
¤�îâ, � ¯à¨ i 6= j á®£«�á−® (7) ¢ á«ãç�¥ ¤¨�£®−�«ì−®© ¬�âà¨æë B ¢¥à−®, çâ®(
PBPT

)
i,j
= 0.

’�ª¨¬ ®¡à�§®¬, ¥á«¨ −¥ã¯®àï¤®ç¥−−®áâì ¤¨�£®−�«ì−ëå í«¥¬¥−â®¢›2 ¯à¥¯ïâ-
áâ¢ã¥â ¨á¯®«ì§®¢�−¨î ¯®¡«®ç−®£® SD, â® ¬®¦−® ¢−¥áâ¨ ª®àà¥ªâ¨¢ë ¨ ¯®«ãç¨âì
¯à¨¢ëç−®¥ à�§«®¦¥−¨¥, ¤«ï ç¥£® −¥®¡å®¤¨¬®:

{ ¢ëç«¥−¨âì ¢ ›2 ¢á¥ −¥−ã«¥¢ë¥ í«¥¬¥−âë, §�ä¨ªá¨à®¢�¢ ¨å ¯®«®¦¥−¨¥ ¢ ¬�â-
à¨æ¥;

{ ã¯®àï¤®ç¨âì ¯®«ãç¥−−ë¥ §−�ç¥−¨ï ¯® ã¡ë¢�−¨î, á®åà�−¨¢ ááë«ª¨ −� ¨å
¨áå®¤−ë¥ ¯®«®¦¥−¨ï ¢ ¬�âà¨æ¥;

{ áä®à¬¨à®¢�âì ¬�âà¨æã ¯¥à¥áâ�−®¢®ª P ¤«ï áâà®ª ¨ áâ®«¡æ®¢ ¬�âà¨æë›2;

{ ¯®«ãç¨âì ¤¨�£®−�«ì−ãî ¬�âà¨æã “›2 = P›2PT á ã¯®àï¤®ç¥−−ë¬¨ ¯® ã¡ë¢�-
−¨î ç¨á«�¬¨ −� £«�¢−®© ¤¨�£®−�«¨.

‚ à¥§ã«ìâ�â¥ ¨¬¥¥¬

ATA = C = ‘V›2 ‘VT = ‘VPT›̃2P ‘VT ≡ �V›̃2 �VT .

�à¨ íâ®¬ á ãç¥â®¬ ®àâ®£®−�«ì−®áâ¨ ¯¥à¥áâ�−®¢®ç−®© ¬�âà¨æë

�V �VT =
(
‘VPT

)(
‘VPT

)T
= ‘VPTP ‘VT = I .

’�ª¨¬ ®¡à�§®¬, ¯®«ãç¥−® SD ¬�âà¨æë ATA. ‡�¬¥â¨¬, çâ® ¢ ®¡é¥¬ á«ãç�¥

¬�âà¨æ� �V ¯®á«¥ ã¬−®¦¥−¨ï −� ¯¥à¥áâ�−®¢®ç−ãî ¬�âà¨æã ¯¥à¥áâ�¥â ¡ëâì ¡«®ç-
−®-¤¨�£®−�«ì−®©.

“ç¨âë¢�ï á¢ï§ì ¬¥¦¤ã SD ¨ SVD ¢ á«ãç�¥ ¯à®¨§¢®«ì−®© ¯àï¬®ã£®«ì−®©

¬�âà¨æëA, ¨§ ¯à¥¤áâ�¢«¥−¨ïATA = �V “›2 �VT ¬®¦−® ¯®«ãç¨âì �V ¨ “›2, � §�â¥¬

−�©â¨ �U = A “V “›−1, çâ® ¯à¨¢®¤¨â ª ¯à¥¤áâ�¢«¥−¨î A = �U “› �VT, â. ¥. ª SVD.
ˆ¤¥¨ ¯¥à¥áâ�−®¢®ç−®© íª¢¨¢�«¥−â−®áâ¨ ¯®§¢®«ïîâ ¯®«ãç¨âì SVD ¯àï¬ë¬

¯ãâ¥¬, ®¯¨à�ïáì −� ¯à¥¤áâ�¢«¥−¨ï ®â¤¥«ì−ëå ¡«®ª®¢

Aii = Uii›iiV
T
ii ,

£¤¥ à�§¬¥àë ¬�âà¨æ á®®â¢¥âáâ¢¥−−® à�¢−ë: (si × ti), (si × si), (si × ti) ¨ (ti × ti).
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�ää¥ªâ¨¢−ë¥ ¢ëç¨á«¥−¨ï ¯à¨ ä�ªâ®à¨§�æ¨¨ ¬�âà¨ç−ëå ¤�−−ëå á ¯à®¯ãáª�¬¨

�¡à�§ã¥¬ ¡«®ç−®-¤¨�£®−�«ì−ë¥ ¬�âà¨æë: U à�§¬¥à� (s × s) ¨§ Uii, V
T

à�§¬¥à� (t × t) ¨§ V
T
ii, › à�§¬¥à� (s × t) ¨§ ›ii, £¤¥, ª�ª ¨ à�−¥¥, s ¨ t | áã¬¬ë

á®®â¢¥âáâ¢ãîé¨å ®¤−®¨¬¥−−ëå í«¥¬¥−â®¢. ’®£¤� á®£«�á−® ¯à�¢¨«�¬ ®¯¥à¨à®¢�-

−¨ï á ¡«®ç−ë¬¨ ¬�âà¨æ�¬¨ ¯®«ãç�¥¬, çâ®A = U›V
T

¨UU
T
= I,VV

T
= I.

�® ¢ ®¡é¥¬ á«ãç�¥ ¬�âà¨æ� › −¥ ¤¨�£®−�«ì−�ï, � ¥¥ í«¥¬¥−âë | á¨−£ã«ïà−ë¥
§−�ç¥−¨ï ®â¤¥«ì−ëå ¡«®ª®¢ | −¨ª�ª −¥ ã¯®àï¤®ç¥−ë. …á«¨ ¯®á«¥¤−¥¥ ¯à¥¯ïâ-
áâ¢ã¥â ¨á¯®«ì§®¢�−¨î ¯®¡«®ç−®£® SVD, â® ¬®¦−® ¢−¥áâ¨ ª®àà¥ªâ¨¢ë ¨ ¯®«ãç¨âì
¯à¨¢ëç−®¥ à�§«®¦¥−¨¥, ¤«ï ç¥£®:

{ ¢ëç«¥−¨âì ¢ › ¢á¥ −¥−ã«¥¢ë¥ í«¥¬¥−âë (â®â ä�ªâ, çâ® ¢ ª�¦¤®© áâà®ª¥
¨ ª�¦¤®¬ áâ®«¡æ¥› «¨¡® ¢á¥ 0, «¨¡® â®«ìª® ®¤¨− −¥−ã«¥¢®© í«¥¬¥−â, ®áâ�¥âáï
¯à¨ ¡«®ç−®¬ à�§«®¦¥−¨¨ ¢ á¨«¥), §�ä¨ªá¨à®¢�¢ ¨å ¯®«®¦¥−¨¥ ¢ ¬�âà¨æ¥;

{ ã¯®àï¤®ç¨âì ¯®«ãç¥−−ë¥ §−�ç¥−¨ï ¯® ã¡ë¢�−¨î, á®åà�−¨¢ ááë«ª¨ −� ¨å
¨áå®¤−ë¥ ¯®«®¦¥−¨ï;

{ áä®à¬¨à®¢�âì ¬�âà¨æë ¯¥à¥áâ�−®¢®ª PL ¤«ï áâà®ª ¨ PR ¤«ï áâ®«¡æ®¢ ¬�â-
à¨æë ›, −¥ §�¡ë¢�ï ® ¯®«−®áâìî −ã«¥¢ëå áâà®ª�å ¨ áâ®«¡æ�å ›;

{ ¯®«ãç¨âì ¬�âà¨æã › = PL›PR á ã¯®àï¤®ç¥−−ë¬¨ ¯® ã¡ë¢�−¨î ç¨á«�¬¨ −�
£«�¢−®© ¤¨�£®−�«¨.

‚ à¥§ã«ìâ�â¥ ¨¬¥¥¬:

A = U›V
T
= UPTL›P

T
RV

T
= U “›V

T
.

‡�¬¥â¨¬, çâ® ¡«®ç−�ï áâàãªâãà�U ¨V
T

¢ ®¡é¥¬ á«ãç�¥ −�àãè¥−�.
“ç¨âë¢�ï ®àâ®£®−�«ì−®áâì ¯¥à¥áâ�−®¢®ç−ëå ¬�âà¨æ, ¯®«ãç�¥¬

UU
T
=

(
UPTL

)(
UPTL

)T
= UPTLPLU

T
= I ;

VV
T
=

(
VPR

) (
VPR

)T
= VPRP

T
RV

P
= I .

’�ª¨¬ ®¡à�§®¬, ¯®«ãç¥−® SVD ¤«ï ¬�âà¨æëA.
‚�¦−® ¯®¬−¨âì, çâ® á¨−£ã«ïà−ë¥ ç¨á«� ã−¨ª�«ì−ë, � ¬�âà¨æë á¨−£ã«ïà−ëå

¢¥ªâ®à®¢ −¥â. �®«¥¥ â®£®, à¥�«ì−® áãé¥áâ¢ãîâ ¨−ë¥ ¢¥àá¨¨ SVD [6, à�§¤. 16.3],
ä�ªâ¨ç¥áª¨ ¢ ¤�−−®© à�¡®â¥ ª −¨¬ ¤®¡�¢«¥−� ¥é¥ ®¤−� | ¯®¡«®ç−�ï.

3 Реализация ALS-алгоритма при блочном представлении F иG

Œ�âà¨æ� F. �� ®á−®¢¥ i-© áâà®ª¨ ¬�âà¨æëH, i = 1, . . . ,m, ¢ (p × mr)-¬�â-
à¨æ¥ F ¢®§−¨ª�¥â ¡«®ª Fi à�§¬¥à� (si × r), £¤¥ si | ç¨á«® ¥¤¨−¨æ ¢ íâ®© áâà®ª¥,
� á�¬� ¬�âà¨æ� ¯à¨−¨¬�¥â ¡«®ç−®-¤¨�£®−�«ì−ë© ¢¨¤. ’®£¤� FTF áâ�−®¢¨âáï
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â�ª¦¥ ¡«®ç−®-¤¨�£®−�«ì−®© ¨ ¥¥ ®¡à�é¥−¨¥ ¯à¨−¨¬�¥â ¢¨¤ (5). ’�ª¨¬ ®¡à�§®¬,
à¥�«¨§�æ¨ï (2) á¢®¤¨âáï ª ®¡à�¡®âª¥ ¤¢ãå ¡«®ç−®-¤¨�£®−�«ì−ëå ¬�âà¨æ, ª�¦¤�ï
¨§ ª®â®àëå ¥áâì −�¡®à m ¬�âà¨æ.

��£«ï¤−¥¥ ¬®¦−® ®¯¨á�âì ä®à¬¨à®¢�−¨¥ F ¢ ¢¨¤¥ �«£®à¨â¬� ¢ ¯à¥¤¯®«®-
¦¥−¨¨, çâ® áâàãªâãà� ¡«®ç−®-¤¨�£®−�«ì−®© ¬�âà¨æë ã¦¥ áä®à¬¨à®¢�−�. „®-
¯®«−¨â¥«ì−® ¢¢¥¤¥¬ ¤«ï ª�¦¤®£® ¡«®ª� ¨−¤¥ªá si â¥ªãé¥© ä®à¬¨àã¥¬®© áâà®ª¨
¡«®ª�. �− −®á¨â á¯¥æ¨ä¨ç−ë© å�à�ªâ¥à, ®âà�¦�îé¨© ¯®á«¥¤®¢�â¥«ì−®¥, áâà®ª�
§� áâà®ª®©, ä®à¬¨à®¢�−¨¥ ¡«®ª®¢, � â�ª¦¥ ®¡¥á¯¥ç¨¢�¥â ¢®§¬®¦−®áâì ¬−®£®ªà�â-
−®£® ¨á¯®«ì§®¢�−¨ï ¢ å®¤¥ ¨â¥à�æ¨®−−®£® ¯à®æ¥áá� áâ�â¨ç¥áª¨ à�á¯à¥¤¥«¥−−®©
¯�¬ïâ¨ ¯®¤ ¡«®ª. ‚ ¨â®£¥ ¯®«ãç�¥¬

�«£®à¨â¬ §�¯®«−¥−¨ï F

for i := 1 to m do si := 0 ; // §�¤�−¨¥ ¨−¤¥ªá®¢ ä®à¬¨àã¥¬ëå áâà®ª ¡«®ª®¢
for iH := 1 to m do // ¯¥à¥¡®à áâà®ªH

for jH := 1 to n do // ¯¥à¥¡®à áâ®«¡æ®¢ H
if H [iH , jH ] = 1
then begin // ®¡à�¡®âª� ¯à¨áãâáâ¢ãîé¥£® í«¥¬¥−â� ¤�−−ëå

b = iH; // ¨−¤¥ªá ¡«®ª� (¢ë¤¥«¥−® ¤«ï −�£«ï¤−®áâ¨)
sb := sb + 1; // ¯¥à¥å®¤ ª ®ç¥à¥¤−®© ä®à¬¨àã¥¬®© áâà®ª¥ Fb
for iu := 1 to r do Fb [sb, iu] := u [iHr + iu];

end;

Œ�âà¨æ� G −¥ ï¢«ï¥âáï ¡«®ç−®-¤¨�£®−�«ì−®©, −® á ¯®¬®éìî ¯¥à¥áâ�−®¢ª¨
¥¥ áâà®ª íâ®â −¥¤®áâ�â®ª ¬®¦−® ãáâà�−¨âì. �ãáâì PH | (p × p)-¬�âà¨æ�
¯¥à¥áâ�−®¢®ª, ®¡¥á¯¥ç¨¢�îé�ï ¯®«ãç¥−¨¥ ¡«®ç−®-¤¨�£®−�«ì−®© (p × nr)-¬�âà¨-

æë “G = PHG, à�á¯�¤�îé¥©áï −� n ¡«®ª®¢ “G1, . . . “Gn. ‚®§¬®¦−®áâì ¯®áâà®¥−¨ï
PH á«¥¤ã¥â ¨§ ¯®áâ®ï−−®© ¤«¨−ë ¢¥ªâ®à®¢ ui ¨ â®£®, çâ® «î¡�ï áâà®ª�G ¢ª«îç�¥â
n − 1 −ã«¥¢ëå ¢¥ªâ®à®¢ â®© ¦¥ ¤«¨−ë ¨ ®¤¨− ¨§ ¢¥ªâ®à®¢ u1, . . . ,un.

…á«¨ ¢¥à−ãâìáï ª (3), â® ¯®«ãç�¥¬:

GTG =
(
PTH
“G

)T
PTH
“G = “GTPHP

T
H
“G = “GT “G ;

GTy =
(
PTH
“G

)T
y = “GTPHy .

‚ ¯®á«¥¤−¥¬ á®®â−®è¥−¨¨ ®¡à�â¨¬ ¢−¨¬�−¨¥ −� ¯à®¨§¢¥¤¥−¨¥ PHy. ‚®-¯¥à-
¢ëå, ¯¥à¥áâ�−®¢®ç−ãî ¬�âà¨æã æ¥«¥á®®¡à�§−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ æ¥«®ç¨á«¥−−®£®
p-¢¥ªâ®à� pH, á®¤¥à¦�é¥£® ¢ ª�ç¥áâ¢¥ i-£® í«¥¬¥−â� pH(i) ¨−¤¥ªá áâ®«¡æ�
¥¤¨−áâ¢¥−−®© ú1û ¢ i-© áâà®ª¥ PH. ’®£¤� pH(i) = j íª¢¨¢�«¥−â−® PH(i, j) = 1
¨ ®§−�ç�¥â ¯à¨ ã¬−®¦¥−¨¨ PH á«¥¢� −� á®£«�á®¢�−−ãî ¬�âà¨æã ¯¥à¥¬¥é¥−¨¥ ¥¥
j-© áâà®ª¨ −� ¬¥áâ® i-©. ‚ ç�áâ−®áâ¨, ¤«ï PHy ¢¥à−® ¯à¥¤áâ�¢«¥−¨¥:

(
(PHy)1 , . . . (PHy)p

)
=

(
ypH(1), . . . ,ypH(p)

)
.
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�ää¥ªâ¨¢−ë¥ ¢ëç¨á«¥−¨ï ¯à¨ ä�ªâ®à¨§�æ¨¨ ¬�âà¨ç−ëå ¤�−−ëå á ¯à®¯ãáª�¬¨

‚®-¢â®àëå, (2) ¨ (3) áãâì è�£¨ ¨â¥à�æ¨®−−®£® ¯à®æ¥áá�, ¢ å®¤¥ ª®â®à®£® ¢¥ªâ®à
PHy ®áâ�¥âáï −¥¨§¬¥−−ë¬, â. ¥. ¬®¦¥â ¡ëâì ¯®áç¨â�− ®¤−®ªà�â−®.

�à¨ ¯à¥¦−¨å ¯à¥¤¯®«®¦¥−¨ïå ¨ ¤®¯®«−¨â¥«ì−®¬ ®¡®§−�ç¥−¨¨ fi | ¨−¤¥ªá
¯¥à¢®© áâà®ª¨ i-£® ¡«®ª� ¢ ¨áå®¤−®© ¬�âà¨æ¥G, ¯®«ãç�¥¬

�«£®à¨â¬ §�¯®«−¥−¨ï “G, PH ¨ pH

PH := 0; // ®¡−ã«¥−¨¥ ¬�âà¨æë ¯¥à¥áâ�−®¢ª¨
for i := 1 to m do si := 0; // §�¤�−¨¥ ¨−¤¥ªá®¢ ä®à¬¨àã¥¬ëå áâà®ª ¡«®ª®¢
iG := 1; // §�¤�−¨¥ ¨−¤¥ªá� −�ç�«ì−®© áâà®ª¨G
for iH := 1 to m do // ¯¥à¥¡®à áâà®ªH

for jH := 1 to n do // ¯¥à¥¡®à áâ®«¡æ®¢ H
if H [iH , jH ] = 1
then begin // ®¡à�¡®âª� ¯à¨áãâáâ¢ãîé¥£® í«¥¬¥−â� ¤�−−ëå

b = jH ; // ¨−¤¥ªá ¡«®ª� (¢ë¤¥«¥−® ¤«ï −�£«ï¤−®áâ¨)

for iu := 1 to r do “Gb[sb, iu] := u[iHr + iu];

sb := sb + 1; // ¯¥à¥å®¤ ª ®ç¥à¥¤−®© ä®à¬¨àã¥¬®© áâà®ª¥ “Gb
PH[fb + sb, iG] := 1// iG-ï áâà®ª� ¯¥à¥¬¥é�¥âáï ¢ (fb + sb)-áâà®ªã
pH[fb + sb] := iG;

end;

‚ ¨â®£¥ è�£ (2) ¨â¥à�æ¨®−−®£® ¯à®æ¥áá� ®áâ�−¥âáï ¯à¥¦−¨¬, � è�£ (3) ¯à¨¬¥â
¢¨¤:

v =
(
GTG

)−1
GTy =

(
“GT “G

)−1
“GTPHy .

’à¥¡ã¥â ¯à�¢ª¨ ¨ ç�áâì ¯à¥¤áâ�¢«¥−¨ï (1):

ϕ(u,v) = |Gv−y|2 =
∣∣∣PTH “Gv − y

∣∣∣
2
=

∣∣∣PTH “Gv −PTHPHy

∣∣∣
2
=

∣∣∣ “Gv −PHy

∣∣∣
2
,

çâ® ¯®§¢®«ï¥â ¢ á«ãç�¥ −¥®¡å®¤¨¬®áâ¨ ¢ëç¨á«ïâì ϕ(u,v) ç¥à¥§ ¢¢¥¤¥−−ë¥ à�−¥¥
®¡ê¥ªâë.

÷�áá¬®âà¨¬ â¥¯¥àì ¢ëç¨á«¥−¨¥ ¯à�¢®© ç�áâ¨ (2) ¨ −�¯®¬−¨¬ áâàãªâãàë
¢å®¤ïé¨å ¢ −¥¥ í«¥¬¥−â®¢:

{
(
FTF

)−1
¥áâì (mr × mr)-¬�âà¨æ� ¨§ m ®¤¨−�ª®¢ëå ¡«®ª®¢ à�§¬¥à� (r × r);

{ FT ¥áâì (mr × p)-¬�âà¨æ� ¨§ m ¡«®ª®¢ à�§¬¥à®¬ (r × s1), . . . , (r × sm),
s1 + · · ·+ sm = p;

{
(
FTF

)−1
FT ¥áâì (mr × p)-¬�âà¨æ� ¨§ m ¡«®ª®¢ à�§¬¥à®¬ (r × s1), . . .

. . . , (r × sm);

{ y ¥áâì p-¢¥ªâ®à.

’¥¯¥àì áà�¢−¨¬ ®¡ê¥¬ ¢ëç¨á«¥−¨© ¤«ï ¤¢ãå ¢�à¨�−â®¢:

(1) á−�ç�«�A =
(
FTF

)−1
FT, � §�â¥¬Ay, çâ® ¤�áâ T11 + T12;
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(2) á−�ç�«� B = FTy, � §�â¥¬
(
FTF

)−1
B, çâ® ¤�áâ T21 + T22.

�®«ãç�¥¬:

T11 = Tb

(((
FTF

)−1
)(
FT

))
=

m∑

i=1

rsir = r2p ;

T12 = Tb

(((
FTF

)−1
)
FT

)
(y) =

m∑

i=1

rsi = rp ;

T21 = Tb

(
FTy

)
=

m∑

i=1

rsi = rp ;

T22 = Tb

(((
FTF

)−1
)(
FTy

))
=

m∑

i=1

rr = r2m .

‘à�¢−¨¢�ï à�§«¨ç−ë¥ ¯® ¢¥«¨ç¨−¥ ¢ª«�¤ë ¢ ®¡ê¥¬ ¢ëç¨á«¥−¨©, ¯®«ãç�¥¬

T22
T11
=

m

p
,

çâ® £®¢®à¨â ® ¯à¥¨¬ãé¥áâ¢¥ 2-£® ¢�à¨�−â�, â�ª ª�ª p ≥ m (¢ ª�¦¤®© áâà®ª¥
¬�âà¨æë ¨áå®¤−ëå ¤�−−ëå ¤®«¦¥− ¡ëâì ¯® ªà�©−¥ ¬¥à¥ ®¤¨− í«¥¬¥−â). �−�-
«®£¨ç−ë© à¥§ã«ìâ�â á¯à�¢¥¤«¨¢ ¨ ¤«ï ¬�âà¨æë G. ’�ª¨¬ ®¡à�§®¬, ã¤�¥âáï
¯®«ãç¨âì ¤®¯®«−¨â¥«ì−ë¥ ¯à¥¨¬ãé¥áâ¢� ¯à¨ ®¡à�¡®âª¥ ¡«®ç−®-¤¨�£®−�«ì−ëå
¬�âà¨æ §� áç¥â ¨§¬¥−¥−¨ï ¯®àï¤ª� ¤¥©áâ¢¨© á −¨¬¨.

�¥à¥å®¤ ª ¡«®ç−®¬ã ¯à¥¤áâ�¢«¥−¨î ¯®§¢®«ï¥â á®ªà�â¨âì −¥ â®«ìª® ¢à¥¬ï ¢ë-
ç¨á«¥−¨©, −® ¨ áãé¥áâ¢¥−−® á−¨§¨âì âà¥¡®¢�−¨ï ª ®¡ê¥¬ã ¨á¯®«ì§ã¥¬®© ¯�¬ïâ¨.
…á«¨ áà�¢−¨¢�âì íâã å�à�ªâ¥à¨áâ¨ªã ¤«ï ¬�âà¨æë F ¯à¨ ¥¥ ®¡ëç−®¬ ¯à¥¤áâ�¢«¥-
−¨¨ ¨ ¡«®ç−®-¤¨�£®−�«ì−®¬, â® ¯®«ãç¨¬ á®ªà�é¥−¨¥ ¢ pmr/(

∑m
i=1 sir) = m à�§.

�à�ªâ¨ç¥áª¨ �−�«®£¨ç−ë© à¥§ã«ìâ�â ¢¥à¥− ¨ ¤«ïG.
„«ï ¨««îáâà�æ¨¨ à¥�«ì−ëå ¢à¥¬¥−− �ëå ¯à¥¨¬ãé¥áâ¢ ¯®¡«®ç−®£® ®¯¥à¨à®¢�-

−¨ï ¯à¨ ¨á¯®«−¥−¨¨ ALS-�«£®à¨â¬� à�áá¬®âà¨¬ ä�ªâ®à¨§�æ¨î ¬�âà¨æë ¤�−−ëå
á ä¨ªá¨à®¢�−−ë¬ ç¨á«®¬ áâ®«¡æ®¢ n = 20 (ç¨á«® �−�«¨§¨àã¥¬ëå ¯à¨§−�ª®¢),
ã¢¥«¨ç¨¢�îé¨¬áï ç¨á«®¬ áâà®ª m = 50, 100, 200, 400 (®¡ê¥¬ë ¢ë¡®à®ª), à�§-
«¨ç−ë¬¨ ¢¥à®ïâ−®áâï¬¨ á«ãç�©−®£® ¯à®¯ãáª� í«¥¬¥−â®¢ ¤�−−ëå (Pm = 0,2; 0,4;
0,6) ¨ à�§«¨ç−ë¬¨ §−�ç¥−¨ï¬¨ ç¨á«� ä�ªâ®à®¢ r = 5, 10, 15. �â−®á¨â¥«ì−ãî
íää¥ªâ¨¢−®áâì ¯®¡«®ç−®© ®¡à�¡®âª¨ ¬�âà¨æ ®æ¥−¨¬ á ¯®¬®éìî ®â−®è¥−¨ï Er

¢à¥¬¥−¨ à¥�«¨§�æ¨¨ ALS-�«£®à¨â¬� ¯à¨ ®¡ëç−®¬ ¯à¥¤áâ�¢«¥−¨¨ ¬�âà¨æ F ¨ G
ª® ¢à¥¬¥−¨ à¥�«¨§�æ¨¨ ALS-�«£®à¨â¬� ¯à¨ ¨å ¡«®ç−®-¤¨�£®−�«ì−®¬ ¯à¥¤áâ�¢-
«¥−¨¨. —�áâì ¯®«ãç¥−−ëå à¥§ã«ìâ�â®¢ ¯à¥¤áâ�¢«¥−� ¢ â�¡«¨æ¥.

�®«ãç¨¢è¨¥áï ®æ¥−ª¨ á¢¨¤¥â¥«ìáâ¢ãîâ ® á«¥¤ãîé¨å ¬®¬¥−â�å:
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�ää¥ªâ¨¢−ë¥ ¢ëç¨á«¥−¨ï ¯à¨ ä�ªâ®à¨§�æ¨¨ ¬�âà¨ç−ëå ¤�−−ëå á ¯à®¯ãáª�¬¨

�â−®á¨â¥«ì−�ï íää¥ªâ¨¢−®áâì ¯®¡«®ç−®© ®¡à�¡®âª¨ Er

m
r = 5 r = 10 r = 15

Pm = 0,2 Pm = 0,6 Pm = 0,2 Pm = 0,6 Pm = 0,2 Pm = 0,6

50 3,3 · 102 2,1 · 102 4,9 · 102 3,3 · 102 4,6 · 102 3,0 · 102

100 1,1 · 103 7,9 · 102 1,8 · 103 1,1 · 103 1,9 · 103 1,1 · 103

200 3,5 · 103 2,5 · 103 6,1 · 103 3,9 · 103 7,5 · 103 4,2 · 103

400 8,8 · 103 6,2 · 103 1,4 · 104 4,0 · 103 1,8 · 104 1,1 · 104

{ ¡¥§ãá«®¢−®¥ ¯à¥¨¬ãé¥áâ¢® ¨á¯®«ì§®¢�−¨ï ¡«®ç−®-¤¨�£®−�«ì−®£® ¯à¥¤áâ�¢«¥-
−¨ï ¬�âà¨æ ¤�¦¥ ¯à¨ −¥®¡å®¤¨¬®áâ¨ ¤®¯®«−¨â¥«ì−ëå ¯à¥®¡à�§®¢�−¨© ¬�âà¨æ
ª ¤®«¦−®¬ã ¢¨¤ã;

{ ï¢−ë© à®áâ ¯à¥¨¬ãé¥áâ¢� á à®áâ®¬ m;

{ −¥áãé¥áâ¢¥−−�ï §�¢¨á¨¬®áâì ®â−®á¨â¥«ì−®© íää¥ªâ¨¢−®áâ¨ ®â ¨§¬¥−¥−¨© Pm

¨ r.

4 Заключение

”�ªâ®à¨§�æ¨ï ¬�âà¨æë ¤�−−ëå á ¯à®¯ãáª�¬¨ á®¯àï¦¥−� á ¢ëç¨á«¨â¥«ì−ë¬¨
¯à®¡«¥¬�¬¨. �â® íªá¯®−¥−æ¨�«ì−ë© à®áâ ®¡ê¥¬� ®¡à�¡�âë¢�¥¬®£® ¬�â¥à¨�«�
¨ −¥¨§¡¥¦−®áâì à¥�«¨§�æ¨¨ ¤®¢®«ì−® á«®¦−ëå ¬�âà¨ç−ëå ®¯¥à�æ¨©. Šà®¬¥ â®£®,
¤«ï ¯à�ªâ¨ª¨ ªà�©−¥ ¢�¦¥− ¢ë¡®à §−�ç¥−¨ï r, ¤«ï ç¥£® ¯à¨å®¤¨âáï ®¡à�é�âìáï
ª ¡ãâáâà¥¯-¬¥â®¤ã â¨à�¦¨à®¢�−¨ï ¨áå®¤−ëå ¤�−−ëå.

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¯®ª�§ë¢�îâ ¤®áâ®¨−áâ¢� ¯®¡«®ç−®© ®¡à�¡®âª¨. ‚¯¥-
ç�â«ïîé¨¥ á�¬¨ ¯® á¥¡¥, ®−¨ ¬®£ãâ áâ�âì ®â¯à�¢−®© â®çª®© ¤«ï ¤®¢®¤ª¨ ¢ëç¨á-
«¨â¥«ì−ëå �«£®à¨â¬®¢. ‚ ¯¥à¢ãî ®ç¥à¥¤ì à¥çì ¨¤¥â ®¡ ®¯â¨¬¨§�æ¨¨ ¯à®æ¥¤ãà
à¥§¥à¢¨à®¢�−¨ï ¨ �ªâ¨¢¨§�æ¨¨ ¯�¬ïâ¨, ® ¢ë¤¥«¥−¨¨ ®¡é¨å ¬�âà¨ç−ëå ®¯¥à�æ¨©
¨ ¯¥à¥áâà®©ª¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¤¥©áâ¢¨©, ® ¯à®à�¡®âª¥ ¢®§¬®¦−®áâ¨ ¨á¯®«ì-
§®¢�−¨ï ¯®¡«®ç−®© ¢¥àá¨¨ SVD ¢ ç¨áâ®¬ ¢¨¤¥ ¡¥§ ¯¥à¥áâ�−®¢®ç−ëå ¬�âà¨æ,
® ¯à¨¢«¥ç¥−¨¨ á¯®á®¡®¢ ä�ªâ®à¨§�æ¨¨, ®â«¨ç−ëå ®â SVD.
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EFFICIENT COMPUTATIONS IN MATRIX FACTORIZATION
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Abstract: The paper is devoted to the effective implementation of matrix
factorization in the presence of missing components into a product of two lower
rank matrices. The problem of estimating the parameters of the adopted data
model is solved by multidimensional optimization. In practice, the large sizes
of the matrices and vectors included in iterative algorithms give rise to the
curse of dimensionality. It is proposed to drastically reduce the complexity
of matrix operations by presenting them in block-diagonal form. The article
substantiates the possibility of casting individual matrices to a block-diagonal
form and describes the rules for block-by-block singular value decomposition of
matrices. The results of block-by-block processing are illustrated by the example
of data matrix factorization of different sizes and with different probabilities
of missing components. The time for estimating parameters can be reduced by
several orders of magnitude compared to the processing of matrices in the usual
representation.
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ОБ ОЦЕНКАХ УСТОЙЧИВОСТИ И ИХ ПРИМЕНЕНИИ
ДЛЯ НЕКОТОРЫХ МОДЕЛЕЙ МАССОВОГО ОБСЛУЖИВАНИЯ

И. А. Ковалёв1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï ¬®¤¥«¨ ®¡á«ã¦¨¢�−¨ï, ®¯¨áë¢�¥¬ë¥ ¬�à-
ª®¢áª¨¬¨ æ¥¯ï¬¨ á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬. ‚ áâ�âì¥ ¯à¨¬¥−¥− ®¤¨− ¨§
¬¥â®¤®¢, ¨á¯®«ì§ã¥¬ëå ¤«ï ¨§ãç¥−¨ï ãáâ®©ç¨¢®áâ¨ ¨ ¯®«ãç¥−¨ï á®®â¢¥âáâ¢ã-
îé¨å ª®«¨ç¥áâ¢¥−−ëå ®æ¥−®ª ¢®§¬ãé¥−¨© (−¥®¤−®à®¤−ëå) æ¥¯¥© Œ�àª®¢�
á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬ ¨ ª®−¥ç−ë¬ ¨«¨ áç¥â−ë¬ ¯à®áâà�−áâ¢®¬ á®áâ®ï−¨©.
÷�áá¬�âà¨¢�îâáï −¥áª®«ìª® ª®−ªà¥â−ëå ¬®¤¥«¥©. �®«ãç¥−ë ®æ¥−ª¨ ãáâ®©ç¨-
¢®áâ¨ à�§«¨ç−ëå å�à�ªâ¥à¨áâ¨ª â�ª¨å á¨áâ¥¬. ÷�áá¬®âà¥−ë ®æ¥−ª¨, ª®â®àë¥
¬®£ãâ ¡ëâì ¯®«¥§−ë ¤«ï à¥è¥−¨ï §�¤�ç, á¢ï§�−−ëå á ã¯à�¢«¥−¨¥¬, � ¨¬¥−−®:
á ¨§¬¥−¥−¨¥¬ ¬®é−®áâ¨ ¯®â®ª� âà¥¡®¢�−¨© ¨«¨ ¬®é−®áâ¨ á¥à¢¥à�, ¤«ï â®£®
çâ®¡ë áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ −�å®¤¨«®áì ¢ §�¤�−−ëå £à�−¨æ�å.
÷�áá¬®âà¥− ç¨á«¥−−ë© ¯à¨¬¥à.

Š«îç¥¢ë¥ á«®¢�: −¥áâ�æ¨®−�à−ë¥ á¨áâ¥¬ë ®¡á«ã¦¨¢�−¨ï; ¬�àª®¢áª¨¥ ¬®¤¥-
«¨; ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨; á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï; ¬®é−®áâì ¯®â®ª�;
¬®é−®áâì á¥à¢¥à�

DOI: 10.14357/08696527230109

1 Введение

‚ [1] ¢¯¥à¢ë¥ à�áá¬®âà¥−ë ¢®¯à®áë, á¢ï§�−−ë¥ á ãáâ®©ç¨¢®áâìî −¥®¤−®à®¤-
−ëå ¬�àª®¢áª¨å æ¥¯¥© á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬, ¡®«¥¥ ¯®¤à®¡−® ¤«ï −¥áâ�æ¨-
®−�à−ëå ¯à®æ¥áá®¢ à®¦¤¥−¨ï ¨ £¨¡¥«¨ ¢ à�¡®â�å [2, 3]. ‚ −�áâ®ïé¥© áâ�âì¥
¯®«ãç¥−ë ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ ¤«ï ¤¢ãå á¨áâ¥¬.

�¥áâ�æ¨®−�à−�ï ¬�àª®¢áª�ï á¨áâ¥¬� á £àã¯¯®¢ë¬ ¯®áâã¯«¥−¨¥¬ ¨ £àã¯¯®¢ë¬
®¡á«ã¦¨¢�−¨¥¬ âà¥¡®¢�−¨© á ã¯à�¢«¥−¨¥¬, §�¢¨áïé¨¬ ®â á®áâ®ï−¨ï, ¨§ãç�«�áì
¢ áâ�âìïå [4{9]. ‡¤¥áì à�áá¬®âà¨¬ ç�áâ−ë© á«ãç�© ¨§ à�§¤. 5 áâ�âì¨ [9].

‚â®à�ï ¬®¤¥«ì | á ®¤−¨¬ á¥à¢¥à®¬, á¯¥æ¨�«ì−ë¬ £àã¯¯®¢ë¬ ¯®áâã¯«¥−¨¥¬
¨ á® á¯¥æ¨�«ì−®© ¯®«¨â¨ª®© ¯à®¯ãáª� ®ç¥à¥¤¨ | ¢¯¥à¢ë¥ ¨áá«¥¤®¢�−� ¢ [10],
á®®â¢¥âáâ¢ãîé�ï −¥áâ�æ¨®−�à−�ï á¨âã�æ¨ï ¡ë«� ¢¯¥à¢ë¥ ¨§ãç¥−� ¢ [11]. ’�ª¦¥
¬®¤¥«ì (¨ ¥¥ à�§«¨ç−ë¥ ¢�à¨�æ¨¨) ®¡áã¦¤�«�áì ¢ [9, 12]. ‚ −�áâ®ïé¥© à�¡®-
â¥ ¨áá«¥¤ãîâáï ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨, ª®£¤� ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï £àã¯¯
âà¥¡®¢�−¨© íªá¯®−¥−æ¨�«ì−® ã¡ë¢�îâ ¯à¨ ã¢¥«¨ç¥−¨¨ à�§¬¥à� £àã¯¯ë. ’�ª¦¥
¤«ï −¥¥ à�áá¬®âà¥−ë ®æ¥−ª¨, ª®â®àë¥ ¬®£ãâ ¡ëâì ¯®«¥§−ë ¤«ï à¥è¥−¨ï §�¤�ç,
á¢ï§�−−ëå á ã¯à�¢«¥−¨¥¬, � ¨¬¥−−®: á ¨§¬¥−¥−¨¥¬ ¬®é−®áâ¨ ¯®â®ª� âà¥¡®¢�-
−¨© ¨«¨ ¬®é−®áâ¨ á¥à¢¥à�, ¤«ï â®£® çâ®¡ë áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥
−�å®¤¨«®áì ¢ §�¤�−−ëå £à�−¨æ�å.

1‚®«®£®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â; Œ®áª®¢áª¨© æ¥−âà äã−¤�¬¥−â�«ì−®© ¨ ¯à¨ª«�¤-
−®© ¬�â¥¬�â¨ª¨, kovalev.iv96@yandex.ru
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�à¨¬¥−¨¬ ¬¥â®¤ ¯®«ãç¥−¨ï ®æ¥−®ª ãáâ®©ç¨¢®áâ¨ −¥áâ�æ¨®−�à−ëå ¬�àª®¢-
áª¨å æ¥¯¥© á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬ á ¨á¯®«ì§®¢�−¨¥¬ á¯¥æ¨�«ì−ëå ¢¥á®¢ëå
−®à¬, á¢ï§�−−ëå á ¯®«−®© ¢�à¨�æ¨¥©, ª®â®àë© ®¯¨á�− ¢ [13]. Œ¥â®¤ ®á−®¢�− −�
®æ¥−ª�å, ¯®«ãç�¥¬ëå ¯à¨ ¯®¬®é¨ «®£�à¨ä¬¨ç¥áª®© −®à¬ë ®¯¥à�â®à� «¨−¥©−®£®
¤¨ää¥à¥−æ¨�«ì−®£® ãà�¢−¥−¨ï, ¨ á¯¥æ¨�«ì−ëå ¯à¥®¡à�§®¢�−¨ïå à¥¤ãæ¨à®¢�−-
−®© ¬�âà¨æë ¨−â¥−á¨¢−®áâ¥© ¯à®æ¥áá�.

÷�áá¬®âà¥− ç¨á«¥−−ë© ¯à¨¬¥à ¯®áâà®¥−¨ï ¯à¥¤¥«ì−ëå å�à�ªâ¥à¨áâ¨ª ¢®§-
¬ãé¥−−®© á¨áâ¥¬ë ®¡á«ã¦¨¢�−¨ï.

2 Основные понятия

�ãáâì X(t), t ≥ 0, | −¥áâ�æ¨®−�à−�ï, ¢®®¡é¥ £®¢®àï, ¬�àª®¢áª�ï æ¥¯ì
á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬ ¨ áç¥â−ë¬ ¯à®áâà�−áâ¢®¬ á®áâ®ï−¨© {0, 1, 2 . . .}. �¡®-
§−�ç¨¬ ç¥à¥§

pij(s, t) = P{X(t) = j|X(s) = i},

£¤¥ i, j ≥ 0, 0 ≤ s ≤ t, ¯¥à¥å®¤−ë¥ ¢¥à®ïâ−®áâ¨ ¤«ï X = X(t). �ãáâì pi(t) =
= P{X(t) = i} | ¢¥à®ïâ−®áâ¨ á®áâ®ï−¨© æ¥¯¨, � p(t) = (p0(t), p1(t), . . .)

T |
¢¥ªâ®à à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥© á®áâ®ï−¨© ¢ ¬®¬¥−â ¢à¥¬¥−¨ t. „�«¥¥ ¯à¥¤-
¯®«�£�¥âáï, çâ® ¤«ï «î¡ëå i, j

P(X(t+ h) = j|X(t) = i) =





qij(t)h+ αij(t, h), ¥á«¨ i 6= j;

1−
∑

i6=j

qij + αi(t, h), ¥á«¨ i = j,

£¤¥ supi |αi(t, h)| = o(h).
‚á¥ ¨−â¥−á¨¢−®áâ¨ ¯à¥¤¯®«�£�îâáï «®ª�«ì−® ¨−â¥£à¨àã¥¬ë¬¨ −� ¯à®¬¥¦ãâª¥

[0,∞), � â�ª¦¥ aij(t) = qji(t) ¤«ï i 6= j ¨ aii(t) = −
∑

i6=j aji(t) = −
∑

i6=j qij(t).

’�ª¦¥ ¯à¥¤¯®«�£�¥¬ ¢ë¯®«−¥−−ë¬ ãá«®¢¨¥ |aii| ≤ L < ∞ ¯à¨ ¢á¥å i ¨ ¯®çâ¨
¢á¥å t ≥ 0. ’®£¤� ¯®«ãç�¥¬ ¤«ï ®¯¨á�−¨ï ¯à®æ¥áá� ¯àï¬ãî á¨áâ¥¬ã Š®«¬®£®à®¢�

dp(t)

dt
= A(t)p(t) , (1)

£¤¥ A(t) = QT(t) | âà�−á¯®−¨à®¢�−−�ï ¬�âà¨æ� ¨−â¥−á¨¢−®áâ¥©. „�«¥¥ ç¥-
à¥§ ‖ · ‖ ®¡®§−�ç¨¬ l1-−®à¬ã, � ¨¬¥−−®: ‖x‖ =

∑
|xi| ¨ ‖B‖ = supj

∑
i |bij | ¤«ï

¬�âà¨æë B = (bij)
∞
i,j=−∞. ÷�áá¬®âà¨¬ Ÿ| ¬−®¦¥áâ¢® ¢á¥å áâ®å�áâ¨ç¥áª¨å ¢¥ª-

â®à®¢, â. ¥. l1-¢¥ªâ®à®¢ á −¥®âà¨æ�â¥«ì−ë¬¨ ª®®à¤¨−�â�¬¨ ¨ ¥¤¨−¨ç−®© −®à¬®©.
‘«¥¤®¢�â¥«ì−®,

‖A(t)‖ ≤ 2 sup
k

|akk(t)| ≤ 2L

¯à¨ ¯®çâ¨ ¢á¥å t ≥ 0. ’®£¤� ®¯¥à�â®à A(t) ¨§ ¯à®áâà�−áâ¢� l1 ¢ á¥¡ï ®£à�−¨ç¥−
¯à¨ ¯®çâ¨ ¢á¥å t ≥ 0 ¨ «®ª�«ì−® ¨−â¥£à¨àã¥¬ −� [0,∞). ’�ª¨¬ ®¡à�§®¬, ¬®¦−®
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à�áá¬®âà¥âì (1) ª�ª ¤¨ää¥à¥−æ¨�«ì−®¥ ãà�¢−¥−¨¥ ¢ ¯à®áâà�−áâ¢¥ ¯®á«¥¤®¢�â¥«ì-
−®áâ¥© l1 á ®£à�−¨ç¥−−ë¬ ®¯¥à�â®à®¬.

