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�−�«¨§ á¡®¥ãáâ®©ç¨¢®áâ¨ á�¬®á¨−åà®−−®£® ª®−¢¥©¥à�

çâ® ®âª�§ë ¢ æ¨äà®¢ëå ¬¨ªà®áå¥¬�å ¯®ï¢«ïîâáï −� −¥áª®«ìª® ¯®àï¤ª®¢ à¥¦¥,
ç¥¬ ‹‘ [1].

‚ «¨â¥à�âãà¥ ¨§¢¥áâ−ë ¬−®£®ç¨á«¥−−ë¥ ¬¥â®¤ë §�é¨âë ®â ‹‘: ª®àà¥ªâ¨-
àãîé¨¥ ª®¤ë [2], ¬¥â®¤ë ®¡−�àã¦¥−¨ï ¨ ¨§®«ïæ¨¨ [3, 4]; ¢ ¬¥−ìè¥© áâ¥¯¥−¨
¨á¯®«ì§ãîâáï â¥å−®«®£¨ç¥áª¨¥ ¬¥â®¤ë [5] ¨ ¤à. ‚á¥ ®−¨ ¢ â®© ¨«¨ ¨−®© ¬¥à¥
¯à¥¤¯®«�£�îâ ¢−¥á¥−¨¥ ¨§¡ëâ®ç−®áâ¨ ¢ áå¥¬ã.

‘�¬®á¨−åà®−−ë¥ áå¥¬ë [6, 7] ®¡«�¤�îâ â�ª®© ¨§¡ëâ®ç−®áâìî ¨§−�ç�«ì−®.
�«�£®¤�àï ¤¢ãåä�§−®© ¤¨áæ¨¯«¨−¥, ®¡ï§�â¥«ì−®© ¨−¤¨ª�æ¨¨ ãá¯¥è−®£® §�¢¥à-
è¥−¨ï ¯¥à¥ª«îç¥−¨ï ¢ ª�¦¤ãî ä�§ã ¨ ¤àã£¨¬ á¢®©áâ¢�¬ ‘‘-áå¥¬ë ®¡«�¤�îâ
¥áâ¥áâ¢¥−−®© ¢ëá®ª®© á¡®¥ãáâ®©ç¨¢®áâìî [8, 9].

�¤−�ª® ¨§-§� ¨§¡ëâ®ç−®áâ¨ ‘‘-áå¥¬ ç¨á«® á¡®¥¢ ¢ ¥¤¨−¨æã ¢à¥¬¥−¨, −�¡«î-
¤�¥¬ëå ¢ ‘‘-áå¥¬¥, ¡®«ìè¥, ç¥¬ ¢ á¨−åà®−−®¬ �−�«®£¥ [10]. �®íâ®¬ã §�¤�ç�
�−�«¨§� ãáâ®©ç¨¢®áâ¨ ‘‘-áå¥¬ ª ‹‘ á ãç¥â®¬ ¨å �¯¯�à�â−®© ¨§¡ëâ®ç−®áâ¨
ï¢«ï¥âáï �ªâã�«ì−®©.

2 Самосинхронный конвейер

�à�ªâ¨ç¥áª¨¥ á¨−åà®−−ë¥ æ¨äà®¢ë¥ áå¥¬ë ¯à®¥ªâ¨àãîâáï ¢ ¢¨¤¥ ª®−¢¥©-
¥à� [11] á £«®¡�«ì−ë¬ â�ªâ®¢ë¬ á¨£−�«®¬. ‘�¬®á¨−åà®−−ë¥ áå¥¬ë −¥ ¨¬¥îâ
£«®¡�«ì−®© á¨−åà®−¨§�æ¨¨. �® ¤«ï ãáª®à¥−¨ï ä�§®¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ‘‘-
ãáâà®©áâ¢ ¢ á®áâ�¢¥ ®¡é¥© ‘‘-áå¥¬ë â�ª¦¥ ¨á¯®«ì§ã¥âáï ª®−¢¥©¥à, ¯®ª�§�−−ë©
−� à¨á. 1. ‡�¯¨áì ¨−ä®à¬�æ¨®−−ëå ¢ëå®¤®¢ ª®¬¡¨−�æ¨®−−®© ç�áâ¨ (Š—) ¢ ¢ë-
å®¤−®© à¥£¨áâà (‚÷), ¯®¤â¢¥à¦¤¥−−�ï ¨−¤¨ª�â®à®¬ ‚÷ (ˆ‚÷), ¨ ®ª®−ç�−¨¥
¢á¥å ¯¥à¥ª«îç¥−¨© ¢ Š—, ¯®¤â¢¥à¦¤¥−−®¥ ¨−¤¨ª�â®à®¬ Š— (ˆŠ—), ï¢«ïîâáï
−¥®¡å®¤¨¬ë¬¨ ¨ ¤®áâ�â®ç−ë¬¨ ãá«®¢¨ï¬¨ ¤«ï à�§à¥è¥−¨ï ¯¥à¥ª«îç¥−¨ï ¨−ä®à-
¬�æ¨®−−ëå ¢å®¤®¢ Š— ¤�−−®© áâã¯¥−¨ ¢ á«¥¤ãîéãî ä�§ã à�¡®âë. �â® ãá«®¢¨¥
ä®à¬¨àã¥âáï £¨áâ¥à¥§¨á−ë¬ (ƒ) âà¨££¥à®¬ [6].

÷�áá¬®âà¨¬ ¢«¨ï−¨¥ ‹‘ −� à�¡®â®á¯®á®¡−®áâì ‘‘-ª®−¢¥©¥à�.

3 Сбойные ситуации в самосинхронном конвейере

„«ï ã¯à®é¥−¨ï áç¨â�¥¬, çâ® ¯®ï¢«¥−¨¥ á¡®ï ¢ «î¡®¬ ¬¥áâ¥ â®¯®«®£¨¨ «®-
£¨ç¥áª®© ïç¥©ª¨ á ¢¥à®ïâ−®áâìî 0,5 ¢ë§ë¢�¥â ¨−¢¥àá¨î «®£¨ç¥áª®£® ãà®¢−ï

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

á¨£−�«� −� ¥¥ ¢ëå®¤¥. �® −¥ ¢áïª¨© ‹‘ ¯à¨¢®¤¨â ª ¨áª�¦¥−¨î ®¡à�¡�âë¢�¥¬®©
¨−ä®à¬�æ¨¨.

÷�áá¬®âà¨¬ Š— ‘‘-ª®−¢¥©¥à� á âà�¤¨æ¨®−−ë¬ ¯�à�ä�§−ë¬ ª®¤¨à®¢�−¨¥¬
¨−ä®à¬�æ¨®−−ëå á¨£−�«®¢ [6]. Š�¦¤ë© ¯�à�ä�§−ë© á¨£−�« ¨¬¥¥â â®«ìª® ®¤−®
á¯¥©á¥à−®¥ á®áâ®ï−¨¥: −ã«¥¢®¥ (00) ¨«¨ ¥¤¨−¨ç−®¥ (11). ˆ−¢¥àá−®¥ á¯¥©á¥àã
á®áâ®ï−¨¥ (�−â¨á¯¥©á¥à) áç¨â�¥âáï §�¯à¥é¥−−ë¬, −® ®−® ¬®¦¥â ¯®ï¢¨âìáï ¢ à¥-
§ã«ìâ�â¥ ‹‘. ˆá¯®«ì§®¢�−¨¥ ïç¥©ª¨ ú−¥à�¢−®§−�ç−®áâìû ¨«¨ úà�¢−®§−�ç−®áâìû
¤«ï ¨−¤¨ª�æ¨¨ ¯�à�ä�§−®£® á¨£−�«� ®¡¥á¯¥ç¨¢�¥â à�á¯®§−�¢�−¨¥ �−â¨á¯¥©á¥à�
ª�ª á¯¥©á¥à� [8].

��à�ä�§−ë© á¨£−�« ä®à¬¨àã¥âáï ¤¢ã¬ï á®£«�á®¢�−−ë¬¨ «®£¨ç¥áª¨¬¨ ïç¥©-
ª�¬¨. ‡−�ç¨â, ®¤−®ªà�â−ë© ‹‘ ¯à¨¢¥¤¥â ª ¨§¬¥−¥−¨î ®¤−®© ª®¬¯®−¥−âë
¯�à�ä�§−®£® á¨£−�«� ¨ á¬¥−¥ ¥£® ¢¨¤¨¬®© ä�§ë.

Š�¦¤ãî ä�§ã äã−ªæ¨®−¨à®¢�−¨ï ‘‘-áå¥¬ë ¬®¦−® à�§¡¨âì −� ¤¢� ¯¥à¨®¤�:
�ªâ¨¢−®¥ ¯¥à¥ª«îç¥−¨¥ ¢ â¥ªãéãî ä�§ã ¨ ®¦¨¤�−¨¥ à�§à¥è¥−¨ï ¯¥à¥ª«îç¥−¨ï
¢ á«¥¤ãîéãî ä�§ã. �ã¤¥¬ áç¨â�âì, çâ® ª�¦¤�ï áâã¯¥−ì ‘‘-ª®−¢¥©¥à� ¢ «î¡®©
¬®¬¥−â ¢à¥¬¥−¨ á ¢¥à®ïâ−®áâìî 0,5 −�å®¤¨âáï «¨¡® ¢ �ªâ¨¢−®¬ ¯¥à¨®¤¥, «¨¡®
¢ ®¦¨¤�−¨¨.

ˆá¯®«ì§®¢�−¨¥ á¡®¥ãáâ®©ç¨¢®£® ƒ-âà¨££¥à� (à¨á. 2) ¤«ï à¥�«¨§�æ¨¨ à�§àï¤�
¢ëå®¤−®£® à¥£¨áâà� (à¨á. 3) ã¬¥−ìè�¥â ¢¥à®ïâ−®áâì §�¯¨á¨ ¢ à�§àï¤ à¥£¨áâà�
á¡®©−®£® á®áâ®ï−¨ï ¯�à�ä�§−®£® ¢å®¤� (X,XB). ‡¤¥áì E | ¢å®¤ ã¯à�¢«¥-
−¨ï, à�§à¥è�îé¨© §�¯¨áì ¢ à¥£¨áâà à�¡®ç¥£® á®áâ®ï−¨ï (E = 1) ¨«¨ á¯¥©á¥à�
(E = 0).

�ãáâì ¤«¨â¥«ì−®áâì á¡®ï ¯à¥¢ëè�¥â áã¬¬�à−ãî ¤«¨â¥«ì−®áâì à�¡®ç¥© ¨ á¯¥©-
á¥à−®© ä�§ áâã¯¥−¨ ª®−¢¥©¥à�. ‚®§¬®¦−ë á«¥¤ãîé¨¥ á¨âã�æ¨¨ ¯®ï¢«¥−¨ï ‹‘
¢ Š— áâã¯¥−¨ ª®−¢¥©¥à�.

÷¨á. 2 ‘å¥¬� ƒ-âà¨££¥à�, ãáâ®©ç¨¢®£® ª á¡®ï¬ −� ¢å®¤¥, −� ŠŒ„�-âà�−§¨áâ®à�å
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�−�«¨§ á¡®¥ãáâ®©ç¨¢®áâ¨ á�¬®á¨−åà®−−®£® ª®−¢¥©¥à�

÷¨á. 3 ‘å¥¬� ®¤−®£® à�§àï¤� ¢ëå®¤−®£® à¥£¨áâà� á ¡«®ª¨à®¢ª®© §�¯¨á¨ ¢® ¢à¥¬ï
®¦¨¤�−¨ï

1. ‘âã¯¥−ì −�å®¤¨âáï ¢ á®áâ®ï−¨¨ �ªâ¨¢−®£® ¯¥à¥ª«îç¥−¨ï ¢ à�¡®çãî ä�§ã,
E = 1, ¨§-§� ‹‘ à�¡®ç¥¥ á®áâ®ï−¨¥ á¨£−�«� (X,XB) −� ¢å®¤¥ à¥£¨áâà� −¥
ãá¯¥¢�¥â §�¯¨á�âìáï ¢ −¥£®.

2. ‘âã¯¥−ì −�å®¤¨âáï ¢ á®áâ®ï−¨¨ �ªâ¨¢−®£® ¯¥à¥ª«îç¥−¨ï ¢ à�¡®çãî ä�§ã,
E = 1, ‹‘ ¢å®¤� (X,XB) à¥£¨áâà� ¢®§−¨ª�¥â ¯®á«¥ â®£®, ª�ª à�¡®ç¥¥
á®áâ®ï−¨¥ (X,XB) §�¯¨á�«®áì ¢ à�§àï¤ ¢ëå®¤−®£® à¥£¨áâà� ¨ ¨−¤¨ª�â®à−ë©
¢ëå®¤ à�§àï¤� à¥£¨áâà� §�¯à¥â¨« §�¯¨áì ¢ à¥£¨áâà.

3. ‘âã¯¥−ì −�å®¤¨âáï ¢ á®áâ®ï−¨¨ ®¦¨¤�−¨ï ¯¥à¥ª«îç¥−¨ï ¢ à�¡®çãî ä�§ã,
E = 0, ‹‘ ¯¥à¥ª«îç�¥â ¢å®¤ (X,XB) à¥£¨áâà� ¨§ á¯¥©á¥à� ¢ à�¡®ç¥¥
á®áâ®ï−¨¥, á®¢¯�¤�îé¥¥ á ®¦¨¤�¥¬ë¬ «¨¡® ¯à®â¨¢®¯®«®¦−®¥ ¥¬ã.

4. ‘âã¯¥−ì −�å®¤¨âáï ¢ á®áâ®ï−¨¨ �ªâ¨¢−®£® ¯¥à¥ª«îç¥−¨ï ¢ á¯¥©á¥à−ãî ä�§ã,
E = 0, ¨§-§� ‹‘ ¢å®¤� (X,XB) à�§àï¤ à¥£¨áâà� «¨¡® ®áâ�«áï ¢ â®¬ ¦¥
à�¡®ç¥¬ á®áâ®ï−¨¨, «¨¡® ¯¥à¥ª«îç¨«áï ¢ �−â¨á¯¥©á¥à.

5. ‘âã¯¥−ì −�å®¤¨âáï ¢ á®áâ®ï−¨¨ �ªâ¨¢−®£® ¯¥à¥ª«îç¥−¨ï ¢ á¯¥©á¥à−ãî ä�§ã,
E = 0, ‹‘ −� ¢å®¤¥ (X,XB) à¥£¨áâà� ¢®§−¨ª�¥â ¯®á«¥ §�¯¨á¨ á¯¥©á¥à�
¢ à�§àï¤ à¥£¨áâà�.

6. ‘âã¯¥−ì −�å®¤¨âáï ¢ á®áâ®ï−¨¨ ®¦¨¤�−¨ï ¯¥à¥ª«îç¥−¨ï ¢ á¯¥©á¥à−ãî ä�§ã,
E = 1, ¢å®¤ (X,XB) à¥£¨áâà� ¨§-§� ‹‘ «¨¡® ¯à¥¦¤¥¢à¥¬¥−−® ¯¥à¥å®¤¨â
¢ á¯¥©á¥à, «¨¡® ¯¥à¥ª«îç�¥âáï ¢ �−â¨á¯¥©á¥à.

‚ á¨âã�æ¨ïå 1, 3, 4 ¨ 6 ¢ëå®¤ ˆ‚÷ ®áâ�−¥âáï ¢ á¯¥©á¥à¥ ¨ ‘‘-ª®−¢¥©¥à
®áâ�−®¢¨âáï ¢ ®¦¨¤�−¨¨ ®ª®−ç�−¨ï ‹‘ ¨ ¢®ááâ�−®¢«¥−¨ï ª®àà¥ªâ−®£® á®áâ®ï−¨ï
á¨£−�«� (X,XB). ‚ á¨âã�æ¨ïå 2 ¨ 5 ¢ëå®¤ë à¥£¨áâà� −¥ ¨§¬¥−ïâáï. ’�ª¨¬
®¡à�§®¬, à�§àï¤ à¥£¨áâà�, ¨§®¡à�¦¥−−ë© −� à¨á. 3, ¬�áª¨àã¥â ¢á¥ ‹‘ á¢®¨å
¨−ä®à¬�æ¨®−−ëå ¢å®¤®¢.

‘¡®© −¥¯®áà¥¤áâ¢¥−−® ¢ ƒ-âà¨££¥à�å à�§àï¤� à¥£¨áâà� áâã¯¥−¨ ®ª�§ë¢�¥âáï
¡®«¥¥ ªà¨â¨ç−ë¬ ¨§-§� â®£®, çâ® ®− ¡«®ª¨àã¥â §�¯¨áì ª®àà¥ªâ−®£® á®áâ®ï−¨ï
¢å®¤� (X,XB) ¨ ¯à¨¢®¤¨â ª ú§�¢¨á�−¨îû ª®−¢¥©¥à�. ˆá¯®«ì§®¢�−¨¥ DICE-¯®-
¤®¡−®£® ƒ-âà¨££¥à� [12], áå¥¬� ª®â®à®£® −� ŠŒ„�-âà�−§¨áâ®à�å ¨§®¡à�¦¥−� −�
à¨á. 4, ¤«ï à¥�«¨§�æ¨¨ à�§àï¤®¢ à¥£¨áâà� áâã¯¥−¨ ‘‘-ª®−¢¥©¥à�, ª�ª ¯®ª�§�−®
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ˆ. �. ‘®ª®«®¢, ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª® ¨ ¤à.

÷¨á. 4 ‘å¥¬� ƒ-âà¨££¥à� DICE-â¨¯� −� ŠŒ„�-âà�−§¨áâ®à�å

−� à¨á. 5, ª�à¤¨−�«ì−® à¥è�¥â ãª�§�−−ãî ¯à®¡«¥¬ã. ÷�§àï¤ à¥£¨áâà� áâ�−®-
¢¨âáï £®à�§¤® ¡®«¥¥ ãáâ®©ç¨¢ë¬ ª ‹‘: á«®¦−®áâì ¥£® çã¢áâ¢¨â¥«ì−ëå ª á¡®ï¬
ª®¬¯®−¥−â®¢ á®ªà�é�¥âáï ¢ 2,7 à�§� | á 41 ŠŒ„�-âà�−§¨áâ®à� ¤® 15 âà�−§¨-
áâ®à®¢ (¤¢� ç¥âëà¥åâà�−§¨áâ®à−ëå ª®−¢¥àâ¥à� ¤ã�«ì−ëå ¢ëå®¤®¢ ¢ ®¤¨−�à−ë¥
¨ ¨−¤¨ª�â®à−ë© í«¥¬¥−â | ïç¥©ª� à�¢−®§−�ç−®áâ¨), ã¬¥−ìè�ï ¯à®¯®àæ¨®−�«ì−®
¯«®é�¤ì ¥£® â®¯®«®£¨ç¥áª®© à¥�«¨§�æ¨¨, çã¢áâ¢¨â¥«ì−ãî ª ‹‘, ¨ ¨−â¥−á¨¢−®áâì
á¡®¥¢ ¢ −¥¬.

‹®£¨ç¥áª¨© á¡®© ¢ ¨−¤¨ª�â®à−®¬ í«¥¬¥−â¥ à�§àï¤� à¥£¨áâà� á ¢¥à®ïâ-
−®áâìî 0,5 §�¡«®ª¨àã¥â §�¯¨áì ¢ à�§àï¤ à¥£¨áâà� á®áâ®ï−¨ï, á®®â¢¥âáâ¢ãîé¥£®
â¥ªãé¥© ä�§¥. ‘ ¢¥à®ïâ−®áâìî 0,5 á«¥¤ãîé�ï áâã¯¥−ì ª®−¢¥©¥à� −¥ §�¬�áª¨àã¥â
íâ®â á¡®©, ¨ ®− ¢ë§®¢¥â ú§�¢¨á�−¨¥û ‘‘-ª®−¢¥©¥à�. ‘«¥¤®¢�â¥«ì−®, á ¢¥à®ïâ-
−®áâìî 0,25 ‹‘ ¢ ¨−¤¨ª�â®à−®¬ í«¥¬¥−â¥ à�§àï¤� à¥£¨áâà� ¯à¨¢¥¤¥â ª ®áâ�−®¢ª¥
‘‘-ª®−¢¥©¥à�.

ˆ−¤¨ª�â®à−ë¥ ¯®¤áå¥¬ë ˆŠ— ¨ ˆ‚÷ áâà®ïâáï −� ƒ-âà¨££¥à�å [6] ¢ ¢¨¤¥
¯¨à�¬¨¤�«ì−®© áå¥¬ë. Šà¨â¨ç¥áª�ï á¨âã�æ¨ï ¢®§−¨ª�¥â â®«ìª® ¢ â®¬ á«ãç�¥,
¥á«¨ ‹‘ ¯®à�¦�¥â ¢¥àè¨−ã íâ®© ¯¨à�¬¨¤ë. ‚¥à®ïâ−®áâì íâ®£® á®¡ëâ¨ï à�¢−�
¯à¨¬¥à−® 2/N , £¤¥ N | ç¨á«® ¨−¤¨æ¨àã¥¬ëå á¨£−�«®¢.

‘ã¬¬�à−�ï ¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï ªà¨â¨ç¥áª®£® á¡®ï ¢ i-© áâã¯¥−¨ ‘‘-ª®−-
¢¥©¥à� §�¢¨á¨â ®â ¯«®é�¤¥© â®¯®«®£¨¨ ª®¬¡¨−�æ¨®−−®© ç�áâ¨ (SCP,i), ƒ-âà¨££¥à�
(SH ), ïç¥©ª¨ à�¢−®§−�ç−®áâ¨ (SIE) ¨ ¯®¤áå¥¬ ˆŠ— (SCPI,i) ¨ ˆ‚÷ (SORI,i):

PST,i =
0,25ni(2SH + SIE) + SH

SCP,i + niSIE + 0,5(Mi + 5ni)SH
,
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�−�«¨§ á¡®¥ãáâ®©ç¨¢®áâ¨ á�¬®á¨−åà®−−®£® ª®−¢¥©¥à�

÷¨á. 5 ‘å¥¬� à�§àï¤� à¥£¨áâà� −� ƒ-âà¨££¥à�å DICE-â¨¯�

£¤¥ ni | à�§àï¤−®áâì à¥£¨áâà�; Mi | ç¨á«® ¨−¤¨æ¨àã¥¬ëå á¨£−�«®¢ ¢ ª®¬¡¨−�-
æ¨®−−®© ç�áâ¨. �−�«¨§ ¯à�ªâ¨ç¥áª¨å áå¥¬ ‘‘-ª®−¢¥©¥à®¢ ¤�¥â §−�ç¥−¨¥ PST,i

¢ ¤¨�¯�§®−¥ 0,012{0,036. �à¨ ¨á¯®«ì§®¢�−¨¨ ¢ à¥£¨áâà¥ ƒ-âà¨££¥à� DICE-â¨¯�
¢¥à®ïâ−®áâì ¯®ï¢«¥−¨ï ªà¨â¨ç¥áª®£® á¡®ï ã¬¥−ìè�¥âáï ¤® ¢¥«¨ç¨−ë 0,004{0,013.

‹®£¨ç¥áª¨© á¡®© ¢ i-© áâã¯¥−¨ á¨−åà®−−®£® ª®−¢¥©¥à� ®ª�§ë¢�¥âáï ªà¨â¨ç¥-
áª¨¬, ¢ ¯¥à¢®¬ ¯à¨¡«¨¦¥−¨¨, á ¢¥à®ïâ−®áâìî PS,i = 0,25. ’®£¤� ¯à¨ ¯®áâ®ï−−®©
¯«®â−®áâ¨ á®¡ëâ¨©, ¢ë§ë¢�îé¨å á¡®¨, ¨ á ãç¥â®¬ �¯¯�à�â−®© ¨§¡ëâ®ç−®áâ¨
‘‘-ª®−¢¥©¥à� ç¨á«® ªà¨â¨ç¥áª¨å á¡®¥¢ ¢ ¥¤¨−¨æã ¢à¥¬¥−¨ ¢ −¥¬ ¬¥−ìè¥, ç¥¬
¢ á¨−åà®−−®¬ ª®−¢¥©¥à¥, ¢ 2,5{6,8 à�§� ¢ §�¢¨á¨¬®áâ¨ ®â áå¥¬ë à�§àï¤� ‘‘-
à¥£¨áâà�. �®íâ®¬ã, −¥á¬®âàï −� �¯¯�à�â−ãî ¨§¡ëâ®ç−®áâì ‘‘-ª®−¢¥©¥à�, ¥£®
¨á¯®«ì§®¢�−¨¥ æ¥«¥á®®¡à�§−® ¢ −�¤¥¦−ëå ¯à¨«®¦¥−¨ïå.

4 Заключение

‘�¬®á¨−åà®−−ë¥ áå¥¬ë áâ�«¨ ¬−®£®®¡¥é�îé¥© �«ìâ¥à−�â¨¢®© á¨−åà®−−ë¬
áå¥¬�¬ ¢ ®¡«�áâ¨ ¯à®¥ªâ¨à®¢�−¨ï â¥å−¨ç¥áª¨å á¨áâ¥¬, ãáâ®©ç¨¢® à�¡®â�îé¨å
¢ −¥áâ�¡¨«ì−ëå ¨ íªáâà¥¬�«ì−ëå ãá«®¢¨ïå íªá¯«ã�â�æ¨¨: ¯à¨ á¢¥àå−¨§ª®¬ ¨ ¨§-
¬¥−ïîé¥¬áï −�¯àï¦¥−¨¨ ¯¨â�−¨ï, ¢ è¨à®ª®¬ ¤¨�¯�§®−¥ â¥¬¯¥à�âãàë.

„¢ãåä�§−�ï ¤¨áæ¨¯«¨−� äã−ªæ¨®−¨à®¢�−¨ï ¨ ®¡ï§�â¥«ì−®¥ ¯®¤â¢¥à¦¤¥−¨¥
ãá¯¥è−®£® §�¢¥àè¥−¨ï ¯¥à¥ª«îç¥−¨ï ¢ ª�¦¤ãî ä�§ã ®¡¥á¯¥ç¨¢�îâ ¡®«¥¥ ¢ëá®-
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ˆ. �. ‘®ª®«®¢, ā. �. ‘â¥¯ç¥−ª®¢, ā. ƒ. „ìïç¥−ª® ¨ ¤à.

ªãî ãáâ®©ç¨¢®áâì ‘‘-ª®−¢¥©¥à� ª ªà�âª®¢à¥¬¥−−ë¬ ®¤−®ªà�â−ë¬ ‹‘ ¢ áà�¢−¥-
−¨¨ á á¨−åà®−−ë¬ ª®−¢¥©¥à®¬. ‚ §�¢¨á¨¬®áâ¨ ®â á«®¦−®áâ¨ áâã¯¥−¥© ª®−¢¥©¥à�
¨ áå¥¬ë à¥�«¨§�æ¨¨ à�§àï¤� ‘‘-à¥£¨áâà� ‘‘-¢�à¨�−â ®ª�§ë¢�¥âáï ¢ 2,5{6,8 à�§�
¬¥−¥¥ çã¢áâ¢¨â¥«ì−ë¬ ª ‹‘.
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Self-timed pipeline's soft error tolerance analysis

SELF-TIMED PIPELINE’S SOFT ERROR TOLERANCE ANALYSIS
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D. Yu. Stepchenkov, and D. Yu. Diachenko

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

Abstract: Practical self-timed (ST) circuits are implemented as a pipeline,
similar to synchronous circuits. Self-timed circuits have a number of advantages
in comparison with synchronous counterparts but are redundant in hardware.
The article analyzes the tolerance of the ST pipeline to single soft errors, taking
into account its hardware redundancy and assuming that each soft error affects
only one circuit's logical cell. Due to their two-phase work discipline and the
mandatory indication of the successful completion of the switching in each phase,
the ST circuits can detect a soft error and suspend the operation of the circuit
until it disappears. A failure-tolerant hysteretic latch as a part of the pipeline
stage register bit ensures that the register is immune to any soft error in the
pipeline stage's combinational part. The DICE-like implementation of this latch
increases the ST register tolerance to internal soft errors by a factor of 2.7. In
general, the ST pipeline is 2.5{6.8 times more immune to single soft errors than
its synchronous counterpart.

Keywords: self-timed circuits; pipeline; soft error; failure tolerance; indication;
hysteretic trigger
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ОБНАРУЖЕНИЕ ДРЕЙФА РАСПРЕДЕЛЕНИЯ

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

�−−®â�æ¨ï: ˆ§¬¥−¥−¨¥ á¢®©áâ¢ á®¡¨à�¥¬ëå ¤�−−ëå ç�áâ® −�§ë¢�îâ ¤à¥©ä®¬
¤�−−ëå (à�§«¨ç−ë¥ ¢�à¨�−âë á¬¥é¥−¨ï å�à�ªâ¥à¨áâ¨ª ¤�−−ëå). ‘ãé¥áâ¢®-
¢�−¨¥ ¤à¥©ä� ¢ ¤�−−ëå ®¡ãç¥−¨ï á¨áâ¥¬ë ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� ç�áâ®
¯à¨¢®¤¨â ª á−¨¦¥−¨î íää¥ªâ¨¢−®áâ¨ ¬�è¨−−®£® ®¡ãç¥−¨ï (Œ�) ¨ ¯®áâà®¥−-
−ëå −� íâ¨å ¤�−−ëå ®è¨¡®ç−ëå à¥è¥−¨ïå á¨áâ¥¬ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�
(ˆˆ). ‚ á¢ï§¨ á íâ¨¬ ¯à®¡«¥¬ë ¢ëï¢«¥−¨ï ¤à¥©ä� ¢ ¤�−−ëå Œ�, ¬®¬¥−â�
®¡à�§®¢�−¨ï ¤à¥©ä� ¨ ¯®á«¥¤áâ¢¨© ¨§¬¥−¥−¨© ¤�−−ëå ®¡ãç¥−¨ï áâ�−®¢ïâáï �ª-
âã�«ì−ë¬¨. �à¥¤«®¦¥− ¬¥â®¤ ¢ëï¢«¥−¨ï ¤à¥©ä� ¢¥à®ïâ−®áâ−®£® à�á¯à¥¤¥«¥-
−¨ï ¢ ¯à®¨§¢®«ì−®¬ ¬¥âà¨ç¥áª®¬ ¯à®áâà�−áâ¢¥ ¡®«ìè®© à�§¬¥à−®áâ¨. Œ¥â®¤
®¯¨à�¥âáï −� à�§«¨ç¨¥ −¥¨§¢¥áâ−ëå ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© ¢ à�§−ëå
®¡«�áâïå ¨áå®¤−®£® ¯à®áâà�−áâ¢� ¢ á«ãç�¥ −�«¨ç¨ï ¤à¥©ä�. ÷�áá¬®âà¥−�
¬®¤¥«ì ¤à¥©ä�, á®áâ®ïé�ï ¨§ ¤¢ãå ®â«¨ç−ëå ¤àã£ ®â ¤àã£� à�á¯à¥¤¥«¥−¨©
¢¥à®ïâ−®áâ¥©. ˆá¯®«ì§®¢�−¨¥ ¢ ®á−®¢¥ ¬¥â®¤� è�à®¢ ¢ ¬¥âà¨ç¥áª®¬ ¯à®áâà�−-
áâ¢¥ ¯®§¢®«ï¥â á®§¤�âì íää¥ªâ¨¢−ë© �«£®à¨â¬ ¢ëç¨á«¥−¨ï ¯à¨−�¤«¥¦−®áâ¨
â®ç¥ª ¤�−−ëå ®¤−®¬ã ¨§ è�à®¢, á¢ï§�−−ëå á à�§«¨ç−ë¬¨ à�á¯à¥¤¥«¥−¨ï-
¬¨ ¬®¤¥«¨ ¤à¥©ä�. �â® ®¡áâ®ïâ¥«ìáâ¢® ¯à¥¤áâ�¢«ï¥âáï áãé¥áâ¢¥−−ë¬ ¤«ï
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�¡−�àã¦¥−¨¥ ¤à¥©ä� à�á¯à¥¤¥«¥−¨ï

¥â, çâ® ¤�−−ë¥ ¤«ï Œ� ï¢«ïîâáï ®¤−®à®¤−ë¬¨. �¤−�ª® −� ¯à�ªâ¨ª¥ íâ®
ãá«®¢¨¥ ç�áâ® −¥ ¢ë¯®«−ï¥âáï. ‡¤¥áì ¢®§¬®¦−ë ¬−®£¨¥ ¯à¨ç¨−ë: −�¯à¨¬¥à,
á¡®à ¤�−−ëå ¯à®¢®¤¨«áï ¢ à�§−ëå ¬¥áâ�å ¢ à�§−®¥ ¢à¥¬ï. ˆ§¬¥−¥−¨¥ á¢®©áâ¢
á®¡¨à�¥¬ëå ¤�−−ëå ç�áâ® −�§ë¢�îâ ¤à¥©ä®¬ ¤�−−ëå (à�§«¨ç−ë¥ ¢�à¨�−âë
á¬¥é¥−¨ï å�à�ªâ¥à¨áâ¨ª ¤�−−ëå). ‘ãé¥áâ¢®¢�−¨¥ ¤à¥©ä� ¢ ¤�−−ëå ®¡ãç¥−¨ï
á¨áâ¥¬ë ˆˆ ç�áâ® ¯à¨¢®¤¨â ª á−¨¦¥−¨î íää¥ªâ¨¢−®áâ¨ Œ� ¨ ¯®áâà®¥−−ëå
−� íâ¨å ¤�−−ëå ®è¨¡®ç−ëå à¥è¥−¨ïå á¨áâ¥¬ ˆˆ. ‚ á¢ï§¨ á íâ¨¬ áâ�−®¢ïâáï
�ªâã�«ì−ë¬¨ ¯à®¡«¥¬ë ¢ëï¢«¥−¨ï ¤à¥©ä� ¢ ¤�−−ëå Œ�, ¬®¬¥−â� ®¡à�§®¢�−¨ï
¤à¥©ä� ¨ ¯®á«¥¤áâ¢¨© ¨§¬¥−¥−¨© ¤�−−ëå ®¡ãç¥−¨ï.

ˆáá«¥¤®¢�−¨ï¬ ãª�§�−−ëå ¯à®¡«¥¬ ¯®á¢ïé¥−® ¬−®£® ¨áá«¥¤®¢�−¨©. �®¤à®¡-
−ãî ¨−ä®à¬�æ¨î ® à¥§ã«ìâ�â�å íâ¨å ¨áá«¥¤®¢�−¨© ¬®¦−® −�©â¨ ¢ ¯®á«¥¤−¨å
®¡§®à�å −� íâã â¥¬ã [1].

Œ−®£¨¥ ¬¥â®¤ë ¢ëï¢«¥−¨ï ¤à¥©ä®¢ ®á−®¢�−ë −� ¯®−ïâ¨¨ ¨§¬¥−¥−¨ï ¢¥à®-
ïâ−®áâ−®£® à�á¯à¥¤¥«¥−¨ï ¤�−−ëå [2{6]. �á−®¢−�ï ¯à®¡«¥¬� ¢ ¨á¯®«ì§®¢�−¨¨
áâ�â¨áâ¨ç¥áª¨å ¬¥â®¤®¢ | íâ® á«®¦−®áâì ¢ëç¨á«¨â¥«ì−ëå ¬¥â®¤®¢ à�¡®âë á®
áâ�â¨áâ¨ª®© ¢ ¯à®áâà�−áâ¢�å ¢ëá®ª®© à�§¬¥à−®áâ¨.

‚ ¤�−−®© à�¡®â¥ à�áá¬®âà¥− ®¤¨− ¨§ ¯®¤å®¤®¢ ª à¥è¥−¨î §�¤�ç¨ ¢ëï¢«¥-
−¨ï ¤à¥©ä®¢ ¢ ¢¥à®ïâ−®áâ−ëå ¬¥âà¨ç¥áª¨å ¯à®áâà�−áâ¢�å ¡®«ìè®© à�§¬¥à−®-
áâ¨. �á−®¢−�ï ¨¤¥ï ¯®¤å®¤� á®áâ®¨â ¢ áãé¥áâ¢®¢�−¨¨ íää¥ªâ¨¢−ëå �«£®à¨â¬®¢
¢ëç¨á«¥−¨ï äã−ªæ¨© ¯à¨−�¤«¥¦−®áâ¨ ¤�−−ëå à�§«¨ç−ë¬ è�à�¬ ¢ ¬¥âà¨ç¥áª¨å
¯à®áâà�−áâ¢�å. ˆá¯®«ì§®¢�−¨¥ íâ®£® ¯®¤å®¤� ã¢®¤¨â ¯à®¡«¥¬ã ¢ëç¨á«¥−¨ï ¤à¥©-
ä� ¢ ®¡«�áâì ¯®áâà®¥−¨ï è�à®¢ á §�¤�−−ë¬¨ ¯à®áâë¬¨ á¢®©áâ¢�¬¨ ¢ ¬¥âà¨ç¥áª¨å
¯à®áâà�−áâ¢�å ¡®«ìè®© à�§¬¥à−®áâ¨.

2 Модель обнаружения дрейфа распределения

�ãáâì Ÿ | â®¯®«®£¨ç¥áª®¥ ¨§¬¥à¨¬®¥ ¯à®áâà�−áâ¢® ¢ëá®ª®© à�§¬¥à−®áâ¨,
¯®à®¦¤¥−−®¥ −¥ª®â®à®© ¬¥âà¨ª®©. ��¡«î¤�¥âáï á«ãç�©−�ï ¯®á«¥¤®¢�â¥«ì−®áâì
¤�−−ëå (â®ç¥ª ¤�−−ëå) X1,X2, . . . ,Xn. ˆ§¬¥−¥−¨¥ à�á¯à¥¤¥«¥−¨ï ¢ ¯®á«¥¤®¢�-
â¥«ì−®áâ¨ ¤�−−ëå −�§ë¢�¥âáï ¤à¥©ä®¬ à�á¯à¥¤¥«¥−¨ï. ÷�¡®â� ¯®á¢ïé¥−� §�¤�ç¥
¢ëï¢«¥−¨ï ¤à¥©ä� à�á¯à¥¤¥«¥−¨ï ¤�−−ëå [1].

�à®áâ¥©è¥¥ à¥è¥−¨¥ §�¤�ç¨ §�ª«îç�¥âáï ¢ ¯®áâà®¥−¨¨ ªà¨â¥à¨ï §−�ç¨¬®áâ¨,
−�áâà®¥−−®£® −� á®£«�á¨¥ á à�á¯à¥¤¥«¥−¨¥¬ ¯¥à¢ëåN §−�ç¥−¨© â®ç¥ª ¯®«ãç¥−−ëå
¤�−−ëå. …á«¨ à�á¯à¥¤¥«¥−¨¥ −¥ ¨−¢�à¨�−â−® ®â−®á¨â¥«ì−® á¤¢¨£� ¢ ¯®á«¥¤®-
¢�â¥«ì−®áâ¨ ¤�−−ëå, â® ªà¨â¥à¨© §−�ç¨¬®áâ¨ ¢ëï¢¨â ®âª«®−¥−¨¥ −� ¤àã£®¬
−¥¯¥à¥á¥ª�îé¥¬áï ãç�áâª¥ ¤�−−ëå ®â ¨áå®¤−®£® (−� −�ç�«ì−®¬ ãç�áâª¥ ¤«¨-
−ë N ), çâ® ¡ã¤¥â ®§−�ç�âì −�«¨ç¨¥ ¤à¥©ä�. …á«¨ ¤à¥©ä −¥ ¢ëï¢«¥−, â® íâ® −¥
§−�ç¨â, çâ® ¤à¥©ä� −¥â. �à®¡«¥¬� á®áâ®¨â ¢ ¯®áâà®¥−¨¨ ªà¨â¥à¨ï §−�ç¨¬®áâ¨
−� ¯à®áâà�−áâ¢¥ ¯à®¨§¢®«ì−®© ¯à¨à®¤ë, ¨¬¥îé¥¬ ¢ëá®ªãî à�§¬¥à−®áâì. ’�ª¨¬
®¡à�§®¬, −ã¦−� ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï, ãâ®ç−ïîé�ï ¯®áâ�−®¢ªã §�¤�ç¨.

�à¥¦¤¥ ¢á¥£® −¥áª®«ìª® ã¯à®áâ¨¬ ¯®áâ�−®¢ªã §�¤�ç¨. �à¥¤¯®«®¦¨¬, çâ®
¢®§¬®¦−ë â®«ìª® ¤¢� à�á¯à¥¤¥«¥−¨ï P1 6= P2 −� Ÿ, ª®â®àë¥ ®¯à¥¤¥«ïîâ ¢®§¬®¦-
−ë© ¤à¥©ä à�á¯à¥¤¥«¥−¨ï ¤�−−ëå. �â¨ à�á¯à¥¤¥«¥−¨ï −¥¨§¢¥áâ−ë, −® ¢®§¬®¦−®
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�. �. ƒàãè®, �. �. ƒàãè®, Œ. ˆ. ‡�¡¥¦�©«® ¨ ¤à.

¯à¥¤¯®«®¦¨âì −¥ª®â®àë¥ ¨å å�à�ªâ¥à¨áâ¨ª¨. �à¥¤¯®«®¦¨¬, çâ® áãé¥áâ¢ã¥â
è�à V1 â�ª®©, çâ® ¢ ¬¥à¥ P1 ¯®¯�¤�−¨¥ â®çª¨ ¤�−−ëå ¢ è�à V1 ®¯à¥¤¥«ï¥âáï
¢¥à®ïâ−®áâìî P1(V1) > 1/2 ¨ ¤¨�¬¥âà è�à� V1 −¥ ¯à¥¢®áå®¤¨â λ. �−�«®£¨ç−®
áãé¥áâ¢ã¥â è�à V2 â�ª®©, çâ® ¢ ¬¥à¥ P2 ¯®¯�¤�−¨¥ â®çª¨ ¤�−−ëå ¢ è�à V2
®¯à¥¤¥«ï¥âáï ¢¥à®ïâ−®áâìî P2(V2) > 1/2 ¨ ¤¨�¬¥âà è�à� V2 −¥ ¯à¥¢®áå®¤¨â λ.
’�ª¦¥ ¯®âà¥¡ã¥¬, çâ®¡ë è�àë −¥ ¯¥à¥á¥ª�«¨áì, â. ¥. V1 ∩ V2 = ∅. †¥«�â¥«ì−®
¢ë¡à�âì §−�ç¥−¨¥ ¯�à�¬¥âà� λ ª�ª ¬®¦−® ¬¥−ìè¥. „«ï â®£® çâ®¡ë ¨áª�âì ¤à¥©ä,
¢ë¡¥à¥¬ ¯®á«¥¤®¢�â¥«ì−ë¥ −¥¯¥à¥á¥ª�îé¨¥áï ãç�áâª¨ ¤�−−ëå ®¤¨−�ª®¢®© ¤«¨-
−ë N ¨ ¯à¥¤¯®«®¦¨¬, çâ® ¤à¥©ä áãé¥áâ¢ã¥â, ¥á«¨ −� ¯¥à¢®¬ ãç�áâª¥ ¤¥©áâ¢ã¥â
à�á¯à¥¤¥«¥−¨¥ P1, � −� ¢â®à®¬ ãç�áâª¥ | à�á¯à¥¤¥«¥−¨¥ P2. �à¨ íâ®¬ ¯®«�£�¥¬,
çâ® ¤�−−ë¥ ¯®«ãç�îâáï á ¯®¬®éìî −¥§�¢¨á¨¬ëå ¨á¯ëâ�−¨©.

‡�¤�ç� à¥è�¥âáï ¯®áâà®¥−¨¥¬ áâ�â¨áâ¨ç¥áª®£® ªà¨â¥à¨ï ¤«ï ¯à®¢¥àª¨ £¨¯®-
â¥§ëH0, çâ® −� ®¡®¨å ãç�áâª�å ¨áá«¥¤ã¥¬ë¥ ¤�−−ë¥ à�á¯à¥¤¥«¥−ë ¢ á®®â¢¥âáâ¢¨¨
á ¬¥à®© P1, ¯à®â¨¢ �«ìâ¥à−�â¨¢ë H1: −� ¯¥à¢®¬ ãç�áâª¥ ¤�−−ë¥ à�á¯à¥¤¥«¥−ë
¢ á®®â¢¥âáâ¢¨¨ á ¬¥à®©P1, � −� ¢â®à®¬ | ¢ á®®â¢¥âáâ¢¨¨ á ¬¥à®©P2. ‚ á¨«ã ¬−®£®-
¬¥à−®áâ¨ ¨áå®¤−®£® ¯à®áâà�−áâ¢� ª�ª¨¥-«¨¡® ®æ¥−ª¨ −¥¨§¢¥áâ−ëå à�á¯à¥¤¥«¥−¨©
−¥à¥�«ì−ë, ¯®íâ®¬ã ¢®á¯®«ì§ã¥¬áï ¯®¤å®¤®¬ ¨§ à�¡®âë [7].

‚á¥ à�ááâ®ï−¨ï ¬¥¦¤ã ¤�−−ë¬¨ ¢ V1 ¨ ¢ V2 −¥ ¯à¥¢®áå®¤ïâ λ. ˆ§ ãá«®¢¨ï
P1(V1) > 1/2 á«¥¤ã¥â, çâ® ¬−®¦¥áâ¢® â®ç¥ª, ¯®«ãç¥−−ëå ¢ á®®â¢¥âáâ¢¨¨ á ¬¥-
à®© P1 ¢ íâ®¬ è�à¥ V1, ¨¬¥¥â ¯®àï¤®ª, §−�ç¨¬® ¡®«ìè¨© N/2. �−�«®£¨ç−® ¨§
ãá«®¢¨ï P2(V2) > 1/2 á«¥¤ã¥â, çâ® ¬−®¦¥áâ¢® â®ç¥ª, ¯®«ãç¥−−ëå ¢ á®®â¢¥âáâ¢¨¨
á ¬¥à®© P2 ¢ è�à¥ V2, ¨¬¥¥â ¯®àï¤®ª, §−�ç¨¬® ¡®«ìè¨© N/2. —¨á«® â®ç¥ª ¢ V1,
¯®«ãç¥−−ëå ¢ á®®â¢¥âáâ¢¨¨ á ¬¥à®© P2, §−�ç¨¬® ¬¥−ìè¥ N/2, â�ª ª�ª ¡�®«ìè�ï
ç�áâì ¨§ N â®ç¥ª ¢ V1 ¯®«ãç¥−� ¢ á®®â¢¥âáâ¢¨¨ á ¬¥à®© P1.

„�«ì−¥©è¨¥ à�ááã¦¤¥−¨ï ®á−®¢�−ë −� ¯à¥¤¯®«®¦¥−¨¨, çâ® ¤«ï ª�¦¤®© â®çª¨
¤�−−ëå áãé¥áâ¢ã¥â íää¥ªâ¨¢−ë© �«£®à¨â¬, ¯®§¢®«ïîé¨© ¢ëç¨á«¨âì ¯à¨−�¤-
«¥¦−®áâì ª�¦¤®© ¨§ â�ª¨å â®ç¥ª ¤�−−ëå ª è�à�¬ V1 ¨ V2. ˆ§¢¥áâ−®, çâ® â®ç¥ª,
¯®¯�¢è¨å ¢ V1 ¯à¨ à�á¯à¥¤¥«¥−¨¨ P1 −� ãç�áâª¥ ¤«¨−ë N , §−�ç¨¬® ¡®«ìè¥ ¯®«®-
¢¨−ë ®â ¢á¥å â®ç¥ª. ’®£¤� ¢ëç¨á«ï¥¬, áª®«ìª® â®ç¥ª ¯à¨−�¤«¥¦�â ¯®áâà®¥−−®¬ã
−� íâ®¬ ¦¥ ãç�áâª¥ ¤�−−ëå è�àã V2. ˆå ¤®«¦−® ¡ëâì ¬¥−ìè¥ N/2. ’®ç¥ª,
¯®«ãç¥−−ëå ¢ á®®â¢¥âáâ¢¨¨ á ¬¥à®© P1, ¯®¯�¢è¨å ¢ V2, ¤®«¦−® ¡ëâì ¬¥−ìè¥
¯®«®¢¨−ë, â�ª ª�ª ¡®«ìè¥ ¯®«®¢¨−ë ¯®¯�«® ¢ V1, � è�àë −¥ ¯¥à¥á¥ª�îâáï. …á«¨
íâ¨ ãá«®¢¨ï ¢ë¯®«−ïîâáï, â® ¬®¦−® á¤¥«�âì ¢ë¢®¤ ® â®¬, çâ® −� ¯¥à¢®¬ ãç�áâª¥
¯à¨áãâáâ¢ãîâ â®çª¨, ¯®«ãç¥−−ë¥ á ¯®¬®éìî à�á¯à¥¤¥«¥−¨ï P1.

÷�áá¬®âà¨¬ è�à V2 −� ¢â®à®¬ ãç�áâª¥ ¤�−−ëå ¨ ¢ëç¨á«¨¬ ¢á¥ â®çª¨, ª®â®àë¥
¯à¨−�¤«¥¦�â V2. ‚ á«ãç�¥ à�á¯à¥¤¥«¥−¨ï P2 ¨å ¤®«¦−® ¡ëâì §−�ç¨¬® ¡®«ìè¥
N/2. —¨á«® â®ç¥ª, ¯®¯�¢è¨å ¢ ¤®¯®«−¨â¥«ì−® ¤®áâà®¥−−ë© è�à V1, §−�ç¨¬®
¬¥−ìè¥N/2 â®ç¥ª, â�ª ª�ª ¢ á«ãç�¥ ¤¥©áâ¢¨ï à�á¯à¥¤¥«¥−¨ï P2 ¡®«ìè¥ ¯®«®¢¨−ë
â®ç¥ª «¥¦�â ¢ è�à¥ V2, � è�àë −¥ ¯¥à¥á¥ª�îâáï. �âáî¤� ¬®¦−® á¤¥«�âì
¢ë¢®¤ ® â®¬, çâ® −� ¢â®à®¬ ãç�áâª¥ ¤¥©áâ¢ã¥â à�á¯à¥¤¥«¥−¨¥ P2. �à®¢¥¤¥−−ë¥
¢ëç¨á«¥−¨ï ¤®ª�§ë¢�îâ −�«¨ç¨¥ ¤à¥©ä� à�á¯à¥¤¥«¥−¨©. �âáî¤� á«¥¤ã¥â
“â¢¥à¦¤¥−¨¥ 1. �¯¨á�−−ë© �«£®à¨â¬ ¯®§¢®«ï¥â ¢ëï¢«ïâì ¤à¥©ä ¢ ãª�§�−−ëå
ãá«®¢¨ïå.
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�¡−�àã¦¥−¨¥ ¤à¥©ä� à�á¯à¥¤¥«¥−¨ï

÷�áá¬®âà¨¬ �«ìâ¥à−�â¨¢ã. �ãáâì −� ®¡®¨å ãç�áâª�å ¤¥©áâ¢ã¥â ®¤−® à�á¯à¥¤¥-
«¥−¨¥ P1. ’®£¤� ç¨á«® â®ç¥ª ¨§ ¯¥à¢®£® ãç�áâª�, ¯®¯�¢è¨å ¢ è�à V1, ¯à¥¢®áå®¤¨â
N/2. —â® ª�á�¥âáï è�à� V1 −� ¢â®à®¬ ãç�áâª¥, â® −� −¥¬ ®¯ïâì á®¡¥à¥âáï §−�ç¨¬®
¡®«ìè¥ N/2 â®ç¥ª ¢â®à®£® ãç�áâª� ¨ ®− −¥ ¬®¦¥â ¯¥à¥á¥ª�âìáï ¯®áâà®¥−−ë¬
−� íâ®¬ ãç�áâª¥ è�à®¬ V2, £¤¥ ®¯ïâì á®¡¥à¥âáï ¬¥−ìè¥ N/2 â®ç¥ª. ‚ á�¬®¬
¤¥«¥, è�à V2 −¥ ¤®«¦¥− ®¡«�¤�âì á¢®©áâ¢®¬, çâ® ¢ −¥£® ¯®¯�¤�îâ ¡®«ìè¥ N/2
â®ç¥ª á® ¢â®à®£® ãç�áâª�. …á«¨ V1 ¨ V2 −¥ ¯¥à¥á¥ª�îâáï ¨ ¢¥à®ïâ−®áâì ¯®¯�áâì
¢ ª�¦¤ë© ¨§ −¨å ¡®«ìè¥ 1/2, â® ¯® ¯à�¢¨«�¬ â¥®à¨¨ ¢¥à®ïâ−®áâ¥© ¢¥à®ïâ−®áâì
¯®¯�áâì ¢ ®¡ê¥¤¨−¥−¨¥ íâ¨å è�à®¢ ¡®«ìè¥ 1. �â® ¯à®â¨¢®à¥ç¨â ®¯à¥¤¥«¥−¨î
¢¥à®ïâ−®áâ−®© ¬¥àë. �®íâ®¬ã −� ¢â®à®¬ ãç�áâª¥ ¬®¦¥â ¡ëâì â®«ìª® ¬¥à� P1.
�âáî¤� ¯®«ãç�¥¬ á«¥¤ãîé¥¥
“â¢¥à¦¤¥−¨¥ 2. ‚ á«ãç�¥ ®âáãâáâ¢¨ï ¤à¥©ä� à�á¯à¥¤¥«¥−¨ï ¯®áâà®¥−−ë©
�«£®à¨â¬ ®¤−®§−�ç−® íâ® ®¯à¥¤¥«ï¥â.

3 Пример применения метода выявления дрейфа распределения

÷�áá¬®âà¨¬ ¯à®áâ¥©è¨© ¯à¨¬¥à ¯à¨¬¥−¥−¨ï ®¯¨á�−−ëå �«£®à¨â¬®¢. �ãáâì
Ÿ| d-¬¥à−®¥ ¥¢ª«¨¤®¢® ¯à®áâà�−áâ¢®. �¯à¥¤¥«¨¬ âà�−áä®à¬�æ¨î� ¯à®áâà�−-
áâ¢� Ÿ á«¥¤ãîé¨¬ ®¡à�§®¬:

�(x) = x+ α , ∀x ∈ Ÿ ,

£¤¥ α | −¥ª®â®à®¥ á¬¥é¥−¨¥, α ∈ Ÿ.
�¯à¥¤¥«¨¬ ¬¥àë P1 ¨ P2:

P1 = (1− ε)V1 + εϕ ; P2 = (1− ε)(V1 + α) + εϕ ,

£¤¥ V1| íâ® è�à à�¤¨ãá� λ á à�¢−®¬¥à−ë¬ à�á¯à¥¤¥«¥−¨¥¬ −� −¥¬; á®®â¢¥âáâ¢¥−-
−®, V1 + α | íâ® â�ª¦¥ è�à à�¤¨ãá� λ á à�¢−®¬¥à−ë¬ à�á¯à¥¤¥«¥−¨¥¬ −� −¥¬.
‚ë¡®à®¬ α ¬®¦−® á¤¥«�âì è�àë −¥¯¥à¥á¥ª�îé¨¬¨áï. ‡¤¥áì ϕ| íâ® −®à¬�«ì−®¥
à�á¯à¥¤¥«¥−¨¥, ¯«®â−®áâì ª®â®à®£® −¥ ¯à¥¢®áå®¤¨â 1.

�à®¢¥à¨¬ ãá«®¢¨ï áãé¥áâ¢®¢�−¨ï ¤à¥©ä� ¢ íâ¨å ãá«®¢¨ïå. ˆ§ ¯à¥¤¯®-
«®¦¥−¨ï ® −¥§�¢¨á¨¬®áâ¨ ¯®ï¢«¥−¨ï ¤�−−ëå á«¥¤ã¥â ¢ë¯®«−¥−¨¥ á«¥¤ãîé¨å
−¥à�¢¥−áâ¢:

P1(V1) ≥ 1− ε >
1

2
; P2 (V1 + α) ≥ 1− ε >

1

2
.

ˆ§ ãá«®¢¨ï, çâ® è�àë −¥ ¯¥à¥á¥ª�îâáï, á«¥¤ã¥â ¢®§¬®¦−®áâì ¯à¨¬¥−¥−¨ï
ãâ¢¥à¦¤¥−¨ï 1. ’�ª¨¬ ®¡à�§®¬ ¤®ª�§ë¢�¥âáï −�«¨ç¨¥ á¬¥é¥−¨ï ¢ à�áá¬®âà¥−−ëå
ãá«®¢¨ïå.

÷�áá¬®âà¨¬, ª�ª ¡ã¤¥â ¢ë£«ï¤¥âì á¨âã�æ¨ï ®âáãâáâ¢¨ï ¤à¥©ä�. ‚ íâ®¬ á«ãç�¥
α = 0, P1 = P2 ¨ è�àë V1 −� ª�¦¤®¬ ãç�áâª¥ ¤�−−ëå ¨¬¥îâ ¡®«ìè¥ ¯®«®¢¨−ë
â®ç¥ª, � −� −¥ ¯¥à¥á¥ª�îé¨åáï á V1 è�à�å V2 â®ç¥ª ¬¥−ìè¥ N/2 −� ª�¦¤®¬
ãç�áâª¥ ¤�−−ëå. ‘®£«�á−® ãâ¢¥à¦¤¥−¨î 2 íâ® §−�ç¨â, çâ® ¤à¥©ä� à�á¯à¥¤¥«¥−¨©
−¥â.
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4 Заключение

‚ à�¡®â¥ ¯à¥¤«®¦¥− ¬¥â®¤ ¢ëï¢«¥−¨ï ¤à¥©ä� ¢¥à®ïâ−®áâ−®£® à�á¯à¥¤¥«¥−¨ï
¢ ¯à®¨§¢®«ì−®¬ ¬¥âà¨ç¥áª®¬ ¯à®áâà�−áâ¢¥ ¡®«ìè®© à�§¬¥à−®áâ¨. Œ¥â®¤ ®¯¨à�-
¥âáï −� à�§«¨ç¨¥ −¥¨§¢¥áâ−ëå ¢¥à®ïâ−®áâ−ëå à�á¯à¥¤¥«¥−¨© ¢ à�§−ëå ®¡«�áâïå
¨áå®¤−®£® ¯à®áâà�−áâ¢� ¢ á«ãç�¥ −�«¨ç¨ï ¤à¥©ä�. ÷�áá¬®âà¥−� ¬®¤¥«ì ¤à¥©-
ä�, á®áâ®ïé�ï ¨§ ¤¢ãå à�á¯à¥¤¥«¥−¨© ¢¥à®ïâ−®áâ¥© P1 6= P2. �à¥¤«®¦¥−−ë©
¬¥â®¤ ¯à¨ ¢ë¯®«−¥−¨¨ ¥£® ãá«®¢¨© «¥£ª® ¯¥à¥−®á¨âáï −� á«ãç�© à�§«¨ç−ëå
à�á¯à¥¤¥«¥−¨© P1, P2, . . . , Pk.

ˆá¯®«ì§®¢�−¨¥ ¢ ®á−®¢¥ ¬¥â®¤� è�à®¢ ¢ ¬¥âà¨ç¥áª®¬ ¯à®áâà�−áâ¢¥ ¯®§¢®«ï¥â
á®§¤�âì íää¥ªâ¨¢−ë© �«£®à¨â¬ ¢ëç¨á«¥−¨ï ¯à¨−�¤«¥¦−®áâ¨ â®ç¥ª ¤�−−ëå ®¤-
−®¬ã ¨§ è�à®¢, á¢ï§�−−ëå á à�§«¨ç−ë¬¨ à�á¯à¥¤¥«¥−¨ï¬¨ ¬®¤¥«¨ ¤à¥©ä�. �â®
®¡áâ®ïâ¥«ìáâ¢® ¯à¥¤áâ�¢«ï¥âáï áãé¥áâ¢¥−−ë¬ ¤«ï ¢ëï¢«¥−¨ï ¤à¥©ä� à�á¯à¥¤¥-
«¥−¨ï ¢ ¯à®áâà�−áâ¢¥ ¡®«ìè®© à�§¬¥à−®áâ¨.

‚ à�¡®â¥ ¯à¨¢¥¤¥− ¯à®áâ¥©è¨© ¯à¨¬¥à ¯à¨¬¥−¥−¨ï ¬¥â®¤� ¤«ï ®¤−®£® ª«�áá�
à�á¯à¥¤¥«¥−¨© ¢ ¥¢ª«¨¤®¢®¬ ¯à®áâà�−áâ¢¥ ¡®«ìè®© à�§¬¥à−®áâ¨.

‚¬¥áâ¥ á â¥¬ ¯à®¡«¥¬� íää¥ªâ¨¢−®£® ¯®áâà®¥−¨ï è�à®¢ á §�¤�−−ë¬¨ á¢®©-
áâ¢�¬¨ ¢ ¯à®¨§¢®«ì−ëå ¬¥âà¨ç¥áª¨å ¯à®áâà�−áâ¢�å ¢ëá®ª®© à�§¬¥à−®áâ¨ �¢â®-
à�¬¨ áâ�âì¨ −¥ −�©¤¥−�.
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Detection of distribution drift

DETECTION OF DISTRIBUTION DRIFT

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

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

Abstract: Changing the properties of the data being collected is often referred
to as data drift (various options for shifting the characteristics of the data).
The existence of drift in artificial intelligence system training data often leads
to a decrease in the efficiency of machine learning and erroneous solutions of
artificial intelligence systems built on these data. In this regard, the problems
of detecting drift in machine learning data, the moment of drift formation, and
the consequences of changes in training data become relevant. The work proposes
a method for detecting the drift of a probability distribution in an arbitrary
metric space of large dimension. The method relies on the difference between
unknown probability distributions in different regions of the original space in the
event of drift. A drift model consisting of two different probability distributions
is considered. Using the balls in metric space as the basis of the method allows
one to create an efficient algorithm for calculating the ownership of data points
to one of the balls associated with different distributions of the drift model.
This circumstance seems to be essential for revealing the drift of a distribution in
a high-dimensional space.

Keywords: distribution drift; mathematical statistics; efficiently calculated
algorithm
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ОЦЕНКИ СКОРОСТИ СХОДИМОСТИ И УСТОЙЧИВОСТИ
ДЛЯ ОДНОГО КЛАССА НЕСТАЦИОНАРНЫХ МАРКОВСКИХ

МОДЕЛЕЙ СИСТЕМ С НЕТЕРПЕЛИВЫМИ КЛИЕНТАМИ

И. А. Ковалёв1, Я. А. Сатин2, А. И. Зейфман3

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�¥âáï −¥áâ�æ¨®−�à−�ï á¨áâ¥¬� ¬�áá®¢®£® ®¡á«ã¦¨¢�-
−¨ï á S á¥à¢¥à�¬¨ ¨ −¥â¥à¯¥«¨¢ë¬¨ ª«¨¥−â�¬¨ ¢ ¯à¥¤¯®«®¦¥−¨¨, çâ® ¨−-
â¥−á¨¢−®áâ¨ ¯®áâã¯«¥−¨ï −®¢ëå âà¥¡®¢�−¨© ã¬¥−ìè�îâáï á à®áâ®¬ ®ç¥à¥¤¨.
÷�áá¬®âà¥− ¯à®æ¥áá X(t), ®¯¨áë¢�îé¨© ç¨á«® âà¥¡®¢�−¨© ¢ â�ª®© á¨áâ¥-
¬¥, ¤®ª�§�−® áãé¥áâ¢®¢�−¨¥ ¯à¥¤¥«ì−®£® à¥¦¨¬� à�á¯à¥¤¥«¥−¨ï ¢¥à®ïâ−®áâ¥©
á®áâ®ï−¨© ¨ ¯à¥¤¥«ì−®£® áà¥¤−¥£® ¤«ï X(t), ¯®«ãç¥−ë ®æ¥−ª¨ áª®à®áâ¨ áå®-
¤¨¬®áâ¨ ª ¯à¥¤¥«ì−®¬ã à¥¦¨¬ã ¨ ¯à¥¤¥«ì−®¬ã áà¥¤−¥¬ã. �®«ãç¥−ë ®æ¥−ª¨
ãáâ®©ç¨¢®áâ¨. „«ï ¨áá«¥¤®¢�−¨ï ¯à¨¬¥−¥− ¯®¤å®¤, ®á−®¢�−−ë© −� ¯®−ïâ¨¨
«®£�à¨ä¬¨ç¥áª®© −®à¬ë ®¯¥à�â®à−®© äã−ªæ¨¨. ‚ ª�ç¥áâ¢¥ ¯à¨¬¥à� à�á-
á¬®âà¥−� ¯à®áâ�ï ¬®¤¥«ì −¥áâ�æ¨®−�à−®© á¨áâ¥¬ë, ¢ ª®â®à®© ¨−â¥−á¨¢−®áâ¨
âà¥¡®¢�−¨© «¨−¥©−® ã¡ë¢�îâ á ã¢¥«¨ç¥−¨¥¬ ¤«¨−ë ®ç¥à¥¤¨.

Š«îç¥¢ë¥ á«®¢�: áª®à®áâì áå®¤¨¬®áâ¨; íà£®¤¨ç−®áâì; «®£�à¨ä¬¨ç¥áª�ï
−®à¬�; ãáâ®©ç¨¢®áâì; á¨áâ¥¬ë ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï

DOI: 10.14357/08696527220403

1 Введение

÷�áá¬®âà¨¬ ¬®¤¥«ì ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï á S á¥à¢¥à�¬¨, ¨−â¥−á¨¢−®áâ¨
¯®áâã¯«¥−¨ï âà¥¡®¢�−¨© ¢ ª®â®àãî ã¬¥−ìè�îâáï ¯à¨ ã¢¥«¨ç¥−¨¨ ¤«¨−ë ®ç¥à¥¤¨.
’�ª®£® à®¤� ¬®¤¥«¨ ¢áâà¥ç�îâáï, −�¯à¨¬¥à, ¢ [1{7] ¨ −�§ë¢�îâáï â�¬ á¨áâ¥¬�¬¨,
¢ ª®â®àëå ¯®â¥−æ¨�«ì−ë¬ ª«¨¥−â�¬ −¥ −à�¢ïâáï ¡®«ìè¨¥ ®ç¥à¥¤¨. ‡�ï¢ª¨
¯®áâã¯�îâ ¢ á¨áâ¥¬ã á ¨−â¥−á¨¢−®áâï¬¨ φiλ(t) (£¤¥ ª®íää¨æ¨¥−âë φi ¬®−®â®−−®
ã¡ë¢�îâ, â. ¥. ¨−â¥−á¨¢−®áâì ¯®áâã¯«¥−¨ï âà¥¡®¢�−¨© ã¬¥−ìè�¥âáï á à®áâ®¬
®ç¥à¥¤¨), � ®¡á«ã¦¨¢�îâáï á ¨−â¥−á¨¢−®áâï¬¨ µk(t) = µ(t)min(k, S).

�ãáâì X(t), t ≥ 0, | ¯à®æ¥áá, ®¯¨áë¢�îé¨© ç¨á«® âà¥¡®¢�−¨© ¢ à�áá¬�âà¨-
¢�¥¬®© á¨áâ¥¬¥ ¬�áá®¢®£® ®¡á«ã¦¨¢�−¨ï. �â® ¯à®æ¥áá à®¦¤¥−¨ï ¨ £¨¡¥«¨ (�÷ƒ)
á ¨−â¥−á¨¢−®áâï¬¨ à®¦¤¥−¨ï ¨ £¨¡¥«¨:

1‚®«®£®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â; Œ®áª®¢áª¨© æ¥−âà äã−¤�¬¥−â�«ì−®© ¨ ¯à¨-
ª«�¤−®© ¬�â¥¬�â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�,
kovalev.iv96@yandex.ru

2‚®«®£®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â, yacovi@mail.ru
3‚®«®£®¤áª¨© £®áã¤�àáâ¢¥−−ë© ã−¨¢¥àá¨â¥â; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−-

ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; ‚®«®£®¤áª¨© −�ãç−ë© æ¥−âà ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª; Œ®áª®¢áª¨© æ¥−âà äã−¤�¬¥−â�«ì−®© ¨ ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨ Œ®áª®¢áª®£®
£®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�, a zeifman@mail.ru
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λi(t) = φiλ(t), ¥á«¨ i ≥ 0 ;

µk(t) =

{

kµ(t), ¥á«¨ k ≤ S ;

Sµ(t), ¥á«¨ k > S .

�à¥¤¯®«�£�¥¬, çâ® ¢á¥ äã−ªæ¨¨, ®¯¨áë¢�îé¨¥ ¨−â¥−á¨¢−®áâ¨ ¯¥à¥å®¤®¢, −¥®â-
à¨æ�â¥«ì−ë ¨ «®ª�«ì−® ¨−â¥£à¨àã¥¬ë −� [0,∞).

2 Скорость сходимости

„«ï ¯®«ãç¥−¨ï ®æ¥−ª¨ áª®à®áâ¨ áå®¤¨¬®áâ¨ ¯à¨¬¥−¨¬ ¯®¤å®¤, ¨§«®¦¥−−ë©
¢ [8]. �¡®§−�ç¨¢ ç¥à¥§ p (t) = (p0 (t) , p1 (t) , . . .)

T ¢¥ªâ®à ¢¥à®ïâ−®áâ¥© á®áâ®ï−¨©
¢ ¤�−−ë© ¬®¬¥−â ¢à¥¬¥−¨ t ¤«ï ¯à®æ¥áá� X(t), ¯®«ãç�¥¬ ¯àï¬ãî á¨áâ¥¬ã
Š®«¬®£®à®¢�:

dp (t)

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

£¤¥

A(t) =



















−φ0λ(t) µ(t) 0

φ0λ(t) −(φ1λ(t) + µ(t)) min(2, S)µ(t)

0 φ1λ(t) −(φ2λ(t) + min(2, S)µ(t))

0 0 φ2λ(t)

...
...

...

0 · · ·

0 · · ·

min(3, S)µ(t) · · ·

−(φ3λ(t) + min(3, S)µ(t)) · · ·

...
. . .



















. (2)

�à¥¤¯®«�£�¥¬, çâ® ¬�âà¨æ� ¨−â¥−á¨¢−®áâ¨ áãé¥áâ¢¥−−® ®£à�−¨ç¥−−�, â. ¥.

sup
i

|aii (t) | ≤ L <∞ ¯®çâ¨ ¤«ï ¢á¥å t ≥ 0 .

�¡®§−�ç¨¬ ç¥à¥§ ‖ · ‖ l1-−®à¬ã ¢¥ªâ®à�, ‖x‖ =
∑

|xi|, ‖B‖ = supj
∑

i |bij |,
¥á«¨ B = (bij)∞i,j=0, ¨ ®¡®§−�ç¨¬ ç¥à¥§ Ÿ ¬−®¦¥áâ¢® ¢á¥å ¢¥ªâ®à®¢ ¨§ l1 á −¥®âà¨-
æ�â¥«ì−ë¬¨ ª®®à¤¨−�â�¬¨ ¨ ¥¤¨−¨ç−®© −®à¬®©. ’®£¤� ¨¬¥¥¬

‖A(t)‖ = 2 sup
k

|akk (t)| ≤ 2L ¯®çâ¨ ¤«ï ¢á¥å t ≥ 0 .
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�æ¥−ª¨ áª®à®áâ¨ áå®¤¨¬®áâ¨ ¨ ãáâ®©ç¨¢®áâ¨ ¤«ï −¥áâ�æ¨®−�à−ëå ¬�àª®¢áª¨å ¬®¤¥«¥©

ˆáª«îç¨¬ −ã«¥¢®¥ á®áâ®ï−¨¥, ¯®«�£�ï

p0 (t) = 1−
∑

i≥1

pi (t) ,

¨ ¯®«ãç¨¬ ¨§ (1)
dz

dt
= B(t)z(t) + f(t), (3)

£¤¥

B(t) =

















−(φ0λ(t) + φ1λ(t) + µ(t)) min(2, S)µ(t) − φ0λ(t)

φ1λ(t) −(φ2λ(t) + min(2, S)µ(t))

0 φ2λ(t)

...
...

−φ0λ(t) · · ·

min(3, S)µ(t) · · ·

−(φ3λ(t) + min(3, S)µ(t)) · · ·

...
. . .















f (t) = (φ0λ(t), 0, 0, . . .)
T .

„«ï ¯®«ãç¥−¨ï −ã¦−ëå á¢®©áâ¢ ¨ ®æ¥−®ª ¯®âà¥¡ãîâáï −¥ª®â®àë¥ ¢á¯®¬®£�-
â¥«ì−ë¥ ú¢§¢¥è¥−−ë¥û −®à¬ë. ÷�áá¬®âà¨¬ ¯®á«¥¤®¢�â¥«ì−®áâì ¯®«®¦¨â¥«ì−ëå
ç¨á¥« {di}, â�ªãî çâ® d = inf di > 0, ¬�âà¨æã

D =













d1 d1 d1 · · ·

0 d2 d2 · · ·

0 0 d3 · · ·
...

...
...

. . .













¨ ¯à®áâà�−áâ¢® ¯®á«¥¤®¢�â¥«ì−®áâ¥© l1D = {z/‖z‖1D = ‖Dz‖1 <∞}.
’®£¤� ¨§ (3) ¯®«ãç¨¬ ãà�¢−¥−¨¥

du

dt
=W (t)u(t) + g(t),

£¤¥
u(t) = Dz(t); g(t) = Df(t) ;

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 4 2022 23



ˆ. �. Š®¢�«ñ¢, Ÿ. �. ‘�â¨−, �. ˆ. ‡¥©ä¬�−

W (t) = DB(t)D−1 =





















−(φ0λ(t) + µ(t))
d1
d2
µ(t)

d2
d1
φ1λ(t) −(φ1λ(t) +min(2, S)µ(t))

0
d3
d2
φ2λ(t)

...
...

0 · · ·

d2
d3
min(2, S)µ(t) · · ·

−(φ2λ(t) + min(3, S)µ(t)) · · ·
...

. . .















.

�®«®¦¨¬

γ∗(t) = infi

(

|wii(t)| −
∑

j 6=i

|wji(t)|

)

.

’®£¤�

‖B(t)‖1D = ‖DB(t)D−1‖ = ‖W (t)‖ = sup
i

(

|wii(t)|+
∑

j 6=i

|wji(t)|

)

=

= sup
i

(

2|wii(t)|+
∑

j 6=i

|wji(t)|− |wii(t)|

)

≤ 2 sup
i

|wii(t)|−γ∗(t) ≤ 2L−γ∗(t).

‘«¥¤®¢�â¥«ì−®, ®¯¥à�â®à−�ï äã−ªæ¨ï B(t) ®£à�−¨ç¥−� ¢ ¯à®áâà�−áâ¢¥ l1D. �®-
«ãç�¥¬

γ (B(t))1D = γ (W (t)) = sup
i

(

wii(t) +
∑

j 6=i

|wji(t)|

)

= −γ∗(t).

„�«¥¥ ®æ¥−¨¬ «®£�à¨ä¬¨ç¥áªãî −®à¬ã ®¯¥à�â®à� W (t). �¡®§−�ç¨¬ ç¥à¥§
−αk(t) áã¬¬ã ¢á¥å í«¥¬¥−â®¢ k-£® áâ®«¡æ� ¬�âà¨æë W (t):

αk (t)=























µ(t)−

(

d2
d1
φ1 − φ0

)

λ(t), k = 1 ,
(

min(k, S)−
dk−1

dk
min(k − 1, S)

)

µ(t)−

(

dk+1

dk
φk − φk−1

)

λ(t),

k > 1 ,

¨ γ∗(t) = infkαk. �ãáâì

24 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 4 2022
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dk =







δ ∈

(

1;
S

S − 1

)

¯à¨ 1 ≤ k ≤ S ;

δdk−1 ¯à¨ k > S ¨ δ > 1 .

�®«ãç�¥¬

αk (t) =















µ(t) + (φk−1 − φk)λ(t), 1 ≤ k < S ;

µ(t)− (δφk − φk−1)λ(t), k = S ;
(

S −
1

δ
S

)

µ(t)− (δφk − φk−1)λ(t), k > S,

≥

≥







µ(t)− (δφS − φS−1)λ(t);
(

S −
1

δ
S

)

µ(t)− (δφk − φk)λ(t),
≥

≥







µ(t)− (δ − 1)φSλ(t);
(

S −
1

δ
S

)

µ(t)− (δ − 1)φSλ(t),
≥







µ(t)− (δ − 1)φSλ(t);
δ − 1

δ
(Sµ(t)− δφSλ(t)) ,

� §−�ç¨â,

γ∗(t) ≥
δ − 1

δ
(Sµ(t)− δφSλ(t))

¨ á¯à�¢¥¤«¨¢® á«¥¤ãîé¥¥ ãâ¢¥à¦¤¥−¨¥.

’¥®à¥¬� 1. �ãáâì −�©¤¥âáï δ ∈ (1;S/(S − 1)), â�ª®¥ çâ®

∞
∫

0

(Sµ(t)− δφSλ(t)) dt = +∞ .

’®£¤� X(t) á«�¡® íà£®¤¨ç¥−, ¯à¨ç¥¬

∥

∥p1(t)− p2(t)
∥

∥

1D
≤ e−(δ−1)/δ

∫

t

0
(Sµ(u)−δφSλ(u)) du

∥

∥p1(0) − p2(0)
∥

∥

1D

¤«ï «î¡ëå −�ç�«ì−ëå ãá«®¢¨© p1(0) ∈ Ÿ, p2(0) ∈ Ÿ ¨ ¢á¥å t ≥ 0.

3 Устойчивость

‡¤¥áì à�áá¬®âà¨¬ ¯à¨¬¥−¥−¨¥ ®¡é¥£® ¬¥â®¤� ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ (á¬. −¥-
¤�¢−¨© ®¡§®à ¢ [9]) ¤«ï ¨áá«¥¤ã¥¬ëå ¬®¤¥«¥©.

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

�ãáâì

|λk(t)− �λk(t)| = |�λk(t)| ≤ �ǫ, |µk(t)− �µk(t)| = |�µk(t)| ≤ �ǫ.

’®£¤� ¨§ (2) ¯®«ãç�¥¬ ®£à�−¨ç¥−¨¥

‖ �A(t)‖ = 2 sup
k

|�akk (t)| ≤ 4�ǫ

¨ ¨§ â¥®à¥¬ë 2 áâ�âì¨ [9] á«¥¤ãîé¨¥ ®æ¥−ª¨.
’¥®à¥¬� 2. …á«¨ ¯à®æ¥áá X(t) 1D-íªá¯®−¥−æ¨�«ì−® á«�¡® íà£®¤¨ç¥−, â® �X(t)
â�ª¦¥ 1D-íªá¯®−¥−æ¨�«ì−® á«�¡® íà£®¤¨ç¥−, â. ¥.

e−
∫

t

s
γ∗(τ) dτ ≤Me−α(t−s)

¤«ï −¥ª®â®àëå ¯®«®¦¨â¥«ì−ëå M ¨ α ¨

H = sup
|i−j|=1

di

dj
<∞ .

�à¨ íâ®¬ á¯à�¢¥¤«¨¢� á«¥¤ãîé�ï ®æ¥−ª� ãáâ®©ç¨¢®áâ¨:

lim sup
t→∞

‖p(t)− �p(t)‖1D ≤
M�ǫ (2M(H + 1) + a)

a (a− 2M�ǫ (H + 1))
.

�®«¥¥ â®£®, ¥á«¨

W = inf
k≥1

dk+1

k
> 0 ,

â®

lim sup
t→∞

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

Wa (a− 2M�ǫ (H + 1))
.

4 Пример

�ãáâì ç¨á«® á¥à¢¥à®¢ ¢ á¨áâ¥¬¥ S = 5, � ¨−â¥−á¨¢−®áâ¨ ¨¬¥îâ ¢¨¤:

λ(t) = 2 + 0,5 sin 2πt ;

µ(t) = 3 + 2 cos 2πt ;

φk =







3 ¯à¨ k < S ;
3

k − S + 2
¯à¨ k ≥ S .
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„«ï â¥®à¥¬ë 1 ¨ á®®â¢¥âáâ¢ãîé¥© â¥®à¥¬ë 2 ®¡ úãáâ®©ç¨¢®áâ¨û ¢®§ì¬¥¬
δ = 6/5. �ç¥¢¨¤−®, çâ® L ≤ 65.

’®£¤� H = δ < 1,25 ¨ e−
∫

t

0
((δ−1)/δ)(Sµ(τ)−δφSλ(τ)) dτ ≤ 7e−1,9t, ¯®íâ®¬ã

¬®¦−® ¢§ïâì a = 1,9 ¨ M = 7.
�®«ãç�¥¬ ®æ¥−ªã áª®à®áâ¨ áå®¤¨¬®áâ¨

∥

∥p1(t)− p2(t)
∥

∥

1D
≤ 7e−1,9t

∥

∥p1(0) − p2(0)
∥

∥

1D

¨§ â¥®à¥¬ë 1.
‘®®â¢¥âáâ¢ãîé¨¥ ®æ¥−ª¨ ¢®§¬ãé¥−¨© ¨¬¥îâ ¢¨¤:

lim sup
t→∞

‖p(t)− �p(t)‖1D ≤
124�ǫ

1,9− 31,5�ǫ
;

lim sup
t→∞

|E(t, 0) − �E(t, 0)| ≤
124�ǫ

0,24(1,9− 31,5�ǫ)

¨§ â¥®à¥¬ë 2.
„�«¥¥ á«¥¤ã¥¬ ¬¥â®¤ã, ª®â®àë© ¡ë« ¯®¤à®¡−® ®¯¨á�− ¢ [10, 11], � ¨¬¥−−®:

¢ë¡¨à�¥¬ à�§¬¥à−®áâì ãá¥ç¥−−®£® ¯à®æ¥áá� (¢ ¤�−−®¬ á«ãç�¥ | 100), ¨−â¥à¢�«,
−� ª®â®à®¬ ¤®áâ¨£�¥âáï ¦¥«�¥¬�ï â®ç−®áâì ([0, 10]), ¨ á�¬ ¯à¥¤¥«ì−ë© ¨−â¥à¢�«
([10, 11]), áâà®¨¬ £à�ä¨ª¨ ®¦¨¤�¥¬®£® ç¨á«� âà¥¡®¢�−¨© ¢ á¨áâ¥¬¥ ¨ −¥ª®â®àëå
−�¨¡®«¥¥ ¢¥à®ïâ−ëå á®áâ®ï−¨©.

�� à¨á. 1 ¨ 2 ¯®ª�§�−® ¯®¢¥¤¥−¨¥ ¢¥à®ïâ−®áâ¨ ¯ãáâ®© ®ç¥à¥¤¨ ¨ áà¥¤−¥£®
§−�ç¥−¨ï. �� à¨á. 3 ¬®¦−® ¢¨¤¥âì ®æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ ¤«ï á®®â¢¥âáâ¢ãîé¨å
¯à¥¤¥«ì−ëå å�à�ªâ¥à¨áâ¨ª á �ǫ = 10−3.

÷¨á. 1 ‚¥à®ïâ−®áâì ¯ãáâ®© ®ç¥à¥¤¨ (�) ¨ áà¥¤−¥¥ E(t, k) (¡) ¤«ï t ∈ [0, 10]: 1 |
X(0) = 0; 2 | X(0) = 100
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÷¨á. 2 �¯¯à®ªá¨¬�æ¨¨ ¯à¥¤¥«ì−®© ¢¥à®ïâ−®áâ¨ ¯ãáâ®© ®ç¥à¥¤¨ (�) ¨ ¯à¥¤¥«ì−®£®
áà¥¤−¥£® §−�ç¥−¨ï E(t, k) (¡) ¤«ï t ∈ [10, 11]: 1 | X(0) = 0; 2 | X(0) = 100

÷¨á. 3 �æ¥−ª¨ ãáâ®©ç¨¢®áâ¨ ¤«ï ¯à¥¤¥«ì−®© ¢¥à®ïâ−®áâ¨ ¯ãáâ®© ®ç¥à¥¤¨ (�) ¨ ¯à¥-
¤¥«ì−®£® áà¥¤−¥£® §−�ç¥−¨ï (¡) ¤«ï t ∈ [10, 11], �ǫ = 0,001: 1 | X(0) = 0; 2 |
X(0) = 100
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Abstract: A nonstationary queuing system with S servers and impatient cus-
tomers is considered, i. e., the arrival intensities decrease with the growth of the
queue. The process X(t) describing the number of customers in such a system
is considered, the existence of a limiting mode of the probability distribution of
states and a limiting mean for X(t) is proved, and the estimates of the rate of
convergence to the limiting mode and the limiting mean are obtained. Also, the
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perturbation estimates are obtained. The authors apply an approach based on the
concept of the logarithmic norm of the operator function. As an example, a simple
model of a nonstationary system is considered in which potential customers are
discouraged by queue length.

Keywords: rate of convergence; ergodicity bounds; logarithmic norm; pertur-
bation; queuing systems
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МЕТОДЫ ПОИСКА ИМПЛИЦИТНЫХ
ЛОГИКО-СЕМАНТИЧЕСКИХ ОТНОШЕНИЙ

В ПАРАЛЛЕЛЬНЫХ ТЕКСТАХ∗

А. А. Гончаров1

�−−®â�æ¨ï: �−�«¨§¨àã¥âáï ¯à®¡«¥¬� æ¥«¥−�¯à�¢«¥−−®£® ¯®¨áª� äà�£¬¥−â®¢
á ¨¬¯«¨æ¨â−ë¬¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨¬¨ ®â−®è¥−¨ï¬¨ (‹‘�) ¢ ¯�à�««¥«ì-
−ëå â¥ªáâ�å. —â®¡ë ¢ëïá−¨âì, ¢®§¬®¦¥− «¨ ¯®¤®¡−ë© ¯®¨áª, à�áá¬®âà¥−
¯®â¥−æ¨�« ¯�à�««¥«ì−ëå â¥ªáâ®¢ ª�ª ¨áâ®ç−¨ª� «¨−£¢¨áâ¨ç¥áª®£® §−�−¨ï
¨ ¯à®¢¥¤¥− ®¡§®à ¨áá«¥¤®¢�−¨© ¨¬¯«¨æ¨â−ëå ‹‘� −� ¬�â¥à¨�«¥ â�ª¨å â¥ª-
áâ®¢. –¥«ì ®¡§®à� | ¢ëï¢«¥−¨¥ ¬¥â®¤®¢, ª®â®àë¥ ¯à¨¬¥−ïîâáï ¤«ï á®§¤�−¨ï
¬�áá¨¢®¢ äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘�. �®ª�§�−®, çâ® ¯�à�««¥«ì−ë¥
â¥ªáâë ®âªàë¢�îâ è¨à®ª¨¥ ¢®§¬®¦−®áâ¨ ¯®¨áª� íâ¨å äà�£¬¥−â®¢, ®¡ãá«®¢-
«¥−−ë¥ â¥¬, çâ® ¢ ®¤−®¬ ï§ëª¥ ‹‘� ¬®¦¥â ¡ëâì íªá¯«¨æ¨â−ë¬, � ¢ ¤àã£®¬ |
¨¬¯«¨æ¨â−ë¬ (ï¢«¥−¨¥, ¨§¢¥áâ−®¥ ª�ª bilingual explicit/implicit mismatch).
„«ï ®¡−�àã¦¥−¨ï ¯®¤®¡−ëå −¥á®®â¢¥âáâ¢¨© ¨á¯®«ì§ãîâáï ¬¥â®¤ë: (1) ¤¨áªãà-
á¨¢−®£® ¯�àá¨−£�; (2) ®¡à�â−®£® ¬�è¨−−®£® ¯¥à¥¢®¤� (Œ�); (3) ¤¢ãï§ëç−®£®
¯®¨áª� á ¨áª«îç¥−¨¥¬. ’�ª¨¬ ®¡à�§®¬, ¯�à�««¥«ì−ë¥ â¥ªáâë, ¢ ®â«¨ç¨¥ ®â ¬®-
−®ï§ëç−ëå, ¯®§¢®«ïîâ à¥è¨âì §�¤�çã æ¥«¥−�¯à�¢«¥−−®£® ¯®¨áª� äà�£¬¥−â®¢
á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� ¨ ¨å ¯®á«¥¤ãîé¥£® ¨§¢«¥ç¥−¨ï.

Š«îç¥¢ë¥ á«®¢�: ¨¬¯«¨æ¨â−®áâì; ¨¬¯«¨æ¨â−ë¥ «®£¨ª®-á¥¬�−â¨ç¥áª¨¥ ®â−®-
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1 Введение

‘â�âìï ¯à¥¤áâ�¢«ï¥â á®¡®© §�¢¥àè¥−¨¥ ®¡§®à� ¬¥â®¤®¢ ¯®¨áª� ¨¬¯«¨æ¨â−ëå
‹‘� ¢ â¥ªáâ�å −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥. ‘®§¤�−¨¥ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨, ®¡¥á¯¥-
ç¨¢�îé¨å ¯®¨áª ¨ ¯®á«¥¤ãîé¨© �−�«¨§ ‹‘�, á¯®á®¡−® ¢−¥áâ¨ ¢ª«�¤ ¢ à�§¢¨â¨¥
àï¤� −�¯à�¢«¥−¨© ®¡à�¡®âª¨ ¥áâ¥áâ¢¥−−®£® ï§ëª�, áà¥¤¨ ª®â®àëå ¨§¢«¥ç¥−¨¥
§−�−¨ï ¨§ â¥ªáâ®¢, ¢®¯à®á−®-®â¢¥â−ë¥ á¨áâ¥¬ë, �¢â®¬�â¨ç¥áª®¥ à¥ä¥à¨à®¢�-
−¨¥, Œ�.

‚ [1] ¤�− ®¡§®à ¬¥â®¤®¢ ¯®¨áª� ¨¬¯«¨æ¨â−ëå ‹‘� ¢ ¬®−®ï§ëç−ëå â¥ªáâ�å,
� ¢ −�áâ®ïé¥© áâ�âì¥ | ¢ ¯�à�««¥«ì−ëå. ‚ à�¡®â¥ ¨á¯®«ì§ã¥âáï àï¤ ¯®−ïâ¨©,
ª®â®àë¥ ®¯à¥¤¥«¥−ë ¢ [1]: íªá¯«¨æ¨â−®¥/̈ ¬¯«¨æ¨â−®¥ ‹‘�, �à£ã¬¥−âë ‹‘�,
äà�£¬¥−â á ‹‘�. •®âï ¯�à�««¥«ì−ë¥ â¥ªáâë ¨á¯®«ì§ãîâáï ¢ ¨§ãç¥−¨¨ ‹‘� à¥¦¥
¬®−®ï§ëç−ëå, ®−¨, ª�ª ¡ã¤¥â ¯®ª�§�−®, ®âªàë¢�îâ ¢®§¬®¦−®áâ¨, −¥¤®áâã¯−ë¥

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® á ¨á¯®«ì§®¢�−¨¥¬ –Š� úˆ−ä®à¬�â¨ª�û ”ˆ– ˆ“ ÷��.
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Œ¥â®¤ë ¯®¨áª� ¨¬¯«¨æ¨â−ëå «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

¯à¨ à�¡®â¥ á ¬®−®ï§ëç−ë¬ ¬�â¥à¨�«®¬. –¥«ì áâ�âì¨ | ¢ëïá−¨âì, ¬®¦−®
«¨ æ¥«¥−�¯à�¢«¥−−® ¨áª�âì äà�£¬¥−âë á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� ¢ ¯�à�««¥«ì−ëå
â¥ªáâ�å. „«ï ¤®áâ¨¦¥−¨ï íâ®© æ¥«¨ ¯à®¢®¤¨âáï ®¡§®à à�¡®â, £¤¥ ¨¬¯«¨æ¨â−ë¥
‹‘� ¨áá«¥¤ãîâáï −� ¬�â¥à¨�«¥ â�ª¨å â¥ªáâ®¢.