Œ®¦−® ¯®«®¦¨âì p0(t) = 1 −
∑

i≥1 pi(t). ’®£¤� ¨§ (1) ¯®«ãç�¥¬ á«¥¤ãîé¥¥
ãà�¢−¥−¨¥:

dz(t)

dt
= B(t)z(t) + f(t),

£¤¥
B(t) = (bij(t))

∞
i,j = (aij(t)− ai0(t))

∞
i,j ; f(t) = (a10, a20, . . .)

T.

—¥à¥§ E(t, k) = E{X(t)|X(0) = k} ¡ã¤¥¬ ®¡®§−�ç�âì ¤�«¥¥ áà¥¤−¥¥ (¬�â¥¬�-
â¨ç¥áª®¥ ®¦¨¤�−¨¥) ¯à®æ¥áá� ¢ ¬®¬¥−â t ¯à¨ −�ç�«ì−®¬ ãá«®¢¨¨ X(0) = k.

3 Теорема об устойчивости

�ãáâì {di}, i = 1, 2, . . . , | ¢®§à�áâ�îé�ï ¯®á«¥¤®¢�â¥«ì−®áâì ¯®«®¦¨â¥«ì-
−ëå ç¨á¥«, ¯à¨ç¥¬ d1 = 1. ÷�áá¬®âà¨¬ âà¥ã£®«ì−ãî ¬�âà¨æã D ¢¨¤�




d1 d1 d1 · · ·
0 d2 d2 · · ·
0 0 d3 · · ·
...

...
. . .

. . .




¨ á®®â¢¥âáâ¢ãîé¥¥ ¯à®áâà�−áâ¢® ¯®á«¥¤®¢�â¥«ì−®áâ¥© l1D = {z(t) =
= (p1(t), p2(t), . . .)

T /‖z‖1D = ‖z‖ < ∞}. �â¬¥â¨¬, çâ® ‖B‖1D = ‖DBD−1‖.

�¯à¥¤¥«¥−¨¥ 1. Œ�àª®¢áª�ï æ¥¯ì X(t) −�§ë¢�¥âáï 1D-íªá¯®−¥−æ¨�«ì−® á«�¡®
íà£®¤¨ç−®©, ¥á«¨ áãé¥áâ¢ãîâ ¯®«®¦¨â¥«ì−ë¥ M ¨ a â�ª¨¥, çâ® ¯à¨ «î¡ëå s ¨ t
â�ª¨å, çâ® t ≥ s ≥ 0, ¨ «î¡ëå −�ç�«ì−ëå ãá«®¢¨ïå p∗(s) ∈ l1D,p∗∗(s) ∈ l1D
¢ë¯®«−¥−® −¥à�¢¥−áâ¢®:

‖p∗(t)− p∗∗(t)‖1D ≤ Me−a(t−s)‖p∗(s)− p∗∗(s)‖1D .

�¯à¥¤¥«¥−¨¥ 2. Œ�àª®¢áª�ï æ¥¯ì X(t) ¨¬¥¥â ¯à¥¤¥«ì−®¥ ¬�â¥¬�â¨ç¥áª®¥ ®¦¨-
¤�−¨¥ (¯à¥¤¥«ì−®¥ áà¥¤−¥¥) φ(t), ¥á«¨ |E(t, k) − φ(t)| → 0 ¯à¨ t → ∞ ¤«ï
«î¡®£® k.

�à¥¤¯®«�£�¥¬, çâ® ¢ë¯®«−¥−ë −¥à�¢¥−áâ¢�:

‖B(t)‖1D ≤ B ≤ ∞ ; ‖f(t)‖1D ≤ f ≤ ∞ ;

‖B(t)− �B(t)‖1D ≤ |B − �B| ; ‖f(t)− �f(t)‖1D ≤ |f −�f|

}
(2)

¤«ï ¢á¥å t ≥ 0.

’¥®à¥¬� 1. �ãáâì ¬�àª®¢áª�ï æ¥¯ì X(t) 1D-íªá¯®−¥−æ¨�«ì−® á«�¡® íà£®¤¨ç-
−�. ’®£¤� ¯à¨ ¤®áâ�â®ç−® ¬�«ëå ¢®§¬ãé¥−¨ïå (2) ¢®§¬ãé¥−−�ï æ¥¯ì �X(t)
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â�ª¦¥ 1D-íªá¯®−¥−æ¨�«ì−® á«�¡® íà£®¤¨ç−� ¨ á¯à�¢¥¤«¨¢� á«¥¤ãîé�ï ®æ¥−ª�
ãáâ®©ç¨¢®áâ¨ ¢ 1D-−®à¬¥:

lim
t→∞

sup ‖p(t)− �p(t)‖1D ≤
M(M |B − �B|f+ a|f −�f|)

a(a − M |B − �B|)
.

�®«¥¥ â®£®, ¥á«¨ W = infk≥1(dk/k) > 0, â® ®¡¥ æ¥¯¨ Œ�àª®¢� X(t) ¨ �X(t)
¨¬¥îâ ¯à¥¤¥«ì−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï ¨

lim
t→∞

sup |φ(t)− �φ(t)| ≤
M(M |B − �B|f+ a|f −�f|)

Wa(a − M |B − �B|)
.

‘«¥¤áâ¢¨¥ 1. �ãáâì X(t) | −¥áâ�æ¨®−�à−�ï 1D-íªá¯®−¥−æ¨�«ì−® á«�¡® íà£®-
¤¨ç−�ï ¬�àª®¢áª�ï æ¥¯ì. ’®£¤� á¯à�¢¥¤«¨¢� á«¥¤ãîé�ï ®æ¥−ª� ãáâ®©ç¨¢®áâ¨:

lim
t→∞

sup ‖p(t)− �p(t)‖ ≤
4M(M |B − �B|f+ a|f −�f|)

a(a − M |B − �B|)
.

„®ª�§�â¥«ìáâ¢� ¬®¦−® ¯®á¬®âà¥âì ¢ [13].

4 Нестационарная марковская система с групповым поступлением
и групповым обслуживанием требований с управлением,
зависящим от состояния

‚ áâ�âì¥ [8] à�áá¬®âà¥−� ¬�àª®¢áª�ï á¨áâ¥¬� ¬�áá®¢®£® ¯®áâã¯«¥−¨ï ¨ ¬�áá®-
¢®£® ®¡á«ã¦¨¢�−¨ï á ®¡é¨¬ ã¯à�¢«¥−¨¥¬, §�¢¨áïé¨¬ ®â á®áâ®ï−¨ï [4{8]. —¨á«®
âà¥¡®¢�−¨© ¢ ¬®¬¥−â ¢à¥¬¥−¨ t ¢ íâ®© á¨áâ¥¬¥ X(t) á®áâ�¢«ï¥â æ¥¯ì Œ�àª®¢�
á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬ ¨ ¯à®áâà�−áâ¢®¬ á®áâ®ï−¨© {0, 1, 2, . . .}. Œ�âà¨æ�
¨−â¥−á¨¢−®áâ¥© Q(t) = (qij(t))

∞
i,j=0 ¨¬¥¥â ¤®¢®«ì−® á¯¥æ¨ä¨ç¥áªãî áâàãªâãàã,

� ¨¬¥−−®:

qij(t) =





hij(t), ¥á«¨ 0 ≤ i ≤ k − 1, j ≥ 0 ;

bi−j+k(t), ¥á«¨ i ≥ k, j ≥ i − k ;

0 ¨−�ç¥ ,

£¤¥
hij(t) ≥ 0 (i 6= j) ;

0 ≤ −hii(t) =
∑

j 6=i

hij(t) < +∞ (0 ≤ i ≤ k − 1) ;

b0(t) > 0, bj(t) ≤ 0 (j 6= k) ;
∞∑

j=N+1

bj(t) > 0 ; 0 ≤ −bk(t) =
∑

j 6=k

bj(t) < +∞

¤«ï −¥ª®â®à®£® ä¨ªá¨à®¢�−−®£® æ¥«®£® k ≥ 1.
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‚ ¤�−−®© áâ�âì¥ ¯®«ãç¨¬ ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ ¤«ï ç�áâ−®£® á«ãç�ï íâ®© á¨áâ¥-
¬ë. ‚ ç�áâ−®áâ¨, ¢®§ì¬¥¬ ¬®¤¥«ì ¨§ à�§¤. 5 áâ�âì¨ [9], £¤¥ ¡ë«� ¯®«ãç¥−� ®æ¥−ª�
áª®à®áâ¨ áå®¤¨¬®áâ¨. �«¥¬¥−âë ¬�âà¨æë ¨−â¥−á¨¢−®áâ¥© Q(t) á«¥¤ãîé¨¥:

hi,i−1(t) = µ(t) ; hi,i+1(t) = λ(t) ; hi,i(t) = −(λ(t) + µ(t)) ;

b0 = µ ; bk+1 = λ(t) ; bk = −(λ(t) + µ(t)) ; k = 3 ,

£¤¥ λ(t) ¨ µ(t) −¥®âà¨æ�â¥«ì−ë ¨ «®ª�«ì−® ¨−â¥£à¨àã¥¬ë ¯® [0,∞). ’®£¤�
âà�−á¯®−¨à®¢�−−�ï ¬�âà¨æ� ¨−â¥−á¨¢−®áâ¥© A(t) = (aij(t))

∞
i,j=0 = QT(t) ¨¬¥¥â

¢¨¤:

A(t) =




−λ(t) µ(t) 0 µ(t)
λ(t) −(λ(t) + µ(t)) µ(t) 0
0 λ(t) −(λ(t) + µ(t)) 0
0 0 λ(t) −(λ(t) + µ(t))
0 0 0 λ(t)
0 0 0 0
...

...
...

...

0 0 . . .
µ(t) 0 . . .
0 µ(t) . . .
0 0 . . .

−(λ(t) + µ(t)) 0 . . .
λ(t) −(λ(t) + µ(t)) . . .

...
...

. . .




(3)

‚®§ì¬¥¬ σ > 1 ¨ ¢®§à�áâ�îéãî ¯®á«¥¤®¢�â¥«ì−®áâì ¯®«®¦¨â¥«ì−ëå ç¨á¥«
{dn, n ≥ 1} ª�ª dn = σn−1. �â¬¥â¨¬, çâ® à�−¥¥ ¢ áâ�âì¥ [9] ¯®«ãç¥−® á«¥¤ãîé¥¥
ãâ¢¥à¦¤¥−¨¥.

“â¢¥à¦¤¥−¨¥ 1. …á«¨
∫ ∞
0

(
µ(t)(1 − σ−1)− λ(t)(σ − 1)

)
dt = +∞ ¤«ï −¥-

ª®â®à®£® σ > 1, â®£¤� æ¥¯ì Œ�àª®¢� X(t) á«�¡® íà£®¤¨ç−� ¨ ¢ë¯®«−ï¥âáï
®æ¥−ª�

|p∗(t)− p∗∗(t)| ≤ 4e−
∫ t

0
(µ(u)(1−σ−1)−λ(u)(σ−1)) du|p∗(0)− p∗∗(0)|1D .

÷�áá¬®âà¨¬ ¯à®æ¥áá �X(t), t ≥ 0, ®¯¨áë¢�îé¨© ç¨á«® âà¥¡®¢�−¨© ¢ ú¢®§-
¬ãé¥−−®©û á¨áâ¥¬¥ ®¡á«ã¦¨¢�−¨ï, á á®®â¢¥âáâ¢ãîé¥© âà�−á¯®−¨à®¢�−−®© ¬�â-

à¨æ¥© ¨−â¥−á¨¢−®áâ¥© �A(t), £¤¥ ¬�âà¨æ� ú¢®§¬ãé¥−¨ïû �A(t) = A(t) − �A(t)
¢ −¥ª®â®à®¬ á¬ëá«¥ ¬�«� ¨ ¨¬¥¥â âã ¦¥ áâàãªâãàã á á®®â¢¥âáâ¢ãîé¨¬¨ ¢®§¬ã-
é¥−−ë¬¨ ¨−â¥−á¨¢−®áâï¬¨ �λ(t) ¨ �µ(t).

�ãáâì

|λ(t)− �λ(t)| = |�λ(t)| ≤ �ǫ ; |µ(t)− �µ(t)| = |�µ(t)| ≤ �ǫ .
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’®£¤� ¨§ (3) ¯®«ãç�¥¬ á«¥¤ãîé¥¥ ®£à�−¨ç¥−¨¥:

‖ �A(t)‖ = 2 sup
k

|�akk (t)| ≤ 4�ǫ

¨ ¨§ â¥®à¥¬ë 1 á«¥¤ãîé¨¥ ®æ¥−ª¨.

’¥®à¥¬� 2. …á«¨ ¯à®æ¥áá X(t) 1D-íªá¯®−¥−æ¨�«ì−® á«�¡® íà£®¤¨ç¥−, â. ¥.

e−
∫
∞

0
(µ(u)(1−σ−1)−λ(u)(σ−1)) du ≤ Me−a(t−s)

¤«ï −¥ª®â®àëå ¯®«®¦¨â¥«ì−ëå M ¨ a, â® �X(t) â�ª¦¥ 1D-íªá¯®−¥−æ¨�«ì−®
á«�¡® íà£®¤¨ç¥−. �ãáâì

H = sup
|i−j|=1

di

dj
< ∞.

’®£¤� ¢ë¯®«−ï¥âáï á«¥¤ãîé�ï ®æ¥−ª� ãáâ®©ç¨¢®áâ¨:

lim sup
t→∞

‖p(t) − �p(t)‖1D ≤
M�ǫ (2M(H + 1)L+ a)

a (a − 2M�ǫ (H + 1))
.

�®«¥¥ â®£®, ¥á«¨ W = infk≥1(dk+1/k) > 0, â®

lim sup
t→∞

|E(t, 0) − �E(t, 0)| ≤
M�ǫ (2M(H + 1)L+ a)

Wa (a − 2M�ǫ (H + 1))
.

5 Модель с одним сервером, специальным групповым поступлением
и со специальной политикой пропуска очереди

�¥à¢®−�ç�«ì−®¥ ®¯¨á�−¨¥ ¨áå®¤−®© ¬®¤¥«¨ ¨ ¯¥à¢ë¥ ¨áá«¥¤®¢�−¨ï ¯à®¢¥¤¥−ë
¢ [10], á®®â¢¥âáâ¢ãîé�ï −¥áâ�æ¨®−�à−�ï á¨âã�æ¨ï ¡ë«� ¢¯¥à¢ë¥ ¨§ãç¥−� ¢ [11].
’�ª¦¥ ¬®¤¥«ì (¨ ¥¥ à�§«¨ç−ë¥ ¢�à¨�æ¨¨) ®¡áã¦¤�«�áì ¢ [9, 12]. �à¨ íâ®¬ ç¨á«®
âà¥¡®¢�−¨© ¢ á®®â¢¥âáâ¢ãîé¥© á¨áâ¥¬¥ ®¡á«ã¦¨¢�−¨ï ®¯¨áë¢�¥âáï ¯à®æ¥áá®¬
X(t) (á¬. ¤�«¥¥). ‚ ãª�§�−−ëå à�¡®â�å à�áá¬�âà¨¢�îâáï ®æ¥−ª¨ íà£®¤¨ç−®áâ¨.
‚ −�áâ®ïé¥© à�¡®â¥ ¨áá«¥¤ãîâáï ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨, ª®£¤� ¨−â¥−á¨¢−®áâ¨ ¯®-
áâã¯«¥−¨ï £àã¯¯ âà¥¡®¢�−¨© íªá¯®−¥−æ¨�«ì−® ã¡ë¢�îâ ¯à¨ ã¢¥«¨ç¥−¨¨ à�§¬¥à�
£àã¯¯ë.

�â¬¥â¨¬, çâ® à�áá¬�âà¨¢�¥¬ë© ¯à®æ¥áá X(t) ï¢«ï¥âáï −¥®¤−®à®¤−®© ¬�à-
ª®¢áª®© æ¥¯ìî á −¥¯à¥àë¢−ë¬ ¢à¥¬¥−¥¬, áç¥â−ë¬ ¯à®áâà�−áâ¢®¬ á®áâ®ï−¨©
{0, 1, 2, . . .}, � âà�−á¯®−¨à®¢�−−�ï ¬�âà¨æ� ¨−â¥−á¨¢−®áâ¥© A(t) = (aij(t))

∞
i,j=0

¨¬¥¥â ¢¨¤:
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A(t) =




−λ(t) µ(t) 0 0 · · ·
λ(t)b1 − (λ(t)B2+µ(t)) µ(t) 0 · · ·

λ(t)b2 λ(t)b2 − (λ(t)B3+µ(t)) µ(t)
. . .

λ(t)b3 λ(t)b3 λ(t)b3 − (λ(t)B4+µ(t))
. . .

...
...

...
...

. . .




.

‡¤¥áì λ(t) | ¨−â¥−á¨¢−®áâì ¯®áâã¯«¥−¨ï £àã¯¯ë âà¥¡®¢�−¨©; µ(t) | ¨−â¥−-
á¨¢−®áâì ®¡á«ã¦¨¢�−¨ï ®¤−®£® âà¥¡®¢�−¨ï; γ(t) | ¨−â¥−á¨¢−®áâì ª�â�áâà®äë
(®¤−®¬®¬¥−â−®© ¯®â¥à¨ ¢á¥å âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥). „�«¥¥, λ(t)bk | ¨−â¥−-
á¨¢−®áâì ¯®áâã¯«¥−¨ï £àã¯¯ë âà¥¡®¢�−¨© â�ª�ï, çâ® ®¡é¥¥ ¨å ç¨á«® ¢ á¨áâ¥¬¥
®ª�§ë¢�¥âáï à�¢−ë¬ k, â. ¥. ¥á«¨ ¢ á¨áâ¥¬¥ ã¦¥ ¥áâì k − j âà¥¡®¢�−¨©, â® íâ®
¨−â¥−á¨¢−®áâì ®¤−®¢à¥¬¥−−®£® ¯®áâã¯«¥−¨ï £àã¯¯ë ¨§ j âà¥¡®¢�−¨©. �à¨ íâ®¬
Bk =

∑∞
j=k bj ¯à¨ ¢á¥å k ≥ 1 ¨ B1 = 1. ‚á¥ äã−ªæ¨¨, ®¯à¥¤¥«ïîé¨¥ ¨−-

â¥−á¨¢−®áâ¨, ¯à¥¤¯®«�£�îâáï −¥®âà¨æ�â¥«ì−ë¬¨ ¨ «®ª�«ì−® ¨−â¥£à¨àã¥¬ë¬¨ −�
[0,∞). Šà®¬¥ â®£®, ¯à¥¤¯®«�£�¥âáï, çâ® áãé¥áâ¢ãîâ C > 0 ¨ 0 ≤ q ≤ 1 â�ª¨¥,
çâ®

bk < Cqk.

÷�áá¬�âà¨¢�¥¬ ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ ®á−®¢−ëå å�à�ªâ¥à¨áâ¨ª ¯à®æ¥áá� X(t)
¯à¨ â�ª¨å ¢®§¬ãé¥−¨ïå, ¯à¥¤¯®«�£�ï ¤®¯®«−¨â¥«ì−®, çâ® ¯à®æ¥áá X(t) íªá¯®-
−¥−æ¨�«ì−® íà£®¤¨ç¥−, â. ¥. çâ® ¤«ï −¥ª®â®àëå ¯®«®¦¨â¥«ì−ëå c, b, ¯®á«¥¤®¢�-
â¥«ì−®áâ¨ δ < 1, dk = δ−k ¨ ¢á¥å s, t, 0 ≤ s ≤ t, ¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢®:

e−
∫ t

0
(1−δ)µ(u) du ≤ Me−a(t−s). (4)

�ãáâì ¢®§¬ãé¥−−ë¥ ¨−â¥−á¨¢−®áâ¨ �λ(t) ¨ �µ(t) â�ª¨¥, çâ® |λ(t) − �λ(t)| ≤ �ǫλ
¨ |µ(t)− �µ(t)| ≤ �ǫµ ¤«ï ¢á¥å t ≥ 0. ’®£¤�

‖B(t)‖1D ≤ ||λ(t)| + (1 + δ)|µ(t)| ≤ (2 + δ)L ;

‖f(t)‖1D ≤ C∗L ;

‖B(t)− �B(t)‖1D ≤ |λ(t)− �λ(t)|+ (1 + δ)|µ(t) − �µ(t)| ≤ �ǫλ + (1 + δ)�ǫµ ;

‖f(t)− �f(t)‖1D ≤ C∗�ǫλ

¤«ï ¢á¥å t ≥ 0.

’¥®à¥¬� 3. �ãáâì X(t) | 1D-íªá¯®−¥−æ¨�«ì−® á«�¡® íà£®¤¨ç¥áª�ï æ¥¯ì
Œ�àª®¢�, â. ¥. ¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢® (4). ’®£¤� ¢®§¬ãé¥−−ë© ¯à®æ¥áá �X(t)
â�ª¦¥ ï¢«ï¥âáï 1D-íªá¯®−¥−æ¨�«ì−® á«�¡® íà£®¤¨ç−ë¬ ¤«ï ¤®áâ�â®ç−® ¬�«ëå
�ǫλ ¨ �ǫµ ¨ ¢ë¯®«−ï¥âáï á«¥¤ãîé�ï ®æ¥−ª� ¢®§¬ãé¥−¨ï:
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lim
t→∞
sup ‖p(t)− �p(t)‖1D ≤

MC∗(ML((1 + δ)�ǫµ + �ǫλ) + a�ǫλ)

a(a − M((1 + δ)�ǫµ + �ǫλ))
,

£¤¥ M ¨ a ®¯à¥¤¥«ïîâáï (4). �®«¥¥ â®£®, ¥á«¨ W = infk≥1(dk/k) > 0, â® ®¡¥

æ¥¯¨ Œ�àª®¢� X(t) ¨ �X(t) ¨¬¥îâ ¯à¥¤¥«ì−ë¥ ¬�â¥¬�â¨ç¥áª¨¥ ®¦¨¤�−¨ï ¨

lim
t→∞

sup |φ(t)− �φ(t)| ≤
MC∗(ML((1 + δ)�ǫµ + �ǫλ) + a�ǫλ)

Wa(a − M((1 + δ)�ǫµ + �ǫλ))
.

ˆá¯®«ì§ãï å®à®è® ¨§¢¥áâ−ë¥ á®®â−®è¥−¨ï ¬¥¦¤ã −®à¬�¬¨:

‖p∗ − p∗∗‖ ≤ 2‖z∗ − z∗∗‖ ≤ 4‖z∗ − z∗∗‖1D ,

£¤¥ z∗ ¨ z∗∗ ï¢«ïîâáï á®®â¢¥âáâ¢ãîé¨¬¨ ¢¥ªâ®à�¬¨ ¤«ï p∗ ¨ p∗∗, ¯®«ãç�¥¬ ®æ¥−ªã
¢®§¬ãé¥−¨ï ¢ ú¥áâ¥áâ¢¥−−®©û l1-−®à¬¥ (¢á¥£® ¢�à¨�æ¨ï, ¤àã£¨¬¨ á«®¢�¬¨).

‘«¥¤áâ¢¨¥ 1. �ãáâì X(t)| −¥®¤−®à®¤−�ï 1D-íªá¯®−¥−æ¨�«ì−® á«�¡® íà£®¤¨ç-
−�ï æ¥¯ì Œ�àª®¢�. ’®£¤� ¢ë¯®«−ï¥âáï á«¥¤ãîé�ï ®æ¥−ª� ¢®§¬ãé¥−¨ï:

lim
t→∞

sup ‖p(t)− �p(t)‖ ≤
4MC∗(ML((1 + δ)�ǫµ + �ǫλ) + a�ǫλ)

a(a − M((1 + δ)�ǫµ + �ǫλ))
.

‡�¬¥ç�−¨¥. �à¨ ¨áá«¥¤®¢�−¨¨ íâ®© ¬®¤¥«¨ −� ãáâ®©ç¨¢®áâì ¯® ®â−®è¥−¨î ª ¢®§-
¬ãé¥−¨ï¬ bk −ã¦−ë ¤®¯®«−¨â¥«ì−ë¥ âà¥¡®¢�−¨ï −� ¬�«®áâì ¢®§¬ãé¥−¨© ¢®
¢§¢¥è¥−−®© −®à¬¥. ‚ â® ¦¥ ¢à¥¬ï ¯à®áâ® ¬�«ë¥ ¨§¬¥−¥−¨ï bk ¬®£ãâ ¢á¥ á«®¬�âì.
��¯à¨¬¥à, ¥á«¨ ¢§ïâì λ = µ = 1, � b1 = 1− ε,

bk =





0 ¯à¨ 1 < k ≤ N ;
ε

(k − N)(k − N + 1)
¯à¨ k > N,

â® ¯à¨ ¢®§à�áâ�−¨¨ N −®à¬� ¢®§¬ãé¥−¨ï ¢ l1 ¡ã¤¥â ε. �¤−�ª® ¯à¨ íâ®¬ ã¦¥ −¥
¢ë¯®«−¥−® ãá«®¢¨¥

∑
k Bk < ∞.

6 Получение границ для некоторых параметров модели из раздела 5

‚ ¤�−−®¬ à�§¤¥«¥ à�áá¬®âà¨¬ §�¤�ç¨ −� ã¯à�¢«¥−¨¥.
‡�¤�ç� 1. ‘ç¨â�ï, çâ® ¨§¢¥áâ−ë áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ E(t, 0)
á £à�−¨æ�¬¨ ¨ ¨−â¥−á¨¢−®áâì ¯®áâã¯«¥−¨ï âà¥¡®¢�−¨© λ(t), ¯®«ãç¨âì £à�−¨æë
¤«ï ¨−â¥−á¨¢−®áâ¨ ®¡á«ã¦¨¢�−¨ï âà¥¡®¢�−¨© µ(t). ÷¥è¨¢ íâã §�¤�çã, ¬®¦−®
¯®−ïâì, −�áª®«ìª® −�¤® ã¢¥«¨ç¨âì ¨−â¥−á¨¢−®áâì ®¡á«ã¦¨¢�−¨ï, çâ®¡ë áà¥¤−¥¥
ã¬¥−ìè¨«®áì −� v% (¨«¨, −�®¡®à®â, −�áª®«ìª® ¬®¦−® ã¬¥−ìè¨âì ¨−â¥−á¨¢−®áâì
®¡á«ã¦¨¢�−¨ï, çâ®¡ë áà¥¤−¥¥ −¥ ¢ëà®á«® ¡®«ìè¥ ç¥¬ −� v%).
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„«ï ¥¥ à¥è¥−¨ï ¯®«¥§−ë ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨, � ¨¬¥−−®: â¥®à¥¬� 3. ‘ä®à-
¬ã«¨àã¥¬ ¨§ −¥¥ ãâ¢¥à¦¤¥−¨¥.

“â¢¥à¦¤¥−¨¥ 2. �ãáâì §�¤�−® áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ E(t, 0)
á −¥ª®â®àë¬¨ £à�−¨æ�¬¨, â. ¥.

lim sup
t→∞

|E(t, 0) − �E(t, 0)| ≤ h

¤«ï −¥ª®â®à®£® ¯®«®¦¨â¥«ì−®£® h. ’®£¤� £à�−¨æë ¤«ï ¨−â¥−á¨¢−®áâ¨ ®¡á«ã¦¨-
¢�−¨ï ¡ã¤ãâ ¨¬¥âì ¢¨¤:

|µ(t)− �µ(t)| ≤
Wa2h

(1 + δ)(C∗LM2 +MhWa)
.

‡�¤�ç� 2. ‘ç¨â�ï, çâ® ¨§¢¥áâ−ë áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ E(t, 0)
á £à�−¨æ�¬¨ ¨ ¨−â¥−á¨¢−®áâì ®¡á«ã¦¨¢�−¨ï âà¥¡®¢�−¨© µ(t), ¯®«ãç¨âì £à�−¨æë
¤«ï ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï âà¥¡®¢�−¨© λ(t). ÷¥è¨¢ íâã §�¤�çã, ¬®¦−®
¯®−ïâì, −�áª®«ìª® −�¤® ã¬¥−ìè¨âì ¨−â¥−á¨¢−®áâì ¯®áâã¯«¥−¨ï, çâ®¡ë áà¥¤−¥¥
ã¬¥−ìè¨«®áì −� v% (¨«¨, −�®¡®à®â, −�áª®«ìª® ¬®¦−® ã¢¥«¨ç¨âì ¨−â¥−á¨¢−®áâì
¯®áâã¯«¥−¨ï, çâ®¡ë áà¥¤−¥¥ −¥ ¢ëà®á«® ¡®«ìè¥ ç¥¬ −� v%).

“â¢¥à¦¤¥−¨¥ 3. �ãáâì §�¤�−® áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ E(t, 0)
á −¥ª®â®àë¬¨ £à�−¨æ�¬¨, â. ¥.

lim sup
t→∞

|E(t, 0) − �E(t, 0)| ≤ h

¤«ï −¥ª®â®à®£® ¯®«®¦¨â¥«ì−®£® h. ’®£¤� £à�−¨æë ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï
âà¥¡®¢�−¨© ¬®¦−® ®æ¥−¨âì á«¥¤ãîé¨¬ ®¡à�§®¬:

|λ(t)− �λ(t)| ≤
Wa2h

MC∗(ML+ a) +WahM
.

‡�¤�ç� 3. �¯à¥¤¥«¨âì ¬®é−®áâì á¥à¢¥à�, ª®â®à�ï £�à�−â¨àã¥â, çâ® ¢ ¤®«£®áà®ç-
−®© ¯¥àá¯¥ªâ¨¢¥ áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ −¥ ¡ã¤¥â ¯à¥¢ëè�âì N∗.

�ã¤¥¬ áç¨â�âì, çâ® ¨−â¥−á¨¢−®áâì ®¡á«ã¦¨¢�−¨ï §�¤�¥âáï ¢ëà�¦¥−¨¥¬ µ(t) =

= µg(t), £¤¥ g(t) ¨§¢¥áâ−®, e−
∫ t

τ
g(u)du ≤ He−v(t−τ), � µ (¬®é−®áâìî á¥à¢¥à�)

¬®¦¥¬ ã¯à�¢«ïâì. �æ¥−¨¬ ¯�à�¬¥âàë, á¢ï§�−−ë¥ á ®¡á«ã¦¨¢�−¨¥¬, � ¨¬¥−−®:
¬®é−®áâì µ á¥à¢¥à�, áç¨â�ï, çâ® ®áâ�«ì−ë¥ ¯�à�¬¥âàë §�¤�−ë ¨ áà¥¤−¥¥ −¥
¤®«¦−® ¯à¥¢®áå®¤¨âì N∗, â. ¥. lim supt→∞ E(t, 0) ≤ N∗.

�® ®¯à¥¤¥«¥−¨î

E(t, 0) =
∑

n∈X

npn(t) .
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�®áª®«ìªã ¢á¥ pi(t) −¥®âà¨æ�â¥«ì−ë, ¨¬¥¥¬

‖z‖1D =
∑

n≥1

pn

∑

k≥1

dk ≥
∑

n≥1

dnpn ≥ W
∑

n≥1

npn, (5)

£¤¥ W = infk≥1(dk/k) > 0. ’®£¤� E(t, 0) ≤ 1/(W )‖z(t)‖1D .
‘ ¤àã£®© áâ®à®−ë, ¯®«ãç�¥¬ á«¥¤ãîé¥¥ −¥à�¢¥−áâ¢®:

‖z‖1D ≤ ‖V (t)‖1D‖z(0)‖1D +

t∫

0

‖V (t, τ)‖1D‖f(τ)‖1Ddτ ≤

≤ 4e−(1−δ)µ
∫ t

0
g(u)du‖z(0)‖1D + 4C

∗L

t∫

0

e−(1−δ)µ
∫ t

τ
g(u)dudτ ≤

≤ 4
(
He−vt

)(1−δ)µ
‖z(0)‖1D+4C

∗L

t∫

0

(
He−v(t−τ)

)(1−δ)µ
dτ ≤

4C∗LH(1−δ)µ

v(1 − δ)µ
.

’®£¤�

lim sup
t→∞

E(t, 0) ≤
4C∗LH(1−δ)µ

Wv(1− δ)µ
≤ N∗

¨ ¯®«ãç�¥¬ á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 4. �ãáâì §�¤�−� ¨−â¥−á¨¢−®áâì ¯®áâã¯«¥−¨ï âà¥¡®¢�−¨© λ(t), ¨§-
¢¥áâ−ë {bk}. ˆ−â¥−á¨¢−®áâì ®¡á«ã¦¨¢�−¨ï ¨¬¥¥â ¢¨¤ µ(t) = µg(t), ¯à¨-

ç¥¬ g(t) ¨§¢¥áâ−� ¨ ¢ë¯®«−ï¥âáï −¥à�¢¥−áâ¢® e−
∫ t

τ
g(u)du ≤ He−v(t−τ), � µ

¬®¦¥¬ ã¯à�¢«ïâì. ’®£¤� ¤«ï â®£®, çâ®¡ë

lim sup
t→∞

E(t, 0) ≤ N∗,

¤®áâ�â®ç−®, çâ®¡ë

H(1−δ)µ

µ
≤

v(1 − δ)N∗W

4C∗L
.

‡�¤�ç� 4. �¯à¥¤¥«¨âì ¬®é−®áâì ¯®â®ª� âà¥¡®¢�−¨©, ª®â®à�ï £�à�−â¨àã¥â, çâ®
¢ ¤®«£®áà®ç−®© ¯¥àá¯¥ªâ¨¢¥ áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ −¥ ¡ã¤¥â ¯à¥¢ë-
è�âì N∗.

�ã¤¥¬ áç¨â�âì, çâ® ¨−â¥−á¨¢−®áâì ¯®áâã¯«¥−¨ï §�¤�¥âáï ¢ëà�¦¥−¨¥¬ λ(t) =
= λg(t), ¢ ª®â®à®¬ g(t) ¨§¢¥áâ−� ¨ |g(t)| ≤ H, � λ (¬®é−®áâì ¯®â®ª� ¯®áâã¯�îé¨å
âà¥¡®¢�−¨©) ¬®¦¥¬ ã¯à�¢«ïâì. �æ¥−¨¬ ¯�à�¬¥âàë, á¢ï§�−−ë¥ á ¯®áâã¯«¥−¨¥¬,
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� ¨¬¥−−®: ¬®é−®áâì ¯®â®ª� λ, áç¨â�ï, çâ® ®áâ�«ì−ë¥ ¯�à�¬¥âàë §�¤�−ë ¨ áà¥¤−¥¥
−¥ ¤®«¦−® ¯à¥¢®áå®¤¨âì N∗, â. ¥. lim supt→∞ E(t, 0) ≤ N∗.

‘ ®¤−®© áâ®à®−ë, ¨¬¥¥¬ (5), � á ¤àã£®© áâ®à®−ë, ¢¥à−® á«¥¤ãîé¥¥ −¥à�¢¥−-
áâ¢®:

‖z‖1D ≤ ‖V (t)‖1D‖z(0)‖1D +

t∫

0

‖V (t, τ)‖1D‖f(τ)‖1D dτ ≤

≤ 4e−(1−δ)Lt‖z(0)‖1D + 4C
∗Hλ

t∫

0

e−(1−δ)L(t−τ) dτ ≤
4C∗Hλ

(1− δ)L
.

‘«¥¤®¢�â¥«ì−®,

E(t, 0) ≤
4C∗Hλ

(1− δ)LW
≤ N∗

¨

λ ≤
(1− δ)LN∗W

4C∗H
.

’¥®à¥¬� 5. �ãáâì §�¤�−� ¨−â¥−á¨¢−®áâì ®¡á«ã¦¨¢�−¨ï âà¥¡®¢�−¨© µ(t).
ˆ−â¥−á¨¢−®áâì ¯®áâã¯«¥−¨ï ¨¬¥¥â ¢¨¤ λ(t) = λg(t), ¯à¨ç¥¬ g(t) ¨§¢¥áâ−�
¨ |g(t)| ≤ H. ’®£¤� ¤«ï â®£®, çâ®¡ë

lim sup
t→∞

E(t, 0) ≤ N∗ ,

¤®áâ�â®ç−®, çâ®¡ë

λ ≤
(1− δ)LN∗W

4C∗H
.

7 Пример

‚ ¯à¨¬¥à¥, ¯à¥¤áâ�¢«¥−−®¬ −¨¦¥, ¯à¥¤¯®«�£�¥âáï, çâ® à�á¯à¥¤¥«¥−¨¥ £àã¯¯
¯® à�§¬¥àã {bk, k ≥ 1} | £¥®¬¥âà¨ç¥áª®¥, â. ¥. bk = (1 − q)qk−1, k ≥ 1,
0 < q < 1. ’�ª¦¥ ¯à¥¤¯®«�£�¥âáï, çâ® ¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï ¨/¨«¨
®¡á«ã¦¨¢�−¨ï | ¯¥à¨®¤¨ç¥áª¨¥ äã−ªæ¨¨. “ç¨âë¢�ï, çâ® {bk, k ≥ 1} | £¥®-
¬¥âà¨ç¥áª®¥, −¥§�¢¨á¨¬® ®â ¯�à�¬¥âà� £¥®¬¥âà¨ç¥áª®£® à�á¯à¥¤¥«¥−¨ï ¯¥à¨®¤¨-
ç¥áª¨¥ ¨−â¥−á¨¢−®áâ¨ £�à�−â¨àãîâ áãé¥áâ¢®¢�−¨¥ (¯¥à¨®¤¨ç¥áª®£®) ¯à¥¤¥«ì−®£®
à�á¯à¥¤¥«¥−¨ï X(t).

÷�áá¬®âà¨¬ ¯à¨¬¥à 1 ¨§ [11]. „«ï −¥£® ã¦¥ ¯®«ãç¥−ë ®æ¥−ª¨ áª®à®áâ¨
áå®¤¨¬®áâ¨, ¯®íâ®¬ã −� −¨å ¯®¤à®¡−® ®áâ�−�¢«¨¢�âìáï −¥ ¡ã¤¥¬.

�ãáâì ®ç¥à¥¤ì ¨¬¥¥â á«¥¤ãîé¨¥ ¨−â¥−á¨¢−®áâ¨ ¯¥à¥å®¤�:

λ(t) = 1 + sin(2πt) ; µ(t) = 1 + cos(2πt) .
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�¡ ®æ¥−ª�å ãáâ®©ç¨¢®áâ¨ ¨ ¨å ¯à¨¬¥−¥−¨¨ ¤«ï ¬®¤¥«¥© ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï

�ãáâì q = 2/3, â. ¥. à�á¯à¥¤¥«¥−¨¥ £àã¯¯ ¯® à�§¬¥à�¬ ¨¬¥¥â ¢¨¤: bk = 2
k−1/3k,

k ≥ 1, â®£¤� áà¥¤−¨© à�§¬¥à £àã¯¯ë
∑∞

k=1 kbk = 3. �®«®¦¨¬ δ = 5/6. �æ¥−ª�
áª®à®áâ¨ áå®¤¨¬®áâ¨ ¨¬¥¥â ¢¨¤:

e−
∫ t

s
α∗(u) du = e−(1/6)

∫ t

s
(1+cos(2πu)) du ≤ 2e−(1/6)(t−s).

‘«¥¤®¢�â¥«ì−®, ¬®¦−® ¢§ïâì a = 1/6, M = 2. �ç¥¢¨¤−®, çâ® L ≤ 2, C = 1/3,
� C∗ = 10/3. ’�ª¦¥ W = infk≥1 dk/k = 3/4.

ˆ§ â¥®à¥¬ë 3 ¯®«ãç�¥¬ á®®â¢¥âáâ¢ãîé¨¥ ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨:

lim
t→∞

sup ‖p(t)− �p(t)‖1D ≤
40(44�ǫµ + 25�ǫλ)

1− 22�ǫµ − 12�ǫλ
;

lim
t→∞

sup |φ(t)− �φ(t)| ≤
160(44�ǫµ + 25�ǫλ)

3(1− 22�ǫµ − 12�ǫλ)
;

lim
t→∞

sup ‖p(t)− �p(t)‖ ≤
160(44�ǫµ + 25�ǫλ)

1− 22�ǫµ − 12�ǫλ
.

�ãáâì |E(t, 0) − �E(t, 0)| ≤ h = 5. ’®£¤� ¨§ ãâ¢¥à¦¤¥−¨ï 3 £à�−¨æë ¤«ï
¨−â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï ¡ã¤ãâ ¨¬¥âì ¢¨¤:

|λ(t) − �λ(t)| ≤ �ǫλ ≤ 10−2.

�¥à�¢¥−áâ¢®

E(t, 0) ≤
4C∗Hλ

(1− δ)LW

£�à�−â¨àã¥â, çâ® áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ −¥ ¯à¥¢ëè�¥â 107. ˆ§
â¥®à¥¬ë 5 á«¥¤ã¥â, çâ® ¤«ï â®£®, çâ®¡ë áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ −¥
¯à¥¢ëè�«®, −�¯à¨¬¥à, 60, ¤®áâ�â®ç−® ã¬¥−ìè¨âì ¬®é−®áâì ¯®â®ª� ¯®áâã¯�îé¨å
âà¥¡®¢�−¨© ¢ 2 à�§�.

�¥à�¢¥−áâ¢®

E(t, 0) ≤
4C∗LH(1−δ)µ

Wv(1− δ)µ

£�à�−â¨àã¥â, çâ® áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ −¥ ¯à¥¢ëè�¥â 1437. ˆ§
â¥®à¥¬ë 4 á«¥¤ã¥â, çâ® ¤«ï â®£®, çâ®¡ë áà¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ −¥
¯à¥¢ëè�«®, −�¯à¨¬¥à, 500, ¤®áâ�â®ç−® ã¢¥«¨ç¨âì ¬®é−®áâì á¥à¢¥à� ¢ 5 à�§.

�ãáâì |E(t, 0)− �E(t, 0)| ≤ h = 3. ’®£¤� ¨§ ãâ¢¥à¦¤¥−¨ï 4 £à�−¨æë ¨−â¥−á¨¢-
−®áâ¨ ®¡á«ã¦¨¢�−¨ï ¡ã¤ãâ ¨¬¥âì ¢¨¤:

|µ(t)− �µ(t)| ≤ �ǫµ ≤
3h

7040 + 66h
≤ 10−2.

�� à¨á. 1 ¯®ª�§�−® ¯®¢¥¤¥−¨¥ áà¥¤−¥£® §−�ç¥−¨ï ç¨á«� âà¥¡®¢�−¨© ¯à¨ µ(t) =
= 0,99(1 + cos(2πt)). �� à¨á. 2 ¯®ª�§�−® ¯®¢¥¤¥−¨¥ áà¥¤−¥£® ç¨á«� âà¥¡®¢�−¨©
¢ á¨áâ¥¬¥, ª®£¤� λ(t) = 0,99(1 + sin(2πt)).
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÷¨á. 1 ‘à¥¤−¥¥ ç¨á«® âà¥¡®¢�−¨© E(t; 0)
¯à¨ µ = 1 (1) ¨ 0,99 (2) ¤«ï t ∈ [30, 31]

÷¨á. 2 �¯¯à®ªá¨¬�æ¨ï ¯à¥¤¥«ì−®£® áà¥¤-
−¥£® §−�ç¥−¨ï E(t, 0) á £à�−¨æ�¬¨ ¤«ï λ =
= 1 (1) ¨ 0,99 (2) −� t ∈ [30, 31]
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Abstract: The service models described by Markov chains with continuous time
are considered. One of the known methods is used to study the perturbation
and obtain appropriate quantitative of perturbations bounds of (inhomogeneous)
Markov chains with continuous time and finite or countable state space. Several
specific models are considered. The perturbation bounds of various characteristics
of such systems are obtained. The bounds are also considered that can be useful for
solving management-related tasks, namely, associated with changing the power
of the flow of requirements or the server power so that the average number of
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ПРОГРАММНОЕ ОПРЕДЕЛЕНИЕ СЕТИ В КОНВЕРГЕНТНОЙ
И ГИПЕРКОНВЕРГЕНТНОЙ ИНФРАСТРУКТУРАХ

В. Б. Егоров1

�−−®â�æ¨ï: ‚ ¯®á«¥¤−¥¥ ¢à¥¬ï ª®−¢¥à£¥−â−�ï (converged infrastructure, CI)
¨ £¨¯¥àª®−¢¥à£¥−â−�ï ¨−äà�áâàãªâãàë (hyperconverged infrastructure, HCI)
áâ�«¨ ¯à¥¤¬¥â®¬ è¨à®ª®£® ®¡áã¦¤¥−¨ï, −® á�¬¨ íâ¨ â¥à¬¨−ë −¥ ¯®«ãç¨«¨
®¡é¥¯à¨−ïâ®£® ®¯à¥¤¥«¥−¨ï. ‚ áâ�âì¥ ¤¥«�¥âáï ¯®¯ëâª� ¯à®ïá−¨âì à®«ì á¥â¨
¢ â�ª®£® à®¤� ¨−äà�áâàãªâãà�å á ãç¥â®¬ −¥®¯à¥¤¥«¥−−®áâ¨ á ¨å âà�ªâ®¢ª®©,
� â�ª¦¥ ®æ¥−¨âì ¢®§¬®¦−®áâ¨ ¨ ¯¥àá¯¥ªâ¨¢ë à¥�«¨§�æ¨¨ ¢ −¨å á¥â¥© −�
¯à¨−æ¨¯�å ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï (software-defined networking, SDN).
�á−®¢−ë¬ ¯à¨−æ¨¯�¬ SDN á®®â¢¥âáâ¢ã¥â â�ª�ï áãé¥áâ¢¥−−�ï ®â«¨ç¨â¥«ì-
−�ï ®á®¡¥−−®áâì CI, ª�ª æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ ¢á¥¬¨ ª®¬¯®−¥−â�¬¨
¨−äà�áâàãªâãàë á ¥¤¨−®© ª®−á®«¨. �¤−�ª® íâ® ãá«®¢¨¥ −¥®¡å®¤¨¬®, −® −¥ ¤®-
áâ�â®ç−®, á¥âì â¨¯¨ç−®© CI ¬®¦−® à�áá¬�âà¨¢�âì «¨èì ª�ª è�£ ¢ −�¯à�¢«¥−¨¨
SDN. �®«−®æ¥−−�ï à¥�«¨§�æ¨ï ª®−æ¥¯æ¨¨ SDN áâ�−®¢¨âáï ¢®§¬®¦−®© ¢ HCI,
£¤¥ ¨§-§� ¯à¨áãé¨å £¨¯¥àª®−¢¥à£¥−æ¨¨ ®á®¡¥−−®áâ¥© ¯®áâ�¢é¨ª ä�ªâ¨ç¥áª¨
¢ë−ã¦¤¥− ®à£�−¨§®¢�âì ¢ á¢®¥© ¨−äà�áâàãªâãà¥ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®¥
åà�−¨«¨é¥ (software-defined storage, SDS) ¨ ¯®â¥−æ¨�«ì−® ®¡«�¤�¥â ¢®§¬®¦-
−®áâìî ¤®¯®«−¨âì á¢®© ¯à®¤ãªâ SDN-á¥âìî. „«ï àï¤®¢ëå ¢«�¤¥«ìæ¥¢ æ¥−âà®¢
®¡à�¡®âª¨ ¤�−−ëå (–�„) ¯®ªã¯ª� £¨¯¥àª®−¢¥à£¥−â−®© ¨−äà�áâàãªâãàë ¬®-
¦¥â ®ª�§�âìáï −¥ â®«ìª® á�¬ë¬ ¯à®áâë¬ á¯®á®¡®¬ ®¡à¥â¥−¨ï á®¢à¥¬¥−−®£®
SDS, −® ¥¤¢� «¨ −¥ ¥¤¨−áâ¢¥−−® ¢®§¬®¦−ë¬ | £®â®¢®© SDN.

Š«îç¥¢ë¥ á«®¢�: £¨¯¥àª®−¢¥à£¥−â−�ï ¨−äà�áâàãªâãà�; ª®−¢¥à£¥−â−�ï ¨−-
äà�áâàãªâãà�; ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¥ á¥â¨; CI; HCI; SDN

DOI: 10.14357/08696527230110

1 Введение

‚ ®¡«�áâ¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’) à¥£ã«ïà−® ¯®ï¢«ïîâáï −®¢ë¥
¯®−ïâ¨ï ¨ ¬®¤−ë¥ â¥à¬¨−ë. �� ¢®«−¥ ¬®¤ë ®−¨ ¯®¤å¢�âë¢�îâáï ¨ �ªâ¨¢−®
íªá¯«ã�â¨àãîâáï à¥ª«�¬®¤�â¥«ï¬¨, ¤�«¥ª® −¥ ¢á¥£¤� §�¡®âïé¨¬¨áï ® â®ç−®áâ¨
â¥à¬¨−®«®£¨¨, � ¯®à®© ¨ áãé−®áâ¨ à¥ª«�¬¨àã¥¬®£® ®¡ê¥ªâ�. —�áâ® ¨á¯®«ì§ã-
¥¬ë¥ â¥à¬¨−ë ¨ ¬®¤−ë¥ ¢ëà�¦¥−¨ï −¥ ¢á¥£¤� ¯®«ãç�îâ ç¥âª®¥ ®¡é¥¯à¨−ïâ®¥
®¯à¥¤¥«¥−¨¥, ¨ ¨å ¨á¯®«ì§®¢�−¨¥ ¬®¦¥â ¢¢®¤¨âì ¢ §�¡«ã¦¤¥−¨¥ ¨ ¯à¨¢®¤¨âì
ª ¢§�¨¬−®¬ã −¥¯®−¨¬�−¨î. �®¤®¡−®£® à®¤� âàã¤−®áâ¨ ¡ë«¨ á ¯à®£à�¬¬−ë¬
®¯à¥¤¥«¥−¨¥¬ á¥â¥© (SDN) [1, 2], ¯®å®¦¨¥ âàã¤−®áâ¨ ¢®§−¨ª�îâ ¨ á ¢å®¤ïé¨¬¨
−ë−¥ ¢ ¬®¤ã ª®−¢¥à£¥−â−ë¬ ¨ £¨¯¥àª®−¢¥à£¥−â−ë¬ ¯®¤å®¤�¬¨ ª ¨−äà�áâàãªâãà¥
–�„. �®¢ë¥ ¬®¤−ë¥ â¥à¬¨−ë ª®−¢¥à£¥−æ¨¨ ¨ £¨¯¥àª®−¢¥à£¥−æ¨¨ ¢ ®â−®è¥−¨¨

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

105



‚. �. …£®à®¢

¨−äà�áâàãªâãàë –�„ ˆ’-á¯¥æ¨�«¨áâë ¨ ãç�áâ−¨ª¨ àë−ª� áâà¥¬ïâáï ¯®−¨¬�âì
¨ âà�ªâ®¢�âì â�ª, ª�ª ¨¬ ¢ë£®¤−® [3].

•®âï ª®−¢¥à£¥−â−�ï ¨ £¨¯¥àª®−¢¥à£¥−â−�ï ¨−äà�áâàãªâãàë áâ�«¨ ¢ ¯®á«¥¤−¥¥
¢à¥¬ï ®¡ê¥ªâ�¬¨ è¨à®ª®£® ®¡áã¦¤¥−¨ï ¨ �ªâ¨¢−®© à¥ª«�¬ë, á�¬¨ â¥à¬¨−ë CI
¨ HCI, ¡ã¤ãç¨ �ªâ¨¢−® ¨á¯®«ì§ã¥¬ë¬¨, â¥¬ −¥ ¬¥−¥¥ −¥ ¯®«ãç¨«¨ ®¡é¥¯à¨−ïâ®£®
®¯à¥¤¥«¥−¨ï (over-used and under-defined [4]). ÷�§−ë¥ ¯®áâ�¢é¨ª¨ ª®−¢¥à£¥−â-
−ëå ¨−äà�áâàãªâãà ¨á¯®«ì§ãîâ ¤«ï −¨å à�§«¨ç−ë¥ −�§¢�−¨ï: úª®−¢¥à£¥−â−�ï
á¨áâ¥¬�û (converged system), úã−¨ä¨æ¨à®¢�−−ë¥ ¢ëç¨á«¥−¨ïû (unified comput-
ing), ú¤¨−�¬¨ç¥áª�ï ¨−äà�áâàãªâãà�û (dynamic infrastructure) ¨ ¤�¦¥ úæ¥−âà
®¡à�¡®âª¨ ¤�−−ëå á«¥¤ãîé¥£® ¯®ª®«¥−¨ïû [5]. ‚�¦−ë© ç�áâ−ë© á«ãç�© CI â�ª-
¦¥ ¨§¢¥áâ¥− ª�ª úª®−¢¥à£¥−â−®¥ åà�−¨«¨é¥û. �à¨ íâ®¬ ¯®¤ ¬−®¦¥áâ¢®¬ à�§−ëå
−�§¢�−¨© −� á�¬®¬ ¤¥«¥ ¬®£ãâ ¨¬¥âìáï ¢ ¢¨¤ã ®¤−¨ ¨ â¥ ¦¥ ¨«¨ ¡«¨§ª¨¥ ¯®
áãé¥áâ¢ã à¥è¥−¨ï ¨−äà�áâàãªâãàë –�„. ˆ −�®¡®à®â. ˜¨à®ª®¥ ¨á¯®«ì§®¢�−¨¥
¬®¤−®£® â¥à¬¨−� HCI ¢ ®âáãâáâ¢¨¥ ç¥âª®£® ®¯à¥¤¥«¥−¨ï ¥£® áãé−®áâ¨ −¥à¥¤ª®
¢ë§ë¢�¥â ¯ãâ�−¨æã ¤�¦¥ ã ˆ’-á¯¥æ¨�«¨áâ®¢.

��áâ®ïé�ï áâ�âìï ¤¥«�¥â ¯®¯ëâªã ¯à®ïá−¨âì à®«ì ¨ ®á®¡¥−−®áâ¨ á¥â¨ ¢ CI
¨ HCI á ãç¥â®¬ ¨¬¥îé¥©áï −¥®¯à¥¤¥«¥−−®áâ¨ ¢ âà�ªâ®¢ª¥ íâ¨å â¥à¬¨−®¢, � â�ª-
¦¥ ®æ¥−¨âì ¢®§¬®¦−®áâì à¥�«¨§�æ¨¨ ¢ â�ª®£® à®¤� ¨−äà�áâàãªâãà�å á¥â¥© −�
¯à¨−æ¨¯�å SDN.

2 Сеть в конвергентной инфраструктуре

‘«®¢�àì Oxford Languages ®¯à¥¤¥«ï¥â ª®−¢¥à£¥−æ¨î ª�ª úá«¨ï−¨¥ ª�ª¨å-
«¨¡® ¯à¨§−�ª®¢ ¨ í«¥¬¥−â®¢ ¢ −¥§�¢¨á¨¬ëå ¤àã£ ®â ¤àã£� ï¢«¥−¨ïåû. ‚¥à®ïâ−®,
¨áå®¤−® ¯®−ïâ¨¥ ª®−¢¥à£¥−â−®áâ¨ ¢ ®â−®è¥−¨¨ ¨−äà�áâàãªâãàë –�„ ¢®§−¨ª«®
¢ á¢ï§¨ á ¨¤¥¥© ª®−¢¥à£¥−â−®£® åà�−¨«¨é� ¨, ª�ª á«¥¤áâ¢¨¥, ª®−¢¥à£¥−â−®© á¥â¨
¢ ¨−äà�áâàãªâãà¥ –�„. �¡ê¥¤¨−¥−¨¥ ¢ ®¤−®¬ ã−¨ä¨æ¨à®¢�−−®¬ �¯¯�à�â−®¬
¬®¤ã«¥ ¯à¥¦¤¥ ®â−®á¨â¥«ì−® −¥§�¢¨á¨¬ëå äã−ªæ¨®−�«ì−ëå ª®¬¯®−¥−â®¢: ¢ë-
ç¨á«¨â¥«ì−ëå ¨ åà�−¨«¨é−ëå | ¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦−®áâì ¯à®é¥ ª®¬¯®−®¢�âì
¨ ¬�áèâ�¡¨à®¢�âì ¨−äà�áâàãªâãàã –�„, â¨à�¦¨àãï â�ª¨¥ ã−¨ä¨æ¨à®¢�−−ë¥
¬®¤ã«¨ ¢ ª�ç¥áâ¢¥ â¨¯®¢ëå úáâà®¨â¥«ì−ëå ¡«®ª®¢û. ÷�¤¨ª�«ì−®¥ á®ªà�é¥−¨¥
¢ CI −®¬¥−ª«�âãàë â�ª¨å ú¡«®ª®¢û ¤�¥â ¢®§¬®¦−®áâì §�ªã¯�âì ¢á¥ ®á−®¢−®¥
®¡®àã¤®¢�−¨¥ –�„ ã ®¤−®£® ¯®áâ�¢é¨ª�, ¯à®¨§¢®¤ïé¥£® ¯®¤å®¤ïé¨¥ ¬®¤ã«¨.
‚ á¢®î ®ç¥à¥¤ì, ¥¤¨−áâ¢¥−−ë© ¯®áâ�¢é¨ª ®¡¥á¯¥ç¨¢�¥â ª®−¢¥à£¥−â−®¬ã ¯®¤å®¤ã
¥é¥ ¤¢� ¢�¦−ëå ¯à¥¨¬ãé¥áâ¢�. ‚®-¯¥à¢ëå, ã à�§à�¡®âç¨ª� CI ª�ª æ¥«®áâ−®©
á¨áâ¥¬ë ¯®ï¢«ï¥âáï ¢®§¬®¦−®áâì áª®−æ¥−âà¨à®¢�âì ã¯à�¢«¥−¨¥ ¢á¥¬ ®¡®àã¤®¢�-
−¨¥¬ −� ®¤−®© ã−¨¢¥àá�«ì−®© ª®−á®«¨, ¢ â®¬ ç¨á«¥ á ¨á¯®«ì§®¢�−¨¥¬ á¯¥æ¨ä¨-
ç¥áª¨å ä¨à¬¥−−ëå áà¥¤áâ¢ ¨ ¯à®£à�¬¬−ëå ¨−áâàã¬¥−â®¢. ‚®-¢â®àëå, ¯à®¤�¢¥æ
¯®«ãç�¥â ¢®§¬®¦−®áâì ¯à¥¤¢�à¨â¥«ì−® ª®¬¯«¥ªá−® ¯à®â¥áâ¨à®¢�âì ã á¥¡ï ¯®áâ�¢-
«ï¥¬®¥ ®¡®àã¤®¢�−¨¥ −� á®¢¬¥áâ¨¬®áâì ¨ á®®â¢¥âáâ¢¨¥ âà¥¡®¢�−¨ï¬ §�ª�§ç¨ª�.
‚ à¥§ã«ìâ�â¥ áãé¥áâ¢¥−−® á®ªà�é�¥âáï ¢à¥¬ï à�§¢¥àâë¢�−¨ï ¨−äà�áâàãªâãàë
−� ¯«®é�¤ª¥ ¯®ªã¯�â¥«ï ¨ ãáª®àï¥âáï ¢¢®¤ –�„ ¢ íªá¯«ã�â�æ¨î, � ¤«ï ¥£®
®¡á«ã¦¨¢�−¨ï âà¥¡ã¥âáï ¬¥−ìè¥ ª¢�«¨ä¨æ¨à®¢�−−®£® ¯¥àá®−�«�. ‚á«¥¤áâ¢¨¥
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�à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ á¥â¨ ¢ ª®−¢¥à£¥−â−®© ¨ £¨¯¥àª®−¢¥à£¥−â−®© ¨−äà�áâàãªâãà�å

íâ¨å ®á®¡¥−−®áâ¥© ª®−¢¥à£¥−â−ë¥ ¨−äà�áâàãªâãàë ®ª�§�«¨áì ®á®¡¥−−® ¢®áâà¥-
¡®¢�−−ë¬¨ ¢ ¬�«®¬ ¨ áà¥¤−¥¬ ¡¨§−¥á¥, � â�ª¦¥ ¢ ä¨«¨�«�å ¨ ã¤�«¥−−ëå ®ä¨á�å
ªàã¯−ëå ª®¬¯�−¨©, £¤¥ −¥à¥¤ª® ¨¬¥îâáï á«®¦−®áâ¨ á ¯à¨®¡à¥â¥−¨¥¬ ®¡®àã¤®¢�-
−¨ï ¨ ®¡¥á¯¥ç¥−¨¥¬ –�„ ˆ’-¯¥àá®−�«®¬ á®®â¢¥âáâ¢ãîé¥© ª¢�«¨ä¨ª�æ¨¨.

‚®áâà¥¡®¢�−−®áâì à®¦¤�¥â ¯à¥¤«®¦¥−¨¥, ¨ â¥¯¥àì á¢®¨ £®â®¢ë¥ à¥è¥−¨ï ¤«ï
CI ¨ HCI ¯à¥¤«�£�îâ −� àë−®ª ¬−®£¨¥ ä¨à¬ë, ¢ ç¨á«¥ ª®â®àëå ª�ª ¤�¢−®
¨§¢¥áâ−ë¥ ªàã¯−ë¥ ¨£à®ª¨ ¢à®¤¥ Dell Technologies, Hewlett Packard Enterprise
¨ Cisco Systems, â�ª ¨ ¬®«®¤ë¥, á¯¥æ¨�«¨§¨àãîé¨¥áï ¢ íâ®© ®¡«�áâ¨ ª®¬¯�−¨¨
¢à®¤¥ Nutanix. �à®£à�¬¬−®¬ã ®¡¥á¯¥ç¥−¨î (��) ¤«ï CI ¨ HCI ã¤¥«ïîâ
á¥àì¥§−®¥ ¢−¨¬�−¨¥ «¨¤¥àë àë−ª� �� Microsoft ¨ WMware.

�à¨ ¢á¥¬ ¬−®¦¥áâ¢¥ âà�ªâ®¢®ª ¨ ¯à�ªâ¨ç¥áª¨å à¥�«¨§�æ¨© CI ¢ ª�ç¥áâ¢¥
−�¨¡®«¥¥ ®¡é¨å ¨ ç�é¥ ¢á¥£® ¯à¨áãâáâ¢ãîé¨å ®â«¨ç¨â¥«ì−ëå ®á®¡¥−−®áâ¥© íâ®©
¨−äà�áâàãªâãàë ¬®¦−® ¢ë¤¥«¨âì:

{ ®à£�−¨§�æ¨î ¨§ â¨¯®¢ëå, ¯®áâ�¢«ï¥¬ëå ®¤−¨¬ ¯®áâ�¢é¨ª®¬ ¬®¤ã«¥©, ª®â®-
àë¥ ¢ª«îç�îâ ¢ëç¨á«¨â¥«ì−ë¥, åà�−¨«¨é−ë¥ ¨ á¥â¥¢ë¥ ª®¬¯®−¥−âë;

{ æ¥−âà�«¨§®¢�−−®¥ ã¯à�¢«¥−¨¥ ¢á¥¬¨ ª®¬¯®−¥−â�¬¨ á ¥¤¨−®© ª®−á®«¨ á ¨á-
¯®«ì§®¢�−¨¥¬ ä¨à¬¥−−ëå ¯à®£à�¬¬−ëå ¨−áâàã¬¥−â®¢.

‚ ®âáãâáâ¢¨¥ ç¥âª®£® ®¡é¥¯à¨−ïâ®£® ®¯à¥¤¥«¥−¨ï CI −¥¯à®áâ® ®æ¥−¨âì ¢ −¥©
à®«ì á¥â¨ ª�ª ¨−äà�áâàãªâãà−®£® ª®¬¯®−¥−â�. ‘«®¦−®áâì ¤®¯®«−¨â¥«ì−® ¢®§-
à�áâ�¥â, ¥á«¨ à¥çì ¨¤¥â ® á¥âïå, ®à£�−¨§®¢�−−ëå −� ¯à¨−æ¨¯�å SDN, ¯®áª®«ìªã
§¤¥áì −¥®¯à¥¤¥«¥−−®áâì á â¥à¬¨−®«®£¨¥© ¨ áãé−®áâìî ª�á�¥âáï ¨ ¨−äà�áâàãªâã-
àë, ¨ á¥â¨.

‚ â¨¯¨ç−ëå ¢�à¨�−â�å à¥�«¨§�æ¨¨ CI ®¡ï§�â¥«ì−® á®¤¥à¦¨â ¢ëç¨á«¨â¥«ì-
−ë¥ ¨ åà�−¨«¨é−ë¥ ª®¬¯®−¥−âë, � á®®â¢¥âáâ¢ãîé�ï �¯¯�à�âãà� ¨−â¥£à¨àã¥âáï
¢ ã−¨ä¨æ¨à®¢�−−ë¥ ¬®¤ã«¨ ¨−äà�áâàãªâãàë. �® á¥â¥¢ë¥ ª®¬¯®−¥−âë ¯à¨ íâ®¬
áâ®ïâ ®á®¡−ïª®¬. ‚ ®â«¨ç¨¥ ®â ¬−®¦¥áâ¢¥−−ëå ¨, çâ® å�à�ªâ¥à−® ¤«ï CI,
à�á¯à¥¤¥«¥−−ëå ¯® ¢á¥© ¨−äà�áâàãªâãà¥ ª®¬¯®−¥−â®¢ ¢ëç¨á«¥−¨© ¨ åà�−¥−¨ï
¤�−−ëå, á¥âì –�„, ¡ã¤ãç¨ ¨å ª®−á®«¨¤¨àãîé¨¬ áà¥¤áâ¢®¬, ®¡ï§�−� ¡ëâì ¯®
á¢®¥© áãé−®áâ¨ ¥¤¨−®©. �−� −¥ ¬�áèâ�¡¨àã¥âáï £®à¨§®−â�«ì−®, ¨ ®á−®¢−�ï
¥¥ �¯¯�à�âãà� (ª®¬¬ãâ�â®àë, ¬�àèàãâ¨§�â®àë ¨ ¯à.) −¥ ¨−â¥£à¨àã¥âáï ¢ â¨¯®-
¢ë¥ ¬®¤ã«¨. ‚ −¥ª®â®àëå ª®−¢¥à£¥−â−ëå à¥è¥−¨ïå á¥âì ¢®®¡é¥ ¢ë−®á¨âáï §�
áª®¡ª¨ ¨−äà�áâàãªâãàë ¨ ¯® ã¬®«ç�−¨î áç¨â�¥âáï −¥ª¨¬ ¢−¥è−¨¬ �âà¨¡ãâ®¬
á ¨¤¥�«ì−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨ [3, 6].

Œ¥¦¤ã â¥¬ âà¥¡®¢�−¨ï ª á¥â¨ ¢ CI ¬®£ãâ ®ª�§�âìáï áãé¥áâ¢¥−−® ¢ëè¥ ¢ áà�¢-
−¥−¨¨ á á¥âìî âà�¤¨æ¨®−−®© ¨−äà�áâàãªâãàë. „¥«® ¢ â®¬, çâ® ¢ â¨¯¨ç−ëå
ª®−¢¥à£¥−â−ëå á¨áâ¥¬�å ¢ á¨«ã ¨å ®à£�−¨§�æ¨¨ ¬®¦¥â ®âáãâáâ¢®¢�âì ¢ë¤¥«¥−−®¥
á¥â¥¢®¥ åà�−¨«¨é¥ (network attached storage, NAS) ¨«¨ ®â¤¥«ì−�ï á¥âì åà�−¥−¨ï
(storage-area network, SAN), � ¢¥áì åà�−¨«¨é−ë© âà�ä¨ª ¢ë−ã¦¤¥−−® ¯¥à¥−®á¨â-
áï ¢ ®¡éãî ª®−¢¥à£¥−â−ãî á¥âì –�„, ¢ ç�áâ−®áâ¨ á ¨á¯®«ì§®¢�−¨¥¬ ¯à®â®ª®«®¢
FibreChannel over Ethernet, RDMA over Converged Ethernet ¨ ¯à. [7]. ‚ à¥§ã«ì-
â�â¥, ¢®-¯¥à¢ëå, áãé¥áâ¢¥−−® ã¢¥«¨ç¨¢�¥âáï áã¬¬�à−ë© âà�ä¨ª ¢ á¥â¨ –�„,
� ¢®-¢â®àëå, ã¯à�¢«¥−¨¥ ®¡®¨¬¨ ª®¬¯®−¥−â�¬¨ ª®−¢¥à£¥−â−®£® âà�ä¨ª�, á¥â¥¢ë¬
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¨ åà�−¨«¨é−ë¬, ®¡ê¥ªâ¨¢−® âà¥¡ã¥â â¥á−®© ª®®à¤¨−�æ¨¨. ’�ª�ï ®á®¡¥−−®áâì CI
¤®¯®«−¨â¥«ì−® áâ¨¬ã«¨àã¥â ®¡ê¥¤¨−¥−¨¥ ã¯à�¢«¥−¨ï ¢á¥¬¨ ¨−äà�áâàãªâãà−ë¬¨
ª®¬¯®−¥−â�¬¨ −� ¥¤¨−®© ª®−á®«¨.

’�ª¨¬ ®¡à�§®¬, ã¯à�¢«¥−¨¥ á¥âìî ¢ CI ¯à¥¤¯®«�£�¥âáï ª®¬¯«¥ªá−® æ¥−âà�-
«¨§®¢�−−ë¬, çâ® á®®â¢¥âáâ¢ã¥â ãá«®¢¨î ¯à®£à�¬¬−®© ®¯à¥¤¥«ï¥¬®áâ¨ á¥â¨ [2,8].
�¤−�ª® íâ® â®«ìª® ª®−á®«ì−�ï æ¥−âà�«¨§�æ¨ï �¤¬¨−¨áâà¨à®¢�−¨ï, −® ¥é¥ −¥
®àª¥áâà®¢ª� á¥â¨ ¢ ¯à®æ¥áá¥ à�¡®âë –�„. •®âï ¢ −¥ª®â®àëå ¯ã¡«¨ª�æ¨ïå CI
å�à�ªâ¥à¨§ã¥âáï ª�ª ¨−äà�áâàãªâãà�, ú£®â®¢�ï ª ®¡«�ªãû [9], ¢àï¤ «¨ �−�«®£¨ç-
−®¥ ãâ¢¥à¦¤¥−¨¥ á¯à�¢¥¤«¨¢® ¢ ®â−®è¥−¨¨ ¥¥ £®â®¢−®áâ¨ ª SDN. ’¨¯¨ç−ãî á¥âì
CI ¡®«¥¥ à¥�«¨áâ¨ç−® à�áá¬�âà¨¢�âì «¨èì ª�ª è�£ ¢ −�¯à�¢«¥−¨¨ ¯à®£à�¬¬−®£®
®¯à¥¤¥«¥−¨ï.

3 Сеть в гиперконвергентной инфраструктуре

‚ á¨«ã −¥®¯à¥¤¥«¥−−®áâ¨ á á�¬¨¬¨ ¯®−ïâ¨ï¬¨ CI ¨ HCI −¥¯à®áâ® ¨ ã«®¢¨âì
à�§−¨æã ¬¥¦¤ã −¨¬¨. Š«îç¥¢®© §¤¥áì ®ª�§ë¢�¥âáï ¯à¨áâ�¢ª� ú£¨¯¥àû, ª®â®à�ï
ãª�§ë¢�¥â −� ¯à¨−æ¨¯¨�«ì−ãî ¤«ï HCI ¢§�¨¬®á¢ï§ì ª®−¢¥à£¥−â−®© ¨−äà�-
áâàãªâãàë á £¨¯¥à¢¨§®à�¬¨. …á«¨ CI −¥à¥¤ª® ¯®§¨æ¨®−¨àã¥âáï ª�ª �¯¯�à�â−®
®¯à¥¤¥«ï¥¬�ï ¨−äà�áâàãªâãà�, â® HCI ¡«�£®¤�àï ¯à¨−æ¨¯¨�«ì−®¬ã ¢®¢«¥ç¥−¨î
£¨¯¥à¢¨§®à®¢ ¢¯à�¢¥ ¯à¥â¥−¤®¢�âì −� à®«ì ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®©.

�à®¤¢¨¦¥−¨¥ ®â CI ª HCI ¢®§¬®¦−® ¤¢ã¬ï ¯ãâï¬¨: «¨¡® à�§à�¡®âç¨ª á¨á-
â¥¬−®£® �� ª�ª¨¬-â® ®¡à�§®¬ ¯à¨á¯®á�¡«¨¢�¥â á¢®© £¨¯¥à¢¨§®à ª ¨¬¥îé¨¬áï
−� àë−ª¥ CI, «¨¡® ¯à®¤�¢¥æ ª®−¢¥à£¥−â−ëå á¨áâ¥¬ à�§à�¡�âë¢�¥â á®¡áâ¢¥−−ë©
£¨¯¥à¢¨§®à ¨ ¯®áâ�¢«ï¥â ¥£® ¢¬¥áâ¥ á® á¢®¥© ¨−äà�áâàãªâãà®©. ‚â®à®© ¢�à¨�−â
¢ ¡®«ìè¥© áâ¥¯¥−¨ ®â¢¥ç�¥â ¨¤¥¥ ª®−¢¥à£¥−æ¨¨ á ¯®áâ�¢ª®© ª®¬¯«¥ªá−®£® ®âà�-
¡®â�−−®£® ¯à®¤ãªâ� ¥¤¨−ë¬ ¯®áâ�¢é¨ª®¬, æ¥«¨ª®¬ ¨ ¯®«−®áâìî ®â¢¥ç�îé¨¬ §�
¢áî á¨áâ¥¬ã. „¥©áâ¢¨â¥«ì−®, ¬−®£¨¥ à�§à�¡®âç¨ª¨ CI ¨¤ãâ ¯® íâ®¬ã ¯ãâ¨, ¡«�£®
á¥£®¤−ï −� àë−ª¥ �� ¥áâì ®¡é¥¤®áâã¯−ë¥ £¨¯¥à¢¨§®àë á ®âªàëâë¬ ª®¤®¬ [5],
ª®â®àë¥ −¥®¡å®¤¨¬® «¨èì ¤®à�¡®â�âì ¯®¤ ®á®¡¥−−®áâ¨ ª®−ªà¥â−®£® ®¡®àã¤®¢�−¨ï
¨ ä¨à¬¥−−ãî ª®−á®«ì.

’¨¯¨ç−�ï HCI ª®¬¯®−ã¥âáï ¨§ ã−¨ä¨æ¨à®¢�−−ëå ¬®¤ã«¥©, ¢ ª�ç¥áâ¢¥ ª®-
â®àëå ¨á¯®«ì§ãîâáï á¥à¨©−® ¢ë¯ãáª�¥¬ë¥ (off-the-shelf) á¥à¢¥àë. ‚ â�ª®©
¨−äà�áâàãªâãà¥ ª®−æ¥¯âã�«ì−® −¥â ¬¥áâ� ®â¤¥«ì−®¬ã åà�−¨«¨éã ¤�−−ëå â¨-
¯� NAS ¨«¨ SAN, ®−® ä¨§¨ç¥áª¨ à¥�«¨§ã¥âáï à�á¯à¥¤¥«¥−−ë¬ ¬−®¦¥áâ¢®¬
ãáâà®©áâ¢ ¤¨áª®¢®© ¨ â¢¥à¤®â¥«ì−®© ¯�¬ïâ¨, ¯®¤ª«îç¥−−ëå −¥¯®áà¥¤áâ¢¥−−®
¢−ãâà¨ ¬®¤ã«¥© (direct attached storage, DAS). �â® ¬−®¦¥áâ¢® DAS ¯à®£à�¬¬-
−ë¬¨ áà¥¤áâ¢�¬¨ ¢¨àâã�«¨§�æ¨¨ ®¡ê¥¤¨−ï¥âáï ¢ ¥¤¨−ë© ¯ã« åà�−¥−¨ï ¤�−−ëå,
¨ ¤«ï æ¥−âà�«¨§®¢�−−®£® ã¯à�¢«¥−¨ï íâ¨¬ ¢¨àâã�«ì−ë¬ ¯ã«®¬ à�§à�¡®âç¨ª®¬
HCI á®§¤�¥âáï á¯¥æ¨�«ì−®¥ ��, ª®â®à®¥ ¢ª«îç�¥â ¯®¬¨¬® ª®−á®«ì−®© á®áâ�¢-
«ïîé¥© ª®−âà®««¥à â�ª®£® ¢¨àâã�«¨§¨à®¢�−−®£® åà�−¨«¨é�, à�¡®â�îé¨© −�
£¨¯¥à¢¨§®à−®¬ ãà®¢−¥ [4,10]. ‚ à¥§ã«ìâ�â¥ ¢ HCI ä�ªâ¨ç¥áª¨ ®à£�−¨§ã¥âáï ¯à®-
£à�¬¬−®-®¯à¥¤¥«ï¥¬®¥ åà�−¨«¨é¥ á ä¨à¬¥−−ë¬ ª®−âà®««¥à®¬, à¥�«¨§®¢�−−ë¬
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�à®£à�¬¬−®¥ ®¯à¥¤¥«¥−¨¥ á¥â¨ ¢ ª®−¢¥à£¥−â−®© ¨ £¨¯¥àª®−¢¥à£¥−â−®© ¨−äà�áâàãªâãà�å

ª�ª ç�áâì £¨¯¥à¢¨§®à�. ˆ¬¥−−® SDS −� ®á−®¢¥ ¬−®¦¥áâ¢� DAS −�¨¡®«¥¥ ïàª®
®â«¨ç�¥â HCI ®â CI.

Š®−æ¥¯æ¨ï HCI ¢ ®á−®¢−®¬ ®à¨¥−â¨à®¢�−� −� ¢ëç¨á«¨â¥«ì−ë¥ ¨ åà�−¨-
«¨é−ë¥ ª®¬¯®−¥−âë, ¯®áª®«ìªã ¨¬¥−−® ®−¨ ¨−â¥£à¨àãîâáï ¢ ã−¨ä¨æ¨à®¢�−−®¬
�¯¯�à�â−®¬ ¬®¤ã«¥, � á¥â¥¢ë¬ �á¯¥ªâ�¬, ª�ª ¨ ¢ CI, −¥à¥¤ª® ã¤¥«ï¥âáï −¥¤®áâ�-
â®ç−® ¢−¨¬�−¨ï [11]. Œ¥¦¤ã â¥¬ á¥âì ¢ HCI âà¥¡ã¥â ®á®¡® âé�â¥«ì−®© ¯à®à�¡®âª¨
¯® â¥¬ ¦¥ ¯à¨ç¨−�¬, çâ® ¨ ¢ CI: ª®−¢¥à£¥−â−ë© á¥â¥¢®© âà�ä¨ª ¢ HCI ®â«¨-
ç�¥âáï ¯®¢ëè¥−−®© ¨−â¥−á¨¢−®áâìî ¢ áà�¢−¥−¨¨ á âà�ä¨ª®¬ ¢ âà�¤¨æ¨®−−ëå
¨−äà�áâàãªâãà�å. �®íâ®¬ã ¤«ï −®à¬�«ì−®© à�¡®âë £¨¯¥àª®−¢¥à£¥−â−®© á¨áâ¥¬ë
¢ ¥¥ á¥â¨ âà¥¡ãîâáï ª®¬¬ãâ�â®àë á ¢ëá®ª®áª®à®áâ−ë¬¨ ¯®àâ�¬¨, ¬¨−¨¬�«ì−ë-
¬¨ §�¤¥à¦ª�¬¨ ª®¬¬ãâ�æ¨¨ ¨ ¯à¨®à¨â¨§�æ¨¥© âà�ä¨ª� [7]. ‡�¤�çã ¬®£«¨ ¡ë
®¡«¥£ç¨âì á¯¥æ¨�«ì−ë¥ ª®¬¬ãâ�æ¨®−−ë¥ áâàãªâãàë, −® â�ª®¥ à¥è¥−¨¥ ¢å®¤¨â
¢ ¯à®â¨¢®à¥ç¨¥ á ª®−æ¥¯âã�«ì−®© £®¬®£¥−−®áâìî HCI [3].

’�ª¨¬ ®¡à�§®¬, á¥â¥¢®© ª®¬¯®−¥−â £¨¯¥àª®−¢¥à£¥−â−®© ¨−äà�áâàãªâãàë ®ª�-
§ë¢�¥âáï ¢ −¥© ¢ §−�ç¨â¥«ì−®© áâ¥¯¥−¨ çã¦¥à®¤−ë¬ ¨ −�¨¡®«¥¥ ¯à®¡«¥¬−ë¬
¢ à¥�«¨§�æ¨¨. �¤−®© ¨§ §�¬�−ç¨¢ëå ¢®§¬®¦−®áâ¥© ã¯à®áâ¨âì §�¤�çã ¢ë£«ï¤¨â
¯à¨¬¥−¥−¨¥ ¢ HCI SDN-¯®¤å®¤� [12]. „¥©áâ¢¨â¥«ì−®, ®á®¡¥−−®áâ¨ HCI ¬®£ãâ
−¨¢¥«¨à®¢�âì −¥ª®â®àë¥ á«�¡ë¥ áâ®à®−ë ¯®á«¥¤−¥£®, ¯à¥¯ïâáâ¢ãîé¨¥ è¨à®ª®¬ã
¢−¥¤à¥−¨î SDN-á¥â¥© [1], � ¨¬¥−−®:

{ ¦¥«�â¥«ì−®áâì ®¡®§à¨¬®áâ¨ ¨−äà�áâàãªâãàë á¥â¨ ¤«ï ¥¥ �¤¬¨−¨áâà�â®à�, çâ®
¢ §−�ç¨â¥«ì−®© ¬¥à¥ ®£à�−¨ç¨¢�¥â ¯à¨¬¥−¨¬®áâì SDN à�¬ª�¬¨ –�„;

{ −¥®¡å®¤¨¬®áâì ®àª¥áâà®¢ª¨ ª®−ªà¥â−®© SDN-á¥â¨ ú¯® ¬¥áâãû, çâ® âà¥¡ã-
¥â ¢ëá®ª®ª¢�«¨ä¨æ¨à®¢�−−ëå ¯à®£à�¬¬¨áâ®¢ ¨ ®áâ�¥âáï −¥¯®á¨«ì−ë¬ ¤«ï
¡®«ìè¨−áâ¢� ¢«�¤¥«ìæ¥¢ –�„.

�¥à¢®¥ ¯à¥¯ïâáâ¢¨¥ á−¨¬�¥âáï ¢ HCI á�¬¨¬ ¥¥ ¯à¥¤−�§−�ç¥−¨¥¬, � ¡®«¥¥
áãé¥áâ¢¥−−®¥ ¢â®à®¥ ¬®¦¥â ¡ëâì á−ïâ® ¯®áâ�¢é¨ª®¬ ¨−äà�áâàãªâãàë. �−,
¢ ®â«¨ç¨¥ ®â àï¤®¢®£® ¢«�¤¥«ìæ� –�„, ®¡«�¤�¥â ª®¬�−¤®© ¯à®ä¥áá¨®−�«ì−ëå
¯à®£à�¬¬¨áâ®¢, ª®â®à�ï ã¦¥ ¢áâà®¨«� ¢ ¥£® ä¨à¬¥−−ë© ¯à®¤ãªâ æ¥−âà�«¨§®¢�−-
−ãî ª®−á®«ì, à�§à�¡®â�«� á®¡áâ¢¥−−ë© £¨¯¥à¢¨§®à ¨ ®à£�−¨§®¢�«� ¯®«−®æ¥−−ë©
SDS. ��¢¥à−ïª� íâ®© ª®¬�−¤¥ ®ª�¦¥âáï ¯® ¯«¥çã ¨ ¤®¯®«−¥−¨¥ ä¨à¬¥−−®£®
¯à®¤ãªâ� �¤¥ª¢�â−®© SDN-á¥âìî, ¯ãáâì ¤�¦¥ −¥ ¢¯®«−¥ á®®â¢¥âáâ¢ãîé¥© ª«�áá¨-
ç¥áª¨¬ ªà¨â¥à¨ï¬ SDN. ‚ ç�áâ−®áâ¨, ®−�, áª®à¥¥ ¢á¥£®, ®áâ�−¥âáï âà�¤¨æ¨®−−®©
IP-á¥âìî, «¨èì ¤®¯®«−¥−−®© äã−ªæ¨®−�«ì−®áâìî ¯à®â®ª®«� OpenFlow [13], � ¥¥
ª®−âà®««¥à ¡ã¤¥â à¥�«¨§®¢�− −¥ −� ¯à¨ª«�¤−®¬ ãà®¢−¥, � ¯®¤®¡−® ª®−âà®««¥àã
SDS ¢−¥¤à¨âáï ¢ £¨¯¥à¢¨§®à. �® ¤�¦¥ −¥ ¡ã¤ãç¨ úª«�áá¨ç¥áª¨¬û, SDN-¯®¤å®¤
ª á¥â¨ ¢ HCI á¯®á®¡¥− à¥è�âì á«¥¤ãîé¨¥ §�¤�ç¨ [11]:

{ ã¯à®é�âì à¥ª®−ä¨£ãà¨à®¢�−¨¥ ¨ ¬�áèâ�¡¨à®¢�−¨¥ á¥â¨;

{ ã¯à�¢«ïâì ä¨§¨ç¥áª¨¬¨ ¨ ¢¨àâã�«ì−ë¬¨ á¥âï¬¨ ¢ á®®â¢¥âáâ¢¨¨ á §�¤�−−ë¬
−�¡®à®¬ ¯®«¨â¨ª;

{ ®¡«¥£ç¨âì ¯¥à¥å®¤ ¢ £¨¡à¨¤−®¥ ú®¡«�ª®û.
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…á«¨ CI ¯à¥¤áâ�¢«ï¥â á®¡®© «¨èì è�£ ¢ −�¯à�¢«¥−¨¨ SDN, â® HCI ¯®§¢®«ï¥â
àï¤®¢ë¬ ¢«�¤¥«ìæ�¬ –�„ ãáª®à¥−−® §�¢¥àè¨âì íâ®â ¯ãâì ¨ ¯®«ãç¨âì ¢ ª�ª®¬-
â® £®â®¢®¬ ¢¨¤¥ −�àï¤ã á ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬ë¬ åà�−¨«¨é¥¬ ¨ ¯à®£à�¬-
¬−®-®¯à¥¤¥«ï¥¬ãî á¥âì. � ¨¬¥ï SDS ¨ SDN, ¬®¦−® áâ�¢¨âì ¤�«ì−¥©èãî
§�¤�çã á®§¤�−¨ï æ¥«¨ª®¬ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®£® –�„ (software-defined data
center, SDDC). �® íâ® ®¯ïâì ¦¥ §�¤�ç� −¥ áâ®«ìª® ¤«ï àï¤®¢ëå ¢«�¤¥«ìæ¥¢
–�„, áª®«ìª® ¤«ï à�§à�¡®âç¨ª®¢ ¨ ¯®áâ�¢é¨ª®¢ −� àë−®ª á¨áâ¥¬ HCI, ª®â®àë¥
¯®â¥−æ¨�«ì−® ¬®£«¨ ¡ë ¯à¥¤«®¦¨âì ¯®ªã¯�â¥«ï¬ £®â®¢ë¥ £¨¯¥àª®−¢¥à£¥−â−ë¥
SDDC.

4 Заключение

•®âï £¨¯¥àª®−¢¥à£¥−æ¨î ¬®¦−® à�áá¬�âà¨¢�âì ª�ª ¥áâ¥áâ¢¥−−ãî í¢®«îæ¨î
¨¤¥¨ ª®−¢¥à£¥−æ¨¨, ¯®ª� çâ® ®¡� ¯®¤å®¤� ª ®à£�−¨§�æ¨¨ ¨−äà�áâàãªâãàë –�„,
CI ¨ HCI à�§¢¨¢�îâáï ¯�à�««¥«ì−®. �¡� −¥ ¨¤¥�«ì−ë, ¨å ®ç¥¢¨¤−ë¥ á«�¡ë¥
áâ®à®−ë:

{ ®£à�−¨ç¥−¨¥ ¢ ¢ë¡®à¥ ®¡®àã¤®¢�−¨ï ¨§-§� ¥¤¨−áâ¢¥−−®£® ¯®áâ�¢é¨ª� ¨, ª�ª
á«¥¤áâ¢¨¥, ¢®§¬®¦−®, ¡®«¥¥ ¢ëá®ª�ï áâ®¨¬®áâì ¯® áà�¢−¥−¨î á âà�¤¨æ¨®−−ë-
¬¨ à¥è¥−¨ï¬¨;

{ âàã¤−®áâ¨ á ¡�«�−á¨à®¢ª®© ¢ëç¨á«¨â¥«ì−ëå ¨ åà�−¨«¨é−ëå à¥áãàá®¢ ¨§-§�
¨å ¨−â¥£à�æ¨¨ ¢ â¨¯®¢ëå ¬®¤ã«ïå;

{ ¤®¯®«−¨â¥«ì−�ï −�£àã§ª� −� ¢−ãâà¥−−îî á¥âì –�„ ¢á«¥¤áâ¢¨¥ ¯¥à¥−®á� ¢ −¥¥
åà�−¨«¨é−®£® âà�ä¨ª�.