2 Параллельные тексты как источник лингвистического знания

…é¥ ¢ ª®−æ¥ 1990-å ££. ¨áá«¥¤®¢�â¥«¨ ®¡à�â¨«¨ ¢−¨¬�−¨¥ −� ¢®§¬®¦−®áâ¨
¯® ¨§¢«¥ç¥−¨î §−�−¨ï ® á¥¬�−â¨ª¥ ï§ëª®¢ëå ¥¤¨−¨æ, ¯à¥¤®áâ�¢«ï¥¬ë¥ ¯�à�«-
«¥«ì−ë¬¨ â¥ªáâ®¢ë¬¨ ª®à¯ãá�¬¨. ’�ª, •¥«ì£¥ „î¢¨ª ¢ áâ�âì¥ [2] ¢ë¤¢¨−ã«
â¥§¨á ® â®¬, çâ® ¯�à�««¥«ì−ë¥ ª®à¯ãáë á¯®á®¡−ë ãªà¥¯¨âì í¬¯¨à¨ç¥áª¨¥ ®á−®¢�-
−¨ï «¨−£¢¨áâ¨ç¥áª®© á¥¬�−â¨ª¨. �® ¥£® ¬−¥−¨î, ®æ¥−ª� á¬ëá«®¢ëå ®â−®è¥−¨©
¬¥¦¤ã ï§ëª®¢ë¬¨ ¥¤¨−¨æ�¬¨, ¯®«ãç¥−−�ï ¢ ¯à®æ¥áá¥ ¬¥â�«¨−£¢¨áâ¨ç¥áª¨å,
ä¨«®á®äáª¨å ¨ â¥®à¥â¨ç¥áª¨å à�§¬ëè«¥−¨©, áã¡ê¥ªâ¨¢−�. Š�ª á«¥¤áâ¢¨¥, ¢®§-
−¨ª�¥â ¢®¯à®á ® â®¬, ª�ª ¯à®¢®¤¨âì â�ªãî ®æ¥−ªã, çâ®¡ë á−¨§¨âì áâ¥¯¥−ì ¥¥
áã¡ê¥ªâ¨¢−®áâ¨. ‘®£«�á−® •. „î¢¨ªã, íâ® ¬®¦−® á¤¥«�âì ¢ å®¤¥ ¯¥à¥¢®¤ç¥áª®©
¤¥ïâ¥«ì−®áâ¨: ¢®-¯¥à¢ëå, ®−� è¨à®ª® à�á¯à®áâà�−¥−�, � ¢®-¢â®àëå, ¯à¥¤áâ�¢«ï-
¥â á®¡®© à¥¤ªãî á¨âã�æ¨î, ª®£¤� ®æ¥−ª� á¬ëá«®¢ëå ®â−®è¥−¨© ¬¥¦¤ã ï§ëª®¢ë¬¨
¥¤¨−¨æ�¬¨ ®áãé¥áâ¢«ï¥âáï ¢ ¯à®æ¥áá¥ ï§ëª®¢®© ¤¥ïâ¥«ì−®áâ¨ (� −¥ ã¯®¬ï−ãâëå
�¢â®à®¬ ¬¥â�«¨−£¢¨áâ¨ç¥áª¨å ¨ ¤àã£¨å à�§¬ëè«¥−¨©). „¢� íâ¨å ä�ªâ®à� ¯®-
§¢®«ïîâ áç¨â�âì ®æ¥−ª¨, ¯®«ãç¥−−ë¥ ¢ ¯à®æ¥áá¥ ¯¥à¥¢®¤�, −¥ áã¡ê¥ªâ¨¢−ë¬¨,
� ¨−â¥àáã¡ê¥ªâ¨¢−ë¬¨, £¤¥ ¨−â¥àáã¡ê¥ªâ¨¢−®áâì ¬®¦¥â ¯®−¨¬�âìáï ª�ª ú−¥§�-
¢¨á¨¬®áâì ã¯®âà¥¡«¥−¨ï ¨ ¯®−¨¬�−¨ï ï§ëª®¢ëå ¢ëà�¦¥−¨© ®â [®â¤¥«ì−ëå] «¨æ
¨ ®¡áâ®ïâ¥«ìáâ¢û [3], §�−¨¬�ï ¯à®¬¥¦ãâ®ç−ãî ¯®§¨æ¨î ¬¥¦¤ã áã¡ê¥ªâ¨¢−®áâìî
¨ ®¡ê¥ªâ¨¢−®áâìî. ’®â ä�ªâ, çâ® à¥§ã«ìâ�â ®æ¥−®ª, á¤¥«�−−ëå ¯à¨ ¯¥à¥¢®¤¥,
ä¨ªá¨àã¥âáï ¢ ä®à¬¥ −�¡«î¤�¥¬ëå ®â−®è¥−¨© ¬¥¦¤ã ¨áå®¤−ë¬ ¨ ¯¥à¥¢®¤−ë¬
â¥ªáâ®¬, ¢ á¢®î ®ç¥à¥¤ì á¯®á®¡áâ¢ã¥â úíªáâ¥à¨®à¨§�æ¨¨ ªà¨â¥à¨¥¢, ¯® ª®â®àë¬
¤®«¦−ë ®æ¥−¨¢�âìáï «¨−£¢¨áâ¨ç¥áª¨¥ ®¯¨á�−¨ïû1 [2, á. 51], â. ¥. ¯¥à¥¢®¤ã íâ¨å
ªà¨â¥à¨¥¢ ¨§ −¥ï¢−®£® á®áâ®ï−¨ï ¢ ï¢−®¥.

÷�ä�í« ‘®«ª¨ ¯à¥¤«®¦¨« ¢§£«ï−ãâì −� ¯�à�««¥«ì−ë© ª®à¯ãá ª�ª −� ®á®¡ë©
¢¨¤ à�§¬¥ç¥−−®£® (= �−−®â¨à®¢�−−®£®) ¬®−®ï§ëç−®£® ª®à¯ãá�, £¤¥ â¥ªáâ ¯¥à¥¢®¤�
à�áá¬�âà¨¢�¥âáï ª�ª á¢®¥®¡à�§−�ï úà�§¬¥âª�û â¥ªáâ� ®à¨£¨−�«�. ’�ª¨¬ ®¡à�§®¬,
®â«¨ç¨¥ ¯�à�««¥«ì−®£® ª®à¯ãá� ®â ¬®−®ï§ëç−®£®, á−�¡¦¥−−®£® ª�ª¨¬-«¨¡® ¨§
¯à¨¢ëç−ëå â¨¯®¢ à�§¬¥âª¨ (¬®àä®«®£¨ç¥áª®©, á¨−â�ªá¨ç¥áª®©, á¥¬�−â¨ç¥áª®©
¨ ¤à.), á®áâ®¨â «¨èì ¢ â®¬, çâ® á®¤¥à¦�é�ïáï ¢ ¯�à�««¥«ì−®¬ ª®à¯ãá¥ úà�§¬¥âª�û
¨¬¥¥â ¢¥áì¬� −¥¯à¨¢ëç−ë© ä®à¬�â, â�ª ª�ª á�¬� ¯® á¥¡¥ ï¢«ï¥âáï â¥ªáâ®¬ −�
¥áâ¥áâ¢¥−−®¬ ï§ëª¥. �à¨ â�ª®¬ ¯®¤å®¤¥ ¢®¯à®áë ª�ç¥áâ¢� ¯¥à¥¢®¤�, ¯à¥¤áâ�¢¨-
â¥«ì−®áâ¨ ¯�à�««¥«ì−®£® ª®à¯ãá� ¨ ï§ëª®¢ëå ®á®¡¥−−®áâ¥© ¯¥à¥¢®¤−ëå â¥ªáâ®¢
(â. −. translationese) ãáâã¯�îâ ¬¥áâ® ¢®¯à®á�¬ ® â®¬, ª�ª¨¥ ¢¨¤ë §−�−¨ï ® â¥ªáâ¥
®à¨£¨−�«� á®¤¥à¦�âáï ¢ ¥£® úà�§¬¥âª¥û, â. ¥. ¢ â¥ªáâ¥ ¯¥à¥¢®¤�, ¨ ® â®¬, ª�ª
¨§¢«¥ª�âì ¨§ â�ª®© úà�§¬¥âª¨û íâ® §−�−¨¥ [4, á. 36{37].

1‡¤¥áì ¨ ¤�«¥¥ ¯¥à¥¢®¤ ¬®©. | �. ƒ.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 4 2022 33



�. �. ƒ®−ç�à®¢

‘å®¦¨å ¢§£«ï¤®¢ ¯à¨¤¥à¦¨¢�¥âáï ¨ „í− Œ¥«�¬¥¤: ú��à�««¥«ì−ë¥ â¥ªáâë |
®¤¨− ¨§ ¡®£�â¥©è¨å ¨áâ®ç−¨ª®¢ «¨−£¢¨áâ¨ç¥áª®£® §−�−¨ï, ¯®â®¬ã çâ® ¯¥à¥¢®¤
â¥ªáâ� −� ¤àã£®© ï§ëª ¬®¦¥â à�áá¬�âà¨¢�âìáï ª�ª ¤¥â�«ì−�ï �−−®â�æ¨ï â®£®, çâ®
íâ®â â¥ªáâ ®§−�ç�¥âû [5, á. 1].

‘à�¢−¨¢�ï ¬®−®ï§ëç−ë¥ ¨ ¯�à�««¥«ì−ë¥ ª®à¯ãáë, „¨àª �®í« á¤¥«�« ¢ë¢®¤
® â®¬, çâ® ¬®−®ï§ëç−ë© ª®à¯ãá å®à®è ¤«ï ¯®¤áç¥â� ä®à¬ «¥ªá¨ç¥áª¨å ¥¤¨−¨æ,
−® −¥ ¯®§¢®«ï¥â á «¥£ª®áâìî à�áªàë¢�âì §−�ç¥−¨ï íâ¨å ¥¤¨−¨æ. ��à�««¥«ì-
−ë© ª®à¯ãá, −�¯à®â¨¢, ¯à¥¤®áâ�¢«ï¥â íâã ¢®§¬®¦−®áâì: ¯¥à¥¢®¤ç¨ª¨, á®§¤�¢�ï
¯¥à¥¢®¤, ¤®«¦−ë ¢ë¡¨à�âì ï§ëª®¢ë¥ áà¥¤áâ¢�, ª®â®àë¥ á¯®á®¡−ë ¯¥à¥¤�âì §−�-
ç¥−¨¥ ï§ëª®¢ëå ¥¤¨−¨æ ¨áå®¤−®£® â¥ªáâ� ¢ æ¥«¥¢®¬ â¥ªáâ¥. ’¥¬ á�¬ë¬ ®−¨
−¥¯à¥¤−�¬¥à¥−−® à�áªàë¢�îâ §−�ç¥−¨ï «¥ªá¨ç¥áª¨å ¥¤¨−¨æ, ¨á¯®«ì§®¢�−−ëå
ª�ª ¢ ®à¨£¨−�«¥, â�ª ¨ ¢ ¯¥à¥¢®¤¥: ¥¤¨−¨æë ®¤−®£® ï§ëª� â®«ªãîâáï áà¥¤áâ¢�¬¨
¤àã£®£® [6, á. 757].

ˆ¬¥−−® íâ¨ á¢®©áâ¢� ¯�à�««¥«ì−®£® ª®à¯ãá� ¤¥«�îâ ¥£® æ¥−−ë¬ ¨áâ®ç−¨ª®¬
«¨−£¢¨áâ¨ç¥áª®£® §−�−¨ï ®¡ ‹‘�, ª®â®à®¥ −¥®¡å®¤¨¬® ¤«ï à�§à�¡®âª¨ áà¥¤áâ¢
¨−ä®à¬�â¨ª¨, ®¡¥á¯¥ç¨¢�îé¨å ¯®¨áª ¨ ¯®á«¥¤ãîé¨© �−�«¨§ ‹‘�, ®á®¡¥−−®
¨¬¯«¨æ¨â−ëå. ‚®¯à®á ¦¥, ¯®áâ�¢«¥−−ë© ÷�ä�í«®¬ ‘®«ª¨, | ª�ª ¨§¢«¥ª�âì ¨§
â¥ªáâ� ¯¥à¥¢®¤� §−�−¨¥ ® â¥ªáâ¥ ®à¨£¨−�«� (−�¯à¨¬¥à, ® §−�ç¥−¨¨ á®áâ�¢«ïîé¨å
¥£® ï§ëª®¢ëå ¥¤¨−¨æ) | ¯® áãâ¨, −�å®¤¨âáï ¢ æ¥−âà¥ ¢−¨¬�−¨ï ¨áá«¥¤®¢�â¥«¥©
¯à¨ ¯®¨áª¥ äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å, â�ª ª�ª
â¥ªáâ ¯¥à¥¢®¤� ¨á¯®«ì§ã¥âáï ¨¬¨ ¤«ï ¯®«ãç¥−¨ï §−�−¨ï ® â®¬, ¢ ª�ª®¬ äà�£¬¥−â¥
â¥ªáâ� ®à¨£¨−�«� ¨¬¥¥âáï ¨¬¯«¨æ¨â−®¥ ‹‘� á ¢ë¡à�−−®© á¥¬�−â¨ª®©, â. ¥.
¯¥à¥¢®¤ ¤¥©áâ¢¨â¥«ì−® à�áá¬�âà¨¢�¥âáï ª�ª á¢®¥£® à®¤� ¤¥â�«ì−�ï à�§¬¥âª� â¥ªá-
â� ®à¨£¨−�«�.

3 Поиск имплицитных логико-семантических отношений
в параллельных текстах

‚ à�¡®â�å, £¤¥ ‹‘� ¨áá«¥¤ãîâáï −� ¬�â¥à¨�«¥ ¯�à�««¥«ì−ëå â¥ªáâ®¢, íâ¨
â¥ªáâë ¨á¯®«ì§ãîâáï ¯à¥¦¤¥ ¢á¥£® ¤«ï «¨−£¢¨áâ¨ç¥áª®£® �−�«¨§� á¥¬�−â¨ª¨
¯®ª�§�â¥«¥© ‹‘� | ª®−−¥ªâ®à®¢ [7{10] | ¨ ¤«ï á−ïâ¨ï ¨å −¥®¤−®§−�ç−®áâ¨
á æ¥«ìî ¯®¢ëè¥−¨ï ª�ç¥áâ¢� Œ� [11, 12]. �¢â®àë àï¤� à�¡®â áâà¥¬ïâáï ¢ëïá-
−¨âì, ¬®¦¥â «¨ ¯®¤áâ�−®¢ª� ª®−−¥ªâ®à®¢ ¢® äà�£¬¥−âë á ¨¬¯«¨æ¨â−ë¬¨ ‹‘�
¯®¢ëá¨âì ª�ç¥áâ¢® Œ� [13, 14]. ‘ãé¥áâ¢ãîâ ¨áá«¥¤®¢�−¨ï, £¤¥ −� ¬�â¥à¨�«¥
¯®á«®¢−® ¢ëà®¢−¥−−®£® ¯�à�««¥«ì−®£® ª®à¯ãá� ¯à¥¤¯à¨−¨¬�¥âáï ¯®¯ëâª� á¯à®-
¥æ¨à®¢�âì à�§¬¥âªã, ª®â®à®© á−�¡¦¥−ë â¥ªáâë −� ®¤−®¬ ¨§ ï§ëª®¢, −� â¥ªáâë
−� ¤àã£®¬ ï§ëª¥ [15]. �¤−�ª® −¨ ¢ ®¤−®© ¨§ íâ¨å à�¡®â −¥ à¥è�¥âáï §�¤�ç�
æ¥«¥−�¯à�¢«¥−−®£® ¯®¨áª� äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘�.

3.1 Дискурсивный парсинг

‚¥à®ïâ−®, ¯¥à¢®© ¨§ à�¡®â, £¤¥ ¡ë«� ¯à¥¤¯à¨−ïâ� ¯®¯ëâª� à¥è¨âì íâã §�¤�çã,
áâ�«� áâ�âìï, ®¯ã¡«¨ª®¢�−−�ï ¢ 2016 £. ª®««¥ªâ¨¢®¬ á¯¥æ¨�«¨áâ®¢ ¨§ ‘ï¬í−ì-
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Œ¥â®¤ë ¯®¨áª� ¨¬¯«¨æ¨â−ëå «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

áª®£® ã−¨¢¥àá¨â¥â� (Š�÷) ¢® £«�¢¥ á —�−á¨− “ [16]. —â®¡ë á£«�¤¨âì −¥¤®áâ�âª¨
á¨−â¥â¨ç¥áª¨å ¤�−−ëå, ª®â®àë¥ £¥−¥à¨àãîâáï −� ®á−®¢¥ ¬®−®ï§ëç−ëå â¥ªáâ®¢
¯ãâ¥¬ ã¤�«¥−¨ï ª®−−¥ªâ®à®¢ ¨§ äà�£¬¥−â®¢ á íªá¯«¨æ¨â−ë¬¨ ‹‘�1, �¢â®àë íâ®©
à�¡®âë ¯à¥¤«®¦¨«¨ ¯®¤å®¤ ª ¨§¢«¥ç¥−¨î äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� ¨§
¯�à�««¥«ì−®£® ª®à¯ãá�, ®á−®¢�−−ë© −� â®¬, çâ® ‹‘�, ¨¬¯«¨æ¨â−®¥ ¢ â¥ªáâ¥ −�
®¤−®¬ ï§ëª¥, ¬®¦¥â ¡ëâì íªá¯«¨æ¨â−ë¬ ¢ â¥ªáâ¥ −� ¤àã£®¬ ï§ëª¥ (íâ® ï¢«¥−¨¥
¡ë«® −�§¢�−® ¨¬¨ bilingual explicit/implicit mismatch). „«ï ¨§¢«¥ç¥−¨ï ¯à¨¬¥à®¢
¨á¯®«ì§®¢�«áï ¢ëà®¢−¥−−ë© ¯® ¯à¥¤«®¦¥−¨ï¬ ª¨â�©áª®-�−£«¨©áª¨© ¯�à�««¥«ì-
−ë© ª®à¯ãá, ª®â®àë© ®¡à�¡�âë¢�«áï ¯à¨ ¯®¬®é¨ ¤¨áªãàá¨¢−®£® ¯�àá¥à� ¤«ï
¯®¨áª� ¯�à äà�£¬¥−â®¢, £¤¥ ¢ â¥ªáâ¥ −� ª¨â�©áª®¬ ‹‘� ¡ë«® ¨¬¯«¨æ¨â−ë¬,
� ¢ ¥£® ¯¥à¥¢®¤¥ −� �−£«¨©áª¨© | íªá¯«¨æ¨â−ë¬ (= ¢ëà�¦¥−® ª®−−¥ªâ®à®¬).

ˆáå®¤ï ¨§ ¤¢ãå ¯à¥¤¯®áë«®ª: (1) ª®−−¥ªâ®à ®¤−®§−�ç−® ãª�§ë¢�¥â −� á¥-
¬�−â¨ªã ‹‘�; (2) ‹‘� ¢ ®à¨£¨−�«¥ ¨ ¢ ¯¥à¥¢®¤¥ á®¢¯�¤�îâ, | �¢â®àë à�¡®âë
á®ç«¨ ¢®§¬®¦−ë¬ à�áá¬�âà¨¢�âì �−£«¨©áª¨© ª®−−¥ªâ®à ª�ª ¬¥âªã, ãª�§ë¢�-
îéãî −� á¥¬�−â¨ªã ‹‘� ¢ ®¡®¨å ï§ëª�å: ¨ ¢ �−£«¨©áª®¬, ¨ ¢ ª¨â�©áª®¬.
Šà®¬¥ â®£®, ®−¨ −¥ â®«ìª® ¨§¢«¥ª�«¨ ¯à¨¬¥àë ¨¬¯«¨æ¨â−ëå ‹‘� ¨§ â¥ªáâ®¢
−� ª¨â�©áª®¬ ï§ëª¥, −® ¨ ä®à¬¨à®¢�«¨ á¨−â¥â¨ç¥áª¨¥ ¯à¨¬¥àë ¨¬¯«¨æ¨â−ëå
‹‘� ¤«ï �−£«¨©áª®£® ï§ëª�, �à£ã¬¥−â¨àãï íâ® â¥¬, çâ® à�§ ¢ ª¨â�©áª®¬ ï§ëª¥
‹‘� ¡ë«® ¨¬¯«¨æ¨â−ë¬, â® ¨ ¢ �−£«¨©áª®¬ ª®−−¥ªâ®à ¬®¦¥â ¡ëâì ã¤�«¥− ¡¥§
¯®â¥àì −� ãà®¢−¥ §−�ç¥−¨ï. ‘�¬ �−£«¨©áª¨© ª®−−¥ªâ®à ¨á¯®«ì§®¢�«áï ¢ ª�ç¥áâ¢¥
¬¥âª¨, ãª�§ë¢�îé¥© −� á¥¬�−â¨ªã ‹‘� (¬¥â®ª, −¥¯®áà¥¤áâ¢¥−−® ãª�§ë¢�îé¨å
−� á¥¬�−â¨ªã ‹‘�, � −¥ ®âáë«�îé¨å ª ª�ª®¬ã-«¨¡® ª®−−¥ªâ®àã, �¢â®àë −¥
¨á¯®«ì§®¢�«¨). ‚ ¨â®£¥ ¨¬ ã¤�«®áì ¯®«ãç¨âì ¬�áá¨¢ ¯à¨¬¥à®¢, á®áâ®ïé¨© ¨§ ¯�à
¢¨¤�:

(1) 〈(¯¥à¢ë© �à£ã¬¥−â ‹‘�ËÉÔ, ¢â®à®© �à£ã¬¥−â ‹‘�ËÉÔ), ª®−−¥ªâ®àÁÎÇÌ〉 |
¥áâ¥áâ¢¥−−ë© ¯à¨¬¥à ¨¬¯«¨æ¨â−®£® ‹‘� −� ª¨â�©áª®¬;

(2) 〈(¯¥à¢ë© �à£ã¬¥−â ‹‘�ÁÎÇÌ, ¢â®à®© �à£ã¬¥−â ‹‘�ÁÎÇÌ), ª®−−¥ªâ®àÁÎÇÌ〉 |
á¨−â¥â¨ç¥áª¨© ¯à¨¬¥à ¨¬¯«¨æ¨â−®£® ‹‘� −� �−£«¨©áª®¬.

�¢â®àë −�§¢�«¨ â�ª¨¥ ¯�àë úá¨−â¥â¨ç¥áª¨¬¨ ¯à¨¬¥à�¬¨ ¨¬¯«¨æ¨â−ëå ‹‘�,
®¡ãá«®¢«¥−−ë¬¨ ¤¢ãï§ëç−ë¬ ¬�â¥à¨�«®¬û (bilingually-constrained synthetic im-
plicit data, BiSynData), ¯à®â¨¢®¯®áâ�¢«ïï ¨å á¨−â¥â¨ç¥áª¨¬ ¯à¨¬¥à�¬, ¯®«ã-
ç¥−−ë¬ ¯ãâ¥¬ ¯à®áâ®£® ã¤�«¥−¨ï ª®−−¥ªâ®à®¢ ¨§ ¬®−®ï§ëç−ëå â¥ªáâ®¢.

3.2 Обратный машинный перевод и дискурсивный парсинг

…é¥ ®¤−®© à�¡®â®©, ¢ ª®â®à®© à�§¢¨¢�¥âáï áå®¤−ë© ¯®¤å®¤ ª �−�«¨§ã ¨¬¯«¨-
æ¨â−ëå ‹‘�, áâ�«� ®¯ã¡«¨ª®¢�−−�ï ¢ 2017 £. áâ�âìï ª®««¥ªâ¨¢� ¨áá«¥¤®¢�â¥«¥©
¨§ ‘��àáª®£® ã−¨¢¥àá¨â¥â� (”÷ƒ) ¨ �¥¬¥æª®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� ¯®
¨áªãááâ¢¥−−®¬ã ¨−â¥««¥ªâã (Deutsches Forschungszentrum f�ur K�unstliche Intel-
ligenz, DFKI) ¢® £«�¢¥ á ‚í© ˜¨ [17]. …¥ �¢â®àë ¢® ¬−®£®¬ ¨áå®¤ïâ ¨§ â¥å

1�â®â â¨¯ ¤�−−ëå ¨ ¥£® −¥¤®áâ�âª¨ ®¯¨á�−ë ¢ ¯¥à¢®© ç�áâ¨ ®¡§®à� | à�¡®â¥ [1].
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‘å¥¬� â¥å−®«®£¨¨ ¨§¢«¥ç¥−¨ï äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘� [17, á. 487]

¦¥ ¯à¥¤¯®áë«®ª, çâ® ¨ �¢â®àë à�¡®âë [16]: ¯à®ä¥áá¨®−�«ì−ë¥ ¯¥à¥¢®¤ç¨ª¨
¨−®£¤� ¤®¡�¢«ïîâ ¢ â¥ªáâ ¯¥à¥¢®¤� ª®−−¥ªâ®àë, ®âáãâáâ¢®¢�¢è¨¥ ¢ ®à¨£¨−�-
«¥, ¨«¨, −�¯à®â¨¢, ®¯ãáª�îâ ª®−−¥ªâ®àë ¯à¨ ¯¥à¥¢®¤¥. �¢â®à®¢ ¨−â¥à¥áã¥â
¨¬¥−−® ¯¥à¢ë© á«ãç�©, ¯®áª®«ìªã ¯¥à¥¢®¤ç¨ª¨ ¯ãâ¥¬ ¤®¡�¢«¥−¨ï ª®−−¥ªâ®à�
¢ â¥ªáâ ¯¥à¥¢®¤� íªá¯«¨æ¨àãîâ ‹‘�, á®¤¥à¦�é¥¥áï ¢ ¨áå®¤−®¬ â¥ªáâ¥, ¨ á−¨-
¬�îâ ¥£® −¥®¤−®§−�ç−®áâì (¯à¥¤¯®«�£�¥âáï, çâ® á¥¬�−â¨ª� ‹‘� ¯à¨ ¯¥à¥¢®¤¥ −¥
¬¥−ï¥âáï).

�â«¨ç¨ï ¯®¤å®¤� ‚í© ˜¨ ®â ¯®¤å®¤� —�−á¨− “ á®áâ®ïâ, ¢®-¯¥à¢ëå, ¢ ¨á-
¯®«ì§®¢�−¨¨ ¢ëà®¢−¥−−®£® ¯® ¯à¥¤«®¦¥−¨ï¬ ¯�à�««¥«ì−®£® ª®à¯ãá� ¤«ï ¤àã£®©
ï§ëª®¢®© ¯�àë | �−£«¨©áª¨©{äà�−æã§áª¨© | ¨, ¢®-¢â®àëå, ¢ á¯®á®¡¥ ¨§¢«¥ç¥-
−¨ï ¯à¨¬¥à®¢, £¤¥ ¢ ®à¨£¨−�«¥ ‹‘� ¨¬¯«¨æ¨â−®, � ¢ ¯¥à¥¢®¤¥ | íªá¯«¨æ¨â−®.
‘å¥¬� â¥å−®«®£¨¨, ¨á¯®«ì§®¢�−−®© ¢ ¯®¤å®¤¥ ‚í© ˜¨, ¯à¥¤áâ�¢«¥−� −� à¨áã−-
ª¥. �¢â®àë ãâ¢¥à¦¤�îâ, çâ® ¯à®ä¥áá¨®−�«ì−ë¥ ¯¥à¥¢®¤ç¨ª¨ ¬®£ãâ ¤®¡�¢«ïâì
¨ ®¯ãáª�âì ª®−−¥ªâ®àë ¯à¨ ¯¥à¥¢®¤¥, â®£¤� ª�ª ¯à¨ Œ� ¨¬¯«¨æ¨â−ë¥ ‹‘�
¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ®áâ�îâáï ¨¬¯«¨æ¨â−ë¬¨, � íªá¯«¨æ¨â−ë¥ | íªá¯«¨-
æ¨â−ë¬¨. ‘«¥¤®¢�â¥«ì−®, ¥á«¨ ¯¥à¥¢®¤, á¤¥«�−−ë© ç¥«®¢¥ª®¬ | � §−�ç¨â,
á®¤¥à¦�é¨© ª®−−¥ªâ®àë ¢ −¥ª®â®àëå äà�£¬¥−â�å, £¤¥ ¨å −¥ ¡ë«® ¢ ®à¨£¨−�«¥,
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Œ¥â®¤ë ¯®¨áª� ¨¬¯«¨æ¨â−ëå «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

¯¥à¥¢¥áâ¨ ®¡à�â−® −� ï§ëª ®à¨£¨−�«� áà¥¤áâ¢�¬¨ Œ�, ¡ã¤¥â ¯®«ãç¥− â¥ªáâ −�
ï§ëª¥ ®à¨£¨−�«�, £¤¥ ‹‘�, íªá¯«¨æ¨à®¢�−−ë¥ ¯à®ä¥áá¨®−�«ì−ë¬¨ ¯¥à¥¢®¤-
ç¨ª�¬¨, ¡ã¤ãâ ¢ëà�¦¥−ë ª®−−¥ªâ®à�¬¨ (−� à¨áã−ª¥ íâ®¬ã íâ�¯ã á®®â¢¥âáâ¢ã¥â
áâà¥«ª� úŒ�û.

‡�â¥¬ ¨áå®¤−ë© â¥ªáâ ¨ â¥ªáâ, ¯®«ãç¥−−ë© ¯ãâ¥¬ ®¡à�â−®£® Œ�, �−�«¨§¨àã-
îâáï ¯à¨ ¯®¬®é¨ ¤¨áªãàá¨¢−®£® ¯�àá¥à� (−� à¨áã−ª¥ íâ®¬ã íâ�¯ã á®®â¢¥âáâ¢ãîâ
¤¢¥ áâà¥«ª¨ ú„¨áªãàá¨¢−ë© ¯�àá¥àû). �®á«¥ íâ®£® ¨áå®¤−ë© â¥ªáâ áà�¢−¨-
¢�¥âáï á ®¡à�â−ë¬ ¯¥à¥¢®¤®¬ ¨ ¢ëï¢«ïîâáï ¯�àë äà�£¬¥−â®¢, £¤¥ ¢ ¨áå®¤−®¬
â¥ªáâ¥ ª®−−¥ªâ®à ®âáãâáâ¢ã¥â, � ¢ â¥ªáâ¥ ®¡à�â−®£® ¯¥à¥¢®¤� ®− ¨¬¥¥âáï. ��
à¨áã−ª¥ íâã á¨âã�æ¨î ¨««îáâà¨àãîâ áâà®ª¨ á ª®¤®¬ S3-4: ¢ ¨áå®¤−®¬ â¥ªáâ¥
‹‘� á«¥¤áâ¢¨ï ¨¬¯«¨æ¨â−®, ¢ â¥ªáâ¥ äà�−æã§áª®£® ¯¥à¥¢®¤� | ¢ëà�¦¥−® ª®−-
−¥ªâ®à®¬ údu coupû (`â�ª çâ®', `¯®íâ®¬ã'), � ¢ â¥ªáâ¥ ®¡à�â−®£® ¯¥à¥¢®¤� |
ª®−−¥ªâ®à®¬ úsoû (á â¥¬ ¦¥ §−�ç¥−¨¥¬, çâ® ¨ ã äà�−æã§áª®£® ª®−−¥ªâ®à�).
�®áª®«ìªã �¢â®àë ¨áå®¤ïâ ¨§ â®£®, çâ® ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¬¥¦¤ã ª®−-
−¥ªâ®à®¬ ¨ ‹‘� áãé¥áâ¢ã¥â ®¤−®§−�ç−®¥ á®®â¢¥âáâ¢¨¥, äà�£¬¥−â ®¡à�â−®£®
¯¥à¥¢®¤� á ª®¤®¬ S3-4, £¤¥ ¨á¯®«ì§®¢�− ª®−−¥ªâ®à úsoû, á−�¡¦�¥âáï ¬¥âª®©
ú‹‘� á«¥¤áâ¢¨ïû. � ¯®áª®«ìªã íâ®â äà�£¬¥−â, ¢ á¢®î ®ç¥à¥¤ì, á®®â¢¥âáâ¢ã¥â
äà�£¬¥−âã ¨áå®¤−®£® â¥ªáâ� (á â¥¬ ¦¥ ª®¤®¬), ¯®á«¥¤−¨© â�ª¦¥ á−�¡¦�¥âáï ¬¥â-
ª®© ú‹‘� á«¥¤áâ¢¨ïû (−� à¨áã−ª¥ íâ®¬ã íâ�¯ã á®®â¢¥âáâ¢ã¥â áâà¥«ª� úŒ¥âª�
á¥¬�−â¨ª¨ ‹‘�û). ‘®¢®ªã¯−®áâì â�ª¨å äà�£¬¥−â®¢ ¨áå®¤−®£® â¥ªáâ�, á−�¡-
¦¥−−ëå ¬¥âª�¬¨ á¥¬�−â¨ª¨ ‹‘�, ®¡à�§ã¥â ¬�áá¨¢ äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨
‹‘�.

‚ ¡®«¥¥ ¯®§¤−¨å à�¡®â�å [18, 19] ‚í© ˜¨ ¯à¨¬¥−¨« ¢ æ¥«®¬ â®â ¦¥ ¬¥â®¤
¯®¨áª� ¨¬¯«¨æ¨â−ëå ‹‘�, −® á −¥ª®â®àë¬¨ ¨§¬¥−¥−¨ï¬¨: ¥á«¨ à�−ìè¥ ®−
¨á¯®«ì§®¢�« �−£«¨©áª¨¥ â¥ªáâë, ª®â®àë¥ ¨¬¥«¨ ¯¥à¥¢®¤ «¨èì −� äà�−æã§áª¨©,
¨ ¯¥à¥¢®¤¨« â¥ªáâ äà�−æã§áª®£® ¯¥à¥¢®¤� ®¡à�â−® −� �−£«¨©áª¨©, â® â¥¯¥àì ®−
¨á¯®«ì§®¢�« «¨èì â¥ �−£«¨©áª¨¥ â¥ªáâë, ª®â®àë¥ ¨¬¥«¨ ¯¥à¥¢®¤ áà�§ã −� âà¨
ï§ëª� | äà�−æã§áª¨©, −¥¬¥æª¨© ¨ ç¥èáª¨©, ¨ ¯¥à¥¢®¤¨« â¥ªáâë âà¥å íâ¨å
¯¥à¥¢®¤®¢ ®¡à�â−® −� �−£«¨©áª¨©. ‚ à¥§ã«ìâ�â¥ ®− ¯®«ãç�« −¥ ¯�àë, � ç¥â¢¥àª¨
äà�£¬¥−â®¢, ¢ª«îç�îé¨¥ ®¤¨− äà�£¬¥−â �−£«¨©áª®£® ®à¨£¨−�«� ¨ ¯® ®¤−®¬ã
äà�£¬¥−âã ®¡à�â−®£® ¯¥à¥¢®¤� á äà�−æã§áª®£®, −¥¬¥æª®£® ¨ ç¥èáª®£® ï§ëª®¢ −�
�−£«¨©áª¨©. �¢â®à à�§¤¥«¨« −�©¤¥−−ë¥ ¨¬ ¯à¨¬¥àë −� âà¨ ª«�áá�:

(1) ‹‘� íªá¯«¨æ¨à®¢�−® ¢ â¥ªáâ¥ ®¡à�â−®£® ¯¥à¥¢®¤� á ®¤−®£® ï§ëª�;

(2) ‹‘� íªá¯«¨æ¨à®¢�−® ¢ â¥ªáâ�å ®¡à�â−®£® ¯¥à¥¢®¤� á ¤¢ãå ï§ëª®¢;

(3) ‹‘� íªá¯«¨æ¨à®¢�−® ¢ â¥ªáâ�å ®¡à�â−®£® ¯¥à¥¢®¤� á âà¥å ï§ëª®¢.

‘à�¢−¨¢�ï íâ¨ ¯à¨¬¥àë, ‚í© ˜¨ ¯à¨è¥« ª ¢ë¢®¤ã, çâ® −�¨«ãçè¨¥ à¥§ã«ì-
â�âë ¬®¦−® ¯®«ãç¨âì −� ¯à¨¬¥à�å ª«�áá� 2, â�ª ª�ª ®−¨ ¬®£ãâ ¡ëâì, á ®¤−®©
áâ®à®−ë, ¯à®�−−®â¨à®¢�−ë á ¢ëá®ª®© áâ¥¯¥−ìî ¤®áâ®¢¥à−®áâ¨ (¯à¨¬¥àë ª«�á-
á� 1 á ¡®«ìè¥© ¢¥à®ïâ−®áâìî ¬®£ãâ ¯à¥¤áâ�¢«ïâì á®¡®© â�ª −�§ë¢�¥¬ë© èã¬ |
−¥à¥«¥¢�−â−ë¥ á«ãç�¨), � á ¤àã£®© áâ®à®−ë, ¨§¢«¥ç¥−ë ¢ ¤®áâ�â®ç−®¬ ª®«¨ç¥áâ¢¥
(¯à¨¬¥à®¢ ª«�áá� 3 á«¨èª®¬ ¬�«®).
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3.3 Двуязычный поиск с исключением

‚ à�¡®â�å [20, 21] −� ¬�â¥à¨�«¥ àãááª®-äà�−æã§áª®£® ¯�à�««¥«ì−®£® ª®à¯ãá�
¡ë« ¯à¥¤«®¦¥− ¥é¥ ®¤¨− ¬¥â®¤ ¯®¨áª� ¨¬¯«¨æ¨â−ëå ‹‘� | ¬¥â®¤ ¤¢ãï§ëç−®£®
¯®¨áª� á ¨áª«îç¥−¨¥¬. �â®â ¬¥â®¤ ®á−®¢�− −� à�áè¨à¥−¨¨ äã−ªæ¨®−�«ì−ëå
¢®§¬®¦−®áâ¥© ¤¢ãï§ëç−®£® «¥ªá¨ª®-£à�¬¬�â¨ç¥áª®£® ¯®¨áª� ¨ ¬®¦¥â ¨á¯®«ì§®-
¢�âìáï ¯à¨ à�¡®â¥ á ¯�à�««¥«ì−ë¬¨ â¥ªáâ�¬¨, ª®â®àë¥ åà�−ïâáï ¢ −�¤ª®à¯ãá−ëå
¡�§�å ¤�−−ëå, à�§à�¡®â�−−ëå ¢ ”ˆ– ˆ“ ÷�� [22]. „¢ãï§ëç−ë© ¯®¨áª (¡¥§
¨áª«îç¥−¨ï) ¯®§¢®«ï¥â −�å®¤¨âì «¨èì â¥ ¯�àë äà�£¬¥−â®¢, £¤¥ äà�£¬¥−â −�
ï§ëª¥ 1 á®¤¥à¦¨â: (1) ¬−®¦¥áâ¢® ï§ëª®¢ëå ¥¤¨−¨æ A, £¤¥ A = {a1}; (2) ª�¦¤ãî
¨§ ¬−®¦¥áâ¢� ï§ëª®¢ëå ¥¤¨−¨æ A, £¤¥ A = {a1, . . . , an}; (3) ®¤−ã ¨§ ¬−®¦¥áâ¢�
ï§ëª®¢ëå ¥¤¨−¨æ A, £¤¥ A = {a1, . . . , an}; â®£¤� ª�ª äà�£¬¥−â −� ï§ëª¥ 2 á®¤¥à-
¦¨â: (1) ¬−®¦¥áâ¢® ï§ëª®¢ëå ¥¤¨−¨æ B, £¤¥ B = {b1}; (2) ª�¦¤ãî ¨§ ¬−®¦¥áâ¢�
ï§ëª®¢ëå ¥¤¨−¨æ B, £¤¥ B = {b1, . . . , bm}; (3) ®¤−ã ¨§ ¬−®¦¥áâ¢� ï§ëª®¢ëå
¥¤¨−¨æ B, £¤¥ B = {b1, . . . , bm}. ’�ª¨¥ ¯�àë äà�£¬¥−â®¢ ¡ã¤ãâ ¨««îáâà¨à®-
¢�âì −¥ª®â®à®¥ §�à�−¥¥ §�¤�−−®¥ ¬¥¦êï§ëª®¢®¥ á®®â¢¥âáâ¢¨¥ úï§ëª®¢�ï ¥¤¨−¨æ�
a ∈ A á®®â¢¥âáâ¢ã¥â ï§ëª®¢®© ¥¤¨−¨æ¥ b ∈ Bû.

�à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ â®â ä�ªâ, çâ® ¨¬¯«¨æ¨â−ë¥ ‹‘� ¯® ®¯à¥¤¥«¥−¨î −¥
¢ëà�¦¥−ë ä®à¬�«ì−ë¬¨ ¯®ª�§�â¥«ï¬¨, ¬¥â®¤ ¤¢ãï§ëç−®£® ¯®¨áª� (¡¥§ ¨áª«îç¥-
−¨ï) −¥¯à¨¬¥−¨¬ ¤«ï æ¥«¥−�¯à�¢«¥−−®£® ®¡−�àã¦¥−¨ï äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â-
−ë¬¨ ‹‘�: ¥á«¨ −¥®¡å®¤¨¬® −�©â¨ ¯�àë äà�£¬¥−â®¢, £¤¥ ‹‘� ¨¬¯«¨æ¨â−®
¢ ®¤−®¬ ¨§ ï§ëª®¢, â® ¬−®¦¥áâ¢® ï§ëª®¢ëå ¥¤¨−¨æ ¤«ï íâ®£® ï§ëª� ®ª�¦¥âáï
¯ãáâë¬; ¥á«¨ −¥®¡å®¤¨¬® −�©â¨ ¯�àë äà�£¬¥−â®¢, £¤¥ ‹‘� ¨¬¯«¨æ¨â−® ¢ ®¡®¨å
ï§ëª�å, â® ¯ãáâë¬¨ ®ª�¦ãâáï ¬−®¦¥áâ¢� ï§ëª®¢ëå ¥¤¨−¨æ ®¡®¨å ï§ëª®¢.

„«ï à¥è¥−¨ï íâ®© ¯à®¡«¥¬ë ¡ë« ¯à¥¤«®¦¥− ¬¥â®¤ ¯®¨áª� â�ª¨å ¯�à äà�£-
¬¥−â®¢, ª®â®àë¥, −�¯à®â¨¢, −¥ á®®â¢¥âáâ¢ãîâ ¨§¢¥áâ−ë¬ ¬®¤¥«ï¬ ¯¥à¥¢®¤� ¢ë-
¡à�−−®© ï§ëª®¢®© ¥¤¨−¨æë, | ¤¢ãï§ëç−ë© ¯®¨áª á ¨áª«îç¥−¨¥¬. ‚ íâ®¬ á«ãç�¥
¯à¨ ¯®¨áª¥ ®â¡¨à�îâáï ¯�àë äà�£¬¥−â®¢, £¤¥: (1) äà�£¬¥−â −� ï§ëª¥ 1 á®¤¥à¦¨â
¬−®¦¥áâ¢® ï§ëª®¢ëå ¥¤¨−¨æ A, £¤¥ A = {a1}, ¯à¨ç¥¬ a1 ¯à¥¤áâ�¢«ï¥â á®¡®©
ª®−−¥ªâ®à, ¨á¯®«ì§ã¥¬ë© ¤«ï ¢ëà�¦¥−¨ï ‹‘�1 ¢ ï§ëª¥ 1; (2) äà�£¬¥−â −�
ï§ëª¥ 2 −¥ á®¤¥à¦¨â −¨ ®¤−ã ï§ëª®¢ãî ¥¤¨−¨æã ¨§ ¬−®¦¥áâ¢� B, £¤¥ B =
= {b1, . . . , bm}, ¯à¨ç¥¬ í«¥¬¥−âë ¬−®¦¥áâ¢� B ¯à¥¤áâ�¢«ïîâ á®¡®© ª®−−¥ªâ®àë
(¨, ¢®§¬®¦−®, ï§ëª®¢ë¥ ¥¤¨−¨æë ¤àã£¨å ª«�áá®¢), á®¢¯�¤�îé¨¥ ¯® §−�ç¥−¨î
á a1 ¨ ¨á¯®«ì§ã¥¬ë¥ ¤«ï ¢ëà�¦¥−¨ï ‹‘�1 ¢ ï§ëª¥ 2. ‘«¥¤ã¥â ®â¬¥â¨âì, çâ®
¢ ¯à®æ¥áá¥ �−�«¨§� ¢ë¡®àª¨, ¯®«ãç¥−−®© ¢ à¥§ã«ìâ�â¥ ¯®¨áª�, ¬®¦¥â ¯à®¨áå®-
¤¨âì ¯®¯®«−¥−¨¥ ¬−®¦¥áâ¢� B, â. ¥. á¯¥ªâà� ï§ëª®¢ëå ¥¤¨−¨æ, á®®â¢¥âáâ¢ãîé¨å
§�¤�−−®¬ã ª®−−¥ªâ®àã a1 ¯® §−�ç¥−¨î.

’�ª®© ¬¥â®¤ ¯®¨áª� ¯®§¢®«ï¥â áä®à¬¨à®¢�âì ¢ë¡®àªã, ª®â®à�ï á®¤¥à¦¨â
4 ª«�áá� ¯�à äà�£¬¥−â®¢ ¯�à�««¥«ì−ëå â¥ªáâ®¢. Š«�ááë ¢ë¤¥«ïîâáï −� ®á−®-
¢�−¨¨ â®£®, ç¥¬ã á®®â¢¥âáâ¢ã¥â íªá¯«¨æ¨â−®¥ ‹‘�1, ¢ëà�¦¥−−®¥ §�¤�−−ë¬
ª®−−¥ªâ®à®¬ −� ï§ëª¥ 1, ¢ â¥ªáâ¥ −� ï§ëª¥ 2. �â® ¬®¦¥â ¡ëâì:

(1) ¨¬¯«¨æ¨â−®¥ ‹‘�1;

(2) íªá¯«¨æ¨â−®¥ ‹‘�1, ¢ëà�¦¥−−®¥ −¥áâ�−¤�àâ−ë¬¨ áà¥¤áâ¢�¬¨;
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Œ¥â®¤ë ¯®¨áª� ¨¬¯«¨æ¨â−ëå «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å

(3) íªá¯«¨æ¨â−®¥ ‹‘�x;

(4) äà�£¬¥−â, §−�ç¥−¨¥ ª®â®à®£® ¡ë«® ¨§¬¥−¥−® ¯à¨ ¯¥à¥¢®¤¥ (â�ª −�§ë¢�¥¬ë©
èã¬).

�®«ãç¥−¨¥ ¬−®¦¥áâ¢�, ¢ª«îç�îé¥£® ¯à¨¬¥àë ª«�áá� 1, ®ç¥¢¨¤−ë¬ ®¡à�§®¬
¯à¥¤áâ�¢«ï¥â á®¡®© ®á−®¢−ãî æ¥«ì ¨á¯®«ì§®¢�−¨ï ¯à¥¤«�£�¥¬®£® ¢¨¤� ¯®¨áª�.
’�ª, ¢ (1) ¢ ®à¨£¨−�«¥ ‹‘� ¯à¨ç¨−ë ¬¥¦¤ã �à£ã¬¥−â�¬¨ ¨¬¯«¨æ¨â−®, � ¢ ¯¥à¥-
¢®¤¥ | ¢ëà�¦¥−® ª®−−¥ªâ®à®¬ úcarû (`¯®â®¬ã çâ®')1:

(1) [�¥ ¯à®á¨â¥ ¬¥−ï ¯¥âì,] [ï −¥ á¯®î ã¦¥ ¡®«ìè¥ â�ª. . .] [ˆ. �. ƒ®−ç�à®¢.
�¡«®¬®¢ (1848{1859)]
[Ne me demandez pas de chanter,] car [je ne saurais plus chanter comme c�a. . .]
[�¥à¥¢. L. Jurgenson (1988)]
`[�¥ ¯à®á¨â¥ ¬¥−ï ¯¥âì,] ¯®â®¬ã çâ® [ï ¡®«ìè¥ −¥ á¬®£ã á¯¥âì â�ª. . .]'

�à¨ íâ®¬ ¤®¡¨âìáï â®£®, çâ®¡ë ¬−®¦¥áâ¢®, ¢ª«îç�îé¥¥ ¯à¨¬¥àë ª«�áá� 4,
®ª�§�«®áì ¯ãáâë¬, ªà�©−¥ §�âàã¤−¨â¥«ì−®. ’�ª, ¢ (2) ‹‘� ¯à¨ç¨−ë ¢ ®à¨£¨−�«¥
®âáãâáâ¢ã¥â (â. ¥. ¯à¨¬¥à −¥à¥«¥¢�−â¥−), � ¢ ¯¥à¥¢®¤¥ ¡ë« ¤®¡�¢«¥− äà�£¬¥−â
ú¯®â®¬ã çâ® ¡ë« ª�−ã− ¯à�§¤−¨ª®¢û:

(2) 〈. . .〉 [Š�¨ä� ¢¥¦«¨¢® ¨§¢¨−¨«áï ¨ ®¡êïá−¨«, çâ® á¤¥«�âì íâ®£® −¥ ¬®¦¥â].
[Œ. �. �ã«£�ª®¢. Œ�áâ¥à ¨ Œ�à£�à¨â� (1929{1940)]
〈. . .〉 [Ca��phe s'excusa poliment, en expliquant qu'il ne le pouvait pas,] car [on
�etait �a la veille des fêtes]. [�¥à¥¢. Cl. Ligny (1968)]
〈. . .〉 `[Š�¨ä� ¢¥¦«¨¢® ¨§¢¨−¨«áï, ®¡êïá−¨¢, çâ® −¥ ¬®¦¥â íâ®£® á¤¥«�âì,]
¯®â®¬ã çâ® [¡ë« ª�−ã− ¯à�§¤−¨ª®¢]'.

—â® ¦¥ ª�á�¥âáï ¬−®¦¥áâ¢ ¯à¨¬¥à®¢ ª«�áá®¢ 2 ¨ 3, â® ®−¨ ¬®£ãâ áç¨â�âìáï
æ¥−−ë¬ ¯®¡®ç−ë¬ à¥§ã«ìâ�â®¬ ¨á¯®«ì§®¢�−¨ï ¯à¥¤«�£�¥¬®£® ¬¥â®¤� ¯®¨áª�, â�ª
ª�ª á«ã¦�â ¨áâ®ç−¨ª�¬¨ −®¢®£® «¨−£¢¨áâ¨ç¥áª®£® §−�−¨ï. �à¨¬¥àë ª«�áá� 2
¯®§¢®«ïîâ ¯®«ãç¨âì −®¢®¥ §−�−¨¥ ® â�ª¨å áà¥¤áâ¢�å ¢ëà�¦¥−¨ï ‹‘�, ª®â®àë¥
−¥ ¡ë«¨ ®¯¨á�−ë à�−¥¥ ¨«¨ −¥ ãç¨âë¢�«¨áì ¯à¨ �−�«¨§¥ ‹‘�, çâ® ¡ë«® ®â¬¥ç¥−®
¢ à�¡®â�å [17,19]. ’�ª, ¢ (3) ä®à¬� ¯à¨ç�áâ¨ï ¯à®è¥¤è¥£® ¢à¥¬¥−¨ú−¥ ¯®−¨¬�¢-
è¨©û ¢ ¯¥à¥¢®¤¥ ¯¥à¥¤�−� ª�ª ú¯®â®¬ã çâ® ®− −¥ ¯®−¨¬�«û. �â® á¢¨¤¥â¥«ìáâ¢ã¥â
® â®¬, çâ® ¯®¤®¡−ë¥ ¯à¨ç�áâ−ë¥ ®¡®à®âë ¢ àãááª®¬ ï§ëª¥ á¯®á®¡−ë ¢ëà�¦�âì
‹‘� ¯à¨ç¨−ë:

(3) | ‚ë á®¢á¥¬ ¤àã£®©! | ¦�«®¡−® áª�§�« ‡�å�à, ¢á¥ −¥ ¯®−¨¬�¢è¨©, çâ®
å®ç¥â áª�§�âì ¡�à¨−. [ˆ. �. ƒ®−ç�à®¢. �¡«®¬®¢ (1848{1859)]

1‡¤¥áì ¨ ¤�«¥¥ �à£ã¬¥−âë ‹‘� §�ª«îç�îâáï ¢ ª¢�¤à�â−ë¥ áª®¡ª¨. �à¨¢®¤¨¬ë¥ ¯à¨¬¥àë ¡ë«¨
−�©¤¥−ë ¢ àãááª®-äà�−æã§áª¨å ¯�à�««¥«ì−ëå â¥ªáâ�å, åà�−¨¬ëå ¢ −�¤ª®à¯ãá−®© ¡�§¥ ¤�−−ëå,
á ¨á¯®«ì§®¢�−¨¥¬ ®¯¨áë¢�¥¬®£® ¬¥â®¤� ¯®¨áª� á ¨áª«îç¥−¨¥¬: ¢® äà�£¬¥−â¥ −� äà�−æã§áª®¬
¤®«¦¥− ¡ë« ¯à¨áãâáâ¢®¢�âì ª®−−¥ªâ®à úcarû, ¢ëà�¦�îé¨© ‹‘� ¯à¨ç¨−ë, � ¢® äà�£¬¥−â¥ −�
àãááª®¬ ¤®«¦−ë ¡ë«¨ ®âáãâáâ¢®¢�âì ª®−−¥ªâ®àë, ¢ëà�¦�îé¨¥ íâ® ‹‘�: ú¯®â®¬ã çâ®û, úâ�ª
ª�ªû, ú¨¡®û, � â�ª¦¥ ç�áâ¨æ� ú¢¥¤ìû.
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| Non, vous êtes tout �a fait autre ! dit Zakhar d'une voix plaintive, car il ne
comprenait toujours pas o �u le ma�̂tre voulait en venir. [�¥à¥¢. L. Jurgenson
(1988)]
| `�¥â, ¢ë á®¢á¥¬ ¤àã£®©! | áª�§�« ‡�å�à ¦�«®¡−ë¬ £®«®á®¬, ¯®â®¬ã
çâ® ®− ¢á¥ ¥é¥ −¥ ¯®−¨¬�«, ª ç¥¬ã ª«®−¨â ¡�à¨−'.

�à¨¬¥àë ª«�áá� 3 ¯®§¢®«ïîâ ¯®«ãç¨âì −®¢®¥ §−�−¨¥ ® á¥¬�−â¨ç¥áª¨å á¢ï§ïå
¬¥¦¤ã à�§«¨ç−ë¬¨ ‹‘� [23]. ’�ª, ¢ (4) ‹‘� ¯¥à¥ä®à¬ã«¨à®¢�−¨ï, ¢ëà�¦¥−−®¥
¯à¨ ¯®¬®é¨ úâ® ¥áâìû, ¢ ¯¥à¥¢®¤¥ ¯¥à¥¤�−® ¯à¨ ¯®¬®é¨ úcarû (`¯®â®¬ã çâ®'):

(4) [�«ì£� ¢ áâà®£®¬ á¬ëá«¥ −¥ ¡ë«� ªà�á�¢¨æ�,] â® ¥áâì [−¥ ¡ë«® −¨ ¡¥«¨§−ë
¢ −¥©, −¨ ïàª®£® ª®«®à¨â� é¥ª ¨ £ã¡] 〈. . .〉. [ˆ. �. ƒ®−ç�à®¢. �¡«®¬®¢
(1848{1859)]
[Olga n'�etait pas une beaut�e au sens strict du terme,] car [elle n'avait ni une
peau blanche, ni des joues vermeilles] 〈. . .〉. [�¥à¥¢. L. Jurgenson (1988)]
`[�«ì£� −¥ ¡ë«� ªà�á�¢¨æ¥© ¢ áâà®£®¬ á¬ëá«¥ á«®¢�,] ¯®â®¬ã çâ® [ã −¥¥ −¥
¡ë«® −¨ ¡¥«®© ª®¦¨, −¨ �«ëå é¥ª]'.

�®¢®¥ §−�−¨¥ ¬®¦¥â ¡ëâì ¯®«¥§−®, á ®¤−®© áâ®à®−ë, ¤«ï ¯®¯®«−¥−¨ï ¨ ãâ®ç-
−¥−¨ï «¨−£¢¨áâ¨ç¥áª¨å ®¯¨á�−¨© áâàãªâãàë â¥ªáâ�, � á ¤àã£®© áâ®à®−ë, ¤«ï
á®§¤�−¨ï áà¥¤áâ¢ ®¡à�¡®âª¨ ¥áâ¥áâ¢¥−−®£® ï§ëª�.

4 Заключение

ˆ§ ¯à®¢¥¤¥−−®£® �−�«¨§� á«¥¤ã¥â, çâ®, ¢ ®â«¨ç¨¥ ®â ¬®−®ï§ëç−ëå â¥ªáâ®¢,
¯�à�««¥«ì−ë¥ â¥ªáâë ¬®£ãâ ¨á¯®«ì§®¢�âìáï ¤«ï ãá¯¥è−®£® à¥è¥−¨ï §�¤�ç¨ ¯®-
¨áª� äà�£¬¥−â®¢ á ¨¬¯«¨æ¨â−ë¬¨ ‹‘�. ÷�áá¬®âà¥−−ë¥ ¬¥â®¤ë ¯®¨áª� â�ª¨å
äà�£¬¥−â®¢ ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å ¤�îâ ¢®§¬®¦−®áâì: (1) ä®à¬¨à®¢�âì ¬�á-
á¨¢ë ¥áâ¥áâ¢¥−−ëå ¯à¨¬¥à®¢ ¨¬¯«¨æ¨â−ëå ‹‘� (� −¥ á¨−â¥â¨ç¥áª¨å, ª®â®àë¥,
ª�ª ¯®ª�§�−® ¢ [1], −¥à¥¤ª® £¥−¥à¨à®¢�«¨áì −� ¬�â¥à¨�«¥ ¬®−®ï§ëç−ëå â¥ªáâ®¢);
(2) �−−®â¨à®¢�âì íâ¨ ¯à¨¬¥àë, �−�«¨§¨àãï á®®â¢¥âáâ¢ãîé¨¥ ¨¬ íªá¯«¨æ¨â−ë¥
‹‘� −� ¤àã£®¬ ï§ëª¥; (3) ¨§¢«¥ª�âì −®¢®¥ §−�−¨¥ ® á¯®á®¡�å ®¡¥á¯¥ç¥−¨ï
á¢ï§−®áâ¨ â¥ªáâ� ¨ á¥¬�−â¨ç¥áª¨å á¢ï§ïå ¬¥¦¤ã à�§«¨ç−ë¬¨ ‹‘�.
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METHODS FOR RETRIEVAL OF IMPLICIT
LOGICAL-SEMANTIC RELATIONS FROM PARALLEL TEXTS

A. A. Goncharov

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

Abstract: The paper focuses on the problem of targeted retrieval of fragments
with implicit logical-semantic relations (LSRs) from parallel texts. In order to
answer the question whether such retrieval is possible, the author considers the
potential of parallel text as a source of new linguistic knowledge and reviews
the works that report results of implicit LSRs studies. The aim of the survey
is to identify the methods used to create arrays of text fragments with implicit
LSRs. It is revealed that parallel texts offer extensive opportunities for retrieval
of such fragments, owing to the fact that an explicit LSR in language A may
signal an implicit LSR in languageB (that is called a bilingual explicit/implicit
mismatch). The following methods have been successfully applied for detection
of such mismatches: (i) discourse parsing; (ii) reverse machine translation;
and (iii) bilingual exclusion search. Therefore, it can be argued that parallel
texts | unlike the monolingual ones | can solve the task of targeted retrieval of
fragments with implicit LSRs.

Keywords: implicitness; implicit logical-semantic relations; targeted retrieval;
natural language processing; knowledge extraction from texts; parallel texts
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АНАЛИТИКА ЗАШУМЛЕННЫХ ТЕКСТОВ

М. П. Кривенко1

�−−®â�æ¨ï: ÷�¡®â� ¯®á¢ïé¥−� ®¡§®àã ¬¥â®¤®¢ ¨−â¥à¯à¥â�æ¨¨ ¨áª�¦¥−−ëå
â¥ªáâ®¢ëå ¤�−−ëå á æ¥«ìî ¯®«ãç¥−¨ï ¨§ −¨å §−�ç¨¬®© ¨−ä®à¬�æ¨¨. �−�«¨â¨-
ª� ¯®§¢®«ï¥â ¢ëç«¥−¨âì ¯®«¥§−ë¥ ¯®−ïâ¨ï, á¤¥«�âì ¢ë¢®¤ë ¨§ á®¡à�−−ëå ¤�−-
−ëå, áä®à¬¨à®¢�âì ¯à®£−®§ë. �à¥¤¯®«�£�¥âáï, çâ® ®¡à�¡�âë¢�¥¬ë¥ â¥ªáâë
¬®£ãâ −¥ ®â¢¥ç�âì ¬®¤¥«¨ ¢ë¡à�−−®£® íâ�«®−−®£® ï§ëª�. �®¤®¡−ë¥ ®âª«®−¥−¨ï
¬®£ãâ ¡ëâì ¢ë§¢�−ë ®è¨¡ª�¬¨ ¨§¬¥à¥−¨© ¨ ä¨ªá�æ¨¨, ®ª�§�âìáï á«¥¤áâ¢¨-
¥¬ ¢®§¤¥©áâ¢¨ï á«ãç�©−ëå ¨«¨ −¥¯à¥¤ãá¬®âà¥−−ëå ä�ªâ®à®¢, ¢®§−¨ª−ãâì ª�ª
á«¥¤áâ¢¨¥ −¥¯à�¢¨«ì−®£® ¢ë¡®à� ¨«¨ −�áâà®©ª¨ ¬®¤¥«¨. ‚ áâ�âì¥ ¯¥à¥ç¨á«¥−ë
¢¨¤ë ¨áª�¦¥−¨©. ÷�áá¬®âà¥−ë ®¡«�áâ¨ ¯à¨¬¥−¥−¨ï ¬¥â®¤®¢ ¨−â¥««¥ªâã�«ì-
−®© ®¡à�¡®âª¨ â¥ªáâ®¢: −�ãç−ë¥ ¯ã¡«¨ª�æ¨¨; ®¡é¥−¨¥ ¢ ¡«®£�å; í«¥ªâà®−−�ï
¯®çâ�; á®æ¨�«ì−ë¥ ¬¥¤¨�; à¥ç¥¢ë¥ á®®¡é¥−¨ï; ¢¥¡-�−�«¨â¨ª�. “ª�§�−ë ®à¨-
¥−â¨à®¢�−−ë¥ −� ®¡à�¡®âªã §�èã¬«¥−−ëå â¥ªáâ®¢ ¬¥â®¤ë. ‘ä®à¬ã«¨à®¢�−ë
¯¥àá¯¥ªâ¨¢−ë¥ −�¯à�¢«¥−¨ï ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨©: ãâ®ç−¥−¨¥ ¯®−ïâ¨©
ú§�èã¬«¥−−®áâ¨û ¨ ú¨áª�¦¥−¨ïû â¥ªáâ®¢, ¢ëà�¡®âª� á¯®á®¡®¢ ¨§¬¥à¥−¨ï
áâ¥¯¥−¨ �−®¬�«ì−®áâ¨ â¥ªáâ�, á¨áâ¥¬�â¨§�æ¨ï �−�«¨â¨ç¥áª¨å §�¤�ç ®¡à�¡®âª¨
â¥ªáâ®¢, ä®à¬¨à®¢�−¨¥ ªà¨â¥à¨¥¢ íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢ ¨−â¥««¥ªâã�«ì−®£®
�−�«¨§� â¥ªáâ� ¤«ï ®¡«¥£ç¥−¨ï ¢ë¡®à� ¯®¤å®¤ïé¨å â¥å−®«®£¨©.

Š«îç¥¢ë¥ á«®¢�: ¨−â¥««¥ªâã�«ì−�ï ®¡à�¡®âª� â¥ªáâ�; §�èã¬«¥−−ë© â¥ªáâ;
¨áª�¦¥−−ë© â¥ªáâ; �−�«¨â¨ª�; ®¡§®à

DOI: 10.14357/08696527220405

1 Введение

”ã−ªæ¨¨ ¨ ãá«®¢¨ï ¨á¯®«ì§®¢�−¨ï ï§ëª� ¤�îâ ¥£® ®¯à¥¤¥«¥−−ë© ¢�à¨�−â,
¯à¥¤®¯à¥¤¥«ïîâ á®¤¥à¦�−¨¥ ¯®−ïâ¨© ú¨§¢¥áâ−®¥û{úá«®¦¨¢è¥¥áïû{úâ¨¯®¢®¥û,
§�¤�îâ á®®â¢¥âáâ¢ãîé¨¥ áâ�−¤�àâë (−®à¬ë).

„�«¥¥ ®¡ê¥ªâ®¬ ®¡à�¡®âª¨ ¡ã¤ãâ â¥ªáâ®¢ë¥ á®®¡é¥−¨ï (â¥ªáâë) −� −¥ª®â®à®¬
¨§¢¥áâ−®¬ ï§ëª¥. �− ¬®¦¥â ¡ëâì §�£àï§−¥− ¢ â®¬ á¬ëá«¥, çâ® áä®à¬¨à®¢�−
á −�àãè¥−¨¥¬ −®à¬ ï§ëª�. ‚ ç�áâ−®áâ¨, ®â¤¥«ì−ë¥ äà�£¬¥−âë â¥ªáâ� ¨áª�¦¥−ë
−� ãà®¢−¥ «¥ªá¨ª¨ ¨ ¢ −¨å ¯®¤¬¥è�− èã¬ ¢ ¢¨¤¥ ¤®¯®«−¨â¥«ì−ëå −¥−®à¬�â¨¢−ëå
(®â«¨ç�îé¨åáï ®â áâ�−¤�àâ� ï§ëª�) á«®¢. „«ï ¯®¤®¡−ëå â¥ªáâ®¢ ¡ã¤¥¬ ¨á-
¯®«ì§®¢�âì á¨−®−¨¬¨ç−ë¥ ¯®−ïâ¨ï ú§�èã¬«¥−−ë¥û, � â�ª¦¥ ú¨áª�¦¥−−ë¥û ¨«¨
ú§�£àï§−¥−−ë¥û (¢ �−£«®ï§ëç−®© «¨â¥à�âãà¥ ¤«ï íâ®£® ç�é¥ ¢á¥£® ã¯®âà¥¡«ïîâ
â¥à¬¨− noisy, å®âï ¢áâà¥ç�¥âáï ¨ í¯¨â¥â dirty).

�−�«¨â¨ª� §�èã¬«¥−−®£® â¥ªáâ� | �¢â®¬�â¨§¨à®¢�−−®¥ ¨§¢«¥ç¥−¨¥ áâàãª-
âãà¨à®¢�−−®© ¨«¨ ç�áâ¨ç−® áâàãªâãà¨à®¢�−−®© ¨−ä®à¬�æ¨¨ ¨§ §�èã¬«¥−−ëå

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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−¥áâàãªâãà¨à®¢�−−ëå â¥ªáâ®¢ëå ¤�−−ëå. ‡�èã¬«¥−−ë¥ â¥ªáâ®¢ë¥ ¤�−−ë¥ ¯®-
à®¦¤�îâáï ¢ ¡®«ìè®¬ ®¡ê¥¬¥ ¬−®£®ç¨á«¥−−ë¬¨, ç�áâ® −¥®ä¨æ¨�«ì−ë¬¨ ¨á-
â®ç−¨ª�¬¨, â�ª¨¬¨ ª�ª ®−«�©−-ç�â, â¥ªáâ®¢ë¥ á®®¡é¥−¨ï, í«¥ªâà®−−�ï ¯®çâ�,
¤®áª¨ ®¡êï¢«¥−¨©, £àã¯¯ë −®¢®áâ¥©, ¡«®£¨, ¢¨ª¨- ¨ ¢¥¡-áâà�−¨æë. Šà®¬¥ â®£®,
¯à�ªâ¨ç¥áª¨ ¢á¥£¤� á®¤¥à¦�â ¨áª�¦¥−¨ï â¥ªáâë, ¯®«ãç¥−−ë¥ ¯ãâ¥¬ ®¡à�¡®â-
ª¨ á¯®−â�−−®© à¥ç¨ á ¨á¯®«ì§®¢�−¨¥¬ �¢â®¬�â¨ç¥áª¨å ¯à¨¥¬®¢ à�á¯®§−�¢�−¨ï,
� â�ª¦¥ ¤®ªã¬¥−âë á ¨á¯®«ì§®¢�−¨¥¬ ®¯â¨ç¥áª®£® à�á¯®§−�¢�−¨ï ¯¥ç�â−ëå /̈̈ «¨
àãª®¯¨á−ëå á¨¬¢®«®¢. ’¥ªáâ, á®§¤�−−ë© ¯à¨ â�ª¨å ®¡áâ®ïâ¥«ìáâ¢�å, ®¡ëç−® á®-
¤¥à¦¨â ®àä®£à�ä¨ç¥áª¨¥ ®è¨¡ª¨, á®ªà�é¥−¨ï, −¥áâ�−¤�àâ−ë¥ á«®¢�, ¯®¢â®àë,
¯à®¯ãé¥−−ë¥ §−�ª¨ ¯à¥¯¨−�−¨ï, ®è¨¡ª¨ ãª�§�−¨ï à¥£¨áâà� ¡ãª¢, §�¯®«−ïîé¨¥
¯�ã§ã á«®¢�, � â�ª¦¥ ¤àã£¨¥ â¥ªáâ®¢ë¥ ¨ à¥ç¥¢ë¥ −�àãè¥−¨ï. „®ªã¬¥−âë
á ¢ª«îç¥−¨¥¬ á¯¥æ¨�«¨§¨à®¢�−−ëå â¥à¬¨−®¢, ¦�à£®−�, á ¨á¯®«ì§®¢�−¨¥¬ ¨áâ®-
à¨ç¥áª¨ á«®¦¨¢è¨åáï ï§ëª®¢ â�ª¦¥ ¬®¦−® áç¨â�âì ¨áª�¦¥−−ë¬¨ á ãç¥â®¬ á¥£®-
¤−ïè−¨å §−�−¨© ® ï§ëª¥. ÷�§−®®¡à�§¨¥ ¯à¨à®¤ë ¨ á®áâ�¢� ¨áª�¦¥−¨© âà¥¡ã¥â
¢ëå®¤� §� à�¬ª¨ âà�¤¨æ¨®−−ëå ¬¥â®¤®¢ �−�«¨§� â¥ªáâ�.

2 Источники и типы искажения

‚ á«ãç�¥ ¯¥ç�â−ëå ¤®ªã¬¥−â®¢ ¢ ¯¥à¢ãî ®ç¥à¥¤ì à¥çì ¨¤¥â ®¡ ®¡è¨à−ëå
¡ã¬�¦−ëå åà�−¨«¨é�å, ª®â®àë¥ −¥®¡å®¤¨¬® ®¡à�¡®â�âì á ¯®¬®éìî ®¯â¨ç¥áª®£®
à�á¯®§−�¢�−¨ï á¨¬¢®«®¢. �®«ãç¥−−ë© â�ª¨¬ ®¡à�§®¬ â¥ªáâ ®¡ëç−® ®ª�§ë¢�¥âáï
á¨«ì−® §�èã¬«¥−−ë¬ ¢ §�¢¨á¨¬®áâ¨ ®â ¨á¯®«ì§ã¥¬®£® ï§ëª�, à�§¬¥à� èà¨äâ�,
ª�ç¥áâ¢� ¯¥ç�â¨ ¨ â. ¤. “à®¢¥−ì ®è¨¡®ª ¬®¦¥â ¢�àì¨à®¢�âì ®â ¥¤¨−¨æ ¤® ¤¥áïâª®¢
¯à®æ¥−â®¢.

��«¨ç¨¥ −� ¢¥¡-áâà�−¨æ�å, ¢¨ª¨-áâà�−¨æ�å, ä®àã¬�å, ¢ ®−«�©−-ç�â�å, ¡«®-
£�å ¨ £àã¯¯�å −®¢®áâ¥© ¯«®å® −�¯¨á�−−®£® â¥ªáâ� ¢ ¯®àï¤ª¥ ¢¥é¥©. �®«ìè¨−áâ¢®
íâ¨å ¤�−−ëå −¥ áâàãªâãà¨à®¢�−ë, ¨ áâ¨«ì ¨å −�¯¨á�−¨ï áãé¥áâ¢¥−−® ®â«¨ç�-
¥âáï ®â ª�−®−®¢ ï§ëª�, ®ä¨æ¨�«ì−ëå ¤®ªã¬¥−â®¢ ¨«¨ −®¢®áâ−ëå áâ�â¥©. �à¨
íâ®¬ ¨áâ®ç−¨ª ¢¥¡-¤�−−ëå ¬®¦¥â ¡ëâì ªà�©−¥ ¨−ä®à¬�â¨¢¥− ¨¬¥−−® ¨§-§� íâ¨å
®âª«®−¥−¨© ®â −®à¬ë. �®«ìè®© ®¡ê¥¬ ¯®¤®¡−ëå ¤�−−ëå ¯à¨¢®¤¨â ª −¥®¡å®-
¤¨¬®áâ¨ ¨áª�âì íää¥ªâ¨¢−ë¥ ¬¥â®¤ë ¨§¢«¥ç¥−¨ï ¨−ä®à¬�æ¨¨, ª«�áá¨ä¨ª�æ¨¨,
�¢â®¬�â¨ç¥áª®£® ®¡®¡é¥−¨ï ¨ �−�«¨§� íâ¨å ¤�−−ëå.

Š®−â�ªâ−ë¥ æ¥−âàë | ®¡é¨© â¥à¬¨− ¤«ï á¯à�¢®ç−ëå á«ã¦¡, ¨−ä®à¬�-
æ¨®−−ëå «¨−¨© ¨ æ¥−âà®¢ ®¡á«ã¦¨¢�−¨ï ª«¨¥−â®¢, à�¡®â�îé¨å ¢ à�§«¨ç−ëå
®¡«�áâïå. �−¨ äã−ªæ¨®−¨àãîâ ¢ à�§«¨ç−ëå à¥¦¨¬�å, â�ª¨å ª�ª £®«®á®¢®©,
®−«�©−-ç�â ¨«¨ í«¥ªâà®−−�ï ¯®çâ�. ˆ−¤ãáâà¨ï ª®−â�ªâ-æ¥−âà®¢ ¯à®¨§¢®¤¨â
£¨£�¡�©âë ¤�−−ëå ¢ ä®à¬¥ á®®¡é¥−¨© í«¥ªâà®−−®© ¯®çâë, ¦ãà−�«®¢ ç�â®¢,
£®«®á®¢ëå ¯¥à¥£®¢®à®¢, ®â§ë¢®¢ ª«¨¥−â®¢ ¨ â. ¤. ��®«ìè�ï ç�áâì ¤�−−ëå ª®−â�ªâ-
æ¥−âà� | à¥ç¥¢ë¥ á®®¡é¥−¨ï. ˆå âà�−áªà¨¡¨à®¢�−¨¥ á ¨á¯®«ì§®¢�−¨¥¬ á®¢à¥-
¬¥−−®£® �¢â®¬�â¨ç¥áª®£® à�á¯®§−�¢�−¨ï à¥ç¨ ¤�¥â â¥ªáâ á 30%{40% ®è¨¡®ç−ëå
á«®¢. Šà®¬¥ â®£®, ¤�¦¥ ¯¨áì¬¥−−ë¥ ä®à¬ë ®¡é¥−¨ï, â�ª¨¥ ª�ª ®−«�©−-ç�â ¬¥¦¤ã
ãç�áâ−¨ª�¬¨ ¨«¨ à¥§ã«ìâ�âë ¢§�¨¬®¤¥©áâ¢¨ï ¯® í«¥ªâà®−−®© ¯®çâ¥, ª�ª ¯à�¢¨«®,
®ª�§ë¢�îâáï ¨áª�¦¥−−ë¬¨. �¡à�¡®âª� ¤�−−ëå ª®−â�ªâ-æ¥−âà� −¥®¡å®¤¨¬� ¤«ï
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�−�«¨â¨ª� §�èã¬«¥−−ëå â¥ªáâ®¢

�−�«¨§� §�¯à®á®¢ ª«¨¥−â®¢, ¬®¤¥«¨à®¢�−¨ï §¢®−ª®¢, ¯à®ä¨«¨à®¢�−¨ï ª«¨¥−â®¢
¨ â. ¤., ¨ ®−� âà¥¡ã¥â á«®¦−ëå ¬¥â®¤®¢ ®¡à�¡®âª¨ −¥−®à¬�â¨¢−®£® â¥ªáâ�.

ˆá¯®«ì§®¢�−¨¥ ï§ëª� ¢ ª®¬¯ìîâ¥à−ëå ¡¥á¥¤�å, «�©ª-ç�â�å, í«¥ªâà®−−ëå
¯¨áì¬�å ¨ â¥ªáâ�å SMS §−�ç¨â¥«ì−® ®â«¨ç�¥âáï ®â áâ�−¤�àâ−®© ä®à¬ë ï§ëª�.
‘®ªà�é¥−¨¥ ¤«¨−ë á®®¡é¥−¨ï ¨ ®¡¥á¯¥ç¥−¨¥ ¡®«¥¥ ¡ëáâà®£® −�¡®à� â¥ªáâ� ¯à¨
¯®âà¥¡−®áâ¨ ¢ á¥¬�−â¨ç¥áª®© ïá−®áâ¨ ä®à¬¨àã¥â áâàãªâãàã íâ®© −¥áâ�−¤�àâ−®©
ä®à¬ë, ¨§¢¥áâ−®© ª�ª ï§ëª â¥ªáâ®¢ëå á®®¡é¥−¨©.

Œ¥â®¤ë ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� â¥ªáâ� ¢ª«îç�îâ ª�â¥£®à¨§�æ¨î â¥ªáâ�,
®¡®¡é¥−¨¥, ®¡−�àã¦¥−¨¥ â¥¬ë, ¨§¢«¥ç¥−¨¥ ª®−æ¥¯æ¨©, ¯®¨áª ¤®ªã¬¥−â®¢ ¨ â. ¤.
Š�¦¤ë© ¨§ íâ¨å ¬¥â®¤®¢ ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï ¯®¨áª� −¥âà¨¢¨�«ì−®© ¨−-
ä®à¬�æ¨¨ ¢ −�¡®à¥ ¤®ªã¬¥−â®¢. ˆ−â¥««¥ªâã�«ì−ë© �−�«¨§ â¥ªáâ� â�ª¦¥ ¬®¦¥â
¨á¯®«ì§®¢�âìáï ¤«ï ®¡−�àã¦¥−¨ï ®á−®¢−®© â¥¬ë, ª®â®à�ï ¯®«¥§−� ¯à¨ á®§¤�−¨¨
â�ªá®−®¬¨¨ ¨§ ª®««¥ªæ¨¨ ¤®ªã¬¥−â®¢.

�®áª®«ìªã ¢á¥ ¡®«ìè¥¥ ç¨á«® ¯à¨ª«�¤−ëå á¨áâ¥¬ ¢ë¤¥«¥−¨ï á¬ëá«� (ä®à-
¬¨à®¢�−¨¥ ®−â®«®£¨©) áâ�−®¢¨âáï ¤®áâã¯−ë¬ ¤«ï à�§«¨ç−ëå ¨áâ®ç−¨ª®¢, −¥®¡-
å®¤¨¬®áâì ®¡à�¡®âª¨ §�£àï§−¥−−ëå â¥ªáâ®¢ áâ�−®¢¨âáï −¥¨§¡¥¦−®©. �à¨ íâ®¬
ª�ç¥áâ¢® ®−â®«®£¨¨ ¨ ¯à�¢¨«ì−®¥ äã−ªæ¨®−¨à®¢�−¨¥ á¨áâ¥¬ ¢ ¡®«ìè®© áâ¥¯¥-
−¨ §�¢¨áïâ ®â ç¨áâ®âë ¢å®¤−ëå â¥ªáâ®¢. �®«ìè¨−áâ¢® áãé¥áâ¢ãîé¨å ¬¥â®¤®¢
¨á¯à�¢«¥−¨ï ®àä®£à�ä¨ç¥áª¨å ®è¨¡®ª, à�áè¨à¥−¨ï á®ªà�é¥−¨©, ¢®ááâ�−®¢«¥-
−¨ï ¯�¤¥¦¥© ¨ â. ¯. ¨§ãç�îâáï à�§¤¥«ì−®, −® ¯à¨å®¤¨âáï ¯à¨§−�âì, çâ® ¬−®£¨¥
¨áª�¦¥−¨ï ¢ â¥ªáâ�å ¨¬¥îâ á®áâ�¢−®© å�à�ªâ¥à.

�®¤¢®¤ï ¨â®£, ¬®¦−® ¢ë¤¥«¨âì á«¥¤ãîé¨¥ −�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¥ â¨-
¯ë ¨áª�¦¥−¨ï â¥ªáâ®¢: ¤®¡�¢«¥−¨¥ §�¯®«−¨â¥«¥© (§¢ãª®¢, ¬¥¦¤®¬¥â¨© ¨ â. ¯.);
¤®¡�¢«¥−¨¥ §−�ª®¢; ¤®¡�¢«¥−¨¥ ¨§¢¥áâ−ëå/−®¢ëå á«®¢; §�¬¥−� ä®−¥¬/§−�ª®¢; ¨á-
¯®«ì§®¢�−¨¥ ¤¨�«¥ªâ®¢/á«¥−£�; ¨á¯®«ì§®¢�−¨¥ −¥£à�¬¬�â¨ç¥áª¨å ä®à¬; ¯à®¯ãáª
á«®¢; ¯à®¯ãáª/®âáãâáâ¢¨¥ §−�ª®¢ ¯à¥¯¨−�−¨ï; ¯à®¯ãáª/®âáãâáâ¢¨¥ ¨−ä®à¬�æ¨¨
® à¥£¨áâà¥; ¯à®¯ãáª/ã¤�«¥−¨¥ §−�ª®¢; á¬¥è¥−¨¥ à�§«¨ç−ëå −�¯¨á�−¨© ®¤−®-
£® ¨ â®£® ¦¥ á«®¢�; á¬¥è¥−¨¥ ï§ëª®¢; á®ªà�é¥−¨ï ®â¤¥«ì−ëå á«®¢/−�¡®à®¢
á«®¢.

3 Области применения и методы

��ãç−ë¥ ¯ã¡«¨ª�æ¨¨ | æ¥−−ë© à¥áãàá ¤«ï ¨áá«¥¤®¢�â¥«¥©, ®¤−�ª® íªá¯®-
−¥−æ¨�«ì−ë© à®áâ ¨å ç¨á«� á®§¤�¥â á¥àì¥§−ë¥ ¯à®¡«¥¬ë. �¥á¬®âàï −� â® çâ®
¯®¤£®â®¢ª� á®®â¢¥âáâ¢ãîé¨å â¥ªáâ®¢ ®¡ëç−® à¥£«�¬¥−â¨àã¥âáï ¨ ª®−âà®«¨àã¥âáï,
¢ ¨â®£¥ ¯®«−®áâìî ®á¢®¡®¤¨âìáï ®â ¨áª�¦¥−¨© −¥ ¯®«ãç�¥âáï: ç�áâ® ¢áâà¥ç�îâáï
®¯¥ç�âª¨, à�§«¨ç−ë¥ −�¯¨á�−¨ï ®¤−®£® ¨ â®£® ¦¥ á«®¢�, ¨á¯®«ì§®¢�−¨¥ ¦�à£®−�
¨ −¥®ç¥¢¨¤−ëå á¨−®−¨¬®¢, −¥áâ�−¤�àâ−ë¥ á®ªà�é¥−¨ï, á¬¥è¥−¨¥ ï§ëª®¢ ¨ áâ¨-
«¥© ¨§«®¦¥−¨ï ¨ â. ¯. ‘ ¤àã£®© áâ®à®−ë, �−�«¨§ ¨áâ®ç−¨ª®¢ | íâ® ¢�¦−ë©
ª®¬¯®−¥−â ¯à�ªâ¨ç¥áª¨ «î¡®£® ¨áá«¥¤®¢�â¥«ìáª®£® ¯à®¥ªâ�. ˆ−â¥««¥ªâã�«ì−ë©
�−�«¨§ â¥ªáâ� ã«ãçè�¥â ®¡§®à «¨â¥à�âãàë, ¬®¦¥â ¨¤¥−â¨ä¨æ¨à®¢�âì, £àã¯¯¨à®-
¢�âì ¨ ª«�áá¨ä¨æ¨à®¢�âì ª«îç¥¢ë¥ â¥¬ë ¯à¥¤¬¥â−®© ®¡«�áâ¨, � â�ª¦¥ ¢ëï¢«ïâì
¯®¢â®àï¥¬®áâì ¨ ¯®¯ã«ïà−®áâì â¥¬ ¢ â¥ç¥−¨¥ ®¯à¥¤¥«¥−−®£® ¯¥à¨®¤� ¢à¥¬¥−¨.
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�®íâ®¬ã â�ª ¢®áâà¥¡®¢�−ë ¬¥â®¤ë −¥©âà�«¨§�æ¨ï èã¬�, ª®â®àë¥ ¢ −�áâ®ïé¥¥
¢à¥¬ï à¥�«¨§ãîâáï á ¯®¬®éìî áâ�−¤�àâ−ëå áà¥¤áâ¢ ®¡à�¡®âª¨ â¥áâ®¢.

�¡é¥−¨¥ ¢ ¡«®£�å. �«®£¨ ¬®£ãâ ¯à¨−�¤«¥¦�âì ª è¨à®ª®¬ã á¯¥ªâàã ¦�−-
à®¢ | ®â «¨ç−ëå ¤−¥¢−¨ª®¢ ¤® ª®à¯®à�â¨¢−ëå ¡¨§−¥á-¦ãà−�«®¢; ¯à¨ íâ®¬ ®−¨,
ª�ª ¯à�¢¨«®, á¢ï§�−ë á áã¡ê¥ªâ¨¢−ë¬¨ ¨ á¯®−â�−−ë¬¨ ä®à¬�¬¨ ¯¨áì¬�. ˆá-
á«¥¤®¢�â¥«¨ ¬®£ãâ ¨á¯®«ì§®¢�âì ¡«®£¨ ª�ª ¨áâ®ç−¨ª ¨−ä®à¬�æ¨¨ ¤«ï à�§«¨ç−ëå
æ¥«¥©: ¢ë¯®«−¥−¨ï ª®−â¥−â-�−�«¨§�, á¢ï§�−−®£® á £¥−¤¥à−ë¬ ¨ ï§ëª®¢ë¬ ¨á-
¯®«ì§®¢�−¨¥¬, á ®¯à¥¤¥«¥−¨¥¬ íâ−®£à�ä¨ç¥áª®£® ãç�áâ¨ï ¢ ¡«®£-á®®¡é¥áâ¢�å,
� â�ª¦¥ ¢ëï¢«¥−¨ï á¢¥¤¥−¨© ®¡ ®¯ëâ¥, ¢®á¯à¨ïâ¨¨ ¨ ¬−¥−¨ïå �¢â®à®¢ [1, 2].
‚�¦−®¥ ¬¥áâ® §�−¨¬�¥â §�¤�ç� ä¨«ìâà�æ¨¨ ¡«®£®¢ −� ¯à¥¤¬¥â ¢ëï¢«¥−¨ï á¯�¬�,
¨−æ¨¤¥−â®¢ ¡¥§®¯�á−®áâ¨, ¯®¨áª� −®¢ëå â¥¬ ®â−®á¨â¥«ì−® ª¨¡¥àã£à®§. �á®-
¡ãî à®«ì ¬®£ãâ ¯à¨®¡à¥â�âì ¡«®£¨ £àã¯¯ −�á¥«¥−¨ï, −�å®¤ïé¨åáï §� ¯à¥¤¥«�¬¨
ä¨§¨ç¥áª®© ¤®áï£�¥¬®áâ¨.

ˆ§-§� ¡®«ìè®£® ç¨á«� ¨ à�§−®®¡à�§¨ï áãé¥áâ¢ãîé¨å ¯®áâ®¢ ¢ ¡«®£®áä¥à¥ ¨å
ª®−â¥−â ¬®¦¥â ¯®ª�§�âìáï á«ãç�©−ë¬ ¨ å�®â¨ç−ë¬ [3], ¢á«¥¤áâ¢¨¥ ç¥£® ¢®áâà¥-
¡®¢�−−ë¬¨ áâ�−®¢ïâáï −¥ â®«ìª® ®â¤¥«ì−ë¥ ¬¥â®¤ë ¨−â¥««¥ªâã�«ì−®© ®¡à�¡®âª¨
â¥ªáâ®¢, −® ¨ ¬¥â®¤®«®£¨ç¥áª¨¥ ¢®¯à®áë ¨§ãç¥−¨ï ¡«®£®¢. �à¨¬¥à®¬ ¯®¯ëâª¨
¯à¥¤«®¦¨âì á®®â¢¥âáâ¢ãîé¥¥ ¯à�ªâ¨ç¥áª®¥ àãª®¢®¤áâ¢® ¬®¦¥â á«ã¦¨âì [4].

�®¬¨¬® â¥ªáâ®¢®£® ª®−â¥−â� ¡«®£¨ á®¤¥à¦�â á«ã¦¥¡−ãî ¨−ä®à¬�æ¨î, ¢ ç�áâ-
−®áâ¨ á¢¥¤¥−¨ï ® −�§¢�−¨¨ ¨ �¢â®à¥ ¡«®£�, ¤�â¥ ¨ ¢à¥¬¥−¨ ¯ã¡«¨ª�æ¨¨, � â�ª¦¥
â¥£�å ¨«¨ �âà¨¡ãâ�å ª�â¥£®à¨©. �®¤®¡−® ¤àã£¨¬ ¤�−−ë¬ á®æ¨�«ì−ëå á¥â¥©, á®-
¤¥à¦�−¨¥ ¡«®£� ¨§¬¥−ï¥âáï á® ¢à¥¬¥−¥¬. ‚ëï¢«¥−¨¥ ¨ ¯®−¨¬�−¨¥ â¥¬ ¡«®£®áä¥-
àë, ª®â®àë¥ −�å®¤ïâáï ¢ âà¥−¤¥, ¬®£ãâ ¯à¥¤®áâ�¢¨âì ¤®áâ®¢¥à−ãî ¨−ä®à¬�æ¨î
®¡ ¨§¬¥−¥−¨ïå ¯®«¨â¨ç¥áª¨å ¢§£«ï¤®¢ ¨ á®æ¨�«ì−ëå á¤¢¨£�å, ® ¤¨−�¬¨ª¥ àë−ª®¢
¯à®¤�¦ [5, 6].