’¥¬ −¥ ¬¥−¥¥ ®¡� ¯®¤å®¤� ãá¯¥è−® §�¢®¥¢ë¢�îâ àë−®ª ¡«�£®¤�àï ¨å á¨«ì−ë¬
áâ®à®−�¬:

{ ¡ëáâà®¬ã à�§¢¥àâë¢�−¨î ¨ ã¤®¡−®¬ã ¬�áèâ�¡¨à®¢�−¨î ¨−äà�áâàãªâãàë;
{ −�¤¥¦−®¬ã ®¡¥á¯¥ç¥−¨î ¤®«£®¢¥ç−®áâ¨ åà�−¥−¨ï ¤�−−ëå §� áç¥â ¨å à�á¯à¥-

¤¥«¥−¨ï ¯® ¨−äà�áâàãªâãà¥, ®á®¡¥−−® ¯à¨ à¥�«¨§�æ¨¨ SDS;
{ ã¤®¡−®¬ã ã¯à�¢«¥−¨î ¢á¥¬¨ ª®¬¯®−¥−â�¬¨ á ¥¤¨−®© ª®−á®«¨;
{ −¥âà¥¡®¢�â¥«ì−®áâ¨ ª ®¡á«ã¦¨¢�îé¥¬ã ¯¥àá®−�«ã.

�® −�àï¤ã á íâ¨¬¨ ç�áâ® ¯®¢â®àï¥¬ë¬¨ ®¡é¨¬¨ ¤«ï ®¡®¨å ¨−äà�áâàãªâãà-
−ëå ¯®¤å®¤®¢ ¤®áâ®¨−áâ¢�¬¨ −¥«ì§ï −¥ ®â¬¥â¨âì ¥é¥ ®¤−® ¢�¦−®¥ ¯à¥¨¬ãé¥áâ¢®
HCI, ®â«¨ç�îé¥¥ ¥¥ ®â CI. „«ï àï¤®¢ëå ¢«�¤¥«ìæ¥¢ –�„ ¯®ªã¯ª� £¨¯¥àª®−¢¥à-
£¥−â−®© ¨−äà�áâàãªâãàë ¬®¦¥â ®ª�§�âìáï á�¬ë¬ ¯à®áâë¬ á¯®á®¡®¬ ®¡à¥â¥−¨ï
¯®«−®äã−ªæ¨®−�«ì−®£® ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®£® åà�−¨«¨é� ¤�−−ëå ¨, ¢¥à®-
ïâ−®, ¥¤¨−áâ¢¥−−® ¢®§¬®¦−ë¬ | £®â®¢®© ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®© á¥â¨ ¨ ¤�¦¥,
¢ ¯¥àá¯¥ªâ¨¢¥, æ¥«¨ª®¬ ¯à®£à�¬¬−®-®¯à¥¤¥«ï¥¬®£® –�„.
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THE SOFTWARE-DEFINED NETWORKING
IN CONVERGED AND HYPERCONVERGED INFRASTRUCTURES

V. B. Egorov

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

Abstract: The converged (CI) and hyperconverged (HCI) infrastructures are
widely discussed now; nevertheless, the terms CI and HCI themselves have not
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obtained a generally accepted definition. In conditions of uncertainty with the
interpretation of the terms, this article attempts to clarify the role of the network
in such infrastructures as well as to evaluate the perspective of implementing
their internal networks on the software-defined networking (SDN) principles.
The centralized control of all infrastructural components from a single console
as a distinctive feature of the CI meets the basic SDN principles. However,
this condition is necessary but insufficient and a typical CI network can only be
considered as a step towards the SDN. A full-fledged implementation of SDN
becomes feasible in the HCI, where the HCI supplier is actually forced, due to
hyperconvergence peculiarities, to implement in his product a software-defined
storage (SDS) and is able to supplement the product with an SDN network. For
ordinary data center owners, the purchase of a hyperconverged infrastructure
may be not only the easiest way to acquire an effective SDS but almost the only
feasible one to get a ready SDN.

Keywords: converged infrastructure; hyperconverged infrastructure; software-
defined networking; CI; HCI; SDN
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ЦЕНТРЫ КОМПЕТЕНЦИИ ПО ИСКУССТВЕННОМУ
ИНТЕЛЛЕКТУ И НАЦИОНАЛЬНАЯ ТЕХНОЛОГИЧЕСКАЯ

ИНИЦИАТИВА

А. П. Сучков1

�−−®â�æ¨ï: ‡�¤�ç� ¤®áâ¨¦¥−¨ï â¥å−®«®£¨ç¥áª®£® áã¢¥à¥−¨â¥â� ¬®¦¥â ¡ëâì
à¥è¥−� ¯ãâ¥¬ ª®−á®«¨¤�æ¨¨ ãá¨«¨© −� £®áã¤�àáâ¢¥−−®¬ ãà®¢−¥ á ¢ë¤¥«¥−¨-
¥¬ ¯à¨®à¨â¥â−ëå −�¯à�¢«¥−¨© ¨ §�¤�ç à�§¢¨â¨ï ¨−−®¢�æ¨®−−ëå â¥å−®«®£¨©
¨ ®¯à¥¤¥«¥−¨¥¬ ¯ãâ¥© ¨å ¤®áâ¨¦¥−¨ï. ‚ á¢ï§¨ á íâ¨¬ �¢â®−®¬−®© −¥ª®¬¬¥à-
ç¥áª®© ®à£�−¨§�æ¨¨ ú�£¥−âáâ¢® áâà�â¥£¨ç¥áª¨å ¨−¨æ¨�â¨¢ ¯® ¯à®¤¢¨¦¥−¨î
−®¢ëå ¯à®¥ªâ®¢û à¥ª®¬¥−¤®¢�−® ¯®¤£®â®¢¨âì áâà�â¥£¨ç¥áª¨© ¯«�− à�§¢¨â¨ï
��æ¨®−�«ì−®© â¥å−®«®£¨ç¥áª®© ¨−¨æ¨�â¨¢ë (�’ˆ) −� ¤®«£®áà®ç−ë© ¯¥à¨®¤
¨ ¯à¥¤«®¦¥−¨ï ¯® ª®−âà®«î §� ¥£® á®¡«î¤¥−¨¥¬. ‚ áâ�âì¥ à�áá¬�âà¨¢�îâáï ¢®-
¯à®áë ä®à¬¨à®¢�−¨ï æ¥«®áâ−®© ª�àâ¨−ë á®¢®ªã¯−®áâ¨ äã−ªæ¨© ¨ §�¤�ç �’ˆ
¢ ¨−â¥à¥á�å ¤�−−®£® áâà�â¥£¨ç¥áª®£® ¯«�−� ¨ ¯à¨¬¥−¨â¥«ì−® ª ¯à®¡«¥¬�â¨ª¥
â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (ˆˆ).

Š«îç¥¢ë¥ á«®¢�: ��æ¨®−�«ì−�ï â¥å−®«®£¨ç¥áª�ï ¨−¨æ¨�â¨¢�; æ¥−âàë ª®¬-
¯¥â¥−æ¨©; â¥å−®«®£¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
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1 Введение

‘®§¤�−¨¥ ¨ £®áã¤�àáâ¢¥−−�ï ¯®¤¤¥à¦ª� –¥−âà®¢ ª®¬¯¥â¥−æ¨© (–Š) ¢ à�¬ª�å
�’ˆ à¥�«¨§ã¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ¯®áâ�−®¢«¥−¨¥¬ �à�¢¨â¥«ìáâ¢� ÷®áá¨©áª®©
”¥¤¥à�æ¨¨ [1]. –¥«ì ¯à®£à�¬¬ë ¨å ¯®¤¤¥à¦ª¨ | áä®à¬¨à®¢�âì á¥âì ¨−¦¥−¥à-
−®-®¡à�§®¢�â¥«ì−ëå ª®−á®àæ¨ã¬®¢ −� ¡�§¥ à®áá¨©áª¨å ã−¨¢¥àá¨â¥â®¢ ¨ −�ãç−ëå
®à£�−¨§�æ¨© ¤«ï á®§¤�−¨ï ¨−−®¢�æ¨®−−ëå à¥è¥−¨© ¢ ®¡«�áâ¨ úáª¢®§−ëåû â¥å−®-
«®£¨©, ®¡¥á¯¥ç¨¢�îé¨å £«®¡�«ì−®¥ «¨¤¥àáâ¢® ª®¬¯�−¨ï¬, ª®â®àë¥ ¨á¯®«ì§ãîâ
¤�−−ë¥ â¥å−®«®£¨¨ ¤«ï ¯à®¨§¢®¤áâ¢� ¯à®¤ãªâ®¢ ¨ ãá«ã£. �� ª®−ªãàá−®© ®á−®¢¥
¢ 2017{2021 ££. ¡ë« á®§¤�− 21 –¥−âà ª®¬¯¥â¥−æ¨© �’ˆ, ¢ 2022 £. ¯«�−¨àã¥âáï
¯à®¢¥áâ¨ ª®−ªãàá−ë© ®â¡®à ¥é¥ 3 –¥−âà®¢.

–¥−âàë á®§¤�îâáï ¢ ¯�àâ−¥àáâ¢¥ á à®áá¨©áª¨¬¨ ¨ §�àã¡¥¦−ë¬¨ ®à£�−¨§�-
æ¨ï¬¨ (ã−¨¢¥àá¨â¥â�¬¨ ¨ ¢¥¤ãé¨¬¨ −�ãç−ë¬¨ ®à£�−¨§�æ¨ï¬¨, ª®¬¬¥àç¥áª¨¬¨
¯�àâ−¥à�¬¨), ª®â®àë¥ ãç�áâ¢ãîâ ¢ ¯®áâ�−®¢ª¥ ¨áá«¥¤®¢�â¥«ìáª¨å §�¤�ç. ÷�¡®â�
–Š �’ˆ ®áãé¥áâ¢«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á á¥â¥¢ë¬¨ ¯à¨−æ¨¯�¬¨: á®¢¬¥áâ−�ï
à�¡®â� à�á¯à¥¤¥«¥−−®£® ª®««¥ªâ¨¢�, ¢ª«îç�ï ¯�àâ−¥à®¢ ¯® ª®¬¬¥àæ¨�«¨§�æ¨¨
â¥å−®«®£¨©.

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, ASuchkov@ipiran.ru
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–¥−âàë ª®¬¯¥â¥−æ¨¨ ¯® ˆˆ ¨ ��æ¨®−�«ì−�ï â¥å−®«®£¨ç¥áª�ï ¨−¨æ¨�â¨¢�

�á−®¢−ë¬¨ ¯®ª�§�â¥«ï¬¨ íää¥ªâ¨¢−®áâ¨ à�¡®âë –¥−âà®¢ ª®¬¯¥â¥−æ¨© �’ˆ
ï¢«ïîâáï ç¨á«¥−−®áâì ¯®¤£®â®¢«¥−−ëå á¯¥æ¨�«¨áâ®¢, ®¡ê¥¬ ¤®å®¤®¢ ®â ¯à¨−®-
áïé¥© ¤®å®¤ ¤¥ïâ¥«ì−®áâ¨, ¨áâ®ç−¨ª®¬ ª®â®àëå á«ã¦¨â ¤¥ïâ¥«ì−®áâì æ¥−âà�,
¨ ª®«¨ç¥áâ¢® «¨æ¥−§¨à®¢�−−ëå â¥å−®«®£¨©, â. ¥. −¥¯®áà¥¤áâ¢¥−−ë© ¢ª«�¤ ¢ à�§-
¢¨â¨¥ íª®−®¬¨ª¨ áâà�−ë.

�â¡®à ¯®«ãç�â¥«¥© £à�−â®¢ ®áãé¥áâ¢«ï¥âáï −� ª®−ªãàá−®© ®á−®¢¥. ”ã−ªæ¨ï-
¬¨ ®¯¥à�â®à� ª®−ªãàá−®£® ®â¡®à� ¢ á®®â¢¥âáâ¢¨¨ á ¯®áâ�−®¢«¥−¨¥¬ �à�¢¨â¥«ìáâ¢�
÷” ü 1119 ®â 05.07.2021 −�¤¥«¥− ”®−¤ ¯®¤¤¥à¦ª¨ ¯à®¥ªâ®¢ �’ˆ, ª®â®àë©
®áãé¥áâ¢«ï¥â ¯à®æ¥¤ãàë ª®−ªãàá−®£® ®â¡®à�, ª®−âà�ªâ�æ¨¨, á®¯à®¢®¦¤¥−¨ï
¨ ¬®−¨â®à¨−£� ¤¥ïâ¥«ì−®áâ¨ –¥−âà®¢ ª®¬¯¥â¥−æ¨© �’ˆ. „® ª®−æ� 2024 £. −�
¯®¤¤¥à¦ªã –¥−âà®¢ ª®¬¯¥â¥−æ¨© �’ˆ ¯à¥¤ãá¬®âà¥−® £®áã¤�àáâ¢¥−−®¥ ä¨−�−-
á¨à®¢�−¨¥ ¢ à�§¬¥à¥ 16 ¬«à¤ àã¡. �à¨ íâ®¬ ¬®¤¥«ì ä¨−�−á¨à®¢�−¨ï –¥−âà®¢
¯à¥¤ãá¬�âà¨¢�¥â ¯®íâ�¯−®¥ §�¬¥é¥−¨¥ ¡î¤¦¥â−ëå £à�−â®¢ëå ¤¥−¥£ áà¥¤áâ¢�¬¨
á®ä¨−�−á¨à®¢�−¨ï.

�¯à¥¤¥«¥−ë ¨ §�¤�ç¨ –¥−âà®¢ ª®¬¯¥â¥−æ¨© �’ˆ [2]:

{ nà�−á«ïæ¨ï à¥§ã«ìâ�â®¢ äã−¤�¬¥−â�«ì−®© −�ãª¨ ¢ ¨−¦¥−¥à−ë¥ ¯à¨«®-
¦¥−¨ï. Œ¥¦¤¨áæ¨¯«¨−�à−ë¥ ¨áá«¥¤®¢�â¥«ìáª¨¥ ¯à®£à�¬¬ë ®¡¥á¯¥ç¨¢�îâ
ú¯¥à¥«®¦¥−¨¥û äã−¤�¬¥−â�«ì−ëå −�ãç−ëå à¥§ã«ìâ�â®¢ ¨ ¨¤¥© ç¥à¥§ ¯à¨-
ª«�¤−ë¥ ¨áá«¥¤®¢�−¨ï ¨ à�§à�¡®âª¨ ¢ ª®−ªà¥â−ë¥ â¥å−®«®£¨¨ ¢ ¨−â¥à¥á�å
ª®−ªà¥â−ëå ¨−¤ãáâà¨�«ì−ëå ¯�àâ−¥à®¢;

{ n¥å−®«®£¨ç¥áª¨© âà�−áä¥à ç¥à¥§ ª®®¯¥à�æ¨î á ¨−¤ãáâà¨�«ì−ë¬¨ ¯�àâ-
−¥à�¬¨. –¥−âàë ª®¬¯¥â¥−æ¨© �’ˆ ä®à¬¨àãîâ ãáâ®©ç¨¢ãî á¢ï§ªã ¬¥¦¤ã
�ª�¤¥¬¨ç¥áª®© áä¥à®© (ã−¨¢¥àá¨â¥âë, −�ãç−ë¥ ®à£�−¨§�æ¨¨) ¨ ¨−¤ãáâà¨�«ì-
−ë¬¨ ¯�àâ−¥à�¬¨;

{ g®¤£®â®¢ª� «¨¤¥à®¢ à�§à�¡®âª¨ −®¢ëå â¥å−®«®£¨© ç¥à¥§ à¥�«¨§�æ¨î
®¡à�§®¢�â¥«ì−ëå ¯à®£à�¬¬. –¥−âàë ª®¬¯¥â¥−æ¨© �’ˆ á®§¤�îâ ¨ à¥�-
«¨§ãîâ ®¡à�§®¢�â¥«ì−ë¥ ¯à®£à�¬¬ë ¨−¦¥−¥à−®£® ¯à®ä¨«ï. „«ï áâã¤¥−â®¢
íâ¨å ¯à®£à�¬¬ ¯à¥¤ãá¬�âà¨¢�¥âáï ®¡ï§�â¥«ì−®¥ ãç�áâ¨¥ ¢ ¨áá«¥¤®¢�â¥«ìáª®©
¤¥ïâ¥«ì−®áâ¨ –Š �’ˆ ¢ ä®à¬¥ −¥¯®áà¥¤áâ¢¥−−®© à�¡®âë −�¤ ¯à®¥ªâ�¬¨
¢ ª®¬�−¤�å á ¯à¥¤áâ�¢¨â¥«ï¬¨ ¨−¤ãáâà¨�«ì−ëå ¯�àâ−¥à®¢.

Š�ª ¢¨¤−®, ¯®áâà®¥−¨¥ á¨áâ¥¬ë –Š �’ˆ ®áãé¥áâ¢«ï¥âáï á−¨§ã ¢¢¥àå |
®â áãé¥áâ¢ãîé¨å §�¤¥«®¢ −�ãç−ëå ®à£�−¨§�æ¨© (¨−�ç¥ ª®−ªãàá ¢ë¨£à�âì −¥¢®§-
¬®¦−®). �¤−�ª® §�¤�ç� ¤®áâ¨¦¥−¨ï â¥å−®«®£¨ç¥áª®£® áã¢¥à¥−¨â¥â� ¬®¦¥â ¡ëâì
à¥è¥−� â®«ìª® ¯ãâ¥¬ ª®−á®«¨¤�æ¨¨ ãá¨«¨© −� £®áã¤�àáâ¢¥−−®¬ ãà®¢−¥ á ¢ë¤¥-
«¥−¨¥¬ ¯à¨®à¨â¥â−ëå −�¯à�¢«¥−¨© ¨ §�¤�ç à�§¢¨â¨ï ¨−−®¢�æ¨®−−ëå â¥å−®«®£¨©
¨ ®¯à¥¤¥«¥−¨¥¬ ¯ãâ¥© ¨å ¤®áâ¨¦¥−¨ï. ‚ á¢ï§¨ á íâ¨¬ �¢â®−®¬−®© −¥ª®¬¬¥àç¥-
áª®© ®à£�−¨§�æ¨¨ ú�£¥−âáâ¢® áâà�â¥£¨ç¥áª¨å ¨−¨æ¨�â¨¢ ¯® ¯à®¤¢¨¦¥−¨î −®¢ëå
¯à®¥ªâ®¢û à¥ª®¬¥−¤®¢�−® ¯®¤£®â®¢¨âì áâà�â¥£¨ç¥áª¨© ¯«�− à�§¢¨â¨ï �’ˆ −�
¤®«£®áà®ç−ë© ¯¥à¨®¤ ¨ ¯à¥¤«®¦¥−¨ï ¯® ª®−âà®«î §� ¥£® á®¡«î¤¥−¨¥¬ [3].

‘«¥¤ã¥â ®â¬¥â¨âì, çâ® àï¤ æ¥−âà�«¨§®¢�−−ëå äã−ªæ¨© �’ˆ, â�ª¨å ª�ª à�§-
à�¡®âª� ¨ à¥�«¨§�æ¨ï ®¡à�§®¢�â¥«ì−ëå ¯à®£à�¬¬ ¢ëáè¥© èª®«ë, −�¯à�¢«¥−−ëå
−� ä®à¬¨à®¢�−¨¥ ª®¬¯¥â¥−æ¨© ¢ íâ®© ®¡«�áâ¨, ¢¥¤¥−¨¥ à¥¥áâà� ¯à®¥ªâ®¢ [1, 3],
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§�«®¦¥−ë ¢ −®à¬�â¨¢−®-¯à�¢®¢ë¥ ¤®ªã¬¥−âë, ®¤−�ª® ¨¬¥¥âáï −¥®¡å®¤¨¬®áâì
ä®à¬¨à®¢�−¨ï æ¥«®áâ−®© ª�àâ¨−ë á®¢®ªã¯−®áâ¨ íâ¨å äã−ªæ¨© ¨ §�¤�ç �’ˆ
¢ ¨−â¥à¥á�å ¤�−−®£® áâà�â¥£¨ç¥áª®£® ¯«�−� ¨ ¯à¨¬¥−¨â¥«ì−® ª ¯à®¡«¥¬�â¨ª¥
â¥å−®«®£¨© ˆˆ.

2 Стратегические цели и задачи Национальной технологической
инициативы в области искуственного интеллекта

”®à¬¨à®¢�−¨¥ áâà�â¥£¨ç¥áª®£® ¯«�−� à�§¢¨â¨ï �’ˆ ¢ ®¡«�áâ¨ ˆˆ −¥®¡å®-
¤¨¬® ®áãé¥áâ¢«ïâì á ãç¥â®¬ ��æ¨®−�«ì−®© áâà�â¥£¨¨ à�§¢¨â¨ï ˆˆ −� ¯¥à¨®¤
¤® 2030 £. [4] ¢ ç�áâ¨ â¥å−®«®£¨ç¥áª®£® áã¢¥à¥−¨â¥â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨
¢ ®¡«�áâ¨ ˆˆ, ¢ª«îç�ï ®¡¥á¯¥ç¥−¨¥ −¥®¡å®¤¨¬®£® ãà®¢−ï á�¬®¤®áâ�â®ç−®áâ¨
¨ ¯à¥¨¬ãé¥áâ¢¥−−®£® ¨á¯®«ì§®¢�−¨ï ®â¥ç¥áâ¢¥−−ëå â¥å−®«®£¨© ¨ â¥å−®«®£¨ç¥-
áª¨å à¥è¥−¨©. �à¨ íâ®¬ −¥®¡å®¤¨¬® ãç¨âë¢�âì ã£à®§ë ¢ íâ®© ®¡«�áâ¨, â�ª¨¥
ª�ª −¥à�§¢¨â®áâì −®à¬�â¨¢−®© ¨ ¯à�¢®¢®© ¡�§ë, ®âáâ�¢�−¨¥ ¢ ç�áâ¨ á¨áâ¥¬−®£®
¨ ¯à¨ª«�¤−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï, ®âáãâáâ¢¨¥ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå
®â¥ç¥áâ¢¥−−ëå áà¥¤áâ¢ ¢ëç¨á«¨â¥«ì−®© â¥å−¨ª¨ (‘‚’), −¥¤®áâ�â®ª á¯¥æ¨�«¨-
áâ®¢.

‚ Š®¬¯«¥ªá−®© −�ãç−®-â¥å−¨ç¥áª®© ¯à®£à�¬¬¥ úˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ
ª�ª ¤à�©¢¥à æ¨äà®¢®© âà�−áä®à¬�æ¨¨ íª®−®¬¨ª¨ ÷®áá¨¨û (2019), à�§à�¡®â�−−®©
”ˆ– ˆ“ ÷�� [5], ¢ ª�ç¥áâ¢¥ ¡�§®¢ëå ¢ë¤¥«¥−ë á«¥¤ãîé¨¥ â¥å−®«®£¨¨:

{ â¥å−®«®£¨¨ ¬�è¨−−®£® ®¡ãç¥−¨ï;

{ â¥å−®«®£¨¨ ¨§¢«¥ç¥−¨ï §−�−¨© ¨§ à�§«¨ç−ëå ¨áâ®ç−¨ª®¢;

{ â¥å−®«®£¨¨ ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� ¡®«ìè¨å ¤�−−ëå;

{ â¥å−®«®£¨¨ à�á¯®§−�¢�−¨ï ®¡à�§®¢;

{ â¥å−®«®£¨¨ ¯à®£−®§¨à®¢�−¨ï ¨ ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨©;

{ â¥å−®«®£¨¨ ¯«�−¨à®¢�−¨ï ¨ ã¯à�¢«¥−¨ï æ¥«¥−�¯à�¢«¥−−ë¬ ¯®¢¥¤¥−¨¥¬ ¢ −¥-
áâàãªâãà¨à®¢�−−ëå áà¥¤�å;

{ ª®£−¨â¨¢−ë¥ â¥å−®«®£¨¨;

{ â¥å−®«®£¨¨ ¬ã«ìâ¨�£¥−â−®£® ã¯à�¢«¥−¨ï ¨ ¤¨á¯¥âç¨à®¢�−¨ï à¥áãàá®¢ ¢ à�á-
¯à¥¤¥«¥−−ëå á¨áâ¥¬�å;

{ â¥å−®«®£¨¨ ¬ã«ìâ¨¬®¤�«ì−®© �−�«¨â¨ª¨ ¨ à�ááã¦¤¥−¨©;

{ â¥å−®«®£¨¨ ®¡à�¡®âª¨ ¥áâ¥áâ¢¥−−ëå ï§ëª®¢;

{ â¥å−®«®£¨¨ �¢â®−®¬−ëå −¥¯¨«®â¨àã¥¬ëå ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬;

{ â¥å−®«®£¨¨ á®§¤�−¨ï ¬�è¨− §−�−¨© ¨ ¨å ®¯¥à�æ¨®−−ëå á¨áâ¥¬;

{ â¥å−®«®£¨¨ £¨¡à¨¤−®£® ç¥«®¢¥ª®-¬�è¨−−®£® ¨−â¥««¥ªâ�.
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–¥−âàë ª®¬¯¥â¥−æ¨¨ ¯® ˆˆ ¨ ��æ¨®−�«ì−�ï â¥å−®«®£¨ç¥áª�ï ¨−¨æ¨�â¨¢�

–¥−âàë ª®¬¯¥â¥−æ¨© �’ˆ, á¢ï§�−−ë¥ á ¯à®¡«¥¬�â¨ª®© ˆˆ

‘ª¢®§−�ï â¥å−®«®£¨ï
�®¡¥¤¨â¥«ì
ª®−ªãàá−®£®

®â¡®à�
��¨¬¥−®¢�−¨¥ –¥−âà�

ˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâ Œ”’ˆ
–¥−âà �’ˆ ¯® −�¯à�¢«¥−¨î
úˆáªãááâ¢¥−−ë© ¨−â¥««¥ªâû

�¥©à®â¥å−®«®£¨¨,
â¥å−®«®£¨¨ ¢¨àâã�«ì−®©
¨ ¤®¯®«−¥−−®© à¥�«ì−®áâ¨

„‚”“

–¥−âà �’ˆ ¯® −�¯à�¢«¥−¨î
ú�¥©à®â¥å−®«®£¨¨,

â¥å−®«®£¨¨ ¢¨àâã�«ì−®©
¨ ¤®¯®«−¥−−®© à¥�«ì−®áâ¨û

’¥å−®«®£¨¨ åà�−¥−¨ï
¨ �−�«¨§� ¡®«ìè¨å ¤�−−ëå

Œƒ“ ¨¬¥−¨
Œ. ‚. ‹®¬®−®á®¢�

–¥−âà â¥å−®«®£¨© åà�−¥−¨ï
¨ �−�«¨§� ¡®«ìè¨å ¤�−−ëå

’¥å−®«®£¨¨ ª®¬¯®−¥−â®¢
à®¡®â®â¥å−¨ª¨ ¨ ¬¥å�âà®−¨ª¨

“−¨¢¥àá¨â¥â
ˆ−−®¯®«¨á

–¥−âà â¥å−®«®£¨©
ª®¬¯®−¥−â®¢ à®¡®â®â¥å−¨ª¨

¨ ¬¥å�âà®−¨ª¨

’¥å−®«®£¨¨ á¥−á®à¨ª¨ Œˆ�’
–¥−âà �’ˆ Œˆ�’

ú‘¥−á®à¨ª�û
’¥å−®«®£¨¨ ¬�è¨−−®£®
®¡ãç¥−¨ï ¨ ª®£−¨â¨¢−ë¥
â¥å−®«®£¨¨

ˆ’Œ�
��æ¨®−�«ì−ë© æ¥−âà

ª®£−¨â¨¢−ëå à�§à�¡®â®ª

—�áâì ¨§ íâ¨å â¥å−®«®£¨© ˆˆ áâ�«¨ −�¯à�¢«¥−¨ï¬¨ ¤¥ïâ¥«ì−®áâ¨ àï¤� –Š �’ˆ
(á¬. â�¡«¨æã).

‚ ª�ç¥áâ¢¥ áâà�â¥£¨ç¥áª¨å æ¥«¥©, à¥�«¨§ã¥¬ëå ”®−¤®¬ ¯®¤¤¥à¦ª¨ ¯à®¥ªâ®¢
�’ˆ, ¯à¥¤«�£�¥âáï:

{ á®§¤�−¨¥ ãá«®¢¨© ¤«ï ãáª®à¥−−®£® ¨ áª®®à¤¨−¨à®¢�−−®£® à�§¢¨â¨ï ®â¥ç¥-
áâ¢¥−−®£® ¯à®£à�¬¬−®-�¯¯�à�â−®£®, ¨−ä®à¬�æ¨®−−®£® ¨ ª�¤à®¢®£® ¯®â¥−-
æ¨�«� ¢ ®¡«�áâ¨ ¢á¥å ¡�§®¢ëå â¥å−®«®£¨© ˆˆ −� ®á−®¢¥ ä®à¬¨à®¢�−¨ï
ª®−á®àæ¨ã¬� –Š ¨ ¨−¤ãáâà¨�«ì−ëå ¯�àâ−¥à®¢ á æ¥«ìî ¯à¥®¤®«¥−¨ï â¥å−®-
«®£¨ç¥áª®£® ®âáâ�¢�−¨ï ¢ íâ®© ®¡«�áâ¨;

{ á®ªà�é¥−¨¥ áà®ª®¢ ¨ á−¨¦¥−¨¥ áâ®¨¬®áâ¨ à¥�«¨§�æ¨¨ ¤®à®¦−ëå ª�àâ á®-
§¤�−¨ï á¨áâ¥¬ ˆˆ á í«¥¬¥−â�¬¨ ˆˆ §� áç¥â ã−¨ä¨ª�æ¨¨, áâ�−¤�àâ¨§�æ¨¨
¨ ¨áª«îç¥−¨ï ¤ã¡«¨à®¢�−¨ï;

{ á®§¤�−¨¥ ¬¥å�−¨§¬®¢ ãç¥â� ¨ ä®à¬¨à®¢�−¨ï ª®¬¯¥â¥−æ¨©: �ªâã�«ì−ëå §�¤�ç
¨ «ãçè¨å à¥è¥−¨© ¢ ¤�−−®© ®¡«�áâ¨, ãç¥â ¯®âà¥¡−®áâ¥© ®â¥ç¥áâ¢¥−−ëå
à�§à�¡®âç¨ª®¢ á¨áâ¥¬ ˆˆ −� ®á−®¢¥ á®§¤�−¨ï á®®â¢¥âáâ¢ãîé¨å à¥¥áâà®¢.

„®áâ¨¦¥−¨¥ ¯à¨¢¥¤¥−−®© ¢ëè¥ á®¢®ªã¯−®áâ¨ æ¥«¥© ¡ã¤¥â ®áãé¥áâ¢«ïâìáï −�
®á−®¢¥ à¥è¥−¨ï ª®¬¯«¥ªá� §�¤�ç ¢ −®à¬�â¨¢−®-¯à�¢®¢®©, ¨−ä®à¬�æ¨®−−®-â¥å-
−®«®£¨ç¥áª®©, ®à£�−¨§�æ¨®−−®© ¨ ª�¤à®¢®© áä¥à�å.

1. ‚ −®à¬�â¨¢−®© ¯à�¢®¢®© áä¥à¥:

{ ®¡¥á¯¥ç¥−¨¥ −®à¬�â¨¢−®© ¨ ¯à�¢®¢®© ¡�§ë ¤«ï á®§¤�−¨ï ¨ äã−ªæ¨®−¨à®-
¢�−¨ï ®à£�−¨§�æ¨®−−ëå áâàãªâãà –Š �’ˆ;
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{ −®à¬�â¨¢−®-â¥å−¨ç¥áª®¥ ®¡¥á¯¥ç¥−¨¥ ¢ ç�áâ¨ á®§¤�−¨ï ¨ á®¢¥àè¥−áâ¢®-
¢�−¨ï áâ�−¤�àâ®¢ ¨ ªà¨â¥à¨¥¢.

2. ‚ ç�áâ¨ �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï:

{ ¬®−¨â®à¨−£ ®â¥ç¥áâ¢¥−−ëå ‘‚’ ¤«ï æ¥«¥© �’ˆ;

{ ä®à¬¨à®¢�−¨¥ £®à¨§®−â� ¯¥àá¯¥ªâ¨¢−ëå ‘‚’ −� ®á−®¢¥ �−�«¨§� ¯¥à-
á¯¥ªâ¨¢−ëå §�¤�ç ¨ ãç¥â� ¯®âà¥¡−®áâ¥© à�§à�¡®âç¨ª®¢ á¨áâ¥¬ ˆˆ.

3. ‚ ç�áâ¨ à�§¢¨â¨ï ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï:

{ ä®à¬¨à®¢�−¨¥ ¯¥à¥ç−ï ¢¥à¨ä¨æ¨à®¢�−−®£® á¨áâ¥¬−®£® ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï;

{ ä®à¬¨à®¢�−¨¥ ¤®¢¥à¥−−ëå ¡¨¡«¨®â¥ª ¨ ¯�ª¥â®¢ ¨−áâàã¬¥−â�«ì−ëå ¯à®-
£à�¬¬−ëå áà¥¤áâ¢ à�§à�¡®âª¨ á¨áâ¥¬ ˆˆ, ¢ â®¬ ç¨á«¥ á ®âªàëâë¬ ª®¤®¬;

{ ä®à¬¨à®¢�−¨¥ £®à¨§®−â� ¯¥àá¯¥ªâ¨¢−®£® ¯à®£à�¬¬−®£® ®¡¥á¯¥ç¥−¨ï −�
®á−®¢¥ �−�«¨§� ¯¥àá¯¥ªâ¨¢−ëå §�¤�ç ¨ ãç¥â� ¯®âà¥¡−®áâ¥© à�§à�¡®âç¨ª®¢
á¨áâ¥¬ ˆˆ;

{ ¯à®¤¢¨¦¥−¨¥ ú¯à®§à�ç−ëåû (£¨¡à¨¤−ëå) â¥å−®«®£¨© ˆˆ, ®á−®¢�−−ëå
ª�ª −� ®¡ãç�¥¬ëå �«£®à¨â¬�å (¢ ç�áâ−®áâ¨, −¥©à®á¥âïå £«ã¡®ª®£® ®¡ãç¥-
−¨ï), â�ª ¨ «®£¨ç¥áª®¬ ¢ë¢®¤¥.

4. ‚ ç�áâ¨ à�§¢¨â¨ï ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï:

{ à�§à�¡®âª� ¨ ãç¥â ¢¥à¨ä¨æ¨à®¢�−−ëå ¬�áá¨¢®¢ ¤�−−ëå ¤«ï ®¡ãç¥−¨ï
¨ â¥áâ¨à®¢�−¨ï á¨áâ¥¬ ˆˆ;

{ ä®à¬¨à®¢�−¨¥ £®à¨§®−â� ¯¥àá¯¥ªâ¨¢−®£® ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï
−� ®á−®¢¥ �−�«¨§� ¯¥àá¯¥ªâ¨¢−ëå §�¤�ç ¨ ãç¥â� ¯®âà¥¡−®áâ¥© à�§à�¡®â-
ç¨ª®¢ á¨áâ¥¬ ˆˆ.

5. �á−®¢−ë¥ §�¤�ç¨ ¢ ç�áâ¨ ®à£�−¨§�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï:

{ ä®à¬¨à®¢�−¨¥ ®à£�−¨§�æ¨®−−®© áâàãªâãàë ¤«ï ã¯à�¢«¥−¨ï ¯à®æ¥áá�¬¨
á®§¤�−¨ï ¨ ®¡¥á¯¥ç¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï –Š �’ˆ;

{ ¯à®¢¥¤¥−¨¥ �ã¤¨â� ¯à®£à�¬¬−®-�¯¯�à�â−ëå áà¥¤áâ¢ ¨ �−�«¨â¨ç¥áª¨å
á¨áâ¥¬ ˆˆ §�¨−â¥à¥á®¢�−−ëå ®à£�−®¢ ¨ ®à£�−¨§�æ¨© á æ¥«ìî ®¡®¡é¥−¨ï
¯®âà¥¡−®áâ¥© ¨ ®¯ëâ� ¨å à�§à�¡®âª¨;

{ á¨áâ¥¬�â¨§�æ¨ï ¬¥â®¤®¢ ˆˆ;

{ á®§¤�−¨¥ ”®−¤� �−�«¨â¨ç¥áª¨å â¥å−®«®£¨© ˆˆ, ¯à¥¤−�§−�ç¥−−®£® ¤«ï
ãç¥â� áãé¥áâ¢ãîé¨å ¨ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨© ˆˆ, � â�ª¦¥ ä®à-
¬¨à®¢�−¨ï ¡�§ë ¤�−−ëå (�„) �ªâã�«ì−ëå −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¡«¥¬
¨ ¯à�ªâ¨ç¥áª¨å §�¤�ç ¢ ¤�−−®© ®¡«�áâ¨, ãç¥â� ¯®âà¥¡−®áâ¥© ®â¥ç¥áâ¢¥−-
−ëå à�§à�¡®âç¨ª®¢ á¨áâ¥¬ ˆˆ;
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{ −� ®á−®¢¥ �−�«¨§� ¯®âà¥¡−®áâ¥© ¨−¤ãáâà¨�«ì−ëå ¯�àâ−¥à®¢ ¨ �ª�¤¥¬¨-
ç¥áª®© áä¥àë ä®à¬¨à®¢�−¨¥ ®¡®á−®¢�−−ëå âà¥¡®¢�−¨© ¯® à�§à�¡®âª¥
¯à®£à�¬¬−®-�¯¯�à�â−®£®, ¨−ä®à¬�æ¨®−−®£® ®¡¥á¯¥ç¥−¨ï ¨ ä®à¬¨à®¢�-
−¨î ª�¤à®¢®£® ¯®â¥−æ¨�«� ¢ ãª�§�−−®© ®¡«�áâ¨.

6. �á−®¢−ë¥ §�¤�ç¨ ¢ ç�áâ¨ ª�¤à®¢®£® ®¡¥á¯¥ç¥−¨ï:

{ ä®à¬¨à®¢�−¨¥ −¥®¡å®¤¨¬ëå −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ª®¬¯¥â¥−æ¨©
¨ â¥å−®«®£¨ç¥áª¨å ¯à�ªâ¨ª ¢ áä¥à¥ á®§¤�−¨ï ¨ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬
ˆˆ, ¢ª«îç�ï ®æ¥−ªã ª�¤à®¢ëå ¯®âà¥¡−®áâ¥©;

{ à�§à�¡®âª� á¯¥æ¨�«¨§¨à®¢�−−ëå ¯à®£à�¬¬ ¯®¢ëè¥−¨ï ª¢�«¨ä¨ª�æ¨¨
¨ ¯¥à¥¯®¤£®â®¢ª¨ ¢ íâ®© ®¡«�áâ¨;

{ ¯®¤£®â®¢ª� (¯®¢ëè¥−¨¥ ª¢�«¨ä¨ª�æ¨¨, ¯¥à¥¯®¤£®â®¢ª�) «¨æ, §�¤¥©áâ¢®-
¢�−−ëå ¢ á®§¤�−¨¨ ¨ ®¡¥á¯¥ç¥−¨¨ äã−ªæ¨®−¨à®¢�−¨ï –Š �’ˆ.

3 Перспективные функциональные возможности Фонда поддержки
проектов Национальной технологической инициативы в области
искуственного интеллекта

‘âà�â¥£¨ç¥áª¨© ¯«�− à�§¢¨â¨ï �’ˆ ¤®«¦¥− ®¡¥á¯¥ç¨âì ¯®á«¥¤®¢�â¥«ì−ãî
à¥�«¨§�æ¨î áâà�â¥£¨ç¥áª¨å æ¥«¥© ¨ §�¤�ç ¯® −¥©âà�«¨§�æ¨¨ áãé¥áâ¢ãîé¨å ã£à®§
¨ à¨áª®¢ ¢ ®¡«�áâ¨ à�§à�¡®âª¨ ¨ äã−ªæ¨®−¨à®¢�−¨ï á¨áâ¥¬ ˆˆ −� ®á−®¢¥ ãç¥â�,
�ªªã¬ã«¨à®¢�−¨ï áãé¥áâ¢ãîé¨å ª®¬¯¥â¥−æ¨© ¨ à¥áãàá®¢ ¢ ®¡«�áâ¨ à�§à�¡®âª¨
á¨áâ¥¬ ˆˆ, ä®à¬¨à®¢�−¨ï ¤®à®¦−ëå ª�àâ à�§¢¨â¨ï, � â�ª¦¥ ª®−âà®«ì ¨å
¢ë¯®«−¥−¨ï.

÷�áá¬®âà¨¬ ®á−®¢−ë¥ äã−ªæ¨®−�«ì−ë¥ ¢®§¬®¦−®áâ¨ ”®−¤� ¯®¤¤¥à¦ª¨ ¯à®-
¥ªâ®¢ �’ˆ ¢ ®¡«�áâ¨ ˆˆ.

1. “ç¥â ¨ ¬®−¨â®à¨−£ áãé¥áâ¢ãîé¨å ¨ ¯¥àá¯¥ªâ¨¢−ëå ã£à®§ à¥�«¨§�æ¨¨
á¨áâ¥¬ ˆˆ.

�¥£�â¨¢−ë¥ ¢®§¤¥©áâ¢¨ï −� å®¤ ä®à¬¨à®¢�−¨ï ¨ à¥�«¨§�æ¨¨ §�¤�ç �’ˆ
¬®£ãâ ®ª�§ë¢�âì ª�ª ¢−¥è−¨¥, â�ª ¨ ¢−ãâà¥−−¨¥ ä�ªâ®àë −� ¢á¥å áâ�¤¨ïå
¦¨§−¥−−®£® æ¨ª«� á¨áâ¥¬ ˆˆ [6]. �à¨ íâ®¬ ®áãé¥áâ¢«ï¥âáï ãç¥â à¨áª®¢
¨ ã£à®§, á¢ï§�−−ëå ª�ª á à�§à�¡®âª®© á¨áâ¥¬ ˆˆ, â�ª ¨ á ¨å ¯à¨¬¥−¥−¨¥¬.
Š ¢−ãâà¥−−¨¬ ä�ªâ®à�¬ à¨áª®¢ ®â−®áïâáï â¥, ª®â®àë¥ ®¡ãá«®¢«¨¢�îâáï ¯à®-
æ¥áá�¬¨ ®à£�−¨§�æ¨¨ äã−ªæ¨®−¨à®¢�−¨ï �’ˆ. ‚−¥è−¨¥ ä�ªâ®àë à¨áª� å�-
à�ªâ¥à¨§ãîâ ¢−¥è−¥¥ ®âà¨æ�â¥«ì−®¥ ¢®§¤¥©áâ¢¨¥ −� áâ�¤¨ïå ä®à¬¨à®¢�−¨ï
âà¥¡®¢�−¨©, à¥�«¨§�æ¨¨ §�¤�ç �’ˆ ¨ ¥¥ äã−ªæ¨®−¨à®¢�−¨ï. ‚−ãâà¥−−¨¥
¯à¨ç¨−ë | ª®−ä«¨ªâ ¨−â¥à¥á®¢ áâ®à®−, −¥ª®¬¯¥â¥−â−®áâì §�ª�§ç¨ª� ¨ ¨á-
¯®«−¨â¥«ï, ®âáãâáâ¢¨¥ −¥§�¢¨á¨¬®© íªá¯¥àâ−®© ®æ¥−ª¨ | ¬®£ãâ ¯à¨¢¥áâ¨
ª −¥ª®àà¥ªâ−®¬ã æ¥«¥¯®«�£�−¨î. “ç¥â ¢−¥è−¨å ¨áâ®ç−¨ª®¢ ã£à®§ ¯®§¢®-
«ï¥â ®á«�¡¨âì à¨áª¨ −¥¢®§¬®¦−®áâ¨ ¢ë¯®«−¥−¨ï âà¥¡®¢�−¨© ¨ à¥�«¨§�æ¨¨
à¥è¥−¨© ¢ ãá«®¢¨ïå â¥å−®«®£¨ç¥áª®£® ®âáâ�¢�−¨ï ¨ ¢−¥è−¨å ®£à�−¨ç¥−¨©
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(á�−ªæ¨¨) ¨ ®à£�−¨§�æ¨®−−ëå ¯à®¡«¥¬, á¢ï§�−−ëå á −®à¬�â¨¢−®-¯à�¢®¢®©
¡�§®© ¨ ®âáãâáâ¢¨¥¬ −¥§�¢¨á¨¬®£® ª®−âà®«ï.