‡�£àï§−¥−−ë© ¯® á¢®¥© ¯à¨à®¤¥ å�à�ªâ¥à á®®¡é¥−¨© ¢ ¡«®£�å ¯à¨¢®¤¨â
ª −¥®¡å®¤¨¬®áâ¨ ¨á¯®«ì§®¢�−¨ï ¬®¤¥«¥© â¥ªáâ®¢ ®¡é¥£® å�à�ªâ¥à�, −�¯à¨¬¥à
«�â¥−â−®£® à�§¬¥é¥−¨ï „¨à¨å«¥ (LDA | Latent Dirichlet Allocation), ¯à¨¬¥−¥-
−¨ï ãáâ®©ç¨¢ëå ¬¥â®¤®¢ �−�«¨§�, −�¯à¨¬¥à «�â¥−â−®£® á¥¬�−â¨ç¥áª®£® �−�«¨§�
(LSA | Latent Semantic Analysis) ¨ ª«�áâ¥à¨§�æ¨¨. ÷ï¤ ¨áá«¥¤®¢�−¨© ¡ë«
¯®á¢ïé¥− á®®â¢¥âáâ¢ãîé¨¬ ¬¥â®¤�¬ ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� â¥ªáâ� ¨ ®¡é¨¬
¯à¨¥¬�¬ ã¬¥−ìè¥−¨ï à�§¬¥à−®áâ¨ [7]. �¤−�ª® à¥�«ì−® ¨§-§� á«®¦−®áâ¨ ®¡ê-
¥ªâ� �−�«¨§� ¢®§−¨ª�îâ áãé¥áâ¢¥−−ë¥ ®£à�−¨ç¥−¨ï: −�¯à¨¬¥à, ¢ [8] ¯à¥¤«®¦¥−
¬−®£®¬¥à−ë© ¯®¤å®¤ ª ¨−â¥««¥ªâã�«ì−®¬ã �−�«¨§ã ¡«®£®¢ ¯ãâ¥¬ ®¡ê¥¤¨−¥−¨ï
¨å á®¤¥à¦¨¬®£® ¨ â¥£®¢, ®¤−�ª® ®− ¬®¦¥â ¡ëâì ¯à¨¬¥−¥− â®«ìª® ª â¥ªáâ®¢ë¬
¡«®£�¬. �®«¥¥ â®£®, áãé¥áâ¢ãîé¨¥ à¥è¥−¨ï ¯à¥¨¬ãé¥áâ¢¥−−® á¯®á®¡−ë ®¡à�-
¡�âë¢�âì ®£à�−¨ç¥−−ë© ¯¥à¥ç¥−ì á¢¥¤¥−¨©, ®−¨ áâ�â¨ç−ë (−¥¨§¬¥−−ë) ¯® á¢®¥©
¯à¨à®¤¥ ¨ ®¡ëç−® −¥ ¬�áèâ�¡¨àãîâáï â®ç−® ¨§-§� ¨å ¢ëá®ª®© á«®¦−®áâ¨. ˆ á�-
¬®¥ £«�¢−®¥ | â�ª¨¥ à¥è¥−¨ï ¯à¥¦¤¥ ¢á¥£® à�§à�¡®â�−ë ¤«ï ª®−ªà¥â−®© æ¥«¨
¨ ä¨ªá¨à®¢�−−®£® −�¡®à� ®¡ãç�îé¨å ¤�−−ëå, ç¥£® −¥¤®áâ�â®ç−® ¤«ï ¡®«ìè¨å
®¡ê¥¬®¢ ¯®â®ª®¢ëå ¤�−−ëå.

�«¥ªâà®−−�ï ¯®çâ� áâ�«� ã¤®¡−ë¬ ¨ à�á¯à®áâà�−¥−−ë¬ áà¥¤áâ¢®¬ ®¡é¥−¨ï,
¢ª«îç�îé¨¬ â¥ªáâ®¢ë¥ á®®¡é¥−¨ï. �−® â�ª¦¥ −¥à�§àë¢−® á¢ï§�−® á ¯à®æ¥¤ãà®©
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�−�«¨â¨ª� §�èã¬«¥−−ëå â¥ªáâ®¢

à�¡®âë ¢ ¨−â¥à−¥â¥, ¯®áª®«ìªã ãç¥â−�ï §�¯¨áì í«¥ªâà®−−®© ¯®çâë −¥®¡å®¤¨¬�
¤«ï à¥£¨áâà�æ¨¨ «î¡®© ä®à¬ë ®−«�©−-�ªâ¨¢−®áâ¨, ¢ â®¬ ç¨á«¥ ¤«ï á®§¤�−¨ï
ãç¥â−ëå §�¯¨á¥© ¤«ï ¯«�âä®à¬ á®æ¨�«ì−ëå á¥â¥© ¨ ®¡¬¥−� ¬£−®¢¥−−ë¬¨ á®®¡-
é¥−¨ï¬¨.

ˆ−â¥««¥ªâã�«ì−ë© �−�«¨§ í«¥ªâà®−−®© ¯®çâë áå®¦ á ¨−â¥««¥ªâã�«ì−ë¬ �−�-
«¨§®¬ â¥ªáâ�, ®¤−�ª® á¯¥æ¨ä¨ª� ¬®¦¥â ¢®§−¨ª−ãâì ¨§-§� ¢ëá®ª®© §�èã¬«¥−−®áâ¨
¤�−−ëå: −�àï¤ã á ®¡ëç−ë¬ â¥ªáâ®¬ ¢áâà¥ç�îâáï á¯¥æ¨�«ì−ë¥ á¨¬¢®«ë ¨ á«®¢�,
ª®¬¬¥−â�à¨¨, ¯®¤¯¨á¨, æ¨â�âë, ¯à®£à�¬¬−ë¥ ª®¤ë, ¯à¨áãâáâ¢ãîâ ¨«¨ ®âáãâáâ¢ã-
îâ ¤®¯®«−¨â¥«ì−ë¥ à�§àë¢ë áâà®ª, ¯à®¡¥«ë. �®íâ®¬ã ¯¥à¥¤ ¨−â¥««¥ªâã�«ì−®©
®¡à�¡®âª®© â¥ªáâë ¯¨á¥¬ ¤®«¦−ë ¡ëâì ®ç¨é¥−ë [9]. Šà®¬¥ â®£®, í«¥ªâà®−-
−�ï ¯¥à¥¯¨áª� ¯à¥¤áâ�¢«ï¥â á®¡®© ¯®â®ª ¤�−−ëå, ¯®¤ç�á ®à¨¥−â¨à®¢�−−ë© −�
ª®−ªà¥â−®£® ¯®«ì§®¢�â¥«ï, ¯à¨ −�àãè¥−¨¨ íâ®£® ®− ¬®¦¥â áâ�âì −¥®¤−®à®¤−ë¬
(−�¯à¨¬¥à, ¨§-§� à�§−ëå áâ¨«¥© ¯¨èãé¨å �¢â®à®¢). �à¨ íâ®¬ ª®−æ¥¯æ¨¨ ¨«¨ à�á-
¯à¥¤¥«¥−¨¥ æ¥«¥¢®© �ã¤¨â®à¨¨ á®®¡é¥−¨© ¬®£ãâ ¬¥−ïâìáï á â¥ç¥−¨¥¬ ¢à¥¬¥−¨ ¯®
®â−®è¥−¨î ª ¯®«ãç�¥¬ë¬ á®®¡é¥−¨ï¬. ��ª®−¥æ, ¨§-§� ¯à®¡«¥¬ ª®−ä¨¤¥−æ¨�«ì-
−®áâ¨ ®ª�§�«®áì ¯à®¡«¥¬�â¨ç−ë¬ ¯®«ãç�âì ®¡é¥¤®áâã¯−ë¥ ¤�−−ë¥ í«¥ªâà®−−®©
¯®çâë ¤«ï íªá¯¥à¨¬¥−â®¢. �à�¢¤�, −�ç¨−�ï á [10] á ¯®ï¢«¥−¨¥¬ ª®à¯ãá®¢ CSpace
¨ Enron, � ¯®§¦¥ −�¡®à� ¤�−−ëå Ling-Spam ¯®«®¦¥−¨¥ ¨§¬¥−¨«®áì ¢ «ãçèãî
áâ®à®−ã.

…é¥ ®¤−� ¯à®¡«¥¬� á®áâ®¨â ¢ â®¬, çâ® áªàëâ�ï ¨−ä®à¬�æ¨ï ¢ ¯®çâ¥ ¯®¤ç�á −¥
¬®¦¥â ¡ëâì ¨§¢«¥ç¥−� ¨«¨ ¢¨§ã�«¨§¨à®¢�−� ¨§-§� ®âáãâáâ¢¨ï ¬�áèâ�¡¨àã¥¬ëå
¨−áâàã¬¥−â®¢ ¢¨§ã�«¨§�æ¨¨ [11].

‘ ¯®áâ�−®¢ª®© ®â¤¥«ì−ëå §�¤�ç ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� í«¥ªâà®−−®©
¯®çâë ¬®¦−® ¯®§−�ª®¬¨âìáï ¢ [12]. Šà®¬¥ â®£®, −¥ª®â®àë¥ ¢�¦−ë¥ ¯à¨«®¦¥−¨ï
¨−â¥««¥ªâã�«ì−®£® �−�«¨§� í«¥ªâà®−−®© ¯®çâë ¢ª«îç�îâ ¢ á¥¡ï â�ª¨¥ §�¤�ç¨,
ª�ª ä¨«ìâà�æ¨ï í«¥ªâà®−−ëå ¯¨á¥¬ −� ®á−®¢¥ ¯à¨®à¨â¥â�, ¢ëï¢«¥−¨¥ á¯�¬�
¨ ä¨è¨−£®¢ëå ¯¨á¥¬, � â�ª¦¥ �¢â®¬�â¨ç¥áª®¥ ä®à¬¨à®¢�−¨¥ ®â¢¥â�, ®¡®¡é¥−¨¥
¯®â®ª®¢, �−�«¨§ ª®−â�ªâ®¢, ¢¨§ã�«¨§�æ¨ï í«¥ªâà®−−®© ¯®çâë.

‚ [13] ®âà�¦¥− à¥§ã«ìâ�â ®¯à®á� ¯® �−�«¨§ã í«¥ªâà®−−®© ¯®çâë. Š�ª ¨â®£
¡ë«¨ ¢ëï¢«¥−ë 5 §�¤�ç ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� í«¥ªâà®−−®© ¯®çâë: ®¡−�-
àã¦¥−¨¥ á¯�¬�; ª�â¥£®à¨§�æ¨ï í«¥ªâà®−−®© ¯®çâë; �−�«¨§ ª®−â�ªâ®¢; �−�«¨§
á¢®©áâ¢ á¥â¨ í«¥ªâà®−−®© ¯®çâë; ¢¨§ã�«¨§�æ¨ï í«¥ªâà®−−®© ¯®çâë. Šà®¬¥ â®£®,
¤«ï ª�¦¤®© §�¤�ç¨ ®¡áã¦¤�«¨áì ç�áâ® ¨á¯®«ì§ã¥¬ë¥ ¬¥â®¤ë à¥è¥−¨ï ¯¥à¥ç¨á-
«¥−−ëå §�¤�ç.

‚ [14] ¢á¥áâ®à®−−¥ à�áá¬®âà¥−ë 98 áâ�â¥©, ®¯ã¡«¨ª®¢�−−ëå ¢ ¯¥à¨®¤ á 2006
¯® 2016 ££. ¯® ª«�áá¨ä¨ª�æ¨¨ í«¥ªâà®−−®© ¯®çâë ¨§ ¡�§ ¤�−−ëå ®á−®¢−ëå
ª®««¥ªæ¨© Web of Science ¨ ¡�§ë ¤�−−ëå Scopus. ‚ íâ®¬ ¨áá«¥¤®¢�−¨¨ �−�-
«¨§ ¬¥â®¤®«®£¨ç¥áª¨å à¥è¥−¨© ¯à®¢®¤¨«áï ¯® á«¥¤ãîé¨¬ 5 �á¯¥ªâ�¬: ®¡«�áâ¨
¯à¨¬¥−¥−¨ï ª«�áá¨ä¨ª�æ¨¨; −�¡®àë ¤�−−ëå ¯® ®¡«�áâï¬ ¯à¨¬¥−¥−¨ï; á®áâ�¢
¯à¨§−�ª®¢ ¯® ®¡«�áâï¬ ¯à¨¬¥−¥−¨ï; ¬¥â®¤ë ª«�áá¨ä¨ª�æ¨¨; ¨á¯®«ì§ã¥¬ë¥ ¯®-
ª�§�â¥«¨ íää¥ªâ¨¢−®áâ¨.

�¤−®© ¨§ ¯à®æ¢¥â�îé¨å ®¡«�áâ¥© ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� ¤�−−ëå áâ�«®
¨§ãç¥−¨¥ −�áâà®¥−¨© ¢ â¥ªáâ®¢ëå ®−«�©−-¤®ªã¬¥−â�å ª�ª «¨ç−®£® å�à�ªâ¥à�,
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â�ª ¨ ¤¥«®¢®£®. ‚ ¨áá«¥¤®¢�−¨¨ [15] ¯à¥¤«�£�«®áì ¨á¯®«ì§®¢�âì ¤«ï á�¬®®æ¥−ª¨
¯®«ì§®¢�â¥«¥© ¬¥â®¤ë ®æ¥−ª¨ −�áâà®¥−¨© ¢ «¨ç−ëå �àå¨¢�å í«¥ªâà®−−®© ¯®çâë.
�ë«� á®§¤�−� ¨ ¯à¥¤áâ�¢«¥−� ¢ ¯ã¡«¨ª�æ¨¨ á¨áâ¥¬� ¨−â¥««¥ªâã�«ì−®£® �−�«¨§�
í«¥ªâà®−−®© ¯®çâë Muse, ª®â®à�ï ¯®¬®£�«� ¯®«ì§®¢�â¥«ï¬ �−�«¨§¨à®¢�âì, ¤®-
¡ë¢�âì ¨ ¢¨§ã�«¨§¨à®¢�âì á¢®¨ á®¡áâ¢¥−−ë¥ ¤®«£®áà®ç−ë¥ �àå¨¢ë í«¥ªâà®−−®©
¯®çâë.

�¤−®© ¨§ −�¨¡®«¥¥ §−�ç¨â¥«ì−ëå ã£à®§ ¢ ¡¨§−¥á-è¯¨®−�¦¥ áâ�«� ¨−á�©-
¤¥àáª�ï. ‚ [16] ¢−¨¬�−¨¥ á®áà¥¤®â®ç¥−® −� ®¡−�àã¦¥−¨¨ ¨−á�©¤¥àáª¨å ã£à®§
¯ãâ¥¬ �−�«¨§� í«¥ªâà®−−ëå ¯¨á¥¬, çâ®¡ë ¢ëïá−¨âì, á®®â¢¥âáâ¢ã¥â «¨ á®-
âàã¤−¨ª ®¯à¥¤¥«¥−−ë¬ «¨ç−®áâ−ë¬ ªà¨â¥à¨ï¬, ¨ ¢ë¢¥áâ¨ ãà®¢¥−ì à¨áª� ¤«ï
ª�¦¤®£® á®âàã¤−¨ª�. �¢â®àë [17] ®¡à�â¨«¨áì ª �á¯¥ªâ−®¬ã �−�«¨§ã −�áâà®-
¥−¨©, ª®â®àë© ¬®¦¥â ¯à¥¤®áâ�¢¨âì ¡®«¥¥ ¯®¤à®¡−ãî ¨−ä®à¬�æ¨î ® á®âàã¤−¨-
ª�å.

�à®¤®«¦�îé¨©áï à®áâ ç¨á«� ¯®«ì§®¢�â¥«¥© í«¥ªâà®−−®© ¯®çâë ¯à¨¢¥« ª ¬�á-
á®¢®¬ã ã¢¥«¨ç¥−¨î ¤®«¨ á¯�¬-¯¨á¥¬. �®«ìè®© ®¡ê¥¬ á¯�¬�, ¯à®å®¤ïé¥£® ç¥à¥§
ª®¬¯ìîâ¥à−ë¥ á¥â¨, ¯®¢ëè�¥â âà¥¡®¢�−¨ï ª ¤®áâã¯−®¬ã ¤«ï ¯®çâ®¢ëå á¥à¢¥-
à®¢ ¯à®áâà�−áâ¢ã ¯�¬ïâ¨, á−¨¦�¥â ¯à®¯ãáª−ãî á¯®á®¡−®áâì á¢ï§¨ ¨ ¬®é−®áâì
¯à®æ¥áá®à�, −�¯à�á−® âà�â¨â ¢à¥¬ï ¯®«ì§®¢�â¥«ï. �à¨ íâ®¬ ¥á«¨ ãç¥áâì, çâ®
¡®«ìè¨−áâ¢® ª¨¡¥à�â�ª −�ç¨−�¥âáï á ä¨è¨−£®¢®£® ¯¨áì¬� [18] −� �ªª�ã−âë, â®
®ç¥¢¨¤−®, çâ® á ¢ëá®ª®© ¤®«¥© à¨áª� ä¨è¨−£ ®ª�§ë¢�¥âáï −�¯à�¢«¥−¨¥¬ �â�ª¨
¤«ï ¡¨§−¥á� ¨ £®áã¤�àáâ¢¥−−ëå ãçà¥¦¤¥−¨©. �®íâ®¬ã ¯à¥®¡«�¤�îé¥© ¯à®¡«¥¬®©
¢ ¯à®æ¥áá¥ ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� í«¥ªâà®−−®© ¯®çâë áâ�−®¢¨âáï ¢ëï¢«¥−¨¥
¨ ¨§®«ïæ¨ï á¯�¬-¯¨á¥¬.

‚ [19] ¯à¥¤áâ�¢«¥− ®¡§®à ¨á¯®«ì§ã¥¬ëå ¬¥â®¤®¢ ä¨«ìâà�æ¨¨ á¯�¬� −� ®á−®¢¥
ª®−â¥−â�, � ¯à®¡«¥¬ë §�èã¬«¥−−®áâ¨ ¯à¥¤«®¦¥−® ¨áª�âì ç¥à¥§ ä®à¬¨à®¢�−¨¥
á®®â¢¥âáâ¢ãîé¨å ª®à¯ãá®¢ â¥ªáâ®¢. �¢â®àë [20] ¨§ãç¨«¨ ¯à¨¬¥−¥−¨¥ ¬¥â®¤®¢
¬�è¨−−®£® ®¡ãç¥−¨ï ¢ ¯à®æ¥áá¥ ä¨«ìâà�æ¨¨ á¯�¬� í«¥ªâà®−−®© ¯®çâë ¢¥¤ã-
é¨å ¨−â¥à−¥â-¯à®¢�©¤¥à®¢ ¨ á®áà¥¤®â®ç¨«¨áì −� ¯¥à¥á¬®âà¥ ¨á¯®«ì§ã¥¬ëå ¤«ï
ä¨«ìâà�æ¨¨ á¯�¬� ¬¥â®¤®¢ ¬�è¨−−®£® ®¡ãç¥−¨ï, ¢ª«îç�ï ¯à®¡«¥¬�â¨ªã ®¡à�-
¡®âª¨ §�èã¬«¥−−ëå á®®¡é¥−¨©.

‘®æ¨�«ì−ë¥ ¬¥¤¨� á«ã¦�â ¨¤¥�«ì−®© ¯«�âä®à¬®© ¤«ï ¯¥à¥¤�ç¨ ¢§£«ï¤®¢
¨ ¬−¥−¨© −� «î¡ãî â¥¬ã â�ª¨¬ ®¡à�§®¬, çâ®¡ë ¢ ¨â®£¥ ¯®¢«¨ïâì −� à¥è¥−¨ï
¨ ¤¥©áâ¢¨ï ®¡é¥áâ¢¥−−®áâ¨. �−¨ −�ç�«¨ ¯à¨¢«¥ª�âì ¨áá«¥¤®¢�â¥«¥© ¨§ à�§«¨ç−ëå
®¡«�áâ¥©, ¢ª«îç�ï á®æ¨®«®£¨î, ¬�àª¥â¨−£, ä¨−�−áë ¨ ª®¬¯ìîâ¥à¨§�æ¨î [21].
‚ ¯¥à¢ãî ®ç¥à¥¤ì à¥çì ¨¤¥â ® Twitter ¨ Facebook, ¯à¨¬¥à�¬¨ ¤àã£¨å ¯«�âä®à¬
¬®£ã ¡ëâì TripAdvisor, Yelp, Zomato.

‘ãé¥áâ¢ãîé�ï «¨â¥à�âãà� ¯® ¨−â¥««¥ªâã�«ì−®¬ã �−�«¨§ã â¥ªáâ� ¢ á®æ¨�«ì-
−ëå á¥âïå ¯à¥¨¬ãé¥áâ¢¥−−® ®¡áã¦¤�¥â ¢�à¨�−â �−£«¨©áª®£® ï§ëª�, ¯®áª®«ìªã
¡®«ìè¨−áâ¢® ¤®áâã¯−ëå ¯�ª¥â®¢ ®¡à�¡®âª¨ ¡ë«¨ à�§à�¡®â�−ë ¤«ï á®®â¢¥âáâ¢ã-
îé¨å ¯®«ì§®¢�â¥«¥©. ’¥¬ −¥ ¬¥−¥¥ ®â¤¥«ì−ë¥ ¨§ëáª�−¨ï ª�á�«¨áì ª¨â�©áª¨å
á®æ¨�«ì−ëå á¥â¥©. „®áâ�â®ç−® à¥¤ª® ¢áâà¥ç�îâáï ¨áá«¥¤®¢�−¨ï ¤«ï �à�¡áª®£®
ï§ëª�, ¯à¨ç¨−®© â®¬ã ¥£® á¢®¥®¡à�§−ë¥ å�à�ªâ¥à¨áâ¨ª¨: −¥®¤−®§−�ç−®¥ ¨á¯®«ì-
§®¢�−¨¥ £«�á−ëå ¨ ¤®«£®â, ¬®àä®«®£¨ç¥áª®¥ ¬−®£®®¡à�§¨¥, ¡®£�â�ï á¨−®−¨¬¨ç-
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−®áâì, á¢®¡®¤−ë© ¯®àï¤®ª á«®¢, −¥®¡ï§�â¥«ì−®áâì ¯ã−ªâã�æ¨¨, ¡®«ìè®¥ ç¨á«®
¤¨�«¥ªâ®¢ ¨ â. ¤. Š®−ªà¥â−ë¥ ¢�à¨�−âë �−�«¨â¨ª¨ ¢ à�§«¨ç−ëå á¥âïå ¨ ï§ëª®¢ë¥
¯à®¡«¥¬ë ®âà�¦¥−ë ¢ [7,22].

�¡à�¡®âª� á®®¡é¥−¨© á®æ¨�«ì−ëå á¥â¥© áãé¥áâ¢¥−−® §�âàã¤−¥−� ¯® àï¤ã
¯à¨ç¨−: §�¢¨á¨¬®áâì á®¤¥à¦�−¨ï ®â ï§ëª� ¨ áâà�−ë ®¡é¥−¨ï; á¢®¥®¡à�§−®áâì
áâ¨«ï ¨§«®¦¥−¨ï ¤«ï £àã¯¯ ¯®«ì§®¢�â¥«¥©; ªà�âª®áâì ¨ ª®−â¥ªáâ−�ï −�áëé¥−-
−®áâì á®®¡é¥−¨ï; ¨áª�¦¥−−®áâì á�¬¨å â¥ªáâ®¢. „«ï −®à¬�«¨§�æ¨¨ ¨áª�¦¥−−®£®
â¥ªáâ� á®®¡é¥−¨© ¯à¨¬¥−ï¥âáï £¨¡à¨¤−ë© ¬¥â®¤, á®ç¥â�îé¨© ¬�è¨−−®¥ ®¡ãç¥-
−¨¥ á §�¤�−−ë¬¨ ¯à�¢¨«�¬¨ [23].

÷¥ç¥¢ë¥ á®®¡é¥−¨ï. ‚ ¯¥à¢ãî ®ç¥à¥¤ì íâ® áâ¥−®£à�¬¬ë ¯ã¡«¨ç−ëå ¢ë-
áâã¯«¥−¨©, á«®¢¥á−ëå ª®¬¬¥−â�à¨¥¢ ¨ â. ¯. �®«¥¥ ®¡é¨¬ á«ãç�¥¬ ï¢«ïîâáï à¥-
§ã«ìâ�âë ¯à¥¤¢�à¨â¥«ì−®© ®¡à�¡®âª¨ ¯à®¨§−¥á¥−−ëå á«®¢ á ¯®¬®éìî ¯à®æ¥¤ãà
à�á¯®§−�¢�−¨ï à¥ç¨. �à¨¬¥à®¬ ¢á¥áâ®à®−−¥£® ®á¢¥é¥−¨ï ¢®¯à®á®¢ ¨−â¥««¥ªâã-
�«ì−®£® �−�«¨§� â¥ªáâ� ¢ ¨−â¥à¥á�å æ¥−âà�«ì−ëå ¡�−ª®¢ ¯à¨¬¥−¨â¥«ì−® ª −�¡®à�¬
áâ¥−®£à�¬¬ §�á¥¤�−¨© ¬®¦¥â á«ã¦¨âì [24]. ‡¤¥áì ¡«�£®¤�àï ¬¥â®¤�¬ ¨−â¥««¥ªâã-
�«ì−®£® �−�«¨§� áâ�−®¢¨âáï ¤®áâã¯−ë¬ àï¤ ¨áâ®ç−¨ª®¢ ¤�−−ëå, ª®â®àë¥ ¨¬¥îâ
§−�ç¥−¨¥ ¤«ï ®æ¥−ª¨ ¤¥−¥¦−®-ªà¥¤¨â−®© ¨ ä¨−�−á®¢®© áâ�¡¨«ì−®áâ¨ ¨ −¥ ¬®£ãâ
¡ëâì ª®«¨ç¥áâ¢¥−−® ¯à®�−�«¨§¨à®¢�−ë ¤àã£¨¬¨ áà¥¤áâ¢�¬¨. „®ªã¬¥−â®¬ ¬®¦¥â
¡ëâì ª®−ªà¥â−�ï à¥çì, á®®¡é¥−¨¥ ¨«¨ ®âç¥â ¯¥àá®−�«�, ª®¬¬¥−â�à¨© ¨«¨ à¥¯«¨ª�
¢ å®¤¥ ®¡áã¦¤¥−¨ï ª®−ªà¥â−®£® ¢®¯à®á�.

„«ï ãáâà�−¥−¨ï úèã¬�û ¢ ¯à¥¤áâ�¢«¥−¨ïå â¥ªáâ� ¨ ãâ®ç−¥−¨ï á®¤¥à¦�-
−¨ï ¤®ªã¬¥−â®¢ ¨á¯®«ì§ãîâáï áâ�−¤�àâ−ë¥ ¬¥â®¤ë, ¢ ç�áâ−®áâ¨ ã−¨ä¨ª�æ¨ï
à¥£¨áâà�, ¨á¯®«ì§®¢�−¨¥ áâ®¯-á«®¢�à¥©, á¦�â¨¥ ¯à¥¤áâ�¢«¥−¨ï á«®¢ (áâ¥¬¬¨−£
¨ «¥¬¬�â¨§�æ¨ï). �à¨¬¥à®¬ ¨á¯®«ì§ã¥¬®© ®ç¨áâª¨ á®¢®ªã¯−®áâ¨ ¤®ªã¬¥−â®¢
¯à¨ ä®à¬¨à®¢�−¨¨ ª®à¯ãá� â¥ªáâ®¢ á«ã¦¨â ¨áª«îç¥−¨¥ ¤ã¡«¨à®¢�−¨ï (á¬., −�-
¯à¨¬¥à, [25]). “áâ®©ç¨¢®áâì à¥§ã«ìâ�â�¬ á®¤¥à¦�â¥«ì−®© ®¡à�¡®âª¨ â¥ªáâ®¢
¯à¨¤�îâ LSA, LDA ¨ −¨áå®¤ïé�ï ¨¥à�àå¨ç¥áª�ï ª«�áá¨ä¨ª�æ¨ï, ¯®§¢®«ïîé¨¥
áâà®¨âì á¯¥æ¨ä¨ç¥áª¨¥ ª«�áâ¥àë ¤®ªã¬¥−â®¢ ¤«ï ®¯à¥¤¥«¥−−®£® ª®à¯ãá�, −¥
ãâ¢¥à¦¤�ï, çâ® ®−¨ á®åà�−ïîâáï ¢ ¤àã£¨å á¨âã�æ¨ïå (−�¯à¨¬¥à, ¤«ï ¤àã£¨å
¤¨�«¥ªâ®¢). �á−®¢−®¥ ¤®áâ®¨−áâ¢® íâ¨å ¬¥â®¤®¢ ¢ â®¬, çâ® ®−¨ �−�«¨§¨àãîâ ¢á¥
á«®¢� ¨áå®¤−®£® â¥ªáâ� ¨ â¥¬ á�¬ë¬ á®§¤�îâ ¯à¥¤¯®áë«ª¨ ¤«ï ä®à¬¨à®¢�−¨ï
á®¤¥à¦�â¥«ì−ëå ¢ë¢®¤®¢.

„«ï ¨−â¥««¥ªâã�«ì−®£® �−�«¨§� â¥ªáâ� ¢®®¡é¥ ¨ ¯à¨¬¥−¨â¥«ì−® ª à¥ç¥¢ë¬
¨áâ®ç−¨ª�¬ ¢ ç�áâ−®áâ¨ ¢�¦−ë ¤¢� ¯®¤å®¤�: ª«�áá¨ä¨ª�æ¨ï ¬−¥−¨© ¨ ®æ¥−ª�
â®−�«ì−®áâ¨ [26]. ˆ−â¥à¥á−ë¥ á�¬®áâ®ïâ¥«ì−®, ®−¨ ¬®£ãâ áâ�âì ®á−®¢®© ¤«ï
¯®áâ�−®¢ª¨ ¨ à¥è¥−¨ï §�¤�ç ¯à®£−®§¨à®¢�−¨ï ¬−¥−¨© ¨«¨ á¨áâ¥¬ë ã¡¥¦¤¥−¨© [27,
28], ¤«ï ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨ �à£ã¬¥−â�æ¨¨ [29].

�¥©âà�«¨§�æ¨ï §�£àï§−¥−−®áâ¨ ¨áå®¤−ëå ®¡à�¡�âë¢�¥¬ëå â¥ªáâ®¢ à¥�«¨§ã-
¥âáï, ª�ª ¯à�¢¨«®, −� ¯¥à¢ëå è�£�å ®¡à�¡®âª¨, §�ª«îç�îé¨åáï ¢ ®ç¨áâª¥ ¨áå®¤-
−ëå ¤�−−ëå ¨ ã¬¥−ìè¥−¨¨ èã¬�. �¥¬�«®¢�¦−ãî à®«ì ¨£à�¥â ¯®á«¥¤ãîé¨© íâ�¯
¯®¤¡®à� ¯à�¢¨«ì−®© ¬®¤¥«¨ ¨ ¯à¨¢«¥ç¥−¨¥ −¥ª®−âà®«¨àã¥¬ëå ¬¥â®¤®¢ ®¡ãç¥-
−¨ï. �à¨ íâ®¬ ¢®§à�áâ�¥â à®«ì ä®à¬¨à®¢�−¨ï �¤¥ª¢�â−ëå ¯à¥¤¬¥â−®© ®¡«�áâ¨
á®¢®ªã¯−®áâ¥© â¥ªáâ®¢, ¨á¯®«ì§ã¥¬ëå ¢ ª�ç¥áâ¢¥ ¡�§ë ¤«ï ¨áá«¥¤®¢�−¨ï ï§ëª�.
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�â® ä�ªâ¨ç¥áª¨ áâ�−®¢¨âáï áà¥¤áâ¢®¬ ®ç¨áâª¨ à¥�«ì−ëå â¥ªáâ®¢, ¨áª�¦¥−−ëå
á â®çª¨ §à¥−¨ï −¥ª®â®à®£® £¨¯®â¥â¨ç¥áª®£® íâ�«®−−®£® ï§ëª�.

Š«îç¥¢�ï ¯à®¡«¥¬� ¢ à�á¯®§−�¢�−¨¨ à¥ç¨ §�ª«îç�¥âáï ¢ â®¬, çâ® áâ¥−®-
£à�¬¬ë ¢ëáâã¯«¥−¨© ¢ à¥�«ì−ëå ãá«®¢¨ïå ¯®«ãç�îâáï ¢ ¯«®å¨å �ªãáâ¨ç¥áª¨å
ãá«®¢¨ïå ¨ ¤«ï á¯®−â�−−®© à¥ç¨ [30]. ‡�¯¨áï¬ ª®««-æ¥−âà®¢ ¨ â¥«¥ä®−−ëå ®¯à®-
á®¢ â�ª¦¥ å�à�ªâ¥à−� −¥¯à¨−ã¦¤¥−−®áâì à¥ç¨, ®−¨ ¨¬¥îâ −¨§ª®¥ ª�ç¥áâ¢® §¢ãª�
¨§-§� ¨á¯®«ì§®¢�−¨ï á®â®¢ëå â¥«¥ä®−®¢ /̈̈ «¨ ®ªàã¦�îé¥£® èã¬�, á®¤¥à¦�â
¯¥à¥¬¥−−®© ¤«¨−ë ¢ëáª�§ë¢�−¨ï ¨ à�§«¨ç−ë¥ ¨áª�¦¥−¨ï (¯�ã§ë, ¯®¢â®àë, ¨á-
¯à�¢«¥−¨ï). �à¥¤«®¦¥−¨ï ¯® áâà�â¥£¨¨ ®¡à�¡®âª¨ ¯®¤®¡−ëå á«®¦−ëå ª®à¯ãá®¢
â¥ªáâ®¢ ¬®¦−® −�©â¨, −�¯à¨¬¥à, ¢ [31].

‘â¥−®£à�¬¬ë ¢áâà¥ç ¢ ¡®«ìè¨−áâ¢¥ á«ãç�¥¢ ¯®à®¦¤�îâ −�áâ®«ìª® ®¡ê¥¬−ë¥
¤®ªã¬¥−âë, çâ® ¤¥«�îâ çâ¥−¨¥ ¨ �−�«¨§ ã¦¥ ¬−®¦¥áâ¢� áâ¥−®£à�¬¬ ¯à�ªâ¨ç¥-
áª¨ −¥¢®§¬®¦−ë¬¨. ‚ á¢ï§¨ á íâ¨¬ ¡®«ìè®¥ à�á¯à®áâà�−¥−¨¥ ¯à¨®¡à¥« ¯®¤-
å®¤, á ¯®¬®éìî ª®â®à®£® ®áãé¥áâ¢«ï¥âáï �¢â®¬�â¨ç¥áª®¥ ¨§¢«¥ç¥−¨¥ ª«îç¥¢ëå
á«®¢ ¨ äà�§ á ¨å ¯®á«¥¤ãîé¨¬ ¨á¯®«ì§®¢�−¨¥¬ ¢¬¥áâ® á�¬¨å áâ¥−®£à�¬¬ [32].
‘«®¦−®áâ¨ ¯à¨ íâ®¬ á¢ï§�−ë á ¯®ï¢«¥−¨¥¬ á¨−®−¨¬®¢, ¯à®ï¢«¥−¨¥¬ ¯®«¨á¥¬¨¨
¨ ®¬®−¨¬¨¨, á −¥®¡å®¤¨¬®áâìî ãç¨âë¢�âì £¨¯®−¨¬¨î (−�«¨ç¨¥ à®¤®¢¨¤®¢ëå ®â-
−®è¥−¨©) ¨ á¬ëá«®¢®¥ £àã¯¯¨à®¢�−¨¥. �¥à¥ç¨á«¥−−ë¥ «¨−£¢¨áâ¨ç¥áª¨¥ ä�ªâ®àë
®¡ëç−® å�à�ªâ¥à−ë ¤«ï ¨á¯®«ì§ã¥¬®£® ï§ëª�, −® ¯®ª� à¥�«ì−® −¥ ãç¨âë¢�îâ-
áï ª�ª ¯à¨¢−¥á¥−−ë¥ §� áç¥â §�èã¬«¥−¨ï â¥ªáâ�. „®¯®«−¨â¥«ì−ë¬ ¬¥è�îé¨¬
¬®¬¥−â®¬ áâ�−®¢¨âáï â®, çâ® á¯®á®¡ −�¯¨á�−¨ï áâ¥−®£à�¬¬ ¢�àì¨àã¥âáï á â®çª¨
§à¥−¨ï ¨å áâ¨«ï ¨ ¤¥â�«¥© ¯® áà�¢−¥−¨î á® áâ¨«¥¬ ¯¨áì¬¥−−®£® â¥ªáâ� [33].
�¥ª®â®àë¥ ¤®¯®«−¨â¥«ì−ë¥ ¤¥â�«¨ ®¡à�¡®âª¨ áâ¥−®£à�¬¬ ¬®¦−® −�©â¨ ¢ [7].

‚¥¡-�−�«¨â¨ª�. ˆ−â¥à−¥â ¢ −�áâ®ïé¥¥ ¢à¥¬ï áâ�« ¯®¯ã«ïà−ë¬ ¨−â¥à�ªâ¨¢-
−ë¬ áà¥¤áâ¢®¬ à�á¯à®áâà�−¥−¨ï ¨−ä®à¬�æ¨¨. ��¨¡®«¥¥ ç�áâ® ¢®áâà¥¡®¢�−−ë¬
â¨¯®¬ ¨−ä®à¬�æ¨¨ −� ¢¥¡-á�©â�å ï¢«ïîâáï â¥ªáâ®¢ë¥ ¤�−−ë¥, â�ª¨¥ ª�ª −�ãç−ë¥
¯ã¡«¨ª�æ¨¨, −®¢®áâ−ë¥ áâ�âì¨, à¥ª«�¬�, í«¥ªâà®−−ë¥ ¯¨áì¬�, ¡«®£¨, á®®¡é¥−¨ï
á®æ¨�«ì−ëå á¥â¥©. „®áâã¯ ª −¨¬ ®ª�§ë¢�¥âáï á«®¦−®© §�¤�ç¥© ¨§-§� ®£à®¬−®-
£® ®¡ê¥¬� á¢¥¤¥−¨© ¨ −�«¨ç¨ï èã¬� [34]. �à¨ íâ®¬ ¨−â¥««¥ªâã�«ì−ë© �−�«¨§
¤�−−ëå −�æ¥«¥− ª�ª −� �¢â®¬�â¨ç¥áª®¥ ®¡−�àã¦¥−¨¥ ¨ ¨§¢«¥ç¥−¨¥ §−�−¨© −�
¢¥¡-á�©â�å, â�ª ¨ −� à�áá¬®âà¥−¨¥ ¯®¢¥¤¥−¨ï ¨ ¯à¥¤¯®çâ¥−¨© ¯®«ì§®¢�â¥«¥©.

ˆ−â¥««¥ªâã�«ì−ë© �−�«¨§ ¨á¯®«ì§®¢�−¨ï ¨−â¥à−¥â� (WUM | Web Usage
Mining), ¨−â¥««¥ªâã�«ì−ë© �−�«¨§ ¢¥¡-áâàãªâãà (WSM | Web Structure Min-
ing) ¨ ¨−â¥««¥ªâã�«ì−ë© �−�«¨§ ¢¥¡-ª®−â¥−â� (WCM | Web Content Mining)
áâ�«¨ âà¥¬ï ¯à¥®¡«�¤�îé¨¬¨ ª�â¥£®à¨ï¬¨ �−�«¨â¨ç¥áª®© ¢¥¡-®¡à�¡®âª¨: WCM
¨ WSM ¨á¯®«ì§ãîâ ¯¥à¢¨ç−ë¥ ¢¥¡-¤�−−ë¥, ¢ â® ¢à¥¬ï ª�ª WUM ¤®¡ë¢�¥â
¢â®à¨ç−ë¥.

…á«¨ WCM ¯à¥¨¬ãé¥áâ¢¥−−® ä®ªãá¨àã¥âáï −� ¨áá«¥¤®¢�−¨ïå á®¤¥à¦¨¬®£®
áâà�−¨æ, â® WSM ¢ ®á−®¢−®¬ à�¡®â�¥â á® ááë«ª�¬¨ ¨ ¨å áâàãªâãà®©. Šà®¬¥ â®£®,
WSM ¬®¦¥â ¨á¯®«ì§®¢�âìáï ¤«ï ª�â¥£®à¨§�æ¨¨ ¢¥¡-áâà�−¨æ ¨ ¯®«¥§¥− ¤«ï á¡®à�
¨−ä®à¬�æ¨¨, −�¯à¨¬¥à ®â−®áïé¥©áï ª áå®¤áâ¢�¬ ¨ ®â−®è¥−¨ï¬ ¬¥¦¤ã à�§«¨ç-
−ë¬¨ ¢¥¡-á�©â�¬¨, � WUM | ¤«ï ®¡−�àã¦¥−¨ï è�¡«®−®¢ ¨á¯®«ì§®¢�−¨ï ¢¥¡-
á�©â®¢, ¢ ç�áâ−®áâ¨ ¯à¨ ¯à®¢¥¤¥−¨¨ ¯®¢¥¤¥−ç¥áª®£® �−�«¨§� ¯®«ì§®¢�â¥«ï á�©â�.
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‚ í¯®åã ¤¨−�¬¨ç−®© í«¥ªâà®−−®© ¨ ¬®¡¨«ì−®© ª®¬¬¥àæ¨¨ ä¨−�−á®¢ë¥ âà�−-
§�ªæ¨¨, ¥¦¥¤−¥¢−® ¯à®¢®¤¨¬ë¥ ®−«�©−, ®£à®¬−ë ¯® ç¨á«ã, çâ® á®§¤�¥â ¯®â¥−æ¨�«
¤«ï ¬®è¥−−¨ç¥áª®© ¤¥ïâ¥«ì−®áâ¨. ÷�á¯à®áâà�−¥−−®© ä®à¬®© â�ª®© ¤¥ïâ¥«ì−®áâ¨
áâ�« ä¨è¨−£ á�©â�, ª®â®àë© ¢ª«îç�¥â ¢ á¥¡ï á®§¤�−¨¥ ª®¯¨¨ −�¤¥¦−®£® ¢¥¡-á�©â�
¤«ï ®¡¬�−� ¯®«ì§®¢�â¥«¥© ¨ −¥§�ª®−−®£® ¯®«ãç¥−¨ï ¨å ãç¥â−ëå ¤�−−ëå.

”¥−®¬¥−ë ä¨è¨−£�, ¢ëï¢«¥−¨¥ ª®â®àëå ¢ ®á−®¢−®¬ ¡ë«® á®áà¥¤®â®ç¥−® −�
¢¥¡-¬¥â®¤�å, � −¥ −� �−�«¨§¥ í«¥ªâà®−−®© ¯®çâë, ¡ë«¨ ¯®¤à®¡−® ®¡áã¦¤¥−ë
¢ [35]. ‘¤¥«�− ¢�¦−ë© ¢ë¢®¤ ® â®¬, çâ® â®ç−®áâì ®¡−�àã¦¥−¨ï ¬®¦¥â §−�ç¨-
â¥«ì−® á−¨§¨âìáï á â¥ç¥−¨¥¬ ¢à¥¬¥−¨. �®íâ®¬ã ãá¯¥è−�ï ¬®¤¥«ì ®¡−�àã¦¥−¨ï
ä¨è¨−£� ¤®«¦−� ¡ëâì �¤�¯â¨¢−®©, ¯¥à¥áâà�¨¢�îé¥©áï ¢ ®â¢¥â −� ¨§¬¥−ïîéãîáï
áà¥¤ã. ”�ªâ¨ç¥áª¨ íâ® ®§−�ç�¥â, çâ® �−�«¨â¨ç¥áª�ï ®¡à�¡®âª� ¤®«¦−� áâà®¨âìáï
¢ ¯à¥¤¯®«®¦¥−¨¨ −�«¨ç¨ï ¨áª�¦¥−¨© ¨ ¯à¨ ®¡ï§�â¥«ì−®© ¯®áâ®ï−−®© ª®àà¥ªæ¨¨
¬®¤¥«¨ ¤�−−ëå, ¤®¯ãáª�îé¥© −�«¨ç¨¥ ¨áª�¦¥−¨©.

4 Заключение

‚ à¥�«ì−®© ¦¨§−¨ èã¬ | −¥¨§¡¥¦−ë© ä�ªâ®à ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−�
¨ ®¡à�¡®âª¨. ˜ã¬ ¬®¦¥â ¯à®ï¢«ïâìáï ¢ ä®à¬¥ ®è¨¡®ª, ¢®§−¨ª�îé¨å ¨§-
§� −¥®¯à¥¤¥«¥−−®áâ¨ ï§ëª�, ¨ ®è¨¡®ª ®¡é¥−¨ï ¨ à�á¯®§−�¢�−¨ï. …£® ¬®¦−®
á¬®¤¥«¨à®¢�âì ï¢−®, å®âï ¬®¤¥«¨ èã¬� ¯®áâà®¨âì á«®¦−®. �à¨ íâ®¬ áãé¥áâ¢ãîâ
−¥áª®«ìª® í¢à¨áâ¨ª ¤«ï ¬®¤¥«¨à®¢�−¨ï à�§«¨ç−ëå â¨¯®¢ èã¬�.

�®«ìè¨−áâ¢® á¨áâ¥¬ ®¡à�¡®âª¨ â¥ªáâ� ¯®áâà®¥−® ¢ ¯à¥¤¯®«®¦¥−¨¨ ¥£® ç¨á-
â®âë ¨ ®á−®¢�−® −� ¬®¤¥«¨ −¥ª®â®à®£® íâ�«®−−®£®, á«®¦¨¢è¥£®áï ¯®−ïâ¨©−®£®
á®¤¥à¦�−¨ï ¨ â¨¯®¢®£® −�¯¨á�−¨ï. —â®¡ë á¯à�¢¨âìáï á èã¬®¬, −¥®¡å®¤¨¬® «¨¡®
¯à¨¬¥−ïâì −�¤¥¦−ë¥ (à®¡�áâ−ë¥) �−�«¨â¨ç¥áª¨¥ ¬¥â®¤ë, «¨¡® ãáâà�−ïâì èã¬
¨«¨ å®âï ¡ë á−¨¦�âì ¥£® ãà®¢¥−ì.

Š ¯¥àá¯¥ªâ¨¢−ë¬ −�¯à�¢«¥−¨ï¬ ¤�«ì−¥©è¨å ¨áá«¥¤®¢�−¨© ¬®¦−® ®â−¥áâ¨:

{ ãâ®ç−¥−¨¥ ¯®−ïâ¨© ú§�èã¬«¥−−®áâ¨û ¨ ú¨áª�¦¥−¨ïû â¥ªáâ®¢, á¨áâ¥¬�â¨§�-
æ¨î ®âª«®−¥−¨© ®â −®à¬ë, ¢ëà�¡®âªã á¯®á®¡®¢ ¨§¬¥à¥−¨ï áâ¥¯¥−¨ �−®¬�«ì-
−®áâ¨ â¥ªáâ�, ¨§ãç¥−¨¥ ¢«¨ï−¨ï à�§«¨ç−ëå â¨¯®¢ èã¬� −� �¢â®¬�â¨ç¥áªãî
ª«�áá¨ä¨ª�æ¨î â¥ªáâ®¢;

{ á¨áâ¥¬�â¨§�æ¨î §�¤�ç ®¡à�¡®âª¨ â¥ªáâ®¢ ¨ ¢ë¤¥«¥−¨¥ áà¥¤¨ −¨å �ªâã�«ì−ëå
¤«ï à�§«¨ç−ëå ¯à¥¤¬¥â−ëå ®¡«�áâ¥©;

{ ä®à¬¨à®¢�−¨¥ −�¡®à� ªà¨â¥à¨¥¢ ¤«ï ®æ¥−ª¨ íää¥ªâ¨¢−®áâ¨ ¬¥â®¤®¢ ¨−â¥«-
«¥ªâã�«ì−®£® �−�«¨§� â¥ªáâ� ¤«ï ®¡«¥£ç¥−¨ï ¢ë¡®à� ¯®¤å®¤ïé¨å â¥å−®«®£¨©.

��¤® ¯®−¨¬�âì, çâ® §�èã¬«¥−−ë¥ â¥ªáâë | íâ® −¥ â®«ìª® ¯®¬¥å�. �®¤ç�á
®−¨ ¬®£ãâ ¯®à®¦¤�âì á¢¥¦¨¥ �−�«¨â¨ç¥áª¨¥ §�¤�ç¨ −� ®á−®¢¥ ¢−®¢ì ®âªàë¢è¥©áï
¨−ä®à¬�æ¨¨. �®«ìè®¥ ç¨á«® à�¡®â ¨ ¨å à�§−®¯«�−®¢®áâì á¢¨¤¥â¥«ìáâ¢ãîâ
® ¡ãà−®¬ à�§¢¨â¨¨ ¨−â¥««¥ªâã�«ì−®© ®¡à�¡®âª¨ â¥ªáâ®¢, á«ã¦�é¥© ¡�§®© ¤«ï
¯à®¤¢¨¦¥−¨ï −�ãª¨, ¯®§¢®«ïîé¥© ¤�âì ®¡é¥áâ¢ã ¤®¯®«−¨â¥«ì−ãî ¨−ä®à¬�æ¨î
¨ ¯®¬®çì ®æ¥−¨âì á®æ¨�«ì−ë¥ ¯à®¡«¥¬ë.
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Abstract: The article is devoted to an overview of methods for interpreting noisy
text data in order to obtain significant information from them. Analytics allows
one to isolate useful concepts, draw conclusions from the collected data, and
form a forecast. It is assumed that the texts being processed may not correspond
to the target and selected reference language. Such deviations can be caused
by measurement and fixation errors, be the result of the influence of random or
unforeseen factors, or arise as a result of incorrect choice or tuning of the model.
The article lists the types of distortions. The areas of application of methods
of intellectual text processing are considered: scientific publications; blogging;
e-mails; social media; speech messages; and web analytics. The methods focused
on the processing of noisy texts are indicated. Promising directions for further
research are formulated: clarification of the concepts of \noise" and \dirty"
texts; development of ways to measure the degree of anomaly of the text;
systematization of analytical tasks of text processing; and formation of criteria
for the effectiveness of methods of intellectual analysis of the text to facilitate
the selection of suitable technologies.
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ТОКЕНИЗАЦИЯ ТЕКСТОВ
НА ОСНОВЕ МЕТОДА ФУНКЦИОНАЛЬНЫХ ШАБЛОНОВ

Ю. В. Никитин1, А. А. Хорошилов2, А. Е. Макарова3

�−−®â�æ¨ï: �à¥¤«�£�¥âáï −®¢ë© ¬¥â®¤ â®ª¥−¨§�æ¨¨ â¥ªáâ�, ¡�§¨àãîé¨©áï
−� ¯à¨¬¥−¥−¨¨ ®¡®¡é¥−−ëå äã−ªæ¨®−�«ì−ëå è�¡«®−®¢. ‚ ®á−®¢ã ¬¥â®¤�
¯®«®¦¥−� ª«�áá¨ä¨ª�æ¨ï á¨¬¢®«®¢ ā−¨ª®¤�, ãç¨âë¢�îé�ï ¨å à®«ì ¢ ä®à-
¬¨à®¢�−¨¨ í«¥¬¥−â�à−ëå í«¥¬¥−â®¢ â¥ªáâ� (á¥£¬¥−â®¢), ¨ ª«�áá¨ä¨ª�æ¨ï
áä®à¬¨à®¢�−−ëå á¥£¬¥−â®¢ ¯® â¨¯ã ¨å £à�ä¥¬�â¨ç¥áª¨å ª«�áá®¢. �á®-
¡¥−−®áâì ¬¥â®¤� §�ª«îç�¥âáï ¢ ¨á¯®«ì§®¢�−¨¨ ¯à¨ ä®à¬¨à®¢�−¨¨ è�¡«®−�
¨−â¥à¢�«®¢ ¯®á«¥¤®¢�â¥«ì−®áâ¨ á¨¬¢®«®¢ ā−¨ª®¤�. �á−®¢−®¥ ¤®áâ®¨−áâ¢®
¬¥â®¤� | ¢®§¬®¦−®áâì â®ª¥−¨§�æ¨¨ á«®¦−ëå ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢
(−®¬¥à�, £¥®£à�ä¨ç¥áª¨¥ ª®®à¤¨−�âë, −�¨¬¥−®¢�−¨ï �àâ¨ªã«®¢ ¨−¦¥−¥à−ëå
¨§¤¥«¨© ¨ â. ¯.), ¢®§¬®¦−®áâì ¯®«ãç¥−¨ï ¤¥â�«ì−®© ª«�áá¨ä¨ª�æ¨¨ â®ª¥−®¢ −�
áâ�¤¨¨ ¨å ä®à¬¨à®¢�−¨ï, ¢®§¬®¦−®áâì ¢ª«îç¥−¨ï ¨ ¢ëª«îç¥−¨ï â®ª¥−¨§�æ¨¨
®¯à¥¤¥«¥−−®£® ¢¨¤� â®ª¥−®¢, � â�ª¦¥ ¤®¡�¢«¥−¨ï −®¢ëå è�¡«®−®¢ ¯® ®¡à�§æã
â¥ªáâ� ¤«ï ¤®®¡ãç¥−¨ï á¨áâ¥¬ë.
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1 Введение

‚ ¯à®æ¥áá¥ �¢â®¬�â¨ç¥áª®© ®¡à�¡®âª¨ â¥ªáâ®¢ (��’) −� −�ç�«ì−®¬ íâ�¯¥ −¥-
®¡å®¤¨¬® ¯à¥®¡à�§®¢�âì á¨¬¢®«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ â¥ªáâ� ¢ ¯®á«¥¤®¢�â¥«ì−®áâì
¥£® â¥ªáâ®¢ëå áâàãªâãà−ëå ®¡ê¥ªâ®¢. ’�ª®¥ ¯à¥®¡à�§®¢�−¨¥ ¢®§¬®¦−® ®áãé¥-
áâ¢¨âì â®«ìª® −� ®á−®¢¥ §�ª®−®¬¥à−®áâ¥© ãáâ�−®¢«¥−¨ï £à�−¨æ ¬¥¦¤ã í«¥¬¥−â�¬¨
â¥ªáâ�. ‚ à�¬ª�å ¯à®æ¥áá� ��’ íâ® ¯à¥®¡à�§®¢�−¨¥ −�§ë¢�¥âáï â®ª¥−¨§�æ¨¥©.

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¢ á¨áâ¥¬�å ®¡à�¡®âª¨ â¥ªáâ®¢®© ¨−ä®à¬�æ¨¨ ¨á¯®«ì§ã-
îâáï à�§«¨ç−ë¥ ¬¥â®¤ë â®ª¥−¨§�æ¨¨: ¬¥â®¤ë, ¡�§¨àãîé¨¥áï −� à¥£ã«ïà−ëå
¢ëà�¦¥−¨ïå [1]; ¬¥â®¤ë, ®á−®¢�−−ë¥ −� ¯à�¢¨«�å [2]; −¥©à®á¥â¥¢ë¥ ¬¥â®¤ë [3].
Œ¥â®¤ë, ®á−®¢�−−ë¥ −� à¥£ã«ïà−ëå ¢ëà�¦¥−¨ïå ¨ −� ¯à�¢¨«�å, −¥ ¬®£ãâ ãç¥áâì
¢á¥ à�§−®®¡à�§¨¥ á«®¦−ëå á«ãç�¥¢, � −¥©à®á¥â¨ à¥�«¨§ãîâ â®«ìª® â¥ á¨âã�æ¨¨,
ª®â®àë¥ ¢áâà¥ç�«¨áì ¢ ®¡ãç�îé¥© ¢ë¡®àª¥.

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

2Œ®áª®¢áª¨© �¢¨�æ¨®−−ë© ¨−áâ¨âãâ; ”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; 27 –¥−âà�«ì−ë© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ
Œ¨−¨áâ¥àáâ¢� ®¡®à®−ë ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, khoroshilov@mail.ru

3�� ú��Š \‚’ ¨ ‘‘"û, anna20497@list.ru
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‘âàãªâãà−ë¥ í«¥¬¥−âë â¥ªáâ�, ¢ë¤¥«ï¥¬ë¥ áà¥¤áâ¢�¬¨ â®ª¥−¨§�æ¨¨, ®â−®-
áïâáï ª à�§«¨ç−ë¬ ¨−ä®à¬�æ¨®−−ë¬ ®¡ê¥ªâ�¬. Š â¥ªáâ®¢ë¬ ®¡ê¥ªâ�¬ ®â−®áïâáï
á«®¢� (¯à®áâë¥, á«®¦−ë¥, �¡¡à¥¢¨�âãàë, å¥èâ¥£¨, á«®¢�, á®¤¥à¦�é¨¥ ¢ á¢®¥¬
á®áâ�¢¥ ç¨á«�, ¨ â. ¯.), §−�ª¨ ¯ã−ªâã�æ¨¨ (¢ â®¬ ç¨á«¥ ª�¢ëçª¨ ¨ áª®¡ª¨), æ¨ä-
à®¢ë¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ (¯®«®¦¨â¥«ì−ë¥, ®âà¨æ�â¥«ì−ë¥ ¨ ¤à®¡−ë¥ ç¨á«�,
¯à®æ¥−âë, ¤�âë, ç¨á«� ¢ íªá¯®−¥−æ¨�«ì−®© §�¯¨á¨ ¨«¨ á à�§¤¥«¥−¨¥¬ à�§àï¤®¢
¨ â. ¯.), §−�ª¨ ®¡®§−�ç¥−¨ï (�¬¯¥àá�−¤, ¯�à�£à�ä, −®¬¥à, ª®¯¨à�©â, ®¡®§−�ç¥−¨ï
¢�«îâ, á¨¬¢®«ë ¬�â¥¬�â¨ç¥áª¨å ®¯¥à�æ¨© ¨ â. ¯.).

2 Основная идея предлагаемого метода

�à®æ¥áá â®ª¥−¨§�æ¨¨ â¥ªáâ®¢ á®áâ®¨â ¨§ á«¥¤ãîé¥© ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¯à®-
æ¥¤ãà:

{ á¥£¬¥−â�æ¨ï | ¤¥«¥−¨¥ â¥ªáâ� −� á¥£¬¥−âë ¯® £à�ä¥¬�â¨ç¥áª¨¬ ª«�áá�¬
á¨¬¢®«®¢;

{ ä®à¬�«ì−®-«®£¨ç¥áª¨© ª®−âà®«ì | §�¬¥−� ®¬®£«¨ä®¢ ¨ ¡ãª¢ úñû, ¨á¯à�¢«¥-
−¨¥ ç�áâëå ®è¨¡®ª ¢ á«®¢�å;

{ â®ª¥−¨§�æ¨ï ¢ ã§ª®¬ á¬ëá«¥ | ®¡ê¥¤¨−¥−¨¥ á¥£¬¥−â®¢ ¢ â®ª¥−ë;

{ ¤¥â�«ì−�ï ª«�áá¨ä¨ª�æ¨ï â®ª¥−®¢ ¯® â¨¯ã ¨å £à�ä¥¬�â¨ç¥áª¨å ª«�áá®¢.

‘¥£¬¥−â�æ¨ï. �®¤ á¥£¬¥−â�æ¨¥© ¯®−¨¬�¥âáï ¤¥«¥−¨¥ â¥ªáâ� −� í«¥¬¥−â�à−ë¥
á¥£¬¥−âë, á®áâ®ïé¨¥ ¨§ á¨¬¢®«®¢ á ®¤−®à®¤−ë¬¨ £à�ä¥¬�â¨ç¥áª¨¬¨ ª«�áá�¬¨.
�®¤ ®¤−®à®¤−®áâìî £à�ä¥¬�â¨ç¥áª¨å ª«�áá®¢ ¯®−¨¬�¥âáï ¢®§¬®¦−®áâì ¨å á®-
ç¥â�−¨ï ¢ ®¤−®¬ á¥£¬¥−â¥ (−�áâà�¨¢�¥¬ë© ¯�à�¬¥âà). �à¨¬¥à�¬¨ á¥£¬¥−â�æ¨¨,
¯à¨ ª®â®à®© £à�ä¨ç¥áª¨¥ ®â®¡à�¦¥−¨ï á¨¬¢®«®¢ á ®¤−®à®¤−ë¬¨ ª«�áá�¬¨ á®-
¡¨à�îâáï ¢ ¥¤¨−ë© á¥£¬¥−â, ¬®£ãâ á«ã¦¨âì á«¥¤ãîé¨¥ á«ãç�¨: L ¨ l (®á−®¢−�ï
«�â¨−¨æ�); K ¨ k (ª¨à¨««¨æ�); G ¨ g (£à¥ç¥áª¨©).

�®á«¥¤®¢�â¥«ì−®áâ¨ à�§¤¥«¨â¥«¥© í«¥¬¥−â®¢ â¥ªáâ� (¯à®¡¥«ë, â�¡ã«ïæ¨¨,
¯¥à¥¢®¤ë áâà®ª¨, à�§¤¥«¨â¥«¨ §¢¥§¤®çª�¬¨, ®âç¥àª¨¢�−¨ï ¨ â. ¯.) ¢ ¯à®æ¥áá¥ á¥£-
¬¥−â�æ¨¨ à�áá¬�âà¨¢�îâáï ®â¤¥«ì−®. ’�ª¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ ¬¥¦¤ã â®ª¥−�¬¨
−�§ë¢�¥¬ ¤¥«¨¬¨â¥à�¬¨. �−¨ ¤¥«ïâáï −� ¤¢� ¢¨¤�:

(1) ¯à®¡¥«ì−ë¥ | á®áâ®ïâ ¨§ «î¡®£® ç¨á«� ¢ëè¥¯¥à¥ç¨á«¥−−ëå à�§¤¥«¨â¥«¥©
â¥ªáâ�, ªà®¬¥ ¯¥à¥¢®¤� áâà®ª¨;

(2) ª®−æë áâà®ª | á®áâ®ïâ ¨§ «î¡®£® ç¨á«� à�§¤¥«¨â¥«¥©, ¢ª«îç�ï å®âï ¡ë
®¤¨− ¯¥à¥¢®¤ áâà®ª¨.

‚á¥ ¯à®¡¥«ì−ë¥ ¤¥«¨¬¨â¥àë, −¥§�¢¨á¨¬® ®â ¨å ç¨á«�, §�¬¥−ïîâáï ®¤¨−®ç-
−ë¬¨ ¯à®¡¥«�¬¨. �−�«®£¨ç−® ¢á¥ ¤¥«¨¬¨â¥àë ª®−æ®¢ áâà®ª §�¬¥−ïîâáï −� ®¤¨−
¯¥à¥¢®¤ áâà®ª¨.

’�ª¨¬ ®¡à�§®¬, á ¯®¬®éìî ¯à¥®¡à�§®¢�−¨ï ¤¥«¨¬¨â¥à®¢ ª ã−¨ä¨æ¨à®¢�−-
−®¬ã à�§¤¥«¨â¥«î (¯à®¡¥«/̄ ¥à¥¢®¤ áâà®ª¨) â¥ªáâ ®ç¨é�¥âáï ¤«ï ã¯à®é¥−¨ï
¤�«ì−¥©è¥£® �−�«¨§�.
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’®ª¥−¨§�æ¨ï â¥ªáâ®¢ −� ®á−®¢¥ ¬¥â®¤� äã−ªæ¨®−�«ì−ëå è�¡«®−®¢

÷¥§ã«ìâ�â®¬ á¥£¬¥−â�æ¨¨ ï¢«ï¥âáï ª®àâ¥¦ (ã¯®àï¤®ç¥−−ë© ¬�áá¨¢) í«¥¬¥−-
â�à−ëå á¥£¬¥−â®¢ â¥ªáâ�, á®áâ®ïé¨å ¨§ ®¤−®à®¤−ëå á¨¬¢®«®¢ â¥ªáâ� ¨«¨ ¤¥«¨-
¬¨â¥à®¢.

”®à¬�«ì−®-«®£¨ç¥áª¨© ª®−âà®«ì. �� ¤�−−®¬ íâ�¯¥ ¢ á«®¢�å ¯à®¢®¤¨âáï
§�¬¥−� ¡ãª¢ë úñû −� ú¥û ¨ ¨á¯à�¢«¥−¨¥ ®¬®£«¨ä®¢ (¡ãª¢, ¨¬¥îé¨å á®¢¯�¤�îé¥¥
−�¯¨á�−¨¥ ¢ à�§−ëå �«ä�¢¨â�å) −� ¡ãª¢ë úà®¤−®£®û �«ä�¢¨â�. �®á«¥ íâ®£® ¤«ï
á«®¢ á ®¡−�àã¦¥−−ë¬¨ ®âª«®−¥−¨ï¬¨ ¯à®¢®¤ïâáï §�¬¥−ë á¨¬¢®«®¢ ¨ ¨§¬¥−¥−−ë©
â¥ªáâ á¥£¬¥−â� §�¯¨áë¢�¥âáï ¢ íâ�«®−−®¥ §−�ç¥−¨¥ ª®−â¥−â�. �à¨ íâ®¬ ¨áå®¤−ë©
ª®−â¥−â á¥£¬¥−â� á®åà�−ï¥âáï. �à¨ ¤�«ì−¥©è¥¬ à�§¡®à¥ ¤«ï á«®¢, ¨¬¥îé¨å
íâ�«®−−ë© ª®−â¥−â, ¢ ª�ç¥áâ¢¥ ¨å â¥ªáâ®¢®£® §−�ç¥−¨ï à�áá¬�âà¨¢�¥âáï ¨¬¥−−®
íâ�«®−.

’®ª¥−¨§�æ¨ï. �®¤ â®ª¥−¨§�æ¨¥© (¢ ã§ª®¬ á¬ëá«¥, ¢ à�¬ª�å ª�àâë ¯à®-
æ¥áá� ��’) ¯®−¨¬�¥âáï ¯à®æ¥áá ®¡ê¥¤¨−¥−¨ï í«¥¬¥−â�à−ëå á¥£¬¥−â®¢ â¥ªáâ�
¢ á®áâ�¢−®© â®ª¥−.

‚¢¨¤ã â®£® çâ® �«ä�¢¨â−ë¥ á¨¬¢®«ë, æ¨äàë ¨ §−�ª¨ (¢ â®¬ ç¨á«¥ ¤¥ä¨áë
¨ �¯®áâà®äë, ¨£à�îé¨¥ ¢ á«®¢�å à®«ì ¡ãª¢ë) ¨¬¥îâ −¥®¤−®à®¤−ë¥ £à�ä¥-
¬�â¨ç¥áª¨¥ ª«�ááë, ®−¨ ¯®¯�¤�îâ ¢ à�§−ë¥ á¥£¬¥−âë, ¯®íâ®¬ã ¤«ï á«®¦−ëå
¯®á«¥¤®¢�â¥«ì−®áâ¥© (á¬. â�¡«¨æã) âà¥¡ã¥âáï ¤®¯®«−¨â¥«ì−�ï úá¡®àª�û ¢ ®¤¨−
í«¥¬¥−â (â®ª¥−). ’�ª¨¥ ª®−áâàãªæ¨¨ ¯à¥¤áâ�¢«ïîâ á®¡®© á®áâ�¢−ë¥ ®¡ê¥¤¨−¥−¨ï
í«¥¬¥−â�à−ëå á¥£¬¥−â®¢.

�à¨¬¥àë á«®¦−ëå â®ª¥−®¢
|�¡®§−�ç¥−¨¥ ��§¢�−¨¥

8-800-000-00-00 ’¥«¥ä®−
55◦45′21′′ á. è. 37◦37′04′′ ¢. ¤. ƒ¥®£à�ä¨ç¥áª¨¥ ª®®à¤¨−�âë
1.022E23 �ªá¯®−¥−æ¨�«ì−�ï §�¯¨áì ç¨á«�
+34 ◦C ’¥¬¯¥à�âãà�
postbox@mail.ru �«¥ªâà®−−�ï ¯®çâ�
www.yandex.ru �¤à¥á á�©â�
#¬®áª¢� •¥èâ¥£
@kremlinmuseums �ªª�ã−â ¢ á®æá¥â¨
01.01.2022 „�â�
09:02 ‚à¥¬ï
:) ‘¬�©«
10− 7 = 3 Œ�â¥¬�â¨ç¥áª®¥ ¢ëà�¦¥−¨¥
‚¨æ¥-¯à¥§¨¤¥−â ‘«®¢�, −�¯¨á�−−ë¥ ç¥à¥§ ¤¥ä¨á
Emias.info, ƒà�¬®â�.àã, Ÿ−¤¥ªá.Š�àâë ‘«®¢�, á®¤¥à¦�é¨¥ ¢ á¢®¥¬ á®áâ�¢¥ â®çªã
Œ®áª¢� | áâ®«¨æ� ‘«®¢�, −�¯¨á�−−ë¥ ç¥à¥§ â¨à¥
Œ®áª¢�-92, ‘ã-57 ‘«®¢�, ¨¬¥îé¨¥ ¢ á®áâ�¢¥ ç¨á«¨â¥«ì−®¥
300-«¥â¨¥, 100-àã¡«¥¢ë©,
15-¯à®æ¥−â−ë©

‘ãé¥áâ¢¨â¥«ì−ë¥ ¨ ¯à¨«�£�â¥«ì−ë¥
¢ á«®¢¥á−®-æ¨äà®¢®© ä®à¬¥

„'�àâ�−ìï− ‘«®¢�, á®¤¥à¦�é¨¥ �¯®áâà®ä
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Š�¦¤ë© á¥£¬¥−â ¬®¦−® ®¯¨á�âì ¯à®áâ¥©è¥© ä®à¬ã«®© −� ®á−®¢¥ ¥£® £à�-
ä¥¬�â¨ç¥áª®£® ª«�áá� ¨ ¤«¨−ë (¯® á«¥¤ãîé¥¬ã ¯à¨−æ¨¯ã: ú®¤−� ¡ãª¢�û, ú¤¢¥
æ¨äàëû, ú®¤¨− ¤¥ä¨áû, ú¬−®£® ¡ãª¢û, ú®¤−� â®çª�û, ú¬−®£® æ¨äàû ¨ â. ¯.).
’®£¤� ¢áî ª®−áâàãªæ¨î ¬®¦−® ®¯¨á�âì á®áâ�¢−®© ä®à¬ã«®© ¢á¥å ¥¥ á¥£¬¥−â®¢.
��¯à¨¬¥à: ä®à¬ã«� ú¬−®£® ¡ãª¢, ®¤¨− ¤¥ä¨á, ¬−®£® ¡ãª¢û (9L 1- 9L) á®®â¢¥â-
áâ¢ã¥â á«®¢�¬ ¢¨¤� ú¢¨æ¥-¯à¥§¨¤¥−âû; ä®à¬ã«� ú¤¢¥ æ¨äàë, ®¤−� â®çª�, ¤¢¥
æ¨äàë, ®¤−� â®çª�, ç¥âëà¥ æ¨äàëû (2D 1. 2D 1. 4D) á®®â¢¥âáâ¢ã¥â æ¨äà®¢®¬ã
ä®à¬�âã ¤�âë ú01.01.2022û. ‘«®¢�àì ä®à¬ã« á®áâ�¢−ëå ª®−áâàãªæ¨© ä®à¬¨àã-
¥âáï ¯® ª®à¯ãáã â¥ªáâ®¢, � ®¡ê¥¤¨−¥−¨¥ á¥£¬¥−â®¢ ¢ â®ª¥−ë −� íâ�¯¥ â®ª¥−¨§�æ¨¨
¯à®¢®¤¨âáï ã¦¥ ¯® â�ª®¬ã á«®¢�àî.

�−�«®£¨ç−® ¢ ¥¤¨−ãî á®áâ�¢−ãî ª®−áâàãªæ¨î á®¡¨à�îâáï ¯®á«¥¤®¢�â¥«ì−®
áâ®ïé¨¥ ¤¥«¨¬¨â¥àë á â®© «¨èì à�§−¨æ¥©, çâ® á®áâ�¢−®© á¥£¬¥−â −¥ áâ�−®¢¨âáï
§−�ç¨¬ë¬ â®ª¥−®¬ â¥ªáâ�, � â�ª¦¥ ã−¨ä¨æ¨àã¥âáï ¢ à�§¤¥«¨â¥«ì â¥ªáâ�.

’¨¯ë â®ª¥−®¢ (á«®¢®, ç¨á«®/−®¬¥à, §−�ª ¯ã−ªâã�æ¨¨, §−�ª ®¡®§−�ç¥−¨ï) ¨ â¨¯
ú¤¥«¨¬¨â¥àû ®¯à¥¤¥«ïîâáï ¯® á«®¢�àî ä®à¬ã« á®áâ�¢−ëå á¥£¬¥−â®¢ GA 3, â. ¥.
®−¨ §�à�−¥¥ ¯à¨á¢�¨¢�îâáï ä®à¬ã«�¬ −� íâ�¯¥ á®áâ�¢«¥−¨ï á«®¢�àï ¨§ è�¡«®−®¢
â¥ªáâ®¢ëå äà�£¬¥−â®¢ á®®â¢¥âáâ¢ãîé¥£® ¢¨¤�.

Š«�áá¨ä¨ª�æ¨ï â®ª¥−®¢. ‚ ¯à®æ¥áá¥ â®ª¥−¨§�æ¨¨ ¯à®¢®¤¨âáï ¤¥â�«ì−�ï
ª«�áá¨ä¨ª�æ¨ï â®ª¥−®¢: ®¯à¥¤¥«ï¥âáï â¨¯®«®£¨ç¥áª¨© ª«�áá (¯à®áâ®¥ á«®¢®,
á«®¦−®¥ á«®¢®, ç¨á«®, −®¬¥à, §−�ª ¯à¥¯¨−�−¨ï, §−�ª ®¡®§−�ç¥−¨ï), ¢¨¤ (−�-
¯à¨¬¥à, ¤à®¡−®¥ ç¨á«®, IP-�¤à¥á, â¥«¥ä®−−ë© −®¬¥à) ¨ £à�ä¥¬�â¨ç¥áª¨© ª«�áá
(ª«�áá¨ä¨ª�æ¨ï ¢ §�¢¨á¨¬®áâ¨ ®â ¡ãª¢¥−−®-§−�ª®¢®£® á®áâ�¢� ¨ à¥£¨áâà� á¨¬¢®-
«®¢). �â® ¨áª«îç�¥â −¥®¡å®¤¨¬®áâì ¯à®¢¥¤¥−¨ï àï¤� â¥å−®«®£¨ç¥áª¨å ®¯¥à�æ¨©
−� ¯®á«¥¤ãîé¨å áâ�¤¨ïå ®¡à�¡®âª¨ â¥ªáâ®¢.

3 Модель процесса

‘®¯®áâ�¢«¥−¨¥ á¨¬¢®«®¢ â¥ªáâ� á á®®â¢¥âáâ¢ãîé¨¬¨ £à�ä¥¬�â¨ç¥áª¨¬¨ ª«�á-
á�¬¨ ®¯¨áë¢�¥âáï ¯à¨ ¯®¬®é¨ ¤¨áªà¥â−®© äã−ªæ¨¨

CharClass (xi) = yi ,

§−�ç¥−¨ï ª®â®à®© ¯à¥¤áâ�¢«ïîâ á®¡®© í«¥¬¥−âë ¬−®¦¥áâ¢� Cls,

Cls = {yi} = {L, l,K, k,D, . . .}.

�¯à¥¤¥«¥−−ë¥ §�à�−¥¥ £à�ä¥¬�â¨ç¥áª¨¥ ª«�ááë §�−¥á¥−ë ¢ â�¡«¨æã GA 1:

GA1 =







x1 y1
x2 y2
· · · · · ·
xs ys






.

‡¤¥áì s = 1, . . . , e, £¤¥ e | ç¨á«® ãç¨âë¢�¥¬ëå á¨¬¢®«®¢ ¨áå®¤−®£® â¥ªáâ�
¨ á®®â¢¥âáâ¢ãîé¨å ¨¬ §−�ç¥−¨© äã−ªæ¨¨ CharClass (xi).
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’®ª¥−¨§�æ¨ï â¥ªáâ®¢ −� ®á−®¢¥ ¬¥â®¤� äã−ªæ¨®−�«ì−ëå è�¡«®−®¢

‘¥£¬¥−âë segm∗ ¨ segm∗∗, ä®à¬ã«ë ª®â®àëå á®¢¯�¤�îâ, áç¨â�îâáï ®¤−®à®¤-
−ë¬¨:

SymbForm (segm∗) = SymbForm (segm∗∗) .

�¡ê¥¤¨−¥−¨¥ í«¥¬¥−â�à−ëå á¥£¬¥−â®¢ â¥ªáâ� ¢ á®áâ�¢−ë¥ (â®ª¥−ë) ¡ã¤¥â
¢ë£«ï¤¥âì á«¥¤ãîé¨¬ ®¡à�§®¬:

Token =
{

segm1, segm2, . . . , segmp

}

,

£¤¥ p | ç¨á«® á¥£¬¥−â®¢ ¢ â®ª¥−¥.
„«¨−ë á¥£¬¥−â®¢ ª�¦¤®£® £à�ä¥¬�â¨ç¥áª®£® ª«�áá� à�−¦¨àãîâáï ¯® ¨−â¥à-

¢�«�¬:

Intervalssegm :











1 ≤ len (segm) ≤ b1 ;
b1 + 1 ≤ len (segm) ≤ b2 ;
b2 + 1 ≤ len (segm) ≤ b3 ;

· · ·
bn−1 + 1 ≤ len (segm) ≤ bn ,

£¤¥ n = 1, . . . ,m | ç¨á«® ¨−â¥à¢�«®¢ ª«�áá� á¨¬¢®«�; B = {bn} | £à�−¨æë
¨−â¥à¢�«®¢. �®«ãç¥−−ë¥ ¨−â¥à¢�«ë åà�−ïâáï ¢ â�¡«¨æ¥ GA 2:

GA2 =



















y1 a
1
1 b
1
1 F

1
1 F

′1
1

y1 · · · · · · · · · · · ·
y1 a

1
q b1q F

1
q F

′1
q

· · · · · · · · · · · · · · ·

yj aj
z bjz F j

z F
′j
z′

· · · · · · · · · · · · · · ·
ys a

s
n bsn F s

n F
′s
n′



















,

£¤¥ as
n | «¥¢�ï £à�−¨æ� ¨−â¥à¢�«� ¤«ï £à�ä¥¬�â¨ç¥áª®£® ª«�áá� á¨¬¢®«� ys;

bsn | ¯à�¢�ï £à�−¨æ� ¨−â¥à¢�«� ¤«ï £à�ä¥¬�â¨ç¥áª®£® ª«�áá� á¨¬¢®«� ys; F s
n |

ä®à¬ã«� £à�ä¥¬�â¨ç¥áª®£® ª«�áá� á¨¬¢®«� ys ¢ ¨−â¥à¢�«¥ [as
n; b

s
n]; F

′s
n′ | á¨¬¢®«

ä®à¬ã«ë £à�ä¥¬�â¨ç¥áª®£® ª«�áá� á¨¬¢®«� ys ¢ ¨−â¥à¢�«¥ [as
n; b

s
n].

”®à¬ã«� í«¥¬¥−â�à−®£® á¥£¬¥−â� ¡ã¤¥â ®¯à¥¤¥«¥−� á«¥¤ãîé¨¬ ®¡à�§®¬:

Form (segm) =



























F1 , segm : 1 ≤ len (segm) ≤ b1 ;

F2 , segm : b1 + 1 ≤ len (segm) ≤ b2 ;

F3 , segm : b2 + 1 ≤ len (segm) ≤ b3 ;

· · ·

Fg , segm : bn−1 + 1 ≤ len (segm) ≤ bn .

‡¤¥áì g = 1, . . . , c, £¤¥ c | ç¨á«® ä®à¬ã« ¨−â¥à¢�«®¢ ª«�áá� á¨¬¢®«�.
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ā. ‚. �¨ª¨â¨−, �. �. •®à®è¨«®¢, �. …. Œ�ª�à®¢�

’®£¤� á¨¬¢®« ä®à¬ã«ë í«¥¬¥−â�à−®£® á¥£¬¥−â� ¡ã¤¥â §�¯¨á�− ª�ª

SymbForm (segm) = F ′
g′ |Form (segm) = Fg .

‡¤¥áì g′ = 1, . . . , c′, £¤¥ c′ | ç¨á«® á¨¬¢®«®¢ ä®à¬ã« ¨−â¥à¢�«®¢.
�¡ê¥¤¨−¥−¨¥ í«¥¬¥−â�à−ëå á¥£¬¥−â®¢ ¢ â®ª¥− ¯à®¨áå®¤¨â ¯® á«®¢�àî è�¡«®-

−®¢, á®áâ�¢«¥−−®¬ã ¢àãç−ãî á ãç¥â®¬ á¯¥æ¨ä¨ª¨ ª®−ªà¥â−®£® â¥ªáâ�.
‚ ¨â®£¥ á®áâ�¢−®© á¥£¬¥−â ¡ã¤¥â ¯à¥¤áâ�¢«ïâì á®¡®© ª®−ª�â¥−�æ¨î á¨¬¢®«ì-

−ëå áâà®ª ä®à¬ã« á¥£¬¥−â®¢ segm1, segm2, . . . , segmk:

Comp segm =
max
⋃

1

Form (segmk) ,

� ¨áå®¤−ë© â¥ªáâ ¡ã¤¥â ®¯à¥¤¥«¥− ª�ª ¯®á«¥¤®¢�â¥«ì−®áâì á®áâ�¢−ëå á¥£¬¥−â®¢:

Text = (segm1, segm2, . . . , segmt) ,

£¤¥ t | ç¨á«® á®áâ�¢−ëå á¥£¬¥−â®¢ ¢ â¥ªáâ¥.

4 Алгоритм токенизации

1. ‡�¬¥−� á¨¬¢®«®¢ ¨áå®¤−®£® â¥ªáâ� −� á¨¬¢®«ë £à�ä¥¬�â¨ç¥áª¨å ª«�áá®¢
�¡®§−�ç¥−¨¥ ª«�áá� ª�¦¤®£® á¨¬¢®«� ®¯à¥¤¥«ï¥âáï ¯® â�¡«¨æ¥ GA 1.
ˆáå®¤−ë© â¥ªáâ:

÷ÞÅÒÁ, 22.08.2020, ÜËÓ-ÇÌÁ×Õ ãòõ 8 ÞÁÓÏ× ÄÏÐÒÁÛÉ×ÁÌÉ ÐÏ ÄÅÌÕ Ï ×ÍÅÛÁÔÅÌØ-
ÓÔ×Å × ×ÙÂÏÒÙ.

�®á«¥ §�¬¥−ë:
Kkkkl, DD.DD.DDDD, kkk-kkkkkKKKDkkkkkklkklkkkkkkkkklkkkkkkkkkkkkkkkk
kkkkkkk.
2. �®¨áª ¨ §�¬¥−� ®¬®£«¨ä®¢ /̈̈ «¨ ¡ãª¢ë úñû ¯à¨ −�«¨ç¨¨ â�ª®¢ëå

�ãª¢� ú�û ¢ á«®¢¥ ú‚ç¥à�û, ¡ãª¢ë ú®û ¨ ú�û ¢ á«®¢¥ ú¤®¯à�è¨¢�«¨û,
� â�ª¦¥ ú¥û ¢ á«®¢¥ ú¤¥«ãû −�¡à�−ë −� �−£«¨©áª®© à�áª«�¤ª¥ ª«�¢¨�âãàë.
�®á«¥ §�¬¥−ë ®¬®£«¨ä®¢ á®®â¢¥âáâ¢ãîé¨¥ ¯®á«¥¤®¢�â¥«ì−®áâ¨ £à�ä¥¬�â¨ç¥áª¨å
ª«�áá®¢ ¨§¬¥−ïâáï:
Kkkkk, DD.DD.DDDD, kkk-kkkkkKKKDkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
kkkkkkkkk.
3. �¡ê¥¤¨−¥−¨¥ ¢ ®¤¨− á¥£¬¥−â ¯®á«¥¤®¢�â¥«ì−®áâ¥© á ®¤−®à®¤−ë¬¨ á¨¬¢®-
«�¬¨

�®áª®«ìªã £à�ä¥¬�â¨ç¥áª¨¥ ª«�ááë á¨¬¢®«®¢ úKû ¨ úkkkkû §�¤�−ë ª�ª
®¤−®à®¤−ë¥, ¯®á«¥¤®¢�â¥«ì−®áâì úKkkkkû ¡ã¤¥â à�áæ¥−¨¢�âìáï ª�ª ®¤¨− á¥£¬¥−â
¨ ®¡à�¡�âë¢�âìáï â�ª ¦¥, ª�ª ¥á«¨ ¡ë ¢ ®¡à�¡®âªã ¯®áâã¯¨«� ¯®á«¥¤®¢�â¥«ì−®áâì
¨§ 7 ¨¤ãé¨å ¯®¤àï¤ á¨¬¢®«®¢ úkû ¢ ®¤−®¬ à¥£¨áâà¥.
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’®ª¥−¨§�æ¨ï â¥ªáâ®¢ −� ®á−®¢¥ ¬¥â®¤� äã−ªæ¨®−�«ì−ëå è�¡«®−®¢

4. �à¨¢¥¤¥−¨¥ á¨¬¢®«ì−ëå ¯®á«¥¤®¢�â¥«ì−®áâ¥© ª ¨å ä®à¬�«ì−ë¬ á¦�âë¬
£à�ä¥¬�â¨ç¥áª¨¬ ¯à¥¤áâ�¢«¥−¨ï¬

�à¨¢¥¤¥−¨¥ ®áãé¥áâ¢«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á â�¡«¨æ¥© GA 2, ¢ ª®â®à®©
ãª�§�−ë ¨−â¥à¢�«ë. �®á«¥ á¦�â¨ï â¥ªáâ ¡ã¤¥â ¨¬¥âì á«¥¤ãîé¨© ¢¨¤:
9L1,1Z2D1.2D1.4D1,1Z9L1-9L1Z9L1Z1D1Z9L1Z9L1Z9L1Z9L1Z1L1Z9L1Z1L1
Z9L1.

5. �®¨áª ¢ ¬�áá¨¢¥ ä®à¬�«ì−ëå £à�ä¥¬�â¨ç¥áª¨å ¯à¥¤áâ�¢«¥−¨© è�¡«®−®¢
ä®à¬ã« ¯® á«®¢�àî ¨ ®¯à¥¤¥«¥−¨¥ â¨¯� ¯®«ãç¨¢è¥£®áï â®ª¥−�

„«ï úá¡®àª¨û á¥£¬¥−â®¢ ¢ ®¤¨− â®ª¥− ¨ ®¯à¥¤¥«¥−¨ï ¥£® â¨¯� ¯à¨¬¥−ï¥âáï
á«®¢�àì GA 3 á®áâ�¢−ëå á¥£¬¥−â®¢. …á«¨ á®áâ�¢−�ï ä®à¬ã«� £àã¯¯ë àï¤®¬ áâ®-
ïé¨å á¥£¬¥−â®¢ ¥áâì ¢ á«®¢�à¥ GA 3, â® â�ª¨¥ á¥£¬¥−âë ¯®¤«¥¦�â ®¡ê¥¤¨−¥−¨î.
…á«¨ −¥â, â® £àã¯¯� á¥£¬¥−â®¢ ã¬¥−ìè�¥âáï −� 1 á¯à�¢� ¨ ¯®¨áª ¯à®¤®«¦�¥âáï.

‚−�ç�«¥ âà¥¡ã¥âáï ®¯à¥¤¥«¨âì ¬�ªá¨¬�«ì−ãî ¤«¨−ã ä®à¬ã«ë ¢ á¨¬¢®«�å
(Fmax) ¨ ¢ëç¨á«¨âì −� ¥¥ ®á−®¢¥ ¬�ªá¨¬�«ì−®¥ ç¨á«® á¥£¬¥−â®¢, ª®â®àë¥ ¬®£ãâ
¡ëâì á£àã¯¯¨à®¢�−ë (Nmax):

Nmax =
Fmax
2

.

‚ ¤�−−®¬ ¯à¨¬¥à¥ Fmax = 10 á¨¬¢®«®¢; á«¥¤®¢�â¥«ì−®, Nmax = 5 á¥£¬¥−â®¢.
„�«¥¥ ¯®á«¥¤®¢�â¥«ì−® á ¯¥à¢®£® á¥£¬¥−â� ®¡ê¥¤¨−ïîâáï Nmax á¥£¬¥−â®¢

¨ ¢ áâà®ªã áã¬¬¨àãîâáï ¨å ä®à¬ã«ë ¤«ï ¯®«ãç¥−¨ï ¨áª®¬®© á®áâ�¢−®© ä®à¬ã«ë,
ª®â®àãî âà¥¡ã¥âáï ¯à®¢¥à¨âì ¯® á«®¢�àî GA 3 −� ¢®§¬®¦−®áâì ®¡ê¥¤¨−¥−¨ï.

‚ ¤�−−®¬ ¯à¨¬¥à¥ ¤«ï á¥£¬¥−â®¢ 1{5 á®áâ�¢−�ï ä®à¬ã«� = ú9L1,1Z2D1.û.
…á«¨ à¥§ã«ìâ�â ¯®¨áª� á®áâ�¢−®© ä®à¬ã«ë ¢ á«®¢�à¥ GA 3 ®âà¨æ�â¥«ì−ë©,

ç¨á«® á¥£¬¥−â®¢ á®ªà�é�¥âáï −� 1 á¥£¬¥−â á¯à�¢� ¨ ¯à®æ¥áá ¯®¨áª� ¯à®¤®«¦�¥âáï
¤® â¥å ¯®à, ¯®ª� −¥ ¡ã¤¥â −�©¤¥−� á®áâ�¢−�ï ä®à¬ã«�, ¨«¨ ¤® â¥å ¯®à, ¯®ª�
¢ á«®¢�à¥ GA 3 −¥ ¡ã¤¥â −�©¤¥−� ä®à¬ã«� ®áâ�¢è¥£®áï ®¤−®£® ¯à®áâ¥©è¥£®
á¥£¬¥−â�.

„«ï �−�«¨§¨àã¥¬®© £àã¯¯ë ¢ á«®¢�à¥ GA 3 −�å®¤¨âáï â®«ìª® ¯à®áâ¥©è�ï
ä®à¬ã«� ¤«ï ¯¥à¢®£® á¥£¬¥−â� | 9L. ’¨¯ â�ª®£® â®ª¥−� | Word.

„�«¥¥ ¯à®¢¥àïîâáï −� á®¢¬¥áâ¨¬®áâì á«¥¤ãîé¨¥ Nmax á¥£¬¥−â®¢, −�ç¨−�ï
á á¥£¬¥−â�, á«¥¤ãîé¥£® §� ¯®á«¥¤−¨¬ á¥£¬¥−â®¬, ¢®è¥¤è¨¬ ¢ â®ª¥−. �à®¢¥àª�
¯à®¤®«¦�¥âáï ¤® ¢ª«îç¥−¨ï ¢ â®ª¥−ë ¯®á«¥¤−¥£® á¥£¬¥−â� â¥ªáâ�. �à¨ íâ®¬
¤¥«¨¬¨â¥àë â®ª¥−�¬¨ −¥ ï¢«ïîâáï.

‚ ¤�−−®¬ ¯à¨¬¥à¥:

á¥£¬¥−âë 4{8 (á®áâ�¢−�ï áâà®ª� ª«�áá®¢ úDD.DD.DDDDû, á®áâ�¢−�ï ä®à¬ã«�
ú2D1.2D1.4Dû) ¡ë«¨ −�©¤¥−ë ¢ á«®¢�à¥ GA 3 ¨ ®¡ê¥¤¨−¥−ë ¢ ®¤¨− â®ª¥−
â¨¯� Number, ª«�áá â®ª¥−� 12 (æ¨äà®¢®© ä®à¬�â ¤�âë);

á¥£¬¥−âë 11{13 (á®áâ�¢−�ï áâà®ª� ª«�áá®¢ úkkk-kkkkkû, á®áâ�¢−�ï ä®à¬ã«�
ú9L1-9Lû) ¡ë«¨ −�©¤¥−ë ¢ á«®¢�à¥ GA 3 ¨ ®¡ê¥¤¨−¥−ë ¢ ®¤¨− â®ª¥− â¨¯�
Word, ª«�áá â®ª¥−� 2 (á«®¦−®á®áâ�¢−®¥ á«®¢®);
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á¥£¬¥−âë 3 ¨ 10, á®¤¥à¦�é¨¥ ¯à®¡¥«ë, ®¯à¥¤¥«¨«¨áì ¯® á«®¢�àî GA 3 ª�ª
¤¥«¨¬¨â¥àë (ä®à¬ã«� ú1Zû) ¨ ¢ ¬�áá¨¢ â®ª¥−®¢ −¥ ¢®è«¨.