��¨¡®«¥¥ �¤¥ª¢�â−®© ¬®¤¥«ìî ¯à¥¤áâ�¢«¥−¨ï ¤�−−ëå ¬®−¨â®à¨−£� ã£à®§
áç¨â�¥âáï ¤¨−�¬¨ç¥áª�ï á¥¬�−â¨ç¥áª�ï á¥âì („‘‘) [7]. „¨−�¬¨ç¥áª�ï á¥-
¬�−â¨ç¥áª�ï á¥âì ®¯à¥¤¥«ï¥âáï ª�ª ¬−®¦¥áâ¢® ã§«®¢ (¢ ¤�−−®¬ á«ãç�¥ íâ®
¨−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë ¯à¥¤¬¥â−®© ®¡«�áâ¨) ¨ ¬−®¦¥áâ¢® á¢ï§¥© (®â−®è¥-
−¨©). ˆ−ä®à¬�æ¨®−−ë¥ ®¡ê¥ªâë á¥¬�−â¨ç¥áª®© á¥â¨ ®¡«�¤�îâ �âà¨¡ãâ�¬¨,
®¤¨− ¨§ ®á−®¢−ëå áà¥¤¨ ª®â®àëå | úá®áâ®ï−¨¥ ®¡ê¥ªâ�û, � â�ª¦¥ ¨¤¥−â¨ä¨-
ª�æ¨®−−ë¬¨ å�à�ªâ¥à¨áâ¨ª�¬¨, ¯®§¢®«ïîé¨¬¨ ¨å ®¤−®§−�ç−® ®¯à¥¤¥«ïâì.

‚®¯à®áë ¯à¨¬¥−¥−¨ï â¥å−®«®£¨© ˆˆ ¯®à®¦¤�îâ ¬−®¦¥áâ¢® −®¢ëå à¨áª®¢
¨ ã£à®§, ®á®¡¥−−® ¢ ¢®¥−−®© áä¥à¥. �−¨ á¢ï§�−ë á ®è¨¡ª�¬¨ ¢ �àå¨â¥ªâãà¥,
§«®−�¬¥à¥−−ëå ¤¥©áâ¢¨ïå à�§à�¡®âç¨ª®¢ ¨ ¤àã£¨å áã¡ê¥ªâ®¢ ¯à®æ¥áá�, −¥-
¤®áâ�â®ç−®áâìî ¤�−−ëå ¤«ï ®¡ãç¥−¨ï ¨ â¥áâ¨à®¢�−¨ï ¨ ¤àã£¨¬¨ ¯à¨ç¨−�¬¨.
�â® ¯à¨¢®¤¨â ª á¯¥ªâàã âàã¤−®¯à®£−®§¨àã¥¬ëå ã£à®§ ¨ à¨áª®¢, ¯®á«¥¤áâ¢¨ï
ª®â®àëå á¥£®¤−ï −¥ ¬®£ãâ ¡ëâì ¤®áâ®¢¥à−® ®æ¥−¥−ë. ‘à¥¤¨ −¨å ®â¬¥ç�-
îâáï ¯à®£à�¬¬−�ï ¢à�¦¤¥¡−®áâì, ¯�áá¨¢−ë© à¨áª, á«ãç�©−ë© à¨áª, à¨áª
−¥¯®áâ¨¦¨¬®áâ¨ (á¬., −�¯à¨¬¥à, [8]).

„àã£¨¥ à¨áª¨ á¨áâ¥¬ ˆˆ ¬®£ãâ ¡ëâì á¢ï§�−ë á ¨å à�§à�¡®âª®© ¨ ¯à¨¬¥-
−¥−¨¥¬ ¢ ¢®¥−−®© ®¡«�áâ¨. “ç¥â ¨ ¬®−¨â®à¨−£ ¤�−−ëå à¨áª®¢ ¯®§¢®«ï¥â
ãâ®ç−ïâì ¯¥à¥ç¥−ì ¯¥àá¯¥ªâ¨¢−ëå à�§à�¡®â®ª á¨áâ¥¬ ˆˆ. Š�ª ¯à¨¬¥à ¬®¦-
−® à�áá¬®âà¥âì ¯®áâ�¢ª¨ ‚¥«¨ª®¡à¨â�−¨¥© “ªà�¨−¥ −¥®¡¨â�¥¬ëå ¯®¤¢®¤−ëå
�¯¯�à�â®¢ REMUS 100 (Remote Environmental Measuring Units 100 m), ª®-
â®àë¥ ¯à¥¤áâ�¢«ïîâ á®¡®© á®¢¬¥áâ−ãî à�§à�¡®âªã −®à¢¥¦áª®© ª®¬¯�−¨¨
Hydroid, ¢å®¤ïé¥© ¢ á®áâ�¢ Kongsberg Maritime (¯®¤¢®¤−�ï ¯«�âä®à¬�),
¨ ¡à¨â�−áª®£® ¨−áâ¨âãâ� Woods Hole Oceanographic Institution (ª®¬¯«¥ªá
¡®àâ®¢®© �¯¯�à�âãàë, ®á−®¢�−−ë© −� â¥å−®«®£¨ïå ˆˆ) [9].

�� à¨á. 1 ¯à¥¤áâ�¢«¥− äà�£¬¥−â „‘‘ ¯®â¥−æ¨�«ì−®© ã£à®§ë −�æ¨®−�«ì−®©
¡¥§®¯�á−®áâ¨, á¢ï§�−−®© á â¥å−®«®£¨ï¬¨ ˆˆ. „�«ì−¥©è¨¬¨ æ¥«ï¬¨ ¬®−¨-
â®à¨−£� íâ®© ã£à®§ë ¬®£ãâ áâ�âì ®æ¥−ª� á¯®á®¡®¢ à¥�«¨§�æ¨¨ íâ®© ã£à®§ë,
®æ¥−ª� á¢ï§�−−®£® á −¨¬¨ ãé¥à¡� ¨ ¬¥àë ¢®§¬®¦−®£® ¯à®â¨¢®¤¥©áâ¢¨ï.

2. ˆ−ä®à¬�æ¨®−−ë© ¬®−¨â®à¨−£ ¬¨à®¢®£® ãà®¢−ï à�§à�¡®â®ª ˆˆ −� ®á−®¢¥
�−�«¨§� ®âªàëâëå ¨áâ®ç−¨ª®¢.

„«ï æ¥«¥© ¬®−¨â®à¨−£� −¥®¡å®¤¨¬® áä®à¬¨à®¢�âì ¯¥à¥ç¥−ì ¨áâ®ç−¨ª®¢
¤�−−ëå, ¯à¥¤áâ�¢«ïîé¨å á®¡®© §�àã¡¥¦−ë¥ �„ −�ãç−®-â¥å−¨ç¥áª®© ¨−-
ä®à¬�æ¨¨:

{ ¯ã¡«¨ª�æ¨¨ −� �−£«¨©áª®¬ ï§ëª¥ à¥áãàá� arXiv.org (2 ¬«− ¤®ªã¬¥−â®¢)
¯® ¥áâ¥áâ¢¥−−ë¬ −�ãª�¬;

{ �−£«®ï§ëç−�ï ‚¨ª¨¯¥¤¨ï (¡®«¥¥ 5 ¬«− áâ�â¥©);

{ �¬¥à¨ª�−áª¨¥ ¯�â¥−âë (USPTO á 2002 ¯® 2022 ££.): ¡®«¥¥ 3 ¬«− ¯�â¥−â®¢;

{ ¬¥¦¤ã−�à®¤−ë¥ ¯�â¥−âë (WIPO): 3 ¬«− ¯�â¥−â®¢.
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÷¨á. 1 ”à�£¬¥−â „‘‘ ã£à®§ë ¢®¥−−®£® ¯à¨¬¥−¥−¨ï á¨áâ¥¬ ˆˆ

‚�¦−¥©è¨¬ ¨áâ®ç−¨ª®¬ ¤�−−ëå á«ã¦�â §�àã¡¥¦−ë¥ í«¥ªâà®−−ë¥ à¥ä¥à�-
â¨¢−ë¥ �„.

3. ‘®§¤�−¨¥ ”®−¤� �−�«¨â¨ç¥áª¨å â¥å−®«®£¨© ˆˆ.

”®−¤ ¯à¥¤−�§−�ç¥− ¤«ï ãç¥â� áãé¥áâ¢ãîé¨å ¨ ¯¥àá¯¥ªâ¨¢−ëå â¥å−®«®£¨©
ˆˆ, � â�ª¦¥ ä®à¬¨à®¢�−¨ï �„ �ªâã�«ì−ëå −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¡«¥¬
¨ ¯à�ªâ¨ç¥áª¨å §�¤�ç ¢ ¤�−−®© ®¡«�áâ¨, ãç¥â� ¯®âà¥¡−®áâ¥© ®â¥ç¥áâ¢¥−−ëå
à�§à�¡®âç¨ª®¢ á¨áâ¥¬ ˆˆ. ‘ æ¥«ìî ¥£® á®§¤�−¨ï ®áãé¥áâ¢«ï¥âáï:

{ �ã¤¨â, ¨−¢¥−â�à¨§�æ¨ï ¨ ãç¥â áãé¥áâ¢ãîé¨å ®â¥ç¥áâ¢¥−−ëå ¯à®£à�¬-
¬−®-�¯¯�à�â−ëå, ¨−ä®à¬�æ¨®−−ëå ¨ ª�¤à®¢ëå à¥áãàá®¢, −¥®¡å®¤¨¬ëå
¤«ï æ¥«¥© �’ˆ;

{ ¬®−¨â®à¨−£ ¨ ãç¥â �ªâã�«ì−ëå ¯à®¡«¥¬ ¨ §�¤�ç ˆˆ ¤«ï ®¡¥á¯¥ç¥−¨ï
¯®âà¥¡−®áâ¥© ¨−¤ãáâà¨�«ì−ëå ¯�àâ−¥à®¢;

{ ä®à¬¨à®¢�−¨¥ ¯¥à¥ç−ï −¥®¡å®¤¨¬ëå −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ª®¬¯¥-
â¥−æ¨© ¨ â¥å−®«®£¨ç¥áª¨å ¯à�ªâ¨ª ¢ áä¥à¥ á®§¤�−¨ï ¨ äã−ªæ¨®−¨à®¢�−¨ï
á¨áâ¥¬ ˆˆ, ¢ª«îç�ï ®æ¥−ªã ª�¤à®¢ëå ¯®âà¥¡−®áâ¥©;

{ ¬®−¨â®à¨−£ ¨ ãç¥â ¯®âà¥¡−®áâ¥© à�§à�¡®âç¨ª®¢ ¢ à¥áãàá�å (¯à®£à�¬¬−®-
�¯¯�à�â−ëå ¨ ¤à.) ¤«ï à�§à�¡®âª¨ á¨áâ¥¬ ˆˆ.

�ã¤¨â ¬®¦−® ®áãé¥áâ¢«ïâì ª�ª ¯® ¬�â¥à¨�«�¬ ®à£�−¨§�æ¨©, ãç�áâ¢ãîé¨å
¢ ª®−ªãàá�å, â�ª ¨ ¯ãâ¥¬ æ¥«¥−�¯à�¢«¥−−®£® á¡®à� ¤�−−ëå á ¨á¯®«ì§®¢�−¨¥¬,
−�¯à¨¬¥à, ¨¬¥îé¥£®áï ®¯ëâ� ”ˆ– ˆ“ ÷�� [10, 11] (à¨á. 2).
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÷¨á. 2 ‚¥¡-á�©â ”®−¤� �−�«¨â¨ç¥áª¨å â¥å−®«®£¨© ¨ ¯à®£à�¬¬

�â® ¤®«¦−® «¥çì ¢ ®á−®¢ã:

{ ä®à¬¨à®¢�−¨ï −�æ¨®−�«ì−®© ¨−â¥««¥ªâã�«ì−®© �−�«¨â¨ç¥áª®© ¯«�â-
ä®à¬ë;

{ à¥è¥−¨ï −�ãç−®-â¥å−¨ç¥áª¨å §�¤�ç á¨áâ¥¬�â¨§�æ¨¨ à�§à�¡®âª¨ ¨ ¯à¨¬¥-
−¥−¨ï á®§¤�−−ëå á¨áâ¥¬ ˆˆ ¢ à�§«¨ç−ëå áä¥à�å ¦¨§−¥¤¥ïâ¥«ì−®áâ¨;

{ ã¯®àï¤®ç¥−¨ï àë−ª� â¥å−®«®£¨© ˆˆ á æ¥«ìî ¯®«ãç¥−¨ï ª®¬¬¥àç¥áª®©
¢ë£®¤ë ãç�áâ−¨ª�¬¨ ¯à®æ¥áá� −� ®á−®¢¥ �−�«¨§� á¯à®á� ¨ ä®à¬¨à®¢�−¨ï
¨−−®¢�æ¨®−−ëå ¯à¥¤«®¦¥−¨©, � â�ª¦¥ ¢ ¨−â¥à¥á�å ¨−¤ãáâà¨�«ì−ëå ¯�àâ-
−¥à®¢.

4. ”®à¬¨à®¢�−¨¥ ¨ ª®àà¥ªâ¨à®¢ª� �ªâã�«ì−®£® ª®¬¯«¥ªá� âà¥¡®¢�−¨© ª à¥-
áãàá�¬ â¥å−®«®£¨© ˆˆ:

{ âà¥¡®¢�−¨© ¨ ¬¥â®¤¨ç¥áª¨å ¬�â¥à¨�«®¢ ¢ ç�áâ¨ �¯¯�à�â−®£® ®¡¥á¯¥ç¥−¨ï
â¥å−®«®£¨© ˆˆ;

{ âà¥¡®¢�−¨© ª ®â¥ç¥áâ¢¥−−®© ®¯¥à�æ¨®−−®© á¨áâ¥¬¥ ¤«ï áã¯¥àª®¬¯ìîâ¥à-
−ëå ¢ëç¨á«¥−¨©;
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–¥−âàë ª®¬¯¥â¥−æ¨¨ ¯® ˆˆ ¨ ��æ¨®−�«ì−�ï â¥å−®«®£¨ç¥áª�ï ¨−¨æ¨�â¨¢�

{ âà¥¡®¢�−¨© ª ®â¥ç¥áâ¢¥−−ë¬ ¨−áâàã¬¥−â�«ì−ë¬ áà¥¤áâ¢�¬ ¤«ï à�§à�¡®â-
ª¨ ¯à®£à�¬¬−ëå ª®¬¯®−¥−â®¢ áà¥¤áâ¢ ˆˆ;

{ à�§à�¡®âª� ¢¥à¨ä¨æ¨à®¢�−−ëå −�¡®à®¢ ®¡ãç�îé¨å ¤�−−ëå;

{ âà¥¡®¢�−¨© ª á¨áâ¥¬¥ ®¡à�§®¢�−¨ï ¤«ï ®¡¥á¯¥ç¥−¨ï ¯¥àá¯¥ªâ¨¢−ëå ª�¤-
à®¢ëå ¯®âà¥¡−®áâ¥©.

5. ”ã−ªæ¨¨, á¢ï§�−−ë¥ á ¯«�−¨à®¢�−¨¥¬ ¤¥ïâ¥«ì−®áâ¨ ¨ ª®−âà®«¥¬ ¨á¯®«−¥-
−¨ï:

{ ä®à¬¨à®¢�−¨¥ ª®¬¯«¥ªá� ¤®à®¦−ëå ª�àâ á æ¥«ìî à¥�«¨§�æ¨¨ à¥è¥−¨©
¯® á®§¤�−¨î ¨ à�§¢¨â¨î –¥−âà®¢ ª®¬¯¥â¥−æ¨¨ �’ˆ;

{ ¬®−¨â®à¨−£ ¯à®æ¥áá®¢ ¤¥ïâ¥«ì−®áâ¨ –Š �’ˆ ¯® à¥�«¨§�æ¨¨ ¤®à®¦−ëå
ª�àâ;

{ â¥áâ¨à®¢�−¨¥ ¢á¥å ¢¨¤®¢ à¥áãàá®¢ ¨ á¨áâ¥¬ −� á¯®á®¡−®áâì ¢ë¯®«−ïâì
¢®§«®¦¥−−ë¥ −� −¨å §�¤�ç¨ á âà¥¡ã¥¬ë¬ ª�ç¥áâ¢®¬.

4 Заключение

�à¨ ä®à¬¨à®¢�−¨¨ áâà�â¥£¨ç¥áª®£® ¯«�−� à�§¢¨â¨ï �’ˆ −¥®¡å®¤¨¬® ¢á¥-
¬¥à−® ¯®¤¤¥à¦¨¢�âì ¯à®æ¥ááë ¤®áâ¨¦¥−¨ï â¥å−®«®£¨ç¥áª®£® áã¢¥à¥−¨â¥â� ¯ãâ¥¬
ª®−á®«¨¤�æ¨¨ ãá¨«¨© −� £®áã¤�àáâ¢¥−−®¬ ãà®¢−¥ á ¢ë¤¥«¥−¨¥¬ ¯à¨®à¨â¥â−ëå
−�¯à�¢«¥−¨© ¨ §�¤�ç à�§¢¨â¨ï ¨−−®¢�æ¨®−−ëå â¥å−®«®£¨© ¨ ®¯à¥¤¥«¥−¨¥¬ ¯ãâ¥©
¨å ¤®áâ¨¦¥−¨ï. ‚ á¢ï§¨ á íâ¨¬ �ªâã�«ì−ë¬¨ áâ�−®¢ïâáï §�¤�ç¨ á®§¤�−¨ï ¬¥å�-
−¨§¬®¢ ãç¥â� ¨ ä®à¬¨à®¢�−¨ï ª®¬¯¥â¥−æ¨©: �ªâã�«ì−ëå §�¤�ç ¨ «ãçè¨å à¥è¥−¨©
¢ ¤�−−®© ®¡«�áâ¨, ãç¥â ¯®âà¥¡−®áâ¥© ®â¥ç¥áâ¢¥−−ëå à�§à�¡®âç¨ª®¢ á¨áâ¥¬ ˆˆ
−� ®á−®¢¥ á®§¤�−¨ï á®®â¢¥âáâ¢ãîé¨å à¥¥áâà®¢, � â�ª¦¥ ¬®−¨â®à¨−£� á®áâ®ï−¨ï
¤�−−®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¢® ¢á¥¬ ¥¥ ¬−®£®®¡à�§¨¨.
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Abstract: The task of achieving technological sovereignty can be solved by
consolidating efforts at the state level, highlighting priority areas and tasks for
the development of innovative technologies and identifying ways to achieve them.
In this regard, the autonomous nonprofit organization \Agency for Strategic
Initiatives for the Promotion of New Projects" is recommended to prepare
a strategic plan for the development of the National Technology Initiative (NTI)
for the long term and proposals for monitoring its compliance. The article
discusses the issues of forming a holistic picture of the totality of the functions
and tasks of the NTI in the interests of this strategic plan and in relation to the
problems of artificial intelligence technologies.
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ТЕОРИЯ S-СИМВОЛОВ: КОНЦЕПТУАЛЬНЫЕ ОСНОВАНИЯ

В. Д. Ильин1

�−−®â�æ¨ï: �à¥¤«®¦¥−−�ï â¥®à¨ï S-á¨¬¢®«®¢ ¯à¥¤áâ�¢«ï¥â á®¡®© à�áè¨-
à¥−−®¥ ®¡®¡é¥−¨¥ â¥®à¨¨ S-¬®¤¥«¨à®¢�−¨ï ¨ à�áá¬�âà¨¢�¥âáï ª�ª ç�áâì ¬¥-
â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï à�§à�¡®â®ª á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
¢ S-áà¥¤¥ (¢ª«îç�ï á¨áâ¥¬ë §−�−¨©, á¨áâ¥¬ë S-¬®¤¥«¨à®¢�−¨ï §�¤�ç ¨ ª®−-
áâàã¨à®¢�−¨ï ¯à®£à�¬¬ ¨ ¤à.). S-áà¥¤�, ®á−®¢�−−�ï −� ¢§�¨¬®á¢ï§�−−ëå
á¨áâ¥¬�å S-(á¨¬¢®«®¢, ª®¤®¢, á¨£−�«®¢) á«ã¦¨â ¨−äà�áâàãªâãà−ë¬ ®á−®¢�-
−¨¥¬ à¥�«¨§�æ¨¨ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’) à�§«¨ç−®£® −�§−�ç¥−¨ï.
‚ áâ�âì¥ ¯à¥¤áâ�¢«¥−� ¯¥à¢�ï ç�áâì (¨§ ç¥âëà¥å) ®¯¨á�−¨ï â¥®à¨¨. �à¨¢¥-
¤¥−® ®¡®á−®¢�−¨¥ æ¥«¥á®®¡à�§−®áâ¨ ¨ ®á−®¢−ë¥ ¯®−ïâ¨ï (S-á¨¬¢®«, S-ª®¤,
S-á¨£−�« ¨ ¤à.). �¯à¥¤¥«¥−ë ¢¨¤ë ¨ â¨¯ë S-(á¨¬¢®«®¢, ª®¤®¢ ¨ á¨£−�«®¢).
‚¢¥¤¥−ë ®â−®è¥−¨ï íª¢¨¢�«¥−â−®áâ¨, ¯®àï¤ª� ¨ ¯à¨−�¤«¥¦−®áâ¨, §�¤�¢�¥¬ë¥
−� á¨áâ¥¬�å S-(á¨¬¢®«®¢, ª®¤®¢ ¨ á¨£−�«®¢). �¯à¥¤¥«¥−¨ï á®¯à®¢®¦¤�îâáï
¯à¨¬¥à�¬¨.

Š«îç¥¢ë¥ á«®¢�: â¥®à¨ï S-á¨¬¢®«®¢; S-á¨¬¢®«; S-ª®¤; S-á¨£−�«; S-áà¥¤�;
¨áªãááâ¢¥−−ë© ¨−â¥««¥ªâ; ¨−ä®à¬�æ¨®−−�ï â¥å−®«®£¨ï

DOI: 10.14357/08696527230112

1 Введение

‚ 1975 £. �««¥− �ìîí«« (Allen Newell) ¨ ƒ¥à¡¥àâ ‘�©¬®− (Herbert A. Simon)
®¯ã¡«¨ª®¢�«¨ «¥ªæ¨î, ¯®á¢ïé¥−−ãî ª®−æ¥¯âã�«ì−®¬ã ®¡¥á¯¥ç¥−¨î ¯®áâà®¥−¨ï
¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬ [1]. �¥à¢ë© à�§¤¥« íâ®© à�¡®âë ¯®á¢ïé¥− á¨¬¢®«�¬
¨ á¨áâ¥¬�¬ ä¨§¨ç¥áª¨å á¨¬¢®«®¢ (Symbols and Physical Symbol Systems). ”¨-
§¨ç¥áª¨© ®§−�ç�¥â ¯®¤ç¨−ïîé¨©áï §�ª®−�¬ ä¨§¨ª¨ ¨ ¯à¨£®¤−ë© ¤«ï à¥�«¨§�æ¨¨
¢ ¢¨¤¥ ¨−¦¥−¥à−ëå á¨áâ¥¬. ‚ á¢®¥© £¨¯®â¥§¥ �ìîí«« ¨ ‘�©¬®− ãâ¢¥à¦¤�îâ,
çâ® á¨áâ¥¬� ä¨§¨ç¥áª¨å á¨¬¢®«®¢ ¨¬¥¥â −¥®¡å®¤¨¬ë¥ ¨ ¤®áâ�â®ç−ë¥ áà¥¤-
áâ¢� ¤«ï ®¡é¥£® à�§ã¬−®£® ¤¥©áâ¢¨ï. ‚ à�ááã¦¤¥−¨ïå ®¡ ¨−â¥««¥ªâã�«ì−ëå
á¨áâ¥¬�å �ìîí«« ¨ ‘�©¬®− ®â¬¥ç�îâ ¯¥à¢®áâ¥¯¥−−ãî ¢�¦−®áâì íää¥ªâ¨¢−®£®
á¨¬¢®«ì−®£® ¯à¥¤áâ�¢«¥−¨ï áãé−®áâ¥©.

’¥®à¨ï S-á¨¬¢®«®¢2 á«ã¦¨â à�áè¨à¥−−ë¬ ®¡®¡é¥−¨¥¬ â¥®à¨¨ S-¬®¤¥-
«¨à®¢�−¨ï [2]. �®−ïâ¨¥ S-¬®¤¥«¨à®¢�−¨ï ¡ë«® ®¯à¥¤¥«¥−® ¢ 1989 £. −�
áâà�−¨æ�å 248{249 ª−¨£¨ [3], ¯®á¢ïé¥−−®© ¬¥â®¤®«®£¨¨ �¢â®¬�â¨§¨à®¢�−−®-
£® ª®−áâàã¨à®¢�−¨ï ¯à®£à�¬¬−ëå á¨áâ¥¬. ‚ 2007{2017 ££. ¢ ˆ−áâ¨âãâ¥

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

2„�«¥¥ ¯à¥ä¨ªá S ®§−�ç�¥â ¯à¨−�¤«¥¦−®áâì ¯®−ïâ¨© â¥®à¨¨ S-á¨¬¢®«®¢.
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’¥®à¨ï S-á¨¬¢®«®¢: ª®−æ¥¯âã�«ì−ë¥ ®á−®¢�−¨ï

¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷�� ¯®¤ −�ãç−ë¬ àãª®¢®¤áâ¢®¬ �¢â®à� ¡ë« ¢ë¯®«-
−¥− àï¤ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å à�¡®â, ¯®á¢ïé¥−−ëå ¬¥â®¤®«®£¨¨ S-¬®¤¥-
«¨à®¢�−¨ï ¨ ¥¥ ¯à¨¬¥−¥−¨î. ‚ 2008{2015 ££. ®¡ãç�îé¨¬áï −� ¡�§®¢®©
ª�ä¥¤à¥ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ÷�� ¢ ÷®áá¨©áª®¬ â¥å−®«®£¨ç¥-
áª®¬ ã−¨¢¥àá¨â¥â¥ (Œˆ÷��) ç¨â�«áï ªãàá «¥ªæ¨© ‘¨¬¢®«ì−®¥ ¬®¤¥«¨à®¢�-
−¨¥ ¢ ¨−ä®à¬�â¨ª¥. Œ¥â®¤®«®£¨ç¥áª¨¥ ®á−®¢�−¨ï íâ®£® ªãàá� ¯à¥¤áâ�¢«¥−ë
¢ áâ�âì¥ [4].

‡�¯¨áì ¨ ¢ë¤¥«¥−¨¥ äà�£¬¥−â®¢ â¥ªáâ�. „«ï §�¯¨á¨ ä®à¬ã« ¨ ¢ë¤¥«¥−¨ï
®¯à¥¤¥«¥−¨©, §�¬¥ç�−¨© ¨ ¯à¨¬¥à®¢ ¢ á®áâ�¢¥ S-á®®¡é¥−¨© ¨á¯®«ì§ãîâáï áà¥¤áâ¢�
ï§ëª� TSM-ª®¬¯«¥ªá� (TSM | textual symbolic modeling) [5].

TSM ¨¬¥¥â áà¥¤áâ¢� §�¯¨á¨ ä®à¬�«¨§®¢�−−ëå ¢ëà�¦¥−¨© (¡¥§ ¯à¨¬¥−¥−¨ï
à¥¤�ªâ®à®¢ ä®à¬ã«), ¢ë¤¥«¥−¨ï ç�áâ¥© S-á®®¡é¥−¨© ¨ §�¬¥−ë ¢ë¡à�−−ë¬¨
á®ªà�é¥−¨ï¬¨ ç�áâ® ¯®¢â®àïîé¨åáï äà�£¬¥−â®¢. „«ï ¢ë¯®«−¥−¨ï ®¯¨á�−¨©
¤®áâ�â®ç−® áâ�−¤�àâ−®© ª«�¢¨�âãàë ¨ −�¡®à� áà¥¤áâ¢, ¨¬¥îé¨åáï ¢ á®áâ�¢¥
â¥ªáâ®¢ëå à¥¤�ªâ®à®¢ ¯�ª¥â®¢ LibreOffice, OpenOffice ¨«¨ ¤à.

‚ áâ�âì¥ ¯à¨¬¥−¥−ë á«¥¤ãîé¨¥ TSM-áà¥¤áâ¢� ¢ë¤¥«¥−¨ï äà�£¬¥−â®¢
â¥ªáâ�:

� 〈äà�£¬¥−â ®¯¨á�−¨ï〉 � ≈ ®¯à¥¤¥«¥−¨¥ (§¤¥áì ¨ ¤�«¥¥ á¨¬¢®« ≈ §�¬¥−ï¥â
á«®¢® ú®§−�ç�¥âû);

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

¨ äà�£¬¥−âë ®¯¨á�−¨ï, ª ª®â®àë¬ �¢â®à å®ç¥â ¯à¨¢«¥çì ¢−¨¬�−¨¥.

2 Концептуальные основания

ˆ§ãç�ï ¬¨à ¨ á¥¡ï, «î¤¨ áâà®ïâ á¨¬¢®«ì−ë¥ (�ã¤¨®-, ¢¨¤¥®- ¨ ¤à.) ¬®¤¥«¨
áãé−®áâ¥©, ®âà�¦�îé¨¥ ¨§ãç�¥¬ë¥ ®¡ê¥ªâë ¨ á¢ï§¨ ¬¥¦¤ã −¨¬¨. �â¨ ¬®¤¥«¨
[© ¯à¥¤áâ�¢«¥−−ë¥ ï§ëª�¬¨ ¢§�¨¬®¤¥©áâ¢¨ï, á¯¥æ¨ä¨ª�æ¨¨ ¨ ¯à®£à�¬¬¨à®¢�-
−¨ï; æ¨äà®¢ë¬¨ ¤¢®©−¨ª�¬¨ à�§«¨ç−ëå ®¡ê¥ªâ®¢ [6{9] ¨ ¤à. ©] á«ã¦�â −¥ â®«ìª®
áà¥¤áâ¢®¬ ¯®§−�−¨ï, −® ¨ ¨−áâàã¬¥−â�à¨¥¬, ¯®¬®£�îé¨¬ ¨§®¡à¥â�âì ¨áªãááâ¢¥−-
−ë¥ ¢¥é¨, à�áè¨àïîé¨¥ ¨ á®¢¥àè¥−áâ¢ãîé¨¥ ¥áâ¥áâ¢¥−−ë¥ ¢®§¬®¦−®áâ¨ ç¥-
«®¢¥ª�. ’�ª®© ¨−áâàã¬¥−â�à¨© ¯à¨−ïâ® ®â−®á¨âì ª �àá¥−�«ã ¨áªãááâ¢¥−−®£®
¨−â¥««¥ªâ�.

‚ −�è¨ ¤−¨ «î¤¨ ¨ á®§¤�−−�ï ¨¬¨ â¥å−¨ª� ¤¥©áâ¢ãîâ ¢ á¨¬¢®«ì−®-ª®-
¤®¢®-á¨£−�«ì−®© áà¥¤¥ (S-áà¥¤¥), ª®â®à�ï ¢ á®¢à¥¬¥−−®© à¥�«¨§�æ¨¨ ï¢«ï¥âáï
æ¨äà®¢®©. ‘®¢¥àè¥−áâ¢®¢�−¨î íâ®© áà¥¤ë ¯®á¢ïé¥−ë âàã¤ë ¨áá«¥¤®¢�â¥«¥©
¨ ¨−¦¥−¥à®¢.

� S-(á¨¬¢®«ë, ª®¤ë, á¨£−�«ë) ¨ S-á¨¬¢®«ì−ë¥ ª®−áâàãª-
æ¨¨ (© ï§ëª¨ á¯¥æ¨ä¨ª�æ¨¨, ¯à®£à�¬¬ë ã¯à�¢«¥−¨ï ¯®¢¥¤¥−¨¥¬ S-¬�è¨−
¨ ¤à. ©) | S-®¡ê¥ªâë, á¢®©áâ¢�, ¢§�¨¬®á¢ï§¨ ¨ ¬¥â®¤ë ¯®áâà®¥−¨ï ª®â®àëå
¨§ãç�îâáï ¢ â¥®à¨¨ S-á¨¬¢®«®¢. �
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S-®¡ê¥ªâ à�áá¬�âà¨¢�¥âáï ª�ª ®â®¡à�¦¥−¨¥ −¥ª®â®à®£® ¯à¥¤¬¥â� ¨§ãç¥−¨ï
¢ S-áà¥¤ã, ¢ë¯®«−¥−−®¥ ¯à¨ §�¤�−−ëå ®£à�−¨ç¥−¨ïå. �¥ ¯à¥¤¯®«�£�¥âáï −¨ª�ª¨å
®£à�−¨ç¥−¨© −� ¯à¨à®¤ã ¨ ¬�áèâ�¡ë ®â®¡à�¦�¥¬ëå ¯à¥¤¬¥â®¢. �−¨ ¬®£ãâ ¡ëâì
¯à¨à®¤−ë¬¨ ¨«¨ á®§¤�−−ë¬¨ «î¤ì¬¨, ¬®£ãâ ¨¬¥âì «î¡ãî ä¨§¨ç¥áªãî áãé−®áâì
¨ ¬�áèâ�¡ë.

� S-á¨¬¢®« | §�¬¥−¨â¥«ì ¯à¨à®¤−®£® ¨«¨ ¨§®¡à¥â¥−−®£® ®¡ê¥ª-
â�, ®¡®§−�ç�îé¨© íâ®â ®¡ê¥ªâ ¨ á«ã¦�é¨© í«¥¬¥−â®¬ ®¯à¥¤¥«¥−−®© á¨á-
â¥¬ë ¯®áâà®¥−¨ï S-á®®¡é¥−¨© (© ¢¨¤¥®-, �ã¤¨®á®®¡é¥−¨© ¨«¨ ¤à. ©)
¢ S-áà¥¤¥ [5], à�ááç¨â�−−ëå −� ¢®á¯à¨ïâ¨¥ ç¥«®¢¥ª®¬ ¨«¨ S-¬�è¨-
−®©. �

© ’¥ªáâ í«¥ªâà®−−®£® ¤®ªã¬¥−â�, í«¥ªâà®−−�ï £¥®£à�ä¨ç¥áª�ï ª�àâ�, ¢¨¤¥®-
à®«¨ª | ¢á¥ íâ® S-á®®¡é¥−¨ï, ä�©«ë S-ª®¤®¢ ª®â®àëå åà�−ïâáï −� −�ª®¯¨â¥«ïå
(© SSD, ¦¥áâª®¬ ¤¨áª¥ ¨«¨ ¤à. ©) S-¬�è¨−. ©

© ˜à¨äâ �à�©«ï ¤«ï á«¥¯ëå | á¨áâ¥¬� ä�ªâãà−ëå S-á¨¬¢®«®¢ ¤«ï
¯®áâà®¥−¨ï â¥ªáâ®¢ëå á®®¡é¥−¨©, à�ááç¨â�−−ëå −� ¢®á¯à¨ïâ¨¥ ®áï§�−¨¥¬ ¯�«ì-
æ�¬¨ àãª; −®â−®¥ ¯¨áì¬®, á¨áâ¥¬� −®â−ëå s-á¨¬¢®«®¢ | áà¥¤áâ¢® ¯®áâà®¥−¨ï
¬ã§ëª�«ì−ëå �ã¤¨®á®®¡é¥−¨©, ¯à¥¤áâ�¢«¥−−ëå ¢ £à�ä¨ç¥áª®© ä®à¬¥, � á¨áâ¥¬�
S-á¨¬¢®«®¢ è�å¬�â−®© −®â�æ¨¨ | áà¥¤áâ¢® §�¯¨á¨ è�å¬�â−ëå ¯�àâ¨© ¢ ¢¨-
¤¥ â¥ªáâ®¢ëå á®®¡é¥−¨©. ÷ãááª¨© �«ä�¢¨â ¢¬¥áâ¥ á® §−�ª�¬¨ ¯à¥¯¨−�−¨ï |
á¨áâ¥¬� â¥ªáâ®¢ëå S-á¨¬¢®«®¢ ¤«ï ¯®áâà®¥−¨ï á®®¡é¥−¨© ¯® ¯à�¢¨«�¬ £à�¬-
¬�â¨ª¨ àãááª®£® ï§ëª� (� ª�¦¤ë© í«¥¬¥−â �«ä�¢¨â� ï¢«ï¥âáï §�¬¥−¨â¥«¥¬ §¢ãª�,
¯à¨¬¥−ï¥¬®£® ¢ à¥ç¥¢ëå á®®¡é¥−¨ïå). ©

� S-á®®¡é¥−¨¥ | ª®−¥ç−�ï ã¯®àï¤®ç¥−−�ï (¢ á®®â¢¥âáâ¢¨¨ á −¥ª®â®àë-
¬¨ ¯à�¢¨«�¬¨) á®¢®ªã¯−®áâì S-á¨¬¢®«®¢ ¨«¨ ¥¥ S-ª®¤ ¢ S-á¨£−�«ì−®¬ ¯à¥¤-
áâ�¢«¥−¨¨. ÷�ááç¨â�−® −� ¯¥à¥¤�çã, ¯à¨¥¬, à�á¯®§−�¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨î
¯®«ãç�â¥«¥¬ (ç¥«®¢¥ª®¬ ¨«¨ S-¬�è¨−®©). �

‚ ª®¬¯ìîâ¥à�å, á¬�àâä®−�å ¨ ¤àã£¨å S-¬�è¨−�å S-á¨¬¢®«ë ¯à¥¤áâ�¢«¥−ë
¢ ä®à¬¥ S-ª®¤®¢. �â«¨ç¨â¥«ì−ë¬ ¯à¨§−�ª®¬ S-á¨¬¢®«ì−ëå ®¡ê¥ªâ®¢, áãé¥áâ-
¢ãîé¨å ¢ S-áà¥¤¥ (© ä�©«®¢ í«¥ªâà®−−ëå ª−¨£, áâ�â¥©, ¢¨¤¥®§�¯¨á¥©, ª�àâ,
ª®¬¯ìîâ¥à−ëå ¯à®£à�¬¬ ¨ ¤à. ©), á«ã¦�â «¥£ª®®áãé¥áâ¢¨¬ë¥ ª®¯¨à®¢�−¨¥ ¡¥§
¨áª�¦¥−¨©, à�á¯à®áâà�−¥−¨¥ ¨ åà�−¥−¨¥ ª®¯¨© (¯® áà�¢−¥−¨î á −¥á¨¬¢®«ì−ë¬¨
®¡ê¥ªâ�¬¨: ä¨§¨ç¥áª¨¬¨ ¬®¤¥«ï¬¨, ¬�ª¥â�¬¨ −�ãç−®-â¥å−¨ç¥áª¨å á®®àã¦¥−¨©
¨ ¤à.).

�¯à¥¤¥«¥−ë ¢¨¤ë S-á¨¬¢®«®¢, ¤«ï ª�¦¤®£® ¨§ ª®â®àëå | â¨¯ë S-á¨¬-
¢®«®¢. � ‚¨¤ã S-á¨¬¢®«®¢ á®®â¢¥âáâ¢ã¥â áà¥¤áâ¢® ¯à¨¥¬� á®®¡é¥−¨©, ª®â®àë¬
−�¤¥«¥− ¯à¨−¨¬�îé¨© á®®¡é¥−¨¥ ç¥«®¢¥ª (¨«¨ à®¡®â): ¢¨§ã�«ì−ë© | §à¥−¨¥;
�ã¤¨® | á«ãå; â�ªâ¨«ì−ë© | ®áï§�−¨¥; §�¯�å®¢ë© | ®¡®−ï−¨¥. �

♦ ‚ á®¢à¥¬¥−−®© (−�ç�«� 2020-å ££.) S-áà¥¤¥ áà�¢−¨â¥«ì−® ¯à®¤ãªâ¨¢−® ¨á-
¯®«ì§ãîâáï §à¥−¨¥ (¢®á¯à¨ïâ¨¥ â¥ªáâ�, −¥¯®¤¢¨¦−ëå ¨ ¯®¤¢¨¦−ëå ¨§®¡à�¦¥−¨©
¨ ¤à.) ¨ á«ãå (¢®á¯à¨ïâ¨¥ à¥ç¨, ¬ã§ëª¨ ¨ ¤à.). �áï§�−¨¥ ¨á¯®«ì§ã¥âáï ¢ ¬®-
¡¨«ì−ëå â¥«¥ä®−�å (¤«ï ¯à¨¥¬� ¢¨¡à®¢ë§®¢�), ¢ ¨£à®¢ëå ãáâà®©áâ¢�å ¨ ¤à.;
®¡®−ï−¨¥ | ¢ áâ�¤¨¨ íªá¯¥à¨¬¥−â¨à®¢�−¨ï (¢ë¯ãáª�îâáï ¯à¨¡®àë ¤«ï à�á¯®-
§−�¢�−¨ï §�¯�å®¢). ♦
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’¥®à¨ï S-á¨¬¢®«®¢: ª®−æ¥¯âã�«ì−ë¥ ®á−®¢�−¨ï

„«ï ¯à®¨§¢®¤áâ¢� S-á¨¬¢®«ì−ëå á®®¡é¥−¨© ç¥«®¢¥ª ¬®¦¥â ¨á¯®«ì§®¢�âì
®à£�−ë à¥ç¨, ç�áâ¨ â¥«�, ¯à®¨§¢®¤ïé¨¥ à�§«¨ç¨¬ë¥ ¤¢¨¦¥−¨ï (¦¥áâë àãª,
¤¢¨¦¥−¨ï ¯�«ìæ¥¢ ¨ ¤à.), ¨ £«�§� (¢ë¡®à ®¡ê¥ªâ�, ãª�§�−¨¥¬ −� ¬¥áâ® ¥£® −®¢®£®
à�§¬¥é¥−¨ï ¨ ¤à.).

♦ ‚ á®¢à¥¬¥−−®© S-áà¥¤¥ ®â−®á¨â¥«ì−® ¯à®¤ãªâ¨¢−® ¨á¯®«ì§ãîâáï ¤¢¨¦¥−¨ï
¯�«ìæ¥¢ àãª (¯®áà¥¤áâ¢®¬ ª®¬¯ìîâ¥à−®© ª«�¢¨�âãàë, ¬ëè¨, áâ¨«ãá�, á¥−á®à-
−®£® íªà�−� ¨ ¤à.), à�á¯®§−�¢�−¨¥ §¢ãª®¢ëå ª®¬�−¤ ¨ ¨§¢¥é¥−¨© −�å®¤¨âáï
¢ áâ�¤¨¨ �ªâ¨¢−®£® áâ�−®¢«¥−¨ï, � ¨á¯®«ì§®¢�−¨¥ ¤¢¨¦¥−¨© £«�§ (ª�ª áà¥¤áâ¢�
¯à®¨§¢®¤áâ¢� á®®¡é¥−¨©, −�¯à�¢«ï¥¬ëå S-¬�è¨−�¬) | ¢ áâ�¤¨¨ ¨áá«¥¤®¢�-
−¨©. ♦

� ’¨¯ã S-á¨¬¢®«®¢ á®®â¢¥âáâ¢ã¥â ¬−®¦¥áâ¢® á¨¬¢®«®¢, ¤«ï ª®â®àëå ®¯à¥-
¤¥«¥−ë −�¡®à �âà¨¡ãâ®¢ ¨ á¥¬¥©áâ¢® ¤®¯ãáâ¨¬ëå ®¯¥à�æ¨©. �

‚¨¤ã S-¢¨§ã�«ì−ë© á®®â¢¥âáâ¢ãîâ â¨¯ë: S-£à�ä¨ç¥áª¨© [¤«ï ¯®áâà®¥−¨ï á®-
®¡é¥−¨©, á®¤¥à¦�é¨å −¥¯®¤¢¨¦−ë¥ ¨§®¡à�¦¥−¨ï (ä®â®£à�ä¨¨, áå¥¬ë ¨ ¤à.)];
¢¨¤¥® (¤«ï ¯®áâà®¥−¨ï á®®¡é¥−¨©, á®¤¥à¦�é¨å ¯®¤¢¨¦−ë¥ ¨§®¡à�¦¥−¨ï)
¨ ¤à.

© ’�¡«¨æ� Œ¥−¤¥«¥¥¢� (−� ¢¥¡-áâà�−¨æ¥) | S-£à�ä¨ç¥áª®¥ ¯à¥¤áâ�¢«¥−¨¥
á®®¡é¥−¨ï ® ¯¥à¨®¤¨ç¥áª®¬ §�ª®−¥, ãáâ�−®¢¨¢è¥¬ §�¢¨á¨¬®áâì á¢®©áâ¢ å¨¬¨ç¥-
áª¨å í«¥¬¥−â®¢ ®â ¨å �â®¬−®© ¬�ááë. ©

‚¨¤ã S-�ã¤¨® á®®â¢¥âáâ¢ãîâ â¨¯ë: S-à¥ç¥¢®© (¤«ï ¯®áâà®¥−¨ï á®®¡é¥−¨©,
á®¤¥à¦�é¨å à¥ç¥¢ë¥ äà�£¬¥−âë); S-¬ã§ëª�«ì−ë© ¨ ¤à.

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

�«¥¬¥−â�à−ë¥ ¨ á®áâ�¢−ë¥ S-á¨¬¢®«ë. � S-á¨¬¢®« «î¡®£® â¨¯�, ¨á-
¯®«ì§ã¥¬ë© ¤«ï ¯®áâà®¥−¨ï á®áâ�¢−ëå S-á¨¬¢®«®¢, −�§ë¢�¥¬ í«¥¬¥−â�à−ë¬
S-á¨¬¢®«®¬. � © �¨ªá¥«ì | í«¥¬¥−â�à−ë© £à�ä¨ç¥áª¨© S-á¨¬¢®« à�áâà®-
¢ëå £à�ä¨ç¥áª¨å ãáâà®©áâ¢. �¨ªâ®£à�¬¬� | á®áâ�¢−®© £à�ä¨ç¥áª¨© S-á¨¬-
¢®«. ©

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

� S-¯®àï¤®ª ®¯à¥¤¥«ï¥â ¯®á«¥¤®¢�â¥«ì−®áâì S-á¨¬¢®«®¢. � © �«ä�¢¨â |
¯®á«¥¤®¢�â¥«ì−®áâì â¥ªáâ®¢ëå S-á¨¬¢®«®¢. ©

� S-¯à¨−�¤«¥¦−®áâì ®¯à¥¤¥«ï¥â ¢å®¦¤¥−¨¥ S-á¨¬¢®«� ¢ −¥ª®â®àë© −�¡®à
S-á¨¬¢®«®¢. � © S-á¨¬¢®« �, ¨á¯®«ì§ã¥¬ë© ¢ â¥®à¨¨ S-á¨¬¢®«®¢ ¤«ï ¢ë¤¥-
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«¥−¨ï ãâ¢¥à¦¤¥−¨©, ¯à¨−�¤«¥¦¨â −�¡®àã S-á¨¬¢®«®¢ TSM-ª®¬¯«¥ªá� áà¥¤áâ¢
®¯¨á�−¨ï S-¬®¤¥«¥©. ©

� S-ª®¤ á«ã¦¨â §�¬¥−¨â¥«¥¬ S-á¨¬¢®«�, S-á¨¬¢®«ì−®£® á®®¡é¥−¨ï, S-á¨£-
−�«� ¨«¨ S-á¨£−�«ì−®£® á®®¡é¥−¨ï. ˆá¯®«ì§ã¥âáï ¤«ï ¨å ¯à¥¤áâ�¢«¥−¨ï ¢ S-¬�-
è¨−�å. �à¥¤−�§−�ç¥− ¤«ï ¯®áâà®¥−¨ï, á®åà�−¥−¨ï, ¯¥à¥¤�ç¨, ¨−â¥à¯à¥â�æ¨¨
á®®¡é¥−¨© ¨ ¬�−¨¯ã«¨à®¢�−¨ï ¨¬¨ ¢ S-áà¥¤¥. �

♦ –¨äà®¢®¥ ª®¤¨à®¢�−¨¥ S-á¨¬¢®«®¢ ¨ S-á¨¬¢®«ì−ëå á®®¡é¥−¨© ¯®§¢®«ï¥â
¯à¨¬¥−ïâì ¬¥â®¤ë à¥è¥−¨ï §�¤�ç, ª®â®àë¥ ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¯à®£à�¬¬,
à�ááç¨â�−−ëå −� ¢ë¯®«−¥−¨¥ æ¨äà®¢ë¬¨ S-¬�è¨−�¬¨. �à¨ æ¨äà®¢®¬ ª®¤¨à®-
¢�−¨¨ S-á¨¬¢®«�¬ áâ�¢ïâ ¢® ¢§�¨¬−® ®¤−®§−�ç−®¥ á®®â¢¥âáâ¢¨¥ ç¨á«�, ª®â®àë¥
¬®¦−® íää¥ªâ¨¢−® ¯à¥¤áâ�¢¨âì ¢ ¯�¬ïâ¨ S-¬�è¨−ë. �à¨ íâ®¬ ®á−®¢�−¨¥
á¨áâ¥¬ë áç¨á«¥−¨ï ¢ë¡¨à�îâ à�¢−ë¬ ç¨á«ã ãáâ®©ç¨¢ëå á®áâ®ï−¨©, ¢ ª®â®àëå
¬®£ãâ −�å®¤¨âìáï í«¥¬¥−â�à−ë¥ á®áâ�¢«ïîé¨¥, ¨§ ª®â®àëå ¯®áâà®¥−� S-¬�è¨−�
(© ¢ á®¢à¥¬¥−−ëå æ¨äà®¢ëå S-¬�è¨−�å ¨á¯®«ì§ã¥âáï ¤¢®¨ç−®¥ ¯à¥¤áâ�¢«¥−¨¥
ª®¤®¢ ¯à®£à�¬¬ ¨ ¤�−−ëå, â�ª ª�ª âà�−§¨áâ®àë ¨¬¥îâ ¤¢� ãáâ®©ç¨¢ëå á®áâ®-
ï−¨ï ©).

–¨äà®¢®¥ ª®¤¨à®¢�−¨¥ S-á¨£−�«®¢ ¨ S-á¨£−�«ì−ëå á®®¡é¥−¨© [© á ¯®¬®éìî
�−�«®£®-æ¨äà®¢ëå ¯à¥®¡à�§®¢�â¥«¥© ©] | ¢ ®á−®¢¥ ¯®áâà®¥−¨ï á®¢à¥¬¥−−ëå
á¨áâ¥¬ á¢ï§¨, ®¡à�¡®âª¨ ¤�−−ëå ¨ ¤à. ♦

© ƒà�ä¨ç¥áª¨¥ S-á¨¬¢®«ë ¯«�−¥â ‘®«−¥ç−®© á¨áâ¥¬ë �áâà®−®¬ë ¯à¨¬¥−ïîâ
¯à¨ ¨§£®â®¢«¥−¨¨ í«¥ªâà®−−ëå ¤®ªã¬¥−â®¢. �à¨ íâ®¬ ¨á¯®«ì§ãîâáï S-ª®¤ë
áâ�−¤�àâ� ā−¨ª®¤ (The Unicode Standard) [© ¯«�−¥â¥ Œ¥àªãà¨© á®®â¢¥âáâ¢ã¥â
S-á¨¬¢®« (S-ª®¤ | U3+263F) ©]. ©

� S-á¨£−�« | ä¨§¨ç¥áª¨ à¥�«¨§®¢�−−®¥ ¯à¥¤áâ�¢«¥−¨¥ S-á¨¬¢®«� (¨«¨
S-á¨¬¢®«ì−®£® á®®¡é¥−¨ï), S-ª®¤� (¨«¨ S-ª®¤®¢®£® á®®¡é¥−¨ï), à�ááç¨â�−−®¥
−� ¯¥à¥¤�çã, ¯à¨¥¬, à�á¯®§−�¢�−¨¥ ¨ ¨−â¥à¯à¥â�æ¨î S-¬�è¨−®© ¨«¨ ç¥«®¢¥-
ª®¬. �

© ‚ S-áà¥¤¥ ç¥«®¢¥ª (¨«¨ à®¡®â) ¯®«ãç�¥â S-á®®¡é¥−¨ï, à¥�«¨§®¢�−−ë¥
¢ ¢¨¤¥ ®¯â¨ç¥áª¨å, §¢ãª®¢ëå ¨ ¤àã£¨å S-á¨£−�«®¢. ’¥å−¨ç¥áª¨¥ ãáâà®©áâ¢�
S-¬�è¨− à�ááç¨â�−ë −� à�¡®âã á ®¯â¨ç¥áª¨¬¨ (© æ¨äà®¢ë¥ ä®â®- ¨ ¢¨¤¥®ª�¬¥-
àë ©), í«¥ªâà¨ç¥áª¨¬¨ (© ¬¨ªà®¯à®æ¥áá®àë S-¬�è¨− ©) ¨ ¤àã£¨¬¨ S-á¨£−�-
«�¬¨. ©

S-®¡ê¥ªâë ¨ ¨å â¨¯¨§�æ¨ï. � S-â¨¯ X | ¬−®¦¥áâ¢® X S-®¡ê¥ª-
â®¢, í«¥¬¥−âë ª®â®à®£® ¨¬¥îâ ä¨ªá¨à®¢�−−ë¥ −�¡®à �âà¨¡ãâ®¢ ¨ á¥¬¥©áâ¢®
¤®¯ãáâ¨¬ëå ®¯¥à�æ¨©. Œ®¦¥â ¨¬¥âì S-¯®¤â¨¯ë, −�§ë¢�¥¬ë¥ á¯¥æ¨�«¨§�æ¨ï¬¨
S-â¨¯� X, ¨ −�¤â¨¯ë, −�§ë¢�¥¬ë¥ ®¡®¡é¥−¨ï¬¨ S-â¨¯� X. �

� ‘¯¥æ¨�«¨§�æ¨ï S-â¨¯� X | ¯®à®¦¤¥−¨¥ S-¯®¤â¨¯� X[::rule] (§¤¥áì á¤¢®-
¥−−®¥ ¤¢®¥â®ç¨¥ ú::û | á¨¬¢®« á¯¥æ¨�«¨§�æ¨¨) á á¥¬¥©áâ¢®¬ á¢ï§¥©, à�áè¨-
à¥−−ë¬ ¤®¡�¢«¥−¨¥¬ á¢ï§¨ rule. ‚ë¤¥«ï¥â ¯®¤¬−®¦¥áâ¢® X[::rule] ¬−®¦¥-
áâ¢� X. ‘¯¥æ¨�«¨§�æ¨¥© −�§ë¢�¥¬ ¨ à¥§ã«ìâ�â X[::rule] íâ®£® ¯®à®¦¤¥−¨ï
(X > X [::rule]). �

© ’¨¯ S-â¥ªáâ®¢ë© | á¯¥æ¨�«¨§�æ¨ï â¨¯� S-£à�ä¨ç¥áª¨©. ©
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’¥®à¨ï S-á¨¬¢®«®¢: ª®−æ¥¯âã�«ì−ë¥ ®á−®¢�−¨ï

‘¯¥æ¨�«¨§�æ¨î S-â¨¯�, §�¤�−−ãî ¯®á«¥¤®¢�â¥«ì−®áâìî ¤®¡�¢«¥−−ëå á¢ï§¥©
X[::(rule 1)::rule 2], −�§ë¢�¥¬ á¯¥æ¨�«¨§�æ¨¥© â¨¯� X[::rule 1] ¯® á¢ï§¨ rule 2.
—¨á«® á¯¥æ¨�«¨§¨àãîé¨å á¢ï§¥© ¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ −¥ ®£à�−¨ç¥−®. �à¨ íâ®¬
¨¬¥−� á¢ï§¥©, ¯à¥¤è¥áâ¢ãîé¨¥ ¯®á«¥¤−¥¬ã, §�ª«îç¥−ë ¢ ªàã£«ë¥ áª®¡ª¨, � ¯¥à¥¤
®âªàë¢�îé¥© áª®¡ª®© ª�¦¤®© ¯�àë áª®¡®ª | á¤¢®¥−−®¥ ¤¢®¥â®ç¨¥. � �¡®¡é¥−¨¥
S-â¨¯� Z | ¯®à®¦¤¥−¨¥ ¥£® S-−�¤â¨¯� Z[#rule] ¯ãâ¥¬ ®á«�¡«¥−¨ï (§¤¥áì #|
á¨¬¢®« ®á«�¡«¥−¨ï) á¢ï§¨ rule ¨§ á¥¬¥©áâ¢� á¢ï§¥©, á®®â¢¥âáâ¢ãîé¥© â¨¯ã Z.
ˆáª«îç¥−¨¥ á¢ï§¨ áç¨â�¥¬ ¥¥ ¯à¥¤¥«ì−ë¬ ®á«�¡«¥−¨¥¬. �

� �¯à¥¤¥«¥−¨¥ S-á¨áâ¥¬ë ¯®−ïâ¨© | ®¯¨á�−¨¥ ¥¥ S-¬®¤¥«¨, á®¯à®-
¢®¦¤�¥¬®¥ ãª�§�−¨¥¬ ®¡«�áâ¨ ¯à¨¬¥−¨¬®áâ¨.

〈S-á¨áâ¥¬� Sc ¯®−ïâ¨©〉 ≈ 〈¬−®¦¥áâ¢® SSc ¯®−ïâ¨©, −� ª®â®à®¬ ®¯à¥¤¥«ï¥âáï
¨§ãç�¥¬ë© S-®¡ê¥ªâ〉, 〈á¥¬¥©áâ¢® rel(SSc) á¢ï§¥©, §�¤�−−ëå −� Ssc〉.

�¯¨á�−¨¥ ¯à¥¤áâ�¢«¥−® ¢ ä®à¬¥ S-á®®¡é¥−¨ï, à�ááç¨â�−−®£® −� ¨−â¥à-
¯à¥â�æ¨î ˆ’-¨áá«¥¤®¢�â¥«ï¬¨ ¨ à�§à�¡®âç¨ª�¬¨; ¯à¥¤áâ�¢«¥−¨¥, á®åà�−¥−¨¥,
à�á¯à®áâà�−¥−¨¥, −�ª®¯«¥−¨¥ ¨ ¯®¨áª ¢ S-áà¥¤¥. �

♦ �¯à¥¤¥«¥−¨¥ S-á¨áâ¥¬ë ¯®−ïâ¨© ¤®«¦−® ã¤®¢«¥â¢®àïâì −¥®¡å®¤¨¬ë¬
âà¥¡®¢�−¨ï¬ ª®−áâàãªâ¨¢−®áâ¨: ¯à¥¤áâ�¢«¥−¨¥ ¢ ¢¨¤¥ ¯�àë 〈S-¬®¤¥«ì á¨áâ¥¬ë
¯®−ïâ¨©〉, 〈®¯à¥¤¥«¥−¨¥ ®¡«�áâ¨ S-¯à¨¬¥−¨¬®áâ¨〉; ¢ S-á¨áâ¥¬ã ¯®−ïâ¨©, áç¨â�-
îéãîáï ®¯à¥¤¥«¥−−®©, −¥ ¤®«¦−ë ¢å®¤¨âì ¯®−ïâ¨ï, −¥ ¨¬¥îé¨¥ ®¯à¥¤¥«¥−¨©
(¨ ¯à¨ íâ®¬ −¥ ®â−®áïé¨¥áï ª ¯®−ïâ¨ï¬-�ªá¨®¬�¬). ♦

� �¯à¥¤¥«¥−¨¥ ®¡«�áâ¨ S-¯à¨¬¥−¨¬®áâ¨ | ®¯¨á�−¨¥ â¨¯®¢: ª®àà¥á¯®−¤¥−â�
(ª®¬ã �¤à¥á®¢�−® ®¯à¥¤¥«¥−¨¥); æ¥«¨, ¢ ¯à®æ¥áá¥ ¤®áâ¨¦¥−¨ï ª®â®à®© ®¯à¥¤¥-
«¥−¨¥ ¨¬¥¥â á¬ëá« (ª«�ááë §�¤�ç, ¯à¨ ¨§ãç¥−¨¨ ª®â®àëå ®¯à¥¤¥«¥−¨¥ ¬®¦¥â
¡ëâì ¯®«¥§−®); áâ�¤¨¨, −� ª®â®à®© æ¥«¥á®®¡à�§−® ¨á¯®«ì§®¢�âì ®¯à¥¤¥«¥−¨¥
(ª®−æ¥¯æ¨ï, ¬¥â®¤®«®£¨ï à¥è¥−¨ï ¨ â. ¤.). �

�¡«�áâì S-¯à¨¬¥−¨¬®áâ¨ ¬®¦¥â ¯à¨−�¤«¥¦�âì á®¢®ªã¯−®áâ¨ ®¡«�áâ¥©, ¢ ª®-
â®àëå ¨áá«¥¤ãîâáï ¯à¨à®¤−ë¥ /̈̈ «¨ ¨§®¡à¥â�¥¬ë¥ ®¡ê¥ªâë.

©〈S-á¨áâ¥¬� tr ¯®−ïâ¨© âà¥ã£®«ì−¨ª〉≈ 〈¬−®¦¥áâ¢® Str ¯®−ïâ¨©〉, 〈á¥¬¥©áâ¢®
á¢ï§¥© rel(Str), §�¤�−−ëå −� Str〉. ‚ tr í«¥¬¥−â�¬¨ ¬−®¦¥áâ¢� Str á«ã¦�â áâ®à®−ë
âà¥ã£®«ì−¨ª� (a, b, c), ¯¥à¨¬¥âà p ¨ ¤à. ‘¥¬¥©áâ¢® á¢ï§¥© rel(Str) ¢ª«îç�¥â á¢ï§ì
p = a+ b+ c ¨ ¤à. ©

—â®¡ë ®¯à¥¤¥«¨âì −®¢®¥ ¯®−ïâ¨¥ (−¥ ®â−®áïé¥¥áï ª ¯®−ïâ¨ï¬-�ªá¨®¬�¬),
−¥®¡å®¤¨¬® ãª�§�âì ¥£® á¢ï§ì á −¥ª®â®à®© ã¦¥ áãé¥áâ¢ãîé¥© S-á¨áâ¥¬®© ¯®−ïâ¨©.

© S-á¨áâ¥¬� trπ/2 ¯®−ïâ¨© ¯àï¬®ã£®«ì−ë© âà¥ã£®«ì−¨ª ¬®¦¥â ¡ëâì ®¯à¥¤¥-

«¥−� ª�ª á¯¥æ¨�«¨§�æ¨ï S-â¨¯� tr : trπ/2 ≈ tr[::angle = π/2]. ©

© message[::(interface = h → m)::means =touch] | íâ® á¯¥æ¨�«¨§�æ¨ï S-â¨¯�
message[::interface = h → m], ®¯à¥¤¥«ïîé¥£® ¬−®¦¥áâ¢® S-á®®¡é¥−¨©, á®®â¢¥â-
áâ¢ãîé¨å ¨−â¥àä¥©áã ç¥«®¢¥ª { S-¬�è¨−�, ¯® á¢ï§¨ means = touch, ¢ë¤¥«ï-
îé¥© ¬−®¦¥áâ¢® S-á®®¡é¥−¨©, ¢¢®¤¨¬ëå ¢ S-¬�è¨−ã ¯®áà¥¤áâ¢®¬ ¯à¨ª®á−®¢¥-
−¨© (© ª ª«�¢¨è�¬ ª«�¢¨�âãàë ¨«¨ á¥−á®à−®¬ã íªà�−ã ©). ©
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3 Заключение

�à¥¤áâ�¢«¥−� ¯¥à¢�ï ¨§ ç¥âëà¥å ç�áâ¥© â¥®à¨¨ S-á¨¬¢®«®¢, á®¤¥à¦�é�ï
®¯¨á�−¨¥ ¥¥ ª®−æ¥¯âã�«ì−ëå ®á−®¢�−¨©. ’¥®à¨ï S-á¨¬¢®«®¢, ¯à¥¤áâ�¢«ïîé�ï
á®¡®© à�áè¨à¥−−®¥ ®¡®¡é¥−¨¥ â¥®à¨¨ S-¬®¤¥«¨à®¢�−¨ï [2], à�áá¬�âà¨¢�¥âáï ª�ª
ç�áâì ¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï à�§à�¡®â®ª á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥«-
«¥ªâ� (© á¨áâ¥¬ §−�−¨©, á¨áâ¥¬ �¢â®¬�â¨§�æ¨¨ ¯à®£à�¬¬¨à®¢�−¨ï ¨ ¤à. ©)
¢ æ¨äà®¢®© áà¥¤¥.
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Theory of S-symbols: Conceptual foundations

THEORY OF S-SYMBOLS: CONCEPTUAL FOUNDATIONS

V. D. Ilyin

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

Abstract: The proposed theory of S-symbols is an extended generalization of the
theory of S-modeling. It is considered as a part of the methodological support for
the development of artificial intelligence systems in the S-environment (including
knowledge systems, systems of S-modeling of tasks and program design, etc.).
The S-environment based on interconnected S-systems (symbols, codes, and
signals) serves as the infrastructural basis for the implementation of information
technologies for various purposes. The article presents the first part (out of four)
of the description of the theory. The rationale for expediency and basic concepts
(S-symbol, S-code, S-signal, etc.) are given. The kinds and types of S-(symbols,
codes, and signals) are defined. Equivalence, order, and membership relations
are introduced, defined on S-systems (symbols, codes, and signals). Definitions
are accompanied by examples.

Keywords: theory of S-symbols; S-symbol; S-code; S-signal; S-environment;
artificial intelligence; information technology
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МЕХАНИЗМ ФОРМИРОВАНИЯ ГИПОТЕЗ В ТЕХНОЛОГИИ
ПОДДЕРЖКИ КОНКРЕТНО-ИСТОРИЧЕСКИХ

ИССЛЕДОВАНИЙ

И. М. Адамович1, О. И. Волков2

�−−®â�æ¨ï: ‘â�âìï ¯à®¤®«¦�¥â á¥à¨î à�¡®â, ¯®á¢ïé¥−−ëå â¥å−®«®£¨¨ ¯®¤-
¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�−¨© (�Šˆˆ). ’¥å−®«®£¨ï ¯®áâà®-
¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ ªà�ã¤á®àá¨−£� ¨ ®à¨¥−â¨à®¢�−� −� è¨à®ª¨©
ªàã£ −¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥-
«¥©. ‘â�âìï ¯®á¢ïé¥−� ¤�«ì−¥©è¥¬ã à�§¢¨â¨î â¥å−®«®£¨¨ §� áç¥â ¨−â¥£à�æ¨¨
¢ −¥¥ ¬¥å�−¨§¬�, ¯®§¢®«ïîé¥£® �¢â®¬�â¨ç¥áª¨ ®¯à¥¤¥«¨âì ¯®â¥−æ¨�«ì−® ¯¥à-
á¯¥ªâ¨¢−ë¥ −�¯à�¢«¥−¨ï ¨áá«¥¤®¢�−¨ï. �à¥¤«�£�¥¬ë© ¯®¤å®¤ §�ª«îç�¥âáï
¢ �¢â®¬�â¨ç¥áª®¬ §�¯®«−¥−¨¨ ¨−ä®à¬�æ¨®−−ëå «�ªã− ¢ −�¡®à¥ ä�ªâ®¢, ®¯¨-
áë¢�îé¨å ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï, −� ¡�§¥ −¥¯®«−®© ¨−¤ãªæ¨¨. �à®¢¥¤¥− �−�-
«¨§ ¡�§ë ¤«ï ¨−¤ãªâ¨¢−®£® ®¡®¡é¥−¨ï, ¯®ª�§�−ë á¯®á®¡ë ¥¥ ä®à¬¨à®¢�−¨ï.
�¡®á−®¢�−� ¢®§¬®¦−®áâì ¨á¯®«ì§®¢�−¨ï ¤«ï íâ®© æ¥«¨ ¯à®æ¥¤ãàë ¨¬¯ãâ�æ¨¨
¤�−−ëå, ¨á¯®«ì§ã¥¬®© ¢ §�¤�ç�å �−�«¨§� ¤�−−ëå ¨ ¬�è¨−−®£® ®¡ãç¥−¨ï.
�à®�−�«¨§¨à®¢�−ë ¬¥â®¤ë ¨¬¯ãâ�æ¨¨ ¤�−−ëå á â®çª¨ §à¥−¨ï ®á®¡¥−−®áâ¥©
â¥å−®«®£¨¨ ¨ á¯¥æ¨ä¨ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï. �−�«¨§
¯®ª�§�« æ¥«¥á®®¡à�§−®áâì ¯®áâà®¥−¨ï ¬¥å�−¨§¬� �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®-
¢�−¨ï £¨¯®â¥§ë á ®¯®à®© −� â�ª®© ¬¥â®¤ ¨¬¯ãâ�æ¨¨ ¤�−−ëå, ª�ª ¬¥â®¤ ¤¥à¥¢ì¥¢
ª«�áá¨ä¨ª�æ¨¨ −� ¡�§¥ �«£®à¨â¬� CHAID (Chi Squared Automatic Interaction
Detection).

Š«îç¥¢ë¥ á«®¢�: ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¥ ¨áá«¥¤®¢�−¨¥; à�á¯à¥¤¥«¥−−�ï
â¥å−®«®£¨ï; ä®à¬¨à®¢�−¨¥ £¨¯®â¥§; ¨−ä®à¬�æ¨®−−�ï «�ªã−�; ¨¬¯ãâ�æ¨ï
¤�−−−ëå

DOI: 10.14357/08696527230113

1 Введение

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

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

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

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, Volkov@amsd.com
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ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

¢ íâ®© â¥å−®«®£¨¨ ®à£�−¨§®¢�−ë ¢ ä®à¬¥ á¥¬�−â¨ç¥áª®© á¥â¨. “§«ë á¥â¨ ¯à¥¤-
áâ�¢«ïîâ á®¡®© ¨¬¥−®¢�−−ë¥ ã−¨¢¥àá�«ì−ë¥ ª«�ááë ®¡ê¥ªâ®¢. ”�ªâë §�¤�îâáï
§−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. ‘¢ï§¨ −�á«¥¤ãîâáï ¨§
á¥â¨ ª«�áá®¢ [4].

„�−−ë¥, ®¯¨áë¢�îé¨¥ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨¥ ä�ªâë, ®¡«�¤�îâ á¢®©-
áâ¢®¬ äà�£¬¥−â�à−®áâ¨ ¨ ¯à®â¨¢®à¥ç¨¢®áâ¨. �®«ãç¥−¨¥ íâ¨å ä�ªâ®¢ | −¥®¡å®-
¤¨¬�ï ¨ −�¨¡®«¥¥ âàã¤®¥¬ª�ï áâ�¤¨ï ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, á¢ï§�−−�ï
á à�¡®â®© ¢ �àå¨¢�å ¨ ¯à®á¬®âà®¬ ®£à®¬−®£® ç¨á«� ¤®ªã¬¥−â®¢. „�«ì−¥©è�ï
à�¡®â� á®áâ®¨â ¢ á®¯®áâ�¢«¥−¨¨ ä�ªâ®¢ ¬¥¦¤ã á®¡®© ¨ á −®à¬�«ï¬¨ (−�¡®à�¬¨
¯à�¢¨«, à¥£«�¬¥−â¨àãîé¨å §�¢¨á¨¬®áâ¨ ¬¥¦¤ã ä�ªâ�¬¨) á æ¥«ìî ¢§�¨¬®ã¢ï§ë-
¢�−¨ï ¨ à�§à¥è¥−¨ï ¯à®â¨¢®à¥ç¨© [5].

’¥å−®«®£¨ï �Šˆˆ á®¤¥à¦¨â à�§¢¨âë¥ áà¥¤áâ¢� �¢â®¬�â¨§�æ¨¨ §�¤�ç, à¥-
è�¥¬ëå ¯®«ì§®¢�â¥«¥¬ −� ¢á¥å áâ�¤¨ïå ¨áá«¥¤®¢�−¨ï, ¢ª«îç�ï �¢â®¬�â¨ç¥áªãî
®¡à�¡®âªã ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢ [6]. ˆ¬¥îâáï áà¥¤áâ¢� ¢ëï¢«¥−¨ï ¯à®â¨¢®à¥-
ç¨© ¢ ¤�−−ëå [7], −® â�ª®¥ á¢®©áâ¢® ¨áâ®à¨ç¥áª¨å ä�ªâ®¢, ª�ª äà�£¬¥−â�à−®áâì,
âà¥¡ã¥â ®â ¯®«ì§®¢�â¥«ï âàã¤®¥¬ª®£® ¯®¨áª� −¥¤®áâ�îé¥© ¨−ä®à¬�æ¨¨ ¨ àãç−®£®
§�¯®«−¥−¨ï ¨−ä®à¬�æ¨®−−ëå «�ªã−. Š�ª ¯®ª�§�−® ¢ [8], ¯à¨ ¢ë¯®«−¥−¨¨ íâ®£®
¯à®æ¥áá� ¨áá«¥¤®¢�â¥«î ¯à¨å®¤¨âáï ¬−®£®ªà�â−® ¯¥à¥ä®à¬ã«¨à®¢�âì ¨−ä®à¬�-
æ¨®−−ë© §�¯à®á, ¯®ª� à¥§ã«ìâ�âë ¯®¨áª� ¥£® −¥ ã¤®¢«¥â¢®àïâ, â. ¥. ®áãé¥áâ¢«ïâì
¨â¥à�æ¨®−−ë© ¯®¨áª. �−�«¨§ à¥§ã«ìâ�â®¢, −�©¤¥−−ëå −� ¯à¥¤ë¤ãé¥¬ è�£¥ ¨â¥-
à�æ¨¨, ãâ®ç−ï¥â −�¯à�¢«¥−¨¥ ¯®¨áª� −� ¯®á«¥¤ãîé¥¬ è�£¥. ’�ª¨å ãâ®ç−¥−¨©
−� ®¤−®¬ è�£¥ ¬®¦¥â ¡ëâì −¥áª®«ìª®, ¯®íâ®¬ã ¯à®æ¥áá §�¯®«−¥−¨ï ¨−ä®à¬�-
æ¨®−−ëå «�ªã− ï¢«ï¥âáï −¥ â®«ìª® ¨â¥à�æ¨®−−ë¬, −® ¨ ¢¥â¢ïé¨¬áï ¯à®æ¥áá®¬.
÷�§à�¡®âª� ¯®¤å®¤�, ®¡«¥£ç�îé¥£® íâ®â ¯à®æ¥áá, áâ�¢¨âáï æ¥«ìî ¤�−−®© áâ�âì¨.

2 Подход к сужению диапазона направлений поиска

Š�ª ¯®ª�§�−® ¢ëè¥, ¯à®æ¥áá §�¯®«−¥−¨ï ¨−ä®à¬�æ¨®−−ëå «�ªã− ï¢«ï¥âáï
¨â¥à�æ¨®−−ë¬ ¨ ¢¥â¢ïé¨¬áï ¨ á®áâ®¨â ¢ ç¥à¥¤®¢�−¨¨ ¯à®æ¥¤ãà:

(1) ®¯à¥¤¥«¥−¨ï −�¯à�¢«¥−¨© ¯®¨áª� (ä®à¬ã«¨à®¢�−¨ï ¨−ä®à¬�æ¨®−−®£® §�-
¯à®á�);

(2) ®áãé¥áâ¢«¥−¨ï ¯®¨áª� ¢ ¢ë¡à�−−®¬ −�¯à�¢«¥−¨¨ (¢ë¯®«−¥−¨ï ¨−ä®à¬�æ¨-
®−−®£® §�¯à®á�).

’¥å−®«®£¨ï �Šˆˆ á®¤¥à¦¨â áà¥¤áâ¢� �¢â®¬�â¨§�æ¨¨ ¨ ¯®¤¤¥à¦ª¨ ¯à®æ¥-
¤ãàë ®áãé¥áâ¢«¥−¨ï ¯®¨áª� [8], ¯®§¢®«ïîé¨¥ ®âç�áâ¨ ã¬¥−ìè¨âì âàã¤®§�âà�âë
¨áá«¥¤®¢�â¥«ï, å®âï ¯®«−®áâìî �¢â®¬�â¨§¨à®¢�âì íâ®â ¯à®æ¥áá ¯à¨−æ¨¯¨�«ì-
−® −¥¢®§¬®¦−®. �® ¢ë¡®à −�¯à�¢«¥−¨ï ¯®¨áª� ®áâ�¥âáï ¯®«−®áâìî àãç−®©
−¥ä®à¬�«ì−®© ¯à®æ¥¤ãà®©, §�¢¨áïé¥© ¨áª«îç¨â¥«ì−® ®â ®¯ëâ� ¨ ª¢�«¨ä¨ª�-
æ¨¨ ¨áá«¥¤®¢�â¥«ï. �¥¢¥à−ë© ¢ë¡®à −�¯à�¢«¥−¨ï ¯®¨áª� −¥¨§¡¥¦−® ¯à¨¢®¤¨â
ª §−�ç¨â¥«ì−®¬ã à®áâã ¥£® ®¡ê¥¬®¢ ¨ ª §�¬¥â−®¬ã ã¢¥«¨ç¥−¨î áà®ª®¢ ¢á¥£®
¨áá«¥¤®¢�−¨ï. �®íâ®¬ã ¬¥å�−¨§¬ë, ¯®§¢®«ïîé¨¥ ¯à¥¤«®¦¨âì ¯®«ì§®¢�â¥«î
¯¥àá¯¥ªâ¨¢−ë¥ −�¯à�¢«¥−¨ï ¯®¨áª�, ªà�©−¥ ¢®áâà¥¡®¢�−ë ¢ â¥å−®«®£¨¨ �Šˆˆ.

136 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 1 2023



Œ¥å�−¨§¬ ä®à¬¨à®¢�−¨ï £¨¯®â¥§ ¢ â¥å−®«®£¨¨ �Šˆˆ

�à¥¤«�£�¥¬ë© ¯®¤å®¤ §�ª«îç�¥âáï ¢ �¢â®¬�â¨ç¥áª®¬ ä®à¬¨à®¢�−¨¨ £¨¯®â¥§ë
® §−�ç¥−¨¨ ã§«� á¥¬�−â¨ç¥áª®© á¥â¨, á®®â¢¥âáâ¢ãîé¥£® «�ªã−¥ ¢ −�¡®à¥ ä�ªâ®¢,
®¯¨áë¢�îé¨å ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï, −� ¡�§¥ −¥¯®«−®© ¨−¤ãªæ¨¨. –¥−−®áâì â�-
ª®£® à¥è¥−¨ï ¤«ï â¥å−®«®£¨¨ �Šˆˆ §�ª«îç�¥âáï ¢ ¢�¦−®áâ¨ ®¡®á−®¢�−−®©
£¨¯®â¥§ë ª�ª ¬¥â®¤� à�§¢¨â¨ï «î¡®£® −�ãç−®£® §−�−¨ï. �á®¡¥−−® íâ® ®â−®-
á¨âáï ª ¨áâ®à¨ç¥áª®¬ã §−�−¨î, â�ª ª�ª «î¡®¥ §−�−¨¥ ® ¯à®è«®¬ −¥á¥â ¢ á¥¡¥
¤®«î £¨¯®â¥â¨ç−®áâ¨, ¯®áª®«ìªã ¨áâ®à¨ª −¥ ¬®¦¥â −�¡«î¤�âì −¥¯®áà¥¤áâ¢¥−−®
¨áâ®à¨ç¥áª¨¥ á®¡ëâ¨ï ª�ª £«�¢−ë© ®¡ê¥ªâ á¢®¥£® ¨§ãç¥−¨ï [9]. –¥«ìî ¯à¥¤«�£�-
¥¬®£® ¯®¤å®¤� áâ�¢¨âáï −¥ ¯®«ãç¥−¨¥ −®¢®© ¤®áâ®¢¥à−®© ¨−ä®à¬�æ¨¨ ®¡ ®¡ê¥ªâ¥
¨áá«¥¤®¢�−¨ï, ¯®áª®«ìªã −¥¯®«−�ï ¨−¤ãªæ¨ï ¯®§¢®«ï¥â ¤¥«�âì â®«ìª® ¢¥à®ïâ-
−®áâ−ë¥ §�ª«îç¥−¨ï, � á®§¤�−¨¥ ®¡®á−®¢�−−®© £¨¯®â¥§ë, ª®â®à�ï §�¤�áâ −®¢®¥
−�¯à�¢«¥−¨¥ ¯®¨áª�.

3 База для индуктивного обобщения

�®¢ëè¥−¨¥ ¢¥à®ïâ−®áâ¨ ¢ë¢®¤®¢ ¢ −¥¯®«−ëå ¨−¤ãªâ¨¢−ëå ã¬®§�ª«îç¥−¨ïå
§�¢¨á¨â ®â á®¡«î¤¥−¨ï á«¥¤ãîé¨å ãá«®¢¨© [10]:

{ ¥á«¨ ¤«ï ¨−¤ãªâ¨¢−®£® ®¡®¡é¥−¨ï ¢§ïâ® ¢®§¬®¦−® ¡®«ìè¥¥ ç¨á«® á«ãç�¥¢,
®â−®áïé¨åáï ª ¤�−−®¬ã ®¡®¡é�¥¬®¬ã ª«�ááã ï¢«¥−¨©;

{ ª®£¤� ¯à¥¤¬¥âë, §−�−¨ï ® ª®â®àëå ¨−¤ãªâ¨¢−® ®¡®¡é�îâáï, ®¡«�¤�îâ ¢−ãâ-
à¥−−¥© ®¡ê¥ªâ¨¢−®© á¢ï§ìî ¬¥¦¤ã á®¡®©.

‚ â¥å−®«®£¨¨ �Šˆˆ ®¡ê¥ªâ�¬¨ ®¡®¡é¥−¨ï áâ�−®¢ïâáï ¨áâ®à¨ª®-¡¨®£à�ä¨-
ç¥áª¨¥ ä�ªâë, ª®â®àë¥, ª�ª áª�§�−® ¢ëè¥, §�¤�îâáï §−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢
ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. ‘¢ï§¨ −�á«¥¤ãîâáï ¨§ á¥â¨ ª«�áá®¢. ‚ë¯®«−¥−¨¥
âà¥¡®¢�−¨ï −�«¨ç¨ï ¢−ãâà¥−−¥© ®¡ê¥ªâ¨¢−®© á¢ï§¨ ¬¥¦¤ã íâ¨¬¨ ®¡ê¥ªâ�¬¨
®¡¥á¯¥ç¨¢�¥âáï á®®â−¥á¥−¨¥¬ ¢á¥å íª§¥¬¯«ïà®¢ ¨ á¢ï§¥©, á®áâ�¢«ïîé¨å ä�ªâë,
á ®¤−¨¬¨ ¨ â¥¬¨ ¦¥ ã−¨¢¥àá�«ì−ë¬¨ ª«�áá�¬¨ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. ˆ−ë¬¨
á«®¢�¬¨, ¢á¥ ä�ªâë ¨§ £àã¯¯ë ®¡®¡é�¥¬ëå ®¡ê¥ªâ®¢ −�á«¥¤ãîâáï ®â ®¤−®©
¨ â®© ¦¥ áâàãªâãàë á¢ï§�−−ëå ã−¨¢¥àá�«ì−ëå ª«�áá®¢ ¨§ ¯®¤á¥â¨ ¯®−ïâ¨©
á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨ [2].

�¡ê¥¬ £àã¯¯ë ®¡®¡é�¥¬ëå ®¤−®â¨¯−ëå ®¡ê¥ªâ®¢ (ä�ªâ®¢), ¤®áâ�â®ç−ë© ¤«ï
®¡®á−®¢�−−®£® ¢ë¢®¤�, −¥ ¢á¥£¤� ¬®¦¥â ¡ëâì ®¡¥á¯¥ç¥− ¢ â¥å−®«®£¨¨ �Šˆˆ,
¯®áª®«ìªã, ª�ª ¯®ª�§�−® ¢ëè¥, ¯®«ãç¥−¨¥ íâ¨å ä�ªâ®¢ | −¥®¡å®¤¨¬�ï ¨ −�¨-
¡®«¥¥ âàã¤®¥¬ª�ï áâ�¤¨ï ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, á¢ï§�−−�ï á à�¡®â®©
¢ �àå¨¢�å ¨ ¯à®á¬®âà®¬ ®£à®¬−®£® ç¨á«� ¤®ªã¬¥−â®¢. ”�ªâë, á®¡¨à�¥¬ë¥ ¢àãç-
−ãî ®¤−¨¬ ¯®«ì§®¢�â¥«¥¬ â¥å−®«®£¨¨ ¢ à�¬ª�å ®¤−®£® ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï, ª�ª ¯à�¢¨«®, ®ª�§ë¢�îâáï ¯® á¢®¥© ¯à¨à®¤¥ ¥¤¨−¨ç−ë¬¨ ¨ à�§-
à®§−¥−−ë¬¨ ¨ −¥ ¬®£ãâ á®áâ�¢¨âì ¤®áâ�â®ç−ãî ¯® ®¡ê¥¬ã ®¤−®à®¤−ãî ¢ë¡®àªã.
�® ¯®áª®«ìªã â¥å−®«®£¨ï �Šˆˆ ï¢«ï¥âáï à�á¯à¥¤¥«¥−−®© ¨ á®¤¥à¦¨â áà¥¤-
áâ¢� �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ ¨áâ®à¨ç¥áª¨å ¨áâ®ç−¨ª®¢, ¥¥ ¡�§� ¤�−−ëå ¢¯®«−¥
¬®¦¥â á®¤¥à¦�âì ¬−®¦¥áâ¢¥−−ë¥ ®¤−®à®¤−ë¥ ä�ªâë ¢ ª®«¨ç¥áâ¢¥, ¢¯®«−¥ ¤®-
áâ�â®ç−®¬ ¤«ï ®¡®á−®¢�−−®£® ¢ë¢®¤� ¢ −¥¯®«−ëå ¨−¤ãªâ¨¢−ëå ã¬®§�ª«îç¥−¨ïå.
ˆáâ®ç−¨ª�¬¨ ¬−®¦¥áâ¢¥−−ëå ä�ªâ®¢ ¢ â¥å−®«®£¨¨ �Šˆˆ ¬®£ãâ á«ã¦¨âì:

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 1 2023 137



ˆ. Œ. �¤�¬®¢¨ç, �. ˆ. ‚®«ª®¢

(1) �¢â®¬�â¨ç¥áª¨¥ ®¡à�¡®âª¨ −�àà�â¨¢®¢. ’¥å−®«®£¨ï �Šˆˆ ¨¬¥¥â ¢ á¢®¥¬
á®áâ�¢¥ á¨áâ¥¬ã ’-¯�àá¥à [6], ¯à¥¤−�§−�ç¥−−ãî ¤«ï �¢â®¬�â¨ç¥áª®£® ¨§¢«¥-
ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−−®áâ¨ −� ¥áâ¥-
áâ¢¥−−®¬ ï§ëª¥ ¯®¢¥áâ¢®¢�â¥«ì−®£® å�à�ªâ¥à� (−�àà�â¨¢−ëå ¨áâ®ç−¨ª®¢).
’-¯�àá¥à ®à¨¥−â¨à®¢�− −� ¬−®£®¯®«ì§®¢�â¥«ìáª¨© à�á¯à¥¤¥«¥−−ë© à¥¦¨¬
à�¡®âë, çâ® ¯à¥¤ãá¬�âà¨¢�¥â ®¤−®¢à¥¬¥−−®¥ −¥§�¢¨á¨¬®¥ á®§¤�−¨¥ ¯à�¢¨«
¢ë¤¥«¥−¨ï ä�ªâ®¢ ¬−®¦¥áâ¢®¬ −¥ á¢ï§�−−ëå ¬¥¦¤ã á®¡®© ¨áá«¥¤®¢�â¥«¥©;

(2) ¨áâ®à¨ç¥áª¨¥ à¥¥áâàë −®¬¨−�â¨¢−®£® â¨¯�. �®¬¨−�â¨¢−ë¥ (á®¤¥à¦�é¨¥
¯¥àá®−�«ì−ãî ¨−ä®à¬�æ¨î á ãª�§�−¨¥¬ ¨¬¥−¨ á®¡áâ¢¥−−®£®) ¨áâ®à¨ç¥áª¨¥
¨áâ®ç−¨ª¨ ¬®¦−® à�§¤¥«¨âì −� ®¤¨−®ç−ë¥, á®¤¥à¦�é¨¥ ¨−ä®à¬�æ¨î ®¡
®¤−®© ¯¥àá®−¥ ¨«¨ ®¤−®© á¥¬ì¥ (¬¥âà¨ç¥áª¨¥ ¢ë¯¨á¨, ¯®á¥¬¥©−ë¥ á¯¨áª¨
¨ â. ¤.), ¨ à¥¥áâàë, á®¤¥à¦�é¨¥ ¨−ä®à¬�æ¨î ® ¬−®¦¥áâ¢¥ ¯¥àá®− ¨«¨ á¥-
¬¥© (¬¥âà¨ç¥áª¨¥ ª−¨£¨ ¨ â. ¤.). �¡à�¡®âª� ¨áá«¥¤®¢�â¥«¥¬ −®¬¨−�â¨¢−ëå
¨áâ®à¨ç¥áª¨å à¥¥áâà®¢ ¬®¦¥â á«ã¦¨âì ¨áâ®ç−¨ª®¬ ¬−®¦¥áâ¢¥−−ëå ®¤−®â¨¯-
−ëå ä�ªâ®¢. �¡à�¡®âª� ¬®¦¥â ¯à®¢®¤¨âìáï ¢ à�¬ª�å ®¤−®£® ¨áá«¥¤®¢�−¨ï
á æ¥«ìî ¤�«ì−¥©è¥£® ¢ëï¢«¥−¨ï à®¤áâ¢¥−−ëå á¢ï§¥© ¬¥¦¤ã ã¯®¬ï−ãâë¬¨
¢ à¥¥áâà¥ ¯¥àá®−�¬¨ ª�ª ¯®«−®áâìî ¢àãç−ãî, â�ª ¨ á ¨á¯®«ì§®¢�−¨¥¬ ¨−â¥-
£à¨à®¢�−−ëå ¢ â¥å−®«®£¨î �Šˆˆ áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ ¨áá«¥¤®¢�−¨ï:

{ ®¯¨á�−−®© ¢ëè¥ á¨áâ¥¬ë ’-¯�àá¥à;

{ ¨−áâàã¬¥−â�«ì−®£® ª®¬¯«¥ªá� π-”�ªâ®£à�ä [3], ®à¨¥−â¨à®¢�−−®£® −�
¯®¤¤¥à¦ªã á�¬®£® ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®æ¥áá� ¨ à¥è�îé¥£® §�¤�ç¨
ä¨ªá�æ¨¨ ä�ªâ®¢ ¨ ¯à¥¤¯®«®¦¥−¨©, ¯®¤¤¥à¦ª¨ á®ç¥â�−¨ï ä®à¬�«¨-
§®¢�−−®£® ¨ −¥ä®à¬�«¨§®¢�−−®£® ¯à¥¤áâ�¢«¥−¨ï §−�−¨©, ®âá«¥¦¨¢�-
−¨ï ¯à®æ¥áá®¢ −�ª®¯«¥−¨ï ¤�−−ëå, ¢ëï¢«¥−¨ï ¤¥ä¥ªâ®¢, ¢ë¤¢¨¦¥−¨ï
¨ ®¯à®¢¥à¦¥−¨ï £¨¯®â¥§;

(3) à�§à®§−¥−−ë¥ ®¤¨−®ç−ë¥ −®¬¨−�â¨¢−ë¥ ¨áâ®ç−¨ª¨. �®áª®«ìªã â¥å−®«®-
£¨ï �Šˆˆ ¡ë«� ¯®áâà®¥−� −� ¯à¨−æ¨¯�å á®â¢®àç¥áâ¢� ¨ ªà�ã¤á®àá¨−£�
(¬®¡¨«¨§�æ¨¨ à¥áãàá®¢ è¨à®ª®£® ªàã£� ¤®¡à®¢®«ìæ¥¢ ¯®áà¥¤áâ¢®¬ ¨−ä®à-
¬�æ¨®−−ëå â¥å−®«®£¨©), ¥¥ ¤�−−ë¥, ®à£�−¨§®¢�−−ë¥ ¢ ä®à¬¥ á¥¬�−â¨ç¥áª®©
á¥â¨, ¯®¯®«−ïîâáï −¥§�¢¨á¨¬® à�§−ë¬¨ ¨áá«¥¤®¢�â¥«ï¬¨. ˆ−ä®à¬�æ¨ï,
−�©¤¥−−�ï ®¤−¨¬ ¯®«ì§®¢�â¥«¥¬ ¢ à�¬ª�å á¢®¥£® ¨áá«¥¤®¢�−¨ï, ¬®¦¥â ¡ëâì
¤®áâã¯−� ¤àã£¨¬ ¯®«ì§®¢�â¥«ï¬. ˆ§ íâ®£® á«¥¤ã¥â, çâ® à�§à®§−¥−−ë¥ ®¤¨-
−®ç−ë¥ −®¬¨−�â¨¢−ë¥ ¨áâ®ç−¨ª¨, � â�ª¦¥ äà�£¬¥−âë à¥¥áâà®¢ −®¬¨−�â¨¢-
−®£® â¨¯�, ®¡à�¡®â�−−ë¥ à�§−ë¬¨ ¯®«ì§®¢�â¥«ï¬¨, ¬®£ãâ áâ�âì ¨áâ®ç−¨ª�¬¨
¬−®¦¥áâ¢¥−−ëå ®¤−®â¨¯−ëå ä�ªâ®¢.