6. �®«ãç¥−¨¥ ¯® ¨¬¥îé¨¬áï �¤à¥á�¬ á¥£¬¥−â®¢ ¨áå®¤−®£® â¥ªáâ�, à�§¡¨â®£®
−� â®ª¥−ë

5 Заключение

˜¨à®ª® à�á¯à®áâà�−¥−−ë¥ á¯®á®¡ë â®ª¥−¨§�æ¨¨ −¥ ¯®§¢®«ïîâ ¢ ¯®«−®© ¬¥à¥
¯à¥®¡à�§®¢�âì á¨¬¢®«ì−®¥ ¯à¥¤áâ�¢«¥−¨¥ á«®¦−ëå â¥å−¨ç¥áª¨å â¥ªáâ®¢ ¢ á¨á-
â¥¬ã ¨−ä®à¬�æ¨®−−ëå ®¡ê¥ªâ®¢. Œ¥â®¤ë, ®á−®¢�−−ë¥ −� ¯à�¢¨«�å, −¥ ¬®£ãâ
ãç¥áâì ¢á¥ à�§−®®¡à�§¨¥ á«®¦−ëå á«ãç�¥¢, � −¥©à®á¥â¨ à¥�«¨§ãîâ â®«ìª® â¥ á¨-
âã�æ¨¨, ª®â®àë¥ ¢áâà¥ç�«¨áì ¢ ®¡ãç�îé¥© ¢ë¡®àª¥. Œ¥â®¤, ®¯¨á�−−ë© ¢ áâ�âì¥,
ãç¨âë¢�¥â ãª�§�−−ë¥ −¥¤®áâ�âª¨ ¨ ¤�¥â ¢®§¬®¦−®áâì ãá¯¥è−® â®ª¥−¨§¨à®¢�âì
á«®¦−ë¥ â¥ªáâ®¢ë¥ ®¡ê¥ªâë ¡«�£®¤�àï ¯à¨¬¥−¥−¨î äã−ªæ¨®−�«ì−ëå è�¡«®−®¢.
Š ¨å ¤®¯®«−¨â¥«ì−ë¬ ¯à¥¨¬ãé¥áâ¢�¬ ¬®¦−® ®â−¥áâ¨ ¢®§¬®¦−®áâì ã¯à�¢«¥−¨ï
¢ª«îç¥−¨¥¬ ¨«¨ ¢ëª«îç¥−¨¥¬ â®ª¥−¨§�æ¨¨ ®¯à¥¤¥«¥−−®£® ¢¨¤� â®ª¥−®¢, ¤®¡�-
¢«¥−¨ï −®¢ëå è�¡«®−®¢ ¯® ®¡à�§æã â¥ªáâ� ¨ ¯®«ãç¥−¨ï −� áâ�¤¨¨ ä®à¬¨à®¢�−¨ï
â®ª¥−®¢ ¨å ¤¥â�«ì−®© ª«�áá¨ä¨ª�æ¨¨.
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Abstract: The article proposes a new method of text tokenizationbased on the use
of generalized functional templates. The method is based on the classification of
Unicode characters in terms of their role in the formation of text elements and on
the use of compound patterns from the generalized character classes. Widespread
regular expressions are not used here. A specific feature of the method is the use
of a sequence of characters as a part of the interval template. The strengths of the
method include successful tokenization of complex information objects (numbers,
geographic coordinates, names of articles of engineering products, etc.), obtaining
the detailed classification of tokens at the stage of their formation, the ability to
turn on and off tokenization of a certain type of tokens, as well as adding new
templates according to the sample text for additional training of the system.

Keywords: tokenization; segmentation; graphematic analysis; computational
linguistics; patterns; substitution; token
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МЕТОД УПРАВЛЕНИЯ ОБМЕНОМ ДАННЫМИ
В АВТОМАТИЗИРОВАННЫХ ИНФОРМАЦИОННЫХ

СИСТЕМАХ С ПРИМЕНЕНИЕМ СМЫСЛОВОГО АНАЛИЗА
ПЕРЕДАВАЕМЫХ ЭЛЕМЕНТОВ ИНФОРМАЦИИ

М. М. Гершкович1, Т. К. Бирюкова2

�−−®â�æ¨ï: �à¥¤«®¦¥− ¬¥â®¤ ã¯à�¢«¥−¨ï ¯¥à¥¤�ç¥© í«¥¬¥−â®¢ ¤�−−ëå ¬¥¦-
¤ã ã§«�¬¨ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®© �¢â®¬�â¨§¨à®¢�−−®© ¨−ä®à¬�æ¨-
®−−®© á¨áâ¥¬ë (�ˆ‘), −�¯à�¢«¥−−ë© −� áª®à¥©èãî ¤®áâ�¢ªã −�¨¡®«¥¥ æ¥−−®©
¨−ä®à¬�æ¨¨ ¤«ï ¯®«ì§®¢�â¥«ï ¢ á¨âã�æ¨ïå, ª®£¤� ¢ ª�−�«¥ á¢ï§¨ ¢®§−¨ª�¥â
®ç¥à¥¤ì ¯�ª¥â®¢ ¤�−−ëå. �¯à¥¤¥«¥−® ¯®−ïâ¨¥ ¨−ä®à¬�æ¨®−−®£® ®¡ê¥ªâ� (ˆ�)
ª�ª á®¢®ªã¯−®áâ¨ å�à�ªâ¥à¨áâ¨ª (�âà¨¡ãâ®¢) −¥ª®â®à®© áãé−®áâ¨. ‚¢¥¤¥−®
¯®−ïâ¨¥ «®£¨ç¥áª®£® ¡«®ª� ¤�−−ëå ª�ª ®¡ê¥¤¨−¥−¨ï «®£¨ç¥áª¨ á¢ï§�−−ëå å�-
à�ªâ¥à¨áâ¨ª ˆ� ¨«¨ á®¡ëâ¨ï. “ª�§�−®, çâ® á®áâ�¢ «®£¨ç¥áª®£® ¡«®ª� ¬®¦¥â
¡ëâì §�¤�− íªá¯¥àâ®¬ ¢ §�¢¨á¨¬®áâ¨ ®â ¢¨¤®¢ ¤�−−ëå ¢ �ˆ‘ ¨ ®â §�¤�ç, à¥è�-
¥¬ëå ¯®«ì§®¢�â¥«ï¬¨. �à¥¤«®¦¥− ¬¥â®¤ −�§−�ç¥−¨ï ¯à¨®à¨â¥â®¢ «®£¨ç¥áª¨¬
¡«®ª�¬ ¤�−−ëå ¯à¨ ¯¥à¥¤�ç¥ ¯® ª�−�«�¬ á¢ï§¨ ¢ §�¢¨á¨¬®áâ¨ ®â á¬ëá«®¢®£®
á®¤¥à¦�−¨ï. �à¨¢¥¤¥− á¯®á®¡ ª®«¨ç¥áâ¢¥−−®© ®æ¥−ª¨ æ¥−−®áâ¨ «®£¨ç¥áª®£®
¡«®ª� ¨ ¨§¬¥−¥−¨ï æ¥−−®áâ¨ ¨−ä®à¬�æ¨¨ ¢® ¢à¥¬¥−¨.

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

DOI: 10.14357/08696527220407

1 Введение

‚ −�áâ®ïé¥¥ ¢à¥¬ï ¬−®£®ç¨á«¥−−ë¥ �ˆ‘ á®§¤�îâáï ¢ à�¬ª�å à¥�«¨§�æ¨¨
‘âà�â¥£¨¨ −�ãç−®-â¥å−®«®£¨ç¥áª®£® à�§¢¨â¨ï ÷®áá¨©áª®© ”¥¤¥à�æ¨¨, ãâ¢¥à¦-
¤¥−−®© “ª�§®¬ �à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 1 ¤¥ª�¡àï 2016 £. ü 642
(¢ à¥¤. “ª�§� �à¥§¨¤¥−â� ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ®â 15 ¬�àâ� 2021 £. ü 143) [1],
¢ â®¬ ç¨á«¥ á æ¥«ìî ¢ë¯®«−¥−¨ï ¯à®£à�¬¬ë ú–¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®©
”¥¤¥à�æ¨¨û, ¯à¨−ïâ®© �à�¢¨â¥«ìáâ¢®¬ ÷” ¢ 2017 £. [2]. ��ãç−ë¥ ¨áá«¥-
¤®¢�−¨ï ¯® ¢®¯à®á�¬ á®§¤�−¨ï �ˆ‘ ¬−®£® «¥â ¢ë¯®«−ïîâáï ¢ ”¥¤¥à�«ì−®¬
£®áã¤�àáâ¢¥−−®¬ ãçà¥¦¤¥−¨¨ ú”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à-
¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãªû (”ˆ– ˆ“ ÷��). �¥ª®â®àë¥
à¥§ã«ìâ�âë, �¯à®¡¨à®¢�−−ë¥ ¢ àï¤¥ −�ãç−®-¨áá«¥¤®¢�â¥«ìáª¨å ¨ ®¯ëâ−®-ª®−áâ-

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

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, yukonta@mail.ru
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àãªâ®àáª¨å à�¡®â, ¨§«®¦¥−ë ¢ [3{10]. ’�ª, ¢ ¬®−®£à�ä¨¨ [9] à�áá¬®âà¥−ë äã−¤�-
¬¥−â�«ì−ë¥ ¨ ç�áâ−ë¥ ¯à®¡«¥¬ë ®¡¬¥−� ¤�−−ë¬¨ ¢ ªàã¯−ëå �ˆ‘, à¥�«¨§ãîé¨å
¬¥¦¢¥¤®¬áâ¢¥−−®¥ ¨−ä®à¬�æ¨®−−®¥ ¢§�¨¬®¤¥©áâ¢¨¥. ‚ ç�áâ−®áâ¨, ®â¬¥ç¥−®, çâ®
¤«ï ®æ¥−ª¨ á¨âã�æ¨¨ ¨ ¯à®£−®§¨à®¢�−¨ï ¥¥ ¨§¬¥−¥−¨ï ªà�©−¥ ¢�¦−� á¢®¥¢à¥-
¬¥−−®áâì ¤®áâ�¢ª¨ ¨−ä®à¬�æ¨¨. Œ®−®£à�ä¨ï [8] ¨ áâ�âì¨ [6, 7, 10] ¯®á¢ïé¥−ë
¢®¯à®á�¬ ®æ¥−ª¨ ª�ç¥áâ¢� ¨ íää¥ªâ¨¢−®áâ¨ �ˆ‘. “ª�§�−®, çâ® ¢ á®¢à¥¬¥−-
−ëå �ˆ‘ ¢�¦−ë¬¨ ¯®ª�§�â¥«ï¬¨ ª�ç¥áâ¢� ï¢«ïîâáï ¢¥à®ïâ−®áâ−®-¢à¥¬¥−− �ë¥
å�à�ªâ¥à¨áâ¨ª¨ ¯¥à¥¤�ç¨ ¤�−−ëå ¢ á¨áâ¥¬¥.

‚ áâ�âìïå á ãç�áâ¨¥¬ �¢â®à®¢ [4, 5] à�áá¬®âà¥−ë á¯®á®¡ë ®à£�−¨§�æ¨¨
¨−ä®à¬�æ¨®−−®£® ®¡¬¥−� ¢ ¬−®£®ãà®¢−¥¢ëå â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå
�ˆ‘. ‘ ãç¥â®¬ §−�ç¨¬®áâ¨ áª®à®áâ−ëå å�à�ªâ¥à¨áâ¨ª ¨−ä®à¬�æ¨®−−®£® ®¡¬¥−�
¨ ¢ ¯à®¤®«¦¥−¨¥ [4,5] ¢ ¤�−−®© áâ�âì¥ ¯à¥¤«�£�¥âáï ¬¥â®¤ ã¯à�¢«¥−¨ï ¯¥à¥¤�ç¥©
í«¥¬¥−â®¢ ¤�−−ëå ¬¥¦¤ã ã§«�¬¨ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®© �ˆ‘, −�¯à�¢-
«¥−−ë© −� áª®à¥©èãî ¤®áâ�¢ªã −�¨¡®«¥¥ æ¥−−®© ¨−ä®à¬�æ¨¨ ¤«ï ¯®«ì§®¢�â¥«ï,
¢ â®¬ ç¨á«¥ ¢ á¨âã�æ¨ïå, ª®£¤� ¢ ª�−�«¥ á¢ï§¨ ¢®§−¨ª�¥â ®ç¥à¥¤ì ¯�ª¥â®¢ ¤�−−ëå,
¯à¥¤−�§−�ç¥−−ëå ¤«ï ®â¯à�¢ª¨ ¯®«ãç�â¥«î.

2 Основные положения способа назначения приоритетов элементам
информации с учетом их смыслового содержания при передаче
по каналам связи

‚ ¡®«ìè¨å â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−ëå �ˆ‘ ®¡¥á¯¥ç¨âì ¡¥á¯¥à¥¡®©-
−®áâì äã−ªæ¨®−¨à®¢�−¨ï ¢á¥© á¨áâ¥¬ë ¬®¦−® â®«ìª® ¯ãâ¥¬ ¨á¯®«ì§®¢�−¨ï ¤®à®-
£®áâ®ïé¨å â¥å−¨ç¥áª¨å à¥è¥−¨© (−�¯à¨¬¥à, ª«�áâ¥à−ëå á¨áâ¥¬). ’�ª¨¥ à¥è¥−¨ï
¢ −�áâ®ïé¥¥ ¢à¥¬ï, ª�ª ¯à�¢¨«®, ¯à¨¬¥−ïîâáï â®«ìª® −� ãç�áâª�å �ˆ‘, £¤¥
®á®¡¥−−® ¢�¦−® ¯à¥¤®â¢à�â¨âì ãé¥à¡ ®â −¥á¢®¥¢à¥¬¥−−®© ¤®áâ�¢ª¨ ¨−ä®à¬�æ¨¨.
„«ï ®áâ�«ì−ëå ç�áâ¥© �ˆ‘ ®¡ëç−® ¨á¯®«ì§ãîâáï â¥å−®«®£¨¨, ®¡¥á¯¥ç¨¢�îé¨¥
à�¡®â®á¯®á®¡−®áâì ¨á¯à�¢−®© ç�áâ¨ á¨áâ¥¬ë ¯à¨ ¢ëå®¤¥ ¨§ áâà®ï ª�ª¨å-«¨¡®
â¥å−¨ç¥áª¨å áà¥¤áâ¢ ¨«¨ ª�−�«®¢ á¢ï§¨. ‘®¡«î¤�îâáï âà¥¡®¢�−¨ï ¯® á®åà�−-
−®áâ¨ ¨−ä®à¬�æ¨¨ ¯à¨ �¢�à¨ïå ¨ ®¡¥á¯¥ç¥−¨î ¤®áâ�¢ª¨ ¤�−−ëå ¯® −�§−�ç¥−¨î
¯®á«¥ ¢®ááâ�−®¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ª®¬¯®−¥−â®¢ á¨áâ¥¬ë ¯®á«¥ �¢�à¨¨.
�à¨−¨¬�îâáï ®à£�−¨§�æ¨®−−ë¥ ¬¥àë ¤«ï ãáª®à¥−¨ï à¥¬®−â� ¯à¨ ¢ëå®¤¥ ¨§ áâà®ï
®¡®àã¤®¢�−¨ï, ®¡¥á¯¥ç¨¢�¥âáï −�«¨ç¨¥ ª®¬¯«¥ªâ®¢ §�¯�á−ëå ç�áâ¥©, ¨−áâàã¬¥−â�
¨ ¯à¨−�¤«¥¦−®áâ¥© (‡ˆ�) −� ®á−�é�¥¬ëå ®¡ê¥ªâ�å. ’¥¬ −¥ ¬¥−¥¥ ¢ �ˆ‘
á ¡®«ìè¨¬ ç¨á«®¬ ã§«®¢ −¥¨§¡¥¦−ë á¨âã�æ¨¨, ª®£¤� ¯à®¯ãáª−�ï á¯®á®¡−®áâì
ª�−�«� á¢ï§¨ ®ª�§ë¢�¥âáï −¨¦¥ ¨−â¥−á¨¢−®áâ¨ ¯®â®ª� ¤�−−ëå (¢ â®¬ ç¨á«¥
¯®á«¥ «¨ª¢¨¤�æ¨¨ −¥¨á¯à�¢−®áâ¥© «¨¡® ¯à¨ §−�ç¨â¥«ì−®¬ ã¢¥«¨ç¥−¨¨ ®¡ê¥¬�
¯¥à¥¤�¢�¥¬ëå ¤�−−ëå ¯® ¤àã£¨¬ ¯à¨ç¨−�¬), ¤�−−ë¥ áª�¯«¨¢�îâáï ¢ ª�−�«¥,
¢®§−¨ª�¥â ®ç¥à¥¤ì. �®íâ®¬ã ¢ á¨áâ¥¬�å, £¤¥ −ã¦−� ®¯¥à�â¨¢−®áâì à¥�£¨à®¢�−¨ï
−� ¨§¬¥−¥−¨¥ ®¡áâ�−®¢ª¨, ¢�¦−® á¢¥áâ¨ ª ¬¨−¨¬ã¬ã §�¤¥à¦ª¨ ¯®áâã¯«¥−¨ï
¨¬¥−−® â¥å ¤�−−ëå, ª®â®àë¥ ªà¨â¨ç−ë ¤«ï ®æ¥−ª¨ á®¡ëâ¨©.

‚ áâ�âì¥ ãª�§�− á¯®á®¡ ¤¨ää¥à¥−æ¨�æ¨¨ í«¥¬¥−â®¢ («®£¨ç¥áª¨å ¡«®ª®¢)
¤�−−ëå ¯® á¬ëá«ã ¨ −�§−�ç¥−¨ï ¨¬ ¯à¨®à¨â¥â®¢ ¯à¨ ¯¥à¥¤�ç¥ ¯® ª�−�«�¬ á¢ï§¨.
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Œ¥â®¤ ã¯à�¢«¥−¨ï ®¡¬¥−®¬ ¤�−−ë¬¨ ¢ �ˆ‘ á ¯à¨¬¥−¥−¨¥¬ á¬ëá«®¢®£® �−�«¨§�

‚¢¥¤¥¬ ¯®−ïâ¨¥ «®£¨ç¥áª®£® ¡«®ª� ¤�−−ëå ª�ª á®¢®ªã¯−®áâ¨ «®£¨ç¥áª¨ á¢ï-
§�−−ëå í«¥¬¥−â®¢ ¨−ä®à¬�æ¨¨, á«ã¦�é¨å å�à�ªâ¥à¨áâ¨ª�¬¨ ¨−ä®à¬�æ¨®−−®£®
®¡ê¥ªâ� ¨«¨ á®¡ëâ¨ï. ˆ−ä®à¬�æ¨®−−ë¬ ®¡ê¥ªâ®¬ ¡ã¤¥¬ −�§ë¢�âì á®¢®ªã¯−®áâì
å�à�ªâ¥à¨áâ¨ª (�âà¨¡ãâ®¢) −¥ª®â®à®© áãé−®áâ¨. ��¯à¨¬¥à, ˆ� ä¨§¨ç¥áª®¥ «¨æ®
(”‹) ¬®¦¥â ¨¬¥âì ¢ �ˆ‘ ª�ª â¥ªáâ®¢ë¥ �âà¨¡ãâë (ä�¬¨«¨ï, ¨¬ï, ®âç¥áâ¢®, ¤�−-
−ë¥ ã¤®áâ®¢¥à¥−¨© «¨ç−®áâ¨ ¨ ¤à.), â�ª ¨ ¡¨®¬¥âà¨ç¥áª¨¥ (ä®â®£à�ä¨¨, ®¡à�§æë
£®«®á�, ¨§®¡à�¦¥−¨ï à�¤ã¦−®© ®¡®«®çª¨ £«�§�, ¤�ªâ¨«®áª®¯¨ç¥áª¨¥ ¤�−−ë¥
¨ ¤à.). ‘®áâ�¢ «®£¨ç¥áª®£® ¡«®ª� ¤®«¦¥− ®¯à¥¤¥«ïâìáï íªá¯¥àâ®¬ â�ª, çâ®¡ë
−�¡®à �âà¨¡ãâ®¢, á®áâ�¢«ïîé¨å ¡«®ª, ¬®¦−® ¡ë«® ¨á¯®«ì§®¢�âì ¤«ï ¨¤¥−â¨ä¨-
ª�æ¨¨ ˆ� ¨ ¤«ï �−�«¨§� ¤�−−ëå. ’�ª, «®£¨ç¥áª¨¬ ¡«®ª®¬ ¬®¦−® áç¨â�âì −�¡®à
â¥ªáâ®¢ëå ¯�á¯®àâ−ëå ¤�−−ëå ”‹, ¯®áª®«ìªã íâ¨ ¤�−−ë¥ ¯®§¢®«ïîâ ®â«¨ç¨âì
®¤−® ”‹ ®â ¤àã£®£®. „àã£¨¬ «®£¨ç¥áª¨¬ ¡«®ª®¬ ¬®¦−® áç¨â�âì ä®â®£à�ä¨î ”‹
(íâ® ¤®¯®«−¨â¥«ì−�ï ¨−ä®à¬�æ¨ï, å�à�ªâ¥à¨§ãîé�ï ”‹). –¥−−®áâì ã¯®¬ï−ãâëå
¡«®ª®¢ ¤«ï à�§−ëå §�¤�ç ¬®¦¥â ¡ëâì −¥®¤¨−�ª®¢®©. ‹®£¨ç−® ¯à¥¤¯®«®¦¨âì, çâ®
¢® ¬−®£¨å §�¤�ç�å ¡ëáâà�ï ¤®áâ�¢ª� â¥ªáâ®¢ëå ¯�á¯®àâ−ëå ¤�−−ëå (¨¬¥îé¨å ®â-
−®á¨â¥«ì−® −¥¡®«ìè®© ®¡ê¥¬) ¬®¦¥â ¡ëâì ¢�¦−¥¥, ç¥¬ ä®â®£à�ä¨© (áãé¥áâ¢¥−−®
¡®«ìè¥£® ®¡ê¥¬�). ‹®£¨ç¥áª¨¥ ¡«®ª¨ ¯à¨ ¯¥à¥¤�ç¥ ¯® ª�−�«�¬ á¢ï§¨ ¤¥«ïâáï
−� ¯�ª¥âë. �®ª� ¢á¥ ¯¥à¥¤�¢�¥¬ë¥ ¯�ª¥âë, á®áâ�¢«ïîé¨¥ «®£¨ç¥áª¨© ¡«®ª, −¥
¡ã¤ãâ ¯®«ãç¥−ë ¢ â®çª¥ ¯à¨¥¬� ¤�−−ëå ¨ á−®¢� á®¡à�−ë ¢ ¡«®ª, ¨−ä®à¬�æ¨¥©
¨§ ®â¤¥«ì−ëå ¯à¨è¥¤è¨å ¯�ª¥â®¢ −¥¢®§¬®¦−® ®¯¥à¨à®¢�âì ¢ §�¤�ç�å. …á«¨ ¯à¨
¯¥à¥¤�ç¥ ¯¥à¥¬¥è¨¢�âì ¯�ª¥âë, á®¤¥à¦�é¨¥ â¥ªáâ®¢ãî ¨−ä®à¬�æ¨î, á ¯�ª¥â�¬¨,
á®áâ®ïé¨¬¨ ¨§ ä®â®¤�−−ëå, â® ¢ ãá«®¢¨ïå −¥¤®áâ�â®ç−®© ¯à®¯ãáª−®© á¯®á®¡-
−®áâ¨ ª�−�«� «®£¨ç¥áª¨© ¡«®ª −� ¯à¨−¨¬�îé¥© áâ®à®−¥ ¡ã¤¥â á®¡à�− ¨§ ¯�ª¥â®¢
¯®§¦¥, ç¥¬ ¥á«¨ ¡ë ®áãé¥áâ¢«ï«�áì ¯à¨®à¨â¥â−�ï ¯¥à¥¤�ç� â¥ªáâ®¢ëå ¯�ª¥â®¢.

‚�¦−ë¬ ä�ªâ®à®¬ ¤«ï ®¯à¥¤¥«¥−¨ï ¯à¨®à¨â¥â®¢ ï¢«ï¥âáï â�ª¦¥ ¨§¬¥−¥-
−¨¥ æ¥−−®áâ¨ ¨−ä®à¬�æ¨¨ ¢® ¢à¥¬¥−¨. „�−−ë¥, ú¢®§à�áâû ª®â®àëå á®áâ�¢«ï¥â
−¥áª®«ìª® ¤−¥©, ¢ −¥ª®â®àëå §�¤�ç�å ¯à�ªâ¨ç¥áª¨ ¡¥á¯®«¥§−ë, � ¤�−−ë¥ ú−¥ áâ�à-
è¥û −¥áª®«ìª¨å ¬¨−ãâ ®á®¡® ¢�¦−ë. �¨¦¥ ¯à¨¢®¤¨âáï á¯®á®¡ ª®«¨ç¥áâ¢¥−−®©
®æ¥−ª¨ æ¥−−®áâ¨ ¡«®ª� ¨−ä®à¬�æ¨¨ ¨ ¨§¬¥−¥−¨ï æ¥−−®áâ¨ ¢® ¢à¥¬¥−¨.

3 Количественная оценка ценности блоков информации
и изменения ценности информации во времени

÷�ááã¦¤¥−¨ï, ¯à¨¢¥¤¥−−ë¥ ¢ ¤�−−®¬ à�§¤¥«¥, ¢¥à−ë ¨ ¤«ï «®£¨ç¥áª¨å ¡«®ª®¢,
¨ ¤«ï ¯�ª¥â®¢ ¨−ä®à¬�æ¨¨ (−� ª®â®àë¥ «®£¨ç¥áª¨© ¡«®ª ¬®¦¥â ¡ëâì à�§¡¨â ¯à¨
¯¥à¥¤�ç¥), ¯®íâ®¬ã ®¡ê¥¤¨−¨¬ ¨å ¯®−ïâ¨¥¬ úá®®¡é¥−¨¥û.

‡�¤�ç� áâ�¢¨âáï á«¥¤ãîé¨¬ ®¡à�§®¬: −�§−�ç¨âì ¯à¨®à¨â¥âë á®®¡é¥−¨ï¬
¢ ®ç¥à¥¤¨ ¯¥à¥¤�ç¨ â�ª, çâ®¡ë ãé¥à¡ ®â §�¤¥à¦ª¨ ¤�−−ëå ¡ë« ¬¨−¨¬�«ì−ë¬.

�à®æ¥áá áâ�à¥−¨ï á®®¡é¥−¨© ¢® ¬−®£¨å á¨âã�æ¨ïå æ¥«¥á®®¡à�§−® áç¨â�âì
−¥à�¢−®¬¥à−ë¬ | á−�ç�«� ¢ â¥ç¥−¨¥ −¥ª®â®à®£® ¢à¥¬¥−¨ á®åà�−ï¥âáï ¢ëá®ª�ï
æ¥−−®áâì á®®¡é¥−¨ï, §�â¥¬ æ¥−−®áâì ¡ëáâà® á−¨¦�¥âáï (¨−ä®à¬�æ¨ï úãáâ�à¥-
¢�¥âû ¤«ï à¥è¥−¨ï §�¤�ç) ¨, ¤�«¥¥, æ¥−−®áâì ¨−ä®à¬�æ¨¨ �á¨¬¯â®â¨ç¥áª¨ ¯à¨-
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¡«¨¦�¥âáï ª −ã«î. �� à¨á. 1 ¯®ª�§�−

÷¨á. 1 ‡�¢¨á¨¬®áâì æ¥−−®áâ¨ á®®¡é¥−¨ï ®â
¢à¥¬¥−¨ §�¤¥à¦ª¨ ¤�−−ëå

¯à¨¬¥à−ë© ¢¨¤ ªà¨¢®© ãáâ�à¥¢�−¨ï
¨−ä®à¬�æ¨¨. Š®−ªà¥â−ë© ¢¨¤ ¬®¦¥â
®¯à¥¤¥«ïâìáï á ¯®¬®éìî íªá¯¥àâ−ëå
®æ¥−®ª. �� ¯à�ªâ¨ª¥ íªá¯¥àâ ¬®¦¥â
®æ¥−¨âì ¨−â¥à¢�«ë ¢à¥¬¥−¨, á®®â-
¢¥âáâ¢ãîé¨¥ ª¢�−â¨«ï¬, −�¯à¨¬¥à,
¢ 90%, 50% ¨ 10% á®åà�−¥−¨ï æ¥−-
−®áâ¨ ¨−ä®à¬�æ¨¨.

�ãáâì ª §�¤�−−®¬ã ¬®¬¥−âã ¢à¥-
¬¥−¨ ¢ ®ç¥à¥¤¨ áª®¯¨«¨áì N á®®¡é¥-
−¨©, ª�¦¤®¥ ¨§ ª®â®àëå ã¦¥ ®¦¨¤�«®

¯¥à¨®¤ ¢à¥¬¥−¨ ti, i = 1, . . . , N . ˆå áã¬¬�à−�ï æ¥−−®áâì ¢ëà�¦�¥âáï ä®à¬ã-
«®©:

C0 =
N
∑

i=1

C(ti) .

„«ï ¯¥à¥¤�ç¨ ®¤−®£® á®®¡é¥−¨ï −ã¦−® ¢à¥¬ï τ . …á«¨ ¢ë¡à�âì ¤«ï ®â¯à�¢ª¨
á®®¡é¥−¨¥ á −®¬¥à®¬ n, â® ç¥à¥§ ¢à¥¬ï τ áã¬¬�à−�ï æ¥−−®áâì á®áâ�¢¨â

Cτ =
N
∑

i=1

C (ti + τ)− C (tn + τ) + C (tn) . (1)

‚ ä®à¬ã«¥ (1) −¥ ãç¨âë¢�îâáï á®®¡é¥−¨ï, ª®â®àë¥ ¬®£«¨ ¯®áâã¯¨âì §� ¢à¥¬ï τ ,
¯®áª®«ìªã ®−¨ −¥ ®ª�§ë¢�îâ ¢«¨ï−¨ï −� ¢ë¡®à ®â¯à�¢«ï¥¬®£® á®®¡é¥−¨ï.

’à¥¡ã¥âáï ¢ë¡à�âì á®®¡é¥−¨¥ á â�ª¨¬ −®¬¥à®¬ n (®¦¨¤�¢è¥¥ ¢ ®ç¥à¥¤¨
¢à¥¬ï tn), çâ®¡ë áã¬¬�à−�ï æ¥−−®áâì Cτ ¡ë«� ¬�ªá¨¬�«ì−®©.

‡−�ç¥−¨¥ Cτ áâ�−®¢¨âáï ¬�ªá¨¬�«ì−ë¬ ¯à¨ â�ª®¬ n, ¤«ï ª®â®à®£® C(tn) −
− C(tn + τ) ¬�ªá¨¬�«ì−®. …á«¨ ¯à¨−ïâì

C (tn)− C (tn + τ) ≈ −
dC(t)

dt

∣

∣

∣

∣

tn

τ ,

â® ¯®«ãç�¥âáï, çâ® ¤«ï áà�¢−¥−¨ï §−�ç¥−¨© æ¥−−®áâ¨ Cτ −ã¦−® áà�¢−¨¢�âì
§−�ç¥−¨ï ¯à®¨§¢®¤−ëå ¢ â®çª�å ti, i = 1, . . . , N . �à¨®à¨â¥â ¤®«¦−® ¯®«ãç¨âì
á®®¡é¥−¨¥ á â¥¬ −®¬¥à®¬ n, ¤«ï ª®â®à®£® §−�ç¥−¨¥ −(dC(t)/dt)|tnτ ¬�ªá¨¬�«ì−®
(â. ¥. á®®¡é¥−¨¥, ¤«ï ª®â®à®£® áª®à®áâì á−¨¦¥−¨ï æ¥−−®áâ¨ ¬�ªá¨¬�«ì−�).

•�à�ªâ¥à ¯®¢¥¤¥−¨ï äã−ªæ¨¨ −dC(t)/dt ¯®ª�§�− −� à¨á. 2.
”ã−ªæ¨¨ ¢¨¤�, ¯à¥¤áâ�¢«¥−−®£® −� à¨á. 2, å®à®è® �¯¯à®ªá¨¬¨àãîâáï ªà¨¢®©

f(t) =
t

at2 + bt+ c
≈ −

dC(t)

dt
.
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Œ¥â®¤ ã¯à�¢«¥−¨ï ®¡¬¥−®¬ ¤�−−ë¬¨ ¢ �ˆ‘ á ¯à¨¬¥−¥−¨¥¬ á¬ëá«®¢®£® �−�«¨§�

‘«¥¤®¢�â¥«ì−®, ¯¥à¢®®¡à�§−�ï

÷¨á. 2 �®¢¥¤¥−¨¥ áª®à®áâ¨ ã¡ë¢�−¨ï æ¥−-
−®áâ¨ ¢ §�¢¨á¨¬®áâ¨ ®â ¢à¥¬¥−¨ §�¤¥à¦ª¨
á®®¡é¥−¨ï

F (t) = 1−

t
∫

0

x dx

ax2 + bx+ c

äã−ªæ¨¨ −f(t) ¯à¨¡«¨¦�¥â äã−ªæ¨î
C(t). ‡−�ç¥−¨ï a, b ¨ c ¯®¤¡¨à�îâ-
áï â�ª¨¬ ®¡à�§®¬, çâ®¡ë á®®â¢¥âáâ¢®-
¢�âì ª¢�−â¨«ì−ë¬ íªá¯¥àâ−ë¬ ®æ¥−-
ª�¬. ˆ−¤¥ªá n â®çª¨ tn, ¡«¨¦�©è¥©
ª â®çª¥ ¬�ªá¨¬ã¬� äã−ªæ¨¨ f(t), |
íâ® −®¬¥à −�¨¡®«¥¥ ¯à¨®à¨â¥â−®£® á®-
®¡é¥−¨ï ¤«ï ¯¥à¥¤�ç¨.

…á«¨ ªà¨¢�ï C(t) ¨¬¥¥â ¡®«¥¥ á«®¦−ë© ¢¨¤, â® äã−ªæ¨ï f(t) −¥ ¯®¤®©¤¥â ¤«ï
¯à¨¡«¨¦¥−¨ï ¥¥ ¯à®¨§¢®¤−®©. ‚ íâ®¬ á«ãç�¥ äã−ªæ¨î C(t) ¬®¦−®, −�¯à¨¬¥à,
�¯¯à®ªá¨¬¨à®¢�âì á¯«�©−®¬ “C(t) ¯® ¨§¢¥áâ−ë¬ â®çª�¬ (ª¢�−â¨«ï¬, ®¯à¥¤¥«¥−-
−ë¬ íªá¯¥àâ®¬, á¬. à¨á. 1). ’®£¤� «ãçè¥ ¢§ïâì ¡®«ìè¥¥ ç¨á«® ª¢�−â¨«¥©, çâ®¡ë
¯®«ãç¨âì ¡®«ìè¥ ã§«®¢ á¯«�©−� ¨, á®®â¢¥âáâ¢¥−−®, ¡®«¥¥ â®ç−®¥ ¯à¨¡«¨¦¥−¨¥
ª�ª äã−ªæ¨¨ C(t), â�ª ¨ ¥¥ ¯à®¨§¢®¤−®©. ‡�â¥¬ á«¥¤ã¥â −�©â¨ ¯à®¨§¢®¤−ãî ®â
á¯«�©−� “C(t) á ®¡à�â−ë¬ §−�ª®¬:

− “C ′(t) = −
d “C(t)

dt
≈ −

dC(t)

dt
.

ˆ−¤¥ªá n â®çª¨ tn, ¡«¨¦�©è¥© ª â®çª¥ ¬�ªá¨¬ã¬� äã−ªæ¨¨ − “C ′(t), ¨ ¡ã¤¥â
¨áª®¬ë¬ −®¬¥à®¬ á®®¡é¥−¨ï, ª®â®à®¬ã −ã¦−® ãáâ�−®¢¨âì −�¨¢ëáè¨© ¯à¨®à¨â¥â.

Œ®¦−® à�áè¨à¨âì §�¤�çã, ¢¢¥¤ï ¢ à�áá¬®âà¥−¨¥ −¥ ®¤¨−, � M ¢¨¤®¢ á®®¡-
é¥−¨© (à�§¤¥«¥−−ëå ¯® á¬ëá«®¢®¬ã á®¤¥à¦�−¨î). „«ï ª�¦¤®£® ¢¨¤� ¨§¢¥áâ−ë
äã−ªæ¨ï ãáâ�à¥¢�−¨ï Cm(t) ¨ ¢à¥¬ï τm (m = 1, . . . ,M ), âà¥¡ã¥¬®¥ ¤«ï ¯¥-
à¥¤�ç¨ á®®¡é¥−¨ï. �â� §�¤�ç� à¥è�¥âáï �−�«®£¨ç−®, ¥á«¨ ã¤�¥âáï ®¯à¥¤¥«¨âì
¨áå®¤−ãî áà�¢−¨â¥«ì−ãî æ¥−−®áâì ª�¦¤®£® ¢¨¤� á®®¡é¥−¨© Sm, m = 1, . . . ,M .
’®£¤� ¯à¨®à¨â¥â−®© ®â¯à�¢ª¥ ¯®¤«¥¦¨â â® á®®¡é¥−¨¥, ã ª®â®à®£® ¬�ªá¨¬�«ì−®
§−�ç¥−¨¥ ¯à®¨§¢®¤−®© −(dCm(t)/dt)|tn , ã¬−®¦¥−−®¥ −� −®à¬¨àãîé¨© ª®íää¨-
æ¨¥−â Sm/τm.

4 Заключение

‚ à�¡®â¥ ¯à¥¤«®¦¥− ¬¥â®¤ ã¯à�¢«¥−¨ï ¯¥à¥¤�ç¥© í«¥¬¥−â®¢ ¤�−−ëå ¬¥¦-
¤ã ã§«�¬¨ â¥àà¨â®à¨�«ì−® à�á¯à¥¤¥«¥−−®© �ˆ‘, −�¯à�¢«¥−−ë© −� áª®à¥©èãî
¤®áâ�¢ªã −�¨¡®«¥¥ æ¥−−®© ¨−ä®à¬�æ¨¨ ¤«ï ¯®«ì§®¢�â¥«ï ¢ á¨âã�æ¨ïå, ª®£¤�
¢ ª�−�«¥ á¢ï§¨ ¢®§−¨ª�¥â ®ç¥à¥¤ì ¯�ª¥â®¢ ¤�−−ëå.

‚¢¥¤¥−® ¯®−ïâ¨¥ «®£¨ç¥áª®£® ¡«®ª� ¤�−−ëå ª�ª ®¡ê¥¤¨−¥−¨ï «®£¨ç¥áª¨ á¢ï-
§�−−ëå å�à�ªâ¥à¨áâ¨ª ¨−ä®à¬�æ¨®−−®£® ®¡ê¥ªâ� ¨«¨ á®¡ëâ¨ï. �¯à¥¤¥«¥−®
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Œ. Œ. ƒ¥àèª®¢¨ç, ’. Š. �¨àîª®¢�

¯®−ïâ¨¥ ˆ� ª�ª á®¢®ªã¯−®áâ¨ å�à�ªâ¥à¨áâ¨ª (�âà¨¡ãâ®¢) −¥ª®â®à®© áãé−®áâ¨.
“ª�§�−®, çâ® á®áâ�¢ «®£¨ç¥áª®£® ¡«®ª� ¬®¦¥â ¡ëâì §�¤�− íªá¯¥àâ®¬ ¢ §�¢¨á¨¬®áâ¨
®â ¢¨¤®¢ ¤�−−ëå ¢ �ˆ‘ ¨ ®â §�¤�ç, à¥è�¥¬ëå ¯®«ì§®¢�â¥«ï¬¨. �à¨¢¥¤¥− á¯®á®¡
−�§−�ç¥−¨ï ¯à¨®à¨â¥â®¢ «®£¨ç¥áª¨¬ ¡«®ª�¬ ¤�−−ëå ¯à¨ ¯¥à¥¤�ç¥ ¯® ª�−�«�¬
á¢ï§¨ ¢ §�¢¨á¨¬®áâ¨ ®â á¬ëá«®¢®£® á®¤¥à¦�−¨ï. �à¥¤«®¦¥− ¬¥â®¤ ª®«¨ç¥áâ¢¥−-
−®© ®æ¥−ª¨ æ¥−−®áâ¨ ¡«®ª� ¨−ä®à¬�æ¨¨ ¨ ¨§¬¥−¥−¨ï æ¥−−®áâ¨ ¨−ä®à¬�æ¨¨ ¢®
¢à¥¬¥−¨.
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The method of data exchange management in AIS with semantic analysis

THE METHOD OF DATA EXCHANGE MANAGEMENT
IN AUTOMATED INFORMATION SYSTEMS WITH SEMANTIC

ANALYSIS OF TRANSMITTED INFORMATION ELEMENTS

M. M. Gershkovich and T. K. Biryukova

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

Abstract: The article proposes a method for managing the transmission of data
elements between nodes of a geographically distributed automated information
system (AIS) aimed at the fastest delivery of the most valuable information to the
user in situations where a queue of data packets appears in the communication
channel. The concept of an information object (IO) is defined as a set of
characteristics of some entity. The concept of a logical data block is introduced
as a combination of logically related characteristics of an IO or event. The
composition of the logical block can be set by an expert depending on the content
of the data in the AIS and on the tasks solved by users. A method for assigning
priorities to logical data blocks during transmission over communication channels
depending on the semantic content is described. An algorithm for quantifying
the value of a logical block and changing the value of information over time is
presented.

Keywords: automated information system; information-analytical system; com-
munication channel; information exchange; data priority; data package
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ТЕОРЕТИЧЕСКИЕ ОСНОВАНИЯ
КОМПЬЮТЕРНОГО ОБРАЗОВАНИЯ:

СРЕДЫ ПРЕДМЕТНОЙ ОБЛАСТИ ИНФОРМАТИКИ
КАК ОСНОВАНИЕ КЛАССИФИКАЦИИ ЕЕ ОБЪЕКТОВ∗

И. М. Зацман1

�−−®â�æ¨ï: ‚ áâà�â¥£¨¨ …¢à®¯¥©áª®£® ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï (…Š�)
(European digital education) ¯à¨−ïâ ¤¨�¤¨ç¥áª¨© ¯®¤å®¤ ª ¯à¥¯®¤�¢�−¨î,
� ¨¬¥−−®: á ®¤−®© áâ®à®−ë, ¨§ãç¥−¨¥ ¨−ä®à¬�â¨ª¨ ª�ª á�¬®áâ®ïâ¥«ì−®£®
¯à¥¤¬¥â�, á ¤àã£®© áâ®à®−ë, ¨§ãç¥−¨¥ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© (ˆ’),
¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨, ¯à¨¬¥−ï¥¬ëå ¢ ¤àã£¨å ®âà�á«ïå −�ãª¨. �à¨
ä®à¬¨à®¢�−¨¨ áâà�â¥£¨¨ …Š� ¨á¯®«ì§®¢�«¨áì à¥§ã«ìâ�âë ¤¢ãå«¥â−¥£® ¬®-
−¨â®à¨−£� á®áâ®ï−¨ï á¨áâ¥¬ ¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨ ¢ à¥£¨®−�å ¨ áâà�−�å
…¢à®¯ë, ¢ª«îç�ï ÷”, � â�ª¦¥ ¢ ˆ§à�¨«¥. ’¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï áâà�-
â¥£¨¨ …Š� ¨ ¨−ä®à¬�â¨ª¨ ª�ª ®¡à�§®¢�â¥«ì−®© ¤¨áæ¨¯«¨−ë äà�£¬¥−â�à−®
à�áá¬®âà¥−ë ¢ ®âç¥â¥, á®¤¥à¦�é¥¬ ¨â®£¨ ¬®−¨â®à¨−£�. �¯¨á�−¨¥ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ç�áâ¨ç−® ¤�−® ¢ ¯ã¡«¨ª�æ¨ïå, ¢ª«îç�ï à�¡®âë �î£®à�,
„¥−−¨−£� ¨ ÷®§¥−¡«î¬�, æ¨â¨àã¥¬ëå ¢ íâ®¬ ®âç¥â¥. �î£®à ¢ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¢ë¤¥«ï¥â áãé−®áâ¨ ¬¥−â�«ì−®© ¯à¨à®¤ë (ª®−æ¥¯âë
§−�−¨ï ç¥«®¢¥ª�) ¨ á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ë¥ áãé−®áâ¨ (−�¯à¨¬¥à, â¥ªáâë
−� ¥áâ¥áâ¢¥−−ëå ï§ëª�å). ‚ áâ�âì¥ ¯à¥¤«�£�¥âáï ¢�à¨�−â ¢ë¤¥«¥−¨ï áà¥¤ ¨§
¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ −� ®á−®¢¥ à¥§ã«ìâ�â®¢ �î£®à�, „¥−−¨−£�
¨ ÷®§¥−¡«î¬�, ª®â®àë© ¬®¦¥â á«ã¦¨âì à�§¢¨â¨¥¬ ¨ ¨−â¥£à�æ¨¥© ¨å ¯®¤å®¤®¢.

Š«îç¥¢ë¥ á«®¢�: ª®¬¯ìîâ¥à−®¥ ®¡à�§®¢�−¨¥; ¤¨�¤¨ç¥áª¨© ¯®¤å®¤ ª ¯à¥-
¯®¤�¢�−¨î; ¨−ä®à¬�â¨ª� ª�ª äã−¤�¬¥−â�«ì−�ï −�ãª�; ¨−ä®à¬�â¨ª� ª�ª
®¡à�§®¢�â¥«ì−�ï ¤¨áæ¨¯«¨−�; áâà�â¥£¨ï ¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨
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1 Введение

‚«¨ï−¨¥ áà¥¤áâ¢, á¨áâ¥¬ ¨−ä®à¬�â¨ª¨ ¨ ˆ’ −� ¯à®¢¥¤¥−¨¥ ¨áá«¥¤®¢�−¨©
¢ ¤àã£¨å ®âà�á«ïå §−�−¨ï áãé¥áâ¢¥−−® ¨§¬¥−¨«®áì −� àã¡¥¦¥ ¢¥ª®¢. �¯¨á�-
−¨î −®¢®© à®«¨ ¨−ä®à¬�â¨ª¨ ¢ á¨áâ¥¬¥ á®¢à¥¬¥−−®£® −�ãç−®£® ¯®§−�−¨ï ¡ë«,
¢ ç�áâ−®áâ¨, ¯®á¢ïé¥− �−�«¨â¨ç¥áª¨© ®âç¥â ¯® ¢®¯à®á�¬ ®¡¥á¯¥ç¥−¨ï ª®−ªã-
à¥−â®á¯®á®¡−®áâ¨ ‘˜� ¢ XXI ¢., ¯®¤£®â®¢«¥−−ë© ¢ 2005 £. Š®−áã«ìâ�â¨¢−ë¬
ª®¬¨â¥â®¬ ¯® ˆ’ ¯à¨ �à¥§¨¤¥−â¥ ‘˜� [1]. ‚ íâ®¬ ®âç¥â¥ £®¢®à¨âáï ® ¯à¨−æ¨-
¯¨�«ì−®¬ ¨§¬¥−¥−¨¨ ¯à®æ¥áá� −�ãç−®£® ¯®§−�−¨ï: ¥á«¨ à�−ìè¥ ®− ¢ª«îç�« ¤¢¥

∗ˆáá«¥¤®¢�−¨¥ ¢ë¯®«−¥−® á ¨á¯®«ì§®¢�−¨¥¬ –Š� úˆ−ä®à¬�â¨ª�û ”ˆ– ˆ“ ÷��.
1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨

−�ãª, izatsman@yandex.ru
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¡�§®¢ë¥ á®áâ�¢«ïîé¨¥ | â¥®à¨î ¨ íªá¯¥à¨¬¥−â, â® á¥©ç�á ¯à�ªâ¨ç¥áª¨ ¢® ¢á¥å
®âà�á«ïå −�ãª¨ â�ª¨å á®áâ�¢«ïîé¨å áâ�«® âà¨ | â¥®à¨ï, íªá¯¥à¨¬¥−â ¨ ˆ’,
®¡¥á¯¥ç¨¢�îé¨¥ ¯à®¢¥¤¥−¨¥ íªá¯¥à¨¬¥−â�.

�¤−�ª® à�¤¨ª�«ì−®¥ ãá¨«¥−¨¥ ¢«¨ï−¨ï ˆ’, ¬¥â®¤®¢ ¨ áà¥¤áâ¢ ¨−ä®à¬�â¨ª¨
−� ¯à®¢¥¤¥−¨¥ ¨áá«¥¤®¢�−¨© ¢ ¤àã£¨å ®âà�á«ïå §−�−¨ï −¥ ¡ë«® ®¤−®áâ®à®−−¨¬.
�¤−®¢à¥¬¥−−® −�¡«î¤�«®áì áãé¥áâ¢¥−−®¥ ¢¨¤®¨§¬¥−¥−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨
á�¬®© ¨−ä®à¬�â¨ª¨, â�ª ª�ª ˆ’ áâ�«¨ ®å¢�âë¢�âì ¡®«¥¥ è¨à®ª¨© á¯¥ªâà áãé-
−®áâ¥© à�§−®© ¯à¨à®¤ë (−�¯à¨¬¥à, ˆ’ ã¯à�¢«¥−¨ï à®¡®â¨§¨à®¢�−−®© àãª®© −�
®á−®¢¥ �−�«¨§� í«¥ªâà¨ç¥áª¨å ¯®â¥−æ¨�«®¢, £¥−¥à¨àã¥¬ëå ¬®§£®¬ [2]), à�áè¨àïï
â¥¬ á�¬ë¬ ¯à¥¤¬¥â−ãî ®¡«�áâì ¨−ä®à¬�â¨ª¨. �®« ÷®§¥−¡«î¬ ¯à¨¢®¤¨â á«¥¤ã-
îé¥¥ ®¡êïá−¥−¨¥ â�ª®£® ¢¨¤®¨§¬¥−¥−¨ï: ú¥á«¨ ¬ë å®â¨¬ ®¯¨á�âì ¢á¥ ¡®£�âáâ¢®
¢§�¨¬®á¢ï§¥© ¬¥¦¤ã ¬®§£®¬ ¨ ª®¬¯ìîâ¥à®¬, −�¬ −¥®¡å®¤¨¬® à�áá¬®âà¥âì ªà®¬¥
æ¨äà®¢®© áà¥¤ë ª®¬¯ìîâ¥à−ëå ª®¤®¢ í«¥ªâà¨ç¥áª¨¥ ¯®â¥−æ¨�«ë, £¥−¥à¨àã¥¬ë¥
¬®§£®¬, ¨ ª®−æ¥¯âë §−�−¨ï ç¥«®¢¥ª�, ¯à¥¤áâ�¢«¥−−ë¥ íâ¨¬¨ ¯®â¥−æ¨�«�¬¨, çâ®
áãé¥áâ¢¥−−® à�áè¨àï¥â £à�−¨æë ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ §� áç¥â áãé−®-
áâ¥© ¬¥−â�«ì−®© ¯à¨à®¤ë (ª®−æ¥¯âë) ¨ −¥©à®áà¥¤ë (í«¥ªâà¨ç¥áª¨¥ ¯®â¥−æ¨�«ë,
£¥−¥à¨àã¥¬ë¥ ¬®§£®¬)û [3].

�®« ÷®§¥−¡«î¬ à�áá¬�âà¨¢�« ˆ’, ¢ª«îç�îé¨¥ ¯à®æ¥ááë âà�−áä®à¬�æ¨¨
áãé−®áâ¥© à�§−®© ¯à¨à®¤ë ¢ ª®−â¥ªáâ¥ ¤¥«¥−¨ï á®¢à¥¬¥−−®© á¨áâ¥¬ë −�ãç−®£®
¯®§−�−¨ï −� ç¥âëà¥ ®âà�á«¨ §−�−¨ï, ®¤−®© ¨§ ª®â®àëå ¡ë«� ¨−ä®à¬�â¨ª� [3].
�à¨ ¯à®¥ªâ¨à®¢�−¨¨ â�ª¨å ˆ’ ¦¥«�â¥«ì−® ¨á¯®«ì§®¢�âì −¥ª®â®àãî −�ãç−ãî
¯�à�¤¨£¬ã ¨−ä®à¬�â¨ª¨ ª�ª äã−¤�¬¥−â�«ì−ãî ®á−®¢ã á®§¤�−¨ï ˆ’, ª®â®à�ï
¬®£«� ¡ë ¯à¨¬¥−ïâìáï ¨ ¢ ª®¬¯ìîâ¥à−®¬ ®¡à�§®¢�−¨¨. ‚ ª®−â¥ªáâ¥ ¤¥«¥−¨ï ¢á¥©
−�ãª¨ −� ç¥âëà¥ ®âà�á«¨ §−�−¨ï áãé−®áâ¨ ®¤−®© ¨ â®© ¦¥ ¯à¨à®¤ë ¨§ãç�îâáï
¢ à�§−ëå ¯�à�¤¨£¬�å −¥áª®«ìª¨å −�ãç−ëå ¤¨áæ¨¯«¨− ¨ ®âà�á«¥© −�ãª¨. ��¯à¨-
¬¥à, ª®−æ¥¯âë ¨§ãç�îâáï ¢ §�¤�ç�å ¯à¥¤áâ�¢«¥−¨ï §−�−¨ï ¢ ¨−ä®à¬�â¨ª¥ [4{6],
®−¨ ï¢«ïîâáï ®¡ê¥ªâ�¬¨ ¨áá«¥¤®¢�−¨© ¢ −�ãª�å ® ¦¨§−¨ [7] ¨ á®æ¨®£ã¬�−¨â�à−ëå
−�ãª�å [8]. �à¨ íâ®¬ ®−¨ ®â−®áïâáï ª ®¤−®© ¨ â®© ¦¥ áà¥¤¥: ¬¥−â�«ì−®© áà¥¤¥
§−�−¨ï ç¥«®¢¥ª�.

”®à¬¨à®¢�−¨¥ −�ãç−®© ¯�à�¤¨£¬ë ¨−ä®à¬�â¨ª¨, ª®â®àãî ¬®¦−® ¡ë«® ¡ë
¨á¯®«ì§®¢�âì ¢ ª®¬¯ìîâ¥à−®¬ ®¡à�§®¢�−¨¨, ¯à¥¤áâ�¢«ï¥â á®¡®© �ªâã�«ì−ãî,
−® −¥à¥è¥−−ãî ¯à®¡«¥¬ã [9]. ‘®£«�á−® �. ‘®«®¬®−¨ªã, −�ãç−�ï ¯�à�¤¨£¬�
ú§à¥«®©û −�ãª¨ á®áâ®¨â ¨§ á«¥¤ãîé¨å ç¥âëà¥å á®áâ�¢«ïîé¨å, ª®â®àë¥ ¬®£ãâ
à�§à�¡�âë¢�âìáï ®â¤¥«ì−®, −® ®¡ê¥¤¨−ïîâáï ¢ ¥¤¨−ãî ¨ æ¥«ì−ãî ª®−áâàãª-
æ¨î [10, á. 23, 24]:

(1) ä¨«®á®äáª¨¥ ®á−®¢�−¨ï;
(2) �ªá¨®¬�â¨ª�;
(3) ª«�áá¨ä¨ª�æ¨ï ¨áá«¥¤ã¥¬ëå ®¡ê¥ªâ®¢ (áãé−®áâ¥©), ¯à®æ¥áá®¢ ¨ ï¢«¥−¨©;
(4) á¨áâ¥¬� â¥à¬¨−®¢.

‚ áâ�âì¥ ¯à¥¤«�£�¥âáï ¤¥«¥−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ −� áà¥¤ë
à�§−®© ¯à¨à®¤ë, ª ª®â®àë¬ ¯à¨−�¤«¥¦�â à�áá¬�âà¨¢�¥¬ë¥ áãé−®áâ¨, ¢ ¨−â¥-
à¥á�å ä®à¬¨à®¢�−¨ï âà¥âì¥© á®áâ�¢«ïîé¥© −�ãç−®© ¯�à�¤¨£¬ë ¨−ä®à¬�â¨ª¨.
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’¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï: áà¥¤ë ¯à¥¤¬¥â−®© ®¡«�áâ¨

’�ª®¥ ¤¥«¥−¨¥ �ªæ¥−â¨àã¥â ¢−¨¬�−¨¥ −� à�§«¨ç¨ïå ¢ ¯à¨à®¤¥ áãé−®áâ¥©, ®å¢�âë-
¢�¥¬ëå ¯à®¥ªâ¨àã¥¬ë¬¨ ˆ’, � â�ª¦¥ −� ¨−â¥àä¥©á�å, á¢ï§ë¢�îé¨å áãé−®áâ¨
à�§−®© ¯à¨à®¤ë.

‚�¦−® ®â¬¥â¨âì, çâ® ¥é¥ ¢ 1986 £. Šà¨áâ¥− �î£®à ¯à¥¤«®¦¨« ¢ ¯à¥¤¬¥â-
−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ à�§¤¥«ïâì áãé−®áâ¨ ¬¥−â�«ì−®© ¯à¨à®¤ë (ª®−æ¥¯âë
§−�−¨ï ç¥«®¢¥ª�) ¨ á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ë¥ áãé−®áâ¨ (−�¯à¨¬¥à, â¥ªáâë −�
¥áâ¥áâ¢¥−−ëå ï§ëª�å) [11], çâ® ¬®¦¥â áç¨â�âìáï ¯à®®¡à�§®¬ ¯à¥¤«�£�¥¬®£® ¢ë-
¤¥«¥−¨ï áà¥¤ ¨§ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨, ª�¦¤�ï ¨§ ª®â®àëå ¢ª«îç�¥â
áãé−®áâ¨ ®¤−®© ¯à¨à®¤ë (−�¯à¨¬¥à, ¬¥−â�«ì−�ï áà¥¤� ª®−æ¥¯â®¢ §−�−¨ï ç¥-
«®¢¥ª�, æ¨äà®¢�ï áà¥¤� ª®¬¯ìîâ¥à−ëå ª®¤®¢, ¨−ä®à¬�æ¨®−−�ï áà¥¤� á¥−á®à−®
¢®á¯à¨−¨¬�¥¬ëå ®¡ê¥ªâ®¢ | â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−ëå ï§ëª�å ¨ à¨áã−ª®¢).

–¥«ì áâ�âì¨ | ¯à¥¤«®¦¨âì ¢�à¨�−â ¢ë¤¥«¥−¨ï áà¥¤ ¨§ ¯à¥¤¬¥â−®© ®¡«�áâ¨
¨−ä®à¬�â¨ª¨, ®à¨¥−â¨à®¢�−−ë© −� ä®à¬¨à®¢�−¨¥ ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ ¨−-
ä®à¬�â¨ª¨ ¨ ¥¥ ¯®á«¥¤ãîé¥¥ ¨á¯®«ì§®¢�−¨¥ ¢ ª®¬¯ìîâ¥à−®¬ ®¡à�§®¢�−¨¨ á®-
£«�á−® ¤¨�¤¨ç¥áª®¬ã ¯®¤å®¤ã áâà�â¥£¨¨ …Š� (ª®â®à�ï ®¯¨á�−� ¢ à�§¤. 2). �à¥¤-
«�£�¥¬ë© ¢�à¨�−â ¢ë¤¥«¥−¨ï áà¥¤ ¯à¥¤¬¥â−®© ®¡«�áâ¨ (à�§¤. 3) ¯à¥¤áâ�¢«ï¥â
á®¡®© ¨−â¥£à�æ¨î ¨ à�§¢¨â¨¥ ¯®¤å®¤®¢ �î£®à� [11] ¨ „¥−−¨−£� ¨ ÷®§¥−¡«î-
¬� [12], ®¡ãá«®¢«¥−−ëå ª�à¤¨−�«ì−ë¬ ¨§¬¥−¥−¨¥¬ à®«¨ ¨−ä®à¬�â¨ª¨ ¢ á¨áâ¥¬¥
−�ãç−®£® ¯®§−�−¨ï ¢ XXI ¢. [1].

2 Стратегия Европейского компьютерного образования

‚ à�¡®â¥ [13] ¤�−® ®¯¨á�−¨¥ áâà�â¥£¨¨ …Š�, ®¤®¡à¥−−®© …¢à®¯¥©áª¨¬ ª®¬¨-
â¥â®¬ ¯® ¨−ä®à¬�â¨ª¥ ¨ …¢à®¯¥©áª¨¬ á®¢¥â®¬ ACM (Association for Computing
Machinery), ®á−®¢�−−®© −� ¤¨�¤¨ç¥áª®¬ ¯®¤å®¤¥ ª ¯à¥¯®¤�¢�−¨î ¨−ä®à¬�â¨ª¥.
�á−®¢−�ï ¨¤¥ï íâ®£® ¯®¤å®¤� á®áâ®¨â ¢ â®¬, çâ® à�§¤¥«ïîâáï ¤¢� −�¯à�¢«¥−¨ï
¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨ −� ¢á¥å ãà®¢−ïå ®¡à�§®¢�−¨ï. ‚ à�¬ª�å ¯¥à¢®£®
−�¯à�¢«¥−¨ï, ¯®«ãç¨¢è¥£® −�§¢�−¨¥ úá¯¥æ¨�«¨§�æ¨ïû, ¨−ä®à¬�â¨ª� ¨§ãç�¥âáï
ª�ª á�¬®áâ®ïâ¥«ì−ë© ¯à¥¤¬¥â. ‚ à�¬ª�å ¢â®à®£® −�¯à�¢«¥−¨ï, ¯®«ãç¨¢è¥£®
−�§¢�−¨¥ ú¨−â¥£à�æ¨ïû, ¬¥â®¤ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨ ¨−â¥£à¨àãîâáï ¢ ¯à¥¤-
¬¥â−ë¥ ®¡«�áâ¨ ¤àã£¨å −�ãª ç¥à¥§ ¨§¬¥−¥−¨¥ ¨å ãç¥¡−ëå ¯à®£à�¬¬. ÷¥�«¨§�æ¨ï
¢â®à®£® −�¯à�¢«¥−¨ï ¯à¥¤¯®«�£�¥â ®¯¨á�−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨
¨ −¥ª®â®à®£® ¢�à¨�−â� ¥¥ ¯®§¨æ¨®−¨à®¢�−¨ï ¢ á¨áâ¥¬¥ −�ãç−®£® ¯®§−�−¨ï.

ˆáå®¤−ë¥ ¤�−−ë¥ ¤«ï à�§à�¡®âª¨ áâà�â¥£¨¨ á®¤¥à¦�âáï ¢ ®âç¥â¥ [14], ª®â®àë©
¢ª«îç�¥â à¥§ã«ìâ�âë ¤¢ãå«¥â−¥£® ¬®−¨â®à¨−£� á®áâ®ï−¨ï á¨áâ¥¬ ¯à¥¯®¤�¢�−¨ï
¨−ä®à¬�â¨ª¨ ¢ à¥£¨®−�å ¨ áâà�−�å …¢à®¯ë, ¢ª«îç�ï ÷”, � â�ª¦¥ ¢ ˆ§à�¨«¥.
�¢â®àë ®âç¥â� �−�«¨§¨àãîâ á®áâ®ï−¨¥ ¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨, å�à�ªâ¥à¨§ãï
íâã ¤¨áæ¨¯«¨−ã á«¥¤ãîé¨¬ ®¡à�§®¬: ú‚ â® ¢à¥¬ï ª�ª ¥áâ¥áâ¢¥−−ë¥ −�ãª¨
®¯à¥¤¥«ïîâáï ¯à¨¬¥−¨â¥«ì−® ª ¬¨àã, ¢ ª®â®à®¬ ¬ë ¦¨¢¥¬, ¨−ä®à¬�â¨ªã ª�ª
−�ãç−ãî ¤¨áæ¨¯«¨−ã ®¯à¥¤¥«¨âì á«®¦−¥¥; ã −¥¥ −¥â í¬¯¨à¨ç¥áª¨å ®á−®¢, ª�ª
ã ¥áâ¥áâ¢¥−−ëå −�ãª; íâ® −¥çâ® ¡®«ìè¥¥, ç¥¬ ¨á¯®«ì§®¢�−¨¥ â®«ìª® «®£¨ç¥áª¨å
¢ë¢®¤®¢ (ª�ª ¢ ¬�â¥¬�â¨ª¥); ¨ íâ® ¤�«¥ª® −¥ â®«ìª® á®ç¥â�−¨¥ ¨−¦¥−¥à−ëå
¯à¨−æ¨¯®¢ ¨ â¥å−®«®£¨©û [14, á. 7].
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„«ï ç¨â�â¥«¥© íâ®£® ®âç¥â� ¤®¯®«−¨â¥«ì−® ¤�îâáï ááë«ª¨ −� −¥áª®«ìª®
¯ã¡«¨ª�æ¨© á äà�£¬¥−â�à−ë¬ ®¯¨á�−¨¥¬ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨,
¢ª«îç�ï à�¡®âë �î£®à� [11] ¨ „¥−−¨−£� ¨ ÷®§¥−¡«î¬� [12]. Š�ª ¡ã¤¥â ¯®ª�§�−®
¢ à�§¤. 3, ¢ë¡®à íâ¨å ¯ã¡«¨ª�æ¨© �¢â®à�¬¨ ®âç¥â� ¯® ¬®−¨â®à¨−£ã, áª®à¥¥
¢á¥£®, ®¡ãá«®¢«¥− ¨¬¥−−® â¥¬, çâ® ¢ áâà�â¥£¨¨ …Š� ¯à¨−ïâ ¤¨�¤¨ç¥áª¨© ¯®¤å®¤
ª ¯à¥¯®¤�¢�−¨î ¨−ä®à¬�â¨ª¨.

�¤−� ¨§ æ¥«¥© �¢â®à®¢ ¤¨�¤¨ç¥áª®£® ¯®¤å®¤� ¨ áâà�â¥£¨¨ …Š� ¢ æ¥«®¬ |
áâ¨¬ã«¨à®¢�âì ®¡é¥áâ¢¥−−®¥ ¯à¨§−�−¨¥ â®£®, çâ® ¨−ä®à¬�â¨ª� ¨£à�¥â ã−¨ª�«ì-
−ãî à®«ì ¢ áä¥à¥ á®¢à¥¬¥−−®£® ®¡à�§®¢�−¨ï ¨§-§� ¯à¨−æ¨¯¨�«ì−®£® ¨§¬¥−¥−¨ï
¯à®æ¥áá� ¯®§−�−¨ï, ¢ª«îç�îé¥£® ˆ’ ª�ª ®¤−ã ¨§ âà¥å ¡�§®¢ëå ¥£® á®áâ�¢«ï-
îé¨å (â¥®à¨ï, íªá¯¥à¨¬¥−â ¨ ˆ’). ’�ª®¥ ¨§¬¥−¥−¨¥ ¯à®æ¥áá� ®¡ãá«®¢«¨¢�¥â
−¥®¡å®¤¨¬®áâì ¬®¤¥à−¨§�æ¨¨ ãç¥¡−ëå ¯à®£à�¬¬ ¯® ¢á¥¬ ¤¨áæ¨¯«¨−�¬, çâ®, ¯®
¬−¥−¨î �¢â®à®¢ áâà�â¥£¨¨, ¤®«¦−® ®¡¥á¯¥ç¨âì �ªâã�«¨§�æ¨î áä¥àë ®¡à�§®¢�−¨ï
¢ XXI ¢. ¨ íää¥ªâ¨¢−®áâì ¯à¥¯®¤�¢�−¨ï ¢á¥å ¤¨áæ¨¯«¨−, −® ¤«ï íâ®£® −ã¦−® à�§-
¢¨¢�âì â¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï ¨−ä®à¬�â¨ª¨, ¢ª«îç�ï á®§¤�−¨¥ ª«�áá¨ä¨ª�æ¨¨
®¡ê¥ªâ®¢ (áãé−®áâ¥©), ¯à®æ¥áá®¢ ¨ ï¢«¥−¨©, ¨áá«¥¤ã¥¬ëå ¨−ä®à¬�â¨ª®©.

3 Отрасли науки и среды информатики

÷¥�«¨§�æ¨ï ¤¨�¤¨ç¥áª®£® ¯®¤å®¤� ¯à¥¤¯®«�£�¥â ®¯¨á�−¨¥ á¢ï§¥© áâà�â¥-
£¨¨ ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï á ¨−ä®à¬�â¨ª®© ª�ª äã−¤�¬¥−â�«ì−®© −�ãª®©,
¢ª«îç�ï −¥®¡å®¤¨¬®¥ à�§¢¨â¨¥ ¥¥ â¥®à¥â¨ç¥áª¨å ®á−®¢�−¨© [9]. ˆå à�§¢¨â¨¥
¢ª«îç�¥â à�§à¥è¥−¨¥ ª�ª ¬¨−¨¬ã¬ âà¥å ¯à®¡«¥¬, ¤«ï ª®â®àëå ¢ −�áâ®ïé¥¥ ¢à¥-
¬ï −¥â £®â®¢ëå ª®−¢¥−æ¨®−�«ì−ëå à¥è¥−¨©:
(1) ®¯¨á�−¨¥ á®¢à¥¬¥−−®© á¨áâ¥¬ë −�ãç−®£® ¯®§−�−¨ï ¨ ¯®§¨æ¨®−¨à®¢�−¨¥ ¢ −¥©

¨−ä®à¬�â¨ª¨;
(2) ®¯¨á�−¨¥ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨;
(3) á®§¤�−¨¥ ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ (áãé−®áâ¥©), ¯à®æ¥áá®¢ ¨ ï¢«¥−¨©, ¨á-

á«¥¤ã¥¬ëå ¨−ä®à¬�â¨ª®©.
‚ áâà�â¥£¨¨ …Š� −¥ ®¯¨á�−® −¨ ¬¥áâ® ¨−ä®à¬�â¨ª¨ ¢ á®¢à¥¬¥−−®© á¨áâ¥¬¥

−�ãç−®£® ¯®§−�−¨ï, −¨ ¥¥ ¯à¥¤¬¥â−�ï ®¡«�áâì, −¨ ª«�áá¨ä¨ª�æ¨ï ¥¥ ®¡ê¥ªâ®¢:
−¥®¡å®¤¨¬®áâì à�§à�¡®âª¨ ãç¥¡−ëå ¯à®£à�¬¬ ¤«ï ¢á¥å ãà®¢−¥© ª®¬¯ìîâ¥à−®-
£® ®¡à�§®¢�−¨ï −� ®á−®¢¥ ¤¨�¤¨ç¥áª®£® ¯®¤å®¤� áä®à¬ã«¨à®¢�−� ¢ −¥© ¡¥§
ã¯®¬¨−�−¨ï íâ¨å ¯à®¡«¥¬ [13]. �¤−�ª® ¢ ®âç¥â¥, ª®â®àë© á®¤¥à¦¨â ¨â®£¨ ¬®−¨-
â®à¨−£� á¨áâ¥¬ ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï [14], ¨á¯®«ì§®¢�−−ë¥ ¯à¨ à�§à�¡®âª¥
áâà�â¥£¨¨ …Š�, æ¨â¨àãîâáï ã¯®¬ï−ãâë¥ ¢ëè¥ ¯ã¡«¨ª�æ¨¨ �î£®à�, „¥−−¨−£�
¨ ÷®§¥−¡«î¬�, £¤¥ ¯à¥¤«�£�îâáï ¯®¤å®¤ë ª à�§à¥è¥−¨î ¯¥à¢ëå ¤¢ãå ¯à®¡«¥¬.

…á«¨ �î£®à ¯à¥¤«�£�¥â ¤¥ä¨−¨æ¨î ¨−ä®à¬�â¨ª¨ ¨ á®¯®áâ�¢«ï¥â ¥¥ á ¤àã£¨¬¨
−�ãç−ë¬¨ ¤¨áæ¨¯«¨−�¬¨ [11], â® „¥−−¨−£ ¨ ÷®§¥−¡«î¬ ¯à¥¤«�£�îâ ¯®¤å®¤ ª ¥¥
¯®§¨æ¨®−¨à®¢�−¨î ¢ á¨áâ¥¬¥ −�ãç−®£® ¯®§−�−¨ï [12]. �áâ�−®¢¨¬áï −� íâ¨å áâ�âìïå
¯®¤à®¡−¥¥, â�ª ª�ª �¢â®àë ®âç¥â� æ¨â¨àãîâ ¨å, ¤�¢�ï á¢®î å�à�ªâ¥à¨áâ¨ªã
¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨. ˆ¤¥¨ íâ¨å áâ�â¥© ¯®á«ã¦¨«¨ ®á−®¢®© ¤«ï
¢ë¤¥«¥−¨ï áà¥¤ à�§−®© ¯à¨à®¤ë ¨§ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨.
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’¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï: áà¥¤ë ¯à¥¤¬¥â−®© ®¡«�áâ¨

‚ à�¡®â¥ [12] ¢á¥ ¥áâ¥áâ¢¥−−ë¥ −�ãª¨ £àã¯¯¨àãîâáï ¢ âà¨ ®âà�á«¨: ä¨§¨ç¥áª¨¥
−�ãª¨ (ªã¤� ®â−¥á¥−ë å¨¬¨ï, £¥®«®£¨ï ¨ ¤àã£¨¥ −�ãª¨, ¨§ãç�îé¨¥ −¥¦¨¢ãî ¬�â¥-
à¨î), −�ãª¨ ® ¦¨§−¨ ¨ á®æ¨�«ì−ë¥ −�ãª¨. �â¬¥â¨¬, çâ® ¯à¥¤¬¥â®¬ £àã¯¯¨à®¢ª¨
á«ã¦�â â®«ìª® ¥áâ¥áâ¢¥−−ë¥ −�ãª¨ (science), � ¬�â¥¬�â¨ªã �¢â®àë íâ®© à�¡®âë
â�ª®¢®© −¥ áç¨â�îâ. „«ï æ¥«¥© ¤�−−®© áâ�âì¨ ¤®¡�¢¨¬ ¬�â¥¬�â¨ªã ¢ ¯¥à¢ãî
®âà�á«ì ¨ −�§®¢¥¬ ¥¥ ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨¥ −�ãª¨. ’�ª ª�ª ¬¥â®¤ë ¨ áà¥¤áâ¢�
¨−ä®à¬�â¨ª¨ è¨à®ª® ¨á¯®«ì§ãîâáï ¨ ¢ £ã¬�−¨â�à−ëå −�ãª�å, â® ¨å ¤®¡�¢¨¬
¢ âà¥âìî ®âà�á«ì ¨ −�§®¢¥¬ ¥¥ á®æ¨®£ã¬�−¨â�à−ë¥ −�ãª¨.

�® ¬−¥−¨î „¥−−¨−£� ¨ ÷®§¥−¡«î¬� [12], ¨−ä®à¬�â¨ª� (¢ ¨å áâ�âì¥ ¨á¯®«ì-
§ã¥âáï â¥à¬¨− computing) ¯«®å® ¢¯¨áë¢�¥âáï ¢ âà¨ ¯¥à¥ç¨á«¥−−ë¥ ®âà�á«¨ (íâ®
ãâ¢¥à¦¤¥−¨¥ ®áâ�¥âáï á¯à�¢¥¤«¨¢ë¬ ¨ ¯®á«¥ ¤®¡�¢«¥−¨ï ¢ −¨å ¬�â¥¬�â¨ª¨ ¨ £ã-
¬�−¨â�à−ëå −�ãª). •®âï ¬¥â®¤ë ¨ áà¥¤áâ¢� ¨−ä®à¬�â¨ª¨ è¨à®ª® ¨á¯®«ì§ãîâáï
¢® ¢á¥å âà¥å ®âà�á«ïå −�ãª¨, −¨ ®¤−� ¨§ −¨å −¥ ¨§ãç�¥â ¨−ä®à¬�æ¨®−−ë¥ âà�−á-
ä®à¬�æ¨¨ ª�ª â�ª®¢ë¥ | ¢ íâ¨å ®âà�á«ïå ¢ ®¡é¥¬ á«ãç�¥ ®−¨ −¥ ¨áá«¥¤ãîâáï
ª�ª á¢ï§�−−ë¥ ®¤−®¢à¥¬¥−−® á ä¨§¨ç¥áª¨¬¨, ¦¨¢ë¬¨ ¨ á®æ¨®£ã¬�−¨â�à−ë¬¨
áãé−®áâï¬¨. �®íâ®¬ã „¥−−¨−£ ¨ ÷®§¥−¡«î¬ ¯à¥¤«�£�îâ à�áá¬�âà¨¢�âì ¨−ä®à-
¬�â¨ªã ª�ª ç¥â¢¥àâãî ®âà�á«ì −�ãª¨, â¥á−® ¢§�¨¬®¤¥©áâ¢ãîéãî á ¯¥à¢ë¬¨ âà¥¬ï
®âà�á«ï¬¨, ¢ ª®â®à®© ¨§ãç�îâáï −¥ â®«ìª® �«£®à¨â¬ë ¨ áâàãªâãàë ¤�−−ëå, −®
¨ ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨1.

÷�§¢¨¢�ï ¨¤¥¨, ¨§«®¦¥−−ë¥ ¢ [12], ÷®§¥−¡«î¬ ¢ á¢®¥© ¬®−®£à�ä¨¨ [3]
¯à¥¤«®¦¨« ®¡®§−�ç¨âì ç¥âëà¥ ®âà�á«¨ −�ãª¨ á«¥¤ãîé¨¬¨ «¨â¥à�¬¨, ª®â®àë¥
¡ã¤¥¬ ¨á¯®«ì§®¢�âì á ãç¥â®¬ à�áè¨à¥−¨ï ¯¥à¢®© ¨ ç¥â¢¥àâ®© ®âà�á«¥©: ä¨§¨-
ª®-¬�â¥¬�â¨ç¥áª¨¥ −�ãª¨ (P), −�ãª¨ ® ¦¨§−¨ (L), á®æ¨®£ã¬�−¨â�à−ë¥ −�ãª¨ (S)
¨ ¨−ä®à¬�â¨ª� (C). „�«¥¥ ®− à�áá¬�âà¨¢�¥â ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨,
®å¢�âë¢�îé¨¥ ¤¢¥, âà¨ ¨«¨ ç¥âëà¥ ®âà�á«¨, ¢ª«îç�ï ¨−ä®à¬�â¨ªã, ®¡®§−�ç�ï
á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ¯à¥¤¬¥â−ë¥ ®¡«�áâ¨ á®ç¥â�−¨ï¬¨ íâ¨å «¨â¥à ¨ ¤�¢�ï ¨¬
á«¥¤ãîé¨¥ −�§¢�−¨ï: ¤¨�¤¨ç¥áª¨© ª®¬¯ìîâ¨−£ (C+P,C+L,C+ S); âà¨�¤¨ç¥-
áª¨© ª®¬¯ìîâ¨−£ (C+P+ S,C+P+ L,C+ L+ S); â¥âà�¤¨ç¥áª¨© ª®¬¯ìîâ¨−£
(P + S + L + C), ª®â®àë© ¢ ¤�−−®© áâ�âì¥ âà�ªâã¥âáï ª�ª á¨−®−¨¬ ¨−ä®à¬�-
â¨ª¨.

„�«¥¥ ®− ¯¨è¥â: ú„«ï ®¯¨á�−¨ï ¢§�¨¬®á¢ï§¥© ¬¥¦¤ã ¬®§£®¬ ¨ ª®¬¯ìîâ¥à®¬
−�¬ −¥®¡å®¤¨¬® à�áá¬®âà¥âì ¨−ä®à¬�æ¨®−−ë¥ âà�−áä®à¬�æ¨¨, ®â−®áïé¨¥áï ª®
¢á¥© ¯à¥¤¬¥â−®© ®¡«�áâ¨ â¥âà�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� (P + S + L + C). �â¨
¨−â¥àä¥©áë ¢ª«îç�îâ −¥ â®«ìª® âà�−áä®à¬�æ¨¨ í«¥ªâà¨ç¥áª¨å ¯®â¥−æ¨�«®¢,
£¥−¥à¨àã¥¬ëå ¬®§£®¬ (L), ¨ ä®à¬¨à®¢�−¨¥ ª®¬¯ìîâ¥à−ëå ª®¤®¢ (C), −® â�ª¦¥
ä¨§¨ç¥áª¨¥ ãáâà®©áâ¢� (P), ª®â®àë¥ ®¡¥á¯¥ç¨¢�îâ ¯à¥®¡à�§®¢�−¨¥ í«¥ªâà¨ç¥-
áª¨å ¯®â¥−æ¨�«®¢ ¢ ª®¤ë ª®¬¯ìîâ¥à�, ¯«îá ª®−æ¥¯âë §−�−¨ï ç¥«®¢¥ª� (S), ¯à¥¤-
áâ�¢«¥−−ë¥ í«¥ªâà¨ç¥áª¨¬¨ ¯®â¥−æ¨�«�¬¨, ª®â®àë¥ ¢ ª®−¥ç−®¬ ¨â®£¥ ¨ ¡ã¤ãâ
¨á¯®«ì§®¢�âìáï ¤«ï ã¯à�¢«¥−¨ï ª®¬¯ìîâ¥à®¬ ¨«¨ ¤àã£¨¬¨ ãáâà®©áâ¢�¬¨û [3].

1‚ ®à¨£¨−�«¥ áâ�âì¨ ¨á¯®«ì§ã¥âáï á«®¢®á®ç¥â�−¨¥ útransformations of representationsû ¨ £®¢®-
à¨âáï ® −¥®¡å®¤¨¬®áâ¨ ¥£® ®¯à¥¤¥«¥−¨ï ¢ ¡ã¤ãé¥¬. �à¨ íâ®¬ ¯à¨¢®¤¨âáï ç�áâ−ë© á«ãç�© íâ®£®
á«®¢®á®ç¥â�−¨ï | úinformation-transforming processû, ¯¥à¥¢®¤ ª®â®à®£® ¨á¯®«ì§ã¥âáï ¢ ¤�−−®©
áâ�âì¥.
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ˆ. Œ. ‡�æ¬�−

‚ë¤¥«¨¬ ¨§ ¯à¥¤¬¥â−®© ®¡«�áâ¨ â¥âà�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� (= ¨−ä®à¬�-
â¨ª�) áà¥¤ë à�§−®© ¯à¨à®¤ë, ª®â®àë¥ ¯®§¢®«ïîâ ®å¢�â¨âì è¨à®ª¨© á¯¥ªâà
¨−ä®à¬�æ¨®−−ëå âà�−áä®à¬�æ¨© ¢ ¨áªãááâ¢¥−−ëå, ¦¨¢ëå ¨ á®æ¨�«ì−ëå á¨á-
â¥¬�å, ¨á¯®«ì§ãï ¨¤¥¨ �î£®à� [11]. ‚ íâ®© à�¡®â¥ ®− ¯à¥¤«�£�¥â á«¥¤ãîéãî
¤¥ä¨−¨æ¨î â¥à¬¨−� ú¨−ä®à¬�â¨ª�û:

úˆ−ä®à¬�â¨ª� | íâ® −�ãª�, ª®â®à�ï ¨¬¥¥â á¢®¥© ®¡«�áâìî [¨áá«¥¤®¢�−¨©]
¨−ä®à¬�æ¨®−−ë¥ ¯à®æ¥ááë ¨ á¢ï§�−−ë¥ á −¨¬¨ ä¥−®¬¥−ë ¢ �àâ¥ä�ªâ�å, ®¡-
é¥áâ¢¥ ¨ ¯à¨à®¤¥ (ªãàá¨¢ ¤®¡�¢«¥−. | ˆ. ‡.)û [11]. „�«¥¥ ¤�¥âáï ááë«ª� −�
®¯à¥¤¥«¥−¨¥ ¯®−ïâ¨ï úä¥−®¬¥−û ¢ á«®¢�à¥ Webster 1960 £®¤� (ú«î¡®© ä�ªâ,
®¡áâ®ïâ¥«ìáâ¢® ¨«¨ á®¡ëâ¨¥, ª®â®àë¥ á¥−á®à−® ¢®á¯à¨−¨¬�îâáï ¨ ª®â®àë¥ ¬®£ãâ
¡ëâì −�ãç−® ®¯¨á�−ë ¨«¨ ®æ¥−¥−ëû [15]).

‡�â¥¬ �î£®à ¤�¥â à�áè¨à¥−−®¥ â®«ª®¢�−¨¥ íâ®£® ¯®−ïâ¨ï, ª®â®à®¥ ª�à¤¨-
−�«ì−® ®â«¨ç�¥âáï ®â ®¯à¥¤¥«¥−¨ï ¢ á«®¢�à¥ Webster 1960 £®¤�: ú‚�¦−ë¬¨
¯à¨¬¥à�¬¨ ä¥−®¬¥−®¢ ï¢«ïîâáï: ¦¨¢ë¥ ®à£�−¨§¬ë, −¥®¤ãè¥¢«¥−−ë¥ ®¡ê¥ª-
âë (¢ª«îç�ï �àâ¥ä�ªâë, â�ª¨¥ ª�ª, −�¯à¨¬¥à, ¬�è¨−ë), á®¡ëâ¨ï ¨ ¯à®æ¥ááë
(−�¯à¨¬¥à, ¢ë¯®«−¥−¨¥ ª®¬¯ìîâ¥à−ëå ¯à®£à�¬¬). Œë â�ª¦¥ ¬®¦¥¬ £®¢®à¨âì
® ª®£−¨â¨¢−ëå ä¥−®¬¥−�å, ¯à®¨áå®¤ïé¨å ¢ á®§−�−¨¨ «î¤¥©, ¢ ®â«¨ç¨¥ ®â ï¢-
−ëå [á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ëå] ä¥−®¬¥−®¢, −�å®¤ïé¨åáï ¢−¥ á®§−�−¨ï (ªãàá¨¢
¤®¡�¢«¥−. | ˆ. ‡.)û [11]. ’®«ª®¢�−¨¥ Šà¨áâ¥−� �î£®à� á ¤¥«¥−¨¥¬ ä¥−®¬¥-
−®¢ −� ª®£−¨â¨¢−ë¥ (â. ¥. á¢ï§�−−ë¥ á ¯à®æ¥áá�¬¨ ¯®§−�−¨ï, ä®à¬¨àãîé¨¬¨
ª®−æ¥¯âë §−�−¨ï ç¥«®¢¥ª�) ¨ á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ë¥ (â. ¥. áãé¥áâ¢ãîé¨¥ ¢−¥
á®§−�−¨ï; −�¯à¨¬¥à, â¥ªáâë ¨ à¨áã−ª¨) ï¢«ï¥âáï ª®−æ¥¯âã�«ì−® −®¢ë¬ ¯®¤å®¤®¬
ª ®¯à¥¤¥«¥−¨î ¨−ä®à¬�â¨ª¨ ª�ª −�ãª¨.

‚ à�§¢¨â¨¥ ¨¤¥© �î£®à�, á®¢®ªã¯−®áâì ª®£−¨â¨¢−ëå ä¥−®¬¥−®¢, ä®à¬¨àã-
¥¬ëå ¢ ¯à®æ¥áá�å ¯®§−�−¨ï, ¯à®¨áå®¤ïé¨å ¢ á®§−�−¨¨ «î¤¥© (¤�«¥¥ | ª®−æ¥¯âë)
¯à¥¤«�£�¥âáï −�§¢�âì ¬¥−â�«ì−®© áà¥¤®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨. ‘®-
¢®ªã¯−®áâì á¥−á®à−® ¢®á¯à¨−¨¬�¥¬ëå ä¥−®¬¥−®¢, −�å®¤ïé¨åáï ¢−¥ á®§−�−¨ï,
¯à¥¤«�£�¥âáï −�§¢�âì ¨−ä®à¬�æ¨®−−®© áà¥¤®© ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨.
‚ −¥© ¯à¥¤«�£�¥âáï ¢ë¤¥«¨âì ¥é¥ ª�ª ¬¨−¨¬ã¬ âà¨ ª®¬¯®−¥−â�:

(1) æ¨äà®¢�ï áà¥¤� ª�ª á®¢®ªã¯−®áâì ª®¬¯ìîâ¥à−ëå ª®¤®¢1;

(2) −¥©à®áà¥¤� í«¥ªâà¨ç¥áª¨å ¯®â¥−æ¨�«®¢ ¨ ¬�£−¨â−ëå ¯®«¥©, £¥−¥à¨àã¥¬ëå
¬®§£®¬, ª®â®àë¥ ¨á¯®«ì§ãîâáï ¢ ˆ’ ã¯à�¢«¥−¨ï à®¡®â¨§¨à®¢�−−®© àãª®© [2]
¨ ¤àã£¨å ˆ’ −� ®á−®¢¥ ¨−â¥àä¥©á®¢ ú¬®§£{ª®¬¯ìîâ¥àû;

(3) „�Š-áà¥¤� ª�ª á®¢®ªã¯−®áâì æ¥¯®ç¥ª ÷�Š ¨ „�Š2.

1‚ áâà�â¥£¨¨ …Š� ® æ¨äà®¢®© áà¥¤¥ ¨ á¢ï§�−−ëå á −¥© ä¥−®¬¥−�å áª�§�−® â�ª: ú‘¥£®¤−ïè−¨©
¬¨à | æ¨äà®¢®©. ˆ−ä®à¬�â¨ª� ª�ª −�ãª�, «¥¦�é�ï ¢ ®á−®¢¥ à�§¢¨â¨ï æ¨äà®¢®£® ¬¨à�, ¯à¨¢¥«�
ª âà�−áä®à¬�æ¨¨ ¨ à�¤¨ª�«ì−®¬ã à�§¢¨â¨î ¯à®ä¥áá¨©, −�ãç−ëå ¤¨áæ¨¯«¨− ¨ ®¡é¥áâ¢¥−−®©
¦¨§−¨. Š�ª ®â¤¥«ì−�ï −�ãç−�ï ¤¨áæ¨¯«¨−� ¨−ä®à¬�â¨ª� å�à�ªâ¥à¨§ã¥âáï á¢®¨¬¨ á®¡áâ¢¥−−ë¬¨
ª®−æ¥¯æ¨ï¬¨, ¬¥â®¤�¬¨ ¨ á®¢®ªã¯−®áâìî §−�−¨©û [13, á. 5].

2��¯à¨¬¥à, ¬®¤¥«¨ âà�−á«ïæ¨¨ ¥áâ¥áâ¢¥−−ëå „�Š, á®§¤�−−ë¥ ¬¨ªà®¡¨®«®£�¬¨, ¨á¯®«ì§ãîâáï
¯à¨ à�§à�¡®âª¥ ¬¥â®¤®¢ §�¯¨á¨ ¨ åà�−¥−¨ï ¤�−−ëå á ¨á¯®«ì§®¢�−¨¥¬ á¨−â¥§¨à®¢�−−ëå æ¥¯®ç¥ª
„�Š [16{19].
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’¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï: áà¥¤ë ¯à¥¤¬¥â−®© ®¡«�áâ¨

÷¨á. 1 �ïâì áà¥¤ à�§−®© ¯à¨à®¤ë ¢ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ª�ª â¥âà�¤¨ç¥-
áª®£® ª®¬¯ìîâ¨−£�

�â¬¥â¨¬, çâ® 5 ¯¥à¥ç¨á«¥−−ëå áà¥¤ −¥ï¢−® ¯à¨áãâáâ¢ãîâ ¢ ¯à¥¤¬¥â−®©
®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ª�ª â¥âà�¤¨ç¥áª®£® ª®¬¯ìîâ¨−£� (á«¥¢� −� à¨á. 1), −® ®−¨
−¥ ¢ë¤¥«¥−ë ¨ −¥ ®¯¨á�−ë ¢ à�¡®â�å [3,12].

‚ à�¡®â¥ [6] ¡ë«® ¯®ª�§�−®, çâ® ¢ à�¬ª�å ¯à¥¤«�£�¥¬®£® ¯®¤å®¤� ªà®¬¥
¯ïâ¨ ¯¥à¥ç¨á«¥−−ëå ¨§ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ¬®£ãâ ¡ëâì ¢ë¤¥«¥−ë
¨ ¢ª«îç¥−ë ¢ à�áá¬®âà¥−¨¥ áà¥¤ë ¨ ¤àã£®© ¯à¨à®¤ë, ¥á«¨ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨
ˆ’ ¢áâà¥âïâáï áãé−®áâ¨, ª®â®àë¥ ¯® á¢®¥© ¯à¨à®¤¥ −¥ ®â−®áïâáï −¨ ª ®¤−®© ¨§
à�−¥¥ ã¦¥ ¢ë¤¥«¥−−ëå áà¥¤.

�à¥¤«�£�¥¬ë© ¯®¤å®¤ ª ¢ë¤¥«¥−¨î áà¥¤ ¨§ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¤�¥â ¢®§¬®¦-
−®áâì ¨ ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ˆ’, ¨ ¢ ¯à®æ¥áá¥ ¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨ −�
®á−®¢¥ ¤¨�¤¨ç¥áª®£® ¯®¤å®¤� ã¢¨¤¥âì ¢¥áì á¯¥ªâà ¨−â¥àä¥©á®¢ ¬¥¦¤ã áãé−®áâï-
¬¨ ¢ë¤¥«¥−−ëå áà¥¤. �à®¨««îáâà¨àã¥¬ íâã ¢®§¬®¦−®áâì −� ¯à¨¬¥à¥ ç¥âëà¥å ¨§
¯ïâ¨ ¯¥à¥ç¨á«¥−−ëå áà¥¤ (ªà®¬¥ „�Š-áà¥¤ë) ¨§ à�¡®âë [20].

÷¨áã−®ª 2 ¢ª«îç�¥â è¨à®ª¨© á¯¥ªâà ¨−â¥àä¥©á®¢, ª®â®àë¥ â¥®à¥â¨ç¥áª¨
¬®£ãâ ¢áâà¥â¨âìáï ¯à¨ ¯à®¥ªâ¨à®¢�−¨¨ ˆ’. �−¨ ®å¢�âë¢�îâ áãé−®áâ¨ −¥©à®-
áà¥¤ë (í«¥ªâà¨ç¥áª¨¥ ¯®â¥−æ¨�«ë ¨ ¬�£−¨â−ë¥ ¯®«ï, £¥−¥à¨àã¥¬ë¥ ¬®§£®¬),
¬¥−â�«ì−®© (ª®−æ¥¯âë §−�−¨ï ç¥«®¢¥ª�), ¨−ä®à¬�æ¨®−−®© (−�¯à¨¬¥à, â¥ªáâë)
¨ æ¨äà®¢®© (ª®¬¯ìîâ¥à−ë¥ ª®¤ë) áà¥¤.

�� £à�−¨æ�å ¬¥¦¤ã ¤¢ã¬ï á¬¥¦−ë¬¨ áà¥¤�¬¨ ªàã¦ª�¬¨ ãá«®¢−® ®¡®§−�ç¥−ë
¨−â¥àä¥©áë 2-£® ¯®àï¤ª� (®−¨ ¯à®−ã¬¥à®¢�−ë ç¨á«�¬¨ ®â 1 ¤® 6), � ¢ â®çª�å
á®¯à¨ª®á−®¢¥−¨ï £à�−¨æ âà¥å áà¥¤ ¯®ª�§�−ë ¨−â¥àä¥©áë 3-£® ¯®àï¤ª� (7{10),
ª®â®àë¥, ¯® ®¯à¥¤¥«¥−¨î ¨§ à�¡®âë [2], ®¡¥á¯¥ç¨¢�îâ á¢ï§¨ ¬¥¦¤ã ®¡ê¥ªâ�¬¨
(áãé−®áâï¬¨), ¯à¨−�¤«¥¦�é¨¬¨ âà¥¬ áà¥¤�¬ à�§−®© ¯à¨à®¤ë. ˆ−â¥àä¥©á ü 11
(4-£® ¯®àï¤ª�) −¥ ¯®ª�§�− −� à¨á. 2.

ˆ§ 11 ¢¨¤®¢ ¨−â¥àä¥©á®¢, ª®â®àë¥ â¥®à¥â¨ç¥áª¨ ¬®£ãâ ¢áâà¥â¨âìáï ¯à¨
¯à®¥ªâ¨à®¢�−¨¨ ˆ’, ®å¢�âë¢�îé¨å áãé−®áâ¨ ç¥âëà¥å ¯¥à¥ç¨á«¥−−ëå áà¥¤,
−�¨¡®«¥¥ è¨à®ª® ¨á¯®«ì§ã¥âáï ¨−â¥àä¥©á 2-£® ¯®àï¤ª� ü 3. ‚ ¨−ä®à¬�æ¨®−−ëå
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÷¨á. 2 —¥âëà¥ áà¥¤ë à�§−®© ¯à¨à®¤ë, £à�−¨æë ¬¥¦¤ã −¨¬¨ ¨ â®çª¨ ¨å á®¯à¨ª®á−®¢¥−¨ï

á¨áâ¥¬�å ¯à¨¬¥−ïîâáï ª®¤®¢ë¥ â�¡«¨æë, −�¯à¨¬¥à Unicode, ª®â®àë¥ á«ã¦�â
−�¨¡®«¥¥ à�á¯à®áâà�−¥−−ë¬ á¯®á®¡®¬ à¥�«¨§�æ¨¨ íâ®£® ¨−â¥àä¥©á�.

‚ á¨áâ¥¬�å ®à£�−¨§�æ¨¨ §−�−¨ï ¨−â¥àä¥©á 2-£® ¯®àï¤ª� ü 2 ¨á¯®«ì§ã¥âáï,
−�¯à¨¬¥à, ¤«ï à�§à¥è¥−¨ï «¥ªá¨ç¥áª®© −¥®¤−®§−�ç−®áâ¨, −�¯à¨¬¥à á ¯®¬®éìî
â¥§�ãàãá®¢ [21{23]. ˆ§ ¨−â¥àä¥©á®¢ 3-£® ¯®àï¤ª� ü 7 ¯à¨¬¥−ï¥âáï ¢ â¥å−®-
«®£¨ïå ã¯à�¢«¥−¨ï à®¡®â¨§¨à®¢�−−®© àãª®© [2, 3]. ˆ−â¥àä¥©á ü 8 ï¢−® ¨«¨
−¥ï¢−® ¯à¨¬¥−ï¥âáï ¯à¨ ª®¤¨à®¢�−¨¨ §−�ç¥−¨© ¬−®£®§−�ç−ëå ï§ëª®¢ëå ¥¤¨−¨æ
¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å.

‚ §�ª«îç¥−¨¥ íâ®£® à�§¤¥«� ¥é¥ à�§ ®â¬¥â¨¬, çâ® ¯à¥¤«�£�¥¬ë© ¢�à¨�−â
¢ë¤¥«¥−¨ï áà¥¤ ¨§ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ®áâ�¢«ï¥â ®âªàëâë¬ ¢®¯à®á
® ç¨á«¥ íâ¨å áà¥¤ ¨, ª®−¥ç−®, −¥ à¥è�¥â ¯à®¡«¥¬ã á®§¤�−¨ï ª«�áá¨ä¨ª�æ¨¨
®¡ê¥ªâ®¢ (áãé−®áâ¥©), ¯à®æ¥áá®¢ ¨ ï¢«¥−¨©, ¨áá«¥¤ã¥¬ëå ¨−ä®à¬�â¨ª®©.

�à¥¤«�£�¥¬ë© ¢�à¨�−â ¢ë¤¥«¥−¨ï áà¥¤ ¬®¦¥â á«ã¦¨âì ®á−®¢�−¨¥¬ ¤«ï ä®à-
¬¨à®¢�−¨ï ¢¥àå−¥£® ãà®¢−ï ª«�áá¨ä¨ª�æ¨¨, −� ª®â®à®¬ ®¡ê¥ªâë (áãé−®áâ¨)
¨−ä®à¬�â¨ª¨ £àã¯¯¨àãîâáï ¢ á®®â¢¥âáâ¢¨¨ á ¨å ¯à¨à®¤®©. Šà®¬¥ â®£®, ¥á«¨
¢ ¡ã¤ãé¥¬ ¯®ï¢¨âáï −¥®¡å®¤¨¬®áâì ¢ ¯à®¥ªâ¨à®¢�−¨¨ ˆ’, ®å¢�âë¢�îé¨å 6 ¨«¨
¡®«¥¥ ¢¨¤®¢ áãé−®áâ¥© à�§−®© ¯à¨à®¤ë, â® ¯à¥¤«�£�¥¬ë© ¯®¤å®¤ ª ¢ë¤¥«¥−¨î
áà¥¤ ¯®ª�¦¥â ¢¥áì á¯¥ªâà ¨−â¥àä¥©á®¢, ª®â®àë¥ â¥®à¥â¨ç¥áª¨ ¬®¦¥â ¯®−�¤®¡¨âì-
áï à¥�«¨§®¢�âì ¢ íâ¨å ˆ’.

4 Заключение

‘®£«�á−® �¢â®à�¬ áâà�â¥£¨¨ …Š�, ¨−ä®à¬�â¨ªã á«¥¤ã¥â à�áá¬�âà¨¢�âì ª�ª
¤¨áæ¨¯«¨−ã, −¥ ¬¥−¥¥ ¢�¦−ãî ¢ á¨áâ¥¬¥ ®¡à�§®¢�−¨ï, ç¥¬ ¬�â¥¬�â¨ª�, ¥áâ¥áâ¢¥−-
−ë¥ −�ãª¨ ¨ ¨−®áâà�−−ë¥ ï§ëª¨ [24], çâ®, ¯® ¨å ¬−¥−¨î, −¥ −�è«® �¤¥ª¢�â−®£®
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’¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ï: áà¥¤ë ¯à¥¤¬¥â−®© ®¡«�áâ¨

®âª«¨ª� ¢ −®à¬�â¨¢−®-¯à�¢®¢ëå �ªâ�å …¢à®ª®¬¨áá¨¨ (…Š). ‚ ï−¢�à¥ 2018 £. …Š
®¯ã¡«¨ª®¢�«� ú�«�− ¤¥©áâ¢¨© ¢ ®¡«�áâ¨ ª®¬¯ìîâ¥à−®£® ®¡à�§®¢�−¨ïû [25,26]1,
¢ ª®â®à®¬ ®¯à¥¤¥«¥− àï¤ ¯à¨®à¨â¥â®¢. �à¨®à¨â¥â, ª®â®àë© ¬®¦−® áç¨â�âì
−�¨¡®«¥¥ à¥«¥¢�−â−ë¬ à�áá¬®âà¥−−®© áâà�â¥£¨¨ …Š�, −�§ë¢�¥âáï ú÷�§¢¨â¨¥
æ¨äà®¢ëå ª®¬¯¥â¥−æ¨© ¨ −�¢ëª®¢ ¤«ï æ¨äà®¢®© âà�−áä®à¬�æ¨¨û.

‚ íâ®¬ �«�−¥ ¯à¥¤«�£�¥âáï á«¥¤ãîé¨© á¯®á®¡ à¥�«¨§�æ¨¨ íâ®£® ¯à¨®à¨â¥-
â� | ú‚¢¥áâ¨ §�−ïâ¨ï ¯® ¯à®£à�¬¬¨à®¢�−¨î ¢® ¢á¥å èª®«�å …¢à®¯ëû. �®
¬−¥−¨î �¢â®à®¢ à�¡®âë [24], íâ® ¢�¦−®, −® ï¢−® −¥¤®áâ�â®ç−®. ‚®§¬®¦−�ï ¯à¨-
ç¨−� â�ª®£® −¥á®®â¢¥âáâ¢¨ï ¯à¨®à¨â¥â®¢ �«�−� áâà�â¥£¨¨ …Š� á®áâ®¨â ¢ â®¬,
çâ® ¤«ï à¥�«¨§�æ¨¨ ¥¥ ¢â®à®£® −�¯à�¢«¥−¨ï ¯®¤ −�§¢�−¨¥¬ ú¨−â¥£à�æ¨ïû −¥®¡å®-
¤¨¬® áãé¥áâ¢¥−−®¥ à�§¢¨â¨¥ â¥®à¥â¨ç¥áª¨å ®á−®¢�−¨© ¨−ä®à¬�â¨ª¨ ¢ ¨−â¥à¥á�å
á®§¤�−¨ï ¥¥ −�ãç−®© ¯�à�¤¨£¬ë.

‚ áâ�âì¥ ¯à¥¤«®¦¥− ¢�à¨�−â ¢ë¤¥«¥−¨ï áà¥¤ ¨§ ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−-
ä®à¬�â¨ª¨ ª�ª ®á−®¢�−¨¥ ¤«ï ä®à¬¨à®¢�−¨ï ¢¥àå−¥£® ãà®¢−ï ª«�áá¨ä¨ª�æ¨¨,
£àã¯¯¨àãîé¥£® ®¡ê¥ªâë (áãé−®áâ¨) ¨−ä®à¬�â¨ª¨ ¢ á®®â¢¥âáâ¢¨¨ á ¨å ¯à¨à®¤®©.
�à¥¤«�£�¥¬ë© ¢�à¨�−â ª�ª à�§¢¨â¨¥ ¯®¤å®¤®¢ �î£®à� [11] ¨ „¥−−¨−£� ¨ ÷®-
§¥−¡«î¬� [12] ®à¨¥−â¨à®¢�− −� ¯à¥®¤®«¥−¨¥ áãé¥áâ¢ãîé¥© äà�£¬¥−â�à−®áâ¨
¯à¥¯®¤�¢�−¨ï ¨−ä®à¬�â¨ª¨ [28] ¨ á®§¤�−¨¥ âà¥âì¥© á®áâ�¢«ïîé¥© ¥¥ −�ãç−®©
¯�à�¤¨£¬ë ¢ ¨−â¥à¯à¥â�æ¨¨ ¯®−ïâ¨ï ú§à¥«�ïû −�ãª�, ¯à¥¤«®¦¥−−®© �. ‘®«®¬®-
−¨ª®¬ [10].
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Abstract: The strategy of European digital education (EDE) adopted a dyadic
approach to teaching, namely, on the one hand, the study of informatics as
an independent discipline, and, on the other hand, the study of information
technology, methods, and means of informatics used in other branches of science.
The results of a two-year monitoring of the state of informatics teaching systems
in the regions and countries of Europe, including the Russian Federation, as well
as in Israel, were used in the formation of the strategy of EDE. The theoretical
foundations of the EDE strategy and informatics are fragmentally considered
in a report containing the results of the monitoring. The description of the
subject domain of informatics is partially given in papers, including the works
of Nygaard, Denning, and Rosenbloom, cited in the report. In the subject
domain of informatics, Nygaard distinguishes entities of mental nature (concepts
of human knowledge) and sensory-perceived entities (for example, texts in natural
languages). The paper proposes to separate out media from the subject domain of
informatics based on the approaches of Nygaard, Denning, and Rosenbloom.
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НАЦИОНАЛЬНЫЕ НАУЧНО-ОБРАЗОВАТЕЛЬНЫЕ СЕТИ
СТРАН ЕВРАЗИЙСКОГО ЭКОНОМИЧЕСКОГО СОЮЗА:
ТЕКУЩИЙ СТАТУС И ПЕРСПЕКТИВЫ ИНТЕГРАЦИИ∗

А. Г. Абрамов1, А. А. Гончар2, А. В. Евсеев3, А. Т. Идрисов4, Д. В. Новик5,
Б. М. Шабанов6

�−−®â�æ¨ï: ’¥¬�â¨ª� áâ�âì¨ ®âáë«�¥â ª á¨áâ¥¬�â¨§�æ¨¨ ¨ ®¡áã¦¤¥−¨î
á«®¦¨¢è¨åáï ¯à¥¤¯®áë«®ª ¨ ¯¥àá¯¥ªâ¨¢ á®§¤�−¨ï �áá®æ¨�æ¨¨ −�æ¨®−�«ì-
−ëå −�ãç−®-®¡à�§®¢�â¥«ì−ëå á¥â¥© áâà�− …¢à�§¨©áª®£® íª®−®¬¨ç¥áª®£® á®-
î§� (…��‘). ‡�âà�£¨¢�îâáï −¥ª®â®àë¥ �á¯¥ªâë æ¨äà®¢®© âà�−áä®à¬�æ¨¨
áä¥àë −�ãª¨ ¨ ®¡à�§®¢�−¨ï ¨ à®«¨ ¢ −¥© ®âà�á«¥¢ëå â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå
á¥â¥©. �à¨¢®¤ïâáï �ªâã�«ì−ë¥ å�à�ªâ¥à¨áâ¨ª¨ −�æ¨®−�«ì−ëå −�ãç−®-®¡à�§®-
¢�â¥«ì−ëå á¥â¥© áâà�− …��‘, ª«îç¥¢ë¥ í«¥¬¥−âë à�§à�¡®â�−−®© ª®−æ¥¯æ¨¨
á®§¤�−¨ï, ®¡¥á¯¥ç¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ¨ à�§¢¨â¨ï á¥â¥¢®© �áá®æ¨�æ¨¨.
�¡áã¦¤�îâáï ¯à¥¤«�£�¥¬ë¥ â¥å−®«®£¨ç¥áª¨¥ à¥è¥−¨ï ¤«ï ä®à¬¨à®¢�−¨ï â¥-
«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë, ¤�¥âáï ¯à®£−®§ ®¦¨¤�¥¬ëå íää¥ªâ®¢
®â á®§¤�−¨ï �áá®æ¨�æ¨¨ ¨ ¤�«ì−¥©è¥£® à�§¢¨â¨ï ¯à®¥ªâ�.

Š«îç¥¢ë¥ á«®¢�: −�æ¨®−�«ì−�ï −�ãç−®-®¡à�§®¢�â¥«ì−�ï á¥âì; NREN;
…��‘; −�æ¨®−�«ì−�ï ¨áá«¥¤®¢�â¥«ìáª�ï ª®¬¯ìîâ¥à−�ï á¥âì; �ˆŠ‘;
KazRENA; â¥«¥ª®¬¬ã−¨ª�æ¨®−−�ï ¨−äà�áâàãªâãà�; �áá®æ¨�æ¨ï −�ãç−®-®¡-
à�§®¢�â¥«ì−ëå á¥â¥©
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��æ¨®−�«ì−ë¥ −�ãç−®-®¡à�§®¢�â¥«ì−ë¥ á¥â¨ áâà�− …��‘: ¯¥àá¯¥ªâ¨¢ë ¨−â¥£à�æ¨¨

¨−äà�áâàãªâãàã ¬�áèâ�¡� áâà�−ë, ª®â®à�ï íªá¯«ã�â¨àã¥âáï ¢ ¨−â¥à¥á�å −�ãª¨
¨ ®¡à�§®¢�−¨ï, ®¡¥á¯¥ç¨¢�¥â ¤®áâã¯ ¯®«ì§®¢�â¥«¥© ¢ £«®¡�«ì−®¥ æ¨äà®¢®¥ ¯à®-
áâà�−áâ¢®, á¢ï§−®áâì á §�àã¡¥¦−ë¬¨ NREN, á«ã¦¨â ¨−â¥£à�æ¨®−−®© ¯«�âä®à¬®©
¤«ï à�§¢¨â¨ï æ¨äà®¢ëå á¥à¢¨á®¢ ¨ ¨å æ¥−âà�«¨§®¢�−−®£® ¯à¥¤®áâ�¢«¥−¨ï [1{3].

‘¥£®¤−ï NREN, áãé¥áâ¢ãï ¢® ¬−®£¨å áâà�−�å ¬¨à�, äã−ªæ¨®−¨àãîâ ¢ ª�ç¥-
áâ¢¥ ¢�¦−ëå ª®¬¯®−¥−â®¢ −�æ¨®−�«ì−ëå æ¨äà®¢ëå ¨−äà�áâàãªâãà, ¯à¥¤áâ�¢«ï-
îâ áâà�−ë ¢ ¬¥¦¤ã−�à®¤−ëå ¯à®¥ªâ�å, ¢ë¯®«−ï¥¬ëå á ¨á¯®«ì§®¢�−¨¥¬ á®¢à¥-
¬¥−−ëå áà¥¤áâ¢ â¥«¥ª®¬¬ã−¨ª�æ¨©, á¥â¥¢ëå â¥å−®«®£¨©, á¯¥æ¨�«¨§¨à®¢�−−ëå
¨−äà�áâàãªâãà−ëå ¨ ¯à¨ª«�¤−ëå á¥à¢¨á−ëå à¥è¥−¨©.

Œ¥¦£®áã¤�àáâ¢¥−−ë¥ �áá®æ¨�æ¨¨ NREN ¨áâ®à¨ç¥áª¨ á®§¤�¢�«¨áì ¢ æ¥«ïå ¯®-
¢ëè¥−¨ï íää¥ªâ¨¢−®áâ¨ à¥�«¨§�æ¨¨ ¬¥¦¤ã−�à®¤−ëå −�ãç−®-®¡à�§®¢�â¥«ì−ëå
¨ −�ãç−®-â¥å−¨ç¥áª¨å ¯à®¥ªâ®¢, ¨−â¥−á¨ä¨ª�æ¨¨ ¢§�¨¬−®© ª®®¯¥à�æ¨¨. ˜¨à®-
ª® ¨§¢¥áâ−ë¥ ¢ ªàã£ã á¯¥æ¨�«¨áâ®¢ �áá®æ¨�æ¨¨ NREN | G �EANT (…¢à®¯�) [3]
¨ NORDUnet (‘ª�−¤¨−�¢áª¨¥ áâà�−ë) [2].

ƒ®áã¤�àáâ¢�-ç«¥−ë …��‘ ®à¨¥−â¨à®¢�−ë −� ãáª®à¥−−ãî â¥å−®«®£¨ç¥áªãî
¬®¤¥à−¨§�æ¨î ¨ ¯¥à¥å®¤ ª æ¨äà®¢®© íª®−®¬¨ª¥. �á®¡�ï à®«ì ¢ à¥�«¨§�æ¨¨
¯à®£à�¬¬ æ¨äà®¢®© âà�−áä®à¬�æ¨¨ ®â¢®¤¨âáï −�ãª¥ ¨ ®¡à�§®¢�−¨î, ª â®¬ã ¦¥
á�¬¨ íâ¨ ®âà�á«¨ ï¢«ïîâáï ¯¥à¢®®ç¥à¥¤−ë¬¨ ®¡ê¥ªâ�¬¨ ¯à¥®¡à�§®¢�−¨©. ‚ íâ¨å
ãá«®¢¨ïå −� ¯¥à¢ë© ¯«�− ¢ëå®¤ïâ â¥á−�ï ¨−â¥£à�æ¨ï ¨ áª®®à¤¨−¨à®¢�−−ë¥
ãá¨«¨ï áâà�−.

ˆ−â¥−á¨¢−®¥ à�§¢¨â¨¥ ¢ ¯®á«¥¤−¨¥ ¤¥áïâ¨«¥â¨ï æ¨äà®¢ëå â¥å−®«®£¨© ¢ −�-
ãç−®© áä¥à¥, ¯à¥¦¤¥ ¢á¥£® á¥â¥¢ëå ¨ â¥«¥ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬, á¥à¢¨á−ëå
à¥è¥−¨©, −®¢ë¥ ¯à¨−æ¨¯ë ä¨−�−á¨à®¢�−¨ï, âà¥¡®¢�−¨ï ¡¨§−¥á� ¨ ®¡é¥áâ¢�
¯à¨¢®¤ïâ ª ¨§¬¥−¥−¨î ä®à¬ ¨ ¬¥â®¤®¢ −�ãç−®£® ¯à®æ¥áá�. ’¥−¤¥−æ¨¨ á®¢à¥¬¥−-
−®© −�ãª¨ −�¯à�¢«¥−ë −� á®¢¥àè¥−áâ¢®¢�−¨¥ âà�¤¨æ¨®−−ëå ¯à�ªâ¨ª, ¯®ï¢«¥−¨¥
−®¢ëå ¬®¤¥«¥© á®âàã¤−¨ç¥áâ¢� ¢ à�¬ª�å ª®−æ¥¯æ¨¨ ®âªàëâ®© −�ãª¨.

’¥å−®«®£¨ç¥áª¨© ¯à®£à¥áá ¨§¬¥−ï¥â ª®−ä¨£ãà�æ¨î −�ãª¨, ¯®ï¢«ïîâáï àë−-
ª¨ á ¯à¨−æ¨¯¨�«ì−® −®¢ë¬¨ ä®à¬�â�¬¨ ¯à¨¬¥−¥−¨ï ¥¥ ¤®áâ¨¦¥−¨© ¢ íª®−®¬¨-
ª¥. ÷�áè¨à¥−¨¥ ¤®áâã¯� ª ¡�§�¬ −�ãç−ëå §−�−¨©, à¥§ã«ìâ�â�¬ ¨áá«¥¤®¢�−¨©,
£�à�−â¨¨ ¨å ¯à®§à�ç−®áâ¨, ¯à¨¬¥−¥−¨¥ á¥â¥¢ëå â¥å−®«®£¨© áâ�«¨ ®á−®¢−ë¬¨
ª�â�«¨§�â®à�¬¨ ¯à®æ¥áá®¢ ¯¥à¥å®¤� ª ®âªàëâ®© −�ãª¥.

�à¨−¨¬�ï ¢® ¢−¨¬�−¨¥ ¨¬¥îé¨¥áï ã áâà�− …��‘ ¨áá«¥¤®¢�â¥«ìáª¨¥ ¨ ®à-
£�−¨§�æ¨®−−ë¥ à¥áãàáë, −�ãç−®-â¥å−¨ç¥áª¨© ¯®â¥−æ¨�«, −�ª®¯«¥−−ë¥ §−�−¨ï
¨ ®¯ëâ, ¯à¥¤áâ�¢«ï¥âáï æ¥«¥á®®¡à�§−ë¬ à�áè¨à¨âì ¢§�¨¬®¤¥©áâ¢¨¥ NREN áâà�−.
‚ëáâà�¨¢�−¨¥ ¢§�¨¬®¤¥©áâ¢¨ï á¥â¥© −� ¯à¨−æ¨¯¨�«ì−® −®¢®¬ ãà®¢−¥ ¨ ¨å ¨−-
â¥£à�æ¨ï ¬®£ãâ áâ�âì äã−¤�¬¥−â®¬ ¤«ï á®§¤�−¨ï ¨ ¤�«ì−¥©è¥£® à�§¢¨â¨ï ¬�á-
èâ�¡−®£® ¯à®¥ªâ� | ¥¢à�§¨©áª®£® ®¡ê¥¤¨−¥−¨ï NREN, ¯® �−�«®£¨¨ á ãá¯¥è−ë¬
®¯ëâ®¬ ¤àã£¨å ®âà�á«¥¢ëå �áá®æ¨�æ¨©.

�¥®¡å®¤¨¬®áâì â�ª®£® ®¡ê¥¤¨−¥−¨ï ®âà�¦�¥â á®¢à¥¬¥−−ë¥ â¥−¤¥−æ¨¨ ª ¨−-
â¥£à�æ¨¨ á¥â¥© ¨ ¢¥áì¬� á¢®¥¢à¥¬¥−−® ¢ á¢ï§¨ á ¨−â¥£à�æ¨®−−ë¬¨ ¯à®æ¥áá�¬¨
áâà�− …��‘. ’à¥¡ã¥âáï á®¤¥à¦�â¥«ì−ë© ¯¥à¥á¬®âà áãé¥áâ¢ãîé¨å ¯à�ªâ¨ª
¨ ¬®¤¥«¥© ¢§�¨¬®¤¥©áâ¢¨ï −�ãª¨ ¢ áâà�−�å á®î§� á ãç¥â®¬ â¥¬¯®¢ æ¨äà®¢¨§�æ¨¨,
£«®¡�«¨§�æ¨¨ NREN ¨ ¨−â¥à−�æ¨®−�«¨§�æ¨¨ −�ãç−®£® ®¡¬¥−�. ‚ æ¥«ïå à�§¢¨â¨ï
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�. ƒ. �¡à�¬®¢, �. �. ƒ®−ç�à, �. ‚. …¢á¥¥¢ ¨ ¤à.

ª®¬¯¥â¥−æ¨©, ®¯ëâ� ¨ ¬¥¦¤ã−�à®¤−®© ¯à�ªâ¨ª¨ −�ãç−ë¬ ¨ ®¡à�§®¢�â¥«ì−ë¬
®à£�−¨§�æ¨ï¬ áâà�− æ¥«¥á®®¡à�§−® ¨−â¥−á¨¢−¥¥ ¢®¢«¥ª�âìáï ¢ ¨á¯®«ì§®¢�−¨¥ à¥-
áãàá®¢ ¨ á¥à¢¨á®¢ NREN, ¯à¨−¨¬�âì ãç�áâ¨¥ ¢ ¨å á®§¤�−¨¨ ¨ ¢−¥¤à¥−¨¨. �®¢®¥
á¥â¥¢®¥ ®¡ê¥¤¨−¥−¨¥ ¯®§¢®«¨â ®à£�−¨§�æ¨ï¬ �ªâ¨¢−¥¥ ¨ −� à�¢−®¯à�¢−ëå ãá«®-
¢¨ïå ãç�áâ¢®¢�âì ¢ ¬¨à®¢ëå ¨ ¥¢à®¯¥©áª¨å −�ãç−ëå ª®««�¡®à�æ¨ïå ¨ ¯à®¥ªâ�å.

2 Текущее состояние национальных научно-образовательных сетей
стран Евразийского экономического союза

�à¨¢¥¤¥¬ −¥ª®â®àë¥ á¢¥¤¥−¨ï ® â¥ªãé¥¬ á®áâ®ï−¨¨ NREN áâà�− …��‘,
−�ç�¢ á ¯¥à¥ç¨á«¥−¨ï ¨å −�§¢�−¨©, ãáâ®ï¢è¨åáï �¡¡à¥¢¨�âãà ¨ ¢¥¡-á�©â®¢:

÷®áá¨©áª�ï ”¥¤¥à�æ¨ï | ��æ¨®−�«ì−�ï ¨áá«¥¤®¢�â¥«ìáª�ï ª®¬¯ìîâ¥à−�ï
á¥âì −®¢®£® ¯®ª®«¥−¨ï (�ˆŠ‘, https://niks.su);

÷¥á¯ã¡«¨ª� Š�§�åáâ�− | �áá®æ¨�æ¨ï ¯®«ì§®¢�â¥«¥© −�ãç−®-®¡à�§®¢�â¥«ì-
−®© ª®¬¯ìîâ¥à−®© á¥â¨ Š�§�åáâ�−� (KazRENA, http://kazrena.kz);

÷¥á¯ã¡«¨ª� �à¬¥−¨ï | �ª�¤¥¬¨ç¥áª�ï −�ãç−®-¨áá«¥¤®¢�â¥«ìáª�ï ª®¬¯ìî-
â¥à−�ï á¥âì �à¬¥−¨¨ (ASNET-AM, https://www.asnet.am);

÷¥á¯ã¡«¨ª� �¥«�àãáì | ��ãç−®-¨−ä®à¬�æ¨®−−�ï ª®¬¯ìîâ¥à−�ï á¥âì ��æ¨-
®−�«ì−®© �ª�¤¥¬¨¨ −�ãª �¥«�àãá¨ (BASNET, https://www.bas-net.by);

Šëà£ë§áª�ï ÷¥á¯ã¡«¨ª� | Šëà£ë§áª�ï −�ãç−�ï ¨ ®¡à�§®¢�â¥«ì−�ï ª®¬¯ìî-
â¥à−�ï á¥âì (Š��Š‘, KRENA, http://krena.kg).

��§®¢ë¬¨ ®à£�−¨§�æ¨ï¬¨, �¤¬¨−¨áâà�â®à�¬¨ ¨ ®¯¥à�â®à�¬¨ á¥â¥© ¢ëáâã¯�îâ
¨−áâ¨âãâë −�æ¨®−�«ì−ëå �ª�¤¥¬¨© −�ãª áâà�−. āà¨¤¨ç¥áª¨© áâ�âãá ¢á¥å NREN,
ªà®¬¥ à®áá¨©áª®©, | �áá®æ¨�æ¨ï, ®¡ê¥¤¨−¥−¨¥ îà¨¤¨ç¥áª¨å «¨æ. �ˆŠ‘ ¡ë«�
á®§¤�−� ¢ 2019 £. ¢ à¥§ã«ìâ�â¥ ®¡ê¥¤¨−¥−¨ï äã−ªæ¨®−¨à®¢�¢è¨å á 1994 £. −�-
ãç−®-®¡à�§®¢�â¥«ì−ëå á¥â¥© RUNNet ¨ RASNet ¨ áâ�«� ¯à®¥ªâ®¬ ä¥¤¥à�«ì−®£®
ãà®¢−ï, ¢ë¯®«−ï¥¬ë¬ Œ¥¦¢¥¤®¬áâ¢¥−−ë¬ áã¯¥àª®¬¯ìîâ¥à−ë¬ æ¥−âà®¬ ÷��
¯® æ¥«¥¢®¬ã §�¤�−¨î Œ¨−®¡à−�ãª¨ ÷®áá¨¨ [4{6]. �¥ª®â®àë¥ å�à�ªâ¥à¨áâ¨ª¨
NREN áâà�− …��‘ á¢¥¤¥−ë ¢ â�¡«¨æã.

‘à¥¤¨ â¨¯®¢ ®à£�−¨§�æ¨©, ¯®¤ª«îç¥−−ëå ª NREN áâà�− á®î§�, ¯à¥®¡«�¤�îâ
ã−¨¢¥àá¨â¥âë ¨ −�ãç−ë¥ ¨−áâ¨âãâë; ¢ ¬¥−ìè¥© áâ¥¯¥−¨ | ãçà¥¦¤¥−¨ï ªã«ìâãàë
¨ §¤à�¢®®åà�−¥−¨ï, ®à£�−¨§�æ¨¨ áà¥¤−¥£® ¯à®ä¥áá¨®−�«ì−®£® ¨ ¤®¯®«−¨â¥«ì−®£®
®¡à�§®¢�−¨ï, èª®«ë, £®áã¤�àáâ¢¥−−ë¥ ®à£�−ë.

‚ àï¤ã äã−ªæ¨®−¨àãîé¨å ¨ à�§¢¨¢�¥¬ëå á¥à¢¨á®¢ NREN ç�é¥ ¢á¥£® ä¨£ã-
à¨àãîâ á¥à¢¨áë ä¥¤¥à�â¨¢−®© �ãâ¥−â¨ä¨ª�æ¨¨ (eduroam, eduGAIN), ®¡«�ç−ë¥
á¥à¢¨áë à�§«¨ç−ëå ¬®¤¥«¥© ¯à¥¤®áâ�¢«¥−¨ï, á¥à¢¨áë á¥â¥¢®© ¨ ¨−ä®à¬�æ¨®−−®©
¡¥§®¯�á−®áâ¨, å®áâ¨−£ á¨áâ¥¬ ¤¨áâ�−æ¨®−−®£® ®¡ãç¥−¨ï, á¥à¢¨áë ¢¨¤¥®ª®−ä¥-
à¥−æá¢ï§¨ ¨ −¥ª®â®àë¥ ¤àã£¨¥.

‘«¥¤ã¥â ª®−áâ�â¨à®¢�âì, çâ® á¥£®¤−ï áãé¥áâ¢¥−−�ï ¢ ®¡é¥¬ ®¡ê¥¬¥ ç�áâì
¯¥à¥¤®¢ëå −�ãç−ëå ãáâ�−®¢®ª, áã¯¥àª®¬¯ìîâ¥à−ëå æ¥−âà®¢, æ¥−âà®¢ ª®««¥ª-
â¨¢−®£® ¯®«ì§®¢�−¨ï −�ãç−ë¬ ®¡®àã¤®¢�−¨¥¬, ®âà�á«¥¢ëå æ¨äà®¢ëå ¯«�âä®à¬,
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��æ¨®−�«ì−ë¥ −�ãç−®-®¡à�§®¢�â¥«ì−ë¥ á¥â¨ áâà�− …��‘: ¯¥àá¯¥ªâ¨¢ë ¨−â¥£à�æ¨¨

�¥ª®â®àë¥ å�à�ªâ¥à¨áâ¨ª¨ NREN áâà�− …��‘
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÷�á¯à¥¤¥«¥−¨¥ ç¨á«�
®à£�−¨§�æ¨©
¯® áª®à®áâ¨

¯®¤ª«îç¥−¨ï

�à®âï¦¥−−®áâì, ª¬;
¯à®¯ãáª−�ï á¯®-
á®¡−®áâì ®¯®à-

−®© ¨−äà�áâàãª-
âãàë, ƒ¡¨â/á

Cª®à®áâì
¯®¤ª«î-

ç¥−¨ï
ª G �EANT,

ƒ¡¨â/á

�ˆŠ‘
2019

(1994) 216
≥ 1 ƒ¡¨â/á | 133;

500{1000 Œ¡¨â/á | 11;
< 500Œ¡¨â/á | 72

> 10 000;
10 . . . 40

10

KazRENA 2001 60
≥ 1 ƒ¡¨â/á | 4;

500{1000 Œ¡¨â/á | 56
90;
10 1

ASNET-AM 1994 65
≥ 1 ƒ¡¨â/á | 5;

500{1000 Œ¡¨â/á | 60
57;
| 2

BASNET 1996 98
≥ 1 ƒ¡¨â/á | 2;

500{1000 Œ¡¨â/á | 51;
< 500Œ¡¨â/á | 45

50;
10 10

KRENA 2002 64 < 500Œ¡¨â/á | 64
97;
1 �¥ ¯®¤ª«îç¥−�

−�ãç−ëå ¨ ®¡à�§®¢�â¥«ì−ëå à¥áãàá®¢ áª®−æ¥−âà¨à®¢�−� ¢ ÷®áá¨¨; ®¡ê¥ªâ¨¢−®
¨¬¥¥â ¬¥áâ® ®¯à¥¤¥«¥−−ë© à�§àë¢ ¢ ãà®¢−¥ à�§¢¨â¨ï −�ãª¨ ¨ æ¨äà®¢¨§�æ¨¨ ¬¥¦-
¤ã áâà�−�¬¨ …��‘. �áâ�«ì−ë¥ áâà�−ë á®î§� ¨á¯ëâë¢�îâ ®áâàãî ¯®âà¥¡−®áâì
¢ ¢ëá®ª®¯à®¨§¢®¤¨â¥«ì−ëå ¢ëç¨á«¨â¥«ì−ëå à¥áãàá�å, ®¡«�ç−ëå åà�−¨«¨é�å,
¢ ¤®áâã¯¥ ª −�ãç−ë¬ ãáâ�−®¢ª�¬, −�ª®¯«¥−−ë¬ ¡�§�¬ −�ãç−ëå ¤�−−ëå, í«¥ª-
âà®−−ë¬ ¡¨¡«¨®â¥ª�¬ ¨ æ¨äà®¢ë¬ ª®««¥ªæ¨ï¬, ª�ç¥áâ¢¥−−®¬ã −�ãç−®-®¡à�§®-
¢�â¥«ì−®¬ã ª®−â¥−âã.

3 Предпосылки к созданию Ассоциации национальных
научно-образовательных сетей стран
Евразийского экономического союза

‚ −�áâ®ïé¥¥ ¢à¥¬ï …A�C à¥�«¨§ã¥â úæ¨äà®¢ãî ¯®¢¥áâªã ¤® 2025 £.û, ãáâ�-
−�¢«¨¢�îéãî ª«îç¥¢ë¥ −�¯à�¢«¥−¨ï ã£«ã¡«¥−¨ï ¢§�¨¬®¤¥©áâ¢¨ï ¯à¨ à�§¢¨â¨¨
æ¨äà®¢¨§�æ¨¨, ®¯à¥¤¥«ïîéãî á®âàã¤−¨ç¥áâ¢® ¯à¨ ä®à¬¨à®¢�−¨¨ æ¨äà®¢®©
íª®−®¬¨ª¨ ¨ §�¯ãáª¥ ¨−−®¢�æ¨®−−ëå ¯à®¥ªâ®¢. ‚ àï¤ã −�¯à�¢«¥−¨© à¥�«¨§�æ¨¨
¯®¢¥áâª¨ | à�§¢¨â¨¥ æ¨äà®¢®© ¨−äà�áâàãªâãàë ¨ ®¡¥á¯¥ç¥−¨¥ §�é¨é¥−−®áâ¨
æ¨äà®¢ëå ¯à®æ¥áá®¢, ¢ª«îç�ï ¡¥§®¯�á−®áâì ªà¨â¨ç¥áª®© ¨−äà�áâàãªâãàë, á®-
§¤�−¨¥ á¥â¥© ¯®á«¥¤−¥£® ¯®ª®«¥−¨ï ¨ ä®à¬¨à®¢�−¨¥ âà�−á£à�−¨ç−®£® ¯à®áâà�−-
áâ¢� ¤®¢¥à¨ï. ‚�¦−®¥ ¬¥áâ® §�−¨¬�¥â −�ãç−®¥ ¨ ®¡à�§®¢�â¥«ì−®¥ á®âàã¤−¨ç¥áâ¢®
áâà�−, ®¤−®© ¨§ £«�¢−ëå æ¥«¥© ª®â®à®£® áâ�¢¨âáï ä®à¬¨à®¢�−¨¥ ¨ à�§¢¨â¨¥
¥¤¨−®£® æ¨äà®¢®£® ¯à®áâà�−áâ¢�.

–¨äà®¢�ï âà�−áä®à¬�æ¨ï ®âªàë¢�¥â æ¥«ë© àï¤ ¢®§¬®¦−®áâ¥© ¤«ï ¨−â¥£à�-
æ¨®−−ëå ¯à®æ¥áá®¢ ¢ à�¬ª�å …��‘. ‘âà�−ë á®î§� ®¡«�¤�îâ á®¡áâ¢¥−−ë¬¨
â¥å−®«®£¨ç¥áª¨¬¨ −�à�¡®âª�¬¨, ª®â®àë¥ ¬®£ãâ ¡ëâì ¯à¥¤«®¦¥−ë ª ¨á¯®«ì§®-
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¢�−¨î ¤«ï ®à£�−¨§�æ¨¨ á®¢¬¥áâ−®© −�ãç−®©, ®¡à�§®¢�â¥«ì−®© ¨ â¥å−¨ç¥áª®©
¤¥ïâ¥«ì−®áâ¨; ¢ ç¨á«¥ â�ª¨å §�¤¥«®¢ | á®¡áâ¢¥−−® äã−ªæ¨®−¨àãîé¨¥ NREN
¨ ®â¤¥«ì−ë¥ æ¨äà®¢ë¥ ¯«�âä®à¬ë −�æ¨®−�«ì−®£® ãà®¢−ï. ‘®§¤�−¨¥ �áá®æ¨-
�æ¨¨ NREN ª�ª ¡�§®¢®© ª®¬¯®−¥−âë ¨ ®á−®¢ë ¤«ï á®¢¬¥áâ−®© ¤¥ïâ¥«ì−®áâ¨
¤®«¦−® á¯®á®¡áâ¢®¢�âì ¥¢à�§¨©áª®© æ¨äà®¢®© ¨−â¥£à�æ¨¨ ¤«ï à�áè¨à¥−¨ï á®-
âàã¤−¨ç¥áâ¢� ¢ áä¥à¥ −�ãª¨ ¨ ®¡à�§®¢�−¨ï, ¢ à�§«¨ç−ëå ®¡«�áâïå íª®−®¬¨ª¨.

ˆ−¨æ¨�â¨¢� á®§¤�−¨ï ®¡ê¥¤¨−¥−−®© �áá®æ¨�æ¨¨ NREN áâà�− …��‘ ¯®¤-
¤¥à¦�−� �à¥§¨¤¨ã¬®¬ ��ãç−®-â¥å−¨ç¥áª®£® á®¢¥â� ¯à¨ �à¥¤á¥¤�â¥«¥ Š®««¥-
£¨¨ …¢à�§¨©áª®© íª®−®¬¨ç¥áª®© ª®¬¨áá¨¨ ¢ 2021 £. �à¥¤áâ�¢¨â¥«ï¬¨ NREN
à�§à�¡®â�−� Š®−æ¥¯æ¨ï á®§¤�−¨ï, ®¡¥á¯¥ç¥−¨ï äã−ªæ¨®−¨à®¢�−¨ï ¨ à�§¢¨â¨ï
�áá®æ¨�æ¨¨ NREN áâà�− á®î§� ¨ ú¤®à®¦−�ï ª�àâ�û ¯® ¥¥ à¥�«¨§�æ¨¨. ‚ á®®â-
¢¥âáâ¢¨¨ á Š®−æ¥¯æ¨¥©, ¬¨áá¨ï �áá®æ¨�æ¨¨ | ¢−¥á¥−¨¥ áãé¥áâ¢¥−−®£® ¢ª«�¤�
¢ ¤®áâ¨¦¥−¨¥ æ¥«¥© æ¨äà®¢®© âà�−áä®à¬�æ¨¨ −�ãª¨ ¨ ®¡à�§®¢�−¨ï, æ¨äà®¢®£®
¥¤¨−áâ¢� ¯ãâ¥¬ ®¡ê¥¤¨−¥−¨ï �ªâã�«ì−ëå ¨−¨æ¨�â¨¢ ¢ áä¥à¥ æ¨äà®¢¨§�æ¨¨ ¨ á®-
§¤�−¨ï −¥®¡å®¤¨¬ëå ¤«ï ¨å à¥�«¨§�æ¨¨ ãá«®¢¨© ¢ à�¬ª�å ®¡ê¥¤¨−¥−¨ï ãá¨«¨©
¨ áãé¥áâ¢ãîé¨å â¥å−®«®£¨ç¥áª¨å à¥è¥−¨© á à¥�«¨§�æ¨¥© ãáâ®©ç¨¢®© ®âà�á«¥¢®©
¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë ¢ ¨−â¥à¥á�å áâà�−.

‚ ç¨á«¥ ®á−®¢−ëå æ¥«¥© �áá®æ¨�æ¨¨ ¬®¦−® ¢ë¤¥«¨âì:

{ ®¡¥á¯¥ç¥−¨¥ äã−ªæ¨®−¨à®¢�−¨ï ¨−äà�áâàãªâãà−®-á¥à¢¨á−®© ¯«�âä®à¬ë −�
¡�§¥ NREN áâà�− á à�§à�¡®âª®© ¨ ¯à¥¤®áâ�¢«¥−¨¥¬ á¥â¥¢ëå ãá«ã£ ¨ á¥à¢¨á®¢
−�ãç−®-®¡à�§®¢�â¥«ì−®¬ã á®®¡é¥áâ¢ã …��‘ ¨ âà¥âì¨å áâà�−;

{ á®¤¥©áâ¢¨¥ NREN ¢ ¨−−®¢�æ¨ïå ¯® à�§à�¡®âª¥ ¨ ¨á¯®«ì§®¢�−¨î â¥å−®«®£¨©
¨ ¤àã£¨å ¢®§¬®¦−®áâ¥© ¢ ®¡«�áâ¨ ¯¥à¥¤®¢ëå á¥â¥¢ëå, ¨−ä®à¬�æ¨®−−ëå
¨ á¢ï§�−−ëå á −¨¬¨ æ¨äà®¢ëå á¥à¢¨á®¢;

{ ª®®à¤¨−�æ¨ï á®¢¬¥áâ−ëå ¯à®¥ªâ®¢ NREN ¨ ®à£�−¨§�æ¨© áâà�−, §�−¨¬�îé¨å-
áï −�ãç−ë¬¨ ¨áá«¥¤®¢�−¨ï¬¨ ¨ ®¡à�§®¢�−¨¥¬;

{ ®¡¥á¯¥ç¥−¨¥ ¡¥§¡�àì¥à−®£® ¤®áâã¯� ®à£�−¨§�æ¨© −�ãª¨ ¨ ®¡à�§®¢�−¨ï áâà�−
¨ ¨−ëå áã¡ê¥ªâ®¢ −�ãç−®-â¥å−®«®£¨ç¥áª®£® ¯à®æ¥áá� ª ¤®áâ¨¦¥−¨ï¬ á®¢à¥-
¬¥−−®© −�ãª¨ ¨ à¥§ã«ìâ�â�¬ −�ãç−®© ¤¥ïâ¥«ì−®áâ¨;

{ ä®à¬¨à®¢�−¨¥ ¥¤¨−®£® æ¨äà®¢®£® ¯à®áâà�−áâ¢� ¢ æ¥«ïå ã−¨ä¨ª�æ¨¨ ¨ áâ�−-
¤�àâ¨§�æ¨¨ ®âà�á«¥¢®£® ¢§�¨¬®¤¥©áâ¢¨ï ¨ ¯à¥®¤®«¥−¨ï æ¨äà®¢®£® à�§àë¢�;

{ ¯à¥¤®áâ�¢«¥−¨¥ ¢®§¬®¦−®áâ¥© ¢ëá®ª®áª®à®áâ−®£® ®¡¬¥−� ¤�−−ë¬¨ á ¬¨à®¢ë-
¬¨ NREN, á¥â¥¢ë¬¨ �áá®æ¨�æ¨ï¬¨ ¨ ®â¤¥«ì−ë¬¨ ¯à®¥ªâ�¬¨;

{ ¨−â¥£à�æ¨ï ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−ëå á¨áâ¥¬ ®à£�−¨§�æ¨© −�ãª¨
¨ ®¡à�§®¢�−¨ï áâà�− …��‘;

{ á®¤¥©áâ¢¨¥ ¨á¯®«ì§®¢�−¨î ¥¤¨−®© ¨−ä®à¬�æ¨®−−®-ª®¬¬ã−¨ª�æ¨®−−®©
¨−äà�áâàãªâãàë ¨ á¥à¢¨á®¢ ¤«ï á®¢¬¥áâ−ëå ¨áá«¥¤®¢�−¨© ¨ ®¡à�§®¢�â¥«ì−ëå
¯à®£à�¬¬;
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��æ¨®−�«ì−ë¥ −�ãç−®-®¡à�§®¢�â¥«ì−ë¥ á¥â¨ áâà�− …��‘: ¯¥àá¯¥ªâ¨¢ë ¨−â¥£à�æ¨¨

{ á®¤¥©áâ¢¨¥ ãáâ�−®¢«¥−¨î ¥¤¨−ëå ¯à�¢¨« ¨ −®à¬ ¯® ¢®¯à®á�¬ â¥å−¨ç¥áª®£®,
â�ªâ¨ç¥áª®£® ¨ áâà�â¥£¨ç¥áª®£® à�§¢¨â¨ï, ã¯à�¢«¥−¨ï ¨ ¨á¯®«ì§®¢�−¨ï á¥-
â¥¢ëå â¥å−®«®£¨© ¨ á¥à¢¨á®¢, ®¡¬¥−� ¤�−−ë¬¨ ¨ á®¯ãâáâ¢ãîé¨å ãá«ã£ ¤«ï
−�ãç−®-®¡à�§®¢�â¥«ì−®£® á®®¡é¥áâ¢� áâà�−;

{ á®¢¥àè¥−áâ¢®¢�−¨¥ §−�−¨©, −�¢ëª®¢ ¨ ª®¬¯¥â¥−æ¨© ¢ ®¡«�áâ¨ à�§¢¨â¨ï â¥«¥-
ª®¬¬ã−¨ª�æ¨®−−ëå á¥â¥©, ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¨ á¢ï§�−−®© á −¨¬¨
æ¨äà®¢®© ¨−äà�áâàãªâãàë ¢ áâà�−�å á®î§�.

‚ ¯à®à�¡®âª¥ −�å®¤ïâáï â¥å−®«®£¨ç¥áª¨¥ à¥è¥−¨ï ¤«ï ¨−äà�áâàãªâãàë �á-
á®æ¨�æ¨¨, ãç¨âë¢�îé¨¥ −®à¬�â¨¢−ë¥ à¥£ã«ïâ®à−ë¥ âà¥¡®¢�−¨ï áâà�−, ®á®¡¥−-
−®áâ¨ ®áãé¥áâ¢«¥−¨ï NREN «¨æ¥−§¨®−−®© ¤¥ïâ¥«ì−®áâ¨ ª�ª ®¯¥à�â®à®¢ á¢ï§¨.
‚ ª�ç¥áâ¢¥ ®¯â¨¬�«ì−®£® à¥è¥−¨ï ¤«ï ä®à¬¨à®¢�−¨ï â¥å−®«®£¨ç¥áª®© ¨−äà�-
áâàãªâãàë à�áá¬�âà¨¢�¥âáï á®§¤�−¨¥ ¥¤¨−®© á¥â¨ ¯¥à¥¤�ç¨ ¤�−−ëå, ¯®áâà®¥−−®©
−� ¡�§¥ ¯àï¬®£® ¬¥¦á¥â¥¢®£® ¢§�¨¬®¤¥©áâ¢¨ï NREN ¡¥§ âà�−§¨â� âà�ä¨ª� ç¥à¥§
á¥â¨ á¢ï§¨ ®¡é¥£® ¯®«ì§®¢�−¨ï. ÷¥è¥−¨¥ ¤®«¦−® ãç¨âë¢�âì â¥å−®«®£¨ç¥áª¨¥
¨ ¨−ë¥ ®á®¡¥−−®áâ¨ ¯à¥¤®áâ�¢«¥−¨ï ãá«ã£ á¢ï§¨ −� â¥àà¨â®à¨¨ áâà�− ¨ ¡�§¨-
à®¢�âìáï −� ãáâ®©ç¨¢®© â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãà¥, ®â¢¥ç�îé¥©
á®¢à¥¬¥−−ë¬ âà¥¡®¢�−¨ï¬ ¯® ª�ç¥áâ¢ã ¨ ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ª�−�«®¢ ¯¥à¥-
¤�ç¨ ¤�−−ëå.

�à®¯ãáª−�ï á¯®á®¡−®áâì ¬¥¦£®áã¤�àáâ¢¥−−ëå âà�−á£à�−¨ç−ëå ª�−�«®¢ á¢ï§¨
−� −�ç�«ì−®¬ íâ�¯¥ ¤®«¦−� ã¤®¢«¥â¢®àïâì ¢§¢¥è¥−−ë¬ ¯®âà¥¡−®áâï¬ ¨ á®®â¢¥â-
áâ¢®¢�âì ãà®¢−î ¯à®¯ãáª−ëå á¯®á®¡−®áâ¥© ¬�£¨áâà�«ì−ëå ãç�áâª®¢ NREN. �à¨
¯®áâà®¥−¨¨ ¨−äà�áâàãªâãàë ¬®¦¥â ¡ëâì ¯à¥¤ãá¬®âà¥−� ¢®§¬®¦−®áâì ®à£�−¨-
§�æ¨¨ á®¢¬¥áâ−ëå ã§«®¢ á¢ï§¨ ®¡ê¥¤¨−¥−−®© ¬�£¨áâà�«ì−®© á¥â¨ ¢ ª�¦¤®© ¨§
áâà�− ¤«ï ®¡¥á¯¥ç¥−¨ï ¡®«¥¥ ¢ëá®ª®£® ãà®¢−ï â¥å−®«®£¨ç¥áª®£® ¢§�¨¬®¤¥©áâ¢¨ï
¨ ¯®¢ëè¥−¨ï ®âª�§®ãáâ®©ç¨¢®áâ¨.

�ªá¯«ã�â�æ¨ï ¨−äà�áâàãªâãàë ¤®«¦−� −�å®¤¨âìáï ¢ §®−¥ ®â¢¥âáâ¢¥−−®áâ¨
NREN −� â¥àà¨â®à¨¨ á®®â¢¥âáâ¢ãîé¥© áâà�−ë ¨ ¢ à�¬ª�å ®à£�−¨§®¢�−−ëå ¥î
¬¥¦£®áã¤�àáâ¢¥−−ëå ª�−�«®¢ á¢ï§¨. Š«îç¥¢ë¥ ª®¬¯®−¥−âë ®¡é¥© ¨−äà�áâàãª-
âãàë ¤®«¦−ë ¡ëâì ¢ª«îç¥−ë ¢ ®¡éãî á¨áâ¥¬ã ¬®−¨â®à¨−£� ¨ ã¯à�¢«¥−¨ï á¥âìî
¨ á®¯à®¢®¦¤�âìáï á¯¥æ¨�«¨áâ�¬¨ ¥¤¨−®£® æ¥−âà� ã¯à�¢«¥−¨ï, äã−ªæ¨®−¨àãîé¥-
£® −� ¯à¨−æ¨¯�å â¥å−®«®£¨ç¥áª®© ¨¥à�àå¨¨ à�á¯à¥¤¥«¥−¨ï §�¤�ç ¯® íªá¯«ã�â�æ¨¨
¨ â¥å−¨ç¥áª®© ¯®¤¤¥à¦ª¥.

4 Заключение

‚ §�ª«îç¥−¨¥ áâ®¨â §�¬¥â¨âì, çâ® á®§¤�−¨¥, ®¡¥á¯¥ç¥−¨¥ äã−ªæ¨®−¨à®¢�−¨ï
¨ ¯®áâã¯�â¥«ì−®£® à�§¢¨â¨ï �áá®æ¨�æ¨¨ NREN áâà�− …��‘ ¯®§¢®«¨â à¥è¨âì
á«¥¤ãîé¨¥ §�¤�ç¨, ¯à¥¤áâ�¢«ïîé¨¥áï �¢â®à�¬ ¢¥áì¬� ¢�¦−ë¬¨:

{ á®§¤�−¨¥ ¥¤¨−®© â¥«¥ª®¬¬ã−¨ª�æ¨®−−®© ¨−äà�áâàãªâãàë NREN áâà�−;

{ á®§¤�−¨¥ ¢®áâà¥¡®¢�−−ëå á®¢¬¥áâ−® ¨á¯®«ì§ã¥¬ëå à¥áãàá®¢ ¨ á¥à¢¨á®¢ ¤«ï
¯à®¢¥¤¥−¨ï −�ãç−ëå ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª;
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{ ä®à¬¨à®¢�−¨¥ �áá®æ¨�æ¨¨ ãà®¢−ï ¢¥¤ãé¨å ¬¨à®¢ëå á¥â¥¢ëå ®¡ê¥¤¨−¥−¨©
á æ¥«ìî ¯�à¨â¥â−®£® ®áãé¥áâ¢«¥−¨ï ¤¥ïâ¥«ì−®áâ¨ −� ¥¢à�§¨©áª®© â¥àà¨â®à¨¨,
á®¢¬¥áâ−®£® ¨ á®£«�á®¢�−−®£® ¢§�¨¬®¤¥©áâ¢¨ï á §�àã¡¥¦−ë¬¨ NREN ¨ ¨å
�áá®æ¨�æ¨ï¬¨;

{ ¢−¥¤à¥−¨¥ ¨ à�áè¨à¥−¨¥ ¨á¯®«ì§®¢�−¨ï á¨áâ¥¬ë ä¥¤¥à�â¨¢−®© �ãâ¥−â¨ä¨ª�-
æ¨¨ ¤«ï ¢§�¨¬®¤¥©áâ¢¨ï ãç¥−ëå ¨ ¨áá«¥¤®¢�â¥«¥© áâà�−;

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

�¢â®àë ¢ëà�¦�îâ ¡«�£®¤�à−®áâì àãª®¢®¤áâ¢ã NREN áâà�− …��‘ §� ¤¥ï-
â¥«ì−®¥ ãç�áâ¨¥ ¯à¨ ¯®¤£®â®¢ª¥ ®â¤¥«ì−ëå ¬�â¥à¨�«®¢ ¤«ï áâ�âì¨.
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НЕКОТОРЫЕ ПРОЕКТЫ НЕТИПОВОГО ПРИМЕНЕНИЯ
ЭКСПЕРТНЫХ СИСТЕМ

Д. В. Жуков1

�−−®â�æ¨ï: �¡áã¦¤�îâáï ¢®¯à®áë à�§¢¨â¨ï äã−ªæ¨®−�«� á¯¥æ¨�«¨§¨à®-
¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ (ˆ‘) §� áç¥â ¢−¥¤à¥−¨ï ¨−â¥««¥ªâã�«ì−ëå
à¥è¥−¨© −� ®á−®¢¥ â¥å−®«®£¨© ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� (ˆˆ). �à¥¤«�£�-
¥¬ë¥ à¥è¥−¨ï ®¯¨à�îâáï −� à¥§ã«ìâ�âë áà�¢−¨â¥«ì−®£® �−�«¨§� ¯à®æ¥áá®¢
à¥�«¨§�æ¨¨ £®áã¤�àáâ¢¥−−ëå áâà�â¥£¨© ¢ ®¡«�áâ¨ ˆˆ ¨ ®á®¡¥−−®áâ¥© ãá«®¢¨©
¢ ÷”. �à¥¤áâ�¢«¥−ë ç¥âëà¥ ¯¥àá¯¥ªâ¨¢−ëå ¯à®¥ªâ� íªá¯¥àâ−ëå á¨áâ¥¬. ��-
àï¤ã á úâ¨¯®¢ë¬û à¥è¥−¨¥¬, ¡�§¨àãîé¨¬áï −� â¥å−®«®£¨¨ «¨æ¥¢®© ¡¨®¬¥â-
à¨¨, âà¨ ú−¥â¨¯®¢ëåû ¯à®¥ªâ� ®¯¨à�îâáï −� ª«�áá¨ç¥áª¨¥ à¥è¥−¨ï ¢ ®¡«�áâ¨
ˆˆ ¯¥à¢®© ¢®«−ë, ¢−¨¬�−¨¥ ª ª®â®àë¬ −¥ â�ª ¢¥«¨ª®, ª�ª ª ¯à®¥ªâ�¬ −� ¡�§¥
¨áªãááâ¢¥−−ëå −¥©à®−−ëå á¥â¥© ¢â®à®© ¢®«−ë.

Š«îç¥¢ë¥ á«®¢�: â¥å−®«®£¨¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ�; íªá¯¥àâ−ë¥ á¨áâ¥-
¬ë; ¨áªãááâ¢¥−−ë¥ −¥©à®−−ë¥ á¥â¨; ã¯à�¢«¥−¨¥ äã−ªæ¨®−¨à®¢�−¨¥¬; ®¡¥á-
¯¥ç¥−¨¥ à¥áãàá®¢

DOI: 10.14357/08696527220410

1 Введение

‚ áâ�âì¥ ®¡áã¦¤�îâáï ¢®¯à®áë á®¢¥àè¥−áâ¢®¢�−¨ï äã−ªæ¨®−�«� ˆ‘ ¡®«ìè¨å
¬�áèâ�¡®¢ §� áç¥â ¢−¥¤à¥−¨ï ¢ −¨å ¨−â¥««¥ªâã�«ì−ëå áà¥¤áâ¢ ¨ â¥å−®«®£¨©. �®¤
¡®«ìè¨¬¨ ˆ‘ ¯®−¨¬�îâáï á¨áâ¥¬ë, á®§¤�−−ë¥ ¨ äã−ªæ¨®−¨àãîé¨¥ ¢ ¨−â¥à¥á�å
£®á®à£�−®¢ ÷” ¨«¨ ªàã¯−ëå ª®¬¬¥àç¥áª¨å ®à£�−¨§�æ¨©. ’�ª¨¥ ˆ‘ ¤�¢−® ¢ëè«¨
§� à�¬ª¨ ¨−ä®à¬�æ¨®−−®£® á®¯à®¢®¦¤¥−¨ï ®á−®¢−®© ¤¥ïâ¥«ì−®áâ¨ ¨ á�¬¨ áâ�«¨
ä�ªâ¨ç¥áª¨¬¨ áà¥¤áâ¢�¬¨ ¯à®¨§¢®¤áâ¢�. ‘¯¥ªâà ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨©,
¨−áâàã¬¥−â�«ì−ëå ¨ ¨−â¥««¥ªâã�«ì−ëå áà¥¤áâ¢, ¯à¨¬¥−ï¥¬ëå ¢ â�ª¨å ˆ‘, ®ç¥−ì
¢¥«¨ª ¨ ¯®áâ®ï−−® ¯®¯®«−ï¥âáï. �¡é¥¯à¨§−�−−ë¬ ¨áâ®ç−¨ª®¬ äã−ªæ¨®−�«ì−®£®
à�§¢¨â¨ï â�ª¨å ˆ‘ áâ�«¨ â¥å−®«®£¨¨ ˆˆ [1{3]. ƒ®áã¤�àáâ¢¥−−ë¥ áâà�â¥£¨¨ ¢ íâ®©
®¡«�áâ¨ ¢ª«îç�îâ ¬−®£® ¨−â¥à¥á−ëå ¨ ¯¥àá¯¥ªâ¨¢−ëå −�¯à�¢«¥−¨© ¨ ª®−ªà¥â−ëå
§�¤�ç (á¬., −�¯à¨¬¥à, [4{8]).

��¤® §�¬¥â¨âì, çâ® ¨ à®áá¨©áª�ï áâà�â¥£¨ç¥áª�ï ¨−¨æ¨�â¨¢� [9] ¢¯®«−¥ á®®â-
¢¥âáâ¢ã¥â ¬¨à®¢®¬ã ãà®¢−î. �à¨ íâ®¬ à¥�«¨§�æ¨ï íâ®© ¨−¨æ¨�â¨¢ë ¢ à®áá¨©áª¨å
ãá«®¢¨ïå á®¯à®¢®¦¤�¥âáï ¢ ®¯à¥¤¥«¥−−®¬ á¬ëá«¥ ã−¨ª�«ì−ë¬¨ ¯à®¡«¥¬�¬¨ (¬�-
â¥à¨�«ë ¤«ï áà�¢−¨â¥«ì−®£® �−�«¨§� ¥áâì ¢ [10{13]).

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

”®ªãá ¢−¨¬�−¨ï ¢ ¤�−−®© à�¡®â¥ ¢ ¡®«ìè¥© áâ¥¯¥−¨ á¢ï§�− á ªàã¯−ë¬¨
áãé¥áâ¢ãîé¨¬¨ ¨ ¤«¨â¥«ì−®¥ ¢à¥¬ï äã−ªæ¨®−¨àãîé¨¬¨ á¯¥æ¨�«¨§¨à®¢�−−ë¬¨
á¨áâ¥¬�¬¨, ª®â®àë¥ â�ª¦¥ §�¨−â¥à¥á®¢�−ë ¢ ¨−â¥««¥ªâã�«¨§�æ¨¨ á¢®¥£® äã−ª-
æ¨®−�«�. ‚ â¥ç¥−¨¥ §−�ç¨â¥«ì−®£® ¢à¥¬¥−¨ ¢ ”ˆ– ˆ“ ÷�� ¢ë¯®«−ï«áï àï¤
¯à®¥ªâ®¢ á®§¤�−¨ï á¯¥æ¨�«¨§¨à®¢�−−ëå á¨áâ¥¬ ¢ ¨−â¥à¥á�å à�§−ëå ¬¨−¨áâ¥àáâ¢
¨ ¢¥¤®¬áâ¢. �®«ìè¨−áâ¢® ¯à®¥ªâ®¢ §�¢¥àè�«¨áì à¥�«¨§�æ¨¥© ¨ ¯®á«¥¤ãîé¥©,
ª −�áâ®ïé¥¬ã ¢à¥¬¥−¨ ¤«¨â¥«ì−®©, íªá¯«ã�â�æ¨¥© á®§¤�−−ëå á¨áâ¥¬. ‘ä®à-
¬ã«¨à®¢�−−ë¥ ¢ áâ�âì¥ ¯®«®¦¥−¨ï à¥§ã«ìâ¨à®¢�−ë íâ¨¬ ®¯ëâ®¬, ®á−®¢�−ë −�
®¡®¡é¥−¨¨ �ªâã�«ì−ëå ¢®¯à®á®¢ äã−ªæ¨®−¨à®¢�−¨ï â�ª¨å á¨áâ¥¬ ¨ �−�«¨§¥
¯¥àá¯¥ªâ¨¢ ¨å à�§¢¨â¨ï ¢ ¡ã¤ãé¥¬.

Š«îç¥¢ë¬ ®¡áâ®ïâ¥«ìáâ¢®¬ ¯à¥¤áâ�¢«ï¥âáï â®, çâ® §� ¤®¢®«ì−® §−�ç¨â¥«ì−ë¥
¯¥à¨®¤ë à¥�«ì−®© íªá¯«ã�â�æ¨¨, ª�ª ¯à�¢¨«®, −¥ ¯¥à¥á¬�âà¨¢�«®áì äã−ªæ¨®-
−�«ì−®¥ ¨ ¨−ä®à¬�æ¨®−−®¥ ®¡¥á¯¥ç¥−¨¥, ¯à¨−æ¨¯¨�«ì−ë¥ ®à£�−¨§�æ¨®−−®-�à-
å¨â¥ªâãà−ë¥ à¥è¥−¨ï, ®á−®¢−ë¥ ª®−áâàãªâ®àáª¨¥ ¨ â¥å−¨ç¥áª¨¥ ¯®¤å®¤ë. �à¨
íâ®¬ ¢ á¬¥¦−ëå ®¡«�áâïå §� íâ® ¢à¥¬ï ¯à®¨áå®¤¨«¨ à¥¢®«îæ¨®−−ë¥ ¨§¬¥−¥-
−¨ï. ‘�¬ë¥ ¢�¦−ë¥ á¬¥¦−ë¥ ®¡«�áâ¨ | íâ® £®áã¤�àáâ¢¥−−ë¥ ˆ‘ (¯®â¥−æ¨�«ì-
−ë¥ ¨áâ®ç−¨ª¨ ¨−ä®à¬�æ¨¨), ¨−ä®à¬�æ¨®−−ë¥ ¨ ¨−â¥««¥ªâã�«ì−ë¥ â¥å−®«®£¨¨
(¯¥àá¯¥ªâ¨¢−ë¥ á®¢à¥¬¥−−ë¥ ®¡é¥á¨áâ¥¬−ë¥ â¥å−®«®£¨¨), ª®¬¯ìîâ¥à−ë¥ ¨ â¥-
«¥ª®¬¬ã−¨ª�æ¨®−−ë¥ â¥å−®«®£¨¨ (¯¥àá¯¥ªâ¨¢−ë¥ �¯¯�à�â−ë¥ ¨ ¢ëç¨á«¨â¥«ì−ë¥
áà¥¤áâ¢�), � â�ª¦¥ ¯®«¨â¨ç¥áª�ï ¨ íª®−®¬¨ç¥áª�ï á¨âã�æ¨ï (¨áâ®ç−¨ª �ªâã�«ì-
−®£® äã−ªæ¨®−�«�). „«ï ¬−®£¨å ¤«¨â¥«ì−®¥ ¢à¥¬ï äã−ªæ¨®−¨àãîé¨å á¯¥æ¨�-
«¨§¨à®¢�−−ëå á¨áâ¥¬ ª −�áâ®ïé¥¬ã ¬®¬¥−âã á«®¦¨«�áì −�áãé−�ï ¯®âà¥¡−®áâì
¯à¨−¨¬�âì á¨áâ¥¬�â¨ç¥áª¨¥ à¥è¥−¨ï ¢ ç�áâ¨ ¯¥àá¯¥ªâ¨¢ à�§¢¨â¨ï. „«ï íâ®£® ¯®-
âà¥¡ã¥âáï ¢ë¤¥«¨âì ª«îç¥¢ë¥ ä�ªâ®àë à�§¢¨â¨ï, á¯à®£−®§¨à®¢�âì ¨å á®áâ®ï−¨¥
−� £®à¨§®−â 10{15 «¥â ¨ ¯à¥¤«®¦¨âì à¥è¥−¨ï, ®¡¥á¯¥ç¨¢�îé¨¥ �¤¥ª¢�â−®¥ à�§-
¢¨â¨¥. �¡áã¦¤�âì ¢¥áì á¯¥ªâà á¢ï§�−−ëå á íâ¨¬ â¥¬�â¨ç¥áª¨å ¢®¯à®á®¢ ¢ à�¬ª�å
®¤−®© áâ�âì¨ §�âàã¤−¨â¥«ì−®. ÷¥è¥−¨ï §¤¥áì ¯à¥¤«�£�îâáï ç�áâ−®£® å�à�ªâ¥à�
á �ªæ¥−â®¬ −� ¨−â¥««¥ªâã�«ì−ë¥ ¨−ä®à¬�æ¨®−−ë¥ â¥å−®«®£¨¨, ¯®áª®«ìªã äã−ª-
æ¨®−�« | ¯à¨−æ¨¯¨�«ì−ë© ¨ −�¨¡®«¥¥ çã¢áâ¢¨â¥«ì−ë© í«¥¬¥−â «î¡®© á¨áâ¥¬ë.
�â® −¥áª®«ìª® ª®−ªà¥â−ëå ¯à®¥ªâ®¢, ¯®«−®æ¥−−�ï à¥�«¨§�æ¨ï ª®â®àëå ¬®£«�
¡ë ú¯®¤âï−ãâìû á¯¥æ¨�«¨§¨à®¢�−−ë¥ á¨áâ¥¬ë ª á®¢à¥¬¥−−®¬ã ãà®¢−î ¢ ç�áâ¨
äã−ªæ¨®−�«�.

2 Факторы влияния

�¯¨á�−¨¥ ¯à¥¤«�£�¥¬ëå ¯à®¥ªâ®¢ ¯à¥¤¢�à¨¬ ªà�âª®© å�à�ªâ¥à¨áâ¨ª®© â¥ªã-
é¥© á¨âã�æ¨¨ ¢ ®¡«�áâ¨ ˆˆ ¢ ª®−â¥ªáâ¥ ¯¥àá¯¥ªâ¨¢ ¯à¨¬¥−¥−¨ï ¥£® â¥å−®«®£¨©
¢ á¯¥æ¨�«¨§¨à®¢�−−ëå ˆ‘. �â¨ ¯®«®¦¥−¨ï ¢ëâ¥ª�îâ ¨§ áà�¢−¨â¥«ì−®£® �−�«¨§�,
¢ë¯®«−¥−−®£® ¢ [10{13].

”�ªâ®àë à�§¢¨â¨ï â¥å−®«®£¨© ˆˆ:

{ ¨áá«¥¤®¢�−¨ï ¢ ®¡«�áâ¨ ˆˆ ¯¥à¥¦¨¢�îâ úâà¥âìî ¢®«−ãû, ¢ ®á−®¢−®¬ á¢ï-
§�−−ãî á ®¡êïá−¨â¥«ì−ë¬¨ ¨ ®¡é¨¬¨ (®¡ê¥¤¨−¨â¥«ì−ë¬¨) â¥å−®«®£¨ï¬¨;

100 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 4 2022



�¥ª®â®àë¥ ¯à®¥ªâë −¥â¨¯®¢®£® ¯à¨¬¥−¥−¨ï íªá¯¥àâ−ëå á¨áâ¥¬

{ ¬¨à®¢�ï ¯à�ªâ¨ª� ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ®à¨¥−â¨à®¢�−� −� ¯®¤¤¥à¦ªã
«î¡®© ¯à®¤ãªâ¨¢−®© ¢ −�ãç−®¬ ¯«�−¥ ¤¥ïâ¥«ì−®áâ¨, ¨¬¥îé¥© ®â−®è¥−¨¥
ª ¬®¤¥«¨à®¢�−¨î ¯®¢¥¤¥−¨ï ç¥«®¢¥ª� ¨ á®§¤�−¨ï ¥£® §�¬¥−ë/ª®−ªãà¥−æ¨¨
¢ −¥ª®â®àëå ®¡«�áâïå;

{ ¤�¦¥ −¥ ®ç¥−ì −�¤¥¦−ë¥ ¨ −¥¨¤¥�«ì−ë¥ ¯à¨«®¦¥−¨ï, ®á−®¢�−−ë¥ −� â¥å-
−®«®£¨ïå ˆˆ, ¡®«¥¥ ãá¯¥è−® ¨ ®¯¥à�â¨¢−® ¢−¥¤àïîâáï ¢ £®áã¤�àáâ¢¥−−ëå
áâàãªâãà�å;

{ ¢ ¬¨à¥ �ªâ¨¢−® ä¨−�−á¨àãîâáï ¯à®¥ªâë á®§¤�−¨ï à�§«¨ç−ëå à¥¯à¥§¥−â�â¨¢-
−ëå ¡�−ª®¢ ¤�−−ëå, ª®««¥ªæ¨© ®¡à�§æ®¢, áâ�−¤�àâ®¢ ¨ ¬¥â®¤¨ª â¥áâ¨à®¢�−¨ï,
ª®â®àë¥ ¡ã¤ãâ −�å®¤¨âìáï ¢ ®âªàëâ®¬ ¤®áâã¯¥;

{ ¯à¨−æ¨¯¨�«ì−ë¬ ®á−®¢�−¨¥¬ ¡ãà−®£® à�§¢¨â¨ï ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª
¢ ®¡«�áâ¨ ˆˆ ï¢«ï¥âáï ¯®ï¢«¥−¨¥ í«¥¬¥−â−®© ¨ �¯¯�à�â−®© ª®¬¯ìîâ¥à−®©
¡�§ë, ®¡¥á¯¥ç¨¢�îé¥© ¢ëç¨á«¨â¥«ì−ë¥ à¥áãàáë, ¤®áâ�â®ç−ë¥ ¤«ï äã−ªæ¨®-
−¨à®¢�−¨ï ¯à®£à�¬¬−ëå ¯à®¤ãªâ®¢ á ¨á¯®«ì§®¢�−¨¥¬ ˆˆ;

{ ¢â®à®© �−�«®£¨ç−ë© ä�ªâ®à | à�§à�¡®âª� á®®â¢¥âáâ¢ãîé¥£® ¯à®£à�¬¬−®£®
®¡¥á¯¥ç¥−¨ï.

”¨−�−á¨à®¢�−¨¥ ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ˆˆ:

{ íª®−®¬¨ç¥áª¨¥ á¢¥àå¤¥à¦�¢ë ‘˜� ¨ Š�÷ ¨¬¥îâ ¢ −�áâ®ïé¨© ¬®¬¥−â £®áã-
¤�àáâ¢¥−−ë¥ áâà�â¥£¨ç¥áª¨¥ ¤®ªã¬¥−âë á £®à¨§®−â®¬ ¯«�−¨à®¢�−¨ï 2026 £.
(‘˜�) ¨ 2030 £. (Š�÷) ¨ ®æ¥−ª�¬¨ ®¡ê¥¬®¢ àë−ª� ˆˆ: ¢ ‘˜� á 2018 ¯®
2026 ££. | à®áâ á 20,67 ¤® 202,57 ¬«à¤ $, ¢ Š�÷ | á® 140 ¤® 700 ¬«à¤ $;

{ ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¢ 2019 £. ®æ¥−®ç−ë© ®¡ê¥¬ àë−ª� ˆˆ á®áâ�¢¨«
139,3 ¬«− $;

{ −�ç¨−�ï á 2013 £. ¢ ÷®áá¨©áª®© ”¥¤¥à�æ¨¨ ¯à®¢®¤¨«�áì à¥ä®à¬� ÷��,
§�¢¥àè¨¢è�ïáï ¢ 2018 £.; à¥§ã«ìâ�âë ¯à®¢¥¤¥−¨ï ¤�−−®© à¥ä®à¬ë ª�ª ¬¨-
−¨¬ã¬ ¤¥¢�«ì¢¨à®¢�«¨ à®«ì ÷�� ¢ à¥�«¨§�æ¨¨ áâà�â¥£¨ç¥áª®© ¨−¨æ¨�â¨¢ë
÷” ¢ ®¡«�áâ¨ ˆˆ;

{ à�§à�¡®âç¨ª®¬ ‘âà�â¥£¨¨ à�§¢¨â¨ï ˆˆ ¢ ÷” ¢ëáâã¯¨«® ��� ú‘¡¥à¡�−ªû,
¢ ú�«ìï−á ¯® à�§¢¨â¨î ˆˆû ¢ª«îç¥−ë Œ¨−ª®¬á¢ï§¨, ‘¡¥à¡�−ª, Ÿ−¤¥ªá,
Mail.ru, Œ’‘, ÷”�ˆ ¨ úƒ�§¯à®¬−¥äâìû; −¨ �ª�¤¥¬¨ç¥áª¨¥, −¨ ®¡à�§®-
¢�â¥«ì−ë¥ ®à£�−¨§�æ¨¨ ¢ ¤�−−ë© �«ìï−á −¥ ¢ª«îç¥−ë, ¨ ® ä¨−�−á¨à®¢�−¨¨
íâ¨å ®à£�−¨§�æ¨© ã¯®¬¨−�−¨© ¢ ®âªàëâëå ¤®ªã¬¥−â�å −¥â;

{ �−�«¨§ −�¯à�¢«¥−¨© ¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ˆˆ, ¡�§¨àãîé¨å-
áï −� ¯à¥¤«®¦¥−¨ïå ��� ú‘¡¥à¡�−ªû, ¯®§¢®«ï¥â á¤¥«�âì ¢ë¢®¤ ® â®¬,
çâ® ®á−®¢−®© ¨å æ¥«ìî ¡ã¤¥â ¡ëáâà®¥ ¨§¢«¥ç¥−¨¥ ª®¬¬¥àç¥áª®© ¯à¨¡ë«¨;
¨áá«¥¤®¢�−¨© ¢ ¨−â¥à¥á�å á¯¥æ¨�«¨§¨à®¢�−−ëå ˆ‘ −¥â ¨ −¥ ¯à¥¤¢¨¤¨âáï.

��ãç−ë© ¡�§¨á ¢ ®¡«�áâ¨ ˆˆ:

{ ÷” §�−¨¬�¥â 22-¥ ¬¥áâ® ¯® ¯ã¡«¨ª�æ¨®−−®© �ªâ¨¢−®áâ¨ ¢ ®¡«�áâ¨ ˆˆ §�
¯®á«¥¤−¨¥ 20 «¥â | 1,2% ®â ®¡é¥£® ç¨á«� ¯ã¡«¨ª�æ¨©; −¨ ®¤−� ¨§ à®áá¨©áª¨å
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®à£�−¨§�æ¨© −¥ ¢å®¤¨â ¢ ç¨á«® ªàã¯−¥©è¨å ®à£�−¨§�æ¨© | ¨áâ®ç−¨ª®¢
¯ã¡«¨ª�æ¨© ¢ ®¡«�áâ¨ ˆˆ ¨ á¯®−á®à®¢ ¨áá«¥¤®¢�−¨©;

{ ¤®«ï áâ�â¥©, ®¯ã¡«¨ª®¢�−−ëå ¯à¥¤áâ�¢¨â¥«ï¬¨ ¨−áâ¨âãâ®¢ ÷��, á®áâ�¢«ï¥â
¡®«¥¥ 34% à®áá¨©áª¨å ¯ã¡«¨ª�æ¨©;

{ áà¥¤¨ 25 ®à£�−¨§�æ¨©, ®¯ã¡«¨ª®¢�¢è¨å −�¨¡®«ìè¥¥ ç¨á«® áâ�â¥© ¯® â¥¬�-
â¨ª¥ ˆˆ, −¥â −¨ ®¤−®© ª®¬¬¥àç¥áª®© ®à£�−¨§�æ¨¨ | â®«ìª® �ª�¤¥¬¨ç¥áª¨¥
¨ ®¡à�§®¢�â¥«ì−ë¥;

{ á®£«�á−® ¨−ä®à¬�æ¨¨, ãª�§�−−®© ¢ áâ�âìïå, −¥ ¡®«¥¥ 47% ¯ã¡«¨ª�æ¨© ÷��
¢ ®¡«�áâ¨ ˆˆ ä¨−�−á¨àã¥âáï à®áá¨©áª¨¬¨ £®áã¤�àáâ¢¥−−ë¬¨ ®à£�−¨§�æ¨ï-
¬¨; ®áâ�«ì−ë¥ ¨áâ®ç−¨ª¨ ä¨−�−á¨à®¢�−¨ï | §�àã¡¥¦−ë¥;

{ ¤«ï ¯à�ªâ¨ç¥áª¨å à�§à�¡®â®ª ¢ ®¡«�áâ¨ ˆˆ ª �«ìâ¥à−�â¨¢−ë¬ ª®¬¬¥àç¥áª¨¬
¯à®¥ªâ�¬ ¢®§¬®¦−® ¯à¨¢«¥ç¥−¨¥ à®áá¨©áª¨å ãç¥−ëå | á®âàã¤−¨ª®¢ �ª�¤¥-
¬¨ç¥áª¨å ¨ ®¡à�§®¢�â¥«ì−ëå ®à£�−¨§�æ¨©; à®áâ ç¨á«� ¨å ¯ã¡«¨ª�æ¨© ¢ëè¥
®¡é¥¬¨à®¢®£®, � áä¥à� ¨−â¥à¥á®¢ ¢¯®«−¥ ¯®ªàë¢�¥â á®¢à¥¬¥−−ë¥ −�¯à�¢«¥-
−¨ï à�§¢¨â¨ï ˆˆ.

‘ãé¥áâ¢ãîé¨¥ £®â®¢ë¥ ª ¯à¨¬¥−¥−¨î â¥å−®«®£¨¨ ˆˆ:

{ ¢ ¬¨à¥ áãé¥áâ¢ã¥â àï¤ á®áâ®ïâ¥«ì−ëå ª®¬¯ìîâ¥à−ëå ¡¨¡«¨®â¥ª á ®âªàëâë¬
ª®¤®¬, à¥�«¨§ãîé¨å −¥ª®â®àë¥ ¡�§®¢ë¥ â¥å−®«®£¨¨ ˆˆ: ¬�è¨−−®¥ ®¡ãç¥-
−¨¥, ®¡ãç¥−¨¥ á ¯®¤ªà¥¯«¥−¨¥¬ ¨ ¯à.; áãé¥áâ¢ã¥â àï¤ ®âªàëâëå ¡�−ª®¢
¨ −�¡®à®¢ ¤�−−ëå, ¨á¯®«ì§ã¥¬ëå ¤«ï ®¡ãç¥−¨ï �«£®à¨â¬®¢ ˆˆ;

{ ¢ ÷” à�§à�¡®â�− ¨ ¯à®¤®«¦�¥â à�§à�¡�âë¢�âìáï æ¥«ë© àï¤ ãá¯¥è−ëå ¯à¨«®-
¦¥−¨© á ¨á¯®«ì§®¢�−¨¥¬ ˆˆ á ç¨áâ® ª®¬¬¥àç¥áª¨¬ ¯®â¥−æ¨�«®¬ ¢−¥¤à¥−¨ï;

{ ¢ ÷” ¨¬¥¥âáï àï¤ ®à£�−¨§�æ¨©-à�§à�¡®âç¨ª®¢ �¯¯�à�â−®-¯à®£à�¬¬−®£® ®¡¥á-
¯¥ç¥−¨ï, ãá¯¥è−® ¨ ª�ç¥áâ¢¥−−® à�§à�¡�âë¢�îé¨å ¨ ¢−¥¤àïîé¨å ¡�§®¢ë¥
â¥å−®«®£¨¨ ˆˆ ¢ íª®−®¬¨ç¥áª®© ¨ ä¨−�−á®¢®© áä¥à¥: ¢ «®£¨áâ¨ª¥, ã¯à�¢«¥-
−¨¨ §�¯�á�¬¨, �ã¤¨â¥ ¨ ¯à.;

{ ®âáãâáâ¢ã¥â ¯®¤â¢¥à¦¤¥−−�ï ¨−ä®à¬�æ¨ï ® −�«¨ç¨¨ ª�ç¥áâ¢¥−−ëå ¯à®-
£à�¬¬−ëå ¯à®¤ãªâ®¢ á í«¥¬¥−â�¬¨ ˆˆ, ¯®¤å®¤ïé¨å ¤«ï ¢−¥¤à¥−¨ï ¢ á¯¥æ¨�-
«¨§¨à®¢�−−ë¥ ˆ‘ −¥¯®áà¥¤áâ¢¥−−® ¡¥§ ¤®¯®«−¨â¥«ì−®© ¤®à�¡®âª¨ ¨ á«®¦−®©
−�áâà®©ª¨.

÷¨áª¨ ¢−¥¤à¥−¨ï â¥å−®«®£¨© ˆˆ ¢ á¯¥æ¨�«¨§¨à®¢�−−ëå ˆ‘:

{ ®âáãâáâ¢¨¥ ¯à¨−ïâ®© −� ¢ëá®ª®¬ ãà®¢−¥ æ¥«¨ ¢−¥¤à¥−¨ï ¯à¨«®¦¥−¨© á ¨á-
¯®«ì§®¢�−¨¥¬ â¥å−®«®£¨© ˆˆ, ®âáãâáâ¢¨¥ ¯®−ïâ−ëå ¯à¨¬¥à®¢ íää¥ªâ¨¢−®£®
¨á¯®«ì§®¢�−¨ï ¯à¨«®¦¥−¨© ¯®¤®¡−®£® à®¤�;

{ à¨áª −¥ã¤�ç¨ ¨§-§� ®è¨¡®ç−®£® ¢ë¡®à� �«£®à¨â¬®¢;

{ à¨áª −¥ã¤�ç¨ ¨§-§� −¥à¥¯à¥§¥−â�â¨¢−®£® −�¡®à� ¤�−−ëå, ¨á¯®«ì§ã¥¬ëå ¤«ï
®¡ãç¥−¨ï;
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�¥ª®â®àë¥ ¯à®¥ªâë −¥â¨¯®¢®£® ¯à¨¬¥−¥−¨ï íªá¯¥àâ−ëå á¨áâ¥¬

{ à¨áª ¨á¯®«ì§®¢�−¨ï ®âªàëâëå ¡¨¡«¨®â¥ª á −¥¤®ªã¬¥−â¨à®¢�−−ë¬¨ ¢®§¬®¦-
−®áâï¬ /̈¢à¥¤®−®á−ë¬ ª®¤®¬, � â�ª¦¥ ®¡ãç¥−¨ï �«£®à¨â¬®¢ −� á¯¥æ¨�«ì−®
áä�¡à¨ª®¢�−−ëå −¥à¥¯à¥§¥−â�â¨¢−ëå ¡�−ª�å ¤�−−ëå;

{ à¨áª −¥¯à¥¤−�¬¥à¥−−®£® ¢−¥á¥−¨ï à�§à�¡®âç¨ª�¬¨ −¥¤®ªã¬¥−â¨à®¢�−−ëå
¢®§¬®¦−®áâ¥© ¢ á®§¤�¢�¥¬®¥ ¯à®£à�¬¬−®¥ ®¡¥á¯¥ç¥−¨¥ (��) (úá¬¥é¥-
−¨¥/̄ à¥¤ã¡¥¦¤¥−¨¥û);

{ à¨áª −¥®¯â¨¬�«ì−®£® ¯à®¥ªâ¨à®¢�−¨ï, â. ¥. à�§à�¡®âª� á®¡áâ¢¥−−®£® �� ¯à¨
ã¦¥ ¨¬¥îé¥¬áï −� àë−ª¥ £®â®¢®¬ ¨ íää¥ªâ¨¢−®¬ �−�«®£¥;

{ à¨áª −¥®¯â¨¬�«ì−®£® ¢ë¡®à� ¨á¯®«−¨â¥«¥©/á®¨á¯®«−¨â¥«¥© á®áâ�¢−ëå ç�áâ¥©
¯à®¥ªâ�, â�ª −�§ë¢�¥¬�ï ú®¯®à� −� á®¡áâ¢¥−−ë¥ á¨«ëû;

{ ¨áª«îç¨â¥«ì−�ï íª®−®¬¨ç¥áª�ï ®à¨¥−â¨à®¢�−−®áâì ¯à®¥ªâ®¢ á®§¤�−¨ï
áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨, §�ª«îç�îé�ïáï ¢ áâà¥¬«¥−¨¨ ¬¨−¨¬¨§¨à®¢�âì ¤�-
¦¥ à�§ã¬−ë¥ §�âà�âë, � â�ª¦¥ íâ�¯ë ¨ áà®ª¨ à�§à�¡®âª¨ ¢ ãé¥à¡ ª�ç¥áâ¢ã
¯à®¤ãªâ�;

{ −¥ãç�áâ¨¥ á¯¥æ¨�«¨áâ®¢ ¨ íªá¯¥àâ®¢ ¢® ¢á¥å íâ�¯�å à�§à�¡®âª¨.