4 Импутация данных

‹�ªã−ë ¢ ¤�−−ëå | ¨§¢¥áâ−�ï ¯à®¡«¥¬� ¢ §�¤�ç�å �−�«¨§� ¤�−−ëå ¨ ¬�-
è¨−−®£® ®¡ãç¥−¨ï. “¤�«¥−¨¥ ¨§ −�¡®à� ¤�−−ëå ¢á¥å −¥¯®«−ëå −�¡«î¤¥−¨©,
ª�ª ¯à�¢¨«®, ®ª�§ë¢�¥âáï −¥¦¥«�â¥«ì−ë¬ á¯®á®¡®¬ à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë,
¯®áª®«ìªã ¯à¨ íâ®¬ â¥àï¥âáï ¤®áâã¯ ª ¯®«¥§−®© ¨−ä®à¬�æ¨¨, á®¤¥à¦�é¥©áï
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¢ −¥¯à®¯ãé¥−−ëå §−�ç¥−¨ïå −�¡«î¤¥−¨©. �«ìâ¥à−�â¨¢−ë© ¯®¤å®¤ | ¢®ááâ�-
−®¢«¥−¨¥ ¯à®¯ãé¥−−ëå ¤�−−ëå −� ®á−®¢�−¨¨ ®áâ�«ì−ëå ¤�−−ëå ¢ −�¡®à¥. �â�
¯à®æ¥¤ãà� −�§ë¢�¥âáï ¨¬¯ãâ�æ¨¥© ¤�−−ëå, ¨ ¤«ï −¥¥ à�§à�¡®â�− àï¤ ¬¥â®¤®¢ [11].
�â¨ ¬¥â®¤ë ¢ ¯à¨−æ¨¯¥ ¬®£ãâ ¡ëâì ¯à¨¬¥−¥−ë ¤«ï §�¤�ç �¢â®¬�â¨ç¥áª®£® ä®à-
¬¨à®¢�−¨ï £¨¯®â¥§ë ® §−�ç¥−¨¨ ã§«� á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨ �Šˆˆ,
á®®â¢¥âáâ¢ãîé¥£® «�ªã−¥ ¢ −�¡®à¥ ä�ªâ®¢, ®¯¨áë¢�îé¨å ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï.
„«ï íâ®£® £àã¯¯� ®¡®¡é�¥¬ëå ®¤−®â¨¯−ëå ®¡ê¥ªâ®¢ (ä�ªâ®¢), ¯à¥¤áâ�¢«¥−−ëå
¢ ä®à¬¥ §−�ç¥−¨© íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ ¨å á¢ï§¥©, ã−�á«¥¤®¢�−−ëå ®â ®¤−®©
¨ â®© ¦¥ áâàãªâãàë á¢ï§�−−ëå ã−¨¢¥àá�«ì−ëå ª«�áá®¢ ¨§ ¯®¤á¥â¨ ¯®−ïâ¨© á¥-
¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨, ¤®«¦−� ¡ëâì ¯à¥®¡à�§®¢�−� ¢ ¯à¨−ïâãî ¤«ï §�¤�ç
�−�«¨§� ¤�−−ëå â�¡«¨ç−ãî ä®à¬ã, £¤¥ áâà®ª¨ ¨ áâ®«¡æë ®¯à¥¤¥«¥−ë −�¡«î¤¥−¨-
ï¬¨ ¨ ¯®ª�§�â¥«ï¬¨ ¨§ãç�¥¬®© ®¡«�áâ¨. ��¡«î¤¥−¨ï á®®â¢¥âáâ¢ãîâ ®¤−®à®¤−ë¬
ä�ªâ�¬ ¨§ �−�«¨§¨àã¥¬®© £àã¯¯ë. �®ª�§�â¥«¨ á®®â¢¥âáâ¢ãîâ §−�ç¥−¨ï¬ íª§¥¬-
¯«ïà®¢, ¤«ï ª®â®àëå ¤®«¦¥− ¡ëâì ®¯à¥¤¥«¥− ¯®àï¤®ª ä®à¬¨à®¢�−¨ï ¯®ª�§�â¥«¥©
â�¡«¨æë. �â®â ¯®àï¤®ª æ¥«¥á®®¡à�§−® áâà®¨âì −� ¡�§¥ ¨§¢¥áâ−®£® �«£®à¨â¬� ®¡-
å®¤� ¤¥à¥¢� ¨«¨ £à�ä�, −�§ë¢�¥¬®£® ú¯®¨áª®¬ ¢ £«ã¡¨−ãû (depth-first search,
DFS). �«£®à¨â¬ DFS | íâ® à¥ªãàá¨¢−ë© �«£®à¨â¬ ®¡å®¤� £à�ä�. �− ¯à¨−¨¬�¥â
−� ¢å®¤ −¥ª®â®àãî −�ç�«ì−ãî ¢¥àè¨−ã £à�ä� ¨ à¥ªãàá¨¢−® §�¯ãáª�¥â á¥¡ï ¤«ï
¢á¥å ¥é¥ −¥ ¯®á¥é¥−−ëå á®á¥¤¥© ¤�−−®© ¢¥àè¨−ë. �®áª®«ìªã, ª�ª ¯®ª�§�−® ¢ [5],
¯®¤á¥âì á¥¬�−â¨ç¥áª®© á¥â¨ â¥å−®«®£¨¨ �Šˆˆ, á®®â¢¥âáâ¢ãîé�ï ®¤−®¬ã ¨á-
â®à¨ª®-¡¨®£à�ä¨ç¥áª®¬ã ä�ªâã, ¯à¥¤áâ�¢«ï¥â á®¡®© ¨¥à�àå¨ç¥áªãî áâàãªâãàã,
¢ ª�ç¥áâ¢¥ −�ç�«ì−®© ¢¥àè¨−ë ¤®«¦¥− ¡ëâì ¢ë¡à�− ª®à−¥¢®© ã§¥« ¨¥à�àå¨¨.

�®¬¨¬® ®ç¥¢¨¤−ëå ¤®áâ®¨−áâ¢, ¨¬¯ãâ¨à®¢�−¨¥ ª�ª á¯®á®¡ à¥è¥−¨ï ¯à®¡«¥-
¬ë −¥¤®áâ�îé¥© ¨−ä®à¬�æ¨¨ ¨¬¥¥â ¤¢� ¯à¨−æ¨¯¨�«ì−ëå −¥¤®áâ�âª�, ª®â®àë¥
−¥«ì§ï −¥ ãç¨âë¢�âì ¯à¨ �−�«¨§¥ ¤�−−ëå [12]:

(1) ª�ª ¯à�¢¨«®, ¯�à�¬¥âàë ¤«ï �«£®à¨â¬� §�¯®«−¥−¨ï ¯à®¯ãáª®¢ ¢ëç¨á«ïîâáï
¯® ¯à¨áãâáâ¢ãîé¨¬ ¤�−−ë¬, çâ® ¢−®á¨â §�¢¨á¨¬®áâì ¬¥¦¤ã −�¡«î¤¥−¨ï¬¨;

(2) à�á¯à¥¤¥«¥−¨¥ ¤�−−ëå ¯®á«¥ §�¯®«−¥−¨ï ¡ã¤¥â ®â«¨ç�âìáï ®â ¨áâ¨−−®£®,
¤�¦¥ ¥á«¨ ¯à¥−¥¡à¥çì §�¢¨á¨¬®áâìî, ãª�§�−−®© ¢ëè¥.

�−�«¨§ ¯®¤®¡−ëå ¯®«−ëå ¤�−−ëå áâ�−¤�àâ−ë¬¨ ¬¥â®¤�¬¨ −¥¯à�¢®¬¥à¥−
¨ ¯à¨¢®¤¨â ª â�ª¨¬ −¥¤®áâ�âª�¬, ª�ª −¥á®áâ®ïâ¥«ì−®áâì ¨ á¬¥é¥−−®áâì ®æ¥−®ª
¯�à�¬¥âà®¢. �® ¤«ï æ¥«¥© ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¢ à�¬ª�å â¥å-
−®«®£¨¨ �Šˆˆ ¤�−−ë© ¯®¤å®¤ ¢¯®«−¥ ¯à¨¬¥−¨¬. �®áª®«ìªã æ¥«ìî ¯à¨¬¥−¥−¨ï
¨¬¯ãâ�æ¨¨ ¤�−−ëå áâ�¢¨âáï −¥ ä®à¬¨à®¢�−¨¥ ®æ¥−®ª, ¯à¨−¨¬�¥¬ëå §� ¨áâ¨-
−ã, � ¯®áâà®¥−¨¥ £¨¯®â¥§ë, ¯®¤«¥¦�é¥© ¤�«ì−¥©è¥© ¯à®¢¥àª¥ ¢á¥¬¨ ¬¥â®¤�¬¨
ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï, ¯à¨¢¥¤¥−−ë¥ ¢ëè¥ −¥¤®áâ�âª¨ ¯®¤å®¤�
®ª�§ë¢�îâáï −¥áãé¥áâ¢¥−−ë¬¨.

5 Методы импутации данных

‚ [12] ¯à¨¢¥¤¥−ë ®á−®¢−ë¥ ¬¥â®¤ë ¨¬¯ãâ�æ¨¨ ¤�−−ëå. Š £«®¡�«ì−ë¬ ¬¥â®¤�¬
(¬¥â®¤�¬ §�¯®«−¥−¨ï «�ªã− á ¨á¯®«ì§®¢�−¨¥¬ ¤�−−ëå ¢á¥© ¢ë¡®àª¨) ®â−®áïâáï:
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{ §�¯®«−¥−¨¥ áà¥¤−¨¬¨;

{ ¬¥â®¤ë §�¯®«−¥−¨ï á ¯®¤¡®à®¬;

{ §�¯®«−¥−¨¥ ¯® à¥£à¥áá¨¨;

{ ¬¥â®¤ á¯«�©−-¨−â¥à¯®«ïæ¨¨;

{ ¬¥â®¤ë ¬−®£®ªà�â−®£® §�¯®«−¥−¨ï;

{ Œ�-®æ¥−¨¢�−¨¥ (…Œ-�«£®à¨â¬);

{ ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤®¢ ä�ªâ®à−®£® �−�«¨§�;

{ ¨á¯®«ì§®¢�−¨¥ ¬¥â®¤®¢ ª«�áâ¥à−®£® �−�«¨§�.

‹®ª�«ì−ë¥ �«£®à¨â¬ë ®¯¨à�îâáï −� £¨¯®â¥§ã «®ª�«ì−®© ª®¬¯�ªâ−®áâ¨, ª®-
â®à�ï á®áâ®¨â ¢ ãâ¢¥à¦¤¥−¨¨, çâ® ¤«ï ¯à¥¤áª�§�−¨ï ¯à®¯ãé¥−−®£® í«¥¬¥−â� bij

−ã¦−® ¨á¯®«ì§®¢�âì −¥ ¢áî â�¡«¨æã, � «¨èì ¥¥ úª®¬¯¥â¥−â−ãîû ç�áâì, á®áâ®ïéãî
¨§ í«¥¬¥−â®¢ áâà®ª, ¯®å®¦¨å −� áâà®ªã i, ¨ í«¥¬¥−â®¢ áâ®«¡æ®¢, ¯®å®¦¨å −� áâ®«-
¡¥æ j. �áâ�«ì−ë¥ áâà®ª¨ ¨ áâ®«¡æë ¤«ï ¤�−−®£® í«¥¬¥−â� −¥¨−ä®à¬�â¨¢−ë [13].
Š â�ª¨¬ �«£®à¨â¬�¬ ®â−®áïâáï:

{ �«£®à¨â¬ë á¥¬¥©áâ¢� ZET;

{ �«£®à¨â¬ë á¥¬¥©áâ¢� WANGA.

‚á¥ íâ¨ ¬¥â®¤ë ¨ �«£®à¨â¬ë ¨¬¥îâ á¢®¨ ¤®áâ®¨−áâ¢� ¨ −¥¤®áâ�âª¨, −® ¨å ®¡é¥¥
á¢®©áâ¢® §�ª«îç�¥âáï ¢ â®¬, çâ® ®−¨ ®â−®áïâáï ª ç¨á«®¢ë¬ ¤�−−ë¬, ¢ â® ¢à¥¬ï ª�ª
−�¨¡®«¥¥ §−�ç¨¬®© §�¤�ç¥© ¤«ï â¥å−®«®£¨¨ �Šˆˆ ®áâ�¥âáï ¯®áâà®¥−¨¥ £¨¯®â¥§
®â−®á¨â¥«ì−® §−�ç¥−¨© ª�ç¥áâ¢¥−−ëå, ª�â¥£®à¨�«ì−ëå ¤�−−ëå. �à¥¤áª�§�−¨¥
ç¨á«®¢ëå §−�ç¥−¨© ª�ª¨å-â® �âà¨¡ãâ®¢ â¥å ¨«¨ ¨−ëå ®¡ê¥ªâ®¢ ¯à¥¤áâ�¢«ï¥âáï
á«�¡®¯à¨¬¥−¨¬ë¬ ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¬ ¨áá«¥¤®¢�−¨¨, −� ¯®¤¤¥à¦ªã ª®-
â®à®£® ®à¨¥−â¨à®¢�−� â¥å−®«®£¨ï �Šˆˆ, ¯®áª®«ìªã ¡®«ìè¨−áâ¢® ¨§ãç�¥¬ëå
¢ à�¬ª�å ¨áá«¥¤®¢�−¨ï ¯�à�¬¥âà®¢ ®ç¥−ì ¢�à¨�â¨¢−ë. �à¥¤áª�§�−¨ï (£¨¯®â¥§ë
®â−®á¨â¥«ì−® §−�ç¥−¨©) ¬®£ãâ ¡ëâì ®á¬ëá«¥−−ë â®«ìª® ¯à¨ ãáà¥¤−¥−¨¨ §−�ç¥−¨©
¯�à�¬¥âà� ¤«ï ¬−®¦¥áâ¢� ®¡ê¥ªâ®¢, çâ® á®®â¢¥âáâ¢ã¥â â¥®à¥â¨ç¥áª®¬ã ¨áâ®à¨ç¥-
áª®¬ã ¨áá«¥¤®¢�−¨î, ¤«ï ª®â®à®£® å�à�ªâ¥à¥− ¢ëá®ª¨© ãà®¢¥−ì ®¡®¡é¥−¨ï, � −¥
ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¬ã ¨áá«¥¤®¢�−¨î, −� ¯¥à¢ë© ¯«�− ¢ ª®â®à®¬ ¢ë¤¢¨£�îâáï
§�¤�ç¨ ®¯¨á�â¥«ì−®£® å�à�ªâ¥à� [14].

‚ [15] ¯à¨¢¥¤¥− áà�¢−¨â¥«ì−ë© �−�«¨§ ¬¥â®¤®¢ ¨¬¯ãâ�æ¨¨, ª®â®àë¥ ¬®£ãâ
¡ëâì ¯à¨¬¥−¥−ë ¤«ï ¢®ááâ�−®¢«¥−¨ï ¯à®¯ãé¥−−ëå §−�ç¥−¨© ¢ ¬�áá¨¢�å ª�â¥£®-
à¨�«ì−ëå ¯¥à¥¬¥−−ëå.

1. ˆ¬¯ãâ�æ¨ï á ¨á¯®«ì§®¢�−¨¥¬ ¬¥àë áà¥¤−¥© â¥−¤¥−æ¨¨. ‘ãé−®áâì ¬¥â®¤�
§�ª«îç�¥âáï ¢ â®¬, çâ® ¯à®¯ãé¥−−ë¥ §−�ç¥−¨ï §�¯®«−ïîâáï ¯®¤å®¤ïé¨¬¨
¬¥à�¬¨ áà¥¤−¥© â¥−¤¥−æ¨¨, à�ááç¨â�−−ë¬¨ ¯® −�¡®àã ª®¬¯«¥ªâ−ëå §�¯¨á¥©.
‚ ç�áâ−®áâ¨, ¤«ï −®¬¨−�«ì−®© ¯¥à¥¬¥−−®© −� ¬¥áâ® ¯à®¯ãáª� ¯®¤áâ�¢«ï¥âáï
¬®¤�, ¤«ï ¯®àï¤ª®¢ëå | ¬®¤� ¨«¨ ¬¥¤¨�−�.

2. ˆ¬¯ãâ�æ¨ï á ¨á¯®«ì§®¢�−¨¥¬ ¤¥à¥¢ì¥¢ ª«�áá¨ä¨ª�æ¨¨. �� á¥£®¤−ïè−¨©
¤¥−ì à�§à�¡®â�−ë −¥áª®«ìª® �«£®à¨â¬®¢ ¯®áâà®¥−¨ï ¤¥à¥¢�. „«ï ¨¬¯ãâ�-
æ¨¨ ª�â¥£®à¨�«ì−ëå ¯¥à¥¬¥−−ëå ¨á¯®«ì§ã¥âáï �«£®à¨â¬ CHAID [16]. �â®â
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Œ¥å�−¨§¬ ä®à¬¨à®¢�−¨ï £¨¯®â¥§ ¢ â¥å−®«®£¨¨ �Šˆˆ

�«£®à¨â¬ ®¡«�¤�¥â àï¤®¬ áãé¥áâ¢¥−−ëå ¯à¥¨¬ãé¥áâ¢: ®− ã−¨¢¥àá�«¥− ¨ ®¡-
à�¡�âë¢�¥â ¯¥à¥¬¥−−ë¥ ¯® «î¡ë¬ èª�«�¬; −¥ −�ª«�¤ë¢�¥â ®£à�−¨ç¥−¨ï −�
§�ª®− à�á¯à¥¤¥«¥−¨ï ¢¥«¨ç¨−; à¥§ã«ìâ�âë, ¯®«ãç¥−−ë¥ ¢ å®¤¥ ¯à¨¬¥−¥−¨ï
¬¥â®¤�, «¥£ª® ¨−â¥à¯à¥â¨àãîâáï ¨áá«¥¤®¢�â¥«¥¬.

3. ˆ¬¯ãâ�æ¨ï á ¨á¯®«ì§®¢�−¨¥¬ −¥©à®−−ëå á¥â¥©. ‚á¥ ¬®¤¥«¨ ¨áªãááâ¢¥−−ëå
−¥©à®−−ëå á¥â¥© (ˆ�‘) ¢ ¯à®æ¥áá¥ á¢®¥£® ¯®áâà®¥−¨ï âà¥¡ãîâ ®¡ãç¥−¨ï
(á ãç¨â¥«¥¬, ¡¥§ ãç¨â¥«ï ¨«¨ á¬¥è�−−®¥ ®¡ãç¥−¨¥) ¨ −�áâà®©ªã ¢¥á®¢ëå
ª®íää¨æ¨¥−â®¢. �¥¤®áâ�â®ª ¬¥â®¤� | §−�ç¨â¥«ì−ë¥ ¢à¥¬¥−− �ë¥ §�âà�âë
−� ¯®áâà®¥−¨¥ ¨ �−�«¨§ á¥â¥©. „«ï à¥è¥−¨ï §�¤�ç¨ ¨¬¯ãâ�æ¨¨ ¢ë¡¨à�¥âáï
ˆ�‘ ¯àï¬®£® à�á¯à®áâà�−¥−¨ï ¨«¨ ¬−®£®á«®©−ë© ¯¥àá¥¯âà®−.

�−�«¨§ íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢, ¯à®¢¥¤¥−−ë© −� ¢ë¡®àª�å á ¤¨å®â®¬¨ç¥áª¨-
¬¨, −®¬¨−�«ì−ë¬¨ ¨ ¯®àï¤ª®¢ë¬¨ ¯¥à¥¬¥−−ë¬¨, á®¤¥à¦�é¨¬¨ ®â 5% ¤® 90%
¯à®¯ãé¥−−ëå §−�ç¥−¨©, ¯®ª�§�«, çâ® ¬¥â®¤ ¤¥à¥¢ì¥¢ ª«�áá¨ä¨ª�æ¨¨ −� ¡�§¥
�«£®à¨â¬� CHAID ¯®§¢®«¨« ¯®«ãç¨âì −�¨«ãçè¨¥ à¥§ã«ìâ�âë ¢ 90% ¨áá«¥¤ã-
¥¬ëå á«ãç�¥¢. ‚®ááâ�−®¢«¥−¨¥ ¯à®¯ãáª®¢ íâ¨¬ ¬¥â®¤®¬ ¯®§¢®«¨«® ¯®«ãç¨âì
−�¨¬¥−ìèãî ¤®«î −¥¢¥à−® ¨¬¯ãâ¨à®¢�−−ëå §−�ç¥−¨© ¨ −�¨¬¥−ìèãî áà¥¤−îî
�¡á®«îâ−ãî ¯®£à¥è−®áâì.

6 Выводы

ˆ−â¥£à�æ¨ï ¢ â¥å−®«®£¨î �Šˆˆ ¬¥å�−¨§¬� �¢â®¬�â¨ç¥áª®£® ä®à¬¨à®¢�−¨ï
£¨¯®â¥§ë ® §−�ç¥−¨¨ ã§«� á¥¬�−â¨ç¥áª®© á¥â¨, á®®â¢¥âáâ¢ãîé¥£® «�ªã−¥ ¢ −�¡®à¥
ä�ªâ®¢, ®¯¨áë¢�îé¨å ®¡ê¥ªâ ¨áá«¥¤®¢�−¨ï, −� ¡�§¥ −¥¯®«−®© ¨−¤ãªæ¨¨ ¬®¦¥â
áãé¥áâ¢¥−−® ã¯à®áâ¨âì ¨ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì â�ª®© àãç−®© −¥ä®à¬�«ì−®©
¯à®æ¥¤ãàë, §�¢¨áïé¥© ¨áª«îç¨â¥«ì−® ®â ®¯ëâ� ¨ ª¢�«¨ä¨ª�æ¨¨ ¨áá«¥¤®¢�â¥-
«ï, ª�ª ¢ë¡®à −�¯à�¢«¥−¨ï ¯®¨áª� ¯à¨ ¯à®¢¥¤¥−¨¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï.

�−�«¨§ ¯®ª�§�« æ¥«¥á®®¡à�§−®áâì ¯®áâà®¥−¨ï ¬¥å�−¨§¬� �¢â®¬�â¨ç¥áª®£®
ä®à¬¨à®¢�−¨ï £¨¯®â¥§ë á ®¯®à®© −� â�ª®© ¬¥â®¤ ¨¬¯ãâ�æ¨¨ ¤�−−ëå, ª�ª ¬¥â®¤
¤¥à¥¢ì¥¢ ª«�áá¨ä¨ª�æ¨¨ −� ¡�§¥ �«£®à¨â¬� CHAID, ¯®áª®«ìªã ®− ¯®§¢®«ï¥â
íää¥ªâ¨¢−® ¢®ááâ�−�¢«¨¢�âì ¯à®¯ãé¥−−ë¥ §−�ç¥−¨ï ¢ ¬�áá¨¢�å ª�â¥£®à¨�«ì−ëå
¯¥à¥¬¥−−ëå, çâ® �ªâã�«ì−® ¤«ï â¥å−®«®£¨¨ �Šˆˆ.

�ªâã�«ì−®áâì ¤�«ì−¥©è¥£® à�§¢¨â¨ï ¢ à�áá¬®âà¥−−®¬ −�¯à�¢«¥−¨¨ â¥å−®«®-
£¨¨ �Šˆˆ, ®à¨¥−â¨à®¢�−−®© −� è¨à®ª¨© ªàã£ −¥ ®â−®áïé¨åáï ª ¯à®ä¥áá¨®-
−�«ì−ë¬ ¨áâ®à¨ª�¬ ¨ ¡¨®£à�ä�¬ ¯®«ì§®¢�â¥«¥©, ¢ëâ¥ª�¥â ¨§ ¢á¥ ¢®§à�áâ�îé¥£®
®¡é¥áâ¢¥−−®£® ¨−â¥à¥á� ª ç�áâ−®©, á¥¬¥©−®© ¨áâ®à¨¨.
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Hypothesis formation mechanism in the technology of historical investigation support

HYPOTHESIS FORMATION MECHANISM IN THE TECHNOLOGY
OF CONCRETE HISTORICAL INVESTIGATION SUPPORT

I. M. Adamovich and O. I. Volkov

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

Abstract: The article continues the series of works devoted to the technology of
concrete historical research supporting. The technology is based on the principles
of co-creation and crowdsourcing and is designed for a wide range of users which
are not professional historians and biographers. The article is devoted to the
further development of the technology by integrating into it a mechanism that
automatically identifies potentially promising areas of research. The proposed
approach is to automatically fill in information gaps in a set of facts describing
the object of research on the basis of incomplete induction. The analysis of the
base for inductive generalization is carried out and the ways of its formation are
shown. The possibility of using the data imputation procedure usually used in
data analysis and machine learning tasks for this purpose is substantiated. The
methods of data imputation are analyzed in the connection with the features of
technology and the specifics of concrete historical research. The analysis showed
the expediency of the mechanism for automatic hypothesis formation constructing
through such method of data imputation as the method of classification trees
based on the CHAID (Chi Squared Automatic Interaction Detection) algorithm.

Keywords: concrete historical investigation; distributed technology; formation
of hypotheses; information gap; data imputation
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БАЗИСНЫЕ ИНФОРМАЦИОННЫЕ ТЕХНОЛОГИИ,
ИНФОРМАЦИОННАЯ ВОЙНА И МНОГОМЕРНЫЙ

ИЕРАРХИЧЕСКИЙ ТЕРРИТОРИАЛЬНЫЙ СУВЕРЕНИТЕТ:
ЭТАПЫ ГЛОБАЛЬНО-КОСМИЧЕСКОЙ КОЭВОЛЮЦИИ

С. Н. Гринченко1

�−−®â�æ¨ï: ‘ ¯®§¨æ¨© ¨−ä®à¬�â¨ª®-ª¨¡¥à−¥â¨ç¥áª®£® ¬®¤¥«¨à®¢�−¨ï ¯à®-
æ¥áá� à�§¢¨â¨ï á�¬®ã¯à�¢«ïîé¥©áï ¨¥à�àå®-á¥â¥¢®© á¨áâ¥¬ë —¥«®¢¥ç¥áâ¢�
à�áá¬®âà¥− ¯�à�««¥«¨§¬ ¯à®æ¥áá®¢ £«®¡�«ì−®-ª®á¬¨ç¥áª®© ª®í¢®«îæ¨¨ ¡�-
§¨á−ëå ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (�ˆ’), ú¬−®£®¬¥à−®£® ¨¥à�àå¨ç¥áª®£®
â¥àà¨â®à¨�«ì−®£® áã¢¥à¥−¨â¥â�û (Œˆ’‘) ¨ ¨−ä®à¬�æ¨®−−®© ¢®©−ë (ˆ‚).
�¥à¨®¤ã ä®à¬¨à®¢�−¨ï áã¡ê¥ªâ�¬¨: (1) ú¤¢®à®¢û/á¥¬¥© Hominoidea �ˆ’
á¨£−�«ì−ëå ¯®§/§¢ãª®¢/¤¢¨¦¥−¨© á®®â¢¥âáâ¢ã¥â à�§¢¨â¨¥ ú¯à¥¤-¯à¥¤-áã¢¥-
à¥−¨â¥â�û á®®¡é¥áâ¢ íâ¨å â¥àà¨â®à¨© (á¥¬¥©−®© ®á®¡®áâ¨) ¨ ú¯à¥¤-¯à¥¤-ˆ‚
¯à¥¤-¯à¥¤-®¡¬�−� ¯à®â¨¢−¨ª�û; (2) ú¯®á¥«¥−¨©û Homo erectus �ˆ’ ¬¨¬¨-
ª�/¦¥áâë á®®â¢¥âáâ¢ã¥â à�§¢¨â¨¥ ú¯à¥¤-áã¢¥à¥−¨â¥â�û á®®¡é¥áâ¢ íâ¨å â¥àà¨-
â®à¨© (à®¤®¢®© ®á®¡®áâ¨) ¨ ú¯à¥¤-ˆ‚ ¯à¥¤-®¡¬�−� ¯à®â¨¢−¨ª�û; (3) ú®ªàã£û
Homo sapiens-1 �ˆ’ à¥ç /̈ï§ëª� á®®â¢¥âáâ¢ã¥â à�§¢¨â¨¥ úï§ëª®¢®£® ïàã-
á�û Œˆ’‘ á®®â¢¥âáâ¢ãîé¨å ú¯à®â®æ¨¢¨«¨§�æ¨©û ¨ úˆ‚ ®¡¬�−� ¯à®â¨¢-
−¨ª� ¨ à�§¢�«� ¥£® \®ªàã£"û; (4) úá¢¥àåà�©®−®¢û Homo sapiens-2 �ˆ’
¯¨áì¬¥−−®áâ /̈çâ¥−¨ï á®®â¢¥âáâ¢ã¥â à�§¢¨â¨¥ úªã«ìâãà−®-£®áã¤�àáâ¢¥−−®£®
ïàãá�û Œˆ’‘ «®ª�«ì−ëå æ¨¢¨«¨§�æ¨© ¨ ˆ‚ ¯® à�§¢�«ã úá¢¥àåà�©®−®¢û
¯à®â¨¢−¨ª�; (5) úá¢¥àåáâà�−û Homo sapiens-3 �ˆ’ â¨à�¦¨à®¢�−¨ï â¥ªá-
â®¢/ª−¨£®¯¥ç�â�−¨ï á®®â¢¥âáâ¢ã¥â à�§¢¨â¨¥ úíª®−®¬¨ç¥áª®£® ïàãá�û Œˆ’‘
áã¡ª®−â¨−¥−â�«ì−ëå æ¨¢¨«¨§�æ¨© ¨ ˆ‚ ¯® à�§¢�«ã úá¢¥àåáâà�−û ¯à®â¨¢-
−¨ª�; (6) á®§¤�¢�¥¬®© �«�−¥â�à−®© –¨¢¨«¨§�æ¨¨ Homo sapiens-4 �ˆ’ «®-
ª�«ì−ëå ª®¬¯ìîâ¥à®¢ á®®â¢¥âáâ¢ã¥â à�§¢¨â¨¥ ¥¥ ú¢ëá®ª®â¥å−®«®£¨ç¥áª®£®
ïàãá�û Œˆ’‘ ¨ ˆ‚ ¯® à�§¢�«ã ®¡à�§®¢ë¢�¥¬ëå ¯à®â¨¢−¨ª®¬ ¥¥ í«¥¬¥−â®¢;
(7) á®§¤�¢�¥¬®© –¨¢¨«¨§�æ¨¨ �ª®«®§¥¬−®£® Š®á¬®á� Homo sapiens-5 �ˆ’
â¥«¥ª®¬¬ã−¨ª�æ¨©/á¥â¥© á®®â¢¥âáâ¢ã¥â à�§¢¨â¨¥ ¥¥ ú¨−ä®à¬�æ¨®−−®£® ïàã-
á�û Œˆ’‘ ¨ ˆ‚ ¯® à�§¢�«ã ®¡à�§®¢ë¢�¥¬ëå ¯à®â¨¢−¨ª®¬ ¥¥ í«¥¬¥−â®¢;
(8) á®§¤�¢�¥¬®© –¨¢¨«¨§�æ¨¨ �à®¬¥¦ãâ®ç−®£® Š®á¬®á� Homo sapiens-6 ¯¥à-
á¯¥ªâ¨¢−®© −�−®-�ˆ’ á®®â¢¥âáâ¢ã¥â à�§¢¨â¨¥ ¥¥ ú«¨ç−®áâ−®-ª®á¬¨ç¥áª®£®
ïàãá�û Œˆ’‘ ¨ ˆ‚ ¯® à�§¢�«ã ®¡à�§®¢ë¢�¥¬ëå ¯à®â¨¢−¨ª®¬ ¥¥ í«¥¬¥−â®¢
¨ â. ¤. �â¬¥ç�¥âáï, çâ® ª�¦¤ë© −®¢ë© íâ�¯ íâ®£® ª®í¢®«îæ¨®−−®£® ¯à®æ¥áá�
−¥ ®â¬¥−ï¥â à¥§ã«ìâ�â®¢ ¯à¥¤ë¤ãé¥£®, � ¤®¯®«−ï¥â ¨ ãá«®¦−ï¥â ¨å.

Š«îç¥¢ë¥ á«®¢�: ¡�§¨á−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨; ¨−ä®à¬�æ¨®−−®¥
®àã¦¨¥; ¨−ä®à¬�æ¨®−−�ï ¡¥§®¯�á−®áâì; ¬−®£®¬¥à−ë© ¨¥à�àå¨ç¥áª¨© â¥àà¨-
â®à¨�«ì−ë© áã¢¥à¥−¨â¥â; á¨áâ¥¬−�ï ª®í¢®«îæ¨ï; ¨−ä®à¬�â¨ª®-ª¨¡¥à−¥â¨-
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ˆ−ä®à¬�æ¨®−−ë¥ ¢®©−ë ¯à¨−ïâ® à�áá¬�âà¨¢�âì ª�ª ¯à®â¨¢®¡®àáâ¢® áâ®à®−
¯®áà¥¤áâ¢®¬ à�á¯à®áâà�−¥−¨ï á¯¥æ¨�«ì−® ¯®¤£®â®¢«¥−−®© ¨−ä®à¬�æ¨¨ ¨ ¯à®â¨-
¢®¤¥©áâ¢¨ï �−�«®£¨ç−®¬ã ¢−¥è−¥¬ã ¢®§¤¥©áâ¢¨î −� á¥¡ï. �ç¥¢¨¤−®, çâ® ˆ‚
¬¥¦¤ã à�§«¨ç−ë¬¨ £®áã¤�àáâ¢�¬¨ ¨ ®¡é¥áâ¢¥−−ë¬¨ áâàãªâãà�¬¨ á¥£®¤−ï ¯à®-
¨áå®¤ïâ ¯à�ªâ¨ç¥áª¨ ¯¥à¬�−¥−â−®, ¬¥−ï¥âáï «¨èì ¢ â®© ¨«¨ ¨−®© áâ¥¯¥−¨ ¨å
−�ª�«. ‚−¨¬�â¥«ì−ë© �−�«¨§ ¯®ª�§ë¢�¥â, çâ® ¯à¥¤è¥áâ¢¥−−¨ª¨ ˆ‚ ¢áâà¥ç�«¨áì
¨ ¢ ¨áâ®à¨ç¥áª®¬ ¯à®è«®¬ | ¯ãáâì ¨ ¬¥−¥¥ ïàª® ¢ëà�¦¥−−ë¥. ˆ â®£¤� ¢®§−¨ª�¥â
¢®¯à®á: ª�ª ®−¨ à�§¢¨¢�«¨áì ¨ ª®£¤� áâ�«¨ áâ®«ì ®¯�á−ë¬¨?

�à®â¨¢®¤¥©áâ¢¨¥ ˆ‚ ®¡¥á¯¥ç¨¢�¥âáï ¯®áà¥¤áâ¢®¬ ä�ªâ®à� ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨ | ¢ ïç¥©ª�å ®¡é¥áâ¢� ®â á¥¬ì¨ ¤® —¥«®¢¥ç¥áâ¢� ª�ª ¥¤¨−®£® á¨áâ¥¬-
−®£® æ¥«®£®. ’¨¯¨ç−ë¥ à�§¬¥àë ¯®¤®¡−ëå ïç¥¥ª, ã¢¥«¨ç¨¢�îé¨¥áï ¢ ¯à®æ¥áá¥
£«®¡�«ì−®© í¢®«îæ¨¨, ®¯à¥¤¥«ïîâáï ¢ à�¬ª�å �¢â®àáª®© ¨−ä®à¬�â¨ª®-ª¨¡¥à-
−¥â¨ç¥áª®© ¬®¤¥«¨ (ˆŠŒ) [1{4]. Šà¨â¨ç¥áª¨¬¨ ¢à¥¬¥−− �ë¬¨ â®çª�¬¨ â�ª®©
á¨áâ¥¬−®© í¢®«îæ¨¨ á«ã¦�â á¨áâ¥¬−ë¥ ¯¥à¥¢®à®âë ¢ ¨áâ®à¨¨ —¥«®¢¥ç¥áâ¢�,
¬�àª¥à�¬¨ ª®â®àëå ¢ëáâã¯�îâ ¨−ä®à¬�æ¨®−−ë¥ ¯¥à¥¢®à®âë, â. ¥. áâ�àâë −®¢ëå
�ˆ’, á ¬®¤¥«ì−ë¬¨ à�áç¥â−ë¬¨ ¤�â¨à®¢ª�¬¨1 ∼ 28 230{1860{123{8,1 âëá. «¥â
−�§�¤ { 1446{1946{1979{1981{1981 ££.{. . .

‚ á¢®î ®ç¥à¥¤ì, á®£«�á−® ˆŠŒ, áâàãªâãà� ä¥−®¬¥−� úâ¥àà¨â®à¨�«ì−ë© áã-
¢¥à¥−¨â¥âû ®¡é¥áâ¢¥−−®-£®áã¤�àáâ¢¥−−ëå ®¡à�§®¢�−¨© ¢ á¨áâ¥¬¥ —¥«®¢¥ç¥áâ¢�
ï¢«ï¥âáï ¨áâ®à¨ç¥áª¨ ¬−®£®¬¥à−®©, ¢ª«îç�îé¥© 6 ®á−®¢−ëå ¨¥à�àå¨ç¥áª¨å ª®¬-
¯®−¥−â: ï§ëª®¢ãî, ªã«ìâãà−®-£®áã¤�àáâ¢¥−−ãî, íª®−®¬¨ç¥áªãî, ¢ëá®ª®â¥å−®-
«®£¨ç¥áªãî, ¨−ä®à¬�æ¨®−−ãî ¨ (¯¥àá¯¥ªâ¨¢−ãî) «¨ç−®áâ−®-ª®á¬¨ç¥áªãî [6, 7].
’�ª¨¬ ®¡à�§®¬, ®−� ®¡à�§ã¥â ú¬−®£®¬¥à−ë© ¨¥à�àå¨ç¥áª¨© â¥àà¨â®à¨�«ì−ë©
áã¢¥à¥−¨â¥âû.

�â¬¥â¨¬, çâ® ¢�¦−®© ®á®¡¥−−®áâìî ˆŠŒ ï¢«ï¥âáï ¯à¨−æ¨¯ á¨áâ¥¬−®© ªã¬ã-
«ïæ¨¨, á®£«�á−® ª®â®à®¬ã ¢®§−¨ª−®¢¥−¨¥ ¢ ¨¥à�àå¨ç¥áª¨å ¯à¨à®¤−ëå á¨áâ¥¬�å
−®¢ëå ¯®¤á¨áâ¥¬ −¥ ®§−�ç�¥â í«¨¬¨−�æ¨¨ à�−¥¥ ¢®§−¨ªè¨å, � â�ª¦¥ ¯à¨−æ¨¯
á¨áâ¥¬−®© á®£«�á®¢�−−®áâ¨, £«�áïé¨©, çâ® ¢®§−¨ª−®¢¥−¨¥ ¢ å®¤¥ í¢®«îæ¨¨ á¨á-
â¥¬ë —¥«®¢¥ç¥áâ¢� −®¢ëå ¯®¤á¨áâ¥¬ á®¯à®¢®¦¤�¥âáï ãá«®¦−¥−¨ï¬¨ ¢ áâàãªâãà¥
¨ å�à�ªâ¥à¥ ¯à¨á¯®á®¡¨â¥«ì−®£® ¯®¢¥¤¥−¨ï à�−¥¥ ¢®§−¨ªè¨å [3].

‘®¯®áâ�¢«ïï ¯à®æ¥ááë í¢®«îæ¨®−−®£® à�§¢¨â¨ï �ˆ’, ˆ‚ ¨ Œˆ’‘ −� ¡�§¥
á¨áâ¥¬−®£® ¬®¤¥«ì−®£® ¯®¤å®¤� ¢ à�¬ª�å ˆŠŒ, ¯à¨å®¤¨¬ ª ¯à¥¤áâ�¢«¥−¨î ®¡
¨å £«®¡�«ì−®-ª®á¬¨ç¥áª®© ª®í¢®«îæ¨¨ (á¬. â�¡«¨æã).

„¥©áâ¢¨â¥«ì−®, ¯�à�««¥«¨§¬ å®¤� ãá«®¦−¥−¨ï ¨ à�áè¨à¥−¨ï �à¥�«� áã-
é¥áâ¢®¢�−¨ï/̄ à¨¬¥−¥−¨ï ¤�−−ëå áãé−®áâ¥©/̄ ®¢¥¤¥−¨© ¢ ¨áâ®à¨ç¥áª®¬ ¯à®æ¥áá¥

1�®á«¥¤®¢�â¥«ì−®áâ¨ ¢à¥¬¥−−ëå ¨ ¯à®áâà�−áâ¢¥−−ëå ª®«¨ç¥áâ¢¥−−ëå ¯�à�¬¥âà®¢ ˆŠŒ ¡�§¨-
àãîâáï −� £¥®¬¥âà¨ç¥áª®© ¯à®£à¥áá¨¨ á® §−�¬¥−�â¥«¥¬ e

e
= 15,15426. . ., ¢ëï¢«¥−−®© �. ‚. †¨à-

¬ã−áª¨¬ ¨ ‚. ˆ. Šã§ì¬¨−ë¬ ¯à¨ ¨áá«¥¤®¢�−¨¨ ªà¨â¨ç¥áª¨å ãà®¢−¥© ¢ à�§¢¨â¨¨ ¡¨®«®£¨ç¥áª¨å
á¨áâ¥¬ [5].
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‘®¯®áâ�¢«¥−¨¥ íâ�¯®¢ £«®¡�«ì−®-ª®á¬¨ç¥áª®© ª®í¢®«îæ¨¨ �ˆ’, ä®à¬ Œˆ’‘ ¨ ïàãá®¢ ¯à®-
áâà�−áâ¢¥−−®© ¨¥à�àå¨¨ ˆ‚ ¢ á�¬®ã¯à�¢«ïîé¥©áï ¨¥à�àå®-á¥â¥¢®© á¨áâ¥¬¥ —¥«®¢¥ç¥áâ¢�

ü
�ˆ’.