3 Примеры типовых применений технологий
искусственного интеллекта

‚ ¯®á«¥¤−¨¥ £®¤ë ãá¯¥è−® à¥�«¨§ã¥âáï ¬−®¦¥áâ¢® ¯à®¥ªâ®¢, á¢ï§�−−ëå
á â¥å−®«®£¨ï¬¨ ˆˆ ¢ ¡®«ìè¨å ˆ‘. —�é¥ ¢á¥£® ¤® ãà®¢−ï à¥�«¨§�æ¨¨ ¤®¢®¤ïâáï
¯à®¥ªâë, ª®â®àë¥ ¬®¦−® ®å�à�ªâ¥à¨§®¢�âì ª�ª â¨¯®¢ë¥ ¢−¥¤à¥−¨ï áãé¥áâ¢ã-
îé¨å â¥å−®«®£¨©. ‚®â −¥ª®â®àë¥ ¯à¨¬¥àë â�ª¨å ¢−¥¤à¥−¨©:

{ â¥å−®«®£¨ï à�á¯®§−�¢�−¨ï «¨æ | ®¤−� ¨§ á�¬ëå ãá¯¥è−ëå â¥å−®«®£¨© ˆˆ,
ª�ç¥áâ¢® ª®â®à®© ¡«�£®¤�àï áà¥¤áâ¢�¬ ¬�è¨−−®£® ®¡ãç¥−¨ï, ¨áªãááâ¢¥−−ë¬
−¥©à®−−ë¬ á¥âï¬ (ˆ�‘) áª�çª®®¡à�§−® ¢ëà®á«®; ¢ ˆ‘ «¨æ¥¢�ï ¡¨®¬¥âà¨ï
¯à¨¬¥−ï¥âáï, ª�ª ¯à�¢¨«®, ¤«ï ¨¤¥−â¨ä¨ª�æ¨¨ ¯¥àá®−�«� /̈̈ «¨ ª«¨¥−â®¢;

{ â¥å−®«®£¨ï à�á¯®§−�¢�−¨ï à¥ç /̈̄ ®ç¥àª�; äã−ªæ¨®−�«ì−ë¥ ¡«®ª¨, ¯®¤®¡−ë¥
¯à¨¬¥−ï¥¬ë¬ ¢ à�§«¨ç−ëå ¨−â¥à−¥â-¯à¨«®¦¥−¨ïå, ¢ª«îç�îâáï ¢ ˆ‘, −�-
¯à¨¬¥à ¢ áà¥¤áâ¢� ¯®¤£®â®¢ª¨ ¤®ªã¬¥−â®¢, ¢ â®¬ ç¨á¤¥ ¢ à�¬ª�å í«¥ªâà®−−®£®
¤®ªã¬¥−â®®¡®à®â�;

{ â¥å−®«®£¨ï á¥£¬¥−â�æ¨¨ ¨ ª«�áá¨ä¨ª�æ¨¨ ®¡ê¥ªâ®¢ −� �íà®ä®â®á−¨¬ª�å
¨ ª®á¬¨ç¥áª¨å á−¨¬ª�å ¢ à�§«¨ç−ëå ¤¨�¯�§®−�å á¯¥ªâà�; à�áè¨àï¥â ¨−-
ä®à¬�æ¨®−−ë¥ à¥áãàáë ¨ ¢®§¬®¦−®áâ¨ ˆ‘ áà¥¤áâ¢�¬¨ í«¥ªâà®−−®© ª�àâ®-
£à�ä¨¨.

’�ª¨¥ â¥å−®«®£¨¨ ¬®¦−® −¥¯®áà¥¤áâ¢¥−−® ¢−¥¤àïâì ¢ ˆ‘ ¡¥§ ¨§¬¥−¥−¨ï ¨«¨
�¤�¯â�æ¨¨ ¨¬¥îé¥£®áï äã−ªæ¨®−�«�. �® ¢®§¬®¦−ë ¨ −¥ª®â®àë¥ ®à¨£¨−�«ì−ë¥
¯à¨«®¦¥−¨ï. ’�ª, ¢ ª�ç¥áâ¢¥ ¢�à¨�−â� ¯à¨¬¥−¥−¨ï «¨æ¥¢®© ¡¨®¬¥âà¨¨ ¢ ˆ‘
¯à¥¤«�£�¥âáï ¨−â¥««¥ªâã�«ì−�ï â¥å−®«®£¨ï ¬®−¨â®à¨−£� ¨ �−�«¨§� ¯®¢¥¤¥-
−¨ï ¯¥àá®−�«�. �â®â ¢�à¨�−â ¯à¨«®¦¥−¨ï «¨æ¥¢®© ¡¨®¬¥âà¨¨ ®ââ�«ª¨¢�¥âáï,
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á ®¤−®© áâ®à®−ë, ®â ã¦¥ âà�¤¨æ¨®−−ëå áå¥¬ ¯à¨¬¥−¥−¨ï ¢ á¨áâ¥¬�å ª®−âà®«ï
¤®áâã¯�, ª®£¤� ¨§®¡à�¦¥−¨¥ á ª�¬¥àë −�¡«î¤¥−¨ï ¨á¯®«ì§ã¥âáï ¤«ï ä¨ªá�æ¨¨
ä�ªâ� ¨ ¬®¬¥−â� ¤®áâã¯� «¨æ� ¢ ª®−âà®«¨àã¥¬ãî §®−ã. ‘ ¤àã£®© áâ®à®−ë,
ãç¨âë¢�¥âáï á¯¥æ¨ä¨ç¥áª¨© å�à�ªâ¥à ®¡ê¥ªâ®¢ ˆ‘, ¯®àï¤®ª à�¡®âë ¯¥àá®−�«�
¨ ®¡á«ã¦¨¢�−¨ï ®¡®àã¤®¢�−¨ï. Œ¥àë ¯® ª®−âà®«î ¤®áâã¯� −� ®¡ê¥ªâë ¨ ¢−ãâ-
à¨ ®¡ê¥ªâ®¢ à�§¬¥é¥−¨ï ˆ‘ ¢àï¤ «¨ −ã¦¤�îâáï ¢ ãá¨«¥−¨¨. �®«ãç¨âì −®¢®¥
ª�ç¥áâ¢® ¬®¦−®, à�áè¨à¨¢ äã−ªæ¨¨ ª®−âà®«ï. ‚ ¤�−−®¬ á«ãç�¥ á¤¥«�âì íâ® ¯à¥¤-
«�£�¥âáï §� áç¥â ª®−âà®«ï ¯®¢¥¤¥−¨ï ¯¥àá®−�«� −� ®á−®¢�−¨¨ áà¥¤áâ¢ «¨æ¥¢®©
¡¨®¬¥âà¨¨.

÷�áá¬®âà¨¬ á«¥¤ãîé¨© ¯à¨−æ¨¯¨�«ì−ë© áæ¥−�à¨© â�ª®© ¯¥àá¯¥ªâ¨¢−®© á¨á-
â¥¬ë. �¥àá®−�«, á®âàã¤−¨ª¨ ¤¥¦ãà−ëå á¬¥− ®â ¬®¬¥−â� −�ç�«� á¬¥−ë ¨ ¤® ¬®¬¥−-
â� §�¢¥àè¥−¨ï ¢ë¯®«−ïîâ á¢®î à�¡®âã, ¯¥à¥¬¥é�ïáì ¬¥¦¤ã ª®−âà®«¨àã¥¬ë¬¨
¯®¬¥é¥−¨ï¬¨, ¢−ãâà¨ −¨å ¨«¨ −�å®¤ïáì −� ®â¤ëå¥. ‘âà®£®£® à¥£«�¬¥−â� íâ¨å
¯¥à¥¬¥é¥−¨© −¥â ¨ ¡ëâì −¥ ¬®¦¥â, â�ª ª�ª ¤¥ïâ¥«ì−®áâì á®âàã¤−¨ª� ã¯à�¢«ï¥âáï
¥£® ¤®«¦−®áâ−ë¬¨ ®¡ï§�−−®áâï¬¨ ¢ ãá«®¢¨ïå â¥ªãé¨å à¥è�¥¬ëå §�¤�ç. �á−�é¥-
−¨¥ á«ã¦¥¡−ëå ¯®¬¥é¥−¨© §−�ç¨â¥«ì−ë¬ ç¨á«®¬ ª�¬¥à −�¡«î¤¥−¨ï ¯®§¢®«ï¥â
ª®−âà®«¨à®¢�âì ¯¥à¥¬¥é¥−¨¥ á®âàã¤−¨ª®¢, −® á à®áâ®¬ ®¡ê¥¬� ¢¨¤¥®ä¨ªá�æ¨¨
áâ�−®¢ïâáï á«¨èª®¬ à¥áãàá®¥¬ª¨¬¨ §�¤�ç¨ ®¯¥à�â¨¢−®£® −�¡«î¤¥−¨ï (¬−®£® ª�-
¬¥à, ¬−®£® −�¡«î¤�â¥«¥©, ¬−®£® íªà�−®¢ | −¥íää¥ªâ¨¢−®). Œ®¦−® ¨á¯®«ì§®¢�âì
¤�−−ë¥ ¢¨¤¥®ä¨ªá�æ¨¨ ¤«ï à�§¡®à� ¨−æ¨¤¥−â®¢, −® à®áâ ®¡ê¥¬®¢ ¢¨¤¥®¤�−−ëå
â�ª¦¥ ¤¨áªà¥¤¨â¨àã¥â íâã ¢®§¬®¦−®áâì, â�ª ª�ª åà�−¥−¨¥ ¢á¥© ¨áâ®à¨ç¥áª®©
¨−ä®à¬�æ¨¨ áâ�−®¢¨âáï −�ª«�¤−ë¬. �à¥¤«�£�¥âáï ¨áª«îç¨âì åà�−¥−¨¥ ¯àï-
¬ëå ¤�−−ëå ¢¨¤¥®ä¨ªá�æ¨¨ åà�−¥−¨¥¬ ¤�−−ëå ® ä�ªâ¨ç¥áª¨å ¯¥à¥¬¥é¥−¨ïå
¯¥àá®−�«�. „«ï íâ®£® ¯®âà¥¡ã¥âáï:

{ áä®à¬¨à®¢�âì ¡�−ª ¤�−−ëå ¨§®¡à�¦¥−¨© «¨æ | á®âàã¤−¨ª®¢, ¤¥¦ãà−ëå
¨ â. ¤.;

{ ¯®¤ª«îç¨âì ¯®â®ª¨ ¢¨¤¥®ä¨ªá�æ¨© ª áà¥¤áâ¢�¬ «¨æ¥¢®© ¡¨®¬¥âà¨¨ ¨ ¢ë-
¯®«−ïâì ¤¨−�¬¨ç¥áª¨© �−�«¨§ ¯®áâã¯�îé¨å ¨§®¡à�¦¥−¨©, ¨¤¥−â¨ä¨æ¨àãï
á®âàã¤−¨ª®¢;

{ ä®à¬¨à®¢�âì ¯¥àá®−�«ì−ë¥ úá¬¥−−ë¥û âà�¥ªâ®à¨¨ á®âàã¤−¨ª®¢, á®åà�−ïâì
¨ −�ª�¯«¨¢�âì ¨å;

{ ¢ë¯®«−ïâì ¨−â¥««¥ªâã�«ì−ë© �−�«¨§ âà�¥ªâ®à¨©, ¢ëï¢«ïï ®â«¨ç−ë¥ ®â â¨¯®-
¢ëå ¯¥à¥¬¥é¥−¨ï á®âàã¤−¨ª®¢, ä¨ªá¨àãï ä�ªâë ¯®¢¥¤¥−ç¥áª¨å ¨§¬¥−¥−¨©,
®¯®¢¥é�ï ® ä�ªâ�å −¥â¨¯®¢ëå ¯¥à¥¬¥é¥−¨©.

Œ®¦−® ¯à®¤®«¦¨âì ®¡áã¦¤�âì íâ®â ¯à®¥ªâ ¨ ¤®¯®«−ïâì ¯¥à¥ç¥−ì â¨¯®¢ëå
¢−¥¤à¥−¨© ¤àã£¨¬¨, −® §�¬¥â¨¬, çâ® ¢á¥ ¯¥à¥ç¨á«¥−−ë¥ à¥è¥−¨ï ¡�§¨àãîâáï −�
â¥å−®«®£¨ïå ˆ�‘, ª®â®àë¬ ®−¨ ¨ ®¡ï§�−ë á¢®¨¬¨ ¢ëá®ª¨¬¨ ¯®âà¥¡¨â¥«ìáª¨¬¨
å�à�ªâ¥à¨áâ¨ª�¬¨. �â® â� å�à�ªâ¥à¨áâ¨ª�, ª®â®à�ï ¢ëè¥ ®¡®§−�ç¥−� ª�ª úâ¨¯®-
¢®¥û à¥è¥−¨¥. �¤−�ª® á¯¥ªâà â¥å−®«®£¨© ˆˆ £®à�§¤® ¡®£�ç¥. �®¤â¢¥à¦¤�ï íâ®â
â¥§¨á, ¤�«¥¥ ¯à¥¤áâ�¢¨¬ −¥áª®«ìª® ¯à®¥ªâ®¢ ¨−â¥««¥ªâã�«ì−ëå á¨áâ¥¬, ®á−®-
¢�−−ëå −� ¤àã£¨å â¥å−®«®£¨ïå ˆˆ. �â¨ ¯à®¥ªâë ¬®¦−® −�§¢�âì −¥â¨¯®¢ë¬¨
¢−¥¤à¥−¨ï¬¨.
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4 Проекты нетиповых интеллектуальных систем

4.1 Экспертно-аналитическая система по вопросам целевого назначения

ˆ ¨áâ®à¨ç¥áª¨© ®¯ëâ, ¨ ¢ ®á®¡¥−−®áâ¨ ®¯ëâ ¯®á«¥¤−¨å ¤¢ãå «¥â à�§¢¨â¨ï
¨áâ®à¨¨ á ª®à®−�¢¨àãá®¬ COVID-19 á¢¨¤¥â¥«ìáâ¢ãîâ, ¢®-¯¥à¢ëå, ® ¯à¨−æ¨¯¨-
�«ì−®© −¥¢®§¬®¦−®áâ¨ ¯à¥¤ãá¬®âà¥âì ¢á¥ ¢ë§®¢ë, á ª®â®àë¬¨ ¬®¦¥â áâ®«ª−ãâìáï
á®¢à¥¬¥−−®¥ £®áã¤�àáâ¢®, ¢®-¢â®àëå, ® æ¥−−®áâ¨ «î¡®£® ®¯ëâ�, ¯à¨®¡à¥â¥−−®£®
−¥ â®«ìª® ¢ ¯®á«¥¤−¨¥ £®¤ë, −® ¨ §� ¨áâ®à¨ç¥áªãî à¥âà®á¯¥ªâ¨¢ã ¨ ¯®â¥−-
æ¨�«ì−® ¯à¨«®¦¨¬®£® ª −®¢ë¬ §�¤�ç�¬-¢ë§®¢�¬. ‘¡®à ¨ −�ª®¯«¥−¨¥ â�ª¨å
§−�−¨© áâ�«¨ ¯à¥¤¬¥â®¬ ¯à¥¤«�£�¥¬®© íªá¯¥àâ−®© á¨áâ¥¬ë. �¡ëª−®¢¥−−ë¥
íâ�¯ë á®§¤�−¨ï [14] ¢ª«îç�îâ à�§à�¡®âªã ¤¥â�«ì−®© ¨−ä®à¬�æ¨®−−®© ¬®¤¥«¨
æ¥«¥¢®£® −�§−�ç¥−¨ï, ®¯à¥¤¥«¥−¨¥/̈ §ëáª�−¨¥ ¨áâ®ç−¨ª®¢ ¨−ä®à¬�æ¨ /̈§−�−¨©
¯® à�§¤¥«�¬ æ¥«¥¢®£® −�§−�ç¥−¨ï, ¯à®¥ªâ¨à®¢�−¨¥ ¨−â¥£à�æ¨®−−ëå ¯à®æ¥áá®¢
¤«ï ¢ëï¢«¥−−ëå (áãé¥áâ¢ãîé¨å ¨ ¯¥àá¯¥ªâ¨¢−ëå) ¨−ä®à¬�æ¨®−−ëå à¥áãà-
á®¢. �á−®¢−ë¬ ¢¨¤®¬ ª®−â¥ªáâ� ¢ íâ®© á¨áâ¥¬¥, ª®−¥ç−®, ¡ã¤ãâ â¥ªáâ®¢ë¥
í«¥ªâà®−−ë¥ ¤®ªã¬¥−âë. �¤−�ª® ¢«®¦¥−¨ï ¢ ®−â®«®£¨î ¯à¥¤¬¥â−®© ®¡«�áâ¨
¯à¨¢¥¤ãâ ª ä®à¬¨à®¢�−¨î ª�ç¥áâ¢¥−−ëå ¬¥â�®¡ê¥ªâ®¢ (á«®¢�à¥©, ª«�áá¨ä¨-
ª�â®à®¢), ®¯à¥¤¥«ïâ æ¥−âàë ª®¬¯¥â¥−æ¨© ¯® à�§¤¥«�¬ ¬®¤¥«¨ ¨ −¥®¡å®¤¨¬ãî
¨−äà�áâàãªâãàã ¨−â¥£à�æ¨¨ ª�ª ¢−ãâà¥−−¨å, â�ª ¨ ¢−¥è−¨å ¨áâ®ç−¨ª®¢ ¨−ä®à-
¬�æ¨¨.

„¥â�«ì−�ï ¨−ä®à¬�æ¨®−−�ï ¬®¤¥«ì ¤®«¦−� ä®à¬�«ì−® ®ç¥àâ¨âì ªàã£ ¢®-
¯à®á®¢, â¥¬�â¨ç¥áª¨å ®¡«�áâ¥©, §�âà�£¨¢�îé¨å æ¥«¥¢®¥ äã−ªæ¨®−¨à®¢�−¨¥ ˆ‘,
¨, £«�¢−®¥, ¯®à®¤¨âì ®−â®«®£¨ç¥áª®¥ ®¯¨á�−¨¥ íâ¨å ®¡«�áâ¥©, â. ¥. ¨å ¬¥â�®¯¨-
á�−¨¥, á®áâ®ïé¥¥ ¨§ ¯¥à¥ç−ï ®¡ê¥ªâ®¢, á¢ï§¥©, á¢®©áâ¢, −¥®¡å®¤¨¬ëå á«®¢�à¥©
¨ ª«�áá¨ä¨ª�â®à®¢. ‚�¦−® ¨§−�ç�«ì−® §�ä¨ªá¨à®¢�âì ¤¨−�¬¨ç¥áª¨© å�à�ªâ¥à
íâ®© ¬®¤¥«¨, â. ¥. ¯à¥¤ãá¬®âà¥âì ¢®§¬®¦−®áâ¨ ¥¥ ¬®¤¨ä¨ª�æ¨¨, ¤®¯®«−¥−¨ï,
à�áè¨à¥−¨ï ¢ ¯à®æ¥áá¥ äã−ªæ¨®−¨à®¢�−¨ï ˆ‘.

�® ¬¥à¥ ¤¥â�«¨§�æ¨¨ ®−â®«®£¨ç¥áª®£® ®¯¨á�−¨ï ¯�à�««¥«ì−® ¡ã¤ãâ ®¯à¥-
¤¥«ïâìáï æ¥−âàë ª®¬¯¥â¥−æ¨© ¯® ª®−ªà¥â−ë¬ à�§¤¥«�¬ ¬®¤¥«¨, â. ¥. â¥ ®à£�-
−¨§�æ¨¨-¨áâ®ç−¨ª¨, ª®â®àë¥ ®¡«�¤�îâ ¨−ä®à¬�æ¨¥©/§−�−¨ï¬¨ ¯® ¢ª«îç¥−−ë¬
¢ ¬®¤¥«ì ¯à¥¤¬¥â�¬ ¨ ¯à®æ¥áá�¬ ¨, çâ®, ¬®¦¥â ¡ëâì, ¤�¦¥ ¢�¦−¥¥, ¯¥à¥ç−¨
ª®−ªà¥â−ëå ¨−ä®à¬�æ¨®−−ëå à¥áãàá®¢, á®¤¥à¦�é¨å íâ¨ §−�−¨ï.

��ª®−¥æ, ®¡«�¤�ï ¯®−¨¬�−¨¥¬ â®£®, ¢ ª�ª¨å á¢¥¤¥−¨ïå, � §−�ç¨â, ¨ à¥áãàá�å
§�¨−â¥à¥á®¢�− ª®−¥ç−ë© ¯®«ì§®¢�â¥«ì ˆ‘, ¬®¦−® ®¡®á−®¢�−−® áâ�¢¨âì ¢®¯à®áë
®¡¥á¯¥ç¥−¨ï ¤®áâã¯� ª íâ¨¬ à¥áãàá�¬. ”®à¬ë íâ®£® ¤®áâã¯� ¬®£ãâ ¡ëâì á�¬ë¬¨
à�§−ë¬¨. „«ï ®âªàëâëå à¥áãàá®¢ ¯®âà¥¡ãîâáï ¯®¨áª®¢ë¥ à�¡®âë, −¥ âà¥¡ãîé¨¥
¤�¦¥ ã¢¥¤®¬«¥−¨ï ¯®áâ�¢é¨ª®¢ ¨−ä®à¬�æ¨¨. „«ï ¢¥¤®¬áâ¢¥−−ëå à¥áãàá®¢ ®£à�-
−¨ç¥−−®£® ¤®áâã¯� ¯®âà¥¡ã¥âáï ¯®¤ª«îç¥−¨¥ ª ¤¥©áâ¢ãîé¨¬ £®áã¤�àáâ¢¥−−ë¬
á¨áâ¥¬�¬ ®¡¬¥−� ¨−ä®à¬�æ¨¥©. „«ï §�ªàëâëå à¥áãàá®¢ (¢®§¬®¦−®, ª®¬¬¥àç¥-
áª¨å, ¢®§¬®¦−®, á®¤¥à¦�é¨å á¢¥¤¥−¨ï, á®áâ�¢«ïîé¨¥ £®áã¤�àáâ¢¥−−ãî â�©−ã)
¯®âà¥¡ãîâáï ¯®«−®æ¥−−ë¥ ¯à®¥ªâë, −�ç¨−�ï á à¥è¥−¨ï ®à£�−¨§�æ¨®−−ëå ¢®-
¯à®á®¢ | §�ª«îç¥−¨ï á®£«�è¥−¨© ®¡ ¨−ä®à¬�æ¨®−−®¬ ¢§�¨¬®¤¥©áâ¢¨¨. ‚áï
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á®¢®ªã¯−®áâì â�ª®© ¤¥ïâ¥«ì−®áâ¨ ¬®¦¥â ¡ëâì ®å�à�ªâ¥à¨§®¢�−� ª�ª ¯à®¥ªâ¨à®-
¢�−¨¥ ¨−â¥£à�æ¨®−−ëå ¯à®æ¥áá®¢.

‚â®à®© â¥å−¨ç¥áª¨© íâ�¯ á®§¤�−¨ï â¥¬�â¨ç¥áª®© ¡�§ë §−�−¨© | íâ® á®§¤�-
−¨¥ áà¥¤áâ¢ ¤«ï −�ª®¯«¥−¨ï ¨ à�§¬¥é¥−¨ï ¬�â¥à¨�«®¢, à¥«¥¢�−â−ëå æ¥«¥¢®¬ã
−�§−�ç¥−¨î ˆ‘, ¯à¨ç¥¬ ¬®¦−® £®¢®à¨âì ¨ ® ¯à®¬¥¦ãâ®ç−®© ¯®¤§�¤�ç¥ | áä®à-
¬¨à®¢�âì −�ç�«ì−®¥ −�¯®«−¥−¨¥ â�ª®£® åà�−¨«¨é� ¤®ªã¬¥−â®¢ â¥¬�â¨ç¥áª¨¬¨
¬�â¥à¨�«�¬¨ ¨§ ®âªàëâëå ¨áâ®ç−¨ª®¢ ¨ ®¡¥á¯¥ç¨âì ¢®§¬®¦−®áâ¨ ¥£® íää¥ª-
â¨¢−®£® ¯®¯®«−¥−¨ï ¢ ¯à®æ¥áá¥ íªá¯«ã�â�æ¨¨. ’�ª¨¥ ¨áâ®ç−¨ª¨ −¥¯à¥¬¥−−®
®¯à¥¤¥«ïâáï ¯à¨ ¢ë¯®«−¥−¨¨ ¯¥à¢®£® íâ�¯� ¨ ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢ ¯¥à¢ãî
®ç¥à¥¤ì á â¥¬, çâ®¡ë áà¥¤áâ¢� �¢â®¬�â¨§�æ¨¨ á®§¤�¢�«¨áì ¢¬¥áâ¥ á ¨−ä®à¬�æ¨-
®−−ë¬ −�¯®«−¥−¨¥¬. ‚â®à�ï §�¤�ç� â¥å−¨ç¥áª®£® íâ�¯� | ª«�áá¨ä¨æ¨à®¢�âì
¯®áâã¯�îé¨¥ ¬�â¥à¨�«ë á®£«�á−® à�§à�¡®â�−−®© ¬®¤¥«¨, á¤¥«�¢ ¨§ −¨å §−�-
−¨ï, â. ¥. ¢ë¯®«−¨âì ¯¥à¥å®¤ ®â −�ª®¯«¥−¨ï ¤®ªã¬¥−â®¢ ª ä®à¬¨à®¢�−¨î ¨§
−¨å ¯®«−®æ¥−−®© â¥¬�â¨ç¥áª®© ¡�§ë §−�−¨©. ‘ íâ®© æ¥«ìî ¯®âà¥¡ã¥âáï á−�ç�«�
áä®à¬¨à®¢�âì ¯¥à¢¨ç−ë© ª«�áá¨ä¨ª�â®à (íâ® ª«îç¥¢�ï §�¤�ç� ¯¥à¢®£® íâ�¯�)
¨, çâ® ¢�¦−¥¥, á®§¤�âì ¨−áâàã¬¥−â ¥£® ¯®¤¤¥à¦ª¨ (à�áè¨à¥−¨ï, ¤®¯®«−¥−¨ï,
ãâ®ç−¥−¨ï), â. ¥. à�§à�¡®â�âì áà¥¤áâ¢® �¢â®¬�â¨§�æ¨¨ ¤«ï ¯®¤¤¥à¦ª¨ â¥¬�â¨ç¥-
áª®£® ª«�áá¨ä¨ª�â®à�. ��ª®−¥æ, −�¤® ¨¬¥âì áà¥¤áâ¢® �¢â®¬�â¨§�æ¨¨, ª®â®à®¥
á¬®¦¥â ¯®áâã¯�îéãî ¨−ä®à¬�æ¨î (¨ −¥ ¢�¦−®, çâ® íâ®: ¯ã¡«¨ª�æ¨¨ ¢ áà¥¤áâ¢�å
¬�áá®¢®© ¨−ä®à¬�æ¨¨, á®®¡é¥−¨ï ®ä¨æ¨�«ì−ëå ¨áâ®ç−¨ª®¢ ®£à�−¨ç¥−−®£® ¤®-
áâã¯� ¨«¨ ¤®−¥á¥−¨ï á ®¯¥à�â¨¢−ë¬¨ á¢¥¤¥−¨ï¬¨) �¢â®¬�â¨ç¥áª¨ ª�â¥£®à¨à®¢�âì
(®â−®á¨âì ª à¥«¥¢�−â−ë¬ à�§¤¥«�¬ ª«�áá¨ä¨ª�â®à�) ¨ ¯®¤¡¨à�âì ¢ë¡®àª¨ ¤®ªã-
¬¥−â®¢ á®£«�á−® íâ®© ª�â¥£®à¨§�æ¨¨. ‡¤¥áì ¥áâì ®ç¥¢¨¤−®¥ ¬¥áâ® ¤«ï â¥å−®«®£¨©
¬�è¨−−®£® ®¡ãç¥−¨ï, −¥©à®−−ëå á¥â¥© ¨ �−�«¨§� â¥ªáâ®¢ −� ¥áâ¥áâ¢¥−−®¬ ï§ëª¥.
‚ â�ª®© ¯�à�¤¨£¬¥ ¯®âà¥¡ã¥âáï −¥ ª®−¥ç−�ï ®¡ãç¥−−�ï á¥âì, ª®â®àãî á¤¥«�¥â
¨−¦¥−¥à ¯® §−�−¨ï¬ ¨ ª®â®à�ï ¡ã¤¥â ¢ ¢¨¤¥ ¯®¤á¨áâ¥¬ë ¢−¥¤à¥−� ¢ ˆ‘ à�§
¨ −�¢á¥£¤�, � ¯®«−®æ¥−−�ï á¨áâ¥¬� ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ æ¥«¥¢®© ®¡-
«�áâ¨ ˆ‘, �¢â®¬�â¨§¨àãîé�ï ¢á¥ íâ�¯ë: ®â á¡®à� ¤® ®¯¥à�â¨¢−®£® à¥�£¨à®¢�−¨ï.
ˆâ�ª, ¯®á«¥¤®¢�â¥«ì−®áâì à¥�«¨§�æ¨¨ á®áâ®¨â ¨§ á«¥¤ãîé¨å è�£®¢:

{ ®¯à¥¤¥«¥−¨¥ −�ç�«ì−®£® â¥¬�â¨ç¥áª®£® ¯¥à¥ç−ï á¨âã�æ¨©, ®â¢¥ç�îé¨å æ¥«¥-
¢®¬ã −�§−�ç¥−¨î ˆ‘;

{ ®¯à¥¤¥«¥−¨¥ −�ç�«ì−®£® ª«�áá¨ä¨ª�â®à� ¯® §�¤�−−®¬ã ¯¥à¥ç−î;
{ ¯®¨áª ¨ ®â¡®à ¬�â¥à¨�«®¢ (¤®ªã¬¥−â®¢), ®¯¨áë¢�îé¨å §�¤�−−ë¥ ¯¥à¥ç−¥¬ á¨-

âã�æ¨¨, ¢ â®¬ ç¨á«¥ ®¡áâ®ïâ¥«ìáâ¢� ¨å ¯à¥®¤®«¥−¨ï, ¯à¨¬¥àë ¯®«®¦¨â¥«ì−ëå
¨ ®âà¨æ�â¥«ì−ëå ã¯à�¢«¥−ç¥áª¨å à¥è¥−¨©;

{ ®¡ãç�îé�ï ª«�áá¨ä¨ª�æ¨ï ¬�â¥à¨�«®¢;
{ à¥�«¨§�æ¨ï −¥©à®−−®© á¥â¨ ¤«ï ®¡ãç¥−¨ï ¯® ¢ë¯®«−¥−−®© ª«�áá¨ä¨ª�æ¨¨

¨ ¥¥ ®¡ãç¥−¨¥;
{ à�§à�¡®âª� áà¥¤áâ¢� ¯®¯®«−¥−¨ï ª«�áá¨ä¨ª�â®à�, åà�−¨«¨é� ¨−ä®à¬�æ¨¨,

®¡ãç�îé¨å ¯à¨¬¥à®¢;
{ à�§à�¡®âª� áà¥¤áâ¢� ¤®®¡ãç¥−¨ï (¯¥à¥®¡ãç¥−¨ï) ª«�áá¨ä¨æ¨àãîé¥© −¥©à®−-

−®© á¥â¨.
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4.2 Система оценки состояния обеспеченности ресурсами

�âã íªá¯¥àâ−ãî á¨áâ¥¬ã ¬®¦−® ¯à¥¤áâ�¢¨âì ª�ª á¨áâ¥¬ã ã¯à�¢«¥−¨ï ¯®â®-
ª�¬¨ à¥áãàá®¢ ®à£�−¨§�æ¨¨ (¬�â¥à¨�«ì−ëå, ä¨−�−á®¢ëå, «î¤áª¨å, −¥¨−ä®à¬�-
æ¨®−−ëå) −� ®á−®¢¥ ¬®−¨â®à¨−£� ¢á¥å ä�ªâ®à®¢ ¢«¨ï−¨ï, � ¨¬¥−−®: ¢−¥è−¥©
áª«�¤ë¢�îé¥©áï ®¡áâ�−®¢ª¨, á®áâ�¢� ¨ ¨§¬¥−¥−¨© áâàãªâãàë èâ�â� á®âàã¤−¨-
ª®¢, −�«¨ç−ëå à¥áãàá®¢, ¨−äà�áâàãªâãàë ¨ ®¡ê¥ªâ®¢ ¯à®¨§¢®¤áâ¢�. ƒ«�¢−®¥
−�§−�ç¥−¨¥ íâ®© á¨áâ¥¬ë | ®¡¥á¯¥ç¨âì ¯®¤¤¥à¦ªã ¯à¨−ïâ¨ï à¥è¥−¨© ¢ ®á®¡ëå
(ªà¨â¨ç¥áª¨å) á¨âã�æ¨ïå. ‚ ®¡ëç−®¥ ¢à¥¬ï á¨áâ¥¬� ¡ã¤¥â äã−ªæ¨®−¨à®¢�âì ¢ áã-
é¥áâ¢ãîé¨å à¥�«¨ïå, −�¯à¨¬¥à ¯à®¨§¢®¤áâ¢� ¨ à¥�«¨§�æ¨¨ à¥áãàá®¢ ¢ àë−®ç−ëå
ãá«®¢¨ïå, à¥£ã«¨à®¢ª¨ ¬¥â®¤�¬¨ àë−®ç−®© íª®−®¬¨ª¨ ®à£�−�¬¨ §�ª®−®¤�â¥«ì-
−®© ¨ ¨á¯®«−¨â¥«ì−®© ¢«�áâ¨. „«ï ®á®¡ëå ¯¥à¨®¤®¢ ¯®âà¥¡ã¥âáï ¯«�−¨à®¢�−¨¥
¨ ã¯à�¢«¥−¨¥ ¯à®¨§¢®¤áâ¢¥−−ë¬¨ ¯à®æ¥áá�¬¨ á ãç¥â®¬ à�æ¨®−�«ì−®£® ¨ ®£à�-
−¨ç¥−−®£® ¨á¯®«ì§®¢�−¨ï à¥áãàá®¢. ‘à¥¤¨ −¥®ç¥¢¨¤−ëå, ®á®¡¥−−ëå ®¡ê¥ªâ®¢,
ã¯à�¢«ï¥¬ëå â�ª®© á¨áâ¥¬®©, á«¥¤ã¥â ¢ë¤¥«¨âì à¥§¥à¢ë (¨ ¥á«¨ â�ª®£® à¥áãàá�
−¥â ¢ ®à£�−¨§�æ¨¨, â® íâ® ¯®¢®¤ ® −¥¬ §�¤ã¬�âìáï) ¨ ¯à®æ¥ááë (¢®á)¯à®¨§¢®¤áâ¢�
(¥á«¨ ¢ àë−®ç−ëå ãá«®¢¨ïå ¥áâì «¨èì ¢®¯à®á ¤®áâ�â®ç−®áâ¨ ä¨−�−á®¢, â® ¢ ®á®-
¡ëå | ¯®âà¥¡ã¥âáï ¬®−¨â®à¨−£ ¨ ¯à®£−®§¨à®¢�−¨¥ á®¡áâ¢¥−−®£® ¯à®¨§¢®¤áâ¢�),
¯à®£−®§ë, ¢ â®¬ ç¨á«¥ á¨âã�â¨¢−ë¥.

�à®â®â¨¯ â�ª®© á¨áâ¥¬ë ¯à¥¤áâ�¢«¥− ¢ [15], â�ª çâ® à¥çì ¨¤¥â −¥ ® −®¢®¬ ¯à®-
¥ªâ¥, � ® äã−ªæ¨®−�«ì−®¬ à�§¢¨â¨¨ áãé¥áâ¢ãîé¥£®. �âáãâáâ¢ãîâ ¢ ¯à®â®â¨¯¥
â�ª¨¥ ª®−æ¥¯æ¨¨, ª�ª à¥§¥à¢ë ¨ ¯à®£−®§ë ¯à®¨§¢®¤áâ¢�. ˆ ¥á«¨ ª®−æ¥¯æ¨ï à¥§¥à-
¢®¢ ¯à®áâ® à�áè¨àï¥â ¨−ä®à¬�æ¨®−−ãî ¬®¤¥«ì, â® ¯à®£−®§¨à®¢�−¨¥ ¯à®¨§¢®¤-
áâ¢�, ®á®¡¥−−® ¢ ãá«®¢¨ïå §�¬ª−ãâëå æ¨ª«®¢, | íâ® −¥â¨¯®¢®© äã−ªæ¨®−�«ì−ë©
¡«®ª ¢ë¯®«−¥−¨ï à�áç¥â−ëå §�¤�ç.

ˆ−ä®à¬�æ¨®−−�ï ¬®¤¥«ì ¤«ï ãç¥â� à¥§¥à¢®¢ ¤®«¦−� ¢ª«îç�âì ®¯¨á�−¨¥
¯à®æ¥áá®¢ ¢§�¨¬®¤¥©áâ¢¨ï ®¡ê¥ªâ®¢ ®¡¥á¯¥ç¥−¨ï ¢ à�¬ª�å (¢®á)¯à®¨§¢®¤áâ¢� à¥-
áãàá®¢. �� −�ç�«ì−®© áâ�¤¨¨ ¯®¤®©¤¥â ¯à®áâ�ï ¬®¤¥«ì úà¥áãàá ¯à®¨§¢®¤¨âáï
®¡ê¥ªâ®¬ ¢ ¨§¢¥áâ−®¬ áãâ®ç−®¬ ®¡ê¥¬¥û, ª�ª á¤¥«�−® ¢ [15]. ‚ à�§¢¨â¨¨ íâ�
¬®¤¥«ì ¤®«¦−� ãâ®ç−ïâìáï ¨ ãç¨âë¢�âì â�ª¨¥ ä�ªâ®àë, ª�ª à¥£«�¬¥−â ¨á¯®«ì§®-
¢�−¨ï à¥§¥à¢®¢, ¯à®¨§¢®¤áâ¢® à¥�«ì−®£® æ¨ª«�, ¢�à¨�−âë ¯¥à¥¯à®ä¨«¨à®¢�−¨ï
¯à®¨§¢®¤áâ¢¥−−ëå ¬®é−®áâ¥©, â¥àà¨â®à¨�«ì−®-£¥®£à�ä¨ç¥áª¨¥ ä�ªâ®àë ¯à®¨§-
¢®¤áâ¢�, ä�ªâ¨ç¥áª®¥ á®áâ®ï−¨¥ ¯à®¨§¢®¤áâ¢¥−−ëå ¬®é−®áâ¥©. ‚ à¥§ã«ìâ�â¥
®¯¨á�−¨¥ ¯à®æ¥áá� (¢®á)¯à®¨§¢®¤áâ¢� à¥áãàá®¢ ¡ã¤¥â −®á¨âì ¯à¨¡«¨¦¥−−ë© ª à¥-
�«ì−®¬ã å�à�ªâ¥à, ª®â®àë© ¡ã¤¥â ãç¨âë¢�âìáï ¢ ¯à®£−®áâ¨ç¥áª¨å æ¥«ïå.

’�ª�ï ¬®¤¥«ì (¢®á)¯à®¨§¢®¤áâ¢� ®¡¥á¯¥ç¨â íªá¯¥àâ� ¢®§¬®¦−®áâï¬¨ ¨−â¥«-
«¥ªâã�«ì−®£® ¯à®£−®§¨à®¢�−¨ï −� ®á−®¢¥ £¨¡ª®£® ãç¥â� à¥�«ì−ëå ä�ªâ®à®¢ ¯à®-
¨§¢®¤áâ¢� à¥áãàá®¢ ®¡¥á¯¥ç¥−¨ï. „«ï ¯à®£−®§¨à®¢�−¨ï á¨áâ¥¬� ¤®«¦−� ®¡¥á¯¥-
ç¨¢�âì ¢®§¬®¦−®áâ¨ á¨−â¥§� ¯à®£−®§¨àãîé¨å ¬®¤¥«¥© −� ®á−®¢�−¨¨ ®¡ãç�îé¨å
¢®§¤¥©áâ¢¨© ¤¢ãå â¨¯®¢: (�) ä®à¬¨àã¥¬ëå íªá¯¥àâ®¬; (¡) ¨¤¥−â¨ä¨æ¨àã¥¬ëå −�
®á−®¢¥ ¤�−−ëå ¨áâ®à¨ç¥áª¨å ¯à¥æ¥¤¥−â®¢. ‡¤¥áì ¯¥àá¯¥ªâ¨¢−ë ª ¯à¨¬¥−¥−¨î
¬¥â®¤ë �−�«¨§� ¢à¥¬¥−− �ëå àï¤®¢ (¨ ¤«ï íâ®£® ªà¨â¨ç−® −�ª®¯«¥−¨¥ à¥âà®á¯¥ª-
â¨¢−ëå ¤�−−ëå, ¢ â®¬ ç¨á«¥ ® à�−¥¥ ¨¬¥¢è¨å ¬¥áâ® á¨âã�æ¨ïå, á ¢®§¬®¦−®áâìî
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¨å ¯à¨¬¥−¥−¨ï −� ¯à¥æ¥¤¥−â−®© ®á−®¢¥), ¤®¯®«−¥−−ë¥ á®¢à¥¬¥−−ë¬¨ ¯®¤å®¤�¬¨
ª �−�«¨§ã ¡ëáâà®¬¥−ïîé¨åáï ¤�−−ëå, áª�çª®®¡à�§−ëå ¯à®æ¥áá®¢, á¨âã�æ¨-
®−−®£® ¯à®£−®§¨à®¢�−¨ï (¢ë¤¥«¥−¨¥ âà¥−¤®¢ ¯¥áá¨¬¨áâ¨ç−®£®, ®¯â¨¬¨áâ¨ç−®£®
¨ áà¥¤−¥£® ªà�âª®áà®ç−®£® ¯à®£−®§�) ¨ ¤à.

4.3 Жизнеобеспечение производственных объектов организации

„�−−ë© ¯à®¥ªâ ¨áå®¤¨â ¨§ â®£® ¦¥ ¯à®â®â¨¯� [15], −® §�âà�£¨¢�¥â ¡®«¥¥
«®ª�«ì−ãî ®¡«�áâì ®¡¥á¯¥ç¥−¨ï ¡¥á¯¥à¥¡®©−®£® äã−ªæ¨®−¨à®¢�−¨ï ®â¤¥«ì−ëå
®¡ê¥ªâ®¢ ®¡¥á¯¥ç¥−¨ï à¥áãàá�¬¨ ®à£�−¨§�æ¨¨. �à�ªâ¨ç¥áª¨ ¢á¥ ¨−áâàã¬¥−âë,
ª®â®àë¥ −ã¦−ë ¤«ï íâ®£® ¬�áèâ�¡�, ¢ª«îç¥−ë ¢ ¯à¥¤ë¤ãéãî ¬®¤¥«ì á¨áâ¥¬ë
®æ¥−ª¨ á®áâ®ï−¨ï ®¡¥á¯¥ç¥−−®áâ¨ à¥áãàá�¬¨, ¨ âà¥¡ã¥âáï â®«ìª® ¨å �¤�¯â�æ¨ï
ª ¬¥−ìè¨¬ ¬�áèâ�¡�¬. Š®−æ¥¯æ¨ï íâ®© á¨áâ¥¬ë −®á¨â ã−¨¢¥àá�«ì−ë© å�à�ªâ¥à,
� ª�ç¥áâ¢¥−−ëå ¨§¬¥−¥−¨©, ¢®§¬®¦−® ¯®«−®£® ¯¥à¥á¬®âà�, ¯®âà¥¡ã¥â −�¯®«−¥−¨¥
®á−®¢−ëå ¯®−ïâ¨© | à¥áãàá®¢ ¨ ®¡ê¥ªâ®¢ ®¡¥á¯¥ç¥−¨ï. �à¨ íâ®¬ ¨−áâàã¬¥−â�à¨©
¬®−¨â®à¨−£� ¨ �−�«¨§� ®áâ�¥âáï �ªâã�«ì−ë¬.

‚ ª�ç¥áâ¢¥ ¡«¨¦�©è¥© ¯¥àá¯¥ªâ¨¢ë â�ª®© íªá¯¥àâ−®© á¨áâ¥¬ë ¬®¦−® ¢ë-
¡à�âì ¯®áâà®¥−¨¥ ¬®¤¥«¨ ®¡¥á¯¥ç¥−¨ï à¥áãàá�¬¨ á�¬®© ˆ‘, à�§à�¡®âª¨ áà¥¤áâ¢
¬®−¨â®à¨−£� ¨ �−�«¨§� ¯à¨¬¥−¨â¥«ì−® ª äã−ªæ¨®−¨à®¢�−¨î, ¢ â®¬ ç¨á«¥ �¢-
â®−®¬−®¬ã, ®¡ê¥ªâ®¢ íâ®© ˆ‘. ’�ª�ï á¨áâ¥¬� ¬®£«� ¡ë ¤®¯®«−¨âì ¨¬¥îé¨¥áï
âà�¤¨æ¨®−−ë¥ áà¥¤áâ¢� ã¯à�¢«¥−¨ï äã−ªæ¨®−¨à®¢�−¨¥¬ á¨áâ¥¬�¬¨ ¨ á¥âï¬¨,
¯®¯®«−¨¢ ¨å ¯à¨−æ¨¯¨�«ì−® −®¢ë¬ äã−ªæ¨®−�«®¬.

5 Заключение

‘â�âìï ¯à¥¤áâ�¢«ï¥â ªà�âª®¥ ®¯¨á�−¨¥ à¥�«ì−ëå ¯à¥¤«®¦¥−¨© ¯® à¥�«¨§�-
æ¨¨ ¢ ¤¥©áâ¢ãîé¨å ¡®«ìè¨å ˆ‘ −®¢ëå áà¥¤áâ¢ �¢â®¬�â¨§�æ¨¨ á ¯à¨¬¥−¥−¨¥¬
â¥å−®«®£¨© ˆˆ. �à®¥ªâë ¯à¥¤¢�àï¥â ªà�âª¨© �−�«¨§ â¥ªãé¥£® íâ�¯� à�§¢¨â¨ï
¨áá«¥¤®¢�−¨© ¨ à�§à�¡®â®ª ¢ íâ®© ®¡«�áâ¨. �� ¥£® ®á−®¢¥ ¯à¥¤«®¦¥−ë 4 −¥-
â¨¯®¢ëå ¯à®¥ªâ� íªá¯¥àâ−ëå á¨áâ¥¬. �à�ªâ¨ç¥áª�ï à¥�«¨§�æ¨ï −¥ª®â®àëå ¨§
¯à®¥ªâ®¢ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¨¬¥¥â à¥�«ì−®¥ ¢®¯«®é¥−¨¥.
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Abstract: The issues of specialized information systems functionality developing
through the introduction of intelligent solutions based on artificial intelligence
technologies are discussed. The proposed solutions are based on the results of
a comparative analysis of the implementing state strategies processes in the field of
artificial intelligence and the specific conditions in the Russian Federation. Four
perspective projects of expert systems are presented. Along with the \standard"
solution based on the facial biometrics technology, three \nonstandard" projects
rely on the classic first-wave artificial intelligence solutions which have not
received as much attention as projects based on the second-wave artificial neural
networks.
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АЛГОРИТМЫ КЛАСТЕРИЗАЦИИ ДЛЯ 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�−¨§¬� �¢â®¬�â¨§¨à®¢�−−®£® ¯®¨áª� �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨-
ç¥áª¨å ¤�−−ëå −� ¡�§¥ ª«�áâ¥à−®£® �−�«¨§�. �à®¢¥¤¥− �−�«¨§ á¯¥æ¨ä¨ª¨
ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå ¨ á¯®á®¡®¢ ¨å ¯à¥¤áâ�¢«¥−¨ï ¢ ®¡ê¥ªâ−®©
¬®¤¥«¨ â¥å−®«®£¨¨. �®¤à®¡−® à�áá¬®âà¥−ë ¬¥â®¤ë ®æ¨äà®¢ª¨ á¬¥è�−−ëå
¤�−−ëå ¨ ¨á¯®«ì§ã¥¬ëå ¤«ï −¨å ¬¥à ¡«¨§®áâ¨, ®æ¥−¥−ë ¤®áâ®¨−áâ¢� ¨ −¥-
¤®áâ�âª¨ �«£®à¨â¬®¢ ª«�áâ¥à¨§�æ¨¨, ¯à¨¬¥−ï¥¬ëå ¤«ï ¯®¨áª� �−®¬�«¨©.
�� ®á−®¢�−¨¨ ¯à®¢¥¤¥−−®£® �−�«¨§� ¢ëà�¡®â�− ¯®¤å®¤ ª ¯®¨áªã �−®¬�«¨©
¢ ¤�−−ëå ¢ â¥å−®«®£¨¨ ¨ −�¬¥ç¥−ë −�¯à�¢«¥−¨ï ¯à®¢¥àª¨ íää¥ªâ¨¢−®áâ¨
¢ë¡à�−−ëå �«£®à¨â¬®¢ ¨ ¬¥à ¡«¨§®áâ¨ −� à¥�«ì−ëå ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å
¤�−−ëå.
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â¥å−®«®£¨ï; �−®¬�«¨ï; ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨© ä�ªâ; ª«�áâ¥à¨§�æ¨ï
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1 Введение

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

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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�«£®à¨â¬ë ª«�áâ¥à¨§�æ¨¨ ¤«ï â¥å−®«®£¨¨ �Šˆˆ

ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢ ¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. ‘¢ï§¨ −�á«¥¤ãîâáï ¨§ á¥â¨
ª«�áá®¢ [4].

‘¯¥æ¨ä¨ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ â®¬, çâ® ä�ªâë,
ª®â®àë¬¨ ®¯¥à¨àã¥â ¨áá«¥¤®¢�â¥«ì (¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨¥ ä�ªâë), ®¡«�¤�îâ
á¢®©áâ¢®¬ äà�£¬¥−â�à−®áâ¨ ¨ ¯à®â¨¢®à¥ç¨¢®áâ¨. �à®æ¥¤ãà� ¢ëï¢«¥−¨ï �−®¬�-
«¨© ¢ ®¡−�àã¦¥−−ëå ä�ªâ�å ¨ ¢ëï¢«¥−¨ï ¯à®â¨¢®à¥ç¨© ¬¥¦¤ã −¨¬¨ ï¢«ï¥âáï
§−�ç¨¬®© á®áâ�¢«ïîé¥© íâ�¯� á®¯®áâ�¢«¥−¨ï ä�ªâ®¢ ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª®¬
¨áá«¥¤®¢�−¨¨ [5]. �à¨ íâ®¬ ¢ëï¢«¥−¨¥ �−®¬�«¨¨ ¨«¨ ¯à®â¨¢®à¥ç¨ï −¥ áâ�−®¢¨âáï
¯®¢®¤®¬ ®â¡à®á¨âì ïª®¡ë ®è¨¡®ç−ë¥ ¤�−−ë¥, ª�ª ¯à¥¤¯®«�£�¥â âà�¤¨æ¨®−−ë©
¯®¤å®¤, � ¤�¥â ¯®¢®¤ ¨áá«¥¤®¢�â¥«î áª®−æ¥−âà¨à®¢�âìáï −� ¯®¨áª¥ á¢¨¤¥â¥«ìáâ¢
−�«¨ç¨ï ®á−®¢�−¨© ¤«ï ¨áª«îç¥−¨©, â. ¥. ¢ëï¢«¥−¨¥ �−®¬�«¨¨ ¢¬¥áâ® áã¦¥-
−¨ï ®¡ê¥¬� ¨−ä®à¬�æ¨¨ ¤�¥â −®¢ë© ¨¬¯ã«ìá ¨áá«¥¤®¢�−¨î, çâ® ¨««îáâà¨àã¥â
á¯¥æ¨ä¨ç−®áâì ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï.

‚ [6] ¤«ï â¥å−®«®£¨¨ �Šˆˆ ¡ë« ¯à¥¤«®¦¥− ¨ ®¯¨á�− ¬¥å�−¨§¬, ç�áâ¨ç−®
�¢â®¬�â¨§¨àãîé¨© ¯®¨áª ¯à®â¨¢®à¥ç¨© ¬¥¦¤ã ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨¬¨ ä�ª-
â�¬¨, � â�ª¦¥ ¬¥¦¤ã ä�ªâ�¬¨ ¨ à¥£«�¬¥−â¨àãîé¨¬¨ ¨å −®à¬�«ï¬¨ (¯à�¢¨«�-
¬¨, §�ª®−�¬¨, âà�¤¨æ¨ï¬¨ ¨ â. ¯.). �® ¢ [7] ¡ë«� ¯®ª�§�−� −¥¤®áâ�â®ç−®áâì
íâ®£® ¬¥å�−¨§¬� ¤«ï ®¡à�¡®âª¨ ¤�−−ëå, ¯®à®¦¤¥−−ëå ¯à¨ �¢â®¬�â¨ç¥áª®© ®¡-
à�¡®âª¥ −�àà�â¨¢−ëå ¨áâ®ç−¨ª®¢ á ¯®¬®éìî á¨áâ¥¬ë ’-¯�àá¥à, ¯à¥¤−�§−�ç¥−-
−®© ¤«ï ¨§¢«¥ç¥−¨ï ä�ªâ®¢ ¨§ â¥ªáâ®¢ ¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª®© −�¯à�¢«¥−-
−®áâ¨ [8]. �¡®á−®¢�− ¯®¤å®¤, ¯à¨ ª®â®à®¬ ¯à®â¨¢®à¥ç¨¥ ¢ ¤�−−ëå ï¢«ï¥âáï
ç�áâ−ë¬ á«ãç�¥¬ �−®¬�«¨¨, ¯®−¨¬�¥¬®© ª�ª ¯à®â¨¢®à¥ç¨¥ ¬¥¦¤ã ¨áâ®à¨ª®-
¡¨®£à�ä¨ç¥áª¨¬ ä�ªâ®¬ ¨ −®à¬�«ï¬¨, §¤à�¢ë¬ á¬ëá«®¬, à¥�«¨ï¬¨, ®¡ëç−ë¬
å®¤®¬ ¢¥é¥© ¨ â. ¯. �¡®á−®¢�−� −¥®¡å®¤¨¬®áâì ¢ ¤®¯®«−¨â¥«ì−®© �¢â®¬�â¨-
§�æ¨¨ ¯à®æ¥¤ãàë ¯®¨áª� �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå. �à¨-
¢¥¤¥−� ª«�áá¨ä¨ª�æ¨ï �−®¬�«¨© ¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå ¨ ¯à¨ç¨−
¨å ¯®ï¢«¥−¨ï. �ë« ¯à®¢¥¤¥− �−�«¨§ ¯®¤å®¤®¢ ª ¯®¨áªã �−®¬�«¨© ¢ ¤�−−ëå
¨ ¯®ª�§�−� ¢®§¬®¦−®áâì ¨å ¨á¯®«ì§®¢�−¨ï ¢ â¥å−®«®£¨¨ á ãç¥â®¬ á¯¥æ¨ä¨ª¨
¨áâ®à¨ª®-¡¨®£à�ä¨ç¥áª¨å ä�ªâ®¢. �ë« á¤¥«�− ¢ë¢®¤, çâ® −�¨¡®«¥¥ ¯¥àá¯¥ª-
â¨¢−ë¬ ï¢«ï¥âáï ¯®¤å®¤, ®á−®¢�−−ë© −� ª«�áâ¥à−®¬ �−�«¨§¥. –¥«ì ¤�−−®©
áâ�âì¨ | ¤�«ì−¥©è�ï ¯à®à�¡®âª� íâ®£® ¯®¤å®¤� ¨ ¥£® �¤�¯â�æ¨ï ª â¥å−®«®£¨¨
�Šˆˆ.

2 Специфика конкретно-исторических данных

‘¯¥æ¨ä¨ª� ¡¨®£à�ä¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï á®áâ®¨â ¢ â®¬, çâ® ¢ æ¥−âà¥ ¢−¨¬�-
−¨ï ¨áá«¥¤®¢�â¥«ï −�å®¤¨âáï ª®−ªà¥â−�ï «¨ç−®áâì ¨ ¢á¥ ¡¥§ ¨áª«îç¥−¨ï áâ®à®−ë
(á®æ¨�«ì−ë¥, íª®−®¬¨ç¥áª¨¥, ¯®«¨â¨ç¥áª¨¥, íâ−¨ç¥áª¨¥, åã¤®¦¥áâ¢¥−−ë¥ ¨ â. ¯.)
¥¥ à¥�«ì−®© ¦¨§−¨ [9].

ˆáâ®à¨ç¥áª¨¥ á®¡ëâ¨ï ¨ ¯à®æ¥ááë ®¡«�¤�îâ ª�ª ª�ç¥áâ¢¥−−ë¬¨ (ª�â¥£®-
à¨�«ì−ë¬¨, −®¬¨−�«ì−ë¬¨), â�ª ¨ ª®«¨ç¥áâ¢¥−−ë¬¨ ¯à¨§−�ª�¬¨. �à¨§−�ª¨
¨áâ®à¨ç¥áª¨å ï¢«¥−¨© ¬−®£®®¡à�§−ë ¨ −¥®¤−®à®¤−ë. ‚ á¢ï§¨ á íâ¨¬ ¨á¯®«ì-
§ãîâáï à�§−ë¥ ¥¤¨−¨æë ¨§¬¥à¥−¨ï. �¥®¤−®à®¤−®áâì ¯à¨§−�ª®¢ ¨§¬¥àï¥¬ëå
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ï¢«¥−¨© ¯à¥¤¯®«�£�¥â ¨á¯®«ì§®¢�−¨¥ à�§−ëå ¬¥â®¤®¢ ¨§¬¥à¥−¨ï. ‚ ª«¨®¬¥âà¨¨
¨á¯®«ì§ãîâáï ç¥âëà¥ èª�«ë (¬¥â®¤�) ¨§¬¥à¥−¨ï [10].

1. ˜ª�«� −�¨¬¥−®¢�−¨© (−®¬¨−�«ì−�ï). ‘ãâì ¨§¬¥à¥−¨ï ¯® èª�«¥ −�¨¬¥−®¢�-
−¨© á®áâ®¨â ¢ â®¬, çâ® ®¡ê¥ªâë å�à�ªâ¥à¨§ãîâáï â®¦¤¥áâ¢®¬ ¢−ãâà¨ ª«�áá�
¨ à�§«¨ç¨¥¬ ¬¥¦¤ã ª«�áá�¬¨.

2. ˜ª�«� ¯®àï¤ª�. —¨á«® ¯à¨ ¨§¬¥à¥−¨¨ ¯® èª�«¥ ¯®àï¤ª� ®¡®§−�ç�¥â ¬¥áâ®
®¡ê¥ªâ� ¢ ã¯®àï¤®ç¥−−®¬ àï¤ã. �â® ¬¥áâ® ¬®¦−® áç¨â�âì à�−£®¬ ®¡ê¥ªâ�.

3. ˜ª�«� ¨−â¥à¢�«®¢. �¡«�¤�ï ¢á¥¬¨ á¢®©áâ¢�¬¨ ¯®àï¤ª®¢®© èª�«ë, èª�«�
¨−â¥à¢�«®¢ ®â«¨ç�¥âáï ®â −¥¥ â¥¬, çâ® â®ç−® ®¯à¥¤¥«ï¥â ¢¥«¨ç¨−ã ¨−â¥à¢�«�
¢ ¯à¨−ïâëå ¥¤¨−¨æ�å ¨§¬¥à¥−¨ï.

4. �à®¯®àæ¨®−�«ì−�ï èª�«�, ¨«¨ èª�«� ®â−®è¥−¨©, ¯à¥¤áâ�¢«ï¥â á®¡®© ¬¥â-
à¨ç¥áªãî èª�«ã, ¯® ª®â®à®© ¢¥¤ãâáï áç¥â ¨ ¨§¬¥à¥−¨¥ ª®«¨ç¥áâ¢¥−−ëå
¯à¨§−�ª®¢. „«ï íâ®© èª�«ë å�à�ªâ¥à−ë ¬¥âà¨ç¥áª¨¥ ¥¤¨−¨æë ¨§¬¥à¥−¨ï
¨ −�ç�«ì−�ï −ã«¥¢�ï â®çª� ®âáç¥â�, ¯®íâ®¬ã ¯à®¯®àæ¨®−�«ì−�ï èª�«� ¯®§¢®-
«ï¥â ãáâ�−®¢¨âì, ¢® áª®«ìª® à�§ â¥ ¨«¨ ¨−ë¥ á¢®©áâ¢� ®¤−®£® ®¡ê¥ªâ� ¡®«ìè¥,
ç¥¬ ã ¤àã£®£®, â. ¥. ¢ëï¢¨âì ¨å â®ç−®¥ ª®«¨ç¥áâ¢¥−−®¥ á®®â−®è¥−¨¥ (®âáî¤�
¨ −�§¢�−¨¥ | èª�«� ®â−®è¥−¨©).

‚ â¥å−®«®£¨¨ �Šˆˆ ¢ ¯®«−®© ¬¥à¥ ãç¨âë¢�¥âáï á¯¥æ¨ä¨ª� ª®−ªà¥â−®-¨á-
â®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï ¨ −¥®¤−®à®¤−®áâì ¯à¨§−�ª®¢ ¨áá«¥¤ã¥¬ëå á®¡ëâ¨©
¨ ï¢«¥−¨©, ¯®íâ®¬ã ä�ªâë ¢ −¥© §�¤�îâáï §−�ç¥−¨ï¬¨ íª§¥¬¯«ïà®¢ ª«�áá®¢
¨ á¢ï§ï¬¨ ¬¥¦¤ã −¨¬¨. Š�¦¤ë© íª§¥¬¯«ïà ¨¬¥¥â §−�ç¥−¨¥ (ª®â®à®¥ ¬®¦¥â
¡ëâì ¯ãáâë¬). �¥¯ãáâ®¥ §−�ç¥−¨¥ ¨¬¥¥â «¨¡® â¥ªáâ®¢ë© ª®¬¬¥−â�à¨©, «¨¡®
á¯¥æ¨�«ì−ãî ááë«ªã, á¢ï§ë¢�îéãî ¥£® á ¤®ªã¬¥−â®¬-¨áâ®ç−¨ª®¬. ‡−�ç¥−¨¥
á®áâ®¨â ¨§ ¤¢ãå ¯®«¥©: â¥ªáâ®¢®£® ¨ ç¨á«®¢®£® [2]. ’�ª®© ¯®¤å®¤ ¯®§¢®«ï¥â ¨á-
¯®«ì§®¢�âì ¢ â¥å−®«®£¨¨ á¬¥è�−−ë¥ (ª�â¥£®à¨�«ì−ë¥ ¨ ª®«¨ç¥áâ¢¥−−ë¥) ¤�−−ë¥,
¨§¬¥à¥−−ë¥ ¯® ¢á¥¬ â¨¯�¬ èª�«.

3 Оцифровка смешанных данных

�á−®¢� ª«�áâ¥à¨§�æ¨¨ | ®â−®è¥−¨¥ ¡«¨§®áâ¨ (¬¥à� áå®¤áâ¢�), ª®â®à®¥ −¥
®¡ï§�â¥«ì−® ï¢«ï¥âáï ¬¥âà¨ª®© [11]. „«ï ª®«¨ç¥áâ¢¥−−ëå ¤�−−ëå, ª�ª ¯à�¢¨«®,
¢ ª�ç¥áâ¢¥ â�ª®£® ®â−®è¥−¨ï ¢ëáâã¯�¥â ¥¢ª«¨¤®¢® à�ááâ®ï−¨¥, −® ¤«ï ª�â¥£®à¨-
�«ì−ëå −¥¯®áà¥¤áâ¢¥−−®¥ ¢ëç¨á«¥−¨¥ â�ª®£® à�ááâ®ï−¨ï −¥¢®§¬®¦−® ¨ âà¥¡ã¥âáï
¯à®æ¥¤ãà�, −�§ë¢�¥¬�ï ®æ¨äà®¢ª®©.

‘�¬ë© ¯à®áâ®© á¯®á®¡ ®æ¨äà®¢ª¨, −�§ë¢�¥¬ë© Label Encoding, ¯à¥¤áâ�¢«ï¥â
á®¡®© ®¡ëç−ãî −ã¬¥à�æ¨ï §−�ç¥−¨© (0, 1, 2, . . .). „àã£®© ¯®¯ã«ïà−ë© á¯®á®¡ |
Dummy-ª®¤¨à®¢�−¨¥, ¨«¨ One-Hot ª®¤¨à®¢�−¨¥. �− §�ª«îç�¥âáï ¢ á®§¤�−¨¨
¤®¯®«−¨â¥«ì−ëå ¯à¨§−�ª®¢ (áâ®«¡æ®¢) ¯® ç¨á«ã ã−¨ª�«ì−ëå ª�â¥£®à¨©. �®-
¢ë¥ ¯à¨§−�ª¨ ¯à¨−¨¬�îâ §−�ç¥−¨ï 0 ¨«¨ 1 ¢ §�¢¨á¨¬®áâ¨ ®â ¯à¨−�¤«¥¦−®áâ¨
ª ª�â¥£®à¨¨ [12].

�æ¨äà®¢ª� ¯®§¢®«ï¥â ä®à¬�«ì−® ¢ëç¨á«¨âì ¥¢ª«¨¤®¢® à�ááâ®ï−¨¥ ¬¥¦¤ã
®¡ê¥ªâ�¬¨, ®¤−�ª® íâ¨ ¯à¥®¡à�§®¢�−¨ï ¬®£ãâ ¯à¨¢¥áâ¨ ª â®¬ã, çâ® �«£®à¨â¬ë
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ª«�áâ¥à¨§�æ¨¨ −¥¯à�¢¨«ì−® ¯®©¬ãâ íâ¨ ¯à¨§−�ª¨ ¨ á®§¤�¤ãâ ¡¥áá¬ëá«¥−−ë¥
ª«�áâ¥àë [13]. „«ï á¬¥è�−−ëå ¤�−−ëå áãé¥áâ¢ãîâ ¨−ë¥ ¬¥àë ¡«¨§®áâ¨, −¥
®á−®¢�−−ë¥ −� ¥¢ª«¨¤®¢®¬ à�ááâ®ï−¨¨.

4 Меры близости для смешанных данных

„«ï á¬¥è�−−ëå ¤�−−ëå ¡ë«¨ à�§à�¡®â�−ë ¨ ¨á¯®«ì§ãîâáï á«¥¤ãîé¨¥ ¬¥àë
¡«¨§®áâ¨.

1. ÷�ááâ®ï−¨¥ ƒ�ãíà�. �à¥¤¯®«®¦¨¬, çâ® ¤�−−ë¥ ¯à¥¤áâ�¢«¥−ë ¬�âà¨æ¥©
X = [xic], £¤¥ i = 1, 2, . . . , n (n | ®¡é¥¥ ç¨á«® ®¡ê¥ªâ®¢) ¨ c = 1, 2, . . . ,m
(m| ®¡é¥¥ ç¨á«® ¯¥à¥¬¥−−ëå). ’®£¤� à�ááâ®ï−¨¥ ƒ�ãíà� ¬¥¦¤ã ®¡ê¥ªâ�¬¨ xi

¨ xj, ª®â®àë¥ å�à�ªâ¥à¨§ãîâáï §−�ç¥−¨ï¬¨ ¯¥à¥¬¥−−ëå á¬¥è�−−®£® â¨¯�,
¢ëà�¦�¥âáï á ¯®¬®éìî ä®à¬ã«ë

dG(xi, xj) =

∑m

c=1
wijcdijc

∑m

c=1
wijc

, (1)

£¤¥ dijc | ¬¥à� à�§«¨ç¨ï ¬¥¦¤ã i-¬ ¨ j-¬ ®¡ê¥ªâ�¬¨ ¯® c-© ¯¥à¥¬¥−−®©
(c = 1, . . . ,m), � wijc ¯à¨−¨¬�¥â −ã«¥¢®¥ §−�ç¥−¨¥, ¥á«¨ ®âáãâáâ¢ã¥â «¨¡®
i-©, «¨¡® j-© ®¡ê¥ªâ ¯® c-© ¯¥à¥¬¥−−®©; ¢ ¯à®â¨¢−®¬ á«ãç�¥ ®− ¯à¨−¨¬�¥â
§−�ç¥−¨¥ 1.
…á«¨ c-ï ¯¥à¥¬¥−−�ï ï¢«ï¥âáï −®¬¨−�«ì−®© (¨«¨ �«ìâ¥à−�â¨¢−®©), à�§«¨-
ç¨¥ ¬¥¦¤ã ¥¥ ¤¢ã¬ï ª�â¥£®à¨ï¬¨ à�áá¬�âà¨¢�¥âáï ª�ª −®«ì ¤«ï á®¢¯�¤¥−¨©
ª�â¥£®à¨© ¨ ª�ª ¥¤¨−¨æ� ¢ ¯à®â¨¢−®¬ á«ãç�¥.
…á«¨ c-ï ¯¥à¥¬¥−−�ï ç¨á«®¢�ï, â® à�§«¨ç¨¥ ¢ëà�¦�¥âáï ä®à¬ã«®©

dijc =
|xic − xjc|

max(xc)−min(xc)
. (2)

…á«¨ c-ï ¯¥à¥¬¥−−�ï ï¢«ï¥âáï ¯®àï¤ª®¢®©, ¢á¥ ª�â¥£®à¨¨ ä®à¬¨àãîâáï ¢ á®-
®â¢¥âáâ¢¨¨ á ä®à¬ã«®©

xic =
ric − 1

Rc − 1
,

£¤¥ ric | −®¬¥à à�−£� i-© ¯®àï¤ª®¢®© ª�â¥£®à¨¨ (r = 1, . . . , Rc), � Rc |
¬�ªá¨¬�«ì−ë© −®¬¥à à�−£� c-© ¯¥à¥¬¥−−®©. �®á«¥ íâ®£® ¯à¥®¡à�§®¢�−¨ï
¨â®£®¢ë¥ §−�ç¥−¨ï ¬®£ãâ ¡ëâì ¨á¯®«ì§®¢�−ë ¢ ãà�¢−¥−¨¨ (2) ¤«ï ç¨á«®¢ëå
¯¥à¥¬¥−−ëå [14].

2. �¡®¡é¥−¨¥ ¥¢ª«¨¤®¢®£® à�ááâ®ï−¨ï ¤«ï �«£®à¨â¬� k-Prototypes. ‚ â¥å
¦¥ ®¡®§−�ç¥−¨ïå ¤®¯®«−¨â¥«ì−® ¡¥§ ®£à�−¨ç¥−¨ï ®¡é−®áâ¨ ¯®«�£�¥¬, çâ®
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¯¥à¢ë¥ p ¯¥à¥¬¥−−ëå ï¢«ïîâáï ç¨á«®¢ë¬¨, � ®áâ�«ì−ë¥ m− p | ª�â¥£®à¨-
�«ì−ë¬¨. ’®£¤� à�ááâ®ï−¨¥, ¯à¥¤«®¦¥−−®¥ ¢ [15], ¬¥¦¤ã ®¡ê¥ªâ�¬¨ xi ¨ xj

¢ëà�¦�¥âáï á ¯®¬®éìî ä®à¬ã«ë

dH(xi, xj) =

p
∑

c=1

(xic − xjc)
2 + γ

m
∑

c=p+1

δ (xic, xjc) , (3)

£¤¥

δ (xic, xjc) =

{

0, xic = xjc ;

1, xic 6= xjc ,

� γ ï¢«ï¥âáï ¯�à�¬¥âà®¬, ®âà�¦�îé¨¬ ¢�¦−®áâì ª�â¥£®à¨�«ì−ëå ¯¥à¥¬¥−-
−ëå. …á«¨ γ = 0, â® à�ááâ®ï−¨¥ á¢®¤¨âáï ª ª«�áá¨ç¥áª®¬ã ¥¢ª«¨¤®¢®¬ã
à�ááâ®ï−¨î.

3. Œ¥à� á®£«�á®¢�−¨ï à�§−®â¨¯−ëå èª�«. ‘−®¢� ¯à¥¤¯®«®¦¨¬, çâ® ¤�−-
−ë¥ ¯à¥¤áâ�¢«¥−ë ¬�âà¨æ¥© X = [xic], £¤¥ i = 1, 2, . . . , n (n | ®¡é¥¥
ç¨á«® ®¡ê¥ªâ®¢) ¨ c = 1, 2, . . . ,m (m | ®¡é¥¥ ç¨á«® ¯¥à¥¬¥−−ëå). ’®£¤�
¬¥à� á®£«�á®¢�−¨ï à�§−®â¨¯−ëå èª�« [16] ¬¥¦¤ã ®¡ê¥ªâ�¬¨ xi ¨ xj, ª®â®-
àë¥ å�à�ªâ¥à¨§ãîâáï §−�ç¥−¨ï¬¨ ¯¥à¥¬¥−−ëå á¬¥è�−−®£® â¨¯�, ¢ëà�¦�¥âáï
á ¯®¬®éìî ä®à¬ã«ë

dS(xi, xj) =

√

√

√

√

m
∑

c=1

(dijc)2 , (4)

£¤¥ dijc | ¬¥à� à�§«¨ç¨ï ¬¥¦¤ã i-¬ ¨ j-¬ ®¡ê¥ªâ�¬¨ ¯® c-© ¯¥à¥¬¥−−®©
(c = 1, . . . ,m). ”®à¬ã«� ¢ëç¨á«¥−¨ï dijc §�¢¨á¨â ®â â¨¯� ¯¥à¥¬¥−−®© c:

(�) ¤«ï ç¨á«®¢®© ¯¥à¥¬¥−−®© dijc ¢ëç¨á«ï¥âáï ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã«®© (2),
ª�ª ¨ ¤«ï à�ááâ®ï−¨ï ƒ�ãíà�;

(¡) ¤«ï ¯®àï¤ª®¢®© ¯¥à¥¬¥−−®©

dijc =
1

n− 1

n
∑

k=1

d(i, j)ck ,

£¤¥ d(i, j)ck ¥áâì ¬¥à� à�§«¨ç¨ï ¢ ®â−®è¥−¨ïå i-£® ¨ j-£® ®¡ê¥ªâ®¢ ª −¥-
ª®â®à®¬ã k-¬ã ®¡ê¥ªâã ¯® ¯¥à¥¬¥−−®© c, ®¯à¥¤¥«ï¥¬�ï ¢ á®®â¢¥âáâ¢¨¨
á â�¡«. 1;

(¢) ¤«ï −®¬¨−�«ì−®© ¯¥à¥¬¥−−®©

dijc =
1

n

n
∑

k=1

d(i, j)ck ,
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’�¡«¨æ� 1 Œ¥à� à�§«¨ç¨ï ¢ ®â−®è¥−¨ïå ¤«ï ¯®àï¤ª®¢®© ¯¥à¥¬¥−−®©

�â−®è¥−¨¥ ®¡ê¥ªâ®¢ i ¨ k �â−®è¥−¨¥ ®¡ê¥ªâ®¢ j ¨ k d(i, j)ck
xic > xkc xjc > xkc 0
xic < xkc xjc < xkc 0
xic = xkc xjc = xkc 0
xic > xkc xjc < xkc 1
xic < xkc xjc > xkc 1
xic = xkc xjc 6= xkc 0,5
xic 6= xkc xjc = xkc 0,5

’�¡«¨æ� 2 Œ¥à� à�§«¨ç¨ï ¢ ®â−®è¥−¨ïå ¤«ï −®¬¨−�«ì−®© ¯¥à¥¬¥−−®©

�â−®è¥−¨¥ ®¡ê¥ªâ®¢ i ¨ k �â−®è¥−¨¥ ®¡ê¥ªâ®¢ j ¨ k d(i, j)ck
xic = xkc xjc = xkc 0
xic 6= xkc xjc 6= xkc 0
xic = xkc xjc 6= xkc 1
xic 6= xkc xjc = xkc 1

£¤¥ d(i, j)ck â�ª¦¥ ¥áâì ¬¥à� à�§«¨ç¨ï ¢ ®â−®è¥−¨ïå i-£® ¨ j-£® ®¡ê¥ªâ®¢
ª −¥ª®â®à®¬ã k-¬ã ®¡ê¥ªâã ¯® ¯¥à¥¬¥−−®© c, ®¯à¥¤¥«ï¥¬�ï ¢ á®®â¢¥âáâ¢¨¨
á â�¡«. 2.

5 Алгоритмы кластеризации

÷�§à�¡®â�−® ¬−®£® �«£®à¨â¬®¢ ª«�áâ¥à¨§�æ¨¨, ª®â®àë¥ ¬®£ãâ ¡ëâì ¨á¯®«ì-
§®¢�−ë ¤«ï ¯®¨áª� �−®¬�«¨© [17], ¢ â®¬ ç¨á«¥ Self-organizing map (SOM), Fuzzy
C-Means (FCM), Unsupervised Niche Clustering (UNC). �® −�¨¡®«¥¥ ¯®¯ã«ïà−ë-
¬¨ [18] ®áâ�îâáï ¬¥â®¤ë K-áà¥¤−¨å (k-Means) ¨ �£«®¬¥à�â¨¢−®© ¨¥à�àå¨ç¥áª®©
ª«�áâ¥à¨§�æ¨¨, � â�ª¦¥ ®â−®á¨â¥«ì−® −¥¤�¢−® (1996 £.) á®§¤�−−ë© �«£®à¨â¬
DBSCAN (Density-based spatial clustering of applications with noise).

Œ®¤¨ä¨ª�æ¨¥© �«£®à¨â¬� k-Means, ¯®§¢®«ïîé¥© ¯à®¢®¤¨âì ª«�áâ¥à¨§�æ¨î
á¬¥è�−−ëå ¤�−−ëå, áâ�« �«£®à¨â¬ k-Prototypes [15]. �− ¨á¯®«ì§ã¥â à�ááâ®ï−¨¥,
¢ëç¨á«ï¥¬®¥ ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã«®© (3). �«£®à¨â¬ ¯®«ì§ã¥âáï ¡®«ìè®©
¯®¯ã«ïà−®áâìî ¢ á¢ï§¨ á ¯à®áâ®â®© ¯à¨−æ¨¯�, ¡®«ìè®© áª®à®áâìî ¨ å®à®è¥©
¬�áèâ�¡¨àã¥¬®áâìî. �® ¯à¨ íâ®¬ k-Prototypes ®¡«�¤�¥â àï¤®¬ áãé¥áâ¢¥−−ëå
−¥¤®áâ�âª®¢: ®− −¥á¯®á®¡¥− ¢ë¤¥«¨âì ª«�áâ¥àë −¥áä¥à¨ç¥áª®© ä®à¬ë ¨ ç¨á«®
ª«�áâ¥à®¢ ¤®«¦−® ¡ëâì §�¤�−® ª�ª ¯�à�¬¥âà ¨§−�ç�«ì−®.

�«£®à¨â¬ �£«®¬¥à�â¨¢−®© ¨¥à�àå¨ç¥áª®© ª«�áâ¥à¨§�æ¨¨ á ¨á¯®«ì§®¢�−¨¥¬
¬¥àë ¡«¨§®áâ¨, ¯®§¢®«ïîé¥© ®¡à�¡�âë¢�âì á¬¥è�−−ë¥ ¤�−−ë¥ (®¡ëç−® íâ® §�¤�-
¢�¥¬®¥ ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã«®© (1) à�ááâ®ï−¨¥ ƒ�ãíà�), ¯®§¢®«ï¥â íää¥ªâ¨¢−®
®¯à¥¤¥«ïâì �−®¬�«¨¨. �á−®¢−®¥ ¯à¥¨¬ãé¥áâ¢® ¨¥à�àå¨ç¥áª¨å ¬¥â®¤®¢ ª«�áâ¥-
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à¨§�æ¨¨ §�ª«îç�¥âáï ¢ ®âáãâáâ¢¨¨ −¥®¡å®¤¨¬®áâ¨ −�ç�«ì−®£® ¯à¥¤®¯à¥¤¥«¥−¨ï
ç¨á«� ª«�áâ¥à®¢. ‚ëï¢«¥−¨¥ �−®¬�«¨© ®áãé¥áâ¢«ï¥âáï ¯ãâ¥¬ �−�«¨§� à¥§ã«ìâ�-
â®¢ ¨¥à�àå¨ç¥áª®© ª«�áâ¥à¨§�æ¨¨ ¨ ¢ëï¢«¥−¨ï ¢¥â¢¥© ¤¥−¤à®£à�¬¬ë, à�á¯®«�£�-
îé¨åáï −� −�ç�«ì−ëå ãà®¢−ïå ¯®áâà®¥−¨ï ¤¥à¥¢� ¨ −¥ ¨¬¥îé¨å ¢¥â¢«¥−¨© [19].
‘«¥¤ã¥â ãç¨âë¢�âì, çâ® ¬¥â®¤ ï¢«ï¥âáï ¢¥áì¬� ú¤®à®£¨¬û ¢ ¢ëç¨á«¨â¥«ì−®¬
®â−®è¥−¨¨.

�«®â−®áâ−ë© �«£®à¨â¬ ª«�áâ¥à¨§�æ¨¨ DBSCAN ¨§−�ç�«ì−® ®à¨¥−â¨à®¢�−
−� ¤�−−ë¥, á®¤¥à¦�é¨¥ ¢ë¡à®áë. „«ï ®¡à�¡®âª¨ á¬¥è�−−ëå ¤�−−ëå �«£®-
à¨â¬ ¬®¦¥â ¨á¯®«ì§®¢�âì á®®â¢¥âáâ¢ãîé¨¥ ¬¥àë ¡«¨§®áâ¨. �¡ëç−® íâ® â�ª¦¥
à�ááâ®ï−¨¥ ƒ�ãíà�, §�¤�¢�¥¬®¥ ¢ á®®â¢¥âáâ¢¨¨ á ä®à¬ã«®© (1). �� ¢å®¤ −¥®¡å®-
¤¨¬® ¯®¤�âì ¤¢� ¯�à�¬¥âà�: à�§¬¥à ®ªà¥áâ−®áâ¨ ε ¨ ¬¨−¨¬�«ì−®¥ ç¨á«® â®ç¥ª
¢ ª«�áâ¥à¥ minPts. ‚ ®â«¨ç¨¥ ®â ¬−®¦¥áâ¢� ¤àã£¨å �«£®à¨â¬®¢, ®− −¥ âà¥¡ã¥â
ãª�§�−¨ï ç¨á«� ª«�áâ¥à®¢ ¨ ¬®¦¥â −�å®¤¨âì ¯à®¨§¢®«ì−®¥ ¨å ª®«¨ç¥áâ¢®. ’�ª¦¥
íâ®â �«£®à¨â¬ ¬®¦¥â −�å®¤¨âì ª«�áâ¥àë à�§«¨ç−ëå ä®à¬ [18]. Š −¥¤®áâ�âª�¬
�«£®à¨â¬� á«¥¤ã¥â ®â−¥áâ¨ −¥®¡å®¤¨¬®áâì ¯®¤¡®à� §−�ç¥−¨© ¯�à�¬¥âà®¢ ¨ ¯à®¡-
«¥¬ë á ®¯à¥¤¥«¥−¨¥¬ ª«�áâ¥à®¢ á ¡®«ìè®© à�§−¨æ¥© ¢ ¯«®â−®áâ¨. �®á«¥¤−¨©
−¥¤®áâ�â®ª áâ�−®¢¨âáï á¥àì¥§−ë¬ ¯à¥¯ïâáâ¢¨¥¬ ¤«ï ¯à¨¬¥−¥−¨ï íâ®£® �«£®à¨â¬�
ª ¤�−−ë¬, á®¤¥à¦�é¨¬ ®¡«�áâ¨ á à�§−®© ¯«®â−®áâìî. �® íâ� ¯à®¡«¥¬� ¬®¦¥â
¡ëâì à�§à¥è¥−� §� áç¥â ¨á¯®«ì§®¢�−¨ï ¬®¤¨ä¨ª�æ¨¨ �«£®à¨â¬� DBSCAN | �«-
£®à¨â¬� OPTICS (Ordering points to identify the clustering structure), á¯¥æ¨�«ì−®
à�§à�¡®â�−−®£® ¤«ï â�ª¨å ¤�−−ëå.

�−�«¨§ ¯®ª�§�«, çâ® ¬¥à� á®£«�á®¢�−¨ï à�§−®â¨¯−ëå èª�«, §�¤�¢�¥¬�ï ¢ á®-
®â¢¥âáâ¢¨¨ á ä®à¬ã«®© (4), ¢ ª�ç¥áâ¢¥ ¬¥àë ¡«¨§®áâ¨ ¤«ï à�áá¬®âà¥−−ëå �«-
£®à¨â¬®¢ ¨á¯®«ì§ã¥âáï ªà�©−¥ à¥¤ª®. �® ¤�−−�ï ¬¥à� ¯®â¥−æ¨�«ì−® ¯®«¥§−�,
¯®áª®«ìªã ¥¥ ¨á¯®«ì§®¢�−¨¥ á®¢¬¥áâ−® á ¯®à®£®¢ë¬ �«£®à¨â¬®¬ ª«�áâ¥à¨§�æ¨¨,
−¥á¬®âàï −� −¥¤®áâ�âª¨ �«£®à¨â¬�, ¯®ª�§�«® å®à®è¨¥ à¥§ã«ìâ�âë [20].

6 Подход для технологии поддержки
конкретно-исторических исследований

Š�ª ¯®ª�§�−® ¢ëè¥, á¯¥æ¨ä¨ª� ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£® ¨áá«¥¤®¢�−¨ï á®-
áâ®¨â ¢ â®¬, çâ® ä�ªâë, ª®â®àë¬¨ ®¯¥à¨àã¥â ¨áá«¥¤®¢�â¥«ì (¨áâ®à¨ª®-¡¨®£à�ä¨-
ç¥áª¨¥ ä�ªâë), ®¡«�¤�îâ á¢®©áâ¢®¬ äà�£¬¥−â�à−®áâ¨ ¨ ¯à®â¨¢®à¥ç¨¢®áâ¨. �®«ã-
ç¥−¨¥ íâ¨å ä�ªâ®¢ | −¥®¡å®¤¨¬�ï ¨ −�¨¡®«¥¥ âàã¤®¥¬ª�ï áâ�¤¨ï ¡¨®£à�ä¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï, á®áâ®ïé�ï ¢ à�¡®â¥ ¢ �àå¨¢�å ¨ ¯à®á¬®âà¥ ®£à®¬−®£® ç¨á«� ¤®-
ªã¬¥−â®¢. ‘®®â¢¥âáâ¢¥−−®, ¤�−−ë¥ â¥å−®«®£¨¨ �Šˆˆ ®¡«�¤�îâ á«¥¤ãîé¨¬¨
á¢®©áâ¢�¬¨:

{ ¤�−−ë¥ ï¢«ïîâáï á¬¥è�−−ë¬¨, ¨ ¨å ¯�à�¬¥âàë ¬®£ãâ ¡ëâì ¨§¬¥à¥−ë ¯®
à�§−ë¬ èª�«�¬;

{ ®¡ê¥¬ ¤�−−ëå −¥ çà¥§¬¥à−® ¢¥«¨ª, ¤�¦¥ á ãç¥â®¬ à�á¯à¥¤¥«¥−−®áâ¨ ¨ ¯®¯®«-
−¥−¨ï ¡�§ë ¤�−−ëå â¥å−®«®£¨¨ ¡®«ìè¨¬ ç¨á«®¬ ¯®«ì§®¢�â¥«¥©;

{ ¯«®â−®áâì ¤�−−ëå ï¢«ï¥âáï ¯¥à¥¬¥−−®© ¢¥«¨ç¨−®©;
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{ ¢ «î¡®© à�§ã¬−®© ¬¥âà¨ª¥ ®¡«�áâ¨ ®¤−®à®¤−ëå ¤�−−ëå ¬®£ãâ ¨¬¥âì á«®¦−ãî
ä®à¬ã.
ˆ§ íâ®£® á«¥¤ã¥â, çâ® ¯à¨¬¥−¥−¨¥ �«£®à¨â¬� k-Prototypes ¤«ï ¯®¨áª� �−®-

¬�«¨© ¢ ¤�−−ëå ¢ â¥å−®«®£¨¨ �Šˆˆ −¥æ¥«¥á®®¡à�§−®. �¥àá¯¥ªâ¨¢−ë ¤«ï
íâ¨å æ¥«¥© �«£®à¨â¬ë �£«®¬¥à�â¨¢−®© ¨¥à�àå¨ç¥áª®© ª«�áâ¥à¨§�æ¨¨ ¨ OPTICS.
�¯ëâ íªá¯«ã�â�æ¨¨ â¥å−®«®£¨¨ −� à¥�«ì−ëå ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå
¬®¦¥â ¯®ª�§�âì ¯à¥¨¬ãé¥áâ¢� ¨ −¥¤®áâ�âª¨ ãª�§�−−ëå �«£®à¨â¬®¢, � â�ª¦¥
¢ë¡à�âì ¤«ï −¨å ®¯â¨¬�«ì−ë¥ ¯�à�¬¥âàë.

‚ ª�ç¥áâ¢¥ ¬¥àë áå®¤áâ¢� ¤«ï íâ¨å �«£®à¨â¬®¢ ¤®«¦−® ¨á¯®«ì§®¢�âìáï à�á-
áâ®ï−¨¥ ƒ�ãíà�. ˆá¯®«ì§®¢�−¨¥ ¤«ï íâ®© æ¥«¨ ¬¥àë á®£«�á®¢�−¨ï à�§−®â¨¯−ëå
èª�« ¯®â¥−æ¨�«ì−® ¯¥àá¯¥ªâ¨¢−®. –¥«¥á®®¡à�§−®áâì ¢ª«îç¥−¨ï íâ®© ¬¥àë ¢ â¥å-
−®«®£¨î â�ª¦¥ ¬®¦¥â ¡ëâì ®æ¥−¥−� ¯® à¥§ã«ìâ�â�¬ íªá¯¥à¨¬¥−â®¢ −� à¥�«ì−ëå
ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå.

7 Выводы

ˆ−â¥£à�æ¨ï ¢ â¥å−®«®£¨î �Šˆˆ ¬¥å�−¨§¬� ¯®¨áª� �−®¬�«¨© ¢ ª®−ªà¥â−®-
¨áâ®à¨ç¥áª¨å ¤�−−ëå ¬®¦¥â áãé¥áâ¢¥−−® ã¯à®áâ¨âì ¨ ¯®¢ëá¨âì íää¥ªâ¨¢−®áâì
â�ª®© ¯«®å® ä®à¬�«¨§ã¥¬®© ¨ ®ç¥−ì âàã¤®¥¬ª®© ä�§ë ª®−ªà¥â−®-¨áâ®à¨ç¥áª®£®
¨áá«¥¤®¢�−¨ï, ª�ª ¢§�¨¬®ã¢ï§ë¢�−¨¥ −�©¤¥−−®© ¨−ä®à¬�æ¨¨ ¨ ¯®¨áª ¢ −¥©
¯à®â¨¢®à¥ç¨©. �áãé¥áâ¢«¥−� ¤�«ì−¥©è�ï ¯à®à�¡®âª� íâ®£® ¬¥å�−¨§¬�, ¢ë¡à�−ë
ª®−ªà¥â−ë¥ �«£®à¨â¬ë, −�¬¥ç¥−ë ¯ãâ¨ ¯à®¢¥àª¨ ¨å íää¥ªâ¨¢−®áâ¨ ¢ ãá«®¢¨ïå
â¥å−®«®£¨¨ ¨ −�áâà®©ª¨ −� ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨¥ ¤�−−ë¥.

�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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Clustering algorithms for technology of concrete historical investigation support

CLUSTERING ALGORITHMS FOR 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 support. 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 for automated
search for anomalies in concrete historical information based on cluster analysis.
The analysis of the specifics of concrete historical data and the ways of their
representation in the object model of technology is carried out. The methods of
mixed data digitizing and the proximity measures used for them are considered
in detail and the advantages and disadvantages of clustering algorithms used
to search for anomalies are evaluated. Based on the analysis, an approach was
developed to search for anomalies in the data of technology and directions were
outlined for testing the effectiveness of the selected algorithms and proximity
measures on real concrete historical data.

Keywords: concrete historical investigation; distributed technology; anomaly;
historical-biographical fact; clustering
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МЕТОД ЦЕЛЕВОГО ПЕРЕМЕЩЕНИЯ РЕШЕНИЯ
В ТЕХНОЛОГИЯХ СИТУАЦИОННОГО УПРАВЛЕНИЯ

А. В. Ильин1, В. Д. Ильин2

�−−®â�æ¨ï: ÷�áá¬®âà¥−� ®¡−®¢«¥−−�ï â¥å−®«®£¨ï ¨−â¥à�ªâ¨¢−®£® à¥è¥−¨ï
«¨−¥©−ëå §�¤�ç á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ¬¥â®¤®¬ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï
à¥è¥−¨ï. ”®à¬ã«¨à®¢ª¨ §�¤�ç ¨ âà¥¡®¢�−¨ï ª ª�ç¥áâ¢ã à¥è¥−¨ï ä®à¬¨àã-
îâáï −� ®á−®¢¥ �−�«¨§� ¯®àâà¥â®¢ æ¥«¥¢®© ¨ ¤®áâ¨£−ãâ®© á¨âã�æ¨¨. Œ¥â®¤
æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï (¢ ®â«¨ç¨¥ ®â ¬¥â®¤®¢ «¨−¥©−®£® ¯à®£à�¬-
¬¨à®¢�−¨ï) ¯®§¢®«ï¥â ¯®«ãç¨âì âà¥¡ã¥¬ë© à¥§ã«ìâ�â ¨ ¯à¨ −¥á®¢¬¥áâ−®áâ¨
á¨áâ¥¬ë ®£à�−¨ç¥−¨©. ˆ−â¥à�ªâ¨¢−®áâì ¬¥â®¤� ¯à¥¤®áâ�¢«ï¥â ¢®§¬®¦−®áâì
íªá¯¥àâã −� ª�¦¤®¬ è�£¥ ¯®¨áª� à¥è¥−¨ï ¨§¬¥−ïâì ä®à¬ã«¨à®¢ªã §�¤�ç¨,
¨áå®¤ï ¨§ ¥£® ¯à¥¤áâ�¢«¥−¨© ® à¥�«¨§ã¥¬®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨. ’¥å−®«®£¨ï
®à¨¥−â¨à®¢�−� −� à¥�«¨§�æ¨î ¢ ¢¨¤¥ ®−«�©−-á¥à¢¨á®¢.

Š«îç¥¢ë¥ á«®¢�: á¨âã�æ¨®−−®¥ ã¯à�¢«¥−¨¥; «¨−¥©−ë¥ §�¤�ç¨ á¨âã�æ¨®−-
−®£® ã¯à�¢«¥−¨ï; à�á¯à¥¤¥«¥−¨¥ à¥áãàá®¢; ¯®àâà¥â á¨âã�æ¨¨; ¬¥â®¤ æ¥«¥¢®£®
¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï; ®−«�©−-á¥à¢¨áë
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1 Введение

‚ −�è¨ ¤−¨ ¨−â¥−á¨¢−®£® à�§¢¨â¨ï ®¡«�ç−ëå ¢ëç¨á«¥−¨© ¨ ¨−â¥à−¥â-á¥à¢¨-
á®¢ à�§«¨ç−®£® −�§−�ç¥−¨ï (−�¢¨£�æ¨®−−ëå, ®¡à�§®¢�â¥«ì−ëå ¨ ¤à.) ¢−¨¬�−¨¥
¨áá«¥¤®¢�â¥«¥© ¨ à�§à�¡®âç¨ª®¢ ¨−ä®à¬�æ¨®−−ëå â¥å−®«®£¨© ¯à¨¢«¥ç¥−® ª ¨¤¥¥
ª®¬¯«¥ªá−®© �¢â®¬�â¨§�æ¨¨ à�§«¨ç−ëå ¢¨¤®¢ ¤¥ïâ¥«ì−®áâ¨ −� ®á−®¢¥ ¨−â¥à−¥â-
á¥à¢¨á®¢. ‘ á¥à¥¤¨−ë 1990-å ££. §−�ç¥−¨¥ ãá¯¥è−®© à¥�«¨§�æ¨¨ íâ®© ¨¤¥¨
[¯®«ãç¨¢è¥© −�§¢�−¨¥ digital economy (æ¨äà®¢�ï íª®−®¬¨ª�)] −¥ãª«®−−® à�áâ¥â
¨ á¢ï§ë¢�¥âáï á ª®−ªãà¥−â®á¯®á®¡−®áâìî ª®à¯®à�æ¨© ¨ áâà�− [1{3]. ‚ 2017 £.
¢ −�è¥© áâà�−¥ ãâ¢¥à¦¤¥−� ¯à®£à�¬¬� ú–¨äà®¢�ï íª®−®¬¨ª� ÷®áá¨©áª®© ”¥¤¥-
à�æ¨¨û [4].

“¢¥«¨ç¨¢�îâáï â¥¬¯ë ¯à¨¬¥−¥−¨ï â¥å−®«®£¨© M2M (Machine-to-
Machine) [5, 6], IoT (Internet of Things) [7, 8] ¨ IoS (Internet of Services) [9{12],
ª®â®àë¥ áâ�−®¢ïâáï íää¥ªâ¨¢−ë¬ áà¥¤áâ¢®¬ æ¨äà®¢¨§�æ¨¨ à�§«¨ç−ëå ®¡«�-
áâ¥© ¤¥ïâ¥«ì−®áâ¨. ÷�áâ¥â ç¨á«® M2M-, IoT- ¨ IoS-¯à¨¬¥−¥−¨© ¢ í−¥à£¥â¨ª¥,
¯à®¬ëè«¥−−®áâ¨, á¥«ìáª®¬ å®§ï©áâ¢¥, §¤à�¢®®åà�−¥−¨¨ ¨ ¤àã£¨å áä¥à�å ¤¥-
ïâ¥«ì−®áâ¨. ’¥¬¯ë à�á¯à®áâà�−¥−¨ï â¥å−®«®£¨© M2M, IoT ¨ IoS ¢® ¬−®£®¬

1ƒ®áã¤�àáâ¢¥−−ë© −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®© ¨−áâ¨âãâ �¢¨�æ¨®−−ëå á¨áâ¥¬,
ilyin@res-plan.com

2”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, vdilyin@yandex.ru
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Œ¥â®¤ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï ¢ â¥å−®«®£¨ïå á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï

®¯à¥¤¥«ïîâáï á−¨¦¥−¨¥¬ áâ®¨¬®áâ¨ ¢ëç¨á«¨â¥«ì−ëå ãáâà®©áâ¢ ¨ ¯¥à¥¤�ç¨ ¤�−-
−ëå, à®áâ®¬ ¤®áâã¯−®áâ¨ £¨¡ª¨å á¨áâ¥¬ åà�−¥−¨ï ¨ �−�«¨§� ¤�−−ëå (¡«�£®¤�àï
à�§¢¨â¨î ú®¡«�ç−ëåû â¥å−®«®£¨© ¨ â¥å−®«®£¨© ú¡®«ìè¨å ¤�−−ëåû).

�®áâ®ï−−® �ªâã�«ì−®© ®áâ�¥âáï ¯à®¡«¥¬� ¬¥â®¤®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï
â¥å−®«®£¨© à¥è¥−¨ï §�¤�ç á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï á«®¦−ë¬¨ ç¥«®¢¥ª®-¬�-
è¨−−ë¬¨ á¨áâ¥¬�¬¨ [13{16].

� ¯à¨¬¥−¨¬®áâ¨ ¬¥â®¤®¢ «¨−¥©−®£® ¯à®£à�¬¬¨à®¢�−¨ï. �à¨¬¥−¨¬®áâì
¬¥â®¤®¢ «¨−¥©−®£® ¯à®£à�¬¬¨à®¢�−¨ï (‹�) [17] ¤«ï à¥è¥−¨ï «¨−¥©−ëå §�¤�ç
á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï áãé¥áâ¢¥−−® ®£à�−¨ç¥−� ¯à¥¤¯®«®¦¥−¨¥¬ ® â®¬, çâ®
¯à®£−®§¨àã¥¬ë¥ ¢å®¤−ë¥ ¤�−−ë¥, ¨á¯®«ì§ã¥¬ë¥ ¤«ï ¯®¨áª� à¥è¥−¨ï, á®¢¯�¤�îâ
á à¥�«ì−ë¬¨ ¯à¨ à¥�«¨§�æ¨¨ à¥è¥−¨ï. ˆ§¢¥áâ−®, çâ® ¢ ¯à�ªâ¨ç¥áª¨ §−�ç¨¬ëå
‹�-§�¤�ç�å à¥è¥−¨©, ª�ª ¯à�¢¨«®, −¥ áãé¥áâ¢ã¥â ¨§-§� −¥á®¢¬¥áâ−®áâ¨ á¨áâ¥¬ë
®£à�−¨ç¥−¨©. Šà®¬¥ â®£®, à�áç¥â−ë¥ ¢å®¤−ë¥ ¤�−−ë¥ ¬®£ãâ §−�ç¨â¥«ì−® ®â«¨-
ç�âìáï ®â à¥�«ì−ëå ¢ ¯à®æ¥áá¥ à¥�«¨§�æ¨¨ à¥è¥−¨ï. ‚ ¯à¥¤¥«ì−ëå á«ãç�ïå §�
¢à¥¬ï ¬¥¦¤ã ¯®«ãç¥−¨¥¬ à¥è¥−¨ï ¨ ¥£® à¥�«¨§�æ¨¥© ¬®£ãâ ¨§¬¥−¨âìáï ¬−®¦¥áâ¢®
®á−®¢−ëå ¯¥à¥¬¥−−ëå ¨ á¨áâ¥¬� ®£à�−¨ç¥−¨©.

�¡ëç−® ‹�-§�¤�ç¨ à¥è�îâáï á¨¬¯«¥ªá-¬¥â®¤®¬ [17] ¨«¨ ¬¥â®¤®¬ ¢−ãâà¥−-
−¨å â®ç¥ª [18]. ÷¥è¥−¨ï ¬®£ãâ ¡ëâì −�©¤¥−ë â®«ìª® ¯à¨ á®¢¬¥áâ−®áâ¨ á¨áâ¥¬ë
®£à�−¨ç¥−¨©. ‚ á«ãç�¥ −¥á®¢¬¥áâ−®áâ¨ ¬®¦¥â ¡ëâì à¥è¥−� §�¤�ç� ¯®¨áª� ç¥-
¡ëèñ¢áª®© â®çª¨, ª®â®à�ï â�ª¦¥ à¥è�¥âáï á¨¬¯«¥ªá-¬¥â®¤®¬. ˆ§¢¥áâ−®, çâ®,
¢®-¯¥à¢ëå, ‹�-§�¤�ç� ®â−®á¨âáï ª ç¨á«ã ¬�â¥¬�â¨ç¥áª¨ −¥ª®àà¥ªâ−ëå (¨§-§�
−¥ãáâ®©ç¨¢®áâ¨ à¥è¥−¨ï ª ¬�«ë¬ ¨§¬¥−¥−¨ï¬ ¢å®¤−ëå ¤�−−ëå) [19]; ¢®-¢â®àëå,
à¥è¥−¨ï, −�©¤¥−−ë¥ ª�ª ç¥¡ëèñ¢áª�ï â®çª�, −¥¯à¨¬¥−¨¬ë, â�ª ª�ª −�àãè�îâ
§�¤�−−ë¥ ®£à�−¨ç¥−¨ï.

—â®¡ë á®§¤�âì ¬¥â®¤ à¥è¥−¨ï ¯à�ªâ¨ç¥áª¨ §−�ç¨¬ëå «¨−¥©−ëå §�¤�ç, ¡ë-
«� ¯à¥¤«®¦¥−� ¨¤¥ï −¥ä®à¬�«ì−®© ¯®áâ�−®¢ª¨ â�ª¨å §�¤�ç −� ®á−®¢¥ á¨áâ¥¬
®¡ï§�â¥«ì−ëå ¨ ®à¨¥−â¨àãîé¨å âà¥¡®¢�−¨© [15, 20]. ˆ¤¥ï ¡ë«� à¥�«¨§®¢�−�
¢ ¬¥â®¤¥ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï [20{24].

2 Портреты ситуаций: формирование и анализ

–¥«¥¢®© ¡ã¤¥¬ −�§ë¢�âì á¨âã�æ¨î, ª®â®àãî ¯«�−¨àã¥âáï á®§¤�âì ¢ à¥§ã«ìâ�â¥
ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï −� ®¡ê¥ªâ á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï; áâ�àâ®¢®© |
¯à¨¬¥−¨â¥«ì−® ª ª®â®à®© ¯à®¥ªâ¨àã¥âáï ã¯à�¢«ïîé¥¥ ¢®§¤¥©áâ¢¨¥; ¤®áâ¨£−ã-
â®© | ¯®«ãç¥−−ãî ¢ à¥§ã«ìâ�â¥ ã¯à�¢«ïîé¥£® ¢®§¤¥©áâ¢¨ï.

�®àâà¥â á¨âã�æ¨¨ | ®¯¨á�−¨¥, ¢ª«îç�îé¥¥ ¤�−−ë¥ ® á®áâ®ï−¨¨ ®¡ê¥ªâ�,
à�á¯®«�£�¥¬ëå ¢�à¨�−â�å ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¨ à¥áãàá−®£® ®¡¥á¯¥ç¥−¨ï
¨å à¥�«¨§�æ¨¨ [15].

Š®¬¯«¥ªá ä®à¬¨à®¢�−¨ï ¨ �−�«¨§� ¯®àâà¥â®¢ á¨âã�æ¨© à�¡®â�¥â ¢ á®®â¢¥â-
áâ¢¨¨ á á¨áâ¥¬®© ¯à�¢¨« 〈R,S〉, £¤¥ R | ¬−®¦¥áâ¢® ¯à�¢¨«; S ⊆ R × R |
¡¨−�à−®¥ ®â−®è¥−¨¥ −� R. �à�¢¨«® ¨¬¥¥â ¢¨¤ «¨¡® D1 ⇒ D2, «¨¡® D ⇒ I
(§¤¥áì D,D1 ¨ D2 | ¯à®¨§¢®«ì−ë¥ ®¯¨á�−¨ï; I | «î¡�ï ¨−áâàãªæ¨ï). �à�¢¨«�
ã¯®àï¤®ç¥−ë á ¯®¬®éìî ®â−®è¥−¨ï á¯¥æ¨�«¨§�æ¨¨ S, §�¬ëª�−¨¥ S◦ ª®â®à®£®
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¨àà¥ä«¥ªá¨¢−® (â. ¥. −¨ ¤«ï ª�ª®£® r ∈ R −¥ ¨¬¥¥â ¬¥áâ� 〈r, r〉 ∈ S◦; §�¬ëª�−¨¥
®â−®è¥−¨ï S | ¬−®¦¥áâ¢® S◦ ¯�à 〈r, r′〉 â�ª¨å, çâ® 〈r′, r′′〉 ∈ S◦ ¢ â®¬ ¨ â®«ìª®
¢ â®¬ á«ãç�¥, ª®£¤� áãé¥áâ¢ã¥â ¯®á«¥¤®¢�â¥«ì−®áâì ¯à�¢¨« r′ = r0, r1, . . . , rm =
= r′′ (m ≥ 1), ¯à¨ç¥¬ 〈ri, ri+1〉 ∈ S ¤«ï ª�¦¤®£® 0 ≤ i ≤ m−1). …á«¨ ¤«ï «î¡ëå
¤¢ãå ¯à�¢¨« r1 ¨ r2 ãª�§�−®, çâ® r2 ï¢«ï¥âáï á¯¥æ¨�«¨§�æ¨¥© r1, â® r1 ï¢«ï¥âáï
®¡®¡é¥−¨¥¬ r2. Š�¦¤®¥ ¯à�¢¨«®-á¯¥æ¨�«¨§�æ¨ï ¯à¥¤−�§−�ç¥−® ¤«ï áà�¡�âë¢�-
−¨ï ¢ ¡®«¥¥ ç�áâ−ëå á¨âã�æ¨ïå, ç¥¬ á®®â¢¥âáâ¢ãîé¥¥ ¯à�¢¨«®-®¡®¡é¥−¨¥. ‹î¡®¥
¯à�¢¨«®-á¯¥æ¨�«¨§�æ¨ï ¨¬¥¥â ¯à¨®à¨â¥â ¢ áà�¡�âë¢�−¨¨ ¯¥à¥¤ á®®â¢¥âáâ¢ãîé¨¬
¯à�¢¨«®¬-®¡®¡é¥−¨¥¬.

Œ¥å�−¨§¬ ¨−â¥à¯à¥â�æ¨¨ §�¯à®á� −� ¬−®¦¥áâ¢¥ ¯à�¢¨« ãª�§ë¢�¥â, ª�ª¨¥
¯à�¢¨«� ¨ ¢ ª�ª®¬ ¯®àï¤ª¥ ¯à¨¬¥−ïâì, � â�ª¦¥ ª�ª¨¥ ®¯¨á�−¨ï áç¨â�âì ¨áâ¨−-
−ë¬¨. ‡�¯à®á ¯à¥¤áâ�¢«ï¥â á®¡®© −�¡®à ¤�−−ëå, ª®â®àë© ¢ª«îç�¥â §−�ç¥−¨ï
¯�à�¬¥âà®¢ ¯à®áâà�−áâ¢� á®áâ®ï−¨© ®¡ê¥ªâ�, á¯¥æ¨ä¨ª�æ¨¨ à�á¯®«�£�¥¬ëå â¨-
¯®¢ ã¯à�¢«ïîé¨å ¢®§¤¥©áâ¢¨© ¨ à¥áãàá®¢, −¥®¡å®¤¨¬ëå ¤«ï à¥�«¨§�æ¨¨ ¢®§¤¥©-
áâ¢¨© [21].

3 Общая линейная задача распределения ресурсов,
решаемая методом целевого перемещения решения

�ãáâì aij (i = 1, . . . ,m, j = 1, . . . , n) | à�áå®¤ i-£® à¥áãàá� ¯à¨ ¥¤¨−¨ç−®©
¨−â¥−á¨¢−®áâ¨ ¨á¯®«ì§®¢�−¨ï j-£® ¢�à¨�−â� (áà¥¤áâ¢�) ¤¥ïâ¥«ì−®áâ¨; bi (i =
= 1, . . . ,m) | à�á¯®«�£�¥¬ë© ®¡ê¥¬ i-£® à¥áãàá�; xj (j = 1, . . . , n) | ¨áª®¬�ï
¨−â¥−á¨¢−®áâì ¨á¯®«ì§®¢�−¨ï j-£® áà¥¤áâ¢�. ‘ã¬¬�à−ë© à�áå®¤ i-£® à¥áãàá�
¢ëà�¦�¥âáï «¨−¥©−®© ä®à¬®© ai1x1 + · · · + ainxn. ’�ª¨¬ ®¡à�§®¬, á®áâ�¢−®¥
âà¥¡®¢�−¨¥ ª ¨áª®¬®¬ã à�á¯à¥¤¥«¥−¨î ¨¬¥¥â ¢¨¤ {ai1x1 + · · · + ainxn ≤ bi}
(i = 1, . . . ,m). Šà®¬¥ â®£®, ¬®¦¥â ¡ëâì §�¤�− −�¡®à ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨
®¡é¥© ¤¥ïâ¥«ì−®áâ¨: {ci1x1 + · · · + cinxn} (i = 1, . . . , k), £¤¥ cij | ã¤¥«ì−ë©
¯®ª�§�â¥«ì ¯®«¥§−®áâ¨ i-£® â¨¯� ®â ¨á¯®«ì§®¢�−¨ï ¥¤¨−¨æë ¨−â¥−á¨¢−®áâ¨ ¤¥©-
áâ¢¨© j-£® áà¥¤áâ¢�. „«ï ¢áïª®£® ¯®ª�§�â¥«ï íää¥ªâ¨¢−®áâ¨ ¬®¦¥â ¡ëâì §�¤�−®
−¥ª®â®à®¥ ¯à®áâ®¥ ¯à�¢¨«®. ’�ª¦¥ ¬®£ãâ ¡ëâì §�¤�−ë ¯à¨®à¨â¥âë âà¥¡®¢�−¨© pi

(0 < pi ≤ ∞, i ∈ [1,m+ k]).
‚ ®¡é¥¬ á«ãç�¥ ¤«ï ª�¦¤®© à¥áãàá−®© äã−ªæ¨¨ ¬®¦¥â ¡ëâì ®¯à¥¤¥«¥−® ¤¢ã-

áâ®à®−−¥¥ ®£à�−¨ç¥−¨¥ (ª®−êî−ªæ¨ï ¤¢ãå ¯à®áâëå âà¥¡®¢�−¨©). ’�ª¨¬ ®¡à�§®¬,
®¡éãî á¨áâ¥¬ã âà¥¡®¢�−¨© ¬®¦−® §�¯¨á�âì ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

{[bi ≤] ai1x1 + · · · + ainxn [≤ Bi] [pi] ; xj ≥ 0} (i = 1, . . . ,m+ k, j = 1, . . . , n)

(¢á¥ ª®íää¨æ¨¥−âë à¥áãàá−ëå ®£à�−¨ç¥−¨© ¨ ¯®ª�§�â¥«¥© íää¥ªâ¨¢−®áâ¨ ®¡®-
§−�ç¥−ë ç¥à¥§ aij; ª¢�¤à�â−ë¥ áª®¡ª¨ ®¡®§−�ç�îâ −¥®¡ï§�â¥«ì−®áâì §�¤�−¨ï
®£à�−¨ç¥−¨© ¨ ¯à¨®à¨â¥â®¢; ¯¥à¥¬¥−−ë¥ xj −¥®âà¨æ�â¥«ì−ë ¢ á®®â¢¥âáâ¢¨¨ á®
á¬ëá«®¬ §�¤�ç¨).

�à®áâ®¥ âà¥¡®¢�−¨¥ ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢«¥−® ®¤−®© ¨§ âà¥å ä®à¬:

Fi(x) = ci[pi]; Fi(x) ≤ ci[pi]; Fi(x) ≥ ci[pi],
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£¤¥ Fi(x) | i-ï äã−ªæ¨ï (−�¯à¨¬¥à, à¥áãàá−�ï ¨«¨ ®æ¥−®ç−�ï); x | ¢¥ªâ®à
à¥è¥−¨ï (§¤¥áì ¨ ¤�«¥¥ ¢¥ªâ®àë ¨ ¬�âà¨æë ¢ë¤¥«¥−ë ¦¨à−ë¬ èà¨äâ®¬); ci |
ª®−áâ�−â�; pi | ¯à¨®à¨â¥â âà¥¡®¢�−¨ï (0 < pi ≤ ∞) (ª¢�¤à�â−ë¥ áª®¡ª¨
®¡®§−�ç�îâ −¥®¡ï§�â¥«ì−®áâì §�¤�−¨ï ¯à¨®à¨â¥â�). ‘®áâ�¢−®¥ âà¥¡®¢�−¨¥ |
«®£¨ç¥áª�ï ª®¬¡¨−�æ¨ï ¯à®áâëå âà¥¡®¢�−¨©, ¯®«ãç¥−−�ï á ¯®¬®éìî «®£¨ç¥áª¨å
á¢ï§®ª ª®−êî−ªæ¨¨, ¤¨§êî−ªæ¨¨ ¨ ®âà¨æ�−¨ï (∧, ∨ ¨ ¬). �¡ï§�â¥«ì−ë¥
âà¥¡®¢�−¨ï −¥ ¬®£ãâ ¡ëâì −�àãè¥−ë (¨¬¥îâ �¡á®«îâ−ë© ¯à¨®à¨â¥â pi = ∞).
�à¨¥−â¨àãîé¨¥ âà¥¡®¢�−¨ï §�¤�îâ ¯à¥¤¯®çâ¨â¥«ì−ë¥ §−�ç¥−¨ï äã−ªæ¨© (pi >
> 0).

‡�¤�ç� §�ª«îç�¥âáï ¢ ®âëáª�−¨¨ ¢¥ªâ®à� à�á¯à¥¤¥«¥−¨ï à¥áãàá®¢ x =
= (x1 · · · xn), ª®â®à®¬ã á®®â¢¥âáâ¢ãîâ §−�ç¥−¨ï à¥áãàá−ëå äã−ªæ¨©, ®æ¥−¨-
¢�¥¬ë¥ íªá¯¥àâ®¬ ª�ª −�¨¡®«¥¥ íää¥ªâ¨¢−ë¥ ¢ ¤�−−®© á¨âã�æ¨¨.

‚ ¯à®æ¥áá¥ ¯®¨áª� à¥è¥−¨ï íªá¯¥àâ à¥è�¥â −¥ª®â®àãî ¯®á«¥¤®¢�â¥«ì−®áâì
ç�áâ−ëå §�¤�ç, ¨¬¥îé¨å ä®à¬�«ì−ë¥ ¯®áâ�−®¢ª¨ ¨ �«£®à¨â¬ë, ¨ ¢ë¯®«−ï¥â
áà�¢−¨â¥«ì−ë© �−�«¨§ à¥è¥−¨© [24].

��ç�«ì−®¥ à¥è¥−¨¥ (−�ç�«ì−�ï â®çª�) ¬®¦¥â ¡ëâì ¢ë¡à�−® íªá¯¥àâ®¬ ¯à®-
¨§¢®«ì−®. �® ã¬®«ç�−¨î ¯à¥¤«�£�¥âáï ª®¬¯à®¬¨áá−®¥ à¥è¥−¨¥ (ç¥¡ëèñ¢áª�ï
â®çª�). �� «î¡®¬ è�£¥ ¯®¨áª� à¥è¥−¨ï íªá¯¥àâ, ¯à®�−�«¨§¨à®¢�¢ §−�ç¥−¨ï
äã−ªæ¨© ¢ á®áâ�¢¥ âà¥¡®¢�−¨© ¨ ®æ¥−¨¢ áâ¥¯¥−ì íää¥ªâ¨¢−®áâ¨ ¨ à¥�«¨§ã¥¬®áâ¨
−�©¤¥−−®£® à¥è¥−¨ï, ¬®¦¥â ¨§¬¥−¨âì «î¡ë¥ âà¥¡®¢�−¨ï. ‚ ç�áâ−®áâ¨, ¬®¦¥â
§�ä¨ªá¨à®¢�âì §−�ç¥−¨¥ −¥ª®â®à®© äã−ªæ¨¨ (¥á«¨ ®−® ãáâà�¨¢�¥â ¥£®). ’�ª¨¬
®¡à�§®¬ íªá¯¥àâ ¯®è�£®¢® ¯à¨¡«¨¦�¥âáï ª à¥è¥−¨î, ¯® ¥£® ¬−¥−¨î, á®ç¥â�-
îé¥¬ã á¢®©áâ¢� íää¥ªâ¨¢−®áâ¨ ¨ à¥�«¨§ã¥¬®áâ¨. ‹î¡®¥ à¥è¥−¨¥ ¬®¦¥â ¡ëâì
§�−¥á¥−® ¢ ¡�§ã ¢®§¬®¦−ëå à¥è¥−¨© ¤«ï ¯®á«¥¤ãîé¥£® �−�«¨§�.

˜�£ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï ¢ë¯®«−ï¥âáï á«¥¤ãîé¨¬ á¯®á®¡®¬.
�ãáâì x

′ = (x′1 · · · x
′
n) (x′j ≥ 0, j = 1, . . . , n) | à¥è¥−¨¥, ¯®«ãç¥−−®¥ −�

¯à¥¤ë¤ãé¥¬ è�£¥, ¨ áä®à¬¨à®¢�−ë ¯à�¢¨«� ¯¥à¥¬¥é¥−¨ï ¨§ x
′ ¢ æ¥«¥¢ãî â®çªã

x = (x1 · · · xn) (xj ≥ 0, j = 1, . . . , n):

{

Fi(x) = Fi(x
′) + hi[pi]

}

,

£¤¥ Fi(x) = ai1x1 + · · · + ainxn, i = 1, . . . , l; 0 < pi ≤ ∞ ¤«ï hi 6= 0, pi = ∞
¤«ï hi = 0.

”®à¬�«ì−® á¨áâ¥¬� ¯à�¢¨« ¬®¦¥â ¡ëâì −¥á®¢¬¥áâ−®©. �®íâ®¬ã ¯à�¢¨«�
á hi 6= 0 à�áá¬�âà¨¢�îâáï ª�ª ®à¨¥−â¨àãîé¨¥, � hi | ª�ª §�¤�îé¨© è�£
(−¥à¥¤ª® ®â«¨ç�îé¨©áï ®â à¥�«ì−®£® è�£�, ª®â®àë© ¬®¦¥â ¡ëâì ¯®«ãç¥− ¤«ï
¤�−−®£® −�¡®à� ¯à�¢¨«). …á«¨ à¥�«ì−ë¥ ¨ §�¤�îé¨¥ è�£¨ ¨¬¥îâ ®¤¨− ¨ â®â
¦¥ §−�ª ¤«ï ¢á¥å ¯à�¢¨«, −®¢�ï â®çª� ¢ «î¡®¬ á«ãç�¥ ¯®¢ëè�¥â íää¥ªâ¨¢−®áâì
à¥è¥−¨ï.

’®çª� x ®âëáª¨¢�¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬. ‘−�ç�«� ¢ëç¨á«ï¥âáï ¯à®¥ªæ¨ï
â®çª¨ −� £¨¯¥à¯«®áª®áâì

ai1x1 + · · ·+ ainxn = Fi(x
′) + hi ∀hi 6= 0 .
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��¯à�¢«ïîé¨© ¢¥ªâ®à −®à¬�«¨ ª íâ®© £¨¯¥à¯«®áª®áâ¨ à�¢¥− (ai1 · · · ain).
—â®¡ë −�©â¨ ¯à®¥ªæ¨î, −¥®¡å®¤¨¬® ¤�âì ¯¥à¥¬¥−−ë¬ ¯à¨à�é¥−¨ï hai1 · · ·hain

(£¤¥ h| −¥¨§¢¥áâ−®¥ ç¨á«®). �¥à¥¬¥é¥−¨¥ ¯® −®à¬�«¨ ¤�¥â ¯à¨à�é¥−¨¥ äã−ªæ¨¨
h(a2i1+ · · ·+ a2in), ª®â®à®¥ ¤®«¦−® ¡ëâì à�¢−® h, â�ª çâ® h = hi/(a

2
i1+ · · ·+ a2in)

(¥áâ¥áâ¢¥−−®, a2i1 + · · ·+ a2in 6= 0). ’�ª¨¬ ®¡à�§®¬ ¯®«ãç�¥âáï ¯à®¥ªæ¨ï

(

x′1 +
ai1h1

a2i1 + · · ·+ a2in

)

· · ·

(

x′n +
ainhn

a2i1 + · · ·+ a2in

)

.

Š®£¤� ¯à®¥ªæ¨¨ −�©¤¥−ë ∀hi 6= 0, ¨éãâáï âà¥¡ã¥¬ë¥ ¯à¨à�é¥−¨ï ¯® ¢á¥¬ ¯¥à¥-
¬¥−−ë¬:–xji = aijhi/(a

2
i1+· · ·+a

2
in) (j = 1, . . . , n; ¨−¤¥ªáë äã−ªæ¨© ¯à®¡¥£�îâ

§−�ç¥−¨ï ®â 1 ¤® s, 1 ≤ s ≤ l). „�«¥¥ ¢ëç¨á«ï¥âáï ª®−¥æ áà¥¤−¥¤¥©áâ¢ãîé¥©
¢¥ªâ®à®¢-−®à¬�«¥©

xj = x
′
j +

p1–xj1 + · · ·+ ps–xjs

p1 + · · ·+ ps
(j = 1, . . . , n).

’�ª�ï â®çª� ¡«¨¦¥ ª â¥¬ £¨¯¥à¯«®áª®áâï¬, ª®â®àë¥ á®®â¢¥âáâ¢ãîâ ¯à�¢¨«�¬
á ¡®«¥¥ ¢ëá®ª¨¬¨ ¯à¨®à¨â¥â�¬¨. …á«¨ ¯à¨®à¨â¥âë −¥ ¡ë«¨ ãáâ�−®¢«¥−ë, ®−¨
¯®«�£�îâáï à�¢−ë¬¨ 1 ¨ ¯®«ãç�îâáï á«¥¤ãîé¨¥ ä®à¬ã«ë:

xj = x
′
j +
–xj1 + · · ·+–xjs

s
(j = 1, . . . , n).

…á«¨ ∃ k : hk = 0 (1 ≤ k ≤ l), ª®−¥æ áà¥¤−¥¤¥©áâ¢ãîé¥© ¯à®¥æ¨àã¥âáï −� £¨-
¯¥à¯«®áª®áâì ak1x1+ · · ·+ aknxn = Fk(x

′); ¢ ¯à®â¨¢−®¬ á«ãç�¥ −� à®«ì ¨áª®¬®©
â®çª¨ x ¯à¥â¥−¤ã¥â ª®−¥æ áà¥¤−¥¤¥©áâ¢ãîé¥©. ‡�â¥¬ ª®−âà®«¨àã¥âáï −¥®âà¨-
æ�â¥«ì−®áâì ¯¥à¥¬¥−−ëå (xj ≥ 0, j = 1, . . . , n): ®âà¨æ�â¥«ì−ë¥ ®¡−ã«ïîâáï.
ˆ, −�ª®−¥æ, ¯à®¢¥àï¥âáï á®¢¯�¤¥−¨¥ §−�ª®¢ à¥�«ì−ëå ¨ §�¤�îé¨å è�£®¢. …á«¨
®−¨ á®¢¯�¤�îâ ¤«ï ¢á¥å ¯à�¢¨«, ¢ëç¨á«¥−−�ï â®çª� áç¨â�¥âáï æ¥«¥¢®© â®çª®© x.
…á«¨ −¥ á®¢¯�¤�îâ, íªá¯¥àâã ¯à¥¤«�£�¥âáï áª®àà¥ªâ¨à®¢�âì á¨áâ¥¬ã ¯à�¢¨«.

‘à�¢−¥−¨¥ à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå á ¯®¬®éìî ¯à®£à�¬¬−® à¥�«¨§®¢�−−®£®
¬¥â®¤� æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï, á à¥§ã«ìâ�â�¬¨, ¯®«ãç¥−−ë¬¨ á ¯®¬®éìî
¯à®£à�¬¬ë LINGO [25], à¥�«¨§ãîé¥© á¨¬¯«¥ªá-¬¥â®¤ [17], ¯à¨¢¥¤¥−® ¢ [24].

4 Заключение

�®¤å®¤ ª à¥è¥−¨î «¨−¥©−ëå §�¤�ç á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï ¬¥â®¤®¬ æ¥«¥-
¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï á®§¤�− −� ®á−®¢¥ ª®−æ¥¯æ¨© á¨âã�æ¨®−−®£® ã¯à�¢«¥-
−¨ï [13,14], ¯®¤¤¥à¦ª¨ ¯à¨−ïâ¨ï à¥è¥−¨© ¢ −¥èâ�â−ëå á¨âã�æ¨ïå [16] ¨ á¨âã�æ¨-
®−−®© ¨−ä®à¬�â¨§�æ¨¨ [15]. �¡−®¢«¥−−�ï ¢¥àá¨ï ¬¥â®¤� æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï
à¥è¥−¨ï á®¤¥à¦¨â àï¤ ãâ®ç−¥−¨© ¯à¥¤ë¤ãé¥£® ¢�à¨�−â� [22,24].

128 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 4 2022



Œ¥â®¤ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥−¨ï ¢ â¥å−®«®£¨ïå á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï

’¥å−®«®£¨ï à¥è¥−¨ï ¯®á«¥¤®¢�â¥«ì−®áâ¨ §�¤�ç ¢ à¥¦¨¬¥ ¢ëç¨á«¨â¥«ì−®£®
íªá¯¥à¨¬¥−â� ®à¨¥−â¨à®¢�−� −� à¥�«¨§�æ¨î ¢ ¢¨¤¥ ¨−â¥à−¥â-á¥à¢¨á� [10]. �â�
â¥å−®«®£¨ï ¯®§¢®«ï¥â íªá¯¥àâã (¨«¨ ®¡ãç�¥¬®¬ã à®¡®âã) ®âëáª¨¢�âì à¥è¥−¨ï,
á®®â¢¥âáâ¢ãîé¨¥ ¥£® ¯à¥¤áâ�¢«¥−¨ï¬ ® à¥�«¨§ã¥¬®áâ¨ ¨ íää¥ªâ¨¢−®áâ¨. �à¥¤-
áâ�¢«¥−¨ï, §�¢¨áïé¨¥ ®â ®¯ëâ� ¨ ¨−ä®à¬¨à®¢�−−®áâ¨ íªá¯¥àâ�, ¬®£ãâ ¨§¬¥−ïâìáï
á ¨§¬¥−¥−¨¥¬ á¨âã�æ¨¨.

�à®£à�¬¬−® à¥�«¨§®¢�−−�ï â¥å−®«®£¨ï ¯à®è«� ¯à®¢¥àªã −� §�¤�ç�å ¯à®-
¨§¢®¤áâ¢¥−−®£® ¯«�−¨à®¢�−¨ï (¯® −�§−�ç¥−¨î �−�«®£¨ç−ëå à�áá¬�âà¨¢�¥¬ë¬
¢ [26{29]), à¥áãàá−®£® ®¡®á−®¢�−¨ï à¥è¥−¨© ¯à¨ ¯«�−¨à®¢�−¨¨ ®¯¥à�æ¨© ¢ ãá«®-
¢¨ïå çà¥§¢ëç�©−ëå á¨âã�æ¨© ¨ ¤à. [24].
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ОПТИМИЗАЦИОННЫЙ ПРОЦЕСС ИНТЕГРИРОВАННОГО
МЕТОДА ЗАЩИТЫ РАСТЕНИЙ ДЛЯ ТОЧЕЧНЫХ МОДЕЛЕЙ

Р. Н. Одинаев1, П. Л. Назруллоев2, Ф. Раимзода3

�−−®â�æ¨ï: �®¤ ¨−â¥£à¨à®¢�−−ë¬ ¬¥â®¤®¬ §�é¨âë �£à®æ¥−®§®¢ ¯®−¨¬�¥â-
áï ª®¬¯«¥ªá−®¥ ¯à¨¬¥−¥−¨¥ å¨¬¨ç¥áª¨å, ¡¨®«®£¨ç¥áª¨å, �£à®â¥å−¨ç¥áª¨å,
¬¥å�−¨ç¥áª¨å ¨ ¤àã£¨å á¯®á®¡®¢ §�é¨âë ®â ¢à¥¤¨â¥«¥©. ��à�¬¥âà�¬¨ ¨−-
â¥£à¨à®¢�−−®£® ¬¥â®¤� §�é¨âë á«ã¦�â ãà®¢−¨ íää¥ªâ¨¢−®áâ¨ í−â®¬®ä�£®¢
¨ ãà®¢−¨ ¢à¥¤®−®á−®áâ¨ ¢à¥¤¨â¥«¥©, ª®â®àë¥ ¯à¥¤áâ�¢«¥−ë ¢ ¢¨¤¥ ¬�â¥¬�-
â¨ç¥áª¨å ä®à¬ã«. ‚ ¤�−−®© áâ�âì¥ à�áá¬�âà¨¢�îâáï §�¤�ç¨ ®¯â¨¬�«ì−®£®
ã¯à�¢«¥−¨ï, á¢ï§�−−ë¥ á ¡¨®«®£¨ç¥áª¨¬¨ á¨áâ¥¬�¬¨, ¨¬¥îé¨¬¨ âà¨ âà®-
ä¨ç¥áª¨å ãà®¢−ï | úà�áâ¥−¨¥ { ¢à¥¤−ë¥ −�á¥ª®¬ë¥ { ¯®«¥§−ë¥ −�á¥ª®¬ë¥û,
¨ ¯à®æ¥áá�¬¨ §�é¨âë à�áâ¥−¨© á ãç¥â®¬ ¯®áâã¯�îé¥£® ¢−¥è−¥£® à¥áãàá�. „«ï
¬®¤¥«ì−®© ¡¨®á¨áâ¥¬ë áä®à¬ã«¨à®¢�−ë ¨ ®¡®á−®¢�−ë −¥®¡å®¤¨¬ë¥ ãá«®¢¨ï
à¥è¥−¨ï ®¯â¨¬¨§�æ¨®−−®£® ¯à®æ¥áá� §�é¨âë à�áâ¥−¨© ®â ¢à¥¤¨â¥«¥©. „®-
ª�§�− ¯à¨−æ¨¯ ¬�ªá¨¬ã¬� �®−âàï£¨−� ¤«ï §�¤�ç ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï,
á¢ï§�−−®£® á ¬®¤¥«ì−ë¬¨ ¡¨®á¨áâ¥¬�¬¨.

Š«îç¥¢ë¥ á«®¢�: ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥; �£à®æ¥−®§; ¢à¥¤−ë¥ −�á¥ª®¬ë¥;
¯®«¥§−ë¥ −�á¥ª®¬ë¥; ¨−â¥£à¨à®¢�−−ë© ¬¥â®¤; §�é¨â� à�áâ¥−¨©; ç¨á«¥−−®áâì
−�á¥ª®¬ëå; äã−ªæ¨®−�« áâ®¨¬®áâ¨; â®ç¥ç−�ï ¬®¤¥«ì

DOI: 10.14357/08696527220413

1 Введение

„�−−�ï áâ�âìï ¯à®¤®«¦�¥â ¨áá«¥¤®¢�−¨¥ [1]. ˆ§¢¥áâ−®, çâ® ®¤−� ¨§ ®á−®¢−ëå
¯à®¡«¥¬ á¥«ìáª®£® å®§ï©áâ¢� | íää¥ªâ¨¢−�ï ¡®àì¡� á ¢à¥¤¨â¥«ï¬¨ á¥«ìáª®å®-
§ï©áâ¢¥−−ëå ªã«ìâãà, ª®â®à�ï ¢ª«îç�¥â ¤¢¥ §�¤�ç¨. �¥à¢�ï §�¤�ç� | ®¯à¥-
¤¥«¥−¨¥ ¯®à®£®¢ ¢à¥¤®−®á−®áâ¨ ¢à¥¤¨â¥«¥© ¨ ãà®¢−¥© íää¥ªâ¨¢−®áâ¨ ¯®«¥§−ëå
−�á¥ª®¬ëå (−� ¯à�ªâ¨ª¥ íâã §�¤�çã ®¡ëç−® −�§ë¢�îâ ¯®¤£®â®¢¨â¥«ì−®©). ‚â®à�ï
§�¤�ç� | ¯à¨¬¥−¥−¨¥ ¨−â¥£à¨à®¢�−−®£® ¬¥â®¤� ¡®àì¡ë (ª®¬¯«¥ªá �£à®â¥å−¨ç¥-
áª¨å, å¨¬¨ç¥áª¨å ¨ ¡¨®«®£¨ç¥áª¨å ¬¥à®¯à¨ïâ¨©) ¤«ï §�é¨âë á¥«ìå®§ªã«ìâãàë.
�¥à¢�ï §�¤�ç� ¡ë«� à�áá¬®âà¥−� ¢ [1], ¨áá«¥¤®¢�−¨¥ ¢â®à®© §�¤�ç¨ ¯à¨¢®¤¨âáï
¢ ¤�−−®© áâ�âì¥.

„«ï ¯à®£−®§¨à®¢�−¨ï ¨ ¨á¯®«ì§®¢�−¨ï ª®¬¯«¥ªá� ¬¥à®¯à¨ïâ¨© ¤«ï §�é¨âë
ãà®¦�ï á¥«ìáª®å®§ï©áâ¢¥−−ëå ªã«ìâãà ®â ¢à¥¤−ëå −�á¥ª®¬ëå á«¥¤ã¥â ãç¨âë-
¢�âì, ¢ ª�ª®¬ ®â−®è¥−¨¨ −�å®¤ïâáï ¡¨®«®£¨ç¥áª¨¥ ¯�à�¬¥âàë á®®â¢¥âáâ¢ãîé¨å
¯®¯ã«ïæ¨© à�áá¬�âà¨¢�¥¬®© ¡¨®á¨áâ¥¬ë [2, 3].

1’�¤¦¨ªáª¨© −�æ¨®−�«ì−ë© ã−¨¢¥àá¨â¥â, „ãè�−¡¥, raim odinaev@mail.ru
2’�¤¦¨ªáª¨© −�æ¨®−�«ì−ë© ã−¨¢¥àá¨â¥â, „ãè�−¡¥, npl-93@mail.ru
3’�¤¦¨ªáª¨© −�æ¨®−�«ì−ë© ã−¨¢¥àá¨â¥â, „ãè�−¡¥, raimzoda@mail.ru
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�¯â¨¬¨§�æ¨®−−ë© ¯à®æ¥áá ¨−â¥£à¨à®¢�−−®£® ¬¥â®¤� §�é¨âë à�áâ¥−¨©

2 Оптимизационный процесс защиты растений для точечных моделей

÷�áá¬®âà¨¬ −¥ª®â®àë© �£à®æ¥−®§, ¨¬¥îé¨© âà¨ âà®ä¨ç¥áª¨å ãà®¢−ï, á®-
áâ®ï−¨¥ ª®â®à®£® ®¯¨áë¢�¥âáï ¯à¨ ¯®¬®é¨ á¨áâ¥¬ë ¤¨ää¥à¥−æ¨�«ì−ëå ãà�¢−¥-
−¨© [4]:

dN0
dt
= Q+ F0(N0, N1) ;

dN1
dt
= N1F1(N0, N1, N2) ;

dN2
dt
= N2F2(N1, N2, N3) ;

dN3
dt
= N3F3(N2, N3) ,











































(1)

£¤¥ Ni = Ni(t), i = 0, 1, 2, 3: N0 = N0(t)| ¬�áá� ¢−¥è−¥£® à¥áãàá� (ã¤®¡à¥−¨ï,
¢®¤� ¤«ï ¯®«¨¢� ¨«¨ á®«−¥ç−�ï í−¥à£¨ï),N1 = N1(t)| ¡¨®¬�áá� à�áâ¥−¨©,Ni =
= Ni(t)| ç¨á«¥−−®áâì ¢à¥¤−ëå (i = 2) ¨ ¯®«¥§−ëå (i = 3) −�á¥ª®¬ëå ¢ ¬®¬¥−â
¢à¥¬¥−¨ t; Q = Q(t) | áª®à®áâì ¯®áâã¯«¥−¨ï ¢−¥è−¥£® à¥áãàá�; Fi = Fi(·) |
ã¤¥«ì−�ï áª®à®áâì à®áâ� i-£® âà®ä¨ç¥áª®£® ãà®¢−ï, i = 0, 1, 2, 3.

„«ï ¬®¤¥«ì−®£® �£à®æ¥−®§� (1) §�¤�¥âáï −�ç�«ì−®¥ ãá«®¢¨¥

Ni|t=0 = N
0
i , i = 0, 1, 2, 3 .

‘ä®à¬ã«¨àã¥¬ §�¤�çã ã¯à�¢«¥−¨ï ¢ â¥à¬¨−�å ¬®¤¥«ì−®£® �£à®æ¥−®§� (1).
�à¥¤¯®«®¦¨¬, çâ® Np

1 | §�¤�−−ë© ãà®¢¥−ì ¡¨®¬�ááë á¥«ìáª®å®§ï©áâ¢¥−−®©
ªã«ìâãàë, ¬¥−ìè¥ ª®â®à®£® −¥ ¤®«¦−� áâ�âì ¥¥ áà¥¤−ïï ¡¨®¬�áá�:

N1 ≥ Np
1 , Np

1 ∈
[

Nmin1 , Nmax1

]

, (2)

£¤¥
[

Nmin1 , Nmax1

]

| Const > 0. ÷�áá¬®âà¨¬ −¥à�¢¥−áâ¢�

N2 ≤ Np
2 ; N3 ≥ Np

3 , (3)

£¤¥ Np
2 ≥ 0 ¨ Np

3 ≥ 0| −¥¨§¢¥áâ−ë¥ ¯�à�¬¥âàë, ¨ ¢¢¥¤¥¬ ®¯à¥¤¥«¥−¨ï.

�¯à¥¤¥«¥−¨¥ 1. ‚¥«¨ç¨−ë NP
2 ¨ NP

3 −�§®¢¥¬ ªà¨â¨ç¥áª¨¬¨ §−�ç¥−¨ï¬¨ âà®-
ä¨ç¥áª¨å ãà®¢−¥© (á®®â¢¥âáâ¢¥−−® ¯®à®£¨ ¢à¥¤®−®á−®áâ¨ ¢à¥¤¨â¥«¥© ¨ ãà®¢−¨
íää¥ªâ¨¢−®áâ¨ í−â®¬®ä�£®¢, â. ¥. ¯®«¥§−ëå −�á¥ª®¬ëå), ¥á«¨ ¤«ï ¢á¥å Ni =
= Ni(t), i = 0, 3, ã¤®¢«¥â¢®àïîé¨å (1) ¨ −¥à�¢¥−áâ¢�¬ (3), ¨¬¥¥â ¬¥áâ® (2).

�¯à¥¤¥«¥−¨¥ 2. ‘ª�¦¥¬, çâ® ¯®¤£®â®¢¨â¥«ì−�ï §�¤�ç� ã¯à�¢«¥−¨ï �£à®æ¥−®§�¬¨
¨¬¥¥â à¥è¥−¨¥, ¥á«¨ ¯à¨ −¥ª®â®à®¬ Np

1 ∈
[

Nmin1 , Nmax1

]

¨ ¢á¥å à¥è¥−¨ïå (1)
¨¬¥îâ ¬¥áâ® (2) ¨ (3).
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Œ®¦¥â ®ª�§�âìáï, çâ® ¯à¨ −¥ª®â®àëå §−�ç¥−¨ïå ¯�à�¬¥âà®¢ ¨ äã−ªæ¨©
à�áá¬®âà¥−−®£® ¬®¤¥«ì−®£® �£à®æ¥−®§� á¨áâ¥¬ë (1) ¯®¤£®â®¢¨â¥«ì−�ï §�¤�ç�
§�é¨âë à�áâ¥−¨© −¥ ¨¬¥¥â à¥è¥−¨ï, â. ¥. ãá«®¢¨ï (2) ¨ (3) −¥ ¢ë¯®«−ïîâáï.
’®£¤� ¯à¨¤¥âáï à¥è�âì §�¤�çã ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï �£à®æ¥−®§�¬¨. �â®
®§−�ç�¥â, çâ® ¯à®â¨¢ ¢à¥¤¨â¥«¥© ¤®«¦¥− ¯à¨¬¥−ïâìáï ¨−â¥£à¨à®¢�−−ë© ¬¥â®¤
¡®àì¡ë (ª®¬¯«¥ªá �£à®â¥å−¨ç¥áª¨å, å¨¬¨ç¥áª¨å ¨ ¡¨®«®£¨ç¥áª¨å ¬¥à®¯à¨ïâ¨©)
¤«ï §�é¨âë á¥«ìå®§ªã«ìâãàë. Œ�â¥¬�â¨ç¥áª¨ íâ® ®§−�ç�¥â ¢¢¥¤¥−¨¥ ç«¥−®¢
µ(D)N2 ¨ αµ(D)N3+PN3 á®®â¢¥âáâ¢¥−−® ¢ ¯à�¢ë¥ ç�áâ¨ 3-£® ¨ 4-£® ãà�¢−¥−¨©
á¨áâ¥¬ë (1). ‡¤¥áì µ = µ(D) | äã−ªæ¨ï ú¤®§�{íää¥ªâû ®â ¯à¨¬¥−¥−¨ï ¤®§ë
D = D(t), ¤®«¨ ¯®£¨¡è¨å å¨é−¨ª®¢ ¨ ¯�à�§¨â®¢ ¯®á«¥ å¨¬¨ç¥áª®© ®¡à�¡®âª¨;
P = P (t)| ¡¨®«®£¨ç¥áª®¥ ã¯à�¢«¥−¨¥, â. ¥. ã¤¥«ì−�ï áª®à®áâì §�¯ãáª� ¯®«¥§−ëå
−�á¥ª®¬ëå −� ¯®«¥. �£à®â¥å−¨ç¥áª¨¥ ¬¥à®¯à¨ïâ¨ï ãçâ¥−ë ¢¢¥¤¥−¨¥¬ ç«¥−� Q =
= Q(t) ¢ ¯à�¢®© ç�áâ¨ 1-£® ãà�¢−¥−¨ï á¨áâ¥¬ë (1). �à¥¤¯®«�£�¥âáï, çâ®
¯�à�¬¥âàë ã¯à�¢«¥−¨ï (Q,P,D) = u ∈ U , £¤¥ U | ¤®¯ãáâ¨¬®¥ ¬−®¦¥áâ¢®
(ªãá®ç−®-−¥¯à¥àë¢−ë¥ ¨ ®£à�−¨ç¥−−ë¥ ã¯à�¢«¥−¨ï). �ãáâì ¢ëè¥áª�§�−−ë¥
¨§¬¥−¥−¨ï ¢−¥á¥−ë ¢ ¬®¤¥«ì−ë© �£à®æ¥−®§. ’®£¤� §�¤�ç� ®¯â¨¬�«ì−®£® ã¯à�¢-
«¥−¨ï (®¯â¨¬¨§�æ¨ï ¯à®æ¥áá� §�é¨âë) ¬®¤¥«ì−ë¬ �£à®æ¥−®§®¬ ¬�â¥¬�â¨ç¥áª¨
ä®à¬ã«¨àã¥âáï á«¥¤ãîé¨¬ ®¡à�§®¬ [4, 5].

’à¥¡ã¥âáï ¬¨−¨¬¨§¨à®¢�âì äã−ªæ¨®−�« (áã¬¬�à−ë© ãé¥à¡ ¨«¨ §�âà�âë)

I(u) =

tk
∫

0

f0 (N1, N2, N3, u) dt + ϕ (N1, N2, N3, u) (4)

¯à¨ ãá«®¢¨ïå

dN0
dt
= Q+ F0 (N0, N1) ;

dN1
dt
= N1F1 (N0, N1, N2) ;

dN2
dt
= N2F2 (N1, N2, N3)− µ(D)N2 ;

dN3
dt
= N3F3 (N2, N3)− αµ(D)N3 + PN3 ;











































(5)

Ni|t=0 = N
0
i , i = 0, 1, 2, 3,

£¤¥ f0 = f0(·) å�à�ªâ¥à¨§ã¥â ãé¥à¡ á® áâ®à®−ë ¢à¥¤¨â¥«¥© ¨ §�âà�âë −� à¥-
�«¨§�æ¨î ¡¨®«®£¨ç¥áª®£® ¨ å¨¬¨ç¥áª®£® ¬¥â®¤®¢ ¡®àì¡ë ¨ −� ¨á¯®«ì§®¢�−¨¥
ã¤®¡à¥−¨©, ¢®¤ë; ϕ = ϕ(·) | �−�«®£¨ç−ë© ãé¥à¡ ¯à¨ t = tk. ‚ ¤�«ì−¥©è¥¬
¡ã¤¥¬ ¯à¥¤¯®«�£�âì, çâ® äã−ªæ¨¨ ϕ = ϕ(·), f0 = f0(·) ¨ Fi = Fi(·) ¨¬¥-
îâ −¥¯à¥àë¢−ë¥ ç�áâ−ë¥ ¯à®¨§¢®¤−ë¥ ¯¥à¢®£® ¯®àï¤ª� ¯® á®¢®ªã¯−®áâ¨ á¢®¨å
¯¥à¥¬¥−−ëå ¨
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∂Fi

∂Ni
≤ 0 ,

∂Fi

∂Nj

{

≤ 0 , i < j , i = 0, 3 ;

≥ 0 , i > j , j = 0, 3 ;

Fi(·) ≥ 0 ; ϕ(·) ≥ 0 ; f
0(·) ≥ 0 ,















(6)

� äã−ªæ¨ï µ = µ(D) ã¤®¢«¥â¢®àï¥â ãá«®¢¨ï¬

µ = µ(D) ≥ 0 ;
dµ

dD
≥ 0 ;

d2µ

dD2
≤ 0

¯à¨ D ≥ 0. ‡�¬¥â¨¬, çâ® ãá«®¢¨ï (6) á«¥¤ãîâ ¨§ á�¬®© áãé−®áâ¨ ¡¨®«®£¨ç¥áª®©
§�¤�ç¨.
’¥®à¥¬� 1. �ãáâì ¨¬¥îâ ¬¥áâ® ãá«®¢¨ï (6) ¨

f0(·) = CN2 + CPPN3 + CDD +Q ; ϕ(·) = CN2 + CPPN3 + CDD +Q .

’®£¤� ®¯â¨¬�«ì−®¥ ã¯à�¢«¥−¨¥ §�¤�ç¨ (4){(5) å�à�ªâ¥à¨§ã¥âáï á®®â−®è¥−¨ï¬¨:

Q∗ =

{

Qmax , ψ > 1 ;

0 , ψ0 < 1 ;

P ∗ =

{

Pmax , ψ3 > CP ;

0 , ψ3 < CP ;

D∗ =







































Dmax , CD + ψ2N2 + αψ3N3 < 0 ;

0 , CD + ψ2N2 + αψ3N3 > 0 , µ(D) ≡ D ;

−µ0 +

√

−
µ0µ1
CD

(ψ2N2 + αψ3N3) ,

ψ2N2 + αψ3N3 < 0 , µ(D) =
µ1D

µ0 +D
,















































































(7)

£¤¥ µ0, µ1, Qmax, Pmax, C, CP ¨ CD | §�¤�−−ë¥ ¯®«®¦¨â¥«ì−ë¥ ç¨á«�,
(C, CP ¨ CD | á®®â¢¥âáâ¢¥−−® áâ®¨¬®áâ¨ ¥¤¨−¨æë ¡¨®¬�ááë ¢à¥¤¨â¥«ï,
§�âà�âë −� å¨¬¨ç¥áª¨¥ ¨ ¡¨®«®£¨ç¥áª¨¥ ¬¥â®¤ë ¡®àì¡ë); ψi = ψi(t) |
à¥è¥−¨ï á®¯àï¦¥−−®© á (5) §�¤�ç¨, i = 0, 1, 2, 3.
„ ® ª � § � â ¥ « ì á â ¢ ® . ‘®áâ�¢¨¬ äã−ªæ¨î ƒ�¬¨«ìâ®−�{�®−âàï£¨−� ¤«ï §�¤�-
ç¨ (4){(5):

H = −CN2−CPPN3−CDD−Q+ψ0 [Q+ F0(N0, N1)]+ψ1N1F1(N0, N1, N2) +

+ ψ2N2 [F2(N1, N2, N3)− µ(D)] + ψ3N3 [F3(N2, N3)− αµ(D) + P ] .
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�âáî¤�

H = (ψ0 − 1)Q+ (ψ3 − CP )PN3 + [−CDD − ψ2N2µ(D)− αN3ψ3µ(D)]−

− CN2 +

3
∑

i=1

ψiFi(·) .

ˆ§ ãá«®¢¨ï ¬�ªá¨¬ã¬� äã−ªæ¨¨ H ¯® u ¯®«ãç¨¬ (7). ’�ª ª�ª

ψi = −
∂H

∂Ni
; ψi(tk) = −

∂ψ

∂Ni

∣

∣

∣

∣

tk

, i = 0, 1, 2, 3,

â® ¨¬¥¥¬
‘ψ = A∗ψ + b , b = (0, 0, c, 0) ;

ψ(tk) = −ψ0 , ψ0 = b .

}

(8)

‡¤¥áì A∗ = (aij), aij = ∂Fi/∂Nj; Fi = Fi(·), | i-ï ¯à�¢�ï ç�áâì á¨áâ¥¬ë (5):

A∗ =



























∂F0
∂N0

N1
∂F1
∂N0

0 0

∂F2
∂N1

N1
∂F1
∂N1

+ F1 N2
∂F2
∂N1

0

0 N1
∂F1
∂N2

N2
∂F2
∂N2

+ F2 − µ N3
∂F3
∂N2

0 0 N2
∂F2
∂N3

N3
∂F3
∂N3

+ F3 − αµ+ P



























;

b =

(

0,
∂F

∂N1
,
∂F

∂N2
,
∂F

∂N3

)

.

÷¥è¥−¨¥ á®¯àï¦¥−−®© §�¤�ç¨ (7) ¯à¥¤áâ�¢«ï¥âáï ¢ ¢¨¤¥

ψ(t) = (I −K)−1ψP (t) , 0 ≤ t ≤ tk , (9)

£¤¥

ψP (t) = b
[

(A∗
0)

−1 −
(

ψ0 + b (A
∗
0)

−1 exp (A∗
0(tk − t))

)]

,

K =

tk
∫

t

eA
∗

0
(tk−t)–A(t) dt , –A(t) = A∗(t)−A∗

0 , A
∗
0 = A∗|tk .
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��àï¤ã á á¨áâ¥¬®© (5) à�áá¬®âà¨¬ á¨áâ¥¬ã á ¯®áâ®ï−−®© ¬�âà¨æ¥© A∗
0:

‘ψ = A∗
0ψ + b , ψ(tk) = −ψ0 . (10)

÷¥è¥−¨¥ ¯®á«¥¤−¥© §�¤�ç¨ ¯à¥¤áâ�¢«ï¥âáï ¢ á«¥¤ãîé¥¬ ¢¨¤¥:

ψP (t) = −ψ0eA
∗

0
(tk−t) − b (A∗

0)
−1
[

eA
∗

0
(tk−t) − I

]

.

’¥¯¥àì ¢¢¥¤¥¬–ψ = ψ(t)−ψP (t), â®£¤�, ¯®áâ¥¯¥−−® ¨§ (8) ¢ëç¨â�ï (10), ¯®«ãç¨¬

– ‘ψ = −A∗
0–ψ −–Aψ , 0 ≤ t ≤ tk , –ψ(tk) = 0 .

�âáî¤�

–ψ(t) =

tk
∫

t

eA
∗

0
(τ−t)–A(τ)ψ(τ) dτ

¨, á«¥¤®¢�â¥«ì−®,

ψ(t) = ψP (t) +

tk
∫

t

eA
∗

0
(τ−t)–A(τ)ψ(τ) dτ .

’¥¬ á�¬ë¬ ¯®«ãç¨¬ á¨áâ¥¬ã ¨−â¥£à�«ì−ëå ãà�¢−¥−¨© â¨¯� ‚®«ìâ¥àà�. …á«¨
¢¢¥áâ¨ äã−ªæ¨î

Kψ =

tk
∫

t

eA
∗

0
(τ−t)–A(τ)ψ(τ) dτ ,

¯®«ãç¨¬ (9).
’¥®à¥¬� 2. �ãáâì N∗ = (N∗

0 , N
∗
1 , N

∗
2 , N

∗
3 ) | áâ�æ¨®−�à−®¥ à¥è¥−¨¥ á¨áâ¥-

¬ë (5). ’®£¤�

N(t) ≈ N∗ +
(

N0 −N∗
)

3
∑

i=0

eAt

∏

i6=j
(λj − λi)

∏

i6=j

(A0 − λiI) , (11)

£¤¥ λi | á®¡áâ¢¥−−ë¥ §−�ç¥−¨ï ¬�âà¨æë A0 = (aij), i = 0, 3, j = 0, 3;
N0 = N(0).
„ ® ª � § � â ¥ « ì á â ¢ ® . �ãáâì –N = N(t) − N∗, £¤¥ N(t) ï¢«ï¥âáï à¥è¥−¨¥¬
§�¤�ç¨ (5): ‘N = f(N),N(0) = N0, f −λi, i = 0, 2, | ¯à�¢�ï ç�áâì á¨áâ¥¬ë (5);
N∗ | à¥è¥−¨¥ f(N∗) = 0. ’®£¤� «¥£ª® ¢¨¤¥âì, çâ®

– ‘N ≈ A0–N , –N(0) = N0 −N∗ ,
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£¤¥ A0 | ¬�âà¨æ�, âà�−á¯®−¨à®¢�−−�ï ¯® ®â−®è¥−¨î ª A∗
0, ¨, á«¥¤®¢�â¥«ì−®,

–N ≈ (N0 −N∗)eA0t.
�à¨−¨¬�ï ¢® ¢−¨¬�−¨¥, çâ® – ‘N = N(t) − N∗, ¨ ¨á¯®«ì§ãï ¨−â¥à¯®«ïæ¨-

®−−ãî äop¬y«y ‹�£à�−¦�{‘¨«ì¢¥áâà�, ¯®«ãç¨¬ (11). ‘®¡áâ¢¥−−ë¥ §−�ç¥−¨ï
¬�âà¨æë A0 «¥£ª® −�å®¤ïâáï ¨§ ãà�¢−¥−¨ï det (λI −A0) = 0 ¢ ï¢−®¬ ¢¨¤¥ ç¥à¥§
í«¥¬¥−âë ¬�âà¨æë ¢§�¨¬®¤¥©áâ¢¨ï.
‡�¬¥ç�−¨¥. ‘â�æ¨®−�à−®¥ á®áâ®ï−¨¥ N∗ ¢ á«ãç�¥ ¢®«ìâ¥àà®¢áª®£® ®¯¨á�−¨ï
¬®¤¥«ì−®© íª®á¨áâ¥¬ë ¨¬¥¥â ¢¨¤ [6, 7]:

N∗
0 =

−δ0 +
√

δ20 + δ1Qmax

2k0k1 − α0α1
;

N∗
1 =

δ0 +
√

δ30 + δ1Qmax

2k1α
2
1ε

;

N∗
2 =

m1
α1
+

−δ0 +
√

δ20 + δ1Qmax

2k2α1α
2
2

;

N∗
3 =

−δ0 +
√

δ20 + δ1Qmax − 2α3 [m1k2α2 + α1 (m3 + 2µ1 − Pmax)]

2εα1α2
,

£¤¥ δi, αi, ki, mi ¨ ε | ¡¨®«®£¨ç¥áª¨¥ ¯�à�¬¥âàë á¨áâ¥¬ë, i = 0, 1, 2, 3.

3 Результаты численных экспериментов

‚ ¤�−−®¬ à�§¤¥«¥ ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë ç¨á«¥−−ëå íªá¯¥à¨¬¥−â®¢, ¯à®-
¢¥¤¥−−ëå á ¯®¬®éìî ª®¬¯ìîâ¥à−®© ¯à®£à�¬¬ë ú�¯à¥¤¥«¥−¨¥ ®¯â¨¬�«ì−ëå
¬¥â®¤®¢ ¡®àì¡ë á ¢à¥¤¨â¥«ï¬¨û. Š®¬¯ìîâ¥à−�ï ¯à®£à�¬¬� à�§à�¡®â�−� −� ï§ëª¥
¯à®£à�¬¬¨à®¢�−¨ï ‘++, è¨à®ª® ¨á¯®«ì§ã¥¬®¬ ¢ −�ãç−ëå, ¨−¦¥−¥à−ëå, ¬�â¥-
¬�â¨ç¥áª¨å ¨ ª®¬¯ìîâ¥à−ëå ®¡«�áâïå. �à¨ à�áç¥â¥ ¤¢ãå ¢�à¨�−â®¢ ¯®«ãç¥−ë
à¥§ã«ìâ�âë, ¯à¨¢¥¤¥−−ë¥ −� à¨á. 1 ¨ 2.

�� ®á−®¢¥ ¬¥â®¤®¢ â¥®à¨¨ ®¯â¨¬�«ì−®£® ã¯à�¢«¥−¨ï ¯®«ãç¥−ë á®®â−®è¥−¨ï,
ª®â®àë¥ ¯®§¢®«ïîâ ®¯à¥¤¥«¨âì ¯�à�¬¥âàë ¬¥â®¤®¢ ¡®àì¡ë á ¢à¥¤¨â¥«ï¬¨ ¤«ï
¬®¤¥«ì−ëå ¡¨®á¨áâ¥¬. �â¬¥â¨¬, çâ® ¥á«¨ ç¨á«¥−−®áâì ¢à¥¤¨â¥«¥© ¡®«ìè¥,
ç¥¬ ¥¥ ¯®à®£®¢®¥ §−�ç¥−¨¥, � ç¨á«¥−−®áâì å¨é−¨ª®¢ ¨ ¯�à�§¨â®¢ −¥ ¯à¥¢ëè�¥â
á®®â¢¥âáâ¢¥−−® ¨å ¯®à®£®¢ëå §−�ç¥−¨©, â® á«¥¤ã¥â ¯à¨¬¥−¨âì ¡¨®«®£¨ç¥áª¨©
¬¥â®¤ (á¬. à¨á. 1), � ¢ á«ãç�¥, ª®£¤� ç¨á«¥−−®áâì å¨é−¨ª®¢ ¨ ¯�à�§¨â®¢ ¡®«ìè¥,
ç¥¬ ¯®à®£®¢ë¥ §−�ç¥−¨ï, íää¥ªâ¨¢−ë¬ ¡ã¤¥â å¨¬¨ç¥áª¨© ¬¥â®¤ (á¬. à¨á. 2).
‡�¬¥â¨¬, çâ® −� ®á−®¢¥ à¥è¥−¨ï ¬�â¥¬�â¨ç¥áª¨å §�¤�ç ¯®ª�§�−®, çâ® å¨¬¨ç¥áª¨©
¬¥â®¤ íää¥ªâ¨¢¥− â®«ìª® ¢ ®ç¥−ì à¥¤ª¨å á«ãç�ïå, � â�ª¦¥ −¥íª®−®¬¨ç¥−. ˆ§
¯à¨¢¥¤¥−−ëå à¥§ã«ìâ�â®¢ ¢¨¤−®, çâ® äã−ªæ¨®−�« áâ®¨¬®áâ¨ å¨¬¨ç¥áª®£® ¬¥â®¤�
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÷¨á. 1 ‘ªà¨−è®â à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå á ¯®¬®éìî ¯à®£à�¬¬ë ú�¯à¥¤¥«¥−¨¥
®¯â¨¬�«ì−ëå ¬¥â®¤®¢ ¡®àì¡ë á ¢à¥¤¨â¥«ï¬¨û (¡¨®«®£¨ç¥áª¨© ¬¥â®¤)

÷¨á. 2 ‘ªà¨−è®â à¥§ã«ìâ�â®¢, ¯®«ãç¥−−ëå á ¯®¬®éìî ¯à®£à�¬¬ë ú�¯à¥¤¥«¥−¨¥
®¯â¨¬�«ì−ëå ¬¥â®¤®¢ ¡®àì¡ë á ¢à¥¤¨â¥«ï¬¨û (å¨¬¨ç¥áª¨© ¬¥â®¤)
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§�é¨âë I(u) = 1264,41 ã. ¥., � ¯à¨ ¡¨®«®£¨ç¥áª®¬ ¬¥â®¤¥ §�é¨âë à�áâ¥−¨© |
I(u) = 742,35 ã. ¥. �âáî¤� á«¥¤ã¥â, çâ® ¡¨®«®£¨ç¥áª¨© ¬¥â®¤ §�é¨âë à�áâ¥−¨©
íª®−®¬¨ç¥− ¨ íää¥ªâ¨¢¥−.

4 Заключение

�®«ãç¥−−ë¥ à¥§ã«ìâ�âë ¬®£ãâ ¯à¨¬¥−ïâìáï ¯à¨ ®¯à¥¤¥«¥−¨¨ ®¯â¨¬�«ì−ëå
à¥¦¨¬®¢ ¨á¯®«ì§®¢�−¨ï ¥áâ¥áâ¢¥−−ëå ¡¨®«®£¨ç¥áª¨å á¨áâ¥¬.
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OPTIMIZATION PROCESS OF THE INTEGRATED PLANT
PROTECTION METHOD FOR DOT MODELS

R. N. Odinaev, P. L. Nazrulloev, and F. Raimzoda

Tajik National University, 17 Rudaki Av., Dushanbe 734025, Republic of Tajik-
istan

Abstract: An integrated method of protection against pests of agrocenoses is
understood as the complex application of chemical, biological, agrotechnical,
mechanical, and other methods of protection against harmful insects. The
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Optimization process of the integrated plant protection method for dot models

parameters of the integrated protection method are the level of efficiency of
entomophages and the level of harmfulness of pests which are presented in
the form of mathematical formulas. The present article discusses the optimal
control problems associated with biological systems consisting of three trophic
levels \plant { harmful insects { beneficial insects" of the plant protection process
taking into account the incoming external resource. For a model biosystem, the
necessary conditions for solving the optimization process of plant protection from
pests have been formed and substantiated. The Pontryagin maximum principle is
proved for optimal control problems associated with model biosystems.

Keywords: optimal control; agrocenosis; beneficial insects; harmful insects;
integrated method; plant protection; insect abundance; cost functional; dot
model
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ОПТИМИЗАЦИЯ ПОИСКА ПРИ РЕШЕНИИ ПЕРЕБОРНЫХ
ЗАДАЧ В УГЛУБЛЕННОМ КУРСЕ ИНФОРМАТИКИ

НА УРОВНЕ ОСНОВНОГО ОБЩЕГО ОБРАЗОВАНИЯ

О. М. Корчажкина1

�−−®â�æ¨ï: ÷�áá¬�âà¨¢�îâáï á¯®á®¡ë �ªâ¨¢¨§�æ¨¨ «®£¨ç¥áª®£® ¬ëè«¥−¨ï
ãç�é¨åáï á æ¥«ìî ä®à¬¨à®¢�−¨ï �«£®à¨â¬¨ç¥áª¨å −�¢ëª®¢ −� ãà®ª�å ¨−-
ä®à¬�â¨ª¨ ¢ áà¥¤−¥© èª®«¥. �−�«¨§¨àãîâáï ¬¥â®¤ë ®¯â¨¬¨§�æ¨¨ ¢ âà�¤¨æ¨-
®−−ëå ªà¨¯â®�à¨ä¬¥â¨ç¥áª¨å §�¤�ç�å, á®áâ�¢«ïîé¨å ¯®¤ª«�áá ¯¥à¥¡®à−ëå
§�¤�ç, ¯à¥¤«®¦¥−−ëå ƒ¥à¡¥àâ®¬ ‘�©¬®−®¬ ¤«ï ¨««îáâà�æ¨¨ á¯®á®¡®¢ ¬ëè-
«¥−¨ï, ª®£¤� âà¥¡ã¥âáï ®áãé¥áâ¢«ïâì ¬−®£®ç¨á«¥−−ë¥ ¯¥à¥¡®àë ¢®§¬®¦−ëå
ª®¬¡¨−�æ¨©. �à¥¤«®¦¥− ¢¨§ã�«ì−ë© ¬¥â®¤ ®¯â¨¬¨§�æ¨¨ ¯®¨áª� ¯à¨¬¥−¨-
â¥«ì−® ª à¥è¥−¨î ¤¢ãå §�¤�ç ‘�©¬®−�, ®á−®¢�−−ë© −� §�ª®−®¬¥à−®áâïå
¯¥à¥−®á� à�§àï¤®¢ ¯à¨ áã¬¬¨à®¢�−¨¨ ¨ ¯à¥¤áâ�¢«¥−−ë© ¢ ¢¨¤¥ ¯à®áâëå �«-
£¥¡à�¨ç¥áª¨å á®®â−®è¥−¨©. Œ¥â®¤ «¥£ª® ¯®¤¤�¥âáï �«£®à¨â¬¨§�æ¨¨ ¨ ¬®¦¥â
¡ëâì à¥�«¨§®¢�− á ¯®¬®éìî â¥å−®«®£¨¨ ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï,
¨á¯®«ì§ã¥¬®© ¤«ï ®¯â¨¬¨§�æ¨¨ à¥è¥−¨ï ¯¥à¥¡®à−ëå §�¤�ç.

Š«îç¥¢ë¥ á«®¢�: ®¯â¨¬¨§�æ¨ï ¯®¨áª�; ¯¥à¥¡®à−�ï §�¤�ç�; ªà¨¯â®�à¨ä¬¥-
â¨ç¥áª�ï §�¤�ç�; ¤¨−�¬¨ç¥áª®¥ ¯à®£à�¬¬¨à®¢�−¨¥

DOI: 10.14357/08696527220414

1 Введение

÷¥è¥−¨¥ ¯¥à¥¡®à−ëå §�¤�ç ¬®¦¥â á«ã¦¨âì íää¥ªâ¨¢−ë¬ ¨−áâàã¬¥−â®¬ à�§-
¢¨â¨ï «®£¨ç¥áª®£® ¬ëè«¥−¨ï ª�ª −¥®¡å®¤¨¬®£® ª®¬¯®−¥−â� ¨−¦¥−¥à−®© ªã«ì-
âãàë ãç�é¨åáï áâ�àè¨å ª«�áá®¢ áà¥¤−¥© èª®«ë [1]. �¥à¥¡®à−ë¥ §�¤�ç¨ |
íâ® §�¤�ç¨, ¢ ª®â®àëå âà¥¡ã¥âáï −�©â¨ ®¯â¨¬�«ì−®¥ à¥è¥−¨¥ áà¥¤¨ ª®−¥ç−®£®,
−® ç�áâ® ¢¥áì¬� §−�ç¨â¥«ì−®£® −�¡®à� ¢®§¬®¦−ëå �«ìâ¥à−�â¨¢ ¯ãâ¥¬ áà�¢−¥−¨ï
¨å ¬¥¦¤ã á®¡®© ¯® §�¤�−−ë¬ ªà¨â¥à¨ï¬ ¨«¨ §−�ç¥−¨ï¬ ¯�à�¬¥âà®¢. �á−®¢−®©
æ¥«ìî ¯à¨ íâ®¬ ¢ëáâã¯�¥â ã¬¥−¨¥ áâà®¨âì �«£®à¨â¬ë ¯¥à¥¡®à� ª®¬¡¨−�â®à−ëå
®¡ê¥ªâ®¢ (¯®á«¥¤®¢�â¥«ì−®áâ¥©, ¯¥à¥áâ�−®¢®ª, ¯®¤¬−®¦¥áâ¢, £àã¯¯) ¢ à�§«¨ç−ëå
ª®¬¡¨−�æ¨ïå [2]. �à¨ íâ®¬ ¢�¦−® á−�ç�«� ¯à¥¤áâ�¢¨âì à¥è¥−¨¥ ¯¥à¥¡®à−®©
§�¤�ç¨ ú−� ¡ã¬�£¥û | ¢ ¢¨¤¥ −¥ª®â®à®£® �«£®à¨â¬�, ª®â®àë© §�â¥¬ ¯® ¯à¨-
ç¨−¥ á«®¦−®áâ¨ ¨ §−�ç¨â¥«ì−®£® ®¡ê¥¬� úàãç−ëåû ¢ëç¨á«¨â¥«ì−ëå ¯à®æ¥¤ãà
à¥�«¨§®¢�âì á ¯®¬®éìî ¯à®£à�¬¬−ëå áà¥¤áâ¢.

��¨¡®«¥¥ íää¥ªâ¨¢−® | à�æ¨®−�«ì−®, ¡ëáâà® ¨ ªà�á¨¢® | à¥è¥−¨¥ ¯¥à¥-
¡®à−ëå §�¤�ç ¢®¯«®é�¥âáï áà¥¤áâ¢�¬¨ ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï [3{6].

1”¥¤¥à�«ì−ë© ¨áá«¥¤®¢�â¥«ìáª¨© æ¥−âà úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª, olgakomax@gmail.com
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�â® ®¡êïá−ï¥âáï â¥¬, çâ® â¥å−®«®£¨ï ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï íää¥ª-
â¨¢−® à�¡®â�¥â ¤«ï à¥�«¨§�æ¨¨ å�à�ªâ¥à−ëå ¤«ï ¯¥à¥¡®à−ëå §�¤�ç à¥ªãàá¨¢−ëå
�«£®à¨â¬®¢, ª®â®àë¥ ¢ë¤�îâ ®¤¨−�ª®¢ë¥ à¥§ã«ìâ�âë ¤«ï ®¤¨−�ª®¢ëå ¯®¤§�¤�ç.
�®íâ®¬ã −¥â −¥®¡å®¤¨¬®áâ¨ ¯à®¢®¤¨âì ¯®¢â®à−ë¥ ¢ëç¨á«¥−¨ï −� ª�¦¤®¬ á«¥¤ãî-
é¥¬ è�£¥: ¤®áâ�â®ç−® á®åà�−¨âì ¯à®¬¥¦ãâ®ç−ë¥ à¥§ã«ìâ�âë ¢ á®®â¢¥âáâ¢ãîé¨å
�àå¨¢�å ¤�−−ëå, çâ® íª®−®¬¨â ¢à¥¬ï, §�âà�ç¨¢�¥¬®¥ −� ¢ëç¨á«¥−¨¥ ª®−¥ç−®£®
à¥§ã«ìâ�â� [4, á. 49].

�âáî¤� á«¥¤ã¥â, çâ® ä®à¬¨à®¢�−¨¥ ¨ à�§¢¨â¨¥ á¯®á®¡−®áâ¨ ª á®áâ�¢«¥−¨î
�«£®à¨â¬®¢ ®¯â¨¬�«ì−®£® ¯®¨áª� ¯à¨ à¥è¥−¨¨ ¯¥à¥¡®à−ëå §�¤�ç ú¢àãç−ãîû |
íâ® ¯¥à¢ë© ®¡ï§�â¥«ì−ë© (¯à®¯¥¤¥¢â¨ç¥áª¨©) è�£ ª ®¡ãç¥−¨î ª®−ªà¥â−ë¬ ¬¥-
â®¤�¬ ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï, ¢«�¤¥−¨¥ ª®â®àë¬¨ ãªà¥¯«ï¥â ®á−®¢ë
«®£¨ç¥áª®£®, �«£®à¨â¬¨ç¥áª®£® ¨ ¬�â¥¬�â¨ç¥áª®£® ¬ëè«¥−¨ï ãç�é¨åáï.

2 Оптимизация поиска в двух криптоарифметических задачах
Герберта Саймона

Œ¥â®¤®«®£¨ï ¯®¨áª� ®¯â¨¬�«ì−ëå à¥è¥−¨©, à�§à�¡®â�−−�ï ¢ë¤�îé¨¬áï
�¬¥à¨ª�−áª¨¬ ¬�â¥¬�â¨ª®¬, íª®−®¬¨áâ®¬, ¯á¨å®«®£®¬ ¨ ª¨¡¥à−¥â¨ª®¬ ƒ¥à¡¥à-
â®¬ ‘�©¬®−®¬ (1916{2001), ¡�§¨àã¥âáï −� «®£¨ç¥áª¨å ®á−®¢�−¨ïå à�æ¨®−�«ì-
−®£® ¢ë¡®à� áà¥¤¨ §�¤�−−ëå �«ìâ¥à−�â¨¢ á ¯®¬®éìî á®¢®ªã¯−®áâ¨ ¬¥â®¤®¢,
ú¯®§¢®«ïîé¨å −� ¯à�ªâ¨ª¥ ®âëáª¨¢�âì áà¥¤¨ ¨¬¥îé¨åáï �«ìâ¥à−�â¨¢ ®¯â¨-
¬�«ì−ãîû [7, á. 78{94]. ��¡«î¤�¥¬ë¥ ¯à¨ à¥è¥−¨¨ −¥ª®â®àëå §�¤�ç á ¯®¬®éìî
á®§¤�−−®£® ¨¬ ¢ 1957 £. á®¢¬¥áâ−® á �««¥−®¬ �ìîí««®¬ ã−¨¢¥àá�«ì−®£® à¥è�-
â¥«ï §�¤�ç (General Problem Solver | GPS) ¢®§¬®¦−ë¥ á«ãç�¨ úª®¬¡¨−�â®à−®£®
¢§àë¢�û (á¬. ¯à¨¬¥àë ¢ [8, á. 61{93]) §�áâ�¢¨«¨ ãç¥−®£® ¢¯«®â−ãî §�−ïâìáï ¬¥â®-
¤�¬¨ ®¯â¨¬¨§�æ¨¨ ¯®¨áª�, ª®â®àë¥ ¬®£«¨ ¡ë ¯à¥¤®â¢à�é�âì ¯®¤®¡−ë¥ ª®««�¯áë
ª�ª ¯à¨ à�¡®â¥ ª®¬¯ìîâ¥à−ëå á¨áâ¥¬, â�ª ¨ ¯à¨ ¯¥à¥¡®à¥ à¥è¥−¨© ¢ úàãç−®¬û
à¥¦¨¬¥.

�¥à¥¡®à ¢á¥å ¢®§¬®¦−ëå �«ìâ¥à−�â¨¢, ª ª®â®à®¬ã ¯à¨¡¥£�îâ ¢ á«ãç�¥ −¥ã¬¥-
−¨ï ®¯â¨¬¨§¨à®¢�âì (â�ª −�§ë¢�¥¬ë© ú«®¡®¢®©û ¯®¨áª), á¢®¤¨âáï ª à�áá¬®âà¥−¨î
¬�ªá¨¬�«ì−® ¢®§¬®¦−®£® ç¨á«� ¢�à¨�−â®¢ à¥è¥−¨ï §�¤�ç¨ ¨ áà�¢−¥−¨î ª�¦¤®£®
¢�à¨�−â� á §�¤�−−ë¬¨ ãá«®¢¨ï¬¨. �¯â¨¬�«ì−ë© ¯®¨áª ¨§−�ç�«ì−® ¯à¥¤¯®«�£�¥â
®¡à�â−®¥ ¤¢¨¦¥−¨¥ | ®â ãá«®¢¨ï §�¤�ç¨ ª ¢®§¬®¦−ë¬ �«ìâ¥à−�â¨¢�¬, ª®£¤� á¦�-
â¨¥ ®¡«�áâ¨ ¯®¨áª� ¯à®¨áå®¤¨â ã¦¥ −� íâ�¯¥ ¯¥à¢®−�ç�«ì−®£® ®âá¥ç¥−¨ï §�¢¥¤®¬®
¯à®¨£àëè−ëå ¢�à¨�−â®¢, ®ç¥¢¨¤−® −¥ ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î §�¤�ç¨. ’�ª®©
¬¥â®¤ ®¯â¨¬¨§�æ¨¨ ‘�©¬®− −�§ë¢�¥â ¬¨−¨¬�ªá−ë¬. „«ï íâ®£® ¯®«¥§−® ¨¬¥âì ¯¥-
à¥¤ £«�§�¬¨ ¯®«−ãî (−�áª®«ìª® íâ® ¢®§¬®¦−®) ª�àâ¨−ã −�¨¡®«¥¥ ¯¥àá¯¥ªâ¨¢−ëå
à¥è¥−¨©, á®áâ�¢«¥−−ãî −� ®á−®¢¥ −¥®á¯®à¨¬ëå ãá«®¢¨© ¨«¨ ¯à¥¤áâ�¢«¥−−ãî
¢ ¢¨¤¥ ¬�â¥¬�â¨ç¥áª¨å ¢ëà�¦¥−¨©, −�àãè¥−¨¥ ª®â®àëå ¯à¨¢¥¤¥â ª §�¢¥¤®¬® âã-
¯¨ª®¢®¬ã à¥§ã«ìâ�âã | ¥á«¨ à¥çì ¨¤¥â ® §�¤�ç�å, ¯®¤¤�îé¨åáï �«£®à¨â¬¨§�æ¨¨
¨ ¢ëç¨á«¥−¨î. �®íâ®¬ã ®¯â¨¬�«ì−ë© ¯®¨áª ¤«ï ¯®«ãç¥−¨ï ¢¥à−®£® à¥è¥−¨ï
¯¥à¥¡®à−®© §�¤�ç¨, âà¥¡ãîé¥©, ª�ª ¯à�¢¨«®, §−�ç¨â¥«ì−ëå ãá¨«¨©, §�âà�ç¨¢�-
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�¯â¨¬¨§�æ¨ï ¯®¨áª� ¯à¨ à¥è¥−¨¨ ¯¥à¥¡®à−ëå §�¤�ç ¢ ã£«ã¡«¥−−®¬ ªãàá¥ ¨−ä®à¬�â¨ª¨

¥¬ëå ¢àãç−ãî, á¢®¤¨âáï ª ú¤®¯®¨áª®¢®¬ãû ®£à�−¨ç¥−¨î ç¨á«� à�áá¬�âà¨¢�¥¬ëå
�«ìâ¥à−�â¨¢ −� ®á−®¢¥ ¯à�¢¨« ¨ §�ª®−®¬¥à−®áâ¥©, ¤¨ªâã¥¬ëå ãá«®¢¨ï¬¨ §�¤�ç¨
¨«¨ ¢ë¢®¤¨¬ëå ¨§ §�¤�ç−®© á¨âã�æ¨¨. ‡�â¥¬ −� ª�¦¤®¬ ¤�«ì−¥©è¥¬ è�-
£¥ (¨â¥à�æ¨¨) ¯®á«¥ áà�¢−¥−¨ï ¯à®¬¥¦ãâ®ç−®£® à¥§ã«ìâ�â� á ãá«®¢¨ï¬¨ §�¤�ç¨
(¢ â®¬ ç¨á«¥ ¨ á ¨§¬¥−ïîé¨¬¨áï ãá«®¢¨ï¬¨) −¥¯à¥¬¥−−® ¯à®¨áå®¤¨â ¤�«ì−¥©è¥¥
áã¦¥−¨¥ ®¡«�áâ¨ ¯®¨áª�. ƒ¥à¡¥àâ ‘�©¬®− −�§¢�« íâ¨ ¨§¬¥−¥−¨ï ú¯à®æ¥áá®¬
á¡®à� ¨−ä®à¬�æ¨¨ ® áâàãªâãà¥ §�¤�ç¨, ª®â®à�ï ¢ ª®−¥ç−®¬ áç¥â¥ ¯®§¢®«¨â −�©â¨
à¥è¥−¨¥û [7, á. 90].