‘ã¡ê¥ªâ

‚à¥¬ï
áâ�àâ�,
ªã«ì¬¨-
−�æ¨¨

�à¥�«
(à�¤¨ãá

íª¢¨¢�«¥−â−®£®
ªàã£�/è�à�)

Œˆ’‘
�à®áâà�−áâ¢¥−−�ï

¨¥à�àå¨ï
ˆ‚

1 ‘¨£−�«ì−ë¥
¯®§ë/§¢ã-
ª /̈¤¢¨¦¥-
−¨ï.
Hominoidea

∼ 28,2,
∼ 9,26 ¬«−
«¥â −�§�¤

∼ 4,2 { 64 ¬,
ú¤¢®àû/á¥¬ìï

‘¥¬¥©−�ï ®á®-
¡®áâì | â¥àà¨â®à¨-
�«ì−ë© ú¯à¥¤-¯à¥¤-
áã¢¥à¥−¨â¥âû ú¯à¥¤-
¯à¥¤-æ¨¢¨«¨§�æ¨©û

ú�à¥¤-¯à¥¤-®¡-
¬�−û ¯à®â¨¢−¨ª�
¨ ú¯à¥¤-¯à¥¤-ˆ‚û
¯® à�§¢�«ã ¥£®
ú¤¢®à®¢û/á¥¬¥©

2 Œ¨¬¨-
ª�/¦¥áâë.
Homo erectus

∼ 1,86,
∼ 0,612 ¬«−
«¥â −�§�¤

∼ 64 ¬ { 1 ª¬,
ú¯®á¥«¥−¨¥û

÷®¤®¢�ï ®á®¡®áâì |
â¥àà¨â®à¨�«ì−ë©
ú¯à¥¤-áã¢¥à¥−¨â¥âû
ú¯à¥¤-æ¨¢¨«¨§�-
æ¨©û

+ ú�à¥¤-®¡¬�−û
¯à®â¨¢−¨ª�
¨ ú¯à¥¤-ˆ‚û
¯® à�§¢�«ã ¥£®
ú¯®á¥«¥−¨©û

3 ÷¥çì/ï§ëª.
Homo
sapiens-1

∼ 123,
∼ 40,3 âëá.
«¥â −�§�¤

∼ 1{15 ª¬,
ú®ªàã£�û

úŸ§ëª®¢®©û
(Ÿ’‘) | ú¯à®-
â®æ¨¢¨«¨§�æ¨©û

+ �¡¬�− ¯à®â¨¢−¨-
ª� ¨ ˆ‚ ¯® à�§¢�«ã
¥£® ú®ªàã£û

4 �¨áì¬¥−-
−®áâì/çâ¥-
−¨¥.
Homo
sapiens-2

∼ 8,1,
∼ 2,7 âëá.
«¥â −�§�¤

∼ 15{223 ª¬,
úá¢¥àåà�©®−û (−�-
æ¨®−�«ì−®¥ £®áã-
¤�àáâ¢®)

úŠã«ìâãà−®-£®-
áã¤�àáâ¢¥−−ë©û
(Šƒ’‘) + Ÿ’‘ |
«®ª�«ì−ëå æ¨¢¨«¨-
§�æ¨©

+ ˆ‚ ¯® à�§¢�«ã
−�æ¨®−�«ì−ëå
úá¢¥àåà�©®−®¢û
¯à®â¨¢−¨ª� | «®-
ª�«ì−ëå æ¨¢¨«¨§�-
æ¨©

5 ’¨à�¦¨-
à®¢�−¨¥
â¥ªáâ®¢/ª−¨-
£®¯¥ç�â�−¨¥.
Homo
sapiens-3

∼ 1446,
∼ 1806 ££.

∼ 223{3370 ª¬,
úá¢¥àåáâà�−�û
(−�¤−�æ¨®−�«ì−�ï
¨¬¯¥à¨ï, ¤¥à¦�¢�
¨ â. ¤.)

ú�ª®−®¬¨ç¥áª¨©û
(�’‘) + Šƒ’‘ +
+ Ÿ’‘ | áã¡-
ª®−â¨−¥−â�«ì−ëå
æ¨¢¨«¨§�æ¨©

+ ˆ‚ ¯® à�§¢�«ã
−�¤−�æ¨®−�«ì−ëå
úá¢¥àåáâà�−û ¯à®-
â¨¢−¨ª� | áã¡ª®−-
â¨−¥−â�«ì−ëå æ¨¢¨-
«¨§�æ¨©

6 ‹®ª�«ì−ë©
ª®¬¯ìîâ¥à.
Homo
sapiens-4

∼ 1946,
∼ 1970 ££.

∼ 3,37{51 âëá.
ª¬, ¯«�−¥â� ‡¥¬«ï

ú‚ëá®ª®â¥å-
−®«®£¨ç¥áª¨©û
(‚’‘) + �’‘ +
+ Šƒ’‘ + Ÿ’‘ |
�«�−¥â�à−®© –¨¢¨-
«¨§�æ¨¨

+ ˆ‚ ¯® à�§¢�«ã
ä®à¬¨àã¥¬ëå ¯à®-
â¨¢−¨ª®¬ í«¥¬¥−â®¢
�«�−¥â�à−®© –¨¢¨-
«¨§�æ¨¨

7 ’¥«¥ª®¬¬ã-
−¨ª�æ¨ /̈á¥-
â¨.
Homo
sapiens-5

∼ 1979,
∼ 2003 ££.

∼ 51{773 âëá.
ª¬, �ª®«®§¥¬−®©
Š®á¬®á (¯à®áâà�−-
áâ¢¥−−ë© ®¡ê¥¬)

úˆ−ä®à¬�æ¨®−-
−ë©û (ˆ’‘) +
+ ‚’‘ + �’‘ +
+ Šƒ’‘ + Ÿ’‘ |
–¨¢¨«¨§�æ¨¨ �ª®-
«®§¥¬−®£® Š®á¬®á�

+ ˆ‚ ¯® à�§¢�«ã
ä®à¬¨àã¥¬ëå ¯à®-
â¨¢−¨ª®¬ í«¥¬¥−â®¢
–¨¢¨«¨§�æ¨¨ �ª®-
«®§¥¬−®£® Š®á¬®á�

8 ��−®-ˆ’.
Homo
sapiens-6

∼ 1981,
∼ 2341 ££.

∼ 0,773{11,7 ¬«−
ª¬, �à®¬¥¦ã-
â®ç−ë© Š®á¬®á
(¯à®áâà�−áâ¢¥−-
−ë© ®¡ê¥¬)

ú‹¨ç−®áâ−®-ª®á¬¨-
ç¥áª¨©û (‹Š’‘) +
+ ˆ’‘ + ‚’‘ +
+ �’‘ + Šƒ’‘ +
+ Ÿ’‘ | –¨¢¨«¨§�-
æ¨¨ �à®¬¥¦ãâ®ç−®-
£® Š®á¬®á�

+ ˆ‚ ¯® à�§¢�«ã
ä®à¬¨àã¥¬ëå ¯à®-
â¨¢−¨ª®¬ í«¥¬¥−â®¢
–¨¢¨«¨§�æ¨¨ �à®-
¬¥¦ãâ®ç−®£® Š®á-
¬®á�

· · · · · · · · · · · · · · · · · ·
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��§¨á−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ˆ‚ ¨ Œˆ’‘: íâ�¯ë ª®í¢®«îæ¨¨

à�§¢¨â¨ï —¥«®¢¥ç¥áâ¢� âàã¤−® −¥ ®â¬¥â¨âì, ®− ¯à®á«¥¦¨¢�¥âáï á ¤à¥¢−¥©è¨å
¢à¥¬¥−.

’�ª, ¥é¥ ¯à¨ à�§¢¨â¨¨ ¤®à¥ç¥¢ëå �ˆ’ ä®à¬¨àãîé¨¥áï á®®¡é¥áâ¢� ú¯à¥¤-
¯à¥¤-ç¥«®¢¥ª�û ¨ ú¯à¥¤-ç¥«®¢¥ª�û ª�ª-â® ¢§�¨¬®¤¥©áâ¢®¢�«¨ ¬¥¦¤ã á®¡®©,
¨ ¥áâ¥áâ¢¥−−® ¯à¥¤¯®«®¦¨âì, çâ® ¯à¨ ®âáâà�¨¢�−¨¨ ª®¬¯®−¥−â ú¯à¥¤-Œˆ’‘û
¨á¯®«ì§®¢�«¨áì ¨ á®®â¢¥âáâ¢ãîé¨¥ ä®à¬ë ú¯à¥¤-¯à¥¤-ˆ‚û ¨ ú¯à¥¤-ˆ‚û.

�� á«¥¤ãîé¥¬ íâ�¯¥ £«®¡�«ì−®© í¢®«îæ¨¨ (∼ 123 { 8,1 âëá. «¥â −�§�¤)
ä®à¬¨àãîé¨¥áï −� ¡�§¥ �ˆ’ à¥ç /̈ï§ëª� á®®¡é¥áâ¢� Homo sapiens-1 (−� â¥à-
à¨â®à¨ïå à�¤¨ãá®¬ íª¢¨¢�«¥−â−®£® ªàã£� ¤® 15 ª¬ | ú®ªà�ã£û, ú¯à®â®æ¨¢¨-
«¨§�æ¨©û), ®âáâ�¨¢�ï á¢®î | ï§ëª®¢ãî | ª®¬¯®−¥−âã Œˆ’‘, ¨á¯®«ì§ãîâ
®¡¬�− ¯à®â¨¢−¨ª� ¨ ¤àã£¨¥ ä®à¬ë ˆ‚ ¯® à�§¢�«ã ¥£® ú®ªà�ã£û. �®−ïâ−®, çâ®
¨á¯®«ì§®¢�−¨¥ «¨èì �ˆ’ à¥ç /̈ï§ëª� ®£à�−¨ç¨¢�¥â ¢®§¬®¦−®áâ¨ ¨á¯®«ì§ã¥¬®©
¯à¨ íâ®¬ ˆ‚.

�� á«¥¤ãîé¥¬ íâ�¯¥ £«®¡�«ì−®© í¢®«îæ¨¨ (∼ 8,1 âëá. «¥â −�§�¤ {∼ 1446 £.)
ä®à¬¨àãîé¨¥áï −� ¡�§¥ �ˆ’ ¯¨áì¬¥−−®áâ /̈çâ¥−¨ï á®®¡é¥áâ¢� Homo sapiens-
2 (−� â¥àà¨â®à¨ïå à�¤¨ãá®¬ ¤® 223 ª¬ | úá¢¥àåà�©®−®¢û | −�æ¨®−�«ì−ëå
£®áã¤�àáâ¢, «®ª�«ì−ëå æ¨¢¨«¨§�æ¨©), ®âáâ�¨¢�ï á¢®î | ªã«ìâãà−®-£®áã¤�à-
áâ¢¥−−ãî | ª®¬¯®−¥−âã Œˆ’‘, ¨á¯®«ì§ãîâ ˆ‚ ¯® à�§¢�«ã úá¢¥àåà�©®−®¢û
¯à®â¨¢−¨ª� ¨ ¢á¥å ¨å ¨¥à�àå¨ç¥áª¨å á®áâ�¢«ïîé¨å. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ® ®â-
áâ�¨¢�−¨¥ á¢®¥£® ªã«ìâãà−®-£®áã¤�àáâ¢¥−−®£® áã¢¥à¥−¨â¥â� ®áâ�¥âáï �ªâã�«ì−®©
§�¤�ç¥© ¨ ¢ −�è¨ ¤−¨.

�� á«¥¤ãîé¥¬ íâ�¯¥ £«®¡�«ì−®© í¢®«îæ¨¨ (∼ 1446 {∼ 1946 ££.) ä®à¬¨-
àãîé¨¥áï −� ¡�§¥ �ˆ’ â¨à�¦¨à®¢�−¨ï â¥ªáâ®¢/ª−¨£®¯¥ç�â�−¨ï á®®¡é¥áâ¢�
Homo sapiens-3 (−� â¥àà¨â®à¨ïå à�¤¨ãá®¬ ¤® 3 370 ª¬ | úá¢¥àåáâà�−û | −�¤−�-
æ¨®−�«ì−ëå £®áã¤�àáâ¢, áã¡ª®−â¨−¥−â�«ì−ëå æ¨¢¨«¨§�æ¨©), ®âáâ�¨¢�ï á¢®î |
íª®−®¬¨ç¥áªãî | ª®¬¯®−¥−âã Œˆ’‘, ¨á¯®«ì§ãîâ ˆ‚ ¯® à�§¢�«ã úá¢¥àåáâà�−û
¯à®â¨¢−¨ª� ¨ ¢á¥å ¨å ¨¥à�àå¨ç¥áª¨å á®áâ�¢«ïîé¨å. ‘«¥¤ã¥â â�ª¦¥ ®â¬¥â¨âì, çâ®
®âáâ�¨¢�−¨¥ á¢®¥£® íª®−®¬¨ç¥áª®£® áã¢¥à¥−¨â¥â� ®áâ�¥âáï ¡®«¥¥ ç¥¬ �ªâã�«ì−®©
§�¤�ç¥© ¨ ¢ −�è¨ ¤−¨.

�� á«¥¤ãîé¥¬ íâ�¯¥ £«®¡�«ì−®© í¢®«îæ¨¨ (∼ 1946 {∼ 1979 ££. ¨ ¤�«¥¥) ä®à-
¬¨àãîé¨¥áï −� ¡�§¥ �ˆ’ «®ª�«ì−ëå ª®¬¯ìîâ¥à®¢ á®®¡é¥áâ¢� Homo sapiens-4
(−� â¥àà¨â®à¨ïå à�¤¨ãá®¬ ¤® 51 âëá. ª¬ | −� ¯«�−¥â¥ ‡¥¬«ï ¢ æ¥«®¬, �«�−¥-
â�à−®© –¨¢¨«¨§�æ¨¨), ®âáâ�¨¢�ï á¢®î | ¢ëá®ª®â¥å−®«®£¨ç¥áªãî | ª®¬¯®−¥−âã
Œˆ’‘, ¨á¯®«ì§ãîâ ˆ‚ ¯® à�§¢�«ã ä®à¬¨àã¥¬ëå ¯à®â¨¢−¨ª®¬ í«¥¬¥−â®¢ �«�-
−¥â�à−®© –¨¢¨«¨§�æ¨¨ ¨ ¢á¥å ¨å ¨¥à�àå¨ç¥áª¨å á®áâ�¢«ïîé¨å. ‘«¥¤ã¥â â�ª¦¥
®â¬¥â¨âì, çâ® ®âáâ�¨¢�−¨¥ á¢®¥£® ¢ëá®ª®â¥å−®«®£¨ç¥áª®£® áã¢¥à¥−¨â¥â� ®áâ�¥âáï
�ªâã�«ì−¥©è¥© §�¤�ç¥© ¨ á¥£®¤−ï.

�� á«¥¤ãîé¥¬ íâ�¯¥ £«®¡�«ì−®-ª®á¬¨ç¥áª®© í¢®«îæ¨¨ (∼ 1979 {∼ 1981 ££.
¨ ¤�«¥¥) ä®à¬¨àãîé¨¥áï −� ¡�§¥ �ˆ’ â¥«¥ª®¬¬ã−¨ª�æ¨©/á¥â¥© á®®¡é¥áâ¢�
Homo sapiens-5 (−� â¥àà¨â®à¨ïå à�¤¨ãá®¬ ¤® 773 âëá. ª¬ | ¢ �ª®«®§¥¬−®¬ Š®á-
¬®á¥), ®âáâ�¨¢�ï á¢®î | ¨−ä®à¬�æ¨®−−ãî | ª®¬¯®−¥−âã Œˆ’‘, ¨á¯®«ì§ãîâ
ˆ‚ ¯® à�§¢�«ã ä®à¬¨àã¥¬ëå ¯à®â¨¢−¨ª®¬ í«¥¬¥−â®¢ –¨¢¨«¨§�æ¨¨ �ª®«®§¥¬−®-
£® Š®á¬®á� ¨ ¢á¥å ¨å ¨¥à�àå¨ç¥áª¨å á®áâ�¢«ïîé¨å. �ç¥¢¨¤−®, çâ® ®âáâ�¨¢�−¨¥
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á¢®¥£® ¨−ä®à¬�æ¨®−−®£® áã¢¥à¥−¨â¥â� ®áâ�¥âáï á¥£®¤−ï ¯¥à¢®®ç¥à¥¤−®© §�¤�ç¥©
¢á¥å ãç�áâ−¨ª®¢ æ¨¢¨«¨§�æ¨®−−®© £®−ª¨.

�� á«¥¤ãîé¥¬ íâ�¯¥ £«®¡�«ì−®-ª®á¬¨ç¥áª®© í¢®«îæ¨¨ (∼ 1981 £. ¨ ¤�«¥¥)
ä®à¬¨àãîé¨¥áï −� ¡�§¥ −�−®-�ˆ’ á®®¡é¥áâ¢� Homo sapiens-6 (−� â¥àà¨â®à¨ïå
à�¤¨ãá®¬ ¤® 11,7 ¬«− ª¬ | ¢ �à®¬¥¦ãâ®ç−®¬ Š®á¬®á¥), ®âáâ�¨¢�ï á¢®î |
«¨ç−®áâ−®-ª®á¬¨ç¥áªãî | ª®¬¯®−¥−âã Œˆ’‘, ¨á¯®«ì§ãîâ ˆ‚ ¯® à�§¢�«ã
ä®à¬¨àã¥¬ëå ¯à®â¨¢−¨ª®¬ í«¥¬¥−â®¢ –¨¢¨«¨§�æ¨¨ �à®¬¥¦ãâ®ç−®£® Š®á¬®á�
¨ ¢á¥å ¨å ¨¥à�àå¨ç¥áª¨å á®áâ�¢«ïîé¨å. ˆ¬¥ï ¢ ¢¨¤ã, çâ® −�−®-�ˆ’ | íâ®
¯¥àá¯¥ªâ¨¢−�ï â¥å−®«®£¨ï (¥¥ ªã«ì¬¨−�æ¨î ˆŠŒ ®¦¨¤�¥â ®ª®«® 2341 £. [8, 9]),
á«¥¤ã¥â ¯®«�£�âì, çâ® ®âáâ�¨¢�−¨¥ «¨ç−®áâ−®-ª®á¬¨ç¥áª®£® áã¢¥à¥−¨â¥â� ¢ à�¬ª�å
íâ®© ¡ã¤ãé¥© –¨¢¨«¨§�æ¨¨ áâ�−¥â §�¤�ç¥© ¯¥àá¯¥ªâ¨¢−®©.

ˆ â�ª ¤�«¥¥.
‚ æ¥«®¬ ¥é¥ à�§ [4] ¯à¨å®¤¨¬ ª ª®−áâ�â�æ¨¨ ä�ªâ� −�«¨ç¨ï ª®í¢®«îæ¨®−−ëå

á¢ï§¥© ¬¥¦¤ã à�§«¨ç−ë¬¨ á®áâ�¢«ïîé¨¬¨ ¥¤¨−®£® á¨áâ¥¬−®£® ¯à®æ¥áá� £«®-
¡�«ì−®-ª®á¬¨ç¥áª®© í¢®«îæ¨¨ ¢ á¨áâ¥¬¥ —¥«®¢¥ç¥áâ¢�, ¢ ¤�−−®¬ á«ãç�¥ ä®à¬
à¥�«¨§�æ¨¨ �ˆ’, à�§−®¢¨¤−®áâ¥© ¯à®¨áå®¤ïé¨å ¢ −¥© ˆ‚ ¨ ª®−ä¨£ãà�æ¨©
Œˆ’‘ á®áâ�¢«ïîé¨å ¥¥ ®¡é¥áâ¢¥−−ëå ¨ £®áã¤�àáâ¢¥−−ëå ®¡à�§®¢�−¨©.

’�ª¨¬ ®¡à�§®¬, ¯à¥¤«�£�¥¬�ï ¬®¤¥«ì ¯�à�««¥«¨§¬� ¢ £«®¡�«ì−®© ª®í¢®«î-
æ¨¨ �ˆ’, Œˆ’‘ ¨ ˆ‚ ¢ á�¬®ã¯à�¢«ïîé¥©áï ¨¥à�àå®-á¥â¥¢®© á¨áâ¥¬¥ —¥«®-
¢¥ç¥áâ¢�, ¢¥à¨ä¨ª�æ¨ï ®á−®¢−ëå ¯®«®¦¥−¨© ª®â®à®© ¯à®¢¥¤¥−� −� ¨¬¥îé¨åáï
¨áâ®à¨ª®-�àå¥®«®£¨ç¥áª¨å ¤�−−ëå [10{12], ¬®¦¥â ¡ëâì ¯®«®¦¥−� ¢ ®á−®¢ã ¨ −®-
¢ëå ¯®¤å®¤®¢ ª ¨§ãç¥−¨î áãé−®áâ¨ —¥«®¢¥ª�/—¥«®¢¥ç¥áâ¢� ª�ª ¨¬¬�−¥−â−ëå
á®áâ�¢«ïîé¨å Œ¨à®§¤�−¨ï ¨ à�áè¨à¥−¨ï ¬¥â®¤®¢ ¯à�ªâ¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï
¨−ä®à¬�æ¨®−−®© ¡¥§®¯�á−®áâ¨ ®¡é¥áâ¢¥−−®-£®áã¤�àáâ¢¥−−ëå áâàãªâãà.
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BASIC INFORMATION TECHNOLOGIES, INFORMATION
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STAGES OF GLOBAL-SPACE COEVOLUTION
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of Sciences, 44-2 Vavilov Str., Moscow 119333, Russian Federation

Abstract: From the standpoint of informatics-cybernetic modeling of the
process of development of a self-controlling hierarchical-network system of
Humankind, the parallelism of the processes of global-space coevolution of
basic information technologies (BIT), \multidimensional hierarchical territorial
sovereignty" (MHTS), and information warfare (IW) is considered. The period
of formation by the subjects of: (i) \courtyards"/families of Hominoidea of
signal postures/sounds/movements BIT corresponds to the development of \pre-
pre-sovereignty" of the communities of these territories (family specificity) and
\pre-pre-IW pre-pre-deception of the enemy"; (ii) \settlements" of Homo erectus
of mimics/gestures BIT correspond to the development of \pre-sovereignty" of
communities of these territories (generic identity) and \pre-IW pre-deception of
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the enemy"; (iii) \environments" of Homo sapiens-1 of speech/language BIT
corresponds to the development of the MHTS \linguistic tiers" of the corre-
sponding proto-civilizations and \IT of deception of the enemy and the collapse
of his \environment"; (iν) \superregions" of Homo sapiens-2 of writing/reading
BIT corresponds to the development of the MHTS \cultural-state tiers" of local
civilizations and IW for the collapse of the enemy's \superregions;" (ν) \super-
countries" of Homo sapiens-3 of text replication/printing BIT corresponds to the
development of the MHTS \economic tiers" of subcontinental civilizations and
IW to destroy the enemy's \supercountries"; (νi) the created Planetary Civiliza-
tion of Homo sapiens-4 of local computers BIT corresponds to the development
of its MHTS \high-tech tiers" and IW for the collapse of its elements formed
by the enemy; (νii) the created Civilization of the Near-Earth Space of Homo
sapiens-5 of telecommunications/networks BIT corresponds to the development
of its MHTS \information tiers" and IW for the collapse of its elements formed
by the enemy; (νiii) the emerging Civilization of the Intermediate Cosmos of
Homo sapiens-6 with a promising nano-BIT corresponds to the development of
its MHTS \personal-cosmic tiers" and IW for the collapse of its elements formed
by the enemy; etc. It is noted that each new stage of this coevolutionary process
does not cancel the results of the previous one but complements and complicates
them.

Keywords: basic information technologies; information weapon; information
security; multidimensional hierarchical territorial sovereignty; systemic coevolu-
tion; informatics-cybernetic model; self-controlling hierarchical-network system
of Humankind; principle of systemic cumulation; principle of system consistency
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Šà¨¢¥−ª® Œ¨å�¨« �¥âà®¢¨ç (à. 1946) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
Šàã¦ª®¢ Œ¨å�¨« ƒà¨£®àì¥¢¨ç (à. 1975) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−-
áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−-
ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
Œ�àâîè®¢� Ÿ−¨−� ƒ¥à¬�−®¢−� (à. 1970) | ª�−¤¨¤�â ¯¥¤�£®£¨ç¥áª¨å −�ãª, ¤®-
æ¥−â ª�ä¥¤àë ú’¥®à¨ï ¢¥à®ïâ−®áâ¥© ¨ ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥û Œ®áª®¢-
áª®£® �¢¨�æ¨®−−®£® ¨−áâ¨âãâ� (−�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â�)
Œ¨−¥¥¢� ’�âìï−� �−¤à¥¥¢−� (à. 2002) | áâã¤¥−âª� ¡�ª�«�¢à¨�â� Œ®áª®¢áª®£®
�¢¨�æ¨®−−®£® ¨−áâ¨âãâ� (−�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨¢¥àá¨â¥â�)
Œ®à®§®¢ �¨ª®«�© ‚¨ªâ®à®¢¨ç (à. 1956) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
��ã¬®¢ �−¤à¥© ‚¨ªâ®à®¢¨ç (à. 1966) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�-
ãª, ¯à®ä¥áá®à ª�ä¥¤àë ú’¥®à¨ï ¢¥à®ïâ−®áâ¥© ¨ ª®¬¯ìîâ¥à−®¥ ¬®¤¥«¨à®¢�−¨¥û
Œ®áª®¢áª®£® �¢¨�æ¨®−−®£® ¨−áâ¨âãâ� (−�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® ã−¨-
¢¥àá¨â¥â�)
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�¡ �¢â®à�å

�ãà¨¥¢ ‚¨â�«¨© �«¥ªá�−¤à®¢¨ç (à. 1980) | ¤®ªâ®à ä¨«®«®£¨ç¥áª¨å −�ãª,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
‘¬¨à−®¢ ‘¥à£¥© ‚«�¤¨á«�¢®¢¨ç (à. 1976) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤®æ¥−â
Œˆ÷�� | ÷®áá¨©áª®£® â¥å−®«®£¨ç¥áª®£® ã−¨¢¥àá¨â¥â�
‘®ª®«®¢ ˆ£®àì �−�â®«ì¥¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, �ª�¤¥-
¬¨ª ÷��, ¤¨à¥ªâ®à ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘â¥¯ç¥−ª®¢ āà¨© �ä�−�áì¥¢¨ç (à. 1951) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, §�¢¥-
¤ãîé¨© ®â¤¥«®¬, ¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‘ãçª®¢ �«¥ªá�−¤à ��¢«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
’�à�ª�−®¢ �«¥£ ‚¨ªâ®à®¢¨ç (à. 1966) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¤®æ¥−â
Œˆ÷�� | ÷®áá¨©áª®£® â¥å−®«®£¨ç¥áª®£® ã−¨¢¥àá¨â¥â�
’�à�ª�−®¢� ‚�«¥à¨ï �«¥£®¢−� (à. 1997) | á®âàã¤−¨ª ”‘� ÷®áá¨¨
’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
“á®¢¨ª ‘¥à£¥© ‚¨ªâ®à®¢¨ç (à. 1982) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
¯à¥¯®¤�¢�â¥«ì Œˆ÷�� | ÷®áá¨©áª®£® â¥å−®«®£¨ç¥áª®£® ã−¨¢¥àá¨â¥â�
˜®à£¨− ‘¥à£¥© Ÿª®¢«¥¢¨ç (à. 1952) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥© ¤«ï ¯ã¡«¨ª�æ¨¨
¢ ¦ãà−�«¥ ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û

†ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ¯ã¡«¨ªã¥â â¥®à¥â¨ç¥áª¨¥, ®¡§®à−ë¥
¨ ¤¨áªãáá¨®−−ë¥ áâ�âì¨, ¯®á¢ïé¥−−ë¥ −�ãç−ë¬ ¨áá«¥¤®¢�−¨ï¬ ¨ à�§à�¡®âª�¬ ¢ ®¡«�áâ¨
¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©.

†ãà−�« ¨§¤�¥âáï −� àãááª®¬ ï§ëª¥. �® á¯¥æ¨�«ì−®¬ã à¥è¥−¨î à¥¤ª®««¥£¨¨
®â¤¥«ì−ë¥ áâ�âì¨ ¬®£ãâ ¯¥ç�â�âìáï −� �−£«¨©áª®¬ ï§ëª¥.

’¥¬�â¨ª� ¦ãà−�«� ®å¢�âë¢�¥â á«¥¤ãîé¨¥ −�¯à�¢«¥−¨ï:

{ ¨−ä®à¬�æ¨®−−®-â¥«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ á¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨å ¯®áâà®¥−¨ï;

{ �àå¨â¥ªâãà� ¨ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ ¢ëç¨á«¨â¥«ì−ëå ¬�è¨−, ª®¬¯«¥ªá®¢ ¨ á¥-
â¥©;

{ ¬¥â®¤ë ¨ áà¥¤áâ¢� §�é¨âë ¨−ä®à¬�æ¨¨.

1. ‚ ¦ãà−�«¥ ¯¥ç�â�îâáï áâ�âì¨, á®¤¥à¦�é¨¥ à¥§ã«ìâ�âë, à�−¥¥ −¥ ®¯ã¡«¨ª®¢�−−ë¥
¨ −¥ ¯à¥¤−�§−�ç¥−−ë¥ ª ®¤−®¢à¥¬¥−−®© ¯ã¡«¨ª�æ¨¨ ¢ ¤àã£¨å ¨§¤�−¨ïå.

�ã¡«¨ª�æ¨ï ¯à¥¤®áâ�¢«¥−−®© �¢â®à®¬(�¬¨) àãª®¯¨á¨ −¥ ¤®«¦−� −�àãè�âì ¯®«®¦¥-
−¨© £«�¢ 69, 70 à�§¤¥«� VII ç�áâ¨ IV ƒà�¦¤�−áª®£® ª®¤¥ªá�, ª®â®àë¥ ®¯à¥¤¥«ïîâ
¯à�¢� −� à¥§ã«ìâ�âë ¨−â¥««¥ªâã�«ì−®© ¤¥ïâ¥«ì−®áâ¨ ¨ áà¥¤áâ¢� ¨−¤¨¢¨¤ã�«¨§�æ¨¨,
¢ â®¬ ç¨á«¥ �¢â®àáª¨¥ ¯à�¢�, ¢ ÷”.

�â¢¥âáâ¢¥−−®áâì §� −�àãè¥−¨¥ �¢â®àáª¨å ¯à�¢, ¢ á«ãç�¥ ¯à¥¤êï¢«¥−¨ï ¯à¥â¥−§¨©
ª à¥¤�ªæ¨¨ ¦ãà−�«�, −¥áãâ �¢â®àë áâ�â¥©.

��¯à�¢«ïï àãª®¯¨áì ¢ à¥¤�ªæ¨î, �¢â®àë á®åà�−ïîâ á¢®¨ ¯à�¢� −� ¤�−−ãî àãª®-
¯¨áì ¨ ¯à¨ íâ®¬ ¯¥à¥¤�îâ ãçà¥¤¨â¥«ï¬ ¨ à¥¤ª®««¥£¨¨ ¦ãà−�«� −¥¨áª«îç¨â¥«ì−ë¥
¯à�¢� −� ¨§¤�−¨¥ áâ�âì¨ −� àãááª®¬ ï§ëª¥ (¨«¨ −� ï§ëª¥ áâ�âì¨, ¥á«¨ ®− ®â«¨ç¥−
®â àãááª®£®) ¨ −� ¯¥à¥¢®¤ ¥¥ −� �−£«¨©áª¨© ï§ëª, � â�ª¦¥ −� ¥¥ à�á¯à®áâà�-
−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).

÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.

‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.

„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.

÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.

��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.

�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.

÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 10 áâà�−¨æ ãª�§�−−®£® ä®à¬�â�.
�à¨ ¯à¥¢ëè¥−¨¨ ãª�§�−−®£® ®¡ê¥¬� à¥¤ª®««¥£¨ï ¢¯à�¢¥ ¯®âà¥¡®¢�âì ®â �¢â®à�
á®ªà�é¥−¨ï ®¡ê¥¬� àãª®¯¨á¨.

‘®ªà�é¥−¨ï á«®¢, ¯®¬¨¬® áâ�−¤�àâ−ëå, −¥ ¤®¯ãáª�îâáï. „®¯ãáª�¥âáï ¬¨−¨¬�«ì−®¥
ª®«¨ç¥áâ¢® �¡¡à¥¢¨�âãà.

‚á¥ áâà�−¨æë àãª®¯¨á¨ −ã¬¥àãîâáï.

˜�¡«®−ë ¯à¨¬¥à®¢ ®ä®à¬«¥−¨ï ¯à¥¤áâ�¢«¥−ë ¢ ˆ−â¥à−¥â¥:

http://www.ipiran.ru/publications/collected/template.doc

8. ‘â�âìï ¤®«¦−� á®¤¥à¦�âì á«¥¤ãîéãî ¨−ä®à¬�æ¨î −� àãááª®¬ ¨ �−£«¨©áª®¬
ï§ëª�å:

{ −�§¢�−¨¥ áâ�âì¨;
{ ”.ˆ.�. �¢â®à®¢, −� �−£«¨©áª®¬ ¬®¦−® â®«ìª® ¨¬ï ¨ ä�¬¨«¨î;
{ ¬¥áâ® à�¡®âë, á ãª�§�−¨¥¬ £®à®¤� ¨ áâà�−ë ¨ í«¥ªâà®−−®£® �¤à¥á� ª�¦¤®£®

�¢â®à�;
{ á¢¥¤¥−¨ï ®¡ �¢â®à�å, ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬�â®¬, ®¡à�§æë ª®â®à®£® ¯à¥¤áâ�¢«¥−ë

−� áâà�−¨æ�å:
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp ¨
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ �−−®â�æ¨ï (−¥ ¬¥−¥¥ 100 á«®¢ −� ª�¦¤®¬ ¨§ ï§ëª®¢). �−−®â�æ¨ï | íâ® ªà�âª®¥
à¥§î¬¥ à�¡®âë, ª®â®à®¥ ¬®¦¥â ¯ã¡«¨ª®¢�âìáï ®â¤¥«ì−®. �−� ï¢«ï¥âáï ®á−®¢-
−ë¬ ¨áâ®ç−¨ª®¬ ¨−ä®à¬�æ¨¨ ¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å ¨ ¡�§�å ¤�−−ëå.
�−£«¨©áª�ï �−−®â�æ¨ï ¤®«¦−� ¡ëâì ®à¨£¨−�«ì−®©, ¬®¦¥â −¥ ¡ëâì ¤®á«®¢−ë¬
¯¥à¥¢®¤®¬ àãááª®£® â¥ªáâ� ¨ ¤®«¦−� ¡ëâì −�¯¨á�−� å®à®è¨¬ �−£«¨©áª¨¬ ï§ë-
ª®¬. ‚ �−−®â�æ¨¨ −¥ ¤®«¦−® ¡ëâì ááë«®ª −� «¨â¥à�âãàã ¨, ¯® ¢®§¬®¦−®áâ¨,
ä®à¬ã«;

{ ª«îç¥¢ë¥ á«®¢� | ¦¥«�â¥«ì−® ¨§ ¯à¨−ïâëå ¢ ¬¨à®¢®© −�ãç−®-â¥å−¨ç¥áª®©
«¨â¥à�âãà¥ â¥¬�â¨ç¥áª¨å â¥§�ãàãá®¢. �à¥¤«®¦¥−¨ï −¥ ¬®£ãâ ¡ëâì ª«îç¥¢ë¬¨
á«®¢�¬¨.

{ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï à�¡®âë (ááë«ª¬ −� £à�−âë, ¯à®¥ªâë, ¯®¤¤¥à¦¨¢�-
îé¨¥ ®à£�−¨§�æ¨¨ ¨ â. ¯.

9. ’à¥¡®¢�−¨ï ª á¯¨áª�¬ «¨â¥à�âãàë.
‘áë«ª¨ −� «¨â¥à�âãàã ¢ â¥ªáâ¥ áâ�âì¨ −ã¬¥àãîâáï (¢ ª¢�¤à�â−ëå áª®¡ª�å) ¨ à�á¯®-
«�£�îâáï ¢ ª�¦¤®¬ ¨§ á¯¨áª®¢ «¨â¥à�âãàë ¢ ¯®àï¤ª¥ ¯¥à¢ëå ã¯®¬¨−�−¨©.
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�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:

(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |
−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.

(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-
«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.

‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".

�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":

�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | New York, NY,
USA: Wiley, 1974. 521 p.)

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 1 2023 159



�à�¢¨«� ¯®¤£®â®¢ª¨ àãª®¯¨á¥© áâ�â¥©

2. ‚ �−£«®ï§ëç−®© ç�áâ¨:
Timoshenko, S. P., D. H. Young, and W. Weaver. 1974. Vibration problems in
engineering. 4th ed. New York, NY: Wiley. 521 p.

�¯¨á�−¨¥ −¥®¯ã¡«¨ª®¢�−−®£® ¤®ªã¬¥−â�:

Latypov, A. R., M. M. Khasanov, and V. A. Baikov. 2004. Geology and pro-
duction (NGT GiD). Certificate on official registration of the computer program
No. 2004611198. (In Russian, unpubl.)

�¯¨á�−¨¥ ¨−â¥à−¥â-à¥áãàá�:

Pravila tsitirovaniya istochnikov [Rules for the citing of sources]. Available at:
http://www.scribd.com/doc/1034528/ (accessed February 7, 2011).

�¯¨á�−¨¥ ¤¨áá¥àâ�æ¨¨ ¨«¨ �¢â®à¥ä¥à�â� ¤¨áá¥àâ�æ¨¨:

Semenov, V. I. 2003. Matematicheskoe modelirovanie plazmy v sisteme kompaktnyy
tor [Mathematical modeling of the plasma in the compact torus]. Moscow. D.Sc. Diss.
272 p.

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. PhD Thesis. Moscow: IPI RAN. 23 p.

�¯¨á�−¨¥ ƒ�‘’�:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. Moscow: Standardinform Publs. 10 p.

�¯¨á�−¨¥ ¯�â¥−â�:

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

10. �à¨á«�−−ë¥ ¢ à¥¤�ªæ¨î ¬�â¥à¨�«ë �¢â®à�¬ −¥ ¢®§¢à�é�îâáï.
11. �à¨ ®â¯à�¢ª¥ ä�©«®¢ ¯® í«¥ªâà®−−®© ¯®çâ¥ ¯à®á¨¬ ¯à¨¤¥à¦¨¢�âìáï á«¥¤ãîé¨å

¯à�¢¨«:

{ ãª�§ë¢�âì ¢ ¯®«¥ subject (â¥¬�) −�§¢�−¨¥ ¦ãà−�«� ¨ ä�¬¨«¨î �¢â®à�;
{ ¨á¯®«ì§®¢�âì attach (¯à¨á®¥¤¨−¥−¨¥);
{ ¢ á®áâ�¢ í«¥ªâà®−−®© ¢¥àá¨¨ áâ�âì¨ ¤®«¦−ë ¢å®¤¨âì: ä�©«, á®¤¥à¦�é¨© â¥ªáâ

áâ�âì¨, ¨ ä�©«(ë), á®¤¥à¦�é¨©(¥) ¨««îáâà�æ¨¨.

12. †ãà−�« ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û ï¢«ï¥âáï −¥ª®¬¬¥àç¥áª¨¬ ¨§¤�−¨¥¬.
�«�â� §� ¯ã¡«¨ª�æ¨î −¥ ¢§¨¬�¥âáï, £®−®à�à �¢â®à�¬ −¥ ¢ë¯«�ç¨¢�¥âáï.

�¤à¥á à¥¤�ªæ¨¨ ¦ãà−�«� ú‘¨áâ¥¬ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨û:

Œ®áª¢� 119333, ã«. ‚�¢¨«®¢�, ¤. 44, ª®à¯. 2, ”ˆ– ˆ“ ÷��

’¥«.: +7 (499) 135-86-92 ”�ªá: +7 (495) 930-45-05

e-mail: ssi@frccsc.ru (‘âà¨£¨−� ‘¢¥â«�−� �¨ª®«�¥¢−�)

http://www.ipiran.ru/journal/collected

160 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 33 −®¬¥à 1 2023



Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:

Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).

The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 1 161



Requirements for manuscripts submitted to Journal

may be sent by e-mail or provided on a CD or diskette. A hard copy submission is not
necessary.

7. The recommended typesetting instructions for manuscript.

Pages parameters: format A4, portrait orientation, document margins (cm): left | 2.5,
right | 1.5, above | 2.0, below | 2.0, footer 1.3.

Text: font |Times New Roman, font size | 14, paragraph indent | 0.5, line
spacing | 1.5, justified alignment.

The recommended manuscript size: not more than 10 pages of the specified format. If
the specified size exceeded, the editorial board is entitled to require the author to reduce
the manuscript.

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full
term for which an abbreviation stands should precede its first use in the text unless it is
a standard unit of measurement.

All pages of the manuscript should be numbered.

The templates for the manuscript typesetting are presented on site:

http://www.ipiran.ru/publication/collected/template.doc

8. Articles should enclose data both in Russian and English:

{ title;
{ author's name and surname;
{ affiliation | organization, its address with ZIP code, city, country, and official

e-mail address;
{ data on authors according to the format (see site):
http://www.ipiran.ru/journal/collected/2019 29 03 rus/authors.asp and
http://www.ipiran.ru/journal/collected/2019 29 03 eng/authors.asp;

{ abstract (not less than 100 words) both in Russian and in English. Abstract is
a short summary of the article that can be published separately. The abstract is
the main source of information on the article and it could be included in leading
information systems and data bases. The abstract in English has to be an original
text and should not be an exact translation of the Russian one. Good English is
required. In abstracts, avoid references and formulae.

{ Indexing is performed on the basis of keywords. The use of keywords from the
internationally accepted thematic Thesauri is recommended.
Important! Keywords must not be sentences.

{ Acknowledgments.

9. References. Russian references have to be presented both in English translation and in
Latin transliteration (refer http://www.translit.net/ru/bgn/).

Please take into account the following examples of Russian references appearance:

Article in journal:

Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.

Journal article in electronic format:

Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic

162 Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 1



Requirements for manuscripts submitted to Journal

exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).

Conference proceedings:

Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.

Books and other monographs:

Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.

Dissertation and Thesis:

Kozhunova, O. S. 2009. Tekhnologiya razrabotki semanticheskogo slovarya informat-
sionnogo monitoringa [Technology of development of semantic dictionary of information
monitoring system]. Moscow: IPI RAN. PhD Thesis. 23 p.

State standards and patents:

GOST 8.586.5-2005. 2007. Metodika vypolneniya izmereniy. Izmerenie raskhoda
i kolichestva zhidkostey i gazov s pomoshch'yu standartnykh suzhayushchikh ustroystv
[Method of measurement. Measurement of flow rate and volume of liquids and gases by
means of orifice devices]. M.: Standardinform Publs. 10 p.

Bolshakov, M. V., A. V. Kulakov, A. N. Lavrenov, and M. V. Palkin. 2006. Sposob
orientirovaniya po krenu letatel'nogo apparata s opticheskoy golovkoy samonavedeniya
[The way to orient on the roll of aircraft with optical homing head]. Patent RF
No. 2280590.

References in Latin transcription are presented in the original language.

References in the text are numbered according to the order of their first appearance;
the number is placed in square brackets. All items from the reference list should be cited.

10. Manuscripts and additional materials are not returned to Authors by the Editorial
Board.

11. Submissions of files by e-mail must include:

{ the journal title and author's name in the \Subject" field;
{ an article and additional materials have to be attached using the \attach" function;
{ an electronic version of the article should contain the file with the text and a sepa-

rate file with figures.

12. \System and Means of Informatics" journal is not a profit publication. There are no
charges for the authors as well as there are no royalties.

Editorial Board address:
FRC CSC RAS, 44, block 2, Vavilov Str., Moscow 119333, Russia

Ph.: +7 (499) 135 86 92, Fax: +7 (495) 930 45 05

e-mail: ssi@frccsc.ru (to Svetlana Strigina)

http://www.ipiran.ru/english/journal systems.asp

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2023 vol 33 no 1 163




	I str bloka-33-1-PRINT.pdf
	Page 1

	LAST-Block-33-1-PRINT.pdf
	Page 1