Š ªà¨¯â®�à¨ä¬¥â¨ç¥áª¨¬ §�¤�ç�¬ ®â−®áïâáï ¯¥à¥¡®à−ë¥ §�¤�ç¨, £¤¥ ¢ á«®¢�å
−ã¦−® §�¬¥−¨âì ¡ãª¢ë æ¨äà�¬¨ ®â 0 ¤® 9. —�é¥ ¢á¥£® á«®¢� §�¯¨áë¢�îâáï ¢ áâ®«-
¡¨ª â�ª, çâ®¡ë áã¬¬� ¯¥à¢ëå ¤¢ãå á«®¢ ¢ æ¨äà®¢®¬ ¢ëà�¦¥−¨¨ á®áâ�¢¨«� ç¨á«®,
¯®«ãç¥−−®¥ ¯à¨ §�¬¥−¥ æ¨äà�¬¨ ¡ãª¢ ¢ âà¥âì¥¬ á«®¢¥. ��¯à¨¬¥à, ¤¢¥ ª«�á-
á¨ç¥áª¨¥ ªà¨¯â®�à¨ä¬¥â¨ç¥áª¨¥ §�¤�ç¨, ¯à¥¤«®¦¥−−ë¥ ƒ¥à¡¥àâ®¬ ‘�©¬®−®¬,
¢ë£«ï¤ïâ á«¥¤ãîé¨¬ ®¡à�§®¬:

‡�¤�ç� 1 ‡�¤�ç� 2
DONALD C R O S S

+ +GERALD R O A D S
ROBERT, £¤¥ D = 5; D A N G E R.

‚ [7, á. 39{43] �¢â®à ¯à¥¤«�£�¥â à�áá¬®âà¥âì ç¥âëà¥ áâà�â¥£¨¨ ¯®¨áª� ¯à¨
à¥è¥−¨¨ §�¤�ç¨ 1. Šà�âª® ®¯¨è¥¬ ª�¦¤ãî ¨§ −¨å.

‘âà�â¥£¨ï 1 (ú‹®¡®¢®©û ¯®¨áª). Œ¥å�−¨ç¥áª¨ ¯¥à¥¡à�âì ¢á¥ ¢®§¬®¦−ë¥
¢�à¨�−âë §�¬¥−ë ¤¥áïâ¨ ¡ãª¢ ¤¥áïâìî æ¨äà�¬¨. ’�ª¨å ¯¥à¥¡®à®¢ ¡ã¤¥â 10!, ¨«¨
3 628 800.

‘âà�â¥£¨ï 2 (�£à�−¨ç¥−−ë© ú«®¡®¢®©û ¯®¨áª). ��ç¨−�¥¬ á¯à�¢� ¯®¤ëáª¨-
¢�âì ¯®¤áâ�−®¢ª¨ ¤«ï ¡ãª¢ D, T, L, R, A, E, N, B, O ¨ G ¢ ¥áâ¥áâ¢¥−−®¬ ¯®àï¤ª¥:
1, 2, 3, 4, 5, 6, 7, 8, 9, 0. ˆ§¢¥áâ−® §�à�−¥¥, çâ®D = 5, ¯®íâ®¬ã ¡ã¤¥¬ −�å®¤¨âì
á®®â¢¥âáâ¢¨¥ ¬¥¦¤ã àï¤®¬ ¨§ ¤¥¢ïâ¨ ¡ãª¢ T, L, R, A, E, N, B, O ¨ G ¨ àï¤®¬ ¨§
¤¥¢ïâ¨ æ¨äà 1, 2, 3, 4, 6, 7, 8, 9 ¨ 0.

�®áª®«ìªã ¢ 1-¬ à�§àï¤¥ 2D = T, â® T = 0, � ¥¤¨−¨æ� ¯¥à¥−®á¨âáï ¢®
2-© à�§àï¤. „�«¥¥ àï¤ë ¡ãª¢ ¨ æ¨äà ã¬¥−ìè�îâáï ¥é¥ −� ®¤¨− ç«¥−, çâ®
¯à¨¢®¤¨â ª á®ªà�é¥−¨î ç¨á«� ª®¬¡¨−�æ¨© −� 8!, â�ª çâ® ®áâ�¥âáï à�áá¬®âà¥âì
10! − 8! = 3 628 800 − 40 320 = 3588 480 ª®¬¡¨−�æ¨©. Œ�«®ãâ¥è¨â¥«ì−®!

‘âà�â¥£¨ï 3 (�®¨áª ¨ à�ááã¦¤¥−¨¥). ‘®áâ�¢¨¬ ¤¥à¥¢® ¯®¨áª�, ã¯à®é¥−−ë©
¢�à¨�−â ª®â®à®£® ¨§®¡à�¦¥− −� à¨á. 1.

‚¥â¢ì L = 1 R = 3 ¯à¨¢®¤¨â ª ¯à®â¨¢®à¥ç¨î: ®âà¨æ�â¥«ì−®¬ã G ¢ 6-¬
à�§àï¤¥. �® �−�«®£¨¨ à�áá¬�âà¨¢�îâáï ¢á¥ ®áâ�«ì−ë¥ ¢¥â¢¨, ¯à¨ç¥¬ ¤�«¥¥
ª�¦¤�ï ¢¥â¢ì ¢¥â¢¨âáï ¥é¥ −� ®¤¨− ïàãá (çâ® −¥ ¯®ª�§�−® −� à¨á. 1), ¯®áª®«ìªã, ª�ª
ãª�§ë¢�¥â ƒ. ‘�©¬®−, ú¡ãª¢¥ � −¥ ã¤�¥âáï ¯à¨¯¨á�âì ª�ª®¥-−¨¡ã¤ì ¥¤¨−áâ¢¥−−®¥
§−�ç¥−¨¥, ã¤®¢«¥â¢®àïîé¥¥ ¢á¥¬ ¯®«ãç¥−−ë¬ ãá«®¢¨ï¬. „«ï íâ®£® ¢ ª�¦¤®¬
®â¤¥«ì−®¬ á«ãç�¥ −¥®¡å®¤¨¬® à�áá¬®âà¥âì ç¥âëà¥ ¤®¯®«−¨â¥«ì−ëå ¢�à¨�−â�.
‘«¥¤®¢�â¥«ì−®, ¯®«−®¥ ¤¥à¥¢® ¯®¨áª� ¤®«¦−® ¨¬¥âì 68 ¢¥â¢¥©. �® ¨ íâ®
áãé¥áâ¢¥−−® ¬¥−ìè¥, ç¥¬ 10! ¨«¨ ¤�¦¥ 9!û [7, c. 40].
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D = 5 T = 0 L = 1 R = 3 G < 0
L = 2 R = 5 G = 0
L = 3 R = 7 A = 1 E = 2

A = 2 E = 4
A = 4 E = 8
A = 6 E = 2
A = 8 E = 6
A = 9 E = 8

L = 4 R = 9 A = 1 E = 2
A = 2 E = 4
A = 3 E = 6
A = 6 E = 2
A = 7 E = 4
A = 8 E = 6

L = 6 R = 3 G < 0
L = 7 R = 5
L = 8 R = 7 A = 1 E = 3

A = 2 E = 5
A = 3 E = 7
A = 4 E = 9 N = 1 B = 8

N = 2 B = 9
N = 3 G = 0
N = 6 O = 2 G = 1

÷¨á. 1 “¯à®é¥−−®¥ ¤¥à¥¢® ¯®¨áª� ¤«ï §�¤�ç¨ 1 [7, c. 40]

‘âà�â¥£¨ï 4 (÷�§¢¨â¨¥ áâà�â¥£¨¨ ¯®¨áª� ¨ à�ááã¦¤¥−¨ï) ¯à¥¤¯®«�£�¥â ®¡−�-
àã¦¥−¨¥ áâ®«¡æ®¢, ®â−®á¨â¥«ì−® ª®â®àëå ã¦¥ ¨¬¥¥âáï ¤®áâ�â®ç−�ï ®¯à¥¤¥«¥−-
−®áâì, ¯®§¢®«ïîé�ï ¯à®¢®¤¨âì −®¢ë¥ ¯®¤áâ�−®¢ª¨.

�à¨ D = 5 ¨§ 1-£® à�§àï¤� á«¥¤ã¥â, çâ® ô = 0. ’®£¤� ¯¥à¥−®á ¥¤¨−¨æë ¨§
1-£® ¢® 2-© à�§àï¤ ¯à¥®¡à�§ã¥â áã¬¬ã L + L = R ¢ ¢ëà�¦¥−¨¥ R = 2L + 1,
£¤¥ R | −¥ç¥â−®¥ ç¨á«®. Šà®¬¥ â®£®, R > 5, ¯®áª®«ìªã ¢ 6-¬ à�§àï¤¥ ¨¬¥¥¬
á®®â−®è¥−¨¥ R = 5 + G. ’®£¤� R = 7 ¨«¨ 9. ‚ 5-¬ à�§àï¤¥ á®®â−®è¥−¨¥
O + E = O á¯à�¢¥¤«¨¢®, ¥á«¨ E = 0 ¨«¨ 9. �® ¯®áª®«ìªã ãáâ�−®¢«¥−®, çâ®
ô = 0, â®£¤�å = 9, �R = 7. ’�ª¨¬ ®¡à�§®¬, á ¯®¬®éìî ¯à®áâ¥©è¨å «®£¨ç¥áª¨å
à�ááã¦¤¥−¨© ¯®«ãç�¥¬, çâ® ¯à¨D = 5 ¨ T = 0, å = 9 ¨ R = 7.

�®áª®«ìªã ¥¤¨−¨æ� ¯¥à¥−¥á¥−� ¨§ 2-£® à�§àï¤� ¢ 3-©, â® å = 2á + 1, çâ®
¢®§¬®¦−® ¯à¨ á = 4. �® ¥á«¨ ¨§ 2-£® à�§àï¤� ¢ 3-© ¨ ¨§ 1-£® ¢® 2-© ¯¥à¥−¥á¥−�
¥¤¨−¨æ�, â® ¢® 2-¬ à�§àï¤¥ ¨¬¥¥¬ á®®â−®è¥−¨¥ −¥ 2L+1 = R, � 2L+1 = 10+R.
’®£¤� L = 8.

�áâ�¥âáï à�á¯à¥¤¥«¨âì æ¨äàë 1, 2, 3 ¨ 6 ¬¥¦¤ã ¡ãª¢�¬¨ N, B, O ¨ G. ‚ 6-¬
à�§àï¤¥ ¨¬¥¥¬ D+G + 1 = R, ¯®áª®«ìªã ¯à¨ «î¡®¬ §−�ç¥−¨¨ O ¢ 6-© à�§àï¤
¯¥à¥−®á¨âáï ¥¤¨−¨æ� ¨§ 5-£® à�§àï¤�. ’®£¤� G = 1, � ¤«ï N, B ¨ O ¨¬¥¥¬ àï¤
æ¨äà 2, 3 ¨ 6, â. ¥. ®áâ�«®áì ¯¥à¥¡à�âì 3! = 6 à�§«¨ç−ëå ¢®§¬®¦−®áâ¥©. Œ¥â®¤®¬
ú¯à®¡ ¨ ®è¨¡®ªû ¯®«ãç�¥¬N = 6, B = 3 ¨O = 2.
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3 Альтернативные способы оптимизации поиска
при решении криптоарифметических задач

�à¨¢¥¤¥¬ ¯®¤å®¤ë ª à¥è¥−¨î §�¤�ç ‘�©¬®−�, ®â«¨ç−ë¥ ®â á¯®á®¡®¢ á�¬®£®
�¢â®à�. �à¨ íâ®¬ ¨á¯®«ì§ã¥¬ «®£¨ç¥áª¨¥ à�ááã¦¤¥−¨ï, ®á−®¢�−−ë¥ −� ¡«®ª-áå¥-
¬�å �«£®à¨â¬�, ¯à¨ç¥¬ ®¯â¨¬¨§�æ¨î ¡«®ª-áå¥¬ §� áç¥â áã¦¥−¨ï ®¡«�áâ¨ ¯®¨áª�
¡ã¤¥¬ ¯à®¢®¤¨âì á ¨á¯®«ì§®¢�−¨¥¬ á«¥¤ãîé¨å ®¯®à:

(1) ¯à®¢¥àª¨ ç¥â−®áâ¨-−¥ç¥â−®áâ¨ §�¬¥é�îé¨å ç¨á¥« (æ¨äà);

(2) −�«¨ç¨ï á¢®¡®¤−®£® àï¤� æ¨äà;

(3) −�«¨ç¨ï ¨«¨ ®âáãâáâ¢¨ï ¯¥à¥−®á� ¥¤¨−¨æë ¨§ ¯à¥¤ë¤ãé¥£® à�§àï¤� ¢ ¯®-
á«¥¤ãîé¨©, çâ® −¥¯®áà¥¤áâ¢¥−−® ¢«¨ï¥â −� á®®â−®è¥−¨¥ ¬¥¦¤ã ¨áª®¬ë¬¨
ç¨á«®¢ë¬¨ §−�ç¥−¨ï¬¨.

…á«¨ ¯¥à¥−®á ¥¤¨−¨æë ®áãé¥áâ¢«ï¥âáï ¢ à�§àï¤, â® ¢ ä®à¬ã«¥ X + Y = Z
ª «¥¢®© ç�áâ¨ ¤®¡�¢«ï¥âáï ¥¤¨−¨æ�: X + 1 + Y = Z. …á«¨ ¯¥à¥−®á ¥¤¨−¨æë
®áãé¥áâ¢«ï¥âáï ¨§ à�§àï¤�, â® ¢ ä®à¬ã«¥X+Y = Z ª ¯à�¢®© ç�áâ¨ ¤®¡�¢«ï¥âáï
ç¨á«® ¤¥áïâì: X + Y = 10 + Z. ‡¤¥áì X, Y ¨ Z | æ¨äàë ®¤−®£® à�§àï¤� ¯à¨
§�¯¨á¨ ¢ áâ®«¡¨ª.

÷¥è¥−¨¥ §�¤�ç¨ 1. ˆ¬¥¥¬ 10 ¡ãª¢: D, O, N, A, L, G, E, R, B ¨ T ¨ 10 æ¨äà:
0, 1, 2, 3, 4, 5, 6, 7, 8 ¨ 9. �à¨ íâ®¬ ä®à¬�«ì−ë© ¯¥à¥ç¥−ì ¢®§¬®¦−ëå ª®¬¡¨−�æ¨©
¨¬¥¥â 16 ¢¥â¢¥© (æ¥¯®ç¥ª), −� ®á−®¢�−¨¨ �−�«¨§� ª®â®àëå ¬®¦−® á®ªà�â¨âì ç¨á«®
¯¥à¥¡®à®¢, ®¯â¨¬¨§¨à®¢�¢ â�ª¨¬ ®¡à�§®¬ à¥è¥−¨¥ §�¤�ç¨.

ˆ§ 2-£® à�§àï¤� ¯®«ãç�¥¬, çâ® L = 9+R ¨«¨ L = (R−1)/2; á«¥¤®¢�â¥«ì−®,
R| ç¨á«® −¥ç¥â−®¥. ‚ 5-¬ à�§àï¤¥ ¨¬¥¥â á¬ëá« ¥¤¨−áâ¢¥−−®¥ á®®â−®è¥−¨¥: ï+
+1+å = 10+ï, ®âªã¤� á«¥¤ã¥â, çâ®å = 9. ’®£¤� ¨§ ®¡é¥© áå¥¬ë ª®¬¡¨−�æ¨©
¬®¦−® ã¤�«¨âì 12 æ¥¯®ç¥ª (¯® âà¨ ¤«ï ª�¦¤®© ¨§ ç¥âëà¥å ¢¥â¢¥© ¢ 3-¬ à�§àï¤¥),
á®ªà�â¨¢ ç¨á«® ª®¬¡¨−�æ¨© ¤® ç¥âëà¥å ¨ ¯à®−ã¬¥à®¢�¢ ¨å à¨¬áª¨¬¨ æ¨äà�¬¨ I{
IV (à¨á. 2). �� à¨á. 2 ¢ áª®¡ª�å ãª�§�− −®¬¥à à�§àï¤� ®â (1) ¤® (6); ªàã¦®ª
á® áâà¥«ª®© | íâ® ¯¥à¥−®á ¥¤¨−¨æë ¨§ ¯à¥¤ë¤ãé¥£® à�§àï¤� ¢ ¯®á«¥¤ãîé¨©,
� ¯¥à¥ç¥àª−ãâë© ªàã¦®ª á¨¬¢®«¨§¨àã¥â ®âáãâáâ¢¨¥ ¯¥à¥−®á�.

„�«ì−¥©è�ï ®¯â¨¬¨§�æ¨ï ¯®¨áª� ®áãé¥áâ¢«ï¥âáï ¢ 3-¬ à�§àï¤¥ ¤«ï ª®¬¡¨-
−�æ¨© (á¬. à¨á. 2):

I A = (9 +E)/2 = 9;

II A = (E − 1)/2 = 4;

III A = (10 +E)/2 = 9,5;

IV A = E/2 = 4,5.

�®áª®«ìªã A ¤®«¦−® ¡ëâì æ¥«ë¬ ç¨á«®¬ ¨ ª â®¬ã ¦¥ ®â«¨ç−ë¬ ®â 9, â®
ª®¬¡¨−�æ¨¨ I, III ¨ IV ï¢«ïîâáï âã¯¨ª®¢ë¬¨, â. ¥. ®áâ�¥âáï à�áá¬®âà¥âì ¢á¥£®
®¤−ã ª®¬¡¨−�æ¨î | ¯®¤ −®¬¥à®¬ II, ¤«ï ª®â®à®© ¨¬¥¥¬: D = 5, T = 0 ¨ E =
= 9. „�«ì−¥©è¨¥ à�ááã¦¤¥−¨ï á¢¥¤¥−ë ¢ â�¡«. 1, ¤¥¬®−áâà¨àãîéãî ¯®¨áª®¢ë¥
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÷¨á. 2 �à®¬¥¦ãâ®ç−ë© íâ�¯ ®¯â¨¬¨§�æ¨¨ ¯®¨áª� ¯à¨ à¥è¥−¨¨ §�¤�ç¨ 1 (¢ ¢¥àå−¥©
áâà®ª¥ ¢ áª®¡ª�å ãª�§�− −®¬¥à à�§àï¤�, � ¢ áâ®«¡¨ª¥ á«¥¢� | −®¬¥à ª®¬¡¨−�æ¨¨)

’�¡«¨æ� 1 ‡�ª«îç¨â¥«ì−ë¥ ¨â¥à�æ¨¨ ¢ à¥è¥−¨¨ §�¤�ç¨ 1

ü (3) (6) (2) (4) (5)
ª®¬-
¡¨−�-
æ¨¨

� ‘¢®¡®¤−ë©
àï¤

G+ 6 = R,
R ¨ G |

−¥ç¥â−ë¥ ç¨á«�

‘¢®¡®¤−ë©
àï¤ L = 9 +R

‘¢®¡®¤−ë©
àï¤ N = 3 +B O

II 4 1, 2, 3, 6, 7, 8 G = 1;R = 7 2, 3, 6, 8 L = 8 2, 3, 6
N = 6

B = 3
2

¤¥©áâ¢¨ï ¯à¨ ¤¢¨¦¥−¨¨ á«¥¢� −�¯à�¢® (¢ ¢¥àå−¥© áâà®ª¥ ¢ áª®¡ª�å ãª�§�− −®¬¥à
à�§àï¤� ¨§ à¨á. 2).
�â¢¥â: D = 5; T = 0; E = 9; A = 4; G = 1; R = 7; L = 8; N = 6; ÷ = 3;
O = 2.
�à®¢¥àª�: 526 485+ 197 485

723 970
’�ª¨¬ ®¡à�§®¬, ¢¥à−ë© ®â¢¥â ¯®«ãç¥− §� ç¥âëà¥ ¨â¥à�æ¨¨ ¯à¨ à�áá¬®âà¥−¨¨

®¤−®© ª®¬¡¨−�æ¨¨ | ¯®¤ −®¬¥à®¬ II. �áâ�¢è¥©áï æ¨äà®© 2 ¬®¦−® §�¬¥áâ¨âì
¡ãª¢ã �, çâ® −¨ª�ª −¥ ¯®¢«¨ï¥â −� ª®−¥ç−ë© à¥§ã«ìâ�â.

÷¥è¥−¨¥ §�¤�ç¨ 2. ˆ¬¥¥¬ 9 ¡ãª¢: C, R, O, S, A, D, N, G ¨ E ¨ 10
æ¨äà: 0, 1, 2, 3, 4, 5, 6, 7, 8 ¨ 9, ¯à¨ç¥¬ ®ç¥¢¨¤−®, çâ® D = 1, ¯®áª®«ìªã
¯à®¨áå®¤¨â ¯¥à¥−®á à�§àï¤� ¨§ 5-£® ¢ 6-©. �à¨ íâ®¬ ä®à¬�«ì−ë© ¯¥à¥ç¥−ì
¢®§¬®¦−ëå ª®¬¡¨−�æ¨© ¢ª«îç�¥â 16 ¢¥â¢¥©. �®ª�§�â¥«ì−®, çâ® á�¬ ƒ¥à¡¥àâ

150 ‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 32 −®¬¥à 4 2022



�¯â¨¬¨§�æ¨ï ¯®¨áª� ¯à¨ à¥è¥−¨¨ ¯¥à¥¡®à−ëå §�¤�ç ¢ ã£«ã¡«¥−−®¬ ªãàá¥ ¨−ä®à¬�â¨ª¨

‘�©¬®−, à�áá¬�âà¨¢�ï ®¯â¨¬¨§�æ¨î ¯®¨áª� ¢ §�¤�ç¥ 1, ®â¬¥ç�«, çâ® ¢ §�¤�ç¥ 2,
à¥è¥−¨¥ ª®â®à®© á�¬ ®− −¥ ¯à¨¢®¤¨â, −¥ ã¤�¥âáï úáâ®«ì ¦¥ à�¤¨ª�«ì−® á®ªà�â¨âì
¯®¨áªû [7, á. 41]. �à�¢®â� ¥£® á«®¢ ¡ã¤¥â ¯®¤â¢¥à¦¤¥−� ¢ å®¤¥ ¤�«ì−¥©è¨å
à�ááã¦¤¥−¨©.

‚ 1-¬ à�§àï¤¥ ¨¬¥¥¬ ¤¢� −�ç�«ì−ëå á®®â−®è¥−¨ï: (1) 2S = 10+R ¨ (2) 2S =
= R, £¤¥ ç¨á«®R| ç¥â−®¥ ¤«ï ®¡®¨å á«ãç�¥¢. …á«¨ ¯®áâà®¨âì à�§¢¥à−ãâãî ¡«®ª-
áå¥¬ã ¯®«−®£® −�¡®à� ª®¬¡¨−�æ¨©, ¨áå®¤ïé¨å ¨§ ¤¢ãå −�ç�«ì−ëå á®®â−®è¥−¨©,
â® ®−� ¯®ª�¦¥â, çâ® ª�¦¤®¥ −�ç�«ì−®¥ á®®â−®è¥−¨¥ à�§¢®à�ç¨¢�¥âáï ¢ ¢®á¥¬ì
æ¥¯®ç¥ª. ‚ æ¥«®¬ íâ® á®®â¢¥âáâ¢ã¥â 16 ¯®¨áª®¢ë¬ ª®¬¡¨−�æ¨ï¬ (¯®ª� ¡¥§ ãç¥â�
¢®§¬®¦−ëå á®ç¥â�−¨© æ¨äà, ª®â®àëå ¢ ¯à¥¤¥«�å ®¤−®© æ¥¯®çª¨ ¬®¦¥â ¡ëâì
−¥áª®«ìª®).

„«ï −�ç�«ì−®£® á®®â−®è¥−¨ï 2S = 10 + R ç¨á«® R ¬®¦¥â ¯à¨−¨¬�âì
§−�ç¥−¨ï 0, 2, 4, 6 ¨ 8. ’®£¤� S = 5, 6, 7, 8 ¨ 9. „«ï 2-£® à�§àï¤� íâ®£®
á®®â−®è¥−¨ï áãé¥áâ¢ãîâ ¤¢� ¢�à¨�−â�: S+D+1 = 10+å ¨ S+D+1 = E, çâ®
¯à¨D = 1 ¯à¨¢®¤¨â ª ¯à®áâë¬ ä®à¬ã«�¬: S = 8+E ¨S = E−2 á®®â¢¥âáâ¢¥−−®.

‚ ¯¥à¢®¬ ¢�à¨�−â¥ 2-£® à�§àï¤� á®®â−®è¥−¨¥ S = 8 +E ¬®¦¥â ¡ëâì ¢ë¯®«-
−¥−® â®«ìª® ¯à¨ å = 0. ’®£¤� S = 8, � R = 6 (¯à¨ íâ®¬ ®¡à�§ã¥âáï á¢®¡®¤−ë©
àï¤ æ¨äà 2, 3, 4, 5, 7 ¨ 9).

‚® ¢â®à®¬ ¢�à¨�−â¥ 2-£® à�§àï¤� ¤«ï S = E − 2 ¢®§¬®¦−ë âà¨ á®ç¥â�−¨ï
æ¨äà ¤«ï R, S ¨ E:R = 0, S = 5, E = 7 (á¢®¡®¤−ë© àï¤ æ¨äà 2, 3, 4, 6, 8 ¨ 9);
R = 2, S = 6 ¨ E = 8 (á¢®¡®¤−ë© àï¤ æ¨äà 0, 3, 4, 5, 7 ¨ 9); R = 4, S = 7
¨ E = 9 (á¢®¡®¤−ë© àï¤ æ¨äà 0, 2, 3, 5, 6 ¨ 8).

‘«¥¤®¢�â¥«ì−®, ¤«ï ¯¥à¢®£® −�ç�«ì−®£® á®®â−®è¥−¨ï 2S = 10 +R −� íâ�¯¥
2-£® à�§àï¤� ®âªàë¢�¥âáï ¢®§¬®¦−®áâì ¯à®¤®«¦¨âì ¯®¨áª ¯® ¢á¥¬ ¢®áì¬¨ æ¥¯®ç-
ª�¬: ç¥âëà¥¬ ¤«ï á®®â−®è¥−¨ï S = 8 + E ¯à¨ ¥¤¨−áâ¢¥−−®¬ á®ç¥â�−¨¨ æ¨äà:
D = 1, E = 0, S = 8 ¨R = 6 ¨ á¢®¡®¤−®¬ àï¤¥ æ¨äà (2, 3, 4, 5, 7 ¨ 9) ¨ ç¥âëà¥¬
¤«ï á®®â−®è¥−¨ï S = E− 2 ¯à¨ âà¥å ¢�à¨�−â�å á®ç¥â�−¨© æ¨äà:

(1) D = 1, E = 7, S = 5 ¨ R = 0 ¨ á¢®¡®¤−®¬ àï¤¥ æ¨äà (2, 3, 4, 6, 8 ¨ 9);

(2) D = 1, E = 8, S = 6 ¨ R = 2 ¨ á¢®¡®¤−®¬ àï¤¥ æ¨äà (0, 3, 4, 5, 7 ¨ 9);

(3) D = 1, E = 9, S = 7 ¨ R = 4 ¨ á¢®¡®¤−®¬ àï¤¥ æ¨äà (0, 2, 3, 5, 6 ¨ 8).

’�ª¨¬ ®¡à�§®¬, ¤«ï ¯¥à¢®£® −�ç�«ì−®£® á®®â−®è¥−¨ï 2S = 10+R ¢ ¯à¥¤¥«�å
¢®áì¬¨ æ¥¯®ç¥ª ¨¬¥¥¬ 4×1+4×3 = 16 à�§−ëå ¢�à¨�−â®¢, áà¥¤¨ ª®â®àëå ¡ã¤¥¬
¨áª�âì à¥è¥−¨¥.

„«ï ¢â®à®£® −�ç�«ì−®£® á®®â−®è¥−¨ï 2S = R ç¨á«® R ¬®¦¥â ¯à¨−¨¬�âì
§−�ç¥−¨ï 4, 6 ¨«¨ 8. ’®£¤� S = 2, 3 ¨«¨ 4. „«ï 2-£® à�§àï¤� íâ®£® á®®â−®è¥−¨ï
¬®£ãâ à�áá¬�âà¨¢�âìáï ¤¢� ¢�à¨�−â�: S +D = 10 + å ¨ S +D = E, çâ® ¯à¨
D = 1 ¯à¨¢®¤¨â ª ¯à®áâë¬ ä®à¬ã«�¬: S = 9 +E ¨ S = E− 1 á®®â¢¥âáâ¢¥−−®.

‚ ¯¥à¢®¬ ¢�à¨�−â¥ 2-£® à�§àï¤� á®®â−®è¥−¨¥ S = 9 + E −¥ ¨¬¥¥â á¬ëá«�
¯à¨ ¢á¥å á®ç¥â�−¨ïå §−�ç¥−¨© R ¨ S, ¯®íâ®¬ã ¢á¥ ç¥âëà¥ æ¥¯®çª¨ ª®¬¡¨−�æ¨¨
(2S = R) → (S = 9 + E) ¬®¦−® −¥ à�áá¬�âà¨¢�âì, ¯®áª®«ìªã ®−¨ âã¯¨ª®¢ë¥.
’�ª ¨áª«îç�¥¬ ¨§ à�áá¬®âà¥−¨ï áà�§ã ç¥âëà¥ æ¥¯®çª¨.
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‚® ¢â®à®¬ ¢�à¨�−â¥ 2-£® à�§àï¤� ¤«ï S = E − 1 ¢®§¬®¦−ë âà¨ á®ç¥â�−¨ï
æ¨äà ¤«ï R, S ¨ E: R = 4, S = 2 ¨ E = 3 (á¢®¡®¤−ë© àï¤ 0, 5, 6, 7, 8 ¨ 9);
R = 6, S = 3 ¨ E = 4 (á¢®¡®¤−ë© àï¤ 0, 2, 5, 7, 8 ¨ 9); R = 8, S = 4 ¨ E = 5
(á¢®¡®¤−ë© àï¤ 0, 2, 3, 6, 7 ¨ 9).

‘«¥¤®¢�â¥«ì−®, ¤«ï ¢â®à®£® −�ç�«ì−®£® á®®â−®è¥−¨ï 2S = R ¬®¦−® ¯à®¤®«-
¦�âì ¯®¨áª ¯® ç¥âëà¥¬ ª®¬¡¨−�æ¨ï¬ ¨§ ¢®áì¬¨, á®®â¢¥âáâ¢ãîé¨¬ á®®â−®è¥−¨î
S = E − 1 −� íâ�¯¥ 2-£® à�§àï¤�, ¢ ª�¦¤®© æ¥¯®çª¥ ª®â®à®£® ¨¬¥¥¬ ¯® âà¨ á®-
ç¥â�−¨ï æ¨äà | ¨â®£® 4× 3 = 12 à�§−ëå ¢�à¨�−â®¢, áà¥¤¨ ª®â®àëå, ¢®§¬®¦−®,
áªàë¢�¥âáï à¥è¥−¨¥ §�¤�ç¨.

ˆâ�ª, ¯®á«¥ ¯à¥¤¢�à¨â¥«ì−ëå à�ááã¦¤¥−¨© ¢áï §�¤�ç� à�§¡¨¢�¥âáï −� âà¨
−¥§�¢¨á¨¬ë¥ ¯®¤§�¤�ç¨ ¯® ç¥âëà¥ ª®¬¡¨−�æ¨¨ ¢ ª�¦¤®©, ¯®áª®«ìªã ®¡é¥¥ ç¨á«®
ª®¬¡¨−�æ¨©, ¨§−�ç�«ì−® à�¢−®¥ 16, á®ªà�â¨«®áì ¤® 12 §� áç¥â ¨áª«îç¥−¨ï
ç¥âëà¥å ª®¬¡¨−�æ¨© á −�ç�«ì−ë¬ á®®â−®è¥−¨¥¬ (2S = R) → (S = 9 + E).
�áâ�îâáï 4 ª®¬¡¨−�æ¨¨ ¤«ï (2S = 10+R)→ (S = 8+E), � ¥é¥ 8 ª®¬¡¨−�æ¨© |
ç¥âëà¥ ¤«ï (2S = 10 + R) → (S = E − 2) ¨ ç¥âëà¥ ¤«ï (2S = R) → (S =
= E − 1) | ú®¡®£�é�îâáïû âà¥¬ï á®ç¥â�−¨ï¬¨ æ¨äà ª�¦¤�ï. ‘«¥¤®¢�â¥«ì−®,
¢á¥£® −¥®¡å®¤¨¬® ¯à®¢¥à¨âì 4 × 1 + 4 × 3 + 4 × 3 = 28 ¢�à¨�−â®¢ ¢®§¬®¦−ëå
á®®â−®è¥−¨© ¬¥¦¤ã ¡ãª¢�¬¨ ¨ æ¨äà�¬¨. �â® ¤®ª�§ë¢�¥â ¯à�¢®âã ƒ¥à¡¥àâ�
‘�©¬®−� ® â®¬, çâ® à¥è¥−¨¥ §�¤�ç¨ 2 âà¥¡ã¥â £®à�§¤® ¡�®«ìè¨å ãá¨«¨© §�
áç¥â −¥¢®§¬®¦−®áâ¨ à�¤¨ª�«ì−®£® á®ªà�é¥−¨ï ®¡«�áâ¨ ¯®¨áª� (−�¯®¬−¨¬, çâ®
¢ §�¤�ç¥ 1 ¨§ 16 ª®¬¡¨−�æ¨© ¡ë«¨ ¨áª«îç¥−ë 12).

÷�áá¬®âà¨¬ ªà�âª® å®¤ à¥è¥−¨ï §�¤�ç¨ 2. Š�ª ¡ë«® ¯®ª�§�−® ¢ëè¥, ¤«ï
−�ç�«ì−®£® á®®â−®è¥−¨ï (2S = 10 +R) → (S = 8 + E) ¨¬¥¥âáï ¥¤¨−áâ¢¥−−ë©
¢®§¬®¦−ë© ¢�à¨�−â: R = 6, S = 8 ¨ E = 0 ¨ á¢®¡®¤−ë© àï¤ æ¨äà: 2, 3, 4, 5,
7 ¨ 9. „�«¥¥ ¢®á¯®«ì§ã¥¬áï á«¥¤ãîé¨¬¨ ä®à¬ã«�¬¨ ¤«ï ¢ëç¨á«¥−¨ï ®áâ�«ì−ëå
¡ãª¢¥−−®-ç¨á«®¢ëå á®®â¢¥âáâ¢¨© ¢ ç¥âëà¥å á®®â¢¥âáâ¢ãîé¨å æ¥¯®çª�å:

(1) O = 9 +N−R = N+ 3; C−A = 9−R = 3;G = O+A− 9;

(2) O = N−R− 1 = N− 7; C−A = 10−R = 4;G = O+A− 9;

(3) O = 10 +N−R = N+ 4; C−A = 9−R = 3;G = O+A+ 1;

(4) O = N−R = N− 6; C−A = 10−R = 4.

÷�áç¥âë ¯®ª�§ë¢�îâ, çâ® −¨ ®¤−� ¨§ à�áá¬®âà¥−−ëå æ¥¯®ç¥ª −¥ ¯à¨¢®¤¨â
ª ¯à¨¥¬«¥¬®¬ã à¥§ã«ìâ�âã.

��¯®¬−¨¬, çâ® ¢® ¢á¥å ç¥âëà¥å æ¥¯®çª�å ¤«ï ª®¬¡¨−�æ¨¨ (2S = 10 +R)→
→ (S = E − 2) ¨¬¥îâáï ¯® âà¨ −�¡®à� §−�ç¥−¨©: R = 0, 2, 4; S = 5, 6, 7;
E = 7, 8, 9. ‚® ¢á¥å ç¥âëà¥å æ¥¯®çª�å ¤«ï ª®¬¡¨−�æ¨¨ (2S = R)→ (S = E−1)
â�ª¦¥ ¨¬¥¥âáï ¯® âà¨ −�¡®à� §−�ç¥−¨©: R = 4, 6, 8; S = 2, 3, 4; E = 3, 4, 5.
�à®¢¥¤ï á®®â¢¥âáâ¢ãîé¨¥ ¢ëç¨á«¥−¨ï, ¯®«ãç�¥¬, çâ® ª ¯à¨¥¬«¥¬®¬ã à¥§ã«ìâ�âã
¯à¨¢®¤¨â â®«ìª® ®¤−� ¨§ æ¥¯®ç¥ª ¤«ï (2S = R)→ (S = E−1), á®®â¢¥âáâ¢ãîé�ï
§−�ç¥−¨ï¬: R = 6, S = 3 ¨ E = 4 (â�¡«. 2).
�â¢¥â: C = 9, R = 6, O = 2, S = 3, A = 5, D = 1, N = 8, G = 7, E = 4.
–¨äà� 0 ®áâ�«�áì −¥¢®áâà¥¡®¢�−−®©.
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�¯â¨¬¨§�æ¨ï ¯®¨áª� ¯à¨ à¥è¥−¨¨ ¯¥à¥¡®à−ëå §�¤�ç ¢ ã£«ã¡«¥−−®¬ ªãàá¥ ¨−ä®à¬�â¨ª¨

’�¡«¨æ� 2 ”à�£¬¥−â à¥è¥−¨ï §�¤�ç¨ 2 ¤«ï ª®¬¡¨−�æ¨¨ (2S = R)→ (S = E− 1)

˜�£¨ 1{2

R 4 6 8
S 2 3 4
E 3 4 5

‘¢®¡®¤−ë© àï¤ 0 5 6 7 8 9 0 2 5 7 8 9 0 2 3 6 7 9
� N−R
O N− 4 N− 6 N− 8

˜�£ 3 N 9 8 �¥â à¥è¥−¨ï
� 5 2 �¥â à¥è¥−¨ï

‘¢®¡®¤−ë© àï¤ 0 6 7 8 0 5 7 9 |
ó−A 10−R
C−A 6 4 |

˜�£ 4 � 0 5 |
‘ 6 9 |

‘¢®¡®¤−ë© àï¤ 7 8 0 7 |

˜�£ 5
G O+A
G �¥â à¥è¥−¨ï ÷…˜…�ˆ…: 7 |

�à®¢¥àª�: 96 233+ 62 513
158 746

ˆâ�ª, ¤«ï ¯®«ãç¥−¨ï ®â¢¥â� ¯à¨è«®áì ¯¥à¥¡à�âì 12 ª®¬¡¨−�æ¨© ¢®§¬®¦−ëå
à¥è¥−¨©, à�áá¬®âà¥¢ ¢ æ¥«®¬ 28 ¯¥à¥¡®à®¢ (¨â¥à�æ¨©): 4 ¯¥à¥¡®à� ¤«ï ª®¬-
¡¨−�æ¨¨ (2S = 10 + R) → (S = 8 + E) ¨ ¯® 12 ¯¥à¥¡®à®¢ ¤«ï ª®¬¡¨−�æ¨©
(2S = 10 +R) → (S = E − 2) ¨ (2S = R) → (S = E − 1). …á«¨ áà�¢−¨¢�âì
ç¨á«® ¯¥à¥¡®à®¢, −¥®¡å®¤¨¬ëå ¤«ï à¥è¥−¨ï §�¤�ç 1 ¨ 2, â® ¯®«ãç�¥¬, çâ® ¢ §�-
¤�ç¥ 1 ¯à®¤¥«�−ë 4 ¨â¥à�æ¨¨ ¤«ï ®¤−®© ª®¬¡¨−�æ¨¨, � ¢ §�¤�ç¥ 2 | 28 ¨â¥à�æ¨©
¤«ï 12 ª®¬¡¨−�æ¨©.

�â¬¥â¨¬, çâ® ƒ¥à¡¥àâ ‘�©¬®− ¤�¦¥ ¢ −�¨¡®«¥¥ ¯à®¤¢¨−ãâ®© áâà�â¥£¨¨ ®¯â¨-
¬¨§�æ¨¨ ¯®¨áª� | ¯®¤ −®¬¥à®¬ 4 | £®¢®à¨â ® ¬¥â®¤¥ ú¯à®¡ ¨ ®è¨¡®ªû, ª ª®â®à®-
¬ã ®− ¯à¨¡¥£�¥â −� §�ª«îç¨â¥«ì−®¬ íâ�¯¥ ®¯â¨¬¨§�æ¨¨, â®£¤� ª�ª ¢ ¯à¥¤«®¦¥−−®©
¬¥â®¤¨ª¥ ®¯â¨¬¨§�æ¨¨ ¯®¨áª −� «î¡®¬ è�£¥ ¨â¥à�æ¨¨ −¥ ®à¨¥−â¨àã¥âáï −� ¬¥-
â®¤ ú¯à®¡ ¨ ®è¨¡®ªû, � −®á¨â ®¡®á−®¢�−−ë© ¨ æ¥«¥−�¯à�¢«¥−−ë© å�à�ªâ¥à,
®¯¨à�îé¨©áï −� ç¥âª¨¥ �à¨ä¬¥â¨ç¥áª¨¥ ¯à�¢¨«� ¨ §�ª®−®¬¥à−®áâ¨.

4 Заключение

�¯â¨¬¨§�æ¨ï ¯®¨áª� ¯à¨ à¥è¥−¨¨ ªà¨¯â®�à¨ä¬¥â¨ç¥áª¨å §�¤�ç á«ã¦¨â
íää¥ªâ¨¢−ë¬ ¨−áâàã¬¥−â®¬ à�§¢¨â¨ï «®£¨ç¥áª®£® ¬ëè«¥−¨ï èª®«ì−¨ª®¢,
á¯®á®¡áâ¢ãîé¥£® ä®à¬¨à®¢�−¨î �«£®à¨â¬¨ç¥áª¨å −�¢ëª®¢ ª�ª −¥®¡å®¤¨¬ëå
ª®¬¯®−¥−â®¢ ¨−¦¥−¥à−®© ªã«ìâãàë. �à¨ á®®â¢¥âáâ¢ãîé¥¬ ¬¥â®¤¨ç¥áª®¬
á®¯à®¢®¦¤¥−¨¨ á«®¦−ë¥ ¯¥à¥¡®à−ë¥ §�¤�ç¨, ª®â®àë¥ ¢ −�áâ®ïé¥¥ ¢à¥¬ï ¢áâà¥-
ç�îâáï ¯à¥¨¬ãé¥áâ¢¥−−® −� ¯à¥¤¬¥â−ëå ®«¨¬¯¨�¤�å, ¬®£ãâ ¡ëâì ¢ª«îç¥−ë
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¢ ¯à®£à�¬¬ã ã£«ã¡«¥−−®£® ªãàá� ¨−ä®à¬�â¨ª¨ −� ãà®¢−¥ ®á−®¢−®£® ®¡é¥£® ®¡à�-
§®¢�−¨ï. ‚¯®á«¥¤áâ¢¨¨ íâ® ¬®¦¥â ¯®á«ã¦¨âì ¤®¯®«−¨â¥«ì−ë¬ áâ¨¬ã«®¬ ¤«ï
®á¢®¥−¨ï ãç�é¨¬¨áï ¬¥â®¤®¢ ¤¨−�¬¨ç¥áª®£® ¯à®£à�¬¬¨à®¢�−¨ï | íää¥ªâ¨¢−®©
â¥å−®«®£¨¨ à¥è¥−¨ï ¬−®£¨å ª«�áá®¢ ¯¥à¥¡®à−ëå §�¤�ç.
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Search optimization while solving enumeration problems in an advanced computer course

SEARCH OPTIMIZATION WHILE SOLVING ENUMERATION
PROBLEMS IN AN ADVANCED COMPUTER SCIENCE COURSE

AT THE LEVEL OF BASIC GENERAL EDUCATION

O. M. Korchazhkina

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

Abstract: The article discusses a few ways to activate high school students'
logical thinking to form their algorithmic skills in computer studies lessons.
The research analyses the methods for optimizing in traditional cryptoarithmetic
problems that make up a subclass of enumeration tasks which were proposed by
Herbert Simon to illustrate the ways of mindset when it is necessary to carry
out numerous iterations of possible combinations. A search optimization visual
method is proposed for solving two Simon problems based on the patterns of
digit transfer during summation and presented in the form of simple algebraic
relations. The method can be easily algorithmized and implemented with dynamic
programming technology to optimize the solution of iterative tasks.

Keywords: optimization of a search; enumeration/iterative problem/task;
crypto-arithmetic problem; dynamic programming
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ä¨«¨�«� ”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£® ãçà¥¦¤¥−¨ï ú”¥¤¥à�«ì−ë© −�ãç−ë©
æ¥−âà ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨© ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãªû
�¤�¬®¢¨ç ˆ£®àì Œ¨å�©«®¢¨ç (à. 1934) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ãé¨©
−�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�-
â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
�¨àîª®¢� ’�âìï−� Š®−áâ�−â¨−®¢−� (à. 1968) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥-
áª¨å −�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
‚®«ª®¢ �«¥£ ˆ£®à¥¢¨ç (à. 1964) | ¢¥¤ãé¨© ¯à®£à�¬¬¨áâ ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒ¥àèª®¢¨ç Œ�ªá¨¬ Œ¨å�©«®¢¨ç (à. 1968) | 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
ƒ®−ç�à �−¤à¥© �−¤à¥¥¢¨ç (à. 1969) | §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� Œ¥¦¢¥¤®¬-
áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª | ä¨«¨�«�
”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£® ãçà¥¦¤¥−¨ï ú”¥¤¥à�«ì−ë© −�ãç−ë© æ¥−âà ��-
ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨© ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãªû
ƒ®−ç�à®¢ �«¥ªá�−¤à �−�â®«ì¥¢¨ç (à. 1994) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒàãè® �«¥ªá�−¤à �«¥ªá�−¤à®¢¨ç (à. 1946) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®à, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�-
â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
ƒàãè® �¨ª®«�© �«¥ªá�−¤à®¢¨ç (à. 1982) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
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„ìïç¥−ª® „¥−¨á āàì¥¢¨ç (à. 1987) | ¨−¦¥−¥à-¨áá«¥¤®¢�â¥«ì ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
„ìïç¥−ª® āà¨© ƒ¥®à£¨¥¢¨ç (à. 1958) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
…¢á¥¥¢ �−â®− ‚«�¤¨¬¨à®¢¨ç (à. 1973) | ¤¨à¥ªâ®à ‘�−ªâ-�¥â¥à¡ãà£áª®£®
®â¤¥«¥−¨ï Œ¥¦¢¥¤®¬áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª | ä¨«¨�«� ”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£® ãçà¥¦¤¥−¨ï ú”¥¤¥à�«ì−ë©
−�ãç−ë© æ¥−âà ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨©
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãªû
†ãª®¢ „¥−¨á ‚«�¤¨¬¨à®¢¨ç (à. 1979) | £«�¢−ë© á¯¥æ¨�«¨áâ ˆ−áâ¨âãâ�
¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª�
¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‡�¡¥¦�©«® Œ¨å�¨« ˆ¢�−®¢¨ç (à. 1956) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª,
¤®æ¥−â, £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤-
−¨æë−� ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û
÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‡�æ¬�− ˆ£®àì Œ®¨á¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, §�¢¥¤ãîé¨©
®â¤¥«®¬ ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
‡¥©ä¬�− �«¥ªá�−¤à ˆ§à�¨«¥¢¨ç (à. 1954) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¯à®ä¥áá®à, §�¢¥¤ãîé¨© ª�ä¥¤à®© ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨ ‚®«®£®¤áª®£®
£®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â�; 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; £«�¢−ë© −�ãç−ë© á®âàã¤−¨ª ‚®«®£®¤áª®-
£® −�ãç−®£® æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª; áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª
Œ®áª®¢áª®£® æ¥−âà� äã−¤�¬¥−â�«ì−®© ¨ ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨ Œ®áª®¢áª®£®
£®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨ Œ. ‚. ‹®¬®−®á®¢�
ˆ¤à¨á®¢ �áª�à ’ã«¥ã¡�¥¢¨ç (à. 1958) | á®¢¥â−¨ª àãª®¢®¤¨â¥«ï �áá®æ¨-
�æ¨¨ ¯®«ì§®¢�â¥«¥© −�ãç−®-®¡à�§®¢�â¥«ì−®© ª®¬¯ìîâ¥à−®© á¥â¨ Š�§�åáâ�−�
úKazRENAû
ˆ«ì¨− �«¥ªá�−¤à ‚«�¤¨¬¨à®¢¨ç (à. 1975) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, ¢¥¤ã-
é¨© −�ãç−ë© á®âàã¤−¨ª ƒ®áã¤�àáâ¢¥−−®£® −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ�
�¢¨�æ¨®−−ëå á¨áâ¥¬
ˆ«ì¨− ‚«�¤¨¬¨à „¬¨âà¨¥¢¨ç (à. 1937) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ‚ëç¨á«¨â¥«ì−®£® æ¥−âà� ¨¬. �. �. „®à®¤−¨æë−�
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®á-
á¨©áª®© �ª�¤¥¬¨¨ −�ãª
Š®¢�«ñ¢ ˆ¢�− �«¥ªá�−¤à®¢¨ç (à. 1996) | �á¯¨à�−â ‚®«®£®¤áª®£® £®áã¤�àáâ¢¥−-
−®£® ã−¨¢¥àá¨â¥â�; −�ãç−ë© á®âàã¤−¨ª Œ®áª®¢áª®£® æ¥−âà� äã−¤�¬¥−â�«ì−®©
¨ ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨ Œ®áª®¢áª®£® £®áã¤�àáâ¢¥−−®£® ã−¨¢¥àá¨â¥â� ¨¬¥−¨
Œ. ‚. ‹®¬®−®á®¢�
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Š®àç�¦ª¨−� �«ì£� Œ�ªá¨¬®¢−� (à. 1953) | ª�−¤¨¤�â â¥å−¨ç¥áª¨å −�ãª, áâ�à-
è¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ª¨¡¥à−¥â¨ª¨ ¨ ®¡à�§®¢�â¥«ì−®© ¨−ä®à¬�â¨ª¨
”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©-
áª®© �ª�¤¥¬¨¨ −�ãª
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
Œ�ª�à®¢� �−−� …¢£¥−ì¥¢−� (à. 1997) | à�§à�¡®âç¨ª ¬�â¥¬�â¨ç¥áª®£® ®¡¥á-
¯¥ç¥−¨ï �ªæ¨®−¥à−®£® ®¡é¥áâ¢� ú��ãç−®-¯à®¬ëè«¥−−�ï ª®¬¯�−¨ï ú‚ëá®ª¨¥
â¥å−®«®£¨¨ ¨ áâà�â¥£¨ç¥áª¨¥ á¨áâ¥¬ëû (��Š ú‚’¨‘‘û)
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
��§àã««®¥¢ ��à¢¨§ ‹ãâäã««®¥¢¨ç (à. 1993) | �á¯¨à�−â ª�ä¥¤àë ¬�â¥¬�â¨ç¥-
áª®£® ¨ ª®¬¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ’�¤¦¨ªáª®£® −�æ¨®−�«ì−®£® ã−¨¢¥àá¨â¥â�
�¨ª¨â¨− āà¨© ‚¨ªâ®à®¢¨ç (à. 1977) | −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬
¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢-
«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª
�®¢¨ª „¬¨âà¨© ‚¨â�«ì¥¢¨ç (à. 1967) | §�¬¥áâ¨â¥«ì ¤¨à¥ªâ®à� Œ¥¦¢¥¤®¬-
áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£® æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª | ä¨«¨�«�
”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£® ãçà¥¦¤¥−¨ï ú”¥¤¥à�«ì−ë© −�ãç−ë© æ¥−âà ��-
ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨© ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãªû
�¤¨−�¥¢ ÷�¨¬ ��§�à®¢¨ç (à. 1964) | ¤®ªâ®à ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å −�ãª, ¤®-
æ¥−â, ¤¥ª�− ¬¥å�−¨ª®-¬�â¥¬�â¨ç¥áª®£® ä�ªã«ìâ¥â� ’�¤¦¨ªáª®£® −�æ¨®−�«ì−®£®
ã−¨¢¥àá¨â¥â�
÷�¨¬§®¤� ”�ààãåè®å (à. 1991) | �á¯¨à�−â ª�ä¥¤àë ¬�â¥¬�â¨ç¥áª®£® ¨ ª®¬-
¯ìîâ¥à−®£® ¬®¤¥«¨à®¢�−¨ï ’�¤¦¨ªáª®£® −�æ¨®−�«ì−®£® ã−¨¢¥àá¨â¥â�
‘�â¨− Ÿª®¢ �«¥ªá�−¤à®¢¨ç (à. 1978) | ª�−¤¨¤�â ä¨§¨ª®-¬�â¥¬�â¨ç¥áª¨å
−�ãª, ¤®æ¥−â ª�ä¥¤àë ¯à¨ª«�¤−®© ¬�â¥¬�â¨ª¨ ‚®«®£®¤áª®£® £®áã¤�àáâ¢¥−−®£®
ã−¨¢¥àá¨â¥â�
‘¬¨à−®¢ „¬¨âà¨© ‚«�¤¨¬¨à®¢¨ç (à. 1984) | ¡¨§−¥á-¯�àâ−¥à ¯® ˆ’ ¤¥¯�àâ�-
¬¥−â� ¡¥§®¯�á−®áâ¨ ��� ú‘¡¥à¡�−ª ÷®áá¨¨û
‘®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®¢ „¬¨âà¨© āàì¥¢¨ç (à. 1973) | áâ�àè¨© −�ãç−ë© á®âàã¤−¨ª ”¥¤¥-
à�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®©
�ª�¤¥¬¨¨ −�ãª
‘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
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’¨¬®−¨−� …«¥−� …¢£¥−ì¥¢−� (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®ä¥áá®à,
¢¥¤ãé¨© −�ãç−ë© á®âàã¤−¨ª ˆ−áâ¨âãâ� ¯à®¡«¥¬ ¨−ä®à¬�â¨ª¨ ”¥¤¥à�«ì−®£®
¨áá«¥¤®¢�â¥«ìáª®£® æ¥−âà� úˆ−ä®à¬�â¨ª� ¨ ã¯à�¢«¥−¨¥û ÷®áá¨©áª®© �ª�¤¥¬¨¨
−�ãª
•®à®è¨«®¢ �«¥ªá�−¤à �«¥ªá¥¥¢¨ç (à. 1952) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¯à®-
ä¥áá®à Œ®áª®¢áª®£® �¢¨�æ¨®−−®£® ¨−áâ¨âãâ� (−�æ¨®−�«ì−®£® ¨áá«¥¤®¢�â¥«ìáª®£®
ã−¨¢¥àá¨â¥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; áâ�àè¨©
−�ãç−ë© á®âàã¤−¨ª 27-£® –¥−âà�«ì−®£® −�ãç−®-¨áá«¥¤®¢�â¥«ìáª®£® ¨−áâ¨âãâ�
Œ¨−¨áâ¥àáâ¢� ®¡®à®−ë ÷®áá¨©áª®© ”¥¤¥à�æ¨¨
˜�¡�−®¢ �®à¨á Œ¨å�©«®¢¨ç (à. 1954) | ¤®ªâ®à â¥å−¨ç¥áª¨å −�ãª, ¤®æ¥−â,
ç«¥−-ª®àà¥á¯®−¤¥−â ÷��, ¤¨à¥ªâ®à Œ¥¦¢¥¤®¬áâ¢¥−−®£® áã¯¥àª®¬¯ìîâ¥à−®£®
æ¥−âà� ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãª | ä¨«¨�«� ”¥¤¥à�«ì−®£® £®áã¤�àáâ¢¥−−®£®
ãçà¥¦¤¥−¨ï ú”¥¤¥à�«ì−ë© −�ãç−ë© æ¥−âà ��ãç−®-¨áá«¥¤®¢�â¥«ìáª¨© ¨−áâ¨âãâ
á¨áâ¥¬−ëå ¨áá«¥¤®¢�−¨© ÷®áá¨©áª®© �ª�¤¥¬¨¨ −�ãªû
˜®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�¬®¢ �. ƒ., ƒ®−ç�à �. �., …¢á¥¥¢ �. ‚., ˆ¤à¨á®¢ �. ’.,
�®¢¨ª „. ‚., ˜�¡�−®¢ �. Œ. ��æ¨®−�«ì−ë¥ −�ãç−®-®¡à�-
§®¢�â¥«ì−ë¥ á¥â¨ áâà�− …¢à�§¨©áª®£® íª®−®¬¨ç¥áª®£® á®î§�:
â¥ªãé¨© áâ�âãá ¨ ¯¥àá¯¥ªâ¨¢ë ¨−â¥£à�æ¨¨ 4 90{98

�¡à�¬®¢ �. ƒ., …¢á¥¥¢ �. ‚., ƒ®−ç�à �. �., ˜�¡�−®¢ �. Œ.
‚®¯à®áë ã¢¥«¨ç¥−¨ï ¯à®¯ãáª−®© á¯®á®¡−®áâ¨ ¨ â¥àà¨â®-
à¨�«ì−®© ¤®áâã¯−®áâ¨ −�æ¨®−�«ì−®© ¨áá«¥¤®¢�â¥«ìáª®©
ª®¬¯ìîâ¥à−®© á¥â¨ ÷®áá¨¨ 2 4{12

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �«£®à¨â¬ë ª«�áâ¥à¨§�æ¨¨ ¤«ï
â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®¢�-
−¨© 4 112{123

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �®¤å®¤ ª ¯®¨áªã �−®¬�«¨©
¢ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¤�−−ëå 3 136{146

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. �®¤å®¤ ª á¢ï§ë¢�−¨î §�¯¨á¥©
¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨ç¥áª¨å ¨áá«¥¤®-
¢�−¨©, ®á−®¢�−−ë© −� −¥ç¥âª¨å ¬−®¦¥áâ¢�å 2 137{145

�¤�¬®¢¨ç ˆ. Œ., ‚®«ª®¢ �. ˆ. ‘âàãªâãà−ë© ¯®¤å®¤ ª á¢ï§ë-
¢�−¨î §�¯¨á¥© ¢ â¥å−®«®£¨¨ ¯®¤¤¥à¦ª¨ ª®−ªà¥â−®-¨áâ®à¨-
ç¥áª¨å ¨áá«¥¤®¢�−¨© 1 94{103

�àå¨¯®¢ �. �., ’à®ä¨¬¥−ª®¢ �. Š., –ãª�−®¢ Œ. ‚., �®á®-
¢� �. ā. ˆáá«¥¤®¢�−¨¥ ¬¥â®¤®¢ ¤¥â¥ªâ¨à®¢�−¨ï ª«îç¥¢ëå
â®ç¥ª ¯à¨ á®§¤�−¨¨ ¯�−®à�¬−ëå ¨§®¡à�¦¥−¨© 2 92{104

�¥£¨è¥¢ ‚. �. á¬. ‘â¥¯�−®¢ �. ‚.
�¥«®§¥à®¢ �. �., Œ�§ãà �. ˆ. Œ�è¨−−®¥ ®¡ãç¥−¨¥ ¤«ï §�¤�ç

íªáâà�¯®«ïæ¨¨ á ¬�«ë¬ ®¡ê¥¬®¬ ¤�−−ëå 2 13{22
�¨àîª®¢� ’. Š. á¬. ƒ¥àèª®¢¨ç Œ. Œ.
�®à¨á®¢ �. ‚., �®á®¢ �. ‚., †ãª®¢ „. ‚. ‘âà�â¥£¨ï ¨áá«¥¤®-

¢�−¨© ¨ à�§à�¡®â®ª ¢ ®¡«�áâ¨ ¨áªãááâ¢¥−−®£® ¨−â¥««¥ªâ� IV:
£®áã¤�àáâ¢¥−−�ï ¯®«¨â¨ª� Š�÷ 1 18{33

�®à¨á®¢ �. ‚., �®á®¢ �. ‚., †ãª®¢ „. ‚., ˆ¢�−®¢ �. ‚. ˆ−-
ä®à¬�æ¨®−−ë¥ �á¯¥ªâë ®¡¥á¯¥ç¥−¨ï ¡¥§®¯�á−®áâ¨ −� âà�−á-
¯®àâ¥: �−�«¨â¨ç¥áª¨¥ §�¤�ç¨ 1 4{17

�®á®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
�®á®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
�ãâ¥−ª® ā. ˆ., ‘âà®£�−®¢ ā. ‚., Š¢�á−¨ª®¢ �. ‚., ‘«�¢-

−®¢ �. ‚. ‘®§¤�−¨¥ ä®−¥â¨ª®-�ªãáâ¨ç¥áª®© ¡�§ë àãááª¨å
âà¨£à�¬¬ 1 55{62
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‚�ªã«¥−ª® ‚. ‚., „ãà−®¢® �. �., ‡�æ¬�− ˆ. Œ. ”ã−ªæ¨¨
íªá¯®àâ� ¢ «¥ªá¨ª®£à�ä¨ç¥áª¨å ¡�§�å ¤�−−ëå 1 149{159

‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
‚®«ª®¢ �. ˆ. á¬. �¤�¬®¢¨ç ˆ. Œ.
ƒ�¢à¨«®¢ ‚. …., ‡�æ�à¨−−ë© �. �. �à®¡«¥¬ë ¨ ã£à®§ë ¢−¥¤à¥-

−¨ï −¥ª®â®àëå −®¢ëå æ¨äà®¢ëå â¥å−®«®£¨© 3 15{25
ƒ¥àèª®¢¨ç Œ. Œ., �¨àîª®¢� ’. Š. Œ¥â®¤ ã¯à�¢«¥−¨ï ®¡¬¥−®¬

¤�−−ë¬¨ ¢ �¢â®¬�â¨§¨à®¢�−−ëå ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬�å
á ¯à¨¬¥−¥−¨¥¬ á¬ëá«®¢®£® �−�«¨§� ¯¥à¥¤�¢�¥¬ëå í«¥¬¥−â®¢
¨−ä®à¬�æ¨¨ 4 69{76

ƒ®−ç�à �. �. á¬. �¡à�¬®¢ �. ƒ.
ƒ®−ç�à �. �. á¬. �¡à�¬®¢ �. ƒ.
ƒ®−ç�à¥−ª® ‚. ‚. á¬. ‘�¬®å¨−� �. Œ.
ƒ®−ç�à®¢ �. �. Œ¥â®¤ë ¯®¨áª� ¨¬¯«¨æ¨â−ëå «®£¨ª®-á¥¬�−â¨-

ç¥áª¨å ®â−®è¥−¨© ¢ ¬®−®ï§ëç−ëå â¥ªáâ�å 3 92{102
ƒ®−ç�à®¢ �. �. Œ¥â®¤ë ¯®¨áª� ¨¬¯«¨æ¨â−ëå «®£¨ª®-á¥¬�−â¨-

ç¥áª¨å ®â−®è¥−¨© ¢ ¯�à�««¥«ì−ëå â¥ªáâ�å 4 32{44
ƒà¨£®àï− ÷. Š. á¬. ‘�¬®å¨−� �. Œ.
ƒà¨−ç¥−ª® ‘. �. � áà�¢−¨â¥«ì−®¬ £¥−¥§¨á¥ ¡�§¨á−ëå ¨−ä®à¬�-

æ¨®−−ëå â¥å−®«®£¨© ¨ ®¡é¥áâ¢¥−−®-íª®−®¬¨ç¥áª¨å ä®à¬�-
æ¨© —¥«®¢¥ç¥áâ¢� 3 147{155

ƒàãè® �. �., ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ‘¬¨à−®¢ „. ‚.,
’¨¬®−¨−� …. …., ˜®à£¨− ‘. Ÿ. �¥ª®â®àë¥ ¯®¤å®¤ë ª �−�-
«¨§ã á¥â¥¢ëå DLP 2 72{80

ƒàãè® �. �., ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ‘¬¨à−®¢ „. ‚.,
’¨¬®−¨−� …. …., ˜®à£¨− ‘. Ÿ. �¡−�àã¦¥−¨¥ ¤à¥©ä� à�á-
¯à¥¤¥«¥−¨ï 4 14{20

ƒàãè® �. �., ƒàãè® �. �., ‡�¡¥¦�©«® Œ. ˆ., ‘¬¨à−®¢ „. ‚.,
’¨¬®−¨−� …. …., ˜®à£¨− ‘. Ÿ. �®¨áª �−®¬�«¨© ¢ ¡®«ìè¨å
¤�−−ëå 1 160{167

ƒàãè® �. �. á¬. ƒàãè® �. �.
ƒàãè® �. �. á¬. ƒàãè® �. �.
ƒàãè® �. �. á¬. ƒàãè® �. �.
„ã«¨− ‘. Š. á¬. ÷®§¥−¡¥à£ ˆ. �.
„ã«¨−� �. ƒ. á¬. ÷®§¥−¡¥à£ ˆ. �.
„ãà−®¢® �. �., ˆ−ìª®¢� �. ā., �®¯ª®¢� �. �. �àå¨â¥ªâãà�

¡�§ë ¤�−−ëå ¨¥à�àå¨¨ «®£¨ª®-á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© 1 114{125
„ãà−®¢® �. �., ˆ−ìª®¢� �. ā., �®¯ª®¢� �. �. ˆ−â¥àä¥©á

¯®«ì§®¢�â¥«ï ��¤ª®à¯ãá−®© ¡�§ë ¤�−−ëå ¨¥à�àå¨© «®£¨ª®-
á¥¬�−â¨ç¥áª¨å ®â−®è¥−¨© 3 103{115
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„ãà−®¢® �. �. á¬. ‚�ªã«¥−ª® ‚. ‚.
„ìïç¥−ª® „. ā. á¬. ‘®ª®«®¢ ˆ. �.
„ìïç¥−ª® „. ā. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
„ìïç¥−ª® ā. ƒ. á¬. ‘®ª®«®¢ ˆ. �.
„ìïç¥−ª® ā. ƒ. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
…¢á¥¥¢ �. ‚. á¬. �¡à�¬®¢ �. ƒ.
…¢á¥¥¢ �. ‚. á¬. �¡à�¬®¢ �. ƒ.
…£®à®¢ ‚. �. Š ¢®¯à®áã ® á®¢¬¥é¥−¨¨ ¯à®£à�¬¬−®£® ®¯à¥¤¥«¥−¨ï

á¥â¥© á ¢¨àâã�«¨§�æ¨¥© á¥â¥¢ëå äã−ªæ¨© 2 36{46
…£®à®¢ ‚. �. Š ¢®¯à®áã ® á®®â−®è¥−¨¨ ¯à®£à�¬¬−® ®¯à¥¤¥«ï-

¥¬ëå ¨ âà�¤¨æ¨®−−ëå IP-á¥â¥© 1 73{82
†ãª®¢ „. ‚. �¥ª®â®àë¥ ¯à®¥ªâë −¥â¨¯®¢®£® ¯à¨¬¥−¥−¨ï íªá-

¯¥àâ−ëå á¨áâ¥¬ 4 99{111
†ãª®¢ „. ‚. á¬. �®à¨á®¢ �. ‚.
†ãª®¢ „. ‚. á¬. �®à¨á®¢ �. ‚.
‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.
‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.
‡�¡¥¦�©«® Œ. ˆ. á¬. ƒàãè® �. �.
‡�æ�à¨−−ë© �. �., ˆ®−¥−ª®¢ ā. ‘. �¥ª®â®àë¥ ¢®¯à®áë ®æ¥−-

ª¨ ¢−ãâà¥−−¥£® ª�ç¥áâ¢� ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ 1 63{72
‡�æ�à¨−−ë© �. �., ˆ®−¥−ª®¢ ā. ‘. �¥ª®â®àë¥ ¬¥â®¤¨ç¥áª¨¥

¢®¯à®áë ®æ¥−ª¨ ãà®¢−ï â¥å−®«®£¨ç¥áª®© £®â®¢−®áâ¨ ¯à®¥ª-
â®¢ ¨−ä®à¬�æ¨®−−ëå á¨áâ¥¬ 3 4{14

‡�æ�à¨−−ë© �. �., ˆ®−¥−ª®¢ ā. ‘. � ¯à¨¬¥−¥−¨¨ íªá¯¥àâ−ëå
¬¥â®¤®¢ ¯à¨ ®æ¥−ª¥ íää¥ªâ¨¢−®áâ¨ ¨ ª�ç¥áâ¢� ¨−ä®à¬�æ¨-
®−−ëå á¨áâ¥¬ 2 47{57

‡�æ�à¨−−ë© �. �. á¬. ƒ�¢à¨«®¢ ‚. ….
‡�æ¬�− ˆ. Œ. Œ®¤¥«ì ¯à®æ¥áá� ¨§¢«¥ç¥−¨ï −®¢ëå â¥à¬¨−®¢

¨ â®−�«ì−ëå á«®¢ ¨§ â¥ªáâ®¢ 2 115{127
‡�æ¬�− ˆ. Œ. ‘âà�â¥£¨ï …¢à®¯¥©áª®£® ª®¬¯ìîâ¥à−®£® ®¡à�§®-

¢�−¨ï: â¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï ¯®áâà®¥−¨ï 3 116{127
‡�æ¬�− ˆ. Œ. ’¥®à¥â¨ç¥áª¨¥ ®á−®¢�−¨ï ª®¬¯ìîâ¥à−®£® ®¡à�§®-

¢�−¨ï: áà¥¤ë ¯à¥¤¬¥â−®© ®¡«�áâ¨ ¨−ä®à¬�â¨ª¨ ª�ª ®á−®¢�-
−¨¥ ª«�áá¨ä¨ª�æ¨¨ ¥¥ ®¡ê¥ªâ®¢ 4 77{89

‡�æ¬�− ˆ. Œ. á¬. ‚�ªã«¥−ª® ‚. ‚.
‡¥©ä¬�− �. ˆ. á¬. Š®¢�«ñ¢ ˆ. �.
‡¥©ä¬�− �. ˆ. á¬. “á®¢ ˆ. �.
ˆ¢�−®¢ �. ‚. á¬. �®à¨á®¢ �. ‚.
ˆ¤à¨á®¢ �. ’. á¬. �¡à�¬®¢ �. ƒ.
ˆ«ì¨− �. ‚., ˆ«ì¨− ‚. „. Œ¥â®¤ æ¥«¥¢®£® ¯¥à¥¬¥é¥−¨ï à¥è¥-

−¨ï ¢ â¥å−®«®£¨ïå á¨âã�æ¨®−−®£® ã¯à�¢«¥−¨ï 4 124{133
ˆ«ì¨− ‚. „. Œ¥â®¤®«®£¨ï s-¬®¤¥«¨à®¢�−¨ï: à�§¢¨â¨¥ ¨ ¯à¨¬¥-

−¥−¨¥ 1 104{113
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ˆ«ì¨− ‚. „. Œã«ìâ¨¢�«îâ−�ï æ¨äà®¢�ï ¯«�â¥¦−�ï á¨áâ¥¬�:
®á−®¢ë â¥å−®«®£¨ç¥áª®£® ®¡¥á¯¥ç¥−¨ï 3 128{135

ˆ«ì¨− ‚. „. S-¬®¤¥«¨à®¢�−¨¥ ¨ æ¨äà®¢ë¥ â¥å−®«®£¨¨ íª®−®¬¨-
ç¥áª®© ¤¥ïâ¥«ì−®áâ¨ 2 146{154

ˆ«ì¨− ‚. „. á¬. ˆ«ì¨− �. ‚.
ˆ−ìª®¢� �. ā. á¬. „ãà−®¢® �. �.
ˆ−ìª®¢� �. ā. á¬. „ãà−®¢® �. �.
ˆ®−¥−ª®¢ ā. ‘. á¬. ‡�æ�à¨−−ë© �. �.
ˆ®−¥−ª®¢ ā. ‘. á¬. ‡�æ�à¨−−ë© �. �.
ˆ®−¥−ª®¢ ā. ‘. á¬. ‡�æ�à¨−−ë© �. �.
Š¢�á−¨ª®¢ �. ‚. á¬. �ãâ¥−ª® ā. ˆ.
Š¨à¨ª®¢ ˆ. �. á¬. ‹¨áâ®¯�¤ ‘. ‚.
Š¨à¨ª®¢ ˆ. �. á¬. ÷ã¬®¢áª�ï ‘. �.
Š®¢�«ñ¢ ˆ. �., ‘�â¨− Ÿ. �., ‡¥©ä¬�− �. ˆ. �æ¥−ª¨ áª®à®áâ¨

áå®¤¨¬®áâ¨ ¨ ãáâ®©ç¨¢®áâ¨ ¤«ï ®¤−®£® ª«�áá� −¥áâ�æ¨®−�à-
−ëå ¬�àª®¢áª¨å ¬®¤¥«¥© á¨áâ¥¬ á −¥â¥à¯¥«¨¢ë¬¨ ª«¨¥−â�¬¨ 4 21{31

Š®¢�«ñ¢ ˆ. �. á¬. “á®¢ ˆ. �.
Š®àç�¦ª¨−� �. Œ. �¯â¨¬¨§�æ¨ï ¯®¨áª� ¯à¨ à¥è¥−¨¨ ¯¥à¥-

¡®à−ëå §�¤�ç ¢ ã£«ã¡«¥−−®¬ ªãàá¥ ¨−ä®à¬�â¨ª¨ −� ãà®¢−¥
®á−®¢−®£® ®¡é¥£® ®¡à�§®¢�−¨ï 4 145{156

Šà¨¢¥−ª® Œ. �. �−�«¨§ ¬®−®â®−−®£® âà¥−¤� ¢ ¬−®£®¯�à�¬¥âà¨-
ç¥áª®¬ á«ãç�¥ 1 83{93

Šà¨¢¥−ª® Œ. �. �−�«¨â¨ª� §�èã¬«¥−−ëå â¥ªáâ®¢ 4 45{58
‹¥®−âì¥¢ „. ‚., •�à¨â®−®¢ „. ˆ. �®áâà®¥−¨¥ á®ªà�é¥−−®£®

¤¥à¥¢� ¤®áâ¨¦¨¬®áâ¨ ¤«ï ¬®¤¥«¥© ¯à®£à�¬¬ ¢ â¥à¬¨−�å á¥â¥©
�¥âà¨ 2 23{35

‹¨áâ®¯�¤ ‘. ‚., Š¨à¨ª®¢ ˆ. �. �àå¨â¥ªâãàë ¨−â¥««¥ªâã�«ì-
−ëå �£¥−â®¢ á¯«®ç¥−−ëå £¨¡à¨¤−ëå ¨−â¥««¥ªâã�«ì−ëå ¬−®-
£®�£¥−â−ëå á¨áâ¥¬ 2 81{91

Œ�§ãà �. ˆ. á¬. �¥«®§¥à®¢ �. �.
Œ�ª�à®¢� �. …. á¬. �¨ª¨â¨− ā. ‚.
Œ�«�è¥−ª® ā. …., ��§�à®¢� ˆ. �. �−�«¨§ à�á¯à¥¤¥«¥−¨ï −�-

£àã§®ª ¨ à¥áãàá®¢ ¢ ¬−®£®¯®«ì§®¢�â¥«ìáª®© á¥â¨ ¯à¨ à�¢−ëå
¬¥¦ã§«®¢ëå ¯®â®ª�å 3 71{80

Œ®à®§®¢ �. ‚. á¬. ‘®ª®«®¢ ˆ. �.
Œ®à®§®¢ �. ‚. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
��§�à®¢� ˆ. �. á¬. Œ�«�è¥−ª® ā. ….
��§àã««®¥¢ �. ‹. á¬. �¤¨−�¥¢ ÷. �.
�¥©ç¥¢ ÷. ƒ. á¬. ‘�¬®å¨−� �. Œ.
�¨ª¨â¨− ā. ‚., •®à®è¨«®¢ �. �., Œ�ª�à®¢� �. …. ’®ª¥−¨-

§�æ¨ï â¥ªáâ®¢ −� ®á−®¢¥ ¬¥â®¤� äã−ªæ¨®−�«ì−ëå è�¡«®−®¢ 4 59{68
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�¨ª¨è¨− „. �. �¡§®à ¯®¤å®¤®¢ ª ¯à®áâà�−áâ¢¥−−®-¢à¥¬¥−−®¬ã
¬®¤¥«¨à®¢�−¨î ¨ ¢ëï¢«¥−¨¥ ®á−®¢−ëå â¥−¤¥−æ¨© à�§¢¨â¨ï
T-GIS 3 50{62

�¨ª¨è¨− „. �. �®¤å®¤ ª à�§à�¡®âª¥ ª®−æ¥¯âã�«ì−®© áå¥¬ë ¡�§ë
£¥®¤�−−ëå á ¯®¤¤¥à¦ª®© ¬−®£®¢�à¨�−â−®£® ¯à¥¤áâ�¢«¥−¨ï
£¥®®¡ê¥ªâ®¢ 2 128{136

�®¢¨ª „. ‚. á¬. �¡à�¬®¢ �. ƒ.
�®á®¢� �. ā. á¬. �àå¨¯®¢ �. �.
�¤¨−�¥¢ ÷. �., ��§àã««®¥¢ �. ‹., ÷�¨¬§®¤� ”. �¯â¨¬¨§�-

æ¨®−−ë© ¯à®æ¥áá ¨−â¥£à¨à®¢�−−®£® ¬¥â®¤� §�é¨âë à�áâ¥−¨©
¤«ï â®ç¥ç−ëå ¬®¤¥«¥© 4 134{144

�®¯ª®¢� �. �. á¬. „ãà−®¢® �. �.
�®¯ª®¢� �. �. á¬. „ãà−®¢® �. �.
÷�¨¬§®¤� ”. á¬. �¤¨−�¥¢ ÷. �.
÷®¦¤¥áâ¢¥−áª¨© ā. ‚. á¬. ‘â¥¯ç¥−ª®¢ ā. �.
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−¥−¨¥ ¢ ÷®áá¨¨ ¨ §� àã¡¥¦®¬. Š�¦¤ë© �¢â®à ¤®«¦¥− ¯à¥¤áâ�¢¨âì ¢ à¥¤�ªæ¨î
¯®¤¯¨á�−−ë© á ¥£® áâ®à®−ë ú‹¨æ¥−§¨®−−ë© ¤®£®¢®à ® ¯¥à¥¤�ç¥ −¥¨áª«îç¨â¥«ì-
−ëå ¯à�¢ −� ¨á¯®«ì§®¢�−¨¥ ¯à®¨§¢¥¤¥−¨ïû, â¥ªáâ ª®â®à®£® à�§¬¥é¥− ¯® �¤à¥áã
http://www.ipiran.ru/publications/licence.doc. �â®â ¤®£®¢®à ¬®¦¥â ¡ëâì ¯à¥¤áâ�¢-
«¥− ¢ ¡ã¬�¦−®¬ (¢ 2-å íª§.) ¨«¨ ¢ í«¥ªâà®−−®¬ ¢¨¤¥ (®âáª�−¨à®¢�−−�ï ª®¯¨ï
§�¯®«−¥−−®£® ¨ ¯®¤¯¨á�−−®£® ¤®ªã¬¥−â�).
÷¥¤ª®««¥£¨ï ¢¯à�¢¥ §�¯à®á¨âì ã �¢â®à®¢ íªá¯¥àâ−®¥ §�ª«îç¥−¨¥ ® ¢®§¬®¦−®áâ¨
¯ã¡«¨ª�æ¨¨ ¯à¥¤áâ�¢«¥−−®© áâ�âì¨ ¢ ®âªàëâ®© ¯¥ç�â¨.

2. Š áâ�âì¥ ¯à¨«�£�îâáï ¤�−−ë¥ �¢â®à� (�¢â®à®¢) (á¬. ¯. 8). �à¨ −�«¨ç¨¨ −¥áª®«ìª¨å
�¢â®à®¢ ãª�§ë¢�¥âáï ä�¬¨«¨ï �¢â®à�, ®â¢¥âáâ¢¥−−®£® §� ¯¥à¥¯¨áªã á à¥¤�ªæ¨¥©.

3. ÷¥¤�ªæ¨ï ¦ãà−�«� ®áãé¥áâ¢«ï¥â íªá¯¥àâ¨§ã ¯à¨á«�−−ëå áâ�â¥© ¢ á®®â¢¥âáâ¢¨¨
á ¯à¨−ïâ®© ¢ ¦ãà−�«¥ ¯à®æ¥¤ãà®© à¥æ¥−§¨à®¢�−¨ï.
‚®§¢à�é¥−¨¥ àãª®¯¨á¨ −� ¤®à�¡®âªã −¥ ®§−�ç�¥â ¥¥ ¯à¨−ïâ¨ï ª ¯¥ç�â¨.
„®à�¡®â�−−ë© ¢�à¨�−â á ®â¢¥â®¬ −� §�¬¥ç�−¨ï à¥æ¥−§¥−â� −¥®¡å®¤¨¬® ¯à¨á«�âì
¢ à¥¤�ªæ¨î.

4. ÷¥è¥−¨¥ à¥¤ª®««¥£¨¨ ® ¯ã¡«¨ª�æ¨¨ áâ�âì¨ ¨«¨ ¥¥ ®âª«®−¥−¨¨ á®®¡é�¥âáï �¢â®à�¬.
÷¥¤ª®««¥£¨ï ¬®¦¥â â�ª¦¥ −�¯à�¢¨âì �¢â®à�¬ â¥ªáâ à¥æ¥−§¨¨ −� ¨å áâ�âìî. „¨áªãá-
á¨ï ¯® ¯®¢®¤ã ®âª«®−¥−−ëå áâ�â¥© −¥ ¢¥¤¥âáï.
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5. ÷¥¤�ªâãà� áâ�â¥© ¢ëáë«�¥âáï �¢â®à�¬ ¤«ï ¯à®á¬®âà�. ‡�¬¥ç�−¨ï ª à¥¤�ªâãà¥ ¤®«¦-
−ë ¡ëâì ¯à¨á«�−ë �¢â®à�¬¨ ¢ ªà�âç�©è¨¥ áà®ª¨.

6. ÷ãª®¯¨áì ¯à¥¤®áâ�¢«ï¥âáï ¢ í«¥ªâà®−−®¬ ¢¨¤¥ ¢ ä®à¬�â�å MS WORD (.doc ¨«¨
.docx) ¨«¨ LATEX (.tex), ¤®¯®«−¨â¥«ì−® | ¢ ä®à¬�â¥ .pdf, −� ¤¨áª¥â¥, «�§¥à−®¬
¤¨áª¥ ¨«¨ í«¥ªâà®−−®© ¯®çâ®©. �à¥¤®áâ�¢«¥−¨¥ ¡ã¬�¦−®© àãª®¯¨á¨ −¥®¡ï§�â¥«ì−®.

7. �à¨ ¯®¤£®â®¢ª¥ àãª®¯¨á¨ ¢ MS Word à¥ª®¬¥−¤ã¥âáï ¨á¯®«ì§®¢�âì á«¥¤ãîé¨¥
−�áâà®©ª¨.
��à�¬¥âàë áâà�−¨æë: ä®à¬�â | �4; ®à¨¥−â�æ¨ï | ª−¨¦−�ï; ¯®«ï (á¬): ¢−ãâà¨ |
2,5, á−�àã¦¨ | 1,5, á¢¥àåã ¨ á−¨§ã | 2, ®â ªà�ï ¤® −¨¦−¥£® ª®«®−â¨âã«� | 1,3.
�á−®¢−®© â¥ªáâ: áâ¨«ì | ú�¡ëç−ë©û, èà¨äâ | Times New Roman, à�§¬¥à |
14 ¯ã−ªâ®¢, �¡§�æ−ë© ®âáâã¯ | 0,5 á¬, 1,5 ¨−â¥à¢�«�, ¢ëà�¢−¨¢�−¨¥ | ¯® è¨à¨−¥.
÷¥ª®¬¥−¤ã¥¬ë© ®¡ê¥¬ àãª®¯¨á¨ | −¥ á¢ëè¥ 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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‘¯¨áª¨ «¨â¥à�âãàë ¯à¥¤áâ�¢«ïîâáï ¢ ¤¢ãå ¢�à¨�−â�å:
(1) ‘¯¨á®ª «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨. ÷ãááª¨¥ ¨ �−£«¨©áª¨¥ à�¡®âë |

−� ï§ëª¥ ¨ ¢ �«ä�¢¨â¥ ®à¨£¨−�«�.
(2) References. ÷ãááª¨¥ à�¡®âë ¨ à�¡®âë −� ¤àã£¨å ï§ëª�å | ¢ «�â¨−áª®© âà�−á-

«¨â¥à�æ¨¨ á ¯¥à¥¢®¤®¬ −� �−£«¨©áª¨© ï§ëª; �−£«¨©áª¨¥ à�¡®âë ¨ à�¡®âë −�
¤àã£¨å ï§ëª�å | −� ï§ëª¥ ®à¨£¨−�«�.

�¥®¡å®¤¨¬® ¤«ï á®áâ�¢«¥−¨ï á¯¨áª� \References" ¯®«ì§®¢�âìáï à�§¬¥é¥−−®© −�
á�©â¥ http://www.translit.net/ru/bgn/ ¡¥á¯«�â−®© ¯à®£à�¬¬®© âà�−á«¨â¥à�æ¨¨ àãá-
áª®£® â¥ªáâ� ¢ «�â¨−¨æã.
‘¯¨á®ª «¨â¥à�âãàë \References" ¯à¨¢®¤¨âáï ¯®«−®áâìî ®â¤¥«ì−ë¬ ¡«®ª®¬, ¯®¢â®-
àïï ¢á¥ ¯®§¨æ¨¨ ¨§ á¯¨áª� «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨, −¥§�¢¨á¨¬® ®â â®£®,
¨¬¥îâáï ¨«¨ −¥â ¢ −¥¬ ¨−®áâà�−−ë¥ ¨áâ®ç−¨ª¨. …á«¨ ¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®-
ï§ëç−®© ç�áâ¨ ¥áâì ááë«ª¨ −� ¨−®áâà�−−ë¥ ¯ã¡«¨ª�æ¨¨, −�¡à�−−ë¥ «�â¨−¨æ¥©, ®−¨
¯®«−®áâìî ¯®¢â®àïîâáï ¢ á¯¨áª¥ \References".
�à¨¬¥àë ááë«®ª −� à�§«¨ç−ë¥ ¢¨¤ë ¯ã¡«¨ª�æ¨© ¢ á¯¨áª¥ \References":
�¯¨á�−¨¥ áâ�âì¨ ¨§ ¦ãà−�«�:
Zhang, Z., and D. Zhu. 2008. Experimental research on the localized electro-
chemical micromachining. Russ. J. Electrochem. 44(8):926{930. doi:10.1134/
S1023193508080077.
�¯¨á�−¨¥ áâ�âì¨ ¨§ í«¥ªâà®−−®£® ¦ãà−�«�:
Swaminathan, V., E. Lepkoswka-White, and B. P. Rao. 1999. Browsers or
buyers in cyberspace? An investigation of electronic factors influencing electronic
exchange. JCMC 5(2). Available at: http://www.ascusc.org/jcmc/vol5/issue2/
(accessed April 28, 2011).
�¯¨á�−¨¥ ¬�â¥à¨�«®¢ ª®−ä¥à¥−æ¨©:
Usmanov, T. S., A. A. Gusmanov, I. Z. Mullagalin, R. Ju. Muhametshina,
A. N. Chervyakova, and A. V. Sveshnikov. 2007. Osobennosti proektirovaniya
razrabotki mestorozhdeniy s primeneniem gidrorazryva plasta [Features of the design of
field development with the use of hydraulic fracturing]. Trudy 6-go Mezhdunarodnogo
Simpoziuma \Novye resursosberegayushchie tekhnologii nedropol'zovaniya i povyshe-
niya neftegazootdachi" [6th Symposium (International) \New Energy Saving Subsoil
Technologies and the Increasing of the Oil and Gas Impact" Proceedings]. Moscow.
267{272.
�¯¨á�−¨¥ ª−¨£¨ (¬®−®£à�ä¨¨, á¡®à−¨ª¨):
Lindorf, L. S., and L. G. Mamikoniants, eds. 1972. Ekspluatatsiya turbogenera-
torov s neposredstvennym okhlazhdeniem [Operation of turbine generators with direct
cooling]. Moscow: Energy Publs. 352 p.
�¯¨á�−¨¥ ¯¥à¥¢®¤−®© ª−¨£¨ (¢ á¯¨áª¥ «¨â¥à�âãàë ª àãááª®ï§ëç−®© ç�áâ¨ −¥®¡å®-
¤¨¬® ãª�§�âì: / �¥à. á �−£«. | ¯®á«¥ −�§¢�−¨ï ª−¨£¨, � ¢ ª®−æ¥ ááë«ª¨ ãª�§�âì
®à¨£¨−�« ª−¨£¨ ¢ ªàã£«ëå áª®¡ª�å):

1. ‚ àãááª®ï§ëç−®© ç�áâ¨:
’¨¬®è¥−ª® ‘. �., Ÿ−£ „. •., “¨¢¥à “. Š®«¥¡�−¨ï ¢ ¨−¦¥−¥à−®¬ ¤¥«¥ / �¥à.
á �−£«. | Œ.: Œ�è¨−®áâà®¥−¨¥, 1985. 472 á. (Timoshenko S. P., Young D. H.,
Weaver W. Vibration problems in engineering. | 4th ed. | New York, NY,
USA: Wiley, 1974. 521 p.)
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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
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Requirements for manuscripts submitted
to Journal \Systems and Means of Informatics"

Journal \Systems and Means of Informatics" publishes theoretical, review, and discussion
articles on the research and development in the field of information technology.

The journal is published in Russian. By a special decision of the editorial board, some
articles can be published in English.

Topics covered include the following areas:

{ information and communication systems and tools of their design;
{ architecture and software of computational complexes and networks; and
{ methods and tools of information protection.

1. The Journal publishes original articles which have not been published before and are
not intended for simultaneous publication in other editions. An article submitted to the
Journal must not violate the Copyright law. Sending the manuscript to the Editorial
Board, the authors retain all rights of the owners of the manuscript and transfer the
nonexclusive rights to publish the article in Russian (or the language of the article, if
not Russian) and its distribution in Russia and abroad to the Founders and the Editorial
Board. Authors should submit a letter to the Editorial Board in the following form:
Agreement on the transfer of rights to publish:

\We, the undersigned authors of the manuscript \. . . ," pass to the Founder and the
Editorial Board of the Journal \Systems and Means of Informatics" the nonexclusive
right to publish the manuscript of the article in Russian (or in English) in both
print and electronic versions of the Journal. We affirm that this publication does not
violate the Copyright of other persons or organizations.

Author(s) signature(s): (name(s), address(es), date)."

This agreement should be submitted in paper form or in the form of a scanned copy
(signed by the authors).
The Editorial Board has the right to request from the authors an official expert conclu-
sion that the submitted article has no classified data prohibited for publication.

2. A submitted article should be attached with the data on the author(s) (see item 8). If
there are several authors, the contact person should be indicated who is responsible for
correspondence with the Editorial Board and other authors about revisions and final
approval of the proofs.

3. The Editorial Board of the Journal examines the article according to the established
reviewing procedure. If authors receive their article for correction after reviewing, it
does not mean that the article is approved to be published. The corrected article should
be sent to the Editorial Board for the subsequent review and approval.

4. The decision on the article publication or its rejection is communicated to the authors.
The Editorial Board may also send the reviews on the submitted articles to the authors.
Any discussion upon the rejected articles is not possible.

5. The edited articles will be sent to the authors for proofread. The comments of the
authors to the edited text of the article should be sent to the Editorial Board as soon as
possible.

6. The manuscript of the article should be presented electronically in the MS WORD (.doc
or .docx) or LATEX (.tex) formats, and additionally in the .pdf format. All documents

Sistemy i Sredstva Informatiki | Systems and Means of Informatics 2022 vol 32 no 4 177



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
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